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Sorting of grain and waste is a multifaceted, complex scientific and technical problem, which,
depending on the task, has various solutions. Various methods of aerodynamic separation are used in many
scientific works. Regarding the sorting of impurities and waste, it should be noted that the sorting of garbage,
waste and by-products of some agricultural crops does not yet have an effective solution from the side of
agricultural engineering.

The analysis of technological lines of cleaning and separation of seed material in the screening and
fanning department of the oil extraction plant revealed the following shortcomings. The lines are not complex,
which leads to the formation of a large amount of waste that can be used in the production of food and feed
products, mineral fertilizers, fuel, etc. There is no equipment for extracting grain/oil impurities from garbage
and waste, and for sorting them with rationally agreed mode parameters based on software. Increasing the
productivity of lines is carried out by increasing the number of equipment, which reduces the coefficient of its
use and requires additional power.

In order to solve these shortcomings, it is necessary to develop an aerodynamic separator that will
improve the quality of the waste treatment of the sunflower seed mixture.

As a result of the first stage of numerical modeling of the process of separation of the components of the
sunflower seed mixture waste in the pneumatic separating channel, the trajectories of the movement of its
components were obtained. Processing of the simulation results in the Wolfram Cloud software package made it
possible to calculate the second-order regression equation of the dependence of the horizontal flight distance of the
components (sunflower husks and small particles) on the effective diameter, the speed of the supply of components
and the speed of the air flow. Taking into account the accepted conditions for the efficiency of the separation
process, the cross-section of the pneumatic separation channel is determined - a square with a side of 220 mm

As a result of the second stage of numerical modeling of the process of interaction between the waste
streams of the seed mixture and air in the pneumatic separating channel, their visualization was obtained for
various combinations of factors. Using the Wolfram Cloud software package, the second-order regression
equation of the dependence of the content of sunflower kernels in the area of the kernel collector, the
productivity of the separation process and the volume flow of air (the productivity of the air flow generator)
on the height of the waste layer of the supplied sunflower seed mixture and the speed of the air flow was
calculated. Taking into account the accepted conditions for the efficiency of the separation process, the
rational design and technological parameters of the pneumatic separating channel of the aerodynamic
separator are substantiated.

Keywords: seed, mixture, components, aerodynamic separator, column, air flow, parameters, speed,
efficiency, modeling.

Eqg. 14. Fig. 5. Table 4. Ref. 19.

1. Problem formulation

The principles of sustainable development and rational use of resources formed the basis of the concept
of “circular economy", or “closed cycle economy" as a new economic model based on reduction, reuse and
recycling of energy, transition from fossil fuels to the use of renewable energy sources, recovery of resources,
recycling of secondary raw materials [1].

The Ministry of Economic Development and Trade of Ukraine prepared the National Report "'Sustainable
Development Goals: Ukraine" [2], which defines the basic indicators for achieving the Sustainable Development
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Goals. Goal 12 of the National Report "Responsible consumption and production™ notes the need to create legal
and institutional prerequisites for the formation of a green economy in Ukraine, which will significantly reduce
the dependence of economic growth on the use of natural resources and energy. At the same time, the concept of
circular economy should serve as a basis for rethinking the role of waste as resources. Among the measures
within the framework of "Goal 12", it is envisaged, in particular, to ensure the sustainable use of chemicals based
on innovative technologies and productions, as well as to reduce the volume of waste generation and increase the
volume of its processing and reuse based on innovative technologies and productions.

Seed waste and garbage is a promising raw material for processing, because it contains 30-50% grain/oil
admixture suitable for further use [3]. It is expedient to obtain this valuable raw material only by mechanical
sorting of waste on specially developed machines [4]. The existing technical support for sorting to remove
oil/grain admixture does not provide the necessary technological efficiency. Therefore, the search for constructive
solutions for the creation of machines for fine cleaning of grain mass is an urgent task for agricultural engineering.

