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[HTEeHCHBHHI PO3BUTOK IPOMHUCIIOBOCTI 1 ITOB’sI3aHE 3 HUM 30UThIIEHHS OOCATIB BiXOMiB OCHOBHHX BHPOO-
HUITB Ta 3a0pyIHEHHS JOBKUUIA BUCYBAIOTh HAa MEPIIN IJIaH MUTAHHA, ITOB’A3aHi 3 TOBHUM IIEPEepPOOJICHHM i
MOAAJBIINM BUKOPUCTAHHSAM TBEPAMX MPOMUCIOBUX BIAXOIIB.

Bonbdpam BiTHOCUTHCS O PiAKICHUX CTpaTeriyHUX MeETaliB, CHPOBHHHA 0a3a Horo mocuth oOMexeHa, a B
VYkpaini HaBiTh BiACYTHS. TOMy OJHUM 3 HallBRXKJIMBIILINM JIKEPEIOM LIOTO METaly Ta HOTro CIIOJIYK CTa€ BOJIb-
(pamBMicHUI OpyXxT. BMicT MeTaiy y Biixozax, 0 OTPUMYIOTh Ha Pi3HHUX CTaIisIX BUPOOHUIITBA, 3HAYHO Mepe-
BUIIL[y€ HOr0 BMICT y TIEPBHHHIA CHPOBHHI, TOMY IIHTaHHS PalliOHAILHOTO 1 KOMIIJIEKCHOTO BUKOPHCTaHHS BTO-
PUHHUX CHPOBHHHHX pecypciB HaOyBae HaiOLTBIIOrO 3HAYCHHS y 3arajbHOMY OajlaHCi BUPOOHHIITBA METAaIy.
Penmkomiar Bomb(paMBiCHUX TCEBIOCIDIABIB, SIKi CKIIAAAIOTHCA 3 Kapbimy Bombdppamy WC Ta 3B’s3yrodoro, B
poti SIKOTO 3a3BMYail 3aCTOCOBYIOTH MeTanu miarpynu 3amiza (Fe, Co abo Ni), 3Ha4HOI0 MipOIO 103BOJISIE 3HU3H-
TH Ie(iInT ObOT0 METaly Ha yKpaiHChKOMY PHHKY Ta HOBEpHYTH MeTan 1o o0iry [1]. IIpu nbomy BoaeTbest BH-
PIMINTH 1 A IHIOINX BaXKJIMBHUX MPOOIIEM, 30KpeMa: 30epekeHHs MPUPOTHIX PECYPCiB, MOMIMIICHHAS SKOJIOTiY-
HOTO CTaHy IOBKIUIS, 3MCHIIICHHS KaIliTAIFHUX 1 CHEPTeTHYHUX BUTPAT, 30UIBIICHAS BUPOOHUIITBA PiIKiCHUX
METaJIiB, CTBOPEHHS MAJIOBIIXOJHUX TEXHOJIOTIH Ta iH.

dizuko-MexaHiuHi Ta (Gi3MKO-XIMiYHI BIACTUBOCTI BOJIb(paMy 0OyMOBHIM HOT0 BUKOPUCTAaHHS Y BUPOOHU-
ITBI TBEPAMX TICEBOCIUIABIB 3 3aaHUMHU (PYHKIIIOHATHHAMH BJIIACTHBOCTSIMH, J0 SKUX BHCYBAIOThH ITiIBHUIICHI
BUMOTH, 30KpeMa TBEPAICTh 1 OMip 3HOLIYBAHHIO, BUCOKY KOpPO3iifHy CTIHKICTh, YePBOHOTPIBKICTh Ta MILHICTh
II0JI0 CTUCKaHHS 1 3ruHy. B ToM ke yac mijiBMIEHa MILHICTh Ta CTIMKICTh I[UX MaTepiaiiB 3HAYHO YCKJIaJHIOE
nepepooKy ix OpyxTy.

