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CHOOSING THE LOGISTICS CHAIN STRUCTURE FOR DELIVERIES
OF BULK LOADS: CASE STUDY OF THE REPUBLIC KAZAKHSTAN

Purpose. The paper aims to develop the methodology for choosing the best available structure of a logistics chain for deliveries
of bulk cargoes.

Methodology. The systematic approach is used to formalize the problem of choosing the optimal structure of a logistics chain:
the total expenses are used to define the goal function, alternative logistics chain structures and numeric parameters of the request
flow (the delivery distance and the consignment weight) are defined as control variables, and the random variables representing
technological parameters of servicing processes are used to consider the influence of the environment on the logistics chain. The
mathematical model defines the functional dependence of the total expenses on the entities within the delivery chain on the re-
quest flow parameters for two alternative structures: the delivery with transshipment in one freight terminal and the delivery
through two terminals. By using functional analysis, we define the ranges of the request flow parameters where the use of a given
logistics chain structure is characterized by minimal total expenses.

Findings. The experimental studies conducted considering two alternative logistics chain structures have shown that the better
solution varies depending on the values of the request parameters. It allowed us to state that the ranges of the numeric parameters
of the request flow may be defined to substantiate the optimal logistics chain structure for deliveries of bulk loads.

Originality. The dependencies of the total logistics expenses on the delivery distance and the consignment weight as the param-
eters of the flow of requests for bulk cargo transportation have been defined in the paper for the first time.

Practical value. The proposed methodological approach can be used by freight forwarders to substantiate the best option out of
available alternative structures of a logistics chain for deliveries of loads with the given delivery distance and the consignment weight.

Keywords: logistics chain structure, freight forwarding, total logistics expenses, a flow of requests

Introduction. Bulk cargo transportation for countries with a
developed mining and agricultural industry is the most massive
type of transportation. Ensuring a continuous flow of goods
with the lowest transportation costs while meeting the main cri-
teria for the delivery quality (delivery time and safety of goods)
is the main task for transport and forwarding companies.

Today, for most post-socialist transition economies, the
use of agriculture is widely recognized as a promising develop-
ment strategy for the state. In recent years, the economic de-
velopment of Kazakhstan has been associated with agricultural
enterprises as one of the key sectors. The share of the agricul-
tural sector in the country’s economy in 2019 amounted to
4.5% of GDP [1]. Agricultural land covers more than
846 000 km? and comprises 205,000 km? of arable land and
611 000 km? of pastures and hayfields. More than 80 % of the
total area of the country is agricultural land.

The current stage of development of the agricultural in-
dustrial complex is characterized by the desire to maximize the
conjugation of logistics operations by all participants in the
supply chains. Typically, agriculture has a complex supply
chain structure that, from collection and transportation to
storage and distribution, must be well structured and opti-
mized. As constraints in optimization, it is necessary to con-
sider the time constraints for planting, harvesting, and trans-
port operations related to seasonality. Besides, manufacturing,
processing, packaging, warehousing, and transportation are
inextricably linked to management, control, information, and
capital.

The promptness and timeliness of the supply of agricul-
tural products are some of the most important issues related to
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the conditions and timing of shipment, on the one hand, and
the constant and massive demand for products, on the other.
The main problem here lies in considering the stochastic pa-
rameters of the demand for daily supplies. As an example, in
the research [2], the supply chain of a company, facing de-
mand disruptions, is considered as a case study. For this pur-
pose, a multi-stage stochastic integer programming model is
proposed and solved using a customized progressive hedging
algorithm. Moreover, the effect of uncertainty on the supply
chain performance is measured using the value of the stochas-
tic solution and the expected value of perfect information met-
rics. Another significant problem arising in the process of or-
ganizing deliveries of bulk cargo is the choice of the optimal
logistics chain (LC). In this case, the optimal solution should
be substantiated based on the predefined set of alternative LC
structures. The choice of the delivery scheme that ensures the
minimum total costs of the logistics chain entities is proposed
in the paper [3]. The author considers four alternative LC
structures for deliveries by road transport and proposes the
methodology of calculating the total expenses within the logis-
tics chain. The methodology for the calculation of the total
expense given in [3] is also used in the current paper for the
substantiation of the optimal solution regarding the choice of
the LC structure for deliveries of bulk loads.

