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Abstract. The article presents a study of the development of agricultural mechanics in Ukraine based on the coverage of scientific works in 

the areas of research of its patriarch, academician of VASGNIL, academician of the Ukrainian Academy of Agrarian Sciences, 

corresponding member of the National Academy of Sciences of Ukraine, Professor Petro Vasylenko. The article analyzes not only his 

personal scientific works, but also the research of his immediate students. Academician Petro Vasylenko is known far beyond the borders 

of Ukraine for his fundamental research not only in agricultural mechanics, but also in the theory and methods of calculation of tillage, 

sowing, grain harvesting and beet harvesting machines, as well as in the dynamics and stability of agricultural machinery. Petro 

Vasylenko was also awarded the highest award in the field of agricultural mechanics, the V.P. Goryachkin Gold Medal, for his outstanding 

scientific contribution to the development of the theory and practice of agricultural mechanics and for the creation of a scientific school. 

This award was given only to outstanding scientists with a worldwide reputation who enriched the treasury of scientific knowledge with 

fundamental works in the field of agricultural engineering aspects of agriculture. 
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1. Introduction

Over 70 years of productive scientific and pedagogical activity in 

Ukraine, Academician Petro Vasylenko has made a significant 

contribution to the development of the scientific foundations of 

agricultural mechanics and agricultural machinery, training and 

education of engineering and scientific personnel. 

Creating his own scientific school, he trained 4 doctors and more 

than 40 candidates of technical sciences. While conducting research, 

he and his students published more than 200 scientific articles, 

including several fundamental monographs on agricultural 

mechanics, theory, calculation and design of agricultural machinery, 

and automation of agricultural production. His scientific works have 

been translated into foreign languages and published in Bulgaria, 

Slovakia, Romania, France, China and are cited in the United States. 

His fundamental monographs should be mentioned separately: 

"The Theory of Particle Movement on Rough Surfaces of 

Agricultural Machines", 1960; "Cultivators: (Design, Theory and 

Calculation)" (together with P.T. Babiy), 1961; "On the 

Methodology of Mechanical and Mathematical Research in the 

Development of Agricultural Machinery Problems", 1962; 

"Introduction to Agricultural Mechanics", 1996; as well as original 

and bright textbooks: "Methods of constructing calculation models 

of mechanical systems (machines and machine units) functioning" 

(together with V.P. Vasylenko), 1980; "Fundamentals of Scientific 

Research" (together with L.V. Pogorely), 1985; "Universal 

Mathematical Models of Machine Units Functioning and Their 

Application", 1990, which made a huge contribution to the 

development of machines for agriculture, to the development of 

theoretical methods of researching agricultural machinery and, in 

general, to pedagogical science. Academician Petro Vasylenko has 

several copyright certificates for inventions. 

He was perhaps the first in the world to publish a monograph: 

"Automation of Agricultural Production Processes" (together with 

I. Vasylenko), 1964 – first edition and 1972 – second edition, which

was included in the UN International Fund and was used by the UN

International Economic Commission to assess the state of

automation of agricultural production processes in different

countries. The further development of this topical scientific subject

was the publication of the monograph "Mechanization and

automation of feed preparation and dosing processes" in 1985 (also

with I.I. Vasylenko). American scientists, when developing the

wheeled travel of the Lunar Rover, used the fundamental work of

P.M. Vasylenko "On the Theory of Rolling of a Wheel with a

Trace", which he published in 1950. The scientist was officially

informed about this from the United States. Under the Apollo

program, three times (Apollo 15, Apollo 16, and Apollo 17 in 1971-

1972), the Rover lunar rovers traveled to another planet on wheels

designed according to the theory of our outstanding scientist in the

field of agricultural mechanics.

It is also worth noting the unique historical work of the scientist 

"Development of Mechanization and Electrification of Agriculture 

of the Ukrainian SSR", (team of authors), 1988, in which, thanks to 

the titanic efforts of Petro Mefodiiovych, fundamental historical 

material in the agricultural engineering industry of the country was 

collected and systematized, starting from the first attempts to 

mechanize the country's agriculture to the present day. 

Vasylenko P.M. was the direct supervisor and executor of a 

number of developments to create the first constructions of grain 

and fertilizer seeders, rotary cultivators for inter-row cultivation, 

beet harvesters with cutting of tops on the root, etc. Under his 

leadership, many important research and development projects were 

carried out to create new working bodies and research technological 

processes for corn harvesters, sowing machines, sprayers and 

fertilizer machines. 

