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The object of this study is the transaction costs 
of agricultural processing enterprises that operate  
in cooperation with various participants: suppliers of 
raw materials, buyers of finished products, research 
enterprises, and other entities. Transaction costs 
arise at all stages of activity, from the preparation 
of an agro-processing project to the achievement of 
the final result. 

For this, a simulation modeling system is pro-
posed, including an optimization model that allows 
estimating the quantitative components of trans-
action costs. The process of transactions between 
various participants such as suppliers, customers, 
and partners is studied using simulation models. 
To demonstrate the applicability of this model to 
the example of agro-industrial enterprises, some 
parameters of transaction costs are modeled when 
choosing suppliers of raw materials at recommen-
ded intervals.

The feasibility of simulating the costs of estab-
lishing a relationship with a new partner in the 
range of 0.5–0.6, and the benefits in the range of 
1.05–1.10 has been determined. It has been found 
that transaction costs associated with raw material 
suppliers can be saved by 40.0 % in the next 3 years 
through optimization and digital capabilities.

The presented approach can be useful for a 
deeper study of the digital environment’s impact on 
the level of transaction costs in agricultural pro-
cessing enterprises. Such an analysis will reveal 
potential opportunities for optimization and cost 
reduction, which is important for improving the effi-
ciency and competitiveness of these enterprises
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1. Introduction

The modern world is facing serious economic and en-
vironmental challenges such as climate change, depletion 
of natural resources, increased wastage of finished food 
products, and environmental degradation. This raises the 
question of the need to move towards sustainable consump-
tion patterns that can help reduce the negative impact on 
the planet. The rapid development of digital technologies is 
bringing significant changes to various areas of life, including 
production, logistics, communications, and consumption.

Currently, the agro-industrial sector is confronted with 
increasing competition, and effective cost management can 
be a key factor for the survival and success of enterprises.

Transaction costs are the costs of establishing mutual 
relations between economic subjects [1]. These costs include 
any necessary resources that are not directed to the produc-
tion of economic benefits, but which ensure the successful 
implementation of that process.

Transaction costs of agrarian-manufacturing enterprises 
arise in relation to various subjects. This includes suppliers of 

raw materials, buyers of finished products, scientific research 
and distribution enterprises, etc. Transaction costs accompany 
all stages of activity, from the preparation of an agrarian-pro-
cessing project to the achievement of the final result [2].

The distance factor has a significant special weight in the 
transaction costs of agrarian-manufacturing enterprises. By 
limiting physical contact, this factor does not remain unaffected 
by the cost of quality control of agricultural production and its 
products. The quality of the agrarian-manufacturing product 
is directly related to the growing conditions of raw materials  
of agricultural origin and the agrotechnical care provided to it. 
Production functions reflecting the dependence of quantitative 
and qualitative parameters of agricultural raw materials on 
production factors can be considered in agricultural processing. 
In practice, it is usually acceptable to use various modifications 
of the Cobb-Douglas function for this purpose. In this case, the 
production function is used as a means of interpreting the tech-
nological regularities of agricultural production [3].

Transaction costs are classified differently for different 
characteristics. This process is still ongoing. Therefore, clas-
sifications that take into account the realities of the era of 
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digitalization, in our opinion, are particularly noteworthy [4]. 
These classifications consider the open infrastructure require-
ments of the information society in terms of costs.

Based on these reasons, research in the field of transaction 
costs of agro-processing enterprises is of direct importance for 
the development of the efficiency, sustainability, and competi-
tiveness of this sector. 

2. Literature review and problem statement

From the chronological point of view, in the initial ap-
proach, accepting transaction costs as costs necessary for the 
functioning of the market is acceptable in terms of modern 
realities. The approach shown in [5] argues that markets are 
not always efficient and the existence of transaction costs 
can lead to vertical integrations. However, the calculations 
showing a positive impact on the reduction of transaction 
costs from digital technologies are not entirely convincing. 

