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Today, conditions are characterized by high dynamics of changes in the external environment, 

which has a significant impact on ensuring sustainable development. The main purpose of the 

article is to model the choice of a scenario to ensure the achievement of sustainable 

development in a dynamic environment. The object of the study is the activity of specific 

socio-economic systems in the framework of sustainable development. The method of 

analysis of hierarchies formed the basis of the methodology of the article. As a result of the 

study, the article proposes a scientific and practical approach to determining the nature of 

adaptation procedures, which, in contrast to the existing ones, based on the nature of changes 

in the external environment and the application of the hierarchy analysis method, involves the 

choice of a static or dynamic type of adaptation, which determines the content of adaptation 

procedures for ensuring sustainable development. The main results of the study are revealed 

in the approach proposed by the authors when choosing a scenario for ensuring sustainable 

development. Certain limitations influence the results in such a way that possible scenarios 

will not be effective for other regions. The prospects for further research will aim at expanded 

facilities through the selection of more sustainable development activities. That is, in the 

future, we will consider ensuring sustainable development not only of the country, but also of 

an entire set of countries, such as the EU, for example.  
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1. INTRODUCTION

In the modern conditions of sustainable development, it 

becomes obvious that any socio-economic system must 

constantly adjust its activities to survive and maintain 

competitiveness, taking into account the requirements of the 

external environment. This necessity arises because changes 

in environmental factors can create an imbalance between the 

socio-economic system and its environment, prompting a need 

for adaptation. As such, these systems must possess the 

capacity to make adequate and timely changes, which can 

often be achieved through restructuring. 

Adaptation of the socio-economic system to the effects of 

the external environment involves the introduction of a 

significant number of changes in the activities of the socio-

economic system; the number, nature, scale of changes and the 

resources needed to maintain these changes, with a significant 

intensity of the action of environmental factors, can be quite 

diverse. In this case, the determination of the nature of all 

changes introduced into the activity of the socio-economic 

system, their localization, interconnection, and, most 

importantly, the organization of control over the introduction 

of changes turn into a cumbersome and time-consuming job. 

The adaptation of the socio-economic system becomes 

uncontrollable, and therefore unmanageable. Omitting even 

seemingly insignificant changes in internal systems and 

departments can reduce the effectiveness of the adaptation 

process. Adaptation itself in the context of sustainable 

development is by far the most common category in the 

context of practical and theoretical research. In this sense, 

adaptation is used in the case when we are not talking about 

any specific area and its problems, but about the entire system 

of sustainable development. Adaptation as a mechanism of 

gradual economic and social shifts and restructuring enables 

the system to maintain the right direction and pace of 

sustainable development, regardless of the level and activity 

of the influence of external and internal factors. In addition, 

the adaptation system within the framework of sustainable 

development must be implemented with the full formation of 

a mechanism for economic and social response. At the same 

time, all adaptations must have limitations and not threaten a 

radical change in the functioning of the socio-economic 

system. Detailing our research, we chose a separate type of 

socio-economic system - the enterprise. 
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To achieve effective adaptation in the framework of 

sustainable development, it should be understood that it is 

systemic, covering all areas of the enterprise and subordinate 

units. The ability of an enterprise to adapt depends on the 

ability to reduce the risk in the enterprise from a negative 

change in certain factors in the external environment. The risk 

reflects the degree (degree) of deviation from the goals, the 

desired (expected) result, as well as the degree of failure, 

taking into account the influence of controllable and 

uncontrollable factors, direct and feedback concerning the 

control object in the framework of sustainable development. 

The importance of studying the adaptation of socio-

economic systems lies in the very phenomenon of the 

emergence of new changes in the dynamics of the external 

environment. It is constantly changing and new challenges are 

emerging that need to be adapted to our sustainable 

development strategy. Thus, the research question arises: 

What is the most optimal scenario for ensuring sustainable 

development under such environmental conditions? The 

scientific task is to determine adaptation scenarios for such 

socio-economic systems as enterprises in the framework of 

ensuring optimal sustainable development. 

 

 

2. LITERATURE REVIEW 

 

In the scientific and practical literature [1, 2], it is noted that 

the current stage of sustainable development of market 

relations requires enterprises to take active steps aimed at 

finding ways and mechanisms to adapt to a dynamic and 

unstable market environment. The toughening and 

sophistication of competition at all levels of management, the 

acceleration of scientific and technological progress, and the 

informatization of society encourage enterprises to quickly 

and timely adapt to changes in the external environment The 

implementation of this type of adaptation allows the enterprise 

to reach a new level of efficiency and competitiveness in the 

production of products, mastering new production paths and 

management paradigms, as well as introducing new types of 

environmental technologies. 

