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OPTIMIZATION OF TECHNOLOGICAL SPECIFICATIONS
AND METHODOLOGY OF ESTIMATING THE EFFICIENCY
OF THE BULK CARGOES DELIVERY PROCESS

Purpose. To increase the efficiency of the process of bulk cargo delivery by exit routes by optimizing the techno-
logical parameters of the supply chain.

Methodology. The optimization of the technological parameters of the supply chain for cargo delivery was carried
out using mathematical modeling. To assess the effectiveness of the process of cargo delivery, an analytical method of
research was applied.

Findings. As a result of the research, optimum values of the technological parameters of the production and trans-
portation chain of ore cargo delivery by exit routes were obtained: the composition of the formed route is 38 cars, the
loading point performance is 324.2 t/h, the delivery interval is 1.75 days. Using the optimal technological parameters
of the supply chain for the delivery of bulk cargoes by exit routes, the operational work of the railway transport is
planned, ensuring compliance with the delivery interval for the purpose of implementing the requirement “just in
time”. The dependences of the specific costs of these parameters, which allow evaluating the nature of their changes
in various given conditions, are constructed.

Originality. The components of the economic effect of the supply chain for the delivery of bulk cargoes (coal, ores,
etc.) by means of exit routes have been formalized and a method for evaluating the economic effect for both subjects
of the supply chain is proposed: the owner of cars and production.

Practical value. Recommendations on the formation of the technological process of functioning of the entire sup-
ply chain are given for given values of the duration of the supplier’s and customer’s production cycles, the duration of
transportation, the intensity of the input of the delivered raw materials into production. To improve the efficiency of
delivery of bulk goods, it is recommended to use the developed schedules of interaction between production, trans-
port and consumption. At the same time, the intensity of raw materials receipt into production determines the opti-

mal composition of the formed exit route and the delivery interval.
Keywords: exit routes, bulk cargo, iron ore, supply chain, technological parameters

Introduction. Consumers of transport services in-
crease the requirements for the conditions of transport
service, quantitative and temporal parameters, which
necessitates the improvement of the system of organiza-
tion of car traffic flows. Along with enhancing the tech-
nical equipment, the major challenge for transport is to
improve the use of the rolling stock [1, 2].

Modern methods for increasing the efficiency of ma-
terial flow management are undoubtedly of practical in-
terest to the country’s economy. Their application will
enable the enterprises to effectively operate both on the
domestic and foreign markets [3]. Most attention is paid
to the application of logistic approach in selecting ratio-
nal parameters of the distribution channels of cargo
flows [4]. In terms of stable traffic flows between senders
and recipients for the system of organizing railroad car
flows, the most effective is the application of the logis-
tics approach when delivering bulk cargo: iron ore, coal,
oil products, etc.

Literature review. To reduce the expenses necessary
for traffic flow processing, optimization of technological
parameters of the process of functioning of production
and transport complexes is required [5, 6]. This allows

© Shramenko N.Y., Shramenko V.O., 2019

146

building a transport policy, taking into account the in-
terests of cargo owners and, ultimately, increasing the
traffic as well as improving the economic position of the
railways [7].

In the conditions of the transport market, cargo de-
livery by the cargo owners is based on the criteria for as-
sessing the quality of railway transport operations “just
in time” and with minimal costs. Of great importance is
the release of production stocks of raw materials when
delivering goods “just in time” with optimal lots [8].

The researchers have substantiated the need to stim-
ulate the senders to form sender routes in Ukraine [9].
Almost 80 % of all ore, 76 % of oil cargo, 61 % of flux,
58 % of coal, 43 % of chemical and mineral fertilizers
are transported on the routes.

The advantage of cargo transportation by routes con-
sists in the fact that the cars on the given routes follow
from the loading stations to the destination ones without
being processed at passing technical stations, as a result
of which the turnover time of the car is reduced, the de-
livery of goods is accelerated, the cost of transportation
drops, and the volume of work at sorting and divisional
stations decreases [10].

The main disadvantage of theoretical and practical
developments in the field of operating the production
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and transport systems is insufficient interaction between
production workshops and the transport system [11].

To minimize the costs of resources and to fulfill the
principle of delivering goods “just in time”, it is neces-
sary to organize a technological process that involves the
interaction of production, transport and consumption
[12, 13].

