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Model of the optimal composition of the main technical
facilities of a container transport and technological
system

To solve the problem of determining the rational type and parameters of containers, as well as the
structure of their fleet for the delivery of cargo (cargo), taking into account whether the accepted type and
structure of the container fleet corresponds to the values of the required (custom) batches for the delivery of
products and the possibility of making appropriate adjustments to the container payload values, an economic and
mathematical model of the optimal composition of the technical complex of a container transport and
technological system has been developed.
transport and technological system, container, model, optimization, costs, transportations, technical
facility

Formulation of the problem. The largest consumers of Ukrainian grain and legumes
delivered by containers to the seaports of Ukraine are the countries of South and Southeast
Asia, with Vietnam and India accounting for over 60% of the supply [1]. In addition to cereal
grain cargo (wheat, millet), legumes (peas, etc.) and oilseeds (rapeseed, etc.) are packed into
containers. Over 4/5 of all grain cargoes of Ukrainian export delivered by containers is wheat,
slightly more than 10% is rapeseed, millet — more than 1%, other crops — up to 1%. The size
of shipments of grain cargoes for export is on average 10—15 thousand tons, which leads to an
increasing use of the transportation of these cargoes by containers.

In Ukraine, the company Elit Black Sea (Odessa) specializes in the transportation of
grain cargo in containers. Such transportation is also carried out by such world's largest
container lines (carriers) as MSC (Mediterranean Shipping Company), A.P. Moller-Maersk
Group, CMA CGM, Zim Integrated Shipping Services, and CSAV Norasia. The rapid
increase in the volume of container traffic in Ukraine began in 2000 [2]. On the territory of
Ukraine, transportation of goods in containers is carried out by road and rail.

Analysis of the resent of the research and publications. Rail transportation of
containers is about three times faster and cheaper than road transportation, road transportation
depends on many factors — weather, traffic jams and drivers, weight control functions on
roads. Despite all this, rail transport of containers is still poorly developed, the vast majority
of containers are transported by road. In addition, for door-to-door transportation, road
transport is the main and only means [3, 4].

The entire variety of technical means of the container transport system is combined
into six main types (elements) that form the technical complex [5]: 1) a fleet of containers
(universal and specialized), works inside containers), 3) technical means of transport (cars and
road trains as part of truck tractors and container semi-trailers, railway rolling stock, etc.), 4)
container terminals, points and bases (warchouses, access roads, etc.), 5 ) means of control,
information and long-distance communication, 6) means of packaging and packaging of
goods for shipment in containers.
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Two elements of the technical complex - containers and mechanization for loading and
unloading are closely related to the method of preparing cargo for transportation. Therefore,
the type of packaging, the type of package, etc. are important. Means of packing cargo (for
example, enlarged and lightweight), means of packaging designed to send goods in containers
are the sixth type (element) of the technical complex of the container transport system.

Depending on the content and changes in the technical characteristics of the types
(elements) that make up the complex of technical means of container transportation, the
technology and efficiency of these transportations change. Therefore, in order to achieve the
same goal - the delivery of a given amount of cargo of a certain nature at the required rate of
transportation - it is possible to use several variants of the complex, which differ from each
other in the composition of the elements and the parameters characterizing them.

The functioning of each variant of the technical complex is associated with certain
costs. The variant of the technical complex, which gives a minimum of costs (in monetary and
in-kind terms), will be optimal. The most important element of the complex of technical
means of transporting containers are the containers themselves. They must meet the
requirements of consignors and consignees: comply with the conditions for the transportation
of these goods, their physical and transport characteristics, the size of the batch shipments of
goods (by volume and weight), etc. [6, 7]. Containers, being transport equipment, must be
adapted for through traffic on all modes of transport, their fast and safe reloading [8, 9].

In the case when the type and structure of the container fleet do not correspond to the
ordered batches of cargo delivery in terms of mass or volume, losses occur and the efficiency
of container transportation decreases.

