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Competition in the field of logistics and individual transport services requires the constant analysis of logistics 
chains and their individual links. Given analysis enables implementation of new approaches to logistics companies 
and networks trade marketing in the offtake of certain types of goods. Industrial and commercial enterprises have to 
expand their trade and economic relations with other regions with the aim to provide the necessary sales volumes 
in the domestic market of regions and to go beyond it. Integration of the country's economy and the free trade policy 
orientation greatly simplify the task of establishing the free trade and economic relations between producers and 
consumers. However, there is a question of how quickly and efficiently; with minimal logistics costs, the goods at the 
right region of the customer should be delivered.

The experiment on a one-storey closed warehouse No 3 of Brovary "UVK Ukraine", where a process of the cross-
docking warehousing, with subsorting from a warehouse, has been conducted. The warehouse mainly works on trading 
networks. The loading of the warehouse has been performed with the input flow intensity within (12.3 ... 23.56 (t/h)). 
During the experiment, the number gain of loading and unloading machines (Electrostacks Reath Track OMG NEOS 
LAT 3.0) a pcs in the process of unloading, loading and moving consignments, has been examined. In addition, the 
increasing number of workers employed in non-mechanized forms of work, such as receiving and stacking cargo in 
the reception area (moving the relevant consignments to designated areas of the reception area and its arrangement), 
which in total is an increase of 4 employees in the technological process of the warehouse operation, has been 
investigated during the experiment. The growing of labor and mechanized resources makes it possible to better organize 
the work of the warehouse, reduce total costs and increase cargo output flow. Conducting the process of warehouse 
work optimization on the formed technology and corresponding labor and mechanized resources caused an increase of 
its efficiency. It has been found that the optimal values of intensity of the incoming cargo flow will be 17.93 (t/h); the 
number of employees engaged in non-mechanized labor - 12 workers, and loading and unloading machines - 3 (pcs). 
Under such conditions, the warehouse functioning according to the desirability level will reach value 0.792. In this case, 
the cost value of warehouse work is 181.07 US$/h and cargo output flow intensity is 10.23 (t/h). Results of experimental 
studies have shown that implementation of the proposed method of increasing the efficiency of warehouse work, based 
on the company "UVK Ukraine" may, on average, achieve a total cost reduction of 17.2% and an increase in output flow 
by 34.6% and the input flow by 10.3%.
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countries, the logistics sector in its broadest sense is ranked 
as the third among the economic sectors. Underestimating 
the role of logistics as a factor of influence on the efficiency 
and competitiveness of the economy, worsens Ukraine’s 
position in international rankings. Thus, Ukraine in 2019 
in the World Bank’s Logistics Performance Index (LPI) is 
ranked 67 in the world, [1]. One should consider that the 
logistic component’s share in the gross domestic product 

1  Introduction

The current state of the logistics market development 
of any country, including Ukraine, depends on the level of 
its economy. The volume of services provided in the field 
of logistics directly depends on the activity level of their 
customers, the dynamics of production, domestic and 
foreign trade. For example, in the European Union (EU) 
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logistical and organizational problems associated with 
design and management of individual warehouses with 
different systems of their warehouse functions it is difficult 
to describe the wide range of issues and various options for 
solving them [10].

The warehouse logistics is a functionally important 
stage in warehouse operations and it has a direct impact 
on cost and performance in the supply chain [11-13]. 
Due to inefficient operation of the warehouse complex, 
freight and logistics companies may experience significant 
inconvenience associated with the expectation between 
arrival and shipment [14]. This, in turn, leads to unjustified 
costs for the company in the form of a delay fee (fine for 
delayed transportation and additional costs for keeping 
the truck driver in overtime) and delayed delivery of 
subsequent orders [15]. In addition, long idling trucks in 
queues is not environmentally sustainable as it increases the 
concentration of carbon dioxide [16-18], so it is advisable 
to organize transport and storage complexes with a 
standardized loading and a warehouse work efficiency. The 
main aim of transport and logistics centers is to minimize 
the cost of logistics centers operating and to reduce the 
cost of goods transportation [1, 19]. Implementation of the 
short-term strategies for realization of the cargo service 
functions in the transport and logistics complex will reduce 
logistics costs and increase the capacity of the warehouse 
[20]. The modeling approach and proposed warehouse 
scheduling rules are pre-developed and can be adopted by 
any enterprise.