BapianTiB mepepoOKku TBEpIUX IICEBAOCILIABIB BONb(paMy 3 MOJaNBITNM BIUTyYCHHSIM IIHHUX KOMIOHEHTIB
ICHy€e JNeKinbKa, ajle HaHOUThIIe PO3MOBCIO/DKEHHS HAOynM XiMi4HHH, TOOTO Oe3 HaKJIaZaHHS 30BHIIIHBOTO
ctpymy (j=0), Ta enexkrpoximiunuii (puc. 1).

3a nepuuM BapiaHTOM PO3YMHEHHS BUXigHOI cupoBuHU Y Gopmi [WCyx-M]kp BinOyBaeThcst 3a MapipyTom
S,, Mo BigOWBaE BIUTUB TAKMX YHHHUKIB, K XIMIYHUHA CKJIaJl peakmiiHOi cyMimmi V; Ta TEXHOJOTIYHUX MapaMeT-
piB pouiecy V,. Exementamu V; € XimMiuHI OTeHIIaNK peareHTiB |\, pH cepenoBuina, HassBHICTH 1 opma Jrira-
niB L, aHioHHuM# ckiajx po3unHy A Ta iH. J{o TexHosoriuHux napamerpis V; BigHeceHo temmnepatypy T, Tuck P
Ta yac nepebiry peakiii t, mpumycoBe nepemimryBanHs p Touio. [loganpiine nMepeTBOPEHHS BUXITHOI CUPOBUHH
MOXKHA CIIPSIMYBATH 32 PI3HUMHU KEPOBAaHHMH CTaiSIMH 1 HANPSMKaMU, Mepedir IKUX J03BOJISIE BOJIb(PaM BUITY-
aHTH Y BUTTIS Kap6iny, Bonbdpamary WO,, oxcry Ta inmmx cronyk [2, 3]. MeTan-38’s3Ky MOKHA BHJIUIATH
y BUIJISI HPOCTHX TiPaTOBAHUX 10HIB Y PO34MHI, y BUIIIsAl KomiuekciB ML"™ koMIuIeKciB, IepeBOAUTH Y He-
PO3YMHHI CIIOTyKH. MeTanu pi3HOI NPUPOAN BiAPI3HSIOTHCS TOBEIIHKOIO B OJHAKOBHX PO3UMHAX, IO 3HAYHO
YCKJIAIHIOE TPOIiec XiMITHOTo BHIy4eHHs. KpiM Toro, Takuii crmoci0 Bigpi3HAEThCS OaraTocTalilHICTIO pealiza-
il mporecy, 3aCTOCYBaHHSAM JOPOTHX 1 arpeCHMBHUX PEareHTiB, 3HAaUHMMHU BUKHJIAMH T'a30MOAIOHMX PEYOBHH,
BHUCOKHMMH CHEPTOBUTPATAMH Ha TiIrPiB PO3UYHHIB, BEHTWISIIIO TOIIO.

3 omsy Ha BHIIEHABEJCHE NMEPCIEKTUBHUMH BOAYalOTHCS EIEKTPOXIMIYHI METOJH INepepoOIIeHH s, Ki Ha-
JIAf0Th MOJKJIMBICTB 31HCHIOBATH CEJICKTHBHE PO3/IJICHHS KOMIIOHEHTIB BOJIb(PaMBMICHUX CILIABIB TAKMM UYH-
HOM, 00 MPOIYKTH MEePepOOKH CHPOBHHU MOXKHA OYJIO BUKOPHUCTOBYBAaTH 0€3MOCEPENHBO ISl CHHTE3y HOBHX
MaTepiaiB, 0 € TOCTATHHO MPUBAOINBAM TEXHIYHUM PIilICHHSM.