Literature review. Recently, Green Supply Chain Manage-
ment (GSCM) has become one of the most important ap-
proaches in the supply chain. GSCM is characterized by faster
delivery, shorter waiting times, and improved quality and envi-
ronmental performance. The research [4] describes a GSCM
assessment model for the distribution of agricultural products
in cities. The timeliness of the supply of agricultural products
affecting food security is assessed as a complex phenomenon
with climatic, economic, and infrastructural aspects. To con-
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sider the influence of seasonality and regional distribution net-
works on the efficiency of agricultural supplies, the Food Dis-
tributed Extendable Complementarity model was developed
by the authors of the paper [5], which describes a combination
of agricultural and transport systems.

Emergency supplies of fresh agricultural produce are criti-
cal to supporting residents in the face of large-scale epidemics
such as the COVID-19 pandemic. Various optimization mod-
els, considering the growing demand and limited transport
resources, are developed to jointly determine the parameters
of the processes of optimal planning, packaging, vehicle as-
signments, and delivery routes. Another area of research is the
construction of a network structure of the supply chain, con-
sidering the labour constraints that arise during the transpor-
tation cycle. To study the driving forces of a sustainable supply
chain in order to eliminate disruptions in it during a pandem-
ic, various authors propose methodologies based on Pareto
analysis, fuzzy theory, total interpretive structural modelling,
and methods of multiplication by matrix criteria for assess-
ment and classification. Building on current experiences with
the COVID-19 pandemic, various studies highlight the need
to promote marketing channels that generate income for farm-
ers while facilitating consumer access to agri-food products
when the main distribution channels are not serving them. The
work [6] is devoted to the issues of reducing the amount of
food transported from agricultural land and expanding urban
agriculture. The paper [7] aims to develop an appropriate agri-
cultural products logistics scheme that is sustainable and ad-
dresses the identified challenges considering the necessity of
freight villages. In coordination with the freight villages, two
other transformations are proposed, i.e., farmers’ co-ops and
supermarkets or chain stores.

Hundreds of millions of agricultural products are lost an-
nually during transportation. The optimal location of the
transportation network node is of great practical importance
for increasing the efficiency of transportation and ensuring the
freshness of agricultural products. A pure hierarchical hub and
spoke transport network is used to simulate the transport of
agricultural products; a genetic algorithm with two levels of
chromosome coding is applied to select the optimal nodes that
guarantee on-time delivery. Exploring a network model of a
lean supply chain based on the elimination of nodes suggests
that a large number and variety of nodes are the main causes of
structural complexity. The paper [8] proposes a description
rule and an evolutionary algorithm of a dumbbell-shaped
multi-echelon supply chain complex network based on node
degree preference and the connection preferences of competi-
tive advantage coefficient.

Nowadays, with hundreds of millions of tons of agricul-
tural products sold annually around the world, it is imperative
to ensure that the products supplied are safe, of satisfactory
quality, and supplied in the required quantities. Trends like
globalization, shorter product life cycles, and cost reduction
strategies in the global business environment have exposed
many supply chains to various risks. Based on the current situ-
ation of China’s agricultural supermarket supply chain devel-
opment, the paper [9] make an in-depth study on the supply
chain risk of agricultural products of large retail enterprises
under the mode of “agricultural supermarket docking”, and
then introduces the agricultural supermarket docking supply
chain under the big data environment. In the paper [10], its
authors propose a new model for supply chain risk propaga-
tion considering herd mentality and risk preference under
warning information on multiplex networks, in which one
layer is used to denote the risk propagation and the other one
represents the warning information propagation network. The
context of the sustainable supply chain is progressively getting
attention among supply chain managers due to its competitive
advantage in firms’ performance. Increasing supply chain
complexity is argued as one of the biggest risks in achieving the
organizational goal with an adverse impact on operational ef-

ficiency, cost, profitability, on-time delivery, and customer
satisfaction. Finally, the paper [ 11] suggests carefully designing
measures to improve transportation technical efficiency ac-
cording to regional economic development orientations.