2. Analysis of recent research and publications

Sorting of grain and waste is a multifaceted, complex scientific and technical problem, which,
depending on the task, has various solutions. This problem was dealt with by Ukrainian scientists:
O.1. Zagorodniy and O.V. Bogomolov [5], O.V. Kozachenko and M.V. Bakum [6], E.B. Aliyev [7], B.l. Kotov.
and Stepanenko S.P. [8] and others. Various methods of aerodynamic separation are used in their works.
Regarding the sorting of impurities and waste, it should be noted that the sorting of garbage, waste and by-
products of some agricultural crops does not yet have an effective solution from the side of agroengineering.

The analysis of the technological lines of cleaning and separation of seed material in the screening and
fan section of the oil extraction plant [9-11] made it possible to identify the following shortcomings:

— the lines are not complex, that is, they generate a large amount of waste, which, due to its biochemical
and technological properties, is a valuable raw material for further use in the manufacture of food and feed products,
as well as for the production of a number of separate types of products, such as mineral fertilizers, fuel, etc.

— the technological lines do not include equipment for removing grain/oily impurities from the
warehouse, equipment for sorting garbage and grain waste with rationally coordinated operating parameters
due to the use of software based on algorithms that determine the technological process of sorting the seed
mixture according to a set of signs of divisibility with higher productivity and quality.

— increasing the productivity of the lines was provided by multiplying the number of low-performance
equipment, which requires an increase in the installed capacity and a decrease in the utilization ratio of the
equipment.

In order to solve the presented shortcomings, it is necessary to develop such an aerodynamic separator,
which will improve the quality of the waste treatment of the sunflower seed mixture.

3. The purpose of the article

Carry out numerical modeling of the process of separation of sunflower seed mixture waste in the
pneumatic separation channel of the developed aerodynamic separator and justify its rational design and
technological parameters.

4. Results of the researches

Numerical modeling of the process of separation of sunflower seed mixture waste in the pneumatic
separation channel of the developed aerodynamic separator was carried out in the Simcenter Star-CCM+
software package [12, 13].

Polyhedral cell generator and surface mesh generator were used as mesh models. The basic grid cell
size is set to 0.02 m.

The ideal gas model, the separated gas flow model, the Lagrangian multiphase, the Hertz-Mindlin
multiphase interaction model, and the rolling resistance model were used as physical models. The particle
model is set according to the actual shape of the object using the coordinate method.

Simulation in Simcenter Star-CCM+ uses a standard turbulence model k-¢, the convergence accuracy
is equal to 10, When setting the boundary conditions in all simulations, the inlet and outlet pressure velocities
are assumed to be the inlet and outlet air flow. The motion of the gas phase is solved by the standard turbulence
model k-¢. Standard wall functions of Simcenter Star-CCM+ [14] are used as wall processing methods.

Three Lagrangian phases were created using the discrete element method (DEM): sunflower kernel, husk and
small particles. Physical and mechanical properties of DEM particles and their interaction are given in table. 1 [15-18].

48



TexHika, eHepreTuka,
TpaHcnopT AIIK

Ne2 (125) /2024

% E ~ Vol. 125, Ne 2 / 2024

Jthe following air properties were used for modeling: molar mass — 28,8 g/mol dynamic viscosity —
1,86-10" Pass. The reference magnitude of the simulation is the gravity vector, which has the following
coordinates (0.0; 0.0; -9.81) m/s?,

The simulation was carried out by a non-stationary implicit method with a step of 0.001 s. At the same
time, 5 iterations took place at each step. For moving DEM particles, the Courant number was 0.05-0.35.

