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FORMATION OF PRODUCTION PARAMETERS AND FACTORS IN THE MODEL
OF TRANSPORT AND PRODUCTION SYSTEM OF TECHNOLOGICAL WASTE
PROCESSING OF METALLURGICAL ENTERPRISE

The mathematical description of the mathematical description of the transport and production
system of processing of technological waste of the metallurgical enterprise is presented. The
generalizing model of interaction of transport and production system of processing of technological
waste of the metallurgical enterprise with environment is resulted. The main inputs and outputs of the
system are selected and described. Recommendations for the practical use of the performed research
are given.

Kniwowuosi cnosa: mpancnopmmno-6upobruua cucmema,; mexHoaoeiuni 6i0Xo0u, mpancnopmHuil
npoyec; pyxomuil CKiaod; 00cseu nepesesets, UPOOHUYO-MEXHON02IYHI 3a80aHMHS.

Ilpeocmasneno mamemamuunull ONUC MAMEMAMUYHUL ONUC MPAHCHOPMHO-8UPOOHUYOT
cucmemu  nepepoOKU  MeXHONO2IYHUX — 8I0X00i6  Memanypeitunozo nionpuemcmea. Haseoeno
V3A2ANbHIOIYY MOOeNb 83AEMOOI] MPAHCNOPMHO-GUPOOHUYOI cucmemMu nepepoOKU MexXHON02IUHUX
8i0X0018 MEMANYPIIIHO20 NIONPUEMCINGA 3 HABKOIUWHIM cepedoguuiem. Budineni ma onucani 0cHOBHI
6xo0u ma euxoou cucmemu. Hadano pexomenoayii w000 npakmuunoco GUKOPUCIAHHS GUKOHAHUX
docnidoiceHy.
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Problem’s Formulation

To date, the processes of processing technological waste have become widespread in the
transport and production systems of domestic metallurgical enterprises. First of all, this is due to the
fact that the processing and disposal of technological waste allows to solve one of the most important
environmental problems — cleaning areas from heavy waste, which are slags of metallurgical
production. Slag dumps serve as sources of dust formation, pollute groundwater and surface sources
with heavy metals, occupying large areas of land. The plants are interested in organizing the process of
slag processing not only for environmental but also for economic reasons. According to research, the
metal content in the slag reaches 15%. Extraction of metal components from slag and their use for the
production of steels and alloys can significantly increase the economic performance of metallurgical
production. [1—3]

Therefore, in today's conditions, the issues of improving the efficiency of road transport are
quite relevant.

Studies of improving the efficiency of production transport and technological systems are
reflected in the works of M.I. Luchko [4—7], V.E. Parykiana, M.V. Pomazkova [8—11], O.M.
Vueykova [12,13], A.Yu. Zakharova, A.Yu. Voronova [14,15]. The authors often used logical and
systematic approaches to the use of methods of system analysis and optimization of transport systems.
But their proposed methods do not take into account the peculiarities of the transport and
technological process of waste processing of metallurgical enterprises and the need for a deeper level
of detail of the studied processes.

Formulation of the study purpose

Formalization of production parameters and factors of the transport and production system of

technological waste processing of a metallurgical enterprise
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Presenting main material

The system of recycling of technological waste of steel production (SRTVSV) involves five
production units of the metallurgical enterprise, namely: open-hearth shop (OhS), slag processing shop
(SPS), road transport management (RTM), railway transport management (RTM), dill shop (DS).
During the SRTVSV process, each of the above-mentioned structural subdivisions performs the
functions assigned to it, the quality and timely implementation of which ensures the processing of
technological waste with minimal resource costs.

In SRTVSV, the transport and technological process of technological waste processing is
performed directly by the open-hearth slag processing section (OhSPC), which is subordinated to the
slag processing shop (SPS). STMS includes transport freight flows, communications, technical means
that ensure the process of processing technological waste and are aimed at implementing the plan in
accordance with the technology and production needs with minimal costs.

