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with Ir-Energy Supply on Sloping, Ruled Minimum Surface

Valeriy Voytyuk, Sergiy Pylypaka, Roman Kalinichenko, Mykola Mukvich

National University of Life and Environmental Sciences of Ukraine.
E-mail: rkalinichenko@ukr.net

Received June 01.2018: accepted September 21.2018

Summary. Storage in the dry state is the most
common way of preserving plant materials. Energy costs
for drying grain, seed and feed materials can be up to 50%
of the total costs for the production of the finished
product. Universal drum-type dryers are widely used in
farms, since they allow dehydration of various loose wet
materials. But for a number of performance indicators
(specific energy costs, automation level, environmental
requirements, and others), these dryers do not fully meet
the modern requirements for the production of
agricultural and processing industries. The solution of
optimization problems, in terms of productivity and
energy consumption of drum units, is possible only if
adequate mathematical models of processes are available.
Therefore, the aim of the research was to develop a
mathematical apparatus for substantiating the geometric
parameters of a sloped shelf in a drying drum to ensure a
guaranteed gravitational movement of the grain material
along it with a minimum speed for maximum exposure of
the radiation exposure to the grain. The obtained
equations can be used to analyze the process of grain
moving in the drying drum and to optimize the regime
parameters of heat treatment at known values of the
design parameters of the dryer.

Key words: drying drum, minimal surface, gravel
movement, coefficient of friction.

INTRODUCTION

The problem of energy consumption reduction during
thermal drying wet grain is extremely relevant for
farmers, especially in small farms. Thermal drying to be
40% of the harvested grain, and in some years - 80%.
This energy for drying can reach 50% of the production of
the final product. In small farms most used technical tools
are unified and universal saving material costs for their
purchase. Therefore the use of drum dryers is appropriate
in terms of versatility for the type of grain raw material
and heat treatment [1].

For the purposes of agroindustrial production are
developed, produced and operated drum dryers of various
types and brands [2], the most common SZSB, CFSP type
BNv which can be implemented in different versions
(direct-flow, reverse flow, with the blade, pie, blade-pie
system of movement and combined nozzles, an angle unit

of 10 to 40, etc. [3]) Figure 1, but they have a significant
disadvantage compared with other types of dryers,
realizing convection type drying - too high specific
energy.

Ways to reduce energy consumption for drying is
supplying radiation energy to heat the grain raw material
directly inside the drum to reduce the amount of coolant
supply and, consequently, reduce heat costs spent drying
agent in the environment.

But the use of this method of thermal drying process
is constrained not feasible way to move grain and mixing
the material in the areas of local radiation drum dryers
with infrared enerhopidvedennyam.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In literature, sufficient material on the movement of
material [5-10] and calculation processes of convective
heat and mass transfer [6, 11-21] in the settings drum
drying of agricultural and food materials.

In [1, 7] proved the efficacy of termoradiation - IR
drying drums.

The main advantage of such schemes drying process
is more efficient and intensive heat transfer to the material
and the ability to influence the temperature distribution of
the material along the length of the drum.

However, in certain papers [5, 6, 7] to move the grain
material inside the drum is not considered changing the
coefficient of friction depending on humidity grain.

OBJECTIVE

Development of mathematical tools to study the
geometric parameters pitched shelves in a drying drum to
ensure guaranteed gravitational movement on it grain
material with a minimum speed for maximum exposure to
radiation grains.
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Fig. 1. Drum dryers (a - flowsheet CFSP, b - exterior SZSB in - system Mueller [4]).

THE MAIN RESULTS OF THE RESEARCH

To ensure immediate supply of radiation energy from
infrared heaters to grain material in the drum dryer is
proposed to place pitched shelves of one of them placed
IR heaters, Figure 2.

Fig. 2. Front scheme drum dryer (1 - Inclined roof shelf).

To maximize the radiation energy to supply grain
material period (radiation exposure) stay grain material on
sloping shelf 1 must be maximized.

To determine the patterns of movement of grains on
the shelf pitched consider the forces acting on the grains
in the gravity driving on rough surface, Figure 3.

mg
Fig. 3. The scheme forces acting on the grains in the
gravity driving on rough surface.

Differential equations of gravity of a particle in a
straight rough surface can be written as:

mX=mg-sina — f -mg-cosa —F, )

where: m - mass of grains, kg, X - acceleration, m/s2, a -
the angle of the surface, f - friction coefficient, Fo -
resistance force protection, N.

The power of resistance of the medium (air) can be
determined by Stokes' law - the resistance is proportional
to the velocity of the grains:

F0=k-v=k-ﬁ'
dt

Where k - coefficient of proportionality for particles

in the form of balls is defined as:

k=6-7-u-R,
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Fig. 4. Dependencies move on rough surface grains (1 -

resistance by Newton's law).

Or by law Nyutona-resistance force proportional to
the square of the velocity of the grains:

2
F =k, -0 =Kk, (Ej
dt

Where KP - coefficient of sails is determined to
speed greetings grains.
Figure 4 graphs the results of numerical solution of

equation (1), with the support and protection without.

The results of the numerical calculations in equation
(1) at different initial parameters (initial velocity,
coefficient of friction), the maximum difference grains
moving shelves at the end of ramp length of 1m under
different laws calculating the resistance of the medium
and without his consideration was - 7%.

Therefore, to further simplify the analytical
calculations take into account environmental resistance
will not, but when calculating the length of the shelf will
increase by 10%, rising to guarantee the grains of it.

To maximize long weevil was on the shelf under the
influence of infrared heaters need to determine the angle
at which the shelf velocity decreases weevil on it in
motion and end shelves zero. Define the first initial
velocity of grains on the shelf.

Grains falling from the blades and zero Homepage
speed (V0 = 0), begins a free fall. Time to fall from
shelves depending find:

t, = @)

n

9

where: h - height of free fall (to the shelves), g -
acceleration of gravity, m/ s2.
The speed at the end of fall determines the
relationship:
x=v(t)=uv,+9-t, @
Substituting (3) (4) obtain a final rate of fall grains:

2-h
U,(n:g‘J?:\/Z'g'h ®)
Given that the shelf is inclined at an angle o to the
horizon is the initial velocity of the grains on the shelf
will be determined from the relationship:

v, =0, -Sina=4/2-g-h-sina

(6)

10 15

I c
without support medium 2 - resisting the law Stokes 3 -

Consider moving without the resistance of the
environment (air), then the equation (1) can be rewritten
as:

mX=mg-sina— f-mg-cosa ,
X=g-(ina—f-cosa), ()
where: f - coefficient of friction, f =tgp, P - angle of

friction.
Equation (7) rewrite as:

. g-sm(a—p). @
CoS p
At the end of shelf speed should be close to zero,
v,=0.
Then the equations (4), (6), (8) we find the movement
Uy

to stop:
t:__:_1/2-g-h-sinoc:
K g-sin(a - p)
cos p
\J2-g-hsina-cosp

g-sin(a - p)
Integrate equation (4) and substitute it (9), (8), (6) we
obtain the path will be to stop the weevil:

_h-cosp-sin’a
sin(a - p)

©)

;=

(10)

0.2 0.3 0.4 0.5

f
Fig. 4. Dependence angle shelf width x = 1 m, the

coefficient of friction.
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When given h, p, Xz (width shelves) find o from
equation (10), then the equation (9) determined to move
the shelf, Figure 5, Figure 6.

tc 1l
10
g

DU:G\-—JW

2 0.3 0.4 0.5

f

Fig. 5. Dependence time spent grains on the shelf width
x = 1 m, the coefficient of friction and therefore
determined o.

Coefficient of friction in the dryer varies from a
maximum value at wettest grain at the entrance to the
dryer to dry grain at minimum output of the dryer. [8]
Accordingly, the angle o will vary from maximum to
minimum, Figure 6. If the angle a will vary linearly, for
projecting shelf ramp can use minimal compartment ruled
surface screw conoid (or direct closed helicoid) [9] Figure
6 b. However, in this case, the trajectory of the particle
may not coincide with the rectilinear generators but this is
typical for a big difference angles a. In this case, the
difference is small, so we assume that the particle moves
down along straight generatrix surface.

Fig. 6. Minimum ruled surface pitched shelves.

In Figure 6, would be built compartment screw
conoid surface (or direct closed helicoid) [9], parametric
equations which are as follows:

X (u,v)=u-cosv,

Y (u,v)= (V+a,),
ak‘ - aO
Z(u,v)=u-sinv,
where: a0 - shelf angle determined from (10) to the angle
of friction wettest grain dryer inlet, ak - angle shelves for

dry grain at the outlet of the dryer, L - length of shelves,
ml

(11)

ue [0,..., L], Ve [ao,...,ak].

Expressions coefficients of the first quadratic form
[9] surface (11) pitched shelves are equal:

2
E=1 F=0, G:u2+[;j . (12)
6zx_cxo

Expressions coefficients of the second quadratic form
[9] surface (11) pitched shelves are equal:

L=0, M= L
\/1+u2 -(aK —a0)2

The coefficients of the first and second quadratic
forms constructed surface (11) transforming the
expression of the average curvature [9]

_E-N-2.F-M+G-L
2(E-G-F?)
to zero, so the surface is minimal ramp shelves.

In thermal drying to reduce the energy consumption
required to ensure maximum grains stay on the shelf,
according to the time of dependence (9) depends on
variables - shelf angle and height of fall grains.

Numerically define variables in which o and (9) will
receive maximum value. To simplify the calculations will
conduct these algebraic transformation.

Domnozhymo numerator and denominator of the

equation (9) h - Sina, We get:

t__,/Z-g-hsina-cos,o_h~sina_

, N=0. (13)

g-sinla—p)  h-sina 1)
_ 2:g-h | h-cosp-sina
" g-h-sina sin(a - p)

In equation (12) expression in brackets represents the
movement to stop by the formula (10), ie:

o N2gh
g-h-sina
where, s - way weevil equal width pitched shelves.

The results of numerous studies on the movement of
grains sloping shelf dependencies (10), (15) in a
mathematical environment Mathcad fragment presented
on screen in Figure 7.

The results of numerical experiments in the greatest
possible range of variables determined that the longest
stay on the shelf grains provided at least fall from height
(regardless of the coefficient of friction) and angle a that
is defined from (10).

(15)

3
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Fig. 7. Screen fragment numerical study on extreme environments in the mathematical Mathcad.

CONCLUSIONS

1. The mathematical apparatus allows to determine
parameters pitched shelves depending on the parameters
of the grain size of the material and the drum to ensure the
minimum speed of the grain of the material on it.

2. Optimization studies numerical methods
Analytical dependences allows to prove the options
pitched shelves in a drying drum for the specific
conditions of the process.
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UCCJIEJOBAHME JIBUKEHU ST 3EPHOBKU
B BAPABAHHOU CYIIWJIKE
C UK-3HEPI'OIIOIBOJIOM 10 CKATHOI
JUHENYATON MUHUMAJILHOM TTIOBEPXHOCTHU

AHHOTanmsi. XpaHEHHE B CYXOM COCTOSIHUM -
HanboJee pacnpoCTpaHEeHHbIH COCO0 KOHCEPBHPOBAHMS
pacTUTENBHBIX MaTepHAIOB. DHEPro3aTparbl Ha CYIIKY
3EPHOBBIX, CEMEHHBIX M KOPMOBBIX MAaTepHajOB MOTYT
coctaBmsite 10 50% oOT cyMMmapHBIX 3arpar Ha
MPOM3BOJICTBO TOTOBOTO TPOAYKTa. YHHUBEpCaJbHBIC
Cymmikd 0apabaHHOTO THIA MIMPOKO HCIIOJIB3YIOTCS B

XO3SIMCTBAaX,  IOCKOJBKY,  TO3BOJIIIOT  NPOBOJAUTH
00€3BOKMBAaHUS ~ PA3NUYHBIX  CBHIIy9WX  BIAXKHBIX
MaTepuasioB. Ho 1o psay mokasatencit  pabOThI

(ynenpHBIE 3aTpaThl PHEPTUH, YPOBEHb aBTOMATH3AIUH,
BBITTOJIHEHHSI DKOJIOTHUECKUX TpeOOBaHUH, U IpyTrue) 3TH
CYyIIUJIKA HE IOJHOCTBK) OTBEYAIOT COBPEMECHHBIM
TpeOOBaHUSIM TPOU3BOJICTBA CEIILCKOXO3SHCTBEHHOW W

nepepabarbiBarolieli  orpacieid.  Pemrenwe — 3amau
ONTHUMU3ALINH, o MPOU3BOUTEIBHOCTH "
JHeprosarpartax OapabGaHHBIX arperatoB, BO3MOXKHO

TONBKO IIPM HAJIWYUM aJCKBATHBIX MaTEMaTHIECKUX
Mozenedl mpoueccos. [loaToMy 1enpl0 HccaeaoBaHUN
OpuTO  pa3paboTKa MaTeMaTHYeCKOTO ammapara Ui
00OCHOBaHMSI TE€OMETPHUUYECKHX I1apaMeTpOB CKaTHOU
MOJIOYKH B CYIIWIbHOM Oapabane mis oOecrieueHus
TapaHTHPOBAHHOI'O T'PABUTALMOHHOIO JBI)KEHMS 1O HEH
3€pHOBOTO Marepuaja ¢ MHHHUMAaIbHOW CKOPOCTBIO LIS
MaKCUMAaJIbHON 3KCIO3UIUK PajualiMOHHOTO O0JIyueHUs
3E€PHOBKH. ITonyuyennsie YpaBHEHHS MOXHO
WCIIONIB30BaTh Ul aHaIM3a Ipolecca IepeMelleHHs
36PHOBKM B CYIIMJIBHOM OapabaHe M ONTUMM3AINH
PESXUMHBIX NTApaMETPOB TEPMOOOPAOOTKH NP N3BECTHBIX
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Summary. The article defines the total aggregate
losses for the maintenance of groups of combines with a
threshing capacity of more than 9 kg / s and various
seasonal loads. It is established that the minimum cost is
about 800 ha per harvester per season. The optimal
number of maintenance links for small (150 ha) and large
(> 900 ha) developments for a combine harvester is more
than doubled compared to all the ZK in groups.

Analysis and comparison of SMO characteristics for
stable and unstable operating modes has shown that the
mutual transition for the ZK group lasts from 4 hours (20
combines) and up to 8 hours (1-5 combines). Taking into
account the SMO model and the proposed method will
allow obtaining more accurate characteristics of the QMS:
waiting time in the queue, queue length and the like. The
value of the total total losses at 1 hour of operation differs
by a factor of almost 5 in comparison with the steady-
state regime.

Key words: optimization, mass maintenance system,
grain harvester, periodicity of maintenance.

INTRODUCTION

It is known that annual losses from late harvesting
grain farms Ukraine for an estimated amount to more than
10% of the harvest [2]. This is despite the current yield is
about 7 mil tons. Reducing losses of grain depends on a
high level of logistics and proper organization of
customer service. It should also be borne in mind that the
low solvency of agricultural enterprises and small
investments prevented timely upgrading of logistics. This
led to an aging fleet.Significantly increased cost of funds
for maintenance and repair of harvesting, especially in
small farms, including farms. Agooptimization of the
Technical service combine harvesters with different load
and their annual harvest number in the squad is today one
of the urgent tasks.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

For the analysis used data obtained by collecting,
cultivation of mathematical statistics and mathematical
modeling [1, 2].

Ukrainian farmers today have little or no repair and
servicing base. Thus, according to UAAN equipped
repair-technological equipment of peasant (farm) is only
15...25%. Farms sometimes exceed the relevant standards
for large farms on average 3.2 times. However, despite
this, they performed no more than 30% of the field of
mechanized operations in optimal agronomic terms. This
is the harvest work. The reason is very poor repair and
servicing facilities. And the result is not long to wait
makes. Timing of harvest stretching a month and seasonal
operating time ranges from 150 to 1,000 hectares
harvester [7].

OBJECTIVE

The aim of the study - specification model
optimization of technical service of combine harvesters
based on queuing theory for mode and depending on
seasonal workload harvester.

THE MAIN RESULTS OF THE RESEARCH

The most effective and failure recovery HCC during
harvesting can be described queuing theory [1]. The
process occurring in the system can have the form
(Figure 1). Random character stream applications leads to
what happens in the QS some random process. If Markov
random process, the operation of the QS system can be
described by differential equations, and in the extreme
case - a system of linear algebraic equations solution are
determined by the characteristics of the QS. The article
[1] and the authors considered it marginal state of the
system when the flow of orders is set and unchanging.
However, this phenomenon is rather "artificial” to
simplify the mathematical model calculations. In real
terms harvest work units inherent unsustainable modes of
queuing system (QS) [8]. That such regimes that depend
on time. This will SMO probabilistic characteristics that
depend on time, for example, for some of its range. Then
the intensity of the input and output streams for each state
will be balanced, but taking into account the probability
of derivatives. It is such a system and invited to consider
in this article.


mailto:o.nad@ukr.net

12 Analysis of Multi-Channel System of Mass Service with Installed and Uninstalled Operating Modes

| e |
______ 1 | :
| Uepra Ha I | ] OGeryeHa
! i | BHMOTa
| OGCTYTOBYBAHHA | I I
A _-—Jﬂ |A A A | | . | "—-:1
A L [ OGcayroByrod I
A - I HOCTH \ I
Bximami i, B | . ‘]m I

HOTiK I

BHMOT BigmoBa

Fig. 1. Queuing system (QS).

In queuing systems flow requirements accidental.
Random and maintenance. Work QS runs irregularly, it
formed a queue for service, there is downtime service
stations. The task queuing theory - an optimal set (with a
minimum of downtime) the nature of the relationship
between flow requirements, the number of posts and their
performance (service time), the rules of the system
maintenance.

Most often as a criterion - performance of queuing
systems - using the average waiting time requirements
early service, the average size of the queue for service, the
likelihood that the system will be a certain amount of
service requirements, the average number of posts
occupied or free services, and others. However, the most
appropriate to use economic indicators for assessing the
efficiency of queuing systems that provide a generalized
description of the manufacturing process. In this case, the
performance criteria selected by the QS total cash costs
associated with downtime waiting combines service and
costs of establishing and operating positions (service
units) [4, 6].

In order to identify the most efficient system
maintenance calculations of the total cost of maintenance
of combine harvesters. Thus considered various options
for usage in households combine harvestersKyiv and
Cherkasy regionsAnd at a certain (optimal) variations in
the number of service channels system.

For example, use the previous data [1] of bringing
some data (Table 1).

According to the table. 1 calculated flux density and
intensity requirements A p service for households with
different loads One year HCC and combines different
number in the household. We decided that the percentage
of failures (1 and 2 groups of difficulty), eliminated by
visiting the units, about 70% [3, 4]. The very same
multichannel  queuing system selected. In the
multichannel queuing system must distinguish between
two cases:

e including requirements n, received in less
number of service channels N, ie they are in serving 0 <n
<N,

e including requirements n, which came in greater
than or equal to the number of service channels N, N
requirements that are served and the rest waiting in line (k
=1,2,..m-N).

To begin, consider the QS simplified with steady
state of the system when the main probabilistic
characteristics of its constant in time, for example, for an
hour. Then the intensity of the input and output streams
for each state are balanced. These balances are as follows:

In the case of

Table 1. Flux density requirements A and intensity of maintenance for years of operation and annual operating

time.
Annual operating time, ha (intervals and their middle)
\;ecirs t’fo'ﬁt'a 150-180 | 470-500 | 630-660 | 780-810 840-870 | 1000-1030 | A1/
combo. | units. 165 485 645 795 855 1015 h.
Allh.
5 years 0.236 193 196 189 193 170
393 323 0,315 323 283
10 787 646 654 630 646 567 | 4256
15 1,181 969 0.982 945 969 850
20 1,575 1,292 1.309 1,260 1,292 1,134
0<n<N:PmA=PRu,
P(u+(m-1)4)=PmA+P,2u,
P,(2u+(m—=2)1)=P(m-1)1+ P,3u
...................................................... 1)
Pn (n:u + (m - n)ﬂ' = Pn—1(m - (n _1))1 + Pn+1(n +1):u

Inthecaseof N <n<m:

P(Nu+(m-n)i)=P,

(m-—(n=1)A+P, Nu
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5 P2+(2.p4(m—2):A)=Pl-(m—1):A+2 P3.p
g P3.(2-p+(m—3)-A)=P2:(m—2):A+2-Pd-p
O P4-(2-p+(m—4)-A)=P3-(m—3)-A+2-P5-p
PO+P1+P2+P3+P4+P5=1
8 P0=0.15 P1:=0.15 P2:=0.15 P3:=0.15 P4:=0.15 P5:=0.15
2 p=0.4256 A=0.327 m:=5 N:=2
3 [Po]
P1
g (P2 _py
g |ps =Find (P0,P1,P2,P3,P4,P5)
P4
.PS_
P0=0.04 P1=0.155 P2=0238 P3=0.275
P4=0211 P5=0.081

Fig. 2. QS to calculate steady state (PTC Mathcad Prime 4.0).

Suppose that our system has two channels of service
N = 2. Intensity of receipt of a claim for maintenance
A =0.327 times an hour. The intensity of service
requirements gz = 0.4256. Number of serviced vehicles

is 5 m (Table 1., Selection). It is necessary to determine
the probability of a different number of requirements on
the system.

To make use of these probabilities System PTC
Mathcad Prime 4.0 (Figure 2).

To solve the problem we use the block function Find.
When using it is necessary to set the desired initial
approximation values:

P0:=0.15,
P1:=0.15,
P2:=0.15,
P3:=0.15,
P4:=0.15,
P5:=0.15.

Apparently probability values are constant and
unchanging appearance from the time around which we
analyze the system.

That is, at the beginning of the 1st hours and 4 time
change this value constant. In fact in the life course as
processes do not occur.

Failures HCC are completely arbitrary and depend on
time.

So first approximation to assume that the system is in
a steady state may, however interesting (realistic) is an
approach that will make it possible to calculate the

probability characteristics given time. That flimsy mode
LC group.

Consider just a flimsy QS mode when its main
probabilistic characteristics depend on time, for example,
for some of its range.

Then the intensity of the input and output streams for
each state will be balanced, but taking into account the
probability of derivatives.

So we have a system of ordinary differential
equations describing the operation of multi-channel
closed-loop system at unsustainable mode:

The preparation of the above system of equations
describing the operation of the QS Puassonovskym flow,
there mnemonic rule:

* derivative dLG) the probability of system stay in
dt
state n is the algebraic sum of several members,

« the number of members of this amount equals the
number of arrows on a graph of the system, connecting
with other state n,

* if the arrow is directed in the analyzed state — n,
then the member is taken with the sign "plus",

o if the arrow directed «— the state of n, then a
member of the set with the sign "minus”,

* each member of the amount equal to the product of
the probability state, which aimed an arrow at the
intensity of the flow of events that puts the system on this
arrow. According to the graph labeled conditions
[(Fig. 1)], the system of ordinary differential equations
would be:

Inthecaseof 0<n< N :
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Fig. 3. QS with unsteady calculation mode.
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The system (1 and 2) describes the process of multi-
functioning closed queuing system at unsustainable mode.
To resolve make use of the initial data of the previous

solution, 4 =0.327, 11 =0.4256.

To use the built-in solution rkfixed (P, to, tl, N, D),
which implements the Runge-Kutta method with fixed
step.

To begin to form a feature vector deviation values,
which is essentially a system right parts corresponding
differential equations D(t,P) and the vector of initial

values P.

Next, define additional options for solving a system
of differential equations: initial and final time interval
study the system and the number of steps of iteration.

During the initial condition (Figure 3) were taken
intervals from O to 8 hours.

This is done intentionally to try to see how long the
system will start to move in the incoming data values in a
steady state during the change.

The result of the calculation system of equations
presented in Figure 4.

As can be seen from Figure 4, during the change of
the system and does not enter steady state.

This proves that better estimates for spending at
unsustainable QS mode.

By comparing the value PO first tasks equal to 0.04
on any period of time and for the second value PO (Figure

4, blue curve), it is clear that here lies the common
mistake.

If further calculations using a single (average) value
PO, the probability of correct decision will be somewhat
guestionable.

Further modeling and graphical analysis of
dependencies showed that at time t1 increased to 20 hours
for the system to undertake the same condition as at 9
o'clock. It can be argued that the transition to a

sustainable state when data A =0.327, u =0.4256
occurs after 8 hours and further changes. The value is

equal probabilities are given the task queuing system at
steady state (Figure 2):

P0=0.04,

P1=0.155,
P2=0.238,
P3=0.275,
P4=0.211,
P5=0.081.

All other features of the QS can define the following
dependencies (Table 2).

To further compare the two modes of QS sustainable
and unsustainable dependencies and subsequent
calculation table. 2 identified the following data (Table 3).

0 0.8 1.6

2.4 32

Fig. 4. Graphic system of differential equations for QS with transient mode.
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Table 2. Characteristics of CMQOs and major dependence.
m
The average length of the queue L, = Z (k - n)P"
k=n
m
The average number of claims that are _
served L, = Z kPk
k=1
Th ber of f i S
e average number of free service _ _
channels Ly = (n k)Pk
k=0
- LZ
The utilization of orders K2 =1-—=
m
1-K, 1
Waiting time = -
AKy, n
Upper secondary losses from downtime _ . .
requirements in line and do not load feed (/)(n) B Cl Li + C2 L3

Table 3. The characteristics of QS sustainable and unsust

ainable modes.

Time Probabilities for the unsteady regime QS I—1 L3 MQ gp(n)
t1. h PO P1 P2 P3 P4 P5
0.5 481 379 119 0.02 0,002 0.00006 0,024 379 | -1.864 854.7
1 271 403 0,235 0,075 0,013 0.00095 .104 403 | -1.431 1221.4
15 175 .361 .288 0,136 0,035 0.00388 0.218 361 | -1.034 1592.6
2 0,126 316 .304 0,182 0,062 0.00913 0.333 316 | -0.683 1965.6
3 .082 251 .297 0,235 111 0,024 0.7 251 471 3302
8 0,044 .165 .246 273 0.2 .0726 0.94 0.155 1.255 4070

Table 1 is the largest interval. We were taken to
analyze the range [0 ... 0.5], [0.5 ... 1], [1 ... 1.5], [1,5 ...
2], [2 ... 3] and [4 ... 8]. All other parameters (PO, P5 ...)
and others designed specifically for this value t1. It should
draw attention to the importance MQ . That only after 2.5

hours.

Combine squad is positive. Physical value of this
variable is the time waiting in line.

That is nearly three o'clock likelihood of queues
absent. Only after 2.5 hours is the probability of the
queue.

If you use SMO at steady state the probability of
downtime in the queue will just equal to 1.255 hours.

As a result of the cultivation of mathematical initial
data plotted total cost of service groups combines
seasonal operating time and the number of service units N
(Fig. 5).

From Fig. 5 follows the following to complete the
minimum total losses for all service groups harvester
thresher with a capacity of more than 9 kg / s responsible
operating time of 800 hectares on a combine for the
season.

The optimal number of units is the maintenance of
small and large operating time for HCC is increasing
more than twice compared to all groups of HCC
guantities.

Production capacity of the maintenance of the
existing farms in low maintenance units at low average

annual load on a combine harvester. In this regard, useful
in small farms (5 HCC) have compact multifunction units
maintenance.

Transient mode characteristic group of HCC lasts 4
hours (20 combines) and up to 8 hours (1-5 harvesting).

Considering the QS model and the proposed method
will allow for a more precise characteristics QS: waiting
time, queue length, and so on.

The value of total comprehensive loss for 1 hours
compared to the steady differ in size by almost 5 times.

CONCLUSIONS

1.  Complete total loss of cash from simple in line
and HCC service channels depend on the annual operating
time machines. These developments at an annual
minimum of 600-700 hectares.

2. Number of units in the maintenance sector
defined annual load at dean number and combine
harvesters link harvesting and transport sector.

3. In small farms advisable to have a compact
multifunction units maintenance.

4. Using a calculation model QS with
unsustainable mode of operation on any time interval
changes will make it possible to more accurately plan the
costs of technical services combine forces.
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Fig. 5. Dependence of total comprehensive loss (p(n) to service combines groups of their annual operating time and
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AHAJI3 MHOTOKAHAJIBHOIM CUCTEMBI
MACCOBOI'O OBCJIY X XMBAHUA
ITPU ITOCTOSAHHOM 1 HE ITOCTOSHHOM
PEXXKMMAX PABOTBI

AHHoTanusi. B cratbe onpeneneHbl  MOJHBIE
CyMMapHbI€ ITOTepH Ha 00CITy>KHBaHUE TPy KOMOaiiHOB
C IPOITYCKHOW CIIOCOOHOCTBIO MOJIOTHIIKH Oojee 9 Kr/c n
pa3NuYHBIM CE30HHBIM Harpy3kam. YCTaHOBJIEHO, 4TO
MHUHIMYM 3aTpaT MPUXOAUTCS Ha HapaboTka okomo 800
ra Ha oaWH KomOaifH 3a ce30H. OnTHManbHOE XKe
KOJINYECTBO 3BEHHEB TEXHHUUYECKOTO OOCIY)KMBAHHMS [UIS
Manbix (150 ra) m Gompmmx (>900 ra) Hapa®oTOK Ha
3epHOYOOpOUHBIN KOMOaitH Bo3pacTaeT Ooiee 4eM B 1Ba
pasa, o cpaBHEHHIO U1 Bcex konmdecTs 3K B rpymmax.

AHanu3 u cpaBHeHHe Xxapaktepuctuk CMO s
YCTOWYHMBOTO M  HEYCTOWYHMBOTO PEXHUMOB pabOThI
MoKasall, 94To B3auMHbIN nepexon i rpynmsl 3K gmutcs
or 4 wdyacoB (20 xomOaitHoB) m g0 8 wuacoB (1-5
koMOaiiHoB). Yuera mozenn CMO M mpemioKeHHOTO
METO/a TIO3BOJIMUT HOJYYUTh TOYHEE XapaKTEPHCTHKU
CMO: BpeMs OXUAAHUS B Oue€peny, JJIMHA O4epenu, U
TOMy 10JI00HOE. BenmunHa MmojgHBIX CyMMapHBIX IOTEPh
Ha | gacy paboThI B CpaBHEHHH C TMOCTOSTHHBIM PEXHMOM
OTJIMYAeTCS 110 BEJMYHMHE MOYTH B 5 pas.

KnoueBble  cioBa:  onTHMH3anus, — CHCTEMa
MaccoBOTO O0OCTy)XHBaHUS, 3epHOYOOPOUHBIH KOMOaiiH,
nepuonuaHocts TO.
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Summary. We analyzed the levels of consumption of
fruit and vegetable products and its losses.

It proposed to use information from a storage facility
on its condition to determine the effect of storage
conditions on the condition.

Analyzed ways of obtaining information from crop
production on her condition.

The necessity of providing information on the status
of the storage facility, depending on the condition of the
storage conditions, as well as the impact on the duration of
storage modes in an analytical form.

The necessity for the use of storage efficiency as the
optimization and simulation mathematical modeling of the
impact of external influences on the stored product.

The analytical description of the production condition
depending on the storage conditions allowing to determine
one of modes of storage, depending on the planned storage
efficiency remaining under fixed conditions.

In the example according to the redox potential of
plant raw material with succulent tissues of storage time
the technique its exponential approximation.

The dependence of the efficiency of its storage mode,
which can serve as an objective function in the
optimization of these regimes.

The prerequisites for simulation of the effect of
external influences on the storage efficiency and optimize
storage by the criterion of minimum loss mode if the
controlled variables are the length of storage, and the
temperature and humidity in the warehouse.

Mathematical models of processes of storage make it
possible to adjust the modes during storage and predict the
state of the stored object.

Key words: agricultural production,
efficiency, modes, mathematical modeling.

storage,

INTRODUCTION

Ensure an adequate level of food consumption remains
relevant. His may be improved by reducing the loss during
storage, which is more advantageous as compared to the
expansion of production. The same applies to animal feed.

Further work on improving the loss reduction require
analytical description of the storage process.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In 1980 he founded the annual rate of consumption per
person in the Soviet Union was considered 146 kg
vegetables and 120 kg fruit [1]. In 1989 this, but
recommended, is the norm in Ukrainel61 kg vegetables
[2]. In fact, in the Soviet Union in 1982 the consumption
of vegetables was 101, and the fruit 42 kg human [3].
According to [2] in 1985, every resident of Ukraine
consumes133 kg vegetables.

At the same time state leaders recognized that the
storage is lost at least one third of production. [4] Gross
harvest of fruits and vegetables while approaching the
standards of consumption, but the actual consumption of
the losses was not enough. In 2000, losses of fruits and
vegetables and other plant products with rich fabrics in
storage was estimated at 30-50% [5].

However, according to [6] in Ukraine produced 6.195
million tons of vegetables and melons, and their losses in
2000 amounted to 177,000 tons, or only 2.857%. In 2016
it produced 9.998 million tons of vegetables and melons,
and their losses amounted to 1.195 million tons, or 11.95%.

In such negligible losses sustainment level vegetables
and foodstuffs in melons 2016 the declared at the level of
101.6%, and fruits, berries and grapes -84.9%.

With cording to other publications modern volume of
consumption of fresh vegetables, potatoes and fruits in
Ukraine is 50-60% of the physiological norm. [7]

Potero in storage potatoes, vegetables and fruit make
up 20-30% annually. [8]

Investing in storage products is 2-3 times more
efficient than in the expansion of its production.

Investigation of product storage process and the
development of new ways it requires an analytical
description of the state of the product, depending on the
storage conditions and storage process modeling.

Asked to assess and optimize the quality of
agricultural products depending on the conditions of its
cultivation [9-11].

Some growing conditions influence possible. This
dose and timing of fertilizer application [12], agricultural
practices, and the like. Basically the same growing
conditions - it's climate and weather indicators that
influence is not possible, but they are most dependent on
timing of field work. Of these, the quality of the crops most
significantly affected by harvesting time. Therefore, to
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study the effect on product quality growing conditions
appropriate to use simulation techniques.

In contrast to the growing conditions in the storage
modes can be influenced to optimize these regimes. This
raises the question of the choice of optimization criteria:
the minimization of losses (from disease, weight,
nutrition), or minimizing the cost of production at the end
of the retention period.

In any case, the optimization of the process is
necessary to have quality products depending on the
storage conditions in the analytical form. However, the
results of studying the effect of storage conditions (as,
indeed, and growing conditions) in the analytic form are
practically absent, e.g., [13-15]

The [16, 17] background laid analytical description of
the state of the plant product with succulent tissues,
depending on its processing and storage conditions.

Such a description requires information from the
storage facility.

For plant products with rich fabrics receive the
information requested by measuring the redox potential
(ORP) [18-20].

Research change ORP plant products with rich fabrics
during storage give reason to use it as an indicator of the
quality of products

An exponential dependence on the duration of storage
of AFP with a correlation coefficient of 0.997 [21].

Simultaneously experimentally proved matching ORP
changes real loss [22].

For plant material, having a lower humidity, an
indicator to be determined.

Compliance dynamics ORP plant products with rich
fabrics exponential dependence, as well as its compliance
with the magnitude of losses [22] provides a basis to use
the dynamics of ORP for predicting plant products with
rich fabrics.

AFP is not the only indicator of the properties of plant
products. Only plant products with succulent tissues
resistance measurement can be used [23], the dielectric
properties [24] technique [25-27].

Assessment of the status and quality of food products
is carried out by drawing the regression equations. The
dependences of the potential on growing conditions.
Developed corresponding monogram [28-30].

OBJECTIVE

When storing any product it is important to be aware
of its ability to store and the deadline within which it will
have a sufficient level of consumer qualities, to know
which of the batches of products under the identity of all
the indicators ability to store longer and what to send to the
implementation or processing Firstly. Modern methods of
predicting the state of the stored products do not provide
the ability to track the dynamics of indicators of the quality
of stored products.

The object of research is an analytical description of
the effect of storage conditions on its efficiency, enabling
the use of mathematical modeling to improve product
preservation. Mathematical modeling, in turn, will make it
possible to evaluate the effect of storage conditions on the
state of the storage facility, as far as possible in a timely

manner to change these regimes, or to predict the potential
products, and therefore have information about whether to
continue storing it.

THE MAIN RESULTS OF THE RESEARCH

Theoretical analysis of the impact of external
influences on biological objects may be based on the
physical nature of the processes occurring in the object and
the parameters of these effects.