Technological harmonization of the work of the
manufacturer, transport sector and production consum-
er results in obtaining a synergistic effect [14].

The technical and technological structure of the
PTC depends on many factors: the form of material and
technical supply, the range of manufactured products,
the type of trunk transport, the methods for organizing
transportation (technological routes, wagon lots), the
features of production technology, etc. [15].

It has been established that at present forms and
methods of interaction between production and trans-
port appear to be ineffective, and the management of
the material flow process is based on unilateral and un-
justified expenditures of transport resources. To solve
the problem in question, a new approach based on the
development of optimization models for production-
transport system subsystems operation [16] is needed.

The generalizing parameter of transport-logistic
processes is efficiency [17]. There are many approaches
and techniques to assessing the effectiveness of produc-
tion and transport processes. It remains difficult to make
an economic assessment of various activities, selected
services or transport operations [18].

The research shows that analysis of technical and
operational parameters of transport and transportation
processes helps to identify the reserves for increasing the
efficiency of transport performance [19].

Purpose. The purpose of the study is to increase the
efficiency of the process of bulk cargo delivery by exit
routes by optimizing the technological parameters of the
supply chain.

Research objectives are:

- to carry out modeling of the production and trans-
portation chain operation for bulk cargoes delivery (by
the example of iron ore raw materials) by technological
routes and analyze the results obtained;

- to develop practical recommendations on the for-
mation of the technological process of joint work of the
subjects of the entire production and transport chain
operation (PTC);

- to develop a methodology for assessing the eco-
nomic effect of the bulk cargo delivery process (coal,
ores, etc.) by exit routes.

Methods. To determine the rational technological
parameters of the production and transport chain for
bulk cargo delivery, mathematical modeling was ap-
plied. Estimation of the efficiency of bulk cargo delivery
by exit routes is based on the analytical research method.

Results. In most cases, the cars of the network fleet
are fed to the quarries (or mines) by routes and returned
back in the same manner. Empty trains arriving for
loading are usually taken to the assembly (control) sta-
tion to be further divided into separate groups of cars,
which are then fed to the loading areas. As a result of the
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uneven approach of empty cars, both on separate days,
and during these days, conflicts arise.

In these conditions, it is necessary to create a fixed
rate of gondola cars stock as their technical and com-
mercial failure is possible.

As a result of earlier studies on example of iron ore
raw materials delivery, a target function [20] was formed,
which is the specific costs associated with the operation
of the entire PTC: the costs of the supplier to execute the
order; the costs of finished products storage at the ship-
per’s distribution center; costs associated with transpor-
tation by the main transport; the cost of storing goods at
the consignees’ location.

Unmanaged parameters are as follows: duration of
the metallurgical enterprise production cycle Q,, due to
the technical equipment of the loading and unloading
points, the shipping fee 7, and the car hire charge S,

The optimized parameters are the following: the exit
route train m, the performance of the loading areas g,,,4,
the delivery interval n, the specific costs per one car R,,,;,,.

For optimized parameters, the range of their changes
was analyzed.

The productivity of ore mines constitutes up to
200 t/per day for small ones; for medium ones to
700 t/per day and large up to 5000 t/per day and more.
On this basis, a range of changes in the performance of
the loading point g,,,, € [80; 600] was set, given the cur-
rent loading. The maximum number of cars included
into the train is due to the length of the receiving and
dispatch tracks as well as the train mass limitations de-
pending on the type of locomotive, the profile of the
road, the type of the rolling stock, the rolling stock load-
ing capacity, the speed of movement under the estimat-
ed lift, and, as a rule, it does not exceed 60 cars, there-
fore m e [0; 60] was assumed.

The simulation was carried out for the set values of
the mathematical model uncontrolled parameters.

On the basis of the simulation results obtained,
graphs of the dependencies of the total costs on the pa-
rameters of the traffic channels freight flows (Figs. 1, 2),
according to which the tendency of the investigated
function behavior is analyzed, are constructed.

The simulation results show that, with the increase in
the performance of the loading point ¢g,,,, up to the value
of 324.2 t/h, the cost of R per car is reduced to reach
1280.7 cu/wt. The composition of the route being formed
in this case is optimal and equals 38 cars, and the deliv-
ery interval is 1.75 days. Further, with the increase in the
parameter g,,,,4., an increase in the total costs of R. is ob-
served. This is due to the fact that with the increase in the
performance of the ¢,,,,loading point, an additional cost
for the maintenance of loading and unloading mecha-
nisms arises. These costs exceed the savings achieved by
reducing the downtime of cars under loading.