Adaptation cannot be interpreted only as the adaptation of a 

particular system to changing conditions. In general, this is a 

complex phenomenon, accommodating the variety of 

conditions to which the system can adapt; and the ability to 

survive, that is, the strength of the system, which consists in 

maintaining certain stable characteristics during the 

restructuring; and directly the process of adaptation 

(adaptation) [3, 4]. 

Summarizing the information obtained from the studied 

literature sources [5, 6], we can conclude that the phenomenon 

of adaptation in conditions of sustainable development should 

be considered a complex and permanent process of evolution 

and development of the structure and activity of socio-

economic systems, which occurs due to the need for 

standardized activities under different external and internal 

conditions. Understanding this process is only possible 

through a full and comprehensive study of it, including the 

analysis of key trends, principles, and functions of this 

processor. In the context of our study, a detailed analysis of 

the adaptation process in the sustainable development system 

will allow us to formulate the most effective ways to optimize 

the enterprise’s activities, subject to changes in the external 

environment. The search for ways to adapt enterprises is the 

direction of development in various areas of their functioning, 

which ensures economic growth and efficient functioning in a 

competitive environment. Today, industrial enterprises need 

organizational restructuring to turn production complexes into 

flexible structures with a wide range of commercial products 

that can quickly adapt to changes in the external environment. 

In the scientific literatures [7, 8], it is noted that for 

successful operation, modern enterprises must be reformed, 

and qualitatively change the methods and forms of response to 

external factors, that is, adapt to market requirements. The 

adaptation of enterprises is a factor in increasing 

competitiveness and the ability to operate effectively and 

create conditions for survival in the market. However, in the 

current conditions, the question of using innovative tools and 

new approaches to doing business also arises. Companies must 

actively attract and use these progressive approaches not only 

to maintain their existing positions but above all to acquire 

competitive advantages and take a leading position in the 

market. Therefore, innovation is vital for enterprises that set 

themselves the goals of successful long-term sustainable 

development. Therefore, the issues of combining the 

adaptation of enterprises to external conditions the 

introduction of innovative business methods, and the use of the 

potential of innovative entrepreneurship are extremely 

relevant in today's economic conditions, especially in Ukraine. 

As noted in the literatures [9, 10], the essence of adaptation 

in the context of sustainable development is a controlled 

continuous process of adapting an enterprise to the goals, 

objectives, and conditions of sustainable development, aimed 

at maintaining a sufficient level of business sustainability in 

its evolutionary phases of the life cycle on the trajectory of 

sustainable development, which is set by the innovation 

strategy. enterprises. Ensuring the sustainability of the 

enterprise in this case should be considered a functional 

purpose of the enterprise adaptation process. Adaptation of the 

company is provided through a holistic system of adaptive 

reactions of the company (in response to the likely changes in 

the conditions of operation and sustainable development), 

which are formed through the mechanisms of adaptive 

management. Consequently, the adaptation of the enterprise to 

sustainable development allows you to effectively acquire new 

knowledge, skills, abilities, and technologies and timely 

introduce certain innovations in the enterprise. 

Summarizing the review of the literature, it should be noted 

that there are some gaps in previous studies in the current body 

of knowledge, among which the following should be 

highlighted: 

1. Modeling gap. Low research activity on the use of 

modern modeling methods. 

2. Gap in the scenario approach. Most of the literature 

considers one or at most two scenarios for sustainable 

development. The ability to choose remains less active. 

To fill these gaps, we propose a new method for choosing a 

sustainable development scenario. 

Thus, after analyzing the literature, we concluded that 

within the framework of our study, we will fulfill the following 

scientific task: we will determine adaptation scenarios for such 

socio-economic systems as enterprises in the framework of 

ensuring optimal sustainable development. 

 

 

3. METHODOLOGY 

 

This section should clarify the key features of the methods 

of the article that form the research methodology. In the 
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process of making managerial decisions to ensure sustainable 

development, it usually becomes necessary to give 

unambiguous assessments of events and phenomena that have 

a complex socio-economic nature. This, in turn, requires the 

use of methods that allow ranking the objects of assessment by 

importance. To solve such problems, the method of analysis of 

hierarchies developed by T. Saaty is used, which is widely 

used by researchers and practitioners in solving economic 

problems [11-13]. 

