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AHOTAIIA

Hosbenxko B.B. Ontumizailii TEXHOJOTIi OJEpKaHHS aJIOMiHIIO 3 BTOPUHHOL
cupoBuHU. - KBamidikaliiiiHa HayKoBa Ipaiisi Ha IpaBax PyKOMUCY.

Huceprairis Ha 3100yTTS HAYKOBOTO CTYICHS KaHAWUATa TEXHIYHUX HAYK (IIOKTOpa
dinocodii) 3a cnemianbricTIO 136 — MeTamypris, 13 — Mexaniuna imxkeHepis. — Oi3uko-
TEXHOJIOTIYHUN 1HCTUTYT MeTaniB Ta ciaBiB HAH VYkpainu, m. Kuis, 2023.

Hucepraiiitna poOoTa MPUCBSIYEHA MOAATBIIOMY PO3BUTKY TEOpii Ta MEXaHI3My
nepepoOKr JIMBAPHOTO ATIOMIHIEBOTO IIIAKY, JTI0O3BOJMIA BUPIIIUTH aKTyalbHY HAayKOBY
Ta MPAKTUYHY MPOOJIEMy TIEPEpOOKH JIMBAPHOTO AITFOMIHIEBOTO IJIAKY HA OJHOMY 1 TOMY
K TIATPUEMCTBI.

IBuako 3poctarounii AeiIUT MEPBUHHUX KOJHOPOBUX METAJiB Ta 3a0e3MeUeHHs
BHUCOKOI KOHKYPEHTOCIIPOMOKHOCTI 33 PaxXyHOK 3HMKEHHSI COOIBAPTOCTI JIUTUX BHUPOOIB
poOJIATh aKTyaJbHUMH JOCIHIJPKEHHS, CHOPSIMOBAaHI Ha TEXHOJIOrli OuIbll TIIMOO0KOT
nepepoOKr Ta 30UIbIIEHHS YaCTKH METAJIEBUX BIIXO/IB y METAIYpriiiHOMY Ta JIUBAPHOMY
BUpoOHUITBaX. OHAK IMIMPOKE 3aCTOCYBAaHHS NUTAKY HAa METaTyPTiMHUX MiJIMPHEMCTBAX,
a TaKOX JIUTOI MPOAYKIIi, SKI OJEPKYIOTh 3 BTOPHUHHHUX CIUIABIB, CTPUMYETHCS uepe3
BIJICYTHICTh KOMILJIEKCHUX TEXHOJIOT1M IXHBOI MepepoOKH Ta MOJAJBIIOro 3alydeHHS Y
BUPOOHUIITBO.

OmuaBieHHs aTIOMIHIEBOTO MUTIAKy MPOBOMATH B EIEKTPOAYTOBIH Kamepi, B SKY
BCMOKTYIOTh QJIIOMIHIEBUN pO3IUJIaB 3 HAKOMHMYYBaJbHOI T€di, a PIBEHb pO3ILIaBy B
€JIEKTPOAYroOBId KaMmepl MHiAHIMAIOTh Ha 3aJaHy BIJICTaHb BIJ elekTpoda. B mporeci
TOPIHHS €JIEKTPUYHOI JIyTH PETyNIOI0TH 1i JIOBXKWUHY HUISIXOM 3MIHHU Ta30BOTO THUCKY B
CJIEKTPOJYTOBIA Kamepl, a OIUIABJIEHHS aIOMIHIEBOTO NUIAKY MPOBOASATH B MpOIlECi
OIATPUMKHA LUPKYJALII PO3IUIABICHOTO METaly MIK €JIEKTPOIYTOBOK KaMeporw 1
HAaKOMUYYBaIbHOIO Miv4dr0. [Ipu 11bOMy HHMPKYISI0 PO3IUIaBY MATPUMYIOTH Mif €0
CJIEKTPOJUHAMIYHOI CUJIM, IO TE€HEPYEThCA JIHIMHUMU ACUHXPOHHUMH CTAaTOpamH,
BCTAaHOBJICHUMU Ha TPyOOIPOBOAaX, KOTPi 3'€AHYIOTh TUTEIb 3 HAKOMMYYBAJIBHOIO MIYYIO.
EnexTporepmiuyHa ycTaHOBKa [JIsi MEPEpPOOKH allFOMIHIEBOTO IIJIAKy CKIAJAEThCS 3

IUIaBUJIBHOT HAKOMMYYBAJIBLHOI M€4l 1 pO3TaIllOBaHOI HaJl HEIO €JIEKTPOIyTOBOI BAKYYMHO1



KaMepu 3 BCTAHOBJIEHHMM J03aTOPOM IIJIAKOBOi CyMIilll, a MDK IUIaBUJIBHOIO
HAKOMHUYYBAJIbHOIO MUY 1 €JEKTPOJYTOBOI0 BAaKyyMHOIO KamMepoOl0 BCTAHOBJICHI JIBa
TpyOONPOBOIM 3 SKUX MEPIIMNA JJIsi HATHITaHHS, a JPYTUM - BlAKa4yBaHHS, K1 pa3oM 3
KaMepoIo 1 MIYYI0 YTBOPIOIOTh 3aMKHYTHH TiApaBIIYHUNA KOHTYp, B KOMY Ha NEPIIOMY
TpyOOTIIPOBOIi BCTAHOBJICHO HATHITAIOYWHN JIIHIMHUN ACHHXPOHHHM CTAaTOp, a B3JI0BXK
JIpyroro TpyOONpPOBOJY BCTAHOBJIEHO JIHIMHUN ACMHXPOHHMM CTaTOp HJs BIAKAYKU
pO3ILIaBy 3 KAMEPU B MiY.

I. Ilepwuii po3din TpUCBAYEHUN aHANI3y Cy4acHOrO0 CTaHy Ta TEPCIEKTUBAM
PO3BUTKY TEXHIKH 1 TEXHOJIOT1H OJIep>KaHHS BTOPUHHOTO AJIFOMIHIIO.

He3Baxaroun Ha Te, aqlOMiHIM HAWMOMUPEHINIMA METall, B YHUCTOMY BUTJISANI B
pupoii Horo He icHye. Yepe3 BUCOKY XIMIYHY aKTHBHICTh aTOMH aJIFOMIHIIO YTBOPIOIOTh
CTIKI CNOJYKM 3 IHIOMMHU €JEeMEHTaMHu, Hanpukiaa 3 KucHeM. Ilporuec onep:kaHHs
MEPBUHHOTO ATIOMIHIIO JIy’K€ CKJIAJHUNA 1 TOB’SI3aHUM 3 BUKOPUCTAHHSIM EJIEKTPUYHOT
€Heprii BeJIUKOI MOTY>KHOCTI.

[IpencraBieHo TeOpEeTUYHI OCHOBM Ta MEXaHI3M OJIEpKaHHA METaIIqYHOTO
ATIOMIHIIO 3 JIMBAPHOTO MUIaKy. BiH ONUpaeThcss Ha OCOOIMBOCTAX TEMIIEPATypHUX
3aJIeKHOCTEH XIMIYHUX PeakIii 3a yyacTi antoMiHiio. Cxema npouecy CKIagaeThes 3 JBOX
€TamiB: MIPOMETATypriiHOTO Ta TiApoMeTranypriiiHoro. Ilepmmii xapakTepu3yeThCs
3MIHOIO BaJICHTHOCTI aJIOMIHIIO 3 TPbOX JIO OJIHOTO 1 HaBMaKh B 3aJIEKHOCTI BiJ
TeMIlepaTypu MNpOTiKaHHS peakuid. HaBegeHo O0€3B1IXOIHY TEXHOJIOTIYHY CXEMy Ta
croci6 TepepoOKH aOMIHIEBOTO IIIAKy B EIEKTPOTEPMIYHIM yCTaHOBIN, SKUH
nependayae mojlavyy IUIaKy Ha MOBEPXHIO aIOMIHIEBOTO PO3IUIABY 1 OMJIABJICHHS ILJIAKy
EJIEKTPUIHOIO TYTOI0.

I. V opyeomy poszoini BuKIazeHi OCHOBHI METOIOJOTIYHI MOJOKEHHS POOOTH, a came
MPEACTaBICHO aHaji3 IJIaKiB, 10 MICTATh AJIOMIHIHM, 1X BJIACTUBOCTI Ta KiacuQikalis,
METOJUKY BHM3HAUEHHS METaJyprifHOro BHUXOAY AaJIOMIiHII0 B JIaDOpaTOPHUX YMOBaX,
MeTOJ IuGEpeHIINHO-KATOPUMETPUYHUX JOCHIJIXKEHb OJEpPKaHUX 3Pa3KiB,
pO3paxyHKH 3aTpaT MaTepiaiiB Ta eHEPreTUUHUX PECYpCIB Ha mpoiliec ojepxkanHsa Al 3i

IIUTAKIB 1 BU3HAYCHHS €KOHOMIYHOI €()eKTUBHOCTI IMATOTOBKH Ta TIEPEPOOKH BIIXOIIB.



[TosiBa BeNMKOi KUTBKOCTI BTOPMHHHMX TNIMHO3EMOBMINIYIOUMX BIJIXOJIB (JIMBApHI
NUIaKW, IJIaMW, BIANpanbOBaHI  KaTalli3aTOpW, MIHEpPalIbHI YacTKH  HadTOBOI
MIPOMUCIIOBOCTI Ta 1H.), SIKI YTBOPIOIOTHCS HA MIPOMUCIIOBUX IMANPUEMCTBAX, MOTPEOYIOThH
ix kmacugikaiii Ta po3poOKU HAYKOBUX Ta TEOPETUYHUX OCHOB MEPEPOOKHU.

Jlns BU3HAYCGHHS METAIyPriiHOTO BHXOJY aIIOMIHIIO, JJIS TPOBEJCHHS OIHIET
iaBku BukopuctoByBanu 300 r. nuBapHoro mnuiaky. [lmaBku mpoBoauiaM B 1HAYKIIHHIN
nevl. B rpadiToBuil Turenp nomimaiM anyHIOBUH, OTHO MDK rpadiTtoM Ta adyHIOM
dbyTepoBanu 3a JOMOMOIOI0 MOPOIIKY 3 OKcuay amoMiHito. Ilicis mporo rpadgitoBuit
TUTENb 130JIOBAJIM 3 30BHIMIHBOT CTOPOHH KAaONIHOBOIO BaTOI0 Ta BCTaBISUIM HOTO
BCEpEANHY MITHOI IHIYKIIMHOI KOTYIIKH, fSKa OXOJO/DKyBandach BOJoI0. Jlxepemom
BUCOKOYACTOTHOTO €JIEKTPUYHOTO CTPyMy, IO IMOAaBaBCAd Ha IHIYKLIMHY KOTYIIKY,
CIlyryBaB BHCOKOYacTOTHHMI renepatop BUI'-15. Temmeparypy y Turii A0 mo4aTky
MOPOTIKAHHS XIMIYHHUX peakiiii BUMIPIOBAIM 3a JIONIOMOTOIO0 BOJIb(PpaM-peHi€BOT
tepmoniapu BP 5/20. B sikocTi peareHTIB BUKOPHUCTOBYBAJIM KayCTHUHY COJIY, XJIOPH]L
HaTPIIO Ta BaIHO Y KuibkocTi 2,0-2,2 % BiA MacH LIIaKy.

B po6oti Oyno BHKOpHUCTaHO CHUHXPOHHUN TepMmiuHui anamizatop STA 449F1
Jupiter pipmu NETZSCH (Himeuuuna), sskuii 103BOJISIE POBOJUTH JOCIIIIPKEHHS B JBOX
pexKUMax: «3pa3ok» (0e3 ypaxyBaHHS TEIIO(PI3UYHUX XaPaKTEPUCTHK THUTEIbHOI
CUCTEMH) Ta «3pa30K 3 KOPEKIE€» (3 ypaxyBaHHSIM TEIUIO(PIZUYHUX XapaKTEPUCTUK
TUrIsl). B pexuMi «3pa3ok» JOCHIKEHHS NPOBOAATHCA B MOPIBHSHHI 3 IHEPTHUM
€TAJIOHOM, OJM3bKUM 3a TEIIO(PI3UYHUMHU XapaKTepUCTUKAMHU JI0 3pa3ka, IIo
JOCITIIKYETHCS.
III. Tpemiti po30in NIpUCBAYEHUN JOCIIKEHHSAM MPOLIECIB TEIUIOOOMIHY IPYU BUPOOHMIITBI
BTOPUHHOTO atoMiHit0. [IpencTaBieHo TEXHOIOTTYHI 0COOIMBOCTI OJIepKaHHS aTIOMIHIIO
METalTyprifiHUM METOJIOM Ta MOro MIKPOCTPYKTYpa, CXe€Ma 1 KOHCTPYKIIISl YCTaHOBKH IS
BUPOOHMIITBA BTOPHUHHOTO AQIIOMIiHIIO 31 IIJaKy, BIUIMB KOHCTPYKIi yCTAaHOBKHA Ha
TEII000MIH B MPOIIEC] iX mepepoOKH Ta aHaJI3 TEIUIOBUX PEKUMIB.

J{nst BU3HaueHHs HeOOX1IHOT Ta JOCTaTHLO1 KUTBKOCTI KapOOHaTy HATPilO B MPOIlEC]

nepepoOKU IUIAKY AITFOMIHIEBOTO BHPOOHHWIITBA JOCIIIWIN BIUIMB HOr0 KOHIICHTpAIIII.



BcranoBneHo, mo 3pocTaHHSl KUIBKOCTI AOOABKM B CyMIII MPU3BOAUTH B MOYATKOBUH
MOMEHT JI0 POCTYy METATypriiHOTO BUXOJY QJIIOMIHIIO 1 BXKe MpHU oro BmicTi Ois 2,0
%Mac. KpuBa BHUXOAWTh HAa HACHMYEHHA. TakuM YWHOM, OyJ0 BHM3HAYEHO HEOOXITHY
KUIBKICTh PEareHTy.

Mexani3M gaHOTO TIpoliecy MoOyI0BaHUN Ha 3MiHI BAJICHTHOCTI aJIFOMIHIIO 3 TPhOX
10 OZHOTO i HABIAKM B 3aJIXKHOCTI BiJ TeMIIEpaTypH HpOTiKaHHA peaxiiil. Moro mMoxHa
IIPEICTABUTH 32 JOMIOMOr0I0 HACTYITHUX XIMIYHUX PEaKI[ii:

2A1,03+ Na,COs = AlL,O + 2NaAlO, + CO,+ O (t =2500 — 3000 °C) (1)
[Ticnis mpoTikaHHS BUIIE MPEJACTABICHOI peakilii TeMieparypy 3HmKyTh 10 1000 — 1100
°C. Ilpu npOoMy OKCHJI OJHOBAJCHTHOTO aJTIOMIHIIO PO3KIATAETHCS HA METAICBUUN
QTFOMIHIN Ta OKCUJT TPHOX BAJICHTHOTO aJIOMIHIIO:

3A1L,0 =4A1 + AlL,Os (2)

AmoMiHi€B1 3pa3Ku Oymo MIPOAHAaJI30BaHO JBOMa METOJaMU:
PEHTIeHOCTIEKTPAIbHUM Ta €JIEKTPOHHOI0 CKAHYIOUOIO CHeKTpockomiero. [yt mopiBHAHHSA
IPEICTABIICHO XIMIYHHUI aHAJI3 €IEKTPUYHOTO AJIFOMIHIEBOTO JPOTY.

AHami3 eJeKTPOHHUX CIHEKTPIB aTIOMIHIEBUX 3pPa3KiB, SIKI OTPUMAHO 3 JIMBAPHOTO
IJIaKy, TAKOXX MOKa3aB, 1110 BOHU B OCHOBHOMY MIcTATh Al B kisibkocTi Big 98,16 % wmac.
10 99,02 % wmac. Cepenne 3HaueHHa ckiagae 98,57 % wmac. Illomo mgomimok, To 1me
rOJIOBHUM UYMHOM KpeMHiil Ta 3ami3o. IX KiIbKicThb HeoJHO3HA4HA, B JEAKMX 3pa3Kax
KOHIICHTpAIlisl BUIla B 2-3 pa3u HiX y amominieBomy apoti (% mac.: [Al] = 99,43; [Si] =
0,37; [Fe] = 0,19). Lle moB’s3aHO 3 BUXIJHOIO MIUXTOIO, III0 BUKOPUCTOBYETHCS B MPOIIEC
MJIaBKU (PI13HOTO XIMIYHOTO CKJIQJy METaloOpyXT, a caMme JIPIT €JIECKTPOMEPEX B SKOMY
KUIbKICTh 3aliza Moxe gocsratd g0 0,80 % mac., TepMiHOM CKadyBaHHS ILIaKy, MOro
30epira”HsM Ta iH.).

BuzHaueHo, 1m0 TemrepaTtypu Ta eHTaiblii (a3oBUX MEPEXOJliB HE TyKE CYTTEBO
BIJIPI3HSIOTHCS BiJl XapaKTEPUCTUK CTaHAApTHOTO amoMmiHito (A85). Bonu cBimuaTh mpo
Te, 110 MepepoOKa aTOMIHIEBOTO JUBAPHOTO IIJIAKY 3a JIOMOMOIOI0 BHUIIE BHUKIAJIEHOTO

criocoOy MPUBOJIUTH JI0 OJIEPKAHHS ATFOMIHIIO TOPIBHSIHO BUCOKOI YUCTOTH.



[IpencraBieHO TakoXK TEIUIOBUN PEKHM YCTAHOBKH Yy BHITQJIKy TUTABKH JTUBAPHOTO

nutaky. [Ipomec TemnooOMiHy cTae B JESIKOMY BUNAAKY AyXKe CKIQTHUM. X0da pO3Mip
MUTOMOI TIOBEPXH1 Marepiaiy BEJIUKHM, MOBEPXHS, [0 HArpiBA€ThCS BUIPOMIHIOBAHHIM
MIYKU — 30BCIM He3Ha4yHa. biibine Toro, piBeHb mepegadl Teria A0 po3IUiaBy aTlOMIHIIO
JIOCTAaTHHO HU3bKUI 32 PaXyHOK BEJIMKOI KITBKOCTI CKJIAIOBUX JMBApHOTrO miiaky. Jlims
TOTO, 100 TOCATTH HEOOX1THUIM PiBEHb TEIIOOOMIHY, IIUTAK CIUIBHO 3 KAyCTUYHOIO CO/IOI0
HEOOX1HO NepEMIITYBATH.
IV. Yemeepmuii po30in MPUCBSIYEHUA TOCIIKEHHSM MPOIIECIB MEepepoOKH BIIXOIB Ha
OCHOB1 aJIIOMiHII0O Ta OMNpoOyBaHHI HOBOiI TEXHOJOTiI Ha JOCIIAHO-MPOMHUCIOBIM
YCTaHOBII, MPOIECH MIATOTOBKA CUPOBUHU, CKOJIOT1YHI ACTIEKTH TEXHOJOTIi mepepoOKu
IIUTAKIB Ta €KOHOMIYHI MOKa3HUKHU MePEePOOKH BIAXO/IIB.

[Ipn po3paxyHkax €KOHOMIYHOI €(EKTUBHOCTI B OCHOBHOMY BHUKOPHUCTOBYIOTh
METOJ{ OIIHKH SKOCTI TPOMYKIi 3a OJMHUYHUMH ITOKa3HMKaMH, HaNpUKIQd, 3a
B1JICOTKOBUM BMICTOM OCHOBHOI'O (KOPHCHOTO) KOMIIOHEHTa (QJIFOMIHIIO) Y CHPOBHHI.
OpHak, Ha YMOBHU 1 OKa3HUKHU LIHHU BIUIMBAIOTh PSJi 1HIIMX BJIACTUBOCTEH. Y 3B’S3KY 3
IIUM, OI[IHKA BJIACTMBOCTEH 3a OJHUM IMOKA3HHUKOM € OOMEKEHOI0 Ta HEJIOCTAaTHBOIO IS
BUOOPY OO0 ’€KTHBHOTO pilieHHs. J[Jis SIKICHOI OIIIHKM CHUPOBUHU HEOOXITHO MPHUBECTU
OKpeMi MOKa3HUKH J0 €AMHOTO KPUTEPito. B maHoMy BHMAanKy €IMHAM BHPA30M I[IHHOCTI
CUPOBUHHU MOX€ OyTH MOT0 OIliHKa B TPOIIIOBOMY €KBiBaJICHTI.

JlaGopaTopHuil KOHTPOJIb 3a CTAHOM HAaBKOJIMIIIHBOIO CEpPE/IOBHUINA B MPOLECI MEPEepOOKU
JIMBapHOTO ATIOMIHIEBOTO TIIIAKy Ta BIIXOMIB KaOEIFHOTO BUPOOHMIITBA 3IHCHIOETHCS
NEPIOAUYHO JIEP)KaBHUMU OpraHaMu CaHITapHO-€MieM10J0TriyHOi Ciy»KO0u, BOJIHOTO
HaTJsIy, €KOJOTiuHOi Oe3MeKu 3 BUKOPHCTAHHIM CTaHIAPTHU30BAHUX METOMUK
BU3HAYCHHS IIKIJJIMBUX PEUYOBUH Y TOBITPi, BOMAL Ta rpyHTI. JlaHMil mporec y3rokeHo 3
MICIIEBUMHU OpPTaHaMU CaMOBPSyBaHHS, JIEPKABHOIO CaHITApPHO-EMIJEMIOIOTTYHOI Ta
IHITMMHU KOHTPOJIIOIOYUMH cITy>kO0amu. BCi TpoMUCIIOBI BIIXOAM, IS SIKUX PO3POOIIEHO
METOAM BTOPUHHOI MEPEpOOKH Ta PpaIliOHATBHOIO BUKOPUCTAHHS 1X Yy PI3HUX Taly3siX,

BHUKOPHCTOBYIOTBCS SIK BTOPHMHHA CUPOBHUHA.



KuarouoBi cioBa: anoMiHIlA, BaJ€HTHICTb, BIAXOAM, JMBApHUM HUIAK, METANypridHUN

BUXI1]], TepepoOKa MIjIaKy, CIeKTPOCKOITisl, CyMIIll, TePMIYHUAN aHAJi3aTop.



ABSTRACT

Dovbenko V.V. Optimization of aluminum production technology from secondary
raw materials. — Qualifying scientific work on the rights of the manuscript.

Disseration for the degree of Doctor of Philosophy (PhD) in speciality 136
“Metallurgy” (13 “Mechanical Engineering”) — Physico-Technological Institute of Metals
and Alloys of the National Academy of Sciences of Ukraine, Kyiv, 2023.

The dissertation is dedicated to the further development of the theory and
mechanism of processing foundry aluminum slag, allowing to address the current
scientific and practical issue of processing foundry aluminum slag at the same facility.

The rapidly growing shortage of primary non-ferrous metals and ensuring high
competitiveness due to the reduction of the cost of cast products make researches aimed at
deeper processing technologies and increasing the share of metal waste in metallurgical
and foundry industries relevant. However, the widespread use of slag at metallurgical
enterprises, as well as cast products obtained from secondary alloys, is restrained due to
the lack of complex technologies for their processing and further involvement in
production.

Ligation of aluminum slag is carried out in an electric arc chamber, into which
aluminum melt is sucked from the storage furnace, and the level of the melt in the electric
arc chamber is raised to a given distance from the electrode. During the burning of the
electric arc, its length is adjusted by changing the gas pressure in the electric arc chamber,
and aluminum slag melting is carried out in the process of maintaining the circulation of
the molten metal between the electric arc chamber and the storage furnace. At the same
time, the circulation of the melt is supported under the action of the electrodynamic force
generated by linear asynchronous stators installed on pipelines that connect the crucible
with the storage furnace. The electrothermal installation for the processing of aluminum
slag consists of a melting storage furnace and an electric arc vacuum chamber located
above it with an installed slag mixture dispenser, and two pipelines are installed between

the melting storage furnace and the electric arc vacuum chamber, the first of which is for
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blasting, and the second is for pumping, which together with the chamber and the furnace
form a closed hydraulic circuit, in which a pumping linear asynchronous stator is installed
on the first pipeline, and a linear asynchronous stator is installed along the second pipeline
for pumping the melt from the chamber into the furnace.

I. The first chapter is dedicated to the analysis of the current state and prospects of
the development of techniques and technologies for obtaining secondary aluminum.

Despite aluminum being the most abundant metal, it does not exist in its pure form
in nature. Due to its high chemical reactivity, aluminum atoms form stable compounds
with other elements, such as oxygen. The process of obtaining primary aluminum is very
complex and involves the use of high-power electrical energy.

The theoretical foundations and mechanism of obtaining metallic aluminum from
foundry slag are presented. It is based on the features of the temperature dependence of
chemical reactions with the participation of aluminum. The scheme of the process consists
of two stages: pyrometallurgical and hydrometallurgical. The first is characterized by a
change in the valence of aluminum from three to one and vice versa, depending on the
reaction temperature. A zero-waste technological scheme and a method of processing
aluminum slag in an electrothermal installation are presented, which involves feeding the
slag to the surface of the aluminum melt and melting the slag with an electric arc.

II. The second chapter presents the fundamental methodological principles of the
work, including the analysis of aluminum-containing slags, their properties and
classification, the methodology for determining the metallurgical yield of aluminum in
laboratory conditions, the method of differential calorimetric analysis of obtained samples,
calculations of material and energy resource expenses for the aluminum extraction process
from slags, and the determination of the economic efficiency of waste preparation and
processing.

The emergence of a large quantity of secondary alumina-containing waste (foundry
slag, sludges, spent catalysts, mineral particles from the oil industry, etc.) generated by
industrial enterprises requires their classification and the development of scientific and

theoretical foundations for processing.



10

To determine the metallurgical yield of aluminum, 300 grams of foundry slag were
used for a single melt conducted in an induction furnace. A graphite crucible was lined
with alumina, and the bottom between the graphite and alumina was lined with aluminum
oxide powder. Afterward, the graphite crucible was insulated externally with kaolin wool
and placed inside a copper induction coil, which was cooled with water. The high-
frequency electric current, supplied to the induction coil, was provided by a high-
frequency generator (HFG-15). The temperature in the crucible before the onset of
chemical reactions was measured using a tungsten-rhenium thermocouple VR 5/20.
Caustic soda, sodium chloride, and lime were used as reagents in amounts of 2.0-2.2% by
weight of the slag.

In the work, a synchronous thermal analyzer STA 449F1 Jupiter from NETZSCH
(Germany) was used. The thermal analyzer allows research to be conducted in two modes:
"sample" (without considering the thermophysical characteristics of the crucible system)
and "sample with correction" (considering the thermophysical characteristics of the
crucible). In the "sample" mode, the studies are conducted in comparison with an inert
standard, which has thermophysical characteristics close to the sample being studied.

II1. The third chapter is dedicated to the research of heat exchange processes in the
production of secondary aluminum. It presents the technological peculiarities of obtaining
aluminum through metallurgical methods, the microstructure of aluminum, the scheme and
design of the installation for producing secondary aluminum from slag, the impact of the
installation's design on heat exchange during the processing, and an analysis of the thermal
regimes.

To determine the necessary and sufficient amount of sodium carbonate during slag
processing, the influence of its concentration was studied. It was found that an increase in
the additive's quantity in the mixture initially leads to an increase in the metallurgical yield
of aluminum, but it saturates at around 2.0% by weight. Thus, the required quantity of the

reagent was determined.
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The mechanism of this process is based on the change in aluminum valency from
three to one and vice versa, depending on the temperature of the reactions. This can be
represented through the following chemical reactions:

2A1,05+ Na,CO;= ALLO + 2NaAlO,+ CO,+ O, (t =2500 — 3000 °C) (1)

After the above reaction has occurred, the temperature is reduced to 1000 — 1100 °C.
In this case, monovalent aluminum oxide decomposes into metallic aluminum and
trivalent aluminum oxide:

3ALO =4A1+ ALO;  (2)

Aluminum samples obtained from foundry slag were analyzed using X-ray
spectroscopy and scanning electron spectroscopy. For comparison, the chemical analysis
of standard electrical aluminum wire is also presented.

The analysis of the electronic spectra of aluminum samples obtained from foundry
slag showed that they primarily contain aluminum in quantities ranging from 98.16% by
mass to 99.02% by mass, with an average composition of 98.57% by mass. As for
impurities, silicon and iron are the main ones, but their concentration varies, with some
samples having 2-3 times higher concentrations than in electrical aluminum wire (% by
mass: [Al] =99.43; [Si] = 0.37; [Fe] = 0.19). This is due to the diverse composition of the
charge material used in the melting process (various chemical compositions of metal
scrap, especially electrical wires with iron content possibly reaching up to 0.80% by mass,
the slag skimming process, storage, and more).

The temperatures and enthalpies of phase transitions were found to be only slightly
different from the characteristics of standard aluminum (A85). This suggests that the
processing of foundry aluminum slag using the presented method results in the production
of relatively high-purity aluminum.

The thermal regime of the installation during the melting of foundry slag is
presented. The heat exchange process becomes quite complex in some cases. Although the
specific surface area of the material is large, the surface heated by the furnace radiation is

quite small. Furthermore, the heat transfer to the aluminum melt is relatively low due to
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the high content of components in the foundry slag. To achieve the necessary level of heat
exchange, it is essential to mix the slag with caustic soda.

IV. The fourth chapter focuses on the research of waste processing based on
aluminum and the testing of a new technology on a pilot-industrial installation. It covers
the processes of raw material preparation, ecological aspects of slag processing
technology, and the economic indicators of waste processing.

In economic assessments, the primary method utilized is the evaluation of product
quality based on single indicators, such as the percentage content of the primary (valuable)
component (aluminum) in the raw material. However, price conditions and indicators are
influenced by a range of other properties. Therefore, evaluating properties based on a
single indicator is limited and insufficient for making objective decisions. To qualitatively
assess raw materials, it is necessary to convert individual indicators into a common
criterion. In this case, the sole expression of the value of raw materials can be its
evaluation in monetary terms.

Laboratory control over the state of the environment during the processing of
foundry aluminum slag and waste from cable production is periodically carried out by
state authorities responsible for sanitation and epidemiology, water supervision, and
ecological safety using standardized methods to determine harmful substances in the air,
water, and soil. This process is coordinated with local self-government authorities and
other controlling services. All industrial waste, for which methods of secondary processing
have been developed, are utilized as secondary raw materials for use in the national
economy.

Keywords: aluminum, valence, waste, foundry slag, metallurgical yield, slag processing,

spectroscopy, mixture, thermal analyzer.
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BCTYII

AxTyanbHicTb po0oTH. CyTTEBUH pICT BUKOPHUCTAHHS ANIOMIHIEBUX BHUPOOIB
MPUBOJIUTh JO HAKONMWYCHHS BIAXOMIB, SKi BHUKOPHUCTOBYIOTH JIJII BHPOOHHUIITBA
BTOPMHHUX aJIFOMIHIEBUX CIUIaBIB. B MOpIBHAHI 3 NMEPBUHHUM METAJIOM BUTpaTH Ha iX
BUpOOHMLTBO Habarato Hux4i. [lepepoOKy HUIaKiB Ta CTPYXKH, L0 YTBOPIOIOTHCS B
mporeci JUTTS 1 0OpoOKM 3 alOMIHIEBHX CIUIaBIB BHKOHYIOTh Ha CIICIiai30BaHUX
nignpueMcTBax. JIMBapHUN aMOMiHIEBUN LIJIAK YTBOPIOETHCS B MOBEPXHEBOMY IIapi U
MPEACTaBIIIE COOOK CYMIIl ITHH, $SKa MICTUTh MPOAYKTH B3aEMOJII aATIOMIHIIO 3
KOMITOHEHTaMu MOBITps. [lepen BmyckaHHSAM IUTaBKU LUTAK BUIAISETHCSA. BMICT ynucTOrO
MeTany (a0o crjaBy) B HbOMY 3a PI3HUMHU JTaHMMH 3HAXOAMThCS B Mexax 7-10 % wmac.
JIOJI. METaJigyHOTO amoMiHito, 70-75 % Mac. A0J. OKCHAYy aJlOMIHIIO 1 PI3HHX JOMIIIIOK.
[lepepoOKy Takoro TUIY HUIAKY MPOBOASTH HA MIANPUEMCTBAX KOJIBOPOBOI METANyprii.
[Iporiec B OCHOBHOMY CKJIAJIa€ThCSl 3 HACTYIHHUX CTajii: a) MOApiOHEHHs MIIaKy; O)
dpaxiiiiHe HOro pO3JUICHHS; B) BOASHE BWJIYTOBYBaHHS MOAPIOHEHOTO IUIAKY; T)
GUTBTpYBaHHS PO3YMHY 3 METOI PO3AUICHHS PO3UMHY COJIi Ta TBEPAOTO 3aIMIIKY; JI)
BUITAPOBYBAHHS TBEPOTO PO3YNHY; JK) CYIIIHHS; 3) BUTIATIOBAHHS TBEPIOTO 3ATUIIIKY.

SIx BKa3aHO BHUIIIE, JIETKUI aJIFOMiHIEBUI OPYXT Ba)KKO €(DEKTUBHO IJIABUTH, TOMY IO
BIH Jy’K€ JIETKO OKHCIIO€Thcs. He3axwuilleHi po3BHHEHI aJlOMIHIEBI MOBEPXHI HIBUIKO
OKHUCITIOIOTHCSI Ha TIOBITPI HABITh MPH TEMMEPaTypl HABKOJUIITHLOTO cepemoBuiia. [Ipu
BILJIMBI BUCOKHMX TEMIIEPATYP, MPOLIEC OKUCICHHS 3HAYHO MPUCKOPIOETHCS. TOMY, OJIHIEIO
3 HAWOUIBII MOLIMPEHUX TEXHOJOTIH MepepoOKH aalOMIHIEBUX BIJIXOJIB € MPOILEC, 110
MOB'SI3aHUH 13 3aXMCTOM QJIIOMIHIEBOTO OPYXTY BiJl OKUCIEHHS, HANPUKIIAJ, 3aHYPEHHIM
PO31p0o0JIEHOIT CyMillll B PO3ILJIaB aJIFOMiHIIO. |11 3SMEHIIIEHHS BUTpAT Ha MepepoOKy 4acTo
BUKOPHUCTOBYIOTh MPECYBaHHS TapsAyMX MUIaKiB Oe3mocepeaHbo micias 3abopy ix 3
J3epKalia MIaBUIBHOI Meyl. 3T1IHO 3 TaKOI TEXHOJIOTIEI0 rapsiunii MIJIaKk 3aBaHTAXKYIOTh Y
dbopmy 1 3MaBIIOIOTH MiJA NpecoM. BuuaBlieHUI po3IIaB aJIOMIHIIO CTIKa€ B METaJIEBY
dbopmy 1 TBepaHe. s mepepoOKH OJIepKAHOTO IMICHIS 3IaBIIOBAHHS 3aJIUINKY Y BHIJISII
CIIPECOBAHOI KipKH TOTPiOHI MeHmni Butpatu. OJHAK, 3aCTOCYBaHHsS JTaHOTO MPHUHOMY

JIUIIIE YaCTKOBO BUPIIIIY€
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npobJieMy mepepoOKH aTrOMIHIEBUX IIUIAKIB 1 3MEHILICHHS 1X YaCTKU. METo/1 TaKoX
HE JI03BOJIS€ BIIOKPEMIIIOBATH AJIFOMIHIN TIPH MepepoOLl XOJ0HUX IUIAKIB.

TexHoyoriss onepKaHHS AaJIIOMIHIFO MUISXOM BIJIHOBJICHHS JIMBApHHUX IIJIAKiB
JIO3BOJIIE CYTTEBO 3MEHIIMTH KUIBKICTh BIIXOMAIB, a TaKOX 3MEHIIUTH 3aTpaTu
CJICKTPOCHEPT1i Ha BUPOOHUIITBO BUITUBOK.

Tomy mucepTariitHa poOoTa CIipsIMOBaHa Ha PO3BUTOK TEOPETUYHUX 1 TEXHOJIOTTIHIX
OCHOB TIEPEPOOKH ATFOMIHIEBUX BIJIXOIB Ta OJICP>KaHHS 3 HUX BUCOKOSIKICHOTO MTPOIYKTY.

3B'A130Kk po0OTH 3 HAYKOBMMHM IpOrpaMamMm Ta miiaHamu. /lucepraiiis BUKOHAaHA
BIMOBIAHO 70 3akoHy Ykpainu Ne 2519-VI Bix 9.09.2010 p. "IIpo npioputeTHi HanpsiMu
PO3BUTKY HayKd 1 TexHIKU Ta llepenik mpiopuTeTHHX TEMaTUYHUX HAIpPSMIB HAyKOBHX
JOCIIKEHb 1 HAayKOBO-TEXHIYHHUX PO3POOOK, TEMAaTUYHHUX IUJIaHIB, TOCIOJAPYOro
noroBopy Mixk ®TIMC HAH VYkpainu ta TOB «BupoOHuye nignprueMcTBo «YKpKaOeby
No 130 Big 11 mrororo 2020 p. Ha Temy: «JlOCHiPKEHHS METalypriiHOTO BHXOIY
QITFOMIHIIO 3 JIMBAPHOTO IIUTAKY.

Merta Ta 3aaau4i gocaixkennsi. Po3po0ieHHs TEOpEeTUYHUX OCHOB Ta TEXHOJOTTYHUX
PeXHUMIB NEpepOoOKHU JIMBAPHOI'O AJTIOMIHIEBOTO MLUIAKY, IO JO3BOJIUTH YAOCKOHAJIUTH
METO/]] Ta YCTAHOBKY ISl iX BUIIABKH.

