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ABSTRACT: The article deals with the theoretical substantiation of the process of sorting of  

elastic components of waste. The experience of foreign countries shows that the use of waste, 

their separation into useful components used as secondary raw materials at enterprises, allows 

not only to gain financial benefits from waste but also to clean up the environment. The aim of 

the study is to theoretically substantiate the process of sorting of elastic components of waste 

from the rest of waste mass. The study was conducted using theoretical and empirical methods, 

in particular, a review and analysis of the literature sources, logical and system analysis, and 

the basic concepts of the theory of impact. The regulatory legal framework in the field of waste 

management in the Republic of Uzbekistan has undergone significant changes. There are laws, 

decrees and resolutions of the President, the projects aimed at solving the problem of separate 

waste collection. The existing technology for the processing of municipal solid waste (MSW) in 

the Republic of Uzbekistan, in particular, in the city of Tashkent, does not allow the mechanized 

separation of valuable components from the MSW composition. In this regard, an analysis of 

the existing designs of sorting devices was conducted and an analog was chosen for the 

development of the sorting device design. A significant difference in the values of the lengths of 

rebound of elastic components of waste from non-“elastic” ones is theoretically determined and 

experimentally confirmed. 
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1 INTRODUCTION  

The Population growth, rapid urbanization, rapid 

economic growth and rising living standards in 

developing countries, and the pursuit of additional 

profits for producers through small packaging of 

goods have significantly accelerated the rate of 

quantity and quality of municipal solid waste on 

specialized vehicles intended for transporting waste 

to landfills will significantly decrease; thirdly, the 

emission of harmful substances into the atmosphere 

will be substantially reduced. In addition, it is 

important to note that by reducing the volume of 

waste disposal, the service life of landfills increases, 

thus saving land resources used for filling waste, 

which, in turn, affects the cost of waste disposal. 

The following researchers were engaged in the 

study of the patterns of sorting of municipal solid 

waste and the methods of selecting devices: 

Hongmei Lu [5], А.М. Gonopolsky [6], N. 

Marashlian [7], D.Bolzonella [8], Scott W 

Anderson [9], Steven P Hanson [10], Huaxun Ma, 

Lei Sun [11], T. K. Khankelov [12], Sh.S. Tursunov 

[13], T.N. Lipatova [14], I.V. Lamzina, V.F. 

Zheltobryukhov, I.G. Shaikhiev [15], B.S. Kirin, 

A.N. Klokova [16], A.M. Musaev, R.G. Saifulin 

[17], Mitsuhiro Oka [18], L.N. Reutovich, M.P. 

Arlievsky, N.A. Averyanova [19], V.F. Reshitko, 

G.Yu. Zatsepina, A. A. Shashin, Krelman E.B. [20], 

F.B. Teshome [21]. 

The creation of efficient sorting devices with 

low energy and material consumption rates causes 

significant difficulties: firstly, waste is a 

conglomerate of very diverse physical and 

mechanical properties containing fibrous inclusions 

(paper, wood, leather, etc.), elastic components 

(bones, stones, etc.), and food waste; secondly, it is 

connected with the issues of rational arrangement of 

the device units relative to each other. 

In this regard, the theoretical definition of the 

length of rebound of the elastic components of 

waste is relevant, which makes it possible to 

rationalize the arrangement of units and solve the 

problems of energy and material consumption. In 

addition, these sorting devices must be subject to 

very strict energy, environmental and economic 

requirements, which are as follows: 

-low indicators for energy and material 

consumption; 

-minimum percentage of ballast inclusions; 
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-minimal emission of harmful substances into 

the atmosphere; 

- simplicity of design and reliability in operation. 

. 

2 MATERIALS AND METHODS 

A mathematical model of the process of sorting 

of elastic components of waste was developed in 

connection with the aim of theoretically 

determining the lengths of rebound of the elastic 

components of waste. The equation of motion of the 

elastic components of municipal solid waste in the 

process of collision with a metal plate is described 

by the following equation 

 

        
   

   
       

 
    

   
       

     (1) 

 

The equation of the trajectory of the elastic 

components of waste without considering the forces 

of air resistance has the following form 

 

        
   

   
       

 , (2) 

 

Comparing this equation with (1), we can see 

that the third term in (1) is a correction that 

determines the effect of air resistance on the 

trajectory of MSW. The trajectory, taking into 

account the air resistance, is located below the 

trajectory of the projectile in the airless space. 

In order to find the flight range of the elastic 

components of waste, it is necessary to introduce y 

= 0 into equation (1) 
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If we replace     with  , we get the formula for 

determining the rebound length of the elastic 

components of MSW 

 

  
           

             

   
 ,       (3) 

  

To determine the length of rebound of elastic 

components of MSW in the process of collision 

with a metal plate, a program in the Python 3.0 

language was developed and numerical values of 

the lengths of rebound of elastic components were 

obtained. The rebound lengths range from 0.1 to 

0.45 m. 

  For experimental confirmation of the results 

obtained, a sorting device was developed; its 

general view and structural diagram are shown in 

Figures 1 and 2. 

