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Summary. The oscillations of the structural elements, the
drive mechanism and the traction body are minimized by
optimizing the movement modes of the grain elevator
during transient processes, which made it possible to
increase its efficiency. Based on the chosen dynamic
model, a mathematical model was created using the
d'Alamber’s principle. The optimization process of the
start-up mode of the bucket elevator was considered by
the criterion of mean rate of change efforts in the traction
body during clash on the drive drum. Found laws of
motion for working branch, the tensioning drum and the
drive drum which correspond to the optimal mode of
movement of the bucket elevator. Based on the
discovered laws of motion were built kinematical
characteristics of the main parts of the elevator which are
presented in the form of graphical dependencies for the
optimal motion mode. The graphical dependencies of the
effort changes in the traction body during clash on the
drive drum and shrinkage from the tensioning drum also
received. Based on the graphical dependencies established
that during start-up bucket elevator at the optimal mode of
motion there are small oscillating processes that are the
smallest just in the optimization by the criterion of mean
rate of change efforts in the traction body during clash on
the drive drum.

Key words: bucket elevator, dynamic model,
mathematical model, motion mode, dynamic load, effort,
oscillation.

INTRODUCTION

To improve the technological of processing and
transportation of grain is advisable to increase the
efficiency of work the bucket elevator. During the motion
oscillations occur in the elements of the drive mechanism,
traction body and supporting structures, which lead to
increasing dynamic loads [1]. These loads are most
significant during transition processes (start, braking or
locking, switch from one speed to another), which leads
to the accumulation of fatigue stresses in the construction
of the elevator. This in turn leads to premature destruction
of it, and complicates the technological process of
transportation of grain material (rashes and damage the
grain), which negatively affects the safe operation of the
elevator as a whole.

The minimize oscillations of structural elements,
drive mechanism and traction body can be through

optimization of movement grain elevator during transition
processes that will improve its efficiency.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Works Khorolsky I. M., Kondrahin V. P.,
Spivakovsky A. O. and others [2-6] were devoted to
simulation of working process elevator as multimass
system with closed loop. In work [7] the optimization of
mode start-up is reduced to finding the minimum time
start conveyor under different conditions (strength ribbon,
no slip ribbon on the drum, and the maximum moment of
the motor). But at the calculation are used statistical
indicators of conveyor, which do not fully reflect dynamic
processes of vertical belt bucket elevators.

In [8] the mathematical model of the motion of the
bucket elevator where accepted statistical mechanical
characteristic of the drive motor is not fully reflects the
movement of the elevator. Therefore there is a need to use
the dynamic characteristics of the drive motor, which is
enough to reflect the dynamic processes at the time of
launch.

For optimization the modes of motion of the lifting
machines used the methods of dynamic programming [9],
the maximum principle [10] and the calculus of variations
[11-14].

The most appropriate method to eliminate of
oscillations in the elements of the bucket elevator is the
calculus of variations, because at the decision of problems
in the final result will getting smooth functions of changes
kinematics characteristics.

The traction body (ribbon) is the main element of
grain elevator, that’s why the modes of motion for
optimization appropriate to use criteria that reflect the
dynamic load in the traction body.

OBJECTIVE
Improve the efficiency of the bucket elevator by
optimizing the mode of motion of drive mechanism.
THE MAIN RESULTS OF THE RESEARCH

For optimization the modes of motion of the bucket
elevator selected the dynamic model. We will consider
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that all elements of the bucket elevator are absolutely
rigid bodies besides ribbon and drive mechanism. All
inertial masses are reduced to axis of rotation of the drive
drum. The rigidity of drive mechanism reduces to this
axis too. We consider that slip between the ribbon and the
drive and tension drums are absent. Such assumption is
provided the necessary preloading ribbon and enough
clutches between drive and tension drums with ribbon.
Mass of buckets and areas between ribbons is replaced
one weight, which is concentrated in their center of mass
at the working and non-working branches of the
conveyor. Rigidity of the ribbon on the working and non-
working branches of the conveyor consider the same.

Ignored the transverse vibrations of the buckets and
ribbon, because they are minor compared to the main
movement and they are more dependent on design
features of the elevator but not from the mode of
movement.

The chain contour of ribbon with buckets and drums
are represented as chain open-circuited contour in the
dynamic model of the bucket elevator (Fig.1). Conditional
cut of ribbon made at the point of clash the ribbon on the
tension drum. This is accepted that the tension of the
ribbon at this point is equal to pre-loading ribbon with
device tensioning with a force F,. Such assumption is
accepted and used by many authors for the study of
ribbon and chain conveyors [2].

X
N/ ¥
Az >,

m,g mg
F st
fy <

07y
2
/‘72\ @,

Fig. 1. Dynamic model of the bucket elevator

As a result of the accepted assumptions the bucket
elevator consider as mechanical system with five degrees
of freedom, which is presented as a dynamic model,
shown in Fig. 1. For generalized coordinates was taken
the angular coordinates of rotor of the electric motor,
which are reduced to the axis of the drive drum ¢, , drive
drum ¢1 and tension drum ¢, and also longitudinal the
linear coordinates of the center of mass of the working
and non-working branches of the bucket elevator.

For the purpose of differential equations of motion
bucket elevator, dynamic model is presented in fig.1, we
use the principle of dynamic equilibrium of d'Alembert.
According to this principle the equations of motion have
the form:

Jofo =My —Co (@, —01),

316 =Co(@o — ) —cCr(pr —x)+ CI’(XZ - ¢’1r)v
m% = c(pr —x) —c(X —p,r) —mg, €
m,X, = Fy+m,g —c(X, —¢pr),

J,¢, =cr(x, —,r)—M, —Fr,

where: Jo , J; , J, — moments of inertia relative to their
axes of rotation of the drive mechanism, which was
erected to the axis of rotation of the drive drum, drive and
tension drum to accordance,

m;, m,, — the total masses of the working and non-
working branches of the elevator to accordance,

co — stiffness of elastic elements of the drive
mechanism that reduced to the axis of rotation of the
drive drum,

¢ — stiffness of half the length of ribbon on the
working (non-working) branch of the conveyor,

M, — the driving moment on shaft of the motor that
reduced to the axis of rotation of the drive drum,

M, — the moment of resistance from loading buckets
that reduced to the axis of rotation of the tension drum,

r — the radius of the drive drum and tension drum,
which were adopted equal,

g — acceleration of free fall.

Consider the optimization process the start-up mode
of the bucket elevator by the criterion of mean rate of
change efforts in the traction body during clash on the
drive drum.

We will define the efforts in the traction body during
clash on the drive drum from the third equation of the
system (1):

R, = C((Plr - Xl): m, X, +C(X1 _¢2r)+ m,g. (2)

From the last equation of the system (1) will find the
coordinate x; through ¢, and it second derivative for time:

M,/r+F,

X, = f + 265 4 ®)
1= ¢, Cr(”z

We will differentiate expression (3) for time, as a
result we receive:

)’(—'r+£"'x‘1—“r+£lv
1 =@, or ?;, P, or @y,
) vV NN J. v

X =0, +—20, X, =@, T +—2¢p,, (4
1 =@, Cr(ozxi (2 Cr% 4)

VAN Jovie v J.
X :¢2r+_2¢721 Xy :¢2r+_2(/’2-
cr cr
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Substituting the expressions (3) and (4) in depending
(2), then we have:

v
_mJ, (/)ZJr(m1 +%)r¢2 +¥ +F,+mg. (5

Ry

We will differentiate expression (5) for time, as a
result we receive the depending of speed changes efforts
in the traction body during clash on the drive drum:

ml‘] 2
cr

~ v \]2
R, = Q.+ m +r—2 rQ,. (6)

The mean rate of change efforts in the traction body
during clash on the drive drum defined as an integrated
functional:

. 1 b %
Riy, = L_I Rfldt} , (7)
10

where: t — time,

t; — the duration of the transition process (start,
braking, speed change, reverse).

The integrand expression of functional (7) is:

2
. mJd, v J
f:Rfl:{ érz ¢2+(ml+r_§jr%} . (8

Differentiating the expression (8) in compliance with
the equation (9), we have:

o _of o &

op 0¢, 0 o,

of J mJ, v NI
—=2lm+—21r 2o+ m +—2re, |,
o, ( h rzj { or ?, ( h I’Zj (Pz}

V
61\:/ =2 mlv-]z |:mé;]2 ¢)2+(ml +%Jr¢2j|, (10)

d—aizz m+ﬁ r ml‘]z\(/;l+ m+ﬁ rglz\)/
dt* 0, e )ler U r2)

d° of . md,[mJ, * 3,
ﬁa(z =2 crz[ ch(szr ml+r_§ 0
2

After substituting expression (10) in equation (9) we
obtain the differential equation tenth order:

2
J X m J J VIl
M, P+ 2—2 M+ |1 p,+
cr cr r
11)
I\ M
+m +r—§ r e, =0.
Divide all the members of (11) on the coefficient near
oldest derivative and will made a substitution:

2 2
‘ m +J,/r o2 = M +J2c, w2
mlJZ mlJZ

we got

Vil \

X
(1)2+2k2(p2+k4(p2 =0. (13)

Equation (13) is a homogeneous differential equation
tenth order with constant coefficients. For it solution will
make the characteristic equation
r*® +2k?r® + k*r® =0, which can be written in this
form:

re(r4+2k2r2+k4):0. (14)
Solution of equation (14) gives:
r* =0, (15)
r* +2k’r> +k* =0. (16)
From equation (15) we'll have six roots:
n=r=r=r=r=r=0, 7

and the equation (16) is biquadrate equation which after

the  replacement p= re, have a  form
p>+2k*p+k*=0.
Solution of this equation gives:
P, =k k" —k* =k,
Pp=P; = —k2.
Then
e =P = V-k? =iki’ (18)

r9,1O:\/F?_: V-k? :iki-

As a result, the general solution of equation (13),
based on the roots (17) and (18) of the characteristic
equation (14), has the form:



0, =C,+Ct+Ct° +C,* +Ct* +Ct° +
+(C, + Cyt)sinkt +(C, + C, it )coskt

@, =C, +2C,t +3C,t* +4C,t> +
+5Ct* +(C, — Cok — C, kt)sinkt +,
+(C,, + C,k + Cykt)cos kt

@, = 2C, +6C,t +12C.t* + 20Ct° —
—(2C, +Cik + Cgktksinkt +
+(2C, — C,k —C,kt)k coskt

#, =6C, +24C.t +60Ct° —
—(3C, —C,k —C, kt)k?sinkt—, (19)
—(3C,, + C,k + Ckt)k* coskt
\%
@, = 24C, +120C,t +
+(4C,, + C.k + Cokt)k®sinkt —
—(4C, —C4k —C, kt)k* coskt,

\
@, =120C, + (5C, — C .k — C, kt)k* sinkt —
—(5C,, + C,k + C.kt)k* coskt,

where: Cy, C,,..., C;p — constant of integration which
found from the boundary conditions of motion:

v
t=0:¢2 =0a(pz =O'¢2 =0,¢'2 =0,(p2 =0,
v

v (20)
t=t:9,=0,,¢, =0,¢,=0,9,=0,¢, =0.

where: o, - the established angular velocity of the

tensioning drum,
t, — the duration of the transition process (start-up).

Substituting the boundary conditions (20) in the
system of dependencies of kinematic characteristics of the
tensioning drum (19), we obtain a system of linear
equations to determine the constants C; (i=1, 2, ..., 10):

Vyacheslav Loveykin, Juriy Loveykin, Lesya Tkachuk

C,+C, =0,
C,+C,+C,k=0,

2C, +2C.k —Ck? =0,

6C, —3C,,k* —C.k* =0,

24C, —4Ck* +Ck* =0,

C,+2Ct, +3C,t7 +4C.t> +

+5C,t;* +(C, — Cok —C,okt, )sinkt, +
+(Cyo+ Crk + Cykty Jcoskt, = o,

2C, +6C,t, +12Ct? + 20C,t> -
—(2C,,+ C,k + Cykt, )k sinkt, +

+(2C, —Ck —C,kt, )k coskt, =0,

6C, +24C.t, +60C,t> —

—(3C, —Cok —C,okt, )k sinkt, —
—(3C, +C,k +Cykt, )k* coskt, =0,
24C, +120C t, +

+(4C,, +C,k + Cykt, )k sinkt, —
—(4C, —C.k —C, okt Jk*coskt, =0,
120C, +(5C, — C,k — C, kt, )k* sinkt, +
+(5C,, +C,k +Cykt, )k* coskt, = 0.

&' radls

0

(21)

Fig. 2. Graphs of changes kinematic characteristics of the
tensioning drum: a) speed, b) acceleration
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As a result of solving the system of equations (21) we
find the constants of integration C; (i=1,2,...,10) and
substitute the depending (19).

The (19) is the optimization the mode of motion of
the bucket elevator by criterion of mean rate of change
efforts in the traction body during clash on the drive drum
during start-up.

For the bucket elevator with parameters that were

calculated ~ [15]:  J,=65 kg'm®  J1=78,4 kg'm?,
3,=78,4 kg-m?, ®,=5,7 rad/s, R=0,315 m,
Co=2000 N'm/rad, ~ ¢=330000 N/m, n,=32, n,=32,

m,=9 kg, m,=9 kg in the program of the Mathematica 9.0
[16] were calculated kinematic characteristics that are
represented as graphs which are shown in the Fig. 2.

These graphs show characteristics for optimal mode
of motion by the criterion of mean efforts in the traction
body — the dotted line, and by the criterion of mean rate of
change efforts — a solid line.

Knowing the law of motion of the tensioning drum,
which corresponds to the optimal mode of motion of the
bucket elevator by a system of differential equations (1)
we find the laws of motion of other parts.

Law of motion of the working branch is defined from
dependencies (3) and (4) and represented as graphs on the
Fig. 3.

r
x;',mfs
L
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+
[ ’
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i
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- #
[ 4
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! 1 L 1 fs
1 P 3 E
a)
e :
x;",mfs
[
20R
' -
! Iy
13k 1y
L' oy 'y
i oy oy
Lop oy [ ] .
1 ! 1 el Pt
nef ! I i 1
05k I i I . i A L
[ | 1 T i A
A, v e, N iy
v 12 ! o T, L f,S
LY} -
b)

Fig. 3. Graphs of changes kinematic characteristics of the
working branch: a) speed, b) acceleration

And the law of motion of the drive drum will defined
from the third equation (1) and represented as graphs on
the Fig. 4:

X m
=—@,+21+-L(X +9),
b ==, r cr( 1 g)

X, m X mV
P ==, + 22 +—2X, =P, + 22+ L%, (22)
O ==, I O ==, ; CI’Xl

\%

v . A X m Vv Veox, o mv
Q== 2=+ — X, P ==t 2=+ X
r ocr r ocr

&; ' rad|s

(=)
T
-

-4r,s

Fig. 4. Graphs of changes kinematic characteristics of the
drive drum: a) speed, b) acceleration

Solving the penultimate equation of system (1), we
found the law of motion non-working branch of elevator:

m,X, +cX, =crg, +m,g+F,.  (23)

Substitute into the equation (26) the expression @,

from the system (22) considering of expressions X, and
X, at (3) and (4), resulting we have:

N ( J, j .
m,X, +CX, =Cre, + 2—2+ml ro, +
' (24)
ml"]z v MZ
+ +m,g +2—=+3F,.
or ?, )0 r 0
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Then substitute into the equation (24) expressions

®,, ¢, and ql;/z from the system (19), so we have:
C,+Ct+Ct*+C,t° +

m,%, +cX, = cr| (C, + Cyt)sinkt + +
+(C, +Cgt)coskt
2C, +6C,t -

+(m1 + 2% r| —(2C, + C.k + Cokt)ksinkt + |+
+(2C, — C,k — Cokt)k coskt

L md, {(4(:8 +C.k +C.kt)k’sin kt—} N

cr | —(4C, —Ck — Cgkt)k® coskt

+m,g +2¥+3F0

crC, +

. J
m,X, +CX, = +ZC3(m1+2—§ r+|+
r

+m,g +2&+3F0
r

+ {chz + 6C4r(m1 + Zj—gﬂt +
r

+crC,t> +crC,t° +

crC, —(2C, + Csk)kr(ml + 2J—§j +
r

+ +
+(4C, + C k* ™Yz
J,
crCs Ckrm+2 J
+ r* t-sinkt+
Ck“m‘]
J,
crC, +(2C, Ck)kr(m +2°2 j
+ +
_(4C, —Ck)k* T2
Ccr
J,
crC, Ckr m, +2 j
+ t coskt
k4mJ

m,X, +CX, = a, +at +at’ +at’ +

. (25)
+(a, +agt)sinkt+(a, +a,t)coskt
We write the equation (25) in this form:
X, +k’x, =a, +at +a,t’ +at’ + 25)

+(a, +agt)sinkt+(a, +a,t)coskt

Here k, =ym,/c. (27)

The general solution of (29) we looking as the sum of
a full solution of the homogeneous equation and a partial
solution of the full equation, so:

X, =X, + X, (28)

+k’x; =0. We
write to him the characteristic equation r 2 4k? =0,
whence I, ==2Kk;. Then the general solution of the

The homogeneous equation X2

homogeneous equation is:
X, = A sinkt + A, coskt, (29)

where: 4; i 4, — constants which determined from initial
conditions of movements.

Based on the type of the right side of the equation
(29), his partial solution has the form:

X, =B, +Bt+B,t* +Bt*+

30
+(B, + Bgt)sinkt + (B, + B,t)coskt 0

We will differentiate expression (5) for time twice, as
a result we receive:

K" = 2B, + 6Bt — (2B k + B,k? + Byk’t sinkt + o
+(2Bk - B,k? — B,k’t Jcoskt

Substituting expressions (33) and (34) in equation
(29), then we have:

2Bk +

+B,k* + Bkt

+(2Bk — Byk? — B,k’t Jcoskt +
B, + Bt + Bt + B,t* +

+kZ| + (B, + Bgt)sinkt +
+(B, + B,t)coskt

282+683t—( )sinkt+

(32)

=g, +at+at’ +at’+
+(a, +agt)sinkt+
+(a, + a,t)coskt,
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We group the components of the left side of the
equation (32) according to the components of the right
side of the equation and then obtain:
2B, + B,k{ = a,,
6B, + Blkl2 =a,,
sz12 =, Bsk12 =a,
—(2Bk + BK?)+ Bk =a,,
—B.k? + B,k? = a,

(2Bok — Bok? )+ Bek? = a,
-Bk*+Bk’ =a,.

(33)

Having solved a system of linear equations, we find:

Bo — 8 —2a2/k12

k; ’
B = & _6a3/k12
1 klZ !
a 8
Bz _k_li! B3 = k_lza
2ka, /(k? —k?)+a
B — 7 1 4, (34)
) k2 —k?
a
BS = k12 _5k2 !

5 _ a, — 2ka, /(k? —k?)
6 k2_k2 !
1

a
B7 :W.

Then the general solution of equation (26) has the
form:

X, = A sinkt+ A, coskt+B, + Bt +B,t* +

s ) 35)
+Byt® + (B, + Bt )sinkt + (B, + B,t)coskt
Take the time derivative of the expression (35):
%, = Ak, coskt— Ak, sinkt+B, +2B,t + 3Bt +
+(B, - B,k - B,kt)sinkt + (B, + B,k + B.kt)coskt; (36)

%, =—Ak’sinkt— Ak’ coskit+2B, + 6Bt -
(2B, + B,k + Bkt)k sinkt + (2B, — Bk — B,kt)k cos kt.

The unknown constants 4, and 4, determined from
initial conditions of motion:

t=0:x, =%, =0. (37)

Having substituted the initial conditions (40) in the
depending (38) and (39) we get:

A, +B, +Bs =0; 38)
Ak, +B +B, +B,k=0.
From the system (41) we have:
A= _(Bl +B; + BAK)/kl; (39)

A, = =B, - Bq.

After finding the law of motion the non-working
branch of elevator we can define the law of motion of the
rotor of the electric motor that reduced to the axis of the
drive drum.

For this we use the second equation of (1):

2
cr J, .. c¢r
Q=@ 1+2— +_l¢’1__(X1+X2)’
CO CO CO
2
. ) cr J, ... c¢cr,.. .
O =¢|1+2— +_1¢1__(X1+X2)’ (40)
CO CO CO
2
cr J.V ocr
o=@ 1+2— [+ 2o ——(X + X, ).
Do =@ . . (2] . (X1 2)
Ry(t), N
15000 | e T ——
10000 |-
5000 -
I A
a)
Ry(t), N
wowl - .
3000 - ) : )
6000 -
4000 |-
2000 |-
e 1
b)

Fig. 5. Graphs of change of efforts in the traction body: a)
during clash on the drive drum, b) at shrinkage of the
tensioning drum
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Table 1. The mean and maximum values for optimal regimes

Criteria for evaluation
Indexes The mean efforts in the traction body The mean rate of change efforts in traction body
The mean value The maximum value The mean value The maximum value
X,, m/s 1.311 1.784 1.246 1.793
%, m/s? 0.733 2.184 0.525 0.918
@, radls 4.116 5.622 3.909 5.693
@, rad/s? 2.365 6.941 1.575 2,777
@,, radls 4.184 5.664 3.983 5.693
b, rad/s? 2.029 5.246 1.712 2.935
Ry, N 14944 15586 14947 15425
Ry, N 9042 9988 9039 9413

Now can find dependences of changes of resilient
and driving moments of the drive mechanism from using
the first equation of the system (1):

Mo, =, (% - 401)’ (41)

My =Mg; + Jo ;. (42)
Effort in the traction body during clash on the drive
drum is defined by the following expression (Fig. 5. a):

Ry, = C((”lr —-X ) (23)
Efforts in traction body at shrinkage of the tensioning
drum (Fig. 5. b):

Ry = C(Xl - (Dzr)' (24)
In the program Mathematica 9.0 for optimal mode of

motion was calculated the mean and the maximum values
of the following indicators:

- angular velocity and acceleration of the drive and
tensioning drums,

- linear velocity and acceleration consolidated mass of
working branches,

- efforts in the traction body during clash on the drive
drum and at shrinkage of the tensioning drum.

As a result of the calculations obtained data are
presented in the Table 1.

From the graphic of dependencies can see that at
start-up of the bucket elevator in its moving parts there
are oscillatory processes.

The magnitude of these oscillations depends on the
accuracy of modelling parts of the conveyor.

To simplify the optimization mode of motion by
criterion of mean rate of change efforts in the traction
body during clash on the drive drum is used a dynamic
model with one mass on the working and non-working
branches in accordance.

After analysing the graphs can see that oscillatory
processes occurring during optimization the mode of
start-up by the criterion of mean efforts in the traction

body is greater than during optimization by the criterion
of mean rate of change efforts.

The maximum value of acceleration on the working
branch and on the drive drum during optimization effort
in the traction body is 2.5 times higher than the same
value at optimization of rate of change efforts.

Also, the maximum value of efforts in the traction
body at shrinkage of the tensioning drum at the first
criterion is 4% higher than in the second.

It should be noted that the graphs of change efforts in
the traction body during clash on the drive drum have
smaller fluctuations than at the shrinkage of the
tensioning drum.

CONCLUSIONS

1. The dynamic model the mode of motion of the
bucket elevator was constructed as mechanical system
with five degrees of freedom. For optimization the mode
of motion of the bucket elevator by the criterion of mean
rate of change efforts in the traction body during clash on
the drive drum was created a mathematical model, which
based on the chosen dynamic model. Using the developed
mathematical model obtained dependences of kinematic
and force characteristics of parts for this optimal mode.
Analyzing the results can see that optimization for both
criteria of evaluation leads to oscillations, but in the
second case (rate of change), these oscillations are much
smaller.

2. In order to get rid of these oscillations is
recommended to optimize the mode of motion by the
criterion of mean acceleration the rate of change efforts in
the traction body during clash on the drive drum.

3. Also it is necessary be noted that during conducted
research was obtained optimal mode of motion at a
constant force of resistance downloading the grain. It
would be advisable to consider the impact of variable
resistance downloading the grain, as is done for scraper
conveyors in [17-20].
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OIITUMU3ALINA PEXXKMA 3AITY CKA
KOBIIIOBOT'O 2JIEBATOPA I10 KPUTEPHIO
CPEJIHEM CKOPOCTU UBMEHEHM S YCUJIUA
B TAT'E TEJIA BO BPEM CTOJIKHOBEHU A
HA ITPUBOJIHOM BAPABAH

Bauecnas Jloseiikun, FOpuii Jlosetixun, Jlecst Tkauyk

Annoranusi. KomebaHus CTPYKTYpHBIX 3IICMEHTOB,
MeXaHW3Ma TPHBOJA W TSITOBOTO OpraHa CBEACHBI K
MUHHMYMY IIyTeM ONTHMH3AIMHA PSKUMOB IBIDKCHHS Ha
3JIeBaTOpP BO BpeMs IEPEXOAHBIX IIPOLECCOB, UTO
NO3BOJIMJIO  TMOBBICUTH  ero 3¢ ¢exTuBHOCTE. B
3aBUCHMOCTH OT BBIOPaHHOW JMHAMHUYECKash MOJENb,
MaTeMaTH4YecKasi MOAeNb OblIa CO3/JaHa C MOMOIIBIO
MIPUHIIMIIA n'Anambepa. IIpouecc ONTHUMH3ALIUNA
IyCKOBOTO  PEXMMa KOBIIOBOTO  3JIeBaTtopa  ObLI
paccmoTpeH kputepuil CpemHssE CKOPOCTh H3MECHEHUS
YCHJIMSI Ha TATOBBIA OpraH BO BPEeMs CTOJKHOBEHHS Ha
mpuBogHOM Oapabane. HaiieHBI 3aKOHBI JIBIKCHHS
pabodeii BeTBM, HaTSDKHOW OapabaH W TMPUBOIHOM
GapabaH, KOTOpPBIH COOTBETCTBYeT ONTHMAaJIbHOMY
pEeXUMY JBMKEHHS B KOBLIOBBIH aiyieBatop. Ha ocHoBe
0OHapy>XEHHBIX 3aKOHOB JBIDKEHUS ObUIM TIOCTPOCHBI
KMHEMaTH4eCKUE XapaKTEPUCTUKH OCHOBHBIX YacTeil
mudTa, KOTOpbIE MPENCTaBiIeHbl B BHUJAE TpaPUuecKux
3aBUCHMOCTEH JUIsi ONTHUMAJbHOTO PEXUMA JIBHXKCHHUS.
I'paduueckue 3aBHCHMOCTH W3MEHEHHS YCWIHH Ha
TSATOBBI OpraH B XOJC CTOJKHOBEHHS Ha IPHUBOIHOM
OapabaHe u ycagka W3 HATsDKHOrO OapabaHa TakKxke
momyyms. Ha ocHoBe rpaduyeckux 3aBUCUMOCTEH
YCTaHOBJICHO, YTO TPH ITyCKE KOBIIOBOTO 3JIEBAaTOpa MpH
ONTHMAJILHOM PEXUME [BIDKCHUS €CTh HeOOoIbIIne
KoJieOaTesIbHbIE TPOIECCHl, KOTOPbIEC SIBISIOTCS CaMbIMU
MaJICHbKAMH, BCEr0 B ONTHMHU3AIMH [0 KPHTEPHIO
Cpe/iHell CKOPOCTH M3MEHEHHsI YCHJIHS Ha TSATOBBIA OpraH
B X0/1¢ O0ECTOIKHOBEHUS HA MPUBOTHOM OapabaHe.
KiroueBble cj10Ba: KOBIIOBBIN 3JI€BATOP, THHAMUYECKAS
MOJIeNIb, MaTeMaTh4ecKas MOJENb, PEKUM IBIKCHHUS,
JTUHAMUYECKUX HATPY30K, YCUIINH, KOJTeOaH .



14



TEKA. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE — 2017, Vol. 17, No. 3, 15-23

Construction of Minimal Surfaces Using Flat Curves with Constant Complex Curvature

Serhiy Pylypaka, Mykola Mukvich

National University of Life and Environmental Sciences of Ukraine: e-mail: mmukvich@ukr.net

Received February 6.2017: accepted May 24.2017

Summary. Analytical description of isotropic lines and
minimal surfaces by means of functions of complex
variable is made. To find the isotropic lines analytical
description parametric equations of a flat curve given by
functions of natural parameter with constant complex
curvature are used. Isotropic lines parametric equations
are obtained from the condition of spatial curve
differential arc equality to zero. Analytical description of
minimal surfaces and associated minimal surfaces are
made in complex space with isotropic lines of a
transferring grid.

Demanding performing Cauchy-Riemann’s
conditions of differentiation for isotropic lines equations
with constant complex curvature, analytical description of
isotropic lines with real and imaginary parts of the
complex variable was found. For stated isotropic lines
analytical description of minimal surfaces and associated
minimal surfaces was made. It was investigated that
minimal surfaces and associated minimal surfaces formed
from isotropic line with help of real part of complex
variable is catenoid and right helicoid. Expressions of the
first and second quadratic forms coefficients of generated
minimal surfaces were found. It is shown that the mean of
formed surfaces curvatures is zero at all points. Analytical
description of one-parameter set of a associated minimal
surfaces formed under their continuous bending, was
made.

The proposed method of parametric equations of
isotropic curves based on flat curves with constant
complex curvature (aeR,beR,i—imaginary unit)

allows to determine analytical description of flat lines
defined by natural parameter functions of a in complex
space.

Minimal surfaces parametric equations were found
in the form of elementary functions, allowing to explore
their geometric properties and differential characteristics
to optimize the engineering methods of technical forms
and architectural constructions design.

Key words: isotropic line, minimal surface, function of
complex variable, constant complex curvature, Cauchy—
Riemann equations, catenoid, right helicoid.

INTRODUCTION

Development of methods for geometric modeling is
an important challenge to find the optimum solution to
problems of transport logistics and design of surfaces of
technical forms and architectural constructions according
to postulated conditions. In particular, the graphs are used
to study patterns of traffic [1] and for modeling
parameters of technological solutions in construction [2].

Differential curves and surfaces characteristics were taken
into account when designing technical surfaces forms in
works [3-5]. Ability to find parameters of geometric
models by means of computer-aided design is shown in
the study [6].

Geometric models described by minimal surfaces can
be used in CAD systems, while designing surfaces of
technical forms and architectural constructions to solve
the problems of finding the smallest surface area, which
pass through a given flat or spatial curve.

Geometrical shape of a minimal surface, the mean
curvature at all its points is equal to zero, ensures even
distribution of efforts in the shell of surface and extra
rigidity [7].

Setting minimum surface by the function
z=12(x;y), J. Lagrange was one of the first who

concluded that the function z =z(x; y) must satisfy the

differential equation of Euler-Lagrange [8, p. 683] in
partial derivatives, which generally are not integrated.

Therefore, one of the modern ways of minimal
surfaces description is improvement of numerical
methods for solving Euler-Lagrange differential equations
[9, 10] and learning applications of designing of
architectural structures surfaces [11, 12].

Analytical description of minimal surfaces can be
obtained using complex variable in form of elementary
functions, simplifying the research of geometrical and
differential properties of formed minimal surfaces.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In works [13, 14] in some cases parametric equations
for isotropic lines according to Schwartz and Weierstrass
formulas were found and corresponding minimal surfaces
using the properties of complex variable were built.

Modeling of minimal surfaces with the help of Bezier
curves of the third order were reviewed in the work [15].

