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Pedepar:

1. Y nuceprauiiiHiil po6boTi, sIKa € 3aBepLIEHOI0 HAyKOBO-JOCJIiIHOK POOOTOI0, BUPIlIEHO aKTyaJbHE HAyKOBE
3aBJIaHHS JOCIIIKEHHS Ta PO3POOKU METO/IiB aBTOMATH3aLlil TEXHOJIOTIYHOTO [IPOLeCy NOAPiIOHEHHS 3a1i30PyAHOI
CUPOBMHU Ha OCHOBi BU3HAYE€HHS ii XiMiKO-MiHEpaJIOriYHUX BJIACTUBOCTEN 3 BUKOPUCTAHHSIM METOJIIB
OIIEpPaTUBHOTO KOHTPOJIIO. Briepiiie 3alpor1oHOBAHO CUHEPTIIO S1€PHOPI3MYHUX Ta MarHiTOMETPUYHUX METO/IB
KOHTPOJIIO BMICTY 3ajli3a y BXifHil 3ai30pyAHil CUPOBYHI, 110 JO3BOJISI€ OTPUMYBATH JaHi IIPO BMICT K
MAarHiTHOroO, TaK i 3arajibHOTO 3aji3a B pyai, Ta Higsunlye iHGOPMaTHUBHICTh TEXHOJIOTIYHOTO MPOLECY IO Pi6HEHHS.
O6'eKT IOCIIIIPKEHHS — NPOLLEC AaBTOMATU30BaHOTO KEPYBAHHS IIEPUIOIO CTAJLi€I0 TEXHOJIOTIYHOrO MPOLECY
NOAPiIOHEHHS 3aJ1i30pyIHOI CUPOBUHMU py030aradyBasabHOi (pabpuku. MeTa gucepTrauiiiHOi po60TH — MiABUILEHHI
e(eKTUBHOCTI IepepoOKU 3a1i30pyIHOI CHPOBUHM HA MepLliil CTalii TEXHOJIOTIYHOro NPOoLeCy NOAPiGHEHHS Ha

OCHOBI [100y[10BM CHCTEMH aBTOMATU30BAaHOTO KEPYBAHHSI [IPOL[€COM IIepepOOKU 3aTi30PyAHOI CHPOBUHU IIJISIXOM



OIIEPATUBHOIO KOHTPOJIIO XIMIKO-MiHEPaJIOriYHMX BIACTUBOCTEN 3aJ1i30PYyAHOI CUPDOBMHHU B YMOBAX iX
CTOXAaCTUYHOCTI 3 BUKOPUCTAHHAM sA71ePHODI3UYHUX Ta MATHITOMETPUYHUX METO/IiB. [I1s1 BUPillIEeHHS TTOCTABJIEHUX
3aBZaHb y Npali BUKOPUCTAHi: aHasi3 BITYM3HSIHOTIO Ta 3apy0i’KHOTO OCBiNy; CUCTEMAaTH3allisl HAsIBHUX MiXOiB Ta
METO/IiB ONTUMi3alii TEXHOJIOTIYHOr O NpoLeCcy NOAPiOHEeHHS 3ai30PyLHOI CHPOBUHU [J151 OO PYHTYBaHHS
aKTyaJIbHOCTI, METH Ta 3aBIaHb JOCJIiI’)KEHHS; METOJU MaTeMAaTUYHOI CTAaTUCTUKY /1J1s ONPALIIOBAaHHS Pe3YJIbTaTiB
€KCIIEPMMEHTIB; METOIY CUCTEMHOIO aHaJi3y Ta METOY ONITUMAJIbHOTO KEPYBaHHS IIPU PO3POOJIEHH] aJrOpuTMiB
KEPYBaHHS TEXHOJIOTIYHUM IIPOL€COM MOAPiIOHEHHS 3a1i30pyIHOI CUPDOBUHM; KOMIT'IOTE€PHI iHpopMaLiiiHi
TEXHOJIOTII [71s1 MOJeJII0BAaHHSI TEXHOJIOTIYHOr 0 NPOLeCy NOAPiGHEHHS 3 BUKOPUCTAHHSIM allapaTy HEeuYiTKoi JIOTiKu.
Po3pobseHo maTeMaTuyHy Moaesb | cTazii TeXHOJIOTIYHOro Ipoliecy NoApibHeHHSs 3aJ1i30pyaHOI CUPOBUHU 3
MaTeMaTU4Ha MOJIeJIb 103BOJIsIE BpAaXOBYBATH CTAH NPOTiKAHHS TEXHOJIOTIYHOrO NMPOLecy NoApiGHEHHS
3aJ1i30pyAHOI CUPDOBUHMU Ta [1a€ MOKJIMBICTb BPAXOBYBAaTH YacC TPAHCIOPTHOTO 3alli3HEHHSI 1epepOOII0OBAHOI PYIU.
My npTUIITIKATUBHA CTPYKTYpa MOJIeJli JO3BOJISIE 3a0€31eUUTH i CTPYKTYpPHY CTilKiCTh IPYU BUNAIKOBUX 30yPEHHSIX
3MiHHUX, @ TaKOX JJa€ MOKJIMBICTb I0JABaHHS HOBUX 3MiHHMX [IpY BUKOPUCTAaHHI HOBUX JJATYMKIB Ta IPUCTPOIB
KOHTPOJIIO TEXHOJIOTIYHOTO IIpoLecy noapioHeHHs. [IpoBeneHo MoeoBaHHs | cTaflii TEXHOJIOTIYHOTO IPOLIECY
No/IpiGHEeHHS 3aJ1i30PyIHOI CUPOBUHM i3 3aCTOCYBaHHSM T€OPETUKO-IMOBIPHICHOTO MifiX0Ay, 10 Najl0 MOXKJIUBICTD
OLIiHUTH IMOBIpHICHi BIaCTUBOCTI BUXiAHUX 3MiHHUX | cTafii TEXHOJIOTIYHOrO IpoLeCy NOAPiOHEHHS 3ai30pyIHO]
CHAPOBUHU, NIOB'SI3aBIIN iX i3 CTOXaCTUYHICTIO BiaacTuBocTel 3PC, 0 HaIXOOUTh Ha [1epepooKy. Po3pobiieHo
iHpopMmaliiHO-BUMIipIOBaIbHY CUCTEMY OIIEPATUBHOIO KOHTPOJIIO XiMiKO-MiHEpaJIOriYHUX BJIACTUBOCTEN
3aJ1i30pyIHOI CUPOBUHU Ta KepyBaHHS | cTafii€lo TeXHOJIOrYHOro IIpoliecy NoApiOHEeHHs pyH036aradyyBajbHOI
dabpuku INAT «ApcenopMirtran Kpusnii Pir», sxa no3BoJise cTabinisyBaTH LIiIbHICHI XapaKTEPUCTUKU 3JIUBY
kiacudikatopa, 3SMEHIINTHU 10 2,7% BTPATHU 3aJli3a y XBOCTHY 30arayeHHs Ha NEePILill cTafii MarHiTHOI cenapatuii,
3MEHUINTY KOJIMBAaHHS BMICTY 3aj1i3a B KOHLIEHTPATi 10 3,5%, 110 la€ MOXKJIUBICTb HiABULIUTH SIKICTb KOHLIEHTPATy
Ha 1%/ Po3pobieHu KOMIJIEKC HAYKOBO-TEXHIYHUX pillleHb J03BOJIsI€ 326€31€YUTU BUKOHAHHS BUMOT, 1110
BCTaHOBJIIOIOTBCS 4O KiHIEBOTO IIPOLYKTY pyf030aradyBaabHuX (adpUK — 3a1i30pyJHOTO KOHLLEHTPATy —
IiIBUIIEHHS MOr0 SKOCTI 3a paXyHOK CcTabinizauii minbHOCTI 311By KinacudikaTopa i 3SMeHIIeHHs KOJIMBAaHHS BMIiCTy
3as1i3a B IPOMIIPOJYKTi.