JI71st moCcSITHEHHS TIOCTABJICHOT METH TpeOa BUPIIIUTH HACTYIIHI 3a/a4i:

- BUKOHATH aHai3 TEXHOJIOTIH IepepoOKH BiAXOIIB BUPOOHHIITBA, IO MICTATH
aJTIOMIHIN;

- pO3pO0OUTH eKCIpec METO/I BU3HAYEHHS AFOMIHIIO Y JTMBAPHOMY IUIALLL;

- YIOCKOHQJIUTH TEXHOJIOTIIO0 OAEpP>KaHHA BTOPMHHOTO AJIIOMIHIKO METadypridiHUM
CIrocodom;

- BCTAQHOBUTHU BIUIMB (PI3UYHUX Ta XIMIYHMX (PAKTOpIB HAa METaTYpriiHUN BHUXIJ
QITFOMIHIIO 3 JIMBAPHOTO IUIAKY;

- YIAOCKOHAQJIMTU NPOMMCIOBY YCTaHOBKY JUIsl OJEP’KaHHS AIIOMIHIIO 3 JIMBApHOTO
HIJIaKYy;

- TIPOBECTH MPOMUCIIOBI BUIIPOOYBAHHS YCTAHOBKU Ta PO3paxyBaTH iX €KOHOMIUHY

e()EeKTUBHICTb.
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OO0'exkT [OCHiIKeHHs1 — METAIypriHuil mpolec MNepepoOKd JIMBApPHOTO
QJIIOMIHI€BOT'O IUIAKY PI3HOTO XIMIYHOTO CKJIAY.

IIpeameT gociizKeHHsI — 3aKOHOMIPHOCTI BIUIMBY KapOOHATy Ta XJIOPHUIY HATPIlO
HAa METANypriiHUiA BUXIJ aIIOMIHIIO 3 JMBAapHOro NUIAKy, TEeMIEpaTypHl YMOBHU
MPOTIKAHHS MPOIECY, METOAM Ta YCTAaHOBKHM [JIsi TMEPepOoOKH BIAXOJIB aIlOMIHIEBOTO
BUPOOHUIITBA.

Metoan pocaigxenHsi. [lpu BupileHH! MOCTaBIEHUX 3a/Jad BUKOPUCTOBYBAIU
METO/IM MAaTeMAaTUYHOTO TUTAHYBAHHS €KCIIEPUMEHTIB, Cy4YacHI METOM TUIaBKH, aHATi3y 1
KOHTPOJIIO CTPYKTYPH, JIMBAPHUX, (PI3UYHUX 1 CIY>KOOBUX BIACTUBOCTEH AallfOMIiHIIO, a
TaKOX CIeIialibHI YIOCKOHAJICHI METOJIUKH 13 3aCTOCYBaHHSIM OOYHMCIIIOBAIHHOI TEXHIKU
Ta Cy4acHHX MPOTPaMHUX TPOayKTiB. OOmagHaHHS Ta 3acO0M BHMIPIOBAILHOT TEXHIKU
MPOUIIUIN BIANOBIAHY METPOJIOTIYHY MOBIPKY a00 KaniOpyBaHHS.

HaykoBa HoBu3HA. HaykoBy HOBU3HY MAarOTh HaBEJCHI HUX4YE pe3yJbTaTu
TEOPETUYHUX Ta EKCIIEPUMEHTATBHHUX JOCIIKEHb.

1. Po3BUHYTO yfIBJIEHHSI NP0 MEXaHi3M MNpPoueCcy BIIYYEeHHSl AJIOMiHiI0 NpH
nepepooui MeTajgypriiHoOro 1mUIaKy Ha OCHOBI 3MiHM BAJICHTHOCTI aJIIOMIiHIiI0 3 TpH-
J10 OJTHOBAJICHTHOI'0, 110 PeaJIi3y€ThCH Y ABi cTadii: yepe3 xiMiuHy peakuir: 2A1,0; +
Na,CO;=2NaAlO;+ ALLO + CO; + O, (t =2500 — 3000 °C), noHM:KeHHS TeMIepaTypu
no 1000-1100 °C, npu sAKiii OKCHJ OJHOBAJIECHTHOI'0 AJIOMIHII0 PO3KJAZA€THCA HA
MeTaJleBHil AJTIOMIHIN Ta OKCH TPUBAJIEHTHOIr0 aloMiHi0: 3AL,0 = 4Al + AL O:.

2. Onep:kajay NMoJAJbIIAN PO3BUTOK JOCJTIIKEHHSI 3aKOHOMIPHOCTEN BILUIUBY
TeIIOOOMIHHMX MPoOUECiB HA MeTAJYPriiiHUI BHUXiJ NPHU nepepodui HU3bKOCOPTHHUX
ANIOMIHINBMICHUX [UIAKIB, BH3HAY€HO PANIOHAJbHI TEIUIOBI peXUMH, IO
3a0e31me4yTh MiIBUIICHHS BUXO1Y NPHUIATHOIO aa0MiHi0 Ha 35%.

VYrpaBiiHHS TEMIOOOMIHHUMH TPOIIECAMU Ha OCHOBI BUSIBJIEHHUX 3aKOHOMIPHOCTEH
JTIO3BOJIMJIO JIOCSATTH BITHOBJICHHS allfOMIHIIO 31 IUIAKy MpuOau3HO Bix 75 1o 85 %, mio
3HAYHO MEPEBUIIYE TOKA3HUKHU BIJOMUX aHAJIOTIB.

3. Bhnepuie npoBeeHO KOMILIEKCHI HAYKOBi JOC/IIKeHHSI Ta PO3POOJIEHO

TeXHIYHi pilleHHd 3 NiABUIIEHHSA e(QeKTUBHOCTI PO0OTH eJEeKTPOTEPMIYHOIO
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o0JIaJHAHHA 3 Mepepo0KM ANIOMIHIEBHX ILIAKIB 32 PaxXyHOK BHKOPHMCTAHHA
3MIHHOT'0 CTPYMY /I HATPiBaHHA MOTOKY po3iuiaBy A0 temmneparyp Bix 1820 °C no
2250 °C; niaTpuMaHHS UTUPKYJIALIl PO3IJIABJIEHOT0 MeETAJIY MK BAKYYMHOIO
€JIeKTPOAYIrOBOK) KaMepolw i HOKONMMYYBAJIBHOK MiY4YI0; J0JATKOBOI0 BILUIUBY
BHCOKHX TeMIIepPATyp B 30HI FOPiHHSA AYyTId HA NJIAK.

HoBu3Hy TeXHIYHUX pillleHb, PO3POOJICHHX Yy poOOTi, MIATBEP/KYE MATEHT Ha
BuHaxig Ykpainu Ne 124750. Bonu 3a0e3neuyroTh CIPOIIEHHS TEXHOJIOTTYHOTO TPOIIECY
nepepoOKH, 3HIKEHHS €Hepro3arpar Ta 3aXMCT HaBKOJHUIIIHBOTO CEPEOBHIIA.

4. HaOysu mogajblioro pPoO3BHUTKY €KCIEPUMEHTAJIbHI JOCIIIKEeHHS Tpolecy
OKHCJICHHAl AJIOMiHiI0. BcTaHOBJIEHO, 10 OKHUC/ICHHS BiI0YyBA€ThCHA fIK 32 PAXyHOK
aTMOC(epHOro KHCHIO, TAK i PO3YMHHMX B PO3ILIaBi HeMeTaJieBUX BKJIKW4YeHb (MgO,
AIN, Mg;N,, ALO, AIB; ta iHm). CyTTe€BOoMY 3POCTAHHI0O OKMCJIEHHS PiIKOro
AIIOMIHII0 CHPHUAKOTH JYKHI 200 JIy’)KHO3eMeJIbHi eJIeMEeHTH, a TAKO0K LHMHK, AKi
YTBOPIOKOTH NNOBEPXHEBi PUXJIi OKCHAHI IUTIBKH.

OpeprkaHi pe3yJbTaTH MAalOTh HAYKOBE 3HAYEHHS 1 MOXYTh OyTH BUKOPHUCTaH1 MpHU
BUPIIIICHH] IPUKJIAHAX 33]1a4, OB’ A3aHUX 3 IEPEPOOKOI0 BTOPUHHOI CUPOBHHH.

5. Bmepme anas cmiaBy cucreMu Al-Mg-Cu, mo BHIUIABJIEHMH 3 aJIIOMIiHIilO,
BIJWIyY€HOr0 3  JIMBAPHOI0 MUIAKY, PO3p00JieHO cmnoci0 BBeAeHHA IUHKY B
NaponoaioHOMY CTaHi, 110 JO3BOJIHUJIO0 OIePKATH BUPOOU 0e3 rapsiuMx TPIlllMH.

Po3po0Oka Biapi3HAETHCSA CIOCOOOM BBEACHHS LIMHKY 10 po3IliaBy. BBeaeHHs Horo B
napornoaiOHOMy CTaH1 MOKpAIly€e€ CTPYKTYPY BHUCOKOMIIIHOTO AaTIOMIHIEBOTO CILIABY, IO
neopMyeTbCs, J03BOJISIE  BUPINIMTA CKIQJHY TMpobOjaeMy OOpOTBOM 3 TapsiuuMu
TpILIMHAMHU, 7151 [HOTO B pOOOTI pO3pO0JIEHO BIANOBIHI TEXHIYHI YMOBH.

IIpakTuuHe 3HayeHHsi. B po6oTi npencraBneHo 6€3BiIX0IHY TEXHOJIOTIIO Ta CIOCIO
nepepoOKr aMOMIHIEBOTO NUIAKY B €JIEKTPOTEPMIUHIA YCTaHOBII, SKUW TMependaydae
noJlavyy IUIaKy Ha MOBEPXHIO ATIOMIHIEBOTO PO3IUIABY 1 OIUIABJICHHS LIUIAKY €JIEKTPUYHOIO
JYyrol0, TpU IIbOMY OIUIABJICHHS aJIOMIHIEBOTO IUIAKY MPOBOJATH B E€JICKTPOAYTOBIi
KaMepl, B Ky BCMOKTYIOTh QJIIOMIHIEBHI PO3IUIAB 3 HAKONHWYYBAJIbHOI NE€Yl, TPUUOMY
pIBEHb pO3IUIaBy B €JEKTPOJAYIOBIM Kamepl MIAHIMAIOTh Ha 3a/aHy BIACTaHb BIJ

€JIEKTPOJia, a B MPOILIECI TOPIHHS EJIEKTPUYHOI Oy PEryiroloTh ii JOBXHHY IUIIXOM
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3MIHM Ta30BOr0 THCKY B €JIEKTPOAYIOBI Kamepi, OIUIABJICHHS aJIOMIHIEBOrO IIIAKy
OpOBOJSATH B  TMpoOLECl MIATPUMKH LUPKYJISALIT  PO3IUIABICHOTO  METaly  MIXK
€JIEKTPOJYTrOBOI0 KaMepol 1 HAKOMUYYBAIBHOIO TMIYYI0, TPH I[OMY LHMPKYJISIIO
pPO3IUIaBy MATPUMYIOTH IiJT JI€I0 €IEKTPOJIUHAMIYHOT CHIIH, 110 T€HEPYEThCS JIHIMHUMHU
ACUHXPOHHUMH CTaTOpaMH, BCTAHOBJIEHUMH Ha TPyOONpPOBOJAax, KOTP1 3'€IHYIOTh THUTEIIb
3 HaKOMMUYyBaJbHOI miuyto (mateHT Ykpainu Nel24750, Grom. Ne 45 Big 10.11.2021).

Opepxani B poOOTI HOBI pE3yJbTaTh HAYKOBUX JOCIHIDKEHb Ta JOCIIiTHO-
IPOMUCIOBUX BUIpoOyBaHb B ymoBax BupoOHunra TOB "HBII "YKPKOJIbOPMET",
I0/I0 BJIOCKOHAJICHOT YCTAHOBKH JJIsl IEPEPOOKH aIFOMIHIEBOTO IIIAKY, SIKAa CKIATAETHCS
3 IUIABWJIbHOI HAKOMHMYYBaJbHOI M€Yl 1 PO3TAIIOBAHOI HAJl HEIO KaMepHu 3 BCTAHOBJIECHUM
J103aTOPOM IIJIAKOBOi CyMIIl,  IMOKa3aJd, L0 BUKOPHCTAHI TEXHOJIOTIYHI PEKUMHU
nepepoOKu JTMBAPHOTO aIFOMIHIEBOTO IUIAKY JO3BOJWIM CYTTEBO MIABUIIUTU SKICTh Ta
MeTalypriiHuil BUXiJ allOMIHIIO.

BnpoBapkeHHsT y BUpOOHUIITBO pO3pOOOK, SIKI 3alpONOHOBaHI B POOOTI, 103BOJIUTH
HiJIPUEMCTBAM BHUKOPHUCTOBYBATU O€3BIIXOJHY TEXHOJIOTIIO Ta OACPKYBATH MPOAYKIIIIO
M1IBUIIEHOT IKOCTi. YucTui cepeiHh03BaKeHUN MPpUOYTOK CTAHOBUTH 3 PO3paxyHKy Ha 1
TOHHY 1UIaKy 24652,04 rpH.

Ocobuctuii BHecok 3100yBaua. B jgucepranii MICTATBCS HAYKOBI pPe3yJbTaTH,
OTpUMaH1 OCOOHMCTO JHMCEpTaHTOM abo 3a Horo ydactio. B omyOiikoBaHUX HayKOBHX
mparsgx pa3oM 31 CHiBaBTOpaMu 3700yBady NpHiiMaB yd4acTh y TIOCTaHOBII 3ajad,
MITOTOBIIl METOAMK, BUKOHAHHI PO3PaxyHKIB, MPOBEIACHHI EKCIIEPUMEHTIB, aHAII3IB,
o0poOI11i Ta 1IHTEpIIpeTaIlii eKCIIepUMEHTATBHIX JaHNX. BHECOK AuCepTaHTa B OTPUMaHUX
eKCIEPUMEHTAIbHUX pPe3yJIbTaTax, OMyOIiKOBaHUX CTATTAX Y CHIBaBTOPCTBI, CTAHOBUTH
60-80%. a

Anpobania MartepiajiiB aucepranii. OCHOBHI NOJIOXKEHHS Ta Pe3yabTaTH POOOTH
MOBIJJOMJICHI ¥ oOroBopeHi Ha: MiKHaponHii HaykoBid KoH(epeHiii «CoBpeMeHHas
HayyHas wjaes ‘2019 (Modern scientific idea ‘2019)» (r. Munck, benapycs);
MixHaponHii  HayKoBO-TexHiuHIH  KoH(pepeHmii «lIpuknagHi  HayKOBO-TEXHIUHI
nociikeHHsl. BupoOHuTBo Ta texnosorii» (M. IBano-®pankiBebk, Ykpaina, 2020 p.);

MixHapoaHIi HayKOBO-T€XHIYHIA KoH(pepeHuii «HoBi Marepianu 1 TexXHONOrii B
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MamHoOyayBaHHi - 2020» (M. KuiB, Ykpaina, 2020 p.); XVI MixHapoiHa HayKOBO-
npaktudHa KoHpepeniis «JIutBo. Mertamypris. 2020» (M. 3anmopixoks, Ykpaina, 2020 p.);
International Scientific Conference «International Scientific Inregration ‘2020» (Seattle,
Washington, USA); XVIII MixHaponHa HayKOBO-IpaKTHYHa KoH(pepeHuisa «JIuTBo.
Mertanypris. 2022» (M. 3anopixoks, Ykpaina, 2022 p.).

IMyoaikanii. 3a TeMoro aucepTaliiiHoi poOoTH OIy0JIIKOBaHO 16 HAyKOBUX Mpallb, Y
TOMy uMcii: 6 — ctatedl y HaykoBuX (haxoBuxX BHAaHHSX, 3aTBepkeHux J{AK MOH
VYkpainu, 4 cTarTi, 110 IHACKCYIOTHCA B MDKHAPOAHIN HayKOMeTpuuHii 6a3i Scopus, 5 Te3
JOTIOB1IeH y 30ipKaxX HAYKOBUX Ipallb MI>KHAPOIHUX KOH(EPEHIII, OJTUH MaTeHT Y KpaiHu
Ha BUHAXII.

Crpykrypa Ta obcar auceprauii. /{ucepramis ckimanaeTscs 3 BCTyMy, YOTUPHOX
pPO3ALTIB, 3araJIbHUX BHCHOBKIB, CIIMCKY BUKOpUCTaHUX kepen (136 HaliMeHyBaHb) Ta
nonatki. [loBaumii oOcsr aucepranii — 145 cropiHok. Y posaijax aucepTaiii MaTepiaau

poOOTH BUKIIAAEHO y BUIIISLAL 29 Gpopmyi, 25 Tabnuib, 33 pUCYHKIB.
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PO3/ILI 1
CYYACHMUI CTAH TA IEPCHEKTUBU PO3BUTKY TEXHIKH I
TEXHOJIOTTi OJIEPKAHHS BTOPUHHOT' O AJTFOMIHITO

1.1 TenaeHuii po3BUTKY BUPOOHUIITBA AJIOMIHII0 B YKpPaiHi Ta 32 KOPAOHOM

He3Baxatoun Ha Te, aldlOMIHIM HaWMOUIMPEHIIIWA METaj, Y YMCTOMY BHUIJIANI B
IpUpOl BiH HE icHye. Uepe3 BUCOKY XIMIYHY aKTHBHICTh aTOMH QJIFOMiHIIO YTBOPIOIOTh
CTIKI CNOJYKH 3 IHIIMMHU €JEeMEHTaMH, Hampukiaa 3 KucHeM. Ilpoiec onep:kaHHs
NEPBUHHOTO ATIOMIHIIO Oy)X€ CKIAJAHUNA 1 TOB’S3aHUA 3 BUKOPUCTAHHAM EJIEKTPUYHOI
€HEepTii BeTUKOI MOTY>KHOCTI.

Onuiero 3 mepeBar  ajglOMIHIIO Ta HOro CIUIaBIB € 37aTHICTH HE BTpaydaTu
BJIACTUBOCTEH B MPOIECI BUKOPUCTAHHS, TOMY BUPOOU 3 HHOTO IMiIJIAI0THCS TIEPETUIaBy Ta
BTOPUHHIN MepepooOIi.

BupoOHUIITBO aIOMIHIIO y CBITI 3 pOKaMu Oe3MepepBHO 30UIbLIYETHCS, OCKUIBKH
3pocTae MOMMUT Ha 1ed MeTan. TakoK BCTaHOBIIEHO, 110 B CEpEAHbOMY CBITOBa MOTpeda
pocte npubau3Ho Ha 5-7 % B pik [1-8].

B nmanuii yac mpoMuciIoBe BUPOOHHMIITBO 3HAYHO 3pOCIO 1 CBITOBUH 00CST
BupoOHuITBa B 2018 p. ckiap 64,3 maH. T. [4]. [Ipu mboMy NpOTrHO3YETHCS 301IBIITIEHHS
o0csiry BupooHunTea 10 80 miH. T., puc. 1.1 [5]. B Ykpaini mopiudo BupoOasieTses 210
TUC. TOH amoMmiHito. bmuzsko 100 THUC. TOH HPOBOAUTHCS METOJOM BTOPHUHHOTO
NeperyIaBIeHHs aTFOMIHIEBOTO OpyXTy [6].

[TocTiiiHe  3pocTaHHA  00CSIry  BUPOOHUUTBA  QIIOMIHIIO  OOYMOBJICHUU
PO3IIMPEHHSIM HOr0 3aCTOCYBaHHS B PI3HUX Taly3siX M YJOCKOHAJICHHSM TEXHOJOT]
OJICp)KaHHS YHUCTOrO aliOMiHil0. TeXHIYHMH Tporpec CHpusB BUCOKOMY PIBHIO

CTHOXXUBAHHS allIOMiHI0. ['amy3i 3acToCyBaHHS adlOMiHIIO0 HaBeeHO B Tabmui 1.1.
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Puc. 1.1. CpiToBuii 06’€M BUPOOHHUIITBA ATFOMIHIIO [5]

3acToCyBaHHS aJIFOMIHIIO IO TATy3sIX MPOMHUCIIOBOCTI [5]

1
2016 2017 2018 2020

(Iporuos’

["asty3s TPOMUCIIOBOCTI

OOGcsr 3actocyBaHHs, %

Tpancnopt 26,5
ByniBHULITBO 25,3
YmnakoByBaHHS TOBapiB 7,7
donapra anoMiHieBa 8,0
Enexrporexnika 14,2
CrioxuBYi TOBapu 4,5
MamuHoOyayBaHHs 9,0
a1 ramysi 4,9
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Taommosa 1.1

Hageneni nani npo n1UHaMIKy pO3BUTKY BUPOOHHUIITBA AJIFOMIHIIO XapaKTEePU3YIOTh

1 JUHAMIKy BUPOOHHMITBA Ta CIHOXKMBAHHS aJIOMIHIIO Ha Ayuly HaceineHHs. Hukue

HABOJWTHCS JWHAMIKA CIIOKMBAHHS QIIOMIHIFO Ha JyNIy HACEJICHHS B EKOHOMIYHO

PO3BUHEHHX KpaiHax.



CroXuBaHHSI Ha
Qyl1y HacelIeHHs, KI/Ayuy

Puc
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. 1.2. CnoxuBaHHA aTIOMiHII0 B EKOHOMIYHO PO3BUHEHUX KpaiHax

Ha JAyLly HaceJeHHs [6]

Taomung 1.2

CaiTOBE BUPOOHUIITBO Ta CIIOKMWBAHHS allfOMiHi0 y 20-My 1 Ha MOYaTKy 21-r0 CTOMITTS

Ne i/ Pix BupoO6uunro, MiiH.T. | CriO)KMBaHHSI, MJTH.T.
1 2000 ~24 ~25,0
2 2005 ~ 34 ~ 33,7
3 2010 ~43 ~42.8
4 2015 ~59 ~ 584
5 2020 ~ 67 ~ 66,7
6 2030 - ~ 80,0

[TepepoOka BTOpUHHOTO aJIOMIHIIO B TaHUHM Yac BUAUIMIIACS B CAMOCTIHHY raity3b

MIPOMMUCIIOBOCTI, fKa HAa3UBAETHCA ‘“BTOPUHHA METanypris’, a B JaHOMY BHUIAIKy —

BTOPMHHA METAIypris allOMiHIIO0. 3aBJaHHAM BTOPUHHOI MeETaJyprii ajglOMIHIIO €

MIPOMHUCIIOBA TIEpepoOKa OpyXTy, BIIXOIB, ITUTAKIB Ta 1HITUX BHUJIIB BTOPUHHOI CHPOBHHH.

BianoBigHo A0 aHaNITUYHHMM OTJISIIOM CBITOBOTO BHUPOOHMIITBA 1 CIIOYKHWBAHHS

IIOMIHIIO0, B JaHUHM Yac o0car BUPOOHUIITBA BTOPUHHOIO AJIFOMIHIIO CKJIAJA€e MPUOIU3HO

30% Bijx 3araJpHOTO CBITOBOIO BUPOOHHUIITBA aatoMiHI0. [Ipy IbOMY HAroJjomyeTbes, 1o

YacTKa BTOPUHHOIO aJTIOMIHIIO TPOJOBXKYE 30ubLIyBaTHCs [9, 10].
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[TepepoOka BTOpHHHOTO aJIFOMiHIIO BKJIIOYAE JIBA €TAIIH:
- COPTYBaHHSI BTOPUHHOT CUPOBUHHU, CYIIKY OpYXTY 1 BIAXOMAIB, CTPYXKKH, (IIIOCIB, IIJIaKIB
Ta IHIIMX BU/I1B BTOPUHHOI CHPOBHUHH;
- MeTadypriiiHa nepepo0ka BTOPUHHOI CHUPOBHHH, SKa BKIIOUYAE TUIABKY B IJIABUIILHUX
nevax.

Bunu BTOpHMHHOTO anoMiHiEBOTO CUpPOBHMHU HaBenaeHi Ha puc. 1.3 [10], a Ha puc.

1.4. npencrasnena ¢otorpadisi CIpecOBAHOTO AIIOMIHIEBOTO OPYXTY.

BpyxT i BigxoaM

ANEOMIHID
MeTtanesi sigxoqm - Y . Bigxoau
» BpyxT NpoMMCNOBMN | —| Llnax
nNoGYyToOBKH
_ — LW nam
I Mpomycnosi sigxogM
——p| 3ona
CTpyEa | THPCE -
———3n| [l1n
Epak NpoMUCNOBMEA <
.| Cnnec
CTpymonpoeigHi <
BigxoaM IHwe
BigxcaM iIHCTpyMeHTIE v —

Puc. 1.3. Bunu BTopuHHOI amtomiHieBoi cpoBUHU [10]
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Puc. 1.4 ®otorpadist cipecoBaHOro aatOMiHIEBOI OPYXTY

Ha neprmomy erarmi ocobnuBa yBara NpuAUISA€THCS OYUILEHHIO OPYXTY 1 BIIXOIIB
B1JI MEXaHIYHHUX 3a0pyHEHb 1 OKCUAIB. [Ipy 1IbOMY IPOBOJUTHCS COPTYBaHHS OPYXTYy Ta
BIIXOAIB 3a BUJIaMH BTOPHUHHOI aJIIOMIHIEBOI CHUPOBUHU. 3aCTOCYBaHHS TEXHOJOTIT
JIpOOJICHHS JT03BOJISIE TIPOBOJUTH MOJPIOHEHHS OpyXTy 1 BIAXOIB, @ TaKOX IMPOBOJUTH
MeXaHIuHy a00 MarHiTHy cenapaiiito. /{7 BUKOHaHHS omneparliii 1poOJIeHHS 1 MOApiOHEHHS
3aCTOCOBYIOTh PI3HOMAHITHI pPI3HI KOHCTPYKILIl ApoOapok. HaiOinpmoro nomupeHHs
HaOyJIM KOHYCHI, MOJIOTKOBI ¥ HOXOBI JpoOapku. 3aCTOCOBYIOTHCA TaKOXK 1 MIMHHU JIJIs
MOCTIAOBHOTO JpoOJjieHHs 1 moApiOHeHHs Marepiany. lle m03BoJise 3MEHIIUTH Yac
CYIIIIHHS Matepiany, BUJAIUTH BOJIOTY 3 MOBEPXHI MaTepialy 1 3a0e3medYnTH 3HUKCHHS
BTpaT BTOPUHHOI CUPOBHHM Ta MMiJIBUIIUTU OE3MEKy METAypriiHO1 TUIaBKU.

[lepepoOka BTOPUHHOIO QNIOMIHIIO BHUKOHYETHCS IIiJ IMIapoM padiHyOUuOro

drocy, KU 3aXUIIa€ OKUCICHHS PO3IUIABY, MOTJIMHAE YTBOPEHI B pe3yJbTaTi XIMIUYHOT



30

B3a€EMOJIII OKCHJIM 1 OYHWIIAE PO3IUIAB alfOMiHII0. Marepian ¢aiocy BHOMPAIOTh TaKuM,
mo0 BIH HE BCTYINaB B XIMIUHY B3a€MOJiI0 Hi 3 (yTEepiBKOIO Iedi, Hi 3 PO3IJIaBOM
AIIFOMIHIIO, a III€ MaB TEMIIEPaTypPy IUIABJICHHS HUKYE TEMIEPATypH TUIaBICHHS ATFOMIHIIO
1 MOBHHEH MAaTW IIUIbHICTh HHUX4YE, HIK HIUIBHICTH pO3IJIaBy aimtoMiHito. OCHOBHUM
KOMITIOHEHTOM padiHyouoro Quirocy B JaHMM Yac € CyMilll XJIOPUJIIB HATPi0 1 KaJliio
(NaCl + KCl) ra kpiomity — Nas;AlFs. Mogens Mexanizmy padinyrodoi aii gatocy A0CHUTH

HAOYHO IpejcTaBieHa Ha puc. 1.5 [11].

dnroc OkcumHa iiBKa

| | /
HeMerasesi PosmiaB
BKJTFOUECHHS

®rroc + nw1ak (KamenoaioHuid CTaH)
XXX XXX XXX XXX XXX XXX XX XX XXX XXX XXX XXX

A
r— x —© — —0— —
6) ® — ® — EY _(:)T‘ —p— =
— — — . ® —
Hewmeranese drroc Po3smnas
BKJIFOUEHHS
LHnaK\
E=__——===——ux——mes=—e—m S
B) — — —_ —_ —_  —_ — __
Posmmas o o -

Puc. 1.5. Cxema yTBOpeHHs nutaky npu o0poOii nutaky ¢urocom [11]. a) — 3acumnka
¢arocy Ha MOBEPXHIO PO3IUIABY; 0) — B3aeMOIisl (IIFOCY 1 CKJIAJIOBUX PO3ILIABY;

B) — KIHIIE€BA CTaJ(isl yTBOPEHHS LIIAKy
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[Ticns po3rutaBieHHS B T4l BTOPUHHOTO ATIOMIHIIO, Ha TIOBEPXHIO PO3ILIABY
3aBaHTaxyeThcs (moc. HoBoyTBOpeHa Ha MOBEpXHI po3ILIaBy OKCHHA IUTiBKa (puc. 1.5,
a)) MOKPUBAETHCS (DIIFOCOM 1 MOTIMHAETHCA IM. HasiBH1 B po311aBl HEMETaIEB1 BKIIFOUEHHS
oOBoikaThCsl (imrocoM (puc. 1.5, 0)) CrIMBaKOTh 1 TaKOX MOTIMHAIOTHCS (PIIFOCOM.
CrnuBaioun, HEMETaleBl BKJIIOYEHHS 3aXOIUTIOITh 3 €000 1 YacTUHKH (Kparuti)
pO3IUTaBy ATIOMIHIIO, a ()IFOC HAMMOBHIOETHCS KPATUIAMH ATIOMIHIIO 1 TIEPEXOAUTh BXKE B
nuiak (puc. 1.5 B)). [licns BUTpUMKH, PO3IUIAB 3JIMBAETHCS 3 MJIABUIBLHOT BaHHU, a IIJIAK,
AKUWA 30arayeHuil aJOMIHIEM, HAMNpPaBISIETRCA HA JIOJATKOBY MEPEpPOOKYy 3 METOIO
BUJIYYCHHS allfoMiHi0. BinmoBimHo m0 ganmx pob6otu [12], BMICT amoMiHiIO B IIIaKax
Moxke jocsirati 60 % Bia KUIBKOCTI IUIAKY Miciis npolecy padinyBanHs. Takuil nuiak €
JIOJATKOBUM JIPKEPETIOM HAJIXOJPKEHHSI AJIFIOMIHIIO P MepepoOili BTOPUHHOTO aTIOMIHIIO.

Takox BUMararoTh rIHOOKOI MEepepoOKH aTIOMIHIEBI ITUIAKU Y BUTIISII TaK 3BAHUX
300piB, SIKI HAKOMWYYIOThCA NpPU TEPBUHHOMY OJIEpKaHHI aloMiHito. 30ip, Kpim
METaJIEBOr0 AJIOMIHIIO 1 HOTO OKCUIY, MICTUTh Pi3HI MPOJYKTH 3TOPSIHHSA 1 BIAIIAPOBaH1
3aJIMIIKA BOTHETPUBKOT (yTEpiBKU Tedi. 3aJeKHO BiJl BMICTY B HUX YaCTKHU aJIOMIHIIO
300pu KJIACU(IKYIOTh K MHKH — BMICT altoMiHit0 > 45% abo siK 1pocu — BMICT aJIFOMIHIIO
<45 %.

[Ile omna Trpyna agOMIHIEBUX IIUIAKIB YTBOPIOETHCS TPU  BTOPUHHOMY
BUPOOHUIITBI AJIIOMIHIIO 3 QJIIOMIHIEBOTO CKpaly, a caMe, B JaHOMY BHUMAJKy II€ B
ounbmomy 06csi31. OCKITBKH B paMKax IMPOIIECIB, 10 BUKOPUCTOBYIOTHCS JIJISI OJICP>KaHHS
BTOPUHHOT'O QJIIOMIHIIO, JIOAAIOThCS COJsHI cywminn, 1o ckiagatotbes 3 NaCl 1 KCl,
BiIOYBa€ThCS YTBOPEHHS TaK 3BAaHUX aIOMIHIEBUX COJISIHUX IIIAaKiB, B SIKAX TaKOX
MICTATBCSI PEreHEepOBaHI YacTKu amomiHito. OJIHaK, HaBiTh, CaMi AJTIOMIHIEBI COJSHI
IJIaKW TIPU 3JIMBaHHI CXWJIbHI O YTBOPEHHS O€3MOCepe/IHbOl peakilii 3 HaBKOJUIIHBOIO
aTMoc(eporo, B pe3yJbTaTi 40ro, 3 OJTHOTO OOKY, HE BiIOYyBA€ThCS pereHeparlisi 4acTKH
QITFOMIHIIO 3 JTIOMIHIEBUX COJITHUX IIUIAKIB, a 3 1HIIOrO OOKYy, poboya aTMocdepa B 30HI
TUTABWJIBHUX TeUeH HACUYIYEThCS MIKIITUBUMH Ta3aMH.

3HauHU OOCAT aTIOMIHIEBUX IIJIAKIB YTBOPIOETHCS HA JIMBAPHUX MiAMPUEMCTBAX,

[0 TIPAIIOIOTh 32 TEXHOJIOTIE 0e3(Ir0cOBOi IUIaBKU altoMiHieBUX criaBiB. [lnaku
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MOXyTh MicTUTH Bia 20 1o 80 % metany. PakTUYHO BOHM MPEJCTABISIIOTH 300pH, 110
CKJIaZIaloThes 3 cyMmimi metany 1 okcuaiB (puc. 1.6). Crogm TakoX MOKHA BIAHECTH
HACTWJIM 3 PO3JIMBHUX KOBIIIB 1 MMiHA, [0 YTBOPKOETHCS MPHU MEPETUBAHHI AJTFOMIHIIO.
TakuM YWHOM, Ha OCHOBI BHIIE CKa3aHOTO MOXHa 3POOUTH BHCHOBOK, IO
BUPOOHUIITBO QJIOMIHIIO 3/IIMCHIOIOTh B 0araTh0X KpaiHaxX CBITY 1 MOMUT Ha HHOT'O BECh
gac 3poctae. [Ipm 1mpoMy #Oro BUPOOHHMKH AUIATHCS HA TEPBUHHUX (BUPOOHUKIB
MEPBUHHOTO AJIFOMIHIIO Ta WOTO CIUIaBiB) Ta BTOPUHHUX (K1 BHPOOJISIOTH MPOAYKIIIO 3
NEPBUHHOTO AJIOMIHIIO, a TaKOX THX, XTO 3JIIMCHIOE BTOPUHHY MepepoOKy 3 BIAXOMAIB

aJIFOMIHIEBOIO BUPOOHUIITBA).

Puc. 1.6. ®otorpadist arroMiHIEBOTO TUTAKY

1.2 TexHika Ta TeXHOJIOTil METAJYPriiHOr0 BUPOOHUILITBA BTOPHHHOI'0 AJTIOMIiHIiI0

3pocTaHHsl MONUTY Ha aNIOMIHIA 1 WOro CIulaBiB OOYMOBIIIOE TMOIIYK  HOBHX
MOMOBHEHb MOro 3amaciB, MmO 3a0e3NneuyeThesi MUIIXoM Oinbil  €(EeKTUBHOTO Ta
€KOHOMIYHOTO BUJIyYEHHS AJIOMIHIIO, K 3 OITHUX NUIAKIB, TaK 1 HUISIXOM MepepoOKu

QJFOMIHIEBOT CHUPOBHHHU 3 BHCOKHMM BIJTHOIIEHHSM IUIONII TOBEpxHI 10 Macu [13-19].
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Hampuknan, mpu MexaHidHI 00poOIll JeTaneil yTBOPIOEThCS CTPY)KKa, Bara sIKO1
KoiuBaeThes Bl 3 10 10 % 3aranpHOl Macu aetanei, 1o o0poOmtotoThes. st cTpyKKH,
sKa Ma€ HEBEJIMKY LIUIBHICTh B MOPIBHSAHHI 3 PO3IUIABICHUM METAJIOM, INEperiaBiIeHHs
YCKIIAHIOETHCS Yepe3 MBHUJIKE 11 OKUCICHHS MPU KOHTAKTI 3 TAPSIYUM MOBITPSIM.

Jlerkuii antoMiHi€eBUM OpyXT Ba)XKKO IIJIABUTHU, OCKUIBKM BIH JYy>K€ JErKo
OKHUCIIOEThCS. He3axuieHl po3BHHEHI aFOMIHIEBI MOBEPXHI IIBUAKO OKHUCIIOIOTHCS Ha
MOBITP1 HABITh MPU TEMIEPATYPl HABKOJUIITHLOTO cepeaoBuila. [Ipu B3aemoii BUCOKUX
TeMIeparyp, MPOLEC OKUCICHHS 3HAYHO MPUCKOPIOEThCS. TakoK 1HTEHCUBHICTh
OKHUCJICHHS 3aJIC)KUTh BiJl BOJIOTOCTI CEPENOBHUIIA, TEMIIEPATYPH Ta BiJl BMICTY JTOMIIIIOK.
Oxkcuj amioMiHIIO — JyXe CTIMKa XIMIYHA CIOJyKa 3 HU3BKOI MPYXKHICTIO JHCOIiaIi
napy, ska npu Temneparypu 750 °C ckmamae 10 ITa. Termora yreopenns AlLO; 3a
peakiero 2Al, + 3/20, = AlL,O; nopiBaIoe 1680 kJI>k/Monb. BiH He BITHOBIIOETHCS 1 HE
PO3UYMHSIETBCA B PIIKOMY aIIOMiHII, aje MpU IUIAaBLl MOAPIOHIOETHCS Ta PIBHOMIPHO
pO3MOAISIETECA B 00’€Mi PIIKOro MeTadny. TBepai BKIIOYEHHS OKCHIY B alIOMIHIi
B1JI’€MHO BIUIMBAIOTh Ha (PI3UUHI, MEXaHIYHI Ta TEXHOJIOT1YHI BIACTUBOCTI. ToMy, OJHIEIO
3 HAWOUIbII MOLIMPEHUX TEXHOJOTIH MepepoOKH aTIOMIHIEBUX BIJIXOJIIB € IMPOIIEC, KUl
NOB'SI3aHUH 13 3aXHCTOM AJIIOMIHIEBOIO OPYXTY BiJI OKHCJICHHS, HAIPUKIAJ, 3aHYPEHHSAM
po311po6JIeHOT cyMillll B po3IiiaB amtoMiHio. CriocoOu Ta yCTaHOBKH, IO PEaTi3yIOTh IO
TEXHOJIOT1I0 EPEPOOKH ATFOMIHIEBUX BIJIXO/1B MPEACTaBIECHO B podboTax [20-41].