The level of transaction costs in agricultural production 
enterprises is estimated in [6], and this largely depends on 
their abilities and the strategic directions that are formed on 
the basis of these abilities. The problem is that many fruit and 
vegetable production and processing enterprises do not pay 
enough attention to marketing and commercial activities. 
This situation leads to an increase in almost all elements of 
transaction costs at these enterprises.

In [7], a study of relevant sources is carried out and it is 
re cognized that it is effective to increase the number of trans-
actions with a limited number of partners in order to reduce 
transaction costs. At the same time, sustainable partnerships 
are believed to reduce information asymmetries. The authors 
limit themselves to considering the number of transactions with  
a limited number of partners to reduce transaction costs associ-
ated with shipping companies, without considering other pos-
sible strategies or alternative approaches to cost optimization.

In [8], the main focus is on the process of continuous 
rise in the price of food products, especially products of 
the agro-industrial sector. [9] confirms this phenomenon. 
This price increase trend will become more dynamic in the 
post-Soviet countries starting from 2022. However, these 
studies do not provide specific numerical or qualitative data 
on the extent and reasons for the increase in food prices.

As in other countries of the post-Soviet space, in Azerbaijan, 
where the agrarian production stage is of particular importance, 
large losses are allowed during the movement of agricultural 
products to the final consumer. As reasons for this, [10] con-
siders these losses in agrarian and production activities in the 
context of one-sidedness and a low level of production and 
processing ties. However, the study does not sufficiently discuss 
the possible consequences of the continuous increase in the 
cost of food products, both for the economy and for consumers.

Innovative development and the search for alternatives in-
crease transaction costs. [11] reveals the possibilities of using 
advanced technologies in the supply of processing enterprises. 
Probably, a more detailed consideration of the benefits that 
can be obtained through the use of advanced technologies in 
supply could enhance the practical significance of the article.

It is believed that there is a fairly close relationship between 
the level of transaction costs, the market share of suppliers, and 
the characteristics of the vegetable supply chain as a whole.

For these and other reasons, reducing costs, including 
transaction costs, in the agri-food sector is of great importance.  
[12] considers the impact of digital environment factors on 

transaction costs at agricultural production enterprises in 
different countries and in different aspects. 

Although in the related literature it was important to assess 
the dependence of transaction costs on various factors, specific 
calculations have not yet been carried out, especially taking into 
account factors of distance and the digital environment. All this 
allows to assert that it is expedient to conduct a study on reduce 
transaction costs by optimizing the range of raw material sup-
plies to agro-processing enterprises in the digital environment.

3. The aim and objectives of the study

The aim of the study is to assess the impact of digital techno-
logies on transaction costs. It will allow agro-processing enter-
prises to reduce their transaction costs in dealing with partners.

To achieve this aim, the following objectives are accom-
plished:

– to differentiate the quantifiable and unknown compo-
nents of transaction costs;

– to model the elements of transaction costs that can be 
evaluated quantitatively on the example of an agrarian-ma-
nufacturing enterprise;

– to determine the influence of distance and technology 
factors on the dynamics of transaction costs.

4. Materials and methods of research

The Guba Cannery, which operates in the region of the 
Republic of Azerbaijan specializing in fruit and vegetable 
production, was taken as the research object. The main hypo-
thesis consists of determining the role of the distance factor in 
transaction costs in agrarian-manufacturing enterprises and 
evaluating the impact of digital technologies on those costs.

The research hypotheses are based on the fact that the 
distance factor plays a significant role in transaction costs 
and that the digital environment has real opportunities to 
reduce those costs.

The approach involves determining the simulation inter-
vals using the «weighted average distance of transportation» 
indicator proposed by us to study the changes occurring in 
the area of transportation of agricultural raw materials (fruits 
and vegetables) to the agrarian-manufacturing enterprise in 
the simulation system.

Although certain simplifications are allowed in the ap-
proach, due to limitations in the database, including in the 
mathematical construction, the simulations take into account 
the requirements of the ordinal evaluation of the transaction 
costs of the agricultural production enterprises operating in the 
zone of fruit and vegetable transportation to the Guba Cannery 
by creating a system, almost in experimental conditions.

