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AHoOTALA

Hosromnan C.J1. IlepepoOka BiAX0A1B 3 BUKOPUCTaHHAM (DEpUTHUX MaTepiaiB AJis
3axXuCTy OOoBKiLIsL. — KBamidikairiiina HaykoBa mparis Ha IIpaBax PyKOIHUCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTymeHs jJokTopa ¢imocodii 3a
cnemianbHicTiIO 101 «Ekonoris». — HamioHanbHUN TeXHIYHUNA YHIBEPCUTET YKpaiHU
«KuiBcpkuii moniTexHiunui iHCTUTYT iMeHi [ropst Cikopebkoroy», Kuis, 2024 p.

HuceprariitHa po6oTa IpHUCBIYCHA BUPIMICHHIO MPOOJIEMU TEPEPOOKH TOKCHUIHUX
BIJIXOIIB, a caMe po3po0Ill KOMIIJIEKCHOI TEXHOJIOT11 3HEIIKOKEHHS PIKUX CKUIIB Ta
ra3oBUX BHKHUIIB MPOMHUCIOBUX HIANPUEMCTB (EpUTHUM MeEToa0M. EKonoriyHo
O€3MeYHOI0 MOXE BBAXKATUCS JIMIIE TaKa TEXHOJIOTISI, 3aCTOCYBaHHSA KOTpPOi He
MPU3BOUTH J10 3a0pyAHEHHS HABKOJIMIITHBOTO CEPEIOBUIIA IIKITTMBUMH 3TUIIKAMH. Y
BUIIAJIKY YTBOPCHHS TAaKWX 3aJHUINKIB iX HEOOXIJHO TEPEBOJUTH B PEYOBUHH, HE
IIKIMB] 171 61ocdepu, a Ie Kpallle MOBTOPHO BHUKOPUCTOBYBATH ITICIIS JOJAATKOBOI
0OpOOKHU B 1HIIIMX TEXHOJOT1SIX.

Y €Bponeiicbkux KpaiHax o000pOT JHIlle NPOMUBHUX BOJ TaJbBaHIYHUX
BUPOOHUIITB CTaHOBUTHh 97-98 % Bix 3aranbHOi KiIbKOCTI CTOKIB. B YkpaiHi piBeHb
OUYMUIEHHS CTIYHUX BOJI 1, 30KpeMa, perenepalii KoJb0pOBUX METaliB, CTAHOBUTh TPOXH
oubire 10 %. HaltmommpeHnimumuy 3a0pyTHUKaMu TTOBEPXHEBUX BOJI B/l METaIypriitHO1
rajxysi Ha TepUTopli YKpaiHU € CIOJIYKH TaKUX BaKKUX METATIB SIK 3all130, MiJlb, XpPOM
TOIIIO.

JIJisi OuMIIIEHHSI TTPOMMCIIOBUX CTOKIB HAMIIMpIIE BUKOPHCTOBYIOTH PEarcHTHE
ounilieHHs. TakoX po3pOOJISIIOTECSI Ta BIPOBAKYIOTHCS O€3peareHTHI METOIU:
CJICKTPOXIMIYHUHN, 3aCTOCYBaHHS 10HOOOMIHHUX CMOJI, BHUIIApPIOBaHHS, aacopoIis,
HaHo(inmpTpamis. I[IpobGaeMa ouYMIEHHS CTIYHMX BOJ BiJl BaXXKKHX METajIiB BHpIIICHA
TUTBKH YaCTKOBO, 00 BIJICYTHI «3€JieHD» PIIICHHS W00 MEepepoOKH Ta MOAAIBIIOTO
BUKOPUCTAHHS BIIXO/I1B BOJIOOYHIICHHS TAaKUX K TBEPJI1 OCAIAH Ta KUCI1 PO3UHHHU.

3HaUYHWI BIUIMB Ha OPraHi3M JIOAWHM Ta CTaH HABKOJIMIIHBOTO CEPEIOBHIINA
3IMCHIOIOTH T'a30B1 BUKU/IM B IPOMUCIIOBUX pailoHaX YKpaiHH, /1€ BUCOKA KOHIIEHTpaIlis
MOHOOKCHIY BYTJICHIO CIOCTEPITAEThCS HE JIMINE 3a PAXyHOK KOHIEHTPYBAHHS

IHAYCTplaJbHUX MIANPUEMCTB B TpPbOX oONacTsax YKpaiHu Takux sK JlOHelbKa,



3anopi3pka Ta JlHimponeTpoBchbka (Hapasi Aeska TepUTOopis obnacTell 3HaXOTUTHCS B
oKymarlii), a i yepe3 Hee(heKTUBHICTb POOOTH Ta300YMCHUX CIIOPYI.

Tomy po3poOKa eKOJOTTYHO OE3MEUHOI TeXHOJIOTIi MmepepoOKH PIAKUX BIIXOJIB
METaTyprifiHOr0 BUPOOHHUIITBA € aKTYATBHOIO 3 OTJISTY BUCOKOS(DEKTUBHOTO OUUIIICHHS
CTIYHHMX BOJI Ta PE3yJIbTaTUBHOTO BUKOPUCTAHHS TBEPAMX BIAXOMAIB BOJOOUYHUIIICHHS JJIs
KaTaJIITHYHOTO 3HEMTKOKCHHS HEOC3MEYHNX BUKHUIB MOHOOKCHTY BYTJICITIO.

Y mepmoMy po3mii  ommcaHa OCHOBHA HeOe3MmeKka JUisi HaBKOJIHMIITHHOTO
CEpellOBUIA BiJI CKUAY CTIYHHUX BOJ| TallbBAaHIYHOrO BUPOOHHUIITBA Ta HaBeJcHA
KJacuikamnisg CTIYHUX BOJI TAJIbBAHIYHOTO BUPOOHUIITBA 32 KPUTEPISIMU iX YTBOPEHHSI.
OxpeMo OyJi0 HaJlaHO XapaKTEPUCTHUKY METOJaM OYMIIECHHS CTOKIB TaJbBaHIYHOTO
BUPOOHMUIITBA.

Haii61s1p1110r0 MOommMpeHHs B MPaKTUIll OYUIIIEHHS CTIYHUX BOJ BiJ 10HIB BaXKKHUX
METaJiB OTPMMAaB PEareHTHUI METO/, 1110 MOJISTa€e y MePeBeIeHHI PO3YMHHUX PEUOBUH Y
HEPO3UYMHHI MpU JO0JIaBaHHI PI3HUX PEAreHTIB 3 MOJANbIIUM BIAOKPEMJIEHHAM iX Yy
BUTIISIAL ocaiB. OHaK HENOCTaTHINA y 0araTb0X BUMAAKAX CTYIIHb OYMIIEHHS CTOKIB,
BENUKUM 00’€M Ta TPYIHOIIl 3HEBOJHEHHS OCAIB 3HWXKYIOTh TMO3UTUBHUI €(]EeKT.
OmHuM 3 PIlIeHb MOJANBIIOTO TMPOMHUCIOBOTO BUKOPHCTAHHS OCAIB € 3aCTOCYBAaHHS
(hepuTHOTO METOTY.

@epuTHUII METOJ OYMIIECHHS CTIYHHUX BOJ 0a3zyeTbCs Ha COpOLIi 10HIB BAXKKHUX
METaJiB TIAPOOKCUIAMU 3ajli3a Ta YTBOPEHHI (EpUTIB, 32 SAKUMHU W€ TOMOXIMIYHA
peaxiiisi 3aXOIJIEHHsI COPOOBAHUX PEUYOBUH KPUCTATIYHOIO PEIITKOIO (hepuTy.

MexaHiuHi MeToau OyJid ONHUCaHI SIK JOJATKOBI METOAW IS MiATPUMKHU
CTaO1ILHOCTI POOOTH peareHTHUX abo0 (I3UKO-XIMIYHMX METoMiB. Di3HMKO-XiMIUHI
METO/IH BIITPAIOTh ICTOTHY POJIb B 00pOOITi BAPOOHUYMX CTIYHUX BOJ. Jl0 HUX HaJIeKaTh
TaKi: KoaryJsilis Ta GIoKyJIsilis, copOLisi, IOHHHI 00MIH, afcopOIisl, €IEKTPOXIMIUHI Ta
MeMOpaHHi Metoau. OTHUM 3 Cy4aCHUX METOJIB € €JIEKTPOXIMIYHE OUUIICHHS MUISIXOM
€JIEKTPOJTI3Y, 1110 BUPI3HIETHCS MIEPCIIEKTUBHICTIO Ta €KOJIOTTYHOIO JOIIIBHICTIO.

Ha ocHOBI mpoBeieHHs aHami3y Ta CHCTeMaTHu3allli JITepaTypHHUX JKepen
3p00JICHO BUCHOBOK, IO € JOIUIBHUM TMPOBEJACHHS OCIIKEHHS, MPUCBIYEHOTO

CICKTPOXIMIYHOMY  OYHIIEHHIO  3ai30CyJIb(AaTBMICHUX CTOKIB 3  MOJAJbIIUM
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BUKOPHCTaHHAM po3unHiB cynbdaTis 3amiza (1) ta 3amza (I11) mis orpumanns GpeputHux
MaTepialliB sIK TOBApHOIO MPOAYKTY. BkazaHi JOCITIKEHHS J03BOJIATH 3a0€3IMeUnTH
KOMILJIEKCHE €(EeKTMBHE OYMIIECHHS CTOKIB BiJl TaJbBaHIYHOTO BUPOOHUIITBA Ta
CKOPOTHUTH BUTPATH HA peajizalliio.

VY nmanomy po3niii OyB MpoBEICHUN aHalli3 COpPOIIMHNX METOIB, OYJIM BU3HAUCHI
nepeBark Ta HEJIOJIIKH 10HOOOMIHHOTO OYHUIIIEHHS BOAM, IOKA3aHO MEPCIIEKTUBU METOTY
IpU PO3JAUICHH] 10HIB BaXKKUX METAIB.

[IpoBenennii aHaymi3 JITEpPaTypHUX JHKEPENT MO0 TEXHOJIOTIH pO3poOKH Ta
BUKOPUCTaHHS KaTani3aTopiB Jjig okMcHeHHs CO Ha OCHOBI (hepuUTHUX MaTepialiB 1
BIUTMBY TEXHOJIOTTYHUX MPOLIECIB Ha €(PEKTUBHICTh KaTalli3aTOPIB IMOKAa3aB aKTyalbHICTh
BUKOPUCTAaHHSA (PEPUTHHUX BIJAXO/IB BOJOUYHUIIEHHS JUISl 3HEIIKOKEHHS Ta30mMo110HUX
TOKCUYHUX BUKHU/IIB.

B npyromy po3aini aucepraiiiftHoi po60TH MpeacTaBiaeH! 00’ €KTH JOCIIIKEHbD, 10
BKJIFOYAIOTh B ceO€ OMHUC, XapaKTEPUCTHKY, BIACTUBOCTI JOCIHIDKYBAaHUX CEPEIOBHIII,
MaTepiajgiB Ta pEareHTiB, 110 BUKOPUCTOBYBAJIHUCS Ta MPEACTaBICHI B HACTYIHUX
po3ainax aucepraiii. Y po3dial onmuMcaHl METOMOJOorii MPOBEASHHS 10HOOOMIHHOI Ta
CJIEKTPOXIMIYHOI TEpPepoOKH pIAKMX METAJIOBMICHUX BIAXO/IB, OYHUIICHHS BOIU
copOmiitnumMu  Metogamu. HaBeneHi MeTOAWMKH oOcCaKeHHS (EPUTHUX OCaaiB Ta
HAHECEHH4 iX Ha HOCIT 3 IOJIaJIbIIIMM BUKOPUCTAHHAM B SIKOCTI KaTali3aTOpiB OKUCHEHHS
CO. HaBeuii nepesik HOpMaTUBHHUX IOKYMEHTIB, Ha IKOMY IPYHTYBAJIUCS AOCITIIKEHHS
exonoriyHux pu3ukiB Ha [IpAT «Ykprpadit».

TpeTiit po3nut poOOTH TPUCBSIUYEHUN TOCTIIHKEHHIO €(PEKTUBHOCTI OYHUIIECHHS
Cynb(}aTBMICHUX KHCIUX po3unHiB Bix kaTioHiB 3am3a (II) ta migi (II). B skocti
10HOOOMIHHOT cMosin OyB 3actocoBanuii KatioHiT Dowex HCR S/S B H*-dopmi. s
perenepariiii BukopuctoByBai S5 Ta 10 %-Buif po3unmHU Cyiab(ATHOI KHUCIIOTH.
Jocnimxenuss Oynu po30uTi Ha 4 OKpeMHMX CKIIAJOBUX BUJIYYEHHS KaTIOHIB 3aii3a 3
KOHIIEHTparli€ 1 r/nm3, ne KOHIICHTpAIlisl CipuyaHOi KUCJIOTH BapiroBajiacs BijJ YUCTOl
npo6u 63 KUCIOTH 110 3,5 I/aM° cipuaHoi KUCIO0TH, Ta 5 I/1M° B iana3oHi KOHIIEHTpaLii
cipuanoi kucaory Bix 0,5 r/am3 1o 13 r/aqm3. Bunyuenns ionie mini konnenrpamiero 0,8-

1 r/am® BinOyBanock 3 po3uMHiB 06€3 KUCIOTH Ta 3 KOHIIEHTPALi€l0 cipyaHoi Kucaotu 1,2
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r/av3. TIpOBOAMIIOCH TaKOXk CyMiCHE BHIIyYEHHs 1OHIB 3aii3a Ta Mili B NPUCTYyHOCTI
cipyaHoi kuciaoTH. BuzHaueHa epeKTUBHICTD pereHeparlii KaTioHITY 3 METOI0 OTPUMAaHHS
KOHIICHTPOBAHUX 3aJi30BMICHMX Ta MIJIBBMICHUX pereHepaniiHiuX pPO3YUHIB IS
peatizailii epUTHOTO METOIy 3 METOI0 OTPUMAaHHS (PEPUTHUX YaCTUHOK (MarHeTuTy) 3
MaKCUMaJbHUMHU MAarHiTHUMH BJIAaCTUBOCTAMH. Po3pobiena Ta o0OIpyHTOBaHa
TEXHOJIOTTYHA CXeMa «3EeJICHO» MEePEepOOKH BIAXOAIB rajJbBaHIYHOTO BUPOOHUIITBA.

B Tperbomy po3aini 3HayHa yBara mpuIiIeHa €IEKTPOAIaiZHOMY Ta (PEPUTHOMY
METOAY 3HEHIKO/PKCHHS TMPOMUCIOBHX 3ali30BMICHUX CyJlb(paTHUX PO3UMHIB.
JlocniKeHo BILUTMB KOHUEHTpaliil po3unHy cyibdary 3ami3a (I1) B karoaHiil kamepi Ta
Cynb(aTHOI KUCIOTH B aHOJHIM Kamepi B JBOKAMEPHOMY €JIEKTpOJi3epi Ha Mpoliec
PO3IITICHHS IOMIIIOK 3 BpaXyBaHHSIM 3aMIHU aHOJIHOT'O MaTepialy 3 TUTaHy Ha CBUHEIIb.
[Toka3aHo MOXJIMBICTH OKMCHEHHS 10HIB 3aimi3a (II) B aHonHIN Kamepi ABOKaMEpPHOTO
CJIEKTPOJII3epPY B MPUCYTHOCTI CyIb(haTHOT KUCIOTH B KaTO/IHIM Kamepi.

3HayHy yBary O0yso NpuaijeHO JOCIIKEHHIO (P13UKO-XIMIYHOTO CTaHy (De€pUTHOTO
MaTepiay, OJEpKAHOIO 3 TOBAPHOTO MPOAYKTY €JIEKTPOAialli3y — KOHLIEHTPOBAHOTO
po3unHy cynbdary 3amiza (III). Sk migcymok momepenHix IOCHIIKEHb, OyJo
3alPOIIOHOBAHO TEXHOJIOTIYHY CXE€MY KOMIUIEKCHOTO 3HEIIKO/DKEHHS MPOMHUCIOBUX
3aJ1130BMICHUX CYJIb(AaTHUX PO3YMHIB 3 OTPUMAHHSM TMPOAYKTIB, NPUIAATHUX JUISI
MOBTOPHOT'O BUKOPHUCTAHHS.

YerBepTuil po3ail poOOTH NPUCBAYEHUM AOCIIPKEHHIO KaTali3aToOpiB IS
okucHeHHs CO 3 muMoBUX ra3iB. BuznaueHno ¢gazoBuii Ckiaj 3pa3Ky MEOJITy 0 Ta MiCs
TEPMOOOPOOKH, MPOBEIECHO MIKPOPEHTIEHOCIEKTPAIILHUN aHali3 MOBEPXHI Ta 3JaMy
MoaudikoBaHOTO (GEPUTHUMHU MaTepiajaMu MeomiTy. [Iicas cTpyKTypHUX TOCIHIKEHb
KaTaji3aTopiB MPEACTaBICHO pe3yJbTaTH MOJentoBaHHS mpolecy okucHeHHs CO, Ha
OCHOBI SIKUX Oyso cTBopeHo 3D—Mmozens 6araTokaMepHOi nedi Bunany tTuny Pinramepa
3 KOHCTPYKI[IMHUMHU OCOOJMBOCTSMU PO3TAITyBaHHS KATATITHYHUX PEAKTOPIB Y
BOTHEBMX KaHajax Ievl. 3HauHy yBary B po3UIl MPUIIJICHO JTOCTIKEHHIO aKTUBHOCTI
BOJIOKHUCTHUX KaTaiizatopiB y peakiii okucHeHHs CO 3 koHueHTpaisamu 1 -2 % 3anexxHo
BiJl HAHECEHOTO KAaTAJITUYHO AaKTUBHOTO KOMIIOHEHTa - (PEpUTHOTO MaTepiayiia Oe3

nonepenHboi 00poOku. IlpencraBieHO XapaKTEpUCTUKH KEpaMOBOJIOKHA Ta MPOLEC
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HAHECEHHs] Ha BOJIOKHO KaTaji3aTopiB 3 MOJANBIINM MIKPOPEHTT€HOCTIEKTPaIbHUM
aHaII30M MOBEpXHI BoJokHA. KaTanizaropu Ha KepaMOBOJOKHHUCTOMY HOCIT MOKa3ajiu
BHUCOKI pe3yJibTaTu €()eKTUBHOCTI, B OKpEMHX BUMAAKax gocaraeTbes mpaktuaao 100 %-
Ba koHBepcis CO, B pesynapTaTi 4Woro Oyrna po3poOjieHa cxeMa pO3TalryBaHHS
BOJIOKHUCTOTO Kartajizatopa s 3Hemko/keHHs CO 1nuMOBHX ra3iB B Iedax
rpadityBaHHS.

[Tstuit po3ain qucepTariiHol poOOTH MPUCBSIYCHHUHA JOCTIHKECHHIO €KOJIOTIIHUX
BIUIUBIB 3a0PYTHIOIOUNX PEUYOBHH, 1110 NMpUCyTHI y BUkuaax [IpAT «Ykprpadit».

B po3nini HaBeneHi OCHOBHI TEXHOJIOTIYHI MPOIECHU Ta iX IMIKIJJIWBI BUKUAM 13
3a3HAYCHUM CKJIajgoMm. HaBeneHna oOIliHKa pUBHKY JISUTBHOCTI  JJIS  370pOB’S
CKCTIOHOBAaHOTO HacCeJeHHs Ta 3poOjeHa 1aeHTUdikaris HeOe3NMeKH 00 OIIHKU
TOKCUYHOCT1 BUKHIIB Bl cramioHapHux mkepen I[IpAT «Ykprpadir». 3pobieHuit
pO3paxyHOK  pO3CitOBaHHS ~ 3a0pyJHIOIOYMX  pEUOBMH B  aTtMmocdepi 3
BUKOPHCTAHHSAM aBTOMAaTH30BaHOI CHCTEMH pO3paxyHKYy 3a0pyaHeHHS aTtMochepu
«EOJI-2000», Ta, K miACyMOK, HaBEACH1 peKOMEH Iallii 111010 3HU>KEHHS PU3HKIB.

KarwuoBi cjoBa: ¢eputHuii Merod, CTIYHI BOJM, BIIXOAHW, 10HHHH OOMIH,
€JEKTPOJIi3, MarHeTut, ¢eput, 3ali30, MarHiTOCOpPOLiMHUNA METOJ, IIEOJIT,

KEpaMOBOJIOKHO, KaTaIi3aTop, KaTrali3, OKHCHCHHS.
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The dissertation is devoted to the solution of the problem of processing toxic waste,
namely the development of a complex technology for the disposal of liquid discharges
and gaseous emissions of industrial enterprises using the ferrite method. Only such
technology can be considered ecologically safe, the use of which does not lead to
environmental pollution with harmful residues. In the case of the formation of such
residues, they must be converted into substances that are not harmful to the biosphere,
and even better, they can be reused after additional processing in other technologies.

In European countries, the turnover of only washing water of galvanic productions
IS 97-98% of the total amount of effluents. In Ukraine, the level of wastewater treatment
and, in particular, the regeneration of non-ferrous metals is slightly more than 10%. The
most common surface water pollutants from the metallurgical industry in Ukraine are
compounds of such heavy metals as iron, copper, chromium, etc.

Reagent cleaning is the most widely used for industrial wastewater treatment.
Reagent-free methods are also being developed and implemented: electrochemical,
application of ion-exchange resins, evaporation, adsorption, nanofiltration. The problem
of cleaning wastewater from heavy metals is only partially solved, because there are no
"green" solutions for the processing and further use of water treatment waste, such as
solid sediments and acidic solutions.

Gas emissions in industrial areas of Ukraine have a significant impact on the human
body and the state of the environment, where a high concentration of carbon monoxide is
observed not only due to the concentration of industrial enterprises in three regions of
Ukraine, such as Donetsk, Zaporizhzhya and Dnipropetrovsk, but also due to the
inefficiency of gas treatment facilities.

Therefore, the development of an environmentally safe technology for the
processing of liquid metallurgical waste is relevant in view of the highly efficient
treatment of wastewater and the effective use of solid waste from water treatment for the
catalytic neutralization of hazardous carbon monoxide emissions.

The first chapter describes the main danger to the environment from the discharge

of wastewater from galvanic production and the classification of wastewater from
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galvanic production according to the criteria of their formation. Separately, a description
was given of the methods of cleaning the effluents of galvanic production.

The most widespread in the practice of wastewater treatment from heavy metal ions
was the reagent method, which consists in the conversion of soluble substances into
insoluble substances by adding various reagents, followed by their separation in the form
of sediments. However, in many cases, the degree of sewage treatment is insufficient, the
large volume and the difficulty of dewatering sediments reduce the positive effect. One
of the solutions for the further industrial use of sediments is the use of the ferrite method.

The ferrite method of wastewater treatment is based on the sorption of heavy metal
ions by magnetic iron hydroxides and the formation of ferrites, which are followed by a
topochemical reaction of capture of sorbed substances by the ferrite crystal lattice.

Mechanical methods have been described as additional methods to maintain the
stability of reagent or physicochemical methods. Physico-chemical methods play a
significant role in the treatment of industrial wastewater. These include: coagulation and
flocculation, sorption, ion exchange, adsorption, electrochemical and membrane
methods. One of the modern methods is electrochemical cleaning by electrolysis, which
is characterized by perspective and environmental feasibility.

Based on the analysis and systematization of literary sources, it was concluded that
it is expedient to conduct a study devoted to the electrochemical purification of iron
sulfate-containing effluents with the subsequent use of solutions of iron (11) and iron (111)
sulfates to obtain ferritic materials as a commercial product. These studies will allow to
ensure complex and effective treatment of effluents from galvanic production and reduce
costs for implementation.

In this section, the analysis of sorption methods was carried out, the advantages
and disadvantages of ion exchange water purification were determined, the prospects of
the method for the separation of heavy metal ions were shown.

The analysis of literary sources on technologies for the development and use of
catalysts for CO oxidation based on ferritic materials and the influence of technological
processes on the efficiency of catalysts showed the relevance of using ferritic waste water

treatment for the neutralization of gaseous toxic emissions.
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The second section of the dissertation presents the objects of research, including
the description, characteristics, properties of the studied environments, materials and
reagents that were used and presented in the following sections of the dissertation. The
chapter describes the methodologies of conducting ion-exchange and electrochemical
processing of liquid metal-containing waste, water purification by sorption methods.
Methods of deposition of ferrite deposits and their application on carriers with subsequent
use as catalysts for CO oxidation are given. Here is a list of regulatory documents on
which environmental risk studies at PJSC Ukrgrafit were based.

The third section of the work is devoted to the study of the efficiency of purification
of sulfate-containing acidic solutions from iron and copper cations. Dowex HCR S/S
cationite in H+ form was used as an ion exchange resin. 5 and 10% sulfuric acid solutions
were used for regeneration. The studies were divided into 4 separate components of iron
cation extraction with a concentration of 1 g/dm?, where the concentration of sulfuric acid
varied from a pure sample without acid to 3.5 g/dm? sulfuric acid, and 5 g/dm?® in a range
of sulfuric acid concentration from 0, 5 g/dm? to 13 g/dm?q. Extraction of copper ions with
a concentration of 0.8-1 g/dm?® took place from solutions without xylot and with a
concentration of sulfuric acid of 1.2 g/dm?. Simultaneous extraction of iron and copper
ions in the presence of sulfuric acid was also carried out. The efficiency of cationite
regeneration was determined in order to obtain concentrated iron-containing and copper-
containing regeneration solutions for the implementation of the ferrite method in order to
obtain ferrite particles (magnetite) with maximum magnetic properties. The technological
scheme of "green" processing of galvanic production waste was developed and
substantiated.

In the third chapter, considerable attention is paid to the electrodialysis and ferrite
method of decontamination of industrial iron-containing sulfate solutions. The effect of
the concentrations of iron (1) sulfate solution in the cathode chamber and sulfuric acid in
the anode chamber in a two-chamber electrolyzer on the process of separation of
impurities, taking into account the replacement of the anode material from titanium to

lead, was studied. The possibility of oxidation of iron (I) ions in the anode chamber of a
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two-chamber electrolyzer in the presence of sulfuric acid in the cathode chamber is
shown.

Considerable attention was paid to the study of the physicochemical state of the
ferrite material obtained from the commercial product of electrodialysis - a concentrated
solution of iron (I11) sulfate. As a summary of previous studies, a technological scheme
for the complex decontamination of industrial iron-containing sulfate solutions with
obtaining products suitable for repeated use was proposed.

The fourth section of the work is devoted to the study of catalysts for the oxidation
of CO from flue gases. The phase composition of the zeolite sample before and after heat
treatment was determined, and a micro-X-ray spectral analysis of the surface and fracture
of the zeolite modified with ferrite materials was performed. After the structural studies
of the catalysts, the results of the simulation of the CO oxidation process are presented,
on the basis of which a 3D model of a Ridhammer-type multi-chamber firing furnace with
structural features of the location of the catalytic reactors in the fire channels of the
furnace was created. Considerable attention is paid in the chapter to the study of the
activity of fibrous catalysts in the CO oxidation reaction with concentrations of 1-2%
depending on the applied catalytically active component - ferrite material without
preliminary treatment. The characteristics of ceramic fiber and the process of applying
catalysts to the fiber with subsequent micro-X-ray spectral analysis of the fiber surface
are presented. Catalysts on a ceramic fiber carrier showed high efficiency results, in some
cases the result reached close to 100% CO conversion, as a result of which a scheme of
inserting a fibrous catalyst for CO neutralization of flue gases of graphitizing furnaces
was developed.

The fifth chapter of the dissertation is devoted to the study of the environmental
effects of pollutants present in the emissions of PrJSC "Ukrgrafit".

The main technological processes and their harmful emissions with the specified
composition are given in the section. The risk assessment of the activity for the health of
the exposed population is given and the hazard identification is made regarding the
assessment of the toxicity of emissions from stationary sources of PrJSC "Ukrgrafit”. The

calculation of the dispersion of pollutants in the atmosphere was made using the
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automated system for calculating atmospheric pollution "EOL-2000", and, as a
conclusion, recommendations for reducing risks were given.

Key words: ferrite method, wastewater, waste, ion exchange, electrolysis,
magnetite, ferrite, iron, magnetosorption method, zeolite, ceramic fiber, catalyst,
catalysis, oxidation.
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IEPEJIIK YMOBHHUX ITO3HAYEHbBb I CKOPOYEHb

3P — 3a0pyaHIOI0Ua PEUOBUHA;

I'JIK — rpaanuHO momycTrMa KoHIeHTpairis 3P;

ICS — dakTop KaHIIEPOreHHOTO MOTEHINATY;

ICR — pu3uK pO3BUTKY 1HAMBIAYaIbHUX KAHIIEPOTEHHUX €(EKTiB,;

UR; — oguH1YHMIT KaHIEPOTreHHUI pU3UK 1-01 3P;

SFi — bakTop KaHIIEPOTeHHOTO MOTEHIIATY TIPHU THTAIAIIMHOMY BIUIMBI;

CR, - kaHIeporeHHHMH pPHU3MK 3a KOMOIHOBAHOi il JEKUIBKOX KaHIIEPOTCHHHUX
pEUOBUH, 3a0pyIHIOIOUUX aTMOc(epy;

HI — innexc HebOe3meky,

HQ — xoedimienT HeOe3mekwy;

RfC — cepenus xonmenrpaiiis 3P;

Ci — xonuentpauis i-toi 3P;

[1OJI€ — moBHa 0OMiHHA TUHAMIYHA EMHICTH 10HITY;

Z — cTymiHb pereHepartii 10HITY;

JI — Ay XHICTb PO3YHHY;

K — kxucnoTHICTh po3uunHY;

B — Buxig NpoAyKTIB €1EKTPOJII3Y 32 CTPYMOM;

Ke — esnekTpoxiMIYHUI €KBIBAJIECHT;

| — cuna ctpymy;

Xco— KOHBEPCisi MOHOOKCHU/TY BYTJICIIIO;

D,® — edextuBHMI KOeditieHT AudY3ii 0 pagiycy TpyOKH,

U — JTiHIHA MBUJIKICTH HA TTOBHUM PO3pi3 TPyOKH;

€ — MOPUCTICTH 1Iapy;

M; — MoJIeKyIIsIpHa Bara pe4oBUHY,

Lij— CTeX1OMETPUYHUN KOE(IIEHT PEUOBUHU PIIMHU B PEaKIIi;

pg — T'yCTHHA T'a30BOi CyMIIII;

N; — 4Kcio peakiliit;

Nk — 4KCIIO KIIFOYOBUX PEUOBHH,;
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W, — cnocrepexyBaHa MIBUAKICTh YTBOPEHHS (BUTpAaYaHHS) pEYOBHHHU, BlJHECEHA
JI0 OJIMHHUII 00'eMy 3epHa (3 ypaxyBaHHIM AU(DY31HHOTO raJbMyBaHHS peakKilii);

Xi, Xi" — KOHIIGHTpAIlisl PEYOBMHU B IIapi Ta HAa BXOJI B IIIap;

Af — eeKTUBHMM KOe(DIIIEHT TEIJIOMPOBIIHOCTI IO PajlyCy TPyOKH;

Cp — TEIJIOEMHICTh Ta30BOIH CyMIIi;

Qj — TeruoBuit eekT j-i peaxiii;

T, Tw, Tin — Temmeparypa mapy KaTami3aTopa, XOJIOJOareHTa Ta BUXIIHOI
peaKkIiifHOI CyMiIl BiJIOBIIHO;

Olw — KOE(ILIEHT TEIIOOOMIHY 3 XOJIOAUIbHUKOM;

| — KoopaKMHATA 110 TOBXKHHI TPYOKH;

I — KOOpAWHATA IO pajilycy TPyOKH;

R — paniyc TpyOku;

1 - CTYIIIHb BUKOPHUCTAHHS BHYTPIIIHBOI OBEPXHI KaTali3aTopa;

Wj" - IBMAKICTH yTBOPEHHS (BUTPaYaHHs) i-i peYOBUHY B KiHETUYHI 001aCTi.
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BCTYII

AKTyaJbHicTh TemMu. [IpoGiema po3poOKH KOMIUIEKCHOI TEXHOJIOT1T MpepoOKH
TOKCHUYHHUX BIIXO1B B1Jl PIAKUX CKHUJIIB Ta Fa30BUX BUKHU/IIB POMHUCIOBUX MIIIIPUEMCTB
€ aKTyaJIbHOIO TEMOIO JIJIsl TOCIIPKeHHS Ha ChOTOIHIIIHIHM neHb. Exonoriuno 6e3mneyHoro
MOKE€ BBaXKaTUCS JIMIIE TaKa TEXHOJOTIS, 3aCTOCYBAaHHS KOTPOI HE MPU3BOAUTH 10
3a0py/HCHHS HABKOJUIITHHOTO CEPEIOBHUINA MIKIIIMBAMU 3aJUIIKaMUA. Y BHUIAIKY
YTBOPEHHSI TAKMX 3JTUIIIKIB iX HEOOX1THO MEPEBOIUTH B PEUOBUHH, 110 HE TITKIIJTUBI IS
6iocdepu, a 11e Kpaiie TOBTOPHO BUKOPUCTOBYBATH ITICIIS JOJAATKOBOI 0OpPOOKH B 1HIIIUX
TEXHOJOT15IX.

VYkpaiHa BIIHOCUTBCA 1O JiepKaB 3 OOMEXKEHHMH BOJHHUMU PECYpPCaAMHU.
OCHOBHUMH CIIO)KMBa4aMU BOJHHX PECYpiB YKpaiHU € MPOMHUCIIOBICTh, HAHOUIbIITY
YacTKy 3arajJbHOr0 coXuBaHHS — 48 % 3aiiMaloTh eJIeKTpOSHEPTeTHKA Ta METATypriiHe
BUpOOHUIITBO. Perita criokuBaHHA MpUIaae Ha ClIbChbke rocnonapctBo — 40 %, Ta
mue 12 % NpuxXoAUThCA Ha >KUTJIOBO-KOMYHaJIbHE TOCHOJApCTBO. BiamoBimHO 10
00’€MIB CIIOKMBAHHS, METATYPrisi CKUJa€e HalOUIbIl 00’ €eMU Ta HaOUIbII HEeOe3MmeyH1
3a CBOIM CKJIaJIOM CTiYHI BOJHY, HAWTIOMIMPEHIIUMHU 3a0pyIHUKAMHU SKUX € CIIOJIYKH
TaKMX BAXKKUX METAJIB, AK 3aJl130, MiJb, XpOM TolI0. BomoiiMu Ha Teputopii YKpainu
3a3HAIOTh 3HAYHOTO aHTPOMOTEHHOTO HAaBAHTAXEHHS, 110 BUPAKAETHCSA Y HAAXOHKEHHI
HeOe3NMeYHUX BIAXOIB 13 PI3HHUX JpKepes. Baxki MeTtaiu, 3avIIalouich TOKCUYHUMU
HaBITh Y MIHIMQJIbHUX KUIBKOCTSIX, YUHSATh HETaTUBHUM BIUIMB HA BOJIHI €KOCUCTEMU Ta
oprati3m mroauHu. [IpobieMa ounIeHHsT CTIYHUX BOJI BiJl BAXXKUX METAJIIB PO3B’sA3aHa
TIJIBKHM YaCTKOBO, TaK SIK BIZICYTHI B MOBHIM Mipi BUPILIEHI MUTAHHS IIOJ0 MEPEPOOKH Ta
MOJAJIBIIIOTO BUKOPWUCTAHHS BIAXOIB, TaKUX SK OCAaad Ta KHUCII PO3YMHH. Tomy
MO/I0JIaHHS HACTIKIB 3a0py/THEHHS TOBEPXHEBHX Ta IMTI3EMHUX BOJ BAXKKHUMH METajJaMu
3JTMIIAETHCS aKTYaTbHUM 1 TOCTPHM BUKIMKOM ChOTOJICHHS JIJIsl HAIIIOi KpaiHH.

e onHuM HEOe3neyHUM 3a0pYAHUKOM JOBKULIS € MOHOOKCHJ BYTJICIIO, KUl
BIJIHOCUTBCS JO JOMIHYIOUMX IOJIOTAHTIB aTrMoc(epHoro moBiTps YkpaiHu. Xoua
MIPOMHUCIIOBICTD SIK KJIFOUOBUN CEKTOP JOBOEHHOT EKOHOMIKHM YKpaiHU 3a3Hajia CyTTEBUX
BTpAaT BiJ MOBHOMACINITAOHOTO BTOPTHEHHS pocii (3a manumu CBiToBOTO banky y 2022

POl MPOMHUCIIOBE BUPOOHHUIITBO YKpaiHu Brajo Ha 38 %), mpoTe BUKUAM MOHOOKCHUTY
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BYTJICII0 3aJUINAIOThC Ha BHUCOKOMY piBHI — Oumpmie 700 TuC. T HIOPOKY. Y
B1JICOTKOBOMY BIJIHOIIIEHHI JI0 KUJIBKOCTI 3araJIbHUX BUKHU/IIB 3a0pYIHIOIOUNX PEYOBUH 1
MAapHUKOBUX Ta3lB OKPIM JIOKCHUIY BYTJICHIO 3a0pyJHEHHs TMOBITPS HaIIoi KpaiHu
MOHOOKCHJIOM BYTJICII0 CTaHOBUTH 31,42 %, TOX aKTyaJbHICTh 3HEIIKOHKCHHS
TOKCUYHOTO YaJIHOTO Ta3y Oe33arnepevHa.

Jlo BifiHM HAWUOUTPITUMU JDKEpEIaMu BUKHIY MOHOOKCHIY BYTJICIIO Y
MPOMHUCIIOBOCTI YKpaiHu Oyiau YOpHA METAIypriss Ta BUPOOHHUIITBO HEMETAIIYHOT
MiHepaJibHOI Tpoaykilii. Cimija BIAMITATH, IO BHCOKAa KOHIICHTPAIS MOHOOKCHIY
ByIJICHIO (OpPMYyeTbCSl HE JMIIE 3a PAXYHOK KOHIIEHTPYBAaHHSA 1HIYCTPIAIbHUX
HIIPUEMCTB B TPhOX oOONacTax VYkpaiHu Ttakux sk JloHernpbka, 3amopi3pka Ta
JlHinpornieTpoBchbKa (Hapasi Jesika TepUTopis oOJacTell 3HAXOMUThCA B OKymMarllii), a U
yepe3 Hee()EeKTUBHICTh POOOTH ab0 BIACYTHICTh COPY/I Fa300YUILEHHS.

OnHuM 3 TIANPUEMCTB, SIKE XapaKTePU3Y€EThCS BUCOKUM BIJICOTKOBUM BMICTOM
MoHooKcuay Byriemnto, € [IpAT «Ykpaincbkuid rpadit», y BUKUAAX SIKOIO MPUCYTHIN
MOHOOKCHJI BYIJICHIO y KIUIbKOCTI 47 %. B 1UISIX MiJBUIIEHHS €KOJIOT1YHOI Oe3meKu
MIJMPUEMCTBA HAJ3BUYAMHO aKTyaJIbHUM € pPO3po0Ka MUIAXIB IMOA0 3HUKCHHS
koHueHTpauii CO 3 uigecnpsMOBaHUM BUKOPUCTaHHSAM (EPUTHUX MaTepiaiiB sK
B1JIXO/[IB BOJJOOUHIIICHHHS, BIIPOBAKEHHS SIKUX B BUPOOHHYMI MPOIIEC 3MIHUTH CKJIaJ
BHUKHJIIB Ta X BIUIMB HA 37I0POB’ Sl €KCITOHOBAHOTO HACCIICHHS.

3B’A30K po00TH 3 HAYKOBMMM NMPOrpaMaMM, IVIaHAMM, TeMaMu. [{ucepTaliiiiny
poOOTYy BHUKOHAHO Ha Kadeapl eKoJIOrii Ta TEXHOJOTll POCIUHHUX TMOJIMEPIB
HanionanbHOro TeXHIYHOTO yHiBepcuTeTy YkpaiHu «KuiBCbKUN MOMITEXHIYHUN
iHctuTyT iMeHl Irops Cikopchkoro» Ta y kopmoparii «HaykoBuii mapk «KuiBcbka
nomitexHikay Ha 3aMmoBlieHHsA [IpAT «Ykpaincekuii Tpadit» B Mexax HayKOBO-
nociiaHux poOiT: «HaykoBi OCHOBHM pO3MIMPEHHS (POHAY JKEpena BOJ03a0e3MeUeHHS
HACEeJICHHS, YCYHEHHsI 3arpo3 HallloHaJIbHINA Oe3merli YKpaiHu B €KOJIOT14HIN cdepi»
(2022-2023 pp., Homep aepxpeectparii 0122U001686), «CTBOPEHHS HOBUX 3aMKHYTHX
TEXHOJIOT1M B MPOMHUCIOBOMY Ta KOMYHaJIbHOMY BojaocnokuBaHH1» (2022-2023 pp.,
Homep  peectpamii  0122U201588), «AHami3  BIUIMBY  MaTepiaibHOTO 1

IPaHYJOMETPUYHOTO CKJIaay Teruioizonsiii nedyeit nmpsmoro HarpiBy (Kacthepa) Ha
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permaMeHT kammaHid rpadityBanHs» (2023 p., Ne 804/2380260/21). uceprariiina
poboTa BIATNOBIIa€ HANpsAMYy NPHUKIAJIHUX HAYKOBUX JOCHIKeHb HallioHalIbHOTO
TEXHIYHOr0 yHiBepcuTeTy YKpainu «KuiBCbKMN MOJMITEXHIYHUM 1HCTUTYT IMeH1 Irops
Cikopcpkoro» «CTBOpeHHS BHCOKOC(HEKTHBHUX, E€KOJOTIYHO YHCTHX, EHEpro- Ta
pecypco30epiralounx TeXHOJIOTH 1 001aJHaHHS Y MaIIMHOOYAyBaHH1, XIMIUHIH, JIETKiH,
HadTOmEepepOoOHiil MPOMHUCIOBOCTI, MPOMUCIOBOCTI Oy IIBETbHUX MaTepiaiiB, pO3pOOKU
00’€KTHO-OPIEHTOBHUX CHCTEM KOHCTPYKLIMHO-TEXHOJIOTIYHOTO MOJICTIOBAHHS Ta
3a0€3IeUeHHs IKOCTI i HaIIMHOCTI TPOTrPECUBHOT TEXHIKM.

Merta i 3amaui gociaigkeHns. Merow aucepraiiiiHoi poOOTH € KOMIUIEKCHE
BUKOPUCTAaHHSA (PEPUTHOTO METOAY JUIsl CTBOPEHHS €KOJIOTTYHO O€3MeYHOi TEeXHOJOTIl
nepepoOKd  PIIKUX  BIAXOMIB  METAIyprifHOro  BUpPOOHMIITBA 3 OTJIILY
BUCOKOS(DEKTUBHOTO OYMINCHHS CTIYHMX BOJ Ta PE3yJbTaTUBHOTO BHUKOPUCTAHHS
TBEPJUX BIJAXOAIB BOJOOYMILIECHHS ISl KaTATITUYHOIO 3HEIIKOJKEHHS HEOe3MeuHUuX
BUKU/IIB MOHOOKCHUY BYTJIEIIO.

JIJist yCcninrHOro BUPIIICHHS 1aHOT HAyKOBO-TEXHIYHOT 3aJ]a4l MOCTaBJIEHI HACTYIHI
3aBJIaHHS:

- BUBYCHHS Ta OIIHKA MepeBar 1 HeJ0JIIKIB MPOIIECiB OUUIIIEHHS PIIKUX BIXO/IIB Ta
3HEIIKOJKEHHS TOKCHYHUX Ta30MoJI0HUX TOJIFOTAHTIB METaTyprifHOro BUPOOHUIITBA;

- BHM3HAYEHHS €(PEKTUBHOCTI KaTIOHOOOMIHHOTO BHITy4eHHS 10HiB 3aii3a (I1) Ta miai
OKpPEMO Ta B CYKYIHOCTI 3 KHCIHX PO3YMHIB, CTYNEHIO pereHeparii KaTIOHITY s
MOJAJIBIIOTO IITbOBOTO BUKOPUCTAHHS BIANPAIIbOBAHUX PEreHEPaIlIfHUX PO3UHHIB;

- JIOCJIJKEHHS BIUTMBY KOHIIEHTpaliil po3unHy cyibdary 3amiza (II) ta cynedarnoi
KHCIIOTH B JIBO- Ta TPUKAMEPHUX EJIEKTPOJIi3epax 3 aHIOHOOOMIHHOIO MEMOpaHOIO0 Ha
OPOLEC PO3IUICHHS JOMIIIOK 3 BpaxyBaHHSIM 3aMiHM aHOJHOTO Marepiany, OLiHKa
MOXJIMBOCTI OKMCHEHHS 10H1B 3aii3a (I1) B mporieci enekTposizy;

- aHami3 (i3UKO-XIMIYHOTO CTaHy (epuTHOro wmartepialy, OJIepKaHOro 3
pereHepamifHuX po34MHIB 10HOOOMIHHOTO OYMIIEHHS Ta MPOJIYKTIB EJIEKTPOJI3y —
KOHIICHTpOBaHOTO po3uuHy cynbdary 3amiza (III), po3poOka TeXHOJOTrIYHOI CXEeMH

KOMITJIEKCHOTO 3HEIIKO/KEHHSI TPOMHUCIOBUX 3alli30- Ta MIABBMICHHX CYJIb()aTHHX
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PO3YHMHIB 3 METOI0 OTpUMaHHA (EPUTHUX YACTUHOK 3 MAKCUMAJIbHUMU MarHiTHUMH
BJIACTUBOCTSIMU;

- OTpUMaHHS Ta BHU3HAYEHHS €QEKTUBHOCTI (PEPUTHUX KaTali3aTopiB I
okucHeHHs CO Ha HOCIAX 3 IICOJITY Ta KEPaMOBOJOKHA, AOCTIIKEHHS (pa3oBoro Ta
XIMIYHOTO CKJIQJy KaTajli3aTopiB, BHU3HAYEHHS KOHCTPYKIIIHHUX OCOOJMBOCTEH
pO3TaIIyBaHHS KaTaJITUYHUX CHCTEM B POMHUCIIOBUX YMOBAaX;

- TIPOBEJICHHS aHANI3y €KOJOTIYHUX PU3MKIB JJI HACEJICHHS BiJ ra30BUX BUKHU/IIB
[IpAT « Ykprpadit» 3 oOIrpyHTYBaHHSIM NIPIOPUTETHUX 3aXO0JiB y IUIaHaX JiH IO
OXOpPOH1 HAaBKOJUIIHBOT'O CEPEIOBUIIA i OLIHKH IXHbOI €(DEKTUBHOCTI.

OO0’eKT MOCHIIPKEHHS — 3aXHCT JOBKUUIA BiA 3a0pyAHEHHS HeOe3NeYHUMU
PIIKUMH 1 Ta30MOAIOHMMH BIIXOJaMU TaJIbBAHIYHOTO Ta EJIEKTPOIHOTO BUPOOHUIITB,
BIUIMB XIMIYHUX PEYOBHMH Ha (OPMYBAHHS aEpOre€HHOTO PHU3HKY ISl 340pPOB’S
HACEeJICHHS, IO TMPOXXHBAE Yy 30HI /i BUKHUJIIB CTalllOHAPHUX JDKEPEN J1H0Y0ro
nignpuemctsa [IpAT «YkprpadiT.

[IpeameT AOCTIIKEHHS — MPOIECH BOJO- Ta Ta300UHUINEHHS MPHU 3a0€3MeUeHHI
KOMITJIEKCHOTO 3aCTOCYBaHHSI (PEPUTHOTO METOAY, 3a0pyIHIOIOUl PEYOBHHH, PUBUKHU
JUIsL 370pOB’sl, OOYMOBJIEHI IHTAJSIIAHUM BIUIMBOM 3a0pyJHEHOro arMoc(hepHoro
MOBITPS (HE KAaHIIEPOTEHH1 Ta KaHIIEPOTEHH1).

MeTtoam nociixkenHsi. B nporeci 1abopatopHUX AOCIIKEHb OyJIM BUKOPUCTaHI
10HOOOMIHHUM,  €NEKTPOXIMIYHMMA,  (EepUTHUI  METOAM  OYUMILEHHA  BOJM,
TEPMOKATATITUIHUN METOJ] ra3004HIneHHs. [[Jisi KOHTPOIO (Pi3UKO-XIMIYHUX MPOIIECIB
Ta BUMIPIOBaHHS KOHIIEHTpALlil PEYOBHMH Y BOJ1 3aCTOCOBYBAJIM THUTPUMETPUUHMIA,
boTOMETpUYHUM, TMOTCHIIOMETPUYHUNA METOIW aHalli3y. XIMIYHHUNA CKJIaJ Ta30BUX
BUKHUIB BU3HAYAJIM 3a JOMOMOTOI Xpomartorpadiunoro merony. Ckiaax OCHOBHHX
€JIEMEHTIB 3pa3KiB KaTali3aToOpiB Ha HOCISIX 3 IIEOJITY Ta KEPAMOBOJIOKHA, Tomorpadis
MOBEPXHI 3pa3KiB KaTajai3aTopiB BU3HAYAINCH MIKPOPEHTICHOCTIEKTPAIILHUM aHATI30M
3JlaMy Ta TIOBEpXHI TMpPH 3aCTOCYBaHHI CKAaHYHYOi €JIEKTPOHHOI MIKpPOCKOIMIi 3
BukopuctanHsaM SELMI PEM—-1061. ®a3oBuii ckiiaj 11eoiTOBOIO HOCIS KaTajizaTopa
BHU3HAYABCS 34 JIOMIOMOTOI0 SIKICHOTO PEHTreHo(a3oBOro aHalizy Ha IU(pakTOMETpl

Rigaku Ultima V. s moOynoBu KapT 3a0pyiHeHb Y KpaiHu TOKCHYHUMH MOJIFOTAHTAMHU
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3actocoByBam Imatdopmy Bing©GeoNames, Microsoft, TomTom. s Bi3yamizarii
KOHCTPYKTHUBHUX OCOOJMBOCTEH PO3TAlIyBaHHS KATAIITUYHOI CUCTEMHU B MIPOMUCIOBHUX
Macmtabax Ta crBopeHHs 3D-Mopeni peakTopa BHKOPUCTOBYBAIU IpOTrpamMHE
3abe3neuenHs Blender 4.0. [lns aHanizy eKOJOTIYHUX PHU3UKIB BHKOPHCTOBYBAIHCH
aHAJTITAYHI  METOAW  JUISI  OLIHKM  TOKCHYHOCTI  3a0pyJIHIOIOYMX  PEYOBHH,
MaTeMaTh4yHi MeToau (MMOBIpHICHA OIlIHKA) JUIS PO3PaxyHKIB PiBHIB PU3HKY JJIS
3JI0pPOB’ST €KCIIOHOBAHOTO HaceleHHs. [ po3paxyHKy pO3CiFOBaHHS 3a0pyAHIOIOUNX
PEYOBHUH B MPU3EMHOMY IIapi aTMoc(epr BUKOPUCTOBYBAIM MPOTpaMHE 3a0€3MeUeHHs
"EOJI 2000". Jlnst OIIHKK SIKOCTI TPOBEACHUX JIaOOpPAaTOPHHUX JOCIHIKEHb Ta
JIOCTOBIPHOCTI €KCIIEPUMEHTAIBHUX PE3yJIbTaTiB OyJld BUKOPUCTAHI MaTeMaTU4H1
METOJ1 0OpOOKH JIaHHX.

HaykoBa HOBHM3HaA oJep:kaHuX pe3yabrarTiB. [Ipu npoBeneHH! pi3HOOIYHUX
JIOCITIJIKEHB MPU BUPIIIEHHI HAYKOBOI 3a/1a4l KOMIUIEKCHOTO BUKOPUCTAHHS (PEPUTHOTO
METONY Il OUMINCHHSI HEeOe3MEYHUX PIAKUX BIAXOJIB Ta 3HEIIKOKEHHS TOKCHUYHHUX
ra3ornoAi0OHUX TOJIFOTAHTIB BIIEpIIE OYJI0:

- BU3HAYEHO BIUIMB KOHIICHTpAIIii 10HIB 3a113a, KUCIOTHOCTI, CUJIU CTPYMY, BUIY
aHOJly B MPOILIEC] €EKTPOIII3Y KUCIUX 3a1130CYIb()AaTBMICHUX BIAXOAIB B IBOKAMEPHOMY
eJIEKTpOJizepl Ha edeKTHUBHE KOHIIEHTpyBaHHs cyibdary 3amiza (II) Ta cynawsdarHol
KHCIIOTH,

- BU3HAYEHO 3aJICKHOCTI €JIEKTPOXIMIYHOTO OTpuMaHHs cyibdary 3am3sa (I11) npu
BUKOPUCTAaHHI JBOKAMEPHOTO €JEKTPOJIi3epa BiJl KOHIEHTpAIliii pO34YMHIB, Yacy
CIIEKTPOJII3Y, BUAY aHOMY, CUIIH CTPYMY;

- BUKOPHUCTAHO EJICKTPOJi3ep 3 JBOMa aHIOHOOOMIHHUMH MeMOpaHamMu [IJIst
SJIEKTPOIITI3HOTO PO3AUICHHS 3a1130CYIb()ATBMICHUX BIJXO/IIB;

- po3po0JIEeHO HOBITHI MapraHelb-(hepuTHI KaranmizaTtopu Ha aoctynHomy Ca-
KIIMHONITWJIONITOBOMY HOCII, OTpuMani 3 depaTy Kajioo, Cyiabdary MapraHiro Ta
3aJ1130CyJIb(aTBMICHUX BIAXO/IB, IO 3a0€3Meuyl0OTh HAWBUIIUMNA CTYIMiHb KOHBEpPCIi

MOHOOKCHU]TY BYTJICIIIO;
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- BUKOPHUCTAHO MOJIENb PEAKTOpa 17€aIbHOTO BUTICHEHHS 3 HEPYXOMHUM IMIApOM
KaTajizaropa JUIS PO3paxyHKy MapaMeTpiB Teuii ra3oBoi CyMIllll 4Yepe3 peaxkTop,
3aBaHTAKCHHUH (PePUTHHUM KaTaji3aTOpPOM Ha I1€0JITOBOMY HOCII;

- OTPUMAHO KaTaJTITHYHI CHCTEMHU OKHCHCHHS MOHOOKCHIY BYTJCIIO Ha
KEpaMOBOJIOKHUCTOMY HOCIT 06araropa3zoBOoro BHUKOPUCTAaHHS 3 HAHECEHUMH IUIIXOM
IpocouyBaHHS (EPUTHUMHU MaTeplaiamH;

- IPOBEICHO OLIIHKY KaHIIEPOT€HHOTO Ta HEKAHIIEPOTEHHOTO PU3UKY ISl 310pPOB’ S
€KCIIOHOBAHOTO HACEJICHHS, 1110 3a3HA€ BIUIMBY BiJ] 3a0pyAHEHHS aTMOC(EPHOTO MOBITPS
BUKHUJAMH BIJl CTalllOHApHUX Jikepen aitodoro mianpuemctsa [IpAT «Ykprpadit» B
pe3ynbTaTi peaiizaiii TEXHOJIOTii OKHCHEHHS MOHOOKCHIY BYTJIEHIO (epUuTHUMHU
KarajizaTopamu.

IIpakTH4He 3HAYEHHS OJepP:KaHUX pe3yabTaTiB. [lonsarae y po3poOui HOBITHIX
TEXHIYHUX PIIICHb MO0 OTPUMAaHHS TOBAPHUX NPOJYKTIB B MPOIEC] opraHizaiii
KOMOIHOBAaHOT TEPEpOOKM PIAKUX CKUAIB Ta Ta30BUX BHUKHIIB IMPOMUCIOBHX
H1IPUEMCTB, 1110 0a3yIOThCS Ha:

- OJIep>KaHHI B pe3yJIbTaTl €IEKTPOIIi3y 3ai30CyIb(PaTBMICHUX BiAMPallbOBAHUX
po3unHiB 18,3 %-Boi KOHIIEHTPOBaHOI CyNIb(}aTHOI KUCIOTH SK TOBAPHOTO MPOAYKTY,
IIJTKOM NMPUJATHOTO JUIsi 00EpPHEHOTO BUKOPUCTAHHS B BAHHAX TPABJICHHS rajbBaHIYHOTO
BUPOOHUIITBA;

- 3aCTOCYBaHHI OTPUMAHMX B PE3YJbTATI EJIEKTPOIIATI3HOIO PpO3IIICHHS 1
JIOIATKOBOTO OKUCHEHHS KOHIIEHTPOBAaHUX Cylb(aTHuX posuuHiB 3amiza (I1I) mns
cTBOpeHHS (pepuTHUX MatepiamB (2—20 Mkm) 3 OaraToyHKIIOHATEHUMHU COPOIIIHHIUMMU
Ta KaTaJITHYHUMU BIACTUBOCTSIMU;

- ukopucTanHi cynbgary 3amisza (II1) (20 r/am®) B gx0CTi TOBAPHOTO MPOAYKTY —
KOAryJisIHTy JiJIi BOJOMIJATOTOBKH, III0 MAa€ €KOJOTIYHY JOLUIBHICTh K Oe33amepeuHy
nepeBary e(QpeKTUBHOI YTWII3amii PiIAKKAX BIIXOMIB METadyprii OKpiM 3HEIIKOKEHHS
raJIbBaHIYHUX CTOKIB (PEPUTHUM METOJIOM;

- CTBOpPEHHI MOAM(IKOBAHOTO KEPAMOBOJIOKHA 3 KaTaTITHYHUMH BJIACTUBOCTSIMU,
pO3TaIIyBaHHS SIKOTO MO BCIM TUIONII TMOBEPXHI TETUIOBOI 130111 Tedi rpadiTyBaHHS

AuecoHa JI03BOJIUTH 3a0€3MeYUTH TOBHOMIpHE 3HenKokeHHs CO);
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- po3po0I1Il eKOJIOTIYHO 0e3MeUHO0i TEXHOIOTIT MepepoOKH PIAKUX 1 ra30moI10HIX
BIJIXO/IB TrajbBaHIYHOIO Ta E€JIEKTPOJHOTO BHUPOOHHUITB 3 BUKOPUCTAHHSIM KOMILIEKCY
10HOOOMIHHOTO, €JIEKTPOAiadi3HOr0, (PEPUTHOTO U KATaJTITUYHOTO METOIIB, IO €
Oe3nepeyHo JOLUIFHUM B HaMpsIMKY TOJIMIICHHS eKOJOTi4HOT Oe3Meku ramysi
MaIIMHOOYyBaHHS Ta HE BUMArae 3Ha4YHUX KalliTaJOBKJIACHb.

[IpomucioBe BUMPOOYBaHHS TEXHOJOTIl OTpUMaHHS (PEPUTHUX KaTai3aTopiB
OKHCHEHHS MOHOOKcuAy Byrieito, mpoBeaene Ha HTII «ExIIO», mnigTBepauno
MOJKJIMBICTB OJIEP>KaHHS 3 BIIXO1B TPABJICHHS, MITHEHHSI Ta XPOMYBaHHS I'aJIbBaHIYHOTO
BUPOOHMIITBA KATaJI3aTOPIB, BIPOBA/KEHHS SIKMX HA Ie€4Yax BUIMANY 1 rpadiTyBaHHS
€JIEKTPOJIHOTO BUPOOHUIITBA BIANOBIIAE aKTyaJIbHUM TEHACHLISAM PO3BUTKY €KOHOMIKH
3aMKHEHOTO ITUKITY B YKpaiHi.

OcoOucruii BHecok 3100yBava. Kputnunuii aHami3 craHy npoOiemu 1 BUOIp
HANpsSMKY JOCTIIKE€Hb IPAKTUYHO MOBHICTIO BUKOHAHUH 3700yBaueM 1 MOTOJKEHUN 3
KEepIBHUKOM Aucepraiii. OCHOBHI pe3yJbTaTu JUCEPTaLliHOI poOOTH, iX y3araJbHEHHS,
oOpoOKa Ta aHaji3 OTpUMaHUX PE3yIbTaTiB BUKOHAH1 0€3M0CepeTHHO aBTOPOM.

B nHaykoBux npansx [1-8], HanrcaHuX y CIiBaBTOPCTBI, 3100yBaueM:

- JOCIIIIKEHO €(QEKTUBHICTh 3aCTOCYBaHHS (EPUTHUX KaTali3aToOpiB s

KOHBEPCii MOHOOKCHIY BYTJICITIO Tieuek Bumany [1];

OMHMCAHO TEXHOJOTIi 3HENIKOJKEHHS JIMMOBHUX Ta3iB ByryerpaiTtoBux
BUPOOHUIITB 32 JOTIOMOTOIO 3aCTOCYBaHHSI KaTali3aTOPiB Ha IIEOTITOBOMY HOCIT [2];

- po3paxoBaHO TapamMeTpu Teuli Ta30BOi CyMIlIl dYepe3 PeakTop,
3aBaHTaXXECHUI (PepUTHUM KaTasli3aToOpoM Ha [e0JIiToBoMY Hocii [3];

- IPOBEJCHO PO3PAaXYHOK PEaKTOpa KaTaTITUYHOTO OKUCHEHHSI MOHOOKCHTY
BYTJICIIIO JUIS PEAIbHOI BUTPATH JIUMOBHUX T'a3iB revei Bunany [4];

- JOCIIIJKEHO TMPOIECHM BWJIYYEHHS XpOMAaTiB 13 CTIYHMX BOA 3
BUKOPUCTAHHSAM BHCOKOJUCIIEPCHUX COPOCHTIB 3 MArHITHUMH BJIACTUBOCTSMH, IO
OTPUMYBAJIMCH LUISIXOM OCaJHKEHHS 3 CyMillll po3unHiB cynbdaTis 3ani3a (II) 1 3amiza (111)
[5];

- BHU3HAYCHO BIIJIMB YMOB OTPHMAHHA Ha I[I/ICHepCHiCTB JaCTOYOK MArHeTury

[6];
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- BHU3HAUEHO MOXJIMBOCTI KOHIIGHTpYBaHHS cynbdarty 3amiza (II) B
MIPUKATO/IHIM 001acTi i CipyaHOi KUCJIOTH B IIPUAHOHIM 00J1aCTi B IBO- Ta TPUKAMEPHUX
CJICKTpOIT3epax 3 ypaxyBaHHSM KOHIICHTpAIlIHHOI ToJisipu3aliii aHiOHOOOMIHHOI
MeMOpanu [7];

- MPOBEJICHO OIIHKY MOMJIMBOCTI OTpUMaHHs depary Kajiio s
BUKOPUCTAHHS B TIPOIlecax BOAOOUYHUIICHHS [8].

Anpobanis pe3yabTaTtiB auceprauii. OCHOBHI MOJIOKEHHS, HAYKOB1 pe3yJIbTaTH
TEOPETUYHUX Ta EKCHEPUMEHTAIbHHUX JOCHIPKEHb 3a HAMpPSAMKOM JUCEpTalii Oyiu
anpoOoBaHi Ta mnpeacTaBieHl Ha 4 MDKHApoAHMX KoH(pepeHuiax, a came: XXII
MixuapoH1i HayKOBO-TIpakTH4HIM KoH(epeHiii «Exonorisa. Jlroguna. CycniibcTBO»
(18 gepBHsa 2021 p., Kuis); International scientific and practical conference «Science,
engineering and technology: global trends, problems and solutions» (March 12-13, 2021,
Prague, Czech Republic); Mixuapoauiit koHdpepenmii «CydacHi mpoOeMu Katamti3y»
(25-29 Bepecns 2023 p., Kui), XXIIl MixxHapoaHiit HayKOBO-TIPaKTHYHIN KOH(epeHIIii
«Exomnoris. Jlroguna. CycniabctBo» (7 rpyaus 2023 p., Kuis).

IMyoaikanii. 3a pe3ynpraTamMu AuMcepTalliiHOi poboTH Oyio omyOJiKoBaHO 8
JIPYKOBaHMX TIpallh, 3 IKUX 6 cTaTei y HAyKOBUX (DaXOBUX BUAAHHSX, 3 HUX OJTHA CTATTS
y 1HO3€MHOMY BHJIaHHI, ITI0 BXOJIUTh IO HAYKOMETPUYHOI 0a3u qaHux Scopus, 2 CTaTTl y
JI0IaTKOBUX Martepianax, Ta 4 Te3u I0noBiAeH B 301pKax MaTepiaiiB KOH(PEPEHIII.

Crpykrypa auceprauiiinoi podoru. [[ucepramiitHy poOoTa ckiIaga€eTbes 13
BCTYNy, IT’SITH PO3JLUIIB, BHUCHOBKIB, CIUCKY BUKOPHUCTaHUX JKEpENT Ta JOJATKIB.
3aranpHux 00csaT ckiamae 263 cropinku. OOcSIT OCHOBHOTO TEKCTy CTaHOBUTH 158
CTOPIHOK, 3 SIKHX 15 CTOpIHOK MOBHICTIO 3alOBHEHI pUCYHKamu 1 Tabmuisamu. PoGoTa

MmictutTh 17 Tabnunb, 64 pucynka, 4 mogatku, 06’em 610morpadii ckinagae 141 mxepeno.
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PO3JLT 1

JKEPEJIA TOKCUYHUX BIJIXOJIB TA METO/IA iX MIEPEPOBKH

["anpbBaHIUHE BUPOOHUIITBO BBAXKAETHCS OJIHUM 13 HaWHEOE3MEUHINUX JHKEpell
CKHIIB CTIYHOI BOJU 3 O€3IIYYIO JOMIIIOK BAKKUX METAJIIB Ta 1HIINX BUCOKOTOKCHYHUX
CIIOJIYK, 1110 HETATUBHO B1IOMBAETHCS HA CTaH1 HABKOJIMIITHBOT'O CEPEIOBUIIA, TP IIbOMY

MaKCHMaJIbHHUI piBEHb 3arpO3H XapaKTepHHUil 111 BoaHux 00’ extis [1-10].

Tabmuig. 1.1 Hopmu TigpoXiMiYHUX IOKa3HUKIB IS BHU3HAYEHHS SKOCTI BOJHU

(TAK)
Ne [apoxiMigHMIA I'’;IK
MMOKa3HHK Jlns BomoiiM puoo- s BogoiM rocrogapebko-
rOCIO/IaPCHKOTO MPU3HAYEHHS | MOOYTOBOTO BUKOPUCTAHHS
1 Mizap, Mr/am° 0,001 1,0
2 XpoM 3araJibHH, Mr/am° 0,001 0,05
3 3aitizo 3aranpHe, Mr/qm° 0,1 0,3

Y  mammHOOyIyBaHHI  IIMPOKO  3aCTOCOBYETHCS  TEXHOJOTIS  HAHECEHHS
raJibBaHIYHUX MOKPUTTIB. [Ipy XIMIYHKX MOKPUTTAX Ta MIATOTOBUMX ONEpPALSX BTPATH
XIMIKaTIB 3 MPOMUBHUMHU BOJAMU 1HOJ1 B JIECSITKU Pa3iB MEPEBUIIYE IXHIO BUTPATY Ha
00poOKy moBepxHi. Butpara Boau Ha MpOMUBAHHS MICIS MIATOTOBYMX omeparii y 3-7
pasiB MEPEBUIIYE BUTPATH BOJIU HAa MPOMHMBAHHS ITiCJISA TaJbBaHIYHUX MOKPHUTTIB [10].

CriuHi BOAM rajibBaHIYHUX BUPOOHUIITB MOIISIOTHCS HAa TaKl OCHOBHI KaTeropii:

1) gKCcTi BOAM CHUCTEMH OXOJIOJKEHHS TexHoJjoriyHoro oomagnanus (50 — 80 %
3arajbHOI KIJIbKOCTI1);

2) 3a0pyaHeHI MeXxaHIYHUMH AoMitikamu Ta oismu (10 — 15 %);

3) 3a0pyaHEHI KHCIOTaMH, JIyraMH, COJISIMH, CIIOJyKaMH XpOMY, IIMHKY, MiJi,
HIKEJTIO, IliaHy Ta IHIIMMHU XiMidHuMH pedoBrHamMu (50 — 80 %);

4) BimpaiboBaHi MaCTHIIBHO-0XO0JIOKYBaIbHI piarHu a00 emyscii (1 - 2%);

5) 3a0pyIHEHI MJIOM BEHTHJISILIIMHUX CUCTEM Ta TOPUIOIO 3eMJICIO JIMBAPHUX 11EX1B

(10 — 20 %);
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6) TOBEPXHEBI (JIOIIOBI, TaJl, MOJUBATHLHO-MHUITHI).

Tak sk rapBaHIYHE BUPOOHHUIITBO € OJHUM 3 HAMOUIBIIIMX CIIOKMBAY1B BOJIU, a HOTO
CTI4YHI BOJY — OJHUMH 3 HAUTOKCHUYHIIINX 1 HAUIIKIUIMBIIIHNX, OYUILEHHS CTIYHUX BOJ €
OJTHI€IO 3 HAHAKTyaIbHIIIHAX MTPOOJIEM.

Y €Bpori 060pOT JMIIIE MPOMUBHUX BOJI FaIbBaHIYHUX BUPOOHUIITB CTAHOBUTH 97 -
98 % Bix 3aranpHOI KIJIBKOCTI CTOKIB. Y HaIllli KpaiHi piBeHb OUMIICHHS CTIYHUX BOJ 1,
30KpeMa, pereHepariii KoJab0pOBUX METATIB, CTAHOBHUTH Tpoxu OibIne 10 %.

OCHOBHI PEYOBHHHU, IO MIJJISATAIOTh 3HENIKOPKEHHIO — IIIECTUBAJICHTHI CIIOJIYKHU
XpOMY, CIIOJYKH 3aJ1i3a, I0HM BaKKHX Ta Konboposux meTanis: Cu?t, Ni?*, Cd?*, Pb?*,

JIns ouMIeHHST MPOMHUCIOBUX CTOKIB HAMYacTIIIIE BUKOPHCTOBYIOTH PEareHTHE
OuMIleHHS. TakoXX po3poOJSIIOTECS Ta BIPOBAKYIOThCS Oe3peareHTHI METOMIU:
€JIEKTPOXIMIYHUM, 3aCTOCYBaHHS 10HOOOMIHHUX CMOJI, HaHO(IIbTALllsl, BUTIAPIOBAHHSI,
agcop6iis [11]. Jlns momepeaHbOro OYHMINEHHS HaldacTille KOPUCTYIOTHCS METOJdaMHU
MEXaHIYHOTO OYMIICHHS, 10 B OCHOBHOMY IPU3HAYCHE IS BIIIIJICHHS HEPO3UMHHHMX,
3B@XEHUX JIOMINIOK pi3HOI KpynmHOCTI. OCHOBHUM OOJaJHAHHSM MEXaHIYHOTO
OYHMINCHHS CTIYHHUX BOJI € BUCOKOOO €MHI BIJICTIMHUKH PI3HUX MPUHITUIIB i1, BIACTIHHI
CTaBKH, a TAKOXK pEUIITKU, OapaOaHHI CITKH, (UIBTPH, MICKOBJIOBIIOBaYi, (proTaTtopu
Tomo. B maHumii wac 11 MEXaHIYHOI OYMCTKH 3aCTOCOBYIOTH TiJIPOIUKIIOHH, IO
BUMAaraloTh 3Ha4HO MEHIIMX IUION] 1 BIAPI3HAIOTHCS OUIBII BUCOKOK MPOAYKTHUBHICTIO
[12].

1.1 PearenTHmnii MmeTox

Hait61s1p110ro momumpeHHs B MPaKTUIIl OYUIIICHHS CTIYHHUX BOJ BiJ 10HIB BaXKKHUX
MeTaJjIiB OTPUMaB pearecHTHUN METO/I, IO MOJISATAE Y MIEPEBEICHH]I PO3YNHHUX PEYOBUH Y
HEPO3YMHHI TPU JOJIaBaHHI PI3HUX PEareHTIB 3 MOJANBIIUM BIIOKPEMIICHHAM iX Yy
BUTJISAII ocaniB. Lleit MeTon BKiItOYae B cebe mpoliecu HeWTpaiizallii, OKMCIIOBAIBHO-
BIJIHOBH1 peaKilii, OCa/)KeHHsI 1 3HEBOJHEHHS YTBOPEHOTO OCaay 1 J03BOJISIE JOCUTH
IIOBHO BUJAJISITH 31 CTOKIB BaXKK1 METAJIH.

B po6oti [13-14] onucanuii METOMA, SIKUM J03BOJISE TEPEBOJUTU 10HU BAKKUX
METajiB, K MPaBUJIO, B TIIPOKCUIHI CIIONYKH NUIIXOM TiaBuiieHHs pH ycepemnenux

cTOKiB 710 pH iX TipaToyTBOpEHHS 3 MOAAIBITNM OCAPKCHHSIM 1 dinbTpariero. B skocTi
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peareHTiB BHKOPUCTOBYIOTh TIAPOKCHUIM KajbI[il0 Ta HAaTpilo, Cyab(diaud HaTpiio,
bepoxpoMoBHii 1Ak, cyiabdat 3amiza (1), mipur.

IIpr oOpoOIi CTIYHMX BOJA, IO MICTATH COJI 3adiza, TIAPOKCHIAOM HATPIIO
JI03yBaHHSI peareHTy MPOBOJUTHCS MPH YITKOMY KOHTPOJIi 3a pH 00po01r0BaHOTO CTOKY
JUJISL TOTO, 1100 HE CTBOPUTH YMOB JIJII PO3UMHEHHS T1IPOKCUIIIB. BuaineHHsT KaTiOHIB

Fe?* myramu 3acHOBAaHE Ha IIEPEBEIEHHI iX Y BAXKKOPO3UMHHUIA Tigpokeuy [15]:
Fe?* + 20H™ — Fe(OH), | (1.1)

[Towatok BumamiHHSI OCaay TIIPOKCUAY 3aiiza Bimmosimae pH=6,5, ocan
posunnsieteess npu pH=13,5. Tigpokcuau 3amiza (III) Ta HiKeTIO NOYUHSIOTH
po3unnsTuch ipu pH=14, rigpokcua xpomy — npu pH=12.

[IpoOnemMa 3HEMKOKEHHS IECTUBAIIEHTHOTO XpOMY OB’ S13aHA 3 HA3BUYANHOIO
TOKCUYHICTIO METaly Ta BUCOKOIO €KOJIOTTYHOI0 HEOE3MEKOI0 BIUIMBY Ha OpraHi3M
JIIOJIMHU Ta HABKOJIUIIHE CEPEAOBHILIE.

3aCTOCOBY€EThCSl JBOCTaJIIiHA 0OpOOKAa XPOMMICTKUX CTIYHUX BOJ| pEarcHTaMH.
[lepmmii CTymiHb - BITHOBJICHHS BAJIGHTHOCTI XpOMY, NPYTUN CTYIIHb - OCAJKEHHS Y
BUTJISAL TiIpookucy [16]. PeareHTamu BHCTYIAIOTh IEPEBAKHO COJIi CIPYMCTOT KHCIIOTH,

JUTIOHIT HaTpit0. BinOyBaroThCs Taki peakilii:
Cr,07%+ 35032 +8H* = 2Cr¥*+ 35042+ 4H,0; (1.2)
Cry07%+ 3HSOs+ 5H*= 2Cr3*+3S04%+ 4H,0; (1.3)
[TpumipHi 1031 peareHTiB CTAHOBIATH: 3,63 Mr/mMr cynbdity Ta Oicynbdity. Comi
CIpYMCTOI KUCIIOTH 3aCTOCOBYIOThCS Y BUTJISA1 po3uuny 10%.