Jl71st 3MeHIIIeHHs] BUTpaT Ha MepepoOKy alfOMIHIEBUX IUIAKIB, 3aIIPOIIOHOBAHO METO/]T
NpecyBaHHS iX B rapsuoMy CTaHi 0e3MmocepefHbO Micis 3a00py 3 JA3epKalia MIaBUIBHOT
nedi [42]. 3rigHo 3 po3pOOICHOI0 TEXHOIOTIE0 rapsiunii Mjlak 3aBaHTaXyIOTh B (opMy 1
3/IaBIIIOIOTH IIiJI TIpecoM. BuyamieHWil po3miiaB alfOMiHIIO CTiKae B MeTalieBy (popmy 1
TBepaHe. st mepepoOKM OJEp)KAHOTO TICHS 3AaBIIOBAaHHS 3aJMIIKY Y BUIJISI
CIIPECOBaHOI KipkW MOTPiOHI MeHmni ButpaTu. OJHAK, 3aCTOCYBAaHHS JAHOTO MPUUOMY
JIUIIIE YaCTKOBO BHPIIIy€E MpoOIeMy IMEepepoOKH aFOMIHIEBHUX IIJIAKIB 1 3MEHIIEHHS iX
yacTKU. MeTo/1 TaKoK HE JI03BOJISIE€ BIIOKPEMITIOBATH AJIFOMIHIN MTPU NIEPEepoOLIl XOI0IHUX

[IJTAKIB.
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VY 3B'I3Ky 31 BHCH@OXCHHSIM TMPHUPOJHUX MIHEPAIBHUX pPECypCiB mpobdiiema
nepepoOKr Ta MOAANIBIIOTO BUKOPUCTAHHS BIAXOIIB BJIACHOTO BUPOOHMIITBA CTAa€ Jenall
akTyanbHIow. OJep)KaHHS aTOMIHIEBUX 3JIMTKIB MUISXOM MEPEIUIABICHHS CTPYKKU
notpelye 3HAaYHUX eHeproButpart. L{ikom oueBHIHUM € 1 TOH (aKT, M0 SIKIIO MPaIIOBATH
13 3a0pYyJTHEHOI0 CTPYXKKOI, TO METATypriiHuUN BUXIJ CTaHOBUTH He Ouibiie 60-70%
[43].

3MiHa CHpPOBMHHOI 0a3u BUPOOHUIITBA AIIOMIHIIO Ta TOSIBA BEJIMYE3HOI KUIBKOCTI
BTOPMHHUX BIAXOIB IIMHO3EMY (JIMBApHI LIJAKH, LIJIaMH, BIANpalbOBaH1 KaTalli3aTOpH,
MIHEpaJIbHI YACTHMHHM BYTUJUIS Ta 1H.), IO YTBOPIOIOTHCS HA PI3ZHUX MPOMHUCIOBUX
M1IPUEMCTBAX, BUMAaraloTh CTBOPEHHS HAYKOBHUX Ta TEOPETUYHUX OCHOB JJI iX 00pOOKH.
AKTyanpHICTb IPOOJIEMHU yTHITI3AL[T BIIXO/IIB YCBIIOMIIIOETHCS CyCHUIBCTBOM, aJieé METOIU
nepepoOKr OaraThOX BHJIIB AJIOMIHIEBHUX BIIXOJIB 1€ HE PO3poOIieHi abo po3polieHi
Hee(eKTUBHO. Y poOoTi [44] sK altOMiHIEBY CHPOBHMHHY CKJIaJJOBY BHUKOPHUCTOBYIOTH
QJIFOMIHIEB] CIUIABU y BUIJIAI CTPYXKKH. AJIOMIHIEB] BIAXOAU € LUIMM PSAOM METaJeBUX
QIFOMIHIEBUX CILIABIB, IO BKJIIOYAIOTh €JIEMEHTH: MarHid, Mijb, KpEeMHIH, IIMHK 1 3aJ1130.
AHaJli3 BIAXOJIB AQJIIOMIHIIO T[OKa3ye, 10, 3aJ€XHO BIJ BMICTYy MeTally, IPOIIeC
PO3UMHEHHS aIOMIHIEBOTO CILIABY CIiJI TPAaKTyBaTH K pe3yJbTaT XIMIYHOI B3a€MOJIi
MeTaly 3 PO34MHOM Jyry. Ha OCHOBI TepMOJMHAMIYHUX PO3pPaXyHKIB HAaBEICHO JaH1 IO
B3a€EMOJIT TIAPOKCUAY HATPIIO 3 BiJAXOJaMU atOMiHIEBOr0 BUpOOHMIITBA. Ha oOCHOBI
sHayenHs eneprii I'i60ca AG s BU3HAYEHO s/l EHEPTIl CHONYK METAIEBOrO AJKOMIHIIO Ta
TIPOKCUY alltOMiHiI0 BiIHOCHO 1 MomsipHoro po3unHy NaOH: Amtominiit [Al] (-435,13
k/[x/Monb)] — T11663uT [AI(OH)3] (-5,9 x/lx/™Momb) — Oaeput [a-Al (OH); (-2,75
k/[x/monp) )] — Oemitr [AIOOH] (0,54 x/Ix/monmbp) — miacmopa [AIOOH (2,28
kJx/Monb)] — kopyHna [a, y-Al203 (5,24 xJ{x/mons)]. Po3paxosani 3HaueHHs AG g
MOKAa3yI0Th, IO i/ Yac JIYKHOi XIMi4HOT 0OpOOKH alFOMIHIEBOTO CIUIABY PO3YUHSIOTHCS
JIUIIE T’ STh €JIEMEHTIB CIUIaBy (QJIFOMIiHIM, KpeMHe3eM Ta iHInl). CTaHaapTHI MOTEHINaIH
METaliB BUKOPUCTOBYIOThCA JUIsl TpyOOi OLIHKM €JIEKTPOXIMIYHOI KOpOo3li B JIY>KHHX
pO3UMHAX NpPU HOPMAJbHUX TeMmIrepaTypax 1 BUIUICHHS KOHTAKTHHX Iap PI3HOBUIHUX

METAJIIB.
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JIns BU3HAYCHHS IIBHJIKOCTI PO3YMHEHHS aJIOMIHIEBHX BiXOJIIB IIPOBOJMIIA JTOCIIIN
Ha 3pa3Kax aJOMIHIEBOTO CIIaBy po3MipoM 40x40 MM, K1 MOMIIIAIHA B JY>KHUH PO3UYUH
pizHoi koHueHtpamii (10-160 r/a) 1 Temmeparypu (60-90 °C). Ha ocHoBi

CKCIICPHUMCHTAJIbHUX JaHUX OTPHUMAHO piBHHHHH TPaBJICHHA

a:kCNa0H2T-40’E (11)

JIc 4 — BEIWYMHA, 3a SKOK BH3HAYAIOTh KUIBKICTH METAJCBOIO AQIIOMIHIIO, IO
HEePENIIOB y JIyKHUI po3unH, Bupaxena B r/1 Al,Os; k — mocriiina msugkocti 1,5 107 r/c;
Cneon — koH1IEHTpa1iss NaOH, mMoiib; T — yac TpaBlieHHs, C.

Po3risiHyTO MOBEIHKY OCHOBHUX KOMIIOHEHTIB CIUIABIB Y JIY’)KHOMY PO3YMHI CTOCOBHO
CHCTCMH NaZO — A1203— SiOz— COz — HzO

VY Gararbox poOotax [45-50] BUBUAIUCH K BIACTUBOCTI LUIAKIB, TaK 1 MPOAYKTH,
Kl OJIep’KaHO Ha iX ocHOBi. Hampuknan, y gociimkeHHi [45] BuUBUaNuMCs XIMI4HI,
MEXaHIYHI Ta MIIHICHI XapaKTepPUCTUKH KOMIIO3UTIB, AKI OJEpkKaHl 3 aJOMIHIEBOTO
NUIaKy. AJIOMIHIEBUH IIJIAK € MIKIAJIMBUM 3aJHMIIKOBUM TPOAYKTOM BTOPHUHHOI IIaBKU
ATIOMIHII0. AJIOMIHIEBUH IIIAaK MOXXHA PO3AUIMTH HAa YOpHUK abo Outni, mpudomy
YOpPHUH IIJIJAK Ma€ HU3bKY KOHIIEHTPAIlI0 METajy 1 T'PaHyJbOBAHWI 30BHINIHIN BUIJIA,
NOPIBHAHHUN 3 micKOM. bunmii nutak Mae BHUCOKY KOHIIEHTPALIID METaNIB 1 MICTUTh
HEBEJNMKI KUIBKOCT1 OKCHJIIB Ta COJICH, YTBOPIOIOUM BeIM4Ye3H1 0710Ku. Takox Oiauil nmutak
€ TOOIYHUM TMPOJYKTOM JIUBApPHOI TPOMHUCIIOBOCTI, SKHW OCiJlac Ha 3BajuIIax,
BUKJIMKAIOUN 3a0pyJAHEHHS TPYHTY, TOBITpS Ta TIPYHTOBUX BOJ, 3aBIAIOYM IIKOIU
3M0pOB'I0  JIOJMHUA. B ocTraHHl poku TiepepoOKa allOMIHIEBOTO IIJIAKy cTaja
NOMYJISIPHIIIOI, 1 Terep HOro MOXXHAa BUKOPUCTOBYBATH JUIsl BUPOOHHUITBA OETOHY Ta
IETJIMHA 3aMICTh 1eMEHTY. [IOpiBHSIHO 3 BIACTUBOCTSAMU, SIKI OTPUMAaHI 3 KOMIIO3UTIB 1
IIEMEHTY, AJIFOMIHIEBUHU IIJIAK MOKpAIye JesKl BIACTHBOCTI MaTepialy, a caMe MIIHICTh
Ha CTHCK, OOpOOJIIOBaHICTb Ta JOBrOBIYHICTH Marepiany. [lpu 40% B'sxxydoro 1
sarBepmkeHoro npu 80 °C 3pa3ok po3uMHY, IO BUTOTOBJICHUN 3 aJIOMIHIEBOTO ILIAKY,

MaB HaWBHUIIlY MIIHICTh Ha cTUCK (24 MITa).
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Bimomo, 110 y mporieci JIUTTS PO3IUIABICHUNA aTFOMIHIA OKUCTIOETHCS MPU KOHTAKTI
3 HaBKOJMINHIM TOBITpsAM. OKCHAHI TIUIIBKH, III0 YTBOPIOIOTHCA Ha TOBEPXHI
PO3IUIABJIEHOr0 MeTaly, HEOOXIHO BUAAIATH NPU OYMILEHHI Ne4el, MO00 YHUKHYTU
3a0py/IHEHHS CIUIaBY, SIKU BHKOPUCTOBYETHCS MIPU BUTOTOBJICHHI JeTaliell. AHaNI3y0un
IPOIEC YacTO IiJ] Yac OYMINEHHS Me4Yeii BUKOPUCTOBYETHCS METAJCBUN IHCTPYMEHT IS
BUJIQJIEHHS 1IJaKy. Bucokuii piBeHb BTpaT y MpOLECi BiJ BUOpAaKyBaHHS LIJIAKy 3aBJA€
3HaYHUX (PIHAHCOBUX 30WUTKIB yCTaHOBI, IO BiAOWMBAETHCS O€3MOCEPEHHO Ha
co01BapTOCTI BUTOTOBJICHHS MPOAYKIli. ¥ poOoTi [46] mpeAcTaBieHO TeXHIYHE 3aBAaHHS
Ha KOHCTPYKIIIIO, SIKE MOXE PO3PaxOBYyBaTH HA KOHTEHHEpP JUIsl MPUHOMY Ta BiJTUICHHS
IIUTAKYy 3a paxyHOK BiOpallii, 0 CTBOPIOETHCSI MOTOPHUMH BiOpaTOpamu, ikl BCTAHOBJICHI
Ha HMOTo KIHIMX, 32 IKUM CJIy€ BUCYBHA CKPUHBKA, 1110 BIAMOBIIAE 32 30€pIraHHs METAIy
micys TBepAHEHHs. [neanbHa opieHTalist OyIb-SKOr0 METaypriiHOTO Tpoliecy — "HyJIbOBI
Bimxoau". Ile crocyeThes SIK OCHOBHOTO MPOJYKTY (MeTany), Tak 1 MPOAYKTIB (LIaKYy).
Axicte mpouecy po3poOiieHa TaKMM YHHOM, IO IMPOAYKTH, SIKI BUKIMKAKOTh peaKili
(MOKHa BBa)KaTH BIIXOJaMHU) MEPepOOIISIOTHCS B KOPUCHI MPOIYKTH Ta YTBOPIOIOTH
eKoJIOriYHO yucTl Biaxoau. 1o crocyerbes muiaky, € aBa akTu: — HUTAK TOBUHEH OyTH
Oe3mocepeHbO CIPSMOBAHWN Ha BHPOOHMIITBO ATIOMIHIIO BCEpeuHI 3aBoay abo 1o
oJlep)KyBaua IUIaKy, IO mepepolssie TOTOBUH MPOAYKT, HANPHUKIAA, EJIEMEHTH
OyZIBHMIITBA HaloOBHIOBava. TakuM YMHOM, MEPBUHHUM KPUTEPIEM SKOCTI MPOIYKTY IO
BIJIHOIICHHIO JI0 NIJIaKy MOBUHHE OyTH YCYHEHHS Tpoiiecy 30epiranns. [pyruit kpurepii
— OalayXiCTh J0 HaBKOJMIIHBROTO CEPEAOBHUINA, IO CTOCYETHCS BiAMOBIIHOTO
3aKOHOJaBCTBA. Paza €KCTPAKTHMBHOI METANYprii IUIAKIB T'€HEPYEThCSI B OCHOBHOMY BIJl
BCTYIy JIO CyMIiIlIel OKCHJIIB 1 MOTOKIB, a TAKOXK MOKE CKJIQJaTUCS 3 TPOJYKTIB PEaKIIii
TaKHUX K OKMCIICHHS Ta PO3YMHEHHS Yy MiJI3eMHUX BoJiax [46].

MimHa Kipka 3 OKCHAY alllOMiHII0, 10 YTBOproeThes npu ~ 700 °C, 3amo0birae i#oro
OKHCJIEHHIO. Y TepepoOIll aatoMiHIEBOTO JIMBAPHOTO IIJIAKy BHUKOPHUCTOBYIOTHCS JPIOHI
dpakiiii, 3a3BUYail CoJil Ha OCHOB1 XJIOpHUAY HATpil0 Ta XJopuay kaiito. I{g cucrema
BUOWPAETHCS, TOMY IO TEMIIepaTypa IJIaBIEHHS OJU3bKa 0 TEeMIEpaTypH IUIaBICHHS

IIOMIHIIO, alleé B TOM K€ yac CUCTeMa Ma€ JIOCUTh BHUCOKY TOUKY BHMAapoBYyBaHHA. Lls
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CYMIII Kpaie 3Mo4ye okcuau. DTopuau MPUCKOPIOIOTh PO3TPICKYBAaHHS APy OKCUIY
QTIOMIHIIO 1, OT)KE, MOKPAIMYIOTh iX JUTTA [55]. OaHuM 13 TpUKIAAiB, TOOTO MOOIYHUN
IPOIYKT, JJI1 BUPOOHMIITBA AJIFOMIHIIO € MJIUH JJI MOAPIOHEHHS LUIAKY.

3 aHaJITUYHOTO OTJISAY BHJHO, IO MOOIYHUM MPOJTYKTOM BUPOOHHUIITBA AJTFOMIHIIO
€ uak. [Ipunyckaerbes, mo npu nepepoOui 1000 Mr antoMiHi€eBOro OpyXTy YTBOPIOETHCS
760 Mr BTOPMHHOIO aitoMiHitO, 240 Mr muaky ta 3 mMr nwiy. Y HOUX Opouecax AKICTh
[IUTAKIB MOKHA BW3HAYUTH HAa OCHOBI iX NPHAATHOCTI JJI TMOJQJIBIIMX IIporieciB. B
IIOMIHIEBIM MeTanmypridHid TPOMUCIOBOCTI ICHY€ TpuU BUIu wuaky [56]: 1) Oina
OKaJIMHA, 10 YTBOPIOETHCS B MPOIECI BUPOOHUIITBA MEPBUHHOTO ATOMIHIEBOTO JUTTS,
camMe JIUTTSAM IIiJI THUCKOM, NPOKAaTyBaHHS Ta eKCTpy3ii. OCHOBHMI €JIEMEHT SKOCTI
MOB'SI3aHUM 3 HASIBHICTIO OKCHUAY aTIOMIiHIIO. Bimui — 1€ BIJOKpEMJICHHS alllOMIHIIO BiJl
[IJJAKOBOTO 3aJIMIIKY 3a JOMOMOTOI0 MOJIOTKOBOIO MIIMHY Ta IUIaBJIEHHS B OOEpTOBUX
neyax IiJi HOKPUTTSIM COJIL;

2) 4OpHMI LUIAK, IO YTBOPIOETHCA NPH BTOPHUHHIN BUILUIABLI AJIIOMIHIIO B Me€Yax JUIs
TUIaBJICHHS OpyXTy, OAHOK, CTPYKKH. Y IIMX [e€4aX BUKOPUCTOBYIOTh B SIKOCTI (PItOCiB
COJIl Kauito, 00 3MEHIIMTH MOKJIMBICTb OKHCIICHHSI MeTany. BiTHOBJIEHHS CTaHOBUTH
mume  12-18% ¢urocy. Jlist BiAHOBIEHHS KOMIIOHEHTIB, IO MICTATHCS B IIUIAII,
BUKOPUCTOBYEThCSI KUIbKa METOJIB TEPEPOOKHM YOPHOTO Ta COJISTHOTO KEKY: METOIHU
(G13MYHOTO PO3AUICHHS, TAPOMETATYpriiiHi Ta mipoMeTalypriiiHi METOIH;
3) «CoNSIHMIM TUpIr» — 1€ BIJIHOBJIEHHS AIIOMIHII0O 3 OUTMM 1 YOPHUM IIIJIAKOM, IO
3MIMCHIOEThCS B OOEPTOBUX I€Yax IIiJI KPUILIKOK pO3IiaBieHoi coii. OCHOBHUM
KpUTEpPIEM AKOCTI € cuib. L{ell 3anumok, mo mMictuth 3-5% okcuay metaiy, 15-30% 1 50-
75% xnopuay, Ha3UBAETHCS «COJSHHUM TMHUPIM» 1 30epiracThCs Ha 3BAIMINI. Y THITI3aIlis
COJISTHUX BIAXOMIB Ma€ IyK€ BaXKIMBE 3HAUCHHS [JIs1 3MCHILICHHS HaBaHTAXCHHS Ha
HABKOJIMILIHE CEPEIOBHUIIIE.

He3Bakatoum Ha TEXHOJOTIYHUN TIpOrpec, MpoleC OJEp’KaHHS METalliB BCE IIIe
IPEACTaBIIA€ IMEBHI NPOOJEMH, sIKI OB ’s3aHl 3 BTpaTaMM, L0 BUHUKAIOTH BHACIIJOK
OKUCJICHHS ~ CIUIaBY, CIPUYUHSE YTBOPEHHIO OKCHIIB (LIUIAKIB) Ha TOBEPXHI

pO3IUIABJIICHOTO MeTany. Takui mpolec MpUTaMaHHUN BUIUIABIN altOMiHIIO. XiMIYHUN
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CKJIaJ NUIAKy 3aJIeKUTh BiJ MapKu aTIOMIHIIO, 110 BHPOOJA€ThCI. B OCHOBHOMY BiH
ckiagaerbes 3 okeuay (Bia 25 no 30 %), merany (Bix 65 mo 75 % ), kapOimgy aaroMiHiO
(i 2 10 3 %), HiTpuay amomidito (Big 3 10 5 %), 3amiza (1o 0,5 %) ta kpemuito (Bix 0,5
no 1,5 %) [47].

ABTOpU pOOOTH TIOKA3aIH, IO IUIAK, KUK OJIEP’KaHO MPH TUIABII ATIOMIHIIO Ta HOTO
CIUIaBIB, MICTUTh BHUCOKHI pIBEHb AIOMIHIIO, IO IOB’SA3aHO 3 MOro 3aXBaToM IIpU
MEXaHIYHOMY CTSTYBaHi, a TAKOX 3aXBaTOM YAaCTUHOK METaJly CErPEeroBaHUMH OKCHIAMHU
Ta 1HIIMMHU JOMIilIKamMu. BcraHoBieHO, 10 B cepeaHboMy 6% Merany MepexouTh B
nutak. KokHOrO pa3, KoM Tedi OYUMIAIOTHCA, B CEPeNHbOMY BUAAISIOTHCA 800 Kr
ATIOMIHIEBOTO TNUIAKy, M0 (OpMy€e MIOMICAYHUM 0O0csaT mnpudau3Ho 35 TOHH, sKi
npu3HadeHi sl mpoaaxy. Lle mpuBoauTh 10 3HaYHUX (PIHAHCOBUX BTPAT ISl YCTAaHOBH
BHACIIIJIOK CEPE/IHBOI AeBaIbBaIlli BAPTOCTI MPOJaXKy MaTepiaiy.

B 3B’s3Kky 3 11uM, niepepoOka IIIaKy Ma€e BEJIUKE 3HAYCHHsI I METaIyprii, OCKUJIbKH,
KpIM BCTaHOBJICHHSI aJbTEPHATHUBHOIO JDKEpENa METaNy MPOTIKAE MPOLIEC BITHOBJICHHS
TIOMIHII0, IKMM CTIOKMBA€ MPUOIN3HO TPETUHY BUTPAT €HEprii Ha gaHuil mpouec (~ 15,2
kBT1/ron/kr).

BizyanbHi  XapaKTEepUCTUKU BIIHOBIEHWX 3pa3KiB AJIOMIHIIO TOPIBHIOBAIH 3
MarepiajioM, SIKUM B)KE€ BHKOPUCTOBYEThCA B mporieci. OpHak, MikporpadiuHuil aHai3
3pa3KiB BUSIBUB HASIBHICTh MIKPOYACTUHOK OKCUJY AJFOMIHIIO, KM MOTpAIUIsie B PiIKUI
MeTaa 1 3aJUIIAEThCS TaM IIiJ] 4ac 3aTBEepJiHHA. TecT Ha Omip BITHOBJICHUX 3Pa3KiB
ATFOMIHIIO TTOKA3aB CXO0XKICTh PE3UCTEHTHOCTI MOPIBHSIHO 31 3BUMAHUMU 3pa3KaMU JIUTTA.
[TpoBeneHo aHasi3 MeTaIypriiHOI SKOCTI HUIaKy METOAAMH AU(PEPEHIIHHOTO TEPMIYHOTO
aHaizy. TakoX BUKOPHCTAaHO METOJ] BUSHAYCHHS BITHOBJIIIOBAJIBHOI 3/IaTHOCTI ITIAKOBHUX
po3unHiB. [lo ckiany mijaKy BBOASTH KOMIUIEKCH OKCHIIB 3 METOIO BCTAHOBJICHHS JBOX
MOKA3HWKIB SKOCTI y BIIHOBIIOBAIBHHUX Tmporecax: EB — moka3Huk, mo mokasye
HaIpsSMOK Ta IHTEHCUBHICTh PeakKilii y CKJajl nuiaky Ta P — moka3HUK MIBUIKOCTI BUTPATH
BYT'ULIs. 3alpOIOHOBAHO 1HIII SIKICHI KpUTEpii. AHaji3 IpOBEICHO Ha MPUKIAl IUIAKIB
METaTypriiHUX MPOIECiB AJIOMIHIIO 1, HaBiTh, NIJAKIB MPOIECIB BUIUIABKU Mifl Ta ii

CILIaBIB. POB)IiJ'ICHO BIIJIMB Ha )IOBKiJ'IJ'ISI Ta BUKOPHUCTAHHA HIJIAKY B IHIITNAX nmponecax.
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Po3rnsiHyTO SIKICTh IIJIAKIB B 3aJI€KHOCTI BiJ 1X eKCIUTyaTalliiHuX sikocTeil. Haronomeno
Ha HEOOXIJTHOCTh SIKICHOI OIIHKM IIUIAKy B IIUPOKOMY ceHCi. BkazaHo HEOOXiTHICTH
aHai3y SKOCTI IUIAKy 3a OUTbLIOI0 KUIBKICTIO KPUTEPIiB, Y TOMY UMCII: TEXHOJIOTTYHICTD,
NPUAATHICTh JIO TOJAJBIINX IIPOIECiB, EKCIUTyaTalliiHi, €KOJOTiYHI Ta E€KOHOMIYHI
TepeBarm.

Byno po3risiHyTo OCHOBHI HAlpsIMKM PECypco30epirarouux Ta €KOJIONTYHO YUCTUX
TEXHOJIOT1M OJIepKaHHS BTOPUHHHUX AQIIIOMIHIEBUX CIUIaBIB Y CYYaCHUX IMPOMHUCIOBHX
yMOBaX, a TAaKOX IMPOaHaII30BaHO BUIM BUXIJHOI CHUPOBUHM Ta IUIABWJIbHI arperaru,
MOKa3aHl TMEPCHEKTHBHI MUISXW MOJAIBIIOTO BJOCKOHAJIEHHS JJAaHOTO BHUPOOHHYOTO
npoiiecy. BusiBneHo, 1o TpaAMIiiiHUM, LIMPOKO BHKOPUCTOBYBAHUM Ha TMIPAKTHUII
crocoOoM TepepoOKM BTOPUHHOI aTIOMIHIEBOI CHUPOBUHU € TepMiuHa oOpoOKa cepen
pO3IUIABIB XJIOPUCTUX coJyieid. Bynu 3ampomoHoBaHi 0€3COBOBI TEXHOJIOTIT TIEPEpOOKH
ATIOMIHIEBUX I[IJIAKIB, [0 TPYHTYIOTHCS Ha MOl METaly Ta OKCHIIB IUIIXOM
MEXaHIYHOTO BIUIMBY HAa HUX B YMOBAaX BHUCOKHX TEMIIEPATyp Yy CEPEIOBHII IMYHOI
aTMocdepu abo MeTay-KoiekTopa. Po3risHyTo iX mepeBaru mnepej HmpoKo MOIIUPEHOI0
COJILOBOIO TEXHOJIOTIEI0: MaTepialiv, IO 3aCTOCOBYIOTHCA JIJIsl 0OPOOKH pO3ILIaBYy, CYTTEBO
JIETICBIII 32 XJIOPU/IU JIYKHUX METaJIB; BIABAIBHI IIJITAKA €KOJIOTIYHO YUCTI; TIPOIIEC Ma€e
BHUCOKY TPOJYKTHUBHICTh, OCKUJIbKH 3JIHMCHIOETHCS B OJHOMY METalIypriiHOMY arperari,
[0 BUKJIIOYA€ HEOOXIAHICTh OYMIICHHS CTIHOK 1 JIOHHOI 4YacTWHU. HaBeneHo mpukiaau
peasizalii TeXHOJIOT1i 0€3CoIb0BOI MepepoOKH aIFOMIHIEBOT CUPOBHHH.

Y poGoti [49] po3MISIHYTO SKICTh BIJIXOJIB QJIIOMIHIEBOIO BHUPOOHHUIITBA, SKI
BKJIFOYAIOTh 3AJIMILKHU BlJ JMBAPHUX KOBIUIB, MIHY, 110 YTBOPIOETHCA 1]l YaC MOBTOPHOIO
3aJIMBaHHSI METally, Ta OKCUJHY IUTIBKY, BHUJAQJICHY 3 IMOBEPXHI B PO3BAHTAKYBAIBHUX
neyax I 4ac BUTOTOBJICHHS JUTUX BUPOOiB. [Ipu 00poOIll poO3IIIaBiIECHOTO MeETany
dbarocaMu CyMilll OKCHIIB 1 HITPUIIB pa3oM 3 (GyTEpIBKOIO Ta YaCTUHKAMH (QIIIOCY
BUJIAJIAIOTBCS 3 TOBEPXHI PO3IUIaBY 1 YTBOPIOIOTH  QIIOMIHIEBI  IIJIAKH,  SIKi
nepepoOIsIOThCA Ha Creliali3oBaHuX MiANPUEMCTBAX.

ABTopu poboTH [57] 3a3Ha4ar0Th, MO KiIBKICTh BUIAJICHOTO IIIJIAKY CTAaHOBUTH J10 5%

BiJl Macl rotoBoro crjany. [Ipu 1npoMy anroMiHi€Bl IUIaku (BUXOAM) OyBalOTh JIBOX
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BUiB: 1) rpymauacti, ski mictath Big 45 mo 80 % Al (ix mimmarote npoOJeHHIO Ha
cydyacHuX ycraHoBkax Tambler (Dpaniis)); 2) nopomkonoaioHi (cyxi), siki mictats 10-20
% Al 1 yTBOpIOIOTBCS MiJ Yac €JIEeKTPOIUIaBKU a0 IJIaBKH B peBepOepaliiHuX Ieyax 3
HeBenukoro (1-3 %) BurpaToro ¢rociB.

MeraneBuil anarOMiHIM, SKUH MICTUTbCS B IIJIAKaX, 3YCTPIYA€TbCA Yy BUIIISAIL
METaJIEBUX YAaCTHHOK PI3HOTO po3Mipy Ta (HOpMH, sIKI MOKPUTI MUIAKOM Ta JAUCIIEPCHUM
ATIOMIHIEM, € PE3YJbTAaTOM pO3MAaTy XJIOPUIHUX, OKCUAHUX 1 (TOPUIHUX CyOCHOTYK
ATIOMIHIIO.

ABTOp aucepramiitHoi poOOTH, TPYHTYIOUHMCHh Ha aHali3l TEXHOJIOTIYHHX CXEM

BUPOOHUIITBA AJIFOMIHIEBOT CUPOBUHU Ta pe3yJibTaTaxX IOCIIKCHb, JIIMIIIOB HACTYITHOTO
BHUCHOBKY: 1) OCHOBHHMM HIPOMHCIOBUM CIOCOOOM MEepepoOKH BTOPUHHOI aIFOMIHIEBOI
CUPOBHHH € ii TepMiuyHa 00poOKa B CEPEIOBHUII PO3IUIABICHUX CyMIIIEH XJIOPU/IIB HATPIIO
Ta Kajio; 2) BigoMmi 0€3COJIbOBI TEXHOJIOTII MepepoOKH alIOMIHIEBUX IILIAKIB
nependavaroTh PO3AUICHHS METaTy Ta OKCH/IIB IIJIIXOM MEXaHIYHOTO BIUIUBY Ha HUX MU
BHUCOKHMX TEeMIIEpaTypax y cepeloBHIlll aTMocdepu medi; 3) moka3zaHo, 1o 0e3COoIbOBHI
MeTO/i nepepoOKH BTOPUHHOI aJIFOMIHIEBOT CHPOBMHU Ma€ HU3KY MepeBar MOPIBHSIHO 3
HOILIMPEHOIO COIBOBOIO TEXHOJIOTIELO:
a) Marepiajid, 0 3aCTOCOBYIOTHCA ISl 0OpPOOKHM PO3IUIaBy, € 3HAYHO JCIHICBIIMMHM, HIXK
XJOPUAM JY’KHUX MeTaliB; O) BiJBaJbHI IIJAKH € EKOJIOTIYHO YHUCTUMH; B) IPOLEC
3MIACHIOETHCS B OJHOMY MeETajlypriiHoMy arperati, 1m0 3a0e3ledye BHUCOKY
NPOAYKTUBHICTh; T') Ha (yTepiBLl M€Yl HE YTBOPIOIOTHCS IIJIAKOBI HAJIMIAHHS, IO
BUKJIIOYA€ HEOOX1IHICTh OUMIIICHHS CTIHOK 1 JIOHHOI YaCTUHU arperary.

B naniit poO0Ti TakoX MPECTaBICHO METO 00OpOOKH aTIOMIHIIO, IKUH OB’ I3aHUI
3 MpoOJIeMaMHy 3 HaBKOJUIIHBOTO cepeloBUIIa. BiH BIIHOCUTBLCA 10 POLECY MPU HU3BKIH
TeMIlepaTypl B KUTbKa CTaJiid: KHUCIOTHE BHJIYTOBYBAaHHSI, OYMINEHHS, OCAJDKEHHS 1
MpOo’KaproBaHHA. B KiHII y [IbOMY MpOIIECi alFOMIHIM €KCTParyeTbCsl CIIOYaTKy Y BHUTJISI
po3uMHHUX ioHiB A, a moTiM y BUIIsAmi NPOAYKTY OKCUIY alroMiHiio. MeTon, mio
MPEICTaBIICHUN y 11 poOOTi, JO3BOJIIE BUKOPUCTOBYBATH IIKIIJIUBI aJIOMIHIEBI TBEP/Ii

BIIXOAW SIK CHUPOBUHY JUISl BIJIHOBJICHHS BaXJIMUBOi Gpakilii 3 BMICTY PO3UYUHHOTO
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ATIOMIHIIO SK TPOAYKTY 3 JOJAaHOK BapTICTIO, TIWHO3EMY, 3 BHCOKOI YHCTOTOIO
(99,28%).

Jns nnaBKM anrOMiHIEBOIO OpyXTy, LUIAKY Ta BIJXOMIB PI3HOIO BUPOOHUITBA
BUKOPHUCTOBYIOTH M€Yl PI3HUX KOHCTPYKIii. KokHa 3 HUX B Ti# 4M 1HIIN Mipl pugaTHA
JUIS TIJIaBKA BHU3HAUEHOTO BHUAY CHpPOBUHH. lle mMOB’s3aHO B OCHOBHOMY 3 BMICTOM
JIOMIIIOK, a TAKOX 31 3HUKEHHSM BUTOPSHHS Ta MEXaHI13aI[l€l0 OCHOBHUX TE€XHOJIOTIYHUX
oreparii.

HaiiGinb11e BUKOPUCTOBYIOTHCSl YHIBEpCaJbHI MOJYyM’siHI BIIOMBHI meyi. B Hux
MOKHA ILIABUTH NPaKTMYHO 00y CHUpOBHHY. IX Moke OyTH JeKinbka Momu(iKaiiii:
OJIHO-, JIBO- 1 TphoxkamepHi. YacTimie BChOro B MPOMHUCIOBOCTI BHUKOPHUCTOBYIOTHCS
JIBOKaMEpHI Teul.

Jnst mnaBku ApiOHOT MIMXTH, a camMe CTPYXKKH, IIIAKy Ta 1HIIE, MPEACTaBISIOTH
iHTEpec 00epToBl KOpoTkoOapabanHi medi. Lle cranpHuil ¢yrepoBanuil O6apabaH, KU
BCTAHOBIICHO Ha OMOpHHUX poiukax. LBunkicte obepranHs OapabaHa pPETyIIOETHCS B
Mexkax Bim 1 mo 8 06/xB. dyrepiBka HaOMBHA ab0 BUKIAaJCHA CHEIIALHOIO (PaCOHHOIO
ueriioro. [1iy HarpiBaeTbCs 3a JOMOMOTOIO IPUPOIHOTO ra3y abo Ma3yTy.