Table 1
Average values of the physical and mechanical properties of the components of the seed mixture waste
Property Sunflower Husk Small
kernel particles
Effective diameter, mm 5-25 5-25 5-25
Actual density, kg/m3 990+30 510+50 200+70
Young's modulus, MPa 1,07+0,11 1,23+0,15 0,52+0,10
Coefficient of friction at rest against the wall (AISI 201) 0,39+0,15 0,32+0,12 0,2540,04
Poisson's ratio 0,28+0,04 0,32+0,06 0,22+0,05
The coefficient of friction between particles at rest 0,42+0,06 0,48+0,07 0,38+0,07
Recovery factor 0,44+0,10 0,35+0,12 0,36+0,10
Rolling resistance coefficient 0,36+0,02 0,33+0,03 0,37+0,09

The first stage of simulation of the process of separation of sunflower seed mixture waste in the
pneumatic separation channel was carried out according to the scheme presented in fig. 1.
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Fig. 1. Scheme of modeling the movement of waste components of the sunflower seed mixture in the
pneumatic separation channel

We assume that the waste components of the seed mixture are injected singly at one point every 10 s. At
the same time, their effective diameter D, (coded — x:) is a research factor and varies in the range of 0.005-0.025 m.
Further, under the action of a formalized belt conveyor, the components are fed to the pneumatic separating channel
at a speed V, (coded — x2), which varies in the range of 0.05-0.25 m/s. The air flow is uniform at the entrance to the
pneumoseparating channel, its speed V, (coded — xs) varies in the range of 1-5 m/s. The research was conducted
according to the full factorial design for three factors at three levels.

Due to the different aerodynamic characteristics of the waste components of the sunflower seed
mixture, the sunflower seed core moves downwards, while the husks and small particles rise upwards. In this
way, the separation process takes place in the pneumaoseparating channel.

The quantitative criterion for evaluating the process is its productivity g, which is directly proportional
to the feed rate of the components of the sunflower mixture V, and should strive for the maximum value:

q-~V, > max. (1)

The energy criterion is the energy consumption of the air flow generator E, which is directly proportional
to the square of the air flow speed V. and the area of the pneumoseparating channel and should tend to the minimum
value. Assuming that the cross section of the pneumoseparating channel is a square with a side Yo, We have:

E~V;-yo —min. (2)
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A condition for high-quality separation of sunflower seed mixture waste is the maximization of the
vertical speed of the sunflower husk Vi, and small particles Vg, in the direction Oz and minimization of the
vertical velocity of the sunflower kernel Vi, in the direction -Oz. This condition ensures the smallest horizontal
flight distance of the components (sunflower husks and small particles) Yop (Fig. 2), that is:

Yopr —> MIN. (3)

To study the influence of the supply of waste seed mixture and the fractional content of its components
on the quality of the separation process, the second stage of modeling the interaction of the flow of waste seed
mixture and air was carried out. The simulation scheme is shown in Fig. 2.
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Fig. 2. Modeling scheme of waste separation of sunflower seed mixture in a pneumatic separation channel

It is assumed that the seed mixture was previously calibrated on sieves and the effective diameter of
the components is within 0.009 m to 0.013 m.

Since, according to the previous simulation, the rational values of the speed of the formalized belt
conveyor were determined V.ot and its width yop, then the supply is determined by the height of the waste
layer of the seed mixture hy:

q-~ fooptyopthp' 4)

Therefore, the height of the waste layer of the sunflower seed mixture was chosen as a research factor
hp (coded — x4) within 0,01-0,03 m and air flow speed V. (coded —x3). Numerical simulations were carried out
using a full-factor design for two factors at five levels.

The content of sunflower kernels in the area of the kernel collector was chosen as the criterion for
evaluating the quality of separation n.«, which should be maximum.

As a result of the first stage of numerical modeling of the process of separation of sunflower seed
mixture waste in the pneumatic separating channel, the trajectories of its components were obtained.

For different variants of the numerical experiment, at different values of the factors, different flight
trajectories of the waste components of the sunflower seed mixture are observed. Determine for each combination
of factors the value of the flight distance of the components (sunflower husks and small particles) Yopt.

