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Abstract: Solid waste management is an acute and widespread problem in both urban and rural areas of
many developed and developing countries. The collection and disposal, as well as the disposal of municipal solid
waste (MSW), is today one of the main environmental problems. Any solution for processing solid waste should
be financially sustainable, technically feasible, socially and legally acceptable, as well as environmentally
friendly.

This article is devoted to an urgent problem, the development of a criterion dependence of the leveling
process of a solid bulldozer blade with a solid waste dump, which in turn will serve as a link between a
theoretical analysis and an experimental study of this process. Based on the established analytical dependencies
and restrictions arising from the properties of the waste, as well as on the basis of the accuracy of the measuring
instruments, a linear scale is determined. The experimental studies carried out on physical models allowed a
simple multiplication of the linear scale by the values of the parameters obtained experimentally from the blade,
and rational values of the main parameters of a real bulldozer will be obtained.

Keywords: municipal solid waste, semblance, criterion, analytical dependence, linear scale, bulldozer, landfill,

mathematical model, mathematical theory of experimental design.

L INTRODUCTION

The increase in population, rapid urbanization, rapid growth of the economy and improving living standards in
developing countries have significantly accelerated the pace, quantity and quality of solid waste generation (MSW) [1,
p. 1275-1276; 2, p27-28;].

Solid waste includes waste generated in residential and public buildings, trade, sports and industrial enterprises,
fallen leaves, bulky waste [3, p. 6-9; 4, p. 11-12; 5, p. 16-17; 6, p. 76-77].

Recently, there has been a decrease in the density of solid waste due to the increased content of paper and plastic
in them (mainly due to packaging materials). The composition of MSW in different countries is not fundamentally

different, and therefore the problems of their storage, disposal, disposal or processing are largely identical.
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However, this does not mean that in solving these issues it is possible to use some universal method of MSW
management, since each country and each region has its own specifics [7, p 1-2]. In our opinion, this specificity is as
follows:

- system for the collection and transportation of solid waste (separate or mixed);

-climatic zone (northern, temperate, southern);

- the level and lifestyle of people (average annual income per capita).

But, one of the fundamental is a separate type of waste collection and transportation system, to which, most EU
countries have switched [8, p. 41-42; 8]. Separate waste collection has a number of undeniable advantages. With a
separate collection and transportation method, the components of solid waste are pre-sorted, which eliminates the need
for preparatory waste sorting. In addition, with a separate method of collecting and transporting the waste components
retain their original form, which favorably affects the quality of secondary raw materials. In the case of mixed
collection and transportation, the components of the waste mixed with food waste become unusable and thereby
increase the negative impact of the waste on the environment. Recognizing the versatile benefits of separate collection
and transportation of waste, Uzbekistan is also taking practical steps to move from mixed to separate collection, in
particular, the President of the Republic of Uzbekistan adopted April 17, 2019, PP-4291 “On approval of the Strategy
for the management of municipal solid waste in the Republic of Uzbekistan”, Uzbekistan for the period 2019-2028” [9,
p. 19-20], which clearly indicates the terms for a staged increase in the percentage of solid waste processing in the
Republic, as well as the timing of the transition to separate collection. Unfortunately, despite the adopted resolution at
this stage, it is rather difficult to organize separate waste collection everywhere. The reason for this is not only the
unpreparedness of the population, but also the lack of appropriate living conditions and technical support, in particular,
for a separate way of collecting and transporting solid waste, a certain number of garbage trucks are needed, adapted
for separate transportation of waste.

An analysis of the literature on the problem of processing solid waste on a global scale showed that the main type
of waste processing in developing countries is their disposal at landfills. The main parameters of bulldozers and
compactors used for landfill disposal at landfills are designed for soil development, therefore, when leveling solid
waste, the traction forces of the above machines are underutilized. The basis for the creation of efficient and
economical (energy-efficient) road cars is the solution to the issue of reducing the specific energy consumption of the
process of digging and leveling solid waste. So, for a bulldozer, this issue is closely related to the characteristics of the
dumping tool, since the resistance to digging and movement of the MSW prism depends on the shape of the transverse
profile of the blade. In this case, of particular interest are issues of improving the working equipment, the selection of
rational parameters of the dumping organs, that is, the geometric parameters of the dozer blade at which the lowest
specific energy consumption of the working process is achieved. In this regard, the question of determining the basic
parameters of dozer dumps is an urgent task.

