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1.'Y cyyacHiil MpOMUCIOBOCTI BUPOOHULITBO BYIJIELIEBUX BUPOOIB € BasKJIMBUM MIPOLIECOM, OCKIJIBKYA TPOAYKIList
IAHOTO BUPOOHMITBA LIMPOKO BUKOPUCTOBYETLCS B PI3HOMAHITHUX rajly3sx IPOMUCIJIOBOCTI, sIKi HEPO3PUBHO
MOB’s13aHi 3 HEOOXiHICTIO BUKOPUCTAHHS €JIEKTPOTEPMiYHUX MPOILIECiB. 30KpeMa, 40 TaKUX BUPOOHULITB
BiJHOCSITbCSI IiATIPUEMCTBA YOPHO] Ta KOJIbOPOBOi MeTasTyprii, MAaIMHOOYAyBaHHS, XiMiYHOI IPOMHUCJIOBOCTI Ta

iHmi. Bupo6HuLTBO ByrierpagiToBoi NPOAYyKLii CKIagaeTbCs 3 PSLy TEXHOJIOTIUHUX MIPOLECIB Ta ONepaLiil i
XapaKTepU3y€EThCsl 3HAYHOIO PECYPCO- Ta EHEPrOEMHICTIO. B naHiil po6oTi 6yB IpoBeneHni aHai3 TEXHOJIOTTYHUX
0CO6IMBOCTEN IIPOLIECY BUPOOHUILITBA BYIJleLleBUX BUPOOIB, @ TAKOK BUMOT /10 CHPOBMHU, HEOOXiAHOI 1J1s
BMPOOHHULITBA Ta SIKICHUX [TOKA3HUKIB KiHI€BOI IpoAyKLii. Ha 0cHOBI aHai3y OTPMMaHO, 10 OJHUM i3 BU3HAYAJIBHAX
TEXHOJIOTIYHUX MTPOLIECiB Y BUPOOHUIITBI BUPOOiB € npolec GopMyBaHHS ByryelleBUX BUPOOiB. [IpoaHasnizoBaHo

TEXHOJIOTI4HI Ta KOHCTPYKILilHI 0COOJIMBOCTI JaHOTO MIPOLieCy, BUIJIEHO J1Ba OCHOBHI eTanu (IiroToBKa Ta



