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Pedepar:

1. Y puceprauiiiHiil po6oTi, sIKa € 3aBEPLIEHOI0 HAYKOBO-I0CIiIHOI POOOTOI0, BUPILIEHO aKTya/IbHE HAyKOBE
3aBJIaHHS JOCJIIPKEHHS Ta pO3pOOKU METOIiB aBTOMAaTH3allii TEXHOJIOTIYHOTO MPolecy NOoAPiOHEHHS 3a1i30pyIHOI
CUPOBMHM Ha OCHOBI BU3HAYEHHS ii XiMiKO-MiHEpaJIOriYHUX BJIACTUBOCTEN 3 BUKOPUCTAHHSIM METO/IIB
OIIEPATUBHOIO KOHTPOJIIO. Briepie 3anporoHOBaHO CUHEPTIIO I0ePHOPI3MYHNX Ta MarHITOMETPUYHUX METOIB
KOHTPOJIIO BMICTY 3aji3a y BXifgHil 3a/1i30pyAHill CHPOBYHI, IO NO3BOJISIE OTPUMYBATHU JIaHi PO BMICT 5K
MAarHiTHOro, TaK i 3arajibHOro 3ajisa B py/i, Ta Hifpulye iHGOPMaTHUBHICTb TEXHOJIOTYHOTO NPOLECy O Pi6HEHHSL.

O06'ekT ,ILOCJ'Ii,U,)KeHHH — IIpoLeC aBTOMaTU30BaHOT'O KEPYBaHHSA IEPIIOIO CTaJIi€l0 TEXHOJIOTIYHOTO rnpouecy