The wide variation of the properties of solid waste components, as well as their significant heterogeneity, does not
allow the development of a clear mathematical model that describes the process of leveling waste at landfills.
Conducting research in natural objects of technology is very laborious and has large material costs. Therefore, to
establish the regularities of the digging process, as well as the dependencies between the parameters in the form of
criterial dependencies, it is necessary to use methods of physical modeling. In addition, methods of physical modeling
will significantly reduce the cost of experiments, including those aimed at testing analytical solutions.

II. MATERIALS AND METHODS
Literature review. Researchers such as V.I. Balovnev, G.V. Kustarev, N.D.Seliverstov [10, p. 75-80], T.L

Askarkhodzhaev [11, p. 83-86], K. Wiemer [12], T.K. Khankelov, A.K. Honkelov [13, p. 1-5], L.E. Sorokin [14, p. 1-
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5], N. D. Sergeev, N. I. Tokar, S. L. Guzenok [15, p. 1-8], V.P. Lozhechko, V.I. Okunev, R.D. Okulov [16] and others.

The design, calculation, optimization of the parameters and operating modes of the bulldozer cannot be considered
without the connection of the machine and working equipment with the external environment and other factors
determining the conditions of their operation. It is necessary to take into account the random nature of the factors of
influence. Obviously, it follows from the above that the physicomechanical and strength characteristics of MSW
should be considered as the main quantities that determine operating conditions and have a stochastic nature [17, p.
45-46]. Obviously, the physical and mechanical properties of the waste include their morphological and fractional
compositions, as well as their morphological composition depending on the size of the fractions. In addition, we need
data on their strength properties.

In accordance with the task of creating a rational construction of the bulldozer blade, checking the theoretical
conclusions and substantiating the main parameters and operating modes of the bulldozer, the following questions are
included in the experimental research program:

1. The study of the physical and mechanical properties of solid waste arising in the city of Tashkent, in particular:
determination of the morphological composition of the waste; determination of fractional composition of waste;
determination of the morphological composition of the waste, depending on the size of the fractions.

2. Development of similarity criteria for the leveling of solid waste by the dimensional analysis method.

3. The justification of the linear scale of the physical model and the definition of the transition formulas from
model to nature.

4. Development of a physical model of the blade and experimental studies on a physical model.

5. The transition from the values obtained on the model to natural values.

To study the morphological and fractional composition of solid waste, as well as the morphological composition,
depending on the size of the fractions, 10 waste collection points were selected in the city of Tashkent (Republic of
Uzbekistan):

- The city of Tashkent, the otchopar-1 makhalla;

- Tashkent city, “Kizil Dekhkon” makhalla;

- Tashkent city, Yunusabad district, 11th quarter;

- Tashkent city; Yunusabad district, 11th quarter;

- Tashkent city, Yunusabad district, 13th quarter;

- Tashkent city, Yunusabad district, 13th quarter;

- Tashkent city Yunusobod district, 15th quarter;

- Tashkent city Yunusobod district, 15th quarter;

- Tashkent city Yunusobod district, 19th quarter;

- Tashkent city Yunusobod district, 19th quarter;

The studies were carried out for three years, according to the seasons, i.e.: in winter, spring, summer, autumn. The
average percentage of the total mass of waste was calculated for all ten objects and the average annual value was
determined. The determination of the morphological composition was carried out in raw waste, i.e. in waste in their
natural state. The weight of each sample was 30 kg. The methodology for determining the morphological composition
of household waste was as follows: the waste was leveled on a tarpaulin with dimensions (2000 2000 mm), after
leveling, the tarpaulin area was divided into four parts, waste from % was thrown away, and Y4 part of the waste was
used for analysis (quarting method) [18] .

