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Abstract. In this article it is described that a calculation algorithm is developed for modeling
the process of washing the fruit, which allows you to change the parameters of the device in order to
assess the quantitative change in the intensity of the mechanical interaction of the working body on
the fruit surface. Parameters of the fruit washing machine, determined by the criterion the intensity
of the mechanical interaction of the working bodies with the fruits When designing a machine, it is
desirable to provide such process conditions under which the fetus makes 5 - 7 complete revolutions
around its axis. This parameter is adjusted by changing the distance between brush cylinders, as well
as the selection of parameters that provide the average value of the angular velocity of rotation of the
fetus around its axis in within wp = 0.5 - 0.7 rad/s.
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Introduction. When designing and operating technological equipment for processing fruits and
vegetables, one of the main operations of primary processing is washing. Modern machines for
washing fruits and vegetables consume more than 2 m? for washing one ton of raw materials. For the
conditions of Uzbekistan, this is wasteful. Therefore, in order to find the reserves of the process, the
conditions for its implementation are analyzed. From the analysis of machine designs, it was revealed
that brush machines have the best characteristics, since they have the highest intensity of mechanical
interaction, which makes it possible to design machines with low energy consumption, metal
consumption and relatively low water consumption [1-5].

Materials and methods. Let us consider the phenomena that accompany the washing process
(Figure 1) when using a brush device.

Figure 1. Scheme of the process of interaction of the working body with fruit surface:
1 - fruit; 2 - working body (brush bristles); 3 - washing liquid
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Fruit 1 is in washing liquid 3. On the surface of fruit 1 he brush elements act - bristles 2. The
brush is a cylindrical drum that rotates at a certain angular velocity ws. The fetus moves at a speed
Vp.. When interacting with the bristles, the fruit receives rotation with an angular velocity pi.
Consider the process of mechanical interaction of the working body with the surface of the fruit. We

believe that there are contaminants on the fruit surface, the appearance of which corresponds to the
design scheme (Figure 2).

Figure 2. Scheme of the interaction of the brush with pollution

The individual bristles of the brush cylinder come into contact with the surface of the fruit as
the shaft rotates. The interaction of the bristle with the surface is carried out along the path la«. We
introduce: the angular speed of rotation of the brush cylinder - ws, the radius bristles - R, fruit radius
Rp1, - angular velocity of fruit rotation - wp.

To assess the dynamics of the interaction of the working bodies with the surface, we introduce
the concept of the intensity of the mechanical interaction, which evaluate the total effect of individual
bristles on the surface fetus. The intensity of mechanical interaction can be estimated as the ratio of
the actual acting forces to the cohesive forces between contamination and fruit surface. Cohesive
forces estimated adhesive properties, are determined in a rather complex dependence on a number of
operating factors:

area of the contact surface between detached particles;

viscosity of the liquid located in the space between the detached particles;

conditions for detachment of particles - adhesive or cohesive adhesion (adhesive adhesion is
characterized by the fact that particles detach from each other without violating their individual
shapes, and cohesive detachment is characterized by the fact that when particles detach from each
other, there is a violation of the individual shape - detachment of individual elements from particles,
destruction of the surface with the remains of parts of one element on the surface of another) [6-7];

the direction of the forces of the mechanisms separating particles from each other — at in the
presence of only normal forces, the values of the forces are usually greater than with the presence of
tangential forces.

Of course, it is quite a difficult task to take into account the totality of acting factors in the
process of detachment of particles from the surface of fruits, but as the practice of washing fruits
shows, an approximate solution of the task maybe.

On fig. 3 shows the design diagram of the process of interaction of pollution with the brush
element. The brush element strikes the surface (its shape in the transverse section plane is assumed
to be elliptical). Impact strength decomposes into components Px and Py, the component Py tends to
displace the seed from its place, which is prevented by the friction force P, determined by adhesive
properties.
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The Py component forms a moment that tends to tear off the contamination from the surface,
which is prevented by the force Ps. The process of mechanical interaction of the brush element on the
surface of the contamination continues in for a certain time z-, which depends on the angular velocity
brush cylinder rotation ws and bristle radius Rsh, as well as linear dimensions of pollution (we believe

that it is quite solid and has longitudinal section plane elliptical shape).

wr
T=_—,
2a (1)
where a is the length of the long semi-axis of the ellipse in the cross section of the
contamination.

If in the initial period of interaction, the moment formed by the force Py is directed
counterclockwise, then at the end of the interaction it directed clockwise. A similar process repeated
many times leads to a gradual disruption of the connection between the seed and the surface contact.
In the theory of destruction, the dependence of the critical conditions for the destruction of structures,
which has an exponential form

_np
Ro=a-e 7, 2

where a, f - coefficients determined by the structural features destructible structure;
n - the number of periodic loaded;
P- is a periodically acting load.

Figure 3. Scheme of the forces acting during the interaction of the bristles and the fetus: a -
general scheme; b - interaction with pollution; v - pollution parameters

With an increase in n or P, as well as with their joint increase, the value of the critical fracture
force decreases, there comes a moment at which Py becomes disproportionately small compared to
the actual load, and there is a destruction of the structure, and in our case - a violation of the links
between pollution and the material.

Based on the above as the intensity of the mechanical interaction, we take the ratio of the
product of the acting force bristle impact on pollution P by the number of impacts n to the value
critical breakout force Py,

npP

IM:a 3

e
1 Agricultural engineering solutions 2024; 1(5). Lo oo Lo o agrieng.comiuz.



L
" AGRICULTURAL ENGINEERING SOLUTIONS * =~ * ~* " "40f30

|

Assuming that the force of separation of one pollution is within Py, =4 - 6 N, it is possible to
determine the dependence of the intensity of mechanical interaction of the working body with the
surface of the fetus in the contact zone in the form

PNn
M Pkp

where Nt is the number of cycles of periodic impact of the brush cylinder on the fetus (the
fetus rotates in the flow with an angular velocity wp).

The question of the angular velocity of fruit rotation wpi, which depends on the conditions of
interaction between the bristle and the surface, remains unclear. In general terms, the angular
rotation of the fetus around its axis is created due to tangential forces acting on the surface.

The tangential force of the bristles is the sum of the forces acting on the bristles of the brush
cylinder, which at a certain point in time are in contact with the surface of the fetus:

(4)

1=n

Fyy = F 008, (5)

where n is the number of bristles in contact with the fruit surface;
Fi - the force of action of a separate bristle on the surface, N;
Li- angle of impact of the bristles on the fetus (between the radius and the force vector Fi), rad.

The force of hydraulic resistance to the rotation of the fruit in the liquid according to the
recommendations can be defined as an inhibitory the effect of a continuous medium on a spherical
body according to the formula:

Fj :é:Rpl%P: (6)

where v is the speed of rotation on the peripheral surface of the body, m/s;
p - liquid density, kg/m?®

Denote
k= éRzplpz = é;p 2 (7)
Ar°Ry  47°R,
then, equation (5) is transformed to the form
Fj =kg (8)
The moment of inertia of a rotating spherical body is defined as:
J=04m, Rﬁ, 9)

The moment of inertia of a rotating spherical body is defined as:

taking into account the accepted notation, we write the equation of the relative rotation of the
fetus in the fluid flow

P"J+ko' —-F, =0 (10)

This is a second order differential equation with variables coefficients. Such equations in
general form are solved only by numerical methods, for example, the Runge-Kutta method.

You can simplify the solution of the equation and bring it to a homogeneous if we assume that
the first term of the equation is equal to zero, in this form, the quasi-stationary equation of motion is
solved. Another solution method is to accept the conditions that the coefficients are constant and do
not change over time. Let us assume that the coefficients remain constant. Then, after appropriate
transformations, we obtain
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L M, =F,R
a ’ b sh™ pl

The resulting equation establishes the dependence of the angular velocity fruit rotation ® on the
duration of brush bristle contact surface cylinder.

When the fetus moves in the zone of contact with the brush cylinder, a different number of
bristles interact in different areas, and the angle between the bristle force vector and the fruit radius
also changes. It leads to the fact that the magnitude of the force Fsn changes according to a rather
complicated law. Therefore, the general solution of equation (11) is a particular case for the entire
process.

To simulate the process of washing the fruit, a calculation algorithm has been developed, shown
in Figure 4, which allows you to change device settings (Table 1) to evaluate the quantitative change
in intensity mechanical interaction of the working body on the surface of the fetus.
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Figure 4. Block diagram for calculating the process of mechanical interaction
brush working body with fruits

In the simulation, it was assumed that the washing machine fruits can have 1 or more brush
cylinders, so the parameter is the number of working bodies of the machine. The number of bristles
along the periphery of the cylinder is assumed to be 100 pcs.