The method of analytical description of minimal
surfaces using isotropic curves that lie on the surfaces of
revolution assigned to isometric grid lines were
represented in the works [16-18].

In the work [19] for analytical description of
isotropic lines parametric equations of logarithmic spiral
defined by natural parameter functions with real values of
the curvature was used.

It is necessary to research an opportunity to study
analytical description of isotropic lines and corresponding
minimal surfaces using flat curves with constant complex
curvature.
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OBJECTIVE

Find analytical description of isotropic lines using
parametric equations of flat curve given by functions of a
natural parameter with constant complex curvature value
a+bi (aeR, beR,i—- imaginary unit). With the help

of found isotropic lines find analytical description of
minimal surfaces.

THE MAIN RESULTS OF THE RESEARCH

Consider a plane curve, given by constant complex
value of the curvature: k(s)=a+bi, ne aeR,beR,

i — imaginary unit, s — length of the arc curve.
Then the curvature of the flat curve k(s)is defined
by the formula [20, p. 39]:

k=L, )

where: @ — angle between the tangent to the curve and
the abscissa.
Demanding meeting the condition ¢(0)=0, get

parametric equations of a flat curve [20, p. 48] from the
natural parameter s:

x(s) = x(0)+ icosﬁ k(s)ds} ds
y(s) = y(0)+ EsinE k(s)ds} ds.

@

Substitute the value of complex curvature
k(s)=a+bi in (2), then under meeting the conditions

X(0) =0 and y(0) =0, obtain:

1 . .
X(8) =+ -sinf(a +hi)-s], 5

y(s)=-

1bi -cos|(a+bi)-s]

From condition [21, p. 14] (X' +(y')* +(z')* =0
define the expression z(s)=i-s and write the parametric
equations of a spatial isotropic line:

X(s) = ajbi -sin[(a +bi)-s]
y(s) :_aibl -cos|(a+bi)-s] @)
z(s)=i-s.

To find the equations of minimal and associated
minimal surface it is necessary to change parametric
equations of isotropic curve (4) [19]: s=u+i-v.

Then, demanding meeting the conditions of Cauchy-
Riemann equations [22, p.22], we will obtain a
parametric equations of minimal surfaces
X(u,v), Y(u,v),Z(u,v):

X (u,v)=Re{x(u+i-v)}
Y (u,v)=Re{y(u+i-v)} ®)

Z{uv)= Refi-(u+i-v)}

and associated minimal surface X (u,v),Y"(u,v),
Z (u,v):

X" (u,v) = Im{x(u+i-v)}

Y (u,v) = Im{y(u+i-v)} 6)

Z"(u,v)=Imfi-(u+i-v)}

Separating real and imaginary parts for each function
(4), according to (5), (6) we obtain the minimal surface
equations:

X (u,v)= o -(a-ch(bu +av)-sin(au —bv)+
+b - cos(au —bv)-sh(bu + av)),
Y(u,v)= = -(—a-cos(au—bv)-ch(bu +av)+ (")
+b-sin(au —bv)-sh(bu +av),
Z(u,v) =-v,

and associated minimal surface equation:

1

X"(u,v) = o -(~b-ch(bu +av)-sin(au —bv)+
+

+a-cos(au —bv)-sh(bu +av)),

Y™ (u,v) =ﬁ-(b-cos(au —bv)-ch(bu +av)+ ©)

+a-sin(au —bv)-sh(bu +av)),
Z"(u,v) =u.

In Fig. 1 a minimal surface is shown, Fig. 2 shows
profile projection of this surface that is built on equations
.

In Fig. 3 the associate minimal surface is shown,
Fig. 2 shows the horizontal projection of this surface that
is built on equations (8).

In Fig. 1, 2, 3, 4 images minimal surfaces and their
projections built on equations (7), (8) in accordance with

a=08, b=01 uel[-4..4] vel[-2.2]
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Fig. 1. Minimal surface built on equations (7)

o

L ~

Fig. 2. Profile projection of the minimal surface built on
equations (7)

Fig. 3. Associated minimal surface built on equations (8)

Fig. 4. Horizontal projection of the associated minimal
surface built on equations (8)

We find coefficients expressions of the first quadratic
surface form X(u,v), Y (u,v),Z(u,v) which define metric

properties of the surface according to the formulas [20,
p.183]:

E=(X,F+ (V) +(2),

u u u

F=X, X, +Y, Y, +Z,-Z,, O]
G :(X,)Z +(YI)2 +(Z’)2.

A \ Vv

The coefficients of the first quadratic form of
minimal surface (7) and the associated surface (8) equal
to: E=G =[ch(bu+av)f, F =0.

Minimal surfaces built on equations (7) and (8) have
the same expression of coefficients of the first quadratic
form, that’s why they allow continuous bending one
above the other.

Equations of one-parameter set of associated
minimal surfaces formed with continuous bending are of
the form [19]:

X, (u,v)=X(u,v)cosp+ X" (u,v)sing,
Y,(u,v)=Y(uv)cosp+Y (uv)sing,  (10)

Z,(u,v)=Z(u,v)cosp+Z"(u,v)sing,

where: X (u,v);Y (u,v); Z(u,v) — parametric equations of
minimal surface (7),

X (u,v);Y " (u,v); 2" (u,v) — parametric equations of
associated minimal surface (8),

@ — bending parameter of surfaces, ¢ [O; %}
It is obviously that ¢ =0 equations (10) define the

minimal surface (7), at ¢ =% equations (10) define the

associated minimal surface (8), for other values
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pe [0; %) equations (10) define associated minimal
surfaces [19].

In Fig. 5, 6, 7, 8 images associated minimal surfaces
built on equations (10) in accordance for a=0,8; b=07;

T V4 Via
—4;.. 4] -2;..2|, =2 =2 p=2
Ue[ ] Ve[ ] at ¢ 3 1) 5 1) Z

goz?ﬂ respectively are built. These minimal surfaces

are formed under continuous bending of a minimal
surface (7) to associated minimal surface (8).

Fig. 7. Associated minimal surface built at ¢ = z

Fig. 5. Associated minimal surface built at ¢ = z

Fig. 8. Associated minimal surface built at ¢ = 3z

We find expressions of a second surface quadratic
form X(u,v), Y (u,v),Z(u,v), that define the properties of
surface curvature according to the formulas [20, p.192]:

14 n "
XUU YUU ZUU

L= X, Yz

EG-F X' Yz

LYz

M - . X! YI ZI ,
Jee-F? |0 0 4 W

X, Y, Z,

X Yao Zl,

N — 1
Fig. 6. Associated minimal surface built at ¢ = z N

ﬁ'xé Yoo Zi
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The coefficients of the second quadratic form of
minimal surface (7) equal to: L=—N=a, M =-h.

The coefficients of the second quadratic form of
associated minimal surface (8) equal to: L"=-N"=bh,

*

M =a

The coefficients of the first and second quadratic
forms of the constructed minimal surfaces (7) and (8),
turn the expression of mean curvature
E-N-2-F-M+G-L

2E-G-F?)
surfaces to zero.

It should be noted that for isotropic line (4) a minimal
surface was built (7) — "broken" catenoid, which in
a=0,b=0 is an ordinary catenoid. Associated minimal
surface (8) is a right helicoid, an only minimal ruled
surface.

Separate the real and imaginary parts of complex
variable functions (3) performing Cauchy-Riemann
conditions [22, p. 22]. For real functions (3) we get:

ach(bs)sin(as )+bcosl(as )sh(bs
1 (5) = Relx(s)) = 2ch(bs)sin@s) + beos(as)sh(bs)
a“+b (12)

v,(s)=Re{y(s)} = bSh(bS)Sin(azz +r’:1)(2308(as)ch(bs)l

for each of the specified

(i) +

()and

write the spatial isotropic line parametric equatlons from
arbitrary parameter t :

From the conditions [21, p. 14] (x| )
s

+(z;)? =0 define the expression z,(s)=i-

y (1) = 2ch(bt)sin(at) + beos(at)sh(bt)

a’+b ’
yt)= bsh(bt)sin(a;Z Zcos(at)ch(bt) (13)
2 (t) =i shgbt)_

Enter the replacement in isotropic curve parametric
equations (13) [19]: t=u+i-V.

Separating real and imaginary parts for each function
(13), according to (5), (6) we obtain the minimal surface
equations X (u,v), Y;(u,v), Z;(u,v):

h(bu)sm (au)

X, = 7 [acos(bv)ch(av)+bsin(bv)sh(av)]+
+W[b cos(bv)ch(av)—asin(bv)sh(av)}, (14)
Y, = % [~ acos(bv)ch(av)—bsin(bv)sh(av)]+
n % [bcos(bv)ch(av)—asin(bv)sh(av)]
1 b !

and the associated minimal surface equations Xl*(u,v),

Y, (u,v), Z,(u,v):

~_ch(bu)cos(au)

X == [bsin(bv)ch(av)+acos(bv)sh(av)]+
+ % [asin(bv)ch(av)—bcos(bv)sh(av)}, (15)
Y, = %Slgz(w) [bsin(bv)ch(av)+ acos(bv)sh(av)] -
M[asm (bv)ch(av)—bcos(bv)sh(av))]
- _ coslon) shlou)
' b

The coefficients of the first quadratic form of the
minimal surface (13) and the associated minimal surface
(14), found according to formulas (9), equal to:

E=G= %(cos(va)+ ch(2bu))-[ch(bu +av)f', F = 0.

The coefficients of the second quadratic form of the
minimal surface (13), found according to formulas (11),
equal to:

L =—N =acos(bv)ch(bu), M =-asin(bv)-sh(bu)

The coefficients of the second quadratic form of
associated minimal surface (14) equal to:

*

L"=—N"=—asin(bv)-sh(bu), M" =acos(bv)-ch(bu)

The coefficients of the first and second quadratic
forms of minimal surfaces (13) and (14), transform the
mean curvature expression to zero.

Minimal surface built on equations (13), is Catenoid
and associated minimal surface (14) is right helicoid
which has common geometric properties with the surface
shown in Fig. 3. Consider the imaginary part of the
complex variable functions (3):

_acos(as)sh(bs)-bch(bs)sin(as)
- a’ +b?

' (16)
~ _ ash(bs)sin(as)+bcos(as)ch(bs)
15)= mlys) - s)be |
From condition [21, p. 14] (%) +(y;)? +(z ) =0

ch(bs

define the expression z,(s)=i- and write the

spatial isotropic line parametric equations from arbitrary
parameter t :

%, (t) = Im{x(t)} = aCOS(at)Sh(bt)+ Ezch(bt)sin(at)

- ash(bt)sin(at)+ bcos(at )ch(bt) (17)
a’ +b? ’

¥,(t)=Im{y(t

ch(bt).

b

Zz(t) =i-
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In isotropic curve parametric equations (17) enter the
replacement [19]: t=u+i-v. Separating real and
imaginary parts for each function (17), according to (5),
(6) we obtain the minimal surface equations
X5 (U, V), Yo (u,v),Z, (u,v):

_ chibu)sinau

- a’+b?

+Sh(22)$[acos(bv)ch(av)+ bsin(bv)sh(av)} (18)

ch(:zu)%[b cos(bv)ch(av)—-asin(bv)sh(av)]+

+%[a cos(bv)ch(av)-+ bsin(bv)sh(av)]
: :

X, [~bcos(bv)ch(av)+ asin(bv)sh(av)]+

Y, =

z,=

Fig. 10. Horizontal projection of the minimal surface built
and the associated minimal surface equations X, (u,v), ~ On equations (18)

Yz*(u,v), Zz*(u,v):

" ch(bu)cos au
2 = aZ +b2

—%[bsin(bv)ch(avﬁ acos(bv)sh(av)]

Y, = %[asin(bv)ch (av)—bcos(bv)sh(av)]+

sh(bu)cosau

t— 2
a“+b

»_ cos(bv)-chau
—

[asin(bv)ch(av)-bcos(bv)sh(av)]+
(19)

[bsin(bv)ch(av)+ acos(bv)sh(av)]
Z,

In Fig. 9 a minimal surface is shown, in Fig. 10
horizontal projection of this surface is shown, they are
built on equations (18), in accordance with

a=08b=0]1 UE[O;..JZ'], vel-2..2]

Fig. 11. Associated minimal surface built on equations
(19)

Fig. 12. Horizontal projection of the associated minimal

Fig. 9. Minimal surface built on equations (18) surface built on equations (19)



CONSTRUCTION OF MINIMAL SURFACES USING FLAT CURVES ... 21

In Fig. 11 the minimal surface is shown, in Fig. 12
horizontal projection of this surface is shown, they are
built on equations (19), in accordance with

a=08b=01 uel0;..7} ve[-2.2]
The coefficients of the first quadratic form of

minimal surface (18) and the associated minimal surface
(19), found according to formulas (9), equal to:

E-G- —%(cos(va)—ch(Zbu))- [ch(av)F, F =0.(19)

The coefficients of the second quadratic form of
minimal surface (18), found according to formulas (11),
equal: L=—-N =ash(bu)-cos(bv), M =-ach(bu)-sin(bv).

The coefficients of the second quadratic form of
associated minimal surface (19) equal to:

L' =—N"=ach(bu)-sin(bv), M" = ash(bu)- cos(bv).

The coefficients of the first and second quadratic
forms of minimal surfaces (18) and (19), transform the
mean curvature expression to zero.

Minimal surfaces built on equations (18) and (19)
have the same expression of coefficients of the first
quadratic form, that’s why they allow continuous bending
one above the other.

Equations of one-parameter set of associated
minimal surfaces formed with continuous bending are of
the form [19]:

X, (u,v)=X,(u,v)-cosg+ X, (u,v)-sing,

Y, (U,v)=Y,(u,v)-cosp+Y, (uv)-sing, (20
Z,(u,v) =Z,(u,v)-cosp+Z, (u,v)-sing,
where: X, (u,v),Y,(u,v),Z,(u,v) — minimal surface

equation (18),
X, (u,v),Y, (u,v),Z, (u,v) — associated minimal
surface equation (19),

¢ — bending parameter of surfaces, ¢ {0; %}
It is obviously that ¢ =0 equations (20) define the

minimal surface (18), at ¢ =% equations (20) define the

associated minimal surface (19), for other values

¢e(0; %) equations (20) define associated minimal

surfaces [19].
In Fig. 13, 14, 15, 16 images associated minimal
surfaces built on equations (20) in accordance for a=0,8;

b=0% uelo;..z} vel-2..2], at
Iy R respectively are built
(0 12 1 ¢_ 6 il (p 4 1 (p 8 .

All associated minimal surfaces have the same
expression (19) of coefficients of the first quadratic form.

Fig. 13. Associated minimal surface built at ¢ = %

Fig. 14. Associated minimal surface built at ¢ :%

Fig. 15. Associated minimal surface built at ¢ =%



22 Serhiy Pylypaka, Mykola Mukvich

T

=
i

‘ s
B
L7

A
]
7

I f
57
S5

ot
&

%1

Fig. 16. Associated minimal surface built at ¢ = 3?”

These minimal surfaces are formed under continuous
bending of a minimal surface (18) to associated minimal
surface (19).

Use of flat curves given by parametric natural
parameter equations with complex curvature, provides a
relatively simple analytical description of minimal
surfaces for further study of the geometrical properties.

CONCLUSIONS

1. The proposed method of finding isotropic curves
parametric equations based on flat curves with constant
complex curvature allows to determine analytical
description of flat lines defined by natural parameter
functions in complex space. The minimal surface (7),
based on the specified isotropic line is "broken™ Catenoid.

2. For isotropic line with constant complex curvature
equations, it was found analytical description of isotropic
lines with real and imaginary parts of the complex
variable. For these isotropic lines analytical description of
a minimal surfaces and associated minimal surfaces was
made. It is investigated that minimal surface and
associated minimal surface formed from isotropic line
with the real part of complex variable is Catenoid and
right helicoid. Coefficients expressions of the first and
second generated minimal surfaces quadratic forms were
found.

3. Minimal surface constructed using equations (18)
can be used to design technical surfaces forms of soil
loosening.

4. Minimal surfaces parametric equations were found
in the form of elementary functions, which allows to
explore their geometric properties and differential
characteristics to optimize engineering methods to design
technical forms and architectural constructions.

10.

11.

12.

13.
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Geometry.

KOHCTPYUPOBAHUE MUHUMAJIbHBIX

[TOBEPXHOCTEN C IIOMOIILBIO TNIOCKUX

KPUBBIX C ITIOCTOSHHOM KOMIUIEKCHOU
BEJIMUMHOM KPUBU3HBI

Cepeeui ITununaxa, Huxonaii Myxeuy

AnHoranmsa. IlomyuyeHO aHaIUTHYECKOE OMNMCAaHUE
HU30TPOIHBIX JIMHUM M MHMHUMAIBHBIX MOBEPXHOCTEH C
MIOMOIIBI0 (DYHKIMH KOMIUIEKCHOTO TepeMeHHoro. Jlis
HAaXO0KICHHS YpaBHEHUH HA30TPOIHBIX JIMHUI
HCIIOJIb30BAHO IapaMETPUUYECKUE YpPAaBHEHUs IUIOCKOH
KPHUBOH, 3aJaHHOW (QYHKIIUSAMH HATypaIbHOTO IMapaMeTpa
C TOCTOSIHHOM KOMIUIEKCHOM BEIMYMHON KpPUBH3HBIL.
[TapameTpuueckue ypaBHEHHMS  H30TPOIHBIX  JIMHUHI
MIOJIYYEHBI U3 YCJIOBUS PaBEHCTBA HYINIO quddepeHnmnana

Ayru HpOCTpaHCTBeHHOﬁ JIMHHUU. AnHanuTHdeckoe
OIIMCaHUC MHUHUMAJBbHBIX HOBerHOCTGfI u
HpI/ICOC,HI/IHéHHBIX MUHHUMAaJIbHBIX HOBCpXHOCTeﬁ

OCYLIECTBJIAICTCS. B KOMILUIEKCHOM IMPOCTPAHCTBE C
HM30TPOIHBIMU JUHUSMH CETH TIEpEeHOca.

Ucnone3yss ycmoBus —muddepenuupyemocta  Komru-
Pumana s ypaBHEHHMH  M30TPONMHOM  JIMHUM  C

KOMIUIEKCHOM  BEJIIMYMHOW  KPHUBHU3HBI,  IOJY4YEHO
AQHAJIUTUYECKOE  ONMUCAaHWE M3OTPOINHBIX JIMHUHA C
ITOMOIIBIO JIEHCTBUTEIIFHOW W MHHAMOW YacTh (DYyHKITHIA
KOMIIJICKCHOTO MIEPEMEHHOTO. Jlts YKa3aHHBIX
HU30TPOIHBIX JIMHUM  OCYILIECTBICHO aHAJUTHYECKOE
OIIMCAaHHUE MHHHAMAJIbHBIX H MIPUCOETUHEHHBIX
MHUHHAMAaJbHBIX MOBEPXHOCTEH. Iloka3aHo, YTO
MHUHUMAJIbHOM  IOBEPXHOCTBIO M  NPUCOEAUHEHHOU
MUHUMAJIbHON  MOBEPXHOCTHIO, OOpa30BaHHBIMH  C
IIOMOIIBIO JIECTBUTEIILHOMN 4acTu ¢dyHKIMIA

KOMIUIEKCHOTO IEPEMEHHOIO YKa3aHHOW HW30TPONHOM

JVHUM, SBIAIOTCS KAaTCHOMJ ¥ TPSIMOHW TEeIMKOHI.
IMomydaeno aHATUTHYECKOE OIIHCaHNe OJTHO-
MapaMeTPUYECKOT0  MHOXKECTBA  ACCOIMHPOBAHHBIX
MHHAMAJbHBIX  TOBEPXHOCTEH,  0O0pa30oBaHHBIX  C

ITOMOIIBI0 UX HETIPEPHIBHOTO M3THOAHMS.

IpennosxeHHbIi criocod 00pa3oBaHUs MapaMETPHUUCCKUX
YpPaBHEHUW M3O0TPOINHBIX JMHUKA C MOMOIIBIO MJIOCKUX
KpUBBIX, KpPUBHU3HA KOTOPBIX €CThb  KOMILIEKCHOM
BEJINYMHOM, TO3BOJISIET OMNpENENATh AHAIUTUYECKOE
ONMHUCAHWE IUIOCKUX JIHHHWHA, 3aJaHHBIX (YHKIHIMHA
HaTypaJIbHOTO rnapamMerpa, B KOMILIEKCHOM
NIPOCTPAHCTBE.

[TapameTpuueckue YpaBHEHUS MUHUMAaJIbHBIX
MOBEPXHOCTEH TMOJYYEHbl B BHJE OJEMEHTAPHBIX
GhyHKUIHH, YTO MI03BOJISIET HCCIIEI0BATh ux
TEOMETPUYECKHE CBOWCTBA W  JU(QepeHInaIbHbIe
XapaKTepUCTUKU U1l  ONTHUMM3aLUM  HUHXEHEPHBIX
METOZIOB  MPOCKTHPOBAHUS  TEXHUYCCKUX (HOpM U
APXUTEKTYPHBIX KOHCTPYKITUI.

KilioueBble cJI0Ba: M30TPOMHAS JIMHUSA, MHHHMAaIbHAsS
MOBEPXHOCTh, (YHKIMS KOMIUIGKCHOM IEPEMCHHOIM,
MOCTOSIHHAs! KOMIIJIEKCHAsI BEJIMYMHA KPUBU3HBI, YCIOBUS
Koum-Pumana, kareHou, npsiMOi T€TUKOMI.
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Summary. The solution of the problems of the agro-
industrial complex depends to a large extent on the
provision of highly efficient mobile energy facilities, the
availability of which is provided by a standard size series.
The construction of the size range is based on the main
parameters that should most fully characterize the
technical, operational and technological capabilities of the
product and have greater stability than the auxiliary
parameters. It has been established that there are at least
three approaches to the justification of the standard size
series of power tools: according to the nominal tractive
effort, On power of the installed engine, By annual load.
In accordance with this, we can distinguish three main
parameters for which there have been attempts to justify
the size series, hamely: nominal tractive effort, Installed
engine power and annual load. The named parameters are
disjointed because their rationale was taken in
consideration of the various problems that need to be
solved. The foregoing circumstances make it difficult to
apply economically viable approaches to designing,
manufacturing and ensuring the effective use of energy
resources, which has led to the search for other, or
additional, main parameters for constructing a standard
size range of mobile power tools. The studies were carried
out by analyzing the influence of the investigated
parameters on the characteristics of energy facilities and
their stability within the limits of the possible classes of
the standard size series. As a result of the studies carried
out to justify and improve the size of a number of mobile
agricultural energy products, it has been established that,
in order to provide the most informative information
about mobile energy facilities, which is laid down in the
main parameters of their size range, the latter can be
represented as a multiparametric one, the main parameters
of which are appropriate to take the nominal traction
Power, engine power and level of versatility. These
parameters will give an idea of the traction capabilities of
the energy source, its energy potential and the availability
of technical means for implementing traction capabilities
and installed capacity.

Key words: mobile power facility, size range, main
parameter, nominal tractive effort, installed engine power,
level of versatility.

INTRODUCTION

The introduction of technological progress in agro-
industrial production stimulated the tractor-building
enterprises to significantly expand the standard-size series

of products, the adequate elements of which very often
differ in the values of similar estimated parameters. So,
for example, according to the data of the catalog [1, 2, 3,
4], energy sources of the structural mass of 5000-5500 kg
of firms Renault, Deutz-Fahr, Fendt are equipped with
engines with a capacity of 63-88 kW, and energy facilities
of Massey Ferguson, Case IH, John Deere, MTZ, New
Holland in The same class of structural mass can be
equipped with engines up to 119 kW. In the later catalogs,
this increase in capacity is already observed in the energy
resources of the previously named firms. The foregoing is
evidence of the existence of certain difficulties with the
method of justifying the standard series of mobile power
means (MPM) based on the main parameters that should
most fully characterize the technical, operational and
technological capabilities of the product and have greater
stability than auxiliary parameters [5, 6].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The rationale for the standard size row of tractors was
previously carried out according to different main
parameters. So in 1940, D. A. Chudakov suggested taking
traction for a parameter to determine the class of the
tractor. In the perspective type of tractors of 1946 in the
Soviet Union, the main parameter was the engine power
[7]. The increase in engine power required to provide
higher operating speeds had little effect on the tractor's
traction parameters, Therefore, at that time, the nominal
traction force was accepted as the main parameter for
justifying a standard row of tractors for a long time. The
basis for the determination is the traction force, in which
the coefficient of utilization of the clutch, and
accordingly, the trailing of the tractor, does not exceed the
preset values [7]:

Pypy = @gp X Gy, 1)

where: Pypy — is the nominal pulling force,

@kp — coefficient of use of the coupling weight,

G, — coupling weight of the tractor.

This indicator was more stable when modernizing
machines, including increasing their capacity.

With the development of the construction of tractors
and agricultural machinery, their recoil systems and
energy intake, crop cultivation technologies, etc., the
tractor is also seen as a mobile energy device capable of
delivering energy through power take-off systems. First of
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all, this applies to harvesting machines. For harvesting
self-propelled chassis (their feature is the ability to be
released from the structure of an assembly), in which the
bulk of the power is used through the power take-off shaft
(PTO), the engine power rating can be retained [7].

Attempts to develop a standard size series of MPM
for the installed engine power are described in [8, 9, 10,
11, 12]. The criteria for justifying the power levels in
these works were the possibilities of providing economic
performance indicators, mainly traction and traction drive
units, under various conditions while ensuring the
optimum level of engine loading. It should be noted that
the above-mentioned papers show different power levels
of power-driven engines. This fact indicates the absence
of unified scientifically grounded approaches to the
graduation of energy resources by installed engine power.

In [12], a classification of energy resources by annual
load is proposed, which allows to predict the possible
economic efficiency of the energy source. The drawbacks
of this work are both the lack of a scientifically grounded
methodology for classifying power resources to groups by
the installed engine power and annual load, and the focus
on cleaning machines specialized and created based on
the released self-propelled chassis, which, in our opinion,
complicates the forecast calculations of farm parks.

In [13, 14] the approximate power levels of MPM
engines for agricultural purposes are presented both in the
general case and within each of the existing traction
classes, but nothing is said about using the established
graduation as a standard range for energy resources.

Thus, as a result of the analysis, it has been
established that there are at least three approaches to the
justification of the MPM standard series: according to the
nominal traction force, On power of the installed engine,
By annual load. According to this, we can distinguish
three main parameters for which there were attempts to
justify the size series, namely: nominal tractive effort,
Installed engine power and annual load. In addition, in
later works (not shown here), the necessity of using
several parameters or their derivatives for the
characterization of the MPM size series (tractive effort
and engine power, energy saturation, etc.) is
substantiated. The foregoing circumstances make it
difficult to apply economically viable approaches to
designing, manufacturing and ensuring the effective use
of energy resources, which encourages the search for
other, or additional, main parameters for constructing a
one- or multi-parametric MPM-type series.

OBJECTIVE

In connection with the foregoing, the purpose of this
paper is to justify a list of the main parameters for
characterizing a range of mobile agricultural energy
products.

THE MAIN RESULTS OF THE RESEARCH

The studies were carried out by analyzing the
influence of individual parameters on the characteristics
of energy facilities and their stability within the limits of

the possible classes of the standard size series. In this
connection, it became necessary to conduct an analysis of
the activities of the world's leading tractor-building
enterprises on the characteristics of the energy facilities
they create on the plane of the parameters, the mass of the
structural energy, the mass of the total energy, the
installed engine power and the price.

The existing technological processes of growing
crops [15] envisage the implementation of predominantly
traction operations, which indicates an indisputable
relevance for the characterization of the standard size
range of the parameter "nominal tractive effort”, which is
determined by the mass characteristics of the machine.
The analysis of the design parameters and the total mass
of energy means that the vast majority of machines due to
ballasting can significantly change the traction
performance up to the possibility of transition to other
traction classes determined by the standard GOST 27021-
86 [16]. Thus, for example, the Fendt Favorit-822 energy
product, which has a structural mass of 8100 kg, belongs
to the traction class 3 with a nominal pulling force of
30 kN, according to the graduation standard [16], and
under the condition of its ballasting, according to the
catalog data [1] to class 6 with a nominal pulling force of
60 kN.

And in this connection, it may be interesting that
each hauling class of a standard range of energy facilities,
built according to the nominal tractive effort, is
characterized by the limits of the operational mass of the
energy resources entering into it.

To establish this fact, the research was carried out by
analyzing the procedure for the formation of the standard
MPM series of standard size series and analyzing the
characteristics of energy resources of the world's leading
tractor-building enterprises on the parameters plane, the
operating mass of the energy source and the nominal
tractive effort.

In addition, despite the fact that mobile power means
must provide for the implementation of traction, traction
and drive and drive operations, the study of the
boundaries of the change in the operational mass within
each traction class was carried out with the following
considerations.

According to the technique of the standard [16], the
operating mass is determined using the dependence:

Prgn = A X Meppy s 2

where: Prxy — is the nominal pulling force of the energy
facility, kN,

A — is a coefficient that is set depending on the type
of energy source (the coefficient A is to be taken as: —
3.24 x 10-3 — for energy resources with an operating
weight of up to 2,600 kg — 3,73 x 10-3 - for four and
three-wheeled energy facilities with two driving wheels
(4K2 and 3K2) with an operating weight of more than
2,600 kg — 3,92 x 10-3 — for energy facilities with a wheel
formula 4K4 and an operating weight of more than
2,600 kg — 4.9 x 10-3 - for caterpillar power facilities),

Mepy,, — the operating mass of the energy medium,
at which the nominal traction force of the level under
study is reached, kg.



SUBSTANTIATION OF MAIN PARAMETERS OF SIZE-SIZED ... 27

Table 1. Limits of variation of operational masses of wheeled power facilities of the current standard size range

Traction class Limits of v_ariation of nominal Operational mass of energy Change_ in operating
tractive effort, KN means *, kg weight
of energy the lower the upper
resources from to limi n in ... times by ...%
imit limit
0,2 1,8 54 >555,6 < 1666,7 3,00 200,0
0,6 5,4 8,1 > 1666,7 < 2500,0 1,50 50,0
0,9 8,1 12,6 >2500,0 < 3214,3 1,29 28,6
14 12,6 18,0 >3214,3 <4591,8 1,43 42,8
2 18,0 27,0 >4591,8 < 6887,7 1,50 50,0
3 27,0 36,0 > 6887,7 <9183,7 1,33 33,3
4 36,0 45,0 >9183,7 < 11479,6 1,25 25,0
5 45,0 54,0 >11479,6 < 137755 1,20 20,0
6 54,0 72,0 >13775,5 < 18367,3 1,33 33,3
8 72,0 108,0 >18367,3 < 27551,0 1,50 50,0

*) The change in the value of the coefficient A provided in the explanations for the dependence (2) in accordance with
the received level of the operational mass was carried out in the calculations at the first achievement of the above
indicator value of 2600 kg and was subsequently assumed equal to 3.92 x 10, The bulk of wheeled energy is produced
in an all-wheel drive version, or one that can easily be transformed into a four-wheel drive.

The above dependence (2) is a consequence of the
above dependence (1).

Proceeding from the above, in order to provide the
traction efforts of wheeled energy facilities of various
classes regulated by the standard size range [16], their
operating masses can vary within the following limits —
Table 1.