After that, the analyzed part of the waste was leveled on a tarpaulin and each component of the waste was

separated from each other. The percentage of constituent wastes was determined by the formula [19, p. 15-17].
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sieving of samples weighing 30 kg on sieves with mesh sizes 250 250; 150 150; 100 100; 50 50; 15 15 mm.

(D

Where the percentage of constituent waste, %; mass of constituent waste, kg; total mass of waste, kg.

The value of the constituent components of MSW — the fractional composition was determined by successive

The repetition of experiments with each option was taken three times. To conduct a series of experiments, 10

medium samples weighing 30 kg each were also prepared. The results of the experiment to determine the

morphological composition of solid waste occurring in the city of Tashkent are presented in Table

Table 1-Morphological composition of municipal solid waste arising in the city of Tashkent

Waste 2017 2018 2019
compositio
n
< < <
= o S — =] s — o S
g |2 |2l S |sle |E|E |S.|s|2z|2|E |:
£ = E = T8 | £ | £ g | 2 BE5|E |E | §E |2 35
= & n < = S = %) wn < N = %) n < =3
Paper, 28,7 | 28,0 |250 |252 26,7 29,0 | 29,8 28,0 | 26,1 28,2 30,1 | 30,3 | 29,8 | 30,5 30,2
cardboard
Food waste | 30,4 | 30,2 | 33,7 | 34,5 322 32,3 | 31,5 33,5 | 37,2 | 33,6 33,2 | 32,5 | 35,1 | 35,0 34,0
Tree, 4,7 5,7 5,8 6,0 5,6 3,2 42 3,7 3,5 3,7 3,5 4,2 2,8 2,0 3,1
leaves
Black 3,5 3,6 3,2 3,0 3,2 3,0 2,1 3,0 2,5 2,7 1,5 1,7 1,5 1,5 1,5
metal
Non- 0,5 0,2 - 0,2 0,2 - 0,3 0,2 - 0,13 - 0,2 - 0,2 0,1
ferrous
metal
Bones 34 3,0 2,6 3,0 3,0 3,0 2,5 2,8 3,5 2,5 2,7 2,3 2,3 2,5
Leather, 1,5 2,0 2,1 2,2 2,0 1,5 2,5 2,2 2,0 2,1 1,5 1,2 1,5 1,7 1,5
rubber
Textile 4,0 3,5 3,0 3,0 34 3,5 3,0 3,5 3,0 3,3 2,8 3,0 2,5 3,0 2,8
Glass 3,8 42 4,5 4,2 42 3,2 3,0 3,7 2,5 3,1 2,0 2,0 1,8 1,5 1,8
Stones, 1,8 1,5 1,4 1,5 1,6 1,5 1,5 2,0 1,8 1,7 2,0 2,1 1,5 1,5 1,8
ceramics
Plastic 7,8 8,0 8,5 8,2 8,1 8,0 7,8 8,2 8,1 8,0 8,3 8,3 9,0 8,7 9,1
Screening 2,0 2,5 3,0 3,0 2,6 2,2 2,7 1,8 2,2 22 3,6 2,2 2,0 2,1 2,5
less  than
15 mm
Other 7,9 7,6 7,2 6,0 7,2 9,6 9,1 8.4 7,6 8,7 9,0 9,7 10,1 | 10,0 9,7
100 100 100 100 100 | 100 100 100 100 | 100 | 100 | 100
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Analysis of table 1. shows that the content of paper and plastic in the waste increases, as well as the percentage of

other waste.

The fractional composition of solid waste is determined by its constituent components, i.e. morphological

composition. So, the more fractions in food waste having mainly dimension less than 50 mm, the smaller

fractions in its composition. Conversely, if more packaging materials (paper, wood) having a dimension of more

than 150 mm fall into the general waste stream, a significant proportion of the waste mass will fall into a large

fraction. To determine the fractional composition of MSW, a sieve was created with a mesh size of 250 to 250

mm; 150x150 mm; 100x100 mm; 50x50 mm; 15x15 mm.
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Fig. 1. General view of the bench for determining the fractional composition of solid waste
For the experiment, 10 samples weighing 30 kg were prepared.
The results of the experiment to determine the fractional composition of solid waste are presented in table 2.

