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1. MaTemaTtuyHe MOLEJIIOBAHHA Ta OIITUMAJIbHE KEPYBAHHA €HEPrOEMHUMU TEXHOJIOTIYHUMU npoyecammn

ByIJlerpaiToBoro BUpOOHULITBA

2. Mathematical modeling and optimal control of energy-intensive technological processes of carbon graphite
production

Pedepar:

1. Incepraliist npucBsiyeHa PO3B’sI3aHHIO aKTyabHOI HAYKOBO-TIPUKJIAAHOI IPO6IeMU ifBUllleHHS eeKTUBHOCTI
ByIJIerpaiToBOro BUpOOHUIITBA LIJISIXOM CTBOPEHHS KOMITIOTEPHUX CUCTEM OIITUMAJIbHOTO KEPYBaHHS 10r0
OCHOBHMMU €HEPrOEMHUMMU TE€XHOJIOTIYHMMU IIpoLecaMi. JJOCIiIKeHHs TeMIIEPAaTyPHUX MOJIiB OCHOBHUX
€HEepProeMHUX TeXHOJIOT{YHUX IIPOLeCiB ByryierpadiToBoro BUpOOHULTBA Ha Pi3HUX CTafisfX iX poOOTH LO3BOJINIIO
BM3HAUUTU XapaKTePHi TEMIIEPATypHi 30HU IIPOLIECiB, @ TaKOX (PaKTOPH, sIKi y Hal6ibIIiN Mipi BIJIMBAIOTh HA iX
TeroBui pexkxum. CopmMyibOBaHa 3arajbHa 3afa4a ONTUMi3allii Byrjaerpa@iroBoro BUpOOHHUITBA, JEKOMIIO3ULLis
SIKOI BU3HAYMJIA 33[1a4i KePYBaHHSI OKPEMUMU TEXHOJIOTIYHMMU ITPOLLECAMU 3 YPAXyBaHHSIM TEXHOJIOTIYHUX

00Me>KeHb KOXXHOTO 3 HUX. Po3po6sieHi HOBI cucTeMu KepyBaHHSI [IPOL€COM IIPO>KapIOBaHHS Ha OCHOBI METOLY



KEPYBaHHS 3 IPOTHO3YI0YOI0 MOJIEJIIII0, TPO1iecOM (OPMYBAHHS 3 BUKOPUCTAHHSIM 3alIPONIOHOBaHOI Mogudikalii
METOAY K€PYBaHHS 3 iTepaTHBHUM HaBYaHHSIM, [IPOLIECOM BUIAJIIOBAHHS 3 YPaxXyBaHHSM 3MiHHUX TEXHOJIOTIYHUX
obMe>xeHb Ta Npoliecom rpadiTyBaHHs, siKa 3a6e31euye MiHiMi3allilo TPUBalOCTi TEXHOJIOTIYHOTO IIPOLECy IIPU
YMOBI IOCATHEHHS 3aJaH1X [TIOKA3HUKIB IKOCTi TOTOBOI NPOAYKLii. Pe3ysbraTty fociigKeHHs yCiX 3alpOIIOHOBAHNX

CHCTEM KEPYBAHHS 3aCBiJ4MIIN iX BUCOKY €(PEKTUBHICTb.

2. The dissertation thesis contains the solution of the actual scientific and applied problem of the efficiency
increase of the carbon-graphite production by means of developing computer systems of optimal control of the
main energy-intensive technological processes of carbon-graphite production, which would meet modern
requirements of resource and energy conservation. The production of graphitized items is complex, multi-stage
and very energy-intensive. The system analysis of the technological complex of carbon-graphite production as a
complex dynamic system was carried out. As a result of the analysis of all the technological complex components,
technological processes are determined, the total energy consumption of which actually determines the energy
consumption of the entire production. These technological processes include: calcination of carbonaceous
materials in a mine-type furnace, formation of carbon products, their firing and graphitizing. It was executed a
thorough study of temperature fields distribution of the technological processes under consideration at different
operational stages. The results of this study demonstrated a significant temperature distribution in the working
space of the technological apparatus, allowed to identify the zones with minimum and maximum temperatures,
with a maximum temperature difference and the factors that influence the thermal conditions of the technological
processes as well, which enables to consider these factors when developing control systems of technological
processes. It is shown that the mathematical models of processes of calcining, forming, firing and graphitizing of
carbon products, which for the thermal modes study of the corresponding technological processes of carbon-
graphite production, require a considerable calculation time and, therefore, they cannot be used in their control
systems in real time. The necessity of data simplification of the mathematical models is substantiated. It is
introduced the concept of "operational" mathematical model of the technological process, being a simplified model
that does not require long-term calculation and can be used in control systems of technological processes of
carbon-graphite production. Based on the Fourier method, a method for simplifying mathematical models of
objects with distributed parameters is developed, which includes the calculation of basis vectors and the model
parametric identification. The algorithm for the basis-vectors calculation is proposed.
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