The growth of the productive sector has driven the evolu-
tion of supply chains into highly complex, dynamic, and con-
current systems. Consequently, emerging structures have been
developed through the integration of advances in information
and hardware technologies to increase effectiveness and effi-
ciency, as Industry 4.0 [12]. The authors discuss the specifics
of production planning and supply chain management under
the conditions of Industry 4.0. The authors determine region-
al models of planning of production and supply chain manage-
ment that exist in the modern global economy — the European
and American model, the Asian model, and the Eurasian
model (Kazakhstan, Georgia). The necessity for creating a
new framework model of production planning and supply
chain management under the conditions of Industry 4.0 is
substantiated, and practical recommendations for adapting
this model to the specifics of regions of the world are offered.

The circulation efficiency of the fresh agricultural product
supply chain is greatly influenced by the purchasing power of
end consumers. In the paper [13], a method to coordinate a
fresh agricultural product supply chain with the consideration
of strategic consumer behavior is proposed. The objective of
the paper [14] is to present the general idea of implementing a
fourth-party logistics service provider into a transportation
(planning) process, to clarify the different functions of the par-
ticipating parties, and to introduce the modified transporta-
tion planning process as an artifact. The research [15] under-
takes the study on an integrated production-inventory and
pricing decision problem for a single manufacturer-multiple
buyer supply chain where each buyer faces price-dependent
demand. Associated problems, formulated as mixed-integer
non-linear programming problems, are computationally very
hard, and thus evolutionary heuristics as genetic algorithm
and teaching-learning based optimization are proposed.

When planning the distribution of agricultural goods,
strict timing must be in place to ensure that safe, fresh, and
high-quality product is delivered to customers. In the paper
[16], 14 causes of food loss and waste in fruit and vegetable
supply chains were identified and divided into seven levels of
influence, by the Interpretive Structural Modelling methodol-
ogy, showing that the logistic related causes have a major in-
fluence on the others.

The optimization problem of marketing planning for agri-
cultural products based on the degree of maturity was built in
[17] based on the ant colony algorithm. The study [18] de-
scribes the closed-loop supply chain that consists of a manu-
facturer and a distributing center that are producing and dis-
tributing a deteriorating product to customers. The deteriorat-
ing products are collected from the distribution center and
made available by the producer. This closed-loop supply
chain, which consists of four main sub-systems, is simulated
using the system dynamics. The relevant mixed-integer linear
programming models are being developed to make supplier
selection, location-allocation, transportation mode, assembly
technology, and recovery level decisions. Given that the stra-
tegic and tactical decisions in a closed-loop supply chain are
largely influenced by uncertainties, finding robust solutions is
of great importance. In the paper [19], its authors present the
models and the respective solution methods for supply chain
network design that not only integrate the location-transpor-
tation and inventory problems but also consider the imple-
mentation of coordinated inventory control in the network.
The problems of organizing freight transport processes in the
Republic of Kazakhstan (but not including deliveries of bulk
or agricultural cargoes) were considered and solved by the au-
thors in the papers [20, 21].

Unsolved aspects of the problem. The completed review of
the existing approaches to improving the efficiency of the bulk
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transportation processes allows us to highlight the following
disadvantages:

- most of the developed methods do not consider the sto-
chastic nature of the demand for deliveries;

- the existing optimization approaches are focused on the
separated technological processes (loading operations, trans-
port, or warehousing processes);

- the optimization techniques used to enhance the pro-
cesses within supply chains do not usually consider the struc-
ture of the delivery system.

In this paper, we contribute to the direction of increasing
the efficiency of bulk cargo transportation. We aim to fill the
gap in the existing methodology for the substantiation of the
LC structure concerning deliveries of bulk loads on a mass
scale (by considering the example of the transportation of the
agricultural products).