Within the framework of forming an efficient TLS 
system, 3PL - TLC operators and cargo shippers have 
been considered and the quality of logistics services has 
been evaluated. Thus, the current state of the market can 
be determined: 41% of logistics is in a state of stagnation; 
30% - at the stage of formation and development; 18% - at 
the stage of formation; 1.8% - at the redistribution stage 
[21]. Consequently, customers and logistics providers seek 
to optimize costs, implement new technologies, improve 
the quality of logistics services and establish effective 
communication between customers and logistics providers 
to increase the loyalty level of the end consumers [22]. 
International companies in Ukraine suggest that imperfect 
legislation - 74%; corruption factor - 51%; customs work - 
59%; poor quality of infrastructure - 62%; lack of professional 
staff - 24%; market monopolization - 14% are the main 
obstacles in development of the TLS market. Ukrainian 
companies also gave to the factors of imperfect legislation 
and corruption factors the first place - 58 and 57%, then 
imperfect infrastructure - 49%, difficulties in customs 
work - 45%, problems with staff experience - 26%, and 
monopolization - 17%. Among the factors that can greatly 
influence the development of the TLS, experts point out to 
implementation of EU legal acts and regulations [1, 23-24].

Analysis of the complex interactions that occur between 
different components of the transport and logistics center is 
the main problem of warehouse work improving [25]. The 
basic condition is a uniform distribution associated with the 
loading and unloading work required for the flow of goods 

(GDP) is 11 - 16% in developed countries (in the EU and 
the United States - 13-17%, in China - 25%, in Japan - 7%). 
As for Ukraine, most experts relate the economy of the 
country to the level of the “third world” countries, in which 
logistics costs can reach 41% of the GDP. This figure in 
Ukraine ranges from 31 to 34%. At the same time, 69% of 
logistics costs accounted for transport (6.8 bln US$), 24% - 
for warehousing (2.3 bln US$) and about 6% - for logistics 
flow management (0.6 bln US$) [1-2]. Therefore, one of the 
main areas of the modern transport policy is transition to 
the transport logistics in the transport and logistics system 
(TLS). TLS allows to provide comprehensive services 
to consumers of transport services, to create conditions 
for the combined transport development, to reduce the 
environmental burden on the environment [3]. The TLS 
structure should consist of a set of interconnected elements 
interaction at the regional and local levels. Regional 
distribution centers, terminal complexes, transport and 
logistics centers (TLCs) are the main system elements of 
transport infrastructure objects [4].

The relevance of organization and increase of efficiency 
of the transport and logistics centers is significantly 
growing. This is evidenced by existence and creation of 
new large, modern companies that specialize in this type 
of cargo delivery organization. They compete with each 
other, offering customers better, more economical, faster 
and better ways of processing orders, both domestically 
and internationally. This necessitates the development of 
efficient warehouse technologies and the organization of 
warehouse operations and logistics management.

2  Literature review

Taking into consideration current trends in development 
of the logistics services, it can be stated that the TLC have 
become the basic elements of the cargo management and 
cargo flows [5]. In general, such centers play a coordinating 
and distributive role in cargo transportation. Introduction 
of the new modern technologies necessitates creation 
of a network of TLC infrastructural objects that perform 
functions of interaction between types of transport and 
organization of material distribution in the economic 
region [6]. They are the basic foundation of material flow 
management that provide interconnection with senders, 
consumers, carriers, etc.