Using the Wolfram Cloud software package [19], we will calculate the regression equation of the
second order of dependence yop: from research factors in coded form:

Yopt = 0,286222 + 0,0136111 X1 + 0,0498333 x12 + 0,0834444 X, —
—0,0000833333 x1 X2 + 0,006 x,? — 0,0756111 X3 + 0,0400833 X; X3 — (5)
—0,0615 x2 x5 + 0,0818333 x5°.

The calculated statistical indicators are shown in the table. 2. Regression coefficients for which the
calculated Student coefficient is less than the table value are highlighted in gray toos(27) = 2,05. These
regression coefficients will be neglected in the future as statistically insignificant.

After decoding and removing insignificant regression coefficients, we have (Fig. 3):

Yopt = 0,639806 — 51,8917 D + 1993,33 Dy? — 0,154514 V, + (5)
+4,00833 D, Va+ 0,0204583 V.2 + 1,75694 V, - 0,3075 Va V.

According to fig. 3 increasing the effective diameter of the components D, at certain values of air flow

speed V. leads to a decrease in the horizontal distance yop. This is explained by an increase in the mass of the
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components and, accordingly, a decrease in their flight range. Increasing the speed of supplying components
V, logically leads to an increase in distance yopt. In turn, for the speed of the air flow V. at certain values of
the speed of supply of components V, a certain optimum is observed, which can be explained by a change in
the movement vector of the components of the mixture in space.
Table 2
Statistical indicators of the regression equation (5)

Estimate Standard Error t-Statistic P—Value
aoo 0,286222 0,0250114 11,4437 2,07281-10°°
aio 0,0136111 0,011578 1,1756 0,255958
a0 0,0834444 0,011578 7,20714 1,46642-10®
aso -0,0756111 0,011578 -6,53057 5,13676-10°
a1 -0,0000833333 0,0141801 -0,00587677 0,995379
a3 0,0400833 0,0141801 2,82673 0,0116317
azs -0,0615 0,0141801 -4,33706 0,000447816
an 0,0498333 0,0200537 2,48499 0,0236631
a 0,006 0,0200537 0,299196 0,768417
as3 0,0818333 0,0200537 4,0807 0,000778548

By solving the system of equations (1)—(3) together with (5) in the Wolfram Cloud software package,

we obtain a rational equation that connects research factors with each other:
0,420403- 51,8917 D, + 1993,33 D,? — 0,154514 V, + 6)
+4,00833 D, Va+ 0,0204583 V.2 + 1,75694 V, - 0,3075 V, V, = 0.

With youe = 0,2195 m. Then for further calculations we take the cross-section of the pneumatic
separating channel - a square with a side of 220 mm.

For components whose effective diameter is within 0.009-0.013 m, the speed of the formalized belt
conveyor is Vp.opt = 0,069-0,077 m. We take the average value of 0.073 m.

3 Vg, m/s 73 Vi, m's

/2 ®V,=0,05m's
=V, =0,15ms
1 =V, =025 ms

; 2 m Dp =0,005 m
[ Dp =0,010 m D,, m
1 =D, =0,015m

-V, =2 ms
=V, =3 ms

Fig. 3 Dependence of the horizontal flight distance of the components (sunflower husks and small
particles) yop: from the effective diameter Dy,component feed rates V, and air flow speeds Va

As a result of the second stage of numerical modeling of the interaction of the flow of seed mixture
waste and air in the pneumatic separation channel, their visualization was obtained for various combinations
of factors, which are presented in fig. 4.

Fig. 4 shows the distribution of the components of the seed mixture waste in the pneumatic separation
channel and the vector field of their velocities.

