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1. Inceprauiiiny po60Ty IPUCBSIYEHO BUPIIIEHHIO aKTyaJbHOIO HAYKOBO-TEXHIYHOTO 3aBJIaHHS ~OOIPYHTYBAHHIO Ta
PO3PO0JIEHHIO TEXHOJIOTIYHMX PEKOMEH 1ALl 00 BIPOBAIPKEHHS y TipHUYO0-36arayyBajlbHOMY BUPOOHUILTBI
TEXHOJIOTII rpaBiTallifilHOro 36araueHHsl MarHeTUTOBUX KBAapLUUTIB. [Ipob6iaeMa epeKTUBHOrO BUyYEHHS TOHKUX
(dpakiil MarHeTUTY Ta 3HWKEHHS BMICTy JiOKCUAY KPEMHIIO B KOHLIEHTPaTax 6€3 BUKOPUCTaHHS JOPOTMX METO/IB €
KPUTHAYHOIO 17151 3aJ1i30PyJHUX MiANIPUEMCTB YKpaiHu. Po6oTa 6a3yeThbCst HAa KOMIVIEKCHOMY JOCJIIIKEHHI peOJIorii
MAarHETUTOBUX ITyJIbII TA YMCETBHOMY MOJIE€JIIOBAaHHI MipOAUHaMIUHUX IPOLECIB y CNipaJIbHUX CcernapaTopax.
Jucepralilo BUKOHAHO 3 METOI0 HAayKOBOTO OOIPYHTYBaHHS IIapaMeTpiB Ta JOCJiIKEHHS BUCOKOE(PEKTUBHO]
TEXHOJIOTiI IpaBiTallifiHOro 30arayeHHs MAarHETUTOBUX KBAaPLUTIB y CHipaJbHUX CENapaTopax Ha OCHOBI BUSIBJIEHUX
3aKOHOMIPHOCTEM 3MiHU PEOJIOTIYHUX BJIACTMBOCTEN ITYJIBIIN Ta KIHETUKHU CErperanii 4aCTUHOK, O AO3BOJISIE

MigBULINTY SIKICTh 3aJ1i30PyAHOTO KOHLEHTPATy Ta 3HU3UTHU €KCIIyaTaliliHi BUTpaTHU. [ly1s1 HOCSATHEHHS IOCTABJIEHO]