Major trends, such as timeliness, containerization 
and e-commerce, lead to a steady increase in the volume 
of goods that have to be transported in accordance with 
regulated delivery schedules [7]. Supply chains in this case 
are formed in such a way as to use fully adaptive storage 
systems as one of the main components of the transportation 
process [8]. The baggage handling at airports, mixed 
with inclined conveyor trays in the distribution centers 
of the postal industry, warehouses formation of retailers 
consignments through implementation of the e-commerce 
is an example of the most successful implementations of 
such warehouse complexes [9]. Because of the diverse 
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of material flow management and reducing the cost of 
operating the TLC in TLN. A one-storey closed warehouse 
No 3 of Brovary “UVK Ukraine” has been chosen for the 
experiment, where a process of cross-docking warehousing 
with subsorting from a warehouse, has been implemented. 
The total area of the warehouse is 1080 m2 and its height 
is 9 m. Type of storage: 4 tier shelve rack. The warehouse 
mainly works on trading networks. This warehouse is part 
of the TLS where goods can be transported as by road 
transport and by rail through the container platform of the 
TLS. The railway and highway connections are brought 
to the container platform. From the container platform 
the required containers have been sent to the warehouse 
reception area and, if it is necessary the completed 
containers from the warehouse departure area have been 
moved, to the TLC container platform and further transport 
is already formed.

The technological process of the studied warehouse 
complex TLC functioning has the following sequence of 
operations:
1)  Arrival of cargo to the warehouse: preparation of 

technical means for receiving cargo, documents, 
familiarization of warehouse workers with the 
unloading plan;

2)  Check of cargo packing integrity in the vehicle: 
fastenings and presence of appropriate seals and 
markings are checked, external damages are revealed;

3)  Unloading of cargo using the loading and unloading 
mechanisms (LUM);

4)  Cargo reception and stacking in the reception area: 
moving the respective consignments of cargo to 
the designated places of the reception area and its 
arrangement;

5)  Cargo reception by quantity and quality: opening of 
container, counting by quantity and verification of 
documentation, culling;

6)  Selection and transfer of cargo to the storage and 
completing area;

7)  Storage of cargo in a warehouse in two modes (1-2.5 
days, 2.5 and more);

8)  Completing and sending from the storage and reception 
areas: a consignment is formed for the relevant order, 
the quantity of the cargo and the type of container 
is determined, packaging and sealing is carried out, 
documents are being prepared;

9)  Moving the finished cargo unit to the departure area;
10)  Verification of cargo by quantity and compliance with 

documents;
11)  Loading of cargo into the vehicle and transfer of 

documents.
Determination of the effective work organization is 

carried out by setting a value - total costs, which form a 
plurality of values corresponding costs for each element of 
the process.

In the process of active experiment influence of factors 
has been investigated: X

1
 - the input flow intensity; X

2
 - 

the number of employees and X
3
 - the number of loading 

and unloading machines in the warehouse instead of 

within the logistics network. Its analysis is performed using 
the Petri nets and sensitivity functions as the discrete event 
modeling and simulation structures [25-27]. The warehouse 
modeling work is aimed at identifying the innovative aspect 
of using both graph theory and elements of sensitivity 
theory [28-31] and statistical optimization [32-33]. With 
help of mathematical tools to support the functional 
characteristics of warehouse systems, their strengths and 
weaknesses have been identified. However, that aspect 
makes it possible to implement individual storage units for 
various technological processes. Therefore, it is desirable 
to identify the critical factors in the local logistics chain 
in the warehouse and to propose solutions to improve its 
efficiency [34]. Use of the warehouse database processing 
methods is well suited to set the basic characteristics of 
individual warehouse units. At the same time, the main 
logistic processes, involving both labor and machinery 
should not be damaged [35-36]. It should be noted that 
direct modeling of cargo flows together with quantitative 
analysis made it possible to identify delays in the logistics 
chain and to determine indicators that will allow increasing 
the efficiency of the resource usage. The last one will 
increase the productivity of warehouse work [30, 37].