[Ticiist 3MiHM BaJI€HTHOCTI HEOOX1qHA HEUTpasizallis.

Cr¥* + 30H —Cr(OH)s]. (1.4)
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Xo4a ocaI’KeHHS OCHOBHHUX KapOOHATIB MOYMHAETHCS MTPU HIKINX 3HAYSHHSX pH,
HDK BIJIMOBIJIHUX TIJIPOKCHUJIIB, BHUTpaTa COJAM Ha OCADKEHHsS BHINE, HIK TMpHU
BUKOPHUCTaHHI IIKOTO HATpy abo BamHa. Le noB’s3aHo 3 TUM, 110 IPU OCA/PKEHHI BaXKKUX
METaJliB COJOI0 MpOIEC e depe3 CTaAil0 YTBOPEHHS TiApOKapOOHATIB 1 3aKIHYCHHS
peakiii moTpiOHO HAJIUIIIOK PEeareHTy.

Buninenns giokcuay BYTJCLIO B pe3yibTaTi OCAIHKEHHS COJO0I0, IO OMHCAHO B
crarti [17], mpu3BoauTh 10 TOTO, MO OYIHOANIKHM Ta3y OOBOJIKAIOTh YACTUHKU OCANIy 1
MIIHIMAIOTh 1X, CIIPUSIOYY BUIUIMBAHHIO YaCTUHHU OCaay B BiACTIMHMKAX. ['a3 HEOOX1THO
BUJIAJISITU IPOAYBaHHAM MOBITPSAM Micis pocsarHeHHs pH = 4.5.

Jlo HeNoJMIKIB IIKOTO HATPy Ta COJIU SK PEAreHTIB CIIiJl BIJIHECTU TaKOX iXHIO
NedIIUTHICTD 1 BIAHOCHO BUCOKY BapTICTh.

B po6orti aBTOpiB [18-19] onucanuii crociO OYHUINEHHS CTIYHHX BOJ BiJl CIOJYK

MI1JI1 TIOB’SI3aHUM 3 OCAJKEHHSIM ii y BUTJIA TIAPOKCHUTY a00 T1IPOKCUIKApOOHATY:

Cu?* + OH— — Cu(OH), | (1.5)

2Cu?* + 20H +CO3 * — (CuOH),CO3 | (1.6)

OcamxeHHst rigpokcuay Miai  BigOyBaetbcsi 3a  pH=5,3. Po3uunHICTB
rAPOKCUIKApOOHATY MIJII MI3EPHO Majia, TOMY BUTIJHINIE BUIAISATH MIIAb y BUTJISIL
OCHOBHOTO KapOoHaTy. /[yt 11b0oro B po34MHI HEUTPai3ytouoro areHTa HeoOX1JHO MaTH
OJIHOYACHO TIAPOKCHUIHI, TaK 1 KapOoHaTHI i0HU. OTXKe, 3aCTOCYBaHHS ISl OCAIKCHHS
M1/l TUTBKH JIyTiB @00 BalHa BUILOTO TaTYHKY, 1110 JalOTh T1IPOKCUI-10HU, HEIOIIBHO.
Haiikpaium peareHToMm sl OYMINCHHS CTIYHUX BOJ BiJ KaTioHiB Mifi € BarHO III copry,
o mMictuth «Heponiky (CaCOs) [20].

ABTOpH B cBOIiX mpailsax [21] onmucyroTh mporiec rIMOOKOro OYHMIINEHHS BiJ 10HIB
BAKKMX METaJIB MPpH 00poOIIl CTIYHUX BOJ CyJIb(hi10M HaTpito. Lle moB’s13aHo 3 TUM, 1110
PO3UYMHHICTh CYJb(]iIB BaXXKUX METaJiB 3HAYHO MEHINA 3a PO3YMHHICTh OYIb-SKHX
THITUX BOXKKOPO3YMHHUX CIIOIYK - TiApoKkcuiB. [Iporiec BruirydeHHs: MeTamB CyIbhiIomM

HaniIO BUI'JIAAAA€ TAK:
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Me?*+ S* =MeS (1.7)

Me3*+ S =Me,S; (1.8)

Jlns oOpobku BoaM Bij ioHiB Baxkkux Metanis (Cu?*, Ni?*, Zn?*, Cr® rtomp)
aBTOpPOM Yy Tiparli [22] OyI10 3anpOoITOHOBAHO 3MIIITYBATH rajbBaHIYHI CTOKH, 1110 MIiCTSTh
10HH BaXXKUX METalliB, 3 PEareHTOM-OCaIHUKOM, IO MICTUTh >KHUPHI KHCIOTH. Sk
peareHT-oCaJHuK BUKOPHCTOBYIOTh CTI4HI BOJU puOOIEepepoOHHX 1 M’scomepepoOHUX
XapuOBMX BUPOOHULTB i3 BMicToM xkupy 200-700 mMr/am®, monepenuso noseneni xo pH
9,0 kanpMHOBAaHOI cojot0. CyMill BIACTOIOIOTH ISl KOAryJAllii JO OCaKEHHS MPHU
KIMHATHIA TeMIiepaTypl 1 BIJOKPEMIIIOIOTH ocajl. BuHaxii 103BOJISi€ CHPOCTUTH 1
MIJBUIIUTH €(QEKTUBHICTh CHOCOOY OYHUIIEHHS TajlbBaHOCTOKIB BiJ 10HIB Ba)KKHX
METaJiB 1 OJAHOYACHO YTHJII3yBaTHU IMPOMHCIOBI CTOKOB XapuyOBUX BUPOOHHUIITB, IO
MICTATB XupH [22].

VYHiBepcanpHICTh CHOCOO0Y BHUKOPUCTAHHSA JIYTiB, MOro BiJIHOCHA MPOCTOTA,
JIOCTYITHICTh PEAreHTIB € CHIIbBHUMH CTOPOHAMH MOT0 3acTocyBaHHs. OTHAK HEAOCTATHS
y OaraThOX BHIAJIKaX CTYyMNiHb OYHMUIIEHHS CTOKIB, BEJIMKUWA 00’€éM Ta TPYAHOLLI
3HEBOJIHCHHS OCaJ(iB 3HIKYIOTh MMO3UTUBHUMN €(EeKT.

[lepeBarn peareHTHOTO METOAY: MPOCTOTA EKCIUTyaTallii; YHIBEPCAJIbHICTB;
IIMPOKUI 1HTEpBal MMOYATKOBUX KOHLEHTpAlll; BIACYTHICTb MOTPEOM Yy MO
MIPOMHUBHUX BOJI T4 KOHIICHTPATIB.

Henoniku peareHTHOro METOMy: TPOMI3JKICTh OOJagHAHHS, 3HA4YHA BUTpaTa
peareHTiB; TOJATKOBE 3a0pyAHEHHS CTIYHUX BOJ; HENPUIYCTHMICTh MOBEPHEHHS 10
00OpOTHOTO MWKy OYMIIEHOI BOJW 4Yepe3 IMiJBUILICHUN COJEBMICT; YTPYIHEHICTb
BUJTYYCHHS 3 UIAMY Ba)XKUX METaNIB JUIs yTHIi3alii; moTpeda y 3HaYyHUX IJIOMIAx JUIs
[IJTAMOBIIBAJIIB.

OnHuM 13 EpCIEKTUBHUX METO/IIB PEareHTHOrO OCA/)KEHHSI Ta HE B TIOBHIN Mipi
nociipkeHui € gpeputauil meton. Hemonasuo deputhHuit Mmeroa (Meroa gpeputu3aitii)
CTaB TMPAKTHYHO 3aCTOCOBYBAaHMM BapiaHTOM MoAudIKaIli peareHTHOro Crocooy

OYMIIICHHS CTIYHUX BOJI BiJl 10HIB BAXKKHX METAJIIB 3a JOTIOMOT'OI0 PEareHTiB, 10 MICTSITh
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3ami30. 3ami3o, sk enemeHT nmobiuHoi miarpynu VIII rpymnu, Bin3HAYa€eThCs 3HAYHOIO
XIMIYHOIO aKTHUBHICTIO, BHCOKOIO CXHWJIBHICTIO JO0 aJUIOTPOIMYHUX Moaudikaiii Ta
MIPOCTOPOBO-(a30BUX IMEpeTBOpeHb. BoHO GdopMye pi3HOMaHITHI CIIOIYKH SIK
CTEX10METPUIHOTO, TaK 1 OEPTOIIITHOTO XapaKTepy, OCTaHHI BIAITPalOTh BAKIIUBY POJIb Y
KOAryJsIiidHii Ta anacopOiHiA [ii 3a7i30BMICHMX peareHTiB. MOEepuTHUNH METO.
OYUIIEHHSA CTIYHHUX BOJ| 0a3zyeTbcs Ha cOpOILli JAOMIIIOK, BKIIOYAIOYU 10HU BaXKKHX
METaJIiB, MarHITHUMH TiJPOOKCHIAMH 3aJ1i3a, Ta YTBOpeHHI QeputiB [23, 24], 3a sikumu
MPOXOJUTh TOMOXIMIYHA PEaKIlisl 3aXOIUICHHS COpOOBAHMX PEYOBHH KPHUCTAIIYHOIO
penritkoro geputy. @epuTu € NOX1AHUMU TIOTETUYHOI 3a113HO1 kKucioTu HFeO,, B sikiit
10HHM BOJIHIO 3aMiHEH1 10HaMu MeTaniB. OCHOBHHUM peareHToM Ipu (eputHiii 06pooIi
CTIYHHX BO/JI € T1JIpaT CIpYaHOKHUCIIOTro KucaoTHoro 3aiiza FeSOq4- 7H20, sikuii € Biixoiom
BUPOOHUIITBA JIIOKCHY TUTaHY, III0 OMKCcaHo B poboTax [25], abo TpaBieHHs crami [26].
[Ipu nonaBaHHi JyTy 0 BOJAHOTO PO3UMHY 3aJII3HOTO CyibdaTy, nounHarouu 3 pH=7,7,
YTBOPIOETHCS IIAPYBATHI *KOBTyBaTO-O1mMi ocaz. [lig BrumMBoM MOBITPS BiH HAaOyBae
KOPHYHEBOTO BIATIHKY, 110 00yMoBieHO yTBOopeHHsSM ananykty Fe(OH), Fe(OH)s, ane
CJI1JT 3ayBaKUTHU, IO JOCIIKEHHS CIIOJIYK, K1 YTBOPIOIOThCS MpHu pizHuX pH B BUNaaKy
okucHeHHs 3aiiza (II) kucuem, Oynau mpoBejieHi 1ie B 50-X pokax MUHYJIOTO CTOJITTS
[27]. AnnykT € Ham3BHMUAHO aKTHMBHUM 1 MOXKE MEPETBOPIOBATHCS B 3aJIC)KHOCTI Bif
ckiamy po3umHy, pH 1 Temmeparypu B HacTymHi croiiyku [28]: mapamardiTHHi
merariapokcusr FeO(OH) 31 cTpykTyporo MiHepally MarHeTuTy; (QeppoMarHiTHUN
metariapokcusr FeO(OH) 31 cTpykTyporo MiHepally JemiA0KpOKITY; HedeppoMarHiTHUM
merariapokcun FeO(OH); dopHo-kopuuHeBuii MarHeTuT FesOs; deppoMarHiTHUN
ip>kaBo-kopuuHeBui nomiriapat Fe,O3-nH20. 3a3nadeni crnoiyku, siki yTBOPIOIOTHCS K
1HIUBITyaJIbHO, TaK 1 B CyMIIIIi, BiTOOpa)katoTh PI3HOMAHITTS Ta CKJIQHICTh PEAKITiH, 110
JIe)KaTh B OCHOBI 1X yTBOpeHHsS. ABTOpH y cBOiX pobotax [29, 30] 3a3HauaroTs, 10 Mpu
HU3BKUX KOHIICHTpAIlISIX 3ajli3a B MIMPOKOMY aiama3oHi pH yTBOPIOIOTHCS CIONYKH 3
BUPOKCHUMHU MATrHITHUMU BJIACTUBOCTSAMHU. 31 30UIBIICHHSM KOHIICHTpAIlll 3aii3a
3pOoCTalOTh BUMOTH 10 pH, Tpu SKOMy ONTHMAaIbHO TIPOTIKAIOTH IPOIECH

bepuTOoyTBOpPECHHS.
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Bunuknenss 3apoakiB maraetuty — geputy 3amiza Fe Il,(FelllO,), BinOyBaeTscs

3a peaKIli€ro:

Fe(OH); ~ + 2Fe(OH); ~ — Fe304-4H,0 + 30H (1.9)

a00 B 3araJlbHOMY BUII:

6FeSO, + 12NaOH + O; — 2Fe30-6H,0 + 6NaySOy, (1.10)

[0 TaKOXX XapaKTEpHO JJIsi YTBOPEHHS (PEpUTIB KOJHLOPOBUX METAJIB 13 (HOPMYJIIOIO
MeFe>O,.

3/1aTHICTh METAJIIB /10 CIIUIBHOTO OCAJIKEHHS 3 T1JIPO3aKUCOM 3aii3a 1 popMyBaHHs
dbepuriB 3pocTae B mopsaaky Cd < Zn < Co < Ni < Cu. Kagmiii 1 HIMHK BUSBJISIOTh HU3BKY
aKTUBHICTh Y CTBOPEHHI (PEPOMArHITHUX CHOJYK, TOMY BOHM MEHIIE BCHOTO
B3a€EMOIIOTh MpU (HEPUTHOMY OUMINECHHI CTIYHUX BOJ. CTymiHb OYMINCHHS 3
YTBOPEHHSIM MAarHiTHUX TPOJYKTIB 30IIbIIYETHCA TpU OOpOOIll CTIYHMX BOJ, SKI
OJIHOYACHO MICTATh 10HU KUIBKOX METaJliB, MOPIBHSAHO 3 0OPOOKOI0 OKPEMHUX CTOKIB, a
TakoXX mpu 30imbiieHHi pH. Migs nposiBisie HaMBUILY aKTUBHICTH JJIST (PEPUTHOTO
ountieHHs. Ilpu pH>9 BoHa eQeKTHBHO BHUAANAETHCA y BUIVIAAL KPUCTAIIYHOTO
MPOAYKTY 3 BUCOKOK) MAarHiTHOK 4yTiauBICTIO. Hikenb 1 KoOanbT 3aliMarOTh MPOMIKHE
MOJIOKEHHS MK MU0 1 IIMHKOM 3a 1XHBOI 3JaTHICTIO 70 (PEpUTHOTO OYHIIEHHS.
Bucokuii edext ouumeHHs gocsraetbes npu pH>10, a depomarniTHHIl Xapaktep
YTBOPEHUX 0Ca/1iB 3a0€3MeUyeThCs TUIBKHU IIPU I03yBaHHI 3aj113a B BOJLY, [0 OYHUILAETHCS,
y kinpkocti 1o 1 /v [24].

3acTocyBaHHs (DE€pPUTHOTO METOY ISl OUHUIIICHHS TaIbBAHIYHUX CTOKIB 3MICTOBHO
ornucano B poborax [31-33], a Takok 3a3HAYEHO JOLIIBHICTH II01AIBIIOT0 BUKOPHCTAHHS
bepuTHUX OcajiB B SIKOCTI COpOEHTIB. AJle aBTOPU AOCTIIKEHb TAKOXX MPOMNOHYIOTh
BUKOPUCTOBYBATHU 0CaJIU B pi3HUX c(hepax MPOMUCIOBOCTI Taki K OyA1BEIbHUMN B SIKOCTI
no0aBku 10 nerad ta O0etoHy [32], a Takok B CLIBCHKOTOCHOAAPCHKIA Tady3i, IO

OIMcaHo B mparii [24].
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BrpoBamkeHHsiM Ta peanmizallil0 yCTAHOBOK Ha OCHOBI (DEpUTHOTO METOJAa B
Vkpaini € TOB «EnBiTek», Ha paxXyHKy KOMIIaH1i Bl MpaIior04i ycTaHOBKU « Tucay, o
JCTAIbHO OIKCaHa Ha iIXHbOMY caiTi [34].

['onoBHMMEU TiepeBaraMu (EpPUTHOTO OYMIINCHHS CTIYHUX BOJ €. 3JaTHICTH
OJIHOYACHOT'O0 BHUJIAJICHHS PI3HUX 10HIB BOXKKHUX METATIIB Ha OJHIN CTajii; yTBOpPEHHS
KPUCTAIIYHUX MPOYKTIB, IKi HE BUITYTOBYIOTHCSI, IJIsl 10HIB BAKKHX METaJIiB; €EKTUBHE
BUJIAJICHHS JUCIEPTOBAHUX CYCIEH31M Ta eMyJblrOBaHUX 3a0pyaHEHb TMOpyY 13
PO3YMHEHNMH BAXKKUMU METaJlaMH; HEUyTIUBICTh MPOIIECY JI0 BIUIMBY IHIIUX COJICH, SIKi

MOKYTbh OyTH MPUCYTHI B CTOKAaX y BEJIUKUX KOHUEHTpPALISAX.

1.2 MexaHiyHi MeTOAM OYUIIICHHSHA

MeTon MexaHIYHOT OYMCTKH BUKOPHUCTOBYETHCS JJISI BUIAJICHHS 31 CTIUHUX BOJ
HEpPO3UMHHMX MIHEpPAJIbHUX 1 OpraHiyHUX JOMINIOK. 3a3BH4Yail LEeHd MEeTOJ
3aCTOCOBYETHCS TIEPE]l BUKOPUCTAHHIM O10JIOT1YHOTO, (DI3UKO-XIMIYHOTO a00 1HIIIOTO
croco0y TIMOOKOT OYMCTKUA. B OUIBIIOCTI BUMAAKIB MEXaHIYHA OYMCTKA BUCTYMAE SIK
MOYATKOBUI €Tall, a 1HOA1 - SIK 3aBepIIaIbHUI KPOK y MPOIIECT OUUIICHHS BUPOOHUUUX
crivaux Box [35]. MexaHiuHHMI TPOIEC OYMINECHHS CIPHIE BUIAJCHHIO 3aBHCIUX
pedoBHH Ha piBHI B 90 10 95% 1 3MEHILIEHHIO BMICTY OpraHiyHMX 3a0pyaHeHs 10 20-
25%. CranmapTHa cXxeMma OYHILICHHS], 3aCTOCOBYBAHA HA CyYaCHUX OUYMCHHX CIIOpYyAax,
BKJIIOYA€E B ce0e MPOLIECH MPOLKYBaHHS Yepe3 I'paTH, MiCKOBJIOBIOBAHHS, OCAHKEHHS
ta QineTpyBaHHs [36].

VY  nmeskux BUMNAAKAaX MOXKHA BHUKOPUCTOBYBATH 1HINI MPHUCTPOi, Takl SK
npeaepaTopu, 010KOTYJISITOPU, OCBITJIFOBAaUl Ta TAPOLUKIOHU. JJIsI OUHIIIEHHS CTIYHUX
BOJI BiJl Ip1OHOIUCTIEPCHUX 3a0pyAHEHB 3aCTOCOBYIOTh 0CaJI0BI IEHTPUDYTH Ta PiAMHHI
cenapatopu. [37]

Jist 3a0e3neyeHHst HaAlitHOT pOOOTH MEXaHIYHUX CIOPYA OYUIIEHHS BUPOOHUYMX
CTIYHUX BOJ| PEKOMEHAYETbCSI MAaTH HE MEHIIE JBOX POOOYMX OJUHUIL OCHOBHOIO
TEXHOJIOTIYHOTO 00J1aiHaHH:A[38], TakuX SK pennTKy, MCKOBIIOBIIIOBAYl, YCepEIHIOBAYI,

BIJICTIMHUKY 200 QUIBTPH.
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1.3 dizuko-xiMiuni MmeToaH

®d13UK0-XIMIYHI METOH BIAITPAIOTh ICTOTHY POJIb B 00POOIl BUPOOHUYUX CTIUHHX
BoJ. Jlo HUX HajmexaThb Taki: Koaryysiis Ta (IOKYJAlis, copOllis, 10HHUNA OOMIH,
eKCTPAaKI[is, EJIEeKTPOXIMIYHI METOau, MeMOpaHHI MeToau (3BOPOTHHH OCMOC,
ynbTpadinbTpanis) Tomo. [li MeToan BUKOPHUCTOBYIOTH SIK CaMOCTIMHO, TaK 1 Y
[MO€THAHHI 3 MEXaHIYHUMH, O10JI0TTYHUMH Ta XIMIYHUMH METOJIaMU OYHMILEeHHs. B nanuii
gac cdepa 3actocyBaHHSA (HI3MKO-XIMIYHUX METOJIB OUHIIEHHS PO3IIHUPIOETHCA.
Haii6inpmr  edekTuBHE 3acTOoCyBaHHSA (DI3UKO-XIMIYHHUX METOJIB JOCSTAEThCA Y
JIOKAJTBHUX CHCTEMAaX OYHIIEHHS CTIYHUX BOJ IPOMHUCIIOBUX ITiAMPUEMCTB.

1.3.1 Enexmpoximiuna oopooxa 3a1izocynvhamemicHux cmokie

B po6orax [6,39,40] nokasaHo, 1110 3aCTOCYBaHHSI PEareHTHOTO METOJTY JI03BOJISE
JOCSITTH BHUCOKHX CTYIIEHIB OYHIICHHS IPOMHUCIOBUX CTOKIB, aje MPHU3BOAHUTH JI0
YTBOPEHHSI 3a0pyIHEHOTO0 OKCHUIHOTO Marepiainy, SIKAW BaXXKO BIUIUIATA BIJ
MajJopo3uyuHHUX conei. [Ipu 1bOMy YyTBOpEHI CIIOJIYKH HE TIIBKA HE MOXKIHUBO
BUKOPHCTOBYBATH B MPUPOJOOXOPOHHUX HAIPSIMKaX, a  HEOOX1THO 3aXOPOHIOBATU HA
CHeIliaJIbHUX CXOBHINAX, OYAIBHUIITBO 1 €KCIUTyaTallls SKUX € TOPOTHM Ta HEOaKaHHUM.
Jlo TorO K, IpM 3aCTOCYBaHHI PEareHTHOTO METO/Y BHHHWKAE HEMPUHHSATHE BTOPUHHE
3abpyaHenns Boau [6,40,].

BapiantoM no/i0naHHs BIANOBIAHMX TPYAHOILIB MOXE€ OYyTH €JNEeKTpOXIMIYHE
OUYMIIEHHS 3a0pYyJHEHUX MMPOMHUCIIOBUX CTOKIB IIJISIXOM €JIEKTPOJIi3Y, 110 BUPI3HAETHCA
MIEPCIICKTUBHICTIO Ta EKOJIOTIYHOK JOIHiIbHICTIO. IlepeBaroro mgaHOro MeETOIy €
BIJICYTHICTh BUKOPHCTAHHS JOJATKOBUX XIMIYHUX peareHTiB [6,41]. Ane, He3Baxarouu
Ha PsiJl CYTTEBUX TIEPeBar, TOJIOBHUM HEJIOIIKOM €JIEKTPOXIMIYHOTO OUMINEHHS € BUCOKI
BUTpaATU enekTpoeHeprii. EQekTuBHUM HIIsIXOM ONTHMMI3aIlli 3aCTOCYBaHHS MPOIIECIB
CJIICKTPOJII3Yy € HOro MPOBEACHHS 3 OTPHUMAaHHSAM B)XE TOTOBHX IS TIOJAJIBIIOTO
BUKOPHCTAHHS NMPOAYKTIB — PEAKTUBHUX CyMillIei, pO3YUHIB KUCIOT ToIo [6,42, 43].

OTxe, eNeKTpoAiaNi3HUI METO/ 13 3aCTOCYBAHHSIM 10HOOOMIHHUX MEMOpaH € came
TUM aKTyaJbHUM CIIOCOOOM EJIEKTPOXIMIYHOTO 3HEIIKOHKEHHS T'ajlbBAHIYHUX CTOKIB,
KU JTO3BOJISIE TIJISIXOM PO3JUICHHS Ta OKMCHEHHSI HE0E3MEeUHUX JOMIIIOK CTIYHUX BOJT

OTPUMYBATHU TOTOBI I[IHHI MPOIYKTH JIsl BTOPUHHOTO BUKOPUCTAHHS.
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EnextponianizHuil METOJI OUMILIEHHS CTOKIB JOLLIBHO 3aCTOCOBYBATH JIJISI CTIYHHUX
BOJ 3 KoHIeHTpauicto coneii g0 10 r/am3. InTeHcudikyBaTH Ipolec MOKIMBO
NIJBUIIEHHSM TYCTUHU CTPyMy JO TEBHOI MeEXi, OCKUIbKM B JaHOMY BHUIAIKY
cTpuMmytounM GakTopoM OyJe KOHIICHTpallliHa TOJsSpHu3allisi, $SKa BUHUKAE OUIA
MoBepxHI 10HOOOMiIHHOT MemOpaHu. lle mopymiye pexuMm podOTH eleKTpoJizepa,
3MCHIIIYIOUM TPOMYCKHY 3JaTHICTh caMoi MeMOpaHH, THM CaMUM 30UTBIIYIOYN
TEXHOJIOTTYHUN Yac OYUIICHHS 1 ABUIYIOUH HANPYTy Ha eIEKTPOII3epi, 1 sIK pe3yIbTarT,
BUKJIMKAIOUM 3pOCTAaHHS BUTpAT eNeKTpoeHeprii. HeBumoBaTH Takuil HeraTUBHUMN
dakTop MOXIMBO IIISIXOM 3aCTOCYBaHHS METOAY KOHIICHTPYBAHHS 3aTi30BMICHHX
PO3YMHIB /10 IIEBHOTO 3HAYEHHS IpHU EJIEKTPOAIaI3HOMY O4YMIIEHHI. B momanmemomy
OTpUMaHI KOHIIEHTPATU MO>KHAa BUKOPHCTOBYBATU JiJisi (PEPUTHOTO OUYHUIICHHS CTIYHUX
BoA [6,7,41-44] ta 3acTOoCOBYBaTH OjiepkKaHl (hepUTHI OCaaW B TEXHOJOTISIX 3aXHCTY
noBkiLIs [45-48].

[Iporec eHeprooiaaHoro GEepUTHOTO OYUIICHHS TrajJbBaHIYHUX CTOKIB IMOJISITAE B
dbopMyBaHH1 1HEPTHUX OCAJIB PI3HOMAHITHOTO (PA30BOTO CKIJIay B MPUCYTHOCTI 10HIB
3aJi3a Ta iX BIUICHHS MarHiTHOIO cemnapariiero [49]. IlepeBaramMmu JaHOTO METOIY €
BHUCOKA €()EeKTUBHICTh, MOXJIMBICTh MOr0 3aCTOCYBaHHS JJis BUAAJICHHS 10HIB BaXKKUX
METaJliB PO3MOBCIOKCHUX TabBaHIYHUX MpoleciB MMHKYBaHHA [50] Ta HikearoBaHHS
[51], nmemeBu3Ha, 0OyMOBJICHA BHACIIJOK IMOBTOPHOTO BHKOPHCTAHHS TOBapHUX
npoaykTiB. Taki mporecu 3 BUKOPUCTAaHHSIM cofielt 3ami3a [45,52] MaroTh mpoMuCIoBe
3HAYCHHS.

OTprMaHHsI MarHITHUX YaCTUHOK BUCOKOI IMCIIEPCHOCTI 13 CyMIIl1 COJIEl ABOX- Ta
TPUBAJIEHTHOTO 3aji3a HUIAXOM OCAPKEHHS iX JYTOM JI03BOJISIE 3HAYHO CKOPOTHUTH
TPUBAJICTh MPOIECY, CHPOCTUTH HOrO0 Ta 30UIBIIMTH TPOTYKTUBHICTH OOJIaTHAHHS
[45,53]. Tlpu 11bOMy TaKOX Biamaza€ HEOOXIMHICTh B KOHTPOJI MPOTIKAHHS pPeaKIlil
YTBOPEHHSI MAarHITHUX YaCTHMHOK, OCKIJIBKU 1X XapaKTePUCTUKH BU3HAYAIOTHCS CKIIAJIOM
MOYATKOBUX PO3YMHIB Ta YMOBaMH iX ocakeHHs. CyTh METOMy MOJSATA€E B MIBUAKOMY
OCAaJI’KEHH1 JIyTOM IpU HarpiBaHHi ado 0e3 3 MOCTINHUM MEePEMIITYBAHHSIM CYMIillll COJeH
3amiza. HaitOouib mmpoko 1ei MeTol BAKOPUCTOBYETHCS B TEXHOJIOT1SIX TPUTOTYBAaHHS

MarHiTHUX PiJUH, JI€ YaCTUHKA MarHeTuty abo (epuTiB € OCHOBHOK CKJIQJOBOIO
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4acTUHOO. /{711 OTpUMaHHS YaCTHHOK 3 MAaKCUMAJIbHIUMHU MAarHITHUMHU BJIACTHUBOCTSIMU
sutpara 3aniza (II) cknagae 0,5 mr Ha 1 Mr ionis Fe®* [6,45].

OTXe, y KOXKHOTO 3 PO3INIIHYTHUX METOJIIB € CHIIbHI Ta cnaOki cropoHu. Cepen
CJTA0KMX TTO3UINN MOYKHA BUJIIJTUTH HACTYITHE:

— HeMOXKJIUBICTh YTHITI3aIli1 BIIXO/I1B PEarecHTHOTO OYMIIICHHS CTOKIB;

— npobiema yTuiizanii BIANpab0BaHUX PereHepaliifHiX po3urHIB Ta MPOMUBHHUX
BOJl I0HOOOMIHHOTO METO/TY;

— BHCOKI BUTPATH €JICKTPOCHEPTIi MPU BUKOPHUCTAHHI CJICKTPOXIMIYHUX METO/IIB.

Ha ocHOBI poBe/ieHHs aHaII3y Ta CHCTeMAaTH3alli JITepaTypHUX JXKEpel MOXKHa
CTBEp/KYBaTH, IO JIOIMUJIBHUM € TIPOBEACHHS JIOCHIJDKEHHS, MPUCBIYCHOTO
CJIEKTPOXIMIYHOMY  OUHIIEHHIO  3alli30CYNb(PaTBMICHUX CTOKIB 3  MOJAJIBIINM
BUKOPHUCTaHHAM po34rHIB cynbdatiB 3ani3a (1) ta 3amza (I11) nis otpumanns peputHux
MaTtepiaiiB sIK TOBapHOro MPOJIyKTy. BkazaHi HOCHIKEHHSI JO3BOJSATH 3a0€3MEUUTH
KOMITJIEKCHE €(eKTHBHE OYMINEHHS TaJbBaHOCTOKIB Ta CKOPOTHTH BUTPATH Ha
peaizartio.

1.3.2 Copouiiini memoou

CopOr1is - mporiec MOrJIMHAHHS OHI€T pEYOBUHU 1HIIO. OUHIIEHHS CTIYHUX BO/I
BIJl BA)KKMX METAJIIB B1AOYBAa€ThCA 3a PaXyHOK iX MOTJIMHAHHS COPOEHTOM Y HaIlipHHUX
abo Oe3namnipHux (QinbTpax. 3aNeKHO BiJ MEXaHI3MY COpOIlli PO3PI3HAIOTH a/1cOpPOIIito,
xemocopoOitiro [54].

CopOmiiiHi  MeTonu, 1[0 3a0e3NeuyloTh BUCOKY €(DEKTUBHICTh OYHUIICHHS,
JIOIITHHO 3aCTOCOBYBATH JIJIS BIJIYYCHHS 31 CTIYHUX BOJI IIIHHUX PO3YMHEHUX PEYOBHH 3
iXHBOIO MOJAJBIION YTHIII3AII€I0 1 BUKOPUCTAHHSIM OUYMILEHUX CTIYHUX BOJ Y CHCTEMI
000pOTHOTO BOJIOMIOCTAYaHHSI IIPOMUCIIOBHX TIITPUEMCTB.

Sk copOeHTH 3aCTOCOBYIOTH PI3HI IITYYHI Ta MPUPOIHI MOPUCTI MATEPIau: 3011y,
KOKCOBY JIpiOHOTY, TOp(, cuiikaresni, aroMoreii, akTUBHI INIMHU Tolo. EdhexTuBHUMU
copOeHTaMHt € aKTUBHE BYT1JLIA Pi3HUX Mapok [55].

CopOi1iiiHi METOAM MOXHA YMOBHO MOJUIATA HA TPU PI3HOBUAM: aJICOPOIIHHMIA

METO/I, IOHHUI 00MiH, KOMOiHOBaHu# MeTo [56].
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1.3.2.1 Aacopouis

AncopOuiiHui METOJ| € OHUM 3 €(PEKTUBHUX METOJIB BUIIYYEHHS KOJIbOPOBHX
METaJiB 31 CTIYHUX BOJ TaJbBAaHOBHPOOHHIITBA. B SIKOCTI COpOEHTIB BUKOPUCTOBYIOThH
aKTHBHE BYTULIS, CHHTETHYHI COPOEHTHU 1 JeAKl BIAXOAU BUPOOHUIITBA (301y, ILJIAKH,
TUpCYy Toio). Jlo MiHepanbHUX COPOCHTIB HajeXaTh: IJIMHHU, CHIIIKAresi, aJloMOreni,
rigpati okcuuiB [57].

ITporec apcopOiii CKIaTa€eThCs 3 TPHOX CTAIMN:

- TEPEHECeHHS PEYOBHHU 31 CTIYHOI BOAU JO TMOBEpPXHI 3€peH aJcopOeHTY
(30BHIIHBOAM(]Y31HiHA 00JIACTB);

- BIJIAaCHE aJCOpPOIIWHUNA TIpolieCc, TEPEHECEHHs PEYOBMHM BCEPEIMHI 3€peH
afgcopOeHTy (BHYTpilmHbOAU(Y31iTHA 00J1aCTh);

- BIIBE/ICHHS BiJl a7ICOPOCHTY MPOTUIIC)KHOTO i0Ha [58].

Po3pobieno meToa ancopOIHHOTO OYHINEHHS CTIYHMX BOJI TaJbBaHIYHHX
BUPOOHUIITB BiJ 10HIB BaXXKUX MeTaniB. Crnoci0 OYMINEHHS BKJIOYAE OTPUMAHHS
(GbepuTH30BaHOTO TajbBaHOIIAMY B IMPOIEC] 3HEMIKOJKEHHS OCaJiB CTIYHUX BOJ
raJIbBaHIYHUX BUPOOHUUTB METOJOM (hepuTHh3allii, HOro 3HEBOJHEHHS, CYIUIHHS Ta
MOAPIOHEHHS, JT0JJaBaHHSIM Y PEAKTOp JO0 CTIYHUX BOJ MOJPIOHEHOTO (PEepUTU30BAHOTO
raJibBaHoIJIaMy, TEpPEMIIIyBaHHAM OTpUMaHOi cymimi mpoTsiroMm 120  XBuiuH,
po3auieHHs (a3 1 TOBEPHEHHS OYMIIEHOI BOAM y BUPOOHULTBO. IIpu 11bOMy YacTUHY
cycrnensii epuTU30BaHOTO rajJbBAHOIILIAMY BOJIOTICTIO MPUOIN3HO 95 % mpu MacoBoMy
BI/IHOIIICHHI 10HIB Ba)XKUX METaJIIB, [0 MICTATHCS B CTIYHUX BOJAX, 0 TBEpAOi (a3u
nutamy 1:10, momaroTh Ha CTaAll0 HEUTpai3alli CTIYHUX BOJ, a 1HIIY YacTHUHY MICHsS
CYIIIIHHS BUKOPUCTOBYIOTH SIK COPOEHT MJisi OYHMINEHHS CTIYHHX BOJ TPH MacOBOMY
CITIBBIIHOIIICHHI 10HIB B&XKKHX MeTaliB 70 TBepAoi a3 nuiamy 1:15 [59]. Texuiunmii
pe3ynbTaT - TIMOOKE OYHUINEHHS CTIYHUX BOJ TaJIbBAHIYHOTO BHPOOHMIITBA BiJ 10HIB
BOKKMX METaliB, IHTEHCH(IKAIli TPOIECy OCBITICHHS CTIYHUX BOJ, 3MEHIICHHS
KUIBKOCTI Ocafy, 1110 yTBoproeTbes [60].

Takox O0ys10 po3p06IeHO CIIOCIO OYHUIIIEHHS CTIYHUX BOJI B1J] 10HIB BAXKKUX METaJIIB
IUISIXOM COpOIIii Ha KOMMO3UIIMHOMY COPOEHTI, 10 BIIPI3HAETHCS TUM, IO SIK COPOSHT

BUKOPUCTOBYIOTh TaJIbBAHOIIIAM, TPAaHYJIbOBAaHUM 13 TMOJIMEPHUM CIOJYYHUM 31
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ckiaangom 75-83 %, 17-25 % BianoBigHO. SIK CHOMYy4YHY PEYOBHHY BHKOPHUCTOBYIOTH
MOJIIMEPH, PO3YMHHI B PO3UMHHMKAX, 1110 3MINIYIOThCS 3 BOJ0I0. Croci0 BUPI3ZHIETHCS
MIPOCTOTOIO 1 EKOHOMIYHICTIO 1 JIa€ 3MOTY 3/IIMCHUTH OYMILCHHS CTOKIB 0 piBHA ['JIK 3a
YMOBH TIIBUIIICHHI IPOTYKTUBHOCTI mporiecy [61,62].

[lepeBaru agcopOmiitHOro MeToay: ounieHHs cTivHuX Boa 1o I'JIK; MoxIuBicTh
CHUIBHOTO BHJAJCHHS PI3HUX 32 MPUPOAOI0 JOMIIIOK;, BiJICYyTHICTH BTOPUHHOTO
3a0pyJHEHHS] OYMIYBAHUX BOJI; MOJJIMBICTh TOBEPHEHHSI OYMIIECHOI BOAM TICIH
KopuryBaHHs pH.

Henouniku aacopOLiitHOro MeToy: BEJIMKa BUTpATa PEearcHTIB JJisl pereHeparii
COpOEHTIB; TPOMI3JIKICTh 00JIaTHAHHS;, YTBOPEHHS BTOPUHHUX BIJXO/I1B, SIK1 TOTPEOYIOThH

JO0JaTKOBOI'O OYMIIICHHA.

1.3.2.2 Metoa ioHHOTO 00MiHY

['ereporennuii ioHHUIT 0OMiH 200 10HOOOMIHHA COPOIIIA - 1€ MPOIEC OOMIHY MIX
10HaMH, 1110 3HAXOASATHCS B PO3YMHI, Ta I0HAMH, IPUCYTHIMH Ha MTOBEPXHI TBEPOi (ha3u
10HITY. OYUIIEHHS CTIYHUX BOJ METOJOM 10HHOTO OOMIHY JAa€ 3MOT'Yy BUTSTYBATH U
yTWII3yBaTh IiHHI AoMimiku [63,64] (11t HAIOro BHUIAAKY 1€ XpOM, IUHK 1 HIKEIb),
ountmiaty Boxy A0 ['JIK 3 moganpmmm ii BAKOPUCTAHHSAM Y TEXHOJIOTTYHUX Mpoliecax abo
B CUCTeMaxX 00OPOTHOI'O BOJIONIOCTaYaHHS.

[cHyIOTH 1Ba BUIM 10HOOOMIHHUX CMOJI - OJTHI CMOJIY 3/1aTHI IO OOMIHY KaTiOHaMH,
HII - 70 00MiHY aHioHamMu. CMOJH, sIKI 3[aTHI 10 OOMIHY KaTiOHaMu, Ha3WBaIOThCS
KaTIOHOOOMIHHUMH CMOJIaMH, a TMpoliec, IO TMPOTIKAE 3a IXHBOK YyYacTIo,
KaTiIOHyBaHHAM. PoO3pi3HSAIOTH J1Ba pPI3HOBUAM KaTIOHOOOMIHHMX mponeciB: H-
KaTIOHYBaHHA (CMOJIM OOMIHIOIOTh KaTIOHH, 110 PUCYTHI B PO3YMHI, HA 10HU BOJHIO) 1
Na-kaTioHyBaHHS (CMOJH OOMIHIOIOTH 10HH, IO MPUCYTHI B PO3YMHI, Ha 10HU HATPIIO)
[65].

[TomimepHni MmaTepianu, 3AaTHI 0 OOMIHY aHIOHAMH, Ha3UBAIOTh aHIOHOOOMIHHUMH
CMOJIaMH, a MPOILEC, 110 MPOTIKAE 3a IXHBOT YUacCTl, - aHIOHyBaHHAM. € J[Ba Pi3HOBUIU

aH10HOOOMIHHUX cMoJI. OJIHI CMOJIM MAarOTh 3JIaTHICTh 10 OOMIHY 3 aHIOHAMHU CHUJIBHUX
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KHCJIOT, 1HILI1 XeMOCOPOYIOTh aHIOHU CJIA0KUX KHUCIIOT - BYTUIbHOT Ta KPEMHI€BOT KUCIIOT.
HesanexHo Bijl By 3aCTOCOBYBaHOT CMOJIM B pO34MH HamxoAsaTh ionn OH™ [65].

[Iporiec i0oHHOrO OOMIHY € MEPIOJAMYHHMM 1 CKIAIA€ThCS 3 KUIBKOX CTaJlli:
OUHIIIEHHSI BOAM a00 PO3YMHY; MPOMHBAHHS 10HITY; pereHeparis 10HITy; OCTaTOYHE
BIIMHUBAHHS 10HOOOMIHHHUKA.

VY mporieci 0CHOBHOTO poO0YOTo MUKITY BiOYBA€ThCS HACHUYEHHS CMOJIM 10HAMH,
IPUCYTHIMH B po3uMHi. Y mporieci H-kaTioHyBaHHS HUKHI IIAPH CMOJIN 3aJTUIIAI0THCS 3
AKTUBHUMH LIEHTPAMH, 110 MICTATh ionn HY, mani fiae 1map KaTioHIiTy, 0 MICTUTh 10HH
Na*. I, mapemri, karionu Ca?* ancopOyroThCs y BEpXHix IIapax KaTioHity [66,67].

[Ipouiec  aHiOHyBaHHS  BIIOYBA€TbCS ~ AHAJOTIYHUM  YUHOM. YepromicTh
po3TanryBaHHs 11apiB, 3aoBHEHUX aHioHaMu OH, CHJIbHUX 1 CJTAOKUX KUCIIOT.

3a3Buyall IUKJI 3aKIHYYIOTh y TOW 4ac, KOJU 3aJIMIIAEThCS 3HAYHA KIJIBKICTh
HEBUKOPUCTAHOT OOMIHHOT €MHOCTI 10HITY. lle mosiCHIO€ThCS THM, IO TiJI Yac
pereHepariii 10HITIB BUTPAYalOThCA PEareHTH B KUIBKOCTAX, 110 3HAYHO MEPEBULIYIOTh
iXHI CTEXIOMETPHYHI 3HauyeHHs. SKOM CMOJIM BHKOPHUCTOBYBAJIUCS JIO0 TOBHOTO
BUCHAQ)KEHHSA, TO 11€ NpU3BeN0 O /10 3HAYHOI MEePEeBUTPATH pETeHEpaIliiHUX pearcHTiB
[68].

Perenepartito cMoi IPOBOAATH ISl BUJIAJICHHS] COPOOBAHMX 10HIB 1 IMIJATOTOBKHU
10HOOOMIHHHUKA 0 HOBOT'0 poOouoro uukiry. Bubip perenepaiiiHoro po3urHy 3a1eXHUTh
BIJl TUITy 10HOOOMIHHUMKA: Mpu Na-KaTIOHYBaHHI B SKOCTI PEreHEepaliiiHOro poO34HHYy
BUKOPUCTOBYIOTh po3unH KyxoHHOi coiii NaCl, nmpu H-kaTtionyBanHi - Oyab-siKy
MIHEpaJIbHy KHCIJIOTY (YacTII€ PO3YMH CIPYAHOi KHMCIIOTH, SIK HaWOLIbII JIEIIEBUN).
Perenepaiiito aHIOHITIB 3ailCHIOIOTH po3unHoM j1yry NaOH [68,69].

Haii6inpmoro mpakTUYHOTO 3HAYEHHS IS OYMINEHHS CTIYHMX BOJ HaOynH
CUHTETHUYHI 10HOOOMIHHI CMOJM - BHCOKOMOJIEKYJISIPHI CIIOJYKH, BYIJIEBOJIHEBI
pajviKa I SIKUX YTBOPIOIOTH NMPOCTOPOBY CITKY 3 (DIKCOBAaHWMHU Ha Hill 10HOOOMIHHUMU
(GyHKI10HATBHUMU TPyTHaMHu.

[IpocTopoBa ByIJIeBOAHEBA CiTKa HA3MBAE€TbCA MATPUICIO, a 10HHU, IO

OOMIHIOIOTBCS, - TpoTHUiOHaAMU. KOXXeH TMpOTHIOH 3’€IHAaHUN 13 TMPOTHIICIKHO
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3apsIDKCHAMU 10HAMH, Tak 3BaHuMU ankepHumH [70]. Peakiiist ioHHOTO 00MiHY TIPOTIKa€E

TaK IPH KOHTAKT1 3 KAaTIOHOM:

RSOsH + NaCl = RSO;Na + HCl, (1.11)

ne R — matpuns, H — npotuion, SO3 - ankepHUil 10H.

[Ipu KOHTaKTI 3 aHIOHOM BiJI0YBaIOTHCSI TaKl pEaKIIii:

ROH + NaCl = RCI + NaOH (1.12)

Bigoma ycraHoBka 11 OYMINEHHS CTIYHHUX BOJ BIJ BaXKUX METaliB
10HOOOMIHHUMHU (QIIBTPaMH, IO MICTHTh AHIOHITOBUU (LIBTP 13 CHIBHOOCHOBHHUM
aHIOHITOM, 3MIIIyBad Ta OCBITJIIOBaY BOAW. BOHA BiAPIZHAETHCS TUM, IO JOJATKOBO
MICTUTh KaTIOHITOBUH (DUIBTP 13 CHIIBHOKUCIOTHUM 1 CIA0OKUCIOTHUM KaTIOHITAMH B
H*-bopwmi, po3ramoBanuii miciisi OCBITIIOBaYa BOJIY, BUKOHAHOTO 3 MEPErOpOAKAMH Y
BUTJISIII KOAKCIAJIbHO PO3TAIIOBAHUX 3PI3aHMX KOHYCIB, IO PO3AUISIIOTH BHYTPIIIHIN
OpOCTIp HAa TOHKI IIapW, a 3MillyBady, y SKUH CTIYHA BOJA HAAXOAWUTH MICIHS
CHUJILHOOCHOBHOTO aHIOHOOOMIHHOTO (UIBTpa, SBISE COOOI IWIHIAPUYHY TPYyOy 3
PO3TAIIOBAaHUMHU B Hili TBUHTOBUMHU €JIEMEHTaMU Y (hOpM1 CKpYUYEHHX IT1]1 KyTOM IIOCKUX
J1BO- 1 MPaBO3arHyTUX IUIACTUH, IO YEPryHOThCSA MO BCIA JAOBXHHI TPyOH, MPUUOMY
aHIOHITOBUH (LIBTP BUKOHAHMH 13 CHIIbHOOCHOBHUM aHioHiTOM B OH - hopmi [71].

IlepeBar MeTOay 10HHOTO OOMIHY: MOXJIUBICTH ouuIIeHHs a0 BuMor ['JIK;
MOBEPHEHHS OYHUIIEHOT BOJIU B 00IT 110 95 %; MOXKIMBICTh yTHIII3AL[] BAXKKUX METAIB.

Henoniku Meromy i10HHOTO OOMiHY: HEOOXIIHICTH MOMEPEIHHOTO OYUIIECHHS
CTiyHUX BoJ Bia ok, [TAP, po3uMHHHMKIB, OpraHiku, CyCIE€H31{; BeJMKa BHUTpaTa
peareHTiB JIJIsl pereHeparii 10HITiB 1 0OpOOKH CMOJI; TPOMI3AKICTh 00JaHAHHS; BUCOKA
BapTICTh 10HOOOMIHHMX CMOJI; YTBOPEHHSI BTOPMHHOIO BIJIXOAYy — €JI0ATIB, IO

noTpeOyIOTh 10JJaTKOBOI IEPEPOOKHU.
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1.4 BukopuctanHusi GpepuTHUX KAaTAJI3aTOPIB U1 3HEIIKOIKEHHS
TOKCHYHHUX Ira3onoaioOHuX BigxoaiB
HaiiGinpm 3a0pyJHEHUMH BHUKHIAMU MOHOOKCHIY BYTJELI0O B YKpaiHi €
IIPOMUCIIOBI PETIOHHU 31 3HAYHUM CKYMUEHHSIM BU00YBHHX Ta MEPEPOOHHX MiATPHUEMCTB
(puc. 1.1) B [onenpkiil, JHinmponeTpoBchbKii, 3amopi3bKiid oOmacTsax (Hapasi Jeska
yacTUHA 00JIaCTel 3HAXOIUTHCS B OKYIIAIIii).

Cymapna kinbkicts BukuaiB CO B kpaini ckiagae 704344,218 1/pik [72], mo y

=
338.922 297054.233
Bonmmcexa obnscis PisHencaka obnacis Yepririscora obnacts
1251.384 1318.454 1938.712
Cymonna nfinactn
3799.189
1942.445
Nisiscora obiacis
4315.091 e Koot climaern i oo e
g O 08 11047.94 9015.147
1629.034 + 6696.152 { ) Ivrancuia ofnacny
Ieano- Binvenusa oacts 2643.474 11230.806
parm
i 7189.435
JetepneTca’ 1 3569.439
1051.754 i [ S e
ceieen 3033.001 :
Muonaincua obinacrn
1735.412 3anopisea oinecTs
51993.774
Opgeecnna ofingcis
3275.48
XepCoHcHa of Gnacte
919.43

Puc. 1.1 — Bukuam MOHOOKCHy BYTJIELIO B aTMOC(EepHE MOBITPS B1J CTAIL[lOHAPHUX
JoKepen BUKHIB 3a perionamu 'y 2021 porti (moOyaoBaHo aBTopamu Ha miatdopmi

Bing © GeoNames, Microsoft, TomTom)

BIJICOTKOBOMY BIJTHONICHHI CTaHOBUTH 31,42 % 10 KUIBKOCTI 3araJbHUX BUKHUJIIB
3a0pyTHIOIOUMX PEYOBHUH 1 TAPHUKOBUX T'a31B OKPIM JIIOKCUY ByTieito 2242020,75 1/pik

(puc. 1.2).



45

E ]
1667.591 744120.586

Bonuncoka 06nacTb Yepririscona obnacte.
5588.577 g 22972.988
obnactn Cymcora obnacib
9378.414 18275.171
frm————

11893.139

Jlesiscera obnacts
75433.081

Cobcoa OOROCT: Tonracsxa o6nacrs e nOme

59309.949 52434.458 73371.666

Xmenuiupia

obnacty
[
DiTiE dos Nyrawoska ofinac
8298.426 Hepraceka o6acts 35084.978
tearo- Binnmpra obnacts 47651.587
ol 79264.983

3akapnatceka Spatikioceia
racrs 172425.315
2825.974 Kiposorpagcua obnacr, TR
1667.591 11091.566 537635055

Muxonaiacoka obnacts R JY
Onecwa | 12186.288 3anopisska 06nacTh
obnacte. 148194.402

35905.958

Xepcomcesa ofnacte

17073.769

Puc. 1.2 — Bukuau 3a0pyAHIOIOUNX PEYOBUH 1 MTAPHUKOBUX Ta3iB OKPIM JT10KCUIY
BYTJICLIIO B aTMOC(EpHE MOBITPS B1Jl CTALlIOHAPHUX JHKEPE BUKHIIB 33 PETIOHAMU Y
2021 pomi (mobynoBaHo aBropamu Ha riatdopmi Bing © GeoNames, Microsoft,

TomTom)

[ToTpamnisHHas 3HaAYHMX KulbkocTe oTpyiHoro CO B arMmocdepy CTaHOBHUTH
cepilozHy mpoOJsieMy, KOTpa T[IOBHHHA BHPINIYBaTUCA HAa PIBHI MNPOMHUCIOBUX
BUPOOHMIITB. 30KpeMa, CKYMYEHHS y MICTI 3amopixki €KOJOTTYHO HeOe3MeuHux
MIPOMUCIIOBUX MIANPUEMCTB 3 TIEPEBAKAHHSIM BaXKKOI TPOMUCIOBOCTI, /IO MEPETIKY SKUX
Bxoauth [IpAT «VYkprpadit», mnpusBeno [0 YTBOPEHHS TEPUTOPIi 3HAYHOTO
TeXHOreHHOTO BIUUBY. Bimomo, mo y Bukumax I[IpAT «VYkprpadit» npucytHiit
MOHOOKCH/I BYTJICIIO Y KibkocTi 47,056 % [73].

AHaJli3 HAyKOBO-TEXHIYHOI Ta MATEHTHOI JTepaTypH 3aCBITYUB, 110 Hapa3l s
po3B’s13aHHs 3aAa4l 3HemKoKeHHsT CO MpoMoHyeThCs 1Ba CocoOu, 110 6a3yroThes ado
Ha (I3MKO-XIMIYHHUX METOJaX BHIIYYEHHs, a00 Ha TEPMIYHOMY YU KaTaIITUYHOMY
okucHeHHl. OpHak, sK (I3UKO-XIMIYHI CcmocoOW, Tak 1 TEPMOOKHCHEHHS
XapaKTEPU3YIOTHCS BUCOKOIO €HEPIo- 1 KamiTaIOMICTKICTIO, TPU LIbOMY HE FapaHTyIOuu
noBHe 3HemKomkeHHss CO. Tomy HalOIBIIT aKTyadIbHUM € TEPMOKATATITUYHUN METO.T

OKHMCHEHHSI MOHOOKCHTy BYTJICIIFO Ha TeTepOreHHUX KaTtaizaropax [1-4,74].



46

Crig 3a3Ha4MTH, 110 IO KAaTadi3aTOPIB OUMIIECHHS Ta30BUX BUKHJIB BHCYBAETHCS
HH3Ka BUMOT, TOJIOBHUMH 3 SIKUX € XIMI4Ha Ta TepMIuyHa CTaOUIbHICTh, MEXaHIYHa
MIIHICTh cPOPMOBAHUX TpaHyJ 1 ONTUMaJbHA MOPUCTA CTPYKTypa, IO 3abe3rnedye
BUCOKY IIBUAKICTh MacoOOMIHHUX TmpoueciB. Lle 3ymoBieHO crnenudpiyHUMU
OCOOJIMBOCTSIMU  TIPOIIECIB  TEPMOKATAIITUYHOTO OYHUIICHHS Ta3iB: MOXJIMBUMU
MepeTpiBaHHsIMHU KaTajlizaTopa IIiJl Yac IiBUINCHHS KOHIICHTpAIli KOMIIOHEHTIB, IO
OKHUCITIOIOTBCS, aepOoJIMHAMIYHUMH TiepeBaHTaxeHHsMU [1-4,75]. VHiBepcanbHICTH
CYy4aCHHUX KaTaJITUYHUX METOMIB J03BOJIIE€ 3aCTOCOBYBATH iX JJIsi HAWIIUPILIOTO KIAcy
ra3ono1I0HUX MPOMUCIOBUX BIJIXO/IB.

CepitozHoro mpoOnemMor0 € 3amiHa JehIUUTHUX KaTajai3aTopiB, IO MICTAThH
JIOpOroIliHHI MeTaynu, Taki sk Pt, Pd, Ta kartamizatopm Ha OCHOBI PiJIKICHOTO Sm
[4,8,9,76], na AemreBmi i He MEHII aKTHUBHI.

B naHuii yac mWiIBHY yBary BYEHHMX MPHUIIICHO pPO3POOI TEXHOJIOTTYHHUX
NPUHAOMIB OTPUMAHHS Ta 3aCTOCYBaHHS MaTepialiB 3 HAHOPO3MIPHOIO CTPYKTYPOIO
(po3mip xpucrtamitiB 100 M) [77]. HaHo- 1 Mikpopo3MmipHi 3a1i30KHCHEBI (hepHTHI
CIIOJIYKHU 3HAWIIUIA CBOE 3aCTOCYBAHHS MTPU BUTOTOBJICHHI MPUHIIMIIOBO HOBUX MarHITHUX
HOCI1B, MAarHiTOKEpOBAaHUX JATYMKIB, alIUNKAUIMHUX MaTepilaiiB Ta COpOEHTIB Ha iX
OCHOBI, KOJIOiTHUX HOCIIB JIIsl aKTUBHOT IOCTABKH JIIKAPCHKUX MIPEnapariB y MarHiTHOMY
T0JI1, TOMOMIKHUX PEYOBHUH JIIKAPCHKUX MPENapariB, KaTajli3aTopiB, CEHCOPIB, MITMEHTIB
touo [78,79].

Cepen pi3HOMaHITTS (PEPUTHHX MaTepiaiiB HAHOYACTUHKH (DEepUTy MapraHIlo
(Fer-xMny)Fe,O4 (x=0...1), mmiHenbHUH (QEepUTOBUI HaHOMATepiald, € OJHIE 3
BOKJIMBUX MarHITHHUX HAHOYACTUHOK 3aJT130KMCHEBHX CITOJIYK 3 BIAMIHHUMU (DI3UIHUMHU
Ta XIMIYHUMH BIIACTUBOCTSAMU. [[10 HAHOUACTHHKY MOJKHA JIETKO CUHTE3yBaTH Pi3HUMU
METOJIaMH 3 KOHTPOJILOBAaHUM PO3MipoM i baskaHoro mopdooriero [80,81].

3okpema, MnFe,O4 € edekTuBHUM MaTepiajaoM AJi pi3HOMaHITHUX 3aCTOCYBaHb,
TaKUX K OlOMEIMYHI, aHAJITUYHI Ta HAKONMUYYBaJIbHI MPUCTPOI Jisl TIIEPTEPMIYHOT
Tepamii paKy, MarHITHO-pPE30HAHCHOI Tomorpadii, AJig MEepeTBOPEHHsS Ta 30epiraHHs
eHeprii, Taki SK JITIA-10HHI OaTapei Ta CynepKOHACHCATOPH, I KaTaTITHUYHUX

IIEPETBOPEHb, BAPOOHMIITBA BOJIHIO, BUIAJICHHS BaKKUX METaIB 1 HAQTOpoaykTiB [82].
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Bimomo mpo 3actocyBaHHS (epuTHOro MaTepialy B SAKOCTI KaTali3aTOpiB
okucHeHHss CO nuMOBHUX ra3iB MpOMHUCIOBHX HiAnpueMctB [83]. 3 i1HmIoro OOKYy,
MoaudikoBanuii MnO; 11€0MIT BUKIMKAE 3HAUHHUM 1HTEpEC 3 TOUKH 30py KarajizaTopa
s okucHeHHST CO y 3B’s13Ky 3 HOTO BHCOKOIO €(DEKTHBHICTIO, JOCTYIHICTIO Ta
HeTokcuuHicTIO [84]. SIkmo BpaxyBaTh O€3NEYHICTh 3aXOPOHEHHS Yy BHIIAJIKY
3aXOpOHEHHs a0o 30epiraHHsS Ha 3BATWIIAX OCaiB (EPUTHOTO NUIAMY SIK aHaJIora
PO3MOBCIO)KEHOTO B 3¢MHIN KOP1 MarHeTUTY, TO MOAAJBII JOCIIIKEHHS B HAIPSIMKY
CTBOPEHHSI «3€JICHO» TEXHOJOT1i 3HEMIKO/KEHHS TOKCUYHUX Ta30BUX BHUKHUIIIB €
Oe3nepevyHo I[IKaBUM Ta JOLUIBHUM B HAMPAMKY MOJIMIICHHS €KOJIOTIYHOI Oe3MmeKu
MPOMUCIIOBUX PET1OHIB.

Hapasi ocoOnuBuil 1HTEpEC BHSBISIOTH CHUCTEMH, IO HE BHUMArarmTh IS
OTPUMAaHHSI HAHOPO3MIPHUX MAaTepialliB JOPOroro 00IagHAHHS, 3HAYHUX CHEPTeTUYHUX
1 marepianbHux ButpaT. Illupoko BiIoM1I cuUCTeMH OTpUMaHHA (EepPOMArHITHUX
MaTtepialiiB, BKJIIOYHO 3 (PEpUTOM MapraHifio, MUISXOM BOJHOI KOHJICHCAIli 3 PO3UYHMHIB
MnSQO,, FeSQO,, FeCl; ta NaOH [45]. IIpoTe Bigomo, 110 BUKOpHCTaHHs (epariBs, IO
BKIIIOUArOTh 3ai1130 (VI), Mae BeMKuil MOTEHINAN Y €KOJIOTTYHO Oe3MeUHUX TEXHOIOTIAX
00pOoOKH BOJIM, OCKIIBKU MPOJIYKY€E MOTEHUIMHO MEHII TOKCUYHI TOO1YHI TPOYKTH, HIXK
IHII  XIMIYHI PEYOBUHH, a TOMY (epaTH BBaXAaIOThCS «3EJICHUMMU» XIMIYHUMU
pedoBHHAMHM 71 oumniieHHs Boau [85,86]. 3nauna edexTuBHICTE PepaTty 00yMOBIICHA
BUCOKMM OKHCHIOBJILHUM IIOTEHIIaJIOM: B KHCJIOTHHX YyMOBaX OKHCHIOBaJIbHUI
noteHmian ¢epary € HaicwibpHIIM (Eg = +2,20 B) cepen ycix okuCHIOBadiB, 110
BUKOPUCTOBYIOTHCS JIJII OYHUINCHHS BOJM Ta CTOKIB. HaBiTh y HEHTpaJbHUX yMOBax
OKUCHIOBabHMM noTeHIian ¢peparty (Eo=+0,72 B) Bce mie O1abImmii, HIXK y IepMaHTaHaTy
(MnOy4 + + 2H,0 + 3e" — MnO; +40H", Eo= 10,595 B), sikuii € CHIIBHIM OKHCHIOBAYEM.
OTxe, BpaxoBYIOUH BUIIE3a3HauCHE, NMpU 3acTocyBaHHI depaty kaniro KoFeOs MoxHa
JOCSITHYTH 3HIMDKCHHS BUKOPUCTAHHS JIy>)KHOTO PEAreHTy IS OTpUMaHHS (PepUTHOTO
Marepialy. TakuM YHHOM, JOCSTHEHHS BHMCOKOI €(QEKTHMBHOCTI OYHILIEHHS TMpHU
BUKOPHCTAaHHS MCHIIIHMX JI03 PEarceHTY Ma€ MPUBEPHYTH yBary BOJHUX TaJTy3eH, OCKUIBKH,
MO-TIepIIIE, 1€ 3SMEHIIINTH XIMIYH1 BUTPATH, a, TO-APYTe, 3MEHITUTH BUPOOHUIITBO ITUTAMIB

1, B KIHI[EBOMY PaxyHKY, 3a0I[aJUTh BUPOOHUY1 BUTPATH.
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1.5. Oninka piBHSI pU3HKY AiSIILHOCTI HA HABKOJIMIIIHE cepe10oBHIIe

OHiHKa PU3UKY BIIIIMBY I[iHJ'II)HOCTi Ha HAaBKOJIMIITHE CCPCIOBUIIC BKIIIOYAE!

. OIIHKY PU3UKY BIUIMBY MisUTBHOCTI Ha 3/I0POB’ Sl HACEIICHHS;
o OIIIHKY COIIAJIbHOTO PU3UKY JISILHOCTI,
o HaBEJICHHS PEKOMEH IAIi} 31 3HWKEHHS PU3HUKIB.

Pu3uk sk WMOBIpHICTh HeOXAaHUX TIOMIA € HEBIT EMHUM KOMIIOHCHTOM >KHUTTSI
OyAb-aKOi JIONWHU Ta eKOHOMIUHOI ¢opMmarii. JlioguHa Ha MPOTI31 KUTTS 3a3HAE
BIUIMBY Pi3HUX puU3HKIB [87]:

. PU3HMKY BTpaTH 3JI0pOB’s, TMOB’A3aHOTO 3 NPO(DECIHOI ISIBHICTIO
(npodeciiiHuii PU3HK);

. pagiaiiiHOMy PHU3HKY;

. PU3HMKY JJi  3J0pOB’s, OOYMOBJIEHOIO BIUIMBOM pi3HUX (DaKTOPIB
HABKOJIMIIIHEOTO CEPEIOBUIINA;

. PU3HKY, OB’ A3aHOIO 3 YMOBAMH Ta SIKICTIO KUTTS, TOLIO.

XapakTepucTUKa PU3UKY 1HTETPYE JlaHi 010 HeOe3NeKH aHaTI30BaHUX XIMIYHUX
PEYOBHH, BEJIMYMHU EKCITO3UIIli, MapaMeTpiB 3aJeKHOCTI "7103a-BIAMOBIAL", 3 METOIO
KUIBKICHOT Ta SIKICHO1 OIIIHKHM PU3UKY, BUSBJICHHS Ta OILIIHKU MOPIBHSUIBHOI 3HAYUMOCTI
ICHYIOUHX Mpo0JIeM JIjIs 370pOB’ s HaceneHHs [87].

Inentudikamisi HeOesmeku Tmepenadavae BCTAHOBIEHHS Ha SKICHOMY piBHI
BaroMOCTl JOKa3iB 3JaTHOCTI TOTO YW IHIIOTO areHTy BUKJIMKATH TEBHI IIKIJJIUBI
ebpekTH y JIOIMHA. B HaykoBOMY BIJHOIIEHHI 1eHTU(]IKalig HeOe3nekn - 1e
MpoIleC BCTAHOBJEHHS NPUYMHHOTO 3B 53Ky MIDK JI€I0 XIMIYHOII PEYOBUHU 1
PO3BUTKOM HECTPUATIMBUX €(eKTiB ais 370poB’ s moauHu. OCHOBHOK MeToro [88]
etany iaeHTH}IKaIil HeOe3NMeKn € BHUOIp NPIOPUTETHHUX, IHAUKATOPHUX XIMIYHUX
PEYOBYH, BUBUCHHS IKUX JI03BOJISIE HAIIHHO OXapaKTepU3yBaTH JHKepesia BAHUKHEHHS Ta
PIBHI pU3UKY MOPYIIEHHS CTaHy 370pOB’sA HacelieHHd. [nenTudikamis HeOe3NeKku Mae
CKPUHIHTOBUHM XapakTep 1 Tmependadvac:

. BUSBIICHHSI JDKEpeNl 3a0pyAHEHHS  HABKOJMIIHBOTO CEpeloBUINA 1

MOXJIMBOI JIii HA JIIOJIUHY;
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. 1IeHTU(]IKaIiI0 3a0pyAHIOIOYUX PEYOBHH;

. XapaKTEPUCTUKY TOTEHIIIMHO IKIIIUBUX €(EKTIB XIMIYHHX PEUYOBUH 1
OIIIHKY HayKOBOI JIOBEJICHOCT1 MOXKJIMBOCTI PO3BUTKY IUX €(EKTIB y JIIOJIUHH;

. BUSIBIICHHSI MPIOPUTETHUX MAJISl MOJAJBIIOT0 BUBYEHHS XIMIYHUX CIOMYK,
MapuIpyTiB iX il (BKIIOYAIOYM MPIOPUTETHI 3a0pyAHEHI CEpeNOBHUINA 1 HUIAXU
HAJIXO/DKCHHS XIMIYHUX PEUOBHH B OpraHi3M JIIOJIUHH);

. BCTAHOBJICHHSI TUX IIKIMBUX €QEKTiB, SKI MOXYTh OyTH BHUKJIMKaHI
NPIOPUTETHUMU pPEYOBHMHAMM TIPH  OIIHIOBaHHI TPHUBAJIOCTI EKCIO3UIlli (roctpi,
MIATOCTPl, XPOHIYHI, JIOBIYHI) 1 NIUISIXaX iX HAAXOMKEHHS B OPraHi3M JIIOAUHU
(1HransuiiiHe, nepopaibHe, HALLIKIPHE).

OriHKa 3a7eXHOCTEeH «103a-BIAMOBIABY - 1€ MPOIIEC KITBbKICHOI XapaKTepUCTUKU
TOKCUJIOTIYHOI 1H(pOpMallli Ta BCTAaHOBJIEHHS 3B’SI3Ky MIXK KMOBIPHO BIUIMBAIOUYOIO
703010  (KOHIICHTpAIli€l0) 3a0pyAHIOIYOI  PEYOBMHM Ta BUMAJKAMHU IIKIIJIUBUX
BUIIAJKIB B €KCIIOHOBaHi# momyJsiii [89,90].

XapakTepuCTUKH  3aJIEKHOCTI  "mo3a-BIANOBIABL", SKI  HaWOLIBII  YacTo
BUKOPHUCTOBYIOTh JUIsl OL[IHKM KAHIEPOT€HHOTO pPHU3UKY, JOCTaTHRO BHUBYEHI B
eM1EeMI0JIOTTYHUX JOCTIHKCHHSX.

Ho ix uucna BigHOCATHCS: (hakTOp KaHueporeHHoro norexuiany (ICS), skwuii
BiJIoOpaXkae WMMOBIPHOCTI PO3BUTKY IIKIJIJIUBOI peakilii mpu 30UIbIIEHHI 103U
(xoHnenTpauii) Ha 1 Mr/kr a6o 1 mr/m® Ha piBeHB BIUIMBY, ITOB’I3aHUM 3 BU3HAYEHOKO
UMOBIpHICTIO e(eKTy (ITOKa3HUKHU I[I€] TPyNU 3aCTOCOBYIOTHCS JJiE BCTAHOBJICHHS
pernepHux, TOOTO OIMOPHUX 7103 Ta KOHIEeHTparrii) [91] .

O1iHKa eKCIO3HUIIIT € €TaroM OIIHKH PU3HKY, B MPOIECI SKOTO BCTAHOBIIOETHCS
KUIbKICHE HAJXOJKEHHS (XIMIYHOTO, (hi3UYHOTO0, 610JI0TIYHOTO) 10 OPTaHi3MYy JIFOAUHU
PI3HUMHU IUIAXaMU (1HTATALIMHUM, TepOpPATIbHUM, HAIUKIPHUM) B pe3yJbTaTl KOHTAKTY
3 PI3HUMHU 00’ €KTaMU HaBKOJUIIHBOTO cepeoBUIIA (TOBITPS, BOAA, TPYHT).

Excriosuiiiss moxke OyTu BHpakeHa SK 3arajbHa KUIBKICTh PEYOBUHHU B
HABKOJIMIITHEOMY CEpPEIOBUIII (HANPUKIIA, B OMUHUIIX MAaCH, MT).

[Ipotiec OIiHKYM €KCIO3UIIIT CKITaIa€ThCs 3 TPhOX OCHOBHUX €TaITiB.
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[lepmnii - xapakTepucTUKa CTaHy JOBKULIA, fAKa nepenbadae  aHami3
OCHOBHUX (PI3MUHMX mapamMeTpiB JOCIIKYBaHOI o00JlacTi Ta XapaKTePUCTHKY
MONYJISIHM, K1 TOTEHIIMHO 3a3HAI0Th BILUIUBY.

Jpyruii - ineHTUdiKalis MapupyTiB BIUTUBY, JXKepell 3a0pyAHEHHS, TOTEHIIHHUX
IUISAX1B PO3MOBCIO/UKEHHS T4 TOYOK BIUIMBY Ha JIIOJUHY.

Tperiit - KiIbKICHA XapaKTEPUCTUKA €KCIIO3UIi, [0 BKJIIOYA€ BCTAHOBJICHHS Ta
OLIIHKY BEJINYMHH, YaCTOTH Ta TPUBAJIOCTI BIIUBY JJISI KOKHOTO aHATI30BAHOTO MUIAXY,
imeHTudikoBaHoro Ha apyromy etari. HaitOoineIm gacTo e eran cKiIagaeThes 3 ABOX
€TamiB: OI[IHKM BIUIMBAIOYMX KOHLEHTpAIld Ta pO3paxyHOK HaJIXOJHKEHHS.

XapakTepucTukKa PU3UKY PO3BUTKY HEKaHLIEPOTreHHUX e(eKTiB
3MIACHIOEThCST 200 [UISXOM  TOPIBHSAHHA  (aKTUYHMX  PIBHIB  €KCIO3MINT 3
Oe3MeYyHUMHU pIBHAMU [iii, a00 Ha OCHOBI MapaMeTpiB 3aAJIEKHOCTI «KOHLEHTpaIlis-
BIJIIIOBIJILY.

JUist O1IBIIOCTI PEYOBHMH, MO HE MAalOTh KAHLUEPOTE€HHOI [iii, OLIIHKA PHU3UKY
MPOBOJIUTHCA HA OCHOBI po3paxyHKy koedinieHta Hebesneku (HQ), skuit €
CHIBBIIHOIICHHSAM  MDK  BCGIMYMHOK  €KCHO3ullli  (Hampukiaz,  CepeaHbOIO
KOHLIEHTpaLisi a00 rpPaHUYHO AonycTUMa KoHueHTpailisi, RfC).

I[lpu HQ piBHOMy abo MeHmoMy 1, pHU3UK MKIATUBUX  €(DEKTIiB
pO3IIIAIa€ThCA  SIK JOCUTh Manuil. 31 30uibmieHHs M HQ WMOBIpHICTH pPO3BUTKY
HIKIJJIMBUAX €(EeKTIB 3pOCTa€, MPOTE, TOYHO BKA3aTH 3HAYECHMS 1€l HWMOBIPHOCTI
HeMoxiauBo.  KoedimieHT  HeOe3meku  po3paxoBYEThCS  OKPEMO JUIS  yMOB
KOPOTKOYaCHO1 (TOCTpoi) Ta TpUBajoi [ii XIMIYHUX pedoBUH. [Ipu 1mpomy mnepion
YCEpEHCHHST E€KCIO3MIA 1 BIAMOBIAHMX O€3MeyHuX PIBHIB [ii TOBUHEH OyTH
aHAJIOTTYHHM.

Y 3B’SI3Ky 3 TUM, II0 Ha JOCHIPKYBAaHUX TEPUTOPISIX MOXKE aHaII3yBaTUCA
0araTOKOMITOHEHTHE XIMI4HE 3a0pyHEHHS 00 €KTIB HABKOJIUIIIHBOTO
CEpellOBUIA, BHHHUKAE HEOOXIJHICTH OI[IHKA CyMapHUX pHU3HKIB, OOYMOBIEHUX

OJIHOYACHOIO JII€F0 KUIBKOX XIMIYHUX CIOJIYK.
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XapakTepucTuka pU3UKY  PO3BUTKY  HEKAHIIEPOTCHHHX  e(eKTiB  mpu
KOMOIHOBaHIM 1 KOMIUIGKCHIM i XIMIYHMX CHOJYK TIPOBOJMUTBECS Ha OCHOBI
po3paxyHKy iHgekcy Heoesneku (HQ).