2. Presentation of the main material and its

discussion 

If we carefully analyze the wide range of scientific 

developments of academician P.M. Vasylenko, we will see that 

they belong to three main areas: 

– classical foundations of agricultural mechanics as one of the

branches of applied mechanics; 

– fundamental theoretical mechanical and mathematical

research aimed at developing new methods for solving problems 

of analysis and synthesis of parameters of agricultural machines 

and machine units that are being researched and projected; 

– applied technical development of structural elements for the

creation of fundamentally new and modernization of existing 

models of agricultural machinery. 

The first of these areas concerns the application of the general 

fundamental principles of analytical mechanics to the 

development of mechanical and mathematical methods for solving 

problems of the agricultural environment, the motion of a material 

point and a material particle, a system of material points and a 

solid body. 

The development of modern agricultural machines as more 

complex and multidimensional systems compared to simple 

agricultural implements and machines requires more fundamental 

mechanical and mathematical methods, in particular, analytical 

mechanics based on the differential equations of dynamics of 

Lagrange, Hamilton-Ostrogradsky, Appel, Chaplygin, etc. In fact, 

the methodology of compiling and solving such complex systems 

of differential equations for calculating the parameters of 

agricultural machinery (machines and machine units) that is being 

designed was actually the first in the world to be developed by 

Academician Vasylenko P.M. The scientist scientifically 

substantiated and mathematically proved that the methods of 

analysis and synthesis that were widely used earlier, based on the 

works of Academician Goryachkin V.P. and his students, for the 
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study and development of small mechanical systems and simple 

agricultural machines are no longer sufficient if the systems To 

correctly solve problems with such parameters, it is necessary to 

draw up and calculate the elm equations using more complex 

Lagrange equations of the second kind with uncertain multipliers, 

and then use all the necessary procedures to solve them. 

The third, applied, direction of the scientist's development was 

carried out through close cooperation with the Specialized Design 

Bureau (SDB) and the Main Specialized Design Bureau (MSDB) 

of agricultural engineering plants, which made it possible to 

implement the above theoretical methods in the construction of 

new agricultural machines and their working bodies. In addition, 

the scientist directly researched, projected, and designed (and this 

follows from his scientific papers and inventions) many tillage, 

sowing, grain harvesting, and beet harvesting machines. 

Here is an analysis of the areas of agricultural engineering in 

which academician P. Vasylenko directed his own research and 

the research of his direct student. 

In particular, one of the main directions should be considered 

the study of dynamics of agricultural machinery and machine units. 

Thus, P.M. Vasylenko and V.G. Kuzminskii established the 

dependence of the process of starting from the place and 

acceleration of the machine unit on the value of torque, friction 

force in the clutch and the reduced moment of resistance forces, and 

also determined the conditions under which the self-propelled 

machine unit maintains the stability of motion. 

Then Vasylenko P.M. showed that if holonomous and 

nonholonomous stationary or nonstationary relations are imposed on 

the motion of the machine unit and the constituent generalized 

forces are set, and the expression of kinetic energy is referred to 

Cartesian coordinates with fixed axes , ,x y z  and Euler angles

, ,    or Krylov angles, , , ,    then the equations of dynamics 

of the mobile machine unit (mathematical model of its operation) 

can be made on the basis of the original Lagrangian II-type equation 

of dynamics with uncertain multipliers: 
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where  niqi ,...,2,1  – generalized coordinates (in this case – 

iiiiii zyx  ,,,,, ), n  – number of aggregate links that are solids. 

The kinetic energy of the system (if it can be related to the 

moving coordinate axes ii  ,  and i , invariably associated with 

solid bodies, and then transformed at constant moments of inertia) 

can be expressed as follows: 
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where 
iiiiii AAA VVV  ,,  – projections of velocity of the pole of 

the i-th body on moving coordinate axes; 
iii   ,,  – angular 

velocity projections on the same coordinate axes. 

Considering that the coordinates of the center of mass of each 

body are 
iii CCC  ,,  also constant values, it becomes possible to 

pass to the expression of kinetic energy related only to the 

stationary Cartesian coordinates 
ii AA yx ,  and 

iAz , Euler angles 

,i  i  and i  and their time derivatives in order to obtain the 

closed equations of motion. 

As a result of transformations of velocity projections

iiiiii AAA VVV  ,,  projections through directional cosines, expressed 

in turn through Euler angles and projections of angular 

accelerations
iii   ,, , also expressed through the kinematic 

Euler equations, an expression for kinetic energy is obtained, which 

can already be used in the original Lagrange equations with 

indefinite multipliers. In general, such an expression for the kinetic 

energy has the following form: 
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The given method of composing differential equations of 

motion is universal. It can be used to build mathematical models of 

functioning of any mechanical deterministic systems - stationary 

and mobile agricultural machines, machine units or their links. 