In Table 1 shows the limits of variation of the
operating masses of energy resources for each traction
class ensuring the implementation of the corresponding
tractive effort. The data of Table. 1 indicate that even in
the middle of the traction classes provided by the
standard, the operating masses of energy resources can
vary significantly. So, for class 0.2, the operating masses
of energy resources can differ by three times, or by 200%
compared to the lower limit of the operational mass,
typical for the energy resources of this traction class. A
similar picture is observed for energy resources of other
traction classes, but with quantitative indicators, which
are characterized by somewhat smaller values. Thus, the
increase in the operational masses of energy classes 0.6,
0.9.14, 2, 3, 4,5, 6 and 8 inside the traction classes is
envisaged in 1.2...1.5 times, or 20...50%. The size range is
organized in such a way that its points cover energy
means of various designs, different manufacturers, and
hence different masses. And only due to the boundaries of
the variation of the operational mass of energy resources
(see Table 1, columns 4 and 5) provided by the standard,
it is possible to classify such energy assets and assign
them to the appropriate traction class.

It should be noted that the actual operating mass of
energy resources operating in farms is significantly higher
than its lower limit is indicated in Table. 1. So the class
1.4 tractor "Belarus-1005" has an operational weight of
4025 kg with a minimum for this class of 3214.3 kg, a
tractor of the same class "Belarus - 82" has an operating
weight of 3900 kg, and UMZ- 6AKM - 3895 kg. The
tractor of class 3 KhTZ -121 has an operational weight of
8,200 kg with the lower limit for this class equal to
6887.7 kg. A similar situation is typical for cars that
represent the vast majority of traction classes. In this case,

if we also take into account the possibility of ballasting of
such energy resources, at least within the limits named in,
then the maximum operational mass of tractors of classes
0.6, 0.9, 1.4, 3, 4, 5 Will exceed the level of the upper
limits of the operational masses for the energy resources
of the named classes and such machines will be
transferred to higher traction classes. For example, a
tractor of class 3 KhTZ-121, as already mentioned above,
has an operating weight of 8,200 kg. The ballasting of this
tractor at a rate of 23% will lead to an increase in its total
operating weight to the level of 10086 kg, which is typical
already for traction class 4 vehicles (see Table 1).
Tractors class 0.2, with ballasting within 23%, do not go
to higher traction classes because the standard provides
for them a wide range of variation in the operational
mass, and class 2 tractors, such as LTZ-155, "Belarus-
1221" Have an initial operating weight, which, with
ballasting by 23%, does not lead to a change in the
traction class of the machines. Another situation with the
class 5 energy equipment. So according to the catalog, the
tractors K-744-1 and K-701M belong to the traction class
5, their operational masses have the value 15830 kg and
14570 kg respectively, which according to Table. 1 allows
them to be attributed to the traction class 6 even without
ballasting. The foregoing allows us to draw certain
conclusions, namely: a) theoretically - about certain
inaccuracies in the dependence (2), b) in practical terms -
the lack of effective ways to implement the available
operating mass of energy.

Based on the foregoing, it can be argued that, in
practice, the range of variation of the operating mass of
the energy source, conditioned by the standard, is, for the
most part, of a reference nature. In such a case, it is
important that the energy asset, in its characteristics,
clearly correspond to the traction class to which it is
assigned, and its operating mass achieved in any way,
including ballasting, can vary both within the limits of the
energy standard specified in the standard for this class,
not excluding the transition to higher traction classes.

Thus, the limits of variation of the operating masses
of power-supply devices of the type-size series, which are



28 Grigoriy Shkarovsky

described by the values 555.6 - 27551.0 kg. When
determining the position of the energy facility in a
standard size, it should be ensured that its characteristics
meet the requirements for machines of a specific traction
class, and the operational weight, taking into account
ballasting, could vary both within the limits of the energy
facilities stipulated by regulatory documents for this class,
Not excluding the transition to higher traction classes.

This fact suggests that the "nominal tractive effort"”
index can not be used as the main parameter for a one-
parameter type series because the principle of parameter
stability is violated.

Used by foreign experts, as the main parameter, the
"installed engine power" parameter is an indicator of the
efficiency of the energy medium and is also indispensable
for the consumer. The data in the catalog [1] indicate that
the power of the engines installed on the energy sources
(the analysis was carried out for standard tractors with a
capacity of over 24 kW, such as those that are basic for
carrying out the main set of works in diversified
agricultural enterprises) varies widely. So MTZ represents
power facilities with engine power from 24 to 96 kW,
Case IH - from 38 to 280 kW, Fendt - from 37 to 199 kW,
John Deere - from 39 to 342 kW, etc. About the
possibility of using the installed engine power The
following should be noted as the main parameter of the
MPM standard size series. The overwhelming majority of
tractor-building firms in a standardized series declared for
the production of energy resources has machines with the
same power of the installed engine. Thus, Fendt produces
three brands of energy products with an engine power of
63 kW with a structural mass of 3850, 4190 and 5070 kg,
which, according to the procedure of [16], allows them to

be assigned to traction classes of 1.4, 1.4 and 2
respectively, and taking into account the possible
ballasting - to classes 2, 3 and 3 respectively. The
analyzed characteristics belong, respectively, to the
energy facilities of Fendt Farmer 308C, Fendt Farmer
308CA and Fendt Farmer 409 Vario [1]. In addition, we
should also give an example of the KhTZ-120 tractors,
which had an engine with a discretely adjustable power of
88 and 107 kW, where a higher power level is
recommended for operation in the unit with machines that
have a drive from the tractor PTO.

Based on the foregoing, it can be concluded that the
two named parameters “nominal tractive effort" and
"installed engine power" are inadequate characteristics of
a standard range of mobile power facilities.

Taking into account that "... the optimization of
parametric (standardized) series has an important ...
value."” Optimum selected parametric series satisfy the
requirements ... in products of different species at the
lowest total costs "[17], it is necessary to justify at least
one Or several main parameters that would allow itself, or
together with others (for example, the two above) to
obtain the most complete information about the energy
source.

The characteristics given in the catalog [1] show that
the price of energy for leading manufacturers in the world
varies widely, even if they have engines of the same
power. To establish the reasons for this fact, we examined
more detailed characteristics of energy facilities that have
engines of the same power. The studies were carried out
using the characteristics of John Deere and Fendt energy
facilities with engines up to 60 kW (Table 2).

Table 2. Brief specifications of John Deere and Fendt energy tools with engine power up to 60 kW

. Brand of equipment
. Units of John Deere Fendt
Indicator measure 6110A Farmer
5510 SE 6120A 3070 F 370 GT
1 Engine power kw 59 59 59 55 55
2 Engine displacement cm’ 4530 4530 4530 3190 4086
3 Rated engine speed min’ 2400 2300 2300 2300 2400
4 Engine torque Hxm 301 327 328 296 263
3 Torque reserve % 28 34 33.5 30 16
6 Number of gears:
Forward motion pcs. 24 16 24 21 21
Reverse gear pcs. 24 16 24 6 6
7 Travel speed:
The maximum Km/hr 40 40 42 40 40
Minimal Km/hr 0,5 0,8 1,0 0,7 0,4
8 Number of PTO pcs. 2 2 2 2 2
9 Number of speeds PTO pcs. 2 3 3 3 3
10 Payload of attached devices: Kg
Posterior Kg L) 3990 4520 4980 3210
Front 2000 3500 2945 2250
11 Hydraulic system pump capacity I/min 43,1+18.2 54 60/96 70 41+36
12 Hydraulic system pump type - Gear Gear Axial Gear Gear
13 Presence of a mounting platform - - - - - +
14 Weight of payload ballast Kg 2075 3066 2650 2200 2410
15 Construction weight Kg 2725 3934 4350 3800 3590
16 Price DM 29700 37000 41800 36100 38900

*) There is no data on the indicator
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The data of Table 2 show that the John Deere energy
used almost the same engine with a capacity of 4530 cm®,
which could not significantly change the manufacturer's
pricing policy. The main differences in the technical
characteristics were such indicators as the number of
gears, the number of PTO speeds, the load capacity of
mounted devices, the characteristics of the hydraulic
system, the mass of the ballast and the structural mass.
Each of these indicators is designed to ensure more
efficient use of energy in various operations with a large
number of machines and tools. So the number of gears
determines the ability to ensure efficient use with
machines and tools that are characterized by different
levels of engine energy consumption, i.e. Allows you to
more efficiently load the engine. The number of speeds of
the power take-off shaft also provides more efficient
loading of the engine, the lifting capacity of the attached
devices limits the weight of the attached machines. The
characteristics of the hydraulic system determine the
possibility and efficiency of the energy output of the
engine through the hydraulic system. In particular, the
installation of an axial-type pump allows adapting the
hydrosystem of the energy source to the hydraulic
systems of machines with different characteristics of the
flow of working fluid. Mass characteristics also determine
the traction of energy.

So, for example, if we compare the energy of the
John Deere 5510 and John Deere 6120, we can say that
the latter significantly benefits in terms of the lifting
capacity of the mounted devices, the characteristics of the
hydraulic system and the tractive characteristics provided
by the structural mass and ballast, which significantly
influenced the increase in value within 12100 DM.
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A similar picture is observed for Fendt's energy facilities.
However, it should be noted that their cost is significantly
higher than the energy facilities of John Deere, which is
explained by the significantly better indicators of the lifting
capacity of the mounted devices and the availability of a cargo
platform for the Fendt F 370 GT. The foregoing is
confirmed in the higher classes of capacity of energy
resources.

The increase in the cost of Fendt's 74 and 154 kW
power equipment is primarily due to the use of a
hydrostatic transmission, which allows for any speed in
the 0-50 km / h range and, therefore, to load the engine
more efficiently, even when compared to the Fendt
Favorit 822, Which is completely reversible and has 44
transmissions (Table 3).

If we analyze the indicators of Tables 2 and 3,
especially from number 6 to 15, then taking into account
the results of the studies described in [18, 19, 20], it can
be asserted that these indicators determine the level of
universality of the energy facility and, ultimately,
influence its cost. In this case, it can be argued that the
level of universality of energy resources can perform the
function of the main parameter of a standard size series.

In addition, depending on the availability of
machines for the creation of machine and tractor units
based on this or that energy facility of the size range,
which will be determined by the financial condition of the
state as a whole and of the individual agricultural
producer in particular, this parameter will allow to
optimize the size range for economic indicators.

Table 3. Brief technical characteristics of Fendt energy facilities with engine power of 74 and 154 kW

Energy brand
Indicator Unit of Fendt Fendt Fend@ Fend'g
measure Farmer Farmer Favorit Favorit
309 410 Vario 822 920 Vario
1 Engine power kw 74 74 154 154
2 Engine displacement cm’ 3190 3800 6870 6870
3 Rated engine speed min’ 2300 2100 2200 2150
4 Engine torque N xm 390 437 896 960
5 Engine torque reserve % 30 35 34 40
6 Number of gears:
Forward motion pcs. 21 Hydrostat 44 Hydrostat
Reverse gear pcs. 6 Hydrostat 44 Hydrostat
7 Travel speed:
The maximum Km/h 40 50 50 50
Minimal Km/h 0,7 0,0” 0,2 0,0
8 Number of PTO pcs 2 2 2 2
9 Number of speeds PTO pcs 3 3 2 2
10 Hoisting capacity of attachments:
Posterior Kg 4980 6440 9000 9000
Front Kg 2945 2920 5000 5000
11 Hydraulic system pump performance I/min. 70 75 102 112
12 Hydraulic system pump type - Gear Axial Axial Axial
13 Presence of an installed site - - - - -
14 Weight of payload ballast Kg 3280 3790 5900 5250
15 Constructional weight Kg 4220 5210 8100 8750
16 Price DM 46500 63200 99200 110000

*) 0,0 - the phenomenon exists, but in values less than those that can be expressed by the digital digits used in the table
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Table 4. The value of the coefficient of universality of the construction of tractors involved in the performance of
various technological processes of growing and harvesting crops according to the technological maps of 2004

Brand tractor
Culture KhTZ- T- T- KhTz- | T- UMZ- | UMZ- | MTZ- T-25 T-
170 150K | 150 120 70S | 6AKL 80 80/82 16MG

1. Perennial Herbs - - 0,14 - 0,13 - 0,20 | 0,14 -
2. Potatoes - 0,17 0,15 - - - 0,17 - -
3. Corn for grain 0,15 0,15 | 0,15 - 0,10 - 0,15 - -
4. Corn for silage - 0,45 | 0,15 - 0,09 - 0,15 - 0,09
5. Winter Wheat 0,15 0,15 | 0,15 - 0,09 - 0,13 | 0,06 -
6. Winter Rye - 0,15 | 0,15 - 0,10 - - 0,06 | 0,09
7. Wheat Jara 0,15 0,14 | 0,15 - - 0,09 - 0,11 - -
8. Sunflower - 0,17 | 0,15 0,14 - 0,10 0,20 - 0,06 | 0,09
9. Sugar Beet - 0,45 | 0,15 0,17 0,10 - 0,14 - -
10. Barley - 0,15 | 0,15 - 0,12 - - 0,06 | 0,09

This suggests that the parameter "level of universality
of energy resources” will allow the process of
optimization of the standard MPM series from the plane
of solving static problems to the plane of solving dynamic
problems, which is more reliable and promising.

In this case, it is worth paying more attention to the
method of obtaining such an indicator as «the level of
universality of Kyy energy resources». In particular,
studies on the dynamics of the variation in the design
universality coefficient [21] carried out in the
technological processes of growing and harvesting
cereals, in particular winter wheat, winter rye, spring
wheat, spring and winter barley, carried out according to
the technological maps of 1984-2001 made it possible to
establish that the estimated The values of the coefficient
of universality of the design of certain brands of tractors
involved in the performance of technological processes
differ little both in the context of years (only 6-7%) and in
p The number of cultivated crops (no more than 14-18%),
which can be explained by the use of technologies from
the times of the collective farm and state farm system and
the  machine  complexes designed for their
implementation. Several other values of the universality
coefficient obtained during the research of technologies of
recent years [15] - Table 4.

However, it should be borne in mind that a size range
of products is created for its consumer. This means that
the consumer should get the maximum information about
the elements of the size series already from the very row,
so the use of the parameter "level of universality of the
energy facility" alone is not sufficient. In such conditions,
it is advisable to use three parameters at the current stage
when justifying a standard MES series: the nominal
tractive effort, Engine power, level of versatility. These
parameters will give an idea of the traction capabilities of
the energy source, its energy potential and the availability
of technical means for their implementation.

The results of the studies are presented in Table. 4
indicate that in recent years there have been some changes
in the technology of growing crops and in the technical
means for their implementation. So, in particular the
technology of growing sunflower provides for the use of
tractors of grade 1.4 of the UMZ brand, while the UMZ-
6AKL tractors should provide a level of versatility of
0.10, and tractors of the UMZ-80 type should provide a
level of versatility of 0.20, that is, two Times higher,

which can be explained by certain progress in the design
of tractors UMZ and the presence of more sophisticated
machine complexes that allow this progress to be more
fully realized. In confirmation of the above, it should
be noted that in the previous crop rotation [21], sunflower
is also present, and it was intended to use UMZ-6AKL
tractors for its cultivation, but their planned level of
universality should not exceed 0.13. Some analogies of
such a plan could be made for tractors MTZ-80 and MTZ-
82 in the technological process of growing perennial
grasses, but for them the information presented in the
tables is less complete than in tractors UMZ.

Taking into account the foregoing, the output
parameters for constructing a geometric series of levels of
universality of MPM should be taken in terms of
indicators characteristic for tractors UMZ, since class 1.4
in which these tractors are included is the most
widespread and most provided with machine complexes,
and hence the most researched that for others Classes and
brands of tractors for today is only desirable. Under such
conditions, this allows us to take the value 0.10 as
Ky min1- And 0.20 for Kyg max 1, While according to
the condition of [18] Ky should not exceed unity.

After the calculations carried out by the method
described in [13], it is established that the geometric
series of levels of universality of the MPM is
characterized by the denominator gyx = 1.778 and
includes 5 levels, namely: 0.10, 0.18, 0.32, 0.56 and 1.00.
The received level of versatility is a requirement for the
overall design and layout of the machine.

So, for example, if it is necessary to provide a
machine with a level of universality of 0.56 and lower,
then it is possible to implement it with the help of all three
construction and layout schemes, and if it is a level of
universality of 1.00, then this can be realized only by the
construction of a self-propelled chassis (cm See [18]).

It is logical to assume that the level of development
of technological modules for aggregation with MPM and
the most energy facilities will not be so rapid to realize all
the declared level of universality. Therefore, it is
advisable to assume that the increase in the level of
universality of energy facilities will be carried out
together with the development of technological modules
to them at a slower pace due to a change in the equipment
of a certain level of universality.
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Table 5. Interaction of basic and intermediate levels of Universal Mobile power means (MPM)

The level of universality

The value of the level of universality

Basic 0,10 | 0,18 0,32

0,56 1,00

Intermediate -

0,10

0,20 | 0,30

0,40 | 0,50 | 0,60 | 0,70 | 0,80 | 0,90

An additional analysis of [21] and Table 2 showed
that this can be achieved if we introduce a number of
intermediate levels of universality, while it is expedient to
use an arithmetic progression with a difference d = 0.10
as an intermediate series. Then a number of intermediate
levels of universality will be 9 orienting levels, namely:
0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90.

Given that the base level is the maximum possible for
a particular machine design, the interaction of the basic
and intermediate levels of universality can be represented
as follows (Table 5).

As shown by the data placed in Table. 5, the greatest
number of intermediate levels is characteristic of the
highest index among the basic levels of universality,
which is understandable, since this level can be provided
only by the constructive-layout scheme of the self-
propelled chassis, which is intended for use as a
multipurpose power facility. The practice of tractor
construction shows that the classical and integral design
and layout schemes of MPM may have slightly different
universality [18], however, in our opinion, in order to
avoid excessive costs, consumers of such equipment
would be sufficient to make energy means of classical and
integral assemblies With a basic level of universality not
higher than 0.56, ensuring its full implementation of the
corresponding machine complexes.

The results of additional studies have made it possible
to establish that in the technological processes a
maximum of 24...46% of the potential built into the
design of domestic power facilities is realized. In this
way, the UMZ-8240 type energy-generating equipment
with the construction design value of the design
universality coefficient at the level of 0.43 in the
operating technological processes can maximally realize
the level of 0.20, KhTZ -16131, with the available
coefficient equal to 0.57, and T-16MG, respectively 0.38
and 0.09.

This situation can be explained by many reasons. First
of all, these are stagnant phenomena in the development
of technological processes, the lack of modern technical
solutions in the creation of machine and tractor units,
machines and tools designed to maximize the use of
potential capabilities of energy resources, which
negatively affects the production costs of agricultural
enterprises and underscores the need to clarify the current
technological processes in crop production and
Complexes of machines for their implementation,
including MPM.

The justification of the basic levels of universality in
the development of MPM will allow solving the question
of justifying the design of the machine at the design stage,
providing for the maximum possible configuration and
layout to achieve the required level of universality. And
already the bundling in deliveries to the consumer (by
installing or not installing the ordered units) to regulate
the level of universality and, accordingly, the price of
energy.

CONCLUSIONS

1. As a result of the conducted researches it is
established that in order to provide the most informative
information about mobile power means, which is placed
in the main parameters of their standard series, the latter
is expediently represented by a multiparameter, the main
parameters of which are to take the nominal tractive
effort, the installed engine power and the level of
universality.

2. The main direction of further research on this issue
is the substantiation of the multi-parametric, standard-size
range of mobile agricultural energy products.
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OBOCHOBAHUE I''TABHBIX ITAPAMETPOB
THUIIOPA3SMEPHOI'O PAIA SHEPT'OCPEJICTB
CEJIbCKOXO3MCTBEHHOI'O HASHAUYEHU A

TI'puzopuii Lllkapoeckuii

AHHoOTanus. Pemenne mpoOieM arponpOMBIIIIEHHOTO
KOMIUIEKCa B OONBINIOW  CTENICHM  3aBUCHT  OT
00ecTIe4eHHOCTH BBICOKO()(PeKTUBHBIMH MOOMIEHBIMU
SHEPreTUYECKIMH  CPEICTBAMH, HaIWIHe  KOTOPBIX
MIpeaycMaTpUBACTCS THUIIOPa3MEPHBIM psizoM.
INocTpoenne THMOpPa3MEPHOTO psAa OCHOBBIBACTCS HA
TJIaBHBIX ITapaMeTpax, KOTOPbIE JOJDKHBI HanOosiee MoJTHO
XapaKTepru3oBaTb TEXHUYCCKHUEC, OKCIUIyaTallUOHHBIC U
TEXHOJIOTHYECKHE BO3MOXKHOCTH H3JeNusi U 00JanaTh
Oonblleli  CTaOMIBHOCTHIO, YEM  BCIIOMOTATENIbHBIE
napaMeTpsl. Y CTaHOBJICHO, YTO CYIIECTBYET [0 MEHBILEH
Mepe TpU MNOAX0Aa K OOOCHOBAaHHMIO THIIOPa3MEPHBIN
PSIOB  €HEPrOCPEACTB: 10 HOMUHAJIBHOMY TATOBOMY
YCUIINIO, 10 MOIIHOCTH YCTaHOBJICHHOT'O JABHIATENs, IO
TOMOBOM 3arpy3ke. B COOTBETCTBHM € 3TUM MOXKHO
BBIICNUT TPH TJABHBIX IapaMerpa, II0 KOTOPBIM
CYIIECTBOBAIH IOIBITKA OOOCHOBAHUS THUIOPA3MEPHOTO
pSANOB, a WMEHHO: HOMHMHAQJIBHOE TSATOBOE YCHIIHE,
MOMOIHOCTHL  YCTAHOBJICHHOTO ABUIraTCii W TOA0Bas
3arpy3ka. Ha3BaHHble  mapameTpbl  pa3pO3HEHHBIE
IOCKOJIBKY ux 000CHOBaHUS BCJIOCH Y4uThIBasd
pasnuuHble MpoOJIeMBbl, KOTOPHIE HEOOXOAWMO DPEIINTb.
W3znoxxeHHbIe 0OCTOSTENHCTBA 3ATPYAHSIOT MPUMEHEHHE

OKOHOMHYECCKH uenecoo6pa3HLIx IoAX010B K
MPOCKTUPOBAHUIO, HU3IroTOBJICHHUIO u 00ecIeYeHHIO
3(1)(1)€KTI/IBHOFO HCIIOJBb30BaHUs  SHCPIroCpeaACTB, HYTO

NpPUBEIO K TOHCKY JAPYTHX, WIA JOMOJHUTEIBHBIX
[JIaBHBIX MMapaMeTpoB AJIS MOCTPOSHHUSI THIOPA3MEPHOTO
psina MOOWIIBHBIX HEPreTHYCCKUX CpeICTB.
HccnenoBanus NPOBOIWINCH MyTEM aHAIW3a BIUSHUS
UCCIIEJlyeMbIX ~ HapaMeTpoB  Ha  XapaKTEePUCTUKU
9HEProcpeACTB M HX CTa0WIBHOCTH B  IIpejeniax
BO3MOXXHBIX  KJIACCOB  THIIOpa3MepHoro psga. B
pesyabraTe IPOBEJICHHBIX UCCIIe0BaHU I o
00OCHOBAHUIO U COBEPIICHCTBOBAHMS THIIOPA3MEPHOTO
psina MOOMIIBHBIX IHEPreTHYECKHX CpencTB
CEJIbCKOXO3IHCTBEHHOTO HAa3HAYEHHS YCTAHOBIICHO, YTO C
Lenpo obecniedeHus: HanOoupIIeil MHPOPMATHBHOCTH O
MOOMJIBHBIX ~ JHEPreTHYeCKMX  CpeJCTBaxX, KOTOpas
3aJI0’)K€Ha B TJIABHBIX ITapaMeTpax WX THIOPa3MEPHOIO
psna TOCHeAHWE MOXeT ObITh IPEACTaBIeH Kak
MHOTOMapaMeTpuyecKuil,  IJaBHBIMH  IapaMeTpamu
KOTOPOTO 11eJIecO000pa3HO MIPUHATH HOMUHAIBHOE TATOBOE

YCUJIMSI, MOIIHOCTh YCTAHOBJIEHHOTO JIBUrateis |
YpOBEHb yHHUBepcajibHOCTH. Ha3BaHHBIE mapameTpbl
JagyT  TPEACTaBIE€HHWE O  TITOBbIE  BO3MOYKHOCTH

SHEProCpeiCTBA, €ro HHEPreTUUECKOM MOTEHLHANe HU
HaJIMYUH TEXHUYECKHUX CPEICTB JJISI PEau3alliH TATOBBIX
BO3MOKHOCTEH U YCTAHOBJIEHHON MOIIHOCTH.

KnioueBsle  cioBa:  MOOWMIBHOE  SHEPreTHYECKOE
CPE/CTBO, THIIOPa3MEpHBIH psijl, TJIABHBIM Iapamerp,
HOMHIITHAILHOE TATOBOE ycuiue, MOIIHOCTh
YCTaHOBIICHHOTO IBUTATENISI, yPOBCHb YHHBEPCAIBHOCTH.
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Summary. In lots of flat mechanisms the leading element
is a crank, which is connected by a hinge to the driven
member. The junction of these units, i.e. the crank, makes
a circumference when rotated. The paper suggests to
place the vertex of the Frenet trihedron in the junction,
direct the principal unit normal vector to the
circumference center, combine the unit tangent vector
with the crank speed vector, that is, position it as a
tangent to the circumference. When rotating the crank, the
trihedron will also be rotated, and its principal unit normal
vector will all the time coincide with the crank. Thus, the
moving trihedron will accompany the circumference — its
crank trajectory and the speed of its motion in a
circumference will depend on the angular velocity of the
crank rotation.

While rotating the crank, the Frenet trihedron will rotate
as well, with the driven member in the form of a straight
line segment passing across the vertex of the trihedron,
and forming a certain angle with the unit tangent vector.
The variation law of this angle will depend on the design
and purpose of the mechanism. In order to get the
kinematic characteristics of the driven member (its
position depending on the angle of crank rotation,
trajectory, velocity and acceleration of the random point),
it is necessary to know the variation law of the angle of
rotation of the driven member in the system of the moving
trihedron in the function of the guide curve's arc length —
the hinge motion trajectory.

The idea of this research lies in determining the kinematic
characteristics of the complex motion of the point, when
the latter performs relative motion in the moving
coordinate system, and the system itself moves at a
certain law towards the fixed system. If consider the
convected trihedron of the curve as the moving coordinate
system, than the law of the trihedron motion becomes
known towards a fixed system. Thus, the rotation of the
driven member around the vertex of the trihedron and
simultaneous movement together with it determine the
relative motion of the driven member towards the fixed
coordinate system.

The position of the member is in projections on the unit
vectors of the trihedron, and is immediately converted to
the axis of the fixed system. The absolute trajectory of the
member point movement is found in the same way, which
in turn allows to define its velocity and acceleration. The
resulting dependencies are common to the mechanisms'
driven members, which are articulated by a hinge with a

crank. For the specific mechanism, the law of rotation of
the driven member in the moving trihedron system is the
only thing to be known. The article uses examples of
finding this law for certain mechanisms. It provides not
only the charts of changes in velocity and acceleration of
the individual points of the driven member, but also the
direction along the member point's trajectory as a vector
of the module, proportional to their size. This distribution
of velocities and accelerations along the point movement
trajectory may be performed with any density.

Key words: planar mechanism, crank, the driven
member, Frenet trihedron, the relative motion of the
point, trajectory, velocity, acceleration.

INTRODUCTION

The kinematic analysis of the planar mechanisms
involves finding the positions of its members, individual
points' trajectories, their velocities and accelerations. For
a long time these calculations were carried out by graphic
and graphoanalytical methods, including graphical
differentiation of functions in the form of a curve, and
graphical integration. The computer technologies'
emergence allowed us to work at a new level, applying
the analytical apparatus.

As one of the possible approaches, in this article it is
proposed to apply two coordinate systems: a moving
convected trihedron of a circumference (trajectory of the
crank ending's movement), and a fixed coordinate system.
The angle of the trihedron rotation with respect to the
fixed coordinate system is known: it is equal to the angle
of the crank rotation. The position of the vertex of a
trihedron in a fixed system is also known. Thus, it
becomes possible to investigate the motion of the driven
member, one end of which coincides with the vertex of
the trihedron, in the trihedron system itself. In the future,
the resulting kinematic characteristics are recalculated in
projection on the axes of the fixed coordinate system.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The study of trajectory curves of the mechanisms'
member points’ motion is of great importance in problems
of synthesizing mechanisms. These are the tasks of the
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mechanisms' formation, which could reproduce the
predefined curves. A group of such problems was
resolved by academician P. L. Chebyshev, who applied
the method of best function approximation, provided that
the rod curve is a symmetric curve [1]. Some works on
applied geometry are devoted to this topic [2-4]. A
monograph [5] is devoted to finding a set of trajectory
curves formed with the help of planetary mechanisms.
The kinematics of the segment motion in the plane under
the given conditions was considered in [6]. The use of the
Frenet trihedron to determine the positions of the plane
mechanism members is shown in [7]. The fundamental
monographs [8, 9] are devoted to the study of the
complex material point motion on the technological
material particles' example.

The works about the particle moving along a rough
surface are devoted to finding the moving point trajectory.
The movement of soil particles along the plow's blade is
considered in the monograph [10].

The simplest motion of a particle along an inclined
plane is considered in [11, 12].

Finding the trajectory of a particle moving along a
cylindrical surface under the influence of backup forces is
depicted in [13].

A separate group is formed by the articles that target
the particle moving along a rough surface under the
influence of gravity, that is, on so-called gravitational
surfaces [14-16].

A complex motion of a particle along an oscillating
plane was investigated in [17, 18]. In [19], the relative
motion of a particle along an internal rough surface of a
rotational cone with a vertical axis of rotation is
considered.

OBJECTIVE

The purpose of the research is to find the positions of
the planar mechanism's driven member, to determine the
trajectories, velocities and accelerations of its individual
points.

THE MAIN RESULTS OF THE RESEARCH

When a trihedron moves along a plane curve, it
rotates and makes an angle a at the current point with
respect to the fixed coordinate system (Fig 1, a).

Its value depends on the curvature of the k curve.

Curvature is a variable and is given by the natural
equation k=Kk(s), where s is the arc length of the curve.
The angular size is determined by integrating the

expression ¢ = j kds.

For a circumference with a radius r the curvature is
the reciprocal of the radius k=1/r — const, and the angle
will equal a=ks.

For many mechanisms, the leading member is the
crank OA, the point A of which circumscribes a circle
(Fig. 1, b). In this case, the principal unit normal vector of
the trihedron n will coincide with the crank OA as it

rotates, the unit vector  will be tangent to the circle, and
the crank swing angle y will equal y=ks.

When the crank rotates at a constant angular velocity
o, its point A, which is the vertex of the trihedron, will
move with a constant velocity V=wr=w/k.

The same point is the beginning of the driven
member p, which forms an angle ¢ with the unit vector

7 , and an angle y with the Ox axis (Fig.1, b).

y

b)
Fig. 1. Graphic illustrations to the two-link planar
mechanism scheme:
a) the position of the AB member in the system of
the convected trihedron of the curve,
b) member p in the trihedron circular system of the
the trajectory of the crank OA's point A.