Fig. 1 shows the dependence of the specific costs per
car on the number of cars in the technological route,
which makes it possible to determine the technological
route optimal composition at different loading point
performance.

In the case of restrictions on the technological route
composition m, the optimum performance of the g,
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Fig. 1. Dependence of unit costs per car on the composi-
tion of the technological route
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Fig. 2. Dependence of specific costs per car on the loading
point performance

loading point can be established with the dependencies
obtained (Fig. 2) for the contractual value of the trans-
port dispatch (composition of the technological route).
So, at m =22 wag. := 187 t/h, R=1303.6 cu/wt.

Thus, as a result of modeling the operation of the
production and transport chain for the delivery of ore
cargoes by exit routes, the size of the cargo batch m in
various specified conditions is determined.

Having obtained the optimal values of unit costs for
each group of indicators (g, M, 1), it is possible to
consider the measures requiring improvements in tech-
nical equipment and rationalization of technologies that
facilitate their achievement.

In general, as a result of modeling the process of
functioning of the production transport chain of ore
cargoes supply by exit routes, the rational values of tech-
nological parameters were obtained: the size of the con-
signment m, the performance of the loading point g,,,,,
and the delivery interval #.

The efficiency of the production and transport chain
operation for delivery of bulk cargoes by exit routes is
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specified by the following indicators: the intensity of de-
livery of goods, the implementation of the agreed deliv-
ery time, the duration of the order service cycle, the size
of the consignment, the level of capacity utilization,
preserving the quality of the cargo upon delivery.

As a result of the rational technological parameters
obtained, the potential effect for the owner of both the
cargo and cars is estimated.

The formalization of separate components of the
economic effect is proposed.

Reduction of the unit costs per car due to the forma-
tion of the exit route by the railroad train m,,

Ey= Ry~ R )

In the delivery of goods “just in time” there is a
problem of reducing inventory levels. Researchers esti-
mated that the moratorium of capital in stocks makes up
more than one third; the maintenance of reserves re-
quires 20—40 % of all consumer costs, including the cost
of transport and warehousing operations.

The effect of reducing the loss of cargo due to mini-
mizing the transportation and storage time is

E,=¢-q,,C,

oad

A, (2)
where § is the rate of natural loss of the cargo carried, %;

gl is the average static load of the car, t; C,,,, is the av-
erage cargo price, cu / t; At is an increase in the delivery

time, day.
st m
At:qﬂ(i_%} (3)
24 qloaa’ Q[olzui

where m, m,,, is the actual and optimal composition of
the exit route, respectively, weight; g,,,, is the actual and
optimal performance of loading fronts, respectively, t/h.

The economic effect as a result of reducing the “dead
capital” on wheels and in stock and reducing the work-
ing capital stock

E = Cluadqziz(l_é)Aﬁ

’ 360 ’

where i/ is the interest rate on deposits, shares; 360 re-

lates to the number of days in a year, which is taken
while performing calculations.

Since the implementation of the delivery principle
“just in time” is accompanied by an increase in the
speed of material flow movement, the economic effect
of accelerating the turnover of cars contributes to reduc-
ing the service time in all phases of delivery. The effect of
accelerating the car turnover will be expressed (in the
conditions of deficit, which is typical for the current
situation of the car fleet) in reducing the rolling stock
operating fleet as well as the costs for maintenance of the
latter.

C))

B AIC, Ay s
Y365 ©)
where C,,, is the car selling price, UAH; 4, is allowance
for car depreciation and repair, %
Overall economic effect for both PTC subjects is:
- that of the owner of cars
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E,ui. = Eqm365/n; (6)
- that of production
E,.=365[(E,+ E, + E3)m]/n. (7)

To realize the basic requirement when delivering
products to the consignee (delivery of goods “just in
time”) and achieve a high efficiency of the system’s op-
eration, a technological process of joint work of subjects
of the entire production and transport system based on
the integration of production, transport and consump-
tion should be developed and implemented.