With significant growth of interest in the logistics 
enterprises efficiency, the need for transport and logistics 
centers arises even more, so adaptation and high efficiency 
of their work for the diverse needs of logistics agents 
is a priority at present [25]. Nevertheless, this requires 
efficient coordination of warehouse work and formation 
of the warehouse technological process with the minimum 
required number of operations for human and mechanized 
resources [32].

Properly organized technological process of the TLC 
operation should ensure: accurate and timely carrying 
out of quantitative and qualitative acceptance of goods; 
effective use of mechanization of loading-unloading and 
transport-warehouse works; consistent and rhythmic 
performance of warehouse operations, which contributes to 
the systematic loading of warehouse workers and creation 
of favorable working conditions; rational warehousing of 
goods ensuring maximum use of warehouse volumes and 
areas; safety of goods; clear organization of centralized 
delivery of goods.

The aim of this study was to develop a methodology 
for formation of the warehouse work rational technology 
organization and warehouse work optimization.

3  Materials and methods of determining the 
rational technology of service orders

The transport and technological process is an important 
part of the transport and logistics network (TLN). It must 
be implemented to successfully complete the entire range 
of work and reduce the cost of operations in the TLC. 
In addition, it must be based on advanced technology 
and advanced methods. Solution to this problem involves 
optimizing the production process for efficient organization 
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qualitative description of the object of study. This coefficient 
is calculated by the formula:

/R Y Y Y Y1 1
Y

zl
i i

i

N

i i
i

N
2

2

2

1

2

1

2

v
v

= - = - - -
= =

t re ^ ^h h o| | , (4)

where: 
,zl Y
2 2v v  - dispersion of regression residues, response, 

respectively
, ,Y Y Yi ir t  - actual, average, estimated value of the response.

The standard error that characterizes the standard 
deviation of the studied regression coefficients from the 
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where n - sample volume.
From a statistical point of view the regression 

coefficients evaluation is carried out by Student’s criterion. 
This compares the calculated value to the table at a given 
confidence level of 0.05 and the calculated average values 
of levels:
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where: 
b jr  - estimated regression coefficients, 
a  - probability 0.95,
 f - average value of level. 

With a significant regression coefficient, the Student’s 
test is greater than a tabular one.

The calculation of the marginal error of deviation has 
been established from the following calculations:

t S,j f tb br
jr$T = $a . (7)

The interval for each regression coefficient has been 
determined according to inequality:

b b bj j j j jr r r r rT T# #- + . (8)

Mathematical model fit to the experimental data, that 
is, its adequacy has been defined by Fisher’s criteria F. 
The calculation criterion should be greater than the table 
criterion:
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organizational and economic components of the warehouse 
activity. The testimonials or resulting features of experiment 
are as follows: Y

1
 - total costs (US$) → min; Y

2
 - cargo 

output flow intensity (t/h) → max. The set of factors and 
their levels are presented in Table 1.

For the experiment, it has been decided to investigate 
three factors and their two levels. The number of necessary 
experiments can be calculated by formula:

N 2e
n f= , (1)

where: 
2 - number of levels, 
n

f
 - number of factors.

According to Equation (1) it was determined that it 
is necessary to carry out 8 experiments for solving the 
optimization problems. A plan for the full-scale experiment, 
indicating the levels and factors, as well as the response 
functions of the experiment, has been formed. In order to 
minimize the impact on response, experiments should be 
performed in random order.

The analysis of this experiment plan has been 
performed using portable software (Statistica v.10.0.1011.0). 
The processing of the experimental results began with the 
regression analysis, i.e. the model has been built and the 
unknown coefficients of the regression equation have been 
determined:
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It has been determined that effects of the interaction 
of factors, based on their nature and content, are virtually 
absent and therefore, they have not been included in 
the overall appearance of the model (2). The unknown 
constant coefficients of the regression equation have been 
determined using the least squares method. The obtained 
model coefficients can be obtained by the following 
formulas:
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Description of factors and response using the 
mathematical model (2) is characterized by a coefficient 
of determination, which should be at least 0.95, for a 