There is a relationship between w, ¢, and y angles,
with which one can find the angle ¢:

@ =90° —(y +ks). @

The angle change dependency y = y (s) is determined
for each specific mechanism.

In [20], the relative motion of a point in the system of
the convected trihedron of the curve, given by the natural
equation k=Kk(s), is considered. The coordinates of the
point B (Fig. 1, a) can be predefined by the projections pp,
and p, or by the angle ¢ and the distance p. Taking into
account the fact that our guide curve is a circumference
and k=const, the position of point B in the fixed system
will be written as [20]:
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Xg = pcos(p +ks)+ 1sin(ks),
K 2)

Ys = psin(p+ ks)—%cos(ks).

In [20], there are certain expressions for determining
velocity and acceleration of the point B in the projections
onto the trihedron unit vectors, when both the quantities p
and ¢ are variables and dependent on the guide curve's arc
length s. In our case, the distance p will be a constant
value, indicating at what distance from the hinge A the
given member point is located. In this connection, the
formulas will be simplified. Expressions for the velocity
V in the projections onto the trihedron unit vectors are
written as:

V. == plk+ @)sing]
®)
w
Vv, =?p(k +¢")cos .

The acceleration projections W look as follows [21]:

a)z "ai n2
W, :—F[pgo sing+ p(k +¢) COS(p],
(4)

2
@ " N2
W, =F[p§o COS(p—p(k+(p)ZSIn(0+k].

The values of both the wvelocity (3) and the
acceleration (4) are found as the square root of the sum of
the components' squares, that is, as a vector sum. If it is
necessary to know the direction of the velocity or
acceleration vector, then it is necessary to switch from the
projections (3) and (4) to the projections on the axis of the
fixed system, taking into account the known angle
between them a=ks.

Let us consider some specific examples. Take the de-
axial crank-slider mechanism (Fig. 2).

5,

0N\
r /’ _

L& g1
Fig. 2. The scheme of the crank-slider mechanism

Let us find the kinematic characteristics of the
different points of the connecting rod L. To know the
angle change dependency in the angle ¢ (1), it is
necessary to find the angle change dependency y=y(s). To
do this, let us use the fact that the ordinate of the point A —

AB=L — is common for both the crank OA and the
connecting rod. For the point 4 — the end of the crank OA,
let us write:

Y, = rsiny/:%sin(ks). (5)

For the point 4 — the end of the connecting rod AB=L
let us write:

Y, =Lsiny—e. ©

By equating the expressions (5) and (6) and solving
for the angle y, we get:

ek +cos(ks)

= —arcsin
4 Lk

U]

According to (1), the expression for the angle ¢ takes
the following form:

ek +cos(ks)

8
T ®)

@ =90° —ks+arcsin

To find the velocity and acceleration of a connecting
rod's random point, it is necessary to have the first and the
second derivatives of the expression (8). The first
derivative looks as:

o = k cos(ks) B
J12k? — ek +sin(ks) )’

©)

The second derivative is obtained by differentiating
the expression (9):

. 2k*(1+e’k? — L°k? )sin(ks)
0" = o
2[L7k? — (ek + sin(ks) ]
ek*(3—cos(2ks))
2[L2Kk? — (ek +sin(ks) ]

The expressions (8), (9) and (10) allow to find all the
kinematic characteristics of any point of the connecting
rod L for a given distance p from the point 4.

In Fig. 3, the 4B=L connecting rod's positions are
constructed, with a defined cranking rotation density OA
with an angle increment by the amount of k4s within the
limits of its incomplete turn.

The trajectory of the connecting rod's starting point
(point A) was determined by formulas (2) for p=0. The
trajectory of the opposite point B was at p=AB=L.

The connection of these points by a straight line
segment, for a certain value of the parameter s, positions
the connecting rod as a straight line segment.

(10)
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Above the positions of the connecting rod AB, the
trajectories of its individual points are constructed as well
in Fig. 3, according to formulas (2).

When p=0, we get a circumference — the hinge
movement trajectory.

When p=AB=L, we get a straight line — the slider
movement trajectory (point B).

This proves the reliability of the obtained results.

Fig. 3 shows the trajectory of the point A constructed
at p=0, as well as the trajectory of the points: B — for
p=AB=4m, C for p=-4m, D for p=L/2=2m. Curvature
k=05 m? e=Im.

S I T - 4 e ]

s 4 2 0 2 1 6
Fig. 3. One-parameter set of positions of the connecting
rod and the trajectory of its individual points

Let us consider the construction of the connecting rod
points' velocity. This will be done in a way that the
direction and the value of the velocity along the point
motion trajectory can clearly be seen. To do this, let us
proceed from the velocity projections on the trihedron's
unit vectors (3) to the projections on the fixed coordinate
system's axes, rotating them by the angle a=ks:

V, =V._ cos(ks)-V, sin(ks),

V, =V, sin(ks)+V, cos(ks). D

Depending on the connecting rod's position (variable
s), the coordinates of a certain point (for example, the
point C at p=-4) are found from formulas (2). It is
necessary to add the obtained vector (11), previously
multiplied by the scale factor m, to the coordinates of this
point. The end of the velocity vector coordinates are
found:

Xy =Xc +mV,,
12
yV:yB+mVy' ( )

By connecting the point with the coordinates xc and
yc on the trajectory with the coordinates of the end of the
vector Xy and yy by a segment, we obtain the velocity
vector at a given point of the trajectory.

By increasing the variable s by some value 4s, we
can construct vectors along the trajectory with the
required density. In Fig. 4, the velocity vectors for the
points C and D are plotted.

However, the visibility deteriorates in the sections of
the trajectory close to the straight line, and totally
disappears on the straight sections (for instance, for the
trajectory of the point B).

The graph shows that the velocity of the point A is
constant, and the velocity of the point B at a certain
moment equals zero (in the extreme positions of the
slider).

In the same sequence, we construct acceleration
vectors using the expressions (4). Fig. 6 shows the visual
distribution of the acceleration vectors along the A, C and
D points' trajectory, and Fig. 7 — their value change
graphs.

6f ¥

4t

2t

-4 [ L i x '
-5 0 5
Fig. 4. Distribution of the velocity vectors along the
trajectories of the points C and D

In such case, it is possible to construct a graph of the
velocity value change. In Fig. 5 such graph is constructed,
covering the four points of the connecting rod, which are
indicated in Fig. 3.

15_":”/[

4

10

B

0 1 1

0 5 10 s, M
Fig. 5. A graph of the velocity value change for the
connecting rod's points

To enable the mechanism work, the necessary
relationships between the design parameters of the
mechanism must be observed. This follows from the
expression (7), in which the fraction in its absolute value
should not exceed the unity. Fig. 8 shows some positions
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of the connecting rod and the individual points' trajectory
for the following boundary values of the design
parameters: k=0,5 m™, e=2 m, L=4 m. In the extreme
position of the slider, the connecting rod coincides with
the crank along the vertical line.

y

L L L L x 1
-6 -4 -2 0 2 4
Fig. 6. Distribution of the acceleration vectors along the
A, C and D points' trajectories.

W m/c?
40t /

30
20t

VA
10L \/B

0 L 1
0 5 10
Fig. 7. A graph of the acceleration value change for the

connecting rod's points

-6 -4 -2 0 2 4 6
Fig. 8. One-parameter set of positions of the connecting
rod and the trajectory of its individual points

In Fig. 9, the acceleration vectors are constructed
along the A, C and D points' trajectories. With the
analytical expressions for constructing velocity and
acceleration vectors, it is very simple and quick to obtain
their visual distribution along the trajectories, when the
design parameters and the location of the point on the
connecting rod change.

Sy

al

ol

ol

2 . ) - . X
6 4 2 0 2 4

Fig. 9. Distribution of the acceleration vectors along the
trajectories of the points A, C and D

Another mechanism with the boundary values of the
design parameters: k=0,5 m™, e=/ m, L=3 m is shown in
Fig. 10. It also demonstrates some of the connecting rod
positions and points A, B, C and D trajectories. As in the
previous case, in slider extreme position the connecting
rod coincides with the crank along the vertical line.

A

-5 0 5
Fig. 10. One-parameter set of positions of the connecting
rod and the trajectory of its individual points

In Fig. 11, the A, C and D points' trajectories are
constructed with acceleration vectors for the mechanism
(10).

One can judge about the point's velocity by the
density of the vectors' arrangement along the trajectory.

For instance, for the point C at the top of the
trajectory, the density of the vectors is lower, so the
point's velocity will be greater.
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2t

6 -4 -2 0 2
Fig. 11. Distribution of the acceleration vectors along the
trajectories of the points 4, C and D

Let us consider one more mechanism — a crank-
rocker with points A, C, D on the rocker arm (Fig. 12). Its
characteristic feature is that point A on the rocker arm
moves along the circumference, and point B is fixed. This
is ensured by sliding the rocker in a rocking or rotating
stone, fixed at point B. To find the dependency of the
angle ¢ (1) changing, it is necessary to know the
expression for the angle y. The guide vector of the rocker
arm is found as a segment connecting point A with the

coordinates { cos(ks)/k , sin(ks)/k } with the fixed
point with the coordinates {0, d}.

y
B
d
' A
W
¥ ] 3 'S
04 \3[_'

Fig. 12. The scheme of the crank-rocker mechanism

The vector coordinates will be:{cos(ks)/k, d-
sin(ks)/k}.The y angle between the rocker arm's vector
and the Ox axis is defined from the following expression:

y = arccos cos(ks) =
Jcos?ks+(kd —sinks)’ )
cos(ks)
= arccos

J1+k2d? — 2kdsinks

According to (1), the expression for angle ¢ is written
as:

@ =90° —ks—

cos(ks)
1+ — sinks
J1+k?d? —2kdsink

14
—arccos (14)

Let us find the first and the second derivatives of the
expression (14):

21,2 H
_ kl2+d% ~3dksin ks) )
1+k?d? —2kdsinks

dk®(d?k?* —1)cos ks
Q"= ( ) (16)

(L+Kk2d? — 2kdsinks)

-2 0 2 b)
Fig. 13. Representation of the crank-rocker mechanism's
kinematic elements:
a) points' trajectories and some rocker arm positions,
b) acceleration vectors' distribution along the
trajectories.

Expressions (14), (15), (16) are sufficient to construct
all the kinematic characteristics of the rocker arm points.
Some rocker arm positions and the A, C and D points'
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trajectory are built in Fig. 13,a for k=0,5 m*, d=4 m, and
the distance p=+4 m from points C and D to point A.
Fig. 13,b presents a graphic representation of the
acceleration vectors of these points along the trajectories
of their motion, and Fig. 14 is a graph of the change in
their values. It follows from the graph that at a certain
moment the acceleration of one of the rocker arm points is
zero.

It can be visually determined from Fig. 13,b that this
point belongs to the lower trajectory (the motion of the
point C), when it coincides with the point O.

40¢
W M/c?

30¢

201

10}

S, M

D i L
0 5
Fig. 14. A graph of the acceleration value change for the
rocker arm's points

While analyzing expression (16) it can be seen that in
the case 1/k=r=d, the angular acceleration of the rocker
arm in the trihedron system will equal zero, i.e. the
angular velocity of its rotation will be constant. The
family of rocker arm positions of such mechanism is
shown in Fig. 15.

3r

9

%4 -2 0 2 4
Fig. 15. Trajectories of the points and the position of the
driven member in a special case of the crank-rocker
mechanism

Its characteristic feature is that in the absence of an
AC segment the pattern would not change.

When lifting up, point D, moving along the internal
curve, after passing point B starts to move along the outer
curve, and eventually takes the place of point C.

The segment of the rocker arm AD alternately
occupies the inner and the outer spaces, delineated by the
circumference — the trajectory of point A.

2
Fig. 16. Trajectories of the points and the position of the
rocker arm mechanism when k=0,5 and d=1

If the stone rocks while the mechanism shown in Fig.
12 works, provided that d>r, then at d=r (Fig. 15) it
already rotates. Another illustration of the mechanism
with a rotating stone for d<r is shown in Fig. 16.

CONCLUSIONS

1. In certain planar mechanisms the leading member
is a crank, which rotates with the permanent angular
velocity. The trajectory of the crank's ending movement is
a circumference, which is to be taken as a guide curve for
the convected Frenet trihedron. The trihedron moves
along the circumference in such a way that its main unit
normal vector coincides with the crank.

2. The motion of the driven member is described
analytically in the trihedron system. This allows to
receive general relationships for determining all the
necessary kinematic characteristics of the driven member:
the family of its positions, the trajectories of the
individual  points' motion, their velocities and
accelerations. For this, it is necessary to find the law of
rotation of the driven member in the trihedron system for
each mechanism.

3. The developed approach makes it possible to
construct a visual representation of the velocity and
acceleration vectors' distribution of the driven member's
points along their curvilinear trajectory with the required
density.
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OINPEJEJIEHME KUHEMATHUYECKUX
XAPAKTEPUCTHUK BEAOMOI'O 3BEHA ITJIOCKUX
MEXAHHN3MOB C ITOMOIIbIO
TPEXI'PAHHUKA ®PEHE

Cepeeti Iununaxa, Anopeti Yenuorcuwiii, Tamovana Kpecan

AHHOTanMsA. Y MHOTHX IUIOCKMX MEXaHHU3MOB BEAYLIUM
3BEHOM SBJISIETCSI KPUBOILIMII, KOTOPBIA IIOCPENCTBOM
IIapHUpa COEAMHEH C BEJIOMBIM 3BEHOM. Touka
COEIMHEHUS! 3TUX 3BEHBEB, TO €CThb KPHUBOLIMIL, IPH
BpalleHUHU  OINMCHIBAET  OKPYXKHOCTb. B craTthe
MpeagaraeTcsi B TOUKY COEJUHEHMsI 3BEHbEB IIOMECTUTH
BEpIIMHY TpexrpaHHuka dpeHe, opT INIaBHOH HOpMaIU
HanmpaBUTh K ILEHTPY OKPYKHOCTHU, OpPT KacaTelbHOU
COBMECTHUTH C BEKTOPOM CKOPOCTH KpPHUBOIIMIIA, TO €CTh
pPacIoOJIOKUTh II0 KacaTelbHOM K OKpyxkHOcTU. Ilpu
BpalleHWH KPWBOIIWIIA TPEXTPaHHUK TOXe Oyzder
BpalmaTtbCda, MpUYEM €ro rIjJaBHasgd HOpPMallb BCE BpPEMA
OyneT coBmazaTh C KPHUBONIMIOM. TakuM o0pazoM,
MOJIBIDKHBIA TPEXTPAHHUK OYAET COMPOBOMKAAIOLIAM IS
OKPYXHOCTU — TPACKTOPUM JBHKEHHsI KpUBOLIMIA U
CKOPOCTb €T0 JIBIKCHHUS MO OKPY>KHOCTH OYZAET 3aBUCETh
OT YTJIOBOW CKOPOCTH BpAILlEHUs] KPUBOIIUIIA.

[lpu BpamieHWW KPHUBOIIMIIA BMECTE C HUM OyneT
Bpamarbcs TpexrpaHHUK @DpeHe, mpu 3TOM BeAOMOE
3B€HO B BHJE MpPAMOJMHEHHOro OTpe3ka Oyzaer
MPOXOJUTH yepes BEPIIMHY  TpPEXI'pPaHHUKA 3
00pa3oBbIBaTh C OPTOM KacaTelbHOW OIpeneaeHHbINH
yroy. 3aKOH M3MEHEHHs 3TOro yria OyIeT 3aBHCETh OT
KOHCTPYKIMH W Ha3HA4eHHsA MexaHm3Ma. UToOsI
MOJIYYUTh KHHEMATHUYCCKHUC XAPAKTECPUCTUKHU BEIOMOTO
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3BeHa (Ero MOJOKEHHUE B 3aBHCHMOCTH yIia IMOBOPOTa
KpUBOILIMIIA, TPACKTOPUIO, CKOPOCTh U  YCKOpEHHUE
MPOU3BOJBHOM  TOUKH), HEOOXOAMMO 3HAaTh 3aKOH
M3MEHEHHUs yTja MOBOPOTa BEJOMOIO 3BEHA B CHUCTEME
MOJIBMYKHOTO TPEXTPaHHUKA B (YHKIMU [UIMHBI JYTH
HampaBJAOIIEH KPUBOW — TPAGKTOPUU  JIBHKEHUS
LIapHUpa.

Wnes paboTHI COCTOWT B HAXOXICHUM KHHEMAaTHYECKHUX
XapaKTEPUCTHK CJIOKHOTO ABM)KEHHS TOYKH, KOIZa OHa
COBEPILAET OTHOCHUTEIBHOE JBUKEHHE B IOABMKHON
CUCTEME KOOpAMHAT, a cama IOJBWXKHAs CHCTEMa II0
ONPEJEIICHHOMY 3aKOHY JIBHXKETCS [0 OTHOUICHHIO K
HENoJBIWXKHOM cucteme. Eciu 3a MOABMKHYIO CHUCTEMY
KOOpJIWHAT B35Th  COINPOBOXAAIIIUNA  TpEeXTpaHHHUK
KpUBO#, TO 3aKOH JIBMXKEHUS TPEXTPaHHUKA CTaHOBUTCS
HM3BECTHBEIM II0 OTHOIICHHUIO K HEMOJBMIKHOW CHCTEME.
Takum 00pa3oM TOBOPOT BEAOMOIO 3BEHA BOKpPYT
BEpIIMHBI TPEXTPaHHHKAa U OJHOBPEMEHHOE JIBH)KEHUE
BMECTE€ C HHUM ONpPEHENIET OTHOCUTENIBHOE JBH)KEHUE
BEJIOMOTO 3BE€HAa II0 OTHOIICHHIO K HEIOJBIKHOU
CUCTEME KOOPJMHAT.

[TonoxxeHne 3BeHa HaXOAMTCA B NPOEKLUHUSAX Ha OPTHI
TpEXIPaHHUKA M cpa3y XKe MEPEeCUUTHIBACTCS Ha OCH
HEMOJIBIKHOW cUCTeMBbl. TakuM ke 00pa3oM HaxOIUTCS
a0COMIOTHAS TPAEKTOpHUs JABWKEHHUS TOUKHU 3BEHA, 4YTO B
CBOIO OuYepeab TIO3BOJSET HAWTH €e CKOpPOCTh U
yckopenue. HaiiieHHbIie 3aBUCUMOCTH SIBIISIIOTCS OOIIUMU
JIIs1 BEIOMBIX 3BE€HbEB MEXAHU3MOB, KOTOPHIE COUJICHEHBI
MIOCPEJICTBOM mIapHUpa € KPUBOIIMIIOM. Jns
KOHKPETHOIO MEXaHU3Ma HYXXHO 3HAaTh TOJBKO 3aKOH
[IOBOPOTa BEAOMOTO 3BEHa B CHCTEME MOABHXKHOIO
TpeXrpaHHuKa. B craTbe  HaBeleHbl  IPUMEPHI
HAXO0XACHHS 3TOr0 3aKOHa JJIsl HEKOTOPBIX MEXaHU3MOB.
[MocTpoeHB! HE TONBKO TPAPUKU W3MEHCHHS BEIWYHHBI
CKOPOCTH W YCKOPEHHUS OTAENBHBIX TOYEK BEIOMOTO
3B€Ha, HO M WX HaIpaBJICHUE BJOJb TPACKTOPHH TOYKH
3B€HA B BHJIE BEKTOpa C MOJIYJIEM, MPOMOPIMOHATLHBIM
uX BenuduHe. Takoe pacmpeenenre BEKTOPOB CKOPOCTei
U YCKOPEHUU BJIOJIb TPAEKTOPHUU JIBHIKEHHUS TOUKU MOXKET
OBITh BBITIOJHEHO C JIF00O0H IIJI0THOCTHIO.

KiitoueBble cioBa: IUIOCKMH MEXaHU3M, KpPUBOILHII,
BEIOMOE 3BEHO, IMOJABIXKHBIM TpexrpaHHUk DpeHe,
OTHOCHUTEJIbHOE JBUKEHHE TOUYKU, TPAEKTOPHUS, CKOPOCTb,
YCKOpEHUE.
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Summary. In the system of technological operations of
post-harvest handling of the crop is drying. Universal
dryer drum type are widely used in farms, because, allow
for dewatering of various bulk wet materials, but for a
number performance indicators (specific  energy
consumption, automation level, implementation of
environmental requirements, and others), these dryers do
not quite meet the modern requirements of agricultural
production and processing sectors.

The decision of problems of optimization of performance
and energy consumption of drum units is possible only
when adequate mathematical models of processes of heat
and mass transfer taking into account the governing
parameters of the process. In article on the basis of the
analysis of the literature substantiates the scientific tasks
of the analytical mathematical description and calculation
of parameters of process of drying particulate plant
material in a pneumatic drum units.

Using the methods of thermal and material balance, based
on simplified representations of the processes of heat and
mass transfer mathematical model describing change of
parameters of the drying agent and material in the
pneumatic drum unit in the process of moving along the
rotational drum.

For example, analytic analysis of changes in the
temperature of the drying agent and the material and its
moisture content is given the solution of the equations for
a linear law of transfer of material along the drum.

So as a result, the research obtained a mathematical model
of stationary process of drying the plant material in a
pneumatic drum unit.

The analytical dependencies describing the distribution of
parameters of process of drying of the material in the
drum with a given speed of movement.

Key words: modeling, process, drying, material, drum,
speed.

INTRODUCTION

In the system of technological operations of post-
harvest processing of crops, is important thermal drying
[1, 2, 3]. Given the wide range drying products, the most
versatile dryer units are pneumatic drum assemblies [4, 5,
6]. But despite the widespread use of drum dryers the
theory of processes taking place in them to date is not
sufficiently developed. Compatible phenomena of heat
and mass transfer associated with moving the drying
agent, who also is a means of transporting material.
Reducing the weight of the material in the drying process

leads to changes in the speed of its movement along the
drum, which in current models is not considered.
However, the exclusion of the arbitrariness of the speed of
movement of the material and development of methods to
control the speed of movement (except changing the
revolutions of the drum) can significantly intensify the
process of drying and to improve the quality of the
product dried. In addition, the relevant issue is not only
the creation and implementation of new technologies and
equipment to implement thermal drying , and a reduction
in financial costs for the process of development of such
machines [7].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Recent work on the problem of drying of agricultural
plant materials and products note the works [8, 9, 10].

In [8] substantiated methods for determining
displacement of the material in the drum that rotates with
different type of attachments, in the monograph [9]
investigated heat and mass transfer in processes of drying
in drum-type units with the transverse and longitudinal
flow of material.

In [10] is justified based on process parameters from
the design parameters of the drum. In early works [11, 12]
the mathematical model of the dynamic modes of a drum
dryer.

Known works [13, 14, 15] reduced to the design and
analysis determine residence time of material in the drum
and the exposure of drying.

Change the speed of the moving material in the drum
and its influence on the performance of the process is not
considered.

OBJECTIVE

The determination of regularities of the drying
process on the basis of simplified model representations,
and taking into account the changes of the velocity of the
material coordinate movement.

THE MAIN RESULTS OF THE RESEARCH

The processes of heat and mass transfer during
drying of plant materials and products in installations of
pneumatic drum type describes ordinary differential
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equations, which are formed in the closed system of the
fourth order [11, 12]:

(6U+U‘16UJ+(89+U"60): o (t-6) (1)
Cc, \or oy or oy c,m,

(6-t) )

od ad G(w+ aq @

_ + Uw —_—

ot 8y G \or 7 oy
where: M, =V -y - p - the mass of material in the
dryer, m, =V, p — weight of drying agent in the drum,

V; — the volume of the drum, y — the fill factor, p,, p — the
density of the material and a drying agent, v,, v — the
speed of the material and a drying agent, a, 8 — the
coefficients of heat and mass transfer, f — the surface of
the material that participates in the exchange processes,
C, C, — the heat capacity of the drying agent and
material, ro — heat of vaporization, P,, P — elasticity of
saturated steam in the drying agent.

Mathematical reasoning physics equations of heat
and mass transfer are the following conditions: moisture
of the material is removed according to Dalton's law, the
moisture in the material evaporates and is removed at the
same time, the moisture content and temperature in the
bulk material is distributed evenly, heat and mass transfer
occurs only between the surface of the material and the
drying agent, the effects of radiation and contact heat
transfer coefficients are taken into account heat transfer,
stationary fields of temperatures and moisture content are
accepted one-dimensional, that change with the
coordinate y measured in the direction of movement of
the material.

The system (1)-(4) is a complete mathematical model
of the drying process in pravoberezhnomu the aggregate
taking into account the adopted assumptions under
appropriate boundary conditions:

0(0,7)=6,(z), t(0,7)=t,(r), U(0,r)=U
d0o)=d, oy0)=6, ty0)=
U(y0)=U,, d(y0)=d,.

For the solution of specific objectives — determine the
impact velocity of the material (static and dynamic)
modes of drying system of equations have greatly
simplified and divided into two stages: determination of
the steady-state mode of operation of the dryer and
transition. The system of equations can be greatly

simplied if we make an additional assumption: the
intensity of drying is proportional to the current moisture
content and the rate of heating of the material and can be
described by the equations:

- Lykov [18]:
—d—Uzk(t)(U -U,), )
dr
du =S g, (6)
r,Rb

where: k(t) — coefficient of drying, U, — equilibrium
c,U)e
r,(6)dU

Since the heat transfer coefficient in the drying
process is reduced [19] and decreases the mass of material

moisture content, Rp = — criterion Rebinder.

in the drum (due to drying), the value i — you can take
m\/t

a constant (average per process), the rate of drying

depends on the temperature of the drying agent. We

assume that the drying coefficient is linearly dependent on

temperature:

K(t)=a-+bt Y

The change in the moisture content of the drying
agent affects the process of moisture removal from the
material [20], but with increasing moisture content of the
drying agent increases the heat transfer coefficient, so the

assumption a(y)zconst — formally justified. As in
rotary dryers of agricultural materials used in high-
temperature drying agent t >120 °C the material can be

dried to absolutely dry matter, suggesting that the
magnitude of the equilibrium moisture content constant,
according to the parameters of drying agent at the outlet
of the drum — U, =U(t,,d,).

Assumptions allow to exclude from equation (1)
variable U(y), and from equation (3) component, which
depends on the temperature of the material P(6) and
reduce the order of the system.

Consider a stationary mode of operation of the dryer
(after warm-up time) when each point of the volume of
the drum all process parameters are time variables and for
each coordinate by the length and the output have
constant values. Equating the time derivatives to zero and
considering the equations (5) and (6) we get the system of
equations in ordinary derivatives:

LM ( (y)-t(y): (®)

dy

- o 0)-07):©)
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(10)

-u/u‘jj—‘;=<a+bt<y>>(u<y>—ur>.

We introduce the notation:

.Cc, =cC [1—i]
v Rb

Given the assumptions made and considering the
change of the velocity of the material along a drying path,
according to the reduction of mass of material passing the
drum from equations (8) and (9) we get:

dily) _ k,[6(y)-t(y)].

y (11)
d¢9( )_ k;
)b k)o@

Subtract the second equation from the first:
SR -ayl=| v o) oty) a9
v(y)

Where one of the first integrals of the system takes
the form:
y

Inft(y)—6(y) = In(C I{%+kz}ds. (14)

0

Where one of the first integrals of the system takes
the form:

t(y)-6(y)=C, - exp(— ﬂ% +k, }ds} . (15
A decision on t(y):
} s). (16)
A decision on 6(y):
0(y)=t(y)-C, -exp(—f{%lsr kz}ds} (16a)

0

t(y)=6(y)+C,- exp( 'ILS

Let us substitute the expression (16A) in equation
(11) and get:

dt(y)

ok
=-k,C, -exp| — {—1+k }ds . @
2%1 [ .([ U(S) 2

Its solution has the form:

t(y)=-k,C jexpE 0£k2+%jdst§+C as)

Substitute the obtained expression (18) into
equation (16a) and get the solution of the equation:

o(y)=—k, cj [ I(kH%st]d&

+C—

ROE DN

Steel of integration C; and C, define the boundary
conditions:

(19)

t(0)=t,,
0(0)=46,,
Co=ty,
0,=C,—Cy,
C1=t1791.

The solution of the Cauchy problem would be:

: k2+
vexp| —[| k1 |ds |d&+
G(Y):_kz(tl_el),[ 0 +@
0
(20)
+1, -
y kl
(t,-6) exp( £{0(5)+k2}ds).
: k2+
vexp| —[| k1 |ds |[d&+
tly)=-k,(t, - &, +— 21
(y)=—k,(t, 1)£ * o) (21)
+1,.

Take as a first approximation, a linear dependence of
the rate of movement of the length of the drying path:

v(s)=a, +bs.
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Then:

y
_J'{L.,_kz}ds:— k2y+ﬁ-|nal+—bly (22)
0 U(S) b a

1 1

Substitute (22) into (17) and taking into account the
initial conditions we get:

(23)

ky _ﬁ
a (3, +byy)

A
where: E_ (Zl):J; o dt
and
w7,
E, (Z2 ) = J.t—ndt — exponential integrals,

a. k
Z,= ;)2'
1
noke
b,

Substituting equation (22) and derive an equation for
the temperature of the drying agent in (16A), we get:

_ Ak _
kz(tl—gl)'EXP[ :)Zj
1 fl
9(y)=t1 +b— ﬁ l_ﬁ —
! aqbl(al+b1Y) by En(zl)_
L _aiEn(ZZ)
~(t, -6, (24)

xem(—kzy—%-lnalTTt)lyj.

1

Substituting values of temperature t(y) in equation
(10) after separation of variables get:

U(y)=U,-(U,-U,)

1
a +by

t, +

(25)
kz( 1 61)' dy

+i exp al—kz X
b b,

K K
ab (a, +by) b
x En (Zl)_
- alEn (ZZ )

exp

O t—_<
|

a+b-

=

Thus the resulting equation (23), (24), (25) determine
the temperature distribution and the moisture content of
the material during the drying process in a rotating drum
when the speed of movement.

CONCLUSIONS

1. A mathematical model of stationary process of
drying the plant material in pneumatic drum unit.

2. The analytical dependencies describing the
distribution of parameters of process of drying of the
material in the drum with a given speed of movement.-
size range of mobile agricultural energy products.
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MATEMATHUYECKOE MOJIEJITMPOBAHUE
[TPOLIECCA CYILIKH PACTHUTEJIBHOI'O
MATEPUAJIA B BAPABAHHOM CYILIWJIKE
[1PU TIEPEMEHHOM CKOPOCTHU
[IEPEMEILLEHUSI MATEPUAJIA

Poman Kanunnuenko, Banepuii Boiitiok

AHHOTanusi. B cucreme TEXHOJIOIMUYECKUX oOmNepanui
OCIICyOOPOTHOM 00paboTKH ypoxas
CENIbCKOXO3SIMICTBEHHBIX ~ KYJIbTYp  BaXXHOE  MECTO
3aHUMAeT CYIIKH. YHuBepcaabHbIE CYIIMJIKH
6apabaHHOT0 THIA ITUPOKO MCIOJIB3YIOTCS B XO3SHCTBAX,
MIOCKOJIbKY ~ MO3BOJIAIOT ~ MPOBOIMTH  00E3BOKHMBAHHE
Pa3MYHBIX CHITYYNX BIIAXHBIX MarTepuajioB, HO IO
LeIOMy psily IoKazaTeneid paOoThl (yIelbHBIE 3aTpaThl
SHEPruM, yPOBCHb  ABTOMAaTH3AIMM,  BBIIOJHCHUSA
9KOJIOTUYECKUX TPEeOOBaHMH, U IPYTHE) 3TU CYLIMIKH HE
COBCEM COOTBETCTBYIOT COBPEMEHHBIM TPeOOBaHUAM
TIPOM3BOJICTBA CEIIbCKOXO03SMCTBEHHON "
nepepabaThIBaroIIeii OTpaciei.

