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The transport process of maintenance of the complex for processing technological waste of the
main production of metallurgical enterprises is considered. The process of loading crushing and sort-
ing complexes is studied. The laws of distribution of parameters of technological process of loading of
crushing and sorting complexes are defined.
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Pozensnymo mpancnopmuuii npoyec 06¢iy208y8aHHsL KOMIIEKCY 3 NEPEPOOKU MEXHOIOSTUHUX
8i0X0018 OCHOBHO20 GUPOOHUYMEA MEMALYPSIUHUX NIONPUEMCIG. J{OCTIONCEHHT NPOYeC 3A8AHMAICEH-
H5l OPOOUNLHO-COPMYBATLHUX KOMNUAEKCIG. Busnaueni 3aKkoHu po3nooiny napamempis mexuoaiociyHo2o
npoyecy 3a8aHmMadicensi OpoOUIbHO-COPMYBATLHUX KOMNIEKCIB.

Knrouosi cnosa: OpobunvHoO-copmyBanvHull KOMNIEKC, MEXHON02IYHI 8i0X00U; CAMOCKUO,
KOHBEEP, WINAK, BAHMANCONIOUOMHICTNE CAMOCKUOQ, MEXHONO02IUHULL npoyec, BAHMANCHUL QPOHM,
ABMOHABAHMAICYBAY.

Problem’s Formulation
In the current production conditions, road transport is an integral part of the transport support
of production systems for recycling waste from the main production of metallurgical enterprises [1]. In
addition to road transport, an important part of the process of recycling industrial waste are crushing
and sorting complexes, the operation of which directly depends on efficient transport services, namely,
ensuring the operation of the front of loading and unloading operations. In this case it is necessary to
investigate the parameters of the crushing and sorting complexes
Analysis of recent research and publications

Studies of improving the efficiency of operation of trucks in various transport and technological
systems are reflected in the works M.I. Lucko, V.E. Parukyan, M.V. Pomazkova, O.M. Vueikova,
A.Yu. Zakharova, A.Yu. Voronova [2—11]. The existing works sufficiently investigate the organiza-
tion of management in road transport: the state, prospects and problems of transport services, the
choice of efficiency criteria, conditions, operating parameters, selection criteria, optimal number, road
transport on the technological routes of industrial enterprises. But in the given works of a choice of
rational type of a rolling stock on loading capacity features of change of work of crushing and sorting
complexes in the conditions of recycling of wastes of metallurgical production are not considered.

Formulation of the study purpose

Determining the impact of changes in the operation of the crushing and sorting complex on the
parameters of the transport process on the technological routes of recycling waste from metallurgical
enterprises.

Presenting main material
Crushing and sorting complexes for technological processing are the main elements in the

transport and production systems of waste recycling of metallurgical enterprises. Crushing and sorting
complexes in this study are considered as specialized complexes of metallurgical slags of steel produc-
tion. The operation of crushing and sorting complexes is based on the method of magnetic separation,
with the use of forced cleaning of scrap in special crushing devices. The operation of crushing and
sorting devices is strictly related to the technology of the main production of the metallurgical enter-
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prise. Non-domestic metallurgical enterprises use this type of technological waste processing, because
it allows to divide production slag into different types of fractions, as well as provides quality control
of waste processing products, namely the extraction of metal-containing raw materials.

According to the functional purpose and the nature of use, the studied crushing and sorting
complex belongs to the buildings of industrial enterprises and includes the following equipment: re-
ceiving hopper, which consists of a hopper and a vibrating feeder; belt conveyors; magnetic separa-
tors; receiving granaries.

The technological process consists of the following stages:

v dump trucks unload slag into the receiving device;
v' slag is fed by a vibrating feeder into a drum screen;
* large pieces of raw material (more than 250 mm) from the drum screen fall to
the ground and then transported to the processing site
* slag of fraction less than 250 mm through the vibrating feeder, by means of the
conveyor moves on a two-level screen which scatters slag on three fractions:
0—10 mm; 10—60 mm; and 60—250 mm

v" then each fraction is fed to magnetic separators;

v fractions of raw materials 60—250 mm for cleaning from slag are sent to the cleaning
drum, after cleaning on the cleaning drum of raw materials fractions 0—10 mm are
fed to the conveyor;

v the sifting section of the drum directs the raw material to the storage for finished
products;

v selected from the entire stream fraction of 0—10 mm is fed to the magnetic separation
node, where:

* non-metallic component is fed up to 0—10 mm
* metal component to metal storage 0—10 mm.

v’ after processing the processed raw materials from the granaries are loaded by forklifts
into dump trucks and transported to the destination, namely:

* metal-intensive raw materials are transported to warehouses of finished prod-
ucts for shipment to production units for further use in the main production,
» non-metallic slag, crushed stone is transported to the dumps.