Table 1 Formation of factors and their levels for experiment

Factors
Levels

Lower (-1) Upper (+1)

X
1
 - cargo input flow intensity, t/h 12.3 23.56

X
2
 - the number of employees engaged in non-mechanized labor, empl. 8 12

X
3
 - the number of loading and unloading machines, pcs. 2 3
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of cargo flows movement through the warehouse complex 
has been used. These operations are necessary to obtain 
reliable research data on changes in the cost of improving 
warehouse operations, namely the total cost ($) Y

1
 → min; 

the output flow intensity (t/h) Y
2
 → max. For the 

experiment, the Brovary “UVK Ukraine”” warehouse No 3 
(for household goods) has been loaded in accordance with 
the data shown in Equation (12) and the experiment plan 
below (one experiment one working day of the warehouse) 
during the period from 04/15/2019 to 04/22/2019. The value 
functions have been calculated as averages over the entire 
experimental warehouse operating day. Increasing the 
number of employees engaged in non-mechanized labor 
has been used on operations: cargo reception and stacking 
in the reception area (moving the respective consignments 
of cargo to the designated places of the reception area and 
its arrangement) by changing the number of employees 
from 1 to 2; cargo reception by quantity and quality: 
(opening of container, counting by quantity and verification 
of documentation, culling) by changing the number of 
employees from 1 to 2; completing and sending from the 
storage and reception areas (a consignment is formed 
for the relevant order, the quantity of the cargo and the 
type of container is determined, packaging and sealing 
is carried out, documents are being prepared) increase 
from 1 person to 3 employees. Increases in loading and 
unloading machines have been made by increasing the 
number of Reath Track OMG NEOS LAT 3.0 electric 
stackers on unloading, loading and moving consignments 
from 2 pieces to 3. The full factorial experiment makes 
it possible for multiple measurements that meet certain 
conditions set optimal factors values. The number of 
measurements is 8 and the values of the factors are 
combined in all the possible variants. Advantages of a full 
factorial experiment are the simplicity of the solution of 
the task and the statistical redundancy of the number of 
measurements, which reduces the influence of errors of 
individual measurements on the estimation of unknown 
regression coefficients.

4 Results

4.1 Study results of the proposed approach  
to organization rational efficiency increase  
of the warehouse work 

Based on the obtained and processed experimental 
data, a database has been formed (Table 2) to identify 
changes in the optimality criteria for the organization of a 
warehouse complex. The minimum and maximum values in 
the peak period of “UVK Ukraine” company have been used 
to form the flow of goods.

The experimental data processing using application 
software makes it possible to automate the calculations 
according to the formulas given. Regression analysis of 
the experimental results is shown in Tables 3 and 4, 
insignificant coefficients in the tables were not recorded.

where: 
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N - experiments number, 
R2 - determination coefficient.

To solve the optimization problem, the desirability 
function approach, introduced by E. Harrington, has been 
used [38]. This method has useful properties of continuity, 
monotony and smoothness. The method converts specific 
parameters to abstract numeric values. A logical function 
as the basis for the calculation has been used:

exp expd Yi i= - -^ ^ hh , (10)

where: Y - function value.
Function (10) is characterized by the two saturation 

portions (d → 0 and d → 1) and a linear portion  
(d → 0.2 and d → 0.63). For a better abstract representation 
of a function, it is necessary to break it into ranges where 
the specific values of the scale correspond to the studied 
indicators. To form multivariate optimization, the function 
is formed by the following equation:

Z di
i

n
n
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=
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% . (11)

Further study of this function should determine analysis 
of the investigated values and factors of the process. The 
value of the curve optimum condition is set outside the 
curve level, within these limits, the most relevant factor 
values are selected. The function method is visual.

