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ABSTRACT 

 

 Problem statement: to investigate changes of public and economic space inextricably connected with transformation of 
engineering thought which is the basis of the scientific and technological progress both in industry and agriculture. It is necessary to note 

that development of engineering thought in the agricultural sector involves not only creation of new machinery and equipment designed 

for processing and development of rural areas. First of all, it involves biotechnologies and gene technologies allowing to bring crop 
raising and livestock farming to a new evolutionary level. Development of engineering thought and its quality transformation determine 

both the rate of changes in society and economics and sequence of changes in the technological modes. The approach of this article 

involves investigation of historical aspects indicating the interrelation between engineering thought evolution and change in technological 
modes. Results: the technological mode characterizes the specific character of the stage of the scientific and technological progress as 

well as provides the general idea of the technical level of development of the industrial, agricultural and service and trade sectors of 

economic sectors. It is commonly known that the technological mode has been dominating in economics for the period from 40 to 60 
years, at that, the faster the innovations are implemented (primary those of the technological nature) the higher the rate of the scientific 

and technological progress is and the higher the quality of social and economic changes is. Conclusion / recommendations: materials 

contained in the article have allowed to prove once again the fact that change in technological modes and change in scientific and 
technological progress are of common nature, at that, the key factor of development of social and economic relations is considered by the 

authors as quintessence of the engineering thought implemented in innovations. This presentation is a continuum of sustainable 

development of global social and economic relations. 

 

Key words: engineering thought, engineering activity, scientific and technological progress, technological mode, economic cycles, socio-

economic development.  

 
 

INTRODUCTION  

 

 Economy of modern developed and developing 

countries as well as countries in the process of 

quality transition have a significant evolutionary 

potential which requires its appropriate and efficient 

development [1]. The engineering thought is due in 

no small part to both development and use of the 

evolutionary potential. Development of global 

entrepreneurship in industry, agriculture and the 

trade and service sector is directly connected with 

establishment and development of the national 

scientific and engineering thought and successful use 

of best practice in the field of science and 

technology. According to historical records having 

initially established as trade and craft further global 

entrepreneurship efficiently implementing the results 

of the scientific and technological progress has 

rapidly evolved to industrial manufacture [2]. 

Currently global entrepreneurship is a complex 

economic agglomeration in which main segments 

(small, medium and large business) and interrelated 

sectors have been developed among which the 

agricultural sector plays one of key roles [3]. Past 

five technological modes have shown that economic 

growth is possible only in constant producing and 
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implementation of innovations. The modern sixth 

technological mode can be regarded as the mode 

characterizing complete transition of global social 

and economic relations from industrialization to 

informatization [4]. 

 

Method:  

 Methodologically this article presents a 

historical and retrospective analysis based on the 

comparative approach. This allowed not only to 

investigate the stages of development of the 

engineering thought and engineering activity but also 

to compare these stages with change in technological 

modes as well as to identify the interrelation between 

development of the engineering thought, formation 

of technological innovations and change of phases of 

major economic cycles.  

 

Results:  

 Establishment and development of the 

engineering activity in modern civilization have 

undergone five main stages [5]. As a rule the stage of 

the ancient world and the antiquity is considered to 

be the first stage (pre-engineering). The main 

peculiarity of this stage in development of modern 

engineering activity is its narrow specific focus – 

construction and architecture. Development of the 

engineering thought in the Middle Ages in fact was 

stopped. All the engineering objects created in the 

Middle Ages in terms of the engineering theory were 

based on the achievements of the ancient world. 

 The second key stage of development of the 

engineering practice and the engineering activity, as 

a rule, usually refers to the Renaissance 

(approximately from the beginning of the 14th 

century and to the beginning of the 17th century). 

This stage can also be called pre-engineering. This 

period includes the activity of several geniuses of the 

engineering thought the most famous of whom is 

Leonardo da Vinci. The engineering thought of this 

stage was aimed at creating equipment and 

machinery facilitating human labour including that in 

the agricultural sector, construction of facilities 

comprising modern cultural heritage, construction of 

fortified structures. This period of the engineering 

practice is still prescientific but the engineering 

activity was divided into the civil and military 

engineering activity in that same Renaissance. 

