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Abstract. The article presents the results of the
chemical composition influence on element segregation
and properties of steel strip manufactured by strip casting
route.

It is shown that in the transition from the slab
production with a thickness of 220 mm to slabs with a
thickness of 1.2 mm, the thickness of the segregated
diffusion layer in the case of the continuous strip casting
process is 4.1 - 12.4 times less than in the case of traditional
continuous casting.

The carbon, nitrogen, copper, tin, phosphorus and
sulfur segregation percentage in the continuous strip
casting process is 1.7 - 5.1 times less than in traditional
continuous casting.

A method is proposed for calculating the element
segregation based on the equality of the segregation level
in traditional and strip continuous casting.

It has been established that the content of elements in
steels during two-roll continuous casting can be increased
for impurities such as S, O, N, P, H from a minimum of 3
for P to a maximum of 497% for S. For residual elements
such as Pb, Bi, Sn, Cu, Sh, Zn, As minimum increase from
1.1 for Zn to maximum 401% for Pb. The content of such
alloying elements as B, Se, Al, Te, Ca, Mg, Ce, C, La, Nb,
Ti, Mn, Ni, Si can be increased from a minimum of 1.1 for
Si and Mn to a maximum of 675% for B.

The time and rate of cooling of a 20-ton coil of steel
strip are calculated, which are, respectively, 13.7 hours and
0.0051 °C/s. Such cooling conditions create the
prerequisites for the precipitation of chromium carbides
and an increase in the tendency of steel to intergranular
corrosion.

It was found that for eliminate this problem, it is
necessary to increase the cooling time with water after
rolling to a strip temperature from 300 to 400 °C.

Keywords: steel, chemical composition, segregation,
properties, yield strength, tensile strength, cooling, strip
casting.

Introduction

Continuous casting of steels is one of the promising
areas of modern steelmaking [1]. The state of steel

continuous casting analysis shows that in recent decades
there has been a tendency towards an increase of the
casting speed and a decrease of the slab thickness [2]. Such
a change of the process parameters is accompanied by a
change in the distribution of alloying elements and
impurities in the metal during crystallization and, as a
consequence, of properties [3]. Therefore, research to
determine the patterns of change in the distribution of
alloying elements and impurities in steel and their
properties with an increase of the casting speed and a
decrease of the slab thickness is relevant [4].

Formulation of problem

The research is aimed at determining the quantitative
patterns of changes in the segregation of elements with an
increase in the pouring rate and their limiting values from
the condition of maintaining the level of mechanical
properties.

Analysis of recent research results

The transition from the production of 220 mm thick
slabs to 1.2 to 1.8 mm thin slabs is accompanied by an
increase of casting speed and average speed of
crystallization in 30-66 and 34-50 times, accordingly [5].
Total solidification time decreases in 415-922 times
(table 1).

In according with table 3 the residence time of steel in
the temperature interval of brittleness from 1350 to
1450 °C, for different productive route, is as follow:

- conventional continuous casting (slab thickness —
220 mm) t = 8.33 s;

- thin slab (slab thickness — 50 mm) t = 2's;

- strip casting (thickness — 1.8 mm) t = 0.121 s;

- strip casting (thickness — 1.2 mm) t = 0.054 s.

In according with research [2], the diffusion mobility
coefficient at 1400 °C will be for different elements as
follow:

- carbon - D¢ = 4.53-1072° m?/s;

- nitrogen - Dy = 2.43-1071% m?/s;


http://dx.doi.org/10.31548/machenergy2021.04

6 Ye. G. Aftandiliants

- copper - Dey = 3.18-107%2 m?/s;

-tin - Dgp = 2.09-107%2 m?/s;

- phosphor - Dp = 8.26-10 1 m?/s;

- sulfur - Ds = 2.55-1071* m?/s.

Manufacture technological parameters are shown for
steel SAE 1006 at the twin rolls casting process in table 3.

Table 1. Steel strip and thick slab manufacturing
parameters [1].

. Thick
Parameter Strip slab
Thickness, mm 1.2 1.8 220
Casting speed, m/min 131 59 2
Total solidification time, s | 0.116 | 0.258 107
Average speed of 5172 | 3.488 | 0.103
crystallization, mm/s
Avera_ge shell cooling rate 1853 826 12
in mould, °C/s
Average size of dendrites | 0.6 - 10- 12.0 -
(xP), mm 0.7 1.2 20.0
Speed of melt flow (Usx), 02-050 0.2 -
m/s 0.6
Coefficient of diffusion of 9. 3
elements (D), m%/s 5107+ 110
Kinematic viscosity of
melt, with C = 0.054 4
obwt., 10.8:10
at 1550 °C (v), m?/s

Table 2. Effect of increasing content of the residual
elements on various properties of steel

N Property __Element
Cu|Ni|Cr|Mo|Sn|Sb
1 Strength and U U I U R
hardness
2 Ductility - |+ |+ - - -
3 | Strain hardening - - |0 - - -
4 Strain ratio + 10| 0 0| -
5 | Impact resistance | + | + | O - 0| -
6 Hardenability + |+ |+ |+ |+ |+
7 Weldability - - | - - - -
8 Corrosion N N N +
resistance
9 Te_mper + - + - + +
embrittlement

Reduction of steel solidification time and residence
time of steel in temperature interval of brittleness with a
decrease of the slab thickness [6], it creates the
prerequisites for inhibition of the process of segregation of
elements at grain boundaries [7].

Thickness of the element segregation layer around the
grain boundary (8s) can be defined from the following
formula [8]

8 =(2-D;-1)%, 1)
where D;j the diffusion mobility coefficient of element | at
1400 °C.

In research [9] is shown the influence of residual
elements on properties of steel strip (table 2, 4).

The table 2, 4 data show that the residual elements as
Cu, Sn, Sb increase strength, hardness, corrosion

resistance, hardenability, temper embrittlement and
decrease ductility, strain hardening and weldability [10].
But if the increasing of the residual elements as Cu, Sn, Sh
is accompanied by decreasing of grain size it will be
possible to increase the content of residual elements
without decreasing the mechanical properties of strip
manufactured by the conventional continuous casting route
[11].

For example [12-14], the elongation of steel strip for
deep drawing depend on the chemical composition and the
grain size according to the next formula [13]:

§=14 — 29-[C]+ 0.2-[Mn] + 0.16 -
-[S]- 3.9 - [P]- 0.25 - [Sn] + 0.017 -
D—O.S’ (2)
where [C], [Mn], [Si], [S], [P], [Sn] are the content of C,
Mn, Si, S, P, Sn in steel (wt. %);
D —is grain size, mm.

[Si] - 2.2

Results of research

Segregation. Element segregation to the austenite
grain boundary depends of the element diffusion mobility,
the residence time of steel in the temperature interval of
brittleness from 1350 to 1450 °C and the austenite grain
size. Steel strip and thick slab manufacturing parameters
are shown in table 3.

Calculated results are presented in figures 1 and 2.

é 90

g 80 T W

g 07 B Nitrogen

S 60 T

<

S 50 1

L

& 40 T —

< 30 —

S

g 20T

o 10 —

2 o , L Cew
220 50 18 1.2

Thickness of slab, mm

Fig. 1. Dependence of the segregation layer of
carbon and nitrogen of slab and strip thickness.
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) g 6 1 OCu ®BSn
c
2 g 4+ oP OS
S 2
58 2 H
D<=
U) o
O -
220 50 1,8 1,2
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Fig. 2. Dependence of the segregation layer of slab
and strip thickness

It could be observed from the fig. 1 and 2 that the
thickness of the segregation diffusion layer (3) in case of
the strip casting process is 4.06 to 12.41 times smaller than
for the conventional continuous casting.



CHEMICAL COMPOSITION INFLUENCE ON ELEMENT SEGREGATION AND PROPERTIES ...

7

Table 3. Manufacture technological parameters of steel SAE 1006 at the twin rolls casting process.

Diameters of rolls 600 mm

Name of parameter

Volume of parameters

Speed of casting, m/min (m/s) 59 I 105 13l
' (0.983) (1.317) (1.75) (2.183)
Thickness of strip (8strip), MM 1.8 1.65 1.4 1.2
Meniscus — Kissing point
Time of contact since meniscus to kissing point, s | 0.258 | 0.194 | 0.145 | 0.116
Surface
Surface temperature at meniscus, °C 1508 1508 1510 1515
Surface temperature at kissing point, °C 1295 1270 1285 1300
At, °C 213 238 225 215
Average cooling rate of surface,°C/s (°C/min) 826 1227 1552 1853)
Center (temperature of liquid steel in center, at meniscus equal 1550°C)
Centre temperature at kissing point, °C 1455 1462 1467 1470
At, °C 95 90 83 80
. 0 o o 368 464 572 690
Average cooling rate of centre, °C/s (°C/min) (22080) (27840) (34320) (41400)
Kissing point — rolling
Average temperature at_kissing point, °C 1390 | 1391 | 1395 ] 1402
Temperature at rolling, °C ~ 1140
Cooling Time, s 13.53 10.1 7.6 6.09
' (13.3/0.983) (13.3/1.317) (13.3/1.75) (13.3/2.183)
Average cooling rate from the kissing point to 18.48 24.85 33.55 43.02
rolling, °C/s (°C/min) (1109) (1491) (2013) (2581)
Rolling
Temperature at rolling, °C ~ 1140
Thickness of strip after rolling,mm 1.6 - - 0.8
Reduction of area, % 12 - - 33
Cooling after rolling
Temperature after rolling, °C 880 - 900
Cooling time (since 890 °C to ~550 °C), s o o o | 7re= 1712183
Average cooling rate after rolling, °C/s 19.66 26.34 35.02 43.65
(°C/min) (1180) (1580) (2101) (2619)
Cooling in coiler. Average speed of cooling of coil from 550 oC to 300 °C ~ 0.352 °C/min. Coil weight =~ 20 ton
Table 4. Effect of residual elements on Yield Strength (YS) and Tensile Strength (TS).
Strength increment (MPa per 1 wt. %)
N Type of steel and heat treatment Cu Ni Cr Mo Sn
YS|TS|YS|TS|YS| TS |YS| TS | YS | TS
1 | 0.3% C steel normalized 83 | 62|55 |3 | 62| 9 | 13 | 69 - -
2 | 0.2% C steel asrolled - - | 55169 | 90 | 131 | - - - -
3 | Low-C steel normalized orannealed | 41 | 13 | 0 | 13| -28 | -41 | 13 | 55 | 124 | -
4 | Low-C steel normalized 41 | 13| 0 | 13| -28|-35| 13 | 55 | 131 | -
5 | Decarburized iron annealed - - - | 76| 0 - 35 - - -
6 | Decarburized steel annealed 62 | 76 | 35 |48 | 69| 0 | 48 | 138 | - -
7 | Ti—gettered iron annealed - - |41 ] - | 69| - - - - -
8 | 0.005C — Fe quenched - - |41 - - - - - - -
9 | Very pure iron annealed - - - - | 69| - - - - -
10 | High-C steel normalized - - - - | 62 - - - | 173 -
11 | Low-C steel normalized 76 | 55| 41 | 35| 55 | 69 - - - -
12 | Various steels, various trtmts - - - - - - - - | 110 | 138
13 | Various steels, various trtmts - - - - - - - - | 110 131
14 | High-C steel as rolled - - - - | 131]138| - - - -
15 | High-C steel as rolled 35|48 | 90 | 69 | 173 | 200 | 6.9 | 48 - -
16 | Low-C iron annealed - - - |41 - 13 - 41 - -
17 | Low-C iron annealed - - - | 3| - -13 | - 41 - -
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The carbon, nitrogen, copper, tin, phosphorus, sulphur
segregation compared to the grain volume is shown in
figures 3 and 4.

@Carbon mNitrogen |

Segregation
volume, %
(=Y
o

220

1,2

50 18
Thickness of slab, mm
Fig. 3. Dependence of carbon and nitrogen
segregation of slab and strip thickness.

The percentage of the segregation volume in case of
the strip casting process is from 1.74 to 5.06 times smaller
than for the conventional continuous casting process (fig 3,
4).

i OCu ®@Sn
aP aos

Mh 7

220

Segregation
ovolume; %

o Ok 01N
|

50 1,8 1,2
Thickness of slab, mm

Fig. 4. Dependence of copper, tin, phosphorus and
sulphur segregation of slab and strip thickness.

In according with research [6], the element
distribution in diffusion layer could be calculated as
follow:

(Coi + Coi)/(Coi — Coi) = (4° Dy - D)/X%, (3)
where Coi and Cy; — are respectively the content of element
i on the grain boundary before diffusion time and after
diffusion time t (see figure 5),

x — thickness of the boundary segregation layer.

After transformation, the formula 3 will have the
follow form:

Coi = Coi - (4D T +x%)/(4-D;-T1—x%), (4)

From formula (2) and (4) could be observed that the
minimum concentration of element i in the boundary
segregation layer will be Cpi = Coj, at x = 0. The maximum
concentration of element i in the boundary segregation
layer will be Cpi = 3-C,j at x = 8. Distribution of element i
in boundary segregation layer is shown on fig. 5.

Segregation layer

Grain

boundary

Fig. 5. Distribution of element i in boundary
segregation layer.

If it is considered the average content of element | in
the segregation layer equal to 2-Co, it can be calculated the
segregation Index lseq as:

Isegr = Wsegr(l)/vgrain =

=12 Vg - P Coi/(100-1-D3),  (5)
where Wsegr(r) — the segregation weight of element I;
Vgain — grain volume; Vs — segregation volume of
element I; p - segregation density; D — grain size.

In case of considering an equal segregation for the
conventional continuous casting process (ICCC) and for
the strip casting process (ISC) the formula presents the
relationship of content of the element I in steel for the strip
casting (Co(i)str) and for the conventional continuous
casting (Co(i)ccc) is

Co(i)str = (Dgtr/Dgcc) ) (Vsl(i)ccc/vsl(i)str) ) Co(i)ccc' (6)

where Dstr and Dccc — are respectively the grain sizes

for the strip and conventional continuous casting
processes;

Vsl(i)cce and  Vsl(i)str — are respectively the
segregation volume of the element I for the conventional
continuous casting and strip casting processes.

Results of calculation, according the formula 6, are
presented in figure 6.

The thickness of the segregation diffusion layer for
the strip casting is 4.06 — 12.41 times smaller than for the
continuous casting process.

It is possible to increase element content in steel for
the strip casting process respect to the conventional

continuous casting as presented below (table 5):
8

qé — @Strip-1.2mm/Slab-220mm
= T @Strip-1.8mm/Slab-220mm ||
< —
g 6 1 OStrip-1.2mm/Slab-50mm
g OStrip-1.8mm/Slab-50mm
= 517 1
c
£ ]
3 4T
QL
o 4
> 3
3o
7]
S
a1 4

o H

Sn S C N P Cu

Fig. 6. Possibility of increasing the element content
in steel for the strip casting process respect to the
conventional continuous casting process.

Table 5. Possible of element content increasing in
steel for the strip casting process respect to the
conventional continuous casting

Element Thickness of strip casting
1.8mm[1.2mm [ 18mm [ 1.2mm

Compare to slab thickness

220 mm 50 mm
P 4.7 4.7 2.3 2.3
Sn 3.7 7.4 1.8 3.7
N 35 5.0 1.7 2.5
C 34 5.1 1.6 2.6
Cu 3.1 4.6 15 2.2
S 2.6 6.5 13 3.3

Properties. It is possible to calculate the increasing
of the element content in steel for the strip casting process
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by considering the same elongation for both manufacturing
routes: strip casting and conventional casting.
Calculation of increasing limit content for Sn
([Sn]str = ASn + [Sn]ccc ) for strip casting.
Sstr = 8cee — 0.25 - [Sn] g + 0.017 - D25 =

=- 0.25[Sn] . + 0.017 - DC_C%'S, @)
[Sn]ser — [Sn]cec = 0.068 - (Ds_t?”s ’ DC_C((]JS ’ 8
[Sn]ccc + ASn — [Sn]ccc = 0.068 - (Ds_tgs DC_C%S ’ (9)
ASn = 0.068 - (Ds_tg's 'DC_C%S , (10)

In according with work [7] for thin slab of size 50
mm, the increasing limit content for Sn is next:
ASnp.x = 0.068 - (0.02027%5-0.03817%5) =

= 0.068-1.91 = 0.13%, (11)

Snstrmax = [Sn]ccc + 0-13%v (12)
ASn,;, = 0.068-(0.02277%5-0.02847°%%) = 0.068 -
0.703 = 0.05%, (13)

ASngirmin = [Sn]eec + 0.05%, (14)

Calculation of increasing limit content for S ([S]se =

=0.00773-1.91 = 0.015%, (17)
[S]strmax = [S]ccc + 0015%: (18)
ASpin = 0.00773 - (0.02277°5 -0.0284795) =
0.00773-0.703 = 0.0054%, (19)
[Slstrmin = [Sleee + 0.0054%, (20)
Calculation of increasing limit content for P ([P]sy =
AP + [P]ccc) for strip casting.
—3.9- [Plgy + 0.017 - D2° =
— 3.9 [P]eee + 0.017 - D25, (21)
[P]str_ [P]ccc = 0.00436 - (Ds_t?”s - Dc_cgs (22)
[PlsertAP — [P]eec = 0.00436 - (Ds_tgs - Dc_cgs , (23)
AP = 0.00436 - (D;;05 — D;25), (24)
AP, = 0.00436-(0.02027%5 - 0.03817°5) =
= 0.00436-1.91 = 0.0083%, (25)

AS + [S]ecc ) for strip casting.
— 2.2 [Slgr + 0.017 - D525 = — 2.2+ [S] cec +

+0.017 - D725,

[S]str_ [S]ccc = 0.00773 - (Ds_tgs - DC_C%S ’

[S]str+AS = [S]eee = 0.00773 - (Dgp® = Dece®), (158)

AS = 0.00773 - (Ds_tg's —-D;05),
ASax = 0.00773 - (0.0202_0'5 —0.0381_0'5) =

Table 6. Increasing of the limit of elements in steel grades for manufacture technological parameters of the twin

rolls casting process according with table 3.

(14a)

[P]strmax = [P]ccc + 0-0083%: (26)
APy, = 0.00436 - (0.02277%5 - 0.02847°5) =

= 0.00436-0.703 = 0.0031%, (27)

[Plstrmin = [Plecc +0.0031%, (28)

Increasing of the limit of elements in steel grades for

(15)  manufacture technological parameters of the twin rolls

(16) table

. . Minimum
Dendrite segregation Boundary : .
Element | at crystallization in | microsegregation | Elongation Increasing at
in solid steel crystalllz.atlon in
d phase | y phase d phase | in y phase
Impurities
S 4.97 1.16 1.30 1.005 1.05 1.05
) 1.80 1.19 - - 1.80 1.19
N 1.22 1.04 1.70 - 1.22 1.04
P 1.16 1.07 2.30 1.03 1.03 1.03
H 1.09 1.07 - - 1.09 1.07
Residual elements
Pb 4.01 1.04 - - 4.01 1.04
Bi 1.47 1.05 - - 1.47 1.05
Sn 1.18 1.06 1.80 1.05 1.18 1.05
As 1.10 1.02 - - 1.10 1.02
Zn 1.07 1.01 - - 1.07 1.01
Sh 1.07 1.09 - - 1.07 1.09
Cu 1.04 1.76 1.50 - 1.04 1.76
Alloying elements

B 67.5 1.01 - - 67.5 1.01
Se 4.16 1.03 - - 4.16 1.03
Al 1.80 1.19 - - 1.80 1.19
Te 1.58 1.98 - - 1.58 1.98
Ca 1.47 2.23 - - 1.47 2.23
Mg 1.45 1.07 - - 1.45 1.07
Ce 1.44 1.04 - - 1.44 1.04
C 1.26 1.06 1.60 - 1.26 1.06
La 1.26 1.05 - - 1.26 1.05
Nb 1.18 1.04 - - 1.18 1.04
Ti 1.04 1.13 - - 1.04 1.13
Mn 1.02 1.01 - - 1.02 1.01
Ni 1.02 1.03 - - 1.02 1.03
Si 1.02 1.01 - - 1.02 1.01

casting process according with table 3 is as presented in the
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The data in table 6 show that the element limits in steel
grades for twin rolls casting process can be increasing for
impurities S, O, N, P, H minimum from 3 for P to
maximum 497% for S. For residual elements Pb, Bi, Sn,
Cu, Sb, Zn, As minimum from 1,1 for Zn to maximum
401% for Pb. Alloying elements (B, Se, Al, Te, Ca, Mg,
Ce, C, La, Nb, Ti, Mn, Ni, Si) can to increase minimum
from 1,1 for Si and Mn to maximum 675% for B.

Cooling. Manufacture of steels strip by the twin rolls
casting process has good base because for all steps of
process, from the casting till the coiling, the forming
macrostructure and the mechanical properties will be very
good due to the high cooling rate of steel, but some
problems can be verified during the cooling, because in this
step it will be a low cooling rate.

In according with [8] the cooling time of steel pieces
can be calculated by next formula:

Teool = (2'3 "G ﬁ) ‘Ig (tt:,:,v—_—ttfs.:,cs,llll) (29)

where teo — cooling time of coil from tsoil (°C) to
trincoil (°C), hours; G — weight, kg; ¢ - heat capacity,
kJ/(kg-°C); F —surface area of coil, m* (D=1.8 m,d = 0.6
m, H = 1.5 m), F = 15.8279 m?; o = coefficient of heat
transfer to the environment (o = 41.9 kJ/(m?-h-°C) for calm
air at 25 °C), kJ/(m*h-°C); tenv — temperature of the
environment (°C).

The cooling time for a coiler of weight 20 ton, that has
to be cooled from 550 °C to 300 °C, iS Tcool =
(20000-0.704-2.3/(41.9-15.8279)) -Ig(25 - 550/(25 - 300))
=13.71 hours.

Cooling rate in the above interval will be 250/13.71 =
18.23°C/h=0.304 °C/min = 0.0051 °C/s. The cooling rate is
very slowly and if impurities and residual elements saturate
the solid solution it is danger that in the above temperature
interval the impurities and the residual elements will
precipitate from the solid solution to grain boundary (fig.
7.

In according to figure 7 the content of P on the grain
boundary for low alloying steel, due to cooled segregation,
could be increased till 2.5 times relative to the content in
grain [9].

°C 535

425

J15

2051

a5

L1 | | t
g 05 40 15 20 25 a %

Fig. 7. Concentration of Sn and P on the grain
boundaries [8].

In case of austenite steel, for example stainless steel
grade, for example AISI 304, it is possible the precipitation
of chromium carbides, increasing the sensitiveness the
steel to inter crystallite corrosion (fig. 8).

°C ap ‘

800

700

600

400

Time of holding, g 7, hours
Fig. 8. Influence of temperature and time of the
holding on development of the sensitiveness of stainless
steel (grade AISI 304) to inter crystallite corrosion [10].
1-as — cast; 2- cold rolling on 30%

Results of research [11] show that the increasing of
the cooling temperature will be accompanied with the
decreasing of mechanical properties (fig. 9).

110 - T— T 15
—a— Strangth
WE e .. _ -3 Elangation = 12
E I 2
z 550 = - g 2
£ : =]
o =
5 ig E"
: 450 + -
3 -3
=
|
350 + t + =0
uncoiled 400 GO0 a00 1000

Tamparatura of coilad strip, "C
Fig. 9. Dependence of mechanical properties of strip
with the coiling temperature.

Rolling

Tertiary
cooling

caster Strip
thickness
12 mm

Thickness
in coiler — 6 mm.
Temperature—400 °C

Fig. 10. Direct strip casting process.

The technological parametrs for the case presented in
above figure are as follow:

- Chemical composition (% wt.):

C<0.007,Si=4.5P<0.01,Ni<0.07, Ti<0.02, Co
<0.02, Al <0.01.

- Superheat — 30 °C. Diameter of rolls — 300-400 mm.
Length — 150 mm.

- Casting speed — 6 m/s. Thickness of the as — cast
strip — 0.1 - 0.3 mm.

- Separation force per unit length of the roll ranged
from 0.2 to 2.0 kKN/mm.

- Strip tension between the twin — roll and caster and
the coiler ranged from 11 to 44 N/mm?,
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To avoid this problem it is necessary to increase the
water cooling time after rolling till the strip temperature
reaches 300 to 400 °C and afterwards the coiling has to be
done, for example, as it is made in company Thyssen
Krupp Stahl AG & Mannesman Demag AG Metallurgie
[12; 15] (fig. 10).

Conclusions

1. Theoretical research on the element
microsegregation has shown that for the strip casting
process the elements content in steel could be increased too
much compared to the conventional slab casting process,
maintaing the same level of micro segregation.

2. Residual elements as Cu, Sn, Sh increase strength,
hardness, corrosion resistance, hardenability, temper
embrittlement and decrease ductility, strain hardening and
weldability. It is possible to increase the content of residual
elements in steel for strip casting manufactury the same
level of properties of strip manufactured by conventional
casting route.

3. The element limits in steel grades for twin rolls
casting process can be increasing for impurities S, O, N, P,
H minimum from 3 for P to maximum 497 % for S. For
residual elements Pb, Bi, Sn, Cu, Sb, Zn, As minimum
from 1 for Zn to maximum 401 % for Pb. Alloying
elements (B, Se, Al, Te, Ca, Mg, Ce, C, La, Nb, Ti, Mn,
Ni, Si) can to increase minimum from 1 for Si and Mn to
maximum 675 % for B.

4. To receive strip with good quality, for the
stainless steel grades, it is necessary to decrease the coiling
temperature to 300—400 °C.
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BJIUSIHUE XUMHUYECKOI'O COCTABA HA
CEI'PETCALIMIO DJIEMEHTOB U CBOVICTBA
CTAJIBHOM JIEHTBI, U3TOTOBJIEHHOM METOJOM
JIEHTOYHOTI'O JIUThS
E. I Apmanounsiny

AnHoTanus. B craThe mpencTaBICHBI PE3yNbTaTHI
WCCIICIOBAHUS  BIUSHUS XUMHUYECKOTO COCTaBa Ha
CeTpeTalyio 3JICMEHTOB W CBOWCTBA CTaJIbHOM JICHTHI
HU3rOTOBJIEHHOW HENPEPHIBHOM Pa3JINBKOM.

[Tokazano, 4To mpU Tepexoje OT MPOU3BOJACTBA
cis00B TomuuHo 220 MM 70 ciIs00B ToMLUHON 1,2 MM
TOJIIMHA CErperanuoHHOr0 Au((Hy3HOHHOrO CJIOsS B
clIydae Imporiecca JISHTOYHOTO HeITPEepBIBHOTO INUTHS B 4,1-
12,4 pa3a MeHbllle, YeM IIPU TPAJUIIMOHHOM HETIPEPhIBHOM
JIUTHE.

[IponeHT cerperamuu yrieponaa, a3ota, MeJId, OJIOBa,
¢dochopa m ceppl B ciaydae Impolrecca JICHTOYHOTO
HenpepbBHOTO JnThs B 1,7-5,1 paza meHbme, yem mpu
TPaTUIIMOHHOM HEMPEPHIBHOM JIUTHE.

[pemtosxkeH MeTOI pacyera cerperaluy JIEMEHTOB,
HCXOAsS W3 PAaBEHCTBA YPOBHSA  Cerperaivu  MpH
TPATUIIMOHHOM U JICHTOYHOM HEIIPEPBIBHOM JIMTHE.

YCTaHOBIJIEHO, YTO COJIEPIKaHUE JIEMEHTOB B CTAIIAX
[PH BYXBAJIKOBOM HEMPEPHIBHOM JIUTHE MOXKET OBITH
yBeIMUYeHO i1 Takux mnpumeceid kak S, O, N, P, H
MHHHUMAaNBHO OT 3 s P no makcumansuo 497 % ans S.
JI1s TakMX OCTaTOYHBIX 3JIeMeHTOB Kak Pb, Bi, Sn, Cu, Sb,
Zn, As MuHuManbHOe yBenuueHue ot 1,1 mnms Zn po
MakcumansHOrOo 401 % pmns Pb. ConepxkaHue Takux
JETUPYIOIINX 3JIeMeHTOB Kak B, Se, Al, Te, Ca, Mg, Ce, C,
La, Nb, Ti, Mn, Ni, Si MoxeT OBITh yBEIUYCHO
MHHAMAJIbHO OT 1,1 mms Si u Mn 10 MakCHMAallbHOTO
675 % s B.

PaccunTanbl BpeMs W CKOPOCTh oOXJaxkaeHus 20
TOHHOW OYXThI CTAILHOHN JICHTHI B, KOTOPBIE COCTABJISIOT,
cooTBeTCTBeHHO, 13,7 yaca u 0.0051 °C/s. Takue ycaoBus
OXJIKIEHUS CO3MAIOT TPEATNIOCHUTKH IS BBIICICHHS
KapOWJOB XpOMa WM YBEIUYCHHUIO CKJIOHHOCTH CTalld K
MEXKPUCTAJUIMTHON KOPPO3UH.

Y CTaHOBIICHO, YTO JJIs YCTPAHEHUS 3TOW MPOOIEMBI
HEO0XOIUMO YBEITUUUTh BPEMS OXJIAXKCHHS BOJIOW MMOCTIC
npokatku 1o Temneparypst Jertsl 300-400 °C

KiloueBble ¢JI0Ba. CTaidb, XUMHUYECKHH COCTaB,
cerperamys, CBOWCTBA, MpeleN TEKydecTH, IMpeneln
MIPOYHOCTH, JICHTOYHOE JINTHE.
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BIIJIMB XIMIYHOI'O CKJIAZY HA CETPET ALIIIO

EJIEMEHTIB I BJACTUBOCTI CTAJIEBOI

CTPIUKH, 11O BUTOTOBJIEHA METOJOM
CTPIYKOBOI'O JIUTTA
€. I Apmanoinany
AHoTamigs. Y CTaTTi mpeacTaBlieHi pe3yabTaTd
JOCIIKCHHST BIUIMBY XIMI9HOTO CKJIaAy Ha Cerperamito
€JIEMEHTIB 1 BJIACTUBOCTI CTaJIeBOI CTPIUYKH BUTOTOBIICHOT
Oe3rnepepBHUM JTUTTAM.

ITokazaHo, 1110 TP TIEPEX 0 BiJl BAPOOHHUIITBA CIIsI01B
TOBLIMHO0 220 MM 710 cisi01B TOBIIMHOKO 1,2 MM HIMpUHA
cerperaifiitnoro audy3idHOro Imapy B pasi Mporecy
cTpiukoBoro OesmnepepBHoro smTtsi B 4,1-124 pasu
MEHIIIe, HiX TIPH TPpaJuiiHOMYy Oe3nepepBHOMY JIUTTI.

Bincotok cerperamii Byrieio, a3oTy, Mifi, OJIOBa,
¢dochopy i cipkm B pa3i Tpomecy CTPIYKOBOTO
OesmepepBHOrO MUTTA B 1,7-5,1 pasu MeHmIe, HiX TpU
TpaauLUiiiHOMy Oe31epepBHOMY JIUTTI.

3ampomoHOBaHO METOA  PO3paxyHKy —cerperamii
€JIEMEHTIB, BUXOISYH 3 OJHAKOBOTO PIBHS cerperamii mpu
TPAIUIITHOMY 1 CTPiYKOBOMY Oe3MepepBHOMY JIUTTI.

BcTaHOBJI€HO, 1O BMICT €JIEMEHTIB B CTASIX MPH
JIBOXBAJIKOBOMY O€3MEpEepBHOMY JIUTTI MOXE OyTH
30imbIIeHo A7 Takux gomimok sk S, O, N, P, H
MiHiMaapHO Bix 3 mast P mo makcumansnuo 497% s S. Jlns
TaKWX 3aJIMIIKOBUX ejeMeHTiB 1K Pb, Bi, Sn, Cu, Sb, Zn,
As wMi"iManpHe 30impmienHs Bix 1,1 mig Zn 1o
MakcumansHOro 401% mis Pb. BmicT Takux neryrounmx
enemeHTiB sk B, Se, Al, Te, Ca, Mg, Ce, C, La, Nb, Ti, Mn,
Ni, Si moxe OyTu 30inbmIeH0 MiHiManbHO Bix 1,1 mis Si i
Mn g0 makcumansHoro 675% o B .

Po3paxoBani 4ac 1 MIBHAKICTH 0XOJokeHHS 20
TOHHOT OyXTH CTaJieBOI CTPIYKH, SIKi CTAHOBJIATH,
BigmoBigHo, 13,7 roguuu i 0.0051 °C/s. Taki ymoBu
OXOJIOJUKEHHS CTBOPIOIOTH MEPEAYMOBU ISl BUAIJICHHS
KapOimiB XpoMmy i 30UTBIICHHS CXHJIBHOCTI CTald OO
MDKKPHCTaJIYHOT KOpO3ii.

BceraHoBneHo, mo s YCyHEHHS IIi€i mpoOireMu
HEOOXITHO 30UIBIIMTH 4Yac OXOJOMKEHHS BOJOIO ITICIIA
MPOKATKH 110 Temreparypu ctpiuku 300-400 °C.

Kuro4uoBi cioBa: ctais, XiMiYHIHA CKITaJ, CETperaris,
BIIACTHBOCTI, MEXa TEKY4OCTi, MeXa MIIHOCTi, CTPIYKOBE
JIATTSL.

€. I'. Apranginaay ORCID 0000-0001-5864-9855.
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PYX YACTHUHKHM I1O BHYTPIIIHINA IOBEPXHI I3 3AJJAHUM MEPUJIAHOM, SIKA OBEPTAETbCSI
HABKOJIO BEPTUKAJIBHOI OCI

T. M. Boaina, C. ®. [Inaunaka, B. M. baoka

HamionansHuii yHiBepcHTET 0i0pecypciB i MpUPOIOKOPUCTYBAaHH YKpaiHu, YKpaiHa.

Cmamms 3i cneyianvrocmi: 131 — npuxknaona mexanixa.

Kopecnonoenyis asmopis. t.n.zaharova@ukr.net.

Iemopis cmammi: ompumano — uepsens 2021, akyenmogano — aucmonao 2021, onybnikosano — 17 epyoust 2021 poxy.

bi6n. 8, puc. 9, maébn. 0.

AHoTamig. Y crarTi pO3MIIHYTO BIXHOCHUH pyxX
YaCTHHKM 110 TIOBEPXHI, sIKa OOEPTAETHCS HABKOJIO

BEepPTHKAJIbHOI oOcCi. MepuaiaHOM TOBEpXHI € BiTKa
mapabond, 3MilleHa Big oci cuMeTpili Ha 3aJaHy
BemmunHy. CximageHo — OudepeHmiadbHI  PiBHSIHHS

BITHOCHOTO TICPEMIIlICHHS YaCTUHKH, $Ki PO3B’sI3aHO
yucenbHUMHU Metojgamu. [loOymoBaHO TpaekTopii pyxy
YaCTHMHKM Ta rpadikd 3MIHM MIBUAKOCTEH. 3’sCOBaHO
3aKOHOMIPHICTh PYXy YaCTHHKM MpH ii migdomi 1o

MTOBEPXHI.
KmiouoBi cioBa: moBepxHs 0OepTaHHS, KyTOBa
IIBUIKICTE 00epTaHHS, BITHOCHHH pyX, YacTHHKA,

nudepeHmiaibHi piBHIHHS, TPAEKTOPisS KOB3aHH.

IHocranoBka npodaemu

Pyx 4YacTHHOK IO NOBEPXHSX, SKi 00epTalOThCS
HABKOJIO BEPTUKAJIBHOI OCi, Ma€ Micle y MPHCTPOSIX
BIIICHTPOBOT 11ii. 30KpeMa, 1€ CTOCYEThCS IIPUCTPOIB ISt
PO3CitOBaHHSI MIHEpaJIbHUX J0OPHB, BHIYYEHHS COKY i3
MOJIPIOHEHUX OBOYIB 1 (PYKTIB, OUMIIEHHS HOBITPS Bil
YaCTMHOK TWIy B LHUKJIOHAX. YacTWHKa 3AiHCHIOE
CKJIQIHUI PyX, SIKHH € CyMOIO JIBOX PYXiB: IIEPEHOCHOTO
PyXy TIOBepXHi 1 BIZHOCHOTO pPYXy YaCTHHKH IIO
TIOBEPXHI, TOOTO 11 KOB3aHHS. JIOCHTH MOBHO JOCHIPKEHO
pPyX YacTMHOK IO TOPHM3OHTAJIBHIM IUIOMMHI Ta IO
MMOBEpXHI  KOHyca, sKi  00epTaloThcs  HABKOJO
BEPTUKAJIbHOI Oci. PyX 4acTHMHOK MO IHNIMX HOBEPXHSIX,
0 00epTalThCs, Ma€ CBOi OCOOJIMBOCTI, SIKI 3aJIe’KaTh
BiZ popMH MepuaiaHa.

AHAaJIi3 oCTaHHIX JOCTII:KEHb

PyXx 4YacTMHOK TEXHOJIOTIYHOrO MaTtepiany II0
pobounx TMOBEPXHSX CUIBCHKOTOCIIONAPCHKUX MAalIWH
posrisiHyTO B MOHOTpadisx [1, 2]. ¥ monorpadisx [3, 4]
PO3MIITHYTO ~ TEPEMIIIEHHS YacTHHOK M0 PYXOMHX
MIOBEPXHAX Yy MpoIeci iX cemapyBaHHSA Ta BiOpamiifHOTO
TPAaHCIOPTYBaHHA. Y  CTaTTAX CTOCOBHO  JAaHOTO
HaTpSAMKY JOCHIDKEHb PO3MIIANAIOTECA TNHTAHHA PyXy
YACTHHOK IO pOOOYMX IMOBEPXHAX KOHKPETHHX MAIIHH:
BiJIICHTPOBMX BHCIBHHX OpraHiB [5], BUCIBHHX amapariB

[6]. ¥V mpami [7] po3mISHYTO pPyX YacTHHKH II0
BHYTpIIIHIIT  TOBepXHI  poTamifHOTO  KOHyca 3
BEePTUKAIBHOIO BicClo oOepTaHHsA. Haitbimbim OIM3pKOIO
J0 JIAHOTO JOCITIIKEHHs IpaLero 3a TeMathkoro € [8], y
SKIf PO3MIIAOAETBCA PyX YACTHHKA IO 3OBHINIHIM
MOBEPXHI  IWIIHApPA, 10 3IHCHIOE  MOCTYMAIbHI
KOJIMBaHHSI B TOPH30HTAJIbHUX IUIOIINHAX.

Meta gociaKeHb

Hocmimgutn 3aKOHOMIPHOCTI pyXy MaTepiaiabHOI
YaCTWHKHU M0 BHYTPIIIHIM MOBEpXHi, MEpUIiaHOM SKOi €
BiTKa Tapaboim, 3MillleHa Bil OCi Ha 3a/laHy BEIWYHHY, i
sKka 00epTaeThCsl HABKOJO BEPTHKAIBHOI OCi i3 cranoro
KyTOBOIO IIBUAKICTIO.

Pe3yabTaTh n0caigKeHb

YacTvHKM  Marepialy MOXYThb  [ONaJaTH  Ha
MOBEPXHIO, 110 00epTAaEThCs, O PIZHOMY: 3rOpH, 3HU3Y,
OesmocepenH0  Ha  mHOBepxHIO.  Hampukman, vy
COKOBI)KMMAJIKaX BIAIIEHTPOBOTO THITY MOJPiOHCHHUN
Marepial TOTpaIuIsie Ha TOBEPXHIO CHTa Yy BHIILII
KOHyca 3HH3y i3 TOPH30HTAIBHOI TEpKH, SKa TEX
obepraetbess. CUTO MOKe OYTH SK HITIHIPUIHHUM, TaK 1
koHiYHMM. Ha puc. l,a mokazaHa cxema po3TalIyBaHHS
TEPKH Yy BUIJISIII TOPU30HTATIBHOTO IUCKa pajiyca I i cura
y BUTJISAI KOHYyCa i3 KyTOM fi HaXWiIy TBIpHHX. 3aBISIKH
KOHIYHOMY CHUTY Me3ra MOK€ pyXaTHCs M0 HOro MOBEPXHi
Bropy /sl HOAAJBIIOT0 OYHIIEHHS CHUTA, IO HEMOXKIHBO
y mwnHApuIHUX cutax. OJHAaK y TWTIHAPUIHUX CHUTAX
CTYHiHb 3a00py COKy BHIIMH. Y CTaTTi HPOIOHYETHCS
PO3TIISTHYTH TIOBEPXHIO CHTA 31 3MIHHUM KYTOM f3, SIKMI
o Mipi miAHOMY YaCTHHOK Me3rH 3poctae (puc. 1,B). Ile
Jla€ MOXKJIMBICTD TIO€THATH MepeBark 000X CHT.

Kpim  Ttoro,  Tpaekropii  pyxXy = YacTHHOK
NOApiOHEHOT0 MaTepiaiy i3 TEpKH Ha CUTO MA€ OCOOJIMBY
TOYKY HA MeXI [HUX IIOBEpXOHb, sIKa IMOJSrae B
cTpuOKOMOIOHIN 3MiHI HanpsaMy pyxy. @i3ndnHa npupona
pPYXy YacTMHKH Triependadyae TPaeKTOpI0 3 IUIABHOIO
3MIiHOI0 KpWUBHHH. BHacmiok 1p0ro BimOyBaeThcs
3aUIIaHHA MaTepiany i (opMyBaHHS Takoi IMOBEPXHIi, IKa
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3a0e3MmeunTh NPUHHATHY Tpaektopito (puc. 1,6). 106
YHUKHYTH SIBUIIA 3aJIMIAHHSA, JOILIJLHO CHTO 3pOOUTH 3i
3MIHHUM KYTOM f, SIKHMi Y HIDKHIA TOYII MOBHHEH OyTH
piBHIM HymIO (pHC. 1,B).

Puc. 1. Cxema BapiaHTIB IOBEpPXHI CHTa: a) CUTO Y
BHTJISAI KOHIYHOI TOBEPXHI i3 KyTOM f HaxITy TBIpHHUX;
0) 30urbIeHHH (parMEeHT IMOBEPXOHb CHUTA 1 TEPKH 3
MOXUJIMBOIO HOBOK (OpPMOIO BHACIIJIOK 3aJIMIIAHHS
YaCTHHOK IIOJIPiOHEHOTO Marepiaily; B) CUTO y BHIJIAI
MOBEPXHi 00epPTaHHs 31 3MIHHUM KyTOM f.

Fig. 1. Scheme of the variants of the sieve surface:

a) a sieve in the form of a conical surface with an angle g
of inclination of generatrices; b) an increased fragment of
the sieve surfaces and grater with a possible new shape
due to the sticking of particles of crushed material; c) a
sieve in the form of a surface of rotation with a variable

angle g.

3 omIsgy Ha MPOCTOTY AaHAIITHYHOTO 3aIucy
MepHliaHOM TIOBEpXHi CUTa Bi3bMEMO BITKY Iapaboiu,
3MIllIEHY BiJl OCi CUMETpIii Ha BEJIMYHHY I.

Sxmo B3aTH mapabony z=bp? ne b — crama
BEIMYMHA, TO T[AapaMeTPUuHI pIBHSIHHSI  IOBEpPXHi
oOepTaHHsi, UIT SAKOI BiTKa mapaboiMl € MepHUIiaHOM,
3MIIIIEHUM BiJ OCi CHMETPil Ha BEIIMYHHY I, 3aITUITyTHCS:

X = pcosa;
Y = psina; 1)
Z=1,
ne b — crana Benu4uuHa, siKa BIUTMBAE Ha GOpMY MOBEPXHi;
p, O — HE3AIeKHI 3MIHHI TIOBEpXHi, SKi MAaroTh

(bi3uuHM 3MICT: p — BIJICTaHb BiJl TOUYKH NapaboiIH 0 Oci
1l cumerpil;, @ — KyT MOBOPOTY pajaiyc-Bekrtopa p+r
HaBkoyio oci OZ Bijg HyJILOBOIO 3HAYEHHS O TOYKH Ha
MIOBEPXHi.
[ToTtouHe 3HaueHHs KyTa [ MOXKHa 3HaliTH dYepes
noxigHy mnapabosnu z'=tgf, tobro 2-b-p=tgf. Ha ocHoBi
FOTO MOXKHA TIepeiTy B piBHAHHAX (1) Bix 3MiHHOI p 11O
3MiHHOi f§, BHACNIJIOK YOTO HE3aJICKHUMH 3MiHHUMH
MTOBEPXHI OyAyTh IBa KYTH:
X = (2atg,B+ r)COSa ;
Y = (2atgs +r)sine; @)
Z =atg®p,

Jie MiXk CTTUMHU a 1 b icHye B3aeMo3B’ 130k a=1/4b.

Kyt o 3miHloerscs B Mexax a=0..2w, KyT f — B
Mexax €=0...,<90° ne BiJ 3Ha4eHHS KyTa [, 3aJICKUThH
BHCOTA BIICIKY ITOBEPXHI.

OO6epTaHHs BiACIKY TOBEpXHI OyJeMO pO3TIsIaTH 110
BIIHOIIEHHIO JI0 JBOX CHCTEM KOOPJIWHAT: HEPYXOMOi
OXYZ 1 pyxomoi Oxyz, ska Oyzme obepTaTHcs pa3oMm i3
BimcikoM. Slkmo Bizmcik moBepxHi (2) Oyme obepraTucs
HaBK0JI0 oci OZ 13 KyTOBOKO HMIBHAKICTIO @, TO 32 Yac t BiH
MIOBEPHETHCS Ha KyT O=w-1. 3acTtocyemo Bizomi Gpopmynn
MIOBOPOTY OJIHIET CHCTEMHU KOOPIMHAT BiTHOCHO JPYTOi:

X =(2atgp + r)cosacosd — (2atgps + r)sinasing;
Y =(2atgB +r)cosasing + (2atgB + r)sinarcosd;  (3)
Z =atg?p.

[Micna cmpormieHs i3 BpaxyBaHHSAM O=w-l piBHAHHA

(3) naOyBaroTh BUTIIALY:
X = (2atgf +r)cos(a + o),
Y= (2a tgf + r)sin(a + a)t); (4)
Z = atg2 pS.

Hexaii B mouarkoBuii MomeHT nipu t=0 1Bi cucremn
KOOpJMHAT 30iraloThCs, IOBEPXHS CHUTa 1 [JHUCK HeE
00epTaloThCs 1 YaCTMHKA 3HAXOIUTHCS Ha MepHJiaHi B
mronuHi OYZ. Take moyoKeHHs YaCTUHKU IOKa3aHO Ha
pHC. 2, Ha SKOMY 3 METOI0 HAOYHOCTI 300pa)KEHO HIKHIO
yacTuHy cuta. Jlo Hei mpukianeHi HACTYIHI CHJIM: cuia
Baru Mg (M — wmaca wactuHkM, g=9,81 m/c?
MIPUCKOPEHHSI BUTBHOTO MAAiHHA), peakiis moBepxHi N, Ta
cuna tepts TN (f — koeditienT Tepts), siKa HE AO3BOJISIE
YaCTHHII PyXaTUCS BHU3 B3JOBX MEpHIiaHa B HANPAMKY
MOYaTKy KOOpIUHAT.

Puc. 2. Po3ramyBaHHS YaCTHHKHA Ha TIOBEPXHi CHTa
Ta CXEMa NPUKIAACHUX [0 Hel cun 3 YpaxyBaHHAM TOIO,
0 HEpyXOMa 1 pyXoMa CHCTEMH KOOPAWHAT 30iraroThes
Ha II0YaTKy pyxy.

Fig. 2. The location of the particle on the surface of
the sieve and the scheme of forces applied to it, taking
into account the fact that the fixed and moving coordinate
systems coincide at the beginning of the movement.

[Ipu obepraHHi JUCKa 31 CTaJOl KYTOBOIO
MIBUIKICTIO 0 3a 4ac { BiH MOBEPHETHCSA HAa KyT H=w-l
(puc. 3). SxOu yacTHHKA HE KOB3aja MO IWCKY, TO BOHA
noBepHyJacsi 6 pa3oM i3 AMCKOM Ha KyT € i 3aiiHsuia O
MOJIOXKCHHSI Ha TOMY JK CaMOMYy MeEpHiaHI Imicis Horo
MOBOPOTY. B pe3ynbraTi KOB3aHHS YacTHHKA 3aiiMe iHIIe
nonoxeHHs (puc. 3). KoB3aHHS 4aCTHHKHU BiOYyBa€THCS B
NPOTWIIC)KHY CTOpOHY oOepraHHS Jucka. Hampsm
BiTHOCHOI IIBUAKOCTI Vy CIPAMOBaHWIA MO AOTHYHIN 10
TPAEKTOPii KOB3aHHS YaCTHHKH (puc. 3).

PiBHAHHS pyXy YacTHHKH OyIeMo CKJIagaTh y

BUrISAl Mw=F, 1e w — Bekrop mHpuckopenHs, F —
Pe3yIBTYIOUNH BEKTOp MPUKIANEHUX 0 YACTHHKH CHII.
Bci Bextopm OyaemMo BH3HAYaTH B TPOEKIIAX Ha OCI
HEpPYXOMOi CUCTEMH KOOpJMHAT. PyX OKpeMOi 4acCTUHKHU
31 cramum  koedirmienrom f cyxoro Teprs He Moxe
OTOTOXKHIOBATUCSI 3 PYXOM BOJIOrOi HOAPiOHEHOi MacH.
OmHak po3B’s30K CHOPOIICHOI 3ajadi i OKpeMoi
YaCTMHKM JacThb 3MOTY BHSBHUTH 3aKOHOMIpHOCTI 11
BIJTHOCHOTO pyXy 1 Li 3aKOHOMIPHOCTI INEBHOIO MipOIO
CTOCYBaTUMYThCS 1 BCi€l MOApiOHEHOT MacH.
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Puc. 3. Po3ramryBaHHs 4acTHHKM Ha TOBEPXHI CHUTa
Ta CX€Ma MPHUKIAACHUX 10 Hel cun y pa3i, KOJIM CHUTO
pa3oM i3 PYXOMOIO CHCTEMOIO OOCpPTAEThCS, YacTHHKA
KOB3a€ 110 HOTro TIOBEPXHi.

Fig. 3. The location of the particle on the surface of
the sieve and the scheme of forces applied to it in the case
when the sieve rotates together with the moving system,
the particle slides on its surface.

TpaekTopist BIZHOCHOTO pyXy YacTHHKH IO
BIJIHOLIEHHIO 10 pyXxomol cucremu koopaunat OXyz
OTHIIETHCS 3aJIEKHICTIO MIX KPHUBOJIIHIHHUMH
koopauHaTamu (kytamu) S 1 a mnosepxHi (2). Taka
3aJICKHICTh MOXE OyTH 3amaHa 1o pisHoMy: S=f(a),
o=a(p) abo x yepes cmimpHy 3MiHHY t: S=p(1), a=at).
Jns Hamoro BUNAAKy pOJIb CHUIBHOI 3MiHHOT Oyne
BiZirpaBaTd poiib vacy t.

TakuM 4YMHOM, NpPH MNPUMHATOMY B3a€EMO3B’S3KY
p=pt) 1 a=ot) piBasHHS (2) 3a74a0Th BiXHOCHY
TPAEeKTOpII0 pPyXy UYACTHHKH, a piBHIHHL (4) -—
abcomoTHy. Bka3zaHi 3aJIe)KHOCTI € HEBIIOMHMH 1 IX
moTpiOHO 3HAWTH. Y MOAANBIIOMY HaM TOTPiOHI OymyTh
BEKTOPH 5K BiTHOCHOI, TaK i a0COMIOTHOI MIBHAKOCTEH. X
MU BH3Ha4YaTHMeMO JudepeHiitoBaHHsIM BupasiB (2) i (4)
no yacy t. PiBusuus (2) i (4) B OJHOMY BUIIAAKY €
PIBHSHHSIMHU IIOBEPXHI, KOJIU & 1 a € HE3ICKHUMH
3MIHHMMH, a B IHIIOMY — JHISIMHA (pO3LIYKyBaHUMH
TPAEKTOPIIMU YACTHHKH) Ha TOBepXHi. /111 MOBEpXOHb
MH TpPUHHIN  T[IO3HAYEHHS PIBHIHb NPOIHCHUMH
JmiTepamMu, a AN JHIA — CTPOYHHMH, NPUIOMY IS
BiTHOCHOI TpaekTopii OyIeMO BHKOPHCTOBYBATH iHJIEKC
«», a I abcomroTHOT — «@». OTXKe, TU(epeHITIFOBAaHHM
piBHSHBb (2) 3HAXOAWMO BINHOCHY IIBHIKICTH pPYXy
(xOB3aHH) YaCTHHKH II0 TIOBEPXHi CUTA:

'

x; =—a'(2atgB +r)sina + 2af8'sec® fcosa;
y, =a'(2atgf+r)cosa +2ap'sec? fsina; 5)

Z; = Zaﬁ’seczﬂtgﬂ.
I'eomerpuuna cyma ckinamoBux (5) IacTb BETHYUHY
MIBUKOCTI KOB3aHHS YACTUHKH MO0 TIOBEPXHI CcHTa Yy
BiTHOCHOMY pYCi:

Ve =2 4yt o2 =

:\/a'2(2atgﬁ+r)2+4a2ﬂ’zsec6ﬂ
OpuHUYHUN BeKTOp 7 MOTHYHOI 11O TpPaekTopil
BIZTHOCHOTO pPyXy B Npoekuisix Ha oci cucremn OXYZ
oJlep)KUMO  AiNeHHsAM mpoeknid (5) Ha BesMuMHY
BiIHOCHOT IIBUKOCTI (6):

(6)

—a'(2atgp +rkina +2aB'sec’ fcosa

Ty =
\/a’2(2atgﬂ+ r)? +4a?p'%sec g
T a'(2atgp +r)cosa +2ap'sec? fsina
y - b
\/a’Z(Zatgﬂ+ r)? +4ap'%sec® g (7
T 2af'sec® Bt

z = .
\/a’Z(Zatg,b’+ r)? +4a?B'%sec g

3naiinemo Hanpsm mii peaknii N mosepxHi (2). Bona
cIpsIMOBaHa MO HOpMalli P 1o moBepXHi i BU3HAYAETHCA i3
BEKTOPHOTO MOOYTKY MJBOX BEKTOPiB, MOTHYHHX IO
KOOpAWHATHUX JiHIH moBepxHi. [IpoekmismMu  mux
BEKTOpIB € YaCTUHHI MOXiTHI PiBHAHB (2):

oX 2 oX .
— =2asec“fcosa; — =—(2atgf +r)sing;
n i =, ~(2atgpr)

oY 2, . oY

Z -9 . =(2 .

55 - 2asec psina; — (2atgp +r)cosa; (8)
%:Zaseczﬂtga; Z o,

0B oa

[licnts BeKTOpHOTO MHOKEHHS BeKTopiB (8) 1
NPUBEACHHS OTPUMAHOTO BEKTOpPa JO OAWHUYHOIO
MPOEKIIil BeKTopa HopMaii P 10 MoBepXHi 3aMUIIyThCS:

P, =—singcosa ;

P, =-sinfsina; (9)
P, =cosg.
HudepennitoBanasM  piBHIHb (4)  3HAXOAUMO

a0COIOTHY IIBUJIKICTh PyXY YacTHHKH II0 BiTHOIICHHIO
JIO HEpYXOMOT CUCTEMH KOOPIUHAT:

’

xy =—(a'+w)2atgp +r)sin(a + ot)+

+2af'sec’ fcos(a + at);
ys =(a'+o)2atgs+r)cos(a + wt)+ (10)
+2ap'sec® fsin(a +at);
7, = 2af'sec’ ftgp3 .
HudepenuitoBannsm  Bupaszie  (10) 3Haxoammo

NpOEeKLii BeKTopa aOCOJIOTHOrO NPUCKOPEHHS Ha OcCi
HEPYXOMOI CUCTEMH KOOP/IMHAT:

Xl = —[4a,b”sec2ﬂ(a’ +o)+a’(2atgf + r)]
-sin(a + wt)+

+ [2a(ﬁ”+ 2ﬂ'2tgﬂ}ec2ﬂ—(a'+ w)*(2atgp + r)]

-cos(a + at);

yr = [4a/3'secz,8(a' +o)+a"(2atgB + ")]
-cos(a + et )+

+ [Za(,[)’” + Zﬂ'ztgﬂ)seczﬁ—(a’+ w)?(2atgp + r)]
-sin(a + cot);

2 = 2asecz,8[ﬁ’zseczﬁ+tgﬂ(ﬂ”+Zﬂ’ztgﬁ)]

Omunnuni Bekropu 7' (7) HanpsMy BiIHOCHOI
mBuakocti Vy i (8) HopMani P 1o moBepxHi 3HalACHI IS
HepyxoMoi noBepxHi. OCKIJIbKH MOBEPXHsI ITOBEPTAETHCS
Ha KyT O=wt, TO BKa3aHi BEKTOPH TeX MOTPIOHO
MOBEPHYTH Ha Ied KyT, [mo0 BOHU BIANOBiTANIA
pO3TallyBaHHIO  YacTHMHKH.  IloBOpoT  37ilicHIOEMO
AQHAJIOTIYHO MOBOPOTY MOBEepXHi 3rigHo ¢Gopmyn (3).
ITicnt  moBOpoTy  mpoeKkmii  BKa3aHMX  BEKTOPIB
3aIUIIY ThCS:

(11)
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— OJWMHWUYHOTO BEKTOpa ITOTHYHOI JO BiTHOCHOL
TPaAEKTOPIi:
T —a'(2atgB +rin(a + at)
X =

\/a'Z(Zatg,B+ r)2 +4a2pB'%sec®p

2ap'sec? B cos(a + at)
\/a’2(2atgﬁ+ r)? +4apB'%sect g
a’(Zatgﬂ+ r)cos(a+cot)

TY =
\/a'Z(Zatgﬂ+ r)? +4a?pB'%sec® g (12)
2ap'sec? Bsin(a + wt )
\/a’2(2atg[)’+ r)? +4apB'%sec g
2af'sec’ Bt
TZ = .
\/a'Z(Zatg,B+ r)2 +4a%B'%sec®p
— OJUHUYIHOI'O0 BEKTOpa HOpMaJ'Ii a0 HOBerHi:
Py =-sing cos(a + a)t);
P, = -singsin(a + wt); (13)

P, =cosp.

BekropHe piBHSHHA MW=F B MPOCKIsIX Ha OCI

Hepyxomoi cuctemMu koopmurat OXYZ 3amumeTses
HACTYITHUM YHHOM:
mxz = NP, — fNT,;
myz = NP, — fNT, ; (14)
mz; = NP, — fNT, -mg.
[Mpoekuii  OAMHUYHMX  HANPSIMHHUX  BEKTOPIB

notuuHoi 7 70 BiTHOCHOI TpaekTopil Ta HopMami P 1o
noBepxHi HaBeneHo y (12) i (13) BiamoBigHO, BHpasu
JIpYrux moximHux abcomoTHOl TpaekTopii — y (11).
[lincranoBka Bka3aHuWX BHUpasiB y (14) macte cucremy
TPBOX PIBHSHB 13 TPhOMa HEBITOMHUMH 3aJEKHOCTSIMH:
a=a(t), f=A(t) i N=N(t). Po3s’sxemo ii BigHocuo a', ",
N i orpumaemo:

3
B = _%[g sinf—(w+a'f(rcosp+ 2asin,8)]—
_ap2_ s BA.

-t vr’

o = 4ap'(w+a')secs g a_’A;

rcosg + 2asing Vr
N =mA,

(15)

(@+a')?(rcosp +2asinB)sin g +
+gcos? B +2ap'%sec? B

Cucrema (15) ¢pakTHIHO € CUCTEMOIO BOX IMEPIINUX
pIiBHSHB BITHOCHO HEBimOMHX 3amexHOCTEH a=a(t) i
B=pB(t), a szamexuicte N=N(t) 3HaxoguTbCS MmiCHsA
po3B’sa3aHHA mi€el cucteMu. OTpUMaHy CHCTEMY MOTPiOHO
pO3B’S3yBaTH  YUCEIbHHMH  METOJaMH.  3HaiineHi
sanexHocti a=o(t) i f=p(t) norpibHO mincraBuTH Yy
piBHsHHS (2) I TOrO, MO0 OJEpXKAaTH BiTHOCHY
TPAEKTOPII0 YaCTHHKU MO PYXy CHTY, TOOTO TPA€EKTOPilO
KOB3aHHS, 1 y piBHsAHHA (4), 00 oxepxaTu abCOMIOTHY
TPAEKTOPIIO PYyXY.

Ha puc. 4 wuyucenpHHUMH MeTOAaMHU 10OYyJOBaHO
BITHOCHY TpA€KTOPil0 pPyXy YaCTHMHKH MO CHTY MpH
HacTynHux napamerpax: a=0,01, r=0,05 m, w=50 c*,

ne A=secp

f=0,3. Jlis HAOYHOCTI TPAEKTOpis IOKAa3aHa 30BHI CHTa
CYIUILHOIO JIIHI€IO0 1 32 HOTO MEKaMHt — IMTPUXOBOIO.

0319

024

0.14

D_

0.1

0.1 0

Puc. 4. BigHocHa TpaekTOpis pyXy UYacCTHHKH IIO
cuty Ha (poHTaneHii npoekuii npu a=0,01, r=0,05 nm,
®=50 ¢, f=0,3.

Fig. 4. The relative trajectory of the particle
movement along the sieve on the frontal projection at
a=0.01, r=0.05 m, =50 s7%, f=0.3.

Ha puc. 5 takumu x miHisiMu moOymoBaHo Tpadik
peakiii moeepxui N=N(t) a1s dacTHHKH Macom
m=0,001 xe. L{s XxapakTepuCTHKa € Ba)JIMBOIO, OCKUIbKH
BEJIMYMHA peakiii XapaKTepu3ye CHIYy THUCKY YaCTHHOK
noJpiOHEeHOT MacH Ha TIOBEPXHIO CUTA.
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Puc. 5. T'padix peakmii moBepxui N=N(t) mms
gacTUHKH Macorw M=0,001 ke mpu a=0,01, r=0,05 m,
=50 ¢, f=0,3.

Fig. 5. Graph of the surface reaction N=N(t) for a
particle with mass m=0.001 kg at a=0.01, r=0.05 m,
w=50s1, =0.3.
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Puc. 6. I'padik 3MiHU BIHOCHOI LIBHIKOCTI PyXY
yacTuakM 10 cuty npu a=0,01, r=0,05 m, ©=50 c?,
f=0,3.

Fig. 6. Graph of the change in the relative velocity of
the particle movement on the sieve at a=0.01, r=0.05 m,
w=50s1, f=0.3.

I3 rpadika BuaHO, 1O peakUis  JOcCATAE
MakKcuMaibHOI BeauunHu Oins 0,4 H 1 crae cranoro. Lle
O3HaYae, 110 KOB3aHHS YaCTUHKM TNPHUITMHWIOCS 1 BOHA
obepraeTbest pasoM i3 cutoMm. [Ipo ne cBimyath rpadiku



PYX YACTUHKMU 11O BHYTPILIHIN ITOBEPXHI 13 3AJIAHUM MEPUJIIAHOM. .. 19

BIZIHOCHOI 1 aOCOMIOTHOT  IIBMAKOCTEH  KOB3aHHS
(puc. 6, puc. 7).
8r y d y ,.'—*
N Va, M/c . /
/
4t J
2 L
t.c
0 i

0 0.2 0.4 0.6 0.8
Puc. 7. I'padik 3MiEM aOCOMOTHOI IMBHUIKOCTI PyXy
gacTHHKH 1o cuty npu a=0,01, r=0,05 m, w=50 cl
f=0,3.
Fig. 7. Graph of the change in the absolute velocity
of the particle movement on the sieve at a=0.01,
r=0.05 m, =50 s1, =0.3.
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Puc. 8. BimHocHa TpaekTopis pyxXy YaCTHHKH IIO
cuty Ha (poHTaNBHIN npoekuii npu a=0,01, r=0,05 m,
f=0,3, =100 c*.

Fig. 8. The relative trajectory of the particle
movement along the sieve on the frontal projection at
a=0.01, r=0.05 m, =0.3, =100 s™.
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Puc. 9. I'padiku 3anexuocreit f=F(V;) s pizHUX
3HaYCHb KYTOBOI MIBHIKOCTI  OOEpTaHHSA CHUTa IIpH
a=0,01, r=0,05 m, /=0,3.

Fig. 9. Graphs of dependencies f=p(V,) for different
values of angular velocity w of rotation of the sieve at
a=0.01, r=0.05 m, f=0.3.

Ha puc. 5, puc. 6, puc. 7 cymigbHa KpUBa CTOCYETHCS
PYXy YacTHHKH B MEXax CHTa, a LITPUXOBA — 110 CUTY Y
BHITAJKy, SIKOM BOHO OyJO MPOIOBXEHO Bropy. BuaHo,
0 HaWOUTBIN iHTEHCHBHO CiK OyZe CXOAWTH i3 CHTa
nepes «3IMMaHHSIM» YacTHHOK, TOOTO IpH pi3KOMY
raJbMyBaHHI IIBHIKOCTI KoB3aHHS (puc. 6). OueBuaHO,
IO Iie BiIOyBaeThCs 3aBISIKM 3POCTaHHIO KyTa [ (pHuc.
1,8). Y KOHIYHHMX CHTaX, B SKHX KyT [ CTaJIui,
rajJbMyBaHHs LIBUAKOCTI KOB3aHHs He BinOyBaethbes [7],
Yyepe3 M0 Y HUX 3HAYHO HIKYUH CTYIiHB 3a00py COKY y
MOPIBHAHHI 13 MWIIHAPUYHUMH CHTAMH, Y SKHX KyT
p=90°.

IIpu 30inpmeHHI KYTOBOI IIBHIKOCTI @ OOepTaHHA
cuTa 30UTBITYEThCS MBUAKICTH Vi KOB3aHHS YaCTHUHKH 1

TIPU I[bOMY 3MIHIOETHCS ii TPAEKTOPIis: BUTKH TPAEKTOPIil
pPO3TAIOBYIOTHCS  OINBII  IIUIBHO Y BEPTHKAILHOMY
Hampsimi (puc. 8). Ha puc. 9 moxazaHo, SIK 3MIHIOETBCS
IIBUJIKICTh KOB3aHHS YaCTHHKM M0 Mipi ii migifomy,
T0OTO y QyHKIIi KyTa £ MpH Pi3HUX 3HAUYEHHIX KyTOBOI
IIBUJIKOCTI OOEpPTaHHSA CHTa. XapaKTEpPHOI O3HAKOIO
rpadikie (puc. 9) € Te, IO MOYATKOBA MIBUJKICTh
KOB3aHHS TOYMHAETHCS HE 3 HYyJs, a 3 KOHKPETHOTO
3HaueHHs. Lle MOsICHIOETBCST THM, IO B MOMEHT 3YCTpidi
YaCTMHKM 3 CHUTOM KyTOBa WIBHIKICTh 1I KOB3aHHS
BU3HAYAETHCS PI3HHULECIO KYTOBOI IIBUAKOCTI YaCTHHKU
(sixa B MOMEHT 3ycTpiui He 0bepTaerhes) i cuta: 0—w=—w.
s BenmmumHa (—®) € BHUXIZHOIO YMOBOIO IHTETPYBaHHS
mudepeHmianbaux  piBHAHL  (15):  a's=—w. [pyroro
XapaKTepHOI0 O3HAKOI IMX TpadikiB € Te, 0 BOHH
IPSMYIOTH 10 HyJIS (epe]] «3TUMaHHsIM» YaCTHHKHN) IPU
Iy’Ke BY3pKOMY [liama3oHi 3MiHHM KyTa [ HE3ale)KHO Bif
KyTOBOI IIBUAKOCTI @ o0epTaHHs cuTa. 3TigHO puc. 9 men
Jiama3oH 3HAXOIUThCA B Mexkax 80°..85° Y mpomy
Jliara3oHi KOB3aHHS YaCTUHKHU Pi3KO 3MEHINYETHCS 1 BOHA
«amumae». Tyr Tako  BigOyBaeTbcs — HaWOUIbII
IHTEHCHBHUI BifOIp COKy BiI MoApiOHEHOT MacH.
Buxonsun 3 1pOro, B KOHCTPYKIII COKOBHXXMMAJIKU
MOXHa Tepen0adynTH OYMCHHH MPUCTPIH caMe B IbOMY
MicIi cura a0 K 3MEHIINTH HOro BHCOTY Ui
HEJIOMyIIEeHHs 3a0uBaHHA cuta. [lapaborna, ska B HaIIoMy
BUTIAJIKYy BiZIrpae poib MepuiiaHa, HE € TPHUHHATHOIO
KPHUBOIO, OCKUIBKH TIpH KyTax [>80° BHcoTa cuta Oyze
3aHaJTO BEIHMKOI HE3aJEXKHO BiJl BEIMYMHM 3HAYCHHS
craioi a. Y TakoMy BHWIIQJKy 3a MEpHIiaH MOTPiOHO
Opatu iHNIY KpUBY 3 OUIBII IHTEHCHBHHM 3POCTaHHSIM
KyTa 3, HAPUKJIa, OyTy eiIca.

BucHoBku

1. Pyx yacTHHKHU 1O BHYTPIMIHIA MOPCTKii MOBEPXHI
CHTa 31 3MIHHUM KyTOM IMiIHOMY MepHAiaHa Ma€e CBOi
ocoOmmBoCTi. BOHM CTOCYIOTBCSI XapakTepy KOB3aHHS
YaCTHHKMA MO TOBepxHi. IIpy momagaHHi 4YacTHHKH Ha
MOBEPXHIO B HIDKHIM 4YacTWHI cerMeHTa BigOyBaeThCs ii
pO3riH 3 OJHOYaCHMUM TiiioMoM Bropy. Takuii pyx
XapaKTePU3yETHCS 3MIHOIO IBOX IIBHUAKOCTEH: BiIIHOCHOT,
TOOTO IIBHAKOCTI KOB3aHHs, 1 abcomoTHOi. BigHocHa
HMIBUAKICTH CIIOYATKY 3pPOCTAE, a MOTIM 3MEHIIYETHCS 10
HYJISI B MOMEHT «3aJIMIIaHHS) YaCTUHKHU.

2. AOcComroTHa WIBHUIKICTE YaCTHMHKH BECh 4Yac
3pocTae i CTae MOCTIHHOW Tichs 11 «3amumaHHsy. s
MOBEPXHI CHTa, Yy SKOIO MepHJiaHOM € Tapaboa,
«GaJMITaHH» YaCTHHKHU BiOYBa€ThCS y JOCUTH BY3bKOMY
Jiarna3oHi 3MiHM KyTa [ migioMy Mepuniana (OJIM3BKO
90°). Ilpu 30inpLIeHHI KyTOBOI MIBUAKOCTI OOepTaHHS
CHUTa IIeH Jiama3oH 3pocTae qyke MoBuIbHO. IlepcnexTuBu
MOAAJBIINX JIOCITIKEHb MOJIATAI0Th y
eKCIIepUMEHTAIbHIN TepeBipIli OTPUMAHNX TEOPETHIHUX
pe3ymIbTaTiB.
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JABWXXEHUE YACTHUIIBI I1O BHYTPEHHEN
[TOBEPXHOCTHU C 3AIAHHBIM MEPUJIMAHOM,
KOTOPAS BPAILLIAETCA BOKPYT
BEPTUKAJIBHOM OCH
T. H. Boauna, C. @. Nununaxa, B. H. Babkxa

AHHOTanus. B ctaTthe paccMOTpEHO OTHOCHUTEIHHOE
JIBIKEHUE  YacTULBl 10  MOBEPXHOCTH, KOTOpas
BpallaeTcs BOKPYI BEPTUKAIBHON ocu. MepuanaHom
MTOBEPXHOCTH SIBIISICTCSA BETKa MapaboIbl, CMEIICHHAS OT
OCH CUMMETpPHUH Ha 3aJaHHY0 BeluuuHy. COoCTaBJeHBI U
pEIIeHBl YHCICHHBIMH MeToJaMH IudQepeHIraIbHbIe
YPaBHEHHSI OTHOCUTENBHOIO NEPEMELIEHHUS YaCTHULBL.
ITocTpoeHBI TPaCKTOPHH JBUKCHUS YACTHUIBI U rpaduku
W3MEHEHUs1 CKOpocTeil. BBIsBIEHO 3aKOHOMEPHOCTh
JIBHDKEHUSI YACTHUIIBI TIPH €€ TIOIBEME 110 TIOBEPXHOCTH.

KilloueBble  cjioBa:  TMOBEPXHOCTb  BpAllCHUS,
YIJI0Basi CKOPOCTh BpPAIEHUs, OTHOCUTENILHOE JBUKCHHE,
yacTuua, auddepeHansHple YpaBHEHUS, TPaeKTOPHUS
CKOJIbKCHMS.

MOVEMENT OF PARTICLE ON INNER SURFACE
WITH PRESET MERIDIAN, WHICH ROTATES
AROUND VERTICAL AXIS
T. M. Volina, S. F. Pylypaka, V. M. Babka

Abstract. The article considers the relative
movement of a particle on a surface which rotates around
a vertical axis. The meridian of the surface is the branch
of the parabola, offset from the axis of symmetry by a
given value. Differential equations of relative
displacement of a particle are compiled and solved by
numerical methods. The trajectories of the particle and the
graphs of velocity change are constructed. The regularity
of the particle's movement when it rises on the surface is
clarified.

Key words: surface of rotation, angular velocity of
rotation, relative movement, particle, differential
equations, sliding trajectory.
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TEXHOJIOTTYHA CYTHICTb OTPUMAHHS BYTJIEHIEBUX COPBEHTIB HA OCHOBI POCJIMHHOI
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bi6n. 23, puc. 5, mabn. 2.

Anotanis. [lokazano, mo B 3B’S3Ky 3 CTPIMKHM
3pOCTaHHIM KUTBKOCTI TPAHCIOPTHUX 3aco0iB
30UTPIIYIOTECST ~ 00’€MH  BHKOPHCTaHHS  IAJHBO-
MAaCTHJIPHHX MaTepiaiB, SKi IIOIPH BC1 3aX0H Ta 3aCO0HM
MIEPECTOPOTH, Y€PE3 PO3NIMBH Ta MPOJIHUBU 3a0pyIHIOIOTH
LIKIJUIMBUMH T4 TOKCUYHHMH TPOAYKTaMH HaBKOJIHUIIHE
cepenopuiie. JlocmijpkeHo, SK  HATONPOAYKTH Ta
NPOXYKTH iX posmany, MO IMOTPaIUIIOTh B JOBKLLIA,
3a0pyAHIOIOTh IPYHT Ta BOAY. E(EKTHUBHICT OYHIICHHS
IPYHTIB 1 BOJM 3aJ€XKHUTh BiJ CHOCOOY, TEXHOJIOTII,
METOIy, 3ac00iB Ta mpuitoMiB. OCOOIUBOI MOMYIAPHOCTI
Ta MOIINPEHHS OYHIICHHS IPYHTIB 1 BOAH BiJ 3a0pyIHEHHS
HaOyBae meron copOmii (mornmHanHs). [IpoananizoBaHo,
SIK METOJIOM COpOIil, 32 BIZHOCHO HEBHCOKHX BHUTPAT,
3a0e3neuyeThCs e(peKTUBHE OUHUIICHHS IPYHTY 1 BOIH Bif
HapTOompoaykTiB. OOTPYHTOBAaHO TEXHOJOTII OTpUMaHHS
BYTJICLIEBUX COPOEHTIB METOJ0M KapOoHi3allil 3 mooiuHOoT
MPOIYKINi POCIUHHOTO TOXO/KEHHS (TUPCH, COJIOMH,
JHCTS), 00’ €MH SIKMX JJIsl CHHTE3Y BYIJIEIIEBUX COPOEHTIB
MPAKTUYHO HE OOMEXeHi. BHUCBITIIEHO CYTHICThH IPOIECY
kapOoHi3arlii ByTjeneBux COpOCHTIB Ha OCHOBI POCITHHHOT
cupoBuHu. [lomani  ¢i3uuHi, XiMiYHi, CTPYKTYpHI,
copOmiifHi Ta TOTMWHAIBHI XapaKTEPUCTHUKU POCITHHHOL
CHPOBHMHM Ta OTPHMaHMX 3 HEl BYIJICIIEBUX COPOEHTIB.
Po3kpuri  ekoJoriuyHi, eKOHOMIYHI IepeBarm  Ta
e(pCKTHBHICTh  BYIJICIEBUX COPOCHTIB  POCIHHHOTO
MMOXO/DKEHHS IS OYHMIICHHSA BiJ HAa(TONPOIYKTIB, B
MOPIBHSAHHI 3 IHIIMMH METOJIaMHU OYHIIICHHS.

KiawuoBi cjoBa: ByrjieneBi COpOEHTH, JTOBKIJLIA,
€KOJIoTiuHa Oe3reka, €KOHOMIYHI MMOKa3HUKH,
KapOoHi3amisi, HapTONPOIYKTH, COpPOEHTH, CcOpOIliiiHa
€MHICTB.

ITocTanoBka mpodaemu

Hadrompoxyktn 1e momwmpeHi 3a0pyaHioBaui
6iochepu [1]. Sk Bkaszye [2], mpu BHUKOpPHCTaHHI
HaTOMPOAYKTIB, 3HAYHA iX YACTHHA MOTpaIUIiE B
napkosumiHe cepenosuiie [3]. HeGesnexy cTaHOBIATH He
nutre HaQTOMPOXYKTH Ta MPOMYKTH 1X PO3MALY, & TAKOX
JOMIIIKK, sIKi BOHH MOXyTh Mictuta [4]. Tlpu
MOTPAIUIHHI B TPYHT Ta BOJY, HE JIHIIe Ha(TOTPOILYKTH,
anme 1 mMpoaykTH iX posmamy [5], 10 yTBOPIOIOTHCS B

HACITIIOK XIMIYHUX peakiliii Ta 610JOTIYHHX EPETBOPCHB
[6], 3maTHiI mepeTBOpIOBATHCS B TOKCHYHI PEUOBHHHU Ta
3aBIaBaTH IIKiJIMBOTO BILTUBY 0i0Ti. OYHIEHHS IPYHTY
Ta BOAM Big HAPTONPOAYKTIB METOIOM  COpOIii
€KOJIOriYHO, EKOHOMIYHO BuTifHe Ta edekruue [7].
Oco06inBoi poiti, TOIIMPEHHS Ta 3HAYCHHS HaOyBarOTh
BYIJIENEBI COPOEHTH HA OCHOBI POCIMHHOI cUpoBUHH [8].
JlocnmipkeHHsT  TEXHOJIOTIYHOT ~ CYTHOCTI  IIPOILECIB
KapOOHi3allii, KOJHM CHPOBHHOIO SBISIETHCSA MMOOIYHA
OPOAYKIis pOCIWHHOTO moXomkeHHs [9], disuko-
ximiuaux [10] Ta mOMIMHANBHHX ~— BIACTHBOCTEH
ByrieneBux copbenti [11], mpomeciB copOuii HuUMHK
Hadrompoaykris [12], exonoriunoi [13] Ta ekoHOMIYHOT X
OLIHKK MOTPeOyIOTh Mojanbiioro anamzy [14] Ta
Jociimkens [15].

AHaJi3 ocTaHHiX J0cailKeHb Ta myOaikamii

BonHe Ta IpyHTOBE cepenoBHIIA HAA3BUYANHO
CKJIaMHI TPUPOAHI KOMIUICKCH JOBKI/UIA 3 IIHPOKHM
CHECKTPOM CKJIaJHHX B3a€EMO3B’S3KiB Ta B3a€MOBITHOCHH
MK JKHBAMH OpraHi3MaMH Ta CepeloBUIIEeM  1X
ICHYBaHHS, IO CKIIAJIACS B MPOILEC] EBOIIONIT Ta PO3BUTKY

[16]. Boum HeBim’emHa uyactuHa Oiocdhepu B sIKiid
BiOyBarOThCA CTaOLIbHI, 0araTocTOpOHHI Ta
B3a€MOIIOB’ 13aHi HePETBOPEHHS npoLeciB

KUTTeRisbHOCTI [12]. [llupoke 3acTocyBaHHS MPOIYKTiB
Ha(TOnepepoOKr Ta 3OUTBIICHHS iX BHKOPHCTAHHS,
MIPHU3BEJIO 10 3HAYHOTO 3a0pyIHEHHS HUMHU JOBKULIA [2,
171, mo BUKJIMKAIO 3HAYHI MPUPOIHI Ta €KOJIOTiYHI 3MiHI
BOJHOTO Ta TIpyHTOBOTO cepemosumr [1, 2 9, 18].
HadTonpoaykT Ta mpoayKTu iX po3many i MepeTBOPEHb
CTaJIM JI€BUMM 3a0pyJHIOBaYaMH JOBKUULISA, B IIE€pIIY
4epry, IrpyHTy Ta Boau [1, 19]. OuniieHHs rpyHTOBUX Ta
BOJIHMX €KOCHCTEM, IO 3a3HaIu 3a0pyJHEHHS B IpoIeci
iX BHKOPHCTaHHS, METOJOM COpOILii HE BTPAaTHUIIO CBOE]
aktyansHocTi [13, 14, 20]. CopOeHTH sK IOCTYIHI,
epexkTuBHI Ta Oe3neuHi 3aco0u oOuMINEHHS OynH, a B
OCTaHHI  JIECATHIITTS HaOyBalOTh 1Ie OUIBIIOTO
3aCTOCYBaHHS B yCiX cepax BUPOOHHUOI HisSUTBHOCTI, B
TOMY 4YHCHI 1 [ OYHMCTKM TIPYHTIB 1 BOAM Bif
HadTomponayktie [3, 9, 21]. VYBara TUPHIIIAETHCS K
TEXHOJIOTIYHIH CyTi OTpHMaHHS, OYyIOBi, BIaCTHBOCTSIM
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BYTJICIIEBUX COPOEHTIB 3 M0OIYHOI MPOAYKIIii CITLCHKOTO
Ta KOMYHaJbHOTO TOCIONApCTBa, AEPEBOOOPOOHOT
TPOMHUCIIOBOCTI, TaK i iX 3acrocysannio. [5, 6, 7, 8, 10, 11].
Ha Bucoky e(heKTHBHICTB, IOCTYIHICTh, EKOJOTIdHY
0e3MeYHICTh Ta JOMUIBHICTh BHKOPHCTAHHS BYTJICHEBUX
COpOCHTIB, KOJHM CHPOBHHOIO [UIi iX OTPUMaHHX €
pi3HOMaHITHa  TOOIYHA  TPOAYKIIS  POCIMHHOTO
MIOXO/DKEHHS, II0 HAKONUYYEThCs Oe3nocepenHbo B
nporeci BupoOHuITBA  BKasyroTh[8, 10, 11, 22, 23].
[Ipore, npupona oOTpUMaHHA COpPOEHTIB, B TpoIeci
NEepeTBOPEHHsI  MOOIYHOT  NPOAYKLII  POCIMHHOTO
MOXO/DKEHHS, I BIUIMB Ha KOMIUIEKCHE BHMKOPHCTaHHS
pI3HHX BHIIB BYIJICHEBUX COPOCHTIB I OYHUIIEHHS
BOJAHMX 1 TPYHTOBHX €KOCHCTEM, iX COpOUilHY,
€KOJIOTIYHYy 1 €KOHOMIUHY XapaKTEepPHCTHKH Ta OIlHKY,
HEJOCTaTHHO INTHOOKO BHBYEHO.

MeTta nociigKeHn

Merolo HammMX JOCTIPKEHb OyJ0 BUBUCHHS:
TEXHOJIOTIYHOI CYyTHOCTI, TEXHIKH HPOLECIB Ta TEXHOJIOT1H
IpU  OTPUMaHHI BYIJICUEBUX COpPOEHTIB 3 MOOIYHOT
MPOAYKIIT POCIUHHOTO TOXOMKCHHS; (Pi3HKO-XIMIYHHX,
CTPYKTYPHHX, copOuiitHuX, HOTJIMHATBHHAX
XapaKTEePUCTUK POCIMHHOI CHPOBHHY Ta OTPUMAHHX 3 Hel
BYTJICLEBUX COPOCHTIB; HOBHOTH OYMILCHHS, €KOJIOT19HO1,
eKOHOMIYHOI HepeBard Ta e(peKTHBHOCTI BUKOPUCTaHHSI

BYTJICIEBUX  COpPOGHTIB TpH  OYMINCHHI  BOIHOTO
Cepe/loBHINA 1 IPYHTIB BiJl HAQTONPOIYKTIB.
Pe3yabTaTi 1ocaizkeHb
Tupca pepeB, 1O € MOOIYHOI IPOAYKIIEIO

JIepeBOOOPOOHOI MPOMHUCIIOBOCTI, COJOMa, IIOJOBA, SK
BTOpPHHHA CHpOBHHA CUTBCBKOTOCIIOAAPCHEKOTO
BHPOOHHMIITBA, JIUCTS JEPEB MAIOTh BHUCOKI COpOIiiiHi
BIIACTUBOCTI. BOHH, K COpOCHTH, MOXKYTb, IPU TOTPEOi,
3aCTOCOBYBATHCSl I OYHMIICHHS BiX 3a0pyAHEHHS
HATOMPOAYKTAMH IPYHTY Ta BOJH. 3a AaHuMu (puc. 1),
Ha(pTO EMHICTH Ta MOTIMHAIBHI XapaKTePUCTUKN HAWBHIII
y THPCH 3 PI3HHX MOPIiJ epeB, 1o Manu Booricts 60%, a
HaAHWXKY1 — y JHCTS AEPEB.
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Puc. 1. Besmumna HadTO €MHOCTI THPCH COCHHU
pisHux ¢pakuiii npu Bomorocti 50-60%: 1 — comoma;
2 — Tupca cocHu; 3 — tupca Oepesu; 4 — ThUpca ropixa;
5 — nucts nepen

Fig. 1. The oil capacity value of the pine sawdust
various fractions at a humidity of 50-60%: 1 — straw,
2 — pine sawdust, 3 — birch sawdust, 4 — walnut sawdust,
5 — leaves.

Pi3HUISS B MOTIMHAIBHUX BJIACTHBOCTSX BHXIiTHOT
CHPOBUHH POCIIMHHOTO TOXOJ/PKEHHS 00YMOBIICHA, MEpIil
3a BCe, HASIBHICTIO CKJIAJHHUX CIOJYK, OCHOBY SIKHUX
CTaHOBUTH BYTJICBOMIHI, TaKi sIK TEMIIIEIF0I03a, IETI0II03a,
JirHig. 3a maguMu TaOimii 1, BMICT TeMILETIONI03H,
IIENTIOJIO3U Ta JIITHIHY HAWBUIIHN Yy THUPCH XBOMHUX TTOPIf.
Oco0JIMBO BaXKITUBA POJIb HAJICKUTH CMOJHCTIH CIOMYIN
JirHiHy B copOwil Pi3HUX PEYOBMH. Y THUPCI JIMCTSIHUX
MOP1T BMICT T€MIIIEITFOI03H, IENFOJI03H Ta JIICHIHY 3HAYHO
HWKYHA HIK Y TUpcu cocHu. CooMa 371aKOBHX Ta JIMCTS
JIepeB, y TOpPIBHSAHHI 3 THPCOK COCHH, MICTATh
aHAJIOTIYHUX CKIIQJHUX BYTJICBOJIHUX, BIAMOBIAHO, Y 7€
KiJIbKa pa3 MEHIIe, a TOMY BOHH 1 MalOTh HallMeHITy HadTO
€MHICTB.

Taoauusa 1. Bigcorkose CIHIBBIHOIIEHHS
BYTJICBOJHEBUX TKAHUH Y POCIHHHIN CHPOBHUHI.

Table 1. Percentage of hydrocarbon tissues in plant
material.
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3 JITHIH 22-31 | o225 | mo 16 o 6
[Ipu  BUKOpUCTaHHI  COPOCHTIB  POCIUHHOTO
MOXOJKCHHsI Ul OYMINCHHS IPYHTIB 1 BOJHOTO

cepeloBHIla BiJl HAQTONPOIYKTIB AOLIJIBHO BPaXOBYBaTH
He JIMIIe X cOpOLiiiHI Ta HOTJIMHANIBHI XapaKTEPUCTUKH, a
TaKOX IPAaKTUYHICTh 3acToCyBaHHs. JIucTs aepes, uepes
Mally Macy, JIETKO IepEeHOCHTBhCS (3HOCHUTHCS) BITPOM,
TOMY Ha NpaKTHLi, NPU BITPSHIA MOroii, HOro Ba)XKKO
3aCTOCOBYBATH JUJIS OYHMIICHHS.

3a pe3ynbTaTaMi NMPOBEACHHX HAMH JIOCIiKEHb Ta
iHmMX gocmigHukis[3, 4, 8], copOCHTH MalOTh BiTHOCHO
BHCOKY €(DEKTHBHICTh OUHIICHHS IPYHTY 1 BOIHU, KOJIH iX
copOuiifHa €MHICTh TOpIBHIOE 2-3 T Mr-eKB /T Ta OuibIIe.
Sk cBim9aThk AaHi pUCYHKY 1, IOBHICTIO BiIIOBiJJa€ TAKUM
cOopOUifHIM BUMOTaM JIAIIIEe THPCA COCHH Ta B TIEBHIH Mipi
ropixa.

CyrreBo  miaBuilye  cOpOMilHI  BJIACTHBOCTI
MarepianiB POCIHHHOTO MOXOKEHHS mporiec
KapOoHizarii.

KapOoHizauiss — mnporec OTpUMaHHS BYIJICLIEBUX

copOeHTIB 3 POCIMHHOI CHPOBMHM IIpW il HarpiBaHHi
noHax 120°C.

CytHicTs mpomecy KapOoHizamii B TOMY, MIO
BYIJICBOJHEBA YacTHHA IMOOIYHOI MPOIYKIIT POCIMHHOT
MIPUPOJIH, SIKa CKJIAJA€ThCs 3 TEMILIEITIOJIO3H Ta 1IEeTIF0JIO3H,
npu KapOoHizamii, B Tpoleci JecTpyKmii MOJiMEpHUX
JIAHITIOTIB, PO3KJIANAEThCS 3  BHIUICHHAM  Pi3HUX
CMOJIICTUX PEYOBHH CKJIAagHOI OYyIZOBH Ta BEJHKOL
KUJTBKOCTI TIPOCTUX JIETKHUX CIOJYK.

IIpomec kapOoHi3amii JOCTIKyBaBCS HaMH, dYepe3
xosxHi 50 °C, B inTepsani Big 100 mo 500 °C.

Hamu BcTaHOBIIEHO, 110 TIpollec KapOoHizallii, B ycix
BU/IaX POCIMHHOI CHPOBHHH, PpO3MOYMHAETHCS IIPU
temnepatypi  120-130 °C. TonosHi peakuii posmamy
LEJIOJIO3U TIPOTIKAKOTH B Mexax Temmeparyp 200-250 °C,
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a nirginy B gianasoni 250-300 °C, mo cynmpoBoaKyIOThCS
BUIIUJICHHSIM IIPOCTHX BYIJICIIEBUX CIIOJNYK (BYIJICKHCIIOTO
ra3y i OKCHAy BYTJICITIO), 3piIKeHo01 cymimi Ta cmoi. Crix
BiJI3HAYWTH, 10 HA PI3HUX CTafisgX IMmporecy KapOoHizamii
BEJIMYMHA SHEPTii aKTUBALI] JeCTPYKTUBHUX IIEPETBOPEHb
3MIHIOETBCS, TOMY IO TIPH pI3HUX TeMIEepaTypPHUX
Jiama3oHax BiOYBAE€ThCSA PO3KIAJ] Pi3HUX KOMIIOHCHTIB
POCIMHHUX TKaHWH, a came, TIeMIleIoNo3, a B
MOJIAIBIIOMY LIEJIOJI03H 1 JIIHIHY.

OTpuMaHi HaMU pe3yIbTaTH BKa3ylOTh Ha CKIIaIHICTh
Ta OaraTorpaHHicTh mpolecy kapOoHnizarii. Lleit mporec,
MaOyTh, CKJIQJAETbCS 3 KOMIUIEKCHOI — CYKYIHOCTI
eNeMEHTAPHUX Ta CKIAJHUX pPAAUKaJbHUX Peakwiil, mo
PI3HATHCS KIHETHIHUMH ITapaMeTpaMHu.

OcobimBa ponb Ta 3HAYCHHS MPH COpOIii pi3HOTO
pony 3a0pyIHIOBaYiB, B TOMY YHCIi i HAQTONPOIYKTIB,
HANEKUTH JirHiHy. Moro BMICT sK y BHXiaHil cpoBuHi
POCIMHHOTO MTOXO/KEHHS, TaK BiAMOBIIHO i B OTPUMAHHUX
3 Hel ByrJjieleBUX COpOEHTax, Bijirpae BayKJIMBY pOJb B
COpOLIHMX Ta  MOIVIMHAJIBHUX  XapaKTepUCTHUKAaX
COpOCHTIB, Yepe3 0COOIMBHI CKIIAJ] CMOJUCTUX PCUOBHH.

[Iporec kapOoHi3allii, B MEBHIA Mipi, 3aJCKUTh Bif
THUITy POCIMHHOI cMpoBUHU. Ha mepuimx crazisx mporecy
kap6owuizanii (1o 350 °C) Tupcu 3 pisHUX MOpia Jepes,
BHACJIIZIOK BUITaPOBYBaHHS BOJIOTH, BHUIYYCHHS JIETKHX
OPOCTIIMX ~ CHONYK Ta  CMOJHMCTUX  CKJIQJOBHX,
YTBOPIOIOTHCS B BENIHKIH KiJTBKOCTI MOPH, II0 00YMOBITIOE
MiABUINECHHS ii COpOLitHOT eMHOCTI Ha(TOMPOAYKTIB 1O
NEBHOTO MaKCHMaJbHOTo 3HaueHHs. [lpum momanponiit
kap6onizanii (350-500 °C), xomu TemmepaTypa CyTTEBO

3pOCTa€, OYEBUIHO, YEpe3 BHUTOpPAHHSA BYIJIELIO Ta,
BIJIMIOBIHO, 30UIBIICHHS KUIBKOCTI ~Makpomop Ta
3MEHIICHHS  MIKpPONop, 10  3MIHIOE  CTPYKTYpY

KapOOHI3aTiB y CTOPOHY 3MEHIIEHHS MIKPOIIOPUCTOCTI Ta
3HUXKYE COPOIifiHY €MKOCTh. B costomi 1 JIMCTI 1epeB 3MiHu
B TIporeci KapOOHi3alii pO3MOYMHAIOTECS TpPU AEHIO0
HUKYi TemmepaTypi i 3akiHuyrothcs g0 280-300 °C.
Kap6owizauis npu Temnepatypi nonan 300 °C, sk i y Tupci
JepeB, Uepe3 3MEHIICHHS KUIBKOCTI MIKpOmop B
KapOoHi3aTi, 3HIKYE COpPOMLIHHI BIACTUBOCTI OTPUMAHUX
BYTJICLIEBUX COPOCHTIB. ToMy, M BIUIMBOM BHCOKHX
TEMIIepaTyp, YacTKOBO JIerpajye IOpUcTa CTPYKTypa
BYIJICIIEBUX COPOCHTIB Ta 3MIHIOOTHCS ii BIACTUBOCTI, 110
NPUBOJIUTh 10  3HWKEHHS  COpOIiHOI  €MHOCTI
kapOoHizary. ONTUMalbHUM pPEXHUMOM KapOoHizawil
Tupen 3 pizaux mopix aepes € 300 (+ 10 °C) ta yac 8-
10 xBunuH, a 11 cooMH i ucts aepes 250 °C.

[Mpu BU3HAYCHHI ONTHUMAJIEHOTO peXUMY
KapOoHi3amii pOCTMHHOT CHPOBIHHU IPUAIISETHCS yBara K
AKICHIM XapakTepUCTHKaM BYTJIEIIEBHX COPOEHTIB, IO
MPOSIBISIETBCST B COPOIMHMX Ta  MOTJIMHAIBHUX
BJIACTUBOCTSAX, TaK i BUXOAY i KUIBKOCTi, TOOTO MacH.

HocnixenHss npouecy kapOoHizauii Jmcts nepeB
3niticHioBany npu temmnepatypi 250, 300 ta 450 °C ta npu
TPHUBAJIOCTI TMpolecy KapOoHizamii Bix 3 10 9 XBWIWH,
Yyepe3 KOXKHI 3 XBUIIMHH.

B pesynbrati kapOoHizalii Bara JIMCTSl 3MEHIY€ThCS,
mo TpadivHO IOKAa3aHO Ha PHCYHKY 2. 3 KiHETHUHHX
KPUBHUX BTpPAaTH BOJNOTH (pHC. 2), NPH PI3HUX peXRHUMax
TepMOOOPOOKH, BHIHO, IO KapOOHi3amifo JHCTA He
JIOIUTLHO 3AIMCHIOBATH 10 BUTIATy Oinbine 60%, ToMy 110
3MEHIIYeThCSA BHXiZ KapOoHi3aTy Ta BimOyBaeThCA
Jerpajamis IOPUCTOI CTPYKTYPH.
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Puc. 2. Kinernuni kpuBi kapOoHi3alii 3pa3kiB JIHUCTS
nepes npu Temnepatypi (°C): 1 — 250, 2 — 300, 3 — 450

Fig. 2. Kinetic curves of carbonization of tree leaf
samples at temperature (°C): 1 — 250, 2 — 300, 3 — 450

KapOomnizatiro coomMu IpoBOAMIH IPH TEMIIEPATypi
250-450°C, 3 imrepBaizom 100 °C, Ta mpu TpHUBAIOCTI
nporecy kapOonizamii Big 3 mo 9 XBWiHH, Yepe3 KOXHI
3 XBWJIMHH.

B pesynmbrari  kapOoHizaimii  Bara  cOJIOMH
3MEHIIYEThCS, MO IpadiyHO IOKa3aHO Ha PHUCYHKY 3.
KinetnuHi KpuBi BTpaTH BOJIOTH cojioMH (puc. 3), mpu
PI3HHX peXHUMax TEepMOOOpPOOKH, TOKa3yloTh, IIO
KapOOHI3allil0 COJIOMU HE CIiJ| 3AIHCHIOBATH /IO BUIAIY
noHaz 70%, ToMy 110 3MEHIYEThCS SIK BUXiJl KapOOHi3aTy,
Tak 1 BimOyBaeThCs Jerpanarist Mikporop.
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Puc. 3. Kinetnuni xpuBi KkapOoHi3amii 3pa3kiB
COJIOMH 3J1aKOBHX KyIbTyp npu Temneparypi (°C): 1 — 250,
2 — 350, 3 - 450.
Fig. 3. Kinetic curves of carbonization of cereal straw
samples at temperature (°C): 1 — 250, 2 — 350, 3 — 450.