2. The dissertation presents completed scientific research that addresses the pressing task of developing methods
to automate the technological process of grinding iron ore raw materials. This was achieved by determining the
chemical and mineralogical properties of the materials through methods of operational control. For the first time,
the synergy between nuclear physics and magnetometric methods for controlling iron content in the initial iron
ore raw material is proposed. This approach allows for the acquisition of data on both the magnetic and total iron
content in the ore, thereby increasing the informational value of the grinding process. The object of the
dissertation is the process of automated control at the first stage of the grinding process of iron ore raw materials
at an ore dressing plant. The purpose of the dissertation is to enhance the efficiency of iron ore processing during
the initial grinding stage. This is achieved by developing an automated control system that manages the processing
of iron ore raw materials through operational control of their chemical and mineralogical properties, considering
their stochastic nature using nuclear physics and magnetometric methods. To address these tasks, the following
approaches were employed: analysis of domestic and foreign experiences; systematization of existing approaches
and optimization methods for the grinding process to substantiate the relevance, purpose, and objectives of the
study; use of mathematical statistics methods for processing experimental results; application of system analysis
and optimal control methods in the development of control algorithms for the grinding process; and the use of
computer information technologies for modeling the grinding process using fuzzy logic. A mathematical model of
the first stage of the technological process of iron ore raw materials grinding has been developed, taking into
account the properties of iron ore, i.e., the content of a useful component and its strength. The proposed
mathematical model accommodates the state of the technological process of iron ore raw materials grinding and
makes it possible to take into account the time of transportation delay of the processed ore. The multiplicative
structure of the model ensures its structural stability under random perturbations of variables and also makes it



possible to add new variables when using new sensors and devices for monitoring the grinding process state.
Modeling of the first stage technological process of iron ore raw materials grinding using a theoretical and
probabilistic approach made it possible to estimate the probabilistic properties of the output variables of the first
stage technological process of iron ore raw materials grinding, linking them to the stochasticity of the properties
of iron ore raw materials fed for processing. Information and measuring system for operational control of chemical
and mineralogical properties of iron ore raw materials and control of the first stage of the grinding process at the
ore dressing plant of PISC ArcelorMittal Kryvyi Rih was developed, which allows stabilizing the density
characteristics of the classifier drain, reducing iron losses in the tailings at the first stage of magnetic separation
by up to 2.7%, and reducing fluctuations in the iron content in the concentrate by up to 3.5%, which makes it
possible to improve the quality of the concentrate by 1%. The developed set of scientific and technical solutions
makes it possible to meet the requirements set for the end product of ore processing plants - iron ore concentrate
- by improving its quality by stabilizing the density of the classifier drain and reducing fluctuations in the iron
content of the middlings.
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IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: HaujoHanbHuil TexHiYHMI yHiBepCUTeT "JIHIMPOBChKA

oJliTexHika"

Kopg 3a €IPIIOY: 02070743

Micuesnaxo;perHﬂ: npocrekt JImurpa SIBopHuLbKoro, 6yx. 19, JIninpo, [JHinpoBcekuit p-H., 49005, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

roJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

Kynin Angpiit IBaHoBuY

Kynin AHnpiit IBanoBuY

Xynuk Mukosia BajieHTUHOBUAY

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