Among the functions of the DPMS should be noted the following:

- organization and provision of reception, unloading and processing of technological waste of
current production;

- determination of the required number of orders (requirements) to the PJSC for transportation
of technological waste, ensuring the rational use of vehicles in time and capacity;

- organization of shipment, storage of products of processing of technological waste of current
production;

- providing the necessary information on the progress of the transport and technological
process of all participants of SRTV.

- organization of shipment, storage of products of processing of technological waste of current
production;

- ensuring the course of the technological process, technical operation and specified modes of
operation of equipment, repair schedules in strict accordance with the technological instructions, maps
of labor organization.

The open-hearth slag processing site can be considered as a subsystem as a part of the
technological waste recycling system which [1]:

- consists of interdependent parts (sections, services, etc., technical and vehicle), the activities
of which affect the final result of production;

- interacts with the external environment, from which the system receives the necessary factors
of production for production activities (inputs) and in which the results of production (outputs) are
realized and used — products, works, services;

- carries out activities aimed at meeting the needs of production (external environment of the
system);

The state of operation of the system can be described as follows. Let the whole set of
participants in the process of processing technological waste (M,,;) at a given time consists of subsets:
loading and recycling complexes (A), fleet of rolling stock (B), fleet of loading mechanisms (C),
recipients of products of processing of technological waste (D), that is

M,, c(AUBUCUDUF)

The set (A) consists of subsets that include the number of dead ends (a;), the number of
loading platforms (a;), the number of dumps of technological waste (a3), number of storage
warehouses (a,), crushing and sorting equipment (as).

Ac [{Aal} U {Aaz} U {AaS} U {Aa4} U {AaS}]

Factor (B) includes a subset that determines the type and quantity of rolling stock of

automobile (b,), railway (b,) involved in the process of transportation of technological waste.
B  [{By1} U {Bp2}]

Factor (C) consists of subsets that correspond to the type and number of fleet of excavators

(C,q) and forklifts (C,;), involved in the operation of the research system

C c [{Cea} U {Ce}l
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To factor (D) includes subsets corresponding to the number of recipient shops (d), types of
products of technological waste processing (d5).
D < [{Dg1} U {Dg2}]
The degree of complexity of the set that characterizes the fuel assemblies will vary with time,
ie each value of t,,. will correspond to a certain value of the set (M,,,)
(My); M(t)
Based on this, the state of the transport and production system in any period of time is
determined by the dependence
Z(tye) 5 M(ty,.)
and in a specific period of time Z,,.[Z € z(t)] transport and production system may be with varying
degrees of probability.
The transport and production system of processing technological waste of a metallurgical
enterprise in a formalized form can be represented by a generalized model shown in Fig. 1 [16,17]

_ Environment I
5 xﬂ(t)l U l ;
b ox(t) — System > :
! xM(t)_, 11, 111 Y yi(t) |
: — (@) !
I xp(t)——’

i S(t) —> yp(t)

Fig. 1. Generalized scheme of the transport and production system of technological waste
processing

The researched system is characterized by informational, material, resource inputs (outputs)
and management decisions that ensure the implementation of production and technological processes
of the purpose of the system.

According to fig. 1 highlight the following system inputs: x;(t) — information in which is a
set of information that is necessary for effective management and control of the system. (information
on the failure of system resources, current data on the progress of the transport process, the results of
rolling stock and loading mechanisms, data on the actual volume of traffic, deviations from the
planned indicators of the transport process, etc.);

xy(t) — material is represented by technological waste of the main production, coming from
steel production (open-hearth slag) and subject to processing;

X, (t) — resource is characterized by external and internal resource provision. Internal
resource provision is represented by a fleet of loading mechanisms that ensure the performance of
loading operations on cargo fronts. External resource provision is represented by rolling stock with
suitable drivers and maintenance personnel. The Department of Road Transport allocates the number
of rolling stock with drivers ordered by the State Traffic Police for each work shift and ensures its
supply to the cargo fronts of the site in good technical condition.