[Ipouec kapOownizamii THpcH XBOWHHUX 1 JINCTSHUX
TIOPiJI IEpeB OCITIDKYBaI pu Temrepatypi 250-450°C,
3 ixtepBazom 50 °C Ta mpu TpHBAJIOCTI Hpolecy
kapOoHi3amii Bif 3 10 9 XBWINH, Yyepe3 KOXKHI 3 XBUJIMHU.
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B pesynbrati kapOoHizalii Bara THpCH 3MEHIITY€E€ThCS,
o rpadidHo mokazaHo Ha puc. 4, puc. 5. 3 KiHETHIHHX
KPUBHUX BTpaTH BoJIOTH (puc. 4, puc. 5), BUAHO, IO TIPH
BCIX pEeXKUMax TepMOOOpOOKH, KapOOHI3aIlil0o THpPCH He
JOLTBHO 37iiicHIOBAaTH 10 BHmany Oimbire 70-75%, Tomy
0 3MEHIIYEThCA BUXiJ KapOOHi3aTy Ta BimOyBaeThCA
JECTPYKIisl IOPUCTOI CTPYKTYPH.
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Puc. 4. Kinetnuni kpuBi kapOoHi3awii 3pa3KiB TUPCH
ropixa npu temneparypi (°C): 1 — 250, 2 — 300, 3 — 350,
4 — 450.
Fig. 4. Kinetic curves of carbonization of walnut
sawdust samples at temperature(°C): 1 — 250, 2 — 300,
3350, 4 — 450.
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Puc. 5. Kinetnuni kpuBi kapOoHi3aii 3pa3KiB THPCH
cocuu nipu Temnepatypi (°C): 1 — 250, 2 — 300, 3 — 350,
4 — 400, 5 - 450.
Fig. 5. Kinetic curves of carbonization of pine
sawdust samples at temperature (°C): 1 — 250, 2 — 300,
3 —350, 4 - 400, 5 —450.

JocmipkeHHss Tiporiecy  KapOoHizalii  pOCIMHHOI
CHUPOBHHH PI3HOTO IOXOJPKEHHS J03BOJIMIIO BCTAHOBUTH,
IO IIPU KOXKHIM JOCIHIDKYBaHId TeMIepaTypi, pexuMm ii
KapOoHi3amii Mae TMEeBHE ONTUMaJbHE  3HAYCHHS
TPUBAJIOCTI, TPU SIKOMY Ha(TO EMHICTH OTPHUMAaHOTO
KapOOHi3aTy € MaKCUMaJIbHOIO.

3a pesynbraraMH HalIMX JOCIIJDKEHb, BYIJIELEBI
CcOpOEHTH, IO OTPUMaHI NUIAXOM KapOOHi3aIlil pocIMHHOL
CHPOBHHHM, MAfOTh Kpamli (i3HKO-XiMiuHI Ta CTPYKTYpHI

MMOKa3HUKKW, Ha(TO €MHICTh, a BEJMYMHA COPOIi H0
Ha(TOMPOMYKTIB 3pOCTae B JeKiJbKa pa3iB, B TOPiBHSAHHI 3
BUXimHOI0O Tponykmieto (puc. 6). Cmig 3a3HAYWTH, IO
copOuiifHa €MHICTh BYTJICIICBHX COPOEHTIB 3 JIACTS Ta
COJIOMH HEBHCOKa 1 3HaxomuThes B miama3oni 0,3-0,5 mr-
ekB/T. B Toif ke wac BemmumHa copOIii KapOOHI3aTIB 3
THUPCH Topixa Ta Oepe3u 3HAaXOAWUThCs y iHTepBani 1,9-
2,2 Mr-eKB/T, a MaKCUMaJlbHi ii OKA3HUKH y TUPCH COCHU
Ta JOCSraroTh 3,5 Mr-ekB/r. JlopeyHo 3BepHYTH yBary Ha
Te, 10 HaTO EMHICTH BHXIJHOT CUPOBHHH THPCH Pi3HUX
NopiJg AepeB He Ayke pisHWiacs Mix coboro. [Ipore,
KapOOHi3aT OTPUMAHUI 13 THPCH COCHH Ma€ OUIbII HIXK
y 2 pa3su Bumy HaPTO €MHICT, B TOPIBHAHHI 3
KkapOOHi3aTaMu 3 THPCH TOpixa Ta Oepesm.

Taoauusa 2. [ormuuaneni Ta  copOmiiiai
XapaKTepUCTHKH BYTJICHEBUX COPOEHTIB i3 POCIMHHOI
CHpPOBHHH, 110 Maia BoJoricts 50-60%.

Table 2. Absorption and sorption characteristics of
carbon sorbents from vegetable raw materials with a
humidity of 50-60%.

Iloka3nuk Tupca
g ®
s |2 & |9 |7
Hadroemnicts, | 11,2 | 54 4.5 4,2 2,8
r/r
Vs (CeHe), 0,09 | 0,05 | 0,04 | 0,04 | 0,02
cMe/T
Vs (H20), 0,12 | 0,09 | 0,07 | 0,07 | 0,04
cMe/T
COC€, mr-exs/r | 3,6 2,3 2,0 0,5 0,3
Sur, MAT 13,1 | 10,1 10 | 104 | 6,1
30ibHICTD, % 1 2,1 1 21,2 | 15,2

Bennunuu HadTO €MHOCTI Ta copOliiiHa 34aTHOCTh
BUXIZHOT POCJIMHHOT CUPOBHUHH, SIKi ITOKa3aHI HA PUCYHKY
1 cBim4aTh, 110 y THPCU COCHU Ta ropixa JOCTATHHO BUCOKI
1 TOMY BOHH MOXYTb 0€310cepeiHb0 BUKOPUCTOBYBATHCS
JUlsl  TIOIJIMHAHHS — NaJMBHO-MAaCTHJIBHHUX  MaTepiaiiB.
IIponiec TepmiuHOoi OOPOOKH POCTUHHOI CHPOBUHH
30LTBITYE COpOIIHY €MHICTH OTPUMAaHUX KapOOHi3aTiB
NpUOJIM3HO y MiBTOpa pas3u, a HaQTO €MHOCTI 3pOCTa€e B
2,3-4,1 pasu 1 mocsrae y THPCH COCHH, SIK HAWIIIIIOTO
copbenty, moHan 11 r/r.

BaxnmBe 3HaYEeHHS U1 TPAKTUYHOTO 3aCTOCYBAHHS
copOeHTIB Mae OIliHKa iX EeKOHOMIuHOI Ta (iHaHCOBOT
epextuBHOCTI. IIpM BHUKOpHCTaHHI TOOIYHOI CHPOBUHH

POCIMHHOTO TIOXO/KCHHS B SKOCTI COpPOEHTIB, BHTpPaTH
mpu iX 3aCTOCyBaHHI, TOB’s3aHi mepegyciMm 3 iX
BHECCHHSAM, 30upaHHAM Ta  yrwmzamiero. [Ipu

BHUKOPHUCTAHHI BYTJICIIEBUX COPOEHTIB, OKPIM 3a3HAYEHUX
BUTpAT, OTPUMaHHS BYIJIEHEBUX COpPOEHTIB 3 MOOIYHOI
NPOJYKLIT POCIMHHOTO TIOXO/DKEHHS IIOB’S3aHO 3
JIOZIATKOBUMH EHEPreTHYHHMHM 3aTpaTtamMu, a OTXKe 1
30pOKYEeHHSIM coOiBapTocti copOenriB. Ilpore, Hamri
JIOCJTIJPKEHHS TTOKa3aJIy, 110 BHOCUTH BYTJIENIEBI COPOESHTH
OimpIn  pamioHa bHO, B TOPIBHAHHI 3 TOOIYHOIO
CHPOBHHOIO POCJHMHHOTO TIOXO/DKEHHS, 3 SKUX BOHHU
oTpuMaHi. Byrienesi copbentu MarooTe HadTO €MHICTH
y 3—4 pasu BuIly, B HOPiBHSAHHI 3 BHXIiJHOIO CHPOBHHOIO
POCIIMHHOTO TIOXO/PKEHHSI, TOMY iX BHOCHTBCS BiJIIIOBITHO
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B 3—4 pasu MeHIIe, nMpu Tid caMiid copOmiiHii Ta HadhTO
MOTJIMHAJIBHIHN 34aTHOCTI.

Brecenns, a ocobnmBo 30mMpaHHA, COPOCHTIB
CKIamHUM Ta, 1O NEBHOI MipH, 3aTpaTHUIl Iporec.
CymapHi BHTpaTH Ha KapOOHi3aIllil0 MOOIYHOI CHpPOBHHHU
POCIMHHOTO MOXO/PKCHHS Ta BHECEHHI 3HAYHO MEHIIOTO
00’eMy ByIJIELEBHX COPOCHTIB Ul 3HE3apaKeHHs
HaTONMPOAYKTIB, HE IEpPEeBEpUIYIOTh 3aTpaTH Ha
BUKOPHCTAaHHS B SIKOCTI COPOEHTIB MOOIYHOI MpOIYKIil
POCIIMHHOTO TIOXOJKEHHSI.

Ciin  BpaxoBYBaTH TakoX, IO BHUKOPHCTaHHS
KapOOHI3aTiB  JuIs  TOMIMHAaHHA  Ha(TONpPOIYKTIB,
NOB’s3aHe K 3 MEHIIMMH BUTpaTaMH Ha 3aCTOCYBaHHS
(B 3—4 pasu MeHImi 06’eMaMu iX BHECEHHS Ta 30MpaHHS),
Tak 1 Ha yTWIi3amifo, B TMOPIBHAHHI 3 MOOIYHOIO
HPOAYKUIE0 POCIUHHOTO MOXOKEHHS.

BucHoBku

1. KapOowizarfist mo6i4HOT MPOAYKIIT POCIHMHHOTO
MOXO/KEHHSI, IPOBEJIeHa IpU TemIiepatrypi B Mexax 200-
300 °C na mpotssi 8-10 xB., nokpantye (hizuuHi, XiMiumi,
CTPYKTYpHI, IMOTIMHANBHI Ta COpPOIiiHI XapaKTePUCTHKH
BYTJICLIEBUX COPOCHTIB.

2. ByrmemeBi copOeHTH OTpUMaHi  METOAOM
KapOoHi3amii MaroTh BUIIY COpOLIHHY €MHICTh Maibke y
1,5, a HadrO emHiICTF — 4 pasu, B TOPIBHSIHHI 3
BIINOBITHAMH  TOKa3HWKaMH  BHXIZHOT  MPOXYKIii
POCIIMHHOTO TIOXOKEHHSI.

3. ByrmeneBi copOeHTH 3 THPCH COCHH MAlOTh
y 1,54 pa3u Bumi copOuidHI XapakTepUCTHKU B
MOPIBHSHHI 3 KapOOHi3aTaMK OTPUMaHHMU 3 TUPCH TOpixa
1 6epesn, COIOMH Ta JIUCTS ACPEB.

4. ExoHOMIYHO, (iHAHCOBO Ta €KOJIOTIYHO, IpH
OYMIIEHHI TpyHTY 1 BOOM  Big  3a0pyIHCHHS
HapTOMPOAYKTAMH, OUTBII HOIUIEHO BHKOPHCTOBYBATH
BYTJICLIEBI COpOCHTH, HIK O0€3MOCepeaHb0 TOOIUHY
NPOAYKIII0 POCIHHHOTO TOXOIKESHHS.
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TEXHOJIOTUYECKAA CYIIHOCTH ITOJIYUEHU A
YI'JIEPOAHBIX COPBEHTOB HA OCHOBE
PACTUTEJIBHOI'O CBIPBS U X
OKOHOMUMYECKA S DODPEKTUBHOCTD
A. H. Kanusowrxo, H. @. Karusowko

AnHoranmsi. IlokazaHo, 4YTo B CBS3M  CO
CTPEMUTEIHHBIM YBEIMICHUEM KOJINYEeCTBa
TPAHCIOPTHBIX ~ CPEACTB  YBEIHYUBAIOTCA  OOBEMEI
HCIIOJIb30BaHMS TOpIOYe-CMa309HBIX MaTepHajoB,
KOTOpBIE BONPEKH BCEM CpeIACTBAM H  IpHUeMaM
MPEJOCTOPOXKHOCTH, Yepe3 PO3IUBHI M  IPOJIUBHI

3arpsA3HAIOT OKpYy’Kalomylo cpexy. McciaemoBaHo, Kak
HE(PTENPOAYKTHI U MPOAYKTHI UX PA3JIOKCHHS, KOTOPHIC
MIOTIAJAI0T B OKPY)KAIOIIYIO Cpeny, 3arps3HSII0T MOYBY U
BOAY. DPPEKTUBHOCTH OUUCTKU MIOYBBI 1 BOJIBI 3aBUCHUT OT
croco0a, TEXHOJIOTHH, METOMAa, CPEICTB M IPHEMOB.
Oco0y0 TOmyISIpHOCTE ¥ PACIPOCTPAHCHHE OYHCTKH
IOYB W BOJBI OT 3arps3HEHUs] HAOWpaeT METOH COPOIUH
(mornomenust).  IlpoaHanu3upoBaHO, KAk  METOAOM
copOlMHU, TIPU OTHOCHUTEIBHO HEBBICOKMX 3arparax,
obOecrnieunBaetcst 3PPEKTHBHAS OYUCTKA ITOYBBI U BOJIBI OT
HedTenpoaykroB. OOOCHOBaHA TEXHOJIOTHS TOTyYCHHUS
YIIEPOIHBIX COPOCHTOB METOJOM KapOOHM3AIMH C
MOOOYHON TPOAYKIIMU PACTUTEIHHOTO TMPOUCXOXKISHUS
(ommiky, cooMa, JIUCTHS ), 00bEMbI KOTOPBIX JIJISi CHHTE3a
YTIEPOIHBIX COPOSHTOB MPAKTHYECKH HE OTPAHHUYCHBI.
Ocgeriena CYIITHOCTH mporecca  KapOOHM3AIMH
YTIIEPOTHBIX COPOEHTOB HA OCHOBE PACTUTEIHHOTO CHIPBSI.
Hanbl  ¢usnveckwe,  XUMHYECCKHE,  CTPYKTYPHEIC,
COpOLIMOHHBIE ¥  TOTJIOMIAIOIIAE  XapaKTCPUCTHKH
PACTHUTEILHOTO CHIPhsSI M TIOJTYUYCHHBIX C HETO YTIIEPOIHBIX
COpOCHTOB. PacKpBITBI 3KOJOTHYECKHE, YKOHOMHYCCKHE
npeumymiecTsa u 3()(HEeKTUBHOCTH YIIIEPOIHBIX COPOCHTOB

pPaCTUTENFHOTO  IPOWCXOXIEHHUS Ui OYUCTKH  OT
HE(PTETPOAYKTOB, B CPAaBHCHHH C IPYTUMH METOIAMU
OYHNCTKH.

KialoueBble  cjioBa:  yIrIIepoAHBIE  COPOCHTHI,
BHEIIHSS cpena, JKOJIOTHYECKast 0e30IMacHOCTb,
SKOHOMUYECKHE MMOKa3aTeJu, KapOoOHM3anus,

HedTenpoayKThI, COPOSHTHI, COPOLIMOHHAS EMKOCTb.

TECHNOLOGICAL ESSENCE OF CARBON
PRODUCTION SORBENTS BASED ON VEGETABLE
RAW MATERIALS AND THEIR ECONOMIC
EFFICIENCY
O. M. Kalivoshko, M. F. Kalivoshko

Abstract. It is shown that due to the rapid increase in
the number of vehicles, the use of fuels and lubricants is
increasing, which, despite all measures and precautions,
pollute the environment with harmful and toxic products
through spills and spills. It has been studied how oil
products and their decomposition products that enter the
environment pollute the soil and water. The efficiency of
soil and water treatment depends on the method,
technology, method, tools and techniques. The method of
sorption (absorption) is becoming especially popular and
widespread in the purification of soils and water from
pollution. It is analyzed how the method of sorption, at
relatively low cost, provides effective purification of soil
and water from petroleum products. The technologies of
obtaining carbon sorbents by the method of carbonization
from by-products of plant origin (sawdust, straw, leaves),
the volumes of which for the synthesis of carbon sorbents
are practically not limited, are substantiated. The essence
of the process of carbonization of carbon sorbents on the
basis of vegetable raw materials is highlighted. Physical,
chemical,  structural, sorption and  absorption
characteristics of plant raw materials and carbon sorbents
obtained from it are presented. The ecological, economic
advantages and efficiency of carbon sorbents of vegetable
origin for purification from oil products, in comparison
with other purification methods are revealed.

Key words: carbon sorbents, environment, ecological
safety, economic indicators, carbonization, oil products,
sorbents, sorption capacity.
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bion. 17, puc. 4, maéba. 0.

AHoTanis. B poboti HaBemeHi perpeciiiHi Mozeni
TEXHOJIOTIYHUX TPOIIECIB MiCI30MpatbHOI 00poOKH 3epHa
(IT303). YV TexHomoriuHii Mozeni (yHKIIOHYBaHHS
cucremu [I1303 B3aeMONOB’s3aHI TMOKAa3HUKU SKOCTI
poboTH OOnamHaHHS 3 BIPOTIAHICTIO 3HAXO/PKEHHS Ha
JIOITYCTUMOMY PiBHI YMOB POOOTH, TEXHOJIOTIYHOTO CTaHy
cucteMu 1 BHyTpilmHIX nepemkon. [IpeacraBnena
TexHosoriyHa Mojeib cuctemu [1303 1 perpeciiini moaeni
(byHKIIOHYBaHHS 3epHOOUNCHHUX MauiuH (30M) y Burisi
OJIHO{ 1 TPBOX MiJICHCTEM.

Po3pobnena TexHoMOTiYHAa MOAETh (HYHKIIOHYBaHHS
texHiuHOi  ocHamieHocti  (TO)  TI303  mokasye
HEOOXITHICTh BHU3HAYCHHS TEXHOJOTIYHUX JIOIYCKiB
MTOKA3HHKIB AKOCTiI poOOTH 3epHOOUNCHIX MaImuH (30M)
B YMOBax 1X HOpMaJIbHOTO (D)yHKIIOHYBaHHS, 110 Mae OyTH
BpaxoBaHO MpHU  PO3pOOI[  METOAIB  PO3PaXyHKY
napametpiB TO mporecy [1303.

Perpeciitni Mmozeni TexHousoriunux npoiecis [1303 B
HOPMOBAHOMY BHWIJISIIi € OCHOBOIO [UIsi OTPUMAaHHS
MaTeMaTUYHUX MOJeNeil MPOrHO3y IOKAa3HMKIB SKOCTI
(YHKIIOHYBaHHS MAIlFH 1 arperariB B MOJFOBUX YMOBAX i
NPOBENICHHSI ~ MAIIMHHOTO  €KCHEPUMEHTY  METOJOM
IMITAIitHOTO MOJIEJTFOBAHH.

Karwu4osi ciaoBa: micnsazoupansHOi 00poOKH 3epHa,
MaTepial, MOeIhb, MOKa3HUKH (DYHKITIOHYBaHHS.

ITocTraHoBKa MpoGIeMHU

IIpu cTBOpeHHI HOBHX TEXHOJIOTIYHHX KOMIIJIEKCIiB
s 11303 HeoOXiHO BUKOPHCTOBYBATH METOIUKH, IIIO
BPaxOBYIOTh peajibHi YMOBH (DYHKIIOHYBaHHS MalIuH i
ycrarkyBaHHS. HalOinbin OCTOBIpHI pe3ynbTaTH HpHU
LIOMY MOJKE JIaTH METO/| IMiTallifHOr0 MOAEIIOBAaHHS, IO
BPaxoBY€E KOMIUIEKC SAKICHUX MOKa3HHKIB
(YHKIIOHYBaHHS 36pHOOYHMCHHUX MamuH [ 1, 2].

AHaJti3 ocTaHHIX J0CTiIKEeHb
B ocranHiX JOCHIIKEHHSIX BCTAaHOBJIEHO, IO

e(peKTHBHICTh (YHKIIOHYBAaHHS KOMIUIEKCY MAIlWH IS
1303 minpHO B3a€EMONOB’S3aHA 3 YMOBaMH Ta

MOKa3HUKAMU POOOTH BHKOPUCTOBYEMOIO OOJIaHAHHS.
[MoOymoBa miHiHEX Momemell 00’€KTiB  TEXHIYHOL
ocHameHocti 1303 B pmeskiit Mipi cmoTBOproe (Pi3muHy
CYTHICTB SIBHIII, 1[0 BiOYBAIOThCS B CHCTEMI, ajie, IPOTe,
e  JO03BOJIIE  BUPINIYBATH  CKJIAAHI  3aBJaHHSA
NPOCKTYBAHHS TEXHOJOTTYHUX O0’€KTIB 1 MPOBOIUTU
SKICHY 1 KUTBKICHY OLIHKY TX BUXiZIHUX KoOopauHAaT [3-9]

Mera gocJaigkeHb

MeTor0 JOCIIIKEHD € MIAr0TOBKA HEOOXITHUX JaHUX
UL MOJCTIOBAHHS TPOTpPaMH Ta CKIQJAHHS IUIaHY
peaitizarii eKCIIepUMEHTIB 110 00T PYHTYBaHHIO ITApaMeTpiB
1303.

Pe3yabTaTH 10CHiTKeHb

VY TexHOJOTi4HIN MoJeli (YHKIIOHYBaHHS CUCTEMH
303 (puc. 1) [Noka3HuKH SKOCTI poOOTH OOIaTHAHHS
TICHO B3a€MOTIOB’SI3aHi 3 BIPOTIMHICTIO 3HAXO/KCHHS Ha
JIOITyCTUMOMY PiBHI YMOB poOOTH, TEXHOJIOTIYHOTO CTaHYy
CHCTEMH i BHYTPIIIHIX MEPEIIKOI.

Jis 3a1aHO0l TEXHONOTIYHOI MOAe i QYHKITIOHYBaHHS
TO II1303 BBeneHi iHACKCH MAIIWH, SKi CIYXaTh IS
00pobOku Matepiany "Hegiiika" y BiIIiJICHHI, CKITaJCHOMY

3 MOJIOTapHO-CETapyryoro HPUCTPOIO,
3epHO30MpanbHOoro  kombaitHy (3YK) Ta wmammHM
MOTIEPETHHOTO OUHIICHHS (MIIO), abo

€KCIePUMEHTAIBHOTO MOJIOTapHO-CENapyodoro OIoKy
(COB).

IMonanpnra 06poOka Takoro Marepianry ado Ky, 1o
HaJIXOJUTh Bi KOMOaifHa 3 MOJIsl, MOXKE ITPOBOANUTHCS Ha
cTaiioHapHOMY KoMmIutekci tury 3AB, no ckmany sikoro
BXOJSITh MamnHa nepBuHHOTO ounmenHs (MIIpO) i
Tpiepuuid 0ok (bT). B iHmmx Bumagkax marepiall MoXxe
o0pobmsTcss  Ha  BopoxoouucHuky  (OBII) i
3€PHOOYUCHUKY (CM). HacinueBuit Marepian
nepen0ayaeTbesl J0JATKOBO MPOIMYCTUTH 4Yepe3 MAIlIuHy
BropuHHOTO ounieHHs (MBTO) i maeBmocrin (CIIC).
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Z —BeKTop (hYHKIIiSI CTaHy CHCTEMH;

F —BeKTop (yHKIis yMOB poboTH;
Y —BeKTOp (yHKIis TOKa3HHUKIB poOOTH;
U —BEKTOp (DYHKIIiS yIPaBIiHHS;

D —BexTOop  (QyHKWiS  BHYTPIIIHIX  MpOLECIB
(mepemko).
Puc. 1. Texuomoriuna MOJICITb CHCTEMH

micis30upaIbHOI 00pOOKH 3epHa

Z —vector of the system state function;

F —vector of the function of operating conditions;

Y —vector of the function of performance indicators;

U —vector of the control function;

D —vector of the function of internal processes
(noise).

Fig. 1. Technological model of the post-harvest grain
processing system

Po3pobneHa TexHOMOTIYHA MOIETh (HYHKIIIOHYBaHHS
TO TII303 moka3dye HEOOXiOHICTE  BH3HAYCHHS
TEXHOJIOTIYHUX JIONMYCKIB TIOKa3HHUKIB SIKOCTI poOOTH
3epHOouHCcHUX MamuH (30M) B ymMOBax iX HOpMaIbHOTO
(G YHKIIOHYBaHHS, 1[0 Ma€ OyTH BpaxOBaHO MPH PO3POOIT
MeToiB po3paxyHKy napamerpiB TO mpouecy [1303.

PosrasiHemo Mopenb  (QYHKUIOHYBaHHS — OKPEMO
mpamorodoi  30M, TpencTaBIeHOi 'y BUTILIAL  OgHI€T
migcucTemu (puc. 2).
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Puc. 2. Mogenp (QyHKIIOHYBaHHS 3€pHOOYHCHOI
MAIIMHY Y BUJIA OHI€T MiICUCTEMU.

Fig. 2. Model of functioning of the grain cleaning
machine in the form of one subsystem.

Po3pobnena mopens QyskiionyBanas TO T1303
MOKa3ye HEOOXiAHICTh BHU3HAYEHHS TEXHOJOTTYHHUX
JIOITyCKiB MOKa3HUKIB sikocTi podotn 30M B ymoBax ix
HOpPMaJIBHOTO (DYHKIIOHYBaHHS, 10 Ma€ OyTH BpaxoBaHO
Ipu  po3podLi MeToniB po3paxyHKy mnapamerpiB TO
npouecy [1303.

Ha Bxoxi Mopzeni Jiie BeKTOp-(QYHKIIS YMOB poOOTH,
CKJIaIOBMMH siKoi € mojada P(t), BuXimHa 3acMideHIiCTh

Su(t), Hatypa 3epra Hu(t). Sk 3a3Ha4eHO B TOCIiHKSHHSX,
BojoricTh W  BHXIIHOTO 3€pPHOBOTO Marepiary B
MBICHHUX pailoHax YKpaiHW NMPakTUYHO HE BIUIMBAE Ha
MOKa3HUKN (QyHKIioHyBaHHS 30M (32 BHHSATKOM DPHCY-
3epHa). BTpaTtu mOBHOIIHHOTO 3epHa y Bimxonmu i edekr
OYHIIEeHHS (DIKCYIOThCA B TIOJIE 3aJaHOTO JIOITYCKY.

BuxigHi mapameTrpu  NpeicTaBieHI  BEKTOPOM-
(YHKII€I0 TOKa3HHWKIB sKocTi pobotu MamumHu. lle
npoayKTuBHICTh Q(t), KiHIeBa 3acMivenicTh Sk(t) i HaTypa
ounienoro Matepiany Hk(t).

KepyrounMn  BruMBaMM B MOJEN  NPUHHATI
KOHCTPYKTUBHO-TEXHOJIOTI4HI napameTpu ki
(reomeTpryHiI pO3MipM 1 THO IpaT4aCTUX OTBOPIB,

mapaMeTpyd TMOBITPSIHUX TIOTOKIB, CTYIIHb BiIKPUTTS
MMOKUBHUX 3aCIiHOK 1 T.I.) i KiHEMaTWYHI TapaMmeTpH
periT, IeK, THEBMOCTOIMIB, OapabaHiB TpiepiB i iH. .

Jlns OWiHKHM SKOCTI PO3paXxyHKOBa CXeMa MOZEIi

¢yaxmionyBanHsI 30M ZOMOBHIOETHCS BEKTOPOM
Y, = @nty Skn(ey Hiey b 1)

SKAH  periaMeHTye  poOoTy  BOPOXOOYHMCHHKA.
BinxuinenHs BEKTOpY ) Bill BEKTOPY J, BU3HAYAE TOYHICTh
po6otu 30M [14], npudoMy BiAXIICHHS

E. =y-Vy.s @

YTBOPIOE B 3araJIkHOMY BHIIA/IKy BEKTOD

1 2 i !
E,={ex(t)e2,...e2(t),...e= ()} (3)

Bektop MoOXHa poO3MIsSAaTH SK BUXIAHUI BEKTOP
SKOICh  ieaibHOI  MallMHM, MO0 3a0e3medyye il
¢ynkuionyBanns 0e3 nommiok (E; = 0) BimnosizHo mo
BCTaHOBJICHHX JULst Hei TEXHOJIOTIYHUMH,
eKCITyaTallifHUMK,  €HEPTeTHYHUMH  Ta  IHIIMMHU
BuMoramu [ 14].

Posrnsaemo  momens  ¢yHkmionyBaHHs — 30M,
MPeJCTaBICHy B BHTIIAI TPHOX mimcucteM (puc. 3.),
KoxHa 3 sxux mae ommH Buxim Q(t), Sk(t), Hk(t), i Tpu
Bxoau P(t), Su(t), Hu(t).
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Puc. 3. Mogens (yHKIIOHYBaHHS 3€pPHOOYHCHOI
MAaIIWHHU Y BUTJIAA1 TPHOX IMiJCHCTEM.

Fig. 3. Model of functioning of the grain cleaning
machine in the form of three subsystems.

Omneparop A;i (i = Q, Sk, Hk) BusHauae BnactuBocTi
KOXXHOI 3 MIJICHUCTEM 1 XapaKTepu3ye MepeTBOPCHHS
BximHux BromuBiB P(t) Su(t) Hu(t) Ha BuximHi. BxigHuii
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mporec F(t) 30M mepeTBOPIOETBCST 332  JOMOMOTOO
omneparopa A; B BUXimHui nporec y(t) tak [15]:
y(t) = Ai[F(t)]' (4)
Bcranosneno, mo npouecu F(t) 1 Y(t) € BunagxoBuMu
1 3a71ar0ThCs Oe3MivYro 1X peanisailii, TOOTO

Fey = {Peys Sty Huey }

1?)(t) = {Q(t) Sk(ty, Hrv)} )

OmnepaTop CHCTEMH BH3HAYa€ YCTAaHOBKY, IO SKii
KOXKHOI peamizamii BXiZHOTO CHTHAly CTaBIATBECA Y
ONHO3HAYHY a0o B3aiMOOJHO3HAYHY BiIMOBITHICTH
peanizarii BUXigHOro curnany [15]. s koxHOT Mozen,
NpeACTaBIeHol Ha puc. 3, NPU TakOMy BU3HA4YCHHI
orepaTopa MOXKHa 3alIMCaTH HACTYIIHI CIiBBIIHOIICHHS:
Q(t))= AQP[P(t) + AQSu [Su(t)]+ AQHu [Hu(t)]
Sk(t)=APSK[p(t)+ASuSKk-[Su(t)]+ASKHU[Hu(t)] (6)

Hk(t)=APHK[p(t)+ASuHKk-[Su(t)]+AHKHu[Hu(t)]

3 mporo BUpasy (6) BugHO, mo oneparopu AQi, Aski,
AHKI BCTaHOBIIOIOTH BIOMOBIAHICTE MIX BXITHUMH
BrtmBamu P(t), Su(t), Hu(t) i Buximaumu 3minaaMu Q(t),
Sk(t), HK(t).

AHaniTHyHUA MeTox TOOYIOBM MaTeMaTHYHHX
Mozeneit 30M 3BOAMTBCS MPAKTHYHO JO ONUCY IX
pobounx OpraHiB i HaBiTh €JIEMEHTIB IIMX oprauiB. [Ipu
LOMY BHHHMKaE CKIaJHa 3ajada uepe3 YUCICHHI
BHYTPIIIHI 1 30BHILIHI CHJI, IO MIOTh Ha 3EpPHOBHHI
Marepial NpU PI3HUX eTamax MPOXO/KEHHS HOro Mo
pobounx opranax. Tak, 10 yBaru OepeTbcsi CTOXaCTHYHA
mpupoAa yMOB (YHKIIOHYBAaHHS MAIINH, i OTPUMATH
MPOTHO3 TOKA3HHKIB SKOCTI POOOTH TOCTIIKYBaHUX
00’€KTiB B yMOBax iX HOPMaJbHOTO (YHKIIIOHYBaHHS IPH
BHUKOPHCTAHHI aHAIITHIHOTO METOy HEMOXJIIHBO [17].

VY 3B’A3Ky 3 UM NOOYyIOBa MoJeNed 3MiHCHIOETHCS
MeTOJIOM ifeHTH(diKaIii — OTOTOKHEHHI MOJENi 00’ €KTY-
opuriHay mO BigoMuM "BXimHUMH" 1 "BUXiTHEMH"
naHuMu [16].

ITobynoBa MaTeMaTH4YHOT MOJENI TEXHOJOTIYHOTO
mnporiecy 06’exkta ITYO3 (3epHOOUMCHOT MamuHH abo
arperary) MeroJoM izeHTudikaiii nependavae HacTyIHe.
[Ipu cranux pexxumax poOoTH (3 ypaxyBaHHAM KyJIbTYpH,
il mpU3HAUYEeHHs, IKOCTI BUXIZHOTO MaTepiaity, BUKOHAHHS
JIOITyCKiB Ha TOKa3HWKH (yHKIioHyBaHHI 30M i iH.),
CHHXPOHHO BiJOMpPAarOTh peaii3allii BXiTHUX | BHXiTHUX
3MIHHHX. 3a [UX peaji3aliii BH3HAYAIOTHECS OIIHKH
oneparopoM A. Bru3pKicTh OLIHKK omeparopa A A0 HOro
ICTHHHOTO 3HAYCHHS BU3HAYAE BiIOBIIHICTH PEalbHOTO
00’eKTy 1 MOZIETI.

KibKiCHOO OIIIHKOI MOXe OyTH TucHepciiiHa Mipa
imerTHyHOCTI Mozeni [15]:

Dl
fD = _y'
Dy
ne Dy — aucnepcist BUXiZHOT 3MiHHOT;

D,! — wactuna nucnepcii Dy, 06yMOBJIEHa BXiAHUMU
smiaauMHE P(t), Su(t), Hu(t) abo aucmepcis mporxo3y.

Jnst ineHTudiKamnii CTaTHIHUX MoJeIen
BUKOPUCTOBYETHCS perpeciitanit aHai3. Jns
iIeHTU(IKAIT JHHAMIYHAX MOJENCH BUKOPUCTOBYIOTHCS
BiZOMI CHIBBIJHOIIEHHS B THUMYacoBili 1 4YacTOTHIH
obmactsx (kopernsmiiHi QyHKIII, cieKTpajbHi IIiILHOCTI,
aMIUTITYJHO-4aCTOTHI  XapaKTePHCTHUKH, IIepelaBalbHi
¢yHKii Ta i8.) [14].

CyKymHICTP Ha3BaHUX JABOX THIIIB MoJeNeil Jae
JOCUTh BHYEPIHI XapaKTEPUCTHKH TPH JIOCIIKCHHI

()

poboUnX opraHiB 3 METOO iX ONTUMI3allii, AJIT IPOTHO3Y
MOKa3HHUKIB SKOCTI pOOOTH MaIlWH, IS CKJIAJaHHS
TEXHIYHHX 3aBJIaHb HA IIPOCKTYBAHHS Ta iH.

VsBiMO 6araToBUMipHY MOAENHh 00’€KTIiB y BHIJISII
OIHOBHMIipHUX Mojenel (puc. 4.), BAKOPHCTOBYIOUH ISt
nporo mpuHOMI cynepnosumii. Omepatop A (puc. 2.)
MOXKHa YSBUTH TPH I1IbOMY CYKYIHICTIO HPUBaTHUX
OIepaTopiB JUIs BUMAJAKY, KOO Ha "BXomi" i "Buxomi" mo
TpH 3MiHHUX — BignoBigHo: P(t), Su(t), Hu(t) i Q(t), Sk(t),
HKk(t).

P B R |
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Puc. 4. OgaOMIipHI po3paxyHKOBI MoJei
Fig. 4. One-dimensional calculation models

4= (42,42, 49,49, 45, 49,40, 49,42, @
V¥ pasi, sikmio Ha "Bxomi" aBi 3minHHI P(t) n Su(t), a Ha
"suxomi" Tpu — Q(t), Sk(t), I1(t), To oTprmMaemo Bupas3:
to = D, AP, 4D, 4P, 49.40) @
3aBaa”Hsa o0y moBH Mozeni perpecii
TEXHOJIOTIYHOTO nporecy Oy 1b-SIKOT
CLTBCHKOTOCMOJAPCHKOT  MAIIMHU ~ 3BOJHUTHCS  JIO
BU3HAYCHHS  OLIHKM  YMOBHOTO  MareMaTHYHOIOo
OUIKYBaHHS Mys BHUXIIHOT peawizauii y BIIHOCHO
¢bikcoBaHuX PiBHIB BXiIHHX pearmizaril ) [14].

VMOBHe MareMaTHuHe criofiBanus my/f=M - [L;')]

BUIAJIKOBOrO TIpouecy Y M0 (IKCOBAHOMY 3HAYCHHIO
imoro npouecy Fg = f y dikcoBanuii MomeHT uacy ty
BU3HAYAETHCS BUPA3OM:

myr = Zo yfONf; taldy. (10)

Ieit Bupa3 mpencraBisie (YHKINIO — pErpecito —
3aJICKHICTP  YMOBHOIO  MAaTeMaTHYHOTO  O4YiKyBaHHS
pearmizamii BHITAJKOBOTO BXIJHOTO TMPOIECY V) BiI
3HAYCHb peai3alii BUMaJKOBOTO BHUXiTHOTO Tporecy f).

PiBassHHS  perpecii MoOXyTh OyTH  JiHIHHUMH 1
HeTHIHHUMH.
OCKiNbKM Ui BHUpIOICHHA Hamoi 3agadi  He

BHCYBA€THCS TpOrpama JOCIiIKEHb 10 OOIPYHTYBaHHIO
parmioHaTFHIX abo ONTUMAJILHUX 3HAYEHb
KOHCTPYKTUBHUX, KIHEMaTHYHUX 1 IHIIMX MapaMeTpiB
po0OoUnX OpraHiB CUIBCHKOTOCTIOAAPCHKUX MAIIHH, a
PO3MIISIAETHCSL  NIPOTHO3HE 3aBJaHHS 3 BHM3HAUCHHS
MOKa3HUKIB SIKOCTI POOOTH 00’€KTy, TO 3yNMMHHMOCS Ha
JiHIHHOT perpecii.

PiBHstHHS  siHiMHOT  perpecii  peamizamii  y(
CTaI[lOHAPHOTO BHIAJKOBOTO IPOILECY 1010 3HAUYEHHS fi
peaiizanii f(y iHIIOTO BHIIAJAKOBOTO MPOIECY MA€ BUTIIA

[196]:

_ SyR
My/p =my +

L (f —my),

> (1)
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Je my 1 mf — cepeiHi 3HAYECHHS BXIAHUX 1 BUXIJIHUX
MIPOIICCIB;

Sy 1 St — ceperHpOKBaipaTHYHE BiAXHUIICHHS;

Ryt — 3Ha"ueHH: Koe(ilieHTa KOPEIsIIii.

Skmo ysBuTH

SyRys =b
Sr
i
my, — bmf =aq,
TOxi
my,r = a+ bf,
Je aib — xoediuieHTH IiHIKHOI perpecii.
3radyeHHsA KoedimieHTIB a 1 b oOuncmoeTscs
BIIOMHUMH METOJaMH (HaIpUKJIAL, METOJOM HaiMEHIINX
KBaJpaTiB).

BuxopucroByrouu MIPUHIUIT CYTIePITO3UIIiT,
0araToBUMIpHY MaTeMaTHYHy MOJAEIb 00’€KTa MOXHa
YSIBUTH . K CYKYIHICTb HOr0 OJTHOBUMIPHUX MOJENEH.

Takum umHOM, OararomapaMeTpU4Hy perpeciiiny
MOJIC/Ib  TEXHOJIOTIYHOTO MPOIECY  JOCHIIKYBAHOTO
00’€eKkTa 3 TPhOMA BXiJJTHUMH Ta BHX1THUMH MTEPEMIHHUMH,
3 ypaxyBaHHAM Bupasy (7), MOXXHa MpPEICTaBUTH Y
BUTJIISAIL:

(12)

mQ/P = apQ + bPQ . P
mSk/P = aPSk + bPSk P
My, p = Appy, + stk P
mQ/Su = aSuQ + bSuQ . Su

Msy s, = Gsusp T Dsys " Su (13)
Myy,s, = A,y + bs,my  Su
Mmo/Hy, = AHyQ + bHuSk ’ Hu
Mgy 1y = AHysy T by,s, * Hu

My by, = Ay, + by, - Hy
Jliist 00’ekTa 3 TBOMA BXiIHUMH 1 TPhOMa BUXITHUMHU
3MIHHUMH OaraTomnapamMeTpudHy perpeciiHy MoJenb, 3
ypaxyBaHHsIM Bupasy (10), MOXHA YSIBUTH Tak:
mQ/p=apQ+pr‘P \
Mg, p = Qps, + bps, - P
Mup = Apy + bp - P
m =as o+ bs oS (14)
Q/Su Su@Q SuQ “u
Mg, 5, = s,s; T bsys, 'SuJ
Mys, = As,n T bSun Sy
OTpuMaHi MaTeMaTHYHI MOJENi 3aCTOCOBHI [0
00’€KTIB, OCHIPKEHUMH HaMH B YMOBaX HOPMaJbHOTO
(YHKI[IOHYBaHHS NPH BUNPOOYBAaHHIX 1X B MIBICHHOMY
perioHi Ykpainu.
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PET'PECMOHHBIE MOJIEJIN TEXHOJIOI'MYECKHNX
[TIPOIIECCOB IMOCJIEYBOPOYHOM OBPABOTKH
3EPHA
E. B. Muxaiinos, H. A. 3a0ocnasn

AnHoTanus. B pabote mpuBeneHB perpecHOHHBIE
MOJIENIN TEXHOJIOTUYECKHUX IPOLECCOB MOCIeyOOpOUHOM
obpadotku 3epHa (ITYO3). B TexHonornueckoit momaenu
¢yHKunornpoBaHus cucteMbl [1YO3 B3auMOCBs3aHHBIE
MOKazaTenu  KadecTBa  paboThl  00OpyHOBaHUS  C
BEPOSITHOCTSMU HAaXOXICHHUSA Ha JOMYCTHMOM YpOBHE
YCIOBHH PabOThI, TEXHOJOTHIECKOTO COCTOSIHUSI CHCTEMBI
1 BHyTpeHHuX momex. IlpexcraBineHa TexHOJIOTHYECKas
mozaens cucteMbl IIYO3 u  perpecuoHHble MOJENU
(YHKIIMOHMPOBAHUS 3epHOOUUCTUTEIbHON MatuH (30M)
B BUJIE OJHOU U TpeX MOACUCTEM.

PazpaboTtanHas TEeXHOJIOTHYeCcKas MO/JIeJIb
(GyHKIMOHMpOBaHUS TexHU4Yeckoil ocHameHHocTH (TO)
I[IYO3 mnoka3piBaeT HEOOXOAMMOCTh  ONpEAETICHHUS
TEXHOJIOTHYECKUX JOIyCKOB IIOKa3aTeJled KauecTBa
paboTsl 3epHOOUUCTHTENBHBIX MaUH (30M) B ycrnoBusx
MX HOPMaJIbHOTO (PYHKIMOHHUPOBAHUS, YTO JOIDKHO OBITH
YUYTEHO IIpH pa3paboTKe METOA0B pacueTa napamerpos TO
npouecca [TYO3.

PerpecroHHbBIE MOJIENTN TEXHOJIOTMIECKUX MPOLIECCOB
[IYO3 B HOpMHpPOBAaHHOM BHUJE SIBJISIIOTCSI OCHOBOM ISt
NOJTY4YEeHHUS  MaTeMaTHYeCKUX  MoJieslel  TNpOrHo3a
nokaszaresiedl KkadecTBa (YHKIHOHMPOBAHUS MAIIMH U
arperaToB B TIONEBBIX YCIOBUSAX U  TPOBEICHHUSA
MAIIMHHOTO SKCIEPUMEHTa METOJOM HMHTAI[IOHHOTO

MO/ICJINPOBAHUS.

KiarwueBble cioBa: mocieybopouHas o0paboTka
3epHa, MarepHail, MOJIEb, MOKa3aTeH
(YHKIIMOHUPOBAHUSL.

REGRESSION MODELS OF TECHNOLOGICAL
PROCESSES POST-HARVESTING GRAIN
E. V. Mikhailov, N. A. Zadosnaya
Abstract. The paper presents the regressive models of
technological processes of post-harvest grain processing
(PHGP). In the technological model of the functioning of
the EMP system, there are interrelated indicators of the
quality of equipment operation with the probability of
being at acceptable levels of operating conditions, the
technological state of the system and internal obstacles.
Presented is a technological model of the PHGP system
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and regressive models of the functioning of grain cleaning
machines in the form of one and three subsystems.

The developed technological model of the functioning
of the technical equipment of the PHGP shows the need to
determine the technological tolerances of the performance
indicators of the grain cleaning machine in the conditions
of their normal functioning, should be taken into account
when developing methods for calculating the parameters of
the technical equipment process of the PHGP.

Regressive models of technological processes of the
PHGP in a normalized form is the basis for obtaining
mathematical models for predicting the quality indicators
of the functioning of machines and units in field conditions
and for carrying out a machine experiment by the method
of simulation.

Key words: post-harvest grain processing, material,
model, performance indicators.
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bion. 21, puc. 8, maba. 0.

Anotanis. [loBITpsSHI TEINIOOOMIHHUKH TOOIYHO-
BUIIAPHOTO THITy Ha OCHOBI HUKIy MalCOlleHKa MaroTh
OipIIMi KoediuieHT TpaHcopMalii, ToMy iX AOLIIBHO
3aCTOCOBYBAaTH Ul OXOJIOJDKEHHS  TBapUHHHIBKHX
npuMitieb. OgHAK OJHIEI0 3 3amad  IiABHUIICHHS
e¢(CKTHBHOCTI TaKHX TEIUIOOOMIHHHKIB € ONTHUMI3aIlisa
Horo mapameTpiB 3a paXyHOK 3MEHIIEHHS ITHEBMOBTpAT.
Tomy MeTol NOCHIKEHb € BH3HAUYEHHsS ITHEBMOBTPAT
TEIUI00OMiIHHUKA MOOIYHO-BUITAPHOTO TUITY Ta
BCTaHOBJICHHS 3aKOHOMIPHOCTI 3MIiHH BTpaT THCKY 1
MOTY>KHOCTI, IO HEOOXigHa AJISl MPOKAYyBaHHS IOBITPS
yepe3 HbOro, BiJf HOT0 KOHCTPYKTHBHO-TEXHOJIOTIYHHX
mapaMeTpiB. B pe3ynpTati aHaNMITHIHUX TOCTIIKEHD BTPAT
THCKY TOBITPSHOTO TEILIOOOMiIHHUKA MOOITHO-BHUIIAPHOTO
THUITY OTPUMaHI 3aJIe)KHOCTI BTPAT TUCKY 1 MOTYKHOCTI BiX
KIUJIBKOCTI KaHaJIiB, IUIOLII TNepepidy KaHaliB, CepelHbOl
LIBHUJIKOCTI MOBITPSl B KaHaJlaX 3a YMOBH iX piBHOCTI 1 1X
¢dbopmu (KBaapar, PIBHOCTOPOHHIH TPHUKYTHHK, KOJIO).
BcranoBneHo, 110 Hai0iIb1I eeKTUBHY opMy KaHaIB B
ACTeKTi MHEBMOBTPAT (3MEHIIIEHHS BTPAT TUCKY Ha 23 %)
MAaloTh KaHaIX Y pOpMi piIBHOCTOPOHHBOT'O TPUKYTHHKA.

Kaw4oBi cioBa: MikpokiTiMaT, TBapHHHHUIBKE
MPUMIIICHHS, BEHTWIALIS, TEIUIOOOMIHHHK, MapaMeTpH,
JIOCIIJDKEHHS, 3aJIEKHOCTI.

ITocTaHoBKa MpodeMu

LIBuIKE 3pOCTaHHS CBITOBOTO CIIOKUBAHHS €HEPTil y

TBaPUHHHUIPKUX  KOMIUIEKCAX BHKIHKAIO CEPHO3HY
CcTypOOBaHICTh 3 MPHUBOAY BHCHAXKECHHS CHEPreTHYHHX
pecypcis. 3pocTaHHs CIIO’KMBaHHS eHeprii

TBaPUHHUIIPKUMH KOMIUICKCAMH CIHPUYHHECHO TaKUMHU
(akTopamH, SIK 3pOCTAHHS YHACEIBHOCTI TIOTOJIB S TBAPHH
Ta MiJBUIICHHS BUMOT J0 3a0€3IeUCHHS MIKPOKJIIMATy B
npuMirieHHsx [1].

TBapUHHULIBKUI CEKTOp arpoIpOMUCIIOBOrO
BHPOOHHUIITBA Ma€  HAUOUTBIIMK  MOTEHIiam IS
MiABUIICHHS €()EeKTUBHOCTI BHUKOPHUCTAHHS  EHEpTii.
BunHo, 1o eHepris, $Kka BHKOPUCTOBYETHCS IS
OXOJIO/DKEHHSI ~ TOBITPS, €  BAXIUBOIO  YaCTHHOIO
3arajbHOTO CIIOKMBAHHS €HEPTii, SKa MOCTIHHO 3pocTac y
3B’S3Ky 3 MiABUIICHHMH BHMOTaMH Ha 3a0e3IeUYCHHS
ONTUMAIIFHOIO  MIKpPOKIIMATy y  TBapUHHHIBKHAX

IpuMimeHHsX. Y  3BSBKy 3 1M  CHCTEMH
KOH/IWI[IOHYBaHHSA CTAalOTh OUTBII TONMYJSIPHUMH JUIS
3a0e3nedeHHs: KOM(QOPTHUX YMOB TBapyH.

CucteMu  OXOJIOJDKEHHS Ta  KOHIULIOHYBaHHS
CIOKMBalOTh Maibke 15 % 3aranbHOTO BHUPOOHUIITBA
enektpoeHeprii  [2]. HwuHi cuCTeMH  MEXaHIYHOTO
CTUCHEHHS  IIOKpUBAaIOTh  Maibke 95%  puHKY
KOHAMLIOHYBaHHs moBiTps [3]. EHepreTnuna nomituka
0araTboX KpaiH CBITY 30CepelkeHa Ha CKOPOYEHHI
CIIOKMBAHHS €JEKTPUYHOI €Heprii Ta BIPOBAKCHHI
HOBHUX TEXHOJIOTiH, SIKi BBR)KAIOTHCSI EKOJOTIYHO YHCTHMHU
[4]. Yepe3 3pocratouy moTpeOy B KOHAWI[IOHYBaHHI Ta
MIBUICHUNA IHTEpeC [0 CEHepro30epexeHHs, MOMIyK
IUISIXIB 3MEHIIEHHS CIIOKUBAHHS BHUKOITHOTO TTajyBa Ta
30UIbIIEHHST BUKOPHUCTAHHS BiJJHOBIIIOBAHOI €Heprii Tij
Yyac Mpolecy KOHAMIIOHYBAaHHS B TBapUHHHUIILKOMY
CEKTOpi arpornpoMHCIOBOr0 BUPOOHUIITBA € HA/I3BUYAHHO
BaKJIMBUM.

AHaJi3 0CTaHHIX J0CTiAKEeHb

CrpiMKHii  pO3BHTOK CEKTOpPa  aJbTEePHATUBHOT
SHepreTHKM Yy CBITI Ta 3arajgbHa TEHICHIISA 1O
MOJIOPOKYAHHS — TPAAMIIMHUX  MMaJMBHUX  PECYpCiB

CIIOHYKA€ JI0 MEePeriisay HEIOJIKIB Y TBAPUHHUIITBI, SKi B
HUHIIIHIA Yac NPOrpecHBHHUX TEXHOJOTIH Ta IHHOBALii
MOCTYIIOBO  CTalOTh HEAKTYAIBHHUMH, IO JO3BOJISE
YacTKOBO a00 MOBHICTIO 1X crpocTyBatu [5].

CporomHi OUTBIIICTE YYEHHX Y CBOIX IIpamsx
JMOCTI/DKYIOTh  CTPATeriuHi  MHTaHHS  EHEPreTHYHOI
MOJMITUKM ¥ poni OioeHepreTMkH B 3a0e3nedyeHHi
eHepreTnyHoi  Oesmeku  YKpaiHH. Henocratupo
PO3KPUTHUMH 3aJIMIIAIOTHCSA IHUTAHHS IIOJ0 PO3pPaxyHKiB
0l0CHEpreTHYHOTO  MOTEHLialy  arpolpOMHCIOBOTO
KOMIUIEKCY, SKHH 3MOXe 3a0e3NeydTH He JINIIe
SHEepreTHYHy aBTOHOMIiIO, a W He 3MEHIIUTH piBEHb
MPOJIOBOJIBYO] OE3MEKH Ta eKCrmopTy [6].

3a ocTaHHI ABa ACCATUIITTS IS 1iJie 06irpiBy Oyio
BIIPOBA/DKEHO 0arato HOBUX TPHCTPOIB Ha OCHOBI
BITHOBJIIOBAaHOI €HEpPTii: HOBI YCTaHOBKH peKymepamii
TeIIa, TEIUIOBI HACOCH, COHSYHI CUCTEMU Ta 0araTo iHIINuX
[7, 8]. Opmmak KOZHHX TWPUCTPOIB HA  OCHOBI
TIOHOBJIIOBAHUX JDKEpeNl eHeprii, siki 0 IbOro 4acy He
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Oyny MUPOKO 3acCTOCOBaHI B obOmacTi oxomomxeHHs. Lle
CTBOPIOE BKIMBHAN HAYKOBUH BHKIIUK IS JOCIITHUKIB y
BCHOMY CBITI.

HoBum  pimeHHsM, sKe  34aTHE  BUPIMIATH
BHIIE3TafaHi TpoOieMu, € TpsMe Ta HEmpsMe
OXOJIO/DKEHHS TIOBITPAM Yepe3 BUNapoByBaHH:A. Bumapsi
TIOBITPSIHI OXOJIO/XKYBaul BHKOPUCTOBYIOTH OXOJIOJDKEHY
TEIUIOTY BUIAPOBYBAaHHS BOXU Uil  3a0e3NeyueHHs
OXOJIOJKEHHSI 1 MEHIIIE 3aJIe)KaTh BiJl BUKOITHOTO TaJKBa
[4, 9], BOHM TakOX XapaKTepU3yIOThCA 3HAUHO BUILUM
KoeQillieHTOM TpaHcopMallii MOPIBHAHO 3 CHUCTEMaMHU
MEXaHIYHOTO CcTUCHEeHHsA [4, 9]. bimpin  BucOKHU
KoedimieHT TpaHcopMmarii TOKazye, MO PO3TIIAHYTI
MIPUCTPO] 3/1aTHI 3MEHITNTH 3HAYHY YaCTUHY CHOXHBAHHS
€Heprii, 0 BHUKOPHCTOBYETHCA Ui KOHIUIIOHYBAaHHS
moBiTps. OOHUM 3 HaHKpAITIX METOMIB TOCATHEHHS JyKe
HU3BKAX  TeMIeparyp 3  HEOPAMHM  BHUIIAPHUM
OXOJIO/KEHHSM TOBITPS € HOBUI TEPMOJMHAMIYHAHN ITUKIL,
BiJOMUH sIK Uk MaiicorieHka (M-1uk).

[lpssMe BUmapHe OXOJOMKCHHS MOBITPSAM  Lie
HAMMaBHIMNA 1 HAWOPOCTIMIMA METOJ| OXOJIOMKCHHS
MOBITPSL BOJOKO, 3a SIKOTO TEXHOJIOTIYHE TOBITPS
0e3mocepeIHbO0 KOHTAKTY€e 3 Boaoro. llei Tum cucrem
IIMPOKO BUKOPHUCTOBYBABCS 3 IPUYWH MIPOCTOT CTPYKTYPH,
JCIMICBUX KaIliTAIFHUX Ta eKCIDTyaTaliiHUX BUTpaT [9].

Cuctema mpsIMOTO  BHIIADHOTO  OXOJIO[DKEHHS — MAe
epextuBHicTs TpuOmM3HO 0,70-0,95 3 TOUKH 30pYy
3HIWKeHHs TeMmreparypu [10]. TumoBuit BumapHui

OXOJIOJDKYBa4 TIOBITPS BHKOPHCTOBYE pe3epByap I
BOJIY, TIOPUCTUI Martepiai, SKMHA 3MOYYETHCS BOMAOIO, 1
BEHTWISATOP, SIKUI IepeMilllye TOBITPS 4Yepe3 BOJIOTHIA
mopuctuii marepiai (puc. 1).

Hacoc

€MHICTb U151 BOAH

[lotik nositps

./‘ [Topucruit marepian
\
./ CMHiCTB U151 BOAM

Puc. 1. KoHCTpYyKTHBHO-TEXHOJIOTIYHA
MIPSIMOTO BHITAPHOTO OXOJIOKyBava mosiTps [10].

Fig. 1. Structural and technological scheme of direct
evaporative air cooler [10].

cxema

[licns oXoJOMKEHHST Ta 3BOJIOKEHHS B KaHalax
MOBITPS BHXOAWTH 13 oOXoyo/pKyBaua. [lamaroua Bona
3a3BH4ai 30epiraeThCs B pe3epByapi IiJ] MPOKJIAJAKaMH, J1e
BoHa penupkyioe y cuctemy [10]. Cucrema mpsmoro
BHITAPHOTO OXOJIO/KEHHS J0JA€ BOJIOTY B TPOXOJIOTHE
noBiTps. IIpomec Moxke OyTu TpeacTaBIeHUH Y
TICUXPOMETPUYHIN Jiarpami Big Touku li 10 Touku 1o, siK
mmokaszano Ha puc. 2. IIpornec moBiTpooOMiHy MPUOIUZHO
BigmoBimae JnHIl mocTiiHOI eHramemii. Touka 1
NIPEACTaBIsIE  CTAH  TEXHOJIOTIYHOTO  MOBITPS, WIO

HAIXOJUTh B  OXOJNIOJDKYyBad, TOo4Yka lo - cTaH
TEXHOJIOTIYHOTO TOBITPS, [0 BUXOIUTh 3 0XOJIO/KYBaya.
TeopeTndHO IpoIIeC MOXE 3aKiHUUTHCS IIPH TeMIepaTypi
BOJIOTOTO TIOBITPS, IO HAAXOOUTH y TOBITpA. OmHAK
JOCSTTH CTaHy HACHYCHHS 3a JIOMOMOIOK MPSMOro
BUIIAPHOTO OXOJIOKSHHS! MOBITPS IPAKTHIHO HEMOXKITHBO

[10].

Boasa nuiBka

Tenne Xonoznue

li oyxe Bonomu Kaua! BOJIOTE ]u

MOBITPst MOBITPS

Puc. 2. IcuxpomerpuuHa iHTEpHpeTalliss MPOIeCy
MIPSIMOTO BUIIAPHOT'O OXOJIO/IXKEHHS ITOBITPSM.

Fig. 2. Psychrometric interpretation of the process of
direct evaporative cooling by air.

Cucmema HenpAMO20  BUNAPHO20 — OXOJO0JCEHHS.
3a0e3nedye  TUIBKH ~ OXOJO/KEHHS  TEXHOJIOTiYHOTO
nmoBiTpss 0e3 JKOAHOrO JoJaBaHHs Boyoru (puc. 3).
Henpsimuii BunapHuii 0X0JOIKyBad IOBITPS MPOITYCKAE
IepBUHHE (OCHOBHE) TMIOBITPA dYepe3 CyXy CTOPOHY
IUIACTHHH TEIUI00OMIHHUKA, a poOoYe (BTOPUHHE) NOBITPS
- 3 IPOTUIIEXkKHOI Bostoroi ctoponu [11, 12, 13]. Bonoruit
KaHaJl MOTJIMHAE TEIJIOTY 3 CYXOro, TOMY W OXOJIOJKYE
CyXy CTOpPOHY, IOJaTKOBO HE 3BOJIOKYIOYH IIOBITPS
(mporiec 1i - 1o Ha puc. 4), ToAi sIK IPUXOBaHA TEILIOTa
Tapy, 110 BUIIAPOBYETHCS, MOJAETHCS BOJIOTOMY OIYHOMY
moBiTpIo (mporec 2i - 2o Ha puc. 4).

PoGoue
NoBiTpst

PoGoue

3 Bonsina
TOBITPSI

11iBKa

PoGoue
NnoBiTpst

TlepButne
/ TOBITps!
IMepBunH
HOBITpSI
oasHa  [lracruna
nniBka  kauagy

IlepButne

NoBITPsS

Iracruna
KaHay

Puc. 3. KOHCTpYyKTHBHO-TEXHOJOTiYHA CXeMa
HEMPsIMOTO BUITAPHOI'O 0XOJIOKyBada mositps [13].

Fig. 3. Structural and technological scheme of indirect
evaporative air cooler [13].

3o/s1Ha
niiBka

Iractuna
KaHauty

&
& =
& N XonoaHe — Tensie
# cyxe ‘ixuu KaHaJl oxe |,
? nositps NOBITPs
3mina 2 Tenne m“ Tenne 2
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Puc. 4. TlcuxpomerpudHa iHTEpHpeTaLis HpoLECy
HETIPSIMOTO BUIIAPHOTO OXOJIO/KEHHS HOBITpsiM [14].

Fig. 4. Psychrometric interpretation of the process of
indirect evaporative air cooling [14].
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EdekTrBHICTE 0XOJOHKEHHS OIIBIIOCTI HEMPSIMUX
OXOJIO/PKYBAYiB, SIK TPAaBHIIO, HU3bKA. THUMOBI arperatu
3IaTHI OXOJIOIDKYBAaTH HABKOJWIIHE TMOBITPS IO PiBHSA
0,40-0,60 Bim #oro TemmepaTypu Ha Bxoxi [4, 14], mo €
OCHOBHHMM HEJOJIKOM Yy ITMPOKOMY 3aCTOCYBaHHI CHCTEM
HETIPSIMOTO BUNAPOBYBaHHS OXOJIOPKCHHS.

IcHye 1me oamH cmocid OTpUMATH  BHCOKY
e(eKTUBHICTh HENPSAMOTrO  BHUIAPHOTO  IOBITPSHOTO
OXOJIOJKEHHsI 0e3 BHKOPHCTaHHS CKJIAIHHX CHUCTEM Ta
MEXaHIYHOro cTHCHeHHs. [laHa Merojuka 0a3yeTbcsi Ha
HOBOMY TE€PMOJMHAMIYHOMY LUK, BIJOMOMY SIK ITHKJI
Maiiconenka abo M-uuKi, SKUH PpO3IIISAAETBCS SIK
TEXHOJOTIYHUI TIPOPHB y IMHMKIAX  OXOJIOKEHHS
BigHOBMIOBaHOi emeprii [11, 15, 16]. M-mukn
BUKOPHCTOBYE Ty K BOJIOTY Ta CyXy CTOPOHY IUTACTHHH,
10 ¥ 3BUYANHUI HENPSMUN BUNIAPHUM OXOJIOKyBad, aje
3 pIi3HOI KOHQITYpali€elo TOBITPIHOTO TIIOTOKY, IO
CTBOpIOE HOBWIT TepMmonmHamivanil 1tk [11, 17]. Hukn
MaiiconieHka  TMOEAHYETHCS 3  TEPMOAUHAMIYHHMH
NpoLecCaMy  TEIJIOOOMiIHY B HENPSIMOMY BHIIAPHOMY
0XOJIO/IXKYBaul MOBITPsI, BUXOSUH 3 YSIBICHHS MPO T€, L0
pobounii  WOTIK  MOBITPS  HENPSIMO  TONEPEJHBO
OXOJIOJIKYETBCSI Mepell HOro HaJIXOIDKEHHSIM Yy BOJIOTI
kaHanmu (puc. 5). lle mpusBOAMTH [0 3HAYHO HIKUIMX
TEMIIEpaTyp TNEPBUHHOTO TOBITPSA, SKi HAONMKAIOTHCA
Maike 1O TeMIepaTypd TOYKH pOCH TOBITps, MIO
HAAXOOUTH y TOBITPS (Led IMKJI IHOAI HAa3WBAIOTh
OXOJIO/DKEHHSIM IIPH BHIIAPOBYBaHHI 3 TOYKOIO pocH [4,
18]). HaiimpocTimmM TETIIOOOMIHHUKOM 3  IHKJIOM
MalicolieHKa € pereHepaTuBHa IPOTUIIOTOKOBA YCTaHOBKA
(puc. 5). Y 1upoMmy TemIoOOMIHHUKY NEPBHHHHHA Ta
pobounit MOTOKK TOBITPSI MPOXOJATH Yepe3 OJUH 1 TOW
caMMil CcyxWid KaHanl (3MillaHe IIEpBHHHE Ta poOoue
MOBITPS. B CyXHMX KaHajgax Oy/Ie Ha3MBAaTHUCS OCHOBHHM
MIOTOKOM) 1 0XOJIO/IXKYIOThCs O3 3BosIoxKeHHs (mpotiec 1 -
1o = 2i ma puc. 5). B kiHmi cyxoro KaHajxy dYacTHHA
OCHOBHOTO IIOTOKY (poOoYe TOBITPS) HAAXOTUTH Y
BOJIOTMH KaHajl, Ji¢ BiH pealli3ye MNpouec HEeNpsMOro
BHITAPHOTO OXOJIOJDKECHHS (Tiporiec 2i - 2o Ha puc. 5). [Ipu
BHCH&)KCHHI poOOYHil MOBITPSIHAN MOTIK HACHIYETHCS 1
Mae TeMIepaTypy MEHIIy, HDX BXiHE WOBITps, aie
OLIBINY 32 TEMIIEpaTypy BOJIOTOro (puC. 5).

e,
)
Xonoane cyxe

1 moBITps
T P!

cyxe
MOBITDA | ——
5 Tenne f
» Bonoruii kanan i~ Lo
o BOJIOTC i
i—] X0/I0IHE CyXe
MOBITPS

3mina
cn’rwn,uii/,” NOBITPs A
/ Boasna nniska

Puc. 5. IlcuxpomerpuyHa iHTepHpeTamis LIUKIY
Maiicouenka [18].

Fig. 5. Psychrometric
Maisotsenko cycle [18].

interpretation of the

[ToBiTpsiHI TEIIOOOMIHHUKH — TOOIYHO-BUIIAPHOTO
THIy Ha OCHOBI MUKy MaiicolleHKka MaroTh OiTbIINN
KoedimieHT  TpaHchopmamii, TOMy IX  JOMIJIBHO
3aCTOCOBYBAaTH U  OXOJIOJDKCHHS  TBapHHHUIIBKUX
npuMimieHs. OfHAK OIHIE 13 3aJad  IiIBHUINCHHS

e(EeKTUBHOCTI TaKMX TEIUIOOOMIHHHMKIB € OITHMI3aIlist
HOro mapameTpiB 3a paXyHOK 3MEHIICHHS THCBMOBTPAT.

Merta nociaigkeHb

Merolo JOCITIPKEHh € BU3HAYCHHS ITHEBMOBTpPAT
TEeMI000MiHHHUKA NO0IYHO-BUIIAPHOTO TUILY Ta
BCTaHOBJICHHSI 3aKOHOMIPHOCTI 3MiHM BTpaT THUCKY 1
MOTYXHOCTI, 110 HEOOXiJHa JUIS MpOKadyyBaHHs MOBITPS
4yepe3 HbOro, BiJ HOro KOHCTPYKTUBHO-TEXHOJIOTIYHUX
rapameTpis.

Pe3yabsTaTn gociaigKens

TenmooOMiHHIK MOOIYHO-BHITAPHOTO TUITY
MPEICTaBIsiE COOO0I0 CHCTEMY KaHANIB, sIKa MPECTaBICHA
Ha puc. 6. TermooOMIHHUK MICTHTh He3aleKHI podoui
KaHaJK 1 3’€JIHaHHI BOJIOTI 1 CyXi KaHAJIH.

3 [ [ [ [ [ [ [T ;'
— |
| 7 72 e i,

/ D :
Bl :
W . I ’

Ar
X
Puc. 6. PospaxyHkoBa cxema TCIUIOOOMIHHHUKA

NOOIYHO-BUIIAPHOTO THITY.
Fig. 6. Calculation scheme of the heat exchanger of
the side-evaporating type.

PosrnsHeMO cmowatky pyx MOBITps depe3 poOodi
KaHanu. IIpy LBOMY MOBITPS NPOXOIUTH TPH JALUTSHKH.
[lepma ninsgHKa - 1€ PO3MOALT TOTOKY TOBITPS 3
MOBITPONPOBOLY BEIMKOrO AiaMETPy Y KaHAaIH MEHIIOro
Iiametpy. BTpaTtn THCKY pO3paxoBYIOTECS 32 HOPMYJIOH0

NiFi\ p(wr)?
apy =y (1- =) 25 @)
Fr 2
Je m - koeditieHT nom’skienus yaapy, 71 = 0,5 [5];

Nk - KITBKICTh KaHAIB,

Fr - nuioma nepepisy BXiJHOro NOBITPONPOBOLY, MZ;

F - m1omma nepepisy kanainy, M2,

Wr - cepellHs IIBUAKICTD MOBITPS B pOOOYHX KaHaIax
TETIO0OMiHHUKA MTOOIYHO-BUITAPHOTO THUITY.

Jlpyra ninsHka - 1ie epeMilieHHst IOTOKY IOBITPst 0
KaHasmaM. Brpatu THCKy po3paxoByroThCs 3a POpMYII00

Apy

P Ar pwf 4

17u,P - P 2
= 011N, g Ualk _I_l.l’k k 2
k

4F,

2 [Fie-wk-p

ne Py - nepumetp nepepisy xaHany, M2
Ar - 10BkHHA po60YOro KaHaiy, M;
Wk - €KBIBAJIEHTHA IMOPCTKICTh CTIHOK po00YOro
kanainy [20];
Ua - JMHAMIYHA B’S3KicTh moBitps, x4 = 18,27-10°
H-c/m? [20].
Tpers minstHKA - 11€ 3MUTTS TOTOKY TOBITPSI 3 KaHAJIB
y TOBITPONPOBiA BENUKOro JiamMerpy. Brpartum Tucky
PO3paxoByIOThcs 32 (opmyIoro
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Ny Fi\? p(wr)?
Apyr =13 (1 - %) %’ ®)
e 772 - KoediuieHT oM’ sKieHHs yaapy, 72 = 0,5 [20].

HactynHuM etarmoM po3IiIstHEMO PyX IOBITPs 4epe3
3’e¢mHaHHI Bojori 1 cyxi kaHamu. Ilpm oMy TMOBITps
MPOXOAWUTh IU'SITh AiNSHOK. [lepma fmimsHka - 1€
PO3MIJICHHS MTOTOKY MOBITPS 3 TOBITPOIPOBOIY BEITUKOTO
JIiaMeTpy y KaHaIM MEHIIOTO JiamMeTpy. BTpaTu THCKY
Ap Tk po3paxoByioThes 3a popmyitoro (1). Jpyra minsnka -
Lle MEepeMIleHHsS MOTOKY IIOBITPS MO0 CyXHM KaHajaMm.
Brpatu THCKY APk PO3paxoByIoThes 3a (GopMmynown (2).
Tperst nuisHKa - Le BTpaTd THCKY B IIPOCTOPOBOMY
(xinbueBomy) nosoporti Ha 180° Ap so [21]

: . pwr)?
APrigo = Skso %: (4)

e ¢kiso - KoeillieHT MiCLIEBOTO OMOPY IS IIPOCTOPOBOIO
(ximpIeBoro) mosopoty Ha 180°, 3rigmo [21] {aso = 2.

YeTBepTa QiISHKA - 11€ IEPEMIILEHHS [T0TOKY MOBITPS
MO0  BONOTMM  KaHamam. Brparm  Tucky  Ap'k
PO3paxoByrOTECS 3a Gopmynoro (2). [I’sTa minsgHka - 1e
37MTTA TOTOKY TOBITPS 3 BOJOTHX KaHANiB Yy
HOBITPOIPOBIN BEIMKOTO AiaMeTpy. BTpath THCKY APkt
PO3paxoByIOTECS 32 Gopmyoro (3).

3arampHI BTpaTH THCKY depe3 TEIUIOOOMIHHHK
M0OIYHO-BUIIAPHOTO THITY TOPIBHIOIOTH CYMi BTpAT THUCKY
Ha BCIX BHINE3a3HaYeHUX JAUIAHKaX. [lpuitmMaroun
oqHakoBY KinmbkicTb Nk i po3mip (mtomna Fy i mepumetp Py)
pobounX, CyXHX i BOJIOTHX KaHaJiB OTPUMYEMO (GOPMYITY
ULt PO3paxyHKy THEBMOBTpAT MOBITPSIHOTO
TETI000MIHHUKA MOOIYHO-BUIIAPHOT'O THITY

Apr = Apri + Apy + Apgr + '

+Apry + Apy + Apyigo + APy + Apyr =

_ p(wr)? (1 _ Nka>
=7 M Fy

PeAr e
+0,11N,
K 4F,

17ug Py Y1 Py
Fe-wr-p 4F,

Nka>2

+r)2<1—
T

er(w})2
2

n(1-) ;

Py By pw7
+0,11N,
K 4F,

17uaPe | Py Pr
; +

2 |Fe-wy-p 4F,

+ Q1so +

PkBT 4
+0,11N
k 4F,

17uaPc Py P
; +
Frp-wg-p 4F,

Ny Fie\?
+ 1, (1 - ) .
Fr
ne Bt - moBxuHA CyXOTo 1 BOJIOTOTO KaHAIB, Mm%
Wk - EKBIB&JEHTHA MIOPCTKICTH CTiHOK CYXOTO i
BoJsiororo kanamis [20];
W'T - Cepe/iHs MIBHMKICTh MOBITPS B CyXHMX 1 BOJIOTHX
KaHaJIaX TEII00OMiIHHUKA II0019HO-BUIIAPHOTO THITY, M/C.
[ToOymyeMo  3aleXHOCTI BTpaT THUCKY 4epe3

TEIIOOOMIHHUK  1MOOIYHO-BUIIApHOTO THIY APt BiA

kinmpkocti kaHamiB Ng, mmomi mnepepidy kaHamiB Fy,
cepelHbOi MBUAKOCTI MOBITPSA B KaHAIAX 33 YMOBH W T =
Wr 1 ix ¢opmu (kBampar, piBHOCTOPOHHIH TPHUKYTHHK,
K0J10). 1)1 IIBOTO BUKOPHUCTAEMO 3AJIEKHOCTI IIEPUMETPIB
KaHAIIB Pi3HOi (OopMH Bif IX TUTOMI:
- KBajpar: P, = 4\/F , (6)
- pIBHOCTOPOHHIH TPUKYTHUK:

P, =2 /Fk\/§, )

- KOJIO: P, = 2\/7T_Fk. (8)
3anexHicth (5) 1 mepepaxoBaHa IOTYXKHICTb, IO
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3a (hopMyJI0I0
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n
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Puc. 7. 3anexHicts BTpaT THCKY APT BiJ KUIBKOCTI
kaHamiB Nk, toromi mnepepisy kanamiB Fy, cepenHboi
IWIBUJIKOCTI TIOBITPS B KaHajdax 3a YMOBH WT = Wr i ix
(opmu (kBagpaT, piIBHOCTOPOHHIH TPUKYTHHUK, KOJIO).

Fig. 7. Dependence of pressure losses Apr on the
number of channels Ny, the cross-sectional area of the
channels Fy, the average air velocity in the channels under
the condition wt = wr and their shape (square, equilateral
triangle, circle).
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Puc. 8. 3anexHicts notyxHOCcTi Nwi BiX KUIBKOCTI
kaHamiB Ny, miomy mepepisy kaHamiB Fy, cepemnboi
IIBHAKOCTI IIOBiTps B KaHAIaX 3a yMOBM WT = Wr i ix
(dopmu (kBagpaT, piIBHOCTOPOHHIH TPUKYTHHUK, KOJIO).

Fig. 8. Dependence of power Nwi on the number of
channels N, the cross-sectional area of the channels Fy, the
average air velocity in the channels under the condition wt
= wy and their shape (square, equilateral triangle, circle).

Amnani3z puc. 7, puc. 8 103BOJISIE CTBEPKYBATH, 10 31
30UIBIICHHSIM IUIONI NTepepidy KaHaiiB Fy criocrepiraerbes
3MEHIIEeHHS] BTpaT THCKY APt 1 motyxHocTi Nwi, mo
HeoOXifHa Il  [pOKayyBaHHS  MOBITpS  uepe3
TETI000OMIHHUK MOOIYHO-BUIIAPHOTO THITY. Pasom 3 Tum,
30UTBIICHHS CepEeIHBOT IBUIKOCTI TIOBITPS B KaHaIaxX Wt i
ix kinmpkocTi Nk MpU3BOANTH 10 30UIBIICHHS BTPAT THUCKY
Apt 1 moryxHocTi Nwi. HaitOinem edextuBHy hopmy
KaHaJiB (3MEHIIEHHS BTpaT THCKYy Ha 23 %) B acmekTi
ITHEBMOBTpPAT MAlOTh KaHaIU y (OopMi PiBHOCTOPOHHBOTO
TPUKYTHHKA.

BucHoBku

1. 3a pe3yabpTaTaMu aHAUTITHIHUX JOCHTIKEHb BTPAT
TUCKY HOBITPSTHOTO TEIIOOOMIHHHUKA IT00IYHO-BUIIAPHOTO
THUITY OTPHUMaHi 3aJIEXXHOCTI BTPAT TUCKY APT 1 MOTY>KHOCTI
Nt Big kimpkocti kaHamB N, miomi mepepizy kaHamis Fy,
cepenHbOl IIBHJKOCTI TOBITPS B KaHalaX 3a yMOBH

Wr = Wr 11X (popMH (KBaapart, piBHOCTOPOHHIH TPUKYTHHK,
KOJIO).

2. BcranoBieHo, mo HaiOuTbIl edekTUBHY (opmMy
KaHAJIB B aCHEKTi THEBMOBTPAT (3MEHIIIEHHS BTPAT TUCKY
Ha 23 %) MaioTh KaHamu y (opMi PiBHOCTOPOHHBOTO
TPUKYTHUKA.

Cnucok jgirepatypu

1. Pérez-Lombard L., Ortiz J., Pout C. A review on
buildings energy consumption information. Energy and
Buildings, 40: 2008. 394-398.

2. Bellemo L., Elmegaard B., Reinholdt L. O., Kcern
M. R., Jakobsen A., Markussen W. B. Modelling and
analysis of a desiccant cooling system using the
regenerative indirect evaporative cooling process. ECOS,
Proceedings of the 26th International Conference on
Efficiency, Cost, Optimization, Simulation and
Environmental Impact of Energy Systems, Guilin (China),
2013. 109-122.

3. Riangvilaikul B., Kumar S. An experimental study
of a novel dew point evaporative cooling system. Energy
Buildings, 42: 2010. 637-644.

4. Hasan A. (2010). Indirect evaporative cooling of
air to a sub-wet bulb temperature. Applied Thermal
Engineering, 30: 2460-2468.

5. Karemuix I. M. TlepCHeKTHBH IIiBUIICHHSI
eHepretuuHoi aBToHOMIl miampueMctB AIIK B pamkax
BUKOHAHHS CHEPreTHYHOI crparerii Ykpainu. BicHux
arpapHoi Hayku [Ipugopromop’s. 2019. Bum. 4. C. 90-98.

6. Kanemnix I'. M., I'onuapyx 1. B. ExoHOMiuHI
PO3paxyHKH MOTCHIIaTy BUPOOHHUIITBA BiIHOBIIOBAIBHOT
OioeHeprii y (opMyBaHHI EHEPreTUYHOI HE3aJCIKHOCTI
arporpomuciaoBoro kommiekcy. Exkonomika AIIK. 2020.
Ne 9. C. 6-16. DOI: 10.32317/2221-1055.202009006

7. Ipuwnsk B. M., Aponyo B. M. Amnams i
krmacudikamis TEXHOJIOTIYHHX CXEeM TeIUIOYTHIII3aToOpiB
JUTS TBAPUHHHUIBKHUX NpuMimeHs. Bicank XKHAEY. 2014,
Bum. Ne2(45). T. 4. Y. 11.. C. 344-350.

8. Aponyo B. M. [locmimkeHHS  Ipomecy
(GYHKIIOHYBaHHS Ta  ONTUMI3allis  KOHCTPYKTHBHO-
TEXHOJIOTIYHUX MapaMeTpiB TPUTPYOHOIO peKymeparopa.
Texuika, eHepretuka, Tpancnopt AITK. 2020. Nel (108).
C. 142-150.

9. Anisimov S., Pandelidis D. Numerical study of the
Maisotsenko cycle heat and mass exchanger. International
Journal of Heat and Mass Transfer. 2014. Vol. 75. P. 75-
96.

10. Xuan Y., Xiao F., Niu X., Huang X. W. S. Research
and application of evaporative cooling in China: A review
(). Research. Renewable and Sustainable Energy Reviews.
2012. Vol. 16. P. 3535-3546.

11. Gillan L. Maisotsenko cycle for cooling process.
Clean Air, 2008. Vol. 9. P. 1-18.

12. Anisimov  S., Pandelidis D. Modelowanie
matematyczne wymiennikéw do posredniego ochtadzania
powietrza za pomoca parowania cieczy o krzyzowym
uktadzie przeptywu czynnikow (in Polish). Cieptownictwo
Ogrzewnictwo Wentylacja (Distric Heating, Heating,
Ventilation). 2012. Vol. 8. P. 335-341.

13. Anisimov S., Pandelidis D. Pordéwnanie pracy
posrednich ~ wymiennikow  wyparnych o  rdéznych



40 I'. M. Kanernik, B. M. Spomyx

schematach przeptywu powietrza: wyniki symulacji
numerycznej (in Polish). Cieptownictwo Ogrzewnictwo
Wentylacja (District Heating, Heating, Ventilation). 2013.
Vol. 3. P. 126-129.

14.Hasan A. Going below the wet bulb temperature
by indirect evaporative cooling: Analysis using a modified
e-NTU method. Applied Energy. 2012. Vol. 89. P. 237-
245,

15. Rogdakis E. D., Koronaki I. P., Tertipis D. N.
Experimental and computational evaluation of a
Maisotsenko evaporative cooler at Greek climate. Energy
and Buildings. 20,14. Vol. 70. P. 497-506.

16. Maisotsenko V., Cimerzan A., Zexer M. P. N.
Device for indirect evaporative air cooling (in Russian).
Soviet Union Patent. 1976. 979796.

17. Anisimov S., Pandelidis D. Numerical study of the
Maisotsenko cycle heat and mass exchanger. International
Journal of Heat and Mass Transfer. 2014. Vol. 75. P. 75-96.

18.Zhan C., Zhao X., Smith S., Riffat S. B.. Numerical
study of a M-Cycle cross-flow heat exchanger for indirect
evaporative cooling. Building and Environment. 2011.
Vol. 46. P. 657-668.

19. Anisimov S., Pandelidis D., Danielewicz J.
Numerical analysis of selected evaporative exchangers
with the Maisotsenko cycle. Energy Conversion and
Management. 2014. Vol. 88. P. 452-464.

20. Hoenvuux H. E. CipaBOYHHK TI0 THAPABINIECKIM
compoTuBiIeHIsIM. MammHOcTpoeHue. 1992, 672 c.

21.I'payes U. I, [Tupoeos C. IO., Casuwenxo H. I1.
CHpaBO‘IHI/IK 10 pacueTam TUAPABINYCCKUX u
BEHTWIIUMOHHBIX cucteM. Cankt-IlerepOypr. Mup u
cembs. 2001. 1154 c.

References

1. Pérez-Lombard L., Ortiz J., Pout C. (2008). A
review on buildings energy consumption information.
Energy and Buildings. 40. 394-398.

2. Bellemo L., Elmegaard B., Reinholdt L. O,
Kewrn M. R., Jakobsen A., Markussen W. B. (2013).
Modelling and analysis of a desiccant cooling system using
the regenerative indirect evaporative cooling process.
ECOS, Proceedings of the 26th International Conference
on Efficiency, Cost, Optimization, Simulation and
Environmental Impact of Energy Systems, Guilin (China).
109-122.

3. Riangvilaikul B., Kumar S. (2010). An
experimental study of a novel dew point evaporative
cooling system. Energy Buildings. 42. 637-644.

4. Hasan A. (2010). Indirect evaporative cooling of
air to a sub-wet bulb temperature. Applied Thermal
Engineering. 30. 2460-2468.

5. Kaletnik G. M. (2019). Prospects for increasing
the energy autonomy of agricultural enterprises in the
framework of the energy strategy of Ukraine. Bulletin of
Agrarian Science of the Black Sea Region. Vol. 4. 90-98.

6. Kaletnik G. M., Honcharuk I. V. (2020). Economic
calculations of the potential of renewable bioenergy
production in the formation of energy independence of the
agro-industrial complex. Economics of agro-industrial
complex. 9. 6-16. DOI: 10.32317/2221-1055.202009006.

7. Prishlyak V. M., Yaropud V. M. (2014). Analysis

and classification of technological schemes of heat utilizers
for livestock premises. Scientific and theoretical collection
«Bulletin of ZhNAEU». 2(45). 4(II). 344-350.

8. Yaropud V. M. (2020). Research of process of
functioning and optimization of constructive-technological
parameters of a three-pipe recuperator. Machinery, energy,
transport of agro-industrial complex. 1(108). 142-150.

9. Anisimov S., Pandelidis D. (2014). Numerical
study of the Maisotsenko cycle heat and mass exchanger.
International Journal of Heat and Mass Transfer. 75. 75-96.

10. Xuan Y., Xiao F., Niu X., Huang X. W. S. (2012).
Research and application of evaporative cooling in China:
areview (I). Research. Renewable and Sustainable Energy
Reviews. 16. 3535-3546.

11. Gillan L. (2008). Maisotsenko cycle for cooling
process. Clean Air. 9. 1-18.

12. Anisimov S., Pandelidis D. (2012). Modelowanie
matematyczne wymiennikow do posredniego ochtadzania
powietrza za pomocg parowania cieczy o Kkrzyzowym
uktadzie przeptywu czynnikow (in Polish). Cieptownictwo
Ogrzewnictwo Wentylacja (Distric Heating, Heating,
Ventilation). 8. 335-341.

13. Anisimov S., Pandelidis D. (2013). Porownanie
pracy posrednich wymiennikoéw wyparnych o roéznych
schematach przeptywu powietrza: wyniki symulacji
numerycznej (in Polish). Cieptownictwo Ogrzewnictwo
Wentylacja (District Heating, Heating, Ventilation). 3.
126-129.

14.Hasan A. (2012). Going below the wet bulb
temperature by indirect evaporative cooling: Analysis
using a modified e-NTU method. Applied Energy. 89. 237-
245,

15.Rogdakis E. D., Koronaki I. P., Tertipis D. N.
(2014). Experimental and computational evaluation of a
Maisotsenko evaporative cooler at Greek climate. Energy
and Buildings. 70. 497-506.

16. Maisotsenko V., Cimerzan A., Zexer M. P. N.
(1976). Device for indirect evaporative air cooling (in
Russian). Soviet Union Patent. 979796.

17. Anisimov S., Pandelidis D. (2014). Numerical
study of the Maisotsenko cycle heat and mass exchanger.
International Journal of Heat and Mass Transfer. 75. 75-96.

18.Zhan C., Zhao X., Smith S., Riffat S. B. (2011).
Numerical study of a M-Cycle cross-flow heat exchanger
for indirect evaporative cooling. Building and
Environment. 46. 657-668.

19. Anisimov S., Pandelidis D., Danielewicz J. (2014).
Numerical analysis of selected evaporative exchangers
with the Maisotsenko cycle. Energy Conversion and
Management. 88. 452-464.

20. Idelchik 1. E. (1992). Reference book on hydraulic
resistance. Mechanical engineering. 672.

21. Grachev . G, Pirogov S. Yu.,
Savishchenko N. P. (2001). Reference book on the
calculations of hydraulic and ventilation systems. Peace
and family. 1154.



TEOPETUYHI JOCJIIXKEHHA ITHEBMOBTPAT TTOBITPAHOI'O TEINIOOBMIHHUKA ... 41

TEOPETUYECKHE UCCJIEJJOBAHUA I'. M. Kanernik ORCID 0000-0002-4848-2796.
IMTHEBMOITOTEPH BO3JYIIHOI'O B. M. siponyx ORCID 0000-0003-0502-1356.
TEITNIOOBMEHHUKA KOCBEHHO-

NCITAPUTEJIBHOT'O TUIIA

KUBOTHOBO/JUECKHMX ITOMEIEHUI
I'. H. Kanemnuk, B. M. Aponyo

AHHOTAIHSA. Boszaymineie TEIIO0OMEHHHUKHI
KOCBCHHO-HCIIAPUTEIFHOTO THIIA HAa OCHOBE I[UKIJIA
MaiicoueHka HUMEIOT OOBIIHIT KO3 PUIIHCHT

TpaHchopManny, NO3ITOMY HX LIENeco00pa3HO IPUMEHSThH
JUIL  OXJIaXJIEHHsS JKUBOTHOBOAUECKHX  IOMEILEHU.
OnmHako OIHOM W3 3amad MOBBIMEHUS 3(QeKTHBHOCTH
TaKUX TEINIOOOMEHHHKOB SIBISIETCSI ONTHMHU3AIMSA €r0
[IapaMeTpoB 3a CUET YMCHBIICHHS ITHEBMOIIOTEPE.
[loaTOMy LEnbrO HCCIENOBAHUHN SIBISIETCS ONpEACIICHUE
ITHEBMOIIOTEPH TETII000MEHHHKA KOCBEHHO-
UCTIAPUTEIBHOTO THIA M ONPENCICHNE 3aKOHOMEPHOCTH
W3MEHEHHS IOTEPh AABICHUS U MOIIHOCTH, HEOOXOANMOMH
JUIi TIPOKAadKHd  BO3AyXa uepe3 Hero, OT €ro
KOHCTPYKTUBHO-TEXHOJIOTHYECKUX  IapaMeTpoB. B
pe3ynpTaTe  AaHAIUTHUECKUX  HCCIECIOBAHUN  IOTEPh
JABJICHUsI BO3AYIIHOTO TEIUNIOOOMEHHHKA KOCBEHHO-
HCTApUTEIHHOTO THUIA MOJIYYEHBl 3aBHCHMOCTH IOTEPh
JaBJICHUS X MOITHOCTHU OT KOJIMUYECTBA KaHAJIOB, IJIOIMAAN
CCUCHHMS KaHAJIOB, CPETHEH CKOPOCTH BO3AyXa B KaHalax
IIPU YCIOBHM WX paBeHCTBA M HMX (OpMBI (KBajapar,
PaBHOCTOPOHHUIT TPEYTOJIBHUK, KPYT). Y CTAHOBJICHO, YTO
Hambonee 53¢dexkTuBHYI0O (QOpMy KaHAIOB B acleKTe
ITHEBMOIIOTEPh (YMEHBIICHNE MOTEPh AaBieHUs Ha 23%)
HMEIOT KaHaJibl B popMe paBHOCTOPOHHETO TPEYTOJIbHUKA.

KoueBnle cJIoBa: MUKPOKJIMMAT,
KHUBOTHOBOJYCCKOC IMOMCIICHUC, BCHTHJIALIUA,
TCHHOOGMGHHI/IK, napamMeTphbl, HUCCICAOBaAHNA,
3aBUCHMOCTH.

THEORETICAL STUDIES OF AIR LOSSES OF AIR
HEAT EXCHANGER OF INDIRECT-EVAPORATIVE
TYPE OF LIVESTOCK ROOMS
G. M. Kaletnik, V. M. Yaropud

Abstract. Air heat exchangers of the side-evaporating
type based on the Maisotsenko cycle have a higher
transformation coefficient, so it is advisable to use them for
cooling livestock premises. However, one of the tasks of
increasing the efficiency of such heat exchangers is to
optimize its parameters by reducing pneumatic losses.
Therefore, the aim of the research is to determine the
pneumatic losses of the heat-evaporating type heat
exchanger and to establish the regularity of the change of
pressure and power losses required for pumping air through
it from its design and technological parameters. As a result
of analytical researches of pressure losses of the air heat
exchanger of side-evaporating type dependences of losses
of pressure and power on quantity of channels, the area of
section of channels, average speed of air in channels
provided their equality and their form (square, equilateral
triangle, circle). It is established that the most effective
form of channels in the aspect of pneumatic losses
(reduction of pressure losses by 23%) have channels in the
form of an equilateral triangle.

Key words: microclimate, livestock room,
ventilation, heat exchanger, parameters, research,
dependencies.
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BIZTHOBJIEHHSI PECYPCY POBOYUX OPT'AHIB IPYHTOOBPOBHUX MAIIIMH HAHECEHHSIM
3HOCOCTIMKUX MOKPUTH

10. b. Mananiiiuyk?, 10. M. MenbHUK?

'BinnuupKuii HalioHAILHUI arpapHuil yHiBepcuTeT, YKpaiHa.
2Bigokpemnenuii cTpykTypHuii migposain "UepHaTuHchkuit (axoBuil konenx" BiHHMUBKUM HAliOHATBLHUN arpapHHil

yHIBEpCHUTET, YKpaiHa.

Cmamms 3 cneyianvhocmi: 133 — eanysege mawunodyoysammsi.

Kopecnonoenyis asmopis: rewet@vsau.vin.ua.

Icmopia cmammi: ompumano — uepgenv 2021, akyenmosaro — nucmonao 2021, onybnixogaro — 17 epyous 2021 poky.

bion. 10, puc. 7, maba. 8.

AHoTanisg. [HTCHCHMBHE YIIINTBHEHHS IPYHTY, IO
CIPUYMHEHE 3aCTOCYBaHHIM Cy4acCHHX IOTYXHHUX
TPAKTOPIiB 13 BEIUKOK BAarol Ta HASBHICTIO Yy HHX
OipIIMX  po0OYMX  IIBUIKOCTEH, 1 SK  HaCHiIOK
3MEHIIYETHCS TEPMiH eKcIulyaranii  IpyHTOOOpOOHOT
texHiku. CKIaaHI TOrOJHI  YMOBH  BUKJIHKAIOThH
30UIbIICHHST ~ HaBaHTaXEHHS Ha  poboYl  opraHu
I'PYHTOOOPOOHMX MamuH (JieMili IUTyra, KyJbTHBAaTOpPHI
JIATH).

Y crarti posrmsmaeTscs TpoOreMa BiTHOBJICHHS
pecypcy poOOUYMX OpraHiB IPYHTOOOPOOHHX MAIIHH 3a
paxyHOK HaHECEHHSIM 3HOCOCTIMKHX TIOKPHTb.
[TpoananizoBaHO BU/M 3HOIIYBaHHS Ta BIUTUB a0pa3uMBHUX
MaTepiaiB Ha poOoUi OpraHu IPYHTOOOPOOHHMX MAIITHH.

Bu3HayvHHI ~ ONTHUMaJbHI ~ Marepiand Ta  METOAH
MBUIIIEHHS 3HOCOCTIMKOCTI pobounx oprasiB
I'PYyHTOOOpPOOHMX MammH. Po3risiHyTo  0coOaMBOCTI
(dbopmyBaHHs MeTalizaliifHoro MTOKPUTTH, 10

BiZIOOpa)kaeThCsi B HOTO CTPYKTYPI Ta Xapakrtep Ae(eKTiB,
SKI MOXYTh BIJPI3HSTHCS 3a pO3MipamMH, IIUIBHOCTI,
Mopcomorii i opieHTamii. OOTrpyHTOBaHHO 3aJICKHICTP
BJIACTHBOCTEH TOKPUTTIB BiJ CHUCTEMH JIETYBaHHS
Marepiany. HaBeneHHO ycTaTKyBaHHS 1 Marepiaiu Juist
HaHECECHHS ITOKPUTTIB.

3 BpaxyBaHHAIM OTpHMaHOi iH(opMmarii, 3po0ieHH]
BHUCHOBKH Ta NMPOBEICHUH aHaNi3 TEXHOJIOTI HAHECEHHS
3HOCOCTIMKMX TOKPHUTh JJI BIIHOBICHHS pecypcy
pobounx opraHiB IpyHTOOOPOOHHMX MAIIIHH.

Kuamouosi ciioBa: rpyHTO00pOOHa TEXHIKA, TEXHIYHE
obcimyroByBaHHS, OOpOOITOK  IPYHTY, MeTami3amisd,
HaIUIaBKa, TOPOIIKOBUI JpiT, OyroBa MeTaji3alis,
HalJICHHS.

ITocTanoBka mpodaemu

Piyna motpeba cimbcbKoro rocrojapcTsa YKpaiHu B
pobounx opraHax /A0 IUIYTiB Ta iHIINX I'PYHTOOOPOOHMX
MAILIMH JTOBOJI 3HAYHA 1 HE IIIIACTHCSI YACICHHIA OIIHIN.
JIs miATpUMKH TIpare3JaTHOCTI ClIbCHKOTOCIIONAPChKOT
TEXHIKM IIOPIYHO BHITYCKA€THCS 3HAYHA KIiJIBKICTh
3aracHUX YacTHH.

I[Ipu o006pobmi T1pyHTY (OpaHKa, KYJIHTHUBAILis)
SHEPrOEMHICTB HPOLIECY Pi3KO 3pOCTaE Yepes 3aTyIUICHHS
pobounx opraHiB BHACTiJOK abpa3uBHOro 3H0cy [3].

Po6oui opranu rpyHTOOOPOOHUX MAIIUH ITiTAI0THCS
yllapHO-a0pa3uBHOMY XapakTep 3HOCY, SIKHH BHHUKA€E
Yyepe3 KOHTaKT 3 YACTMHKaMHM IPYHTY 1 kaminHsaM. Ha 3Hoc
BIUIMBAIOTh CYNYTHI (PaKTOPH TaKi SK: MEXaHIYHHH CKIaz
IPYHTY; BOJIOTICTb; TBEPJICTh; CTPYKTypa Martepiairy; TUCK
1 TIBHOKICTH BIHOCHOTO TEPEMIIICHHSA IPYHTY TIIO
MTOBEPXHI poOOYNX OpTaHiB IPYHTOOOPOOHHUX MAIIIHH.

B Tabmmuer 1 HaBemeHa Opi€HTOBHA KIIacHQiKallis
O3HaK BCHOTO PI3HOMAHITTS MPOIIECIB 3HOITYBAaHHS, AKi €
HACNIITKOM  TIPOTIKaHHSA  CKJIQJHUX  TPOIECiB  Ha
MOBEpXHEBOMY  IIapi  MeTaly Ipd  3HOLIyBaHHI,
BIZIMIHHOCTI YMOB Ta PeXHUMIiB pOOOTH Tap TepTH.