Purpose. The goal of this study is to develop a methodol-
ogy for choosing the optimal structure of a logistics chain for
deliveries of bulk loads based on a set of alternative structures.

The object of the research is the process of bulk cargo
transportation within the supply chain, and the subject is the
process of choosing the structure of the logistics chain out of
the set of alternative solutions. The substantiation of the opti-
mal LC structure is completed by an organizer of the delivery
(as a rule, by a freight forwarding company). For this, the for-
warding company defines the alternative variants for the given
parameters of the delivery request. Our study develops the
methodology serving as a tool supporting the forwarder in de-
ciding on the choice of the proper LC structure.

To achieve the goal of the study, we identify alternative
structures of the delivery schemes representing the logistics
chains for deliveries of bulk loads. Then, we describe the struc-
ture of the expenses for the LC entities and define the func-
tional dependencies of the total expenses on the key numeric
parameters representing the requests for deliveries. Finally, we
show the example of choosing the optimal LC structure for the
case of the delivery of agricultural loads in Kazakhstan.

Model of a delivery chain. The process of choosing the op-
timal supply chain structure can be presented as a cybernetic
model: a set of incoming parameters, in this case, should be
described by the basic numerical characteristics of a delivery
request — the consignment weight Q and the delivery distance
L [22]; the influence of environmental factors may be de-
scribed by the set of parameters {7} characterizing the techno-
logical processes of entities within the delivery chain (in the
mathematical model, these parameters are realizations of ran-
dom variables of the delivery speed, the time of specific tech-
nological operations, non-production vehicle downtime, and
so on). The result of the choice is such a structure LC,,,, for
which the value of the considered efficiency criterion is opti-
mal.

When solving problems at the macro-logistical level, it is
advisable to use the total costs of the entities that form the de-
livery chain as the efficiency criterion. In this case, the prob-
lem of choosing the optimal LC structure can be formalized,
as follows

LC,, = argnziCnET (LC),

where FEis the total costs of all entities participating within the
logistics chain with the given structure LC.

The total costs within the delivery chain are functionally
determined by a set of input parameters and the parameters
describing the influence of the external environment on the
logistics system

Er=f(LC, Q, L,{T}).

The mandatory elements of any delivery chain are the
freight owners — a consignor FO! and a consignee FO'!!. The
LC also contains at least one forwarder and one carrier. Freight
terminals may also be included as the elements of a complex
delivery chain with the participation of several carriers and

freight forwarders. A customs point should be considered in
the case of international delivery of goods, as a specific ele-
ment, whose presence determines the structure of expenses for
other participants in the supply chain. In general, the LC
structure can be formalized, as follows

LC={FO" {C},{FT}, {FF}, FO®},

where {C} is the set of carriers; {FT'} is the set of freight termi-
nals; and {FF} is the set of freight forwarding companies.

The choice of the optimal delivery chain structures should
be performed based on a set of alternatives. Let us define the
basic variants of the LC structures for deliveries of bulk cargoes.

For a given LC being an element of a logistics system, the
initial entity that generates the flow of requests for deliveries is
a freight owner (consignor), and the end entity is the other
freight owner (consignee). Physically, a carrier performs the
processing of the material flow. The organization of the mate-
rial flow processing is implemented by a freight forwarder us-
ing, if necessary, the resources of cargo terminals. As an orga-
nizer of the technological processes, a freight forwarder is an
element of LC, which concentrates information flows. Since
the freight owner, to fulfill their need in goods delivery, ad-
dresses the freight forwarder, the cash flow in the LC passes
initially from the owner to the freight forwarder, and then to
the other participants in the chain.

The freight terminal is involved in processing the material
flow in the LC!'"! variant of the logistics chain (1 7-type chain)
represented by a set of six basic elements

FFA, FTH FOU |

where CH! is a carrier in the consignor’s region ensuring the

delivery of freight to the terminal; Ci4 is a carrier in the con-
signor’s region that provides long-distance delivery; FT" is a
cargo terminal in the consignor’s region (region A).