npecyBaHHs1). Ha OCHOBI IPOBEEHOTO aHaJi3y BCTAHOBJIEHO KJIIOYOBY POJIb €TaIly IPECyBaHHS IIPOLIECY
(dhopMyBaHHS SIK OCHOBHOI CTafii 3 TOUKU 30py MTapaMeTpiB SIKOCTi FOTOBOI IPOAYKII i MOTeHLiany AJ1s MigBUILeHHS
eeKTUBHOCTI PECypCo- Ta €Hepro3dbepesKeHHs IIPOoLeCy BUPOOHULITBA ByryierpadiToBux BUPOOiB B LiisoMy. [
peastizallii oNTUMaNIbHUX PEXXUMIB HEOOXiIHO CHUHTE3YBaTU €(PEKTUBHY CUCTEMY KEPYBaHHS ITpoL,ecoM (OPMYyBaHHS
BYIJIELI€BUX BUPOOIB, SIKa 6 BpPaxOByBajla TEXHOJIOTIYHI BUMOTH JI0 SKOCTi FOTOBOI NPOAYKLii, KOHCTPYKLiNHI
0COOJIMBOCTI rifipaBJIiyHOro Npecy 3 MyHIIITYKOM Ta Cy4acHi BUMOTU JI0 PECYpPCO- Ta €Hepro3depeskeHHsl.
OO6rpyHTOBaHO 3aCTOCYBaHHS METOY MaTEMAaTUYHOTO MOZEJIIOBAHHS 1K (PAaKTUYHO 0€3a/IbTEPHATUBHOIO METOLY
IOCJiIKEeHHs Npouecy (pOpMyBaHHS BYIJIEL€BUX BUPOOiB Ta cPOPMYJIbOBaHI 3aa4i JaHOTO NOCIiIKEHHS. Y
pe3yJIbTaTi IPOBEIEeHOro aHali3y BilOMUX Ha CbOTOAHILIHIN eHb MaTeMaTUYHUX MoJesieil rpoluecy popMyBaHHS
Ta aHaJIOTiYHUX MOMY IIPOLIECiB €KCTPY3ii B'SI3KOIJIaCTUYHUX MaTepiajliB BUBHaY€HA MOJEJIb, HA OCHOBI SIKOi
I'PYHTY€ETbCS IOJAJIbIIe JOCIIIIKEHHS PEKUMIB MiArOTOBKY Ta pecyBaHHs. CHOPMOBaHO 3aadi AOCIiIPKEHHS
BIUIMBY OCHOBHUX TE€XHOJIOTTYHUX MTapaMeTPiB npouecy GOpMyBaHHS ByIJleLleBUX BUPOOiB Ha (i3nyHi moJs
po60Y0ro NpoCcTopy Ta KOPILyCy MyHALITYKA rifpaBiidyHoro npecy. Po3po6sieHo METOIMKY Ta IOPSIIOK ITPOBEJeHHS
nmocuigxeHb. OCHOBHY yBary npu JOCJIIXEHHSX NpoLecy (OPMYyBaHHS BYIJIEL€BUX BUPOOiB IPUAiISIETHCS
BU3HAYEHHIO: PO3IIOAiNY TEMIIEPATYP 110 06'eMy POGOYOro MPOCTOPY Ta KOPITyCYy MYHIIITYKA; BIJIUBY Ha
TEMIIePATyPHi 0JIS1 TAKUX TEXHOJIOTIYHUX NTapaMeTPiB, K IMOTY)XHICTb CTPYMY, IO OJAETLCS Ha iHAYKTOPHU
(opMyBasIbHOI Ta KaiOpyBaJbHOI 30HM MYHJIITYKA, IOTYKHICTb CTPYMY Ha CBiYKH /1J1S1 JOAATKOBOI'O HAarpiBaHHS Ta
LIBUAKICTb IIPECYBAHHS; 3MiHU TEMIIEPATYPHUX I10JIiB B 3aJIEXKHOCTI BiJl [I04aTKOBOI TEMIIEPATYPY 3aBAHTAKEHO]
€JIEKTPOHOI Macy; AMHAMIKM TEMIIEPATYpPU B KOHTPOJILHUX TOYKAX IPU Pi3HUX TEXHOJIOTIYHUX PEKUMAX; BILJIUBY
pobOTH HarpiBauiB Ha TeMIIEpaTypH B Pi3HUX 30HaX MYHIIITYKA; [IOPiBHSHHIO JUHAMIKU TEMIIEPATYP B 3aJI€KHOCTI
Bif eTary npolecy (eTarl iAr0TOBKY Ta IIPeCyBaHHsl). B pe3ysbTaTi JoCiiKeHb, IPOBEIEHMX 32 JOIIOMOI 00
PO3p06JIeHOI MOZEi, BUSBJIEHO 3aJIEXKHICTh TEMIIEPATYPH B KOXKHII 30HI MyH/ALITYKA Bifl 3MiHM TEXHOJIOTIYHUX
NapameTpiB IPOLECy, BCTAHOBJIEHO HASIBHICTb 3HAYHOI iHEPLIITHOCTI [esSKUX BIIJIMBIB. BU3Ha4YeHO, 1o Temneparypa
3aBaHTaXXEHOI Macu Mae NOCUTb 3HAYHUI BIUIMB Ha PO3IIOLiJI TEMIIEPATYP B yCbOMY 06'€Mi po6040Oro IpOCTOPY
MYHJIITYKA 30iJIbIIE€HHS IIBUAKOCTI IPECYBAaHHS HETaTUBHO BILIMBAE HA CEPELHIO TEMIIEPATYPY €JIEKTPOAHOI Macu
Ta 30i/1blIye IrpaflieHT TEMIIEPATYP BiJ] LLEHTPAIbHOI YaCTMHU POOOYOro MPOCTOPY MYHAIITYKA O OTO MEXK.
JnHaMika TeMIepaTypu TaKoXX CUJIbHO 3aJIEXKUTD BiJl €Tally TEXHOJIOTIYHOro nipouecy. [IpoBeneno aHani3 MeToziB
CIIPOILEHHSI MaTEMAaTUYHUX MOJIEJIEN, HAaBEIEHO [IepeBary Ta HeJoJliKY iX 3acTocyBaHHs. Ha ocHOBI ananisy
IIPUIHSTO PillleHHSI BUKOPUCTOBYBATH METOJ, po3fiNeHHs 3MiHHUX Dyp’e 17151 106YN0BU CIPOLIEHOI MATeMaTUYHOI
MogeJii npouecy GopMyBaHHS ByrieleBUxX BUPo6iB. Po3pobiieHi CripomeHi MaTeMaTuyHi MOJiei J1s eTary
IiATOTOBKU Ta NpecyBaHHsl. [171s1 mepeBipKy aieKBaTHOCTI MoJieli 6y BUKOpUCTaHi kputepii CTblofieHTa Ta
dimepa. Ha 0CHOBI IPOBEIEHOr0 aHAJIi3y TEXHIKO-EKOHOMIYHMX [TOKA3HYKIB, 1[0 MOXKYTh OYTY BUKOPUCTaHi 5K
KpUTEPii ONTUMAJIBHOCTI y CMCTEMI KEPYBaHHS IPOL,eCOM (POPMYBAHHS BYIJIEL€BUX BUPOOiB, OOIPYHTOBAHO BUOGIp
HaN6iIbII AOLIJIBHOTO [TI0Ka3HMKA - IUTOMOI cO6iBapTOCTi ekcIyaTtauiiHux BUuTpat. CHhopmMyIbOBaHO y
MaTeMaTU4YHOMY BUIJISZ] 3a/1a4y KepyBaHHS IaHUM IIPOLECOM, SIKA BKJIIOYA€E y cebe KpUTepill ONTUMabHOCTI Ta
0OMEXXEeHHS, 1110 HaKIaJaloThCs Ha TEXHOJIOTIYHI 3MiHHI [IPOLIeCY 3 ypaxyBaHHSAM BUMOT JO SIKOCTi IPOAYKIii, 1110
BHUPOOJISE€THCS. 3aIIPOIIOHOBAHO KPUTEPIH 1111 pO3PaXyHKY SIKICHUX [TOKa3HUKIB Ipolecy GOpMYyBaHHS BYTJleLeBUX
BUpOOiB. [IpoBesieHO NMOIYK ONTUMAIbHUX HanamTyBaHb MPC-perymnsatopy. EdexTusHicTh ycix po3pobieHux