The solution of these equations can be carried out in specific 

cases (at a given number of independent coordinates and values of 

angles as functions of time, as well as in those cases when the 

obtained equations can be linearized and solved using a PC). Such 

equations are more and more widely compiled, solved and applied 

in modernization of existing and engineering design of new objects 

of agricultural machinery. 

Many processes in agriculture are carried out in the presence of 

variable masses. This is the reason why it is necessary to use the 

laws of mechanics of variable masses for analysis and synthesis of 

parameters of such systems. It should be emphasized that up to the 

present time these methods have not yet found wide application in 

the practice of calculation and design of agricultural machinery 

objects, but the theoretical prerequisites for this have been further 

reflected to a fuller extent in the works of Petro Vasylenko. In 

particular, it is shown that the equation of dynamics of a machine 

unit with one degree of freedom, whose masses m  of points and 

their radius-vectors r  change as some functions of the generalized 

coordinate q , s described by the equation: 
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where Q  and R  – generalized active and reactive forces, and: 
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where  qmm    – are the variable masses of the points of the 

system and V  – are their velocities, n,...,2,1 . 

Moreover, in many practically important cases these equations 

are reduced to the following form: 
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where BI  – the moment of inertia reduced to the main shaft; EM  

and СM  – the generalized moments of active and reactive forces 

reduced to the main shaft (mechanical characteristics of the motor 

and the working machine);  k  – the reduced density factor of 

inertial parameters of the whole system in the position of angle  . 
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where  jj mm   – j -th link mass;  
jj SS II   – moment of 

inertia of the j -th link relative to its center of mass; nj ,...,2,1 ; 

перS j
V  – translational velocity of the center of mass. 

The solution of this equation at different values of the moment 
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of inertia and mechanical characteristics EM  and СM  is one of

the main tasks of mechanics of machine units in general and with 

variable masses, in particular. 

An important place in the scientific research of P.M. Vasylenko 

and his students was occupied by solving the problem of improving 

various technological processes and technical means. 

Thus, his very first scientific works were devoted to soil 

mechanics and determination of soil resistance to compression. 

Later, using the methods of calculus of variations, a new modeling 

of soil as an elastic-viscous medium, P.M. Vasylenko and his 

students developed new constructions of working bodies. The 

subject of research was also rotary tillage tools, cultivators, and 

combined tillage machines. Petro Mefodiiovych also made a 

significant contribution to the theory of sowing various crops. The 

subject of his research with his students was sowing machines, 

coulters, mathematical modeling of oscillations of sowing units, etc. 

The academician and his students made the most fundamental 

contribution to the development of the theory of technological 

processes and machines for harvesting beets. First of all, the 

vibratory method of digging beet roots out of the soil and the 

mechanical and mathematical modeling of the functioning of root 

harvesting machines have gained worldwide recognition. 

His fundamental works dealt with the issues of mowing stalks, 

separation of rough heaps, spraying plants, potato harvesting, 

harvesting fodder beets, straw harvesting machines, mechanization 

of apple sorting, spreading mineral and organic fertilizers, and 

mechanization of livestock. 

However, Petro Mefodiiovych dealt with the issue of 

agricultural mechanics, in particular the development of its general 

theoretical foundations, exclusively on his own and achieved 

significant success. For example, he began to widely use both 

classical and new mechanical and mathematical methods of 

modeling the behavior of complex agricultural machinery and 

machine units. For this purpose, he widely used the methods of 

analytical mechanics and variational mathematics related to the 

search for optimal solutions, linear and dynamic programming, 

theories of random functions, etc. Almost the ultimate goal of his 

research in the last years of his life was to develop a methodology 

for constructing computational mathematical models of complex 

dynamic systems, when the right-hand sides of the differential 

equations of motion of composite systems contained forces defined 

by random functions. 

3. Conclusion

The strong development of agricultural mechanics in Ukraine in 

the twentieth century was due to the tireless work of its patriarch, 

Academician Petro Mefodiiovych Vasylenko (1900-1999). 

If we analyze the entire range of his scientific research, and 

there were more than 200 of them, the most fundamental were the 

developments of the general theoretical foundations of 

agricultural mechanics. 

At the same time, Petro Vasylenko widely used both classical 

and new mechanical and mathematical methods of modeling the 

behavior of complex agricultural machines and machine units. For 

this purpose, he applied the methods of analytical mechanics and 

variational mathematics related to the search for optimal 

solutions, linear and dynamic programming, theories of random 

functions, etc. 

He is the author of fundamental monographs that are 

recognized worldwide, and his new theory of wheel rolling with a 

trace (i.e., on deformed soil) has even been used in the space 

industry. 
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