After receiving the request from the freight owner, the
freight forwarder estimates the feasibility of transport of a
shipment with a freight terminal involved in the delivery chain.
If such a variant of the chain structure is economically feasi-
ble, then the forwarder searches for carriers for delivering car-
go to the terminal and for directly exporting the enlarged ship-
ment for delivery to the consignee. Four bilateral agreements
are signed after determining the parties of the shipment pro-
cess: between the forwarder and the shipper, between the for-
warder and the regional carrier, between the forwarder and the
freight terminal, and between the forwarder and the carrier
that implements the long-distance delivery. Of the funds that
are received by the freight forwarder from the freight owner,
the forwarder pays for the services of carriers and the freight
terminal. This variant of the LC is usually used when a con-
signment is delivered to the terminal by automobile transport,
consolidation of shipments by directions, and subsequent de-
livery by the main transport (e.g., by the rail carrier). It is also
possible that the freight terminal organizes the export of the
enlarged shipment, implementing the functions of a forwarder
at the transport services market.

A more common option for bulk cargo delivery with the
participation of long-distance transport is the variant of a de-
livery chain structure with two freight terminals involved.

The two-terminal LC variant LC?1 (2 T-type chain) is the
following set of elements

L _ FO,cH) Al FRIA AL
FF[B],C[B],FT[B],FO[B] 5

where FF!8! is the freight forwarder in the consignee’s region
(region B); FT'?is a cargo terminal in the region B.

In this case, the freight owner declares their need to deliver
a consignment. The freight forwarder, having received the re-
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quest, concludes that of the many alternative options for the
logistics chain structure, the option with two cargo terminals
will be the most effective one. After that, the freight forwarder
determines the regional carrier for e delivery of the shipment
from the shipper to the terminal, concludes an agreement with
the terminal and the main carrier, and then also sends a request
for the delivery of the shipment to a foreign partner forwarder.
The partner forwarder organizes the delivery of the consign-
ment from a terminal in his region to the consignee. For this, it
determines the regional carrier and enters into an agreement
with the terminal. For this LC variant, the following agree-
ments are signed: in the consignor region — between the freight
forwarder and the cargo owner, between the forwarder and the
regional carrier, between the forwarder and the cargo terminal
in the sender’s region, and between the forwarder and the in-
ternational carrier; in the consignee’s region — between the
forwarder and the cargo terminal in the recipient region, be-
tween the forwarder and the regional carrier; also, a contract is
concluded between the two forwarders. The freight forwarder
in the sender’s region from the remuneration received from the
freight owner pays for the services of regional and international
carriers, the terminal in their region, as well as the partner for-
warder services. The freight forwarder in the recipient’s region
pays for the services of the terminal and the carrier in their re-
gion from the funds that are received from the first freight for-
warder. It is also possible that the terminal pays the carrier’s
services in the sender’s region, and the carrier’s services for
delivering the consignment to the consignee are paid by the
freight terminal in the recipient’s region.

As for the defined efficiency criterion, its main partials are
the expenses of the corresponding entities participating in the
delivery process. Below we present the structure of expenses
defined in the paper [3].

Possible cost items for a freight forwarding company as an
organizer of the delivery process within the logistics chain are
the following:

- costs of finding a client;

- costs associated with the preparation of documentation for
the delivery of a consignment from a consignor to a consignee;

- costs of finding the partner organizations — a carrier, part-
ner forwarder (if appropriate), 3PL-provider (if appropriate);

- costs of the organization and implementation of loading
and unloading procedures;

- costs of the services provided by carriers;

- expenses for payment of the 3PL-provider (providers)
services;

- customs payments;

- tax deductions.

The main items of costs for a freight owner are the fol-
lowing:

- costs of forming a transport package;

- losses due to freezing of funds that constitutes the ship-
ment value;

- payment for the services of forwarders.