An example of such an analysis is given in [31].

Establish a connection of biological indicators of
vegetable raw state with the physical storage performance
modes are not yet represented analytically possible.

It is therefore proposed to consider the storage process
as a black box on which input information on storage
conditions, and the output - the indicators characterizing
the state of the storage facility.

According to this principle serves to change the ORP
example vegetable raw materials with rich fabrics during
storage to give an analytical description of the product
according to the state of storage modes, and to be able to
determine the storage efficiency depending on the factors
that affect this efficiency.

At the subsequent discussion we will proceed from the
fact that ORP stored object corresponds to the energy of
the object.

dP =k, dQ, @)
where: P - measure the energy state
stored object;

kone - proportionality factor;

Q - current value of ORP stored object.

The time variation of the energy state during storage is
proportional to the difference between the current value of
AFP and its steady value, which is the object after its
storage for an indefinite time.

dP =k,(Q-Q, )dt, @
where: k2 - coefficient of proportionality;
Qo - steady ORP value of the object,
t - duration of storage.
From (1) and (2) we have:

k,dQ =k,(Q - Q, )dt. ©)
designating
K -7 (4)
ky

where: T - permanent storage duration.
After separation of variables we obtain the differential

equation:
d dt
_Q __dt ©)
After its integration we have:

In(Q—Qw):—£+InC. (6)

or
t

(Q-Q,)=Ce - ()
Before the start of the storage, namely, whent =0, the
coefficient of the constant of integration is equal to one,
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since any number to the zero power is equal to unity, the
integration constant will correspond to the expression:

N = Qo - Qoo . (8)
where: QO - ORP value prior to storage.

In view of the above, we obtain the relationship AFP
storage facility on the duration of storage, a constant
storage time, as well as on the initial and steady ORP
values [32].

Q=Q4}—eij+qﬁi. 9)

Ptinuous duration of storage corresponds to the rate of
change of production condition during storage, and thus is
a measure of its ability to storage. It is important to note
that it is obtained as the ratio of the coefficients of
proportionality, which gives the relationship between ORP
stored object and its energy state.

Comes the ORP value can provide information about
the status of the storage facility at equality of his other
indicators. The potential ability to be stored in those
products, set a higher ORP.

Storage efficiency is defined as the ratio of the
difference between the steady-state current value and ORP
of the stored object to a difference between the steady-state
and its initial value.

Y t — Qoo _ Q
Qoo - QO
where: Yt - storage efficiency for time changes
ORP from its initial value to
steady.
From (9) and (10) have storage efficiency dependence

on its duration and potential production capacity for
storage, expressed by a constant storage time:

t
=e -, (11)
For calculation of the duration of storage of products
having potential lozhkost, defines a constant storage time,
when a predetermined storage efficiency have
t=—7zInY". (12)
Equation (9) has two unknowns that must be
determined.
Steady function value (in this case the AFP) can be
determined from the measured values of its four

Qz Qs B Q1Q4

(10)

Q, = : (13)
Qz + Q3 - Ql - Q4
or of three values
Qw — sz _Q1Q3 . (14)
2Q2 - Ql - Qa

When three dimensions get exhibitors who exactly
runs through all three of these points. For interpolation is
enough. When calculations wusing four exhibitor
measurements accurately pass through only one data point,
but more will be fully taken into account the measurement
error, the whole process will be described more precisely
as required for extrapolation, and one of the goals of this
work has predict the state of the stored products.

Steady function value should also be constant for the
calculation of the length exponent storage having a certain
initial value.

This technique requires that the interval between
observations. If, during the experiment, this condition was
not met, to determine the desired point, you can use an
interpolation method.

The next step will be to determine the difference
between the established and the current value of the

function
AQ=Q,.-Q. (15)
The exponential dependence of the difference in
duration from the process or from any other argument;

AQ = et
where: A u- and approximating rates.

Subsequently we define a constant duration of storage,
or any other process [33].

(16)

1

r=——

Y7

Coefficients and correlation coefficient for the

exponential dependence of AFP on the storage duration
correspond to the formulas

Zt InQ——Zt ZInQ

(17

e (18)
Tl
A= exp{ (ZInQ th H (19)
2 {Zt ng-13 ;mg} 20

[th—[th }{Z InQ) —[Zlnq] }

Experimental verification of the relationship (9)
showed that the observation for 19 days ORP changes
apples gave the following results: Q0 = 264,3 mV, Qo =
371,4 mV, t = days. According to these data promoted
calculation AFP after 54 days of storage, the result - 346.5
mV. Result respective measuring - 354.0 mV. The
difference between the estimated value and the actual ORP
was 2.88%, which is quite satisfactory considering three-
fold excess of storage time over the measurement duration
period [21].

Permanent storage time and is an indirect measure of
the ability of products to storage.

The expression (9) takes into account the effect on the
storage efficiency only its duration. To investigate the
influence of other factors on storage process is necessary
to determine the influence of these factors in a fixed storage
time. All of them were taken into account is impossible,
and for each type of product they are different and well-
known, but the shelf life is always crucial.

Typically, products with high moisture content
greatest influence temperature and low - humidity
environment.

On products is influenced by other factors, such as the
gas composition of the medium, aeration regimes and
m. P.

In general, the storage efficiency is described by the
dependence
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V= (%%, XX, (21)

where: X;, X,, X;...X, - indicators of factors affecting on

storage efficiency.

The dependence of the efficiency of the storage of its
duration, defined based on ORP measurements, gives
reason to use this method to obtain analytical relations
storage efficiency of other factors.

This entails the need for the approximation of the
existing table data corresponding dependencies. The next
assumption is that it should be an exhibitor, as the
dependence of the most relevant processes occurring in
biological objects.

Then for storage efficiency depending on the duration,
temperature and ambient humidity

YW = £ (t,0,W). (22)
where: @ - ambient temperature;
W- ambient humidity,
we have
w8t W 9
YI'H'W=1—e W—eé’—ef+e We‘g+. (23)
w ot ot W 4 t
+teéer+€- - EC"
where: ¢ - constant temperature change influence
environment;
w - constant humidity changes influence

environment.

Similar dependencies can be obtained from a larger
number of factors influencing the efficiency of storage.

The dependence (23) allows specifying the desired
storage efficiency and temperature and humidity in storage
to determine the allowable storage time provided that
based on the condition of your products from temperature
and humidity correspond to the exponent.

yt,H,w
L 0w w8
1-e’-e"+eve’
Similarly obtained the valid values of humidity and
temperature.

t =—7 In|1- - (24)

1,0,w
6=—9m|1—— Y | @)
1-ev-e-+eve-
t,0,w
W =-wlin|1- 1 y - — | (26)

1-e -e*+e°€”’

According to (23-26) can be used for simulation of the
influence of external factors on efficiency of storage.

Using exponents to approximate the results of a study
of the influence of designer factors on the efficiency of
storage is not the only possible one. The main argument in
favor of using one or another form of addiction has its
highest correlation ratio.

The dependence of storage efciency on the
temperature and humidity are more consistent with the
parabolas, since they most often have an optimum
(extremum). However, the principle of using three or more
exponential dependencies suitable for determining the
effectiveness of the storage and modelling of the process,

with other factors influencing this effectiveness.

A parabolic dependence of storage efficiency on
temperature

Y?=a0%+a,0+a,, @27)

where: al, a2 and a3 — experimental factors, gives the
possibility by equating its first derivative to zero to
determine the optimal storage temperature

a
=——2, (28)

2a,

In this case, the storage efficiency may be determined
by any known method, including the measurement of ORP.

A similar dependence of storage efciency from
humidity

opt

YY =mW?+mW +m,.
where: m1, m2 and m3 — experimental coefficients.

Accordingly, the optimum moisture content in the
repository

(29)

__M (30)
2m,

In the study of the influence of one factor on efficiency
of storage the other factors should remain unchanged.

To determine the dependence of storage efciency from
two factors, for example, the temperature and humidity in
the vault, you need to determine according to the
experimental factors included in the expression (27) from
moisture, namely:

opt

a, =bW?+bW +b,, (31)
a,=CW?+cW +c,, (32)
a, =dW?+d,W +d, (33)

where: b-b3, c1-c3 and d1-d3 — experimental coefficients.
The dependence of storage efficiency on temperature
and humidity

Y =bW?+bW +b&* +cW? +

+CW +c,0+dW?+d,W +d,

This dependence is also easy to be differentiation with
the aim of determining an optimum one of the parameters
of the environment.

According to (27-34) give the relationship between
efficiency of storage, temperature and humidity in the
vault, either separately or together.

Thus, the preconditions for storage optimization
process, under controlled temperature and humidity
storage.

To do this optimization criterion defined with
(minimum losses during storage or minimum cost storage
process), and to determine the maximum permissible
boundary values of adjustable parameters and to develop
an algorithm corresponding calculations.

However, along with the parameters of the medium
must also be considered and duration of storage.

Permanent storage duration carries information about
the potential ability of an object to storage. The first is
biological properties of the object. However, because the
duration of storage is largely dependent on the temperature
and humidity, these factors should affect the permanent
storage duration.

Effect of temperature on a permanent storage duration

(34)
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will correspond expression
7=0,0"+9,0+0;.
where: g1, g2 and g3 - the experimental factors.
Then the dependence of the efficiency of its storage

duration and storage temperature will be
t

(35)

I
Yw_g 91977020403 - (gq)
where we have the dependence of the duration of storage

of the temperature in the storage and storage efficiency
t:—(glez+g20+ g3)InY~0- (20)
Effect of humidity on the permanent storage duration

will correspond expression
2

r=qW"+q,W +q,

where: g1, g2 and g3 - experimental factors.
Similarly, the dependence of the efficiency of storage
of its duration and the humidity in storage will
t

@37)

Yt,W -e Q1W2+C]2W+q3 . (38)
where we have the dependence of the duration of storage

of the temperature in the storage and storage efficiency,
namely:

tz—(qlw 2 1q,W +q3)InYtrW - (39)
Based on (27, 29, 31-33, 35 and 37) obtained on the basis
of direct measurements of losses during storage. The
corresponding dependence of the storage efficiency
obtained by measuring the ORP or other indicators of the
object state storage will be the following:
the dependence of storage efficiency that is ego duration
and temperature in the vault

t t

Q _Q 1_e 0,0+0,0+0; +Q0e 0,0+0,0+0;
00 o0

Ytﬂ —

, (40)
Qoo - QO
and the dependence of storage efciency that is ego duration
and humidity in the vault
t t

Q. -0 1_@ aWraWsa, +Qoefq1W+qu+qs
0 o0

Yt'W = . (41)
QOc - Qo

The expression (35-41) can be used to simulate the
storage process vegetable raw materials with rich fabrics.
They give the relationship between the three parameters of
the four: effectiveness and duration of storage, as well as
humidity and temperature in storage, which is sufficient for
simulation.

The foregoing is valid at any combination of factors
affecting the process and storage can be used to study the
process of storing any product.

The abundance of experimental factors explained by
the fact that modeling is required to be based on the results
of previous studies.

The object is to obtain further analytical work
efficiency dependence storage on three factors, namely its
duration, as well as temperature and humidity, or any other
gaseous medium in the storage.

Experience studies the impact of external influences

on the state of the storage object shows that it is these
factors have the most significant impact. However, not
excluded the need to study the simultaneous effect on the
storage facility is four or more factors.

CONCLUSIONS

1. Consumption of vegetables and fruits in Ukraine
lags behind the rational norms.

2. Most cheap way to increase consumption of this
product - reducing its losses, primarily due to the
optimization of storage modes.

3. Despite the abundance of descriptions of the
impact of various factors on the effectiveness of the storage
process, the analytical expressions, which should be an
integral part of mathematical models of this process are
unknown.

4. To predict the state of the storage facility and
adjustment modes of storage in the course of his proposed
analytical relationships that let you create optimization and
simulation models of the storage process.

5. The analytical curves were obtained thanks to the
state information storage object obtained during the storage
process itself.
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OINPEJEJIEHME BJIIMAHUA PEXXKUMOB XPAHEHUA
[TPOJIYKILIMU HA EE COCTOSIHUE

AHHOTaIMS. [Tpoananu3upoBaHbI YPOBHHU
MOTPeOIICHNS TUIOI00BOIIHON MPOAYKIMN U €€ MOTePb.

[TpenanoxeHo  WCTONB30BaTh  MH(OpPMALMIO  OT
00BEKTa XPAaHEHUS O €r0 COCTOSHHU VIS ONpPEIeNICHUS
BIMSHUSI yCJIOBUHA XPAHEHMS HA 3TO COCTOSIHHUE.

[Ipoananu3zupoBaHbl CIIOCOOBI MOJIyYEHUS
uHpopMaLMK OT MPOAYKIUH PACTEHHUEBOJICTBA O €€
COCTOSIHHU.

O0ocHOBaHa  HEOOXOIUMOCTH  IPEIOCTABIICHUS
WHPOpPMAIlMM O  COCTOSHUM  OOBEKTa  XpaHEHWUs,
3aBUCHMOCTH 3TOTO COCTOSIHUSI OT PEKHMMOB XpaHEHUs, a
TaKke  BIMSHUS ~ PEXUMOB  XpaHEHHMs Ha  €ro
TIPOIOJDKUTEIBHOCTD B aHAIUTHYECKOM BHUJIE.

O0ocHOBaHa HEOOXOAMMOCTH HCIIOJIB30BAHUS IS
TTOBBITIICHUS 3¢ eKTUBHOCTH XpaHEHUs KaK
ONITHMHU3AIMOHHOE, Tak " UMHTAIMOHHOE
MaTeMaTH4ecKOoe MOJCIUPOBAHNE BIMSHHAS BHEIIHUX
BO3JICHCTBUI HA XPAHALLYIOCS POAYKLHIO.

[ToxydeHO aHANMTHYECKOE OINUCAHHE 3aBUCUMOCTHU
COCTOSIHASL ~ NPOAYKIMH OT PEXHMOB  XpaHEHHS,
TIO3BOJISIIOIIUE ONPEEISITh OMH U3 PEKUMOB XpaHEHHS B
3aBUCHMOCTH OT IJIAaHOBO# 3()(PeKTUBHOCTH XpaHEHHS ITPU
(PMKCHPOBaHHBIX OCTAIBHBIX PEKUMAX.

Ha  npumepe  3aBUCHMOCTH  OKHCIIUTENBHO-
BOCCTaHOBUTEIHHOTO MTOTEHIIAJIA PACTUTEIBHOTO CBHIPBS C
COYHBIMH TKaHSIMH OT TPOIOJDKHTEIBHOCTH XPaHEHUS
M3JI0’KEHAa METOIMKA €€ allpPOKCHMAIMN SKCIIOHEHTOH.

IMTomydena 3aBUCHMOCTH 3(GPEKTUBHOCTH XPAHCHUS
OT €€ pPEXHUMOB, KOTOpas MOXKET CIY>XKUTb LIeJIEBOI
(yHKIHEH TPH ONTHUMHU3AINHT ITHX PEXUMOB.

Co3maHbl  MPEANOCBUIKM IS  WMHTAIMOHHOTO
MOJICTIMPOBAHUS BIIMSIHUS BHEIIHUX BO3JCHCTBUH Ha


http://nbuv.gov.ua/UJRN/
http://www.nbuv.gov.ua/e-journals/Nd/2010_5/10
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3¢ (GEKTUBHOCTh XPAHEHHS W ONTHMH3AIMUA PEKHUMOB
XpaHEHHUsl 10 KPUTEPUI0 MHHUMyMa IIOTepPb, €CIU
peryiaupyeMbIMU IIEPEMEHHBIMU SIBIISTFOTCSL
MIPOJOKUTENBHOCTE XPAaHEHHs, a TaKKe TeMIlepaTypa U
BJI@XKHOCTh BO3/IyXa B XPaHUITHIIIE.

MaremaTiHuecKre MOJICITH POIECCOB XPAHSHUS TAI0T
BO3MOXKHOCTh KOPPEKTHPOBAaTh PEKHUMBI B MpOIEcce
XpaHEHUss W TPOTHO3MPOBATh COCTOSHHUE XPAHSIIHXCS
00BEKTOB.

KawoueBbie cjaoBa: CeITbCKOXO3SCTBEHHASI
MpoayKIusi, xpaHeHue, 3(PPEeKTHBHOCTh,  PEIKHUMBI,
MaTeMaTH4ecKoe MOJICITUPOBaHHE.
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Summary. The analysis of the state production of
milk raw materials in Ukraine and the peculiarities of
forming quality and operational requirements. The need
for development in separate territorial communities on the
basis of systematical implementation for the creation of
family dairy farms and feed supply cooperatives projects
is substantiated. The unresolved scientific and applied
task is designated to develop tools to control the system
of creation of family dairy farms of feed supply.
The analysis of relationships between the creation of
family dairy farms and feed supply cooperatives projects.
The structural scheme of value formation from project
implementation for the creation of family dairy farms and
feed supply cooperatives is substantiated. The risk for
stakeholders interested in projects of creation family dairy
farms and feed supply cooperatives for is established as to
its affiliation to values. Substantiated that projects of the
creation of feed supply cooperatives for family dairy
farms are derivative in relation to the projects of the
creation of these farms, but without the implementation of
the first, it is impossible to achieve their maximum
systemic value.

The scheme of interconnections between the
components of the values for creation of family dairy
farms and feed supply cooperatives projects is
substantiated. It is established that between them there is a
causal link. Changing these connections can achieve a
maximum value from the implementation of the project
for the creation of family dairy farms and feed supply
cooperatives is regarding the data of such projects.
Changing the characteristics of data for this project
determine the risk values for the creation of family dairy
farms and feed supply cooperatives projects.
It is proved, that the components of values for creation for
the creation of family dairy farms and feed supply
cooperatives projects has its benefits for stakeholders who
are at risk. The affiliation of the components of the values
to the stakeholders of the creation of family dairy farms
and feed supply cooperatives projects and their risks is
substantiated. They make the basis of the development of
tools for planning, considering these risk-taking projects.

Key words: structure, value, project, risk, feed
supply, family dairy farm.

INTRODUCTION

The problem of state food security is still unresolved
nowadays in Ukraine. With the accession of our state to
the World Trade Organization, this problem became more
escalated as the majority of the milk raw materials falls
short of international standards of EU legislation [1, 2].

In the structure of milk raw materials providers, more
than 80% is occupied by households that cannot ensure its
quality [3-5].

Strengthening of the EU requirements and our state
to the quality of the milk raw materials impact the
households that produce milk raw materials to unite
through the implementation for the creation of family
dairy farms projects (FDF). The implementation of such
projects makes it possible to provide the FDF with all the
necessary resources (industrial premises, machines, and
equipment, performers, etc.), which significantly
increases the quality of milk raw materials, and
accordingly their value. As for this, the government has
adopted a number of legislative documents and has
developed programs which contribute to such growth of
milk producers [6-8].

At the same time, scientific and applied problems of
creating systems of feed supply FDF remain unresolved,
due to the implementation of relevant projects, which also
has a significant impact on the quality of milk raw
materials production and the value of an FDF. However,
for the development of individual territorial communities
despite the implementation of projects of the creation of
FDF it is necessary to implement the creative projects of
feed supply cooperatives (FC) of these farms.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The analysis of existing scientific and
methodological bases, methods and models of project
management in various applications, indicates that they
do not take into account the need for risk assessment for
the interest of stakeholders. This greatly impacts on
projects of creation FDF and FC [3-7]. However, the
developed methodology P2M [9-12], which deals with
project management and development programs of the
organizations, although considers the project as a mean of
value creation, however, it cannot be fully used for the
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project management of FDF and FC. Projects for the
creation FDF and FC differ from other types of projects as
features of the values creation and its variable project
development environment determine their risks. In other
words, for the management of the project FDF and FC
methodological basis, methods, models and algorithms,
which will take into account the interrelationships
between the components of the value and peculiarities of
their formation, should be researched and developed.
These values are inherent with the risk, which determine
its variable project environment.

OBJECTIVE

To substantiate the structure of project value for the
creation of family dairy farms and feed supply
cooperatives and their risks.

THE MAIN RESULTS OF THE RESEARCH

Under the value of creation of projects FC imply
benefits  which receive the parties concerned
(stakeholders) from their received product [7].

The formation of values of the creation of projects
FC is going systematically with the formation of values of
projects of creation FDF.

Thus the bases of creating of these values are benefits
for stakeholders of these projects. To determine the value
of the implementation FC, firstly, it should be noted the
components of the projects and their interrelation with the

Working  /Conditi
Resources ‘ Market condition

Creating the project of

Development environment

projects of creation FDF and the project environment
(Fig. 1).

The creation of project FC — it is a unique and
temporary action, that executed at the limited resources
and are aimed to increase the value of the product
(organization of feed supply FDF) in variable project
development environment that's determine their risks.

The product of project creation - FC is the
organization which provides manufacture and feed supply
for FDF.

The creation of project FDF - it is a unique and
temporary action, that executed at the limited resources
and are aimed to increase the value of the product (FDF)
in variable project development environment that's
determine their risks.

The product of project creation FDF — it is FDF,
which provides production of high-quality raw milk. All
creation of projects of FC can be classified according to
three classification criteria: scales, investments, functional
and technological characteristics of the product.

On a scale creation of projects FC are divided into
public (at the level of the individual territorial
communities) and territorial (at the level of separate
administrative regions).

To attract investment to the creation of projects FC
they are divided into those that need to attract investment
from the budgets of individual territories and the state,
also from business structures and membership fees.

According to the functional and technological

features of the product creation of projects FC they are
divided into those that provide: production and feed
supply, production, procurement, storage and delivery of
feed to individual FDF.
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Fig. 1. Structural scheme of forming the values of creation the projects FDF and FC
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Project environment for the creation of projects FC
includes external and internal components, which have
variable things, energetic and informational connections
and are the basis of risks creations of these projects.
External project environment is an environment for the
creation of projects FC, thus such similar changing
connections effect on its implementation.

Internal project environment includes individual
components (elements) which also change its material,
energetic and information connections.

The allocation of external and internal components
of the FC project environment is conditional, as
depending on the level of consideration of these projects,
some of them can move from the external to the internal
components and vice versa. In addition, some
components of FC creation projects can simultaneously
participate in several projects on the same stage
(technical support, project team etc.) [13-16].

These projects and their components are linked by
the various connections. In particular, there are four
kinds of relationships that reflect: 1) the flow of
information (informational), 2) provide resources
(resourceful), 3) the impact of the project environment
(informational), 4) management*s decisions
(informational) [17-21].

Most of the connections are observed in the
management office of FDF and FC creation projects.
They are connected by informational links with each of
the projects components of creation FDF and FC.
Information about their condition is transmitted to the
project management office, where it is processed by
present resources (project managers, office computer
equipment, management tools, etc.) and on its basis,
management decisions are made on the peculiarities of
implementation FDF and FC creation projects. In
relation to resource links, each of the components of
these projects requires the use of different types of
resources. In particular, for realization creating of FDF
and FC projects requires material, technical, human,
natural (fields for feed crops) and financial resources.

By changing the noted connections (volumes,
deadlines, timeliness, etc.) it is possible to achieve a
maximum value from the project’s implementation
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\VEDF

regarding data on this project. With the variable
environment of the project, the risk of value FC and FDF
creation of projects can be determined. The FC projects
are variations of the creation of FDF projects, but without
the implementation of the first, it is impossible to achieve
the maximum value from the implementation of other.
The value of system implementation should be noted
in the creation of projects FDF and FC. In particular, it is
based on the value of managerial decision-making, which
is obtained with the temporary functioning of office
management of these projects. It has two components —
the value of V.. management decisions on creating of

projects FDF and the value of V. management decisions
on creating of projects FC. The derivatives of these
values are the value of action Vi, and VZ. which are

performed in each of these projects, which in turn,
determine the value of products of the respective projects
- V&, V& . Thanks to the product of FDF and FC
creation projects receive the values of their intended use —
respectively V.. and V.. However, the value of V..
Veor - The ultimate
values in these projects are the values VFrDF, that are
created by the functioning of products creation of projects
FDF and they relate to the received milk raw material of
specified quantity and quality.

The interrelation between the mentioned values
creation of projects FDF and FC and their products can
be described by the following chain, as shown in fig. 2.

In projects, FDF and FC values V7. and Vi

management decisions determine all other components of
values within the chains of their formation in these
projects. All others values have a consistent impact on
previous values on the following, only the value of using
a product creation of project FC (feed production for
FDF) has an impact on the value of product creation
projects FDF on the territory of the community and its
intended use (operational activity).

has a great impact on many values

P
VFCJ VFC ]

P
VFDF VFDF
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Fig. 1. The scheme of interrelations between the component values of creation the projects FDF and FC: V., VL —

the value of managerial decisions on the implementation in the creation of projects FDF and FC, V2. , V&
of the actions in the creation of projects FDF and FC, V2. ,

VI’

FDF

— the value
— product value of creation the projects FDF and FC,

V.. — the values of their intended use - respectively FDF and FC.
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Table. The affiliation of the values to the stakeholder’s creation of projects FC and their risks.

The The components of risk values
stakeholder Ve Vi V& Ve
State Regu:?;?;gvegrdklegal Marketplace State support Feed price
. The allocation of land . . Preservation of
Community (eSOUTCES Social demands Social safeguards natural
resources. Taxes
EDE The basic configuration Reconfiguration of FDF Compl_iance with Volume, quality,
of FDF requirements and cost of feed
Business Investments Stages and amount of Compliance with Profit
structure financing needs
Timeless, quality and .
Contractor Execution of the work cost of the work Quallt)\llvcgrizecuted -
performed
The coherence of
Project Quality of managerial resources with . B
manager decision-making configuration, content Results of projects
and timing of actions

Each of the noted components of values (fig.1) is
characterized by its benefits for stakeholders. The
stakeholders for the FC creation project are the state,
community, business structures, executives, project
managers. We formulated the affiliation of the
components of the values to the stakeholders and their
risks (tab 1.).

Each of the stakeholders wants to get their value from
the implementation of FC creation projects, which are
mostly various-directional. Without the intervention of a
single project office implementation FDF and FC creation
project it is impossible to get the declared product — the
creation of FDF and FC with the maximum value for each
stakeholder. The project management office provides
regulatory influence on the formation of values system for
stakeholders. In addition, the state ensures coordination of
the stakeholders interests in the FDF and FC creation
projects, through the establishment of legislative
documents for regulating their activity and application of
motivational letters for them, that greatly affects the risk
of the implementation of these projects.

Risk management of each of the designated values of
FDF and FC creation projects requires consideration on
its features. For this purpose, it is necessary to develop an
algorithm for their evaluation and justification of the
reactions to them. At the core of such algorithm are
patterns of value formation. The risk of values relating to
the stakeholders on the same level systematically affects
the risk of the values received by stakeholders at other
levels of the project.

In addition, risk-based values in the FC creation
projects is the configuration of their product and project
environment. The configuration of the products from
these projects is characterized by their form (producer
cooperatives, which are created by businesses for profit or
cooperatives that are created by the share of the resources
of FDF) and equipment (premises, technical and
technological support, etc.), that affects the structure of
the values of stakeholders. Accordingly, they affect the
types of risk values and management features.

The configuration of the project environment of FC,
which has two components (internal and external) that
determines types of risk values, especially their impact on
these projects and numerical values.

Methods and models should be developed for the
creation of FC project planning on the territory of
individual communities, which will take into account the
changing features of their implementation and changeable
characteristics of the project environment, which
determine the structure of values of these projects and the
presence of risk. Consequently, the mentioned changing
components greatly impact on the quality of managerial
project plan creation of FC and their effectiveness.

CONCLUSIONS

1. The analysis of the subject area (dairy cattle
husbandry) indicates that remain unresolved scientific and
applied problems for creation system of family dairy
farms and feed supply cooperatives. However, the
development of individual territorial communities is
possible under the condition of a system implementation
for the creation of family dairy farms and feed supply
cooperatives projects.

2. The structural scheme of the formation of their
values is substantiated on the basis of the analysis of
interconnections between the creation of family dairy
farms and feed supply cooperatives projects. This gave
the opportunity to establish that the creation of family
dairy farms and feed supply cooperatives projects are
derivative in relation to the projects of the creation of
these farms, but without the implementation of the first, it
is impossible to achieve their maximum systemic value.

3. The scheme of interconnections between the
components of project values is substantiated on the
creation of family dairy farms and feed supply
cooperatives indicates that between them there is a causal
link, but changing these relations (volumes, timings and
timeliness etc.) is possible to achieve a maximum value
from the projects implementation regarding to data this
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project, that determines the risk values of the projects
creation.

4. Each of the component values of the projects
creation family dairy farms and feed supply cooperatives
is characterized by its benefits for stakeholders which are
at risk. Substantiated that the affiliation of the
components of the values to the stakeholders for the
creation of family dairy farms and feed supply
cooperatives projects are the basis of the development of
tools for planning these projects a risk-based.

5. A further study should be conducted in relation to
the development of methods and models of the creation of
family dairy farms and feed supply cooperatives projects
taking into account the risk of their value.
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CTPYKTYPA LIEHHOCTEN ITPOEKTOB CO3JIAHU A
KOOITEPATMBOB KOPMOOBECIHEYEHI1
CEMEUNHBIX MOJIOYHBIX ®EPM U UX PUCKIU

AHHOTanMsi.  BbINONHEH — aHaIM3  COCTOSHHS
MIPOM3BO/ICTBA MOJIOKA-CHIPbS B YKpanHe, 0COOCHHOCTEH
¢dopMupoBaHMs ~ €ro  KadecTBa W JCHCTBYIOIIMX
TpeboBannii Kk Heill. (OOocHOBaHa HEOOXOIUMOCTh
pa3BUTUSL OTHCIbHBIX TEPPUTOPHATBHBIX OOIIMH Ha
OCHOBaHHMH CHCTEMHOW peal3aldy MPOSKTOB CO3/aHHs
CeMEHHBIX  MOJIOYHBIX  (epM ¥  KOONEpaTUBOB
KopMompou3BoacTBa. OOOCHOBaHA HepelleHHasT Hay49HO-
NpUKITaJHas 3amada pa3pabOoTKU WHCTPYMEHTapus JUis
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yIpaBIeHUS MIPOEKTaMH CO3JaHus CHCTEM
KOPMOOOECTIEYeHNUS CEMEHHBIX MOJIOYHBIX (hepM.

BrinonHeH aHanu3 B3auMOCBSI3€l MEXIy NMPOEKTaMU
CO3JJaHUSI CEMEHHBIX MOJIOYHBIX (DEpM U KOOTIEPaTHBOB C
ux kopmooOecmneuyeHus. (OOOCHOBAaHHO CTPYKTYPHYIO
cxeMy (OpPMHpPOBAaHHUSI LEHHOCTH OT pealu3aluu
MIPOCKTOB CO3JAaHUsI CEMEHHBIX MOJIOUHBIX (epM u
KOOIIEpaTHBOB C HMX KOpMOOOecIieueHHs. Y CTaHOBIICHA
TIPUHAUIEKHOCTD PHCKOB LICHHOCTEH K
3aMHTEPECOBAHHBIM  CTOPOHAM  IPOEKTOB  CO3JaHMS
KOOIIEpaTHBOB ~ C  KOPMOOOECHeYeHus]  CeMEHHBIX
MOJIOUHBIX (epM. OOOCHOBAHO, YTO TMPOEKTHI CO3MAHUS
KOOIIEpaTHBOB  C  KOPMOOOECHEUYEHHS]  CEMEHHBIX
MOJIOYHBIX (bepM SIBJIISIFOTCA TIPOU3BOAHBIMHU 1o
OTHOIICHHUIO K MPOEKTaM CO3JaHusi 3Tux ¢epMm, HO Oe3
peainsannu TMIEPBBIX HEBO3MOXHO JOOCTHUYb
MaKCHMaJIbHOM CUCTEMHOW MX LIEHHOCTH.

OOOCHOBaHHO  CXeMy  B3aUMOCBSI3ed  MEXIy
COCTABJSIIOLIMMHU  LEHHOCTEH  INPOEKTOB  CO3JaHMs
CEeMEHHBIX MOJIOYHBIX ()epM U KOONEpPaTHBOB C UX
KopMooOecTieueHHsl. YCTaHOBJIEHO, YTO MEXIy HUMH
CYIIECTBYIOT IPHYMHHO-CJICICTBEHHBIE CBSI3H. DTH CBS3H
MIPOSIBIISIIOTCSL Uepe3 00BEMBI, CPOKH U CBOCBPEMEHHOCTh
pecypcHoro obecrnedeHus. VI3MeHEHHEM  yKa3aHHBIX
CBSI3CH MOXKHO JOOUTHCS CO3MAaHMS MaKCHMAaTbHON
[EHHOCTH  OT  peaju3alddl  IPOEKTOB  CO3JaHMsA
KOOIIEpaTUBOB  C  KOPMOOOECHEUYECHHSI  CEMEHHBIX
MOJIOYHBIX (epM TMpH 33JaHHOW TPOEKTHOH cpene.
Mesnsitotecss  XapakTePUCTHKH — IIPOEKTHOTO  CPEJIbl
00YCJIOBITMBAIOT PHUCK I[IEHHOCTEH IIPOEKTOB CO3JaHMs
KOOIIEPaTUBOB  C  KOPMOOOECIEYEHUS]  CeMEHHBIX
MOJIOYHBIX (hepMm.

JlokazaHo, YTO COCTaBIISIIOIIME LIEHHOCTEH MPOEKTOB
CO3JJaHUSI CEMEHHBIX MOJIOYHBIX (DEpPM M KOOTIEPAaTHBOB C
UX  KOpPMOOOECTIeYeHMs  XapaKTEpPHU3yeTCsl  CBOMMH
BBITOJIJAMH  OTHOCHUTENBHO 3aMHTEPECOBAHHBIX CTOPOH,
KOTOpBIe WMEIOT puck. OOOCHOBaHAa NPUHAICKHOCTD
COCTAaBILIIONIMX  IIEHHOCTEH K  3aMHTEPECOBAaHHBIM
CTOPOHAM TPOEKTOB  CO3JAaHHSI  KOOIEPAaTHBOB C
KOopMooOecHedeHHs1 CeMeIHBIX MOJIOYHBIX (epM M HX
puck. OHH JIeKaT B OCHOBE Pa3pabOTKU WHCTPYMEHTAPHs
JUIS TITIAHUPOBAHHS ATUX IPOEKTOB C yUETOM PHUCKA.

KaioueBblie cioBa: cTpyKTypa, LIEHHOCTb, MPOEKT,
pHCK, KOpMooOecieueHre, ceMeliHast MojiouHas epma.
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Summary. The substantiated method and discrete -
continuum model for the analysis of forced oscillations of
elastic elements (ropes) of lifting mechanisms of cranes at
arbitrary and time - harmonic laws of the change of
external forces. The proposed criterion of the quality of
the rope movement of the lifting mechanism of the crane,
which, when implemented, permits the establishment of
such modes of motion of elastic elements, which
minimize the stresses in the latter. Realization of the
purpose of this study allows to determine the dynamics
coefficients in different sections of ropes and specify the
methods / directions that lead to their minimization in the
transition areas of the functioning of these mechanisms
lifting cargo cranes.

The solution of the corresponding differential
equations, which is a mathematical model of the problem,
is carried out by decomposition in a series of
eigenfunctions of the desired solutions of the indicated
equations (in partial derivatives in spatial and temporal
coordinates). For the external load, a generalized law of
change in space and time is chosen. Conditions for
resonance / antiresonance are found in the case of
harmonic excitatory external force for various endpoints
(boundary conditions for fixing an elastic element (rope).

Key words: analysis, forced oscillations, elasticity,
ropes, load-lifting mechanisms, valves, analytical
approach, discrete-continuum model.

INTRODUCTION

To implement analytical approach in the analysis of
forced oscillations of elastic elements (ropes) cranes
lifting mechanisms (within discrete - continual models)
can use two basic methods of solving initial - boundary
problem. It all depends on the nature of forced forces that
act on the system with the distributed nature (ie cable). If
the external force is forced harmonic excitation, then find
a convenient solution to the problem fixed, which
corresponds forced oscillations (after the transition)
occurring with a frequency excitation method of
separation of variables (Fourier method).

If an external force is forced to arbitrarily set
excitation time should exercise schedule desired solution
in a series of its own spatial (and temporal) function,
which correspond to its own (free) vibrations of elastic

elements (ropes) for the relevant boundary conditions of
fixed.