Table 2-Fractional composition of solid waste arising in the city of Karshi.

Nep/p The residue on the sieve mesh size, mm (%)
250 x 150 x 100 x 50 X 5 15 x 1 Screening
250 150 100 0 5 less than

15 mm

1 4,5 5,8 21,6 24,5 40,6 3,0

2 - 7,9 22,8 22,0 45,5 2,5

3 3,5 4,2 18,0 26,5 44.8 3,0

4 - 6,4 25,0 24.8 40,8 3.0

5 - 5,9 23,6 26,9 41,0 3.0

6 2,5 4,5 25,0 28,7 36,8 2,5

7 - 6,0 27,5 25,5 39,0 2,0

8 3,0 5,5 22,5 24,0 42,5 2,5

9 - 7,5 20,5 26,5 43,7 1,8

10 - 6,0 23,5 24,8 42,9 2,8

Mean 1,35 6,0 23,0 25,4 41,7 2,6

Analysis of table 2 shows that the bulk of the waste have a dimension of less than 150 mm. But on the other hand,
the fractional composition of the waste is interconnected with its morphological composition.

Table 3 shows the results of an experiment to determine the morphological composition of MSW depending on the
size of the fractions (in% of the weight of the residue on individual sieves).

Table 3-The morphological composition of MSW, depending on the size of the fractions

Components >250 150- 100- 50- 15- <15
250 150 100 50

Paper, cardboard 17 28 26 15 4 -

Food waste - - 8 16 47 22

Plastic 36 20 22 20 -

Tree, leaves, 24 22 7 5 4 38

estimates

Textile 4 10 16 14
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Bones 14 8 11 24 10 -
Glass - 2 4 - 12

Leather, rubber - 4 6 - - -
Metal - 2 2 2 5 -
Stones, ceramics - - 2 10 4
Other 5 4 6 4 8 24
Dropout (<15 - - - - - 12
mm)

Total 100 100 100 100 100 100

The analysis of table 3 shows that on sieves with cells of 15 to 15 mm, the bulk of the waste is the share of food

waste. More than half of the paper waste falls into fractions with a size of 100-250 mm.

To determine the similarity criteria for the process of leveling solid waste with a bulldozer blade, we use the

dimensional analysis method [20, p. 30-31]. The choice of this method for determining the similarity criteria is

explained by the fact that the properties of the MSW components vary widely, and their significant heterogeneity

does not allow us to develop a clear mathematical model that describes the process of leveling waste at landfills.

From the studies conducted to determine the rational shape of the transverse profile of the blade of a bulldozer

during the development of solid waste at landfills, it was found that a direct dump is the most suitable due to low

energy intensity indicators.

Consider the system of solid waste - dozer blade (Fig. 2).

LLL L 224228222 2 7

Fig. 2: Schematic diagram of the development of solid waste by a dozer blade and the rheological equivalent of the process.

For a given curvature, the blade can be determined by the following parameters: dyne B , height H , and cutting ¢ angle.
The digging mode is determined by the depth of /1 cut, the speed of the blade 3 and the acceleration of g gravity. MSW is
considered as a medium characterized by C adhesion, the angle of internal p friction and external ¢ friction, and bulk

O density.

The digging force in this case will be

P:(BDH’a’C’pﬂwﬂéﬂhﬁlgig)5(2)
The process of digging solid waste with a bulldozer blade is characterized by 11 physical quantities. We define the
similarity criteria for this process, in our case. From the consideration of these quantities it follows that three of them (
a, p, ) in themselves, are similarity criteria. Dimensions of other physical quantities 11—3 =8 can be expressed in
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three basic units of measurement - P, length L and time 7 .
Let us write the formula for the dimensions of these quantities:
. . _ 2. _ 3. _ -1, _ -2
[B]=[H]=[h]=L;[P]1=P; [c]=PL"; [6]=PL"; [9]=LT"; [g]=LT".
To find an additional number of similarity criteria, one should choose for basic quantities with independent
dimensions, which would include all the basic units of measurement. In our case, we take the following three

quantities with independent dimensions: &, B, g (m = 3) . Then it remains to find 8-3 = 5 similarity criteria. To
find the criterion / | » we take, for example P, the dimension of the parameter and write it in the numerator, and

write in the denominator by the product of the dimensions of the quantities 0, B, g with the degrees of degrees

unknown so far a,,d,,a;.