Xy (t) — non-controlling factors of the external environment (failure of rolling stock, loading
and unloading mechanisms, production equipment, climatic conditions);

U(t) — management decisions can be characterized as a set of interconnected, purposeful,
consistent management actions aimed at ensuring the implementation of production and technological
tasks, among which are the following: performance control production and technological operations
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and making operational management decisions aimed at eliminating disruptions of the production
process, determining the required number of rolling stock for transportation and ordering it in the
management of road transport, development of technological routes for transportation of technological
waste and products of their processing, etc.

The input in general is a vector X = (xj, X. Xp, Xy, Xy). Each input can have several
components, ie

xi(t) = (xij)’ i= 1' n’] 1'm,
xij = (i), k=1,
where i — is the type of input; j — nomenclature of the entrance; k — the input source.
The result of the system — vector
Y =i Y- Yps Yir Yu)-
v;(t) — information output, which characterizes the information activity of the system;
Yu(t) — material output, characterizes the material result of the system;
Yp(t) — resource output characterizes the result of system resources;
Yu(t) — the output of non-controlling effects of the system on the environment.
As for the inputs, the components of the output vector can be represented as
yl(t) = (xij)’ i= 1,n;j = 1'm,
vij = ijk), k=17,
where i — is the type of input; j — nomenclature of the entrance; k — the input source.
The transition function y transforms the state of the system under the action of X and Y
y/(t4U) - S.
The output function m forms the initial results of the system operation
w/(tSUYU) - Y.
Thus, the process of functioning of the organizational and technical system can be represented
as successive transitions from one state S(f) to another S(t + At) under the influence of input signals
and control actions.

Conclusions

During the study, the structure of the transport and technological system of the metallurgical
enterprise was determined by analyzing the processes of its operation. The state of the system was
described by a number of participants involved in the production process at a certain point in time,
which include: rolling stock (dump trucks), fleet of trucks (excavators, forklifts), freight fronts
(railway dead ends for slag unloading), slag storage dumps, crushing and sorting complex, warehouses
of slag processing products.

The transport and production system of technological waste processing of a metallurgical
enterprise in a formalized form can be represented by a generalized model that reflects the relationship
with the environment and is characterized by typical inputs and outputs. Typical inputs (outputs)
include information, material, resource flows and management decisions that ensure the
implementation of production and technological processes of the purpose of the system. On the basis
of the generalized model in the future it is possible to build a mathematical model of the studied
system as a set of relations (equations, logical conditions, operators) that determine the characteristics
of the system depending on its structure, algorithms, system parameters, state, environmental actions,
initial conditions and time.
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®OPMYBAHHS BUPOBHUYUX TAPAMETPIB I ®AKTOPIB Y MO/IEJII
TPAHCIIOPTHO-BUPOBHUYOI CUCTEMM NNEPEPOBKH TEXHOJIOTTYHUX
BIIXOJIIB METAJIYPITMHOI'O MIAITPUEMCTBA

Cepena B.I1., MykoBcbka JI.51., Cepena /.b.

Pedepar

TpaHCHOpTHO-BUPOOHHYA CHUCTEMa TMEPEepPOOKH TEXHOJOTTYHUX BIAXOAIB € YaCTHHOIO
BUPOOHMYOI CUCTEMHU METATYpPrifHOrO MiANPHEMCTBA I BUKOHYE OKpeMi KOHKPETHI MOCTaBJIEHI Limi
Ta 3aBAaHHS Yy BUPOOHUYMX IIpOIecax NepepoOKr TEXHONOTYHUX BiIX0/iB OCHOBHOT'O BUPOOHMIITBA.