If the carrying capacity and/or volume of the container is greater (all the more
significantly) than the required shipment of cargo, then the payload of the container will be
lower than the nominal value for this cargo, which will lead to an increase in transportation
costs. In the opposite case, unjustified costs may arise due to an increase in stocks in the
warehouses of the recipient of the products. Therefore, in specific calculations to determine
the rational type and parameters of containers, as well as the structure of their fleet for the
delivery of cargo (cargo), it should be taken into account whether the accepted type and
structure of the container fleet corresponds to the values of the required (custom) batches of
product delivery and make an appropriate adjustment to the container payload values.

Let us determine whether the well-known economic and mathematical model of the
technical complex of container transportation [5, 11] is applicable for solving this problem.

The aim of the work. To develop a mathematical model that describes the
optimization problem for determining a rational fleet and parameters of containers and the
structure of their fleet, to adjust the payload of containers.

Presenting main material. It is assumed that we know the amount of cargo Q, ton,
which is supposed to be transported in containers over a certain period of time, the volumetric
mass (density) of the cargo v, t/m’, and the transportation distance L, km (determined based
on traffic statistics for past periods and prospects for given period of time).

It is also assumed that for container transportation a set «m» of technical means with
the corresponding parameters is used, forming a technical complex of the types (elements)
described above, and it is possible to use different machines and equipment with different
parameters to serve one type of container. Then, under the index «i» we will understand the
type of the corresponding technical means (i = 1, ..., m), i. e. container, car, crane, etc.

The number of types of cargo (for example, depending on the volumetric mass y of the
cargo) will be denoted by «u». Then, under the index «e» we mean the type of cargo
transported in containers (e = 1, ..., u).
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The number of ways to organize work with containers (methods of transportation,
technologies for loading and unloading works, etc.) will be denoted by «k». Then, under the
index «j» we mean the method of organizing work with containers (j =1, ..., k).

According to the methodology for determining the comparative efficiency of capital
investments, based on a comparison of the reduced costs by options, the economically viable
option is the one that provides the minimum of the reduced costs.

The total reduced costs, as well as in the assessment of any economic activity, for
container transportation of goods can be presented in a general form [11]:

E, =C+EK, (1)

where C — operating costs, thousand of UAH;

E — the rate of return on invested capital, in fractions of a unit;

K — capital (one-time) costs, thousand UAH.

The total reduced costs for all six types (elements) of the technical complex of the
container transport system (J =1, ..., 6)

6
E, =ZE )

The total reduced costs for each of the six types (elements) of the technical complex of
the container transport system for a given cargo

k m
E,, :ZZQ'(Q‘/"’E'K@/')'T” J=1..6, 3)
Jj=1 i=1
where 1 is a coefficient that characterizes the part of cargo transportation in containers
of a given (i-th) type from the total volume of cargo transportation in all types of containers.
The total reduced costs for all six types (elements) of the technical complex of the
container transport system for a given cargo

6 k m
E:p:;Z;Z;Q-(CiJJrE-Kij)-q 4)
=1 j=1 i=
The total reduced costs for all six types (elements) of the technical complex of the
container transport system for all goods

6 u k m
EP:JZ;Z;;Z}Q(C]—i-EK])T (5)
where Q. is the amount of cargo of the e-th type, which is supposed to be transported
in containers for a certain period of time; t¢; is a coefficient characterizing the part (share) of
transportation of the e-th type of cargo in containers of this (i-th) type from the total volume
of cargo transportation in all types of containers.
Specific reduced costs, UAH/ton, for the transportation of goods with specified
characteristics in containers with different parameters [11]

C:f(Ru"qyiani>7’5al”ki’rki’ji)= (6)

where Py; is the actual gross weight of the freight container, t;

qyi — specific (volumetric) carrying capacity of the container, ton/m’;

Ni — container tare factor;

y — volumetric mass (density) of the cargo, ton/m’;

0 — coefficient taking into account the degree of use of the useful volume of the
container (for packaged packaged cargoes, on average 6 = 0.7-0.75, for bulk cargoes & = 0.85

[5D;
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Vi 1s a coefficient characterizing the fleet structure, that is, the share of containers of a
given (i-th) type in the total container fleet;

Txi 1s a coefficient that characterizes the part (share) of cargo transportation in
containers of a given (i-th) type from the total volume of cargo transportation in all types of
containers;

Ji 1s the unit settlement rate, UAH, of the variable part of the costs, depending on the
given (i-th) type of containers with a given conditionally constant cargo characteristic.