Tabauus 1. Kinacudikaiiist BUIiB 3HOLIYBaHHS.
Table 1. Classification of types of wear.

BI/IZ[I/I 3HOIIYBaHHA MexaHI4HI

AOpa3uBHe

Iinpoabpa3uBHe
(razoabpa3uBHE)

Timpoepo3iiiae
(razoepo3iiige)
Kasirtamiiiae

BrommroBane

IIpudpernnr

Anresiitae
KoposiliHo-MexaHiuHe

OKHCIIIOBaHE

AOpa3uBHE 3HOIIYBaHHSI € OCHOBHUM BHJIOM
KOHTaKTHOI B3aeMojii mpu 30BHIIIHbOMY TepTi. [lpm
poboti CHOJYy4YEHb pobounx OpraHiB
CUIBCHKOTOCIIOZIAPCHKUX Ta IHIIMX MAaIIMH IPUCYTHE
abpa3uBHE 3HONIYBAaHHS, 1110 € TOJIOBHUM YNHHUKOM, KU
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0oOMeXye TEXHIYHI XapaKTepUCTHKH 1 pecypc MalluH,
MeXaHi3MiB i 00aagHanus [4].

Ha neti Bun 3H0CY mpunanae Big 50 mo 80% Bumaakis
BiIMOB POOOYHX OpraHiB MallWH, 30KpeMa Oy/IiBelbHUX,
JNOPOXHIX, TPAaHCHOPTHUX,  CLIBCHKOTOCIONAPCHKUX,
MAIIHH JJIsi TBAPUHHHUIITBA | KOpMOBUPOOHHMIITBA [3].

B rpyHTax npucyTHi aOpa3WBHI YaCTWHKH Taki SIK,
kBapil (HV 10,5-12,5 I'Tla) i nonpoBwuit mmar (HV 6,5-7,2
I'Tla). HasBHiCTh mMX MiHEpaiB, B OCHOBI IIIIaHUX 1
CyMIIAaHKUX IPYHTIB, TOSCHIOIOTH IIBUIKUHA 3HOC POOOUNX
opraniB. Ha pucyHky 2 noka3anuii xapakTepHuii npoQiib
3HOCY POOOYMX OpraHiB IPYHTOOOPOOHUX MAIlIWH.

Puc. 1. Po6oui opranu rpyHTO00pOOHHUX MaIlInH.
Fig. 1. Working bodies of tillage machines.

BuroroBneHHsT poOOYHX OpraHiB IPYHTOOOPOOHUX
MalliH (JIEMEUIiB IUIYTiB, KyJbTUBATOPHHX JIall, JAWCKIB
OOpiH) MOBMHHO MaTH MiJBUILEHI BUMOTH JI0 MaTepiaiy,
METOMiB  MiABUIIEHHS  3HOCOCTIMKOCTI,  TEXHOJOTIi
BUTOTOBIICHHS [4, 5].

AOpa3uBHUII BUJ 3HOIIYBAaHHS IIOJAUIAETHCS Ha
OCHOBIH YOTHPH BHAH:

1. pyiiHyBaHHS MaTepialy pi3aHHIM;

2. pyiiHyBaHHS MaTepially  [UITXOM
(kpuxke pyHHYBaHH:);

3. pyliHyBaHHS MaTepially mpH 0araTropazoBOMY

BiIpUBY

neGopMyBaHHI  MIKpOOO'€EMIB  IIOBEPXHEBOTO  IIapy
(yromimoroue pyHHyBaHHS);
4. momimedopMmariiiHuii  mpomec — pyHHYBaHHS

MaTepianiB (CHUIBHHUM TPOSB TPHOX BHUIE3a3HAYCHUX
pyHHYBaHb, BKIIOYAalOYM pPYHHYBaHHSI B Ppe3yJbTaTi
nepenakemnysanss) [3].

Bosoricts, MexaHi4Ha CTPYKTypa I'PYHTY, HIBHIKICTH
BIZTHOCHOT'O ITepeMillIeHHsI Ta iHIII (aKTOpH BIUIMBAIOTH HA
abpa3uBHE 3HOILIYBAaHHS pobounx OpraHiB
IpyHTOOOpOOHKX MaluH [3-6].

BwmicT aOpasuBy Tak 3BaHOI'O KBapLOBOI'O MIiCKYy B
I'PYHTI Ma€ OCHOBHUH BILIMB Ha a0pa3nBHUI 3HOC POOOUNX
opratiB IpyHT000poOHNX MammmH. OKpiM abpasuBy, 10
apsanae abo 3HIMae MIKPOCTPY)KKY 3 HMOBEpXHI poOodmx
OprafiB IPyHTOOOPOOHMX MAaIIWH, Ha IIBHUAKICT 3HOCY
BIUIMBA€ MPUCYTHS B IPYHTI BoJiOra, sika Ma€ MEBHY
kucaoTHicTs PH. 3i 30LIBIICHHAM BONOTOCTI IPYHTY i

¢pakmii abpazmBy (0,25-1,00 MM) BenHMYHMHA 3HOCY
30inbIyeThest Ha 25-50%.

Puc. 2. dopma pobodoro oprany KyJIbTHBATOPA.
Fig. 2. The shape of the working body of the
cultivator.

AOpa3uBHUIT 3HOC TepeBaka€ HAJ iHITUMH BUAAMU
3HOCY, B pa3i SKIIO TBEPAICTh a0pa3uBy IECPEBUILYE
TBEPAICTh MaTepialy poOo4YOoro oprany rpyHTo0OpOOHHX
MallluH.

MeTta nociaigkenn

BinHoBIeHHS pecypcy
IPYHTOOOPOOHMX MamuH 3a
3HOCOCTIHKHX HOKPUTB.

Jnst  MOCSATHEHHS IOCTaBJICHOT
PO3B’s3aTH TaKi 3aBIaHHS:

1. Ilpoanami3yBaTd BUIM 3HOIIYBAaHHS Ta BIUIUB
abpa3uBHHUX MarepiaiB Ha poboui OpraHu
IPYHTOOOPOOHUX MalluH;

2. Bu3HAYMTH ONTHMAJIbHI MaTepiald Ta METOH
i IBUIIEHHS 3HOCOCTIHKOCTI;

3. 3 BpaxyBaHHSM OTpUMaHOi iH(popmallil, 3poOHTH
BUCHOBKM Ta IPOBECTH aHalli3 TEXHOJIOTii HaHECeHHS
3HOCOCTIHKMX TOKPUTh Ui MiABUIICHHS pecypcy
poOouux opraHiB IpyHTOOOPOOHHUX MAIIIHH.

pobounx OpraHiB
pPaxyHOK HaHECEHHSIM

METH MOTPiOHO

Pe3yabTaTn n1ociigxeHb

Marepiany i METOAM TMiABUIIEHHS 3HOCOCTIHKOCTI.
ITigBuieHus 3HOCOCTINKOCTI pobounx Oprasis
I'PYHTOOOPOOHMX MalIMH Y CUIBCHKOTOCIIONAPCHKOMY
MAaIMHOOYyBaHHI BiI0OYBAEThCS 3aB/ISIKH:

- BUKOPHCTaHHIO 3HOCOCTIMKOTO
6araromrapoBoro rpokxary;

- po3po0I1Ii CKIIaZOBIX POOOYNX OpraHiB;

- TEpMIiYHi{ 1 TepMOXiMiuHil 006poOII;

- HAIUIABJIIEHHIO 1 HalMJIEHHIO
Marepiais.

[Tix gac, BuObOpy METOAY 3MIIHEHHS B 3aJI€KHOCTI Bif
THILy TPYHTIB CJiJ BPaXOBYBaTH HE TUTBKHA TEXHOJIOTiUHI
Ta €KOHOMIYHI TOKa3HWUKH, & ¥ HEOOXiTHICTh peamizariii
e(heKTy caMo3aTouyBaHHS pOOOYNX OPTaHiB.

CyTHiCTE eQeKTy CcaM03aTOYyBaHHS TIOJSATaE y
BHOIPKOBOMY 3HOCI HEOTHOPITHOTO TIO TIEpepi3y Jie3a, mpu

Mmarepiany i

3HOCOCTIMKHX

sKoMy 30epiratoTbcsi HeoOximHa ¢Qopma 1 pixyui
BJIACTUBOCTI poboyoro oprany [4, 5-7].

Burorosnenus OiMeTamigHIX JIEMIIIiB
TpamenemnoaioHoi  GopMH 3 IBOIIAPOBOIO  KAaTaHOIO
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4acTUHOK Jje3a 31 crami X6D1 (amwkwuii map) i JI-53
(BepxHilt map), Ja€ 3MOTY MiIBUIIUTH TEPMiH CIYKOH i
3abe3nedeTn eQekT camo3arodyBaHHA. JlaHi semimmi
MalOTh TIJBHIICHUH TEepMiH CIIy’)KOHM, aje mimsd  ixX
BITHOBJIEHHS HEOOXiIHE BUTOTOBJIEHHS CIIEIIATI30BAHOTO
OCHAIICHHS TS 00pOOKH MeTaiB THCKOM [4].

OpHi€l0 3  HAWMOWIMPEHIIIMX  TEXHOJOTTYHHX
oreparii Ui 3MIIHEHHsT € TepMiuHa o0poOka. 3aBasKu
TepMiuHiii 00poOni TBepaicTh MeTadmy miast cram 45
cranoButh HRC 40-46, a ms crami 650" i seroBanux
cranei — HRC 55-61. 3HOCOCTIHKICTh Takux poOOUMX
OpraHiB MEHIIIA B MOPiBHSIHHI 3 ACTAISIMH, BATOTOBICHUMHU
31 CIemiadbHUX MaTepiaiiB, ale IMpH 3aCTOCYBAaHHI TaKUX

poOounx oOpraHiB Ha CYIJIMHKOBHX TIPYHTax He
CIIOCTEPIraeThCs caMo3aTouyBaHHs [6].

3HOC  KyNbTHBAaTOPHHUX JIal 3  IHAYKIIHHUM
3arapToBYBaHHAM (WIMpHUHA IIapy 3arapTyBaHHI —

8-10 mm, HRC 48-52) 3a ce3oH cxiage 30 MM, IpH IEOMY
He 3a0e3MmedyeThest AKiCTh 00poOKH [6].

3acTocyBaHHS  J1a3epHOi ~ TepMOOOPOOKM ISt
3Mil[HEHHsI poOoYMX opraHiB B 1,5 pa3u 3HMXKYe 3HOC B
MOPIBHSHHI 3 00'eMHHMM rapTyBaHHsIM. JlazepHa HaruiaBka
crutaBoM I1C-14-60 + 6% B4C 3umxkye 3H0C B 1,7-1,8 pasu
B TIOPIBHSHHI 3 IHAYKI[ITHUM 3arapToByBaHHsM [4].

IlimBuIMTH  3HOCOCTIMKICTH  JOeTaled  MallnH
MOXKJIMBO 33 PaXyHOK HAIUIaBJICHHS.
HammaBmroBanmeHi MaTepianm Iie — CaMO3aXHCHI

mopomkoBi aporu tumy IIII-AH170 (IIII-AH170M),
3a0e3MedyroTh YTBOPSHHS HAIIaBJICHOTO IIapy TBEPIICTIO
HRC 60-65.

OnrtumaibHa 3HOCOCTIHKICTB 1 CaM03aroCTpPIOBaHHS
BU3HAYAEThCS PETYNIOBAHHSAM TI'eOMeTpii HarIaBiIeHOro
miapy (BHCOTa, MIMOMHA, KPOK HAIUIABJICHHS), a TaKOX
CIIBBIHOIICHHSIM TBEPAOCTI HAIUIABICHUX MIJSTHOK 1
ocHOBHOTO MeTany B Mexax 1,5:1,0; 1,0: 1,0 [7].

Komno3sutiiiHi Marepiand B OCHOBHOMY OTPHUMYIOTh
METOJIOM TIOPOIIKOBOi MeTamyprii. KpiM mporo icHyrOTh
IHII METOMW, HANPHUKIAA, MeTox Oe3mocepeIHhOro
BBE/ICHHS HAIIOBHIOBAYA B PIAKUI MeTal abo cIuiaB mepen
posnuBoM. B ocraHbOMy BUINAAKY ISl OYMILNEHHS BiX
KHPOBUX Ta IHMKX  3a0pyAHEHb, IOKPAIICHHS
3MOYYBaHHSI YacTHUH PiJl KUM METaJOM 1 PiBHOMIpHOIO
PO3MIllIEHHs X B MATpHIIl 3aCTOCOBYIOTh YIIbTPa3BYKYBY
00pOOKY PiJIKOTO PO3ILIABY.

3acTocyBaHHS KOMIIO3MIIIITHUX MatepianiB (MilHa,
IUTACTHYHA OCHOBA - 3HOCOCTIMKE MOKPHTTS), BiANOBIga€E
KPUTEPIEM «IIiHA-AKICTB» Ta € KpalluM s 3MilHCHHS
pobouux opraHiB IPyHTOOOpOOHHMX MamuH. [Ipu
BUTOTOBJICHHI ~ BEJIMKMX TNapTii poOoYMX  OpraHiB
I'PYHTOOOPOOHMX MAIMH, IIOBHHHI 3aCTOCOBYBaTHCS
3MIIHIOIOYI ~ TeXHoJorii Ha cTagii BHUTOTOBJICHHS.
TexHosorii, mIOA0 MiABHIIEHHS pecypcy HOBHHHI
BIIMOBIZIATH TIEBHUM BUMOTaM: BUIY BUPOOHHIITBA, OyTH
MIPOAYKTUBHUMH, €KOHOMIYHMMH Ta 3a0e3ledeyBaTH
3a/1aHy TOBIIVHY 1 3HOCOCTIHKOCTI MOKPUTTIB.

3a0e3neunTH BENUKHH TepMiH CIyXO0Mm pobodnx
OprasiB, CKOPOTHTH Yac MIPOBEACHHS POOIT MO 3MIIHEHHIO
1 3HU3UTH 1X BapTiCTh, JO3BOJISIE METOJ Ta30TEPMIYHOTO
HalJICHHS.

[Ipouec y rasorepMmiyHe HamwiIeHHS BiJOyBa€eThCS
HACTYITHUM YHHOM: MaTepiall PO3IIIIOETHCS Y BHITISL
MOpOIIKYy abo JpOTy MOAAEThCS B 30HY HarpiBy; ra3s
PO3IWIIIOE HATrpiTI YACTHHKH 1 HAJa€e iM NMPHUCKOPEHHS B

0ChOBOMY HaNpPSMKY; Y 30HI HarpiBy INpH IM0aadi IPOTy
PO3MIITIOIOYHIA Ta3 JUCTIEPTYE PO3IUIABICHUH MaTepial, a
TaKOX BiH BUKOHYE 1 (DYHKIIIIO HArpiBy; YacCTHHKH, IO
HAaOXONATh Ha IOBEPXHIO, MAlOTh BEIHKY IIBHUIKICTh
3ITKHEHHS, TIPU [BOMY YTBOPIOIOTHCSA MIIlHI MDKXaTOMHI
3B'SI3KM Ta CTBOPIOIOTHCS YMOBH IS aiaresii po3IIeHOro
Marepiany 3a paxyHOK aKTHBallil TOBEPXHEBOTO KOHTAKTY
[4-71.

Kiacudikaniss MeTo/iB ra3oTepMiuHUX HAIHMJIEHb 32
BUJIOM BUKOPHCTOBYBAHOI €HEprii i JuKepena TeroTy.

Io Buay eHeprii AiISATHCS Ha:

» Ta30€JeKTPUYHi, B SKUX BHKOPUCTOBYIOTHCS
CIIEKTPOCHEPTis:

» Ta30monyMm’siHEBI METOJH, /€ TeIioBa EHepris
YTBOPIOETHCS 32 PAXyHOK 3TOPSIHHS TOPIOYHX T'a3iB.

[[o6 Harpith po3mIJICHWHA MaTepiall 3aCTOCOBYIOTHh
TaKi BUIOH JOKEpeJia TeIUIOTH:

* yra,

® IUIa3Ma;

® Ta3oBe MOJIYM's.

MeTOI[I/I HaITUJICHHA HO[[iJ'I)IIOTbCSI Ha BUOU:

— IyroBa MeTaji3allies;

— IIIa3MOBC HAITMJICHHS,

— Tra30IoJyMEHEBE HAIWICHHS,

— JeToHauliifHe-Tra30Be HAIWJICHHS.

Jlo ra30eleKTpHYHUX BITHOCATBCS Iepini JBa
METO/IH, OCTaHHI — JI0 ra3omnonymeneBux [4, 5-7].

KoedimieHT BUKOpHCTaHHS €HEPTii, 0 TiABOAUTHCS,

KOoe(il[IEeHT BUKOPHCTaHHS HANWIIOBAaHOTO  MeETay,
NPONYKTHBHICTh, SIKICTH IIOKPUTTIB 1 BapTiCTh iX
HaHECEHHS BU3HAYae e(eKTHBHICTh METOIB

ra3oTepMiyHOro HamwieHHs. [lepeBakalouuM MeETOIO0M
ra3oTepMiYHOr0 HAIWJIEHHS 110 TEIUIOBiil e(eKTUBHOCTI,

NPOAYKTUBHOCTI Ta BapTOCTI MOKPUTTIB € Jyrosa
MeTati3aris.
[Ipu 3acTocyBaHHI JAyroBoi MeTami3amii dacTka

eHeprii, 0 MiABOIAWTECS, WHAe Oe3mocepeaHb0 Ha
HarpiBaHHA 1 IUIABJICHHS TIOPOIIKOBOTO MaTepiaiy,
no3Bosrste miaBumute epextuBHmin KKJ HarpiBy mo 60%.

Huzpki TemmmoBi  BTpatn  oOyMmMoBIeHI  (pi3sMmIHUME
0COOJIMBOCTSIMU TIPOIIECY.
IMpouec nmyroBoi Mertanmizamii BinOyBaeThes 3a

paxyHOK PO3IHJIEHHS JAPOTY B AYTY, 110 TOPUTH MIX HUM,
1 TOPOLIKOM, SIKMH TPAHCIIOPTYETHCSI F'a30M, & yTBOPIOBaHI
YaCTHHKHU MPUCKOPIOIOTHCS 1 PH MO JaHH] Ha TIOBEPXHIO
¢dbopmyroTh TOKpHUTTSA. Bucoka TermioBa eheKTHBHICTH
IyroBoi Meranmi3amii oOyMOBJICHA MPSAMOIO IIeperaveto
eHeprii Bix myru go Apory. YacTka BBEIEHOI TEILTOBOI
€Heprii BiJ IyTH, 110 i/ie Ha pO3ILIaBIEHHS OPOIIKOBOTO
Marepiainy, ctanoBisTh 60-70%, mo B 7-10 pa3is Ginbmie,
HDK O IHIIUX CIIOCOOIB Ta30TEPMIYHOTO HAITUIICHHS.
IIpoXyKTUBHICTH AYTOBOT MeTali3aIlii TOCUTh BEJTHKa — JI0
18 kr/rox npu po3nwaroBadHi cram. Iina aporty 2-3 pasu
JICIIEBIIEe TOPOIIKiB, 3aCTOCOBYBAHMX IS  1HIIHX
Croco0iB ra30TEPMIYHOTO HAMUIICHHS.

PiBeHb MIIIHOCTI 3aJ€KUTh BiJ 00’€MHOTO CKJIany
3MinHIOI0Y01 (ha3u, piIBHOMIPHICTH i pO3MIIIEHHS, CTETICHS
JMCIIEPCTHOCTI 1 po3TallyBaHHs MiXX YaCTWHKaMH. 3TiJTHO
3 ¢hopmyiioro OpoBaHa, omip 3pyLIeHHIO 30UIbIIy€eThCS 31

3MEHIIEHHSIM BiJICTAaHHI M)XK YaCTHHKAMU:
Gb
o= @)
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ne G — monyns 3cyBy; b — mikaromua Bigcrams; | —
BiJICTaHb M)XK YaCTHHKAMHU.

BuropanHs Neryrodnx eIeMeHTiB B MaTepiaii SKui
HAHOCHUTBCS 1 HACHYCHHS MMOPOIIKOBOIO MeTajly ra3aMu 3
aTMocdepr B 30HI TOpiHHSA AOYTH € (Pi3UKO-XiMiYHIMHA
OCOONMMBOCTI  Tpomecy  OyroBoi — Meramizamii,  SKi
CHPUYHUHSIOTH CKJIAAHICTh OTPUMAHHS SIKICHUX TIOKPUTTIB.
OOmagHaHHA Uil Tpolecy  JAyroBoi — Merauizamii
XapaKTepU3yeThCsl IIMPOKUM KyTOM po3nuiy, mo 70°,
HesucoknuM 0,5-0,6, koedinieHTOM BUKOPUCTAHHS METaIy,
3HW)KEHHSIM ~ KOHIIGHTpAlii JIETYIOUMX E€JEeMEHTIB 1
HAJIMIPHUM BMICTOM OKCHJIIB B IOKPHUTTI.

OOnamHaHHS aKTHBOBAHOI JYroBOi MeTaji3allii,
CTBOpPEHE [UIsI YCYHEHHS 3a3HA4CHHX HEIOJIKIiB, fKe
BiJIPI3HAETHCS Bill THIIOBOTO THUM, II0 BUKOPHUCTOBYIOTHCS
MIPOAYKTH 3rOPSIHHS (TIPOTAHOIIOBITPSHA CYMIIT) B SKOCTI
TpaHcropTepa rasy [9].

MartepianamMin 1T  HaHECEHHS  3HOCOCTIMKHX
MOKPUTTIB TPH IUIA3MOBOMY HAalMJICHHI 1 JyroBid
MeTalizalii BHCTYNarTh JOPOri MOPOLIKH CIUIaBiB, Ha
ocHOBI Hikemto [4]. [y myroBoi Meranmizaiii MOMMPeHHS
Ha0yJIM €KOHOMHO JIETOBaHi MMOPOLIKOBI JPOTH Ha OCHOBI
samiza tuny Fe-Cr-B, mo m03BOJSIOTH, HAa BiAMIHY Bif
CYHUITPHUX JAPOTIiB, MPOCTIIIE OTPUMATH 3HOCOCTIHKi
MTOKPUTTS HEOOXiTHOT CHCTEMH JIETYBAaHHS, 1[0 HEOOXiTHO
IUIsL BapiloBaHHS CKJIaqy IOKPHUTTSA NPH PI3HUX PeKHMAx

3HOIITYBaHHSI.
[MokpuTTst 13 3a3HAYCHUX MOPOUIKOBHX JPOTIB
3a0e3neuyroTh  MIiJBHUINCHHS 3HOCOCTIHKOCTI  CTajei
B 2-5 pa3iB Ta poOJATP METOJX JOyroBOi MeTami3arii
nepeBaXkaloylMM TIPH HANWICHHI Ha po0oYi OpraHu
CLITBCHKOTOCTIOAAPCHKHX MaIlnH [5].
Haiibinbmy  HeOe3leKy  CTaHOBHTh 3HOC 32

MEXaHi3MOM BHYTPIIIHBOTO TEPTS, IPU IiJBHIICHUX
KOHTAKTHUX HABAHTQKCHHSIX 1 HasBHOCTI yaapiB. s
MTOKPUTTIB BiH OOYMOBJICHHH, HMOBIPHO, BHHUKHEHHSM 1
PO3BUTKOM MiKPOTPIIIMH IO OKCHIHHUM TUTiBKaM. OKCHIHI
IUBKK 1 THM OUIBII TOPH MOXYTh  CIPHUATH
BiZIIAPOBYBAHHS METaly 3a MEXaHi3MOM BHYTPIIIHBOTO
TepTs, 30UTBIIYIOYM IIBHIKICTh MEXaHIYHOTO 3HOCY
METaJIEBOTO TIOKPUTTS.

Omxe, HEOOXiHO  PO3IISIHYTH  OCOOJIMBOCTI
(dbopMyBaHHS METaTi3alifHUX TMOKPHUTTIB 1 METOIU
BJIOCKOHAJIEHHS TEXHOJIOTII IX HAaHECEHHS, 1110 03BOJISIIOThH
3a0e3MeunTH 3HOCOCTIMKICTh IIOKPUTTIB TPH YAapHO-
aOpa3MBHOMY 3HOIYBaHHI, XapakTEPHOMY sl YMOB
eKCIUTyaTallii podo4nx OpraHiB IPyHTOOOPOOHUX MAaIIHH
[4, 8].

MeranizaniiiHe MOKPUTTS YTBOPIOETHCS 3 MIAPYBATHUX
€JIEMEHTIB, c()OPMOBAHHUX ITPU BUCOKOLIBHKICHOMY yaapi
00 X0JI0JJHY TIOBEPXHIO, 1[0 B ITOJAJILIIOMY ITPU3BOIUTE /10
3aTBEep/AiBaHHS YAaCTUHOK. YaCTHHKH pO3IUIABISIOTECS 10
IUTACTHYHOTO CTaHy Ta PIBHOMIPHO PO3NPHUIUIIIOTHCS IO
noBepxHi. KOHTKT 9acTHHOK MiX COOOI0 BiOyBa€eThCs
ITiCJISA 3a9eTJICHHS X 10 HepiBHii MMOBEPXHOCTI.

Ilin yac HamWIOBaHHA BiAOYBAETHCS OKHMCICHHS
YaCTHHOK, IO TPU3BOJIUTH JI0O YTBOPEHHS OKCHIHOI
IUTIBKH, $Ka TOTparuiie B HOKpUTTA. OKcHOHA IUTIBKA
MOTPAIUISIOYN HA TIOKPUTTSI YNHUTH HA HHOTO HETaTUBHUN
BIUIUB:

1. mepemkokae qu¢ys3ii 4aCTHHOK;

2. 3HWXKYE MIIHICTD 3YETUICHHS;

3. 3MEHIIy€e TBEPIICTh TIOKPUTTSI.

Ha ocTaHHiM HanwICHHWH map HAHECUTHCS PpaKIis
y BUTJAII TWJIY PO3IUIABIEHOTO Marepiaxy abo Horo
OKCHIIB 1 afcopOrii ra3is.

Bucoka mBHIKICTH NMPH HANIICHHI TPU3BOAUTH 10
PO3TIKaHHS 1 KPHUCTAi3aIlisl YaCTHHOK, SIKi KOHTaKTYIOTh 3
paHilie HAaHECEHOIO TIOBEPXHEIO, IIe CIIPHYNHHSE TEPEKTH,
MIOPOKHIHHU, MIKPOTIOPOKHEY1 HAIIOBHEHHI Ta30M.

[leperpiB ~ 4acTMHOK  NpPU3BOAWTH  JO  iX
BUITapOBYBaHHs 1 OcilaHHs B mapoBii dasi [5, 9].

@dopMyBaHHS ~ OJEPKYBaHHUX  IOKPUTTIB,  SIKi
YTBOPEHHI 3 HEPO3IUIABIEHMX YaCTHHOK, OKCHIIB, IOD,
TOHKUX IUIACTHH 3'€THAHUX MDXK co00r0 abo 3BapeHHMMHU
IUITHKaMH, a00 MIISIXOM «CXOIUTIOBAHHS) YTBOPEHHX I
yac KpHcTami3amii i 3aTBepAiHHS.

[ToxpuTTs Mae HWKYIY MIIHICTB i IUTBHICTB, HIXK Y
OCHOBHOTO Marepiaixy, TOMY INO 3BapHI IUISTHKH HE
3allOBHIOIOTH BCIO IUION[Yy KOHTAKTy MDK HAaHECEHHUMH
JaCTHHKAMH.

Y HaceHHOMY TOKPUTTI BUAUIAIOTH TPaHHII MiX
nrapaMM 1 YacTHMHKAMH, SKi BH3HAYAIOTh MIIHICTh
3YCTUICHHSI MIX MOKPUTTSIM 1 i IKJIaJKOIO:

1. koresis;

2. TIOLIApOBi rPaHMIL;

3. rpaHuIs MiX IIapoM i yactuHkamu. [4-9].

MinHicTe TOKPHUTTS 3a0e3MeUyeThCs aATe3i€o Ta
XapaKTepU3y€EThCSl HACTYITHUMH MEXaHI3MaMH:

- HAHECEHHI YacCTHHM Mal0 MaloTh BXOJHUTH B
MeXaHiYHE 34CIUICHHS 3 IOBEPXHEI MiAKIanku ado 3
TIOTIEPETHBO OCAHKEHUM IIapoM;

- HasBHICTH METAJYpPriHOro 3’si3ka CBIOYUTH IIPO
HASsIBHICTh XIMIYHUX PEaKI[iil B 30HI YACTHHKH 1 T IKJIAIKH,
110 MPU3BOJUTH 110 AU(Y3ii B3a€MHOT IIeperiaBKy;

- (biznyHa B3a€MOJist MXK YaCTHHKaMH i OCHOBOIO B
pe3ynbTari 30JMKEHHS aTOMIB Ha BIJCTaHb MOPSIKY
pPO3MIpiB aroMiB, CBIIYMTH NPO HASBHICTH BaH Jep
BanbcoBux cui B JaHOMy TIpoOIIEci.

Ha BiacTHBOCTI HaHECEHOTO MOKPHTTS BIUIMBAIOTH
mpoIecH, Mo BigOyBarOTbCA B IBOo(asHOMY motomi. o
COONMBOCTEHl  HAMMIICHOTO  MaTepiady  BiJHOCATE:
3/IaTHICTh 3MIHIOBATH CKJIaJl YaCTHHOK IIPHU B3aEMOJI 3
HaBKOJIMIIHIM CEPEelIOBHINEM; TIpH yJaapi YacTHHOK
BiOyBa€eThCS MIBHAKA KpHCTamisamis 1 aedopmairis;
XapakTep KOHTAKTIB Mi)K YACTUHKAMU B TIOKPUTTI.

Crpykrypa Ta Xxapkrep aAedexTiB BimoOpaxae
0co0aMBOCTI (POPMYyBaHHS METATI3AI[IHOTO MOKPUTTS Ta
BIIPI3HSIETHCS 32 PO3MipaMu, ITLHOCTIO, MOP(OJIOTIERO 1
Opi€HTAIII€0.

Y  hocrmimpkeHHI MeTai3alliifHOro TOKPHUTTSA Ha
mpuknaai crani 30X13 OmUCHO CKIIAJ HAMWITIOBAHOTO
mapy. Bona Mae pgyxe TOHKI mO dYep3i po3MmimlieHi
XBHJIENIOAIOHI mpomapku Oimoro i cipo-OnakuTHOTO
KOJIbOPY, IO SIBJISIOTHCS 3aTBEPALIAM  METajIoM 1
okcupamMu. HasBHiICTH MeTaly 1 OKCHIIB CBiIYUTH TPO
MPUCYTHICTh [TUISHOK  3MimaHoi cTpykTypu. Okpemi
YaCTUTKH MeETally MaroTh OUIbII OKpyray ¢opmy Ta
mI00yNspHYy, B CBOIO YEPry IOPH MAalOTh TJIOOYIIpHY i
nuckononiony gopmu [10].

HenocrarHicTs MomapoBoro 3MO4YyBaHHS Kpareib €
MIPUYMHOI0  YTBOPEHHS  JUCKONOMIOHMX IIOpH, IO
(dopmyroTecst Mixk mapamu. ['100yIsipHI MOPH BUHUKAIOTH
B PE3yJbTaTi HEIOCTATHHOTO 3AIIOBHEHHS TBEPIiI0YOTO

mapy.
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TpaBneHHs 3pa3KiB JaJI0 3MOTY BHSBUTH IIBHUIKICTH
NPOSBIISHHSA, HAa TOHKUX MIapaX MeTaly HpOSBIISTHHA
BiOyBaJloCs IIBUAIIE HDK Yy OUTBII TOBCTHX IMapax i
BEJIMKHX YacTKax. BHCOKHMI BMICT XpOMY B CTPYKTYPHHUX
CKJIAJIOBHUX CIIPHYUHHAE CIIAOKe TPaBJICHHS y MOPiBHAHHI
13 CBITIINMH IUITHKAMH.

[NomapoBuii XiMiYHUH aHAaJi3 MOKPUTTIB, HAITMIEHUX
JAM-anaparoM, Mokasas, I10 BMICT €JI€MEHTIB IIPAKTHIHO
OJHAKOBHMH 110 TJIMOWHI HAIIIOBAHOTO MIapy, aje B

npoleci HamwiIeHHs BigOyBaeThCsl iX BUTOpSHHS B
MOPIBHSAHHI 3 BUXiZHUM BMicToM [10].

[Ilo6 BU3HAYMTH BIUIMB CKJIaay arMocdepu
TPAHCIOPTHOTO Ta3y Ha OCOOMMBOCTI (OPMyBaHHS

MeTalli3aIliifHOTO TOKPUTTS, OyJio BimiOpaHHI 3pa3ku i3
3aCTOCYBaHHSM pIi3HUX BapiaHTiB Mertamizamii. CepilHMIA
amapatr EM-14 craB 6a3zoBuM i mopiBHHS. B amapari
AJIM-10 nmns po3MUIIEHHS 3aCTOCOBYIOTHCS HPOIYKTH
3TOPSTHHA MIPONAHOTIOBITPSIHOI CyMIiIITi.

[MpunycTuBmM, MmO OKPYIJi 4YacTKH  MeTaiy
MOTPaNWiId B TOKPUTTS BXE y 3aTBEPILIOMY CTaHi, 3
po3Mipom uacTuHOK MeHme 30 MkM. ToMy IOKpUTTS
OTpHMaHi IIpH PO3MIIIOBAHHI B OBITPSHOMY CEPEIOBHILI
MaloTh I'py0y HEOJHOPIHY CTPYKTYPY 3 BUTSATHYTHMH 110
I1apaM IOpaMH i BEMMKUMH 9aCTKaMH.

BukopucTaHHS TNPOMAHOMOBITPSHOTO CEpPEIOBHINA
Ja’lo 3MOTY OTPHMAaTH MOKPHUTTS 3 OUIBII TOHKOIO
CTPYKTYpOIO, TIOp 1 IYCTOT 3HAaYHO MEHIIE 1 BOHHU
JpiOHImi.Y cTpyKTypi Majna KiTbKiCTh OKCHIIB, @ OKCHIHI
wriBky ToHI. ToMy mpu 3actocyBanHi AJI[M-amapata i3
BUKOPHCTaHHSM  IPOMAHOINOBITPSHOTO  CEpeIOBHIIA,
OTUPUMAHI MOKPUTTS SIBJISIIOTHCS € OB KPALIMMHU.

JocnimkeHHs, Npyu BUKOPUCTAHHI BiJHOBIIIOBAIBHOT
atMocdepu, OJIePKYBaHOI 3 3aCTOCYBaHHIM
IPONAHOMOBITPSIHOTO  CEpefOBHMINA  IOKa3ajd,  II0
MIKpOTBEp/ICTh MOKPUTTIB 3HA4YHO BuIle. BinOysaeTbcs
3HI)KEHHSI TIOPUCTOCTI TOKPHTTIB Ta MiABHUIIEHHS
MIKpPOTBEPJOCTI y PI3HUX CTPYKTYpHHX CKJIJOBHX
CTaHOBUTh 6-12%. 30UTBIICHHS MOPUCTOCTI MOKPHUTTIB,
30UTBIICHHS 4YHCTAa 1 pO3MIpIB TPOIIAPKIB OKCHIIB,
BiOYBa€THCS 32 paXyHOK KHCHIO, III0 MICTUTBCS Y CKIIaIi
TPAaHCIIOPTHOTO Tazy. IIiMBUINEHHS NOPHCTOCTI 3HMXKYE
KOTre3iiiHy MiLlHICTh, TOMY IO MOPH - [I¢ MOPOXKHeYl 3
HYJIbOBOIO MIIHICTIO.

[MopiBHIOIOYM TOKPUTTS HanujeHHe amnapatoM EM-
14 6e3 3acTocyBaHHs BiJHOBJIIOBaJIBbHOI arMocdepu i3
MOKPUTTSIM, HaHeceHWM amapatom AJ[M-10, Oyno
BHUSBJIICHHO, IO CTIHKIHCTh TIOKPHUTTIB Ta yIapHO-
aOpasuBHHI 3HOC 30UTBIIYETHCS B KiTbKa pas3iB IpHU
3HWD)KEHHI CTYIICHSI OKHMCIICHHS Kpaleb, 1 K pe3yiabTarT -
CTYIEHS OKUCIICHHS TOKPHUTTSI.

BunpoOGysanns marepianis 10XI'CA, 45T, S0XDA,
30X13 mnoxkaszano, mo nokpurra 3i cram 30X13 wmae
HalKpari pe3ynbTaTH: 3HOCOCTIMKICTh B 2-5 pa3iB BuIle,
HDK y TOKPHUTTIB 3 IHIIMX MaTepiaiiB, € BiAMyIIECHHH
MapTEHCHT 1 CTPYKTYPHI NEPETBOPEHHS B HHOMY OyIyTh
CYIPOBOJIKYBATUCS HanpyXeHHIMHU CTHCKY,
CHPUSITIMBUMH JIJIsl €KCILTyaTallifHAX HABaHTaXKEHb.

B nmopanemioMmy i AOCHIIKEHHS B SIKOCTI €TaJIOHY
IIpU  BUNPOOYBAaHHSIX 3HOCOCTIHKOCTI TOKPHUTTIB OyB
NPUAHATHIA 3pa30K aKTUBOBHOI JyroBoi MeTalizallis-
MIOKPHTTIB 3 CyIiIbHOTO Apoty 30X13.

OTmxe, Ans TIIBHUIIEHHS BJIACTUBOCTEH ITOKPUTTIB,
HEOOXiTHO CTBOPHUTH 3aXMCHY aTMmocdepy, ocoOIMBO B

30HI TOpIHHS JYTH, a TaKOX JIETYBaHHS IMOPOIIKOBOTO
MeTaly eIeMEHTaMH — PO3KUCIIIOBaYaMH, 1€ JaCTh 3MOTY
3MEHIIIETH KINBKICTh OKCHIOHOI IUTIBKM Ha TIIOBEpPXHI
yacTuHKY [4, 8-9].

3anexXHICTh BIACTUBOCTEH IMOKPHUTTIB Bil CHCTEMH
JeryBaHHS Marepiamy. Bubip cucremu IneryBaHHA
PO3MUITIOBAHOTO MaTepially, Yepe3 MOAEIIOBAHHS MPOLIECY
HaJIXOJUKEHHsI KUCHIO B YacTKH, L0 PO3IWIIOIOTHCS Jae
MOJJIMBICTh, OTPUMATH HEOOXiNHY KUIBKICTh OKCHIIB B
MeTali3aliifHoMy MOKPHUTTI 1 HE0OXiHI MOKAa3HUKH HOTO
BIacTHBOCTeH.  TeXHONOriYHI  mapameTpu  JIyroBoi
MeTatizalil JOLiJbHO ONTHMI30BYBAaTH O HE3aJICKHOMY
KpHUTEpito, KM BU3HAYAE TpaIle31aTHICTh MOKPUTTIB MPH
eKcIuTyaTarlii. AaresiiiHa MiIIHiCTh TOKPUTTIB € KPUTEPieEM
B YMOBAaX yZIapHO-a0pa3uBHOTO 3HOIIYBaHHSA, 1[0 MTOKA3ye
X 34aTHICTh YMHUTH OIIip BiAIMIApyBAaHHS BiJ OCHOBH.

[Tpwu omiHIi 3a7eKHOCTI BIaCTHBOCTEH HOKPHUTTIB Bif
CKJIaZy PO3MMIIOBAHOTO Marepially NpHHHATA MOJICIb
OKHCJICHHST YacTHHOK TpM  JAyroBid  Meramizanii,
npejcTaBjieHa B poborax [4, 9-10].

B po6oTax omucaHo mporec TyroBoi MeTanizaiiii, 1o
CKJIQJIAETHCS 3 TPHOX 30H, K1 BiIPI3HAIOTHCS OCOOIMBICTIO
B3a€EMOJIT PO3MMIIIOBAHOTO METaTy 3 KHCHEM B KOXHIH
30Hi. [lepma cramis omucye MOBEAiHKY METaly Ha TOPIIi
enekTpona. Jlpyra cramis XapakTepu3ye MeTana B 30HI
ropiaHs Iyru. Tpers crafis OMECYE TONIT Kpameilb IO
JVCTAHII] HAIMITIOBAaHHS.

YcratkyBaHHAd 1 MaTtepianm AU HaHECCHHS
MMOKPUTTIB. YCTaHOBKAa AaKTHUBHOI JYroBOi MeTai3amii
AJIM-10, npusHaueHa IJi1 HAHECEHHS 3HOCOCTIMKHX 1
AQHTUKOPO3IMHMUX MOKPHUTTIB 3 JPOTSHHX MaTepiaiiB
CIocO0OM  TEPMIYHOTO HATIHJICHHS. YcTaHoBKa
eKCITyaTyeThCsl B YMOBAax, Ha sIKI po3paxoBaHi BUPOOU
BUKOHaHH:s Y, kateropii 3, BimnmosigHo g0 'OCT 15150-
69.

VYcraHoBka Tmpamioe  Bim  Tpbox(dazHOi  Mepexi
3MiHHOTO cTpymy Hampyroro 380/220 B, gacrororo 50 I'm.
Jiis poOOTH yCTaHOBKHM HEOOXiJHAa HAasSBHICTH MeEpex
iZIBEICHHS CTHCHEHOTO TIOBITPs, TPOIaHy, a TaKOX
3BApIOBAJBHOTO JDKEpEJIa XapuyBaHHA 3 JKOPCTKOIO
xapakTtepuctukoro BJIY-506.

[Mpouec muaBieHHsT IPOTIB €JIEKTPUYHOIO JIYroko i
PO3MOPOIIECHHS PO3ILIaBIEHOTO MeTaty
BUCOKOUIBUAKICHUM CTPyMEHEM TPaHCHOPTHOIO rasy €
OCHOBOIO POOOTH yCTaHOBKH.

Pobota ycTaHOBKHM BiZIOyBa€ThCSI HACTYITHIM YHHOM:

1. Ha mBa OpOTH, SKi BUKOHYIOTH POJIb CIEKTPOIB,
TIOJIA€THCS HATIPYTA;

2. JIpOTH 3 TOCTIHHOI HIBHIKICTIO HAIXOISATh B
PO3NWITIOBANILHY TOJIOBKY METajli3aTopa, Jie B pe3yibTari
30MIKCHHS MDK HUMH BHHHKA€ eIEKTPHYHA MOyra i
BiZIOyBa€THCS IIIABICHHS;

3. TpaHCHOpPTHHH ra3 (CTUCHEHE MOBITPSI 1 MPOTaH)
3/IyBa€ YaCTKH PO3IUIABICHOTO METATy 3 TOPIIB IPOTIB,
MiIXOIUTFOE  iX, pO3TaHs€ JO BHUCOKOi IIBUAKOCTI i
3abe3mneuye JOCTaBKy 10 MOBEpXHI 00pOOIIIOBaHOI AeTali.

Jns BUKOHaHHA pOOOTH yCTaHOBHI TOTpiOHE
MiBEICHHS .

®  CTHCHEHOTO IOBITpS;

e IIpOTNaHy;

e  HaNpYTH BiJ] 3BapIOBAILHOTO JKEPETIa JKUBJICHHS.
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0
3aranpHUH
a — TpHUCTpiii MeTamizaTopa, 0 — yCTaHOBKa B poOOTIi;

Puc. 3. BUTJIAA  MeETai3aTopa:
4epB'SYHOTO penykTopa — |, emektpomBuryH — 1;
KPOHIITEHH MEXaHi3My NMPUTHUCKAHHS POJIHKIB — 2; BasKei
— 3; mepenHi i 3aHi HampaBisAOdi — 4; MAIOH KapTepa —
5; crpymompoBomu — 6; pydka — 7; pO3MUIIOBajbHA
rojoBka — 8; miaurta — 9; momaBanbHi posnuku — 10; KpaH —
11; npuTHckHi ponuku — 12; npyxunu — 13; raiiku — 14;
Baxkemi — 15.

Fig. 3. General view of the metallizer: a — metallizer
device; b — installation in operation; worm reducer — I;
electric motor — 1; bracket of the mechanism of pressing of
rollers — 2; levers — 3; front and rear guides — 4; crankcase
tray — 5; power lines — 6; handle — 7; spray head — 8; plate
— 9; feed rollers — 10; crane — 11; clamping rollers — 12;
springs — 13; nuts — 14; levers — 15.

I[Ipn pmocmimkeHHI HaHECEHHS MOKPHUTTIB Oyin
BUKOpHCTaHi: cyuinpHa JApit Mapku 30X13 cucremn
neryBanusi FeC-Cr i nopoukoBi Jpoty 6a30Boi cuctemMu
neryBants Fe-Cr-B pisanx mapok: 45X13P10CI cucremu
neryBanns ~ Fe-Cr-B-C-Y;  40X18P10CS5I  cucremu
neryBanns Fe-Cr-B-Si-Y; 40X18P5HO5CI  cucremu
neryBanus Fe-CrB-Al-Y ngiamerpom 2,0 MM (Tabmuus 2).

[1ix yac BUKOHAHHS Tpolecy AYroBoi Mertaizarii 3a
nonomoroto ycraHoBkun AJIM-10 BuKOpHCTOBYBasIOCS
JIOIIOMDKHE 00JIa/IHAHHS:

® KaceTu 3 eJIEKTPOJHHM JIPOTOM;

® IIPUCTPiHl JUIT YCTAHOBKHM KaceT, IO BHUKIIOYAE
MOJKJIMBICTh TOPKAaHHS IPOTIB MPH PO3MOTYBAaHHA I00
YHHUKHYTH KOPOTKOTO 3aMHKaHHS:

e Mepe)ka CTHCHEHOTO IOBITPS;

e Mepexa (0ayoH) mpomaHy.

Tabuuusa 2. Po3paxyHKOBHI XiMIYHHI
BHUKOPUCTOBYBaHUX JIPOTIB.

Table 2. Estimated chemical composition of the wires
used.

CKIaJ

Mapxka MacoBa J10J1s1 eleMeHTiB, %
JIPOTIiB C Cr | B|AlI|Si|Y Fe
0,16- | 12- o
cnsoxiz | 93 1120l ocoma

Ina

4sx13pscr | 06 [ 13| 5| 02| 1|1 Ochosna
e 02 | 11 | 5| 02| 45| 1 |OcuosHa
20X11P5C51 ' ' ) CHO
I1120X11P5

103CI 02 | 11 | 5| 3 | 1 |1 |OcHoBHa

HanmneHHs MOKPUTTIB MPOBOAMIOCH Ha ITOBEPXHIO
mwiacTuH, BurorosiieHux 3i cram 40 mo 'OCT 1050-88,
TOBIIMHA HAIMWICHHS CTaHOBUTH 2,5 MM. IligrotoBky
MTOBEPXHI 3pa3KiB MiJl HAMWJICHHS IOKPHUTTIB 3AIHCHIOBAH
igmosigao 1o 'OCT 9.304.

Ilepen HamwmeHHSAM TOBEepPXHSA IUIACTHH Oyna
3Hexupena anetoHoM no ['OCT 2768-84. Iloeepxus

MmiJiaBajiacs MOpPOJAYBAaHHIO CTUCHCHHM TOBITPSIM i
CTpyMeHeBO-abpa3uBHiii ~ 00poOpoOIi.  TemmepaTypa
MOBITPS TPH TIATOTOBII MMOBEPXHI Wi HAIHICHHS

MIPOBOJIMIIM CTaHOBMIA He Hmkue Iuioc 5 °C 3 MeToro
BUKITIOYCHHSI KOHACHCAIlil BOJIOTH HA 3pa3Kax.

[MoxpuTTs HaHOCWIM HE Mi3HIME 2 TOTWH MiCIA
CTpyMeHeBO-aOpa3uBHOI ~ OOpoOKH 3a  JTOIIOMOTOIO
YCTaHOBKH aKTHBOBAHOI IyroBoro meramizamnii AJJM-10.

3pasku  mid  OOCHIDKeHh Oymud  BHpi3aHi Ha
enekrpoeposiitnomy Bepcrati AGIE CHARMILLES CUT
20 3 TIacTUH 3 HANWIEHUM aKTHUBOBAHOI JYroBOi
MeTalizalil MOKPUTTSIM.

[MinroToBka Mikpo- 1 MakpouuripiB 3paskiB st
JOCITIJIKEHb CTPYKTYpH, (bi3UKO-MeXaHIYHUX i
eKCIUTyaTalliiHUX BJACTHBOCTEH 3pa3KiB  IOKPHUTTIB
3nilficHIOBasacs 3 BHUKOPHCTaHHSM a30THOI KHCIIOTH
(HNO3) - TOCT 4461-77, eTHI0BOrO TEXHIYHOTO CIHPTY
(C2H50H) - T'OCT 18300-87, OHMCTHILOBAaHOI BOIU
(H20) - I'OCT 6709, mactu I'OI Ne 2 (TY 6-18-36) i
anmasHoi mactu HOM 60/40 (TOCT 25593).

Pesymeratt  onTHMizamii  peXHMIB  IyrOBOTO
mertamizanii. B Tabmuusx 3 i 4 HaBeleHHI pe3yibTaTh
BU3HAYCHHS PEXUMIB JAyroBol Meraiizalii MeToqom
IUIAaHYBaHHS €KCIIEPUMEHTY 32 KPUTEPIEM MaKCHMallbHOT
a/re3iHOi MIIHOCTI MOKPHTTIB 3 TMOPOLIKOBOIO JPOTY
20X11PSIO3CI, mo Bu3Hauae ix 37aTHICTb YMHUTHU OIIP
BIJIIADOBYBaHHIO B YMOBax eKCIUTyaTalii poOouux
OpraHiB IPYHTOOOPOOHHX MAIIIHH.

Tabmuusa 3. OmniHka CTaTHCTHYHOI 3HAYYIIOCTI
KOeQiIieHTIB*.

Table 3. Estimation of statistical significance of
coefficients*.

dakropu Beta t(3) p — level
I, A 0,55 8,78 0,005
U,B 0,07 1,38 0,287
T, MM 0,73 12,59 0,002
S, MM -0,4 -5,05 0,018

* Beta - koediuieHT perpecii; p - piBeHb 3HauyIocTi; t - Kpurepiii
CTpIOfEHTA.
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Jlinitine PIBHSHHS perpecii aJICKBaTHO
eKCIIEPUMEHTATFHUMH JaHUMHU 32 Kputepiem Pimepa. Bei
KoeQillieHTH pIBHSAHHA perpecii, KpiM BH3HAYAIBLHOTO
BIUIMB HANpyrH MAyrd, CTaTUCTHYHO 3Hadymli 3a t-
kpurepiem CThIOIEHTA AJIS 3a1aHOTO P-PiBHS 3HAYYIIOCTI.

Tao6auus 4. Ouinka ageKkBaTHOCTI AiHIHHOT Mogeni *
Table 4. Assessment of the adequacy of the linear
model *

Factor SS cc | MS F p

I, A 90,64 |1 89,06 78,06 0,004
U,B 2,18 1 2,14 1,84 0,267
T, MM 184,16 | 1 184,16 | 159,45 | 0,001
S, MM 2895 |1 29,95 25,20 0,015
Error 3,46 3 1,16

Total SS | 308,33

* SS — cyma KkBaapaTiB; cc — cTymiHb cBoboxu; MS — cepenne
kBajapartuute; F — kputepiit Diwepa; p — piBeHb 3HATYIIOCTI.

OLIHUTH 3aJIeKHICTh aAre31iHOT MIIIHOCTI MOKPHTTS
Bix mapamerpie JIM MoxHa 3a pe3yJbTaTaMu
perpeciifHOro aHawi3y:

y = 0,52x; + 0,74x5; — 0,34x, (2

Ie X1 - CTPYM OYTH, A; X3 - TOBIIMHA HOKPUTTS, MM;
X, - TUCTAHLIiSl HAMJIFOBAHHS, MM.

OTpuMaHi pe3ynbTaTH BHUKOHAHI 3a JOMOMOTOO
rpacdikiB mosepxHi (puc. 4 i puc. 5).

. 36
i 32
= 28

Puc. 4. I'padik moBepxHi 111 HaKTOPIB CTPYMY TyTH
1 TOBIIIMHU IOKPHUTTSL.

Fig. 4. Graph of the surface for the factors of arc
current and coating thickness.

Puc. 5. I'padik moBepxHi 114 HakTOpiB CTPYMY AyrH
1 IMCTaHII] HAITMIIOBAHHS.

Fig. 5. Graph of the surface for the factors of arc
current and spraying distance.

AHami3 HaBeICHUWX JaHUX JO3BOJIIE 3pOOWTH
BHCHOBOK, III0 aTe3isl MeTali3aliiHuX MOKPHUTTIB 3pOCTaE
31 30UMBIICHHSAM iX TOBIIWMHH, CTPYMy OYTH, a TaKOX
3MCHIICHHSAM  [JUCTAHIil HamWIOBaHHSI  (BIOPSAKY
3MCHIICHHS €(pEKTy YHWHHHKIB), BIUIUB HAlpyrH Ayrd
CTATUCTHYHO 3HAYUMH.

[Mpn IM 36inbIIeHHS CTPYMY AYTH HNPU3BOJHUTH 10
ITiIBUIIEHHS TEMIIEPAaTypH YaCTHHOK, PO3BUTKY B3a€EMOJIIT
B KOHTaKTI «JYaCTHHKA-TIIKIamKa» 1 MiIBUIICHHIO
aare3ifHOi MIIHOCTI TOKPUTTS. 3OLIBLICHHS Hampyru
JOyTH, HE3Ba)XalOYM Ha IJBHIIEHHS TEMIIEpaTypu
YaCTHHOK, TPHU3BOJUTH JI0 3HIKEHHS KoedimieHTa
BUKOPHCTAHHS METaly YacTHHOK 1 HOTO BHTOPSHHA 32
paxyHOK 30iJbIICHHSA NOBKHHU ayru [4], mo, mMabyTs,
00yMOBIIFO€ MaJIMH BIUIMB LBOTO (hakTOpa Ha aAre3ito
MeTarizaniiiHoro mokputTa. OTpuMaHi B JAaHi poOoTi
3aKOHOMIPHOCTI 30iratoThCs 3 JaHUMH iHIIUX aBTOPIB [3,
4]. TIpu AM mnmToMa eHepris, IO BHUTpAvaeThcd Ha
ITUIABJICHHS, [IEPErpiB 1 BUMAPOBYBAHHS METaly, 3 POCTOM
MOTYXHOCTI YT 301JbLIYETHCS, @ OTXKE, 30LIbIIYEThCS 1
TeMIeparypa pO3IMIIIOTECS YaCTUHOK. 3OUIBIICHHS
TeMIIepaTypy PO3MMIIOIOTHCS YACTHHOK B CBOIO 4epry

MPU3BOJANTh 110 IIJBUIICHHSA MIIHOCTI 3YCIUICHHS,
OIIBHOCTI 1 PO3BHHEHOCTI TIOBEPXHI OJEPKYyBaHUX
MTOKPHUTTIB.

[Tpu BUOOPI pesKUMY CITiJ IPaTHYTH A0 MiHIMaIbHAX
3HAaYCHb HANPYTH AYTH Oe3 MOpYIIeHHS CTaOLIBHOCTI
mporecy, a HEOoOXigHy Ui TeperpiBy HAMMIIOBaHUX
YaCTUHOK BEJIMYMHY IIOTYXKHOCTI BCTAQHOBIIOBAaTH 3a
JIOTIOMOTOF0 3MiHH CHITH CTpyMY [7].

Jlnist onTiMizanii TEXHOJIOTIYHUX apaMeTpiB JyroBoi
MeTami3aiii 3a KpUTEPIEM MAaKCHMAalbHOI MIITHOCTI
HaIMWIIOBaHUX TOKPUTTIB 3aCTOCOBYBAJIM METOJ| KPyTOTO
CXOmKeHHs, Tabmuis 4 [7].

B pesynbraTi Bu3HAauYeHI ONTHMalbHI HapaMeTpu
IYroBOi MeTaii3alii HOKPHUTTIB 3 MOPOMIKOBOTO IPOTY
20X11P5KO3CI: 1 =320%+15 A; U=34+15 B;
§$=0,7+005 mm; L=95+5 MM, e Meramizariiine
MMOKPUTTS. BUSABWIIOCH HAWOUIBII 3HOCOCTIHKHAM, TOMY

MOXKHA KOHCTaTyBaTH, IO BOHO 1 Mae HalOuIbIIy
a/re3iiHy MillHICTb.
Tabamus 5. Onrumizamis  pexXuMiB  AyroBoi

MeTai3allil MeTOI0M KPYTOro CXO[KECHHSI.
Table 5. Optimization of arc metallization modes by
steep ascent.

XapakrepucTuka Daxrop
X1, A | X3, MM | X4, MM
HynpoBuii piBeHsb X;q 300 0,8 100
InrepBas BapitoBanHs Ax; 50 0,2 25
Koedimienr b; 0,54 0,75 -0,30
Jobyrok b;Ax; 27 0,15 7,5
Kpok h, npu 3miHi
6azoBoro Qakropy x; Ha 10 0,054 | 2,778
10
OprFJ'{eHHﬂ KPOKY 10 0,05 28
BapilOBaHHs
3MiHHA CTaHY Kpyruii pict
y 310 0,65 97,2
36,97 310 0,65 97,2
42,76 320 0,7 94,4
31,18 330 0,75 91,6
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OTpuMaHi MeTalu3aliiiHi MOKPUTTS (pUC. 6) MarTh
XapakTepHy M METOIIB Ta30TCPMIYHOTO HAIMIICHHS
JAMEISIPHO-TIOPUCTY CTPYKTYPY, N€ CBITII IUISHKH -
MeTaleBa OCHOBa, sKa (OPMYeTbCI 3  Kparenb
PO3ILIABIIEHOTO METANY, a TEMHI - IPOIIAPKY OKCHIIB, IO
YTBOPIOIOTBCS TPH OKHCJICHHI Kpamenb Ha IUCTaHIil
HamwioBaHHA.  [IOKpHUTTS — BIIPI3HAIOTBCS — 3HAYHOIO
HEpPIBHOMIPDHMM CIUIaBOM OKPEMHUX HAIMICHUX YacTOK
OOMH 3 OfHMM. LIMOBIpHO, MiKpOreTepOreHHiCTb
CTPYKTYpH TOKPHUTTIB 0OyMoOBieHa HasBHicTIO B [II1
TYrOIUIaBKUX OOPBMICHMX KOMIIOHEHTIB.

IToxpurtst 3 mopomkoBoro apory 20X11P5FO3CI
(puc.6, B) MamTh MEHITY MIKPOT€TepPOTeHHICTh, IX
CTPYKTYpa TOHIIA, OKCHIHWX IUTIBOK MEHIIE, i BOHH
NpiOHimIi, 110, IMOBIPHO, TTOB'I3aHO 3 MEHIITUM CTYIICHEM
OKHUCIICHHS TOKPHUTTIB.

a) 0) B)

Puc. 6. Crpykrypa Ha 1nonepeyHux uuridax
MOKPUTTIB: a — mnopomkoBuit apir 45X13P5CI; 6 —
nopowkoBuii apit 20X11P5CSI; B — nmopomkoBuii npit
20X11P5103CI 1 — oxkcuaHi IUTiBKH, 2 — MeTall.

Fig. 6. Structure on cross sections of coatings: a —
flux-cored wire 45XI13P5CI; b — flux-cored wire
20X11P5C5I; in — flux-cored wire 20X11P5I03CI 1 —
oxide films; 2 — metal.

Puc.7. MikpocTpyKTypa HOKPHUTTS 3 IOPOIIKOBUM
aporom  20X11PSKO3CI: A, B, C - nuisHKH
MIKPOCTPYKTYPH 3 PI3HUM CKJIaJI0M.

Fig.7. The microstructure of the coating with flux-
cored wire 20X11P5K03CI: A, B, C - areas of the
microstructure with different composition.

Panime 3a3Haganoce [11], mo OKCHAHI IUTIBKH
CIIPUSIIOTh  BiJIIIAPOBYBAHHA MeETaly 3a MEXaHi3MOM
BHYTPIIIHBOTO TepTS, 301IBIIYIOYN IIBHJIKICTH
MEXaHIYHOTO 3HOCY

mokpuTTs. CHpuATIHBa MIKPOCTPYKTYpa MOKPUTTI 3
noporkoBoro apory 20X11P5KO3CI 3 MiHIManbHOKO
KUTBKICTIO OKCHAHUX IUTIBOK B KiHIIEBOMY IiICYMKY MOX€
00yMOBITIOBaTH BHCOKI MTOKAa3HUKH #oro
(izikoMeXaHIYHUX 1 eKCIUTyaTaI[iifHIX BIaCTUBOCTEH.

3a pe3ynbTaTaMu BU3HAYCHHS IOPHUCTOCTI MMOKPUTTS
3 mopoukoBoro apoty 45X 13P5CI makcuManbHUi po3Mip
IOop CTAaHOBUTH 24,2 MKM, MiHIMambHUHA - 1,2 MKM, mpu
EOMY YHKCJIO TIOp 3 po3MipoM 10 10 MKM OI[iHFOETHCS B
92,8%, mioIia 3a3Ha4eHUX MOp CTaHOBUTH 69,7%, obcsr -
46,7% (tabmuis 6).

Tabauus 6. Po3nozin yacy MOKpUTTA 3 IIOPOIIKOBUM
npotom 45X 13P5CI 3a po3mipamu, mIomi i 00csry.

Table 6. Distribution of coating time with flux-cored
wire 45X13P5CI by size, area and volume.

D, 0-2 |24 |46 6-8 8-10 | X
MKM

n% |30,0 | 435 | 120 |44 1,8 91,7
A% |54 22,6 | 19,8 13,12 | 9,8 70,72
V% | 1,12 | 83 1292 | 124 | 1156 | 46,3

Tabauus 7. Po3nozin 4acy moKpUTTS 3 TOPOLIKOBUM
aporom 20X 11P5CS51 mo po3mipam, miomi i 00'emy.

Table 7. Distribution of coating time with flux-cored
wire 20H11R5S5I by size, area and volume.

D, 0,-2 | 2-4 4-6 6-8 8-10 | X
MKM

n% |302 | 425 [128 55 2,3 93,3
A% |5 20,8 | 179 148 | 11,8 | 70,3
V% |101 |85 11,75 | 13,8 | 14,1 | 49,16

Tabauus 8. Yncino nop 3 po3mipom 10 10 MKM.
Table 8. The number of pores up to 10 pm.

D, 0-2 |24 |4-6 6-8 8-10 | X
MKM

n% |318 | 439 | 135 |57 2,8 97,7
A% |53 21,7 | 189 | 159 |127 | 745
V% | 115 | 88 12,7 | 14 13,9 | 50,55

Jnst moxpurta 3 nopoikoBoro apory 20X11P5CS5I
MaKCUMallbHUA pO3Mip TIOp CTaHOBUTH 27,7 MKM,
MiHIMaIEHUH - 1,2 MKM, TIpH IOMY YHCIIO TIOP 3 PO3MIpPOM
10 10 MkM oriHIOETBCS B 92,5%, mIoIIa 3a3Ha4eHUX MOp
ckiranae 69,4%, oocsr - 47,9% (tabmuis 7). st HOKpHTTS
3 mopormkoBoro ApoTy 20X11P5IO3CI makcumanbHUi
pO3Mip mop cTaHOBUTH 28,3 MKM, MiHIMaabHUH - 0,5 MKM,
MIPH IIHOMY YHCIIO TOP 3 po3MipoM a0 10 MKM OIiHIOETBCS
B 96,2%, mioma 3a3HadueHux nop cknaaae 72,2%, obesr -
49,8% (tabmuus 8).

Umcito BeTHKHUX 1Mop 3 po3Mipamu Oiibe 10 MM [uis
TIOKPHTTIB MOPOLIKOBOTO JApoTy 45X13P5CI,
20X11P5C5I, 20X11P5HO3CI ouintoetsest B 2,25 2,5 i1
2,6%, 1m0 103BOJSIE 3pOOMTH TPHITYHIEHHS IIpo  IX
HE3HAYHy pOJIb B 3HMWKCHHI CTIHKOCTI IMOKPHTTIB IO
yJlapHO-a0pa3uBHOTO 3HOCY. JpiOHOMOpHCTa CTPYKTYpa
MOKPUTTIB  CBIMYMTH TPO  CcTaOUIBHICTH  IIpoLeCy
PO3MUIEHHS IOPOUIKOBOro 1poTy. IIpu npomy HaliMeHIa
MOPHUCTICTh Y TOKPUTTA 3 HOPOLIKOBUM  JIPOTOM
20X11P5FO3CI (2,8%), a Haiibimpma — y HOKPHUTTA 3
nopomkouM apotom 45X 13P5CI (3,5%).
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BucHoBkn

1. Otxe, BripoBa/KeHHS TEXHOJIOTIi Ta30TEPMITHOTO
HalWJIeHHS  JUIA  3MIIHGHHS  pPOOOYMX  OprasiB
IPYHTOOOPOOHHMX MaIlIMH, JA€ 3MOTY PO3KPHUTO BILIUB
CKJIaJly HAMTIOBAHUX MaTepialliB i peXKHUMIB IX HAHECEHHS
Ha IpoIleC NpPH HANWICHHI OKHCICHHI IOKPHTTIB, IIO
BU3HA4Yae iX  (I3UKOMEXaHIYHI 1 eKCIUIyaTalliiHi
BJIACTHBOCTI, 30KpeMa CTIHKICTh JI0 yJapHO-adpa3sHBHOTO
3HOCY, XapaKTePHOT'0 /Uil YMOB poOOTH POOOYMX OpraHiB
I'PYHTOOOPOOHHX MaIIKH.

2. Ilix yac mpoBeneHHS JIOCHIAEEHHA OYyIo
BCTaHOBJICHO,  3aJEXKHICTh  (i3iKO-MEXaHIYHUX 1
eKCILTyaTaIli THIX BJIACTUBOCTEH MeTaji3alinHuX

MMOKPUTTIB 3 TMOPOIIKOBHX JPOTIiB Big iX cHCTeMH
JeryBaHHsA. MIKpOTBEpIICTh MOKPUTTIB 3 IOPOIIKOBOTO
apoty 20X11P5YO3CI B cepennvomy B 1,35 pasu Buie,
mopucticts B 1,45 pasm HmkUe, a 3HOCOCTIHKicTh B 1,15
pasu BUINE, HK UIA MOKPHUTTIB 3 TOPOIIKOBOTO JIPOTY
60X 13P5CI. MeTanmorpadivni TOCTiKSHHS TTOKa3aJIH, 110
CTPYKTYpH METANi3aIHHUX TMOKPHUTTIB 3 MOPOIIKOBUX
aporie  60X13PSCI,  20X11P5C5I, 20X11P5HO3CI
BiJIPI3HSIOTHCS.

3. ExcryaraniiiHi JOCTIJDKEHHS PO3MYIIYIOUHMX JIan
3 MHOKPUTTAM 3 mopomkoBoro apory 20X11PSHO3CI
[OKa3ajad, M0 BIJHOCHA 3HOCOCTIHKICTh 3MIIIHEHHX
KPWIOMOAIOHNX JieMimiB ckiana 2,18-2,66 pas3m, mis
JBOCTOPOHHBOTO aosioTa - 1,97-2,45 pa3u 1o BiZHOIICHHIO
IO CepiiHMX, MO0 OOYMOBIICHO BHCOKHMH ITOKa3HHUKAMH
(Gi3UKO-MEXaHIYHUX 1 eKCIUTyaTallifHuX BIIaCTHBOCTEH
MeTalli3allifHNX TOKPHUTTIB. P0O3p0o0IeH0 TeXHOIOTigHMIA
TpoIieC JAYroBOi MeTaji3allii 3HOCOCTIMKMX IOKPHUTTIB 3
nopomkoBoro  apoty 20X11PSIO3CI, mo mo3Bossie
MIABUIIIATH 3HOCOCTIMKICTH pobounx MMOBEPXOHb
PO3NYIIYIOUMMH JIalaMH KyJIbTHBaTOpa i ix pecypc B 1,8
pasmu.
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BOCCTAHOBJIEHUE PABOYX OPT’TAHOB
[IOYBOOBPABATBIBAIOIEN MAIIIH
HAHECEHUS U3HOCOCTOMKMX MTOKPHITHIA
IO. F. llanaouiiuyk, FO. M. Menvrux

AnHOTamusl. VIHTCHCHBHOC YIUIOTHCHHE IIOYBHI,
BBI3BAaHHOC  NPUMCHCHHEM  COBPEMCHHBIX  MOIIHBIX
TPAKTOPOB C OOJBIINM BECOM M HAJTMYHUEM B HUX OOJIBIIUX
pabouux CKOpOCTEH, M Kak CJICACTBUE YMEHBINACTCS CPOK
IKCILTyaTaI[iH MOYBOOOpabdaThIBAIOIICH TEXHUKHU.
CHOoXHBIC TOTOJHBIC YCIIOBHS BBHI3BIBAIOT YBEIUYCHUE
HATPY3KH Ha pabodre OpPraHbl MOYBOOOPAOATHIBAFOIIIX
MAaIlliH, TpPH 3TOM MPOHCXOIWT H3HOC IOBEPXHOCTEH
paboYKX OPraHOB CENbCKOXO3SHCTBEHHBIX arperaTos.

B crartee paccmarpuBaercst mpobiema IMOBBIIICHUS
pecypca pabouyMx  OpPraHoB  MOYBOOOPAOATHIBAIOLIMX
MAlllH 32 CYET HAHECEHHEeM M3HOCOCTOMKHX MOKPBITHH.
[Tpoananu3upoBaHbl BUIbI H3HOCA U BIUSHHE aOpa3HBHBIX
MaTepHuaoB Ha pabodre OpraHbl MOYBOOOPAOATHIBAIOIINX
MariyH. BU3HaYMHHU ONTHMAIBHBIC MATEPUAIIBI 1 METOIBI

MOBBIMICHUSI ~ M3HOCOCTOHKOCTH  pa0O4YMx  OpraHoB
TOYBOOOPaOATHIBAIOIIINX MAIIFH. PaccmotpeHsr
0COOEHHOCTH (dbopMHupoBaHUs MeTaIM3aIUIHOTO

TIOKPBITHS, OTPAXAETCs B €ro CTPYKType M Xapakrepe
nedexToB, KOTOpble MOTYT OTJIMYaThCS MO pa3Mepam,
IUIOTHOCTH, Mopdosiorun 1 opueHTanuu. OOIpyHTOBaHHO
3aBUCHMOCTb ~ CBOMCTB  TOKPBITUH  OT  CHUCTEMBI
JerupoBaHus Martepuana. HaBenenue oOopynoBaHue u
MaTepHabl I HAaHECEHUsI OKPBITHH.

C y4eToM NONY4YeHHOW HWH(POPMALWH, CIACTAHHOMN
BBIBOJIBI ¥ TIPOBEIEH aHAIM3 TEXHOJOTMH HAHECCHUS
N3HOCOCTOMKHMX MOKPBITHH Uil TOBBIIIEHUs pecypca
pabodnx opraHoB MOYBOOOPAOATHIBAIOIINX MAIIHH.

KiroueBbie cJI0BA: moyBoOOpabdaThIBatOIAs
TEXHHKa, TEXHUIECKOE 00CITy>)KUBaHHEe, 00paboTKa TOYBHI,
METaIN3alys, HalUlaBKa, IIOPOINKOBas IPOBOJIOKA,
JyroBasi METaJUTN3aLMsl, HAIIbUICHHSI.

RESTORATION RESOURCE OF WORKING
BODIES OF SOIL TREATMENT MACHINES
BY APPLYING WEAR-RESISTANT COATINGS
Yu. B. Paladiychuk, Ju. M. Melnik

Abstract. Intensive soil compaction, which is caused
by the use of modern powerful tractors with high weight
and the presence of higher working speeds, and as a result
reduces the service life of tillage equipment. Difficult
weather conditions cause an increase in the load on the
working bodies of tillage machines, with the wear of the
surfaces of the working bodies of agricultural units.

The article considers the problem of increasing the
resource of the working bodies of tillage machines due to
the application of wear-resistant coatings. The types of
wear and the influence of abrasive materials on the
working bodies of tillage machines are analyzed.
Determined optimal materials and methods to increase the
wear resistance of the working bodies of tillage machines.
Features of formation of a metallization covering which is
reflected in its structure and character of defects which
can differ in the sizes, density, morphology and
orientation are considered. The dependence of the
properties of coatings on the material doping system is
substantiated. Equipment and materials for coating are
given.

Taking into account the received information,
conclusions are made and the analysis of technology of
drawing wear-resistant coverings for increase of a
resource of working bodies of tillage machines is carried
out.

Key words: tillage equipment, maintenance, tillage,
metallization,  surfacing,  flux-cored  wire, arc
metallization, spraying.
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Abstract. The logistics system for agricultural
products distribution in the current global economy is the
main topic for discussion in society and in the scientific
literature, and food security is closely linked to the concept
of sustainable economic development.

The article considers a number of factors influencing
the efficiency of logistics systems for agricultural products
distribution in the global economy and analyzes the
problems that arise in the management of business
processes in food supply chains. It is determined that in the
agri-food chain the decisive factors for creating and
maintaining competitive advantages are access to the best
buyer at the appropriate level of quality, with the required
shelf life and proper passage through the supply chain.

In the context of globalization, the competitive
advantages of logistics services, based only on price and
consumer properties, lose their leading importance, and in
the first place are flexibility, limited lead time, reliable and
high-quality supplies, choice, and so on. The complexity of
the organization of transport and logistics systems for the
supply of perishable food products is due to, on the one
hand, the participation of a large number of links in the
chain, and, on the other hand, the features of perishable
goods.

Key words: agrologistics, efficiency, losses, transport
and logistics system, food products.

Introduction

The need to feed the world's ever-growing population
is prompting countries around the world to take measures
to reduce the millions of tons of perishable waste that can
be avoided throughout the supply chain. A significant part
of these losses is due to suboptimal processes and the
provision of transport and logistics systems for food
supplies. In addition, the global coronavirus pandemic has
significantly disrupted traditional supply chains and
necessitated the preservation of much larger amounts of
food, which further increases the likelihood of their loss.

Formulation of problem

It should be noted that the problem of food losses at
all stages of the transport and logistics chain is inherent in
most economies and needs to be addressed both at the
national level to improve the efficiency of the agricultural
sector and the welfare of the population and internationally
for development, addressing the complex issues of global
food security and preventing hunger. After all, modern
global transport and logistics systems of food supply face
a variety of social problems that are constantly deepening.

Analysis of recent research results

In most developed countries, corporate logistics costs
and their share in gross national product are constantly
growing. In this regard, all countries of the world develop
national strategies for the development of logistics systems
and conduct research on the feasibility of realizing the
existing logistics potential in accordance with the strategic
priorities of the national economy.

In recent years, issues and problems of organization
of agrological activities have been raised in the works of
V.A.  Kulik, V.Ye. Marchuk, O.M. Garmash,
A.P. Zakharchuk, Yu.O. Gradysky [2]; O.B. Mnykh and
B.D. Grechyn [3]; R. Badia-Melis, U. Mc Carthy, L. Ruiz-
Garcia, J. Garcia-Hierro, J.I. Robla Villalba [8];
A. Chaudhuri, I. Dukovska-Popovska, N. Subramanian,
H. Chan, R. Bai [9]; J. Dai, W. Che, J.J. Lim, Y. Shou [10];
A. Ratul, F.Z. Megat, S. Nazmus [18]; Rachel A. Weim,
John P. Reganold, David W. Crowder, Kevin M. Murphy,
Lynn A. Carpenter-Boggs [19]; Zagurskiy, S. Rogach,
L. Titova, I. Rogovskii, T. Pokusa [22] and other scientists.

However, despite the significant number of
developments, it is not necessary to determine that a
comprehensive approach to the effective organization of
transport and logistics systems of food supply needs to be
expanded and improved. And bearing in mind the fact that
a significant part of logistics operations on the movement
of material flow from the primary source of raw materials
to the final consumer is carried out using different modes
of transport, and the cost of these operations is up to 50%
of total logistics costs, it should be emphasized the need to
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consider the optimization of logistics costs in the
transportation of food.

Purpose of research

The purpose of the article is to consider the factors
influencing the efficiency of logistics systems for the
distribution of agricultural products in the global economy
and to analyze the problems that arise in the management
of business processes in food supply chains.

Research results

The logistics system for agricultural products
distribution in the current global economy is the main topic
for discussion in society and in the scientific literature, and
food security is closely linked to the concept of sustainable
economic development. Logistics, as a science and practice
of managing material and related flows of financial
resources and information is becoming increasingly
popular in the agricultural sector.

It is clear that the need to use the tools of logistics in
the process of logistics of agricultural production and
marketing, i.e. in the field of agro-industrial complex and
the creation of a new direction in logistics - agro-logistics.
After all, the organization of resource provision of
agricultural producers and the promotion of their products
on the market on the principles of logistics gives significant
economic, social and environmental effects. O. M. Sumets
defines "agrologistics" as a scientific and practical direction in

the management system of agricultural entities, which allows
to increase the economic efficiency of their activities by
reducing intra-firm costs associated with the implementation
of logistics operations and processes in the production, storage
and movement of agricultural products and information about
it at a certain logistics site within the established time limits,
and ensuring timely and quality customer service [4].

However, if we consider the logistics system of
agriculture from a functional approach, we can give the
following definition: agrologistics is the interaction of
cyclical forecasting and planning of agricultural
production, obtaining loans or funds, purchase or
preparation for the season of machinery and equipment,
procurement of materials, production, processing, delivery
of finished products to consumers, receipt of proceeds to
the accounts of enterprises.

From the process approach agrologistics is a form of
optimal organization of flows of material and technical
products between suppliers and consumers of this product
in a market economy, as well as rational planning,
regulation and management of financial, information,
service and other flows in agriculture.

Agrologistics is directly related to the distribution of
agricultural products, and in a broader sense - with the
creation of the most optimal system of movement of all
types of agricultural products in the distribution network
with high standards of service in the field of consumption.
Accordingly, the management of transport and logistics
systems for the supply of agricultural products should be
aimed primarily at transforming the supply chain into a
single, efficient system of customer service - the
population.

Table 1. List of the main problems of creating an effective transport and logistics system for agricultural

products distribution and ways to solve them.

Problematic issues

Solutions

Infrastructure

Investing in joint logistics centers that will create a scale effect that will increase
logistics efficiency by reducing routes, distances and transportation times

Information Technology

The implementation of information technology will help reduce losses and
increase competitiveness.

Integrated logistics systems

Improving the efficiency of agri-food supply chain management is aimed at
uniting all participants in the supply chain into a single, efficient system

Qualified personnel

Training of specialists in the field of logistics management and employees
specializing in the finishing of products with a limited shelf life.

Specialized vehicles

Involvement of refrigeration equipment in the supply chain of agricultural
products increases its quality and freshness and extends the shelf life.

Services of logistics companies

Involvement of logistics service operators.

Packaging
product quality.

Improving packaging technologies that minimize losses and ensure appropriate

Monitoring and traceability

its proper quality

Improving monitoring of product identification and taking measures to maintain

Source: compiled by the authors on the basis of literary sources

Analysis of literature sources [13, 21] allows to form
the main problems on the way to the formation of an effective
transport and logistics system of agricultural products
distribution and possible solutions (Table 1).

Despite all the problems and shortcomings of the agro-
industrial complex, the World Bank estimates that GDP
growth, which is due to agricultural growth, is at least twice
as effective in reducing poverty as GDP growth in other
industries, and it is the innovative development of this

industry provides a large reduction of rural poverty in recent
years in many countries around the world. In addition, the
calculations of scientists show that one percent of additional
products produced in the agricultural sector, provides an
increase in production of industrial infrastructure by 2.5%,
respectively, manufacturing by 1.4%, transport services — by
0.33%, adequate trade — by 2.7% [20].

Therefore, accelerating the growth rate of agricultural
production on the basis of increasing its competitiveness is a
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priority of economic policy [5]. If we add to this that the
reduction of logistics costs by about 1% is equal to an increase
in sales by 10%, it becomes clear that a well-built transport
and logistics system at an agricultural enterprise can provide
more income than the traditional extensive business
development scheme.

Modern development of agro-industrial complex with
application of agrologistics will allow:

- reduce stocks along the entire path of material flow by
30-50%;

- reduce the time of movement of goods along the
logistics chain 25-45% (according to scientists of the Institute
of Agrarian Economics UAAS transportation of products by
field roads, which are typical for most domestic transportation
at grain producers, accompanied by annual losses of 1-2% of
gross grain harvest) [6];

- reduce transportation costs;

- reduce the cost of manual labor.

The above indicates the need to adapt the transport and
logistics systems of the agro-industrial complex to the market
model of management. The development of logistics in the
agro-industrial complex will soon become more and more
popular. Its colossal efficiency in business development is
proved by the results of application of the logistics approach
in the economy of developed countries and large agrarian
vertically integrated firms.

Therefore, if we consider the transport and logistics
systems of agro-industrial complex or agri-food supply
chains, it should be noted that these are self-organized systems
that depend on the internal and external environment. Over
time, some factors determine the evolutionary direction of the
entire system. The self-organizing system has the initiative to
adapt and choose parameters, which means that key
enterprises can negotiate and actively cooperate, weakening
and assimilating negative parameters, and vice versa,
increasing and developing positive parameters.

As a result, synergies between key enterprises and
synergies between supply chains and the environment can be
created, and supply chain efficiencies can be improved. Under
certain conditions, supply chain subsystems can form self-
organized structures and create new ordered connections
through nonlinear interaction [12].

In the agri-food chain, the decisive factors for creating
and maintaining a competitive advantage are access to the best
buyer (the one who provides the highest income) at the
appropriate level of quality, with the required shelf life and
proper passage through the supply chain [7].

However, these requirements need to be expanded when
we talk about sustainable development issues in strategic
decision making. Since the ultimate goal of a sustainable agri-
food chain is to meet the needs of consumers, it will be most
appropriate to take into account the impact of operating
activities on the environment and society. In his research,
O. P. Velichko [1] and M. P. Butko emphasize that in the
conditions of transformation the concept of socially
responsible business is gradually spreading. In their opinion,
socially responsible companies get a positive result from their
social activities aimed at both external and internal
environment, which is manifested in increased productivity,
increasing product quality, reducing the duration of the
production cycle, as well as increasing the company's
reputation, increasing volume sales and a positive attitude of
the population to the company, which they propose to

perceive as a long-term unique competitive advantage of the
firm.

At the same time, food products are special and so far
irreplaceable goods of daily consumption. Their availability,
quality and accessibility are the main conditions of human life
and ability to work. However, despite the stable demand for
food, the current market situation is characterized by certain
difficulties:

1. Increasing customer requirements for product quality.

2. The importance of maintaining consistent results.

3. Unpredictable changes in the market.

4. Rising logistics costs [9].

Given this, companies in the food and processing
industries, to ensure the competitiveness of their products, it
is necessary to maintain a balance in the supply chain by
providing optimal solutions that provide value to the
company, namely:

- support of logistics costs at a reasonable level;

- efficiency of use of production equipment;

- differentiation of markets;

- providing opportunities for production growth;

- ensuring the reliability and sustainability of supplies of
their products [14].

Along with the difficulties in managing business
processes in food supply chains, there are also a number of
problems in the development of the market for such products
in general:

1. Constant changes in the formats of retail trade - the
growth of forms of sales channels. Retailers seek to reach
customers in different geographical locations, they create
different store formats, which in turn requires an
understanding of the business model for each store format and
the orientation of logistics to this format;

2. Expansion and specialization of the range. Retailers
use customer segmentation to more accurately identify their
needs. However, most of them are unable to support the
growth of the range, which affects the availability of goods on
the shelf. Compliance with this requirement requires a
reduction in the supply of individual items and a
corresponding increase in logistics costs in general;

3. The growing importance of individual products.
Trademarks are a source of differentiation for retailers.
Providing these items with stocks requires significant support
for demand, which is difficult to obtain without sales statistics,
which leads to both an increase in the level of stocks and
additional transportation costs. Accordingly, improving the
quality of the forecast will increase the quality of forecasting
parameters, and this will affect the level of stocks in the supply
chain. Reducing inventories in the supply chain will reduce
the share of urgent supplies and, as a result, reduce logistics
costs.

The presence of internal difficulties in managing food
supplies and external externalities in this market encourages
the analysis of the supply chain and the technologies used in
it. If we consider in detail the process structure of the food
supply chain, it usually contains all types of activities for
growing and preparing raw materials, direct production of the
final product and all post-production activities, such as
storage, transportation, sale (wholesale and retail) of finished
products, its export and imports.

It should be noted that these activities have a number of
specific characteristics such as the duration of the finished
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product, seasonality in production, limited shelf life, the need
for air conditioning during transportation and storage.

Inthis regard, food supply chains are subject to increased
requirements related to their safety. The rigidity of food safety
rules and the growing awareness of consumers about food
safety are encouraging businesses to take steps to improve and
modernize agri-food chains and are attracting increasing
attention from researchers in food science, technology and
supply chain management.

To ensure food safety, their quality must be carefully and
continuously monitored and controlled at every stage of the
supply chain. The International Organization for

actor contributing to such a high level of waste is the
inability to control/monitor the temperature in global food
logistics systems [8].

The problem of food losses at all stages of the transport
and logistics chain is inherent in most economies and needs to
be addressed both at the national level to improve the
efficiency of the agricultural sector and the welfare of the
population and internationally to solve complex problems.
related to global food security and hunger prevention.

Thus, in the United States, Canada, Australia and New
Zealand (in total) in 2011 (according to the Food and
Agriculture Organization of the United Nations - FAQ) there
were the following losses:

Standardization (ISO) provides the most popular definition of
food quality "A set of properties and characteristics of
products and services related to the ability to meet the
established requirements or needs of the consumer" [17].

Therefore, in order to preserve the value and quality of
food products and meet customer requirements, the freshness
and safety of these products must be ensured at every stage of
the logistics chain. However, modern global transport and
logistics food supply systems face a variety of social problems
that are constantly deepening. As a result, many of them work
"below ideal”, with the result that about one-third of the food
produced for human consumption is lost. A key f

- grain products: 38% lost vs 62% consumed;

- seafood: 50% lost vs 50% consumed,;

- fruits and vegetables: 52% lost vs 48% consumed;

- meat: 22% lost vs 78% consumed;

- milk: 20% lost vs 80% consumed [15].

Moreover, food losses occur along the entire food
production and distribution chain. Thus, the data of the
Regional Office for Europe and Central Asia of the Food and
Agriculture Organization of the United Nations - FAO show
that the aver age loss of basic perishable foods (cereals,
potatoes, fruits and vegetables, meat, milk) is almost evenly
distributed between supply chain operations (Table 2).

Table 2. Average level of losses of agricultural products along the supply chain, %.

Product Supply chain operations
Production Storage Processing and packaging | Distribution Consumption
Crops 10-40 5-10 5-10 4-10 5-15
Potatoes 10-20 10-30 2-5 2-10 2-15
Fruits and 2-10 10-40 2-5 5-15 5-10
vegetables
Meat 5-15 5-20 5-15 5-20 2-5
Milk 10-30 2-5 10-30 10-20 10-15

Source: Themen D. Food losses and waste in Ukraine [Electronic resource]. Regional Office for Europe and
Central Asia Food and Agriculture Organization of the UN. 2013. URL.: http://www.fao.org/europe/agrarian-
structures-initiative/en

If we consider in more detail the places of origin and
scale of losses and spoilage of food products at all stages
of the food supply chain, for example for cereals and

legumes (Fig. 1), then according to FAO studies in 2000-
2017, conducted for countries in Asia and Africa, they
were as follows.
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Such losses led to the fact that in 2010 the total
volume of unsold goods increased by 3-5 billion US dollars
compared to 2008 [16].

In our opinion, the reasons for such deterioration can
be divided into three categories. Firstly, the reduction of
consumer tolerance regarding to the level of food quality.
Secondly, it is the potential lack or lack of control over the
cargo, which can lead to the supply to the market of
unmarketable goods, which, in turn, can pose a threat to
consumer health. Product spoilage during distribution is a
serious problem. About one-third of the world's food
production is spoiled or lost, with a total loss of 1.3 billion
tons per year. Food losses in the United States alone are
estimated at about 10% of the country's total food supply
at the retail level [15]. Thirdly, the difficulty is the urgent
need to reduce high operating costs in transport and
logistics systems and at the same time increase the
efficiency of their work.

Conclusions

1. In the context of globalization, the competitive
advantages of logistics services, based only on price and
consumer properties, lose their leading importance, and in
the first place are flexibility, limited lead time, reliable and
high-quality supplies, choice, and so on. In the context of
globalization, effective management of logistics and trade
flows have become a central element of the
competitiveness of almost any company that plans to
operate internationally. And the global trend of logistics of
the modern economy is "7R" rule whose main slogan is:
the right product - the right quality - in the right quantity -
must be delivered - at the right time - and in the right place
- the right consumer - with the right level of costs.

2. The complexity of the organization of transport and
logistics systems for the supply of perishable food products
is due to, on the one hand, the participation of a large
number of links in the chain, and, on the other hand, the
features of perishable goods, namely: scattering of
perishable food production points; seasonality of freight
flows; the complexity of coordination of loading and
unloading processes on interacting modes of transport;
indeterminate arrival of rolling stock to transshipment
points (transport hubs); non-deterministic mode of
transportation of perishable goods to wholesale collection
points; forced the need for reverse empty run of rolling
stock; the need to pass phytosanitary and veterinary control
when crossing state borders, which delays cargo at
terminals of departure and destination, often not adapted
for storage of perishable products.
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OPTAHIBALIT TPAHCIIOPTHO-JIOI'ICTUYHUX
CUCTEM IIOCTAYAHb XAPYOBUX ITPOAYKTIB
O. M. 3azypcokui, T. C. JKypakoscoka

AHoOTAaIis. Jlorictuuna cucTema po3mnoaiTy
CLIBCHKOrOCTIOIAPCHKOT MPOMYKIIii B HUHIIIHIH, IM00aNbHIN
€KOHOMILIi € OCHOBHHM IIPEIMETOM JTUCKYCIi SIK B CYCITIIBCTBI
TaKk 1 B HAyKOBid JiiTepaTypi, a IpojoBojibYa Oe3rexa
PO3IIIANAETECA Yy TICHOMY B3a€MO3B’A3KY 3 KOHICHILIEIO
CTaJIOro PO3BUTKY EKOHOMIKH KpAiHH.

B craTTi po3risaHyTO HU3KY (AKTOPIB, IO BIUTMBAIOTH
Ha c(eKTHBHICTh JIOTICTHYHHX CHCTEM  PO3MOALTY
CLIBCHKOTOCTIONAPCHKOI TPOMYKIIi B TII00ANBHIN eKOHOMIII
Ta aHaJi3 MpoOJEeM, IO BHHUKAIOTH B YIIPABIIHHI Oi3HEC-
MpOIeCaMK B JIQHIFOraX IOCTa4yaHb Xap4yOBUX IPOIYKTIB.
BusHaueHo, 1O B arponpoAOBOJBYOMY  JIAHLIOTY
BUpILIILHUMHU (DAKTOpaMu Uil CTBOPEHHS Ta IMiATPUMKH
KOHKYPEHTHHX IepeBar € JOCTYII JI0 HAHKpPAIOro MOKYIILIs
32 HAQJIEKHOTO PIBHS SIKOCTI, 3 HEOOXIJHHUM TEpMiHOM
NPUIATHOCTI Ta HAICKHUM MPOXO/KEHHSIM TI0 JIAHLIIOTY
MOCTAYaHHsL.

B ymoBax TioOamizamii KOHKYpEHTHI —IIepeBaru
JIOTICTUYHHUX TIOCHYT, 3aCHOBaHI TUIBKM Ha I[HOBUX 1
CIIOKUBYMX BJIACTHBOCTSIX, BTPAYalOTh MPOBiIHE 3HAYCHHS, A
Ha TIepIIe MICIle BUXOIATH THYYKICTb, OOMEXEHI TepMiHU
BUKOHAHHS 3aMOBJIEHHS, HaJiliHI Ta SKICHI IIOCTAYaHHSI,
MOXJIMBICTE  BUOOpY Tomio. CKIamHICTh —Oprasizaril
TPAHCTIOPTHO-JIOTICTHYHUX CHCTEM rocrayaHb
LIBUJIKOTICYBHUX ~Xap4yOBUX MPOJAYKTIB 0OyMOBJEHa, 3
OJTHOTO OOKY, — Y4aCTIO BEJMKOI KUTbKOCTI JIAHOK Y JIAHIIFO31,
a 3 iHmoro OOKy, — OCOOJMBOCTSIMH HIBHJIKOIICYBHUX
BaHTaXIB.

KarouoBi caoBa:  arposmoricTrka,
BTPaTH, TPAHCIOPTHO-JIOTICTUYHA  CHCTEMa,
TIPOJTYKTH.

e(pEeKTHBHICTB,
Xap4oBi

OPTAHM3AIINN TPAHCITOPTHO-JIOTUCTUYECKUX
CHUCTEM ITOCTABOK ITMIIEBBIX ITPOAYKTOB
O. H. 3azypckuu, T. C. JKypakosckas

AnHoTanus. Jloructuyeckas cuctemMa pacrpeiesieHUs
CEJIbCKOXO3SMICTBEHHOM  TPOLYKUMM B HBIHEIIHEH,
II00aTFHOM SKOHOMHKE SIBIISIETCS OCHOBHBIM IIPEIMETOM
JIMCKYCCHH, KaK B 0OIIECTBE, TaK U B HAYYHOH JIMTEparType, a
NIPO/IOBOJIECTBEHHAsI  OE30IIACHOCTh  paccMaTpuBaeTcs B
TECHOM B3aMMOCBSI3H C KOHLEMIMEH YCTONUYUBOTO pa3BUTHS
SKOHOMHKH CTpaHbl. B cratee paccMoTpeH psin (akTopos,
BIMSIIOIIMX HA 3(QQEKTUBHOCTh JIOTUCTHYECKUX CHCTEM

pacripeiefieHnsi  CEIbCKOXO3AUCTBEHHONM TMPOAYKIMU B
TJI00ATFHOM 9KOHOMHUKE F aHAJTU3 TP00IIeM, BOSHUKAIOIIUX B
VIIpaBICHWN OW3HEC-TIpoLleccaMd B IEMAX  IOCTaBOK
TTUIIEBBIX TIPOIYKTOB. OmnpenerneHo, 910 B
arpoTpoIOBOIECTBEHHON IIEMHM PEIIAlOMUMA  (haKTOpaMH
JUTS CO3/IaHUS | TIOJI/IepKaHNs KOHKYPEHTHBIX IPEUMYILECTB
€CTh JOCTYIl K JIydIlleMy MOKYyIaTessi MpU HaJylexKalneM
YPOBHE KauecTBa, C HEOOXOJUMBIM CPOKOM TOJHOCTH H
JIOJDKHOM TPOXOXKICHHUEM I10 LIETTH TTOCTABKH.

B YCIIOBHSIX rio0anu3anum KOHKYPEHTHbIE
MPEUMYIIECTBA JIOTUCTHYECKUX YCIIYT, OCHOBAaHHBIE TOJBKO
Ha LCHOBBIX M MOTPEOUTENCKUX CBOMCTBAaX, TEPSIOT
Be/yIIee 3HauCHUE, a Ha MIEPBOE MECTO BBIXOISIT THOKOCTB,
OTPaHMYCHHBIC CPOKH BEHINOJHCHUS 3aKa3a, HAJCKHBIC H
KadyeCTBCHHBIC IIOCTaBKH, BO3MOXXHOCTH BBIOOpa H T. II.
CIOXKHOCTh ~ OpTraHHM3aIlMM  TPAHCIOPTHO-JIOTHCTHICCKIX
CHCTEM TIOCTaBOK CKOPOTIOPTSIIMXCS IHUIIECBBIX IPOIYKTOB
O0YCIIOBIICHA, C OJHOW CTOPOHBI, - YY9acTHEM OOIBIIOTO
KOJINYECTBA 3BEHBEB B IIENH, a C IPYrol - 0COOCHHOCTAMH
CKOPOIOPTAIINXCS IPY30B.

KunoueBbie cioBa: arponoructika, 3pQeKTHBHOCTb,
HOTEpPH, TPAHCHOPTHO-JIOTMCTHYECKAs] CHCTEMa, IHIIEBbIC
MIPOTYKTEL.
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T. C. Kypaxoscka ORCID 0000-0001-8795-7267.
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Anoranis. JlochiDkeHHS TNPHUCBIYEHO MOOYIOBI
MaTeMaTUYHUX MoJeNeld CTIMKOCTI  (YHKI[IOHYBaHHS
MEXaHIYHOI CHUCTEMH JHMCKaTopa /Uil MOBEPXHEBOI'O
00po0iTKy 1pyHTY. OO0’€KTaMH HAaYKOBHX IOCHIIIKCHB
o0OpaHi IUCKOBI po0OYi OpraHM Ha MPYXKHUX CTiHKax i
OTIOPHO-TIPUKOYYBAITEHIM KOTKOM. v CTaTTi
MIPEACTABIICHO pe3ynbTaTi MaTeMaTHIHOTO
MOJICITIOBAHHS CTIMKOCTI (DYHKIIIOHYBaHHS MEXaHIgHOI
CHCTEeMH JAWCKAaTopa 3 KpiIUIEHHSAM poOOYMX OpraHiB Ha
NPY>KHHUX CTIMKaX 1 ONOPHO-TPUKOYYBaJIbHUM KOTKOM. B
pe3yabTaTi aHANITUYHUX JOCIIPKCHb CKIaICHO CUCTEMY
audepeHIiiHUX PIBHSAHb KOJMBaHHS paMH 1 PoOOYMX
OpraHiB JHCKaTOpa IIiJi Yac BHUKOHAHHS TEXHOJIOTIYHOTO
mpoIecy 3 ypaxyBaHHAM 3MiH  (Di3HKO-MEXaHIYHUX
BIIACTUBOCTEH TPYHTY. 3a pO3pOOJIEHHM aarOpuTMOM B
nporpaMHOMy IakeTi Mathematica BcTaHOBIIEHO BHUpa3 y
BUTJISIII PIBHAHHS perpecii 1010 BU3HAYEHHS CTYHEHS
ACHMIITOTHUYHOI CTIMKOCTI 32 KyTOM KOJIUBaHHS paMH
CHUCTEMH POOOYNMX OpPTaHiB JHCKAaTOpa B 3aJICKHOCTI BiX
HOro  KOHCTPYKTHBHO-TEXHOJIOTIYHMX IapamerpiB, a
came, KpPOKOM cCIHipaji MpYXHOI CTiliKM mepumoro i
JPYroro psity ai i, BiACTaHi MK NPYXHUMH CTiHKamu
Ax, niamerpa d, KyTiB aTaku 0 i HaXWily y IUCKOBOTO
poboYOro oprany, HIBUAKOCTI HOTO MEepeMilieHHs V mpu
BHUKOHAHHI TEXHOJIOTTYHOTO TIPOIIECY.