Crushing and sorting complexes for processing technological waste are the final element of
the technological process of waste recycling of a metallurgical enterprise and is characterized by the
production capacity of processing raw materials from the production line. Thus, the production capaci-
ty of the investigated complex can be up to 300 t/h, but it depends on the supply of raw materials by
dump trucks to the receiving hopper and is a random variable.

The unloading of dump trucks to the receiving device of the crushing and sorting complex is
controlled in a semi-automatic mode, ie the operator controls it by means of electrohydraulic mechan-
isms.

The operator regulates the movement of vehicles on the freight front unloading raw materials
and the process of filling the receiving hopper of the complex, ie there is a certain probability that in
case of operator error there may be a situation of reloading, under loading or delaying the car. It is ne-
cessary to take into account the specifics of production technologies of metallurgical enterprises.

However, it should be taken into account that the crushing and sorting complex, if there are no
vehicles for some time, may not be able to suspend the processing of raw materials, which will stop
the complex and, consequently, stop the entire waste recycling process. In this case, it is necessary to
stop the technological process of processing technological waste, which is unacceptable. This can be
due either to delays in cars due to delays on the way or on the loading fronts, or to the use of vehicles
with an irrational load capacity. When using cars with insufficient capacity, the crushing and sorting
complex does not have time to load, ie the amount of raw material that is loaded by dump trucks to the
receiving hopper of the complex is insufficient for its processing capacity.

In this regard, the loading of the crushing and sorting complex of the slag processing plant of
the metallurgical enterprise was timed for one day, namely two work shifts. The characteristics of the
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loading time of the receiving hopper of the crushing and sorting complex are given in tabl. 1 and in
fig. 1, 2.

Table 1. The results of processing the values of the load time of the crushing and sorting complex

X, x6. Xoin, X8. Xonax, X6. S’ O, v
1 change 4,582 1,05 12,383 8,029 2,834 0,382
2 change 3,271 1,05 16,067 6,977 2,641 0,353
Histogram: Var2
K-S d=,15786, p<,15 ; Lilliefors p<,01
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Fig. 1. Characteristics of loading time of the crushing and sorting complex in the first shift
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Fig. 2. Characteristics of loading time of the crushing and sorting complex in the second shift

The load time parameters of crushing and sorting complexes are subject to the normal
distribution law, the probability density f(x) of which is as follows:
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1 _ (x—4,582)2
X)) = —— ¢ 2(2834)2

f&) 2,834\21

in the second shift

1 _(x—3,271)2
X) = —— ¢ 2(2,641)2

f&) 2,641\21

Conclusions

The study of the loading parameter of the crushing and sorting complex of the metallurgical

enterprise showed that this parameter is subject to the normal law of distribution of a random variable.
The characteristics obtained during the study indicate that the studied parameter can be considered a
random variable. Therefore, to determine the rational fleet of trucks, it is necessary to apply
probabilistic methods and models that take into account the random component of the time parameters
of the transportation process.
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BIIJIUB MAPAMETPIB POBOTHU JPOBNJIBHO-COPTYBAJIBHOI'O KOIVIEKCY
HA TPAHCHOPTHHIA ITPOLIEC MAPIIPYTIB PELIUKJITHI'Y
TEXHOJIOTTYHHUX BIAXO/IB METAJTYPITHHOI'O MIAIIPUEMCTBA

Cepena B.I1., Mykoscbka J1.51.