XapakTepucThKa  KaHIIEPOTCHHOTO  PHU3HMKY  3IIACHIOETHCS 32  TaKUMU
eTanamu:

*  y3araJbHEHHs 1 aHami3 BCi€l HasBHOI iH(OpMAIi MPO MIKIIJINBI YUHHUKH,
0COOIMBOCTI X /i Ha OpraHi3M JIOJAWHHU, PIBHI €KCIO3HIIII;

*  PO3PaxXyHOK KaHIIEPOT€HHOI'O PU3UKY JUIsl KOKHOT pEYOBUHHU, 110 HATXOIUTh
JI0 OpPraHi3My OJHUM 13 IIUISIXIB, sIK1 OyJIO POaHaIi30BaHO;

*  PO3paxyHOK KAaHIIEPOT€HHOIO0 PHU3HUKY [JIi KOKHOTO KaHIIEPOT€HHOIO
KOMITIOHEHTY JOCHTIP)KYBaHOi CyMIllll XIMIYHHX PEUYOBHUH, a TaKOX CYMapHOTO
KAaHILIEPOT€HHOI'O PU3UKY ISl BCIET CyMilli;

. pO3paxyHOK  CyMapHUX KaHIEPOT€HHUX  PHU3UKIB Uil  KOXHOTO
3 TPOAHANI30BAaHUX  INUIAXIB  HAIXO/HKCHHS, a TaKOX 3arajbHOT0 CYMapHOTO
KaHIIEPOT€HHOT'O PU3UKY JUIsl BCIX PEYOBHH 1 BCIX IUISAXIB iX HAJXOMKEHHS B OPraHi3M;

* y3araJIbHEHHS 1 MPEJCTABICHHS PE3YJIbTATIB XapaKTEPUCTUKH PUBHKY.

Po3paxyHOK  KaHIIEPOTEHHOTO PU3UKY TPOBOAUTHCSA JIMIIEC JUISI  TOTO
Jiana3oHy 703 (KOHIIGHTpaIii) XIMIYHOI pPEYOBWHH, SIKAW BIJIMOBIIAE JIHIAHIN
JUITSTHIN 3aJI€KHOCTI J03a-BIIIIOBIIb.

[HauBiMyanbHUM  KAHIIEPOTEHHUM  PU3UK  XapaKTepU3y€e€ BEPXHIO  MEXY
MO>KJIMBOTO KaHIIEPOT€HHOTO PHU3UKY MPOTATOM TEpioay, IO BIAMOBIIAE CepemHiil
TPUBAJIOCTI KUTTA JTOAUHU (70 pOKIB).

CroromHi B CBITI Tpu Kiacudikaiii Ta OIIHII TPUAHITHOTO PHU3HKY IS
3I0pPOB’Sl HACEJEHHS, OOYMOBJICHOTO XIMIYHMM BIUTMBOM XIMIYHMX PEYOBHH, IO
3a0pyIHIOIOTh JOBKIJUIS, ITOCHTh IMUPOKO BHKOPHUCTOBYETHCS CHCTEMa KPHUTEPIiB
NpUAHATHOCTI, pekomeHmoBana BOO3 [88,91].

Y  BIONOBIZHOCTI 3 I[MMU  KPUTEPISIMU  TEPIIMA  Jlama3oH  PU3UKY
(iHOMBigyanbHUI PU3MK Ha OPOTA3i KUTTA, piBHMH abo Menmmi 1-10° mo
BIJIMOBIJIA€ 1 TOJTATKOBOMY BHIAJKy CEPHO3HOTO 3aXBOPIOBaHHS a0o cMepTi Ha 1 MIiH.

EKCIIOHOBAaHUX OC10), XapaKTepu3ye: Takl PIBHI PHU3UKY, SKI CIPUHUMAIOTHCS ycima



52

BEpCTBAMH HACEJCHHS, SK JOCHUTh Mai, IO HE BIAPI3HAIOTHCA BiJl 3BUYANHHUX
HMOBCSKIACHHMX pu3uKiB (piBenb De minimas). I[lomiOHi pu3uku He MOTPeOYIOThH
JTIOJIATKOBUX 3aXO/1B IIOJI0 iX 3HMKEHHS Ta IX PiBHI HAJEXAaTh MEPIOAUIHOMY KOHTPOIIO
[92].

Jpyruii nianason (iHaUBigyalbHUIl PH3MK HPOTATOM SKUTTS Oinbiumii 3a 1-10°
Ta MeHmmi, Hix 1-10%) Bignosigae 30HI YMOBHO HPHIHATOrO (IOMYCTHMOIO)
pusuky. Came Ha 1bOMy PIiBHI BCTAaHOBJCHA OUIBIIICTh 3apyOLKHHX Ta
PEKOMEHJIOBAaHUX MDKHAPOAHUMU OpPTaHi3allisIMU  TITIEHIYHUX HOPMATHUBIB  JJIS
HaceJeHHs B LIIoMYy. PiBHI NpPHIATHOrO PU3MKY HajeXaTh MOCTIHHOMY KOHTPOJIIO.
B neskux Bumagkax TpU TaKUX PIBHIX PHU3UKY MOXKYTh IMPOBOJUTHUCS JOJIaTKOBI
3aXO0JI 1010 iX 3HMKeHHS [92].

Tperiii mianazoH (IHAUBIAYyaJIbHHA PU3HK MPOTATOM OSKUTTS OUIBIIKMKA 32
1-10*T1a menmmii, mix 1-10°) npumathmii s npodecioHaniB Ta HEIPUIATHUN IS
HaceJeHHs B LJIOMYy. BUHMKHEHHS Takoro piBHS PU3UKY NOTpeOye po3poOKH Ta
MPOBENICHHS TIJIAHOBUX O3J0POBYMX 3axo[iB. [lmaHyBaHHS 3aXOAiB I10A0 3HUKCHHS
pU3UKIB B JAaHOMY BHUIAJKy TOBUHHO Oa3yBaTWCs Ha pe3yJibTaTax OuIbII
NOTJIMOJICHOT OLIHKYM Pi3HUX aCHEKTIB ICHYIOUUX IMPOOJIeM Ta BCTAHOBJIEHHI CTYMHEHS iX
MPIOPUTETHOCTI MO BIIHOMICHHIO JO IHIIUX TITIE€HIYHUX, €KOJOTTYHUX, COIIAIbBHUX Ta
CKOHOMIYHUX TpoOJIeM Ha JIOCIiKyBaHii Teputopii [92].

YerBepTuil niama3oH (IHAWBIAYyaldbHUN PU3UK MPOTITOM KUTTA pPIBHHMA abo
Oinpmmi, Hixk 1-1073) HenpunaTHuii Hi mIs HaceneHwus, Hi i npodecionanis. anuii
niana3oH Mmo3HadaeTbes sk De manifestis Risk Ta mpu #oro AocsrHeHHI HEOOXIiTHE
MIPOBENICHHSI EKCTPEHUX O3JI0POBYMX 3aXOIB IIOJI0 3HIKCHHSI pU3UKY 3 OOKY OpraHiB

Biaau micta [92].

BUCHOBKMU J10 1 PO3ALTY

1. VY nanomy po3/ii HaBEJIeHI OCHOBHI €KOJIOT1YH1 TPOOJIeMU TajbBaHIYHOTO
BUPOOHMIITBA, TAa HABEJCHI OCHOBHI KpUTEpli NIJs BU3HAYEHHS CKJIQJy CTIYHHUX BOJI.
BuzHaueHo, 1110 OCHOBH1 pEUOBHUHM, IO MIJISATAIOTh 3HEIIKOKEHHIO — IIIECTUBAJICHTHI

CIIOJIYKU XPOMY, 10HU BaKKMX Ta KOJIbOPOBUX METAIIB.
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2. 3po0neHuit OISl peareHTHOrO METOY SIK HalOUIbII MOIIUPEHOTO METOAY
OUMILICHHS BiJ BaXXKWUX MeTamiB. Lleit MeTon BkioWae B ceGe mpoliecH HeWTpasizarlli,
OKHCJTIOBAJILHO-BIIHOBHI peakKIlii, 0cayKeHHs 1 3HEBOJHEHHS 0CaJly, 10 YTBOPIOETHCS, 1
JI03BOJISIE JTOCUTHh TOBHO BUAAJATH 31 CTOKIB Bakki Meranu. OcoOnmuBy yBary cepen
peareHTHUX METOIiB Oyia MpuIalIeHO (PEepUTHOMY METOIY, TaK K OCal Micis (PepUTHOTO
METO/Iy MOKJINBO BUKOPHUCTOBYBATH B SIKOCTI COPOCHTY.

3. BusnadeHo mepeBaru eIeKTPOXIMIYHOTO OYMINECHHS 3a7Ti30BMICHHX BOJ B
NOPIBHSHHI 3 pEareHTMM METOJAOM. Bu3HaueHO JOIUIBHICTh BUKOPUCTaHHS
€JICKTPOAIaTI3HOT0 METOJy IMPU 3aCTOCOBYBAHHI JJI CTIYHUX BOJ 3 KOHIICHTPAIIIEIO
coneit no 10 r/nM, a TakoxX OKpeclieHi TONOBHI MiHyCH Taki SIK BHUCOKI BHTpATH
CJIEKTPOCHEPTi.

4, Ha ocHOBI npoBeeHHs aHaji3y Ta CUCTeMaTH3allll JITepaTypHUX IKepel
MOKHa CTBEp/KYyBaTH, IO JOLUIBHUM € TPOBEICHHS JOCTIIKCHHS, MPHUCBIYECHOTO
CJIEKTPOXIMIYHOMY  OUHMILIEHHIO  3all130CYJNb(AaTBMICHUX CTOKIB 3  MOJAJbIINM
BUKOPHUCTAaHHAM PO34uHIB cynbdaTis 3ami3a (11) ta 3amza (II1) nns orpumanHs GpeputHux
MaTepiaiiB K TOBAPHOTO MPOAYKTY

S. 3po6aeHuii onuc COpOIINHUX METO/IIB, HABEJEHI MPAIlOI0Ul TEXHOJIOT1T Ha
3apyODKHHMX MIAMPUEMCTBAX Ta TMEpepaxoBaHl BCl MepeBard W HEIONIKKA COPOLIMHUX
METO/IIB.

6. AHaJli3 HAyKOBO-TEXHIYHOI Ta MAaTEHTHOI JIITepaTypH 3aCBIIUMB, 110 Hapasi
JUISL pO3B’si3aHHS 3a/1a4i1 3HEMKOKEHH CO MPOIOHYETHCS ABa CITOCOOH, 10 0a3yHOThCS
a00 Ha (PI3UKO-XIMIYHUX METOJIaX BUIYUYEHHs, a00 Ha TEPMIYHOMY YU KaTaIITHYHOMY
okucHeHHl. OpHak, sK (I3UKO-XIMIYHI COCOOM, Tak 1 TEPMOOKHCHEHHS
XapaKTEPHU3YIOTHCS BUCOKOIO €HEPro- 1 KalmiTaJOMICTKICTIO, TIPH I[bOMY HE TapaHTYIOUU
noBHe 3HemKkopkeHHSS CO. ToMy HaHOULIBIT aKTyaTbHUM € TePMOKATATITHIHUN METO.T
OKHCHEHHS MOHOOKCH/TY BYTJICIIIO Ha TETEPOTCHHUX KaTaiizaropax. Omucani BKe BIIOM1
pILIEHHST BUKOPUCTaHHS KaTali3aTOpiB HA OCHOBI (pEepUTHMX MaTepialliB B
TEXHOJIOTIYHUX TIPOIecax 3HEMIKOMHKCHHSI TOKCUYHOTO Ta3y.

7. Onucani METOAM OIIHKM PHU3HMKIB Ta 1X XapaKTEPUCTUKH, €Taru

JOCIIIJIKEHHSI KaHIIEPOTEHHUX PU3MKIB 3 BPaxXyBaHHSM OIIHKM CyMapHUX PHU3HKIB,
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O0OyMOBJIEHMX OAHOYACHOIO JII€I0 KUTBKOX XIMIYHHUX CHOJYK, IIO0 CyMapHO HPUCYTHI Y

BHKHOAX CIICKTPOAHOI'O BI/IpO6HI/IHTBa.
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PO3JILI 2

METO/JIA TA OB’€KTHU JOCHIKEHHS

2.1 TonooOMiHHe BHUTyYeHHS iOHIB Miji Ta 3aji3a 3 ralbBaHiYHHUX CTOKIB

2.1.1 Cknao imimauitiHux po34uHié 2aNbE6AHIYHO20 GUPOOHUYMEA 014
[OHOOMIHHO20 OUUUICHHA

ITpornecu copoOitii ioniB 3amiza (I1) Ta miai (II) mpoBoauaN B AMHAMIYHUX YMOBAX.
[Ipu KOCIiKEHHI BUKOPUCTOBYBAIM PO3UMHH 3ali3a 3 KOHIIEHTPAIII€Io 1Mo ioHax Fe?* 1;
5 r/mM® Ta wmimi 3 koHnenrpamiero 0,8; 1;2 r/am® mo Cu?'. Jlanmi po3uuHH
BUKOPUCTOBYBAINCH 1HAMBIAYAJbHO Ta B cyMilll. KOHUEHTpalilo CIpYaHOi KHCIOTH

3MIHIOBAJIH B Jiana3oHi Big 0 mo 13 r/ame.

Tabmung 2.1. Cxiiag MOAEIBHUX PO3UYUHIB MTPU COPOIIiT

Ne MoeILHOTO Cu?, Fe?*, S04,
PO3YHHY mr/am® mr/am® mr/am3
1 - 1 000 0
2 - 1000 500
3 - 1000 1200
4 - 1 000 2 450
5 - 1000 3500
6 - 5000 500
7 - 5000 1300
8 - 5000 3000
9 - 5000 8100
10 - 5000 13 000
11 800 - -
12 1000 - 1200
13 2000 2 000 300
14 500 500 100
15 1 000 5000 300
16 500 5000 300
17 800 5000 300
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2.1.2 Jlocnioscenns iono0OMIiHHO20 uyUeHHA i0HI6 MiOi ma 3a1i3a

Ha nepmiomy erami poOOTH HalalmITOBYIOTh 10HOOOMIHHY YCTAHOBKY. Y KOJIOHKY,
3all0BHEHY JIMCTHUIILOBAHOKO BOJIOI0, TOJAFOTH mopitisimu kaTioHiT Dowex HCR S/S B H'-
dopmi 06’ emom 20 cM?, sikuii TonepeJHFO HEOOXITHO 3aMOYUTH B TUCTUIILOBAHIN BOII
Ha 8 roauHW s HaOyxaHHs rpaHyl. HeoOXigHO Bi3yaJdbHO MPOKOHTPOJIOBATH
BIJICYTHICTh Oylb0aIIoOK MOBITPS MK T'paHyJaMU KaTIOHITY, AKIIO OyJIbOaIiKu HasBHI,
TO iX BUJAIMTH 3 TOMIX 3€pHOBOTO mnpocTopy. HanamryBanHs He0OX1{HOT IIBUIKOCTI
¢ineTpyBanHa B 1 ¢cM3/XB BigOyBaeThCs 3a JOMOMOIOI0 JUCTHILOBAHOI BOIY, LIUIHAPY,
CEKYHJIOMIpPY Ta BEHTHUJIIO HA YCTaHOBIII.

Jpyruii eran 3akiajla€ThCsd B MPUTOTYBAHHI pereHepariiiHoro po3uuHy 5%
cipuanoi kuciotu 06 emom 200 e,

Ha tpeThomy ertari npoBoAsSTE O€3M0cepeIHbO PEreHepallio KaTioHiTy 0 pooo4yoro
ctany. CrodaTtky BHUMIPIOETBCS IMOYaTKOBA KHUCJIOTHICTh PEreHepaniifHoro po3uuHy,
ICJIS IHOTO MTOYMHAETHCS Tporiec perenepartii. Yepes kationit Dowex HCR S/S B H*-
opmi nponyckaroTh 5% pereHepaliifHuii po3unH 3 BHUTpaToro 1 cM®/XB, BiOHparoun
npo6u 1o 10 cm®. ¥V Bigibpanux npo6ax BU3HAYAIOTH KUCIOTHICTh NIJIAXOM TUTPYBaHHS
npodu (koHieHTparliro ioHiB HY). 3a HeoOXiqHOCTI, ISl TUTPYBaHHS OCpPyTh ATiKBOTY.
[Tporec pereHepariii BijiOyBa€eThCs, MMOKH KUCIOTHICTh PO3UMHY Ha BUXO/I1 3 KOJOHKH HE
Oylne [OpiBHIOBaTH TIOYATKOBIM KHCIOTHOCTI pereHepauiiHoro posuuny. Ilicng
JIOCSITHEHHSI 1IMX 3HAYCHb PEreHepalliio MPUMTUHSIOTh.

[Ticnst 3aKiHYEHHS pereHepallii KaTioHIT MPOMHUBAIOTh JUCTHIILOBAHOK BOJIOIO 10
HeUTpaJibHUX 3HaueHb pH, 3HaueHHs pH MoXHa KOHTPOIIOBATH JTAKMYCOBUM HaIiplEM.
KarioHit micis nmpoMuBKY Mae OyTH BKPUTHM IIIapOM BOJHM, ajie HE OuUTbIIe HIXK 1 cM.

[ToBHy 00MiHHy quHamiuHy (ITIOJI€) eMHICTh 10HITY BU3HAYAIOTh 32 (OPMYJIOHO:

€ Z (Cnou—Ci)-Vn

II
OI[ Vi

(2.1)
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1€ Cyoq— IIOYATKOBA KOHIEHTPALIIS i0HIB B po3urHi, Mr-eks/am®; C; — KOHIEHTpaIist
i0HiB B i-iif mpo6i micns copouii, Mr-exs/am3; V,, —06’eM 1po0i, cm®; V; — 06’°eM ioHiITY,
oM.

CrymniHb peresepariii 10HITY BU3HA4YaIU 32 (POPMYIIOIO:

MNOA€E er
Zp = Weim - 100% (22)

ne [NOJI€per — noBHa 0OMIHHA JUHAMIYHA €MHICTH 10HITY MICIsl pereHepariii, r-

exs/nmm>; IIOJI€n0Y — mOYaTKOBa IOBHA OOMiHHA AUHAMIYHA €MHICTb 10HITY, r-eKB/IM°.

2.1.3 BusnaueHHA 3anUMK08020 3A71i34 Y POZUUHAX
[Ipo6y Boau 06’emom 10 cm® mepenocaTs y kondy 06’emom 100 cm?, 1 qomarots 5

cm® 10 %-ro po3urHy cyab(OCaTinuIoBOi KMCIOTH. [IpOTAroM KilbKOX XBHMJIMH CYMiLI
IHTEHCUBHO IIepeMimyroTh, no7aloTh 5 cm® 10 %-ro posumHy amiaky i mobpe
nepeMimyoTh. DOTOMETPYIOTh Y KIOBET1 TIOBKUHOIO =20 MM npu g0BxuH1 XBHI A=410
HM. B sIKOCTI po3unHy NOPIBHSHHS BUKOPUCTOBYETHCS PO3UMH, IKUH ABJISIE COOOI0 CYyMIIIT
JMCTUIILOBAHOI BOJM Ta BCIX KOMITOHEHTIB, III0 BUKOPHUCTOBYIOTHCS [IJIsi aHami3y. 3a
rpajyroBaJIbHAM TpadikoM 3HAXOSTh KOHIICHTPAIIIIO 10HIB 3aTi3a y po3unHi [23,24].

2.1.4 Buznauenus 3a1umiko6oi mioi y po3uunax

[Ipoby mociimxysanoi Boau 06’emy 5-10 cm® BHOCATH y MipHi kKomOu Ha 50 cm®,
[TpoOu, mo He OynW MIIKHUCIEHI MpU BiAOOP1, MIAKUCTIOITH 1-2 KparuisiMu COJISTHOT
KHCJIOTH, Po3BeaeHoi 1:9, notim nocnigosro goxarots 10 em® 0,5 % po3unHy xenaTtuny,
2 cm® 5 % posuuny Tpuiony b i 5 em® posuuny 0,1 % po3unHy mieTunauTiokapbaMinaTy
HaTpio. Bcl po3unHu AOBOISTH JUCTWIBOBAHOK BOJOK 10 50 cMe, DOTOMETPUYHO
BUMIPIOIOTh IHTEHCUBHICTh 3a0apBJ€HHS OTPUMAHOrO pPO3YMHY. BuMiproBaHHs
MIPOBOJIUTHCS B MOPIBHSHHI 3 CYMIMIIIIO TUCTUILOBAHOI BOJM Ta BCIX KOMIIOHEHTIB, 1110
BUKOPUCTOBYIOThCA JUisi aHamizy. Ilpu (oromerpruuHOMy BH3HA4Y€HHI 10HIB MiIl B
JOCITIIKYBaHUX PO3YMHAX BUKOPHUCTOBYIOTH KIOBETY JOBXKHHOIO 1=50 MM mipu 10BKHUHI

xBuii A=430 am. ['pagyroBanbpamil Tpadik OyayrOTh 3a pe3yabTaTaMu, OTPUMAHUMU TIPU
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BUMIPIOBaHHI ONTUYHOI T'YCTUHHU CTaHJApTHUX po3uMHIB. ByayroTh rpadik 3anexxHocTi
ONTHYHOI T'YCTUHU Bijl KOHIEHTpauii mifi B mr/nm® [21].

MacoBy koHueHTpanito mifi (X), Mr/am® 004ncironTs 3a GopMyJIoLo:

_ C-1000
4

X

(2.3)

ne C - KOHLEHTpawis Mifi, 3HaiiieHa 110 rpaayoBaabHoMy rpadiky, Mr/ame;

V - 06’eM npo6u, B3ATHIA 1711 BU3HAUEHHS], CM°,

2.1.5 BuznaueHHa KUCi0mHoOCHi pO3UUHY
KucnotHicTs Boju 3yMoBjieHa HasBHicTIO 10HIB H. lIonn H' TuTpyrors po3unHoM
JYTy Y NPUCYTHOCTI 1IHIUKATOPY MeTmiopawxy. [IpoOy Boau, BimiOpany Ha aHaui3, 3a
HEOOXiJIHICTIO PO3BOJATH TUCTUIIHLOBAHOIO Bo1ot0 110 100 cm3. JTo 100 cm® Bou 1oa10Th
1-2 kpamiai BOJHOTO PO3YMHY METUIIOpAHXY (MPU IbOMY BOJa 3a0apBIIIOETHCA Y
poxkeBuit koiip) 1 TuTpyroTh 0,1H po3unHOM TigpoKcHly HATPilO O MOSBU CTIHKOTO
COJIOM sSTHOTO 3a0apBiieHHS [7].

BibHY KMCIIOTHICTh BOJM (Mr-eKB/IM°) BU3HAYAIOTH 33 (hOPMYIIOIO:

_ N-V3-1000
V2

K (2.4)

N — HOpMaBHICTh PO3UMHY TiAPOKCHIY HATpilo, I-ekB/AM°; Vi — 00°eM po34uHy
TiIPOKCUY HATPIIO, IKUH OB HA TUTPyBaHHS, cM>; V, — 06’ eM mpobu, Bigibpanoi Ha
aHaJi3, cM°.

2.1.6 Busznauenns 3a2anvHoi 1ysHcHoCmi

3aranbHy JIy’)KHICTh BU3HAYAIOTh TUTPYBAHHIM JIOCIIHPKYBaHOI MPOOU PO3YMHOM
COJIIHOI YW CIpYaHOi KHCIIOTH 10 Nepexoay 3a0apBIICHHSI 1HIUKATOpa METUIIOBOIO
opaH)xeBoro. TUTpyBaHHSI MOXHa IPOBOAUTH 0€3 IHAUKATOPA, KOHTPOJIIOIOUH 3HUKEHHS
pH po3uuny, 3akiHuyeThcs TUTpYBaHHs ipu pH = 4,5.

3aranpHa Iy’KHICTH BOAM OOYMOBJIEHA NPHUCYTHIiCTIO B Hiit iomis OH,CO3%,

HCOs5". Ionn OH™ ta CO3* TUTPYIOTBCS CONSHOIO KMCIOTOI0 Y MIPUCYTHOCTI iHIMKATOPa
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denondraneiny (mpu pH=8,3) 1 xapakTepu3yoTh JyXHICTb BOAU MO (peHondraneiny.
Iorn HCOj3™ TUTPYIOTBHCS COJSHOIO KHCIOTOIO Y MPUCYTHOCTI iHIUKATOpa METHIIOBOTO
opanxeBoro (rpu pH=3,6). SIk11o qy>kHICTh 110 peHoNPTaneiny piBHA HYJIIO, TO 3arajibHa
JTYXHICTh 00YMOBJICHA TIJIbKU MPUCYTHICTIO rigpokapoonatis HCOs'.

B xozxi BuzHaueHHs 10 100 cm® gociipKyBaHoT BOJM B KOHiuHy K06y Ha 250 cm®
nojaoTh 2-3 kpamii geHondTaneiny. JAKmo 3’sBUThCS 3a0apBICHHS, BOYy TUTPYIOTh
0,1M po34nHOM COJISTHOI KMCJIOTH A0 3HeOapBieHHs. [10TiM B 1110 K KOOy 101af0Th 2-3
Kparuti po34rHy METHIIOBOTO OPAHXEBOTO 1 MPOIOBXKYIOTH TUTpyBaHHs 0,1 M pozunHOM
COJISTHOI KMCJIOTH JI0 TIEpeXOoy 3a0apBIIEHHS 3 KOBTOTO B POXeBE. 3aMHUCyIOTh 00’ €M
0,IM po3unHy COJSHOT KHUCJIOTH, BUTpAaYeHy Ha TUTPYBaHHsS 3 deHondraneiHoM i
3arajgbHui 00’eM 0,1 M po3unHy COJSIHOT KUCIOTH, BUKOPUCTAHOI HA BCE TUTPYBAHHS
[7].

3aranabHy JyKHICTh BOJH B MT-€KB/IIM° 00UHCITIOIOTH 332 (OPMYJIOLO:

7 ViG 1000
Vi (2.5)
ne Vi - 3aranbHuid 00’€M PO3YMHY COJISHOI KHCIIOTH, BUKOPHUCTAaHUW Ha
TUT ' i %V, — 06’ 0 % Cp — 1
pYBaHHS JOCIIJKyBaHOi BoaH, cM®; Vo — 00’eM mpobu, cm”; C; — KOHLEHTpaIlis
PO3YHHY COJISTHOI KUCJIOTH.

2.1.7 Xapaxkmepucmuxa ionimy Dowex HCR S/S

B xoml pochimkeHb B SIKOCTI KaTIOHITY OyJio OOpaHO CHIIbHOKHCIOTHY
KaTiOHOOOMIHHY CMOJY (Cynb(OBaHUN COMOIIMEP CTUPOITY Ta AUBIHLIOEH30:1y) Dowex
HCR S/S B Na*-¢opmi Bupoouuirrea CIIA (tabim. 2.2), Tak sK BITYN3HSIHUN aHAJIOT -

CHUJILHOKHCIOTHHM KaTioHIT KY-2-8 He BUpoOIs€ThCs B JaHU MOMEHT.
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Tabmuus 2.2. Xapakrepuctuku katioHity Dowex™ HCR-S/S

OyHKIIIOHATbHA
[Iponykr Tun Martpuris
rpymna
Dowex™ HCR- | CHWJIBHOKUCIOTHUI Crupon-/IBb CynbdoHoBa
SIS KaTiOHIT renena KHCJIOTa
[Tapametp 3HaYeHHSA
Ionna dbopma npu mocTasili Na*
[ToBHA OOMiHHA EMHICTb, T-€KB/IM> 1,9
Bwmict Bonoru, % 48-52

Kinbkicth mimux rpanys, % 90
[{inbHICTS rpanyi, r/cm® 1,3
Hacunna Bara, r/nm° 800

[IepeBaroro BUIlIEHAa3BaHOTO KAaTIOHITY TaKOX OyyTh KUCJIOTHI YMOBU BUITYYE€HHS
KaTioHIB Miji Ta 3am3a. Huspkuili pH 3a0e3neuye epexkTrBHE 3B’sA3yBaHHS KaTIOHIB 3
MOBEPXHEI0 10HOOOMIHHOTO MaTepiany.

Dowex HCR S/S mac BucOKy 0OMiHHY €MHICTh (He MeHme 1,8 mr-exs/cm?),
HMIBUIKY KIHETMKY OOMIiHY 10HIB, BUCOKY XIMIYHY Ta paJialiiiHy CTIMKICTh. 3aBISKH
ONTUMAJIbHOMY MOEJHAHHIO LIUX BJIACTUBOCTEN, CMOJIa €(PEKTUBHO 3aCTOCOBYETHCS IS
BWJIYYCHHS 10HIB METaliB, JEMIHEpali3alii Ta IOM SKIIEHHS BOJU, OYHCTKU BiJ
PaJl0aKTUBHUX 3a0pyAHEHB, a TAKOXK Y XpomaTorpadii.

ITepeBaramu Dowex HCR S/S e Bucoka ocMornuHa cTabUIBHICTH, MiHIMAJIbHE
HaOyXaHHs, 3/IaTHICTh pPEreHepyBaTUCS HEBEIUKUMH 00’emamu kuciaotu. Cmona
JI03BOJISIE JTOCSITTA BHCOKOTO CTYNEHsS OYUCTKM PO3YMHIB Ta MOXE OaraTopa3oBo
BUKOPHUCTOBYBATUCH Y PI3HUX TEXHOJIOTTYHUX Mpoliecax. OKpiM IIbOTO, 3aBASKH BUCOKIM
HIBUAKOCTI (UIbTpallii 3a0e3neuyeTbcsi BUCOKA MPOIYKTUBHICTh (PUIbTpYBaHHS. Takum

gyuHoMm, Dowex HCR S/S € edhextuBHUM Ta HaAItHUM MaTepiajaoM JJi I0HHOTO OOMiHY

[93].
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2.2 EnexTpoximMiuHi mpouecu nepepooku rajibBaHiYHUX PO3YHHIB

EnexTpojianizHe OYMINEHHS CTIYHMX BOJ MPOBOAWIM y JABO- Ta TPUKAMEPHHUX
enexTpoiizepax (puc 2.1, 2.2), pobodi Ta MpOMiKHa KaMEPH B SKUX MaJd 00’€M IO
100 cm® i Oynm posineHi aHIOHOOOMIHHMMHM MeMOpaHamu Mapku MA-41. Tloepxus
MeMmOpaH Mapku MA-41, 1110 OTpUMY€ETHCSI Ha OCHOB1 CHHTETUYHOT 10HOOOMIHHOT CMOJIH
AB-17 nuisixom mnpecyBaHHsS CyMilll MOPOLIKY 10HITY Ta TMOJIIETUJIEHY, apMOBaHa
KalpOHOBOIO CITKOIO IS 3a0e3rledeHHs] MeXaHIYHOi MilHocTi. Bkazani meMOpanu
XapaKTEPU3YIOThCA XIMIYHOIO CTIHKICTIO, IO HAJa€ MOXKJIWBOCTI TPHUBAIMN dYac
CKCIUTyaTyBaTH iX B KOHIICHTPOBAHHMX PO3YMHAX KHUCJIOT Ta JIyTiB [7,94].

B sKkocTi karoga BHUKOPHUCTOBYBAJIM ILJTACTUHY 13 HEPXKaBIIOUOl CTalll MapKu
12X18H10T, B sikocTi aHOAQY — IJIACTUHU 3 TUTAHYy, BKPUTOTO OKCHUJIOM PYTEHiIO, Ta
cBUHIIO. IT101a enekTpo i cTanoBuIa S,y = S = 0,12 aM?. ExekTposti3 IpoBoAnIz 3a
BEJIMYMHM T'YCTHHM CTPyMy B jianasoHi 1,7-8,3 A/qm?.

[Ipu npoBeieHH] IEKTPOIIi3y 3aCTOCOBYBAIM JBO- T4 TPUKAMEPHI €IIEKTPOJIi3epH

(puc. 2.1, 2.2).

AHioHHa membpaHa MA-41

Katon AHoOpf
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AHioOHHa membpaHa MA-41

Katopg AHO[,
_.I_(aTop,Ha 30Ha - " h " AHOZHa 30Ha .
- H:SOx ... .- B Feso..
0

Puc. 2.1. CxemMa YyCTaHOBKH €JICKTPOJI3HOTO OYHIIEHHS BiAIpaIllbOBaHUX
3a1130CyNb(AaTBMICHUX TaJIbBaHIYHUX CTOKIB B JIBOKAMEPHOMY €JIEKTPOJi3epl Mpu
MIPOXOJI>KEHHI MIPOLIECIB: a — KOHIIEHTPYBaHHs cyibdary 3amiza (I1) ta cipuanoi kucnortu;

0 — oxucHeHHs cynbdaty 3amiza (II) B cynedar 3amiza (I11)

AHioHHI memBparn MA-41

-Katopma 30Ha ' . MpomixHa B0Ha . - - AHOaRa 30Ha
NaoH - FeSO. # H:SD: | Wso.

TOTOTIIO IO |

KTOTOTATOTO e IO e Te T e TeTe e e e e e el |

Puc. 2.2. CxemMa yCTaHOBKHM €JEKTPOJIali3HOTO OYHWIIECHHS BiANpPabOBAaHUX

3aJ1130CyNb(aTBMICHUX TaJIbBaHIYHUX CTOKIB B TPUKAMEPHOMY €JIEKTpOJIi3epl

[Ipu 3acTocyBaHHI JIBOKAMEPHOTO €JEKTpOJi3epa JUIsl PO3IIICHHS JTOMIIIOK
KaTOJHY KaMepy 3aM0BHIOBAIM POOOYUM PO3YMHOM CTIYHOI BOJU — PO3YMHOM 3 BMICTOM
FeSO; ta H,SO, 3 konuentpauismu BimnosigHo 5 r/am® ta 550-2100 mr-exs/mve.
AHOIHY KaMmepy JIBOKaMEPHOTO E€JEKTPOoJIi3epa 3alOBHIOBAIM PO3YMHAMU CYJIb(HaTHOI
KMCIOTH  KoHUeHTpamiero  50-2100 mr-exs/nv®. B BMmagKy  BHKOPHCTAHHS

ABOKaMCpPHOIO eneKTpOJIisepa JJIA OKMCHCHHA I[OMiIHOK AHOJIHY KaMCpy 3allOBHIOBAJIN
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poszurHOoM cynbgary 3amiza (II) 3 xonuentpanicro 5-20 r/nm3, kaToaHy — CyIb()aTHOIO
KHCJIOTOIO 3 KoHLeHTpaieo 200—400 mr-exs/mm°.

[Ipu 3acTocyBaHHI TpUKaMEpHOTO ejekTpoiizepa (puc. 2.2) poOouyuii po3dyuH 3
BMicTOM cynbdaty 3ami3a (1) ta cynpdaTtHOl KHCIOTH 3 KOHIEHTPALIIMHA BIAMOBITHO
5r/mmM® Ta 300 Mr-exs/nM® posminnyBaBcs B cepenHiii mpoMixkHii kamepi. KaTommy
KaMepy 3aIOBHIOBAIM DPO3YMHOM JIYTy KOHLEHTpauicro 275 Mr-eks/mm>, aHOAHY —
PO3YMHOM CyIb(ATHOI KUCIOTH 3 KOHLEHTpawico 50 Mr-exs/mve.

[IpoTsirom enekTposizy, 3 MEPIOJUYHICTIO 2 pa3d Ha TOJMHY, KOHTPOJIIOBAJIH
KHCJIOTHICTh Ta JYXKHICTh B @HOJIHIA Ta KaTOJHIM kamepaxX. KUCIOTHICTh Ta JTyKHICTb
PO34YMHIB BU3HAYAJIU 32 JOTIOMOTOI0 KIIACUYHOTO METOTY TUTPUMETPIT 3 BUKOPUCTAHHSIM
0,1M HCl ta 0,1 M NaOH i inaukatopiB BianoBigHO (heHOIPTAICTHY Ta METHIOPAHIKY .

Buxigi nOpoAyKTiB €NEeKTpOdi3y 3a CTPYMOM pPO3PAaXOBYBaBCS SK BIAHOLIEHHS
TEOPETUYHOT Ta MPAKTUYHOI KUIBKOCTI €JIEKTPUKH, SIKa BUTPAYAEThCA HA TIEPEHECCHHS

€KBIBaJICHTY PEYOBHHH:

d, m,
B:axloO%zﬁme%, (2.6)

1€ (n — KUIBKICTh €JIEKTPUKHU (PAKTUYHO BUTPAYEHOI HA NIEPEHECEHHS €KBI1BAJICHTY
PEUYOBUHU; (T — TEOPETUYHA KIUJIBKICTh EJIEKTPUKH, SIKa BUTpayeHa Ha MEpPEHECCHHS
pPEUYOBUHU; My — Maca peYOBHUHHU, OTPUMAHOI (IIEPEHECEHOT B 1HILY KaMepy) peajibHO B
MPOIIEC] EJIEKTPOJII3Y, I'; Mt — Maca peYOBUHHU, OTPUMAaHOI (IIEPEHECEHOI B 1HIIY KaMepy),
10 PO3pax0OBaHa TEOPETUYHO, T.

dakTUYHA KUIbKICTh IEPEHECEHOT PEUOBUHH BU3HAUAETHCS 110 3MiHI1 i1 KOHIEHTpALIil

B IOBHOMY 00’ €M1 PO3UHHY:
m, =V x(CO—C), (2.7)

ne V — o6’em 00pobinenoro poszumny, am®; Co — MOYAaTKOBAa KOHLEHTPALis

KOMIIOHEHTY, r-ekB/aM3, C — KiHIeBa KOHIIEHTpaLlis KOMIIOHEHTY IIicias 0OpoOKu, T-
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eKB/IM°.

TGOpCTI/I‘IHa KIJIBKICTB HGpGHCCCHO.l. PCHYOBHUHHU BHU3HAYAJIACh 3da 3dKOHOM d)apazleﬂ:

m, = Kex| xt, (2.8)
ne Ke — enekrpoximiunuii ekBiBasieHT (Ke=0,03731 r-exs/(A-ron); [ — cuma ctpymy,

A; t —4Jac, rOqUHU.

2.3 IlpoBenenHsi mpoiecy OTPUMAaHHA (DEPUTHOrO MaTepialy 3 KOHIIEHTPOBAHUX

po3unHiB cyabgarty 3aiiza (II) Ta 3amxiza (1II)

[Ipouiec yTBOpeHHs ¢eEepUTHOrO Marepialy — MarHeTUTy MPOBOAUBCSA TpHU
3MIIIyBaHHI YTBOPEHUX B PE3YJbTATI €IEKTPOAlaII3y PO3UMHIB cynbdaTy 3amiza (II) Ta
saniza (I11) 3 cnisBignomenusam [Fe?*])/[Fe*1=0,5. Jlo cymimi po34uHiB npu mocTiiiHOMY
nepeminryBaHHi moctynoBo aojaBanu 10 %-it po3uun rigpokcumy Hatpito 10 pH=9,5.

[Ipouec ocamKeHHs ONMUCYETHCS PIBHAHHSM:

FeSO4+ FEz(SO4)3+8 NaOH—4Na,SO4+ F8304l+4 H,0. (2 . 9)

®Di3uK0-XIMIYHUHN CTaH (EPUTHOTO MaTepiady BU3HAYABCS MICISI PETEIBHOTO HOTOo
OUMUIEHHS BiJ Cyib(}aTy HATPilO LUISIXOM 3-KpaTHOTO MPOMMBAHHS, BI1JICTOIOBaHHS Ta
nekanraiii. J[yig oTpuMaHHs 300pakeHHsI TOBEPXHI 00’ €KTa 3 BUCOKOIO MPOCTOPOBOIO
PO3IIILHOI0 3JaTHICTIO Ta BCTAHOBJIEHHS SKICHOTO 1 KUIBKICHOTO €JIE€MEHTHOTO
(XIMI4HOTO) CKJaay (hepuTHUN MaTepian JOCHIIKYBaBCs 3 BAKOPUCTAHHIM CKaHYIOUOTO

CJIEKTPOHHOTO MIKPOCKOITY 3 €HEPTrOAUCIIePCIHHUM MikpoaHaiizatopom POM 106U [7].

2.4 ®izuune moaeoBaHHs npoueciB okucHeHHss CO 1o CO; Ha ¢pepuTHHX

KaTaxi3aTopax Ha HeoJiTOBOMY HOCII

VY nocnimkeHHsx npouecy okucHeHHss CO BUKOPUCTOBYBAJIaCh MapTisl IIE0ITOBOT

nopoau COKUPHUIIBKOTO pOAOBHUINA 3akapmaTchbkoi o6sacti BupoOHuiTBa TOB
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«3akapnaTchbKuil HeoaiTOBH 3aBO1» po3mipoM 3-5-8 mm mapku [11{O tumy A 3 Buxoaom
111b0BOI pakii 85 % 3rigHo TexHiuHux yMoB TY Y 19.5-00292540.001-2001 «111eGinb
Ta MCOK 3 IPUPOIHOTO 11e0TiTy. COKMPHUIIPKE POJAOBHIIEY. 3a JaHUMHU MiAMPUEMCTBA
JOCIIKyBaHA  TAPTis  TCOJITy BUTOTOBIAETHCS 13 IICONITH30BaHUX  Ty(DiB
KJIMHONTWJIOJIITOBOTO THUIY 3 BMICTOM KIMHONTHJIONITY B mopoai Omu3bko 83 % 3
MOJKJIMBOIO TPHUCYTHICTIO JIOMIIIOK MOHTMOPWJIOHITY, TOJBOBOTO IIMAaTy, KBapily,
omay, ByJakaHiuHoro ckia. Il{ineHicTs ckaanae 2,37 Kr/M3, eMHICTH KaTIOHHOTO OOMiHY
— 1,5 mr-exB/r, TepmivHa cTifikicte — 10 700 °C, MexaHi4Ha MIITHICTh Ha CTUCKAHHS — JI0
150 xr/cm?, MexaHiuHa MiIHICTh HA CTUPaHHS — He Oinbie 4 %, MexaHidHa MilHICTh Ha
nopioHeHHs — He O6ubie 0,5 %, cyMapHa MUTOMa aKTUBHICTh IPUPOAHIX PaIOHYKITI/TIIB
— 144,5 bx/kr. Ilpu 11pboMy MOXIMBUN XIMIYHUN CKJIQJ LEOJITOBOI MOPOJIUA MOXKE
Bkmouatu (Mac. %): SiO, — 71,5; Al,O3 — 13,1; Fe,0; — 0,9; TiO, — 0,5; CaO - 3,44;
MgO - 0,68; K,0+Na,O — 3,03; P,Os— 0,014, Cu — 0,02; F — 0,025; Pb — 0,002; As —
0,0015 [82, 83].

Jlyist oTpuMaHHs MOJIM(DIKOBAHOTO IIEOJIITY MOTO MPOCYIIEHI HaBaKKU Macoro 150
I' IPUBOJIMIIN B KOHTAKT y CTATUYHOMY PEKUMI 3 POOOUYMMH MOJICTLHUMHU PO3YMHAMU
coneit Fe?*, Fe¥*, Mn?*, Fe®* 06’emom 150 cM® 3a mpuBEjeHUMH METOJUKAMHU.

2.4.1 Ompumannsa pepumnozo kamanizamopa (Fe**:Fe3*=1:2) na yeonimosomy
HOCIT

HaBaxxky meomity 06po0sistimu cyminiio po3unHiB FeSO4 7H,0 1 Fep(SO4)3°9H.0
3 KOHIIEHTpAIi€I0 10HiB 3aJ1i3a BianosiaHo 5,59 1 11,17 r/am® (16,76 r/nm3 ionis 3amisa),
IO BiANOBiac iXHLOMY cTexioMeTpudHOMY BimHomennio [Fe?*]:[Fe3*]=0,5 y ckmani
MPUPOTHOTO MArHETUTY, MPOTITOM | TOJ, MICIs YOTO OCAKyBaju Ha IIEOJITI OcCal

maraetuty FesO4 25 % po3zunnom NH4OH 3a peaxuietro:

FeSO47H,0 + Fey(SO4)3'9H;0 + 8NH,OH—> FesOu] + 4(NH4),S04 + 20H,0  (2.10)

Ta BUTpUMYBaJIA TIpoTsiroM 24 rox. ITicis nporo MoaudikoBaHUi HEOIT BN Bl

BOJIHOT (pa3u JeKaHTAIlI€r0, MPOMHUBAIIN Ta CYIIWINA Ha MOBITPI A0 MOCTiHHOT Macu [45].
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2.4.2 Ompumanns mapzaneus-pepumnozo kamanizamopal (Mn?**:Fe3*=1:2) na

Ueonimoeomy Hocii

HaBaxxky 1ueomity oO0poOmsuin  cymimimmo  po3unHiB  MnSO4-7H,O i
Fe2(S04)3'9H,0 3 koHIeHTpalli€l0 10HIB Maprasio i 3ami3a BiamosigHo 5,59 1 11,17
r/aM3, WO BignoBigae IXHEOMY CTeXioMeTpHuHOMY BigHomeHHIO [Mn?*]:[Fe**]=0,5
poTATOM | TOJI, MICHS YOTO OCa/KyBalld Ha 11e01TI ocan ¢eputy Mapranio MnFe,Oy4

25 % pozunnom NH4OH 3a peaxkiiiero:

MnSQO,7H,0 + FGQ(SO4)3'9H20 + 8NH,OH— anF8204l + 4(NH4)2804 + 20H,0
(2.11)

Ta BUTPpUMYBaIIU TIpoTsroM 24 rox. ITicis nboro MoaudikoBaHUM 1EOTIT BTSN Bl

BOJIHOT (pa3u JeKaHTaIli€r0, MPOMUBAIIN Ta CYIIWIN Ha MOBITPI A0 MOCTiHOT Macu[45].

2.4.3 Ompumanns mapzaneus-pepumnozo kamanizamopa2 (Mn?**:Fe%=1:2) na
Ueonimoeomy HoOCIi

HaBaxxky meomnity oOpoOmsiiu cywmimmo po3unHiB MnSO4-7H20 1 KoFeOq 3
KOHIIEHTPAL[i€I0 10HIB MapraHIo i 3aiiza BigmosigHo 5,59 i 11,17 r/am3, mo Bignosinae
iXHBOMY CTEXIOMETPHYHOMY BifHOmEeHHIO [Mn?*]:[Fe®*]=0,5 Ge3 momaBanns myry, mpu
IbOMY OCaJKEHHSI Ha 1IeoNiTi ocany ¢deputy mapraniito MnFe,O4 BinOyBanock 3riiHO

peakitiii [7]:

Mn?* + H,0 — MnOH* + H* (2.12)
MnOH* + H,0 — Mn(OH); + H* (2.13)
FeO,* + 8H* + 3e” — Fed*+ 4H,0, E¢=+2,20 B (2.14)

FeO.> + H* — HFeOy (2.15)



FeO,% + 4H,0 + 3e" — Fe(OH)s + 50H", E;=+0,72 B
HFeO4 + 4H* + 3¢ — FeOOH + 2H,0, E;=+2,08 B
HFeO4 + 7H* + 3e- — Fe**+ 4H,0, E;=+2,07 B
FeOOH + H,0 — Fe(OH)s

Fe**+ 30H — Fe(OH);

Mn(OH),+FeOOH— Mn(OH)OFe(OH),

Mn(OH)OFe(OH),+FeOOH—> MnO-Fe,03] + 2H,0

Mn(OH),+2Fe(OH);— >MnFe;04] + 4H,0

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)
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Ta BUTPpUMYBaIIA TIpoTsiroM 24 rox. ITicis nnboro MoaudikoBaHUM 1EOTIT BTSN Bl

BOAHOI (pa3u JeKaHTall€l0, MPOMUBAIM Ta CYIIMIMA HA MOBITP1 A0 MOCTIMHOI MacH.

[Ipotiecu yTBOpeHHS HAaHO- Ta MIKPOPO3MIPHUX 3aJ1130KMCHEBUX CTPYKTYp pepury

Mmaprauiffo mepebiratote 3 ydactio FEOOH mnpu 3nauennsx pH amcmepciitHoro

cepenosuina 6,0-9,7, 110 BiANOBIIa€ yMOBaM MPOBEACHHS J0CIiKeHb [ 7,45].

2.4.4 Onuc oocnionoi ycmanoeku oxucnenna CO

HocnimxenHs: nporecy okucHeHHd CO MpOBOAMIM Ha YCTAHOBLI HMPOTOYHOIO

THUITY 31 CTAI[lOHAPHOIO BAarolo KarajizaTopa, CXeMy sSIKOi HaBeJIeHO Ha puc.2.3.
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11

Puc. 2.3. Cxema gociigHOi yCTAaHOBKM JUIsl BUBYEHHS MPOILIECIB KATATITUYHOTO
OKHCHEHHSI MOHOOKCHTY BYTJIeIio: | — 670k 3 6aloHaMiU MOHOOKCH/IY BYTJICIIO, KHCHIO,
reinito Mapku «OcobauBo uncThit»y, 2 — rasosi BuTparoMipu Bronkhorst EL-FLOW F-
111AC, 3 — 3mimryBad raziB, 4 — peakTop MPOTOYHOTO THITY 31 CTAIIOHAPHOIO Baroo
Karajmizatopa, 5 — eJleKTpooOirpiBad, 6 — Tepmonapa; 7 — BUMIPIOBAY-PETYISATOP
temmneparypu TPI] 02 «YHiBepcan+y», 8 — kaTanizaTop Macor 3 T, 9 — mpoOoBiI0IpHUK,
10 —razosuii xpomarorpad Agilent 8890 GC System CO-CO; Analyzers, 11 — iudposuii

1HTEep(eiic BUMIPIOBAHb.

OCHOBHUMHU BY3JIaMH YCTAHOBKH €: peakTop (4) 3 kaTaiaizatopoM (8), mpucTpii 1is
BBCJICHHS aHAJII30BaHMUX Ta3iB (IpoOoBiIOIpHUK, razoBuil xpomatorpad) (10). PeakTop
ABJIIE COO0I0 TPYOKY 3 TEPMOCTIMKOTO CKja, 3a0e3medeHy enekTpoodirpiBadeM (5).
KoHTponbs 3a 3MiHOIO TemmepaTypu 3IMCHIOBAIM 3a JIOMOMOIow TepMorapu (6) 3
tounicTio £1,0 °C, mig’emqnanoi go perymstopa TPI[ 02 «YwuiBepcan+» (7). Ilix uac
npoBeaeHHs nociiaiB razu CO, Oz ta He, o 36epiranucs B 6anonax (1), mogaBanucs Ha
potameTpu (2), uepe3 Kl peryiroBajgacs BUTpaTa rasis, Ta3u 3MINTyBaJIUCS B 3MINTyBayl
(3), a micma 3MinryBaHHS CyMilll Ta3iB Hajgxoiwiaa B peaktop (4). Jjis MOBHOTO
YTPUMYBaHHS KaTajli3aTopa BCEpEIWHl peakTopa Ha WOro JHi OyJlO BCTaHOBJIEHO

TKaHuHHUN GisTp. [IpolimoBmm yepe3 map kartamizatopa (8), MO 3HAXOAUTHCS B



69

peaxTopi, peakiiiiHa CyMilI noTparuise 10 npoooBindipHuka (9), 3BIAKHA MEPIOAUIHO 3a
JIOTIOMOTOI0  KpaHa-/i03aropa il MeBHA MOpIis CHPSIMOBYEThCS B Xpomarorpadiuny
koJ10HKY (10). KOoHTpOJb 32 cTyneHeM OKUCHEHHSI MAJIbHOTO KOMITOHEHTA 3/11MCHIOETHCS
3HATTSIM  XpOMAaTOrpaMH  4Yepe3 peectpariiauii npuctpid (11) 3 BcTaHOBICHUM
POrpaMHUM 3a0€3MEUCHHSIM.
3pa3ok karamizatopy (8) 3 po3Mipom 3epHa 3-5-8 MM MOMIMAI B ATIHAPHIHAN
pekatop (4) TakUM YHHOM, 100 BHUKIIOUWUTH TMPOXOJKEHHS Ta30BOi CyMIIIl TOB3
katamizarop. Po3Mmipu peakTopy ckiananu: Bucota 220 MM, BHYTPIIIHIN J1aMeTp 8 MM.
OG’eMHY IIBHIAKICTH Ta30BOTO IOTOKY BapiroBamM B inTepsadi 1-5 mv®/xB. ¥V mpomneci
HarpiBaHHS TOCTIMHO KOHTPOJIIOBAIM CKJIaJ Ta30BOi CyMIllll Ha BXOJl Ta BUXOJI 3
TepMOKaMepu. 3a HEOOXITHOCTI B SIKOCTI 1HEPTHOTO a3y BHUKOPHCTOBYBAJIU Teiil.
KoHieHTpallito mpoayKTiB peakilii aHali3yBaJiv 3a IOTIOMOTO0 ra3oaHaizaropa Agilent
8890 GC System, BigHOCHE CTaHAAPTHE BIAXUJICHHS MTOBTOPIOBAHOCTI muIont mky <0,5
%. besnocepenHbo Tmepel MPOBEACHHSIM KAaTaJIITUYHOTO EKCIEPUMEHTY 3€pHO
KaranizaTopy mijaaBaiu TepMooopooini 3a remiepatypu 450 °C na npotssi 2 rox. [lepen
Ta IMiCJIg HarpiBaHHS 1 0XOJIO/KEHHS BU3HAYAIM BTPATy Macu Kartaiizaropa. Katamituuny
O4YMCTKY Tra30Boi cyMimli Bix CO nocnimxkyBanu B iHTepBam 100-450 °C. KonnenTpaiiro
MOHOOKCH/Iy BYTJIEIIO B IMOYATKOBIN ra30Bii CyMillll Ha BXOJI B PEaKTOp BapirOBajiu B
miana3oHi 1-2 00. %.
30BHIMIHIA BUIJISIA AOCTIHOT YCTAHOBKHU ISl BUBYEHHS MPOIECIB KATATITHYHOTO
OKHCHEHHSI MOHOOKCHJY BYTJEIl0 mpeacTaBieHo Ha puc. 2.4. Ha doro puc. 2.4
MOKa3aHO PEaKTOP MPOTOYHOTO TUITY 31 CTAllIOHAPHOIO Baroo Karaiizaropa (puc. 4, a, B),
B SIKMI TIOJA€THCS MICIsA 3MIITyBaHHs ra3oBa cyminr 3 6anonis CO, O, ta He (puc. 4, 0),
BUTpaTa SKUX PETYJIIOEThCS Ha  BUTpaToMipax. Peaktop po3MIIIylOTh B
€JIEKTPOO0OIrpiBay, TeMIepaTypa B IKOMY HaJallITOBYETHCS BUMIPIOBAYEM-PETYISITOPOM

TCMIICPATYypPH 3a JOIIOMOT'0OX0O TCPMOIIapH.
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a 0 B

Puc. 2.4. 30BHIMHINA BUTISA AOCIIIHOI YCTAaHOBKHU JIsi BUBUCHHS IIPOIIECIB
KaTATITUYHOTO OKUCHEHHS MOHOOKCH/TY BYTJIEIIO: a — TOCiHA YCTAaHOBKA 3 PEaKTOPOM
MPOTOYHOIO THUITY 31 CTAl[IOHAPHOIO BAaroro KaraiizaTopa; 0 — OJIoK 3 OajJoHaMM refio,
KHCHIO, MOHOOKCHUJTY BYTJICI[IO; B — PEaKTOP, B SIKUM 3aBaHTAKEHO 3 T MOAM(IKOBAHOTO

Fe(FeyCri.y)204 xepaMoBOJIOKHA

KonBepcito MOHOOKCHTY BYTJICIIO PO3Pax0OBYBAIH 3a (DOPMYIIOFO:

X, =S8 100y (2.24)
co — in 0, .

co

ne CH, — monbHa yactka CO Ha BXogi B peaktop, C24t — monbHa yactka CO Ha BUXOJ 3

peakTopy.
2.4.5 BuznaueHHs éMicHly OCHOBHUX e/leMEeHMIB, 3a2albH020 (Pa306020 CK1AOy

Kamanizamopie Ha ueoimoeomy HOCii

®dazoBuil ckian 3paskiB 1eoiity COKUPHUIIBKOTO poOJoBHUINA 03 Ta Ticis
TepM006poOKH mpu Temmepatypi 450 ‘C Ha mpoTa3i 2 roauH, MPOCYNIEHOTO Ha TOBIiTpi

JI0 TIOCTIMHOI MacHu, BU3HA4YaBCS 3a JIOMOMOTOIO SIKICHOTO PEHTreHO(a30BOr0 aHaIi3y,
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npoBereHoro Ha audpakromerpt Ultima IV (Rigaku, Snonis) 3 Cu-Ko-

BUIIPOMIHIOBaHHSM Ta TpadiTOBUM MOHOXPOMATOPOM.

) ) ) 1
Cknaz OCHOBHHX eJIeMEHTIB 3pa3kiB MoaudikoBaHoro FesOs4, “MnFe;04,

2MnFezO4 neoity COKMPHUILKOTO POJIOBUIIA MICIs TEPMOOOPOOKU 3a TeMIepaTypu

450 °C na mpoTs3i 2 roj BU3HAYABCS MIKPOPEHTI€HOCTIEKTPAIbHUM aHaIi130M TOBEPXHI
Ta 37aMy, BUKOHAHOTO IpPU 3aCTOCYBAaHHI CKAaHYIOUYOi EJIEKTPOHHOI MIKPOCKOIIi 3
BukopuctanuaMm obnaaHanHs PEM—1061 (SELMI, Vkpaina). [l BU3HAuUEHHS CKJIamy
KATAJITUYHO AKTHUBHOTO KOMIIOHEHTa TEPMOOOPOOJIEHOrO0 MOJIHU(PIKOBAHOTO IIEOJITY

OyJ0 TMPUrOTOBAHO CICHIAJILHUNA TMpernapaT 3 MarHeTutry Ta (epuTy Maprasiro,
. : 2
oJIep>kKaHoTo B pe3ynbTaTi MoaudikyBaHHs. [ 1iporo ciouatky map Fez0s, “MnFe,0y,

YTBOPEHMI Ha TMOBEPXHI TpaHysl KIMHONTHUIONITY, aKypaTHO, 1100 sIKOMOTa MEHIIE
3adyenuTu (a3y IMEOoJITY, 3UUIIAIA MEXaHIYHUM CIIOCOOOM, CIOCTEpIraroyu 3a UM B
Kpucrajgorpadpigyauit Mikpockort. [loTiM oTpuMaHuii ckpan po3TUpay B araToBii CTyMII],
rpaBiTaliitHO 30aradyBajiM BiJl 3aJIUIIKIB I[EOJITY B CEPEAOBUII JUCTUILOBAHOI BOJIH,
MIEPCHOCHJTA B KBAPIIOBY PEHTICHOMETPUYHY KIOBETY 1 CYIIMJINA B HOPMAJLHUX YMOBAX

JI0 TIOBITPSTHOCYXOTO cTaHy. [laHuii mpuiiaj BUKOPUCTOBYBABCS TAKOX JJIs Bi3yalizarlii

Tonorpadii moBepxHi 3pa3kiB HemoaupikoBaHoro Ta MoaudikoBanoro FezOs, “MnFe,04

2MnFezO4 IICOITITY.

2.5 OrpumanHsi pepUTHUX KATAJI3aTOPIiB HA BOJIOKHUCTOMY HOCIT

B SKOCTI CKIIOBOJOKHHCTOIO HOCIS KaTANTHYHUX CHCTEM OKHCHCHHS Ta30BUX
BUKU/IB, 10 MicTaTh CO, 3acTtocoBaHo kKepaMoBOJIOKHO LYTX-512 BupobHUKa
Shandong Luyang Share, Kuraii. Bmactusocti kepamoBookna LYTX-512 naBeneHi B
Tadmn. 2.3.
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Tabmuus 2.3. BmactuBocti kepamoBojokHa LYTX-512 toBmumuOIO 2,5 CM

Bupobuuka Shandong Luyang Share, Kuraii[84]

OcHOBHI TeXHI4HI XapakTepucTuku | LY TX-512

Temnepartypa 3actocyBanHs, °C:

MaKcHMaJibHa 1427
poboua 1350
[linbHicTH, KI/M3 128

Jliniina ycanka, %o:

npu temneparypi 950 °C -
npu temneparypi 1100 °C 1,9
npu temneparypi 1350 °C 3

Mesxa mirtHOCTi 10 po3puBy, MIla | 0,08-0,12

XIMIYHUN CKJIa;

Al,O3 38-40
Si0, 43-47
ZrO, 15-17

Karanizaropu, mo Oynu HaHeceHi Ha kKepamoBojiokHO LYTX-512, meromom
IPOCOYYBAHHS:

1. Fe3043 po3unny cynbdarty 3amiza (II) nuissxoM 3MinryBaHHs 3 pO3UMHOM CYIbhaTy
3amiza (II) 3 cmiBBimHOIIEHHSM KOHIeHTpalii 10HIB 3amiza (II) ta 3amza (I1I)
[Fe?*]:[Fe®*]=1:2 [45];

2. (FexCuix)Fe04 (x=0,60-0,65) 3 posumnHy cynbdary 3amiza (II) musaxom
3MiNTyBaHHs 3 po34rHOM cynbdaty miai (II) 3 criBBiqHOMIEHHSIM KOHIIEHTpAIlii
ionis mizi (I1) Ta 3amiza (II) [Cu®*]:[Fe?*]=1:4 [45];

3. Fe(FeyCriy)204 (y=0,91-0,92) 3 po3umny cynedary 3amiza (II) wnosxom
3MINTYyBaHHS 3 PO3UYMHOM OIXpOMaTy KaJiio 3 CITIBBITHOIICHHSIM KOHIICHTPAIIIH
ionis xpomy (V1) ta 3amiza (II) [Cré*]:[Fe*]=1:15 [45];

4. 50 % Fe304, 50 % (FexCuix)Fe204, oTpuManuii BigmosigHo . 1, 2;


https://prom.ua/ua/brands/Shandong-luyang-share
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5. 50 % Fe304, 50 % Fe(FeyCri.y)204, oTpumanuii BiamosigHo 1. 1, 3;
6. 33,3 % Fes04, 33,3 % (FexCuix)Fe,04, 33,3 % Fe(Fe,Criy).04, oTpumanmii
BiamosigHo . 1, 2, 3.
Jlis oTpuMaHHA BKa3aHMX (PEPUTHHX KaTali3aTopiB 3pa3ku KEepamMOBOJIOKHA
TOBLIMHOIO 2,5 cM IinbHicTIO 128 kr/M° posmipom 10 cm X 10 cM 3aHYpIOBaIMCh JI0
MOBHOT'O IPOCOYEHHS PO3YMHOM B PEaKIiiHy CyMilll 3 3araJIbHOI0 KOHIIEHTpaIliero 16,76

3 jomip 3amiza (I), 3amiza (III), migi (II), xpomy (VI) 3rigHo cTexiomMeTpUYHUX

/oM
CITIBBIJTHOIIIEHB, BKa3aHUX B I1. 1-6. Hanani B peakTop npu nepeminryBanHi qogaBainu 10
%-Buit pozunn NH4OH no nocarmenns pH=S8, Tak sk mojanbplie 10AaBaHHS JYTy 3a
MOMEPETHIMUA JTOCTIDKEHHSIMH CIPHUIO MEXaHIYHOMY PYWHYBaHHIO KEpaMOBOJIOKHA

pu TEPMOOOPOOIII.

2.5.1 Ompumanns pepumnozo kamanizamopa Ha 60J10KHUCHOMY HOCIT

3pa3ku  KepaMOBOJIOKHa 0OpoOysuin  cymimmio po3uuHiB  FeSO4 7HO 1
Fe2(S04)3-9H,0 3 koHueHTpamicro ioHiB 3ami3a Bignosiguo 5,59 i 11,17 r/am® (16,76
r/nm® ioHIB 3adi3a), WO BIANOBiZa€ IXHHOMY CTEXIOMETPUYHOMY BiJHOLIEHHIO
[Fe?*]:[Fe3*]=0,5 y ckmami NIpUPOTHOrO MArHETMTy NPOTATOM 1 Troj, MicIs 4Yoro

ocakyBanu ocan maruetury FezOs 10 % pozunnom NH4OH 3a peakiiero:

FeSO,7H,0 + F62(804)3'9H20 + 8NH,OH — F€304l + 4(NH4)2804 + 20H,0 (224)

Ta BUTpUMYBanu mpotsrom 24 roxa. Ilicis mporo MoauQikoBaHe KepaMOBOJOKHO

BIIUISUTA B BOJHOT (has3y Ta CYIIMIIM Ha MOBITPI JI0 TMTOCTIHHOT MacH.

2.5.2 Ompumanns miov-ghepumnozo kamanizamopa Ha 60J10KHUCHOMY HOCIT

3pa3ku  KepamMoBOJIOKHA 00poOmsum  cymimmto po3unHiB  CuSO4 5H20 Ta
FeSO,7H,O 3 koHueHTpawuiclo ioHiB Mimi Ta 3amiza Bignmosimso 3,35 i 13,41 r/am®
(cymapHo 16,76 r/1m3 ioHiB Miji Ta 3a51i3a) mpOTAroM 1 o, micis 40ro 0CaayKyBau 0Cajl

deputy migi CuFe(FeO2); 10 % po3unnom NH4OH 3a peakiiiero:
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2CuSQO45H,0 + 8FeS0O,4-7H,0 + 20NH,OH + O, — 2CuFe(FeOz)3i + 10H,0 +
10(NH.);S0s  (2.25)

Ta BUTpUMYBanu mnpotaroMm 24 ropa. Ilicims mporo momudikoBaHe KepaMOBOJIOKHO

BIIJIUISUIA B BOJHOL (pa3y Ta CYIIMIIM Ha MOBITPI 10 TMOCTIHHOT MacH.

2.5.3 Ompumannsn xpom-ghepumnozo kamanizamopa Ha 60, 10KHUCHOMY HOCIT

3pa3ku KepaMoBOJIOKHa 00poOssuin cyMimnio po3unHiB KoCr,0O7 Ta FeSO,4-7H0
3 KOHIEHTpAII€I0 10HiB XpoMy Ta 3aii3a Biamosigao 1,05 1 15,71 r/am® (cymapno 16,76
r/am® i0HIB XpoMy Ta 3aiza) HpoTAroM 1 rox, Imicis 4oro ocamKyBaiau ocal (epury

xpomy 10 % pozunnom NH4OH 3a peakiisimu:

Cr2072‘ + 20H — 2CI’O42' + H,0, (226)

2K,CrO4 + 9Fe(OH), —3Fes04 )+ 2Cr(OH)s| + 4KOH + 4H,0 (2.27)

Ta BUTpUMYyBanu mpotsiromM 24 roxa. Ilicis mporo MoauQpikoBaHe KepaMOBOJOKHO

BIIJIUISUTA B BOJHOI (pa3y Ta CYIIMJIM Ha MOBITPI JI0 MTOCTIHHOT MacH.

2.6 MocaigkeHHs cOPOUIHUX BJIACTUBOCTEl MATHETUTY, OTPUMAHOIO 3

CyJb(aTBMiCHUX PO3YHUHIB, VISl BUAAJEHHS XPOMATIB i3 CTIYHUX BOJ

MeTtoayka NpPOBEIEHHS EKCIEPUMEHTY Iepeabadana MPUTOTYBaHHS BOJHOTO
pozunny FeSO, 7H,0 i Fey(S04)3'9H,0 3 koruenrpauicro ionis Fe?*, Fe3* pigmosinHo
5,591 11,17 r/nm® (16,76 r/nm® iowis 3aimiza), BianosigHo coneit 3amiza 27,8 1 56,2 r/nm?,
10 BimoBinae cTexiomerpuunomy BigHomenHo [Fe*]:[Fe**]=0,5 y cknani npupogaoro
marHetuty. [Iponec ocamkenns npu pH= 9,0 — 9,5 3a nonmomororo NaOH omnucyeTncs

PIBHSIHHSIM:

FeSO47H,0 + Fey(SO4)3"9H,0 + 8NaOH— Fes04)+ 4Na,SO4+ 20H,0. (2.28)
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B noganemomy coiBBigHoImeHHs 110 ionam Fe?*, Fe3* smimroBamu 1o 1 (BigmosigHo
8,38 i 8,38 r/nm°); 1,4 (Bimnosigno 9,78 i 6,98 r/nm%); 1,8 (10,78 i 5,98 r/nm3), 2,0
(Biznosiguo 11,17 1 5,59 r/nm®%); 2,2 (Bignosiguo 11,52 i 5,24 r/nm®); 2,6 (BiamosigHo
12,101 4,66 r/mv?).

CxeMa eKkcrepuMEeHTalIbHOT YCTAaHOBKHU HaBeJieHa Ha puc. 2.5.

Puc. 2.5. CxeMa ekcrniepuMEHTalbHOI YCTAHOBKU: | — CKIIIHKA 3 MIMIAJIKOIO; 2 —
TpyOONpoOBIL sl MOJayl CTIYHOT BOAM; 3 — BXIJHUM marpyook; 4, 8§ — MPOMUBHI
naTpyOku; 5 — O6JI0K >kuBJIeHHS; 6 — hepomarHiTHa Hacajka; 7 — HAMarHi4yroua CUCTEMA,;

9 — matpy0Ook ams 37HBY (iTbTpaTy

Jlist IpOBeIEHHs EKCIIEPMMEHTY BHKOPHUCTOBYBAIacs Taka Metomuka. Y 100 cm®
moaenbHoro po3unny K,;Cr,07 3 Bu3Hauennm 3a goromororo NaOH uu H,SO, BogHeBUM
MOKa3HUKOM Ta TEMIEPATYPOIO J0/IaBaJIM 103y CYCIICH31i MarHeTUTY Ta MEPEMIITyBau
10 xB. ITicinst 0OGpOOKM CYCIIEH31€H0 MarHETUTy MOJEIbHI PO3UYMHU MPOIMYCKAIN Yepe3
€JICKTPOMArHiTHUM (GUIBTP y BUTJIAML COJIEHOia, poOounii 00’€M SIKOTO 3alOBHEHUMN
yacTkamu peputy posmipom 1,5-2,0 MM. 3a 1OTOMOTOI0 JIKEpEIa MOCTIHHOTO CTPyMY B
pobouomMy 00’emi GIILTPY CTBOPIOBATIOCS MarHiTHe moJie HanpyxkeHicTio 130 kA/m. Tlpu
GbiTpTpyBaHHI CyCHEH31i MarHeTuTy depe3 Takuil (uUIbTp (epomMarHiTHI YaCTOUYKH
MarHeTUTy 3 COpOOBAaHMMHU Ha MOTO MOBEPXHI XpOMAaTaMH HAAIHHO (IKCyBaJIUCs B HOTO

nopax, a BiaiOpani npoOu (UIbTpaTy aHaMI3yBaJld HAa HAsSBHICTb XpOMAarTiB
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KOJIOPUMETPUYHUM METOAOM 3 BUKOPUCTaHHAM aAudeninkapoasuay. [lepioguuno inetp
yepe3 MaTpyOKd NPOMHUBAIHM JUCTUIHOBAHOIO BOAOI0 IPU BUMKHEHOMY JDKEpeni
JKUBJICHHS. B excrepuMeHTax BUKOPUCTOBYBAIM XiMIuHI peareHTH kBamidikarii YJIA.
[TapanensHo mpoBoanau 4—6 AOCHTIIB, HA OCHOBI OOPOOKHU PE3yNbTaTIB AKUX OyIyBaIH
KpHBI Ta aHami3yBaJM OCHOBHI acCHeKTH JIOCIiIKyBaHOTO Tporecy. MeTtogamu

MaTEeMaTUYHOI CTATHCTUKY BCTAHOBJICHA 33J0BIIbHA BIITBOPIOBAHICTh PE3YJIbTaTIB.

2.6.1 Buznauenns 3a1umKo60i KOHYUeHmMpayii Xxpomamie

B npoby pocnimkyBanoi Boau 06’emom 100 cm® mocnioBHo mogaoTs 1 cm®
cynbgarnoi kucmoru (1:1), 0,5 cm® Qocparnoi xucmoru, 2 cm® 0,5 % posuuny
nudeninkapbazuay. Yepes 10 xB (PoTOMETpUYHO BUMIPIOIOTH I1HTEHCHUBHICTD
3a0apBJIEHHS OTPUMAaHOIO pPO3YMHY. BHMIpIOBaHHA NPOBOAUTHCA B MOPIBHSIHHI 3
JUCTUIBOBAHOIO BOJIOIO, B SIKY JIOJaH1 peareHTH Tak SIK 1 B JOCIKyBaHy mpoOy. Ilpu
(oTOMETpUYHOMY BU3HAUYEHHI XPOMATIB B JIOCIIKYBAHUX PO3YMHAX BUKOPUCTOBYIOTH
KtoBeTy A0BxkUHOK 1=10 MM nipu momxkuHi xBwiti A=540 uwm. ['panyroBanbHull rpadik
OyayloTb 3a pe3yiabTaTaMH, OTPUMAHUMH TPH BHUMIPIOBaHHI ONTHYHOI TyCTUHU

CTaHIapTHHUX PO34MHIB [5].

2.7 MeToam Ta 00’ €KTH aHAI3Y €KOJIOTIYHUX PU3HUKIB

BukoHaHHST OIIIHKM pU3UKY BIUIMBY Ha HAaBKOJIMIIIHE CEPEJOBUINE Bij
CTAl[lOHAPHUX JIKEpEN BHUKHUIIB 3a0pYyJHIOIOYMX PEYOBHMH B aTMoc(hepHe MOBITPs
nitouoro mianpueMmctBa [IpAT «Ykprpadit» BiOyBasoCh y BiIMIOBITHOCTI 10 ICHYFOUHX
HA Yac pO3paxyHKy CHPOBHHHUMHU Ta €HEPreTUYHUMHU PECypCaMU, TEXHOJIOTTYHUMU
nporiecaMu BUPOOHUIITBA, ACOPTUMEHTOM 100’ €MOM MPOIYKIIii; SKICHOTO 1 KUIbKICHOTO
CKJIaJy BUKHUIIB 3a0pYyIHIOIOYMX PEYOBMH B aTMoc(hepHe MOBITPS; MOTEHIIIHHOTO
BIUIMBY 1HIIUX (PAKTOPiB BIUIMBY Ha HABKOJUIIHE CEPEIOBUINE 1370POB’S HACEICHHS,
3 ypaxyBaHHSIM ICHYIOUOI IUIaHYBaJIbHOI 1HQPACTPYKTYpH MPOMHUCIOBUX Ta CEMUIIHUX
tepuTopiit [95-97].

[TlincraBoro sl BU3HAYEHHS OIIHKM PHU3UKY BIUIMBY IIJIAHOBAHOI MiSTTBHOCTI

Ha HABKOJIMIITHE CCPCOAOBUIIC €:
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1. 3aKkoH Ykpainu «IIpo 3a0e3neYeHHs CaHITapHOTO Ta
eMieMI0JIOTTYHOTO OJIAromoNyydsi HACEICHHS.

2. Mertoanuni pexomenpaanii MP 2.2.12-142-2007 «Or1iHKa pU3UKY IS
3I0pOB’sl HAcCENEHHS BiA 3a0pyJHEHHS aTMOC(HEpPHOrO  TMOBITPS», 3aTBEPIKEHI
HakazoM MO3 VYkpainu Big 13.04.2007p. Nel184.

3. 3wmina Nel go /IBH A.2.2-1-2003 p. «Cxkiiaz 1 3MICT MaTepiaiiB OI[IHKU BILTUBY
Ha HaBkosmmiHe cepenosume (OBHC) mpm mpoekryBanHi ¥ OyIiBHUITBI
MIPUEMCTB, OYJTUHKIB 1 CIIOPYIKCHBY.

4. OH/I-86.

MartepianamMmi He BpaxOBYIOThCS BIUIUB IMPOMHCIOBUX BHUKUIIB 1HIIHUX
OiAnpueMCTB.  Pe3ynbraty  BCTAaHOBJEHHS  PIBHSA — YCEpEOHEHUX  KOHIIEHTpallii
NpIOPUTETHUX 3a0pyIHIOIOYMX PEYOBHMH B MpPU3EMHOMY Iapl armochepu 3
BUKOPHUTACHHSM KOMIT FOTEPHOTO MOJIETIOBaHHs Ha 0a3i mporpamHoro komiuiekcy EOJI-
2000 yrumitoro «llokazHuk pu3nKy» MmpeacTaBieHi B noaatky .

