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2. Methodological foundations of energy efficient invariant control of ore grinding-classification based on indirect
predictive assessment of characteristics of raw materials and equipment

Pedepar:

1. MeTo10 pob0TH € MifBuIleHHS €(PEeKTUBHOCTI KEPYBaHHS TEXHOJIOTTYHMM ITPOLLECOM PYAOIIATOTOBKY B MepIIiii
cTafii 3aCTOCyBaHHSIM HOBOI pO3p00JIeHOI METOIOJIOTii. BOHa 6a3yeThcs Ha pearnizalii NpOrpeCUBHUX ifei
iHBapiaHTHOTO K€PYBaHHS, HOBUX MaT€MaTUYHUX MOJI€JIEN i BCTAHOBJIEHUX 3aJI€KHOCTEH /17151 CHPOBUHM i
00J1aJHaHHS1, METO/IIB i CUCTEM aBTOMATUYHOIO KePyBaHHs, MiAX0iB i 3aCc06iB OL[iHIOBAHHSI OCHOBHUX
TEXHOJIOTIYHUX NapaMeTPiB. 3alPOIIOHOBAHO METOAY HENPSIMOTO IPOTHOCTUYHOTO OLiHIOBAaHHS ONITUMAJIbHOTO
KyJIbOBOTO 3aBaHTaKE€HHS MJIMHA, MACH i KiJIbKOCTI CITpallbOBAaHUX B [IPOLIECi MOAPIOHEHHS PYAU KYJIb, KiIBKOCTI

Pi3HOPO3MIipHUX KyJIb, SIKi HEOOXiHO JOBAaHTA)KUTH B TEXHOJIOTIYHUI arperaT Ha 3aMiHy CIIpallbOBaHUX.



Po3po6s1€HO0 MeTOM, aBTOMAaTUYHOTO OLiHIOBAaHHS CEPEIHbO3BAXKEHOI KPYITHOCTI MiCKiB Kacudikaropa i
PO3BaHTaKEHHS MJIMHA [T0OY0BaHO Ha 6a3i MarHiTOeJIeKTPUYHOI CUCTEeMU LIJISIXOM 3abe3ledyeHHs iHBapiaHTHOCTI
IIO BMICTy TBEPZOTO B 30Hi BUMIpIOBaHHS, IBMIKOCTI NNEPEMILIEHHS MaTepiasly Ta BMICTy MarHiTHOro 3asisa B
TBEPIOMY, 110 3MEHIINJIO TIOXUOKY BUMIPIOBAaHHA 10 +2,91%. 3alpONIOHOBAaHO HOBUI KPUTEPill OLIiHIOBAHHS
LMPKYJII0I0YOr0 HABAHTAKEHHS, IKUH T10JISITa€ B TOMY, 1110 3a 3HAMIEHOI0 BUCOTOIO IIiCKiB Y Mi’KBUTKOBOMY
npocTopi cripai knacudikaTopa ciinye HenpsiMme IPOTHOCTMYHE BU3HAYEHHS TapaMeTpa 3a OTPUMaHUMU
MaTeMaTUYHUMU MOJEJISIMY, 3aBISIKY YOMY MOJKJIMBO 3HA4YHO MiIBULIMTHU TOYHICTb ifeHTUdiKaLii MacoBoi BUTpaTu
micKiB i OOyyBaTH HOBY KBa3iiHBapiaHTHY CJIIKyIOUy CUCTEMY CTabisi3alii po3piI>KeHHs NyJIbIIN B [TICKOBOMY
3K0J1006i. 3arpOoNIOHOBAHO iHBapiaHTHUI MiAXin KepyBaHHS eHeproeeKTUBHOCTI pyHHYBaHHS PYOH, e KpUTepieM
OlIiHIOBaHHS eHeproeeKTUBHOCTI BUCTyIa€ He KOHLEHTpallisl TBEPAOTO B 30Hi KOHTPOJIIO, @ CEPeIHbO3BaKEHU
110ro po3Mip Ha BXO[i KyJIbOBOT'O MJIMHA, 10 NO3BOJIUIO peanisyBaTi ACK MacoBOIO BUTPATOIO PyIU B MJIVH 3
HaNOIIbIIOI eHeproeeKTUBHICTIO ii MoApi6HEeHHs. 3alIPOIIOHOBAHO METOJ, HENPSMOI IPOTHOCTUYHOI OLIiHKI
HEeJIOCTal4oi BUTPATU BOAU B KyacudikaTop [jis 3abe3redeHHs Po3iyieHHsl MaTepiay 3a 337jaHOI0 KPYIIHICTIO,
3aBISKMA YoMy po3pobiieHo HoBy ACK TexHos0riyHMM npoliecoM. Po3po6iieHi TEOpeTUYHI I0JI0KEHHS J03BOJIUIIN
BM3HAUUTY MPUHLUINY BIOCKOHAJIEHHS] METOIiB aBTOMAaTU30BaHOTO KEPYBAHHSI LIMKJIOM 3 BPAxXyBaHHSM i
30yprol0unx GakTopiB i CTBOPUTU KOMILJIEKC aBTOMAaTUYHUX CUCTEM 11iJIbOBOTO NpU3HaYeHHs. BiH 3a6e3neuye

3POCTaHHs IPOJYKTUBHOCTI 32 TOTOBUM NPOJYKTOM Ha 13,2%, 36isbi1eHHs epeKTUBHOCTI Knacudikauii Ha 19,4%.

2. The aim of the work is to increase the efficiency of the control of the technological process of ore preparation in
the first stage using a new developed methodology. It is based on the implementation of progressive ideas of
invariant control, new mathematical models and established dependencies for raw materials and equipment,
methods and systems of automatic control, approaches and means for assessing the main technological
parameters. Methods for indirect predictive estimation of the optimal ball loading of the mill, the mass and number
of worn out balls in the process of grinding ore, the number of balls of different sizes that need to be loaded into
the technological unit to replace worn ones are proposed. A method has been developed for the automatic
assessment of the weighted average size of the classifier sands and the unloading of the mill, built on the basis of a
magnetoelectric system by ensuring invariance to the solid content in the measurement zone, the speed of
material movement and the content of magnetic iron in the solid, which reduced the measurement error to
+2,91%. A new criterion for assessing the circulating load is proposed, which consists in the fact that according to
the found height of the sands in between the coiled space of the classifier spiral, an indirect predictive
determination of the parameter follows from the obtained mathematical models, due to which it is possible to
significantly increase the accuracy of identification of the mass flow rate of pulp sands in the sand trough. An
invariant approach to managing the energy efficiency of ore destruction is proposed, where the criterion for
assessing energy efficiency is not the concentration of solid in the control zone, but its weighted average size at
the inlet of a ball mill, which made it possible to implement an automated control system with a mass consumption
of ore into the mill with the highest energy efficiency of its grinding. A method for indirect predictive assessment
of the missing water flow rate in the classifier to ensure the separation of material for a given size is proposed, due
to which a new automated control system for the technological process has been developed. The developed
theoretical provisions made it possible to determine the principles of improving the methods of automated control
of the cycle taking into account the disturbing factors and to create a complex of automatic systems for targeted
purposes. It provides an increase in productivity for the finished product by 13,2%, an increase in classification
efficiency by 19,4%.
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