To determine the objective function values, a 
warehouse restrictions system based on the experimental 
and organizational data with the relevant factors values 
have been studied. Thus, they have been determined during 
the statistics data analysis of the “UVK Ukraine” warehouse 
complex functioning.
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The research planning experiment of cargo flow at 
Brovary “UVK Ukraine” warehouse complex has been used 
to find the optimal conditions for the work organization. 
The following factors have been selected: the input flow 
intensity (t/h) X

1
, the number of employees engaged in 

manual labor (work.) X
2
, number of loading and unloading 

machines of Reath Track OMG NEOS LAT 3.0 stackers (pcs.) 
X

3
.  For this purpose, the experimental data normalization 
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composition at studied factors. In the general case, the 
regression equations have the form:

. . .

. .

. .
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For a more accurate reflection of the experimental 
results, the mathematical regression model has been 
complicated to the second order. The factors did not 
interact, if the coefficient of determination was not lower 
than 0.95. While analyzing data in Tables 3 and 4, it is 
possible to conclude that all the included factors are 
statistically significant, as evidenced by the level of their 
significance. Therefore, the values of the coefficients can 
be included in the model that describes the process of 

Table 2 Value of the input parameters of the experiment according to the basic variant during the peak load movement  

in the warehouse complex

E
xp

er
im

en
t The levels of variation

Total costs, US$
Cargo output flow 

intensity, t/hCargo input flow 
intensity, t/h

The number of 
employees, empl.

The number of loading and 
unloading machines, pcs.

X
1

X
3

X
4

Y
1

Y
2

1 12.3 8 2 193.70 3.6

2 23.56 8 2 162.49 6.3

3 12.3 12 2 173.31 9.6

4 23.56 12 2 140.29 8.4

5 12.3 8 3 343.82 3.7

6 23.56 8 3 273.05 7.7

7 12.3 12 3 294.34 11.9

8 23.56 12 3 221.85 12.05

Table 3 The Regression analysis of experimental results for the optimizing trait Y
1
 

R2 = 0.9988 - the determination coefficient of the regression model of the experimental data

Regression 
coefficients

Regression 
coefficients 

(value)

Standard 
error

Student’s 
coefficient

Significance level p,

(p<0.05)
Average interval 

- 95%
Average interval 

- 95%

b
0

-23.80 38.86·10-2 61.25 10.39·10-3 -28.74 -18.87

b
1

25.51 1.43·10-2 1787.49 3.56·10-4 25.33 25.69

b
2

3.71 33.82·10-3 109.75 5.8·10-3 3.28 4.14

b
3

15.46 135.27·10-3 114.31 5.56·10-3 13.74 17.18

b
4

-64.49·10-2 9.99·10-4 645.44 9.86·10-4 -65.76·10-2 -63.22·10-2

b
5

-350.93·10-2 3.99·10-3 878.11 7.25·10-4 356.01·10-2 -345.85·10-2

b
6

-44.13·10-2 11.25·10-3 39.22 16.23·10-3 -58.42·10-2 -29.83·10-2

Table 4 The Regression analysis of experimental results for the optimizing trait Y
2

R2 = 0.9988
 
- the determination coefficient of the regression model of the experimental data

Regression 
coefficients

Regression 
coefficients 

(value)

Standard 
error

Student’s 
coefficient

Significance level p,

(p<0.05)
Average interval 

- 95%
Average interval 

- 95%

b
0

-21.584 21.59·10-2 99.97 6.37·10-3 -24.33 -18.84

b
1

-62.28·10-2 7.93·10-3 78.56 8.1·10-3 -72.35·10-2 -52.20·10-2

b
2

282.67·10-2 18.79·10-3 150.46 4.23·10-3 258.8·10-2 306.55·10-2

b
3

899.01·10-2 75.15·10-3 119.63 5.32·10-3 803.53·10-2 994.5·10-2

b
4

4.94·10-2 5.55·10-4 89.00 7.15·10-3 4.23·10-2 5.65·10-2

b
5

11.77·10-2 2.22·10-3 53.00 12.01·10-3 8.95·10-2 14.59·10-2

b
6

-96.87·10-2 6.25·10-3 155.00 4.11·10-3 -104.82·10-2 -88.93·10-2
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describe the studied process of the warehouse functioning, 
so the significance level p, for each factor is below the 
allowable level of 0.05.