 The third stage of formation of engineering as a 

practical activity is connected with the Industrial 

Revolution (18th century, England). During this 

period accumulated engineering knowledge and 

skills were actively diffused, more complex 

machines and equipment were created during the 

same period that allowed to reduce the level of 

manual labour used and to move from manufacturing 

to factory production. The scientifically grounded 

basis for farming and agriculture started forming 

within the third stage; initial empirical knowledge of 

agricultural practice was formed within the first and 

second stages.  

 The fourth stage of engineering development is 

considered to be early scientific. Within this stage, 

firstly, social educational institutions were formed in 

which engineering and technical heritage of past ages 

acquired the scientific and theoretical basis. And, 

secondly, during the same period final idea similar to 

the modern one of the engineering activity and 

engineers as carriers of certain technical knowledge 

obtained as a part of professional education was 

formed. The fourth stage of establishment and 

development of engineering not only as an activity 

connected with creation of complex technical 

responses but also as a science can also be called 

imperial (or the imperialism stage in engineering). It 

is connected with the fact that during this period the 

most developed and the largest states and countries 

had been developed as empires. Consequently, the 

scientific-technical engineering activity was 

conducted mainly in the interests of empire evolving. 

By the way, it is necessary to note that exactly the 

so-called imperial period of engineering development 

was marked by creation of various motor carriages 

based on which first cars were later created and the 

basis for the entire branch - automotive industry has 

been established.  

 The fifth stage of engineering development can 

be called modern – this stage refers to the 20th 

century, the century of nuclear, space, chemical, 

biochemical, gene, radioelectronic and other 

technologies. Exactly in the 20th century the above 

and many other fields of scientific engineering 

knowledge were marked as independent scientific 

fields. During the 20th century the engineering 

thought and the engineering science in general was 

very actively developing all around the world. It is 

necessary to note that the modern engineering stage 

is connected with intensive development of both civil 

and military field in the engineering science and 

practice. The fifth stage involves not only epochal 

breakthroughs with the strongly marked social and 

economic context including that in the agricultural 

sector but also the engineering thought of the defense 

and military area was significantly improved within 

the fifth stage. This made it possible for the mankind 

to fight bloody wars including the wars and crimes 

against humanity causes of which were hidden by the 

ideas of social equality and general social welfare. 

 But it should be understood here that 

development of the military engineering thought in 

its scientific and ethics platform is based on ensuring 

security of the own country rather than seizure of 

other peoples and lands. In particular, the words of 

the outstanding designer of small arms who 

unfortunately died not long ago, M.T. Kalashnikov 

are prominent in this aspect. Mikhail Timofeevich 

Kalashnikov said that he created weapons for defense 

not for killing, not design engineers but certain 

politicians are guilty for increasing military 
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aggression in the world. It is hard to disagree with 

this statement. 

 As a rule, development of the engineering and 

technical thought in scientific literature is limited to 

five stages mentioned above. But in our opinion we 

can also identify the sixth stage of the modern 

engineering science, it is the latest stage the 

beginning of which was marked in the 21st century. 

The specific character of the latest stage of 

engineering thought formation can be identified in 

the context of improving traditional engineering and 

intensifying the development of the innovative 

engineering thought in high-technology segments 

[6], formation of new scientific and engineering 

areas in agriculture in both the segment of crop 

raising and in the segment of livestock farming [7]. 

Discussion: 

 Development of the engineering thought and the 

engineering activity accompanies the entire historical 

stage of modern civilization development but, as a 

rule, when discussing interdependence of scientific-

technical and socio-economic development it is 

common to take into account the last two-three 

centuries. As a rule, in these discussions and 

researches the emphasis is on European countries. 

And this is indisputably, thus, in particular, the 

structure of global industrial production in the early – 

mid 19th century was as follows (Figure 1). 

 

 
 

Fig. 1: Contribution of different countries in global industrial production as of the first half of the 19th century. 