To implement the program, the Excel-2019 software package was used, on on the basis of
which, according to the recommendations, a dynamic calculation program was compiled that allows
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you to change the parameters and obtain a result that characterizes the change in the intensity of the
mechanical interaction of the working bodies with the fruit surface.

Table 1. Data array for the implementation of numerical simulation on a computer

Name of parameters Dimensionality| Numerical values

Fruit radius Rp m 0,02 | 0,03 |0,04| 0,05 | 0,06

Brush cylinder radius Rsn m 0,03 | 0,04 |0,05| 0,06 | 0,07

Angular speed of rotation of the brush cylinder rad/s 0,50 | 0,75 [1,00| 1,25 | 1,50

Dlstance_ between fetus and brush m 0,04 | 0,05 |0,06| 007 | 0,08
cylinder along the X axis

Distance between fetus and brush cylinder along 0,03 | 0,04 {0,05| 0,06 | 0,07

the Yy axis m
6. Fetal movement speed v m/s 0,10 | 0,15 (0,20 0,25 | 0,30
7. Number of brush cylinders pcs 1 2 3 4 5

Results and discussion. As a result of the calculations, graphic dependences were obtained,
characterizing the change in the intensity of mechanical interaction working bodies with fruits (Figure
5-8).

As can be seen from the presented dependencies, the intensity mechanical interaction varies
over a fairly wide range from Im In= 30 - 35 to I = 180 - 200. For comparison, the analysis of the
operation of the brush machine KUM-III showed that under standard loading the intensity of
mechanical interaction in it does not exceed Im = 35 - 40. This determines quite high specific
consumption of washing liquid. Therefore, using proposed method of analysis, we can count on the
creation of a device with higher rates of mechanical interaction intensity working bodies with the
surface of the fruit.

As a result of the analysis of the results, analytical equations have been derived that make it
possible to quantify the effect of the device parameters on the intensity of the mechanical interaction
of the brush cylinder bristles with the fruit surface Im, as well as to determine the angular velocity of
the fruit rotation relative to its axis s.

IM — 20,44R8|32 RSOHLMQ)SO':LSXO’OOOIZV_O'231/_0'41igh78; (12)

o = 0734Rg|12 RSOHZ7COSO,78XO,015Y 0'036V70'14i50r;74, I’ad / S (13)

To obtain the intensity of mechanical interaction between the working bodies and fruits Im >
100, the fruit washing machine must be performed with the parameters shown in table. 2

Table 2.

Parameter name Dimension | Featured values
Brush cylinder radius Rsh m 0,05 ...0,07
Angular speed brush cylinder s rad/s 1,25...1,50
The distance between the fruit and the brush cylinder along the
axis ¥ m 0,03...0,04
Fetal movement speed v m/s 0,10...0,15
Number of brush cylinders pcs 4..5
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Figure 5. The intensity of the mechanical interaction of the working bodies with the fruits,
depending on the radius of the brush cylinder and the number of brush cylinders at ws = 1,0 rad/s; X
=0,06m; Y=10,05m; v =0,20 m/s; Rp = 0,03 m.
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Figure 6. The intensity of the mechanical interaction of the working bodies with the fruits,
depending on the radius of the brush cylinder and the radius of the fruits at:
ws = 1,0 rad/s; X =0,06m; Y= 0,05 m; v=10,20 m/s; ish = 3
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Figure 7. The intensity of the mechanical interaction of the working bodies with the fruits,
depending on the angular speed of rotation of the brush cylinder and the radius of the fruit at:
Rsh = 0,35m; X = 0,116 m; Y= 0,05 m; v =0,20 m/s; ish = 3
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Figure 8. The intensity of the mechanical interaction of the working bodies with the fruits,
depending on the distance between the fruit and the brush cylinder along the Y axis, as well as the
radius of the brush cylinder at:

Rsh = 0,35m; X = 0,06m; wsh = 1,0 rad/s; v = 0,20 m/s; ish = 3

Conclusions. Parameters of the fruit washing machine, determined by the criterion the intensity
of the mechanical interaction of the working bodies with the fruits When designing a machine, it is
desirable to provide such process conditions under which the fetus makes 5 - 7 complete revolutions
around its axis. This parameter is adjusted by changing the distance between brush cylinders, as well
as the selection of parameters that provide the average value of the angular velocity of rotation of the
fetus around its axis in within wp = 0.5 - 0.7 rad/s
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Abstract. In this article it is presented that the results of a study on the design and operation
process of a combined unit for pre-sowing strip milling of soil, laying of a drip irrigation hose and
the possibility of sowing seeds. The proposed design of the machine is aggregated by row tractors of
class 1,4 and 2, simultaneously performs operations of pre-sowing milling tillage with the formation
of a ridge, laying a hose of a new design for drip irrigation, compacting the ridge and sowing seeds
using various designs of seeders. The unit is designed to perform technological processes for both
spring and post-harvest re-sowing, sweat functions it replaces the processes of harrowing and
malavanii soil. The unit can be used in two versions: preparation of a comb for sowing with the
laying of a drip irrigation hose and simultaneous sowing of seeds. The unit performs its function with
traditional basic tillage and with innovative non-tillage. He can perform five operations with one pass,
thereby being considered energy-resource-saving.

Key words: drip irrigation hose, sowing comb, pipe, tillage, cultivation, seed consumption,
planting

Introduction. In modern technologies of soil processing and planting, the implementation of
energy and resource-efficient processes is envisaged. There are technologies for plowing the soil of
the main cultivation of the soil without turning over and overrunning. The next one is based on energy
conservation. At the same time, this method is used to observe weed invasion of the field when
processing the soil. In world practice, this technology involves the use of herbicides against weeds in
large quantities. This, in turn, leads to an increase in energy and resource consumption, complicates
the work of planting pre-sowing in the spring. Modern seed planting technologies aim to reduce seed
consumption, ensure accurate planting and simultaneous germination of seedlings.

In agriculture, the possibilities of using combined aggregates are being used as one of the main
methods of using energy-resource-efficient technologies and techniques. In these methods, it is
carried out to simultaneously perform several operations on one pass of the aggregate in the
cultivation and planting of the soil. At the moment, in the conditions of Uzbekistan, in the application
of traditional and innovative planting modern technologies, double sanding and molting activities are
carried out in order to eliminate weeds and soil layers. This leads to the fact that the aggregate
compacts the soil, works several agricultural techniques and chop tractors.

In the following years, the practice of planting pink, based on advanced experiments, is on a
wide network. The implementation of push-ups in Uzbekistan conditions in the autumn and spring
seasons was tested in experiments. Its main disadvantage is that the top of the stem dries out under
the influence of the rays of the hoof, during the sowing, the seed falls into dry soil and requires the
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provision of seed water. In this regard, innovative irrigation methods including the use of drip
irrigation are proving expedient [1,2,3,4]. However, in the current technology, drip pipes are being
implemented with longitudinal placement in a wide range of plants. Although the water economy in
this method is up to 50%, the inability of processing machines to enter the field between the rows

negatively affects productivity.

Based on the experiments carried out, it is determined that the placement of drip cuttings near
the plant on the stem and the implementation of irrigation will allow processing between the rows
and, therefore, to prevent a negative impact on productivity. From our experiments in cotton
production with this technology, it was found that yields are doubled and irrigation water
consumption is reduced to 70%.

The main goal of our scientific research is to actively process the soil before planting to form a
pushcut, place drip irrigation pipes next to the seeds planted on the pushcut, and create a combined
machine structure for planting completely seeds.

Materials and methods. Analysis of the current state of the problem. The innovative planting
that is currently in place and in use has received tillage technologies that allow the ground to be
applied even when it is cultivated in the fall without overturning and overturning. In particular, soil
grafting (ridge tillage) is not treated until planting in the soil in the technology of cultivation. 1/3 of
the soil layer is treated with working weapons that clean the arrowhead or furrows, the pods are
formed and planting is carried out. The planting height is carried out on cuttings of 10-15 cm.
Herbicides are used in the fight against weeds and are carried out in combination with cultivation. In
strip tillage (strip tillage) Technology, 30% of the soil surface, such as pitch tillage, is treated with
milling machines, with disc working organs, or with passive softeners. According to the procedure,
planting is usually carried out along with this process. Herbicides are used in the fight against weeds
and are carried out in combination with cultwatsivation.

Tasks to be solved - actively processing the soil, loosening the soil at the required level and
losing weeds, instead of the creeping and mola pressing processes that are carried out before planting;
burying the drip irrigation pipe at a certain depth at the same time as the formation and compaction
of the pot; sowing seeds; drastically reducing the number of cultivations or not completely
conducting; targeted and flat moistening and fertilizing the

Results of studies performed. Depending on the soil climatic conditions of Uzbekistan, even
when traditional and innovative technologies of basic cultivation were applied to the soil, a combined
machine structure was created that allowed planting and processing (figure 1).