 

Fig. 1. General view of the sorting device 

 
Fig. 2. Scheme of the device for sorting solid waste. 

1 - case; 2 - dosing hopper; 3 - top conveyor; 4 - U-

shaped frame; 5 - tension spring; 6 - metal bar; 7 - 

power plant; 8 - driving drum; 9 - V-belt; 10 - upper 

conveyor belt; 11 - metal plate; 12 - rack; 13 - bottom 

conveyor; 14 - driven drum; 15 - power plant; 16 - V-

belt, 17 - drive drum gearing. 

 

The device consists of case 1, attached to the 

racks of the case of loading hopper 2, two 

conveyors located one below the other. U-shaped 

frame 4 is attached to the sides of upper conveyor 3 

using tension springs 5. Metal bar 6 is rigidly fixed 

to the U-shaped frame 4. The device contains power 

plant 7 consisting of an engine and a gearbox, 

which serves as a drive for driving drum 8 using V-
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belt 9 of conveyor belt 10. Metal plate 11 is 

connected to rack 12, which is bolted to the side of 

lower conveyor 13. Metal plate 11 has the ability to 

adjust the angle of inclination within the range of 

30º-60º relative to the horizontal line. The driven 

drum 14 is mounted on the racks of case 1. The 

power plant 15, consisting of an engine and a 

gearbox, serves by means of V-belt 16 as gear for 

driving drum 17. 

     The stand for sorting municipal waste works 

as follows. Municipal waste through hopper 2 is fed 

to belt 10 of the upper conveyor using metal bar 6, 

the waste is leveled, fed in a uniform layer and 

moved along belt 10 of the conveyor. Having 

reached the edge of the conveyor, the waste 

components begin to fall on metal plate 11. When 

they hit the screen (due to their elasticity, the 

rebound length of the elastic components is greater 

than that of organic components), the elastic 

components bounce off plate 11 and fall into a 

separate container, and the remaining parts of 

municipal waste fall onto the lower conveyor belt. 

Along the bottom conveyor, the waste is fed to the 

next cycle of technological scheme of waste 

processing. 

3 RESULTS AND DISCUSSION 

To substantiate the range of variation of the 

factors influencing the sorting process, a series of 

one-factor experiments were conducted. 

Figure 3 shows the dependence of the percentage 

of sorting of elastic components of solid waste on 

the height of the fall of waste (at the speed of the 

conveyor belt          m/s) 

 

 

Fig. 3 Dependence of the percentage of sorting of 

elastic components of solid waste on the height of the 

fall of waste (at the speed of the conveyor belt  

        m/s). 

 

Figure 4 shows the dependence of the 

percentage of sorting of elastic components of 

solid waste on the height of the fall of waste (at 

the speed of the conveyor belt       0.2 m/s). 

 

Fig. 4 Dependence of the percentage of sorting of 

elastic components of solid waste on the height of the 

fall of waste (at the speed of the conveyor belt      = 

0.2 m/s). 

Figure 5 shows the dependence of the 

percentage of sorting of elastic components of 

solid waste on the height of the fall (at the speed 

of the conveyor belt     = 0.3 m/s) 

 

Fig. 5. Dependence of the percentage of sorting of 

elastic components of solid waste on the height of the 

fall (at the speed of the conveyor belt    = 0.3 m/s). 

 

Analysis of the graphs presented in Figures 3, 4 

and 5 shows that the maximum value of the 

percentage of sorting the elastic components is 

achieved at values of the height within 1.0 ÷ 1.2 m 

(the value of the conveyor belt speed is within the 

limits    = 0.3 m/s). 

        The qualitative difference between the 

curves indicated by numbers 1, 2, 3 is that when the 

angle of inclination is α = 30°, the normal 

component of the impact force is the maximum. 

This means that the glassware (of various shapes, 

sizes and thicknesses) begins to break a little earlier 

than at the angle of α = 45° and α = 60°. Broken 

glass, mixing with organic components, tends to 

reduce the percentage of sorting. 
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The maximum value of the percentage of sorting 

corresponds to the value of the angle of inclination 

of the metal plate equal to approximately 35° ÷ 45° 

(for all three values of speed). To determine the 

limit of variation (of elastic components) of the 

inclination angle of the metal plate, a series of one-

factor experiments were conducted [22]. 

Fig. 6 shows a graph of dependence of the 

percentage of sorting of elastic components of 

waste on the angle of inclination of the metal plate 

(at the height of the fall of waste h = 0.8m). 

 

 

Fig. 6 Dependences of the percentage of sorting of 

elastic components of waste on the angle of inclination 

of the metal plate (at the height of the fall of waste h = 

0.8m). 

 

Fig. 7 shows the dependence of the percentage 

of sorting of elastic components of solid waste on 

the angle of inclination of the metal plate (at the 

height of the fall of waste h = 1.0). 

 

Fig. 7. Dependence of the percentage of sorting of 

elastic components of solid waste on the angle of 

inclination of the metal plate (at the height of the fall 

of waste h = 1.0 m). 