KuarouoBi cioBa: auckarop, AMCK, Npy)KHa CTilka
JMCKaToOpa, IHUCKOBE 3HApsAns, aedopMaris Mpy>KHOT
CTIHfKH, CTIMKICTD ()YHKIIOHYBaHHS CHCTEMU.

ITocTanoBka mpodaemu

CyuacHi TEXHOJIOT11 BHPOIITYBaHHS
CLITBCHKOTOCTIOTaPCHKIX KyJbTYD nependavaoTh
BUKOHAHHSA HU3KH TEXHOJIOTIYHUX oOmepamiii oOpoOiTKy
IPYHTY IIOJO YTBOPEHHS 33/JaHOTO T'PAaHYJIOMETPHYHOTO
CKJIaly TIO TTIMOWHI Ta HAKOIMYCHHS MOXXUBHUX PEUOBHH

JUIsL HOPMaJIbHOTO PpO3BUTKY pociuH [1, 2, 3]. s
3a0e3reueHHss  O3HAYeHHX  337a4 €  aKTyaJbHHUM
pPO3pOOJIEHHSI HOBHX Ta YJOCKOHAJICHHS ICHYIOUHMX

MallvH I TOBEPXHEBOIO OOpOOITKY TIpyHTY, IO
3YMOBIIIOIOTh i IBUICHHS SIKOCTI BUKOHAHHS
TEXHOJIOTIYHOTO ~ IpOIlecy Ta  3MEHIICHHS  HOTo
€HEproeMHOCTI [4].

Ha cporoani ogHuMm i3 HaWOLIBLI NEPCHEKTUBHHUX
HaIpsSMKIB MiIBUILEHHS SKOCTI OOpOOITKY IPYHTY NpH
3MEHILIEHHI EHEProEMHOCTI TPOLECY € 3aCTOCYBaHHS
IUCKOBHX 3HApsANb 13  IHAWBIAYaIbHAM KPIIUICHHSIM
pobouux opraHiB Ha TPYXHHX cTidkax. Takuit
KOHCTPYKTUBHHH TMiOXiX 3yMOBIIOE€ iX  KOJHMBaHHA
BHACJIJJOK HEPIBHOMIPHOCTI CHJI OIIOPY B HATIPSIMKY PYXY
arperaty Ta pyiHyBaHHS IPYHTY NP MCHIINX BUTpAaTax
eHeprii Ta Kpamliii TPHUCTOCOBAHOCTI TO pembePY
00pOOIIIOBAaHOTO ~ TIOJIS,, IO  MIJBHUILYE MOXIIHBICTh
3abe3neueHHsI 33JaH01 SIKOCTI 00po0diITKY [5, 6, 7].

3 MeTolw MiJBHIICHHS €(QEeKTUBHOCTI TEXHIYHHX
3ac00iB 3 JIUCKOBUMH POOOYHMMH OpraHaM¥ akTyaJbHUM
HAaYKOBUM 3aBJIaHHSIM € BCT@HOBJICHHSI 3aKOHOMIPHOCTEH
BIUIUBY  KOHCTPYKTHUBHO-TEXHOJIOTIYHUX  IapaMeTpiB
JMCKAaTOpa Ta BJIACTUBOCTEHl I'PYHTOBOTO CepeOBHIIA HA
CTIMKICTh ()YHKIIOHYBaHHS CHCTCMHU.

AHaJi3 0CTaHHIX JOCTiAKeHb

AHamniz JOCHiDKEHb B HANpsSMKY IiJIBUIEHHS
e(eKTUBHOCTI TPYHTOOOPOOHUX 3HAPSAJL 3 JHCKOBUMH
pobounMHu  opraHamMM  BKa3ylOTb ~ Ha  IepeBaru
3aCTOCYBaHHS X IHIOMBIIyaJbHOTO  KpIIJIGHHS Ha
NPYXXHUX CTiMKax Ta po3TallyBaHHs Ha pami 3HapsAJs 32
MeBHOIO cxeMoro [6-8]. B mocmimkennsx IlleBuenka 1. A.
[9, 10] oTprMaHO pIBHSHHS pyXy MaTepiadbHOI YaCTHHKH
0 YBITHYTIH CepuuHiil MOBEPXHI AUCKOBOTO poOOUYOro
Oprasy.

B pobGorax bakyma M. B. i fAmyka . A. [11]
PO3MIISTHYTO 3ajauyy HapHCHOi TeOoMeTpil BHM3HAUCHHS
BHCOTH TpebeHiB Haa THOM OOPO3HHU MpH 00poOIi IPYHTY
nymuiasbHUKOM. A B MoHorpadii I'ymoma O. II. i
Kos6acu B. II. [12] mpencraBieHi ¢i3ndHi piBHIHHA
3B’A3Ky HAmNpyXKeHb 31 IMBHIKOCTAMHU aedopMariiii s
IPYHTOBOTO CEpelOBHUINA IIPH Aii HA HBOTO JHUCKOBOTO
pobodoro oprany.

Bigomi Mopeni HemoCTaTHBO IOBHO IPECTaBIICHI
aHaNI30M CTIMKOCTI pyXy JAWCKaropa MpW BHKOHAHHI
npouecy. ToMmy s iX JONOBHEHHS 3alpONOHOBaHO
BUKOHATH 3aJayy CTIHKOCTI ()yHKIIOHYBaHHS MEXaHIYHOT
CHCTEMH JTUCKaTOpa.
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Mera gocjiaKeHb

MerToro poOOTH € YHCeNbHE MOIENIOBAHHS CTIHKOCTI
(YHKIIOHYBAaHHS MEXaHIYHOI CHCTEeMH JHcCKaTtopa 3
KpiIUTeHHSIM pPOOOYMX OpraHiB Ha TPYKHUX CTiHKax i
OINOPHO-TIPUKOYYBAJIEHUM KOTKOM. Lle 1acTh MOXKIMBICTH
CTBOpPCHHS OUNbII €(DEKTUBHUX TEXHIYHUX 3aCO0IB IS
OCHOBHOT'O YH [TOBEPXHEBOTO 00POOITKY I'PYHTY.

Pe3yabTaTn n0ciigxeHb

B 3amexHOCTi Bim TNpW3HAYEHHA OUCKaTtopa (s
OCHOBHOTO (TJIMOOKOTO) YH IIOBEPXHEBOTO OOPOOITKY
IPYHTY) Ta TUMIB IPYHTIB, Ha SKUX PEKOMEHIYETHCS HOTO
BUKOPHCTOBYBATH, JHCKaTop KOMIUIEKTYETBCS
JUCKOBAMH POOOYMMH OpraHaMHd BiAmoBimHOI ¢opMmu i
po3mipiB  Ta crifikamMm# pi3HOI KOpcTKOCTi. [Ipm
MiATOTOBII JWUCKAaTOpa J0 poOoTH chepuyHi AUCKA
MPUKPIIUTIOIOTh JI0 paMU Ha OKPEMHX IPYXKHUX CTiliKax
(GpoHTAIBHO y JBa pSIOM HAa OJHAKOBIA BHCOTI 3
MOMEPEYHUM 3MIICHHAM 33aJHBOTO PSAAY BiTHOCHO
nepenHboro.  [Ipuyomy, JauckM — mepumwioro  psny
NPHUKPIILTIOITE O PaMH AUCKATOpa Ha MPYXKHUX CTiMKax
OUTBIIOT KOPCTKOCTI HIDK TPYXKHI CTIHKHA KPITUICHHS
JWCKIB Ipyroro psamy. Jaji 3MiHOIO IOJIOKEHHS OTIOPHO-
NPUKOYYBAIBHOTO KOTKAa y BEPTHKAIBHOMY HANpPsMKY
BCTaHOBJIIOIOTh 33JlaHy TIHOWHY OOpOOITKYy TIpYHTY
JIMCKOBHMH pPOOOYMMH opraHamu nuckaropa. Ilim wac
poboTtu Takoro 3HapsaaLsa aedopMarlis CTIHOK He3HAYHA i
OoIHaKoBa Uil 000X psAAIB JHCKIB, MO 3a0e3neuye
OJIHAKOBY TJIHOMHY Xoay auckiB. lle mimBuinye He nurie
PIBHOMIpHICTb OOpPOOITKY IPYHTY, @ i SIKICTh BUKOHAHHS
orepaiiii B I[iIOMY, 1[0 MiBUIIYE HE JIHIIEC YPOKAHHICTH
CLIBCHKOTOCTIOIAPCHKUX KYJBTYP, @ 1 IMPOXYKTUBHICTh
CITBCBKOTOCIIOAAPChKUX ~ arperatie.  Ha  BHKOHaHHI
mocixgyrounx (Tmicis oOpoOITKY TPYHTY) TEXHOIOTITHUX
ormeparii yepe3 Kpamry BUPIBHIHICTD TOBEPXHI MOJS MPH
PIBHOMIpHIH sSKiCHIH 00poOIi IPYHTY.

VY pesynbraTi aHaNi3y MpoOIeCcy B3aEMOMIl OKpeMo
B3ATHX pOOOYMX OpraHiB IUCKaTOpa (AMCKH MEpUIOTO i
JIPYTOTO Ps/ly Ha MPYXHHUX CTiKaX, KOTOK Ha MPYKHHAX)
3 IPYHTOBHM CEpPEJIOBHIIEM BHUSBICHO, IO 1X BiIXUIICHHS
BiJl TOYKM PIBHOBArd MOB'S3aHi 3 BIAMIHHOCTSIMH (i3UKO-
MEXaHIYHUX BJIACTHBOCTEH IPYHTY Ta HEPIBHOCTSIMU HOTO
moBepxHi. Ileli mpomec BIAHOCATBCS 1O Kareropii
BUIIQJIKOBUX, SIKMH NPH IEBHUX MPUITYLICHHAX MOXHA
BB&)KaTH OCHOBHUM JDKEPEJIOM CHII 30ypeHHs Mpu poOoTi

auckatopa. B 3B’s3ky 3 TMM, mo po0oui opraHu
JMCKaTopa 3B’S3aHI 3 OCHOBOIO paMM  3HapsIs
NPY)KHUMH  CTIHKaMM Ta NpPYKHHAMH, HEPIBHOMIpHi
KOJIMBaHHS  KOKHOTO  po0o4Yoro opraHy OKpeMo
NPU3BOJUTh JI0 KOJMBAHHS paMH JHCKaropa, MIo
CIIPUYWHSE TIOTIPIIEHHS SKOCTI OOpOOITKY TIpYHTY Ta

MiIBUIIIEHHIO TATOBOTO OTIOPY arperary B migomy [13-16].

Jis  BHU3HAYECHHS  BIUIMBY  KOHCTPYKTHBHHX
napaMmeTpiB 3HapsAAs Ha BEIUYMHY KOJWUBaHb paMu i
3HAUEHHs CHJHM HOTO OIOpY CKIIAJIEMO PO3PaxyHKOBY
JVHaMi4Hy Mojenb (YHKIIOHYyBaHHS JAHCKaTopa Ha
OCHOBI TOJIOXKCHb KJIIACUYHOI MexaHiku. [Ipu 1pomy
MpUAMAEMO, IO TPAKTOP 1 JUCKATOP MEPEMIIIyFOTHCS
MPSIMOJTIHIHHO 3 IOCTIHHOIO MIBUIKICTIO B
TOPU30HTANBHIM TuromuHi. KOHCTpyKIist  3’€THaHHS

JMCKAaTOpa 3 TPAaKTOpOM 3ade3nedyye KOJMBAaHHS HOTO Y
BEpTUKAIBbHIN TUIOMIMHI BiTHOCHO TOYKH 3’ €JHAHHS
mpuYerna JUcKaTopa Ta HIDKHIX TAT MEXaHi3My HaBiCKH
TpakTopa. JluckaTtop po3riIsgaeMo SK CHCTEMY TBEPIHX
T

Cxema KOHCTPYKIIi AuCKaTopa 300pakeHa Ha puc. 1.

Puc. 1. CxeMa KOHCTPYKIIil AHCKaTopa B pobouomy
pexumi.

Fig. 1. The scheme of the design of the discator in
working mode.

Ha ekBiBasieHTHiit cxemi (puc. 2) IPUBOAUMO MiCIs
pO3MIllleHH IIEHTPY Mac Ta TOYKH NPHUKIAJaHHS
MIPUBEICHUX PIBHOAIIOYMX CHJI OINOPY IPYHTY pOOOYHMM
OpraHaM JMCKaTopa.

Puc. 2. ExBiBaJieHTHA CXeMa JMCKATOpa.
Fig. 2. Equivalent circuit of the discator.

Bubupaemo  HepyxoMy  JIEKapTOBYy  CHCTEMY
koopauHat xOz. J{jst CIIpOIIEeHHsS MEePEeTBOPEHb i 4ac
CKJIaJJaHHsA PO3paxyHKOBOL MoJjeni IpUMMaEMo

JIOaTKOBY PYXOMY JIeKapTOBY CHCTEMY KOOpAWHAT
x'Oz', meHTp sKOI pO3TANIOBaHWH B TOYUI 3’€IHAHHS
IpyUYena AUCKaTopa 3 TPAKTOPOM 1 TOPU3OHTAJbHA BiCh
SIKOT 1OB’s13aHa 3 pamoto MamuHu. [IpuBeneni piBHOIII0YI
OynemMo po3risiaTH 4epe3 iX Mpoekuil Ha Bici pyxomoi
CHCTEMH KOOPJMHAT.

[Ipu BUKOpHCTAaHHI METOJIB AHATITHYHOT MEXaHIKH
JUIA HAIIOTO BHUMAAKy CIIOYaTKy BHOMpPaeMO He3asIeXkHi
rnapameTpH, sIKi BHU3HAYalOTh IMOJOXEHHS PO3MIISTHYTOT
MexaHi9HOI cucTteMu B mpocTtopi. Taki mapamerpu
Ha3WBalOTh  Yy3araibHEHUMH  KOOpIMHATAMU M€l
MEXaHIYHOI CHCTEMH, a iX KUIbKICTh BH3HA4a€ il 4uCIIo
cryneHiB BinbHOcTi. Ilpm nomymeHHi, mo TpakTop i3
3aKpiIIEHUM JI0 HbOTO NPUYIITHUM ITPUCTPOEM JHCKATOPA
3ilicHIOE NPSMOJTIHIHHAH, PpiBHOMIpHHH,
TOPU3OHTANBbHUN pyX, BUILIMBaeE, 1mo Vy=V=const ta
V,=0.
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IIpyu 3a3HaUeHNX BUIIE NPUITYIICHHAX CHCTEMa Mae
2+ N1 + N2 ctyneHs BibHOCTI, a BignoBimgHo i 2+N1 +
N2 y3arajpHIOIOYMX KOOPIWHAT — KYTH 3CYBY HEpLIOTO
oll,..., Py, =0 i Kytu 3cyBy npyroro ¢21,..., Pon, =0
pAAiB HABKOJO TIO3AOBXKHBOI OCI KpIIDICHHSA MPYKHOI
CTIfIKM IO OMOPHOI paMH, KyT 3CyBY KOTKa ¢k HaBKOJIO
0Ci KpIIUIEHHS 10 OTIOPHOI paMH, KyT ITIOBOPOTY OTIOPHOL
paM# (¢ HaBKOJIO TTO3OBXKHBOI OCi KPIIJICHHS AUCKAaTOpa
1o tpakropa. Tonl audepenuiiini piBHsHHA Jlarpamka 2-
ro poay AJIsl CHCTEMH, IO PO3IJIIAETHCS, MAOTh BHI
[14]:

ofoL) oL _ g
alep) o
2 GLJ_aL_
ot\op, ) o,
0| oL oL
| ——|-——=Q
ot 0y, ) Oy,

(1)
2 aLj_aL_
ot\ o, ) 09,
0| oL oL
Al A. _%:Q:
Ot 00,y, | Oy,
0 oL oL
~ |2 =Q
o\ oo, ) 0,

ne L — ¢pynkuis Jlarpamxka nuHamivHOi cuctemu, JIk:
L=T-U, (2)
T — kiHETHYHA eHepris CUCTEMHU TBepaux Til, JIx;
U — noTeH1iiHa eHepris CUCTEMH TBepAMX Til, [IK;
Q - y3arajpHeHa He IOTeHLiiiHa cuiia (MOMEHT CHIJIN),
H-w™m;
(¢ — y3arajbpHeHa KoopAnHaTa (KyT IIOBOPOTY), pas;
® — mBuaKicTs 3MiHM y3aranpHEHOT KOOpAMHATH (KyTOBa
IIBUJIKICTE), Pajy/c;
t —uyac, c.
KinetnuHa eHepris cucTeMH poOOYHMX OpraHiB
JMCKAaTOPa BU3HAYAETHCS] HACTYITHIM YHHOM:
T:TC+T1+T2+Tk, ©)
ne TC — KiHeTHYHA SHepTis IEeHTpa Mac paMH AUCKaTopa,

JIx:
T, :%Mc(x;%z;z), @)

e Mc — maca pamMu MCcKaTopa, Kr;
5t
X, %c _ mBuakicts PYXy LEHTpa Mac paMH JHcKaTopa B
MIPOEKILISX Ha Bici cucteMu KoopauHar x Oz, M/c;
T1 — KiHETHYHA €Hepris Mepioro psay podboUNx opraHiB

auckaropa, JIx:

Nl
T, =Z(;mﬂ(x{i2+ziiz)+;|1ia’1i2j’ (5)

i1
Je My — Maca JIUCKIB IEpIIOro psity poOOYMX OpraHiB
JICKATOpa, KT;
X, 2, — WBHAKICTb PyXy [HMCKIB MEPIIOTO psiay
pobounx oprasiB AUCKaTOpa B NPOEKILisNX HA BiCi CHCTEMHU
koopauHat x Oz’, M/c;

lii — MOMeHT iHepmii JUCKIB TEpIIoro psAmay pododmx
OpraHiB AUCKaTOpa, KI"M?;

®1i — KyTOBa MIBUIKICTH 00CPTAHHS AUCKIB MEPIIOTO PAIY
poOOYHX OpraHiB AMCKATOPA, paj/c;

i — HOMep HWCKa TMEpIIOTo psay poOOYMX OpTraHiB
JIMCKATOPa, KT

N1 — KiJBKICTh AMCKIB IEPLIOTrO PsiIy poOOYMX OpraHiB
JICKATOpa, KT;

T, — KiHEeTHYHA EHEpTisl APYroro psay poOOYMX OpraHiB
nuckaropa, JIx:

N,
T, =Z(;m2i(xgi2+2;i2)+;Izia)2i2j’ ©)
i

e My — Maca OWCKIiB APYroro psmay poOOYHMX OpraHiB
JICKATOPa, KT;
Xp;+ 2}, — WBHIKICTb PyXy IUCKIB APYTOro psigy pobounx

OpraHiB JucKaropa B NpPOEKHisAX Ha Bici
koopauHat x Oz', M/c;

loi — MOMeHT iHepIii AWCKIB IPYroro psay po0ounx
OpraHiB JUCKATOpa, KI-M?;

®2i — KyTOBa IBUAKICTh 0OCPTaHHS JUCKIB APYroro psAmy
po0oUux opraHiB TUCKaTOpPa, paj/c;

N2 — KUTBKICTB OUCKIB APYroro psay poOOYHMX OpraHiB
JMICKATOpa, KT;

Tk — KiHeTHYHA €Hepris KOTKa Auckatopa, JIx:

T, :%mk()'({(z+z';2)+%lka)k2x (7

CUCTEMHU

Jie Mg — Maca KOTKa UCKaTopa, KT;
L . .
Xy, 2, — WBHIKICTb PyXy KOTKA AMCKAaTOpa B MPOCKLUIsSX

Ha Bici cuctemu koopausat X Oz’, M/c;
Ik — MOMEHT iHepIii KOTKa TUCKaTOpa, KI*M
O — KyTOBa IIBU/IKICTh KOTKA ANCKATOpa, Pazy/c;

[licmss  BIATOBIAHWMX  TIEPETBOPEHB,  OTPUMAIH
cucteMy nudepeHIiHHIX PiBHSAHb KOJIMBAHHS ANCKaTOpa
1 OKpeMO #Oro po0OYHMX OpraHiB, B SKHX (IrypyroTs
(bi3uKO-MEXaHI4HI BJIACTUBOCTI TIPYHTY, SKI MalOTh
BUIIJKOBY TPUPOJY 1 3MIHIOIOTHCS B 3aJlaHUX MeEXax.
Tomy pimeHHst JaHOI CHUCTEMM PIiBHSIHb IIPOBEIEHO B
nporpamHoMy nakeri Mathematica. [Ipuiimaroun g = 9,8
m/c2, q =1,3-103 H/m3; p = 1340 kr/m3; R = 0,66 m; h =
0,1 M BU3HAYMMO MaKCHMallbHYy aMIUITyly KOJIMBaHb
KyTa paMd JUCKaTtopa Bil #oro mapameTpiB (pumc. 3—
puc. 8) y BUTIISAL PiBHSAHHS perpecii:

¢=41,0116 + 0,843796 al — 0,96348al2 —

— 26,2602 all + 1,38778-10-15 al all + 14,1676
all2— —-3,24d + 4,91 d2 + 1,11092 V - 0,0782407

al V- (8)
—0,304222all V —0,0968132 V2 + 0,01260 —

—0,0098 y + 0,0629 d y + 0,000174 a0y —

— 75,2555 Ax — 0,898148 al Ax + 2,02531allAx —
—0,0786996 V Ax + 48,168 Ax2.

ne al all — kxpoxk cmipani mpyXHOi CTifikM mepmioro i
JIpyroro psjmy Aamckatopa, M; AX — BiAcTaHb MiX
NPY)KHUMH ~ CTIHKaMH MHepIoro 1  Apyroro  psmy
auckaropa, M; d — giaMeTp AMCKOBOTO poOOYOro oprasy,
M; V — IBUAKICTH MEPEMIIICHHS IUCKATOpA, M; 0L — KYT
aTaky JIMCKOBOT'O poOOYOro OpraHy JUCKaTopa, M; Y — KyT
HaxXWTy AMCKOBOTO poOOYOro opraHy JUcKaTopa, M.

2.
l
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ap=08MAX=09M, V=10Mc,y=10°, a=15°a=0,6M
a=08M AX=09M, V=10Mc,y=20°a=25°2a=0,8M
— a=08MAX=09M,V=10M/c,y=30°%a=35°%a=10M

— ag=08M, Ax=0,6 M, V=20Mm/c,y=20° a=20°2a;=08M

Puc. 3. 3anexHICTP MaKCHUMAaJIbHOI aMILTITYIH
KOJIUBAHb KyTa paMH JUCKATOpa Bi[l L[iaMeTpa JUCKOBOI'O
pobouoro oprany.

Fig. 3. Dependence of the maximum amplitude of
oscillations of the angle of the discator frame on the
diameter of the disk working body.
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— ap=08M AX=09M,V=10M/c,d=04Mma=15°a=0,6 M
ap=08M,Ax=09M,V=10M/c,d=0,5M,a=25°2a=08M
— ag=08M,Ax=09M,V=10Mc,d=0,6 M, aa=35°a=10M
— ap=08MAX=0,6 M, V=20M/c,d=05M,0=20°a1=0,8M
Puc. 4. 3anexHICTh MaKCHUMAaJIbHOI aMILTITYIH
KOJIMBaHb KyTa paMH JAHCKaTopa B KyTa Haxuiy
JFICKOBOTO PO0O0YOro opraHy.
Fig. 4. Dependence of the maximum amplitude of
oscillations of the angle of the discator frame on the angle
of the disk working body.
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ap=0,8M, Ax=09M,V=10M/c,d=0,5M,y=20°2a=08M

— a=08M,Ax=09M, V=10mM/ec,d=0,6 M,y=30°%a;=1,0M

— ag=08M,Ax=0,6 M, V=20M/c,d=05M,y=30°%a;=0,6M

Puc. 5. 3ajexHicTh MaKCUMAILHOI aMILIITYId
KOJIMBaHb KyTa paMHu JUCKaTopa Bi)I KyTa arakKu
JTUCKOBOTO poOOYOTO Oprany

Fig. 5. Dependence of the maximum amplitude of
oscillations of the angle of the discator frame on the angle
of attack of the disk working body
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— ay=08M,Ax=09M,V=10M/c,d=04M,y=10°, a=15°

ap =0.8M, Ax=09M, V=10m/c,d=05My=20° a=25°

— ap=08M Ax=09M,V=10mM/c,d=06M,y=30°, a=35°

— ay=08M,AX=06MV=20M/c,d=05My=20°a=20°
Puc. 6. 3amexHICTP MaKCHUMAaJIbHOI aMILTITYIH
KOJIMBaHb KyTa PaMU BiJl KPOKY CHipaii MpYXHOI CTIHKH

MIEPILOTO PNy JUCKATOPA.

Fig. 6. Dependence of the maximum amplitude of
oscillations of a corner of a frame on a step of a spiral of

an elastic rack of the first row of a discator.
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— a=0,6M,Ax=09M,V=10mM/c,d=04My=10° ax=15°
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— ay=10MAX=09M,V=10M/c,d=0,6 M,y =30°, a=35°

— ay=08MAx=0,6M,V=20Mc,d=05My=20°a=20°
Puc. 7. 3anexHICTh MaKCHMAaJIbHOI aMILTITY U
KOJIMBaHb KyTa PaMH BiJl KPOKY CIipai Npy»KHOT CTiiKH

JIpyroro psay Auckaropa.

Fig. 7. The dependence of the maximum amplitude

of oscillations of the frame angle on the step of the spiral
of the elastic rack of the second row of the discator.
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Puc. 8. 3amexHICTP MaKCHUMAaJIbHOI aMILTITYIU
KOJIMBaHb KyTa pamMH BiJl IIBUIKOCTI MepeMillleHHS
JUCKaTopa
Fig. 8. Dependence of the maximum amplitude of
oscillations of the frame angle on the speed of the discator
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AHai3 onep)kaHuX 3a1exkHocTel (puc. 3 — puc. 8) 3a
pe3yJbTaTaMu HayKOBHX JOCTIPKEHb BIUIMBY
KOHCTPYKTUBHO-PDESKMMHUX ITIapaMeTpiB Ha CTIMKIiCTh
MEXaHIYHOI CHCTEMH MOHCKaTopa JIO03BOJISIE 3pOOUTH
HACTYIHI BHCHOBKH. 301JBIICHHIO KOJHMBAaHb KyTa paMu
JHCKaTopa CHpHse€ 30UTBIICHHS JiaMeTpa JHCKOBOTO
pobodoro opraHy, KyTiB Haxwly Yy BepTHUKaJIbHIN
IUIOINMHI Ta KyTa aTakh. 3MCHIICHHS KpPOKY CIHipai
NPY>KHOT CTiMKM mepmioro psnay (puc. 6) 3yMOBIIOE
3MEHIIECHHS KOJIMBAHHS KyTa paMH JUCKaToOpa.

MiHimManbHi ~ 3HaYCHHS  KOJHMBAaHb  MEXaHIYHOT
CHUCTEMHU CIIOCTEpIraloThcss B IHTEpBali 3MIHH KpOKY
cmipami TpPYXHOI CTIKHM Jpyroro psmy AHCKOBUX
pobounx opraniB, HalOUTBI Oa)kaHUM € 3MiHA IHOTO
mokasHuka B iHTepBam Bix 0,8 mo 0,9 m. Ilpm 3miHi
IIBUIKICHOTO PEXHMY TUCKOBOTO 3Hapsans Bix 1 m/c no
4 m/c cnocTepiraeTbes 301MBIICHHS KOMUBaHb KyTa pamMu
nuckaropa (puc. 8).

BucHoBku

1. B pe3ynbraTi aHaMiTHYHUX JOCIIIKEHb CKJIAJCHO
cucreMy nauepeHIifHUX pIiBHAHB KOJNWBaHHSI paMHU i
poOounx opraHiB OWUCKaTOpa MiI dYac HOro pyxy 3
ypaxyBaHHAM 3MiH (i3UKO-MEXaHIYHIX BIACTUBOCTEH
IPYHTY.

2. 3a poO3pOOJIECHHM aIrOPUTMOM B HPOrPAMHOMY
makeri Mathematica BCTaHOBIEHO BHpa3 y BUIJLANI
pIBHSHHS  perpecii  IOAO  BH3HAUEHHS  CTYIEHs
ACHMITOTUYHOI CTIMKOCTI (KyTH KOJIMBaHHS () CUCTEMH
poOOYNX OpraHiB AWCKATOpPa B 3aJICKHOCTI Big HOro
KOHCTPYKTUBHO-TEXHOJIOTIYHUX  TapaMeTpiB  (Kpok
cripaii Hpy»XHOI CTIHKM MepIoro i Apyroro psity a ai,
BiZICTaHb MDK NPY>KHUMH cTifikamu AX, niametp d, KyTu
aTaku 0 1 HaXWiay Y IUCKOBOrO pPOOOYOro Opray,
IIBUJKICTh TIEPEMILIICHHS V).
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MATEMATHWYECKOE MOJIEJIMPOBAHUE
CTABMJIbHOCTU MEXAHUYECKOM CUCTEMBI

JUCKATOPA
A. B. Kozauenxo, K. B. Ceovix, A. H. Illkpecans
AHHOTaNMA. HccnenoBanne MOCBSIICHO

MIOCTPOCHHUIO MAaTeMaTHYECKHX MOJIeNled yCTOHYMBOCTH
(YHKIIMOHMPOBAHUSI MEXaHWYECKOW CHCTEMBI JNUCKATopa
JUISL TIOBEPXHOCTHOW 00paboTku mouBbl. OOBeKTaMu
HayYHBIX HCCJEJOBaHMN BHIOpaHBI IUCKOBBIE padoune
OpraHbl Ha YINPYTUX CTOWKaX W OHOPHO-NPUKTHIBAIOLIINM

KaTKOM. B cTarbe  TpencTaBieHBl  PE3yJbTAThI
MaTeMaTHIeCcKOro MOJICTTMPOBAHUS YCTOWYHNBOCTH
(YHKIIMOHHPOBAHUSI MEXaHWYECKON CHCTEMBI IHCKATOpa
C KpeIuieHneM pabodux OpraHoB Ha YNPYTUX CTOHKax U
ONIOPHO-TIPUKATHIBAIOIIMNM  KaTKOM. B pe3ynbprare
AQHAINTHYECKUX HCCIEIOBAaHMHA COCTAaBIECHA CHCTEMA
muddepeHInanbHbIX YpaBHEHUH KojieOaHMs pambl U
pabodnx OpPraHOB JIUCKAaTOpa BO BpeMsS BBIIOIHEHUS
TEXHOJIOTHUECKOTO TIpoliecca € YY4eTOM M3MEHEHHH
(U3HKO-MEXaHMYECKUX cBOifcTB MIOYBBI. ITo
pa3pabOTaHHOMY alropuTMy B IPOTPAMMHOM IaKeTe
Mathematica ycTaHOBIICHO BBIpQ)KEHHE B BUE YPABHEHHUS
perpeccuul Mo ONpPEICICHUIO CTEIEHH aCHMITOTHYECKON
YCTOWYMBOCTH MO YTy KOJNEOAHUS PaMbl @ CHUCTEMBI
pabounx OpraHoB [IUCKAaTOpa B 3aBUCHMOCTH OT €rO
KOHCTPYKTUBHO-TEXHOJIOTUIECKIX apaMeTpoB, a
MMEHHO, IIarOM CIHUPaJIH YIPYrod CTOHKU INEPBOro M
Broporo pspa al all, paccrosiHus MeXIy YNpyrumu
croiikamu AX, auamerpa d, yIJIoB aTaku O M HaKJIOHA Y
JUCKOBOrO  pabodero  opraHa, CKOPOCTH  €TO
MepEMCUICHUA A\ IIpU BBINOJIHEHUN TEXHOJIOTHYCCKOTO
npolecca.
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YOPYIrod CTOWKH,
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MATHEMATICAL MODELING OF STABILITY

OF MECHANICAL SYSTEM OF DISCATOR

O. V. Kozachenko, K. V. Syedykh, O. M. Shkrehal

Abstract. The study is devoted to the construction of
mathematical models of the stability of the mechanical
system of the disc harrow for surface tillage. The objects
of scientific research are selected disk working bodies on
elastic racks and a support-rolling roller. The article
presents the results of mathematical modeling of the
stability of the mechanical system of the disc with the
attachment of the working bodies on the elastic racks and
the support-rolling roller. As a result of analytical
researches the system of differential equations of
oscillations of a frame and working bodies of the disc
harrow during performance of technological process
taking into account changes of physical and mechanical
properties of soil is made. According to the developed
algorithm in the Mathematica software package the
expression in the form of regression equation for
determining the degree of asymptotic stability at the angle
of oscillation of the frame ¢ of the working bodies of the
disc depending on its design and technological
parameters, namely, the step of the spiral of the first and
second rows al all, the distance between the elastic struts
Ax, diameter d, angles of attack o and the inclination y of
the disk working body, the speed of its movement VV when
performing the process.

Key words: discator, disk, elastic disk rack, disk
tool, deformation of the elastic rack, the stability of the
system.
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AHoTanis. Metoro poOOTH € TiIBUIICHHS BUXOLY
Oiorasy Ha 010ra30BHX YCTaHOBKAaX 33 PaXyHOK CITUTBHOTO
30poKyBaHHS THOIO Benukoi poraroi xyno6u (BPX) 3
CTIYHMMH BOAaMH BHHOpPOOHMX BupoOHHUTB (CBBB).
Jlnst  JOCATHEHHS IIOCTaBJICHOT METH BUPILIyBaJIHCS
HACTYITHI 3aBJaHHS: BHM3HAYaBCs BUXiA Oiorasy 3 THOIO
BPX 3 CBBB mnpu mnepioguyHOMy 3aBaHTa)KeHHI
METaHTEHKa; Ha OCHOBI OTPHMAaHMX E€KCIEPHUMEHTAIbHUX
JAHUX 3IIHCHIOBAJIOCH KalliOpyBaHHS MaTeMaTHYHOL
MOJIeNi OLIHKK BUXOXY 0iora3y mpH 30pOoIKyBaHHI THOO
BPX 3 npomaBammasm CBBB; 3a  momomororo
BiIKaMiOpOBaHOI MaTeMaTHYHOI MOJETI IMPOTHO3yBaBCS
BHXin Oiorasy sl KBa3iOe3mepepBHOTO 3aBaHTAKCHHS
METaHTEHKa. HocimkeHHs MPOBOJIMIIUCH Ha
J1a00paTOpHii 0i0ra3oBili yCTAHOBIN, IO CKIATAETHCS 3
MEeTaHTeHKa KopucHUM o6'emoMm 30 1 1 rasrompaepa
MoKporo Tuny. Buxix Giorasy ¢ikcyBaBcs 3a MiIHATTIM
LU HIpa-piBHEMIpa MOKpPOI0 rasrojibjepa 3a
JOIIOMOTOI0  3aKpilyiIeHoi  Ha  HBOMY  IHIKaJH,
BiArpaayiioBaHoi B caHTUMeTpax. TemIoTa 3TOpsSHHSA
Oiorasy BHW3HAYanachb 3a HOTO EJIEMEHTHHM CKJIAJIOM,
skuii  (ikcyBaBcsS ~— ra3oaHamizatopoMm.  HaiOinpm
ICTOTHUMH ~pe3yJbTaTaMM € HacTyNHI: 3a JIaHUMH
eKCTIEpUMEHTAJIbHAX JAOCIIKeHb BHXOMy Oiorasy mpu
MIePIOMIHOMY PEXHMI 3aBaHTaKCHHS 3 BUKOPUCTAHHAM
pO3po0JIeHOT MaTeMaTHYHOI MoOJeai 3a0e3meuyeThest
MIPOTHO3YBAaHHS BUXOXy Oiorasy i KBaziOe3nepeBHOTO
3aBaHTQ)KEHHsS METaHTeHKa. B pe3ynbTaTi NpOBEIEHUX
JIOCITI/DKEHb BCTAHOBJICHO, 110 MaKCHUMAJIbHUN BHXIJl
6iorasy mpu 2% 3amini Bogu Ha CBBB B cybcrparti
cranoButh 0,415 n/(rom.-kr COP), 65% - 0,862
n/(ron.-xr COP), 13% - 1,372 ux/(rom..kr COP).
3HAYNMICTh Pe3yNIbTaTiB TOCTI/HKEHD MOJIATAE B TOMY, IO
BUKOPUCTaHHSA  BiIXOMiB  BHHOPOOCTBA B  SIKOCTI
KOCyOCTpary IO3BOJHTH 30UIBIIMTH B TOCIIOAAPCTBI 3
moroni'smM 1000 ronie BPX noGosuit Buxin 6iorasy 1o
20,5 Tuc. M3, piuHe BUPOGHMLTBO ENEKTPOEHEPrii — 10
54,7 mna. MJIx (15,2 Mia. kBT TO#.), TETIIOBO1 eHeprii —
no 14,79 tuc. I'kan. Ilpm npoMy TepMiH OKYIHOCTI
Giora3zoBoi ycTtaHOBKM moTyxHicTio 4,4 MBT npu

BHUKOPHUCTaHHI «3€JICHOr0» Tapudy CKOPOTHThCA A0 6,5
POKYy.

KaouoBi cioBa: 6ioras, cyOcrtpar, THiMl BeJMKOi
poraroi XxymoOu, BiIXOAM BHHOPOOCTBA, CTIUHI BOIU
BUHOPOOHHMX BHUPOOHMITB, CyXa OpraHidyHa peYyOBHHA,
METaHTEHK, 010ra30Ba yCTaHOBKa, METaHOBE OpOIiHHS.

HocranoBka npodaeMu

Sk Bimomo, rHiT BPX 9acTo BUKOPUCTOBYETHCS IS
OTpUMaHHs 0iora3y, 3 SIKOTO BHPOOJISETHCS EICKTPHYHA i
TeruioBa eHepris. OmHaK, BHACHIIOK HAasABHOCTI B THOI
BEJINKOI KIJIBKOCTI CHPOi KJIITKOBHHH, BHXiJ 0iora3zy npu
foro  30poMKyBaHHI 3a  JONOMOrol  0iorasoBux
YCTQHOBOK  BIJIHOCHO Hu3bKuil. Tomy akTyaJbHUM
3aBJaHHAM € MiJBUIIEHHS BUX0y 6iorasy 3 rHoto BPX 3a
paxyHOK BHKOPHCTaHHS Pi3HUX CTHUMYJIIOIOUMX JI00aBOK.
Skmo K Taka cTUMYyNOYa Jio0aBKa €  BIIXOIOM
BUPOOHHWIITBA, TPH IOMY BHUPIOIYEThCA 3aBHAHHS ii
yTHIi3amii, THM CaMHM TIOJIMIIYETBCA EKOJOTigHA
CHUTYaIlisl B PETIOHI.

3 MeTOoI0 MiABHIICHHS BUXOAY Oiora3y i BUpOOJICHHS
eHeprii, Ha JaHWH Yac MIMPOKO NPAKTUKYETHCS CIIJIbHE
30pomkyBaHHs rHOO BPX 3 cmimocom kykypymsu. Pazom
i3 THM, JlaHy CHPOBHHY MOJKHa BHKOPHUCTOBYBATH SIK
KOPM JyIsl TBApUH 1 MPOIYKTIB XapuyBaHHS AJIsl JFOUHU.
Tomy msi migBUIIEHHS BUXOAy Oiorasy 3 rHor BPX
JIOLITPHO BHKOPHUCTOBYBATH OiJBII [JEIIEBYy CHPOBHHY,
sKa CTUMYJIIOE BHXix 6iora3y - BiAXOIW BUPOOHHUITB, SIKi
HEOOXiJTHO YTHII3yBaTH 3 MiHIMaIbHUMH BUTpaTaMHy,
MOKPAILYIOUH IIPH IIbOMY €KOJIOTIIO.

AHAaJI3 0CTaHHIX J0CTiIKEHb

Sx mokazano B poboti [1], Bmxim Oiorasy mpu
36poIKyBaHHI KyKypyassHoro cuuocy (650 m%xr VS)
ab6o xapuoBHX BimxomiB (660 M%/kr VS) 3HauHO BuIIHA,
Hik 3 THOr TBapuH (450 M%xr VS). 36pomkyBaHHs
BiIX0iB BHHOPOOCTBa 3 THOeM BPX B mabopatopHomy
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peakropi 3 (hikcoBaHOIO IUTIBKOIO Ipu Temmepatypi 35°C
3abe3neuye Buxix Merany 1048 n/kr VS. Ilpu upomy
TakoXX (piKCyBaJloCh 30UTBIIEHHS 3araJlbHOTO BUXOXIY
METaHy B HOPIBHAHHI 3 MOHO30pOKyBaHHIM THOI0O BPX
[2]. B poboti [3] HaBemeHi pe3ymbTaTH HOCIHIIKEHHS
mporiecy METaHOBOTO 30pomKyBaHHS BiJIXO/IiB
BHPOOHHMIITBA YEPBOHUX BHH 3 BHCOKHM BMICTOM TaHIHY
(2-3 r/m) 1 BHCOKMMH KOHIIEHTpAIlisIMA Cyibdatie (3-8
r/m). BcranoBneno, mo IyOWJIbHI PEYOBHHH HE
rajJbMyIOTh YTBOPEHHS KUCIIOTH 1 BITHOBJICHHS CyibdaTy
B amiioreHHiit ¢gasi. HaBite mpu koHnenTparii 800 mr/n y
alliIOTeHHOMY  peakTopi Oymo  merpamoBano  30%
nyonnbHuX pedoBuH. KoHnentpauis taHinie 500 mr/n y
MeTaHOBOMY peakTopi Ha 20% oOmexyBana OioJOTidHY
aKTHBHICTh METaHOTCHIB.

B poboti [4] HaBemeHi pe3ynbTaTH HOCIHIIKEHHSI
MOXUIMBOCTI ~ yTWII3allii CTIYHHX BOJ II€PBHHHOTO
BHHOPOOHOTO BHPOOHHWIITBA NIIIXOM IX METaHOBOTO
30pODKYBaHHS, 110 B CBOIO YEPTy € OOIPYHTYBAHHIM UL
3aCTOCYBaHHSI METaHOTEHe3y SIK HaiOUIbII e()eKTHBHOTO
METOJly OYHMILEHHSI BUCOKOKOHIIEHTPOBAHHUX CTIYHUX BOJI.
Bosoricte CTiYHMX BOJ BUHOPOOHHMX BHPOOHHUITB 3
0CaJioM CTaHOBHTHL 92%, 1110 € ONTHMAaJIbHHM 3HAYCHHSIM
Uil €pEeKTUBHOTO MPOLIECY METAHOBOTO 30pOKYBaHHS.
Bignomenns C:N xomusaroteca Bim 20:1 mo 100:1.
CriuHi BOAM BWHOPOOHHX MiJIPHEMCTB TEPBUHHOTO
BHHOpPOOCTBA XapaKTePU3YIOThCS cI1ab0ITyKHUM
cepenoBuileM, 3HaueHHi pH sxoro ckmamae 7,4 npu
JOIMycTUMOMY 3HaueHHI pH cepenoBmima, mpu sxKomy
IIPOIIeC METAHOYTBOPEHHS MPOTIKae cTablIbHO, B MEXKax
6,5-7,5.

Pe3ynbpraTi MpoBeNEHMX JIOCHIKEHb, HAaBEJCHUX B
pobori [4], M03BOJIAIOTH 3pOOUTH BHUCHOBOK PO T€, IO
MPOIEC YTBOPEHHS 0i0rasy MOYHHAETHCS 4epe3 22 Toj.
micisi 3aBaHTaXKEHHs cyOcTpary 1 mo Mipi 30UIbIIEHHS
BuUXony Oiorazy 3pocrae i BMICT B HBOMY METaHy.
MaxkcumanpHHN BHXig Oiora3y cmoctepiraBcs Ha 21 qo0y
OponiHHs i ckiaB 5,65 1v°/100y npu BMicTi MeTany 67%.
B po6ori [5] HaBeneHO ycepeqHEeHUH CKIIaa CTIYHUX BOJ
BHHOPOOHHX mignpuemMctB. CTiUHI BOOUM OCHOBHOTO
BUPOOHMIITBA 3aBOJIIB IIEPBHHHOTO BHHOPOOCTBAa MAaroTh
HacTynHi nokasHuku: XCK=380-6400 wmr O%mm®,
BCK=300-4300 mr O%nm®, pH=4,7-7,5, uexy yrumisaii:
XCK=4000-30000 mr O?%nm®, BCK=2800-23000 wmr
0% nm3, pH=4,4-6,0, 3aBoJiB BTOPHMHHOTO BUHOPOOCTBA:
XCK=80-1000 mr O%gm%, BCK=40-900 mr O%mm?®
pH=7,2-9,6. Slx 3a3HaueHo B [5], BHKOpUCTaHHs]
Cy4acHMX METAaHTCHKIB Ja€ MOXKJIMBICTH MiATPUMYBATH
BHCOKY KOHIICHTpaIio Oiomacu B 30HI OponinHs (60-80
r/am®), migBumuTH HaBaHTaxkeHHs 10 17-18 kr XCK
O?%m® MeTaHTEeHKa 1 CKOPOTHUTH TPUBAIICTH OUHUIIEHHS J10
1,5-2 ni6.

B po6Gori [6] Haiiumuii Buxig Giorasy 3 Bigxo[iB
BHHOpOOCTBa ckiaB 855,5 n/kr VS (774,5 n/kr CP), B [7]
- Big 400 mo 600 n/xr XCK, B [8] i[9 ] — 9 M3 CHuM®,
tomi sik B [10] — 172 mw/ron. VS, B [11] — 207 mn
CHa/rox. XCK, a B [12] — 43 mu CHa/ron. VS. Buxin
Giora3y i3 cTOKiB 0aHaHOBMX BWH IIPH 3aBaHTAXXEHHI B
depmenTatop 62,4 m¥/noby, Bimmosimmo mo [13],
cranoBus 163 m%/100y.

Sk 3azHadyeHo B poOori [14], MeTaHOBe
30pOKyBaHHS CTOKIB 3aBOJIIB MO BUPOOHHUIITBY COKIB i
BHHA 3 MOJPIOHEHHAM Ocamy mpoTsaroM 15 mid no3Bommino

OTpMMAaTH HAKONMYEHWH BHXin Oiorazy Omm3pko 1600
mi/ron. VS, 6e3 noapioHenHs — 0xam3bko 800 mur/ron. VS.

Y poborax [15-18] mpoBOOMIOCE IOCHIIKESHHS
CHOUTBHOTO 30pOKYBaHHS BiIXOMIB BHHOPOOCTBa 3
aKTUBHIM MYJIOM B Me30(iTbHHX YMOBaX, BUXiJ Oiorasy
npu upomy cknas 0,4 m3kr COP, Tozi six B po6ori [19]
npu 30poKyBaHHI B TepMmo¢inpHMX ymoBax — 0,64
w/ron. VS (s mOpiBHSHHSA, TpU 30pOHKYBaHHI TiTBKH
aKTUBHOTO MYJy BuXif Oiora3y ckias 0,38 n/rox. VS), a
npu o6pobri ymeTpasBykom — 1,411 mw/rox. VS [20].
ABTopHu PEKOMEHAYIOTh TUTST TEpPMOQIITEHOTO
30pO/UKyBaHHS Ha OJHY YaCTHHY aKTUBHOTO MYIy
JI0ZIaBaTH TPU YaCTHHU BUHHHUX CTOKIB.

[IpencraBneni pe3ynbraTd JOCTIKeHh B [21]
MOKa3yloTh, II0 B Hpoleci BUHOPOOCTBa KpiM CTIYHHX
BOJl YTBOPIOEThCSI 0Oarato MNOOIYHMX NPOAYKTIB, B
OCHOBHOMY BHHOT'PaJHHX KICTOUOK, BUHOTPAIHUX CTEOEI
1 BUHHUX OcajiB. AHaepoOHe 30pomKyBaHHS OCOOIIBO
MiAXOOUTE sl 0OpOOKH BiIXOIiB BUHOPOOCTBA 3aBISKU
BHCOKOMY BMicTy OaraTux MOXHWBHHUMH PEYOBHHAMHU
OpPTaHiYHMX PEYOBMH 1 3HAYHOI'O CHEPreTHYHOTO
nmoteHIianmy. B po6oTi mokazaHo, 1m0 Ha CHOTOIHIITHIN
JIeHb ~ IIMPOKO  TPEJACTAaBICHI TUIBKK  pe3yJbTaTd
Me30(UIBHUX TECTIB. Y IBOMY JOCIIJPKEHHI MOTEHIIITHA
NPOJYKLis MeTaHy 1 KIHEeTHYHI KOHCTaHTH Oyiu
BU3HAYCHI 32 JONOMOIOI0 NEPiOANYHUX JOCIHiJIKECHb B
TepMOGUILHUX YMOBax 1 3iCTaBICHI 3 Me30(ITBHUMHU
3HAUEHHSIMH, BXKe BiIOMUMH B Jjiteparypi. [lokasano, mo
3 BUHOTPAIHHX BiIX0AiB, BUpoOneHux B [tamii (808 tuc. T
Ha pik) Moxxe OyTu BHpoOseHo Omu3pko 245 I'Br-ron.
terwioBoi Ta 201 I'BT-rof. egekTpuyuHOi eHeprii 3a pik.

YV nmocmimxenHi [22] npuBeneHa oIiHKa BHPOOICHHS
Oiorasy Ta MeTaHy 3 BUYaBOK BHHOrpaay (copt KabGepue
®pan). bBymn  BusHaveHi  ¢Qi3myHi 1 XiMidHI
XapaKTEepPUCTHKN CHPOBUHM, a CTPYKTYpHI IoJicaxapuan
iTeHTU(}IKOBaHI Ta TMpOaHaNli30BaHi MeToxoM Baw-
Coecra. Jlnst OLIHKKM BUPOOHMIITBA METAaHY 3 BHYaBKH
BUHOTPAJy, M'SKOTI 1 HaCiHHs, IPOBEJCHI NepioANYHI
aHaepoOHi 30pojpKyBaHHsA. [Ipy 1BOMY OIIIHCHO BIUIMB
MopiOHEeHHsT OioMacH MUITXOM MEXaHIYHOI MOMePeIHbOT
ii 0OpoOku Ha MeTaHOBuil moreHmian. I[lokaszaHo, 110
morepeaHss 00poOka Oiomacu 30ilblIye aHACpOOHY
OIOpO3KIAMHICTh UIS BHYABKH, M'SKOTI 1 HaCIHHA
BuHOTpany Ha 13,1%, 4,8% i 22,2% BiamosixHO.

B  pobGori [23] nmpencraBneHi — pe3ynbTaTH
eKCIIEpUMEHTIB Ha J1a0OpaTOpPHMX YCTAHOBKax IS
OIIIHKH BUXOHy Oiorady 1 MeraHy, OTPUMaHHX B
pe3ynpTaTi  aHaepoOHOTO  30pOKYBaHHS  CBIKHX
BUHOTPAIHUX BixxomiB. Pe3ympTatm eKCIEpHUMEHTIB
HOKa3yloTh, 10 BMXif MeTaHy nocsrae mo 110 Mm%/t 3
OUIBII BHCOKOIO MPOAYKTHBHICTIO, HIK 3 IHIINX BHIIB
Giomacu. BkiroueHHSI BHHOTPaIHUX KiCTOYOK MO3UTHBHO
BITUBAE Ha BUPOOJEHHs Oiora3zy Ta metany. Kpim Toro,
IIPY BUKOPHUCTAHHI MOAPIOHEHNX BUHOTPAIHUX BiIXOJiB
Moke OyTH JOCATHYTHIA 6iIbIn BHCOKHit BincoTok CH,

AHami3 TpOBENCHWX JOCTIIKCHb IOKa3ye, IO
noTpiOHe Monmanblie BHUBYCHHS NHTaHb iHTEHCH(iKamii
BUXOJy Oiora3y Ta BUpPOOJICHHS eNIeKTPOEHEeprii Ha OCHOBI
30pomKkyBaHHs rHOO BPX 31 cTuMymonYnMH
nobaskamu. [Ipyn npomMy B pO3IsIHYTHUX BHIe poboTrax
OIliHKa BUXOy 0iorasy 3/MiiCHIOBAIACH TiJIbKU 32 TaHUMHU
EKCIIePUMEHTAIIBHUX JIOCIIXKeHb, 110 BUMara€ 3Ha4HHX
TUMYAaCOBHX 1 BapTICHUX BUTpAT, OCOOIMBO MpH
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MepioUYHOMY  3aBaHTaXEHHI CcyOcTpatiB. Xodya B
TEMEepilIHbOMY  Yaci  BeJMKa  KUIBKICTh  Cy4acHHUX
0iorazoBux yCTAaHOBOK TIIpalfoe B  CHCTeMi 3

KBa3iHOE3MepepBHUM 3aBaHTAKCHHSM.

OmHpMM 3 TMAXONIB 1O YCYHEHHSA 3a3HAYCHHUX
HE/ONIIKIB € 3aCTOCYBaHHA MAaTEeMAaTHYHHX MOJeJeH
NIPOTHO3YBaHHS BHUXOAY Olorasy mpu Iepexoni BiJ
NepiOIMYHOTO /10 KBa3iHENEPEepUBHOTO 3aBaHTaKCHHS
METaHTEHKa.

Meta gociigkeHn

Mertoro poboTH € MigBUIIEHHS BHUXOAy Oiorasy i3
rHor0 BPX 3a paxyHok pJonaBaHHS CTUMYJIIOKOUOL
JN00aBKH y BUIIIAI BiIXOIiB BHHOPOOCTBA.

Jlns  OOCATHEHHS TIOCTAaBJIICHOI METH HEOOXIiZHO
BHPIIIUTH TaKi 3aBAaHHS:

— BI3HAuUTH BuXix Oiorazy i3 rHoo BPX 3
JIOZaBaHHSAM BIJIXO/iB BMHOPOOCTBA INpH INEPIOJUYHOMY
3aBaHTa)KEHHI METAHTEHKA,

— OWIHUTH BUXiJ Oiora3zy mpu 30poKyBaHHI THOIO
BPX 3 nogaBaHHSAM BiIXO/iB BHHOPOOCTBA;

— 33 JIOOMOrOK  MAaTeMAaTHYHOi  MOJeli
CIPOTHO3YBaTH BHXiJ 0iorazy IpHu KBa3iHENEpEepUBHOMY
3aBaHTa)XCHHI METAHTCHKA.

Pe3yabTaTi qociaiikenn

Jnst mpoBeNeHHs NOCIiIKEHHS BHKOPHUCTOBYBAIACh
naboparopHa Giora3zoBa ycraHoBKka 3 30 JI METaHTCHKOM,
MOKpHUM rasroipaepoMm (puc. 1) mpu mepiogugHOMY
3aBaHTaXEHHI cyOcTpaTy, T@Ipd SKOMY METaHTCHK
MIOBHICTIO 3aIIOBHIOETHCA CBIXKOIO TIOPIIEI0 CyOCTparty,
KA BHAQIAETbCS 3 HBOTO JIMINE TCIA 3aKiHYCHHS
nepioJly METaHOBOTO OPOJIiHHSI.

T'asroannaep

MeTtaHTeHR

v

Jurecrar

Puc. 1. Jlaboparopna GiorasoBa ycTaHOBKA.
Fig. 1. Laboratory biogas plant.

HarpiBannst cydcTpaTy B METAaHTEHKY 3[iHCHIOETHCS
3a JOIOMOTOI0 BOJSHOI COPOYKH 3 €IEKTPOHATPiBaueM.
3aBaHTa)kKEHHS CBDKOTO CyOCTpaTy B HIDKHIO YacTHHY
AKTHBHOI 30HM METAHTEHKa IPOBOIMTHCS 4epe3 TPYOKy
METAHTEHKA, 1110 3abe3neqye BUTICHEHHS
BiIPaIlbOBAaHOTO JWTECTaTy Ha PIiBHI MeXi cyOcTpary i
Oiorazy. IIpu 3ampaBli MeTaHTEHKa B HbOMY HEOOXiTHO
30epert He MeHIIe 1/3 BiANPanbOBaHOTO AUTECTATY VIS

HE3MIHHOCTI Mikpodiopu KOMILIEKCY
METaHOYTBOPIOIOUHX Oaxrepii. Buxin Oiorazy
¢bikcyeTbcst  3a  IOKaNOW,  BiArpaayiioBaHoO B

CaHTUMETpax, HAHECCHOI0 Ha IWJIIHAP-PIBHEMIP MOKpPOTO
rarompaepa. bioras coamoeThcs Ha Ta30Bill  IDIHTI,
HarpiBaroud TpH [OBOMY BOAY y  BHMipioBadi
TEIJIOTBOPEHHS [24].

Jis mpoBeneHHs NOCTiMIB 3 JOJaBaHHSAM CTIYHHX
Boa BuHOpoOHWX BUpoOHMHTB (CBBB) cy0OcTpar
TOTYBaBCsl IIISIXOM JOJABAHHS JI0 BOAOMPOBIAHOI BOJAU
NOAPIOHEHNX BHUHOTPAJHHUX T'PeOCHIB B CIHiBBiIHOLICHHI
10:1. B xoxi J0CiPKEHb YacTHHA BOAU B CyOCTpati Oysa
saminena CBBB, sk moka3aHo B Ta0im. 1.

Cepenniit BuMipsauii pH cyGcrpaty npu BmicTi B
HeOMY 2% CBBB ckias 7,86, mpu BMmicTi 6,5% CBBB —
7,4, mpu BMmicTi 13% CBBB — 7,38.

MeraHTeHK 3aBaHTa)XXyBaBCs cybcrpaTom
HamoJNoBUHY (KoedimieHT 3aBaHTaxkeHHI — 0,5). Ilpum
JIOJTaBaHHI HOBOI MOpIi cyOcTpary mepedpopKeHUi
cyOcTtpaT  3MiHIOBaBCS ~ HAamoJOBHHY  (KoedilieHT

cnopokuenHst — 0,5). ToOGTo, npu HOBOMY 3aBaHTaXKCHHI
B METaHTCHK J0AaBajock 7,5 Kr cyOcTpary. Sk cyocrpar
BUKOpUCTOBYBaBcs THiH BPX (tBepma  dpaxuisn),
3i10paHuii Ha MACOBHINi, 3 WOTO BiJHOCHOIO BOJIOTICTIO
84%. VY METaHTeHK 3aBaHTaXyBaJlOCh 3 KI THOIO,
po3BenmeHoro 4,5 kr pigmHM (Bomu abo i cymimi 3
CBBB). Temniepatypa 6posinns cranouia 40°C.

Tadomuusa 1. Ckiag cyOcTpary mpu JOCHTIIKEHHI
BuimBy CBBB Ha Buxig 0iorazy mnpu MeTaHOBOMY
30pomKyBanHi rHOO BPX.

Table 1. The composition of the substrate in the
study of the effect of wastewater from wineries on biogas
yield during methane fermentation of cattle manure

No nocminy
Tloka3Huk 1 5 3 7
BPX 3 3 3 3
Bouiora, Kr, B SIKii: 45 4,5 45 4,5
BOJA, KT 45 4,35 4 3,5
CBBB, kr 0 0,15 | 0,5 1
% 0 2 6,5 13
Buicr = COP B |46 | 040 | 0,41 | 0,42
cybcTparti, Kr
% 5,44 534 | 547 | 5,65
Bignocna BosOTiCTH 9340 | 935 | 93.4 | 932
cybcrpary, %

HocmimkenHas Buxoxy Oiorasy mpu 30poKyBaHHI
rHoro BPX 3 gomaBamnsm CBBB. Ha puc. 2
MIPEICTaBICHI Pe3yIbTAaTH IOCIIKEeHb, SKi CBIIYaTh, 10
npu 30poKyBanHi rHO0 BPX Ta 3aMiHOIO yacTHHUM BoM
B cybcrpari 2% CBBB B cy0Gcrpari, anHamika
30pO/DKYBaHHS aHAJOTIYHA COPAKMBAHUIO YHCTOTO THOIO
BPX [24]. ¥V upomy Bumajaky Buxig 6iorasy IOCTyIOBO
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3pOCTa€ B Yaci, a MOTIM TaK caMo MOCTYIIOBO CIaJIae.
3oimemenns BMicty CBBB B cyGerpari no 6,5% i
Olmpmme  femo 3MiHIOE  IWHAMIKY  30pOKyBaHHS
cyOcTpaty. Buxin 6iorasy 3 yacoM pi3ko 3pocTae, a micist
JOCATHEHHS MAKCUMYMY TaK caMo Pi3Ko Majae.
IIpu wHezmaunomy Bwmicti CBBB B cybcrpari
CIIOCTEPIraeThesl JiayKCisl, sika 4iTKO BHPa)KCHA, TOAL SIK

npu 301JIBIICHHI BMICTY CTOKIiB B CyOCTpaTi crae lieib
MTOMITHOIO.

I3 puc. 2 BCTaHOBICHO, MO0 MAaKCHMAJIbHUHA BUXiJ
6iorazy mpu 2% 3amini Bogu Ha CBBB B cyOctparti
cranoButh 0,415 1/(rog..xr COP), 65% - 0,862
a/(rox.-xr COP), 13% — 1,372 n/(roa.-xr COP).
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Puc. 2. Jlunamika Buxomy Oiorazy mpu 30pomkyBaHHi THoo BPX 3 momaBannsm CBBB mpu Ttemmneparypi

opomiuus 40°C.

Fig. 2. Dynamics of biogas output during fermentation of cattle manure with the addition of wastewater from

wineries at a fermentation temperature of 40°C.

Bioras, orpumanwmii ipu 30pomKyBanHi THOO BPX 3
pomaBanHHsaM 3amicte Bogu CBBB 2%, 6,5% 1 13%, B
nepmry 100y OpoziHHA abo 30BCiM He TOpiB, a00 IMOTaHO
ropis, Buingoun Omuseko 8§ MJIx/M® Giorasy 3a
ekcpec-mMetogoM [25]. Ha ppyry moOy wmeraHoBoro
Opo/iHHs TOpiHHA Oiora3y cTaOigi3yBaBCs 3 TEILUIOTOHO
sropsaus 14-18 MJIx/m3 3a excripec-MeTO0M.

C  gomomoror  razoanamizaropa  GEM-500
BU3HAYaBCsS €JEMEHTHHH CcKkiaJ Oiorady mpH pi3HUX
piBHAX IMIIHApa-piBHeMipa. Y pa3i 3HaXO/PKEHHs
LUTIHApa-piBHEMIpa Ha mo3Haui 12,5 cM BMIiCT METaHy B
Oiorasi craHoBUB 62%, a TemioTa 3ropsHHA Oiorasy
ckmagana 22,1 MJIx/m°. B inmmx Bumagkax 6ioras s
BUMIpIOBaHHS HOT0 €JIEMEHTHOTO CKIaay BigOupaBcs 3
rasroipiepa INpH OMYyCKaHHI IMJIIHIpa-piBHEMipa [0
piBHIB 19,5 cM, 15 cm, 12 cM, 10 cm, 7 cm, 5 cM, 3 cm.
[Ipu npoMy BMicT MeTaHy B Oiorasi craHoBuB 52 %, 55%,
65%, 66%, 68%, 66% 1 66% BIAIOBIIHO.

Takum umHoM, CBBB no11iIbHO BHKOPUCTOBYBaTH
JUIL YacTKOBOI 3aMiHM BOAM TpH TNPHUTOTYBaHHI
cyOcTpaTiB 1t BHpoOHHMITBa Oiorasy. B pesymerarti
MPOBEJICHUX JIOCIIKEHb BCTaHOBJICHO, 110
MakCUMaJbHMH  BHXiJ Oiorasy peecTpyBaBcsl Ipu
koHneHtpanii 13% CBBB. Menmmii Bmict CBBB B
cyOcrpaTi ICTOTHO He TIOKpallye BuXijy Oiorasy B
MOPIBHAHHI 3 BHKOPUCTAHHSM ISl NPUTOTYBaHHS
cyOcTpaTy 3BUYaiHOT BOJIH.

MonentoBaHHs BHUXOZY Giorazy npu
KBa3i0e3mepepBHOMY  3aBaHTAKEHHI METaHTEHKAa Ha
OCHOBi1 pE3yJbTaTiB EKCIePUMEHTAIBLHUX JOCITIKEHb
BUXOAy Oiorasy mpH HepioguYHOMY 3aBaHTaXCHHI

MeTaHTeHKa. MeraHTeHK 0iora3oBoi yCTaHOBKH, Ha
SKOMY TIPOBOJMJINCH E€KCIEPUMEHTAJIbHI JIOCHIPKCHHS
30pomKyBaHHS CcyOCTpaTiB Ha OCHOBI TrHOO BPX 3
nmonmaBanassM CBBB, mnpusHadeHwit ans mMepioAUTHOTO
3aBaHTa)XeHHs cyOcTpary. Pexnm KBasiHemepepHBHOTO
3aBaHTa)XEHHs CyOCTpary, KOJM BIiH 3aBaHTaKYETHCS
MaJlUMU TIOPILISIMH 4Yepe3 TMEBHUH IMPOMDKOK dYacy, SK
npaBmwiio, Oiu3bko 1 TOH., Ha [BOMY METaHTEHKY
3IACHUTH JOCUTD CKJIAIHO.

Pazom 3 TuM, Ha NpaKTUI Ha AiOYHX OIOra3’oBHX
YCTAaHOBKaxX  MNEpIOJMYHUI  PEXKHUM  3aBaHTaKEHHs
METaHTEHKa 3aCTOCOBYETHCS pizko, yacrime
BUKOPHCTOBYETHCS KBa3iHETIepEepPUBHHUH PEeXKIM
3aBaHT@)XEHHSA, KOJIM  CyOcTpaT B METaHTEHK
3aBAHTA)XY€TbCS MAIMMM TOPIISIMH 4Yepe3 TeBHHUH
MPOMDKOK dacy (sk mpaBmwio, Omm3pko 1 rtox.). Ilpm
IbOMY BHUXi Oiorasy csra€ MakCHMaJIBHOT'O 3HAuCHHS
IIPY NepioINYHIN CHCTEMI 3aBaHTAXKEHHS 1 TPUMA€ETHCS Ha
TaKOMy PiBHI IPOTITOM BCHOTO Yacy poOoTu OiorazoBoi
yCcTaHOBKH.  TOMy,  BHKOPHUCTOBYIOUM  pe3yJbTaTh
JIOCHIIB MpU TMEepiOAWIHIN CUCTeMi 3aBaHTAKEHHS
METaHTeHKa, MO)XHa 3MOJENIOBaTH BUXia Oioraszy mpu
KBa3iHeNepepuBHiil cucteMi 3aBaHTaxkeHHA. Ha ocHOBI
JTAaHWX, HaBEJACHUX B POOOTI [26], 1 BIACHUX IOCIIIKEHb
[24], moxHa cTBepmKyBaTH, WO BHXin Oiorazy mpu
KBazibe3nepepBHili  cucTeMi  3aBaHTaXkeHHA  Oyne
OMM3BKMH 110 MaKCHMaJbHOTO BHXOAy Oiorasy mnpu
NepioNYHIN CHCTEMI 3aBaHTaXXKEHHSI METAaHTEHKa

PosrnsHeMo MaTeMaTHYHy MOZETh (YHKIIIOHYBaHHS
MeTaHTeHKa 010ra30BOi yCTAHOBKH, IO CKIATA€THCS 3
CHUCTeMH MU(epeHIiaJbHUX PiBHSIHD, B AKIH 3pOCTaHHA
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TIOMYJIAIT METAaHOYYBOPIOIOYMX OaKTepii OMUCYETHCS
piBHAHHAM MOHO 3 ypaxyBaHHSM TPOIECY BiIMHUpPaHHS,
mo 3amaeTtbes piBHAHHAM KoommikoBa, a IIBHAKICTB
YTBOpEHHS Oiorasy — HpsIMO HPOIOpLiHA KOHIEHTpALil
Oakrepiifi. Mozens KOHIEHTpAIii IOKUBHUX PEYOBHH
cyOCTpaTy BpaxoBye 3MiHY KOHIIEHTpAIlil ITOKUBHUX

dC [ uy-S
ok rs
(;_S:p.(so—s)— ka':um'c—i_
t
dv,
e

pevyoBHH cyOCcTpary B 4aci, 3aBaHTXXEHHUX 3 CyOCcTpaToM
B METAaHTEHK, a TaKOXX BHBAHTAXEHHX 3 HBOIO,
nepepoOeHnx  OakTepissMH 1  BHKOPUCTAaHHUX  IUIS
¢dopMyBaHHS iX KITHHHOI OioMacW, Ha BUPOOHHUIITBO
€Heprii I MATPUMKH X )KUTTEIISUTBHOCTI 1 BUPOOJICHHS
Giorazy:

ﬂd'kb_
k,+S
Kp St
ka
K,-S

P

p

av,

p6 pc dt

ne C — KOHUEHTpalis OakTepiii, kr/M; S — KOHLEHTpallis TIOXMBHUX PEYOBUH B cybcerpari, kr/m®; dV/dt — nmunamika
BHXOy Oiorasy, mM%/(kr-1o0y); p — KOe(IlieHT po3BeleHHS KYyILTYpH MOTOKOM CBiXOro cybcrpaTy, moba™; k —

Koe(illieHT MepeTBOPEHHs MOXKUBHUX PEUOBUH CyOCTpaTy

B Oioras, Kr/Kr; ps 0. — UIUIBHICTE 0iora3y i cydcrTpary,

kr/M®; Kq, kg — 6e3po3miphi koe(illieHTH 3acBOEHHs CyOCTpaTy; K, — KOHCTaHTa, piBHa Takiii KOHIEHTpALii MOKUBHUX
PEYOBUH CyOCTpaTy, MpH AKiH MBHAKICTE POCTY JOCATAE MOJOBUHM IpaHuuHOi, Kr/M%; Ky — emmipudnuii koedimienT,

kr/M%; 44 — MakcMManbHa IUTOMA IMBUIKICTH BiMUpAaHHS

MeTaHoOpasyromux OakTepii, no6a’; tm — MakcuMaibHa

NUTOMa IUBUAKICTE POCTYy METaHOYTBOPKOKOHYMX OakTepid, m06a’; Ky — KoeQili€eHT NIBMAKOCTI NEPETBOPEHHS
NOXHMBHUX PEYOBUH cybcTpary B Gioras, M%/(kr-106y.); t — 4ac, 1i6

[ToyaTkoBUMH yMOBaMH ISl BHPILIEHHS CHCTEMH
mudepeHmia bHAX PIBHSIHB €:

IIOYaTKOBA KOHLICHTpALIis Giomacu
MeTaHOoyTBOprotounx Oaktepit (Cp) B MeTaHTeHKYy — 1
KI/MS;

— TI0YaTKOBa KOHIEHTpALisi MOXXUBHUX PEYOBUH B
cybcTpaTi (So) BU3HAYaJIacs 3 pe3yIbTaTiB
eKCTIEPUMEHTAIILHNX JIOCII/DKEHb: B METAHTEHK POO0UNM
o0'emom 30 1 3aBaHTaxyBajocs 8,5 kr cyOcTpary, B T.4.
35 xr rHOoo BPX Ta 5 Kr BOOM, OTXKe,
S, = 3,5/(30-1000 ) =115 kr/m%;

— noyatkoBuil BuXia 6iorasy Vo=0 m3/m°>.

3 ypaxyBaHHSIM TOTO, IO 3 | T OITOBOI KUCJIOTH
ytBoproethest 0,27 r© meraHy, Koe(illieHT MepeTBOPEHHS
MOXHMBHUX PEUOBUH CyOCTpaTy B 0ioras mpHiMaeThes SIK
k =0,27.
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VY pasi nepiogudYHOrO 3aBaHTAXXEHHS METAHTECHKA
BiJHOCHA IIBUJKICTh HAXXOMKEHHA cybcTpary p=0 mi6™,
a 11s KBazibesnepepBHOro pexxumy — p>0 1i6™.

[Ipu kBa3iHemepepMBHOMY 3aBaHTa)KCHHI BiJHOCHA
IIBUIIKICTP HAAXO/DKEHHSI CyOcTpaTy p MOxke OyTh
BU3HAYCHA 5K BEIMYMHA, 3BOPOTHA Yacy TiIpaBIiuHOrO
yrpuMmanHs: p=1/t,., Ha mpamorounx ©Oiora3oBux
yCTaHOBKaX try Onu3bkuii jo 20 1i6, Tomy p=0,05 ni6™?
[27].

[Mapametpu i, td, Ka, Ko, Ko, Kp, K; 3anexats Bin
TEMIIEPAaTYpPHOTO  PEeXHMMY  METaHTEHKa 1  THIY
xocy6cTpary. IllinbHicTs Giorasy cranosuts 1,212 xr/mS.
linsHicTh cy6eTpary craHoButh p~1010 kr/m®,

VY makeri Simulink, iHTerpoBaHoro B mnporpamy
MATLAB, Oymno mnpoBeneHO iMiTalliifHe MOJCTIOBaHHS
mporiecy 30pomKyBaHHS THOO BPX 3 momaBaHHsIM
CBBB. B pesympTari OTpHUMaHa JIWHAMIKa BHXOIY
Oiorasy, sk MoOKa3aHO Ha puc. 3.
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Puc. 3. /lunamika Buxony Oiora3y, oTpuMaHa B pe3yJibTaTi MOJICIIOBaHHs mpolecy 30pomKyBaHHs rHO0 BPX 3

noxasanHsM CBBB: 1 — npu nepiognyHoMy 3aBaHTa)XKEHHI
cybcrpaty

cyOcTpary; 2 — Mmpu KBa3iHEIIEPEPHUBHOMYX 3aBaHTa)KCHHI

Fig. 3. Dynamics of biogas output obtained as a result of modeling the functioning of the digester of a biogas plant
during fermentation of cattle manure with the addition of wastewater from wineries: 1 — with periodic loading of the

substrate; 2 — with quasi-continuous substrate loading
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Kpim Toro, 3aificHIOBaNoCsS TOPiBHSIHHS Pe3yJIbTaTiB
IMITAI[ifHOTO MOJISITIOBaHHs JMHAMIKH BUXOAy Oiorasy 3
pe3ynbraramu EKCTIEPUMEHTAIbHUX JIOCITIIKCHb.
[Insxom miaGOpy mapaMeTpiB fim, td, Kay Kb, Ko Kp, Ky
JOMarajmcsi Toro, Mmoo iMiToBaHa MOJIEINb, MPECTaBICHA
B ocmmtorpadi Scope makera Simulink, Oyna HalOUTBII
ONMM3BKOIO 10 3aJIe)KHOCTI BHXOAY Oiorasy B 4daci,
OTPUMAHOI eKCIIEPUMEHTAIBHUM IIIIXOM (IUB. pHC. 2).

Buxin Giorasy BUMIpIoBaBcs B MY/KT, OCKUILKH TIpH
NIPOBEJCHHI  EKCIIEPUMEHTAJIBHUX JOCIIKEHb BHXIJ
Oiora3y Bu3Ha4aBcs 3 1 Kr cyOcTpary.

Cryninb HaONMWKEHHS pe3yibTaTiB iMITaIlifHOTO
MOJICTIIOBaHHS TeHeparii Oiorasy mo Buxoxy Oiorasy,
OTPUMAHOTO EKCIIEPHMEHTAJIBHIM IIIIXOM, OLIHIOBaJach
Koe]ilieHTOM JeTepMiHaIIii.

Koedimientn imitarmiiinoi mozeni Buxony Oiorasy
npu 30pomkyBanHi THOI0O BPX 3 nmomaBamnsm CBBB 3
pi3HMM iX BMICTOM B CyOcCTpaTi INpH TemmepaTypi
Oponinas 40°C HaBezneHi B Ta0I. 2.

Tadanusa 2. Koeodinientn imitaumiiHoi Mozeni Buxoxy Oiorasy mpu 30pokyBaHHI rHolo BPX 3 nonmaBanHSM
CBBB 3 pi3HuMm ix BMicToM B cyOcTpaTti pu Temneparypi opoainns 40°C.

Table 2. Coefficients of the simulation model of biogas yield during fermentation of cattle manure with the
addition of wastewater from wineries with different content in the substrate at a fermentation temperature of 40°C

Bumict CBBB, % L, 1672 g, 116 K, M¥/(xr-100y) R?
2,0 24 0,085 0,00000093 0,9041
6,5 2,1 0,09 0,00000195 0,9083
13 2,0 0,095 0,00000313 0,9382

IIpu imiTamiitHOMy MOIENIOBaHHI MPUUMAIOCS, IO
koa=10°, ks=5, k, 14 xr/m®, kp=0,01 kr/™m°.

Koeoimient#n tim, tg 1 K, BU3HAYaNIHCSA MUIIXOM
migOopy i MOPIBHAHHS JAHUX IMITAI[ITHOTO MOJICITIOBAHHS

3  CKCICPUMCHTAIBHUMH JaHUMH JO  OTPHMAaHHIA
HaWHIKYIOTO MOMJIMBOTO KoedilieHTa jeTepminanii R2,

KoedimieHT tm, B Tabm. 2 Moxxe OyTH OMHCAaHUI
nmorapudpmivHOO (yHKIie0, a koedimientn g 1 Ky —
nojnHOMoM HeIoTOHA Apyroro nopsaxy:

4, =0,2414 -In(Wd )+ 0,5514 npu R?=0,9863, @)
4y =—158-10-Wd? +315-102-Wh —4,82-107 npu R?=0,9999, ©)
K,=-41-10"-Wd?* +2,62-107" -Wh +4,23-10"" npn R*=1,0, (4)

ne Wd — smict CBBB B cybctparti, %.

Ockinbku KOe(DIIieHTH AeTepMIHAIll IMITAiiHOT
MOJIeNi BUXOAY Oiorasy mpu 30popkyBaHHI rHOWO BPX 3
momaBanusM CBBB HaOIMKarOThCS A0 OAWHMIN, TO BOHU
JOCUTh TOYHO BiOOPa)KarOTh EKCIEPHUMEHTANbHI aHi.
I[pu mepeBipmi 3a kputepiem dimepa BCTaHOBICHA
3HAYMMICTh Koe(illieHTa AeTepMiHaIlii.

3MomenpOBaHMA BUXiJ Oiora3zy mpu 30poIKyBaHHI
raoro BPX 3 CBBB pmns kBaziHemepepuWBHOI CHCTEMHU
3aBaHTAKCHHS METAHTEHKA allpOKCUMYETHCS CTYIICHEBOKO
¢byHKIi€O:

V; 100 = 0,266 -Wd** 1pu R?=0,9992  (5)

e Vs oo 3MOJIENNbOBaHNN BUXim Oiorazy s
KBa3i0e3nepepBHOi CHCTEMH 3aBaHTaKCHHS METaHTEHKA,
a/kr COP; Wy — BMicT B cyOCTpaTi CTOKIB BUHOPOOHHX
BUPOOHHITB, %.

HoBuzna poGortu mosisirae B TOMy, IO 32 JaHUMHA
eKCIePUMEHTAIBHUX JOCHIPKEHb BHUXOXy Oiorasy mnpu
MEPIOANIHOMY PEeXHMMi 3aBaHTAKEHHA 3a JIOIIOMOTOIO
po3po0iieHoT MaTeMaTWdHOi MOMENi, peani3oBaHOi B
maketi Simulink, 3a6e3nedyeThCcsi IPOTHO3YBAaHHS BHXOIY
Olorazy st KBa3iOe3mepepBHOTO  3aBaHTAXKEHHS
METaHTCHKA.

[pu 36poskyBaHHi rHOO 3 (epmu Ha 1000 romi
BPX (3 Hux 500 niifinux xopiB) no0oBuii Buxin Giorasy
cranosutume 10,6 tc. M3, TIpu 1pOMyY TEpPMiH OKYMHOCTI
0iora3oBoi yCTaHOBKM TOTYXxHicTi0O 2,3 MBT y ckuani
JIBOX METAHTEHKOB o0'eMoMm 1o 2500 w3 (omuH 3 AKHX
BUCTYNIa€ B poJi J0OpOIPKyBaya, Ji¢ BHPOOISETHCS 1O
20% Oiorazy) mpH ILiHI eNeKTpOeHeprii, OTpHUMaHOl 3
Giorasy mo "semenomy" Tapudy, 0,157 $/xBr-rox.,
cTaHoBUTH 10 pokiB. PiuHe BUPOOHHUIITBO €IEKTPOSHEPTii
MIPY CIIaJIFOBaHHI 0iora3y Ha KOTEHEpaIliifHOT YCTaHOBKY
cranoButh 27,9 mma. MJx (7,8 mmH. xBr-rox.). Ipu
IbOMY TaKOX BupoOssieTbest 7,7 Tuc. I'kanm TeruoBoi
eHeprii, sKy KpiM TiATPUMKH TEIUIOBOTO OamaHCy
METaHTEHKIB MOXXHa BHKOPHCTOBYBATH JUIS MOOYTOBUX
motpeo.

[Ipu yrumizamii BiZXoAiB BHHOPOOHUX BHUPOOHHUIITB
IUISXOM IX METaHOBOTO 30pO/KYBaHHS CIIJIHHO 3 THOEM
BPX 3 ¢epmu Ha 1000 romiB moboBuii Buxin Oioraszy
30impmuthe 1o 20,5 tmc. M°. PidHe BHpPOOHULTBO
eneKkTpoeHeprii 30umpmmThe 10 54,7 mumH. Mk (15,2
MIIH. KBT-TO/.), TemnoBoi eneprii — no 14,79 tuc. I'kai.
IMpn mpomy TepMiH OKyHHOCTI 010ra30BOI YCTaHOBKH
notyxHictio 4,4 MBT mpu BHKOpHCTaHHI «3€JIEHOTO)
Tapudy CKOpOoTUTHCS 110 6,5 pokiB (puc. 4).
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Puc. 4. Cxema BupoOHHLITBA Oiora3y 3 FHOIO BEJIMKOI poraroi XynoOH 1 CTIYHUX BOJ BUHOPOOHHMX BUPOOHHITB 3
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Fig. 4. Diagram of biogas production from cattle manure and wastewater from wineries with the generation of heat

and electricity.
BucnoBku

1. B pesympTaTi TPOBEACHUX  JIOCIiIKEHD
BCTaHOBJICHO, IO TpH 30pomKyBaHHI THOO BPX 3
nonasanHsM CBBB makcumaneHUil BHXim Oiorasy mpu
2% 3amini Bonu Ha CBBB B cybctpari craHoButh 0,415
1/(rox.-kr COP), 6,5% — 0,862 i/(rox.-xr COP), 13% —
1,372 n/(rom.-xr COP).

2. TlporHo3oBaHMii BuXiJ Oiorasy, OTpUMaHHU 3a

JIOTIOMOTOI0  PO3po0JIcHOT ~ MaTeMaTHYHOI — MOJE,
peaiizoBaHol B naKeri Simulink npu
KBa3iHEIIEPEPHUBHOMY  3aBaHTAXXCHHI METaHTEHKa, 1

pe3yabTaTH CKCIEPUMEHTAIBHUX JOCHTIHKEHb BHXOIY
Oiorasy mpu TEepiONUYHOMY pEXKHMi 3aBAaHTAKCHHS 3
nonasaHHsAM 10 THOI BPX 13% BimxoxmiB BUHOpoOCTBa B
MKOBUX TOYKAX MOBHICTIO 30iraf0ThCS.

3. Ilpu peanizarii HOBOr0 METOAMYHOTO MiJXOIY /O
MIPOTHO3YBaHHS BUXOAY Oiora3y pe3yJIbTaTH po3paxyHKiB
MMOKa3yI0Th, [0 BUKOPUCTAHHS BiIXOAIB BHHOPOOCTBA B
SKOCTI ~ KOCyOCTpaTy  MO3BONIMTH  30iJBIIMUTH B
rocrogapctsi 3 morodis'sm 1000 romie BPX nobGosuit
BuXin Giorasy mo 20,5 tuc. M°, piuHe BHPOGHMLTBO

enekTpoereprii — mo 54,7 mma. MJDx (15,2 mun.
kBT.-TOx.), TerumoBoi eneprii — g0 14,79 tuc. I'kan. [pu
bOMY TEpPMiH OKYMHOCTI 0iora3oBoi  YCTaHOBKHU

notyxHictio 4,4 MBT npu BuKopucTaHHI '"3emeHOro"
Tapudy 3HU3UTHUCS 10 6,5 POKIB.
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I[MOBBINIEHUE BbIXOIA BUOT'A3A ITPU
CBPAXKMBAHNU HABO3A KPYITHOI'O POI'ATOI'O
CKOTA C OTXO/10B BUHO/JIEJIVA B
BUOI'A30BOI YCTAHOBKU
B. H. llonuwyx, C. A. lllsopos, I'. B. Kpycup,

. A. llepesanxo, E. A. [leopnux, T. C. [asuoenxo

Annoranusi. Llenbro paboThl sIBISIETCS] TOBBIICHHE
BBIXOAa Ouoraza ¥ BBIPAOOTKHM 3IJICKTPOIHEPTUH HA
OMOTa30BBIX  YCTAHOBKAaX 3a CYET  COBMECTHOTO
cOpaXMBaHUs HaBO3a KpPYIHOTO pOraTroro Cckora ¢
oTX0#aMH BHHOAENHA. [l JOCTM)KEHHS IMOCTaBICHHOW
e PENIAINCH CICTYIOMINE 3a1a9i: OIPENEIISICS BBIXO
Ororasa n3 HaBo3a KPYIMHOT'O POraToro CKOTa ¢ OTXOAaMH
BUHOZAENHUS TIPH NEPHOANYECKON 3arpy3Ke METaHTCHKa,
Ha OCHOBE IIOJYYEHHBIX 3KCIEPHUMEHTAIBHBIX JaHHBIX
OCYIIECTBIISUIACh KaJMOPOBKA MaTEMaTHYECKOW MOJENN
OLICHKM BBIXOJIa OKoraza Ipu COpaXMBaHMU HaBO3a
KPYIHOTO pOraTroro CcKoTa ¢ J00aBJI€HHEM OTXOHOB
BHUHOJICIINS; c MOMOIIBIO OTKaINOPOBaHHOM
MaTeMaTH4eCKOH MOJENH IPOTHO3HPOBAICS  BBIXOI
Onorasza Uil KBa3WHENIPEPHIBHOM 3arpy3KH METaHTCHKA.
HccnenoBanus  mpoBONWIMCH — HAa  JabopaTOpHOH
OMOra3oBOH YCTaHOBKE, COCTOSIIEH W3 METaHTECHKa
moje3HsIM 00beMoM 30 11 M rasroibaepa MOKPOTO THIIA.
Beixon 6norasza ¢uxcupoBascs 10 NOAHATHIO IMIHHAPA-
ypOBHEMEpa MOKpOTO Tasrojipiepa ¢  IOMOIIbIO,
3aKpEIUICHHOW Ha HEM IIKajbl, OTIPaJyHPOBAHHON B
caHTHMeTpax. Temnora cropaHus Ouorasa ornpenensaiach
[0 €ro 3JEMEHTHOMY COCTaBy, KOTOpBI (pukcupoBaics
ra30aHaJIn3aTOPOM. Haubonee CYIIECTBEHHBIMU
pe3yiapTaTaMi  SBISIOTCA  CIEXyIOUIHe: 10 JIaHHBIM
9KCTIEPUMEHTAILHBIX HCCIIEI0BAHUI BBIX0a Onorasa rnpu
TIEPHOANYECKOM PEXHUME 3arpy3KH C HCIIOJIB30BAHHEM
pa3paboTaHHON MaTeMaTH4ecKon MOJIEIH
obecrieunBaeTCsl IPOTHO3MPOBAaHKUE BBIXOJa Omorasa Juis
KBa3WHETIPEPHIBHOM 3arpy3kn MeTaHTeHKa. B pe3ynbrare
NIPOBEJCHHBIX ~ WCCIIEIOBAaHMH  yCTaHOBJICHO,  YTO
MaKCHUMaJIbHBIN BBIXOJ Onorasza mpu 2% 3amMeHe BOJBI Ha
CBBII B cybctpare cocraBmser 0,415 n/(u.-xr COB),
6,5% — 0,862 n/(4.-xr COB), 13% — 1,372 n/(u. -kr COB).
3HAYMMOCTh Pe3yJbTaTOB MCCIIEOBAHUI COCTOUT B TOM,
YTO HCIIOJB30BAaHUE OTXOJOB BHHOAEIHMS B KadecTBE
KocyOcTpaTra TIO3BOJINT YBEJIMYHMTH B XO34HCTBE C
norosioBbeM 1000 romoB KPC cyTouHslii BeIX0J] Ororasa
10 20,5 Thic. M3, FOJI0BOE IPOM3BOJCTBO 3JIEKTPOSHEPTHH
— g0 54,7 mma. MJDx (15,2 muH. kBT-4.), TemnoBoi
sHeprun — g0 14,79 teic. T'kan. Ilpu 3TOM Ccpok
OKYIIaeMOCTH OHMOTa30BOM yCTaHOBKM MOIIHOCTHIO 4,4
MBT n1npu  HCHOJNIB30BAHUM  «3€JICHOTO»  Tapuda
cokparurcs A0 6,5 roaa.

KnroueBsle cnmoBa:  Oworas, cyOcTpar, HaBo3
KPYITHOTO POraTtoro CKOTa, OTXOAbI BUHOJAENHS, CTOYHBIE
BOJIBI BHUHOJIEJIBYECKHUX MIPOU3BOJICTB, cyxoe
OpraHM4ecKkoe  BENIeCTBO, METAHTEHK, Ouorasoas
YCTaHOBKa, METAHOBOE OpPOXKEHHE.

INCREASED BIOGAS OUTPUT DURING
FERMENTATION OF MANURE OF CATTLE WITH
WINEMAKING WASTE IN BIOGAS PLANTS
V. M. Polishchuk, S. A. Shvorov, G. V. Krusir,

D. A. Derevianko, Ye. O. Dvornyk, T. S. Davidenko

Abstract. The aim of the work is to increase biogas
output and generation of electricity in biogas plants due to
the joint fermentation of cattle manure with winemaking
waste. To achieve this goal, the following tasks were
solved: the biogas vyield from cattle manure with
winemaking waste was determined during periodic
loading of the digester; on the basis of the obtained
experimental data, a mathematical model was calibrated
to estimate the biogas yield during fermentation of cattle
manure with the addition of winemaking waste. As a
result of the studies, it was found that when manure is
fermented with part of the water replaced in the substrate
2% of the winemaking waste, the fermentation dynamics
in the substrate are similar to the fermentation of pure
cattle manure. Biogas obtained by fermentation of manure
with the addition of 2%, 6.5% and 13% of wastewater
from wine production instead of water in the first day of
fermentation either did not burn at all or burned poorly.
The addition of winemaking waste to a substrate based on
manure in an amount of 13% allows increasing the
maximum biogas yield by a third to 1,372 I/(hr-kg dry
organic matter). The significance of the research results
lies in the fact that the use of winemaking waste as a
substrate will allow a third increase in biogas output and
power generation, and a reduction in the payback period
of a 4,4 MW biogas plant using the green tariff to 6,5
years.

Key words: biogas, substrate, cattle manure,
winemaking waste, dry organic matter, digester, biogas
plant, methane fermentation.

. Housinryx ORCID 0000-0002-9654-9051.
. lIBopos ORCID 0000-0001-7776-9940.
. Kpycip ORCID 0000-0001-6464-5754.
. deper’stnko ORCID 0000-0001-8487-2153.
. Isopuuk ORCID 0000-0003-4904-1076.
. JaBugenxo ORCID 0000-0003-0277-6892.


https://orcid.org/0000-0001-7776-9940
http://orcid.org/0000-0001-6464-5754

Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2021, Vol. 12, No 4, 77-84
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

VK 621.825

http://dx.doi.org/10.31548/machenergy2021.04.077

CHHTE3 EHEPTOOIIAJHUX TPAHCIIOPTHO-TEXHOJIOI'TYHUX CUCTEM 3 'BUHTOBUMUA
POBOYUMH OPTAHAMUA

L. I. Usapraupkuiil, I. B.®asonn?, A. B. Tpadap’, P. B. Illarpos®
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AHortanis. B po06oTi 3amponoHOBaHO METOJUKY
reHepyBaHHS KOHCTPYKILIN €HEeProoIlaTHIX
TPAaHCIIOPTHO-TEXHOJIOTIYHUX CHCTEM 3 TI'BHHTOBUMH
pobounMH OpraHaMH CHHTE30M 1€papXidyHHX Tpyn 3a
JOTIOMOTOI0 ~ MopdoJoriunoro  anamizy. Po3poOieHa
MOJIETIb MEXaHIYHOI CHCTEMH «TBHHTOBHH TPaHCIIOPTEP»
3 TIpYNyBaHHAIM  KOHCTPYKTHBHHX  €JEMEHTIB  3a
iepapXiYHUMH TPYIIaMH 1 BIIHECEHHSAM JI0 MIEPIIOi TPYyIH
MeXaHi3MH TPaHCIOPTYBaHHSA BaHTaXy, TBUHTOBI poOodi
OpraHy Ta MEXaHI3MU Mepeadi KPyTHOrO MOMEHTY.

Pesysnpratu. 3anpornoHoBaHo Crocid CTpyKTypu3arii
KOHCTPYKIIiH €HeproouaHuX TPaHCIIOPTHO-
TEXHOJOTIYHUX CUCTEM 3 T'BHHTOBUMH pPOOOYUMH
opraHaMu 1 METOJMKY iX BJIOCKOHAJICHHS Ha OCHOBI
JOCII/DKEHHSI BJIACTUBOCTEH EJIEMEHTIB iX CTPYKTypHU
BINIOBITHO JO Teopii CHHTE3y Ii€papXidHHX Tpym 3a
JIOTTIOMOT 00 MOP(OJIOTIHHOTO aHaIi3Yy.

Knawu4oBi ciaoBa: TBUHTOBI poOoYi  opraHw,
TPaHCIIOPTYBaHHS, TPAHCIIOPTHO-TEXHOJIOTIYHA CHCTEMa,
CHHTES.

ITocTraHoBKa MpodIeMu

Opnniero i3 TepeayMOB BHCOKOI KOHKYPEHTHOT
3IaTHOCTI TMIJANPUEMCTB € TOAAJBIIEC BIOCKOHAJICHHS
KOHCTPYKTUBHUX rmapamMmeTpiB MPOAYKILT, sIKa
BHTOTOBJISETHCS, o crpusie 3pOCTaHHIO
MIPOAYKTHUBHOCTI, T IBUIICHHIO e(pEKTUBHOCTI,

TIOKPAIIEHHIO SKOCTI NMPOAYKIIi Ta BUMarae NMPHHIUIIOBO
HOBUX TMIiAXOIIB /s CTBOPEHHS 1 BHUKOPHCTaHHS
BHUCOKOE(EKTHBHUX PECYPCOOLIATHUX TEXHIYHUX CHCTEM.

I'BHHTOBI KOHBEEpPH 3aCTOCOBYIOTBCA Y PI3HHX
ragy3sx  HapoAHOTO  TOCIOAApCTBA,  30KpeMa B
MaImrHOOYyBaHHI A TPAHCIOPTYBAaHHS, 3MIIIyBaHHS,
MoNApiOHEHHSA, COPTYBaHHS Ta BHKOHAaHHA  IHIIWX

orepariu. BaxxnuBuM ~ NUTaHHAM ~ IPOEKTYBaHHSA
IBHHTOBUX KOHBEEPIB € PO3IUUPEHHS IX TEXHOJIOTIYHUX
MOXJIMBOCTEH,  YJOCKOHAJEHHs I1X KOHCTPYKIIi i
PO3pOOIEHHS METOAMKH iX PO3PAXYHKY.

AHaJi3 0CTaHHIX J0CTiIKeHb

OCHOBH  KOHCTPYIOBAaHHS,  TPOEKTYBaHHA  Ta
JIOCITI/DKEHHSI TBUHTOBUX KOHBEEPIB 3aKJIANIU TaKi BYEHI
sk A. Bigenbaym, P.Mop, M. laukseptc, /. Jleiici,
1O.1. Mapkos, A.M. JlacToB1eB, I". llenkensn,
B. IlItep6auek, I'.I'. Komenes, P.B. Topuep, M.B. Tebin,
. Mak-Kenbsi, P.M. Poratuncekuii, 5.M. I'eBko Ta iHmIi
[1, 2]. TIpote po3pobka KOXHOi Okpemoi Moudikarii
BHHTOBOIO KOHBEEpPA MAa€ CBOK CHElH(]iKy O0COOIHBO
[pY HAJIaHHI TM MOXJIMBOCTEH BHKOHAHHS JOJATKOBUX
ormepariid, MO 3yMOBIE MOTPeOy B iX MOJANBIIMX
JOCIIKEHHSX 1 KOHCTPYIOBaHHI..

Merta nociigkeHn

MeToro JOCHi/DKEHh € CHHTE3 Ta IPEACTaBJICHHS
HOBUX KOHCTPYKIIif €HEeproomamHuX TPaHCIOPTHO-
TEXHOJIOTTYHUX CHCTEM.