The machine consists of two parts: 1) the section of longitudinal placement of the stem forming
and drip sludge pipe next to the row of seeds planted on the stem, having treated the soil with a milling
machine; 2) the section of planting. In the case of planting technical crops in a wide range of rows
(60 and 90 cm), various types of ecchichs are used - in rows and precision planting machines. In the
proposed combination aggregate, the preparation and planting parts for the purpose of using different
types of planters are located separately. By aggregation to chop tractors of different classes, the
machine can be used in two different cases:

1) Prepare ridge before planting with only the first part and place a drip slaughter pipe;

2) Prepare ridge, place drip irrigation pipes on the pushta and plant biratola seeds.

—
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Figure 1. Planting took strip milling, completely placing a drip irrigation pipe and planting a
possible combined aggregate:
1-milling frame; 2 - drip irrigation pipe winding Shaft; 3-milling extension reducer shaft; 4 -
blade drum milling machine; 5 - blade drum bracket; 6 - ridge formwork sheath; 7 - pusher spool
bracket; 8 - ridge spool; 9-clamping spool; 10-suspension device for planters (seeder); 11 - planters
suspension gear hydraulic cylinder; planters 12 (seeder).

Both cases carry out spring planting and post-harvest replanting processes.

The front part of the machine hangs on the tractor at three points, the reducer of the milling
machine is connected to the power supply valve of the tractor. The ejector is connected from three
points through the suspension device 10 (Figure 1) of the front of the machine, in the suspension
connector the ejector has a 9 adjustment device with respect to the horizon.

The machine aggregated to the tractor works as follows: when the tractor starts, the milling
machine 1 is first started, the machine is lowered and the soil is processed and planted. Milling 1
(Figure 1) actively processes the soil, using a sheath 6 installed on it, a push is formed. Through a
special device (not shown in the picture) from drip irrigation pipe winding Shaft 2, the pipe is buried
on the pusher to a certain depth of 2-3 cm, and the top is closed. The formed ridge is compacted by
the pushta compactor shaft 7, which is mounted on the bracket. After him, the wheels of the moving
planter 12 are dragged, resting on the bottom of the pusher, with which the smoothness of movement
is ensured. When sowing seeds, rowed or precision seeding machines can be used.

Since the rotary motion of the milling machine is directed in the direction of the line speed by
the action of the aggregate, its resistance to creep is reduced. For this reason, analysis of the forces
acting on the milling can help determine the resistance of the machine to creep. The drag resistance
of the mounting planters are accepted from the description of their russet.

Analysis of the forces acting on the working bodies of the milling machine. Milling knives
have a longitudinal axis located perpendicular to the movement of the aggregate, so the elementary
forces acting on them can be brought to one common equal acting force Rxz. This force is placed
under a certain angle y relative to the vertical plane on the longitudinal axis perpendicular to the
aggregate motion (Figure 2 a).

The v angle and Rxz Force values vary depending on the rotation angle of the milling drum to
be within the beat of the beat of thep=wt (figure 2 b). The Ry, force value increases as soil shear
occurs from the beginning of knife's entry into the soil, then the resistance decreases in a bottleneck
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curve as the blade moves from bottom to top as it passes through the vertical plane of the drum axis.
The increase in Ry strength is of the angle of rotation of the drum, respectively. Will be in the range
of values 15-25°. Between these angles, the resistance of the drum to drag is reduced as a result of
the action of the force Rx; due to forced rotations of the drum. Drag resistance increases when the
drum'’s number of spins is 160 min™.

The Ry, force can be broken down into its organizers Rx and R;. The horizontal organizer
Rx=Rxzcosy is oriented in the direction of the aggregate and reduces the drag resistance of the
machine, which makes it possible to work with tractors of the 0.9-1.2 class of the tractor.

Rez

Usv

Figure 2. Description of the acting forces and power of the milling machine:

A is a scheme of forces acting on the blade; B is a graph of change depending on the RXZ force
and the angle of rotation of the blade of the angle .

In the vertical direction of the vertical organizing R;=rxtan y, The Machine resists the
deepening of the working organs into the soil, while in the downward direction it helps to deepen. As
a result of all the values obtained, it was found that the change in angle is from +12 to -15° The R;
force has positive values in the upward direction and negative values in the downward direction.

The resistance values of rotational blades can be determined from the following simplified
formula:

Rx=kk b, 1)

here ki - coefficient of comparative resistance to shearing, N/m?; & - Wrinkle thickness, m;
b — Wrinkle width, m.

The comparative resistance of shearing depends on the mechanical composition of the soil
(plant residues are also taken into account) and its condition, the dimensions of the shearing (the layer
being transferred to the blade) and the rate of shearing, that is, the number of drum rotations. In the
case of a small layer transfer from the data obtained, the specific resistance is large, while in the case
of a thick layer transfer, the specific resistance is reduced. In this case, the transfer of a thick layer
relative to a thin layer causes the soil to become less crumbling.

The power required for milling work is determined approximately as follows:

N = Nm + Nk + Nyp, 2
here Nm— the power of the machine to move across the field, kWt; Nx— power to scrape the
soil (soil deformation), kWt; Nup — power for ironing scraps, kWit.

The first constituent is defined from the following formula:

Nm ~ 10%fGo, 3)
here G — mass of engine, kg; v — speed of engine’s movement, m/s; f — rolling coefficient, f =
0,15...0,2.

The second Constituent is calculated from the following formula:
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Ni = 10"k« 5bazn/6, 4)

Here a—soil processing depth, 7-12 sm; z — total number of knives; n —milling cutter's drum
number of turns, 160-200 minutes™.

The third organizer is defined as follows:

Nir = 510"*ko G Up, (5)
here Gt - the mass of the soil being ironed in one second, kg; ko — the coefficient of soil
irradiation depending on The Shape of the working organ; up— drum spinning speed, m/s.

The power consumption for soil treatment with a milling cutter is estimated by the comparative
power efficiency, that is, by the power consumption per unit of workload (for example, dm?).

From the analysis of the above forces, it can be seen that with a decrease in the transmission of
the soil layer to the blade and an increase in the speed of advanced movement, the comparative work
increases sharply, so that the rate of milling is relatively small - 1,1...1,4 m/s (4...5 km/h). In such an
order of work, the height of the pusher at the desired level is formed from the volume of the soil being
ironed. Resistance to compaction of the pink formed from this is reduced.

Analysis of the resistance forces acting on the rigde formation. The force of resistance acting
on the ridge formation is equal to the sum of the resistance of the ground receiving shroud, the two
side capers and the upper straight parts:

Px=Rux+2R3x+Ru+Rin+Roax , (6)

here  Rix — horizontal organizer of resistance to irradiated soil in shroud; Rax — horizontal

organizer of soil resistance to side limbers; R, — soil crushers front edge resistance forces horizontal

organizers; R, — horizontal organizer of resistance force to low edges of formwork crushers; Royx—
formation of the soil counterweight to the upper roof part horizontal organizer.

These resistance force values are determined analytically and in field conditions based on the
results of dynamometric tenzometry experiments [8].

o E
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Figure 3. Scheme of forces acting on the ridge longitudinal-vertical plane
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Figure 4. Scheme of forces acting on the ridge in the horizontal plane

The proposed drip irrigation pipe is made of elastic plastic, the water outlet holes are located
on a certain distance on the longitudinal axis of the pipe. The water outlet holes are round holes, and
the ratio of the hole diameter D to the pipe diameter D is as follows: d/D = 1/(30...40), distance
between holes in the pipe wall L= 80...400 mm.

Conclusions. 1. The developed combined machine allows you to plant seeds and fertilize seeds
in early spring, forming a stem instead of traction and molting operations. 2. The machine, which is
aggregated into the tractor, is used in two ways: forming a stem and placing a drip pipe on the stem;
planting a single seed. 3. Agregate allows you to save energy and resources by performing several
options in one pass.
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Abstract. This article provides information on irrigation of agricultural crops, especially
carrots, cauliflower and soybeans, which is one of the most water-saving methods. At the same time,
the effectiveness of the sprinkler irrigation method is presented, comparing the achieved result with
other methods.