OniHka puU3MKY BIUIMBY IIJIJAHOBAHOI AISJIBHOCTI HA 3I0pOB’Sl HACEJEHHS BIJ
3a0py/IHEHHS aTMOC(HEpPHOTrO TIOBITPSI  MPOBOAUTHCS 3a  PO3PAXyHKAMU PHU3HKY
PO3BUTKY HEKaHIIEPOT€HHUX 1 KAHIIEPOTr€HHUX €(EKTIB.

XapakTepucTuKa pPHU3UKY PO3BUTKY  HEKAHIEPOT€HHUX  e(ekTiB  mpu
KOMOIHOBaHIM 1 KOMIUIEKCHIM [ii XIMIYHMX CIOJIYK HPOBOJUTHCA HAa OCHOBI
po3paxyHky iHnekcy HeOesneku (HI). Inmexc HeOe3meku it yMOB OJIHOYACHOTO
HAJXO/KEHHS KUIBKOX PpEYOBHMH OJHMM 1 THM K€ IIISAXOM (Hampukian

IHTAIAIIAHUM 200 MepopaibHUM) PO3PaXOBYETHCS 32 TAKOIO (POPMYIIOLO:
HI = ) HQ; (2.28)
ne HQ; - xoedimieHTn HEOE3MEKH I OKPEMHUX PEUYOBHUH, SIKI BU3HAYAIOTHCS

3T1IHO:

HQ;=Ci/ RfC;, (2.29)
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ne C;- po3paxyHKOBa cepeJHbOPIYHA KOHLEHTpaLis i-oi peuosunu, mr/m®; RfC; -
pedepenTHa (6Ge3reuna) KOHIEHTpaiis i-oi pedosunHM, Mr/mM> (y pasiBigcyTHOCTI
pedepeHTHUX  JO3/KOHIEHTpaIlii  (3a  MHepelmikoM) sSK  €KBIBAJICHT  MOXKHa
BUKOPHUCTOBYBaTH TpaHndyHo npomyctumi konuentpamii (I'IK); HQ; =1 - rpanuuyna
BEJTMYMHA PUUHSITOTO PU3UKY.

Po3paxyHOKk iHIIEKCIB HEOE3IMEeKH MPOBOAATHCS 3 YpPaxyBaHHSIM KPUTHIHHUX
OpraHiB Ta CUCTEM, $5IKi 3a3HAIOTh HETATUBHOTO BIUIMBY JOCITIIKYBAaHUX PEUOBHUH. Sk
CBIJlUaTh PE3YyJbTAaTH HAYKOBHUX JOCIIKCHb, 32 BIUIMBY KOMIIOHEHTIB CyMIIIl Ha OJHI
1 TI > oprand a00 CHUCTEMH OpraHi3My HaWOUIbII IMOBIPHMM THUIIOM iX

KOMOIHOBAHOTO BIUIMBY € CyMaIlisl.

Tabnuis 2.4. Kputepii HeKaHIIEPOTEHHOTO PU3UKY

Koedimient
XapaKkTepuCTrUKa pPU3UKY

HeOe3neKn
Pu3uk BUHUKHEHHS WIKIAJIUBUX €(PEKTIB pO3rISAaloTh SIK HEBAXIJIMBO “
MaJun
I'pannyHa BemMuMHA, IO HEMOTPEOy€e TEPMIHOBUX 3aXOJlIB, OJJHAK HE
MOJK€ PO3TIISIAATUCS K JOCUTh IPUIHATHA .
IMOBIpHICTh PO3BUTKY MIKIIJIUBUX €(EKTIB 3pOCTa€e MPOIMOPIIITHO o1
30utbieHHI0 HQ

Puzuk po3Butky iHamBigyanpHux Kanneporennux —edekrtiB  (ICR) Bin

PEUYOBUH, IKUM BJIACTHBA KaHIIEPOTEHHA JIisl, PO3PaXOBYETHCS 3T1IHO:

ICR=C{*UR; (230)

ne C; - po3paxyHKOBa cepelIHbOPIUHA KOHLIEHTpaLis i-0i peuoBunu, Mr/m; UR; -

OJMHMYHMI KaHIIEPOT€HHHI PH3HK i-0i peYOBUHH, MI/M°,
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OauHWYHUA  pU3UK  PO3PaxOBYIOTh 13  BUKOPHUCTaHHSAM BenuduHU SFi
(Mr/kr*po0a), craHgapTHOI BEIWYMHM Macu Tila JoauHd 70 Kr Ta J000BOTO

CIIOKUBaHHs noBiTps 20 m3;

UR = SF; /(70 * 20). (2.31)

Kanneporenauii pu3uk 3a KOMOIHOBaHOI [ii JEKUTBKOX XIMIYHHX —CITOJIYK
po3rIsAaoTh  SK aauTuBHMM. [lpw aHami3i JOIIIBHO TPYIyBaTH JOCIIIKYBaHi
KaHIIEPOTeHU 3 ypaxyBaHHSAM BHJY Ta/a00 JoKamizaiili myxXJuH. Y [bOMY BHUIAAKY
pO3paxyHOK CyMapHHUX KaHIIEPOT€HHUX PU3UKIB 3IIHCHIOIOTH OKPEMO JIJIsi KOXKHOT
rpynu.

Kanneporennuii pu3uk 3a KOMOIHOBAHOI [I1i I€KUIBKOX KaHLIEPOT€HHUX PEUYOBUH,

3abpyanorounx atMochepy (CR,) BU3HaUaEThCS 3TiAHO:

CR.= X ICR, (2.32)

ne ICR; - KaHIIEpOT€HHUH PU3UK I-01 PEUYOBHHHU.

Tabmus 2.5. Knacudikaiist piBHIB KaHIIEPOTEHHOTO PU3UKY

PiBenb pusuky Pu3uk npotarom xurtrs

CR,

Henpuitnatauii 118 nOpoQeciiHUX  KOHTHHIEHTIB 1|
Binpiuii 3a 1073

HACEJICHHS

[TpuiinsaTHUN st mpodeciiHuX ~ KOHTHUHTEHTIB

_ 103-10*

1 He IPUAHATHUH JIJIs] HACCICHHS

VMOBHO NPUAHATHUIA 10%-10°
[TpuiinsaTHuit Menmmii 3a 10

Jlns po3paxyHKy Ta OLIHKA HEKAHIIEPOTEHHMX PU3UKIB 3a KoedillieHTaMmu

HeOesnekn (HQ), iHAWBigZyallbHMX ~ KaHIEPOTEHHUX  PU3UKIB IS 370POB’S
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EKCIIOHOBAHOTO HACEJCHHS, IO 3a3Ha€ BIUIMBY BiA 3a0pyAHEHHS  aTMOC(hEepHOTro
MOBITPS BUKUAAMU CTalllOHApHUX Jikepen Aitouoro mianpuemctsa [IpAT «Ykprpadit»,
BiMOBIMHO 10 Hamanux MarepiamiB  [IpAT «Ykprpadit» Oyno BKIIOYEHO 110
JOCTiKeHHs cTarionapHi mxepena BukunaiB [IpAT «Ykprpadity.

[IyGniyHe akilioHepHE TOBApPUCTBO «YKprpadiT» po3TallloBaHE Ha YOTUPHOX

BUPOOHUYMX MailaHINKaXx:

. Bupobanunii maiinanauk Nel: 69600, m. 3anopixoks, [liBaiune moce, 20;
. Bupobnuunii maiinanuuk Ne2: 69600, m. 3anopixoks, Byi1. Buboprebka, 5;
. BupoOuuuuii maitnanuuk Ne3: 69600, m. 3anopixxks, [liBHiuHe m1oce, 35;
. BupoOuuunii maitnanuuk Ne4: 69600, m. 3anopixoxks, [liBHiuHe 110Ce, 31a.

Biacrtanp Mik BUPOOHMYMMH MaiaHYMKaMH CTaHOBHTH MeHiie 500 M, Tomy

HIJIPUEMCTBO PO3IIIAIAETHCA K OJUH BUPOOHUYUHN MalJaHUHK.

2.7 llpwiagu Ta 00J1aJHAHHS, BUKOPUCTAHI B po0OTi

Jnis Bu3HaueHHs (13MYHUX BETMYMH BUKOPUCTOBYBAIM HACTYITHE 00 HAHHS:

— 3mina pH cepenosuilia — yHiBepcaibHuii ionomip U-160MU;

— OnTuyHa rycTuHa po3unHiB — ¢otoenekTpokosopumetp KOK-2;

— Cuna ctpymy — amnepmerp M330;

— 3MiHa Hanpyru — BoiabTMeTp M330;

— 3BakeHHs pedyoBuHN — AHamituyHl Baru TM AXIS mozaeni ANC..C 3 aBTOMaTUYHUM
BHYTpIIIHIM KaJdiOpyBaHHAM Ta Baru TEXHI4YHI enekTpoHHi wmoxenmi BTU TM
AXIS BTU210;

— JI>kepesno cTpyMy — TeHepaTtop NocTiiHoro ctpymy b5-21;

— AHl0HHOOOMIHHa MeMOpaHa — MA-41.

2.8 MaTtemaTyHa 00po0Ka eKCePUMEHTAJIbHUX JaAHUX

Marematuuny oOpoOKy pe3ysibTaTiB €KCIIEPUMEHTIB MPOBOIUIIN TI0 TaKiil cxemi
[86]:

- 3HAXOJWJIH cepeHe apudmeTrnune QyHKIIT BIATYKY
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X=—%X; (2.33)

- 3HaXO4HUJINU OAUMHUYHE BiI[XI/IJ'ICHHSI

AXi= X X; (2.34)

- IEPEBIPSIN BIJIMOBIAHICTS OTPUMAHUX BIJIXHUJIEHb YMOBI

- BUPAaXOBYBaJIM KBAJAPaTH BiIXWICHD
(AX)?; (2.35)

- pO3paxoBYBAIIA CEPEAHIO KBAAPATUUHY ITOMUIIKY

AX;)?
Sn = (B (2.36)

- BUSIBJISUIM TA BUKJIFOYAJIM IPOMaXU,

- 3HAXOIWJIN CCPCAHBOKBAAPATUYIHY IIOMHIIKY CCPCAHBOI'O

_ Sn |Z(AXi)?
S, = NPT (2.37)

- 33JJaBAJIMCh 3HAYEHHSIM HagiiHocTi o = 0,95;
- HaXOouIH 3 TabauIk KoedimieHT CThIoACHTA t, , IJIs 3aJaHUX N Ta O
- 3HAXOJWJIM MIOXUOKY pe3yIbTaTiB BUMIPIOBAHHS
AXi= E¢= tanSx ; (2.38)

- 3HAXOJIWJIA BIIHOCHY TIOXHUOKY

E, =2.100%. (2.39)

X
PesynbraTi, oTprMaHi METOJOM BapialliiHOT CTAaTHUCTHKU MpH OOpoOIll OTpH-

MaHUX JIaHHUX, TIPEJICTaBIIeH1 B 10AaTKy b.

BUCHOBKMU 10 PO3 ALY 2

B po3nini HaBeneHo XapaKTepUCTHKU PO3YHHIB Ta OMUCAHO MPOIECH, B IKUX BOHU
BUKOPUCTOBYBaINCh. byno omnucaHo 10HOOOMIHHI MaTepialid Ta PI3HI THUIHU
CJIEKTPOJII3epiB, SIKI OyJaM BHUKOPHCTaHI B poOoTi. Takoxk Oyno JeTanbHO OIMHUCAHO

OCHOBHI METOJY OTpUMaHHS (DEPUTHUX KaTadi3aTopiB, MPEACTABICHO OOJaJHAHHS Ta
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NpWIaad, 3a JOMOMOTOI SKHUX TMPOBOAWMIIMCH JOCHTIKeHHS. HaBenenuit mepemik
HOPMAaTHUBHUX JOKYMEHTIB, Ha IKUX IPYHTYBAIHCS JOCIIPKEHHS TUIAHOBAHOI AiSUTBHOCTI
MIJNPUEMCTBA Ha 370pOB’S HACEJICHHS BI1J 3a0pyIHEHHS aTMOC(HEpPHOIrO IOBITPS.
HaBeneHo MeTOAWKY pPO3paxyHKy OCHOBHHMX IapaMETpiB Ta MaTeMaTH4HYy OOpOOKY

CKCIICPUMCHTAJIbHUX JaHUX.
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PO3JILT 3
BUJIYYEHHS HEBE3NEYHUX CHOJIVK 3 PIIKHX BIIXO/IB

3.1. CopOuiiiHuii MeTOA BUJIy4YeHHs i0HIB 3aJ1i3a Ta Mizi i3 cyabgaTBMicTHHX
PO34YHUHIB
ExosioriuHo 6€31e4Hor0 MO>Ke€ BBAYKATHUCS JIUIIE TaKa TEXHOJIOTS, 3aCTOCYBAaHHS

KOTpPOi HE MPU3BOJUTH 10 3a0pyJHEHHS HABKOJHUIIHHOTO CEPeNOBHUINA MIKIITUBUMU
3amuIIKamMu. Y BUMAAKY YTBOPEHHSI TaKuX 3ajMIIKIB iX HEOOXIAHO IMEPEeBOJIUTH B
PEUYOBMHHM, HE MIKIJUIMBI I 6iocdepu, a Iie Kpalle MOBTOPHO BUKOPHUCTOBYBATH IICIIS
J0JTATKOBOI 0OpOoOKHW B iHIIMX TexHONOTisX [45]. 3imHo mupektuBu 96/61/EC [98] B
BUIAJIKY HEMOXKJIMBOCTI YTWJII3allll 3aJMIIKIB TPOJAYKTH MEPEepoOKH IMOBHUHHI MaTH
aHAJOTTYHUM CKJIaJ MPUPOJHUM MarepiajiaM — MiHepasiaM, IO TrapaHTye iX Oe3reyHe
3axopoHeHHs [99]. B moBHi# Mipi i BUMOTH BITHOCSTHCS 1 JO TEXHOJOTIH OYUIICHHS
PIIKHX Ta yTHIII3allli TBEPIMX BIJIXO/IIB TaJlbBAHIYHUX BUPOOHUITB. Bigomo, 1110, OKpiM
BIIMPAIIbOBAHUX KOHIIEHTPOBAHUX EJEKTPOJITIB, 3HaUYHA KUIbKICTh PIAKUX BIAXOMIB
MPOIIECIB  HAHECEHHS  TalbBAHIYHOTO TIOKPUTTS €  HU3BKOKOHIIEHTPOBAHUMU
NPOMUBHUMHU BOJAMH IICJIS TPOIECIB TPABJICHHS Ta MIJHEHHA $K IIHPOKO
PO3MOBCIOJIKEHOTO CaMOCTIMHOTO 1 MIATOTOBYOrO MPOLECY Mepel XpPOMYBaHHSM,
HikemoBaHHsAM Ta cpiOHeHHsM [100]. Taki Bigxoau BakKKO MIATAIOTHCS OYMIICHHIO
MOIIMPEHUM peareHTHUM MeToaoM 10 HopMm ['JIK mias 6e3reuHoro ckuay a0 MiChKO1
KaHaJ3ali 44 BOJHUX 00’€kTiB. JI0 TOro >k yTBOPEHI OCaau MICTATh MajJOpPO3YMHHI
T'1IPOKCOCIIONIYKH BaXKKUX METAIIB Ta TIIC, 0 POOUTH HEMOXKJIMBUM YTUIII3AIIII0 3271130~
Ta MIJBBMICHUX rajbBaHoluuiaMiB. BkazaHi TBep/l BIAXOIU CKUIAIOTHCA Ha IMOJITOHH,
3BaJIMIIA Ta 3a0pyIHIOTh TPYHTOBUI MOKPUB BHACIIAOK HecTallIpHOrO ckiagy. OTxe,
po3po0Ka €KOJOTiYHO Oe3MmeyHoi TEXHOJOorli MNepepoOKH BIAXOAIB TrajlbBaHIYHOTO
BUPOOHHMIITBA € aKTYaJbHOIO 3 OTJISAY BHCOKOC(PEKTUBHOTO OYMIICHHS CTIYHUX BOJ Ta
PE3YNIBTATHBHOTO BUKOPUCTAHHS TBEPAMX B1JIXO/11B BOJIOOYHUIICHHS.

CyTTeBUMU TepeBaraMy B IMOPIBHSHHI 3 peareHTUM METOJIOM OYMINCHHS CTIYHHX
BOJI TaJIbBAaHIYHOTO BUPOOHUIITBA BiJ] 10HIB 3aji3a ¥ MiJl BUPI3HSAIOTHCS 10HOOOMIHHUMN
Ta CcOpOMmiHMI MeToau. 30KpeMa, BUKOPHCTAHHS TaKMX COPOCHTIB SK aKTHBOBAHE

ByriJ’IJ’I}I Ta HCOJIiTI/I HO3BOJIAE€ JOCATTU ITPAKTUYIHO HYJIbOBUX 3AJIMIIIKOBUX KOHHCHTpaHiﬁ
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BOKKMX MeTaliB B ountieHii Boai [101]. T'ooBHOIO mepeBaroio copOIiitHOT0 METOIy €
3JIaTHICTh COPOCHTIB €()EeKTUBHO BHJIAJATH IIKIIJIMBI 3a0pyAHIOIOYl 10HH 3 BOJAM IPH
OyIb-IKUX KOHIIEHTpAIlIAX, BKJIIOYAIOYM HABITh HU3bKI, KOJM 1HIII METOJM OYMIICHHS
MOXYTh OyTH HeepekTuBHUMU. [IpoTe uepe3 BUCOKY BapTiCTh MOTJIMHAYIB, COPOIIITHIIA
METOJ JOIUIBbHO BHUKOPUCTOBYBAaTHM TUIBKM B CHUTYAIlisiX, JI€ BUMAara€ThCcsi TIMOOKE
OUHUIIEHHS TaJIbBAHOCTOKIB, HAMPUKIAMI, TPH CKUAI Y BOJOWMY, IO MPHISITAE IO
OCOOJIMBO OXOPOHIOBAHMX MPUPOIHUX TEPHUTOPi ab0 B CHUCTEMY IPOMHCIOBOTO
BOJIOTIOCTaYaHHS O€3CTIYHMX MIANPUEMCTB. Takok 3aluIIA€TbCsl HE TOBHICTIO
BUPILIEHOIO MpoOJieMa yTUii3alii BIANPALbOBAHUX COPOEHTIB, OCOOJMBO B pasl
BUKOPUCTAHHS aKTUBOBAHOTO BYTULIS SIK MOTJIMHAYA BaXXKUX METAIIB.

[lepeBaramMu BHUKOPUCTAHHS 10HOOOMIHHOTO METOAY € BHCOKOE(EKTHUBHE
OYHIICHHS HU3bKOKOHIICHTPOBAHUX MPOMHUBHHX BOJ 3 CTBOPEHHSM 3aMKHYTHX CHCTEM
IIPOMHUCIIOBOTO BOJIONIOCTauYaHHA Ta 0e33arepevyHe MOBEpHEHHS Y BUPOOHHUIITBO POOOUUX
pO3uUnHIB (KUCTIOT, JIyTiB, enekTpomiTiB) [102]. [Ins BrirydeHHs KaTioHIB Mifi Ta 3aii3a 3
KHUCIIUX PO3YMHIB MOXKYTh BUKOPHUCTOBYBATHCS PI3HI TUIIM 10HOOOMIHHMX MaTepiaiB.
3a3Buyait BUKOPHUCTOBYIOTh MaTepiaiu Ha OCHOBI CyIb()OHOBAHUX
nuBiHinOen3enyndonatis (DVB-Cig-SO3H), kapbokcunatiB Ta dochonaris. Huzpkuit
pH 3abesneuye edekTHBHE 3B’SI3yBaHHSA KaTiOHIB 3 IIOBEPXHEIO 10HOOOMIHHOTO
Marepialy, 10 JOBOJAUTH JOLUIBHICTh 3aCTOCYBaHHS 10HOOOMIHHOTO METONY JJisi
OuHIIecHHS ranbBaHocTokiB [103].

PiBeHb KHCJIOTHOCTI cepeqoBHUINlAa Ma€ 3HAYHUN BIUIMB Ha €(EKTUBHICTD
10HHOOOMIHHOTO BWJIY4YE€HHS 3aii3a. 3ajexxHo BiJ pH po3unHy, KaTiOHU 3ai3a MOXKYTh
nepedyBaTu y pi3HUX OKUCHO-BiAHOBHUX cTaHax (Fe*" abo Fe*'), mio BmimmBae Ha ix
B3aEMOJIII0 3 10HOOOMIHHUM MaTepiajioM, OT)Ke, BHU3HAYCHHS ONTUMAJLHOTO PIBHS
KHCIIOTHOCTI € BaXXJIMBUM JIJIsl KOKHOTO KOHKPETHOTO copOeHTa. BuitydeHHs! KaTiOHIB
MiJll 32 JOTIOMOTOK) 10HOOOMIHHOTO TpOIleCy € €(PEKTUBHHM METOJOM OYHUIICHHS
PO3UYHMHIB BiJl HeOaKaHUX JOMIIIOK Miii, IK caMocTiiiHoro 3a0pyaHenHs [104,105], rak 1
B MPUCYTHOCTI 1HIMMX KaTioHiB MetaniB [106]. Ilpore mis po3poOKu €KOJOTTYHO
0e31meyHoi TEXHOJIOoT1i HEOOX1THUM MPOIIECOM € mepepoOKa pereHepariiHix po34rHiB 3

BHUCOKOIO KOHLIGHTpaHi€IO BAKKHX METAJIB 3 OTPUMAaHHAM HC TOKCHUYHHUX 1 0OMEKEHO
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OlomerpamadenbHIX PEYOBUH, SKI 32 XIMIYHUM CKJIQJAOM OJIM3BKI 1O TPUPOTHUX
MIHEpaJIiB.

Bigomo, mo d¢eputHi TexHOJIOTIT JOCUTh €(EKTUBHO BUKOPHUCTOBYIOTHCS B
MpoIlecax OYMINCHHS BUCOKOKOHIIEHTPOBAHMX CTIYHHUX BOJ| BiJl 10HIB BaKKHX METAJIIB
[45] 3 MOXKIIMBICTIO MOJAJIBIIOT0 BUKOPUCTAHHS YTBOPSHOIO 3alli30- Ta MiJbBMICHOI'O
dbepuTHOTO MIIaMy B €KOJOTIYHUX IUIAX B SIKOCTI I[IHHOI CHPOBWHU JJIS KaTali3aTopiB
okucHeHHs CO [107]. [HmmM nuIIXoM KOMITJIECKHOT YTHII3alii NpOAYKTiB (PepUTHOTO
OYHIIICHHS € TX BUKOPHUCTAHHS B CKJIA/Il JIy’>KHOT'O IIEMEHTY Jij1s1 OeToHHMX BHpoOiB [108].
Skmo BpaxyBaTH, HIO0 3aCTOCYBaHHS (EPUTHOTO METOAY 3abe3rnedye BiAMOBIIHI
HOpMAaTHBaM Ha CKHUJ 3aJUIIKOBI KOHIIGHTpaIlli 10HIB 3aji3a B OYMIICHIA BOAI Ta
0€3MEeYHICTh 3aXOPOHEHHS 0CcaliB (PEPUTHOIO MIIaMy K aHAJIOra pO3MOBCIOKEHOTO B
3€MHIN KOp1 MarHeTUTy, TO MOAAJIbHI JIOCHTIP)KEHHS B HANPSIMKY CTBOPEHHSI «3EJICHOI»
TEXHOJIOT1i TepepoOKH BIAXOIB TaIbBAaHIYHOTO BUPOOHUIITBA 3 BHUKOPUCTAHHSIM
KOMILIEKCY 10HOOOMIHHOTO Ta (DEPUTHOTO METO/I1B € OE3MEPEUHO I[IKABUM Ta JOIIIBHUM

B HaIPSIMKY TOJIIMIIIEHHS €KOJIOT14HO1 O€3MeKH raity3l MalinHOOYy 1yBaHHS.

3.1.1 Bunyuenns ionis 3aniza 3 Kuciux po3uunie 6e3 npucymuocmi ionie mioi

Bubip CUIBHOKHCIOTHOTO KaTiOHITY B HAIIOMY JOCHIJI)KEHHI TPYHTY€TbCS Ha
TOMY, 10 KaTIOHITH I[OTO THITY 3JaTHI JETKO BTpadyaTH T1IPOTEH-I0HU 32 PaxyHOK
BUTICHEHHSI iX 3 MaTpHUIll KaTIOHITY 1HIIMMHU KaTiOHaMH pO3urHy. TakoX OCHOBHUM
KpUTepieM BHOOpPY 10HOOOMIHHOI CMOJM OyB BHCOKMH BMICT B PO3YMHAX CIpyaHOi
kucinotu. OOMiIHHA EMHICTh CHJIBHOKHCJIOTHUX KaTIOHITIB Maike He 3aJIeKUTh Bij pH.
Bixe npu HU3bKUX 3HaYeHHAX pH nocsratoThes rpaHUYHI BEJIMYMHU OOMIHHOI €MHOCTI,
K1 3aJTUIIATHCS MOCTIMHUMU MPY MOAATIBIIOMY 301IbIIIEHH] 3HaUYeHb pH.

EKCIIepUMEHTANIBHI TOCIHKEHHS IPOLIECy COPOLIMHOro BUITydeHHs ioHiB Fe?* 3
KMCJIUX PO3YMHIB NPOBOAMIIMCS /s JBOX THUIIIB KOHLEHTpaliil mo 3amisy 1 r/mm3 ta 5
r/av3. JIns miIKUCIIIOBAHHS PO3YMHIB BMKOPHMCTOBYBAIM CipYaHy KHUCJIOTY, B Pi3HHX
KOHIICHTpAIISAX IS 1r/mm3 3amiza, KOHIICHTpAIlisl CIpyaHOi KHMCJIOTU BapiroBayiacs BiJl
yhcToi mpobu 6Oe3 kucnoth Ao 3,5 r/mm® cipuyaHoi kucnotd. Jusg poO3YMHIB 3

KOHIIEHTpAII€ro 3ai3a 5 r/aM® nocmikyBanucs B GiIbIIOMY [Iianma3oHi HPHCYTHOCTI
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cipuanoi kmcnoru Big 0,5 r/am® mo 13 r/am®. Tum He MeHIIE, eKCIEpMMEHTabHI
JOCITIDKEHHS MOKa3aiy, 10 31 30UIbIICHHSIM KOHIICHTpaIli cipyaHOi KHUCJIOTH IOBHA
oOMiHHA TMHAMIYHA EMHICTh KaTIOHITY CYTTEBO 3MEHIIYEThCS MPU COPOIlii 10HIB 3aiTi3a
(puc. 3.1, 3.2). Jlna 3amizoBmicaux posunnis IIOJIC nagae 3 1,9 r-exs/nm® 3a BincyrHOCTI
B oyatkoBoMy posunHi H,SO, ta sHmkyetses 10 0,3 — 0,46 r-exs/ M ipu koHLEHTpaLii
cipuanoi kucinotv Ha piBHi 1 — 3 r/nm® (puc. 3.1). 36iIbIIeHHEs KOHIEHTpAIi] i0HiB 3aIi3a
(II) npuBoauts no cyrreBoro 30inbienHs [IO/I€, HaBiTh mpu KOHIEHTpAIli cipyaHOi
kucinot 8 — 13 r/nqm3, TIOJIE 6yna Ha pisHi 1,35 r-exs/nm® (puc. 3.2), mo Bixnosigae

PIBHIO COpOIii PO3BEAECHUX PO3UYMHIB HABITh MPU B1ICYTHOCTI KUCIOTH.

40

C, mr-exB/am3
B R NN W W
o o1 o o1 © 1 © O

0 2000 400 600 800 1000 1200 1400 1600
V po6oyoro po3uuny, cm?

1 -2 43 -4 -5

Puc. 3.1. 3anexxHicTh BUX1THOT KOHIIEHTpAIII1 10HIB 3a1i3a BiJ CKJIaay BUX1JTHOTO
po3uMHYy, SKUi nponycTiin Yepes katioHiT Dowex HCR S/S B H*-dopwmi:

1 — C(Fe?")=1 r/am3; C(H,S04)=0 r/nm3, TIO1€=1,90 r-exB/am>;

2 — C(Fe*")=1 r/am3; C(H,S0,)=0,5 r/nm3, ITO1€=1,39 r-exs/am>;

3 — C(Fe?")=1 r/aqm3; C(H,S0,)=1,2 r/am3, TIO1€=0,44 r-exs/am>;

4 — C(Fe?")=1 r/mm3; C(H2S04)=2,5 r/am®, TIOJIE€=0,30 r-exs/mm3;

5 — C(Fe*)=1 r/mm3; C(H250,)=3,5 r/nm?, IIO1€=0,46 r-exB/am°.
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Puc. 3.2. 3anexxHicTh BUX1IHOI KOHUEHTpAIIll 10HIB 3a1i3a Bl CKJIaay BUXIJIHOIO
pO3uuHYy, KU nponyctiin yepe3 kaTioHiT Dowex HCR S/S B H-dopwmi:

1 — C(Fe*")=5 r/am®; C(H2S04)=0,5 r/nm3, TIOJI€=2,21 r-exB/am>;

2 — C(Fe?")=5 r/am3; C(H2S04)=1,3 r/nm3, TIOJ1€=1,92 r-exB/am3;

3 — C(Fe*")=5 r/mm3; C(H2S0,)=3 r/nm3, IIOJI€=1,85 r-exs/mm>;

4 —C(Fe*")=5 r/mm3; C(H,S04)=8 r/nm?, TIOJJ€=1,35 r-exn/nm>,;

5 — C(Fe?*)=5 r/mm3; C(H2S04)=13 r/nm3, IIOJJE€=1,35 r-exn/nm>.

OCHOBHUM TMOKa3HUKOM, Ha SIKMIl OpPIEHTYIOTbCS TpPU BHOOPI 10HOOOMIHHOTO
METO/Ty, € MOXKJIUBICTh €(DEKTUBHOI pereHeparlii KaTioHooOMiHHOTO MaTepiany. B po6oTi
pereHepariito npoBoauan S5-tu 1a 10 %-tH posumHamm H,SO4 (puc. 3.3, 3.4) Ilpu
BUKOpPUCTaHHI 5 %-BOro po34MHY CIpYaHOi KHUCIOTH BXKE€ IpPU MHUTOMIM BHUTpATI
pereHepaniiHoro po3urHy 5 cm®/cM® Bramocs mHOCATTH CTYIEHIO pereHepanii Ha piBHi

95-98 %, a npu BukopuctanHi 10 % - po3unny cryninb perenepariii caras 100 %.
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Puc. 3.3. 3anexHicTh 3aIMIIKOBOI KOHIICHTpAIlli 10HIB 3ajli3a B pereHepariiiomy

po34MHYy, SKUi nponycTin Yepes katioHiT Dowex HCR S/S B H*-dopwmi:

1 — C(Fe*")=1 r/am*, C(H2S04)=0 r/am®, Z=99%, Cperenpos= 5%;

2 — C(Fe*")=1 r/am®, C(H2S04)=0,5 r/am?, Z=95,5%, Cperex pos= 5%;
3 — C(Fe*")=1 r/am®, C(H2S04)=1,2 r/am®, Z=98%, Cperenpos= 5%;
4 — C(Fe*")=1 r/um3, C(H2S04)=2,5 r/nm3, Z=100%, Cperenpos= 5%;
5 — C(Fe**)=1 r/am3, C(H2S04)=3,5 r/num3, Z=100%, Cperex pos= 5%.
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Puc. 3.4. 3anexHicTh 3aMIIKOBOI KOHIIEHTpAllli 10HIB 3ajli3a B pereHepaiiomy

po3uunHy, sIKui nponyctuin Yepe3 katioHit Dowex HCR S/S B H-dopwmi:

1- C(Fe*)=5 r/nm3, C(H2S04)=0,5 r/mm3, Z=100%, Cperex pos= 10%);
2— C(Fe?*)=5 r/nm3, C(H2S04)=1,3 r/mm3, Z=100%, Cperex pos= 10%;
3— C(Fe*")=5 r/um3, C(H2S04)=3 r/am3, Z=100%, Cperenpo= 10%;
4— C(Fe*")=5 r/mm3, C(H2S04)=8 r/am*, Z=100%, Cperes.pos= 10%;
5— C(Fe?*)=5 r/am3, C(H2S04)=13 r/am®, Z=100, Cpere.pos= 10%.

Sk BuaHO 3 TabI. 3.1, OTpUMaHi pereHepamiiti 3IMBU MOKYTh MiCTHTH 76 r/mM>

cynbdary 3amiza (II), mo Oe3nepeyHO TapaHTyE MOXJIHMBICTh OTPUMAaHHS (DEPUTHUX

YaCTOK 3 MAaKCUMAaJIbLHUMHM MarHiTHUMH BJIACTHBOCTSIMH.
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Bil CKJIamy

pereHepanifHoro Ta BHXIJIHOTO PO3YHHIB, MUTOMOi BHUTpaTH ((;) pereHepaiiiHoro

pO3UMHY TIpHU copOlIii 10HIB 3ai3a

Cknan Cxuaz po3uuHy npu Ckuaz po34yHHy Micist pereHepartii

perexe- Qu copbuii 2 %
paniitoro v/ | C(FE?), | C(H2S0q), ’ C(Fe?"), C(FeSO0a),
pO3UuHy mr/am° mr/am° mr/am® mr/am®
5% H2S04 5 1000 0 99,0 71772 28 690
5% H2S04 5 1000 500 95,5 14 610 56 200
5% H2S04 5 1000 1200 98,0 14 680 54 540
5% H2S04 5 1 000 2450 100,0 14 750 54 800
5% H2S04 5 1000 3500 100,0 5 560 20 800
10% H2SO04 5 5000 500 100,0 8 960 33 200
10% H2SO04 5 5000 1300 100,0 20 480 76 000
10% H2SO04 5 5000 3000 100,0 14 700 54 600
10% H2S0q4 5 5000 8 100 100,0 14 420 53 500
10% H2SO04 5 5000 13 000 100,0 16 240 60 200

3.1.2 Bunyuennsn ionie mioi 3 Kucaux po3uuHie 6e3 npucymHocmi ionie 3aniza

ExcriepuMmenTanbHi JOCTIIHKEHHS Tpoliecy copOiiiHoTo BriydeHHs ioHiB C

ust 3

KUCJIMX PO3YMHIB MPOBOJMINCS JUIsl 1BOX po3umHiB 1 r/aM° Ta 0,8 r/aM® mo ioHax mimgi

ta 1,2 r/nm3 Ta 0 r/nm® 1o cipuaniii kucnoTi BignosigHo. OTpuMani pesyasTatd copOii

poszunnis Cu?* Gy noxibHi 10 pe3ynbrariB copOuii ionis F

e

MaroTh TaKu# K€ po3Mip 10HHOTO pajiycy, o i iouau 3amiza (II).

ExcniepuMeHTaNIbH1 AOCTIKEHHS TIOKa3aiM, 110 31 30UIBIICHHSIM KOHIIEHTpaIlii

, Tak sk 1o miai (I1)

cipyaHOi KHCJIIOTH Ta KOHIICHTpAIlii 10HIB MiJl IMOBHa OOMiHHA JMHAMIYHA €MHICTh

KaTIOHITY CYTTE€BO 3MEHIIYEThCA SK TpH copOIii 10HIB 3amsa. s MigpBMICHUX
po3uuniB [IO€ nanae 3 1,6 r-eKkB/aM° 3a B1JICYTHOCTI B To4aTKoBOMY po3unHi H,SO4 Ta

sHmKyeThea 10 0,82 r-exsB/mMe Ipy KOHIEHTpAaLii cipyaHoi KucaoTu Ha piBHi 1,2 r/om3

(puc. 3.5).
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Puc. 3.5. 3anexxHicTh BUXIJIHOI KOHIICHTpAIll 10HIB MiJll B/l CKJIaJy BUXITHOIO
poO34MHY, SKUi nporycTin 4epe3 katioHiT Dowex HCR S/S B H*-dopwmi:

1- C(Cu?")=0,8 r/nm3, C(H2S04)=0 r/nm3, TIOJIE=1,6 r-exs/nm>;

2— C(Cu?"=1 r/am3, C(H2S04)=1,2 r/nm3, IIOJ1€=0,82 r-exs/mm>.

Sk pu perenepartii micis copOHii 10H1B 3amiza (II), Tak 1 mpu copOrIrii 10HIB Miai

OCHOBHHMM IOKa3HUKOM, Ha SIKHUW OPIEHTYIOTHCS MPU BUOOPI 10HOOOMIHHOTO METONY, €

MOJKJIMBICTh €(PEKTUBHOI pereHepaiiii KaTioHooOMiHHOTO Martepiany (puc 3.6).
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Puc. 3.6. 3anexHICTh 3aJIMIIKOBOI KOHIIEHTpallli 10HIB Mifl B pereHepamiiomy

po3uuHy, sikuit npomyctim yepe3 katioHit Dowex HCR S/S B H-dopwmi:

1- C(Cu?*)=0,8 1/1m’, C(H2S04)=0 r/am?, Z=98,7 %, Cperenpos= 5 %;
2— C(Cu?")=1 r/mm, C(H2S04)=1,2 r/am?, Z=100 %, Cpererspos= 10 %.

B po6oTi perenepariiro npoBoauian 5-tu ta 10 %-1tu po3unnamu H,SO4 (puc. 3.6).
[Ipn BukopuctanHi 5 %-To pPO34YMHY CIpYaHOi KUCJIOTH B)KE€ MPU MUTOMINA BUTpaTI
pereHepaniifHoro po3uuHy 5 cM®/cM® BAnocs NOCATTH CTYNEHIO pereHepaiii Ha piBHi
98,7 %, a mpu BukopuctanHi 10 %-ro po3unHy cTyminb pereHeparii csarana 100% (taba.
3.2).

Sk BUAHO 3 TaOII. 3.2, OTpUMaHi PereHepawiiti 3IMBU MOKYTh MiCTHTH 73 r/mm3
cyabdary mifil, o 0e3nepeyHo rapaHTy€e MOKIIMBICTb OTPUMAaHHS (PEPUTHUX YACTOK 3

MaKCUMaJIbHUMHM MarHITHUMH BJIACTHBOCTSMHU.
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Bil CKJIamy

pereHepanifHoro Ta BHXIJIHOTO PO3YHHIB, MUTOMOi BHUTpaTH ((;) pereHepaiiiHoro

pPO3UYMHY TIpHU copOI11ii 10HIB Mii

Cxnan O , Cxutag po3unHy npu Z,% Ckua po3uMHY Micis pereHepartii
perexe- em’/em® copOrii
pariiiHoro C(Cu?"), | C(H2SOu), C(Cu?"), C(Cu SOg),
pO3UUHY mr/om° Mr/ M mr/am° Mr/ oM
5% H2S04 5 800 0 98,7 15480 53 900
10% H2S04 5 1200 1200 100 21120 73590

3.1.3 Bunyuenns cymiwii ionie mioi ma 3aniza 3 Kucaiux po3uuHie

3 ypaxyBaHHAM (akTy MO BIJIYYEHHS 10HIB 3aji3a Ta MIJl OKPEMO OJUH BIJ

OJIHOTO, MOYKHa CKa3aTH MpU BHCOKY €(QEKTHUBHICTb JAHOrO KATIOHITY, TaK SK

MakcuManbHuil nokasnuk ITOJIE 1,9 r-exs/nm® ipu cop6uii 3amiza ta 1,6 r-exs/nm° mpu

copOuii Mial mpu BpaxyBaHH1 Toro ¢akty, mo ioHu mial (II) MaroTh Takuii ke po3Mip

10HHOTO pajiycy, mo 1 iouu 3amiza (II).

Tomy nipu cymicHil copOrtii ioHiB 3amiza (II) Ta miai (I1) (puc. 3.7) Baxkko 3poouTH

BHCHOBOK IPO CEJIEKTUBHICTh 10HITY IIOJ0 MEBHUX 10HIB MeTaniB. [IpoTe nmo cykynHii

KOHIICHTpAIlli BHJIHO,

mo e(eKTUBHICTh CcopOlii MeTamiB 3 KHCJIMX PO3YMHIB

3AJIMIIIAETBCA OOCUTHh BUHCOKOIO 1 3pocCTae 3 HiI[BI/IHICHHHM IMOYaTKOBOI'0 CyMapHOIo

BMICTY copOoBanux 10oHIB. Takox dikcyBamocs 3HkeHHsS [IOJI€ ioniTy mnpu

MIJIBUIIICHH] BMICTY Cip4aHOi KUCIIOTH.
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Puc. 3.7. 3anexHicTh BUXITHOI KOHIIEHTpAIlli 10HIB 3aji3a Ta MiJl BiJ CKJIamy
BUXI1JTHOTO PO3YHMHY, KK ponycTiin yepe3 katioHiT Dowex HCR S/S B H*-dopmi:
1 — C(Cu?")=0,5 r/aqm3, C(Fe?")=0,5 r/nm3, C(H,S04)=0,1 r/am3, TIOJI€=2,06 r-exs/mm°;
2 — C(Cu*=0,5 r/mm3, C(Fe?")=0,5 r/am3, C(H2S04)=0,3 r/nm3, TIOJI€=1,45 r-exs/nm>;
3 — C(Cu*=0,8 r/nm?, C(Fe?")=5 r/nm3, C(H,S0,4)=1,5 r/am3, IOI€=1,8 r-exs/am>;
4 — C(Cu?"=1 r/aqm3, C(Fe*")=5 r/am3, C(H2S04)=0,3 r/am3, TIOJI€=2,4 r-exs/nm>,;
5 — C(Cu*")=2 r/am3, C(Fe*")=2 r/am3, C(H,S04)=0,3 r/nm3, TIOJIE€E=1,31 r-exn/nm>.

Ax npu perenepariii micist copOii 1oHiB 3amiza(ll) Ta mial okpemo, OCHOBHUM
MOKa3HUKOM, Ha SIKUH OPIEHTYIOTHCS MTPU BUOOP1 10HOOOMIHHOTO METOTY, € MOYKIIUBICTh
e(eKTHBHOI pereHepaiiii KaTioHooOMiHHOTO Matepiany (puc 3.8). B poborti perenepaiiito
npoBoguian 5-tu 1a 10 %-tu pozunnamu HySO,. Tlpu Bukopucranui 5 % - po3uuHy
cip4aHOi KUCJIOTH B)KE IIPM IMUTOMIHA BUTpaTi pereHepamiifiHoro posumHy 5 cm®/cm?
BJIAJIOCS JOCSITTH CTYIICHIO perenepaiii Ha piBH1 100 %, a TakoX Takuii caMHil MOKa3HUK

OyB nocsrHyTuit pu BukopuctanHi 10 %-Boro po3uuny (tadiu 3.3).
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Puc. 3.8. 3anexHicTh 3aJIMIIKOBOI KOHUEHTpAIlll CyMillll 10HIB MiJl Ta 3aji3a B
pereHepariitHoMy po34uHi, SKHi mpomycTmin depe3 karionit Dowex HCR S/S B H*-
bopmi:

1- C(Cu?")=0,5 r/mm3, C(Fe?")=0,5 r/am*, C(H2S04)=0,1 r/nm3, Z=100 %, Cperenpos= 5
%;

2— C(Cu#")=0,5 r/am®, C(Fe*")=0,5 r/mm3, C(H2S04)=0,3 r/nm3, Z=100 %, Cperespo:= 10
%;

3— C(Cu®")=0,8 r/nm*, C(Fe*")=5 r/nm?3, C(H2S04)=1,5 r/nm3, Z=100 %, Cperes.pos= 10 %;
4— C(Cu*")=1 r/nm3, C(Fe**)=5 r/am3, C(H2S04)=0,3 r/mm3, Z=100 %, Cperenpo= 10 %;
5— C(Cu?")=2 r/am®, C(Fe*")=2 r/am3, C(H2S04)=0,3 r/am?, Z=100 %, Cperenpos= 10 %.

Sk BMAHO 3 TaONI. 3.3, OTpUMaHi pereHepaniiiHi 3IMBU MOXKYTh MiCTHTH 62 T/1M°

3 cympdary wmigi (II), mo 6Ge3mepedHo rapanrye

cynbdary 3amiza (II) ta 33 r/mm
MOXJIUBICTh OTPUMaHHA (PEPUTHUX YACTOYOK 3 MAKCUMAJIbHUMH MAarHiTHUMH

BJIaCTHUBOCTAMHM.
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Tabmuus 3.3, 3anekHICT, CTYMmIHIO pereHepaiii 10HITY Big  CKIamy

pereHepanifHoro Ta BHXIJHOTO PO3YHHIB, MUTOMOI BHUTpaTH ((;) pereHepaiiiHoro

pO3YuHYy

Cras CkJag po3uuHy npH copOIii Ckua po3uMHY Micis pereHepartii
qﬂv

perete- C C C C C C C
oM/ Z,%

pauiitnoro (Cu®), |(Fe*), | (H2SO0s), (Fe?*), |(FeSOa), |(Cu®), [(CuSOa),

3

cM

pO39HHYy mr/am® | mr/am® | mr/ov® mr/am® | mr/om® | mr/av® | mr/am®

5% H>SOq4 5 500 500 100 100,0| 5960 | 22150 | 6810 | 23850

10% H2SO4 | 5 500 5000 300 100,0 | 16 800 | 62400 | 1920 6 720

10% H2SO4 | 5 800 5000 1500 100,0| 4500 | 16 740 | 800 2 800

10% H2S04 | 5 1000 | 5000 300 100,012 150 | 45130 | 2750 9630

10% H2SO4 | 5 2000 | 2000 300 100,0| 8400 | 31200 | 9600 | 33600

3.1.4 ®epumna nepepooka KOHUEHMPOBAHUX 3AI306MICHUX Pez2eHePaAUiliHUX
PO3UUHIE

JIyist BUAasieHHsl 10HIB 3aj1i3a 3 KOHIICHTPOBAHUX 3aJ1130BMICHUX pereHepaliiHux
PO34YMHIB PEPUTHUM METOJIOM 3 METOI0 OTPUMAHHS (PEPUTHUX YACTUHOK (MATHETHUTY) 3
MaKCUMaJbHUMHU MarHiTHUMH BJIIACTUBOCTSMH BUKOPUCTOBYEThCS cymill 10HIB Fe (I1) Ta
Fe (III) mpu cniBBinHomenHi ix kornentpauiii K = [Fe?*])/[Fe®*] = 0,5, Tak sk BimmigeHo
CTIMKMIA 3B’SI30K MIX MAarHITHUMH BJACTUBOCTAIMU Ta 00’emoM ocany. Ilpu
MaKCUMaJIbHIUX MarfHiTHUX BJIACTHUBOCTSIX 00’€M ocaay MiHIMQJIbHHM, 1 HaBmaku. Tox
BUKOPHUCTAHHS OcajliB, oTpuMaHux npu criBpigHomendi K < 0.1 ta K > 2.4 nocuth
poOJIEeMaTHYHO 13-32 HU3BKUX MAarHiTHUX BJIACTUBOCTEW Ta B 3B’SI3KY 3 YCKIAIHCHHSIM
oOnaHaHHS IS iX BUITYUYCHHS.

OTpriMaHHS MarHiTHUX YaCTUHOK BHMCOKOi JIUCIIEPCHOCTI 13 cyMmilll cyibdariB
JIBOX- Ta TPUBAJICHTHOTO 3aJi3a NuisixoM ocakeHHs ix jyrom NaOH mpu HarpiBanHi
JI03BOJISIE 3HAYHO CKOPOTHUTH TPHUBATICTH MPOIECY, CHPOCTUTH HMOTO Ta 30UIBIIUTH

MPOAYKTUBHICTB 00aiHaHHs [45]. [Ipu 1boMy TakoX BiJilaia€ HEOOX1IHICTh B KOHTPOJII
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NPOTIKAHHSA peakiii yTBOPEHHs MAarHiTHUX YacCTHHOK, OCKIJIBKU iX XapaKTEepUCTUKU
BU3HAYAIOTHCS CKJIAJ0M MOYAaTKOBUX PO3YMHIB Ta YMOBaMU iX ocaykeHHA. Haitbinpiu
IMIMPOKO Ha JaHUHM 4Yac 1eil MEeTOJ BHUKOPHUCTOBYETHCS B TEXHOJOTISIX MPHUTOTYBaHHS
Mar"iTHUX pPIiAMH, /1€ YaCTUHKA MarHeTuTy abo (epuTiB € OCHOBHOIO CKJIAIOBOIO
4acTUHOIO. J[s OTpHMaHHS 4YacTOK 3 MaKCHMaJIbHUMH MAarHiTHUMHU BIIACTUBOCTSIMU
sutpara 3aiiza (1) cknagae 0,5 mr Ha 1 mr ionis Fe®*.

[Tporec ocamkeHHsI MPOBOIUTHCS MPHU MOCTIHHOMY MEpEeMIIIyBaHHI 1 HAATUIIKY
10 %-ro po3uuHy rigpokcuay Hatpiro. Ilporec yTBOpEHHS MarHeTUTY OIUCYETHCS

PIBHSHHSIM:

FeSO,+ Fez(SO4)3 + 8NaOH —— 4Na,S0, + Fes04 + 4H,0. (31)

[Ipu ocamxenHi cyminni conet 3aii3za 20 pozunnoM NaOH npu temniepatypi 20 °C
MarHeTUT YTBOPIOEThCS Bke rpu PH =4, xoua pH moBHOT0 0cay)KeHHSI MATHETUTY CATAE
9.5+1.5 [109]. YTBOpeHHS HOro MpPOXOJIUTh 3aBISKH HASBHOCTI BHCOKHX JIOKAJIbHUX
KoHueHTpaiii ioniB OH". I[Ipu nepeminryBaHH1 cycnieH3ii CBixkec(pOpMOBaHUI MarHETUT
nepexoauth B o-FEOOH. Ctepmxyerscs, mo B iHTepBan PH = 4-8 yrBopeHHs

MarHeTUTy MPOXOAUThH 3T1THO PIBHSHbD:

Fe(OH), + FeOOH —— Fe(OH)OFe(OH),, (3.2)
Fe(OH)OFe(OH), + FeOOH — Fes0s, (3.3)
Fe(OH); + 2Fe(OH); —— Fe30.. (3.4)

[Tporiec yrBopeHHs: MarHiTHOT (ha3u B ONMCAHUX TEXHOJIOTISNX HE € MUTTEBUM [87].
[Ipu nmpomy iHKyOariitnuii nepion tpuBae 8-10 cek. Ilicns mporo mepiomy B po3uuHi

YTBOPIOKOTHCS KPUCTAIM MarHETUTY 3 MiHIMAJIBHO MOXIUBUM po3MipoM 38-40 A°, koTpi
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3 YacoM HapouryrThes a0 po3mipiB 70 A°. Ilpomecu yTBOpeHHS 4YacTOK Ta ix
HApOIIyBaHHS MPOXOAATh B PO3UMHI HE3aJIEKHO OJIUH Bia ogHoro. Yepes 10 xB micis
0CaKEHHS MpolecH (POPMYBaHHS Ta POCTY PO3MIPY YaCTOK MPAKTUYHO MPUITUHSAIOTHCS,
Opy I[bOMY CTYIIHb IEPEeXoay aMOp(PHUX CHOJYK 3aji3a B KPHUCTAIM MAarHeTUTY
HaOmmkaeTbes 10 100 %.

Jl7is OTpuMaHHS MarHiTHUX YaCTHHOK (DEpUTIB Mifl 3 pereHepariiHux po3unHiB
OCAJDKEHHSIM JIYTOM TMpU HOPMAJIbHUX TeMIeparypax T[OBHHHA MIATPUMYBATUCS
nocTilina koHueHTpanis ionis Fe3*, a cnipinnomenns mix konnentpauismu Cu?* ta Fe?*
3MIHIOBaTbCS Yy  BIANOBIAHOCTI 3  XIMIYHOKO  (OPMYIIOI0 C“§+Felz—+xFEg+o4,
ne X=0-0.4. Bigomo [45], mpu X=0.01 ocag Mae MakCHMallbHI MarHiTHI BJIaCTHBOCTI.
HamarniueHicte HacuueHHs Horo B 1.1 pa3u mepeBullye aHajoriyHy s "dymcroro"
maraeTuTy. Ilpu 36inbmenni koHnentpanii ionie Cu?* crmocrepiraerbcs 30iIbLIICHHS
TEpMiHYy KpHUCTaji3alii OTPUMYBAaHMX OcaliB 1 HaOyBaHHA HUMH MAarHITHHX
BJIACTUBOCTEM.

ToOTo, mpu AOTpUMaHHI CHIBBIIHOIICHHS KOHIIEHTpallii 10H1B 3ami3a (1) Ta mimi
(II) B mouaTtkoBux posumHax K; = [Fe**])/[Cu?] = 3,15-7,76 oTpumani ocamu Maau
KPUCTAJIYHY CTPYKTYpy Ta MAarHiTHI BJIACTHUBOCTI. MakcumanbHy MarHiTHY
COPUMHATHICT, MaJM YacTUHKH, IO oTpuMadi npu Ki = 3.5, mpu upoMy iX ckiaj

BignoBigaB Gopmym CuFe(FeO;)s. OKHCTIOBaIBLHO-BIIHOBIIOBAIBHY PEaKIII0 MiX

10HaMH MiJii Ta 3aJ1i3a MOYKHA OMKMCATH HaCTYmHUM yruHoM [107]:

Fe?*+ Cu?>* — Fe3" +Cu". (3.5)

B wmiit popmyni craxiomerpuune cruiBBigHomeHHss Ki = 3.53. B takomy BUnaaky

3araJlbHEC piBHHHHH mponuecCy OCaAIKCHHA MAaTHUMC BUTTIAL:

2Cu?* + 8Fe?* + 20NaOH + O, —— 2CuFe(FeO,)s + 10H,0 + 20Na". (3.6)
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Takum uMHOM, HasBHiCTH ioHiB Fe®* Ta Fe** poOuTh MOMXIMBMM IIPOTIKaHHS
peakiii ¢epuroyrBopeHHs. Jns oTpuMaHHS YacTOK 3 MaKCUMaJIbHUMH MarHiTHUMH
BracTuBocTsamu ButpaTa Mizi (I1) cknanae 0.2-0.33 mr Ha 1 mr ionis Fe?*,

[TpyHIMIIOBY €KOJOTIYHO O€3MeYHy TEXHOJOTIYHY CXEeMy MepepoOKd BIAXOJIIB

raJibBaHIYHOTO0 BUPOOHUIITBA MIpeICcTaBieHo Ha puc. 3.9. 3 npuiiManbHo1 kKamepu 1

3anizo- Ta MiabBMICHI
ranbBaKiuHi CTOkM 1

7. Fe2(S04)3

B obopor abo Ha ckua 8
KaHanizayiio

B
TpasuAbHi
BaHHN

Ha BMKOPUCTaHHA B AKOCTI KaTanisatopa
3HewkopKeHna CO abo Ha GeaneurHe
33XOPOHEHHA

Puc. 3.9. Exonoriuno Oe3rneyHa MpHHIIMIIOBA TEXHOJIOTIYHA CcXeMa IepepoOKu
BIJIXO/I1B TAJIbBAaHIYHOTO BUPOOHMIITBA: 1 — mpuiiManbHa Kamepa 3aj1i30- Ta MiJbBMICHUX
raJlbBaHIYHUX CTOKIiB; 2 — kaTioHooOMiHHI ¢ineTpu (DOWEX B H+-dopmi); 3 —
BUTpaTHUN Oak po3uumHy Mg pereHepanii katioHity (5, 10 % H,SO4); 4 — 0Oax
koHUeHTpyBaHHs H,SO4 B mpoueci 10HHOTro 00MiHY; 5 — 0aK pereHepauiiHoro po3uuHy
cynbdaris 3amza (II) Ta mini; 6 — BuTpaTHUil 6ak po3unny NaOH; 7 — BuTpatHwmii 6ax
posununy Fex(SOs)s; 8 — peaktop-deputuzarop; 9 — enexkrpuyHa wmimanka, 10 —
MarHiTHU# cemnaparop; 11 — pesepByap ounineHoi Boau; 12 — mpuiiMalibHa €MHICTD
dbeputHOro ocany; 13 — mmuek; 14 — cymapka ¢geputHoro ocany; 15 — KyIb0BU MIUH

JU1s1 ToApiOHEHHST (DEPUTHOTO OCay.

3aJ1130- Ta/ab0 MiABBMICHI rajibBaHI4HI CTIYHI BOJAM OKPEMO YU B CYKYITHOCTI IOJIAI0THCS
Ha 10HOOOMIHHI ¢uibTpu 3 KaTioHiToM DOWEX HCR S/S B H+-dopmi, B sikux
BinOyBaeThcst copOmist ioHiB 3amza (II) ta mim (II) 1 yrBopenns HSO4 sika B

MMoJaJIbIIOMYy TICIIsS KOHIOCHTPYBAHHA BHKOPUCTOBYETLCA B IIPOLCCAX TpaBJICHHIA
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raJibBaHIYHOTO BUPOOHUIITBA. B pe3ynbrarti perenepariii kationity 5 %- ado 10 %-Bum
pozunHoM H;SO, yTBOpeHi 3amizo- Ta/abo MiABBMICHI KOHIICHTpaTH 3MIIIYIOTHCS B
peakTopi-peputuzaropi 8 3 Mmimankorw 9 3 po3uumHOM cynbdary 3amsza (III) Ta
T1APOKCUIOM HATPIIO 3 YTBOPEHHIM (DEPUTHOTO OCay, KU BUAANISAETHCS B MATHITHOMY
cenaparopi 10. Hamani dbeputHuil nuiamM HampaBise€TbCs Ha CYIIIHHS B cymapky 14,
MICTIST YOT0 MOJAPIOHIOETHCS 0 HEOOXITHUX PO3MIpiB B KyJIhOBOMY MJIHMHI 15 3 MeTOI0
BUKOPHCTAHHA B SKOCTI KaTalli3aTopa 3HEHIKOKEHHS MOHOOKCHUIY BYIJIELIO abo
0€e31MeYHOro 3aXOPOHEHHS.

[licns 3aBepiIeHHS MpoIeciB cenapanii (EepuTHOrO IUIaMy OYHMIIEHAa BoOAa
3JIMBAETHCS B KaHA13a1[110 a00 BUKOPUCTOBYETHCS IOBTOPHO B TEXHOJIOTTYHOMY HPOIIEC]

HaHECEHHS TaJbBaHIYHOTO IIOKPUTTA.

3.2 EjexkTpoxiMiuHa nepepodka BiaxoaiB

Jnst gochipKeHHsT TPOIIeCY €JEKTPOIIi3y 3ali30BMICHUX CYIb(AaTHUX PO3UMHIB
rajbBaHIYHOrO BUPOOHMIITBA HEOOXIJHO OyJlO MPOBECTH JOCIIIKEHHS BIUIMBY
KOHIIEHTpaIlii po3unny cyibdary 3amiza (II) B katoauii kamepi Ta cynb(aTHOT KUCIOTH
B aHOJHIN KaMepi B JIBOKAMEPHOMY €JICKTPOJIi3epl Ha MPOIEC PO3JUICHHS JOMIIIOK 3
BpaxyBaHHSIM 3aMIHHA aHOJIHOTO MaTepially 3 TUTAHy Ha CBUHELb; OL[IHUTH MOXJIUBICTh
BUKOPUCTAaHHS TPUKAMEPHOTO EJIEKTpojliaizaTtopa 3 aHIOHOOOMIHHMMH MeMOpaHamu
JUTSL PO3AUICHHS TOMIIIOK 3 PO3YMHOM T1IPOKCUY HATPitO B KATOJIHIA KaMepl, pO3YNHOM
Cynb()aTHOT KUCIOTH B aHO/IHIM KaMepl Ta 3a1130CyIb(PaTBMICHUMH BOJIAMH B IPOMKHIM
KaMmepi; JOCHIIUTH MOXJIMBICTh OKMCHEHHs ioHiB 3amiza (II) B aHomHilt Kamepi
JIBOKAMEPHOTO €JICKTPOJIi3epy B MPUCYTHOCTI CyJb(PaTHOT KUCIOTH B KaTOJHIN KaMmepi
[7].

3.2.1 Pesyromamu  00cnidicenv  eAeKMPOOIAnNi3HO20  3HEUKOOHCEHHA
8IONPaubOCAHUX 3ANI30CYTbPHAMEMICHUX 2ANbBAHIYHUX CHIOKIE 3 OMPUMAHHAM

moeapHo2o npooyKkmy
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3.2.1.1 BniiuB KOHUeHTpalii 3a/i30cyab(aTBMiCHUX TajJbBaHIYHMX CTOKIB
HA Mpolec Po3AlIeHHS IOMILIOK B IBOKAMEPHOMY eJIEKTPOoJIi3epi

[Ipu enexTpoaiai3HOMY OYHIIEHHI CTIYHUX BOJ B JBOKAMEPHOMY €JIEKTPOIi3epl
B KaTOAHIN KaMmepi CIOCTEpIrajJoch KOHIICHTPYBAaHHS DPO3YMHY Cyibhary 3amiza, B
aHomHI — cynbdarHoi kucioTH. IIporec enexTposizy MpPOXOIWB TPU PI3HOMY
BiJTHOIICHH] BUX1JHUX KOHIICHTPAIH CyIh()AaTHOI KHUCJIOTH B aHOAHIN Ta KaTOIHIN 30HI.
Sx Buano 3 puc. 3.10, nporiec enekTpotizy MPOXOIWB IpU MIHIMANIbHIN KOHIICHTpAI]
cyab(aTHOI KUCJIOTH B aHOHIM 30H1 Ha piBHI 50 Mr-exs/qM°, a B KaToHii 30Hi cynbdaT
3ami3a Ta cynbgarHa kucnora Oyna B 20 pasis Oinbina Ha pisHi 1050 Mr-exs/mm° mpu
BMKOPUCTAHHI CBHHIIEBOTO aHOAy Ta 1150 Mr-exp/mmM® Mpy BUKOPHMCTaHHI THTaHOBOTO
aHO/ly, KOHLIEHTpAIlis 3ali3a Ha piBHI 5 I/aM°, B AKOCTI KaToJy BHMKOPHUCTOBYBCS
HepKaBitounid enektpos [7].

Curnasnom aJig 3aKiHUEeHHS TIpoliecy OyJia BIICYTHICTh B KaTOH1M 30H1 Cylb(aTHOT

kucnotu. 3rigHo puc. 3.10, mporec enexkTpomizy TpuBaB 4,5 TOAWMHM NIPU BUKOPUCTAHH]
1200 -
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Puc. 3.10. 3mina kucinotHocTi (K) B ABOKaMepHOMY elieKTpotizepi (kaTom — cTab,

cuna ctpymy — 1 A, [FeSOq]xaros=5 r/mm°):
1 - K, Mr-exs/aM® B KaToHil 30Hi IIPU 3aCTOCYBAHHI CBUHIIEBOTO aHOLY;
2 - K, Mr-exs/nv® B aHO/IHIM 30HI IIPH 3aCTOCYBAHHI CBHHLIEBOTO aHOLY:;
3 - K, mr-exs/nm® B KaTo/iHii 30Hi IPH 3aCTOCYBaHHI THTAHOBOT'O AHOAY;

4 - K, Mr-exs/amM® B aHO/IHIM 30H1 IPH 3aCTOCYBaHHI THTAHOBOTO aHOJY.
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CBMHIICBOTO Ta TUTAHOBOTO aHOMIB. Sk mokazano Ha puc 3.11, cepemniii Buxin 3a
CTpyMOM JJIi 000X aHOJIB ckiamae 68,5%, KOJIWBaHHA BHUXOJY 3a CTPYMOM
criocTepiraiiocs B aianazoHi Bix 54 g0 94 %. Takox ciia BiAMITUTH, 110 HAWBHIII

MOKA3HUKHU CITOCTEPITraIncs MPOTATOM MEPITUX 3 TOIUH IPOIIECY.

100

0,5 1 1,5 2 2,5 3 3,5 4 4,5

t, ron
1 2

Puc. 3.11. 3anexHicth Buxoay 3a ctpymom (B) (katox — cranb, cuna ctpymy — 1

A, [FESO4]xaror=5 r/mm3, [H2SO4]karon=1050 mr-exs/mm?, [H2SO4]anon=50 Mr-exs/mm?):
1 - cBuHIIEBHIT aHOJ, Bep=68,5 %;

2 - TuTaHOBUH aHOA, B.p=68,5 %.

SAx BumHo 3 puc. 3.12, mporec eneKTPoI3y MPOXOAUB TPH PIBHOBAKHIM
KOHIIEHTpaIlii cyb(})aTHOI KUCIOTH B aHOIHIM 30H1 Ta KaTOAHIM 30H1 Ha piBHI 1150 Mr-
eKB/IM®, KOHLIEHTpALisl 3aji3a B KaTOAHIA 30Hi Ha piBHI 5 r/mM>, B AKOCTi aHOJIB
BUKOPUCTOBYBAJIMCS CBHUHIICBUH Ta THUTAHOBUHM EJIEKTPOJAU, B SKOCTI KaTOAY
BUKOPHCTOBYBCSI HEpKaBitouni enekTpos. CUTHAJIOM I 3aKiHYCHHS TIPOIEeCy €
BIJICYTHICTB B KaTOJIHI/ 30H1 Cyb(haTHOT KUCIOTH. 3TiAHO puc 3.12, mpoiiec eneKTpoizy
TpuBaB 4,5 TOAWHU TpPU TUTAHOBY aHOJI Ta HA TOAWHY OUIBIIE MPU BUKOPUCTAHHI

CBHHIIEBOTO aHOJy, CHJIa CTpyMy Oyiia ogHakoBa 1 A [7].
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Puc. 3.12. 3mina kucnotHocti (K) B 1BoKaMepHOMY elieKkTpoJtizepi (KaToj — cTab,

cuna ctpymy — 1 A, [FeSO4]xarox=5 r/mmd):

1 - K, Mr-exs/aM® B KaToHil 30Hi IIPU 3aCTOCYBAHHI CBUHIIEBOTO aHOLY;
2 - K, Mr-eks/nm° B aHOHIi 30Hi IIPU 3aCTOCYBaHHI CBUHIIEBOTO aHOLY;
3 - K, Mr-exs/nam® B KaToHill 30Hi IIPU 3aCTOCYBaHHI THTAHOBOTO AHOJLY;

4 - K, Mr-exB/nmM° B aHOTHI 30HI TIPY 3aCTOCYBAaHHI TUTAHOBOTO aHOY.
4

Ak nmokazaHo Ha puc 3.13, cepenHiil BUXia 3a CTPYMOM JjIsl CBUHIIEBOTO aHOJY
ckiagae 56 %, KOJIMBaHHS BUXOY 32 CTPYMOM CIIOCTepiranocs B aiana3oHi Big 26 go 80
%, mIs TUTaHOBOrO aHomy ckiaagae 68 %, KOJMBAaHHSA BHXOJYy 3a CTPYMOM
crioctepiranocs B aianasoHi Bix 26 10 80 %. Cnix BIAMITUTH, IO TP BUKOPUCTAHHI
TUTAHOBOTO €JIEKTPOJYy IIICIsA TOYaTKy MPOIeCy eJeKTPOJi3y BHXIJ 3a CTPYMOM
TPUMAaBCSl y BUCOKOMY 3HAU€HHI MIOKa3HUKA, a 3HIKEHHS 110 26 % BiA0yOCs TUIBKH B

KiHIIeBiH mpo06i [7].
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Puc. 3.13. 3anexHicth Buxoay 3a ctpymom (B) (katonx — crans, cuiia ctpymy — 1

A, [FeSO4]carox=5 r/mm3, [H2SO4]karox=1100 mr-exn/nm3, [H2SO4]au0,=1100 Mr-exs/nm3):
1 - cBuHLEBUI aHO, Beep=56 %;

2 - TuTaHOBUI aHON, B,=68,5 %.

BigmoBigHo pwuc. 3.14, mpomec eneKkTposdidy MPOXOAWB TMPH IMOYATKOBIH
PIBHOB)KHIM KOHUEHTpALl CyJb(aTHOI KUCIOTH B aHOAHIN 30HI Ta KaTOAHIN 30HI Ha
piBHi 550 Mr-exB/mM>, KOHIEHTpALlis 3aj1i3a B KaTOJHIN 30H1 Ha piBHI 5 T/AM°, B KOCTI
aHOJIIB BUKOPHCTOBYBAJIUCS CBHUHIIEBUM Ta TUTAHOBHM €NEKTPOAM, B SIKOCTI KaTOIy
BUKOPHUCTOBYBCS HEPIKaBIIOUMM €JIEKTPOJ. AJie Ha BIAMIHY BIJ IPOIECY EIICKTPOIII3y
BiZIMOBITHO puc. 3.12, po3uMH B KaTOAHIN 30HI MICSA 3MEHIICHHS KUCIOTHOCTI JIO HYJIA,
3MIHIOBAJIM Ha HOBMI 3 MOYAaTKOBOK KOHILEHTpauicro y 550 mr-eks/mm® cymbdaTHOi
KHUCJIOTH, PO3YMH B aHOAHIM 30HI HE 3MIHIOBAJIM, MPOJOBXKYBaJIM KOHIICHTPYBAHHS
cynbdarHoi kuciaotu. 3rigHo puc 3.14, npouec enekTponidy TpuBaB 22,5 TOJMHU NPU
TUTAHOBOMY aHOJ Ta Ha TOJAMHY MEHIIE MPHU BUKOPUCTAHHI CBUHIEBOTO aHOJIY, CHJIA

cTpymy Oyia ognakosa 1 A [7].
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Puc. 3.14. 3mina kucnorHocti (K) B 1BokamMepHOMY elleKTposi3epi (KaToa — cTaib,
cuna ctpymy — 1 A, [FESO4)xaron=5 /M3 [H2SO4]xaron=550 mr-exs/nmm>, [H2SO4]anos= Bin
550 mr-exs/am3):

1 - K, Mr-exs/am® B KaToHil 30Hi IIPU 3aCTOCYBAHHI CBUHIIEBOTO aHOLY;

2 - K, Mr-exs/nM° B aHOJIHIM 30HI IIPH 3aCTOCYBAHHI CBHHIIEBOTO aHOJY;

3 - K, mr-exs/nm® B KaToHi 30H1 IIPH 3aCTOCYBaHHI THTAHOBOI'O AHOAY;

4 - K, Mr-exs/amM® B aHOZIHIM 30Hi IIPH 3aCTOCYBAaHHI THTAHOBOTO AHOJLY.

Sk mokazano Ha puc 3.15, cepenHiii BUXiJ 32 CTPYMOM JIJII CBUHIIEBOTO aHOY
ckianae 48,62 %, KOJMBaHHS BUXOJY 3a CTPYMOM crocTepirajiocs B aiana3oHi Bia 0 1o
81 %, nns tutaHoBoro aHoxay ckiagae 45,27 %, KOJIMBaHHS BUXOAY 3a CTPYMOM
crnocrepiraiocs B aianazoHi Bix 0 go 100 %. Crnig BiAMITUTH, 1110 BIAMIHY BiJ TOKa3HUKIB
BiIMOBIIHO puc. 3.11 Ta 3.13, moka3HUKHU Hpouecy 3rigHo puc 3.15, BUxox mno crpymy
HE € TAKUMU PIBHOMIPHUMH, 1110 0OYMOBJIEHO 3yIHHKOIO MpoIeca Ha 3aMiHy PO3YMHY B

KaTOIHIN 30HI.
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Puc. 3.15. 3anexnicth BuXoay 3a ctpymoM (B) (katonx — crans, cuiia ctpymy — 1
A, [FeSOulkaron=5 r/am3, [H2SO04]xaros=550 mr-exs/am3, [H2SO4lauor= Bia 550 mr-

eKB/IM°):
1 — cBuHUEBUH aHOM, B;,=48,62 %;

2 — TUTAaHOBUM aHO, Beep=45,27 %.

Sx Bumgno 3 puc. 3,10, 3,12, 3,14, xoHIIEeHTpYBaHHS CyIb(HATHOT KUCIOTH MOKHA
pocartd B pianasoni 1200-2200-4400 mr-exs/mm® a60 5-9,16-18,3 % npu mIiabHOCTI

2, MakcMMaJbHOTO KOHLEHTPYBAHHS KHMCIOTH OYJIO OTPMMAHO B

ctpymy 8,3 A/nmm
BHMIIAJKy 3aCTOCYBAaHHsA CBHHIEBOro anoxy 4400 mr-exs/mm® a6o 18,3 % cynbdarHoi
kucnotu (puc. 3.14) 3a 21,5 roguau. OKpiM TOTO, JaHUH €IEKTPOJl XapaKTePU3y€EThCs

OLIIBIIION0 TOBIOBIYHICTIO Ta JCIIEBU3HOIO [7].

IBUAKICTB MPOIIECY €NEKTPOII3Y 3ajie’Kaa Bijl pi3HUI KOHIIEHTpALId BUXIAHUX
PO3UYHHIB 1 CYTTEBO 3pOCTalia MpH ii 301bIIeHH]. Takuii BIUTUB MOSCHIOETHCS 3pOCTAaHHIM
Ipal€eHTy KOHIIEHTpAIlli, KWW B TAaHOMY BHUIAJIKY € PYIIIHHOIO CUJIOIO0 MPOIIECY MITpaIrii
10HIB Kpi3b MeMOpaHy. J[0JJaTKOBUM MiITBEPHKEHHSAM IIbOMY CIYT'YBaJIO 1 301JIbILICHHS
BUXOJy 32 CTPYMOM OCHOBHOTO TMPOIYKTY — cyib(aTHoi kucinotu Big 35,7 mo 72 %

(puc. 3.16, 3.17). Kpim Toro, 3amMiHa aHOAHOTO Marepiajdy 3 TUTaHy Ha CBUHENb MJIs
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HIBEJIIOBAHHS TMOJISIPU3ALIMHOTO BIUIUBY CTPyMYy Ha MeMOpaHy HE BIUIMBAJIO HAa BUXIiJ
IPOAYKTIB 3a CTPYMOM Ta KiHETHKY Iepe0iry enekrpouisy (puc. 3.11, 3.13, 3.15), npu
IILOMY TIPOIIEC €NEKTPOJIi3y MPOBOIWIM MPHU CTAJN Cuili CTpyMy B 1 A Ta mpu pi3HHUX

MOYATKOBUX KOHIIEHTPALISIX CIpYaHOi KHCIOTH.

Bigomo, 1m0 B TEXHOJOTIYHUX Ipolecax OOpOOKM MeTaliB Ui omeparlii
TpaBJCHHS CTaJled Tepel HAHECEHHSM TallbBaHIYHUX MOKPHUTTIB BUKOPUCTOBYIOTH
po3unaH 15-20 %-Boi cynbdatHOi Kuciaotu, ado cymim 15 %-Boi xmopunuaoi Ta 10 %-
Boi cynbdarHoi kuciaoT y criBBigHomeHHi 1:1 [100, 101]. Tox MoXHa ILJIKOM
CIPaBEJIMBO CTBEP/KYBATH MPO MOXKIHUBICTH OTPUMAHHS B PE3yJbTaTi E€IEKTPOIi3y
IIPOMUCJIOBOTO KOHIICHTPOBAHOTO MIPOIYKTY JUISl BUKOPUCTAHHS B TPABUJILHUX BaHHAX.