The carrier, providing the process of transportation of a
consignment, is characterized by the following cost items:

- direct costs of delivery operations;

- costs of idle time under loading and unloading;

- costs of idle time in the customs point;

- tax deductions.

Freight terminals, performing the main function of con-
solidation and disaggregation of consignments, are character-
ized by the following costs:

- costs of transshipment (unloading and loading);

- costs of the formation and disbandment of transport
packages;

- costs of interim storage operations;

- tax deductions.

We obtain the sum of the costs for the elements of the
chain while considering the efficiency criterion at the aggre-
gate level of a logistics chain

1T] _ A A A A A B].
BN B+ B B B BB ()

2T A A A A A B B B
BRI = B+ B+ A+ B+ W+ EP BB+ B, )

where E ZTC and E ng are the total costs for 1 7- and 2 7-variants
of the LC structure.

The functional dependence of the effectiveness criterion
on the parameters of the flow of requests for cargo deliveries is
substantiated in the paper [3] based on the presented method-
ology for calculating the total expenses. To substantiate this,
the costs of LC elements were defined as a function of the re-
quest flow parameters to present the costs of the j" participant

for servicing of the ith request in the form E[Tf I=f (Qi, L‘).

]

For the considered LC structures for deliveries of bulk
loads, the total costs of all the participants of the delivery pro-
cess given by equations (1, 2), while considering the resulting
functional dependencies, take the following form

EM =al +aify-Q*+alf, -Q-L+ay -0+
+(a[LA1 A4 gl ~L[B])+Q~<a[Q"2] DAt gl .L[B]);
EPN =a}" +all-Q*+a}] -Q-L+al -0+

+(aILA”~L'A”+a[LA2'-LW1+alLBJ~]JB1)+ 4)

+0- (a1 D+ g2 4214 glf). ),

)

where af, ay, ab;, aj, and af are the coefficients of the
functional dependency of the total costs on the request param-
eters for the j# LC structure; LW, L1421 141 and L% are the
delivery distances covered by carriers in the sender region
(LM L2 or L) and in the recipient region (L!81).

It should be noted that the delivery distance that is covered
by various carriers for the considered LC variants is deter-
mined based on the parameter L. Thus, for the considered 17-
and 2 T-structures, the following conditions are fulfilled

L= I8,
L= [A 4 142, 181

As can be seen from (3, 4), the total costs of entities within
a delivery chain quadratically depend on the consignment
weight and the delivery distance. If in the considered range of
the request parameter, there is a point of intersection of a pair
of functions from (3, 4), then there exist areas of preferred use
of the corresponding LC structures [3].

Results of experimental studies. Experimental studies were
conducted based on the Joint Stock Company PlodEx (Almaty,
Kazakhstan). The company’s specialization is the distribution of
agricultural loads at the national and international levels. Con-
sidering the company’s tariffs and average indicators of the
freight transportation market of Kazakhstan, we have evaluated
the coefficients of the dependencies (3) and (4). The results of
the evaluation are presented in Table for each of the alternative
LC structures. The values of the coefficients are presented in Ka-
zakhstani tenge (KZT) — the national currency of Kazakhstan.

By using the obtained numeric values of the coefficients
defining functional dependencies for the evaluation of the ef-
ficiency criterion, the values of the total expenses were defined
for both types of the delivery chain structure for the following
ranges of the demand parameters:

- the delivery distance values were considered in the range
between 100 and 1500 km with the step in 200 km;

- the consignment weight values were varied in the range
between 10 to 80 tons with the step of 10 tons.

As a result, the matrices of the efficiency criterion for the
considered LC structures were obtained. The graphical repre-
sentation of the total expenses dataset for the 17-structure of
the delivery chain is shown in Fig. 1.