The actual gross weight of a freight container is the dead weight of a freight container
together with the weight of the cargo placed in it. The specific (volumetric) carrying capacity
of a container qy; is the ratio of its carrying capacity (the maximum allowable weight of cargo
in a freight container) to the internal volume of the container (the volume of a freight
container limited by its internal surfaces) [3]. The tare coefficient n of a container is the ratio
of the container's own weight to its maximum gross weight.

The determination of the values of 1y characterizing the part (share) of cargo
transportation in containers of the i-th type from the total volume of cargo transportation in all
types of containers is based on the analysis of cargo flows and the determination of the
distribution of transported goods by volumetric weight and sizes of delivery lots. These values
can also be determined by the required number of containers of the types in which products
can be transported for each category of cargo shipments by their weight (starting from one ton
in increments of one or half a ton), based on their characteristics (primarily volume the mass
of goods, the dimensions of the packaging of goods or overpacks). Parts (shares) wii of
containers of each type are installed in the total fleet of containers, after which the values of
T are finally corrected. The unit settlement rate j; is determined by the measures of work
corresponding to the selected natural indicators, depending on the parameters of the technical
means that are part of each element of the technical complex of container transportation. The
costs for other types (elements) of the complex of technical means of container transportation
are determined similarly.

The total reduced costs associated with this variant of the complex of technical means
of container transportation can be represented as an objective function:

6 u k m
E, =;§;;ZQ Xz, x| aX , +bY, +cZ, + A+ E(dX,, +eY, + fZ,+ B) | >min, (7)
where Xj;j are parameters whose values are determined by the parameters of technical
means and functionally depend on them (for example, on such as Py; — the average load of a
container of a given type (static load), t, Wy; — the annual productivity (production) of the i-th
type of a working fleet container , ton/year, etc.); Yjj — parameters determined by the
combination of technical means (park structure) and the distribution of the volume of work
performed by one or another technical means (yy i, T i); Zic — parameters, the value of which is
determined by factors that are not part of the technical complex of the container transport
system, but interconnected with the type, parameters of technical means and the structure of
their fleet (types of containers, packaging methods, types, characteristics of warehouses,
bagging machines, etc.; Q. — the annual volume of transportation of the e-th cargo in
containers, t; a, b, ¢, d, e, f — numerical coefficients calculated according to the current (or
prospective) unit cost rates; A, B — cost values conditionally assumed to be constant, not
directly related to changing parameters X, Y and Z.
The conditions of the container transportation process can be represented as a system
of restrictions [11]:
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For example, taking the payload of the Px container as Xj;, we see that Px min > 0,
since Px = 0 means the transportation of an empty container. It is obvious that the value of u
must be equal to the minimum value of the shipment (consignment of the given cargo qe)
transported in the given (i-th) type of container. It can be determined by the terms of delivery,
technological standards, the value of the volumetric mass of the cargo y and the useful
internal volume of the container, etc., and must comply with

P, <R, (9)

K max

where R is in this case the actual loading of the freight container. The useful loading
of a container with products with the highest values of y cannot exceed a certain design limit
(carrying capacity P of a freight container — the maximum allowable weight of cargo in a
freight container).

Similarly, all restrictions on Yjy; are set. Their size, for example, Yj5; — wik. A
container fleet can consist of at least one type of container (yx =1), while Yjij max = Wk = 1.
The minimum value will be expressed as a fraction, and should be guided by considerations
of the desired calculation accuracy. For example, you can safely exclude from the calculation
all containers that are less than 1% in the park. Then Yy min = Wk min = 0.01. For enlarged
calculations, it can be assumed that yy i, = 0.05.