_ (P) (
(PL?)" (L) (LT )"

The exponents are determined by equating each other with the dimensions of the numerator and denominator so
that a dimensionless complex is obtained. So, with

a,=1,a,=3,a, =0 we get
Pl

- @

(PL7)(L)

IToacraBuM BMECTO pa3MepHOCTEI>‘I CHUMBOJIbI (1)PI31/I‘-ICCKI/IX BCIIMYHWH. Tor;[a, BO3BOJA 3TH BCIIMYWHBI B YKa3aHHBIC
CTCIICHHU, OKOHYATCJIbHO MOJYIUM

3)

1

1

.. P
[i=—5.0
oB
In the same way we get the remaining similarity criteria. We write down all the similarity criteria:
. P . 9 . h . i . 4 . . .
Iy=—F.ly=—.I;=—1,=—. I;=—1¢=a.l,=p.1;=¢(
5B gB B SA f

According to the 77 —theorem [21, 13-14], we replace function (2) with the criterion equation. To do this, we write
one of the criteria in the function of the other similarity criteria and obtain an expression in the criterial form:

e h o a, p,9). (1)

5B3 §B’H’B,gB, 2 b b

Now we must identify the relationship between the scales of physical quantities. We establish this connection using
the formula for establishing similarity indicators. To determine the similarity indicator, you need to divide the

similarity criterion for nature by the similarity criterion for the model. For example, a relationship of & , scale to

other scales will be
k, 4
3
kb‘kB
In the same way, we determine the relationship of the remaining scales. Then we get
The next series of equations is a series of equations of communication between the scales of parameters that
determine the process:

k k k 2
=1 — =1;k—B=1;—h=1; uf =Lk, =k, =k,=1.0
ok kky ky ks ok

Now you should choose independent scales. They can be any of the available scales, however, based on the

convenience of modeling, it is better to choose independent scales k 5 k ho k g Then the remaining scales are

determined on the basis of the obtained equations
— 3 . e . — e . —_— . _— —_— —_—
kp = kokys k= kokys ky =k, =k kg = Jkoky sk, =k, =k, =1,0
Based on the conditions for the possibility of setting up experiments, we take & 5 = k 2 =1, since modeling

physical quantities O and g is very difficult. Then the experiments will be carried out under conditions of

approximate physical modeling, and the scales of physical quantities will be determined by the linear scale of the
model:
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3
kp =kl k. =k, =k, =ky: ky=\Jk,: k, =k, =k, =1,(10)
When determining the scale k 4 » it should be borne in mind that the digging speed for full-scale traditional
machines is low (0.75 1.0 m / s) and therefore does not significantly affect the digging force. In these cases, the

criterion [/ , cannot be met, as a result of which it is possible to conduct experiments in conditions of approximate

physical modeling.
At the next stage of the study, we will decide on a linear scale.

a) the allowable volume of the medium interacting with the model of the working working body

AV >200d° , (11)
where d — the average linear size of the particles that make up the medium;
b) the accuracy of measuring instruments

Where P, — is the maximum force of the original, kH; A, —relative measurement error when testing the original

(usually up to 15%); P . — maximum force for which the scale of the device is designed in kH;

k rj — instrument accuracy class (usually up to 2.5%)

So, taking P, =35kH; P, =10Kh; A; =10; é;; =2.5 get

max

—~~ %6.2,(13)

én =4l———
Using dependence (12), we determine the linear scale of the model from the limiting volume of the medium
interacting with the model.
The volume of solid waste in front of the dozer blade is determined depending on the length of the full blade B
and its height H according to the formula.
2
v=2 g
2tgp

where p — is the angle of repose of the MSW prism in front of the blade. Then substituting the value of expression

