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Abstract 

 

The article is dedicated to the analytical study of the improved mathematical model of the hydraulic drive 

of the mechanism for overturning a container with municipal solid waste into a garbage truck, taking into account 

the wear of friction pairs. As a result of the analysis of the performed numerical studies of the nonlinear improved 

mathematical model of the hydraulic drive of the mechanism for overturning a container with municipal solid 

waste into a garbage truck, taking into account the wear of friction pairs, a linearized version of this model was 

developed in the form of a system of ordinary linear differential equations of the 2nd order. To carry out design 

calculations of new garbage truck designs, approximate analytical dependencies were obtained for the pressure in 

the hydraulic cylinder pressure line, the angular velocity and the angle of container overturning on time were 

obtained based on the proposed linearized mathematical model of the hydraulic drive of the container overturning 

mechanism in the technological operation of loading municipal solid waste into the garbage truck during the 1st 

phase – overturning the container to the equilibrium position, taking into account the wear of friction pairs. A 

regression equation was obtained, which allows to approximately determine the duration of the 1st phase – the 

rotation of the container to the equilibrium position during its overturning in the technological operation of loading 

municipal solid waste into a garbage truck, taking into account the wear of friction pairs, which can be used during 

design calculations of new garbage truck designs taking into account the wear of working bodies without the need 

to study the nonlinear mathematical model of the drive, as well as during optimization of the main parameters of 

the hydraulic drive. It was established that the analytical study of the linearized improved mathematical model of 

the hydraulic drive of the mechanism for loading municipal solid waste into a garbage truck, taking into account 

the wear of friction pairs during the 2nd phase – pouring waste from the container into the body of the garbage 

truck requires further research. 

 

Keywords: linearized mathematical model, consideration of wear, Laplace transformation, hydraulic drive, 

wear, friction units, container overturning mechanism, garbage truck, solid waste. 

 

Introduction 

 

Among the current tasks facing modern municipal engineering in Ukraine, the improvement of mobile 

manipulator-type equipment, which includes garbage trucks, is particularly important [1]. In this field, ensuring 

increased wear resistance, reliability, and durability of machine parts is so important, since these characteristics 

directly affect the efficiency of equipment operation, reduce repair and maintenance costs, and increase the service 

life of equipment under conditions of intensive use [2, 3]. In Ukraine, the process of collecting and transporting 

municipal solid waste (MSW) to places of further processing or disposal is mainly carried out using body garbage 

trucks. The main working body of such machines is loading mechanisms designed in the form of hydraulically 

driven manipulators [4]. Currently, there are about 3700 garbage trucks in operation, which not only transport 

waste but also compact it. This significantly reduces transportation costs and the area of landfills required for waste 
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disposal, which is important both economically and environmentally. During the technological operation of MSW 

loading into the body of a garbage truck, friction components, in particular hinge joints and hydraulic cylinders of 

the manipulator, are subjected to significant loads. The intensive wear of these elements is due to a number of 

factors: the large weight of waste containers, which can reach 500 kg, the need for mechanisms to operate in 

reverse mode with reciprocating movements, and the high number of operating cycles performed during a single 

trip. An additional complicating factor is the operating conditions, which are characterized by significant 

fluctuations in relative humidity and temperature, as well as an increased level of dust in the environment. The 

combination of these factors leads to accelerated wear of working elements, which negatively affects the reliability 

and durability of garbage trucks. Deterioration of the operational characteristics of parts or insufficient lubrication 

leads to increased friction forces in the manipulator’s hinge joints. This, in turn, causes an increase in the level of 

vibration in the system, which negatively affects its dynamic stability and reduces the mechanism’s ability to 

withstand high loads under conditions of reversible friction. Accelerated wear of friction components not only 

reduces the efficiency of the garbage truck manipulator, but also creates potential risks for the safe operation of 

the equipment. This situation can lead to emergency operating modes that threaten the health of operators and can 

also have a negative impact on the environment in the event of uncontrolled spillage or leakage of solid waste. 