Yacto anroMiHIEBHA TUIAK TEPepoOsIOTh B EIEKTPOIIIAKOBIM IMe4l MOCTIMHOTO
CTpyMy, III0 MA€ TUTeJIb 3 HIKHIM €JIEKTPOJIOM B SIKOCT1 KaToJla 1 BEpXHIM €JIEKTPOJIOM B
axocTi anoja [50]. Kpiomit (Nas;AlFe) 1 oxcua amtOMiHIIO 3aBaHTAXKYIOTh B THUTENb 1
pPO3IUIABIISIIOTh, MOTIM B OJEPKaHMM PIIKHA po3miaB  (€MEKTPOIT) J00aBISIOThH
noapiOHeHUH amoMiHieBUl 1Uiak (MexaHiuna cymim Al,O; 1 MeTalieBOro ajaroMiHilO), a
KPIOJIIT JOMAETHCS MOPIISMU B MIpY IUIABJICHHSA 1 PO3YMHEHHS iX B €lIeKTpodiTi. Bigbip
pIIKOro MeTany BiIOYBaeThCS Ha JHI THIJIA B 00JacTi KaTojaa, a BigOip BTOPHUHHOTO
IUIaKy y BUIJISIII CyMIIIl KpIOMITY 1 TJIMHO3EMY BiIOyBaeThcsi B obsacti aHoaa. Otxe,
3aCTOCYBaHHS €JIEKTPOIILJIAKOBOI eyl 3a0e3mneduye TUIaBJICHHS 1 PO3UMHEHHS aJTFOMIHIEBOTO
NUTaKy npu temmnepatypi B aianaszoni Bijg 800 o 2000 °C. OgHak, iCTOTHUMU HEAOJIKaMU
TAKOro THUITy Ie4Yed € iX HU3bKa NPOJYKTUBHICTh MEPEIJIaBKH, MIABUIIECHI BUTpaTH 1
3HA4YHI MPOOJIeMH, SK1 MOB'SA3aH1 13 3a0pyTHEHHSIM TIOBITPS Ta3aMu, [0 YTBOPIOIOTHCS MPU

IJIaBJICHH1 KPIOJIITY.
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Bimomo, 1110 3MeHIIIEHHs KUTBKOCTI NIJIAKy B MPOIIEC] MJIABKU ATIOMIHIIO SIBISETHCS
OJIHIEI0 3 OCHOBHHUX 3aja4 JMBApHUKIB. MakcumaiibHe BWiIydeHHST Al 3 HBOTO, SIKHiA
MOTIEPETHRO OYJI0 3HATO 3 pO3ILIaBY Ta SKWM 3HAXOIUTHCS 30BHI TMEUi Apyra BaXJIMBa
3amavya. CremianbHi JpeHAXHI TPHUCTPOT YISl PO3MIJICHHS aTIOMIHIIO B MIJIAKy €
e¢()eKTUBHUMHU TUIbKH B KOMOIHAIlll 3 TEXHOJIOTIE€0 HOro oxojokeHHs. Crapuil MeTon
OXOJIO/DKEHHSI IUIaKy — L€ HWOro OXOJOJKEeHHA Ha mimio3l mnexy. CydacHl MeToau
BKJIFOYAIOTh 3aCTOCYBaHHS 1HEPTHUX ra3iB Ta CIEIIaIbHUX TIPECIB.

EdeKkTuBHICTh BUKOPUCTAHHS OXOJIOJUKEHHS IIJAKy CYTTEBO 3aJ€XKHUTh BijJ HOTO
aKTUBHOCTI. Hampukiman, nuiakyd, MmO MICTATh MAarHiil BiIPI3HSIOTHCA TABUIICHOIO
aKTUBHICTIO. [HIIMM (PaKkTOpOM € KUIBKICTh Ta XIMIYHUH CKJaj (iIrociB, sSKi B HBOMY
3HAXOMIThCS. be3 BUKOPUCTAaHHS OXOJIO/HKCHHS ITiIBUIYETHCS HOTO aKTUBHICTB 1 TIPOIEC
TOpiHHS IUIaKy TPUBOAUTH JI0 IIBHUIKUX BTpPAaT OCHOBHOro MmeTaiy. Jly)ke 9acTo BiH
TIEPEXOAUTH B OKCHUJIH.

[cHYIOTB Pi3HI TOYKH 30py CTOCOBHO TOTO UM HEOOXiMHO (hIrOCyBaTH pO3ILIaB y
B1IOMBHUX Tleuax. Bigomo, mo B3arani (yiroc BUKOPUCTOBYIOTH JUISl BHUIYYEHHS OKCH/IIB
Ta PI3HOIO poOAYy [JOMINIOK 3 po3iiaBy. llpy 1bOMYy IIMPOKO BUKOPUCTOBYBAJIU
eKk30TepMidHi (Pirrocu. 3 iXHBOIO JOIMOMOIOI0 IMIIrpiBaIM IIIAK, IO JaBaj0 MOXKIIHBICTh
QIFOMIHIIO CTIKaTH 3 HBOTO. B maHuii yac icHye iHIIA TOYKa 30py, TOOTO MPH ILOMY
MPOTIKAE 3BOPOTHIN MpOLEC: TAKOro TUNY HuIaK noriuHae Al 3 po3mnaBy. ¥V 3B’s3Ky 3
IIUM B ITPOMHUCIIOBOCTI BUKOPUCTOBYIOTH B OCHOBHOMY €HIOTEPMIUH1 (hITIOCH.

AJTIOMIHIEBUH TIIUTAK € OJIHUM 3 OCHOBHHMX BHJIIB aJIOMIHIEBOI CUPOBHHH. 3 O1THUX
Ta BIABAIBHUX  AJIOMIHIEBUX  IUIAKIB MOXHa oJepkaTh  (EepoamoMIHIA 1
depoamtomocuminii. [lnaku 3 HU3BKUM BMICTOM COJI€H CrOYaTKy 30aradyrorh, a MiCIs
OTO OJICPXKYIOTh KOHIIGHTpAT, 10 MICTUTh Oulst 90%  antoMiHilO, SKUM TOTIM
MIOCJTITOBHO TIEPEIUIABIISIOTh. [leperaBnsatu 0e3 monepenHboi 00poOKH MOXKHA IIJIAKH,
10 MICTATH aroMiHII0 011 25%.

VYV 3B'MI3KY 31 BHCHAOXEHHSM NPHUPOJHMX MIHEpAJbHUX pecypciB mpoliema
nepepoOKH Ta IMOJAIBIIIOT0 BUKOPUCTAHHS BIJIXOJIB BJIACHOTO BUPOOHUIITBA CTa€ AcAai

akTyanbHilow [43]. Onep:kaHHs aIOMIHIEBUX 3JUTKIB IUISIXOM MEPEIIaBICHHS CTPYKKH
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notpelye 3HAaUHUX eHeproButpart. L{imkom oueBHIHUM € 1 TOH (aKT, IO SIKIIO MPAIIOBATH
13 3a0pyIHEHOIO CTPYKKOI0, TO METaTYpriiiHui BUX1 CTaHOBUTH HE OuibIine 60—70 %.

3a ocTaHH1 POKH MPEICTABICHO JACKUIbKA 0€3COJbOBUX MPOLIECIB OUHUIIICHHS HIJIaKiB
[51]. Bimomo, mo amtoMiHi€EBHH IIJaK B IPOIEC] NMEPBHHHOI Ta BTOPUHHOI MEpepoOOK
YTBOPIOETHCS 32 PaXyHOK B3a€EMO/IiT PO3IUIABIICHOTO METally 3 MiuHOI aTMocheporo [52].
Ak Oysi0o MOKa3aHO BMILE, KOr0 HEOOXIJTHO PO3IJSAaTH SIK LIIHHY TEXHOT€HHY CHPOBHHY,
SKa OIIIHIOETHCS METATYpPriiHUM BHUXOJOM, B SKOMY CIIIJIy€ BIIHOCHUTH BMICT
npidHogucnepcHoro Al, sskuid MOXe TakoK OyTH CUPOBUHOIO IIPU OJIEP>KaHHI KOAryJIsIHTIB
JUISL OYMIIICHHS BOJM BiJ 3ami3a [53].

BuxopucranHs conpoBuX GUIIOCIB Y Cy4aCHHMX YMOBax BUPOOHHUIITBA HECE 3a COOOI0
KOMILJIEKC TOI1I0HUX MpoIiecy Ipo0sieM TakuX SIK I[1Ha Ta eKojoriyHa Hebesneka [54, 58].
CobOBI IIUTAKU BXKE CTAHOBIISITH CYTTEBY €KOJIOTIYHY MpobsieMy nmouynHaro4u 3 1995 poky
[59], a B 2021 poui 11 mpobOsiema cTaja Ie TOCTPIlIOo. [HIN HEAOJIKU TMONSATaloTh B
TOMY, IO TiJ Yac IUJIaBKA COJI BHIIAPOBYIOTHCS, IO Jy>X€ YacTO MPHUBOIUTH [0
3apoctaHHs QyrepiBku nedi. Kpim toro Oyjab-sika cuib nmoTpelye eHeprii /s ii TuiaBku, a
TaKO’K 3aTpaT Ha NOKYIIKY Ta TpaHCIOpPTyBaHHs [60].

[Tepepobka Ta MOBTOpHA YTHIII3AIlis MPOMHUCIOBUX BIIXOJIB 1 MOOIYHUX MPOIYKTIB
MaloTh MEPIIOYEProBe 3HAUYCHHS B TEXHOJOTIi OJIEp)KaHHS LIEMEHTYy Ta Oetony [61].
3BUYailHI MPOMUCIOBI MOOIYHI MPOAYKTH, IO BUKOPUCTOBYIOTHCS Yy BHPOOHMIITBI
[IEMEHTY Ta OETOHY, BKIIIOYAIOTh 30JIy-BUHECEHHS, T'PaHYJIhOBAaHWUN JOMEHHUN NUIAK 1
KpemHe3eM. PeakiiiiiHa 37aTHICTh Ta €()EKTUBHICTh ITUX BIJXOJIB SK aKTUBHUX J100aBOK
OyJau MMPOKO BUBYEHI. MEHII pPEaKTUBHI BIAXOAM BUKOPHCTOBYIOTHCS K JOJATKOBI
[IEMEHTHI MaTepiayii y WOro BUPOOHHUIITBI a00 IHEPTHUX HAIMOBHIOBAYIB y BUPOOHMIITBI
OetoHy. YTuiizalis Ta nepepoOka amoMIHIEBOTO LIJIAKY, YTBOPEHOIO MiJ| Yac MJIaBJICHHS
ATIOMIHII0, € Tino0ampHOI0 TpoOiemoro. binbima YacTMHA MIIaKy BUKHUIAETHCS Ha
3BAJIMILAX, 1110 TPU3BOJUTH O BAMUBAHHS 10HIB TOKCUYHUX METAJIIB Y IPYHTOB1 BOJM, 1110
CIPHUYMHAE HU3KY MpoOiieM 3a0pyaHeHHs [62].

3apa3 g BIHOBIICHHS AIOMIHIIO 3 TUIaKy BUTPAYa€ThCs Ouablne eHeprii. SKmio

IJIAKW MO’KHAa BHUKOPHCTOBYBATH K KOHCprKHiﬁHHﬁ MaTepiaJI 3a JOIIOMOI'OKO IIE€BHOI'O
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poIecy, TO MOXHA 3a0MaauTH eHeprito. KpiM Toro, SIKIO0 MUIAKU MEePEepoOsaTH s
MEeBHUX IIJICH, TO MOXKHA 3a0IIaAUTH TPOXH Oinabie eHeprii. OCHOBHI IHTPEHIEHTH 3
nuiaky € Al, Al,Os;, MgO 1 MgAlLO4. OnHak y 3B’53Ky 31 3pOCTaHHSM BIJTHOIIEHHS 1010
EKOJIOTTYHUX TpoOJieM, MOTpeOr B MaKCUMaJIbHIM €KOHOMII Ta Ba)KJIIMBOCTI MEPEPOOKH 1
BUJIAJICHHS 1IJIAKY 3apas3 MPUBEPTAE BCE OLIbIIE yBarH.

Hampuknan, oxanmwmam KIacU(IKYIOTBCS SIK TOKCHYHI Ta HeOE3me4yHl Biaxoau
(JIerko3aiiMHCTi, MOJPA3IMBI, MIKIJUIMBI Ta 37aTHI BUIYTOBYBAaTHCA), 1X YTWJII3allis Ha
3BaJIMILAX 3a00pOHEHA B OUIBIIOCTI €BPONEHCHKUX KpaiH 1 BOHM MOBHHHI MOCTYMAaTH Ha
OUUIIIEHHS Ta IepepoOKy. B maniit po60Ti OyJI0 pO3TIASHYTO JEKUTbKA MPOIECIB OUUIIICHHS
nutaky: 1) TMOpOIIKM OKaJIMHM OyJIM JHUCIIEProBaHi B MATPHUIll aJFOMIHIEBOTO CIUIaBY
IIUIIXOM TIEpEeMIllyBaHHS TepTsaM. [Ipw mboMy ofiepkaHO TPOIYKT, KU MaB 4yJI0BY
3HOCOCTIMKICTh 3 JIESKOIO BTPATOIO MIITHOCTI; 2) NUIAK MOXXHA BUKOPHCTOBYBATH SIK
n00aBKy J0 IHINOTO IUIAKy JUIs 3MIHM XIMIYHOTO ckiaay. Hampukian, nomaBaHHS
OKaJIMHU [0 LIEMEHTY IOKpAaIly€e 3>KOPCTKICTh, CTIMKICTh JO CTUPaHHS Ta MOXHa
KOHTPOJIIOBAaTH  MIKPOTPIIIMHU  MaTepiaiy. ICHye HOCTaTHRO MOMKJIMBOCTEH ISt
MPOBEJICHHS JOCHI/DKCHb 13 BU3HAYEHHS XapaKTEPUCTUK Ta OIIHKH MEXaHIYHUX 1
JIOBTOBIYHUX BJIACTUBOCTEH ATIOMIHIEBUX BIAXOMIB ISl MOKJIMBOTO BHKOPHUCTAHHS X SIK
Oy/1iBEILHOTO MaTepiay.

VY pob6oti [63] BUCBITIIOIOTHCS BUPOOHUYI MOTYXHOCTI, THUIl 1 KUIBKICTh TBEPIUX
BIJIXO/IIB, 1110 YTBOPIOIOTHCS, X XIMIYHMMA CKJIaJ 1 BapiaHTU OOPOOKH aJIFOMiHI€BO1, M1JIHO-
CBUHIICBOI Ta IMHKOBOiI mpomucioBocTi. Ile uyepBoHuMiA 1IaMm, BiAIpaIbOBaHE
(dyTepyBaHHs €JIEKTPOII3epiB, JIETI0UA 30J1a aJIOMiHIEBOI MpoMHCI0OBOCTI. [lommpenoro
MIPAKTUKOIO MOBOKEHHS 3 BIAXOJaMU Y Il raimy3l € nepepoOKa Ta BITHOBJICHHS METAIy
Ta MoxoBaHHSA. Uepe3 HAsSBHICTh TOKCHYHUX EJEMEHTIB Yy JCSIKUX TBEPIUX BIJIX0Jax
BiJIOYBAETHCSI TOTIPIICHHS! CTaHy HABKOJUIITHHOTO CEPEIOBHUINA. 3ampOBaHKYIOThCS Ta
BIIPOBA/KYIOThCSI CYBOp1 MpaBuWJia KOHTPOJIO 3a0pyIHEHHs, y pe3yjibTaTi BCl
MeTalypriiiHi miANpUEMCTBA B OPraHI30BaHOMY CEKTOpP1 HHMHI J10al0Th MPO JOBKULISA Ta

npoOJIeMH, SIKi MOB'sI3aH1 3 yIIPaBIiHHIM BIJIXO0aMHU.
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Y poboti [64] mnpencraBieHO TMPOIEC MIIBHINCHHS SKOCTI aJIOMIHIIO, IO
BUTSATYETHCS 31 IIKJIMBUX BIAXOJIB MPH MEpepoOIll alroMiHIIO, SKUA MOXe OyTH
BUKOPUCTAaHUN y BUPOOHUITBI MaTepiaiiB 3 AOJAHOK BapTICTIO, @ TAKOX MPU YTBOPEHHI
HENIKIUIMBUX ~ BIAXOMIB. AJIIOMIHIEBI BIAXOAWM OOpOOJAIM TMpU  KUIT'ATIHHI  Ta
nepeminyBandi BogHumu posunHamu NaOH. Jlng oxepkaHHs posumHiB 3 AlY
BMKOPHMCTOBYBAIIM JBi KOHIEHTpAlii rigpookucy Hatpiro (1 Ta 2 Mois/mam’), pisHuil yac
excrparyBanHs (1, 2 ta 4 rom) Ta 4YOTHpPU TOCHIIOBHI cTamii ekctpakiii. Takox
aHai3yBaJll aKTUBALIO BIAXOIB NOApiOHeHHAM. [lichs ekcTpakuii po3uuH QuIbTpyBaiy,
o0 BIJOKPEMHUTH BOJHHUI PO3YMH, IO MICTUTh eKcrparoBanumii Al’", Ta 3amMmKoBi
Bigxomu. Ha meprioMy erami Oya0 BHIy4eHO MakcumyM 7,54 r/mim’ aloMiHIiIO, a BCHOTO
HakonuueHo 9,59 r/nm’ Al. Anrominiii Moxe OyTH BUKOPMCTaHHMHI [UIS CUHTE3Y MPOIAYKTIB
3 BHCOKOIO JIOJIAaHOKO BaPTICTIO, 1110 3aCTOCOBYIOTHCS K aICOPOCHTH 1 KaTalli3aTopH.

AIOMIHIEBUN COJNBOBUIM NHUIAK (BIIOMHUH fK aTIOMIHIEBUN COJISIHUM KeK), SKHM
BUPOOJISETCA BTOPUHHOIO AJOMIHIEBOIO IPOMHUCIIOBICTIO, YTBOPIOETHCA MPHU IUIABLI
aMIOMiHIEBOTO OpyXTy/muiaky 1 mictuth 15-30% oxcuay amrominio, 30-55% xmopumy
HaTpito, 5—7 % MeTaneBoro ajoOMiHIIO Ta JOMIMKK (KapOiau, HITpUAH, Cyiabdiau Ta
docdinm). 3anexkHO Bil CHPOBUHHOI CyMIllll KUIBKICTh COJIbOBOTO IUIAKY HAa TOHHY
BTOPUHHOTO aitoMiHil0 konuBaeTbes B 200 mo 500 kr. OCKITBKH COJBOBHM IIJIaK
KJIacCU(IKY€e€ThCS K TOKCHYHI Ta HeOe3Me4yHl BIAXOJU, 3 HUM HEOOXIJHO TMOBOJIUTHUCS
Bi/OBIZIHO 10 YMHHOIO 3aKOHOAABCTBA. MOro MOXOBaHHS Ha 3BAJIMIINAX 3a00pOHEHO Y
OUIBLIOCTI €BPONEUCHKUX KpaiH, 1 HOro ciijg mnepepoOssTH HaJISKHUM YUHOM 3
ypaxyBaHHSIM BIUIMBY Ha JOBKULISA. Y poOOTI [65] mpenctaBieHO OIJAa XIMIYHUX 1
MIHEPAJIOTTYHUX XapaKTEPUCTUK HUIAKY 13 COJIEH alfOMIHIIO, @ TaKOX PI3HUX IPOLECIB
BUJTYYEHHSI METajly, MOBTOPHOI'O BUKOPUCTAHHS XJIOPHUJIIB HATPIIO 1 KAJIIIO, IO MICTIThCS
B HhOMY, B TPOIIECI TUTABKU 1 OJIEP>KaHHS MPOIYKTIB 3 TOJAHOI0 BAPTICTIO 3 KIHIIEBOTO
HEMETAJIEBOT0 3aJIUIIIKY.

ABTOpu poOoTH [66] MOKa3anu, 10 MPOLECH IJIaBKU HEMiArOTOBJICHOI BTOPUHHOT

CUPOBHMHHM Ta TPOIeciB padiHyBaHHS CTAHOBJISATH €KOJIOTIUHY HeOe3neky. ToMy omHuM 13
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BapiaHTIB 3a0e3MEeUeHHs EKOJIOTIYHOI Oe3meku mporeciB padiHyBaHHS € po3poOka Ta
3aCTOCYBaHHS O1IBIIT MAaJOTOKCHYHUX 30aradyBajibHUX Ta padiHyBAIbHUX CIUIABIB.

VY poGoti [67] BiAMIYAETHCS, IO IPOTATOM POKY YTBOPIOETHCS CTIIBKU IIUIAKIB, AKI
CKIAAYIOThCSl y BiJIBaJlaX, TOJITOHAX 1 TaKUM YWHOM 3a0pyJHIOIOTH aTtMochepy Ta
MPUBOJISTH JIO BTPAT IIIHHOI TEXHOTEHHOT CHPOBHHH.

3acTOCYBaHHS €JICKTPOJYTOBUX Teued sl mepepoOKH altOMiHIEBUX BIIXOJIB HE
MOB'SI3aHE 3 BUKOPUCTAHHAM XIMIYHHMX CIOJYK, IO MICTATh XJIop 1 ¢Top. B mpomy
BIJIHOIIIEHH] €JIEKTPOJYIOBi Ieyl € HanOuibi miaxoxumu [68, 69]. [Ipouec nependayae
CJICKTPOYTOBY IIi4, B SIKIH MICTUTHCA, IIOHAWMEHIIE, OJUH €JIEKTPOd, 1 € CUCTEeMa IS
BUJIyBaHHSI Ta3y BHMU3 B TIPOCTIp Medi Mo Kpasm enektponaa. Ilopomok abo apibHO
rpaHyJibOBaHa TBEpJa PEUOBMHA BJIYBAE€THCS B MPOCTIp Meui pa3oM 3 razoM. Kpim toro
cUCTeMa JUIsl BUJyBaHHSA Tra3y BHHU3 3a0e3leueHa CHemiaIbHUMH TypOyJii3aTopamu.
HasBHicTh TypOyii3aTopiB, Ha JyMKY aBTOPIB, 3HAUHO MOKpaIlye podboTy nedi. B nanomy
BUIIAJIKY PETYJIFOBAHHS JOBXKHHH €JICKTPUIHOI AYTH MPOBOAUTHCS MIISTXOM MEPEMIICHHS
€JIEKTPOJIa 3a JOTIOMOTOI0 CKJIAJIHOTO MPUBOAY, III0 Ma€ MEXaHI4YHy 1HepIito. MexaHiyHa
1HEepI[is HETraTUBHO BIUIMBA€ HAa CTAOUIBHICTh TOPIHHS AYTM 1 BUKIMKAE aHOMAJIbHI
MOIITOBXU CTPYMOBOTO HaBaHTaKeHHs. J[aHmii cmoci® muaBku OUThbIl €()EKTUBHUMA ISt
3aJ1I30BYTJICIICBUX CIUIaBiB, TOMY IO TpH TIepPEIJIaBICHH] aJIOMIHIEBUX IIUIAKIB

YTBOPIOETHCS 3HAYHUM yrap.

1.3 OcHOBHI MeTOIM HMiATOTOBKH AJIOMiHI€BHX BiIX0JiB Ta NLJIAKIB AJIM IVIABKH

Ta iX BIUIUB HA MOKA3HMKH METAJYPriiHOro BUPOOHUIITBA

3 niTeparypd BIJIOMO, IO QJTIOMIHIEBI IJIAKK MOXYTh OyTH B OCHOBHOMY JBOX
BUIIB: 1) KyCKOBI, 1m0 MicTATh Bix 45 % 10 80 % Al; ix mepen miaBkoro moaApiOHIOITE; 2)
MOPOIIKOIO/11I0HI, BMICT ajlfoMiHiI0 B HUX ckiaaae Big 10 1o 20%. BoHu yTBOPIOIOTHCS B
IPOLIEC] EEKTPOIIaBKY a00 IMJIABKH Yy BIIOMBHUX N€4ax MPH 3acTocyBaHHI ¢uitocis [70].

[IpucyTHiil y muiakax METaTIYHUN alOMIHIA 3yCTpid4aeThCs B HBOMY y BHTJISIL

KOPOJIbKIB METally PpI3HOTO po3Mipy abo0 IUCHEPCHOCTI, IO € PEe3yJIbTaToOM pO3Mary
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XIMIYHUX CHOJIYK afoMiHi0. B Tabmuii 1.3 HaBeneHO po3MOAUT AFOMIHIIO B JIMBAPHUX

IuTaKax 3a QppaxiisiMu.

Tabmuns 1.3
@pakIiiHui PO3MOILT ATIOMIHIIO B JIMBApHUX TTakax [38]

Ne n/m dpakiis, MM BigHomeHHs BMICTY aJIFOMIHIIO JI0

3arajibHOi Macu MeTaiy B uiaili, %
1 >5 19,1
2 1-5 20,4
3 0,5-1,0 17,0
4 <0,5 31,7
5 >0,01 11,8

HaiiGinbIe po3moBCIOKEHUM CIIOCOOOM MPOMUCIOBOI MepepoOKH HU3BKOCOPTHOI
QJIFOMIHIEBOT CUPOBUHU € TEPMIYHHUHN CIIOCIO, AKUU BKJIIOYAE HArpiBaHHS J0 TeMIepaTypu
IUTABJICHHS QJIOMIHIIO Ta HACTYNHY XIMIYHY a00 (i3uyHy [iI0 Ha PO3IUIAB 3 METOIO
BIIJIJICHHS] OKCHJIIB 1 XJIOPHIIB BiJT PiIKOTO METAIYy.

B nmanuii yac ayke CTpIMKO PO3BHBAETHCS COJIbOBA METAIYPTis, SKa PO3TJISAAAE B
SKOCTI OCHOBHOTO TPOLIECY PO3AUICHHS METaly 1 OKCHJIB y €MHOCTAX PO3IUIABICHUX
XJIOPUIIB Jy:)kHUX MeTaniB [71-74]. TlopiBHSHO BHCOKI TOKa3HMKW BHAaJeHHS Al 3
QIIOMIHIEBUX IUIAKIB MOB’A3YIOTh 3 TUM, L0 PO3ILJIABU COJIEM MarOTh MOPIBHSHO HU3BKY
B’SI3KICTh Ta HU3BKI XapaKTEPUCTUKH 3MOYYBAHHS, IO B PE3yJbTaTl 3a0e3Meuye BUCOKY
IIBUJIKICTh OXOJIOJPKEHHSI METaJIeBUX KOPOJBKIB Ta ix koaryisiito. Ha BiaMiHy Bij
METaldy, COJIbOBHM pO3IUIaB JM00pe 3Mouye MIaK, IO TaKOXX MPUBOAUTH JO iX
BIJIOKpEMJICHHSI.

B mnpomucnoBocti nepepoOKy BTOPUHHOI aTIOMIHIEBOI CHUPOBUHU MPOBOJATH B
yMOBaX CHEIiaTi30BaHUX MIAMPUEMCTB [75], 3a BUKIIOUECHHSM MaTepialiB, MO0 MICTATh
outeiie 2,0 % wMac. 3amiza [76]. 3a aHOI TEXHOJIOTIEI0 BUKOPHUCTOBYIOTH CIICIiaibHI

COJIbOBI 200 MOJYM siHI B1IOMBHI Meul.
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B Himeyunni Oyno po3poOJeHO TEXHOJOTII0 OOpOOKHM COJTHOBUX IIIJIAKIB, SKa

CKJIQJIA€ThCS 3 HACTYITHUX omeparlii [77-79]:

a) NOJIpIOHEHHSI Ta BUJIJICHHS METAJIEBOTO aTIOMIHIIO;

0) pO3UMHEHHS Ta Jera3allis;

B) BiJIBEICHHS IIKIIJIUBUX Ta3iB;

T') 3TYLIEHHS CycreH3ii, (iabTpallis Ta OJepKaHHS TITMHO3EMY;

1) KpUCTali3allisi, HeHTpUuPyryBaHHs Ta OJIep>KaHHS BTOPUHHOI COJII.

B po6oTi [80] mokazaHO TEXHOJOT1I0 NepepOOKH aNIOMIHIEBUX BIIXO/IIB Y rapsiaoMy
cTani 0e3 BUKOpHCTaHHS coisieir. Cxema mpolecy BKIIOYAE PO3IrpiB maTepially BHUIIE
TeMIIepaTypH IUIABJIEHHS OCHOBH CIUIABY, «BUKPYUYYBaHHS» BIAXOMAIB JI0 CYXHX IJIAKIB Ta
BIJIJIUICHHSI OCTaHHIX B1Jl METaJIEBOT0 PO3ILIABY 3a JOMOMOTOI0 3aHYPEHOT IIEHTPUDyTH.

B pamkxax xonmeniiii 0e3coib0BOT  MEpepoOKM HHU3BKOCOPTHOI —allFOMIHIEBOT
CUPOBUHU aBTOpamMu poOiIT [81-83] Oyo po3pobaeHO NPUHIIMIIOBO HOBY TEXHOJIOTIIO, SIKY
noOysoBaHO Ha ToMy, moO pigkuii Al BucTymae (a3oro, MO KOHIIEHTPYE aTIOMIiHIN 31
maKy. Ii cyTh CKIIafaeThes 3 HACTYITHUX YMOB!

a) Jisl Ha PO3IUIaB MPUCAJKAMHU, 110 MICTSATh OKCHJI KaJbIIIIO;
0) 00poOKa po3MmiIaBy BTOPHHHUM QJTFOMIHIEBUM IIIJIAKOM.

Jana TtexHojyoriss Oyna BHUKOpPHCTaHA Ha PI3HUX TIe4aX MeTalypridiHuX
nignpueMmctB: 1Haykuiiaux tumy ICT (cepenns uacrora), IUT Ta IAT (mpomwmcioBa
4acToTa) 1 moayMm’stHUX BiOMBHHX (eMHICTBH 15 T). B Tabnumi 1.4 HaBeneHo pesyinbTaTH,
SK1 TIOKa3ylOTh BIUIMB IUIABWJIBHOTO arperary Ha METaNTypriHUi BUXiJ alIOMIHIIO MPHU
BUKOPHUCTaHHI 0€3C0IbOBOI TEXHOJIOT1] IepepOOKH BTOPUHHOI aIFOMIHIEBOI CHPOBUHU.

BunHo, mo Haiikpaiil pe3yJibTaTd OTPUMAHO TP TUIABII aFOMIHIEBOTO IIJIAKy B
neyax 3 IHAYKIIHHUM HarpiBoMm. Lle moB’s3aHo 3 TUM, 1110 IHAYKIIIHHUM HArpiB 3a0e3neuye

HaWOIBITY 1HTEHCH(DIKAI[IFO TPOTIECY 0OPOOKH PO3IUIABY B TUTIII TEUI.
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Taomung 1.4

MertanypriiiHui BUXiJT aJJIOMIHIIO TIPY BUKOPHUCTAHHI PI3HUX TJIABUJIBHUX arperariB

Ne n/m [InaBuiIbHUM arperar MertanypriitHuii Buxiz
aJroMiHito, %
1 ICT-04 69
2 IAT - 1M 84
3 IAT -6 80
4 HT -6 74
5 [Tomym’stHa BinOMBHA Mi4 58

1.4 MeTa Ta 3aaa4i 10CaiKeHHSA

B pe3synbTaTi mpoBefeHOTro aHalidy OyJi0 BCTAHOBJIEHO METY JIaHOi poOOTH, siKa
CTOCYEThCS TEOPETUYHHX OCHOB Ta TEXHOJOTIYHUX PEXKHUMIB MEpepoOKH JUBAPHOTO
AIFOMIHIEBOTO IIJIAKY.

JI1st focsirTHEHHS 3a3HA4€HOi METH HEOOXI1JTHO BUPIIIUTHA HACTYIIHI 3a]1a4i:

— BUKOHATH aHaJI13 TEXHOJIOT1H mepepoOKH BIIXO/1B BUPOOHUIITBA, 1110 MICTATH aTIOMIHI;
PO3pOOUTH eKCIIpec METO/I BU3HAYEHHS AIOMIHIIO Y JJUBAPHOMY IIUIALI];

— YJOCKOHAJIUTU TEXHOJIOTIK OJEp)KaHHSd BTOPUHHOIO QIIOMIHIIO METAIypritHUM
CIIOCOOOM; BCTAHOBUTH BIUTUB (PI3MUHUX Ta XIMIYHHUX (PAKTOPIB HA METATYPTIMHUN BUX1
QJTFOMIHIIO 3 JIMBAPHOTO IUIAKY;

— YJIOCKOHAJIUTH MPOMHUCIIOBY YCTAaHOBKY JUISI OZICpKaHHs aJFOMIHIIO 3 JMBApHOTO ILIAKY;
MPOBECTH MPOMUCIIOBI BHUIPOOYBaHHS YCTAHOBKM Ta pPO3paxyBaTH IX EKOHOMIYHY

€()EeKTUBHICTb.
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PO3JILI 2
MATEPIAJIA TA METOJIUKH JOCJIIKEHD

2.1 lnaku, m0 MiCTATH AJTIOMIHIN, IX BJACTUBOCTI Ta Kjiacu@ikamis

[TosiBa BenmMKOi KITBKOCTI BTOPHMHHUX TIMHO3EMOBMINIYIOYMX BIAXOAIB (JIMBapHi
NUTaKW, [IJaMH, BIANpanbOBaHI  KaTali3aToOpu, MiHEpaJlbHI  YacTKu  HadToBOI
IIPOMHUCIIOBOCTI Ta 1H.), IKI YTBOPIOIOTHCS HA MPOMUCIOBUX HIAIPHUEMCTBAX, NOTPEOYIOTh
ix kmacudikamii Ta po3poOKM HAYKOBUX Ta TEOPETUYHHX OCHOB MEpepoOKu. AHami3
BIIXO/IB, II0 MICTATh QJIIOMIHIN MOKa3aB, IO B 3aJIEKHOCTI Bij MPOIECY iX YTBOPEHHS
BOHM MalOTh pI3HMNA XimiuHuid cknag [84, 85]. B tabm. 2.1 HaBemeHO CKiIaj AESKUX
BIJIXO/IIB, B SIKUX MPUCYTHI QTIOMIHIA Ta HOTO CIIOJYKH.

[llnaku Big BUPOOHUIITBA METAJIEBOTO XPOMY MAaIOTh UIUIBHY CTPYKTYpY, SKa
CKJIQJIa€ThCsl 3 IUIACTUHYACTUX KPHUCTaliB. BOHM MaOTh TEMHO-CIpUHA KOJIp 3
3eJICHyBaTUM a00 (h1aJKOBUM BIITIHKOM.

[[lnaku Big BUPOOHUIITBA OE3BYTIIELEBOr0 (PepoxXpoMy NpPEACTaBISIOTH COOOIO
Marepiall 31 IIUTbHOK MOPGUPONOMIOHOI CTPYKTYPOK HYEPBOHO-OYpOro KOJIbOPY 3
BKkparuieHHssMu 1mmmiHeni [86]. TlopdupononiOHa cTpykTypa € pPi3HOBHJIOM 3€pPHHUCTO-
kpuctanmiuaoi. @DazoBmii  ckianm Takoro nwiaky — HactymHui:  CaO-Al,O; Ta
aIFoMOMarHe3ialTbHUI XPOMOBMICHUH TIMIHENb.

[Inaku BHUpOOHUIITBA (EPOTUTAHY TAKOX MAIOTh IIUIBHY CTPYKTYPY, X TpaHHIIL
IIUTHPHOCTI B Mporieci cTucKyBaHHs ckianae 100 MIla.

[[lnamu amroMiHIIO Ta HWOro CIUIABIB YTBOPIOIOTHCS B PE3ysbTaTl TPaBIICHHS
KOHIICHTPOBAaHUMHU PO3YMHAMH, SKi CKJIQMAOTHCSA 3 TiIPOKCUAY HATPII0 3 HEBEIHUKOIO
KUIBKICTIO CITCIiaIbHUX pedoBHH [87-89].

[[Inamu HIKEIb-CKEIETHOIO KaTaji3aTopa YTBOPIOIOTHCS B IMpoleci o0poOku

AJIFOMIHIEBHX CIUIaBIB HA METATOOOPOOHUX Ta METANyPriiiHUX 3aBOAAX.

NlAlz + 6NaOH = Ni + 2N3,3A103 + 3H2 (2 1)
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Taomung 2.1

No,
o/

Bigxomu
BUPOOHUIITB

Bwmicr, % mac.

Si0;

ALO;

Ti0O,

FCzO3

CaO

MgO

CI’203

R,O

.
+A

IImaku Bix
BUPOOHMIITBA
METAJIEBOTO
XpOMY

4,0-
5,0

70,0-
75,0

1,0

5,0-
7,0

5,0-
7,0

2,0-
4,0

Imaxu Bix
BUPOOHUIITBA
0E3BYTIICIICBOTO

bepoxpomy

5,60

54,80

1,85

13,80

14,70

53

2,30

maku Big
BUPOOHUIITBA
depoTuTany

2,40

72,06

10,3

0,34

11,40

3,50

HIxam
TpaBJICHHS
ATIOMIHIO

4,40

59,0-
80,0

2,80

2,0-
5,0

1,0-
2,0

0,5-
5,0

8,0-
15,0

[InamMu HiKeTb-
CKJIETHOTO
KaTaJizaTopa
(aixenn Penest)

5,20

26,70

0,80

2,90

1,30

24,70

37,10

BianpanpoBanuit
karaiizarop IM-
2201

8,40

74,50

0,75

0,50

14,50

0,47

AJFOMOXPOMHUCTI
BIIXOIH
TPaBJICHHS
AJTIOMIHIEBUX
CILIaBiB

7,30

68,40

1,50

0,70

10,20

11,80

Biamaneni
COJILOBI
aJIOMIiHIEBI
MITaKH

4,55

75,10

1,60

2,56

7,61

5,13

3,45

Kaoxinosa
rjiiHa

69,8

16,38

3,10

3,02

0,20

5,08

Hikenb Penes abo «CkeneTHH HIKeNb» — TBEpAUN MIKPOKPUCTAIIYHUI NOPUCTUN

HIKEJIEBUM KaTali3aTop, SKUM BHUKOPUCTOBYETHCS Yy 0ararbox XIMiKO-T€XHOJIOTTYHHUX

nporecax. BiH mpejacTaBise co000 BHUCOKOJIUCIEPCHUM TMOPOIIOK OJ1110-3€JIEHOTO

KOJbOpy, po3mipaicTio Bix 400 am g0 800 HM 1 MicTHTh KpiM Hikemo 10 15 % wmac.

AJTFOMIHIFO.
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Bucokornmmaozemucti Bigxoau HadTOXiMil — BiamparboBaHui Kartamizatop IM-
2201. Ile miaMoOBi AJIFIOMOXPOMHUCTI BIJIXOJIU, a CaM€ TOHKOUCIIEPCHHUM MOPOIIOK OJ11]10-
3€JICHOT0 KOJIbOPY, po3Mipom yacTUHOK Bia 100 am 10 200 HM.