Visually estimate residual dispersion between the 
obtained and estimated values by regression Equations (13) 
and (14). It should be noted that significant dispersion of 
10% of the maximum predicted values should not be present 

To assess the adequacy of these models, a variance 
analysis of the obtained experimental data has been 
performed and Fisher’s criterion has been determined. 
Realization of the dispersion analysis is reflected in Tables 
5 and 6.

From Tables 5 and 6 it can be seen that the factors 
included in the mathematical model (13), (14) adequately 

Table 5 The dispersion analysis of the experimental data for the optimizing trait Y
1

Coefficients Dispersion Fisher’s criterion Significance level p, (p<0.05)

b
1

2.68·103 26.49·106 12.4·10-5

b
2

2.56·103 25.34·105 4.0·10-4

b
3

5.38·103 53.15·105 2.76·10-4

b
4

4.21·102 41.66·104 9.86·10-4

b
5

7.81·102 77.10·104 7.25·10-4

b
6

1.56 1.53·103 1.62·10-2

Table 6 The dispersion analysis of the experimental data for the optimizing trait Y
2

Coefficients Dispersion Fisher’s criterion Significance level p, (p<0.05)

b
1

11.25·103 1.09·102 1.42·10-8

b
2

92.02·103 8.98·102 1.42·10-15

b
3

10.44·103 1.01·102 2.41.42·10-8

b
4

30.50·103 2.97·102 9.17·10-12

b
5

30.75·103 3.00·102 8.62·10-12

b
6

71.44·103 6.97·102 1.27·10-14

    
a)                                                                                                    b)

    
c)                                                                                                    d)

Figure 1 Graphical display of the projected and observed balances and estimation of their magnitude:  
a) and b) - for the total cost function; c) and d) - for the output flow intensity
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                   a)                                                            b)                                                            c)

Figure 2 Graphic representation of surfaces value on the scale of desirability of the studied warehouse work: a) dependence 
of Z on X1 and X2; b) dependence of Z on X1 and X3; c) dependence of Z on X2 and X3

Поверхность и контур желательн.; Метод: Сплайн-подгонка
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                  a)                                                             b)                                                           c)

Figure 3 Graphical representation of value levels on the scale of the investigated tribological supplement: a) dependence of Z 
on X

1
 and X

2
; b) dependence of Z on X

1
 and X

2
; c) dependence of Z on X

2
 and X

3

Figure 4 Graphical representation of the procedure for finding the optimal factors values of the warehouse work of the 
function profile - Z
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optimality of the warehouse functioning and the positive 
solution of the applied problem. The results, which give an 
opportunity to evaluate the effectiveness of the warehouse 
functioning, have been shown in Figure 5.

The formed optimal variant (Figure 5) makes it possible 
to increase the efficiency of the warehouse functioning. 
There is a decrease in total costs and increase in the 
intensities of the input flow and the output flow.

5 Discussion

5.1 Research results discussion of the rational 
technology service orders formation 

An increase in efficiency of the warehouse is possible 
due to the proper organization of its work and providing 
technological operations with appropriate resources. The 
transposition of the warehouse into the cross-docking 
process with subsorting from the warehouse has been 
considered. The warehouse loading has been performed 
with an input flow intensity of 12.3...23.56 (t/h). Under 
those conditions, the number of loading and unloading 
machines (Electrostacks Reath Track OMG NEOS LAT 
3.0) a pcs., in the process of unloading, loading and 
moving consignments, has been increased. The number 
of workers employed in non-mechanized forms of work 

in the analyzed experiment data. A graphical representation 
of this is presented in Figure 1.

It can be seen that there are no significant data 
dispersion, and therefore the mathematical model can be 
considered as certain.