(11) in terms of the model, we obtain

1 B H?

—X——X—
2 éy kytgp
it follows that

>200d°

2

1 BH
k, < —x3|——— | Taking B=2,85m; H=0,9v; p = 60°; d =45 mm, we get
d 400tgp

k, < L31/—2850><(900)2 <3.6 (15)
45 400x1.74
From the two scales obtained (6.2 and 3.6), we select the smaller value, that is, 3.6. According to the chosen
scale, a model should be built and the planned experimental studies should be carried out.

Based on the data obtained, a physical model of the blade with a linear reduction scale of 3.5 was developed.
But since, when developing solid waste, the traction efforts of the bulldozer are underutilized, a decision was made
to increase the efficiency of using the bulldozer to supply the bulldozer blade with side flaps. When excavating the
soil, side flaps are placed perpendicular to the plane of the blade, thus they are not used in the process of excavating.
When developing MSW, the side flaps are brought into working position.

Fragments of the experiment at the stand of physical modeling of the process of digging the soil and the process

of digging the components of solid waste are shown in Figures 3 and 4.
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Figure 3: The process of digging soil at a physical modeling bench with closed openers.
Here we consider the most general case of the digging process, i.e., combining digging with a set of drawing prisms.

Fig. 4. The process of digging the components of solid waste at the bench of physical modeling with the
openers operating position.
Here we also consider a more general case of the process i.e. the process of digging the components of solid waste
with the combination of a set of prism drawing.

When preparing the MSW model, it is very laborious to control the magnitude of particle adhesion on a shear
device. A number of researchers have established correlation dependencies between the cohesion of the components
of solid solid waste and the number of strikes of the DorNII striker. On this basis, under conditions of approximate
physical modeling, the amount of adhesion can be controlled by this indicator, changing it in proportion to the scale
of the model.

The transition from the model parameters to the parameters of nature is carried out according to the formulas

resulting from the equality of the criteria for similarity between the model and nature. For example, to find the

h
ik =—M,fromhere hH = thB

BMkB BM

. L h
transition formula by the criterion (E) g = (E) - Then

In the same way, we learn the transition formulas from the model parameters to the original parameters

Py, :Png’ Hy, =H,ky, B, =B, kg. hy =h,kg. py =py.cy=c,kg,

Ay =0, VH ZVM WA VH = VM’\,kB (16)

In general, finding the form of function (7) is very difficult. It is possible to search for individual particular

relationships, for example, to determine the relationship between the digging (leveling) force and the digging depth
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of solid waste.

P h
T=F(=).an
OB B
Assuming in a first approximation a proportional dependence, we have
P h
- =k—= P=kohB*,(18)
OB B

The value of the constant can be determined in a certain range of modes from experience. In the same way, you can

find the relationship between the digging (leveling) force and the basic parameters of the blade ie, B length and

H height.
P H
= F (), 19
5B3 I(B) ( )
P H

Feie k, = = P =k,6HB”,(20)

The value of the constant can be determined in a certain range of modes from experience.
Finally, the dependence of the digging (leveling) of MSW is of interest.
and MSW cutting angle for some blade lengths B .

P
o F,(a).@21)

13 =k,a = P=k,0aB’,(22)

OB

Similarly, the value of the constant can be determined in a certain range of modes from experience.

According to the methods of mathematical planning of experiments by priori ranking based on a review and the
data from one-way experiments, the main controlled factors that influence the effort of digging solid waste were
established.

This dependence is generally written as

Y=f(h,a,B),(23)

where /1 — MSW digging depth, mm; & — MSW cutting angle, degrees; B — blade length, mm; ¥ — the value
of the digging force of the components of solid waste, N.

The relationship between input and output factors is represented as a regression equation
2
y=by+ Y. bx, + Y byx, + > bxl .4
upyky » — value of the investigated optimization parameter; X, — coded factor values ( i=123) bi —

estimation of the regression coefficient of the corresponding i — factor; bl.jf estimation of the coefficient of the
regression equation corresponding to the interaction of factors.