AJTIOMOXpPOMHUCTI BIIXOJU TPABJICHHS AQIIOMIHIEBUX CIUIABIB YTBOPIOIOTHCA B
npoiieci 0OpoOKHU aNOMIHIEBUX CIJIaBIB Ha METANYPriHUX 3aBojax. 3 BiANpalbOBaHUX
PO3YMHIB Uil TpaBJICHHS BUCAKYIOTh ocaj. [llnam 1miel rpynu mae BUCOKUNA BMICT
amominio T1a ALOs.

ConboB1 aTOMIHIEB] LUIAKKA AJIOMIHIEBOIO BUPOOHHUITBA 32 BCiMa MOKA3HUKAMMU
nyke TokcuuHi. BoHn OyBaroTh HacTymHoro ximigHoro ckiany, (% mac.): NaCl (10,25),
CaO+CaCO0s(14,25), MgO+MgCO;(15,30), FeCl; (0,001), Si0,(3,10), Al,O;3(41,28), KCl1
(5,35), CuCl;(0,011), anmrominiit metaneBuii (9,89).

2.2 Bu3zHa4yeHHsI METAJYPriiiHOr0 BUXO1Y AJTIOMiHiI0 B JIa00PATOPHUX YMOBAX

Jlns BU3HAUGHHsS METATypriiHOrO BUXOAY AQJIFOMIHIIO, JUISi TPOBEJEHHS OJIHIET
maBku BukopuctoByBaiv 300 r muBapHoro mmaky [90, 91]. IlmaBku mnpoBoguiIu B
IHAYKIIMHIA 1edi. B rpadiToBuii TUrens moMimanyd amyHIOBUN, JTHO MDK rpadiToM Ta
anyHaoM ¢yTepyBai 3a JOMOMOTOI0 TOPOUIKY 3 OKCuAy amtomiHito. Ilicms 1poro
rpadiTOBUIA TUTENIb 130II0BAIM 3 30BHIIIHHOI CTOPOHH KAOJIIHOBOIO BAaTOIO Ta BCTABIISUIH
Horo BcepeanHy MiJaHOI 1HAYKIIMHOI KOTYIIIKH, SIKa OXO0JIOJKYyBajack Bojot0. [xepenom
BHCOKOYACTOTHOTO EIIGKTPUYHOTO CTPyMy, IO IOAAaBaBCS Ha IHIYKIIHHY KOTYIIKY,
CIIyryBaB BHCOKo4yacTOoTHHI Tenepatop BUI'-15. Temmeparypy y Turii A0 mo4aTky
OPOTIKAHHS XIMIYHHUX peakliii BHUMIPIOBAIM 3a JOMOMOIOI0 BOJIb(PpaM-peHi€BOT
tepmoniapu BP 5/20. B sikocTi peareHTiB BUKOPHUCTOBYBAJIM KAayCTUYHY COMY, XJIOPHU
HATPIIO Ta BamHO y KimbkocTi 2,0-2,2 % Bixg macu nuiaky. llnak, Na,CO;, NaCl, CaCO;
npoxaptoBain 'y MydensHid neui CHOJI-1.6.2.0.0.8/9-M1 npu temnepatypi 250 °C
MPOTATOM OJTHIET TOMWHU IS BUJAJICHHS BOJIOTH Ta OpPraHivHMX AoMimok. [Ipocymenuit
TaKMM YMHOM IIJIaK TOMIIIAJIM B aTyHJIOBUN TUTENb Ta BKItOYanu Harpis. [lpu mocsrHeH1

temneparypu 700 °C no nuiaky g00aBJIsUIM PeareHTH, Kl 3B’ A3yBajid OKCUIU AJIFOMIHIIO 1
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KPEMHII0 B aJiOMiHaTH Ta cuiikath. [licis mporo pigkwii amoMIiHIA 3aluBalid y
BUJIMBHUIIIO 1 MiCJIs HOTO OXOJIO/KEHHS 3Ba)KyBaJIl Ha aHAIITUYHUX TEpe3ax.

[TpoOu ju1st XIMIYHOTO Ta CHEKTPAJbHOTO aHANI31B AJIOMIHIIO BUTOTOBJISUIM 3T1IHO
['OCT 7565-81. Jlna ra3oBoro anaiizy BiOWpanu MpoOU 3a JOMOMOTOI0 KBaPIIOBUX
TpyOOK Oe3MocepelHbO 3 IJIaBMIBHOTO THUTIJS. BMICT XIMIYHUX €JIE€MEHTIB y 3pa3Kax,
BU3HAYAJIM 3 BUKOPUCTAHHSIM CIEKTPAIBHOIO Ta XIMIYHOTO METO/IIB.

["a3oBuii anHanmi3 MpPOBOJMBCS Ha ycTaHOBKax Leco B armocdepi iHEpTHUX Ta3iB
(apromn).

MikpopeHTreHOCIeKTpaIbHII aHali3 MPOBOJWIM 32 JONOMOIOI0 EJIEKTPOHHHX
pactpoBux MikpockoniB JSM-6360 ta PEM 106.

BinOip mpo® Ta BUTOTOBIEHHS 3pa3KiB aIIOMIHIIO JUI MeTalorpadiuHux
nociimxkens 3aiicHioBanu 3rigHo ['OCT 1778-70. Posmipu 1 mepepi3u 3pas3kiB
BIJIMOBIJIAIM YMOBaM KpUCTasi3allii BUIUBKIB.

Meranorpadiuauii aHami3 3pa3kiB 3 QJIIOMIHIIO MPOBOAWIM 3 BHUKOPHUCTaAHHSAM

ontuyHoro mikpockony EPICVANT.

23 Meton nudepeHniiiHO-KATOPUMETPUYHUX AO0CIIAKEHD

[Ipu cTBOpEH1 HOBHX METAJEBUX MaTepialliB 1 TEXHOJIOTH iX BUPOOHHUIITBA BaXKJIUBO
3HATH Ta KOHTPOJIFOBATU BC1 CTPYKTYPHI 1 (Da30Bi MEpETBOPEHHS, SIKI MOXKYTh BIIOYBaTHCS
3 MaTepiaJoM 3a TUX YW IHIMUX yMoB. Ha ChOromHi HeMae €IMHOTO YHIBEpCaIbHOTO
METOMy, SKWUW JaBaB OW TaKy MOXJIMBICTh. Tomy HaWJacTimie s JOCIIHKCHHS
CTPYKTYpHHX 1 (ha30BUX MEPETBOPEHDb MPHU HATPiBaHHI T4 OXOJIOHKEHHI BUKOPUCTOBYIOTh
mudepenuianbHo-TepMiyHui ananiz (JITA), audepeHiianbHy CKaHyHOUYy KaJlOpUMETPII0
(JACK) ta 6inpmn yHiBepcanbHUI MeTOJ — CHHXpOHHUI TepMmiunui aHami3z (CTA), skwii
J0J1aTKOBO BKJtouae mie 1 tepmorpasiMerpito (TT7). B 3B’s3ky 3 nuM aisi nmpoBeAeHHS
JOCHIKEHb OyJIO BHOpPAaHO METOJ CUHXPOHHOrO TEpMIYHOTO aHam3y. BiHn gae
MO>KJIMBICTh TIOEJIHATH JIBA METOJIU — TEPMOTPABIMETPiI0 Ta MudepeHIliaIbHy CKaHyIoUuy

kanopumetpito. IlepeBara CTA mnonsirac B TOMy, IO 3MIHYy MAacH 1 TEIJIOBI e(eKkTu
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BUMIPIOIOTh Ha OJTHOMY 3pa3Ky ojHoudacHO. lle 3a0esnedye MOXKIMBICTH MOPIBHIOBATU
OTpUMaHI pe3yJbTaTH 3aBJASKKM YCYHEHHIO BIUIMBY HEOJHOPIAHOCTI Marepiaiay, YMOB
IIPOBEJICHHSI EKCIEPUMEHTY, IMIJAOTOBKM 3pa3KiB Ta 1HmMX ¢akropiB. Kpim Toro,
3a0€e31euy€eThCsl OUIBIIT TOYHE BU3HAYEHHS BEJIMYMH TEIUIOEMHOCTI Ta €HTANbBIII1, OCKIIbLKH
y OyIb-sIKU MOMEHT €KCIIEpUMEHTY Bijjoma (hakThyHa Maca 3pas3ky. Lleit meTon no3Bossie
HE JUII€ KUTPKICHO BH3HAYaTH TEIUIOBI €(eKTH Ta BIAMOBIAHI 1M TeMIepaTypHi
MOKa3HUKH, aJi€ 1 MOPIBHIOBATH PE3yJbTaTH TEPMIUYHOTO aHATI3y 31 3MIHOI MacH 3pasKy,
110 J03BOJIsiE KOHTPOJIIOBATH MPOIIECH CYIIKH, OKUCICHHS, PO3KJIalaHHs 1 BUTIAPOBYBAaHHS
3pa3KiB B MPOIIECI EKCIIEPUMEHTY Ta BPaxOBYBATH 1X BIUIUB HA TEIJIOBI €(hEKTH.

Ha >xanp, kimacuuauit Mmetoq CTA mae Takox psiji 0OMeXeHb, 1 He BC1 CTPYKTYPHI Ta
($ha30B1 MEPETBOPEHHS B METAJIaxX 1 CIJIaBaX MOKJIMBO JOCIIKYBATH 3a MOTO JJOMOMOTOIO.
Knacuunuit meron CTA morano abo B3aram He (iKCye MpoIecH TpuBaji y 4aci, abo Taxi,
0 CYNPOBOKYIOTHCS PI3KOIO 3MIHOIO TemIO(QI3UYHUX XapaKTePUCTUK, HaIpPHUKIa,
rOMOr€HI3allli, peKpucTaizaiii, CTPyKTYpHOi peJjlakcalii, po3naja TBEPAUX PO3UMHIB,
nepexiJi MeTactabuibHUX (Pa3 B CTaOUIbHI.

B po6otri Oyno BHKOpPUCTaHO CHUHXPOHHUW TepMiuyHuM aHamizatrop STA 449F1
Jupiter ¢pipmu NETZSCH (Himewyunna) [92]. Tepmoananizatop J03BOJISIE TPOBOIUTH
JTOCI/DKEHHST B JIBOX peXUMax: «3pa3ok» (0e3 ypaxyBaHHS TeIIO(I3UYHUX
XapaKTEPUCTHK THUIEIbHOI CHUCTEMH) Ta «3pa30K 3 KOPEKIIEw» (3 ypaxyBaHHSIM
TEII0(I3UIHUX XAPAKTEPUCTUK TUTIISI). B pexumi «3pa3ok» JAOCTIIKEHHS TPOBOSATHCS B
MOPIBHSHHI 3 THEPTHUM €TAJIOHOM, OJIM3BKUM 3a TEII0(PI3UYHUMHU XapaKTEPUCTUKAMU 10
3paska, o AOCITIIKYEThHCS.

Jlist mpoBeACHHS JIOCHIKEHb B PEXHMI «3pa30K 3 KOPEKIEY» IMONEePeaHbO
HEOOX1THO JOCIIAUTH 3MIHY TEIUIOEMKOCTI TUTeJIbHOI CUCTEMHU Ta €TaJOHy B THX JXKe
ymMoBax (atmocdepa, MIBUAKICTb HArpiBaHHS, TEMIIEPATypHHUA I1HTEpPBajl), B SKHUX
IUIAHY€ThCA TOCTIKYBAaTH 3pa30K, a MOTIM MpUiiajJ aBTOMATHYHO BPAXOBYE 111 TOKA3HUKHU
i 9ac BUMipiB. TaKMM YUHOM BIAETHCS YCYHYTH BIUIMB THTJISI Ta YACTKOBO €TAJOHY Ha
pe3ynbTaTH AOoCHiKeHb. [ligibpaTy ieanbHUN €TaJoH MPAKTUYHO HEMOXKJIMBO, HaBITh

SKIIO B SIKOCTI €TAJIOHY BUKOPUCTOBYBATH TEPMOOOPOOIICHUH 3pa30K (CTPYKTYPHI 3MiHH B
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SKOMY YK€ HE B1IOYBa€ThCS) 3 TOTO CAMOTO MaTepiaiy, sK 1 3pa30K IO JOCIIIKY€EThCs. 3a
paxyHOK pi3HOi Baru, (hOpMH, po3TallyBaHHs B TUTJI1 BIUIUB €TAJIOHY Oyj€ BIIUyTHUM, IO
MPU3BOJUTH J0 HAaXWly 0a30BO1 JIIHII Ta JessKoMy crioTBopeHHI0 kpuBux JJCK.

CTA-ngocnmikeHHST TIPOBOJIUIM B TUIJISIX 3 YHUCTOTO AQIIOMIHIIO B TMOCTIHHOMY
MOTOIll  aproHy, IIBHUJKICTh sikoro craHoBuwiaa 40 wr/xB. Jlis  BUMIpIOBaHb
BUKOPHUCTOBYBAJIM TpUMay 3pa3Ky, OCHAIIEHUN TepMonaporo XA, TOUHICTh BUMIPIOBAHHS
temmneparyp cknagana £ 0,5 °C. IIBuakicTh HarpiBaHHSA Ta OXOJIOJKEHHS cTaHoBuja 10
°C/xB. llepen mnpoBeACHHSM JOCHIKEHb MNpWUiaj KaliOpyBaliu 3a €TaJOHHUMHU
PEYOBHHAMM 3T1THO IHCTPYKITT 0 IPUIaIy.

Jnst  JochiJKEeHHST BKa3aHUX CTPYKTYpHUX TEPETBOPEHb Ta JAOCATHEHHS
MaKCHUMaJIbHOI YyTJIMBOCTI BUMIPIOBaHb 1 3a0€3ME€YEHHSI MOBTOPIOBAHOCTI PE3YJbTATIB
OyJ10 TIPOBENICHO JIBa ITUKJIM HATrPIBaHHS 1 OXOJIOKEHHS 3pa3kiB 31 mBuakicTio 10 °C/xB.,

HE BUIMaO4M MOro 13 Mpujiay.

2.4 3aTpaTn MaTepiaJiiB Ta eHePreTHYHHUX PeCypPcCiB HA MPOIEC OIePKAHHS AJTIOMIHII0

31 IIJIAKIB

B sixocTi BX11HOT OCHOBHOI CUPOBUHU ISl OJIEP>KaHHS BTOPUHHOTO JIIOMIHIIO MOXKYTh
BUKOPHUCTOBYBATUCS JIMBApHUM aTIOMIHIEBUM IIJIAK, BIAXOAM AIIOMIHIIO BJIACHOTO
BUPOOHUIITBA Ta TPU0aH]1 Ha CTOPOHI BiAX0au Ta OpyxT [93-96].

TexHiuH1 XapaKTepPUCTUKKU OOJIaJIHAHHS JIO3BOJISIFOTh BUTOTOBJICHHS T'OTOBO1 MPOIYKIIii
B KUIBKOCTI, fIKa 3aJieKUTh BIJI MAacH BUXIAHOI cUpoBUHU. CTPYKTypa BHPOOHMIITBA
BKJTFOYAE JIIJTLHUIIIO IMATOTOBKY JIMBAPHOTO IIJIAKY.

OCHOBHUM 3aBJaHHSIM MEePEepoOKH BXIJHOI OCHOBHOI CHUPOBHHHU € JOBEJICHHS il
IUISSXOM COPTYBaHHS, MEXaHIYHOTO TOAPIOHEHHS /IO CTaHy, IO JI03BOJISIE BUKOPUCTAHHS il B
TUIABHJIBHOMY KOMIUIEKCI.

3aBaHTa)XKeHHS LUIAKy Ta BIAXOMAIB KaOEJIbHOro BUPOOHUIUTBA 3 2% COM NPOBOAUTHCS

3a JIOMOMOTOI0 aBTOHABaHTaKyBada. [licisi BKIIIOUEHHSI HArpiBy HIMXTH Ta OJEpKaHi
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pIAKOTO MeTaldy MPOBOAUTHCS 3a0ip mpoO s BU3HAYEHHS HOTO XIMIYHOTO CKIIATy Ta
padinyBaHHS BiJ] IIKIIJTUBUX JTOMIIIOK.

Jlist BU3HA4YEHHS MaTEpiaIbHOTO OallaHCy TEXHOJOTIYHOTO TMPOIeCy MepepoOKu
IFOMIHIEBOTO JIMBAPHOTO MUIAKY Ta BIAXOJMIB 1 HENIKBiIAIB KaOEIbHO-TPOBIIHUKOBOI
NPOJYKIli BUKOPUCTOBYIOTBCSA [IiI0Yl HOPMATHBHI aKTH Ta aKTH JOCIIIXKEHb
MPOBEICHUX Ha BUPOOHMIITBI B TIPOIIECI TEPEPOOKH.

CyMapHi TeXHOJIOTT4HI OE3MTOBOPOTHI BTPATH PO3PAXOBYIOTHCS 32 HACTYITHOIO (POPMYIIOH0:

2a,= 20, (2.2)

Z o5, =0, +a,+...+a, (2.3)

JIe O; — Maca BTPAT OKPEMUX CTaJlii TEXHOJIOTIYHOTO MPOIIECY, B TOMY YHCIIi:
o, — IpH 30epiraHHi UTaKy Ta BiJIXO/IB;
0> — TIPU TPAHCTIOPTYBAaHHI Ta BAHTA)KHO-PO3BAHTAXYBAITHHUX POoOOTaX;
o3 — [IPU COPTYBAHHI;  Ol4 — IPH IPOOJICHHI.

[Ipu 30epiranHi nUlaky Ta BIAXOIB KaOEIbHO-IPOBIIHUKOBOI MPOIYKIIT Y 3aKPUTHX
npumineHHsx o, = 0.

Bigxoau, siki YTBOPIOIOTBCS MPU BUPOOHUIITBI AJIOMIHIIO 3 BTOPHUHHOI CHPOBUHU
NOJUISIOTHCSA HA Takl, IO MOCTYNAIOTh HAa MepepoOKy (aJroMiHAT HATPIO) YA 3HUIICHHS
Ta OE3MOBOPOTHI BTPATH.

AJOMIHAT HATpilO0 TMIOCTyMae Ha TEepPepoOKy [0 CHEMiaTi30BaHUX TMEePEepOOHUX
HIAMPUEMCTB. YTap BIAHOCUTHCA 10 0€3MOBOPOTHHUX BTPAT.

Sxmo B mpoleci TMepepoOKH BUKOPUCTOBYETHCS HarpiBaHHS 3a JOMOMOTOIO
IPHUPOJHOIrO rasy, TO BiZOMO, HIO TEIUIOTa 3rOPaHHS HOro omHOro M° ckumagae 33,50
mJx/M°. EKcriepMMEHTaNbHI JOCHIKEHHS IOKa3and, IO Koe(illi€HT KOPUCHOI il
ra3oBoro najbHuka ckmamae 32-47 % [94]. Tobro nume 39,5% B cepeaHbOMY Ti€l
TEIUIOTH, 1[0 BUJILISAE MAIBHUK, €PEKTUBHO 3aCBOIOETHCS, a 1HINIA PO3CitoeThecsl. B gaHii

po0oTi oaepkaHo 3HadYeHHs 0n3bKo 38%. I1imn yac BU3HAUYECHHS] HOPM BUTpAT HEOOXITHO
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nependavynuTH BUTPATH ra3y Juisl MATPUMaHHS 1eueld B Harpitomy ctaHi (50% Big pexumy

TIJIABJICHHS ).

Ha ocHOBI naHux OTpUMaHUX B pe3yibTaTi MPOBEACHHS HOCHIHKEHHS BHUTpAT rasy

CKJIaJiatloThess « Hopmu BUTpaT manvBa I MIAaBHIIBHOT TIeUi 1 BUJTY TIaJIUBay.

Tabnuus 2.2

[TopiBHsIIbHA XapaKTepUCTHKA BUIIB MATHBA

HavimenyBanns [Ipuponuuii ras, Ckparuienuii ra3, | ['a30Buii KOHJEHCAT,
XapaKTEPUCTUKH M’ KT a1
TernoTBOpHICTH 7912 11 008 10 234
(xKam)
KK]I manpHuKa 0,39 0,38 0,38
HowminanbHi BUTpaTu 11909 8559 9965
Ha 700y

XiMi4HI BIaCTUBOCTI BH/IIB MMAJIMBA MPEACTABICHO B Tabmwmii 2.3.

Jlnst HarpiBy NUIaKy MOXHa BUKOPUCTOBYBATH 1HINI JIKEpesia €Heprii, HampuKIal,

3pIIKEHUI ra3, nu3enb. [lapanenbHe BUKOPHUCTAHHS albTEPHATHUBHUX JXKEPENT MOXKIIMBE

IIPY HASIBHOCTI IOJATKOBUX Marictpajieil Ta KoMOIHOBaHMX MaJbHUKIB (Ju3enb-ra3) [97].

Po3paxyHok BHUTpaT AM3EIBHOr0 a00 MIYHOrO MaJIMBa MOB'SI3aHUN 3 XIMIYHUMH

BJIACTHBOCTSAMH TIAJIMBa, SKE MOXKE€ MaTH BIIMIHHOCTI B 3aJIe)KHOCTI BiJ POJOBHINA Ta

crioco0y 100yBaHHS.
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Taomung 2.3

XiM14YH1 BJIACTUBOCTI BU/IIB I1aJIMBa

[Toka3Huk [Tpupoaunii ra3 Ckpanienuii ra3 l'azoBuit
KOHJIEHCAT
I'ycruna, kr/m’ 807
TemoTa 3ropaHHs, 7912 11 008 10 234
kKan
Bwmict metany, % 97,5 0,35
Bwmict nponany, % 0,25 19,21
Bwmict O6yTtany, % 0.25 80,44
Bwmicr cipku, % 0 0,0023 0,17

JlaGoparopHuii KOHTPOJIb 32 CTAHOM HABKOJIMIITHBOI'O CEPEIOBHINA B IPOIIECI MEpepOOKH
JMBAPHOTO ATIOMIHIEBOIO IIIAKY Ta BIAXOAIB KaOEILHOrO BHPOOHMIITBA 3IIMCHIOETHCS
NEPIOIMYHO JIEP)KaBHUMH OpraHaMy CaHITapHO-€MiJeMIOJOTIYHOT ClyKO0u, BOJHOTO
HarJIAAy, CKOJOTiuHOi Oe3MeKH 3 BHKOPHUCTAaHHSAM CTAHIAPTU30BAHUX METOIHUK
BU3HAYEHHS LIKIJIMBUX PEYOBUH Y MOBITP1, BOAL Ta IpyHTI. BCl mpomMucnoBi BiAXoau, 1
SKUX PO3POOJICHO METOAM BTOPUHHOI MEepepoOKH Ta palliOHAIbHOTO BUKOPUCTAHHS iX Y
PI3HUX raTy3sX, BAKOPUCTOBYIOTHCS SIK BTOPHHHA CHPOBHHA.

Ha mianpuemMcTBI BUKOPUCTOBYIOTBCS BIIXO/IM SIK CUPOBUHA, TOMY 3a0€3ME€4YeHO BHUCOKHIA
pPIBEHb aBTOMAaTH3aIlil 1 MeXaHi3allii TEXHOJOTTYHUX IPOIIeCiB, a TaKOX TEXHIUHI,
TEXHOJIOT1YHI Ta OyAiBEIbHI PIIICHHS JJI 3aXUCTY JTOBKIJIIS.

3HEMIKOMHKEHHS BIAXOMIB 3I1MCHIOETHCS BIAIIOBIIHO A0 BUMOI €KOJIOTIYHOI O€3IEeKH
Ta 3a MOTOHKEHHSM 3 JIEP’KaBHOIO CaHITApPHO-EM1AEMIOIOTTUHOIO CTYK0010 Y KpaiHu.

B mnponeci nepepoOku amOMIHIEBOTO HUIAKY COJOBUM METOAOM, KpIM aIIOMIHIIO,
OJIEP)KyEMO alIOMiHAT HATpilO, SAKUM MOXKHA BUKOPHCTOBYBaTH Yy BHPOOHHUIITBI
MIEPBUHHOTO ajltoMiHii0. |15 iboro #oro HeoOX1THO IMiIIaTH OYUILCHHIO Bl JOMIIIOK Ta

MPOBECTH T1POJII3:
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NaAlO; + 2H,0 = NaOH + Al(OH)s (2.4)

OpepkaHuil TAKUM YMHOM OCaJ] TIAPOOKHUCY ATIOMIHIIO (PUIBTPYIOTh, MPOXKAPIOKOTH 1
OJICp)KaHU TaKMM YHHOM OKCHJ QJIIOMIHII0O MOXHa BHKOPHUCTOBYBAaTH B IIpoIIeci
CJICKTPOITI3Y.

2A1(OH); = ALOs + 3H,0 (2.5)

2.5 Bu3zHayeHHsI €KOHOMIYHOI e(DeKTUBHOCTI MIATOTOBKH TA NMepepoOKM BiAX0aiB, 110

MICTATH AJIOMIiHIN

[Ipn po3paxyHKkax €KOHOMIYHOI €(EKTUBHOCTI B OCHOBHOMY BUKOPHUCTOBYIOTh
METOJ OIIIHKMA SKOCTI TPOAYKIi 3a OJWHUYHUMHU TIOKA3HMKAMHU, HAMpPUKIAI, 3a
BIJICOTKOBUM BMICTOM OCHOBHOTO (KOPMCHOI'0) KOMIIOHEHTa (AJIOMIHIIO) y CHPOBHHI.
OpHak, Ha YMOBHU 1 IOKa3HUKHU LIHHU BIUIMBAIOTh PsJi 1HIIMX BJIACTUBOCTEH. Y 3B’S3KY 3
IIUM, OLIIHKA BJIACTUBOCTEH 3a OJIHUM IMOKAa3HUKOM € OOMEKEHOIO Ta HEIOCTATHBOIO IS
BUOOPY OO0 ’€KTHBHOTO piillieHHs. J[Jis SIKICHOI OI[IHKM CUPOBUHU HEOOXITHO MPHUBECTU
OKpeMi MOKa3HUKH J0 €IMHOTO KPUTEpPito. B maHomy BHUIMAaNKy €IMHUM BHPA30M I[IHHOCTI
CUPOBUHHU MOXE OyTH MOT0 OIliHKA B TPOIIIOBOMY €KBiBaJICHTI.

OCHOBHUI MPUHIMI AAHOI METOAUKH 0a3y€ThCSA HA TOMY, IO MPU OLIHLI CUPOBUHU
PI3HOI AKOCT1 COOIBAPTICTh OAHIET TOHM ATIOMIHIIO MOBUHHA MPHU IHIIUX PIBHUX YMOBaX,
3anumaTucs mnoctiiHoro. [Ipu Bu3HayeHi 11 MIHHOCTI, P sKIA 3a0e3neuyeThesi piBHA
coO1BapTICTh AOMIHIIO, ME€pe YCIM BU3HAUYAIOTh 3aTpaTH Ha IUIABKY, 0€3 BpaxyBaHHS
iHM camoi cupoBHHHM. [loTiM 3 paHilie BCTAHOBJICHOI IIIHM OJHIET TOHU AIFOMIHIIO
BUPAXOBYIOTHCS 3aTPpaTH Ha MEPeIliaB Ta 3aJIUIIOK a00 MHOKATh HA METATYPTiMHUN BUX1]
amrominio. Ilicas BigHIMaHHS 3 OfCpKAHOT BEIMYWHU TPAHCIIOPTHUX BUTPAT 3HAXOJATH
I[IHY CUPOBUHH.

B nanunii yac MeTo/iMKa BUBHAUYEHHS METATYPriiHOT IHHOCTI CUPOBHHH 1 MPOAYKTIB
il maroroBku norpedye neskux 3miH. [lo-mepie, HEOOX1MHO MEPETISIHYTH TPUUHITHI B

yMOBaXx LIEHTPaII30BaHO-IJIAHOBOI €KOHOMIKHM KpUTepid MeTanypriiiHoi miHHocTi Ca —
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min (MiHIMI3aIl1 3aTpat) K KpUTEpiH, Kl BimoOpaxkae peaiii puHKoBoi ekoHOoMiKH. [To-
Jpyre, HEOOX1JHO BCTAHOBUTH BIUIMB HAa METAIYPTiiiHY I[IHHICTH aJIOMIHIEBOI CUPOBUHU
(dakTopiB BUPOOHHULITBA, TOMY IO BOHM B JAESKIM MIpl BU3HA4YalOTh PIBEHb 3aTpaT Ha
BUITYCK MPOIYKIIIi.

TakuMm 4MHOM, JUIsi BU3HAYEHHSI METANYPrifHOI IIHHOCTI aJIlOMiHIEBOI CUPOBUHU
IPOMOHYETHCSI BUKOPUCTOBYBATH KPHUTEPIH, SIKUN BiAOOpaka€ MaKCUMyM E€KOHOMIYHOI
e(hEeKTUBHOCTI y PO3PaxXyHKY Ha OJHY TOHY aJIFOMIHIIO, III0 OJIEP)KAHO 3 CHPOBUHHU 3aJIaHO1
gKocTi. JlaHWi MiAX1J CTOCOBHO OLIHKM CYKYITHOTO PIBHS SIKOCTI SIBJISIETbCSI HAWOUIbII
npuBaOJIMBUM, TOMY M0 MNPUOYTOK HAMOLIBII TMOBHO BigoOpaxae e()eKTHUBHICTD
MIMPUEMCTB CTOCOBHO MOKPAIICHHS ii SIKOCTI Ta BIIACTUBOCTEH.

B 3aranpHOMY BUTISIAI KpUTEpiadbHUN MOKA3HUK JUIS BU3HAYEHHS METATypridHOl
miHHocTi (M;) cupoBHMHH, Tpu SKid 3a0e3MeuyeThCsi BUKOHAHHS BKa3aHMX YMOB, Mae
HACTYITHUH BUTIISA;

M; = (AAH - CAli) / (1 + etm‘to) — max (26)

ne A — L1HA OJIHIET TOHU aNlOMIHIIO; Caj — LIHA OJIHIET TOHU AJIFOMIHIIO, IKUW OJIepKaHO
3 aJIOMIHIEBOI CHPOBUHU; € — HOpMa AWCKOHTY (aJIbTepHATHMBHI 3aTpaTh B OCHOBHHI
KaImitall, sfKi BHPaXKalOTh HOPMY INPHOYTKY); tm — MOMEHT 3aKiHueHHs; t’ - MOMEHT
IPUBEACHHS.

[Ticnst BigHIMAHHS 3 OJEP)KAHUX BEIMYUH TPAHCHOPTHUX 3aTparT abo0 MPOIYKTIB
MIJrOTOBKM CHUPOBUHM, BU3HAYA€ThCs ii IIHHICTh. Toal gopMyna mpuilMae HacTymHUMN

BUTIJIAA:

M; = [(AAU - CAli) / (1 + etmito)] - tpi — max (27)

e tpi — TPAHCTIOPTHI BUTPATH a00 3aTpaTH MI0I0 MPOAYKTIB MIATOTOBKH.
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PO3JILI 3
JTOCJIPKEHHS MTPOIECIB TEILIOOBMIHY B TPOLIECI BAPOBHUIITBA
BTOPUHHOT O AJIIOMIHITO

3.1 TexHoJIOTiYHI 0COOJMBOCTI OEP:KAHHS AJTIOMIHII0 METAJYPriiHUM MeETOJAOM Ta

HOro MIKpPOCTPYKTYpa

BuxiiHow CHpPOBHHOIO [Jis OJACP)KAHHS aTIOMIHIIO METalypridiHUM CIOCOOOM
CJIyT'YBaB JIMBapHHUU amtoMiHieBui nutak [98]. KinbkicHui aHami3 CHPOBUHU MPEICTABICHO

B TaOsmm 3.1.

Taomung 3.1
KinbkicHui aHani3 BUX1HOT CHPOBUHU

Ne Al % | ALO;, % | SiO,, | Fe,Os, | CuO, MgO, | MnO, | X mom.,
/o | Mac.noir. | mac.goit. | % mac. | % mac. | % mac. | % mac. | % mac. | % mac.

JOJI. HJOJI. JOJI. JOJI. JOJI. JOJI.

36,68 57,34 1,81 2,47 0,23 0,07 0,08 1,32

32,48 58,12 5,71 1,82 0,27 0,07 0,09 1,44

36,86 57,57 1,82 1,80 0,26 0,05 0,07 1,57

35,20 59,11 1,56 2,45 0,11 0,05 0,08 1,43

36,58 58,14 1,63 1,81 0,25 0,04 0,05 1,50

34,25 59,01 1,79 2,51 0,86 0,04 0,07 1,47

N N | B W N

33,98 57,18 2,44 4,74 0,30 0,07 0,06 1,23

Jl1st BU3HaUYeHHSI HEOOX1AHOI Ta 1OCTAaTHHOT KUIBKOCTI KapOOHATy HATPil0 B MPOIEC]
MepepoOKr TUIaKy aTIOMIHIEBOTO BUPOOHUIITBA OyJIO JOCTIIKEHO BIUIUB HOTO
KoHIleHTpalii. OpjepkaHuil pe3ynbTaT MpeiacTaBieHO Ha pucyHky 3.1. Bungno, 1mo
3pOCTaHHS KUIBKOCTI J100aBKM B CyMIII NPU3BOJUTH B MOYATKOBUH MOMEHT IO POCTY
METaTyprifHOr0 BHUXOJYy alIOMIiHIIO 1 yke mpu #oro Bwmicti Oums 2,0 %wmac. kpuBa
BUXOJUTh HA HACUYCHHs. TakuM 4YMHOM OYyJI0 BU3HAYEHO HEOOXIHY KUIBKICTh pPEarcHTy.

MexaHi3M JaHOro Mpouecy MoO0ylOBaHWW Ha 3MiHI BaJ€HTHOCTI aJIOMIHIIO 3 TPHOX 0
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OJTHOTO 1 HaBMAaKH B 3aJIEKHOCTI BiJI TeMIepaTypu IpoTikaHHs peakiii [99]. Moro moxna

MPEACTABUTH 3a JOTIOMOTOI0 HACTYITHUX XIMIYHHMX PEaKIlii:

A" = Al" (t = 2500 — 3000 °C) 3.1)

2ALO;+ Na,CO;= ALO + 2NaAlO,+ CO,+ O, (t = 2500 — 3000 °C)  (3.2)

[Ticns mpoTikaHHS BUIIE MPEACTABICHUX PEAKIlIA TeMIiepaTypy 3HIKYOTh 10 1000
— 1100 °C. IIpu boMy OKCHJ OJTHOBAJECHTHOTO AJIOMIHII0 PO3KIATAETHCS HA METAICBUIN

AITFOMIHIN Ta OKCHUJT TPHOXBAJICHTHOT'O aJIFOMIHIIO:

3AL,0 = 4Al + ALLO; (3.3)

[Mogo cmimpHOT mii XJIOpUAy Ta KapOoHATy HaTpiro, To crodatky NaCl Bzaemojie 3
OKCHUJIOM aJIFOMIHII0 3 YTBOPEHHSM OKCHJIY HATpPilO0 Ta XJOPHUIY aJIOMIHIIO, MOTIM BXKeE

Na,O nepeoauts Al,Os B aqtoMiHaT:

ALO; + 6NaCl = 3Na,0 +2AICl; (3.4)

Na,O + ALO; = 2NaAlO, (3.5)

Kpim Toro, B mporieci XiMiYHUX peakIliii 3 OKCHIaMu Ta KapOoHATaMU JTy>KHUX METaiB
OKCHJ aIIOMIHII0O YTBOpIoe HactynHi amtoMiHatu: NaAlO,, NasAlOs, NaAl Oy,
Na;7AlsO. B ocTaHHIX aTOMHM agIOMIHIIO 3HAXOJAThCS B IIEHTPl TeTpaeapiB abo
okTaeApiB 3 artomiB KucHo. B crnomymi NasAlO, mpucyTHI OKpeMi aTlOMOKHCHEBI
TeTpaeapH, Kl 3’€JIHaHI 3arajJlbHUMU BEpUIMHAMU B JIAHITIOT.

Ha puc. 3.2 npencrasieHi JaHi, IKi OTPUMaHO MPHU CIUIbHIN 1111 KapOOHATy Ta XJIOpUIY
HaTpito. B manomy Bumaaky 3miHmoBaiach TUlbKK KoHueHtpaiis NaCl, a Na,CO; Oyna
noctiiiHo (1,0 %). CyTtTeBux 3MiH He Oyio. XiJ KpUBOI MOAIOHUN 7O 3aJIeKHOCTI, AKY

MpeACTaBICHO Ha puc. 3.1.
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Al203 + Na2CO3 = 2NaAlO2 + CO2

0,5 1 1,5 2 25 3

KinbkicTb kapboHaTy Hatpito, %

Puc. 3.1. 3anexHICTh MK METAITYPriiHUM BUXOJOM AJIFOMIHIIO

3 TUBAPHOTO NIJIAKY Ta KITBKICTIO KapOOHATY HATPIIO.

Axmo B JMBapHUX BIAXOJAaX MNPUCYTHIA KpPEMHE3EeM, TOJl COJa OJHOYAcCHO

B32€EMOJII€ 3 OKCUIOM AJTIOMIHIIO Ta JIOKCHUIOM KPEMHIIO 3 YTBOPEHHSM aIIOMIHATY Ta

CUJIIKATy HATPIIO:

A1203 + N32CO3 = 2NaA102 + COz

SlOz + N3,2CO3 = Nazsi03 + COz

(3.6)

(3.7)

B 3B’s3ky 3 UM, OKpiM COIH, B IIUXTY J00aBJSAIOTH BarmHO a00 BamHsIK. OKCH

KaJbLio Takoxk 3B’s13ye Al,Oz 1 SiO, 3 yTBOPEHHSAM HEPO3UYMHHUX y BOJAl aJIIOMIHATY

(Ca(AlO,),) 1 cumikaty (Ca,SiO4) kanpmiro. B 3amexHOCTI Big pi3HOT CHOPIAHEHOCTI
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OKCHJIIB, COJIa BUTPAYAETHCSI B OCHOBHOMY Ha yTBOPEHHS aJIOMIHATy HATpilO, a BAIlHO
— CWJIIKATy KallpIlito. B pe3ynbTari nmpoBeeHoro aHaiizy Oyjio JOCHIKEHO CIUIbHY
Ji10 KapOOHATIB HATPIIO Ta KAJIBLII0 HA METATYyPriiHUN BUX1J aJIOMIHIIO 3 JUBAPHOTO

JIaKYy.