The method of analyzing hierarchies consists of creating a 

specific model that includes hierarchical relationships. When 

constructing, it is possible to determine the values of the sums 

of elements of each column of square inversely symmetric 

matrices. Ultimately, a detailed check of the consistency of the 

results obtained occurs. In addition, the use of this method is 

accompanied by an expert assessment for the most adequate 

information content of the model. All generated expert 

conclusions are formed and systematized per the scale of the 

relative importance of the following objects (Table 1). This 

method can be conveniently used to build possible scenarios 

for the future and make managerial decisions to ensure 

sustainable development. 

 

Table 1. The scale of the relative importance of the objects 

of comparison in the framework of our study 

 
Grade Explanation of the Choice of Grade 

1 Objects of comparison are equivalent 

2 
One object is not significantly higher than 

the other 

3 One object dominates another object 

4 
One object is significantly larger than the 

other 

5 One object absolutely dominates the other 

 

For better understanding, this can be thought of as a certain 

kind of comparison: the minimally important object in this is 

a unit, while the most important object consists of a certain 

number of such units. Carrying out such paired comparisons 

allows us to obtain the most accurate characterizing features 

of objects. A simple qualitative comparison of the levels of 

importance of sustainable development objects is less 

informative and useful for research. 

Mostly, the tasks to be solved within the framework of 

ensuring sustainable development are multi-criteria and may 

contain factors of different dimensions: funds, demand for 

products, payback period, profit, probable risk, or be 

dimensionless: subjective qualities or social processes, 

aesthetic or spiritual nature. The intuition or practical 

experience of a person is not enough to solve, therefore it is 

necessary to apply mathematical methods. These are real 

conditions of uncertainty, where semi-structured and 

unstructured problems arise, which are solved with the help of 

stochastic programming, correlation-regression analysis, 

game theory, and the method of analyzing hierarchies. 

The methodology involves the use of several methods, 

however, the main one is the hierarchy analysis method. The 

method was applied analyzing the hierarchies that are used and 

solving problems of ensuring sustainable development. The 

idea is that the selected objects are evenly compared with each 

other. A key feature of the method that was used in the context 

of our study is that the comparison examined objects that in 

practice do not have clear numerical estimates. That is, paired 

comparisons allow us to obtain more accurate characteristics 

of objects. 

4. RESULTS OF RESEARCH  

 

To begin with, let's present a group of changes in the 

external environment that have influenced and determined the 

sustainable development of German industrial enterprises: 

SG. Structural transformations in the national economy 

(decrease in the number of large and medium-sized 

enterprises, loss of human resources). 

MA. Military acts (loss of the Russian market. Non-loading 

of production capacities. Deterioration of financial 

performance. Growth in domestic demand for defense 

products). 

GP. Strengthening globalization processes and a sustainable 

development strategy (growth in imports of high-tech products 

with the displacement of German manufacturers). 

CV. COVID-19 (deceleration of economic processes. 

Growth in demand for medical equipment). 

TA. Technological advancement (innovative passivity with 

increasing backlog). 

As depicted in Figure 1, the ultimate goal or apex of the 

hierarchy is defined as the "type of adaptation". The second 

level consists of criteria - "Changes in the external 

environment that have influenced and determine the 

sustainable development of enterprises." At the third level, we 

see adaptation options, that is, "Types of adaptation" (SA - 

statistical adaptation scenario; DA - dynamic adaptation 

scenario), which are alternative scenarios for the development 

of the situation (Figure 1). 

 

 
 

Figure 1. Hierarchy of the task of choosing the type of 

adaptation for German industrial enterprises 

 

Now let's evaluate alternative scenarios. Let's define n, 

which in our case will mean the number of criteria at the same 

level. In our case, the five main changes in the external 

environment that influenced and determined the sustainable 

development of German industrial enterprises, it is necessary 

to make ten comparisons of different pairs of changes. The 

corresponding equality must be observed when comparing (1): 

 

(n*(n-1))/2 (1) 

 

Calculations were made using the listing computer program. 

It should be noted that the sums of the elements of the matrix 

columns characterize the ordering of priorities (in other words, 

their significance relative to the process under study), and the 

eigenvalue is a measure of the consistency of estimates. 

Type of adaptation 

SG MA GP CV TA 

DA SA 
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Let us explain the calculation results given in Table 2. The 

largest eigenvalue of the matrix kmax = 5.131. It is known that 

the consistency of a square inverse symmetric matrix is 

equivalent to the requirement that its maximum eigenvalue 

kmax be equal to n, so we define the matrix consistency 

coefficient: (kmax – n) / (n – 1). In our case, CI=0.032. 