The production cycle of the vendor is interchange-
able, with the number of shifts depending on a number
of uncontrolled parameters: the density of transport and
material flows, the performance of loading and unload-
ing machines and distribution systems, etc. The ship-
ment of raw materials is carried out in a deterministic
mode, which is primarily due to the technology of min-
erals extraction and the dressing complex operation, as
well as the specifics of cargo itself. In turn, the produc-
tion cycle of the enterprise-user is oriented to the round-
the-clock operation mode. Moreover, the intensity of
raw materials supply for production should correspond
to the optimal ore supply m,,,.

The process of raw materials supply (coal, ores, etc.)
to the consignee involves several stages (Fig. 3).

Finished products are stored at the manufacturer’s
location at the time of shipment, being the first stage. At
the second stage of cargo transportation, operations on
vehicles loading are carried out. The third and main stage
is the transportation process itself. Then, the product is
unloaded and delivered to the consumer’s warechouse
(the fourth stage), where it is also stored in the form of
stock up to the time of consumption (the fifth stage).

Using the optimal technological parameters of the
production and transportation chain for the delivery of
bulk cargoes by exit routes, the operational work of the
railway transport is planned, ensuring compliance with
the delivery interval for the purpose of implementing the
“just in in time” requirement.

For the further development of high-tech produc-
tion and transport systems, significant investments are
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Fig. 3. Schedule of interaction of production, transport
and consumption:

1 — production and accumulation; 2 — loading; 3 — admis-
sion; 4 — consumption
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needed. Efficient use of investment will provide an inte-
grated approach that will ensure the optimal sequence of
development of elements of the production and trans-
port system.

Conclusions. The conducted studies made it possible
to draw the following conclusions:

- as a result of modeling, the optimum values of the
technological parameters of the production and trans-
portation chain of ore cargoes delivery by exit routes
were obtained: the composition of the formed route is
38 cars, the loading point performance is 324.2 t/h, the
delivery interval is 1.75 days. The dependences that
make it possible to estimate the character of the indi-
cated parameters change under the existing conditions
are constructed;

- the components of the economic effect of the pro-
duction and transport chain for the delivery of bulk car-
goes (coal, ores, etc.) by means of exit routes have been
formalized and a method for evaluating the economic
effect for both PTC subjects is proposed: those of the
owner of cars and of production;

- practical recommendations are suggested for creat-
ing a unified technological process for the entire PTC
functioning with time regulation of the production cycle
of both the supplying and the consumer enterprise, the
intensity of raw materials supply for production, and the
duration of transportation;

- schedules of interaction of production, transport
segment and consumption are developed, the applica-
tion of which will enable to achieve an increase in the
efficiency of bulk cargo delivery. At the same time, the
intensity of raw materials supply for production should
correspond to the optimal batch of dispatch.

The advanced research direction has been deter-
mined to be the analysis of conflict situations arising as
a result of the uneven car supply for loading.
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Merta. IlinBuileHHs1 €(EKTUBHOCTI MpoLecy H0-
CTaBKM MAaCOBMX BAHTaXiB BiIMPaBHULBKUMU Maplil-
pyTaMu 3a paxyHOK OINTUMi3allii TEeXHOJIOTiUHUX Mapa-
METPIB JIOTICTUYHOTIO JIAHIIIOTA.

Meromuka. OnTuMizallis TeEXHOJOTIYHUX MapamMe-
TPiB JIOTICTUYHOTO JIaHLI}OTa TOCTAaBKU BaHTaXiB BUKO-
HaHa 3a JOIOMOIOI MaTeMaTUYHOTO MOJIETIOBAHHSI.
s oumiHKM e(eKTUBHOCTI MPOIeCy TOCTaBKU BaHTa-
>KiB 3aCTOCOBAHUI aHAIITUMHUIA METOI, TOCITiIKEHHSI.