The latter approach is particularly necessary to
analyze transients (start, braking, etc.) in hoisting cranes
and defining factors dynamic in different sections of the
cables to prevent tearing and damage the latter, as well as
to improve reliability and long - dovichnosti work, both
the elastic elements, and mechanisms for lifting cranes in
general.

The authors of this paper, the existing methods of
analysis of forced oscillations crane lifting mechanisms
require further refinement and improvement, particularly
with regard to optimize their modes of motion, which will
be for transitional areas in the operation of the above
mechanisms are minimized coefficient of dynamic ropes.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The basic approaches and methods of analysis of
forced oscillations in systems with distributed parameters
set forth in [1,9]. The authors of these studies used mainly
known model discrete - continual systems - namely
flexible deformable models (in the longitudinal direction,
ie along the axis of the straight) rods.

However, the use of such models and approaches
elastic elements (rope) crane hoisting devices virtually no
scientific literature relevant area of research.

It should be noted that the results of [4, 8, 9] will be
partly used in this study.

OBJECTIVE

The purpose of the work justification is discrete -
continuum model and analytical approach to the analysis
of forced oscillations of elastic elements

(Rope) crane lifting mechanisms for different
boundary conditions of said fixing elements (ropes) for
different character internally forces. Implementation of
the objectives of this study to set the dynamic factors in
the different sections of rope and specify methods / trends
that lead to their transition areas to minimize these
mechanisms functioning lifting cranes.
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THE MAIN RESULTS OF THE RESEARCH

1. The longitudinal vibrations of ropes (flexible
rods) at harmonic excitation.

Let us at this point and subsequently used as a model
rope lifting mechanism valve - straight model flexible rod
that is able to maintain in its longitudinal vibrations
excited outside. It is not'll take into account dissipative
processes that occur during the forced longitudinal
oscillations of the rod.

So, consider the case where the rod / rope under the
influence of a centered longitudinal force that varies
according to the harmonic law:

P= Po-sina)t , )

where: Po - amplitude, @ - angular frequency of the
external force P, t - time.

Stationary forced oscillations occur with a frequency
o excitement and accordingly must be described by law:

u(x,t) =U(x) -sinwt, (2
where: U (x) - the function of abscissa x (a form of forced

oscillations), which should be determined using boundary
conditions and the type of wave equation [8]:

2 2
2. Ou _ du
2 2
0x ot
where: U — u(x, f) - Move longitudinal section of

arbitrary type rod when it forced vibrations,

2
¢ = — , C - velocity of longitudinal waves in a

Y
rope / rod,
E- Young's modulus, p - density / density core
material.
Substituting in (3) the expression (2), according to
the method of Fourier come to the ordinary differential
equation for the function U (x):

2
oU
C
which touches at the function U (x) means the

differentiation of the coordinate x. Solution (4) is written
as:

©)

U"+ 0 ()

U(x) =A-sin[%) +D-cos(%j (5)

Constant C and D must be determined from the
boundary conditions, which are formed as follows.

1) Pinned end of the rod. In this case, n =0 in all -
which t.

So, in this section shall be implemented equation
u=0.

2) By the end of the rod applied force that
corresponds to the equation (1).

It should be equal longitudinal force (N) in the final
section.

For N we have:

NZE-S-Z—MZES'U'-sina)t. (6)
X

In (6) E - Young's modulus of the core material, S -
area of its cross section

Ul (x) — dU( X)
dx
Equating (1) to (6), have:
PO
U (E-S) )
3) The end of the rod is free from stress. According

@ U=0.
At the end of the rod there is concentrated mass mo.
The force of inertia, which it develops

2 .
(—m ii )Zm o U -sinot
0O 0 0] 0] !
2
duo(t)

7;l. =
o) 2

df¢

(Uo and Uo - values that relate to the point of securing

mass mo), longitudinal force must be equal to:

N =E5-M _ES.U -sinax |
o ox o
So,
2
m-o U
[ [ =U' (8)
(ES) °

Consider some typical problems lifting mechanisms
when these mechanisms are influenced by external
harmonic excitation.

A. Define the vibration amplitude rod / rope to

which the applied force P(¢) = P -sinct . (In section
o

x = 0), a rod at the other end there is concentrated mass
mo (in section x = I).

So, we have:
PO
U'=
(ES)
atx=0and
m0-0)2-U

= U'

(ES) °

atx=1.
With these boundary conditions we obtain for this
case form factors spatial fluctuations (5)

c-P
_ 0
ES-®
1 ocos[ 2L - mo'w-sin o
D= cP | e c ES c ©)

ESo |y wl) m 0 [ a)l)
—-sin| — | + ——-cos| —
c c ES c
Thus, the amplitude of the rod end (x = I) has the

form:
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{ .(10)
. ol m, ¢ o))
s1n(Tj+ ES ~cos(7]

If the frequency of forced force applied to the rope in
the section (x = 0) corresponds solving transcendental
equation:

Po-c
u(l) = :
ES-®

wl m, -
l‘ R = -
g c E-S (11)
then rope U( Z) — X There is a response.
(This corresponds to the situation resonant

longitudinal swinging cargo mass mo, when the upper
rope (x = 0), there are exciting harmonic force (that is, in
fact, at the point of suspension to the rope drum drive
mechanism is harmonic vibrations)).

Clearly, equation (11) has many solutions @ |,
n
N=123..

B. Determine the amplitude of oscillation end of the
rod / rope, which in cross section (x = I) harmonic force

P(t) =P -sinot and the other end (x = 0) is fixed
]

(stationary).
Then we have the following boundary conditions:

P
U=0ax=0,u=-2
E

at x = I. For spatial form

factors vibrations rope U(x) (5) we have:
(%c)

e

Accordingly, the amplitude end of the rod / rope:

Ul - e )

,D=0. (12)

A=

(13)
(ESw)
Provided:
(D_'Z = (2n —1) E y,N=123,..,14)
c 2

Amplitude U(/) — o . Corresponding to resonance,

and 0)1 - % is the lowest natural frequency:
2
Provided:
Z=m-m,M=123, .., (15)

final section (x = I) Fixed, there is the so-called
antiresonance. Its lowest natural frequencyiw, = ?
Table 1 shows the lowest resonant natural

1
oscillations rope / rod for different lengths I.
As a material selected steel ropes (¢ =5 - 103m/ c).
Table 1. Frequency dependence and the length of the
ropel,c=5-103m/c.w; W,

. Ic .
frequencies,| ® :2_1 and antiresonance  natural

L m |"Pesonanc", w=gn et " Autupesonanc”, ®1 = ¥
10 785,4 1570,8
20 392,7 785,4
30 261,8 523,6
50 157,1 314,2
100 78,5 157
200 39,3 78,6
500 15,7 31,4
1000 7,9 15,8

C. Define the amplitude of oscillation end of the rod
to which the force is applied P = P -sincr , and to this
o

end (x = 1) is also concentrated mass mo (load) and the
other end (x = 0) is fixed (stationary).
In this case, the boundary conditions:

(P, + "o v)
(ES)

U=0 atx=0 U'=

atx =1. (16)

The second boundary condition expresses essentially

equal longitudinal forces on the right end of the rod /

channel amount of forced harmonic forces and the forces
of inertia final mass.

From (16) to form spatial fluctuations rope (5) we

have:
P . (@7

o

[ESa) [a)l) 2.[(01)’
COS| — | —m ® -sin| —
c c o c

The amplitude of the end of the rod / rope (x = I):

sin(ﬂ) (18)
U(l)="p - ¢
"[ES [wlj_ zl[wz)
— @ COoS| — m - @ -Sin | —
C c o C
Responses in this case, which leads to U(/) — oo |
There is provided:
ol ES
ig = (19)
Cc C: Wlo’(D

2. Longitudinal vibrations of ropes (flexible rods)
for an arbitrary distribution of load length and a function
of time.

Let the external load randomly distributed along the
length and have any - what function of time t:

q= q(x, t) . In particular, the load may vary over
time according to the law, common to all points (rope):

q=q (x)-H(1) . (20)

Given the basic external load ( * dx in the
preparation of the differential equation of wave type for

war, will have at ES = const . [g]

2 2

E.S. a u — p.S.a_uzq(x’ l‘) (21)
2 2
dx ot

These load q(x, t) and moving M(X, l) can be

represented as a series in the eigenfunctions
corresponding problem about free oscillations:
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q(x, 1) =X (x)-S (1) + X,(x)-S,(¢) +..; (22)

1 2
u(x, 1) =X, (x) T, (1) + X,(x) - T,(1) +.... (23)

1 2
To determine the function of time Sl,(t) multiply

both sides of equation (22) to )(Z(X ) and integrate the

result over the entire length of the rod / rope.
When integrating the right side disappear all the
ingredients, except the first, and (because of their

orthogonal functions), and for Si(t) will have the

formula:
| ate X0
S(1) =+ (24)
JXl,z(x)dx
If the load changeg the law (20), while
/
[ 4,00 x (0
S(t) =H(t)-+"— . (25)
J X2 (x)dx

that function Si( f) for all the numbers (i) differ

only in scale.

If the load is carried by lumped P (¢) , Pb(t)
a

in the section with abscissa a, b ..., then the formula (24)
takes the form:

(- [Pa(t)-Xi(a)l—I-Pb(t)’Xi(b) £ o
JXl,z(x)dx
Defining  functions Ti(t) based on the

circumstance that each component in (22) causes a
movement defined by the respective component (23).
Therefore, the equation (21) can be substituted:

q(x 1) =X(x) S (1); u(x 1) =X(x) T (). @)
Then we will have the equation:
ES-X!""T,—p-S-X;-T: =X;-S;. 8)
or after division by ;’)’S . XL Ty
2=ty (29)

) Xi Ty (pSTY _
The left side of the resulting equation (29) is constant

2
and equal —pi [8] where Pl. - natural frequency of free

2
oscillations rope. Accordingly, the same value i, ~P;

and the right side is thus:
Si

T, +pfT, = ——L. (30)

This formula also solves the problem, as it enables to
form the sum (23) for the solution according
inhomogeneous differential equation (30) we have:

t

T(6)=- LJ S, (2) sin[ p,(1 =) de BD
1 pSpl ) 1 1

In the most general case, S.(¢) from (24) it is
1

possible to 7' (¢) by (31) write:
»
J J q (x 1) X (x) ~sin[pl,- (t—1) ]dxdr (32)
Tt) = - — b
pS-pl:J Xizdx
If the load complies with tohe law (20), while taking
into account the expression (25) we can write:

(33)

i - 1
pSp: [ A2 (x)

It should be noted that the functions Xl(x) defined

boundary conditions specific problem is the solution of
the wave equation with zero right side (3). Regarding the
expression (26) indicate that external forces are applied
concentrated, usually by the end of the rope, ie the
sections x = 0 and x = I. Therefore, the analysis of forced
vibrations of ropes of cranes lifting mechanisms are:
P (t)-X(0) +P(t)-X(])
Si(t): [ 0 ll ! i ] . (34)
| X2
o
General solution (21) takes the form:

o0
u(x 1) = D X(x)T(1) . @)
i=1

It should be noted that (35) defines only forced
vibrations rod / rope and ignores his own free oscillations
that occur even in the absence of external influences and
are determined solely by the initial conditions of the
problem and boundary.

Calculate optimal modes of starting / braking crane
lifting mechanism should be in a way that satisfied the
following criteria as the movement of discrete - continual
systems:

! 1
N
u(x,t)

0x

1 2 |2 )
. ES- df| — min. (36)
N
o
The physical meaning of (36) is as follows. It allows
to realize optimal motion of a discrete - continuum of
"drive mechanism with a drum - rope - load" on which

minimizes the mean force acting on the rope during
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acceleration / braking (duration ts) When lifting /

lowering cargo.

It is clear that the implementation of the criterion (36)
depends on the location of a particular section ropes, ie
from x (0 < x < I). This problem disappears when
averaging the expression under the sign of integral t (36)

also on the x on the entire length of the rope, ie:

t 1

l.s 2

L [E-S’-—au(x’t) ®drdx
-t 0x

N
o o

= min. 37)

CONCLUSIONS

1. Reasonable discrete - continuum model for
implementing analytical approach in the analysis of
forced oscillations of elastic elements (Rope) crane lifting
mechanisms for arbitrary and harmonic laws of time t
changes in external forces.

2. The proposed criterion of the quality movement
rope crane lifting mechanism, which in its implementation
allows the following modes of motion of elastic elements
that minimize stress in the past.

3. The obtained results in the future may be used to
improve and clarify the existing engineering calculation
methods lifting mechanisms and their elements as the
stages of design / construction and real operation.
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AHAJIN3 BBIHY)XJIEHHBIX KOJIEBAHUI
YIIPYTUX SJIEMEHTOB (KAHATOB)
I'PY3O0IIOABEMHBIX MEXAHMN3MOB KPAHOB:
AHAJIMTUYECKUI TTIOJAXO/I, AMCKPETHO —
KOHTHHYAJIbHAA MOJAEJIb

AnHoTanusi. OOOCHOBaH METOJ W JUCKPETHO -
KOHTHHYyaJbHAas MOJENb IS aHalli3a BBIHYXICHHBIX
KoeOanuit YOPYTUX JJIEMEHTOB (xaHaTOB)
TPY30IO0ABEMHBIX MEeXaHU3MOB KpaHOB npu
MPOU3BOJIFHOM M TapMOHHMYHOM OT BpPEMEHH 3aKOHOB
W3MEHEHHs BHemHuX cwi. [lpennoxeHHbli Kputepuit
KayecTBa  JIBMKCHUS ~ KAHATOB  TPY30IMOJBEMHOTO
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MEXaHU3Ma KpaHa, IpPU €ro peaju3alud I03BOJISIET
YCTaHABJIMBATh TaKUE PEXUMBl JBWXKEHHUS YIPYIMX
3JIEMEHTOB, KOTOpbIE MUHHMH3HUPYIOT HaINpsDKECHHE B
nociaeaHux. Peanusanus nenu JaHHOIO HCCIEIOBaHUS
MO3BOJISIET YCTAHOBUTH KO3()(UIMEHTHI AUHAMUYHOCTH B
pasHBIX CEYEHHMSX KaHaTOB MW yKa3aTb METOIbl /
HallpaBJICHHUs, KOTOpble BEAyT K MHMHHUMHU3AIMU Ha
MEPEXOHBIX YYaCTKaX (PYHKIIMOHUPOBAHHS YKa3aHHBIX
MEXaHU3MOB OJbEMA IPy3a KPAaHOB.

Pemenne cooTBeTcTBYIOmMX IU(QepeHIIHATHHBIX
YPaBHEHUH, SIBIIETCS MaTEMaTUYECKOM MOJENbBIO 3aJJauH,
OCYILIECTBIICH IIyTEM Pa3JIOKCHHUS B AL IO COOCTBEHHBIM
(YHKIHMAM MCKOMBIX pEIICHUH yKa3aHHBIX ypaBHEHHUH (B
YACTHBIX MPOM3BOAHBIX IO TMPOCTPAHCTBEHHON U
BpeMEHHON KoopauHataMm). /J{ng BHemHed Harpysku
BbIOpaH 00OOIIECHHBIN 3aKOH U3MCHEHHUS B MPOCTPAHCTBE
u  BpeMenu. Haiimensl  ycioBus — pe3oHaHca  /
aHTUpPE30HaHca B Cllyyae TapMOHUYHOW BO30Y)KIarouien
BHEIIHEH CHJIBI JUIS Pa3IMYHBIX KOHEYHBIX (TpaHUYHBIX
YCIIOBHI 3aKpeTuIeHHs] YIIPYToro J1eMeHTa (KaHaTa).

KiarodeBnle  cnoBa:  aHanu3,  BBIHYXJACHHBIE
KoJleOaHus, YNpPYrocTb, KaHaThl, T'Py30NOAbEMHBIC
MEXaHU3MbI, KpaHbl, aHAIUTUYECKUN TOJIXO0J, TUCKPETHO
— KOHTUHYaJIbHAasi MOJEIIb.
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Summary. In the article the simulation of a closed
two-factor multi-queuing system. According to the model
adopted by the process of harvesting a group of five
combine harvesters served a certain number of vehicles.
The optimum number of cars, which was 6 cars. Optimality
criterion is the appearance of the queue for downloading.
Lack queue indicates combines simple, which is
unacceptable.

The most optimal yields for harvesting capacity of 6
m? hopper was 5 t / ha. A simulation model to determine
the optimal yield to any harvesting and combinations
thereof.

Key words: queuing system, combine harvester,
optimization, simulation, GPSS World.

INTRODUCTION

In the article was considered an error of simulation
compared with the analytical model equations for the
different distribution of the random variable. We studied
two queuing system (QS) multi refusal and single-channel
queue. In general, the least common error appeared
equation for exponential distribution and Veybula.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Combine efficiency of the process is largely
determined by the level of its transport service
characterized by a large volume of traffic in the short term,
particularly efficient operation of vehicles [1-11]. The high
level of seasonality, short collection, poor technical
condition of most vehicles pose big problems with
transporting grain from the combine to the granary. To
ensure efficient management of transport processes in the
transportation of grain, should use the scientific principles
of optimizing traffic flow, determination of reserves to
reduce costs in the "field - transport - granary", taking into
account the dynamic processes occurring and outgoing
information [12-16].

Continuing the theme of simulation in the second part
of the article we construct a model unit to ensure vehicles
combine harvesters [17-21]. The question of the optimal
number of transport is very important. Ensuring the smooth

operation unit combines reduces terms of harvest and get
rid of this crop losses from shattering. On the other hand
surplus vehicles will lead to inefficient use, reduced
productivity and increased cost tons of grain.

OBJECTIVE

The aim of the study - development of two-factor
simulation model System "Transporting grain" Field - tick
- box ". Determination by the model number of vehicles
optimal service for groups of 5 combine harvesters.
Identify change the characteristics of a closed queuing
system (QS) by changing the vyield and distance
transportation.

THE MAIN RESULTS OF THE RESEARCH

Consider the following production problems. On the
same time a team of five combine harvesters. It is a kind of
multiphase multichannel queuing system with unlimited
latency requirements and Poisson flow of orders. As the car
back in, we have closed production system. Each of the
requirements is two phases: loading and unloading. So our
system is a closed two-phase multi-channel service. For
this system, the following restrictions:

- receipt of a claim (in the car boot) the system
does not depend on other income requirements (no
consequences),

- the system simultaneously receives two or more
claims. Among the requirements is the interval (ordinary
flow requirements),

- the likelihood of the request depends on the
length of follow-up (720 hv.- change), that is stationary
flow requirements.

It is necessary to determine the optimal number of
vehicles to certain conditions (distance transportation,
productivity). This Busy all service channels not release
the car and turn it continues to be the release of any
channel. And after the service moves to the place of
discharge, which again can be formed queue (with a large
number of cars in the system), the release of which the car
is moving unit (TIK) where it is unloaded and returned to
the beginning.
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Fig. 1. Functional diagram of "Transportation of grain” Field - tick - box ".

That system is a closed loop and after passing
TRANSACT not leave the system and continue to be in it.
Functional scheme's represent graphically five
channel closed queuing system (first phase) and one
channel (second phase) closed queuing system (Figure 1).

Figure 1. The basic events that occur when the system
"Transporting grain” Field - tick - box ". Briefly
characterize each event simulation model:

1. Generate income requirements (car) system
(GENERATE).

2. Sign in turn download (ENTER).

3. Setting the queue to download (QUEUE).

4. Transmission requirements for loading into one of
the available channels (TRANSFER).

5. Trying to take one of the free channels (SEIZE).

6. The delay time for car maintenance channel
(ADVANCE).

7. The release service channel (RELEASE).

8. Discharge channel loading (LEAVE).

9. The delay time for movement of the vehicle with
the load (ADVANCE).

10. Setting the queue for unloading (QUEUE)

11. Leaving the stage to discharge (DEPART).

12. Take the place of unloading (SEIZE)

13. Delay time unloading car (ADVANCE).

14. Releasing the place of discharge (RELEASE).

15. Return system requirements with regard to
moving (ADVANCE, TRANSFER).

Overall this is a very simplified scheme. In the
simulation model of combine harvesters work periodically
interrupted by simulating failure, and is locked at the time
of removal of failure. This car that took the channel to load
continues to be a channel recovery device (combine). All
time periods to simulate a real situation generated
randomly exponentially distribution.

The program of the simulation model can be presented
in seven sectors. The first sector is determined by the
capacity of the system (5 harvesters). Do it by using the
STORAGE. In our example it would look like this:

ZAVANTAG STORAGE 6

The second sector is modeled flow requirements for
the system and its maintenance. The operator GENERATE
used to form the number of vehicles serviced download
gueue (ZAVANTAG). This mode is used assumes that the

fields A, B, C remain empty, and operand D affix the
number of cars. This uses a variable X $ AUTO for further
modeling:

GENERATE ,,, X $ AUTO

Then the flow of cars entering the queue to download
and channels (HCC). If a free car service channel frees all
and becomes a service (upload) to combine. The residence
time in the channel consists of two periods: the period of
time filling hopper and discharge hopper. On average, this
time is respectively 38 and 54 minutes. If the employment
of all 5 channels, a car awaits the release of one of the
channels. Employment service channel is defined by the
operator ADVANCE by exponentially distribution
medium size service Exponential (1,0, X $ BUNKER).
BUNKER variable X $ is the time for loading + unloading
the combine hopper. Overall service block will look like:

SEIZE KOMBAIN

DEPART ZAVANTAG

ADVANCE (Exponential (1,0, X $ BUNKER))

RELEASE KOMBAIN

After the service vehicle (loaded) leaves the download
queue and moves to queue for unloading ADVANCE
(Exponential (1,5, X $ VANTAG)). Simulation of vehicle
movement with load and without considered time change
movement.

The fifth car sector enters the queue for unloading.
Further verified employment channel for discharging
(unloading place-THRESHING FLOOR). When dealing
TRANSACT release device (car) and unloaded. After
discharge, he frees the service channel (RELEASE TIK)
and returned to the system for a jump the queue to
download:

TRANSFER, AUTOMOBIL

Thus, after unloading cars returning the system to
service (cycle repeats). Back in the car system runs until
the time will not exceed the simulation system. For our
system this time is 720 minutes. (12 hour shift). Timing
simulation is defined in the last seventh sector. This time is
determined by a simple timing model:

GENERATE 720

TERMINATE 1

START 1

The model would not be complete without probable
failures combine harvesters at work. For this purpose, we
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modeled delay in another sector, sixth. Delays HCC
combine this failure simulation, which is a random variable
and has a period of 300 minutes refusal. At the same time
restoring the status combine to take 20 minutes. Failures
and eliminate failures are random variables anda Poisson
distribution. Imitation rejection and elimination is carried

out by operators to lock and unlock the device
(FUNAVAIL, FAVAIL).

The code looks like a simulation model (Figure 2) is
presented below.

To solve this problem of production had initially

calculated the following variable data (Table 1).

(A AR R LR R R R IR R L

*MoaenwosarHA AsodasHol samkHyTol CMO TpascnopTyBaHHA 3epHa Big kombBaiwy

EEE R R RN AR NN E R RN NN NI E R RE R RN EEEEEEEREEERER R

INITIAL  XSAUTO,6 :KinexicTo asTomobinia
INITIAL  XSBUNKER,42 Yac saparTamerHa Bynkepa | asto
INITIAL  XSVANTAG,30 ‘Yac Ha pyx 40 TOKY 3 BaHTarHeM
INITIAL  XSNOVANT,22 ;Yac Ha pyx Ao komBaiiHis Bes saH.
INITIAL  XSROZVANT,12 ‘Yac po3saHTAKEHHA HA IEPHOTORY
INITIAL  XSPERVIDMOVA,312 ;Macrorta eigmoe kombBaima, xe
INITIAL  XSUSUNVIDMOVA,20 ;4ac Ha ycyHeHHA BIAMOBK, XB
ZAVANTAG STORAGE®
GENERATE ,,XSAUTO ;HuCno asTo AKI NPaLOKOTD ¥ CHCTEemMi
AUTOMOBIL ENTER ZAVANTAG :Bxig B uepry Ha 338aHTAMEHHA
QUEUE ZAVANTAG MoCcTaHOBKA B YSPry HA 33BAHTAHEHHA
TRANSFER ALL,k1,k5,5 :MNepepaua no kasany Kl...kS
ki SEIZE KOMBAIN1
DEPART ZAVANTAG ‘Buxip 2 ueprv Ha 3asaHT AHeHHA
ADVANCE (Exponential(1,0, X5BUNKER)) ;Imitauis saearTamerHa asTo
RELEASE KOMBAIN1 :Kawran oBenyrosysarHA 38iNbHEHD
TRANSFER ,out
out LEAVE ZAVANTAG
ADVANCE (Exponential(1,5,XSVANTAG)) ;imitauina pyxy Ha po3saHTameHHA
QUEUE ROZVANTAG :MocTaHoBKa a8TO B WP Y POIBAHT,
SEIZE TOK :3alHATICTL PO3BAHTAMEHHA
DEPART ROZVANTAG Buxig 2 yeprv poaBaHTaMEH HA
ADVANCE (Exponential(1,0,XSROZVANT)) ;Yac pozsantamenHs
RELEASE TOK ;JeinoHeHHA MICUA pO3BaHTAMKEHHA
ADVANCE  (Exponential(1,0,XSNOVANT)) ;3arpumma Ha noBepHeHHA
TRANSFER LJAUTOMOBIL Mepexia Ha NO4YaToOK Yepri
** 23 NAHKA HA YCYHEHHA HENONAN KK 1 kombaiina
GENERATE  (EXPONENTIAL(3,0,XSPERVIDMOVA)) :Mewnep auin aigmos
FUNAVAIL KOMBAIN1 :BnokysanHA kombBainy 1
ADVANCE (EXPONENTIAL(3,0,XSUSUNVIDMOVA)) ‘Yac pemonry 30 xa.
GEMNERATE 720
TERMINATE 1
START 1

Fig. 2. The text of the two closed factor simulation model QS.
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Table 1. Input two factorial design multichannel queuing system.

The transportation of grain
. Hourl Time to fill the 5km 10 km
Vintageness L .
h productivityness, hopper and loading Movement Movement
t/ha ha/ h : Moveme . Moveme .
a/ year. the car, min. nt without nt without
load load
e} Paciumpennsiil pegartop GPSS World (crygenyeckas sepons) Wnas / f;’;‘;;{;i:‘)‘( i::::::;mﬁ - ] 4
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BUNKER 0
Moaean T3bs
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BuBaucTeka mopenei . .
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Texyupte nposkTe: PERVIDMOVA 0 17 &BTO
W Arponpomnapk T, 22 = USUNVIDMOVA 0 10 - 22
W& VHTeprmopsssanns 2 = B "
. Epen ocToRHMe 4 0 On-80 TpaH.,
I Moaear a Wna / onai PR Kosdduunert P Epfﬂﬂ bl g 580 . -
ycTpoiicTso Beuno YCTPOiACTEa OAHMM ycTpoiictea |HHBIX OKIAAA O
IE Mogent i HOMER er Sl LB TpaH. 5 KOHLE VREM_SBOI4 0 63.285 SHINOAREHNA
u:_‘ :"f“e'“ F KoMBAINT 11 50,176 0 58013 0 0
IE Moaens y T e -
[E Mozeas s KOMBAINZ 17 20,73 1 VREM_SBOIZ o 14595 0
[ CMO_Kon KOMBAINZ 6 57,375 1 5301 0 3.000 0
Mages KOMBAINA 3 Vinea Make. Terywes Ofwes Qfuiee Kon-s0 Cp. 3Ha4eHWe Cp. spemA Cp. spema |
2a i CoAspHuoe COASpHUMOS Kon-=30 E¥OA0E TDAH. COAEPKUMOro npeBeigaHua npeBelEaHUs 04HOTo t
@5. KOMBAINS 7 BlElEE ouepeaw 3a ouepegy EXOACE 8 ouepede © ayepesn O4HOTO TpaHzakTa £ 1
@5n TOK 37 ZAVANTAG 5 0 44 30 0.287 4695 14.756
 Kor ROZVANTAG 8 6 43 3 3.527 58.059
e Mg / PRI CpegHeKEagpatuieckos Huksuid npegen Bepxrui npegen Konsaman, et
@ Pac 4 HEYEHWE =l = PeA s = ORAASHOLNX nonasaty
Homep QTENOHEHWE 43cTOTHOrS KAacca Y3CTOTHOrO KAACCa
oCM aprymeHTa BLINOAHEHNA 5 rpaHuLL
C A1 373779 197,533 0 50 0 1
CMo e
o . Al 197.533 60 120 0 0
@ CMC_Konmer
® CMOC Konmor AT 197.333 20 180 0 1
@ CMO_Koawor Al 197.533 a0 240 0 1
CMC_Koamo
@ CMO_Kosvior At 197,533 J L
® CMC _Konwer
® CMO_Konuor Al 197.533 0 5
@ CMO _Konver « A1 373779 197.533 0 1

Fig. 3. Simulation results of the simulation model in GPSS World Editor.

Additionally, the model adopted unchanged following
parameters: the number of vehicles 5-10, the average
frequency rejection combine 312 min. Average time to
eliminate failure 20 minutes. To solve the problem used
GPSS World editor (Figure 3).

The object of the simulation was to determine the first
phase of the optimal number of cars for the average yield
of 5t/ ha and 10 km distance transportation. In the second
stage, to explore changing the basic parameters of the
system when changing: yield and average grain
transportation distance determined in relation to the first
stage, the optimal number of transport.

In the simulation results were obtained characteristics
queues for loading and unloading vehicles (Fig. 4).

Chart 3 shows the result of simulation systems for
different numbers of vehicles, such as 5, 6 and 7. Increase
the number was not necessary, as the performance of the
group deteriorated.

Analyzing the present schedule can be concluded that
the optimal number of cars under given conditions is 6 cars
(average histogram).

Here the best (lowest) is a queue for relief, but the
main stage is the emergence download.

To turn auto download missing (equal to 0).

This shows that the most expensive cost units— HCC
idle awaiting discharge, which is in production
unacceptable.

For 6 cars idle in line for loading and unloading was
respectively 0.176 and 3.577 min. The total average
downtime same car in both queues per cycle is equal to
3,753 minutes. (225 C).

General characteristics of multichannel queuing
system (Fig. 5) of the number of failures in servicing
accounts for 1 processor. Of course it is conditional
(Harvester be beloved by phone). This is because once the
queue TRANSACT enters the combine 1 and Busy
attempts to take a second channel and so on until the fifth.

Analyzing the histogram data, the number of failures
in service for 7 cars is 6-12, 3-13 to 6, respectively, and for
5 cars —2 to 12 failures. For the "Product"— TIK these
values are respectively 39, 37 and 27.
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CE[)E,Z[HH JOBXEKHHA Yepru

3ABAHTAKEHHA PoRBaHTAKeHHY

6,959
7 apToMOOimiE 6 aeroMoOUTIR 5 aBTOMOOITIB

Fig. 4. Histogram medium size queues at the system.

KiabkicTh BiIMOB y 00CJYIrOBYyBAHHI NIPUCTPOSAMH

7 aBToMoOUTIB M 6 aBTOMOO1ITIB 5 aBTOMOO1JIIB

3K Nel 3K Ne2 3K Ne3 3K Ned 3K Ne5 TIK

Fig. 5. The number of failures in service 5 cars Combine harvesters (download) and 1 channel (unloading).
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YacToTa 3alHHATOCTI KaHAJIB
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Fig. 6. Frequency realization employment multichannel queuing system.

® 107,319

=
=
L)
-~
=
(e
=
-
=
3
o]
.
—
=
b
=

W 63,285 -
W 24713
B 15,196 B 14,595

| SKNel | | BKNe4 |  3KNe5
KinBKiCTE BiIMOB 3 : _ 3 _ 2 2

YAC YCYHEHHA BIJIMOB, XB

0

HTac ycyHeHHd BiTMOB 15,196 . | 63,285 107,319

Fig. 7. Poisson flow of failures of service channels.
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Table 2. Estimated characteristics of a closed queuing system, queues and handling.

Characteristics QS Max's turn Mean values

On- | Urozh., T Offloadin Retrieve Offloading
dal . Employme - ' facilities.
/ ha Conv. usage | Retrieve. g - -

km nt . Employ | Time Employ | Time
facilities. . .

ment line ment line

3 2.553 426 1 5 0,041 736 1,085 19.528

5 5 2.968 0,495 1 3 0,035 521 .365 6.116

7 2.724 454 2 4 0,065 .953 488 7.987

9 2.554 426 2 4 0,063 .962 .666 11.154

3 2,559 427 1 3 0,011 .208 .263 5.923

10 5 2.2 .367 1 2 0.01 176 .184 3.577

7 2.19 .365 1 2 0.01 172 327 6.546

9 2.286 .381 1 2 0,009 176 .344 7.084

CepeaHili yac nepedyRaHHA B Yep3i Ha
3aBaAHTAaKeHHI

5 KM

10 xMm

B3 T/ra M5 T/TA 7 T/ra 9 T/Ta

Fig. 8. Characteristics channel loading with different yields and distance.

Graphical display of the time spent in queues for
loading and unloading are shown in Fig. 8, 9.

More advanced features of the system are generated
frequency tables employment service channels over time
(Fig. 6) and dependent failures generated by a Poisson
distribution (Fig. 7). To generate a frequency distribution
(Fig. 6) is an interval of time (60 minutes). The graph
shows that at any given time total employment vehicle
systems ranging from 2 to 6, and employment separate
channel service ranged from 0 to 2.

Interesting data were failures HCC. Poisson
probability distribution simulates a real life situation.
Number of failures generated for the channel was 2 - 3
failure, and a removal (with an average of 20 minutes)
ranging from 15.196 to 107.319 minutes.

Further simulation was conducted only for the number
of vehicles equal to 6. This changed yield and distance
transportation. Simulation results are given in Table 2.

Analyzing the data of Table 2 and histograms (Fig. 8,
9) can be marked complete consistency of the data, which

indicates the adequacy of the model. With increasing time
on transportation (speed of 10 km) for loading and
unloading increases. For transportation distance of 5 km
that time increased respectively by 1.84 and 3.19 times. For
speed, this increase was 1.2 and 1.98 times.

The most optimal regardless of vehicle speed for this
brand combine harvesters (DON-1500B) with a volume of
6 m3 hopper yield is 5 t / ha.

Charts show that any fluctuations in yields at any
direction leads to increased time spent in the queue for the
channel to load and discharge channel.

CONCLUSIONS

1. Developed two-factor simulation  model
multichannel queuing system can successfully solve
production problems by determining the optimal number
of vehicles for the smooth operation Combine complex.
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CepeaHili 4ac nepedyBaHHSA B Yep3i Ha
PO3BaHTAKEHHI

5 KM

B3T/ra M5 T/TA

10 xMm

7 T/ra 9 T/ra

Fig. 9. Characteristics of the discharge channel at different yields and distance

2. The first stage of the simulation allowed us to
determine the optimal number of vehicles under certain
conditions. For our problem, this number was 6 cars. For a
given set number appears on the stage of discharge,
indicating a lack of simple combine harvesters. For 6 cars
idle in line for loading and unloading was respectively
0.176 and 3.577 min. The total average downtime of
vehicles in both queues per cycle is equal to 3,753 minutes.
(225 C).

3. The most optimal yields for harvesting capacity of
6 m® hopper was 5 t / ha. A simulation model to determine
the optimal yield to any harvesting and combinations
thereof.

4. Summarizing it can be argued that the use of
simulation with a minimum of effort really allows to
evaluate agricultural production processes relating to the
execution of the cycle work.
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UMUTALHMOHHOE MOJIEJINPOBAHME
CEJIbCKOXO3AMCTBEHHBIX ITPOLIECCOB

AHHoTanusi. B cTatbe NpoBeAEHO HMHTAIMOHHOE
MOJICIMPOBAaHNE MHOTOKAHAIbHOM CHUCTEMBI MacCOBOTO
00CIy)XMBaHUsI C OTKa30M U OJHOKAHAIBHOW OuYepen.

MIPOMOIETUPOBAHBI paziuvHbIe ypaBHEHHSI
pacnpeneneHus ciay4aitHon BEJIMUMHBI. HalIeHOo
MOTPEIIHOCTH pe3yiabTaToB HMHTALMOHHOTO

MOJCIMPOBAHUS 1O CPaBHEHHIO C aHAIUTHYCCKUMHU
MOJICISMH.