VY cucTeMi perUKIIIHTY TEXHOJIOTTYHUX BiXOJIB CTAJNCIUIABUILHOIO BUPOOHUIITBA 3aJiSTHO
I'SITh  BUPOOHMYHUX MiIPO3ALIIB METAIypTidiHOrO MiJMPHEMCTBA, a caMe: MapTeHIBCBKUI LieX, IIex
HIaKonepepoOKy, ypaBiIiHHS aBTOMOOUIEHOT'O TPAHCIIOPTY, YIPABIiHHS 3aJi3HUYHOTO TPaHCIIOPTY,
KompoBuii 1ex. Ilin yac mporecy TEXHONOTIYHOTO MPOLECY KOXKEH 3 BHUILE3a3HAUCHUX CTPYKTYPHHUX
MiAPO3ILUTIB BUKOHYE MOKJIaAeH]1 Ha HOro (PyHKIIII, IKiCHE Ta CBOEYaCHE BUKOHAHHS SIKHX, 3a0e3meuye
nepepoOKy TEXHOJOTTYHUX BiAXOMAIB 3 MiHIMaJlbHUMU BUTPAaTaMH PECYPCIB.

BesnocepeaHbo TPaHCIIOPTHO-TEXHONOTTYHUNA MPOLEC MEePepoOKH TEXHOJOTTYHUX BiAXOAIB
BUKOHY€E AUTBHHLA TEPepOOKH MapTEHIBCHKOTO LIIAKy, IO MiAMOPSAKOBaHA LEXY ILITaKOIMepepOOKH.
JATIMII Bkmouae B ce0e TpPaHCHOPTHI BaHTaKOMOTOKH, KOMYHIKallii, TEXHI4Hi 3acobu, fKi
3a0e3MeuyIoTh Mporec IepepoOKH TEXHOMOTIYHHUX BIAXOIIB Ta HaNpaBieHI HA BUKOHAHHS IUIaHYy Y
BiJIMIOBIAHOCTI 3 TEXHOMNOTIEI0 i TOTpebaMu BUPOOHUIITBA 3 MIHIMaJIbHIMHU BUTPATaAMH.

Cran ¢yHKIIOHYBaHHS CHCTeMH OYyJI0 OMMCAHO MEBHOIO MHOKMHOIO YYaCHHUKIB, SIKi 3afisHI y
BUPOOHWYOMY TIpoOIeci HAa TIEBHUH MOMEHT 4acy, 10 SKHX MO)KHa BiIHECTH: MapK PyXOMOTO CKJamy
(aBTOMOOLTIB CAMOCKHUIB), MMapK BaHTAXXHUX 3acO0iB (EKCKaBaTOpHW, aBTOHABAHTA)KyBadui), BAaHTaXHi
¢poHTH (3ai3HWYHI TYNHMKH BHUBAHTaXEHHsS IIaKy), BiABadM 30epiraHHs ILIAaKy, APOOHIIBHO-
COPTYBaJIbHUH KOMIUIEKC, CKJIaJU MPOIYKTiB IEPEPOOKH IILIAKY.

TpaHCTIOPTHO-BUPOOHHYY CHCTEMY IepepOoOKH TEXHOJOTIYHMX BiIXOIiB MeETamyprifHOro
MiAPUEMCTBA Yy (OpPMaTi30BAaHOMY BHUTJSIAI MOXKHA IPEACTABUTH Yy3aralbHEHOI MOJEIUIIO, SKa
BioOpakae B3a€MO3B’S3KH 3 HABKOJMILIHIM CEPEIOBUIIEM Ta XapaKTEPU3Y€EThCS THIIOBUMHU BXOJIaMH
Ta BUxoaaMu. Jlo TMNOBHX BXOXIB (BUXOMIB) BiZHOCATHCS iHQOpMAaIiiiHi, MaTepianbHi, pecypcHi
MOTOKH W YNpaBIiHCBKI pillIeHHA, fKi 3a0e3Me4yloTh  BHUKOHAHHA BHUPOOHHYO-TEXHOJIOTTYHHX
mpomeciB MeTH (PYHKIIOHYBaHHS CUCTEMH.
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