If the value of one of the demand parameters is fixed, the
functions of the total expenses may intersect in the considered
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Table
Initial data for numeric simulations

LC structure
Parameter value
1T 2T
ay, [KZT] 127 500 130 000
ag, [KZT/ton?| 35 2.5
agr, |[KZT/ton-km] 0.2 0.075
ag, [KZT/ton] 15 10
aAl) [KZT/km] 0.5 0.5
a?, [KZT/km] 0.5 0.5
a®l, [KZT/km] 0.5 0.6
al"l, [KZT/ton-km] 0.05 0.04
al?, [KZT/ton-km] 0.05 0.035
agy), [KZT/ton-km] 0.06 0.065
Efﬁcigncy
criterion

[KZT] /

188000 (

178000

168000

158000
148000
138000

128000 - / 400
Delivery

1020\/
30 40 50 60 100 distance

Consignment 70 km
weight [tons] 80 fln]

Fig. 1. Dependence of the total expenses on the request param-
eters for 1 T-structure of the logistics chain

range of the other demand parameter. Such examples are
shown in Fig. 2 (for the consignment weight) and Fig. 3 (for
the delivery distance): the functions representing the efficiency
criterion intersect at the point of 32.88 tons if the delivery dis-
tance is fixed at the value of 300 km, and the functions inter-
sect at the point of 792 km for the fixed consignment weight of
20 tons. That allows us to define the areas of preferred use of
the considered LC structures: e.g., 17-structure is the pre-
ferred variant for the values of the consignment weight up to
32.88 tons at the case presented in Fig. 2, and this LC structure
is the preferred choice if the delivery distance is less than
792 km for the example in Fig. 3.

Conclusions. The proposed methodology for evaluating
the efficiency of the alternative delivery chain structures allows
for considering the stochastic nature of the cargo delivery pro-
cess by presenting the parameters of demand and technologi-
cal indicators as random variables. In practice, the simulation
of the delivery technological processes should be performed to
choose the best option for the LC structure. However, the pro-
posed methodology allows decision-makers to avoid simula-
tion routines by choosing the best option for the given numer-
ic characteristics of demand parameters.

Functional analysis of influence of the demand parameters
on the delivery chain efficiency showed that, for the consid-
ered structures, the total expenses quadratically depend on the
consignment weight and linearly — on the delivery distance.

160000
—&— 1T

—— 2T
155000

150000

145000

140000

Efficiency criterion [KZT]

135000

130000 §
L

125000

Consignment weight [tons]

Fig. 2. Dependence of the total expenses on the consignment
weight (delivery distance is 300 km)

138000
= IT

< 2T
137000

136000
135000
134000

133000

Efficiency criterion [KZT]

132000
131000
130000

129000 - S -
100 300 500 700 900 1100 1300 1500

Delivery distance [km]

Fig. 3. Dependence of the total expenses on the delivery distance
(the consignment weight is 20 tons)

The presented example of the assessment of the areas of the
preferrable use for the considered LC structures shows that the
1T-structure is the optimal solution for smaller values of the
consignment weight and the delivery distance.

As the directions of future research on the topic, the for-
mation of the wider set of alternative LC structures for the de-
liveries of bulk loads and justification of the areas of their effi-
cient use should be mentioned. The presented numeric results
are case-sensitive and refer to freight deliveries by road trans-
port within the bound of Kazakhstan, which means that ad-
ditional experimental studies are needed to prove the obtained
regularities.
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Merta. CtaTTs cripssMOBaHa Ha pO3pO0OKY METOI0JIOTIT BU-
0opy HaliKpanioi TOCTYMHOI CTPYKTYPU JIOTICTUYHOTO JIaH-
LIoTa ISl TOCTaBKU HACUITHUX BAaHTaXiB.