IMonyueHHbIe pPE3yabTAaThl [MOKAa3ald MHHHMATbHBIC
HOTPELIHOCTH IJIsSl IKCIIOHCHIHAIBHOTO PACIIPEASICHHS
(Exponential — 10,71%) wu pacnpeneneHusi BeHOysa
(Weibull —9,58%).

Hcnonp30BaHne APYruX 3aKOHOB PACIPEACICHHS LIS
PCLICHHS yPaBHEHNH KOJIMOTOPOBa — YEIIMEHA IIPUBOIUT

K  OOJBIIMM  pPAacCXOKACHHSM  PE3yJIbTaTOB.  HUX
UCMONIb30BaHKEe  0e3  JONOJIHUTENBHOW  TIPOBEPKU
BBI3BIBAIOT OOJIBIIOE COMHEHHE. IIpOBEpKa ke 3a
AHAJTUTHYECKUMHU MOJIETSIMA TepsieT CMBICT
MMHTAIOHHOTO MOJIEITUPOBAHMS.

KaoueBbie cjoBa: cucreMa MaccoBOTO
00CITyXKMBaHMS, ONITHMU3AIHS, HMMHTAIMOHHOE

mojenuposanue, GPSS World.
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Summary.  Theoretical  researches of  the
technological process of pneumoviral separation of grain
mixtures on the pneumatic flow center separators of new
generation grains, aimed at increasing the efficiency and
quality of the phased separation of grain mixtures.

The analysis of the results of the well-known studies
presented in the scientific and technical literature on the
issues of pneumatic and centrifugal and pneumatic
separation of grain mixtures was carried out by analytical
and deductive methods, on the basis of which the
parameters of the investigated operations of the
technological process of the motion of the grain mixture
in the pneumoviral separating device were substantiated
by theoretical methods.

The theoretical researches of the technological
process of pneumoviral separation of grain mixtures have
been made, which makes it possible to determine the
structural-kinematic and technological parameters of the
grain-cleaning air-solenoid pneumatic-centrifugal unit
with productivity from 25-50 t / h on primary purification
of wheat grain with the provision of qualitative indicators
in accordance with DSTU 3768: 2010 and seed quality of
seeds respectively PH-1-3 JICTY 2240-93 at productivity
from 10-20 t/ h.

It is established that the application of the process of
pneumatic separation of cereal mixtures when used in the
construction of a pneumatic centrifugal separator has the
potential to increase its productivity by 1,5-2 times
compared with the performance of known industrial
separators and on its basis create a new generation of
universal  centrifugal centrifugal separators with
productivity of 50, 100 and 200t/ h

Key words: theoretical dependence, grain mix,
dosage, separation, distribution, efficiency, productivity,
quality.

INTRODUCTION

Extremely widespread in Ukraine and in other
countries of the world, there are air-grate grain separators
with gravitational working bodies such as flat oscillating,
cylindrical rotating sieve and vertical or inclined
pneumatic separation channels, which are characterized
by limited severity of separation, which greatly
complicates the creation on their basis of high-

performance separators for cleaning and sorting grain
materials.

The prospect of the development and application of
modern high-tech technical equipment in agricultural
production [1-5] and the prospect of a comprehensive
solution to the problem of post-harvest processing and
preservation of grain in Ukrainian farms [1, 3, 6] is the
creation of modern refrigeration and drying-storage
complexes that provide direct-flow processing of crops
with bringing to the norms of basic conditions in
accordance with DSTU on concrete grain crops, which, in
turn, requires the creation of high-performance universal
grain separators ( machines for primary cleaning of grain)
with productivity from 25 - 200t/ h.

Scientific researches of the motion of grain mixtures
using centrifugal forces of inertia as the most effective
ones allowed the creation and introduction into
production of universal grain separators with productivity
from 15 to 100 t / h [12-15], which became the basis for
mastering the machine-building production of the family
of universal vibrocentric separators of the type BCS .

In the indicated separators, the integration of working
bodies and the joint use of air and grid separating devices
in the form of autonomous grain cleaning units are used.
The design and technological scheme of the pneumatic
separating device was developed on the basis of
conducted scientific research [1-6], which does not allow
to increase the productivity of the machine with the
necessary quality of primary cleaning of grain.

In connection with the foregoing, the problem of the
development of technical means and the theoretical and
mechano-technological substantiation of the technological
process of pneumoviral separation in the machines of
primary purification of the new generation of grain is
relevant, and its solution will provide such a new, higher
level.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In the known universal grain separators of the type
BCS used pneumatic centrifugal devices [1-6, 10, 11],
while the separation process does not allow to provide
significant increase in the efficiency and quality of
separation [5, 6]. The authors [7, 8, 9] note that the
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increase in productivity at non-changing quality indices is
directly or indirectly related to the design features of
dosing devices, rotary scatterers and the organization of
air separation channels.

The research of [10, 11, 12] of the disk grain
distributor for a pneumatic system with a vertical ring
aspiration channel (an analogue of the grain cleaning unit
BCC) achieved some increase in the efficiency of grain
purification by a vibration centrifugal separator, by
developing a pneumatic separating channel with a vertical
annular aspiration channel separated by partitions [13, 14]
. Increased productivity with this development has not
been achieved.

Studies [7, 15-17], aimed at increasing the separation
efficiency in pneumatic centrifugal devices, achieved
some improvement in the quality of separation of grain
mixtures. However, the results of these studies did not
confirm the feasibility of using the proposed designs of
air-cooled devices on centrifugal separators.

As a result of the research, the design and
technological scheme of the grain separator has been
developed, which provides an increase in the separation
efficiency due to the following factors: the combination of
the rotational spreader and the bounding walls of the
circular air-separating channel with vortex upward airflow
[15, 16], the design of the dosing device and its co-
positioning relative to the rotational grain mixer spreader
[16], use of vortex upward airflow [5], use of new design
of rotational spreader [5].

OBJECTIVE

Theoretical studies of the technological process of
pneumoviral separation of grain mixtures on the new
generation of grain centrifugal separators of grain mills,
aimed at increasing the efficiency and quality of phased
separation of grain mixtures.

THE MAIN RESULTS OF THE RESEARCH

Using mechano-mathematical methods [6, 10, 12, 18,
20, 22], developments and studies [2-7, 16-21] have been
carried out, which allowed to substantiate the design and
technological scheme of the grain-cleaning module of the
universal grain separator of the new generation and to
substantiate the pneumoviral the method and design of a
device for separating cereal mixtures, which provides the
necessary controlled loading (productivity) of the module
and the uniform distribution of the grain mixture in the
pneumatic air flow due to the new design of the rotary
spreader.

As a result of the research [5, 6, 7] the design of the
pneumoviral device was created, the principal scheme of
which is presented in Fig. 1. The essence of the
technological process is as follows: the grain mixture
through the loading grain lines 1 when the squirrels of the
dispensing device 2 are opened by gravity on the center of
the rotational spreader 3, which is fixed to the shaft 7 of
the rotor of the separator rotating with the optimum (for
the lattice system) speed .

The rotary scatterer 3 supplies the grain mixture with
a uniform layer of a given thickness, which is determined
by the amount of its flow through the window of the
dispensing device 2, into the air separation channel
limited by the outer wall 4. The air in the window of the
louver 5 and the conical 6 walls is in the direction of
rotation of the rotary spreader 3 of the cereal mixture ,
which creates an air rising vortex flow.

As a result of the interaction of the particles of the
grain mixture with the air flow, the mixture is divided: the
lungs are carried out beyond the air channel, and heavy
(full grain of the main crop) is reflected from the wall of
the 4 pneumatic channels and is directed to the surface of
the louvre cone 5, which performs a dual function: the
foundation of the pneumoviral flow air and aerodynamic
transport of heavy fractions to the center.

The linear velocity of the grain mixture and the
angles of the direction of its introduction into the
pneumoviral channel relative to the axes of the cylindrical
coordinate system Opfz are determined by calculations
when solving the system of differential equations [5].

The separation of the air flow of the grain mixture on
the light and heavy fraction is carried out by means of the
interaction of particles of this mixture introduced into the
air stream with velocity v and air flow, the intensity of
which is determined by adjusting the aspiration system,
and its direction is measured experimentally: the
measurement of the angle of incidence is measured by
dynamic pressure tubes to the axis of the cylindrical
coordinate system Op8z, which allows you to calculate the
components of the air velocity vBR, VBES, and vBz in the
direction of the coordinates, determine the air resistance
forces the environment of the particles of the cereal
mixture in the direction of the indicated axes of
coordinates, using the known formula R = mk, v2, where
k.- particle coefficient of sailing.

In the general case, the Navier-Stokes equation [5, 7,
9] is used to describe the flow of air in the working zone
of the vortex chamber. In accordance with the Prandtlian
hypothesis [9, 12, 18, 22] the voltages in the turbulent
flow are equal:

Tyy = pedV /dy @
where € — coefficient of kinematic viscosity of air flow,
which depends on the trajectory of shear [ [5, 9, 22] € =
12dv /dy.

Taking into account the dependence on the
displacement trajectory and velocity [9]:

e=1%20/0r(V,/r) 2
where l = f(r) , r —the value of the radius of the vortex
chamber at the time t, m;

V,, — circular air velocity, m/s.

In this case, the coefficient of the kinematic viscosity
of the air flow is replaced by the turbulent viscosity
coefficient e. With this approach, it is possible to obtain
an analytical solution of these equations in the following
form [9, 18]:

Vy R1-Vy R V. RyRR€*2_y,, R RRe*?
Vo = prtmrn T+ e ()
where V<P1’ Vq,2 — Circular velocity of air, respectively, in

radii Ry, Ry, m/s;
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R, — the radius of the arrangement of tangential
cracks for introducing airflow on the conical portion of
the vortex chamber, m;

R, — the radius of the aspiration channel for removing
the airflow from the vortex chamber, m;

Re — number of Reynolds.
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Fig. 1. Principal scheme of pneumoviral device [15, 16]:
1 - loading grain lines; 2 - dosing device; 3 - rotary
spreader of grain mixture; 4 - the wall of the air channel;
5 - louver cone; 6 - louver cylindrical wall; 7 - separator
rotor shaft; 8 is a casing.

Theoretical studies are aimed at determining the
analytical dependence, in which, when taking into
account the boundary conditions for air flow only at the
entrance to the vortex chamber, one can obtain the basic
geometric dimensions of this vortex chamber and
determine the values of the velocity of the vortex upward
air flow and the particles of the grain mixture at any
distance per radius of the vortex chamber:

( v, | Ve dv, v, V3 1P
V== LT v, —_Z_ % _ ____
or + r do + 0z r por
+g("VT+i"Vr+52Vr l%_iav(p_ﬁ)
or2 r2 02 0z2 ror r2adg r2
vy Vv, v, Vi 1 9P
V P P (% V gvz e 228
r6r+r6 + 6z+ r pr6<p+
a?v, 1 82V, a2y, 10V, 20V V,
pe(De g 10 Ph 10 20t o) (g
ar2 2 92 0z2 r or rz dp 12
av, Ve 0V, av, 10P
V Z4 272y Z= -
+ r 0 +Vz dz p6r+
a2v, 1 9%v, | 9%V, , 10V,
+£( 2422 0 1)
arz  r2 92 azz  r or
oVy | 10Vy 0V, | Vp 0

or r 0 0z
where V,. — radial air velocity, m/s;

V,, — circular air velocity, m/s;

V, — axial air velocity, m/s;

P —full pressure in the vortex chamber, Pa;

€ — coefficient of viscosity of the turbulent flow;

p — grain mix density, kg/mé.

To do this, we assume that the flow of air in the
vortex chamber is asymmetric, for the solution of this
problem we use the Navier-Stokes equation in a
cylindrical coordinate system (4).

Assuming that the vortex airflow in the chamber is
asymmetric, and its motion becomes flat, then
mathematical assumptions can be written as follows:

a¢ =0;==0;V,=0.

Under these condltlons, the Navier-Stokes equation

system (4) is written as:

G0 (L7, 0)) + 2200

—e(L(2 e _ Ve
=€ (dr (dr V‘p (7")) + r r? )

( ()) V<p(T) _ ™

p
L) + V—“ =0

From the third equation of the system (5), the radial

component of the air velocity depends only on the radius,

and also this equation is a differential equation in the

complete derivatives, therefore its solution becomes the

following form:

() =2 ©)
Permanent integration of : C, is possible to determine
from the condition if, on radius R,, we know the value of
the radial component of the air flow.
The value of this speed will be written as follows:

Vyy = —2 7)

2nR{H
where Q, - volumetric flow rate of air;

H — height of the vortex chamber, m

Consequently, constant integration is determined
from the relation:

C =VnRy (8)
and the equation for determining the radial component of
the air flow velocity will take the following form:

g = ©

After the transformations from the first equation of

system (5) one can obtain the theoretical dependence by

which the quantity of the air velocity in the radius of the

vortex chamber is determined quantitatively. This

equation is a differential equation of the second degree

with constant coefficients, but some simplifications have

led to the dependence on one variable, which is the radius

of the vortex chamber. Twice about integrating this

differential equation, we obtain an analytic dependence in
which there are two constant integrals:

v ( _G (VT1R1+E)

(1) = T+C3r € (10)

If the first derivative from the received dependence of

the velocity of the air flow at a radius near a point with

radius R_1 is 0, the analytical expression for this

derivative has the form:

4 c (V71R1+£)(V " )
a _ _ & riR1té€
= V,(r) = 2 + o _ (11)
then the second condition that will determine the second
constant integration, will be the equality of the velocity
component of the air flow rate, the velocity of air flow

from the input tangential cracks located on the radius R;.
Vg = (12)

hynyH
where h,, — width of tangential gap, m;
n,, — number of tangential cracks, pcs.
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After the substitution, we obtain a system of two
equations with two unknowns:

( (Vr1R1+8)
0= _C  GRiF JW+e)
- R? + Ri€
! VriR1+ (13)
G ( riRy 8)
V(Pl - R_1 + C3R1 £

The solution of this system of equations (13) is the
analytic equations for constant integration:
V¢1R1(VT1R1+€)
C, =411
2e+Vy1Ry

_ 5V¢1R1(_W)

3™ 2e+VpqRq

Consequently, we obtained an analytical expression
by which we can quantitatively determine the value of the
velocity of the airflow along the radius of the vortex
chamber. To do this, you must specify the boundary
conditions. In our case, such conditions are quantitative
data of the velocity of the airflow within a radius equal to
the radius of the arrangement of the tangential cracks for
introducing air into the vortex aspiration chamber. After
adding the values of the constants obtained as a result of
the solution of the differential equation, the dependence
for determining the velocity velocity of the vortex airflow
along the radius of the vortex chamber will be as follows:

(14)

VorRy(VoiR ) - (_Vr1R1+S) (Vr1R1+S)
_ Vp1R1(Vr1R1 e EVp1R1 € T €
Vo(r) = (2e4Vy1R)T 2e+Vp Ry (15)

To solve this mathematical dependence (15) and to
facilitate its analysis, we will write this expression in the
following form:

— 1 2
V,(r) = GeTTiRr (Vq,1 (Rl Vi1 + Rig+

Vr1R1+s) (VT1R1+28
T

er, ("% : ))> (16)

The analysis of the equations of the system (4-16)
shows that the parasitic coefficient and the coefficient of
kinematic viscosity, which is different for particles with
different characteristics, is of paramount importance in
the nature of the motion of the grain mixture particles in
all directions of the vortex stream. In the radial direction,
the movement of particles of the grain mixture is slowing
down, and in the tangential direction it is accelerated,
which provides the movement of heavy particles along the
curvilinear trajectories with the approach to the axis of the
vortex stream while simultaneously slowing down their
fall. For light particles it promotes accelerated removal of
them from the separation zone beyond the separating
channel.

Compare the obtained dependence (16) with the
results of calculations, for example, the ideal flow of air.
It is known that in order to determine the velocity in a
perfect airflow (without taking into account the viscosity),
it is possible to obtain dependence on the conservation
law of the moment of the number of rotational motion,
which has the following known expression:

d
mia(rVq,) =0
where m; — mass i — th volume of air.

Considering this mathematical dependence on the
condition, that m; # 0 and dt # 0, we obtain the
following condition;

d(rV,) =0

17)

(18)

Considering this equation, taking into account that
the value r is a variable, we obtain a differential equation
of the form:

V() +7 (di v, (r)) -0 (19)
the solution of which will be as follows:
V,(r) == (20)

r

The constant integration of C; can be determined
from the boundary conditions at the entrance to the vortex
aspiration chamber. That is, when r = R;, we assume that
the velocity will be determined and exactly V,, =V, .
Consequently, under such conditions, constant integration
will be determined by the following dependence:

C1 = Vp1Ry. (21)

Consequently, the analytical equation for determining
the velocity in the ideal flow of air (without taking into
account the viscosity) will take the following form:

AGERC (22)

Let's consider in our example how the dependences
(16) differ in determining the velocity of the viscous
vortex airflow and the dependence (22), which determines
the value of the velocity of the ideal airflow.

In these research, we take a vortex aspiration
chamber with a radius of location of the tangential cracks
R; = 0,5 m, the value of the radial component of the full
air flow velocity on the given radius V., = 5m/s,, the
value of the velocity component at the same radius of the
vortex chamber V,,; = 17 m/s. We restrict the area along
the radius of the vortex aspiration chamber, the radius of
the aspiration canal to remove contaminated air from the
vortex chamber, R, = 0,15 m.

In Figure 2. Graphic dependencies are presented that
clearly compare the calculations of the velocity of the
ideal air flow and the viscous vortex air flow within the
limits of the above dimensions of the vortex chamber and
the specified boundary conditions.

Analyzing the obtained graphic dependences, we
arrive at the conclusion that there is a significant decrease
in the value of the velocity of the viscous vortex airflow
relative to the velocity of the ideal airflow. This
discrepancy is also confirmed by other investigators [23]
for diverting the designs of aspiration chambers.

CONCLUSIONS

1. The conducted research confirm the possibility
intensification of the separation of the grain mixture in the
pneumatic separating device, and theoretical reserch and
mechano-technological substantiation of operations allow
to determine the technological, kinematic and structural
elements of such devices.

2. Taking into account the constructional possibilities
of extending the perimeter of the pipeline and the
intensification of its technological process, it is possible
to create a grain-cleaning air-rack pneumatic center-flow
block (module) with a high degree of unification and
using the modular principle of constructing a separator
structure with productivity up to 200 t / h. The analysis of
the operations of the pneumoviral device shows his dear
opportunities, which involves reducing of grain and seeds.
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Fig. 2. Graphic dependencies of the velocity of the airflow along the radius of the vortex aspiration chamber (the upper
line is for an ideal air flow; the bottom line is for a viscous vortex air stream).
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TEOPETMYECKOE NCCJIEOBAHME ITPOLIECCA
PA3JIEJIEHI A 3EPHOBBIX CMECEU

AHHoTanusi. B pabGoTre mnpuBeneHBl pe3ynbTaThI
TEOPETUYECKOTO HMCCIEJOBAHUS B3aMMOAEHUCTBUS YaCTHUI]
KOMIIOHEHTOB 3€PHOBOI0 MaTepHaja IMpu IPOTUBOTOUYHOU

nojaye Marepuayia B BO3AYIIHBIA IOTOK M IIpH
MEPEMEHHBIX JMIOpax CKOPOCTH IIOTOKA BJOJb OCEH
KOOpJIMHAT.  YCTaHOBIEHO,  YTO  WCIIOJb30BaHHE
NEPEeMEHHONH  CKOPOCTH  yBEIMYUBACT  BEJIMYHMHY
pacIienyieHuss TpaeKTOpuil MBIKEHUS U A((HEeKTHUBHOCTh
pazaerneHus.

AHanusupys HI0JTyYEeHHBIE PE3yIbTATEI

MaTeMaTUYeCKOr0 MOJAENUPOBAHUS OAJTMCTUKU YaCTHIL
KOMITOHEHTOB 36pHOBOTO MaTepualla MOXHO OIPENeNIUTh,
YTO YBEJIMYEHHE BEJIMYMHBI PACIICTUICHHs (BETBIICHUS)
TpaeKTOpI/lﬁ JABWKCHUA YacTULl 1PpU HUCIIOJIb30BAHUU
MepeMEHHOM  CKOpPOCTM  BO3JAYLIHOTO  TOTOKa MO
KOOpJIMHATaM. YBEJIMUYCHHE BEIWYMHBI PaclICIUICHHS
TPaeKTOpUi OJHO3HAYHO XapaKTepU3yeT YBEIWYCHHE
3¢ PEKTUBHOCTH pa3JEICHUS] KOMIIOHEHTOB 3€pHOBOTO
Matepuana Ha (QpakmuM 10  a’3pOAMHAMHYECKUM
CBOHCTBaM, KOTOpBIE KaK U3BECTHO INIOTHO KOPPETUPYIOT
C KaueCTBCHHBIMH TOKa3aTeISIMI 36pHOBOTO MaTepHaJa.

[Tony4yenHble pe3ysbTaThl HCCIEAOBAHUN IMpolecca
HMHEPIIMOHHOTO (PaKIMOHUPOBAHUS CBUAETEIBCTBYIOT O
peamsHOH BO3MOJKHOCTH TIOBBIIIEHUS 3()()EKTHBHOCTH
pasneneHus marepuana Ha bpakiun o
a’poJMHAMUYECKUM  cBoWcTBaM.  Dddexr  smrops
CKOPOCTH BO3JlyXa B BO3JIYyLIHOM KaHajle MOXET ObITh
MCIIONIb30BaHO JUIS YNPABJICHUs MPOLIECCaMH pa3JielICHHs
MaTepualia Ha (ppaKiuu.

KnioueBble cioBa: TeopeTHyeckas 3aBUCHMOCTb,
3epHOBas CMECh, JO3UPOBKA, BBIICIECHHS, pacIIpeieICHUs,
3¢ PEKTUBHOCTD, MPOU3BOAUTEIHHOCTD, KAYECTBO.
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Summary. The article identifies and classifies
subject-agrometeorological events in the technological
processes of cultivating grain crops. The analysis of these
events made it possible to classify them according to the
periodicity of their appearance, as well as to indicate the
content of the influence of each of them on the course of
these processes, which made it possible to develop
appropriate algorithms for modeling the time of
occurrence of these events.

The distribution of the time of occurrence of subject-
agrometeorological events in technological processes of
growing of grain crops, in particular: the time of
restoration of spring vegetation, the completion of the
autumn vegetation period of winter grain crops, the time
of reaching their characteristic predecessors, and the
patterns of change in the duration of soil warming have
been established. The obtained regularities allow to
predict (generate) the onset of phases of development of
plants and time constraints for the implementation of
mechanized operations in the technological processes of
cultivating grain crops for different natural and production
conditions.

The developed scientific and methodical principles of
modeling of subject-agrometeorological events in the
technological processes of cultivating grain crops underlie
the creation of their computer models. The practical use of
these models will allow you to predict the time constraints
for performing mechanized operations and the
characteristics of the flow of orders for their execution.

The methods of analysis and synthesis, system-factor
and system-event approaches to the study of technological
processes of cultivating grain crops were used in the work.
To develop algorithms for modeling these technological
processes, a discrete-event approach was used.

Key words: cultivation, grain crops,
agrometeorological events, technological
mechanized operations, modeling.

subject-
processes,

INTRODUCTION

The high level of technology of agricultural
production, technical complexity and high technology
costs require a high level of management of the technical
base of agricultural producers, the search for ways to

reduce material and energy costs. The search for rational
solutions during the acquisition and use of machine-
tractor fleet of agricultural producers is one of the most
difficult tasks of mechanization of agricultural production.
To solve it, it is necessary to consider a large number of
factors, some of which are unmanaged and probabilistic.
At present, there is no general system approach to the
modeling of subject-agrometeorological events in the
technological processes of cultivating grain crops, which
underlies the creation of simulation models of these
processes and prediction of time constraints for the
implementation of technological operations in them.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Many research and methodological works [1 - 19] are
devoted to the study of the tendencies of occurrence and
influence of subject-agrometeorological events on the
flows of requirements for the implementation of
mechanized operations in the technological processes of
cultivating grain crops. In particular, the causative and
consequential ~ connections  between events and
mechanized operations of partial soil cultivation processes
[1, 2], integrated soil cultivation and winter crop sowing
[3, 4], protection of plants by spraying [5], collection and
after-harvest treatment of crop crops [6-19].

OBJECTIVE

The purpose of this study is to reveal the
methodological principles of modeling the time of
occurrence of subject-agrometeorological events in the
technological processes of cultivating grain crops, which
will enable to increase the efficiency of planning these
processes by taking into account the stochastic influence
of these events.

THE MAIN RESULTS OF THE RESEARCH

Analysis of agrotechnological requirements for the
cultivation of grain crops made it possible to indicate two
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main periods of operations and works in the technological
processes of cultivating grain crops - spring-summer and
summer-autumn [12]. In the spring-summer period
technological processes are considered: soil cultivation,
sowing of spring crops, care of crops (chemical protection
of plants). In the summer-autumn period - harvesting of
predecessor, pre-planting of soil, winter wheat seed
production.

The peculiarity of the technological processes of
cultivating grain crops is that the probabilistic nature of
the occurrence of subject-agrometeorological events
during their course of time determines the possibility and
feasibility of their implementation. Without a thorough
analysis of these events it is not possible to ensure the
harmonization of technological processes and their
effective implementation. Creation and use of computer
models of occurrence of subject-agrometeorological
events in technological processes will allow to predict the
time constraints of the characteristics of flow of orders for
their execution.

Subject-agrometeorological events that affect the
flow of technological processes of growing crops can be
divided into two groups: the first - events that determine
the timing of their implementation, the second is the
events that cause the suspension and restoration of their
execution. Under the influence of these events, funds are
formed for the implementation of these processes. The
probabilistic  nature  of the  occurrence  of
agrometeorological events determines the variability in
the duration of mechanized operations of the
technological processes of growing these crops, both

within one year for different regions and within the same
region in different years.

The analysis of subject-agrometeorological events in
the technological processes of cultivating grain crops
(Table 1) shows the following. For the spring-summer
period of the implementation of technological processes
of cultivating grain crops, there are eight main events, and
for the summer-autumn six. Each of the subject-
agrometeorological events reflects the action of a limited
set of factors that influence the performance of these
technological processes. In addition, the content of the
effect on the course of technological processes of growing
crops of each of the indicated events is different. It should
be noted that the frequency of the occurrence of events in
these processes, they can be divided into seasonal, which
are characterized by a single appearance in a separate
season and daily - arise (may arise) every day of the
season.

In order to take into account the probabilistic nature
of the subject-agrometeorological events of the spring-
summer and summer-autumn periods, as well as their
influence on the course of technological processes of
growing of grain crops, it is expedient to use a statistical
simulation modeling of these processes. In particular, in
this case, a discrete-event approach to modeling can be
used [11].

For this purpose, generalized algorithms for the
modeling of subject-agrometeorological events in the
process of functioning of arable technological processes in
the spring-summer (Figure 1) and summer-autumn (Figure
4) periods have been developed.

Table 1. Analysis of subject-agrometeorological events in the technological processes

Ne Period of Event name Displays the | Content of influence on | Classification the
implementation of effect of the course of periodicity of
mechanized factors * technological processes | occurrence in the
operations of technological
technological processes
processes
1 2 3 5 6
1 The onset of physical Am, Pp, Tl | Determines the
maturation of the soil beginning of
mechanized soil Seasonal
cultivation operations
2 Heat the soil to the Am, Pp, Tl | Determines the
temperature of the beginning of the
sowing implementation of Seasonal
Spring-summer sowing of spring cereal
period crops
3 The onset of Am, Pp, Tl | Identify the beginnings
phenological phases of works on chemical s
. easonal
of plant development protection of plants
4 Precipitation fall Am, Pp, Tn | Determines the Daily
possibility of
mechanized operations
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Continuation of Table 1

1 2 3 5 6
5 The onset and Am, Tn Determines the Daily
completion of the possibility of
light period of the day performing mechanized
chemical protection
6 Spring-summer | Excess air Am, Pp, Tl | plant operations Daily
period temperature 25°C
7 The dew disappear Am, Pp, Tl Daily
8 Excess wind speed 5 Am, Pp, Tl Daily
m/s
9 Ripening of the Am, Pp Specifies the start of Seasonal
predecessor collecting a predecessor
on a given field
10 Completion of Pp, Tn Determines the Seasonal
harvesting possibility of pre-
predecessor planting soil cultivation
11 Precipitation fall Am, Pp, Tn | Determine the Daily
possibility of
performing soil-sowing
operations
12 Completion of pre- Pp, Tn Determine the Seasonal
planting soil possibility of seeding
Summer-autumn cultivation winter crops
period - - -
13 Completion Am, Pp, Tl | Determine the time
(predicted) set of when sowing winter
cultures of the crops needs
required amount of Seasonal
active daily average
temperatures
14 Completion of time Am, Pp Determine the
fund tilling winter deadlines for the
crops sowing of winter crops,
in WhiCh ?he . Seasonal
continuation of works is
economically
inexpedient

*- Am, Pr, Tl, Tn - respectively agrometeorological, subject,, technological and technical groups of factors [13].

In the first stage (Figure 1) the simulation of the time
of occurrence of subject-agrometeorological events
substantiates the number of implementations of the
computer model to ensure its required accuracy and
specifies the characteristics of the natural-production
conditions (geographical location and characteristics of
the production plan) of agricultural producers (AP).

At the second stage (Figure 1), the time of occurrence
of physical soil maturity (PMS) (zoms) is generated. In
particular, for the conditions of the L’viv region of
Ukraine, the time distribution of the physical soil maturity
is consistent with the normal distribution law by an
adjusted polynomial, the main statistical characteristics of

which are: M[r, ] = 85,6 days, &[z,, ] = 13.4 days
[1]. At the third stage (Fig. 1), the time for the restoration

of spring vegetation () of winter cereal crops is
generated.

Based on the statistical processing of the retrospective
data on the time of restoration of spring vegetation (zs,) of
winter crops in Ukraine, we have established that their
distributions are consistent with the normal law and are
described by different equations of distribution density
(Figure 2). At stage 6 (Figure 1), the duration of the
weathered and subtropical intervals of time in the interval
from the moment of physical soil maturity to the time of
the end of the sowing of heat-loving grain crops is
generated.

At the seventh step (Figure 1), the actual timeframe is
determined for pre-sowing tillage and sowing of spring
cereal crops. For example, the estimation of the
mathematical expectation of the time of restoration of
spring vegetation of winter grain crops for the conditions

of the Lviv region of Ukraine M[z,,]=90,32days,

rsv
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and the mean square deviation &z, ]1=14,23days (Fig. M[r, ]=91,37days, [z, ]=6,99 days (Fig. 2, b).

2, a). For the conditions of the Kherson region Ukraine:

< Start >

v
Specifying the number of implementations and characteristics of
the subject-production conditions
v

Generation of the onset time of PMS, zpms

rsv

v
Generating the recovery time of spring vegetation, s,

In the production plan are spring
crops?

Determination the time of sowing spring cereal crops, g, Zo., Ts
v
Generating the duration of sunshine and cloudy periods of time at
intervals of tyms 10 74+ Aty
v

Definition of the actual time fund for operations of pre-sowing
tillage and sowing of spring cereal crops

v
Choosing the first culture of a production plan (k=1) -
v
Generation of the onset of the characteristic phases of development
of k-th culture for carrying out operations of care for crops
(chemical protection of plants)

* ©

OOCJONICNCIOMONOIONO

Go to the
Haye all the crops of t_he next culture,
production plan been considered? k=k+1

Generation of sunny and cloudy periods during cropping operations
(chemical protection)
v
Definition of the actual time fund to perform operations care for crops
(chemical protection of plants)
v

® ® ®

Output the simulation results

C E;d D)

Fig. 1. A generalized algorithm for modeling the occurrence of subject-agrometeorological events in mechanized
processes of arable farming in the spring-summer period
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Fig. 3. Change in the duration of soil warming at a
depth of 10 cm from the time of its physical maturity and
the time of transition of the average daily temperature of
air above 0°C in the spring to the temperature

In the fourth stage (Figure 1), the presence of spring
cereal crops in the production plan of the AP is checked.
If spring crops are available, then proceed to stage 5, if
not - go to step 8.

The fifth stage (Figure 1) provides for the calculation
of the time of sowing of spring crops, which depends on
the time of soil warming at a depth of 10 cm to the
required temperature of crop sowing.

For its forecasting, regularities of the change in the
duration of soil warming at 10 cm depth from the time of
its physical maturity and the time of transition of the
average daily temperature of air above 0 ° C in the spring
period to temperatures of 4 ° C (possibility of sowing
frost-resistant crops) were established, 6°C (possibility of
sowing cold-resistant crops) and 8°C (possibility of
sowing thermophilic cultures) for different regions of the
state.

In particular, for the agro-meteorological conditions
of the L’viv region of Ukraine, the indicated dependencies
presented in Figure 3.

Next (stage 8) the first grain crop is selected from the
given production plan of agricultural commodity
producers, for which the time onset of phenological
phases of development of plants is generated (step 9).

The dependence of the onset of the phenological
phases of the development of spring and winter grains on,
respectively, the time of their sowing and the restoration
of spring vegetation (for the conditions the L’viv region of
Ukraine) is disclosed in the paper [5].

At the tenth stage (Fig. 1) the condition is checked
whether all crops of the production plan are considered. If
not for all cultures, the time of the onset of the

phenological phases of the development of plants is
generated, the transition to the next culture (step 11) and
the return to the stage 9 are carried out. If for all - we pass
to the stage 12, on which (Figure 1) the appearance and
duration of the algae and low season periods based on
statistical regularities of their appearance and duration in
the process of performing cropping operations (chemical
protection of plants) for agrometeorological conditions of
a given region of agricultural commodity producers [2, 10,
12].

The final stages of modeling the occurrence of
subject-agrometeorological events in the technological
processes of cultivation grain crops in the spring-summer
period (Figure 1) is the definition of the actual time fund
for the implementation of cropping operations (chemical
protection of plants) (stage 13) and the output of the
simulation results (stage 14).

The analysis of the technological processes of
cultivation grain crops of summer-autumn period makes it
possible to assert that the time constraints on their
implementation depend on the timeliness of
implementation of mechanized processes in the spring and
summer period. In particular, the probabilistic nature of
the timing of reaching winter crop precursors and the
timeliness of harvesting their crops (spring-summer
period) determine the need for pre-planting of the soil
(summer-autumn period). The time for the pre-sowing
cultivation of the soil is due to the need to sow winter
crops. In turn, the need to sow winter cereals is
determined by the conditions of their autumn vegetation.

Winter cereals are recommended to sow so that,
before the beginning of winter, provide a set of plants
with the required amount of effective daily average
temperatures. Under such conditions, the crop manages to
develop into the phase of planting and undergo quenching
by the action of low temperatures, which is an important
prerequisite for its wintering and productive development
in the next spring vegetation [1, 4, 13].

The time interval between the completion of
harvesting of the predecessor and the time of emergence
of winter crop sowing needs is characterized by the
timeframe for pre-sowing tillage in the summer-autumn
period.

The influence of subject-agrometeorological events in
the technological processes of cultivation grain crops the
summer-autumn period cultivation on the formation of
time-based funds for the implementation of individual
operations of these processes has been taken into account
and reflected in the algorithm for simulating the
occurrence of these events in a separate day and during
the season (Figure 4).

In the first stage (Figure 4), the simulation of
occurrence subject-agrometeorological events in the
technological processes of the summer-autumn period
justifies the number of implementations of the computer
model to provide the necessary accuracy of the output
data, as well as the characteristics of the natural and
production  conditions  (geographical location and
characteristics of the production plan of AP).
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Fig. 4. A generalized algorithm for modeling the occurrence of subject-agrometeorological events in the technological
processes of cultivation grain crops the summer-autumn period.

0,887 1,887 0,545
f(gn)=(xo75[f%L23§§j exp{—[Z%ngggj } f(%n):41064(7wt_294j exp{_(fat—294

25,131 25,131 23,967 23,967
0.351 0.359
0.30+ 0.304 /‘/\\
0.251 0.254
0.20+ 0.201
0.15 / 0.151 \
0.10+ 0.104 AN
0.057 0.054 \
"0 2% 3 3 R " T TR TV
Time to end autumn \‘;‘)gcumon. day Time to end aulutl)i)m vegetation, day

I

Fig. 5. Distribution of the time of completion of the autumn vegetation of winter grains in the agro-meteorological
conditions of the Lviv (a) and Kherson (b) regions of Ukraine.