Pemenne 3a1a4 onTUMHU3aMy 0 IPOU3BOIUTENBHOCTH U
JHeprosatpatam OapaOaHHBIX arperaroB  BO3MOXKHO
TOJIBKO IIPM HAJIW4YMM aJCKBaTHOM MaTEeMaTHYECKOH
MOJIETIM TIPOLIECCOB TEIUIO- U MaccooOMeHa C Y4eToM
OTIpeNIeNIAIONINX IapaMeTpoB Iporecca. B cratee Ha

OCHOBC aHajn3a JINTEPATYPHBIX HNCTOYHUKOB
000CHOBAHHO Hay4YHYIO 3agavy AHAJIUTUYCCKOI'O
MaTeMaTU4CeCKOro OMUCAHUA WU pacucTa OIPCACIIAIOMINX
napamMeTpoB nponecca CYLIKH PACTUTCIIBHBIX
JAUCIICPCHBIX MaTepuaioB B HHeBMO6apa6aHHI/IX
arperarax.

C momompI METOHOB TEIUIOBOTO M MaTepHAILHOTO
OamaHca Ha OCHOBE YIPOIICHHBIX IPEACTABICHUN O

mpolueccax — TEIUIO- M MaccooOMeHa  IOCTpOEHa
MaTeMaTH4YecKasi MOJEJb, OIHCHIBAIOIAs W3MEHEHHE
apaMeTpoB CYIIMJIBHOTO areHTa M Marepuaiza B

mHeBMOOapabaHHOM arperate B Mpoliecce TepeMenieHUs
BJIOJIb BpamaTteabHoro Oapabana.

Ha mnpumepe aHAIUTHYECKOTO aHaIM3a W3MEHEHUS
TeMIIepaTyphl CYIIWILHOTO areHTa W Marepualia U ero
BJIArOCOJICPIKAHUST TMPHUBEACHBI PEIICHUE IMOMYYEHHBIX

YpaBHEHWH Uil JIMHEHHOrO 3aKOHAa IepeMEIlCHUS
MaTepuaia BIOJb OapabaHa.

Takum  oOpasoM B pe3yiabTaTe  BBINOJHCHHOTO
UCCIIEJIOBaHUSl  IOJyYeHa MareMaTH4yecKas MOJIelb
CTAal[IOHAPHOTO  MpoIllecca  CYIIKA  PaCTHTEIHLHOIO
Marepualia B THeBMoOapabaHHOM arperare.

OmnpeneneHsl aHAJIMTHYECKHE 3aBHCHMOCTH,

OIMCHIBAIOIINE DPACIPEACICHHE IapaMeTpoB Ipolecca
CYIIKH Marepuana B OapabaHe € Y4ETOM CKOPOCTH
TIepeMeIIeHHs.

KaioueBble ciioBa: MoJepupoBaHHE, NpolecC, CYIIKa,
Marepuai, bapabaH, CKOPOCTb.
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Summary. The structure of firefighting projects was
solved. There was justified that the central place in them
belongs to appropriate  technological  processes.
Temporary technological systems create for doing these
processes. The place and the role of processes of
technology management processes and  projects
management of firefighting were determined. There was
solved their differences and the systemic influence on
value indicators of these projects was justified.

It’s proven that the purpose of firefighting projects has
been achieved through the coherence of the nomenclature
and resources amount which are included in these projects
configuration and configuration objects of the combustion
(heat sources). The coherence of these configurations
allows to realize firefighting projects timely with minimal
and technological rates of human, technic, material and
energetic resources.

The interrelation of processes for project management
works, which are predetermined by firefighting
technologies, and the configuration of these projects were
solved. The question of their initiation and planning on
the base of the forecasting for value indicators of
temporary firefighting projects was considered. These
projects use the analysis of existing statistic information,
physic modeling and chronometric of project works.
Projects management configuration of the improvement
for regional existing systems of firefighting is based on
results of the determination for value indicators of
temporary firefighting projects for objects of the
combustion. The process of projects management
configuration of the improvement for these systems
provides the satisfaction by them four main organizational
and technological requirements of temporary firefighting

projects.

Key words: firefighting, projects, management,
configuration,  organizational and  technological
backgrounds.

INTRODUCTION

Project Configuration Management is one of the
important areas of project management knowledge, from
which greatly depends on their success [1]. Especially it
concerns production and technological projects, which
include firefighting projects. There is an appropriate
system in Ukraine today. Its structure and functions do
not fully meet the modern requirements of territorial and
administrative reform in the state. One of the actual
problems of firefighting protection. The search for
effective ways of reforming the system of fire, which

would to some extent meet the aforementioned
requirements, is one of the urgent problems of fire
protection. Each of effectively direct for the reform
system of firefighting. This search must satisfy, to some
extent, mentioned requirements. Its solution requires the
development of new approaches as to creating a
functioning firefighting systems, and so to mentioned
projects management, in particular, to their configuration
management.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Project configuration management of the creation and
functioning for firefighting systems were not subject areas
of special investigations. Well-known scientific works in
the field of the configuration management for these
systems provide an answer in regard to their technical and
technological parameters [1-15]. Although these results
are important for the problem solving to reforming the
firefighting system, they do not relate to the configuration
management process of appropriate projects, and
therefore does not allow to create some tools (methods
and models) for this management.

The analysis of recent publications [6-15] and
standards [16-21] in projects configuration management
and products configuration management allow us to
conclude that they are important for managers because
their activities are oriented on the synchronization
(alignment) of configuration projects and their products.
For this purpose, the corresponding process was
developed [7, 8], and also basic methods and models for
its implementation in practice were disclosed too. In
particular, it pointed out that the product configuration
model is the basis for the determination of the content and
project works (actions), which require a specific type of
technical means. These means related to the components
of project and technological structures. The developed
method of justification for their configuration provides for
implementation of the alternative project works and the
application of alternative technical means [19]. These
results are important for our research, because the
combustion of different materials can be in different
conditions, and so appropriate firefighting operations
require the using of different methods and extinguishing
agents. However, the using these results for solving
problems of projects configuration management for
firefighting can be only conceptually. The configuration
of project and technological structures should be justified,
taking into account the existence of their alternatives.
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According to other organizational and technological
features of this management, they should also develop (to
justify).

Thus, if we analyze scientific papers [8, 17, 19],
standards and practical guidelines for projects
configuration management and products configuration
management [2], we can come a conclusion, that their
results are important for our research, but they have no
information about the impact of organizational and
technological conditions on features of projects
configuration management. They don’t discover scientific
and methodological basis for determining cause-effect
relationships among the organizational and technological
characteristics of fires and rational parameters of projects
configuration for firefighting.

OBJECTIVE

Task assignment is to find out organizational and
technological backgrounds of project configuration
management for firefighting.

THE MAIN RESULTS OF THE RESEARCH

Firefighting projects consist of many components.
Their main base (main component) is technological
processes (TP) of firefighting. Appropriate technological
systems (TS) temporary form for doing these TP.

Technological systems provide the quality transformation
of labour objects — extinguishing of the heat source
(fires). These systems are temporary. They are made for a
period of the extinguishing this or that fire (heat source).
Quality transformations of labour objects form on
appropriate technology — knowledge about nomenclature,
content, sequence and continuance of the execution for
technological operations. Furthermore, technologies often
provide the availability of information about technical
means with the help of which separate technological
operations are performed. They also provide the
availability of operational labour-intensive, the power
consumption and material and technical means. To ensure
the effectiveness and the quality of doing TP for
firefighting, the managing is carried them out, which lies
in the observance of developed organizational and
technical regulations in advance.

The management of TP for firefighting, on our mind,
can’t be considered apart from the managing of
appropriate projects for the functioning of temporal TS
for firefighting. We can’t also make progress in the
managing of these projects without the quality of the TP
management for firefighting. It is very important to
consider these two managing processes autonomously. It
is very important for making a maximal success with each
of them, which eventually provides the recipiency of
maximal value indicators for appropriate projects in
results of the conformance for their rates. It is important
to note that projects management of the functioning for
TS firefighting is systemic.
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1
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Fig. Approximate structure of the project functioning for TS of firefighting (1), main functional components (2),
provision of appropriate processes and their results (3): TP, My, PL — technological processes, management of
technological processes, processes of provision for performers (life-savers), PT, PM, PE, PI, Mp — processes of
provision for technic, materials, energetic resources, finance and informative resources, and processes of appropriate
project (projects) management, WE, P, , P, TM — working environment, products of a project, performers (firemen/
life-savers) and technical means, MR, E, | — material resources, energetic resources and informative resources, Cr,
Cp — commands of execution for technological processes and project (projects) processes, Ir, Ip — information about the

progress of technological processes and project (projects),

T, PS, M, M, M, - technologies, project standards,

management tasks, methods of their solution and managers, SP, Sl, Tl — ensuring systems of performers, information,

and transport infrastructure, R, SL — roads and service lines
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Every TS firefighting can simultaneously realize
many projects which based on appropriate TP. Every
project can include one or many TP, which formulate its
foundation (core).

So every project of the functioning for TS can show
diagrammatically as an appropriate hierarchical structure
(Fig).

The important basement of the dedication for
appropriate  project (resources interaction) is the
coherence of nomenclature (type) and capacity resources
with the configuration of the heat source (fire object),
which is effect with the help of the doing for the
appropriate management process. This process is realized
as part of general process for project configuration
management of TS functioning in the theory of project
management.

So we must always solve scientific and industrial task
during the functioning of any TS for firefighting. We
must realized the appropriate project over definite time
and we must quench the heat source (firefighting object)
very fast with minimal technological, technical, material
and energetic resources which are needed for human
rates. So with the help of these manufacturing and technic
conditions, projects will be characterized by the biggest
(best) value.

If we analyze technological and resources bases of
the dedication for projects of the functioning (firefighting)
temporary TS, we can say that technological dedications
determine the content and the execution time of main
project works, and resources determine the configuration
of these projects. Taking into account this specificity,
tasks of management works (content and time) and
projects configuration of the TS functioning for
firefighting must be considered first in the hierarchical
system of knowledge in appropriate projects management.
In general terms, we can see main management processes
which determine projects configuration (structure). These
projects are realized by these TS.

If we consider the problem of operative forming for
TS of the combustion for the target heat source, we can
see that the base of these project works is the management
process of their initiation which is determined by
forecasting concern of value indicators as a project
configuration of systems creation such as their
functioning. In this time, the forecasting of these markers
can be only with the help of the information existing
about the configuration of fire objects, mass condition of
its heat source, and about forecasting of value indicators
for appropriate firefighting project with different variants
of its configuration.

Obviously, the recipiency of some forecasting
information can be only with the help of the appropriate
information system, and with the help of the modeling for
TS firefighting which have the information about the
nomenclature  (structure) of fire (heat sources),
laboriousness and energy expenditures, labour and
material resources in firefighting projects (functioning)
and the creation of these systems. So if we want to
forecast value indicators of project creation and the
functioning of temporary TS rightly (objectively), we
must have the information about works which are done in
them, and about resources which are important for that. If
we don’t go into particulars of the process for works

forecasting and resources in these projects, we can note
that they are evaluated not only in initiation processes but
in the planning. Results of appropriate assessment
(forecasting) for value indicators in initiation processes
are used for works management in planning processes and
the project creation and the functioning of temporary TS
for firefighting.

We must take note of the information recipiency
(facts) about works in projects of temporary TS for
firefighting too, because the configuration of these
projects formulates on the base of existing fire stations.
The information about project works of future
(temporary) TS is mostly based on the analysis of the
statistical information about last firefighting, their
modeling, and the chronometric works in appropriate
projects. Specified scientific and methodological basis of
forecasting indicators for project value of firefighting for
made temporary TS are the base of management works
(content and execution time) and the configuration in
these projects. In this time, we must consider that the
needed configuration and needed works in temporary
firefighting projects are formed and created on the base of
available resources of regional systems for firefighting
(RSF), and the argument of their configuration is the one
of the basic task for the firefighting security. The base of
its solution is the process of the coherence for the
configuration of strategic projects for RSF and technic
projects of the functioning for temporary firefighting TS.

We must not only consider the process of
management works and the configuration in projects of
the functioning for temporary TS, but also we must
determine cause-effect connections between these works
and projects configuration of the perfection for existing
RSF for the deep determination of the process for the
configuration coherence of mentioned projects. In this
case, we must point out that works in temporary
firefighting projects are determined the nomenclature and
characteristics of objects configuration for TS of
firefighting, and the configuration and the difficulty of
fire objects. So value indicators {¥,} of projects for the
functioning of temporary TS are the result of their
configuration {Gy,}, the condition {S,} of the heat source
in the moment of the beginning for its firefighting, and
the configuration {G,.} of fire objects:

{(Vo}={Gnp}s {So {Goe))- @

In this formula the condition {S,} and the
configuration {G,.} are organizational and technological
characteristics of fire objects (fires). The configuration
management {G,,} of firefighting projects is reduced to
its coherence with {S,} and {G,.}. In this context, value
indicators {¥,} achieve to extreme meanings:

O, : {G} > ({S, }{G::}) {0, } —exstr{V;}. (2)

So we must take into account that the condition of the
coherence for projects configuration of firefighting with
organizational and technological characteristics of fire
objects (fires) can be with the help of the right
management for the content and the execution time of
these projects.
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The provision of the condition (2) in the process of
projects management configuration for firefighting can be
with appropriate resources in the state system of
firefighting which consists of many RSF. If we don’t
deeply analyze the appropriate configuration of separate
RSF, we can conceptually prove main organizational and
technological requirements to their functioning which
must be satisfied the improvement base of their
configurations (structures). Firstly, RSF must have such
configuration which can ensure the mentioned timeliness
of the projects configuration realization {G,} of
firefighting (temporary TS). Secondly, reserved material
resources (firefighting means) with the nomenclature and
amounts in every RSF must respond to fire risks. Thirdly,
these resources must be territorially stored as close as
possible to these risks. And fourthly, territorial zones of
each RSF action must be proven in such way that the
differentiation of rate indicators for their firefighting
security would be minimal.

CONCLUSIONS

1. The implemented technological analyze of
firefighting projects has been allowed to solve their
structure and find process functions of technological
processes management and appropriate  projects
management which are in the systemic connection.

2. The purpose of firefighting projects can be
achieved through the coherence of the nomenclature and
resources amounts with the configuration of fire objects
which are the base of these projects configuration
management.

3. The process of projects management configuration
for the improvement of active regional systems for
firefighting is based on the cause-effect relationship
between the configuration of these systems and the
configuration of firefighting projects.

4. Four main requirements of temporary firefighting
projects to the projects configuration of appropriate
regional systems are the organizational and technological
base for their configuration management.
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OPI'AHM3ALIMOHHBIE U TEXHOJIOTMYECKUE
I[MPEATIOCBUIKU YIIPABJIEHUA
KOHOUT'YPALIMEM [TPOEKTA
JUIA TIOXKAPOTYIIEHUA

Anexcanop Ll]epbauenxo

AHHoTammsi. bbpima  pemena  CTpyKTypa  HPOEKTHI
MOXApOTYIIeHNA. BbIIo 000CHOBAaHO, YTO IEHTPAILHOE
MECT0O B HHX TPHHAUIGKUT  COOTBETCTBYIOIIMX
TEXHOJIOTUYECKUX MIPOIIECCOB. BpemenHsie
TEXHOJIOTUYECKHUE CHCTEMBl JJIS BBIIOJHEHUS JTHUX
mpoueccoB. MecTo M poib IPOILECCOB, IPOLECCOB
yOpaBJeHUs] TEXHOJOTMH M  YHPABICHUS IPOCKTHI
MOKapOTyIIEHUsT ObUIM ompezenieHbl. bpuio perieHo ux
pa3IMYMsi W CHCTEMHOE BIUSHME Ha IOKa3aTeld
CTOMMOCTH 3THX MPOEKTOB OB OTpaBIaH.

JlokazaHo, 4TO WEIbI0 MOXKAPOTYIIEHUS IMPOEKTOB OBLI
JIOCTHTHYT Onarozjapsi CIaXEHHOCTH HOMEHKJIaTypa W
00BeM pecypcoB, KOTOPBIE BKIIIOYEHBI B 3TH IPOEKTH U
KOHQHUTypamuid OOBEKTHl KOH(PUTYpAIlMH  CTOPaHUs
(MCTOYHHMKOB TerJa). CornacoBaHHOCTh 3TUX
KOH(UTYpanuii Mo3BOJISIET OCYLIECTBUTH CBOEBPEMEHHYIO
NPOEKTBl  MMOXKAPOTYIIEHHS C MHUHAMAJIbHBIMH U
TEXHOJIOTHYECKHE  TIOKa3aTeNl  dYelloOBeKa, TEXHHKeE,
MaTepHAIIBHBIX U 3HEPTETUIECKUX PECYPCOB.
B3anMoCBsI3b MPOLIECCOB yNpaBIEHHU MPOEKTHBIX padoT,
KOTOPBIE OMPEJENSIOTCS TPOTUBONOKAPHBIX TEXHOJIOTHH,
1 KoH(pHUTypalys 3TUX NMPOEKTOB ObUIM pemnieHsl. Bompoc
00 WX WHMIOMAMM W IUIAHUPOBAaHUS HA OCHOBE
MIPOTHO3UPOBAHUS CTOMMOCTHBIX nokazaTesnen
BPEMEHHBIE IPOEKTHl TOXKAPOTYIIEHUSI CUHTAJICS. OTH
IIPOEKTHI UCTIONB3YIOT aHamu3 CyIIECTBYIOIIEH
CTaTUCTHYECKOW WHGpOpManny, (QHU3UKO-MOICIUPOBAHUS
1 XpOHOMETPUIECKHE IIPOEKTHBIX paboT.

ITpoekTsl KOH(HUTypanun yIpaBieHUE
COBEPIICHCTBOBAHNE PETHOHAIBHOTO  CYIIECTBYIONIUX
CHCTEM TOXXAPOTYIICHUS OCHOBBIBAETCSA Ha pe3yibTaTax
OTIpEe/IeIeHNs] WHAMKATOPOB CTOMMOCTH Ha BPEMEHHBIE
MIPOEKTHl TIOXKapOTYUIEHUsI Il OOBEKTOB TOPEHHS.
IMpouecc  ympaBneHus  KOH(QUrypauueld  IPOEKTOB
COBEpLICHCTBOBAHUS ~ 3THX  CHCTeM  oOecrieunBaeT
yIOBJIETBOPEHUE ux YeThIpex OCHOBHBIX

OpraHU3aIl[IOHHO-TEXHOJIOTHYECKUX TpeboBaHui,
BPEMEHHBIX [IPOCKTOB MOXKAPOTYIICHNUSI.

KnoueBble  cjoBa:  MOXapOTYLICHHWE,  MPOEKTHI,
yIpaBIeHHE, KOHPUIYypalys, OpPraHU3alUOHHBIX U

TEXHOJIOTHYECKUX 0COOCHHOCTEH.
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Summary. For each type of agricultural machines and
their operating conditions determined the scope and fre-
quency of maintenance. Violation of standards of mainte-
nance leads to deterioration of a technical condition of
knots and units of agricultural machines, affecting its
manufacturability. toxic and economic indicators.

In the appointment of technical conditions for the
limit state of the output parameters of the mechanisms are
selected only those that are possible in the process of op-
eration. If operating experience suggests that the output
parameter does not change or these changes are not regu-
lated by the resource requirements of the agricultural ma-
chines, the technical standards do not establish and its
limits. It should be noted that the complexity of the pro-
cesses of functioning and loss mechanism health often
lead to unwarranted assignments of standards on limit
state or lack thereof for a number of characteristics. In
addition, the numerical tolerance values for the output
parameters are often installed for new mechanisms and
does not specify allowable limits of their change. There-
fore it is highly important for the justification and estab-
lishment of stockpile reliability output parameters of the
mechanisms. However, for modern agricultural machines
is often appropriate to set standards not only limit state for
output parameters, but also on the degree of damage to
individual elements of the machine, determining the
change of its characteristics. So are limited to the ultimate
limit state for wear, according to the degree of defor-
mation, the magnitude of the arising of cracks and other
damage. There are regulations on the limit of units and
units of agricultural machines, which outlines criteria and
a maximum value of damage, when you reach that node
and the machine in need of repair.

The quality of the documentation for operation of ag-
ricultural machines is characterized not only errors in
drawings, technical documentation or deviations from
standards and regulations, but also such indicators as the
level of standardization and harmonization, reasonable-
ness and progressiveness of technical solutions, manufac-
turability, maintainability of the structure and its metal
consumption, simple structural forms, validity of tech-
nical conditions for machine elements and output parame-
ters and other indicators of excellence of the design of
agricultural machines.

Requirements for the organization operating the agri-
cultural machines include the norms for maintenance and
repairs, instructions to personnel on the measures for the
prevention of accidents and elimination of their conse-

quences on the allocation of resources during peak load
conditions.

Key words: normative, probability, operation, resource,
agricultural machine.

INTRODUCTION

The standard is a quantitative or qualitative indicator
is required to streamline the process of making and im-
plementing decisions [1, 2].

The appointment standards are divided into govern-
ing [3-8]:

— properties of the product (reliability, performance,
capacity etc.),

— the status of this product (normal, allowable and
limit values of parameters of the technical condition),

— technical requirements governing the conduct of
certain operations and works of maintenance and repair,

— provision of resources (consumption of spare parts,
materials, labor costs, etc.).

The level standards are divided into state (state stand-
ards, etc.), inter-industry (maintenance and repair), indus-
try (standard guidelines, industry standards), intra-
industry (quality standards of maintenance and repair,
standards of enterprises) [9, 10].

The standards are used in determining the level of ef-
ficiency of agricultural machinery, planning of quantities,
determining the number of performers, the need for pro-
duction base [11, 12].

The most important standards of technical mainte-
nance includes frequency of maintenance, the life of the
product before repair, the complexity of maintenance and
repair, consumption of spare parts and materials [13-16].

Frequency of maintenance as it is needed (in hours)
between two subsequent ongoing work of maintenance.

When carrying out maintenance there are two basic
methods of bringing the product to the required technical
condition [17-24]:

— at the time, that is, is assigned a frequency at which
the system condition is restored to nominal or specified
technical documentation of the level,

— the parameter of the technical condition, that is, at a
given frequency is condition monitoring and the decision
to conduct precautionary technical effects to bring the
technical condition of the device to the nominal or estab-
lished technical documentation level.
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THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In general operation maintenance consists of two
parts — control and the executive that must be considered
when determining the complexity of t, and cost of
maintenance.

t =t +kt,. (1)

where: t, and t, — complexity of the control and actuating
parts of a maintenance,

k — the coefficient of repeatability (0 < k <1).

The coefficient of repeatability for the case of
maintenance in the mean time k=1, i.e. the controlling and
Executive part of practically merge.

The feasibility of using a particular method of
maintenance (controlled or not) is determined by the ratio
of costs for the elimination and prevention of failures,
monitoring and implementing of the operation, variations
of random variables and other factors.

The cost of the maintenance:

C,=C, +kC,: (2)

where: Cy and C, is the cost of monitoring and imple-
menting parts of the maintenance operations.

In practice, there are the following methods for de-
termining the frequency of maintenance:

— at acceptable level of reliability based on the choice
of the value achievements, where the probability of fail-
ure of the elements does not exceed a predetermined val-
ue,

— at the acceptable value and regularities of change of
a parameter of the technical condition based on the choice
of the value achievements, where the parameters of the
technical condition of agricultural machines with a given
level of probability do not reach their allowable values,

— the feasibility method is based on choosing the
magnitude of the developments, which will be a minimum
total of unit costs for maintenance and repair,

— statistical tests based on the simulation of real and
random processes, as a result, the rational method deter-
mines the frequency of maintenance,

— economic-the likely method generalizes the previ-
ous one and takes into account economic and risk factors,
and allows to compare different strategies of maintaining
and restoring the health of agricultural machines.

The method of determining the frequency of mainte-
nance on acceptable level of reliability. this method is
designed for the selection of the rational frequency, in
which the probability of failure F(x) element is not more
than a predetermined value and is called the risk.

The probability of failure is determined by:

P,(x =) 2R ,=r, ly=x. ©)

/4
where: P;— allowable probability of failure,
X;— time to failure,
F=1-y — risk,
l, — periodicity of maintenance,

X,— gamma-percent resource.
OBJECTIVE
To summarize the analytical approaches to the justi-
fication of norms of technical operation of agricultural
machines taking into account the actual production of
growing cycles of production of agricultural crops.

THE MAIN RESULTS OF THE RESEARCH
For units and mechanisms, ensuring the safety:
R, =0,9+0,98 (90 +98%)
for other components and assemblies:
R,=085+09-
In this case, the frequency is much less than the av-

erage MTBF (Fig. 1) and is connected in the following
way:

= 1= %, @

where: B — the rational frequency ratio, taking into ac-
count the amount and nature of variation of the MTBF
and adopted by the permissible probability of failure
(Tabl. 1).

& ()
Fig. 1. Determining the frequency of maintenance at the
acceptable level of reliability.

Table 1. The coefficients of the rational frequency for
different values of Ryand .

Coefficients of variation g
Ne Rﬂ
0,22 0,4 0,6 0,8
1 0,85 0,80 0,55 0,40 | 0,25
2 0,95 0,67 0,37 0,20 | 0,10

Table 1 shows the variation of the random variable,
the greater the duration between maintenance operations
under other equal conditions may be imposed. The tough-
er security requirements, the less rational the frequency of
maintenance.

For example, the frequency of the control and recov-
ery of pre-torquing fasteners 3~0,4-:0,6-

The method of determining the frequency of mainte-
nance at the acceptable value and regularities of change of
a parameter of the technical condition. To modify a par-
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ticular parameter of the technical condition for each of the
groups of agricultural machines are different. However,
the average for the group of agricultural machinery trend
of each parameter is characterized by a curve on which,
and the allowable value of the parameter "V ;" determine

the average operating time X, =1, then, average the

whole set of products reaches the valid values for the pa-
rameter of the technical condition (Fig. 2).

g A
F
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| | A |
| | |
i |z 1z 2y ey
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Fig. 2. Determining the frequency of maintenance at the
acceptable value and regularities of change of a parameter
of the technical condition

The average operating time corresponds to the aver-

age intensity change of the parameter 5: the products in
which the intensity change of the parameter is above av-

erage, i.e. a; >5 reach the limit state much earlier (in

less time). Consequently, when the assigned frequency I
¢ BeposTHOCTEIO F ~ 0,5 will be recorded a failure.

Therefore choose a frequency |0 <, in which the failure

probability does not exceed a predetermined risk value F,
for example (F=F,). In this case, the degree of intensity
change of the parameter of the technical condition of the
product is higher than the average. The maximum intensi-
ty changes of the parameter of the technical condition:

aO:lL['al

where: p — the ratio of the maximum intensity changes of
the parameter of the technical condition, this should re-
spect the condition:

P,(a <a,)=1-F=R;,. ()

The coefficient p is affected by the degree of risk
variation V and the form of the distribution of a random
variable.

For the normal distribution:

(x=X)

where: 7 = — the normalized deflection corre-

sponding to a confidence level of probability.

For the law of Weibull-Gnedenko ratio of maximum in-
tensity change of the parameter:

where: I"— gamma function,
m — parameter of the distribution.
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Fig. 3. The influence of the coefficient of variation @ for
the ratio of the maximum intensity

From the graph Fig. 3 shows that the more @ or P,
the more ,; (less than optimal maintenance intervals).

This method can be used for nodes with fixed parameter
change of the technical condition. These include most of
the wear components, mechanisms and connections, the
technical condition is maintained by adjusting (valve and
brake mechanisms, etc.). For adjusting work is character-
ized 9=05+08, in which ,,-16+21, ie, good
maintenance intervals will be 1 621 times below the aver-
age.

Techno-economic method. He is associated with
Oprah-dividing the total specific costs for technical services
and repair and their subsequent minimization. The minimum
cost corresponds to the optimal frequency of maintenance —

ly-
Unit costs for maintenance:

Cl = ’ (6)

d
|
where: | — the frequency of maintenance,
d — the cost of operation maintenance.
With increasing frequency the cost of operation
maintenance remain constant or slightly increase, and unit
costs are significantly reduced.
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Increase the frequency of maintenance leads to a re-
duction in resource parts, units, assemblies, mechanisms
and machines in general, and the growth of repair costs:

C” :ta

where: C — repair costs, L — the resource to repair.
The expression ¢ =C, +C, is the objective func-

tion, extreme value, which corresponds to the optimum
value, i.e. in this case a low unit cost.

The optimal value of periodicity of maintenance or
minimum of the objective function is defined graphically
(Fig. 4) or analytically for dependencies

C,=t()and C, =y ()

e
Cr"’(:f/
Cx -
CI
\
g A

Fig. 4. The scheme for determining the frequency of
maintenance of the techno-economic method

Techno-economic method is applied to determine the
optimal frequency of work affecting the safety, if you
assign the level of risk to take into account the losses as-
sociated with accidents.

Economic-probabilistic method — probabilistic and
takes into account economic factors, and allows to com-
pare different strategies of maintaining and restoring the
health of agricultural machines.

The first strategy is the elimination of failures and
malfunctions as they arise, i.e. according to needs

(Fig. 5,a).
Unit costs:
C C
C,, =T Txmx @)
X x- £ (x)dx
X min
where: Z Xoin s X — AVETage, minimum and maximum

time to failure,

C — cost of repair.

The advantage of this strategy is simplicity. The
main disadvantages — uncertainty of the status of agricul-
tural machinery in which the failure can occur at any
time, hampered the planning and organization of mainte-
nance and repair.

f(T)

H
3
=
=
Hil— - —

T

g ZLlg
c)
Fig. 5. Methods of performing maintenance and repairs:
a) repair needs, b) maintenance by operating time,
¢) maintenance of technical conditions

The second strategy involves the prevention of fail-
ures, restore the original or close to it condition of agri-
cultural machinery and his components, assemblies and
systems. However, theoretically, the failure and malfunc-
tion can occur with a frequency as many small (Fig. 5,b).
The second strategy cannot be executed in pure form, i.e.
the elimination of failures and malfunctions is carried out
in the period of periodic control and recovery operations.

Thus, we can speak about mixed strategy, which is
diagnostic and maintenance according to the preventive
maintenance system and repair and elimination of failures
and malfunctions as they arise. In this case, you specify
the acceptable probability of failure or the required prob-
ability of failure.

Mean time, which will be eliminated waivers:

TIX £ (1)l

I' = X min

p ijf(l)dl

X min

: ®)

where: b,— the frequency of preventative maintenance.
Failures that occurred before held |p (xi <|p),

eliminate at least the appearance. The cost to remediate
these failures in any strategy is equal to C, i.e., have a
value of fault that occur with certainty x;, equal C.