Compiled by the author using sources [8, 9]. 

 

We can often hear the opinions of certain researchers 

who indicate that before the beginning of the 20th 

century Russia was a backward agrarian country; 

such statement is partly true. Thus, for example, if 

we go back to the historic period of the secong half 

of the 19th century which is usually called the golden 

age of Russian entrepreneurship we can see that the 

number of industrial and production plants by the 

end of this century had increased by 10 – 13 times. 

The industrial output in the Russian Empire by 1913 

had increased from 10 to 20 times (according to 

various estimates [5]). And this is not to mention the 

fact that pre-revolutionary Russia in its level of 

development of the trade and service economy sector 

consistently was in the leadership pool [6]. By the 

time of revolution of 1917 Russia was not an 

agrarian but agro-industrial country together with 

Great Britain, Germany and France. Unfortunately, 

by the end of the 20th century the Russian Federation 

had lost a bit its positions in global industrial 

production (Figure 2). 

 However, it is necessary to note that other 

countries rather developed by the beginning of the 

industrial age (Great Britain, France and Germany) 

also had lost their positions in global industrial 

production. This was due to both change of the 

general global order after the Second World War and 

change in technological modes and phases of major 

economic cycles. 

 We have already mentioned above that 

establishment and development of engineering go 

parallel with evolving of social and economic 

relations. And if we apply peculiarities of the 

engineering and technical cycles that can be 

presented in the form of technological modes to 

major economic cycles that were discovered by a 

prominent Russian economist Kondratyev N. we can 

detect the identity of change in technological modes 

and major economic cycles (Kondratyev long 

waves). Comparison of change in technological 

modes and change of economic long waves is given 

in Table 1. 
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Fig. 2: Contribution of different countries in global industrial production as of the last decade of the 20th 

century. Compiled by the author using sources [8, 9]. 

 
Table 1: Comparison of periodization of economic structures and economic long waves. Compiled by the author using source [10]. 

Period Economic long wave Technological mode 

Industrial Revolution 

From 1770 to 

1840 

The first economic cycle. Beginning of the 

upward phase –from 1770 to 1790, cycle peak 
– about 1820, end of the cycle – about 1840 

The first technological mode. Driver – steam machines, 

beginning of technology wide spreading – about 1790, end of the 
rapid growth phase – about 1830 

From 1845 to 

1896 

The second economic cycle. Beginning of the 

upward phase –from 1847, cycle peak – about 

1880, end of the cycle – about 1895 

The second technological mode. Driver – steam engine, 

beginning of technology wide spreading – about 1850, end of the 

rapid growth phase – about 1880 

From 1900 to 

1940 

The third economic cycle. Beginning of the 

upward phase –from 1880 to 1900, cycle peak 

– about 1930, end of the cycle – about 1945 – 
1950 

The third technological mode. Driver – electric motor. Beginning 

of technology wide spreading – about 1900, end of the rapid 

technology growth phase – about 1930 

From 1950 to 

1985 

The fourth economic cycle. Beginning of the 

upward phase – from 1940, cycle peak – 

about 1970, end of the cycle – about 1985 

The fourth technological mode. Driver – combustion engine. 

Beginning of technology wide spreading – about 1950, end of 

the rapid technology growth phase – about 1970 

Information Revolution 

From 1990 to 

2018 

The fifth economic cycle. Beginning of the 

upward phase – about 1983 – 1989, cycle 

peak – about 2005 – 2010, end of the cycle – 
about 2018 

The fifth technological mode. Driver – microelectronic 

components. Beginning of technology wide spreading – about 

1980 – 1990, end of the rapid technology growth phase – about 
2010 

From 2020 to 

2060 

The sixth economic cycle. Beginning of the 

upward phase – about 2020 – 2025. Cycle 
peak – about 2040, end of the cycle – about 

2050 

The sixth technological mode. Driver – nano-technologies, 

alternative energy. Beginning of technology wide spreading – 
about 2015 – 2020, end of the rapid technology growth phase – 

about 2040 

 

 Clear interrelation between change in 

technological modes and change of phases of major 

economic cycles has allowed to formulate a theory 

that specific character of economic processes is 

directly connected with both the level of scientific 

and technical social development in general and 

engineering thought development in particular. The 

prominent Austrian scientist and economist J. 