60 T

y %

w

WHUW BUXia anoMiHiro

w

// 3AI203 + Na2COs3 + 3NaCl = 5NaAlO2 + AICI3 + CO2

MeTtanypri

0 I ; ; I I I I
0 0,2 0,4 0,6 0,8 1 1,2 1,4

Kinbkictb xnopuay Hatpito, %

Puc. 3.2. Bonus no6asku xnopuny Hatpito (Na>,COs cknagana 1,0%)

Ha METAIYPrifHUI BUX1J aJIOMIHIIO 3 JUBAPHOIO IIJIAKY.

BcTranoBieHo, 110 3arajibHUM BUXiJ aIIOMIHIIO CYTTEBO HE 3MIHUBCS, ajieé MpH
bOMY yTBOpHIIOCH 01u3bK0 1,0-2,0 % cunikary KajibIlito.

XiMIYHMMA aHaji3 TBEPAOro IMUIAKy MOKa3aB, IO BiH B OCHOBHOMY CKJIAJA€ThCS 3
aNOMIHATY HaTpito. Byjao TakoX BU3HAYEHO METANYPriiHUNA BHXIJ ATIOMIHIIO TpU

BukopucTanHi 2,0 % Na,COs (tabi. 3.2) [100].



Buxin antoMiHiio 3 TMBAPHOTO HIIAKY
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Tadomus 3.2

No Maca npo6u, | Maca onepxkaHoro Ckrnag mmxtu Koedirmient
3pa3ka r AJIFOMIHIIO, T BIJIYYCHHS, %

1 300 120 nurak + 2,0% coau 40

2 300 165 murak + 2,0% coau 55

3 300 183 nutak + 2,0% coau 61

4 300 126 nurak + 2,0% coau 42

5 300 147 murak + 2,0% coau 49

6 300 141 notak + 2,0% coau 47

7 300 150 nurak + 2,0% coau 50

Puc. 3.3. 3aranpHuii BUTJISLT BUX1IHOI CUPOBUHU (@), 3pa3ku aitoMiHito (0)

Ta OJICPKAHOTO TICJIS IJIABKH NIIAKY (B)
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3araapHUN BUTIISI BHUXITHOI CHPOBWHH, 3pa3KH aTIOMIHIIO Ta OJCP)KaHUM IiCIIs
TUTABKH TIUTAK TIPEACTABICHO Ha puUC. 3.3, a pe3yibTaTH MPOBEACHUX JOCTIIIB HaBEICHO B

taba. 3.3 Ta Ha puc. 3.4 [101].
Taomung 3.3

XiMIYHHN CKIJIa]T OJICpKAHUX ATFOMIHIEBUX 3pa3KiB

No 3pazka S1, %Mac. Fe, %mac. | Cu, %mac. | Mg, %mac. | Mn, %mMac.
1 0,28 0,34 0,053 0,022 0,017
1* 0,22 0,26 0,060 0,016 0,014
2 0,89 0,25 0,063 0,014 0,020
3 0,28 0,35 0,048 0,016 0,015
4 0,18 0,31 0,028 0,016 0,011
5 0,23 0,25 0,060 0,012 0,031
6 0,27 0,32 0,230 0,013 0,018
7 0,38 0,65 0,079 0,019 0,025

[Tpumitka: 1* - 3pa3ok, SKuii ofep>kaHo B pe3yJIbTaTl IJIaBKU B rpad)iTOBOMY THIJII.
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Puc. 3.4. MetanypriiiHuii BUX1J1 aJJIOMIHIIO 3 JUBAPHOTO IIIJIAKY.

AmoMiHi€B1 3pa3sKu Oymo IIPOaHaJ130BAHO JBOMA METOJAMU:

PEHTIeHOCIIEKTPAIbHUM Ta €JIEKTPOHHOI0 CKaHYIOYOI CreKTpockomiero. OTpuMaHi JaHi
HaBejeHo B Tabnuil 3.3 1 Ha pucyHkax 3.5-3.6 [101]. [Ins nopiBHaHHS Ha puc. 3.5 (a)
MPEICTABIICHO XIMIYHUN aHali3 eNEKTPUIHOTO aTIOMIHIEBOTO APOTY. SIK BUIHO 3 TaOIHUIl
Ta TpadikiB, 3pa3ok miag Ne 2 MICTUTh MiJABUIIEHY KUIbKICTh KpEeMHit0, a 3pa3ok Ne 7 —
3amiza. Lle, HanleBHO, MOB’S3aHO 3 BUXIAHOK CHPOBUHOIO. Biomo, micis 3HATTSA 1UIAKY B
0ararbO0X BHIAJKaX ITOCHUIIAIOTH KpemHe3eMoM. Jlanuii (akt Moxke OyTH IPUUHUHOIO
30LTBIIEHHS! KOHUEHTpaIlli S1 B OCHOBHOMY MeTaJi. 3aj1i30 MOTJIO MOMACTH TaKOXk 30BHI.
AHani3 eNeKTPOHHUX CIEKTPIB alIOMIHIEBHX 3Pa3KiB, SKI OJIEP:KaHO 3 JMBAPHOTO
IIUTaKy, TAKOXX IMOKa3aB, 110 BOHU B OCHOBHOMY MIcTATh Al B kisibkocTi Big 98,16 % Mmac.

10 99,02 % wmac. Cepenne 3HaueHHs ckinaaae 98,57 % mac.
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i Cr Mn Fe
1 2 T ! Tor i R T B S e e
g Bl

Puc. 3.5. EnekTpoHHI CIEKTPU allFOMIHIEBOTO APOTY JlaMeTpoM 3 MM ()

1 amrominieBuX 3pas3kiB: Ne 1 (0), Ne 1* (B), Ne 2 (T).

Illono AOMIIIOK, TO Ie TONOBHMM YMHOM KpeMHil Ta 3ami30. IX KilbKicTh
HEOJITHO3HAYHA, B JIEAKUX 3pa3Kax KOHIIEHTpalis BUIIA B 2-3 pa3u HLK Yy aJTIOMIHIEBOMY

nporti (% mac.: [Al] =99,43; [Si] = 0,37; [Fe] = 0,19).
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Puc. 3.6. EnexTponHi criekTpu anroMiHieBuX 3pa3kiB:Ne 4 (a), Ne 5 (6), Ne 6 (B), Ne 7 (T).

Ile moB’s3aHO 3 BHXIIHOK IIMXTON0, IO BHKOPHUCTOBYETHCS B MPOIEC TUIABKH
(p13HOTO XIMIYHOTO CKJIaAy METalo0pyXT, a caMe APIT eJIEKTPOMEPEXK B SIKOMY KUIbKICTh
3amiza moxke gocsaratu 10 0,80 % mac.), TepMiHOM CKadyBaHHS IUIAKY, HOTO 30epiraHHsIM
Ta IHIIIC.

Bigomo, 1o moMimikuy 3aiiiza Ta KpeMHII0 B aJlOMIHIT CYyTTEBO BIUIMBAIOTH HA MOTO
CTPYKTYpY, IO TOB’S3aHO 3 YTBOPEHHSAM PI3HUX XIMIYHHUX CIOJIYK, SIKi 3HAXOASATHCS Ha

TPaHMIIX 3epeH. 3TiHO J1arpaM cTaHy, Ipu BMicTi B amtominii Fe > 0,05 % mac. ta Si <
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0, 05 % wmac. 3’MBHSIOTBCA TOJNKOMOAIOHI oOBanmbHI XiMiyHI cronyku FeAl; Ta
ckieronoaiona eBrektuka Al + o (FeAlSi) [102, 103].

Ha pucynkax 3.7 1 3.8 mnpeacraBlieHO MIKPOCTPYKTYpY BHULIIE BKa3aHUX
amoMiHieBUX 3pa3kiB. Ha puc. 3.7 mpencraBiieHi MiKpoCTpyKTypu 3paskiB 1, 2, 4 (puc. 3.7
a, 0, B), CIIOCTEPIraeThCsl TOJIYacTa CKIETOMNO/110Ha €BTEKTHKA Ta TOJIKM aJIFOMIHITY 3aji3a.
[Mogo 1HIMX 3pa3KiB, HAOpPHUKIAA, y IISTOMY pO3Mip 3€pHa OUIBLINNA, B ChOMOMY
€BTEKTHKA 3aiiMae TuIonly OuTbIIy 3a po3MipoM B mopiBHsAHHI 3 iHmuMHU [101]. OgHak B
yCIX JOCHIIPKEHUX Marepiajiax ICHYIOTh OJIHOTO CKJIaJy €BTEKTHKA Ta MOAIOHI XIMIidHI
cnioiyku. OTpuMaHi pe3yabTaTH MiATBEPIKYIOThCS JAaHUMHU, SIK1 TIPEICTABIEHO B poOOTax
[104-107].

HocnimxkenHss (pa3oBUX MEpexXoAiB OACPKAHUX 3Pa3KiB MPOBOJWIA METOJIOM
mudepeHIliiHO CKaHYI4O0i KaJOpUMETpii Ha YCTaHOBIIl, SKa OMHCaHa B po3aium 2.
Otpumani pe3ysbTaTH MPEACTaBICHO Ha pucyHkax 3.9-3.16 ta B Tabmumi 3.4 [101].
3rigno JACK-kpuBux, 1mo mnpezacrasieHi Ha puc. 3.9-3.16, BUAHO, O TEMIEpATypu Ta
eHTabMIT (Ha30BUX TMEPEXO/iB HE YK€ CYTTEBO BIJIPI3HSIOTHCA BiJ] XapaKTEPUCTUK
cTaHaapTHOro amoMiHito (A85). Bonu cBiguarh mpo Te, 10 NEpepoOKa aatOMIHIEBOTO
JUBAPHOTO IIIAKY 3a JONOMOTIOI0 BHILE BUKJIAIEHOTO CIIOCOOY MPUBOIUTH A0 OJCPIKAHHS
ITIOMIHIIO TOPIBHSHO BHCOKOI YMCTOTH. BUKIIIOUEHHS CKIJIaJIal0Th €HTaJbIli 3pa3ka 5.
Bouu BinpizHstoTeea npubiusHo Ha 60 [x/r. Lle, HaneBHO, MOB’S3aHO 3 MPHUCYTHICTIO

JIOMIIIIOK B TAHOMY MaTepiali.



X250 (a) X500

X250 (6) X500

X250 (B) X500

Puc. 3.7. MikpocTpyKkTypa 3pa3KiB IIIaKy, K1 OJIep>KaHO 3 TUBAPHOTO ATFOMIHIEBOTO

nuiaky. (a) — 3pasok 1, (0) —3pa3ok 2, (B) — 3pa3ok 4
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Puc. 3.8. MikpocTpyKTypa 3pa3KiB IIJIaKy, K1 OJ€P>KaHO 3 TUBAPHOTO AIFOMIHIEBOTO

nuraKy. (a) — 3pasok 5, (6) — 3pa3ok 6, (B) — 3pa3ok 7

[[lomo amoMiHIEBOTO 3pa3ka Miji HOMEPOM 2, TO JUIsi HHOTO Ha audepeHIlIHHUX

KpUBUX IUIABJICHHS Ta KpHCTaji3alli croctepiraerbes Aekiabka mikiB. IlosBa mika mpu



73

temriepatypi 574+2 °C moB’s3aHa 3 YyTBOPEHHSM eBTeKTHMKHA Al-Si, ska 3rigHO
po3paxyHKiB ckiangae ouist 7,8 %. 3 miarpamu cTaHy altOMiHIH-KpEMHIA BUIHO, IO MpHU
BMicTi 12,2 % Si, po3uiaB nepexoauTh y piikuil cran npu temneparypi 577 °C [95]. B

JaH1{ CUCTEM1 KpIM aJIOMIHIIO IPUCYTHI 1HIII XIMIYH1 eleMeHTH (IuB. Tabi. 3.2).

Taomung 3.4
XapakTepucTUkH (ha30BUX MEPEXOIIB AIFOMIHIEBUX 3Pa3KiB

Nenw/m | Tuw(1), | Tin(2), | Tip (1), | Tep(2), | Hua (1), | Hua (2), | Hip (1), | Hip (2),
3pa3ka °C °C °C °C Jox/r | Jbx/v | Hx/v | Hx/T

1 663,2 | 654,0 | 651,1 | 656,4 | -254,5 | -263,6 | 279,2 | 271,6

644,8 | 636,4 | 649,6 | 649,1 | -234,3 | -248,5 | 252,9 | 261,3

659,8 | 652,9 | 656,5 | 656,0 | -237,6 | -247,6 | 258,0 | 256,2

669,5 | 654,6 | 6574 | 657,1 | -249,9 | -245,1 | 240,3 | 2394

651,4 | 649,7 | 653,77 | 653,3 | -184,4 | -179,1 | 185,8 | 186,6

655,8 | 648,4 | 654,5 | 654,5 | -223,1 | -220,7 | 229,4 | 223,9

N N | B W N

658,0 | 643,6 | 653,8 | 653,2 | -234,1 | -241,6 | 248,2 | 248,6

8" 660,6 | 660,1 | 656,8 | 656,7 | -244,3 | -237,6 | 242,4 | 245,8

[TpumiTka.

1. 3paszox 8" — cranmapTHUi amoMiHili Mapku A85. XiMiuHMI CKIaa SKOrO HacTymHMI: Al
>99,85; Fe <0,08; S1<0,06; Ga <0,03; Mg <0,02; Mn <0,02; Zn <0,02; Cu<0,01; Ti
< 0,008 ('OCT 11069-2001).
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Puc. 3.11. ICK-kpuBi amtominieBoro 3pazka Ne 3 npu HarpiBaHHi (a)

Ta 0XOJIoMKeHHI (0)



DSC /(mWimg)

[1 u 3K30
051
2499 Jig

0.0 1 ———

'05 ) ‘
-245.1Jlg

10 N % oal

t T \ J

131 8546°C
20

=251

-3.04

35
200 300 400 500 600 700 800
Temperature /°C

Main 02106:8 ME User Admin

a

DSC /(mWimg)
[14]

3K30

204

03 2403 Ulg

0.01

2304 lg

054, : : . . : . . :
300 350 400 450 500 550 600 650 700
Temperature /°C

0

Addiional 1 2021.08-28 1411 User Admin
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3.2 BropuHHMii aJI0MiHiii — CHPOBHHA JJIs1 BUCOKOMILHOTO cILUIaBy cucreMu Al-Zn-

Mg-Si

OpeprxaHuid 31 JIMBAPHOTO MUIAKY ATIOMIHIM OyJ10 BUKOPHUCTAHO SIK CHPOBHHY B
nporecax OTPUMAaHHS €EKTPUYHOTO IPOTY Ta BUCOKOMIIIHOTO CIUIaBy cuctemMu Al-Mg-
Cu. 3 miTepaTypHHUX JKEpel BIAOMO, 110 OAHUM 13 (PaKTOpiB, SIKMM CyTTEBO BILUIMBAE HA
BJIACTUBOCTI BHCOKOMIIIHUX aJIOMIHIEBHX CIUIaBIB, IO MICTATh ITMHK, € YTBOPEHHS
rapsyux TpiluH. PO3BUTOK TeOpii IOA0 iX BUHUKHEHHS IIPH JIUTTI TPU3BIB 10 PO3YMIHHS
BIUTUBY JIeAKUX (DAaKTOpIB HA MEXaHI3MHU iX 3apokeHHs Ta pocty [107-118]. YTBOpeHHs
TPIIIMH MPU JTUTTI CIUJIABIB MOB’A3YIOTh 13 HACTYITHUMH T'OJIOBHUMH TPUYMHAMU: BEJIUKUN
IHTEpBaJI KpUCTali3alli, HalpyXEHHS B IHTE€pPBaJl KpHUCTaI3alllli Ta OXOJIOMKEHHs, (a3u
ab0 CIOJIYKH 13 HU3BKOIO TEMIIEpaTypolO IJIaBJICHHS HA TPAaHHUIIIX 3€peH, Tpyda 3epeHHa
CTPYKTypa, HU3bKa B’SI3KICTh MaTpHUILll MpPH MIiJBUILEHUX TeMIeparypax, rpyba Oyaosa
JNEHAPUTY, HU3bKA PYXJMBICTH 3€pPEH B 1HTEpBal TBEPAIHHS, HU3bKA PYXJIMBICTh PIAKOT
¢da3u B iHTEepBal KpUCTadizarii. BoHM 3’SBISIOTHCSA TO1, KOJIHW TiJ] 9ac KpUcTaizarii Ta
MOJANBIIOTO OXOJOJKEHHS BUJIMBKA HAIPYKEHHS y HbOMY OLIbIIl, HDK HOro mexa
MIITHOCTI. OCOOJIMBY CXWJIBHICTH J0 yYTBOPEHHS TapsiduX TPIMIMH MAalTh CIUIABH, JI0
CKJIaAy SIKMX BXOJSTh €BTEKTUKHU 3 HU3BKOIO TEMIIEpaTypolo IiaBieHHs. e npusBoauTsb
0 YTBOPEHHS TOHKUX pIIKMX HPOMDKKIB MDK 3€pHAaMM, $IKI 3HAYHO 3HUXKYIOTh
XapaKTePUCTUKHU MIITHOCTI BUJIMBKA.

B mporeci rapTyBaHHS Takoro THITy CIUIaBiB OJEPXKYIOTh CTaOiUIbHHMIA TBEpIUid
po3unH. OCHOBHE 3MII[HEHHS BHMHUKAa€ 3a paxyHOK yTBOpeHHsA T—dazu (Al.Mg:Zns).
Temneparypa HarpiBanHs AJig rapryBanHsa < 450 °C, 1m0 moB’s3aHO 3 BUCOKUM CTYTICHEM
JeTyBaHHS, K€ B JAHOMY BHIIQJKy CyTTE€BO 3HIDKYE TeMIepaTypy cruiaBy. @parmeHTaiis
Ta cepoiguszanis iHTEpMeTaTigHUX (a3 TpH HArpiBl IS TapTyBaHHS MPUBOJHUTH JI0
YTBOPEHHS TJIOOYJISIPHMX YacTUHOK. BOHU BITHOCHO PIBHOMIPHO PO3IOIUISIOTECS B
TBEPAOMY IEPECHUECHOMY PO3UYMHI Ta MPUCKOPIOIOTH MOTO PO3Maj y BCEpenuHI 3epeH i

TAM CaMHUM TPOTUJIIIOTh YTBOPEHHIO TPyOHMX 3epHOrpaHuYHux jaHIiorie T—daszu. Lew
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CTPYKTYpHHUI €(heKT JT0JaTKOBO BiIOOPAXKAETHCS K HA MEXaHIYHUX BJIIACTMBOCTSX, TaK 1
Ha OTop1i JI0 KOPO3ii Imi] HApyroro.

JUiss oTpuMaHHsI 3arajibHOro OalaHCy BJIACTMBOCTEW BUCOKOMILHHUX CILJIABIB
HEOOXITHO TPOBOJUTH ONTHMI3AII0 XIMIYHOTO CKJIaJy 3a BCiMa KOMIIOHEHTaMH,
TEXHOJIOTTYHUMHU PEKUMaMU BChOTO LMKy BUPOOHHUIITBA HaMiB()aOpUKaTiB (MOYMHAIOYH 3
JIUTTS BWIMBKA 1 3aKIHUYIOUM TEpMOOOpPOOKOI0). Buxonasiunm 3 TOro, mo BHUCOKOMII[HI
CIUIaBH JIy’)K€ YYyTTEBI JIO KOHIEHTPATOPIB HAIMpYy>KEeHb, TOMY HEOOXITHO CYTTEBO
3MeHInyBatu BMicT gomimok (Fe, Si Ta 1H.) 1 BIANOBIIHO KOHTPOJIIOBAaTH B CTPYKTYpI
00’eMHY JI0JTF0 HEPO3UUHHHUX BEJIMKOTO PO3MIPY IHTEPMETANIIIB (3 THIOBUM PO3MipoMm 1-
5 MKM), sIKi YTBOPIOIOTHCS TNpU KpucTaiizailii BuimBka. [1o110Hy Bij’eMHY [0 3aBIalOTh
PO3YMHHI HAQJUIMIIKOBI 1HTEpMeTaniau (Hampukiaa, S—¢aza), ska MICTUTh JEryrdi
enement (Mg, Cu). Jlns BupimeHHs mux mpo0ieM MOXXHA BUKOPUCTOBYBATH TEPMIYHUHN
aHaJli3 Ta TePMOJAMHAMIYHY METOJIUKY PO3PaXyHKIB.

Takox Oy0 AOCTIIKEHO BIUIMB IIMHKY HA CTPYKTYpy ciuiaBy cuctemu Al-Mg-Cu,
AKUW HE MICTUB UUPKOHIA. [luHK BBOAMIAM B po3IuiaB TpboMmMa crocobamu: 1) 3a
JIOTIOMOT'O10 JIIraTypu; 2) 3a JONOMOTrOK A3BIHOYKA; 3) 3a JOMOMOIOI0 PEakTopa, KM
OyJ10 BUTOTOBJICHO 3 KBapmoBoro ckia (puc. 3.17). YcraHoBka ckiaganacs 13 KBapIioBoi
TpyOou 6, 110 BMOHTOBaHa B rpaditoBuii Omok 4. Iwriaap Ta 0610k HarpiBaiu 3a
JnonoMororo 1HaykTopa 3. [lapu nMHKY 3 IOTOKOM aproHy BAyBaJid B po3iiaB 14 cucremu
Al-Mg-Cu 4gepe3 3aHypeHy B HHOTO KBapioBy TpyOy 9. Maca po3miaBieHOro MeTaiy B
neyi onopy ckianana ~ 700 r, Temreparypy aarOMiHIEBOTO po3IuiaBy 14 miaTpuMyBasiu
70010 °C, a TemmepaTypa mapiB IHMHKY Ha BHXOAI 3 KBapHoBoi Tpyom 9 He
nepesunryBasia 920+10 °C. Burpata aprony Oyna ~ 3 JI/XB., TUCK aproHy B KBapIlOBii
TpyO1 He nepeBuityBaB 0,1 MIla 1 perymioBaBcs 3a gomnomororo poramerpa 18. ITicas
BBEJICHHS BCHOTO ITMHKY B pPO3IUIaB, WOTO BUTPUMYBAJIA TPOTAToM 3-4 XB. 1 TpHU
temmneparypi 650+10 °C 3anuBany B 4aByHH1 KOKLI1 IWIIHApUYHOT hopmu. B mepiiomy ta
JpyroMy BHIaJKax po3IUIaB MeperpiBaiv BiAnoBigHO 10 Temmeparyp: 1000+£10 °C,
1050+10 °C ta 1150+10 °C. Temneparypa 3aiuBaHHs PO3IUIaBy B KOKUJIb OyJia OJTHAKOBa

IpU pI3HUX cr1oco0ax BBeJEHHS HUHKY [119].
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Bruue Temnepatypu neperpiBy po3iiaBy Ha po3Mip 3epHa (p.3.) 1 ACHAPUTHUHN TTapameTp
(1.11.), a TaKOK Ha MAaKpO- Ta MIKPOCTPYKTYpPY JIMTHX 3pa3KiB 13 cruiaBy cucremu Al-Zn-

Mg-Cu nokaszano Ha pucysnkax 3.18 13.19 [119].

Puc. 3.17. Cxema yCTaHOBKH JIJ1 BBEJICHHSI [IMHKY B aTOMApPHOMY BUIJISI/II Y PO3IUIaB
cuctemu Al-Mg-Cu [119]. 1 — cTia MOHTaXHUH, 2 — THAYKIIIHHA 1Y, 3 — IHIYKTOD,
4 — rpaditoBuii 6JI0K, 5 — repMETUYHUI HAKOHEUHUK, 6 — KBapIioBa TpyOa, 7 — npuiaj
KOHTPOJIIO TEMIIEpATypH, 8 — TepMonapa, 9 — kBapiona TpyOka, 10 — BTyska 3 nuHKy, 11 —
rpadiToBa BTyJKa, 12 — KaomiHOBa BaTa, 13 — rpaditoBa 3armymika, 14 — po3mias, 15 — miu

onopy, 16 — 6anon 3 apronom, 17 — mrarus, 18 — porameTp



Puc. 3.18. BB Temneparypu neperpiBy posmiaBy cuctemu Al-Zn-Mg-Cu Ha po3mip
3epHa (p.3.) Ta ACHAPUTHUN TTapameTp (1.1.) auTux 3paskis [119]. (a) 1 (B) mpu 750 °C,
n.11.=25 mxm, p.3.=1,1 mm; (0) 1 (r) mpu 1150 °C, n.1m.=21,5 mxm, p.3.=3 mm. [{uHK B

piakuii criaB cuctemu Al-Mg-Cu BBOIWIIN 32 IONTOMOTOIO JIraTypu
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Puc. 3.19. BB Temneparypu neperpiBy po3IuiaBy Ha Makpo- Ta MIKpOCTPYKTYPY JIUTHX
3pa3kiB 13 cruiaBy cuctemu Al-Zn-Mg-Cu [119]. (a), (1), (k) ipu 750 °C; (6), () 1 (3) mpu
930 °C; (B), (e), (1) mpu 1100 °C. Ilunk B pinkuii crnaB cuctemu Al-Mg-Cu BBoauIU B

naponoJiOHOMY CTaHi 3a JOMOMOTOI0 PeaKTopa

Opepskani pe3yiabTaTv MpeacTaBlieHo B TaOmuil 3.5 Ta Ha pucyHkax 3.20-3.26.
AHai3 eKClepUMEeHTAIbHUX JaHUX TMOKa3aB, [0 TeMIlepaTypa MeperpiBy 1 BMICT LUHKY
CYTTEBO BIUIMBAIOTH Ha CTPYKTYpy Ta TBepaicTh ciuiapy cucremu Al-Mg-Cu. Yitko
MPOCHIKYIOThCS 3aJI€KHOCTI PO3MIPY 3€pHA B1J] TeMreparypu neperpisy (puc. 3.20-3.22,
3.23). Po3mip 3epHa 301IbITY€ThCS TPUOIH3HO B TPU pa3H MPH MEperpiBaHHI PO3IIIABY 10
temmneparyp 1100 °C a6o 1150 °C y nopiBHsSHHI 3 mieperpiBom jo Temieparypu 750 °C.
HaBeneni excnepuMeHTaNbHI JaHI MATBEPDKYIOTh TOW (hakT, IO po3Mip 3epHa

30UTBIIYEThCSl MPU TEpPerpiBaHHI PO3IUIAaBy Ta BUCOKHMX TEeMIIEparypax JUTTS 1 BOHO



87

MOJIPIOHIOETHCS TIPH HU3BKIKM Temrieparypi autTs [120]. B npoTunexHicts po3mipy 3epHa
JEHJIPUTHUN mapameTp (po3Mmip ACHAPUTHOI KOMIPKH) 3MEHIIYEThCS MPU MEperpiBaHHI,
Xo4a I 3alIekKHICTh MPOCTEXKYEThCs ciiabko (puc. 3.21-3.22), Tomy mnotpiOHO Oyne
MIPOBECTH JAOAATKOBI IOCTIPKEHHS /7151 3’ sICYBaHHS BIUTMBY TEMIIEpaTypH MEeperpiBaHHs Ha
JICHAPUTHUIA mapameTp. Bimomo, K0 Ha po3Mip 3epHa 3HAUYHO BIUIMBAE TeMIIEpaTypa
PIAKOTO MeTaly, TO Ha MOro BHYTPIlIHIO OylOBY (ICHAPUTHHUI apaMeTp) BIUIMBAE TUTBKU
MIBUJIKICTH oxoJiomkeHHs [120]. Yum BoHA BHUINla, TUM TOHIIE BHYTPIITHS Oy/10Ba 3epHA i
THUM BHIIIE MILHICTb 1 IUIACTUYHICTD cruiaBy. [Ipu neperpiBanHi po3ijiaBy 10 TeMIEpaTypu
1150 °C po3mip IeHIpPUTHOTO mapaMmeTpy 3MeHmyetrbes B 1,16 Ta 1,47 pasu (puc. 3.19,
3.22) B nUTUX 3pa3Kkax B AKl I[IMHK BBOAWJIM 3a JIOIOMOTOIO JITaTypu Ta J3BIHOYKOM,
BianoBiAHO [119]. [Ipu BBeAEHHI IMHKY B MapoIOAIOHOMY CTaH1 y HE MeperpiTuil po3IjiaB
npu temrepatypi 650 °C 3a qomoMororo peaktopa po3Mip ACHAPUTHOT KOMIPKU JIUTOTO
3pa3ky ckiajgae npudnusHo 25 MM (tabdmn. 3.5, puc. 3.20), a npu neperpiBaHH1 poO3IJIaBy

10 1100 °C po3mip KOMIpKH HE3HAYHO 3MEHIIY€eThbes Maibke y 1,1 paszu 10 23 MKM.
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Taomunsg 3.5

BriiuB MeTosy BBeICHHS IIMHKY Ha pO3MIp 3€pHa, JCHIPUTHUMN NapaMmeTp Ta TBEPAICTb

Meron Homep | Konuentparis Temre- Teepuicts, | Po3mip 3epna, | enapur
BBEJCHHS | 3pa3ka | LHUHKY, Mac. % parypa HB MM -HUI
[UHKY MeperpiBy, napamer
°C P, MKM
[Tapa 1 6.53 650 98.1 0.988 £0.231 25
2 6.86 750 91.8 0.900 £0.124 31
3 7.76 755 96.1 0.333 +0.036 22
4 6.53 930 97.3 1.075 +0.435 23
5 543 1000 103 0.754 £0.345 13.5
6 5.19 1100 105 2.814 +0.801 23
J13BiHOYOK 1 8.71 1050 123.3 1.796 £0.445 19
2 10.12 1000 112.0 1.812 £0.313 28
3 9.44 1150 121.7 1.716 +0.497 17
Jliratypa 1 8.22 750 105 1.101 +0.037 25
2 11.75 1050 96.1 1.002 +0.106 19
3 6.84 1100 88.4 2.145 +0.439 20
4 10.23 1150 109.3 3.044 £0.313 21.5
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Puc. 3.20. BruiuB Temneparypu neperpiBy posiuiaBy cuctemu Al-Zn-Mg

(m.m.) mutux 3pas3kiB [119]. (a) mpu 750 °C, n.m.=25 mkwMm; (0) ipu

28 mkwMm; (B) pu 1050 °C, g.m.

JNEHIPUTHUN ITapaMeTp

17 MxM.

19 mxwMm; (1) mpu 1150 °C, p.m.

1000 °C, a.m.

[unk B pinkuit criaB cuctemu Al-Mg-Cu BBOIUIIN 32 10MTOMOTOIO JI3BIHOYKA
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Puc. 3.21. BruuB Temneparypu neperpiBy piakoro crjiaBy cuctremu Al-Zn-Mg-Cu Ha

po3mip 3epHa (1) Ta nenapuTHUl mapametp (2) iutux 3pa3kis [119]
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Puc. 3.22. 3anexHicTh TBEPIOCTI BiJl KOHIIEHTPAIIIT ITMHKY B JIUTHX 3pa3Kax i3 CIIaBy

cucremu Al-Zn-Mg-Cu [119]

TBepaicTh CruTaBy TOJOBHUM YHHOM 3JICKUTH BiJI KOHIICHTpAIlii IMUHKY B JIUTHX
3pa3kax 1 BOHa 30ULIBIIYEThCS MPH 301IBIIEHHI KOHIEHTpalii nuHKy (puc. 3.22). Ilpu
[bOMY HE MTOMIYEHO CYTTEBOI Pi3HUIIIL, SIK BIUIMBAE HA MIKPOCTPYKTYPY Ta TBEPAICTh METO/

BBEJICHHA IUHKY B po3iuiaB cuctemMu Al-Mg-Cu (quB. Tabm. 3.5, puc. 3.23).
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Puc. 3.23. BB MeTo/1a BBEICHHSI IIMHKY B pO3IUIaB criaBy cuctemu Al-Mg-Cu

Ha po3Mip 3epHa (a) AeHAPUTHUH rapaMmeTp (0), Ta TBEPAICTH (B) JIUTHX 3pa3KiB

EnemMenTHe MamyBaHHS AUISHKM 3pa3ka 3a JOINOMOIOI0 PEHTTeHIBCHKOIO
eHeproAucHepciiHoro Mikpoanamizy (puc. 3.25) mokaszano, IO UHK PO3MOAUISIETHCS
PIBHOMIPHO TO AUISHIN HuTi(a 1 3HAXOAUTHCSI B TBEPAOMY PO3UMHI allfoMiHil0. EnemeHTH
MarHii Ta MiJib 3T1JHO MPOBEAEHUM JOCIIPKEHHSM BXOISTH /10 CKJIaay 1HTEpMETaJeBUX
cnostyk Mg,Si (puc. 3.24) ta ALCu (puc. 3.24 1 3.25). XiMiuHUH CKJIaJl B PI3HUX CIIEKTpax

mpencTaBieHo B Tabm. 3.6.



Puc. 3.24 (a) — enekrponHe 300paxkeHHs 3pa3ka Ne2 (quB. Tabi. 3.5) y BIIOUTHX
esnekTpoHax. LluHk B piakuii criaB cuctemu Al-Mg-Cu BBOAUIIM B TAPONOAIOHOMY CTaH1

3a IOMIOMOT00 peakTopa; (6) — Mamna po3noiuTy eJIeMEHTIB Ha €JIEKTPOHHOMY 300paKeHH1

(a)
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Puc. 3.25 (a) — enexkrponHe 300paxeHHs 3pazka No2 (nuB. Ta0m. 3.5) y BigOUTUX
enekrponax. [{unk B pigkuii crutaB cuctemu Al-Mg-Cu BBoAWIN B TaponoAiOHOMY CTaHi
3a IOOMOTOI0 PeakTopa; (0) — eHepropo3ciroBaIbHUN PEHTTEHIBChbKUH criekTp 1 3

iHTepmertaneBoi (pasu 0-AlrCu Ha 300paxkeHH1 (a)

Tabmuis 3.6
XIMIYHUH CKJIaJ B PI3HUX CHEKTpax
Howmep Enementu, % BigHOCHA aTOMHa Maca
CHeKTpy Al Cu Zn Mg Si Fe
1 71.55 24.57 1.62 1.81 0.39 0.065
2 74.13 20.74 3.57 1.18 0.25 0.13
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3.3 Cxema Ta KOHCTPYKILisl YCTAHOBKM /1J151 BAPOOHUIITBA BTOPUHHOIO AJIIOMIiHIiI0

[TepepoOKy amroMiHIEBOTO IUTAKY 3A1HCHIOBAIN B YCTAHOBII Ha puc. 2.26, onuc sKOi
HaBegeHo Hikue [98, 101, 121-123]. Bona ckiiagaeThes 3 MIaBUIBHOI HAKOMMMYYBAJIbHOL
nedi 1, B sSKiil 30Mpa€ThCs 1 yCEPETHIOEThCS PO3IIABICHUN antoMiHieBuil crutaB Azx. [lig
3aKPHUBAETHCS TEIUIO130sAiHHO0 Kpuinkoo 101. Hax miaBuibHOIO HaKONMHYYBaJbHOIO
niy4io 1 po3TamoByrOTh 30ipHUNA PEAKTOPHHUI OJOK, SIKMU MPENCTaBIIA€ €IEKTPOIyTOBY
BaKyyMHY Kkamepy 2. bBiok enexkTpoayroBoi BakyyMHOI Kamepu 2 CKIATa€ThCs 3
KepaMIYHOTO cTakaHa 3 1 cTtayieBoi IuiaHmaiou 4. CrakaH 3 TepMETUYHO KPIMUTHCS [0
TUTaHIIaion 4 1 JTOJATKOBO 130JIFOETHCS BOTHETPUBKOI Batoto 102, koTpa BKIajcHa
Bcepenuny ooudvaiiku 103. /[Ho kepamidHOro cTakaHa 3 MiCTUTh BOYJOBaHI BOTHETPHBKI
naTpyOku 5 1 6, siKi BUKOHYIOTh (PYHKUIi TpyOompoBoaiB. TpyOompoBiag 5 € neprmm
HArHITAlOYUM TPyOONPOBOJOM 1 HAa HHOMY BCTAHOBJICHO HATHITAIOUWN JHIHHUN
ACHHXPOHHHH cTaTop 8, a TpyOoonpoBia 6 € Ipyrum, sSIKUM BiJIKQUYIOTh PO3ILJIaB AJTFOMIHIIO
1 HA HbOMY PO3TAIlIOBAHO B1JIKAUyIOUMI JIHIMHUNA AaCHHXPOHHMU cTaTop 9. Y neHTpanbHii
YaCTHHI  €JIEKTPOAYroBOi BaKyyMHOi Kamepu 2 BCTaHOBIeHUM enektpon 10.
EnexTpokuBieHHST Ha  €JIEeKTPOJ  3IIMCHIOETbCS  BI  OAHO(A3HOTO  CHIIOBOTO
TpaHcopmaropa, BTOpUHHa 0OMOTKA SIKOTO MPHUETHYETHCS OJHUM KIHIIEM J0 €IEKTPO/a,
a JIpyruii KOHTAKTy€ 3 PO3IUIABJICHUM AJTIOMIHIEM, SIKMM HakomuuyeThecsi B meui 1. Ilpu
poOOTI 3MIHHUI CTPYM BiJ CHJIOBOTO TpaHcPopMaTopa MOXe OYyTH MOJIaHUW Ha €JEKTPO.L
10 1 mpormymieHuit mo TpyOompoBogax B po3IljiaB, IO 3HAXOAUTHCS B TIEHI.