Ipu enexrpoximigaOMy criocobi (j#0) peruKIiHTy BOIb()PaMBMICHHX CIUIABIB 32 MApIIPYTOM S; /10 O3HAYe-
HUX BHIIE YNHHUKIB V; Ta V; 3aIy4aroTh i MapaMeTpu eIeKTpoii3y V3, BapifoBaHHS SKHUX J03BOJISIE THYYKO Ke-
pyBaTH mepebiroM K OKpeMHX CTafii, Tak i mporecoM Bitomy. o ckmany Vs ciix BiTHECTH TYCTHHY CTPyMY,
HAINpyry Ha eJeKTpoXiMiuHOMy peaktopi U, KiNbKIiCTh MPOMyIeHol enekTpuku Q, mImapyBaTicTh iMIyIbCIB (),
TPUBAJICTB IMIyJbCY t; 1 may3u 1, y BUNaaKy HECTalllOHaApHOTO MPOTPAMOBAHOTO €JIEKTPOJIi3y Ta iH. Y Takui
Crocid OTPUMYIOTB TaKi >k cami IiIbOBI MPOJYKTH, OJHaK 0€3 BUKOPUCTAHHS JJOPOTUX Ta/abo HeOe3NeuHX pea-
TEeHTIB, TPOMI3IKOTO 00JIaIHAHHS Ta NP 3MEHIIEHHI CTaiifHOCTI Mpo1iecy, a BiATak, i eneproBurpar. BogHouac,
KpIM BHJTy4EHHsI BUIIIE3a3HAYCHUX CIIOJYK, IIeH CIOCiO BiAKPUBAE MEPCHEKTUBH EIEKTPOJIITHYHOTO OCAKEHHS B
OZHOMY TEXHOJIOTi4HOMY Tpoueci nokpurris [W-M],, 3 Hanepen 3ananumu QyHKIiOHaIBHIMH BIaCTHBOCTAMH,
IIMPOKHHN CTIEKTpP SKUX MOJXKE 3aI0OBOJIBHATH TOTPEOM y 3HOCO- Ta KOPO3IMHOCTIMKMX, KATATITHYHHUX Ta 1HIINX
Mmarepianax [4].

BakmuBuM TEXHOJIOTIYHUM aCIIEKTOM TaKOTO METOIY € BHOIp EIEKTPOIIITY Ta PEKHUMIB JIJISI aHOJTHOTO PO3-
quHEHHS KapOimiB Boiabppamy. [lonepenHi MOCTiIKEHHsST aBTOPIiB JO3BOJMIN OOTPYHTYBATH CKJIAJ EIEKTPOJITY
JUTsI aHOJTHOTO PO3YMHEHHS CIIaBiB BoJb(pamy [5] Ta BU3HAUUTH MEXaHI3M peakilii JaHoro mporecy Bpaxosy-
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10YM KIHETHYHHUH KOHTPOJIb MPOLECY aHOJHOTO PO3YMHEHHS, poOieMy iHTeHcHiKalii mpouecy IOUUIBHO BU-
pilllyBaTH NIUISXOM 3aCTOCYBAaHHS TaKHX PEXHMMIB €IEKTPOJIi3Y, sIKi JO3BOJMIM O PeryiaoBaTu CHIiBBiIHOIICHHS
MIBUIKOCTEH JIMITYIOUNX CTadiil eJIeKTpoxHOro mpoiecy. Came po3B’sS3aHHIO TAKOTO 3aBJAHHS 1 MPHUCBIICHO

pobory.
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Pucynox 1 — Cxema penuKIIiHTY BOTB(pPaMBMICHHX CILIaBiB

Metoauka ekcnepumenty. JlocnipKyBanu 3pa3ku BosibpaMBMIicHOTO riceBociuiaBy mapku BK 3 pisaum
BMicToM ko0OaibTy (2—-19 % mac.). Enexktponiz mpoBOIMIN 32 TPHOXENIEKTPOJHOK CXEMOIO B KOMIUIEKCHOMY
EJIEKTPOJIITI 3 BapiiOBaHIM CHIBBIIHOIIEHHAM KOHIIEHTpauiid nuTpar- i nmoii ¢ocdar-ioHiB npu Temneparypi
40 °C i mexaniuHoMy mnepeminryBansi. @OpMy CHTHAIY TIOJSAPU3ALIT, 3HAYEHHS CTPYMY Ta Yac IMIyJIbCy 1 maysu
3amaBaiu nporpamaropom I1P 8 ta BimmparsoByBaiu moteniiocratoM I[11-50-1. IIIBUAKICTh PO3YMHEHHS Ta BU-
XiJl 32 CTPYMOM KOHTPOJIIOBAJIN TPABIMETPUIHO.