CHUCTEM KEPYBAHHA Hi,U‘TBep,H)KeHa pe3ysibTaTaMU IIPOBENEHNX iMiTaL[iﬁHVIX MOIENIOBAHD.

2. In modern industry, the production of carbon products is an important process, because the products of this
production are widely used in various industries, which are inextricably linked with the need to use electrothermal
processes. In particular, such industries include enterprises of ferrous and nonferrous metallurgy, mechanical
engineering, chemical industry and others. The production of carbon graphite products consists of a number of
technological processes and operations and is characterized by significant resource and energy consumption. In
this work, an analysis of the technological features of the process of production of carbon products, as well as the
requirements for raw materials needed for production and quality indicators of the final product. Based on the
analysis, it is obtained that one of the defining technological processes in the production of products is the process
of forming carbon products. Technological and constructional features of this process are analyzed, two main



stages (preparation and pressing) are allocated. Based on the analysis, the key role of the stage of pressing the
molding process as the main stage in terms of quality parameters of finished products and the potential to
increase the efficiency of resource and energy conservation of carbon production in general. To implement
optimal modes, it is necessary to synthesize an effective control system for the formation of carbon products,
which would take into account the technological requirements for the quality of finished products, design features
of the hydraulic press with a mouthpiece and modern requirements for resource and energy saving. The
application of the method of mathematical modeling as a virtually non-alternative method of research of the
process of formation of carbon products is substantiated and the tasks of this research are formulated. As a result
of the analysis of the mathematical models of the molding process known today and similar processes of extrusion
of viscoplastic materials, the model is determined, on the basis of which further research of preparation and
pressing modes is based. The tasks of research of influence of the basic technological parameters of process of
formation of carbon products on physical fields of working space and the case of a mouthpiece of a hydraulic press
are formed. The methodology and procedure for conducting research have been developed. The main attention in
the study of the process of forming carbon products is paid to determining: the distribution of temperatures in the
volume of the working space and the body of the mouthpiece; influence on temperature fields of such
technological parameters as current power supplied to inductors of the forming and calibration zone of the
mouthpiece, current power on spark plugs for additional heating and pressing speed; changes in temperature
fields depending on the initial temperature of the loaded electrode mass; temperature dynamics at control points
at different technological modes; the influence of heaters on the temperature in different areas of the mouthpiece;
comparison of temperature dynamics depending on the stage of the process (stage of preparation and pressing).
As a result of the researches carried out by means of the developed model, dependence of temperature in each
zone of a mouthpiece on change of technological parameters of process is revealed, existence of considerable
inertia of some influences is established. It is determined that the temperature of the loaded mass has a significant
effect on the temperature distribution in the entire working space of the mouthpiece. The dynamics of
temperature also strongly depends on the stage of the technological process. The analysis of methods of
simplification of mathematical models is carried out, advantages and lacks of their application are resulted. Based
on the analysis, it was decided to use the method of separation of Fourier variables to build a simplified
mathematical model of the process of forming carbon products. Simplified mathematical models for the stage of
preparation and pressing have been developed. Student's and Fisher's criteria were used to test the adequacy of
the model. Based on the analysis of technical and economic indicators that can be used as criteria for optimality in
the control system of the process of forming carbon products, the choice of the most appropriate indicator - the
specific cost of operating costs. The problem of managing this process is formulated in mathematical form, which
includes the criterion of optimality and limitations imposed on the technological variables of the process, taking
into account the requirements for the quality of products. The criterion for calculation of qualitative indicators of
process of formation of carbon products is offered. The search for the optimal settings of the MPC controller is
performed. The efficiency of all developed control systems is confirmed by the results of simulations.
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