The rest of the work is carried out with a frequency

of by, cost d and the probability of this event R = Pﬂ.
The advantages of the second strategy:

— guaranteed a certain level of reliability of agricul-
tural machines,
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— expenses for maintenance of the healthy state is
lower than in case of refusal (d < C), because Trouble-
shooting is accompanied by additional losses associated
with aid on the line,

— the possibility of preventive maintenance deter-
mines rational ways of improving the maintenance sys-
tem.

The main drawback — the underutilization of the re-
source of the separate units, aggregates and systems of
agricultural machinery, because the average periodicity of

maintenance and repair less MTBF (Ip < )_() .

Unit costs are determined by the ratio of the
weighted average cost of one operation To the weighted
average resource:

C . = ﬂ | ©)
l,-R+1I'-F
Then, differentiating the expression for | and equat-

ing the derivative to zero, and determine the frequency

corresponding to by Cy.4. When comparing unit costs ac-
cording to the formulas (7) and (9) in the case Ci.1 min< Cy

first is the preferred method of preventive strategies, i.e.

maintenance.

In Economics and probabilistic method in the same
way as when determining the optimal frequency for relia-
bility uses the concept of ratio is the optimal frequency:

ﬂ<| _{ 2k, - 9,

} N (10)
1+3%)aA-9%)

where: kl7 = 9 — the coefficient indicating the ratio of
c

the cost of maintenance to the cost to eliminate failure,
,9X — the coefficient of variation of the MTBF the

first strategy (gx <1).

If there are limitations in the reliability of the ration-
al frequency ratio is determined:

%

1-9,
} ,in 3X< 1, (11)

ﬂ'°£{o,5-(§f+1)

_ o

where: kw = — the reduction ratio parameter of

ay
stream of refusals,

@, - the parameter of stream of refusals in the use
of preventive strategies,

@, — Parameter flow of failures at the fault on de-
mand.

It should be noted that the adoption of the additional
requirements on reliability, reduces rational intervals
compared to using only the economic-probabilistic crite-
ria.

To a first approximation, without resorting to calcu-
lations on the theoretical dependency ratio rational
maintenance intervals can also be found graphically

(Fig. 6).
Jig
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Fig. 6. Optimal maintenance intervals for a given level of
reliability

Economic-probabilistic method allows us to find ra-
tional ways for improvement of the maintenance organi-
zation. Indeed, if the frequency lo, preventative effects
require the products (first group), potential failure which
can occur with some probability R, (Fig. 5,c) in the mean

time |0 <X < 2|0. Products of the second group with

potential MTBF X, > 2|O enjoy in this, and subsequent

services. The probability of this event is R,=R-Rj, so
with this method of implementation of preventive strate-
gies requires the division of products, which is carried out
using a diagnosis that requires additional costs.

In this case, the optimal periodicity I, controlled all
not failed up to this point products. The cost of this con-
trol is dy, and the work to bring the technical condition to
normal, with a cost of d,, carried out only for the first
group of products.

The development of preventive strategies using di-
agnosis would be appropriate if the additional cost of con-
trol will be offset by the reduction of the cost of preven-
tive maintenance and damage from failures.

For the case of allowing only two consecutive
maintenance unit costs in the prevention with advanced
control will:

C-F-d,-R +d,-R R
Cl—2= , =
F',+, R

where: dn = dk + kdu — the cost of maintenance with

advanced monitoring,

C — repair costs,

F — the probability of failure over a certain range de-
velopments,

d, — the cost of repair,

R; — the likelihood of recovery,
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dy— cost control-diagnostic works (CDW),
I, — the periodicity of maintenance operations,

|'p — mean time, which will be eliminated waivers,
R — the probability that the CDW,

R +R,
which determines the proportion of products that will
require, together with the monitoring and rectify devia-
tions of the parameters of the technical condition of the

normal values.
It is obvious that pre-control is appropriate when

(Cll—z )min < (Cl—l)min '

One of the methods of conducting examinations is
diagnosis, which is used to determine the technical condi-
tion of agricultural machines, units and assemblies with-
out dismantling and is a maintenance item and repair.

The method of statistical tests based on the simula-
tion (imitation) of real random processes maintenance,
which allows to exclude influence of adverse factors, to
drastically reduce the cost of experiments and accelerated
testing.

Modeling can be done manually or on a computer.
The initial data for the simulation are applied as actual
data observations and the laws of distribution of random
variables. When determining optimal maintenance inter-
vals proceed as follows:

— pre-assign one or more values of periodicity of

— the coefficient of repeatability,

maintenance service (EEE) and coefficients of

variation 9,

create two arrays of data: time between periodicity
of maintenance service [X] maintenance intervals — [l],

— choose from the first array the value of Nara-
processing to failure x;,

— choose from the second array service interval value
l; is determined by taking into account the average fre-

quency | and its variations 9.
A pair of numbers x; and |; is called the implementa-

tion. If it is identified X; < IJ. , as the failure, while the

fixed is performing maintenance operations. If the proba-
bility of failure in the simulation more than the specified,
then reduce the source data periodicity and repeat the
simulation.

From Fig. 7 shows that increasing the frequency of
maintenance is reduced the probability of carrying out
operations of diagnostics, and increases the likelihood of
failures between maintenance. The value of the probabil-
ity of carrying out maintenance operations on the control
results and the coefficient of the frequency of occurrence
initially increases up to a certain limit and then decreases.

Thus, if optimum performance of the contents of the
maintenance operations will be the most complete, and
the ratio between the controlling and performing opera-
tions of rational.

The introduction of additional quantities (the cost or
complexity of performing preventive or repair operations)
will allow in each individual case to determine the total
unit cost of maintenance and repair and to compare dif-

ferent maintenance intervals, according to the economic
criterion.

K = i
lil' i
05 L
g
|
a——] }15/
H__f_;.-' e ——
o Z ¥ F § L

Fig. 7. Influence of maintenance intervals on the condi-
tion of the brake system: 1 — probability of executing only
the control part of the operation, 2 — coefficient of repeat-
ability, 3 — probability of completing the performing of
the operation according to inspection results, 4 — probabil-
ity of failure between maintenance.

The mapping of all possible strategies, means of im-
plementation and the costs involved can be carried out
using the card preventive operation (Fig. 8), which shows:

— the boundary unit cost (1) corresponding to elimi-
nation of failure on demand (C,)),

— unit costs (2) while holding the parameter of the
technical condition, i.e., advanced control (Cy.,),

— unit costs (3) during the operating time (Cy.1),

— changing the tolerance parameter of the technical
condition (4) when performing maintenance on (Cy.,).

“.;;71.,‘
{;19’:

—
Wi, Wiy N 4,90 S0ty 60 701

Fig. 8. Card of preventive maintenance operations

Map for the particular unit or host allow:

—to compare the different techniques and strategies,

— to determine for various methods of optimal fre-
quency and the corresponding specific over-spending,

— assign the valid values for the parameters of the
technical condition of the maintenance in conducting the
parameters of the technical condition.

If, for example, the results of control when the peri-
odicity lp,» (C;.2) the actual value of a parameter of the
technical condition ¥,> Y, in addition to diagnostics it
is necessary to conduct Executive work, i.e. finishing of
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the parameter of the technical condition to the rated value.
When ¥, < Vx the executive part of the operation when
the maintenance is not carried out. It follows from the
foregoing that, first, the use of diagnosis contributes to the
development of preventive maintenance strategies, and
secondly, whether and how the precautionary strategy
(diagnosis or not) are determined by technical and eco-
nomic calculations, thirdly, depending on the taken for the
operation frequency is acceptable may be any of the de-

scribed strategies (compare the frequency Il, |02 , |03, |4).

Consider in General a few examples of determining
the frequency of maintenance (ly):

A) At the acceptable level of reliability. You must
select a rational frequency, in which the probability of
failure F(x) does not exceed a given degree of risk.

For all mechanisms and units, ensuring the safety

taken Rzz =0,9 and get a frequency significantly less than

the average MTBF )_((i) :

Io:ﬂ'i:ﬁ')—('

The rational frequency ratio (3 takes into account

the coefficient of variation @ of the MTBF and adopted
by the permissible probability of failure Rﬂ =0,9.

For the normal distribution take, for example,
$=0.2and in Tabl. 1 find /3 =0,75.

In the end, we find about the periodicity of technical
service of agricultural machines

l,=4-1=075-1=0,75-x.

B) At the acceptable value and regularities of chang-
es in parameters of the technical condition.

We had already discussed the patterns of change in
the technical state of the nodes of agricultural machinery
for the development described power functions (1) or
linear relationships (3).

Positioning the values of the parameters of the tech-
nical condition of several units or mechanisms, to the
moment developments |, they are valid ¥ and the initial
Vu values, it is easy to calculate the time until each reach-

es |ﬂ.
Have
yi=a,+a,l°, Vu=a,,

where: Yi — the value of the parameter of the technical
condition of each agricultural machines.

The valid time of each of the agricultural machines to
achieve the parameter ¥ is

(252
g ay

Determine the average value of achievements

The coefficient of variation

19=O'/ig-

It is necessary to consider the ratio of the maximum in-
tensity changes of the parameter of the technical condition
¢, provided the condition

P, <1,)=1-F=R,.

The ratio 4, is affected by the coefficient of varia-

tion @ and the form of the distribution.
For the normal distribution

u=1+z9,

where: 7 — LIH) .
o
If $=0,4+0,6, the ratio of the maximum intensity
y7, for the law of distribution of Weibull-Gnedenko find out
of based on

A sy m)

where: T — gamma function, m — parameter of the distri-
bution.

Having the value of the function of the standard
normal distribution

D(z)=1-F,

it is easy to determine the value of its argument Z and
calculate the value for the service interval (lo):

lo=ls/u

If you take accepted above the allowed probability of
failure Rﬂ =0,9and $=0,2 thenfind z ~1,25.

Hence the
1=1+125-0,2=1,25 will

frequency when
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_ |'ﬂ _
|, =g/ pu=—2 =081,
o AT 125002 g
Values Pﬂ and @ from the graph in Fig. 4 find
1 =125 and get

C) Economic-probabilistic method, as well as in the
frequency of reliability uses the concept of rational fre-

quency ratio f3:

, [ 2k,-9 T
ﬂ°gg‘{(1+,92).(1—192)}

where: kn =d /c - the ratio of cost of maintenance to
repair,

G — the coefficient of variation.

If the unit or the unit has indicators k17 =08,

9 =0,2, get

gl _ 2.08-0,2 “_081
°71, | (@+0,04)-(1-0,04) '

If you want to reduce the parameter of stream of re-
fusals in the use of preventive strategies in four times, i.e.

k, = =025,
ay

where: @, — parameter flow of failures of preventive
strategies,
@, — the same, while eliminating failure demand,

the coefficient of rational frequency will be determined by
the formula

L
| k -
S—Oz - o =
Fo |, {0,5-(9%1)} _
0,25
025 '
=[—""—| =~083

(0,5-1,04j

For these values kw: 0,25 and @= 0,2 from the

graph in Fig. 6 we find that '/ ~0,88.
The calculation of the coefficients of the rational fre-
quency shows that with decreasing values of K-factor of

the variation between failure @ and increases mainte-
nance intervals, i.e., here based on the first strategy of

cost C, diagnostic work is reduced, and the cost C; to
repair under the second strategy rise or in the General

case |, — 1.
Additionally it is necessary to analyze the feasibility
of the method and statistical tests.

CONCLUSIONS

1. Additional requirements for reliability, reduce ra-
tional intervals compared to using only the economic-
probabilistic criteria.

2. At optimum performance contents maintenance
operations will be the most complete, and the ratio be-
tween the controlling and performing operations of ra-
tional. The introduction of additional quantities (the cost
or complexity of performing preventive or repair opera-
tions) will allow in each individual case to determine the
total unit cost of maintenance and repair and to compare
different maintenance intervals, according to the econom-
ic criterion.

3. The calculation of the coefficients of the rational
frequency shows that with decreasing values of the coef-
ficient of variation of the MTBF is increased maintenance
intervals, i.e., here based on the first strategy, the cost of
diagnostic work is reduced and repair costs for the second
increase.

4. Additionally it is necessary to analyze the feasibil-
ity of the method and statistical tests.
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HOPMATUBBI TEXHUYECKOM SKCIUIY ATALIN
CEJIbCKOXO35MCTBEHHbBIX MAILIMH

Hsan Pozosckutl, Dyeenuyw Kpacoscku,
Banenmuna Menovnux

AnHoTanus. [ KaXI0T0 THIIA CENbCKOX03IHCTBECHHBIX
MAIIIMH U YCJIIOBHH MX 3KCIUTyaTallld OTpeAeIcHBI 00beM
U TEPUOIMYHOCTh TEXHHYECKOro oOciy:kuBaHus. Hapy-
IICHUE HOPMATHBOB OOCITY>)KUBaHHS TMPHUBOAHUT K YXYI-
MICHAI0 TEXHWYECKOTO COCTOSHWS Y3JIOB WM arperaToB
MaIlMH, BIUSIONUX Ha €ro TEeXHOJOTMYHOCTh. TOKCHYE-
CKHE ¥ YKOHOMHYECKHUE MTOKa3aTeH.

[Tpn Ha3HAYEHWH TEXHUYECKHX YCIIOBUHU Ha TpelaeibHbIS
COCTOSIHUSI BBIXOJHBIX TApaMETPOB MEXaHU3MOB BEHIOH-
paroTCs JIMIIb T€, N3MEHEHUE KOTOPHIX BO3MOXKHO B MPO-
[ecce AKCIUTyaTaly. ECIu OmbIT SKCIUTyaTallud CBHIC-
TENBCTBYIOT, YTO JAHHBIA BBIXOJHOW Mapamerp He mpe-
TepHeBaeT U3MEHEHUH WM 3TH U3MEHEHUs! He perjaMmeH-
THPOBaHBI TPEOOBaHHSIMU K pPabOTOCIIOCOOHOCTH MeXa-
HU3MOB, TO TEXHHYCCKHEC HOPMATHUBHI HE YCTAHABIHBAIOT
U ero mpelelbHBIX 3HaueHui. Clelyer OTMETHTh, 4YTO
CIIO)KHOCTh TIPOLIECCOB (YHKIMOHHUPOBAHHUA M MOTEPH
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MEXaHU3MOM PabOTOCIIOCOOHOCTH YaCcTO MPUBOJAAT K He-
000CHOBaHHBIM HA3HAYCHUSM HOPMATHBOB Ha MpPEICIb-
HBIE COCTOSIHUS WJIM K UX OTCYTCTBHUIO IS psifia Xapakre-
puctuk. Kpome Toro, dncieHHble 3HAaUEHHUS JOMYCKOB HA
BBIXOJHBIE MAapaMETPhbl YacTO YCTAHABIMBAIOTCS Ul HO-
BBIX MEXAHU3MOB U HE OTOBAPUBAIOTCS AOIYCTUMBIE IIpe-
Zienbl UX u3MeHeHus. [1oaToMy BecbMa akTyaJabHOW SIBIISI-
eTCsl 3a/1a4a 10 0OOCHOBAaHHUIO M YCTAHOBJICHUIO 3aIIacOB
HAJEKHOCTH II0 BBIXOJIHBIM IapamMeTpaM MEXaHU3MOB.
IIpr sTOM nJI1 COBPEMEHHBIX CEIbCKOXO35HCTBEHHBIX
MAIIIMH YacTo 1eJIeCO00pa3HO YCTaHABIMBATH HOPMATHBBI
HE TOJIbKO Ha TpPEJEJIbHbIE COCTOSAHMS IO BBIXOJHBIM I1a-
paMeTrpaM, HO U N0 CTENEHU MOBPEXKACHHS OTIEIbHBIX
3JIEMEHTOB MAallWHbI, ONPEAEIAIOIINX U3MEHEHUE €€ Xa-
pakTepucTUK. Tak JMMHUTHPYIOTCS MpENEIbHbIE COCTOS-
HUS 10 M3HOCY, MO CTENeHH IeopManni, IO BEIMIHNHE
BO3HHUKAIOIINX TPEIIUH U IpYyTUM noBpexaeHusm. Cye-
CTBYIOT HOpPMAaTHUBbI Ha MPEIENIbHbIE COCTOSHUS arpera-
TOB U Y3JIOB CEJIbCKOXO3SUCTBEHHOM TEXHHKH, € yKa-
3BIBAIOTCA KPUTEPUH W BEIWYMHBI HAMOONBIINX MOBpE-
KACHUH, IPU JOCTHKEHUH KOTOPBIX y3€J]1 U MalllHa Tpe-
OYIOT pEeMOHTA.

KauecTBo NOKyMEeHTalMK Ha JKCIUIyaTallMI0 MAIllMH Xa-
PaKTepHU3yOT HE TOJBKO OUIMOKH B UepTekKax, TEXHUYe-
CKOM JOKYMEHTAllMM WJIM OTKJIOHEHMS OT CTaHIapTOB U
HOPMAaTUBOB, HO U TaKue€ MOKa3aTesH, KaK YPOBEHb CTaH-
JMApTU3AIMKA U YHUPHUKAIMU, TPOYMAaHHOCTh U IPOTpec-
CUBHOCTb TEXHUYECKHX PEIICHUN, TEXHOJIOTHYHOCTb,
PEMOHTONPUIOJTHOCTh KOHCTPYKLUMU M €€ METaIoeM-
KOCTh, IPOCTOTa KOHCTPYKTUBHBIX (OpM, OOOCHOBaH-
HOCTb TEXHHYECKUX YCJIOBHM Ha 3JIEMEHTHl MAILWH U Ha
BBIXOJHBIE MApPAMETPhl U JAPYTUe MOKA3aTENIH COBEPIICH-
CTBa CaMOW KOHCTPYKIWHU CEIbCKOXO03MCTBEHHON Mallu-
HBI.

TpeboBaHusi K OpraHM3aIMK JKCILTyaTallid CEIbCKOXO-
35MCTBEHHOW MalllMHbI BKJIIOYAIOT HOPMATHBbI HA MPOBE-
JIeHUE TEXHUYECKOTO OOCITyKMBaHUS M PEMOHTOB, WH-
CTPYKLMHU NEPCOHATY O Mepax MO0 MPEJOTBPAILICHHUIO aBa-
pui U TMKBUIAIMM UX MOCIEACTBUH, MO0 paclpeesICeHUI0
PECYpPCOB B IMKOBBIX HArPYKEHHBIX COCTOSHUSX.
KuroueBble cii0Ba: HOpMaTHUB, BEPOSITHOCTh, SKCILTyaTa-
Lusl, pecype, CeIbCKOX03sIIICTBEHHAs MalllHa.
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Summary. The technique method of calculation of
optimum norm of bringing of technological material
taking into account the agrobiological state of agricultural
lands.

One promising direction using indirect information about
the state of the soil with a reliable calculation algorithm
such information is objectively necessary data are
indicators of soil electrical conductivity and magnetic
properties. The modern alternative to traditional
agrochemical examination - contact and non-contact
methods based on electromagnetic phenomena. Often this
measurement, registration, processing, analysis and
interpretation of conductive and electromagnetic
properties of the soil, which makes it possible to
determine the particle size (mechanical) composition of
the soil, soil organic matter, salts, humidity, soil contours
highlight and assess the heterogeneity of soil properties as
a whole.

This is possible by obtaining reliable data on the state of
the soil environment by reducing errors in determining the
value of conductive properties of the soil and reduce the
intensity of the destruction of soil structure and stability
of electrical contact with the ground electrode, the use of
integrating analog-to-digital converters local technical
system monitoring conductive properties of the soil
environment.

Key words: optimum norm of bringing, technological
process, technical systems of the operative monitoring,
agricultural production, agrobiological state monitoring of
the state of agricultural lands.

INTRODUCTION

For today the question of providing of the proper
efficiency of production of agricultural cultures is actual.
Strategy of quality management of implementation of
technological operation includes technology of variable
norms of bringing of technological material, but this only
one of numeral elements.

The optimum decision of productions questions lies it
is inplane contingently by the technical resources of
agrobiological by potential of the agricultural fields. The
presence of technical resources enables potential to
provide the proper internalss of implementation of
technological operations in the plant-grower. Information
about the agrobiological state of agricultural lands enable
to define strategy of common management by their
agrobiological state.

At that rate there will be optimum combination of the
use of technical resource for the optimum management

and use of the agrobiological state of the ground
environment. In addition possibly also to make decision
recognition information about the forecast cost of
agricultural cultures, expedience of growing of that or
other agricultural culture on the fields select to the area.

Subject to the condition these in the conditions of the
limited resources it is necessary to carry out the
automated technological processes control in agriculture
taking into account the agrobiological and technical state
of agricultural lands.

Under these conditions, in the conditions of limited
resources needed to implement automated process control
in agriculture with regard agrobiological and maintenance
of agricultural land.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The aspects of optimum management by the use of
resources, varied aspects of management by certainly-
measurable linear objects, varied tasks of theory of traffic
control, are in-process [1-17] explored, automatic control
by the linear (nonlinear) systems. However much the
management by the norm of bringing of technological
material from the account of the agrobiological state of
agricultural lands requires the subsequent comprehensive
study.

- stationary electromagnetic fields in dispersive and
conducting environments (such as AS) can be formed
under the influence of short-wave impulses on these
environments. Nowadays the effects of shock excitation
and the propagation of such waves attract researchers of
the AS electrical conductivity by means of non-stationary
electrodynamics. This attention is due to a number of
reasons:

1. Recent successes in generating video impulses
using broadband radars have stimulated interest in the
prospects of using video impulses for the transmission of
energy and information through solid media [1]. The
structure of such impulses is significantly different from
the traditionally studied models with rectangular or
Gaussian curvature:

a) the envelope of the video impulse consists of only
one or several oscillations, the forms of which are usually
far from sinusoidal,

b) the front and rear fronts are asymmetrical,

c) the distances between the points of the zero
intersection are uneven.

2. Dispersion and diffraction of finite-duration video
impulses on finite-size targets lead to a number of new
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effects. In contrast to the usual representations of the
stationary dispersion indicatrices and diffraction patterns
characteristic of long stretched strings of sinusoidal
waves, the field of the dispersive video impulse changes
rapidly over time. Classical formulas for dispersion
monochromatic waves on a cylinder or diffraction on a
slit and circular aperture are only partial instances of
expressions describing the non-stationary interaction of
short video impulses with such objects [2].

3. Traditional solutions of the Maxwell equations in
continuous media are connected with the representation of
solutions in the form of product of functions dependent,
either on coordinates or on time (i.e., separate solutions),
at the same time, the time dependence is usually
investigated using the Fourier transformation. For many
years, such an approach shaped the language of
describing quasi-monochromatic waves in optics,
acoustics and radio physics, however, attempts to apply
this same approach in the dynamics of the interaction of
short video impulses with dispersive media and, in
particular, conductors of (AS) encountered unexpected
difficulties, both conceptual and computational:

a) due to Fourier transformation of the enveloping
signal of finite duration averaged over an infinite interval
of time (from —o0 to +00). The areas of rapid change of
envelope are hidden at this time, however, these areas are
important for signal registration in the information
machines for (AS). On the other hand, to restore the time
bending localized signal with the help of a careful Fourier
transformation, the fields of harmonics outside the
localization area should be excluded, however, to clarify
the region of localization should take into account the
increasing density of harmonic components,

b) the deformation of the impulse in the dispersive
medium is described, as it is known, in the frequency
region by the method of decomposition of the phase in a
series of degrees of the ratio of the spectral width of the

impulse A@ to the carrier frequency @ [2] However,
for short impulses of a broad band consisting of one or

more field fluctuations, the ratio Aw/® is not a small
parameter, with the amount of spectral components
needed to synthesize the field of the impulse in the depth
of the environment, it becomes quite large. This situation
gives rise to a number of computational difficulties [3],

c) in the expansion of the phase of the wave due to

degrees of ratio Aw/@, all components have a
refractive index in the denominator N(®). If in the
impulse spectrum there is a cutoff frequency of a
dispersive transparent medium @, , then N(@,) =0, and

the row which represents the phase layout, becomes
discrepancy.

It should be emphasized that these difficulties are not
related to the Maxwell equations, but with the traditional
method of their solution by separating the Fourier
transforms  and  transformations.  However, the
representation of fields using this method is not a
consequence of the Maxwell equations, but only one of
the ways of their solution, this method is convenient for
describing quasi-monochromatic waves with slowly
varying amplitude and phase, but is ineffective for the
analysis of non-stationary and non-harmonic fields.

You can obtain information about such fields using
new Maxwell equations, built directly in the time domain,
without using the standard separation of variables and
beyond the limits of Fourier-plans. Such inseparable,
precise analytical solutions that are not bound by
traditional assumptions about the small value and
slowness of the time-varying fields form a mathematical
basis for the description of fast-changing non-periodic
fields and short impulses in dispersing media. This
medium is considered to be stationary in the state of rest
and not the stationary space-time structure of the
propagating field due to significant changes in its bending
characteristic time, which is determined by the
microscopic processes of determining the field in the
environment, in particular, in AS (for example, the time /
duration of the bulk charge relaxation in the conductor).
Such unsteady electrodynamics of stationary media is the
subject of this study.

Clearly, that the design of optimization of norm of
bringing of technological material taking into account the
agrobiological state of agricultural lands is the actual task
of requires the subsequent deep study.

It should be noted that jobs quoted higher
performances will be used in this research.

Modern economic conditions of Ukraine dictate the
necessity of structural adjustment of production (both
industrial and agricultural) and realization of investment
programs of enterprises of various industrial orientation
(affiliation). The requirements for quality management
are increasing, which necessitates the development,
generalization and use of modern methods of strategic
management and financial and economic analysis of the
effectiveness of planned investment measures in the
development, reconstruction and modernization of
technical and economic systems of agricultural production
(TESAP) in practical activity.

The definition and implementation of the TESAP
development strategies are among the extremely complex,
labor-intensive and difficultly formalized works, which at
the present time are not being implemented at the proper
level at the domestic agricultural enterprises. Today, these
enterprises should be considered as "open™ technical and
economic systems of agricultural production, the success
of which is primarily determined by how well they are
attached to their external economic, scientific, technical,
socio-political and other environment, taking into account
the current state and available internal capabilities.
Methodology, procedures and practice of planning and
management at various levels of the Ukrainian economy,
which largely retained the features of the administrative-
command system, does not fully comply with the
principles and practical conditions of the newest
economic mechanisms and, as a consequence, do not meet
modern requirements.

OBJECTIVE

The purpose of this work consists in development of
method of calculation of optimum norm of bringing of
technological material from the account of the
agrobiological state of agricultural lands, developments of
approach to the decision of basic problems of theory of
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management of the systems, dependency upon the
parameters of other systems and also task of complete
dirigibility of the similar systems during optimization of
management.

THE MAIN RESULTS OF THE RESEARCH

Exposition of basic maintenance of research.
Introduction of new technologies entails by additional
economic expenses. That is why a primary concern at
introduction of these technologies is the necessity of
research of economic efficiency of such step.

Only giving an answer to these questions, it will be
possible to define — whether technologies of variable
norms will be covered a cost at their application. As an
example, the analysis of the field area can in general rotin
about its useless for agriculture. On such conditions
technology of the use of variable norms will be the empty
spending of facilities. Exactly for the receipt of such right
answer economic advantageous and, a producer must use
certain instruments and methods.

For providing of realization of strategy of variable
norms of bringing of technological material it is needed
that to the state of the ground environment made not less
than 20% from the optimum value. Such enables to see
effects from realization of such technologies and to
collect an effect from introduction of these technologies
on the agricultural fields.

To that end it is necessary to develop the complex
automated  checking system of internalss of
implementation of technological process taking into
account technical resource and the agrobiological state of
agricultural lands. It enables quickly to estimate different
combinations of the use of technical resources and
agrobiological state of agricultural lands and to optimize
the parameters of management by such system.

Such planning will enable to check up expedience of
implementation of certain technological operation and to
expect the amount of executable technological operations
(for example amount of technological operations for a
signup).

All these information will be used for the
calculation of economic efficiency of implementation of
technological operations and in eventual case of
construction of areas of management of agricultural lands.

The agrobiological inspection of agricultural lands is
the important constituent of this system. As
agrobiological to the state of the ground environment is
an effective government base by the agrobiological state
of the ground environment and decision-making for his
management.

The domain by these technologies enables to make
effective decisions for the management by the
agrobiological state of the ground environment.

Modern agricultural production requires
optimizations of norm of the use of technological material
in modern technologies of plant-grower from the account
of the agrobiological state of agricultural lands.

Such given the agrobiological state of agricultural
lands there is information about maintenance of nutritives
of got a laboratory method or sensory method by
determination of conductivity or with the use of the

systems of technical sight (in the or infra-red spectrum of
fellow creature).

It is known that the computer-integrated automatic
control systems by implementation of technological
processes in agricultural production are most perspective.
Exactly they must provide creation high-quality new
technologies (innovative technologies) which have the
newest economic, social and ecological indicators.

Clearly, that for generalization of results of previous
researches which touch determination of level of
influencing of the varied factors on efficiency of plant-
grower, it follows to define the basic technological (norm
of bringing, depth of till and other), technical (rate of
movement, loading of engine and others like that) and
organizational (terms of implementation, load) criteria of
high-quality work of agricultural machines, ponderability
of influencing of these factors on the size of the collected
harvest (end-point), and also probability (possible) level
of efficiency of application of the proper hardwares of
mechanization with the guided influence on the internalss
of implementation of technological operations.

That is why it is necessary more in detail to consider
the method of calculation of optimization of norm of
bringing of technological material taking into account the
agrobiological state of agricultural lands.

For the issue of certain type of agricultural product of
kind A on the certain agricultural field N it is necessary
to take into account the agrobiological state of agricultural
lands, in particular maintenance of nutritives in soil.
Taking into account maintenance of certain type of

nutritives at soils of nourishing ¢; ¢, ¢; ¢, .,c;insoil,

we get the amount of products a cost b0 which annually

can produce in the limited amount, taking into account
maintenance of nutritives in soil from this area.