30kpemMa, 3MIHHUI CTPYM MOKe OYyTH BUKOPUCTAHUM JIJIsi pE3UCTUBHOTO HAarpiBaHHS
MOTOKY PO3IUIaBy J0 TeMIepaTyp, 0 CTAHOBJSATh B Mexax iHTepBaiy Bija ~ 1820 °C, no ~
2250 °C, nyist cipusiHHSL OZIEP>KaHHIO METAJIEBOTO aTFOMIHIIO.

Jns mopaui nutakoBoi Macu 11 y BHYTpilIHIN mpocTip kKamepu 2 Ha IulaHmanol 4
3MOHTOBAHO E€JIEKTPOMEXaHIYHHUI ITHEKOBUH a03aTtop 12. 3aBaHTa)KEHHS IIIAKOBOI MacH

3IMCHIOIOTH B TepMEeTHYHHM OyHKep 13 1 moTiMm o TpybomnpoBoay 14 mijmak HaJIxoJWTh B
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IIHEKOBHM J103aTOp. 3BEpXy Ha IUIaHINA01 4 BCTAaHOBJICHUN JaTYMK 15 ra3oBOrO THUCKY,
SKUM J103BOJISIE KOHTPOJIIOBATU TIa30BUIl THCK BcepenuHl Kamepu 2. PeryintoBaHHS
ra3oBOro THCKY BCEPEIMHI €JIEKTPOLYroBOoi KaMepu 3AIMCHIOITh 3a JONOMOIOI0

€JIEKTPOMAarHiTHOTO KjamnaHa 16 3B'sI3aHOTO 3 IIEXOBOIO CUCTEMOIO BiJIKAUyBaHHS BaKyyMy.

Puc. 3. 26. OcHOBH1 MOJTyJli €1EKTPOTEPMIYHOI YCTAHOBKH ISl IEPEPOOKH aIFOMiHIEBOTO
nuiaky [98]. 1 — muaBwibHA miY, 2 — BaKyyMHa Kamepa, 3 — KepaMIuHHi cTakaH, 4 —
CTasieBa IJIaHIuanoa, 51 6 — BOrHETpUBKI NAaTPyOKH, 7 — APaBIIYHUNA KOHTYP, 8 —
HarHITalOYui aCHHXPOHHUH cTaTop, 9 — BiAKaYyHO4HMil aCHHXpOHHMI ctatop, 10 —
enekTpon, 11 — nutakoBa maca, 12 — enekTpoMexaHIYHHMM IIHEKOBHI 103atop, 13 —
repMeTuyHui OyHkep, 14 — tpybornposia, 15— matumk razoBoro Tucky, 101 — kpumika,
102 — BoruerpuBka Bata, 103 — oOnyaiika
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[Ipomec mepepoOKHM aMOMIHIEBOTO TIUIAKY B EIEKTPOTEPMIYHIN  yCTaHOBII
3MIACHIOIOTh HACTYMHUM YHWHOM: TIEpe]l MOYaTKOM pPOOOTH MOJIYJIb EJIEKTPOIyTroBOl
KaMmepu 2 onyckarooTh Ha Kpuwky 101, mpu 1mpoMy KiHIl TpyOOIPOBOJIIB 3aHYPIOIOTH B
PO3IUTABJICHHUM alOMIHIH, 1110 3HaxX0oAuThes B iedi 1 (puc. 3.27).

[Ticnst 3anypeHHsT TPyOOIPOBOIB B pO3IUIaB BKIIOYAIOTh CHUCTEMY BiJKadyBaHHS
ra3y 1 3a JIOIIOMOIOK0 JIaTdydhka 15 KOHTPOIIOIOTH THCK BCEpPEAMHI pOOOYOro MPOCTOPY
eJIEKTPOIyroBoi Kamepu. B mporieci 3HM)KEHHS Tra3oBOrO THCKY BCEpEAMHI Kamepu 2
PO3IUIABJICHUI MeTall MiJHIMAEThCA MO TPYyOONpPOBOJAX Yy BHYTPIIIHIA MPOCTIp Kamepu,
MOTOKH PO3TUIABY BCEPEIMHI KaMEPH 3JUBAIOTHCS, 1 TIPU 1IbOMY (OPMYETHCS 3aMKHYTHH
TiApaBIIYHUN KOHTYp 7, i Oe3MmepepBHOI MUPKYJIALIT pO3IIaBy BcepeauHi kamepu. Jis
JOTPUMAaHHS YMOB MIATPUMKMA HEOOXIJHOI JOBXKWHU €JeKTpu4Hoi ayru H Mk
€JIEKTPOJIOM 1 TIOBEPXHEIO PO3IUIABIEHOTO METally, B MPOIECl BCMOKTYBaHHS PO3ILIaBY 3
neyi Oe3nepepBHO YHPABISIIOTH 1 MIATPUMYIOTh HEOOXIJHUN pIBEHb Ta30BOTO THUCKY
BCEpEANHI KaMepH.

[licnst Toro sk pO3IUIaB AJIOMIHIIO MIJAHSIBCA B Kamepl Ha HEOOXiAHY BHUCOTY 1
3aikcOBaHO HEOOXIAHY BIJICTaHb h MDK KIHIIEM €JEKTpOJa 1 MOBEPXHEI pO3ILIaBy
BKJIFOYAIOTh HATHITAIOUMKA JIHIWHUNA aCMHXPOHHUN cTatop 8§ 1 OJHOYACHO 3 HUM
BIIKAUYOUYUH JIIHIMHUN acMHXpoHHUM cTaTop 9. Ilig A€o eNeKTpoIMHAMIYHUX CHJI, IO
HABOJATHCSA JIHIMHUMHM CTaTOpaMH B TIIPaBIIYHOMY KOHTYpl 7 MDK MiU4i0 1
eJIEKTPOJIyTOBOI0 KaMepolo 30yIKyeTbCs KOHTYpHA LMPKYJISLis po3IuiaBy. BKiouyaroTh
CIIEKTPUYHY AYTY 1 Ha MIOBEPXHIO aFOMiHIEBOTO PO3IIIABY 3IHCHIOIOTH MoAauy maxy 11
i oro mepepooku. Ilig miero moToky posmiaBy mnuiak 11 mepemimryeTscst B 30HY
ropinusa ayru. [Ipu mepemiimieHHI NUIAKOBOI Macu 4epe3 30HY TOPIHHS yTH, 10 Mae
BUCOTY h, nocsiraerbest il MpOrpiB €JNEKTPUYHOIO AYror0; KpiM TOro, BiJIOYBa€eThCS
Oe3nepepBHE OHOBIICHHS IJIAKOBOI MacH IIiJl €JIEKTPOJOM, JI¢ MPOTIKAIOTh OCHOBHI
(b13UKO-XIMIUHI MPOIECH BHJIUICHHS aIIOMIiHIIO 3 1uiaky. OJHUM 3 OCHOBHHMX IPOIIECIB,

1[0 COPUSIOTH BUJIUICHHIO aJlFOMIHIIO 3 1IJIaKy, € KaTOJHE PO3MUJICHHS OKUCHUX TUIIBOK HA
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MOBEPXHI MUTAKY, [0 PO3BHBAETHCS MPH BIUIMBI HA HHOTO EIEKTPUYHOI TYyTW 3MIHHOTO
ctpymy. Kpim 115010, B AYroBoMy MPOMIKKY PO3BHBAETHCS IMpoOIEC Oe3MocepeaHbOro
B1JIHOBJICHHSI METAJICBOTO QJIOMIHIIO 3 HOTO OKCHJIB MPUCYTHIX B nulaky. BigHoBieHuii
MIOMIHIA a0COpPOY€EThCS B TMOTOI PO3IUIABY, MO 3AIMCHIOE KPYrooOir B TipaBIiuHOMY
KOHTYpl. Y Tpoleci TOpIHHS €JIEeKTPUYHOI Jyrd JUIS JIOCATHEHHsS HaWuOUIbIIO1
e(EKTUBHOCTI PETYNIOIOTh TOBXHHY €IEeKTPUYHOI IyTH IIJISTXOM 3MIHU Ta30BOTO THCKY B
eJIEKTPOYTOBIN Kamepi. [Ipu perynroBaHHI TUCKY BCEPEIMHI KaMepU 3MIHIOEThCS BUCOTA
MOBEPXHI PO3IIAaBY 1 BIJMOBIIHO 3MIHIOETbCA h — JOBXKHMHA TOPIHHS €IEKTPUYHOI AYTH.
KpiMm BUTOIM BiJl pO3MOIiTY CTPYyMY NMPU BUKOPUCTAHHI MPOIECY PETYITIOBAHHS TOBXKUHU
JIyTH HUITXOM HaOJMMKEeHHS a00 BiJJIaJIEHHS IOBEPXHI PO3IJIABY MOXYTh OyTH TaKOXK
peanizoBaHl W 1HII mepeBard. Hampukiaa, OCKUIBKM pPO3IUIaB 3JaTHUN pyxaTUCS B
HaAMpsIMKax Bropy — BHHU3 (HANPUKIA, 32 JIOMOMOTOI0 3MiHU Ta30BOTO THCKY BCEpEIMHI
KaMepH), TO BEPTUKAJIIbHUIA PyX IHTEHCU(]IKY€E MepeMilllyBaHHs PO3IUIABICHOI BaHHH, IO
MICTUTb IIJIAK B 30H1 TOPIHHS JTyTH.

Takum ynHOM, BHCOKAa €()EKTHUBHICTH BIJIHOBJICHHS QJIIOMIHIIO 3 IIIAKy, a TaKOX
BHCOKA MPOJYKTUBHICTh MPOIECY MEPEPOOKH JOCSATAETHCA 3a PaxXyHOK MIATPUMKH
MUPKYJISIIT  PO3IIABICHOTO METaly MIDK BaKyyMHOKO €JEKTPOJYTOBOIO Kameporo i
HAKOIMUYYBAJIbHOIO MIYYI0 1 OKPIM LIBOTO JIi€ JOJATKOBUI BIJIUB BUCOKUX TEMIIEPATyp B

30H1 TOPIHHSA JYTY Ha IUIaK.



99

ff-—___ﬂ-”’i E;\ it H ’CHZ
[P__ 0
= 7
[~

Puc. 3. 27. Cxema eneKkTpoTepMiuHO1 YCTAHOBKY JIJIS TEPEPOOKH aTIOMIHIEBOTO TIIAKY

KoHcTpyKTHBHI OCOOMMBOCTI YCTAaHOBKM JUIsl TEPEPOOKH aATIOMIHIEBOTO IIIJIAKY
3a0€3MeuyoTh TaKOXK PO3IIMPEHI MOXJIMBOCTI JUIsl OTPUMaHHS KapOiay alroMIiHIIO 3
aJIFOMIHIEBOTO MUIAKy. TakoX yCTaHOBKa MOXE EKCIUTyaTyBaTHCS B MEXKaxX IHTEpBally
temmneparyp Bia npubiauzHo 1910 °C go 1940 °C nys BUIydEHHS BYTJICIHIO 3 OTPUMAHOTO

METAJIEBOTO AJIFOMIHIIO.
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[Tin wac poOOTHM yCTaHOBKM 3a0€3MEUYETHCS 3aXHUCT POOOYOr0 MPOCTOPY B 30HI
poboTH 00CIYrOoBYIOUOTO IMEpPCOHANY; Ta3W, M0 BIAKAYYIOTHCA 3 KaMepH BaKyyMHUMH

BOI[O—KiHBH@BI/IMI/I HaCcOoCaMHM IPOITYCKAaIOTh YCPE3 CUCTEMY OUHIICHHA rasis.

3.4 AHaJi3 TeIJIOBUX PEKMMIB YCTAHOBKH

Binomo, mo mepenava Teruia 3 arMocdepu medi 10 marepiany — 1e QyHKIis, sKa
onucye Koe(PilieHT TEeriooOMiHy. Y BHUMAJKYy IUJIaBKH JIMBAPHOTO IIJIAKy, MPOILEC
TEIJIOOOMIHY CTa€ B JICIKOMY BUITAJIKY AYXKE€ CKIQJHUM. X04a PO3MIp MUTOMOI MOBEPXHI
Marepially BEJIIMKWMW, MOBEPXHS, IO HArpiBa€ThCsS BUIIPOMIHIOBAHHSIM IMYKH — 30BCIM
HE3HauHa. bijgplie Toro, piBeHb Iepefadl Temia 10 PO3IUIaBy aIIOMIHIKO JIOCTaTHBO
HU3BKUW 32 PaXyHOK BEJIMKOi KITBKOCTI CKJIQJIOBUX JHMBapHOro mwiaky. [[ns Ttoro mo0
JOCSTTA HEOOXITHUW PIBEHb TEIJIOOOMIHY, MLUIaK CIHUIBHO 3 KayCTHYHOIO COJI0H0
HEOOX1/IHO MepEMIITyBaTH.

Hamnpuknaz, ropinHsa nanusa (Ma3yT, IPUPOJIHUI Ta3) y 00’ €Ml eyl IpUBOIUTH 10
3allOBHEHHS MOro mpoaykramu ropiHHsA. [lpy 1pomMy Temio HarpiTux rasiB
BUIIPOMIHIOBAaHHSIM Ta KOHBEKINEIO MEPeNacThcsl MMXTI Ta ¢QyTepiBmi. B 3B’s3Ky 3 mum
NOBEPXHA (PyTEpiBKM TAKOK BUMPOMIHIOE TEILJIO, IKE MOTIMHAETHCS IIHUXTOIO.

Takum YuHOM, MaTepiad IUIaBKH, a caMe IIJIaK OJEPXKYy€e TEmIo 3a paxyHOK
BUIIPOMIHIOBaHHS MPOJIYKTIB TOPIHHS MMajquBa, KOHBEKIIIT Ta BIMOMBaHHs Bl ¢yTepiBku. B
3aJIeKHOCTI B KOJBOPY INUIAKy YacTHHA IHOTO TeIia TIOTJIMHAETHCS, YacTHHA
BIIOMBAETHCA 1 3HOBY NOTJIMHAETHCS (yTepiBKOIO Ta razamu. CHiBBIIHOIICHHS BKa3aHUX
MOTOKIB Ta Pe3yibTyIHOUe 3HAYEHHS MOTOKY Teria JI0 IuiaKy, mo Mictuth 2,0 % wmac.
Na,COs, 3amexuTh BiJ CTyNEHIO 3a0apBi€HHS Tra3iB, IIUMXTH Ta IUIOMI (yTEepiBKHU.
OcranHs mpeacTaBisie cOO0I0 BITHOIICHHS CyMapHOI BHYTPINTHROT MOBEPXHI Tedi Sy 10

e(heKTUBHOI MOBEPXHI MIJIAKY Sy;:
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W =S,/ Su (3.8)

Jnst  po3paxyHKIB TEIUIOBOIO OajaHCy BUKOPUCTOBYBAIM 3aJI€KHOCTI, SIKI
npeacTaBieHo B poOoti [118]. ABTopu BHXOAWIM 3 JIOMYIICHB, IO MPOJYKTH TOPIHHS
MajuBa TMOBHICTIO 3alOBHIOIOTH BUIBHUW MPOCTIp Teyl, a JOojds Terula, Ky BijJae
¢dyTepiBka B 00’ €M MOBHICTIO KOMIIEHCY€ETHCSI TETNIOM, SKE OACPXKY€ BOHA BiJ MPOAYKTIB
TOpiHHSA 3a pPaxyHOK KOHBEKIlli, a IIe TeMIepaTypud 1 CTymeHi 3a0apBlICHHS rasy,
(GyTepiBKU Ta MIMXTU HE 3MIHIOIOTHCS MO JOBXHHI Meul.

Takum ymHOM, TIepenady TelUia BUIIPOMIHIOBAHHSIM MOJKHA pPO3paxyBaTH 3T1THO

HACTYMHUX PiBHSHb:

Q =kegu Suw [(T: /100)* - (Tw/ 100)*] (3.9

ne Kegwm (Bt / (M*K*)) — koediuienT BUIpOMiHIOBaHHA ra3y i GpyTepiBKU Ha MOBEPXHIO

LUIAKY, SKUM BU3HAYAKOTH 3 HACTYIIHOI'O BUpa3y:

Kegpm =5,67 € [1 —&c+ W]/ {(1 —&)/&[ew t& (1 —&w)] + W} (3.10)

J€ €y — CTYMIHb 3a0apBJICHHS 1IJIAKY; € — CTYIIHb 3a0apBJIEHHS MPOAYKTIB TOPIHHS.
Temmneparypu razy T, 1 Ty, B OCHOBHOMY B I€di 3aJIMIIAIOTHCS MOCTiHHUMH. [Tpu

HEBENUKIM iX 3MiHI MOXXHa BHU3HauuTU T, $K cepeAHbOAPU(DMETUYHE 3HAYCHHS

MOYaTKOBOI Ta KIHEYHOI Temmeparyp. IIpu nocTaTHbO BenuKii 3MiHI TeMIeparypu

BUKOPUCTOBYETHCSI TEOMETPUYHE YCEPEIHEHHS:

(T./ 100)* — (Tw/ 100)* = {[( T/ 100)* — (T"w/ 100)*] [(T*/ 100)* — (T%/ 100)*]}"2 (3.11)
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ne T", T — TemnepaTypu NpoAyKTiB FOpPiHHS Ta3y croyaTKy Ta BKiHI npouecy; Ty, Ty —
IIOYaTKOBA Ta KIHIIEBAa TEMIIepaTypa LUIAKY.

[TouaTkoBy TemmepaTypy TOpIHHS MajWBa PO3PaXOBYBAIM IUISIXOM MHOXEHHS
TEOpeTUYHO1 TeMrepaTypu ropinas Ha koedimiert 0,8. KinmneBy Temneparypy Opanu Ha
50-100 °C Buie TeMnepaTypy HarpiToro MuIaKy.

[TigBUIIEHHS CTYMEHIO SICKPABOCTI TOJIYM s MPHUPOJHOTO Ta3y AOCATAETHCA HE
NMOBHUM Horo 3ropanHsM (o < 1). B mporiieci HarpiBaHHsI BEIUKY POJIb BIIITPA€E TaKOXK
¢dyTepiBKa, 1110 Ma€ BEJIMKE 3HAUYECHHS MPU MAJIOMY & Ta L€ MeHIe npu npu g > 0,6.
3HayHe 3pOCTaHHSA BIIBHOTO O0’€MY IMe4l MOXE MPHUBECTH IO HETMOBHOTO 3allOBHEHHS
MOJTyM ’sIM  Ta 301IbIIIEHHS TeTuionepeaayl yTepiBKy.

[Ipn po3paxyHkax COUIBHOI TemUlonepenadl B Iedl BUIPOMIHIOBAHHSM 1

KOHBEKIII€IO Kpallle BUKOPUCTOBYBATH piBHSAHHS HbloTOHA:

Qi =0z (T, - Tw) (3.12)

Q: — TemwnoBa Harpy3ka Ha | M’ moBepxHi HarpiBy, B1/M’; 0s — cymapHuii xoedimieHt
TerIonepeavl BUMPOMIHIOBAHHSAM 1 KOHBEKITIEIO (0x = O + Okon); (Tr - Tw) — ycepennena
PI3HULIA TeMIEpaTyp MPOAYKTIB TOPIHHS Ta IUIAKY.

YcepenHeHy pi3HUIIO TeMrepaTyp Opaiu sK cepeaHboapuMETHYHE 3HAYCHHS

PI3HHUII TeMIepaTyp rasy i IUIaKy Cro4aTKy Ta B KiHII HarpiBy:

(Te - Tw) = [( T — (T") + (T — T )] / 2 (3.13)

Ao Temmeparypud MOYaTKy Ta 3aKIHYEHHS NPOLECY CYTTEBO BIAPIZHAIOTHCS, TO/II

YCCPCAHCHHS ITPOBOJATH 3a TCOMCTPUYIHHUMH IIPpaBUJIaMU:

(T - Tw) = [( T — (T") - (T — T*W)]"? (3.14)
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KoedimienT Temionepenayi BUMPOMIHIOBAHHSM BHU3HAYAETHCS 3T1IHO HACTYITHOTO

PIBHSHHSL:

0 = Kepus [(Tr /100)* - (Twa/ 100)*] / (T, - Tr) (3.15)

Jly’ke dYacTto 3aMicTb O, JUIS PO3PAaxyHKIB 3aCTOCOBYIOTh CyMapHHHA KOEQIII€HT

TerIonepeayi, SKui Ma€ HACTYITHE 3HAUCHHS

az= (1.05-1,10) o (3.16)

[Ipu boMy BTpaTH najnuBa CKIaAaroTh NpuOau3Ho 12 — 25 % Big Macu HuIaKy.
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PO3JILI 4
JTOCJKEHHS IMTPOIECIB MEPEPOBKH BIJIXO/IIB HA OCHOBI
AJIFOMIHIIO B YAOCKOHAJIEHIN YCTAHOBIII

4.1 YaockoHaJIeHHS NPo1eciB MiATOTOBKH NIJIAKIB

Bigomo, Buxia MmUiakiB NpuU OJEpKaHHI BTOPUHHOIO QJIIOMIHIIO 3 BIJIXOJIB
QTFOMIHI€EBOTO BUPOOHUIITBA 3HAYHO OUTBININIA, HIK MUIAKIB MPU MEperIaBIeHH] YOPHOTO
METAIOOPYXTy. Y HBOMY MICTATBCS OKCHUIM AQIIFOMIHIIO, KPEMHIIO, 3ajli3a Ta 1HIINX
JIOPOTOIIHHUX KOMITOHEHTIB.

Ha mignpuemctei TOB «HBII VYkpkonasopmer» po3poOiaeHO 3axoiu, AKi
COpsIMOBaHI Ha TNEpPepoOKy JMBApHOrO aNIOMIHIEBOTO MUIaKy Oe3mocepeaHbO B
TEXHOJIOTIYHOMY TpoIieci BUpoOHuNTBa. [Ipu 1mpoMy OyJi0 CHOPYMIKEHO MUISHKY, SKa
JI03BOJIsJIA TIEPEepOOIIATH ATFOMIHIEBUH IIJTAK Ta OJCP’KYBaTH aTFOMIHINA BUCOKOT YUCTOTH.

[Ipn mepepoOui HUTAKY CHOYATKy MNPOBOAMIMA Horo mnonapiOHeHHs. s 1poro
BUKOPHCTOBYBAIM HOXKOBY JIpoOapky. Po3mip mmMatkiB 10 moapiOHeHHs ckianaB Big 20
MM 10 1000 mwm, micis noapiOHeHHss — 1 — 20 mM. Ilicns moapiOHEHHS B CyMII HIJTAKy
nobasimsuia 2,0 % kaycTHUHOI coaM Ta mepemimryBaiu mpotsaroM 30 XB. 10 OAepKaHHS

PIBHOMIPHOT CyMIiIIIi.

4.2 Ex0JIOTi4YHi ACIIEKTH TEXHOJIOTII mepepoOKH JTUBAPHOI0 AJIOMIiHI€BOI0 HIJIAKY

KoHcTpykiliiiHi maTepiaJu Ha OCHOBI KOJILOPOBUX METaliB Ta iX CIUIaBIB,
3HAXO/SIYUCh Y PI3HUX YMOBax eKCIuTyaTallii, MiJAar0ThCd KOPO3IMHUM pyHHAIIsIM, IO
MPU3BOJAUTH JIO 3HIKEHHS 1XHBOI MIIHOCTI, CKOPOUCHHIO TEPMIHY CIIY»KOH, 3HMKEHHIO
SAKOCT1 1 30BHIIIHBOTO BUIISIAY MatepiamiB [125]. IcHyroTh BHYTpIIIHI Ta 30BHILIHI

YUHHUKH YIIKO/DKEHHS. o mepioro BIAHOCATHCS YMHHUKH, SIKI 3B'SI3aH1 3 MPUPOJOIO
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MaTepiany: XiMIYHUHN CKJIaJ, CTPYKTypa, BHYTPIIIHI HAMIPYTH 1 MDKKPUCTATIYHI Te(eKTH.
Jlo 1HIMX BITHOCATHCS CKJIaJl CEpEeOBHINA 1 30BHINIHI YMOBH (TeMmIepaTypa, THCK,
HIBUKICTh PyXY BIHOCHO KOpO3iiiHOro cepeaoBumia Tta idH.). lllogo amominito, TO
BBAKAETHCSA, IO BIiH CTIHKHA 70 KOpo3ii B 3a0pyJHEHOMY CIPYMCTHM OKCHIOM
cepenoBuli. Lle moB’s3aH0 3 TUM, 110 HA HOTO MOBEPXHI YTBOPIOETHCS 1HEPTHA OKCUIAHA
TUTIBKA, sIKa 3aXMINae MeTaj Bij xiMiuHOT B3aemoii 3 SO,. [Ipu pyitnyBanHi kipku 3 Al,O;
3a paxyHOK BEJIHMKOI KOHIIEHTpAIlli TBEPAUX MIKPOUYACTOK B OTOUYIOUOMY CEPEIOBHUII Ta
Ipy OJHOYACHIM HasBHOCTI B arMmocdepi SO, Ta MOKe MNPOTIKATH HACTYIHA XIMIYHA

peaKIlis:

2Al1+ 3S0,+ 30, = Al(SOs); 4.1)

Tomy y Gararbox KpaiHaX CBITY 3iHCHIOETBCS CYBOPHI KOHTPOJIb 32 BMicTOM SO,
Ta a€pO30JIiB y BUKHJIAX, ajie B YKpaiHi 1aHa mpolsiemMa He BBAKAETHCS CEPHO3HOIO.

[lepepobka Ta MOBTOpPHE BHUKOPUCTAHHS MPOMUCIOBUX BIAXOMIB Ta MOOIYHUX
MPOJYKTIB ChOTOAHI MalOTh BEJIMKE 3HAUEHHA Y Oy/b-sKii raity3i, 0COOJIMBO Y TEXHOJIOTIT
BUPOOHMIITBA IIEMEHTY Ta OeToHY. [Ipy BUPOOHUIITBI aTIOMIHIIO YTBOPIOETHCS BEIMYE3HA
KUIBKICTh BIJIXO/IB, BIJIOMHX SIK OKaJMHA, SKi BHUKOPUCTOBYIOTHCS JIsl TEepepoOKH Ta
MMOBTOPHOTO BIJTYYCHHSI AJTFOMiHII0, 10 3aTMIIHUBCSA. BCTaHOBJICHO, IO MIJIAK € TOKCUIHUM
1 MIKIJUTMBUM BIIXOJOM JUISL JIOBKLJUIA, 1, OT)KE, IepepoOKa UM 3aMUKAHHS ITUX BiJIXOiB
Jy>Ke BaxJIMBi. JIpoc B OCHOBHOMY CKJIQJIA€ThCS 3 OKCHJIIB Ta AJIFOMIHIIO, 1 TP TiepepoOiri
BUKOPHUCTOBYETHCS COJIBOBUI MPOLIEC ISl NEPEPOOKHU ATFOMIHIIO 31 IJIAKY.

AHani3 Ta po3paxyHKH MUTOMHUX BUKHUJIB 3a0pyIHIOIOUYUX PEYOBUH B aTMochepHe
NOBITPS 'y TpolLecl NepepoOKH JIMBAPHOIO aJIOMIHIEBOIO WUIAKY MPOBOJIMIM 34
JIOTIOMOT 00 METOJIMK, SIKi HaBeJIeHO B poOoTtax [126-130].

B nmaniii po0OOTI OCHOBHHUM TEXHOJIOTIYHUM OOJaJHAHHAM IS TEePEepPOOKH

AIIOMIHIEBOTO INUIAKY CHOyKuTh Tra3zoBa BinOuBHa miu IIITA-2000, mnpoekTHOO
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MpoayKTUBHICTIO po3miaBy mo 0,5 1/rox (10 1/mo0y). PoGouuii mpocTip medi siBisie
cO00I0 MPSIMOKYTHY Kamepy, MICTKICTIO 2 TOHHM 3 HaXWJICHUM JHHUIIEM (I10JI0M),
YMOBHO IOJUIEHUM Ha 2 YaCTUHHU. Y MEpIIid YaCTUHI 3A1MCHIOETHCS PO3ILIABICHHS
CyMillll TIJAKy 3 COJOI0 ITj €0 2-X Tra3oBUX NalbHUKIB. Jlpyra dactwHa -
3aryiMOJicHa BaHHA, KyJW CTIKa€ PO3IUIABIICHUA METall, SKUM BHUITYCKAaIOTh Kpi3b
JbOTKOBUK OTBip. HakommueHHs wMetaly B BaHHI BiJOyBa€TbCsl MOCTYIIOBO -
MEePI0IMYHO 3aBAaHTAXKYIOTh HOBI MOPIIiil IJIAKY W PO3IUIABJISIOTh HOT0 Ha HAXUJICHOMY
noji. Hag BaHHOIO B OOKOBIN CTIHII M€Yl 3HAXOJAUTHCA OTBIP, IKUU 3’ €qHY€E pOOOUMH
MPOCTIp MeYl 3 AUMOBIJIBIIHUM KaHAJIOM, KyJW MOTPATUISIOTh MPOMYKTHU 3TOPSTHHS 1
numococomM  JIH-3,5 BukmparoThcs dYepe3 aAuMoBYy TpyOy. PobGorta meui
aBTOMAaTH30BaHa.

TexHoOTiYHEe yCTaTKyBaHHS OOJaJHaHE CHCTEMOIO MICIIEBOT BHUTSIKHOL
BCHTWISIIT 3 BHUXOJIOM Ha BCTAaHOBJICHY Ta3004YMCHY YCTAaHOBKY Y CKJIaji JBOX
MTOCJTIIOBHO BCTAHOBJICHUX CKpyOepiB Bosororo ouuineHHs [[BII-10 3 edexTuBHIiCTIO
YJIOBJICHHS a€p030Ji0 OKcuay amoMiHiio (A1,05) 95% Ta 4acTKOBUM PO3YMHEHHSIM Y
BOJI1 OKCHJIIB a30TYy.

[Ipu poboTi meui B atMochepHEe TMOBITPS BHUKUAAIOTHCS IIKIAJIUBI PEYOBHHH, SIKI
YTBOPIOIOTHCS TPHU CHAIOBAHHI MPUPOJHOTO Ta3y B ra30BUX arperarax JUBapHOI Iedi
Ta BIJl TEXHOJOTIYHOTO OOJIQJIHAHHS MpU MEepepoOIll aTOMIHIEBOIO NUIAKy, a came:
A1,03, CO,, NO,, nua, HCl, SO,, Hg Ta ii cnonyku (B mepepaxyHKy Ha pTyTbh, a
Takox mapHukoBi razu — CHs, CO,, N,O.

Cucrema OXOJIO/KEHHSI OO0JIaiHAHA MICIIEBOIO BHUTSKHOIO BEHTWISINIEIO IS
BiJIBEICHHS HAUIMIIKY Teria. BiampaliboBaHe MOBITPS MPOXOAUTH Yepe3 CIeliaJIbHUN
GuIbTp 18 OuMIIEHHS. BUTSKHI TpyOM CUCTEMHU OXOJIOKECHHS HE € JpKepejaaMmu
3a0pyTHEHHS TTOBITPA.

OOG6siaHaHHS BIINOBIJIa€ TEXHIYHUM HOPpMaM eKcIutyaTalrii. @akTuyHa 1 IPOeKTHA

MOTY>XHICTh TEXHOJIOTIYHOT'O OOJIaJIHAHHS, SKE € JKEPEJOM BHUJUICHHS IIKIJIMBUX
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peUoOBWH, dYac poOOTH OOJagHAaHHS, TEPMIH BBEJACHHS B EKCIUTyaTarlilo Ta
HOPMaTUBHUM CTPOK amopTH3allii nmpuBeaeHi B Tadauill 4.1.

J1si IepeBIpKHU BIUIMBY MPOLIECY NEPEPOOKH aFOMIHIEBOTO IIJIAKY Ha CTaH
aTMoc(epHOTO cepefoBUIlla OyB TIPOBEJCHHUN pPO3pPaxXyHOK po3citoBaHHs 3P
(3a0pyaHIOIOYl pEYOBMHHM) B MNPU3EMHOMY MIapi MOBITPsA, SIKAM ITOKa3aB
BiACYTHICTh nepeBullieHHs1 ['JIK (rpann4yHO AoImmycTUMa KOHILIEHTpAIlisl) 10 OKCULY

BYTJICIIIO, JIOKCUHY a30TYy, IBOOKCUIY CIPKH, XJIOPUIY BOJIHIO Ta MUY .

Tabani 4.1
TexHIyH1 XapaKTepUCTUKH 00JIaTHAHHS

Ne | Ha3a ycranoBku | Tepmin BBefeHHst B | HominanbHa Pexum
n/m eKCIUTyaTallllo, pik | TOTYXHICTb poboTw,
roJi/piK

1 I'azoBa BixOMBHA 2000 10 /100y ITo mipi

iy [TITA-2000 HAKOITUYCHHS
[IJIaKy
2 Koren ¢pipmu 2018 50 kBt 4320
Wissman

Kpim Toro, nns BusiBnenHs daxktuuHux koureHtpariin 3P na mexi C33
(caHiTapHO-3aXHCHaA 30Ha) OyJin BUKOHaH1 JlabopaTopHi mociimkeHHs 3a 300 M Bix

JoKepesna BUKUAy. Pesynbratu 1abopaToOpHUX JOCHIKEHb HAaBEJIEHO B Tabmuil 4.2

[131].
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Tabmung 4.2

Ha3Bpa 3a0pyaHeHnX pedoBUH Ta iX KOHIICHTpaIlisl y TTOBITPi

No 3a0pyHIOI0Y1 PEYOBUHU MakcuMalibHa KOHIIEHTpaIlis Ha MexX1
n/n C33, mr/m*

1 Oxcup Byriero (CO») 0,90

2 JIBookuc azoty (NO) 0,02

3 [Tun (3BaXkeH1 PEUOBUHH) 0,07

4 Xnopun Boanto (HCI) He BusiBnieno

B Tabmum 4.3

MPEJICTABIICHO CUPOBUHY Ta JIOMIOMIXKHI MaTepiaiu, sKi

HEOOX1/IH1 JJIs1 BUILYCKY MPOIYKIIIi.

Taomug 4.3

OCHOBHI KOMITIOHEHTH T€XHOJIOTIYHOTO MPOIECy MEPePOOKH JIMBAPHOTO

ATFOMIHIEBOTO TIITAKY
Ne CupoBuna, | IIpu3HaueHHs | YmoBH Piune HassHicTh
/T | JOTIOMIXHI 30epira- | BUKOPUCTaHHS, | JOKyMEHTAIlI1,
Marepianu HHS TOHH 110
perIamMeHTye
BUMOTH
CaHITapHOT O
3aKOHO/IABCTBA
| Amominie- | Bupoonuurso | JluBapauit [To mip1 [132, 133]
BHI BTOPUHHOTO ex HaKOTTMYCHHS
JIUBAapHUH, AJTFOMIHIIO AJTFOMIHIEBOTO
HIJIaK JIUBAPHOTO
IIUTAKY
2 Kayctnuna | IlepepoOka Cknan 2,0 % Bin [134]
coaa UIaKy MacH IUIaKy
O\I 212CO3)
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XapakTepuUCTUKU yCTaTKyBaHHS Ta BUKHUIAIB 3a0pyIHEHUX PEUYOBHH B
aTMoc(pepHe TIOBITpsSI BII TEXHOJOTI TIEPEPOOKHA JIMBAPHOIO  ATFOMIHIEBOIO  IIUIAKY

npecTaRieHo B TaOmmipsix 4.4 14.5.

Tabmms 4.4
XapakTepucTuKa YCTaTKYBaHHS /Ui OYUIICHHS Ta3iB
Homep mrepena Kiac HaiimenyBannsa ['OY
BUKHUJTY
: Kirac Bosorunii

1 (BXi1) Kox 13110 Ckpyoep LIBII-10

) Knac Bomoruit CxkpyOep LIBII-10

2 (Buxin) Kox 13110
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Taonuug 4.5

XapakTeprUCTUKN BUKHUIIB 3a0pyTHIOIOYHX PEUYOBUH B aTMOC(hEpHE TTOBITPS

3a0pyAHIOI0Y1 PEYOBUHU, 32 N 5 . LR
SIKUMH [POBOJIUTHCS s = 5 S oo .E S5 . ° e
ra300YHIIEHHS ga: Eﬁo\f s, g&%; 2502
5 A7 §m§2 5 :Ep‘ggbs
Kon Haspa BEC| S s | P Ss
PevoBunu y Burisiai
CYCHIEHJOBaHUX
83&290 TBEPJIUX YACTHHOK 0,97 118,12 95 1,03 5,91
HeaudepeHiiioBaHuX
3a CKJIaJIOM
03000 PedoBunu y Burmsai
2902 CYCHEH/JOBAHUX
TBEPAUX YACTUHOK 2,36 26,2 95 2,47 1,31
HeaudepeHIIIHoBaHNX
3a CKJIAJIOM

B Tabmmuii 4.6 HaBeneHo (OHOBI KOHIIEHTpAIlll 3a0py THIOIOYNX PESUYOBHH.