B Bunaaky 301ibIIeHHS KOHIIGHTpaIlli cyib(haTHOI KUCIOTH B KaTOMHIN 30HI Ta
aHomHiN 30H1 (puc. 3.16, 3.17) Bmamocst 1OCITTH KOHIIEHTPYBaHHS Kuciotu a0 2200 ta
3700 mr-exs/nm° a6o BianmosinHo 9,2 Ta 15,4 % npu 3HAYHO MEHIIIH TPUBAJIOCTI IPOLIECY

enekTpoitizy — 8 ta 12 romaus [7].
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Puc. 3.16. 3mina kucnorrocti (K) ta Buxony 3a ctypymom (B) B 1BOKamepHOMY
enexTpoiizepi (karox — crank, cuna ctpymy — 1 A, [FeSO4)xaron=5 I/aM3, aHOJ — TUTAH):

1 - K, Mr-exB/nM> B KaTOIHIH 30HI,
2 - K, Mmr-exs/aqM® B aHOHIN 30HI1
3 - B, %; B Cep=72 %.
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Puc. 3.17. 3mina kucnotHocti (K) Ta Buxony 3a ctpymom (B) B 1BokamepHOMY

esexTponizepi (karox — ctanb, cuna ctpymy — 1 A, [FeSO4]xaron=5 r/am®):
1 - K, Mr-exB/nM> B KaTOJIHIH 30HI,
2 - K, Mmr-exs/aqM® B aHOHII 30Hl1;
3-B, %; Bp=35,7 %.

3.2.1.2 BukopucTaHHs JABOX aHIOHOOOMiHHHUX MeMOpaH /Jisl PO3aiJTeHHS
AOMIILIOK B TPHUKAMEPHOMY €JICKTPO.JIi3epi

[Tpu enexTposi3i B TpUKaMepHOMY eeKTpodizepi (puc. 3.18) came BUKOpUCTaHHS
JIBOX aHIOHOOOMIHHUX MEMOpaH JT03BOJWIIO MPUIIBUAIIMTH MPOIEC OUUIIEHHS CTIYHUX
BoAd. Ilpu upomy Oynu 3acTocoBaHi OUIbII HU3BKI 3HAYEHHS TYCTHHU CTPYMYy B
MOPIBHSIHHI 3 €JIEKTPOJI3epamMu, 1€ BUKOPHUCTOBYBAIHMCH 1 aHIOHO- 1 KaTIOOHOOMIHHI

MeMOpaHu 1151 po3ineHHs kamep [110].
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Puc. 3.18. 3mina kucnorrocti (K) B aHOIHIN Ta mpoMikHIiH 30HaX, Ty)HOCTI (JI) B

KaTOJIHIM 30H1 IPHU €JICKTPOAiaii3l CTIYHUX BOJI B TPUKAMEPHOMY €JIEKTPOJIi3epi:
1 - JI, Mr-exB/aM> B KaTOIHIH 30HI,;
2 - K, Mr-exB/nmM® B IpoMikKHI 30Hi,

3 - K, mr-exs/nm® B aHoHIN 30HI.

B TpukamepHoMy enekTposidepi KaToJHAa Kamepa 3arOBHIOETHCS PO3YMHOM
TIIPOKCUly HATpil0, MpOMDKHA poOoya Kamepa — 3ali30Cyinb(aTBMICHUMU CTOKaMU
raJibBaHIYHOTO BUPOOHHUIITBA, @ B AHOJIHIM KOHIIEHTPYETHCS PO3UUH CYIb(HaTHOT KUCIOTH
3 BUXOAOM 3a cTpymoMm 10 84,5 %. B nmanomy Bumagky Oyna oTpuMaHa cyibdaTHa
KMCJIOTa 3 KoHLeHTpauicro 310 mr-exs/nmm® a6o 1,3 % 3a 5 roguH KOHIIEHTPYBaHHS 3
TyCTUHOK cTpymy 1,7 A/aM%, mo IMATBEPAMIO MOMKIMBICTh BHUKOPMCTAHHS
TPUKAMEPHOTO €JIEKTPOJIi3epa 3 aHIOHOOOMIHHUMHM MEMOpaHaMH MJiss PO3IIICHHS
nomimmok. [lomanemmmu JOCTIKEHHSIMHU TUIAHYETHCS 3MICTOBHO BUBYMUTH PO3JIITICHHS
cynbdary 3amizy (II) ta cympdarHOi KHMCTOTHM B TpPUKAMEPHOMY EJIEKTPOJIi3epi 3

3aCTOCYBaHHSAM PI3HMX KOHLIEHTpAIli peareHTiB, MaTepiaay aHOAY Ta CUJIH CTPyMY.
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3.2.1.3 Oxucnenns ioniB 3ajiza (II) B aHomHiii kamepi aBOKamMepHOro
eJIEKTPOoJIi3epa B MPUCYTHOCTI CYJIb(PATHOI KUCJIOTH B KATOHIN Kamepi

KonnentpyBanus cynbdarty 3amiza (II) Ta HacTynmHe HOro OKMCHEHHS B aHOHIN
o01acTi eNeKTpoi3epa MPOBOAUIIOCH Jii OTPUMAHHS KOHIIEHTPOBAHOTO PO3YHHY
cynbdarty 3amiza (I11). [Toganeiie minecnpsMoBaHe 3acTocyBaHHs cyibdary 3amiza (III)
BU3HAYAJIOCH B HAMPSMKY OTPUMaHHS (pepuTy a0 BUKOPHUCTAHHS B SIKOCTI KOATrYJISHTY
JUTSL OYHWIIIEHHS TPOMHCIOBUX CTIiYHMX Boj [111]. 3BiCHO, BUKOpPWUCTAaHHS MEHIIIOTO
00’eMy peareHTy 3 BUIIOI0 KOHIICHTPAIII€I0 3HIXKYE MaTepialibHI BUTPATH HA OTPUMAHHS
bepury.

[1i yac onepartiiii NOJaIbIIOr0 OKUCHEHHS 3aJ1130BMICHOTO CYJIb(aTHOTO PO3UHHY
3aCTOCOBYBAJIM JBOKAMEPHHUU EJIEKTPOJi3ep 3 aHIOHOOOMIHHOI MeMOpaHO 3
HakJagaHHsaM cTpymy BenumunHoro 0,5 A. Tpeba 3ayBaxuTu, 110 B JaHOMY BHUMIAAKY
30UTBIIICHHST PI3HUIN KOHIICHTpAIlil PO3YMHIB B KATOJHIM Ta aHOJHIA Kamepax He
MPU3BOAWIO JI0 TPHUIIBUIIICHHS TMPOIECY KOHIEHTPYBaHHA. bimpmmii TpamieHT
KOHIIEHTpAIlil HaBMaKK CIPHUSB MEXaHIYHOMY 3aKYIIOPIOBAHHIO IOP MEMOpaHU 10HAMHU

3amiza (puc. 3.19) 1 3pocTaHHIO HANIPYTH HA EJIEKTPOII3EpI.
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Puc. 3.19. 3mina kucnornocti (K) B kaToaHii Ta aHOAHIM 30HI PO3YMHIB CTIYHOI
BOJM TIPU OYMIICHHI B IBOKAMEPHOMY EJIEKTpOJIi3epi (KaToj — cTajib, aHOa — 11, chja
ctpymy — 0,5 A): a — [FeSOulanos=5 r/mm3, [H2SO4)karon=200 mr-exs/mm3; 6 —
[FeSO4lanox=10 r/mm3®,  [H2SO4lcaron=200 mr-exs/mm3; B —  [F€SO4lauo=20 r/mm3,
[H2S04]xar0x=400 mr-exs/mm®:

1 - K, Mr-exB/nM> B KaTOHIH 30HI,;

2 - K, Mmr-exs/aqM® B aHOHII 30H1.
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[Ipore oxeprkani B Takuii criocid KoHIEHTpaTH cynbdary 3aniza (1) 3 moganpmmm
OKHCHEHHSM JI0 TPhOXBAJIEHTHOTO 321132 € Yy0BOIO JCIIEBOI0 CHPOBUHOIO, OTPUMAHOIO
SK TOOIYHMM TPOAYKT 3HEIIKOJKEHHS 3a130BMICHUX TajbBaHIYHUX CTOKIB IS

BUKOPUCTAHHS NIPU (PEPUTHUX METOAX OUHIICHHS [7].

3.2.2 Di3uko-xiMiyHuil cman HepumHnozo HaHoMamepiany, 00E€PHCAHO20 3
KOHYEeHmpoeanozo po3uuny cyavghamy 3aniza (I11)

Ax BumHo 3 puc. 3.20, oTpumaHuii ¢epuTHUN MaTepiadl — MAarHEeTUT Mae
KPUCTAIIIYHY CTPYKTYpY 3 po3Mipamu 4acTok 2—20 MKM, IO IIJIKOM MiATBEPIKYE
pe3yabTaTH JOCIKCHD 10 OJICPYKAaHHIO MAarHiTHUX 9acTOK (epUTHUM MeTojaoM [45].
YacTku MarHeTHTy BIAMOBITHO BKA3aHOTO PO3MIpy TakoX Oydu OTpUMaHi NUIIXOM
BOJIHO1 KOHJIGHCAIIIl 3 PO3YMHIB 3aII30BMICHUX COJICH 3 CITIBBIIHOIICHHSIM 10HIB 3a1i3a

(II) mo iowiB 3amiza (III), piBHoro 0,5.

WD=16.1mm 20.00kV  x1.50k

Puc. 3.20. 300pakeHHsT MOBEPXHI OYUIIICHOTO BiJl COJIeH (hepuTHOTO MaTepiaty —
MarHeTUTy, OTPUMAHOTO 3 BHKOPHUCTAHHSIM CKaHYIOYOTO SJICKTPOHHOTO MIKPOCKOITY 3

eHeproaucnepciinuM mikpoanaiizaropom POM 1061

Ha puc. 3.21,3.22 mnpexacraBieHl pe3yidbTaTd BCTAHOBJIEHHS SIKICHOTO 1
KUIBKICHOTO €JI€MEHTHOIro (XIMIYHOT0) CKJIanay (EepUTHOTO Marepialy B 2 JIOKaIlisX

MAaKCHMAaJIBbHO HapOH_IeHO‘I. YaCTKHM MAruc€Tury.



Cnektp 1

Enement Tun ninii Bara,% Cirma Bara, % Atom, %
(0} K-cepia 5.66 4.59 17.33
Fe K-cepia 94.34 4.59 82.6
Bcboro 100.00 100.00

Puc. 3.21. PentreniBcbKkuii criekTp 1 o4MIeHOTo BiJl cojiel (epuTHOrO MaTeplaty
— MarHeTUTy, OTPUMAHOTO 3 BUKOPUCTAHHSAM CKaHYIOYOTO €JIEKTPOHHOTO MIKPOCKOIY 3

eHeproaucnepciitHuM Mikpoananizatopom PEM 10611

Cnekrp 2

EnemeHr Tun niuii Bara,% Cirma sara, % Atom, %
0 K-cepia 20.13 4.63 46.80
Fe K-cepia 79.87 4.63 53.20
Bcooro 100.00 100.00

Puc. 3.22. PeHTreHiBchbKuUii CIIEKTP 2 OUUINEHOTO BiJl coJiel (hepUTHOTO MaTeplaty
— MarHeTUTy, OTPUMAHOTO 3 BUKOPUCTAHHSIM CKaHYIOUYOTO €JICKTPOHHOTO MIKPOCKOIY 3

eHeproaucnepciitHuM Mikpoananizatopom PEM 10611

OTpuMaH1 pEeHTTE€HIBCbKI CTIEKTPH TIOBOASITh HASIBHICTh YUCTOTO 3aJ11300KCHIHOTO

MaTepiany 3 MepeBaKaHHSIM BMICTY 3alli3HOTO KOMIIOHEHTY 0e3 JIOMIIIOK CyJb(aTy
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HATPIIO 3 IEBHUMH BIIMIHHOCTSIMH y BAarOBOMY Ta aTOMHOMY CIiBBiIHOIIEHH]. OTprMaHi
pe3ynbTaTH MOKHA MOSCHUTH HEOJHOPITHICTIO HAHECEHHS! YaCTOK MAarHeTUTY Ha JIUIKY
CTpiuKy mpu (GiKCyBaHHI JOCIIIHOIO MaTepiany ais gociimkens (puc. 3.21, 3.22) [7].
Binomo, mo ymoBamu 3acTOCYBaHHS (EPUTHOTO METOMY € UiTKEe JOTPUMAHHS
KoHueHTpanii ioHiB 3ainiza (I1) ta (II) B po3uuni Ta nocsraeHHs BianosiaHoro pH. 3anms
Oro Tpeda BpaxoBYBaTH, IO MPH OCAKEHHI CyMmiln cosei 3amiza po3unHoM NaOH
npu Ttemmepatypi 20 °C marHeTHT yTBOpPIO€Thcs Bxke mpu PH=4, xoua pH moBHOro
oca/pKeHHs MarHeTuty csrae  9.5t+1.5 [45]. YTBopeHHS HOTro MPOXOAWTH 3aBISKH
HAsSIBHOCTI BUCOKHUX JIOKAJIbHUX KOHIIeHTparliil ioHiB OH". [Ipu nepeminryBaHH1 cycrieH3ii
cBikechopmMoBaHUit MarHeTUT nepexoauthb B a-FEOOH. B iatepBani pH=4-8 yrBopeHHs

MarHeTUTY MPOXOAUThH 3T1THO PIBHSHbD:

Fe(OH),+FeOOH—sFe(OH)OFe(OH),, (3.7)
Fe(OH)OFe(OH),+FeO0H—Fe;0, (3.8)
Fe(OH)2+2Fe(OH)3—>Fe304. (39)

IIporec yrBOopeHHs MarHiTHOi ()a3u B ONMHUCAHMX TEXHOJIOTISIX HE € MHUTTEBUM
[104]. TIpu upomy iHKyOarifinuii nepiog Tpuae 8—10 cek. Ilicmsa mporo mepioay B
PO34MHI YTBOPIOIOTHCS KPUCTATIU MAarHETUTY 3 MiHIMAJILHO MOXKIIMBUM po3Mipom 38—40
A°, xoTpi 3 yacoM HapolyrTbes A0 po3MipiB 70 A°. IIpoliecu yTBOpEHHS 4acTOK Ta iX
HAPOIIyBaHHS MPOXOAATh B PO3YMHI HE3aJIEKHO OJUH Bia ogHoro. Yepes 10 xB micis
OCaJKEHHS TIporiec (POPMYBaHHS Ta POCTY PO3MIPY YaCTOK IPAKTUYHO MPUTTHHSIOTHCS,
OpU LBOMY CTYHiHb MEpPexoqy aMOp(PHHUX CHOJNYK 3aji3a B KpPUCTaIHd MAarHETHUTY
HaOmpkaetbes 10 100 %, mpu oMy cepeHiit po3Mip YaCTOK OIIHIOETHCS B 9 MKM.

TakuM 4YuHOM, MPU JOTPUMAHHI BHUMOT II0JI0 BOJHOI KOHJEHCAIlli YaCTHHOK
MarHeTUTy B pe3yJbTaTl MPOBEACHHS JAOCTIKEHb OyJI0 OTpUMaHo (HEepUTHUN MaTepial

FesO4 3 KpuCTaIiyHOIO CTPYKTYPOIO, 110 Ma€ MEePEBAKHUN po3Mip yacTouok 2—20 MKM

[7].
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3.2.3 Po3pobdka mexnonoziunoi cxemu npouecy KOMnieKCHO20 3HEUKOOHCEHHS
NPOMUCTIOBUX PO3UUHIE

[IpUHIMTIOBY ~ €KOJIOTIYHO O€3MeYHy TEXHOJOTIYHY CXeMy KOMIUIEKCHOTO
3HEUIKO/XKEHHSI MPOMHUCIOBHUX 3a/II30BMICHHX CyJIb(AaTHUX PO3UMHIB TaJbBaHIYHOTO
BUPOOHHUIITBA 3 OTPHUMAHHSAM IPOJYKTIB, MPUAATHUX JAJISI MOBTOPHOTO BUKOPUCTAHHS,

IpeCcTaBIeHO Ha puc. 3.23.

ATV A A8 B TpaBUIbHI BAHHNA 1718

BUPOOLMLTBA

ralbBaHivHOro
Kt An Kt An
; 5 A A
3anizocyabbarHi ; A
raabBaHiuHi CTOKU H2S04: Fe2804 Fe2801. st(%4
Gl :

5. NaOH 9. Fea(SO4)3

A . l ‘ el |_ B o6opoT abo Ha
L SFeSOug CKMJ1 B,KaHANI3aLl0
I\lelllHZSO'l : 2804 ]Vo>
; 5 FeSO4
-
Kt An

1

B Tpasuibni Barmm
JUTSE TATLBATTIYTIOTO
BUPOOHHUTBA Ia BUKOpUCTaHHS B IKOCTI
KaTanizaropa 3HeukomkeHna CO
a00 Ha 0€3MeHe 3aXOPOHEHH

Puc. 3.23. Exonoriyno Oe3reyHa MPUHIMIIOBA TEXHOJIOTIYHA CXeMa MepepoOKH
BIJIXOJIIB TajbBaHIYHOTO BUPOOHHMITBA: | — mpuiiMalibHa Kamepa 3ami30Cyiab(aTHUX
raJibBaHIYHUX CTOKIB; 2 — TpPUKAMEPHHUM eJeKTpoJlizep 3 aHIOHOOOMIHHUMU
MeMOpaHamu; 3 — 6ak koHueHTpyBaHHs HySO4 B polieci enekTpostizy B TPUKaMEPHOMY
SJIEKTPO/IiaizaTopi; 4 — 6ak HaKOMMYEHHS po3unHy cyibdary 3amiza (I1); 5 — BurpaTHuit
06ak pozumny NaOH; 6 — nBokamepuwmii enekTpomizep okucHeHHs 3amiza (1) 3
aHIOHOOOMIHHOIO MeMOpaHOw0; 7 — JBOKaMEPHHUM €JNEeKTpOoji3ep 3 aHiOHOOOMIHHOIO
MeMOpaHoto; 8 — 6ak koHIIeHTpyBanHs HySO4 B mporieci enekTposti3dy B IBOKaMEPHOMY
eNeKTpoti3epi; 9 — BuTparuuii 6ak po3unny Fe,(S04)s; 10 — peakrop-depuruzartop; 11 —

eJIEKTpUYHA Milllajika; 12 — MarHiTHUW cenapatop; 13 — pe3epByap ouulieHoi Boau; 14
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— TIpuiiManbHa EMHICTH epuUTHOTO ocany; 15 — mHek; 16 — cymapka pepuTHOro Ocamy;

17 — xyap0BUM MJIMH IS TOAPIOHEHHS (pepuTHOTO ocany; 18 — mKeperno MmocTiiHOTo

CTpyMy.

Ax BugHO 3 puc. 3.23, 3 mpuliManbHOi kKamepu 1 3amizocyiabdaTHI rajbBaHIuHI
CTI4HI BOJIM MOJIAIOTHCS B IPOMIKHY KaMepy TPUKaMEpHOTO eNeKTpoJIi3epa 2, B aHOAHIM
KaMmepi sKoro BigOyBaeThcsi KOHLEHTpyBaHHA H»SOs sxka B momampmiomy
BUKOPUCTOBYETBbCSI B MpoIllecax TpaBieHHS TalbBaHIYHOrO BUpOOHMIITBA. B
JIBOKAMEPHOMY €JIEKTPOJIi3epl 7 B KaTOAHIN Kamepi MPOXOJUTh KOHIICHTPYBAaHHS Ta B
aHOJHIN Kamepl IBOKaMEPHOI0 €JIEKTpoJIizepa 6 MPOXOIUTh OKUCHEHHS Cynb(ary 3aii3a
(IT) 3 nepexonom B cynbdar 3amiza (III). YTBOpeHi 3ai3oBMicHI KOHIIEHTpaTH 3 OakiB 4
Ta 9 3Mily0ThCs B peaktopi-heputuzaropi 10 3 mimankoro 11 3 po3unHOM T1APOKCUAOM
HATpIIO 3 BUTPATHOTO 0aky 5 3 YTBOPEHHSAM (PEPUTHOTO OCaay, SIKUA BUAAISETHCS B
MarHiTHoMy cenaparopi 12. Hagami ¢epuTHuUE [uiam miciigs TpaHCIOPTYBaHHS
HaNpaBJIE€THCS Ha CYIIIHHA B cymapky 16. [icas npouecy BuaaieHHs BOJIOTH GepUTHUN
Matepian MmoJpiOHIOETHCS A0 HEOOXITHUX PO3MIpPIB B KyJIhOBOMY MJHMHI 17 3 MeTOMO
BUKOPHUCTaHHSA B SKOCTI KaTalli3aTopa 3HENIKOKEHHS MOHOOKCHIY BYIJIEHIO abo
oe3neyHoro 3axoponeHHs [112]. Tlicns 3aBepiieHHs TpoiieciB cemapariili (GepuTHOTOo
[JIaMy OYMILIEHA BOJIa 3JIMBAETHCS B KaHATI3allll0 a00 BUKOPUCTOBYETHCS MOBTOPHO B

TEXHOJIOTITYHOMY TIPOIIeCi HAHECEHHS TaJIbBAHIYHUX MMOKPUTTIB.

3.3 3acTocyBaHHSI MATHETUTY, OTPUMAHOTO 3 3AJ1i30CYy/Ib(PAaTBMiCHMX PO3UMHIB, K

COpPOEHTY /ISl BUAAJICHHSI XPOMATIB i3 CTIYHUX BOJ

[IIupoke BUKOPUCTAHHS METAJIB Y HAPOJHOMY TOCHOJAPCTBI mependaydae
MOKPUTTSI BUPOOIB 3 HUX PI3HOMAHITHUMH 3aXMCHHUMU PEYOBHHAMH. 3HAYHY YACTUHY
TaKUX TMOKPUTTIB CKJIAAAOTh rajbBaHIYHI IJIIBKH, OCAIKEHI HAa TMOBEPXHI BUPOOIB y
CEPENIOBUIIl €JIEKTPOMITIB. ['apHi 3aXUCHI BJIACTUBOCTI MAalOTh MOKPUTTS 3 Xpomy. [Ipu
BUKOPHUCTaHHI XpOMY VY Tpolecax MacuBalli Ta OCBITJIEHHS Ha MallMHOOYAIBHUX

H1IPUEMCTBAX YTBOPIOETHCS BEJIMKA KUIBKICTh CTIYHUX BOJI, 3a0pYTHEHUX XpOMaTaMHu.
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Tax, I'/IK Ha ckuzx HIECTHMBAJIGHTHOTO XpOMy Yy KaHami3aliiiHy cuctemy M. Kuesa
ctanoBuTh 0,1 mMr/nm®. 3ryouuii Boms ionis Cr(VI) a guopy i payny npusBoauTs 10
raJIbMyBaHHsSI TIPOLIECIB CAMOOYMIIICHHS BOJHHMX JUKEpEN, TaK0oX BiJ] HOro BIUIMBOM
HOTIPIIYETbCA YTBOPEHHS OCAJiB Yy BIACTIMHMKAX 1 MiJCUIIOE YTBOPEHHS IUTIBOK Ha
Oilo¢inpTpax Ha craHiisa BogoounineHHs. XpoM (V1) akyMyIr0€TbCsl B TKAHMHAX POCIIHH
1 HETraTUBHO BIUIMBA€E Ha iX PO3BUTOK, TOMY HE MOKHAa BUKOPHUCTOBYBATU ISl TIOJHUBY
BO/AY, SKa MICTUTh HaBITh ciaiau xpomy. [IpoOnema 3HEMIKOKEHHS XpPOMATiB
YCKJIAJAHIOETHCS HAJI3BUYATHOI0 TOKCUYHICTIO IIUX CIOJIYK, TaK SIK BOHU BIAHOCATHCS J10
HaWOUIBII  €KOJIOTIYHO HEOE3MEYHUX 3  3arajibHOTOKCUYHOIO, KYMYJSTHBHOIO,
aJICPreHHOI0, KaHLUEPOIe€HHOI Ta OKHUCHIOBAJIBHOIO Ji€t0. Tomy 3aluIIaeTbes
aKTyaJIbHUM MUTAHHS NONEPEIKEHHS NONaJaHHs TOKCUYHOIO IIECTUBAJICHTHOI'O XpOMY
B BOJIHI pecypcu Ykpainu [6,115].

He3Baxkatoun Ha roctpory HpoOJeMH 3HEMIKOKEHHsS METOJA0OM (epuTh3alii
XpoMartiB Ta myOutikamiid Ha 1o temy [45,113,114], npouecu BUIAICHHS 1X CIIOJyKaMH
3aj113a 3 MarHITHUMU BJIACTUBOCTSIMU 3 BOJHUX PO3YHMHIB HE MOXKHA BU3HATU JOCTATHHO
BUBYCHHUMH B BUITAJIKy BUKOPUCTAHHS MAarHETUTY, YTBOpPEHOTO 3 cyibdartis 3aimiza (II) ta
(111) [6].

CrexioMeTpUYHUN CKJIaJ] MarHeTUTy omucyeThesa popmynoro FeO-Fe,Os, 1 pu

et

BIJICYTHOCTI OKHCHEHHSI TOBEpXHEBUX 10HIB F PO3YMHEHUM Yy BOJAl KHCHEM

chiBBifHOIIEHHS KoHUeHTpauiii [Fe?*])/[Fe®*]=0,5. B peamsHux yMmoBax 1€

ez+

CHIBBIIHOIIEHHS Oy/I€ 1€ HUKYUM, a KUIbKICTh FE“" Ha MOBEpXHI YaCTOUOK MarHeTUTY

r6*

oyne menmoro. Kinpkicte Cr°*, siki MOXyTh OyTH BiJHOBJIEHI MOBEPXHEBUMHU 10HAMU

Fe?*, Takox Oyne HesHauHOK. IIpoGiaema Moxe OyTH BHpIIIEHA 3aBISKH 301IbIICHHIO
KOHLIEHTpawii Fe?* y moBepxHeBoMy IIapi OpH 3aCTOCOBYBAHHI IS BUAAICHHS 3 BOIH
. . 6+ . . . _

ioHIB Cr°" 4yacTo4oK MarHeTUTy 3 MarHiTHUMH BJacTUBOCTAMH B aianazoni K=0-3,0,
IPUYOMY MaKCUMYM MAarHiTHUX XapaKTE€pPUCTUK BIJIOBIIA€ CTEXIOMETPUUYHOMY CKIIATy
(K= 0,5). IIpu BigxusieHHI BiJl cTexioMeTpii y Oyab-sKii OiK MarHiTHiI BJIACTHUBOCTI
3HIKYIOTbCS. 30uTblieHHsT K BiJ CTEXIOMETPUYHOTO CYNpPOBOKYETHCS BIJMOBITHUM

e2+

30UTBIIIEHHSIM KIJTBKOCTI TIOBEpXHEBUX 10HIB Fe“" B wactkax mar"eTtuty. HaitOinmbie

r6*

edexTuBHICT, BuaaneHHs 10HIB Cr°" 3pocrae mpu K>1,8. Ilpu 1npoMy HEOOXiTHO
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BpPaxOBYBAaTH BIJIMOBITHE 3HWKEHHS MArHITHUX BJIACTMBOCTEH, OCOOJIMBO Yy BHUMIAAKY
3aCTOCYBaHHS JUI1 BUIAUICHHS BIANPAallbOBAaHWX YacCTOYOK BIJ MArHITHHUX YU
eJIeKTpOMarHiTHUX GuIbTpiB. JleTanbHi JOCTIKEHHS, MpoBeaeH] B aianma3zoni pH=3-11
JUIS PI3HUX 3pa3KiB MarHeTHTy, MiATBEPAUIN TMPAKTUYHO OJIHAKOBY IIBHUJIKICTD
3HEIIKO/KEHHSI XPOMATIB y KUCIIOMY 1 JIy)KHOMY cepefioBuIax. HesHauHe migBUIIICHHS
cnoctepiraeTbesi pu pH<3, ane OCKUIbKM TPHW TaKUX 3HAYCHHSIX MATrHETUT MOYHHAE
PO3YHMHSATHUCS, TO 3 MPAKTUYHOI TOYKHU 30py Il (PakT 3HAUCHHS HE Ma€, a MOSICHIOETHCS
MPOCTUM PO3YMHEHHSM YaCTOUYOK, IO CYHPOBOJKYETHCSA IMEPEXOJOM Y PO3UYHMH 10HIB
3amiza. [l O4YMILEHHS CTIYHUX BOJ 3 OJHAKOBOKO KOHIIEHTPALIEI XpPOMATIB y
3aJIEKHOCTI BiJI YMOB HEOOXiJIHI pi3HI KOHIIEHTpalli MarHeTuTy. BcranoBieHo (puc.

3.24), mo nipu K=2,0 nns Bunanends 100 % xpomaTiB JOCTaTHbO BUKOPUCTOBYBATH

100
80
0\060
= 40
20
O [} 1 1 1 ]
0 200 400 600 800 1000
C,ari> MI/IM3
-1 —A—2 —3

Puc. 3.24. 3anexHicTh €pEKTUBHOCTI BHUJAJECHHS XPOMATIB BiJ KOHIIEHTpAIlil

maraetuty mpu Cer+=20 mr/am®, pH=8, t=25 °C i pisanx K: 1 -2;2-1;3-0,5

20 mr marmeruty Ha 1 mr Cré*, nmpu K=1,0 npu 3actocysanni 50 Mr MarseTury Ha 1 mMr
Cr®* nocsaraerncs 70 % edeKTUBHICTL OunILeHHs, a npy K=0,5 HaBiTh Np¥ KOHLEHTpALii

50 mr marmetuty Ha 1 mr Cro

edeKTUBHICTh ounucTKH He mnepesuinye 30 %. Takum
upHOM, eeKTHBHE criBBigHomenHs [Maruetut)/[Cr®*] mpu BukOpHCcTaHHiI MarHeTUTy 3

K=2 3naxoasaTbcs Ha piBHi 20 [6].
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KoHneHnTpariis XxpomaTiB y MOYaTKOBUX PO3YMHAX TAKOXX CYTTEBO BIUIMBAE HA
e(DEeKTUBHICTh iX BHAQJICHHS. SIK BUAHO 3 puC. 3.25, 31 30UIBIICHHAM KOHIIEHTpAIlli
XpOMATIiB y PO34YHMHI JJIsI 3pa3KiB MarHeTUTIB 3 MOCTIHHUM K e(peKTUBHICTh X BUIIyYCHHS
TaKOX 3pocTae. 3poctae BoHa 1 mpu 301abmeHH1 K. Panime nepenbavanocs, mo nporec
BUJIYUYCHHSI XpOMATiB 4YacTKaMu MarHeTuty Oa3yerbcst Ha BigHoBieHHI Cr (VI)
noBepxHeBUMH ioHamu Fe?* ta copOuii BigHoBIeHuX ioniB Cr** um ix rizposizoBaHuX
dopm moBepxHeto marHetuty. OmHak, sK BUAHO 3 i30Tepmu copOmii (puc. 3.25),
¢(EeKTUBHICTh BHJIYUYCHHS XpOMaTiB 3pOCTa€ TMpu 30UIbIIEHHI PIBHOBAKHOI
KoHIeHTpamnii. IIpy oMy KiJbKiCTh MOBEPXHEBHMX i0HIB Fe?* B wacTkax MarseTuTy
3QJIMIIAETHCS MOCTIHHOI0. OYeBUIHO, IO B MPOIEC BKIIOYAIOTHCS JIOJATKOBO 1HIII
MEXaHI3MH, a ]l COPOI[IHHOI 3JaTHICTI0O HEOOXIAHO PO3YMITH CYKYIHICTh YCIX

MeXaHi3MiB, sIKi OEpyTh y4acTh y IPOIIeCi BUITyYSHHS XpoMartiB [6].

140 r
120
100
0

A, Mr/T
o

O 1 1 1 ]
0 10 30 50 70

C, iy MI/IM3
-m-1 —h—2 —0—§ -4 45 -0-6

Puc. 3.25. 3anexHicTb cOpOLiITHOT 3AaTHOCTI 3pa3KiB MArHETUTY BiJ PIBHOBAXXKHOI
KoHIeHTparlii xpomaris pu pH=8, t=25°C i pisamx K: 1 —2,6;2-2,2;3-1,8;4-1,4;
5-10;6-05

[Ipu HagmMIIKy XpOMaTiB y PO34YMHI BC1 TTOBEPXHEBI 10HM YaCTMHOK MAarHETHUTY
npexcrapieni ionamu Fe¥*. B cucremi Fe,03 — CrOz; — H,O MokyTh yTBOproBaTucs

PI3HOMAaHITHI MaJOPO3YMHHI XIMIYHI CIIOJIyKH, HaiOL1b1 nommpeHi 3 askux FEOHCrO4
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ta Fep(CrOy4)s. ¥ mpucyrnocti Na*, NH,*, K*, Ti** (Me) mMoxkyTh KpucTamisyBaTucs
noaBiiiHi xpomat MeFe3(OH)g(CrO,),, MeFe(CrOy),:2H,0, MeFe(CrO,), ta iummi
criotyku. B oO0rpyHTYyBaHH1 XIMIYHOI KOHIIETIIIT cOpOIlii XpoMaTiB Ha T1JIPOKCUII 3ajli3a
(IIT) BimMigeHO TIPSIMOJTIHINHY 3aJI€KHICTh cOpOIiitHOI eMHOCTI Tiapokcuay Fe(OH)s Bia
PIBHOBa)KHOI KOHIIEHTpaIlii XxpomaTiB. O4eBUHO, 1 B HAILIOMY BHIIQJIKy, KPIM IMPOIIECY
BITHOBJIGHHST XpOMaTiB Ta copOuii TiOpOKCHIy, MaTHME MiClle YTBOPEHHS
MaJOPO3UMHHUX XIMIYHUX CIIOJIYK 3a YYacTI0 XpOMaTiB Ta copOLis XpoMaTiB
noBepxHeBuMH yactkamu Fe(OH)s.

Hamu Oy1i0 BCTaHOBIJIEHO, 1110 31 30UTBLIEHHSIM TEMITEpaTypHu COpOLiiiHA 31aTHICTh
MarHeTuTy 3poctae (puc. 3.26). Ile Moxxe BBaxkaTHCS MiATBEPKEHHSM 1CHYBaHHS
COpOIIIHHOTO MEXaHI3My BHUIAQJICHHS XpoMaTiB. 3a HOpMaibHUX YMOB ionu OH’, 1m0
3HaXOJAThCSl HA TOBEPXHI YaCTOUOK, 3/1aTHI OOMIHIOBAaTUCS Ha aHiOHU. [Ipu migBUILIEHH]
TEeMIIepaTypy KIHETHUYHA €HEpris 4acTOYOK 3POCTA€ HACTUIBKH, IO CTAE MOMIJIMBUM

oomin OH™ Ha xpomar-aHionu [6].

100 ¢
80
= 60
—
=
< 40
20
0 1 1 1 ]
0 20 40 60 80
C i MI/IM®
=1 —A—2 -3

Puc. 3.26. 3anexHicTh cOpOIIHOI 37aTHOCTI 3pa3kiB MarHetuty 3 K=1,0 Bix
PIBHOBa)KHOT KOHIIEHTpaIlii xpomari pu pH=8 1 pi3aux temneparypax, °C: 1 — 80, 2 —
60, 3-40

OpHak BUKOPUCTAHHS 3HAYHUX PIBHOBAXHUX KOHIICHTpAIlid MpPU OYHUIICHHI

CTIYHUX BOJI HEJOMYCTUME BHACIIIOK 3HAUHUX 3JIUIIKOBUX KOHIIEHTpAIlld XpOMaTiB B
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00poOJeHil BOI1, IO 3aBaXkae ii CKUAY B KaHAJI3aIlil0, Ta HASBHOCTI MAJIOPO3UYNHHUX
XpOMaTiB B 0cajiax, 110 nepeadayae A0J1aTKOBY OOpOOKy i iX BiAHOBJIEHHSA. ToMmy B
MPAKTUYHUX TEXHOJOTIIX HEOOX1JHO BUXOJIUTH 3 YMOBH BIJHOBJICHHS BCIX XpOMaTiB
YaCTOYKaMHU MarHeTUTy. BapiaHT TEXHOJIOTIYHOI CXeMH TaKOTO MPOIECy MPEACTaBICHO
Ha puc. 3.27.

VY 6IOK NpHIOTYBaHHS MAarHETUTy IOJAEThCS cymim ioHiB Fe?* ta Fed* y

e?* 3 oA IbIIMMA OKHCHEHHSIM YaCTHHH HOTO 110

BIJIIIOBITHUX CITIBBIIHOIIIEHHAX a00 F
Fe**. V mpucyrnocti NaOH B 00poOGneHili TakuM YHMHOM CyMill CIIOCTEPIraeThes
YTBOPCHHSI YaCTOYOK MArHETUTY. YTBOPEHY CYCIICH31I0 I03YIOTh Y PEaKTop, KyIau
OJIHOYACHO TMOAAIOTh CTIYHY BOJY, fKa MICTUTh XpoMmaTu. OCKUIBKM B OUIBIIOCTI
BUIAIKIB XpOMATBMICHI CTIYHI BOAW MAlOTh KUCJIy PEakI(ifo, TO OJHOYACHO MPOXOIUThH

ix HeWrtpamizamisg. [lin Yac KOHTAaKTy 4YacTOYOK MArHeTUTY 31 CTIYHOK BOJIOIO

BIJIOYBA€EThCS BITHOBJICHHS XpOMATIB Ta COPOIis YTBOPEHHUX CIOJYK IOBEPXHEIO

JaCTOYOK.
FeZt Fe3t Crtigna Bozda 3
NaOH 10 Cr07>
pH=9.5

MarsiTHII
$LIBTP TOHKOI
O9HCTKH

Brox Ourmmena Boja

TIPHTOTYBaHHA
MarHeTHTY

301pHIK OUIaMy

Ha BHKOPICTaHHS B SKOCTI
KaTanizaTopa 3HemkomkeHHs CO

Puc. 3.27. TexHoJyioriyHa cxeMa OYHIIEHHS BOJU BiJ XpOMAaTiB MarHeTUTOM,

OTPUMAaHUX 3 3aJ1130CyIb(aTHUX PO3UMHIB
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YacTuHKM BIANPaLbOBAHOTO COPOEHTY BIAMUISIOTH BiA BOAM HAa MAarHiTHHUX
¢inprpax. Illmam MoOXKHa BHUKOPUCTOBYBAaTHM B METAIyprii Uisl 3HEHIKOHKEHHS

MOHOOKCHIY BYTJICHIO TUMOBHUX rasiB.

BUCHOBKH /10 PO3JILTY 3

1. JloCHmiKEHO TPOIeCH OYHUIICHHS IMITAIlIiHUX PO3YMHIB TajJbBaHIYHOTO
BUPOOHHMIITBA METOJOM 1OHHOrO OOMiHy Bin iomiB Fe** 3 kucmux posummis. [l
M1JKUCIIOBAaHHS PO3UMHIB BUKOPUCTOBYBAJIM CIpUaHy KUCJIOTY B PI3HUX KOHIIEHTPAIISX,
n1s xoHueHTpamii 1 r/mam® 3amiza KOHIIEHTpalis CipyaHOi KUCJIOTHM BapiloBajacs Bif
upcToi TpobM 6e3 KUCIOTH 10 3,5 r/amM° cipyaHoi KUCJIOTH, IS PO3YMHIB 3
KOHLIEHTPALI€I0 3ai3a 5 r/aM° JOCHiIKEHHS NPOBOAWIM B OLIBIIOMY Jiana3oHi
KOHLIEHTpawii cipuanoi xucnotu Big 0,5 r/am® mo 13 r/mm3. 36inbHIeHHS NOKA3HUKY
ITOJIE€ dikcyBanocs Npu 3HUKEHHI KOHIIEHTpallii cipuanoi kucnotu 0,3 — 0,46 r-exs/mm°
TIpU KOHIIEHTpaIii cipuanoi kucnotu Ha pisi 3 — 1 r/am®i 1o 1,9 r-exs/nm® npu moswiit
BIJICYTHOCTI CipYaHOi KUCJIOTU B PO3YHHI.

2. BusHaueHo, 0 30iIbIIEHHA KOHLEHTpauii iowiB Fe?* mpuBomuno o
cyrTeBoro 30inpmenns [IOJIC, HaBiTh npy KOHIEHTpaLii cipyanoi kuciaotu § — 13 r/om®
[IOJ1€ Oyna Ha piBHi 1,35 r-ekB/mM°, MO BiANOBiZac piBHIO COPOLii pPO3BENECHUX
PO3YMHIB HABITh MPH BiACYTHOCTI KUCIOTH. [Ipu nocmimxenH1 copOuii 10HIB Mial Oynu
3aikcoBaHl Ti cami 3aJieKHOCTI, IO 1 MPH COpOIli 10HIB 3aii3a, Taki pe3yJbTaTd
MOXJIMBO OOrpyHTyBaTd THM, 1o 1oHU Mimi (II) mMaroTh Takuit ke po3mip 10HHOTO
paziycy, mo 1 1oHu 3aiiza (I1).

3. OCHOBHUM TIOKQ3HMKOM, Ha SKHH OpIEHTYyBaJIWCS mpu  BHOOPI
KaTIOHHOOOMIHOTO MaTepiaily, Oyia 31aTHICTh 10 pereHepauii. [lokazHuk perenepariii
MaB MiHIMalibHe 3HayeHHs 95,5 % mnpu perenepaiii 5 % CipyaHOIO KHUCIOTOO, a MPHU
BukopuctanHti 10 % po3unHy cipyaHoi KUCIOTH MOKa3HUK perenepaitii 0ys 100 % mpu
0/1HaKOBil muTOMill BUTpati B 5 cm®/cm. SIk moGiuHMil TPOLYKT iI0HHOrO 0OMiHY Y10
OTPUMAaHO KOHIICHTPOBaHI pereHepalliiiii po3urHy, ki 0yau oOpoOsIeHi Ta mepeBecH] y

q)epI/ITI/I 3 MAaKCUMaJIbHUMHM MarHiTHUMH BJIACTHBOCTSIMH.
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4, JlochikeHHsT TpoIecy KOHUEHTPYBaHHS CIpYaHOi KHUCIOTH YCIHIIIHO
HIATBEPAWIA MOXJIMBICTh BUKOPHUCTAHHS JUIsi BKAa3aHOTO TMPOIIECY JBOKAMEPHOTO
CJICKTPOJII3epy Ta BUKOPUCTAHHS PI3HMX THUIIIB aHOJIB, TAKUX SIK TUTAH Ta CBUHEIb.
Pe3ynpTaTi 1Mo BHXOMy 3a CTPYMOM IOKa3aJIH Kpamly e(peKTUBHICTh TUTAHOBOTO aHOY,
IpoTe TMEBHOIO TIEPEBarol0 CBUHIIEBOIO aHOJY € WOro BIJHOCHA JIeHIEBU3HA Ta
JIOBTOBIYHICTH TTOPIBHSHO 3 TATAHOBUM aHOIOM. B mporieci OKMCHEHHS 3a1130BMiCHOTO
Cynb()aTHOTO PO3YMHY B JBOKAMEPHOMY €JIEKTPOITi3epi 3 aHIOHOOOMIHHOIO MEMOPAHOIO
30UIBIICHHS PI3HUIN KOHIICHTpAIlli pPO3YMHIB B KaTOJHIM Ta aHOAHIA KaMmepax He
MPU3BOAWIO JI0 TPHUIIBUIIICHHS TMPOIECY KOHIEHTPYBaHHA. bimpmmii TpamieHT
KOHIICHTpAIi HaBMaKK CIPUSB MEXaHIYHOMY 3aKyMOPIOBAHHIO MOP MEMOpPaHU 10HAMU
3aji3a 1 3pPOCTAaHHIO HANpyru Ha enekrpomizepi. [Ipy 1mboMy B JBOKaMEpHOMY
€JICKTPOITI3epl BJATIOCS OTPUMATHU CYJIb(aTHY KUCIOTY 3 KOHIIeHTparliet 18,3 %, mimkom
NPUAATHY 10 3aCTOCYBAaHHS SIK TOBAPHOTO MPOJIYKTY Il OOEPHEHOTO BUKOPUCTAHHS B
BaHHAaX TPABJICHHS TAJIbBAHIYHOT'O BUPOOHMUIITBA.

S. [Ipu pochimkeHHI MPOIECy €JNEKTPOII3y B TPUKAMEPHOMY €JIEKTpOoIIi3epi
came BUKOPHUCTAHHS JIBOX aHIOHOOOMIHHMX MEMOpPaH JJO3BOIHIIO MPUIITBUIIUTH MTPOIIEC
ounuIeHHs cTIYHUX BoA. [Ipu nipomy Oynu 3acTocoBaH1 OUIbII HU3bKI 3HAYEHHS TYCTUHU
ctpymy. Ilpu 3acTocyBaHHI TPUKaMEpPHOTO €JEKTPOJIi3epa CYTTEBUN BIUIMB Ha IMPOIIEC
pPO3AUIEHHS JOMIIIOK YWHUTh TPaJi€eHT KOHUEHTpallll, BEJIWYUHA SIKOTO MPSMO
MpOMOpIiifHA PI3HUII  KOHIIEHTpaIllid BUXIJIHUX PO3YMHIB, SKUMU 3arllOBHEHI
npueNeKTpoaHi kamepu. [Ipu 11boMy BIA€THCS HOCATTH BUXOMY 32 CTPYMOM TOBAapHUX
MPOJYKTIB, IPUIATHUX JI0 3aCTOCYBaHHA 10 84,5 %, B MOPIBHAHHI 3 UM K€ TOKa3HUKOM
JUTsI IBOKaAMEPHOTO enekTpotizepa — 72 %.

6. Po3pobieHa mpuHIMIIOBA TEXHOJOTIYHA CXeMa IepepoOKH BiAXO/IiB
raJIbBaHIYHOTO  BUPOOHUITBA KOMOIHOBAHMM  BHUKOPHUCTaHHSIM  10HOOOMIHHOTO,
CJIEKTPOXIMIYHOTO 1 (DEPUTHOTO METOIIB 3 TMOJAIBIINM BUKOPUCTAHHIM (HEPUTHUX
OCaJIiB B SIKOCTI KaTami3aTtopiB sl 3HemKoxxeHHsT CO abo 3 MOMIIMBICTIO 0€3MEYHOTO
3axopoHeHHsA. OkxpiM oTpuMaHHS (EepUTIB I1HIIMM HANPSMKOM BUKOPUCTAHHS
otpumanoro cynbgary 3amiza (I1I) 3 konnenTpanicio 20 r/aqM3 € HOro 3acToCyBaHHS B

SAKOCT1 TOBapHOrO0 NPOAYKTY — KOAryJssHTy B BOJOOYMILEHHI, III0 Ma€ E€KOJOTIYHY
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JOLTBHICTS sIK Oe33anepeyny nepenary epekTUBHOI yTuili3aiii BiIX0/(1B TaJIbBaHIYHOTO
BUPOOHUIITBA.

7. [Tpr 3HEMKOMKEHHI XpOMATBMICHUX BOJ CHHTCTUYHHM MAarHETHUTOM,
YTBOPEHUM 3 3aJ130CyIb(aTBMICHUX BIANMPAlbOBAHUX PO3YMHIB TPABJICHHS CTalll, KPiM
NpOLIECiB BiJHOBJIEHHS XpOMAT-iOHIB, OKMCHEHHS HOBepxHeBuX ioHiB Fe?* no Fe®,
cop6uii ioniB Cr®" um rigpokcunis Cr(OH)s, cocTepiraeThes BiIHOBICHHS MOBEPXHEIO
HOro 4acTO4OK XpoMaT-aHiOHIB, B OCHOBI SIKOTO MOK€ OYyTH SIK YTBOPEHHS XiIMIYHUX
CTIONYK, TaK i copOmiitHmiA MexaHi3M. ONTUMaTbHIMH YMOBaMH TPOBEICHHS TPOIIECY
BUJIAJICHHS 3 MOJCIBHUX po3uuHIB cnoiayk xpomy (VI) 3a momomororo
BUCOKOJIUCIIEPCHUX YACTOUOK MAarHeTUTy, OTPUMAaHMUX 3 3ali30CyJIb(PaTBMICHOTO
pO34MHY IIpH CIIiBBigHOIEHH] KoHIeHTpauiii K=[Fe?*]:[Fe®*]=2, € npoBenenns mpouecy
3a MIABUIIEHOI TEMIIepaTypu Ta BUKOPUCTaHHI MarHeTUTy 3 BUTpaToro 20 mr Ha 1 mr

Cro*
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PO3/11 4

SHENIKO/’KEHHS HEBE3IIEYHUX I'A3OIIOAIBHUX BIAXO/IB 3A
JOIIOMOI'OIO PEPUTHUX KATAJII3ATOPIB

Exonoriuni mpoOnemu, moB’si3aHi 3 BHKMAAMH B arMmochepy ra3onoaioHux
BIJIXO[IB, 3QJIMIIIAIOTHCS AKTyaJIbHUMH BKE MPOTITOM KUIBKOX ACCATUNITH. OJHIE0 3
HaHOIBIIT TOKCUIHUX 1 0araTOTOHHAKHUX CITONYK, K1 Y TA30BUX BUKH]IaX, € MOHOOKCH]T
Byriemio. JlocmijpkeHHs 3HemkokeHHss CO  cnopsiMOBaHI Ha 3HWXKEHHS HOTro
KOHIICHTpAIIli TP MEepeBeACHHI B MEHIII TOKCUYHHUKA MPOAYKT — JIOKCH ByTJIerto. JIis
BUPIIICHHS JAHOTO MUTaHHS OYJ0 MPOJOBXKEHO PO3POOKY (PEepUTHUX KaTali3aTopiB Ha
JOCTYITHOMY MPUPOJHOMY II€OJIITOBOMY Ta TEPMOCTINKOMY BOJIOKHHUCTOMY HOCISIX JIJIs
I[ITOBOTO BUKOPUCTAHHS JUIsl OKUCHEHHS MOHOOKCHIY BYTJICITIO Bij TI€UYeH BUIATY Ta

rpadiTyBaHHs ByrieueBux enekTpoiB Ha [IpAT «Ykprpadit».

4.1 BuznavyeHHs (pa3oBoro ckiaay 3paskis meoaity COKMPHMIBKOT0 pOJA0OBHUINA
0e3 Ta micJas TepMooOpPoOOKH

3 mudpakTorpam, HaBeaeHUX Ha puc. 4.1, 4.2, BugHO, 110 11e0iT COKMPHUIIBKOTO
ponoBuia 6e3 (momarox B.1) Ta micis TepmMooOpoOku (momatok B.2) ckmamaetscs 3
TOJIOBHOT'O TIOPOJOYTBOPIOIOUOro MiHepany Ca-KIMHONTUIIONITY 3arajbHOi XIMIYHOI
dopmyiu Al; 2Cag 5sH30046.9S116.8. JloMilKOIO B 3pa3kax KIMHONTHIONITY € KBapI( SiOy,
1110 HE IPOTHPIYNUTH pe3ysibTaTaM MOMepeaHiX 10CiKkeHb [116].

[Ticnst TepMo0OOPOOKH BIAOYBA€THCS BUIAICHHS KapKACOYTBOPIOOYMX MOJIEKYI
BOJAM Ta BIAMOBIJHE CXJIOMYBAHHS UEOJITHUX KaHaliB, TOXX Ha puc. 4.2 MOMITHO
301TBITIIEHA KITBKICTh pediiekciB Ca-KIMHOMTUIIONITY.

OTxe, B pe3ybTaTi MPOBEICHUX TOCTIIKEHb ()a30BOTr0 CKIaay 3pa3KiB LEOTITY
COKUPHHUIBKOTO POAOBHUILNA O€3 Ta mmicias TepMooOpoOku mpu Temmeparypi 450 'C una
npoTsa3i 2 TOAMH MOXKHA KOHCTATyBaTH (aKT HE3MIHHOCTI MOpPOAOYTBOPIOIOYOTrO
MiHepally, TOOTO cTabuibHOCTI ckiaay Ca-KIMHONTUIIONITY, a TaKOX HasBHOCTI

MIHIMAJIBHOI KUIBKOCT1 TOMIIIOK KBapity. [IpoBenenHs TepMmooOpoOku pakTuaHO



126

T YO S B S Y i

4000,
.3/Data 1 —_ — &
& 009578 wn - T
5 g 1089-1961 o o
3000 Py o 2
D000, o 0|
© ©
= =
_ 7] (73]
] (o)) [+2]
§ 2000 © <
= <+ <
= @] O
C (=] (=]
I 5] >
£ ¥ I I
@ ®©
1000 BERHA s i
- -
© ©
Q (@]
! !
= =
< <

TR

€=

40 60

o

linoptilolite-C s, 5003578
w,syn

s R
20

80

100 120

Qg o . 01-083-1361
o
o©
I
s 1500
=
o 1000]
o
i
= 500
o
©
E}j 0 20 40 60 80 100 120
c

2-theta (deg)

Puc. 4.1. Pe3ynbTaTu pentreHodaszHoro anainizy 3paska 1eonity COKUpHUIIBKOTO

poaoBuia 6€3 TepMooOpoOKU

e N 5
L.
oo 2 ©
00 e = =2
........ G o« o
‘(.9 o o
@ 2000| 2 ® o o
< e QQ
2 & O
2% 3
- 1000 oBhImen0 ) WOWIe— 00 O
15 R ey Wiy f
= =
o O
- .'
o | 1T T 1 ! ! 2L i . < Vg
20 40 60 80 120
Giragiose-ca;songTe |11 |11 N0 00011080l s A A
L)
o
2 3000
)
=
z 2000
ko
= 1000
o
@
8 0 20 40 60 80 100 120
=

2-theta (deg)

Puc. 4.2. PesynpTatu peHTreHo(da3zHoro aHaiizy 3paska 1eodiity COKupHUIIBKOTO

poIOBUIIA Ticis TepMooOpoOKu mpu Temmeparypi 450 'C mpoTarom 2 roaun



127

NPU3BOJAUTH TUTBKU /10 3HIDKEHHS BHYTPIIIHBOI MOBEPXHI KIMHONTHIIONITY BHACIHIIOK
HE3BOPOTHOI KPUCTATIYHOT ACCTPYKIli, BIATOBIIHO AesSKa YacTHHA HOCIA KaTaji3aTopa

CTa€ HEeJOCTYIHOIO JIs afcOpOIIii MOJIEKYJI MOHOOKCHAY BYTJICITIO.

4.2. MikpopeHTreHOCTIeKTPAJIbLHUI aHAJIi3 MOBEPXHi Ta 3J1aMy 3pa3KiB
moaugikoanoro Fes;0s, *MnFe;O4, 2MnFe204 neodiTy
Moaudikaii IIEOJTITY OyB

Jlos

MIKPOPEHTTEHOCIICKTpAIbHUN aHali3 IMOBEPXHI Ta 3JIaMy 3pa3KiB MOAM(IKOBAHOTO

1 ITBEPKCHHS MPOBEICHUI

FesOq, 1MnFeZOA,, 2MnFezO4 LEOMITY Mmicis TepMooOpoOku 3a Temneparypu 450 °C Ha

pOTs31 2 TO/I.
s orpumanns FesO4 BukopucToByBanuch po3unnu cosneit 3amiza (1) ta (II1), oo
HIATBEP/UKYETHCSL  pe3yJIbTaTaMU  MIKPOPEHTI€HOCIEKTPAJIIbHOTO aHali3y IOBEpXHI

moudikoBanoro FesO4 neomnity micis TepmoodpoOku (puc. 4.3).

Cnekrtp 7
Enemenrt Tun ninHii Bara,% Cirma Bara, % Atom, %
(0] K-cepis 26.63 6.04 55.89
Fe K-cepis 73.37 6.06 44.11
Bcboro 100.00 100.00
Puc. 4.3. Pe3yapTaTé MIKPOPEHTT€HOCHEKTPAIBHOTO aHali3y IMOBEPXHI

moaudikoBanoro Fe;O,4 1ieomity micist TepMooOpoOKH

Buxoasun 3 puc. 4.3, Ha MOBEpPXHI LIEONITY 3HAXOIATHCS 3ali30 Ta KUCEHb 3
criBBigHOEeHHAM Fe:0=44,11%:55,89%. Sxmo BpaxyBaTH, 110 B MarHeTUTI aTOMHE
CHIBBITHOIICHHS 3aiiza 1 kucHIO Fe:0=3:4=42,86%:57,14%, TO MOXHa 3pOOUTH

BHCHOBOK IPO OCA/IP)KCHHSI MAarHETUTY Ha MTOBEPXHI IIEOTITY.
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Jnst oTpuMaHHS 2MnFegO4 BUKOPHCTOBYBAJINCH PO3YMHH (epary Kajiio Ta

3aJti3a (I7), 110 M1TBEPIKYETHCS

cyabdary pe3ysibTaTaMu
. . . : 2 .
MIKpOPEHTI€HOCIIEKTPAIFHOTO aHani3y moBepxHi MoaudikoBaHoro “MnFe;O4 tieomnity

icist TepMooOpoOku (puc. 4.4).

Cnektp 4
EnemeHTt Twun ninii Bara,% Cirma eara, % Atom, %

0 K-cepia 33.00 2.25 62.76
Fe K-cepia 43.28 2.28 23.58
Mn K-cepin 21.37 1.87 11.84
K K-cepin 2.35 0.60 1.83
Bcboro 100.00 100.00

Puc. 4.4. PesynapTaTd MIKPOPEHTTEHOCHIEKTPAIHHOTO aHAJI3y MOBEPXHI

MOAM(PIKOBAHOTO ’MnFe;0, LEOJITY HICIs TEpPMOOOPOOKHU

Buxonsuu 3 puc. 4.4, Ha TIOBEpXHI LEOJITY 3HAXOMATHCS 3alli30, MapraHelpb Ta
KuceHb 3 criBBigHOMmEeHHSIM Mn:Fe:0=11,84%:23,58%:62,76%. Sxuio BpaxyBartH, 1110 B

aTOMHE  CHIBBIJHOIIECHHS 3a013a 1 KHCHIO

dbepuTi

Fe:0=1:2:4=14,28%:28,57%:57,14%, TO MOXHa 3pOOUTH BHUCHOBOK MPO OCAIKCHHS

MapraHIfro MapraHiro,

dbepuTy MapraHu Ha TNOBepxHI 1HeondiTy. IligTBepmkeHHsIM 1boro GaxkTy €

CHIBBIJHOILIEHHS sSIKpa3 Maprauiio 1 3am3a 11,84%:23,58%=1:2, sk B hopMyIii CIIOJIyKH

MnFe,O,.

B pesynbraTi anamizy mikpodortorpadiii moaudikoBanux FezOs, 1MnFean,,

2 . : : :
MnFe;O, 3paskiB 1EodiTy TICIs TEPMOOOPOOKM 3a(iKCOBAHO MPAKTUYHO ITOBHE

MOKPUTTSI TIOBEPXHI IICOJITOBUX TPaHyd TOJAMH KpHUCTam3alii 3 MPUCYTHICTIO

JOKAJIbHUX 0ararouyucenbHUX CHiKaHb (EPUTHUX LEHTPIB, XIMIYHUHM CKIIa] SIKUX
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BU3HAUaBCA B  pE3yJbTaTl  MIKPOPEHTI€HOCHEKTPAIbHOTO  aHalizy  3JlaMiB

Mo udikoBaHoro 1eoity (puc. 4.5, 4.6, 4.7).

WD=16.2mm 20.00kV x50.0 Imm WD=162mm 20.00kV x500

Puc. 4.5. CEM-300paxkeHHs 3pa3ka moBepxHi MoaudikoBaHoro Fe;Os meomity

iCTIsT TEPMOOOPOOKH

‘WD=15.9mm 20.00kV  x50.0 1mm WD=15.9mm

Puc. 4.6. CEM-300pakeHHsI 3pa3ka MmoBepxHi MOAM(I1KOBAaHOTO MnFe,0, [[EOJTITY

micyst TepMOOOPOOKHU
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WD=16.1mm 20.00kV  x50.0 1mm WD=15.9mm

Puc. 4.7. CEM-300paxeHHsI 3pa3ka MOBEpXHI MOIM(hIKOBAHOTO ’MnFe;0, HEOTIITY

HiCIst TEPMOOOPOOKHU

B pe3ynbrari npoBeAeHHS MIKPOPEHTTEHOCIIEKTPAIbHOIO aHali3y 3j7aMy 3pa3ka
monupikoBanoro FesOs MokHa ckaszaTtu, 0 B 3JaMi MPHUCYTHI €JIEMEHTH
KIMHONITUJIONITY, @ TaKOX 3alli30 Ta CipKa, TOOTO Ti €JIEMEHTH XIMIYHHMX CIIOJIYK, IIO0
BXOJISITh B CKJIJl po3unHiB cynbdaty 3am3a (II) ta (III) nias orpuMaHHs MarHeTUTy Ha

noBepxHi 1eomiry (puc. 4.8).

Cnektp 5

EnemeHt Tun AiHil Bara,% Cirma Bara, % Atom, %
0 K-cepia 58.49 0.62 72.32
Si K-cepia 28.07 0.48 19.77
Al K-cepia 6.14 0.23 4.50
Fe K-cepia 3.21 0.28 1.14
K K-cepia 1.69 0.14 0.85
Ca K-cepia 1.39 0.15 0.69
S K-cepia 0.50 0.10 0.31
Mg K-cepia 0.51 0.12 0.42
Bcworo 100.00 100.00
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Puc. 4.8. PesympTatéi = MIKPOPEHTI€HOCIEKTPAILHOTO  aHAMI3y  3J1aMy

MoudikoBaHoro FezO4 rieomity miciist TepMooOpoOKU
Ax BumHo 3 puc. 4.9, B 3mami MoaudikoBaHOTO 1MnFezo4 HEOMITy TiCHs

TEPMOOOPOOKH TMPUCYTHI BCl XIMIYHI €JIEMEHTH CIOJYK JJii OTpUMaHHS (epury
MapraHilio 3 BAKOpUCTaHHIM cyibdaty 3aiisa (III) Ta cynbdaty mapraniro. Okpim TOTO,
CIIOCTEPITa€ThCS CITIBBITHOIICHHS MapraHito a0 3amza Mn:Fe = 1,99:4,13 = 0,48, mo

BinnoBigae 3ananomy Mn?*:Fef*=1:2 = 0,5.

Cnekrp 6

Enement Tun Ainxii Bara,% Cirma sara, % Atom, %
(0] K-cepin 52.56 0.92 60.90
Si K-cepia 26.68 0.64 20.21
Al K-cepin 4.77 0.31 3.76
Fe K-cepin 10.85 0.63 4.13
S K-cepin 5.13 0.46 1.99
Mg K-cepia 0.00 0.14 0.00
Bcworo 100.00 100.00

Puc. 4.9. Pesynbrati MiKpOpEHTT€HOCTIEKTPAIbHOTO aHaMi3y 37aMy MOAM(IKOBAHOTO

MnFe,0, IIEOJTITY TICIS TEPMOOOPOOKHU

Buxonsun 3 puc. 4.10, B 31mami moaudikoBaHOTO 2MnFeZO4 IEOJIITY TICHS

TEPMOOOPOOKH TaKOXk MPUCYTHI BC1 XIMIYHI €JIEMEHTH CIONYK JIJIsi OTpUMaHHS GepUTy
MapraHifo 3 BUKOPHUCTaHHSAM (depaTy Kaiito Ta cymnbdary maprani. OxpiM TOrO,
CIIOCTEPIra€eThCs CHIBBIAHOIICHHST Mapradiio 0 3amiza Mn:Fe = 0,81:1,26 = 0,64, o

IPAaKTHYHO BiANOBizac 3aganomy Mn?*:Fe®*=1:2 = 0,5.
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Cnekrtp 2

EnemeHt Twun niuii Bara,% Cirma sara, % Atom, %
0 K-cepia 48.47 1.43 64.03
Si K-cepia 35.30 1.12 26.56
Al K-cepin 5.83 0.46 4.57
K K-cepia 2.49 0.35 1.35
Fe K-cepia 3.32 0.62 1.26
Ca K-cepia 1.58 0.30 0.83
Mg K-cepia 2.11 0.52 0.81
S K-cepia 0.90 0.26 0.59
Becworo 100.00 100.00

Puc. 4.10. Pesynprath MIKpOPEHTTEHOCIIEKTPAIBHOTO  aHAI3y  3JaMy
MO (IKOBAHOTO 2MnFezO4 IIEOJIITY MICIs TEPMOOOPOOKHU

OTxe, TMPOBENCHUMH AOCHIIHKEHHSIMU MIKPOPEHTI€HOCTIEKTPAIIBHOTO aHali3y

MOBEpXHI Ta 37amy 3pas3kiB Oyno miaTBepmkeHo ¢akt momudikarii meomrty FesOa,
1Mn|:€204, ZMnF8204 IIEOJTITY Micis TepMOooOpoOKkH 3a Temmeparypu 450 °C Ha mpoTs3i

2 TOJI.

4.3. JocaigxenHss mnpouecy okucHeHHss CO 3 BHKOPHCTAHHAM
moaupikosanoro Fe;O4, 'MnFe20s4, 2MnFe;O4 meotity B skocTi KaTaaizaTopa

Hocnimxenns npouecy okucHeHHs: CO B ra3oBiii cyMmilli B HOPOKHbOMY pPEaKTOp1
MoKasayio, mo B ycboMy iHTepBasi Temmeparyp (50-450 °C) cTymiHb mepeTBOpeHHS
MOHOOKCHUY BYTJIEIIO 32 BIZICYTHOCTI KaTajizaropa gopiBHioBaia 0.

Btpara Macu karanmizatopiB mig 4ac TepMooOpoOku ckianana 8-10 %, mo He
NPOTHPIYXTE JaHUM MPO BMICT BOAM B 11e0iTi COKMpHHIIBKOTO poaoBuina [118-119].

3 HaBeeHUX Ha puc. 4.11 TemnepaTypHUX 3a1€KHOCTEN KOHBEPCIi MOHOOKCHULY
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Puc. 4.11. TemnepaTypHi 3aJIe)KHOCTI CTYyNE€HS IEPETBOPEHHS MOHOOKCHUY

Byriemnio 3 1 % - Boo MOYaTKOBOIO KOHIICHTPAIlI€I0 Ha KaTadizaTopax Ha I[e0JITOBOMY

Hocli: 1 - MapraHenb-(QEepUTHHUI KaTani3aTop 2MnFezO4; 2 - MapraHenb-(pepuTHHIA

KaTanizaTop 1I\/InFezO4; 3 - dbeputHuit karamizatop Fe30..

ByTJIELIO 3 KoHIeHTpanico 1 % (12500 mr/m®) Ha gociigkeHHX KaTamai3aTopax BHIHO,
o 100 %-Ba KOHBEpCis MOHOOKCHUIY BYTJICIIO HE IOCATAETHCS HABIThH 32 TEMIIEPaTypu

450 °C y pa3i BUKOPHCTaHHS OTpPUMaHUX KaTali3aTopiB. Y pas3l BUKOPUCTAHHS
. 2 :
Maprasenb-gpeputHoro katamizatopa “MnFe,O4 crymins meperBopennss CO ckiagae

97,25 % Ta BUSABISIETHCS HAWBHIIOI 3 3alpOIIOHOBAHMX KartaiizaTopiB. [Ipm 1mbomy

sanuiikosa konuentpauis CO B rasi carae 344 mr/m>. KoHBepcis MOHOOKCHY BYTJIEIIO
Ha Fe3O,4 Ta MnFe,0, Karajizaropax nopiBHIoe BiamoBimHo 88,40 % Ta 80,07 % 3

BHXiJJHUMH KOHIIEHTpALiIMA MOHOOKCHIy BYyIJelio Bimmosiguo 1450 Ta 2491 mr/m®

(puc. 4.12).
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Puc. 4.12. 3miHa KOHIIEHTpaIllii MOHOOKCUAY ByTJIEIIO 3 1 % - BOIO MOYaTKOBOIO
KOHIIEHTpPAIII€EI0 B 3aJIE)KHOCTI BIJI TEMIIEPATypy Ha KaTallizaTopax Ha I€O0JIITOBOMY

Hocli: 1 - MapraHenb-GepUTHHI KaTalai3aTop 2MnFegO4; 2 - Mapraseub-QpepuTHUIA

KaTani3aTrop 1MnFegO4; 3 - dheputHuit karamizatop Fe30..

[Ipu nopiBHAHHI AKTHBHOCTI KaTali3aTopis mpu kousepcii 1 % (12500 mr/m®) ta 2

% (25000 mr/mM®) MOHOOKCHAY BYIJIELIO CIIOCTEPIracThC BUCOKA €(PEKTHBHICTH
3aCTOCYBaHHS MapraHelb-(hepuTHOTO KaTaiizaTopa 2MnFegO4, 1o ckianae 98,62 % ta

3abe3neuye 3HemkomkeHHs CO 10 3anmmkoBoi KoHneHTpanii 345 mr/m® (puc. 4.13),

TOOTO MOXHA KOHCTAaTyBaTh CTallIbHY aKTHBHICTb TMIPU PI3HUX MOYATKOBUX

KOHLIEHTpalisx. B Bunajgky KoHBepcCii MOHOOKCH]y BYTJIEI[O Ha MnFe,0, KaTanizaTopi
TaKOX BIIMIY€HA MPAKTUYHO TOCTiiiHA cTymiHb nepetBopeHHs CO — 79,30 %, mio
BiIMoBiAae 3anuikoBii koHreHnTpaili CO B kiabkocTi 5175 mr/me. B BUMAAKY KOHBEpCIi
MoHOOKcuay Byriemto Ha Fe3O, kartamizatopi 3adikcoBaHO 3HMIKEHHS AaKTHBHOCTI
KaTaiizaropa npu 30uIbieHHI KoHueHTpaiii CO B aBa pa3u. BinnmoBigHO CTymiHb

KoHBepcii ckiagae 72,48 % 3 BUXIHOIO KOHIIEHTPAIIEI0D MOHOOKCHUIY ByTieno 6880
mr/m3 (puc. 4.14).
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Puc. 4.13. TemmepaTypHi 3aJ€XHOCTI CTYINEHS MEPETBOPEHHS MOHOOKCHIY

ByTJICITI0 3 2 % - BOO MMOYAaTKOBOIO KOHIICHTPAIIIEI0 HA KaTalli3aTopax Ha IIEOJITOBOMY

Hocli: 1 - MapraHenb-GpepUTHHI KaTalai3aTop 2MnFegO4; 2 - Mapraseinb-QpepUTHHHA

KaTani3aTrop 1MnFegO4; 3 - dheputHuit karamizatop Fe30..
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Puc. 4.14. 3miHa KOHLIEHTpAa1lil MOHOOKCHAY ByrJewo 3 2 % - BOIO MOYaTKOBOIO

KOHIICHTpPAII€I0 B 3aJIEKHOCTI BiJ TEMIEpaTypHu Ha KaTaji3aTopax Ha IICOJITOBOMY

Hocli: 1 - MapraHenb-pepUTHHI KaTami3aTop zMnFeZO4; 2 - Mapraseub-QpepUTHHIA

KaTaii3aTrop 1MnFeZO4; 3 - dheputHuii karamizatop Fe30..
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3amkeHHs epeKkTUBHOCTI MarHeTUTY Fe30, ik HaliO11bI1I aKTUBHOTO OKCHTY 371132
MOHa OOTPYHTYBaTH THUM, IO y (PEpHTI 3a1i30 MPUCYTHE TUIBKH Y JIBOX BaJICHTHHX
craHax (+2 1 +3). AHajoOriyHo, MapraHellb B OKCHUJAaX ICHYE Yy BUIJISIl PSay
cTeXioMeTpu9IHUX 1 HecTexiomeTpuuHux pa3z (MnO, Mny03, Mn304, MNsOg 1 MnO»), y
SKMX BaJCHTHICTh MapraHio 3MiHIOeThes 3 +2 1o +4 [119]. o Toro x 3a JaHUMHU
nyOuikarii [120], y psay OKCHIIB MapraHIl0 KaTaJliTHYHO-OKHCIIIOBAJIbHA aKTHBHICTh
3pocTae 31 30UIBIIEHHSAM BaJICHTHOCTI Maprasipo. J[o Toro K, OKCHIW MapraHIio €
CTPYKTYPHO THYYKHMH 1 MOXKYTb MEPEXOAUTH 3 OAHI€T (hOpMU B 1HIINY NMPU HArpiBaHHI
[121], oo miaTBEpIKYE CTaOLIBHY aKTHBHICTh MapraHelb-PEPUTHUX KaTai3aTOPIB MPU
pi3HUX TeMIiepaTypax 1 koHieHTpaiisx CO, 1o He XapaKTepHO JIJIsi MAarHETUTY.

[Ipote moOpiBHSHO 3 paHille MPOBEACHUMHU HaMHU JOochipkeHHs MU [122], ne
e(heKTUBHICTh MarHETUTY, OTPUMAHOTO 3 cynbdary 3am3za (II) Ta xmopuay 3aniza (II),
npu okucinenHi CO cknamana 48,5 %, B BUIAAKYy OTPUMAHHS MAarHeTUTy 3
3aJ1130CyNb(aTBMICHUX PO3YHHIB CIIOCTEPITAETHCS TOCUThH BHCOKA akTHBHICTh Fe3O4 Ha
piBHi 72,48-88,40 %. OcHoBHa mnpuyuHa Takoro (akTy BOAYA€TbCS B TO3UTHUBHIN
rigparaitii cynbdar-ioHy Ha BiIMIHY BiJ] HETQTUBHOI TiJlpaTallii XJOpUI-aHIOHY, IO
MOJIETIIYE T1paTalliio KaTIOHIB 1 3a0e31euye OTPUMAHHS MarHeTUTy OUIbII JOCKOHAJIOT,
BIIOPSAAKOBAHOT cTpyKTYypH [123].