Base productivity of agricultural cultures b0 which

can be got from the agricultural field recognition
maintenance of certain type of nutritives at soils of

nourishing ¢; ¢, ¢ ¢, ..c;.
For the receipt of the planned productivity b, b, b,

b, ., b, itis necessary to to bring in the certain norms of
nutritives accordingly &, @, a3 8y,., &, ay; 8y
Q3 8p48yj, 8y 8y Bgg gy 835, 8y 8y Ayg
Q8. @y 8, Q3 8., @ forthe certain type of
the got productivity A A A, A A, ., A

accordingly, an income makes from realization of which
Y, Y, Y3 ¥, LY.
It is the classic task of the linear programming:

Profit = Revenues - Costs

Costs 4— Profit T
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Z=by—(c X+, Xy+eg- Xgte, Xy +otc, - Xj) = max;

bl_(ail'X1+aiz'X2+313'X3+ai4'x4+-"+a11'Xj)=Y1; (1)
bz_(a21'xi+a22'Xz+a23'x3+a24'x4+---+azj'XJ):Yz;
b3—(a31~X1+a32‘xz+a33‘X3+a34~x4+...+a3j-XJ.)=Y3;
b4*(a41'xi+a42'Xz+a43'xa+a44'x4+---+a4j'Xj):YA;

b —(a; - Xy +a, X, +a;- Xg+8,- Xy +o.+ 8- X)) =Y,

X, 20, X, >0, X;20, X,>0.. X, >0 (2)

Income from realization of products:

Z=hy+e - Xi+¢, Xy ey Xyte, - X+t X, Hmax (3)

For the receipt of the planned productivity b, b, b,
b,.. b, taking into account obtained operative state
information agrobiological agricultural lands by a cost
ko k; K, k; K,. K;itis necessary to bring in the
certain norms of nutritives accordingly a,;, a,, @,
a14" aij’ aZl a22 a23 a24"a2j’ a31 a‘32 a‘33
Qg4 83y, Qyy Qyp 43 84y 85, Ay &y Q3 Ay
a; for certain productivity A, A A, Ay A, A

accordingly on the basis of information about the
agrobiological state of the ground environment, an

income makes from realization of which Ylk sz Y3k
\ANRAS

Let the cost of information (annual) about possible
interfere nutritives in soil makes k; Kk, K, K, . K; that
gives to get possibility additional productivity which
influences on eventual productivity b, b, b, b,., b

but accordingly on an income Y,* Y, Y, Y, Y.\
Then a table will be similar:

Z5 =y =Ky — (¢, Xy ¢y Xy ey Xyt ey Xy ooty - X)) = Max
bl_kl_(au‘X1+aiz'X2+313'X3+314'X4+---+aij'X|):Y1k; (4)
b, =Ky = (8 Xy + 85, Xy + 855 Xy + 8y Xy +o 8y, X)) =Yg
b3—k37(a31-X1+a32-X2+a33-x3+a34~x4+...+a31-Xi):Y;;
by =Ky — (B Xy + @y Xy + - Xy +8,- X, +. 43, X)) =Y

b, —k; — (8, Xy +a, Xy +a, Xg+a, X +..+a;-X) =Y\

X,>0, X, >0, X,20, X,>0. X, >0 (5)

Table 1. Table of optimization of norm of bringing of technological material taking into account the agrobiological

state of agricultural lands

Feedstock | Profit from sales, | The cost of the resulting product, Costs nutrients, kg/hectare
dollar/hectare dollar/hectare X X, | X5 1 X, . X,
A Z b, o | ¢ | | ¢ ¢
A Y, b, Q| A, | &3 | Ay Ay
A, Y, b, Ay | Qg | Gy | Ay A
AS YS b3 a3 1 a3 2 a3 3 a3 4 a3 ]
A, Y, b, Ay | Qp | A3 | By A
A| Yi bl all a‘l 2 ai 3 a‘l 4 aIJ
Table 2.
Profit from The cost_of the The cost information The cost of wasted nutrients,
resulting : dollar/hectare
Feedstock sales, oroduct on nutrient
dollar/hectare | b S dollar/hectare Xo | X | X | Xy | o | X
A A b, K, aq | ¢ | ¢ | ¢ C;
k
A1 Y1 bl k1 Qg | A, | A3 | Ay : aij
k
AZ Yz bz kz Ay | 8y | Bp3 | Ay a, i
k
A; Y; b Ky 8y | 83y | Qg3 | Ay CYY
k
A, Y, b, K, Ay | A | 3 | Ay Ay
k
AI Yi bl ki all a‘i 2 a‘l 3 a‘i 4 a‘ij
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Cost of the got products:

where: S — cost of one of agricultural product of
kind, dollar/hectare,

U, - productivity of agricultural product
dollar/hectare.

Income from
(dollar/hectare):

realization ~ of  products

Z¥ =+ Ky +C - X, 4Gy X, +Cy - Xy +

(6)
+C,- X, +...+C, - X, =& max
To specify on how many anymore we will get an
income in compared to the task, when no information
is.

AZ=2"-2Z. @)

It is necessary for comparison of expedient norm
of till of agricultural lands:

AZ >Y,. ®)

Information which satisfy this requirement it is
expedient to use from the point of view the conduct of
agricultural production.

The main quantitative characteristics of the target
segment are the volume of market demand and the
capacity of the market itself. The volume of market

demand R(t) (expressed in real or value terms)

determines the potential volume of purchase of
(agricultural) products, localized in time and space

terms. Capacity of the market Q(t) characterizes the

maximum possible demand. Thus, at any given time,
the volume of market demand constitutes a part (share)
of market capacity. The difference between them

Aqg (t) characterizes the potential perspective of the

investigated market (see Fig. 2).

The volume of demand and the capacity of the
market (goods/services) are dynamic functions,
depending on many factors: market structures,
competition from other enterprises, price elasticity of
demand, rates of consumption change, distribution
channels, etc.

In world practice there is a wide range of methods
for forecasting the market, most of which use a rather
complicated mathematical apparatus and require the
availability of a large amount of diverse information,
the collection and processing of which is not always
possible [3, 4]. In practice, simplified methods are
usually used:

1) simple extrapolation method (determination of
stands and their parameters),

2) method of consumption level (the level of direct
consumption of a particular product of agricultural
production is determined),

3) the method of end (consumption) use (all
possible variants of the use of products are determined,
the coefficient of its use in the consuming industries is
calculated, the level of production in these industries is
forecasted, the consumption forecast is made), etc.

§
arr

AQRIF)

- =
0 f f

Fig. 1. Potential perspective of the investigated market
of sales (agricultural products)

The most widespread methods are based on the
principles  of  regression-correlation  analysis.
Correlation analysis is used to find the level of
interdependence  between  different sizes and
characteristics of the market.

The method of regression analysis is used to find
the average of some variable that characterizes the
market under study, depending on the value of the
second variable by comparing and solving the level of
regression.

If the value of the desired variable is dependent on
the values of several parameters, then the multi-factor
regression equation is formed.

An important stage in market research (Fig. 1) is
an analysis of the conditions of competition in the
selected market segment and their impact on the
magnitude of the potential market niche, which is
considered by TESAP in its development.

At this stage, expert methods of qualitative
analysis of the situation play an important role, but
some formalized means of decision support are also
used.

Thus, for example, the possible share (fraction) of
specific products (services) of agricultural production
of TESAP in the market (specific weight in percentage
of total demand or market capacity) at the moment is
determined taking into account the competitiveness of
products, comparison of the enterprise with the
competing, the ratio of supply and demand, and other
factors.

Approximately this share can be determined by the
formula:
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m =—, (8)

where: ' — the share of specific products of
agricultural production in the market,

J— number of competitors, «; elo]] -
competitiveness index of the enterprise |,

a €[0,1] - indicator of competitiveness of the
investigated enterprise,

n',ct - supply and demand for agricultural
products (services) sold, respectively,

k' 6[0,1] — relative competitiveness of

products (services), which is produced, all at the time t.

In determining the potential sales volume of the
products being produced by the TESAP under
investigation, the methods of game theory (game
models of Cournot, Stackkelberg, Forchheimer et al.
[2]) are widely used in the selected market segments
under the conditions of competition.

Let's consider the basic idea of these methods on
the example of the simplest model of Cournot in the
conditions of a duopoly (on the investigated segment of
the market two firms compete).

Each firm determines its level of sales (production)

0, and g, , respectively

Market price — the linear function of the sectoral
volume of production:

P(Q)=a-b-Q, ©)

where: Q=0,+0,.
The profit /7, of the firm 1 is the difference

between total income P(Q)-Q, and total expenses
equal to the product of constant average costs “C” on
the volume of production @ :

le(a_b'Q)'ql_C'ql- (10)

Since the price also depends on the volume of
output by firm 2, as well as on its own production, firm
1 can not determine the level of sales (production) that
maximizes profits without the assumption of how the
firm 2 will react. The Cournot model is based on the
assumption , that each firm proceeds from a constant
volume of release by another firm. In this case, the firm

1 maximizes its profit, differentiating /7, to @, and
equating the obtained expression to zero (the condition

for the existence of the maximum function of profit of
the first order):

dr, dP

=P " |.g.-c=a-2-b-q -

da, (Q)+( dQJ G-c=a %~ @
-b-g,-c=0.

Converting this equation, you can get a function
that indicates the maximizing profit level of sales
(production) of firm 1 with the object of sales
(production) of firm 2:

a-c) 1
0=y G w

This equation is a function of the reaction or the
reaction curve, because it registers maximizing the
profit of the firm 1 and response to the decisions of the
firm 2 (see Fig. 1).

Firm 2 solves the exact same problem and has its
own reaction function:

a-c) 1
qzz(z.b)_a'ql- (13)

The solution that corresponds to the equilibrium
(Fig. 1), that is, the solution to the problem of
maximizing the profit of each firm, which does not
leave any of them an incentive to change the volume of
sales (production) of agricultural production, lies at the
intersection of two reaction curves. It was found by the
substitution of the expression for the function of the
reaction of firm 1 and is solved in the following way:

a—c_C
g, = u . (14)

3-b

Similar considerations apply when determining the

volume of sales (production) of agricultural production
and in more generalized models that reflect a more
complex market structure (oligopoly, dominant firm,
etc.).

CONCLUSIONS

1. Due to the use of such technologies it is possible
to decrease the common amount of fertilizers 25% not
reducing general efficiency of their use here is their
optimization. Thus possible increase of productivity to
20%.

2. Clearly, that on the fields with high maintenance
of nutritives their influence on eventual productivity
and accordingly and general efficiency it will be
minimum.

3. Subject to the condition these the increase of
exactness of leadthrough of the fields works is carried
out with the use of software which constantly is
perfected.
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OIITUMM3ALIVISI HOPM BHECEHU A
TEXHOJIOITMYECKUX MATEPUAJIOB
C YUETOM AT'POBMOJIOTUYECKOI'O
COCTOSHUA 3EMEJIb
CEJIbCKOXO35MCTBEHHOI'O HA3SHAYEHU A

Anexcandp bposapey

AnHoTanusi.  OnpeneneHa  METOIUKAa  pacyeTa
ONTUMAJbHOW HOPMBI BHECEHHUS TEXHOJOIMUECKHUX
MaTepHaJIOB C YUETOM COCTOSIHHS arpoOHOIIOTHIECKUE
CEJbCKOXO35IMCTBEHHBIX 3€MEb.

OnHUM M3 NEPCHEKTUBHBIX HANPABICHUH, UCHOJb3YS
KOCBCHHYIO HH(GOPMAIIMI0O O COCTOSHHU TIOYBBI C
HAJIC)KHBIM aJITOPUTM pacyera Takoi MH(YOPMAIMH 3TO
OOBEKTHMBHO  HCOOXOIMMBIC JAHHBIC ITOKa3aTesu
TIOYBBI, AJIEKTPONPOBOJTHOCTh M MarHUTHBIE CBOWCTBA.
CoBpemeHHast ajbTepHATHBA TPaJAUIIMOHHON
arpoXMMHYecKoe o0OcIeoBaHHE — KOHTAaKTHBIE U
0OECKOHTAKTHBIC METO/JIbI, OCHOBAaHHbIE Ha
HCIOJIb30BAHUN 3JIEKTPOMArHUTHBIX sBIAeHUH. YacTo
9TO M3MepeHue, Permcrpamus, oOpaboTka, aHamu3 U
HHTEpIpeTalysi KOHIYKTUBHBIX M 3JIEKTPOMArHUTHBIX
CBOICTB TIpyHTa, 4TO TIO3BOJISIET  ONPEAEIUTH
TPaHyJIOMETPUIECKUH (MEXaHUYECKHI) COCTaB MOYBHI,
OpTaHMYECKOe BEIIECTBO IOYBBI, COJIH, BIIAYXXHOCTH,
MOYBEHHBIX  KOHTYPOB, BBISBJICHHUS H  OICHKH
HEOJIHOPOJHOCTH CBOMCTB II0YB B LIEJIOM.

OTO BO3MOXHO IyTeM TOJY4YEHHs] JTOCTOBEPHBIX
JNAHHBIX O COCTOSSHMM TOYBEHHOW Cpelbl IyTeM
YMEHBIIICHUSI OMMOKA TPU OIPEISICHUN CTOUMOCTH
NPOBOJSIIIMX ~ CBOWCTB  IMOYBBl M CHIKEHUIO
MHTEHCUBHOCTH Pa3pyllIeHUs] TOYBEHHOW CTPYKTYpPbI U
CTaOMIEHOCTH 3JIEKTPUUECKOTO KOHTaKTa c
3JIEKTPOAOM 3a3eMJICHUS, HCIOJIb30BaHUE
HHTETPUPYIONTUX aHaJIoTO-IU(POBBIX
npeoOpa3oBareneil JTOKATbHOH TEXHUYECKOW CUCTEMBI
MOHUTOPHHTA AJIEKTPONPOBOISIINE CBOHCTBa
TIOYBEHHOM CpeJbl.

KiiloueBble c¢JjI0Ba: ONTUMajbHbIE HOPMBI BHECCHHS,
TEXHOJOTHUECKH TIpoIlecc, TEXHUYECKas CHUCTeMa,
ONEpPATUBHBIA MOHUTOPHUHI, CEJIbCKOXO3SICTBEHHOE
MIPOU3BOJICTBO, arpOOHOJIOTHYECKOE COCTOSHUE 3EMEITh
CEJIbCKOXO035IUCTBEHHOI'O HA3HAYCHMS.
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Summary. It is known that forest machines include vari-
ous harvesters, forwarders and combinations of them,
which is also called combined machines. In this descrip-
tion, these combined machines are also included when
harvesters are mentioned, if we consider a function simi-
lar to the function in a harvester. It is known that control
systems are used to control the forestry machines. One
control system of prior art is Jack Matic, which is a sys-
tem for controlling functions of the forest machine and
particularly a harvester head (harvester head) and for
measuring and sawing timber. In the forest machine con-
trol system controls, among other things, a diesel engine,
a transmission unit of the hydrostatic drive of the harvest-
er head and crane system, which is connected with the
capture of the harvester, as well as all auxiliary functions
associated with them. The control system operates, for
example, in the operating environment PC/Windows
2000. In team sawing control system to be treated wood
may include, for example, the value distribution and table
color paint, group types of wood and types of trunks.
Through the included in the in matic 300 application it is
possible to analyze and compute the production results,
such as number, length and diameter of the logs, levels of
distribution, group types of wood and types of trunks.

The control system manages, for example, the capture of
the harvester so that the supply control log will automati-
cally adjust the feed rate and pressure of feed rollers and
knives and succoring that the protection function of the
slippage will prevent slippage of the feed rollers and will
give the possibility to stop the tree trunk exactly to cut.
The display device and the CPU of the control system are
placed in the cockpit within reach for the driver. Typical-
ly, the system also includes a printer.

Control bus in the control and measuring automatics of
the control system is based on the known from the prior
art technical solution CAN bus (asynchronous serial
communication bus) in which data is routed in digital
form. In the bus control and measurement signals are
transmitted by way of also as such known. Based on the
data it is possible to monitor measurements relating to the
duration and functional performance of various stages
during processing. On the basis of signals and measure-
ments, get information about the functional times and
duration for the components responsible for different
functions. Components can be, for example, is designed
for functions of the crane system or the harvester head
connected with her, such as feeding, diameter measure-
ment, length measurement, sawing and cutting branches.
Separate treatment of the trunk of a tree includes a large
number of measurement values that can be stored in a
database that further comprises a classification, for exam-
ple, on the basis of size classes trunks and logs. Size class

of the trunk is known on the basis of the measurement
values.

Key words: technical control, parameter, technical condi-
tion, resource, system, machine for forestry work.

INTRODUCTION

The system of measurement of parameters of tech-
nical condition of machines for forestry work refers to the
measurement of the condition or characteristic values for
the performance of one or more subsystems in the ma-
chine for forestry work and submission of the result of the
operator [1, 2]. Each measurement includes filtering the
interfering data to each individual event and data pro-
cessing (obtaining) reliable characteristic value that can
be used in the maintenance and optimization of the pa-
rameters of the technical condition of the machine [3, 4].

A group of systems of measurement of parameters of
technical condition of machines for forestry work is a
means of monitoring the performance of the subsystem of
forest machines [5, 6]. The principle of group of inven-
tions is that accumulate data related to a function of said
subsystem or to perform the mentioned functions, deter-
mine one or more characteristic values to describe the
parameters of the technical state of machines are constant-
ly in accordance with the data, and monitor changes over
time mentioned one characteristic value or several charac-
teristic values, the time variation of the mentioned one
characteristic value or several characteristic values dis-
plays the user in form of graphical representation [7, 8].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The system of measurement of parameters of tech-
nical condition of machines for forestry work relates to a
computer program, which relates to a method and to a
computer program product [9, 10].

Implementation of systems of measurement of pa-
rameters of technical condition of machines for forestry
activities in accordance with the options for monitoring
are separated:

- current status for the close function of the harvester
[11, 12],

- the current state of the supply function of the har-
vester [13, 14],

- capture device of the harvester [15, 16],

- performance of machines for forestry work [17, 18],

- the fuel consumption of machines for forestry work
[19, 20],
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- condition (block) transmission hydrostatic drive of
machines for forestry work [21]

- function crane systems of machines for forestry
work [22].

OBJECTIVE

The purpose of the paper was put to analytically de-
scribe the methodological approaches to control system
parameters of the technical condition of machines for
forestry work.

THE MAIN RESULTS OF THE RESEARCH

In the prior art it is known that machines for forestry
work included in the various harvester, forwarders and
combinations of them, which is also called combined
machines.

In this review, these combined machines also are
included when mentioned harvester if we consider a
function similar to the function in harvester. It is known
that control systems are used to control machines for
forestry work.

One control system of the previous prior art is
Timberjack Timbermatic 300 (Fig. 1), which, in turn, is a
system for controlling machine functions, for timber
works and specifically the head of the harvester and for
measuring and sawing timber.

Fig. 1. General view of machines for forestry work

The forestry works management system controls,
among others, a diesel engine, a transmission unit of the
hydrostatic drive of the harvester head and crane system,
which is connected with the capture of the harvester, as
well as all auxiliary functions associated with them.

Considered control system works in the operating
environment PC/Windows 2010.

The team sawmilling management system to be
processed wood, you can include the value, distribution,
and color table, group types of wood and types of trunks.

With the help of included in the Timbermatic 300
system application, you can analyze and compute the
production results, such as number, length and diameter
of the logs, the distribution level, group types of wood
and types of trunks (Fig. 2).

The control system controls the capture of the
harvester so that the supply control log will automatically
adjust the feed rate and the pressure feed rollers and
accordnig knives, and a function of preventing slippage
will prevent slippage of the feed rollers and to give the
possibility to stop the tree trunk exactly to cut (Fig. 3).

Fig. 2. General view of the control parameters of the
technical condition of machines for forestry work

Fig. 3. General view of the control parameters of the
technical condition of heads machine for forestry work

The display device and the CPU of the control system
are placed in the cockpit within reach for the driver. Typi-
cally, the system also includes a printer. Control bus the
control and measuring automatics of the control system is
based on the known from the prior art technical solution
CAN bus (asynchronous serial communication bus) in
which data is routed in digital form. In the bus control and
measure signals transmitted by a known method. Based
on the data is the ability to monitor measurements relating
to the duration and functional performance of various
stages during processing (Fig. 4). On the basis of signals
and measurements, get information about the functional
times and duration for the components responsible for
different functions. For example, components can be de-
signed for the functions of the crane system or the har-
vester head connected with it, such as a view, diameter
measurement, length measurement, sawing and cutting of
knots. Separate treatment of the trunk of a tree includes a
large number of measurement values that can be stored in
a database that further comprises a classification, for ex-
ample, on the basis of size classes trunks and logs. Size
class of the trunk we know on the basis of the measure-
ment values. Reduced technical characteristics of the for-
warder, harvester or harvester capture how the system and
its subsystems and components of function will reduce the
optimality and efficiency of logging operations (Fig. 5).
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Fig. 5. The index of the harvester head

It was difficult to have a long-term decrease of pa-
rameters of technical condition of machines for forestry
work as they were based on subjective assessments and
experience of the operator or maintenance staff and fit-
ters, which can be time-limited and apply only to certain
individual machines for forestry work. In addition, it was
impossible in a reliable way to assess the effectiveness of

the repair and replacement of parts, or changes in the
ways disability (Fig. 6). For example, earlier it was not
possible in a reliable way to monitor the condition of the
cutting function or the supply function of the harvester. In
the technical solutions of the prior art time periods of
spraying are compared with set alarm limits and when the
limit is exceeded, the driver displays warning (Fig. 7).
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However, the working characteristics of the spray
system or, on the other hand, the supply function is one of
the most important factors in the performance of the har-
vester (Fig. 8).

The reduced performance will reduce the effective-
ness of logging and if a long time a failure can lead to
further damage, what is worse still, or to stop production.

In addition, previously it was not possible to monitor
the state of the contents of the barrel grip harvester.

The contents of the barrel grip harvester is an im-
portant factor in the performance and measurement accu-
racy of the harvester (Fig. 9).

The deterioration in retention of the barrel will re-
duce the effectiveness of the logging operations.

For example, if the clip soccorsi knives is insuffi-
cient, the driving force of the paper feed roller is not ef-
fectively transmitted to the barrel and, on the other hand,
will be degraded the accuracy of the diameter measure-
ment (Fig. 10).
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Fig. 9. The index of the harvester head with round wood

The accuracy of the measurement of length will also
be degraded because it will increase violation of the con-
tact between the measuring roller and the barrel.

If the clip soccorsi knives is too strong then the force
of friction between the blade and the barrel is too big.

Thus, the feed rate and the capture performance will
decrease and fuel consumption will increase.

Also it was not possible to measure the performance
of machines for forestry work so that the measurement
was useful in monitoring the performance and specifically
the technical condition of machines for forestry work.

Sufficient productivity of the harvester, that is a large
amount of timber processed in cubic meters per hour
(m*h), is the basic requirement for economic efficiency
of mechanized logging.

However, the performance of the harvester may be
reduced for a number of reasons such as technical failures
or installed machine options that are not suitable for con-
ditions. In addition, previously it was not possible to
measure the fuel consumption of machines for forestry
work so that the measurement was useful for monitoring
the condition of the machine.

Previously measured direct consumption per hour
which is not sufficient for evaluation of technical condi-
tion of machines for forestry work and for long-term
monitoring characteristics. The calculation of characteris-
tic values is usually performed in four steps: measure-
ment, removal of the abnormal dimension values, classifi-
cation and compensation of measurement data, and calcu-
lating characteristic values.
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After the characteristic value was calculated in real
time, the result is stored, and the user can observe the
dynamic changes of the characteristic values for the de-
sired period of time. Subsystems of machines for forestry
work included in the transmission system hydrostatic
drive Kranevo system, the sawing function of the harvest-
er, the feeding function of the harvester and the function
of holding the barrel of the harvester. The characteristic
values of the parameters of the technical condition of ma-
chines for forestry work is the performance and fuel
economy of the harvester.

Using a system of measurement of parameters of
technical condition of machines for forestry work to con-
trol the technical characteristics of machines for forestry
work, such as forwarders, harvester also allows you to
control the grip harvesters and monitoring long-term
trend, i.e. the change in time, which may be accomplished
by use of measurement values of the indices for various
components of the machine functions to forestry opera-
tions. Monitoring is carried out by maintaining sufficient
historical information or using the display changes graph-
ically or in the form of numerical data, or by obtaining log
data for analysis. Using a system of measurement of pa-
rameters of technical condition of machines for forestry
operations, it is possible to compare data relating to the
performance of functions and the data parameters of the
technical condition of the machine, measured in different
working conditions of machines for forestry work since
the parameters to be determined, the index values can be
established independent of variable factors, if needed.

The index values can be used to highlight the most
important information in a very compact form, in other
words, a complete picture of the parameters of the tech-
nical condition of the machine can be removed from mul-
tidimensional measurement data and a large number of
single measurements. The index, which is used as the
characteristic value is specified multiple times, and it is
determined at timed intervals when some conditions are
satisfied or, for example, when a sufficiently large pro-
cessing quantity or number of logs. The data used in the

22.03 23.03 24.03 26.03 30.03

system to monitor the status of machines for forestry
work, and the illustrative, comprehensive and detailed
data provides an excellent basis for expert evaluations as
to what the characteristics of these machines for forestry
work, which can take place possible problems, and what
needs to be done to improve the technical condition.

Specifically, when a measured parameter of the tech-
nical condition of machines for forestry work, another
particular problem is the dependence of measured values,
operating conditions and driving style of the driver. Even
these problems can be solved in accordance with the sys-
tem of measurement of parameters of technical condition
of machines for forestry work.

The developed system of measurement and calcula-
tion generates a characteristic value indicating the overall
technical condition of machines for forestry work, for
example, sputtering system or the supply function (sawing
index, feeding index). The cutting system consists of a
system formed by, diesel engine, drive pump, drive motor
saw and chain saw. Changes in the value of the character-
istic value that is continuously updated indicate changes
in the technical condition of the spray system or supply
function.

In addition, the system of measurement of parameters
of technical condition of machines for forestry work pro-
vides an index used to transfer the state of the actuator as
the harvester and forwarder that indicates the relation
between the required rotation speed of the hydraulic mo-
tor and used speed. The drive transmission system typi-
cally contains the hydraulic motor and hydraulic pump
operating in a closed system. By monitoring the load dis-
tribution are found to be the relative change in the trans-
mission drive and maintenance requirements. Historical
information is an important source of information in an
unexpected failure events.

In addition, the system of measurement of parameters
of technical condition of machines for forestry work pro-
vides an index that indicates the parameter of the tech-
nical condition of the crane system, describing the func-
tion of the crane system or forwarder or harvester.
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Thanks to the system of measurement of parameters
of technical condition of machines for forestry work can
be:

- Proactively identify reduced parameter of the tech-
nical condition of the machine. Work parameters can be
restored to an acceptable level faster than before, and the
average productivity will increase. Repair work can be
performed in advance in connection with the usual ser-
vice, and the resulting increase in utilization will also
increase average productivity.

- Proactively detect errors in the contents of the trunk
and the causes can be established immediately. The per-
formance can be raised to an acceptable level faster than
before, and the average productivity, the average meas-
urement accuracy of the machine will be improved.

- Monitor fuel economy or performance, which can
be restored to an acceptable level faster than before, and
maintenance costs for the machine will be reduced. Re-
pair work can be performed in advance, and utilization
will increase.

In various embodiments of the system of measure-
ment of parameters of technical condition of machines for
forestry work includes the steps of calculating in real
time, for example, characteristic values of the technical
parameters of cutting with a saw or view the characteristic
values for the performance of the fuel consumption, the
characteristic values for the working characteristics of
crane system, the characteristic values for the condition of
the drive transmission or the characteristic performance
values save characteristic value and display to the opera-
tor the prehistory of the parameters of the technical condi-
tion of the machine. The measurement, calculation and
display of results are performed on a personal computer
(PC) related to the control system for forestry machinery.

In various embodiments of the system of measure-
ment of parameters of technical condition of machines for
forestry work also include the steps of calculating in real
time the characteristic values for retention of the trunk,
save characteristic value and display to the operator the
prehistory of the working characteristics. The measure-
ment, calculation and display of results are performed in
modules that are related to the control system machine.

CONCLUSIONS

1. A particular advantage lies in the fact that the im-
plementation of the various embodiments of the invention
does not require the inclusion in the machine of new sen-
sors or computing modules, if it is not necessary. By in-
corporating the new sensors is also possible to control
objects that are not usually included in the monitoring
using the control system of the machine for forestry work,
but which may be significant for condition monitoring.

2. In one embodiment of the system restore parame-
ters of the technical condition of machines for forestry
work calculation according to the invention uses the key
dimensions of diameter and length to handle the charac-
teristic value retention of the barrel, which can be used as
the basis for maintenance activities and settings the setup
acquisition parameters. This is not allowed in any moni-
toring solution, the relevant prior art.

3. The most important feature of graphical represen-
tation of the background characteristic values in accord-
ance with various embodiments of the invention is that it
is illustrative for the operator. The background of the in-
dex can be graphically represented in various ways.

4. The indexes derived in the different examples of
the implementation of the system of measurement of pa-
rameters of technical condition of machines for forestry
work, can be used to calculate the common index to de-
scribe the full operation of the machine for forestry work,
for example, using a weighted average. The index values
for the various components functions are used to config-
ure optimally the various control parameters of the control
system of the forestry machine.

REFERENCES

1. Shevchuk R. S., Krupych R. 2015. Manual vibro-
impact fruit shake. Motrol. Commission of motoriza-
tion and energetics in agriculture. Lublin-Rzeszow.
Vol. 17. Ne4., 153-159.

2. Semen Y. V., Krupych O. M., Shevchuk R. S.,
2006. Energy efficiency of the use of pneumohydrau-
lic accumulators in hydraulic drives for fruit-
harvesting machines. Motrol. Motoryzacja i
Energetyka Rolnictwa. Lublin: Akademia Rolnicza,
T. 8A. 251-257.

3. Cherevko G., Krupych O., Krupych R., 2013. De-
velopment of the system for the formation of the ma-
terial and technical base of agriculture in Ukraine.
Motrol. Commission of motorization and energetics
in agriculture. Lublin-Rzeszow, Vol. 5, Ned4. 97-106.

4. Sydorchuk O., Triguba A., Makarchuk O. 2012.
Optimization of the life cycle of integrated programs
for harvesting grain crops. Motrol. Commission of
motorization and energetics in agriculture. Lublin,
Vol. 14, Ne4. 131-140.

5. Sydorchuk O., Ivasjuk I., Syatkovskyy A. 2012.
Influence subject to conditions terms of tillage, plant-
ing summer-autumn period. Motrol. Commission of
motorization and energetics in agriculture. Lublin,
Vol. 14, Ne4. 16-20.

6. Sydorchuk A., lvasiuk I., Ukraynecz V. 2013.
Harmonization of the components of the technologi-
cal system of soil cultivation and sowing of winter
crops. Motrol. Commission of motorization and en-
ergetics in agriculture. Lublin-Rzeszow, Vol. 15, Ne4.
180-186.

7. Sydorchuk O., Sydorchuk L., Demidyuk N., Siva-
kovskaya E. 2014. Method of creating a conceptual
model of management - information systems of field
crop cultivation. Motrol. Commission of motorization
and energetics in agriculture. Lublin-Rzeszow,
Vol. 16, Ne4. 26-31.

8. Sydorchuk O. V., Fornalchyk E. Y., Gorbov A. J.
2008. Conceptual model of project design complex
technological machines for harvesting flax for adap-
tive technology. Mechanization and Electrification of
Agriculture: interdepartmental thematic scientific
collection. Hlevakha: NSC " IAEE ", Vol. 92. 477-
486. (in Ukrainian).



80

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

Lyudmila Titova, lvan Rogovskii

Rogovskii Ivan. 2010. Methods of solution adaptiv-
ity of system of technical service of agricultural ma-
chines. Motrol. Motorization and power industry in
agriculture. Lublin. Vol. 12B. 153-158.

Rogovskii Ivan. 2011. Impact of reliability on fre-
qguency of maintenance of agricultural machinery.
Motrol. Motorization and power industry in agricul-
ture. Lublin. Vol. 13B. 92-97.

Rogovskii lvan, Dubrovin Valeriy. 2012. Procedure
of prediction of final resource of mechanisms of agri-
cultural machines. Motrol. Motorization and power
industry in agriculture. Lublin. Vol. 14. Ne3. 200-205.
Rogovskii lvan. 2014. Stochastic models ensure the
efficiency of agricultural machines. Motrol. Motori-
zation and power industry in agriculture. Lublin.
Vol. 16. Ne3. 296-302.