The surface values of the investigated functions of 
the warehouse functioning process resultant features with 
reflections of factors values, on the scale of desirability, are 
identical in character and are presented in Figure 2. Levels 
of the function values on the scale of desirability are shown 
in Figure 3.

Visually analyzing these graphs, it is possible to 
state unequivocally that the optimal parameters of the 
warehouse functioning have been presented in the studied 
ranges of factors values X

1
, X

2
, X

3
. To determine the 

optimal values of the warehouse work efficiency, set the 
limits of the investigated values, which will include the 
entire experimental database that is available for analysis. 
Under these conditions, it is possible to find the required 
maximum values for the function. Consider the above for 
each factor and each function. Realization of the procedure 
for determining the optimum value of storage conditions is 
presented in Figure 4.

From Figure 4 can be seen that the optimal variant 
of the factors values is at the intersection of function 
maximum value in the defined interval of each factor. With 
such values of the studied factors, it is possible to state the 

                                

  
Figure 5 Average results of the warehouse functioning according to the base variant (a) and optimized (b): 

1 - total costs (US$/h); 2 - the input flow intensity (t/h); 3 - the output flow intensity (t/h); 4 - number of employees engaged 
in non-mechanized labor (empl.); 5 - number of loading and unloading machines (un)
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of the input flow intensity can be increased by 10.3%. The 
given procedure of an increase in the efficiency of the 
warehouse work functioning on realization of the cross-
docking procedure, with subsorting from a warehouse, 
reflects the positive effect for the enterprise.

6 Conclusions

A.  It has been determined that optimum values for 
warehouse input flow intensity is 17.93 (t/h), the 
number of employees engaged in the non-mechanized 
labor - 12 empl., loading and unloading machines 3 pcs, 
so under such conditions the value of the warehouse 
work will be 181.07 US$/h, cargo output flow intensity 
- 10.23 (t/h).

B.  During the experiment on the warehouse optimization, 
an increase in efficiency of the warehouse operation 
on the implementation of the cross-docking procedure, 
with warehouse subsorting, has been recorded. It 
reflects the positive effect for the enterprise, namely 
reduction of the total costs by 17.2%, increase of the 
output flow rate by 34.6%, and average input flow 
intensity values of 10.3%.

C.  The experiment of an increase in the warehouse 
work efficiency, based on the division of labor and 
mechanized resources, makes it possible to organize 
and adapt the warehouse work to the requirements of 
trade networks and customers of transport logistics 
systems, in more detail.

has been gained: cargo reception and stacking in the 
reception area (moving the respective consignments of 
cargo to the designated places of the reception area and 
its arrangement) by changing the number of employees 
from 1 to 2; cargo reception by quantity and quality: 
(opening of container, counting by quantity and verification 
of documentation, culling) by changing the number of 
employees from 1 to 2; completing and sending from the 
storage and reception areas (a consignment is formed for 
the relevant order, the quantity of the cargo and the type of 
container is determined, packaging and sealing is carried 
out, documents are being prepared) increase from 1 person 
to 3 employees. The increase of its efficiency has been 
shown by conducting the process of the warehouse work 
optimization on the formed technology and corresponding 
labor and mechanized resources. After conducting the 
experiment and the corresponding calculations, the optimal 
values of the studied parameters have been formed. The 
cargo output flow intensity is within the variation range 
(12.3...23.56 (t/h)) the optimum value will be 17.93 (t/h); the 
number of employees engaged in the non-mechanized labor 
are within the range (8...12) - optimum values of 12 workers, 
and loading and unloading machines (2...3) - optimal value 
3 (units), which will rationally ensure the technological 
process of warehouse operation. Under such conditions, 
the average level of the warehouse operation will be 0.792. 
The optimal value of the warehouse work costs will be 
181.07 US$/h, and cargo output flow intensity will be 10.23 
(t/h). Compared to the basic variant, optimized one allows 
reducing the total costs by 17.2%, and the output flow 
intensity to increase by 34.6%, while the average values 
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