Real statistical data were used in the calculations. The 
model was implemented with the help of the MATHCAD 
mathematical software package.

5. Results of the study of the impact of the digital 
environment on the level of transaction costs

5. 1. Differentiation of quantifiable components of trans-
action costs

In order to study the changes in the area of raw material 
transportation to the agrarian-manufacturing enterprise, 
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let’s propose the «weighted average distance of transporta-
tion» indicator (L):
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Here:
– n is the number of production points;
– mi is the mass of the product produced in the i station 

and intended to be transported to the city (i = 1, …, n);
– li indicates the distance from the i-point to the  

city (i = 1, …, n). The L indicator allows to determine the de-
gree of compactness of the transport zone of perishable and 
non-transportable food products to the city [13].

Passive communicative methods between a knowledge en-
gineer and an expert, which allow replacing the observation of 
real processes with their simulation, are the most developed and 
experimentally tested methods of knowledge engineering [14]. 
Therefore, it was considered acceptable to obtain data on the 
control of agricultural production and its results using produc-
tion functions thanks to digital technologies. For this purpose, 
the modification of the Cobb-Douglas function that takes 
into account scientific and technical progress (Y = AKaLβeλtε, 
where t is time, λ is the growth rate of production volume due 
to scientific and technical progress) was taken.

The stationarity of per capita agricultural output data in 
the official statistical indicators database of Azerbaijan for 
the years from 1995 to 2021 was tested using the Eviews soft-
ware package, and the hypothesis about the existence of Unit 
Roots in the natural logarithm of the population output (per 
capita) engaged in agriculture was tested by Dickey-Fuller 
statistical test (Augmented Dickey-Fuller test statistic). 
Thanks to the calculations, the standard form of the esti-
mated Cobb-Douglas production function for agriculture in 
Azerbaijan was adopted as follows: 

Y = AK0.69L0.31e0.03t.

In Azerbaijan, the coefficient of elasticity of output in 
agriculture according to labor consumption was equal to 
0.31, and the coefficient of elasticity according to capital was 
equal to 0.69.

Due to the scientific and technical progress in the 
Cobb-Douglas production function with a standard shape, 
let’s simulate the production volume growth rate (λ) in the 
range from 0.025 to 0.030 [15].

The approach also includes the construction and imple-
mentation of a model for analysis and forecasting of quan-
tifiable elements of transaction costs as a component of the 
simulation system.

In order to reduce the transaction costs related to raw 
material suppliers of the agrarian-manufacturing enterprise, 
it is recommended to use digital twins as a possibility of the 
digital environment [16].

Approaches to the quantitative assessment of transaction 
costs are diverse [17]. The following classification of transac-
tion costs is more common: 

1. Costs of finding alternatives.
2. Costs of settlement. 
3. Costs of measurement. 
4. Costs of concluding a contract. 
5. Costs of specifying and protecting property rights. 
6. Costs of opportunistic behavior» [18].

The following steps are recommended for the quantita-
tive assessment of transaction costs: 

1) differentiation of types of transaction costs, such as 
local and public;

2) decomposition of the full cost into elements;
3) acceptance of the classification of transaction costs at 

the research or enterprise level;
4) differentiation of transaction and transformation ele-

ments at full cost [19].
In cases where transaction costs are viewed as the costs of 

buying and selling a product or service [20], reducing those 
costs can be brought to the issue of reducing exchange costs.  
Thus, finding an alternative in agrarian-manufacturing acti-
vity can be brought to the question of finding a supplier 
of raw materials or a buyer of finished products at a more 
reasonable price. Information asymmetry is more common 
in this process. Studies show that information asymmetry 
prevents the reduction of transaction costs [21].

Let’s also say that studies show that there is a relation-
ship between the level of business legitimacy and the abi-
lity to quantify transaction costs [22]. Legitimacy can have  
a significant impact on agrarian-manufacturing enterprises 
in reducing uncertainty in their search for partners. The 
uncertainty faced by those enterprises in the shipment of 
goods (raw materials) may be related to the inability to 
reliably predict demand, technological innovations, and un-
expected changes in the behavior of partners [23].