According to the Resolution No. 265 of the Cabinet of Ministers of Ukraine [5], one of the key areas of 

development of public utilities is the introduction of modern, highly efficient garbage trucks. Such vehicles are 

considered a central link in the system of technical means for the collection, transportation, and primary processing 

of solid waste. The use of the latest models of equipment not only optimizes logistics processes and reduces 

operating costs, but also contributes to the comprehensive solution of a number of pressing environmental 

problems related to waste management. In addition, the modernization of the garbage truck fleet ensures an 

increase in the overall reliability and efficiency of the country’s public utilities, which is of strategic importance 

for the sustainable development of settlements. The planning of the renewal, maintenance, and repair of garbage 

trucks is facilitated by the determination of approximate analytical dependencies of the main power and kinematic 

characteristics of the hydraulic drive of the mechanism for overturning containers with solid household waste into 

a garbage truck, taking into account the wear of friction pair. 

 

Analysis of recent research and publications 

 

In the article [6], a structural analysis of the wear parts of a garbage truck is presented. The authors of the 

paper [7] proposed a method for diagnosing faults associated with the wear of the hydraulic cylinder seal and 

internal leaks of the working fluid, based on the fusion of energy characteristics. In the paper [8], a scheme of a 

robotic manipulator was developed, its 3D geometric model was created using SOLIDWORKS, and the motion 

analysis was performed. During the design of structural optimization, key parameters such as stress and 

deformation of the robotic manipulator were analyzed in detail, and objective functions and constraints were 

established for optimizing and improving its structure. This allows to reduce the failure rate of the manipulator 

during long-term high-intensity operation and better achieve joint operation with other systems of the garbage 

truck to increase the overall efficiency of MSW collection and transportation. 

In the study [9], a method for optimizing the operation of a robotic cell is presented, which involves 

changing the position of the robot manipulator within the working area for programs with a fixed trajectory of the 

endpoint. The main goal was to reduce the total wear of the manipulator joints and prevent their uneven loading, 

when individual joints are subjected to greater stress compared to others. The assessment of wear was carried out 

by approximating the integral of the mechanical work of each joint along the entire trajectory, which is determined 

through angular velocities and applied torques. The proposed approach is based on the usage of dynamic modeling, 

which allows determining the torques and rotation speeds of the joints in different positions of the robot. The 

results of the study showed that the optimal location of the manipulator base allows reducing the overall level of 

wear of its joints by 22-53%, depending on the configuration of the trajectory of movement. 

In the article [10], a mathematical model was developed that allows determining the optimal geometric 

parameters of the manipulator’s structural elements, taking into account the maximum boom reach, load capacity 

and a number of other kinematic characteristics of the machine. Such a model is an important tool for design 

engineers, since it provides the possibility of rational selection of dimensional parameters of structural elements 

in order to increase the efficiency of the manipulator and ensure its reliability during operation. At the same time, 

special attention was paid to the peculiarities of the operation of articulated joints that operate in a cyclic mode, 

which is typical for manipulator-type machines. It was established that under such conditions, the formation of a 

complete hydrodynamic friction mode is impossible, since the lubrication process occurs mainly in the semi-dry 

and boundary friction modes. This leads to increased requirements for the properties of the materials of the parts, 

the quality of the surface finish and the efficiency of the lubrication system, since it is these factors that determine 

the wear resistance and durability of articulated joints in real operating conditions. Unlike the steady-state mode 

of hydrodynamic friction, the operation of sliding bearings in conditions of semi-dry or boundary friction is 

accompanied by more intense wear of the friction surfaces. This leads to a gradual loss of kinematic accuracy, the 

appearance of additional dynamic loads, impact loads and vibrations, which, in turn, cause the development of 

fretting corrosion and premature destruction of parts. To reduce the friction force, it is proposed to use special 

coatings of the conjugate elements of the manipulator hinges, in particular lead, phosphate and indium. It has been 
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proven that the intensity of contact wear can be significantly reduced by using lubricants based on oils and fats, as 

well as greases, which at a temperature of 25 °C acquire a thick, ointment-like consistency. In addition, the 

feasibility of using phosphate and anodic metal coatings has been determined, which contribute to better retention 

of lubricants on friction surfaces, increasing their efficiency and durability of components. 