Pe3yabTaTi Ta ix o6rosopenns. [lTonepenni 1ociikeHHS JOBEIH, 110 BUKOPHCTAHHS ITOJUIITAHAHUX eJIeK-
TPOJITIB, 30KpeMa, Ha OCHOBI ITUTPaTiB [6] i qudocdarip [7] TyKHHX METaNiB, COPUIIOTH IHTCHCU(IKAIIT aHO II-
HOTO PO3YHHEHHS BOJIB(PAMBMICHHUX CIDIABIB 3aBISIKA NU(PEPEHIIIHOBAHOI CIIOPITHEHICTI JITaHAIB O CIIaBOT-
BIPHMX KOMITOHEHTIB: KOOAQJIBT YTBOPIOE MIIHIII KOMIUIEKCH 3 audochar-ioHamu (KH[COP207]2—210'6), a BO-
ab(paMaTy — reTeposiiepHi KOMIUIEKCH 3 KOOAIBTOM 1 IUTpaTaMH 3a CXEMOIO:

AHani3 KIHeTHYHHX XapaKTepPUCTUYHUX KPUTEPIiiB, OTPUMAaHKX 3 aHaJIi3y aHOJIHUX BOJITAMIIEPOTrpaM, BKa3ye
Ha HEOOOPOTHICTh aHO/IHOTO MPOLIECY OKUCHEHHS KOOAIBTY 1 BoJb(pamy Ta HOTo YCKIIaJIHEHHS CTAJI€I0 aJIcop-
Omii nirasmiB i JecopOIii yTBOpEHNX MPOAYKTIB. 3 OTJILy Ha OTpUMaHi pe3ylbTaTh JUId iHTeHCH(iKamii mporie-
Cy aHOJIHOTO PO3YMHEHHSI CIIJIaBY 3aCTOCOBAHO PEKUM IMITYJIBLCHOI TAIbBAHOCTATHYHOT MOJISIPU3AIIii.
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Jl1s BU3HAaYeHHA ONTHMAJIBHUX TTapaMeTpiB eJIEKTPOIi3y JOCTIKYBAIH BIUTUB CKIaTy pPO3YHHY (CHIBBiTHO-
[ICHHS] KOHIIEHTpAIH Aupocdat- i UTPaT-ioHIB ) i PeKUMIB IMITYIIBCHOTO €JIEKTPONI3Y (aMILTITYIH CTPYMY |,
TPHBAJIICTh Ta CITiBBiAHOLICHHS Yacy iMITyJbCY 1 May3H, MIIapyBaTOCTi) Ha NIBUAKICTh aHOHOTO PO3UYMHEHHS Ta
BHUXIJ[ 32 CTPYMOM.

OTtpuMaHi pe3yJIbTaTH CBiAYaTh PO NPUCKOPEHHS cTaii i0Hi3auii npolecy OKUCHEHHS! KOMIOHEHTIB CIUIAaBY
mix yac imnysscy. BogHouac, B nepiof] may3u CHOCTEpIraroThesl poLec aacopOuii jirannis, recopouii mpomxy-
KTIB 1 BIZIBEJICHHS PO3YMHHMX MIPOIYKTIB peaKiii 3 NpUaHOJHOTO MIapy.
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JocniKkeHHs 1MoKa3ajy, 0 MpH CIIBBIIHOIIEHHI Yacy IMIYJbCy Ta may3u 2:1 IBUIKICTE PO3UMHEHHS
CIuIaBy 3pocTae y 1,5 pa3u B HOpiBHSHHI 3 CITIBBIAHOUIEHHSIM 1:1, 110 CBIUUTH PO CYTTEBE NPUCKOPEHHS CTaii
i0oHI3amii mix ac imMmynscy. BomHo9ac BCTaHOBIEHO, MO 30UTBIIEHHS aMIUTITYIu cTpyMy 1o 100 A/,I[MZ MiIBH-
IIy€ MBUAKICTD PO3UYNHEHHS CIUIaBY IPAKTHYHO Y 4 pa3u, TOOTO B MEpiox IMITyIICY MaTepial MiATPAMY€ETHCS B
CTaHi aKTUBHOI'O PO3YHMHEHHs. BUABIEHO, 110 HA IPUCKOPEHHS aHOIHOTO MPOLECY TAKOXK MO3UTHBHO BIUIMBAE
3aTyKeHHS eJICKTPOJITY BHACIHIIOK KaTOJHOTO BHIUICHHS BOAHIO. Tak, MpH JOBrOTPHUBAIIOMY E€JIEKTPOII3i BCTa-
HOBIIeHO 3MiHy pH po3unny 3 9,7 mo 11,8. ImoBipHO, moxanbme 3poctanHs pH He € TOMITBPHUM, OCKIJIBKH MOXE
MIPU3BOANTH /IO TIACHBAIIi] 3 BA3YIOUOTO MaTepiay, XapaKTepHOI U Tpiagu eIeMeHTiB miarpynu gepymy. AHo-
JHHUH BUXIJ 32 CTPYMOM 3aJIeKHO BiJl PeXKHUMY €JIeKTpoJIizy cTaHOBUTH 65—70 %, crpspkeHOIo peakiiero 1 Buji-
JICHHSI KUCHIO.