The penultimate restriction shows that, for example, transportation is allowed without
any packaging (for example, in bulk or in the form in which piece goods leave the
manufacturer's conveyor) or storage facilities are not required to be rebuilt, etc. In the last
restriction, S defines the most durable (expensive) packaging designed for the conditions of
transportation for export. The value of S determines the existing (or prospective) containers
and packaging. Thus, the objective function (7) expresses the total reduced operating and
construction costs for container transportation of a given mass of the e-th cargo (Q.) with
various combinations of containers with different parameters and other technical means (Xj;;,
Yiii, Zie) as part of their complex, which is the material base of the container transport system
(taking into account the restrictions imposed on the parameters X, Y and 7).

Conclusions. 1. The interest of Ukrainian grain exporters in the delivery of grain
cargoes in batches in containers to ports for transportation by sea is due to increased global
demand for grain, the structure of demand and the situation with container transportation.

2. The choice of the optimal variant of the technical complex of container
transportation, in the general case, consisting of six types (elements), each of which includes
m types of technical means, k ways of organizing work and u types of cargo, can be
performed using an optimization linear mathematical model. The objective function is the
total reduced costs associated with the functioning of the technical complex of the container
transport system. This takes into account the system of restrictions imposed on the model
variables by the conditions of the container transportation process. A methodology for
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adjusting the payload of containers is proposed for the case when the type and structure of the
container fleet do not correspond to custom delivery lots in terms of weight or volume.
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Kpemenuyyokuii nayionanvnuii ynisepcumem imeni Muxaiina Ocmpoepaocvkoeo, Kpemenuyyvk, Yrpaina
Moaeab ONTUMAJIBHOIO CKJIAJY OCHOBHUX TeXHIYHUX 32C00iB KOHTEIHEPHOI

TPAHCIOPTHO-TEXHOJIOTIYHOI CHCTEeMH

Metoro craTrTi € po3poOKa MaTeMaTHYHOI MOJENi, W0 Iepeadadae IpOIEeAypy ONTUMI3allii, 3a
JIOTIOMOTOI0 SIKO1 MOXKYTh OYTH BH3Ha4YeHI €(pEKTHBHI THITH TEXHIYHMX 3ac00iB 1 iX KITBKICTB 1 CTPYKTypa MapKy,
HEOOXITHUX My 3MIMCHEHHS KOHTCHHEPHHUX IIEPEBE3€Hb, B TOMY YHCII KOHTEHHEpiB, IS KOPHUTYBAaHHS
KOPHCHOTO HaBaHTA)KEHHS KOHTEHHEPIB.

TexHiuHi 3ac00M KOHTEHHEPHOT TPAHCIIOPTHOT CHCTEMH BHIIJICH] B IIIiICTh OCHOBHHUX BHUJIIB (€IEMEHTIB),
SKi YTBOPIOIOTb €JMHHUH TEXHIYHMH KOMIUIEKC. [IpH KOHKpETHHX pO3paxyHKax BH3HAuY€HHs paliOHaJIbHOIO
TUIaXY 1 HapaMeTpiB KOHTEHHEpIiB, a TAKOXK CTPYKTYpH iX MapkKy Ajsi TOCTaBKH BaHTaxy (BaHTaXIB) CIiJ
BPaxoOBYBaTH, YU BIJIOBIJA€ TUMAX 1 CTPYKTypa MapKy KOHTEHHEPIB IO MPUHMAETHCS BEIMYMHAM MOTPIOHHX
(3aMOBHHMX) MapTii JOCTAaBKM MPOJYKIIl i BHOCUTH BIAINOBIJHI ITONPAaBKH 3HAYEHb KOPHUCHOTO HABaHTa)KEHHS
KOHTeHHepa. s BupimeHHS JaHOi 3a1adi 3acTOCOBAaHA EKOHOMIKO-MaTeMaTH4YHAa MOJENb TEXHIYHOTO
KOMIUIEKCY KOHTEHHEPHHUX IepeBe3eHb. [ mpolecy KOHTEHHEpHUX MepeBe3eHb BUIIJICHA CUCTEMa 0OMEXEHb
MaTEeMaTUYHOI MOJENi, IO BPaxOBY€ yMOBH IbOTO mporecy. KpuTepiem e(peKTHBHOCTI BapiaHTy BHOOPY
(WiTFOBOIO  (PYHKITIEF0 MATEeMAaTHYHOI MOJIEN) BHCTYIIA€ 3HAYEHHS CYKYIMHUX IPUBEACHUX BHUTpAT TpU iX
MiHiMi3a1il. BunineHo YWHHWKY, 010 BH3HAYAIOTH MUTOMI MPUBEICHI BUTPATH IPU TMEpEeBE3CHHI BaHTaXIB 3
3alaHIMH XapaKTEePUCTHKAaMH B KOHTEHHepaxX 3 pi3HIMH MapaMeTpaMu. 3alporOHOBAaHUH MiIXi1 3aCTOCOBAHHHA
JUTS BUIMTAJKY HEBINIOBITHOCTI TUIAXY 1 CTPYKTYpH MapKy KOHTEHHEPIiB pEKOMEHAOBAHUM IapTisM ITOCTABKH 3a
Macoro abo 06'eMOM i 3aIPOIIOHOBaHA METOMKA KOPUT'YBaHHS KOPHCHOTO HAaBAaHTAXCHHS KOHTEHHEPIB.