Pe3yabTaTn nociaigxenb

BaxmBuM nUTaHHSIM NPOEKTYBAaHHS TPAHCIOPTHO —
TEXHOJIOTIYHUX CHCTEM 3 TBHHTOBUMH pPOOOYMMH
OpraHaMH € MOIIYK iX YJIOCKOHAJIEHUX KOHCTPYKLIH st
JOCATHEHHS BHCOKHX ITOKAa3HHWKIB IPOAYKTHUBHOCTI i
AKOCTi TPAHCHIOPTHUX OTIEPaLliif.
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Puc. 1. Mogens TpaHCIIOPTHO-TEXHOJIOTIYHOI CHUCTEMHM 3 TI'BHHTOBHM pOOOYMM opraHoM: 1 — jxomo0; 2 —
TBHHTOBHH pobounii opran; 3 — MeXaHi3M Iepenadi KpyTHOTO MOMEHTY; 4 — OyHKep; 5 — OmopHO-peryIoBaIbHAN

MEXaHi3M; 6 — IBUTYH-PEILYKTOP

Fig. 1. Model of transport-technological system with a screw working body: 1 - gutter; 2 - screw working body; 3 -
torgue transmission mechanism; 4 - bunker; 5 - support and adjusting mechanism; 6 - gear motor

OnHUM 13 NUIAXIB BHUPIIMICHHS 3aBJaHHS CTBOPEHHS
HOBUX KOHCTPYKII TPaHCIIOPTHO-TEXHOJIOTIYHUX CHCTEM
€ BTUICHHS TIPOTPECHBHUX METOJIB IIOIIYKY HOBHX
TEXHIYHHUX pIlIEHh HA PaHHIX CTaAiIX KOHCTPYKTOPCBHKOI
MiTOTOBKKM BUPOOHUITBA. [[pOr0 MOXHa AOCATTH TMPHU
BHKOPUCTaHHI MOP(QOJOTIYHOTO aHamizy, SKHH Ha
YeTBEPTOMY eTalli nepeabadae CHHTE3 BapiaHTIB 00 €KTa,
o0 Ha OCHOBI CKJIaJeHOT MOP(OJIOTIYHOI MaTpHIi Jae
MOJKJIHBICTh OTPUMATH MOBHY KUIBKIiCTh pimieHs [1]:

N=T[K,. 1)

[IpoTe KiTBKICTh OTPHIMAaHUX BapiaHTIB y Pe3yibTaTi
TaKOTO CHHTE3Y € IY)K€ BEIMKOIO, 1[0 YTPYIHIOE MOUIYK
HAfiOUIPII  paIliOHANFHUX pimleHb. ToMy JOIUIBHO
CKOPHCTaTUCh METOJIOM CHHTE3y I€papXiyHMX Tpyn 3a
JIOTIOMOTOI0  MopdoJioriuHoro anamizy. Lleii wmeron
0azyetbcs Ha MopdosoriuHomMy anamisi [1], mpore BiH
nependavyae IO MEXaHIYHOI CHCTEMH Ha IEeBHY
KUTBKICTh  i€papXiyHHX piBHIB (K TmpaBwio 3) 3
BIJIHECEHHSIM [0 KOXXHOTO OKPEMHX KOHCTPYKTHBHHX

eleMeHTiB  cucTeMu. Jlaamii  MeTon — Tependadae
PO3WICHYBaHHS 3arajlbHOi 3aJa4i Ha YacTKOBI Ta
MPOBEACHHS TMOIIYKY PpAIliOHANEHOTO  DIICHHA Y
YaCTKOBUX OONACTAX TOMYKY 3 TOHANBIIAM  IX

KOMITOHYBaHHAM. Tak 10 Iepmioro i€papxXidHOro piBHS
CIIifl BiAHECTH Ti KOHCTPYKTHBHI €JIEMEHTH MeEXaHi4HOI
cucreM, sKi Oe3nocepeqHbO BIUIMBAIOTH Ha SKICTH 1
MIPOAYKTUBHICTh BHKOHAHHA TEXHOJIOTIYHOTO TMIPOIECY
(ememeHTH TepIIoro Mopsaky). o apyroro iepapxidHoOro
piBHS CIHiJ BiAHECTH KOHCTPYKTHBHI €JIEMEHTH, IO
JOTIOMAaraioTh  peamizoByBaTh  (QYyHKIIi  BiAmoBimHOL

MEXaHIYHOI CHCTEMH 1 MalOTh OIOCEPEIKOBaHMW BILUIUB
Ha BHUKOHAHHS TEXHOJIOTIYHOI'O TMpoIecy (elneMeHTH
JPYroro nopsiaky). 1o TpeTboro iepapXiyHoOro piBHs CIiJ
BIJIHECTH KOHCTPYKTHBHI €JIEMEHTH, Ki € HeOoOXiqHi IJIst
po0OTH MeXaHIYHOI CHCTeMH, ajié He MaloTh BIUIMBY Ha
peanmizallilfo  TEXHOJIOTIYHOTO  Tporecy  (eIeMeHTH
TpeTsoro mopsaky). Lli KOHCTPYKTHBHI €JIEMEHTH, HpH
KOMIIOHYBAaHHI MEXaHI9HOI CHCTEMH, CIiJ BHOUpaTH B
MepITy 4epry BUXOASYH i3 eKOHOMIYHOI HOIIEHOCTI (X
miHK Ta  BapTOCTi  eKcinryaramii). ['eHepyBaHHA
QIBTEPHATHB TIPOIIOHOBAaHWM BJIOCKOHAJIEHHUM METOIO0M
nependavae IMPOBEJNCHHS TeHepalil ajbTepHATUB Ha
OKpeMHUX il€papXiuHUX pIiBHIX, a00 H y MeKax OKpEeMHX
KOHCTPYKTUBHHX €JIEMEHTIB, IIOYMHAIOYM 3 BHIIMX
piBHiB. Ha HacTymHOMy erami JO BHOpaHUX Ha LHUX
PIBHSX KOHCTPYKTHUBHHX pillleHb IIPOBOJHUTHCS A00Ip
MOXJIMBHUX aJlbTEPHATHBHHUX BapiaHTIB KOHCTPYKTHBHHX
€JIEMEHTIB 3 HIDKYHX DiBHIB, 0 3a0e3Iedye OTpUMAaHHS
HAWOUIBII paIliOHANEHUX KOHCTPYKTUBHHUX DIIICHb IPH
3HAYHO MEHIIMX BHUTpaTax 3YCHJb Ta 4Yacy, HIX HpH
BHUKOPHCTaHHI MOpQOIIOTivHOTO aHamizy. IIpn
BUKOPHCTaHHI  3alPOIIOHOBAHOTO  METOAY  CHHTE3Y
iepapXiYHUX TpyNm 3a JIOMOMOTIOI MOpP(]OIJIOriyHOTO
aHaJi3y KUNBKICTP BapiaHTiB BU3HAYAaTHUMETHCS II0

dhopmymi:

NIF :ZHKi' (2)

z=l =l
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z=1l i<l

Q) (D11, (112 (1)1

(1)31, (1)32;

(2)51, (2)52, (2)5s.

®)

| m
N N, = ZH K =392+43+4=70

(1)21, (1)22, (1)2s, (1)24, (1)2s, (1)26, (1)27, (1)2s, (1)29;

2 (2)41, (2)42, (2)43; (2)44;

(3)61, (3)62, (3)63, (3)6a.

Puc. 2. Mogens Mexaniunoi cucteMn «[ BUHTOBHIA 3MmimtyBau»: (1) — mepimuii iepapxiunuii piBewb; (2) — apyrHii

iepapxiuHuii piBeHb; (3) - TpeTiit iepapXiuyHUiA PiBEHB.

Fig. 2. Model of mechanical system "Screw mixer": (1) — the first hierarchical level; (2) — the second hierarchical

level; (3) — the third hierarchical level.

Po3rnsiHeMO Mojenb  TPaHCIOPTHO-TEXHOJIOTTYHOT
CUCTEMHU 3 TBUHTOBUM POOOYMM OpPraHoM, 300pakeHy Ha
puc. 1. 3rigHO 3alpOIIOHOBAHOTO I'PYIMYBAHHS JI0 MEPLIOT
iepapXi4HO TPyNM CiiJ BiJHECTH TakKi KOHCTPYKTHBHI
eNIeMEHTH: | — MeXaHi3M TPaHCIIOPTYBAaHHS BaHTaXYy; 2 —
IBUHTOBUI poOoumii opraH, 3 — MexaHi3M mepenaui
KPYTHOTO MOMEHTY; [0 Apyroi iepapxigHoi rpymm: 4 —
OyHKEp; 5 — OIOPHO-PEryJIIOBAJILHUN MeEXaHi3M; 10
TPETHOI iI€EPAPXIUHOI TPyNH: 6 — ABUTYH-PEAYKTOP.

BinmoBimHO  TpW  KOAYBaHHI  BHUKOPHCTAEMO
HACTYIIHY CXEMy KOJiB KOHCTPYKTHBHHUX €JEMCHTIB
IBUHTOBUX TPAHCIIOPTEPIB 3 BUKOPHUCTAHHSIM CHMBOJY
«i» (me «i» 3MIHIOEThCS B Mexax Big 1 mo o) 1 —
MEXaHi3MH TPAHCIIOPTYBaHHS BaHTaXy; 2; — TBHHTOBI
poboui opranu; 3; — MeXaHi3MU Iepefadi KPYTHOTO
MoOMeHTy; 4; — OyHkepu; S5; — OINOpPHO-pEryJIOBajbHI
MeXaHi3MH; 6; — IBUTYH-PEYKTOPH. SIKIIO B KOHCTPYKIIT

(1)11

112

MICTUTBCS ~ JCKiIbKA  iACHTHYHHX  KOHCTPYKTHBHHX
€JEMEHTIB, TO IX KIIBKICTh JOLIBHO  3alMCaTH
BIAMOBITHUM CTEIICHEM, HANpHKJIa[: JiBa TBHHTOBHX
poGounx opranu — (212)?, a AKIO MIiCTUTbCA NEKiIbKa
PI3HUX KOHCTPYKTHBHHX E€JIEMEHTIB OJHOTO BHIY, TO IX
JOLJIbHO 3amicaTH HAaCTYIIHUM YHMHOM: JIBa JKOJOOM —
(17 ) 192).

B pe3yabTari reHepyBaHHS aNbTePHATHB
KOHCTPYKIIi{, Ha TIEPIIOMY i€papXiqHOMY piBHI Ofep KaHO
Taki anbTepHaTUBH (pUC. 2):

- mas mepmioro iepapxiunoro pieas: (1)11 — (1)13
(puc. 3); (1)21 — (1)29 (puc. 4); (1)31 — (1)34 (puc. 5);

- i Jpyroro iepapxiuHoro piBHs: (2)41 — (2)44
(2)51 - (2)53;

- JUIS TPETHOTO iepapxiunoro piHs: (3)61 — (3)64.

[Mpuknaay KOMIIOHOBOK KOHCTPYKTHBHUX €JIEMEHTIB
HEpILOro iEpapXiuHOro piBHA NpeICTaBJIeH] Ha puc. 6.

(1)1s

Puc. 3. Bapiantn po3milieHHs MeXaHi3MiB TpaHCHOPTyBaHHS BaHTaxy: (1)11 — po3MiIleHHs M 3MiIHHUM
kytoM Biz 10° o 80°% (1)1 — BeprukanbHe posmiieHHs; (1)13 — ropusoHTATIBHE PO3MILLICHHS

Fig. 3. Options for placement of cargo transportation mechanisms: (1) 1; — placement at a variable angle
from 10° to 80°; (1) 1, — vertical placement; (1) 13 — horizontal placement
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Puc. 4. Bapianti KOHCTPYKUil TBUHTOBHX poOoumx opraiB: (1)21 — cyuineHuii rBunt; (1)2, — rBUHT 3
pamianbHuMu nepemutikamu; (1)23 — crpiukoBuii reunT; (1)24 — nonaresuii rBuHT; (1)25 — MAMTHAPUYIHAA 31 3MIHHIM
kpokoM; (1)2¢ — IMTHAPUYHKI 3 KOHIYHUM BajoM i 3MiHHEM KpokoM; (1)27 — mpodinbauii reunt; (1)2g — rBUHT 3

BHYTPpillHIME 0TBOpamy; (1)29 — KOHIYHMIA TBUHT

Fig. 4. Design options for screw working bodies: (1) 2; — solid screw; (1) 2, — screw with radial jumpers; (1)
23 — tape screw; (1) 24 — propeller; (1) 25 — cylindrical with variable pitch; (1) 26 — cylindrical with a conical shaft
and variable pitch; (1) 27 — profile screw; (1) 2 — screw with internal holes; (1) 29 — conical screw

d ==

7—
(1)31

|

—
L

1)3:

Puc. 5. Bapiautu KOHCTPYKIIil MeXaHI3MIB repeaadi KpyTHOro MoMeHTy: (1)31 — eKCLeHTpUYHE PO3MIILICHHST BaJIiB;

(1)32 — mpsimoniHiliHe PO3MIIIICHHS BaiB

Fig. 5. Variants of designs of mechanisms of transfer of the twisting moment: (1) 3; — eccentric arrangement of

shafts; (1) 3, — rectilinear arrangement of shafts

Sxmro npu CHHTE31 IBTEPHATHBHUX
KOHCTPYKTUBHHMX  BapianTiB I3  BHKOpHCTOBYBaTH
TPamuIifHUH MeTon MOpP(OJOTIYHOTO —aHamizy, TO
KUTBKICTB aJlbTEpHATUB CTaHOBUTHME:

N = H K,— = 2592 sapiantu, mo maiixe y 37 pasis
-1

Oinplie, HDK TIpM BHUKOPHCTaHHI
METO/y CHHTE3Y

3aIIpONOHOBAHOIO
i€papXi4YHUX TPyHm 3a JIOTIOMOTOIO

132531

| m
MOpPGOJIOTIYHOTO aHATI3Y: NIF = ZH K,- =70. e
z=1 =1
BKa3ye Ha JIOUIJIbHICTh BUKOPUCTAHHS 3alPOIIOHOBAHOTO
METOJy, 10 3HAYHO MOJIEriIye nepebip albTepHATHUB Ta
MONIYK HAHKpAIIUX.

(I SR

13213,
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112631 122932
Puc. 6. [Ipuxiaan KOMIIOHOBOK KOHCTPYKTHBHHX €JI€MEHTIB IIEPIIOTO i€papXiqHOTO PiBHA
Fig. 6. Examples of configurations of structural elements of the first hierarchical level

B pesynprari cHHTe3y iepapXiyHMX TpyH 3a  TPAHCIOPTHO-TEXHOJIOTIYHMX CHCTEM 3 T'BHHTOBUMH
JIOTIOMOT 010 MOpP(OoIIOTIHHOTO aHalizy Oyno 3reHepoBaHO  POOOYMMH OopraHaMu (puc. 7).
mpare3aTHi  KOHCTPYKIII anbTepHATUBHUX BapiaHTIB
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Puc. 7. Cunre3opani KOHCprKIIﬁ CHECProomaaHux TpaHCHOpTHO-TeXHOJ'IOFi‘{HI/IX CHCTEM 3 TI'BUHTOBHMU

pobOUNMH OpraHaMH.

Fig. 7. Synthesized designs of energy-saving transport and technological systems with screw working bodies.

BucHoBku
1. 3ampomoHOBaHO  CcHOCIO  CTPYKTypH3amii
KOHCTPYKIIiH €HEProoILaIHIX TPaHCIIOPTHO-
TEXHOJIOTIYHUX CHUCTEM 3 TBHHTOBUMH POOOYUMH

OpraHaMd 1 METOAMKY iX BJIOCKOHAJCHHS Ha OCHOBI
JOCII/DKCHHSI BJIACTUBOCTEH EJIEMEHTIB iX CTPYKTypHU
BIJIMIOBITHO O TEOpii CHHTE3y I€papXi4HUX TIPym 3a
JOTIOMOT 00 MOP(OJIOTIYHOTO aHaIi3Yy.
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CHUHTE3 SHEPI'OCBEPET AIOIIINX
TPAHCITOPTHO-TEXHOJIOTMYECKNX CUCTEM C
BUHTOBbBIMU PABOUYNMU OPTAHAMMU
H. U. Yeapmaykuii, U. B. @rvony, A. B. [pabap,

P. B. llampos

AnHoraumsi. llenpro wucciiemoBaHUM — SABIISICTCS
CHHTE3 M  IMpPEACTaBICHUE  HOBBIX  KOHCTPYKIUI
JHEpProcOeperarIux TPaHCIOPTHO-TEXHOJIOTUIECKUX
CHCTEM.

O0BexTOM HCCIIEOBAHUSA MPOIIECCHI
TPAHCTIOPTUPOBKU CHIMYYUX MAaTepUaioB TPaHCIOPTHO-
TEXHOJIOTHYECKUMH CHCTEMaMHU C BUHTOBBIMH PaOOYMMU
opranami. IIpenmeToM HccnenoBaHus €CTh KOHCTPYKLUMH
SHEeprocOeperaroImx TPaHCIOPTHO-TEXHOJIOTUYECKUX
CIHCTEM C BHHTOBBIMH pabodynMH OpraHaMH W HX
napameTphl.

B pabote mpemnoxena MeTOAWKa TEHEPHUPOBAHUS
KOHCTPYKLUH 9HeprocOeperaromnx TPaHCIIOPTHO-
TEXHOJIOTHYECKUX CHUCTEM C BHHTOBBIMH pPabOYUMHU
OpraHaMH CHUHTE30M HEPAPXUUYECKUX TPYMI C MOMOIIBIO
MOPGOJOTHYECKOTO  aHanmu3a. PaspaboTaHa Mo[elb
MEXaHUYECKONM CHUCTEMbl «BUHTOBOM TpaHCIOPTEP» C
TPYINIUPOBKOH  KOHCTPYKTUBHBIX  DJIEMEHTOB  TIO
HepapXUueCcKUM TIpynmaM M OTHECEHHMEM K IEepBOH
rpynine MEXaHU3MOB TPAHCIOPTUPOBKH I'Py3a, BUHTOBBIX
pabodnx OpraHOB M MEXaHW3MOB Iepeladyd KPYTSIIETO
MOMEHTA.

Pesymeratel. Ilpeanoxen cmoco0 CTPYKTypH3aUU
KOHCTPYKLHH 9Heprocoeperarmmux TPaHCIOPTHO-
TEXHOJOTMUECKHX CHCTEM C BHUHTOBBIMU pPabOuyuMU
opraHaMM ¥ METOJUKa WX YCOBEPIICHCTBOBAaHUS Ha
OCHOBE HMCCJIEIOBAHUSI CBOMCTB AJIEMEHTOB UX CTPYKTYPHI
B COOTBETCTBHM C TEOpHUEH CHHTE3a HepapXUYecKux
TPYIII C IOMOIIIBI0 MOP(HOIIOTHUECKOTO aHATK3A.

KiioueBble cjioBa: BUHTOBBIE pabodume OpTraHbl,
TPaHCIIOPTUPOBKA, TPAaHCIOPTHO-TEXHOJIOTHYECKAs
cUcTeMa, CHHTE3.

SYNTHESIS OF ENERGY-SAVING TRANSPORT-
TECHNOLOGICAL SYSTEMS WITH SCREW
WORKING BODIES
I. I. Chvartatskiy, I. V. Flonts, A. V. Grabar, R. V. Shatrov

Abstract. The purpose of research is the synthesis
and presentation of new designs of energy-saving
transport and technological systems.

The object of research is the processes of
transportation of bulk materials by transport and
technological systems with screw working bodies. The
subject of research is the design of energy-saving
transport and technological systems with screw working
bodies and their parameters.

The method of generation of constructions of
energy-saving transport-technological systems with screw
working bodies by synthesis of hierarchical groups by
means of morphological analysis is offered in the work.
The model of the mechanical system "screw conveyor"
with grouping of constructive elements on hierarchical
groups and assignment to the first group of mechanisms
of transportation of freight, screw working bodies and
mechanisms of transfer of the twisting is developed.

Results. A method of structuring the structures of
energy-saving transport and technological systems with
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helical working bodies and a method of their
improvement based on the study of the properties of the
elements of their structure in accordance with the theory
of synthesis of hierarchical groups using morphological
analysis.

Key words: screw working bodies, transportation,
transport-technological system, synthesis.
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AHoTaNis. Baxxiusoro CKJIaJIOBOIO IS
3abe3neueHHs  ePEKTUBHOCTI BUKOPDHCTaHHSI  Ta
MIABUINCHHS HAIIHHOCTI CUTBCHKOIOCIOAAPCHKOT TEXHIKU
€  HasBHICTb  BIJIOBIIHOI  HOPMAaTHUBHO-TEXHIYHOT
JOKyMEHTAIli{, 0 PerjJaMeHTye BUMOTH JI0 11 TEXHIYHOTO
CTaHy Ta eKCILTyaTarlii.

CrnpaBHICTh TEXHIKM MOXE BiJJHOBIIOBATUCH TIPH
PEMOHTI, a TMpamne3JaTHICTh — MATPUMYBATHCh IIpH
TEXHIYHOMY OOCIIyTOBYBaHHI 1 B MpoIleci eKCIUTyaTarlil
BUXOIIH 3 peKoMeHallii, 1110 nepenbadeHi
IHCTPYKIiIMH ~ Ta  KepiBHUMH  MarepialaMu  Ha
BUKOPHUCTaHHS MammH. J{1sl cBOEYAaCHOTO 1 e(heKTHBHOTO
NIPOBEJCHHS TEXHIYHOTO OOCIYrOBYBaHHA 1 PEMOHTY
3aco0iB aJsi npurotyBaHHs 1 pozaasanus kopMis (3[1PK)
HEOOXiTHO 3HATH: KpuUTepii BTpaTH Ipale3laTHOCTI;
TpaHM4HI 1 IOMyCTHMI 3HAYEHHS MapaMeTpiB TEXHIYHOTO
CTaHy; TIOKa3HUKHM IIPOLECIB NEpPexXOoJy TEXHIKH 3
MPale3aTHOTO B HEMpAIe3JaTHUI CTaH; 3aKOHOMIPHOCTI
3MIiHM OCHOBHHX BJIACTHBOCTEH.

B crarti mpencraBieHO MOHITOPHHT IHCTPYKINH 3
0o0CIyroByBaHHS Ta eKCIDTyaTalii MaIliH, KepiBHUX
MaTepialiB ~ Ha  BHKOPUCTaHHA 3  TO3WINI  1X
iH(pOPMATUBHOCTI IONO pealizalii BUMOT HAIIHHOCTI.
MOHITOPHHT POBOAUBCH A 3apyOikHUX 3pa3kis 3[1PK.

B pamkax mpoBeJeHHS MOHITOPHHIY aHalli3yBaJHCh
MeXaHi3Mu no/piOHeHHs-3MitryBanHs (MI13) 3 nosuiiii
HasgBHOCTI iH(popMamii TPo OCOOTMBOCTI KOHCTPYKIIi,
MOJJIMBI HECIIPaBHOCTI Ta BiIMOBH, OCHOBHI CIIOCOOH
BiIHOBJICHHS MTpare3AaTHOCT.

BcraHoBiaeHi  OCHOBHI  TOJIOXKEHHS,  SAKI €
BU3HAYAJILHUMH JUIS OLIHKM TEXHIYHOTO CTaHy OKPEMHX
Jetaneid 1 poOOYMX OpraHiB Ta MiIBUINCHHS HAMIHHOCTI
MII3 Ta 3I1PK B mimoMy npu BHKOPHCTaHHI KEpiBHUX
MarepianiB. Jlo CKiagy IMOJOXKeHb BXOAATH: iH(opmais
PO MOKAa3HUKH HAAIHHOCTI MalllMH, MEXaHi3MiB, po6ounx
OpraHiB; IEpiONUYHICT TEXHIYHOTO OOCIYroBYBaHHS i

PEMOHTY MAIIWH, BiHOBJIEHHSI poOOYMX OpraHiB;
BiJTOMOCTI po TPYAOMICTKICTB TEXHIYHOTO
oOcIyroByBaHHS 1 pEMOHTY MaIlWH, BiJHOBICHHA
pobounx  oprasis; CXEMH  MOHTAXY-IEMOHTAXY

MeXaHi3MiB, BiTHOBJICHHS POOOYMX OpTraHiB; iHpOpMamis

PO XapaKTepHi BIiIMOBU Ta MOCIIIOBHICTH X YCYHCHHS;
iHpOpMaLis Ipo KpUTEpil IpaHUIHOTO CTAaHY; TEXHOJOTIT
BiTHOBJICHHSI POOOYHX OpraHiB; iH(OpMAIlis PO BUMOTH
NIPY BCTAHOBJICHHSI Ha 30epiraHHs.

Kiro4oBi cioBa: maninHa, MOHITOPUHT, TEXHIYHUI
CTaH, TeXHiKa, 3aci0 JuIl NMPUTOTYBaHHS 1 pO3JaBaHHSI
KOpMIB, HaJIHHICTb, KEPiBHI MaTepial.

IocranoBka npodaemu

B ocranHiI mecatwiitra B arpapHiit cdepi Yipainu
MOXKHa  CIOCTEpiraTh 3Ha4yHE OHOBJIEHHS  IapKy
CUIBCBKOTOCIOZIAPCEKAX ~ MAallMH  Ta  OOJajHaHHA,
BKJIIOYAIOYM CEKTOp 3aco0iB Juisi TMPHUIOTYBaHHS 1
posnasanus kopMmiB (3[1PK) B TBapuHHMUTBI. 3a3HaueHe
OHOBJICHHSI TPOXOAMTh 32 paxyHOK HAJXO/DKEHHS B
eKCIUTyaTallifo Kpalux 3apyObKHUX Ta BITYM3HSHHX
3paskiB 3[TIPK.

Jocein BUKOPHUCTAHHS Ta 3abe3nedeHHs
mpane3natHocti 3[TPK Bka3ye Ha Te, 0 3apyOiKHi 3pa3ku
3a3HAQUEHMX MallMH MAloTh [IOKpamleHi TEeXHiuHi
XapaKTepUCTUKH, B TOMY YHCIi, JOCHTb BHCOKY
eKCIUTyaTaliiiHy HafmiifHicTe. OIHAK, IHTEHCHBHICTH iX
eKCIITyaTallii iCTOTHO 3pOciia, & YMOBH BUKOPHCTAHHS Ta
30epiraHHs BUMaraloThb OCOOJMBOi yBaru Ta IMOCTIHHOTO
KOHTPOJIIO 3 OOKY OIepaTopiB MallMHH Ta IHXEHEPHO-
TeXHIYHOI ciykOom. OKpeMi CHCTEeMH Ta MEXaHI3MH
cyuacHux 3apyOixHumx 3I[IPK, Bkirowaroun MexaHi3m
3BaXKYBaHHS Ta MeEXaHi3M BHUBAHTAXKCHHS KOPMOBOI
cyMinn  ocHameHi  BOYJOBaHMMH  E€IEKTPOHHHMHU
MIPUCTPOSIMA (PYHKIIOHYBAaHHS Ta KOHTPOJIIO TEXHIYHOTO
CTaHy, 110 CIpHs€e 3a0e3MeUeHHI0 1X Mpale3laTHOCTI Npu
peamizamii CHCTEMH TEXHIYHOTO OOCIYroBYBaHHS 1
pemonty (CTOP). Inmmi Baxmusi migcucremn 3IIPK,
BKJIIOYAIOYM MEXaHi3M nozapiOHeHHs-3MinryBanHs (MII3),
o0 HaWOiNbIIe BIUIMBAE Ha HAMIHHICTB, MOTPEOYIOTH
CHCTEMHOTO MiAXOIy B MPOIECi MOHITOPHHTY TEXHITHOTO
CTaHy Ta 3a0e3medeHHi mpare3naTHOCTi. PesepBom y
BHpIIICHHI 3a3HaueHOi NpoOJIeMH € BHUBYEHHS KEPiBHUX
MarepianiB Ha ekcruryatamito 3[IPK Tta mociimkeHHs
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peKOMeHaIliid, Mo HampaBleHi Ha OIlIHKY TEXHIYHOTO
TaHy Ta BiTHOBJICHHS Tpaie3aarHocti MIT3.

YCcKmagHeHHS CTPYKTYPH  ClIbCBKOTOCIIONAPCHKOT
TEXHIKH, 3pPOCTaHHS BHUMOT CIIOKHMBa4iB [0 DIiBHA
BJIACTUBOCTEH 1 SKOCTI TPOAYKIii, IOsBa HOBHX |
BHockoHaneHHa Bxke icHytounx 3[IPK € ctumymom mis
BUKOPUCTAHHSA CHCTEMHOTO aHaNi3y I OI[HKH i
3a0e3MmeueHHs] HaAIMHOCTI CUCTEM Ta MiJCHCTEM, Tak 1 1X
B3a€EMO/IiT MiXK COOO}O.

AHAaJIi3 oCTaHHIX JOCTiIKEeHb

Sk Oy70 3a3HaYCHO B MOMEPEAHIX TOCTIIHKEHHX [3,
13-18], pesymnpraT TexHigHOTO HiarHoctyBanHA (T/I) abo
K BiJTaJIEeHOTO MOHITOpHHTY TexHigHOTO cTany (BMTC) e
MiACTABOIO ISl TPUHHATTSA pIMICHHA PO MOJANBIIHN
XapakTep i pekUM BHKOPHCTaHHS MAIIWH, IEPiOANIHICTh
BCTAaHOBJICHHI iX Ha TeXHIYHE OOCIYroBYBaHHS 1 pEMOHT
(TOP), HOMEHKIATypy 3amacHUX YacTHH, O0O0CsITU
PEMOHTHO-TIPODIIAKTHIHUX pooir. Baxnusoro
CKJIaZIOBOIO ISl TPUHMHATTS PILICHHS MPO HEOOXiTHICTh
nposeaeHHs TOP a0o x BiIHOBJIGHHS MpaLe31aTHOCTI NPU
BUHUKHCHHI BiIMOB € HasBHICTH BiAMOBiIHOI iH(poOpMamii
B HOPMATUBHO-TEXHIYHIH JOKyMEHTAIIi.

Cmpaericte 3I[IPK MoOXe BiZHOBIIOBATHCH TIPH
PEMOHTI, a mpare3aaTHICTh — miaATpuMyBaTuch mpu TO 1 B
mporieci eKCIUTyaTamii BHXOISIYM 3 PEKOMEHAAid, M0
nependaveHi iIHCTPYKIIIMY Ta KepIBHUME MaTepiajlaMu Ha
sukopucrtanss 3[1PK [8-10, 12, 22-24]. Ins cBoe4acHOr0O
i epexrrBHOTO poBeaeHHst TOP 3[1PK, HeoOXinHo 3HATH:
KpuTepii BTpaTH Mpane3laTHOCTi; TPaHN4HI 1 JONmycTUMI
3HAUEHHS IapaMeTpiB TEXHIYHOTO CTaHy; IOKAa3HUKU
NpOLIECiB  NEepexoJy TEXHIKM 3 Mpane3aTHOro B
Hernpaue3AaTHUH CTaH; 3aKOHOMIPHOCTI 3MiHH TEXHIYHOTO
cTaHy. BaxinMBOIO CKIIaZ0BOIO BHPIIIEHHS 3a3HAYEHOl
3aj7a4l € TaKOXX HasBHA Ta JIOCTYIIHA Ul BUKOPHCTaHHS
olepaTopamH, CIIOCapsSMU-PEMOHTHUKAMH, 1HKEHEPHO-
TEXHIYHNMH TpaliBHUKAaMH METO/AWKa 3a0e3NeueHHs
naniiinocti 3[IPK [15, 18], ska nepenbayae GpopmyBanHs
JUTS 32a3HAYCHUX IPYII IPAIiBHUKIB MPodeciiiHo BaXKINBUX
SIKOCTEH.

3 amanmizy JjiteparypHux jpkepen [3, 5, 13, 19-21]
BiOMO, 110 Juisi 3abe3medeHHs mpare3gatnocti 3I1PK
eekTuBHO MOxe OyTH BHKopucrana crpareris TOP 3a
cTaHoM. 3rimHo i3 3a3Ha4eHoro crparerieto TOP mammH i
MexaHi3MiB 3[IPK koHTpomoeThcs mepionnyHo abo B
3anmexxHocTi  Big pesymbraTie TJl  crany. Pemont
MIPOBOANTHCS. B ONTHMAIBHI TEPMIHM 1 B HEOOXiTHOMY
00cs13i. OCHOBOIO IS ITbOTO CITyXKaTh 3HAHHS (PAKTUYIHOTO
CcTaHy poOOYMX OpraHiB (HOXIB, NMPOTHPIKYYHX HOXIB,
mHekiB) Ta MexaHizMmiB 3I1PK, mio 1o3Bosse MiHiMIZyBaTH
obcar peMoHTIB 1 3abe3meuutn Oe3aBapiiiHy poOoTYy.
EdexTuBHICTE 3aCTOCYBaHHS CTpaTerii BU3HAYAETHCS
3HUKEHHSIM 00csTiB PEMOHTIB, M ABUIIIEHHAM
6e3simmoBHOCTI poboTtn 3[IPK 3a paxyHOK cBO€YacHOTO
npoBeaeHHs TOP.

Y mpoMy acmekTi CIif TakoXX 3BEpHYTH yBary Ha
JOCII/DKEHHsI, SIKI TIPUCBSYEHHI BUBUYCHHIO BIUIMBY
CIIOXUBYUX siIKOocTe wmamuH, Bkirovaroun 3[IPK, Ha
e(peKTHBHICTh Ta HAJIIHHICT iX excrutyaraii [1, 2, 6, 7, 11,
17, 25].

Merta gocaigxeHb

MeToro TpOBENEHHS IOCHIIKCHb € IIiIBHICHHS
HAJIHHOCTI CUTLCHKOTOCHOAAPCHKOI TEXHIKM Ha OCHOBI
MOHITOPHHTY TEXHIYHOTO CTaHy BHXOIIYM aHAJI3y
KepiBHUX MaTepiajiB Ha ii eKCIUTyaTaIlifo.

Pe3yabTaTh nocaigkeHb

Jns  3abesneueHHs e(EKTUBHOCTI eKCIUTyaTallii,
MIPOJIOBXKEHHSI TEPMiHY CIIY)KOM 1 rapaHTyBaHHS HaJilHOT
pobotn 3IIPK, TOP HeoOXigHO NPOBOIUTH uepe3
BIJIMOBiHI MPOMDKKH 4acy. 3TigHo pekomeHmamin [8-10,
12, 22-24], po6otu 3 TOP moBMHHI BUKOHYBaTHCS JIHIIE
aBTOPU30BAaHNMH CEPBICHUMHM LEHTpaMu. SIK 3a3Ha4YECHO B
[8-10], 3aBom-BHpOOHWK He Hece BiMOBITANBHOCTI 3a
TIOMIKO/KEHHS, 10 BHUHHUKIM B TOMY BHIIAJKy, KOJIH
mpaBWja i3 cepBicCHOro oOCIyroByBaHHS Oymu He
JOTpUMaHi, abo IOTpUMaHi 3 MOPYIICHHSMH IHCTPYKLiN
Ha Buxkopuctanus 3[1PK.

MII3 kopmo3mimryBaya SILOKING TrailedLine
OCHAIIYETHCS ITHEKAMH 3 TIOAPIOHIOBaJIbHUMH HOXKaMH Ta
OPOTHUPI3AILHUMHE IUIacTUHAMHU [9]. 3aTouyBaHHS HOXIB
Ta HAsABHICTh iHpOpMamii Hpo KPUTEpiiB TI'paHUIHOTO
CTaHy 3a0e3MedyloTh ONTHMalbHE pi3aHHS KOMIIOHEHTIB
KOpMY 1 BIONOBIZHWI TepMiH CIyXOHM HOXIB Ta
MpOTHpi3aNbHUX ITacTUH. [licias 3aMiHM HOXIB 3aBOJ-
BUTOTOBIIIOBAY  PEKOMEHIYE TEpEeBIpUTH  KyT  IX
BCTaHOBJICHHS, TIPOBECTH OOKaTKy 1 pEryJIloBaHHSA
mexanismiB 3I1PK. [lns ckopoueHHs BHTpaT eHeprii,
3MEHILIECHHSI Yacy 3MillyBaHHS Ta 3a0e3ledyeHHs Mpu
bOMY BHCOKOi SKOCTI KOpPMOBOI  CyMiml, CIIiJ
3IICHIOBATH MOCTIHHUI MOHITOPHHI' TEXHIYHOTO CTaHy 1
NPOBOJIUTH 3aMiHy IMOJPIOHIOBAILHUX Ta MPOTHPILKYYHX
HOkiB  [9]. Hoxi kopmosmimysaua SILOKING
TrailedLine BcTaHOBIIOIOTHCS HACTYITHUM YHMHOM (puc. 1,
0): HIKHIM HDDK BCTAHOBJIIOETHCS ITiJi HEBEITUKUM KYTOM
(mozumis 1); npyruit HiX — TiA cepenHiM KyToM (TO3HIis
2); BCl iHIII — M1 BETUKUM KyTOM (TIo3utist 3). 3a3HadueHe
IHAUBiTyaTbHE peryIrOBaHHS HOXIB JI03BOJISIE
ONTUMI3yBaTH MATOTOBKY A0 pobotu MII3 mis pizHHX
KOMITOHEHTIB KOPMY. 3TiZIHO IHCTPYKIUII Ha eKCILTyaTalliio
[9] it MexaHi3MIB KOpPMO3MilllyBaua MepeadaueHo
KOMILJICKC POOIT 3 TEXHIYHOTO 0OCITyrOBYBaHHS: I[0JICHHE
(IOITO), motmxkuese (ILITTO), yepes 100 rox. ta uepes
500 rom. pob6oru. Takox, cepBiCHE O0OCITyroByBaHHS
nependavae MameHHs MexaHizMi 3[1PK gepes 20 rox., 100
roa. ta 500 ro.

IMonpionenns cyxux matepianiB 3[IPK «Cormorant-
vertical» nependavae 3acTOCyBaHHS IPOTHHOXIB (pHC. 1,
0), 110 po3TanioBaHi B OYHKepi i BCTAHOBIIIOIOTHCS BPYUYHY
B TPHOX MOXKJIMBHX MOJIOKEHHSIX.

[loBHMIT 1WKI TPUTOTYBaHHA KOPMOBOI CyMiImi
MiKCEpOM-KOpPMOpPO31aBatem «Cormorant-vertical»
cknamae 20..25 xB. [12]. koo HeoOXigHa OB ApiOHA
(dpakiiss kKopMOBOi CyMimii, TO dYac TOApiOHEHHS i
3MinryBaHHs HeoOxigHo 30impmmTy Ha 10...15 xB. 3rigHo
IHCTpyKIii Ha  ekcIulyatamiro [8], 3almexHO Bix
e()eKTUBHOCTI BUKOPUCTAaHHS po3aaBada kopMmiB VMP-10,
HOXI TMCJsS TEBHOTO HAlpallOBaHHA HOTPeOyIOTh
peryJIIoBaHHs, 3aTOUyBaHHs a00 K 3aMiHM Ha HOBI.

[MonpiOHeHHsT NETKUX 1 CyXHX KOpPMIB mependadae
3aCTOCYBaHHS IOJPiIOHIOBANIBHUX HOXIB (puc. 2,a), 1o
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po3TamioBaHi 3 TPOTHICKHUX CTOpiH OyHKepa, i
PEryIIoIOTECS 3 JOTIOMOTOI0 TBHHTOBOTO 3’€IHAHHS 3 i
gekn 2 [8]. CtyniHp moapiOHEHHS KOPMY 3aJIeKHTH HE
TIBKH BiJl IIBUAKOCTI OoOepTaHHS YepB’sKa, ale W Bix
BCTaHOBJICHHSI HOXIB y BiAMOBinHE monokeHHs. Ha puc.
2,0 TpencTaBiIeHI TPU MOMIIMBI TIOJIOKEHHS poOOTH
PLKYYHX HOXIB Ta IX BIUIMB Ha CTYIiHb HOAPIOHEHHS: ITPpU
NOJIOKeHHI B — cranpgapTHa mos3uuis; mpu A — CTYHiHB
noJpiOHeHHsT 3MeHIyeTbesi; npu C — MaKCHUMalbHO
30UIBIIY€THCS.

Puc. 1. PerymioBaHHS KyTa BCTaHOBJICHHS HOXIB

MEXaHi3My TOApIOHEHHS-3MIITyBaHHSI: a - HOXIB
kopmo3mirryBada ~ SILOKING  TrailedLine; 6 -
NPOTHHOXIB  Mikcepa-kopMopo3aaBada  «Cormorant-
vertical».

Fig. 1. Adjusting the knife angle of the chopping and
mixing mechanism: a — knife of the SILOKING
TrailedLine feed mixer; b — feed mixer feeder wipers
«Cormorant-verticaly.

JIoBroBiuHiCTh HOXIB po3gaBada kopmie VMP-10
3HaYHO 3MEHIIyeThes: mpu poOoTi 3[IPK Ha rpaHmgHuX
pEeKMMax 3 BUCOKMMH HIBUAKOCTSAMH OOEPTAaHHS LITHEKA;
NIPY BCTAHOBJICHHI HOXIB B IOJIOXKEHHS, 10 BIAIOBIZa€E
MaKkCcHMallbHOMY BHXO0Ay B Oynkep MII3; momamganHs 10
OyHkepa B 30HY poborm MII3 CTOpOHHIX TpeaMeTiB Ta
HasBHICTh B CKJIaJOBHX KOPMY IICKY, KaMiHHSA Ta 1HIINX
BKIIIOYCHb. 3a3HAa4yeHi NpPWYMHM Ta HasBHI CTOPOHHI
CKJIaJIOBI, IO TIONAJAI0Th 10 OyHKEpy po3/laBadya KOpMiB
MOXYTb HPHU3BECTH 0 IOIIKO/PKEHHS 10IPIOHIOBATEHIX
Ta PDKYYMX HOXIB, IICJII YOrO BOHM IMJISTaOTh
BiJTHOBJICHHIO a00 K 3aMiHi Ha HOBi. AJie TIpU BiTHOBJICHHI
CHiJi JOTPUMYBAaTHCh KyTa 3aTOYyBaHHS, SKHH JUIS
OpHTiHAJIBHUX HOXIB cTaHOBUTH 9° (puc. 2, c). Ilix yac
3aTOYyBaHHS NOTPIOHO [1yXKe IHTEHCUBHE IIOCTiiHE
OXOJIO/IKEHHSI HOXa.

c

Puc. 2. PerynroBaHHs KyTa BCTaHOBICHHS HOXIB
MeXaHi3My MO/IpiOHEHH-3MINIYBaHHS pO37aBadya KOPMIB
VMP-10: a — moapiOHIOBaJbHAX HOXIB, 0 — pLKYIHX
HOXIB; C — KyT 3aTOYyBaHHS HOXa.

Fig. 2. Adjusting the angle of knives of the chopping-
mixing mechanism of VMP-10 feed mixer: a — crushing
knives; b — cutting knives; ¢ — knife sharpening angle.

Jlnist miIBUIEHHST pecypcy, M BEPXHI HOXI IIHEKY
Mikcepy-po3aaBada [24] peKOMEHIYETHCS  3aBOIOM-
BUPOOHUKOM BCTaHOBJIIOBATH OMOPHY IIACTHHY (pHC. 3,
a).

Sk 3a3HaueHO B IHCTPYKHii Ha eKciyaTamito [24],
noctiiHa miarpumka HoxiB 3ITPK 3aTtouennMu rapanrye
ONTHMAJIBHY  SIKICTh ~ CyMiml, 3MEHIIEHHS  dYacy
MOJpiOHEHHA-3MILITYBaHH, 30UIBLICHHS TEepMiHy iX
cryx6u. Hoxki 1mHeka MOXyTe OyTH 3aTodeHi 3
BUKOPHCTaHHAM LUTI(YBAIGHOI MallMHHU. 3aTOYyBaHHS
HOXIB 3BOJIUTHCS JI0 NepelnntioByBaHHS MMOBEPXHI Jie3a
Ut yBaTbHIM KPYTOM, TAKUM YHHOM, 100 30epertu KyT
22-23° Ta 3a0e31e4YUTH MOro iHTEHCUBHE OXOJIOIKCHHS
[24].

[MpoBenenuit anani3 iHCTpyKIIii [8] Ta [24] mokasye,
mo ais po3aaBada kopmiB VMP-10 ta kopmopo3aaBada
PRONAR VMP-5S pekoMeHIylOTbCS JBa pi3HI KYTH
3aTOYyBaHHS IPH X BiTHOBJCHHI, BIAMOBIOHO KyT 9° Ta
KyT 22-23°. 3asHayeHa iHQopmamuis BKaye Ha
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HEOOXIMHICTh  ETAJBLHOTO  BHBYEHHS  3a3HAYEHOTO

mutanud 1 o inmux 3[IPK. Ane cmig BIMITHTH, 1O IS
3I1PK [9, 10, 12, 22, 23], siKi po3TIISHYTI B IPEACTABICHNX
TaHuN

JIOCTIHDKEHHSX, Ba)KJIUBHI

PETIIaMEHTYETHCSL.

TIOKa3HHUK HC

Puc. 3. CxemMu NeMOHTaXy Ta 3aTOYyBaHHS HOXa
kopmopo3naBada PRONAR VMP-5S: a — nmemoHTaxy
HOXa (1) pixyunit Hix |; (2) pixyunit Hix |l; (3) omopHa
miactuHa HOXa; (4), (7), (10) TBHHTH 3 TOTAEMHOIO
roJoBkoio; (5), (8), (11) kouTpraiiku, (6), (9), (12) mrocki
maifom; 6 — KyT 3aTOYyBaHHS HOXA.

Fig. 3. Schemes of disassembling and sharpening the
knife of PRONAR VMP-5S feeder wagon: a -
disassembling knife (1) cutting knife I; (2) cutting knife Il;
(3) knife support plate; (4), (7), (10) countersunk screws;
(5), (8), (11) lock nuts (6), (9), (12) flat washers; b - knife
sharpening angle.

HeoOxigHo nmam’sitatu [8, 24], mo Hoxi MII3 mns
6inpmrocti 3[1PK B3aeMo3aMiHHI, TOMY pEKOMEHIYETHCS
NIepiOIMIHO NEePECTABILATH X MicIIMK Ha IIHEKY. T1 HoXi,
II0 PO3TalloBaHi BHU3Y IHEKa Oinblle 3HOMIYIOTHCA Y
MIOPIBHSHHI 3 BEPXHIMH.

3rigHo iHcTpyKuiit [8, 24] mus 3IIPK nepenbaueno
mo3MiHHe TexHigyHe oOcmyroByBanHs (LLTO), meprmre
TexHiuHe obcnyropyBanns (TO-1) yepes 60 rom. poGoTn
Ta ce3oHHe TexHiuHe oOcmyroByBanHa (CTO) mepen
ITOYaTKOM CE€30HY POOOTH.

BaxnuBuM Takox € Te, 0 B 3a3HAYCHIH 1HCTPYKLii
[9] momaHO omWC BIUIMBY CXEMHU BCTAHOBIJICHHS HOXIB
IIHEeKYy Ha SAKICTb NOAPIOHEHHS pI3HHX KOPMIB Ta
pekoMeHzanii moao iX perynmoBaHHsA. BpaxoByiouum Ty
iHpOopMalito, IO HWKHI HOXI HANAIOTh HAHOUTHIIUI

BILUTMB Ha TpOIeC MOAPiOHEHHS Ta 3MINTyBaHHS, iX CIif
KOHTPOJIIOBAaTH 1 3HIMaTH B mepmy uepry. Jlusa
MIPUCKOPEHHS IIpOIecy IMOAPIOHEHHs, OCOOIMBO CYXHUX
KOPMIiB 3 JOBTOBOJIOKHHCTOIO CTPYKTYPOIO, 1 3am00iraHHas
iX HAMOTyBaHHS Ha IIePEMIIIyI04i ITHEKH, B OyHKepi
HCPB-12 nepenbaueni nBa mpotupizu. Sk 3a3HA4EHO B
[9], MakcuManbHUI Yac mepeMilryBaHHs KOPMOBOI CyMilili
o/IpiOHIOBaueM-3MillTyBa4eM-po3/1aBadeM KOpMIB
cTaHOBUTH 10 XB., [0 B 2 pa3u MEHIIE HiX MIKCEpOM-
kopMopo3aaBauem «Cormorant-verticaly [12].

B [23] Takox HaBeaeHI MOXIIMBI BapiaHTH MOHTaXY
Ta JIEMOHTaXy HOXIB B 3aJIe)KHOCTI BiJ KOpPMIB, IO
mopiOHIOIOTECS. [I03UTHBHUM € Te, M0 B iHCTPYKIII Ha
eKCIUTyaTallifo 3a3HaueHi moka3Huku Haxiiaocti NCPB-
12: nampamoBaHHS Ha BiIMOBY CTaHOBHTH 175 rom.;
KoedirieHT roToBHOCTI — He MeHIe 0,98; TepMmiH ciryxou
— He MeHme 7 pokiB. 3rigHo iHCTpYyKHii, Mt UCPB-12
nependaveno L[TO, TO-1 gepe3 120 rox. podotu Ta CTO
nepen Mo4aTKOM Ce30Hy poboTu 3aco0y. Pazom 3 tum, B
Matepianax [9] BIACYTHI YiTKI peKOMEHAalii MI0J0
KpHUTEpiiB TPaHUYHOTO CTaHy HOXIB, BMMOI LIOAO IX
BiZIHOBJICHH 200 X 3aMiHU NIPU BTPaTi Npane3aTHoCTi, He
aKIEHTYEThCS yBara Ha TOMY, sIKi came poOo4i opranu Ta
JeTani JMITYIOTh HagifHICTh MamnHU. B  TexHIUHIH
xapaktepuctuili 1mo VCPB-12 HaBemeHO 3HaueHHS
MMITOMUX CyMapHHUX ONepaTHBHUX TpyaomicTtkocreit TO i
MIOTOYHUX  PEMOHTIB, aje HE  perilaMEeHTOBaHA
MEPiOANIHICT, PEMOHTIB, HE 3a3HaueHa IIePiOIMYHICTH
3aTOYyBaHHS HOXIB 200 K iX 3aMiHa.

Puc. 4. Hoxi ta mporupixydi Opycn MexaHi3My
noapionenns-3mimyBannss ~ KONGSKILDE: a -
3arapToBaHUil HiK A, moBruii HiX B 3 Boms(pamoBum
mokpuTTsiM C; 6 — mpotupixyunii 6pyc A.

Fig. 4. Knives and counterblades of the
KONGSKILDE chopping and mixing mechanism: a -
hardened knife A, long knife B with tungsten coating C; b
- counterblades A.
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IHCTpYKIIiS 3 eKCIITyaTartii 3MinryBayJa-
kopMmopo3aaBada kopMiB KONGSKILDE [22] MicTUTh
OCHOBHI BiIOMOCTi, IO 3a0e3nedyroTh eQeKTHUBHE i
Oe3reyHe BHUKOPHCTAaHHA. 3TigHO IHCTPYKMii [8] mms
KONGSKILDE mnepembadeHO KOMIDIEKC pobiT i3
MaIlleHHS OCHOBHHUX BY3JIiB 3ac00y depe3 IeBHUH iHTepBa
pobotu: 10 rox., 40 rox., yepe3 10 Tuc. kM (He MEHIIIE HiXkK
4 pa3u Ha piK) Ta yepe3 2 THUC. roj. (He MeHIe Hix | pa3
Ha pIK). [HCTPYKIi€l0 pEeKOMEHIYETHCS BCTaHOBIIOBATH
KOMITaKTHHH a00 ’X 3BHYAHHMI HIHEK 3 KOMIUICKTOM
OCHOBHHX a00 X JI0OJaTKOBUX HOXKiB. Ha KoMImakTHHX Ta
3BUYAaHUX  IIHEKaX MOXYTh OYTH  BCTaHOBJIEHI
3arapToBaHi HOXi A abo x moBri HOXi B (puc. 4, a), ski
BiJPi3HAETHCS HE JIUIIE O1ITBIIO0 JOBXHUHOIO, aJie i MalOTh
Bob(pamoBe mOKpuUTTI C, IO XapaKTepHU3yeEThCS
3HaYHOIO 3HOCOCTiHKicTiIo. Hoxi 3 Bodb(ppamMoBHM
MOKPHUTTSIM PEKOMEHIY€EThCS BCTAHOBIIOBATH Ha ITHEKAaX
3IIPK npwm nozapiOHeHHI BENMWKOI KUTBKOCTI CiHA MpH
MPUTOTYBaHHI KOPMOBOT CyMiIIi.

[Mpotupixyui 6pycu A (puc. 4,0) BUKOPHUCTOBYIOTBCS
B THX BUIAJKaX, KOJH KOPM MOBHHEH OYTH pO3JiIeHHI Ha
NpiOHI YaCTHHKH.

[Mpotupixkyui Opycu 3YyNHMHSIOTH Marepial TaKuM
YHHOM, II00 HOXI MOTJIM MPOXOAUTH depe3 MaTepia,
po3pizaroun Horo. B THX BHUIagkax, KOJIN CKJIaJ0OBI KOPMY
BXKE Hapi3aHi, MPOTHPDLKYUi OPYCH CIiJ BUMKHYTH, IO
30LTBIIUTE MPOAYKTUBHICTD IIEPEMIIITyBaHHS Ta 3MCHIITHTH

CHOXKMBaHy  3MilllyBaueM-KOPMOpPO3/1aBaueM  KOPMIB
KONGSKILDE noTykHicTb.
Jnst M ABUILEHHS JIOBIOBIYHOCTI MII3

KONGSKILDE, no kparo BHUTKIB IIHEKIB 000X po3MipiB
MOXXYTh OyTH BCTAHOBJICHI 3MiHHI IUTACTHHAMH «Mix +» B
(puc. 5). Ix BuKOpHMCTaHHA 3HAaYHO 36ibLIyE TEpMiH
coyxO6u He Jsmme mHeka, a MII3  3aranom.
PexoMeHIyeTbCSl NMPOBOAWTH 3aMiHYy IUIACTHH JIO TOTO
MOMEHTY, SK 3OBHIIIHIA Kpail Oynge 3HOMICHHH OO
MMOBEpPXHI 0e3mocepe/HbO IMHEKa. ['ocTpwii 30BHIMIHIN
Kpaif Ha IIHEKY T03BOJIsA€ OLTBIT e(heKTHBHO 3MiCHIOBATH
nepeMinryBaHHs KOpMoBoi cymii. [1laekn 060X po3mipiB
MOXYTh OYTH TaKOX OCHALICHUMH «OIepaliiHO

IUTACTUHOIO» A Ha MEpIIOMY IO OIOPHOI IJIMTH BUTKY.
«OmnepaliifiHy IJIaCTHHY» MOXHa PEryJIIoBaTH, Tak II00
BiZIcTaHb MK OyHKEpOM 1 HIHEKOM OyJa MEHIIOH, L0
JI03BOJIUTh 3HU3UTH TEHACHII0 KOpMY 110 (opmMyBaHHS
MICTKIB Ha Oi4HUX cTOpoHax OyHkepa. Bincranp Mix
MOBUHEH

OyHKEpOM 1 «OmlepamniifHOI IJIACTHHOIO»
CTQHOBHUTH HE MCHILEC 5 MM.

3MIHHUMH TutacTHHaMu «Mix +» B Ta «omepariiiHoro
IJTACTHHOIO» A

Puc. 5. KONGSKILDE augers with "Mix +" B and
"operating plate" A interchangeable plates installed.

3a3HavueHi  KOHCTPYKTOPCBKI  TIPOTO3MINI,  SK
3a3HaYCHO B [22] [alOTh MOJKIIMBICTH OYIKYyBaTH
30impmenHsa cnoxuBanoi notyxHocTi 3I1IPK rHa 10-15%.
TepmiH cayx0u HOXIB 3aJICKUTH BiJl CKIAZOBUX KOPMIB,
o0 HagxomATh Ha monpiOHeHHA. Came O0COOIMBOCTI
CKIaJOBHX KOpMIB  HaWdJacTilie  BIUIMBAIOTH  Ha
NepioMYHICTh 3MiHM HOXiB. [Ipu 3HOLIyBaHHI TepMiH

cryx0bu HOXIB Oyne oOmexenuit. OcoOnuBo 1€
BITHOCUTBCS JIO JOBIHX HOXIB 3 BOJb(PPaMOBUM
mOKpuTTsM.  [licnst  3HOWmIYBaHHS  BOJIb(PAMOBOTO

TIOKPHUTTSI HOXI1 JyX€ IHTCHCUBHO 3HOLIYIOTHCS, CTAalOTh
OCJTabJICHUMH 1 IEPEeX0ITh B TPAHUYHHUN CTaH.

Ha Bigminy Big Oimpmmocti iHCTpYKIili Ha
pukopuctanHs 3[IPK, B «kepiBHMX Marepiamax Ha
excruryatarfito KONGSKILDE BcTaHOBieHI 03HaKu, IIO
BKa3yIOTh Ha HEOOXiAHICTh 3aMiHH HOXiB. OCHOBHHMH
O3HAKAMU €: 3HA4YHE 30UIBIIEHHS Yacy, [0 BHTPAYAETHCS
Ha TOApPIOHEHHS, B TMOPIBHSAHHI 3 HOBHMH HOXAMHU;
HOMITHE 301JIbIIEHHSI HEOOX1THOT BUXI/IHOT MOTY>KHOCTI B
HOPIBHSHHI 3 HOBUMH HOKaMHU.

3acinyroBye Ha yBary Toi ¢axr, 0 B IHCTPYKLIi Ha
eKCIuTyataifiro  kopmoposmaBada CPB  3a3HaueHi
nokazHuku HaxaidHocti [10]: koedillieHT TrOTOBHOCTI
craHOBUTh He MeHme 0,98; cepenHe HampamioOBaHHA Ha
cxiragay BigmoBy (I 1 III rpymum cxmagHoCcTi) - 150 rom.;
TEepMiH CIy’)KOM — He MeHIIe 8 pokiB. BaximBoro €
JetaibHa iHpopMatis Ha mpo nepernik pooit 3 HITO, TO-
1 Ta CTO. B kepiBHux Matepiamax Ha CPB [10] Takox
JIETaJIbHO MPEICTABICHO MEePelTik podiT IpH MiArOTOBII Ta
30epiraHHi: Mi>K3MiHHOMY; TPUBAJIOMY; JIOBFOTPHBAJIOMY.
B marepianax [10] BakiarBe 3HAYCHHS MPUIIICHE aHATI3Y
XapaKTepHUX BIIMOB Ta crocobaM IX YyCyHEHHsS Ta
pEMOHTY.

OcobnMBe Miclle B KepiBHMX Marepianax 3aiiMae
aHaJli3 MOXKJIMBUX MOMHJIOK ITEPCOHAIY MPU eKCILTyaTarii
kopmopo3naBada CPB Ta pexoMeHnparii Ha X yCyHEHHS.
Le migTBepmKy€e BaXKIUBICTh MOCHIIKEHHS BIUTUBY
mroackkoro (akropy Ha HamiiHicTh 3[IPK sk ckmagHuUX
TEXHIYHUX cucTeM «JlroauHa-mamuHay [15, 18].

3a  pe3ynbraraMM ~ MOHITOPHHTY  IIPOBEJICHO
MTOPIBHAUIBHUH aHANI3 3aX0/IiB 3 OI[IHKH TEXHIYHOTO CTaHy
Ta MIBUINEHHS HafiiHocTi MII3, ski mependaveHi B
iHcTpyKIisx Ha ekciutyarauito 3[IPK. TlopiBHsuibHMI
aHai3 nependavae GopMyBaHHS OCHOBHHX HOJIOKEHB, IO
€ BU3HAYAJILHUMH JIJIs OLIIHKU TEXHIYHOTO CTaHy OKPEMHX
Jetajei 1 poOoYMX OpraHiB Ta MiJBHUINCHHS HAXIHHOCTI
MII3 Ta 3I1PK B mizomy. Jlo ckiiamy mMoJI0KeHb BXOTUTh:

- iH(opmarnis npo mokasHuku HagiiHOCTI 3[1PK;

- mepiommunicte TO i pemonty  3IIPK,
BiJTHOBJICHHSI pOOOYHX OPraHiB;

- BigomocTti mpo Ttpymomictkicte TO i pemoHTYy
MAIlIMH, BiTHOBJIEHHS pOOOYHX OpraHiB;

- cxemu MOHTaXy-/IEMOHTaXKY
BiTHOBJICHHS POOOYNX OpraHiB;

- iHdopmamis TpOo  XapakTepHi
MTOCTITOBHICTD iX YCYHEHHS;

- iHopmamis Tpo KpHUTepil TPaHUYHOTO CTaHy
po0ounx opraHiB i AeTanei;

- TEXHOJIOTIi BiJHOBJICHHS pOOOYMX OPraHiB;

- iH¢opMaIis Ipo BUMOTH IPH BCTAHOBJEHHS Ha
30epiraHHs.

MeXaHi3My,

BIIMOBH Ta
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Taoauusa 1. BusHauanbHi OJIOKEHHS JUIS OI[IHKK TEXHIYHOTO cTaHy neTanel i podounx opranis MII3 3I1PK.
Table 1. Defining provisions for the assessment of the technical condition of parts and working bodies of MPZ
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MOHITOPHHT ~ pe3ynbTaTiB CHCTEMHOTO aHANli3y  OOTPYHTOBAaHO BUKOPHCTaHHS IEPCIIEKTUBHOTO HAYKOBOTO
Tabmumi 1 Bkasye Ha ToW (hakT, IO HE BCi KEpiBHI  MIAXOIY bi (o) MiABUIIIEHHS HaIIHHOCTI

MaTepianmn Ha ekciuryaranito 3[IPK wmictare mocraTHii
00’em iHdopmari, KUl HEOOXIAHMN I OI[IHKH Ta
3abe3nedeHHs 1X HaJiiHOCTI. Y OUIBIIOCTI KEpiBHUX
MatepianiB Ha ekcrutyaraitito 3[IPK ta MII3 BifcyTHs
iHpopManisg npo X OJUHWYHI Ta KOMIICKCHI MOKa3HUKHI
HaAIHHOCTI, KPUTEPii TPaHUYHOTO CTaHy pOOOUYNX OpTaHiB,
BigoMocTi rpo Tpyaomictkicts TOP. IIpakTudno BiACyTHA
iH(opManis 00 BUMOT JI0 MiATOTOBKH IEPCOHAIY, IO
3aiiMa€eThCsl 00CITYroByBaHHIM Ta ekciuryararieto 3[1PK.
Buxonsun i3 3a3HayeHOro, MOKHA CKas3aTH, IO

PO3BUTOK TEXHIKHA i TEXHOJIOTIH, CKJIAIHICTH
B3a€MO3B’SI3KIB  TEXHIYHHMX OO0 €KTIB  BHKJIUKAIOTH
HEOOXiTHICTh po3po0KH HayKOBO-OOIDYHTOBAaHHX

MPUHIIMITB 1 €IWHUX MAXOMIB s BHOOpPY METOMIB i
kputepiiB 1t omiaku HapiiHocTi CTC 3ITPK.

BucnHoBku

1. 3a pesympTaTaMm TPOBEAEHUX JIOCIIHKEHb

CLIBCBKOTOCIIONAPCHKOT TEXHIKH Ha OCHOBI MOHITOPHHTY
TEXHIYHOTO CTaHy BHMXOASYM 3 aHai3y KepiBHUX
MarepialiiB Ha IX eKCIUTyaTallio.

2. CdopmoBano OCHOBHI MOJIOXKEHHS
MOPIBHANIBHOTO aHAJ3y 3aXOJiB 3 OLIHKH TEXHIYHOTO
CTaHy i miABUINEHHs HaaiiHOCTI MexaHi3MiB 3[1PK.

3. Ha oCHOBI CHCTEMHOTO aHaJIi3y BCTAHOBJICHO, 1110
JuIsl OLIbIIOCTI KEPIBHUX MarepialliB Ha EKCIUTyaTalliio
3I1PK ta MII3 BincyTHs iHdoOpMalis npo ix OAMHUYHI Ta
KOMIUIEKCHI ITOKa3HUKHU HaJIHHOCTI, KpUTEPii TPaHUYHOTO
CTaHy poOOYMX OpraHiB, BiZIOMOCTI NpO TPYIOMICTKICTh
TOP, xapaktepHi BiIMOBH Ta iX yCyHEHHS.

4. 3HayHMM pe3epBOM Y 3a0e3neueHH! HamiHHOCTI
CLIBCBKOTOCTIONAPCHKOT TEXHIKM € HasiBHICTH 1H(OopMaris
po TIATOTOBKY Ta MpodeciiHO BaXIJIUBI SKOCTI
TepPCOHANY, 10 3alMMAa€EThCS ii eKCILTyaTalieo, TEXHIYHUM
00CITyTOBYBaHHIM Ta PEMOHTOM.

5. BmnpoBamkeHHS pe3yabpTaTiB JIOCTIIIKEHb
3aBOJIaMH CLIBCHKOTOCIIOIAPCHKOTO  MAIIMHOOY TyBaHHS
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IO3BOJIATH IMiABHUIOUTH criokuBul  sgxocti 3IIPK Ta
HaIIHHICTD B eKcIuTyaTartii, 3a0e3neyars
pecypco30epekeHHsI Ta IMIOPTO3aMIIIeHHS, 3MOXYTh
T ABHUIUTH CTYIiHb PEMOHTOIPHUAATHOCTI.
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MOHUTOPUHI" TEXHUYECKOI'O COCTOSHUA
CEJIbCKOXO3SMCTBEHHOM TEXHUKU
3A PYKOBOJAIIMMU MATEPUAJTTAMU
HA EE OKCIUIYATALIUIO
A. B. Hosuyxuii, 4. C. Xapvrosckuii, 1O. A. Hosuykuii
AHHOTALINA. Baknom COCTAaBJISTFOIIEH s
obecrieueHnss  d(PPEKTUBHOCTH  WCIONB30BAHHUS U
TOBBILIEHUS HAIE)KHOCTH CEJIbCKOXO03IMCTBEHHOM
TEXHUKHA SIBIISIETCS HaJIN4Ke COOTBETCTBYIOIICH
HOPMAaTHBHO-TEXHUYECKON JIOKyMEHTAI1H,
perIaMeHTHpYIONIel TpeOoBaHUS K €€ TEXHUYECKOMY
COCTOSTHUIO W OJKCIUTyaTanuu. VICIpaBHOCTh TEXHHUKH
MOYKET BOCCTaHAaBJIMBATHCS npu peMoHTe, a
paboTococoOHOCTh - O IIePIKUBATHCS npu
TEXHUYECKOM OOCITY)KUBAaHHUH H B MIPOIIECCE IKCILTYaTaI[HH
HCXOM, u3 pEeKOMeHIaIuii, MPEIyCMOTPEHHBIX
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HHCTPYKLMAMH ¥ DPYKOBOAAIUMMH MAaTepuajaMy Ha
UCIIONB30BAaHHE MAIIKH.

s cBoeBpeMeHHOTO U 3()()EeKTHBHOTO TPOBEACHUS
TEXHHYECKOT0 OOCITY)KMBaHUS W PEMOHTa CPEICTB UL
NPUTOTOBIICHUS. U pa3fadydl KOPMOB HEOOXOIMMO 3HATH:
KPUTEPHH TIOTePH PabOTOCIIOCOOHOCTH; TIPENeNbHBIC H
JOIYCTUMBIE 3HA4YEHUsl IapaMeTpoB  TEXHUYECKOTO
COCTOSTHHMST; IOKA3aTeJ M MPOLIECCOB TePeXo/1a TEXHUKU U3
paboTococoOHOrO B  HEPabOTOCHOCOOHOE COCTOSIHUE;
3aKOHOMEPHOCTH U3MEHEHHSI OCHOBHBIX CBOMCTB.

B crarbe mpeacTaBieH MOHUTOPHUHT MHCTPYKIHMH T10
00CITy)KMBaHHIO M IKCIUTyaTallud MAllIWH, PYKOBOJSIIMX
MaTepralioB Ha HCIONB30BaHHE C IO3MLIUHM  HX
WHPOPMATUBHOCTH [0  peainm3alud  TpeOoBaHHI
HaJCKHOCTH.

MOHHTOPHHT POBOIMIICS JUIS aHAJIN3a 3apyOeKHBIX
obpasnoB CIIPK. B pamkax mpoBemeHHs MOHHTOPHHTA
aHAITM3HPOBAJINCH MEXaHH3MBI U3MENbYCHHUS-
cmemmBanus (MU C) ¢ no3unuii Hanu4aus vHGoOpMaIuu oo

0COOEHHOCTSIX KOHCTPYKIIHH, BO3MOYKHBIX
HEHCTIPABHOCTSIX M OTKa3aX, OCHOBHBIX cCrocobax
BOCCTaHOBJICHUSI  pabOTOCHOCOOHOCTH. Y CTaHOBIICHBI
OCHOBHBIC IIOJIOKCHU A, KOTOpPbIC SIBJIAFOTCA

OTIPEICISAIONUMHE TSI OLEHKH TEXHUYECKOTO COCTOSHUS
OTIENBHBIX JAeTaled W pabovnX OPTaHOB, IOBBIIICHHS
HagexxHnoctd MUC u CITPK B niennom npu ucnosab30BaHuU
PYKOBOISIINX MaTEPHAIIOB.

B cocraB monoxkeHu#l BXomAT: WHGpOpMANHI O
MOKa3aTelsIX HaJe)KHOCTH MaIlWH; TepUOINIHOCTh TO u
pEMOHTa MallllH, BOCCTAaHOBJIEHHE pPAaOOUYUX OPTaHOB;
cBefieHUsT o Tpynoemkocth TO W peMoHTa MallluH,
BOCCTaHOBJICHHE pab0OYMX OpPraHOB, CXEMbl MOHTaXKa-
JEMOHTaXka MeXaHW3Ma, BOCCTAaHOBJCHUHE pabouYnX
OpraHOB; XapaKTePHbIE OTKA3bl U MOCIEIOBATENILHOCTh X
YCTpaHEHUsS;  KPUTEPUU  TPEAENBHOTO  COCTOSHUS,
TEXHOJIOTUH BOCCTAHOBIICHHS pabOYUX OPTaHOB.

KnoueBple  cjoBa: MallliHa, MOHHTOPHHT,
TEXHHYECKOE COCTOSHHE, TEeXHHUKa, CpEICTBa Ui
MPUTOTOBIICHUS ¥  pa3add KOPMOB, HAJIE)KHOCTb,
PYKOBOISIIHE MaTEPHATEIL.

MONITORING THE TECHNICAL CONDITION
OF AGRICULTURAL MACHINERY FOR
GUIDELINE MATERIALS FOR ITS OPERATION
A. V. Novitskiy, 1. S. Kharkovskiy, Yu. A. Novitskiy
Abstract. An important component for ensuring the
efficient use and improving the reliability of agricultural
machinery is the availability of appropriate regulatory and
technical documentation governing the requirements for its
technical condition and operation. Serviceability of
equipment can be restored during repair, and operability -
is maintained during maintenance and in the course of
operation on the basis of recommendations provided by the
instructions and guiding materials on the use of machines.
For timely and effective maintenance and repair of
means for preparation and distribution of fodder (MPDF)
it is necessary to know: criteria of operability loss; limit
and admissible values of parameters of the technical state;
process indicators of transition of machinery from operable
to non-operable state; regularities of changes in the main
properties.

The article presents the monitoring of instructions for
maintenance and operation of machinery, guiding
materials for use from the position of their informativeness
on the implementation of reliability requirements.

The monitoring was conducted for the analysis of
foreign samples of MPDF. Within the framework of the
monitoring, grinding-mixing mechanisms (GMM) were
analyzed from the position of availability of information
about design features, possible failures and malfunctions,
main ways of restoration of serviceability. The main
provisions, which are determinative for estimation of
technical condition of separate parts and working bodies,
for improvement of GMM and MPDF reliability as a whole
when using guiding materials, have been established.

The provisions include: information about indicators
of machine reliability; frequency of maintenance and repair
of machines, restoration of working parts; information
about the labor intensity of maintenance and repair of
machines, restoration of working parts; diagrams of
assembly-disassembly of mechanisms, restoration of
working parts; typical failures and sequence of their
elimination; criteria of limiting condition; technologies of
restoration of working parts; information on storage
requirements.

Key words: machine, monitoring, technical
condition, machinery, feed preparation and distribution
means, reliability, guideline materials.
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Abstract. Research of transport processes are closely
related to the economic and operational performance of
road transport. When planning road transport, the most im-
portant factor is the cost of transport services. It is known
that improper organization of the vehicles work taking into
account the type, size, modes of vehicle stock operation of,
quantitative composition, qualifications and responsibili-
ties of personnel, along with other organizational measures
leads to unjustified costs. In general, this reduces the at-
tractiveness of the business to its owner, as well as reduc-
ing motivation for staff. Therefore, research related to im-
proving the efficiency of vehicles by reducing costs is ap-
propriate and relevant.

The article presents the results of research on the plan-
ning of transport processes in the performance of public
passenger transport on urban and suburban routes. The pro-
posed method is aimed at optimizing the number of vehicle
stock and its passenger capacity depending on the capacity
of passenger traffic and the recommended traffic interval,
and also allows you to calculate economic and financial in-
dicators based on the optimization model.

The article presents the results of research to deter-
mine the transport mobility of cities and suburbs residents.
On the basis of research data of the population survey a
number of qualitative indicators of passenger transport
work important from the point of its user’s view is estab-
lished. Also, according to the results of research, the prob-
ability of increasing passenger traffic due to the redistribu-
tion of the population (potential user of public transport),
who uses individual transport and taxis.

Therefore, the main purpose of the research is a multi-
criteria task, which is to ensure adequate forecasting of
fixed and variable costs in the performance of passenger
road transport on public transport. As well as obtaining a
constant and projected profit due to the algorithm for opti-
mizing the work of vehicle stock, the work of driving
crews, the elimination of unproductive costs.

Key words: passenger road transport, public
transport, optimization of business processes in motor
transport, rational solutions in the field of passenger
transport.

Introduction

Motor-vehicle transport companies that provide pas-
senger car services very often do not receive a reasonable
income due to unbalanced management of business pro-
cesses and the introduction of irrationally designed opera-
tions. This affects the quality of motor-vehicle transport
and passenger service. Almost all companies face the issue
of improving efficiency, saving resources and more.

Formulation of problem

Every carrier is interested in the efficiency of passen-
ger transport on public transport. The main criteria set by
carriers are the optimization of transport costs while main-
taining maximum profit.

Vehicle owners are increasingly thinking about how
to use their vehicles efficiently and rationally. Is it profita-
ble to build a business on passenger transportation and
what needs to be done to make this idea work perfectly?

When performing passenger motor-vehicle transport,
cost optimization is the process of reducing the total level
of carrier costs. It is achieved by improving management,
reducing or eliminating costs from a number of unproduc-
tive items. However, the optimization of costs in the enter-
prise must be carried out on the basis of articles that do not
affect the main business processes on which the carrier's
profits depend and, at the same time, do not impair the
qualitative and quantitative performance.

In order to ensure adequate forecasting of fixed and
variable costs in the performance of passenger Motor-ve-
hicle transport and obtaining a steady profit, an algorithm
is proposed to solve this problem. To optimize the work of
vehicle stock, driving crews, eliminate unproductive costs
for medium and small businesses, a cost-effective and effi-
cient mechanism is proposed to achieve this goal with the
help of technical means (automated systems for monitoring
passenger flows and optimizing technical and operational
performance) and management system implementation of
business processes and quality of service delivery).

The modern technological world offers a number of
solutions to optimize the business of transport services.
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However, they are usually expensive and therefore unac-
ceptable for most small and medium-sized transport organ-
izations, which make up the majority of a company number
providing passenger transport services.

The strategy of building a business involves identify-
ing and accounting for factors that will contribute (or cate-
gorically hinder!) to profit from business activities. The
category of the most important circumstances that directly
affect the success of vehicle transport companies include
such as: competitiveness; costs associated with the opera-
tion of transport; options for business registration in state
tax authorities and the amount of tax payments, etc.

The increase in operating costs for individual
transport and taxis reduces the mobility of the population
in relation to the use of public passenger vehicle transport
(PPVT). Improving the quality of service, comfort in the
vehicle stock, speed, validity of the fare on PPVT lead to
increased mobility.

Given the current requirements for admission to the
market of transport services PPVT, the requirements of the
customer services are becoming more stringent. In order to
improve passenger traffic in c. Kyiv, tenders have been
launched for a number of profitable routes with more strin-
gent requirements, namely buses with a capacity of 60
seats, equipped with sensors for counting passenger traffic
of at least four high-definition video surveillance cameras,
environmental standard 5-th EU etc. [8].Therefore, truck-
ers need not only to meet these requirements of tenders, but
also to have the technical and methodological tools to pro-
cess statistical information on passenger traffic. When im-
plementing technical means of passenger traffic control,
carriers must optimize the work of passenger vehicles us-
ing intelligent automated systems (eg., DynaPCN 10-20
systems, PTV Visum software products, automatic control
system, "Intranso" from Gemicle etc.).

Analysis of recent research results

Effective provision of transport services for passenger
transportation is to determine the level of their satisfaction
by providing services with the expected level of quality [4].

To achieve this goal in the work performed an analy-
sis of recent research by scientists and implemented devel-
opments in practice. A significant contribution to the mod-
ern understanding and development of the organization and
management of transport activities belongs to scientists:

V.P. Alferiev, |.D. Afanasenko, N.V. Afanasieva,
G.L. Bahiiv, AM. Gadzhinsky, M.P. Gordon,
W.A. Gudkov, M.E. Zalmanova, K.V. Inutyiniy,

E.A. Kravchenko, O.A. Crawley, L.B. Miritin and others.
Note that a crucial role is played by sound methods and
technologies of passenger transportation and methods of
improving the level of transport services directly taking
into account the management of technological and opera-
tional processes that need to be investigated and improved
[2, 3].

The issue of rational vehicle organization taking into
accounts the interests of not only carriers but also passen-
gers, which will ensure the proper quality of transportation
and the ability to control and influence it’s insufficiently
studied and is a priority area of research [4, 6]. The re-
searchers are devoted to optimization of work of passenger

motor transport on quality criteria in the article [1-6].

Purpose of research

However, not only must the transport operator meet
the requirements of transport customers, he must also take
care to optimize the work of vehicle stock and qualified
personnel in order to reduce the overall cost of providing
services. That is, to find such optimization methods for
which the cost of transportation will be the lowest.

In this regard, the author substantiates the algorithm
for optimizing the technical, operational and economic per-
formance of the vehicle stock of passenger transport in or-
der to reduce fixed and variable transportation costs.

Research results

The general level of public passenger transport ser-
vices in Ukraine is currently insufficient for the majority of
the population to be able to prefer public rather than indi-
vidual transport to meet their transportation needs. It is
known that the main part of the movement of citizens is
related to professional and business activities [7]. Depend-
ing on the employment of the population in certain territo-
rial entities (cities, suburbs, settlements, communities,
etc.), the share of professional and business transport activ-
ity may differ significantly. But it always prevails over so-
cial and domestic transport mobility. According to the re-
sults of population surveys (potential passengers of public
transport [1]) professional and business transport activity
is in the range of 57-77% (Fig. 1).

Unemploved
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15 Working people

61

Pupils and 1

students
Fig. 1. Social structure of transport mobility by pub-

lic transport in cities and suburbs (sociological survey)

Unfortunately, this share of passengers using public
transport is due to the need caused by the low income of
citizens who use it forcibly.

In the structure of the use of different types of
transport within the territorial associations there is a pattern
[2], presented in Fig. 2.

As can be seen in the graph, on average 25% of citi-
zens use personal cars and 3% use taxi services. According
to the results of the survey of these citizen’s categories,
more than 60% of them are ready to use public transport,
but subject to the quality of this service. Thus, the number
of potential passengers may increase from the existing 62
to 78-80%. That is, as a result, passenger traffic can in-
crease by 16-18%, which is a significant indicator for car-
riers in terms of motivation to improve the quality of ser-
vice.
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Fig. 2. Percentage distribution of the population's use
of various modes of transport for professional and business
needs.

In June and October 2021, we conducted our own re-

search - a survey of passengers in c. Kyiv to determine the
quality of public transport from the point of view of users.

Service quality indicators

Speed of movement and
communication

Optimal filling of vehicle stock

As a result of the survey, the following qualitative indica-
tors with the level of weight were established (Fig. 3).

The most important of the quality indicators were the
exact schedule and optimal filling of the cabin, which was
expected, but the indicator "tariff" was in last place. And
this indicates that passengers are consciously willing to pay
for quality services.

Thus, we have statistics on the undoubted motivation
for carriers to improve the quality of services, which in turn
will provide additional revenue in the range of 16-18%.

Customers of public passenger transport (self-govern-
ment bodies) often set intervals for the movement of vehi-
cles stock on routes in a small range of time (mostly 5-10
minutes for urban, 15-20 for suburban). This approach is
not rational or justified. Therefore, business carriers need
to convince customers of the facts (statistics) in the adop-
tion of rational intervals of movement depending on the
time of day, working or weekends, seasons and so on.
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Fig. 3. Results of passenger surveys on the quality of public transport.

The author's view on the way out of the above prob-
lems is as follows.

The ideal transport process for passenger traffic
would be to continuously adjust the distribution of vehicle
stock on routes over time according to the variable supply
of passenger traffic, so that in any race of any route to con-
stantly maintain equality between transportation requests
and their provision of vehicle stock.

Currently, such a technical possibility exists, but there
is no unambiguous model for transport networks of differ-
ent territorial entities and we have to develop individual
projects for specific networks, directions, routes, which re-
quires the involvement of specialists from outside. The au-
thor proposes an adapted algorithm to solve this problem.
Consider the scheme (Fig. 4).

The generalized project is that the vehicle stock must
be equipped with an accurate system for calculating pas-
senger traffic online and GPS trackers. Information on
changes in passenger traffic must be processed on its own
server.

Project of passenger
services

Modeling
passenger flow acceptance systems
counti%g system passenger traffic solutions
A
Customer

Quality control

. transport
at the enterprise P

services

Fig. 4. The scheme of interrelations between opera-
tions of process of monitoring and rendering of services on
quality criteria
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The simulated system under specific conditions is a
complex control system of the vehicle stock. The last ele-
ment should be the operational department for quality con-
trol — compliance of the quantitative vehicle stock and in-
tervals of movement to the passenger flow, monitoring of

To calculate the technical, operational and economic
performance of passenger vehicles in order to minimize to-
tal costs, the author developed an algorithm for optimizing
the operation of the quantitative vehicle stock depending
on the capacity of passenger flows and the range of inter-

customer feedback, reporting to the Customer of transport  vals.
Services.
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Fig. 6. Window of technical, operational and economic indicators.

The main criterion for the work of the vehicle stock is
the amount of cabin filling, which will not exceed 80% of

occupied passenger seats. Calculations of the correspond-
ing technique are automated in the table processor of the
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Microsoft Excel program. The initial parameters are all
technical and operational performance of the vehicle stock,
route characteristics, as well as passenger traffic data,
which is calculated by the hour of the day and integrated
into an external database, located in the module of the pas-
senger traffic monitoring system (GRT-DM 02).

Of course, there are various intelligent automated sys-
tems that allow not only to provide statistics of passenger
traffic, but also to calculate the number, passenger capacity
of the vehicle stock, traffic intervals at different times of
the day.

However, they are too expensive for the carrier firstly,
and secondly, to work with these systems you need to be
trained and most importantly, for these systems you need
to regularly pay the developer for support and other ser-
vices. So, we have an additional fixed cost item.

The author's development is more attractive, namely -
the algorithm will be available for testing for 30 days for
free, and at the end of this period can be purchased for a
nominal fee. For the user, development does not require
any skills or training.

All you need for the carrier is to have a passenger traf-
fic calculation system installed on the buses (regardless of
the manufacturer), an adaptive module for integrating sta-
tistics into Excel, and a personal computer with Microsoft
Office.

Also have all the necessary characteristics of the route
- distance, number of stops, downtime at stops and more
(specified in the instructions). The data are entered in the
response of the table cell and the result is formed automat-
ically (Fig. 5).

The program also calculates a number of technical and
operational indicators that can operate the head of the con-
voy and economic and financial calculations for the ac-
countant and the head of the car company (Fig. 6).

Thus, the heads of car companies with the help of this
program have the opportunity to optimize the work of the
vehicle stock, reduce the cost of passenger transportation,
cost and increase their profits.

Conclusions

1. Studies substantiate and confirm the effectiveness
of the proposed algorithm for optimizing the work of vehi-
cle stock on the route and allow to calculate the fixed and
variable costs of the workflow of services.

2. Analytically substantiated and tested in practice al-
gorithm for determining the optimal amount of vehicle
stock and passenger capacity from the power of passenger
traffic and the recommended interval of movement.

3. The introduction of the proposed method will not
only improve the quality of services and increase the prof-
its of truckers, but over time to establish a clear production
business process, namely: to optimize the number of qual-
ified personnel; reduce the total cost of providing the ser-
vice; to improve the work schedule of driving crews in ac-
cordance with the requirements of the legislation; upgrade
vehicle stock by increasing revenues due to increased pas-
senger traffic and reduced variable and fixed costs; to en-
sure the environmental friendliness of the project (reduc-
tion of emissions of combustion products) due to the opti-

mization of traffic intervals and reasonable passenger ca-
pacity of vehicle stock; reducing the load of routes and the
intensity of traffic on them.
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AJITOPUTM 3 ONTUMI3ALIIT BUPOBHUYMX
[IPOLIECIB I OTTEPALII ITACAXHUPCBHKHX
ABTOIIEPEBE3EHb
C. I. bonoapes

AnoTanis. JlocmipkeHHS TPaHCIOPTHUX IIPOIIECIB
TICHO TIOB’S3aHi 3 €KOHOMIYHUMH #H EKCILTyaTalliiHUuMHI
MOKa3HUKaMU poOOTH aBTOMOOLIEHOTO TpaHcnopTy. [Ipu
[UTaHYBaHHI aBTOTICPEBE3CHb HAMOIIBII BaXKIUBUM (DaKTO-
POM € BapTiCTh TPaHCIOPTHOI mociyrd. Bigomo, 1o He-
NPaBUJIbHO BUKOHAHA OpraHizailis poOOTH aBTOTPAHCIIO-
PTY BpaxoBYIOUHM THUII, PO3MIpHICTh, pekumMu podotu PC,
KUTBKICHUH CKJTaJ], KBai(iKaIlito Ta MexXi BIAOBINATBHO-
CTI IIepCcoHaTy, a TAKOX IHIII OpraHi3aliiiHi 3aX01¥ MpH3-
BOJIUTH JI0 HEBUIPAB/JAHUX BUTpAT. 3arajiom, e Ipu3Bo-
JUTH IO 3MCHIICHHS MPHUBAa0JIMBOCTI Oi3HECY HOTO BIac-
HUKY, TAKO>K 3MEHIIIEHHIO MOTHBALI] 151 BAKOHABYOT'O TIe-
pcoHaiy.

Tomy mociimkeHHs, SKi MMOB’sI3aHi 3 IMiIBUIICHHIM
e(eKTUBHOCTI pOOOTH aBTOTPAHCTIOPTY 32 PAXYHOK CKOPO-
YEeHHS BUTPAT € JOIUIGHUM i aKTyaJbHUM. Y CTaTTi HaBe-
JICHI pe3ysbTaTh JNOCIHIKeHb 3 IUIAHYBaHHS TPaHCIOPT-
HUX IPOIIECiB MPH BUKOHAHHI TACAXUPCHKUX aBTOIIEPEBE-
3€Hb 3arajJJbHOT0 KOPUCTYBAaHHS Ha MICBKHX Ta MPUMICh-
KX MapupyTax. 3arnporoHOBaHHUN METOJ CIPSIMOBaHHUN
onTuMizyBaty KinbkicTb PC 1 ioro macaxupomicTKicTb Bil
MOTYXHOCTI ACaKUPOIIOTOKY 1 PEKOMEHJIOBAHOT'O iHTEp-
BaJly pyXY, a TAaKOX J03BOJISIE PO3PAXyBaTH EKOHOMIYHUX

1 (iHAHCOBHX TIOKAa3HHUKIB HA OCHOBI ONTHUMI3aIlifHOI MO-
JeTi.

B crarTi mpencrasiieHi pe3yapTaTH TOCIIIKEHD 3 BU-
3HAYEHHS TPAHCIIOPTHOT PYXJIMBOCTI TPOMAJICHKUM TPaHC-
ITOPTOM MEIITKAHIIB MICT i epeamicts. Ha ocHOBI nocmin-
HUX JIaHUX ONHUTYBaHHS HACEJICHHS, BCTAHOBJICHI PS sIKi-
CHHX IOKa3HHKIB POOOTH Maca)kKUpChKOTO TPaHCIOPTY 3
TOYKH 30py HOro KOPHCTYBadiB. A TakoxX, 3 aHaNII3y J0C-
JIJKCHb, BCTAHOBJICHA BIPOTiHICTH 301IBIICHHS MaCaXu-
POIIOTOKY 32 PaxyHOK Mepepo3NoJIily HaceleHHs (0TeH-
LiIfHOr0 KOpHCTyBaya IPOMAJCHKHM TPAHCHOPTOM), SKE
KOPHUCTYIOThCSI IH/AMBITyaIbHUM TPAHCIIOPTOM 1 TaKCi.

OTXe TOJOBHOIO METOI0 TPOBEICHHUX AOCIHIIKEHb €
OaraTokpuTepiaibHa 3a/1a4a, M0 Hoirae y 3abesrneveHHi
a/ICKBATHOTO MPOTHO3yBaHHs MOCTIHHMUX Ta 3MIHHUX BHU-
TpaT MPH BUKOHAHHS MMACAKUPCHKUX aBTONEPEBE3CHb Ha
rPOMAJICBKOMY aBTOTPAHCIOPTI 3arajbHOr0 KOPHUCTY-
BaHHS. A TaKOK OTPUMAHHSI IIOCTIHHOTO 1 MPOTHO30BAHOTO
npuOyTKY 3a paXyHOK METOJy ONTHMIi3allii poOoTH pyxo-
MOTO CKJIaay, poOOTH BOAINCHKUX OpHral B IJIaBalOuOMY
rpadiky, yCyHEeHHs HEIIPOIyKTUBHHUX BUTpAT.

Kiro4oBi cioBa: macaxupchbki aBTOMOOUIBHI Tepe-
BE3CHHS, TPOMAJICKHI TPAHCIOPT 3arajJbHOTO KOPHCTY-
BaHHS, ONITUMI3aIlis Oi3HEC MpOIeciB Ha aBTOTPAHCIIOPTI,
patioHanbHi pimeHHs B cepi macakupchKuX MepeBe3eHb,
OTITHMI3aIlisi TPAHCIIOPTHOT'O MPOIIECY.

AJI'OPUTM I10 OIITUMU3ALINNA
IMPONU3BOJACTBEHHBIX ITPOLIECCOB 1
OIIEPALIMI ITACCAXHNPCKUX ABTOITEPEBO30K
C. U. bonoapes

AnHoTauus. VccnenoBaHue TpaHCIOPTHBIX MPOIIEC-
COB TECHO CBSI3aHO C 9KOHOMHUYECKUMU U IKCILIyaTallUOH-
HBIMH TI0Ka3aTelsIMH paboThl aBTOMOOWJIBHOTO TpaHC-
mopta. [lpn TIaHWMPOBAaHWU aBTONEPEBO30K Hambolee
BaXXHBIM (DaKTOPOM SIBJISIETCS CTOMMOCTH TPaHCIIOPTHBIX
yciyr. U3BeCTHO, YTO HENpPaBHIJILHO BBINOJIHEHHAs Opra-
HU3AIWs padOTH aBTOTPAHCIIOPTA, YIUTHIBAS THII, pa3Mep-
HOCTB, PEXHMBI pabOTHl TOABIKHOTO COCTaBa, KOJHYE-
CTBCHHBIH COCTaB, KBATH()UKAIUS U TIPEIETH OTBETCTBEH-
HOCTHU IIEPCOHAIA BMECTE C APYTUMHU OpraHU3alMOHHBIMU
MEpPOIPUATUIMU NIPUBOJUT K HEONPABJAHHBIM 3aTpaTaM.
Kak mpaBmiio, 3T0 IPUBOJUT K YMEHBIIEHUIO MPUBJIEKa-
TEJILHOCTH OM3HECa €ro BIAAETbIy, a TAK)Ke YMEHBIICHHUIO
MOTHBALMH JUIsl IEPCOHAIA.

IToaToMy HccnenoBaHusl, CBA3aHHBIE C MOBBIICHUEM
3¢ PEeKTUBHOCTH pabOTHI aBTOTPAHCIIOPTA 33 CUET COKpa-
LIEHHUs PacXoJI0B IeJIecO00pa3Ho M aKTyaibHO. B craTbe
MIPUBEJCHBl PE3YyIbTaThl MCCIEJOBAHUN IUIAHUPOBAHUSA
TPAHCIIOPTHBIX IIPOLECCOB IIPU BBIIOIHEHUM IACCaXKUP-
CKHUX aBTOIIEPEBO30K OOIIIEro I0JIb30BaHUSI Ha TOPOJICKUX
U TpUrOpoIHBIX Mapuipytax. IIpemmaraemelii meTon
HaIIpaBJIEH ONTUMHU3UPOBATh KOJUYECTBO MIOIBUIKHOTO CO-
CTaBa U €ro NaccaXxMpoOBMECTUMOCTb OT MOLIHOCTH 1acca-
JKUPOIIOTOKA U PEKOMEHyEMOI'0 UHTEpBaJa IBUKEHUS, a
TaKKe IT03BOJIIET PACCUNTATh SKOHOMUYECKHE U (PHHAHCO-
BbIE T10KA3aTEJIM HA OCHOBE ONTUMU3ALMOHHON MOJEIIN.

B craTtbe mpeacTaBneHbl pe3ysbTaThl UCCIEJOBaHUIT
10 ONPEAEICHNUIO TPAHCHOPTHOM MOJBUKHOCTH KHUTEIEH
rOpoJioB U NpUropofoB. Ha OCHOBE OMBITHBIX NaHHBIX
OIIpOCa HACEJICHUSI YCTAHOBJICH PsAJl KAYECTBEHHBIX I10Ka-
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3areneit paboTHI MACCaKUPCKOTO TPAHCIIOPTA C TOUKH 3pe-
HHUS €ro MoJb30BaTeNel. A Takke, HA OCHOBaHHHU ITOJTY-
YeHHBIX PE3YNIbTAaTOB MCCIICNOBAaHMMN, YCTAHOBIIEHA BEpO-
SITHOCTB YBEJTMYEHUS TIaCCaXKUPOIIOTOKA 3a CUET Iepepac-
TpeaesicHusT HaceleHHus (TOTSHIIMATBFHOTO TO0JIh30BaTeIs
0OIIECTBEHHBIM TPAHCIIOPTOM ), TIOJIB3YIOIIET OCS MHIUBH-
JyalbHBIM TPAHCIIOPTOM U TaKCH.

CrnenoBarenbHO, TJIaBHOM LIETIbIO NPOBEAECHHBIX HUC-
CIeJOBaHUIl ABIsAETCd MHOTOKpUTEpHalbHas 3ajaua, 3a-
KJIFoYaromascsi B 00eCreYeHn  a1eKBaTHOTO MPOTHO3UPO-
BaHUS MIOCTOSHHBIX U IIEPEMEHHBIX PAacX0JI0B MPH BHIIOJ-
HEHUH MTacCCaXMPCKHUX aBTONEPEBO30K Ha OOIECTBEHHOM
aBTOTpPAHCIIOpTE OOMIETO MOJIB30BAaHMUA. A TaKXKe HOIyde-
HHUE TTOCTOSHHOW ¥ IPOTHO3MPYEMOM PHUOBLIHN 3a CUET aj-
TOpPHUTMA ONTHMHU3ALIUHU pabOTHI MOJBIKHOTO COCTaBa, pa-
OOTBI BOAWTENBCKUX OpWTaj, yCTpaHEHHE HETPOU3BOIH-
TENBHBIX 3aTpart.

KiroueBple ciioBa: maccaXMPCKUE aBTOMOOMIIBHBIC
MIePEeBO3KH, OOIECTBEHHBIN TPAHCIIOPT OOIIETO MOJIb30Ba-
HUS, ONTHMH3AIUs OM3HEC-TIPOLIECCOB HA aBTOTpPAHC-
NopTe, palMoOHANbHBIE PelleHHs] B cepe MacCaKUpCKUX
MIePeBO30K, ONTUMH3ANNS TPAHCIIOPTHOIO IpoLecca.

S. I. Bondariev ORCID 0000-0002-9626-6633.
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AHoOTalisg. ArponpoMHCIOBUI KOMIUIEKC YKpPaiHU €
rajgy33l0  HAapoOJHOI'O  TOCHOAAPCTBA,  IOKJIMKAHOIO
3a0e3neUnuTH BUPOOHUIITBO B JOCTATHIN  KUIBKOCTI
MPOAYKTIB XapuyBaHHSA Ui HACEJICHHS NPU BHUCOKIH
SIKOCTi. B OCHOBI C1JIbCHKOTOCTIOaPCHKOTO BUPOOHUIITBA €
3eMJIepOOCTBO, OCHOBHHMM MPEAMETOM IIpalli SIKOTO €
3emis. CporomHi 3emiiepoOCTBO B KpaiHi IepexuBae
JOCUTh Cepiio3Hy mpoOieMy, MOB’s3aHy i3 IMIBHAKUMHU
TEMIaMH 3HWKEHHS MTOTCHIIHOT POAIOYOCTI IPYHTIB.

OCHOBHMUM MatepialbHUM 0araTcTBOM KpaiHH €
poIroui IPyHTH — YOPHO3EMH, SIKi CKIAIAlOTh 3HAYHY
YacTHHY IOl Kpainu. YopHo3eMH € HaJI3BUYAiHO
pOIIOYMMH Ta OaraTUMH Ha OpPraHiYHy PEYOBUHY SK
I'YMYC, 3aBJISIKH SIKOMY CTBOPIOIOTBCSI arpPOTEXHIUHI YMOBHU
JUIS BUPOULYBAaHHS JIOCUTh LIMPOKOTO CHEKTPY KYJbTYp
POCIIMHHOTO TIOXO/KEHHSI.

B ocraHHi pokM y CBITI 3apOIKYETHCS HOBHIA
HanpsiMOK ()OPMYBaHHS 3eMJIepoOCTBa, PaKTUIHO 1€ HOBA
cTparterii, 3acHOBAaHa Ha 3aCTOCYBaHHI Cy4YacHHX
IHHOBAIIfHUX  TEXHONOTiH  0OpoOiTKy IpyHTYy Ta
PpOo3poOKOI0 KOMOIHOBaHMX arperariB AJs ix pearnizarii. 3a
TaKWX HOBITHIX TEHACHIIH Y 3eMJIEpOOCTBI CBITY,
BIINOBITHUX 3MiH TOBUHHI HaOyTth i amii B VYkpaiHi,
30KpeMa  BIPOBA/DKEHHSAM  IPyHTO30epiraroumx  Ta
pecypco30epirarouux TeXHOJIOTiH 00pOOITKY IPYHTY.

PoGoty npucBsiueHo po3poOlii MaTeMaTHIHOI MOAEi
mporiecy pobOTH  IpyHTOOOpOOHOrO —arperatry  Jyist
TexHoorii 00pobiTky TpyHTy sk Strip-till. 3 meroro
JOCATHEHHS 3MEHIIEHHS eHeprozarpar Ha o00poOiTOK
IPYHTY, 30€peXeHHS OCHOBHOI'O IIOKa3HHMKa POJIOYOCTI
IPYHTY — TyMyCy Ta palliOHaJbHOTO arperaTyBaHHS
SHEepreTUYHUX 3ac00iB 13 TPYHTOOOPOOHHMMHM arperatamu
OyJI0O BCTAQHOBIJICHO IEPCIEKTUBHI IUIAXH 3HMKCHHS Ha
OCHOBI MaTeMaTHYHOT'O MO/ICIIOBAHHS Ta aHAJIi3y 3B SI3KIiB
MiX €JIeMEHTaMH.