Consistency factor, comparable to a random consistency 

factor, WI matrix of the same size. WI values were determined 

in due time by T. Saaty (for n=5, WI=1.12). The ratio of CI to 

WI for a matrix of the same order is the matrix inconsistency 

level CR=CI/WI. In our case, CR=0.029. 

The applied method allows for a certain level of 

inconsistency in the matrix of even comparisons. The relative 

inconsistency should be no more than 10%. 

wi represents the elements of the columns of the pairwise 

comparison matrix according to the data in Table 2. 

Next, we put alternative scenarios which, also have its own 

“n”, but in order to avoid confusion, we denote the number of 

alternatives, that is, five comparisons of pairs of alternative 

scenarios, we denote as m, but equality (1) acts similarly for 

them. 

Thus, the basis of this type is a kind of comparison: the 

minimally important object is a unit, and the most important 

object consists of a certain number of such units. Carrying out 

such paired comparisons allows us to obtain the most accurate 

signs of characterizing objects. A simple qualitative 

comparison of the levels of importance of sustainable 

development objects is less informative and useful for 

research. Matrices of pairwise comparisons of parameters 

under various changes in the external environment that have 

influenced and determined the sustainable development of 

German industrial enterprises are presented in Table 3. We do 

not provide data on the levels of consistency of the matrices of 

pairwise comparisons, because all of them are within the 

normal range (CR ≤ 0.1) and confirm the correctness of the 

estimates obtained. 

It has already been noted above that the values of the largest 

eigenvalue, kmax, the consistency coefficient, CI, and the 

level of inconsistency, CR for each of the matrices are within 

the normal range. 

The choice of a strategy for creating an adaptive-oriented 

system for ensuring sustainable development (synthesis of 

priorities) Ui is carried out according to the formula (2): 

  

Uj=∑ 𝑤𝑖
𝑛
𝑖=1 𝑢𝑖𝑗; 𝑗 = 1,…𝑚 (2) 

 

where, wi is the priority of the i-th level of environmental 

changes that have influenced and determined the sustainable 

development of German industrial enterprises (i = 1,…, 5); 

uij is the relative weight of each type of adaptation (j = 1, 2) 

according to the i-th level of environmental changes (i = 1,…, 

5). 

According to (2), there are the following options for 

calculating priority values for all alternative scenarios U1 and 

U2 (Table 4). 

 

Table 2. Pairwise comparison matrix of environmental changes affecting the sustainable development of german industrial 

enterprises 
 

kn/kn SG MA GP CV TA 

SG 1.0 1.0/2.0 1.0/3.0 3.0 2.0 

MA 2.0 1.0 1.0/2.0 3.0 4.0 

GP 3.0 2.0 1.0 4.0 5.0 

CV 1.0/3.0 1.0/3.0 1/4 1.0 2.0 

TA 1.0/2.0 1.0/4.0 1.0/5.0 1.0/2.0 1.0 

wi w1 w2 w3  w4 w5 

Sj 0.160 0.264 0.418 0.090 0.066 

wi kmax CI CR 

The Results 5.131 0.032 0.029 

 

Table 3. Matrix of pairwise comparisons of the parameters of each sustainable development scenario 

 
u1j u11 u12 u2j u21 u22 u3j u31 u32 u4j u41 u42 u5j u51 u52 

Sj 0.75 0.25 Sj 0.83 0.16 Sj 0.333 0.666 Sj 0.5 0.5 Sj 0.8 0.2 

SG SA DA MA SA DA GP SA DA CV SA TA SG SA DA 

SA 1 3 SA 1 5 SA 1 1/2 SA 1 1 SA 1 4 

DA 1/3 1 DA 1/5 1 DA 2 1 DA 1 1 DA 1/4 1 

 

Table 4. Choosing a strategy for creating an adaptive-

oriented system for ensuring sustainable development 

 
Scenario Calculations 

U1 w1u11 + w2u21 + w3u31 + w4u41 + w5u51 

U2 w1u12 + w2u22 + w3u32 + w4u42 + w5u52 

U1 
0.160 × 0.750 + 0.264 × 0.833 + 0.418 × 0.333 + 0.0

90 × 0.500 + 0.066 × 0.800 = 0.577 

U2 
0.160 × 0.250 + 0.264 × 0.166 + 0.418 × 0.666 + 0.0

90 × 0.500 +0.066 × 0.200 = 0.422 

 

The results obtained allow us to state that the most 

acceptable type of adaptation for German industrial enterprises 

is the dynamic type of adaptation in the framework of 

sustainable development. 