Key words: sprinkler irrigation, furrow irrigation, irrigation technology

Introduction. The development, improvement and widespread implementation of optimal
economical irrigation methods for planting and caring for vegetable crops in the spring and summer
periods in the conditions of water scarcity is considered one of the urgent issues in agriculture. In the
1990s, 18,000 m3/ha were used for 1 hectare of irrigated land from water sources, but today this figure
has decreased by 40%. Irrigation of land following these guidelines without water-saving methods is
a complicated process. [1]

Rain irrigation has the following advantages compared to other irrigation methods: changing
the soil moisture depth by reducing or increasing the irrigation rate as needed, increasing the relative
humidity and lowering the temperature of the air near the ground, the ability to distribute water evenly
across the field, not strictly requiring that the land be very flat, cold an effective measure against the
impact and the fact that water resources are a cost-effective method in regions with poor water
resources, there is no need to build irrigation ditches and temporary ditches, the possibility of
transferring mineral fertilizers with dissolved water, etc. [2]

Field experiments on carrot irrigation by rain have not yet been conducted in our country, but
when we study foreign experiences, we can see that this method is effective.

Setting the issue and the solution. KazSRIPVG conducted studies to assess the rain irrigation
system (sprinkler irrigation) of "NaanDaanJain" (Israel), a leading company in the sphere of water-
saving technologies. Finely dispersed irrigation or sprinkler irrigation using sprinklers (spray
sprinklers) is one of the main methods of irrigation in areas with uneven terrain and with an acute
shortage of irrigational water. Field experiments concerned vegetables such as carrot. The influence
of sprinkler irrigation on the conservation of irrigation water, contamination of the fields, productivity
and quality of vegetable crops was studied. [3,4]

Since vegetables are important sources of vitamins, minerals, micronutrients, carbohydrates,
biologically active substances, as well as dietary fiber needed to full and balanced diet, yields of
vegetable crops should be environmentally friendly and safe. In this regard the biochemical analyzes
of the vegetable crops on the determination of their quality have been carried out at the laboratory of
mass analysis of KazSRIPVG. Consequently, the positive impact of sprinkler irrigation technology
on the biochemical indicators of vegetable crops should be highlighted (Table 1). The amount of dry
matter, vitamin C and carotene carrots contain have all increased.

Particular attention should be paid to enhanced amount of carotene, for which the carrot is
valued. In 2014, while sprinkler irrigation the carotene content (provitamin A) in the edible parts
raised from 16.49 mg % to 16.7 mg%. In 2015, these rates varied from 16.5 mg % to 17.3 mg%. Dry
matter content increased up to 15.08%. The nitrate content in carrot roots according to the irrigation
methods was 86 and 144 mg per 1 kg of wet weight in 2014, and 93 and 85 mg/kg in 2015. If one
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considers that acceptable levels of nitrates in carrot is 400 mg/kg of wet weight21 then the product
can be considered as environmentally friendly.

Table 1. Effect of irrigation technology on biochemical indices of production in 2014-2015

. . Irrigation technology
Biochemical — - —
indicators Furrow irrigation Sprinkler irrigation
2014 2015 2014 2015
Dry matter, % 12,73 12,20 12,82 15,08
Total sugar, % 8,65 10,0 9,0 9,5
Vitamin C, mg% 9,95 94 8,7 9,5
Carotene, mg% 16,49 16,5 16,7 17,30
Nitrates, mg 86 93 144 85

In irrigated horticulture, great attention is paid to the productivity of vegetable plantations. Each
hectare of irrigated land is very important, especially in the foothills of south-east Kazakhstan.
Therefore breeding research and technological development mainly focus on increasing the
productivity of vegetable crops. The main indicator for the assessment of new technological
developments in horticulture has always been the yield of vegetable crops. According to the research
conducted, sprinkler irrigation technology provided a significant increase in the productivity of
vegetable crops. Finely dispersed irrigation compared with furrow irrigation helped to improve the
yield of carrots by 12.3% and 16.3% in 2014 and 2015, respectively (Table 2).

Table 2. Influence of sprinkler irrigation on the yield of carrots (2014-2015)

Irrigation technologies Research years
2014 2015
Furrow irrigation (control) 25.2 26.4
Sprinkler irrigation 28.3 30.7
Harvest difference t/ha 3.1 4.3

Analysis of results and examples. In contrast to the method of irrigation in the field, the water
is controlled through taps in the cultivation of cauliflower in the method of economical irrigation.
water and mineral fertilizers are spread evenly and the harvest is ensured at the same time.
Cauliflower is a water-demanding plant, so it grew well and got a high yield as a result of being
created in an optimal water and nutrient regime. Due to the fact that water does not go into the drain
and the erosion process does not occur during irrigation, soil fertility naturally increases. Moisture is
well maintained, the number of watering is 2-3 times. was less, the total water consumption was more.

Table 3. The norm of water spent in the care of cauliflower, m?

Before watering Sprinkler Furrow
Watering time soil moisture relative to irrigation Ir
absolute dry soil ChDNS/% m?3 irrigation m?

Day 1 15,0 75 336 530
Week 3 16,0 80 244 660
Week 5 16,6 83 300 610
Week 7 16,0 80 295 670
Week 9 15,8 79 340 600
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Week 11 14.0 70 320 593

Week 13 15.6 78 298 634

Week 15 14.4 72 278 600

Week 17 14.6 73 266 654

Total 2677 5551

Middle 13.55 76.6 297,4 616,7
Water saved . % +40,8 0
Water saved. m° 2874 0

Conclusion. Today, not only in our country, but also in the whole world, in the conditions of
water shortage, it is necessary to develop optimal irrigation procedures for resource-efficient sprinkler
irrigation of soybean varieties, which are increasing in cultivated areas as the main crop, and to
determine the water consumption of the plant. no scientific research was conducted. Rain irrigation
method, number of irrigations, seasonal irrigation norm, soybean growth, development, grain yield
are considered. Super elite seed varieties of soybean "Nafis" and "Uzbekskaya-6" were planted. In
the analysis of the obtained data, it was found that the applied agrotechnical measures and rain
irrigation of soybeans have good efficiency in cultivation, that is, soybean variety "Uzbekskaya-6"
by rain irrigated soil moisture is 75-80-80 percent compared to CHDNS, seasonal irrigation rate is
2880 m3/ha, general irrigation rate is 3430 m3/ha, grain yield is 28.4 s/ha and the amount of water
used for 1 s of crop was 120.8 m3, and the soil moisture before irrigation was 70-75-75 percent
according to the CHDNS, when the variety of soybean "Uzbekskaya-6" was grown. in the increased
option, the seasonal irrigation rate is 3130 m3/ha, the general irrigation rate is 3680 m3/ha, the grain
yield is 23.8 s/ha, and the water consumption rate for 1 s is 154.6 m3, or 250 m3/ha in accordance
with the above compared to the control option; 250 m3/ha; It was determined that 4.6 s/ha and 33.8
m3 less water was consumed. Based on one-year scientific observations in the conditions of gray
grassland soils of Tashkent region, the soil moisture before irrigation is 75-80-80 percent compared
to CHDNS, i.e. 13 times during the growing season of soybean varieties, each irrigation is 220-230
m3/ha, seasonal irrigation rate 2880 m3/ha, 27.6 s/ha of soybean variety "Nafis", and 28.4 s/ha of
"Uzbekskaya-6" variety it is possible to get a harvest
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Abstract. In this scientific article it is described that agricultural branch of Uzbekistan pays a
lot of attention to fisheries, poultry and animal husbandry. In fish farming, poultry and livestock
rearing, it has been recommended to give green feed as a supplementary feed, which reduces the
accumulation of excess fat in fish. In this regard, a grinder was produced for cutting plants with blue
content. The number of rotations of the feeders was studied theoretically and experimentally in order
to meet the demand of the prepared feeds. According to the theoretical research, the cutting length of
blue stalk feed is achieved by changing the number of revolutions of the shredder drum depending
on the feed speed Vy; and the number of blades in the drum N p, and the number of revolutions of
the feeder blades when the feed is transferred at an angle of 27° is 101-207 r/ in the range of min,
when the number of blades is in the range of 4-6 pieces, it is recommended that the number of
rotations of the shredder drum be greater than 1358 r/min and 1478 r/min to ensure a cutting length
of up to 10 mm.

Keywords: chopper, feeder blades, revolution of the copper, supplier, drum, barley, alfalfa,
corn, legumes

Introduction. Achieving good results in the breeding of fisheries, poultry and livestock
depends on the quality of the feed provided to them . The following nutritional feeds, concentrated
feeds and additional feeds are used in the feeding of fisheries, poultry and livestock [1, 2, 3, 4, 5, 6].
Fisheries, poultry and livestock farms in excess of the norm, because excess fat accumulation is
observed in fish. The use of the above-mentioned blue feed helps in the development of fisheries and
rapid growth. Fish and poultry feed should be crushed. Taking into account the above, the analysis of
today's available devices [7] was carried out to create a small and compact blue stem feed grinder.
According to the research results, a feed grinding device for fisheries and poultry was developed.

Methods. Food grinder used in the study of the laws of the nutrient feeder installed in the
device.