In a number of studies devoted to institutional econo-
mics, it is considered that economic, legal, and ethical ap-
proaches should be applied together [24]. Such an approach 
does not, in our opinion, increase the number of quantifiable 
elements of transaction costs.

The level of transaction costs can be related to the psy-
chological state, differences in knowledge levels, and many 
ethical factors, expressed in the position and irrationality of 
the bargaining parties’ behavior. These are not unambiguous-
ly measurable elements [25].

In the absence of an unambiguously accepted approach 
to the use of mathematical methods and tools in the manage-
ment of transaction costs, when the database is not reliable, 
information is incomplete and its asymmetry is large, unex-
pected situations occur in management, including relation-
ship management, the use of an expert evaluation system is 
considered acceptable.

The disadvantages of expert assessment methods (de-
pendency of the result on the expert level, subjectivity, high 
labor intensity of information collection, demand for highly 
qualified specialists) with its advantages (at least in agra rian-
manufacturing enterprises) synthesis of experience and intu-
ition for obtaining new knowledge, lack of statistical data (or 
when the indicator is qualitative), the possibility of obtaining 
quantitative assessments can be largely compensated by the 
possibility of obtaining results in a short time [26].

It is appropriate to use the knowledge engineering ar-
senal to ensure an acceptable level of database reliability in 
a digital environment [27].

5. 2. Mathematical interpretation of the problem of 
optimization (minimization) of quantifiable elements of 
transaction costs

The following source is noteworthy in terms of examining 
the issues of modeling changes in the quantifiable elements 
of transaction costs [28]. Here, the approach to modeling the 
transaction costs of buyers in electronic commerce shows the 
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relevance of practical problems of quantitative assessment of 
transaction costs in the digital environment.

The following model is recommended for analyzing and 
predicting the relationship-building processes between the 
agrarian-manufacturing enterprise and the raw material-send-
ing enterprises (partners): it is required to determine the choice 
of partner x = {xij, i = 1, …, n} so that the result of B (during the 
acquisition of benefit) let the transaction costs (ti) be minimum 
for i = 1, …, n:

t xi i∑ → min. (2)

The limiting conditions are as follows:
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Here:
– n is the number of potential partners;
– ci are the costs required to establish a relationship with 

the i-th partner;
– ei are benefits of relationship with i-th partner;
– L1 is a high-risk partnership;
– L2 is a medium risk partnership;
– Iy are restrictions on high-risk partnerships;
– Io are means restrictions on medium risk partnership.
If the potential partner is not included in the composition 

(its participation is not considered acceptable), its number is 
taken as zero. The model can be presented as follows:
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Here:
– B is the required increase in efficiency;
– n is the number of potential partners;
– r is the number of selection options of new partners 

to be included in the composition (in a specific case, three 
options are considered, i. e. j = 1, r; r = 3);

– ci1, ei1 are the costs and benefits of terminating the rela-
tionship with i-th partner (ei1 is taken equal to zero);

– ci2, ei2 are the costs and benefits of completing the part-
nership in the current situation;

– ci3, ei3 are the costs and benefits of the partner’s alter-
native choice;

– fi, ei represents the costs and benefits of establishing  
a relationship with a new partner.

5. 3. Realization of transaction cost analysis and fore-
casting model 

Guba Cannery, which activity is being analyzed, receives 
raw materials (a wide variety of fruits and vegetables) for 
processing from farms within a 75 km radius of the adminis-
trative regions (Guba, Khachmaz, Gusar, Siyazan, Shabran) 
that are part of the Guba-Khachmaz economic region specia-
lizing in the production of fruits and vegetables of Azerbaijan. 

At the same time, strawberries are brought to the plant from 
a distance of more than 320 km (Sabirabad region).