METHU €KCIIEPUMEHTAJIbHO 0YJI0 LOCIiIKEHO KOMILJIEKC B3a€MOIIOB'SI3aHUX YNHHUKIB, IO BIIJIMBAIOTh HA
eeKTUBHICTb PO3JisieHHs] MiHepaJiiB. BUBYE€HO peoJsiorivuHi BIaCTUBOCTI MAarHETUTOBUX CYCIIEH3ii MIJIIXOM
IIpOBEJEHHS cepii 1abopaTopHUX 3aMipiB e(PEKTUBHOI B'SI3KOCTI IyJIbIIU [IPY IIMPOKOMY BapiloBaHHiI 06’eMHOI
KOHLeHTpauii TBepaoi ¢asu (ig 10% no 70%), rpaHyIOMETPUYHOTO CKJIALly Ta TEMIIEPATYPHUX PEXUMIB y Nliana3oHi
Big 5 °C mo 50 °C. B xozi excrieprMeHTiB 6ys10 3a¢ikcOBaHO IIPOCTOPOBUI PO3MOIil YACTUHOK 32 KPYIIHICTIO Ta
I'yCTUHOIO 10 LIMPUHI 1 IJIMOUHI TOTOKY B po604OMY 01061 cenaparopa. [IpoaHanizoBaHo BIIJIUB reoOMeTpii
po6040i NOBEPXHI MIJIIXOM TPOBEIEHHS [1OPiBHSJIBHUX BUIIPOOYBaHb CENapaTopiB 3 1apaboJliyHUM Ta CJ1abKo
MOXUJIUM IPodisieM 5K05100a, 0 JO3BOJINJIO BCTAHOBUTH JIOKAJIi3allil0 KpUTUYHUX TOYOK BTPAT MarHETHUTY.
[TpoBeneHO MPOMUCIIOBI BUNIPOOYBaHHS Ha [il0YMX CEKLisX 30aradyyBajibHUX KOMOIHATIB 3 BUBHAUEHHSIM
ONTUMAaJIbHUX I10JIOXKEHB BiflCiKauiB Ta paljioHaJbHOIO HAaBAaHTAKEHHS 110 TBEPAOMY Ha Iickax kiacudikalii Ta
IIPOJYKTaXB TOHKOI'O TPOXOUYEHHS. Y BCTYIIi MiCTUTBLCS 3arajlbHa XapakTepUCTUKA JUCEPTallii, 0GIPyHTOBaHO
aKTyaJIbHICTb POOOTHU, BUKJIAZEHO METY i 3aBIaHHS LOCIiIPKeHHS, HAyKOBY HOBU3HY i IPaKTUYHY LiHHICTh po6OTH. ¥
[IepLIOMY PO37isli IPOBEAEHO CUCTEMATH3Allil0 HAYKOBUX JOPOOOK Y rajysi rpasiTaliiiHoro 36arayeHHs. KputuyHuit
aHaJli3 HayKOBUX IIpallb Ta Cy4aCHOi IPaKTUKY 30arady€HHs MarHeTUTOBUX DY, LO3BOJIUB BUSIBUTH, 1110 IOTEHIlias
CIipajbHOI cemnapatii 1711 TOHKOTO MarHeTUTY 3aJIMIIAE€ThCSI HEPEali30BAaHUM Yepe3 HeJOCTaTHE BUBYEHHS SIBUILA
cerperatiii B yMoBax 3MiHHO{ B'sI3KOCTi cepemoBulia. JIpyruil po3zis IpUCBIYE€HO BCTAaHOBJIEHHIO 3B 13Ky MK
CTPYKTYpPOIO IyJIbIIU Ta ii B's13KicTI0. OGIPYHTOBAHO, 110 711 MArHETUTOBUX CYCIIE€H3ill KJIaCU4Hi MoZei, sIKi
BPaxXOBYIOTb JIMIIE KOHLEHTPallilo, € HEAOCTaTHIMU. Briepiue 3apornoHOBaHO CNOCIO pO3paxyHKy €(PEKTUBHOI
B'A3KOCTI, IKMH IHTErPYy€E MOKa3HMKU M0JIiIMOJATIbHOTO IPAaHYJIOMETPUYHOIO CKJIAy, CTUCHEHICTb PiIVHU B
MDK4aCTKOBOMY ITPOCTOpi Ta MOP(OJIOTiio (POPMY) YaCTUHOK. EKCIieprMeHTaIbHO JOBEIEHO, 1110 B'SI3KiCTb IYJIbIIN
06€epHEHO MPOINOpLiiHa BMICTy YaCTUHOK KpynHicTio noHaz 0,1 MM. BcTaHOB/IEHO KPUTUYHUIA BILJIMB TEMIIEPATYPU:
npu 3HUKeHHi Temneparypu 3 30 °C mo 5 °C B'a3kicTs npibHoAucnepcHoro kiaacy (-0,033 Mm) 3poctae Maitke y 2
pasy, 110 Befe 10 BTPaT 3ajli3a y XBOCTaxX Ha piBHi 11,5%. Y TpeTboMy po3[iiii po3po6seHO TPUBUMIPHY MaTeMaTUIHY
MOJeJIb Tedil y cripasbHOMY 5k07106i. Bukopucrano einepoBy MysbTudioinay monesns VOF (Volume of Fluid) y
[IO€JHAHHI 3 MOJIeJUIIO MiAOMHOI cuu barHosbaa. lle mo3Boinio aieKBaTHO ONKUCATU BEPTUKAIbHE
po3lIapyBaHHsSI MArHETUTY Ta KBaply. MoeoBaHHS 10Ka3ajlo, 0 3aMiHa CTaHAAPTHOTO NapabosiiyHOro npodinto
3K0J100a Ha €y1abKo MOXUJIMM L03BOJIsE CTabiNi3yBaTH TPaeKTOPii pyxy APiOHUX YACTMHOK Ta MiJBUIIUTU
eeKTUBHICTb ix cerperaii Ha 5,48-7,45%. Bepudikallis MmogeJi nigTeepausia BUCOKY TOYHICTb (1oxuodka no 3,6%).
YeTBepTUIA PO3[iJl MiCTUTh PE3yJIbTaTU NOCHIiIKEHD. [JOBENEHO MOXKIIMBICTD OTPUMAHHS BUCOKOSIKICHOTO
KOHILIEHTPATy 3 MacoBolo yacTkoto Fezar > 70% ta SiO2 < 2%. BcTaHOBJIEHO, 1110 ONTHMAaJILHUM PEKUMOM € PO6OTa
npu remneparypi 28-30 °C. 3anponoHOBaHO HOBY TEXHOJIOTIYHY CXEMY, sIKa Ilependadae po3fibHe OTPUMaHHS
IBOX BUZiB TOBAPHUX KOHLEHTPATIB. 3arajibHU PiYHMUN €KOHOMIYHUH epeKT cTaHoBUTh 90,36 MJIH IpH. PesybraTu
BUKOPUCTAHO JJ15 ONITHMi3allii KOHCTPYKIii CipaJbHUX CENapaTopiB Ta peXXUMIB iX eKcIulyarallii. BlipoBamkeHHs
IIO3BOJIMJIO 3HU3UTH HaBaHTaXKeHHSI Ha CTaflito nmoapioHeHHs Ha 10-12%. OCHOBHI NOJIOKEHHS ucepTallii
IiATBEPKEHO aKTOM BIIPOBAIKEHHS. Y 3arajlbHMX BUCHOBKAX 3POOJIEHO ITiICYMOK ITPOBEJEHOI pOOOTH i OIIMCAaHO
OCHOBHI p€3yJIbTaTy, OTPMMaHI B JOCJIIKEHHI. [lucepralist JONOBHEHA NONATKAMY, Y SIKUX MICTITBCS aKTU