Verification of the compatibility of the obtained theoretical studies was carried out
experimentally. In the experiment, alfalfa and corn stalks were crushed. The working quality of the
device was determined by the ratio of fractions in the cut feed up to 5 mm , between 5 - 10 mm and
10 - 20 mm, and larger than 20 mm. For this, the processed feed was divided into parts with a size of
up to 5 mm, a size of 5 mm to 10 mm, a size of 10 mm to 20 mm, and a size larger than 20 mm, and
their fractional composition was determined on laboratory sieves. According to the specified
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requirements, ground feed for fish and poultry should contain more than 50% of fractions with a size

of up to 5 mm, more than 30% of fractions between 5-10 mm, and more than 20% of fractions with
a size of 10-20 mm and larger.

Results and Discussions. It is important that during the operation of the grinding device, the
green stem feeds transmitted through the inclined rod are received through the supply grooves and
evenly transferred to the grinding drum. For this reason, the work of the supply chain was studied
(figure 1).

In order to consider the process of absorption and transfer of blue stem nutrients by the plants
in a simpler case, we will first consider it as an example of plants with a flat surface.

When the stems are received by the joists, they are affected by the normal pressure force Njand
friction forces Fisnk .

Figure 1. Acceptance of digested food by the sows

The pressure force N of the beams on the stems is always perpendicular to its surface. Separating
the forces according to the compression of the stems and the direction of movement, we determine
the N xcomponent of the normal pressure force N and the components of the friction force F . In this
case, the component of the normal pressure force Ny serves to pull the stems out of the working slot
of the grooves, and the frictional force Ny serves to pull the stem mass into the gap between the
grooves .

Now let's consider the effect of these forces.

According to the scheme, the forces acting on the stem mass by one joist.

N, =Nsine,
N, =Ncosa, 1
F.=Fcosa,
F, =Fsina, (2)

in which «,_ - angle of coverage of beams, grad.

If we take into account the pair of transmission blades in the device, then the total normal
pressure force N exerted by a pair of blades on the stem mass tries to push the transmitted stem mass
back out of the receiving zone, while the total frictional force F is directed to the rotating side of the
blades, receiving the stem mass inward, tries to pull into the compression zone. The total friction
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force of the grains F , must be greater than the total normal pressure force N so that the grains receive
the crushed stalks and transfer them from the working slot to the crusher drum.
Total normal compressive strength according to the scheme

Ny =2N SinaK . (3)
We write it as follows
N? =2N?*sin’ ¢, .

or
. 1-cos2a,
sin“q, =———~%
2
from being
N?=2N?(1-cos2a,) . @)
We write down the total frictional force of the joints as follows
F?=2f°N*(1+cos2q,) . )

(4) and (5), expression (6) will be as follows.
2f?N?(1+cosa, )>2N?(1-cos2a,) . (6)

1:2>1—00520¢K - @
1+ cos2«,
(7) expression can be reduced to the following form
2 1= cos’a, +sin‘a, _sin‘a,
1+cos’a, —sin*a, cos’a,

=9°a, ®)
sincef?2=tg2¢p
tg’p >tg’a, or p>a, . 9)
(8), the friction angle ¢ must be greater than the angle of reception of the grains a «in order for
the grains to receive the blue stem feed and bring it to the working slot .

As mentioned above, the minimum friction angle of corn and alfalfa stalks in the blue state is

O - -
Puin = 25— 28" In the interval, the reception angle of the beams is also a x=30° should be.

In order to drag the stem mass covered by the grooves through the gap between the grooves,
the traction force T tr > 0 or the total frictional force F , should be greater than the total normal
compressive force Ny, i.e.

Tm0p - Fy - Ny >0. (10)

Can be seen from the expression (10) that the traction force that carries blue stem feed from the
gap between the grooves is equal to the difference between the total frictional force F , and the total
normal pressure force.

Total friction force F yand the total normal pressure forces into the expression (10).

—2fN f1+ cosZa [l cosZa

=2fNcosa, —2Nsing, =2N( fcosa —sina, ). (11)

the friction coefficient f in the expression (11) by the friction angle ¢, i.e.

| Agricultural engineering solutions 2024, 1(5).. " s Lo o agrieng.comuz




 AGRICULTURAL ENGINEERING SOLUTIONS  20f30

|
f=tgp="2". (12)
sing

(12) into account, performing some operations, we write the expression (11) in the next form

o :ﬂ(singocos% —cosgsine, ) - (13)
cos@
or
:2N3|n((p—ak). (14)
o Cos @

Can be seen from the expression (14) that the transfer of blue stem feed through the grooves to
the grinding drum depends on the normal pressure force of the grooves, the angle of reception and
the friction of the stems on the grooves.

Increasing the angle of stem acceptance in turn leads to an increase in grain diameter or metal
consumption, while increasing the normal pressure force is not optimal from the point of view of
crushing blue stem feeds.

For this reason, in order to improve the friction or adhesion properties of the blades, their
working surface is corrugated, corrugated or covered with rubber material.

Although different types of fluted working surface saws have good pick-up and mixing
characteristics, they are not optimal for use in blue-stalk feed grinders because they pre-shear or crush
the blue-stalks with their edges. Making them from rubber is expensive.

For this reason, we will select the supplier's jaws with a corrugated surface for use in the device
and conduct a theoretical study of them (figure 2).

The forces acting in the opposite direction on receiving blue stem feed on a corrugated mill
with a working surface are as follows

N:=N,sing, + N,sina, . (15)
Fe =f(N,cosa, +N,cosa,), (16)

UK

where f is the friction coefficient.

Figure 2. The reception of blue stem feeds with the working surface of corrugated boards

In this case, it is a condition that the stem mass is received by the corrugated joints
f(N,cose; + N, coser,) > N;sing, + N, sine,. (17)
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Expressing the coefficient of friction through the angle of friction, we write the above
expression as follows
N,sine, + N,sine, (18)

g >
99 N, cosa, + N, cosa,

(18) although the normal compressive forces of the upper and «, lower beams are not equal
N, #N,, o ie.
N, cosa, = N, cosa,. (19)

In addition “1*“220[,, it can be considered as an average coverage angle
2

Cosq, +COSar, = 2C0Sx -

o, and «, at small values of the angle the following condition is valid

tgo, +tga, = 2tga < 2tge. (20)
the stems are accepted by the plants y;, = ¢, then
v, =q, + V/TM ) (21)

in this ¥, and v, - of the gophers exposed to blue stem feed
the angle of deviation relative to the axis of the drum, grad;

v, - the central angle describing the pitch of the corrugations, grad.
According to the scheme

D.+S —h
cosy, =21 %, (22)
D, +h
in which D j - the diameter of the grooves, m;
S j- gap between the grooves, m;
h ¢ is the height of the corrugations, m.
Also the following attitude is appropriate
D, =hcosa —S; +h, +R;(cosy, +cosy,) —r.(cosy, +
+COSy/,) + 2, CoS (23)

where r gis the radius of the corrugations, m.
If v, =y,and cosy, > cosy,taking into cosy, + cosy, = 2cosy, account that, the expression

(23) can be written as follows
D, <hcosa - S; +h, +2(R; —r,)cosy, + 2rcosa (24)
If we put the value of the expression ( 22 ) into the expression ( 24).
2(R; -1, )(2R, +S; +hy)
2R; +h
(25) by performing some operations, we find the diameter of the beams in terms of corrugations
5 < (h* + 2hr, Jcosa — (S —hy)(h + 2r,) |
e (h+2r,)(1~-cosa)
where h 4=0.01 m; h =0.02 m; C j=0.01 m; r 4=0.01 m; If a= 35-40 ©, it turned out that D
should be < 6.5 cm.

D, <hcosa - S, +h, + +2r, cosa - (25)

(26)
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The main parameters of the groove are also its number of turns, width and gap between the
grooves. These parameters are mutually determined depending on the performance of the device.

It is known that the mass transfer capacity of sawdust suitable for the performance of the
grinding device can be determined as follows

qQ=nS;BVp> (27)
where 77 - the coefficient of filling of the interval of jova;
V j— the width of the grooves, m;
V ut - the speed of the stalk feed passing through the grooves, m/s;
0 - the density of stem nutrients, kg/m 3.

Although the surface of the grooves is corrugated, but due to the fact that there is a slight
slippage during the transmission of stem nutrients, the speed of the stem nutrients passing between
the grooves is as follows

V,=koR;, (28)
where k tis the sliding coefficient;
;- angular velocity of the beam, rad/s;

R jis the radius of the beam, m.
(28), (27) is as follows

q=7S;Bk,oR p. (29)
(29), we find the angular velocity of the beams
o, = _a (30)
nS;Bik,R.p
On the other hand
0 =", (31)
30

where n jis the number of revolutions of the gears, r/min.
By equating the expressions (30) and (31), we determine the number of rotations of the

_ n;znk.S,BR p (32)
30k,
Expressing the radius R j of the groove in this expression by the diameter D j, we get the
following
:njmykTSijDjp. (33)
60k,

It can be seen from the expression (33) that the number of rotations of the feed mill is directly
proportional to its productivity, k 1, Sj, Vj, D jand inversely proportional to the density of the ground
food . p

(33) expression determines the interrelationship between the number of revolutions of the
grinding device and other parameters of the grinding device.