Apples, green walnuts, quinces, cherries, strawberries, 
eggplants, tomatoes, cucumbers, beans, figs, cranberries, and 
blackberries are aimed for the production of preserves and 
juices. In a factory without cold storage, raw materials enter 
the enterprise in May-December. Tar is imported for packag-
ing canned goods and juices. The plant produces 20 types of 
products (canned fruits and vegetables and juices). The an-
nual production capacity is 6 million conventional cans. On 
average, 32 percent of the production capacity is used from 
2018 to 2020 years, and about 2 million cans of canned fruit 
and vegetables are produced. There is an opportunity to ex-
pand production. During that period, the annual production 
cost was 5.3 million manats, and expenses were 1.95 million 
manats. The finished product is sold in domestic and foreign 
markets (Israel, Turkey, USA, United Arab Emirates).

In practice, it is not uncommon to estimate a number of 
parameters of the selection model for minimizing transaction 
costs in the interval [0,1].

In this regard, the following condition obtained as a re-
sult of research deserves attention: «A firm that wants to op-
timize transaction costs must keep the ratio of total revenue 
to transaction costs for information search in the interval 
from 0 to 1» [29].

The prices of some parameters of the model of minimiza-
tion of transaction costs for farms sending fruits and vegeta-
bles of the Guba Canning Plant are as follows (Table 1).

Table	1

Some	parameters	of	the	selection	model	for	the	optimization	
of	transaction	costs	arising	in	partnership	with	farms	that	

send	raw	materials	to	an	agrarian-manufacturing	enterprise

Conventional signs and names of parameters Value

n is the number of potential partners for raw material 
supply, unit, i = 1, ..., n

21 

r is the number of choice options of new partners, 
unit, j = 1, ..., r

3

ci are costs required to establish a relationship with 
partner i, ratio

1

ei are costs required to establish a relationship with 
the i-th partner, ratio

1

ci1 are costs of termination of the relationship build-
ing process with i-th partner 

0

ei1 is the effect of terminating the relationship build-
ing process with i-th partner 

0

ci2 is the costs of completing the partnership in its 
current state

1

ei2 is the benefit of ending the partnership in its cur-
rent state

1

The transaction costs at the Guba canning plant were 
determined at the level of 3.8 % of the average price of the 
last 3 years (1.95 million manats). The cost-benefit ratio of 
partnering with a regular raw material supplier over the last 
3 years is taken as 1.

Table 2 presents simulation intervals for optimizing 
transaction costs associated with raw material suppliers to 
the agro-processing enterprise under study.

The raw material suppliers of the Guba canning facto-
ry (a total of 20 fruit and vegetable producers) are located 
in the territory of Guba, Khachmaz, Gusar, Shabran, and 
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 Siyazan administrative districts. Dozens of surveys and expert 
opinions have shown that the cannery prefers relatively larger 
production entities in the selection of raw material suppliers. 
However, most of the raw material suppliers mentioned are 
small and medium agricultural production subjects [30].

Table	2

The	parameters	of	the	choice	model	for	optimization		
of	transaction	costs	related	to	the	senders	of	raw	materials	

to	the	agrarian-manufacturing	enterprise	are	intended		
to	be	simulated	by	intervals

Conventional signs and names of parameters Range

P1 are high-risk partners, ratio 0.10–0.20

P2 are moderate risk partners, ratio 0.15–0.30

Iy are restrictions on high-risk partnerships, ratio 0.08–0.10

Io are restrictions on medium-risk partnerships, ratio 0.17–0.25

B is the required increase in benefit, ratio 1.05–1.07

ci3 are costs of alternative partner selection 0.2–0.3

ei3 is the benefit of alternative partner selection 1.1–1.3

fi are the costs of establishing a relationship with 
a new partner

0.5–0.6

ei is the benefit of building a relationship with a new 
partner

1.05–1.10

Table 3 lists the parameters that need to be modeled 
when choosing suppliers in order to optimize transaction 
costs, taking into account the distance factor to the consid-
ered agro-processing enterprise.