BIIPOBAJIKEHHSI AUCEPTALIITHOTO TOCTiIKEeHHS.

2. The dissertation is devoted to solving a relevant scientific and technical problem, namely the substantiation and
development of technological recommendations for the implementation of gravity concentration technology for
magnetite quartzites in mining and mineral processing. The problem of efficient recovery of fine magnetite
fractions and reduction of silicon dioxide content in concentrates without the use of costly methods is critical for
iron ore enterprises in Ukraine. The work is based on a comprehensive study of the rheology of magnetite pulps
and numerical modelling of hydrodynamic processes in spiral separators. The aim of the dissertation is to provide
a scientific substantiation of process parameters and to investigate a highly efficient technology for the gravity
concentration of magnetite quartzites in spiral separators, based on the identified regularities of changes in pulp
rheological properties and particle segregation kinetics, enabling improvement of iron ore concentrate quality and
reduction of operating costs. To achieve this aim, a set of interrelated factors affecting mineral separation
efficiency was experimentally studied. The rheological properties of magnetite suspensions were investigated



through a series of laboratory measurements of effective pulp viscosity under wide variation of volumetric solids
concentration (10-70%), particle size distribution, and temperature (5-50 °C). During the experiments, the spatial
distribution of particles by size and density across the width and depth of the flow in the working trough of the
separator was recorded. The influence of surface geometry was analysed by comparative testing of separators with
parabolic and gently inclined trough profiles, which made it possible to determine the localisation of critical
magnetite loss zones. Industrial trials were conducted at operating sections of processing plants to determine
optimal splitter positions and rational solids loading for classification sands and fine screening products. The
introduction presents the general characteristics of the dissertation, substantiates the relevance of the research,
and outlines the aim, objectives, scientific novelty, and practical significance of the work. The first chapter
systematises scientific achievements in the field of gravity concentration. A critical analysis of scientific studies
and current beneficiation practices for magnetite ores revealed that the potential of spiral separation for fine
magnetite remains underutilised due to insufficient investigation of segregation under conditions of variable
medium viscosity. The second chapter is devoted to establishing the relationship between pulp structure and
viscosity. It is substantiated that for magnetite suspensions, classical models considering only solids concentration
are insufficient. A method for calculating effective viscosity is proposed, integrating parameters of polymodal
particle size distribution, interparticle fluid confinement, and particle morphology. It is experimentally proven that
pulp viscosity is inversely proportional to the content of particles larger than 0.1 mm. A significant temperature
effect is established: when the temperature decreases from 30 °C to 5 °C, the viscosity of the fine fraction (-0.033
mm) nearly doubles, resulting in iron losses in tailings of up to 11.5%. The third chapter presents a three-
dimensional mathematical model of flow in a spiral trough using an Eulerian VOF (Volume of Fluid) approach
combined with the Bagnold lift force model, enabling adequate description of magnetite-quartz stratification.
Modelling results show that replacing the standard parabolic trough profile with a gently inclined one stabilises
particle trajectories and increases segregation efficiency by 5.48-7.45%. Model verification confirmed high
accuracy, with an error not exceeding 3.6%. The fourth chapter presents the research results. The possibility of
obtaining a high-quality concentrate with total iron content Fenon > 70% and SiOno < 2% has been demonstrated. It is
established that the optimal operating conditions correspond to a temperature of 28-30 °C. A new process
flowsheet is proposed, providing for the separate production of two types of commercial concentrates. The total
annual economic effect amounts to UAH 90.36 million. The results were used to optimise the design of spiral
separators and their operating modes. Implementation made it possible to reduce the load on the grinding stage
by 10-12%. The main provisions of the dissertation are confirmed by an implementation certificate. The general
conclusions summarise the work carried out and present the main results obtained in the study. The dissertation
is supplemented with appendices containing certificates confirming the implementation of the research results.
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VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI Kynix Auzpiii IBaHOBIY
TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI Kynin Anppiii IBanoBuy
rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBigasbHUH 32 MiATOTOBKY Xynuk Mukosia BajeHTMHOBUY
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TeTssHa AHaToOJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