Dynamic adaptation is used at the time of a significant 

increase in danger through the implementation of one or more 

threats through the rapid development of a program based on 

the need not to be limited not only by the internal environment 

but also by changing the nature of the impact on the subjects 

of the external environment, in particular through lobbying 

corporate interests. 

 

 

5. DISCUSSIONS 

 

In discussing our own results, our goal is to compare our 

article with similar ones. 

When discussing our results, we should compare them with 

the previous ones. For example, some scientists have 
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developed [14-17] the technology of forming a system for 

ensuring sustainable development, which is a step-by-step 

sequence of performing interrelated actions to provide 

qualities for a particular enterprise that will provide the 

necessary flexibility in the implementation of sustainable 

activities. Unlike the policy traditionally used in German 

enterprises, the developed technology regulates paying due 

attention to the issue of preliminary creation of a sustainable 

development strategy to support the effectiveness of security 

actors in responding to changes in the operating environment, 

in particular through the implementation of an adaptation 

strategy. 

Other scientists [18-21] as a result represent that the key 

conditions for the modern activity of an enterprise are the 

uncertainty of the market, the behavior of owners and 

competitors, and legislative decisions of public authorities. 

The enterprise exists and develops in an active external and 

internal environment, adapting to its changes. The complexity 

and instability of the environment require the enterprise not to 

improve the forms and methods of management, but to 

radically change the principles of creating management and 

production systems. 

In the studies of other scientists, it was established [22-25] 

that effective sustainable development of enterprises in 

conditions of a high level of dynamism of the external 

environment and the emergence of new impact factors is 

possible only if the potential of the enterprise is created and 

constantly maintained, which will be determined by the 

constancy of relationships and effective interaction between 

business and processes. Mandatory consideration of the 

synergistic effect from the interaction of all business elements 

allows not only an economical approach to the use of resources 

but also to improve the mechanism of adaptive strategic 

management, to substantiate the vectors of sustainable 

development. 

We can highlight the similarities and differences between 

our research results and those of others. The similarities 

include: 

1. Agreement with the view that ensuring sustainable 

development should be variable. 

2. Agreement with the idea of the importance of 

sustainable development for socio-economic systems such as 

the enterprise. 

Along with this, the differences are as follows: 

1. A different approach to achieving sustainable 

development through scenario building. 

2. A different vision of sustainable development due to 

countering new environmental challenges. 

Discussing the results of the study, we should note that the 

modeling was based on: the results of the study of the current 

conditions of the functioning of German industrial enterprises; 

and theoretically substantiated the content of two types of 

adaptation, that is, "static" and "dynamic"; familiarization with 

the results of applying the method of analysis of hierarchies 

for modeling socio-economic processes at the enterprise level, 

including sustainable development. The results of the 

implementation of the developed scientific and practical 

approach of determining the nature of adaptation procedures 

showed that the most acceptable for German industrial 

enterprises is "dynamic". In the conditions of an individual 

enterprise, the results of modeling may vary under the actual 

conditions of the sustainable development strategy, but the 

formed scientific and practical approach clearly defines the 

parameters of sustainable development. 

6. CONCLUSIONS 

 

To summarize, it should be noted that today the problem is 

not only in ensuring sustainable development but also in which 

version of the scenario for ensuring it should be chosen for 

certain socio-economic systems. We chose enterprises as an 

open socio-economic system and proposed several possible 

scenarios for their sustainable development. Modeling 

involves some calculations that contributed to this choice.  

The scientific novelty of the results obtained provides for 

the proposed scientific and practical approach to determining 

the nature of adaptation procedures in the framework of 

sustainable development, which, unlike the existing ones, 

based on the nature of changes in the external environment of 

the functioning of German industrial enterprises of a certain 

type of activity and the application of the hierarchy analysis 

method, involves the choice of static or dynamic type of 

adaptation, which determines the content of adaptation 

procedures concerning the enterprise management system, the 

implementation of which allows the systematic improvement 

of the sustainable development strategy. 

The study has a limitation in the form of selecting only 

German enterprises within the framework of our article. In 

addition, it was narrowed exclusively to one type of activity - 

industrial. Certain limitations influence the results in such a 

way that possible scenarios will not be effective for other 

regions. The prospects for further research will aim at 

expanded facilities through the selection of more sustainable 

development activities. That is, in the future, we will consider 

ensuring sustainable development not only of the country but 

also of an entire set of countries, such as the EU, for example. 

In the future, the following research question opens: What 

scenario for the sustainable development of socio-economic 

systems is possible at the international level of their 

cooperation at the level of all EU countries? 
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