62  Methodical Principles of Modeling of Subject-Agrometeorological Events in Technological Processes Growing ...

Table 2. Statistical characteristics of the time distribution of the achievement of characteristic predecessors of

winter cereal crops.

Indexes Distribution density function ML, oftl,
day day
L’viv region

Date of the set of 1200 C of active (tizoo 180, 7)2 180,7 7,4

temperatures (roughly, reaching the winter f (t,00) =0,05xexp| —

barley, winter rye) 109,52

Date of the set of 1500 C of active 197.2)? 197,2 71
. t1500 '

temperatures (roughly, reaching the f (ti550 ) = 0,01xexp

potatoes) 100,6

Date of the set of 1700 C of active 208. 2)? 2082 |76
. (t1700 !

temperatures (roughly, reaching the oats) f (t,700) =0,05xexp ERETTT

Date of the set of 2200 C of active (tmo _235 2)2 2353 9,0

temperatures (roughly, reaching the corn for | f (t,,,)=0,01xexp| — 22—

silage) 182

Kherson region

Date of the set of 1200 C of active 167.7) 167,7 |53
. . t1200 ! )

temperatures (roughly, reaching the winter f (t,00 ) =0,08xexp

barley, winter rye) 56,18

Date of the set of 1500 C of active 182 3\ 1823 |52
. t1500 ! )

temperatures (roughly, reaching the f (te ) =0,08xexp| —

potatoes) 54,8

Date of the set of 1700 C of active 191.2)? 1912 |54
. (t1700 1

temperatures (roughly, reaching the oats) f (ty00)=0,07xexp| — 330

Date of the set of 2200 C of active (t2200 _212, 2)2 212,6 6,5

temperatures (roughly, reaching the corn for | f (t,,,)=0,06xexp| ——————

silage) 83,1

The next step (stage 2 of figure 4) is the generation of
the end time of the autumn winter growth of winter crops.
For this purpose, the distributions of the time of
completion of the autumn winter vegetation period of
winter crops in the agro-meteorological conditions of all
regions of Ukraine were constructed and their statistical
characteristics were determined. It was established that the
distribution of the time of completion of the autumn
vegetation period of winter grain crops is consistent with
the theoretical law of the distribution of Weibull
(Figure 5).

For example, an estimation of the mathematical
expectation of the completion time of the autumn
vegetation duration for the conditions of the Lviv region

of Ukraine M[z,,]=307,3days, and the mean square

deviation &[7,,]=12,2days (Figure 5, a).
conditions of the Kherson region of Ukraine
M[z,]=3156days, o&lr.,]=14,1days (figure
5, b).

The third stage (Figure 4) assumes the choice of the
first winter crop (k = 1) from the given production plan of
the agricultural producer, and the next (stage 4) generates
the time of reaching the predecessor (z,, ) for the k winter

crop. For this purpose, the statistical characteristics of the
time distribution of the achievement of characteristic

For

Xt Xt

predecessors of winter grain crops in agrometeorological
conditions of all regions of Ukraine were determined. For
comparison, the statistical characteristics of the time
distribution of the characteristic predecessors of winter
cereal crops in the agro-meteorological conditions of the
L’viv and Kherson regions of Ukraine shown in Table. 2
At stage 5 (Figure 4), the time of sowing of the k-th
winter grain crop (z.,«) is determined, taking into account
the condition of its recruitment of the required amount of
active temperatures until the end of autumn vegetation:

Teok = Text — Az-obk ! (1)

where: Az ,, —the term for which the winter culture will

collect the required amount of active temperatures.

At stage 6 (Figure 4), an examination is made of
whether all winter crops of the farmer's production plan
are considered. If so, go to the next stage 8, if not - select
the next culture (stage 7) and return to stage 4.

The eighth stage (Figure 4) provides for the
generation of weathered and cloudy periods of time during
a period of time from reaching predecessor of a given
winter crop until the end of the autumn vegetation period
of the given winter crop.

These intervals are generated on the basis of
statistical regularities of their appearance and duration in
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the specified period for the conditions of a given region
[2, 10, 12].

At stage 9 (figure 4), based on the information
received earlier, the actual time frame for performing
mechanized operations for each crop is determined, as
well as the tense periods of their implementation. Finally,
the output of the obtained simulation results is performed
(stage 10, figure 4).

Thus, the developed scientific and methodological
principles of modeling of subject-agrometeorological
events in the technological processes cultivation grain
crops fully take into account the peculiarities of the course
of these processes in the spring-summer and summer-
autumn periods, the regularities of the appearance of
subject-agrometeorological events and their influence on
the formation of funds for the time of mechanized
operations.

CONCLUSIONS

1. The analysis of subject-agrometeorological events
in the technological processes cultivation grain crops
made it possible to classify them in terms periodicity of
appearance, as well as to indicate the content of the
influence of each of them on the course of these
processes, which made possible the development of
algorithms for simulating the occurrence of these events in
these processes.

2. The statistical characteristics of the distribution of
the time of the restoration of spring vegetation, the
completion of the autumn winter vegetation period of
winter crops, the time to reach their characteristic
predecessors, as well as the regularities of the change in
the  duration of soil warming in different
agrometeorological conditions of the regions of Ukraine,
make it possible to predict (generate) the onset of phases
of plant development and time Restrictions on the
implementation of mechanized operations in the
technological processes cultivation grain crops in the
specified natural and production conditions of individual
agricultural of the commodity producers.

3. The developed scientific and methodological
principles of modeling of subject-agrometeorological
events in the technological processes cultivation grain
crops are the basis for the creation of their computer
models, the practical use of which will enable to predict
time limits for the implementation of technological
processes and the characteristics of orders flows for their
implementation.
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METOAMYECKHUE OCHOBbBI MOJAEJIMPOBAHUA
MNPEAMETHO-AI'POMETEOPOJIOIT'MTYECKHUX
COBBITUI B TEXHOJIOTMYECKUX IMTPOLIECCAX
HA BbIPAIIIMBAHNH 3EPHOBBIX KYJIBTYP

AHHOTANMA. B cTaThe OTMEUYEHO u
KJIACCU(PUITUPOBAHBI TIPEIMETHO-arPOMETEOPOTIOTHIECKIE
COOBITHSA B TEXHOJOTHYECKUX rpoiieccax Ha
BBIpAIIUBAHUU  3€PHOBBIX  KYJBTYD, YCTaHOBJIEHO
CTATUCTUYECKHE XapaKTEePUCTUKHU pacrpeeneHunit
BPEMEHM BO3HMKHOBEHHSI W IPOAODKUTENBHOCTH 3THUX
COOBITHH,  PAaCKPBITO  METOIUYECKHE  OCHOBBI U
pa3paboTaHbl alrOPUTMBI UX MOJCIHPOBaHUsI. Bo Bpems
HCCIIEAOBAaHMM OBLIM MCIIOIL30BaHBl METOILI aHaIu3a W
CHUHTE3a, CHCTCMHO-(DAKTOPHBIX U CHCTEMHO-COOBITHEBBIX

MTOJIXOJIOB K HCCIICIOBAaHUIO TEXHOJOTHIECKHX MPOIIECCOB
TP BBIpANTUBAaHUKM 3€PHOBBIX KyJIbTYp. Jms pa3zpaboTku
AITOPUTMOB  MOJEIUPOBAHHUA D3THUX TEXHOIOTHICCKHAX
MIPOIIECCOB OBUIM MCIIONB30BAHBI TUCKPETHO-COOBITHEBBIN
MHOIXO/I. [IpoBeneHHbIH aHaJIn3 [IPEIMETHO-
arpOMETEOPOIOTUIECKUX COOBITHH B TEXHOIOTHYECKHUX
mpoueccax IMpH  BBIPAIIMBAHUU 3E€PHOBBIX  KYJIBTYP
MO3BOJMJ  KJIACCU(PUIMPOBATh MX IO BPEMECHH U
MEPUOTUYHOCTRIO TIOSBJICHUS, & TakkKe O0003HAYUTH
colep)KaHUE BIUSHUSI KaXIOH M3 HHMX Ha XOI JTHX
MPOIIECCOB, YTO IMO3BOJMIO pPa3pabOTKH aAJITOPUTMOB
MOJICIMPOBAHMS BO3HUKHOBCHHS YKa3aHHBIX COOBITHI B

BBIIIEyKa3aHHBIX TEXHOJIOTHIECKUX Tporeccax.
YcTaHOBIEHBI CTaTUCTHUYECKHE XapaKTEePUCTUKU
pacmpeneneHuii BpeMEHH BO300OHOBICHHS BECCHHEH

BETETALlN, 3aBEPIICHHE IPOJODKUTEIBHOCTH OCEHHEH
BETeTallMM  O3MMBIX 3EpPHOBBIX KYJbTYp, BPEMECHH
CO3pEBAaHUS HMX XapaKTEPHBIX MPEIIICCTBCHHUKOB, a
TaKkXKe 3aKOHOMEPHOCTH M3MEHEHUS MPOJIOJKUTEIIEHOCTH
IIPOTpeBa MOYBBI B PA3IMYHBIX arpoOMETEOPOIOTHYECKUX
YCIOBHAX pPETHOHOB YkpauHsl MO3BOJISIIOT
NPOTHO3UpPOBaTh  (TeHepupoBaTh) HacTymieHus a3
pa3BUTHS pACTeHHH U BpEMEHHBIE OIpPaHUYEHUS Ha
BBITIOJTHEHUS MEXaHHM3UPOBAHHBIX orepanui B
TEXHOJIOTHUECKHX ITPOIIECCaX MOJIEBOJICTBA IIPH 3aJaHHBIX
MPUPOTHO-TIPOM3BOACTBEHHBIX ~ YCIOBHH  OTJEIBHBIX
CenbX03TOBaponpou3BoauTeneil. PazpaboTaHHbIe Hay4IHO-
METOIMYECKHE OCHOBBI MOJEIUPOBAHUS IPEAMETHO-
arpoMeTEOPOJIOTHYECKNX COOBITHH B TEXHOJIOTHYECKUX
mpoleccax IOJIEBOJCTBA JIEKAT B OCHOBE CO3JaHHA HX
KOMIBIOTEPHBIX MOJIENIEH B TEXHOJIOTHYECKUX IMpoIeccax
MOJIEBOJICTBA, TPAKTHYECKOE HCIIOJIB30BAHNE KOTOPBIX
MO3BOJMT TPOTHO3UPOBATh BPEMEHHbIE OrPAaHUYCHUS

BBITIOJITHCHUA MEXaHU3UPOBAHHBIX onepaunﬁ )41

XapaKTEPHUCTUKHU ITOTOKOB 3aKa30B Ha UX BBIMTOJIHCHHUC.
KiaroueBbie cJioBa: npeaAMETHO-

arpoMeTeopoOJIOrn4eCKuc CO6BITI/I$[, TCXHOJIOTHYCCKHEC

nponeccohl 3eMiICACIrsl, MCXAaHU3UPOBAHHBIC OIICpalNU,
MOACINPOBAHUEC.
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Summary. The population of Ukraine is not
provided with a sufficient number of vegetables.
Insufficient amount of moisture in spring needs to
improve the technology of vegetable crops sowing.

The work is devoted to the experimental study of the
possibility to seed sprouted vegetable grain together with
liquid. The article deals with the process of hydroseeding
of germinated grain in which the most effective working
parameters of the hydroseeder are realized. A new
technological scheme for mixing of the seed mixture
without traumatization of sprouters with the help of a
mixing chamber of aerodynamic action is studied.

The proposed designs of hydroseeders and sowing
machines due to their imperfections did not find
implementation into production. The analysis of existing
structures indicates that the degree of their introduction is
the result of low evenness of seeding and high damaging
of sprouts.

The experimental research program includes
determination of the even distribution of seeds in the
mixing chamber in the conditions of various air pressures
and water levels in the chamber, determination of the
evenness of seeding depending on the number of seeds in
the mixing chamber, determination the seed lifting speed
depending on the size characteristics, determination of the
optimal loss rate of the water and seed mixture in the
hydroseeding process.

The article deals with the materials of laboratory tests
of the stationary experimental model of the hydroseeding
apparatus. The research was conducted in the stationary
mode with the use of modern equipment and methods of
conducting scientific studies with the help of computer
technologies. The purpose of experiments includes the
definition of empirical coefficients that are determined by
the test results. On the base of the conclusions on the
article materials it is possible to develop of an optimal
field research plan which can confirm the scientific
hypothesis of the dependence of the evenness of seeding
of germinated grain on the evenness of their distribution
in the mixing chamber.

The interconnection of the structural and
technological parameters of the seeding process of the

hydromixture with the efficiency of the technological
process is experimentally proved.

Key words: experiment, plan of the experiment,
installation, factor randomization, empirical coefficients.

INTRODUCTION

The programme of experimental research includes
determination of the even distribution of seeds in the
mixing chamber in the conditions of various air pressures
and water levels in the chamber, determination of the
evenness of seeding which depends on the number of
seeds in the mixing chamber, determination the seed
lifting rate depending on the size characteristics,
determination of the optimal flow rate of the water and
seed mixture in the hydroseeding process.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The scientific researches [1-21] are devoted to the
design of the hydroseeding apparatus, which would allow
the seeding of germinated seeds with simultaneously
irrigation in small doses of water.

Uninvestigated parts of general matters defining. V.F.
Pashchenko and other authors proposed a method of seeds
placing into the soil and a device for its implementation,
which transports the seeds to the coulter by a liquid flow
under pressure from the hydraulic pump. The
disadvantage of this process is inability to plant the
germinated seeds.

A well-known hydraulic seeding machine of such
authors as M.F. Olkhovskyi and S.V. Halimonenko
includes a tank with an agitator placed in it (the tank has
an outlet which is equipped with a locking device
installed in the distribution chamber), a control system
that is installed in direct brackets with the possibility of
vertical displacement of a spring loaded container. The
disadvantages of these hydroseeder is an unstable
regulatory effect on the pouring of water and seeds
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mixture. This sowing machine is unsatisfactory in open
ground.

The patent search and the review of literary sources
allowed revealing other models of hydroseeders.
However, the proposed designs of hydroseeders and
sowing machines due to their imperfections did not find
implementation into production. The analysis of existing
models indicates that the degree of their introduction is
the result of low evenness of seeding and high damaging
of sprouts.

OBJECTIVE

Purpose of the article is theoretical investigation of
the hydroseeding process of fine vegetable germinated
seeds.

THE MAIN RESULTS OF THE RESEARCH

The experimental research program includes
determination of the even distribution of seeds in the
mixing chamber in the conditions of various air pressures
(o) and water levels in the chamber (B), determination of
the evenness of seeding depending on the number of
seeds in the mixing chamber, determination the seed
lifting speed depending on the size characteristics,
determination of the optimal loss rate of the water and
seed mixture in the hydroseeding process.

To determine the even distribution of seeds in the
volume of liquid under the action of air bubbles, we need
to know their relative position with respect to each other.

The information on the theoretical and experimental
determination of the distances between the seeds relative
to the X, Y, Z axes and the effect on their values of the air
pressure parameters and the liquid level in the chamber (o
and PB) was not found in special publications. For an
analytical solution of the equation of kinematics of seeds
in a liquid, we need to determine experimentally the
nature of the movement of seeds in the liquid under the
influence of air pressure, velocity, and the trajectory of
their ascent.

To determine the trajectory and the ascending speed
depending on the air pressure delivered through the
perforated bottom of the chamber, we developed a
laboratory-field unit that meets the following
requirements:

1. The unit is provided with pressure control and the
control of the size of the holes in the perforated bottom of
the mixing chamber (the size of the holes A in the range
1-2 mm and the air pressure B in the range 0.1-0.6 atm.).

2. In the course of the experiment it is provided:

- the measurement of seed ascending speed
(measurement error is 0.1 s),

- the measurement of the density of the liquid,

- the measurement of travelling speed v, unit,

- the measurement of the process of seed distribution
in the volume of the liquid.

3. Registration of information is carried out using a
laptop with software for further information processing.

To install various perforated discs and maintain air
pressure, the design of the unit has been constructed,
providing the necessary range of factors A and B (Fig. 1).

To measure the lifting speed of seeds a measurable
bulb with photodetectors was made. The photodetectors
record the time of seeds lifting in the range of 0,8-20 Hz
to within 5%.

Fig. 1. The design concept of the unit a - the replacement
of perforated discs of the bottom of the mixing chamber
b- the regularity of the air pressure f.

Fig. 2. Installation of WEB-cameras.


http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/with+respect+to+each+other

Stanislav Deyneka, Leonid Aniskevich, Serhii Kushnarov, Olexander Kovalov 67

For a visual observation of the process of interaction
of seeds with air bubbles on a frame, the Microsoft Life
Cam VX-70 webcam is rigidly mounted (Fig. 2)

All information from the sensors is translated into a
digital code using the digital amplifier and converter
Spider 8, then recorded and stored in the memory of the
Omnibook-600 laptop computer (Fig. 3).

ey
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6 0 0,064 0,036 11,81354
7 0,04 0,064 0,036 11,81354
8 0,08 0,064 0,036 11,81354
9 0,12 0,064 0,036 11,81354
10 0,16 0,064 0,036 11,81354
11 0,2 0,064 0,036 11,81354
12 0,24 0,064 0,036 11,81354
13 0,28 0,064 0,036 11,81354
14 0,32 0,064 0,036 11,81354
15 0,36 0,064 0,036 11,81354
16 0.4 0,064 0,032 11,81354
17 0,44 0,06 0,032 11,81354
18 0,48 0,06 0,032 11,81354
19 0,52 0,06 0,032 11,81354
20 0,56 0,06 0,032 1181354
21 0.6 0,06 0,032 11,81354
22 0,64 0,06 0,032 11,81354
23 0,68 0,06 0,032 11489425
b

Fig. 3. Conducting a field experiment: a - measuring
complex, b - registration of information on a laptop.

In column A the time of seeds lifting is fixed, in
column B the bubble separation frequency is fixed,, in
column C the frequency of operation of the photodetector
is fixed, and in column D the value of height of the liquid
column above the seed catcher is fixed. The data is
recorded with a frequency of 25 data per second. Further
data processing is done using Statistica 6.0 software.

The methodology of experimental studies to
determine the even distribution of seeds in the seedbed
depends on the diameter of the seed catcher o and the
height of the water and seed mixture over the level of the
funnel .

The experimental research is based on the
methodology of the multifactorial experiment.

To organize and conduct multifactorial experiments it
is necessary to perform the following stages of work:
preliminary study of the research object, choice of factors
and plan of experiments, factors coding, developing a
matrix for planning experiments, randomization of
experimental studies, conducting experiments, analysis
and processing of the results, determination of regression
coefficients, estimation of significant regression
coefficients, constructing of a polynomial model and
checking it for adequacy [7].

Preliminary evaluation of available research results
and analysis of the process of interaction of air bubbles
with seeds in a liquid medium allow to advance the
hypothesis that the even distribution of seeds above the
level of the funnel is nonlinear functions of air pressure a,
the diameter of the openings of the perforated chamber
bottom of the mixer B discs, as well as the level of the
mixture over the catcher. At the first solving of the
problem, a three-factor experiment is wanted. But the
research experiments under field conditions made us
certain that it was impossible to fix a "progressive speed"
at a given level. The large speed range on the histogram
practically covers the entire range of possible level
variations from 0.5 to 1.5 m/s (Fig. 4).
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Fig. 4. Diagram of the unit speed measurements in time
(a) and histogram of the unit speed (b).

The nature of the autocorrelation function and the
spectral plane (Fig. 4) proved that under field conditions
the unit speed can act as a controllable factor in
multifactorial experiments (Fig. 5).

Thus, this raises the challenge to conduct a two-factor
experiment of the second order. New studies on the theory
of a multifactorial experiment show that used in practice
orthogonal central composite plans (OCCP) and other
plans for constructing of polynomial models of the second
order are redundant in both the number of experimental
points and the number of levels of factors variation.
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Fig. 5. Correlation function (a) and spectral density of the unit (b).

For example, for four factors the number of
experimental points in the OCCP is 25, and the number of
unknown coefficients in the complete model of the second
order is 15. Therefore, to check the adequacy of the model
there are 10 degrees of freedom.

For a number of factors greater than or equal to three,
the number of levels of variation in the OCCP is five, at
the same time, for the construction of the models of the
second order three levels of variation of factors are
enough. Hence, the OCCP is redundant both in the
number of experimental points, and in the number of
levels of factors variation.

The number of experimental points in the matrix of
the OCCP is calculated by the formula:

N=2"+2n+1 (1)
where N is the number of experimental points, n is the
number of factors.

The process model in the two-factor experiment of
the second order is in the following form:

2 2

y= bo +0,X, +b,%, +0,X +by,X; +0,% X, (2)
where y is the investigated factor, x, and X, - variable
factors, bg, by, by, b1s, by, by, - empirical coefficients that
need to be determined by the results of a multivariate
experiment.

There is a large variety of plans for two-factor
experiments of the second order. They are almost
equivalent as for reflection of the reality of the described
processes, but differ in the scope of experimental work
[4].

As an alternative, consider the three most common
points of the plan:

1. The central composite rotatable plan of the second
order for two factors.

For realization of this plan it is necessary to conduct
13 experiments, if necessary, to identify 6 unknowns.
Provision of parameters of the regulated factor at star

points in values of +1.414 and -1.414 is sometimes very
problematic.

2. Central noncomposite plan of the second order.
For realization of this plan it is necessary to conduct ten
variants of the experiment. It is very difficult to provide x,
parameters at levels +0.866 and -0.866.

3. The two-factor orthogonal central composite plan
(OCCP) of the second order has recently been used in
engineering practice due to a number of advantages over
other plans. The feature of the task is that the object of the
study is not the process itself, but statistical indicators that
characterize this process in a steady state. In this case, the
initial value is determined almost without error (due to a
large number of measurements), and the result of each
experiment is accurately reproduced in its repetition, if
there are no random emissions.

Hence, there is no need to check the uniformity of
sampling variances of reproducibility, in the conduct of
randomization and duplication of experiments. At the
same time, it is difficult to assess the significance of the
coefficients and to check the adequacy of the
mathematical model in the form of a polynomial.

The verification of the adequacy of approximating
expressions on F-criteria and the significance of the
coefficients on t-criteria in this case is inappropriate, since
the sampling variance of reproducibility in determining
the values of y according to the graph is practically zero.
At the same time, all the coefficients, even slightly
different from zero, will be significant, and any deviations
of the calculated by polynomial value y from the values y
(taken from the characteristic) formally make the model
inadequate. A similar problem of adequacy and
significance of coefficients arises also when studying the
mathematical model of an object on a computer.

In this case, the following ways are acceptable:
consider all the coefficients significant, since the variance
of experiments is practically absent (due to its lower
significance), the estimation should be made on the basis
of the accepted level of approximation accuracy, which is
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connected with the artificial introduction of the variance
of reproducibility. Taking the value of the error of
experiment for the initial parameter, the verification of the
model adequacy can be made according to the F-criterion.

However, the correspondence of the approximating
polynomial of an approximating curve or their family can
be determined by the maximum absolute deviation of the
values of the initial parameter calculated by polynomial
from the wvalues determined by the statistical
characteristic.

The last way inferior to the mathematical rigor of the
first two. However, considering the graphic description of
the statistical properties of the object, this way is quite
acceptable under the approximation of statistical
characteristics [1].

The special features of experimental methods for
mathematical representation of statistical characteristics
include the fact that in this case the experiment (defining
initial parameter values using the diagram) does not
require a lot of time and resources. The experiment is not
expensive. Therefore, the question of minimizing of the
number of necessary experiments is not as acute as when
planning an industrial experiment. In the general case,
there is no need for the consistent nature of the
experiment, since the character of the statistical
characteristics is already known. For example, if the
statistical characteristic shows that the connection

y= f(X1X2) is non-linear, then, as a rule, there is no need

to use more simple models [5].

Because of some difficulty of estimating the
adequacy of the model, it seems appropriate to use
nonlinear plans even in the cases where the nonlinearity
of statistical characteristics is hardly noticeable. The
degree of nonlinearity can be inferred by the value of the
coefficients under the quadratic terms of the polynomial.
Nonlinear plans are more versatile.

Enter the next range of air pressures and the levels of
the mixture over the seed catcher:

Omin= 1 aTM., Omax = 6 aT™M., PBmin= 1 MM,

Bmax = 5 MM.

For multi-factorial experiment the second-order
OCC-plan for two factors is used. It is presented in the
table 1.

Table 1. OCC - plan of the second order for two
factors.

Number of Experiments X1 X2
1 -1 -1
2 1| +1
3 +1 | +1
4 +1 | -1
5 +1 0
6 -1 0
7 +1
8 -1
9 0

Factors vary in the next range (table 2).

Thus, the features of this plan are 1) the smallest
number of variants of research experiments from the
existing (9 variants), 2) there are only three factors, which
are studied and the results of the experiments are rounded
up to a whole number (+1, 0, -1), 3) particularity of
imagination of a priori information.

Table 2. Factors in the natural size.

x1= 0,5 MM -1
X1=a x1= 1 Mm 0
x1= 1,5 Mm +1
x,=0,1 at™. -1
X, =f x= 0,3 aT™. 0
x= 0,6 aT™. +1

CONCLUSIONS

1. The scientific fundamentals of principles of action
and design of a hydroseeder for seeding of fine vegetable
germinated seeds are examined.

2. The mathematical models of some processes are
proposed. The using of them allows dividing the general
process of designing the hydrseeding apparatus into the
following phases:

-the process of bubbling,

-the process of mixing seeds in a liquid,

-the process of water and seed mixture pouring.

3. The application of a set of physical processes
makes it possible to achieve the high quality of the
process of hydroseeding of sprouted seeds without
traumatization of sprouters

4. The conducted theoretical studies of the
hydroseeding process give the opportunity to form the
main directions of experimental researches of both
individual ~ processes and the general process.
Optimization of operating modes of these processes
allows solving the question of the hydroseeder design.
Thus, it is possible to shorten the period of having harvest
of vegetable crops by reducing the period of sprouts
emergence.
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METOJMKA S5KCITEPUMEHTAJIBHBIX
NCCIEJOBAHNU T'MAPOIIOCEBA
[TPOPOLIEHBIX CEMH

Hacenenue Ykpaunsl HE obecrieunBaeTcs
JIOCTaTOYHBIM ~ KOJIMYECTBOM  OBOILIEH COOCTBEHHOTO
pou3BOoACTBA. M3-3a HEAOCTATOYHOIO KOJIMYECTBO BJIArU
BECHOW HEOOXOJIMMO COBEPIICHCTBOBATh TEXHOJOTHU
[10CEBa OBOIIHBIX KYJIbTYD.

Pabora MOCBSIIIEHA 9KCIIEPUMEHTAIILHOMY
HCCIIEIOBAaHUIO BO3MOXHOCTHU II0CEBA IPOPOILEHHBIX
CEMSH OBOIIHBIX KYJbTYp BMECTE C IKHIKOCTBIO,
000CHOBaHHIO TIPOIlECCa THAPOIIOCEBA IMPOPOIIECHHBIX
CeMSH, B KOTOPOM pealn3yloTcs Hanboiee 3 QeKTnBHbIC
paboune mapaMeTpsl THAPOCESIIKH, UCCISJOBAaHUIO HOBOW
TEXHOJIOTMYECKOM CXEMbl IEepEMEIIMBAHUS ITOCEBHOM
cMecu 0e3 TpaBMHPOBAHMS POCTKOB CEMSH 3a CYET
BHEJPECHUS CMECUTEIIbHOM KaMepbl adpOJUHAMHYECKOTO
JIEUCTBUS .

IIpennoxxeHple  KOHCTPYKLUMH  THAPOCESVIOK U
BBICEBHBIX aIllapaToB H3-3a MX HEI(Y(HEKTHBHOCTH HE
OBUIH MAacCOBO BHEIPEHBI B IPOU3BOJACTBO. AHAIN3
CYILECTBYIOIIMX KOHCTPYKLUUH CBUAETEIbCTBYET, UTO
CTENEHb WX BHEAPEHUS €CThb PE3yJIbTaTOM HHU3KOH
PaBHOMEPHOCTH IIOCEBA W BBICOKOTO TPaBMHUPOBAHUS
POCTKOB.

[IporpaMmoii 3KCIEPUMEHTAIBHBIX HCCIIEIOBaHUM
IIPENYCMOTPEHO: OIIpeJicJICHUE PaBHOMEPHOCTH
pacupelieNieHuss CeMsH B CMECUTENIbHOM KaMmepe IIpU
Pa3HBIX 3HAYEHMSX JABJICHUS BO3AYyXa U  YPOBHSX
JKUAKOCTH B KaMepe, OIPEAciIEHUE pPaBHOMEPHOCTU
[oceBa CEMSH B 3aBUCUMOCTH OT KOJIMYECTBA CEMSIH B
CMECUTENIbHON KaMepe, Olpe/ieleHHe CKOPOCTH MOoAbEMa
CeMsSH B 3aBHCHMOCTH OT PO3MEPHBIX XapaKTEPUCTHK,
onpeaeseHue ONTHUMAJILHOTO HCIOJIb30BaHUS
BOJIOCEMEHHOM CMECH B IPOLIECCE THAPONOCEBA.

B craTtpbe mpepcTaBieHBl MaTepHaibl J1JA0OPaTOPHBIX
HCCIIEIOBAaHUM  CTAalMOHAPHOW  3KCIEPHUMEHTAIbHOU
YCTaHOBKM T'HJIPOBBICEBHOIO amnmapara. MccinenoBaHus
IIPOBOJMIIUCH B CTallMOHAPHOM pexume c
HCTIONB30BaHHEM  COBPEMEHHOTO  OOOpYIOBaHUS U
METOIMK IPOBEACHHUS HAYYHBIX OKCIEPUMEHTOB C
[IOMOLIBIO KOMITBIOTEPHBIX TEXHOJIOTUH. Hens
JKCIIEPUMEHTOB BKJIIOYACT OIPEHCIICHUE SMIHMPUYECKHUX
KO3(h(PUIMEHTOB, ONPENENMIOMMUXCS 10  pe3yJsibTaTax
uccienoBaHuil. BbIBoAbl M3 MaTepualoB CTaTbU JarOT
BO3MOXKHOCTh Pa3padoTaTh ONTHUMATIBHEIHN IDTaH TOJIEBBIX
UCCIIEIOBAaHUM, KOTOpBIE MOTYT MOATBEPAUTH HAYUYHYIO
TUIOTE3Y  3aBUCUMOCTM  PaBHOMEPHOCTH  IIOCEBA
IPOPOLIEHHBIX  CEMSAH  OT  DPAaBHOMEPHOCTH  MX
pacupeleneHns B CMECUTENBHOM KaMepe.

OKCIIepUMEHTAIIFHO ONpEJeNIeHa  B3aUMOCBS3b
KOHCTPYKTUBHBIX M  TEXHOJOIMYECKHMX IapaMeTpOB
mporecca BbICEBa THUAPOCMECH C  IPPEKTUBHOCTHIO
HCIIOJIHEHUS TEXHOJOTMYECKOT0 MpoLecca.

Kirouesnle cJI0Ba: JKCIIEPUMEHT, J1aH
SKCICPUMCHTA, YCTaHOBKA, paHAOMH3alUs (aKTOpOB,
SMIUPUYECKHE KOIPPHUIIUECHTHI.
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Summary. In the paper, during analyzes of scientific
studies the main factors of increasing the yield of sugar
beets are highlighted. The process of sowing sugar beet
seeds with the help of pneumatic sowing apparatus was
considered. The equations (mathematical model) of the
trajectory of the seeds, separated from the disc of the sow-
ing apparatus of the pneumatic type seeder, were obtained
in two ways. This model allows to ensure the quality of
sowing by setting the desired process parameters and the
selection of sugar beet seeds. The application of a new
device was considered for seed preparation, which allows
sorting seeds by weight within one fraction so that their
flight path after separation from the seed disc is the same.
When preparing seeds for sowing, it is expedient to carry
out sorting not only in size but also in weight within the
same fraction.

Key words: pneumatic seeder, sowing device, math-
ematical modeling, seeds, mass, speed, force, trajectory,
equations.

INTRODUCTION

When sowing sugar beet in accordance with the
standards of agrotechnical requirements, seeds should be
placed in a pre-prepared soil of a certain structure, mois-
ture and hardness, on a compacted sowing bed at a given
sowing depth and, most importantly, with a uniform
(within a given tolerance) pitch along the line. This re-
quires the perfection of seeding machines seeder, since it
has a positive effect on the level of field germination of
the seed and simultaneity of germination, which in gen-
eral increases the yield of the crop.

Over the past 10-15 years, the most common domes-
tic beet seeder with mechanical sowing devices SST-12V
has been actively supplanted by pneumatic type seeders
such as Western European ones (“Multicorn" by Franz
Kleine, "Aeromat PV-12" - Becker, "Monoair-80 "-
Acord, Germany," "Pneumosem"- Naude Guzhy, France,
etc.) and domestic production (SU-12 - "Orizon-pribor",
Smila of Cherkasy region, UPS-12 - OS "Chervona Zir-
ka", Kropyvnytskyi). It is worth noting that the SU-12 and
UPS-12 pneumatic seeders are slightly inferior to the
“reference” German “Multikorn” seeder according to the
coefficient of variation of V intervals between sprouted
plants. The results of state tests in 1996-1998. at UkrN-
DIPVT (Doslidnitske, Vasilkovsky district, Kiev region)

showed that the coefficient V of the mentioned seeders
averages 48,6%, 53,9% and 41,9%, respectively [1]. A
significant decrease in the coefficient of variation (V
<10%) requires a study of the sowing technological pro-
cess and is associated with the improvement of the sow-
ing device. This article is dedicated to solving this prob-
lem.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

According to the agrotechnical requirements (Tab. 1)
in high-cultivated fields for high-quality soil preparation
and sufficient moisture, the depth of wrapping of the seed
is 2-3 cm. Deviation from the specified depth should be
no more than = 0,5 cm. Under conditions of unstable and
insufficient moisture it increases to 3-4 cm [1].

Increase the depth of seeds incorporation negatively
affects the field germination, which happens at a later
time cultivation. So that seeds get into a wet layer, they
incorporate them to a depth of 4 and more centimeters,
but wrapping at such depth leads to decrease in field ger-
mination, which decreases in comparison with the optimal
depth (2,5-3,5 cm) on the 6- 11%, and crop yields - by
2,5-3 t/ha [2-6].

The depth of seeds embedment decreases also with
the increase in the speed of the sowing machines above
the recommended (Fig. 1) and the uniform distribution of
the seed along the length of the line deteriorates, as
proved in the work [7].

Table 1. Agrotechnical requirements for the imple-
mentation of the technological process of sowing.

Indicators Requirements

Start the beet seeding, when the
average daily temperature of the
soil at a depth of 8-10 cm reaches
5-6 ° C, after the pre-planting of
the soil and finish it in one field for
1-1,5 working days *

Sowing dates

Depending on the soil and weather
conditions of the beet seeding
zones, the seeds should be embed-
ment to a depth of 2-4 cm.

Depth of seeds
embedment
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Continues Table 1

Indicators Requirements
The deviation of the average depth
eDniEEaZﬁTesneteds of seeding of the seed from the
given should not exceed 0,5 cm
Density of the
seedbed, g/cm® 1.2-13
Density of the
soil over the 1,0-1,2

seeds, g/cm®

The uniform dis-
tribution of seeds
along the length
of the line

The number of seeds sown with a
deviation of 20% of the specified
interval for the line length should
not exceed 40%

Deviations from the set norm of
seeding are allowed not more than
14%

Number of seeds
sown on 1m row

The width of the row within the
seizer of seeder must be 45 cm,

Width between with a deflection not more than 1

the rows cm, and the width of the joint row
spacings - 50 cm, with a deflection
not more than 5 cm
Straightness of The deflection of the axial line on
. the length of the row of 50 m
sowing

should not exceed 5 cm

The presence of
grains between
the rows

Not allowed

After the passage of the drill on the
axial line of rows, a ground crest
should be formed up to 5 cm high,
and from the left and the right side
of it - furrows depth up to 3 cm

Field alignment
after sowing

The width of the headland at the
ends of the rut should be equal to
three - four captures seeder

Width of swivel
bands

* Being late for sowing on one day, compared with the
optimal period, reduces the yield of root crops by 5-7
centners per hectare, on 5-6 days — by 25-40 c/ha.