No/IpiGHEHHS 3a1i30PyIHOI CUPOBUHMU pyio36aradyBasbHoi padpuku. Meta gqucepraniiHoOi po60TH — MiABUILEHH]
ePeKTUBHOCTI IIepepoOKU 3ai30pyAHOI CHPOBUHU Ha MEPLIil cTalil TEXHOJIOTYHOro IIPOoLecy NoApiOGHEHHs Ha
OCHOBI [100y[10BM CHCTEMU aBTOMATU30BAaHOTO KEPYBAHHS [IPOL,€COM IIepePOOKU 3a71i30PyAHOI CUPOBUHU IIJISIXOM
OIIEPATUBHOIO KOHTPOJIIO XiMiKO-MiHEPaJIOTiYHMX BIACTUBOCTEN 3aJi30PYyAHOI CUDOBMHHU B YMOBAX iX
CTOXaCTUYHOCTI 3 BUKOPUCTAHHSM SIIE€PHOPI3MYHYX Ta MarHITOMETPUYHUX METOAIB. [ BUPIlIE€HHS IOCTABJIEHUX
3aBZaHb y Mpali BUKOPUCTAHi: aHasi3 BITYM3HSIHOTIO Ta 3apy6i’KHOTO [IOCBiNy; CUCTEeMaTH3allisl HasIBHUX MiAXO0iB Ta
METO/IiB OIITUMIi3alii TEXHOJIOTIYHOrO NpoLiecy NOoAPibHEeHHs 3ai30PpyAHOI CHPOBUHU [J151 OO PYHTYBaHHS
aKTyaJIbHOCTi, METU Ta 3aBJaHb AOCJIIPKEHHS; METOAY MaTEMATUYHOI CTATUCTUKY [J151 ONPALIOBAaHHS PE3YJIbTaTiB
€KCIIEPMMEHTIB; METOIU CUCTEMHOI'0 aHaJi3y Ta METOY ONITUMAIbHOTO KEPYBaHHS IIPU PO3PO06JIEHH] alropuTMiB
KEePYBaHHS TEXHOJIOTIYHUM IIPOLI€COM MOAPiIOHEHHS 3aJ1i30pyIHOI CUPDOBUHM; KOMIT'IOTEepHI iHpopMaliiiHi
TEXHOJIOTII [ MOZ,EJII0BAaHHS TEXHOJIOTIYHOrO IIPOLeCY NOIPiOHEHHS 3 BUKOPUCTAHHSM arapary HediTKoi JIOTiKu.
Po3po6seHo MaTeMaTUYHy MOZEJb | cTalii TEXHOJIOTYHOrOo MpoLeCy NOAPiIOHEHHS 3a/1i30PyAHOI CUDOBUHMU 3
MaTemMaTU4Ha MOJeJIb 103BOJISI€E BPaxOBYBAaTU CTaH MIPOTiKaHHS TEXHOJIOTIYHOTO NPOLeCy NoLpibHEeHHs
3aJ1i30pyAHOI CUPDOBUHMU Ta J1a€ MOKJIMBICTb BPAXOBYBATH YacC TPAHCIOPTHOTO 3alli3HEHHsI 1epepO6II0BAHOI PyIu.
My npTUIITIKATUBHA CTPYKTYPa MOJeJli JO3BOJISIE 3a0e31eYnTH i CTPYKTYPHY CTiMKiCTh IIPYU BUMAIKOBUX 30yPEHHSIX
3MiHHUX, & TAKOX J1a€ MOJKJIUBICTb JOJaBaHHSI HOBUX 3MiHHUX [1IPU BUKOPUCTAaHHI HOBUX IATYMKIiB Ta IPUCTPOIB
KOHTPOJIIO TEXHOJIOTIYHOrO IIpoLecy noapioHeHHs. [IposeneHo MoeoBaHHs | cTafiii TEXHOJIOTIYHOTO IPOLIECY
No/IpiGHEHHS 3aJ1i30PyIHOI CUPOBUHM i3 3aCTOCYBaHHSM T€OPETUKO-IMOBIPHICHOTO MiZiX0Ay, 0 NaJjl0 MOXKJIUBICTD
OLIiHUTH IMOBIpHICHi B1IaCcTUBOCTI BUXiZHUX 3MiHHUX | cTafil TEXHOJIOTIYHOrO IIpoLiecy NoAPiOHEeHHS 3ai30pyIHO]
CHUPOBMHHY, N1OB'SI3aBIIM iX i3 CTOXaCTUYHICTIO BaacTuBocTeil 3PC, 0 HaIXOOUTh Ha [1epepooKy. Po3pobiieHo
iH(pOpMaLiIHO-BUMIPIOBAJIBHY CUCTEMY ONIEPATUBHOI'O KOHTPOJIIO XiMiKO-MiHEPAJIOTiYHUX BJIACTUBOCTEN
3aJ1i30pyIHOI CUPOBUHU Ta KepyBaHHS | cTafii€lo TEXHOJIOrYHOrO IIPoLecy NoApiOHEeHHs pyL036arauyyBaybHOI
dabpuxku I[NAT «ApcenopMirtran Kpusuii Pir», sika no3BoJise cTabinisyBaTH LIiIbHICHI XapaKTEPUCTUKU 3JIUBY
kiacudikatopa, 3SMEHIINTHU 10 2,7% BTPATHU 3aJli3a y XBOCTHY 30arayeHHs Ha NepILill cTafii MarHiTHOI cenapatiii,
3MEHIINTY KOJIMBaHHS BMICTY 3a1i3a B KOHLIEHTPATi 10 3,5%, 10 la€ MO>KJINBICTb IiIBULIUTH SIKICTh KOHIIEHTPATy
Ha 1%/ Po3pobiieHn KOMIJIEKC HAYKOBO-TEXHIYHUX pillleHb J03BOJIsl€ 326€311€YUTU BUKOHAHHS BUMOT, 1110
BCTAHOBJIIOIOTHCS A0 KiHIIEBOTIO IIPOLYKTY pyfio30arauyBaabHuX (abpuK — 3a1i30pyHOTO KOHLLEHTPATy —
IiBUIIEHHS MOT0 SKOCTI 32 paXyHOK CTabinizauii minbHOCTI 31uBy KinacudikaTopa i 3MeHIIeHHs KOJIMBAaHHS BMICTY
3as1iza B IPOMIIPOIYKTi.

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 PJSC 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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2. Mykhaylo Aleksyeyev

KBasigikanis: n.1.1., npod., 05.13.07

ImenTudikarop ORCHID ID: 0000-0001-8726-7469

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuteT "JIHInmpoBCchka

MoJIiTeEXHIKA"

Kopg 3a €IPIIOY: 02070743

MicneSHaXO;DKeHHﬂ: npocnekt JImutpa SIBopHULBKOTrO, 6y, 19, IHinpo, JHinposcbkuil p-H., 49005, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCHTETChKUI

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI

TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi

OisIIBHOCTI

Kynin Aunpiit IBanoBuY

Kynin Augpii IBaHoBuY

Xynuk Mukosa BaneHTHHOBUY

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