Po3pobneHo Ta 00rpyHTOBaHO MaTeMaTHIHY MOJAEIH
mporecy poOOTH IPYHTOOOPOOHOTO — arperary st
texnonorii Strip-till B Texmomoriumiii cucremi «IpyHrt-
arperaT-eHepreTH4Huil 3acié» Ta aHami3 ii BHYTPIIIHBO-
CHCTEMHUX 3aJIeKHOCTEN Ta 3B’ SA3KIB.

KawuoBi ciaoBa: TeopeTHyHI  JOCHIJKCHHS,
arpoTeXHIYHO-I0ITyCTUMI MOKa3HUKH, 30epiratoui
TEXHOJIOTI1, pOAIOYiCTh, IPyHTOOOPOOHHMI arperart.

ITocTraHoBKa MpodaeMu

Ha cporosni BHPOOHHKH CLIBCHKOTOCIIONAPCHKHX
arperariB MaroTh JOCTaTHbO IIMPOKHUI CIIEKTP NPOYKIII,
BUXOASYH 3  I[bOrO, BUHUKAE HEOOXIMHICTH Y
TEOPETHYHOMY JOCHI/DKEHHI apaMeTpiB eHEepPreTHYHUX
3aco0iB Ta TPYHTOOOpPOOHMX arperaTiB, B acIEKTi
ONTUMAJBEHHX YMOB eKCIUTyaTalii Ta panioHaJbHOTO
arperaryBauHs [4, 5].

BpaxoByroun CTpaTerivHo BaXJIMBHI HAmpsSMOK
(hopMyBaHHS MaTepialbHO-TEXHIYHOI 0a3u 3eMiepoOcTBa
arpoIpoOMHCIIOBOIO KOMILIEKCY VYkpainu T
3a0e3ne4eHHs BHCOKOE()EKTHBHOTO Ta
I'pyHT030€piraro4oro oOpoOiTKy IPYHTY, a TaKOXK BUCOKI
€Hepro3aTpaTH, sIKi 3aTpadaroThCs Ha 00OPOOITOK IPYHTY 3a
TPAIUIIIHHOK  TEXHOJIOTIEID, BHHHKAE T1OTpeda B
NPOBEACHHI JOCHTI/DKEHb CIPSIMOBAaHMX Ha BHPILICHHS
mpobieMu eHeproeeKTUBHOTO 00POOITKY IPYHTY, Y TOMY
9quchi 3 palioOHaNBHHM arperaTyBaHHS CHEPreTHYHHX
3ac0o0iB i3 IPYHTOOOPOOHHUMH arperaTamu, IpU IBOMY,
30epiraroun MOTCHIIHHY POMIOYICTD IPYHTY KpaiHH, IO i
00yMOBITIOE AaKTYaJbHICTh JIaHOI CTATTI.

AHaJii3 0CTaHHIX T0CTiTKeHb

OCHOBHOIO ~ METOI0  TEOPETUYHHUX  JIOCIIJKEHb
npotecy poboTu rpyHT006pooHOoro arperary st Strip-till
TexHonorii ~ oOpoOITKYy  IPYHTY €  BCTaHOBIICHHS

3aKOHOMIPHOCTEH HOT0 pyXy Ta BU3HAYEHHS Ha LIl OCHOBI
rapamMeTpiB TEXHOJIOTIYHOTO MpoLecy, sKi 3a0e3NneuyioTh
ONTUMAITBHI MOKa3HUKH 00POOITKY IPYHTY. 3 TOYKHU 30pY

palioHAIFHOTO  MiAXOAY HpH  BHOOpI  ITapameTpiB
I'PYHTOOOpPOOHMX  arperaTiB B  CKJIail  MAaIIMHHO-
TPAaKTOPHUX arperaTiB € KOMIDIEKCHHH HMOBIipHO-

craructuurmii merox [1,2,8].

B 3aranpHOMy,  (QyHKIiOHyBaHHS  MAaIIMHHO-
TpakTopHuX arperaTiB (MTA) po3rismaeTbes K peakiis
Ha 30BHIIIHI BINIMBH, IO Ma€ BHIJIAA CKJIagHOT
JUHAMIYHOT CHCTEMH, SKa 3IHCHIOE TEepPETBOPEHHS
3MIHHHUX 3a TUIIOM «BXI1JI-BUXia». BXinHa 3MiHHA BeJIMUKHA
MPUAMAETBCA K XapaKTepUCTHKa YMOB  POOOTH
IPYHTOOOPOOHOTO arperaty, a BHXIJHA BEJIMYHHA —


http://dx.doi.org/10.31548/machenergy2021.04

104 JI. TI. Cepena, 1. A. KoBaipuyk

CYKYIIHICTh MapaMeTpiB, sSKi BU3HAYAIOTH O€3MOCepPeaHbO
arpoTEeXHIYHI, CEHEePreTHYHi Ta TEXHIKO-CKOHOMIYHi
MOKa3HHUKH.

XapakTep KOJTMBAaHb 30BHIIIHIX BIUIMBIB € TOJIOBHOIO
MPUYHHOIO, IO OOYMOBIIOE 3MIHM BHXiJHUX BEIHINH

pobot  TpyHTOOOpOOHOTO  arperaTy B  Iepiox
excryaranii. I1ix yac excrryaranii B pisHUX YMOBax MpH
arperaTyBaHHi ~ €HEPreTHMYHOro  3aco0y  BUHHKAE

HEOOXI1THICTh OLIIHKH BUX1THUX BETMYUH IPYHTOOOPOOHUX
arperatiB y BCbOMY pO0OOYOMY [iana3oHi 3aBaHTa)KEHHS
Mo TA3l, SKUA BU3HAYAETHCA HE TIIBKK 3MiHHOIO
arpoQi3sMYHUX BIACTHBOCTEH IPYHTY, ajie i mapameTpamu
arperary i3 pexxumamu fioro po6otu [2,8].

Merta gociaigKeHn

Meroro HPOBENICHHS SKCIIePUMEHTAIBHIX
JOCIIDKeHb € pPO3poOKa MaTeMaTHYHOI MOJeNi, sKa
JIO3BOJIUTh Ha OCHOBI pe3yJbTaTiB OLIHKKM OCHOBHHUX
rapaMeTpiB MallMHHO-TPAKTOPHOTO arperaty BHU3HA4YaTh
Ta BCTAQHOBJIIOBATH ONTUMAaJbHUI CKIaX Ta PEKUMH
poGotu  rpyHTOOOpOOHOrO arperaty gus  Strip-till
TEXHOJIOTi1 00pOOITKY IPYHTY.

Pe3yabTaTn nociaigxeHb

MexaHiYHHI BIUIMB Ha IPYHT 3a INPOMHCIOBOIO

TEXHOJIOTIEI0 i3  3HAYHOK  KUIBKICTIO  BHECEHHS
MiHEepaJbHUX JOOpWUB MPU3BOJUTH HE JIMIIE 1O
MOTIPILIEHHS arporiJPOJIOriYHUX BJIACTUBOCTEH IPYHTY Ta
YIIUIBHEHHsT KOPEHEBMICHOTO Iapy, a M, BTpaTu
MIPOJYKTUBHOCTI 3€Melb.

CrpaTerivyHo  BaXJIMBUM  HANpPSMKOM  PO3BHUTKY

3eMJIepoOCTBa B YKpaiHi € (QopMyBaHHS MaTepialbHO-
TEXHIYHOI 0a3n aist 30epeXeHHsS OCHOBHOTO ITOKa3HHKA
IpyHTYy g dac 00pobiTky. CporomHi HeoOXiTHO
MIPOBOJIUTH JTOCIiKECHHS IPYHTOOOPOOHHX arperaTiB, sKi
CIpsSIMOBaHi Ha peaiizarito IHHOBAI THIX
IPYHTO30epiralounx  TEXHOJOTIH  0OpoOIiTKy,  sKi
0JIHOYACHO 30epiratoTh poarouicTs rpyHTy [4,6,7].

Bcee Oinpmioro 3acrocyBanns B AIIK  Ykpainu
HaOyBalOTh KOMOIHOBaHI I'PyHTOOOPOOHI arperatu s
00pOOITKY TIPYHTY, 3aCTOCYBaHHS SKMX Ja€ MO3UTHBHI
pesynbTatu pobortu. IlepeBaramu sSKHX € PO3LIMPEHHS
(YHKIIOHATBHUX MOXJIMBOCTEH BHKOPHUCTAHHS, BHCOKA
TIPOyKTUBHICTh, €KOHOMIsI TAJIMBHUX PECYPCIB, aJle caMme
TOJIOBHE — 3HW)KEHHS TEXHOTCHHOTO BIUIUBY Ha IPYHT [6].

TeH3oMeTpUUYHI  BUMIPIOBaHHSI  IPYHTOOOPOOHHMX
arperariB i3 pi3HUMH TSITOBUMH KjacaMH E€HEPreTHYHHX
3ac00iB TMOKa3ylOTh 3MiHY €HEPreTHMYHHX IIapaMeTpiB B
yMoBax ix ¢yHKIioHyBaHHS. Ha OCHOBI MareMaTW4HOi
MOl TPYHTOOOPOOHOTO arperary, MOKHa BHU3HAYUTH
MaTeMaTH4YHI OYiKyBaHHS BUXIJHUX BEJIMYNH, Ta PSKUMIB
po0oTH i3 BpaXyBaHHAM BHUMOT TE€XHOJIOTIYHOTO HPOIECY
00poOITKy TpYHTY 3a TexHoJsoriero Strip-till, siki MoxHa
ontumisysar [5,7].

Jns 30epekeHHS MOTEHLIIHOI POAIOYOCTI IPYHTIB
KpaiHH, NPONOHYEMO KOHCTPYKIIO IPyHTOOOpPOOHOTO
arperary juist Strip-till TexHomnorii 06po0iTKy IpYyHTY, sIKa
Ma€ HaCTYIHI KOHCTPYKTHUBHI 0COOJIIMBOCTI:

1) TpyHrOoOOpO6GHA Nana KOHCTPYKTHBHO BHKOHAHA

TaKMM YMHOM, I10 J03BOJHUTH OJHOYACHO 33 OJMH HPOXiZ
migpizaT Oyp’siHU Tak i BHOCHTH OpraHiuHi J0OpwBa 10
KOpPEHEBOI CHCTEMH POCIHH, THM CaMHM MOKpAIyIOUd
JOCTYH NOXXUBHUX PEYOBHH;

2) Ha crifiky 1pyHTOOOpOOHOI JTami BMOHTOBaHHUH
BEpPXHIll TOBEPXHEBHH JIEMIll, SKWHA 3pi3a€ Ha3eMHY
YacTUHY Oyp’siHIB Ta BUKOPUCTOBYETHCS JUIS CTa0mizamii
pyXy Jlanu, Ha NoTpiOHY IMTUOUHY 00pOOITKY IPYHTY;

3) BHecenHs opraHiYHUX J00pHB BiIOYBaeThCS

BHYTPIIIHBOI PYHTOBO Ta MIPOBOAUTHCS nepes
(dpe3epyBaHHIM IPYHTY, LIO JIa€ MOXJIMBICTH SIKICHO Ta
IHTEHCHBHIIIE TepeMillyBaTH HOro 3 OpraHiYHUM

JIOOPUBOM, a TAKOXK PO3IYILIYBATH IPYHT, IO € BaYKIMBUM
TIPH BIPOBaDKEHHI TexHOoMOTIi Strip-till.

3araspHUA BUTIA  KOHCTPYKII KOMOIHOBAaHOTO
IpyHTOOOpOGHOTO arperaty st Texuodorii Strip-till
300pakeHO Ha PUCYHKY l.

arperarty s Texaouorii Strip-till
Fig. 1. General view of the machine-tractor unit for
Strip-till technology

ParmionanbHi mapaMeTpu Ta peKUME pOOOTH arperary
3ajie)kaTh BiJ BU3HAYeHHS HeoOXigHol Macu Ta
MMOTY>KHOCTI €HEPreTUYHOTO 3aco0y 1 IpyHTOOOpOOHOTO
arperaty, o 3a0e3lMeYuTh IO MOXKIMBOCTI OijbIie
MEXaHIYHOI eHeprii MO BiJHOIICHHIO J0 HEOoOXiTHUX
€HeprosaTpar IPyHTy KOHKPETHUMH POOOYMMH OpraHaMH
JUISL CTBOPEHHS HEOOXigHOI CTPYKTYpH 0OpOOIIOBaHOT
HOBEPXHI IPYHTY.

B 3aranbHOMy eHepreTH4YHa IOTYXHICTh arperary
HpoIopLiiHA T00YTKY TATOBOMY 3yCHILIIO €HEPTeTHYHOTO
3aco0y Ha poOody MIBUAKICTE PyXy. Maca arperary, sika
Oepe y4acTb B Tpoleci 00po0iTKy I'PYHTY, 3MIHIOEThCS,
THM CaMHM BIUIMBA€ Ha 3aBAaHTa)XEHHs POOOYMX OpraHiB
Ta BU3HAYa€ BEJIMYUHY omopy [5].

Jlist cTIMKOTO BHKOHAHHS TEXHOJIOTIYHOTO IPOLECY
00pobiTKY IpYHTY 3a TexHoJIoTier Strip-till BiqmoBigHO 10
BU3HAYEHO TATOBOTO KJIacCy EHEPreTHYHOro 3acoly
HEOOXiTHO BH3HAYUTUCH 3 ONTHMAIBHOIO HIMPHUHOIO
3axBaTy IPyHTOOOPOOHOTO arperary.

BusHaueHHs  onTuManbHOI  IIMPUHHA  3aXBaTy
IPYHTOOOPOOHOTO arperaTty, sKa 3aJeXHUTh BiJl MTUTOMOTO
OTI0py, BiIOYBA€ThCS, K MPABIIIO, JHIIE i Yac CTAIo0ro
pexumy pobotu. Ilpm 1bOMY, BelmWKa KiIbKICTh
I'PYHTOOOPOOHHMX arperartiB MaroTh JeKiJibka poOouYnx
OpraHiB, OB’ sI3aHUX MiX 00010, 1110 CBITYUTH ITPO 3HAYHY
IHepIIHICT MEXaHIYHOT CUCTEMH, TOMY, JJIsl BU3SHAYCHHS
ONTHMAJIFHOT IIMPUHU 3aXBaTy arperary po3MIsAaloTh
JUHAMIYHY CUCTEMY MeXaHiuHoro pyxy [1].

IIpu  piBHOMipHOMY  pyci CHPOEKTOBAHOTO
TPYHTOOOPOOHOTO arperary 1o TOPU30HTAIbHINA ITOBEPXHIi
Ha HBOTO [IOTH HACTyIHI crH (puc. 2) [6, 7]:
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— cua TshKiHH# arperary, (Garp), H;

— TATOBE 3yCHJUISA TpakTopa, (Ptp), H;

— OTTip TPYHTY IepeMimeHHs cTpindaToi nanw, (P), H;

—omip TPYHTYy HepeMilleHHs IPYHTOOOpoOHOI ¢pesw,
(Pdp), H.
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Puc. 2. Cxema gii cun Ha IpyHTOOOpOOHUI! arperar
Ut TexHojorii Strip-till.

Fig. 2. Scheme of action of forces on the tillage unit
for Strip-till technology.

Buxomsun 3  1poro, KiHEMaTHYHa  CHEPIis
IPYHTOOOPOOHOTO arperaTy BU3HAYAETHCS 3 (DOPMYIIH:
mg-V: I w
Ty = 2 + > (1
Je Ma — Maca KOMOIHOBaHOrO —arperary, ke,
Va — WBHAKICTH PyXy KOMOIHOBaHOrO arperary, M/c;
I, — MOMeHT iHepiii 00epTOBMX YaCTHH KOMOiIHOBaHOTO
arperary, kew? @’ — KyTOBa IIBHJKICTH OOEpPTaHHS
BiTHOCHO LeHTpY Mac, ¢,

Jnst 3abe3neueHHs pIBHOBAarM y BEPTUKAJIBHIN
TUTOLIMHI JIisi BEPTUKAIBHHUX CKIIAJI0BHUX PEaKIii IPyHTY Ha
pobo4i OpraHu KOMIIEHCYEThCS Barot IpyHTOOOPOOHOTO
arperary, OKpiM IIbOTrO IHTOMHI{ OMip IPYHTY Ta TIHOHUHA
00pOOITKY IPYHTY — MOCTIHHI.

MaTeMaTI/I‘{Ha pOSanYHKOBa MOACIb
rPYHTOO6p06HOFO arperaTy Mae HaCTyrIHI/Iﬁ BUTJIAA:

F={fit), ..f;(O), . fu(D}, )

Y = {y1(6), .7 (0), . ym (®)}, 3)

ne F — BekTop BXigHHX 3MIHHHX; Y — BEKTOP BUXIJHHX
3MIHHHX; N, M — YUCJIO CYKYIHOCTI eKCILTyaTaliiiHuX
(daxTopis.

BXizHOIO BENWYMHOIO B CHCTEMY «IPyHT-arperar-
SHepreTUYHUH 3aci0» NpHUIHATA BETMYNHA, sIKa IPUBEACHA
JI0 TIOCTiHHOI POo00YOi MIBUAKOCTI pPyXy Ta TSITOBOMY
OMOpy TIPYHTOOOPOOHOTO arperaTy, 3aKOH PO3IOALTY
NPUHHATO  HOPMAJIBHHUM HAa  TIJACTaBl  YHCENBHUX
peamizaniit mpomecis. [Tpu Benmukii KUTbKOCTI BXiIHUX Ta
BUXIJHMX 3HA4YeHb, 3MIHHICTH iX B Yaci abo He
CTaIliOHAPHICTh € BiJIMIHHOTO 0COOHBICTIO
GbyHKIiOHYBaHHS TpyHTOOGpOOHOTO arperaty [1,2,8].

OIiHKa 3aKOHIB PO3MOJiTY BXiHUX Ta BUXIJTHUX
3MIHHMX TIPOBOJMTBCS 32  JOIOMOTOI0  YHCIIOBHX
XapaKTEepUCTUK: MaTeMaTHYHI OYiKYBaHHS Ta JIUCIIEPCis:

my= [y o0y = [ 160 @

b= [lf -m]-odx,  ®

ae oY), @(X) — ¥HMOBIpHICTH IIINBHOCTI pPO3MOIITY
BIANOBIZHOrO BXIJZHOIO Ta BHUXIAHOIO ITOKA3HUKA,
y = f(X) — neTepmiHOBaHa QyHKIIis 3B SA3KY.

Oco0mmMBO  BaXJIMBOIO  YMOBOIO
eKCIUTyaTalllii ~ MAaIIMHHO-TPAKTOPHOTO  arperary €
ONITUMATFHO-TIPaBUITEHUH migbip arpOTeXHIYHUX
JOIyCTHMUX IIBHIKOCTEH PyXy IUIsl BHOPaHOTO NPHHOMY
00pobiTKy Ta i3 BpaxyBaHHSIM CTaHy I'PYHTY i HaiOimbII
MOBHOI peamizalii HOMIHAIBHOI TOTY)XHOCTI JIBUTYHA
eHepreTu4Horo 3acody [8].

BuzHaueHHsT niama3oHy MaTeMaTHYHUX OYIKYBaHb
pobounx IIBUAKOCTEH pyXy MAalIMHHO-TPAKTOPHUX
arperariB BH3HAUa€ThCs 13 PE3yJbTaTiB arpoTEXHIYHOO
OWIHKA BPaxOBYIOYM BHMOTH SKOCTI  BHUKOHAHHS
TEXHOJIOTIYHOTO TpoIiecy 0OpOOITKY IPYHTY.

PoGoua mBHIKICTF pyXy EHEPTeTHYHOTO 3acoly
3aJISKUTH Bill Koe(ili€eHTY BUKOPHCTaHHA 3YiMHOI Baru Ta
IHIINX TTOKa3HUKiB, 3 BACOKHM CTYIIEHEM TOYHOCTI, SIKi
BU3HAYAETHCS IIUIAXOM alpoKCHUMAlii eKCIuTyaTaliifHiux
3HauYeHb  LIBUJKOCTI  €HEPreTHYHOro 3acoly  To
nepeaadaM.

Buxonsun 3 1pOro MIBHAKICTE PyXy MallMHHO-
TPaKTOPHOTO arperaTy BU3HA4a€ThCs 3 GOopMyIu:

Ny Ay 1,0 115

V,=———F———F+~— KM/roj (6)
GTp ! ((P +f )

ne N,, AN — BiJIIOBIIHO HOMiHaJIbHA MTOTYXXHICTh JBUTYHA

TpakTopa i KoedimieHTa BHUKOPHCTAHHS;

mp — KKJI TpaHcMicii TpakTopa;, ¢ - MaTeMaTH4HE

OuiKyBaHHs Koe(imieHTa BHKOPHCTaHHS 3YiHOI Baru

TPaKTOpa, KA BU3HAYAETHCA 32 (HOPMYIIOH:

, KT 7

e(eKTUBHOT

K
Grp
Gup — eKcIulyaraliiiHa Bara TpakTopa, Kr;

715 — KOe(IiLiEHT ONOPY KOUEHHS TPAKTOpa.

Jnst BUCBITIIEHHA 3MiHM MOTOYHMX MaTeMaTHYHUX
OYIKYBaHb TSITOBOTO 3YCHJUISL Ha TaKy EHEPreTHYHOTO
3aco0y B 3JIEKHOCTI Bifi poOOYOT HIBUAKOCTI PyXy INpH
arperaTtyBaHHi i3 pI3HHMMH arperataMm 3acTOCOBYEMO
PIBHSIHHS JPYTOTO MOPSIIKY:

By =Py-[1+&- (Y2 +VE)|H (8)
ne P., Po — BIINOBITHO MaTeMaTHYHE OYiKyBaHHS
TSATOBOTO 3yCHJUIS HA T'aKy €HEPreTHYHOro 3acoly Ipu
wBuAKocTI pyxy V2, i Vo; & — koedillieHT, 10 BpaxoBye
MPHUPICT TIATOBOTO ONOPY TMpH 30UTBIICHHI pobOodoi
LIBHKOCTI PyXy MallMHHO-TPaKTOPHOTO arperary.

Juaamivuanit BB P poOouymnx opraHiB arperarty i3
I'PYHTOM Ta HOTO KiHIIEBOIO Macoro My 3a yac  moBigomMIsie
PO IBUAKICTH pyXy V:

P-At =Am, -V, 9

Buxomstam 3 piBHAHHA (9) cepenHS BeTHMYMHA
TATOBOTO omopy P Oyme mpomopliiiHa KBaapary
LIBUJIKOCTI PyXy arperary, Tak sK Maca IpYyHTYy, sika
MiAa€Thesl BIUIMBY POOOYOro OpraHy B OJMHUIIO 4acy,
TIPOTIOpIIiiHa MIBUAKOCTI pyXy. PIBHSAHHS pyXy npu yMOBi
cTainoi poboTH arperaty, i3 3MiHOIO HIBHIKOCTI pyXy Bix O
70 V 1ocTynoBo, npy oMY 3a0e31euylodH HellepepBHUN
Ipoxig po6ovYoro opraHy yepes IpyHTY:

(p:

(10)

OCHOBHUM OLIIHIOIOYHM MOKa3HUKOM
BUKOPUCTOBYETHCSI MAaTeMaTU4YHA BEIMYMHA OYiKyBaHHS
BHUTPATH MAJILHOTO JBUTYHOM €HEPreTUIHOro 3aco0y, sika

P=Amn-%,
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BH3HAYa€ TMOTPIOHY  MOTYXHICTH IS
TEXHOJIOTIYHOTO TIpoIiecy 00poOiTKy.

IIpu mpomy, Buxomsum i3 piBHsSHHA (10) BHTpaTH
MOTY)KHOCTI Ha O0OpOOITOK TpPYHT, BH3HAYAETHCA 3
bopmymm:

N=P-V=nm v ©
ST A T 2 (D

Buxomsun 3 1poro, noeaHyroud pisHsHHS (1-11)
Oyne onucyBaTuch (i3UYHA CYTHICTB MpOIeCy 0OpoOiTKY
IPYHTY.

Pesynbratn BEIpOOYBaHHS arperariB IOKa3ad, IO
3aCTOCOBYIOYM [0 pEalbHHX YMOB POOOTH MAIIMHHO-
TPAaKTOPHOTO  arperary BUTpaTa [ajHWBa JBHI'YHA
E€HePTeTHIHUM 3ac000M € B3a€EMO3B’SI30K MK IIMHPUHHU
3axBaTy arperary, IMIMOMHY arperaty Ta MBUAKOCTI PyXy
[5, 8]. Anpokcumartist 1IbOTO Ma€ HACTYITHUIN BUTIIS:

Gy =Gy +Ey- B, h-V2r/c (12)
ne G, — MaTeMaTH4He OYiKyBaHHS BUTPaTH MalliBa Ha
caMoIlepecyBaHHs arperaTy Ta BUTPaTH B IepeiaBaIbHIX
MexXaHi3Max CHCTEMH, e/c;
h — maTemariuHe 04iKyBaHHS TITHOUHN 0OPOOITKY IPYHTY,
M; Eoq — koedilieHT nponopLiiHOCTI, [0 BPaXOBYE BILIHB
CTaHy TPYHTY, IIapaMeTpiB TPaKkTOpa Ta TUIy POOOYMX
OpraHiB IpyHTOOOPOOHOTO arperaTty HpU IHTCHCHBHOCTI
NPUPOCTY BHUTPATH MajkBa JABUTYHOM EHEPreTUYHOTO
3aco0y Bix 36inbIeHHs By, V, i h.

Buxozasuu 3 1b0ro, OTpUMaHMil BUpa3 MPEACTABIE
cO0O0K0 EHEpreTHYHY XapaKTePUCTHKY IPYHTOOOPOOHOro
arperary B LIJIOMY IIPH BIUIUBI HOTO Ha IPYHT.

AHaJi3 piBHSHHS TOBOPUTH HPO T, INO BEIMYHHA
NpONOpILiifHa 3aTpataM ManKBa Ha KOPHCHY poOOTy
IPYHTOOOpOOHOTO arperaTy i OOEpHEHO IIPOIOpIliifHa
KOeQiI[iEHTy TPUPOCTY BHUTPATH MAJbHOIrO, TIIHOMHI
00pOoOITKY I'PYHTY Ta KBaapaTy poOodol MIBUAKOCTI PyXy
MAIIHHHO-TPAKTOPHOTO arperary [6].

BinnoBigHo 10 1mboro, poboua MIMPHHA 3axXBaTy

3aaHOTO

Am,, -

IpPyHTOOOpOOHOrO —arperaty Jjisi arperaTyBaHHs i3
SHepreTHYHNM 3aC000M BU3HAYAETHCS 3a (HOPMYIIOLO:
GT max ~ Gn
B = By b Vi )
o X P max .
Buxonsun 3 1mporo, Imicis MEPEeTBOPEHHS pPIBHSIHHS
(15), orpumyemMo  piBHAHHS AU  BU3HAYCHHS
MIPOAYKTHUBHOCTI IPYHTOOOPOOHOTO arperary:
GT max ~ Gn
W= (14)
Eo-h- ‘/p max

BuTpary nanbHOrO JIBUTYHa €HEPreTHYHOro 3acoly
MOXXHA PO3IUIMTH Ha JBI CKJIagOBi: MPOJYKTHBHA
CKJIaJioBa — BUTPAYaAIOTBCS Ha KOPHCHY pOOOTY pyXy
IPYHTOOOPOOHOTO arperaTy; He MPOIYKTHBHI — BTPATH, Ha
caMmoIepecyBaHHs I'pyHTOOOpPOOHOT0 arperary Ta BTpaT B
nepeaaBaibHUX MeXaHi3Max cUcTeMH [6].

BuTparyn nansHOTO JBUTYHOM I10 NEpINii CKIAI0BIH,
Ha TepeMillleHHs IPYHTY 1 NpONOpLiHIA BenuuuHi il
o0csry Ta OTpUMaHOMY ITPUCKOPEHHIO, OTPUMYEMO BUpa3:

% hor
GHC:EO'Bp'h'S'?zEOIVII'aanOIP'm_n'E (15)
ne V, Mp — BIiINOBIAHO BeNIWYMHA OOCATY Ta Macu
00poOHOrO TIpPyHTY; &n — BEIMYMHA HPUCKOPEHHS,
OJICP>KyBaHOTO I'PYHTOM IIiJ] 4aC 0OpPOOITKY.

Butparn majpHOrO IBUTYHA 1O JPYTiil CKIanoBii,
BU3HAYAIOTHCS 13 BUpa3y:

G, =Co for (GTp

+G,),r/c (16)

ne Co — koeiieHT MPONOPIIHHOCTI, 1[0 BPaXOBY€ BILIUB
CIIM OIOpY KOYEHHs arperary Ha BEJIMYMHY BHUTpAT
nanuBa Ajst Horo nepemimieHHs; fa — koediieHT omopy
koueHHs arperaty; G, — ekciDIyaTamiiiHa Bara
TPYHTOOOPOOHOTO arperary, Ke.

Buxopsuu 3 ananmizy Bupasis (13) i (14) 6aummo, 1o
BEIMYMHA HENPOJYKTHBHUX €HEPrOBUTpAaT Ha IPYHT
MIpOTIOpIIiiHa eKCIuTyaTaniiHii Maci IpyHTooOpoOHOro
arperary B LIUIOMY, @ BUTpaTH NalKMBa Ha KOPUCHY POOOTY
MIPOTIOPIIiHHI TATOBOMY OIOpPY, MO BiJHOUIEHHIO [0
LIIJIBHOCTI IPYHTY.

Butpara manmBa, rpyHTOOOpOOHOTO arperary Ha
OJIMHMIIIO TIIOMII, KA IMiTa€ThCs 00pOOITKY BU3HAYAETHCS
3a (hopMyII0IO:

n

=——+E,-h-V, 17

YIra Bp + Vp o p ( )

Buxomsun 3 piBasap  (13-17) cmigye, 1o
MPIOPUTETHAM NUIAXOM  MITHATTA  MPOXYKTHBHOCTI,

BIAMOBIHO 1 3HIDKCHHS BHUTpPAT NajHBa € 3MCHIICHHA
BUTpaT INAJBHOTO Ha IepecyBaHHSA IPYHTOOOPOOHOTO
arperaty, TJIMOMHH OOpOOITKY IPYHTY 1 3aCTOCYBaHHS
poboYHX OpraHiB arperaty 3 MEHIIUM IHTOMUIl TATOBHM
OMOpPOM, a TaKOXX HE MCHII BAXKIHUBUM € 301IbIICHHS
3aBaHTQXKEHHS CHEPreTHYHOro 3acody 1o TsA3i, 3a
JIOTIOMOT 010 301NIbIICHH] LUTUPUHU 3axBaTy
IPYHTOOOpPOOHOTrO arperary MpH 3HIKEHHI poOovoi
HIBUJKOCTI pyXy IPYHTOOOPOOHOTO arperary.

B sKkocTi TOJNOBHOrO  MOKa3HMKA  MAlIMHHO-
TPaKTOPHOTO  arperaty MNpPOINOHYEMO  BHKOPHCTATH
3HAa4YCHHS KoeQillieHTa KOpHCHOI il IPpyHTOOOpOOHOTO
arperaty, IO XapaKTepH3y€ 4YacTKy CHEPrOBHTpAT,
3aTpayeHy arperaToM Ha KOpPHCHY poOOTY, Bill 3araibHol
BenmunHH. KoedimieHT KopucHOI nii IpyHTOOOpOOHOTO
arperaTy BU3HAYa€ThHCS 3TiHO i3 PIBHAHHIM:
_Gg—G, E,"By,-h-Vj

TG, Gy

MogaenioBaHHSI Mpolecy poOOTH TPYHTOOOPOOHOTO
arperatry Mo)ke OyTH YycIHillHA peaji3oBaHa IpH
OOIpYHTYBaHHI pAI[lOHAILHOTO CKJIAAy Ta PEKUMIB
pOOOTH HPUYIMHUX MAIIMHHO-TPAKTOPHHUX arperariB, TaK
SIK Ha BXOJIi IPUHAMAETHCS BEJIMYNHA HABEACHOI'O TATOBOIO
OTI0py TPYHTOOOPOOHOTO arperary.

(18)

BucnoBku

1. TlimBomsuu TMiJACYMKH, MOMKHA CKa3aTH, IO
KOHCTPYKIIis 3aMpoIOHOBAHOT O I'PYHTOOOPOOHOTO
arperaTy B 3araJlHOMY 3a OJUH pOOOYHA POXiJ BUKOHYE
BCi HEOOXigHI omeparii A7 HepearociBHOTO 0OpOOITKY
IPyHTY 3a TexHojorieto Strip-till: dopmye cmyrn mis
TIOCIBY Ta PO3MYIIy€e TPYHT 3 OJHOYACHUM 3MIIIyBaHHSAM
POCIIMHHUX 3aJIMIIKIB i3 IPYHTOM; JIOKQJbHO BHOCHUTH
OpTraHiyHi 100pUBa 10 KOPEHEBOi CUCTEMH POCIHMHH, TUM
CaMUM TIOKpAIyIOYM JIOCTYI TIOKUBHHUX PEYOBHH;
CTBOPIOE SIKICHE HAaCiHHEBE “NIOXKe” Ha MOTPiOHY TIHMONHY
00po0iTKy; 00pobnsie TpyHT Oe3 mepeBepTaHHs ILIACTY,
THM caM 30epirarodu BoJIOTy Ta TyMyC y I'PYHTI.

2. OKpiM 1[pOTO, MATEMAaTHYHA MOJEIb JO3BOJIUTEH Ha
OCHOBI pe3y/lbTaTiB OIIIHKK OCHOBHHX IapameTpiB
MAaIllMHHO-TPAKTOPHOTO ~ arperaTy  BH3Ha4aTH  Ta
BCTAaHOBJIIOBATH ONTUMAIBHUH CKJIJ Ta PEXKUMH POOOTH
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IPYHTOOOpOOHOro arperary s TtexHosorii Strip-till.
MatemMaTH4HI 3aJIeKHOCTI, JO3BOJISIOTH MPOAHAI3yBaTH
3aCTOCYBAaHHS TATOBHX arperariB Ha 0a3i eHepreTHYHUX
3aco0iB i3 pI3HUMH MapaMeTpaMd IIiJi Yac BHKOHAHHS
00poOITKYy TIpPYHTY CTOCOBHO 1O pEaJbHHX YMOB
eKCILTyaTallii.
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MATEMATHUYECKOE MOJAEJIMPOBAHUE
ITOUYUBOOBPABATBIBAIOIIEI'O ATPETATY
B CUCTEME «IIOYBA-ATI'PET'AT-
OHEPI'ETMYECKOE CPEACTBO» J1JIS1 STRIP-TILL
TEXHOJIOI'M1 OBPABOTKMU ITOYBbI
JI. I1. Cepeoa, JI. A. Kosanvuyx

AHHOTAUMAI.  ATPONPOMBIIIJICHHBIH  KOMIUICKC
YKpauHbl SBISETCA OTPacibl0 HApOJHOTO XO34HCTBa,
NPU3BAHHOW 00ECHEeYUTh NMPOU3BOACTBO B JIOCTATOYHOM
KOJIMYECTBE IPOAYKTOB MHTAHUS JIsI HACENCHHUS IpH
BBICOKOM KadecTBe. B OCHOBE CelbCKOXO3SHCTBEHHOTO
MIPOM3BOJICTBA  SBISIETCST  3€MJIEJENIe,  OCHOBHBIM
MIPEAMETOM TpyJa KoToporo siBisiercst 3emisi. Ceromns
3eMJIE/IeNNE B CTPaHE MEPEKUBAET JOCTATOUHO CEPhE3HYI0
po0eMy, CBA3aHHYIO ¢ OBICTPBIMU TEMITAMH CHIDKCHUS
MOTEHIINATIBHOTO TIOAOPOIHS MTOYB.

OCHOBHBIM MaTepHAIBHBIM OOraTCTBOM CTPAHBI
SIBJISIFOTCSI TUIOIOPOJIHBIE TIOYBBI - YEPHO3EMbI, KOTOpBIE
COCTaBIJIIOT 3HAYUTENBHYIO 4YacThb IUIOLIAJH CTPAHBI
YepHo3eMbl Ype3BBIYAWHO IJIOJOPOJHBIMU U OOraThIMH
OpPraHMYECKOE BEIIECTBO KaK TyMyC, 6aroaapst KOTOpomy
CO3/IAIOTCS AarPOTEXHUYECKNE YCIIOBHS AJIsI BHIPAIIBAHUS
JIOCTaTOYHO IIHMPOKOTO CHEKTpa KYJIbTYp PacTUTEIHHOTO
TIPOHUCXOKICHHSI.

B mocnennue romel B MHpE 3apOXIAeTCsl HOBOE
HampasiieHne (hOpMHUpOBaHMS 3emiienienust, (paKTHIECKH
9TO HOBas CTpaTerusi, OCHOBAaHHAs Ha IPUMEHEHHH
COBPEMEHHBIX HHHOBAIMOHHBIX TEXHOJIOTHI 00paboTKU U
pa3paboTKoi KOMOWHHPOBAHHBIX arperaToB I HX
peamuzauuu. Ilpu Takux HOBEHIIMX TEHACHIMSIX B
3eMJIe/IeIMd  MHpa, COOTBETCTBYIOIIMX  HM3MEHEHHH
JIOJDKHBI TIPHOOPECTH U IeicTBUsI B YKpauHe, B 4aCTHOCTH
BHEAPECHUEM MOYBOCOEpETaroNINX u
pecypcocOeperaromux TeXHOJI0ruii 00pabOTKH MOYBEI.

PaGora mnocesmena pa3paboTke MaTeMaTHYecKOMH
MOJIENI  mporecca paboThl  [OYBOOOPAOATHIBAIOIIETO
arperara Juisl TeXHOJOTUM o0paboTku kak Strip-till. s
JOCTHKEHHsT yMEHBLICHHUS] SHEepro3arpar Ha oOpaboTKy



108 JI. TI. Cepena, 1. A. KoBaipuyk

IIOYBBI, COXPaHEHUE OCHOBHOTO IIOKa3aTeNs IUIOAOPOAUS
IOYBBl - T'yMyca W PalHMOHAJIBEHOTO arperaTMpOBaHHBIE
SIDHEPTETUYECKUX CPEICTB C TOYBOOOPAOATHIBAIOIINME
arperaraMyd OBLIO YCTaHOBJICHO HEPCHEKTHBHBIC ITyTH
CHI)KCHHUSI HA OCHOBE MaTEMaTHYECKOTO MOACIUPOBAHUS
W aHaJn3a CBs3ed MEXTy dJIeMCHTAMH.

Pa3paboTan u 000CHOBaHa MaTeMaTH4ecKas MOJEIb
nporecca padoThl TOYBOOOPa0ATHIBAIOIIETO arperaTa Jyis
TexHoioruu  Strip-till B TexHoOJOTMUECKOH cHUcTeMe
«IToyBa-arperaT-sHepreTH4EeCKOe CPEICTBO» M aHAIH3 ee
BHYTPEHHE CUCTEMHBIX 3aBUCUMOCTEH U CBs3EH.

KaroueBble cjioBa: TeOpeTHUECKHE HCCIIEOBaHMS,
arpoOTEeXHUYECKUX JOIYCTHMBIC HOKa3aTelH,
COXpaHsoIINe TEXHOJIOTUH, IUIOZIOPOIHE,
M0YBO0OpabAaTHIBAIOIIHNIA arperar.

MATHEMATICAL MODELING SOIL TILLING UNIT
IN THE SYSTEM "SOIL-AGGREGATE-ENERGY
MEANS" FOR STRIP-TILL TECHNOLOGY SOIL

TREATMENT
L. P. Sereda, D. A. Kovalchuk

Abstract. The agro-industrial complex of Ukraine is
a branch of the national economy designed to ensure the
production of sufficient food for the population at high
quality. The basis of agricultural production is agriculture,
the main subject of which is land. Today, agriculture in the
country is experiencing a very serious problem associated
with the rapid decline in potential soil fertility.

The main material wealth of the country is fertile soils
- chernozems, which make up a significant part of the
country. Chernozems are extremely fertile and rich in
organic matter such as humus, which creates agronomic
conditions for growing a wide range of crops of plant
origin.

In recent years, a new direction in the formation of
agriculture is emerging in the world, in fact, it is a new
strategy based on the use of modern innovative tillage
technologies and the development of combined units for
their implementation. With such the latest trends in
agriculture in the world, appropriate changes should be
made in Ukraine, in particular the introduction of soil-
saving and resource-saving tillage technologies.

The work is devoted to the development of a
mathematical model of the process of operation of the
tillage unit for tillage technology as Strip-till. In order to
reduce energy consumption for tillage, preserve the main
indicator of soil fertility - humus and rational aggregation
of energy products with tillage units, promising ways to
reduce based on mathematical modeling and analysis of
relationships between elements.

The mathematical model of the process of operation
of the tillage unit for the Strip-till technology in the
technological system "Soil-unit-energy means" and the
analysis of its intra-system dependences and connections
are developed and substantiated.

Key words: theoretical researches, agrotechnical-
admissible indicators, preserving technologies, fertility,
tillage unit.
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AHoTtanigs. Y cTarTi  HaBeNGHO  pe3yJbTaTd
JOCITIKEHb npotecy NPOTPYIOBaHHS HaCiHHS
CUIBCHKOTOCTIONIAPCHKUX ~ KYJBTYpP 3 METOH BHUSBIICHHS
NPUYUH  HEJOCKOHAIOCTI po0OOYOro  mpouecy Ipu
BUKOPHCTaHHI PIAKHX MpernapaTiB Ta 3alpONOHOBAHO
MJABUIIEHHSA SAKOCTI 3a JOIOMOrOK KOMOIHOBaHOI
00pOOKH HACIHHS.

CyTHicTh po3pobiieHoi Momudikamii mpoTpyroBada
HACiHHA ToyATae y KOMOiHOBaHii 00pobmi #oro - micus
0OpOOKM  pIOKUMH TECTHOUAAMH OTHHM  POOOUYNM
OpTraHOM J0Aa€eThcsa 00poOKa yIbTpadioleToM Ta 030HOM
JUIsL  TiACYIIyBaHHs, Ae3iH(pexuii Ta CTUMYIIOBaHHS
HaCiHHS BCEpEIMHI KaMepH NpOTPYIOBaHHS 3a OJHH
MIPOXII.

V KkiHIIeBil YaCTHHI CTATTI HABEACHA CXeMa poOOYOro
NpolLiecy NPOTPYIOBaya Ta BUCHOBKH 1 NEPCIEKTUBH HOTO

BUKOPHCTAHHS.
Kurouosi cjoBa: MPOTpPYIOBaY, HACiHH,
ynbTpadioseT, 030H, CTUMYJIAIIISL.
IHocranoBka npodaemu
JaBHO  cTaB  3arajJbHOBIZIOMUM  JIOBEIEHHMH

HAYKOBHUMH JIOCHI/DKEHHSIMH 1 BUPOOHHYOI MPAKTHKOIO
(aKkT CyTTEBOro MiJBHIICHHS BaJOBUX 300piB MPOIYKIT

POCIMHHUIITBA 3aBISKH 3aCTOCYBAHHIO 1 YITKOMY
JOTPUMYBAHHIO  yCiX €JICMCHTIB MIPOTPECUBHUX
TEXHOJIOTIH  BUPOIIYBaHHSA  CLIBCHKOTOCTIONAPCHKUX

KyJIbTyp. B IIbOMY mepekoHyIOTh i NMpPUKIAIH OKPEMHX
TOCIIO/IapCTB, sKi BHpOINyIoTh 100-1ieHTHEpHI Bpokai 3
OJIHOTO TeKTapa o3uMol mmreHuri, 50-60 1/ra o3uMoro
pinaky Ta iHIIUX KYJIbTYp, 110 B 2-3 pa3u BUILE CEPEAHBOT
BPOXKaHOCTI IMX KYJIBTYp y THX ke perioHax. OcHoBa
yCHixXy TaKUX TOCTIOAAPCTB HE JIUIIE B TEXHOJIOTII, ajie i y
3armo0iraHHi BTpaTaM Ha YCiX eTamax TEeXHOJOTi9HOTO
LUKy, B TOMY YHCII 1 BTpaTaM BiJI IIKiAJTMBUX OPTaHI3MiB,
AKi B Cy4JaCHHX yMOBaX BEJICHHS T'OCHOIApPCTBA YacTO 3
MIOPYIICHHSIM CiBO3MiH, He30aIaHCOBAHOTO 3aCTOCYBaHHS
MiHEpalTbHUX TOOpWB 1 3ac00iB 3aXHCTy POCIHH TOIIO
NIPUBOISTE 10 Henobopy Bpoxkaro 110 30-50 % i pi3zkoro
3HW)KEHHs  Horo  sikocti. TpermHa 1MX — BTpar
3YMOBIIIOETBCSl IIKIIHUKaMH 1 XBOpOOaMH  POCIIHH,

0co0a1BO y (ha3i IX MPOPOCTKIB i CXOiB. 3 JaBHIX YaciB
JFOJICTBO OOPETHCS 3 HUMH Pi3HUMH METOZaMH, OCHOBHHM
3 SKMX B 21-My CTOJNITTI CTaB CHOCIO MPOTPYIOBaHHS
HaciHHA XIMiYHMMH npenaparamu. Kpim Toro, B ocTaHHI
JecATHpIuYs BinOyJIHCh CYTTEBI 3MiHHM KIIMary, MO0 B
KOMIUIEKC] 3 TpaHc(opMali€ero B arpoleHo3ax, MpU3BeIIo
J0 3Ha4yHOro mnepedopMmaryBaHHs (ITONATOTCHHUX Ta
E€HTOMOJIOTIYHIX KOMIUIEKCIB 36pHOBUX KyIbTYp [1].
Brnockonamiorounch 3 IDIMHOM — 4Yacy, cIocio
TepeITOCiBHOT 00POOKH HACIHHS XiMIYHIMU IperapaTaMu
CTaB 00OB’SI3KOBHM 1 MEPETBOPHBCA HA IIUTy Taly3b B
pOCIMHHUITBI, 0e3  sSKOI  OJEpXaHHS  BUCOKOI
e¢(EKTHUBHOCTI POCIMHHHUIITBA B YMOBaxX IHTCHCHBHHX
IHIyCTpiaJIbHUX TEXHOJIOTIiH BHPOIIYBaHHS
MIPOrPaMOBAHUX BUCOKO KOHIUIIHUX BpOXaiB
HeMOJUIMBO. [loBHA MiAroToBKa HAciHHS JI0 CiBOM
BKJIOYAE Psi/i ONepalliid, TOJIOBHUMH 3 SKHX € OYHIICHHS,
KaniOpyBaHHS, IPOTPYIOBAHHSA, TePMidHa 00pOOKa TOIIIO.
B pesymnbrari nociimkeHb BH3HAYCHO 1 3alPOIIOHOBAHO
IHHOBAIIiHy CKJIaJoBy Ta e(QEKTHBHICTh BHUKOHAHHS

pobodoro mporecy MPOTPYIOBAHHS HacCiHHS
CLITBCBKOTOCIIONAPCHKUX KYIBTYP.
AHaJi3 oCTaHHIX J0CTiTKeHb
OCHOBOIO TIOUIUPEHHS MPOTPYIOBAaHHS  HACIHHS

CUIBCHKOTOCIIOIAPCHKUX KYJBTYp € HE JIMIIEe HOro BUCOKA
peHTa0eIBHICTb, ajle i CyTTEBE PO3LIMPEHHS aCOPTUMEHTY
TIpenapariB sl IPOTPYIOBaHHS HACiHHSA (TIPOTPYHHHUKIB)
SK 32 XIMIYHMUMHM  BJIACTUBOCTSMH, Tak 1 3a
NpenapaTuBHUMHU (OpMaMH - 3AIHCHMBCS Mepexia Bix
3aCTOCYBaHHS MIJIONOAIOHMX TpernapaTiB 10 pPiJIKHUX.
3HayHO  migBHIIACS  (ITOTOKCHYHICTH  XIMIYHUX
TpernapaTiB i B TOW e Jac 3MEHIIUIacs iX TOKCHYHICTh
JUISL TETJIOKPOBHUX 1 KOPHUCHUX KOMaXx, 3aCTOCYBaHHS X
CTaJIO O1JIBII OE3MEUHNM IS 0OCITYTOBYIOYOTO TIEPCOHATY
i HaBKOJIHUIITHHOTO cepeoBuIIIa. Texuomorii
MPUTOTYBaHHSA 1 3aCTOCYBaHHS PIAKHX  XIMI9HHX
Ipenaparis I03BOJISIIOTh OJJHOYACHO HAHOCUTH Ha HACIHHS
pi3HI X THUOM: KJIEOYl PEYOBMHM, MaKpo- 1 MIKpo-
€JIEMEHTH, CTHUMYJISITOPU pOCTY, Olompemapard TOIIO,
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3aBISKH YOMY IIe OUIBIIOI MIipOI0  IMiIBUIIYETHCS
e(eKTUBHICTh 1 HAJIHHICTH ITLOTO MMPOTPECUBHOTO METOY.

Ha CBOTOJHI TUTS 00po0OKHI HaCiHHS
CLTBCBKOTOCIIONaPCHKUX KYIBTYp B YKpaiHi J03BOJICHO
3actocoByBaT  Oimprn  HDK 70  yHrimumHEX

MIPOTPYHHUKIB, 20 iHCeKTUIIMIHUX, 40 peryisTopiB pocTy,
15 KOMIJIEKCHUX MiHEpaJIbHUX JJOOPHB Ta iH.

Jdns  oOpoOkM  HaciHHS  BHUKOPUCTOBYIOTH  SIK
OJTHOKOMIIOHEHTHI, TaK i 0araTOKOMIIOHEHTHI Ipernapardy,
JI0 CKJIany SKUX BXOJITH JBI-TPU JiIOYl PCUOBHHH 3
PI3HUMU MeXaHi3MaMHU i1 (KOHTAKTHUM, CUCTEMHHM ).

BuroToBnsitoThess Il mpemapatd B TakKUX
IpenapaTUBHUX (opMax: 3MOUYyBaHI HOPOIMIKH (3.IL),
KOHIIGHTPOBaHI cycmeH3ii (K.C.), TeKy4i KOHIIEHTpaTH
cycrieH3iff  (T.k.c.), BOAHI cycmensii (B.c.), BOJHO-
CyCIIeH31HIIA KOHIICHTPAT (B.C.K.), KOHIICHTPAT eMYJIbCil
(x.e.), MaclIsHO-BOIAHA E€MYJIbCisA (M.B.), BOXHHHA pPO3YHH
(B.p.). Hopma Burpatm nmx mpemapaTiB IOpiBHAHB
HEeBENMKa 1 CKJIAJa€e Uil 3EpPHOBUX 1 3epHOO0OOBUX
KynbTyp 1...3 Kr/T, a [U1st TEXHIYHUX (piNlaK, COHSIIHUK) —
Bin 4 nmo 6 kr/T. IHCEKTHIMIHI NPOTPYHHUKU
BUTOTOBJISIIOTE Y ()OpMiI 3MOYYBaHMUX MOPOUIKIB (3.I1.),
KOHLIEHTPATIB CyCHeH3iil (K.C.), TeKy4ux macT (T.ILC.) i
PIAKIX KOHIICHTPATiB eMYJIhCil (K.¢€.).

Hopmu BuTpat nux NpPOTPYHHUKIB Oimbrm i
CTaHOBIIATH JUIS NPENapaTiB Ha OCHOBI JiF0U0i PEYOBHHU
iMigakmonpuay (3 TPyNU XJIOPHIKOTHHINIB), HANIPHUKIIA,
JUTSL TIPOTPYIOBAHHS HACIHHA KyKYpY/3H 1 COHSIIHUKA — 8-
10 xr/T, a IyKpOBHX OYypsKiB — 45 KI/T.

Jist nuporo mpemapaty CnpsIMOBaHa Ha OJIOKYBaHHS
nepenadi HEpBOBOIO IMIYJIbCY B OpraHi3mMi KoMax —
LIKITHUKIB 1, TIPUYOMY, BHKIIOYAE€ BUHMKHEHHS y HHX
pesucrenTHocTi. [HcekTnuma Kpyizep Ha ocHOBI Ait04oi
pEUOBHHHM  TiaMeTOKcama 3aCTOCOBYIOTH 31  3HAYHO
MEHIIIUMH HOPMaMH BHUTPAaTH — Ha HACIHHI IMIICHUII,
TeOHY-NOBryHI — 0,5 Kr/T, pimak, copro - mo 4 KI/T,
KyKypyI3u — 6-9 kr/T, corsiurauka — 10 Kr/T Tomo.

Perynstopn pocTy pocinH BUTOTOBIISIFOTE Y BUTIISII
BOJIHUX PO3YUHIB, CYCIICH3iH 1 KOHIICHTPATIB €MYIBCIii.
Hopmu Ta BHTpaTé KONMBAIOTHCS B Mekax 5-15 mi/t
(arpoctumyniH 1 aHanoru), abo 8-15 n/t (Bepmuctum i
ananoru). KoMIIeKCHI pO3YMHM MiHEpaJbHUX Makpo i
MIKpO/I0OpUB BHKOPHCTOBYIOTHCS Ui OOPOOKH HACIHHS
36pHOBUX KYJIBTYp B KUIbKOCTI 6-10 JI/T, IyKpOBHUX
OypsikiB — 4-10 si/T. BoaHi po3unHM 1UX T00PUB, @ TAKOXK
TYMaHHHUX CTHMYJISITOPIB POCTY 3 KJICHKUMHU J100aBKaMu
MOXKHa  BHUKOPHUCTOBYBAaTH  3aMiCTb  BOOM  JUIS
MPUTOTYBAaHHS POOOYHMX PIIMH TPOTPYWHHUKIB HACIHHS.
Crorosmni Ha puHKY HeMmae Aedinury eQeKTHBHHX
IHCeKTHIMAHUX TPOTPYHHUKIB HACiHHS, pPETYJIATOPIB
POCTY, KOMITIEKCHUX MiHEpaIbHUX MaKkpo- i MiKpoJ100pHB,
Ba)XJIMBO JIMIIE YHUKHYJIM NPUAOaHHS (panbcu(ikoBaHUX
Ipernaparis.

IIpu pboMy citi mamM’sTaTH, MO BUCOKWHA KiHIEBUN
pe3ynbTaT 3aeXaTuMe He JIUIIE BiJl IPaBHIIBHOTO BUOOPY
KOMIUIEKCY XIMIYHHX IpenaparTiB, ajie i B 3HaYHiH Mipi Bix
SIKOCTI iX HAHECEHHSI Ha HACIHHS, a OTXE, BiJI IOCKOHAJIOCTI
TeXHIYHUX 3ac00iB, TeXHOJOTil 1 opraHizamii pobiT 3
MIPOTPYIOBAHHS HACIHHSI.

Tomy mepumr 3a Bce opraHi3aumifHUMH 3axoAaMH
HEeoOXiTHO 3a0€3MeYNTH  YMOBH  BHCOKOSIKICHOT
MiATOTOBKM (IIOBHOTa OOpOOKM HACIHHS NpernapaToM He
MeHmie  95%, HepiBHOMIpHICTH OOpOOKM  HAaciHHS

mpernaparoM He Oimpmie 5-10%, TpaBMyBaHHS HaCiHHA
mpotpyroBadeM — 0% (BiACyTHE)) MOCIBHOTO MaTepiany, a
came:

- BUKOPHCTAaHHSI  HACIHHEBOTO  MaTepiary 3
BHCOKMMH COPTOBHMH 1 TOCIBHUMH SIKOCTSAMH (COpTOBa
yucToTa He HikKde 98,5%, cxoxkicTh — 95%, onTuManbHa
BOJIOTiCTb - 14-16%, MiHIMYM CTOPOHHIX JOMIIIOK);

- OYMCTKAa HACIHHEBOTO MaTepialxy BiJ pI3HHX
JIOMIMIOK (MHITY, KOJIOCOBI JTYCOYKHM, OCTIOKH, IPiOHI 1 OHTI
HaCiHWHN);

- BHOIp 1 miAroToBKa OO pOOOTH NHPOTpYyrOBaya
HACIHHS;

- opramizamis pobodoro wicusg (3abe3meUeHHS
YMOB U1 poOOTH TPaHCHOPTHUX 3ac00iB, 3a0e3MeUeHHS
MOJJIMBOCTI JOTPHMAaHHS MPaBWI TEXHIKH Oe3leKku
poboti 3 oTpyToXiMmikaTaMH 1 o0coOHCTOi TirieHw,
MEIOTJISA | iIHCTPYKTAX OTIEPaTOpiB);

-  TOCTIHHHH KOHTPOJHh 3a SKICTIO BHKOHAHHSA
TEXHOJIOTIYHOTO Tporecy NporpytoBaHHs. [lpu 1pomy
noTpiOHO MaTH Ha YyBasi: 3aCMIYCHICTh TOCIBHOTO
Marepialy, Maroud BEJIUKY 3arajbHy IOBEpXHIO,
NPU3BOJMTH JI0 HEPAl[iOHAJIbHOI BUTPATH MPOTPYHHHUKA.
Tak, HampuKIaa, 3acCMIYCHICTh HACIHHA B Mexax 4-5 %
MpU3BOAUTH 10 BTpatu 20-25 % npenapary;

- SIKICTh OOpOOKH HACIHHS 3aJICKHUTD BiJl KITBKOCTI
pLOMHY i 3ara’bHOT MOBEPXHI HACIHHSI, TOMY BUTPATH BOJIU
Ha It HaciHHA moBMHHAa OyTH THM Outpmio0 (B
PCKOMEHIIOBaHMX MEXax), UMM MEHIIa Maca THCA4l
HaCiHUHHM JaHOI KYJIbTYPH;

- IpU IHIIMX PIBHUX YMOBax IPOAYKTHBHICTH Ta
SAKiCTh ~ OOpOOKHM  HACiHHS  pOOOYMMH  PiTUHAMHU
NPOTPYHHUKIB 1 TpaBMyBaHHS HaciHHA pOOOYHMHU
OpraHamMy MpPOTPYIOBaya, a BPEIUITI — SIKICTh IMOCIBHOTO
MaTepiany 3a1exarhb BijJf JOCKOHAJIOCTI po00Y0ro mporecy
HaHECEHHsI PernapariB Ha HACiHHS IPOTPYIOBAYEM.

BinmpmicTe mpemnapaTiB AN TPOTPYIOBaHHS MArOTh
BOJIHY OCHOBY 1 B Iporieci 0OpoOKH HACiHHS TOTpeOye
JIOCYIITyBaHHS.

Tomy BuOOpy THIly 1 Mapku HpoTpyioBaya it
MIPOTPYIOBAHHS HACIHHSA KOXKHOI OKPEMO B3ATOI KYJIBTYpH
MIPUILIAIOTH 0COOIHMBY yBary.

Takuit miaxia 10 BUPIIICHHS [[bOTO MTUTAHHS CTA€ BCE
OibLI aKTyaJlbHUM Ha Cy4YaCHOMY CTaHi pPO3BUTKY
TEXHOJOTIM 1 MalluH JUisi [POTPYIOBAHHS HACIHHS
CUIBCBKOTOCIIOZIAPCHKUX  KYJIBTYp, KOJIHM HA pPHUHKY B
VYkpaiHi NPONOHYIOTH  JIOCUTh  LIMPOKUIl  CIEKTp
PI3HOMAaHITHUX MAIIWH.

3naBanocst O 1e CBITYUTH MPO HASBHICTh XOPOIINX

MO>KJIMBOCTEN BUOOPY noTpidHOT TEXHIKH
CLIBCHKOTOCIIONAPCEKUMU ~ BHPOOHHKAaMHU, sKOM  He
OOMEXEHI  TEXHOJIOTIYHI  MOXMIIMBOCTI 1  HHU3bKa

YHIBEpCAJIbHICTh 111010 00POOKN HAaCiHHS Pi3HUX KYJIBTYp
OKpeMHUX NPOTPYIOBAUiB, IO MPOIOHYETHCS HA PUHKY iX
BHPOOHUKaMHU.

Merta nociigkeHn

Mera [OCHIPKEHHS! TOJSITA€E y TOMIYII CHHTE3a
MEXaHIYHOTO Ta eNeKTPO(i3UYHOr0 METOIIB 0OpoOKM
HaCiHHS CUIBCHKOTOCTIONIAPCHKUX  KYJIBTYP ULt
MiIBUIIEHHS SKOCTI HOTO MEPeIOCiBHOT 00pOOKH.
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Pe3yabTraTn AoCaiIxKeHb

OCHOBHUM MeTOZOM OOpOTHOM 3 TPHOKOBHUMH Ta
OakTepiaTbHIMUA iHpeKIiIMH HaCiHHA
CUTBCBKOTOCIIOIAPCHKUX KYJIBTYp Ha TIEPIIOMY MiCTi
3aJMIIAETRCS  XIMiUYHE MPOTpPYyIOBaHHA. HeoOXigHICTh
BUKOPHCTaHHS OTPYTOXIMIKaTiB Ui OOpOoOKM HaciHHS
oOyMmoBieHa TUM, o 0e3 HuX ¢iTonaroreHHi iHdekuii
NpPU3BOIATE 10  TOTIPUIICHHS  IOCIBHUX  SIKOCTEH,
rajJbMyBaHHIO POCTY, PO3BUTKY DPOCIHMH Ta 3HIKCHHIO
Bpoxaio [2]. B ymoBax riobamizamii CLIBCHKOTO
rOCIOJapCTBa Ha POCIMHHHIITBO OYiKye HOBa Oima —
OazanmpHMI OakTepio3, SKHA BHMAara€ BigIOBITHOTO
MIPOTPYIOBAHHS HACIHHS, SIKE OYIIO OTPUMAHO B iHO3EMHHUX
¢ipmax. Takox merpamamis akTHBHOTO TyMycy 0aratbox
IPYHTIB TIpU3BeNa 1O TOTo, MO Oynab-sKa iHQEKIis,
BHECCHa 3 IMIIOPTHHM HACiHHAM, HE MPHUTHITYIOTHCS
BIIACHUMH OCJIa0JICHUMH MIiKpOOHUMH aOOpUTreHHUMHU
konoHistmu  [3]. Tlonmam 60% BuniB ¢iTonaToreHiB
MepeIaroThes uepe3 HaciHHs. [1ociB 3apakeHUM HACIHHAM
MIPU3BOJNUTS JI0 Miepesiadi XBOpoO Ha BETeTyI04l POCIUHH 1
TUM CaMHM CTBOPIOE Ta MIATPUMYE PO3BUTOK iH(DEKIIT y
noii [4]. “3a nauumu BO3, 3apaxeHicCTh MiKOTOKCHHAMHU
3epHOBHX KYJBTYp csirae 25% Bix yciel cupoBuWHH, fKa
3aKJajaeThes Ha 30epiranns” [2].

3apaXeHHsI HACIHHEBOTO Martepialy aTOTeHHOO
Mikpo(doporo BinOyBaeThCsl B Pi3HHUI 4ac: sIK B IEPiox
Bereralii; Tak i mpu 30WpaHHI Bpokal (OCOOIMBO B
yMOBax MiIBHUIIEHOT BOJIOTOCTI), TAKOX ITi7 4ac 0OMOIIOTY
a0o mpu miciA30upanbHiil opoOlli 1 B epiof 30epiranHs
BHACJIJIOK TOPYLICHHS DPEXHUMIB AOPOOKH, TaKOXK MNpU
3aKiajui Ha 30epiraHHs HENOCYNICHOrO HAaciHHSA 3
MIBHUIICHOIO BoJIOTiCTIO [4].

[TurtaHHAMH  YJOCKOHAJEHHS  TEXHOJOTTYHOTO
MpoIeCy MEPEANOCIiBHOIO O0OpOOITKY 3aiiMajuch Taki
¢axiBmi, sk bamsar Lo, BopucoBa Cymmenko B. B.,
C. M., Boimoxk M. TI., Tepacumuyk 1O0. B,
Parymnuit B. B., Kupna M. 4., Kpasuyk B. I,
KosoOaca B. Il., Tumomenxo C.I1., Macnos I'. I'. Ta inmi B
HarnpsIMKy OOIpYHTYBaHHS KOHCTPYKTHUBHO-
TEXHOJOTIYHUX  TapaMeTpiB, TaKOX 3HIKEHHS
€HEePrOEMHOCTI ITPOIIECY Ta METAIOEMHOCTI YCTATKYBaHHS,
MOKPAIICHHS SAKICHUX [MOKA3HUKIB TMPOIECY Ta 1H.).
HaykoBuM  OOIpyHTYBaHHSIM  Ta  BIIPOBaDKEHHSIM
EJIEKTPOTEXHOJIOTI Yy  TIpoLecH  IepeArioCiBHOTO
00poOITKY HACiHHA 3€pPHOBHX B CYYaCHHX yMOBax
3aiimanuce: YepenkoB O. [, Inozemue I. b,
Cunopyk 1O. K., Kocymina H. T'., CaBuenko B. B.,
Jlucnuenko M. JI., Ta iHmI, SKI aKIEHTYBajdW yBary Ha
MIEPCIIEKTUBHOCTI CHHTE3Y METOIB €JIEKTPOTEXHOJIOTIH 3
IHIIUMHU CHIOCO0aMHM TIiIBUIICHHS BPOXXAWHOCTI HA eTari
IATOTOBKM ~ HAaciHHEBOro  Marepiany.  [luTaHHSIMH
BHKOPHCTAHHS POOOYNX PO3UMHIB y BUIVIAI a€pO30III0 Ta
BUKOPHUCTAHHS  €JIEKTPOTEXHOJOTIH y  CLIBCBKOMY
rocrogapcTsi 3aiimanuck: Jlekomres I1. JI., Bonkos C. 1,
I'moros €. O., boponin I. ®. Ta iHmI y POCITUHHMIITBI
3aKPUTOTO Ta BIJIKPUTOrO IPYHTY, 3HE3apaKeHHs
MIPUMIIIeHb Ta cKJianaiB. [y mepeamociBHOrO oOpoOiTKy
HaCiHHS 3POCTA€ aKTyaJIbHICTh JIBOX IPOOEM - 11e BHOIp
CX€M BUKOPUCTaHHA 3aC001B XIMIYHOTO 3aXHCTY POCIIMH Ta
0oOrpyHTYBaHHS KOHCTPYKTHBHO-TE€XHOJIOTTYHUX
rapaMeTpiB 1 pexXuMiB poOOTH €NeKTPO-TEXHOJIOTIYHOTO
KOMIUIEKCY 0OpOOKH.

SlkicHa OYMCTKAa HACIHHA 1 TPaBWIBHUNH BHUOIp
e(EeKTUBHOTO TIPOTPYHHHKA XO04 1 € HEOOXiTHUMH
NepeyMOBaMH, ajie HE TapaHTyIOTh BHCOKOSKICHOI
00poOKHM HaCiHHA MpermapaTroM, a OTKE 1 JOCITHEHHS
MTOBHOTO 3HE3apaXeHHA ioro. BupimamsHuM Ha IOMY
eTami € TpaBIJIbHE NPUTOTYBAaHHSI poOodoi pimuHE i
BCTaHOBJICHHSI HOPMH BUTpatH ii Ha 1 T HaciHHA. Xopola
SIKICTh 0OPOOKH HACiHHSI 36PHOBHX KYJBTYP AOCATa€ThCS
po0OYOI0 PiIUHOIO, sSIKa MICTHTH 1-3 11 (KT) mpoTpyiHHHKa
Ha KoxHi 7-10 1 Boau. SIKIIO ) peKOMeHJO0BaHa HOpMa
BUTpaTH NpOTpyHHUKa Oinplia, a B poOody piauHY
JIOAAI0TH IIe i MIKpO- YM MaKpo-100prBa, HOpMa BUTPATH
BOAM MOXe OyTH BiAmoBimHO 30ibmIeHA. Y BHIAAKY X
3aCTOCYBaHHS  KOMIUIEKCHHX  BOIHHX  PO3YHHIB
MiHEpaIbHUX MIKpO- 1 Makpo-IoOpuB y xemaTHid Qopmi
BOHU MOKYTh BUKOPHCTOBYBATHCh 3aMiCTh BOJIH.

Pesympratn aHamizy TEXHOJIOTIYHHX 1 TEXHIYHHX

pilleHs MO0 MamWH AN HAHEeCEHHS  PigKuX
OTPYTOXIMIKAaTiB Ha HACIHHS CLIbCHKOTOCIIOAAPCHKIX
KyJIbTyp Ta TEOPETHYHHX JOCIHI/KEHb IEPeayMOB

peainizaiiii mporecy MPOTPYIOBaHHS cBiguath [1], 1110
JIeSKOTO ITiBUIICHHSI PIBHOMIPHOCTI OOpOOKHM HaCiHHS
PiAKMME TpenapaTaMu 0yJIo JOCATHYTO 32 PAXYHOK 3MiH B
KOHCTPYKIISAX Cy4acHUX IMPOTPYIOBAdiB, CHPSIMOBAaHHX HA
30UIBIICHAS 30HU B3a€MOJIil MOTOKIB HACIHHS 1 KparuTiH
pobodoi piaMHU Ta IIMapyBaTOCTI IOTOKY HACIHHA 3
METOI0 3a0€3MEUYCHHs] Kpaloro HNPOHUKHEHHS KparIvH
pO3NWICHOI pIOMHM B TMOTIK HACIHHA, a TaKOX
TIOTIePETHHOTO 30LTBIIICHAS BUTBHOT MTOBEPXHi
KOMITOHEHTIB 3 TPUPOJHUM JocylleHHsM. [IporpyroBadi
iHepUiHO-(PPUKLIHHOTO THITy NMpU3HAYeHI IS 0OpOOKH
HAaCiHHA pIOKUMH HE pO3MWICHHUMHU IIpernapaTaMmu B
TEXHOJIOTIYHUX JIiHIsIX HACIHHEOOPOOHUX 3aBOIIB, TyHKTIB
NPOTPYIOBAaHHs HACiHHS B HACIHHEBHMX TOCIHOJApCTBaX, a
TaKOX B PI3HUX IOCIOAAPCTBaX — BUPOOHHUKAX TOBAPHOI'O
3epHa 3a TEXHOJIOTIIMH HAIiBCYXOTrO IPOTPYIOBAHHS,
IHKpYyCTAaIii, Ne31HCeKIIi1, KOHCepBallii Ta iH., B TOMY YUCIi
i3 3aCTOCYBaHHIM IHHOBAIIITHUX TEXHOJOTIH, Cy4acHHX
MpemnapaTiB i KOMIUICKCIB TOOpHUB i MiKpOEJIEMEHTIB B
HAHO- Ta XeJNaTHi# Gopmi.

IaTeHcuBHE 1  HEOOIpyHTOBAaHE  3aCTOCYBaHHS
XIMIYHHUX 3aCO0IB 3aXUCTy POCIMH NPU3BOIUTH [0
3a0py/AHEHHS  HABKOJHIIHBOIO  CEPEHOBHINA, 3MiHH
BUJIOBOTO pi3HOMaHITTS ¢uiopu 1 QayHu, ycKiaIHEeHHs
TEXHOJIOTIT ~ BHPOLIYBaHHS KYJbTYP, 3HW)KEHHS
TEXHOJIOTIYHOCTI BCHOTO CLIIBCHKOTOCTIOIAPCHKOTO
BUpPOOHMITBA.  [IpMHIMIIOBO  iHIIMM  MeXaHi3MOM
3HE3apaKEHHS BOJOMIIOTH  CNEKTPO(I3UUHI  METOIH.
Hanpuknan onpoMiHEHHS €1€KTPOMAarHiTHUMH XBHJISIMA
HaJIBUCOKOI 4aCTOTH NPHU3BOAMTH 10 AESKUX BHYTPIIIHIX
3MiH Ha PiBHI KIITKOBHUX CTPYKTYp, SIK€ HOCUTb HE TUIBKH
TEIJIOBUM XapakTep 1 Mae CYTTEBHH BIUIMB HA
KUTTENIANBbHICT OioopranizmiB  [2]. Enextpodizuuni
MeTo 00pOoOKH HACiHHA — aNbTepHATHBA MEPEANOCIBHOL
00poOKM HACiHHS 32 JONOMOTOI0 XIMIYHHX Iperapartis.
Hocnian mokasyroTh, 1m0 (Gi3UIHUA CrMocid KOHTPOIIO
HaciHHeBOI iHQEKIT TakoX e(eKTUBHHUN, SIK 1 XIMIdTHHHA
cnoci6. lle mepm 3a Bce CHpaBeAIMBO JIKIIE TIO
BiJTHOIIICHHIO JT0 TBEPJOi OJIOBHI HA TIIICHHWII Ta JKUTA.
OnmHak BiH € HENOCTaTHbO JiEBMM IIOJO0 KOHTPOJIIO
ITUJIBHOT TOJIOBHI Ta IPYHTOBHX iH(ekuil [5]. B nannit wac
Bce  OUIBII  IIMPOKO  TIOIIMPIOIOTBCS  TEXHOJIOTIT
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BHKOPUCTAHHS  YJIBGTPaQioleTOBOTO OMPOMIHEHHS Ta
030HY I BUPINICHHS Pi3HOMaHITHHX TPOOJIEM.

VYaerpadioneroBe onpominenHs HaciHHI (YO,
(OTOCTUMYIIAIIST) BITHOCUTHCA N0 «3EJICHIX TEXHOJOT1I)
i 3a0e3meuyye axkTHBALi0 OIOJOTIYHMX MapaMmeTpiB
o0OpobimoBanoro marepiaxy. BeiMm Bimomo, mo 030H Mae
3HE3apaKyBaIbHUN e(EKT, SKHA 3JaTHUHA YaCTKOBO
3aMIHHTH  IIHPOKO  3aCTOCOBYBaHE  MPOTPYIOBAHHS
MIOCIBHOTO MaTepiajly, Tak SIK € €KOJIOT'IYHO Oe3NeyHOIo
PEYOBHHOIO 1 HE Ma€ IIKIJUIMBOTO BIUIMBY Ha HACIHHA 1
POCIUHH.

B ocHOBY ynbTpadhioJeTOBOrO  OIMPOMIHIOBAHHS
HACiHHS TOKJIAJIEHO BiOMUII Il HAIIUM TIPEeIKaM METOJ
MEPEIOCiBHOT  (POTOCTUMYIIAIIT MMif Mi€0 COHSIYHOTO
BHIIPOMiHIOBaHHS. Tineku 3aMicTh COHSYHOTO
3aCTOCOBYEThCA ~ IITydHe Y@  BHIPOMIHIOBAHHS.
VYuerpadioneToBe ONpoMiHEHHS — IIe HEBUANME OKOM
JIOAWHU eJICKTPOMAarHiTHE BUIIPOMIHIOBAHHS, SKE 3aiiMae
CIICKTPAIbHY 00JIACTh MK BUIAMMHUM 1 PCHTTCHIBCHKUM

BUIIPOMIHIOBaHHSIMHU. BakiuBuMH 10 pO3YMIHHS
NpUHOUIIB Aii ynpTpadiosieTy € nBa mapaMeTpu — Iie
JOBXHMHa  XBWI (B HM) Ta  IHTEHCHBHICTh
BUIIPOMIHIOBaHHS, SKi OB’ sI3aHi 3 JI03010
BUIIPOMiHIOBaHHSI.

VYaprpadioneroBe CBITIO ICHYE B IIHPOKOMY

miamasodi Bix 200 1o 400 M. B 3ameXHOCTI Big JOBXKHUHA
XBWII CHEKTp yIbTpadioleTy NOMIIAEThCI HA TpPH
mianmazonn — UVA, UVB wu UVC. Haiibinsima
OakTepHIUAHA Tis BiIacTUBa TiNbku niamazony UVC, 3
nikoM Ha 260-265 uM. [TpuHnun 6akrepunmanoi aii Y®
cBiTNIa MOB’s13aHUi 3 THM, WO (oroHn YO pyiiHyOTh
3B’s3KH B HykJeiHoBux Moiekynax, JJHK a6o PHK Ta
MikpoopraniamiB. Kpim TOro, 3HayHoro wmipowo Y@
ONPOMIHEHHSI crpu4KHse (HOTOXIMIYHI peakuii B Oikax
MikpoOiB.  Haii0inplmr  4YyTIHMBOWO — MINIGHHIO  JUIst
Oakrepunuaaoro Y ® onpominenns € JIHK Gakrepiid, maii
nne JHK JHK-Bmicamx Bipycie, a morim PHK PHK-
BMicHEX BipyciB Ta JJHK rpuois.

VYuprpadioneroBe  ONMpOMiHEHHS  HAciHHI B
MpOTpyrOBadaXx KpiM  MiACYIIyBaHHA  0OpOOIIEHOTO
HaCiHHJ, 3a0e3Meuye aKTUBAIII0 MPUXOBAHUX 010JIOTTYHUX
pe3epBiB POCIMH, a L€ B CBOK 4epry, IO3UTHBHO

[MO3HAYAETHCS HAa iX CXOXKOCTI Ta IHTEHCHBHOCTI
MIPOPOCTAHHS.

Haii6inpIn 1OCTYIHMM Ta LIIMPOKO 3aCTOCOBAHHM B
VYkpaini B SIKOCTI JoKepena yinsTpadioneTy

BUKOPHCTOBYIOTh PTYTHI JIAMIHM HHU3BKOTO THCKY. 85%
BUIIPOMIHIOBAHHS TaKuX JIaMIl MpUIAJae caMme Ha
JOBXHUHY XBHIII 254 HM, IO TOSCHIOE 1X OaKTCPUIMIHY
niro. CydacHi OakTepuuuaHi ynbTpadioseToBl JlamMIu
MOXYTh OyTH Taki, II0 HE YTBOPIOIOTH 030H, TOOTO Ge3
030HOBI Ta TaKi, [0 YTBOPIOIOTh 030H, TOOTO O30HOBI.
O30H mig gac poboTH Takux OakTepunuAHUX Y P-mamm
YTBOPIOETHCSL 38 PAXYHOK HAsBHOCTI «JI0JIATKOBOTOY
BHIIPOMIHIOBaHHSA Ha NMOBXHUHI xBwii 185 mm. Ilix miero
IIbOTO BUIIPOMIHIOBAHHS 3 KHCHIO, SKUH MICTHUTBhCS B
MOBITPi, YTBOPIOETHCA 030H. OTpUMaHHS 030HY MOXKITHBO
JeKinpkoMa  crmocobaMu, cepexl  SKAX ~ HaHOUIBII
MOUIMPEHNMHU € EJIEKTPOIITHYHUH, (oToXiMiuHMH, a B
CUIBCBKOMY TOCIIO/IAPCTBI  €NEKTPOCHHTE3 B  IUIA3Mi
razoBoro pospsny [7, 8, 9, 10]. IcHye Takox 6arato iHIIHX
TUIIB JDKEpen OaKTepUIMIHOTO YibTpadioneTy: pPTYTHI
JIaMIM K HU3BKOTO TaK i BHCOKOTO THCKY, IMITYJIbCHI

KCEHOHOBI JlaMI i ekcuMmepHi jJamnu Ta LED-mammm.
O30H BHPOOISIETECA 3 aTMOC(epHOro TOBITPS HA MicIi
HOT0 3aCTOCYBaHHS.

O30H cepen TPaTUIiHO 3aCTOCOBYBaHUX
OKHCITIOBAUiB 3aiiMa€ OCOOJIMBE MICIE 3aBISIKM BHUCOKIHM
peakmiiHoi 37aTHOCTI 1 IIBHAKOMY pO3KJIaJaHHIO. 3a
CBOEIO PEAKINHOT 34aTHOCTI O30H IMOCITAa€ Ipyre MicIe,
MOCTYNAIOYKCh Jume Gropy, i 3HaUHO MepeBepuIye iHII
LIMPOKO  3acTOCOBYBaHI  okucmoBadi. [lpm  Horo
BHUKOPHCTAHHI HE 3AJTUIIAETHCS TOOTYHIX MPOIYKTIB, sKi O
3a0py/IHIOBAIN OKUCIIOBAJIbHI pedoBUHU. EexTHBHICTH
BUKOPHCTaHHS O30HY JUIg OOpOTEOM 3  JAESKUMHU
LIKiTHMKaMH BKa3aHa B Tabuumi 1 [19].

Tabéauus 1. EQexTuBHICTS BHKOPUCTAHHS 030HY IS
060pOTHOH 3 NETKUMH IIKiTHUKAMHU.

Table 1. The effectiveness of the use of ozone to
control some pests.

YncenpHICTh KUBUX
JKYYKIB 4epe3 Micslb,

. T EdekruBHicTh
T Jo ITicns 3HUIIEHHS, %
030HYBa | O30HYBaH

HHSI Hsl
Pucoswii 3000 114 96,2
JIOBI'OHOCHK
3epHOBUit 632 11 98,2
TOYHMIBHUK
BymaBycuit 145 0 100
XpyIIaK

Hocmimkenusmu  [8]  ycranoBieHo, mo  3i
30UIBIIEHHSM BOJIOTOCTI HACIHHS KOHLEHTpALlis O030HY
3HW)KYETHCS, OCKIJIBKM YacTHHA Ta3y BUTPA4YaeThCs Ha
B3aeMofif0 3 Monekynamu Bomd (puc. 1). Osom
iHTeHCcH(iKy€e IMBUAKICTh CYIIIHHS HACIHHS 32 PaxyHOK
Oe3rocepeIHOro XiMi4HOTrO i GIOXIMIYHOTO BIUIMBY Ha
CLUIBCHKOTOCIIOIAPCHKUI MaTepiall, MOKpaIlye TPaHCIIOPT
BOJIOTH 3 BHYTPIIIHIX IIapiB i TEIIIOMacoOOMiH B TpoIieci
CYIIIHHA B ILJIOMY.

T

oy

3alexHICTD

Puc. 1. KOHIICHTpallii 030HYy B
O30HOTIOBITPSHIN cyMimIi B 3epHOBIH KyKypya3i Big dacy
PO3KJIaJaHHA ra3y Ta BOJIOTOCTI 3€pHa.

Fig. 1. Deposits of ozone concentration in ozone-
generating sums in grain corn per hour of distribution of
gas and content of grain.

BakrepunuaHuii MexaHi3M [l 030HA K OKUCHIOBadYa
TOJIATAaE B PYHHYBaHHI OakTepidl NUISIXOM iHAKTHBAILl
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OakTepialbHUX TMPOTEiHIB, TOOTO mUdy3icr0 dYepes
MeMOpaHy KIITHHH B IUTOILIA3MY 3 YPAXKECHHAM KUTTEBHX
LHeHTpiB. 3ajexHo Big 103W 1 Yacy nii 030HY,
MTOIITKO/KYIOTECSL Pi3HI KIITHHHI OpraHeld 1 sSAepHHH
amapar [12].

O30H oOKHcHs€ OOONOHKH MIKpOOHHX  KIITHH,
YCKIIaJHIOIOYM a00 MpPUIMHSIIOYM 30BHIIIHIA OOMIiH
PEUYOBHUH, i BUCOKHM PEIOKC-TIOTEHIIaIOM POOHUTH 1HIINM
SNIEKTPUYHHH 3apsi/i MiIKpOOHOT 000JIOHKH, 1110 MOPYIIYE Ti
MIPOHUKHICTH B OiojoriuHi 00'extH. Lli mopyuieHHs 4acTo
MaroTh HE3BOPOTHIH XapakTep 1 € NMPUYMHOIO 3aruberi
KJIITHH.

KopoTkocTpokoBe nepeOyBaHHS HACIHHS B O30HO -
MOBITPSHOMY CEpENOBHIII TNPU3BOIUTH OO ITOCHICHHS
OKHCITIOBAJEHHUX HPOIECIB, SIKI NPUIUHAIOTECS HPOTIIOM
JeKiMbKOX JHIB 30epiraHHs HACIHHS B 3BHYAITHUX YMOBaX.

O6pobka HaCiHHA yIBTpadioneTOBUM
BHIIPOMIHIOBaHHSM IPU3BOIUTH 10 301TBIICHHS CXOKOCTI
Ha 6-10%. 3a paxyHOk o0OpoOk:d BimOyBa€eThCs
MIBUINCHHS ~ MPOHUKHOCTI KIITHHHUX ~ MeMOpaH,

noJinieHHs QyHKIIT 0OMiHy pe4OBHH MK KIITHHOIO i
HaBKOJIMIIHIM CEpEIOBUIIEM, aKTUBI3aLlis TiAPOTITHIHIX
1 OKHCITIOBAJIbHO-BITHOBHUX MPOIIECIB.

Le 3abe3neuye B mepion HaOyxaHHS HACIHHS OLTBII
IIBUAKHUN JOCTYI BOJY 1 MOKUBHUX PEUOBHH JIO 3apOJIKa,
MIOCWITIOE JTUXaHHA 1 pocToBi mpomecu. L{ukin oOpoOku
ckianae ommspko 10 c. Ie#t crmocid xapakrepusye Mana
rmOWHA IPOHUKHEHHS XBII [6, 11].

Jns  migTBepIpKeHHS eQEeKTHBHOCTI po3poOiIeHOT
TexHoiorii B IHCTUTYTI OiO€HEPreTWYHUX KYyJIbTYp 1
LYKpoBUX OypskiB HarioHanbHOT akanemii arpapHUX HayK
VYkpainu Ha 3amosienHs TOB HBII «3epno i Cemena
VYkpainu» Oyna npoBeaeHa He3alle)KHa eKCIIepTHA OIliHKa
eekTUBHOCTI MeToy (OTO CTUMYJISILIT  HACiHHS
HaWOIIBII ~ MOWIMPEHMX  Ha  Tepuropii  Ykpainu
CUIBCHKOTOCTIOIAPCHKHX KYJIBTYD.

[ mpoBeneHHsS TOJIBOBHX BHUIPOOYBaHb Oyin
BHOpaHi HACIHHS COHSIIHUKY, IIYKPOBHUX OYPSIKiB, HACIHHS
KyKYpPY/31, HaCiHHS SYMEHIO, 03MMO{ NIIECHHUII] Ta COi.

[Ticns mpoBeneHUX BUNIPOOyBaHb OYII0 BCTAHOBIICHO,
0 y POCIMH COHSIIHMKY, BHPOIIEHHX 3 00poOieHoro
HACIHHS, CIIOCTEPITranocs:

- 30iUIbIIeHHS cXx0ocTi Ha 15,7 ... 16%;

- 3MEHUICHHs IOIIKPeHHs cipoi i Oino1 ruumii B 2,37
... 2,53 pa3u, pomosa B 1,79 ... 1,88;

- BPOXaiHICTh TiOPHU/IB COHSIIHUKY 301IbIIMIACS
Ha 1l ... 12,6%;

- Maca HaciHHA 30inbpmmiIacs Biamnosigyao Ha 4,03%
14,73% 1 cknmama 72,2 1 73,1 r 3amicthb 69,4 1 69,8 T.

AHanoriysi pe3ynbTaTtu 0yJn JOCATHYTI TpH 00poOIi
HaciHHA Oypska, SUMEHIO, COI, O3MMOI IIICHHII],
Kykypyasu [13, 14, 15].

O6poOka HaciHHA Tepe]] MOCIBOM  (i3HIHUMH
BIIMBAMH JIO3BOJISIE CTUMYIIOBAaTH (hizionoro-6ioximiuni
Iporiecd B HACiHHI, MiABHIIYE EHEPTil0 IPOPOCTaHHA,
abopaTOpHY Ta HOJBOBY CXOXKICTh, CIIPHSIE GOPMYBaHHIO
JIPYXKHIX CXOJIiB, 301IbIIIEHHS BPO>KaHOCTI 1 IMi IBULIICHHIO
HOTO SKOCTI.

B mMoaudikoBaHoMy mpoTrpytoBaui  (puc. 2)
iHepuiiiHo-dpukuiiHoro tumy I[THY-10 [16, 17, 18], B
SIKOMY HOETHYETHCS 1I03yBaHHs, PO3IOALIEHHS 1 00pOOKy
HaCiHHS PIJKUMH IECTUIIaMU OJHUM POOOYHM OpraHoM
3, a mud J0AaTKOBOi OOpPOOKM 3 MiACYITyBaHHSM

BCTAHOBJTIOETHCS HOBa MoaudikoBaHa Kamepa
npoTpytoBaHHsS 4 3 yubTpadioleTOBUM  €IEKTPO
BHIIPOMiHIOBauYeM 7, BCTAHOBJIECHHM Ha IICHTPAJBHIN
KOHCOJTI.

R

.~ 6

Puc. 2.

PobGounit mpomec  Moan(pikOBaHOTO
MpOTpyIoBada iHepuiiHoO-¢pukmiiHoro THIy [THY-10:
1 - Oyukep; 2 - TpyOka monaui poOouoi piauHWy;
3 - vamonoAiOHu# 3MimryBay; 4 - kKamepa MpoTPYIOBaHHS;
5 - no3atop HaciHHs; 6 - BUBaHTaXXyBajlbHa I'OPJIOBHHA,
7 - yapTpadioNeTOBHI  €JIEKTPO  BUIIPOMIHIOBAY;
8 - KOHIYHMH PO3OJITBHHUK.

Fig. 2. Working process of the modified disinfectant
of inertial-frictional type PNU-10: 1 - bunker; 2 - working
fluid supply tube; 3 - cup-shaped mixer; 4 - treatment
chamber; 5 - seed dispenser; 6 - unloading neck;
7 - ultraviolet electric emitter; 8 - conical distributor.

B mporieci npoTpyroBaHHs HACIHHS IiCHIs 3MilllyBaya
HEePEeMIlLyeThCs 10 BHBAHTAXXYBAJILHOT TOPJIOBHHH, MPH
UbOMY  TPOXOJUTH  4epe3  30HYy  OINPOMiHEHH:
yneTpadioneToM, A€ BiAOyBaeThCS MiACYIIyBaHHSA Ta
CTHMYyJTIFOI09a 00poOKka. Takok B Kamepi MPOTPYIOBAHHS
Mg Ji€0  yabTpadiosieTy YTBOPIOETHCS O30H, SKWK
JIOATKOBO Jie3iH(iKy€e HACiHHS.

BucHoBkH

1. Jlo OCHOBHMX IepeBar MeToJAa MEepPeAIOCiBHOT
CTUMYJISIIIIT  HACIHHS 3a JIOTIOMOTOI0 KOMOiHOBaHO1
00poOKH 3 030HOM Ta yIbTPadioIETOBUM ONMPOMIHEHHIM
BiTHOCSITBCSI:

- HU3bKa COOIBApPTICTH JOJATKOBOTO 3HE3apa)KCHHS 1
CTUMYJISIIIiSl HACIHHS,
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- 3pOCTaHHS €HEPTii CX0KOCTI MPOPOCTAHHS HACIHHS,
SIKE  TOTPanmuio Mg BIDIMB  (OTO  CTUMYJIALIL
ynbTpadiosleTOBUM BHUIPOMIHIOBAHHSAM, 1 SIK IPaBHIIO,
3HIBHINCA BTPAaTH BPOXKAIO 32 HEJOCTAaTHBOI BOJOTH
TPYHTY B II€piof MOCIBY.

- CyTTeBe 30UMBIICHHS BPOXAM0, IO TO30aBIsE 3
ONTHMAJIBGHUMHU 3aTpaTaMd OTPUMATH MaKCHMallbHHH

npuOyTOK;
- po3po0JicHa TEXHOJIOTIYHA YCTaHOBKa Ha 0asi
MIPOMHUCIIOBOTO ~ TPOTpYyIOBada  J03BOJIIE  0OpOOISITH

HaCiHHS 3 TBEPAOI0 OOOJIOHKOIO IOCHTIJOBHO PIiIKHMHU
npenaparami, MOTIM B yibTpadiolieToBoMy momi 3
030HOM, MHJACYIIYIOUA Ta 3HE3apaKyloul HACIHHA |
CTHUMYIIOIOYH POCTOBI MPOIIECH;

- Iepexia MPOAYKIi B PO3pPS 3eJICHUX TEXHOJOTIH i
OpPTaHIYHOTO 3eMJIEPOOCTBA y BHIAIKy OOpPOOKH TITBKH
6i0JIOTIYHMMH TIpenapaTaMH, 10 BIUIMBA€E Ha 301BIICHHS
eKCIIOPTHOTO  IOTEHIiaJly BHPOLIYBAaHHSI MPOIYKIIii,
3yMOBJICHE BIJIMOBOIO BiJi BHUKOPHCTaHHS TOKCHYHHX
XIMIYHHUX TIpenapaTis.
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[MOBBIIIEHUE KAYECTBA ITPOTPABJIMBAHUS
CEMSIEH CEJIbCKOXO3SCTBEHHBIX KVJIbTYP
C TIOMOII[bIO KOMBUHUPOBAHHOI
OBPABOTKHU

O. H. Beuepa, B. B. Kyanos

AHHOTammsi. B cTaTbe mNpuUBEIEHBI PE3yJIbTATHI
WCCIICIOBAaHMI  mpolecca  NPOTPABIMBAHUS — CeMsH
CEIIbCKOXO3SICTBEHHBIX KYJIBTYP C IIEJIbIO BBISBICHUS
NPUYMH HECOBEpIIEHCTBA pabouero mpoiecca MNpu
HCIIONIb30BAHUH JKUJIKUX TIPENapaTtoB M HPEIOKEHO
MOBBILIIEHUE KauecTBa C IOMOIIBI0 KOMOWHHPOBAHHOU
00paboOTKH CEMSH.

CymiHocTh paszpaboTaHHOM Moau(UKaIuu
POTPaBIUBATEIS CeMsiH 3aKIIFOYaeTCs B
KOMOWHUPOBAHHOW 00pa0bOTKe ero — mocie o0paboTKu
KUAKAMHA TECTHUUIAMH OJHUM pabO4YMM  OpraHoM
nobasnsercs 00paboTka yIbTpadHoIETOM U 030HOM IS
NOACYIINBAHMSA, AC3UHPEKINH U CTUMYIHPOBAHUS CEMSH
BHYTPH IPOTPABIUBAIOIICH KaMephI 32 OJJMH MPOXOI.

B koHIe craThM mpHBeOeHa cxeMma pabodero
npolecca IPOTPAaBUTENS U BBIBOABI M IEPCIEKTHBEL €0
HCIIOB30BaHMUS.

KnioueBble  cjIoBa:  IIPOTpaBUTEb,
yIbTpaduoIeT, 030H, CTUMYIISIIS.

ceMeHa,

IMPROVING THE QUALITY OF AGRICULTURAL
SEED TREATMENT WITH THE COMBINATION
OF COMBINED TREATMENT
O. M. Vechera, V. V. Kuianov

Abstract. The article presents the results of research
on the process of seed treatment of agricultural crops in
order to identify the causes of imperfections in the work
process when using liquid preparations and proposes
quality improvement through combined seed treatment.

The essence of the developed modification of the seed
treatment is its combined treatment - after treatment with
liquid pesticides by one working body, treatment with
ultraviolet and ozone is added for drying, disinfection and
stimulation of seeds inside the treatment chamber in one
pass.

The final part of the article presents a diagram of the
working process of the disinfectant and the conclusions and
prospects for its use.

Key words:
stimulation.

treater, seeds, ultraviolet, ozone,
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bion. 14, puc. 20, maon. 1.

AnoTtauis. CygacHe arpapHe BUPOOHHUIITBO HaIliJICHE
Ha OTPUMAaHHSI MAaKCHMalbHOI BpOXKaHOCTI  Ipu
BUPOIIYBaHHI MPOAYKIil pocnuHHULTBA. [eHeTnka
CTBOPIOE COPTH Ta TiOPUIH, IKi MAKCUMAJILHO PEai3yloTh
cBiil OiOJIOTIYHMH TMOTEHLiaJl y BIAMOBIJHOCTI IO YMOB
BUpomlyBaHHA. OJHaK  aKkTyaJbHOIO  3aJaueio €
3a0e3neueHHsT TEXHOJOrii, a caMe MoTped pOCIHH Y
BiZMOBiMHUX (pazaX pocTy i PO3BUTKY Yy HaWKOPOTII
CTPOKH.

HunimHi  po3pobkm, y TOMy dHem 1 s
arpoBHPOOHUIITBA,  3AIIOJIOHIWJIM  PHUHOK  HOHU(PPOBHX
TEXHOJIOTiHf Ta 3aco0iB MexaHizamii. [l edexTuBHOTO
arpoimKHUHIPHHTY moTpiOHa MOJICpPHOBA 0aza
KOMIUIEKCHUX TPHUKIAJHUX JOCIIKEHb €()eKTHBHOCTI
BUKOPHCTaHHS  HOBITHIX  pO3pO0OK y  Cy4YacHHX
BUpOoOHMYMX ymoBax. Crii 3ayBaKHTH, IO KOXHA
po3pobka Oy/e MOKa3yBaTH Pi3HY €(PEKTHBHICTH, a came
Pi3HI OKa3HUKH SKOCTI Y pI3HMX BUPOOHHYMX YMOBaX.

EdekTuBHICT TPOBEAEHHS MOJILOBUX JIOCIIKEHb
BUKOPHUCTaHHS  OE€3MUIOTHOrO  JIETAIBHOTO  amapary
(BIJTIA) XAG XPlanet Ha 4YoTHpu BEHTHISTOpA
npoBoaniock B CyMCbKOMY pETiOHI Ha AOCIIAHUX IMOJSAX
CyMCBHKOTO HalliOHAJILHOTO arpapHOrO YHIBEPCHTETY.
VYHIKaNBHICTh JOCTIHKEHb TOJNATalla Y TOMY, IO Oyia
po3pobieHa  MeToAWKa 3 3aly4eHHsAM  (haXiBIIiB
arpoiHKMHIPUHIOBOTO 1 arpOHOMIYHOI'O HAmpsMiB Ta
¢daxiBuiB y Tady3i (I3UKHA I BU3HAYCHHS CTYMCHS
MOKPUTTS JIUCTa POOOYMM pPO3YHMHOM caMe Mpu Horo
«3anmarienHi» nonatsimu BITJIA; BukopucTaHa METOIUKA
JipKATam3amnii MapkepiB 3a JOMOMOTOK BHU3HAYSHHS
KOJIbOPY pOOOYOro po3unHa 3 ypaxyBaHHSIM 3MiHH HOTO
SICKPaBOCTI B 3aJIEKHOCTI BiJ] HPOMDKKY 4acy BiJI
HAaHECEHHS [0 JOCHIIKEHHS; BIJCIKAHHA TEMHUX
BiZIOJIMCKIB NpH IPOBEACHHI CKaHyBaHHS MapKepiB.