Based on this expression q =0.142 kg/s; k, =0,5-0,8; =0,7-0,8; k;, =0,8-0,9; C j=
0.01 m; B j=0.2 m; D j= 0.06 m; Based on the fact that it is p=118,2kg/m *, a graph was built
showing the effect of the number of turns of the feeder on the productivity of the device, taking into
account the density of corn and alfalfa stalks to be ground (figure 3).

e
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As can be seen from the graph, depending on the density of corn and alfalfa stalks, to ensure
the productivity of the device of 600 kg/h, Sj=0.01 m; B;=0.2 m; When Z7;=0.06 m, k ;= 0.5 —
0.8; n = 0.7 — 0.8; Considering that k r= 0.8 — 0.9 varies, it was found that the number of revolutions
of the gears should be in the range p j = 101-207 r/min.

800

q, kg/h
I / /
600

500 /Z
| |
400 V

300

100 125 150 n,r/min 200

1 — corn stalk; 2 — clover stem
Figure 3. The effect of the number of revolutions of the grinding device feeder on the
performance

Conclusions. The transmission speed of the stalks transmitted to shredding to ensure the cutting
length of blue stalk feed at the level of the specified requirements is achieved by changing the number
of revolutions of the shredder drum depending on the number of knives in the drum V ; and the
number of knives in the drum, and the number of revolutions of the feeder blades when the feed is
transferred at an angle of 27° is in the range of 101-207 r/min , the number of revolutions of the
shredder drum should be greater than 1358 r/min and 1478 r/min to ensure a cutting length of up to
10 mm when the number of blades is in the range of 4-6 pieces.

The time change of the speed of movement of the cut stem piece along the blade under its
influence when the radius of the drum is 75, 100, 125 and 150 mm shows that the speed of the stem
pieces constantly increases during its movement along the blade towards its upper part and 4.5-6 from
the upper part of the blade It shoots out with a speed of m/s.
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O3YKABOI MOSJIAPUHUHI STUJINIIT A KAPIIUJIUTUHHA YPI AHUII
s1. Kymaros

“TomkeHT uppurays Ba KUIUIOK XY>KaJIMTMHU MEXaHU3alUsAIall MyXaHaucIapu
MHCTUTYTH MMUIUIMNA TaAKUKOT YHUBEPCUTETU

AHHoTanmsA. Makonaga TaJAKHUKOT OO0bEKTH cudaTHaa 03yKabomn YCUMIHMKIAp MOsUIAPUHU
YpuI Ba Maiaanan UIIYM OpraHIapyHU TAHJAII, COIJAIAIITHPHIN Ba SIPATUII HYKTaW Ha3apHIaH
03yKabom VCHUMIMKIAp TMOSUIAPUHUHT  (PU3UK-MEXaHUK XYCyCHSTIapHIaH OWpW  druimra
KapUIWJINTHHA Jajla [IapouTHIA YPraHWII HaTIKajJapd  Ba OJHMHIAaH HaTWKalap acocuiaa
MaKKaXyXOpH MOSICH MUCOJIU/IA KATTUKIMTH MOJICIIApU KEITHPHUTaH.

TasiHy cy31ap: yCUMIIMK, 03yKa, 1051, YPHUIL, MaiJaiall, STuil, KApIIWINK, KATTUKIUK, MOJIET,
UIIYU OpraH.

AHHOTanusl. B crarbe mpuBeneHbl pe3ysbTaThl OJHO U3 (U3UKO-MEXAHWYECKUX CBOMCTB
crebsiell KOPMOBBIX PAaCTCHUN CONPOTUBJICHUE K OTTMOY B IOJIEBBIX YCIOBUSAX C TOYKH 3PEHUS
BbIOOpA, YIIPOIICHHUS M CO3JaHHsI MAIlIUH U pab0ounX OPTaHoB sl yOOPKH M U3MENIbYCHHUST KOPMOBBIX
crebyieli Kak OOBEKTa MCCIIEIOBAHUS M TEOPETHYECKHE MOJIENH, IOJYYCHHBIE MO pe3yibTaTram
IIOJIEBBIX OIBITOB.

KuloueBble cioBa: pacTeHus, KoOpM, CTeOenb, KOIeHWe, U3MeIbYeHue, OTruo,
COIIPOTHBIIEHUE, KECTKOCTh, MOJIEIb, paOouuii opra.

Abstract. The article presents the results of one of the physico-mechanical properties of the
stems of fodder crops the point of view of selection, simplification and creation of working bodies
for harvesting and grinding of fodder stems as an object of study and theoretical models obtained
from the results of field experiments.

Key words: plants, feed, stem, mowing, grinding, limb, resistance, stiffness, model, working
body.

Kupum. Mabaymkn, Y36eKHCTOH HMCCHK MKIMMHAA HApBAPUIN  KUIHHAIUTAH SKHH
MaxcynoTiaapu xoccanapu EBpomna mapouTuaa YCTHUpWIraH LIyHAAW SKUH KypcaTKU4iIapuaaH
dapkmananu. PecmyOnmukamu3ga JOH YYyH YCTUPWITAH MaKKaXYXOpPH TOSUIAPUHHHT KOOWFH
KaJMHPOK Ba KATTHUKPOK OYINO, YHHHT MeTajul OMjiaH MIIKaIaHUII KoddduueHtn OupmyHYa 03
OynuIIH SKCTIEpUMEHTIIApIMHA3/Ia aHUKJIaHTaH. JlacTimaOku Ky3aTyBiap HaTHXKACHIa MAaKKaKYXOpH
MOSICHHUHT WJIU3 TOMOHUAAru KucMu (12-15 cM) HUHr KOOMFM KaTTUK OYnaumm Tydaiau yHra
MUYOK THFUHUHT OOTHIIIA OMPMYHYa KHAWHIIAIIIAITH.

OsykanmapHu Tai€piam TEXHOJOTUK JKapaCHJIapyd MeTaul Ba DSHEPrusi CUFUMHU KaTTa
MamuHanap Oasacuaa amanra omupmiaad. O3yKallapHW O3UKJIAHTHUPHUINTa TaW€piaml ce3niapiv
Japakafga  O3YKJIApHUHT  TYHUMJIOPJIWIHHM, €HUMIWIMTMHM Ba 4OpBa  MOJUIAPUHUHT
MaxCyJIOPIUTHHU KyTapaau. HaTrmkamaa 9opBauMiInK MaxcyJoTIapuH €THINTHPHUINIA UKTHCOIUN
camapaiopaukra spumminaau. KOxopuna Kaiia sTuiaraniaapaas kenud Yukuo Kyiuiaru macanagapHu
eUnIIIa MyaMMOJIap MaBXy[: Maijanam >kapaéHWHU WHTCHIU(UKAIWSIIANI, HACOWHA SHEPTHUs
capapruH1 KaMaUTHPHIL, WYX OPTAaHJIAPHU COJIATAIITHPHILL

XO03Upru BaKTJa Ba SIKUH KeJa)Xakaa KHUIUIOK XYKallurd XalBOHJIApH YYyH O3yKa XOM-
amécura UIUIIoB OepuIll yCylIapuaaH aCOCUNHCH — MeXaHUK ycyn 0ynu6 konaau. Ly 6unan Oupra
O3yKara MIuIoB OCpUINHUHT TYPJIX XHUJ YCYIUIAPUHHUHT caMapaJopiiury (Maiaanar, KHpKHII, 3311
Ba OOMIKajIap) MaBXKy/ MalllHA Ba )KUXO3JIAPHUHT Y3Ura MOC UIIYH OPTAaHIapHHUHT HII PEXKUMIIAPH

1
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Ba MapamMeTpiapuHU UIDIa0 YMKUINIA acOCaH MaiamaHWIaUuraH XOM-alEHUHT (DU3HK-MEXaHUK
XOCCAJIApUHUHT Y3UTa X0C KUXATIApUHU SHT KyJal ycyljaa KyIaHUuImura OOFTUKIUp.