PesyabTaTu. Y pesyabTari DOCHiIKEHHS OTpUMaHi
OITUMAaJTbHI 3HAYEHHS TEXHOJIOTIYHUX TTApaMETpPiB BHU-
POOHUYO-TPAHCIIOPTHOIO JIAHIIOTA TOCTABKU PYIHUX
BaHTAXiB BIiONIPaBHUIIBKUMM MapIIpyTaMU: CKJIal
MapIipyty, o Qopmyetbesas — 38 Bar., IPOIYKTUB-
HiCTb IYHKTY HaBaHTaXXeHHsT — 324,2 T./Tox, iHTepBa
nmocrayaHHsga — 1,75 mi6. 3a mOIOMOrow OTpUMMaHUX
ONTUMAIbHUX TEXHOJOTIYHUX TapaMeTpiB JIOTiCTHUY-
HOTO JIaHI[Iora TOCTaBKM MAacCOBUX BaHTaXiB BilIpaB-
HULIBKUMU MaplIpyTaMu IUTAHYEThCS eKCILTyaTalliiiHa
poboTa 3aJ1i3HUYHOTO TPAHCIIOPTY, 1110 3a0e3Mevye M10-
TPUMAaHHS iHTepBaJly ITOCTAYaHHS 3 METOIO peasti3allii
BUMOTH ,,TOYHO Yy CTPOK*. OTpUMaHi 3aJI€KHOCTI MU-
TOMMX BUTPAT BiJl 3a3HAUYCHUX IMapaMeTPiB, 110 T03BO-
JISIIOTh OLIIHUTH XapakTep iX 3MiHU B Pi3HUX yMOBaXx,
110 3a7aI0THCS.

HaykoBa noBuzna. @opmasizoBaHi CKJIalI0OBi €KO-
HOMIYHOTO e(MeKTy JIOTICTUYHOTO JIAHIIOTA JTIOCTaBKU
MacOBUX BaHTaXiB (BYTiUIsI, pyAM ¥ T.I.) BimmpaB-
HULIBKUMU MapIIpyTaMu i 3alIporioHOBaHa METOI0JI0-
Tisl OUIHKKA €KOHOMIYHOTO e(heKTy sl 000X Cy0’eKTIB
JIOTiICTUYHOTO JIaHIIIOTa: BJaCHUKA BaroHiB i BUPOOHU-
ILITBA.

IIpakTuyna 3HAYUMICTb. 3aMPONOHOBAHI PEKOMEH-
Jauii moao GopMyBaHHS TEXHOJOTIYHOTO TMPOLECY
(byHKIIOHYBaHHS BCHOTO JIOTiICTUYHOTO JIaHLIOTa TIPU
3aJlaHUX 3HAUEHHSIX TPUBAJIOCTI BUPOOHUYUX LIMKJIiB
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TocTavaJbHUKA Ta CIIOXKWBAva, TPUBAJIOCTI TPAHCIIOP-
TYBaHHSI, iHTEHCMBHOCTI HAIXOIKEHHS ITOCTaBJICHOL
CUPOBUHU Y BUPOOHULTBO. s minBuieHHs edek-
TUBHOCTI TOCTaBKM MaCOBUX BaHTaXiB PEKOMEHIYETh-
Csl 3aCTOCOBYBATHU po3po0IieHi rpadiku B3aEMO/Iii BuU-
POOHMIITBA, TPAHCIIOPTY Ta CIIOXUBaHHS. [1pu boMy
iHTEHCUBHICTh HAAXOMXEHHSI CUPOBUHU Yy BUPOOHU-
LTBO OOYMOBJIIOE ONTUMAIBHUI CKJIaJ BiAITPpaBHULIb-
KOTO MapuIpyTy Ta iHTepBaJl TOCTaYaHHSI.

KmouoBi cnoBa: eionpasuuyvki mapupymu, macoei
B8aHMAICL, 3aAi3Ha pyoa, N02ICMUYHUI NAHU02, MEeXHOA0-
2IMHI napamempu
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Henn. [ToBbieHue 3¢hGeKTUBHOCTH Ipoliecca 10-
CTaBKU MAacCOBBIX I'Py30B OTIPABUTEIbCKUMU Maplii-
pyTamu 3a cueT ONTUMU3ALMU TEXHOJOTUYECKUX Napa-
METPOB JIOTUCTUUECKOM LETTH.

MeTtoauka. OnTUMHU3aIIMS TEXHOJIOTHYECKUX MTapa-
METPOB JIOTUCTUYECKOW LEMU MOCTAaBKU TI'PY30B BbI-
MOJIHEHA C TIOMOIIbI0 MAaTEMAaTUYECKOTO MOJEIUPOBA-
Hud. g oueHkr 3(pheKTUBHOCTU Mpoliecca JOCTaB-
KU TPY30B TPUMEHEH aHAJTUTUIECKUI METOJI UCCTIen0-
BaHUSI.