JocnijpkeHHsT TpOBOAWINCH TPH  PI3HIH  BHCOTI
noipory: 3, 4 ta 5 M Haag pIBHEM pOCIMHH Ta 3
ypaxyBaHHSM Pi3HOI IIBUAKOCTI MOJBOTY: 6, 8 Ta 10 M/c.
BiANOBigHI maHi Oynmm o0OyMOBJIEHI pi3HOI BHCOTOIO
pociuH, pensedy Ta KOH)Iryparii moist, po3TanryBaHHIM
JIPOTIB €JIEKTPUYHUX MEPEK.

Po3pobnena wMerommka Ta TPOBEAEHI IMOJBOBI
JIOCITIJKEHHS JaJii 3MOT'Y 3pOOUTH peajibHi peKOMEHAaii
JUISL Cy4acHUX arpOBUPOOHMKIB Ha IpeMeT eheKTHBHOCTI

BukopuctanHsa BITJIA s BHeceHHS poOOYHX PO3UHHIB Ta
BHOOPY €peKTHBHUX PEKUMIB pOOOTH.

Kirouosi ciaoBa: SAKICTb ~ OONPHUCKYBaHHS,
OesninoTHuit mitaneHi amapatu (BIUIA; UAV), po6oua
HIBH/IKICTh, BUCOTA HAJ[ arPOKYJIbTYPOIO.

ITocTaHoBKa MpodaeMu

30epekeHHST BPOXAIO arpoKyJlbTyp € TOJOBHHUM
3aBIAaHHSAM BHPOOHWKIB TPOAYKIII  POCIHMHHHUIITBA
BIIPOJIOBX YCBOTO Tepiomy iX BHpONIyBaHHA — BiX
00pobiTky TpyHTY no 30mpanHi. OZHHM i3 3axOfiB
30epeKeHHSI ypOXKalo arpo KyJabTyp Ta HOTO SIKOCTI €
NPOBEACHHs JecuKalii MOCIBIB Ha 3aKIIOYHOMY eTari
TXHBOTO BHUPOIYBaHHS. 3aBASKHA TAKOMY 3aXO0Jly POCIUHU
HIJICYIIYIOTECS, WO CHpusie eQeKTHBHIIIOMY 30MpaHHIO
IXHBOTO BpOJXKAIO, MO3UTUBHO BIUIMBAE Ha 3MEHILEHHS
3a0yp’sIHEHHS MOCIBIB, 3HWKYE MEPE3BOJIOKEHHS POCINH
3a BOJIOTO1 IIOTOAM.

B ocranHi KiJIbKa IECATHIITh BHECEHHS IIECTHIIM/IIB B
OCHOBHOMY 3/1iHCHIOBAJIOCS IBOMA CII0cO0aMu: Ha3eMHUM
i nositpsauM [1]. EdexrtuBHicTs 00MpHCKYyBaHHS
3HAYHOI0 MIpOI0 3aJICKUTh BiJ] SKICHOTO BHECCHHS
npenapary. Burtpata poGodoro posumHy Mae OyTn
JIOCTaTHBOIO JUIsi TIOBHOTO 3MOYYBAaHHS BCi€l TOBEpXHi
KyJIbTypHHUX pociuH. 1100 yHUKHYTH CTIKaHHS MpenapaTy
3 00poOneHoi MOBepxHi, OONPHCKYBaHHS Mae OyTH
JpiIOHOKpamnenbHUM i3 HOPMOIO BHUTpaTH poOOUYOro
po3unHy 3a HasemHOro 3acrocyBanHs 250-400, 3a
aBiauiiinoro BHeceHHst — 50-70 5i/ra Ta npu BUKOPHUCTAHHI
BIIJIA — 4-5n/ra. 3HWKEHHS SKOCTI BHECEHHs 3aco0iB
3aXHCTY POCIIMH, a CaMe 3HECEHHsI Kparejib Ma€ BIUIMB Ha
HaBKOJIMIIHE CEPEJOBHIIIE, 1[0 MOXKE MOMIKOANTH Yy TINBI
POCIWHM, BIUIMHYTH Ha IOITYJILiI0 MPUPOIHUX BOPOTIB
LIKITHHKIB, 3MEHIIUTH MOIMYJIAIT  3alWIIoBayviB,
BUKJIMKAIOTh 3a0py/IHEHHS! HaBKOJIMIIIHBOTO CEpeIOBHIIIA,
i 3arposKyBaTH 3710pOB't0 JIt0JIel 1 TBapuH [2, 3, 4, 5, 6].

OOnpucKkyBaHHSA —  HAWMOIIMPEHIMUH  Ccrocio
HAHECEHHS Ha ITOBEPXHIO, 1[0 00POOISIETHCS, HECTUIILY Y
BHTJIAZI PO3YHMHIB, eMyNbCiif Ta cycrnensiil. [lepesara foro
nojsira€ B TOMY, IO IpPH MalKMX BHUTpaTax JAil04o0l
PEUOBMHHM HA OJMHMIIIO IUIONII MOXHa 3a0e3NneuuTH
PIBHOMIpHHI PO3IOALT PiIMHM 1 HOKPHUTTS MMOBEPXHI; MIPH
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J0JIaBaHHI 10 CKJIaay poOoYoi piIuHU MPUIUTIAYiB
3a0e3meuyeThesl HamiiiHe yTpUMaHHS Ipermapary Ha
MOBEpXHi, IO O0OpoOIsAEThCI, a TMpu  JOoJaBaHHI
CHHEPTICTIB — OZICpKaHHSI CHHEPTIdHOTO e(DeKTy.

MoskHa 3aCTOCOBYBATH CYMIIlli TIECTHIIUIIB OJHOTO
a0o pizHOro Npu3HaueHH. EQeKTHBHICT OOMTPUCKYBAHHS
MIEBHOIO MIPOIO 3AJIC)KUTH Bl METCOPOIIOTIYHUX YMOB.

TakuMm 4HHOM, OCHIKYIOUH MPOBECHHS BHECCHHS
3ac00iB 3aXUCTy POCIUH OC3MUIOTHUMH JITAJIbHIUMU

armapatamMu, B SIKOCTI TOJOBHHMX (pakTopiB MaroTh
BUCTYNATH SKICTh 00pOOITKY, e(EeKTHUBHICTB,
3a0e3neueHHss OCHOBHMX (YHKIiM JaHol omepauii,

JIOTPUMAaHHS arpOTEXHIYHHX BUMOT.

Ha ocuoBi wmomeneit CHARM (Comprehensive
Hierarchical Aeromechanics Rotorcraft Model) i AGDISP
Ta 00ME)XEHHUX ITOJBOBHX 1 a6pOTUHAMIYHHX JTOCIiIKEHb,
po3mip kpanens, [7, 8] mBuakicts BiTpy [9], mBHAKICTH
momsoTy Ta  BHcora  Bumycky [10]  BusHaHi
HaWBaXJIMBIIMMHU (DAKTOpPaMU, IO BIUIMBAIOTH HA SIKICTh
IIPOBEACHHS OONPUCKYBaHHS.

AHAaJii3 oCTaHHIX JOCTiIKEeHb

o6 30mpaT; BHCOKI # CcTaOLTBHI  BpoXkai
CUTBCHKOTOCTIONAPCHKUX ~ KYJIBTYp, TOTpiOHa cydacHa
epeKTHBHA TEXHiKa, sKka O 3a0e3lednia BYACHE 1 sSKiCHE
BUKOHAHHS BCIX OIepaliifi TEXHOJOTIYHOTO THpolecy
BHPOOHHUIITBA CLITBCHKOTOCTIOaPCHKOT TIPOIYKIIii.
BaxnuBo mpu 1pboMy MaTH HaiiMEHI eKcILTyaTaliiHi
BUTpPAaTH Ha BHUKOPHCTAHHS TEXHIKM MiJ 4Yac XiIMI4HOTIO
3aXHCTY IOCIBIB.

HaykoBo  oOrpyHTOBaHE  BH3HA4YeHHS  CKJIaay
KOMIUIEKCIB MallMH 1 CTPYKTypH MAIIMHHOI'O TapKy B
[IJIOMY, @ TaKOX BU3HAYCHHS METOMIB 1X e€()EeKTHBHOIrO
BUKOPHCTaHHS € OCHOBHHUM €JIEMEHTOM JisTIbHOCTI
MPAliBHUKIB 1HXCHEPHO-TEXHIYHOI, AarpoHOMIYHOI Ta
€KOHOMIYHOI CIy)X0 MiIIPHUEMCTB arpornpoMHCIOBOTO
KOMIUIEKCY Y KpaiHu.

KigpkicTh  XIMIYHMX  JOIISOiB, 1X  SAKICTH 1
MepioIMIHICTh BUKOHAHHS 3aJI€)KATh BiJl BIACTHBOCTEH Ta
epexkTuBHOCTI Al camux mpemnapariB, Kamigikamii
NPAIBHUKIB, NPUPOJHO-KIIMATUYHUX  YMHHHUKIB 1
JIOCKOHAIOCTI  3aco0iB  Mexadisamil JIsi  BHECEHHS
IECTULIMIIB.

OmHe 3 TOJIOBHMX 3aBIaHb, M0 CTOITh Iepen
crewiaicTaMy arpolpoMHICIOBOT0 KOMITIEKCY, TIOJISATAE Y
BU3HAYECHHI JUIA KOKHOTO TOCIOAapcTBa a00 MAIIMHHO-
TEXHOJIOTYHOT CTaHIII1 TaKo1 MiHIMaJIbHOI, ajie JOCTaTHLOT
KUTPKOCTI MAIIMH 1 arperaTtiB Juil Ximizamii, ska
3a0e3MeunTh BHUCOKY SKiCTh pOoOOTH Ta HaiijemeBe ix
BUKOPHCTAaHHS B Pi3HUX yMOBax ekcruryaranii [Ommoka!
HCTOYHUK CCHUIKH He HaiiIeH.].

OOmnpuCcKyBaHHSI BHKOPHCTOBYETBCS Yy 0araTbox
TEXHOJIOTISIX ~ BUPOLIYBAHHS  CUIbCHKOTOCHOAAPCHKUX
KyJnbTyp, II€ 3aXHCT BiJl IIKIJHWKIB Ta XBOpPOO,
iPKUBJICHHS Ta 60poTh0a 3 Oyp’ stTHaMHU.

OO6npuckyBadi mMmepmMMH BXOJISATH Ha TIOJIe Ta
MIPALOIOTH JI0 CaMoi OCEHi.

V¥ cucremi 3acTocyBaHHS XIMIYHHX 3aC00iB 3aXHCTY
pPOCIIMH BHpilaJIbHE 3HAYEHHS Ma€ He JIMIIE KUIbKICTh
pobodoro po3unHy, a il mepmr 3a Bce SKICTh BHECEHHS,

€KOJIOTIYHICTh 1 €KOHOMIYHICTh, €(EKTHBHICTH CaMOTO
TMIPOLIECY 3aCTOCYBAHHS MECTHILIUIB.

SkicTep BHeceHHS po0O0UYOl pITMHH BH3HAYAETHCS
HOPMOIO BHTpAaTH IHpemapaTry, pPO3MIpOM KpaluliH Ta
TYCTOTOI0 TOKPHUTTS HHUMH OOpOOIIOBaHOI MOBEpPXHI H
3aJIeKUTh HE TUTBKK BiJ MOMIOHOTO (YHKIIOHYBaHHS
pobodoro ob6nagHaHHS OONPHCKyBada MPaBHIBHOTO
HaJIaro/pKyBaHHsI IIUX MAallHMH Ta eKCIUTyaTalii. 3a ocTaHHi
50 pokiB miAXia N0 BHECEHHS 3aCO0IB 3aXHCTy POCIUH
(33P) Ha momi KapAWHAIBHO HE 3MIHHBCS. [ OJIOBHHMU
IHCTpYMEHTaMH 3aJIMIIAIOTCS TMPHUYINHI, cCaMoXiiHI Ta
HEeBENMKI HaBicHI oOmMpHcKyBaui. Mana aBialis TakoX
3actocoByeThesl. IlpoTe ii yacTka Ha PUHKY IOCTYIOBO
3MEHIIYyeThCA. HaToMicTh 3’MBISAIOTECA TepIni pododi
MPOEKTH  yIbTpaManaoo0’emMHoro BHeceHHS 33P 3a
nonomororo BITJIA [Omuéka! MCTOYHMK CCHUIKM He
Haiigen.].

Cama ormeparisi BHECEHHSI 3aC00iB 3aXUCTy POCIHH
HeckianHa. lle oOpoOka pociauH abo IPyHTY poOOYHMM
po3unHOM mectunuAiB. [IpoTe HesKicHE BHECEHHs
NPUBOAMUTH 10  3HWKEHHS  BpPOXKAWHOCTi,  POCTY
cobiBaprocti Ta 3arubeni mnociBiB. [oJoBHa mpu4KMHA
NIOraHOTO BHECEHHS 3aC00iB 3aXUCTY POCIUH — JIIOJICHKHUI
(axrop. Oco6mmBo npu pobori CTapuUMH
HEaBTOMATH30BaHUMH  oOmpuckyBauamMu  [Ommoka!l
HCTOYHHUK CCHIIKHM He HaliieH.].

SIkicTh  BHECEHHS  TECTHLUIIB  3aJEXHTh, B
OCHOBHOMY, BiT HOPMH BHUTpaTH po0OOdY0l piIuHH,
JCTIEPCHOCTI PO3MUJICHHS, PIBHOMIpHOCTI 0OpOoOKH Ta
CTymeHs OcCilaHHs Tnpernapary Ha o00'ekT 00poOKu.
OcHOBHUMH (DaKTOpaMH BILIMBY HOPMH BHTPaTH poOOYOT
piivHM Ha OIONOTiIYHY €(EeKTUBHICTh 3aCTOCYBaHHS
NECTHLUIB € yTPUMaHHS Npernapary Ha pOCiIMHAaX Ta
CTYIIiHb OKPUTTS IXHBOI MMOBEpXHi. BU3HaYeHO KPUTHUHY
MEXKYy YTPUMaHHS POCIMHAMHU piAMHM Ha OOpOOJIeHii
MMOBEpXHi, 30UIBIICHHA BUTPATH PO3YMHY, IO MEXKY
CIIPUYMHIOE Pi3Ke 3HWKEHHS €()eKTHBHOCTI BUKOPHCTAHHS
nectunuaiB. Ll Mexa pisHa 11 OKPeMHX POCIHH,
BiIMOBiTHUX (a3 TXHHOTO PO3BUTKY 1 Ma€ BiTHOCHO
HeBenuKe 3HadeHHs. /[l OimbimocTi 3epHOBHX Ta
MIPOCANHMX KYJIBTYp, KPUTHYHA HOpMa BUTPATH poOOYOl
pIAMHM JUIS ONTHUMAaJbHOTO YTPHUMaHHS KpaIuIMH Ha
pocnuHax craHoBUTh 350-400 n/ra. 3 npyroro OoKy,
HOpMa BHUTpaTH poO0YOi PiJUHU Mae OYTH JOCTaTHBOIO
JUIs 3a0e3nedeHHs MOTPiOHOI TYCTOTH MOKPHUTTS POCIHH
kparuinHaMu. Cama K I'yCTOTa MOKPHTTS 3aJIeKUTh BiJ
HOpPMH  BUTpaTH poOodYoi  pigUHH, JUCIIEPCHOCTI
PO3NMWIICHHS Ta CTyNeHs ocigaHHA KpamuH. CBo€lo
Yeproro, JUCIEPCHICTh PO3IHIICHHS BIUIMBA€E Ha OCiJIaHHS
KpaluinH Ha 00'eKT OOpOOKH, CTYIiHb IOKPHUTTS
IIpenapaToM pOCIMHHOI MOBEPXHI, yTPUMaHHS TpenapaTy
Ha Hilf, IPOHUKHEHHsI B TKaHUHY (JINCTKOBa abcopO1lis) Ta
Ha TOKCHYHICTh HOTO Ui IIKIIUIMBHUX OpraHi3miB. Tomy

AKICHE pPO3MMWIEHHS pobodoi pIgMHKM  KpaIuIMHAMHU
ONTUMANIBHOTO PO3MIpy € OCHOBHHH (akrop, II0
3abe3nedye  eQeKTHBHICTE  0OpOOKH [Omubka!
HcToYHMK CCHIJIKM He Hali/leH.].
Mera nocainkeHb
Mertoro MIPOBEACHHS €KCIEPUMEHTATbHUX

JOCIIJKEHb TP BUKOPHCTAHHI O€3MUIOTHOTO JITaH04YOro
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amapaTy Uil OONpPHCKYBaHHA IIOCIBIB € OTpHUMAaHHSA
MMOKAa3HHUKIB AKOCTI BHECEHHS po00YOro po34YMHy Ha
MMOBEPXHIO POCIUMHH TpPH PIi3HHX pPOOOYNX peKAMax
BHECECHHS Ta JUPEPEHIIHOBAHIA BHCOTI IMTOIBOTY.

Pe3yabTaTi A0ocHiIKeHb

Meronuka TPOBEICHHS JIOCTI]TiB OIIHKH
e(eKTUBHOCTI HOKPUTTS POCIHHU

Jlnis moyaTky npoBeieHHS AOCIIKEHHS MU BUOpanu
BIJINIOBiJTHI TOTOJMHI OOCTAaBMHM, Halla TEMIEpaTypa
noBiTpst Oyina 14°C, ta Bonoricts 51%, a IBUIKICTE BITPY
Oyna 3m/c, IpOMY € MIATBEPIDKCHHS, sKi Oynu B3SATI 3

MOKa3HUKIB MOOIITBHOTO TIPHCTPOIO (puc. 1).

“|‘ MpenmyiL
COJIHEMHO

& OCAKM
U 4HEen.

14° 51 %

Mo owyLeHnam
npUMepHoO

TaK xe.

Touka pocbl
ceilyac — 4°.

14 km L 4
775

MM pT. CT.
CeWvac scHo. N %

Puc. 1. MeteopoJioriuHi MOKa3HUKH TSI IPOBEICHHS
IoCHimiB.
Fig. 1. Meteorological indicators for experiments.

[Ifo6 mouatu pobory BIIJIA st mpoBeACHHS
JIOCTI/TiB, MOTPIOHO 3pOOUTH KOHTYp MOJIs, IS TOTO, 100
BIIJIA 3mir mnobOymyBatm co0i  MapmpyTd Uit
oOnpHCKyBaHHS.

Jns mporo HaM MOTPIOHO BKIIIOYHUTH MOOUTBHHMN
npUCTpiit, skuit € Moxynem ynpasiinas BIUJIA (puc. 2).

Puc. 2.
TPUCTPOEM.

Fig. 2. Calibration of the UAV by a mobile device.

A motim 3adikcyBatu RTK 0a3y 3a nomomororo
TPHUIOJY B OAHOMY Mictii (puc. 3).

Kaniopysanus  BIIJIA  moOimesHEM

e

nc. . .RK 0a3a Ta TpHIOI.
Fig. 3. RTK base and tripod.

3a g Toro, mo0 MM HE Mall TOTPIIIHOCTI B
TOYHOCTI OOTIPUCKYBAaHHS BECh KOHTYp IOJS HEOOXiIHO
MIPOWTH 3a JOMOMOTU pPOBEPY, SKUH (iKcye Kpall mous.
[Ticnst 3amipy KOHTYpa 10JIs1, MU H0oro 30epiraemo y xmapi,
o6 3pobutu 3aBmaHHs s BITJIA Ta HajmamTyBaTH
napameTpu moJist. IligroryBaru podody cymi, sIKOx Oye
OONPHUCKYBATUCS POCIIMHA, Ta MPOBECTH KaIiOPOBKY
KOXHOT (POPCYHKH, I TOYHOTO PO3NUIIOBAHHS Ta 3aJlaTH
po3mip  kparti (200 MuKpoHiB), sAkol  Oyz;e
31ilficHIOBaTHCS OONPHCKYBaHHS B HAIIOMY JOCII/DKEHHI.
(puc. 4).



120

B. M. 3y6xo

' Puc. HpnroyBaH;[ KoueHi“paTy Ta HiI[TOBKa
BIUTA no BunbsoTY.
Fig. 4. Preparation of concentrate and preparation of

the UAV for departure.

[[To6 mo6aunuTH ePeKT HAIIOTO JOCTIKEHHS HaMU
OyB TIpUTOTOBaHUK poOouYnii po3umH 3 (hapOHUKOM
YEePBOHOI'O KOJILOPY Ta BHUKOPHCTAHO MapKepH, siKi MU
pPO3TaIIOBYBAIM HA TOBEPXHI MOJS Yepe3 KOXHi 35 CM.
JIs bOTO MM 3aCTOCYBAJIM IMICTh JCPEB’SHUX IIAHOK
po3mipom (20x40 cMm) Ta TOBKUHOI 2 M KOXHA ,a TAKOXK
nakMycoBui mamip ¢opmary A5 B kimpkocti 125 mr,
¢dikcyBaTH Haml JIAKMyCOBMW Iamip 3a JOHNOMOIOIO
OymiBeIbHOIO CTeIuiepa, IM00 Hallli Mmamipii He 31yJI0,
komu BITJTA Gyze mpomnitatu Hax HUMH (puc. b).

Fig. 5. Location of markers on the field surface.

ITicnst BUKOHAHHS MiATOTOBUOT pOOOTH MU 3aIyCKallu
Ham BIUTA, i mepmuMm Ham BWiIT OyB 3a TakuMHU
napameTpamu (IBUIKicTh 10 M/c Ta BUcoTOI0 5 M), 1 MU 3
KO)KHAM HAIllUM HACTYITHUM BIJIITOM 3MIiHIOBAJIM HAIIi
JAKMYCOB1 Tamipii Ta mapamerpu, 3a Uil TOYHOCTI
JIOCTIKCHHS, a TaKOX BHU3HAYCHHS CEPEIHBOI ILIOIII
MTOKPUTTS MapKepa.

TexHiuHa XapaKTEPUCTHKA OO0 €KTY JOCHTIKEHb —
XAG XPlanet. XAG XPlanet — onrrumanbHe pillleHHs 1S
CIJIBCHKOTO TOCIIOAAPCTBA. 3aBISIKM BEJMKINA MOTYKHOCTI
BITJTA mMae MOXJHBICTh MepeHOCUTH 10 20 J KOPHCHOTO
HaBaHTAXKCHHS, MiABUILYE €(EKTHBHICTh T4 €KOHOMHTH

gac. Y4acTp MIOTa y TPOLECi YHpPaBIiHHA OyXe
MiHIManbHa. A caMe: CKJIaJaHHs MOJBOTHOTO 3aBIaHH,
3aMiHU aKyMyJsITopiB Ta cymimeit st BITJIA. Baecenns
Ta MJIOTYBAaHH BiI0OyBa€THCS B ABTOHOMHOMY PEKHMI, 10

YHEMOXIIMBIIIOE HETOYHE BHECEHHS Ta IIOABiHHE
MIEPEKPUTTS.

Touna Ta edekTUBHa JOCTaBKa 3aco0iB 3aXUCTy
POCIHH.

RTK mo3umioHyBaHHS 3 BHCOKOIO TOYHICTIO.

[No3unionyBannss BIIJIA y mnpocTopi BHKOHYEThCS 3a
jJonoMororo ontuyHoi Ta RTK cucrem, mo m03BOJIUTH
OTpUMATH L€ OiJIbITY TOYHICTB BiJ 5 10 2 cM.

PosnopomeHHst  pOTOpPHOTO  TUIy, IIBHAKICTH
obepranas mo 16000 006/xB, perymsOoBaHHN pPO3Mip
Kpanenb 85-550 MKM.

VYupaBimiHHA ~ OONPHCKYBaHHAM i3 3MIHHOIO
MIBHIKICTIO. ABTOMAaTHYHUN KOHTPOJIb HOPM BHECEHHS Y
Yac, SIKAH 3aJISKUTh Bi/I IIBUIKOCTI IOJBOTY.

OcHaileHMd HaJiiHUM BCeOIYHO CIPSIMOBAHUM
uudposum panapom, ueir BITJIA edexTnBHO yHUKae
MEepelIko], MNPy TMOJbOTaX. 3aBASKH BJOCKOHAIICHIN
CHCTEeMI OONPHUCKYBaHHS BiH O€3/10raHHO BUKOHYE POOOTH
i3 3aXUCTY POCIIHH.

PosymHmit pesepByap mis pinwHU. BumiproBaHHS
o0csry B peadpbHOMY dYaci. 3aBISKH HE3JIIYCHHUM
JOCIHI/DKEHHSIM Ta CKCIEPUMEHTaM, IHTeJNeKTyaJIbHUH
pesepByap s pimmHE Ha 20 1 poO3poONCHHH LIS
CTBOPCHHS iIecalbHOrO OajaHcy MiXK MOOLUTBHICTIO Ta
BaHTAXXOIT JHOMHICTIO.

Jani xapaktepuctuku npo XAG XPlanet, HaBeaeHi B
Tabnui.

Tadauus 1. Xapakrepuctuku XAG XPlanet.
Table 1. XAG XPlanet characteristics.

[TpoyKTHBHICTD npu | 8-10 ra/ron.

00IpHCKYBaHHI:

Kinpkictb hopcyHOK: 4.

upuna o0OpoOku mpu po3ciBi | 2-5 MeTpiB

HaciHHS Ta TPaHy:

upura 0o6pobkm  mixm  wac | 4-7 MeTpiB

0oONIpHCKyBaHHS:

EdexrusHa BrcoTa 00poOKH: 1,5-5 meTpiB

[IBUAKICTH OTBOTY: mo 10 metpiB 3a
CeKyHILY

TpuBanicts MOJILOTY i3 | 10 xBumH

HaBaHTAXXCHHIM

YnpasiniHHS Yepe3 aBTOMLIOT: GPS, pexum AB

BanraxxomigiioMHICTb, emHicTh | 20 kr/i (ab6o 16 kr

Oaka: HaciHHsI, TPaHyI)

JlanbHicTh KepyBaHHs mmojgpoToM: | 1000 m

ATpOTeXHIYHI BHMOTH JO MAIIUH [ 3aXHUCTY
pocnuH. MamuHl A% 3aXMCTY  POCIMH — MaroTh
BIAMOBIZIATH BUMOTaM CaHITApPHOI TiTi€HH, MaTH TPUCTPOL
JUTSL TIPOMUBAHHSI YHCTOI0 BOJOI0 B €KCTPEHUX BHUIIAIKaX,
OyT 3pyyHHMH B KepyBaHHI ¥ Oe3meyHMMH B
KOPHUCTYBaHHi.

[Tix yac nepennociBHOT 00pOOKH HACIHHS HE TOBHHHO
MTOIITKOJKYBATHCS, @ TIPU TEPMIYHOMY 3HE3apakyBaHHi-
3HIDKYBaTHUCS HOTO  CXOXiCTh. [IOKpUTTS  HACiHHS
MeCTUIUAAMU  Mae OyTH pIBHOMIpDHHM, BiJXWJICHHS
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(hakTHIHOI 03W BiJl 3a7aHOT JOMYCKAEThCS HE OITbIIIe Hixk
+3 %.

BinmoBimHO 10 30HAIPHUX PEKOMEHAAIN TOCiBU
moTpiOHO OOPOOIATH y CTHCII arpOTEXHIYHI TEPMiHH, a
TaKO)XX JOTPUMYBATHCS BKa3iBOK CIyXOH XiMI4HOTO
3aXHUCTY POCIIHUH.

Po6oua pimuna Mae OyTH OJHOPITHOIO, a BiIXUICHHS

KOHLEHTpalii  Bil  pO3paxyHKOBOI HE  IOBHHHO
nepeBuIyBaTty = 5 %.
OO0mnpuckyBayi, OOMITIOBAYI Ta aepo30JIbHI

TeHepaToOpy MaloTh 3a0e3MeuyBaTH 3a/laHy IUCIIEPCHICTh
po3mWiay 1 pIBHOMIpHMW pO3MOJUT TECTUIMIIB Ha
00pobimoBaHiil miomi i3 3agaHol0 HopMoro. [Jlomyctuma
HEPiBHOMIPHICTH PO3MOALTY poO0dol piluHH 1O HMIMPHHI
3axBaTy He MOBHWHHA mepeBuuryBatd 30%, a mo JOBXKHHI
rony — 25 %. Jlomyctume BigxuieHHS (PaKTUIHOI JO3H Bij
3agaHoi mpu oOmmieHHI cTaHOBUTH +15 %, a mpm
obmpuckyBarnai +15 i -20 %. IlBuakicTs BiTPY mpH
obmpuckyBanHi Mae Oyti He Oimbmie HiX 5 wm/c, mpu
obmunenHi 3 m/c. OGNPUCKYBAHHS HE PEKOMEHIYETHCS
MPOBOAUTH 3a TEMIEpaTypy HaBKOJIMUIIHBOTO MOBITPS
nonan 23°C Ta 3a HasBHOCTI BUCXIJIHUX MOTOKIB MOBITPSI.
3a00pOHSAETbCSl 3IIMCHIOBATH OONPHUCKYBAaHHS TiJ 4ac
jgomry. Skmo mpoTsarom mo0u micnis  OONMpUCKYBaHHS
MPOMIIOB JOIL, TO POOJIATH IIOBTOPHE 00NpPHCKyBaHHs. He
PEKOMEHIY€EThC  OONPHUCKYBAaTH POCIMHH B HepioX
LBITIHHA.

OO6pobisroun pocCIIHA TePMOMEXaHIYHIMH
aepo30JIMH, CIiJ 3aCTOCOBYBAaTH IHIIE Ti XiMidHI
npenapary, sKi He BTpPavyaloTh CBOEl TOKCHYHOCTI 3a
BHCOKOI TeMIIEpaTypHu.

Jns  3axucTy pOCIMH Yy  CHCTeMi  TOYHOTO
3eMJIepOOCTBa 3aCTOCOBYIOTH MOOUIBHI  MAIlUHH, SKi
MOBUHHI MaTW BIANOBIAHI HPUCTPOI Ui 3MIHM HOPMH
BHECEHHS Ha XOIy.

Metoauka aHamizy i 00poOKu oBepxHi Mapkepa. s
aHamily OTPHUMAaHUX TiJ 9Yac TIIOJBOBOTO JIOCIIiAY
pe3ynbTatiB  (puc. 6.) OyJ0 BHKOPHUCTAHO WPOTPaMy
ApFill. Bapro 3a3HauuTH, MO MapaMETPOM  SIKHA
BHKOPHCTOBYBABCS MPH BCIX JOCITIHKYBaHUX BapiaHTax i
OyB HE3MIHHUH — PO3Mip KPaIUIWHU, KUl cTaHoBUB 200
MKM. Jnst KOYKHOTO JIOCIITHOTO BapiaHTy
BHUKOPHCTOBYBAIUCH 12 JTHCTKIB Mamepy po3mipom AS, 1o
3aKpITUTIOBAJIMCH Ha 2 TUIAaHKaX Ha BijcTaHi 35 cM ojHa Bij
onHOI. 3a/uisi OTpPUMaHHs JOCTOBIPHHMX PE3YJBTATIB II0
KOXKHOMY 3 BapiaHTIB MPOBOJMIM CTaTUCTUYHY OOpPOOKY
JaHUX JJIS OTPUMAHHS CEPEIHBOTO Pe3ysIbTary.

CHMYK Coverage ratia (PDF,PS)

3 <

RGB and B/W Coverage ratio (PDF,PS)

Puc. 6. [arepdeiic nporpamu ApFill.
Fig. 6. ApFill interface

Odmee ZanoAHEHHE N0 HHTEHCHEHOCTH:

AxeueaneHTHo [5% cTpanuvul:

7.45%

@) Yto 03HauanT 9TH uHOpH? | KOMWPOEATE PE3YNET TR

DGwmiA NpoleHT 3anoaHeHus [Bece TOUKH kpome Genbix]:

100.00%

Ofwee sanonHenws AGE CMYK HSE LAB  Cepeii

H3 sanonHeHHbix Tovex cpeaguui nser RGB:

* N s |
gy 20200000000 mEw
s [ |

CpeaH4iA LBET No 06AACTH:

Humepbatr sHaweHU !

R: 0..255
G: 0..255
B: 0..2558

Puc. 7. PesynbraTy, mo Oyno OTprMaHi B pe3ylbTari
aHami3y mporpamoto ApFill.

Fig. 7. The results obtained from the analysis of the
program ApFill.

J1yist npoBeIeHHsI aHaTi3y 3alI0BHEHHSI JINCTKA I1arepy
KparuinHaMu Oyiio obpano ¢yHkuito nporpamu RGB and
B/W Coverage ratio. ITiciast 4oro mo KOKHOMY JIUCTKY 3
BapiaHTy MPOBOIWIN aHami3 (puc. 7) Ta 3amuCyBaad 10
TabmuIb, mo OyJo cTBopeHi y nporpami MS Excel.

Metoarka MpOBEACHHS IOCHTIHKEHb €(PEKTHBHOCTI
BHUKOPHCTAHHS O€3MMIOTHUX JIeTabHIX anapaTiB. CydacHi
TeXHOJIOTI1 iH(QopMaIliifHOTO cepenoBHINa 3a0e3MeUyIOTh
YMOBHM  3JCIIECBJICHHS Ta CIPOIIEHHS OTPHUMAaHHI
pe3ynpTaTiB  AHANITHYHUX  JOCHIDKEHb  PE3yIIbTATiB
OLIIHIOBAaHHs POOOTH CyYaCHUX MalIMHHHUX arperaris.

[IBuaki pe3ysbpTaTH JAIOTh MOXJIMBICTh pearyBaTH
«Ha BUINEPEIHKECHHS».

IMpu pocnmimkeHHs: e(EeKTUBHOCTI BUKOPHCTAHHS
TEXHIKM OCHOBHHM € IHCTpyMEHTapii, 3aBASIYI0UH SKOMY
OOTPYHTOBYIOTBCS Pe3yIbTATU ISl TOJANBIIOTO aHAII3Y i
MIPUHHATTS ONTHUMAJIBHUX PillIeHb PO MAIIMHHI arperaTy.
PesynbraTn po3paxyHKiB OTprMaHi HA OCHOBI IIPOBE/ICHHS
7a00paTOPHUX JIOCHI/PKEHb, BIINOBINAIOTH pE3yJIbTaTaM
MOJBOBUX ~ XPOHOMETPAXHUX  JIOCHIDKEHb  TEXHIKO-
TEXHOJIOTIYHUX MapamMeTpiB poOOTH MaIIMHHKX arperari B
y  peaJbHUX NOJNBOBHX  yMOBax. BuKkopHcTaHHs
KoMI'toTepHOi  mporpamm  «MammHHAR  arperaT
3a0e3rnedye OTPUMaHHsS JAaHUX, SKI MaKCHMaJbHO
HAaOMDKeHI 1O pealpHUX YMOB  (YHKIIOHYBaHHS
MaIllMHHUX arperaTiB TpH BUKOHAHHI MEXaHi30BaHUX
TEXHOJIOTTYHUX OTEPAaIlii.

Ilpy BUKOHaHHI MeXaHI30BaHOI TEXHOJOTIYHOT
orepanii BHECEHHs 3aco0iB 3aXWUCTy pPOCIMH 3a
nonomoroto BITJIA icroTHMI BIUIMB Ha SIKICTB HpoLECy
MaloTh yMOBH poOOTH Ta poboui pexumu. [lonepenHimMu
JOCITJKEHHSIMA JiTepaTypHUX JpKepelt Ta,
GesrocepeiHbO, BJIaCHMHA  MNpPaKTUYHUHA  JIOCBIZ,
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HALITOBXHYJIM HA 3MiHY IIBUAKOCTI Ta BUCOTH POBEICHHS
OOTIPHUCKYBaHHS.

IopiBHsAHO 3 camoxigHUMU ompuckyBadamu BITJIA,
110 HPOBOJHTH OOIIPUCKYBaHHS, Ipanoe 3
BUKOPUCTaHHSIM JIMIIE pPOOOYOr0 pO3YHHY, TOMY He
moTpedye BeMuKoi KiIbKOCTi BoAw. Lle CympoBOmKy€eThCS
TaKUM SIBHLIEM SIK HEOBHE TIOKPUTTS JINCTKOBOT HOBEPXHI
pobOYNM PO3YMHOM, IIIO0 HE BIUBAE Ha SIKICTh MPOBEICHOT
oneparii. Ockinbku Oak Ha BITJIA mae obcsar 25 i i
CTYIIHb NOKPHTTS JIMCTOBOI MacH Ma€ HU3bKHUI BIJICOTOK,
SKICTb ~ NPHUTOTYBaHHS  poOOYOro  pO3UYMHY  Ta
PIBHOMIpDHICTb HOTO BHECEHHS Ma€ BEJIUKE 3HAYCHHS.
[opymienns 6amancy OTHOTO 3 TapaMeTpiB B KiHIIEBOMY
pe3ynbTaTi IpHUBele 10 3HIDKSHHS BPOXKAlO.

PesynpTaT NpOBEAEHHS IIOJNBOBHX JOCIIKEHb
npeacraBneno Ha  puc. 3.8-3.19. IIpoBenenumu
OCTIDKCHHAMH OyJla BCTaHOBJICHA 3alISKHICTh SKOCTI
BHECEHHsI po0OYOr0 pO3YMHY Y 3aJIeKHOCTI Bi poOouoi
HIBUIKOCTI Ta BHCOTH. [lepummM BapiaHTOM CTajo
BUBYEHHS CTYIEHsI MOKPHUTTS TUIOLII JMCTKOBOI MOBEPXHI
Bix mBuakocti BITJIA mpu Bucotu moasoty 5 M (puc. 8).
BunkicHui pexum oOMexyBaBcs TEXHIKO-
TEXHOJIOTIYHOI0 Xapakrepuctukoro BITJIA.

3 anamizy Trpadiky 1 BCTaHOBICHO, MmO 3i
30UTBIICHHAM PO00Y0i  MIBHIKOCTI

pobodoro po3dMHY

SKICTb BHECEHHS

3HIKYETbcA. Tak, mpu 3MiHI
IIBUIKOCTI 3 6 M/C 710 8 M/C CTYIiHb HOKPHUTTS 3HIKYETHCS
Ha 1,7%. Ilpu poMy TpH 3MiHI MBHUIKOCTI 3 8 M/c 1o 10

M/C ITOKPHTTS 3HIKY€EThCS Ha 8,6%.
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Po6oua WBMNAKICTL 06NPUCKYBaHHSA, M/C
Puc. 8. 3ajexHiCTh MNOKPUTTS JUCTOBOI Macu
p

pobouum pozumaom BITJIA Big po0OOY0i MIBHAKOCTI Ha
BHCOTI 5 M.

Fig. 8. Dependence of leaf coating with working
solution by UAV on working speed at a height of 5 m.

BcranoBneHo, 10 3aJISKHICTh CTYNEHIO ITOKPUTTS
mMcTOBOI  Mack po0OYMM  pPO3YMHOM  BiJg  pobouoi
LIBUIKOCTI OONPHCKYBaHHS INpH poOodvii BUCOTI 5 M
OTHUCYEThCA HACTYNHHUM piBHAHHAM: Y = -0,0637x? +
0,8275x + 4,91, npu R?=0,98.

3rifH0O METOAMKHM BHU3HAUEHHS SKOCTI BHECEHHS
poGoudoro po3uuHy OyJI0 HOCIHIKEHO 1 PIBHOMIPHICTH
pO3MOJiNIeHHsT pOOOYOr0 PO34YMHY Yy BIANOBITHOCTI 3
LIMPUHOIO 3axXBaTy IPH BHUCOTI BHECEHHI 5 M Ta 3a
BU3HAYCHHX poOOUYHNX mBUAKOCTEH (puc. 9 — puc. 11).

PiBHOMIpHICTE po3monuTy pPoOOYOro pO3YMHY I10
JHUCTOBIH Maci — € OJHMM 3 OCHOBHHX IIOKa3HHKIB
e(eKTUBHOCTI Ta KOHKYPEHTOCIIPOMOXKHOCT1

BukopuctanHs BIIJIA mnpu oOmpuckyBaHHI TOJMIB.
Ockinpkn BITJIA — Manoo0’eMHI yCTaHOBKH, AT HHUX
SIKICTH BHECEHHSI PO3YMHY 1 CTYHiHb HOTO JOCTaBKH Bif

dbopcyHKH O ITMCTa € KPUTHYHO  BaKIMBUMH
IIOKAa3HHUKaAMHU.
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nOpﬂAKOBMP‘I HOMep NanepoBoro mapkepa
Puc. 9. SIkicth BHeceHHs po0OOYOro pPO3UUHY IPH
BHUCOTI 5 M, poOouiii mBuakocti 10 M/c Ta BCTAaHOBJICHOMY
po3Mipy kparti 200 MKM.
Fig. 9. Quality of application of working solution at
height of 5 m, working speed of 10 m/s and the established
size of a drop of 200 um.
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Puc. 10. SxicTp BHeceHHs poOOYOro pO3YMHY NP
BHCOTI 5 M, po0OoYiii IIBUIKOCTI 8 M/C Ta BCTAHOBICHOMY
po3mipy kparti 200 MKM.

Fig. 10. Quality of application of working solution at
height of 5 m, working speed of 8 m/s and the established
size of a drop of 200 um.
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Puc. 11. Sxicte BHeceHHS poOOYOrO PO3UMHY IMPH
BHCOTI 5 M, po0OoUiii HIBUAKOCTI 6 M/C Ta BCTAHOBICHOMY
po3mipy kparuti 200 MKM.

Fig. 11. Quality of application of working solution at
height of 5 m, working speed of 6 m/s and the established
size of a drop of 200 um.

Amnamizom puc. 10, puc. 11 BCTaHOBIIECHO, IO MpH
mBUAKOCTI 10 M/C BUHUKA€E TOJTATKOBA CHJIA BITPY, IO HE
KOMITEHCY€eThCsl po3MipoM Kparuti i stonati BITJIA we B
3MO31 3a{yTH POOOYHNI PO3UHH Ha JIUCT BiJ IIBOTO PO3MOILT
crae HepiBHOMipHHMM. [Ipu mBmakocTi 8 M/C MOKa3HUK
PIBHOMIPHOCTI pO3NOJiNIEHHS € ONTHMAaJbHHUM, Cepel
nmociimHuX 3paskiB. [Ipw 3HIDKEHHI IIBHUAKOCTI A0 6 i
HIDKYE M/C BHUHHMKAIOTH JIOJATKOBI BITPOBI MOTOKH, SKi
3HIKYIOTh SKICTh PO3MOIIIEHHS PO3YUHY IO ITOBEPXHI
JIACTA.

TakuM 4YHHOM, 3 YpaxyBaHHSIM MPOAYKTUBHOCTI
BHECEHHS POOOUYOTr0 PO3UHHY, ONTUMAIBHUI IBHIKICHUN
PeXUM 3HAXOIUTHCA y Mexax 7,5 - 8,5 m/c mist Bucotu
SMm.

JpyruM BapiaHTOM IOCHTIJPKEHHS OyJO BHBYEHHS
CTYIEHS MOKPHUTTS JMCTOBOI IIOBEPXHI 32 BUCOTH POOOTH
BITJIA 4 M i Tux e mBuakocrei (puc. 10).

AmHamizoM puc. 3.5 BCTaHOBICHO, IO TPH 3MiHI
IIBUIKOCTI 3 6 M/C 710 8§ M/C CTYIiHb TOKPHUTTS 3HIKYETHCS
Ha 0,2%. IIpu ipoMy TIpH 3MiHI MBUIKOCTI 3 8 M/c 1o 10
M/C ITOKPHUTTS 3HIKYeThes Ha 1,1%.
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Pob6oya WBUAKICTL 06MPUCKYBaHHSA, M/C
Puc. 10. 3anexHiCTh MOKPUTTS JIMCTOBOI Macu

pobouum pozumaom BITJIA Big po0OY0i MIBHAKOCTI Ha
BHCOTI 4 M.

Fig. 10. Dependence of leaf coating with working
solution by UAV on working speed at a height of 4 m.
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Puc. 11. Skicte BHeceHHS po0OOYOTO PO3YMHY NPH
BHCOTI 4 M, pobouiif mBuaKOCTI 10 M/C Ta BCTAaHOBIICHOMY
po3mipy kparuti 200 MKM.

Fig. 11. Quality of application of working solution at
height of 4 m, working speed of 10 m/s and the established
size of a drop of 200 um.
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Puc. 12. SkicTp BHeceHHs poOOYOro pO3YMHY TPHU
BUCOTI 4 M, poOoyiif IIBUAKOCTI 8 M/C Ta BCTAaHOBJICHOMY
po3Mipy kparti 200 MKM.

Fig. 12. Quality of application of working solution at
height of 4 m, working speed of 8 m/s and the established
size of a drop of 200 um.

BcTaHOBIICHO, IO 3AJICXKHICTD CTYNCHIO ITOKPHTTA
JUCTOBOI Mach poOOYMM pO3YMHOM Bim pobodoi
LIBUJKOCTI OONPHCKYBaHHS Ipu poOodviid BHcOTI 4 M
ONKMCYEThCS HACTYNMHUM piBHsHHAM: Y = -0,0075x% +
0,095x + 7,25, nmpu R>=0,97.

BignosigHo, 11st GiIbII J€TaIbHOTO BUBYEHHS TaKOXK
JIOCITI[)KYBAJIaCh PIBHOMIPHICTh PO3MOAUICHHS POO0OYOro
PO3YMHY y BIANIOBIJHOCTI 3 IIMPHHOIO 3aXBaTy IPH BUCOTI
BHECEHHS 4 M Ta 3a BU3HAYCHHWX POOOUYMX HIBHIKOCTEH
(puc. 11 —puc. 13).
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Puc. 13. SIxicTh BHECeHHS poOOYOTr0 PO3UMHY TMPH
BHCOTI 4 M, po0OUiii MBUAKOCTI 6 M/C Ta BCTAHOBJICHOMY
po3mipy kparuti 200 MKM.

Fig. 13. Quality of application of working solution at
height of 4 m, working speed of 6 m/s and the established
size of a drop of 200 um.

Amnanizom puc. 11 — puc. 13 BcraHoBIEHO, 1O 32
podotu BIIJIA Ha BHcOoTi 4 M 3a JOCHIIKYBaHHX
IIBUJKOCTEH JIOCATAETHCS ONTHMAJbHE PO3IOAUICHHS
pobodoro po3umHy 1O NOBepxHI Jucra. [Ipm mpOMY
BIIXWJICHHS BIiJ CEPEAHBOTO 3HAYCHHS II0 IOKPHTTIO
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JUCTOBOI MacH JIMINE TIEPEBUIIY€E CEPEeNHIi MOKa3HUK Ha
3,8%.

y =-0,915x + 13,063
R?=0,98

CTyniHb NOKPUTTA INCTOBOI
macu poboumm posunHom, %

5 6 7 8 9 10 11
Po6oua WBKAKICTb 06MPUCKYBaHHSA, M/C
Puc. 14. 3anexHiCTh NOKPUTTS JIMCTOBOI MacH
pobouum posurroMm BITJIA Bim po0OY0i MIBUAKOCTI Ha
BHUCOTI 3 M.
Fig. 14. Dependence of leaf coating with working
solution by UAV on working speed at a height of 3 m.

TakuM YHMHOM, CTYNiHb MOKPHUTTS JIMCTOBOI MacH
MO3UTHBHO KOPEINIOE 3 JOCHIKYBAaHUMH POOOUMMU
OIBHIKOCTSMHA Ta BHCOTOIO pobotn BIUUIA 4 M.
Haiikpaniuii moxa3HUK IMOKPUTTS JIUCTOBOI HOBEPXHi OyI10
Bi3HaUYeHO 3a pobodoi mBHAKOCTI 6 M/c, Tomi AK 3a
HIBHJIKOCTI 8 M/C MOKa3HUK MOKPUTTS CKJIaJaB JIMIIC Ha
0,3% MeHIIIe HiXK Y HAalKpaIoro BapiaHra, a 3a HIBHIKOCTI
10 m/c — Ha 1,32 % memiire.

Taxum urHOM, 32 BucoTu poboTtr BITJIA 4 M pizHns
MDK HIBUJAKICTIO HE Ma€ 3HAYHOTO BIUIUBY Ha CTYIIiHb
MOKPUTTSI JIUCTKOBOI OBEPXHI pOOOYHM PO3YHHOM.

HactymauM ~ BapiaHTOM — JOCHI/DKEHHS — CTalo
BUBYEHHS CTYICHS IMOKPUTTS JIMCTKOBOI MacH 3a po0odoi
BHCOTH 3 M Ta mBHAKOCTEH 6 M/c, 8 M/c, 10 M/c (puc. 14).

BcraHoBneHO, MO 3aJISKHICTh CTYNEHIO ITOKPUTTS
JUCTOBOI Mach poOOYMM pO3YMHOM Bix  pobodoi
IIBUJKOCTI OONpPHCKYBaHHA IpH poOOdiid BHCOTI 3 M
OIUCYETHCS HACTYHUM piBHsIHHAM: Y = -0,915X + 13,063,
npu R?=0,98.

binbmr neranpHe BinoOpaxenHs podoru BITJIA Ha
pobouiii BucoTi 3 M BitoOpakeHo Ha puc. 15 — puc. 17.
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Puc. 15. SxicTp BHeceHHs poOOYOro poO3YMHY NPH
BUCOTI 3 M, poOouiii mBuakocti 10 M/c Ta BCTAaHOBICHOMY
po3Mipy kparuti 200 MM (Halripimii BapiaHT).

Fig. 15. Quality of application of working solution at
height of 3 m, working speed of 10 m/s and the established
size of a drop of 200 um.
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Puc. 16. SxicTp BHeceHHs poOOYOro pO3YMHY TP
BUCOTI 3 M, poOoyiif IIBUAKOCTI 8 M/C Ta BCTAaHOBJICHOMY
po3Mipy kparti 200 MKM.

Fig. 16. Quality of application of working solution at
height of 3 m, working speed of 8 m/s and the established
size of a drop of 200 um.

AmnamizoMm puc. 15 — 18 BcTaHOBICHO, IO HU3BKHN
CTYIIIHb TOKPUTTS JTUCTa Ha rpadiky (puc. 17) nmpu BUCOTI
3 M Ta mBuakocti 10 M/c XapakTepHHH A CIAOKHIX
MIOPHUBIB BITPY, IO € XapaKTEPHUM IS 30HH JiCOCTEITy
VYkpaian. 'padik ams mBugkocti 8 M/c y cBoiil mpasiid
YacTHHI IIOKa3ye, 110 MOPHUBU BITPY MOXYTh BILUIMBATH
HaBiTh Ha HEBEJIMYKY I0Jocy (y HAIIOMYy BHIAJKY
MOJIOBUHY IIMPUHM 3axBaty). [laHi rpadiku BKazyrTh Ha
Te, mo obmnpuckyBanus bBIIJIA cumig mnpoBoautH Yy

0e3BITPSIHY MOTOY HA CEPEIHIX MBUIKOCTSX.
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Puc. 17. SIkicTp BHeceHHs poOOYOro poO3YMHY NpHU
BUCOTI 3 M, poOoyiif IIBUAKOCTI 6 M/C Ta BCTAHOBJICHOMY
po3mipy kparmuti 200 MKM.

Fig. 17. Quality of application of working solution at
height of 3 m, working speed of 6 m/s and the established
size of a drop of 200 um.

3 3aramsHOTO Tpadiky podotu BIIJIA Ha Bucoti 3 M
(puc. 17) 4iTKO BHJIHO, IIO CTYMHIHb TOKPUTTS POCIHH
MPSIMO TIPOTIOPIIAHO 3aJIeKUTh BiJl POOOYOT IIBHIKOCTI
BIUJTA. Haiikpammuii pesynabprar Oyio 3adikcoBaHOo 32
LIBHKOCTI 6 M/C TP IIbOMY CTYIIHb IIOKPUTTS JINCTKOBOT
MacH NIEPEBUINUB IMOKa3HUK 3a MBHIKOCTI 8 M/c Ha 23,3%.
Toxi K MOKPHUTTS JMCTKOBOI MOBEpXHi 3a mBHAKOCTI 10
M/c Oylo MEHIIMM 3a BCi BapiaHTH 1 CTaHOBIJIO B
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CepeqHbOMY TO TPHOX TOBTOPEeHHAX 3,89% MOKPHUTTA
JIUCTKOBOi TIOBEPXHi, IO TMOPIBHIHO 3 HaWKpammMm
BapiaHTOM OyJi0 MeHIINM Ha 48,5%.

Po6oua WwemnAKicTb 06MprCcKyBaHHA, M/C

~ Y]

(€]

CTyniHb MOKPUTTA NCTOBOI
macu poboUnm posunHom, %

Puc. 18. 3anexHiCTh NOKPUTTS JHCTOBOI Mac
pobounm pozunHom BITJIA Big po0Go4oi mBHIKOCTI 3a
PI3HUX POOOYUX HIBHIKOCTEH.

Fig. 18. Dependence of sheet mass coating with
working solution by UAV on working speed at different
working speeds.

TakuM 9MHOM 3 ypaxyBaHHAM BHECEHHS pOOOYOTO
PO34YHHY, ONTHMANBHOI MIBHIKICTIO 32 0OpPOOKH MOCIBY
XiMiKaTaMu Ha BHCOTi 3 M Oe3nepedHo moTpioHO obupatu
LIBUJKICTh HE OUIbIIy HiXK 6,5 M/c. OCKIIBKHM, MOKPUTTS
JIUCTOBOI IMOBEPXHI 3a OUIBIIOT IIBHUIKOCTI BIAYYTHO
3HUKYETHCS.

[IpoBeneHUMH TOCTIIKCHHSIMH BCTaHOBJICHO, IIO 1
LIBHUJKICTB MOJILOTY 1 BUCOTA MAlOTh CYTTEBHI BIUIUB Ha
SKICTh, TPH I1IBOMY CIiJ 3ayBaXUTH, WIO ICHYIOTh
KOHKpPETHI 3aJIe)KHOCTI BIUTMBY pOOOYHX pEXHMIB Ha
skicth (puc. 18).

Ha pwmc. 18 HaBemeHO 3aranbHi IMOKa3HUKH
3aJIeXKHOCTI TOKPUTTS JIMCTKOBOI TTOBEPXHI 3a PI3HUX
BHCOT 1 pobounx mBHAKocTel pobotm BIIJIA. 3
OTPUMaHNX JaHWX, MOXHA 3pPOOHUTH BHCHOBOK, IO
HaOIbII cTablIbHI MOKA3HUKK Oy OTPUMaHI 38 BUCOTH
po6otu BIUJIA 4 m. Toai sik nin yac podotn BITJIA nHa
BUCOTI 5 i 3 MeTpH NOKa3HUKH MTOKPHUTTS JIMCTKOBOI Macu
pOOOYHM PO3YMHOM CIAJANHM BIAMOBIAHO 301IBIICHHIO
pobouoi mBHakocTi. Tak, HaHMEHIINM CEpeaHIM
MOKa3HUKOM, Mo Oyno orpumaHo — 3,89% (puc. 14)
MTOKPUTTS MOBEPXHi UcTa. Toxi K HAMOUTBIIIIA cepeaHii
noka3Huk 7,55% .

Puc. 19. CrymiHe 3amOBHEHHS IUIOHI ITOBEpPXHI
JIOCITiKYBAHOTO JIUCTKA 3 MAJIOIO CTYTICHIO TIOKPHUTTSL.

Fig. 19. The degree of filling of the surface area of the
studied leaf coating with a min degree of coverage.

Puc. 20. CryniHp 3alOBHEHHS IUIOLI ITOBEPXHI
JOCII/DKYBAHOTO ~ JIUCTKA 3  HAHOLIBIIOI  CTYNEHIO
TMOKPUTTS.

Fig. 20. The degree of filling of the surface area of the
studied leaf coating with a max degree of coverage.

OTpuMaHi JaHi MalTh Oe3MocepenHbO MPAKTHIHY
BayxmBicTh. [lo-miepmie, MeTa poboTH Oyna pO3TISHYTH
MOJJIMBICTh 30UNBIICHHS NPOAYKTHBHOCTI 332 PaxyHOK
mijBUIeHHs pobodoi mBuakocTi 3 8 M/c no 10 m/c. Ilo
Jpyre, Ipy MPOBEACHHI OONPHUCKYBaHHS TIONIB ICTOTHHH
BIUIMB Ha e(QEeKTHBHICTh MPOBEICHHS TEXHOJOTTYHOT
omnepaii Mae Bucota. [Ioka3HUK BUCOTH OONPHUCKYBaHHS
PO3TJISIHYTO Y KOHTEKCTI pelbe]y MOMIB Ta BEPTUKATIBHUX
1 TOPU30HTAIBHUX MIEPEIIKO/.

HocnimkeHHsiMi ~ OyJ0  BCTAQHOBJICHO, IO  JUIS
cydacaux BIIJIA 3 BcraHOBICHHM OONaTHAHHIM
ONITHUMAJILHUN IIBUAKICHUH PEXHUM 3HAXOJUTHCS Y MEXax
75-8,5 w/c. Ilpm mpoMy omnTUMambHa  BHCOTA
0ONPUCKYBaHHS 3HAXOIUTHCA y Mexkax 4,5-5 m.

BaxnuBuM MOKa3HUKOM HaHECEHHS po0odoi piauHU
BITJIA € He nuIe CTYNiHb TIOKPUTTS JIMCTOBOT IOBEPXHI, a
i po3Mip KpaluIMHH, sika NOTparuisie Ha JucTok. Ha puc.
19 —20 npuBezaeHi pe3ysbTaTH JOCIIKEHb 3MIHU PO3MIpY
Kparii, ska MOTpalvisie Ha JHCTOK Y 3aJeKHOCTI Bif
Ppo0O0YOT IIBUIKOCTI Ta BUCOTH.

BucHoBkn

1. Ilpn BuKOHaHHI MeXaHiI30BaHOI TEXHOJIOTTYHOI
orepanii BHECEHHS 3aco0iB 3aXWUCTy pPOCIMH 3a
JIOTIOMOTO10 Oe3misioTHOro JeTansHOro amapary (BITJIA)
ICTOTHHMH BIUIMB Ha SIKICTh IIPOIECY MAalOTh YMOBH poOoTH
Ta po0oYi pexxuMHu.

2. IlpoBeaeHUM JTOCIHIHKEHHSIM BCTaHOBJIEHO, IO 31
30UTBIIEHHSIM PO00YOi TIBHIKOCTI SKICTh BHECEHHS
po6090ro po3unHY 3HIKYEThCA. Tak, JJIst BUCOTH 5 M TIpH
3MiHI HMIBHAKOCTI 3 6 M/C 10 8 M/C CTYMiHb NOKPHUTTS
3HMKYeThes Ha 1,7%. [lpu nboMy mpu 3MiHI IIBUIKOCTI 3
8 M/c 1o 10 M/c TOKpPUTTS 3HMKY€EThCA Ha 8,6%.

TakuM 4YHMHOM, 3 YpaxyBaHHSIM IIPOAYKTHBHOCTI
BHECEHHS POO0OYOr0 PO34YHHY, ONTUMAIbHUI MBHIKICHUN
peXXUM 3HAXOIWTHCSA y Mexax 7,5 — 8,5 m/c mns Bucotu
SMm.
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3. CTymiHb TOKPUTTS JIACTOBOI MacHW ITO3UTHBHO
KOPEJTIOE 3 0CTIKyBaHUMH POOOYNMH MIBUAKOCTSAMH Ta
Bucororo pobotru BIIJIA 4 m. Haiikpamuii moka3HHK
MTOKPUTTS JINCTOBOI MOBEPXHi OyJI0 Bi3HAYEHO 32 poO0oU0i
MIBHAKOCTI 6 M/C, TOII SIK 3a HMIBHUAKOCTI 8 M/C IMOKa3HUK
NOKpHUTTS cknazaB Jjmme Ha 0,3% MeHme HDK Yy
HalKpamoro Bapianra, a 3a msuakocti 10 m/c —Ha 1,32 %
MEHIIIE.

4. JloBesieHO, IO CTYIIHb MOKPHUTTSI POCIUH NPSIMO
MIPOTIOPIIIHHO 3aleKUTh BiJ pobodoi mBunkocti BITJIA.
Haiikpaniuii pe3ynbrar 11 BUcoTd 3 M Oyiio 3aikcoBaHO
32 IIBUIKOCTI 6 M/C NpHU LBOMY CTYMiHb IOKPHUTTS
JIUCTKOBOI MacH ITEPEBHIIHB ITOKAa3HUK 32 IIBUAKOCTI 8 M/C
Ha 23,3%. Toxi sIK HOKPHUTTA JHMCTKOBOI TOBEPXHI 3a
mBuakocti 10 m/c Oymo MeHmMM 3a BCi BapiaHTH i
CTaHOBMJIO B CEPEIHBOMY IO TPHOX HMOBTOPEHHAX 3,89%
MOKPUTTS JINCTKOBOI TIOBEPXHi, IO TMOPIBHIHO 3
HalKpanmM BapianToM Oyno MeHImuM Ha 48,5%.

TakuM 4MHOM 3 ypaxyBaHHSM BHECEHHS pO0OOYOTO
PO3YHHY, ONTUMAIBHOI MIBHJKICTIO 32 0OpOOKH HOCIBY
xiMiKaTaMu Ha BHCOTI 3 M Oe3mepedHo MmoTpiOHO obupatu
LIBUJKICTh HE OUIbIIy HiXK 6,5 M/c. OCKIIbKHM, MOKPUTTS
JIUCTOBOI IMOBEPXHI 3a OUIBIIOT IIBHUIKOCTI BIJYYTHO
3HIKYETHCS.

5. Haii6inpm cTabinpHI MOKa3HUKH OYIIH OTpUMaHi 3a
Brucotd podotu BITJIA 4 M. Toxi sk mix gac podotu BITITA
Ha BUCOTI 5 1 3 METpH NMOKA3HUKH IOKPUTTS JIMCTKOBOI
Mach poOOYMM  pPO3YMHOM  CHAJaIH  BiIIOBiTHO
30UTpImIeHHI0O po0Oo4oi mBHAKOCTI. Tak, HaiMeHIIHM
cepelHIM TMOKa3HUKOM, mo Oyno orpumano — 3,89%
TIOKPUTTSI OBEPXHIi JiucTa. Toxil sk HaHOLIbIIMN cepeaHii
MmoKa3Huk 7,55% .

6. OTpuMaHi JaHi MarOTh O€3M0CepeIHbO PAKTHIHY
BaXJIUBICTh. JIOCHIHKEHHSIME OyJI0 BCTAHOBJICHO, IO IS
cyqacuux BIIJIA 3 BcraHOBIEHMM  OO0JNagHAHHIM
ONTHUMAIGHUN MIBUAKICHUH PEKUM 3HAXOJIUTHCS Y MeXKax
7,5-8,5 w/c. Ilpm 1mpOoMy omnTuMambHa ~ BHCOTA
OOTIPHUCKYBaHHS 3HAXOAUTHCS Y MeXax 4,5-5 M.

7. BaximMBMM TIOKa3HMKOM HaHECEHHS poOodoi
pimuau BIIJIA € He nmumme CTYMiHB MOKPUTTS JIMCTOBOL
TOBEPXHI, a W pPO3MIp KpaIUIMHU, sSKa IOTpaIUIieE Ha
ncTok. OTpuMaHi pe3yNbTaTi A0CHiDKEHb 3MiHU PO3MIpY
Kparut, sika TMOTPAIUIsie Ha JIMCTOK Yy 3aJeKHOCTI Bix
pobouoi IIBHAKOCTI Ta BHUCOTH, IO 3a0E3MCUYUTH
edexruBHicTh BUKopucTanHs BITJIA nist o6npuckyBaHHs
P 3MiHi TIOTOJTHUX YMOB.
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OKCIEPUMEHTAJIBHBIE NCCJIEJOBAHU A
OOOGEKTUBHOCTU UCIIOJIb3OBAHUE
BECITMJIOTHBIX JIETAJIbHBIX AITAPATOB
TP BBIPAILIMBAHUU ATPOKVYJIBTYP
B. H. 3y6ro

AnHoTauus. CoBpeMEHHOE arpapHOe IPOU3BOICTBO
HaIPaBJIEHO Ha MOJIYYEHHE MaKCUMAJIbHON YpOXKailHOCTH
Ipy  BbIPAIlMBAaHUM  NPOAYKLUHUH  PAaCTEHUEBOJCTBA.
leHetnka co3maeT copTa W THOPHUIBI, MaKCHMAalbHO
peaym3yromue CBOW  OHMOIIOTMYECKWH IOTEHINAl B
COOTBETCTBUM C YCJIOBHSIMH BbIpaniuBanus. OjHaKo
aKTyaJIbHOM 3ajjaueil sBisieTcs: o0ecreueHne TEXHOJIOT 1Y,
a UMCHHO TOTPEOHOCTEH pPacTCHHI B COOTBETCTBYFOILIHX
(azax pocTa ¥ pa3BUTHS B KpaT4aHIIne CPOKH.

HeHemnue paspaboTku, B TOM 4YHCIE U IS

arporpou3BOJICTBA, HABOAHWIM  PBIHOK  LU(POBBIX
TEXHOJIOTHH ¥ CpeAcTB MexaHu3auun. s apexTuBHOTO
arpoMHXMHUPHHTa  TpeOyeTcs  coBpeMeHHas  0aza
KOMIIIEKCHBIX TIPUKITaHBIX HCCIIeI0BAaHUN

3¢ PEKTUBHOCTH MCIOIB30BaHNS HOBEHIINX Pa3paboOToOK B
COBPEMEHHBIX IIPOM3BOJCTBCHHBIX YCIoBHsAX. Criemyer
3aMeTUTh, YTO Kaxkaas pa3paboTka OyJeT IOKa3bIBaTh
pasHyio 3GQPEeKTHBHOCTh, 3 UMEHHO pa3Hble MOKa3aTeiu
Ka4ecTBa B Pa3HBIX IIPOU3BOACTBEHHBIX YCIOBHSX.

DddexkruBHOCTH MIPOBEIEHUS MOJIEBBIX
UCCIIEIOBAaHUH €  HCTIONB30BaHMEM  OCCIMIIOTHOTO
neranpHoro ammapata (BITJIA) XAG XPlanet Ha ueTsIpe
BEHTWIATOpPAa TpoBoauioch B CyMCKOM pErHoHe Ha
nccuenoBaTenbckux Moiasix CyMCKOTO HAIMOHAIBHOTO
arpapHOro YHHMBEPCHTETa. Y HUKaIbHOCTh MCCIIEAOBaHUI
3aKiroyalach B TOM, 4YTO pa3pa0oTaHa MeTOAWKa C
MIPUBJICYEHHEM CIELUAINCTOB arpOMHKEHUPHUHIOBOTO U
arpOHOMHMYECKOT0 HAallpaBJI€HHH W CIEIHAINCTOB B
obnactu (U3HMKHU ISl ONPENENICHUS CTETICHH MOKPBITHS
aucta  paboYMM  pacTBOPOM —~ HWMEHHO TIPH  €T0
«3amaBiaenun»  Jjomactamu  BIIJIA;  ucmoip3oBaHa
METO/MKA JWDKUTAIU3AIMN MapKepOB IOCPEICTBOM
OmpeNeNieHus] IIBeTa pPabodyero pacTBopa C y4ETOM
H3MEHEHHS ero SPKOCTH B 3aBUCHMOCTH OT HPOMEXYTKA
BPEMEHHM OT HAHECEHHUs JI0 HCCIIEAOBAaHUS; OTCCUCHHE
TEMHBIX OJMKOB TpH TPOBEICHWM CKAaHMPOBAHMUS
MapKepoB.

HccnenoBannsi NMpoOBOAWINCH IIPU PasHOM BBICOTE
nonera: 3, 4 U 5 M Haj ypoOBHEM pacTeHHs U C Y4E€TOM
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pasHol ckopoctm Tonmera: 6, 8 w10 w/c.
CoOTBETCTBYIONINE JaHHBIC OBLTN OOYCIOBJICHBI pPa3HOM
BBICOTOH pacTeHHd, penbeda u KOHOUTYpAIMH IIOJIA,
PAacIOIOKEHUEM TIPOBOIOB 3JIEKTPHUESCKUX CETEH.

Pa3paboraHHas MeTOAMKA W IPOBEICHHEIE IOJICBHIC
HCCIICIOBAHMS  IIO3BOJIMUIM  IIOATOTOBUTH  pealibHBIC
PEKOMEHIAINH /ISl COBPEMEHHBIX arpolpOU3BOAMTEINCH B
HanpasieHun 3¢ dexruBHOCTH UcTionb30Banus BITJIA s
BHECEHHs PadOYMX PacTBOPOB M BHIOOpA 3(PPEKTUBHBIX
PEKHMOB pabOTBHI.

KaloueBble cioBa: KayecTBO  ONPBICKUBAHUS,
OecriunoTHele JeTaTesnbHble ammapatel (BIUJIA; UAV),
pabodast CKOPOCTbh, BEICOTA HAJl arpOKYJIbTYPOl.

EXPERIMENTAL EFFICIENCY STUDIES USE
OF UNMANNED AIRCRAFT IN CULTIVATION OF
AGRICULTURAL CULTURES
V. M. Zubko

Abstract. Modern agricultural production is aimed at
obtaining the maximum yield when growing crop products.
Genetics creates varieties and hybrids that maximize their
biological potential in accordance with growing
conditions. However, the urgent task is to provide
technology, namely the needs of plants in the appropriate
phases of growth and development in the shortest possible
time.

Current  developments, including those for
agricultural production, have flooded the market for digital
technologies and mechanization tools. Effective
agroengineering requires a modern base of complex
applied research on the effectiveness of using the latest
developments in modern production conditions. It should
be noted that each development will show different
efficiency, namely different quality indicators in different
production conditions.

The effectiveness of field research using an unmanned
aerial vehicle (UAV) XAG XPlanet for four fans was
carried out in the Sumy region on the research fields of the
Sumy National Agrarian University. The uniqueness of the
research was that a method was developed with the
involvement of specialists in agroengineering and
agronomic fields and specialists in the field of physics to
determine the degree of coverage of a sheet with a working
solution precisely when it is "crushed" by the UAV blades;
the technique of digitalization of markers was used by
determining the color of the working solution, taking into
account the change in its brightness depending on the time
interval from application to research; clipping dark
highlights when scanning markers.

The studies were carried out at different flight heights:
3, 4 and 5 m above the plant level and taking into account
different flight speeds: 6, 8 and 10 m s*. The corresponding
data were due to different plant heights, relief and
configuration of the field, the location of the wires of
electrical networks.

The developed methodology and the conducted field
studies made it possible to prepare real recommendations
for modern agricultural producers in the direction of the
efficiency of using UAV for introducing working solutions
and choosing effective operating modes.

Key words: quality of spraying, unmanned aerial
vehicles (UAV; UAV), operating speed, height above the
crop.

B. M. 3y6ko ORCID 0000-0002-2426-2772.



Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2021, Vol. 12, No 4, 129-138
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

VJIK 631.1.004

http://dx.doi.org/10.31548/machenergy2021.04.129

AHAJITUYHICTh KOMILJIEKCHUX KPUTEPIIB OLIIHKU BUPOBHUILITBA 3EPHA
B CIVIbCBKOTI'OCIHOJAPCBKUX ITIIAIIPUEMCTBAX
IHTEHCU®IKALIE€IO IHHKEHEPHOI'O MEHE/KMEHTY

1. JI. PoroBchkmii

HamionaneHuiil yHiBepcHTET 0i0opecypciB i MpUPOAOKOPUCTYBAaHHS YKpaiHu, YKpaiHa.

Cmamms 3 cneyianvnocmi.: 133 — eanyseee mauunoOy0y8anHs.

Kopecnonoenyis asmopa: rogovskii@nubip.edu.ua.

Iemopis cmammi: ompumano — uepeens 2021, akyenmogano — aucmonao 2021, onybnikosano — 17 epyoust 2021 poxy.

bion. 27, puc. 7, maba. 0.

AHoTtamis. B crarti  mpoBemeHo  aHami3
AHATMITHYHOCTI  KOMIUICEKCHHUX  KpPUTEpiiB  OLIHKU
BUPOOHHWLTBA  3€pHA B  CLIBCBKOIOCIIOJAPCHKHX
M ATPHEMCTBAX IHTeHCU(IKAITIE€r0 IHKEHEPHOTO
MEHEKMEHTY. Edekrusne BUKOPHCTAaHHS

3epHO30MpaILHUX KOMOAWHIB 1 BelIMYMHA BTPAT 3epHA MPU
KoMOaiiHyBaHHI Yy CIJIbCHKOTOCHOAAPCHKUX BHPOOHHUKIB
3ajJexarb B KIACHYHOrO HabOpy OprasizaiiifHux,
TEXHIYHHMX, TEXHOJOTIYHNX (DaKTOPIB 1 CTaHy IHKEHEPHO-
TEXHIYHOI CIIy’)kOM. 3 METO¥0 MiIBUIICHHS e()eKTUBHOCTI
BUKOPHCTaHHS TEXHIKH JOLUIBHO BHKOPUCTOBYBAaTH
oTiepariifHy TEXHOJIOTiI0 30MpaHHS 36PHOBHX KOJIOCOBHX
KYJIBTYp, SIKa BKIIFOUa€ KapTH 1 PUCYHKH 3 TaKUX MTUTAHb:
BHOIp TEXHOJOTIH MpPOBEACHHS pPOOOTH, arpoTeXHIUHI
BAMOTH, TEXHIKY Oe3meKku, BHOIp i KOMIUICKTYBaHHS
arperariB, MiJIrOTOBKY arperatiB 0 poOOTH, MiATOTOBKY
TIOJIIB 1 3aroHIB, OpraHizalito poOOTH arperaTiB y 3aroHu,
TPaHCIOPTHI pOOOTH, HOPMHU BUPOOITKY 1 BUTPATY MallUBa,
KOHTpPOJIb 1 OLIHKY sIKOCTi poGotu. BcraHoBneHo, mio
cepelHsl JIeHHA IIPOJYKTHUBHICT KOMOaiiHa mpOTSIroM
nepimx 3 pokKiB BUKOPUCTaHHs cTaHoBwia 14,6-16,1 ra;
cezonHa — 302-314 ra; Hamonot 3epHa — 59-161 T 3a neHb
i 1280-1440 T — 3a ce3oH. JInsd oTpuMaHHA HEOOXiTHOT
MIPOAYKTHUBHOCTI 1 SIKOCTI OOMOJOTY HEOOXiTHO MOCTIHHO
CIIIKYBaTH 3a BEJIMYMHOIO 3a30py Mik OapabaHOM i
migbapabanasaM. Jlns MIOBUINEHHS MPOTYKTHBHOCTI
BUBAHTa)KCHHS 3€pHA JOLIIBHO MPOBOIUTH IIiJ| 4ac Pyxy
0e3 3ynuHKK KomOaiiHa, OCKiJIbKH Npu HamounoTi 60 T 3a
JIeHb BTpavaeThCsl mpuOmm3Ho 1,6 rox pobodoro wacy.
BusiBiieHo, 110 icHYyIO4a cucTeMa 30MpaHHS ypoXKaro He
BpaxoBy€E IWHAMIKWA JO3pIBaHHS 3€pHA 1 COJIOMHU Ta ixX
LUILOBOTO TPU3HAYEHHS 32 CXEMOI: BXil Yy Mpolec
(mepmra ¢a3za), OCHOBHa YacTHHA i3 BHINE CEPEIHBOTO
(mpyra ¢asza) 1 Buxix 3 mpouecy (Tpers daza),
Hee()eKTHBHA Yepe3 HU3bKY JKUBYYICTh CHCTEMa 30MpaHHs
B OpraHi3alisx, perioHax i objacTsix B mepulii i Tperii
(a3ax. AHaii3 YHCIOBUX MOKAa3HUKIB CBLAYUTH, IO IPU
30MpaHHI BCIX KYJBTYp TEMII Ipoliecy B mepumiii ¢asi
301LTBITYETHCA MOBITBHO, B APYTiH — IIBUAIIE, a HA BUXO/1
crazae 10 MiHiManpHOTO. Y mepmiiit ¢asi cepemnii Tem
JUISL J)KWTA, STYMCHIO, BiBCa 1 MIICHUIIl JOCITAE BiIMOBIIHO
0,25; 0,21; 0,30 i 0,26 TpuBamocti HUKIYy. TpUBaNiCcTh
30MpaHHs KOXKHOI KYJIBTYpPH 3 TEMIIOM BHILIE CEPEJHBOTO

CTAHOBUTHh MEHIIIC TIOJIOBUHM TPHUBAIOCTI IMKIY, a 3
TEMIIOM HIXKYE CEpPeIHbOTO — OLUIbIIEC TMOJOBHHH.
3arajpHUl BUCHOBOK 3 HABEJCHUX JAHUX 3BOJHUTHCS 0
Toro, mwo 26-33% Bpoxkalo B TOCIOAAPCTBAX MOXKHA
OTpUMaTH IpU  3aCTOCYBaHHI  pecypco3depiraroumx
TEXHOJIOTiH. AHa3 I CHHTE3 3aKOHOMIPHOCTI MPOIECy
30UpaHHs YPOXKA0 CBITYUTH, IO MPOTATOM OJHOTO JHS
MakcUMaibHUI Temi nocsras 18,2-34,9% Bchoro odcsry,
110 TIEPEBHIIYBAJIO cepenHiil Temn 1o 3,58 pasa.

KiarouoBi  ciaoBa: METOZOJIOTisA,  Koe(ilieHT
TOTOBHOCTI, e(CKTHBHICTB, CLITBCBKOTOCTIONAPChKa
MalllMHA.

IocranoBka npodaeMu

BupoOHuITBO 3epHa B YKpaiHi y Cy4acHHX yMOBax
3HaXO/MTKLCS Ha €Talll 3pOCTaHHS Ta 301JIbIIICHHS BaJIOBOTO
360py [1]. Tak, y 2012-2020 pp. Bin 3pic 3 40 10 60 MiH
ToH 3epHa [2]. Topsix 3 UM HEOOXiAHO BiMITHTH, IO
MOKa3HUKH YCIIXY CYIPOBOJDKYIOTHCS TAKMM HEraTHBHUM
sBuiieM [3], sk BTpaTu BupoOIlleHUX ypoxaiB [4], ski
cararote 7-8 MiH TOHH [5], a me ckiamae 16—18% Bin
BayoBoro 306opy [6]. J[OMiHYIOYOH NPHUYMHOIO TaKUX

3HAYHUX BTpaT ypoXKal € TOCTiiiHa  Hecraya
3epHO30UpabHUX KOMOaiHiB [7], HH3bKa TEXHI4HA
roToBHicth [8] 1  HemiAroTOBNIEHICTH  HEPCOHATY

3aCTOCOBYBaTH CydvacHy TexHiky [9]. Bimomo, mo B
arpoTepMinn 30uparoTh Jmiie 30 % TOCiBiB 3€pHOBUX
kyaetyp [10], a TpuBamicTh 30MpaATBHOTO CE30HY
nepesulye ix B 3—5 paszis [11].

HaBantaxxeHHs Ha OJMH Gi3WIHUH 3epHO30MpATHHAN
KoMOaiiH ckimamae 189 ra, Ha TEXHIYHO CHOpPaBHUN —
npubsi3Ho 218 ra abo 770 1 [12]. Ionax 70 % kombaitHiB
MaroTh TepMiH ekciutyaramii 1o 30 pokiB 3 HMOBIpHUM
3HAYCHHSAM Koedimienta rotoBHOcTi 0,4-0,7, sKi
HamonouytoTs 200—-600 T [13]; BTpaTH Bia GionorivyHoro
OCHITAHHA J0csraroTh MiHiMyM 10 % Bix BasmoBoro 300py
[14]. TlpuunHamu 3HAYHKUX BTPAT BUPOIIEHOTO YPOXKAIO €
BHCOKe (pi3WuHe HABAaHTAKCHHs Ha KoMbaiiH [15] i Hu3bKa
e(peKTHBHICTP BHUKOPHUCTAHHSA HAsgBHOTO TIapKy 3a
MOTY)KHICTIO ABUTYHa [16] Ta MPOMyCKHOIO 3MAaTHICTIO
Mosotapku [17], arpo6iosoriuaum cTaHoM XITiGHOT Mach
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[18], BrpaTamu 3epna 3a moaorapkor [19]. B ymoBax
pEATbHOTO  BUPOOHWITBA  TOTYXKHICTH  JIBHTYHIB
3epHO30MpANEHUX KOMOAWHIB 1 TPOIYCKHAa 3HATHICTH
MOJIOTAPKH BUKOPHCTOBYIOTHCS MaKCHMaIbHO 10 57—63 %
Bim HoMiHanmpHOTO 3aBaHTaxkeHHs [20]. BesymosHoO,
HHU3bKE 3aBAHTA)XXCHHSI € OCHOBHOIO NPHYMHOIO HHU3BKOI
MIPOJYKTUBHOCTI, 3aTATYBaHHS TEPMiHIB JKHHUB 1 3HAUHUX
BTpaT 3epHa Bij OIOJIOTiYHOTO OCHIIAaHHS Ta MEPEBUTPAT
naquBa [21]. Brparu BupomIeHOTO ypokaw uepes
OCHUMAHHS 1 HU3BKUIl BiICOTOK 30MpaHHS MPOJOBOIBUMX
KJIaciB 3epHa y BCTAHOBJICHI arpoOTEPMiHH € HPHIUHOIO
3HayHKX 30uTKiB (=1 Mupa $) BiTunsHsAHMX arpapiiB [22].
Ocp oMy TeMa AMCepTaIiifHOl poOOTH € aKTyalpHOIO, a
camMa po0oTa Mae 3HaYHy MPAaKTUYHY MIiHHICTD SK UL
BHUPOOHWKIB 3epHO30MpanbHIt KoMOaitH [23], Tak i mis ix
KOpHCTYBaiB [24], a TAKOK y HABYAIEHOMY IIPOLECi TIPH
MATOTOBIN IHKCHEPHHUX KalpiB CUIBCHKOTOCHIOIAPCHKOTO
BUpOOHUIITBA [25].

AHaJii3 ocTaHHIX JOCTiIKEeHb

Onrumizanii CTpyKTYypu KOMOaiHOBOrO IapKy B
3aJICKHOCTI Bil YMOB MPHOMPAHHS Ta CYKYITHOCTI Pi3HUX
BHPOOHMYHX (PAKTOPIB MPUCBATHIN CBOi poboTH Oararto
nocrmignuki [4]. Humu po3poOieHO JOCHUTH BETHKY
KiTbKICTh  pI3HMX  MaTeMaTHYHHUX  Mojenedl  Ta
KOMIT'FOTEPHUX TIporpaM Uil pPO3PaxyHKy 3arajbHOI
KUTPKOCTI KOMOAMHIB I KOHKPETHHX yMOB 30WpaHHSA
(ypoxaiinocti  [11], camoocunanocti [7], TepmiHiB
36upanns [26]). Y deskux MOJENsAX BpaxOByBajacs HaBiTh
3araipHa THMHAMiKa BTpaT 3epHa [27].

OnHaK CTOCOBHO BEIMKOTOBAapHOTO BHUPOOHHIITBA
3epHa BOHM BUMAaralOTh KOPHUTYBaHHsS, LIO CIPHYMHEHO
0COOJIMBOCTSIMU ~ IHTEHCHBHOI pOOOTH KOMOaiHOBOTO
napKy B Takux rocnogapersax [17]. Tomy s po3paxyHKy
CTPYKTYpH IapKy KOMOaiHiB KOHKPETHHX I'OCIIO/IapCTB, a
HE BCHOTO pETiOHy HaMH OyJI0 3alpOIOHOBAaHO TaKi
METO/NYHI MTOJI0KEHHS:

- omuiHIOBaacs 3arajbHa e(eKTUBHICTD
KOMOaifHOBOT'O MApKy 3arajioM 3a 30MpaJIbHUH CE30H, a U1
HE OCKIUIBKHM paHilie Oyo NMPUHHATO OIIHIOBaTH PoOOTY
onHOro kombaiiHa, Ta OyB y3arajJbHIOBaJIM HOTO OLIHKY
Bech mapk KomOaitHiB [21]. s BENTHKOTOBApHOTO
BUPOOHMIITBA 3epHA 3 BUCOKUM TEMIIOM 30UpabHUX POOIT
Lle HEMPUHHATHO, OCKUJIBKM Yy 30MpaHHI MOXYTh Oparu
y49acTh KOMOAaWHM pI3HOTO Kiacy, 3 pIi3HEM pPidHHM
3aBaHTQKEHHAM Ta Yy3arajdbHEHHS pPOOOTH OFHOTO
KoMOaiiHa Ha Bech MapK Jae MOMUIKOBHUIA pe3ynbTaT [3];

- BPaxoOBYB&IN HE 3arajbHy AWHAMIKy BTpaT 3epHa
BiJl CAMOOCHIIAHHS, a KOHKPETHO IIOJNO KOXKHOTO COpTY
3€pHOBHX 3 ypaxyBaHHSAM JAMHAMIKH BPOXKalHOCTI 3epHa
Ha 3QJTMIIKOBI TUTOMI THCIIs KOKHOTO JHst 30upanss [19];

- BaJIOBH 30ip 3epHa B TOCHOJIAPCTBI OIIHIOBAIH HE
3a CepeIHbOI0 BPOXKaWHICTIO HANPUKIHII 30MpaHH, a SIK
CYKYTHICTh MPUBATHUX BaJOBHUX 300piB 3epHA 3a KOKHUI
KaJCH/JapHUI  JeHb  30MpaHHS  IPOTSIrOM  yChOTO
30UpaIbHOTO TIEpioay, SKWUH 3aleXHTh BiJ TEMIIiB
30MpaHHs Ta oJ000BUX BTPAT 3epHa [8];

- BBEIICHO HOBE MOHATTS — KOe(ili€eHT KOPUCHOI il
KOMOaIfHOBOI0 MapKy, MpUYoMy JBoX TUmiB [15].

Harypansauit KKJ[ — BupaxkaeTbcs CTaBICHHSAM
(axtuunoro Bamooro 36opy 3epua W, 3i6pamoro

MapKOM 3a BeCh MepioJ 30MpaHHs, 10 MOTeHIIiiiHOTO — W,

pO3paxoBaHOTO  MepelN  MOYaTKoM  30MpaHHS Y
TOCHOIAPCTBI.
T.
n = ﬂ _ Z[ 0 Si'f¥0;T36 (1)
I w, SoYo

Ie Sy — IUIoIa BChOT0 30MPaNbHOr0 MacHBY IOCIIOIAPCTBA
i1 KOHKPETHOIO KYJIBTYPOIO Ta COPTOM;

Yo — TOYaTKOBa BPOXAWHICTH 3EPHOBHUX OKPEMOTO
BUJly Ta copty (Tiepel 30UpaHHIM), T/Ta;

f(o; Tys) — QyHKIIs, MO0 BUpaXKae JUHAMIKY BTpar
3epHa BiI TPHUBAJOCTI 30MpaHHS Ha 3aJUIIKOBIN ILTOIII
TICJIST KOKHOTO AHS 30MpaHHA S;.

@opmyna (1) BimoOpaxkae peanpHy CHTyaIlilo B
TOCHOIAPCTBi, KOJMM B Mipy 30HMpaHHA 3MCHIIYETHCS
30MpanbHa IUIOIA, a BPOXKaWHICTh BH3HAYAETHCS HE HA
BCifi myoImi, a Ha 3aJHIIKOBIM IICIS KOXKHOIO [HS
36upanns [10].

3  ¢opmymu (1) BuUIUIMBaE: YUM  OUTHINKH
cepeHbo1000BHI Temn 30upanHs (ra/mo6y); (T/mody),
TUM MEHIINH nepio]] 30MpaHHs, THM BHIIE HAMOJIOT 3epHa
ta Bunmit KKJI kombaitnoBoro mapky [24].

Sxmo koM0aiiH mparoe Ha 30UpaHHi Pi3HUX KYJIBTYP
(KyKypya3H, COHSIIHUKA, TPaB Ha HACIHHSA), TO BiIOBITHO
Wy =2W; a xoedimient KKJI pospaxoByerbcs sk
CEpe/IHbO3BAXKEHE 3 ypaxyBaHHAM YacTku Wi B Wy,

ANbTepHaTHBHI BapiaHTH KOMOANHHOBOTO mMapky 3
npubanzHo piBauM KK/l — 77, 3anporoHOBaHO OLIHUTH
JIOIATKOBO TEXHIKO-CKOHOMIYHHMH MOKa3HUKaMu [1].

Tomy BBeneHO MOHATTS — exoHOMiuHMA KK/, sxumit
3aJICKUTH BiJ| CIIBBITHOIIEHHS cobiBapTocTi 3epHa L o6
(rpe/T) Ta puWHKOBOI BapTOoCTi 3epHa — L, (TpH/T), Ta
BU3HAYAETHCS 3 BUpasy:

— 1 — Heos
Ny, =1 1, 2

3BiICM BHWHHUKAOTh 3aBIAHHS IIOJ0 BU3HAYCHHS
(GYHKIIOHAJIBHOTO 3B’SI3KY MIDK TOJOBHMMH (haKTOpamu
(dbopMyBaHHs BaJOBOrO 300py 3epHa Ta MPOAYKTHBHOCTI
KOMOaiiHIB, iX KIUJIBKOCTI y mapKy, IMHaMIiKH BTpar,
BUSIBJICHHSI  KUIBKOX — aJIbTEPHATHBHUX KOMOAHHOBHX
MapkiB Ta Jard M TEXHIKO-€KOHOMIYHY OLIHKY,
pospaxysaBuin  KKJI nmpyroro poxmy [16]. Ile nae
MOJKJIMBICTh TIPY OYIb-SIKMX 33aJaHUX 3HAUYCHHIX Sy 1 Y,
BU3HAYUTH ONTHMAJIbHY CTPYKTYPY KOMOAfHOBOTO Mapky
3a KUTBKICTIO KOMOalHIB Ta IXHBOT IPOYKTUBHOCTI [7].

Meta gocaiaKeHn

Mera pmochiUkeHb —  OMHCAaTH  OCOOJIMBOCTI
AQHAITHYHUX i JIX0/IB 10 KOMIUIEKCHUX KPUTEPiiB OIHKH

BUpOOHHMIITBA  3€pHA B CLITBCBKOTOCTIONAPCHKUX
MAPUEMCTBAX iHTeHcHupikarieo IH)KEHEPHOTO
MEHEKMEHTY.
Pe3yabTaTh nocaigxkeHb
HacmpaBmi  3aranpHWMil  BanmoBWid 30ip 3epHa Yy

TOCIIOIapCTBI 32 Bech 30UpalbHU TMepion 3a3BHyait
BU3HAYAETHCS CYMaPHOIO KIBKICTIO 3€pPHA, IPUBE3EHOTO 3
OISl Ha 3C€PHOOYMCHHH CTPpyM. MOXYTh pPO3pi3HATH
30upaHHs 3epHa 10 00poOKH abo micisa 00poOKH (KoMOpH
30upanHs 3epHa). CepenHst BpOXKalHICTh 3epHa 332 CE30H
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BH3HAYAETHCS MPOCTUM PO3MOJIIJIOM 3arajbHoOi KiJTbKOCTi
3i0paHOro 3epHa Ha 3arajibHy 30UPaTLHY IIONTY.

OpmHak 1 JOCHUTH NPUMITHBHHH 1 1O TOTO XK
MMACHBHHUN CTOCIO, SKWAH JHIIe KOHCTAaTye KiHICBHMA
pe3ynpTar 30uMpaHHA BpOXKAl0 Ta HE PO3KPHUBAE
MMOTEHIITHO MOJJIMBUI BajoBWH 30ip, BETMYUHY BTpaT
ypoXal Ta IXHIO NpUYMHY. be3 Iboro HEMOXKIMBO
LJIECTIPSIMOBAHO KePYBaTH 30MpaIbHUM IIPOLIECOM 1 uepe3
KOPOTKOYACHICTh NMPHOMPaHHS CBOEYACHO CKOPHUI'YBAaTH
TEXHOJIOTIYHE Ta TeXHiuHe 3a0e3neyeHHs 30HMpaJbHUX
poOiT.

VY 3B’s13KY 3 [IUM 3aIIPOMIOHOBAHO OLIBII OTIEPATUBHU
METOJ MPOTHO3YBaHHA, PO3PaXyHKYy Ta YyNPaBIiHHA
BaJIOBUM 300pOM 3epHa 3a CEe30H Ha OCHOBI BH3HAYCHHSA
N00OBUX TeMITiB 30MpaHHA, OiONIOTIYHHX Ta MEXaHIIHUX
BTpar 3epHa. Lleit MeTox m03BONSAE BUABUTH BHYTPIITHIN
MexaHi3M (OpMyBaHHs 3araJIbHOTO BaJIOBOTO 300py 3epHa
SIK CyMY CepeqHb0I000BUX 300piB, SIKi IPOTATOM TEpioxy
300py MOXYTh OyTH pI3HMMH 3QJIC)KHO BIl TEMIIiB
JI03piBaHHs KYJIbTYpH, METEOYMOB, HAsBHOCTI Ta CTaHy
TEXHIKH, BUKOPUCTAHHSA OpraHi3aliifHO-TeXHIYHUX
pecypciB TOIIO.

B peanbHux ymoBax poOOTH KOMOAHOBOTO MapKy
TOCIIO/IapCTBa 32 Oy/Ib-SIKOTO 3a/1aHOr0 00’eMy pobotu S
(3a BuHATKOM mociBiB Ha 30..40 ra) 30uUpaHHA TpHUBaE
KiTbKa THIB i3 MOCTYIIOBUM 3MEHIICHHSIM 30HMPalbHOTO
MacuBy. B mepmmii nenp 30upaHHS MOXHA BBaXKaTH, L0
BPOXAWHICTh 3€pHA - Y, 1 3aranbHUNl HAMONOT — W, €
MakcHUMalbHUMU. SIKOU Bcst mutoina Oyia 3i0paHa 3a oguH
JICHb (3MiHY), TO MaKCHMaJbHa BpOXaWHICTH Oyne y
nepmiuii  geHbp OKHUB. HacTymHoOro JHsS, BHACIiJOK
CaMOOCHIIaHHSI CTHIJIOTO 3€pHa, BPOXKaHHICTh 3epHa Ha
TUTOII, 10 3aJHIIHIIACS, Oy/I¢ B)KE MEHIIIOK 1 T.11.

Takum 4yuHOM, NeHHWH (HOOOBHWI) Temm 30MpaHHS,
TOOTO KUTBKICTh YOpaHHX TeKTapiB 3a Iei Jac, BU3HAYAE
TPHUBAJICTH BCHOTO 30MPATBHOTO MEPioy, a iIHTCHCHBHICTD
CaMOOCHITIaHHS 3epHa — OI0JIOTIYHI BTpPATH Ta 3arallbHUHA
BaJIOBUIi 30ip 3epHa.

Ha puc. 1 mpencraBmeHuii anroput™M (HopMyBaHHS
BaJIOBOrO 300py 3€pHa IEBHOI KYJIbTYpH Ta COPTY.
T'o0BHA 3aKOHOMIPHICTE — y MIpy 30HMpaHHs HpuOpaHa
wrom@a 30UIbIIYEThCS, a 3aJMIIKOBAa BpPOXKAWHICTH Ta
BaJIOBHH 30ip 3epHa 3MEHIIYIOThCS.

3BijcH 3araibHUK BasloBUil 30ip 3epHa CTaHOBHUTH
CyMy BaJIOBHX 300piB 3epHa 3a KOXEH JeHb 30MpaHHs 3
ypaxyBaHHIM 0i0JOTiYHMX Ta MEXaHIYHUX BTpAT.

Wy =Wy + Wy + W5 + - W, (3)

Bicrapmsroun Wy i W, moxma pospaxysatn KKJ|
KOMOAHHOBOTO MapKy 1y . (hopmyma 1)

IIpz po3pobmi Momeni (opMyBaHHSA 3arajgbHOTO
BaJIOBOT'O 300py 3€pHA B aHATITHIHOMY BUTJISII IPUHHSITO
TaKi MPUITYIIEHHs Ta 0OMEXEHHS:

- IPOXYKTUBHICT, KOoMOaiiHa BH3Hayamacst 3
ypaxyBaHHSIM Koedimienra BUKOPUCTAHHS
eKCIITyaTallifHOro 4acy poOOTH KoMOaiHa IpOTAroM
106u, TOOTO 3 ypaxyBaHHSM MPOCTOIB 3 TEXHOJIOTIYHUX,
OpraHi3aliiHUX Ta TEXHIYHHX NPUYMH, IO BiIIOBigae
peanbHii cutyarii (puc. 2);

- JMHAMiKa 3HIKEHHS BpPOXKAaHHOCTI 3epHa Bif
CaMOOCHIAHHs MPUIHATA U KOXKHOI KYJIBTYPHU Ta COPTY
THAWBIAYaIbHO 3a aHUMHA €KCIIEPUMEHTAIbHUX
JIOCJIII)KEHB;

- 3QJIWIIKOBAa BPOXKAWHICTh BU3HAYAETHCS IMICIS
KOXHOi J00M poOOTH KOMOAHIB Ha 3aJIUIIKOBii
30MpaNbHIN TUIONT;

- TEMIT CAMOOCHTIAHHS 3€pHA Y MEPIINi Ta OCTaHHIH
JIeHb 30MpaHHsA (TeMI BTPAT) MPUHAMAETHCS BUXOAIYH i3
CHIBBiTHOIIEHHS Yacy poOoTH KOoMOalHIB y Iieil neHb Ta
TPUBAJIOCTI POOOTH MPOTITrOM J100H;

- MExaHI4HI ~ BTpaTH  3epHa  KoMOaliHamMu
NPUIMaIOTHCS HOPMAaTHBHUMHM, TOOTO He Oinbie Hik 2%
Bi o0OMOJIOYEHOro 3epHa abo 3a KOHTPOJILHUMH
00MOJI0TaMu;

- yac pobOTH KOMOaiHIB NPOTAroM JOOU MPOTATOM
YChOTO TepMiHy 30WpaHHS TPUIHATO OIXHAKOBUM
(MOXITUBHUI BHHSATOK IS OCTAHHBOTO THS 30MpaHH:).

[puifaaTi npumymeHHS Ta  OOMEKEHHAI  HE
MOPYIIYIOTh peaJbHUMN MPOoIec poOOTH KOMOAIHIB, a IesKi
HaBiTh MiABUIIYIOTH TOYHICTh OLIHKHA pe3yJbTATIiB IX
poboTH, a 3arajoM CIPOIIYIOTh MaTeMAaTHIHI BUKIAIKH.