Seeds do not germinate when sown in a dry and very
loosened soil layer, as a prerequisite for high field germi-
nation is the close contact of seeds with moist soil. It is
important to sow the seeds on a packed bed with an intact
capillary system. Under such conditions, even in dry
weather, access of soil moisture to the seeds is provided.
The loosened topsoil should not be too thick (2-4 cm) so
that oxygen from the air and heat can easily flow through
it [8-13].

Field germination at the same time reaches 80-90%
or more. This has a positive effect both on the level of
field germination of seeds, and on the simultaneity of
germination, which generally increases the initial devel-
opment of plants and, as a result, crop yield.

Numerous studies of scientists IBSiB and All-
Russian Scientific Research Institute of sugar beet and
sugar (town Ramon, Voronezh region) since the 80s and
now proved that one of the main factors increasing the
yield is the uniformity of sowing seeds along the length of
the line [14-22].

Palamarchuk V. I. found that with a decrease in the
coefficient of variation of the intervals between plants, the
yield of beets is 0,12-0,25 t/ha and its sugar content in-
creases by 1% [23].

meets the
requirements

<

doesn't meet
the requirements

'\,V'
Vv

fluffy
- ground () dragee
Fig. 1. The location of seeds in the soil, depending on the
operating speed of the seeder.

According to V. M. Sinchenko, who experimentally
proved on model crops that with an average interval be-
tween plants of 20-25 cm and decrease in the coefficient
of variation from 50% to 25%, the yield of root crops
before harvest is 4,7-5,3 t/ha [24].

The pneumatic sowing apparatus of domestic seeders,
for example, the UPS-12, like Western European ones,
works on the principle of air dilution created in its cham-
bers by a fan, which is driven from the tractor's PTO.
Seeds that are in the area of the intake chamber of the
sowing disc, passing through the vacuum zone, sticking to
his cell. The derailer, which is equipped with an adjust-
ment mechanism, removes excess seeds, leaving only one
per each cell of the disk. The disk transfers the seed to the
zone of atmospheric pressure, where it, separated from the
cell, flies in the air along a certain curve and falls into the
wedge-shaped furrow created in the soil by the opener
[25-28].

OBJECTIVE

The purpose of the article is to study the trajectory of
falling seeds, sowing with seeder of the pneumatic type
and obtain an analytical dependence (model) of the trajec-
tory of its movement.

THE MAIN RESULTS OF THE RESEARCH

The seed, taken as the material point of mass m, is
separated from the disk, which rotates in the direction of
movement of the sowing device (counterclockwise in the
pattern plane) with a constant angular velocity, flies in the
air along a certain curve (Fig. 2). In this case, all the sow-
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ing device performs uniform translational motion along
the X-axis.

Z

Fig. 2. Scheme of the trajectory of the falling seed.

Let us determine the law of motion and the equation
of the trajectory of point m with the initial velocity \70 ,
directed at an angle o to the horizon. We assume that the
force of resistance of motion is proportional to the speed
of apoint V :

R=—-umV, (1)

Introduce the coordinate system Oxy, the start of
which coincides with the initial position of the point [6].
Initial conditions: t=0, X,=0, yo=0, X, =V,C0Sa,
yo =V0 Sino. In the current position M, the point is
acted upon by the force of gravity mg and the force of

resistance R, which are directed opposite to the direction
of movement (velocity vector). Based on the basic equa-
tion of dynamics and the law of independence of the ac-
tion of forces [29], we can write:

mW =mg+R. @)
Let's define the projections of the vector equation (1)
on the coordinate axes:

mW, =—-umV,, mW, =mg —umVy.
Given that W, =X, W, =¥, and V, =X, but
V, = y and by reducing the expressions on m, we ob-

y
tain a system of two equations:

X = —ux
{._ - ®
y=g-uy
To integrate the first equation of system (3) we re-

§ 10 28 and divi bles: X
place X to at and divide the variables: —= — _, dt -
X

The first integral will look like:
InX=—-pt+C,. (4)
Substituting in (4) the corresponding initial condi-
tions (t=0, Xy =Vycosa), we obtain:
Cl = |nV0 COS L. Let's add the value of C; to equation
(4):

InX=—ut+InV,cosa

or the same
X
n——=—ut:
Vycosa
From where:
x=Voe ™ cosa. ®)

Having replaced the equation (5) X with % and di-
dt
viding the variables, after integrating we find the second
integral of the first equation of system (3):

V, _
x=——2e " cosa+C,- (6)
il
Substituting the initial conditions (t=0, x =0), we

obtain: C2 = —ﬁcos(x. By taking advantage of this

il
value, we obtain from (5) the equation of the trajectory of
the point's motion in the projection on the x-axis:

x=ﬁ(1—e‘“t)c05a @)

To integrate the second equation of system (3) we re-

place Y with Yy and  divide the varia-
bles:i =—dt-
—g+tuy

The first integral of the resulting differential equation
has the form:

IN(-g+py)=—ut+C;. (8)

Substituting in (8) the initial conditions — t=0,

Vo =Vysino we obtain: C;=In(—g+pVysina.
Having introduced this value in (8), we obtain:

n—9=HY (©)
g-—uVysina
From where:
g-HY _ut (10)
g—-pVysina

Having solved the equation (10) relative to y we
get:

y=-2(g-uVpsinoge+ 2 @)
m n

Replacing the equation (11) Y with 3—¥ and divid-

ing the variables, we integrate it:
y:iz(g —uVysina)e™! +gt+C4 (12)
Substi't:ting in (12) the initial Ptlzonditions (t=0,
y=0), we obtain: C4 :M_lz(g —MVoSina)' As a

result, we obtain the equation of the trajectory of the
point's motion in the projection on the y-axis:
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Y= (g-uVosina)d—e )+ 3t3)
n n

The equations of the point trajectory in the projec-
tions on the x and y axis - dependences (7) and (13) - are
given in a parametric form, where t is the time parameter.
After the exclusion of the parameter t from these equa-
tions and the corresponding transformations, the desired
equation of the trajectory of the point (seed) will look
like:

y ZEMH%MQ_LX) (14)
p Vycosa u Vycosa
If the system of equations (3) is written in the form:
e @9
y+uy=g

Then it can be solved as a system of ordinary differ-
ential equations. The solution of the first equation of the
system (15) is written as a general solution of a homoge-
neous differential equation in the form:

x=Ce™ +C,, (16)
where: L — one of the roots b;=0 and b,=-u of the
characteristic equation:

b2 +pb=0. (17)

V, .

From there Cy=-Cs :——OSInoc—%-
u n

Then the equation of the trajectory of the point mo-

tion at the coordinate y will have the following form:
1 . _
y=—(9-nVysina)l-e 4 9t as)
n n

The final equation of the trajectory of the point
movement (seed) has the form:

:lwm_%m(l_Lx) (19)
n o Vycosa u Vycosa
It's easy to see that the obtained dependence (19)
completely coincides with the dependence (14), which
confirms the correctness of mathematical calculations.
Graphical interpretation of numerical calculations of
the obtained model (14, 19) is shown in Fig. 3 and Fig. 4:
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Fig. 3. Influence of the initial velocity on the trajectory of
the falling seed.
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Fig. 4. Influence of the angle of inclination of the initial
velocity to the horizon on the trajectory of the falling

seed.

Consequently, the range of fall of a separate seed that
falls apart from the cell of the seeding disk of the pneu-
matic seeder drill depends directly on the initial velocity
of the fall and inverted - from the angle o of the inclina-
tion of its vector to the horizon. This allows to determine
the accuracy of the seeding (the length of the intervals
between seeds) and evaluate the technological process
and are the initial conditions for determining the optimal
parameters of the sowing device.

The range of fall of the flying seed separating from
the sowing disk of the seeding machine of the pneumatic
type directly depends on the initial velocity and inversely
- from the angle of inclination of its vector to the horizon.
The weight of the seed affects indirectly the range of its
fall. Let's consider the process of sorting seeds before
sowing.

Under the current production conditions for preparing
seeds for sowing, both ordinary inlaid (encapsulated) and
drageed seeds are purchased from plants and supplied to
farms not by mass, but by sowing units. One sowing unit
contains 100,000 seeds, so when sowing on one hectare of
one sowing unit, there are 10 seeds per 1 m2 of field, and
4-5 seeds per one meter of row length. Therefore, in the
production of sugar beet 1,2-1,5 sowing units are sown,
and sometimes more, depending on the conditions of a
particular field [30, 31].

Our experiments to determine the mass of inlaid and
drageed seeds of various varieties by weighing it, found
that the average weight, for example, of drageed seed of
the Matador variety 3,25-4,25 mm, is 27,34 mg
(02734x10° g) with deviations ranging from 19,05 to
43,30 mg, which is 22% for the coefficient of variation.
As a result, even with such an insignificant fluctuation of
an insignificant mass of the seed, the trajectories of fall of
individual seeds and, accordingly, the intervals between
them when reaching the bottom of the furrow, will also be
different. This conclusion is confirmed by experiments
with the sowing of seeds on the adhesive tape, which
moved evenly, and a slow stroboscopic survey [7, 26].

In order to improve the coefficient of variation of
seed placement along the row, a new device [26] was de-
veloped for seed preparation (material points of different
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mass), which allows sorting seeds by weight within one
fraction so that their flight path after separation from the
seed disc is the same. The task of improving the well-
known analogue, which contains disk 1 and plowshare 2
arranged behind each other, is solved by installing a sec-
tional conveyor with built-in containers 3, after the plow-
share, which fix the seeds of a certain mass (Fig. 5).

Fig. 5. Schema of the dévice for sorting seeds by weight.

The device is the main part of the sowing section of
the seeder with the sowing disk 1, the plowshare 2 and the
conveyor 3 with built-in tanks for fixing the falling seeds.
When the disk 1 rotates, the seeds one in each hole moves
to the plowshare 2 zone, after which, depending on their
weight, they enter different capacities of the conveyor 3
moving in the direction of the axis of rotation of the disk
1. Thus, the seeds are packed in each section of the con-
veyor separately for sowing. Since all sorted seeds belong
to the same size fraction, the quality of sowing with this
distribution obviously increases.

CONCLUSIONS

1. The range of fall of the flying seed which was sep-
arated from the sowing disk of the sowing device of the
pneumatic seeder to the bottom of the furrow directly
depends on the initial velocity and inversely - from the
angle of inclination of its vector to the horizon.

2. The weight of the seed affects indirectly the range
of its fall.

3. When preparing seeds for sowing, it is expedient to
carry out sorting not only in size but also in weight within
the same fraction.
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MOJIEJIb TPAEKTOPUN ITAAEHU S CEMSH
[TPU TIOCEBE CAXAPHOE/'I CBEKIJIbI
HA ITHEBMATHUYECKOMU CEAJIKA

AunHoTanus. B crathbe, B X0/1¢ aHann3a HAyYHbBIX UC-
CIIC/IOBAHUI OCHOBHBIX (PAKTOPOB MOBBILICHUS YpPOXKAWi-
HOCTH CaXapHOW CBEKIIbI BBIACISIOTCA. BbLT paccMOTpeH
MPOIIECC MOCEBAa CEMSIH CaxapHOil CBEKIBbI C MOMOIIBIO
MTHEBMATHYCCKOTO BBICEBAIOIICTO ammapara. Y paBHEHHUS
(MaTemaTH4ecKas MOJIENb) TPACKTOPHH JBM)KEHUS CEMSH,
OTACJIICHHBIX OT AHWCKA BBLICCBAKOIIICTO armapaTa IITHECBMa-
TH‘ICCKOﬁ CCAJIKM THIIA, 6I)IJ'II/I HOHy‘IeHbI ABYMsI CIIOCO-
6amMu. ITa MOJENb IT03BOIsET 00ECIEUNTh KaUYeCTBO CEBa,
YCTaHOBHMB HY)KHBIE IapaMeTphl M O0TOOpa CeMsH caxap-
HOU cBeKJbl. [IprMeHeHHe HOBOTO yCTPOWCTBA Ui HO/I-
TFOTOBKH CEMEHHOI0 Marepuaia, KOTOPbIH MO3BOJIET CO-
PTHPOBATh CEMEHA 10 BeCy B Mpeieiax OJHON (hpakuuw,
TaK 4YTO UX TPAEKTOPHHU IOJIETA MOCIE OT/ACICHHS OT BbI-
CEBAIOIIETO JUCKA OJJMHAKOBBL. [Ipy MOJrOTOBKE CEMSIH K
MOCEBY 11€1€CO00Pa3HO MPOBOIUTH COPTHUPOBKY HE TOJb-
KO 10 pa3Mepy, HO TaKKe M0 BeCy B Mpeaesiax OIHOMN
bpakium.

KiioueBble cJI0Ba: IMHEBMATHYECKAs CesIKa, BbICE-
BAIONIM{ ammapar, MaTeMaTH4YeCKOe MOJICIUPOBAHHE,
CEeMEHa, Macca, CKOPOCTh, CUJIa, TPACKTOPHUS, YPABHEHUSL.
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Summary. The article summarizes the existing
domestic, European and North American methodological
requirements to test set of machines for poultry.

Characterized that the method of comparing the
values of indicators in the subject of complex regulatory
requirements and with relevant indicators for complex
analog.

It is also established that the results of mathematical
processing of measurement data used for comparison with
the required values of technical specifications with the
state acceptance tests (technical terms, if state periodic
testing) for a decision on the conformity of the test
complex  technical  requirements to  technical
specifications). There are two possible cases.

Also, for comparison of parameters obtained in the
prototype testing of complex equipment and complex
analog calculate the significance of differences in means.

Recommendations from the results of testing
complex take on the basis of results of comparison of
values of indicators of the test of complex equipment
technical  requirements for  supply, zootechnical
requirements and values for complex analog.

Key words: methodology, requirement,
complex, machine for poultry.

test,

INTRODUCTION

In order to accelerate scientific and technological
progress decision is provided to improve the system for
evaluating the technical and economic level of developed
and manufactured cars, including for livestock.

The efficiency of livestock production depends
largely on the degree of perfection of applied
technologies, machinery and equipment. Increasing
production efficiency possible for a rational management
of scientific and technological progress, scientific
substantiation of directions of development and
improvement techniques.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The main characteristic of the degree of perfection of
machinery and equipment is the level of quality [1, 2].

Assess the level of quality for:

1) certification of machines [3],

2) select the best option [4],

3) improve the quality level of planning [5],

4) decision on statement on the production or
removal from the production machine [6],

5) The quality of the machine control [7].

The quality of cars or technologies evaluated
uniquely determined by a complex index, which is called
the index of technical and economic level [8, 9].

Under the technical and economic level (TEU)
understand the relative quantitative characterization of the
degree of perfection of the machine, based on a
comparison of its technical performance and economic
indicators to the base case [10, 11]. This definition is
consistent [12, 13] with regulatory accepted general
methodological instructions and national standard.

However, these regulations dissect machine concept
of quality for the following types: 1) the technical level
(technical primarily constructive perfection and novelty)
[14], 2) the level of quality of manufacture [15], 3) the
quality level of the consumer (in operation) [16]. This
approach leads to the fact that the quality level of the
same machine is estimated in different ways, which is
caused by the barriers between organizations, to develop,
produce and use machines [17]. This is contrary to the
requirements of modern scientific and technological
progress, set out in the decisions of the CPSU and the
Government, in particular, the Food Program for the
period until 2020, which states the need to develop and
implement a comprehensive program of machines for the
standardization of agricultural production [18].

The main goal in determining the feasibility of the art
is to improve the outcome - the production of agricultural
products [19].

This Recommendation establishes methods for
determining the TEU technologies, machines and
components for farm animals, with which you can
generate independent information and opinion for
decision-making about the production of machinery for
the production and the continuation of research and
development work on the new development [20].

From the standpoint of the concept of TEU for
machinery and equipment can be divided into two stages
of their development and use of: I) this solution is made
on the level of ideas or the experimental sample that is
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reliable indicators of the technical-operational and
economic performance are not available [21]. The aim is
to give an objective opinion on the need for further
research and engineering design of the machine, or on the
termination of further work, 2) Vehicle information is
available on its technical and operational and economic
performance obtained. result of industrial or state tests.
The aim is to give an objective assessment of the degree
of perfection of the machine, | specify the possible
directions of work on quality improvement [22].

Due to the different data used for each stage applies
its method of determining TEU.

OBJECTIVE

The following are the methods for determining the
TEU technologies, machines and components for animal
husbandry in relation to the two stages of the
development and use.

THE MAIN RESULTS OF THE RESEARCH

1. Definition TEU machines for which no parametric
information. Developed for machines for which no
parametric information as an indicator of the proposed
TEU applies fullness factor. Last characterizes the
potential technical and economic level of the developed
machines and is defined as:

_b_ 3ok
P e @
where b - the amount of the final j, estimates, which are
assigned to this proposal by comparing it with a general
identification key. (GOT), B - the maximum amount of
the final estimates j™ all the characteristics of GOT.

In order to determine the fullness factor, develop a
GEIl, which summarizes the requirements for the car of
the future from the standpoint of present-day conditions.
In accordance with the terminology of the Committee of
scientific and technical terminology, the Academy of
Sciences of the GOT - is a system of weighted
characteristics of the object of forecasting, which allows
to transform it into a qualitative description of a
generalized quantitative assessment. GOT includes
features for which correlated information sources - the
objects for which the determined TEU. Each
characteristic ~ is  decomposed  into  sub-goals,
characteristics that differentiate. With the help of expert
determine absolute values of significance (from 0 to 1)
characteristics. The number of characteristics must be
between 6-9. Expert number upper limit is not limited, but
should be at least 10. Preparation and processing of expert
information produced in accordance with accepted
methods. At the same time take into account that the
value of the significance of characteristics ¢ reflects the
subjective opinion of a broad range of specialists (in other
ways to prove the significance can not be). Consequently,
the expert estimates are stochastic variables that are
grouped around an unknown mathematical expectation
M). Since the true value of M (¢) can not be determined,
using its evaluation: which are grouped around an
unknown mathematical expectation M). Since the true

value of M (¢) can not be determined, using its
evaluation: which are grouped around an unknown
mathematical expectation M). Since the true value of M
() can not be determined, using its evaluation:

the average

M) = [ ¢ f(p)de. @)

and the variance
400

o= [ lo-M@F 1)

where f (¢) - the probability density function c,.

Typically, at processing expert information limited
calculation of mean, variance, and a coefficient of
variation of concordance (consistency), and their values is
taken as the average value of significance. However, the
results thus estimates M(e) can be displaced and
inconsistent, particularly when a small number of experts.
Therefore, the completeness and the coefficients c,,
calculated by (1), will be displaced, which leads to errors
in the recommendations for decision-making.

Process described below for obtaining and processing
expert information and a method for calculating the
fullness factor allows to obtain unbiased estimates ®@. It is
based on: 1) using a Bayesian approach in determining
the characteristics and significance 2) calculating values
of completeness not point coefficient (coefficient and
TEU) and its confidence interval with a predetermined
probability.

Bayesian approach in determining the significance of
the characteristics of GOT.

General identification key developed by a group of
researchers (forecasters), taking into account policy
decisions, orders and other documents. For each type of
equipment comprise a list of characteristics and their
significance are predetermined based on the requirements
that are put forward scientific-technical progress.

It should be noted that the value of (sometimes called
a weight) reflects the characteristics of the demands made
at the present time to the developed machines. Thus, the
reduction of labor costs and money, improve the quality
of the work in creating machines for the period of the
most significant until 2000. If GEI developed at the end
of the XIX century for the evaluation of cars with electric
drive, it would be no less important requirement of
electrical safety than the reduction of labor costs and
money, since at the time of electrical issues were not
resolved. Currently created equipment which if properly
exploited virtually eliminates trauma to humans and
animals, and therefore the importance of characteristics
reflecting the working conditions, less than demand
reduction of labor costs and money. (Note here that such
means are available, such as cranes,

Due to the fact that the value of ¢ is in the range O ...
1, the probability density function ¢ describes a beta
distribution. For information about the importance of
some characteristics assigned forecasters said to be a
priori, and the function f (o) is called a priori probability
density function. It can be designated P (¢) and takes the
form:

P(ay, by) = [1/B(ay, b)]e® ' (1 — )"t (4)
where a; and by - priori parameters of ¢, B (al, bl) -
normalizing constant (beta), expressed in terms of the
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gamma function

B(al,bl)=D (al)r (bl)/T (al + bl).

Note. For convenience, an index indicating the
characteristics of a room, is omitted here.

Parameters (4) are in accordance with known
methods.

Since forecasters (as well as experts) is difficult to
"feel" the physical meaning of the parameters a and b, the
values are initially set ¢, then the parameters for (4) is
calculated as follows:

C _(1_ C] )
a; = Pcp [fﬂ 2 SZ_(P B — 1] . (5)
C _(1_ C] )
blz(l—(pcp)[(pp Sz(pp__l]. (6)

@sr wherein - the sample mean, S2 - sample variance
determined from the expression:
(pcp = (1/7’1) Z:il @; -
§? = (1/(77, - 1)) Zﬁl((pi - (pcp)z :

Here m - number of predictors, ¢i - significance of
this characteristic, and said i-th forecaster. Note that the
number of predictors is not limited, and may be equal to
one, then the sample variance of (8) vanishes,

In the compilation of a list of characteristics of
individual columns indicate their a priori importance and
sending experts to specify their magnitude of importance.
If the examiner agrees with the estimates of forecasters,
he only signs the form, otherwise indicate its estimates.
This approach has the advantage over other methods. On
the one hand, experts have different understandings of
absolute importance (the relative importance of getting
characteristics when including a 6 undesirable because
expert is unable to decompose the objective unit 6 or
more different sizes), and their estimates may be very
different. On the other hand, if the forecasters have
significant experience in the preparation of GOT, it is
vital to take into account their knowledge in determining
the characteristics of significance.

Resulting from the evaluation experts treated.
According to the results of the examination determines
the probability density function, which is the likelihood
function. We denote it by P (¢ | a2, b2). Since the
likelihood function also applies to the beta-distribution,
then:

P(plaz, by) = K@@~ (1 — @)P27". ()
where K2 - normalizing constant.

Parameters (7) a2 and b2, are defined by (5) and (6).

By Bayes' theorem posterior (joint) probability
density function P (a, b | ¢) can be obtained based on a
priori association function (4) and the likelihood function

(7):

P(aq,b1)P(@la2,b2)
P = e e
(a,blp) S (8)
where P (¢) - normalizing constant:
P(p) = [*. P(6) P(¢|0)df. ©)

Here P (0) - a vector of parameters of a random
distribution.

Then:

P(a,bl@)~P(a;, by)P(plaz, b2).
where the sign ~ denotes proportionality.

Under conventional operations on ¢ probability
distribution functions of the function (10) takes the form:

P(a,blp)~Kop@1*%72(1 — g)P1+b272, (11)

Function (11) refers to beta-distribution with

(10)

parameters a = al + a2-1 and b = b1 + b2-2. Normalizing
constant for (11) is equal to:
TKO=(a+b)/G (a)D (b). (12)
Having calculated from the function (11) the
parameters of the received information, determine the
parameters; evaluation of expectation, variance and the
confidence interval for the significance of the
characteristics. Evaluation of mathematical expectation is
equal to:.

M(p) = a/(a+Db). (13)
and variance:
D=ab/(a+b)?*(a+b+1). (14)

Next, determine the confidence interval with a
probability of P (typically P = 0.95) for the expectation:

@ = M(p) £t ,VD/Vn. (15)
where ta - t-statistics for a probability P = 1-d,

n - the number of experts who participated in the
assessment of the significance of this characteristic.

We illustrate forth in this Example section.
According to one characteristic of predictors (in an
amount of 3 persons) established following estimates of
significance: 0.90, 0.95, 0.85, then the mean value ¢ =
0,90, dispersion S2 = 0,00167. We define the parameters
for the prior distribution (5) and (6):

al=0.90((0.90 (1 - 0.90) /.00167) - 1) = 47.702,

bl = (1 - 0.90) ((0.90 (1 - 0.90) / 0.00167) -1) =
=5.300.

24 experts were rated. Processing them showed that
the Expert Opinions mainly aligned (concordance
coefficient is 0.47 and is not different from zero at the
0.05 level). Mean value is 0.909, the dispersion is 0.086.
likelihood function parameters are: a2 = 9,265,
b2 =0,927.

Substituting in (11) obtained parameters can be
calculated (by the method of numerical integration) for
any probability ¢. But we are interested in the confidence
interval for M (o) probability P = 0.95. Therefore, first we
calculate the parameters of the posterior distribution.

a=al+a2-1=47.702 +9.265 - 1 =55.967,

b=bl+b2-1=5300+0.927 - 1 =5.227.

Then estimate the posterior of the expectation of (13)
is equal to:

M (p) = 55.967 / (55.967 + 5.227) = 0.914,
and the variance of (14) will be:

D = 55.967 * 5.227 / (55.967 +5.227) 2 (55.967 +
+5,227-1) = 0.01256.

For the calculation of (15) of the confidence interval
at n = 24 and P = 095 by / 13 / have: ta = 2,07.
Substituting in (15), the numerical values, we obtain:

p=0914+2.07 V0,01256 / N24 = 0.914 + 0.015.

Thus, the average value of the significance of this
characteristic is 0.914, and the confidence interval with a
probability of P =0.95 is M (¢) = 0,899 ... 0,929.

In determining the coefficient of fullness of the
formula (1) produce not only calculating the mean values
M (o), but also for their deviations: first, for minimum
and then for the maximum. The numerator is summed
only the average value M (¢). This facilitates the
calculation of the coefficient of fullness, which is to
obtain its three estimates: the mean, minimum (in the
denominator substituted greatest values B, calculated
from (15)), and the maximum value (in the denominator
of (1) substituted lowest values B).



82  Method of Determining the Technical Parameters of Machines for Poultry Farming when no Parametric ...

Table 1. GOT characteristics of significance when assessing the technical means for the preparation and

distribution of feed.

confidence interval

number specifications psr M = (¢) 6=1\D atP =095
1 0.909 0.089 0.881...0.937
2 0.836 0.122 0.798 ...0.874
3 0.941 0,080 0.916 ... 0.966
4 0.746 0.164 0.695...0.797
5 0,900 0.106 0.867 ...0.933
6 0.527 0.244 0.458 ... 0.596
7 0.523 0.219 0.455...0.591
8 0.623 0.189 0.564 ... 0.681

We show in this example for GOT developed. The
final evaluation of the positions of GOT are defined as
follows:

jok osr =m =m M (p). (16)
where m - the item number (baseline assessment).

Thus, the first position estimate equal importance
characteristics.

To assess the means of preparation and feed
distribution characteristics obtained significance and their
statistical evaluation are listed in Table 1.Note. To obtain
estimates shown in Table 1, we used data from 24 experts.

The denominator of (1) The value expresses the
maximum amount of the final importance ratings. Since
the number of positions on all the characteristics equal to
7, the average value of B is equal to:

B=Y%,7p; = 42,035. (17)
minimum value
Bmin = Z?:i 7(pmin,i = 39,438. (18)
and the maximum value
Bax = Z?:l 7(pmax,i = 44,625. (19)

We define the ratio of completeness mobile feeder
(Inventor's Certificate Ne665867), wherein the unloading
device has a screw, which contributes to the accuracy of
the feed dosage. When comparing this proposal GOT
annexed 1 revealed the structural formula: 33353446.
Each digit of structural formula represents a baseline
assessment for all characteristics of the first to eighth
which deserves the proposal. Comparison with the GOT
produce forecasters with the involvement of specialists
with experience in the development and research of this
type of technology. From the expression (16) we have:

b=3*0.909+3*0.836+3*0.941+5*0.746 + 4

*0.527 +4*0.523 + 6 * 0.623 = 22.645.

Using (17) - (19) calculate on (1) the coefficient of
fullness of:

F =22.645: 42.035 = 0.539,

Fmin = 22.645: 44.625 = 0.507,

Fmax = 22.645: 39.438 = 0.576.

fullness factor may be normalized with the value of
coefficient K TEU:

K=F+0.8. (20)
and submit to the generalized indicator of technical and
economic level. Scale categories for P and K.

By comparing the obtained values of the coefficient
of completeness of the above proposals for the
distribution of feed we can see that this proposal relates to
unpromising. This is due to the fact that for the first three
and the fifth characteristics of the proposal received low

scores. should have in the development of devices to
make novelty not only to improve the quality of work, but
also for increasing productivity and reliability.

The second example. Distributor-mixer for cattle
farms has a structural formula of GOT 45354546. fullness
factor F = 0.58 ... 0.74, and TEU coefficient K = 1,38 ...
1,54, which makes the device a promising, however
further work on this machine must seek to further reduce
labor costs (for the third characteristic low score).

Thus, for determining the coefficient TEU and its
analysis, the following steps should be performed.

1. Create GOT for this type of art. You can use the
GOT provided in Appendix 1. If there are any doubts
about the importance of performance assessment, they can
improve (specify) by applying a Bayesian approach. For
this purpose given in these guidelines statistical
evaluation of the significance used as parameters a priori
function, and received by any way of new information to
construct the likelihood function.

2. Compare the analyte bid with GOT, calculate TEU
factor (K factor).

3. Resolve To the scale categories.

4. Formulate proposals for decisions on the technical
proposal.

Coefficient TEU machinery and equipment, for
which there is information about their technical
performance and economic indicators, defined as the sum
of the relative changes in performance compared to the
base model, divided by the sum of the importance of all
parameters:

(1)

importance of the i-th index, m - number of indicators.

From (21) it is seen that the coefficient TEU is a
complex dimensionless exponent investigated machines
perfection from baseline.

TEU coefficient determination process includes the
following steps:

1. toidentify a list of indicators,

2. definition of relevant indicators,

3. collect data on the machine,

4. selection of the base sample and the collection of
data concerning him,

5. TEU calculation coefficient,

6. Analysis TEU ratio and its components, to
prepare recommendations for a decision.

TEU coefficient determined for all types of
machinery and equipment used on livestock farms.
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Table 2. Features and values, which is determined by the TEU machines for livestock.

name specifications

list of indicators

1. Improving the quality of work

Quality of the process

2. Reduction of material consumption

consumption of materials

3. Reduction of energy consumption

Energy intensity

4, Increase the unification

coefficient of applicability

5. Reducing the cost of installation, maintenance and
technological service * (increase maintainability)

1. Montazheprigodnost
2. Specific complexity of maintenance

6. Increased reliability

1. availability factor
2. The coefficient of process reliability

7. Improving the working conditions

level indicators:
1) dust,
2) noise,
3) vibration,
4) temperature,
5) the concentration of harmful substances

8. Reduced labor costs

Unit labor costs

9. Reducing the cost of funds

Specific indicators:
1) investment
2) operating costs,
3) reduced costs

* The indicator "specific complexity of repair” is a measure of reliability - "uptime™.

Conditionally possible to allocate for this purpose
following techniques:

1. design and technology of the farm as a whole,
2. aset of equipment on the farm,

3. Kit preparation center equipment,

4. Crushers of food,

5. granulators,

6. feed dispensers,

7. food mixers,

8. feeders,

9. Milking installation,

10. preprocessing means milk,

11. means watering animals,

12. means manure,

13. storage facilities and manure,

14. aleash,

15. machining equipment.

Identify a list of indicators indicators are used to
determine TEU machines that defined the applicable
regulations. However GOST 4.57-79 provides, if
necessary, to supplement the existing list of indicators.

Typically, indicators are combined in groups and in
the calculation TEU set relevance indicators each group.
Conducted in studies have shown that more advisable to
combine all indicators in these groups, whose contents
meet the specific requirements of scientific and
technological progress, and each group express the
characteristics of scientific and technical progress. In this
case, it becomes possible to objectively evaluate the
significance of the characteristics, and, consequently,
groups of indicators. At the same violations GOST 4.57-
79 happens. To determine TEU machines used in animal
husbandry, all indicators can be combined into 9 groups,
which correspond to the characteristics given in Table 2.

Significance is determined by the characteristics of
Defect. For this purpose any examination procedure. It is
useful to take advantage of the recommendations, which
are described in Section 2 of these guidelines, namely

developers priori set the value and importance of
reporting them to the experts, obtained from the
evaluation experts and process them according to the
method. Using a Bayesian approach averages calculated
significances, which is used in subsequent calculations.

To verify the above estimates, proceed as follows.
Assess the significance of the application 6 is presented as
a priori information, and new estimates obtained are used
to construct the likelihood function. Then Bayes' theorem
combine both functions and acquire new revised
estimates.

To determine the coefficient TEU are required for
machine all evaluated parameters noted in Table 2, if, of
course, they are inherent in the machine. For their
preparation used regulated methods and procedures laid
down in the relevant national and industry standards. Here
we mention briefly some features of reception of input
data.

The quality of the machines and kits used in
livestock, expressed quality indicators, which are inherent
in this type of equipment needed in the performance of
the manufacturing operation. For example, the quality of
the uneven dispensing feeder evaluated (in%) and the feed
losses (in%).

Material-Ku.m GOST 14.202-73 defined as the ratio
M of the machine to its mass productivity W:

— kg
Ky.M - /W’L‘/_h (22)
For those of machinery and equipment that is not
defined performance (for example, machine tool

equipment), material consumption is expressed in units of
mass in the head:
k
Kyw = M/N'Tg
(23)
where N - served population.
Energy intensity E is defined as the process of the

specific energy consumption:
kW-h kW:h
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where P - power expended on the drive.

Unification of the new machine in accordance with
GOST 22851-77 expressed by the coefficient of
applicability:

Kup =5 (25)
where n - total number of standard sizes of the main parts
of the machine,

Ny - the number of sizes of original components.

It follows from calculations on (25) should be deleted
in accordance with the fasteners, screws, plugs, dowels,
gaskets, small tools, and other similar items.

Maintainability expressed montazheprigodnostyu,
complexity of maintenance and repair.

Coefficient Km:

M Qo +Q
where Q, - the wholesale price of the equipment, rubles,
Qm - installation of the equipment cost, rubles.
The complexity of maintenance is determined
according to GOST 13377-75 specific maintenance
complexity:

T
KTO = TTTPTp'
where K+ - coefficient maintenance complexity,

T, - total labor costs for maintenance during the test
period,

Tr - the total time during the same test period.

There do not include component repairs complexity,
since in accordance with the GOST 13377-75 availability
factor (see below.) Describe various properties
simultaneously two machines - its reliability and
maintainability.

Reliability GOST 13377-75 expressed: availability
factor

(27)

K, =—2° (28)

T To+Ty

where TO - MTBF,
tv - mean time to repair,
and process reliability coefficient

T
I<Tl'l = 4
T +Tyu

where T - time net work over the testing period,

Thun - the time spent on the elimination of violations
of the process.

Working conditions indicators in accordance with
GOST 16456-70 and GOST 12.1.005-76 are defined as
follows. The following parameters determine if necessary:
the level of dust in the workplace (mg / m®), component
noise in the workplace (dB), figure vibration in the
workplace (dB), temperature level indicator in the
workplace and unprotected parts of the machine heated °
C), indicator of the concentration of hazardous substances
in the workplace (mg / m®).

Definition of economic indicators, unit labor costs
(person-hours / ton, people - h / bird.), investments (RUR
/ t, € / goal), operating costs (RUR / t, rubles / goal),
reduced costs (RUR / t, rubles / finish) is carried out in
accordance with existing methods.

All raw data obtained are entered in a table form on
application 7.

In the preparation of the initial data for the
calculation should take into account two features.

The first feature. Indicators of the car and especially
the performance of which is included as a derivative in

(29)

almost all indicators, is a random variable. Normative
materials to determine TEU recommended to take this
into account.

The second feature. Researcher who determines the
TEU, has, as a rule, several (more than one) sources of
information about the performance of this machine: the
machine test reports on MIS, departmental protocols or
hardware testing.