The value of the productivity of the separation process g, volume flow rates of the air flow Q.and the
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content of sunflower kernels in the area of the kernel collector n«« for each experiment.
Table 3
Statistical indicators of the regression equation (7)
Estimate Standard Error t—Statistic P—Value

an | 0,924629 0,0014689 629,468 1,67618-10

40 -0,0524 0,00105773 -49,54 1,48098-10%

ax | 0,0604 0,00105773 57,1033 1,01302-10%

au3 -0,012 0,00149586 -8,02215 1,60849-10°7

s -0,0245714 0,00178789 -13,7432 2,53874-10

ass -0,0382857 0,00178789 -21,4139 9,16773-10%°

Using the Wolfram Cloud software package, we will calculate the regression equation of the second
order of dependence nw« from research factors in coded form:
Nk = 0,924629 — 0,0524 X4 — 0,0245714 x4 + 0,0604 X3 — 0,012 X4 X3 — 0,0382857 xa. (7
The calculated statistical indicators are shown in the table. 3. Regression coefficients for which the
calculated Student's coefficient is less than the table value are highlighted in gray toos(25) = 2,06. These
regression coefficients will be neglected in the future as statistically insignificant.
After decoding and removing insignificant regression coefficients, we have (Fig. 5):
Nk = 0,7184 + 6,38857 hy — 245,714 hy? + 0,0996286 V, — 8
0,6 hp Vs — 0,00957143 V2. (8)
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Fig. 4. Distribution of seed mixture waste components in the pneumatic separation channel

According to fig. 5 increasing the height of the waste layer of the sunflower seed mixture that is
served, h, leads to a decrease in the content of sunflower kernels in the area of the kernel collector ne.x. This is
explained by the fact that a large number of components that collide and prevent each other from moving under
the influence of the air flow are supplied to the area of the pneumoseparating channel. In addition, the
accumulation of waste components of the seed mixture leads to a decrease in the speed of the air flow. In turn,
an increase in the speed of the air flow V, allows to improve the quality of separation, thereby increasing the
content of sunflower kernels in the area of the kernel collector ni«.

Using the Wolfram Cloud software package, we will calculate the second-order regression equation
of the dependence of the performance of the separation process g and the volume flow of air (the performance
of the air flow generator) Q. from research factors in coded form:

q = 136,279 + 69,608 X4 + 0,24 X4> + 0,072 X3 — 0,452 X4 X3 — 0,022857 x5?, 9)
Qa =514,331+ 1,84 x4 — 2,8' 1013 X42 + 349,6 X3 — 1,16 X4 X3 — 0,3428 X32. (10)
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Fig. 5, Dependence of the content of sunflower kernels in the area of the kernel collector #x.«x from the
height of the waste layer of the supplied sunflower seed mixture, h,and air flow speeds Va

The calculated statistical indicators are shown in the table. 4. Regression coefficients for which the
calculated Student's coefficient is less than the table value are highlighted in gray to0s(25) = 2,06. These
regression coefficients will be neglected in the future as statistically insignificant.

Table 4
Statistical indicators of the regression equation (9)-(10)
. Standard t— P— . Standard t— P—
Estimate Error Statistic Value Estimate Error Statistic Value
(C)] (10)
ap | 136,279 | 0,326024 | 418,004 4,0-10% | 514,331 1,4477 355,2 8,7-10%8
as | 69,608 0,234764 | 296,502 2,7-10% | 1,84 1,042 1,764 0,0936
ap | 0,072 0,234764 | 0,306691 | 0,76241 | 349,6 1,042 335,34 2,6:10°%
ass | -0,452 0,332007 |-1,36142 |0,18930 | -1,16 1,4743 -0,7868 0,4411
au | 0,24 0,396824 | 0,604803 | 0,55246 | -2,8-10% 1,7621 -1,5-108 |1
ass | -0,0228 0,396824 | -0,05760 | 0,95466 | -0,3428 1,7621 -0,1945 0,8477
After decoding and removing insignificant regression coefficients, we have:
q=-2,93657 + 6960,8 hp, (11)
Qa=-10,0686 + 174,8 V.. (12)
Solving the system of equations:
Nk —> Max,
g — max, (13)
Q, — min.