In the work [11], a detailed analysis of the main types of wear of hinged joints used in the structures of 

forest manipulators was carried out. The obtained research results made it possible to determine promising 

directions for increasing their wear resistance, which can be used by design engineers in order to extend the 

working life of the mentioned units depending on the specific operating conditions and requirements for the 

equipment. Particular attention is paid to the fact that manipulator machines mostly operate in difficult climatic 

conditions with sharp fluctuations in ambient temperature. Such factors significantly affect the stability of the 

properties of lubricants and the operational characteristics of the structural materials of the hinges, which 

ultimately causes accelerated wear and a decrease in the durability of the machines. Under conditions of reduced 

temperatures, the properties of the materials of friction pairs undergo significant changes. In particular, an increase 

in their fragility, a decrease in the yield point, and an increase in the rigidity of the working surfaces are observed. 

This leads to a complication of the processes of movement and annihilation of dislocations in the crystal lattice of 

the material, which is accompanied by the appearance of exoelectronic emission and a significant acceleration of 

the wear processes of friction surfaces. An additional negative factor is a change in the characteristics of lubricants: 

at low temperatures they can lose their fluidity, turn into a solid state or significantly increase their viscosity. As a 

result, the lubricant loses its ability to form a reliable film between the working surfaces, which sharply reduces 

its protective and antifriction properties and leads to an intensification of wear processes. In the summer, when the 

ambient temperature reaches high values, intensive heating of lubricants occurs, which leads to a decrease in their 

viscosity and subsequent spontaneous leakage from the friction zone. This negatively affects the processes of 

lubrication and cooling of working surfaces, since the ability of the lubricant to form a stable protective film 

decreases, and the risk of overheating of the contacting elements increases. As a result, wear processes are 

intensified and the durability of hinged units is reduced. To prevent such undesirable phenomena, it is proposed to 

use special sealing devices that are capable of simultaneously performing several important functions: to protect 

the hinged joints of manipulators from the penetration of dust, moisture and aggressive impurities that can cause 

corrosive destruction of surfaces; to keep the lubricant in the friction zone, preventing its premature leakage. The 

conducted studies have confirmed the feasibility of integrating contact and labyrinth sealing elements into the 

design of hinges, which, due to their design specifics, provide more reliable protection of units from the negative 

effects of the operating environment and increase the service life of manipulators. 

In the article [12], the method of synthesis of the trajectory of the manipulation robot movement taking into 

account its degrees of mobility is considered. It is shown that the bending of the rod causes support reactions in 

the contact zone, similar to the beam on two supports. Based on the determined contact pressure, it is possible to 

estimate the potential wear processes of the surfaces of the hydraulic cylinder, rod and stuffing box. It is established 

that even in the conditions of complete absence of danger of loss of strength by the rod during bending, contact 

stresses, which reach approximately one third of the material strength limit, can significantly accelerate the wear 

of friction surfaces. This approach allows to more accurately explain the reasons for the formation of characteristic 

wear patterns and to determine the features of their identification. 

In the paper [13], it is shown that when developing new promising designs of articulated joints, it is 

necessary to apply a comprehensive approach to the selection of scientific and technical solutions, since their 

performance is influenced by a significant number of parameters. Such an approach creates opportunities for the 

formation of new design solutions that can provide increased reliability and durability of articulated joints of 

manipulators of logging machines. The implementation of such solutions allows to significantly improve both 

mechanical and tribotechnical characteristics of joints, as well as to optimize the thermal mode of their operation, 

which is an important factor in increasing the efficiency of equipment operation. 