The first feature is treated as follows. For each
indicator accept not only its mean value, but also the
confidence interval with a predetermined probability. For
this purpose, the information embedded in the original
sources or the use known statistical methods, including
regulatory. Thus, the confidence limits for the random
variable with a normal distribution are determined by the
formulas:
upper bound

Xy = X + t,S/\n (30)
bottom line

X, = X —t,S/\n
where x- the average value of the index,

S - standard deviation

n - number of measurements,

to - t-Student statistics with n-1 degrees of freedom
and a probability P = 1-a.

The second feature allows for the use of the Bayesian
approach. Section 2 describes the main provisions of the
Bayesian approach. Here we mention a method of its
application to the raw data obtained on the machines from
different sources.

Let the results obtained testing machine metric
values, the results are processed, whereby each indicator
detected by the likelihood function - the probability
density function F (x / 0) for a random observation vector
x and the parameter vector 6. Under the parameters 6
understand the parameters of the distribution, for
example, for a normal distribution are the parameters:
expectation m and variance op2. Information obtained
previously from other sources (MIS reports, economic
test) is used to construct a priori probability density
function, which is denoted by P (0). The joint (posterior)
probability density function takes the form:

P@Ix)~P(O)P(x/86). (32)

If the function is a priori, and likelihood are normally
distributed, they are written as follows. Priori function for
the value m:

P(m) = (V2ra,) exp[—(207)7 (m — m,)]. (33)
where ma - priori expectation ca2 - priori variance.

The likelihood function for the unknown parameter m
for a given sample n, value x becomes:

1

P(xlm, o) = (2mo?) ™ 2exp [~ ;1 il (xi

~m)?].(34)
where onj,, - known variance for a given sample.

Then, in accordance with (32) function to obtain the a
posteriori parameter m;

1 ( - 3)2 =
P(m|x,02)~exp {_E [% + Jlrzl (m— x)z]}.(SS)
From (35) we see that the parameter m is also
normally distributed with expectation:

M(m) = xoZ+m,oi/n

(1)

(36)

oZ+ci/n
and variance:
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ofoh/n

D(m) = oZroZ/n’ (37)

Expression (36) shows that the posterior expectation
is a weighted average sample average of the test results
and a priori mathematical expectation, combined with
weights to reverse.xa,2 /na?

The above example will explain. In the study of the
following a priori information of the mixer was set at P-
economic conditions 30: mixer performance W = 14.0 m/
h = ma (a priori expectation), and the a priori variance for
W is = 8.5. Tests of this mixer into VNIIMOZH the
results of 40 measurements showed that the sample
average productivity W = 15220 t / h = and = sample
variance is 1.20. Combining function priori likelihood
function by the formula (36) we calculate the expectation

for a posteriori performance of the mixer:o2xo;2
15.2%8.3+14.0%1.2/40

MW) = =15.19T/h.
8.3+1.2/40
Posteriori variance of (37) will be:
D(W) = 221240 _ g 03,
8.3+1.2/40

Define a confidence interval for W by the formulas
(30) and (31), taking into account that ta = 2,02

at P =0.95, and n = 40:

W=15,19+2,02*0,173 /Y40 = 15,13 ... 15,25t/ h.

If you do not use a Bayesian approach is based on the
results confidence interval is:

W= 15,20 +2,02 * 1.095 / V40 = 14,15 ... 15,55 t / h.

As seen from this example, a Bayesian approach to
reduce the confidence interval, i.e. to obtain more
accurate data.

Base sample for comparative evaluation of
performance when calculating TEU coefficient is selected
in accordance with the instructions. He shall be chosen
from a group of machines that are similar in purpose,
production and operating conditions. The basic model can
serve as a machine manufactured in abroad, technical and
economic indicators which at the time of assessment to
meet the highest requirements and is most effective in
operation. Using obsolete and technically inefficient
samples leads to distortion unreasonably high coefficient
TEU.

Not allowed the use as a base sample of hypothetical
samples, not the past, at the time the TEU, scientific and
engineering work.

A set of basic values indicators should characterize
optimal performance TEU at a given period.

Obtaining basic indicators of the sample must be
performed by the same methods as that of being assessed
to ensure their comparability.

Selection of basic models produce industrial research
institutes, central and head of SKB, headaches and basic
standards organizations. These organizations are
establishing collection, analysis and synthesis of materials
on the performance of domestic and foreign cars,
establish their validity and timely supply interested
companies and organizations.

TEU factor is the generalized indicator of the
estimated degree of perfection of the machine and is
calculated as follows:

K = Y1 9i0:i/ XiZ1 ¢ (38)
where gi - the relative change in the estimated machine
compared with the base, @i - importance (weighing) i-th
index, the total number of which is m.

The relative change of a single parameter is
determined by the formulas:
(25, > B #0
gi = ss_gl,-’S" - max (39, 40, 41)
SS—‘i",S&- - min
where S&i, Si - index values, respectively and the base of
the machine being evaluated, Bi - known reasonable limit
change indicator.

If this characteristic is determined several unit
figures, the generalized value gi for the group of
indicators is calculated by the formula:

gi = VIli=1 gk k=12, ..., e (42)
where e - the number of indicators of this group
corresponding to the i-th characteristic.

Depending on how the must, in accordance with the
technical progress indicator change, apply a particular
formula for determining gi.

If the formula (39) used in accordance with the
technical progress indicator should be increased and the
known index achieve reasonable limit (e.g., availability
factor for which p = 1), and this limit has not yet been
achieved for either the base or to the estimated machine.

If the limit of variation of the unknown or zero, or
made known limit nonzero, apply the formula (40) or
(41). Thus, if the exponent must be incremented formula
(40) used in accordance with the technological progress,
and if technical progress to the reduction index, formula
(41) is used.

Examples explain the calculation of the relative
change.

Example 1: The availability of the conveyor for
cleaning manure TSN-160 kg = 0.98 ... 0.99. Basic
machine (TSN-3,0B transporter) is Cg = 0.94 ... 0.96. (4
According machines test protocols 10 11A). Tensile index
change B = 1. From (39) we have:

_094-1 _
Jimax = 099-1

_096-1_,
Jimin = 098-1 =

Then: gi = 2 ... 6. As can be seen, for the calculation
of the maximum relative change gi accept the most
favorable conditions for the comparison of the machine:
from the base index of the smallest, while the estimated -
the greatest. The minimum value is determined for the
adverse conditions: at the base of the machine indicator
largest, while being evaluated is the smallest.

Example 2. The coefficient of process reliability in
the estimated machine - continuous feed mixer CH-100M
Rmn = 1.0. At the base of the machine - Mixer C-30 Rmn
= 0.98 ... 0.99. Since the estimated machine reached the
limit indicator, use the formula (40),

gi=—2—=1,01..1,02.

"~ 0,98..0,99
Example 3. We calculate the relative change in the

power consumption of the mixer CH-100M (power P =
6,5 kW, W6 =30 ... 35 m / h) as compared with mixer C-
30 (p = 5.5 kW, W§ = 15.13 ... 15.25 t / h). To do this,
first determine the energy consumption of machines:

9, =2 =0,185..0,217 KWh/t,
3;05...35
[ =—  =0,361..0,364 kWh/ton.
15,13...15,25

Then the limits of the relative change in energy
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intensity according to the formula (41) are equal to:
0,364

. _— = 1 97'
gl max 0,185 )
0,361
=220 — 1 66.
gl min 0,217 )

Thus, for this indicator gi = 1,66 ... 1,97.

Substituting into equation (38) the calculated values
gi, TEU coefficient determined, not only the mean value
but also the confidence interval.

Here is an example of determining the coefficient
TEU Autodrinking group ACG-12. Base installation
serves drinker PCA-4A and troughs "Richie" firm Catley-
Masta (USA). Input data and calculation results are
shown in Tables 3 and 4. Note that the indicators of
working conditions by using drinkers are not changed.
Due to the fact that the estimated troughs 400 serves to
livestock fattening at the sites, and base - to 100 heads,
calculations are made for 400 head of livestock.
Coefficient TEU ACG-drinkers 12 is 1.71 ... 2.00, which
can be attributed to its very promising equipment. Also
applies to prospective drinker evaluated and compared to
the best foreign models.

Analysis TEU coefficient start with comparing it with

values for an application-level categories ascertain 5.
Further, for some parameters achieved a significant
increase gi and on which there is no increase of relative
change or it slightly. Analysis of all the indicators are
exposed. If there is an opportunity to improve individual
performance, it is reflected in the conclusion.

Especially analyze the quality of performance
indicators. If they do not conform to zootechnical
requirements, regardless of the value of the coefficient
TEU, the car is not recommended for use. Also check
compliance with working conditions. If these figures are
estimated machine worse than normative (permissible),
the car is not recommended to be used to address this
shortcoming.

Materials TEU coefficient calculations provide a
basis for drafting the technical level of the card, which is
filled in accordance with the GOST 2.116-71.

The results of calculating the coefficient of TEU and
the technical level of the card are transferred to the
relevant departments, organizations and institutions for
decision-making. These same materials are attached to the
zootechnical requirements on the machine or equipment.

Table 3. Determination coefficient TEU watering system cattle in feedlots with ACS-12 application group

drinkers.
Name indicator Urev. | Limit significance gi(1) | gi (2
specifications Evaluated compares
ACG-12 PCA- "Richie"
equipment 4A
1. Increase the Water pollution g/l 0,27-0,30 0,42- 0,27- 1.40- | one
quality of work 0,45 0,30 1.67
2. Decrease consumption of kg / 0.31 0.55 0.31 1.77 one
consumption of materials head
materials
3.Snizhenie Energy intensity kwh / 0,0210- 0,0306- | 0,0210- | 1,42- | one
energy intensity head 0,0215 0,0308 0,0215 1,47
4.Povyshenie coefficient of - one 0.7 one 0.42 0.7 1.67
unification applicability
5.Povyshenie 1) Ratio - 0.6 0,325 0.62 1.85 | 0.97
maintainability | montazheprigodnosti
2) Coefficient
maintenance - 0,999 0,89- 0,999 1,12- | one
laboriousness 0,90 1,11
6.Povyshenie 1) availability factor - one 0.98-0.99 0.98- 0,999 10-20 | one
reliability 2 Coefficient of process 0.99
reliability - one one one 1.01 one
0.99
7. Indicators of working conditions do not change
8.Snizhenie labor | Unit labor costs in the man- 0,0035- 0,0058- | 0,0035- | 1.57- | one
costs year hours / 0,0037 0,0060 0,0037 1.72
goal
9.Snizhenie 1) Investments p/ 9.35 14.04 13.87 150 | 1.48
means costs 2) Annual operating | head
costs 1,45-1,47 2,20- 2,15- 1,50- | 1,02-
3) The annual costs p/ 2,22 2,17 1,53 | 1,03
given head 2,85-2,87
4,31- 4,23- 1,50- | 1,48-
p/ 4,33 4,25 1,53 | 1,50
head

Note: gi (1) - basic equipment AGK-4A, gi (2) - basic equipment "Richie".
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Table 4. Calculation of the coefficient TEU.

number specifications significance Basic - PCA-4A Basic - "Richie"
0i gi (V)min ¢i gi (V)max pi gi (2)min @i gi (2)max pi
one 0.95 1.33 1.59 0.95 0.95
2 0.86 1.52 1.52 0.86 0.86
3 0.50 0.71 0.74 0.50 0.50
four 0.56 0.39 0.39 0.94 0.94
five 0.64 0.92 0.92 0.63 0.63
6 0.96 3.05 4.31 0.96 0.96
eight 0.76 1.19 1.36 0.76 0.76
9 0.83 1.25 1.26 1.09 1.10
) 6.06 10.36 12.09 6.69 6.70
CONCLUSIONS technological operations recovery of agricultural

1. Note: relative change in characteristics 5, 6 and 8
were calculated by the formula (40).

2. TEU coefficient compared to domestic equipment:
K1=(10.36 ... 12.09) / 6,06 = 1,71 ... 2,00.

3. TEU coefficient compared with foreign equipment
K2 =(6.69...6.70) /6,06 =1,10 ... 1,11.
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METO/JJUKA OIIPEJEJIEHNA TEXHUYECKNX
IMAPAMETPOB MAIIWH JJIs1 ITUHEBOACTBA
[P OTCYTCTBUU ITAPAMETPUYECKOM
NHOOPMALIMN

AnHOTauus. B ctathe 0000IIEHBI CYIIECTBYIOIINE
OTEYECTBEHHbIE, E€BpPOINEHCKUE U CEBEPOAMEPUKAHCKHUE
METOIUYEeCKUEe TpPeOOBaHUSA K HCIBITAHUAM KOMILJIEKCa
MalliH AJs coAepkaHus nTulibl. OXapakTepru30BaHO, YTO
METOJMKAa CpaBHEHMsI 3HAUYEHUM IOKa3aTrenedl 1o
HCIBITYEMOMY KOMILIEKCY c TpeOOBaHUIMU
HOPMAaTUBHOM JOOKYMEHTAallUd M C COOTBETCTBYIOLIUMH
[I0KAa3aTeJsIMU 110 KOMIUIEKCY-aHaJIOTy .

Takxe YCTaHOBJIEHO, YTO pe3yJIbTaTh
MaTeMaTu4eckoid  oO0pabOTKM  JaHHBIX  HM3MEpeHHi
UCTONB3YIOT TPU CPaBHEHHM WX C TpeOyeMbIMU
BEJINYMHAMHU TEXHUYECKOTO 3aJaHus npu
roCyJJapCTBEHHBIX MPUEMOYHBIX HCTIBITAHUSX
(TeXHUYECKUX YCJIOBUH npu rOCy1apCTBEHHBIX
MIEPUOUYECKUX UCIBITAHUAX) JUUIsl TIPUHATHUS PEIICHUs O
COOTBETCTBUH HCITBITBIBAEMOTO KOMILICKCa TPEOOBAHHIM
TEXHUYECKOTO 3aJaHusi TEXHHUYSCKUX ycioBui). [lpu
S9TOM BO3MOXHBI JBa ciydas. Tawxke A CpaBHEHUS
[OKazaresel, MOJyYEeHHBIX MPU HCIBITAHUAX ONBITHOTO
00pa3Ia KoMITIeKca 000pyIOBaHHS U KOMIUIEKCA-aHaJIoTa
MOJICYUTHIBAIOT ~ 3HAYMMOCTh Pa3HHULIBI CpEeIHUX
[IOKa3aTese.

Pexomenmanum  ©3  pe3ylbTaTOB  HCHBITAHUU
KOMIUIEKCA NPUHUMAIOT Ha OCHOBAaHUU PE3YIbTATOB
CpaBHEHMs  3HA4YE€HWIl  MOKas3aTeled  HUCIBITYEMOTO
KOMIUIEKCa O0OpyIOBaHUS TPeOOBAHHMSIM TEXHHUUECKHX
YCIIOBHIA Ha MOCTaBKY, 300TCXHUYECKUM TPEOOBAHUSIM H
3HaUEHUSIMU TIOKa3aTelsiel 0 KOMIUIEKCY-aHajora.

KawueBble caoBa:  MeToamka, TpeOoBaHUeE,
HCIBITaHUE, KOMIUIEKC, MAllIMHA JJIs1 COJIEPKaHUs NTHULIBL.
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Summary. A feature of the transport security of the
rural economy reveals a significant role of motor vehicles
in the development of enterprises producing agricultural
products. More than 90 percent of the volume of internal
transportation made production, and also delivering it to
the implementation is carried out by motor transport.
Wide range of transported goods at low partiinost for each
of them determine the uncertainty in the structure of the
fleet of agricultural units and is the reason for the low
employment of trucks during the annual period due to
seasonality of production and creates a problem in the
efficient use of rolling stock.

If you change the conditions of production in
agricultural enterprises during the years of perestroika
centralized since the time of formation of a socialist
society, the transport system of the agricultural sector has
been unable to effectively provide shipping and cargo in
the appropriate conditions. The price disparity has created
a difficult financial situation at the enterprises of agrarian
sphere, which in turn did not allow to adapt the structure
of their wvehicle fleet to change their areas of
specialization and under the environmental conditions of
agricultural production.

At present, the transport capacity of the agro-
industrial complex of the country, despite its significant
reduction in the post-perestroika period is still high and its
quite large. However, to reveal them completely is not yet
possible, and the utilization of the Park APK leave much
to be desired.

Transport technologies in agriculture are based on the
classical theory of transport of goods. At the present stage
of agricultural development requires new methods of
evaluating the efficiency of transport technologies.

Transport subcomplex retooled. Developed new types
of vehicles for agriculture, covering the whole necessary
range of capacity, up to small trucks for smallholders.
Today, however, almost 60% of the park district operated
more than 20 years. Parks as components of their cars are
not adapted to the local conditions of transport of goods,
with the consequence that the cost of operation leave
much to be desired.

Most methods for building parks based on the
methods of linear programming without considering such

an important factor as mileage significantly affecting the
operation cost. They are adequate only in a certain point
or a very narrow period of time. Therefore, optimization
or formation of car parks these methods will not give the
desired results.

In agriculture technological indicator of the bulk
cargo from minimum to maximum changes 30 times.
Therefore, this factor in industry should be considered as
variables. Operation in agricultural production is most
often considered for annual period, due to which this
factor has significant impact on final performance of

transport.
Key words: method, assessment, adaptation,
transport, technology, transportation, grain harvest,

operating, condition, vehicle.

INTRODUCTION

More efficient use of road transport in agriculture
caused by economic expediency. The most urgent
problem of agriculture today is to reduce the cost of
production and increase the profitability of agricultural
enterprises.

Transport and cargo handling operations in general
complex agricultural operations constitute 1/3 of all
expenses for the cultivation of crops and transportation
costs in the production costs - from 15 to 40%.

In the transport process of agricultural production
particularly significant role covers auto transport, whose
share in the total traffic of approximately 70%.

The most responsible and stressful period for vehicle
transportation of agricultural products is at harvest.
Feature of traffic in this period is the need to implement
them quickly.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Transportation of grain harvesters to the floor and the
elevators is the most time-consuming and complicated
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process operation, so the supply of wvehicles, their
technical condition and organization of transport depends
on overall performance cleaning technique [1-3].

More efficient use of harvesting machinery, vehicles
and manpower SG enterprises in transport work is
achieved through the use of appropriate types of
equipment in those areas where they achieved the highest
performance [4-6]. The current place is the interaction of
vehicles with agricultural machinery [7-9].

These recommendations will be useful to those
skilled engineers trucking companies in the organization
of rational use of vehicles for the carriage of grain, sugar
beets, potatoes, vegetables, and green mass at harvest [10-
13].

The intensification of agricultural production
continuously accompanied by increased volume of
transport operations. For example in the fields where
there is no black soil, per hectare of seed grain has an
average of 10-20 tons of organic fertilizer, 0.5 - 1 ton of
seeds and fertilizer, 1-3 tons of grain, 3.4 tons of straw, 2-
3 t technical goods, which include transportation of oil
and trailed machines, aggregates [14-16]. Each hectare of
cultivation of grain transport accounts for an average of
20 to 30 tons of cargo [17-19].

When grown potatoes, beets and vegetables volume
of traffic per hectare reaches 55-85 tonnes of which the
transportation of organic fertilizers is 30-40 tons,
production yield 20-40 tons of seeds and fertilizers 1-3
tons of technical cargo transportation, including trailer
cars - up to 3 tons [20-22].

When hay traffic volume per 1 hectare is 3.7 tonnes
and with growing and harvesting silage crops - up to 80
tons per hectare [23].

Information on the volume of traffic during the
cultivation of crops indicate that today, without the use of
an innovative computerized machinery, vehicles and
technologies impossible the effective functioning of the
agricultural enterprises, the implementation of its internal
and external communications [24].

OBJECTIVE

The aim of this work is intensification of use of the
vehicle fleet of the agro-industrial complex by improving
their technological adaptability to local conditions of
agricultural production.

THE MAIN RESULTS OF THE RESEARCH

One of the main features of the vehicle in the farms
are seasonal transport of goods, due to the sharp
ahrostrokamy and implementation of traffic on the dirt
road and off-road.

Transportation of goods for agricultural enterprises
carried out a relatively low level of mechanization
handling, especially in transporting potatoes and
vegetables, organic fertilizers.

Considerable difficulties arise in farms unloading
cargoes delivered by rail. Most of these operations are
performed with long idle cars.

All agricultural goods depending
zovnishnohospodarskyh farm and transport, can be
divided into 3 groups. For each of these groups
characterized by certain types of goods, household goods,
conditions, terms of traffic.

The first group includes goods delivered from farms
on public procurement stations, railway stations, ports.
These goods combines agricultural products - corn, sugar
beets, potatoes, vegetables.

The second group includes goods delivered to farms
with railway stations, ports, depots, warehouses,
industrial, construction and commercial enterprises. They
combine the concept of industrial goods for agricultural
purposes.

The third group consists of goods and technology
assembly-type distribution, transportation are made within
households. These combined transport concept farm
traffic.

Among farm transport should provide technology
that include transportation of seed crops, silage, grain
from the fields to the floor and corn in warehouses farms,
organic and mineral fertilizers, chemicals from
warehouses in fields and plantations, fuel, spare parts for
tractors and agricultural machinery, construction
materials, water between the estates, offices and teams,
transport of feed on farms, containers for vegetables and
potatoes, etc.

Transportation of cargo in the first part and the third
group (delivery from the fields of agricultural products for
current and storage facilities) necessitate annual
involvement in the countryside for 3-4 months, hundreds
of thousands of cars of different departmental affiliation
of cities and industrial regions.

This requires agricultural specialists pay special
attention to the organization and improvement of road
transport in the economy.

The second group of transported goods in scope than
the first group of more than 2 times. The group is
dominated by transportation of building materials (about
38% of the traffic of the group) for the needs of
agricultural production, road and home construction.
Loads of this group also include feed, seed, pulp, fuel,
fertilizer, machinery, agricultural machinery, spare parts
and other goods that are essential to production.

A characteristic feature of the transport of goods is
the second group of relative stability during the year,
broken only in periods of sharp deterioration in road
conditions.

Delivery of cargo a large part of this group may be
distributed in time based savings early in their farms to a
tense period to ensure smooth operation of vehicles and
units for construction and livestock.

Loads third group of production process on the farms
and their transport carried out only within the industry.
Despite the fact that these relate to transport farm, their
massive participation in them thousands of cars from
different sectors of the economy and the importance of
transport for the country as a whole put forward a number
of major transportation problems facing the road.

In households direction of the grain during harvesting
is carried by trucks and 70% of the annual volume of
traffic. This creates a tense traffic balance, resulting in an
annual gathering attracted to more than 600 thousand.
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Cars from various organizations cities and industrial areas
of the country, which in turn raises the construction
industry in the difficult conditions of transport provision.

At the same time, a number of research institutes and
advanced machine experience shows that improving the
technology of harvesting grain haulage the floor and on
procuring points can significantly improve the
performance of vehicles and reduce the overall need for
agriculture to transport.

In recent years, science and practice proposed a
number of new, more effective ways of transportation of
agricultural products, that reduce the need for vehicles
This mixed motor transport (kombitreylerni), the use of
mobile and stationary silos, storage, centralized units, the
only transport management, scheduling , harvesting-
transport complex and others.

The work of harvesting and transport unit pilot
manufacturing sector showed that the discharge hoppers
regardless of the degree of filling allows for direct
transport to reduce downtime combines awaiting transport
to 64% and the total loss of time for unloading and
waiting - by 34%, while just a car pending load decreased
by 32.5%.

Coordinated work combines and cars with direct
transport can be achieved by installing additional bins.
For example, machine equipped with the Zaporozhye
region combine theirSC-4 bunkers taken from
decommissioned combines IC 3 and 1C-4. As a result of
establishing additional silos with capacity of 1,8m3
allowed many people combine variable output increase by
1.5 times, and comparative industrial tests have shown
that a simple dvobunkernyh unloading grain harvesting
through reduced almost 2-fold.

Compared with individual fixing cars at harvesting
combines expedient of forming integrated teams traffic.
The efficiency of harvesting and transport crews to direct
traffic confirm data obtainedVVolgograd region economy.
When using integrated teams need a car in this sector
decreased by 33%, combines productivity increased by
35%, reduced harvesting times for 6 days. If the
introduction of harvesting and transport crews simply
harvesting the farm accounted for 28% of the time
change, when their creation time loss dropped to 7.1%.

According to averaged data MSG Ukraine normal
group combines the use of 20% of their time increases 1.7
times to reduce wasted time troubleshooting by 20%
reduces the need for vehicles.

The estimated data on the number of cars GAZ-53,
for service groups 4, 5 and 6 combines SC-4 and SC-5,
recommended are shown in Tables 1 and 2.

If brigade method, two or three groups of harvesters
are combined into one production team. This method
combines group work and vehicles are fixed by them
impersonal. Brigadier work combines used where large
tracts bread and have the opportunity to work together to
organize at least four combines in one to two days.

When harvesting and transporting crops created
complex teams and centralized units for automobiles.

Integrated teams created to organize collective work
in the collection and harvesting of agricultural products
new harvest.

Cleaning crews throughout the complex created from
harvesting at farms Krasnodar region, Voronezh and
Rostov areas. Usually they are equipped with machines of
the same type. And in many places technology focused no
matter what team or department it belongs.

For a more complete use of technical capabilities cars
and creating favorable conditions for them to work with
trailers Kazakhstan developed and widely used
kombitreylerna transport system whereby grain from
combines collected and transported in a trailer or semi-
trailer (trailer) towed by tractors in the fields, and roads -
cars.

The positive effect of giving complete harvesting and
transport crews using kombitreylernyh transportation of
grain harvesting schemes harvester - car - a tractor with a
trailer or a harvester - car - propelled bunker - Drives that
were created as part of combine, tractor drivers and

In households of Kazakhstan kombitreylernu grain
transportation system combines use of 300 teams. For
example, the introduction of a system area was freed 390
cars for other needs of the economy. Performance cars
while significantly increased.

Table 1. Number of vehicles for service group combines SK-5.

Number The need for cars at yield kg / ha
harvesting 16 | 25 | 40
SC-5 group Distance transport, km
2 4 6 8 102 ]|]4]6|8|1W0]2|4]6]8]1
4 22 | 2 2 3 3 /12]12|3|3|3|2|2]3]3 4
5 22 | 22| 3 3 212344 | 2|3]3]4] 4
6 22 | 23] 3 4 213|455 |3|3]4]5
Table 2. Number of vehicles for service group combines SK-4.
The need for vehicles at yield kg / ha
Number
. 16 | 25 | 40
harvesting -
SC-4 group Distance transport, km
2 |4 |6 8 10 |2 |4 |6 |8 |10 |2 |4 |6 |8 |10
4 2 12| 2 3 3 |2 |2|2|2| 3 |2|2]|3]|3 3
5 2 13| 3 3 2 13(3|3| 4 |2]3|3] 4 4
6 2|3 3(3|4[4| 5 |3 4
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To reduce the time spent in the fields of vehicles, as
well as when they are not enough to ensure the smooth
operation of combines, in recent years, receiving
application-propelled or stationary silos storage capacity
8-15t that are loaded directly from the processor or by
delivery to they harvesting grain on tractors with trailers.

Vehicles are loaded from storage hopper regardless
of cycles and time of harvesting, so there is no need to
provide coordinated work harvesting equipment and
vehicles, as torn "hard link" combines with cars and
liquidated combines simple and cars for reasons untimely
car to combine and waiting filling hopper of the combine.
Application farms Kokchetav region hundred storage
hopper in combination with other vehicles made about the
economic effect 120 thousand. Rubles. Experience of
transport grain harvesters using storage hopper received
the most prevalent region, employing between 2,000
collection bins drives. If brigade method transport service

can be as single cars and mixed automobile and tractor
trains on kombitreylerniy transport system.

In group work combines the smallest car simple and
combines reached in the case:

- number of harvesters in the group is the number of
bins placed in the body of one of the assigned vehicles,

- real-time delivery of grain to the floor the car
matches the duty cycle harvester (process execution of
two operations: namolotu full grain bin and unloading
grain in the vehicle).

Actual delivery of grain cars to the floor depends
mainly on the distance of transportation. The smaller the
difference between the actual and optimal distances
calculated for time namolotu grain silo and the number of
cars assigned to the group combines the less easy vehicles
during loading. Knowing the working cycle and the actual
distance transportation, we can choose the most
appropriate combination of the number of cars in their
combines group work (Tables 3, 4, 5).

Table 3. Number of vehiclesrequired for grain combines 4.

The working cycle The need for transportation vehicles, the distance in km
combines, min. 2 [ 358101215 18 [20] 22 [24] 26 | 28 30
15 2 31415 5 6 7 7 8 8 9 9 9 9
20 2 3 13| 4 4 4 5 6 6 6 7 7 7 8
25 2 21313 3 4 4 5 5 5 6 6 6 6
30 2 2123 3 3 4 4 4 5 5 5 5 6
35 2 2 12| 2 3 3 3 4 4 4 4 4 5 5
40 1 2 12| 2 2 3 3 3 3 4 4 4 4 4
45 1 112 2 2 2 3 3 3 4 4 4 4 4
50 1 112 2 2 2 3 3 3 3 3 3 4 4
65 1 1 1] 2 2 2 2 2 2 2 3 3 3 3

Table 4. Number of vehicles required for grain harvesting 3.
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Table 6. Vehicles in the grain transportation system.

Distance Number of vehicles in integrated teams, depending on the distance of transportation vehicles.
transportation, - "Trajler carrying Car 3t additional car 5t
km capacity 4t
35 b | -
8 6 | -
10 6 1 |
12 8 15 -
15 8 15 |
20 8 2 -
25 10 2.5 -

The tables are proven by experience combination of
vehicles and combines depending on the duty cycle
combines, cars and transport distance.

The use of a method of Brigadier harvesting and
transport operations will improve the efficiency of cars to
25% compared with the group method.

The most highly used harvesting and transport
equipment reached at brigade method of harvesting using
kombitreylernoyi transportation system. With the use of
this system of grain harvesting bins are collected and
transported in a trailer or semi-trailer towed by fields
tractors on the roads - cars.

In this case the tractor moves with one or two
automobile trailers from the combine harvester to
download to their grain. After filling trailers transported
to the nearest field area of the road or the end unit. During
this time the car is loaded with grain. The driver drives
the car trailer, touches and moves them into the floor.

In the absence of grain train going in empty trailer
negotiable.

When using semi-tractors equipped with movable
carts and car-tractor truck must have device. In this case,
completely excluded mileage by fields.

Application system provides for the allocation to
each team one tractor "Belarus". Number of trailers and
vehicles allocated team depends on the distance of
transportation (tab. 6).

In team can be arranged with the grain harvesters
trailers without towing them across the field a tractor or
car. You need to cut troops long enough to fill the hopper
grain harvester ended at the end or near prokoshuvannya
units where there are trailers, which are discharged
directly from grain harvesters.

At harvest interval conveyor-tech field with small
distances should be used Tractor transport. Group of
engineers developed scheme of transporting grain from
the floor combines specialized trailers.

The novelty of this scheme is as follows. The usual
method of group work for six combines, the direct
collection at yield 10 kg / ha highlighted three tractor
"Belarus" with two trailers. The proposed method is
characterized in that one of the tractor trailers are
constantly being in the paddock fills them with a grain of
combines. With the filling of trailers, collecting tractor
trailers delivering to the edge of the field and
vidchiplyuye them and empty prychiplyaye and returns to

harvesters. Two other tractor transporting grain on the
floor.

This  excludes
downtime harvesters.

on the farm Dobrinsky district of Lipetsk region grain
from combines group work when they were taken to the
floortractor K-700. Which was granted on 8 trailer 4t
lifting capacity each. Trailers were placed on the field so
that they were convenient to unload grain from silos
machines. Four tractor trailer filled transported to the
floor, and during this time loaded others. This method of
transporting grain adopted many farms in the region.

In households where there was K-700 used tractors
"BelarusFor which fixed two trailers. At night, when not
working combines, tractor train at a small distance used to
transport grain to the elevator is current.

When working harvesting and transport unit (group)
must first of all decide on its composition, that is, to
determine the optimal number of vehicles (units) for the
service specified number of harvesters. In this case, more
convenient to use the method of calculation for transport
services combine units proposedVoronezh Agricultural
Institute. Let the group work method combines
odnomarochnyh m. Daily tc duration of their work hours.
The rate of output in the given conditions Wch, hectares
per hour. Grain yield U quintals per 1 hectare. The whole
group combines a day collecting Qk kg of grain. Weight
of grain from combines is given by:

Q. =U-W,-t.-m kg / day (1)

This grain during the same time period tc hours must
carry off the floor.

Assume that the transportation of grain from the floor
combines employed n the same transport units with a
nominal total capacity Qt. Suppose that for each unit tc
daily hours of K again carry grain harvesting from the
floor (do K or flight cycles). Then the total daily
operation of all vehicles Qt will be equal to:

Q. =10-Q-¢p-k'n
where 10 - the number of quintals in tonnes,
¢ - nominal capacity utilization of the transport unit.

For smooth harvesters and vehicles must comply with
a condition Q, = Q,:

U-W, t,, m=10-Q-¢p-Kk'n 3)

Solving this equation for m or n, can determine this
or these values for a given value of one of them.

Determine the number of transport units:

_ UW-tem

m = oo transport units  (4)

mere vehicles and minimized

kg / day(2)
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The number of flights (cycles) of the transport unit
per day equals:

K= t:—’ , cycles / day (5)
)i
where t; - cycle time (flight) in hours,

7- utilization of time, taking into account the loss of
driver time to rest and daily maintenance of the unit. The
coefficient is the ratio of work time to the time change.t

The duration of the cycle time is the sum of TA time
traffic load off the floor and back unloading time TA and
TR.

ty=tyttgt¢, h / cycle (6)

If the grain is transported by tractor train, the term
should include time to balance the field empty trailers and
time to collect and coupling loaded tractor trailers. t,

Moving time is determined by the formula

=2 hour / cycle (7)

b=
where | - the average distance from the field to the
threshing km,

v, - the average speed of traffic, km/ h

Formula (4) can be presented now as follows:
U-Wq-m-(tn+2—'l+tp)

Ve

00eT transport units (8)

All right values of equality and is subjected to the
calculation to determine the total number of vehicles
required for the given conditions.

Rated load tractor-vehicle unit is

Q=Db-Gr ©)
where b - the number of tractor-trailers to transport the
unit,

Gr- the weight of cargo in a trailer, Vol.

Number of trailers in the unit will be

PKpH (10)

- fu(Gr+Gp)-103
where P,,- nominal thrust on this tractor transmission
kgs,
fr - coefficient of rolling the trailer is (0,10-0,12),
G,,-Weight empty trailer, Vol.
The utilization of the nominal traction tractor

n=

£k _i0Grstnbsu; (1)

Pxpu Pypu
where R - pulling the load on the tractor (traction
resistance trailers imposed on aggregate)
€1c=0,85+0,95

Cargo weight in volume trailer body

G=g-w=g-a-l-h
where g - grain volume weight, t / m3,

w - the volume of body m3,

a, I, h - in accordance with the length, width, height
body, m.

Calculation of trailers formula (10) should be carried
out at different tractor gears except first (backup). The
answer should be expressed as fractions. If the result will
contain an integer you should select a different
transmission or increase body sides trailer.

Transmission choices depends on the number of
available trailers and road conditions affecting the speed
of the unit.

For continuous operation, assembly-vehicle unit must
ensure not only equal the number of daily harvesting and
transport units (formula 3), but equality containers for
storage of grain and its export.

(12)

For one cycle of the vehicles they carry grain off the
floor:

m?/ cycle (13)

The same amount of graih in the same period of time

must gather the whole group working machines.

W = 3o (14)

Drives that amount of grain harvesting is a bunker

and additional capacity - trailers to tractors or cars that

serve the harvesting machine. Trailers field position at the

end of the road and poured them with grain bins combines
the return transport.

W_ _Qoen
TH= P

Define any additional capacity wg trailers
(containers)

U-Wytym
wgzwku—wk-szg“—wK-m m® (15)
Find additional amount trailers

b, ==& (16)

wr
where wy- capacity hopper combine m®,

W; - capacity one trailer m3.

Total number of trailers in harvesting and transport
detachment equal

b.=n-b+b, a7

To load currents applied to corn grain loaders
continuous,  adjustable-propelled  -Runway-60 and
propelled loaders APP-125 capacity respectively 60 and
80t/h.

In households with no special handling facilities can
be used converted stacker sleep-0.5, which mounted on a
tractor "Belarus.

Maximum performance is achieved unloaders Guara-
15 and PGA-25M when unloading grain from single cars
through tailgate.