 

Fig. 8 shows the dependence of the percentage 

of sorting of elastic components of solid waste on 

the angle of inclination of the metal plate (at the 

height of the fall of waste h = 1.2 m). 

Analysis of the graphs presented in Figures 6, 7 

and 8 shows that the maximum value of the 

percentage of sorting the elastic components of 

waste is achieved when the angle of inclination is 

approximately            (at the height of the 

fall of waste h≈1.2 m, and the speed of conveyor 

belt      0.1 m/s). 

 

Fig. 8. Dependence of the percentage of sorting of 

elastic components of solid waste on the angle of 

inclination of the metal plate (at the height of the fall 

of waste h = 1.2 m).  

According to the methodology of mathematical 

planning of experiments by a priori ranking based 

on the review and the data obtained from one-factor 

experiments, the main controllable factors were 

established that affect the process of sorting the 

elastic components of solid waste. 

This dependence is generally written as follows: 

         Y = f ( h ; α ; υ ),     (4)        
where  - is the height of the fall of waste, m; α is 

the angle of inclination of the metal plate, degrees; 

   -  is the conveyor belt speed, m/s; Y is the 

percentage of sorting of elastic components of 

waste. 

The relationship between input and output 

factors is represented in the form of a regression 

equation: 

 

                      
                  (5) 

where:   - is the value of the optimization 

parameter under study; 

  - are the coded values of factors (i = 1,2,3); 

  - is the estimation of the coefficient of the 

regression equation of the corresponding i-th factor; 

   -is the estimate of the coefficient of the 

regression equation of the corresponding interaction 

of factors. 

The experiments were conducted by the B3 plan 

[23], as it is the least laborious in comparison with 

other plans. Moreover, B3 is the optimal plan that 

provides the minimum sensitivity of the coefficient 

estimates and reduces the number of experimental 

points with varying factors on three equations. The 

Cochran test was used to check the reproducibility 

of experiments, i.e. to test the hypothesis about the 

homogeneity of variances with the same number of 

repeated experiments, and the significance of the 

coefficients of the regression equation was 
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determined using the Student's test at a confidence 

level of 0.05. 

The ability to describe the rebound surface well 

enough, i.e. the adequacy of the process model was 

checked using the Fisher criterion. 

The model is considered adequate provided: 

 

Fpacr<Fmабл            (6) 

 

The optimization of the parameters and 

operating mode of the sorting device was performed 

using the method of mathematical design of the 

experiment. At the same time, a three-factor 

experiment was conducted according to plan B3. 

The percentage of sorting of elastic components of 

solid waste was taken as an evaluation criterion. 
Table 1 shows the levels of factors and the 

intervals of their variation. 

Factors 
Designati

on code 

Factor levels Inter

val 

varia

tion 

Dime

nsion -1 0 +1 

Height of 

the fall of 

waste 

х1 
0,

8 

1,

0 
1,2 0,2 M 

Angle of 

inclination 

of the 

metal 

plate 

х2 30 45 60 15 
Deg

ree 

Conveyor 

belt speed 
х3 

0,

1 

0,

2 
1,3 0,1 m/s 

 

After processing the experimental data and 

assessing the significance of the regression 

coefficients, a mathematical model of the process of 

sorting of elastic components of solid waste was 

obtained. 

Y=72,66+2,98x1-2,16x2-7,6x3+3,3x1
2
- 

-7,5x2
2
+3,9x3

2
  (7) 

Checking the adequacy of the model according 

to Fisher's criterion showed that the mathematical 

model is adequate with a 95% confidence.  

 

                                   (8) 

 

Analyzing equation (7), it can be noted that an 

increase in the percentage of sorting of elastic 

components of waste is achieved by increasing the 

height of the fall of waste (at the value of h>1.2 m, 

glassware begins to break and mix with organic 

components) and by decreasing the speed of the 

conveyor belt. 

To determine the rational values of the factors, 

Eq. (7) was investigated for an extremum; the 

results are shown in Table 2. 

 

Table 2. Rational values of factors 

Significance of 

factors 

Factors 

х1,m х2, degree х3, m/s 

Coded 1 -0,1447 -1 

Natural 1,2 42,8297 0,1 

Rounded 1,2 43 0,1 

Thus, the rational values of the parameters of 

sorting equipment are: 

The height of the fall of waste              
The angle of inclination of the metal plate   

        

The speed of conveyor             m/s. 

4 CONCLUSIONS 

1. The values of the lengths of rebound of elastic 

components of waste are theoretically determined; 

they vary in the range from 0.1 to 0.45 m. The result 

obtained will allow the optimization of the size of 

the sorting device. 

2. With an increase in the height of the fall of 

waste, the percentage of waste sorting increases. 

When the values of h≥1.2 m are exceeded, 

glassware begins to break, thereby mixing with the 

rest of the components. 

3. The following rational values of the 

parameters of the sorting device were received: 

- The height of the fall of waste       
    m; 

- The angle of inclination of the metal plate  

          

- The speed of conveyor             
m/s. 
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