Pedepar

JpoOHUIBHO-COPTYBaIbHI KOMITJIEKCH 3 MEPEePOOKH TEXHOJIOTTYHUX € OCHOBHHMH €JeMEHTaMU
B TPaHCIOPTHO-BUPOOHHYMX CUCTEMAaX PELUKIIHTY BIAXOIB METATYPridiHUX MiANpHEMCTB. J{poOuib-
HO-COPTYBaJIbHI KOMIUIEKCH Y IAHOMY AOCTIIKEHHI PO3TJINAIOThCS SK CHELiani3oBaHi KOMIUIEKCH
METaTYyprifHUX HUIaKiB CTaleMIaBHJIBHOTO BUPOOHMITBA . B OCHOBY (yHKIiOHYBaHHS IPOOMIIBHO-
COPTYBaJIbHUX KOMIUIEKCIB MOKJIaJEeHO METOJ MarHiTHOI cemaparii, 3 3aCTOCYBaHHSIM IPUMYCOBOTO
OYMIICHHS JIOMy B CIHEHiaJbHUX JPOOMIBHUX MNpHCTPOsX. DYHKIIOHYBaHHS JpOOHIBHO-
COPTYBaJILHUX MPHUCTPOIB JKOPCTKO MOB’S3aHO 3 TEXHOJIOTI€I0 OCHOBHOTO BHPOOHHUIITBA METaTypTii-
HOTO mignpueMcTBa. He BITUM3HSIHHMX METaNypridHMX MiANPUEMCTBAX 3aCTOCOBYIOTH caMe L€l BH[
TEXHOJIOTTYHUX IMepepoOKH BigXOIiB, TOMY IIO BiH I03BOJSIE PO3AUIATH BUPOOHWYI LUIAKK Ha Pi3HI
BUIM (Ppakiiif, a Takox 3a0e3reuye KOHTPOJIb SIKICHUX NMOKAa3HUKIB MMPOAYKTIB MepepoOKH BiAXOMIB, a
caMme BUTAT METaJIOMiCTKOI CHPOBUHHU.

Onnak Tpeba OpaTu 10 yBaru, Toi ¢akT, M0 JpOOHIBEHO-COPTYBaIbHUN KOMILUIEKC SKIIO Je-
KU Yac HeMa aBTOTPAHCIIOPTY HE 3MOXKE MOXKE MPU3YINHHUTH MPOLEC MepepoOKH CUPOBUHH, L0
npu3Beae A0 3yMUHKA POOOTH KOMIUIEKCY 1, SIK HACIIAOK, 3yMMHKU BCHOTO TEXHOJOTTYHOTO MPOILIECy
PELUKIIHTY BigxoniB. B TakoMy BHMaaKy HEOOXiTHO 3AiMCHIOBATH 3yITMHKY TEXHOJOTTYHOTO MPOLECY
nepepoOKy TEXHONOTIYHUX BiIXOAIB, IO € HeNpuycTuMuM. Lle Moxke OyTH 1OB’s13aHe UM 3 3ali3HEeH-
HSIM aBTOMOOIIB y 3B’S3KY 3 3aTPUMKOIO Ha IUISIXY NMPSIMYyBaHHS Yd Ha (POHTAX 3aBAaHTAKEHHS YU 3
BHUKOPHUCTaHHSM aBTOMOOLTIB HepalioHaIbHOI BaHTaxKominiioMHocTi. [Ipn BukopucTanHi aBToMOOLTIB
HEIOCTaTHBOI BaHTAXKOMIAHOMHOCT] IpOOMIBHO-COPTYBAIBHUM KOMILUIEKC HE BCTHTalOTh 3aBaHTaXKYy-
BaTH, TOOTO KUIBKICTh CHPOBHMHH, SIKa 3aBAaHTAXKYEThCS CAMOCKMAAMHU N0 MPHUMAIBHOIO OYHKEpY
KOMILJIEKCY € HEJOCTaTHROIO AJISl HOTo mepepoOHOT CIPOMOXKHOCT.

Byno mpoBeneHo XpoHOMETpaK 3aBaHTAXKEHHS JPOOHIBHO-COPTYBaJIbHOTO KOMIUIEKCY LEXY
HIaKoNepepoOKH METaTyprifHoOro MiANMPHEMCTBA Ha MPOTsI3i oxHiel 1o0H, a came ABOX POOOYHMX
3MiH. OTpUMaHi B MPOLECi JOCHIIPKEHHs XapaKTEpPIUCTUKU BKa3ylOTh Ha Te, IO JOCTIHKYBaHUH mapa-
METp MOXKHA BBa)KaTH BUIIAIKOBOIO BETMUHHOIO.
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