Table	3

The	parameters	intended	for	the	simulation	of	the	selection	
model	for	the	optimization	of	the	transaction	costs	related		

to	the	senders	of	raw	materials	to	the	agrarian-
manufacturing	enterprise	for	the	expansion	of	the	

partnership	area

Parameters
Weighted average distance of transportation (L), km

≤ 75 ≤ 85 ≤ 100

P1 0.20 0.15 0.10

P2 0.30 0.25 0.15

Iy 0.100 0.09 0.08

Io 0.25 0.22 0.17

B 1.05 1.06 1.07

ci3 0.20 0.26 0.30

ei3 1.3 1.2 1.1

fi 0.50 0.55 0.60

ei 1.10 1.08 1.05

When determining the simulation interval, it was taken 
into account that as the distance between the agrarian-
manu facturing enterprise and raw material senders increa-
ses, the specific weight of high-risk partners (raw material 
senders) will decrease. In relation to new partners, the 
required increase in benefits (B) should increase as the dis-
tance between the agrarian-manufacturing enterprise and 
the raw material senders Both considerations are based on 
the opinion of cannery experts and, in our opinion, do not 
contradict logic.

The following scenarios were simulated using digital 
tools and technologies:

– option I – use of digital communication and joint ac-
tivity services in the presence of official websites of suppliers, 
open databases;

– option II – use of programs for remote management of 
partnership projects under the conditions of Option I;

– option III – implementation of result-oriented cyber 
security solutions within the conditions of Option II.

At this time, considering the change of transaction costs 
depending on the transportation distance in the current eco-
nomic conditions, the actual level of those costs was taken 
equal to 1 (Fig. 1).
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Fig.	1.	Expected	dynamics	of	transaction	costs	depending	
on	the	distance	of	transportation	in	the	current	economic	

conditions	at	an	actual	level	equal	to	1

The implementation of the simulation system described 
above and the optimization model included in it can reduce 
transaction costs by 40.0–54.0 % even if the radius of the 
raw material transportation zone to the canning plant in-
creases from 75 km to 100 km in the next 3 years thanks to 
the possibilities of the digital environment.

The calculation results (Table 4) clearly show the depen-
dence of transaction costs on the weighted average trans-
portation distance, as well as on the options for using digital 
technologies and tools.

Table	4

The	results	for	2025–2026	of	the	implementations		
of	the	selection	model	included	in	the	simulation		
system	for	the	optimization	of	transaction	costs		

related	to	raw	materials	senders	(the	expected	level		
of	transaction	costs	in	the	current	economic		

conditions	is	taken	equal	to	1)

The weighted average 
distance of transpor-

tation, km (L)

Application options of digital technologies

I II III

L ≤ 75 0.66 0.52 0.41

L ≤ 80 0.66 0.54 0.49

L ≤ 85 0.59 0.49 0.50

L ≤ 90 0.61 0.50 0.53

L ≤ 95 0.62 0.51 0.45

L ≤ 100 0.60 0.52 0.46

The study of the dependence of transaction costs on the 
average weighted distance of transportation and the use of 
digital technologies can help the management of agro-pro-
cessing enterprises to make more informed management 
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decisions. For example, based on these results, it is possible 
to identify optimal strategies for organizing logistics, and 
selecting suppliers and partners.

The results of Table 4 are based on selected data from 
the stated study period. This data includes a literature re-
view, time series, statistical indicators, and other sources of 
information. The collected data was analyzed to build an 
optimization model. The created model explains and predicts 
changes in transaction costs based on selected factors.

6. Discussion of the impact of the digital environment  
on transaction costs and evaluation of experimental 

results in this regard

As part of this study, differentiation of the quantita-
tive components of transaction costs was carried out in an 
agro-processing enterprise. The factor of remoteness of sup-
pliers of agricultural raw materials was chosen as the main 
factor influencing the value of transaction costs. To quantify 
this factor and its interaction with digital technologies, the 
weighted average indicator of the transportation distance, 
described by (1) was used for the first time.