After ranking the criteria and reducing them to a single generalizing criterion, we will transform the
system (13) into the following form:

_ M-k —mi”(’ﬂkfk) q_min(q) maX(Qa)_Qa
max (1. ) —min(n,_, ) max(q)—min(q) max(Q, )—min(Q,)

Solving (14) together with (8), (11) and (12) in the Wolfram Cloud software package, we obtain
rational values of research factors: h,= 0,018 m V. = 3,42 m/s. With n«x = 0,94, g = 122,9 kg/h, Q. =588 m?/h.

—> max. (14)

2

5. Conclusions

As a result of the first stage of numerical modeling of the process of separation of the components of the
sunflower seed mixture waste in the pneumatic separating channel, the trajectories of the movement of its
components were obtained. Processing of the simulation results in the Wolfram Cloud software package made it
possible to calculate the regression equation of the second order of the dependence of the horizontal flight
distance of the components (sunflower husks and small particles) yo, from the effective diameter Dy, component
feed rates V, and air flow speeds V.. Given the minimization condition yox and V. for components whose
effective diameter is within 0,009-0,013 m, the resulting speed of the formalized belt conveyor is Vot = 0,073 m
and the flight distance of the components (sunflower husks and small particles) Yoot = 0,2195 m. The cross-section
of the pneumoseparating channel is adopted - a square with a side of 220 mm.

As a result of the second stage of numerical modeling of the process of interaction between the waste
streams of the seed mixture and air in the pneumatic separating channel, their visualization was obtained for
various combinations of factors. Using the Wolfram Cloud software package, the regression equation of the
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second order of the dependence of the content of sunflower kernels in the area of the kernel collector was
calculated n-k,0f the productivity of the separation process g and volume flow of air (productivity of the air
flow generator) Q. from the height of the waste layer of the supplied sunflower seed mixture, hyand air flow
speeds V.. Given the maximization condition n«.k and q at the minimum value Q. received rational values of
research factors: hp= 0,018 m V. = 3,42 m/s. With nxx = 0,94, q = 122,9 kg/h, Qa = 588 m¥/h.
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YUCEJBbHE MOJIEJIOBAHHS ITPOIIECY CEMAPAIII BIIXO/IB HACIHHEBOI CYMIIIII
COHSIIHUKY B ITHEBMOCEINIAPYIOUOMY KAHAJII AEPOJIUHAMIYHOI'O CEITAPATOPA

Copmysanns 3epua ma 6i0x00ié — ye pi3HONIAHO8A CKIAOHA HAYKOBO-MEXHIYHA Npobrema, aKa
3aNeHCHO 8I0 HNOCMAHOBKU 3A60AHHSA MA€E DI3HOMAHIMHI piwenHs. B 6azamvox Haykogux npaysx
BUKOPUCMOBYIOMbCS PIZHOMAHIMHI CHOCOOU aepoounamiunoi cenapayii. Bionocno copmysants 0omiwiox ma
8i0X00i8 CNi0 3ayeajdcumu, WO COPMYBAHHS CMImms, 8I0X00i6 ma NOOIYHUX NPOOYKMIE OesaKux
CiIbCLKO20CNOOAPCHKUX KYIbMYP We He MAlomb eqheKmugHo20 upitierHs: 3 00Ky azpoinicenepii.

AHaniz mexHoN0TUHUX JiHIll OYUUEeHHs MA PO30LNeHHs HACIHHEBO2O0 Mamepiany 8 ulepemy8aibHo-
BISIbHOMY 8I00iNEeHHI ONIUHOEKCMPAKYIIHO20 3a800) 6UABUE HACMYNHI HedoniKu. JIiHil He € KomnieKcHUMU,
WO NPU3800UMb 00 YIMEOPEHHS BEUKOL KLTbKOCMI 810X00I8, SKi MOXNCYMb OYMU GUKOPUCTHAHI Y GUPOOHUYMEBI
Xapuoeux ma KOpMOSUX NPOOYKMIS, MIHepaibHux 000pus, naiuéa mouo. Biocymmue obnaonanus 0
BUNYHEHHsL 3ePHOB8OI/oiicmol doMmiwKy 31 cmMimms ma 8i0Xo0i8, a Maxoic OJisl IX COPMYBaHHs 3 PAYIOHATbHO
V320001CEHUMU  PEICUMHUMU  napamempamu HA OCHOGI npocpamHozo 3abesneuenus. Ilioguwenns
NPOOYKMUGHOCI JNIHIN 30TUCHIOEMbCSA 30 PAXYHOK 30IIbUWEHHS KIIbKOCMI O0ONAOHAHHS, WO 3HUICYE
Koe@iyienm 11020 UKOPUCIAHHSL MA NOmMpedye 000AMKO801 NOMYICHOCHII.