TagKHKOT 00BEKTH Ba YCJAYOUATH. Y CHMIIHK XOM-alIECHHIHT MyTOHACHOINTHHUHT 3Ura
XOCJIUTH, aHU30TPON XOCCACHUHUHT KECKMH M(ONATaHUIIN, KaTaKdyalaph OpacHIard HaMIMKHUHT
MAaBXKYUIMTY, TOSUIAPDHUHT KATTUKIMK XOCCAJIAPUHUHT HOUM3HUKJIMIY BA YHUHT FOKJIAHULI PEXUMU
TE3KOPJIUTUTa OOFJIMKIINIU YIApHUHT JedOopMalMsIaHUuII JKapaéHUHU MaTeMaTHK H(oaaliHa
MypakKKaOJalTupaiy.

Kunuiox Xy»amuru SKUHIAPUHUHT (QU3NK-MEXaHUK XOCCAJIAPUHU TAAKUK KHIIHUINTa KYTiad
uIIap, ailHMKCca 3KCIEepUMEHTall TaBCU(Aaru Huuiap OaruluIaHrad. Acoc OyiaguraH uijgapra
Tlopsiukun B.I1., Xenurosckuit B.A., I'ytesip E.M., bocoii E.C., Pesuuxk H.E. Ba Oomkanap, der
autapaa oub OopuiraH Ba KYynpok Mabiaym Oynran uimiapaan Asher J., Chancellor W.1., Elfes L.E.,
Feller R, Herrmann K., Schulze K.H., Stroppel Th., Marly, Schmerwitz C., Sellegren G. unuiapunu
KUPUTUII MYMKUH. MabayMKH, KyII COHJIM HIUIAD KHUIUIOK XY>KaJUK MaTepHaUIapUHUHT
neopManusUIaHUIIN Ba KATTUKIMK TaBCU(IIApH aCIEKTIApUHU KUPKUII, MaiJanami, 3u4iam Ba
LIyHIra YXIIAUUIAPHUHT TYpJIM XWJI JKapa€HJIApUHU Ba aMaira OLIMPHII yCYJUIAPUHHU YpraHMINIa
Oarunuranrad. KYMuuimuK WIUIApHUHT aloXpja aXpauud TypaauraH XyCYCHSITIapu IIyHIaH
nOOpaTKH, yJIap acocaH OJJIMHAAH TaHIa0 OJIMHIaH UIIYU OpraH Ba MaTepHaulapra UILIOB OepHIl
ycyliapura MociaHu® onub OopwiraHaurgaagup. MarepuaulapHuHT e opMalysulaHuIl  Ba
MaiianaHum >kapaéHUHU MOJEIUTAIITUPHUIN  OKyJa MCTHUKOOIM MOPJIOK HyHanmum XucoOlaHaau.
Mucon yuyH, Pesnnk H.E. ummapuaa nedopmManvsulaHUIIHUHT MEXaHUK YXmanuuraau («yk
KUcUMUY, «MakcBemn sxucumu», «KenpBUH KHCHMU» Ba OoliKanap) Kymiam Wynum OwiaH
MaTepUaIHU CUKUII XKapa€HUHU MOJEIIAIITHPUIL YCYOUHUHT YMYMUI KYpUHUIIN Kapanras [1].

bynnaii énpommm, SBbHM MEXaHMK YXIIAUUIMKIAPHUHT TYpJIM JAapaxkaaa Kymuod oiaud
OOpWIIHNIIH, €Tapiuda MypakKal, HIaCTHK-TIJIACTHK Ba KAMUIIKOKIUK XOCCAIapuHU Oupra Kymuo,
MaTtepuauiap JaedopMalMsIaHUIINHA MOJENIAIITHPUII UMKOHUHU Oepaau. byHna, kapa€HHU
MaTeMaTHK M30XJIalll Ce3WIapiIi Aapaxaa cojjaanamand. MaremaTuk-(u3nKa coxacuaru uiuiap
Ha3zapuil JKUXaTJaH Y3UHUHT FOKOpH Japakalurn OuiaH axpanud Typaau, ynap Typiad X
KUCMIIAPHUHT MypakKkal Ky4JaHUIIN XOJATHHU TAJAKUK STUIITA OaFuIIaHTaHIUD.

MogemramTupuil Ba aHAIUTUK HaTKanap OyiiMua OakapwiraH MIJIApHUHT JacTiaOKu
TaxJIWIM IIYHU KypcaTaJuku, Myauindap TaaIKUKOT Basudacu MajakacMHHU KyHluiga, Koujara
OuHOaH, 00BEKTHH Hojanall KarTa KUHMHYWIMK TYFAUPAId Ba XUCOOJIAIIHUHT MYpPaKKaOIUTU
OunaH OOfIMK OYnraH OMMJUIADHU XHMCOOra OJIyBUM >Kapa€HHUHI €YMMHUHU COJAJATAIITHPUII
Makcaaua Oup Katop 1mapriap Ba runoreszanap kaOyn kuwinmras. Hlynu xam aiTu® YTumn xou3ku,
HaTIOKaJlapy AXTUMOJUIMJIMK MOJENM KYpPUHMIIUAA TakauM JTwirad. [losicumMoH Ba JOHIN
MaTepHaJUTApHUHT JIe(OpMALMIIAHUIIMHN MOAEIUIAIITUPUII OYiinYa UIIap COHM eTapiuya sMac.
Jlana 1mapouTuga MaKKaXyXOpH TMOSCUHU Oruil Oyiuya YTKazuiaraH Taxpubamap UIIyHU
KypcaTaluKH, y3yHJIMK Ydamiapy Oup Xuj 6yiran nosuiap KiiMaTu Oup Xu1 SryBYM MOMEHT OuiIaH
IOKJIaHTaH/1a, YJIapHUHT KaTTUKIUTU Oup OupugaH TtyOnmaH ¢apk kwiaau. bynagan kypuHu®
TYypUOIUKH, skapaéHHU U(oJanall yuyH 3XTUMOJUIMK Ha3zapuaaH EHOUIMII KePaK, TETEPMUHUCTHK
E€HJIONINII 3Ca )KY3UW XOJUTapJIarnHa XaKKOHUIIUP.

ynnait Kunnb, acocuii 03yKa SKUHIIApU TypJlapy MOSICHHUHT MyCTaXxKaMJIMK TaBCHU (hrapuHU
TaJKUK KWIUII OYiinua GakapuiiraH MIUIap COHUHUHT HUCOATaH KaMIIMTH, HYHAIUII TOMPACUHUHT
KUCKAJIMTH, Ae(opMalisulaHUII Ba MalJalaHUII XKapaéHUHUHT TYJIHMK Ba aHUK TACBUPUHH OJIHII
MMKOHUHHU Oepmaiinu. AliHaH ymOy XoJylaT O3yKa Taiépriaml MalldiHaJTapUHUHT TEXHOJIOTHK
Kapa€HUHU Ba WIIYM OpPraHJIapMHM TAaKOMMJUIAIITUPUIIIA KaTTa KHHMHYWINK TYFAUpaau, UIIa0
YUKAapYBUMHHU 3Ca aHMK aHAJIWUTUK YCyJulapra TasHHUO MII KYpHIIl VpHUTA, UUYKH XUCCUETH Ba
MaHTUKHHA ycyJutap, KouAajap MakKMyacWHH IIAKIAHTUPYBYM KOOMIUSATIApura OYHCHHHMO M
OakapuIura yHIaanmam.
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Tagkukor HaTtmxkagapu. O3ykanapra HMIUIOB O€pHII TEXHOJOTMS Ba TEXHUKAIAPHHU
TaHJala 03yKadon YCUMIMKIAPHUHT (PU3MK-MEXaHUK XYCYCHUSTIIApH XHMCOOra OJUII MYXHUM
XHCOOIaHUITa U,

Kunuiox XyKaJuru yCUMIIMKIAPU Y4yH yJIapHU €ruiIla KaTTUKIUK JoOUMUuMry £ ra puos
KuinHMaiiau. by, martepuan WYKd TY3WIMIIMHUHT MypakkaOiauru Ounan TymryHtupuiagu. [los
KOHCTPYKLMSACUHHM SIHA YHHMHI IOKOpPM MYCTaXKamJjHMKra sra TyryH OYFHMHJIApu Ce3WIapiu
Ky4aiTupaau. AMMO, ITOSI MyCTaXKaMJIUTH 1e(pOpMalMsIHUHT Xap XWJl HYHaIUIuaa ce3unapiu hapk
Kunanu. By xonar »HTr aBBajio Mosl TYT'yH OyFHHIIApH TOJIAJIAPUHUT OYiiTaMa Ba KYHIAIaHT CUKUIII Ba
yy3ull ~MyCTaxKaMjuMK Mopaysulapura teruuummaup. llosutlapam  srumpa  MycTaxkaMiIMK
MOJyJUIapUaru ce3ujapiau ¢apk 1mos HeWTpajd YKUHMHT YY3WJIraH TOJaJap TOMOH CYPWJIMILINTA,
KECHUM MOMEHT MHEPUUSCUHUHT Y3Trapuilnura, MakCuMan KyWIAHUIIHHUHT HOTEKUC YCHUIIMra oiud
KeJaau, arapia yjaap TOMOHMJAH OY3WIl KWiiMaTHra eraguraH Oyiaca €Ky TOJaJapHUHT Y3WIIHII
Xucobura €Ky yJTapHUHT €3WIHILIN XUCOOUTa Mo CHHUIIN coup OVyiiaau.