Schumpeter was among the first to notice this 

interrelation [11].  

 J. Schumpeter in his works on the theory of 

economic development indicated that such 

development is possible in high abilities of 

entrepreneurship for nonperiodic implementation of 

organizational and/ or technological innovations in 

order to maximize economic benefits that later were 

called the Schumpeterian rents. It is necessary to 

particularly note that in this case entrepreneurship is 

understood not as a separate institutionalized 

segment of economy but economy in general (i.e. 

both the real and financial sectors). This means that 

society and economy develop only when scientific 

and technical, fundamental and knowledge potential 

is constantly accumulated as well as when there is its 

subsequent transformation into a science-based 

market products, works and services including those 
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in the social sphere and in the sphere of state 

management.  

 Over the past period of establishment of 

scientific knowledge in the technical, humanitarian 

and natural science sphere the theory of economic 

development based on conceptual ideas of 

Kondratiev N. and J. Schumpeter repeatedly 

empirically and practically proved its correctness. In 

particular, change of the phase of the fifth major 

economic cycle and the corresponding fifth 

technological mode falls on the year 2010 ( 3-5 

years). During the same period the systemic financial 

crisis (crisis of 2008) combusted in the global 

economy negative delayed effects of which can be 

found in both the global and national economies. At 

the same time the World-System received a new 

impetus for development due to breakthrough 

discoveries made in technical and natural science 

spheres which was greatly due to the accumulated 

potential of the engineering thought. This allows us 

to state that global economy and social relations are 

currently getting to the new evolutionary level (sixth 

technological mode, sixth major economic cycle). 

Therefore, the theory of economic development of 

Kondratiev N. and J. Schumpeter should be 

considered reliable.  

 The Russian scientist Akaev A.A. [12] and the 

Japanese scientist M. Hirooka [13] have published 

several basic works on the theory of macroeconomic 

development and dependence of this development on 

the scientific and technical development including 

the engineering potential. This has allowed to 

postulate that innovations are the indispensable 

attribute to the balanced economic growth and 

sustainable socio-economic development. Therefore, 

evolving of social and economic relations and stable 

functioning of separate business entities at the market 

is possible only in case of constant production of 

knowledge including the engineering one, 

transformation of this knowledge into innovations 

and practical implementation of innovations to 

maximize economic and non-economic benefits [14]. 

 

Conclusions:  

 Summarizing this article it is necessary to note 

that establishment and development of the 

engineering thought (both global and Russian) have 

actively facilitated evolving of social and economic 

relations. Engineering played and is still playing a 

key role in formation of the innovative potential in 

transformation of development of national economic 

and social systems and the World-System in general: 

 In the historical context exactly the engineering 

thought has created and formed impetuses for 

intensive development of social and economic 

relations. Due to accumulation of the cognitive factor 

national economies and the World-System in general 

consistently transited to a new stage of development 

retaining and enhancing properties and qualities 

accumulated earlier that can be regarded as the 

potential for evolving; 

 Changeability of technological and economic 

phases is matched. Each new economic cycle has a 

key technological driver that starts forming in the 

period between the downward and upward phases of 

the economic cycle (Kondratyev long waves). 

Production, diffusion and successful absorption of 

innovations, thus, become the basis for sustainable 

development of national economic and social 

systems and the World-System in general; 

 The scientific and engineering thought develops 

in both the military and civil directions. 

Development of the military direction of the 

scientific and engineering thought is not an 

aggression but facilitates strengthening of the 

national defence capability. In the latter case this 

allows to create necessary science-based products 

and technologies designed for public consumption. 

Besides, development of the scientific and 

engineering thought in the civil direction also 

involves the growth of research intensity of the 

activity and production in agriculture which allows to 

solve the problem of ensuring food security at the 

national and global levels [15].  
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