The article [14] presents the results of the analysis of the design features of the grippers of the body garbage 

trucks and the study of their reliability. Based on the conducted research, a calculation model of the garbage truck 

was developed, which was considered as an oscillatory system. During the analysis process, the features of the 

oscillations of the garbage truck frame during operation were established, and the dependencies of the formation 

of forces in the interaction of the elements of the “grip – tank – gripper” system were also revealed. The research 

showed that the greatest loads correspond to the traction and rod of the hydraulic cylinder, and these loads increase 

with increasing of container mass. At the same time, a change in the mass of the garbage truck itself does not affect 

the magnitude or amplitude of the loads, but leads to a change in their frequency characteristic. During operational 

observations, it was established that the main cause of garbage truck failures is wear and corrosion of the working 

surfaces of the equipment parts. In particular, 32% of all failures in the hydraulic drive system occur on hydraulic 

cylinders. Failures of these units are associated with wear of the working surfaces of the mating parts, deformations 

of the rod and cylinder under the action of operational loads arising from uneven loading of the body, as well as 

abrasive wear in difficult operating conditions. The main factor in failures of the hydraulic drive is intensive wear 

of the working surfaces of key parts of its design, in particular spools and housings of hydraulic distributors, as 

well as hydraulic cylinder rods. An additional factor of degradation is hydroabrasive damage, which occurs as a 

result of untimely replacement of the working hydraulic fluid and the use of poor-quality or worn sealing elements, 

such as hydraulic cylinder seals. This leads to the penetration of dust particles and wear products into the sliding 
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zone, which significantly accelerates the destruction of the working surfaces. To increase the service life and 

restore the performance of parts, it is recommended to use the technology of chrome plating in cold self-regulating 

electrolyte, which ensures the production of chrome coatings with high quality of the deposit, increased wear 

resistance and sufficient productivity, which makes it one of the most promising methods of restoring worn 

elements of hydraulic drives. 

Analytical study of the mathematical model of grinding of polymer waste in the grinding chamber of a 

rotary crusher with continuous classification of the finished product, carried out in [15], made it possible to 

determine with high accuracy the particle sizes of the final product, the crusher productivity, and energy 

consumption at different values of the rotor angular rotation speed, the initial waste sizes, the crusher design 

parameters, and the chamber loading modes. 
In the article [16], an algorithm for numerical-analytical study of the dynamics of a planar six-bar linkage mechanism of a sewing 

machine thread take-up mechanism is proposed, which is based on the numerical solution of the differential equation of motion of the 

mechanism, and computer modeling of this mechanism is also carried out in Mathcad software. 

In the paper [17], on the basis of analytical study of a mathematical model, the dependencies of the 

functioning of vibration and vibro-impact machines based on a hydropulse drive with a single-stage pulsator valve 

were determined. 

In the materials of the article [18], an improved nonlinear mathematical model of the hydraulic drive 

operation of the mechanism for loading solid waste into a garbage truck during container overturning is proposed, 

which takes into account the wear of friction pairs and allowed to numerically study the dynamics of this drive 

during start-up and determine that taking into account the wear of friction pairs significantly affects the main 

parameters of the hydraulic drive for container overturning during MSW loading into a garbage truck. It was 

established that the duration of container overturning during MSW loading increases in a power-law dependence 

with increasing wear of the hydraulic cylinder. 

The work [19] is dedicated to the determination of analytical dependencies that describe the quality 

indicators of transient processes of the hydraulic drive, which ensures the overturning of the container during the 

MSW loading into the garbage truck. In the article [20], a linearized mathematical model of the hydraulic drive 

for overturning the container during the technological operation of loading MSW into the garbage truck is proposed 

and analytically studied. However, this mathematical model does not take into account the wear of friction pairs. 