MaxkkaxyXopH HOSCUHUHT MyCTaxKaMJIMK XyCYCUSATIapUHU Jajla [apouTuaa YpraHuil yayH
OM3 TOMOHJAH MaKKaXKyXopu Tosuapu (HaBu) OwiaH mummin ¢aszacuaa TETUIUIM Taxpuodanap
VTKa3wian. Xap Xuil AAaMeTpiIu TOsJIapHH STHIN 3raT YKU OVirad Ba KYHAalaHTHra YH MapTta
TakpopJamniap Ouiad YTKazwiau. Druiaurad Kyd (P) mosira najna ro3acura HUcOaTaH TOpPU30HTA
texucnuka () Oamanmmukaa napanien auHamoMeTp Oustan Kyiunau (1a-pacwm).

a) 0)
1-pacm. ITostnu drumIHM XHcoOaam cxemacu (a) Ba 1aJia Taxkpudacuaad kypunuu (0):
I-rtost GonttanFuy xonatu; [[-NOSTHUHT Kyd TabCUPH/IA STHITUII XOJIATH; |-3TuIn KyduHu
Kyium Oananyumry; P-kyiuwmmi kyau; f-orum kaTramuran

Orum kattanurd (f) mosTHMHT BepTHKAN XOJaTHAaH Kyd KYHHJIHII X0JIaTUra MOC Xoj1atu (Tos
CUHMILIMTaya) MOos TOJACUHUHT YY3UJITaH TOMOHHMJAH Maxcyc 3KpaHra (iaamectep Oumiian puxcamus
KuTuHUO Oopunau (16-pacm). DTUII MOSHUHT 3WINMI €KW CHHUII XOJIaTUTaya YTKAa3WIIU. DTHII
KyuuHu Kyhuin oorwtanrud 6ananmrd (1) 60 cm arpoduma onusau, ymoy O6agaHuiuK Oyinda mos
auaMeTpuaa cesunapiu Gpapku OYIMacIuru TabMUHIAHIH.

1-xaaBana MUCOJ TapruKacH1a TOMHP OYFUHU KUCM/IA YIT9aHTaH quameTpiapu 25, 26, 28 Ba
30 MM TYpTTa MaKKaXyXOpH MOSCHHU CHHAIl HATWXKANapu KenTupuirad. JKaaBangaH KypuHUO
TYpUOJWKH, XHCOOJIAHTaH KecuMJlapja TOSUIAPDHUHT KATTHKJIMTH  JUaMeTpura  OOFIIHK,
MyCTaxKaMJIuK JedopMaluscy dYerapacuja MaKCUMal KuiMmaTra sra Oynmamu, cYHT Oy3WIIHII
MOMEHTHUTa4a rmacaind 6opasu.

Kartukmukauer f Ba P nap OOFNMKIMTHHY KaIBAIIAH TaXJIMJI KWW KYTT XaJJd UKKHHYU
Japaxxalid KYpUHHILIA aHATUTHK MOJEIJIAPHU OJIMII MyMKUHJIUTUHU KYpCaTau:

EAN=aoff + arf + ao,
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EJ(p)=CoP? + C1P + Co.
Bynunr yuyn ¢aiin Polyfit(X,y,z) doitnananguk, 0y epna y=EJ, X=/ &€xu X=P. by ¢aiin
MatLAB Tu3umuaa mosen ko GUIMEHTIaApUHN SHT KHYMK KBaJpaTiap yCyau/a OJHII YU4yH XHU3MaT
kuaaau [2]. Mucona yays, qmuamerpu d=2,5 cm most yayn E.7=[16 369 11 000 7 000 5 000]; f=[4

13 30 54]; P=[12 3 4] ora.
Mopennap ko3 buiueHTIapH:

Pa(f): ao=0,0057*10° Pa(P): co=0,75*%103
a1 = -0,5405*10° c1=-7,45%10°
az=17,7209*103 c2=22,5*10°
1-orcaosan.
Jana mapouTuaa MaKKaKyXopH MOSUIAPHHUHT 3THININa KAPIMHJIATHHA AaHUKJIAII
HATHKAJIAPH

Tlos JIMaMETPHU 2,5 cm
Orum kyuu P, kl'c 1 2 3 4
Orunuin Kuimary f,ecm 4 13 30 54
Karruxmuru E.JxIc,cm? 16 363 11 000 7 000 5000

Tlos JMaMeTpHu 2,6 cMm
Orum kyuu P, xl'c 2 3 4 5
Oruuin Kaimaru f,cMm 8 12,5 19,5 30,6
Karruxmuru E.JxIc,cm? 18 000 17 300 14 770 12 000

Tlos JMaMeTpHu 2,8 cm
Orum kyun P, xl'c 3 4 5 6 7
Orunuin Kuimata f,cm 10,8 16,5 32 44 56
Karrukmrn E/JxIc,cm? 21 000 17 400 11 000 981 892

[Tost TUaMeTpu 3,0cm
Orum kyun P, k['c 4 6,5 7,5 8,5 10
Orunuin Kkuimatu f,cMm 7 18 26,5 37,5 46,5
Karrukmirn E/J kI c,cm? 41142 27 500 20 370 16 300 15 483

Kentupunran masinymotnapia srum enkacu | = 60 oM, arum kyuu P aana ro3acura napauien

oo P13
TEKUCIUKIA KU, KaTTUKIUK EJ = 3_f dbopMyna OuaH aHUKIAH]IH.

Hatmxkana kuaupuna€rrad MOAeIIapHU OJIIHK:
EA /)m=(0,0057* f>— 0,5405* f + 17,7209)*103;
EJP)n=(0,75*P%— 7,45*P + 22,75)*10%.
Taxpuba manymotnapu E.J,» Ba EJm TeHrnama OwiaH XUCOOJAHWUITAH MabIyMpTiap
opacunaru ¢apk xap oup kecumaa ¢pousia Ba MOayJ OYiiua MakcUMai KMHMaT TaHIaHUIIH:
A EJ=max {EJ"rl —273100.

XKymnanan, Kapanaérrad MUCOJ Y9yH
A EMmax=2,14% u A EJ(]?)max=6,1%.
Xap XWJI AUAMCTIIU MOoAJIap Y4YH aHOJIOTMK TCHIJIaMallap OJIMHAU:
a) d=2,6 cMm:
EA /Am=(0,0068* f2-0,6872* f+23,2641)*103,
EJ(p)n=(0,7351*P2-8,8750* P+39,9805)*10°.
0) d=2,8 cm:
EJ(f)m=(0,0072* £2-0,7276* f+27,1859)*103,
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EJ(p)m=(0,7857*P?-10,9571*P+47,1714)*103,
6) d=3,0 cMm:
EJ(f)m=(0,0206* f2-1,7499* f+52,257)*10°,
EJ(p)m=(0,5550%*P?-12,2902*P+81,6603)*10°,
[y 6unan 6upra 6apua TeHriaamanap 0yiinya makcumai xaronuknap 6,3 % gan ommaiiau, Oy
Ha3apuil MOJCIIAPHUHT TaXpHOa MAbIyMOTIAPUTA Ky XN SIKAHIAMTAHUHNA OWIITUPATH.
Orum Oonvtanumuaa f Ba P HUHr HucOataH karra Oyiamaran Kuiimatinapuaa E.J
KaTTAJIMTH MaKCHMyMraya, sS’bHM MYCTaXKaMJIMK XOJIATHHHUHT 4Yerapacurava, CHHUINTada YcuO

Oopanu. Jlana taxpuOanapu YTKa3uml skapaCHuia MOsl KATTUKIUTUTa HAMIIUTH, TYT'YH OyFUHIIapu
COHH, T0sI y3yHacH Oyiinya 1uaMeTpu TabCUPU Ky3aTUJIIH.

XyJoca. [lana TaxpuOanapy HaTHKalapd acoCUAa MaKKaXyXOpH MOosAJapu KaTTUKJIUTU
Oyiinua oNMHTaH Ha3apuil MoJeIIap JaFral NOsIM YCUMIIMKIIAPHU YPHIN Ba Maljaail MalliHa Ba
UIIYM OpraHjapuHU KOHCTPYKLHMsUIALIa TEOMETPUK MapaMeTpiapuHU XucoOiamra acoc KUiauo
OJIMHUIIIA MYMKUH.
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