Therefore, the rolling stock for the transport of
agricultural products should be chosen taking into account
the presence and types of handling equipment on public
collection points, as well as farms.

The steady growth of grain production and
procurement requires clear and coordinated work of all
parts of harvesting and transport conveyor, including its
final element - Cereal.

Studies in recent years, research on the reception of
grain to grain enterprises of Ukraine showed that
sustainability is essential for the flow of grain from farms.
Therefore, the process of the grain Cereal should be part
of a single process of harvesting and transport, which
provides a clear relationship of three parts: tick - Road
transport - Cereal.

The most progressive system of interconnection links
is the rhythmic delivery of grain to grain company for
timetables.

Time schedule is a document that binds a single
technological process of loading operation of agricultural
production on farms and their transport by road, receiving
and unloading at public collection points.

The graphics consist of the light in traffic
performance of agricultural products from every sector,
departments and teams, currents and warehouses in terms
that preclude damage to the crop in storage after harvest.

Charts agree farms in order to fully utilize their
existing handling facilities and provide a uniform work
during the day the whole period of transportation. They
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agree with elevators, mills. This takes into account the
type and capacity of laboratory analysis of grain farming
and weight handling equipment with the expectation of
even the most complete and their use to prevent
accumulation of rolling stock in anticipation of unloading,
etc. On the basis of each train or car, each driver is and is
given to variable-day tasks.

Experience advanced economies, Ukraine shows that
car delivery teams to grain elevator then by time schedule
provides upbeat and productive work vehicles and road
trains of various departmental affiliation, the possibility of
operational management and control of shipments and
timely take necessary measures according to changes in
traffic conditions.

When the complex system of grain transportation by
road interdepartmental agencies created a single
operational management of vehicles regardless of their
subordination. The only operational management of
transport in this period the central republican, regional
operational group of executives transportation,
agricultural, procurement, travel organizations and
enterprises.

Working bodies of these groups is under the central,
regional and district control department of motor transport
organizations. Working together members of task forces
and the ability of each within its jurisdiction and granted
the right to decide and implement measures depending on
the particular situation makes it possible to quickly and
smoothly to decide on timely and quality traffic.

The direct operational management and monitoring
of compliance schedules rolling exercise control stations
and dispatcher positions, subordinate district team. With
information about the situation in the area of their
activities and relationship with farms and elevators, mills,
operational groups, harvesting and transport teams and
automotive units and control point positions quickly
maneuvering vehicles in time to submit information on
the traffic.

Thus the only comprehensive approach organization
of harvesting and transport operations include:
Calculating the number of vehicles for transporting grain
and harvesting machinery, the distribution volume of
traffic, creating complex mechanized brigades for grain
off the floor, the organization of operational management,
online monitoring and quality control traffic, the use of
innovative methods of use of wvehicles and their
interactions.

Implementation of this system will maximize the
performance of wvehicles and significantly reduce the
harvest period, which in turn will lead to improved
economic performance assembly-transport sector as a
whole.

CONCLUSIONS

1. Transport technologies in agriculture are based on
the classical theory of transport of goods. At the present
stage of agricultural development requires new methods
of evaluating the efficiency of transport technologies.

2. Transport subcomplex retooled. Developed new
types of vehicles for agriculture, covering the whole
necessary range of capacity, up to small trucks for

smallholders. Today, however, almost 60% of the park
district operated more than 20 years. Parks as components
of their cars are not adapted to the local conditions of
transport of goods, with the consequence that the cost of
operation leave much to be desired.

3. Most methods for building parks based on the
methods of linear programming without considering such
an important factor as mileage significantly affecting the
operation cost. They are adequate only in a certain point
or a very narrow period of time. Therefore, optimization
or formation of car parks these methods will not give the
desired results.
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I/IHTEFPAHBH}LIﬁ noaxoa K OPrAHU3ALIMN
TPAHCIIOPTHOU PABOTBI TPAHCIIOPTUPOBKH

3EPHOBBIX
AHHOTaU M. Oco6eHHOCThIO TPAHCIIOPTHOM
0e30IIaCHOCTH ~ CEJBbCKOTO  XO34HCTBA  IOKa3bIBAaeT

CYIIECTBEHHYIO pOJIb aBTOTPAHCIIOpPTa B pa3BUTHE
NpeANpUsITHIl 0 TPOU3BOJACTBY CEIBCKOXO3IUCTBEHHOMN
npoxaykiun. bonee 90 mporieHTOB 00BeMa BHYTPEHHHX
HNEPEeBO30K MPOJYKLUHU, a TakXkKe MpPeJOCTaBICHUs €€
peanuzanuu OCYILECTBIIAETCS ABTOMOOMIIBHBIM
TpaHcnopToM. Illupokuil crnekTp HepeBO3HMBIX IpPYy30B
IIPY HU3KMX partiinost JJsl Ka>kJ0ro W3 HUX OINPEAETHUTh
HEOIPEJEIEHHOCTb B CTPYKType napka
CEJbCKOXO35MCTBEHHBIX arperaToB U sIBJISAETCS NPUYUHOMN
HU3KOHM 3aHATOCTH TPY30BHKOB B TEYEHHE TOJOBOTO
mepuosia, B CBSI3M C CE30HHOCTHIO IIPOM3BOJCTBA U
co3maer mpobiaemMbl B IPPEKTUBHOM HCTOIH30BAHUH
MOJIBIDKHOTO COCTaBa.

IIppu u3MeHeHMH  YCIOBMH  NPOM3BOACTBA B
CEJIbCKOXO3SIICTBEHHBIX ~ NPEANpHUITUAX 332  TOJBI
HNEePEeCTPOUKH LHEHTPATU30BaHHOTO co BpEMEHU
CTaHOBJICHUS COLIMATUCTUYECKOTO o01ecTna,
TPAHCHOPTHOM CHUCTEMBI, CEIBCKOTO XO3sCTBA yXKE HE B
coctostHUU  3((GEKTUBHO OOCCIICYHTh IIEPCBO3KH B
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COOTBETCTBYIOIUE YCIIOBHA. JIMCIAapUTET ILIEH CO31all
CIIOXKHYI0 (MHAHCOBYIO CHTYallMI0 Ha IPEIIPHUATHIX
arpapHoOi cdepsl, 4TO, B CBOIO OUEpE/b, HE MO3BOJISIOT
aJaNTUPOBATh CTPYKTYPY CBOMX TPAHCIOPTHBIX CPEICTB,
94TO0BI M3MEHHUTh WX CICHHUAIHM3AINH U YCIOBUI Cpezpl
CeNBCKOXO35IICTBEHHOTO POU3BOJICTBA.

B Hacrosmiee BpeMs TpaHCHOPTHBIM IMOTEHIUAI
arpoNpOMBIIUICHHOTO KOMIUIEKCAa CTpaHbl, HECMOTpPS Ha
€€ 3HAUUTEeJIIbHOE CHIDKEHHE B MOCTIEPECTPOSUHBIH
NepHo/l MO-TIPEKHEMY BBICOK W JIOBOJIBHO OoJbIIME.
OpHako, 4TOOBI pAacKpbITh MX MOJHOCTHIO MOKa HE
MpeJCTaBIsIeTCs BO3MOXHBIM, a HCIOJNb30BaHHE Mapka
AIIK ocTaBnsier xenarth JIyqLIero.

TpaHCIOPTHBIX TEXHOJOTHI B CEIBCKOM XO3SHCTBE
OCHOBAHBI Ha KJIACCMYECKOW TEOPHM IEPEBO3KE I'PY30B.
Ha coBpeMeHHOM 3Tamne pa3BUTHS CEIBCKOTO XO35HCTBA
TpeOyeT HOBBIX METOJOB OIECHKH 3((HEeKTHBHOCTH
TPAHCHOPTHBIX TEXHOJIOTUI.

TpaHcopT noakoMIIekca nepectpousnack. Co3gaHsl
HOBBIE THIIBI MAallMH JUIs CEIbCKOTO  XO34HCTBa,
O0XBAaTbIBAIOLIUI BECh HEOO0XOIUMBIH CIIEKTD
BO3MOXKHOCTEH, BIUIOTH JI0 HEOOJBIINX TPY30BUKOB IS
JIITX. Ceronus, oguako, moutu 60% Tepputopuun paiiona
skcruryatupyercs Oonee 20 ner. Ilapku B KadecTBe
KOMITOHEHTOB HMX AaBTOMOOWJIM HE IIPHUCIIOCOOIEHBI K
MECTHBIM YCIIOBHSM MEPEBO3KH TIPY30B, B PpE3yJbTaTe
4ero CTOMMOCTh OKCIUTyaTalldd OCTaBIIAIOT JKeIaTh
Jy4ILIEro.

bonpmuHCTBO METOOOB U1 CO3JaHUS MapKOB Ha
OCHOBE METOJIOB JIMHEHHOr0 MpOrpaMMHpOBaHus 0e3
ydera Takoro BaxHoro (¢akrtopa, Kak mpooer
CYLIECTBEHHO BIUSIOT HAa CTOMMOCTh omepanuu. OHH
a7ICKBaTHBI TOJNBKO B OIpEENICHHON TOYKEe WJIM B OYECHb
Y3KHUil mepuoj BpeMeHu. Takum o0pa3oM, ONTUMU3AIUS
WM CO3/1aHUE TTAPKOBOK 3TH METOIBI HE JAIOT XKeJlaeMbIX
pe3yIbTaToB.

B  TexHomormueckux — moOKaszaTeled  CEIbCKOTO
XO34MCTBA CHIMYYHX IPY30B OT MHHUMYMa 10 MAKCUMyMa
mensercs 30 pa3. CremoBarenpHO, 3TOT (akTop B
IPOMBIIIIEHHOCTH ~ JOJDKHBI  pAacCMaTpHUBaThCS — Kak
nepeMeHHble.  PaboTel B CENBCKOXO3SIMCTBEHHOM
MIPOU3BOJICTBE 4YAIlle BCEr0 CYMTAeTCs Ui TOHOBOM
Nepuoj, UW3-3a  KOTOPbIX  3TOT  (DakTOop  HMMeer
3HAYUTENbHOE BJIMSHHE Ha KOHEYHbIE pPe3yJIbTaThl
JIeSITeTBHOCTH TPAHCIIOPTA.

KioueBble cjoBa: METOA, OIEHKA, aJanTaius,
TPAHCHOPT, TEXHOJIOTUH, TPAHCIOPT, ypOKail 3€pHOBBIX,
pabouee, cocTosIHIE, aBTOMOOHIIb.
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Abstract. Existing methods of control as
agrobiological soil environment and soil sampling by
existing methods do not account for variability of
parameters on agricultural land. To implement
differentiated technologies making process material is
preferably used a simplified way of breaking even in the
open field equal squares (preferably 5 areal5 ha) For
further diagnosis and management of field using such
differentiation. On the one hand this division due to
convenience and simplicity of this method, on the other -
the lack of reliable operational data field and thus tool to
split off for other criteria based on source data. According
to this method roughly equal to the square of the field can
enter areas with radically different parameters, mean that
do not reflect the real parameters of the site. Method
evenly split into equal squares field surface does not
include the specific fields and areas of heterogeneity as a
result of the low reliability of the data obtained using this
method,

In some cases, the parameters of the soil environment
will be understated, and some inflated within a square.
Differentiated  management  application rate  of
technological material within this square, it should be
carried out based on the average value of this parameter.
Therefore thus making the implementation of
differentiated technological material will not be effective.

Under these conditions, there is a need to find the
most effective method for monitoring the operational
status agrobiological farmland.

The most effective way of monitoring the operational
status agrobiological farmland is electrically measuring
the characteristics of the soil environment. Conductive
properties of the soil environment is complex
agrobiological indicator of its status, taking into account
the hardness of moisture content of nutrients in the soil
saturation bases, cation exchange capacity and so on.

The high content of moisture, salts and nutrients in
the soil contribute to the performance of electrical
conductivity of the soil environment within a field that
recorded information technology system agrobiological
local operational monitoring of agricultural land. This
information reveals the variability of soil protection zone
and subsequently manage agrobiological as farmland
zones with consideration of heterogeneity.

To test the efficiency of information technology
systems agrobiological local operational monitoring of
agricultural land and reliability of the data, the physical
modeling of soil electrical conductivity in the operation of
such systems.

A physical modeling of soil electrical conductivity
when measured using information technology systems
agrobiological local operational monitoring of agricultural
land.

This opens new perspectives to organic farming with
the use of "smart" agricultural machines.

Key  words: information-technical system,
operational monitoring, soil samples, variability in
magnitude.

INTRODUCTION

Review of current literature and scientific researches
[1-22] shows that in recent years the process of
integrating natural (organic or biological), biodynamic,
extensive, intensive (industrial) and no-till farming with
the latest technology, including information technology
systems operational monitoring of agricultural land. This
last trend is the most important and promising conditions
for Ukraine.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

An important task of monitoring the operational
status of agricultural land is called «management units» -
units with similar parameters spatial heterogeneity, which
must be used the same type of technology of cultivation
of crops. These technologies are the basis of decision-
making system «decision-making systems», which allows
you to make effective operational actions on the basis of
the available data on the state of agrobiological soil
environment.

Heterogeneity of soil can be represented as a
hierarchical system events. Of course, the heterogeneity
rather simply deducted when measured quantitatively
comparable objects and thus quantitative criteria. The
heterogeneity ~ factor  considered  responsible  for
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biodiversity, because through it formed part of the
environmental and provides diversity of soil organisms [2,
3, 14-25].

Modern agricultural production involves extensive
use of automated systems for monitoring agricultural
land.

Implementation of modern agricultural technologies
allows us to plan the costs of seed, fertilizer, pesticides
and other process materials, including fuel, to determine
the overall strategy of agrobiological potential field more.
But today the implementation of these technologies lack
the effective collection and registration (monitoring)
mistsevyznachenoyi information (agrobiological and
Phytosanitary) on the status of agricultural land in
precision farming technology [2, 8, 10- 25].

One of the main approaches to the application of
precision farming technologies - to optimize productivity
and to ensure the environmental quality of agricultural
products, taking into account areas of management and
variability of agricultural fields. In this aspect plays an
important role determining soil electrical conductivity for
the determination of the profits based on spatial
variability and nutrient content of the soil. Knowledge of
the structure of a soil variability allows to take effective
management solution agrobiological potential agricultural
land [1].

OBJECTIVE

In this sense, takes Relevance development and use
of a fundamentally new class of agricultural machines -
Information Technology Systems operational monitoring
of agricultural land.

So important is the development and study of the
functional structure of modern information technology
systems, operational monitoring of agricultural land.

THE MAIN RESULTS OF THE RESEARCH

Soil structure is changing in significant limits on
many agricultural fields. The physical properties of the
soil, such as soil structure, have a direct effect on water
consumption, cation exchange capacity, productivity and
more. The nutrients contained in the soil, plants used and
their content in the soil decreases. The common
characteristic of the nutrient content of the soil is
nitrogen, whose presence in the soil largely determine
yield. Mapping soil electrical conductivity is widely used
as an effective means of mapping soil structure and other
soil properties [5].

Quick description variability of farmland - an
important component for zonal management [6-16].

Modern methods and means of registering properties
of soil. Obviously, for the proper management of the
quality of the environment is absolutely necessary
condition is the organization of effective monitoring. To
assess the environmental objective important operational
information about critical factors of human actions on the
actual and future state of the biosphere. There is a
problem of organizing special supervision, monitoring
and evaluation of the natural environment (monitoring) as

in the areas of human action, and globally. [3] An

important nowadays takes Registration conductive
characteristics of the soil.
Electrical conductivity (soil conductivity) - a

property of a material to transmit (conduct) electric
current, measured in siemens per meter (S / m) or
myllysymensah per meter (mS / m). The electrical
conductivity of the soil can be expressed as a
detsysymensah (MPA / m). Milisimens per meter (mS /
m) - a standard unit of measure the electrical conductivity
of the soil. In the siemens measure the electrical
conductivity of materials. The advantage of a standard
unit of measurement is that it provides accurate
guantitative data. Visual assessment soil makes it easy to
identify color differences, but does not quantify the value
and explain the essence of color differences. Maps
showing soil conductivity value in mS / m, which allows
you to learn the same way and handle areas with similar
rates conductivity. As shown by numerous laboratory and
field studies,

Electromagnetic share many characteristics of soil
properties of the soil, affecting crop yields. These include
soil moisture content, particle size distribution of the soil,
ECO, salinity content of exchange cations of calcium (Ca)
and magnesium (Mg) and others. The electromagnetic
characteristics of the soil do not allow to directly measure
the nutrient content, but show significant variation in
characteristics such as soil structure and content of
exchange cations. This variation is too important to ignore
it, and should be taken into account during sampling (Fig.
1) [17].
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Fig. 1. Electrical conductivity of soil [17].

Maps of soil electrical conductivity make it possible
to get cartograms:

- variable application rate of technological material
(seeds and fertilizers) based on the expected yield of each
individual site, calculated based on the value of electrical
conductivity,

- variable seed application rate based on the depth of
the upper (arable) layer of soil,

- variable rates of application of herbicides in the soil
based on organic matter, soil structure and conductivity,

- variable application rate of lime based on soil
environment agrobiological state according to the levels
of electrical conductivity.

The most common device for monitoring the state of
agrobiological soil environment, by measuring the
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conductive characteristics of the soil environment is soil
mapping device EC Veris 3100. He pid’yednuyetsya to
the SUV, which is equipped with on-board computer
technology of parallel driving, GPS-receiver (Fig. 2) and
trailer unit drives (drives with electrodes placed). While
measuring unit moves from field embedded in the soil to a
depth Disk 25 cmOne pair of insulated electrodes
introduces electrical current into the ground, the other
electrodes measure the current that varies depending on
the soil resistance [4].
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Flg 2. Device EC Veris 3100.

Trailer unit Veris moving field, one pair of insulated
electrodes introduces electric current in the ground, and
the other pair measures the voltage drop, which will be
different (eg, depth conducts current better than mud or
sand). Measurements of electrical conductivity combined
with GPS data and graphically displayed in a map. Veris
3100 uses two beams conductivity for mapping two
depths of soil (0-30.5 cm and 0-91.5 cm) Simultaneously.

The device Veris 3100 creates two sets of maps - a
map of the surface layer (30.5 cm) And a map covering
the root zone (91.5 cm). Map outer layer often used to
select sampling sites and deeper card - to determine the
application rate of fertilizer (especially nitrogen) [5].

These devices are too costly to have design flaws and
give a significant error in the measurement. This creates
conditions for further research and improvement of
existing systems.

The purpose of this study is the physical modeling of
soil electrical conductivity when measured using
information technology systems agrobiological local
operational monitoring of agricultural land.

The aim is to obtain reliable data on the operational
status agrobiological soil environment by reducing errors
in determining the value of conductive properties of the
soil. To ensure the aforementioned problems using
information-technical ~ system  agrobiological local
operational monitoring of agricultural land by measuring
the electrical conductivity of the soil.

Information technology system agrobiological local
operational monitoring of agricultural land use: before
performing the technological operation, together with the
technological operations (sowing, fertilization, etc.),
during the growing season and after harvesting.

Explore symmetric distribution of electric wave type
surface vpodovzh metal rod radius a. The electromagnetic
field of the wave atr > ¢ (Outside of the core) will be
calculated through the electric Hertz vector with one

element H'Z Which is defined by the formula [2]:
11, =11'(x, y)-exp(ihz), i2 =-1 (1)
where h - wave number, (X, y)J_ Z - coordinates.
Magnitude h can be characterized as a vector
projection IZ
k= a)/C where @ - circular frequency of the wave ¢ -
the speed of light) on the axle OZ .
Ingredient H'Z satisfies the equation:
2776 2y7e 2y7e
581)} + a{;;z + aalz_iz +k -1}, =0,
)
and the function H'(X y) equation:
o' aZH' v T =0,q=VKE_PE
ES ay

where ( - transverse wave number.

(Wave vector having absolute value

Knowing IT' (X, y) You can find all the components
of the electromagnetic fields that occur near the rod
(Cartesian coordinates):
oIt ihz
OX

|
_I h-2—— ihZ,Ey:i'h-aL-eihz,Ez=q~gz-Hl'e : (4)

o'

|
oIl -e”‘Z,Hy:i~k~—
oX

H, =-i-k — ™ H,=0.

In theory waveguides §° > Obecause h? < k2. For
(conductivity O — o0)
h?=k?,gq*>=0. For the so-called slow waves [2]
h? <k?,so h?
g is purely imaginary, ie q2 < 0. In general, if the core

is surrounded with a dielectric medium (relative)
permeability & and magnetic (relative) permeability

=1, Then:

perfect conductor

—k? < 0And transverse wave number

h=k*&-g°. (5)

We say in the future h - longitudinal wave number.
We introduce the notation:

p>=—q*=h*—-k? ()
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if g° <0.

Then equation (3) takes the form:
aZHe 82H|
oy

Find the solution (7) in cylindrical (z,r,¢)

coordinate system. Using the approach [1, 2], we can find:

+p?-I0' =0. )

abo
' =Ry (r)-cosmp < I1' =Ry (r)-sinmep,  (8)
where the function R (r) must satisfy the equation:
d’R, 1 d°R , m?
+—- T—l p°+—|'R,=0. (9
a? r oar P Tz

r
Function IT' must satisfy the equation (9) index
m = 0 Because we believe that:

' = A-K,(pr), (10)
where Ko(pr) - Macdonald function of order zero

argument (pr), A =const.

We use to calculate fields E and H the following
formula [2]:
E = graddivil' +k?-I1', H=—i-k-rotl'
(11)
Then we will have a cylindrical coordinate system
(forr > a):

E =—i-h-p-A-K(p-r)-¢" E, =
=—p®-A-Ky(p-r)e™E, =0,

. (12)
H,=—i-h-p-A-K/(p-r)e",
H,=H,=0.
If the rod is considered ideal conductor, then

h =k = w/c. Typically, the core has a finite resistance,
which leads to some slowing of waves that spread in this
core. The wave becomes thus superficial, which usually is
expressed rather weakly (ash ~ k = w/c) [2].

Besides resulting in a single and finite conductivity
rod, which is easy to consider it if the surface of the
Leontovich boundary condition:

E,=3H,a r=«
(13)
where ¢ - wave impedance of the metal, which is
defined by the formula [2]:

9=k-d-(1-i)/+2
, (14)
k=wm/c
where d - the depth of penetration of the field in the
metal rod:

1 A-C

2r o (15)
A _the length of the electromagnetic wave,
¢ - speed of light in a vacuum,

O - electrical conductivity core material.
Table 1 provides value d for metal rods at different
wavelengths A .

Table 1.
d, m A, m
04m=0.4*10°m 1cm=10"m
4Am=4*10"m 1m
40 microns = 40 * 10°m 100 m
04m=04%*10"m 10 km =10 m

Thus, you can get the characteristic equation
(transcendental) to determine p :

p-a-KO(pa)/Kl(pa):i-S-k-a (16)
whereKl(pa) - Macdonald first order function from
argument (pa) Knowing the (16) o, We find from (6)
h:

h=,p*+k’ (17)
Thus, parameters 0 and h for a wave that runs

vpodovzh rod by relations (16) and (17).
Using the formulas for Ko(pa) and Kl(pa) [2]:

Km(pa):(mT_l)!-[éjm,m =123,...

(18)

K =1 0 =1781...
o(pa) n{}/_pa}é@

You can turn the equation (16) to form:

(pa) -In{y Zpa}:i-s-ka (19)

This equation was derived Sommerfeld back in 1899.

Using an iterative procedure [2], equation (19) can be
solved numerically.

It should be noted that the slowdown wave
propagating vpodovzh core, turns it into a surface wave
and the wave energy is concentrated near the core, as
follows from formula (12).

If denoted by r (50%) and r (75%) radius, coaxial this
rod through cross sections which is under 50% and 75%
of the capacity of the surface waves, then you can
calculation reduce to Table 2 (for metal bars, which has
radii a = 1 mm respectively and a =5 mm).

Table 2.
The radii A1=30 sm A1 =3sm
of the a=1 _ ~ B

cylinders | mm |[2=°mMm |a=1mm a=5mm
r (50%), 5 17 ) 65

see .
r (75%), 38 100 9 "

see

These numbers (Tab. 2) show that the band decimeter
and centimeter waves radial length field single core does
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not exceed a few (3-4) wavelengths (/1): at A=30sm
100sm

the length of the field (the range) —

A=3SM the length of the field (the range) —
14sm . .
~ 4,61 . So leverage decimeter waves (Fig. 3).
3sm
It should be noted that equation (19) can be rewritten
as:
h?=k?+i-5-k/a-In(2/y- pa)=k?+i-®-C-Z,
(20)
where: Z, =5/(2-7-a)=25/(c-a),
C_::l-ln( 2 j (21)
2 y-p-a
Z, - according to the formula:
E,=Z-L1=2-7-a-1,,Z =
= R —i Q- Li = 5 =
2-r-a
3 1-i (22)
2.7-a-85-d’
R=w-L= 1
2r-a-o-d,

is running an internal impedance rod (impedance per unit
of its length).

D Hp B B2P
7777777 777
25 T i b
M (M i M

Fig. 3. Four-pole electrode system in contact with the
ground.

In (22) | - complete the current through the core
section, |, - density kvazipoverhnevoho current @- L -
linear reactive impedance having an inductive character,
L, - Linear internal inductance rod R - linear resistance

rod C - can be called (in relation to the calculation of h)
With some error ( "stretch") per unit length uniform core

~

capacity (as transmission line). Generally speaking, C
integrated value, but very rough approximation it can be
considered a real number equal to 1/20.

~3,31, at

The above formula can give electrodynamic
calculations waves in two-wire line, taking into account
the finite resistance rods placed next to each other

(Fig. 4).

/ | ) /
=D =P
777 1 7771777
2a b
(M M

Fig. 4. The two-wire line.

According relations [2]
4
f H, ds = T
c

current that flows through a single core, which is
surrounded by field (12)

I=1,-exp(i-h-2)

(23)

(24)
where:

c-a

I :—T-i-k-p-A-Kl(pa) (25)

[0}
which (this current) corresponds to a longitudinal electric
field component:

E,=———2—-K_(pr)e"™ (26)
 c-k-a-K/(pa) o(Pr)
If there is another / second rod at the same distance
8 >> a the first, which is current (— | ) Then:

2:1-p-1, j [Kolpr)=Ko(pre™ @7

E,=—— 1P
“  c-k-a-K/(pa

where I’ - the distance from the observation point of the
second axle rod.

In this formula h and P yet unknown. They can be
identified by the conditionE, =Z, -1 on the surface of
the first core (second core condition gives the same),
where Z; - running internal impedance of the rod.

Under conditions é¢>>a at r=a will be
considered ' = ¢ and to get P equal:

-2 p- [Ko(pr)_ Ko(pg)]: (28)
=Z,-c-k-a-K,(pa)
where C - the speed of light in vacuum.
If the condition pe <<1 (And hence also condition
pa <<1), Then this equation (28) takes the form:
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2p°-In(s/a)=i-w-Z,,
h=K:+i-@-2-7,-C, C =%.|n(e/a),
which according to [2] C - Linear capacity two-wire line.

CONCLUSIONS

1. Thus, provided pe<<1l or, equivalently,

provided vk? —h? - <<1. We obtain the wave number

h. Which coincides with that given telegraph equation.
In this case the field in the neighborhood of two-wire line
(at a distance of ¢ from both cores) is the quasi-static,
through intensive interaction electrodynamic properties of
two-wire lines radically different from those of a single
rod.

2. In the reverse condition pe >>1 condition (28)

becomes the equation (16), which previously received for
a single core. In this case, the interaction between the rods
is little, because one field rod "not reaches" the second
because of its superficial nature.
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®U3NYECKOE MOJIEJIMPOBAHUE
SJIEKTPOITPOBOJIHOCTH IT0YB ITPU
M3MEPEHHHU C MCITOJIb30BAHUEM
MHOOPMALIMOHHO-TEXHUYECKOI'O CUCTEMbI
JIOKAJIBHOI'O OITEPATHUBHOI'O MOHUTOPUHI A
ATPOBUOJIOTMYECKUE COCTOSHUSA
CEJIbCKOXO3SMCTBEHHBIX VIO

AnHoTtanus. CyliecTByIoIue CriocoObl yrpaBieHuUs
arpoOHOIOTHYECKUM COCTOSHHIO TOYBCHHOW Cpeibl U
0oTOOpOM TPOO TpyHTa MO HMMEIONIMMCS METOIUKaM He

VYUTBHIBAIOT BapHaOCIBbHOCTH HMX  IMapaMeTpoB IO
IUIoIIaau CEJIbCKOXO03SIHCTBEHHBIX yroauii. Hnst
peanuzauuu TEXHOJIOTHH mudQepeHIIIPOBaHHOTO
BHECCHUS TEXHOJIOTHYECKOTO Marepuaina,

MIPEUMYIIECTBEHHO HCIIONB3YETCs YHPOIIEHHBIH Ccrocod
paBHOMEPHOTO Pa30MEHNs IOBEPXHOCTH TIOJII HA PABHBIE
KBajpaThl (MIPEUMYIIECTBEHHO IUIOmMaAbio 5-15 ra) mms
JanbHEMINEH [UarHOCTUKM M YIPaBJIEHUSA IIOJEM C
WCToNib30BaHueM Takou muddepennmanuu. C  oaHOM
CTOPOHBI Takoe paszjelieHue OOYCIIOBJICH YA0OCTBOM U
MPOCTOTOM JaHHOTO METOoAa, C APYroil - OTCYTCTBUE
JIOCTOBEPHBIX ~ ONEPATUBHBIX JAHHBIX O TMOJIe U,
COOTBETCTBEHHO, HHCTPYMEHTA JJISl pa3AeNieHus] MOl 1o
JIpYTUM KpUTEpHUSIM Ha OCHOBE MCXOJHBIX JAaHHBIX. [lo
9TOW METOIMKE K YCJIOBHO PaBHOrO KBaapaTy Ha IoOJe
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MOTYT IONAJAaTh y4YacTKH C NPUHLMIINAIGHO pPa3HBIMH
napaMeTpamy, cpeiHee 3HadeHHe KOTOPBIX HE OTpa)kaTh
peamBHBIX  MapaMeTpoB JaHHOro ydacTka. Crocob
paBHOMEpHOTO pa3OWeHHs Ha paBHBIC  KBaJpaThl
MOBEPXHOCTH IOJIS HE YYUTHIBACT CIICHU(HKH ITOJIS U 30H
HEOHOPOAHOCTH, KaK CIEICTBHE HU3Kasl JOCTOBEPHOCTD
JIAaHHBIX TIOJIyYEHHBIX C MCIIOJIb30BAaHUEM TaKOTO METOJa,
a COOTBETCTBEHHO M BO3MOXHOCTh HCIIOJIb30BAHUS TAaKHX

JIAaHHBIX JUIst Ka4eCTBEHHOTO yIpaBJIeHUs
TEXHOJIOTUYECKUM  MpOIEeCCaMH C  HCIOJIb30BAHUEM
TEXHOJIOTHH nuddepeHpoBaHHOTO BHECEHUS

TEXHOJIOTMYECKOT0 MaTepHania.

B HEKOTOpBIX CHydasx 3HA4eHHs IapaMeTpOB
MOYBCHHOHM cpenpl OyIyT 3aHMKCHBI, @ MO HEKOTOPBIM
3aBBIILICHBI B npenenax OJIHOTO KBaJpaTa.
JuddepeHnrpoBaHHOe yIpaBIeHHE HOPMOH BHECEHUS
TEXHOJIOTUYECKOT0 MaTepualla, B paMKaXx JaHHOTO
KBaJpaTa, IOJDKHO OyIeT OCYIIECTBISTHCS HWMEHHO Ha

OCHOBaHMM CpPEIHEro 3HA4YeHHA OSTOr0 IapaMerpa.
IToaTomy TaKou croco6 peanuzanuu
muddepeHIMPOBAaHHOTO  BHECEHHSI TEXHOJOTMYECKOTO

Marepuana oyzner He 3h(HEeKTHBHBIM.

B 9THX ycnoBHSX BO3HUKAeT HEOOXOAMMOCTH B
moucke Hambomee d¢p¢exkTuBHOrO  cmocoba Uit
ONEPaTHBHOTO  MOHHTOPHHIA  arpoOHOJIOTHYECKOTO
COCTOSTHHSI CETbCKOXO03AHCTBEHHBIX YTOIUH.

Haubomee >QQPexTHBHBEIM CITIOCOOOM OIIEPATUBHOTO
MOHHUTOPHHTA arpoOHOJIOTHIECKOTO COCTOSTHHS
CEIIbCKOXO3SIICTBEHHBIX YTOOWH SBIACTCS H3MEpPCHHE
JIEKTPONPOBOISIINX XaPAKTEPUCTHK TOUYBEHHOW CpEJbl.
DNEeKTPONPOBOAIINEG CBOHCTBA TIOYBEHHOW  Cpenbl
SIBJISIETCSI KOMIUIEKCHBIM HOKa3aTeseM ero
arpo0HOIOrNYECKOro COCTOSIHHS, YUUTBHIBAIOLINN
TBEPAOCTh  BJIQXKHOCTb, COJIEP)KAHHME  IHTATENbHBIX
BEILIECTB B IIOYBE, HACHIIIEHHOCTh OCHOBAaHUSIMH, EMKOCTh
KaTHOHHOT'O OOMeHa U Jp.

BrIcokoe cozepxaHue BIIary, cojied M MUATATeNbHBIX
BEIIECTB B  MOYBE  CIOCOOCTBYIOT  IIOBBIIICHHUIO
ToKazaTeJield 3JIEeKTPONPOBOIHOCTH MOYBEHHOH cpelpl B
npezaenax OJTHOTO oI, perucrpupyercs
nH(pOPMAMOHHO-TEXHNYECKOI CHCTEMOH JIOKAIBHOTO
ONEPaTHMBHOIO ~ MOHHMTOPHHIA  arpoOHOJIOTHYECKOro
COCTOSIHUSL ~ CEJIbCKOXO3SIMCTBEHHbIX  yroaui. Takas
nHpopmanms HO3BOJISIET BBIJICITUTh 30HBI
BapHa0eNbHOCTH TIOYBEHHOW Cpeasl W B JajbHEHIIEM
OCYIIECTBIIATD yIpaBJIeHUE arpoOMOJIOTnYeCKUM
COCTOSTHAEM CEeJIbCKOXO3SHCTBEHHBIX YTOJIHUH € ydeTa 30H
HEOHOPOJHOCTH.

Just npoBepku 3G PeKTUBHOCTH (QYHKIIHOHHPOBAHUS

I/IH(i)OpMaIII/IOHHO ~-TCXHHUYCCKUX CUCTEM JIOKaJIbHOI'O
OIIEPATUBHOT'O MOHUTOPUHTA arp061/10nornq601<0r0
COCTOsIHUA CEIIbCKOXO03SHCTBEHHEBIX yFOﬂI/Iﬁ u
JOCTOBECPHOCTHU TIOJTYYCHHBIX JaHHBIX IIPOBECIACH

¢du3nIeckoe MOJETUPOBAHNE HIIEKTPOIPOBOJIHOCTH MOYB
py GYHKIIMOHUPOBAHUH TAKUX CHCTEM.

IIpoBeneno ¢usnueckoe MOJIEITMPOBaHNE
JNEKTPONPOBOJHOCTH  TIOYB  IPH  HM3MEPEHHH  C
HCTIOIb30BaHUEM MH(POPMAMOHHO-TEXHUYECKOH
CUCTEMBl  JIOKAJbHOTO  ONEPATUBHOIO MOHUTOPHHIA
arpoOHOJIOTNYECKOTO COCTOSIHUS CENbCKOX03IHCTBEHHBIX
yroaui.

OTO OTKpBIBAET HOBBIE MEPCIEKTUBBI IS BEACHUS
OpPraHUYECKOT0 3€MJICAEIMS C HUCIOJIb30BAaHHEM TaKUX

«YMHBIX» CEIbCKOX03UCTBCHHBIX MAIIIHH.

KiroueBble cjioBa: WHGOPMALMOHHO-TEXHUYECKAS
CHCTeMa, OIEPaTUBHBIA MOHHTOPHHT, MOYBa, MPOOHI,
BapuabesbHOCTh, BEUYHHA.
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