OTpuMaHuMHU pe3yJbTaTaMU IHIIUX AaBTOPIB IMIOAO KOJOIAHO-XIMIYHOTO
MexaHi3My GopmyBaHHs HepyM-OKCUTEHBMICHHX CITOJIYK B BOJHUX cucTeMax [124] Gymo
JIOBEICHO, 110 YTBOPEHHS MarHeTuTy B po3umHax cyibdary 3amiza(ll) ta (III) mpu
perymoBanHi pH 3a gonmomororo NaOH ta HCI BinOyBaeTbes nuisixom ¢GopmyBaHHS
npoMikHOT cronyku - rigpokcucynbdaraoro Fe(Il)-Fe(lll) mapysaroro moaBiiHOTO

rigpokcuay dpepymy Fe(Il)sFe(111)2(OH)12S04-8H,0:

AFe? + 2Fe® + 120H" + SO42 — Fe(l1)sFe(111),(OH)12S04. [124] (4.1)

B nonanbmomy BiOyBaeThCsl peakilis OKMCHEHHS IIApyBaTOro IMOJBIMHOIO
riipokcuay pepymy 3 yTBOpEeHHHsM Timpokcua-okcuay 3amiza (III) jemimokpokity vy-

FeOOH a6o retury a-FeOOH:
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2Fe(1D4Fe(111)2(0H) 1,504+ 1,50, — 10FeOOH + 2FeSO, + 7H,0, [124] (4.2)
Fe(I1)sFe(111)2(OH)12S04-8H,0 + O; — 6y-FeOOH + SO, + 2H* + 10H,0, [124]  (4.3)
Fe(11)sFe(111)2(OH)12504:8H,0 + O, — 6a-FEOOH + SO4% + 2H" + 10H,0. [124] (4.4)

3rigHO JOCHiIKeHb MpolieciB popMyBaHHS (PEpUTIB B cUCTEMaXx T1IPOKCUIIB Ta
T1IPOKCUI-OKCUIIB 3alli3a MPOXO/KCHHsI MPOLeCy YTBOPEHHS MAarHETHTY Haaai
B1IOYBa€ThCS 3a PaxyHOK B3a€MOJIi OUIbII OCHOBHOI'O TIAPOKCHAY 3aji3a 3 OUIbII

KUCJIOTHUM T1IPOKCUA-OKCUIOM 32 PEaKI[ISIMU:

Fe(OH), + 2FcOOH —> FeFe;04 + 2H,0, [124] (4.5)
Fe?* + 20H" +2FeOOH — FeFe,0, + 2H,0, [124] (4.6)
FE(' |)4Fe(| | |)2(OH)12804 + 0,50, — 2Fe304 + H,SO4 + 5H,0, [124] (47)

Fe(11)4Fe(111)2(OH)12S04-8H,0 + 0,50, — 2Fes04+ SO + 2H" + 13H,0. [124]  (4.8)

OTxe, BpaxOBYIOUHM BUIIE3a3HAYECHE, MOKHA I[IJIKOM BIPOT1IHO 3pOOUTH BUCHOBOK
npo OUTbII BHIOPSAKOBAHWNA CTaH KPUCTAIIYHOI CTPYKTYpH OOEPHEHOI IIIiHeNl
MarHeTUTy, yTBOPEHOTO TUIbKH 3 CYJIb(aTBMICHUX PO34YUHIB. [{e 00yMOBIIO€ HASIBHICTh
3HAYHO OUIBIIOI KITFKOCTI aKTUBHMX IIEHTPIB HA MOBEPXHI KaTalli3aTopa, 1o MPUiMaroTh
y4acTh B OKMCHEHHI MOHOOKCH]TY BYTJICI[IO Ta MOKPaIyoTh KoHBepcito CO.

Bun aHioHIB B MOYAaTKOBUX PO3YMHAX BIUIMBAE 1 Ha MAarHiTHy CHPUUHSATHICTH
YaCTMHOK MarHeTuTy. BijomMo, 110 Mpu OTpUMaHHI MarHeTUTy 3 Cylb(aT-XJIOPUIHUX
PO3YMHIB Ta XJIOPUJI-XJIOPUIHUX PO3UYMHIB BUIIOK HAMATHIUYEHICTIO XapaKTEPU3YEThHCS
HAHOMArHETHT, OTPMMAaHUN B MPHCYTHOCTI cyibdar-anioHiB [125]. Tlpu ocamkeHHi
MarHeTUTy 3 XJIOPUAHUX PO3YMHIB MarHiTHA CIIPUHHATHICTH B 1,6 pa3u Hmx4a mipu 40
°C, HIXK NPU BUKOPUCTAHH1 CYJIb(PaTHO-XJTOPUIHUX.

OTxe, HAIIMMU TOCIIKEHHSIMH JJOBEIEHO OTPUMaHHS KpallliX eKCILTyaTaliiHuX

XapaKTCPUCTUK Ta BHILY KaTaJ'IiTI/ILIHy AKTHUBHICTD Marie€TuTry, OTPHUMAHOIO 3
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Cyib(haTBMICHUX PO3UMHIB, B MOPIBHSHHI MarHETUTOM BOJHOI KOHJEHcalli 3 cynbdar-

XJIOPUJIBMICHUX PO3YHHIB.

4.4 Moaeab peakTopa ieJJbHOT0 BUTICHEHHS 3 HEPYXOMMM IIAPOM KaTaJjizaTropa

[Tpu oTpumaHHI MOEIi peaKkTopa iJeIbHOTO BUTICHEHHS 3 HEPYXOMHUM IIapoM
KaTajizaropa JJisg po3paxyHKy aepOoJWHaAMIYHHMX IapaMeTpiB Teuii JJIs KaTaJliTHYHOTO
okucHeHHs: CO BHKOPHUCTOBYBaJIaCh TEXHOJIOTIYHA CXeMa, MpecTaBieHa Ha puc. 4.15.

TenmooOMIHHUK 2 B CXeMi YMOBHO BBEJICHHMH [JI1 HarpiBy raszy J0 HEOOXiJIHOi

TEeMIIepaTypHu.

Puc. 4.15. TexHonoriyHa cxeMa KaTaJiTHYHOTO OKUCHEHHS

Oo6nannanus: 1 — KIHETUYHUI peakTop; 2 — TEIIO0OMIHHUK

[Ipomecu: I — cknan razy mpu HOPMAJIBHUX yMOBax JI0 MOJayl B KIHETUYHUI
peaktop; Il — ckmag razy micias kartamizatopa; III — ckmag rasy Ha Buxoml 3

TerI000MiHHKKA ipu TemiiepaTtypi 350 °C
Bigomo, 1m0 peakiisi OKMCHEHHS MOHOOKCHUIY BYTJCII0 € EK30TEPMIYHOI0
(AH®298 = -282,6 xI>x/mMo11b) 1 € mpakTH4IHO He3BOpoTHO!O A0 1500 K (AG°298 = -256,7

kJ>x/mMonb; AS°298 = -86,5 Ix/(monb-K):

CO +1/2 0, = CO,. (4.9)
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Peaktopu 3 HEpyXOMHM IIapOM KaTajizaTopa CKIaJaroThes 3 ABOX (a3 - TBepAUX
YAaCTHHOK KaTajizaropa Ta MPOMDKKIB MK HUMH. Y IHUX HOPOMDKKAX PyXa€eThCs
peakiiiiiHa cyMilll, 110 MOKe OyTH y BUTJISIAI ra3y abo piiMHU. Y peakTopl BiIOYBAIOTHCS
XIMIYHI TIEpETBOPEHHS HA MOBEPXHI KaTamizaTopa, a TakoXX (Pi3WdHI MpOIECcH, Taki K
MEPEHECEHHSI pearyounx peyoBUH 1 MPOJYKTIB peakilii B Imiapi, nepegada Teruia, pyx
MOTOKY ra3y TOMIO.

MikpoenemMeHTOM Iapy Karajizatopa € 00'eM, KUl 3aliMae MPHOIU3HO OJIHE
3epHO Kartaiizaropa. Taka exemMeHTapHa KOMipKa 6araropazoBo MOBTOPIOETHCA B IIApI, 1
XapakTep MPOILIECIB, 110 BiAOYBAIOTHCS B 111 KOMIPIIl, 0araTo B YOMy BU3HAUYA€ XapaKTep
mpoleciB y mapi. Ko po3mipu eIeMeHTapHOro ocepeaKy 0araTo MEHII 3a Po3MipH
niapy, TO €JeMEHTapH1 MpolLecH, U0 BiAOYBalOTbCA B HbOMY, MOXHa YCEPEAHUTH 1
KOPHCTYBATHUCS yCEPEAHCHUMHU BETMYMHAMH JIJIsI KOKHOTO eleMeHTa mapy. [lpu npomy
GbaykTyalii 3HaueHb KOedil1€HTIB MIBUAKOCTEHN MEPEHECEHHS 10 BUCOTI Ta pajilycCy mapy
BIJIHOCHO iXHIX YCEpPEIHEHMX 3HAau€Hb, SKI 3aJeKaTh Bl (ISUYHUX BIACTUBOCTEU
CEpEelIOBUIIA, MOXKYTh OYTH HEBETUKUMH, HUIMU MO>KHA HEXTYBATH 1 KOe(DIIIEHTH MOKHA
BBAXKATHU MOCTIMHUMU. Y MOBHIM MaTeMaTUYHINA MOJIENl PeaKkTopa 3 HEPYyXOMUM IIapOM
KaTaji3aTopa BpaXOBYIOThCA XIMIYHI MPOIECH Ta MPOLECH MEPEHECEHHs] MacH U Tera,
110 3'SBJISIIOTHCS BHACIIIOK BUHUKHEHHS TPal€HTIB KOHIICHTpALIIH 1 TeMIepaTyp:

1) KOHBEKTUBHE MEPEHECEHHS TEIJIa 1 KOMIOHEHTIB;

2) peakuiiHoi cymimii;

3) mporecu TEPEeHECCHHS PEYOBHHHU 1 TeIla BCEPEAUHI IMOPUCTOI YACTHHKH
KaTaii3aropa;

4) amcopOIlif0 peareHTIB 1 XIMIYHE MEPETBOPEHHS Ha BHYTPINIHIA TOBEPXHI
KarajizaTopa, 1ecopOIliro IPOayKTiB y ra3oBy (dasy;

5) Maco- 1 TemI000MIH M) MOTOKOM Tra3y 1 30BHIIIHBOIO MOBEPXHEIO YaCTUHOK
KaraizaTopa;

6) mpoliec MEepEeHEeCeHHs B MO3/I0BKHBOMY 1 pajllalbHOMY HaNpsMKY (Tersia mo
TBEpJUX YACTUHKAX, TEIUIA 1 PEYOBUHU MO ra3oBii (asi);

7) BiIBeICHHS TEILJIa Yepe3 CTIHKY (B1J MOTOKY 1 3€PEH KaTaii3aTopa).
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Jlnsg GaraThbOX CepeIHbOEK30TEPMIUHUX MPOLECIB Maco- 1 TEIIOOOMIH MIiX
ra30BUMM MOTOKOM Ta 30BHIIIHBOIO TOBEPXHEIO 3€PEH KaTai3aTopa JI0CUTh IHTEHCUBHUMH,
TeMreparypa 1 KOHIIEHTpallli Ha 30BHIIIHINA MOBEPXHI 3epHa KarajizaTopa JOPIBHIOIOThH
TEMIEPaTypi 1 KOHIIEHTPAI[ISIM Y TIOTOI. Y I[bOMY BHUMIAJAKY JJIS OMHUCY KaTaIITUIHOTO
MPOILIECY B PEAKTOPi JOCTATHHO BUKOPUCTOBYBATH KBa3IrOMOTE€HHY OJJTHO(GA3HY MOJEIIb.

MexaHi3M MO3A0BXKHBOTO 1 PajiajibHOTO MEPEHECEHHsS MacHu Ta Telia B Imapi
Karajgi3aTopa, a TaKOoXX MEXaHi3M IEepPEHECeHHs Macu 1 Temjia BCEepeAHHI TpaHylId
ONMKCYEThCA B paMKax Judy31iMHOI MOJeNi 3 BUKOPUCTAHHSM OCHOBHUX 3aKOHIB
MOJIEKYJISIPHOTO TMEPEHECEHHS B HEPYXOMOMY ra30BOMY CEpeAOBUII - 3aKOHIB Dika i
®dyp'e 3 epekTUBHUMU KoedirieHTaMu AUQy3ii 1 TEMIONPOBITHOCTI.

Karanituunuii npouec y peakTopi Moxe OyTH pO3IIISIHYTHH 3a TaKUX MPUIYLICHb:

® T103/I0BXHE NIEPEHECEHHS MacH 1 TeIla He YUHUTH ICTOTHOT'O BIUIMBY Ha IPaJII€EHTH

KOHIIEHTpAIli{ 1 TeMIepaTyp Mo BUCOTI IIapy;

e koedimieHTH AUQY31i Ta TEIIOMNPOBIAHOCTI 3MIHIOIOTHCS HE3HAYHO 3a PA/IlyCoOM
n1apy,
® IIBUJKICTh T'A30BOT0 MOTOKY 1 TEIJIOEMHICTh TA30BOT0 CEPEIOBUINA MOCTIMHA O

BHCOTI Ta TIEpepi3y peakTopa.

MaremaTtuyHa MOJIENIb PeakTopa B IIbOMY BHUMAJIKy Ma€ TaKHI BUTJISII.

PiBHSIHHS JU1s1 KOHIEHTPALIM KIIOYOBUX PEUOBHH:

Dr 9 ( 9% 0, 1 W, =0,i=1,N, 4.10
rc’)r(ra_r> ugr ‘E)z”u L= 1N (4.10)

PiBHSIHHSA 1O TEemMMepartypi:

A8 0 oT oT
(r 5) — UCpPg 57 — (1-¢) Z wW;=0 (4.11)

['pannuHi yMOBH:

r or

oT x;
r=0=—==—=90
or or

r=R2 =2 =a, (T, —T),Df = =0 (4.12)

[=0:T = Tl-x,xi = x-in

2

ne Dy — ebextuBHuit KoedimieHT qudy3ii Mo paaiycy Tpyoxu;
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U — JiHiiiHA BUIKICTH HA TIOBHUN PO3pi3 TPYOKH;

€ — MOPUCTICTH CJIOIO;

M; — monexysipHa Bara pe4OBHHH;

Wij— CTEeX1IOMETPUYHUN KOE(PIIEHT PEUOBUHU PIIMHU B PEaAKIIIi;

pg — T'yCTHHA T'a30BOi CyMIIII;

N, — gucio peaxiiiif;

Nk — 4HCIIO KIIFOUOBUX PEUOBUH;

W, — cnoctepexyBaHa MIBUIKICTh YTBOPEHHSI (BUTpayaHHs) pEUOBUHHU, BiIHECEHA
710 OMHUII 00'eMy 3epHa (3 ypaxyBaHHSIM AU(Y31HHOTO raJlbMyBaHHS peaKilii);

Xi, Xi" — KOHIICHTpAIlisi PEYOBUHU B IIapi Ta HA BXO/1 B 1Iap;

M° — ebexTuBHUN KOE(DIIIEHT TETUIOMPOBIIHOCTI MO pajAlycy TPyOKu;

Cp — TEIJIOEMHICTB Ta30BOIN CyMIIIi;

Qj — TerutoBuit eekT j-i peaxiii;

T, Tw, Tin — Temmeparypa Iapy KaTajii3aTopa, XOJIOJOareHTa Ta BHUXIJHOT
peaKkIiHOI CyMiIll BiIIOBIIHO;

Olw — KO(IIIIEHT TETUIO0OOMIHY 3 XOJIOAUIBHUKOM;

| — KoopaKHATA 11O TOBXKKHI TPYOKH;

I — KOOpAWHATA IO pajilycy TPyOKHu;

R — paniyc TpyOkwu.

Y piBHsgHHI MarepiansHOoTO Oanancy (4.10) mepummit uneH XapakTepusye
nudy3iiiHe MepeHeceHHsd 1-i pEeYOoBHMHM MO pailycy Iiapy, APYTUd - MEepEeHECEHHs
PEYOBHHHM 3 TIOTOKOM, TPETId - MIBHUIKICTh XIMIYHOTO TIEPETBOPEHHS Ha 3€pHI
KaTaizaropa (3 ypaxyBaHHSIM BHYTPIITHBOAU(Y31HHOTO TaabMyBaHHs ). PiBasHHs (4.11)
- piBHSIHHA TeruioBoro OanaHcy. [lepuinii uieH y 1boMy piBHSHHI ONMKCYE NMEPEHECEHHS
TeIjia Mo pajiycy mapy B paMmkax Audy3iifHOI Moneni, Ipyruil - MepeHeCceHHs Teria
MOTOKOM, TPETiH - TEMIOBU/IIJIEHHS, a00 TEIIONOTJIMHAHHS, 1110 CYITPOBOJIKYE XIMIUHE
MIEPETBOPCHHS HA MMOBEPXHI KaTajizaropa.

Y MareMaTuyHii MOJI€NIl BUKOPUCTOBYETHCS CIIOCTEPEkKYBaHa KIHETHKA:

Wj=n Wy, (4.13)
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JI€ M| - CTYIiHb BUKOPUCTAHHS BHYTPIIIHBOI MOBEPXHI KaTali3aTopa;

Wj” - uBMaKicTs yTBOpEHHS (BUTpaYaHHs) i-1 PEYOBMHM B KIHETUYHIN 001aCTi.

Ha nmpakTuiii 115 mapiB 13 TpaHyiaMu KaTaai3aTopa HeBEJIMKOTO PO3MIPY peakIlis
NpOTiKa€e B KIHETUYHIHM 001acTi, 1 MokHa nipuitHaTu 1 = 1. /{1 ymM0B, 3a SIKUX TPUCYTHE
BHYTPIIIHBbO U (PY3iliHEe TalbMyBaHHS B TpaHyJIi KaTadi3atopa, 1| OLIHIOITh Ha OCHOBI
JaHUX TPO aKTUBHICTH KaTajizaTropa, po3Mip rpaHys 1 (pi3udHi BIACTUBOCTI peakiiHOl
CYMIIII Ta YCePETHIOIOTh MO BUCOTI IIapy.

Marematuuynuii onuc (4.10-4.12) nae 3Mory OTpuMaTh OCHOBHI 3aKOHOMIpPHOCTI
MPOTIKAHHS KaTAJITUIHOTO MPOIECY B PEAKTOPI 3 HEPYXOMHUM IIIAPOM, BUBYUTH BILIHUB
TAPOAMHAMIYHUX YMOB 1 pOOOYMX MapaMeTpiB Ha TMOJIs KOHIIEHTpALll Ta TeMIIepaTyp y
peakTopi, BHU3HAUUTH OCHOBHI XapaKTEPUCTUKU TIPOLIECY, ONTHUMAJbHI PO3MIPU
peakTopa, poOo4l yMOBH ISl 33J1aHO1 POAYKTUBHOCTI TOILIO.

Peaktop imeanbHOr0 BUTICHEHHS SBJIsi€ COOOKO JOBIMM KaHajl, 4depe3 SIKUl
peaxiiifHa CyMIlll PyXaeThCs B TOpITHEBOMY pexumi (puc. 4.16). Koken emeMeHT
MOTOKY, YMOBHO BUJIIJICHUH JIBOMa IUIONIMHAMU, TIEPIICHIUKYISSPHUMU JI0 BICI KaHAIy,
pYyXaeTbcs Yepe3 HbOTO SIK TBEPAUN NOPIIEHb, BUTICHAIOUYH MTONEPEIH] €JIEMEHTH IOTOKY

1 HE MEePEMIIIYIOYUCH HI 3 MONEPEAHIMU Hl 3 HACTYITHUMH 332 HUM €JI€MEHTaMHU.

CAO
— P

v

C,
® —>

OO

YV

b4 Z+dz
—— ! L -

Puc. 4.16. Peaktop iaeanbHOTO BUTICHEHHS

[Tin wac mpoBeAeHHS XIMIYHOI peakilii, B sSKiii OepyTh ydacTh /iBa abo OijbIie
peareHTiB, IEpEMIIIyBaHHS YYaCHUKIB peakIlli € HeoOX1THO YMOBOIO i1 3/1IMCHEHHS. Y

peaxTopi 17iealIbHOTO BUTICHEHHS MEPEMIITYBaHHS € JIOKAJIbHUM: BOHO B1IOYBa€ThCS B
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KOKHOMY €JIEMEHTI MOTOKY, a MDK CYCIAHIMH IO BICI peakTopa eJeMEHTaMu
nepeMillyBaHHs HEMAE.

Jl1st peakTopa 11€alIbHOTO BUTICHEHHS! IPUMMAIOTh TaKi TOMYIIEHHS:

1) mOTIK, IO PyXa€ThCA, MA€ ITOCKUI MPOQLIb THIHHUX IIBUAKOCTEH;

2) BiJICyTHE 00yMOBJICHE OyAb-IKMMHU NMPUYUHAMH TEPEMIIIYyBaHHS B HAIMPIMKY
BiC1 MTOTOKY;

3) y KOXXHOMY OKPEMO B3SITOMY Iepepi3i, MEepHeHANKYIIPHOMY BICi MOTOKY,
rapaMeTpu MpoIecy MOBHICTIO BUPIBHSHI.

VY peanbHOMY peakTopi MOXKHA HAOJU3UTHUCS 10 PEKUMY 1/1€alIbHOTO BUTICHEHHS,
AKIIO PEAKIIAHUNA TOTIK TYpOYJEHTHHH 1 TpH 1bOMY JOBXKHHA KaHalTy ICTOTHO
NEPEBUILLY€E HOTO MONEPEUYHUIN pO3MIp.

BianoBiiHO 110 NPUHHATUX JONYILIEHb, 3arajibHe PIBHAHHS MaTeplalbHOro
OaaHcy Mg €JeMEHTapHOTrO 00'eMy MPOTOYHOIO peaKkTopa MOXKHAa CHPOCTUTH. Sk
eJEMEHTapHU 00'eM y LbOMY pa3i MOXHa po3risanatu 00'eM, OoOMeXeHU JBOMA
napajieIbHUMU TUIOIMHAMHY, SKI pO3TaIlloBaHl OJIHA BiJl OJIHOI HA HECKIHUCHHO Majii
BiZicTaHl (Z 1 mepneHAUKYJIApHI 70 OCi KaHaiay Z. Y I[bOMY eJIeMEHTapHOMY 00'emi
BIJIMOBITHO /10 TPETHOTO JOMYIICHHS:

aci i 45

m Vi =0 (4.14)

TakuMm YMHOM, KOHBEKTHBHE MIEPEHECEHHS B1I0YBAETHCS TUIBKU B HAMIPSIMKY OC1 Z.
BianoBiiHO [0 APYroro i1 TpeTbOro MpUNyILIEeHb AU(y3iifHE MEPEHECEHHS B peaKkTopl
171eaTbHOTO BUTICHEHHS BIICYTHE. TakuM YMHOM, PIBHSIHHS MaTepiaJIbHOTO OanaHCy JJst

peakTopa 1/1ealbHOTO BUTICHEHHSI B HECTAI[IOHAPHOMY PEXUMI POOOTH MaTUME BUTJIS/;

ac; ac;
—W, - E —n = E (415)
[Tpu cramionapHomy pexumMi poOOTH peakTopa:
ac;
Wy 1= 0. (4.16)

Y peaktopi 3 TOCTIMHOIO TIJIOMICIO TIOMEPEYHOTO TMepepidy KaHally JiHiiHA
IIBUJIKICTh TIOTOKY ®; Oy/€ BEJIWYHWHOI TMOCTIHHOI, IO JOPIBHIOE BIJHOIICHHIO

00'eMHO1 BUTpaTH v A0 1ol epepi3y F (o, = v/F). Toxni, 3 ypaxyBaHHsIM TOTO, II10:
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Z %4
F-==-=1, (4.17)
v v
OCTaHHE PIBHSHHS MOXKHA TIOJIaTH y BUTJISIL:

_% —7, =0, (4.18)

Horo MoxHa MpOIHTErpyBaTH BIAHOCHO T.

F=— JCiﬂ_ (4.19)
Cio U Ci
Skio i - BUXITHUMA peareHr,
T=Cy j X (4.20)
0 - Xi

OcTaHHs pIBHICTh Ja€ 3MOTY pO3paxyBaTW dYac KOHTAaKTy pEarcHTiB 3
KaTaJ13aTOPOM 3 ypaxyBaHHSAM TOrO, IO KIHETHKA MPOLECY OMUCYETbCS PIBHIHHAM
nepiroro nopsaky 3a CO:

r = kyCcp. (4.21)

Yac KOHTAKTY T pO3paXOBYETHCS 3a PIBHIHHAM:

1, G 1, 1
e

(4.22)

BukopucToByroun MoIeh peakTopa i1IeaTbHOTO BUTICHEHHS 3 HEPYXOMUM IIAPOM
KaranizaTopa, OyJ0 pPO3paxoBaHO MapamMeTpH Tedii Ta30BOI CyMIllll 4epe3 peakTop,
3aBaHTaXEHUI (EpUTHUM KaTali3aTOpOM Ha IEOJITOBOMY HOCIi, Yy Ipoleci
KaTamiTu4Horo okucHenHs: CO.

3rigHo MPOBEACHUX paHille AOCTiKeHb [116], I 0YMCTKM TUMOBHX Ta3iB Bif
MOHOOKCHY ByIJelto 3 koHuenTpanicro 1620 mr/m® (0,13 %) GaratokaMepHuX nedeit
BunamoBaHHs Pigramepa enektpoanux 3arotoBok Ha [IpAT «Ykpaincekuii rpadit»
OyJ10 3ampONOHOBAHO PO3MIIIEHHSI KOHTEHHEPIB 3 KaTali3aTOpOM y BOTHEBUX KaHajax
kamep npu Temnepatypax 300-400 °C (puc. 4.17).

BukopuctoBytoun peanbHi pO3MIpH, IS HaBSIMIHOCTI Oyrno ctBopeHo 3D —
MOJieJib OararokamMepHoi nevi Bunaity Tuny Piaramepa 3 KOHCTPYKIIIHHI OCOOIMBOCTSIMU
pO3TalIyBaHHS KaTATITHYHUX PEaKTOPIB y BOTHEBUX KaHamax neyi Piqramepa (puc. 4.18,

4.19).
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[Tpu 3actocyBanHi y peaktopax Fe3O, kaTtamizaTopa, OTpUMaHOTO 3 CyJIb(paTHUX
po3uuHiB, npu 400 °C 3 edextuBHicTh 82,11 % Oyae A0CATHYTO KiHIIEBOI KOHIIEHTpAIlii
290 mr/mM® CO, mo memo BHIE HOPMATUBY HA BHUKMAM MOHOOKCHIY BYIJIELIO 3
JMMOBHMMH Tra3aMH B KibkocTi 250 mr/m® [126].

B Bunanky BukopuctaHHsi Mapraselb-(hepuTHUX KatanizaTopiB Oyze 3a0e3ne4eHo

ounmienHs aumoBux rasis Bim CO npu 400 °C mo pisas 45 mr/m® Ta 323 mr/mM® mpu
3aCTOCYBaHHI BiJIIOBITHO 2MnFeZO4 (ctyminb KoHBepcii 97,25 %) i MnFe,0, (cTymiHb
kouBepcii 80,07 %).

TakuM yuHOM, IPOBEACHUMHU TPYHTOBHUMU TOCIiKeHHAMU KoHBepcii CO Oyio
BHU3HAUEHO, IO 3aCTOCYBAHHS MapraHelb-(pepuTHOro Karajgizaropa, OTPUMAaHOIo 3
cyns(haTy Maprasifo Ta ¢pepary Kajiio, rapaHTy€e JOTPUMaHHS BUMOT I[0JI0 HOPMATHBY
Ha BUKHIM MOHOOKCHUIY BYIJICHIO 3 JMMOBUMH ra3amMHM Ta 3a0e3ledye YCIIIIHE

BUPIIIEHHS MPOOJIEMU eMiCli TOKCHYHUX Ta3iB B TEXHOJOTT BUPOOHUIITBA €JIEKTPOIIB

(puc. 4.20).

Puc.4.17. Cxema pyxy rasiB KaMepH Iedi BUMATIOBAHHS:

1 — rapsyi AMMOBI Ta3M MiJ CKIEMIHHAM, 2 — [10/1aya ra30no/1i0HOro najanuBa
(mpupomHOTO Ta3y), 3 — TOpiHHS, 4 — rapsdi IMMOBI ra3u y My(elbHUX KaHalax, S5, 7 —

Harpite MoBiTPs 1 AUMOBI T'a3H, BIAMOBIIHO, 6 — pyX JUMOBHX T'a3iB MiJ MOJAUHOIO
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Puc. 4.18. 3D —monens 6araTokaMepHoi miedi Bunany Tumy Pigramepa

Puc. 4.19. KonctpykuiiiHi 0cOOJIMBOCTI PO3TAllyBAHHS KaTATITUYHUX PEAKTOPIB Yy
BOTHEBMX KaHajax reui Pigramepa



147

Puc. 4.20. 3oBHimHI# BUTISAT TPUPOIHOTO 11€01Ty COKMPHHUIILKOTO POJIOBHIIA,
mouikosanoro 2MnFe,04

B npanuwii yac oTtpumanHs (epary Kaimiro oOMexeHe B YKpaiHi, TOX HOro
BUKOPHUCTaHHS OyJie MaJIOJOCTYIHE JJIsl OTPUMaHHs BUCOKOS(EKTUBHOIO KaTalli3aTopa.
[IpoTe 3 BpaxyBaHHSM JOCTYIHOCTI 1I€0JIITOBOI CHPOBUHU JJIs1 HOCIS Ta BIIIPAIlbOBAHUX
3QJII30BMICHUX TPaBWJIBHUX PO3YMHIB [/] 11 KaTadiTUYHO aKTUBHOTO KOMITOHEHTA
Katamizaropa okucHeHHs1 CO, IHEpTHOCTI Ta CTIMKOCTI MarHETUTY Ta (epUTy MapraHIlo
B JIOBKUIJII BUKOPUCTAaHHS BKa3aHUX KaTali3aTOpPIB Ha I[€OJITOBOMY HOCI J103BOJUTH
KOMITJIEKCHO BUPIIIYBATH CKJIAJHY €KOJIOTIYHY MPOoOJeMy 3HEIIKOIKEHHS CTIYHUX BOJT

Ta TOKCUYHUX ra3iB METATYPridiHOIO BUPOOHUIITBA.

4.5 BukopucTtanast MOAU(pIKOBaHOTO GepuTAMHU KEPAMOBOJIOKHA VISl OYUIIIEHHS

JUMOBHX ra3iB neueii rpaityBaHHsl eJIEKTPOAiB

["azomoAiOH1 BHKHUJINA IMPOMHCIIOBHX ITANPHEMCTB BHACTIIOK 3AIHCHCHHS HUMH
rOCMOJIapChKOT NISUTBHOCTI HECITPUSATINBO BIIMBAIOTH HA €KOJIOT1YHY CUTYAIll0, 1 HaBITh
MOTIPIITYIOTh CaHITApHO-TITIEHIYHI yMOBH mpaili nepcoHany [127-130]. IlpoBenenus
XIMIYHUX peaKIiil y pI3HMX E€HEePreTUYHUX YCTAHOBKaX, SIK MPABHUIIO, MPU3BOASTH J10
YTBOPEHHS Ta3iB, 10 MICTATh Pi3HI TOKCUYHI AOMIIIKH, Y TOMY YHCII — MOHOOKCHUIY
BYTJICIIO, 3HEIIKO/PKCHHS SIKOTO € BAXJIMBUM €KOJOTIYHUM 3aBaaHHsIM. OmHUM 3
e(DeKTUBHUX HAMNpPSIMKIB B 00JIACTI OYMIIEHHS MPOMMCIOBUX Ta30BUX BHUKHIIB BIJl

TOKCUYHOTO MOHOOKCHUJIy BYTJICII0 € 3aCTOCYBaHHS KaTaJIITUYHMX TEXHOJOTIH 3a
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paxyHOK BUKOPHCTAHHS KOMIIO3UIIAH HAa OCHOBI TMEPEXiTHUX METaliB, OCOOJIMBO
beputHux matepianmis [131].

He3Bakaroun Ha BIJIHOCHO BHCOKI IOYATKOBI BUTPATH, KaTaJITUUYHUM CIIOCIO
OUYMIIEHHA Mae OaraTo mepeBar, y TOMY YHCII 1 B TOpPIBHAHHI 3 TEPMIYHUM
JOTMAJIIOBAHHSAM: poOoya TeMIiepaTypa KaTaJIiTHYHOIO MpPOIeCY ICTOTHO HUXKYa 3a
TEeMITepaTypy TEPMIYHOTO JOMATIOBAHHS;, M SKIITi YMOBH €KCIUIyaTalii o0iaaHaHHs, 1,
SIK HACIJJOK, TPUBAJIIINNA TePMiH HOTo CITy>KOU; MOXKIIUBICTh pereHepailii KkatamtizaTopa
[132].

TpanuiiifHi TEXHOJIOT1YHI MIIX0Y B JAHOMY BUITAJIKY MOJISATAlOTh Y BAKOPUCTAHHI
SK KaTalli3aTopiB 3HAYHUX MacC rPaHysI-HOCIIB 3 BIJIMOBIIHUMHA HAHECEHUMHU aKTUBHUMU
HOKPHUTTSIMH, SIKi 3aBAaHTAXYIOTHCS Y CIICIliaJIbHI arapaTH BUCOTOIO B Kiibka MeTpiB [3].
[Tpu oMy Maca KaTaiizaTopa MOK€ CTAaHOBUTH TOHHH. J{Jis1 HeMTpani3alli MoBITPSIHUX
MOTOKIB TaKOXX MOXKHA 3aCTOCOBYBaTHM OJO4HI KaTamizatopu [/]. Sk mokazaHO B
nociimkenni [133], mepeBaru OI0YHUX KaTalli3aTOPiB MOPIBHSHO 3 TPaHyJIbOBAaHUMHU
CKJIa/Ial0ThCcs B HUXKYOMY T1IpaBIIYHOMY OMNOpi, Majgux po3mipax peaxrtopa. [Iporte
OJIOKOBI KaTaji3aToOpu MaloTh MEBHI HEMIOJIKH, MOB’s3aH1 3 TEIUIO- Ta MaCOOOMIHOM B
KaHal OJIOKy, 3HWKEHHSAM QinbTpamiiHoi 3maTtHOCTI [134], sAKi 0O0MEXKYIOTh iX
3aCTOCYBaHHs y 0araTbox Mporecax, 10 MalTh €KOJIOTIUHY crpsaMoBaHicTh [135].

OcTaHHIM YacoM LIMPOKY MOMYJSPHICT, HAOYyBalOTh CHCTEMH 3HEIIKOKECHHS
TOKCUYHUX Ta3iB, IO BKJIIOYAIOTh CKJIOBOJOKHHUCTI KaTtamizaropu [136]. Ili cucremu
MOXXYTh OyTH BUKOPUCTaHI B OyJib-SIKi1i MPOMUCIOBOCTI, MPU IIbOMY iX TIepeBaramMu €
BHCOKA aKTHUBHICTh, MOXIJIMBICTh TPUBAIOi CTAOUTbHOI POOOTH y MIMPOKOMY IHTEpBal
TEeMIIepaTyp, CTIMKICTh aKTUBHOTO KOMIIOHEHTA JI0 «KATAJITUYHUX OTPYT», HU3bKUI
rigpaBmiuyauii omip. KpiMm Toro, reometpuyHa (popma CKIOBOJIOKHUCTHX KaTadi3aTopiB
JTI03BOJISIE CTBOPIOBATH ONTHMAJIbHI Ta €KOHOMIYHI BaplaHTU iX YIMAKOBOK Yy PI3HHMX
MPUCTPOSX Ta PEAKTOpax, M0 JO3BOJISIE ONTHUMI3YBAaTH KammiTalbHI Ta €KCIUTyaTalliifHi
BUTPATH M1 4ac 0(pOPMIICHHS TEXHOJOTTYHUX MPOLECIB.

Benuky yBary mnpuBepTaroTh KaTajai3aTOpH, IO MICTATh O1aropoani metanu (Pt 1
Pd), naneceni Ha mjeTeHy OCHOBY 31 CKJIOBOJIOKHA, SIKI BIJIPI3HSIOTHCS BHCOKOIO

¢(peKTUBHICTIO Ta 3HAYHOIO BapTicTio [137].
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MokJIMB1 aKTUBHI KOMIIOHEHTH MOXYTh BKJIIOYATH TaKOX OKCHJIM TMEPEXiTHHUX
METAaJIiB 3aJIe)KHO BiJl BUMOT I[IJIbOBOI0 KaTaliTHYHOro mporecy [138]. [ HaHeceHHS
IIUIIXOM IIPOCOYYBAHHS KaTajli3aTopiB 3 OJIATOPOJHUX METAJliB OCHOBU 3 CKJIOBOJIOKHA
IIOTIEPETHBO OOPOOITIOBAIIA PO3ZUYMHOM COJISTHOT KUCJIOTH JIJIsl aKTUBaIlii moBepxHi [139].

Y pobGotri Oylo TPOBEAEHO MOCHIIKEHHS aKTUBHOCTI CKJIOBOJOKHHUCTHUX
KaramizaTopiB 'y peakiii okucHeHHS CO 3aleXHO BiJi HAHECEHOTO KaTaJIITUIHO
aKTUBHOTO KOMITIOHEHTA - ()epUTHOTO MaTepiaja 0e3 momnepeaHbpoi 00poOKH.

Ha puc. 4.21 npencraBieHo 30BHIIIHINA BUTJISA BOJOTHX (PEPUTHUX KaTadi3aTOPIB

Ha KEpPaMOBOJIOKHHCTOMY HOCII.

33,3 % Fe304,
33,3 % (FexCu1-x)Fe204 50 % Fe304,

50 % Fe304, | 33,3 % Fe(FeyCr1-y)204 Wl 50 % (FexCu1-x)Fe204
50 % Fe(FeyCri1-y)204 5

Puc. 4.21. ®oto oTpuMaHMX BOJOTUX (EPUTHUX KaTajgizaTopiB Ha

KEepPaMOBOJIOKHHCTOMY HOCIT

4.5.1 MikpopenmezenocnekmpanbHuil aHA1i3 NOBEPXHI 3PA3KI6 MOOUPIKOBAHO20
Xpom-hepumnHum Kamauizamopom KepamoeoiokHa
Hns M1ATBEPAKCHHS MoaudiKarii LEOJIITY OyB MIPOBEACHUN

MIKpOPEHTT€HOCTIEKTPATbHU N aHaii3  TOBEPXHI 3pasKiB MO (IKOBAHOTO
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Fe(FeyCri.y)204 xepamoBoIIOKHA Micis TepMOooOpoOKH 3a Temmepatypu 450 °C npoTarom
2 TOJI.

Jnst orpumanns Fe(FeyCri.y)204 BUKOPHUCTOBYBAJIHMCh PO3UYMHU CYyiIb]aTy 3aiiza
D) Ta 6ixpomar Kaiio, 10 HiATBEPKYETHCS pe3ynbTaTamu
MIKpPOPEHTTEHOCTIEKTPAIbHOTO aHanizy moBepxHi moaudikoBanoro Fe(FeyCri.y),04
KEePaMOBOJIOKHA M) TepMO0OpoOku (puc. 4.22, 4.23).

SIx BugHO 3 puc. 4.22, 4.23, na nosepxHi MozaudikoBaHoro Fe(Fe,Cri.y)204
KEpaMOBOJIOKHA IIICJII TEPMOOOPOOKH MPUCYTHI BCl XIMIYHI €JIEMEHTH CIIOJYK JIJIs
OTpUMAaHHS (PEPUTY XpPOMY 3 BUKOPHUCTAHHSM cyibdary 3ami3a (II) Ta 6ixpomaty Kauiro.
OxkpiM TOTO, CIOCTEPITAETHCS CIIBBIAHOLIEHHS XpoMy J0 3aiiza B 3pa3ky 1 CriFe =
2,29:34,31 = 1:14,98 Ta B 3pa3ky 2 Cr:Fe = 1,94:29,13 = 1:15,02 , mo Biamosigae

saganomy Cro*: Fe?* =1:15.

Cnektp 6

EnemeHT Tun niuii Bara,% Cirma Bara, % Atom, %
Q K-cepia 30.62 1.39 59.54
Fe K-cepia 61.58 1.44 34.31
S K-cepia 3.98 0.49 3.86
Cr K-cepia 3.82 0.59 2.29
Bcworo 100.00 100.00

Puc. 4.22. Pe3ynbrat MiKpOPEHTI€HOCIIEKTPAIILHOTO aHai3y 3pa3kal moBepxHi

moaudikoBanoro Fe(FeyCri.y)2,04 KepaMOBOIIOKHA MICIIst TEPMOOOPOOKH




Cnexrtp 5
EnemeHt Tun niuii Bara,% Cirma sara, % Atom, %
K-cepin 29.40 1.45 55.98
5 K-cepia 12.50 0.71 11.87
Fe K-cepia 53.40 0.44 29.13
Cr K-cepia 3.32 0.53 1.94
K K-cepia 1.38 0.34 1.08
Bcworo 100.00 100.00
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Puc. 4.23. Pe3ynbratu MIKpOPEHTT€HOCTIEKTPAIIBHOTO aHali3y 3pa3ka 2 MOBEPXHI

moaudikoBanoro Fe(FeyCri.y)20s KepaMOBOIIOKHA iCIs TEPMOOOPOOKH

4.5.2 E¢hexmuenicmo KkamanimuuHoz2o OKUCHEHHA MOHOOKCUOY 8y2lelio npu

3aCcmMoCy8aHHi KepamoeonoKHa, MOOUPIKOeano20 hepumamu ma ix cymiviuiio

3 nHaBemeHux Ha puc. 4.24 TemmepaTypHUX 3aJeKHOCTEH KOHBEpPCii MOHOOKCHIY
ByIJeio 3 KoHuentpamicro 1 % (12500 mr/m®) Ha mociimkeHMX KaTajizaTopax Ha
KEpaMOBOJIOKHUCTOMY HOCIi BUJIHO, 0 100 %-Ba KOHBepCis MOHOOKCH/Y BYTJIEII0 HE
nocsiraetbesi HaBiTh 3a Temneparypu 450 °C y pa3l BUKOPHUCTAHHS OTPUMAHUX
KaTaizaropis. Y pasi BukopucTtanus cymit ¢peputiB 50 % Fe304, 50 % (FexCui-x)Fez04
ctyninb nepetBopeHHst CO cknagae 97,17 % 3a temneparypu 300 °C. 97,17 %-Ba
e(eKTHUBHICTh OKHCHEHHSI MOHOOKCHIY BYTJICITIO TOCATAEThCS 1 3a Temmeparypu 450 °C
y BUIIaJIKy BUKopucTanHs (pepury xpomy Fe(Fe,Cri.y),04Ta cyminn deputis 50 % FezOa,
50 % Fe(Fe,Cri.,)204 Ta 33,3 % Fe304, 33,3 % (FexCuix)Fe 04, 33,3 % Fe(Fe,Cri.)204.
[Ipu mpomy 3amumkosa konuenrpanis CO B rasi carae 354 mr/m® (puc. 4.25). Ilpu

3actocyBaHHi MaraeTuty FesO, ta dpeputy mini (FexCuix)Fe;O4 cTyminb koHBepcii
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Puc. 4.24. TemmnepaTypHi 3alIe)KHOCTI CTYyMNEHS IMEPETBOPEHHS MOHOOKCHUIY
Byriemto 3 1 % - BOIO TMOYATKOBOIO KOHIIGHTpAIIEI0 Ha KaTajizaTopax Ha
KepaMoBoIOKHHCTOMY HOCIT: 1 - Fe304; 2 - (FexCuix)Fe20s; 3 - Fe(FeyCriy)204; 4 - 50 %
FesO4, 50 % Fe(Fe,Criy)204; 5 - 33,3 % Fes04, 33,3 % (FexCuix)Fes04, 33,3 %
Fe(FeyCri.y)204; 6 - 50 % Fe304, 50 % (FexCuix)Fe 04
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Cco Out, r/m®

Puc. 4.25. 3mina KOHIIEHTpaIlli MOHOOKCHUIY BYTJeIto 3 1 % - BOIO MOYaTKOBOIO
KOHIICHTPAIIIE€I0 B 3aJICKHOCTI BIJ TeMIepaTypu Ha KaTajizaTopax Ha
KepaMOBOJIOKHHCTOMY HOCIT: 1 - Fe30y; 2 - (FexCuy.)Fe20s; 3 - Fe(Fe,Criy)204; 4 - 50 %
Fes04, 50 % Fe(Fe,Criy)204; 5 - 33,3 % Fe304, 33,3 % (FexCuix)Fe.0s, 33,3 %
Fe(FeyCri.y)204; 6 - 50 % Fe304, 50 % (FexCui.x)Fe 04
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CO ckmnamae 39,81 % ta 74,80 % BiAmOBITHO 3 BUXITHUMH KOHIIEHTpatisimMu 7524 ta 3150
mr/m3,

ITpu nopiBHAHHI aKTUBHOCTI KaTalizaTopis mpu kousepcii 1 % (12500 mr/m®) Ta 2
% (25000 wmr/mM®) MOHOOKCHIY BYIJIELIO CIIOCTEPIracThCs BUCOKA €(PEKTUBHICTE
3aCTOCYBaHHS CyMil MarHeTuTy ta gpeputy mizi 50 % Fe304, 50 % (FexCui-x)Fe20a, 110
ckaamgae 96,14 % 3a temmeparypu 300 °C (puc. 4.26) Ta crtabinmpHO 3a0e3medye
saemkoxeHHsT CO mo nocsrHeHHs crymnens kousepceii CO 98,27 % 3a remneparypu 450
°C i 3a1umKoBoi KoHueHTtpanii 433 mr/m® (puc. 4.27). 3a temmeparypu 450 °C mpu
Bukopuctanti ¢epury xpomy Fe(FeyCriy),0s Takok MOXHa KOHCTaTyBaTh BHCOKY
CTYIIHb KOHBEPCIi, 1110
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Puc. 4.26. TemmepaTypHi 3alie)KHOCTI CTYNEHS IMEPETBOPEHHS MOHOOKCHUIY
Byrjiemio 3 2 % - BOI TMOYATKOBOI KOHIIGHTPAIlI€0 Ha KaTajizaTopax Ha
KepaMoBOJIOKHHCTOMY HOCIT: 1 - Fe304; 2 - (FexCuix)Fe20s; 3 - Fe(FeyCriy)204; 4 - 50 %
Fes04, 50 % Fe(FeyCriy)204; 5 - 33,3 % Fes0s 33,3 % (FexCuix)Fe04, 33,3 %
Fe(FeyCri.y)204; 6 - 50 % Fe304, 50 % (FexCui-x)Fe204

cTaHoBUTh 98,62 % Ta 3abesnmeuye 345 mr/m® Buxigmoi xonmentpauii CO. Ilpore

BKazaHuM xpoMm-pepuTHUi KaTtamizatop 3a Temmeparypu 400 °C 3abesneuye
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e(peKTUBHICTh OKUCHEHHS 86,79 %, TOOTO Mae MEHII NepeBaru Jisi 3aCTOCYBaHHS MPU
JeSIKUX KOJMBAaHHSAX TEMIIEpaTypu Ta3iB B TpoMuciaoBux ymoBax. Illomo iHmmx
KaTaiizaTopis, To cymimi ¢peputiB 50 % Fes0a, 50 % Fe(FeyCri.y)204 ta 33,3 % Fe3Oy,
33,3 % (FexCuix)Fez04, 33,3 % Fe(Fe,Cri.y),04 3a6e3meuyrors 97,73 % ounineHHs 3a
temnepatypu 450 °C (zanmmkosa koHnenrpanis CO 568 mr/m®). Ilpu 3acTocyBaHHi
marnetutry FesOs ta depury minmi (FexCuix)Fe;Os crymine xomBepcii CO ckmanae
BinmoBimHo 35,20 % Ta 67,19 %, Ta cmocTepiraeThCs 3HUKCHHS aKTHBHOCTI

KaTani3aTopiB B nopiBHsHHI 3 KoHBepcieto 1 % CO (39,81 % ta 74,80 % BianmOBIIHO).

Cco Out, r/m3
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Puc. 4.27. 3miHa KOHIIEHTpaILil MOHOOKCHAY BYTJIEIIO 3 2 % - BOIO MOYATKOBOIO

KOHIIEHTPAIII€I0 B 3aJICKHOCTI BIJI TEMIepaTypu Ha KaTajizaTopax Ha
KepaMOBOJIOKHHCTOMY HOCIT: 1 - Fe30y; 2 - (FexCuy.)Fe20s; 3 - Fe(Fe,Criy)204; 4 - 50 %
Fes04, 50 % Fe(FeyCriy)204; 5 - 33,3 % Fes0s 33,3 % (FexCuiy)Fe04, 33,3 %
Fe(FeyCri.y)204; 6 - 50 % Fe304, 50 % (FexCui-x)Fe204

PaHimre mpoBeneHUMU JTOCITIPKEHHSIMH 3aCTOCYBaHHS OJJOYHOTO KaTajizaropa Ha
ra300eTOHHOMY HOCIi 0yJI0 BU3HAUEHO [3], 10 IPU BUKOPUCTAHHI CyMIIlll MarHETUTY Ta
dbeputy Xpomy B criiBBiHOIIEHHI 1:1 cTymiHb OKHCHEHHS csraB 85,2 % Ta 3a0e3nedyBaB

Kpaury epeKTUBHICTh HIXK MPHU 3aCTOCYBaHHI ¢eputy xpomy 3 edextuHicTio 70,6 %. B
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JAHUX JTOCHIDKEHHSX MOKHA MIPOCIIIKYBaTH TaKy K Kopeisiito. 3a temmeparypu 400
°C mpu BUKOPHMCTaHHI CyMIIlll MarHeTUTy Ta ¢GepuTy Xpomy B criBBigHOIIEHHI 1:1
nocsiraetbest cryninb kousepceii 1 % CO na piBHi 95,22 %, dbeputy xpomy — 92,98 %.

OxpiM BKa3aHMX KaTami3aTOpiB JAHUMHU AOCTKEHHSMH TOKa3aHO CTaOLIbHO
BHUCOKY €(DEeKTHUBHICTh 3aCTOCYBaHHS MPU PI3HUX KOHILEHTPAIISIX MOHOOKCHIY BYTJICIIIO
cyMmimi Margetuty ta ¢eputy mimi 50 % FesOs, 50 % (FexCuix)Fe,Os4 B iHTEpBaMi
temnepatyp 300-450 °C. Skio BpaxoByBaTH, 110 caMi YACTHHKHU (PEPUTIB MOXKYTh OyTH
OTpMMaHi 3 BIJNPAI[bOBAHUX PO3UMHIB TPABJICHHS Ta MIJHEHHS TaJbBaHIYHOTO
BUPOOHMIITBA, TO JAHUM Karami3aTop OyJae pPEKOMEHJIOBAaHO MpPU BUKOPHCTAHHI
MO (IKOBAHOTO KEPaMIYHOTO BOJIOKHA JIs 3HEemKokeHHs CO TMMOBHX Ta3iB Nevei
rpadiTyBaHHS.

Sx 3a3naueno [140], kornentparis CO Ha BUXO0/Ii 3 medueli rpadiTyBaHHS AdecoHa
moske csrati 14000 mr/m3, 06’em rasis - 80 tuc m/roa. Ilpu Bpaxysanni [141], mio
MaKCUMaJlbHa TeMIepaTypa MOBEPXHI BEPXHBOIO IIAPY MEPECUNKH Iedl TpadiTyBaHHS
ckiaagae Omm3pko 1250 °C, BukopucranHs kepamoBosiokHa LYTX-512 € miakom
MPUIHATHUM, TaK K podoua Temneparypa 3actocyBanns 1350 °C. Sk Buano 3 puc. 4.28,
METaJeBUi KapKac 3 MIIHO 3aKpIIUIECHUM B HIM MOAM(PIKOBAHUM BOJOKHUCTHUM
KaTaai3aTOPOM IUTAHYETHCS PO3TAIIOBYBATH IO BCIM TUIOII MTOBEPXHI TETUIOBOI 130JIA1II11
neul TpadiTyBaHHs, OO 3abe3nedynTH moBHOMIpHE 3HemkomkeHHs CO. Oxpim
OKHCHEHHSI MOHOOKCH/Ty BYTJICIIIO, YKJIQJaHHS KEPAMOBOJIOKHA HA TIOBEPXHI MEPECUTIKU
3HU3UTh HAJXOHKCHHS B MOPUCTUM MPOCTIP MEPECUTIKH KHUCHIO MOBITPS Ta YTBOPECHHS
MOHOOKCH/]TY BYTJICITIO, 1110 TaKOX OyJie CIPUSITH MOIMNIIEHHIO €KOJOTIUHOI CUTYaIlll Ha
CJICKTPOJHOMY BHPOOHUIITBI Ta TMOKPAIIUTh CaHITAPHO-TITI€EHIYHI YMOBHU TIparli

NIePCOHATTY.
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s

A

Puc. 4.28. Cxema yknaneHHs moaudikoBaHoro kepamoBosiokHa LYTX-512 B
METaJeBOMYy KapKaci MOBepX TemoBoi 13oJismii medi rpaditamii Auecona: 1 —
CTPYMOIIPOBI/IHI €1EKTPOIH, 2 — TOPLEBI CTIHU, 3 — TEIUIO130JIAALIMHA IUXTA, 4 — KEpHOBA

nepecunka, 5 — 614Hi CTIHKH, 6 — 3arOTOBKH (E€JEKTPOIM), 7 — KaTaliTHYHUIN MaTepial

4.6 KomnJjiekcHe BUKOPUCTAHHS (DEPUTHOTO METOY /IJIsi CTBOPEHHS €KOJIOTiYHO

0e31meYHOl TEXHOJIOTII Nepepo0KH PiKMX BiAXO0AIB MeTAJNyPriiiHOr0 BHUPOOHMITBA

Otxe, mpoBeneHa OaraTorpaHHa JOCTigHA poOoTa MEpPepoOKH PIIKUX 3alli30-,
MiJlb-  Cynb(aTBMICHUX 1  XpOMAaTBMICHUX  BIIXOJlIB  METajlypriiiHoro  Ta
METaI000pOOHOTO BUPOOHHUIITB (DEPUTHUM METOJIOM J03BOJISIE TOBOPUTH IIPO CTBOPEHHS
€KOJIOTIYHO O€3MEeYHOi TEXHOJOT1i 3 MOJAIBIIMM BUKOPUCTAHHSM TBEPAMX BIIXOMIB
BOJIOOYMIIICHHSI IJIS1 KATAIITUHYHOTO 3HEIIKO[KEHHST HeOE3MeUHNUX BUKH]IIB MOHOOKCUTY

Byriento (puc. 4.29).
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a60 Ha Ge3MedHe 3aXOPOHEHHS
Puc. 4.29. KomiuiekcHa TeXHOJIOTiS NepepoOKH rajJbBaHOCTOKIB 3 OACPKAHHAM
O0araro(yHKLIOHATbHUX (EPUTHUX MaTEpialliB IPOMUCIOBOTO BUKOPHCTAHHS B raiys3l
BOJIO- Ta ra3oouMineHHs: 1 — mpuiimManbHa Kamepa 3aii30- ado/Ta MiAbCyTb(aTHUX
raJlbBaHIYHUX CTOKIB; 2 — kartioHooOMiHHI ¢ineTpu (DOWEX B H+-dopmi); 3 —
BUTpaTHUIM Oak po3unHy s pereHepanii kartionity (5, 10 % HySO.); 4 — 0ak
koHneHTpyBanuss H;SO, B mporeci ioHHOro 0OMiHY; 5 — 0ak HaKONMWYCHHS
KOHIIGHTPOBAHOTO po3umMHY cynbdaty 3amiza (II) abo/ra wmimi; 6 — BuTpaTHHI Oak
pozunny NH4OH; 7 — nBokamepnmii enektposmizep okucHeHHs 3amiza (II) 3
aHIOHOOOMIHHOIO MeMOpaHOW; 8 — JBOKaMEpHHUU eNeKTpoIi3ep 3 aHIOHOOOMIHHOIO
MeMOpaHor; 9 — 6ak koHreHTpyBanHs HSO4 B mporieci enekTpostizy B IBOKaMEPHOMY
enextposizepi; 10 — Burpathuit 0ak pozunny Fe,(SO04)s; 11 — peakrop-deputusatop; 12
— eJIeKTpUYHa Milanka; 13 — marniTHuii cenapatop; 14 — pesepByap O4MILEHOI BOAM; 15
— TpUiiManbHa EMHICTE (hepuTHOTO ocany; 16 — mHek; 17 — cymapka pepuTHOro ocaiy;

18 — KynbOBUI MIIMH JUJIsl IOAPIOHEHH (PepUTHOro ocany; 19 — mKepeno moCTiMHOro

CTpyMy.
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B pa3i HeoOximHOCTI micisg BiIAUIEHHS (EPUTHOrO OCaay Ha MAarHiTHOMY
cenaparopi (13) TBepauwii BiAXiA MOXHA 3aCTOCOBYBAaTH JUIsl MarHiTOCOPOIIHHOIO

OYHUIIICHHA XpOMaTBMiCHI/IX CTIYHHX BOJ.

BUCHOBKH JI0 4 PO3JILITY

1. Sk miacyMoK, B pe3yJbTaTi MPOBEACHUX JOCIIKEHb 0yJIO 3aIIPOTIOHOBAHO
IHHOBalllifHE BHCOKOE(EKTUBHE Ta pecypcoOe3nevyHe pIlIeHHS KaTallTUYHOTO

3HEITKO/KEHHSI MOHOOKCHIY BYTJICIIO OaraToKaMepHHX IMe4el BHUMAy €JIEeKTPOTHUX
. 2
3aroTOBOK 3 3aCTOCYBaHHSAM MapraHenb-peputHOoro Kartamizatopy “MnFeyOy,
oTpuMaHoro 3 ¢epaty Kajito Ta cyibdary mapranifo 0€3 3acTOCYBaHHS JIy>KHOTO
. 1
peareHty, mapranenb-peputHoro katamizatopy ~MnFe;Os, oTpumanoro 3 cynbdarty

3amiza (III) Ta cynbgary MapraHiito 3 3aCTOCyBaHHSAM JIY>KHOTO peareHTy, Ta (hepuTHOTO
karamizatopy FesOs, orpumanoro 3 cymnbdaty 3amiza (II) ta 3amza (III) Ha ocHOBI
JIOCTYITHOTO MPUPOTHOTO HEOMITY-KIMHONTIIONITY COKUPHUIIBKOTO poAoBHINa. Takox
MOKAa3aHo, 0 BUKOPUCTAHHS MOJM(IKOBAHOTO (PepUTaAMH KEPAMOBOJIOKHA MOXKE OyTH
e(pEeKTUBHO 3aCTOCOBAHO [JIi OYMILEHHS JWMOBHMX Tra3iB Imedyell rpadiTyBaHHS
€JIEKTPO/IIB, 30KpEMa 3HEIIKOKEHHSI TOKCHYHOTO MOHOOKCHU/TY BYTJICIIIO.

Jlanuit pe3yapTaT miaTBEPIKYETHCS TAKUMHA BUCHOBKAMH:

- 32 pe3yJIbTaTaMu MIKPOPEHTIEHOCIIEKTPAIbHOTO aHaIi3y 371aMy 3pPa3KiB IICOJIITY
COKHMpHHUIIBKOTO POJIOBUINA JOBEACHO, IO LEOMT 0e3 Ta MICIAsS TepMOOOpPOOKH
CKJIQIa€ThCS 3 TOJIOBHOTO TMOPOAOYTBOpPIOIOYOro MiHepany Ca-KIMHONTHIIONITY
saranpHOi  XimiuHOT  (opmynu  Al;2CasssH300469Si165.  JloMmimkoro B 3paskax
KIMHONTIWIONITY € kBapi SiOp, 1[0 HE NPOTUPIYUTH pe3yjbTaTaM MOMEepPeTHIX
nocimkens. IIpoenenns TepmoobpoOku mpu Temneparypi 450 “C na npotsasi 2 rogus
(GaKTHYHO MPU3BOAWUTH TITBKH JIO 3HIKCHHSI BHYTPIIIHBOI MOBEPXHI KIMHOMTUIIONITY
BHACJIIZIOK HE3BOPOTHOI KPUCTAIIYHOI JECTPYKIIii, BIAMOBIIHO JAesKa YacTMHA HOCIS
KarajizaTopa CTa€ HeIOCTYITHOO JIJISl aICOPOIIii MOJIEKYJI MOHOOKCHUTY BYTJICIIIO;

- 3a pe3yJibTaTaMH MIKPOPEHTT€HOCIIEKTPAIBLHOTO aHalli3y 37aMy Ta MOBEpPXHI

3pa3kiB miaTBep/keHO ¢dakT moaudikaiii 1neomity FesOa, IMnFe,04, 2MnFe,0, micis
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TepMooOpoOku 3a Temneparypu 450 °C Ha mpoTsa3i 2 TOJ, MPUIOMY CITIBBIIHOIICHHS
3aJli3a, MapraHil0 Ta KHCHIO BIIMOBIAHO B CTPYKTYypl Ta Ha TOBEPXHI IICOJITY
BIJIMOBIAI0Th CHIBBIHOIICHHIO 10HIB METaJIIB B XIMIYHUX CIIOJIyKaX;

- B pesynbTaTi amamisy CEM-300paxens momudikoBanmx FezOs MnFe,Oy,
2MnFe,Q4 3paskiB LEONTy Micas TepMOOOPOOKHM 3a(iKCOBAHO IPAKTUYHO IIOBHE
MOKPUTTS TMOBEPXHI IEOJITOBUX TpPaHysl TMOJSIMH KpUCTadi3amii 3 MPUCYTHICTIO
JOKAJIbHUX 0araTovyuMcenbHUX CIiKaHb (EPUTHUX IIEHTPIB, XIMIYHUN CKIaJ SKHUX
BU3HAYABCS B PE3YJIbTaTi MIKPOPEHTTEHOCHEKTPAIBHOIO aHalli3y 3JlaMiB Ta MOBEPXHI
MO (DIKOBAHOTO IICOJIITY;

- 3 TEMIIEpaTypHHUX 3aJeKHOCTEH KOHBEpCli MOHOOKCHIY BYTJEII0 3
xoHLeHTpamieto 1 % (12500 mr/m®) Ha mocnmimkeHnx karamizaropax sBuaHo, mo 100 %-
Ba KOHBEPCISI MOHOOKCHUTY BYTJICLIO HE JOCATAETHCS HaBITh 3a TemmnepaTrypu 450 °C y

pa3i BUKOPUCTAaHHS OTPUMAHUX Karaii3atopiB. Y pa3l BUKOPUCTAHHS MapraHellb-
. 2 .
dbeputHOro Kartamizaropa “MnFe;O, ctymine neperBoperrs CO ckmamae 97,25 % Ta

BUABIISIETBCA H&ﬁBHIHOI-O 3 3aIIpOIIOHOBAHUX KaTaJIiSaTOpiB. HpI/I ObOMY 3aJIHMIIKOBA

xonuenTpauis CO B rasi carae 344 mr/m®. Konsepcis MoHOOKcuy Byriemio Ha Fe3O4 Ta
1Mn|:8204 KaTam3aropax naopiBHioe BianoBimHO 88,40 % Ta 80,07 % 3 BUXiAHUMU
KOHLIEHTPALIiSIMH MOHOOKCHY ByTJelto Binnosiano 1450 Ta 2491 mr/m3;

- IpH NOPIiBHAHHI aKTUBHOCTI KaTamizaTopis npu kousepcii 1 % (12500 mr/m®) ta
2 % (25000 mr/m®) MOHOOKCHIY BYIJIELIO CIIOCTEPIracThCsi BHCOKA €(EKTHBHICTEH
3aCTOCYBaHHS MapraHelb-(hepuTHOro KaTaiaizaropa 2MnFezO4, o ckianae 98,62 % ta

3abe3neuye 3HemkopkenHs CO 10 3aIumKoBoi KoHUeHTpauii 345 mr/m3, ToOTO MOXKHA

KOHCTaTyBaTU CTaOUIbHY AaKTUBHICTh MPU PIZHUX MOYATKOBUX KOHUEHTpalisx. B
BUIAJKY KOHBEpCii MOHOOKCUAY Byruewto Ha ~MnFe,O4 kaTanizaTopi TakoX BiIMIYeHa

MPaKTUYHO MOCTIHHA cTyMiHb nepeTBopeHHss CO — 79,30 %, 110 BIAMOBI A€ 3aTUIIIKOBIM
xonuentpanii CO B kinbkocti 5175 mr/m3. B BunasiKy KOHBEpCii MOHOOKCHUILY BYTJIELIO
Ha Fe;O4 karanizaTopi 3ad1KCOBaHO 3HMKEHHSI AKTUBHOCTI KaTali3aTopa IpH 30UIbIIEHH]
kounentparii CO B nBa pasu. BiamoBigHO cTymiHb KoHBepcii ckiamae 72,48 % 3

BHXiJJHOI KOHLIEHTPALI€K0 MOHOOKCHY Byriuemo 6880 mr/m>;
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- pe3yibTaTh MOJEIIOBAaHHS PEaKTopa 1J€aJbHOTO BHUTICHEHHS 3 HEPYXOMHUM
IIapoM Katajizaropa sl po3paxyHKy aepoIMHAMIYHUX ITapaMeTpiB TeUli ra30BO1 CyMillli
Ta npoekTyBaHHsa 3D-Mozeni ekcnepuMeHTanbHO1 ycTaHOBKH KoHBepcli CO 3 TMMOBHX
ra3iB JI03BOJISIIOTH MPOBOAUTH PO3MIIICHHS PEAKTOPIB HAa BUPOOHHIITBI Y BOTHEBUX

KaHajax redi Bunany tuny Pigramepa Ha [IpAT «Ykprpadity;
. 2
- 3aCTOCYBaHHsI MapraHelb-peputHoro karamizatopa “MnFe;O,4, oTpumanoro 3

cyib(dary MapraHifio Ta gepary Kaiito, TapaHTye JOTPUMaHHS BUMOT 110JI0 HOPMATHUBY
Ha BUKHIU MOHOOKCH/IY BYTJIEIIO 3 JMMOBHMH ra3aMu 10 piBHs 45 mr/m° Ta 3a6e3neuye
YCHIIIHE BUPILICHHS MpoOJeMUu eMicli TOKCUYHUX Ta3iB B TEXHOJOT1i BUPOOHHIITBA
CJIEKTPO/IIB;

- OTpUMaHHS MOJU(]iKOBaHOTO (EpUTHUM MaTepiasioM KepamoBosiokHa LYTX-
512 He BUMarae 3HaYHUX KaliTaJIOBK/Ia/IeHb, TAK K 3aCHOBAHO Ha BUKOPUCTAHHI P1AKUX
BIJIXO/IIB TPABJICHHS, MITHEHHS T4 XpOMYBaHHS TaJibBaHIYHOTO BUPOOHUIITBA;

- YKJIQJIEHHS KEpaMOBOJOKHA IMOBEPX TEIUIOBOI 130JA11i meyed rpadiTyBaHHs
AuecoHa Tak0X 3HU3UTh HAJXOKEHHS B TIOPUCTUI MPOCTIP MEPECUTTKA KUCHIO TTOBITPS
Ta YTBOPEHHS MOHOOKCHY BYTJEII0, 10 OyAe CHOPUSTH MOJINIIEHHIO €KOJOT14HOI
CHUTYyallil Ha eJIEKTPOTHOMY BUPOOHUIITBI;

- 3alpOMOHOBAaHMM CTHOCIO 3aKpilieHHS MOAU(PIKOBAHOTO BOJIOKHHCTOTO
KaTajai3aTopy B METaJeBUM KapKac J03BOJUTH 0€3 TPYAHOUIIB pO3TAIIOBYBATH HOTO MO
BCIi IJIOIIII MTOBEPXHI TETIOBO1 13011111 1edi rpadiTyBaHHs AuecoHa, o0 3a0e3MeunTn
noBHOMIpHe 3HemkokeHHs CO, Ta B MOJANBIIOMY IMICHA 3aKIHYEHHS KaMIlaHii
TEPMOOOPOOKH BYTJICIIEBUX €JIEKTPO/IIB 3HIMATU KapKac 3 KaTajli3aTOpPOM 3 MOAAJIbIINUM
BUKOPHCTAHHSAM B HACTYyMHIA Kamrmadii 0e3 pereHeparii. B Bumaaky MexaHIYHOTO
pyHHYBaHHS BOJIOKHUCTHUM KaTaji3aTOp MOYKHA JIETKO 3aMIHUTH Ha HOBH;

- TIepepoOKa PIIKUX 3a1i30-, Mifb- CyJIb(PaTBMICHUX 1 XpOMATBMICHHX BI1JXOJIiB
METaJIyprifiHOr0 Ta METaI000pOOHOT0 BUPOOHUIITB (EPUTHHM METOJIOM JO3BOJISIE
TOBOPUTH TIPO CTBOPEHHS €KOJIOTIYHO O€3MEYHOI «3€JICHOD» TEXHOJIOTIl 3 MOJabIIuM
BUKOPUCTAHHSAM TBEPJUX BIIXOAIB BOJOOYUINECHHS TSI KATATITHYHOTO 3HEITKO[KEHHS

HeOE3MeYHUX BUKU/IIB MOHOOKCHU/Y BYTJICIIIO.
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PO3JILI 5

OLITHKA EKOJIOTTYHUX PU3UKIB 3ABPYIHEHHSI TOKCUYHUMU
BUKUJAMHU MOHOOKCHU/Y BYTJEIIO BIJI IEYEN BUTIAJTY TA
TPA®ITYBAHHS

5.1. XapakTepucTHKA Ta ONUC TEXHOJOTIYHUX NMPoOLECiB sl opranizamii
PEKOHCTPYKIIl HIJIAXOM BIPOBA/KEHHS KATAJITUYHOI CHCTEMH OKUCHEHHS
MOHOOKCH/IY BYTIJIeHI0

Ha teputopii BupoOHuyoro wmaiganunka [IpAT «Ykprpadit» po3ramioBai
[EeXU BUMNATy Ta Iexu rpaditamii, ne OyJd BOPOBAIKEHI 1HHOBAIINHI TEXHOJIOTI]
KaTaJITUYHOTO 3HEIIKO/PKEHHS T'a3iB 3 BUKOPUCTAHHAM XpOoM-(EpUTHOTO KaTalizaTopa

Ha [€0JIITOBOMY Ha BOJIOKHUCTOMY HOCISX.

5.1.1 Ilex eunany

Y 1mexy mnOpoBOAUTHCS BUMAT MPECOBAHUX BYTUIBHUX i HAPTOBUX 3arOTOBOK
JUISL QJTFOMIHIEBUX €JICKTPOJII3EPiB, M (PyTEpOBKU METAJICBUX MEUEH, Il €JIEeKTPO/IIB
rpadiTOBaHMUX JIJIi MarH1€BO1 MPOMHUCIIOBOCTI, JIJIsi TOMEHHHUX TEeUEH.

KiJIBKICTh 3arOTOBOK, 1110 BUIAJIIOIOTHCS, CTAHOBHUTD:

- ByruibHUX - 17000 T/pik;

- HapToBHX - 50000 T/piK.

BunamtoBaneui meui Ne 7, 8 (11), 10, 12 mpu3HaueHi A1 BHIATy MPECOBAHHX
ByraerpadgiToBaHux 3aroToBok npu temmeparypi 1050-1250 °C. Ileui Bumamy -
OararokaMepH1 KUIBIIEB1 3aKPUTOTO TUITY 3 Ta30BUM OOITPIBOM.

[Ipomiec KOKCyBaHHS B’SDKYUYMX Y 3aroTOBKax BIIOyBaeTbcsi 0€3 JOCTymy
MOBITPS TiJ IIApOM BYTJIEBMICHOTO mepecuranns. KokHa kamepa medi Mpairoe 1o
NepioIMYHOMY IIMKITY, a TIY B IIiJIoMy TI0 Oe3mepepBHOMY MUKITYy. BunamroBanbHi medi
CKJIQJIAlOThCA 3 MApHOT0 YHUCIa OKPEeMHX Kamep, 3 €HAHUX MIXK COOOI0 KaHajaMu
JUTSL TIEPEPO3MOAUTY TEXHOJOTIYHUX Ta3iB, MO BIAXOASATH, 3 OJHIEI KAMEPH B 1HIIY.
VY300BK KOXHOrO psay Kamep BOYJIOBaHI JTUMOBI 0OOpoBa, $5IKI KOHCTPYKTUBHO

3’€JlHaHl 4Yepe3 CMOJIAHI EeNEKTPOPIILTPU M JAMMOCOCH B OJIUH IMYHHUI OOpiB. 30HOIO
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CHAJIFOBaHHSI IPUPOTHOTO Ta3y € MiJICBOAOBUMN MpoCTip. Pexum Bumamy 3A1HCHIOETHCS
3a rpadikom 1 TpuBae mnpotirom 200-504 roaun mna meueid Ne 7, 8 (11), 12 Ta
npotsiroM 341+528 ronun nis eyl Ne 10.

Bunasieni 3aroTiBiai OXOJOKYIOTH TiJi CBOJOM Iiedi ¥ po30pakoBYIOTh Ha
mwiomiaaii. Ha meuax Ne 7, 8 (11), 12 (k. 326), 10 (k. 347) 3aiHCHIOIOTH BUMIATIOBAHHS
BYTUIbHUX 1 HATOBHUX MPOCOUYEHUX 3aTOTOBOK.

Butpara npupogHoro rasy Ha:

- meui Ne 7 - 50-250 m%/rox;

- reui Ne 8 (11) - 200-320 m%/rox;

- meui Ne 10 - 90 +250 m/rog;

- meui Ne 12 - 50-130 m*/rog.

OunieHHs  acmipaliiHOrO MOBITPS Bl 3a0pyJHIOIOYUX  PEYOBUH, IO
YTBOPIOIOTBCA ~ Npu  poOOTI  meued BUMANLy, MPOBOAUTHCS B  CMOJSTHUX
enekrpodinmerpax tunmy CK-180. Bumanenus 3a0pyaHIOIOUNX PEYOBUH Bija meden 7, 8
(11), 12 (mx. 326) ta 10 (k. 347) miciass OYMCTKH B €IEKTPO(IIbTpax 3M1HCHIOETHCS
gyepe3 TMMOoBi TpyOu - 326 Ta 347.

OuikyBaHi 3a0pyAHIOIOYI PEYOBMHU B BUKHUAAX MPU POOOTI BUMATIOBATBHUX
neyeil: okcuau a3oTy (OKCHJI Ta JIOKCHJ a30Ty) Yy MepepaxyHKy Ha JIOKCHUI a30Ty;
JIOKCUJ CIPKHU (IOKCH Ta TPUOKCHUJ) B MEpPEpPaxyHKy Ha JIOKCUJI CIPKH; MOHOOKCH]]
Byryienio; OeH3on; crtupos; Oens(a)mipeH; HadtamiH; amneHadTeH; GEHOT;
nuoyTundTanaT; IMMETHICYIb(i]; BYTICIIO T10KCH]I.

5.1.2 Ilex zpaghimauii

OCHOBHMM  HampsIMKOM  JISUIBHOCTI  1exy  rpadiramii € rpadiTyBaHHS
oOnajyieHHUX 3arOTOBOK PI3HUX MEPETUHIB, 1110 HAIXOATh 3 LIEXY BUIAIY.

Kinbkicte 00po0II0BaHUX 3ar0TOBOK CTaHOBUTH - 35 000 T/pik.

Jlo ckmamy 1exy BXOIATH JBa BIJAUICHHS: IIMXTOBE BIUIIIJICHHS 1 IMYHE

BIIJIUICHHsS. Y MIMXTOBOMY BIJIIJICHHI MIPOBOJIUTHCA BUT'OTOBJICHHS
TEIJIO130ISILIIHOT INMXTH AJig mnedeid rpaditanii 1 po3ciB 3BOPOTHOI IMIUXTH JJIs

oTpuMaHHs rpadiToBaHoro kokcy. [lluxra 3acTOoCOBYETHCS Uisi HAOWMBAaHUS TOJWHH,
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3acUIKK OOKIB 1 BepxXiB medvei rpadirtamii. ['padiToBanuii 1 cupuil ropimok KOKCOBUM
3aCTOCOBYETBCS B Iedax rpaditaiii sk MNEpecUIHUNA MaTepiand IpH 3aBaHTaKEHHI
B M4 oOmajeHux 3arotoBok. [ledi rpadirtaiii npeacTapistoTh COOO00 Iedi Oropy, e
HarpiBayeM € KepHOBe TmiepecumnanHs (cupuii abo rpadiToBaHMi  KOKC), IO
3HAXOJMUTHCS MIX 3aroToBKaMu. [Ipu mpOXOJKEHHI MO KEPHY €JEKTPUUYHOTO CTPYyMY
B IIEpECUTIaHH] BUAUIAETHCS TEIUIO, SIKE HarpiBae 3arotoBku. llim wac mporecy
rpadiTariii B medi gocsracsraerbes Temmeparypa 2500 - 3000 °C.