However, in the process of analyzing known publications, authors did not find a linearized improved 

mathematical model of the hydraulic drive of the mechanism for overturning a MSW container into a garbage 

truck, taking into account the wear of friction pairs and the results of its analytical study. 

 

Aims of the article 

 

Analytical study of a linearized improved mathematical model of a hydraulic drive for a solid waste 

container overturning mechanism in garbage truck, taking into account the wear of friction pairs to obtain 

analytical dependencies of the main power and kinematic characteristics of this hydraulic drive in a steady-state 

mode of operation, which can be used when conducting design calculations of new garbage truck designs, taking 

into account the wear of the working bodies. 

 

Methods 

 

During the analytical study of the linearized improved mathematical model of the hydraulic drive of the 

mechanism for overturning a container with MSW in garbage truck, taking into account the wear of friction pairs, 

the following methods were used: operator calculus using the Laplace transformation to solve a system of ordinary 

linear differential equations, linearization of nonlinear dependencies, decomposition of complex expressions into 

simpler fractions, as well as computer modeling methods. To plot the graphs, the computer program "MatModel" 

described in [19] was used, which implements the 4th-order Runge-Kutta-Felberg numerical method with a 

variable integration step. 

 

Results 

 

Fig. 1 shows a calculation diagram of a linearized improved mathematical model of a hydraulic drive for 

overturning a container during the technological operation of MSW loading into a garbage truck, taking into 

account the wear of friction pairs when using the rear scheme of MSW loading. The diagram shows the following 

structural elements: C − container, G – gripper, L – lever, HC − hydraulic cylinder, HD – hydraulic distributor, 

P − hydraulic pump, SV − safety valve, F − filter, T − tank with working fluid, as well as the main geometric, 

kinematic and power parameters: p1 , p2 , p3 , p4 − pressures at the pump outlet, at the hydraulic cylinder inlet, at 

the hydraulic cylinder outlet and at the filter inlet, respectively; W1 , W2 , W3 , W4 − volumes of pipelines between 

the pump and the hydraulic distributor, the hydraulic distributor and the hydraulic cylinder inlet, the hydraulic 

cylinder outlet and the hydraulic distributor, the hydraulic distributor and the filter; QP −actual pump flow rate; 

SP − cross-sectional area of the distributor opening; Sf  − surface area of the filter element; D , d − piston and rod 
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diameters; J − moment of inertia of moving elements; GC −container weight; R − radius of rotation of moving 

elements; lP − distance between the centers of rotation of the gripper and the rod; h − the height of the container; 

 − angle between the axes of the lever and the cylinder arm,  − angle that takes into account the deviation of the 

center of mass position;  − angle between the gripping arm and the horizontal;  − angle of inclination of the 

container wall;  − the angle between the axis of the cylinder arm and the axis passing between the centers of 

rotation of the gripper and the hydraulic cylinder;  − grip rotation angle. 

 

 

Fig. 1. Calculation scheme of the linearized improved mathematical model of the hydraulic drive for overturning the 

container during the technological operation of MSW loading, taking into account the wear of friction pairs 
 

Analysis of the conducted studies of the nonlinear mathematical model [18] showed that p1  p2  p12, and 

the influence of pressure in the drain lines and viscous friction forces on the operation of the hydraulic drive is 

insignificant. The process of overturning the container during the technological operation of MSW loading into a 

garbage truck can be divided into two phases: 

1. The phase of overturning the container to the equilibrium position ( + – ≤ π /2). 

2. Phase of pouring MSW from the container into the body of the garbage truck ( + – > π /2). 

Thus, the system of differential equations of the nonlinear mathematical model is transformed into such 

systems of differential equations that correspond to the phases adopted above. The phase of rotation of the 

container to the equilibrium position can be described by a system of differential equations: 
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where W12 = W1 + W2; σ0 – coefficient of working fluid losses due to flow from the high-pressure region to 

the low-pressure region, m5 /(N·sec); ασ , βσ – coefficients of approximation of the dependence of working fluid 

losses on the duration of the friction pair wear process (ασ = 4.054∙10 -4; βσ = 128.1). 