The experiments were carried out according to plan B3 [22, ¢ 227-230], as it is the least labor intensive compared

to other plans. Moreover B 5 - optimal plans provide minimum sensitivity of coefficient estimates, and also reduce

the number of experimental points with varying factors at three levels. To test the reproducibility of experiments, i.e.
To test the hypothesis of homogeneity of variances with the same number of repeated experiments, the Cochren

criterion was used, and the significance of the coefficients of the regression equation was determined using the
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Student criterion at a confidence level of 0.05.

The ability to describe the response surface well enough, i.e. The adequacy of the process model was checked using

the Fisher criterion.

The model is considered adequate provided
FpaC (Fﬁ, , (25)

Table 4 shows the levels of factors and their intervals of variation.

Levels of factors and intervals of their variation.

Table 4
Fact Factor Inter Di
ors levels var. men-
sion
9q
SR 7
4]
g4 !
;
3
Dig X 50 7 1 m
ging 1 5 00 5 m
depth
Cutt X 45 5 6 hai
ing angle | 2 5 5 0 |1
Blad X 560 7 8 m
e Length | 3 00 40 40 | m
II1. EXPERIMENTAL RESULTS

After processing the experimental data and assessing the significance of the regression coefficients, a mathematical model
of the digging force of the components of solid waste was obtained.
Y =32,6+7,4X, +34X,+27X, 33X +2,4X} -18X2, (26)
Checking the adequacy of the model according to the Fisher criterion showed that with 95%
the reliability of the mathematical model is adequate
Fpac = 07957F£€j = 2,36 5 (27)
In order to determine the rational values of the factors of equation (26), it was studied for an extremum, the results of

which are given in table 5

Rational values of factors

Table 5
Factor values Factors
X1, X2, hail X3,
Coded 1 -0,142 0,2
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Natural

100

52,7

778

Rounded

100

53

778

Substituting the coded values in the formula (26) we obtain the rational value of the digging effort on the

model. Using the dependence (16), we obtain the values on the full dump.
P, =P,k, =3712x(3,5)° =1592H ; H,, = H,,k, =0,3x778x3,5=817 % ;
B, = B, k, =778x3,5=2723i% ; h,, =h, k=100x3,5=350iF : a; =a; =53";

Py =py =42 0,=0,=27"c, =c, k, =1x3,5=35.

Iv. CONCLUSION

1. When using bulldozers for digging and leveling solid waste, their traction efforts are underutilized, as the
main design and technological parameters of the bulldozers are designed for soil development. In this regard,
studies aimed at the development and justification of rational values of the main parameters of the dozer blade are
relevant.

2. A criterion dependence has been developed between the main parameters that affect the process of digging
and leveling solid waste, which in turn makes it possible to conduct experiments using similarity criteria.

3. The developed methodology for conducting experimental studies allowed us to determine the
morphological, fractional composition of solid waste and the morphological composition depending on the size of
the fraction of the components of solid waste.

4. The results of experiments to determine the physical properties of MSW allowed us to conclude the
following: the content of paper and plastic in the composition of MSW increases. The volumetric weight of waste
is reduced due to an increase in the content of paper and plastic in the composition of solid waste. Therefore, it is
necessary to reconsider the norms for the accumulation of solid waste in residential areas, primarily because the
adopted standards relate to 2011.

5. A mathematical model of the process of digging and leveling solid waste with a bulldozer blade was
developed, i.e., the dependence of the digging force (leveling) on the main process parameters.

6. The rational parameters of the bulldozer blade are established.

- dozer blade length for a natural machine:

- without postcards (when digging and leveling the ground) -2800 mm;
- with postcards (when digging and leveling solid waste) -3200 mm.

- -height of a dozer blade for a natural machine:

- without trellised peak (when digging and leveling soil) -850 mm,;

- with trellised visor (when digging and leveling solid waste) -1100 mm;
- digging depth of MSW-350 mm,;

- MSW cutting angle - (520-550) hail.
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