®i3uyHUN  3MICT Tporiecy rpaditamii - i 1€ BUCOKHX TeMIlepaTyp
B1IOyBa€ThCSl TMEPETBOPEHHSI BYIJICIIEBOrO Marepiaiy B rpadit. B pesynbrari pizko
3MIHIOIOTBCSl BJIACTUBOCTI OOMAaJEHUX 3aroTOBOK: IIJBUINYETHCS iX IIUIBHICTD,
XIMI4Ha CTIMKICTb, €JIEKTPO- 1 TEIUIONPOBIAHICTh. BiiBeIeHH Tra30MoOBITPSHOT CyMiIIIl
Bl Teueld AdecoHa OpraHi3oBaHE 3a JOTIOMOTOIO BUTSIKHUX 30HTIB - Jxxepena Ne 403-
405. Butspkka Bin meuedd KacTHepa 3 mexy 3[IMCHIOETBCS 32 JIONMOMOTOK BUTSKHHUX
30HTIB - N0 610, 611; 2-ma gednexktopamu - mxepena Ne 612, 613; 30-mMa cTiHOBUMH
BeHTWIsITOpaMu - JoKepena Ne 614 - 643; 8-ma 7axoBUMH BEHTUJISITOPAMH - JKEpena
Ne 644 - 651.

OuikyBaHi 3a0pyIHIOIOYl PEYOBMHU B BHUKMJAX Mpu rpaditaiii BUMAJICHUX
3aroTOBOK: JIOKCHJ CIpPKH (JIIOKCHJI Ta TPHUOKCHI) B MEpepaxyHKy Ha JIOKCHU] CIpKH;
CIPKOBO/ICHb; OKCHJI BYTJIEII0; O€H30JI; CTUpOJ; OeH3(a)mipeH; HadTamiH; aneHadTeH;
dbenom;, auOyTmiadramaT; pEUYOBHMHH Yy BUIIISAAI CYCIICHIOBAHUX TBEPAMX YACTHHOK,

HeMbepeHIIIHOBaHUX 32 CKIIAZIOM.

5.2. Oninka pu3MKY AiSlJIbHOCTI JISI 310POB’sl EKCIIOHOBAHOT0 HACEJIEHHS

Buxiani nani ta pe3ynbTaTd po3paxyHKy HaBeaeHl y Tabmuisax 5.1, 5.2, 5.3, 5.4,
5.5,5.6.

Kiimaronoriyii, MeTeopoJioTiuHi KOe(II[IEeHTH 1 MOKAa3HUKU, NPUUHATI A
MaITMHHOTO PO3PAaXyHKY PO3CiOBaHHS 3a0pyJHIOIOUMX PEUYOBUH B aTMocdepi,
3p00JIeHNH 3 BUKOPHCTAHHSIM aBTOMAaTH30BAaHOI CHUCTEMHU PO3PAXYHKY 3a0pyAHEHHS
atmocdepu «EOJI 2000», pekoMeHI0BaHOI 10 BUKOPUCTaHHS MiHICTEPCTBOM OXOPOHU

HABKOJIMIITHROTO TPHUPOIHOTO CEPENIOBUINA, IO peanizye «MeToauKy po3paxyHKy



164

KOHIIEHTpaIlii B aTMOC(HEpPHOMY TOBITPl WIKIAJUBUX PEUOBUH, LI0 YTPUMYIOTHCS Yy
Bukujax mianpueMmctBy, OHJI-86, mpupeaeni B tabmumi 5.1. Indopmariiss Hamana
Jlep’kaBHOIO T1POMETEOPOJIOTIYHOIO CIIyk)0010 3amopi3bKOro 00JAaCHOTO LEHTPY 3

T1pOMETEOPOIOTii.

Tabmumss 5.1,  Meteoposoridydi  XapakTepUCTUKA 1 KOEQIII€HTH, IO

BH3HAYAIOTh YMOBHU PO3CIIOBAaHHS 3a0pyAHIOIOYNX PEUYOBUH B aTMOCheEpi M. 3amopixaKs

HalimeHnyBaHHSI XapaKTEpUCTUKHU Bemnuuna

Koedimienr A, 1mo  3ajgexuTh Bl  TeMIepaTypHOi 200

cTparudikaiii armochepu

Cepennsi MakcuMalibHa TeMIlepaTypa 30BHIIIHBOTO TOBITPS -4,2

HalGiIBII XOJI0IHOrO Micans poky, °C

Cepennss MakcUMallbHa TeMIepaTypa 30BHIIIHBOTO —IOBITPS + 33,2

Hail61b1I skapKoro Micsis poky, °C

CepennbopiuHa po3a BiTpiB, %

[TiBH. 17,2
[TiBu.-CxiaH. 14,0
Cx1igH. 11,7
ITiBaeun.-CximH. 12,5
[TiBnen. 12,0
[TiBnen.-3ax. 10,4
3ax. 11,2
[TiBH.-3ax. 11,0
MBuakicte  BiTpy (W),  NOBTOPIOBAHICTb  IEPEBUILIEHHS 10-11

SIKOI CTaHOBHTH 5%, M/C |

XapakTepucTuka JpKepel BHUKHUIIB 3a0pyJHIOIOYMX PEUYOBMH B arMmochepHe

MOBITPS Ta iX MapaMeTpu HaBeAeH1 y qonatky I
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5.3 Pe3yabTatu eTtany inenTudikanii Hede3nmeKH M1010 OiHKA TOKCUYHOCTI

BUKHUAIB Bia cramioHapuux mxkepena HIpAT «Ykprpadgim»

Bignosimno g0 mpencraBieHux [TAT  «Ykprpadit» BUXITHUX JaHUX,

BCTAHOBJICHO, 110 J0 aTMOC(EpPHOTO TMOBITPA BiJ CTAIlIOHAPHUX JKEped BUKUIIB

JIFOYOT0 MiAIPUEMCTBA HAIXOIATh 25 3a0pyIHIOIOUHNX peYoBUH (Tad. 5.2).

Ta6mung 5.2. [lepenik 3a0pyIHIOIOYMX PEUOBHH 3 JpKepes BUKUIIB [IpAT

«Yxprpadit»
No .
i Kon HaiiMmeHyBaHHSI pe4OBHH
1 123 3amizo Ta ioro cnonyku (y mepepaxyHKy Ha 3al1i30)
2 143 Manras Ta foro Crojiyku B IepepaxyHKy Ha J1IOKCH]I MAaHTaHy
3 183 PtyTh Ta 11 cCIONyKH B IepepaxyHKy Ha PTYTh
4 184 CauHelb Ta HOro CIOJIYKU B IEpepaxyHKy Ha CBUHELb
5 203 XpoM Ta HOro CIOIYKH B IIEpepaxyHKy Ha TPUOKCHI XPOMY
6 301 Oxkcuu a30Ty (OKCHI Ta TIOKCUI) y TIepepaxyHKy Ha JIIOKCH] a30Ty
7 303 Amiak
8 330 Jliokeup cipku (IIOKCH[ Ta TPUOKCH) B IIEPEePaxyHKy Ha JIOKCHI CIpKU
9 333 CipKoBOJICHb
10 337 Oxcup ByTJICIIIO
11 349 @dTop Ta ioro naponoAiOHI Ta ra30no/1i0H1 CIOIYKH Yy IEPEPaxXyHK. y HAa PTOPUCTHM
BOJICHb
12 410 Mertan
13 | 602 benson
14 620 Crupon
15 | 703 Bbens(a)mipen
16 | 708 Hadranin
17 714 Auenadren
18 | 1071 ®enon
19 | 1215 Jubyrundranar
20 | 1707 Jumermiicynbdin
21 | 2735 Macno minepanbHe HadTOBE
22 | 2754 Byrnesoani rpannuni C12-C19
23 | 2002 PedoBuHM y BUTIISAII CYCTICHIOBAaHUX TBEPIUX YaCTHHOK HelU(EepeHIiioBaHUX 32
CKJTaJIOM
24 A3zoty (1) oxcua [N20]
25 11811 Jliokcu ByTIIeIto
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BpaxoBytoun kputepii BiaOOpy 3a0pyAHIOIOYMX PEYOBUH, LIO0 BUKHUIAIOTH
B aTrMocepHe TOBITPS CTallloHapHI JoKepena aitoyoro mignmpuemctBa I[TAT
«Yxprpadit» micis BOPOBAKEHHS KaTAIITUYHUX CUCTEM Ha Ie4Yax, a caMme:

- agamizy o0csariB  (r/c) HaAXOMKEHHS  3a0pyAHIOIOYMX  PEUYOBUH B
aTMoc(hepHe MOBITPS;

- OLIIHKM TOKCHYHOCTI  3a0pyJHIOIOUMX PEYOBHMH XIMIYHMX  pPEYOBHH,
3JaTHUX BITUBATH HA 3/I0POB’Sl HACEJICHHS;

- aHaJi3y JaHUX BIJHOCHO IIapaMeTpiB HEOE3MEeKH Ta 3aIeKHOCTeH ,,703a-
BIANOBIJE" (pedepeHTHI  KOHUEHTpalli; (QakTopu KaHUEPOreHHOro MOTEHIlaly;
YUHHI BITYM3HAHI HOPMATHBHU: TPAHUYHO JIOMYCTHUMI KOHIIGHTpallli MaKCUMAaJIbHO
pazosi Ta cepeaaboao6osi (I'’IK m.p., I'/IK ¢.1.);

- OIIIHKY HaMpaBJIE€HOCTI BIUTMBY HAa OPTaHU Ta CUCTEMH JIOACHKOTO OpPraHi3My;

- YUCEJIBbHOCTI HACEJIEHHS, SIKE 3a3HA€ BIUIUBY BiJl BUKHUJIIB MIPUEMCTBA,

Oynmo  chopmoBaHO  Tepenik  3a0pyAHIOIOYUX ~ PEYOBUH,  HEOOXITHUX IS
MPOBEICHUSI MOJAIBIINX JOCIIKEHb 3 OLIHKUA PU3MKY JJIS 370pOB’Sl HACEJICHUS BiJ
3a0pyIHEHHS TIOBITPSI BUKUIAMU CTalllOHApHUX JpKepen Aitouoro mianpueMmcta [TAT

«Ykprpadir» (tadm. 5.3).

Tabmums 5.3. 3aranbHui mepenik BHUKUAIB 3a0pyIHIOIOYUX PEYOBHH TIO

HIAIPUEMCTBY MICIIA PEKOHCTPYKIIIT

N I'’IK m.p., Knac [ToTyXHICTh BUKUIY

) HaiiMeHyBaHHSI pEYOBUH Kon OBP/I, HeOe3- |3a0pyAHIOI0YUX PEYOBHH,
/o
mr/m® MIEKU r/c T/piK
1 3aiso Ta fioro crionyku. (y 123 | 0,04(cn) | 3 0,03062 | 0,18563

nepepaxyHKy Ha 3aii30)

MaHraH Ta 10ro CrojayKku B
2 nepepaxyHKy 143 0,01 2 0,002900 | 0,013970
Ha JI0KCH]T MAaHTaHy

3 PryTh Ta ii cioiyku B mepepaxyHKy 183 0,0003 1 0,000004 0,00008
Ha PTYTh (c.m.)
CBuHelb Ta HOro CIIOIYKH B
4 nepepaxyHKy 184 0,001 1 0,000002 | 0,000013

Ha CBUHCIb
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XpoM Ta MOro CIOIYKH B

5 203 0,002 0,000003 | 0,000003
nepepaxyHKy Ha TPHOKCH]T XPOMY
g | Qe asory (OKCHATA MOKCHA) | - 45y 0,2 7646110 | 124,31626
y MepepaxyHKy Ha JIOKCH]] a30Ty
7 Awmiak 303 0,2 4,00E-07 | 4,00E-06
Jliokcu cipku (JIIOKCH]T Ta
8 TPUOKCH]I) B IEpEpaxyHKy Ha 330 0,5 16,7639 | 302,50543
TIOKCHUJI CIpKU
9 CipKOBO/ICHb 333 0,008 0,140820 | 4,867920
10 MOHOKCH]T BYTJICIIIO 337 5,0 19,91226 | 1206,1003
®rop Ta Koro naponoaioHi Ta
11 rasonozidui crionyku y 342 0,02 0,000600 | 0,002230
nepepaxyHKy Ha GTOPUCTUI
BOJICHD
12 Mertan 410 50 OBP/] 0,058500 | 0,979230
13 benzon 602 1,5 0,146932 4,53886
14 Crupout 620 0,04 0,199898 | 3,269660
15 bens(a)nipen 0.1
703 | o M 0,001383 | 0,010293
100 m
16 Hadranin 708 0,003 0,235334 | 9,238560
17 AueHadTen 714 0,07 2,802001 | 53,57626
18 denou 1071 0,01 0,274862 | 5,045590
19 JuGyrungranar 1215 0,1 0,170112 | 4,84293
20 Jumeruncynbdin 1707 0,08 0,633460 | 19,20096
21 |Macno minepaibHe HaQTOBE 0,05
2735 OFP/1 0,00001 0,00018

22 |ByrneBosani rpannuni C12-C19 2754 1,0 0,00524 0,05394
23 |PeuoBunu y BUTJISAIL

CYCIIEHJIOBaHUX TBEpIUX YacTWHOK | 2902 0,5 8,44289 111,11265

HeAu(epeHIiHoBaHNX 33 CKIIAI0M
24 | Aoty (1) oxcun [N20O] ‘FI[K 0,02871 0.38667

BiJICYyTHE
25 |Jliokein Byrireiio 111 | K 5107,231 | 98942,758
BIJICYTHE
Yceporo: 5164,727 | 100793,00
be3 BpaxyBaHHsI MapHUKOBUX ra3iB 57,46784 | 1849,8609

HACEJICHUX IYHKTIBY,

3rigHo girounx «Jlep:kaBHUX

CaHITapHUX IMpaBUJl IJIAHYBaHHS Ta 3a0yJA0BH

3aTBepkeHnX Hakazom

MiHicTepcTBA OXOPOHH 310POB’S
p p J10p
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VYkpainu Big 19 uepBast 1996 p. Ne 173, ocnoBHe BupoOHHUTBO I[IAT «Ykprpadim»
BIIHOCUTBCSA JO XIMIYHUX MMANPUEMCTB (IIANPUEMCTBA IO MEPEepoOIll KaM SHOTO
BYT'JISI) 3 CaHITapHO-3aXUCHOIO 30HOI0 1000 M.

Koopaunatn HopmaruBHOi (33 BH3HAa4YaJIMCh B ABTOMATHYHOMY PEXHM 3
ypaxyBaHHSM pO3H BITPIB 3a jonomoroto mporpamu "EOJI".

Po3paxyHOk po3citoBaHHS 3a0pyJHIOIOYMX PEUYOBUH B aTMocdepi 3poOseHHt
3 BUKOPUCTAHHAM aBTOMAaTH30BaHOI CUCTEMH pO3paxyHKy 3a0pyaHeHHs aTmochepu
«EOJI 2000», pexomMeHAOBaHOII 10 BHUKOpPUCTaHHS MIHICTEPCTBOM  OXOpPOHH
HABKOJIMIIHBOTO IPUPOAHOTO CEPEIOBUIIA, IO peanizye «MeToIuKy po3paxyHKy
KOHIIEHTpaIii B aTMOC(hEpHOMY MOBITPl MIKIIAJUBUX PEUYOBHUH, IO BTPUMYIOTHCS Y
BUKHUJax mignpuemctsy, OHJI-86.

Po3paxyHOK po3citoBaHHS 3a0pyJHIOIOUHX PEYOBHH IIPOBOJUBCS 0€3 ypaxyBaHHs
(GOHOBUX KOHIIEHTpAIlii 3 METOI BU3HAYEHHS OE3MOCEPEeHbOr0 BIUIMBY BUKHIIIB
MIJMPUEMCTBA HA CTaH MOBITPSIHOTO CEPEIOBUIIIA.

Marepianamu  «OOTpyHTYBaHHSI BCTAaHOBIIGHOTO PO3MIPY CaHITApHO-3aXUCHOI
30U [TAT «Yxprpadit» po3mip BCTAaHOBJIEHOI CaHITApHO-3aXMCHOI 30HU BiJ KpaiHIX
OCHOBHHUX JIXKE€pEJ BHUKHUIIB CTAaHOBUThH: 944 M - y MIBHIYHO-CXIJTHOMY Ta 3aX1JTHOMY
HarnpsMkax, 800 M - y miBAEHHO-3aX1THOMY HanpsAMKY, 520 M - y MIBHIYHO-3aX1THOMY Ta
niBHiYHOMY Hampsimkax Ta HopmaTuBHa C33 1000 M - y Bcix IHIIMX HampsIMKax
(BUCHOBOK JIepaBHOI CaHITapHO-EM1IeM10JIoTT4HO1 ekcriepTusu Bix 12.11.2014 p. 3a Ne
05.03.02-07/68937).

JUisi 1OTpUMaHHS Ha BCTAaHOBJIIOBAHMX MEXaX TITIEHIYHMX HOPMATHBIB BMICTY
3a0pyHIOIOYMX PEYOBUH B aTMOC(HEpPHOMY TOBITPI - BCTAHOBJIEHI PO3PAaXyHKOBI
KoHTpoJibHI TOouku Ne 1 - 11. KoOHTposbHI TOUYKH XapaKTepu3ylOTh PO3PAXYHKOBY
AKICTh ATMOC(EPHOIO MOBITPS B )KUTJIOBIH 320y 10BI.

[Ipy mammHHOMY pO3paxyHKy 3a0pyaHEHOCTI aTtMochepu Ha KapTax
PO3CIIOBaHHS 3a0pYJHIOIOUHMX PEYOBUH B aTMOC(EPHOMY IMOBITPI BU3HAUEHI 3HAYEHHS
NPU3EMHUX KOHIIGHTpAlli Ha MEXI HalOIMXKY0oi KUTIOBOI 3a0yloBH B 3ajaHid

TOYIII, sIKa MPUIHATA SIK perientopHa (tadi. 5.4).



Tabmuug 5.4. KoopanHatu KOHTPOJIBHUX TOYOK

Touxa No 1 X =13934; 17232;
Touxka Neo 2 X =14008; 17230;
Touka Ne 3 X= 14112; 17224,
Touka Ne 4 X =14202; 17174,
Touka Ne 5 X=12514; 15220;
Touxka Ne 6 X =12020; 15480;
Touxa No 7 X =12098; 16430;
Touxa Ne 8 X =12156; 16496;
Touka Ne 9 X =12478; 16768;
Touxa Ne 10 X =12800; 16906;
Touka No 11 X =13480; 16820.
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Pesynpratu mMojemtoBaHHS Ta pO3paxyHKy IMpuBeAeHi B gonatky . 3HaueHHS
yCEpEOHEHUX PIYHUX KOHLIEHTpAallli IpHUBEIEHO B Ta0. 5.5.

Po3paxyHOKk po3citoBaHHS 3a0pyJHIOIOYMX pEUYOBMH B  armocdepi s
MeTaHy Ta ByriieBoaHIB rpaHuyHux C12-C19 He mnpoBoamBcs, Tak SK cyma
MaKCUMaJIbHUX MPU3eMHHUX KoHIleHTpalii B qonsax ['JIK menme 0,1.

[lepenik NplOPUTETHUX XIMIYHUX PEYOBUH, 10 BUKUJAIOTH CTAllIOHAPHI JKepena
[TAT «Yxprpadit» micis peKOHCTPYKIIii, IpecTaBieHuil B Tadn. 5.6, ne oOymoBieHa
HarpasieHicTs BBy Ha O3 (opranu 30py), IC (imynna cucrema), KC (kicTkoBa
cucrema), HC (nepBoBa cuctema), O/l (opranu aguxanus), PC (penpoaykTuBHa cuctema),
[10 (mapenximarosni opranu), CCC (cepueBo-cynunna cucrema), [{THC (umentpanpHa
HepBoBa cucrtema), KE (xanueporenni edextu), BBP (Bpomxkeni Bagu po3Butky), I1
(neuinka), H (wupxum), HII (HocoBa mnopoxuuna), K (xpos), HII (memorpadiuni

MTOKA3HUKM) - I ABUIIICHHS PIBHS CMEPTHOCTI.
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Tabmuus 5.5. Ycepemneni pidHi KOHIEHTpallii 3a0pyAHEHb MOBITPS MICIS

PEKOHCTPYKITIT
No VYcepenHena piuHa
i Kon CAS Hazga 3a0pyiHI0I0901 peUOBUHU KOHIICHTpAITis
n\ . 3
(Ci), mr/m

1 TSP PevoBuHM y BUIIIAII CYyCTICHIOBAHUX TBEPIUX YACTOK 0,05859362

2 7439-97-6 |PryTh Ta ii cOdyKH B IepepaxyHKy Ha PTYTh 3,712E-10

3 7664-41-7 | Amiak 0,00000003

4 | 7664-39-3 ®drtop Ta ioro naponozu6UH1 Ta Tra3omnoAiOHi CIONYyKH Y 0,00001477
nepepaxyHky Ha (TOPUCTUI BOJCHD

5 71-43-2 | benson 0,00025415

6 100-42-5 |Crtupomn 0,00017315

7 108-95-2 |Denon 0,00046636

8 |10102-44-0 Oxcunn a3oTy ‘ (okenn Ta TIOKCHT a3ory) 0,00330166
B IIEPEPaXyHKy Ha JIIOKCHUJI a30Ty

9 630-08-0 |MoHOOKCH BYTJICIIIO 0,01295109

10 7446-09-5 JHiokcung 01pK1/1‘ (qucpm Ta TPUOKCH]T) B 0,07545244
nepepaxyHKy Ha JI0KCUJ CIpKU

11 | 7439-96-5 Manran Ta WOro CHOJYKH B TEpEpaxyHKy Ha JIOKCH] 0,00003778
MaHraHy

12 | 7439-92-1 |CauHelb Ta HOTO CIIOIYKH B ITEpepaxyHKy Ha CBHHEIIb 0,00000015

13 | 18540-29-9 | XpoM Ta HOro CHOIYKH B TIEPEPAXYHKY HA TPUOKCHI XPOMY 0,00000101

14 50-32-8 |bens(a)mipen 0,00000257

15 - CipkoBo/ieHb 0,00120000

16 - Meran -

17 - Hadranin 0,00171000

18 - AuenadreH 0,01330000

19 - Julytundranar 0,00100000

20 - JumeTtnicynbdin 0,00320000

21 - Byrnesoani rpanununi C12-C19 -

99 i 3aiizo Ta . foro CIIOJIYKH (y 0,00000100
nepepaxyHKy Ha 3ai30)




Tabmums 5.6 Ilepenik mnpilopUTETHUX XIMIYHHUX

crarionapHi jxepena [IpAT «Ykprpadi
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pPE€YOBHUH, IO BUKWAAIOTH

Ne | CAS Konx |HasBa peuoBunu RfC, SFi, I'TIKm.p.,| I'’/IKc.x., | BiuiuB Ha
mr/m® | (Mr/kr- | mr/v® mr/m® OpraHu Ta
z[06a)'1 CUCTEMU
1 | TSP 2902 |PewoBunu y Burmami|0,1 - 0,5 0,15 o
CYCIICHIOBaHUX
TBEPAUX YaCTOK
2 |10102-44-0 {301 |Oxcumu azotry (oxcun Ta|0,04 - 0,2 - o/]
JIIOKCH]T a3oTy) y
nepepaxyHKy Ha JIOKCHT
asory
3 | 630-08-0 337 | MOHOOKCH/I BYTJICITIO 5,0 - 5,0 3,0 IHHC,
CCC
4 | 7446-09-5 |330 |[Hiokcun cipku (miokcwnn |0,08 - 0,5 0,05 o/
Ta TPUOKCH]T) B
nepepaxyHKy Ha JIiOKCHU]I
cipku
5 | 7439-96-5 |143 |Mamnran Ta oro cnomyku |0,00005 |- 0,01 - HHC
B nepepaxyHKy Ha
JIOKCHUI MaHTaHY
6 | 7439-92-1 |184 |Csunens Ta ¥ioro cnonyku|0,00015(0,042 |0,001 - ITHC,
B IepepaxyHKy  Ha CCC, K,
CBHUHEIIb BBP
7 | 18540-29-9 |203 | Xpowm Ta ioro cnonyku B|0,0001 (42 0,002 - ol
nepepaxyHKy Ha
TPUOKCH]T XPOMY
8 |50-32-8 703 | bens(a)mipen - 3,1 - 0,00001 |-
9 | 7439-97-6 |183 |Pryrs Ta ii cmnomyku B|0,003 |- - 0,0003 |IIHC
nepepaxyHKy Ha
PTYThH
10| 7664-41-7 |303 |Awmiak 0,1 - 0,2 - oL
11| 7664-39-3 |342 |DTOp Ta #oro | 0,03 - 0,02 - KC, O
napomnoioHi Ta
ra3onojioHi CHIOIYKH Yy
nepepaxyHKy Ha
bTopucTHil BOJIEHB
12| 71-43-2 602 |benson 0,06 0,027 (15 - BBP, K,
HHC
13| 100-42-5 620 |Crupon 1,0 - 0,04 - HHC
14| 108-95-2 1071 |denon 0,006 |- 0,01 - CCC, H,
IHHC, IT
15 333 | CipkoBoaeHb - - 0,008 - -
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16 410 |Meran - - 50 ObP1 | - -
17 708 |Hadgranin - - 0,003 - -
18 714 | Anenadren - - 0,07 - -
19 1215 | AuGyrundranar - - 0,1 - -
20 1707 | Aumetmiicynbdin - - 0,08 - -
21 2735 |Macao MiHEpaJlbHE |- - 0,05 - -
Ha(TOBE OBP/1
22 2754 |ByrneBoaHi rpaHuyHi |- - 1,0 - -
Cl2-C19
23 123 |3amizo Ta HOro CIOJYKH |- - - 0,04 -
(y nmepepaxyHKy  Ha
3aJ1i30)

Ha ocHOBI  po3paxoBaHMX  piBHIB  €KCHO3WII  OyJduM  BCTaHOBJEHI
XapaKTEePUCTUKU PU3UKY BiJl 3a0pyIHEHHS aTMOC(PEPHOro TMOBITPs, 0OYMOBJIEHOTO
BUKuAamu airodoro mianpuemctBa IIpAT «Ykprpadit», Kl BKIIOYaIUd pPO3PaXyHKHU
iHACKCiB ~ HeOesmekn it okpemMux pedoBuH HQ (HekaHIIEpOTeHHI PU3HKH) Ta
npu komOiHOoBaHi# aii II1 (Tabn. 5.7) Ta po3paxyHKH KaHIIEPOTC€HHUX 1HAMBIAYaTbHUX
pus3ukiB ICR Tta 3a xomOinoBaHotO ai€t0 CR, (Taron. 5.8).

OriHKa HEKaHIIEPOTEHHUX PHU3UKIB TMPOBOJMUIIACS HAa OCHOBI PO3PAXyHKY
iHaekciB HeOesnmeku HQ, ski € CHiBBIAHOIICHHSM MK BEIWYMHAMHU EKCITO3MIII 1
0e3neyHuM (pedepeHTHUM) piBHEM Aii.

OrriHKa TOBrOCTPOKOBUX BIUIMBIB Ha PiBHI ycepeaHEHOI piYHOi KOHIIEHTpaIlli Ha
3M0POB’Sl JIIOJIMHU JOCIIPKYBAHUX PEUOBHUH, IO JO3BOJIATH OI[HUTU XPOHIYHUM
IHTQJISIIIIAHUN BIUTUB BUHUKHEHHSI HETaTUBHUX €(EKTIB y 30pPOB’S E€KCIIOHOBAHOTO
HACEJICHHS MPOTATOM JKUTTSI JUTs OI[IHKH Ta XapaKTEPUCTUKU MYJIbTUCTAIIHHOTO PU3HKY,

MoKa3aju, 1o iHaekcu Heoe3nekn HQ He nmepeBUIIyI0Th HOPMY.



Tabmun 5.7. Pusuku po3BUTKY HEKaHIIEPOTCHHUX €()EKTiB
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Mexa Pedepentna Ycepennena Kputnuni Koedirmient

JKUTIOBOT (6e3neuna) . piuHa . oprauu/ HeOe3neKu KpHTepii HEKAHIEPOreHHOr0 PU3HKY

3a0y/10BH KOHIIEHTpaIlls KOHIICHTPAITIS CHUCTEMHU (HQ)

(RfCi), mr/nm® (Ci), mr/m®

3BayKeH1 PEUOBHHHU
TSP 0,1 0,05859362 (0)I 0,5859362 <1 | Pu3uk BUHMKHCHHS IIKITMBUX eQEKTIB BKpall MaHii
PryTh Ta 1 ciosiyku B nepepaxyHKy Ha pTyThb
7439-97-6 0,003 3,712E-10 HHC 1,24E-7 <1 | Pusuk BUHMKHECHHS IIKIIIMBUX ePEKTIB BKpail MajIHii
Awmiak
7664-41-7 0,1 0,00000003 o1l 3,00E-7 <1 | Pu3uK BUHUKHEHHS MIKIITHBHUX e(EKTIB BKpaii Maiuii

®rop Ta ioro naponoAiOHi Ta ra30no/iOHI CHOJIYKH Yy MepepaxyHKy Ha

¢TopHuCTUil BOJIEHB

7664-39-3 | 0,03 0,00001477 KC, 0/ 0,00049233 | <1 | Pu3uK BUHHKHEHHS MIKIUTHBHX e(DeKTIB BKpail Mainit
Crupon

100-42-5 1,0 0,00017315 HHC 0,00017315 | <1 | Pu3suk BUHHKHEHHS HIKIIIMBHX e(EeKTIB BKpai Masuii
®eHon

108-95-2 0,006 0,00046636 CCC, IT, H, HTHC | 0,07772667 | <1 | Pu3uk BUHMKHCHHS IIKIIIMBUX eeKTIB BKpai Maiuii

Oxcuau a3oT

y (oxcua Ta TloKCu

a30Ty) y NepepaxyHKy Ha JTIOKCH]T a30Ty

10102-44-0 | 0,04 0,00330166 (0)I 0,0825415 <1 | Pu3uK BUHUKHEHHS MIKIUTHBUX e(eKTIB BKpai MasIHii
MoHoOKCcH] BYTJEIO
630-08-0 3,0 0,01295109 HHC, CCC, K 0,00431703 | <1 | Pu3uk BUHMKHEHHS HIKITMBHUX e(DeKTIB BKpail Mauit




174

Cipku giokcu[ (1IOKCH Ta TPUOKCH) B IEPEPAXYHKY Ha JIOKCH]T CIPKU

7446-09-5 0,08 0,07545244 O] 0,9431555 <1 | Pu3uk BUHUKHCHHS IIKIIIMBUX ePEKTIB BKpall MajIHii
MasraH Ta HOTo CIOJYKH B IEPEpaxyHKy Ha JAiOKCH]] MAHTaHy

7439-96-5 0,00005 0,00003778 MHC 0,7556 <1 | Pu3uK BUHMKHCHHS IIKIITMBUX ePEKTIB BKpal MaHii
CipkoBoJicHb

- 0,008 0,00120000 - 0,15 <1 | Pu3uK BUHUKHEHHS MIKIUTHBUX e(eKTIB BKpail MasIHii
Hadranin

- 0,003 0,00171000 - 0,57 <1 | Pu3uk BUHMKHCHHS IIKIIIMBUX eeKTIB BKpai Mauii
AnenadteH

- 0,07 0,01330000 - 0,19 <1 | Pu3uK BUHUKHEHHS MIKIUTHBUX e(eKTIB BKpail MasIHii
Jubytundranat

- 0,1 0,00100000 - 0,01 <1 | Pu3uK BUHUKHEHHS MIKIUTHBUX e(eKTIB BKpai MasIHii
JumeTuncynbdig

- 0,08 0,00320000 - 0,04 <1 | Pu3uK BUHMKHEHHS MIKIIIMBHUX e(eKTIB BKpail Manni
3a1i30 Ta HOTo CIONYKH ( y MepepaxyHKy Ha 3aJ1i30)

- 0,04 0,00000100 - 0,000025 <1 | Pu3uK BUHUKHEHHS MIKIUTUBUX e(EKTIB BKpail MaJIHii




Tabmuis 5.8. Pusnku po3BUTKY KaHIIEPOTCHHUX €(PEKTIB
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Mexa Kannepo | Ogunounnii | Ycepennena | Kputuuni Pusux Pisens
KUTIIOBOT TEeHHUN KaHILIepo- pidHa KOH- opranu/ PO3BUTKY PU3UKY
3a0ynoBu | pusuk 3P TEeHHUHN [EHTPALliS CUCTEMU 1HIBI-

SF, mr/ pusuk 3P Ci, mr/m® JyaJIbHUX
(xr-m06a) | UR, mr/m® edeKTiB
ICR
bensanipen
50-32-8 3,1 0,002214 0,00000257 | - 5,69E-9 pHii-
HATHUH
benzon
71-43-2 0,027 1,93E-5 0,00025415 | BBP, K, | 4,91E-9 npHii-
HC HATHUHN
CBuHelb Ta HOro CIONYKH B IEPEPaxyHKy Ha CBUHEIb
7439-92-1 0,042 3,0E-5 0,00000015 | JHC, 4,50E-12 pHii-
BBP, K HATHUH
XpoM Ta HOTo CIOJYKH B MIEPEPAXYHKY HA TPUOKCHI XPOMY
18540-29-9 | 42 0,03 0,00000101 | o4 3,03E-8 pHii-
HATHUH
[IpoBeneHi po3paxyHKH 1HACKCIB HEOE3MEKU TOCTPUX Ta XPOHIYHUX

IHTAJIAIIMHNX BIUIMBIB, II0 OOYMOBJICHI BUKHJIAMHU BiJ JIFOYOTO MIAIPUEMCTBA
[IpAT «Ykprpadit» micis BOpOBaHKEHHS KaTaJITUYHOTO OYMIIEHHS MOKa3aju, 110
iH7exkcu HeOesneku HQ mpu BIJTMBI peUOBUH Yy BUTJISII CYCIEHOBAaHUX TBEPIUX
YaCTHUHOK, HeA(EepEeHLIMOBAaHUX 3a CKJIAJ0M, PTYTI Ta CIOJYK B MEpPEpaxyHKy Ha
PTYyThb, amiaky, ¢Topy Ta MOro naponoaiOHUX Ta ra30noII0HUX CIOIYK Y IEPEPAXYHKY
Ha TOPUCTUH BOJACHB, CTUPOIY, (PEHOIY, OKCHIIB a30Ty (OKCHUI Ta JIOKCHI) Y
nepepaxyHKy Ha JIIOKCHJ a30Ty, MOHOOKCHUAY BYTJICLIO, TIOKCUAY CIPKU (I10KCH]T
Ta TPUOKCHJ) y TepepaxyHKy Ha MJIOKCHJ CIPKH, MaHTaHy Ta MOro CIOJIyK
B IIEpEepaxyHKy Ha JIOKCHJ MaHTaHy, CIpKOBOJHIO, HadTalaiHy, aieHadTeHy,
anoyTtundranaty, ITuMeTWICYIb(]iny, 3amiza Ta fioro crnonyk (y MepepaxyHKy Ha

3aJ1130), ByryieBoaHiB rpannuynux C12-C19 ta macna MiHEpaJlbHOTO Ha(TOBOTO B
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aTMOC(epHOMY NoBITPi MOKHA BBaXKaTu JOMYCTUMUM, ICHYBaHHS
BUHUKHECHHS PU3UKY IIKIJTUBUX ePEKTIB BKpail MaJIni.

[Ipu anamizi piBHIB 3a0pyAHEHHA aTMOC(HEPHOTO TMOBITPS XIMIYHUMHU
KaHI[EPOTeHAMH, SKi BUKHIAIOTBCI B  aTMOCEpHE TMOBITPS  JDKEpeliaMu
nignpuemctBa [IpAT «Ykprpadit» micias peKOHCTPYKIli, a came: OeH3(a)mipeH,
OCH30J, CBUHEIb Ta HOTO CIOJIYKH B TEPEpPaxyHKy Ha CBHHEIb, XPOM Ta HOTO
CIONMYKH B MEpPEepaxyHKy Ha TPHUOKCHI XpOMy, OyJl0 BCTAaHOBIJICHO, IO BETUYUHU
1HaUBIAyalnbHOrO KaHieporeHHoro pusuky |ICR mporsrom Bcboro mnepeOyBaHHS
JIOJIMHUA Ha TEPUTOpii HaAWOMMKUYOT JKUTIOBOI 3a0yJOBU JIOPIBHIOE JUIS:

- ©Oens(a)mipen ICR =5,69-10°;

- 6Genson ICR =4,91-10%;

- CBHUHEIb Ta HOTO CIIONYKH B IepepaxyHKy Ha cumenb ICR =4,50-10%

- XpoM Ta HOro CIOIyKH B IIepepaxyHKy Ha Tpuokcu xpomy ICR =3,03-10%8,
[TogiOH1 pu3ukK HE TMOTPeOYIOTh JOAATKOBUX  3aXOMdIB  IMIOJMO  iX

3HM)KECHHS.
BUCHOBKMU 10 PO3ALITY 5

AHaJIi3yl0ud BUIIEBHUKJIAJEHE, HEOOXITHO 3a3HAYWTH, IO OI[IHKA BUKH]IIB
I[TAT «VYkprpadit», 3 ypaxyBaHHSIM iX TOKCHUYHOCTI, SIkKa BUKOPHUCTOBYETHCS Yy
METOMOJIOTIi OINHKK PHU3HMKY IS 370pOB’ S HACEJCHHS, JO3BOJIIE BH3HAYUTH
€KOJIOTIYHY CHTYyaIlll0, HaJaTh JOCTaTHbO OOTPYHTOBaHY, 00 €KTHBHY OILIHKY
IIKIJJIMBOCTI  BUKHMIIB B aTrMoc(epy, BUPOOUTH palllOHAIbHUNA, HAYyKOBO-
OOTpYHTOBAaHUW TIAXIJ 10 TTOM SIKIICHHS BIUIMBY BUKHUJIB HA 37I0POB’S HACEIICHHSI
I10/10 TIEPIIOYEPTOBOCTI Ta HATAIBHOCTI BUKOHAHHS IPUPOJTO00XOPOHHHX 3aBJIaHb, IO

CTOSITh IIepe] MIAMPUEMCTBOM Ta MIiCIIEBOO BJIA0I0 MiCTa.
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BUCHOBKHA

VY nuceprariiiHiii poOOTI BHKOHAHO KOMILIEKCHI JIOCTIKEHHS 3 METOIO
CTBOpPEHHSI E€KOJIOTIYHO Oe3MeYHOi TEeXHOJOrli MepepoOKH PIOKUX 3ali30-, MiIb-
cyJb(aTBMICHUX 1 XpOMAaTBMICHMX BIIXOIB METAIYPTiiiHOTO Ta METaJo00poOHOTro
BUPOOHHUITB (PEPUTHUM METOJOM 3 MOJATBIIIAM BUKOPHUCTAHHSM TBEPAMX BiIXOIB
BOJOOYMILICHHS] Il KATAJITUYHOTO 3HEUIKO/DKCHHS HEOE3NMeYHUX  BUKHU/IIB
MOHOOKCHUY BYTJICIIO Ta OTPUMAaHO HACTYIIHI PE3yJIbTaTH:

1. B pe3ynbrari po3aiibHOTO 1 CYMICHOTO 10HOOOMIHHOTO BUJIYYCHHS 10HIB
3aJ1i3a ¥ MiJil 3 KHCJIMX PO3YMHIB TPABJICHHSI Ta M1JIHEHHS TaJIbBAHIYHOT'O BUPOOHUIITBA
JIOBEICHO JIOIUIBHICTh 3aCTOCYBAaHHS 10HHOTO OOMIHY JJIsI KOHIIEHTPYBAaHHS PIAKUX
3ai30- Ta MiJlb- CYJb()ATBMICHUX BIJIXOJIB SIK MMOYATKOBOTO €Tamy KOMIUIEKCHOI
«3EIJICHOI» TEXHOJIOT1i nepepoOKu rajbBaHOCTOKIB 3 OJIEpPKAaHHIM
O6araroyHKIIOHATFHUX (PEPUTHUX MaTEpialiB IPOMHUCIOBOTO BUKOPUCTAHHS;

2. Ha mpuknazai enekTponizy KUCIUX 3ami30Cyib(aTBMICHUX BIIXO[IB B
JIBO- Ta TPUKAMEPHUX EJEKTpoJi3epax 3 aHIOHOOOMIHHUMH MemOpaHamu MA-41
BHU3HAYEHO BIUIMB KOHLEHTpAIIil 10HIB 3aJ113a, KUCIOTHOCTI, CUJIM CTPYMY, BUAY aHOIY
Ha e(EeKTHUBHE KOHIICHTPYBaHHS CyJb(aTHOI KUCIOTH 10 gocsirHeHHs 18,3 %-
KOHIIEHTpAIlll, sIKa € IIJIKOM MPUIATHOIO JUIsl 3aCTOCYBAHHSI SIK TOBAPHOTO MPOIYKTY
Ui OOEPHEHOTO BHKOPUCTAHHS B BaHHAX TPABJICHHA TajbBAaHIYHOTO BHUPOOHMIITBA;
JIOBEJICHO, 1110 3ACTOCYBAHHS OTPUMAHUX B PE3YyJIbTATI €JIEKTPO11alII3HOTO PO3AICHHS
i I0IaTKOBOTO OKUCHEHHS KOHIIEHTPOBAHKUX PO3uMHiB cynbgary 3amiza (I11) (20 r/mve)
OKpPIM 3HENIKO/PKCHHS TAIbBAaHIYHUX CTOKIB (DEPUTHUM METOJIOM MAIOTh €KOJIOTIYHY
JOIUTBHICT JII1 BUKOPUCTaHHS B SKOCTI TOBapHOTO MPOJIYKTY — KOAryJISIHTY SIK
Oe33anepeuny nepeBary epeKTUBHOI yTHITI3allii PIKUX BIIXO/IB METAITypPrii;

3. B pesynbrari pizHOOIYHOTO aHai3y OTPUMAHOTO 3 KOHIIEHTPOBAHUX
3a1130Cynb(aTBMICHUX PO3YMHIB (DEPUTHUM METOJOM TBEPJIOIO OCaay MAarHETHUTY,
dbepuTy MapraHiffo Ta XpoMy TapaHTOBAHO OJEPKAHHS YaCTOYOK KPHUCTATIYHOI
CTPYKTypHu po3mipamu dYacTok 2—20 MKM, 10 HAJa€ MOKJIHMBOCTI BUKOPHUCTAHHS

dbepuTHOrO Martepiany ISl BHUCOKOE(PEKTHBHOTO MAarHITOCOPOIIHOTO BWIIYyYCHHS
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10HIB BaXXKUX METaJliB, KATAJITUYHOTO 3HEINIKO/KCHHS TOKCHUYHOTO MOHOOKCHIY
ByTJIEHI0 a00 O€3MeYHOro 3aXOpPOHEHHS B HANPSMKY TMOJINIICHHS EKOJIOTTYHO1
0e3meKu ramysi MalrHOOYAyBaHHS;

4, Po3po6eno HOBITHI MapraHelb-QpepuTHI KaTaai3aTOpyd Ha JOCTYITHOMY
Ca-KITUHONTUIIONITOBOMY HOCI, oTpuMaHi 3 depary Kaiito, cyiabpaTy Maprafiio Ta
3a1130CyJIb()aTBMICHUX BIJXOJIIB, IO 3a0€3MeYyI0Th HAWBUINUM CTYHiHb KOHBEpCIi
MOHOOKCHUAY BYTJICII0; BUKOPUCTOBYIOUH MOJEIb PeaKTopa 1/1€aJIbHOr0 BUTICHEHHS 3
HEPYXOMHUM IIapOM KaTaiizatopa [l po3paxyHKy IapaMeTpiB Teuii ra30BOi CyMiIlli
4yepe3 peakTop, 3aBaHTAKEHUW (PEpPUTHUM KaTaai3aTopoM Ha IIEOJIITOBOMY HOCII,
cTBOpeHO 3D—Mozenb po3TamryBaHHS KaTallTUYHMX PEAKTOPIB Yy HPOMHUCIOBOMY
001aIHaHHI;

S. OTpumaHO KaTaJdITHYHI CHCTEMH Ha KEpPaMOBOJIOKHHCTOMY HOCII
0araropa3zoBOro BUKOPUCTaHHS 3 HAHECEHWMH IUIAXOM MPOCOUYYBaHHSA (DepuTHUMU
Marepiajgamu, 00 BKIIOYAIOTh MarHeTUT, PEPUT MiJll, PEPUT XPOMY, ISl OKUCHEHHS
MOHOOKCHJIy BYTJICIIO 3 3aCTOCYBAaHHSAM PIJKUX BIJXOJIB TPaBJICHHS, MIJIHCHHS Ta
XpPOMYBaHHS TaJbBaHIYHOTO BUPOOHMIITBA, BIPOBAKCHHS SKUX BIANOBIIAE
aKTyaJIbHUM TCHICHIIISM PO3BUTKY €KOHOMIKH 3aMKHEHOTO IIUKITY B YKpaiHi,

6. [TokazaHo, 1110 3 BpaXyBaHHSM BIIPOBA/KCHHSI KATATITUYHOTO OUHIIICHHS
MOHOOKCHUJIy BYTJIEHIO (depe3 Horo KOMOIHOBaHYy Ta KOMIUIEKCHY Jil0) Ha Medax
BUIATY Ta TpadiTyBaHHS IPU PO3PAXYHKY 1HACKCIB HEOE3MEeKH TOCTPUX Ta XPOHIYHUX
IHTIALIMHUX ~ BIUIMBIB, 110 OOyMOBJEHI Bukugamu mignpuemctsa [IpAT
«Yxprpadit», BUHUKHEHHS HEKAHIIEPOTCHHOTO Ta KaHIIEPOTCHHOTO IIKIJTUBUX

e(deKTIB BKpail Majie Ta He MoTpelye A0JaTKOBUX 3aXO0JiB IIOJI0 1X 3HUKCHHS.
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IPOMHUCIIOBOTO BUIIPOOYBaHHs
TEXHOJOTi1 OTpuMaHHs (PePUTHHX KaTajli3aTopis
Ha 11e0JiTOBOMY Ta BOJIOKHHCTOMY HOCIfX
JUIsl OKUCHEHHSI MOHOOKCHJIY BYTJICLIIO

MI/I, IO HHUXKYEC HiIII’IPIC&JII/ICﬂ, MNpeACTaBHUKHU!

HauioHanpHOro TexHiyHOro yHiepcuteTy Ykpainu «KWIBChKHH MOJiTeXHIYHMH
incTutyT imeni Iropst Cikopcskoro» - mpodecop KadeapH eKonorii Ta TeXHOIOrii
POCIIMHHHMX MOJIMEpIB, JOKTOP TeXHi4HMX HayK, noueHt Isanenko O. I., acnipant
xadye[pu eKoIorii Ta TexXHONOoTii pocauHHX nojimepis Jlosronan C. J1;

HTII “ExITO” - mupekrop 1o BupoOHuuTBy Mo3supcekuii Bikrop [nbiu

CKJIAJIM Lieii aKT Mpo Te, 110 B JabopaTopii Ta 11eXOBOMY IPUMIILEHH] BUPOOHHUIITBA
OysM poBeJIeH] A0CIIPKeHHs BUNIPOOYBaHb TEXHOJIOTIT OTPMMAHHS KaTajli3aTopiB
OKUCHEHHs MOHOOKCH/Iy BYTJICIIO Ta30BMX BHUKHJIB IUIIXOM HAHECEHHs IX Ha
pi3Hi HOCIT, TaKi K LEOJIT Ta BOJIOKHUCTHH BOTHETPHB.

Karauizaropw, 1110 HaHeceHi Ha:

- wueoniroBuii  Hociii  COKMPHHMIBKOrO poOJOBHIIA 3aKapnaTchkoi 00JacTi
pupobuuuTBa TOB «3akapnaTchkuift 1eoNiTOBHH 3aBo» po3Mipom 3-5-8 MM
arigno texuiynux ymoB TY ¥V 19.5-00292540.001-2001:

1. Fe3O4 3 BiNpalboBaHOrO PO3UMHY TpaBieHHs cynbdaty 3aniza (1) wsixom
3MilnyBaHHs 3 po3urHoM cyibdary 3aniza (I1I) 3 cniBBiaHOWIEHHSIM KOHIEHTpaLiH
ioni 3asiza (I1) Ta 3aniza (111) [Fe**]:[Fe’*]=1:2;

- Ha BorHetpukuii Qerp 3 kepamososiokna LYTX-512 Bupobuuka Shandong
Luyang Share, Kuraii:

2. Fe304 3 BinpanboBaHoro po3uuHy TpasieHHs cyabgary 3aniza (II) uuisixom
3MilyBaHHs 3 po3urHoM cysibdary 3aiiza (I11) 3 cniBBiAHOIEHHAM KOHIEHTpaLil
ionis 3auniza (II) Ta 3aniza (I1I) [Fe*']:[Fe¥']=1:2;

3. (FexCujx)Fe>04 3 BinpanboBaHOro po3unHy TpaBiieHHs cynbdary 3aniza (II)
IUIAXOM 3MILIyBaHHS 3 BiANpalbOBAHUM EJIEKTPOJITOM MIiJHEHHs - PO3YHHOM
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cymnbdaty Mmiai (I) 3 cniBBigHOMIEHHAM KoHLeHTpawii ioHiB Mmiai (II) Ta 3aniza (I1I)

[Cu?*]:[Fe*']=1:4;

4. Fe(FeyCri.y)204 3 BianpausoBanoro po3unHy TpasieHHs cyibdary 3aniza (II)
IIJSXOM 3MilIyBaHHS 3 BiANpanbOBaHUM €JIEKTPOJITOM XpOMYBaHHS - PO3YHHOM

GixpomaTy Kauito 3 CIiBBiJHOIIEHHAM KOHIeHTpauii ioniB xpomy (VI) Ta 3aiiza

(ID) [Cr®*]):[Fe?*]=1:15;

S. 50 % Fe304, 50 % (FexCujx)Fe204, OTpMaHuX BiAMOBiqHO 1. 2, 3;

6. 50 % Fe304, 50 % Fe(FeyCri.y)204, OTpUMaHKX BiAMOBiHO 1. 2, 4;

7. 33,3 % Fe30s, 33,3 % (FexCui)Fe204, 33,3 % Fe(FeyCri.y)204, OTpuMaHuX

BIZIMOBIJIHO 11. 2, 3, 4;

Oynu OTpUMaHIi 3T1/IHO HaJJaHOT HM)KUE METOJMKH.

JU1s OTpUMAaHHS BKa3aHMX (JEPUTHMX KaTajli3aTopiB 3pa3oK IEOJITY HAaBaKKOKO
1004 r Ta 6 3pa3kiB BOTHETPUBKOTO (eTPy TOBIIMHOI 2,5 CM IIiIbHICTIO 128 Kr/m3
posmipom 56 cm % 56 cm (maca 3paska ¢erpy 1004 r) 3aHyproBalHCh 10 MOBHOTO
TIPOCSKHEHHS PO3UMHOM B peakUilHy CyMilll 3 3arajbHOI0 KOHIEHTPALi€Io 16,76
r/mv? ionis 3amiza (I1), 3aniza (II1), mizi (II), xpomy (VI) 3rigHo cTexioMeTpUYHHX
CTiBBiHOWIEHb, BKa3aHHX B m. 1-7. Hamami B peakTop NpH IepeMillyBaHHI
nonasamu 20 %-Buit posurn NaOH no nocsraenns pH=9,5. 3pa3ku yTBOpeHHX
(epuTHMX KaTani3aTOpPiB Ha TBEPJAMX HOCISX BUHMamd 3 po3unHiB Ta 0e3
Bi/UKMMaHHsl pO3TAlIOBYBaIM Ha MiJUIOHAX J0 IOBHOrO BHMCHXaHHA JUIs
MOAAJIBIIOr0 BUKOPUCTAHHSL.

I[TpuBe/ieHi B AKTi JJaHi i ATBEPKY€EMO:

HarionanbHuii TEXHIYHNH yHIBEPCHTET -

Ypainn «KuiBebKuii MomiTeXHIYH i 0 m/

incturyT iMeni Iropst CikopchbKoro» IBanenko O.L
HarionanbHuil TeXHIYHNI yHIBEPCHTET

Yipainn «KuiBchKuii nosiTeXHiaHui
inctutyT imeni Irops CikopchbKoro»

HTIT “ExI1O”




Pe3yabTaTH MaTeMAaTHYHOI 00POOKH eKCIIEPUMEHTAJIbHUX JAHUX

JTOJATOK B
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Tabmums b.1 — Pe3ynpTaTn MareMaTH4HOT OOpOOKHM JaHMX METOJOM BapialiifHOl

CTaTUCTHKH

Howmep Tabn. | Bennuuna, OpuHui AX Ex, %
(puc.) 110 BHMi-

TOCTITKY- PIOBaHHS

€THCS
1 2 3 4 5
Puc. 3.1. [Fe?*] mr*exs/nm° 0,025 2,851
Puc. 3.1. [Fe?*] Mr*eks/mm° 0,014 0,957
Puc. 3.1. [Fe?*] MT*eKB/IM> 0,085 1,954
Puc. 3.1. [Fe?*] mr*eks/nm® 0,067 0,985
Puc. 3.1. [Fe?*] MT*eKB/IM> 0,125 0,524
Puc. 3.1. [Fe?*] Mr*eks/mm° 0,078 0,241
Puc. 3.1. [Fe?*] Mr*eks/mm° 0,064 0,854
Puc. 3.1. [Fe?*] Mr*eks/mm° 0,175 5,247
Puc. 3.1. [Fe?*] Mr*eks/mm° 0,052 1,521
Puc. 3.1. [Fe?*] MT*eKB/IM° 0,048 0,874
Puc. 3.1. [Fe?*] MI*eKB/vM° 0,031 2,547
Puc. 3.1. [Fe?*] MT*eKB/ MM 0,102 3,845
Puc. 3.1. [Fe?*] mr*exs/nm® 0,068 5,214
Puc. 3.1. [Fe®*] MT*eKB/mM> 0,014 5,320
Puc. 3.1. [Fe?*] mr*exs/nm® 0,085 2,357
Puc. 3.1. [Fe?*] mr*exs/nm® 0,067 1,574
Puc. 3.1. [Fe?*] MT*eKB/ MM 0,214 4214
Puc. 3.1. [Fe?*] MT*eKB/ MM 0,106 5,247
Puc. 3.1. [Fe?*] mr*exs/nm® 0,201 2,547
Puc. 3.1. [Fe?*] mr*exs/nm® 0,064 2,617
Puc. 3.1. [Fe?*] Mr*eKkB/m> 0,037 4,139
Puc. 3.1. [Fe?*] MT*eKB/ M 0,075 4,294
Puc. 3.1. [Fe?*] mr*eks/nm® 0,013 0,516
Puc. 3.1. [Fe?*] MI*eKkB/m> 0,117 4,216
Puc. 3.1. [Fe?*] MT*eKB/ M3 0,027 0,257
Puc. 3.1. [Fe?*] Mr*eKxB/m> 0,023 0,241
Puc. 3.1. [Fe?*] MI*eKkB/m> 0,264 4,512
Puc. 3.1. [Fe?*] MT*eKB/ M3 0,053 2,571
Puc. 3.1. [Fe?*] MT*eKB/ M3 0,010 0,457
Puc. 3.1. [Fe?*] mr*eks/nm® 0,115 4,316
Puc. 3.1. [Fe?*] mr*eks/nm® 0,015 0,615
Puc. 3.1. [Fe?*] Mr*eKxB/ v 0,045 0,465




Puc. 3.1. [Fe?*] mr*exs/nm® 0,051 0,647
Puc. 3.1. [Fe?*] MI*eKB/ v 0,116 4,312
Puc. 3.1. [Fe?*] MI*eKB/ v 0,027 0,267
Puc. 3.1. [Fe?*] mr*exs/am® 0,114 4,105
Puc. 3.1. [Fe?*] MT*eKB/ M3 0,012 0,134
Puc. 3.1. [Fe?*] MT*eKB/ M3 0,064 3,852
Puc. 3.1. [Fe?*] mr*eks/nm® 0,102 3,845
Puc. 3.1. [Fe?*] MI*eKB/ > 0,014 5,320
Puc. 3.1. [Fe?*] MI*eKB/ > 0,085 1,964
Puc. 3.1. [Fe?*] Mr*eks/mm° 0,098 3,752
Puc. 3.1. [Fe?*] MT*eKB/ M3 0,032 4,034
Puc. 3.1. [Fe?*] MT*eKB/ M3 0,026 0,264
Puc. 3.1. [Fe?*] MT*eKB/mM° 0,115 1,754
Puc. 3.1. [Fe?*] MT*eKB/mM° 0,026 1,124
Puc. 3.1. [Fe?*] MT*eKB/IM° 0,094 1,534
Puc. 3.1. [Fe?*] MT*eKB/IM° 0,077 3,846
Puc. 3.1. [Fe?*] MT*eKB/mM° 0,213 0,845
Puc. 3.1. [Fe?*] mr*exs/am° 0,029 1,245
Puc. 3.1. [Fe?*] MT*eKB/IM° 0,047 3,216
Puc. 3.1. [Fe?*] Mr*eks/aM° 0,164 4,216
Puc. 3.1. [Fe?*] Mr*exs/am° 0,095 2,314
Puc. 3.1. [Fe?*] Mr*exs/am° 0,106 0,456
Puc. 3.1. [Fe?*] MT*eKB/aM° 0,047 3,216
Puc. 3.1. [Fe®*] MT*eKB/mM> 0,135 3,215
Puc. 3.1. [Fe®*] MT*eKB/mM> 0,072 1,965
Puc. 3.1. [Fe?*] Mr*eKxB/m> 0,036 4,031
Puc. 3.1. [Fe®*] MT*eKB/mM> 0,112 2,164
Puc. 3.1. [Fe®*] MT*eKB/mM> 0,134 2,315
Puc. 3.1. [Fe?*] Mr*eKB/m> 0,014 0,369
Puc. 3.2. [Fe?*] MT*eKB/aM° 0,124 2,154
Puc. 3.2. [Fe?*] MT*eKB/aM° 0,097 3,214
Puc. 3.2. [Fe?*] MT*eKB/aM° 0,102 2,167
Puc. 3.2. [Fe?*] MI*eKkB/m> 0,123 2,147
Puc. 3.2. [Fe?*] MT*eKB/IM° 0,014 0,645
Puc. 3.2. [Fe?*] MT*eKB/IM° 0,314 4,265
Puc. 3.2. [Fe?*] mr*exs/nm® 0,068 2,314
Puc. 3.2. [Fe?*] MT*eKB/IM° 0,147 2,369
Puc. 3.2. [Fe?*] MT*eKB/IM° 0,124 2,154
Puc. 3.2. [Fe?*] Mr*exs/mm° 0,113 1,315
Puc. 3.2. [Fe?*] MT*eKB/IM° 0,077 2,545
Puc. 3.2. [Fe?*] MT*eKB/ M3 0,029 0,348
Puc. 3.2. [Fe?*] Mr*exs/mm° 0,132 2,245
Puc. 3.2. [Fe?*] MT*eKB/ M3 0,156 0,346
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Puc. 3.2. [Fe?*] Mr*eKs/ v 0,165 1,316
Puc. 3.2. [Fe?*] MI*eKB/vM° 0,024 0,145
Puc. 3.2. [Fe?*] MT*eKB/ M3 0,174 2,045
Puc. 3.2. [Fe?*] MT*eKB/ M3 0,042 0,254
Puc. 3.2. [Fe?*] MI*eKB/ v 0,270 3,365
Puc. 3.2. [Fe?*] mr*eks/nm® 0,026 0,396
Puc. 3.2. [Fe?*] MI*eKB/ > 0,124 2,314
Puc. 3.2. [Fe?*] mr*exs/am° 0,214 3,785
Puc. 3.2. [Fe?*] MT*eKB/ M3 0,019 0,348
Puc. 3.2. [Fe?*] MT*eKB/ M3 0,093 3,155
Puc. 3.2. [Fe?*] mr*eks/nm® 0,037 3,034
Puc. 3.2. [Fe?*] MI*eKB/ v 0,056 1,264
Puc. 3.2. [Fe?*] MT*eKB/mM° 0,159 2,554
Puc. 3.2. [Fe?*] Mr*exs/am° 0,096 1,624
Puc. 3.2. [Fe?*] MT*eKB/IM° 0,091 0,534
Puc. 3.2. [Fe?*] MT*eKB/mM° 0,017 1,846
Puc. 3.2. [Fe?*] MT*eKB/mM° 0,262 2,845
Puc. 3.2. [Fe?*] Mr*exs/am° 0,029 3,245
Puc. 3.2. [Fe?*] MT*eKB/mM° 0,047 1,216
Puc. 3.2. [Fe?*] MT*eKB/mM° 0,124 2,216
Puc. 3.2. [Fe?*] Mr*exs/am° 0,195 4,314
Puc. 3.2. [Fe?*] MT*eKB/mM° 0,126 0,457
Puc. 3.2. [Fe®*] Mr*exs/nm> 0,047 3,243
Puc. 3.2. [Fe?*] Mr*eKxB/m> 0,135 2,215
Puc. 3.2. [Fe?*] MT*eKB/aM° 0,072 2,965
Puc. 3.2. [Fe?*] MT*eKB/aM° 0,166 4,031
Puc. 3.2. [Fe®*] MT*eKB/mM> 0,019 0,348
Puc. 3.2. [Fe®*] Mr*exs/nm> 0,093 3,155
Puc. 3.2. [Fe?*] mr*exs/nm® 0,037 3,034
Puc. 3.2. [Fe?*] MT*eKB/aM° 0,056 1,264
Puc. 3.2. [Fe?*] MT*eKB/aM° 0,159 2,554
Puc. 3.2. [Fe?*] MT*eKB/aM° 0,096 1,624
Puc. 3.2. [Fe?*] mr*eks/nm® 0,091 0,534
Puc. 3.2. [Fe?*] MT*eKB/IM° 0,017 1,846
Puc. 3.5. [Cu®*] mr*exs/nm® 0,175 4,459
Puc. 3.5. [Cu**] Mr*eks/mm° 0,052 2,357
Puc. 3.5. [Cu®'] Mr*eKxB/m> 0,048 1,574
Puc. 3.5. [Cu®'] Mr*eKxB/ v 0,031 4,214
Puc. 3.5. [Cu?*] mr*eks/nm® 0,102 5,247
Puc. 3.5. [Cu**] Mr*exs/mm° 0,025 1,521
Puc. 3.5. [Cu**] Mr*exs/mm° 0,125 0,874
Puc. 3.5. [Cu®*] mr*exs/nm® 0,078 0,985
Puc. 3.5. [Cu?*] mr*exs/nm® 0,064 0,524
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Puc. 3.5. [Cu?*] mr*exs/nm® 0,025 0,241
Puc. 3.5. [Cu?*] MT*eKB/IM® 0,075 0,854
Puc. 3.5. [Cu?*] mr*eks/nm® 0,105 2,051
Puc. 3.5. [Cu?*] Mr*eks/mm° 0,028 3,852
Puc. 3.5. [Cu?*] Mr*eks/mm° 0,098 2,851
Puc. 3.5. [Cu?*] Mr*eks/mm° 0,115 0,957
Puc. 3.5. [Cu?*] mr*eks/nm® 0,068 1,954
Puc. 3.5. [Cu?*] MT*eKB/IM° 0,014 2,547
Puc. 3.5. [Cu?*] mr*eks/nm® 0,085 3,845
Puc. 3.5. [Cu?*] Mr*eks/mm° 0,067 5,214
Puc. 3.5. [Cu?*] Mr*eks/mm° 0,214 5,320
Puc. 3.5. [Cu?*] Mr*eks/mm° 0,028 1,054
Puc. 3.5. [Cu?*] mr*eks/nm® 0,098 1,068
Puc. 3.5. [Cu?*] mr*eks/nm® 0,115 4,025
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/om° 0,078 2,065
Puc. 3.7. [Cu?* + Fe?*] | mr*exs/mm® 0,051 0,647
Puc. 3.7. [Cu?* + Fe®*] | mr*exs/nm® 0,116 4,312
Puc. 3.7. [Cu?* + Fe®*] | mr*exs/nm® 0,027 0,267
Puc. 3.7. [Cu?* + Fe?*] | mr*exs/nm® 0,114 4,105
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/oM° 0,012 0,134
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/oM° 0,064 3,852
Puc. 3.7. [Cu?* + Fe?*] | mr*exs/mm® 0,102 3,845
Puc. 3.7. [Cu®* + Fe**] | mr*exs/nm° 0,014 5,320
Puc. 3.7. [Cu®* + Fe**] | mr*exs/nm° 0,085 1,964
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/om° 0,098 3,752
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/nm® 0,032 4,034
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/nm® 0,026 0,264
Puc. 3.7. [Cu?* + Fe?*] | mr*exs/om° 0,115 1,754
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/om° 0,026 1,124
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/nm® 0,094 1,534
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/nm® 0,077 3,846
Puc. 3.7. [Cu?* + Fe?*] | mr*exs/om° 0,213 0,845
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/nm® 0,029 1,245
Puc. 3.7. [Cu?* + Fe?*] | mr*exs/nm® 0,047 3,216
Puc. 3.7. [Cu?* + Fe?*] | mr*exs/nm® 0,124 2,154
Puc. 3.7. [Cu®* + Fe**] | mr*exs/nm° 0,097 3,214
Puc. 3.7. [Cu®* + Fe**] | mr*exs/nM° 0,102 2,167
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/om° 0,123 2,147
Puc. 3.7. [Cu?* + Fe?*] | mr*exs/mm® 0,014 0,645
Puc. 3.7. [Cu®* + Fe**] | mr*exs/nm° 0,314 4,265
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/om° 0,068 2,314
Puc. 3.7. [Cu?* + Fe?*] | mr*exs/nm® 0,147 2,369
Puc. 3.7. [Cu®* + Fe**] | mr*exs/nm° 0,124 2,154
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Puc. 3.7. [Cu®* + Fe?*] | mr*exs/om° 0,113 1,315
Puc. 3.7. [Cu** + Fe*'] | mr*exs/nm° 0,014 1,521
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/oM° 0,085 0,874
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/om° 0,067 2,547
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/om° 0,125 3,845
Puc. 3.7. [Cu** + Fe*'] | mr*exs/nm° 0,078 5,214
Puc. 3.7. [Cu* + Fe*'] | mr*exs/nm° 0,064 5,320
Puc. 3.7. [Cu** + Fe*'] | mr*exs/nm® 0,175 2,357
Puc. 3.7. [Cu** + Fe*'] | mr*exs/nm® 0,052 1,574
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/oM° 0,047 4,214
Puc. 3.7. [Cu®* + Fe?*] | mr*exs/oM° 0,161 5,247
Puc. 3.10. KucnotHicTh | Mr¥*exs/mm° 0,185 0,874
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,070 0,985
Puc. 3.10. KucnotHicth | Mr*exs/mm® 0,096 0,524
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,047 0,241
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,105 0,854
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,028 2,051
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,098 3,852
Puc. 3.10. KucnotHicTh | Mr*exs/mm® 0,115 2,851
Puc. 3.10. KucnotHicTh | Mr*exs/mm® 0,068 0,957
Puc. 3.10. KucnotHicth | Mr*exs/mm® 0,014 1,954
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,085 2,547
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,067 3,845
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,214 5,214
Puc. 3.10. Kucnothicts | Mr*exs/mm> 0,028 5,320
Puc. 3.10. Kucnothicts | Mr*exs/mm> 0,098 2,357
Puc. 3.10. Kucnothicts | Mr*exs/mm> 0,115 1,574
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,078 4,214
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,214 3,457
Puc. 3.10. KucnotHicTh | Mr*exs/mm° 0,014 0,657
Puc. 3.10. KucnotHicth | Mr¥*exs/mm° 0,029 0,978
Puc. 3.10. KucnotHicth | Mr*exs/mm° 0,123 3,214
Puc. 3.10. KucnotHicte | Mr*exs/mm° 0,014 0,369
Puc. 3.10. KucnotHicts | Mr*exs/mm> 0,214 2,324
Puc. 3.10. KucnotHicte | Mr*eks/mm° 0,025 2,314
Puc. 3.10. KucnotHicte | Mr*eks/mm° 0,165 4,025
Puc. 3.10. KucnoTtHicts | Mr*eks/mm> 0,075 2,369
Puc. 3.10. KucnotHicts | Mr*eks/mm> 0,015 2,036
Puc. 3.10. KucnotHicts | Mr*exs/am° 0,265 3,657
Puc. 3.10. KucnotHicts | Mr*exs/mm° 0,017 0,657
Puc. 3.10. KucnotHicTh | Mr*exs/mm® 0,214 0,998
Puc. 3.10. KucnoThicts | Mr*eks/mm> 0,142 2,345
Puc. 3.10. KucnoThicts | Mr*eks/mm> 0,025 0,685
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Puc. 3.10. KucnotHicts | Mr*exs/mm> 0,014 0,126
Puc. 3.10. KucnoTtHicts | Mr*exs/mm> 0,148 2,318
Puc. 3.10. KucnotHicTh | Mr¥*exs/mm° 0,026 0,396
Puc. 3.10. KucnotHicTh | Mr*exs/mm® 0,124 2,314
Puc. 3.10. KucnotHicth | Mr*exs/mm° 0,214 3,785
Puc. 3.10. KucnotHicTh | Mr*exs/mm® 0,019 0,348
Puc. 3.10. KucnotHicTh | Mr¥*exs/mm° 0,093 3,155
Puc. 3.10. KucnoTtHicts | Mr*exs/mm> 0,037 3,034
Puc. 3.10. KucnoTtHicts | Mr*exs/mm> 0,056 1,264
Puc. 3.10. KucnotHicTh | Mr*exs/mm® 0,159 2,554
Puc. 3.12. KucnotHicTh | Mr*exs/mm® 0,096 1,624
Puc. 3.12. KucnotHicth | Mr*exs/mm® 0,091 0,534
Puc. 3.12. KucnoTtHicts | Mr*exs/mm° 0,017 1,846
Puc. 3.12. KucnotHicth | Mr*exs/mm® 0,262 2,845
Puc. 3.12. KucnotHicth | Mr*exs/mm® 0,029 3,245
Puc. 3.12. KucnoTtHicts | Mr*exs/mm° 0,047 1,216
Puc. 3.12. KucnoTtHicts | Mr*eks/mm° 0,124 2,216
Puc. 3.12. KucnotHicth | Mr*exs/mm® 0,195 4314
Puc. 3.12. KucnoTtHicts | Mr*exs/mm° 0,126 0,457
Puc. 3.12. KucnotHicth | Mr*exs/mm® 0,047 3,243
Puc. 3.12. KucnotHicTh | Mr*exs/mm° 0,135 2,215
Puc. 3.12. KucnoTtHicts | Mr*eks/mm° 0,072 2,965
Puc. 3.12. KucnotHicte | Mr¥*exs/mm° 0,166 4031
Puc. 3.12. KucnotHicts | Mr*exs/mm> 0,132 4,164
Puc. 3.12. KucnoTHicte | Mr*exs/mm° 0,134 3,315
Puc. 3.12. KucnotHicts | Mr*exs/mm° 0,124 1,369
Puc. 3.12. KucnotHicts | Mr*exs/am° 0,038 0,321
Puc. 3.12. Kucnothicts | Mr*exs/mm> 0,098 3,852
Puc. 3.12. KucnotHicts | Mr*exs/mm> 0,115 2,851
Puc. 3.12. KucnotHicTh | Mr*exs/mm° 0,068 0,957
Puc. 3.12. KucnotHicTh | Mr*exs/mm° 0,014 1,954
Puc. 3.12. KucnoTHicte | Mr*exs/mm° 0,085 2,547
Puc. 3.12. KucnotHicTh | Mr¥*exs/mm° 0,067 3,845
Puc. 3.12. KucnoTtHicts | Mr*exs/mm> 0,214 5,214
Puc. 3.12. KucnotHicTh | Mr¥*exs/mm° 0,028 5,320
Puc. 3.12. KucnotHicTh | Mr*exs/mm® 0,098 2,357
Puc. 3.12. KucnotHicTh | Mr*exs/mm® 0,115 1,574
Puc. 3.12. KucnotHicte | Mr*eks/mm° 0,078 4214
Puc. 3.12. KucnotHicTh | Mr*exs/mm® 0,096 5,247
Puc. 3.12. KucnotHicTh | Mr¥*exs/mm° 0,047 2,851
Puc. 3.12. KucnotHicTh | Mr¥*exs/mm° 0,105 0,957
Puc. 3.12. KucnotHicTh | Mr¥*exs/mm° 0,028 1,954
Puc. 3.12. KucnotHicTh | Mr*exs/mm® 0,098 2,547
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Puc. 3.12. KucnotHicTh | Mr¥*exs/mm° 0,087 3,845
Puc. 3.12. KucnotHicTh | Mr*exs/mm° 0,159 2,554
Puc. 3.12. KucnotHicTh | Mr¥*exs/mm° 0,096 1,624
Puc. 3.12. KucnotHicth | Mr*exs/mm° 0,091 0,534
Puc. 3.12. KucnotHicTh | Mr¥*exs/mm° 0,017 1,846
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,041 0,248
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,113 1,315
Puc. 3.14. KucnotHicth | Mr*exs/mm? 0,077 2,545
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,014 1,236
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,113 2,315
Puc. 3.14. KucnotHicth | Mr*exs/mm® 0,048 0,398
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,026 1,247
Puc. 3.14. Kucnotricte | mr*exs/mm® | 0,015 0,285
Puc. 3.14. Kucnothicte | mr*exs/mm® | 0,129 2,214
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,134 3,315
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,124 1,369
Puc. 3.14. KucnoTtHicts | Mr*eks/mm° 0,014 0,645
Puc. 3.14. KucnoTtHicts | Mr*eks/mm° 0,314 4,265
Puc. 3.14. KucnotHicte | Mr*exs/mm° 0,068 2,314
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,147 2,369
Puc. 3.14. KucnotHicth | Mr*exs/mm® 0,011 0,354
Puc. 3.14. Kucnotricte | mr*exs/mm® | 0,016 0,325
Puc. 3.14. Kucnoruicte | mr*exs/mm° | 0,129 2,214
Puc. 3.14. KucnotHicth | Mr*exs/mm° 0,129 2,214
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,156 0,346
Puc. 3.14. Kucnothicts | Mr*exs/mm> 0,064 1,645
Puc. 3.14. Kucnothicts | Mr*exs/mm> 0,194 0,264
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,025 2,748
Puc. 3.14. Kucnotuicts | mr*exs/mm° | 0,041 0,248
Puc. 3.14. KucnotHicts | Mr*exs/mm° 0,124 2,154
Puc. 3.14. Kucnothicts | Mr*exs/mm> 0,097 3,214
Puc. 3.14. KucnotHicth | Mr¥*exs/mm° 0,102 2,167
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,123 2,147
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,014 0,645
Puc. 3.14. Kucnothicts | mr*exs/mm® | 0,314 4,265
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,068 2,314
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,075 4,294
Puc. 3.14. Kucnornicts | mr*exs/mm® | 0,013 0,516
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,117 4216
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,027 0,257
Puc. 3.14. KucnotHicte | Mr*eks/mm° 0,023 0,241
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,264 4512
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,053 2,571
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Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,010 0,457
Puc. 3.14. Kucnoruicts | mr*exs/mm° | 0,115 4,316
Puc. 3.14. Kucnornicts | mr*exs/mm° | 0,015 0,615
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,045 0,465
Puc. 3.14. KucnotHicth | Mr*exs/mm° 0,051 0,647
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,116 4312
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,027 0,267
Puc. 3.14. KucnoTtHicts | Mr*exs/mm> 0,114 4,105
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,012 0,134
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,064 3,852
Puc. 3.14. KucnotHicth | Mr*exs/mm° 0,102 3,845
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,014 5,320
Puc. 3.14. Kucnotricte | mr*exs/mm® | 0,085 1,964
Puc. 3.14. Kucnoruicts | mr*exs/mm° | 0,098 3,752
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,032 4,034
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,026 0,264
Puc. 3.14. KucnotHicth | Mr*exs/mm® 0,115 1,754
Puc. 3.14. KucnotHicts | Mr*exs/mm® 0,026 1,124
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,094 1,534
Puc. 3.14. KucnotHicth | Mr*eks/mm® 0,077 3,846
Puc. 3.14. KucnotHicth | Mr*exs/mm® 0,213 0,845
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,029 1,245
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,047 3,216
Puc. 3.14. KucnotHicth | Mr¥*exs/mm° 0,164 4216
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,095 2,314
Puc. 3.14. KucnotHicte | Mr¥*exs/mm° 0,106 0,456
Puc. 3.14. Kucnothicts | Mr*exs/mm> 0,125 0,874
Puc. 3.14. KucnotHicth | Mr¥*exs/mm° 0,078 0,985
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,064 0,524
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,025 0,241
Puc. 3.14. KucnotHicth | Mr*exs/mm° 0,075 0,854
Puc. 3.14. Kucnothicts | Mr*exs/mm> 0,105 2,051
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,028 3,852
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,098 2,851
Puc. 3.14. KucnotHicte | Mr*eks/mm° 0,115 0,957
Puc. 3.14. KucnotHicte | Mr*exs/mm° 0,068 1,954
Puc. 3.14. KucnotHicte | Mr*eks/mm° 0,014 2,547
Puc. 3.14. KucnotHicte | Mr*exs/mm° 0,085 3,845
Puc. 3.14. KucnoTtHicts | Mr*exs/mm> 0,067 5,214
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,214 5,320
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,028 1,054
Puc. 3.14. Kucnothicte | Mr*exs/mm° 0,098 1,068
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,115 4.025
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Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,078 2,065
Puc. 3.14. KucnotHicTh | Mr*exs/mm° 0,095 2,314
Puc. 3.14. Kucnotricte | mr*exs/mm® | 0,106 0,456
Puc. 3.14. KucnotHicte | Mr*exs/mm° 0,125 0,874
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,078 0,985
Puc. 3.14. KucnotHicth | Mr*exs/mm° 0,064 0,524
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,025 0,241
Puc. 3.14. KucnotHicTh | Mr¥*exs/mm° 0,075 0,854
Puc. 3.14. KucnoTtHicts | Mr*exs/mm> 0,105 2,051
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,095 2,314
Puc. 3.14. KucnotHicTh | Mr*exs/mm® 0,106 0,456
Puc. 3.14. KucnotHicth | Mr*exs/mm® 0,125 0,874
Puc. 3.14. KucnoTtHicth | Mr*exs/mm° 0,078 0,985
Puc. 3.15. KucnotHicTh | Mr*exs/mm° 0,064 0,524
Puc. 3.15. KucnoTtHicts | Mr*exs/mm° 0,025 0,241
Puc. 3.15. KucnoTtHicts | Mr*exs/mm° 0,075 0,854
Puc. 3.15. KucnotHicTh | Mr*exs/mm° 0,105 2,051
Puc. 3.15. KucnotHicts | Mr*exs/mm® 0,028 3,852
Puc. 3.15. KucnotHicTp | Mr*exs/mm® 0,098 2,851
Puc. 3.15. KucnotHicTh | Mr*exs/mm° 0,115 0,957
Puc. 3.15. Kucnoruicts | mr*exs/mm° | 0,115 4,316
Puc. 3.15. Kucnorhicts | mr*exs/mm® | 0,015 0,615
Puc. 3.15. KucnotHicte | Mr¥*exs/mm° 0,045 0,465
Puc. 3.15. KucnotHicth | Mr*exs/mm° 0,051 0,647
Puc. 3.15. KucnotHicth | Mr¥*exs/mm° 0,116 4312
Puc. 3.15. KucnotHicth | Mr*exs/mm° 0,027 0,267
Puc. 3.15. KucnotHicth | Mr*exs/mm° 0,114 4,105
Puc. 3.15. KucnotHicth | Mr*exs/mm° 0,012 0,134
Puc. 3.15. KucnotHicte | Mr¥*exs/mm° 0,064 3,852
Puc. 3.15. Kucnothicts | Mr*exs/mm> 0,102 3,845
Puc. 3.15. KucnotHicth | Mr¥*exs/mm° 0,014 5,320
Puc. 3.15. Kucnotricte | mr*exs/mm® | 0,085 1,964
Puc. 3.15. Kucnoruicts | mr*exs/mm° | 0,098 3,752
Puc. 3.16. KucnotHicTh | Mr*exs/mm® 0,032 4,034
Puc. 3.16. Kucnornicts | mr*exs/mm® | 0,026 0,264
Puc. 3.16. KucnotHicTh | Mr¥*exs/mm° 0,116 1,764
Puc. 3.16. Kucnornicts | mr*exs/mm® | 0,026 1,124
Puc. 3.16. KucnotHicTh | Mr*exs/mm® 0,094 1,634
Puc. 3.16. Kucnornicts | mr*exs/mm® | 0,077 3,846
Puc. 3.16. KucnotHicTh | Mr¥*exs/mm° 0,213 0,846
Puc. 3.16. KucnotHicte | Mr*eks/mm° 0,029 1,246
Puc. 3.16. Kucnornicts | mr*exs/mm® | 0,047 3,216
Puc. 3.16. Kucnorhicts | mr*exs/mm® | 0,164 4,216
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Puc. 3.16. Kucnornicts | mr*exs/mm® | 0,096 2,314
Puc. 3.16. Kucnotricte | mr*exs/mm® | 0,106 0,466
Puc. 3.16. Kucnotricte | mr*exs/mm® | 0,047 3,216
Puc. 3.16. KucnotHicTh | Mr*exs/mm® 0,136 3,216
Puc. 3.16. KucnotHicTh | Mr¥*exs/mm° 0,072 1,966
Puc. 3.16. Kucnotricte | mr*exs/mm® | 0,036 4,031
Puc. 3.16. KucnotHicTh | Mr*exs/mm® 0,112 2,164
Puc. 3.16. KucnotHicTh | Mr¥*exs/mm° 0,134 2,316
Puc. 3.16. KucnoTtHicts | Mr*eks/mm> 0,014 0,369
Puc. 3.16. KucnoTtHicts | Mr*exs/mm> 0,129 2,214
Puc. 3.17. JIy>XHICTB MT*eKB/ M3 0,129 2,214
Puc. 3.17. JIy>)XHICTB MT*eKB/ M3 0,156 0,346
Puc. 3.17. JIyKHICTB mr*exs/nm® | 0,064 1,645
Puc. 3.17. JIyXHICTB MT* eKB/IM> 0,194 0,264
Puc. 3.17. JIyXHICTB MT*eKB/IM° 0,025 2,748
Puc. 3.17. JIy>KHICTB mr*exs/mm° | 0,041 0,248
Puc. 3.17. JIyXHICTB MT*eKB/IM> 0,124 2,154
Puc. 3.17. JIy)XHICTb MT*eKB/IM° 0,097 3,214
Puc. 3.17. JIy)XHICTb MT*eKB/IM° 0,102 2,167
Puc. 3.17. KucnotHicTh | Mr*exs/mm® 0,123 2,147
Puc. 3.17. KucnotHicth | Mr*exs/mm® 0,014 0,645
Puc. 3.17. KucnotHicth | Mr*exs/mm® 0,314 4,265
Puc. 3.17. Kucnornicts | mr*exs/mm® | 0,068 2,314
Puc. 3.17. KucnotHicTh | Mr*exs/mm° 0,147 2,369
Puc. 3.17. KucnotHicTh | Mr¥*exs/mm° 0,124 2,154
Puc. 3.17. KucnotHicte | Mr¥*exs/mm° 0,113 1,315
Puc. 3.17. KucnotHicth | Mr¥*exs/mm° 0,077 2,545
Puc. 3.17. KucnotHicth | Mr¥*exs/mm° 0,029 0,348
Puc. 3.17. Kucnorhicts | mr*exs/mm® | 0,132 2,245
Puc. 3.18. KucnotHicTh | Mr*exs/mm° 0,214 0,998
Puc. 3.18. Kucnortnicts | mr*exs/mm° | 0,142 2,345
Puc. 3.18. KucnotHicth | Mr¥*exs/mm° 0,025 0,685
Puc. 3.18. Kucnothicts | mr*exs/mm® | 0,014 0,126
Puc. 3.18. Kucnoruicte | mr*exs/mm° | 0,148 2,318
Puc. 3.18. Kucnothicte | mr*exs/mm® | 0,026 0,396
Puc. 3.18. KucnotHicTh | Mr*exs/mm® 0,124 2,314
Puc. 3.18. KucnoTtHicts | Mr*exs/mm> 0,214 3,785
Puc. 3.18. Kucnornicts | mr*exs/mm® | 0,019 0,348
Puc. 3.18. Kucnornicts | mr*exs/mm® | 0,093 3,155
Puc. 3.18. Kucnoruicte | mr*exs/mm° | 0,037 3,034
Puc. 3.18. KucnotHicte | Mr*eks/mm° 0,056 1,264
Puc. 3.18. KucnotHicTh | Mr*exs/mm® 0,159 2,554
Puc. 3.18. KucnotHicth | Mr¥*exs/mm° 0,096 1,624
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Puc. 3.18. Kucnotricte | mr*exs/mm® | 0,091 0,534
Puc. 3.18. KucnotHicTh | Mr*exs/mm® 0,017 1,846
Puc. 3.18. KucnotHicTh | Mr*exs/mm® 0,262 2,845
Puc. 3.18. KucnotHicth | Mr*exs/mm° 0,029 3,245
Puc. 3.18. KucnotHicTh | Mr*exs/mm® 0,047 1,216
Puc. 3.19. KucnotHicTh | Mr*exs/mm® 0,124 2,216
Puc. 3.19. Kucnothicte | Mr*exs/mm® 0,195 4314
Puc. 3.19. KucnotHicTh | Mr*exs/mm® 0,126 0,457
Puc. 3.19. KucnotHicTh | Mr*exs/mm® 0,047 3,243
Puc. 3.19. KucnotHicts | Mr*exs/mm° 0,135 2,215
Puc. 3.19. KucnotHicTh | Mr*exs/mm® 0,072 2,965
Puc. 3.19. KucnotHicth | Mr*exs/mm° 0,052 1,574
Puc. 3.19. KucnotHicth | Mr*exs/mm® 0,047 4214
Puc. 3.19. KucnotHicTh | Mr*exs/mm° 0,161 5,247
Puc. 3.19. KucnoTtHicts | Mr*eks/mm° 0,185 0,874
Puc. 3.19. KucnoTtHicts | Mr*eks/mm° 0,070 0,985
Puc. 3.19. KucnotHicth | Mr*eks/mm® 0,096 0,524
Puc. 3.19. KucnotHicth | Mr*exs/mm® 0,047 0,241
Puc. 3.19. KucnotHicTh | Mr*exs/mm® 0,105 0,854
Puc. 3.19. KucnotHicTh | Mr*exs/mm° 0,028 2,051
Puc. 3.19. KucnotHicTh | Mr*exs/mm° 0,098 3,852
Puc. 3.19. KucnotHicTh | Mr*exs/mm° 0,115 2,851
Puc. 3.19. Kucnothicts | Mr*exs/mm> 0,068 0,957
Puc. 3.20. KucnotHicth | Mr¥*exs/mm° 0,014 1,954
Puc. 3.20. Kucnothicts | Mr*exs/mm> 0,085 2,547
Puc. 3.20. KucnotHicte | Mr¥*exs/mm° 0,067 3,845
Puc. 3.20. KucnotHicTh | Mr*exs/mm° 0,214 5,214
Puc. 3.20. KucnotHicTh | Mr*exs/mm° 0,028 5,320
Puc. 3.20. KucnotHicTh | Mr*exs/mm° 0,098 2,357
Puc. 3.20. Kucnothicts | Mr*exs/mm> 0,115 1,574
Puc. 3.20. Kucnothicts | Mr*exs/mm> 0,078 4,214
Puc. 3.20. Kucnothicts | Mr*exs/mm> 0,096 5,247
Puc. 3.20. KucnotHicTh | Mr*exs/mm° 0,047 2,851
Puc. 3.20. KucnotHicte | Mr*exs/mm° 0,105 0,957
Puc. 3.20. KucnotHicte | Mr*eks/mm° 0,028 1,954
Puc. 3.20. KucnotHicTh | Mr¥*exs/mm° 0,098 2,547
Puc. 3.20. KucnotHicTh | Mr¥*exs/mm° 0,087 3,845
Puc. 3.20. Kucnornicts | mr*exs/mm® | 0,026 0,396
Puc. 3.20. KucnotHicTh | Mr*exs/mm® 0,124 2,314
Puc. 3.20. KucnotHicte | Mr*eks/mm° 0,214 3,785
Puc. 3.20. Kucnothicte | mr*exs/mm® | 0,019 0,348
Puc. 3.20. Kucnornicts | mr*exs/mm® | 0,093 3,155
Puc. 3.20. KucnoThicts | Mr*eks/mm> 0,037 3,034
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Analysis Results