In order to linearize the trigonometric functions of the system of differential equations, let’s make the 

following substitutions: 
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where 0  − the averaged value of the angular velocity of the container in the 1st approximation,  rad/sec; 

( ) 422
1 dDSC −=  − area of the rod cavity of the hydraulic cylinder, m2 ; ( ) 2/2/1  −+= – averaged in 

the first approximation value of the container overturning angle for the first phase, rad. 
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Therefore, the linearized mathematical model of the hydraulic drive of the first phase of container 

overturning for the operation of MSW loading into a garbage truck has the following form: 
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where 
d
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
 =   − instantaneous value of the angular velocity of container overturning, rad/sec. 

For further study of the linearized mathematical model, we will use the Laplace transformation, according 

to which we obtain the following: 
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Substituting equation (10) into equation (9), we obtain: 
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By the method of decomposing expression (11) into simpler fractions after reduction to the canonical 

form, we obtain 
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Then we can find the original image of (13): 
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Excluding insignificant coefficients in expression (15), which have a higher order of smallness, and taking 

into account the accepted notations according to (6), (12), (14), the angular velocity of container overturning, 

taking into account the wear of friction pairs during the first phase, is described by the following equation: 
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After substituting the substitution ( ) ( )  2/)(sinsinsin 2 ++++ into equation (16): 
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To determine the container overturning angle, taking into account the wear of friction pairs during the first 

phase, we integrate equation (17) and, taking into account the initial conditions (0) = 0, we obtain the following: 
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Excluding insignificant coefficients in expression (18), which have a higher order of smallness, we obtain 

a simplified equation for the change in the container overturning angle taking into account the wear of friction 

pairs during the first phase: 
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From equation (19), we determine the duration of container overturning, taking into account the wear of 

friction pairs during the first phase: 
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Solving the system of equations (9, 10) with respect to P(s) after reduction to the canonical form, we obtain: 
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Next, we can find the original image of (21) 
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Neglecting the insignificant coefficients of equation (23), which have a higher order of smallness, and 

taking into account the notations according to (6), (12), (14), (22) and the initial conditions p(0) = 0, the pressure 

in the hydraulic cylinder pressure line, taking into account the wear of the friction pairs during the first phase, can 

be described by the following equation: 
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Comparison of the results obtained using nonlinear and linearized mathematical models of the hydraulic 

drive for overturning the container during the technological operation of loading MSW into a garbage truck, taking 

into account the wear in friction pairs, as well as using equations obtained as a result of the analytical solution of 

the linearized model, is shown in Fig. 2. 

When comparing the characteristics of container overturning obtained using a nonlinear mathematical 

model and equations (16), (19), (24), as a result of analytical solution of the linearized mathematical model of the 

hydraulic drive for container overturning in the technological operation of MSW loading into a garbage truck, 

taking into account the wear of friction pairs, the error is about 10% at the beginning of the movement and 

decreases to 2-5% at the end of the movement compared to the nonlinear mathematical model, which is acceptable 

for performing preliminary design calculations. If necessary, the values of the main parameters can be specified at 

the final stage of design using a nonlinear mathematical model. 

The obtained regression equation (20) allows to approximately determine the duration of the 1st phase – 

the rotation of the container to the equilibrium position during the container overturning during the technological 

operation of MSW loading into a garbage truck, taking into account the wear of friction pairs, which can be used 

when conducting design calculations of new garbage truck designs, taking into account the wear of working bodies 

without the need to study the nonlinear mathematical model of the drive, as well as when optimizing the main 

parameters of the hydraulic drive. 
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a)       b) 

 

c) 

Fig. 2. Comparison of results obtained using nonlinear ( ⎯⎯) and linearized (− − −) mathematical models of the 

hydraulic drive for overturning the container during the technological operation of MSW loading into a garbage 

truck, taking into account the wear of friction pairs, as well as using the equations obtained as a result of its analytical 

solution (): a) −change in pressure in the hydraulic cylinder; b) −change in angular velocity; c) −angle of rotation 
 

Analytical study of the linearized improved mathematical model of the hydraulic drive of the mechanism 

for MSW loading into a garbage truck, taking into account the wear of friction pairs during the 2nd phase – pouring 

solid waste from the container into the body of the garbage truck, requires further research. 