Ouinky BrummBy 3P Ha cTan aTMoc@epHOro MmoBiTps MPOBOAMBCS 3a pe3yJibTaTaMu
pPO3paxyHKIB PO3CIIOBaHHS B YCTAaHOBJIICHOMY 3aKOHOJABCTBOM TMOPSAKY: Ha MEXi
CaHITApHO-3aXHMCHOT 30HH, B KOHTPOJIBHUX TOYKAX HAWOIMKYOI KUTIOBOI 3a0yIOBHU
INUJISIXOM  TIOPIBHSJIBHOTO — aHali3y BIANOBIIHOCTI (QakTUYHUX BUKUAIB 3P 31
BCTAHOBJICHUMU HOPMaTHUBaMH TPAaHUYHOIOIYCTUMHUX BUKHIIB.

lirieHiyHUM KpUTEpieEM JI BU3HAUYEHHS T'PAHUYHOIONMYCTUMUX BUKHUIIB 3P B
atMocdepy € BIANOBIJHICTh iX PO3PAaXyHKOBUX KOHIEHTpamiid Ha Mexi C33
TITIEHIYHUM HOpPMAaTHBaM.

Ouinky BBy 3P Ha ctan atmocdepHOro MoBITpsi MPOBOAUBCS 3T1AHO METOJIUKH,

Ky MPEACTAaBIEHO B poOOTI [6].
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Taomuus 4.6

Cran 3a0pyaHEHHS aTMOC(EPHOrO MOBITPS

Ne, 3a0pyIHIOI0ua peYOBUHA I'pannyno doHOBa
n/n JOIyCTUMA KOHLEHTpaLl1s,
KOHIIEHTPALisl, MI/M’ Mr/™m’
1 Oxkcuj ByIJIeio 5,0 0,8
2 Oxcunn a30Ty B IOPAaXyHKY 0,2 0,015
Ha JIOKCHH a30Ty
CipuucTtuii anriapug 0,5 0,2
4 PedyoBunu y BUTIIS AL 0,5 0,1

CYCIICHOOBAHUX TBCPAUX
YaCTHUHOK

HeuQepeHIiioBaHNX 3a

CKJIJIOM
XJiopua BOAHIO 0,2 0,08
6 OKcuJ1 aITFOMIHIIO 0,01 0,04
Oxcupg Mial 0,002 0,008

KoedimienT penbedy MICIHEBOCTI MPUHWHSATO PIBHUM 1, OCKIJIBKM B paloHl
pO3TallyBaHHS YCTAHOBKH ISl EPEPOOKH JIMBAPHOTO AIIOMIHIEBOIO NUIAKY BIJICYTHI

repenaad BUCOT, AKi mepeBUITy0Th S0 M Ha 1 kM.
Po3paxyHku pO3CItOBaHHSI BUKWIIB 3a0pYyIHIOIOUMX BH3HAYAIM 34 JOMOMOIOIO

dbopmymu [130]:
MTIOK)>D; =001 Hmpu H>10mM; D=0,1lipu H<10m (4.2)

ne M — cymapHe 3Hau€HHSI BUKU]TY BiJ YCIX JKepen MiANMpUeEMCTBA, I/c;
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[I'IK — MakcHMasbHa Pa30Ba IPAHUYHO JOIYCTHMA KOHLEHTPALIisl MI/M’;
H — cepennbo3BakeHa Mo NiANPUEMCTBY BUCOTA JKEPET BUKH JIB, M.

Po3paxyHku mokazanu, mo B aTMOC(EpHOMY MOBITPI KOHIIEHTpALisd AIOKCUIY
azoty nepesuinye 0.2 I'/IK, pewrtu 3P < 0,05 T'/IK.

TakuM 4MHOM BCTAHOBJIEHO, IO BUKHUAM 3a0pyIHIOIOYUX PEYOBHH B aTMOC(EpHE
NOBITPA BiA JUISHKKA TEpepoOKH allfOMIHIEBOTO JMBApPHOTO MUIAKy HA TEPHUTOPIi
MIIPUEMCTBA T4 Ha MEX1 PO3pPaXxyHKOBOI CaHITapHO-3axUCHOT 30HM (300M) MeHIe HIX
rPaHUYHO-JIONYCTUMa KOHIEHTpALlIs JUIsl aTMOC(EPHOTro MOBITPs HACEJIEHUX MICIb
Ta HE MaTHME 3HAYHOI'O LIK1JTMBOTO BIUIMBY Ha OTOYYIOYE CEPEJIOBHIIIE, IPU YMOBI
BUKOHAHHS CaHITApPHUX Ta TEXHOJOITYHUX BUMOT JI0 €KCIUTyaTallli.

JlocTaTHICTh PO3MIPIB PO3PAXYHKOBOI CaHITAPHO-3aXUCHOI 30HU M1JITBEPKYETHCS
pPO3paxyHKOM OYIKyBaHHS 3a0pyJHEHHsS aTMOC(EpPHOro MOBITPs, BUKOHAHUMHU 3a
JIIIOYMMHU METOJIMKaMH PO3PAaXyHKY PO3CIIOBaHHS B aTMOC(epi MIKIJIMBUX PEYOBUH,
IO MICTSTBCS Y IPOMHUCIOBUX BUKHIAX.

PiBeHp BMICTY HMIKIJJIMBUX JIOMIIIIOK B aTMOC(EPHOMY TOBITPI HE MEPEBUIILYE
FIri€HIYHUX HOPMATHBIB 032 MEXKaMH CaHITApPHO-3aXUCHO1 30HM, SIKI BCTAaHOBJIEHO

JUTsT aTMOC(EPHOTO TOBITPST HACEJIICHUX MICIIb.

4.3 ExoHOMIYHI MOKa3HUKHU NPH Mepepoodui BiIX0oAiB aTI0MiHi€EBOr0 BUPOOHUITBA

B po3paxyHkax BUKOPUCTOBYBAJIM JIaHi 3 BapTOCTi MaTepiamiB Ha 15.07. 2023 poky.
3riIHO0 PO3pPaxXyHKIB, SIKI HaBeAE€HI B PO3JUT 3, BU3HAYWIM BapTICTh TEXHOJIOTTYHOIO
oOJajHaHHS AJis peaizalii mpoekTy (Tabiu. 4.7 ) Ta MOCIyT 10 MOHTAXY Ta BBEJCHHIO B
eKCILTyaTarlito.

B mopanpimioMy mjis OIIHKM €KOHOMIYHOTO €()eKTy BiJl CTBOPCHHS, BUPOOHUIITBA
BTOPUHHOI'O AJIIOMIHIIO 3 JIMBAPHOTO aJIOMIHIEBOTO IIIJIAKy BHU3HAYAIOTHCS BUTPATH

OCHOBHHMX Ta JIOMIOMIXHUX MaTepiajiB, Kl HaBeJeHO y TaoJ. 4.8.



113

UuclieHHICTh BHPOOHMYOTO TIEPCOHATY IUIABWIIBHOI, (HOPMYBAIBHO-3aTUBAILHOT
JIISHKY Ta 1X piuHuid douya 3apoditHoi miatu (D3I1) cknanyte 5 won. ma725760 zpm.
BianoBigHOo. [lpu 1nux nokasHukax @O3I1 B TOHHI auBapHOro nuiaky ckiaige 2880
2PH./MOHHY, A CEpeNIHA 3apo0iTHA Tu1ata — 576 2pH/uon.

3a ymoBU mporpecuBHOi (opmMu omiatu Ta jgormiaaT B po3mipi 30% cymapHwMii
piunuii GoH 3apoOITHOI MiIaTH, cepenHs 3apodiTHa riara Ta O3I1 B TOHHI JTUBapHOTO

nuiaky ckianyTh 943488. epn, 748,8 epn./ ocody ma 3744 2pu./monny BiANOBIIHO.

Taomung 4.7
[Iepenik TEXHOIOTTYHOTO OONAaHAHHS JUJIS pealii3allii IpOeKTy 00 OpraHi3amli

BUPOOHMIITBA AJTFOMIHIIO 3 JINBAPHOTO IUIAKY

Ne HaliMeHnyBaHHs Tepmin Baprictp
oOJiaHaHHS Ta poOIT BUKOHAHHSA oOJIalTHaHHS YU
poOir, rpH. 3 [1/IB
1 2 3 4
1 TexHOJIOT14H1 MPOLIECH TIABJICHHS JUIsl OJIEp>KaHHS allFOMIHIIO 3 IMBAPHOTO
IIIaKy
1.1 | YcranoBka aiis nepepooku 3 MicsIi 3 yacy 33266400
AIIOMIHIEBOTO LIUTAKY ¢biHaHCYBaHHS
[IpoekTy
1.2 | MonTax Ta BBEJICHHS B 4 micsill 3 yacy 873600
eKCIUTyaTallilo yCTaHOBKHU IS (d1HaHCYBaHHS
nepepoOku antoMinieBoro nuiaky | [Ipoekrty
4 micsi 3 yacy 34140000
dinancyBanHs
IIpoekTty
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Taomuns 4.8

[Tepenik OCHOBHUX Ta JOMOMDKHHUX MaTepiaiB JUIsl BAPOOHHUIITBA aJTFOMIHIIO

3 JIMBAPHOTO IUIAKY

Ne HasBa marepiamniB On. Burpatun Ilina 3a Bapricrs,
BUMIPY HalT OJIMHULIIO I'PH.
[JIAKY I'pH.

1 2 3 4 5 6

| dyTepoBoyHa Maca nedi KT 5 79 395

2 | AmtoMiHi€EBUU TUBApPHUI IIJIAK KT 1000 10 10000

3 Kayctuuna cona (Na,COs) KT 20 34,16 683,2

4 [Ipupoauuii ra3 M’ 852 19,75 16827

5 BoomnposinHa Boaa M 58 4,5 261

6 EnexTpuuHa enepris kBT 57 4,49 255,93
Bcroro 28422,13

BukopucroByrouu 1aHHi, siki HaBe/IeH1 y Ta0auisx 4.7 1 4.8 mpoBeAeHO pO3paxXyHOK
co0IBapTOCTI aIOMIiHIIO, OJIEPKAHOTO MPHU TEepepoOIli TUBAPHOTO ATIOMIHIEBOTO IIJIAKY,

pe3yibTaTH pO3paxyHKy HaBeleHO B Ta0i. 4.9, y BUIJISAI KOIITOPUCY.
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Taomug 4.9

Kormrropuc co6iBapTOCTi 0/iepKaHHS AIFOMIHIIO 3 JIMBAPHOTO IIUIAKY

Ha EKCIIEPUMEHTAJIbHIN YCTaHOBIII

Crarti BUTpar Cywma, rpH./
TOHHY

®onp omtatu npaii (O3I1)* ypaxyBanuam nmogarkoBux oriat (30%) 3744
Hapaxysanns nva @OII 1 I1D (22,0 %) 824
OcHoOBHI Matepianu 10000
JlonmomixH1 MaTepianu 1078,2
Haknanui Burpatu (100% ot ocH. ®3I1) B T.4. 3744
Butpatn ©Ha 1eHTpasizoBaHe OOCIYrOoBYBaHHS TPaHCIOPTOM 1 1123,2
3ab0e3reueHns matepiazamu (30%)
Burtpartu Ha nenTpanizoBaHe Oyxranrepcbke o0cayroByBaHHs (5%) 187,2
Butpartu Ha nenTpainizoBany oxopony (5%) 187,2
Butpatn Ha 3axomu IIOJ0 OXOPOHHM TIpalli, TEXHIIl Oe3MeKu W 187,2
MPOTHIOXKEXKHY Oe3neky (5%)
a1 3aBOACHKI BUTpaTH (5%) 187,2
Baytpimnabsonexosi Burpatu (50%),B. T.4. NpUMILIEHb (CYMICHHIITBO 1872
a00 3a JOrOBOPOM 3 CII€Il. OPTaHI3aIIIEO)
Enepronocii, y T. 4. enektpoenepris ( KBT/ToH.) 17343,93

CooiBapricTs | 36734,13

4.4 Po3paxyHOK eKOHOMIYHOI e()eKTHUBHOCTI NePePoOOKH ATIOMIHIEBOI0 LIJIAKY

Po3paxyHOK ekOHOMIUHOI e(EeKTHMBHOCTI MEpepoOKH aTOMIHIEBOTO  IUIAKY,

MPOBOAWIOCH 3 BHUKOPHUCTAHHSIM METOAMK, 10 BuKIaneHi B Hakazi Mindiny i

MinekoHoMmikn Ykpainum (218/446 Big 25.09.2001 p.) «Meroguka po3paxyHKyY
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E€KOHOMIYHOI €()EeKTUBHOCTI BUTPAT HA HAYKOBI JOCIIIKEHHS, pO3POOKY 1 BIPOBAHKCHHS
y BupoOHMITBO» 1 Hakaszi Jlep>kaBHOTO KOMITETY YKpaiHu 3 MUTaHb HAyKW, IHHOBAIlN Ta
iHpopmaruzanii (Nel8 Bixg 13.09. 2010 p.) «MeToanuHi peKOMeH Iallii 3 KoMepIianizaiii
HAyKOBUX PO3pOOOK CTBOPEHHUX B PE3YJIbTAaTi HAYKOBO-TEXHIUHY MisbHICTE» [135, 136].
{1 Meroauku BU3HAYAIOTh €(QEKTHBHICTH 1 I1HBECTULIWHY MPUBAOIMBICTh HAayKOBO-
TEXHIYHUX PO3POOOK 32 TAKUMH KPUTEPISIM:
— YUCTUM TUCKOHTHUN NMPUOYTOK 1 JTOX1T;
— BHYTPIIIHS peHTa0eNbHICTh BUPOOHHUIITBA 1 MPOIAXKIB MPOAYKIIIT;
— 1HJEKC YUCTOTO TMCKOHTHOTO MPUOYTKY;
— TOYKa 0€330UTKOBOCTI OCBOEHHS PO3POOKH i AMPUEMCTBOM.
Jlns po3paxyHKy LIMX KPUTEPIiB BUKOPUCTAHI JIaHl, Kl MPEJCTaBICHI B po3iil 4,
10 JI03BOJIUJIO BU3HAYUTH OCHOBHI €KOHOMIUHI XapaKTEPUCTUKH 3aCTOCYBAaHHS PO3POOOK
npu peanizauii nanoro [Ipoexry.
B npomy Bumanaky unctuil AMCKOHTHUM mpuOyToK (Pv) BU3HaUaeThCs BIAMOBIIHO 110

PIBHSIHHSL:

t=T -Py=(Ri-S)-1/(1+r)ta6oPy=Cr-1/(1+1) -t (4.3)

ne Ry — uuctuii mpuOyToK, OTpUMaHMM Bij peamizaiii aqoMiHIO B t - porli
cknanael2572,54 tuc. rpu./ pik;

S¢ — BUTpaTH AJg peanizalii MPoeKTy B t — poIli;

I — PO3paxyHKOBA JUCKOHTHA CTaBKa;

t — KpOK po3paxyHKy, pik; Cr — MIOTOYHA BApTICTh NPUOYTKY B t - POLIl, TUC. IPH.;

T — TepMiH KUTTEBOTO IIUKITY MPOEKTY, POKIB;

T = 20 pokiB (MiHIMaJIbHUN TEPMiH 3aMIHU JMBAPHOTO OOJAJHAHHS B 3axigHIN
€spori).

s po3paxyHky BenumuuHu (Py) monepeaHbo Oyiau BU3HA4YEHI MPO pPa3oBi BUTpATH

st peanmizanii [Ipoekrty (3i), siki cknanu 28450 tuc. rpH. [y BU3HAYEHHS TUCKOHTHOT
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CTaBKH I' CKOPHUCTAEMOCS KyMYJISITHUBHM METO/IOM.

B 0CHOBI 11bOTO PO3PaXyHKY AMCKOHTHOI CTaBKH I 3HAXOJUTHCS TUCKOHTHA CTaBKa
HanionansHoro 6anky YkpaiHu, BeqnuuHa sikoi ckiana Ha 1 ciung 2023 poky 23,5%, a
TaK caMmo JIOJAaTKOBI KOe(DIIEHTH pU3UKY, 3HAYEHHS SAKUX MpejcTaBieHl B Tadn. 4.10. ¥V

TaKOMY BHUIIaJIKy BeJTMYMHA IUCKOHTHOI CTaBKH (r) ckiazae 25%.

Taomuis 4.10

Po3mip TUCKOHTHOT cTaBKu pu peanizaiii [Ipoekty

dakTopu Mexi TUCKOHTHOT PospaxynkoBa
cTraBkH, % JIMCKOHTHA CTaBKa, %
1. Po3mip xommanii 0-3 0,10
2. ®iHaHCOBA CTPYKTYpa 0-5 0,20
3. Bupobnuua i TepuTopiaibHa 0-3 0,20
nuBepcudiKaIis
4. Iusepcudikaliis KJIi€HTIB 0-4 0,20
5. PeHTabenbHICTh TMiATPUEMCTBA 0-4 0,10
6. SIKicTh ynpaBIIiHHS 0-4 0,10
7. Iamni pus3uku 0-5 0,60
8. Harionanpamit 0aHK YKpaiHu 23,5 23,50
Bcboro 25,00

BignoBigHo 10 po3paxyHKy Ta naHumu Tabmaunb 4.11 1 4.12 yucTuil AUCKOHTHUMA
npubytok (Pyv) 3a mepion xutrteBoro nukiy Ilpoekty (7 pokiB 3 MOMEHTY MOYaTKy

iHBecTyBaHHA) ckiaB 39780,8 tuc. rpH. Busznauutu unctuii nuckontHuit noxia (NPV)
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MO>KHA 3 PIBHSHHSM:

Npyv =Pv—1o (4.4)

ne lp — pa3oBi KamiTaibHI BUTPATHU 1 JOPIBHIOIOTH 3; 28450 THC. TpH.
BinmoBigHO 10 po3paxyHKYy i 3a yMoBH, 1O [y = 3 4. BenmmumHa (Npy), ckimana: Np, =
39780,8 -28450 = 11330,8 Tuc. rpH.
Take 3HaueHHs BenUYMHU Np, JI03BOJISIE BCTAHOBUTU TOJIOBHY YMOBY
npuBaOIMBOCTI MPOEKTY, kosik Np, mepesuitye 1, Tooto (39780,8) / I, (28450)=1,4

Po3paxyHKoBHIl TUCKOHTHHI MPUOYTOK HaBeeHO B Ta0u. 4.11.
Jlis BU3HAUEHHA 1HIEKCY YHCTOrO AMCKOHTHOTrO mpuOyTKy (Ir) ckopuctaemocs

PIBHSTHHSIM:

t=T Tx=1/Ku (4.5)

R-S)-1/(1+1r)t(84)t=0

ne Ry — yuctuit npudyToK, OTpUMaHM Bl peati3anii JuBapHOi IPOAYKIIi B t - pori
(muB. Tabm. 4.11), Tuc. TpH;

S — BUTpaTH A5 peaiizalii IpoeKTy B t - poLll, TUC. TPH;

o . — PA30BI KamiTabHI BUTPATH HA PeaTi3allito mpoeKTy, Tuc. [ pH.

B upomy Bunanky K ... = 3i. =28450 tuc. rpH.

Toni BenuurHa 1HIEKCY YMCTOI qJUCKOHTHOI mpuOyTKy (IRr) cknaze:

Ir =49306,67/(28450) = 1,73

3rinHo 3 umMm 3HadeHHsIM Ir (1,73) moxomu Biam BkiageHux IligmpueMcTBoM

IPOLIOBUX KOIITIB 3a Mepiof kUTTeBoro nukiy [Ipoekty cknamu 173%.



BenuunHa AUCKOHTHOTO MPUOYTKY

Tadomurs 4.11

HaiimenyBaHHs
[IOKa3HUKA

Pik peanizanii npoexty

01

02

03

04

05

06

07

Bcroro
3a7
POKIB

1. IaBecTuii o
MIPOEKTY, THC.
TpH.

28450

28450

2. JInCKOHTHA
CTaBKa

0,25

0,25

0,25

0,25

0,25

0,25

0,25

3. Koedirmient
JTUCKOHTY

1,25

1,56

1,95

2,44

3,05

3.81

4,76

3. Buxkopucrano
CUPOBHHU,TOHH

1000

1000

1000

1000

1000

1000

1000

7000

4. O6car
BUPOOHHIITBA
JIUTTS TOH

510

510

510

510

510

510

510

3570

5. IloBHa
co01BapTICTh,
THUC.TPH.

36734,13

36734,13

6. loxin Bix
peamizarii
IIPOIYKLIL,

THC.TPH

49306,
67

49306,67

5.Yuctwuit
MPUOYTOK,
OTPUMAaHUH BiJ
peamizarii
JTUBAPHOTO
uuiaky P, tuc.
TPH.

12572,54

12572,54

6. Yucruit
JTMCKOHTHUM
npulyToK, Py,
THUC. TPH.

10058,03

8059,32

6447,46

5152,6

4122,14

3299,88

2641,29

39780,8

Po3paxynok Touku 0e330uTkoBOCTI (T5) mpu pearnizaiii JAHOTO MPOEKTY, B SIKOMY

IHBECTHIIIT HOCATH PA30BHUI XapaKTep, MOXKHA BUSHAUUTH 32 (POPMYIIOIO:

Ts = Kaa/(C - s) - (1 - k) abo T = K./ P, TOHH

Ie ¢, S — cepeaHbo3BaxkeHa 1iHa 96679,74 1 coOiBapTICTh OJIHI€E] TOHHU BUJIMBKIB
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BinmoBigHO 72027,70 TpH / TOHHY
P — YMCTUH CepeHbO3BAXKEHUN MPUOYTOK 1 CTAHOBUTH 3 PO3PAXYHKY Ha 1 TOHHY

nutaky (p = 12572540rpu/510ToHH) abo 24652,04 rpH/TOHHY;

k — momarok Ha nmpuOYTOK Bija peanizaiii nuBapHoi npoaykiiii, k = 18% (0,18)

Toni Touka 6e330utkoBOCTI T = 28450000/(24652,04*(1-0,18)) = 1407 ToHH

PospaxynkoBa Touka Oe330uTkoBOCTI Tipu peamizamnii mpoekty (Ts) mopiBHIOE
oOcsary peamnizaiii tuBapHoi npoaykiii 1407 TouH, 1o He nepesuinye 39% Bij KUTTEBOTO
uukny Ipoekry.

Tepmin OKyIMHOCTI 32 KJIIacCHYHOIO (hOpMYJT0t0 BU3HAYAETHCS Pp = Iy / Py,

TepMmiH OKYyIMHOCTI 3 MOMEHTY IMOYATKy 1HBECTYBaHHS JaHOTO MPOEKTY, 33 YMOBH,
10 BUPOOHMIITBO MOYMHAETHCS 3 2-T0 POKY 1HBeCTyBaHHsA 3 00'emoM 510 ToHH / pik amus
1ux ymoB ckiajne: Pp = 284501uc./(39780,8/7) = 5 pokiB

OTtpumani ocHOBHI xapaktepucTuku [IpoekTy npencrasieHi B Tabuuii 4.12.
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Tabmms 4.12

Exonomiuni noka3zHuku npoekty «IlepepoOka TMBapHOro aIFOMIHIEBOTO HIJIAKY

No [Toxaznuku 3HaYCHHS
1 | O6c¢sr BupooHUITBA, I, TOHH/piK 510

2 | Yuctwmii piuamii mpuOyTok, P, THC. TpH./pik 12572,54
3. | CepenHbO3BOXXEHUHN YUCTUH TTPUOYTOK BiJl peanizarii 24,65

OJIHI€1 TOHHU AJIFOMIHIEBOTO LIUIAKY, P, TUC. TPH./ TOHHY

IIPUAATHOTO

4. | Yuctuii TUCKOHTHUN TpuOYyTOK Py, THC. IpH. 39780,8
5 | Pa3ogi inBectuitii, Iy, TUC. TPH. 28450
6. | JluckoHTHA CcTaBKa, r, % 0,25

7. | KutreBuit nmukn npoekrty, T, pokiB 20

8 | Uuctuit quckoHTHHM 10X17 Npy , THC. TPH. 11330,8
9 | Ingekc 4ucToro JUCKOHTHOrO NpUOyTKY Ir 1,73
10 | Touka 6e330uTKOBOCTI T, TOHH 1407
11 | Tepmin OKYITHOCTi 3 MOMEHTY MTOYATKy 1HBECTYBaHHSA Pp, 5

POKIB
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3AT'AJIBHI BUCHOBKHA

1. BupoOHUITBO aIfOMIHIIO 31MCHIOIOTh 0arato KpaiH CBITY 1 OMMUT Ha HHOTO BECh Yac
3poctae. [Ipu nboMy Oro BUPOOHHUKHU NUIATHCS HA TIEPBUHHUX (BUPOOHMKIB IEPBUHHOTO
IIOMIHIIO Ta MOTr0 CIUIABIB) Ta BTOPUHHMX (SKI BUPOOJISIIOTH MPOAYKIIO 3 TEPBUHHOTO
AJIFOMIHII0), a TAKOX THX, XTO 3/1ICHIOE BTOPUHHY MEpepoOKy 3 BIAXOJIB alIOMiHIEBOTO
BUpoOHuIITBa. [lepepoOka BTOPUHHOTO aIOMIHIIO B JJAHUHM Yac BUAUIMIIACA B CAMOCTIHHY
rajgy3b IPOMHUCIOBOCTI, SIKa Ha3WBAETHCS BTOPUHHA METamypris. 3aBJaHHIM BTOPUHHOI
METaIyprii aJlOMiHII0O € TIPOMHCIIOBA TepepoOka OpyXTy, BIAXOMiB, NUIAKIB Ta I1HIIMX
BUJIIB BTOPMHHOI CUpOBUHU. B panuii yac oOcar BUPOOHMUIITBA BTOPUHHOTO AJTIOMIHIIO
cknaaae npuoinsHo 30 % BiJ 3araibHOrO CBITOBOTO BUPOOHUIITBA ATFOMIHIIO

2. B po6orti Oyn0 BUKOPUCTAaHO CHHXpPOHHUI TepmiuHuil aHamizatop STA 449F1 Jupiter
bipmu NETZSCH (Himeuunna). BiH g03Bojsie TPOBOJUTH JIOCTI/DKEHHS B JIBOX
peKuMax: «3pa3ok» (0e3 ypaxyBaHHS TEIIO(PI3UYHUX XaPAKTEPUCTHUK THUTEIbHOI
CUCTEMH) Ta «3pa30K 3 KOPEKIIE» (3 ypaxyBaHHSIM TEIUIO(PIZUYHUX XapaKTEPUCTUK
turis). J{ns mpoBeneHHS JOCHIIKEHb B PEXKUMI «3pPa30K 3 KOPEKIIEI» MOMEPEeaHbO
HEOOX1THO JOCHITUTH 3MiHY TEIJIOEMKOCTI THIeJIbHOI CHCTEMH Ta €TaJOHy B THX K€
yMoBax (armocdepa, IIBUIAKICT, HarpiBaHHs, TEMIEpPaTypHUM 1HTEpBaji), B SKHUX
IUIAHY€ThCA TOCHIKYBAaTH 3pa30K, a MOTIM MpUiajJ aBTOMAaTUYHO BPAXOBYE 11 TOKA3HUKHU
I1]] 9ac BUMIPIB.

3. HocnimkeHo BIUIMB KUIBKOCTI KapOoHarty Hatpiro Ta coiibHOo Na,COs; ta NaCl
(KiTBKICTh KapOoOHATy OyJia CTajioro, a KOHIICHTpAIlis XJIOPHUy HATPil0 3MiHIOBAIAach) Ha
METayprifHUN BHX1J aJIFOMIHIIO 3 JUBApHOIO IIJaKy. BcraHOBIIEHO, 10 3MiHA JT0OABOK
XJIOpHJly HATPII0 HE NpHUBENa 0 CYTTEBOrO IMOKPALIEHHS MOKA3HHUKIB TEXHOJOTTYHOTO
IPOLIECY.

4. BuzHaueHo HEOOXIJIHY Ta JOCTATHIO KIJILKOCT1 KapOOHATy HATPikO B MPOIIeCi MepepoOKH

IIUIaKy aJIOMiHIEBOro BUpoOHHULITBA. BcTaHoBieHo, mo Horo godaeka oOing 2,0 % wmac.
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4acT. B CYMIIl JOCTaTHS IS TPOTIKAHHA TeXHOJorigyHoro mpomecy. [lpu mpomy
MeTalypriiiHui BUXiJ alfoMIHIIO CKJlaB npuOiu3Ho 49-51 %.

5. MerogamMu €IEKTPOHHOI MIKPOCKOMIT Ta XIMIYHOIO aHaji3y JOCHIDKEHO aHaji3
ATIOMIHIEBUX 3pa3KiB, SIKI OJEpP)KAaHO 3 JMBAPHOTO IUIAKy 1 TMOKa3aHO, IO BOHU B
oCcHOBHOMY MicTATh Al B kiibkocTi B 98,16 % mac. 10 99,02 % mac. Il{ogo nomimiok, To
1€ TOJJIOBHUM YMHOM KPEMHIHN Ta 3aii30. [X KiJBbKiCTh HEOMHO3HAYHA, A B MESIKHX 3pa3kax
iX KOHIIEHTpaIllis BUIA B 2-3 pa3u HIK Yy alfoMiHieBOMY 1poTi. [le iMOBipHO MOB’s13aHO 3
BUXITHOO IIMXTOIO, III0 BUKOPHUCTOBYETHCS B TIPOIIECI MJIABKH.

6. JlocmimKkeHo MIKpPOCTPYKTYpH aFOMIHIEBUX 3pasKiB, SIKi OJEPKAHO 3 JIUBAPHOTO
nuiaky. B 6aratbox 3 HHUX CIIOCTEPIraeThCsl rojigacTa CKJIETONOoA10Ha €BTEKTHKA Ta TOJIKH
aIOMIHIAY 3aii3a. B ycix mociipkeHux MaTepianax iICHYI0Th OJTHOTO CKJIaJy €BTEKTHKA Ta
no10H1 XiMIYH1 CIIOJTYKH.

7. MetonioM nudepeHIliiHO CKaHyI4YO01 KaJIopuMeTpli JoCHiKkeHo (a3oBl mepexou, a
METOJIOM ONTHYHOI MIKPOCKOIIi- MIKPOCTPYKTYpPY aJTIOMIHIEBUX 3pa3KiB, 5Kl OJEPKaHO B
pe3yibTaTi  TepepoOKH  JIMBAPHOTO  aJIOMIHIEBOrO IUIaky. BcraHoBieHo, 10
BUKOPUCTAHHS JaHUX METOJIB MIATBEP/KYE TOH (HaKT, MO JAHWA METOJ OJepKaHHS
TFOMIHIIO TIPUBOUTH J0 OJICPKAHHS HOTO TOPIBHSIHO BUCOKOI YUCTOTH.

8. Po3pobneHo cxemy Ta KOHCTPYKIIIO YCTAaHOBKHM JUJIi BHUPOOHHUIITBA BTOPUHHOTO
amoMiHilo. [lokazaHo, 110 BUCOKa €(EKTHMBHICTh BIJIHOBJIEHHS AJIOMIHIIO 31 IUIAKy Ta
BHUCOKAa TIPOJAYKTHUBHICTh TIPOIECY JOCATAETHCA 3a PAXYHOK MIATPUMKH IUPKYIISIT
piAKOro MeTaixy MiXK BaKyyMHOIO €JIEKTPOYyTOBOIO KaMEpPOIO 1 HAKOMNYIYBATBHOK MUYI0
Ta OKPIM I[bOT'0 JI€I0 JOJATKOBOTO BIUIMBY BUCOKOI TEMIIEPATypH B 30H1 TOPIHHA JAYyI'M Ha
IIJIaK.

9. IlpeacraBieHo CyMapHHUl TEMJIOBUN OalaHC YCTAHOBKHU I MEPEPOOKHU JMBAPHOTO
TFOMIHIEBOTO TNUIAKY, Y SKOMY BUXOJWIHM 3 JIONMYIICHB, IO MPOAYKTH TOPIHHS MalliBa
MOBHICTIO 3alIOBHIOIOTH BUIBHUI MPOCTIp Tedi, 1 10 J0Js TeIla, IKy Biggae GyTepiBka B

00’€M TOBHICTIO KOMIIEHCY€ETHCS TEIJIOM, SIKE OJEPXKY€ BOHA BiJ MPOAYKTIB TOPIHHS 3a
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paxyHOK KOHBEKIII1 1 TII0 TeMIEepaTypH 1 CTyICHI 3a0apBieHHS ra3zy, pyTepiBKU Ta MIUXTH
HE 3MIHIOIOTHCS 110 JOBXKUHI I1€Yl.

10. BcraHoBi€HO, 110 BUKHAM 3a0pYJHIOIOYMX PEYOBUH B aTMOC(EpHE MOBITPS BIJ
MIPOMHUCIIOBOT JUISTHKYA Ha TEPUTOPIi MANMPUEMCTBA Ta HA MEX1 PO3PaXyHKOBOI CaHITapHO-
3aXMCHOT 30HW MEHIIIE HDK TPaHHUYIHO-JIOIYCTHMA KOHIICHTpAIIis I aTMOC(HEPHOTO
MOBITPSI HACEJICHUX MICIIb Ta HE MAaTUME 3HAYHOTO MIKIJJIMBOTO BIUIMBY Ha
oTouyroue cepesoBuilie. PiBeHb BMICTY UIKIJUIMBHUX JIOMIIIOK B aTMoc(hepHOMY
MOBITP1 HE TIEPEBUIIYE TITEHIYHUX HOPMATHUBIB 11032 MEXaMH CaHITApHO-3aXHCHOT
3oHHu. KoHIleHTpallisi 3a0pyTHIOIOYNX PEYOBHH CTAHOBUTH: OKCHIM a30Ty (OKCHI Ta
JIIOKCHUJT a30Ty ) y TepepaxyHKy Ha JI0KCcuJ a30Ty He mnepeBuinye 3HadeHb 0.2 T'JIK;
pewrra 3P - He nepesuiye - 0,05 T'JIK.

11. BUKOHAHO OIIHKY €KOHOMIYHOTO €(EeKTy BiJi CTBOPEHHS BUPOOHHUIITBA BTOPUHHOTO

ITIOMIHIIO 3 JIMBAPHOTO AJTIOMIHIEBOTO HUTaKy. YuCTUM AMCKOHTHUI MpUOYTOK CKiIanae

39780,8 Tuc. rpH.
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NMPO MPOMMCIIOBI BUTIPOOYBaHH: €JICKTPOTEPMIYHOI YCTAHOBKH JUISl epepotKu

BIJIXO/IiB ATIOMiHIEBOTO BUPOGHMIITBA

Hanwuit akT cknazeHo npo e, mo B nepiox 3 14.04.2021 p. no 30.05.2021 p.
B JluBapHomy wuexy nianpHeMcTBa B NPHCYTHOCTI 3aBijyBaua BHpOGHMILTBA
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ananizy Yeprnomoprosoi O.M., imxkeHepa 3 ekcrulyarauii ycTaTKyBaHHS ra3oBHX
ob'extis Poxancekoro B.IL i acmipanta Jlos6enka B.B. 6yno sunpo6ysano
€JIeKTPOTEPMiUHY  YCTAaHOBKY /Ui  TepepoOKH  BIAXONIB  alIOMiHIEBOrO

BHPOOHHIITBA.
Ilposeneni BunpobyBanns nokasanu i Ai€3/1aTHICTH Ta JIO3BOJIMIIN CYTTEBO

MABMLIMTH SIKiCTh Ta METANYpPriiHuii BUXia amominiio (1o 47,8 %).

IMpencras DTIMC HAH Vkpainu
% npod. A.M. Bepxosmok

acnipant B.B. Jlosbenko

IMpencrt ku TOB “HBI1 “Ykpkonsopmer”
ﬁ%nin}m&m BHpobHHLITEA JiMBapioro nexy Mexenceiuii O.M.

Haganubnuk naGoparopii cuckrpasioro anaiizy Yepnomopiosa Q.M.

[nskenep 3 exciutyaraitii ycrarkyBanis razoBux o0'ckrie Poxancekuii B.I1.
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YKDPKOQJILOpMET

HaykoBo-BHPOOHHYE MIINTPHEMCTEO

AKT
PO BIPOBA/IKeHHSA pe3y/LTaTiB AucepTaliiiHoi pobotu [Joebenka Bonoaumupa

BiTanitiopuua

JJaHUM aKTOM NiATBep/KYEThCS, 1110 Ha BuUpoOHMuoMy nianpuemctsi TOB
«HBIT» YKpkosbOpMeT» BHKOPMCTaHI pe3yabrard AuceprauiiHoi pobotu /loBOeHKa
Bonogumupa BitaniioBdua «OnTumisallis TexXHOJOTIT ofepsKaHHSA —a/lOMiHII0 3
BTOPHHHOI CUDOBHHI».

B mporjeci BrpoBafkeHHst OyMM  BMKODMCTaHI  TEXHOJOTIUHI  DEXHUMU
MeTanyprifiHol nepepoOKy AMBApHOTO antoMiHi€Boro winaky. Pesynbratd poboru
TOKA3a/IH IX Ai€3[aTHICTL Ta J03BOMHWIN CYTTEBO IMIABUILUTH SKICTh Ta MeTalypriiHUi

BUXIJ anoMiHifO.

3aBisyBay BUPOOHULITBA IMBAPHOIO LieXy

TOB «HBII» YkpkonsopmeT» ) MexxeHcbkuit O. M.
08298, Ykpaina KOpuanyHa agpeca: MyAT «ABb» YKPTA3BAHK»
KuiBcbka ofn., M. [pniHb 08298, Kniscoka obin., m. Kuis, MOO 320478
wa | i

Arar WmninRuuecea s lemioo ONDAMY 277270840
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