Pesyabratel. B pesynbraTte ucciaenoBaHus mosyde-
HbI ONTUMAJIbHbIE 3HAYEHUST TEXHOJOTUYECKUX Tapa-
METPOB TPOU3BOACTBEHHO-TPAHCIIOPTHOM 1enu M0-
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CTaBKM PYIHBIX TPY30B OTIPABUTEILCKUMU MapIIpy-
TaMU: cocTtaB (opmMupyeMoro mapuipyra — 38 Bar.,
MMPOU3BOAUTEILHOCTD ITyHKTAa MOTPY3KU — 324,2 T./4,
UHTepBaJ noctaBku — 1,75 cyr. C MOMOIIBIO MOTYYeH-
HBIX ONITUMAJIBHBIX TEXHOJOTMYECKUX IapaMeTPOB JIO-
TMCTMYECKOIA 1IEIH JOCTaBKU MacCOBBIX IPY30B OTIIpa-
BUTEJILCKMMU MapllIpyTaMy IJIaHUPYETCsT SKCILTyaTa-
IIMOHHAasE paboTa KeJIe3HOMOPOXKHOIo TpaHCIopTa,
obecrieurBarolasi Co0JI0IeHe MHTEepBaja MOCTaBKU C
1LIeJIbIO peaiu3aluuuy TpedboBaHUs ,,TOUHO B cpok‘. T1o-
JIy4eHBI 3aBUCUMOCTH YIEIbHBIX 3aTpaT OT YKa3aHHBIX
IMapaMeTPOB, TTO3BOJISIONINE OLICHUTh XapaKTep NX M3-
MEHEHUSI B Pa3IMYHBIX 3aJaBAEMbIX YCIOBUSIX.

Hayunasi HoBu3Ha. PopMan30BaHBI COCTAaBIISIIO-
II1e SKOHOMMYECKOT0 3(pdeKTa JTOTUCTUUECKO LIeTT
JIOCTaBKM MACCOBBIX TPY30B (YIJIsl, PYIbI 1 T. I1.) OTIIpa-
BUTEJILCKMMU MapIlIpyTaMU 1 IIPeUIOKeHA METOI0JI0-
I'Usl OLIEHKM 3KOHOMMYecKoro addexra misi 00oux
CyOBEKTOB JIOTUCTUYECKOM 1IeTH: COOCTBEHHMKA Baro-
HOB ¥ IIPOM3BOJICTBA.

IIpakTHyeckasa 3HAYMMOCTh. [IpemjioXeHBI peKo-
MEHIAMM 110 (OPMHUPOBAHHUIO TEXHOJOTHUECKOTO
nporecca (GYHKIIMOHNPOBAHMUS BCEil JIOTMCTUUECKOM
LIETY TIPY 3aJaHHBIX 3HAYCHUSIX TTPOIOKUTEIIHHOCTH
MPOM3BOACTBEHHBIX LIMKJIOB ITOCTABIIMKA U IIOTPEOU-
TeJsl, IMPOMOJKUTEILHOCTY TPAHCIIOPTUPOBKU, WH-
TEHCUBHOCTHU TOCTYIUIEHUSI AOCTABICHHOTO CBIPbS B
Tpon3BOACTBO. /st ToBbIIeHNST 3(P(HEKTUBHOCTU 10-
CTaBKU MAacCCOBBIX I'PY30B PEKOMEHIYETCSI IPUMEHSITh
pa3paboTaHHbIe I'paUKU B3aUMOICHCTBUS TIPOU3BO/I-
CTBa, TpaHCHoOpTa U MmotpediaeHus. [1pu aToM MHTEH-
CHBHOCTH TTOCTYITJICHUST CHIPbSI B TIPOM3BOACTBO 0O0Y-
CJIaBJTUBACT ONTUMAJIBHBIN COCTaB OTIPABUTEIBCKOTO
MapIlIpyTa ¥ MHTepBaJl ITOCTABKH.

KioueBble ciioBa: ommnpasumensckue mapupymeol,
maccoswvle epyssl, Hcene3nas pyoa, 102UCmMuUUecKas yenb,
mexHoAo2UYeCKUe NaApamempbl

Pekomendosano 0o nybaikauii dokm. mexH. HAyK
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