 

Conclusions  

 

To carry out design calculations of new garbage truck designs, approximate analytical dependences of the 

pressure in the hydraulic cylinder pressure line, the angular velocity and the angle of container overturning on time 

were obtained. It was based on the proposed linearized mathematical model of the hydraulic drive of the container 

overturning mechanism in the technological operation of loading municipal solid waste into the garbage truck 

during the 1st phase: overturning the container to the equilibrium position, taking into account the wear of friction 

pairs. A regression equation was obtained, which allows to approximately determine the duration of the 1st phase 

– the rotation of the container to the equilibrium position during its overturning during the technological operation 

of loading of municipal solid waste (MSW) into a garbage truck, taking into account the wear of friction pairs, 

which can be used during design calculations of new garbage truck designs taking into account the wear of working 

bodies without the need to study the nonlinear mathematical model of the drive, as well as during optimization of 

the main parameters of the hydraulic drive. It was established that the analytical study of the linearized improved 

mathematical model of the hydraulic drive of the mechanism for MSW loading into a garbage truck, taking into 

account the wear of friction pairs during the 2nd phase – pouring waste from the container into the body of the 

garbage truck, requires further research. 
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Березюк О.В., Савуляк В.І., Харжевський В.О., Іванов С.Ц., Яворський В.Є. Аналітичне 

дослідження  моделі гідроприводу механізму перевертання контейнера з побутовими відходами у 

сміттєвоз із урахуванням зносу пар тертя.  

 

Стаття присвячена аналітичному дослідженню удосконаленої математичної моделі гідроприводу 

механізму перевертання контейнера з твердими побутовими відходами у сміттєвоз із урахуванням зносу 

пар тертя. У результаті аналізу виконаних числових досліджень нелінійної удосконаленої математичної 

моделі гідроприводу механізму перевертання контейнера з твердими побутовими відходами у сміттєвоз із 

урахуванням зносу пар тертя, розроблено лінеаризовану версію цієї моделі у формі системи звичайних 

лінійних диференціальних рівнянь другого порядку. Для проведення проектних розрахунків нових 

конструкцій сміттєвозів отримано наближені аналітичні залежності тиску в напірній магістралі 

гідроциліндра, кутової швидкості та кута перевертання контейнера від часу на основі запропонованої 

лінеаризованої математичної моделі гідроприводу механізму перевертання контейнера на технологічній 

операції завантаження твердих побутових відходів у сміттєвоз під час 1-ї фази – повороту контейнера до 

положення рівноваги із урахуванням зносу пар тертя. Одержане рівняння регресії, яке дозволяє наближено 

визначити тривалість 1-ї фази – повороту контейнера до положення рівноваги під час його перевертання 

на технологічній операції завантаження твердих побутових відходів у сміттєвоз із урахуванням зносу пар 

тертя, що може бути використано під час проведення проектних розрахунків нових конструкцій 

сміттєвозів із урахуванням зносу виконавчих органів без необхідності дослідження нелінійної 

математичної моделі приводу його робочих органів, а також під час оптимізації основних параметрів 

гідроприводу. Встановлено, що аналітичне дослідження лінеаризованої удосконаленої математичної 

моделі гідроприводу механізму завантаження твердих побутових відходів у сміттєвоз із урахуванням 

зносу пар тертя під час 2-ї фази – висипання відходів із контейнера в кузов сміттєвоза вимагає проведення 

подальших досліджень. 
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