[Norenuiitnuii BajoBuii 30ip 3epHa mepen NO4YaTKOM
30upanHs W, BU3HAYAIH 13 PIBHSIHHS:

Wo = S0 Yo 4)
ne Sy — IoYaTKoBa IuIoma 30MpajbHOr0 MacuBy, ra;

Yo — TI0YaTKOBA BPOXKaHHICTh 3epHA Eepe] HOYaTKOM
30upaHHs, T/Ta.

JeHHe 30MpaHHs BU3HAYAIH TaK:

by = N - Wey - Te (5)
ne N — KITbKICTh MPaIoYnX KOMOANHIB, MIT.;

W, x. — ekclulyarauiiiHa MpOAYKTHBHICTH KoMOaiiHa,
ra/ron;

T, — roguan podoTH POTATOM 100U, TO/T00Y.

Takum ywmHOM, y mnepiuuid neHp 30upaHHA Oyne
puOpaHO BpOKai 3 TUTOMII

S1 =N W - Ty (6)
Banosuii 30ip 3epHa 3 1i€l mwiomnti
T.
W1=51-y1=51-if1-y0:7’35-y0 O

Bpoxaiinicth 3epHa y;, HaBejeHa Ha puc. 1, 3
ypaxyBaHHIM BTpaT BijJi CAaMOOCUTIAHHS B JIeHb 30MpaHHs
BHU3HAYAETHCS 32 TaKOIO (POpMyIIor0:

yi=35 ‘ZT_ifl Yo Tss * Yo

3anmumkoBa 30MpabHA IUIOINA TiCIS MIEPIIOTO JHS

30upaHHs:

Spp=8— 5 (8)
3anuIrkoBa BpOKaifHICTh Ha Il IO
Va1 = Y1 — Yof2 Yoi Tus ©)

[Ticnst qpyroro JiHst NpUOUpPaHHS BiAMOBITHO:
Sy =N-Wey - Ty (10)
Saz =So =51 =5, (11)
W, =Sy, =S y1 = Yof2 YoiTss (12)

[Ticns Tperboro qHS 30MpaHHs:
Sz =N Wy - T (13)
Saz =80 — 51— 5, — 53 (14)
W3 =S3y3 =353, —Yofs Yo Tss (15)

BiamosigHo B OCTaHHI JeHb 30UpaHHs
Sp = Ng - Wey - Ty

(16)
TTI.
o4 Yn-17 Yofn Yoi Tss 17)
@daktnyHui cymapHui BanoBuid 30ip 3epHa i3
3arajpHOI wiomi Sy Oyne:
ch =Sy +S Y, + 83 Y3+ e+ Sy

Yno1+Sn Yn = Z?(Si Vi) (18)

Wo =5V =5
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TToTeHUHIIT BAJIOBHI
30ip 3epHa Wy,

ITouarkosa
30HpanbpHa
mioma — Sy

[Toyarkoa
BPOXKAHHICTE Ha
3aranbHii o - yo

AR

Y

Banoswii 30ip 3a 1-it
JieHb 30MpaHHs

Y

ITnoua, 3i6pana B
nepimii 1eHb

v

Vpoxaiinicts Mo,
| 3i Oparoro B nepuit
JEHb 30HpaHHs —

yi=y0

30upanHs - S;
h 4
3anuikosa
nmonta | Baosuii 36ip 3a 2-if
S4=80-S; JIcHB 30MpaHHs

SaHIITKOBA BpOKaHHICT |
micys nepioro jus  f
30upanHs

Ay=yo-II;

- [Inowa, 3i6pana |
. B IpyrHil 1eHb |
30HpaHHs — S,

A 4

BposkaiiHicTs mos,
3i0paHoro B Apyruit
JIeHb 30HpaHHs - Ay,

Banosmii 36ip 3a 3-i

!

ITnoua, 3idpana
B TPETiii JIcHb
30upanHs — S3

JIeHb 30UpaHHs

3anunIKoBa BPOXKAHHICTE
3epHa, 310paHoro mics
JPYTOTO JHSA 36HMPaHHS
Ay=Ay -1,

I
| Tlnoma, 3i0pana B
| ocTaHHIH jgeHb -S,

| Banosnii 36ip 3a octanHill |
i NIeHb 30UpaHHs

;Wn:Sn'Ayn

3anuirkoBa BpokaiHicTh
3epHa Ha Mol B OCTaHHIi
JIeHb 30UpaHHA

Ayn:Ayn'J' n-1

Puc. 1. Anroputm popmyBaHHS BajoBOro 300py 3epHa IEBHOI KyJIBTYPH Ta COPTY Bij HEPIIOTrO 1O OCTAHHBOTO JTHS
36upanns (I1; — BTpaTH 3epHa BiJ CAMOOCHUITAHHS ITiCIs KOXKHOTO THS 30UpaHHs T/Ta).

Fig. 1. Algorithm for the formation of gross grain harvest of a certain crop and variety from the first to the last day
of harvest (I1; — grain loss from self-shedding after each day of harvest t/ha).
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[otpibHa KinbKicTh KOMOaHIB
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ey
=iill=?
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y3=4 1/ra
Tc=12 rox
T36=12 guis
KE=0,7

So, tuc. ra

Puc. 2. 3mina HeoOXiHOT KiNbKOCTI KOMOAIHIB Pi3HUX KIJIACiB 3a O1IbII0T Bapiallii BpOXKaHHOCTI 3epHa.
Fig. 2. Change in the required number of combines of different classes with a greater variation in grain yield.
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BcTaHoBNeHO, 10 cepenHA JEHHA NPOLYKTUBHICTH
KoMOaifHa TPOTATOM TEPIIUX 3 POKIB BHKOPHUCTAHHS
cranosuia 14,6-16,1 ra; cezonna — 302-314 ra; HaMoJIOT
3epHa —59-161 13a menp i 1280-1440 1 — 3a ce30H (puc. 2).
Jns oTpuMaHHA HEOOXiZHOI MPOIYKTHUBHOCTI 1 SIKOCTI
00MOJI0TY HEOOXiHO TIOCTIHHO CITiIKYBAaTH 32 BEJINYNHOIO
3a30py Mbk Oapabanom 1 mimbapaGamusm. Jis
M/IBUIIEHHS ~ TPOJYKTHBHOCTI BHBaHTaXXEHHS 3€pHa
JOLIIBHO TMPOBOAMTH i 4Yac pyxy O0e3 3yHHHKH
KomOaiiHa, OCKIIBKM TpW Hamonotri 60 T 3a JeHb
BTpadaeTscst npubmmsHo 1,6 rom poboyoro wacy.
Buseneno, mo icHyro9a cucteMa 30MpaHHS ypoKaro He
BpaxoBy€ OUHAMIKH JO3piBaHHSA 3€pHA 1 COJOMH Ta iX
LTEOBOTO TPW3HAYEHHS 3a CXEMOIO: BXiA y TIpoIiec
(mepma (aza), OCHOBHa YacTHHA i3 BHUIIE CEPEIHHOTO
(mpyra ¢asza) i Buxig 3 mpomecy (Tpers dasza),
HeeeKTHBHA Yepe3 HU3BKY KHUBYUICTh CHCTEMa 30MpaHHS
B OpraHi3alisx, perioHax i o0jacTsx B IEpLIii 1 TpeTii
(dazax. AHai3 YHCIOBUX IMOKAa3HUKIB CBIAYUTH, IO IPHU
30MpaHHI BCIX KYJBTYp TEMII Npolecy B mepuiii ¢asi
30UIBIIY€THCSl IOBUIBHO, B JPYTii — HIBHIIE, @ HA BUXO/I
cnajae 10 MiHIMaibHOTO. Y mepiii ¢asi cepenHiii TemMn
IUIS )KWATA, STYMEHIO, BiBca 1 IMIIEHHUI JOCSATAE BiAINOBIIHO
0,25; 0,21; 0,30 i 0,26 TpuBanocTi mukiIry. TpuBamicTh
30MpaHHs KOXKHOI KYJIBTYPH 3 TEMIIOM BHILE CEPEIHBOTO
CTaHOBHUTb MECHIIIC IIOJIOBMHH TPUBAJOCTI LHUKIY, a 3
TEMIIOM HW)XKYE CEpeOHBOro — OUIbllie ITOJOBHHH.
3araipHUIl BUCHOBOK 3 HaBEICHUX IaHHUX 3BOAUTHCS JO
Toro, mo 26-33% Bpoxkalo B TOCIOAAPCTBAX MOXKHA
oTpUMaTH IpU 3acCTOCYBaHHI  pecypco3depirarouux
TEXHOJIOTiH. AHAaNi3 i CHHTE3 3aKOHOMIPHOCTI MPOIECY
30MpaHHsl ypOXKAl0 CBITYUTh, IO MPOTATOM OJHOTO IHS
MakcuMansHul Temn gocsras 18,2-34,9% Bcboro obcsry,
110 TIEPEBHIIYBAJIO CepeHiil Temi 10 3,58 pasa.

TakuM 4MHOM, y Mipy 30UpaHHs BHECOK IOACHHOTO
BAJIOBOTO 300py B 3arajbHUi HAMOJIOT 3epHa 3a CEe30H
Jieai MEHIIUK i MeHIINN depe3 3HIKCHHS BPOXKaHOCTI
3epHa BiJl CAMOOCHIIAHHS 32 OJHAKOBHX JOOOBHX TEMIIIB
30upaHHs.

Ilpn HOpMAaTMBHMX MEXaHIYHMX BTpaTrax 3epHa 3a
komOaitnamu (2%) [14, 52] dakTuunuii HamonoT 3epHa
Oyie 111e MEHIINM 1 CKIIaje:

W4 = 0,98 %1(S; - ¥1)
Jie N — 3arajbHa KijbKiCTh qHIB 30MpaHHsI n = Tyq.

JenHuit Temn 30upaHHsA S 1 MOKHA BHPa3UTH depe3
napameTpu KoMOaiiHa:

(19)

Si=N-01:-B,-V,'T, (19)
ne B, — mmpuHa 3axBary *HHMBapKu KoMOaiiHa, M;
V}, — BUAKICTE pyXy KOoMOaiiHa, KM/TOJI.
S; = N, - 2&Kexe (20)

1+agy;

Q) — IPOITYCKHA CIIPOMOXHICTh KOMOaliHa, Kr/c;

Q¢ — BITHOIIEHHS Mach COJIOMH JI0 MacH 3€pHa B
X71100CTO¥;

Y; — TOTOYHA BPOXKAHHICTH 3epHa Ha MOJ, MLIO
3abupaerbes, T/Ta.

3BizcH 3araspHa MaTeMaTHYHA MOJETH PO3PAXYHKY
BaJIOBOTO 300py 3epHa Ha IUIOII S, 3 YypaxyBaHHIM
JMHaMIKM BTpaT 3€pHa Bl CAMOOCHUIIaHHS 1 MEXaHIYHHX
Horo BTpar KomOaiiHamMHM HpW mHpHHI 3axBary B, Ta
HIBUIKOCTI KoMOaliHa Vj, MaloTh BUTJISIL:

[ToyaTok

Beenenna
BHXITHHX TaHHX

3Gupania Kinenp
IMnowa S,
S, - 3a1aHa ' S, - Hesamana
v N OhopMaenna
PeKOMEH AL
Arpocpok
30upaHHa -
3amaHni- Ty Tug-he sananmii BHOIP ONTHMANEHHX
4 : BapianTis s pisnnx
POIPAXYHOK TOTHHHOT YMOB 30HPaHHs
NPOIYKTHRHOCT]
WILTEPHATHEHHX
KOMOAIANIR KIACIR B
3 no 14 krfe =
ULt IoBTopHHil pospaxyHok
¥ MOKAIHHEIR SEKTHBHOCT]

BCTquMc“H“ ITa'DK'i'ﬁ Hicﬂﬂ KOPHryBaHHa
TpHBIOCT pOOOTH Ha y Y

LAY —»| Bu3HaueHHs KHHE

TUTOMI-S,, TIPH

pisnomy N, ta Wy

Kopuryranus
CTPYKTYPH NapKy

Busnadenns -
H(_JTpiﬁHOjl' DopyyBAHHA
KITBKOCTI AIBTEPHATHEHHX

xombainie Ny 3a [ napxis komGaiinis
3a1AHIMH T
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Puc. 3. Aunroput™m itepauiiiHol
CTPYKTYpH  KOMOaifHOBOro  mapky  3a
€KOHOMIYHHMMHU ITOKa3HUKaMU X pO6OTI/I.

Fig. 3. Algorithm for iterative optimization of the
structure of the combine fleet according to the technical
and economic indicators of their work.

Y pospobieHomy amroput™mi (puc. 3) € Ba
NPUHIMIOB] BapiaHTH: 30HMpajbHA IUIOIIA MOXE OyTH
3amaHa ab0 He 3ajaHa (TPeTid mepexin B ajroputmi). Y
MEepIIOMY BHIIQJIKy TapK pO3PaxOBYEThCS i 3aJaHy
TUTONLY 3 Pi3HOIO TPUBANICTIO IPUOUPAHHS, Y TOMY YHCII i
3a arpoTEeXHIYHUI TEPMiH.

VY npyromy Bumnaaky GpopMyeThCs Mapk KOMOAWHIB i
BU3HAYAETHCSA, SIKY IUIOILY BiH MOXKE NPHOpATH 3a pi3HOI
TpHUBAJOCTI 30mpampHUX poOiT. llei BapiaHT ypakae
TOCIO/IapCTB 3 00MEXEHUMH (hiHAHCOBHMMH pECypCcaMu.

OCKUTBKY 3araibHUI BaJIOBHiA 30ip 3epHA 3aJICKUTH
BiJl ICHHUX (IOOOBWX) TEMITiB 30MpaHHS, TO BUHHUKAIOThH
aNTbTEPHATHBHI KOMOAWHOBI TapKH 3a CTPYKTYPOIO Ta
NpOJNYKTUBHICTIO. Hampukian, wmanuii napk — moao
MOYaTKOBOro 00csry poOiT (BHXiIHOI IUIONI) BUMAarae
MeHIe (hiHaHCOBUX, MaTepialbHUX Ta KaJIpOBUX PECYPCIB,
aze 3MOoJe MpUopaTH 3aJany IIOLLY POTArOM TPUBAJIOTO
4acy i BIAMOBIAHO 3 OiIbIIMMH Gi0JOTIYHUMH BTPATAMHU.
Benunkuii mapk 3a KUIBKICTIO Ta NPOAYKTUBHICTIO MOXE
MIBUAKO 3aKIHYUTH TpHOMpaHHA 3 MIHIMAIBHUMHU
OloJIOTIYHMMHK BTpaTaMH, ajleé BHUMaraTuMe BEIIMKHX
BUTpaT Ha CBOIO PoOOTy. 3BiJICM BHHUKAIOTh YHCIICHHI
JIbTEPHATHBHI BapiaHTH.

Taka >k TeHaeHIis 30epiraeTbcst 1 3a IHIIAX
YpOXKalHOCTEN 3€pHOBUX KyJbTYp, ILIO BKa3zye Ha
30i7pIIeHAS €(PEKTUBHOCTI 3epHO30MpaTbHUX KOMOaiHiB
BHCOKHX KJaciB 3i 30UTbIIEHHSIM 30MpajbHOi ILJIOMIL.
Tobro i rocmogapcTB 3 BEJIMKOTOBAPHHUM
BHUPOOHHUIITBOM 3€pHA JOLUIBHININMH € KOMOAiHH Kilacy
10 xr/c i BuE.
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Bepexne mpubupanHs 3 PiBHOMIPHUM PO3IOIIIIOM
MOKHUBHHUX 3QJIMIIKIB Jy)Xe€ BaXIHBE 3a OyIb-gKOi
TEXHOJIOTii. A SKIIO YHUKHYTH TPOXOMIB TEXHIKH, sSKa
VIIIIBHIOE TPYHT, MOXHA 30€pertm CIPYKTypy Ta
3MEHIIUTH BUTPATH IIPH HACTYITHUX ONEPaLlisiX.

Jis rocofapceTB, sSIKi MalOTh BEJIUKI MO, TOMUIFHO
3BEpPHYTH yBary J10 OyHKepH-Iieperpy3uuku (puc. 4), siki
JI03BOJISIFOTH 3MEHIIUTH JIOTiICTHYHI BUTPATH, YHUKHYTH
B3Ny Ha TmOJI aBTOMOOUTIB, OCTaHHI 3aJMIIAOThH
yuiibHeHy Kodiro. Takox, OyHKepH-TlepeBaHTa)KyBaui
MOXKHa OCHACTHUTH CHCTEMOIO BaroBoro oOJiKy Ta
KoHTpoJto. HaniiiHnMu npuuen-nepeBanTaKyBauaMH € Ti,
10 Y CBOEMY aCOPTUMEHTI MaroTh, SIK 3PHOBI OyHKEpH 3
MIPOAYKTUBHUMH IITHEKaMH 3 €MHICTIO OyHKepa Big 20 mo
45 ™% Tak i yHiBepcanbHi HpUYENd 3 MOXKIMBICTIO
OCHAIIICHHS ITHEKOM, eMHICTIO OyHKepa Bix 20 mo 50 M3,

EE
(5 . o .

Puc. 4. Ynockonaneni cxemu mig No-till.
Fig. 4. Improved schemes at No-till.

IlepeBaru OyHKepiB-
NepPEeBAaHTAXKYBaYiB:

- TI0 TOJIO TEPEMIIIYIOThCS TUTBKH KOMOAaWHH Ta
TPaKTOpH 3 MEepeBaHTaKyBayaMH. 3a PaxyHOK 3HIIKCHHS
HaBaHTa)XCHHs Ha IPYHT 30epiraeTbcsi CTPYKTypa IPYHTY;

- HeMae€ KoJil BiJ aBTOMOOINs, Ha pyHHYBaHHS SKOT
MOTPiOHI TOJATKOBI BHUTPATH COJIAPKH i 4aC OCHOBHOI
00po0OKH;

- 3a TexHoyoril moBepxHeBOi 00poOku ab6o No-till,
KoMOaiiHy He OTPiOHO TXaTH A0 MeXi IoJIs.

byHkepu-niepeBaHTaxkyBadi  oOyajHaHI  BaroBOIO
cucremoro koHtpomo FWS (puc. 5), a Takox Ha

BUKOPUCTAHHSA

KoMOaiHax Ta BAaHTAXXHOMY TpchnopTi BCTaHOBJICHO
O6J'IaI[HaHH$[ CJICKTPOHHOT'O pOSHiSHaBaHHS[ Ta KOHTPOJIIO.

// r '

Puc. 5. Cucrema konrpoiro FWS.
Fig. 5. FWS control system.

KoHTpo:b 3aBaHTaXEeHb HA aBTOTPAHCIIOPT (pHC. 6):

- 30ip Bimomocreld i3 KOXHOro KomOaiiHa
IHAMBITyaIbHO.

- CKJIaIaHHS KapT BPOXKAHHOCTI.

[Ipu HaxmageHHi Tpekepa pobotu kombaitHa (GPS)
MOJKHA BUIUTNTH JUISTHKY TIOJIS 3 PI3HOIO BPOXKAWHICTIO Ta
SIKICTIO.
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Puc. 6. Tpekep poboTu komMOaiiHa.
Fig. 6. Combine operation tracker.

AHaIITHYHI BIIOMOCTI Ta OHJIaWH KOHTPOJIB (pHC. 7):

- aBTOMaTHYHE 3aBaHTA)XXCHHS BIIOMOCTEH Ha cepsep,
y T.4. TEJIEMETPisl TPaKTOPA;

- MOBHA JOKYMEHTAIIis 30MpaHHs Bpokaio 0e3 BTparT;

- OMEPaTHBHUI KOHTPOJIb X0y 30MpaIbHUX POOIT.

.fﬂg

Cxopoctb (km/ &
4)

100- 150 r ‘ : 5 @5\[@~
L @ &J&Jl
@ v\ \@

Puc. 7. Tenemetpist komOaifHa.
Fig. 7. Combine telemetry.

SIKi 3MIHUM CHIOCTEPIraloThCs:

- BICOKa IPOIYKTHBHICTH KoMOaiitHiB. [Ipu 3aTpummi
aBTOTPAHCIOPTY OJMH OyHKEp-HaKONHYyBau MOXeE
MIPOIOBXKHTH poOoTy 3-4 KOMOaHIB.

- ONOpPHHHA TYHKT TNpHiiMae BpoXal 3 Pi3HUX
rOCIoJIapCTB, 32 BHCOKOI BOJIOTOCTI 3€pHa € 4Yepra Ha
po3BaHTakeHHA. [IpH 3aTpUMIIl OJJHOTO aBTOTPAHCIIOPTY:
25 xB * 4 xomM0Oaiinu = pomarkoBo + 100 xBwiMH
MPOAYKTUBHOT poOOTH KOMOAIHIB.

Hani tenemerpii oNnTHMI3ylOTh pOOOTY arpoOHOMIB,
JIOTiCTIB, OyXTantepiB Ta EKOHOMICTIB.

OmnepaTHBHICTh  yXBaJIeHHS  pimeHb.  MoxHa
po3paxyBaTH 1o KOHiil arpo¢ipmi ONTHMaNbHY KiJbKiCTh
KOMOaifHIB Ta aBTOTPAHCIIOPTY, BHECTH KOPEKTHBH.
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BucHoBkH

1. BcTaHOBIIEHO, IO CepeaHs ACHHA MPOAYKTUBHICTH
KoMOaifHa TPOTATOM TEPIINX 3 POKiB BUKOPHCTAHHA
cranosuia 14,6-16,1 ra; cezonna — 302-314 ra; HaMoJIOT
3epHa — 59-161 T 3a meHs i 1280-1440 T — 3a ce30H. AHaII3
i CHHTE3 3aKOHOMIPHOCTI TpoIlecy 30UpaHHS YpOXKaro
CBIIYMTB, IO MPOTSTOM OJHOTO JHS MaKCUMAaJIbHUH TEMIT
nocsraB 18,2-34,9% Bchoro o0cCsTy, IO MEPEBUIIYBAIIO
cepenHii Temi a0 3,58 pasa.

2. Y pospobnenomy anroput™mi (puc. 3) € naBa
NPUHIMIOB] BapiaHTH: 30HMpajbHa IUIOIMIA MOXE OyTH
3amaHa abo He 3amaHa (TpeTiii mepexig B anroputmi). Y
MEPIIOMY BWIIAJKYy IApK pO3pPaxOBYeThCA Mif 3aJaHy
IUTOIIY 3 Pi3HOIO TPHUBATICTIO MPUOUPAHHS, Y TOMY YHCII 1
3a arpOTeXHITHNH TEPMiH.
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AHAJIMTUYHOCTDb KOMITJIEKCHBIX KPUTEPUEB
OLIEHKH ITPON3BO/ICTBA 3EPHA B
CEJIbCKOXO3SMCTBEHHBIX ITPEJIIPUATUAX
MHTEHCU®UKALIMEN MTHXXEHEPHOI'O

MEHEJDKMEHTA

H. JI. Poeockuii
AnHoTauusi. B cratbe mpoBenéH  aHamu3
AQHAJIUTUYHOCTH  KOMIUIEKCHBIX  KPUTEPUEB  OLEHKHU
MPOU3BOJCTBA  3€pHA B CEJIbCKOXO035HCTBEHHBIX
MpeANPUITHIX WHTECHCU(pUKAIEH HWH)XEHEPHOTO
MEHEI)KMEHTA. O¢ddexruBHOC HCIIOJIb30BaHUE

3epHOYOOPOYHBIX KOMOAHHOB M BEJIMYMHA MOTEPh 3€pHA
npu KOMOalHOBKe y CEIbCKOXO035UCTBEHHBIX
MIPOM3BOUTENICH 3aBHCAT OT KJIACCHYECKOrO Habopa
OpPTaHM3AIIMOHHBIX, TEXHWYECKNX, TEXHOJIOTHUYECKUX
(GakTOpOB W COCTOSHHUS  HHXCHEPHO-TEXHHYECKOU
cryx06pl. C  menpr0  TOBBIIEHUS  APPEKTHBHOCTH
HCTIONB30BaHU TEXHHUKH II€JIECOO0pa3HO HCIOIH30BAThH
OTIEPAIMOHHYIO TEXHOJIOTHIO cOOpa 3ePHOBBIX KOJIOCOBBIX
KyJIbTYp, KOTOpas BKJIIOYAaeT KapThl M PHUCYHKH IO
CJIEAYIOLIMM BOIMPOCAM: BBIOOD TEXHOJIOTH MPOBEICHUS
paboThl,  arpoTeXHWYecKHe  TpeOOBaHHsS,  TEXHHUKY
6e30IacHOCTH, BBIOOP M KOMIUIEKTOBaHME arperaTos,
MOJTOTOBKY arperatoB K padoTe, MOATOTOBKY IOJIEH U
OTPSIOB, OPTaHM3ALWI0 PabOTHI arperatoB B OTPSIHL,
TPaHCHOPTHBIE pPabOTHI, HOPMBI BBIPAOOTKH WM pacxoja
TOIUTMBA, KOHTPOJbF ¥ OIEHKY KadecTBa paOOTEHI.
YcTaHoBeHO, 9TO CpenHss THECBHAS
MIPOU3BOTUTEIHLHOCTh KOMOaifHa B TEUCHHE MEPBHIX 3 JIET
HCIIoNB30BaHus cocTaBuna 14,6-16,1 ra; cesonno — 302-
314 ra; namonot 3epHa — 59-161 1 B nenp u 1280-1440 T —
B CE30H. Js MOJTy4YeHUS TpedyeMoii
MPOM3BOIUTENBHOCTH M KayecTBa 00MOJIoTa HEOOX0IUMO
MIOCTOSIHHO ~CIIEINTh 33 BEJIMYMHOW 3a30pa MEXIy
OapabanoMm u moxmbapabanbeM. JlJss  MOBBIIIECHUS
MIPOU3BOIUTEIHFHOCTH BBITPY3KY 3€pHa IeIecooOpa3Ho
MPOBOIUTE TPH JABIKCHHH O€3 OCTAaHOBKH KoMOaiiHa,
MTOCKOJIBEKY ITpu HaMoutote 60 T B IeHb TepsAeTCS TPUMEPHO
1,6 4waca pabouero BpemeHH.OOHApYXEHO, YTO
CYIIECTBYIOIIAS CUCTEMa YOOPKH ypoKas He yIUTHIBACT
JMUHAMUKY CO3pEBaHUS 3¢pHA W COJOMBI M UX IEIIEBOTO
Ha3Ha4YeHWs MO0 cxeMe: BXOoJ B mporiecc (mepBas (aza),
OCHOBHas YacTh U3 BBILIE CpeiHero (BTopas a3a) 1 BBIXO]
u3 nporiecca (TpeThs hasa), HeaddekTuBHas U3-32 HU3KOM
KHMBYYECTh cUCTeMa YOOPKH B OpraHU3alisIX, PETHOHAX U
0o0nacTsX B MepBON U TpeThel (azax. AHAIN3 YHCIOBBIX
mokasarejeld CBHAETENBCTBYET, YTO NpH yOOpKe BcCeX
KyJIBTYp TEeMI Ipoliecca B IMepBoi (pase yBeTmduBacTCs
MeJUIEHHO, BO BTOPOi — ObIcTpee, a Ha BBIXOJIE CHU)KACTCS
JI0 MUHUMaJbHOTO. B mepBoit dasze cpenuuit temn s
KM,  A4YMEHs, OBca W  INIIEHUIBl  JOCTHraeT
COOTBETCTBEHHO 0,25; 0,21; 0,30 u 0,26
MIPOOIDKUTEIBHOCTH IHUKIIA. [IpoaomKuTeIbHOCTE cOopa
KaXI0¥ KyJIbTYPBHI C TEMIIOM BBIIIE CPEJHETO COCTABISAET
MeHee ITOJIOBHHBI IPOIOJKUTEIBHOCTH IUKIIA, & C TEMIIOM
HUXe cpenHero — Ooiyiee mosioBUHBL. OOIIMi BBIBOI W3
JIaHHBIX CBOJUTCS K TOMy, 4YTro 26-33% ypoxas B
X03siCTBAX ~ MOXKHO  MOJYYHUTh TP  NPUMEHEHHH
pecypcocOeperamoniux TEXHOJNOTHH. AHamW3 W CHHTE3
3aKOHOMEPHOCTH nporecca yOopku ypoxkas
CBUJICTENBCTBYET, YTO B  TEYEHHE OJHOTO  JHSA
MaKCUMAaJbHbIM Temir pocturain 18,2-34,9% ot Bcero
o0bema, 4To IPEBBIIANIO CpeTHUH TeMI 10 3,58 pasa.
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ANALYTICITY OF COMPLEX CRITERIA
FOR EVALUATION OF GRAIN PRODUCTION IN
AGRICULTURAL ENTERPRISES INTENSIFICATION
OF ENGINEERING MANAGEMENT
I. L. Rogovskii

Abstract. The article analyzes the analytical nature of
complex criteria for assessing grain production in
agricultural enterprises by intensifying engineering
management. Effective use of combine harvesters and the
amount of grain losses during combining in agricultural
producers depend on the classic set of organizational,
technical, technological factors and the state of engineering
and technical service. In order to increase the efficiency of
machinery, it is advisable to use operational technology for
harvesting cereals, which includes maps and drawings on
the following issues: choice of technologies, agronomic
requirements, safety, selection and assembly of units,
preparation of units, field and detachment preparation,
organization of work of units in detachments, transport
works, norms of production and fuel consumption, control
and estimation of quality of work. It was established that
the average daily productivity of the combine during the
first 3 years of use was 14.6-16.1 ha; seasonal - 302-314
hectares; grain threshing - 59-161 tons per day and 1280-
1440 tons - per season. To obtain the required productivity
and quality of threshing, it is necessary to constantly
monitor the size of the gap between the drum and the drum.
To increase the productivity of grain unloading, it is
advisable to carry out while moving without stopping the
combine, because when threshing 60 tons per day,
approximately 1.6 hours of working time are lost.It was
found that the existing harvesting system does not take into
account the dynamics of grain and straw ripening and their
purpose according to the scheme: entry into the process
(first phase), the main part of the above average (second
phase) and exit from the process (third phase), inefficient
due to low survivability of the collection system in
organizations, regions and oblasts in the first and third
phases. Analysis of numerical indicators shows that when
all crops are harvested, the pace of the process in the first
phase increases slowly, in the second - faster, and at the
output decreases to a minimum. In the first phase, the
average rate for rye, barley, oats and wheat reaches 0.25,
respectively; 0.21; 0.30 and 0.26 cycle times. The duration
of harvesting each crop with a rate above average is less
than half the duration of the cycle, and with a rate below
average - more than half. The general conclusion from the
given data comes down to the fact that 26-33% of the
harvest in farms can be obtained by using resource-saving
technologies. Analysis and synthesis of the regularity of
the harvesting process shows that during one day the
maximum rate reached 18.2-34.9% of the total, which
exceeded the average rate by 3.58 times.

Key words: methodology, availability, efficiency,
agricultural machine.

I. JI. Poroseskuii ORCID 0000-0002-6957-1616.



Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2021, Vol. 12, No 4, 139-144
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

UDC 53.081; 53.082.1

http://dx.doi.org/10.31548/machenergy2021.04.139

HARDNESS - VOLUMETRIC CHARACTERISTIC OF MATERIAL

0. Ye. Semenovskyi, L. L. Titova, O. V. Mykhnian

National University of Life and Environmental Sciences of Ukraine, Ukraine.

Speciality of article: 131 — applied mechanics.

Corresponding authors: |_titova@nubip.edu.ua.

Article History: Received — June 2021, Accepted — November 2021, Published — 17 December 2021.

Bibl. 13, fig. 1, tabl. 5.

Abstract. Producing details for different purposes is
guided by the conditions of their work and, therefore,
attention is paid to such characteristics as strength,
viscosity and hardness. Only the method of determining
the hardness of the material allows you to conduct
research without destroying the detail in addition to
physical methods. This takes into account the fact that the
other properties are indirectly related to the hardness
parameter. The main disadvantage of all modern methods
of the material hardness measurement is the inconsistency
of the practical content of the units of measurement of the
studied parameter to the theoretical essence of hardness -
as a physical quantity that characterizes the properties of a
rigid body. The units of all hardness measurement
methods, depending on the scale factor, are usually
compared by converting their values to such generally
accepted methods as Brinell, Rockwell, or Vickers. The
conversion of the hardness values obtained by different
methods should be used very carefully and preferably for
a preliminary assessment of the relative changes in
material properties. When applying these methods, the
units of measurement are the ratio between the load on
the indenter, a given standardized shape and the area or
depth of the imprint. However, based on the physical
content of a property such as hardness, it is necessary to
determine the relationship between the load on the
indenter and the volume of the displaced material. This
work aims to establish a theoretical basis for the digital
characteristics of units of hardness obtained by different
measurement methods. To provide the physical meaning
of the determining of hardness, the dependence of the
volume of the displaced material on the applied load was
determined. The comparison of these values made it
possible to really determine the relationship between the
units of different methods not based on practical
comparisons, but by summing up the theoretical basis.
The obtained results indicate a sufficiently high
correlation between the results obtained with different
hardness measurement methods.

Key words: performance, mechanical properties,
hardness, micro-hardness, volumetric hardness, indentor,
penetration depth, displaced metal volume.

Introduction

In modern mechanical engineering, the main
parameters that determine the use of materials are their
performance characteristics determined by mechanical
properties. Depending on the type of loads and working
conditions of the details, their material must meet certain
strength, viscosity and hardness parameters.

It is often accepted to control the listed detail
properties after their manufacturing and strengthening by
application of certain technological processes in modern
mechanical engineering through determining of detail
hardness, both volume vise as well as surface wise. Only
the latter method, in addition to physical methods, allows
you to conduct research without making special samples
and destroying the detail. This considers the fact that the
other properties are indirectly related to the hardness
parameter.

Formulation of problem

The main disadvantage of all modern methods of the
material hardness measurement is the lack, or rather
inconsistency, of the practical content of the measurement
units of the studied parameter to the theoretical essence of
the hardness as a physical quantity that characterizes the
properties of a rigid body [1].

Modern portable hardness measurement devices
often determine hardness-related properties that vary
significantly depending on the range of values being
tested.

Analysis of recent researches results

The method of elastic rebound (also known as the
method of determining the hardness through the dynamic
load) is based on the definition of such property as
elasticity which is usually determined by studying the
material strength. This characteristic is closely related to
the hardness. Although the relationship is different
depending on the value ranges. l.e., there are 12
measurement scales for plastics.
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The hardness is also determined by the damping time
of the pendulum oscillations after contact (rebound) with
the test material. In addition, there are devices that work
on the principle of measuring electrical resistance and
ultrasonic methods.

In modern metallurgy, the units of all the hardness
measurement methods are commonly compared by
converting their values to the broadly accepted methods
such as Brinell, Rockwell, or Vickers (depending on the
scale factor) [2].

But even the units of these fundamental methods do
not correspond to the very physical meaning of the
hardness as a physical quantity. This definition should be
considered specifically in a three-dimensional space. To
confirm this, we give the classic definition of hardness for
a solid body - "Hardness is the ability of a body to resist
the penetration of another more rigid body." That is, the
penetration of the indenter through the surface area, as in
the case of the Brinell method, or to a certain depth when
following the Rockwell or Vickers methods.

When applying these methods, we have units of
measurement lacking physical basis. That is, the units of
measurement are the ratio between the load on the
indenter given standardized shape and the area or depth of
the imprint. However, based on the physical content of
such property as hardness, it is necessary to determine the
relationship between the load on the indenter, and the
volume of the displaced material.

Purpose of research

The work aims to establish a theoretical basis for the
digital characteristics of hardness units obtained by
different measurement methods.

Research results

In our work, we compared the units of measurement
of the main methods of determining hardness by giving
them a real physical meaning. For this matter, the
dependence of the volume of displaced material on the
applied load was determined. The comparison of these
values makes it possible to realistically determine the
relationship between units of different methods not based
on practical comparisons but by summarizing the
theoretical basis.

Given the different shape of the indents as well as
the wide range of load changes it is necessary to introduce
certain coefficients that will take into account the scale
factors.

To ensure the accuracy of the obtained results the
research used a fairly wide range of measurements of the
properties of the studied materials. The lower hardness
limit was taken to be 15 units on the HRC scale which
corresponds to the hardness of unhardened steel. And the
upper limit was taken at 60 HRC respectively. This
hardness characterizes the properties of the device
materials. The reference data of hardness units using
different scales is presented in the table 1 [3-6].

Table 1. The relationship of the hardness values
determined by different hardness measurement devices

Hardness Value
HB HRC HRB HV
192 15 92 190
217 20 97 217
248 25 101 240
286 30 107 285
375 40 - 390
601 60 - 746
Load. kg
300 | 150 | 100 | 01

Since our research assumes that the real physical
quantity that corresponds to the theoretical definition of a
rigid body is the ability of the volume of the body to
penetrate the indenter, we derived formulas for the basic
hardness measurement.

Under the Brinell method, the basic values are the
radius of the ball and the depth of its penetration during
indentation. The depth of penetration h is determined
from the equation:

2
h=2-|(5) +(5) =rR-vRZ=1Z, mm )
where: D is the ball diameter, mm; R is the ball radius,
mm; d and r are diameter and radius of the inprint, mm.

Then the volume of the displaced metal is
determined as follows:

V=mh? - (R=h), mm’ @)

R=5mm.

To convert the units obtained using the Rockwell
method indenter diamond cone with an angle at the apex
of 120 h is obtained from the following:

h = (100 — HRC) - 0,002, mm (3)

The formula for determining the volume of displaced
metal by the Rockwell method is derived based on the
volume of the cone:

V =mh3, mm? 4)

Similarly, the formula for research by the method of
Rockwell is derived. When a steel ball with a diameter of
1,588 mm is used as an indenter, the depth of the
penetration is determined by the formula:

h = (130 — HRC) - 0,002, mm (5)

And the volume of the displaced metal is
respectively:
—ah?2(Rr-1
V =h (R 3h),mm3 (6)

In the study of microhardness where a diamond
pyramid with an angle at the apex of 136 ° is used as an
indenter, the following equations hold:

h=2-tan68° =2-2,48, mm @
where: d is the imprint diameter (average value), mm;
V=21S-h=<-d*-hmm ®)

The formula to determine the volumetric hardness of
the material given the value of the volume of the
displaced metal under load takes the form:

P, = %, kH/mm?3 9)
where P is the load acting on the metal, kH; V is the

displaced metal volume, mm?3. The calculation results are
shown in the tables 2-5.
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Table 2. The calculated values of hardness derived under the Brinell method on the HB scale.
Hardeness HRC
(Reference data) 15 20 25 30 40 60
Imprint diameter, mm
(Reference data) 4.3 4.1 3.85 3.6 3.15 2.5
Depth of Fr’]fg]etra“o” h, 0.49 0.44 0.39 0.34 0.25 0.16
_ Volume ofthe 3.65 2.95 2.32 1.77 0.97 0.40
displaced metal, mm
Volumetric hardeness, 8.22 10.17 12.93 16.94 30.93 75
kH/mm
Table 3. The results of calculations for hardness values under the Rockwell method on the HRC scale.
Hardeness HRC
(Reference data) 15 20 25 30 40 60
Depth of penetration b, | = .17 0.16 0.15 0.14 0.12 0.08
_ Volumeofthe 0.154 0.128 0.0106 0.0086 0.0054 | 0.0016
displaced metal, mm
Volumetric hardeness, 97.40 117.19 141.51 174.42 277.78 9375
kH/mm
Table 4. The results of calculations for hardness values under the Rockwell method on the HRB scale.
Hardeness HRC (Reference 15 20 25 30
data)
Depth of penetration h, mm 0.076 0.066 0.052 0.046
Volume of the displaced 0.0139 0.0105 0.0065 0.0051
metal, mm
Volumetric hagdeness, 71.94 9524 1515 196
kH/mm
Table 5. The results of calculations for hardness values under the Vickers method on the HV scale.
Hardeness HRC
(Reference data) 15 20 25 30 40 60
Imprint diameter, mm
(Reference data) 31 29 28 26 22 15
Depth of penetration ol o038 0.036 0.035 0.032 0.027 0.019
_ Volumeofthe 1 1500061 | 0000005 | 0.0000046 | 0.0000036 | 0.0000022 | 0.0000014
displaced metal, mm
Volumetric hardeness, 163.93 200 217 277 455 714
kH/mms
_ 1ooo
§ 900 a
T 800 /
g / ——Brinell method
ix]
E E 600 /
£Z 500 —=—Rockwell’
S )(/ ockwell's
< 400 method (diamond
% 300 // cone)
= 200 ﬁ)@i{, o
© 100 ==
0 M
0 20 40 60 80

Hardness on the HRC scale, Rockwell method (reference)

Fig. 1. The nature of the change in volumetric hardness of materials in the 15-60 HRC interval.
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The relationship between the values of the hardness
units of different measurement methods and the actual
values of volumetric har dness is illustrated in the Figure
1.

Conclusions

1. An attempt is made to theoretically substantiate
the reduction of empirical (numerical) values of units of
different methods of hardness measurement to real values
of volumetric hardness which has a real physical
meaning.

2. The obtained results indicate a sufficiently high
correlation between the results obtained under different
hardness measurement methods.

3. The obtained conclusions are illustrated and
confirmed graphically.

4. The data obtained in research under the Brinell
method are somewhat different which is explained by the
scale factor.
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TBEPIICTb — OB’ €EMHA XAPAKTEPUCTHUKA
MATEPIATY
0. €. Cemenoscoxuit, JI. JI. Timosa, O. B. Muxusan
Anotanis. [lpu BUTOTOBNIEHI JgeTanell pi3HOTO
MPU3HAYCHHS KEPYIOThCS yMOBaMH IX pOOOTH 1,
BiJINIOBiJTHO, 3BEPTAIOTh YBary Ha TaKi XapaKTCPUCTHKH,
SIK MIIHICTB, B’S3KICTh Ta TBEPHIiCTh. TLTPKM METOIMKA

BU3HAYCHHS TBEPJOCTI Marepiamy, OKpiM (i3sugHUX
METOMIB, JO3BOJISIE  TPOBOAWTH  JOCIHI/DKCHHS  HE
pyiiHyroun geranb. llpu 1BbOMy BpaxoBYETbCS TOH

(axTop, 1O pelTa BIACTMBOCTEH MOOIYHO MOB’s3aHa 3

mapameTpoM  TBepmocTi. OCHOBHHIA HEHONIK  BCIiX
Cy4acHMX METOJiB BUMIPIOBAaHHS TBEPAOCTI MaTepiaiiB
nojsrae B  HEBIANOBIIHOCTI  NPAKTHYHOTO  3MICTY

OJIMHHUIF BUMIPIOBAHHS JOCIIKYBAaHOTO IIapaMeTpy
TEOPETHYHIH CYTi TBEPAOCTI - SIK (pi3UIHOT BEIUIHHH, IO
XapaKTepu3ye BIACTUBOCTI TBepJoro Tia. OnMuHMII BCix
METOJiB BUMIPIOBaHHS TBEPJIOCTI JUIl iX NPaKTUYHOTO
CHIBCTaBIJICHHS, 3aJIeKHO Bij MacmrabHOro (Qakropy,
NIPUIHATO TIOPIBHIOBATH, Y€pe3 MepeBeCHHS iX BEINYHNH
JI0 TaKWX 3araJbHOBH3HAHMX METOMIB, SK bpiHems,
Poxsemnna, abo Bikkepca. KopuctyBaTucs mnepeBeIeHHIM
BEITUYHMH TBEPJIOCTI, OTPUMAHUX PI3HAMH METOJAMH, CITiJ]
y’)ke 00epekHO 1 MepeBaKHO ISl MOMEPEAHbOT OI[IHKU
BITHOCHOI 3MiHM BIACTHBOCTeW Mmatepiamy. Ilpu
3aCTOCYBaHHI IMX METOJIB MH MAaeMO OJWHUII
BHMIPIOBAaHHS, SBJISAIOTH COOOK CITIBBITHOIICHHS MiX
HaBaHTAKEHHSIM Ha iHJIEHTOD, 3a/1aHO1 CTaHAapPTHU30BaHOT
¢dopmMu Ta IwIOmEI, a00 TIHOMHOI BimOWTKa. Xoda
BUXOIMUN 3 (DI3UYHOTO 3MICTY TaKoi BJIACTUBOCTI, SK
TBEPHICTh HEOOXiTHO BU3HAYATH CIIBBIJHOIICHHS MiX

HaBaHTaXXCHHsM Ha iHAGHTOp Ta 00’€MOM BHTiICHEHOTO
marepiany. Jlama poGora Mae Ha MeTi BCTaHOBUTH
TEOpPETHYHE MIOIPYHTA 10 IM(PPOBHX XapaKTEPUCTHK
OJIMHHIIb TBEPAOCTI, OTPMMAHUMH TIPH PI3HUX METOIHUKAX
BUMiproBaHHA. [ HamaHHA  (QI3UYHOTO  3MiCTy
BU3HAUYCHHS  TBEPAOCTI B  poOOTI  IPOBOIMIOCH
BU3HAYCHHS 3aJIEKHOCTI 00’€My BHUTICHEHOTO Marepiaiy
BiJl NMPHKJIaJeHOr0 HaBaHTaXeHHS. CIIBCTABIEHHS came
LIUX BEJIMYUH Jaj0 MOXJIMBICTh PEalbHO BHU3HAYaTH
CHIBBIJIHOIICHHS MK OJUHHIIMU PI3HUX METOJIB HE
0a3yrounch Ha MPAKTUYHUX MOPIBHSHHAX, a IUIIXOM
MiBEAGHHS TeopeTuuHoi 0a3u. OTpuMmaHi pe3ysbTaTu
BKa3ylOTh Ha JOCTaTHBO BHCOKY KOPEJAMII0 MiX
pesyiabTaTaMd OTPMMaHUX HPH PI3HUX METOAUKAX
BHUMIipIOBaHHS TBEPAOCTI.

KirouoBi ciioBa: excruryarariiiHi XapaKTepHCTHKH,
MEXaHI9HI BJIACTHBOCTi, TBEPHiCTb, MiKPOTBEPIICTb,
00’eMHa TBEpIICTh, IHACHTOP, TTNOWHA

TBEPJIOCTb — OFbEMHA XAPAKTEPUCTUKA

MATEPUAITIA
A. E. Cemenosckuii, JI. JI. Tumosa, E. B. Muxusn
AHHOTaALUA. [Ipn HU3TOTOBJICHUU neTanen

Pa3IMYHOTO HA3HAUCHHS PYKOBOACTBYIOTCS YCIOBHSIMHU
X paboThl U COOTBETCTBEHHO OOpamiaroT BHUMaHUE Ha
TaKWe XapaKTEPUCTUKH, KaK IPOYHOCTb, BS3KOCTH H
TBEPAOCTh. TOJBKO METOIMKA OINpPEICICHUS TBEPIOCTH
MaTtepruana, KpoMme (QH3MYECKMX METOAOB, IIO3BOJISIET
IPOBOJUTE MCCIEIOBAaHUS He paspymias naetans. llpu
9TOM YYHUTHIBAETCS TOT (DAKTOP, YTO OCTaJbHBIE CBOWCTBA
KOCBEHHO CBS3aHBI ¢ IapameTpoM TBepAoCcTH. OCHOBHOM
HEJI0OCTaTOK BCEX COBPEMEHHBIX METOJOB H3MEPEHUs
TBEPJOCTH MAaTEpUaNOB 3aKJII0YAeTCd B HECOOTBETCTBHHU
NPaKTUYECKOTO  COJEp)KAaHUS  eOWHUI]  HU3MEPEHUs
N3y4aeMoro Iapamerpa TEOpPEeTHYECKOH  CYIIHOCTH
TBEPAOCTH - KaK ¢bu3nyecKoi BEJIMYHHBI,
XapaKTepu3yIolleld CcBoicTBa TBepAOro Tena. EnuHMIBI
BCEX METO/MOB M3MEPEHUS TBEPAOCTH A MX
MIPAaKTHYECKOTO  COTOCTABJICHHUS, B 3aBUCHUMOCTH OT
MacmrabHoro (akropa, MpPUHATO CpaBHMBATh UYepe3
NepeBoJl MX BEIMYMH K TaKUM OOIIENpHU3HAHHBIM
Meronam, kak bpunemns, Poksemna, wnu Bukkepca.
[lonmp30BaThcs  MEPEBOJOM  BEIHMYMH  TBEPAOCTH,
MOJY4YEeHHBIX pa3HBIMH METOJaMH, CJIEAyeT O4YeHb
OCTOPOKHO W NPEATOYTUTEIBHO U MpeIBapUTEIBHOMN
OLICHKH OTHOCHUTEIILHOM

W3MEHEHHs] CBOWCTB Marepuaina. Ilpm mpuMeHeHnn
S9THUX METOJOB MBI HMEEM EIAWHUIBI HU3MEpPEeHHUs,
NIpEACTaBISIIONME  CcOOOM  COOTHOIICHHE  MEXAY
Harpy3kou Ha HHJECHTOD, 3aJaHHOU
CTaH/IApTH3MPOBAHHOW (GOpMBI M  IUIOMAJBIO WU
rIyOMHON oTmedyaTrka. XOTs HCXoas u3 (u3mueckoro
CONEepXaHUS  TaKOro  CBOWCTBA, Kak  TBEPAOCTb,
HEOOXOAWMO  ONpENeNsATh  COOTHONIEHHE  MEXIY
Harpy3kol Ha WHICHTOP W OOBEMOM BBITECHEHHOI'O
Matepuana. JlaHHas paboTa MMeEET MENBI0 YCTaHOBHTH
TEOPETUYECKYI0 OCHOBY K IHM(POBBIM XapaKTepHUCTHKAM
€IMHUI] TBEPJOCTH, TOIY4YEHHBIM TMPH PA3IUUHBIX
MeTonuKax u3MepeHus. Jnsg mnpupaHus  Quznyeckoro
COJZIEp)KaHUSI ~ ONpe/eJIeHHe JKEeCTKOCTH B paborte
MIPOBOAMIIOCH ~ ONpEAENEHHE  3aBHCUMOCTH  oObeMa
BBITECHEHHOTO MaTepHana OT HPUIOKEHHOW HarpysKH.


https://www.scopus.com/sourceid/22059?origin=recordpage

144 O. Ye. Semenovskyi, L. L. Titova, O. V. Mykhnian

ComocTaBneHne JTHX BEIMYUH JaJ0 BO3MOXKHOCTB
peanbHO OMNPENeNATh COOTHOLIEHHE MEXIy CIMHAIAMU
Pa3INYHBIX METOJOB, HE OCHOBBIBASICh HA MPAKTUIECKUX
CPaBHEHUSX, a MyTEM MOABEICHUS TEOPETUUECKOHN Oa3bl.
IMomydeHHble pe3ynabTaThl yKa3bIBAIOT HA JIOCTATOYHO
BBICOKYIO KOPPEALHIO MEXKIY pe3ynbTaTaMH,
MOJYYEHHBIMU TPU Pa3IMYHBIX METOJIUKAaX W3MEPEHUs
TBEPJOCTH.
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Abstract. The main indicator used to study the
reliability are hidden Markov models of technical control
of the technical condition of self-propelled sprayers, which
means the probability that the self-propelled sprayer will
be operational at any time, except for planned periods
during which the use of self-propelled sprayers is expected.
Derivation of the analytical expression for hidden Markov
models of technical control of the parameters of the
technical condition of self-propelled sprayers - a rather
time-consuming operation. The complexity increases with
the complication of the graph, ie in an effort to take into
account more technical conditions, factors that affect the
process of technical control of self-propelled sprayers.
Therefore, it is advisable to solve the problem of such a
plan using a simulation model. Using the Stateflow
modeling tool of the Matlab software package, a model has
been developed that allows modeling discrete-event
models. Model of self-propelled sprayers among Stateflow
for estimating the coefficient of readiness during technical
control of programs. The results of simulation are the
values of hidden Markov models of technical control of the
parameters of the technical condition of self-propelled
sprayers in various technical control programs, which
allows us to draw conclusions about the impact of technical
control of self-propelled sprayers on the readiness
factor.The probabilities of errors varied from 0 to 1, which
is quite justified in cases where the technical control differs
only in the place of measurement of the parameter of
technical condition, and the means of measurement are the
same. The author found that the readiness factor is sensitive
to errors of the second kind in this case. Ways of further
research are found in the study of other programs of
technical control of self-propelled sprayers, in which the
readiness factor is sensitive to the probability of errors of
the first kind.

Key words: simulation model, coefficient of
readiness, self - propelled sprayer, technical control.

Introduction
The analysis of periodic signals of complex shape is

often carried out by decomposing it into harmonics in a
Fourier series.

After analog-to-digital conversion, a continuous
signal is represented by a set of its instantaneous values-
samples. In practice, the Fast Fourier Transform is more
common.

Formulation of problem

The essence of this transformation lies in the recurrent
application of the fundamental expression of the discrete
Fourier transform to the analyzed signal. There are
different algorithms for the fast Fourier transform, which
differ in the ways of dividing the samples into subgroups
and the requirements for the number of samples to be
processed. The Fourier transform transforms the original
signal from the amplitude-time space into the frequency-
time, and in the time domain - a linear signal prediction that
describes the acoustic signal using an autoregressive
model. The principle of the linear prediction method is
described in the literature.

Analysis of recent research results

Suppose that there is a sequence of signal vectors
S(n) and a filter of order M, with an impulse response
A(z), whose time samples will be denoted by
a;, i =1,...,M. The results of filtering the signal S(n) by
the filter A(z) can be written:

e(n) = Zl'w_oaiS(n -1)

=S + ZioaiS(n D =S5Sm

—S(n)

In this case, the values of S(n) must be considered as
an estimate of the value of S (n), built on the basis of the
values of previous readings, and the value of e(n) — as the
value of the prediction error.

The next step is to solve the problem of optimizing the
values of the coefficients in such a way that the error value
e(n) would be minimal. As an optimality criterion, the sum
of the squares of the error values on the studied interval is
used. In this case, the values of the optimized quantity are
found as follows:
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where n, and n; — boundaries of the analysis interval. If
you enter the notation:

Cij = Z:L:n Sm—DS(n—j)

then the expression for the root-mean-square error can be

written as:
M M
-3 Y
i=0 &= j=0

Differentiating this expression with respect to a;
allows us to obtain a system of linear differential equations,
the solution of which will be the optimal value of the filter
coefficients.

Another way to analyze signals is to study the
spectrum. Traditionally, to use this method, the Fourier
transform of the signal is used. This analysis is based on
the calculation of a certain number of coefficients of the
Fourier series of the periodic function f(t):

() = an_mcke““

This function is obtained from the original signal by
smoothing, averaging in a certain way selected segments.
The nature of the change in the coefficients gives valuable
information about the properties of the signal, allows you
to identify hidden periods. To calculate the coefficients,
there is a fast algorithm that requires NlogN operations,
where N — the signal length.

An important property of the Fourier coefficients is
that each of them reflects the behavior of f(t) as a whole.
The Fourier spectrum shows the global properties of
signals, but it is difficult to extract information about local
features from them — sharp jumps, narrow peaks, etc.

The reason for this lies in the structure of the e™* basis
functions. These functions are stretched over the entire
interval of change of the analyzed function, then the

coefficients have the form:
21

c,=Qm)7t| ft)e "dt
0

Fourier analysis provides good results when
considering stationary signals, but when considering non-
periodic signals, non-stationary processes, difficulties
arise. The generalized spectral characteristic of the process
as a whole makes it possible to determine the moments of
occurrence of local changes in the signal, the appearance
or disappearance of individual harmonics, but Fourier
analysis does not make it possible to determine the local
time-frequency bursts of the signal, i.e. simultaneously
represent the signal in both time and frequency. Wavelet
analysis solves this problem.

For both the Fourier transform and the construction of
the basis of the wavelet transform, one function is used,
called the mother wavelet. Thus, we can conclude that,
unlike the traditional Fourier transform used for signal
analysis, the wavelet signal transform provides a two-
dimensional sweep of the signal under study. In this case,

the frequency and coordinate are considered as
independent variables. As a result, it becomes possible to
analyze the properties of the signal simultaneously in the
physical (time coordinate) and frequency spaces. The
wavelet transform has the property of linearity, the essence
of which is that the wavelet transform of a vector function
is a vector with wavelet transform components of each
component of the analyzed vector separately. The result of
wavelet analysis is shift invariant, i.e. a signal shift in time
by t, leads to a wavelet spectrum shift also by t,.
Invariance with respect to scaling means that stretching
(compression) of the signal leads to stretching
(compression) of the wavelet spectrum of the signal.

It follows from this that it makes no difference
whether to differentiate the function or the analyzing
wavelet. If the analyzing wavelet is given by a formula,
then it can be very useful for signal analysis. It is possible
to analyze high-order features or small-scale variations of
the signal s(t) while ignoring large-scale polynomial
components (trend and regional background) by
differentiating the required number of times either the
wavelet or the signal itself. This property is especially
useful when the signal is given as a discrete series.

Purpose of research

Purpose of research is a viscount description of the
analytical position of the estimation of hidden Markov
models of technical control of the parameters of the
technical condition of self-propelled sprayers.

Research results

In the general case, wavelets include localized
functions that are constructed from a single parent wavelet
¢ (t) by shifting in time b and changing the time scale a:

t—>b
Par(® = (a2 (=) (@ b) € R p(0) € 2R
where the factor (Ja|)~%/2 ensures that the norm of the
functions is independent of the scaling number a.

The continuous wavelet transform of the signal
s(t) € L2(R), which is used for qualitative time-frequency
analysis, corresponds in meaning to the Fourier transform

with the replacement of the harmonic basis e~ by the
wavelet one ¢ (%)

W(@,b) = (), 0 () )
(o] t —
= (b [ 59 (=) d@b)

ER,a+0

For quantitative methods of analysis (decomposition
of signals with the possibility of subsequent linear
reconstruction of signals from processed wavelet spectra),
strictly from mathematical positions, any localized
functions ¢(t) € L2(R), can be used as wavelet bases, if
there are functions for them twins (pair functions) ¢*(t),
such that the families {¢, (t)} u {p{, (£)} can form paired
bases of the function space L?(R). Wavelets defined in this
way allow us to represent any arbitrary function in the
space L?(R) as a series:
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S = ) C@,b) ply(®), (@ b) € 1
a,b

where the coefficients C(a, b) — are the projections of the
signal onto the wavelet basis of the space, which are
determined by the scalar product:

C(a,b) = (s(), 9 (D)) = f ()P (O)dt

If the wavelet ¢ (t) has the property of orthogonality,
then ¢*(t) = ¢(t) and the wavelet basis is orthogonal. a
wavelet can be non-orthogonal, but if it has a twin, and the
pair @(t), @*(t) makes it possible to form families
{om(®)} u @, (t), satisfying the biorthogonality
condition on integers I:

(‘pmk(t)' (p;#p(t)) = amz ’ 5kpvmv k' Z,p el
then it is possible to decompose the signals into wavelet
series with the construction of an inverse reconstruction
formula. Most of the restrictions imposed on wavelets are
related to the accuracy of the inverse wavelet transform.

The results of the wavelet transform, as the scalar
product of the wavelet and the signal function, contain
combined information about the analyzed signal and the
wavelet itself. Obtaining certain objective information
about the analyzed signal is based on the properties of the
wavelet transform, common to wavelets of all types.

The disadvantage of wavelet analysis is the need to
select basis functions for a specific signal under study,
which will better reflect its properties. For in-depth study
of a specific signal, this device is indispensable, but to
create a universal method for processing audio signals for
mathematical modeling of the state of various technical
objects, it is more expedient to use Fourier analysis.

The task of recognizing acoustic signals is to select
the optimal probability distribution law that best suits the
sound being processed. Based on the analysis of articles by
leading world scientists, we can conclude that at the
moment the most promising systems for recognizing
acoustic signals based on several basic approaches (Fig. 1):
neural networks, hidden Markov models, dynamic
programming.

The goal of dynamic programming is to find the
optimal non-linear matching of two segments of sound. In
this regard, algorithms based on the works of R. Bellman
have found wide application. This method compares a
sound fragment with a pre-recorded sound standard. For
this purpose, it is necessary to compare the segments
corresponding to the same acoustic signals by means of
deformation of the time axis, measure the remaining
difference, and sum up these partial distances taken with
certain weight coefficients. The key disadvantage of the
dynamic programming approach is its binding to a specific
technical object from which the audio signal is recorded.
To determine the state of a similar technical object, it is
necessary to first add sound standards to the system, which
greatly increases the complexity of creating systems for
determining the state of a technical object based on the
analysis of an acoustic signal.

The use of neural networks for recognition of acoustic
signals is a promising area of artificial intelligence. With a
correctly specified structure, a neural network trained on a
training set of acoustic signal data produces the correct
recognition results when given to the input data belonging
to the same set, but not used in the learning process. In

practice, neural networks are used that include one or more
hidden layers of neurons. The complexity of the network is
determined based on the number of neurons in the hidden
layers, since the number of neurons in the input and output
layers is clearly fixed.
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Fig. 1. Basic approaches to the recognition of acoustic
signals.

The inputs of neural networks are vectors of signs of
acoustic signals, and the outputs of the network are
associated with sound standards, while the number of
outputs is related to the number of recognizable sound
signals. Neural networks are able to learn on acoustic
signals from several identical sources, as a result, it is
possible to develop a system that is independent of the
sound source. Since when recognizing the sound signals of
technical objects, the duration of the sound, and,
accordingly, the number of feature vectors, is not known in
advance, the task of training the neural network becomes
much more complicated. Sometimes neural networks are
used in combination with hidden Markov models. Despite
their high potential, neural networks have not yet been
widely used in the field of signal recognition, since their
training is a complex process and requires a lot of
computing power.

The use of hidden Markov models is currently the
most promising and widely used approach in the
recognition of acoustic signals. There are ergodic hidden
markov models or models in which each state of the model
can be obtained from any other state in a finite number of
steps, autoregressive hidden markov models, hidden
markov models with continuous observation density,
hidden markov models with zero transitions and coupled
states, hidden markov models with an explicitly specified
state duration density function. The most suitable model
architecture for determining the operational condition of
tires is the left-right or Backis model. This model is with a
finite number of states. Each state S, changes once at each
time t. Observations O, determines from the calculation of



148 I. S. Liubchenko

the probability distribution density of the occurrence of
observation symbols in state j, B = b;j(0,). Moreover,
transitions from state i to state j are also probabilistic and
are determined by the discrete probability of transitions
between states by the matrix of transition probabilities)
A= |al]|

apq Qa2

Fig. 2. Left-right hidden Markov model.

On Fig. 2 shows an example of a hidden Markov
process in which the four model states pass from left to
right X = 1,1, 2, 2,3, 3,4 in the order corresponding to the
sequence of observations from 0, to O,.

To simulate signals whose properties change over
time, a left-right hidden Markov model is used, since
transitions to states whose index is less than the index of
the current state are not allowed, the main property of all
left-right hidden Markov models is expressed through the
values of transition probabilities:

al-]- = 0,] <i

Since the sequence of states must start at state 1 (and
end at state N), the initial distribution of states has the
properties:

_(0,i#1
= {1,1' =1

In order to avoid serious jumps in the state indices
when using left-right models, additional restrictions are
imposed on the transition probabilities. Such as type
constraints:

a;=0j>i+A

In particular, for the model shown in Fig. 2, the value
of Ais 2, that is, transitions through more than one state are
not allowed.

The matrix of transition probabilities of the hidden
part of the model (Fig. 2) has the form:
ay1 043 A13 0
0ay; azs Az
00as3 as,

000 ay,

From this it is obvious that the transition probabilities
for the last state of the left-right model are defined as
follows:

A=

ayy =1,ay; =0,i <N
Since any parameters of the hidden Markov model,
initially equal to zero, will retain their zero values even
when using the procedure for reestimating model
parameters, then imposing restrictions corresponding to the

left-right hidden Markov model or models with limited
transitions, in fact, does not affect this model in any way.
procedure.

There are three main problems associated with the use
of a hidden Markov model.

The first problem is reduced to estimating the
probability P(0/1) of the occurrence of a sequence of
observations 0 = 0,,0,, ..., 0, (in this case, vectors of
audio signal features) for A = (4,B,m). The forward-
reverse algorithm is used to estimate the likelihood.

The second task is signal recognition. Let a sequence
of observations 0 = 04, 0,, ..., O, and a hidden Markov
model — A be given. How to choose a sequence of states
Q = q195 .. q¢, Which will be optimal in some significant
sense (for example, best fits the existing sequence of
observations). The Viterbi algorithm is used to solve this
problem.

The third task is training a hidden Markov model.
How should the model parameters A = (A4,B,m) be
adjusted in order to maximize P(0/A). This problem is
solved using iterative learning algorithms using the Baum—
Welch method, the EM method, or using gradient methods.

Other methods include Support Vector Machines,
wavelet analysis, but these algorithms have not found
widespread use in acoustic signal recognition systems.

For our purposes, the most promising approach is to
build a mathematical model based on a hidden Markov
model due to the fact that this class of stochastic models
showed the best results in recognizing complex acoustic
signals, including continuous speech. In addition to the
possibility of sound recognition, the hidden Markov model
makes it possible to improve the quality of a signal polluted
by noise and distortion, and to synthesize a signal. In
addition, this approach shows the highest recognition
accuracy.

Conclusions

1. The key point in creating a system for determining
the technical condition of an object by sound is the
qualitative cleaning of the acoustic signal from noise and
the subsequent analysis of the spectral characteristics. The
most promising approach for cleaning signals is adaptive
filtering, since adaptive filters allow you to work with a
signal in which noise characteristics are constantly
changing and cannot be predicted. The adaptive filter is
adjustable and automatically adjusts to the noise impulse
response to minimize filtering errors. In the subsequent
analysis, two approaches, wavelet analysis and spectral
analysis, can be used. Wavelet analysis is suitable for an
in-depth study of the spectral characteristics of a signal, but
to create a universal method for processing audio signals to
simulate the state of various technical objects, it is more
appropriate to use Fourier analysis.

2. The most promising artificial intelligence methods
for automatic recognition of acoustic signals are neural
networks, hidden Markov models and dynamic
programming methods. When building a system for
determining the state of a technical object by sound, it is
advisable to use an approach based on hidden Markov
models, since this method improves the quality of a signal
contaminated with noise and distortion, and also shows the
highest recognition accuracy.
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SIBISIFOTCSL  CKPBITBIE MAapKOBCKHE OINPBICKMBATEIH, IOJ
KOTOPBIM  IIOHHMAETCSI  BEPOSTHOCTH  TOTO,  9TO
CaMOXOJHBIH OTIPBICKUBATETb OKaXKETCsI B
paboTOCTIOCOOHOM COCTOSTHHH B TPOW3BOJBHBI MOMEHT
BpPEMEHH, KPOME 3aIUIaHNPOBAHHBIX NIEPHOAOB, B TEUCHHE
KOTOPBIX MPUMEHEHHE CAMOXOAHBIX ONPBICKUBATEIECH IO
Ha3HA4YEeHUIO He TpenonaraeTcs. BeIBo aHATUTHYECKOTO
BBID@KEHUSI IS CKPBITBIX ~ MapKOBCKMX  Mojesel
TEXHHYECKOTO KOHTPOJII MapaMeTpOB TEXHHYECKOTO
COCTOSTHHSI CaMOXOJIHBIX OIPBICKUBATENICHl — JOBOJBHO
TpyloeMKass — omepanus. TpyloeMKOCTb pacTeT ¢
yCJOoXXHEHHeM rpada, TO eCThb IPU CTPEMIICHHH Y4YecTh
0O0JbIIe TEXHUIECKUX COCTOSHHN, (PaKTOPOB, BIHSIOLINX
Ha TPOIECC TEXHHYECKOTO KOHTPOIA CaMOXOJHBIX
ONpbICKMBaTENEH. B 3TOM CBA3M pelieHue 3ajauu Takoro
IUIAHA  LeJIECOO0pa3sHO  NPOBOAWUTH C  MOMOIIBIO
UMHATanHOHHONH Mozenn. C IOMOINBI0 HHCTPYMEHTA
MonenupoBanus Stateflow mporpammuoro makera Matlab

paspaboTraHa Mojenb, MO3BOJISIONIASE MOJIEIHPOBATh
JUCKPETHO-COOBITHIHBIE MOJend. MoJellb caMOXOTHBIX
ompeickuBateneit  cpeau  Stateflow  ams oneHkH
ko3 punnenrta TOTOBHOCTHU npu NpOBEICHIH
TEXHUYECKOIO KOHTPOJIA HaJ [IPOrpaMMaMHU.
PesynpTaTramu MMUTALMOHHOTO MOJETUPOBAHUS
SIBIISIFOTCSL  3HAYEHMsI CKPBITBIX MApKOBCKUX MOJeENen
TEXHUYECKOIO KOHTPOJS MapaMeTpOB TEXHUYECKOIO
COCTOSIHUS CaMOXOJIHBIX ONpPBICKUBATENEH npu

Pa3IHYHBIX TPOTpaMMaxX TEXHUYECKOTO KOHTPOIS, HTO
MO3BOJIICT CIENaTh BBIBOABI O BIHSHAU IPOTPAMMEI
TEXHHYECKOTO KOHTPOJISI CaMOXOJHBIX OIpPBICKHBATEIeH
Ha 3HAYCHHE Kod(duIMeHTa roToBHOCTH.BeposTHOCTH
OIIHUOOK MPH 3TOM BaphUPOBAIUCH B mpeaenax oT 0 mo 1,
YTO BIIOJHE OOOCHOBAHO B CIIydasX, KOTJa TEXHUYECKHN
KOHTPOJIb ~ OTJHMYAeTCs TOJILKO MECTOM H3MEpEeHHUs
rnapaMerpa TEXHHYECKOro COCTOSHHS, a CpeicTBa
M3MEPEHUs] OIMHAKOBBL. ABTOPOM YCTaHOBIICHO, YTO
KOX((QUIUEHT TOTOBHOCTH UYBCTBHTEIECH K ONIMOKE
BTOPOTO poJla B JaHHOM ciy4ae. [lyTw mampHEHImx
HCCIICIOBAHUHA BCTPEYAIOTCS B HCCICIOBAHUH JPYTUX
MporpaMM  TEXHHYECKOTO  KOHTPOJS  CaMOXOJIHBIX
OTIPBICKUBATENEH, B KOTOPBIX KOY()(UIIMEHT TOTOBHOCTH
YYBCTBUTEJICH K BEPOSITHOCTH OLIMOOK IIEPBOT0 POAa.

KaloueBble cjoBa:  HMMHTAllMOHHAs  MOJIElb,
K03(h(PUIIMEHT TOTOBHOCTH, CAMOXO/IHBIH OIPBICKUBATEIIb,
TEXHUYECKHUI KOHTPOJIb.

CKPUTI MAPKIBCBKI MOJIEJII TEXHIYHOI'O
KOHTPOJIIO ITAPAMETPIB TEXHIYHOT'O CTAHY
CAMOXIAHUX OBITPUCKYBAYIB
1 C. Jlnb6uenxo

AHoTAamis. OCHOBHHUM MMOKa3HUKOM, 110
BUKOPUCTOBYETBCS TSI JIOCHI/DKEHHS HaOIHHOCTI €
CKPBITBIE MapKOBCKHE MOJAETH TEXHHUYECKOTO KOHTPOJIA
IapaMeTpoB TEXHUYECKOTO COCTOSHHUS ~CaMOXOIHBIX
OTIPBICKMBATENEH, I SKUM pO3YMIEThCS HMOBIPHICTH
TOTO, IO CAMOXiTHWH OOIpPHCKYyBad OMHHHUTECS Yy
Mpane3aTHOMY CTaHI y IOBUIBHHM MOMEHT Yacy, KpiMm
3aIUIaHOBaHUX MEpiOAiB, MPOTATOM SKHUX 3aCTOCYBaHHS
CaMOXiZIHUX OONpHCKYBa4iB 3a MpPU3HAYCHHSIM HE
nepet0a4acThbesl. BUBENEHHST aHANITUYHOTO BHpPA3y VIS
CKPBITBIX MAapKOBCKHUX MOJENel TEXHHYECKOr0 KOHTPOJIS
[apaMeTpoB TEXHUYECKOTO COCTOSHUS ~CaMOXOJHBIX

OTIPBICKUBATENIEH — JOCHUTh TPYAOMICTKA OTepallis.
TpyaoMicTKIiCTh 3pocTae 3 yCKIAQTHEHHsSIM rpada, ToOTO
IpH TIparHEHHI BpaxyBaTH Oiiplle TEXHIYHUX CTaHIB,
YUHHUKIB, SKi BIUTUBAIOTH MPOIEC TEXHIYHOTO KOHTPOIIO
CaMOXiTHUX OOTIpHUCKYBadiB. Y 3B 3Ky 3 I[IM PO3B’SI3aHHSA
3a7adi TaKOTo IUIaHy JOIIIFHO MPOBOJHTH 32 TOTIOMOTOI0

imiTaniiiHoi Moneni. 3a  JIOMOMOroI0  IHCTPYMEHTY
MmogemtoBanHs Stateflow mporpamHoro makery Matlab
pO3po0JeHO  MOJENb, SKa  JIO3BOJIIE  MOJIEINIOBATH
JMUCKPETHO-TIOMIMHI ~ Mojaeni. MoJens  caMOXiTHUX
obmpuckyBauiB cepen Stateflow s oriHroBaHHS

Koe(ilieHTa TOTOBHOCTI Mi/l Yac MPOBEICHHS TEXHIYHOTO
KOHTPOJIO 32 TporpaMamu. Pesympratamu imiTamiifHOTO
MOJICIIIOBaHHS € 3HAYCHHS CKPBITHIX MApKOBCKHX MOJeTIeil
TEeXHUYECKOrO0 KOHTPOJSL IapaMeTpoB TEXHHYECKOTO
COCTOSIHHSI CaMOXOJHBIX OIPBICKHBATENICH NPH PIZHUX
MpoTrpaMax TEXHIYHOTO KOHTPOJIIS, IO J03BOJIIE 3pOOUTH
BUCHOBKH IIPO BIUIMB HPOTPaMH TEXHIYHOTO KOHTPOJIIO
CaMOXiMHUX OOMNPHUCKYBAayiB Ha 3HAYCHHSI Koe(ilieHTa
TOTOBHOCTi.  IMOBIPHOCTI  NOMHJIOK TpH  IBOMY
BapiroBamucst B Mexax Bix 0 go 1, 1m0 mijgkoM
OOIPYHTOBaHO y BHIAIKax, KOJM TEXHIYHUH KOHTPOJIb
BIJIPI3HSAETHCS JIMIIEC MICIIEM BHMIPIOBAHHS MapaMeTpy
TEXHIYHOTO CTaHy, a 3acO0M BUMIPIOBAHHS IPH LBOMY
ONTHAKOBi. ABTOpPKOIO BCTAHOBICHO, IO Koe(illieHT
TOTOBHOCTI YYTJIHMBHH JO TIOMHJIKH JAPYrOro poxny B
JaHoMy Bumaaky. UInsgxu mopaiplinX — JIOCTIIKEHb
3yCTpiHalOTBCS Y  AOCHIIDKEHHI  IHIOIMX  TIporpam
TEXHIYHOTO KOHTPOIIO CaMOXIiTHHX OOIPUCKYBadiB, y
SKAX KOE(II[IEHT FOTOBHOCTI YYTJIMBHUH MO HMOBIpHOCTI
MOMHJIOK HEPILOTO POJY.

KarouoBi cioBa: imitauiiina Monenb, KoedilieHT
TOTOBHOCTI, CaMOXIIHUH  OONpPUCKYBad, TEXHIYHHUH
KOHTPOJTb.
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Abstract. The solution of universal, global problems
of energy and resource conservation in both mechanical
engineering and agro-industrial complex are inextricably
linked with the solution of issues of protection of
machinery from corrosion.

Modern agricultural machinery, and self-propelled
combine harvesters in particular, are operated periodically
for one or two seasons a year. Most combine harvesters are
stored in the open areas of agro-industrial enterprises, and
it is exposed to aggressive environmental influences
(fluctuations in temperature, humidity, wind, solar
radiation, dust and others). The main type of environmental
impact on the equipment is atmospheric corrosion and the
corrosion wear caused by materials, parts and components,
which leads to its premature failure. Thus, the fatigue
strength of steel products when stored for 12 months in the
open reduces by 28-58%.

To ensure temporary corrosion protection of combine
harvesters, a large number of conservation and working-
conservation oils are used. However, the unresolved
number of issues of theoretical and practical nature leads
to the unjustified use of protective equipment, which either
does not provide the required duration of storage of
equipment, or increase the cost of its preservation.
Standardized methods of testing anti-corrosion lubricants
in the vast majority have a number of disadvantages, the
most important of which is that the evaluation of protective
properties is carried out in units that do not allow to
estimate their service life, but only show the corrosion of
the metal.

Key words: anticorrosiveness, lubricants, safety,
efficiency, combine.

Introduction

The analysis of existing scientific works shows that a
significant amount of research is devoted to the problems
of bush-roller chains [1], their maintenance and storage of
scientists, research and other institutes and organizations.

Summarizing the results of the work shows:

1. The actual consumption of bushing-roller chains
type PR-19,05-3180 per 100 combines is 2.5 times higher
than the established norm [2]. The reason — violation of

operating instructions, as a consequence — their premature
rejection, ie. until the pledged resource is exhausted [3].

2. Removal of bushing and roller chains from
agricultural machinery creates great inconvenience during
current and capital repairs, as well as during off-season
maintenance [4]. To test the efficiency of many parts,
assemblies and units of most complex agricultural
machines, drive chains must be installed, and after
inspection and adjustment — removed and put into storage
with all technological operations of conservation, which
increases labor costs from 7% to 10-13 % of the total
regulatory complexity of storage of the combine [5]. The
main reasons for the violation are the complexity of
technological processes, weak material and technical base
of rural enterprises, great inconvenience associated with
the removal and storage [6].

3. The using sleeve-roller chains for their intended
purpose and during storage, the joints are not insulated
from moisture and abrasive particles [7]. Therefore [8], the
improvement of service technology is a reserve for
increasing the service life of drive chains. To reduce the
impact of climatic influences and further aging and wear of
bush-roller chain joints, the choice of technological
conservation materials, including additives based on non-
ferrous metal nanoparticles, is a priority [9].

Formulation of problem

Based on the above to achieve the goal of research in
this article, the following research objectives are
formulated:

e to carry out a comparative assessment of
corrosion resistance of preservative materials, including
nanostructured aluminum hydroxide (AIOOH — boehmite)
[10];

e to determine the effect of nanostructured
aluminum hydroxide (AIOOH - boehmite) on the
lubricating properties of preservatives, on the example of
sleeve-roller chains [11];

o todetermine the regularity of the wear process and
the optimal elongation of the sleeve-roller chains of
combine harvesters depending on the methods of storage
and lubrication during the intended use [12].


http://dx.doi.org/10.31548/machenergy2021.04
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Analysis of recent research results

The sequence of the program cycle of experimental
researches included a complex technique of research of
influence of preservative materials on working capacity of
bushing-roller chains of combine harvesters and
consecutive elimination of the least effective of them [13].

The method of studying the protective properties of
conservative materials included:

e study of corrosion resistance of samples of steel
grade 3 in the humidity chamber H-4 [14];

e Dbench tests of samples of steel grade 3 under open
atmosphere conditions [15];

e study of the influence of storage conditions and
protective composition on the preservation of sleeve-roller
chains [16].

In the laboratory, the study was performed on samples
of steel grade 3 in the humidity chamber H-4 [17]. Given
the geometric dimensions of the chamber, steel samples for
testing were made with a size of 60 x 70 x 2 mm [18].
Before applying the studied conservative materials [19],
they were marked [20]. Preservative materials were applied
to the prepared samples by immersion and kept for 24
hours at room temperature [21], then placed in a humidity
chamber H-4 [22]. Examination of samples and weighing
was performed after 24, 48, 72, 120, 240, 360, 420 and 720
hours [23]. Evaluation of the protective ability of
preservative materials was performed by gravimetric
method and consisted in establishing the loss of mass per
unit area of the test sample per unit time [24-26].

Purpose of research
The purpose of research is to develop a more efficient

technological process of combine harvester systems during
storage.

1 2
7 [
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Research results

In order to verify and obtain more reliable results,
bench tests of conservation compositions were conducted
in open atmosphere conditions. The tests were performed
on steel samples similarly to laboratory tests and on
samples of sleeve-roller chains. In order to reduce the cost
of research, the most effective conservation materials were
selected based on the results of accelerated testing. The
total duration of the tests was 1 year, which made it
possible to simulate the real specifics of storing agricultural
machinery. The test sites were inspected daily for the first
10 days and then every 2, 3, 6, 9 and 12 months.

To study the influence of storage conditions and
protective composition on the storage of sleeve-roller
chains, samples of sleeve-roller chains with a step of 19.05
mm were selected. The installation of chains on the stand
simulated the conditions of their storage directly on
agricultural machinery in a weakened state. Studies on
each storage and conservation option were performed six
times over 1 year.

Methods of research of influence of storage
conditions and conservation materials on the process of
wear of sleeve-roller chains. A characteristic feature of the
method is the study on the stand for resource testing of
sleeve-roller chains.

A stand has been set up for testing (Fig. 1) testing of
chains with a range of 19.05 and 25.4 mm, belts and other
products that can be connected in a closed loop. To
simulate the operating conditions and ensure forced wear,
100 g of granular quartz sand (particle size —0.8...1.6 mm)
was fed to the sleeve-roller chain every two hours of
operation. The number of teeth of the stars Z = 19, the value
of the rotational speed of the stars of the chain transmission
was recorded by a universal tachometer ATT-9006 with a
laser marker. The mode of testing the circuit circuit is as
follows: frequency of rotation of the motor and brake shafts
— 1700 min! (chain speed 9.86 m/s), load in the leading
branch of the chain — 1000 N. Duration of tests of one
circuit — 50 hours.

3 L

8 9

1 — motor shaft; 2 — control panel; 3 — screw; 4 — powder brake; 5 — manometer; 6 — bypass crane; 7 — the inlet crane;
8 — sleeve-roller chain; 9 — asterisk; 10 — protective cover
Fig. 1. Scheme of the stand for resource testing of sleeve-roller chains

The influence of storage conditions and protective
composition on the wear of the samples of the chains was

assessed by the value of the relative elongation by
measuring their average pitch.



TECHNOLOGICITY OF MAINTENANCE OF COMBINE HARVESTERS SYSTEMS DURING STORAGE 155

Methods of research of influence of storage
conditions and preservative materials on fatigue strength of
sleeve-roller chains. The main task was to obtain the
fatigue characteristic of the sleeve-roller chains, which
expresses the decrease in the strength of the chains
depending on the service technology and the number of
cycles of load change. In order to determine the residual

life of the sleeve-roller chains after 50 h of resource tests
they were disassembled into sections of 7 links and tested
for fatigue strength (at N =6 - 106 cycles) on a reliable and
multifunctional stand (Fig. 2) with remote control for
dynamic fatigue strength tests of multi-link and elastically
deformed products, including at combined cyclic tensile,
bending and torsional loads.

A

Y

1 —base; 2 — electric motor; 3 — coupling; 4 — bearing support; 5 — protective screen; 6 — tested products; 7 — device for
adjusting tensile forces; 8 — compressor; 9 — control unit; 10, 11 — shaft; 12, 13 — flange; 14 — fastening; 15, 16 — hinge
of rotation; 17 — support slider; 18 — pneumatic cylinder; 19 — stock; 20 — solenoid valve; 21, 22 — contact sensors

Fig. 2. Scheme of the stand for dynamic tests for fatigue strength of multi-link and elastically deformed products

The stand is designed to work like this. When the
stand is turned off, open the protective screen 5, which
covers the mechanism of cyclic stretching, and fix it in the
product 6 in the form of four segments of 5-7 links of drive
single-row roller chains type PR with a range of 12.7-25.4
mm Next, include the compressor 8 and the pneumatic
cylinder 18 supply air at an initial pressure of 0.05 MPa,
include the motor 2, the speed of which is regulated from
the control panel in the range of 1500...2500 min™, increase
the air pressure in the pneumatic cylinder 18 to
0.19-0.4 MPa. Test time — 50...70 hours.

The method of studying the process of wear of the
sleeve-roller chains of combine harvesters in operation
provided for the study of the dynamics of the wear of drive
chains depending on the method of maintenance during
their intended use and storage without removal from
combine harvesters. The bushing-roller chain from the
drive shaft to the lower shaft of the reel variator (81 links)
of the combine was convenient for research in the
operating conditions. Measurements of chain wear were
performed as often as possible, during daily maintenance,
during forced downtime of combines due to breakage, wet
bread mass, etc.

The analysis of the factors influencing the process of
wear of bushing-roller chains and the requirements for the
mathematical description of this process showed that the
deviation of the state parameter depending on the operating
time should be approximated by a random ordered function
with increasing realizations and its indicators:

ult)=b+v-t? (1)
where b — the rate of sub-chain; v — the rate of wear of the
chain; a — indicator of the degree of function; t — operating
time.

As a criterion for optimizing the dynamics of chain
elongation used a universal economic criterion - the
minimum unit cost per unit of machine operation. In the
process of determining it, we found the optimal values of
the deviations of the state parameters allowed using the
TurboNec program:

G = min [A'Q(Do) €-(1-Q(Do)) , @)

0=Dg<1 L To(Do) To(Do)
where Q(D,) — failure probability, T, (D,) — average actual
resource of the circuit; A — the average cost of eliminating
the consequences of failure; € — the average cost of
individual preventive diagnosis.
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The article defines the criteria for choosing rational
ways of servicing bushing and roller chains during storage
and using them for their intended purpose.

Accounting for maintenance costs was performed
according to two criteria:

1. according to the minimum value of the sum of the
given expenses at storage, Y, Cg; = min, UAH;

2. at the minimum cost during the maintenance of
chains when using them for their intended purpose, at
Cg; = min, UAH.

Thus, the most rational way to maintain the chain will
be the use of conservation material and the technology in
which costs will be minimal while minimizing costs during

30

25

[ N
(¢;] o

Specific mass loss, g/m?

=
o

6

storage and during the use of chains for their intended
purpose.

Figure 3 shows a graph of corrosion resistance of
samples of steel grade 3, coated with preservatives.
Analysis of the test results shows that the best protection of
the samples provides the composition of Mayakor, because
the value of corrosion losses is 6.8 g/m?, which is 10%
lower than in the compositions Rosoil-700 and NG-222A,
whose corrosion resistance is 22 times higher compared to
control samples without protection. Warehouses Rosoil-
710, ARVK + (1-20 + AKOR-1 (10%)), Rosoil-710 +
ARVK also have high protective properties. Depending on
the composition, the corrosion resistance of the samples
increases by 60...90% against the control samples.

m1

X3
o4
A5
m6
X7

8 10

12

Deadline period, months

1 — Mayakor; 2 — NG-222A; 3 — Ros0il-700; 4 — Ros0il-700 + ARVK; 5 — Ros0il-710; 6 — ARVC + (1-20 + ACOR-1);
7 — Control samples (without protection)
Fig. 3. Corrosion resistance of steel samples Steel 3 in an open atmosphere

Of particular interest are studies of the corrosion
resistance of preservative compositions containing
nanopowder based on aluminum hydroxide (AIOOH -
boehmite). According to the results of previous tests, the
most effective conservation materials were selected for this
purpose: Mayakor and Rosoil-700. The test results show
(Fig. 4) that boehmite increases corrosion resistance by
25...85%.

The explanation for the increase in anticorrosive
properties of preservatives with the addition of boehmite is
its sorbent properties. The content of 1% AIOOH in the
preservative material significantly increases the corrosion
resistance, which indicates that chemical adsorption
processes are taking place. Boehmite absorption of water
from the environment, accompanied by the formation of
chemical compounds AIOOH + H,0 - Al(OH); -
Hydrogel.

Chemisorption processes are accompanied by the
formation of a bond between the adsorbent molecules and

the adsorbate. In this case, chemisorption takes place with
the formation of Al (OH)s, this is one of its qualities, which
ensures the manufacturability of materials of this type. In a
narrower sense, this process can be considered as the
chemical absorption of water by the developed surface of
the preservative material due to AIOOH, ie as chemical
adsorption.

The experimental curves are described by the power
function u(t)=v t*. Approximation and smoothing are made
by means of Excel by the method of least squares, the value
of reliability of approximation (R?) varies within
0,734...0,997 that speaks about high accuracy of the
received results.

The curves constructed in the MathCad 13.0 software
environment are  described by the  function
u(t)=b+v-t? the standard deviation
o =0,047...0,247 mm.
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1 — Ros0il-700; 2 — Mayakor; 3 — Mayakor + 1% AIOOH; 4 — Mayakor + 3% AIOOH; 5 — Mayakor + 5% AIOOH;
6 — Rosoil-700 + 1% AIOOH; 7 — Rosoil-700 + 3% AIOOH; 8 — Rosoil-700 + 5% AIOOH
Fig. 4. Corrosion resistance of steel samples Steel 3 in the chamber H-4

The testing samples of sleeve-roller chains for fatigue
strength (Fig. 4) after the period of off-season storage in
the open atmosphere and after resource tests on the stand,
straight lines were obtained, which clearly show the
decrease in chain strength from the number of load change
cycles and the applied conservation composition.

Conclusions

1. For the first time the results of corrosion resistance
of steel samples of Steel 3, covered with preservative
materials with a content of 1...5% of nanostructured
aluminum hydroxide (AIOOH - boehmite). It is established
that the corrosion losses of the samples are reduced by
25...85%.

2. Comparative tests of chains showed that the best
lubricating properties have preservatives NG-222A
optimal optimum value of elongation of samples of chains
is 6,044, 6,468 mm, respectively, which is 17...25% higher
than the optimum allowable value of chain elongation.

3. It is established that the presence of nanocrystalline
aluminum hydroxide (AIOOH - boehmite) in conservation
materials reduces the wear of chain samples by 1.8...
2.2 times. The peculiarity of this process is explained by
the fact that in the initial period of the boehmite chain
exhibits plastic properties similar to graphite, but with
increasing temperature in the friction node, boehmite
sintering occurs, which turns into corundum with a more
stable crystal lattice.

Corundum grinds the surface at the time of loading
and heating. It is a solid porous material that helps to retain
oil, which explains the increase in wear-resistant properties
of preservatives.

4. The regularities of the process of wear of sleeve-
roller chains in the conditions of operation are established
and it is proved that the service life of chains with the use
of preservative materials has increased by 50... 60%. With
the help of the mathematical software package MathCAD
13.0 the function of the wear process u(z)=b+v-* and the
indicators of running-in (b), wear rate (v) and degree of
function (a) are determined.
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TEXHOJIOI'TYHICTH OBCJIIYT'OBYBAHH S
CUCTEM 3EPHO3BMPAJIBHUX KOMBAIHIB
ITPU 3BEPITAHHI
1. M. Ky3emuu

AHoTalis. Bupimensst 3araJIbHOJIIOJICHKUX,
rI00aIEHUX TPOOIIEM €HEepro- Ta pecypco30epekeHHs K
y MamuHOOy/AyBaHHI, Tak 1 B arponpoMHCIOBOMY
KOMIUIEKCI HEPO3PUBHO I0B’53aH1 3 BUPIIICHHSAM IHTaHb
3aXHCTY TEXHIKH BiJ] KOPO3ii.

CyuacHa CUTbCHKOTOCIIOJAPChKa TEXHIKA, 1 CAMOXIIHI
3epHO30MpaNIbHI KOMOAMHU 30KpeMa, EeKCIUIyaTyIOThCs
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160 1. M. Kuzmich

MEePIOUIHO MPOTATOM OJHOTO ab0 JBOX CE30HIB Ha piK.
BinbmricTs 3epHO30MpanbHIX KOMOAHIB 30epiraeThes Ha
BiIKPHUTHX MalIaHdYnKax T ATIPHEMCTB
arponpoOMUCIOBOTO  KOMIUIEKCY, IpH IIbOMY BOHa
MATAETHECS aTPEeCUBHOMY BIUIMBY JOBKUDIS (KOJMBAHHSIM
TeMIepaTypH, BOJIOTOCTi, BIUIUBY BITPY, COHSYHOI
panianii, mwry Ta iHmMX). OCHOBHUM BHUJIOM BIUTHBY
30BHILIHBOTO CEpEe/IOBHIA Ha TEXHIKy € armocdepHa
KOpO3isl Ta BHKJIMKaHE HEI0 KOpO3iifHe 3HOUIYBaHHS
MaTepialiB, JeTaleld Ta BY3JiB, MO MPU3BOAMUTH 0 ii
neperyacHuX BigMoB. Tak BTOMHa MIIHICTH BUpOOIB i3
cTaji mpu 30epiraHHi NpoTsAroM 12 Mics1IiB Ha BIIKPUTOMY
MaliTaH9InKy 3HIDKY€eThes Ha 28—-58%.

s 3abe3nedeHHEs THMYacOBOTO MPOTUKOPO3iHHOTO
3aXHCTy 3€pHO30MpanbHUX KOMOAiHIB 3aCTOCOBYETHCA
BEJMKAa KUNBKICTh KOHCEpBAIIMHUX Ta pPOOITHHYO-
KOHCepBamiifHuX Mactwi. OJHaK HEBHPIMICHICTh HU3KH
[UTaHb TEOPETHYHOTO Ta MPAaKTHYHOTO XapakTepy
NpPU3BOJUTH A0  HEOOIPYHTOBAHOIO  3aCTOCYBaHHS
3aXMCHHX 3aco0iB, siki a00 He 3a0e3neuyloTh HeOoOXiTHY
TPUBAIICTD 30epiraHHst TEXHIKHM, a00 30IBIIYIOTh BUTPATH

Ha 1  koHcepBauito. CraHIapTH30BaHi  METOAU
BUIPOOYBaHb aHTHUKOPO3IMHUX MacTUJIHMX MaTepiatiB B
MepeBaKHIH  KUTBKOCTI  MalOTh  BEIUKY  KUIBKICTBh

HEIOJIKIB, HAWTOJOBHIIIMM 3 SKHX € T€, IO OIlHKa
3aXHUCHUX BIACTHBOCTEH MPOBOAUTHCS B OJJMHHUIISX, SIKI HE

JO3BOJIAIOTH  OIIHUTH TepMiH iXHBOI mii, a Jumie
MOKa3yI0Th BEIMYHHY KOPO3ii MeTaiy.
Kiaw4oBi ciaoBa: aHTHKOPO3iHHICTh, MAaCTIIIBHI

Marepiaiu, 30epeKeHiCTh, ePEeKTUBHICTb, KOMOAH.

TEXHOJIOTUHHOCTD OBCIIY>KUBAHUS CUCTEM
3EPHOCBOPHBIX KOMBAMHOB TP XPAHEHUU
U M. Kyzomuu

AHHOTAIHS. Pemenne 00II1eYETOBEYECKHUX,
rIIo0aNBHBIX TIPOOJIEM HEPTO- U pecypcocOepexeHns Kak
B MAIIMHOCTPOCHUH, TaK ¥ B arpoONpOMEIIIIEHHOM
KOMIIIEKCE HEpa3phIBHO CBSI3aHO C PEIICHHEM 3alluThI
TEXHUKH OT KOPPO3HH.

CoBpeMeHHas CEIbCKOXO3SMCTBEHHAss TEXHUKA U
CaMOXO/IHbIE 3epHOYOOpOYHbIE KOMOAWHBI B YaCTHOCTH,
SKCIUTYyaTUPYIOTCS TIEPUOANYECKHA B TEUCHHUE OJTHOTO WITH
JIBYyX CE30HOB B TOJl. BONBIIMHCTBO 3€pHOYOOPOUYHBIX
KOMOAliHOB  XpaHHUTCA Ha  OTKPBITBIX  IUIOMIAJKAX
MIPEANPUATHI arpONPOMBIIUIEHHOTO KOMILIEKCa, K TOMY
K€ OHA TIOJIBEPraeTcs arpecCUBHOMY BO3ICHCTBHIO
OKpyXarome cpembl  (KoleOaHUSM  TEMIIEPaTypHI,
BJIQYKHOCTH, BO3JEHUCTBHIO BETpa, COJIHEYHOW paaualuwy,
meUtd 1 Ap.). OCHOBHBIM BHJIOM BO3ICWCTBUS BHEUTHEU
Cpelsl Ha TEXHUKY SBISICTCS aTMoc(hepHas KOppo3Hs U
BBI3BAHHBII €10 KOPPO3UOHHBIA M3HOC MaTepHalloB,
JeTasiell U y3JI0B, YTO MPUBOJUT K €€ MPEXIEBPEMEHHBIM
oTkazaM. Tak ycTajoCTHasi KpenocTh M3JEIUM U3 CTaIu
NP XpaHEHWH B TeueHHe 12 MecsAeB Ha OTKPBITOM
IIOIIAJIKE CHUXaeTcs Ha 28-58%.

s obecrnieueHns BpEeMEHHOH
NIPOTUBOKOPPO3UOHHOMN 3aUTHI 3epHOYyOOpPOYHBIX
KOMOaifHOB ~ HMCHOJB3yeTCsl  OONBIIOE  KOJIMYECTBO

KOHCCPBAIIMOHHBIX W pa60‘le-KOHCCpBaHI/IOHHLIX Macell.
OHHaKO HEPCUHICHHOCTD psA/ida BOIIPOCOB TCOPETUUCCKOI'O U
MPAKTUYCCKOI'0 XapaKTepa MPpUBOAUT K H€06OCHOBaHHOMy

MPUMEHEHUIO 3alUTHBIX CPEJACTB, KOTOpbIe JIHOO HE
obecreunBalOT HEOOXOIUMYIO JITUTEILHOCTh XpaHEHUS
TEXHHKH, JU0O0  YBEIMYMBAIOT PacXoIsl Ha  ee
KOHCEPBAIIHIO. CraHIapTu3upOBaHHbIC METO/IBI
UCTIBITAHUH aHTHUKOPPO3UOHHBIX CMA304YHBIX MaTepPHAIOB
B MOJABISIIOIIEM  KOJIMYECTBE  HMMEIOT  OOJbIIOe
KOJIMYECTBO HEIOCTATKOB, TJIABHBIM M3 KOTOPHIX SBISACTCS
TO, YTO OIICHKA 3all[UTHBIX CBOWCTB MPOM3BOIUTCS B
CIIMHUIIAX, HE MO3BOJISAIONIMX OLCHUTh CPOK UX NCHCTBHS,
a JIMIIb TIOKA3BIBAIOIINX BEJIMYUHY KOPPO3UU METAIIA.

KiaroueBbie ciaoBa: AHTHKOPPO3HOHHOCTb,
CMa30YHbIC MAaTepHajbl, COXPAHHOCTh, IPPEKTHBHOCTS,
KoMOaitH.

I. M. Ky3smuu ORCID 0000-0003-1718-6123.
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