s supiwienns yux nedoikie HeoOXiono po3pooumu aepoOuHAMIYHUL CEnApamop, KUl NOKPauums
SAKICMb OYUUYEHHS 8I0X0018 HACIHHEGOL CYMILUI COHSAUHUKAL.

B pesynomami nepuiozo emany yucenbHo20 MOOeN08AHH NPoYecy cenapayii KOMNOHeHMi8 8i0X00i6
HACIHHEBOI CYMILUI COHAUHUKY 6 NHEEMOCENAPYIOUOMY KAHAAL OMPUMAHI MPAEKMOpIL pyxy il KOMNOHEHMIS.
Obpobka pesyromamie modenosanus ¢ npozpamuomy naxemi Wolfram Cloud ooseonuna pospaxysamu
DisHANHHA peepecii Opyeo2o NOPAOKY 3ANeNHCHOCMI 2OPU3OHMANbHOL 8IOCMAHI NOAbOMY KOMHOHEHMIE
(IYUWNUKHA COHAWHUKA | OPIOHUX YACMUHOK) 8i0 edheKmueno2o diamempa, weUOKOCHi N00ayi KOMNOHEHMIE
i weuoxocmi nogimpsAHo020 NOMOKY. 3 YPAXy8aHHAM HPUUHAMUX YMO8 edekmueHocmi npoyecy cenapayii
BU3HAYEHO NONEpeyHUll nepepi3 NHeBMOCenapyu020 Kanauy — Kkeaopam iz cmoponoio 220 um.

B pezyromami opyeoeo emany uucenvHozo MOOemO8aHHA Npoyecy 83aemolii nomokie 6i0xodig
HACIHHEBOI CyMIWUI | NOBIMPSL 8 NHEBMOCENAPYIOYOMY KAHALL OMPUMAHO iX 8i3yanizayito 0Jisl pi3HUX KOMOIHAYill
gaxmopis. 3 suxopucmanusim npoepamnozo nakemy Wolfram Cloud po3paxoeano pienanus pezpecii 0pyeozo
NOPAOKY 3ANeHCHOCHE eMicmy s0ep COHAWHUKA 6 0Oaacmi 3a6ipHuka s0ep, npoOyKmueHOCmi npoyecy
cenapayii i 06 ’emMHux sumpam nosimpsi (MPOOYKMUGHICMb 2eHePaAmMopa NOGIMPAHO20 NOMOKY) 6i0 uCOmu
wapy 6i0xo0ié HACIHHEGOI CYMIWI COHAWHUKA, WO NOOAEMbCS, | WBUOKOCMI NOGIMPAH020 NOMOKY. 3
VPAXYBAHHAM —NPUUHAMUX VMO8 e@eKmueHocmi npoyecy cenapayii 00TPYHMOBAHI  paYiOHAbHI
KOHCMPYKMUBHO-MEXHONOSTYHI NApaMempl NHeGMOCEnapyiou020 KaHamy aepoouHamiviHo2o cenapamopa.

Knwwuosi cnosa: nacinms, cymiuwi, KOMHOHEHMU, AEPOOUHAMIYHUL Ccenapamop, KoAOHd, NOMIK
nosimps, napamempu, WeUoKicms, ehexmuHicms, MOOETIOBANHS.
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