General Information

Analysis date 2023/10/20 11:04:26

Sample name Measurement date 2023/10/04 15:16:10
File name 3.raw Operator Userl

Comment

Measurement profile
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Diffrected beam mono. Fixed Monochro.(U4) Length limiting slit -
Detector Scintillation counter Receiving slit #1 1/2deg.
Scan mode CONTINUOUS Receiving slit #2 0.45mm

Qualitative analysis results

Phase name Formula Figure of merit Phase reg. detalil DB card number
Clinoptilolite-Ca All.2 Cal.58 H30 046.9 Si16.8 0.636 User (COD) 9009578

Quartz low, syn Si 02 1.177 ICDD (PDF-2/Release 2011 RDB) 01-089-1961
Phase name Formula Space group Phase reg. detail DB card number
Clinoptilolite-Ca Al1.2 Cal.58 H30 046.9 Si16.8 12 : C12/m1,unique-b,cell-1 User (COD) 9009578

Quartz low, syn Si 02 180 : P6222 ICDD (PDF-2/Release 2011 01-089-1961




Q

Intensity (cps)

0

Integrated Intensity (cps deg@)

linoptilolite-Ca, 9009578
z low, syn, 01-089-1961

4000

3000

2000

1000

o

L |

DD

~—~

"3/Data 1

B tiABERE;9009578
L]

C%Wl-OBQ-l%l
HOD

All.2 Cal.58 H30 046.9 Si16.8, (0 12 5)

100

RIAI1.2 Cal.58 H30 046.9 Si16.8, (19 5 -4)

1

1500

1000

500

20 40 60 80

2-theta (deg)

100

120

217



218

Peak list

No. 2-theta(deg) d(ang.) Height(cps) FWHM(deg) Size(ang.) Phase name

1 11.36(10) 7.78(7) 43(6) 0.17(12) 477(316) Clinoptilolite-Ca(2,0,0)
2 13.145(14) 6.730(7) 22(4) 0.40(4) 211(22) Clinoptilolite-Ca(1,1,-1)
3 17.48(8) 5.07(2) 16(4) 0.64(8) 132(16) Clinoptilolite-Ca(3,1,-1)
4 21.04(7) 4.219(14) 30(5) 0.25(6) 338(84) Clinoptilolite-

5 22.54(3) 3.941(5) 102(9) 0.57(2) 147(6) Clinoptilolite-Ca(3,3,-1)
6 26.24(4) 3.393(5) 34(5) 0.62(17) 138(37) Clinoptilolite-Ca(5,1,-1)
7 26.79(2) 3.325(3) 116(10) 0.23(2) 367(32) Clinoptilolite-

8 27.97(2) 3.187(2) 100(9) 0.048(14) 1764(510) Unknown

9 28.23(5) 3.159(6) 27(5) 0.34(8) 251(62) Clinoptilolite-Ca(4,2,-2)
10 30.13(5) 2.964(5) 37(6) 0.50(4) 171(15) Clinoptilolite-Ca(3,5,-1)
11 32.08(8) 2.788(7) 23(4) 0.27(6) 325(70) Clinoptilolite-Ca(5,3,0)
12 36.76(15) 2.443(9) 12(3) 0.70(15) 125(27) Clinoptilolite-

13 40.0506 2.24942 10.21 0.395688 223.183 Clinoptilolite-Ca(6,4,0)
14 43.0185 2.10085 9.81717 0.395688 225.386 Clinoptilolite-

15 46.543 1.94964 11.0501 0.395688 228.26 Clinoptilolite-Ca(5,7,-2)
16 50.8094 1.79549 12.1569 0.395688 232.137 Clinoptilolite-Ca(4,2,-
17 60.2698 1.53431 12.6462 0.395688 242.459 Clinoptilolite-

18 68.2462 1.37312 12.2515 0.395688 253.299 Clinoptilolite-Ca(8,10,-
19 81.231 1.18326 14.1958 0.395688 276.236 Clinoptilolite-Ca(8,12,-
20 91.0624 1.07938 7.76386 0.395688 299.334 Clinoptilolite-Ca(7,13,-4)
21 94.9578 1.04512 8.29211 0.395688 310.256 Clinoptilolite-Ca(6,12,-
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Parameters used for WPPF

Profile parameters

Common parameter Background Data 3
Function name B-spline
param0 24.175237545219701
paraml 3.0425529890145131
param?2 8.6089943083022078
param3 8.8827427917123316
param4 23.558208742432132
param5 17.911010078465608
param6 11.934227596101106
param7 14.65780957556767
param8 13.563262153931831
param9 13.307455278928705
param10 12.425999866159469
parami1l 6.0444985145241263
param12 6.7973283195737277
param13 7.2860633611359242
paraml14 7.1695518007528998
param15 6.4100496045499558
param16 7.7284443615859955
nodeO 10
nodel 14.800000000000001
node2 19.600000000000001
node3 24.399999999999999
node4 31.600000000000001
node5 40.640000000000001
node6 49.68
node? 58.719999999999999
node8 67.879999999999995
node9 78.760000000000005
nodel0 86.439999999999998

nodell 94.120000000000005
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nodel2 101.8
nodel3 109.59999999999999
nodel4 120

Common parameter

Peak shift

Function name

Shift axial displacement

paramO 0
paraml 0
param2 0
Clinoptilolite-Ca Scale factor s 0.502(7)
FWHM U 0.0000
\Y 0.0000
W 0.1566
Asym. factor AO -0.4779
Al 0.0000
Decay rate factor etalL0/mLO 0.2511
etalL1/mL1 0.0927
etaL2/mL2 0.0000
etaHO/mHO 0.3755
etaH1/mH1 -0.1797
etaH2/mH2 0.0000
Preferred orientationMarch-Dollase h 0
k 0
I 0
March coefficient 1.000000
Quartz low, syn Scale factor S 0.59(3)
FWHM U 0.0000
\Y 0.0000
W 0.0001
Asym. factor AO 0.0000
Al 0.0000
Decay rate factor etaL0/mLO 0.0000
etalL1/mL1 0.0000
etaL2/mL2 0.0000
etaHO/mHO 0.0000
etaH1/mH1 0.0000
etaH2/mH2 0.0000
Preferred orientationMarch-Dollase h 0




k 0

I 0

March coefficient 1.000000

Structure parameters

Data set name  Phase Name Element  x y z Occupancy Temperature factor
3 Clinoptilolite-Ca Ca 0.141800 0.000000 0.667300 0.340 5.866
3 Clinoptilolite-Ca Ca 0.038200 0.500000 0.208800 0.340 2.159
3 Clinoptilolite-Ca Ca 0.000000 0.000000 0.000000 0.220 20.500
3 Clinoptilolite-Ca  Si 0.179500 0.169200 0.095600 1.000 1.063
3 Clinoptilolite-Ca Al 0.211700 0.410300 0.503400 0.300 1.105
3 Clinoptilolite-Ca ~ Si 0.211700 0.410300 0.503400 0.700 1.105
3 Clinoptilolite-Ca ~ Si 0.209100 0.190300 0.715300 1.000 1.057
3 Clinoptilolite-Ca ~ Si 0.065900 0.297500 0.413500 1.000 1.057
3 Clinoptilolite-Ca  Si 0.000000 0.214600 0.000000 1.000 1.121
3 Clinoptilolite-Ca O 0.194500 0.500000 0.455400 1.000 2.139
3 Clinoptilolite-Ca O 0.234600 0.122000 0.613200 1.000 2.719
3 Clinoptilolite-Ca O 0.185300 0.154600 0.884500 1.000 2.875
3 Clinoptilolite-Ca O 0.235500 0.105600 0.252800 1.000 2.166
3 Clinoptilolite-Ca O 0.000000 0.321800 0.500000 1.000 3.414
3 Clinoptilolite-Ca O 0.080900 0.160400 0.056700 1.000 2.087
3 Clinoptilolite-Ca O 0.127700 0.232600 0.546100 1.000 2.861
3 Clinoptilolite-Ca O 0.012300 0.268200 0.185900 1.000 2.630
3 Clinoptilolite-Ca O 0.212600 0.251800 0.184200 1.000 2.462
3 Clinoptilolite-Ca O 0.117600 0.370900 0.412900 1.000 2.545
3 Clinoptilolite-Ca O 0.233200 0.500000 0.033300 1.000 3.400
3 Clinoptilolite-Ca O 0.086500 0.000000 0.813300 0.490 15.700
3 Clinoptilolite-Ca O 0.079200 0.417500 0.962200 0.910 8.100
3 Clinoptilolite-Ca O 0.000000 0.500000 0.500000 1.000 7.700
3 Clinoptilolite-Ca O 0.022600 0.089700 0.465500 0.480 20.900
3 Clinoptilolite-Ca O 0.079400 0.000000 0.257000 0.680 16.400
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Data set name Rwp Rp Re S Chin2 Maximum shift/e.s.d.

3 0 0 0 0 0 0

Angular correction

Analysis results

Data set name a(A) b(A) c(A) alpha(deg) beta(deg) gamma(deg)

3 17.623164 17.874838 7.387427 90.000000 116.370003 90.000000

3 4.877648 4.877648 5.391856 90.000000 90.000000 120.000000
Phase name a(A) b(A) c(A) alpha(deg) beta(deg) gamma(deg) V(A"3)
Clinoptilolite-Ca 17.623164 17.874838 7.387427 90.000000 116.370003 90.000000 2084.972263
Quartz low, syn 4.877648 4.877648 5.391856 90.000000 90.000000 120.000000 111.093808

Lattice constants (ang.)
©

Data set



223

Crystallinity

Data set name

Crystallinity (%)

CrystallinityGraph.emf

Crystallite size and lattice strain

Williamson-Hall method

Data set name Crystallite size(A) Strain(%)

3 182(19) 0.000000

3 - -

Phase name Crystallite size(A) Size distribution Strain(%) Distribution type
Clinoptilolite-Ca 182(19) - 0.000000 -

Quartz low, syn
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JTIOJATOK B.2

Pe3ysibTaTH MIKPOPEHTI€HOCHEKTPAJIBLHOI0 AHAJI3Y 3pa3Ky LEOoJIiTY COKUPHUUIBKOI0 POAOBHILNA SIK HOCIH IS

KaTaJjizaTopa micJisi TepMooOpoOKu

Analysis Results

General Information

Analysis date 2023/10/20 11:06:49

Sample name Measurement date 2023/10/19 15:35:07
File name 4.raw Operator Userl

Comment

Measurement profile
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Diffrected beam mono. Fixed Monochro.(U4) Length limiting slit -

Detector Scintillation counter Receiving slit #1 1/2deg.

Scan mode STEP Receiving slit #2 0.45mm




228

Qualitative analysis results

Phase name Formula Figure of merit Phase reg. detail DB card number
Clinoptilolite-Ca All.2 Cal.58 H30 046.9 Si16.8 0.702 User (COD) 9009578

Quartz, syn Si 02 0.934 ICDD (PDF-2/Release 2011 RDB) 00-046-1045
Phase name Formula Space group Phase reg. detail DB card number
Clinoptilolite-Ca Al1.2 Cal.58 H30 046.9 Si16.8 12 : C12/m1,unique-b,cell-1 User (COD) 9009578
Quartz, syn Si 02 154 : P3221 ICDD (PDF-2/Release 2011 00-046-1045
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Peak list

No. 2-theta(deg) d(ang.) Height(cps) FWHM(deg) Size(ang.) Phase name

1 11.35(3) 7.79(2) 17(3) 0.20(3) 409(63) Clinoptilolite-Ca(2,0,0)
2 13.31(2) 6.647(12) 7.5(19) 0.43(6) 195(29) Clinoptilolite-Ca(1,1,-1)
3 17.19(12) 5.15(4) 8(2) 0.74(11) 113(16) Clinoptilolite-Ca(2,2,-1)
4 19.6459 4.51503 10.0849 0.427693 196.884 Clinoptilolite-Ca(0,4,0)
5 21.09(10) 4.21(2) 9(2) 0.30(14) 281(135) Clinoptilolite-

6 22.56(4) 3.938(7) 53(5) 0.50(4) 170(15) Clinoptilolite-Ca(3,3,-1)
7 25.3963 3.50423 7.90609 0.427693 198.862 Clinoptilolite-Ca(3,1,-2)
8 26.91(3) 3.310(4) 79(6) 0.30(5) 284(46) Clinoptilolite-

9 28.31(6) 3.150(7) 18(3) 0.33(9) 257(73) Clinoptilolite-Ca(4,2,-2)
10 30.265(18) 2.9506(17) 22(3) 0.52(5) 165(15) Clinoptilolite-Ca(3,5,-1)
11 32.22(8) 2.776(7) 19(3) 0.21(6) 420(118) Clinoptilolite-Ca(5,3,0)
12 33.04(6) 2.709(5) 4.5(15) 0.9(2) 95(25) Clinoptilolite-Ca(4,2,1)
13 37.04(7) 2.425(5) 4.9(16) 1.5(2) 59(9) Clinoptilolite-Ca(1,5,-
14 39.6796 2.2696 8.37115 0.427693 206.239 Clinoptilolite-

15 40.7926 2.2102 8.42498 0.427693 206.974 Clinoptilolite-

16 43.0185 2.10085 6.20254 0.427693 208.52 Clinoptilolite-Ca(2,8,-
17 44.688 2.02617 6.07892 0.427693 209.746 Clinoptilolite-Ca(3,7,1)
18 46.7285 1.94233 7.12194 0.427693 211.326 Clinoptilolite-Ca(5,7,-2)
19 50.253 1.81406 12.6454 0.427693 214.274 Clinoptilolite-Ca(5,1,-
20 52.4789 1.74223 6.83854 0.427693 216.285 Clinoptilolite-Ca(2,4,3)
21 54.8904 1.67125 5.38009 0.427693 218.601 Clinoptilolite-Ca(10,2,-
22 56.0034 1.64065 5.56402 0.427693 219.72 Clinoptilolite-Ca(10,2,-3)
23 60.2698 1.53431 7.1317 0.427693 224.315 Clinoptilolite-Ca(11,1,-
24 63.9798 1.45399 6.15063 0.427693 228.733 Clinoptilolite-Ca(4,0,-
25 68.2462 1.37312 6.96915 0.427693 234.344 Clinoptilolite-

26 78.6341 1.2157 5.53459 0.427693 250.756 Clinoptilolite-Ca(9,7,-
27 81.4165 1.18104 7.76286 0.427693 255.921 Clinoptilolite-Ca(5,13,-
28 84.0135 1.15102 8.22745 0.427693 261.078 Clinoptilolite-Ca(4,12,-4)
29 91.4334 1.07597 7.59468 0.427693 277.852 Clinoptilolite-Ca(7,13,-4)
30 106.273 0.962769 5.95629 0.427693 323.379 Clinoptilolite-Ca(1,1,-7)
31 118.331 0.897085 4.70672 0.427693 378.486 Clinoptilolite-Ca(9,17,0)
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Parameters used for WPPF

Profile parameters

Common parameter Background Data 4
Function name B-spline
paramO 21.56910956078805
paraml -1.8503950711958821
param2 12.097381079249505
param3 6.5271098231635429
param4 11.685087131798163
param5 11.0268293611548
param6 11.821627869618494
param7 11.584963177406802
param8 9.6431965134528426
param9 12.903542657490284
param10 10.754023586685895
paraml11l 12.598129339754301
param12 6.5101730591331943
param13 7.1102797637853321
paraml14 6.831222957994421
param15 6.8659855521587394
param16 6.9039224647971569
node0 10
nodel 13.6
node2 17.199999999999999
node3 20.800000000000001
node4 26.239999999999998
node5 33.240000000000002
node6 40.240000000000002
node?7 47.240000000000002
node8 54.240000000000002
node9 64.159999999999997
nodel0 74.079999999999998

nodell 87.799999999999997
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nodel2 98.519999999999996
nodel3 109.23999999999999
nodel4 120

Common parameter

Peak shift

Function name

Shift axial displacement

paramO 0
paraml 0
param2 0
Clinoptilolite-Ca Scale factor s 0.258(3)
FWHM U 0.0000
\Y 0.0000
w 0.0001
Asym. factor AO 0.0000
Al 0.0000
Decay rate factor etalL0/mLO 0.0000
etaL1/mL1 0.0000
etaL2/mL2 0.0000
etaHO/mHO 0.0000
etaH1/mH1 0.0000
etaH2/mH2 0.0000
Preferred orientationMarch-Dollase h 0
k 0
I 0
March coefficient 1.000000
Quartz, syn Scale factor S 0.575(14)
FWHM U 0.0000
\Y 0.0000
w 0.0001
Asym. factor AO 0.0000
Al 0.0000
Decay rate factor etaL0/mLO 0.0000
etalL1/mL1 0.0000
etaL2/mL2 0.0000
etaHO/mHO 0.0000
etaH1/mH1 0.0000
etaH2/mH2 0.0000
Preferred orientationMarch-Dollase h 0




k 0

I 0

March coefficient 1.000000

Structure parameters

Data set name  Phase Name Element  x y z Occupancy Temperature factor
4 Clinoptilolite-Ca Ca 0.141800 0.000000 0.667300 0.340 5.866
4 Clinoptilolite-Ca Ca 0.038200 0.500000 0.208800 0.340 2.159
4 Clinoptilolite-Ca Ca 0.000000 0.000000 0.000000 0.220 20.500
4 Clinoptilolite-Ca  Si 0.179500 0.169200 0.095600 1.000 1.063
4 Clinoptilolite-Ca Al 0.211700 0.410300 0.503400 0.300 1.105
4 Clinoptilolite-Ca ~ Si 0.211700 0.410300 0.503400 0.700 1.105
4 Clinoptilolite-Ca ~ Si 0.209100 0.190300 0.715300 1.000 1.057
4 Clinoptilolite-Ca ~ Si 0.065900 0.297500 0.413500 1.000 1.057
4 Clinoptilolite-Ca  Si 0.000000 0.214600 0.000000 1.000 1.121
4 Clinoptilolite-Ca O 0.194500 0.500000 0.455400 1.000 2.139
4 Clinoptilolite-Ca O 0.234600 0.122000 0.613200 1.000 2.719
4 Clinoptilolite-Ca O 0.185300 0.154600 0.884500 1.000 2.875
4 Clinoptilolite-Ca O 0.235500 0.105600 0.252800 1.000 2.166
4 Clinoptilolite-Ca O 0.000000 0.321800 0.500000 1.000 3.414
4 Clinoptilolite-Ca O 0.080900 0.160400 0.056700 1.000 2.087
4 Clinoptilolite-Ca O 0.127700 0.232600 0.546100 1.000 2.861
4 Clinoptilolite-Ca O 0.012300 0.268200 0.185900 1.000 2.630
4 Clinoptilolite-Ca O 0.212600 0.251800 0.184200 1.000 2.462
4 Clinoptilolite-Ca O 0.117600 0.370900 0.412900 1.000 2.545
4 Clinoptilolite-Ca O 0.233200 0.500000 0.033300 1.000 3.400
4 Clinoptilolite-Ca O 0.086500 0.000000 0.813300 0.490 15.700
4 Clinoptilolite-Ca O 0.079200 0.417500 0.962200 0.910 8.100
4 Clinoptilolite-Ca O 0.000000 0.500000 0.500000 1.000 7.700
4 Clinoptilolite-Ca O 0.022600 0.089700 0.465500 0.480 20.900
4 Clinoptilolite-Ca O 0.079400 0.000000 0.257000 0.680 16.400
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Data set name Rwp Rp Re S Chin2 Maximum shift/e.s.d.

4 0 0 0 0 0 0
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Lattice constants

Anqular correction

Analysis results

Data set name a(A) b(A) c(A) alpha(deg) beta(deg) gamma(deg)

4 17.568374 17.819266 7.364460 90.000000 116.370003 90.000000

4 4.861143 4.861143 5.401728 90.000000 90.000000 120.000000
Phase name a(A) b(A) c(A) alpha(deg) beta(deg) gamma(deg) V(A"3)
Clinoptilolite-Ca 17.568374 17.819266 7.364460 90.000000 116.370003 90.000000 2065.586389
Quartz, syn 4.861143 4.861143 5.401728 90.000000 90.000000 120.000000 110.545249

Lattice constants (ang.)
©

Data set
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Crystallinity

Data set name Crystallinity (%)

CrystallinityGraph.emf
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Crystallite size and lattice strain

Williamson-Hall method

Data set name Crystallite size(A) Strain(%)

4 154(13) 0.000000

4 - -

Phase name Crystallite size(A) Size distribution Strain(%) Distribution type
Clinoptilolite-Ca 154(13) - 0.000000 -

Quartz, syn - - - -
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JTOJIATOK T

XapakTepuCcTHKA zKepesl BUKHIIB 32a0pyAHIOIOYHUX PEYOBHH B aTMOC(epHe

NMOBITPA Ta iX mapamMeTpiB
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BupobHuuteo | Hom | Halime | MNapametp | KoopauHaTtu Micue MNapameTtpu Kog HanmeHyBa | MaKkcn | MOTy»KHicTb
, ep HyBaHH | M A)Kepena | g)Kepesa Ha KapTi- Bigbop | razonnnoBoro NOTOKY Y | 3abpys | HHA MasibHa | BUKUAy
npouec, OXe | A BUKNAY cXemi y npob | MmicLi BUMiptOBaHHI HloloYOi | 3abpyaHI0 | macoBa
YCTaHOBKaQ, pen | gxepen | Buc | Aiam | Toukoso | Apyroro But | Weuna | Temnep | peyosu | toyoi KoHueH | r/ce | Kkr/r | T/pi
YCTaTKyBaHHA | a a oTa | eTp ro abo KiHUA paTta | Kictb, | atypa,C | HK PEYOBUHMU Tpauia K oa K
BUK | BUKMAY |, M | BUXi noyaTok | NiHinHor , m/c 3abpya
nay AHOr | niHiNHOr | O; M*K HIOHYOI
o o WMpPKMHA y6/c peyoBu
OTBO | LLEeHTpa i HK,
pY, M | cMMeTpIl | AOBXKUH mMmr/m*K
NAoOWMH | a y6
HOro NAOLWMH
HOro
X1, | Y1, | X2, | Y2,
M M M M
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
210411- 326 | Tpyba 80 |2 13 |15 | - - Masoxig | 16,3 | 5,83 49 04001/ | Okcuam 9,2 01 (06 |73
rpadit 20 | 84 BeptTnK | 1 301 asoty y 684 | 064 | O
Kopnyc Ne2 8 3 aNbHUN nepepaxyH 5 2
BunantoBaHH KY Ha
A NpecoBaHUX piokeng,
Byrnerpadito asoty
BaHUX 05001/ | Aiokcupg, 11,2 0,2 |07 |98
3aroTiBesnb, 330 CipKM y 050 | 382 | 494
NPOCOYEHHA nepepaxyH
BUNANEHNX Ky Ha
3aroTisenb,ba Aiokeung,
raToKamepHi CipKM
Kinbuesi 06000/ | Okecua, 2502 4,5 |16, | 419
BMNaOBaNb 337 Byrneuto 7 47 ,45
Hi neui 8
3aKpuTOro 11008/ | 6eH3on 4,27 0,0 |02 |27
Tmny 602 781 | 814 | 771




Ne7,8(11), 12- 11037/ | ctupon 7,48 01 |04 |15
3 WT.,EMHOCTI 620 369 | 930 | 7
neka- 5 wr,, 6
aBTOK/aBU-2 13101/ | Bens(a)nip | 0,0311 | 0,0 |00 |0,0
WT., CMOAAHI 703 eH 005 | 020 | 061
en.dpinbtpn - 7 5 4
3wr 11034/ | Hadranin 3,54 06 |02 |49
708 48 333 | 414
-/714 AueHadTteH | 77 1,4 |5,0 |34,
0 7 04
11048/ | deHon 9,8 01 |06 |29
1071 79 45 96
-/1215 | Aubytundt 0,0 |0,2 | 2,6
anar 63 994 | 186
-/1707 | aumeTtuncy 0,4 |1,6 | 14,
nboig, 453 | 032 | 038
07000/- | Byrneuto - 872 | 314 | 275
aiokcua, ,87 | 2,3 | 26,
(Co2) 4 9
210411- 327 | NixTap 18 {099 |13 |15 |13 |15 | Nlixtap | 0,64 | 0,83 33,2 04001/ | Okcuan 0,29 0,0 |00 |00
rpadit aepay, 21 |73 |25 | 70 | aepay 301 a3oTy v 001 | 006 | 15
Kopnyc Ne2 0 0 1 6 nepepaxyH 9 6
3aBaHTaXKeHH KY Ha
A 3aroTisenby aiokcua,
Kamepwu asoty
neuen, X 05001/ | Aiokcug, 0,50 0,0 |00 |00
nepecunaHHA 330 CipKu Y 003 | 011 | 20
, nepepaxyH 2
BMBAHTAMKEHH Ky Ha
A BUNANEHUX piokeng,
3arotisenb i CipKM
BUAANEHHA 06000/ | Okcup, 13,8 00 |00 |08
nepecunaHHA 337 Byrneuto 083 | 31 827
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3 Kamep
neyem
BUNaNOBaHH
f Neo7,
8(11),12

11008/ | 6eH3on H.m.u4 0,0 |00 |00
602 001 | 006 | 058
8
11037/ | ctupon H.m.u. 0,0 |00 |00
620 001 | 003 | 032
6
13101/ | Bens(a)nip | H.m.u. 0,0 |0,0 |0,0
703 eH 000 | 000 | 001
1 6
11034/ | Hadranin 0,0020 | 0,0 (0,0 | 0,0
708 000 | 000 | 20
1 1
-/714 AueHadTteH | 0,0500 | 0,0 [ 0,0 |0,0
000 | 001 |71
3 1
11048/ | deHon 0,0120 | 0,0 (0,0 | 0,0
1071 000 | 000 | 062
1 4
-/1215 | Aubytundt | - 0,0 |00 |0,0
anar 000 | 000 | 054
1 6
-/1707 | aumetuncy | - 0,0 |00 |0,0
nbdig 000 | 033 | 029
9
03000/ | PeyoBuHM Yy | H.m.u 0,0 {00 |00
2902 BUrnagj 002 | 009 | 08
cycneHzos
aHUX
TBEPAMUX
YaCTMHOK
HegudepeH
uiioBaHUX

3a CK1agom
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210411-
rpadit
Kopnyc Ne2
3aBaHTaXKeHH
A 3aroTisenby
Kamepw
neuen, ix
nepecunaHHA
’
BUBAHTAXKEHH
A BUNANEHUX
3aroTiBenb i
BUAANEHHA
nepecunaHHsa
3 Kamep
neye
BUMaNOBaAHH
A Neo7,
8(11),12

326

NixTap
aepay,

15

13
21

15
74

13
30

15
89

Nixtap
aepal,

0,65

0,83

33,2

04001/ | Okcuam 0,488 0,0 |00 |00
301 a3oTy Y 003 | 001 | 15
nepepaxyH 2 1
Ky Ha
aioKkcua,
asoty
05001/ | Aiokcug, 0,50 0,0 |00 |00
330 CipKu Y 003 | 011 | 20
nepepaxyH 3
KY Ha
AioKkcua,
CipKu
06000/ | Okcup, 13,8 0,0 |00 |08
337 BYrneuto 089 | 32 827
11008/ | 6eHs30n H.m.y 0,0 |00 |0,0
602 001 | 006 | 058
8
11037/ | ctupon H.m.u 0,0 |00 |00
620 001 | 003 | 032
6
13101/ | Bens(a)nip | H.m.u 0,0 |00 |00
703 eH 000 | 000 | 001
1 6
11034/ | Hadraniu 0,0020 | 0,0 |00 |00
708 000 | 000 | 20
1 1
-/714 AueHadTteH | 0,0500 (0,0 [ 0,0 |00
000 | 001 | 71
3 1
11048/ | deHon 0,0120 | 0,0 |00 |0,0
1071 000 | 000 | 062
1 4
-/1215 | AnbyTtundt | - 0,0 |00 |00
anar 000 | 000 | 054
1 6
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-/1707 | aumetunncy | - 0,0 |00 |00
nboig, 000 | 033 | 029
9
03000/ | PevyoBUHM Y | H.m.u 0,0 {00 |00
2902 BUrnAagi 002 | 009 | 08
cycneHpoB
aHUX
TBEPAUX
YACTMHOK
HeandepeH
uioBaHUX
3a CKnagom
210411- 329 | Nlixtap 15 13 |15 |13 | 15 | Nixtap | 0,62 | 0,79 33,2 04001/ | Okcuan 0,492 0,0 |00 |00
rpadit aepay, 23 |73 |32 | 88 | aepay 301 a3oTy Y 003 | 001 | 15
Kopnyc Ne2 8 3 6 5 nepepaxyH 1 2
3aBaHTAXKeHH Ky Ha
A 3aroTiBenb y aiokeug,
Kamepu asory
neuen, X 05001/ | Aiokcug, 0,50 0,0 |00 |00
nepecunaHHA 330 CipKM y 003 | 012 | 207
, nepepaxyH 1
BMBAHTAXKEHH Ky Ha
A BUMNaNIeHUX piokeng,
3aroTiBesnb i CipKM
BUAANIEHHA 06000/ | Okcup, 13,8 00 (00 |08
nepecuMnaHHA 337 Byrneuto 085 | 30 827
3 Kamep 11008/ | 6eHson H.m.y 00 [0,0 |00
neyem 602 001 | 006 | 058
BMNANIOBaAHH 8
A Ne7, 11037/ | ctupon H.m.u 0,0 |0,0 |00
8(11),12 620 001 | 003 | 032
6
13101/ | Bews(a)nip | H.m.u 0,0 |0,0 |0,0
703 eH 000 | 000 | 001
1 6
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11034/ | Hadtaniu 0,0020 | 0,0 |00 |00
708 000 | 000 | 208
3 1
-/714 AueHadTeH | 0,0500 | 0,0 [ 0,0 |0,0
000 [ 001 |71
3 1
11048/ | deHon 0,0120 | 0,0 |0,0 |00
1071 000 | 000 | 062
1 4
-/1215 | Aubytundt | - 0,0 |00 |0,0
anar 000 | 000 | 054
1 6
-/1707 | aumeTtuncy | - 0,0 |00 |0,0
nbodig, 000 | 033 | 029
9
03000/ | PeyoBMHM Y | H.m.u. 0,0 |00 |0,0
2902 BUrNALI 002 | 009 | 086
cycrneHaos 7 7 7
aHUX
TBEPAUX
YACTMHOK
HeandepeH
LinoBaHux
33 CKNagom
130326- 330 | Nlixtap 15 13 |15 |13 | 15 | Nixtap | 0,06 | 0,8 33,2 011003 | 3anizo Ta| 7,3 0,0 |00 |00
3BaploBaHHA Bepay, 25 (72 |34 |89 |Bepay |3 /123 noro 046 | 16 11
meTanis 3 4 1 6 CMONYKN B
Kopnyc Ne2 nepepaxyH
3aBaHTAXKeHH Ky Ha
A 3aroTisenby 3ani3o
Kamepu 01104/ | ManraH Ta | 0,68 0,0 |00 (00
neven, ix 143 noro 004 | 015 | 007
nepecmnaHHA CNOJIYKN B 3 5 1
BMBAHTAXKEHH nepepaxyH
A BMNANEHUX Ky Ha
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3aroTiBesnb i niokeug,
BUOA/IEHHA MaHraHy
nepecuMnaHHA 04001/ | Okcuam 0,500 0,0 |00 (00
3 Kamep 301 a3oTy Y 003 | 011 | 87
neyen, pydHe nepepaxyH 2 5
3BaplOBaHHA Ky Ha
WTYYHUMMU Aiokeung,
eflekTpoaamu asoty
MP-3,rasose 06000/ | Okcupg, 13,8 0,0 |00 |00
pi3aHHA neui 337 BYrneuto 086 | 312 | 235
BMMNaNtOBaHH 8
A 16001/ | dTop i Moro | 0,150 0,0 |00 (0,0
Ne7,8(11),12, 342 naponoai6 000 | 003 | 001
nocr Hi Ta 9 2
3BaplOBaHHA rasonopjibH

i cnonyku B

nepepaxyH

Ky Ha

bTopucTUin

BOLEHb
130326- 334 | NixTap 18 13 |15 |13 | 15 | Nixtap | 0,65 | 0,83 33,2 011003 | 3anizo Ta| 7,3 0,0 |00 |00
3BaploBaHHA Bepal, 15 | 76 | 30 | 89 | BepaL, /123 oro 047 | 17 11
meTanis 7 1 6 9 CNONYyKM B
Kopnyc Ne2 nepepaxyH
3aBaHTaXKeHH Ky Ha
A 3aroTisenby 3ani3o
Kamepu 01104/ | MaHran Ta | 0,68 0,0 |00 (00
neven, ix 143 noro 004 | 015 | 007
nepecunaHHA CNONYKM B 4 5 1
BMBAHTAXKEHH nepepaxyH
A BMNANEHUX KY Ha
3aroTiBenb i niokeug,
BUOANIEHHA MaHraHy
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nepecmnaHHA 04001/ | Okcuam 0,500 0,0 {00 |00
3 Kamep 301 a3oTy Y 003 | 011 | 19
neyen, pydHe nepepaxyH 3 9
3BaplOBaHHA Ky Ha
WTYYHUMMU Aiokeung,
enekTpoaamm asoty
MP-3,ra3oBe 05001/ | Adiokcup, 0,50 0,0 |00 (00
pi3aHHA neui 330 CipKu Y 003 | 011 | 207
BMMNantOBaHH nepepaxyH 3
A Ky Ha
Ne7,8(11),12, aiokeng,
nocr CipKmM
3BaplOBaHHA 06000/ | Okcug, 13,8 0,0 |00 |08
337 BYrneuto 086 | 322 | 8
16001/ | dTop i Moro | 0,150 0,0 |00 (0,0
342 naponopi6 001 | 003 | 001
Hi Ta 6
rasonogioH
i cnonyku B8
nepepaxyH
Ky Ha
bTopucTUin
BOAEHb
210411- 347 | Tpyba 80 2,5 13 | 15 |13 | 15 | rasoxig | 10,5 | 2,15 04001/ | Okcuam 16,4 0,1 | 0,6 1,8
rpadit 66 |73 |32 |88 |BeptwK |5 301 asoTy y 7 2 2
Kopnyc Ne3 1 3 6 5 aNbHUN nepepaxyH
BMMNaNOBaHH Ky Ha
f AioKkcua,
gyrnerpadito asoTy
BUX 05001/ | Aiokcug, 19,4 0,2 |00, |24
3aroTiBenb 330 CipKKu v 04 73 6
baraTokamep nepepaxyH
Ha Kinbuesa Ky Ha
BMMNaNtoBasb Aiokeung,
Ha niy CipKmM
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3aKpUTOro 06000/ | Okcug, 250 2,6 (94 |104
T™Mny Ne10, 337 BYrneuto 3 5 ,8
naowaaKa 11008/ | 6eH3on 2,36 0,0 |00 |06
NanbHUKIB 602 249 | 89 8
ana 11037/ | ctupon 3,12 00 {01 |03
CMantoBaHHA 620 32 18 86
cmonu Ta 13101/ | Bens(a)nip | 0,061 0,0 |00 |00
macna 703 eH 000 | 023 | 015
HapTOBrO 6
11034/ | Hadranin 5,39 0,0 |02 |1,2
708 56 047 | 2
-/714 AueHadTteH | 88 09 |34 |84
2 4 6
11048/ | deHon 3,69 00 |01 |07
1071 3 4 4
-/1215 | Aubytundt | - 0,0 |0,0 | 0,6
anar 2 7 4
-/1707 | aumetuncy | - 0,1 |03 |34
nboig, 1 9 9
07000/- | Byrneuto - 218 | 785 | 688
aiokcua, ,2 ,5 1,7
(Co2)
130326- 350 | Nlixtap 23 13 |16 | 13 | 16 | Nixtap | 0,68 | 0,87 33,2 011003 | 3anizo Ta| 6,3 0,0 |00 |00
3BaploBaHHA Bepay, 56 |16 |65 |29 | Bepay /123 noro 042 | 15 11
meTanis 8 3 6 9 CMONyKN B
Kopnyc Ne3 nepepaxyH
3aBaHTaXKeHH KY Ha
A 3aroTisenby 3ani3o
Kamepu 01104/ | MaHraH Ta | 0,56 0,0 |00 |00
neven, ix 143 noro 042 | 155 | 11
nepecunaHHA CNONYKM B
BMBAHTAMKEHH nepepaxyH
A BUNANEHUX Ky Ha
3aroTiBenb i hiokeug,
BUAANEHHA MaHraHy
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nepecmnaHHA 04001/ | Okcuam 0,500 0,0 {00 |00
3 Kamep 301 a3oTy v 003 | 012 | 19
neyen, pydHe nepepaxyH 4 2
3BaplOBaHHA Ky Ha
WTYYHUMMU Aiokeung,
enekTpoaamm asoty
MP-3,ra3oBe 05001/ | Aiokcup, 1,02 0,0 |00 (00
pi3aHHA neui 330 CipKu Y 006 | 024 | 207
BMMNantOBaHH nepepaxyH 9
A Ky Ha
AioKkcua,
CipKu
06000/ | Okcua 13,8 00 (00 |08
337 BYrneuto 093 | 33 8
16001/ | ®dTopiioro | 0,128 00 (00 |00
342 naponopi6 000 | 003 | 001
Hi Ta 9 2
rasonogioH
i cnonyku B8
nepepaxyH
Ky Ha
bTopucTUin
BOAEHb
210411- 403 | Tpyba 40 | 2,5 12 | 15 lasoxig | 14,8 | 3,02 60 05001/ | Aiokeua 59,7 08 |31 |90
rpadit 87 | 90 ropmso 330 CipKmM y 83 80 360
MiyHe 0 3 HT. nepepaxyH
BigAineHHA Ky Ha
rpaditauii AioKkcua,
BUMNaNEHHUX CipKM
3aroTiBenb 05002/ | cipkosogeH | 4,80 0,0 |0,2 1,2
niy 333 b 7 5 0
rpadiTauii: 06000/ | Okcup, 246 3,6 |13, | 160
cekuisNo4(3o 337 BYrneuo 4 10 ,64
HTK)-10 wT 11008/ | 6eH3on 0,24 0,0 |00 |01
602 03 1 6
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11037/ | ctupon 0,402 0,0 |00 |02
620 05 21 7
13101/ | bewns(a)nip | 0,0006 | 0,0 | 0,0 | 0,0
703 eH 000 | 000 | 002
1 4
11034/ | Hadranin 0,72 00 |00 |04
708 10 38 9
-/714 AueHadTeH | 2,72 0,0 |01 1,5
40 4 0
11048/ | deHon 0,271 0,0 |00 |01
1071 040 | 144 | 8
1
-/1215 | Aubytundt | - 0,0 |00 |01
anar 08 3 6
03000/ | PevoBuHM Y | 26,3 0,3 |11 |55
2902 BUrNALI 8 4 2
cycneHaoB
aHUX
TBEPAUX
YaCTMHOK
HeandepeH
LinoBaHux
3a CKNagom
210411- 404 | Tpyba 35 1,8 12 | 15 lasoxig | 6,1 2,4 75 05001/ | Aiokcug, 40,1 0,2 |08 |90
rpadit 94 | 96 ropmso 330 CipKmM y 4 8 360
MiyHe 7 5 HT. nepepaxyH
BigAiNneHHA Ky Ha
rpaditauii aioKecug,
BUNANEHHUX CipKm
3aroriBenb 05002/ | cipkosoaeH | 4,60 0,0 |01 1,2
niy 333 b 2 01 0
rpadiTauii: 06000/ | Okcug, 248 1,5 |54 | 160
cekujiaNe5(3o 337 BYr/neLo 1 4 ,64
HTU)-7 W 11008/ | 6eH3on 0,158 0,0 |00 |02
602 009 | 034 | 6
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11037/ | ctupon 0,276 0,0 |00 |02
620 01 060 | 7
13101/ | bewns(a)nip | 0,0002 | 0,0 | 0,0 | 0,0
703 eH 000 | 000 | 002
6 6
11034/ | Hadranin 0,48 00 |00 |04
708 029 | 10 9
-/714 AueHadTeH | 1,79 0,0 {00 | 1,5
1 3 0
11048/ | deHon 0,178 0,0 |00 |01
1071 010 | 03 8
9
-/1215 | Aubytundt | - 0,0 |00 |01
anar 06 3 6
03000/ | PevyoBuHMy | 18,8 0,1 |04 |55
2902 BUrNALI 1 1 2
cycneHaoB
aHUX
TBEPAUX
YaCTMHOK
HeandepeH
LinoBaHux
3a CKNagom
210411- 405 | Tpyba 35 |18 12 | 16 Fasoxig | 8,7 | 3,42 55 05001/ | Aiokcua 61,5 05 |19 |18,
rpadit 99 | 03 ropuso 330 CipKK y 3 2 07
MiyHe 3 9 HT. nepepaxyH
BigAiNneHHA Ky Ha
rpaditauii aioKecug,
BUMNANEHHUX CipKm
3aroriBenb 05002/ | cipkosogeH | 4,5 00 |01 |24
niy 333 b 4 4 0
rpadiTauii: 06000/ | Okcug, 248 2,1 7,7 | 321
cekujiaNg6,7(3 337 BYr/neLo 5 6 ,2
OHTK)-10 Wt 11008/ | 6eH3on 0,222 00 |00 |03
602 019 | 069 | 3
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11037/ | ctupon 0,304 0,0 |00 |05
620 02 095 | 5
13101/ | bewns(a)nip | 0,0003 | 0,0 | 0,0 | 0,0
703 eH 000 | 000 | 005
6 1
11034/ | Hadranin 0,680 0,0 |00 |09
708 059 | 21 6
-/714 AueHadTeH | 2,62 0,0 {00 | 3,0
2 8 1
11048/ | deHon 0,265 0,0 |00 |03
1071 02 08 6
-/1215 | Aubytundt | - 0,0 |00 |0,3
anar 08 3 3
03000/ | PevoBuHM Yy | 25,4 0,2 | 0,7 |11,
2902 BUrNALI 2 9 04
cycneHaoB
aHUX
TBEPAUX
YaCTMHOK
HeandepeH
LioBaHUX
3a CKNagom
130326- 406 | NixTtap 20 12 | 15 Nixtap | 0,63 | 0,8 55 011003 | 3aniso Ta | 7,4 0,0 |00 |00
3BaploBaHHA aepay, 88 | 88 aepay, /123 noro 04 16 30
MeTani.. 5 7 CNONYyKMU B
MiyHe nepepaxyH
BigAiNneHHA Ky Ha
rpaditauis 3aniso
BMNAJIEHUX 01104/ | Manran Ta | 0,60 0,0 |00 (00
3aroToBOK;py 143 moro 003 | 16 30
YyHe pgyrose CNONYKM B 8
LLI3BAPHOBAHH nepepaxyH
A WTYYHUMMU Ky Ha
eneKkTpoaamm piokeng,
, rasose MaHraHy
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pisaHHA  niy
rpaditauii:
cekuii
Ne4,5,6,7,(30
HTH)
3BaploBa/IbHU
" noct

04001/ | Okcuam 0,500 00 (00 |00
301 a3oTy Y 003 | 015 | 10
nepepaxyH 2

Ky Ha

aioKkcua,

asoty
05001/ | Aiokcug 1,6 00 (00 |03
330 CipKu Y 01 030 | 6

nepepaxyH

Ky Ha

AioKkcua,

CipKu
05002/ | cipkosogeH | H.m.u 0,0 |00 |0,0
333 b 027 | 092 | 46
06000/ | Okcua 82,5 00 (01 |85
337 BYrneuo 51 8 0
16001/ | ®dTopi toro | 0,130 00 (00 |00
342 naponoai6 000 | 002 | 004

Hi Ta 8 9

rasonogioH

i cnonyku B8

nepepaxyH

Ky Ha

dTopucTUin

BOZEHb
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1 2 3 4 5 |el7]8[9f10]11] 12 | 13 J1d15 16 17 18
MNapameTpu
rasonuioBOro
Oxkepeno ytBopeHHA  |HanMmeHyBaHHAKINbKICTb NOTOKY Ha
. . Oxepeno - KoopanHatu BuKnam 3abpyaHIO0HMMX PpeYoBUH
Uex,ainbHuua| 3abpynHo040i peyoBmHU axxepena | axepen BUXog4,i i3
BUKUAY BUKMNAOY axxepena
BUKMUAY
HalimeHyBaHHAKINbKICTb, LT Ne H,m|4,m X1 | Y1 [X2ly2 HalimeHyBaHHSA r/c T/piK
Liex Ne 6 Meyi rpagiTauii|lée Tpyba 2 61023 (1,25(13,1(16,11200 |13118[16464- |- |Oiokcus, CipKM y0,88 28,98
nepepaxyHKy Ha pgiokcmpg)
CipKn
CipkoBOAEHb 0,07 3,86
OKcug, ByrneLto 3,57 257,67
beH30n 0,003 0,531
cTUpon 0,005 0,886
BeHs(a)nipeH 0,00001 0,001
HadTanin 0,016 1,57
AueHadTeH 0,040 4,83
beHon 0,004 0,58
Aunbytnndranat 0,0075 0,53
anmeTuncynbdig, 0,389 17,715
PeyosunHuM y surnagi0,389 17,715
CycneHAoBaHUX  TBepAMX
YaCTUHOK
HeandepeHLiioBaHMX 33
CKNagom
Byrneuto aiokcua (CO2) 19,236 1385
61123 (1,25(13,1(16,1]200 [1314816483 Liokeung, CipKM y0,88 28,98
nepepaxyHKy Ha pgiokcug)
CipKM
CipkoBOAeHb 0,07 3,86
OKcug, Byrnewto 3,57 257,67
beH30N 0,003 0,531
CTUPON 0,005 0,886
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BeHs(a)nipeH 0,00001 0,001

HadTtanin 0,016 1,57

AueHadTeH 0,040 4,83

dbeHoN 0,004 0,58

AnbytundTanar 0,0075 0,53

ammeTnncynbdig, 0,389 17,715

PeyoBuHM y surnaaio,389 17,715

CyCNeHO0BaHUX  TBepAMX

4YaCTUHOK

HeandepeHLinoBaHMX 33

CKNagom

Byrneuto aiokcua (CO2) 19,236 1385
Llex Ne 6 MpumiweHHA nednekrop 1 61223 0,5 10,3933,2(1308916468- |- |Oiokcug, CipKu y|0,00047 0,014

Lexy nepepaxyHKy Ha pgiokcmpg)

CipKn

CipkoBOAEHb 0,00006 0,002

OKkcug Byrneuto 0,0042 0,13

beH30n 0,000009 |0,0003

cTUpon 0,000014 |0,0004

beH3(a)nipeH 0000000013/0,0000004

HadTtanin 0,00003 0,0008

AueHadTeH 0,00008 0,0024

beHon 0,00001 0,0003

AnbytundTanart 0,00001 0,0003

PeyoBuHM y Burnaai0,00029 0,0089

CycneHAoBaHUX  TBepAMX

YaCTMHOK

HeandepeHLiioBaHMX 33

CKNnaaom

3anizo Ta Moro cnonyku B{0,00012 0,00077

nepepaxyHKy Ha 3ai30

MaHraH Ta noro cnoayku 80,00001 0,00006

nepepaxyHKy Ha Aiokcua)
MaHraHy
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Okcnam as3oTy y|0,00001 0,00027

nepepaxyHKy Ha pgiokcmpg)

QA30Ty

dTOp Ta Moro maponoai6bHi0,000002 |0,00001

Ta rasonogibri cnonyku vy

nepepaxyHKy Ha dbTopucTmii

BOAEHb

Byrneuto giokcua (CO2) 0,0223 0,6995
Llex Ne 6 MpnmiweHHs inednexktop 1 61323 0,5 |0,3933,2|13096|16466- |- |diokcua, CipKku y|0,00047 0,014

Lexy nepepaxyHKy Ha pgiokcmpg)

CipKn

CipkoBOAEHb 0,00006 0,002

OKkcug Byrneuto 0,0042 0,13

beH30n 0,000009 |0,0003

cTUpOn 0,000014 |0,0004

BeHs(a)nipeH 0000000013/0,0000004

HadTtanin 0,00003 0,0008

AueHadTeH 0,00008 0,0024

beHon 0,00001 0,0003

AnbytundTanart 0,00001 0,0003

PeyoBuHM y Burnaai0,00029 0,0089

CyCNeHO0BaHUX  TBEpPAMX

YaCTUHOK

HeandepeHLiioBaHMX 33

CKNagom

3anizo Ta Moro cnonyku B{0,00012 0,00077

nepepaxyHKy Ha 3ai30

MaHraH Ta noro cnoayku 80,00001 0,00006

nepepaxyHKy Ha pgiokcupg]

MaHraHy

Okcnam asoTy y/0,00001 0,00027

nepepaxyHKy Ha pgiokcupg]

QA30Ty

dTop Ta Moro maponoaibHi0,000002 |0,00001

Ta rasonoAibri cnonyku vy
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nepepaxyHKy Ha GTopUCTUii
BOAEHb

Byrneuto giokeng, (CO2) 0,0223 0,6995

Llex Ne 6 MpnmiweHHs CTiHOBI BEHT 614(18 0,6 24,8 33,2|113071/16469- |- |diokcug, CipKku y|0,00047 0,014
Lexy nepepaxyHKy Ha pgiokcupg)

CipKn

CipkoBOAEHb 0,00006 0,002

OKcug, ByrneLto 0,0042 0,13

beH30n 0,000009 |0,0003

cTUpOn 0,000014 |0,0004

BeHs(a)nipeH 0000000013/0,0000004

HadTanin 0,00003 0,0008

AueHadTeH 0,00008 0,0024

beHon 0,00001 0,0003

AnbytundTanar 0,00001 0,0003

PeyoBuHM y Burnaai0,00029 0,0089

CyCneHO0BaHUX  TBepAMX

YaCTUHOK

HegudepeHLinoBaHMx 33

CKNnagom

3anizo Ta Moro cnonyku B0,00012 0,00077

nepepaxyHKy Ha 3a/i30

MaHraH Ta noro cnoayku 8(0,00001 0,00006

nepepaxyHKy Ha AOiokcua

MaHraHy

Okcuam asoTy y/0,00001 0,00027

nepepaxyHKy Ha Aiokcua

30Ty

dTop Ta Moro maponoaibHi0,000002 |0,00001

Ta rasonofibri cnonyku vy

nepepaxyHKy Ha pTopucTuin

BOAEHb

Byrneuto aiokcua (CO2) 0,0223 0,6995
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Llex Ne 6 MpumiweHHa (1 CTiHOBI BEHT 615/18 0,6 24,8 33,2|1306816475- |- |diokcug, CipKku y|0,00047 0,014
Lexy nepepaxyHKy Ha pgiokcmpg)
CipKM
CipkoBoAeHb 0,00006 0,002
OKcug Byrneuto 0,0042 0,13
beH30N 0,000009 |0,0003
CTMPON 0,000014 |0,0004
BeH3(a)nipeH 0000000013/0,0000004
HadTtanin 0,00003 0,0008
AueHadTeH 0,00008 0,0024
beHon 0,00001 0,0003
AnbytundTanar 0,00001 0,0003
PeyoBuHM y Burnaai0,00029 0,0089
CyCneHOO0BaHUX  TBepAMUX
YaCTUHOK
HeandepeHLiMoBaHMX 33
CKNagom
3anizo Ta Moro cnonyku B{0,00012 0,00077
nepepaxyHKy Ha 3ai3o
MaHraH Ta noro cnoayku 80,00001 0,00006
nepepaxyHKy Ha pgiokcupg]
MaHraHy
Okcnam asoTy y/0,00001 0,00027
nepepaxyHKy Ha pgiokcupg]
QA30Ty
dTOp Ta Moro maponoaibHi0,000002 |0,00001
Ta rasonoAibri cnonyku vy
nepepaxyHKy Ha pTopucTuin
BOAEHb
Byrneuto aiokcua (CO2) 0,0223 0,6995
Llex Ne 6 MpumiweHHa |1 CTiHOBi BEHT 616/18 0,6 24,8 33,2|/13065/16479- |- |diokcug, CipKku y|0,00047 0,014
Lexy nepepaxyHKy Ha pgiokcupg]
CipKM
CipkoBOAEHb 0,00006 0,002
OKcug, syrneLto 0,0042 0,13
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6eH3on 0,000009 |0,0003

cTUpon 0,000014 |0,0004

BeHs(a)nipeH 0000000013(0,0000004

HadTanin 0,00003 0,0008

AueHadTeH 0,00008 0,0024

beHon 0,00001 0,0003

AnbytundTanar 0,00001 0,0003

PeyoBuHM y Burnsaai0,00029 0,0089

CycneHAoBaHUX  TBepAMX

YaCTUHOK

HeandepeHLiioBaHMX 33

CKNnagom

3anizo Ta Moro cnosnyku B{0,00012 0,00077

nepepaxyHKy Ha 3asi3o

MaHraH Ta noro crnosyku 80,00001 0,00006

nepepaxyHKy Ha pgiokcmpg)

MaHraHy

Okcuam asoTy y/0,00001 0,00027

nepepaxyHKy Ha AOiokcua

30Ty

dTop Ta Moro maponoai6bHi0,000002 |0,00001

Ta rasonoaibri cnonyku vy

nepepaxyHKy Ha pTopucTuin

BOAEHb

Byrneuto aiokcua (CO2) 0,0223 0,6995
Llex Ne 6 MpumiweHHA CTiHOBI BEHT 617|118 10,6 24,8 33,2113062/16484- |- [Liokcupa CipKm y/0,00047 0,014

Lexy nepepaxyHKy Ha Aiokcua

CipKM

CipkoBOAeHb 0,00006 0,002

OKcug, Byrnewto 0,0042 0,13

6eH30N 0,000009 |0,0003

CTUPON 0,000014 |0,0004

BeHs(a)nipeH 0000000013(0,0000004

HadTtanin 0,00003 0,0008
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AueHadTeH 0,00008 0,0024

beHon 0,00001 0,0003

AnbytundTanar 0,00001 0,0003

PeyoBuHM y Burnsai0,00029 0,0089

CyCNeHO0BaHUX  TBepAMX

YaCTUHOK

HegndepeHLinoBaHMX 33

CKNnagom

3anizo Ta Moro cnonyku B{0,00012 0,00077

nepepaxyHKy Ha 3a/i3o

MaHraH Ta noro cnoayku 80,00001 0,00006

nepepaxyHKy Ha pgiokcupg]

MaHraHy

Okcnam asoTy y/0,00001 0,00027

nepepaxyHKy Ha pgiokcupg]

QA30Ty

dTop Ta Moro maponoaibHi0,000002 |0,00001

Ta rasonoaibri cnonyku vy

nepepaxyHKy Ha pTopucTuin

BOAEHb

Byrneuto aiokcua (CO2) 0,0223 0,6995
Llex Ne 6 MpumiweHHs CTiHOBi BEHT 61818 0,6 24,8 33,2|13063/16488- |- |[iokcug, CipKku y/0,00047 0,014

Lexy nepepaxyHKy Ha pgiokcupg]

CipKM

CipkoBoAEeHb 0,00006 0,002

OKkcug, ByrneLto 0,0042 0,13

b6eH3on 0,000009 |0,0003

CTMPON 0,000014 |0,0004

beH3(a)nipeH 0000000013(0,0000004

HadTtanin 0,00003 0,0008

AueHadTeH 0,00008 0,0024

beHon 0,00001 0,0003

AnbytundTanar 0,00001 0,0003

PeuyoBuHM y Burnaai0,00029 0,0089

CyCneHOoBaHUX  TBepAMX
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YaCTUHOK
HegudepeHLinoBaHMX 33
CKNagom
3aniso Ta Moro cnonyku B0,00012 0,00077
nepepaxyHKy Ha 3a/i3o
MaHraH Ta noro cnoayku 80,00001 0,00006
nepepaxyHKy Ha pgiokcupg]
MaHraHy
Okcnam asoTy y/0,00001 0,00027
nepepaxyHKy Ha pgiokcupg]
QA30Ty
dTOp Ta Moro maponoai6bHi0,000002 |0,00001
Ta rasonoaibri cnosayku vy
nepepaxyHKy Ha ¢TopucTuin
BOAEHb
Byrneuto aiokcua (CO2) 0,0223 0,6995
Llex Ne 6 MpumiweHHs CTiHOBI BEHT 61918 |0,6 24,8 33,2/1306816491 |- |diokcupg, CipKu y|0,00047 0,014
Lexy nepepaxyHKy Ha pgiokcupg]
CipKM
CipkoBOAEeHb 0,00006 0,002
OKkcug, syrneLto 0,0042 0,13
beH30N 0,000009 |0,0003
CTMPON 0,000014 |0,0004
beH3(a)nipeH 0000000013/0,0000004
HadTtanin 0,00003 0,0008
AueHadTeH 0,00008 0,0024
dbeHon 0,00001 0,0003
AnbytundTanar 0,00001 0,0003
PeuyoBuHMU y Burnaai0,00029 0,0089
CyCneHOOoBaHUX  TBepAMX
YaCTUHOK
HeandepeHLiioBaHMX 33
CKnaaom
3anizo Ta Moro cnonyku B{0,00012 0,00077
nepepaxyHKy Ha 3ai30
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MaHraH Ta noro cnoayku 80,00001 0,00006

nepepaxyHKy Ha pgiokcmpg)

MaHraHy

Okcnam asoTy y/0,00001 0,00027

nepepaxyHKy Ha pgiokcupg)

QA30Ty

dTOp Ta Moro maponoaibHi0,000002 |0,00001

Ta rasonogibri cnonyku vy

nepepaxyHKy Ha dbTopucTmii

BOAEHb

Byrneuto aiokcua (CO2) 0,0223 0,6995
Llex Ne 6 MpnmiweHHs CTiHOBI BEHT 62018 0,6 [24,8 33,2|113073/16494- |- |diokcupg, CipKu y|0,00047 0,014

Lexy nepepaxyHKy Ha pgiokcmpg)

CipKn

CipkoBOAEHb 0,00006 0,002

OKkcug Byrneuto 0,0042 0,13

beH30n 0,000009 |0,0003

cTUpON 0,000014 |0,0004

beH3(a)nipeH 0000000013/0,0000004

HadTtanin 0,00003 0,0008

AueHadTeH 0,00008 0,0024

beHon 0,00001 0,0003

AnbytundTanart 0,00001 0,0003

PeyoBuHM y Burnaai0,00029 0,0089

CyCneHOoBaHUX  TBepAMX

YaCTUHOK

HeandepeHLiioBaHMX 33

CKNaaom

3anizo Ta Moro cnonyku B{0,00012 0,00077

nepepaxyHKy Ha 3ai30

MaHraH Ta noro cnoayku 80,00001 0,00006

nepepaxyHKy Ha Aiokcua,

MaHraHy
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Okcnam as3oTy y|0,00001 0,00027

nepepaxyHKy Ha pgiokcmpg)

QA30Ty

dTOp Ta Moro maponoai6bHi0,000002 |0,00001

Ta rasonogibri cnonyku vy

nepepaxyHKy Ha dbTopucTmii

BOAEHb

Byrneuto giokcuma (CO2) 0,0223 0,6995
Llex Ne 6 MpnmiweHHs CTiHOBI BEHT 62118 0,6 24,8 33,2|11307816497 |- |diokcug, CipKku y(0,00047 0,014

Lexy nepepaxyHKy Ha pgiokcmpg)

CipKn

CipkoBOAEHb 0,00006 0,002

OKkcug Byrneuto 0,0042 0,13

beH30n 0,000009 |0,0003

cTUpOn 0,000014 |0,0004

BeHs(a)nipeH 0000000013/0,0000004

HadTtanin 0,00003 0,0008

AueHadTeH 0,00008 0,0024

beHon 0,00001 0,0003

AnbytundTanar 0,00001 0,0003

PeyoBuHM y Burnaai0,00029 0,0089

CyCNeHO0BaHUX  TBEpPAMX

4YaCTUHOK

HeandepeHLiioBaHMX 33

CKNagom

3anizo Ta Moro cnonyku B{0,00012 0,00077

nepepaxyHKy Ha 3ai30

MaHraH Ta noro cnoayku 80,00001 0,00006

nepepaxyHKy Ha pgiokcupg]

MaHraHy

Okcnam asoTy y/0,00001 0,00027

nepepaxyHKy Ha pgiokcupg]

a30Ty

dTop Ta Moro maponoaibHi0,000002 |0,00001

Ta rasonoAibri cnonyku vy
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nepepaxyHKy Ha GTopUCTUii
BOAEHb

Byrneuto giokeng, (CO2) 0,0223 0,6995

Llex Ne 6 MpnmiweHHs CTiHOBI BEHT 622/18 |0,6 24,8 33,2|13083|16500- |- |diokcug, CipKku y|0,00047 0,014
Lexy nepepaxyHKy Ha pgiokcupg)

CipKn

CipkoBOAEHb 0,00006 0,002

OKcug, ByrneLto 0,0042 0,13

beH30n 0,000009 |0,0003

cTUpOn 0,000014 |0,0004

BeHs(a)nipeH 0000000013/0,0000004

HadTanin 0,00003 0,0008

AueHadTeH 0,00008 0,0024

beHon 0,00001 0,0003

AnbytundTanar 0,00001 0,0003

PeyoBuHM y Burnaai0,00029 0,0089

CycneHAoBaHWX  TBepAMX

YaCTUHOK

HegudepeHLinoBaHMx 33

CKNnagom

3anizo Ta Moro cnonyku B0,00012 0,00077

nepepaxyHKy Ha 3a/i30

MaHraH Ta noro cnoayku 8(0,00001 0,00006

nepepaxyHKy Ha AOiokcua

MaHraHy

Okcuam asoTy y/0,00001 0,00027

nepepaxyHKy Ha Aiokcua

30Ty

dTop Ta Moro maponoaibHi0,000002 |0,00001

Ta rasonofibri cnonyku vy

nepepaxyHKy Ha pTopucTuin

BOAEHb

Byrneuto aiokcua (CO2) 0,0223 0,6995