TakuM 4MHOM, BCTAHOBJICHO, 1110 3aCTOCYBAaHHS IMITYJIbCHOT'O PEXXHUMY €JIEKTPOJIi3y CIpHs€ 3pOCTAHHIO IIBU-
JIKOCT1 aHOJIHOTO PO3YHMHEHHS BOJIB(PaMBMICHUX IICEBAOCIIIABIB. 3a pe3yjbTaTaMy JOCHTIKCHb BUSBICHO 3a-
JIOKHICTh BUXOJY 3@ CTPYMOM BiJl CIiBBiJHOILICHHS! KOHIIEHTpALil JiraHiiB, IyCTHHU CTPYMY, 4acy iMIIyJbCY i
nay3H, BU3HAYCHO ONTHMaJbHi apaMeTPH eIeKTPOII3y.

BucHosku.

Ha nincraBi ofepixaHuX pe3yJIbTaTiB BCTAHOBIICHO, 10 3aCTOCYBaHHS PEXKHMY IIPOTPAMOBAHOTO EIEKTPOIII3Y
cnpusie iHTeHCH(]iKalii aHOTHOTO PO3YMHEHHS BOJb(PPAMBMICHHUX ITICEBAOCIUIABIB MPH iX PEIUKIIHTY 3a paxy-
HOK IIPUCKOPEHHS CcTaii i0Hi3amii KOMIIOHEHTIB CIIABY.
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BHEPFOCBEPEFAIOIIH/WI PEIHUKJ/IHUHI IICEBAOCIIJTIABOB BOJIb®PAMA

TIpennosxkeHo st MHTEHCU(PUKAIIMN MPoIiecca aHOJHOTO PACTBOPEHUS BOJIb(PpaMcoaep Kamux MceBA0CIIIa-
BOB HCIIOJIB30BAaTh PEKUM I/IMl'lyJ'H)CHOf/'I rajabBaHOCTATUYECKOH ToJIApUu3anuu. HCCHGHOB&HO BJIIMAHHUE COCTaBa
pacTBOpa U PEKUMOB UMITYJIbCHOT'O 3JICKTPOJIMU3a Ha CKOPOCTH aHOAHOI'O PACTBOPCHUS U BbIXO/ I1O TOKY. Or[pe—
JACJICHBI ONITUMAJIbHBIC TAPAMETPLI JICKTPOJIMU3a.

Yermolenko I.Yu., Ved M.V., Sakhnenko N.D., Bogoyavlenskaja E.V.
TUNGSTEN ALLOYS ENERGY ECONOMY RECYCLING
Pulse galvanostatic polarization was proposed for acceleration of tungsten containing alloys anodic dissolu-

tion. A solution composition as well as pulse electrolysis regimes influences both on the anodic dissolution rate
and current efficiency was investigated. Optimum electrolysis parameters were determined.
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