With the help of those digital tools, the enterprise whose 
activity is being studied has the opportunity to determine 
the main characteristics of the fruits and vegetables it re-
ceives for processing. Thanks to the analysis of the data on 
the official websites of the suppliers, it is possible to reduce 
the costs of advanced quality control of the fruits and vege-
tables to be brought to the processing facility. By consulting 
open databases, potential raw material suppliers can be 
screened before signing a contract without direct contact. 
Thanks to electronic document circulation, it is possible 
to prepare the legal terms of the transaction, etc. [31]. The 
article presented a model for selecting such partners who 
provide minimal transaction costs while achieving bene-
ficial results of cooperation. This optimization model was 
described by formulas (2)–(8).

The results obtained can be applied to medium-sized ag-
ricultural processing enterprises. In this case, external effects 
associated with large enterprises can be discarded [6]. Unlike 
some existing studies that focus on other aspects [12, 17, 19], 
this method analyzes how digital technologies can reduce the 
costs associated with the remoteness of raw material senders. 
The influence of distance and technological factors on the dy-
namics of transaction costs were reflected in tables (1)–(4).

The restrictions of this study stem from the limited na-
ture of the primary data, i.e., the presence of incomplete or 
limited data may limit the ability to generalize and apply the 
results in broader contexts. Incomplete data can affect the ac-
curacy and validity of conclusions and analyses, as well as the 
ability of a study to take into account all possible factors and 
variables that affect the problem under study. This may limit 
the ability to identify more complex and deeper relationships 
between variables.

One of the main disadvantages of this study is the con-
straints in accounting for changes in the market. This is 
due to the fact that the securities market is in the process of 
formation in Azerbaijan. Research, based on data from such 
a market, may limit the completeness of the analysis and the 
impact of factors that are just beginning to emerge.

It is important to emphasize that this disadvantage not 
only restricts the prediction of results in the current context 
but may also affect the generalization of findings for wider 

practical implementation. Changes in the market, such as 
changes in regulations, competitive dynamics, and external 
factors, can have a significant impact on the variables under 
study and their relationships.

One future direction for the proposed approach could 
be a deeper study of how various aspects of digital transfor-
mation, such as business process automation, the use of big 
data, artificial intelligence, and the Internet of Things, affect 
transaction costs. Also, the development of more effective 
strategies and methods for managing transaction costs in  
a remote work environment also appears to be one of the pos-
sible development paths. This may include developing tools 
and technologies to optimize business processes.

7. Conclusions

1. Measurable and unknown components of transac-
tion costs are identified, and the possibility of quantifying 
transaction costs is assessed. To this end, qualitative and 
quantitative analyzes are carried out to assess their impact on 
business processes and decision-making. In accordance, the 
feasibility of using the proposed indicator «weighted average 
transportation distance» (L) was justified to study changes 
in the field of transportation of raw materials to an agro-pro-
cessing enterprise, including the dependence of transaction 
costs on distance. tested and confirmed in practice.

2. Elements of transaction costs are modeled, which can 
be quantified using the example of an agricultural production 
enterprise. A modeling system is proposed, including a model 
for optimizing the quantitative elements of transaction costs 
using the example of agricultural enterprises. To select sup-
pliers of raw materials, some parameters of transaction costs 
are also modeled at recommended intervals and an optimiza-
tion model is implemented based on the obtained numerical 
data. With the expected level of transaction costs (3.8 %) 
at the enterprise taken as the object of study, as well as the 
costs and benefits of partnership with a permanent supplier 
of raw materials, taken as 1, in the proposed model the costs 
of establishing connections with a new partner are within 
0.5–0.6 and the benefit from imitation is determined in the 
range of 1.05–1.10.

3. Through an expert assessment of the results of the ex-
periment, the influence of remote factors and technologies on 
the dynamics of transaction costs at the cannery taken as the 
object of study is determined. As a result of the implemen-
tation of a modeling system, which includes an optimization 
model, it is established that during 2024–2026, thanks to 
the capabilities of the digital environment, transaction costs 
associated with partners who are suppliers of raw materials 
for fruits, and the vegetable canning plant whose activities 
are being studied can be reduced by less than 40.0 %. The 
uniqueness of the obtained result lies in the fact that the 
expected savings can be achieved even if the radius of the 
raw material transportation zone to the processing plant is 
increased from 75 km to 100 km.
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