Metoauka. CrcTeMHUI MinXil BUKOPUCTOBYETHCS [JIsI
dopmMmaiizaliii 3aga4i BUOOPY ONTUMAJILHOI CTPYKTYPH JIOTIiC-
TUYHOTO JIAHIIIOTa: 32 CYMapHUMM BUTPaTaMy BU3HAYAETHCS
LiyboBa (PYHKIIiS, aIbTEPHATUBHI CTPYKTYPHU JIOTICTUYHOTO
JIaHLIoTa i YMCeJIbHI MapaMeTpy MOTOKY 3asBOK (BilCTaHb
JIOCTaBKM Ta Bara napTil BaHTaXy) BM3HA4yeHi SIK Kepyiooui
3MiHHi, a BUMAAKOBI 3MiHHi, 1110 MPEICTaBISIOTh TEXHOIO0-
riYHi mapaMeTpu MPoLEeCiB 00CTYroByBaHHSI, BAKOPUCTOBY-
I0ThCS JIJII BpaXyBaHHS BIUTMBY HaBKOJUIIIHBOTO CEPEIOBH-
1112 Ha JIOTiICTUYHMI JJaHIlor. MaTteMaThuyHa MoJeIb BU3HA-
yae GyHKIIOHATbHY 3aJIeXKHICTh CYMAapHUX BUTPAT Cy0’€KTiB
y JIaHIIOTY JOCTaBKM Bill MapaMeTpiB IMOTOKY 3asiBOK JJIs
NBOX aJTbTePHATUBHMX CTPYKTYP: TOCTABKa 3 MEPEeBAJIKOIO B
OJHOMY BaHTaXKHOMY TepMiHaJi i JOCTaBKa 3a y4acTi JIBOX
tepMiHaiB. Ha mifgcTaBi ¢pyHKIIIOHATBHOTO aHaAIi3y MU BU-
3HAYAEMO JIialla30HU MapaMeTpiB MOTOKY 3asiBOK, JUISI IKMX
BUKOPUCTaHHS KOHKPETHOI CTPYKTYpPHU JIOTICTUYHOTO JIaH-
1LI}0Ta XapaKTepU3y€EThCSl MiHIMaTbHUMU CyMapHUMM BUTpa-
TaMU.

Pesyabratn. ExcriepyMeHTalbHi JOCTIIKEHHS, MPOBE-
JIeHi 3 ypaXyBaHHSIM IBOX aJbTePHATUBHUX CTPYKTYp JIOTiC-
TUYHOTO JIAHIIIOTa, MOKa3alu, 110 ONTUMAaJIbHE PillleHHs Ba-
PIIOETBCS B 3aJIeXKHOCTI Bill 3HauYeHb MapaMeTpiB 3asiBOK.
OTtpuMaHi pe3yJibTaTu JT03BOJISIOTh CTBEPIKYBATH, 11O Jia-
MMa30HM YMCJIOBUX MAapaMeTpPiB MOTOKY 3assBOK MOXYTb OYTH
BU3HAYEHi 111 OOIPYHTYBaHHS ONTHUMAJIbHOI CTPYKTYPHU JIO-
TiCTUYHOTO JIAHIIIOTA IOCTaBKY CUITYyYMX BaHTaXiB.

HaykoBa HoBHM3HA. Y po0OTi BIiepilie BCTAHOBJICH] 3aJleX-
HOCTI 3arajbHUX JOTiICTUMHUX BUTPAT BiJl AAJIbHOCTI JOCTaB-
KU Ta Baru naprii sIK mapaMeTpiB MOTOKY 3asiBOK Ha repeBe-
3¢HHST HACUITHMX BaHTaXiB.

IIpakTiyHa 3HAYMMICTB. 3arPONIOHOBAHUI METOAMYHUIA
Miaxia Moxe OyTM BUKOPUCTAHUU €KCIEeAUTOpaMU ISt 00-
IPYHTYBaHHSI ONTUMAaJbHOTO BapiaHTy cepel HasiBHUX ajib-
TEPHATUBHUX CTPYKTYP JIOTICTUUHOTO JIAHIIIOTa JIJIsT TOCTaB-
KM BaHTaXiB i3 3aJaHUMM BiICTAHHIO TOCTaBKM Ta Baroro
MapTil BAHTaXYy.

KurouoBi coBa: cmpykmypa aoeicmuunoeo aanyrea, exc-
neoupyeanHs 6aHmMaxicie, CyMapHi 102ICMuYHi umpamiu, NOMixK
3a560K
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