PosrisiyTo nepenymoBu (opmyBaHHS Ta (YHKI[IOHYBAaHHS €KOHOMIYHO e(eKTHBHUX KOHTEHHEPHHUX
BaHTKHUX MEPEBE3CHb B YKpaiHi 3 BUKOPUCTAHHSAM aBTOMOOIIBHOTO TpaHcmopty. it BUOOPY paiioHaIbHOro
TUIIAXY 1 MapamMerpiB OCHOBHMUX TEXHIYHMX 3aC00IB KOHTEWHEPHOI TPAaHCHOPTHOI CHUCTEMH Ta iX MOEJHAHBb
(CTpyKTypu MapkKiB) 3aCTOCOBAaHUM CHCTEMHHMU MiJXiJ, SKHH CYIPOBOKYETHCS KOMIUIGKCHUMH TEXHIKO-
E€KOHOMIYHUMH po3paxyHKamu. IIpencTaBiseTbesi MEpCIEKTUBHOIO PO3poOKa MO JaHili MOAENl auropurMmy i
MpOrpaMH JJIsl ONITUMI3aLlil CKJlaly KOHTEHHEPHOT TPaHCIIOPTHO-TEXHOJIOTIYHOI CHCTEMH.
TPAHCIOPTHO-TEXHOJIOTiYHA CHCTeMa, KOHTeiiHep, MojeJb, ONTUMi3aliss, BUTPATH, IepeBe3eHHs,
TeXHiYHMi 3acid
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Oco0aMBOCTI MUTHOTO O(DOPMIIEHHSI MUTHUX TIPOLIEAYP

VY craTTi y BIHCHKOBHIA Yac Npe/ICTaBICHI CIIOCOOM MUTHOTO O(OPMIICHHS TOBapiB. 3aBAaHHAMH OOJIKY
peaizanii eKCIIOPTHUX, IMIIOPTHUX TOBApiB Ta pPO3paxyHKIB 3 1HO3EMHHUMH MOKYIILSIMH €: KOHTPOJIb 32 PyXOM
TOBapiB; MOCTiI{HE CIIOCTEPEKEHHS 38 CBOEYACHUM YKJIQJIAHHSM Ta BUKOHAHHSIM YMOB 30BHIIIHBOTOPTOBEJIEHUX
KOHTPAKTIB; KOHTPOJIb 3a MPABUIEHIM MUTHUM O(GOPMIIEHHSIM €KCIOPTHHUX ONepaliii; BASHAYEeHHs TOUUILHOCTI
CaMOCTIfHOrO MUTHOTO O(OPMIIEHHS EKCIIOPTY Ta IMIIOPTY TOBAPiB MiAIPHEMCTBOM-EKCIIOPTEPOM.
€KCIOPT, iMIOPT, 30BHIIIHbOCKOHOMIYHA AiAIBHICTH MUTHI onepanii, MUTHI pouexypu
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