Rogovskii lvan. 2014. Methodology of development
of normative documents ensure the efficiency of ag-
ricultural machines. Motrol. Motorization and power
industry in agriculture. Lublin. Vol. 16. Ne2. 253-264.
Rogovskii lvan. 2016. Graph-modeling when the
response and recovery of agricultural machinery. Mo-
trol. Motorization and power industry in agriculture.
Lublin. Vol. 18. Ne3. 155-164.

Novitsky A. 2015. The study of the probability of
failure-free operation of means for preparation and
feeding systems as "Man-Machine" / A. Novitsky //
Motrol. Motoryzacia i energetyka rolnictwa motori-
zation and power industry in agriculture. Lublin.
Vol. 17, No. 3. 335-341.

Rogovskii I. L., Melnyk V. I. 2016. Model of para-
metric synthesis rehabilitation agricultural machines.
Scientific Herald of National University of Life and
Environmental Science of Ukraine. Series: Technique
and energy of APK. Kyiv. No 241. 387-395.

Titova L. L., Rogovskii I. L., 2017. Technology
recovery of power device of machines for forestry
work. Scientific Herald of National University of
Life and Environmental Science of Ukraine. Series:
Technique and energy of APK. Kyiv. No 258. 369-
380.

Rogovskii I. L. 2016. Analysis of model of recovery
of agricultural machines and interpretation of results
of numerical experiment. Scientific Herald of Na-
tional University of Life and Environmental Science
of Ukraine. Series: Technique and energy of APK.
Kyiv. No 254. 424-431.

Rogovskii 1. L. 2017. Probability of preventing loss
of efficiency of agricultural machinery during exploi-
tation. Scientific Herald of National University of
Life and Environmental Science of Ukraine. Series:
Technique and energy of APK. Kyiv. No 258. 399-
407.

Rogovskii 1. L. 2017. Conceptual framework of
management system of failures of agricultural ma-
chinery. Scientific Herald of National University of
Life and Environmental Science of Ukraine. Series:
Technique and energy of APK. Kyiv. No 262. 403-
411.

Lyudmila Titova, Ivan Rogovskii. 2014. The effec-
tiveness of technical exploitation of the forest MES.
Motrol. Motorization and power industry in agricul-
ture. Vol. 16, Ne 3. 313-321.

22. Lyudmila Titova, lvan Rogovskii. 2015. Improving
the recovery efficiency of machines for forestry
work. Motrol. Motorization and Energetics in Agri-
culture. Vol. 17, Ne 3. 298-310.

CHUCTEMA KOHTPOJIA ITAPAMETPOB
TEXHNMYECKOI'O COCTOSHIA
MANINH JJIA JECOTEXHUYECKUX PABOT

Jliwomuna Tumosa, Mean Pocosckuti

AHHoTanus. M3BeCTHO, YTO JE€COXO35IICTBEHHBIC Mallu-
HBl BKJIIOYAIOT B COCTaB pa3JIMUHBIE XapBeCTEpbl, (op-
BapJepsl U KOMOMHAIIMM M3 HHUX, KOTOPbIE TAaKXKe Ha3bl-
BalOT KOMOMHMPOBAHHBIMH MallMHAaMH. B 1aHHOM oOmu-
CaHUM TaKue KOMOWHHMPOBAaHHBIC MAIIMHBI TaKXe SBIIS-
JOTCSI BKIIFOUCHHBIMH, KOT/Ia YIOMHHAIOTCSI XapBECTEPHI,
ecnu paccMaTtpuBaeMas (DYHKUIUS MMOJOOHAa (QYHKIHH B
xapBecTepe. M3BECTHO, YTO CHCTEMBI YIIPaBICHUS HC-
MOJB3YIOTCS, YTOOBI YIPABIATH JIECOXO3AHCTBEHHBIMU
MamuHaMu. OfHOM cuCTeMO# yNpaBlieHHs NpealIecTBY-
IOIETO YPOBHS TEXHHUKH sBIseTcs jack matic, xoropas
SIBJISIETCS CUCTEMOM ISl yIpaBlieHHs] (YHKIHSIMH JIECO-
XO35MICTBEHHOI MAaIllMHBI U KOHKPETHO I'OJIOBKOH XapBe-
cTepa (BaJIOYHOM TOJIOBKOM) M i1 MU3MEPEHHS U paclu-
JIOBKM JiecoMaTepHuasioB. B 1ecoxo3siCTBEHHON MallnHe
CHCTeMa YNpPaBICHUS YNPABISIET, CPEAN IPOYEro, AH-
3€JbHBIM JIBUTATENIEM, OJIOKOM Hepenaddl THAPOCTATHYC-
CKOTO NPHUBOJA, TOJIOBKOH XapBecTepa W KPaHOBOM cH-
CTEMOH, C KOTOPOH COEIMHEH 3aXBaT XapBecTepa, a TAKXKe
BCEMH BCIIOMOTATEJIbHBIMH (DYHKIHSIMH, CBSI3aHHBIMHU C
HUMH. PaccmaTpuBaemas cuctema yrpaBieHHsS paboTaer,
HampuMep, B oneparuonuoi cpexe PC/Windows 2000. B
KOMAaHJIBl PACIIIOBKH CHCTEMBI yNPaBICHUS IS MOJIe-
Kamied o0pabOTKe JpeBECHHBI BO3MOXKHO BKIIIOUATH,
HanpuMep, 3Ha4eHHe, paclpeeleHue U TaOauIbl IBETO-
BOM OKpAacKu, IPYIMIbI TUIIOB JPEBECHHBI U THITBI CTBOJIOB.
IMocpencTBoM BKIIOYEHHOTO B COCTaB B cHUCTeMBl Matic
300 npunokeHUs BO3MOXKHO aHAIM3UPOBATh U BBIUKC-
JSATh Pe3yNbTaThl BBIPAOOTKH, TAaKHWE KaK KOJHMYECTBO,
JUIMHA 1 AuaMeTp OpeBeH, YPOBHU paclpeeNieHus], TpyI-
ITBI TUTIOB JIPEBECHHBI ¥ THITBI CTBOJIOB.

Cucrema yIpaBieHHs YIPaBISET, HAapUMeEp, 3aXBaTOM
XapBecTepa TakuM 00pa3oM, YTO YIpaBJIE€HHE IMoJadyer
OpeBHa OyneT aBTOMAaTHYECKH IOACTPaMBaTh CKOPOCTH
MOJJaYH U JIaBJIEHHE MOJAIOIINX POJIMKOB U CYYKOPE3HBIX
HOXEH M 4TO (yHKIHS MPEIOXPAaHCHHS OT HMPOCKAIb3bI-
BaHUS OyJeT MpeIOoTBpAaIlaTh MPOCKAIb3BIBAHHE HOIAI0-
IIUX POJIMKOB M OyJeT JaBaTh BO3MOXKHOCTH OCTaHABIIHU-
BaTh CTBOJI IEPEBA TOYHO TSI pacluia.

YcerpoiicTBO 0TOOpaXkeHHs M LEHTPAIbHBIA Ipoleccop
CHCTEMBI YIPABJICHUS IOMEIIAIOTCS B KaOWHE B Ipezesax
JocsiraeMocTH Juisi BoauTens. OOBIYHO cHCTEMa TakKxke
COJIEPAKUT IPUHTEP.

IlluHa ynpaBieHUs: B KOHTPOJIBHO-U3MEPUTEIBHON aBTO-
MaTHKe CHCTEMBI YIPAaBJICHHS OCHOBBIBAETCS Ha M3BECT-
HOM W3 YPOBHS TEXHHKH TE€XHHYECKOM PEIICHWH IIHHBI
CAN (acuHXpOHHAsI MOCJEI0BaTE/IbHAS KOMMYHHKAI[H-
OHHAs IIMHA), B KOTOPOH JaHHBIE MPOIMYCKAIOTCA B IH (-
poBoii opme. B mmHe ynpaBneHUs W3MEpEeHUs U CHTHa-
JBI TIEPENAIoTCsl Crioco0OM, TaKXKe KaK TaKOBBIM HM3BECT-
HbIM. Ha OCHOBE JaHHBIX SIBIIIE€TCSI BO3ZMOXKHBIM KOHTPO-
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JIUPOBATh U3MEPEHMUsS], OTHOCAIIMECS K MPOAOIKUTEIbHO-
CTH M (QYHKIHOHAILHOMY OBICTPOJCHCTBHIO Pa3IMYHBIX
3TanmoB B xone 00paboTku. Ha OCHOBaHHMM CHUTHAJOB H
n3MepeHunil nosry4yaot nHGopManuio o GyHKINOHAIBHBIX
BpPEMEHAX MW XPOHOMETPaXke ISl KOMIIOHEHTOB, OTBEYa-
IOMUX 3a pasnudHble QyHKOUH. KOMIOHEHTHI MOTYT
ObITh, HaNpHUMeEp, MPEAHA3HAYCHBI A (QYHKIMH KpaHO-
BOM CHCTEMBI WM F'OJIOBKU XapBecTepa, CBSI3aHHOU ¢ HEH,
TaKMX Kak II0/1a4a, M3MEPEHHE AHaMeTpa, HM3MEpEHHe
JUIMHBI, TUJICHNE U pe3ka cyubeB. OOpaboTka OTAeIbHOTO
CTBOJIA JIepeBa BKIIFOYAET B COCTAaB OOJIBIIOE KOIHMYECTBO
3HAUEHHUH M3MEpPEeHHH, KOTOpbIe MOTYT XpaHHUThCS B Oaze
JIAaHHBIX, KOTOpasi JOMOJHUTEIBHO COAEPKHUT Kilaccu(pu-
KalluIo, HallpUMep, Ha OCHOBE Pa3MEpHBIX KIACCOB CTBO-
noB u OpeBeH. Pa3MepHbIii Kiacc cTBONa SIBIISiETCS
M3BECTHBIM HAa OCHOBE 3HAYEHUI U3MEPEHUH.

KiiroueBble ¢j10Ba: TEXHUYECKUM KOHTpOJIb, MapameTp,
TEXHHMYECKOE COCTOSIHUS, PECypc, CUCTEMa, MaIluHa JUIs
JIECOTEXHUUYECKHUX PadOT.
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Summary. The study relates to technical means of
registration and control of flight vehicles. The technical
result is the implementation of the monitoring schedule
specified route of movement of vehicles. The system of
registration and control of flights moving objects contains
controlled moving objects, RFID tags, contains
piezocrystal, microstrip transceiver antenna, electrodes,
two buses and a set of reflectors, and control. On a
movable object installed: pressure transducers, body
position, fuel consumption, trip distance, elements, block
encoding, the transmitter, the high-frequency generator,
phase manipulator, power amplifier, transceiver antenna,
a circulator, a high frequency amplifier, phase detector, an
adder, a timer and driver code. At the point of control is
established: the receiving antenna, amplifier high
frequency, the search block, two local oscillators, two
amplifiers, two mixers, two amplifiers of intermediate
frequency, amplitude detector, two multiplier, a narrow-
band filter, low pass filter, panoramic receiver, decoder,
registration block, an element of the ban, the shaper pulse
duration, two keys, a correlator, a threshold unit,
frequency meter, fuel meter, trip meter and an additional
unit.

The proposed system relates to the field of technical
means of registration and control of flights moving
objects and can be used to account for the efficiency of
the use of vehicles in an automated warehouse shipment
of goods in trade or account the receipt of raw materials,
shipment of products in agriculture, during transportation
of the grain harvest of crops and bulk cargo.

Of the known systems and devices closest to the proposed
is a device for metering flights trucks, which is selected as
a prototype.

The known device provides increased noise immunity and
selectivity panoramic receiver by suppressing spurious
signals (noise) taken on additional channels.

The technical challenge is to expand the functionality of
the system by controlling the execution schedule of a
specified route in the registration and control of flights
transportation of the grain harvest vehicles.

Key words: system, registration, control, flight, transport,
vintage, vehicle.

INTRODUCTION

The study relates to technical means of registration
and control of flight vehicles [1]. The technical result -
the implementation of the monitoring schedule specified
route of movement of vehicles [2, 3]. The system of
registration and control of flights moving objects contains

controlled moving objects, RFID tags, contains
piezocrystal, microstrip transceiver antenna, electrodes,
two buses and a set of reflectors, and control [4, 5]. On a
movable object installed: pressure transducers [6], body
position [7], fuel consumption [8], trip distance [9],
elements [10], block encoding [11], transmitter [12], high-
frequency generator [13], phase manipulator [14], power
amplifier [15], transceiver antenna, a circulator, a high
frequency amplifier [16], phase detector, an adder, a timer
and driver code [17]. At the point of control is
established: the receiving antenna, amplifier high
frequency, the search block, two local oscillators, two
amplifiers, two mixers, two amplifiers of intermediate
frequency, amplitude detector, two multiplier, a narrow-
band filter, low pass filter, panoramic receiver, decoder,
registration block, an element of the ban, the shaper pulse
duration, two keys, a correlator, a threshold unit,
frequency meter, fuel meter, trip meter and an additional
unit [18].

The proposed system relates to the field of technical
means of registration and control of flights moving
objects and can be used to account for the efficiency of
the use of vehicles in an automated warehouse shipment
of goods in trade or account the receipt of raw materials,
shipment of products in agriculture, during transportation
of the grain harvest of crops and bulk cargo [19].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Of the known systems and devices closest to the
proposed is a device for metering flights trucks, which is
selected as a prototype [20]. The known device provides
increased noise immunity and selectivity panoramic
receiver by suppressing spurious signals (noise) taken on
additional channels [22].

OBJECTIVE
The technical challenge is to expand the functionality
of the system by controlling the execution schedule of a
specified route in the registration and control of flights
transportation of the grain harvest vehicles.

THE MAIN RESULTS OF THE RESEARCH

The problem is solved in that the system of
registration and control of flights moving objects,
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containing, in accordance with the closest analogue, each
controlled movable object sequentially enabled sensor
pressure element And a second input coupled with the
output of the position sensor body, block coding, second
and third inputs connected to the outputs of flow sensor
and fuel sensor of the traversed path, respectively, the
phase manipulator, a second input coupled to the first
output of the high-frequency generator and power
amplifier, and the control point consistently included
receiving antenna, amplifier high frequency, the first
mixer, the second input is via the first local oscillator
connected to the output of the search block, the first
intermediate frequency amplifier, the second key, the first
multiplier, a second input coupled with the output of the
low pass filter, narrow band filter, second multiplier, a
second input connected to the output of the second key,
the lowpass filter and a decoder, the outputs of which are
connected by the number of controlled moving objects,
the Executive blocks, each of which consists of
sequentially connected to the decoder element of the ban,
the registration unit and shaper pulse duration, the output
of which is connected to prohibit the entrance element of
the ban, connected in series to the output of the amplifier
high frequency, a second mixer, the second input is via a
second local oscillator connected to the output of the
search block, the second intermediate frequency
amplifier, the correlator, a second input coupled to the
output of the first amplifier intermediate height, and a
threshold unit, the output of which is connected to the
second input of the second key, sequentially connected to
the second input of the first oscillator, the first key, the
second input of which through the amplitude detector
connected to the output of the second key, frequency and
additional registration unit, second, the third and fourth
inputs of which are connected directly and through the
meter fuel consumption and trip meter with the

corresponding outputs of the decoder, the frequencies of
the local oscillators spaced at twice the value of the
intermediate frequency:

ng*f91:2fpn

selected symmetric about the carrier frequency of the
main channel:

fl_fglzfQZ_flzfpra

and rebuilt synchronously, differs from the closest
analogue because it is equipped with an RF tag installed
at checkpoints along the route of the mobile object which
is equipped with a transceiving antenna, a circulator, a
high frequency amplifier, phase detector, integrator, and
driver code and the timer and to the output of the power
amplifier sequentially connected to the circulator, input-
output of which is connected with the transmitting-
receiving antenna, amplifier high frequency, a phase
detector, a second input coupled with the second output of
the high-frequency generator and the adder, the second
input of which through the shaper code is connected to the
output of the timer and the output connected to the fourth
input unit of coding, each RF tag is made in the form of
piezocrystal coated on the surface of the aluminum thin-
film interdigital transducer and reflectors, the interdigital
transducer of the surface acoustic wave and contains two
comb system of electrodes connected by a tire associated
with microstrip transceiver antenna, also made on the
surface of piezocrystal.

Block diagram of equipment installed on a movable
object represented in Fig. 1. Block diagram of equipment
installed on the control point, Fig. 3. Functional diagram
of the radio frequency tag depicted in Fig. 2.
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Fig. 1. Registration system for flight vehicles
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Fig. 3. System of registration and control of flight vehicles

The equipment that is installed on a movable object
includes sequentially enabled sensor 1 pressure element
And 3, the second input of which is connected to the
output of the position sensor 2 body, 4 block coding,

37 e

second and third inputs connected to the outputs of the
sensor 11 of the fuel and the sensor 12 of the traversed
path, respectively, of the phase manipulator 14, a second
input coupled to the first output of the generator 13 high
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frequency amplifier 15 power, a circulator 39, the input-
output of which is connected with the transmitting-
receiving antenna 16, amplifier 40 is a high frequency, the
phase detector 41, the second input of which is coupled to
the second output of the generator 13 high frequency, and
the adder 42, the second input is through the shaper 44
code connected to the output of the timer 43, and the
output connected to the fourth input of the unit 4
encoding.

RF tag is made in the form of piezocrystal coated on
45 the surface of the aluminum thin-film interdigital
transducer and a set of 50 reflectors. Interdigital
transducer (IDT) surface acoustic wave (saw) contains
two comb system of electrodes 47, which are connected to
each other tires 48 and 49 associated with microstrip
transceiver antenna 46, also performed on the surface of
the piezoelectric crystal 45.

The equipment installed at the point of control
contains consistently included receiving antenna 17, the
amplifier 18 high frequency, the first mixer 21, the second
input is via the first local oscillator 20 is connected to the
output of the block 19 of the search, the first amplifier 22
intermediate frequency, the second key 38, the first
multiplier 24, a second input coupled to the output of the
filter 27 of the lower frequencies, narrow-band filter 26, a
second multiplier 25, a second input connected to the
output of the second key 38, the filter 27 of the lower
frequencies and the decoder 7, the outputs of which are
connected by the number of controlled moving objects,
the executive blocks each of which consists of
sequentially connected to the decoder 7 item ban 9, block
8 registration and driver 10 pulse duration, the output of
which is connected to prohibit the entrance of item 9 of
the ban.

The output of the amplifier 18 high frequency
sequentially connected to the second mixer 34, the second
input of which through the second local oscillator 33
connected to the output unit 19 of the search, and the
second amplifier 35 intermediate frequency, the correlator
36, a second input coupled to the output of the first
amplifier 22 intermediate frequency, and the threshold
unit 37, the output of which is connected to the second
input of the second key 38.

To the second input of the first local oscillator 20
connected in series the first key 28, the second input of
which through the amplitude detector 23 is connected to
the output of the second key 38, a frequency counter 29
and an additional unit 32 of the registration, the second,
third and fourth inputs of which are connected directly
and through the meter 30 fuel consumption, and the
counter 31 of the traversed path with the corresponding
outputs of the decoder 7. The system of registration and
control of flights moving objects operates as follows.

When lifting the body with the load pressure in the
oil line of the lifting body increases, the sensor 1 pressure
produces a signal which is supplied to first input of gate 3.

The latter produces a signal only when the second
input receives the signal from the sensor 2 position of the
body, which produces a signal only when raised to the
upper position of the body.

If there are two signals from sensor 1 pressure sensor
2 position of the body element 3 and produces an output
signal which is supplied to the first input unit 4 encoding.

The above-described operation of the system
corresponds to the case when the mobile object uses the
dump truck.

During movement of the dump signal from the sensor
11 of the fuel and the sensor 12 of the traversed path in
the form of a series of pulses is received by the second
and third inputs of the block 4 encoding.

The encoding unit 4 generates the modulating code
M,(t), where "coded" information about the license plate
of the dump truck, the number of the lifting body with
load, fuel consumption and distance traveled.

Modulating code MZ1(t) contains N1 elementary
parcels duration TE. The first n elementary parcels are in
digital form information on the license plate of a dump
truck, m elementary parcels are discharged to the number
of lifts of the body with the load, | elementary parcels
reported fuel consumption, and z basic assumptions
reflect the path of the dump truck (N;=n+m+I+2z).

Modulating code M1(t) output from the encoding unit
4 is supplied to a first input of the phase manipulator 14,
to the second input of which is applied harmonic
oscillation from the first output of the generator 13 high
frequency:

Ul(t) :V1XCOS(ZT[f1t+(p1), OStST]_,

where: Vy, fi, 1, T; — amplitude, carrier frequency, initial
phase and duration of harmonic oscillations.

The output of the phase manipulator 14 is formed a
phase-shift keyed (Fyn) signal:

Ua(t)=V1xCos(2nfit+@i (t)+91), 0<t<T,,

where: @y (t)={0,7} — manipulated component phases,
reflecting the law of phase manipulation in accordance
with the modulating code My(t), and @ (t)=const when
kTE<t<(k 1)TE and may change abruptly at t=KTE, i.e. at
the boundaries between elementary parcels (k=1, 2, ...
N;-1), TE, N; — duration and the number of elementary
parcels that form the signal duration T, (T;=N,*TE),
which after amplification in the amplifier 15 power
through the circulator 39 is received in the transmitting-
receiving antenna 16 and is radiated into the ether.

It should be noted that each truck has its own
modulating code M;(t) and carrier frequency:

f (=1, 2, ..., S),

where: S — number of controlled trucks.

With the passage of dump trucks by the control point,
which has RF tag, Fun-signal U,(t) is captured by
mitropolski antenna 46, is converted IDT in an acoustic
wave which propagates on the surface of the piezoelectric
crystal 45 is reflected from a set of 50 reflectors and again
converted into a signal with phase manipulation:

Us=V3xCos(2nfit+@io(t)+¢1), 0<t<Tj,

where: @(t)={0,n} — manipulated component phases,
reflecting the law of phase manipulation in accordance
with the topology of IDT My(t), which in turn defines the
number and location of control points.
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Which is radiated microstrip transceiver antenna 46
on the air, is caught transmitting antenna 16 of the dump
and through the circulator 39 and the amplifier 40 of high
frequency is supplied to the first (information) input of
phase detector 41, the second (reference) input of which
the reference voltage is served harmonic oscillation U,(t)
from the second output of the generator 13 high
frequency.

The result of the synchronous detection output of the
phase detector 41 is formed of a low-frequency voltage:

UHl(t):VH1><COS(pk2(t), 0<t<Tjy,
where:
Uni()=2V3xVy,

proportional to the modulating code M,(t), which defines
the number and location of control points.

This voltage is supplied to a first input of adder 42.

The current time output from the timer 43 is supplied
to the input of the shaper 44 code which generates the
modulating code Mj(t). This code is supplied to the
second input of the adder 42, the output of which is
formed total code:

Mz(t)=M.(t)+Ms(t),

which is output from the adder 42 is supplied to the fourth
input of the unit 4 encoding. The encoding unit 4
generates the simulation code My(t), which contains
information about the modulating codes M;(t) and Mx(t).
Modulating code My(t) contains N, elementary parcels
duration TE. [N,=N+p, where: p — number of elementary
parcels, containing the modulating code Mx(t)].

Modulating code My(t) from the output of the
encoding unit 4 is supplied to a first input of the phase
manipulator 14, to the second input of which is applied
harmonic oscillation Uy(t) from the first output of the
generator 13 high frequency.

The output of the phase manipulator 14 in this case is
formed Fyy signal:

Ua(t)=V1xCos[2nfit+@ys(t)+o1], 0<t<Tj,

where: @3(t)={0,m7} — manipulated component phases,
reflecting the law of phase manipulation in accordance
with the simulation code My(t).

Which after amplification in the amplifier 15 power
through the circulator 39 is received in the transmitting-
receiving antenna 16 and is radiated into the ether.

On the control point search Fyy-signals belonging to
different moving entities (trucks), by using panoramic
receiver 6.

This block 19 search periodically with period TP by
sawtooth law synchronously change frequency fy; and fy,
local oscillators 20 and 33.

Taken Fyn-signal Uy(t) output from the receiving
antenna 17 through the amplifier 18 high frequency is
supplied to the first inputs of mixers 21 and 34, the
second inputs of which are served voltage of the local
oscillators 20 and 33:

Ugr()=V gixcosQafr t+myt*+@qy),
Uga(t)=V goxCcos2aft+myt?+eg,), 0<t<T},

where: Vg1, Vo, a1, fo2, ©g1, @2, T — amplitude, initial
frequency, initial phase and the period of repetition
(restructuring) voltage of the local oscillators, y=D¢/TP —
the rate of change of the frequencies of the local
oscillators (speed of viewing a given frequency range Dy).

The frequencies fy and fg, of the local oscillators 20
and 33 spaced at twice the value of the intermediate
frequency:

fqz—fq1:2fpr,

selected symmetric about the carrier frequency f; of the
primary receiving channel:

fl_fqlthz_flzfpn

and rebuilt synchronously.

This circumstance leads to a doubling of the number
of additional receiving channels, but creates favorable
conditions for their suppression due to correlation
processing channel stress.

At the output of mixers 21 and 34 are formed voltage
Raman frequencies. Amplifiers 22 and 35 intermediate
frequency are the following voltage:

Uprs (0)=Vpr1C0s 2t t+ s (t) -myt*+pn),
Upr2(t)=Vpr2Cos 2y t+@ua(t)Hyt+@pr,), O<t<T},
where:
Vpri="2V1*Vq,
Voprz="2V1*V ¢,
for=f1-f=Fo-f1 — intermediate frequency,
Por1=P1—Pq1,

Pproa=Pg2—P1,

which represent the complex signals with the combined
phase manipulation and linear frequency modulation
(Fmn-Chirp).

These voltages are delivered to two inputs of the
correlator 36, the output of which is formed correlation
function R(t), which is compared to a threshold voltage
Vor in the threshold block 37.

Vpor threshold level is exceeded only when the
maximum value of the correlation function R(t).

Since channel voltage Uy (t) and Up,(t) are formed
by the same complex Fyy-signal U,(t) taken by the two
channels on the same frequency f;, between the specified
channel voltages there is a strong correlation. Correlation
function R(t) FMN-signals has a distinct main lobe,
which exceeds the threshold level Vp, in the threshold
block 37. If the threshold level V, in the threshold block
37 is formed by a constant voltage, which is supplied to
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the control input of the key 38, opening it. In the initial
state, the keys 28 and 38 are always closed.

The voltage U, 1(t) from the output of the amplifier
22 intermediate frequency via a public key 38 is supplied
to the first inputs of multiplier products 24 and 25. To the
second input of the multiplier 25 is energized from the
output of notch filter 26:

Us(t)=Vscos2nfyt—myt*+gr), 0<t<T},

the output of the multiplier 25 is formed of a low-
frequency voltage:

U HZ(t):VHZCOS(PKS(t)a 0<t<Ty,
where:
Vi()=2V1xVs,

proportional modeling code My(t).

This voltage is supplied to the second input of
multiplier 24, whose output forms a voltage Us(t) emitted
narrow-band filter 26.

Voltage Uy,(t) simultaneously with the output of the
filter 27 of the lower frequencies fed to the input of
decoder 7, which depending on the code mobile object
(dump) generates a signal through item 9 of the ban on
the entry of block 8 of the Desk. Unit 8 registration,
receiving and memorizing the signal that the flight is
made, gives the signal shaper 10, which closes by using
item 9 of the ban the input unit 8 registration from the
decoder 7 to the minimum time of flight, excluding the
false classification of flight in block 8 of the Desk when
re-raising the body in the case of material sticking to the
wall of the body. In addition, when lifting an empty body
sensor 1 pressure produces a signal.

Voltage U, 1(t) simultaneously fed to the input of the
amplitude detector 23, the detected video signal which is
supplied to the control input of the key 28, opening it. The
voltage of the local oscillator 20 via the public key 28 is
fed to the input of the frequency meter 29, where the
measured carrier frequency f; taken Fyy-signal.

fl = fgl' + fpr:

where: fg;' — the frequency of the first local oscillator 20
at a given time.

The measured value of the carrier frequency is fixed
by the additional block 32 of the Desk, where both fixed
tail number of the movable object (the dump), traveled
way, the fuel consumption numbers and the location of
control points through which proceeded the dump.

Discussed above the operation of the system
corresponds to the case of receiving useful Fyy-signals in
the main channel at frequency f;.

If a complex signal (interference) is received by the
first image channel at frequency fz;, the mixers 21 and 34,
it is converted to voltage following frequencies:

fz1=Fgyit — f2,=Frtyat,

fz1,=Fty1t — T2,=3f 1t

lel(z):2fq1+2"{1t - fZl,
fZlZ(Z)Zqu2+2"{1t - fZl,

where the index of degree refers to second harmonic
frequencies of the local oscillators.

However, only the voltage with frequency fzy; falls
into the bandwidth Af; of the amplifier 22 intermediate
frequency. The output voltage of the correlator 36 is zero,
the key 38 is not opened and a false signal (interference)
taken by the first image channel at frequency fzy, is
suppressed.

For a similar reason suppressed and false signals
(interference) taken by the second image channel at
frequency fz,, by the first Raman channel at frequency fik;
and other additional channels.

If complex signals (noise) taken simultaneously by
the first and second mirror channels at frequencies f;; and
fsp, the voltage fall within the bandwidth of Af; and Af, of
the amplifiers 22 and 35 intermediate frequency. But the
key 38 in this case doesn't open. This is due to the fact
that different spurious signals (noise) taken at different
frequencies f;; and f;, so between the two channel
voltages there is a weak correlation. In addition, it should
be noted that correlation function of noise has a
pronounced main lobe, as is the case in complex FMN-
signals. The output voltage of the correlator 36 in this
case, does not exceed the threshold level Vp, in the
threshold unit 37, the key 38 is not opened and a false
signal (noise) taken simultaneously by the first and
second mirror channels at frequencies f3; and fs,, are
suppressed.

For a similar reason suppressed and false signals
(noise) taken simultaneously by two additional channels.

For transmission of operational parameters of mobile
objects (trucks) to the control point using complex Fyn-
signals with high noise immunity, energy and structural
secrecy.

The system provides increased noise immunity and
selectivity panoramic receiver. This is achieved by
suppressing spurious signals (noise) taken on additional
channels, by correlation processing.

Thus, the proposed system is compared with the
prototype  provides remote control over the
implementation timetable for a given route of movement
of mobile objects (trucks). This is achieved using control
points that have radio-frequency tags on surface acoustic
waves.

Fixing the time of passage of mobile objects (trucks)
certain checkpoints allows the remote to control the
schedule of their movement on a given route and to make
timely decisions on the restoration of the rhythm of
movement.

The main characteristics of the used RFID tags on
surface acoustic waves include the following:

- the average power of the transmitter scanning
device — no more than 100 mWt,

- frequency range — 400-420 MHz (900-920 MHz),

- type artificial signal is a complex signal with phase
manipulation,

- the number of code combinations is 2%

- dimensions 8x15x5 mm,

- service life - not less than 20 years,

12
) 8,
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- power consumption is 0 Wt,

- transmission range (distance) is at least 100 m.

The main distinguishing feature of RFID tags on
surface waves are small size and lack of power sources.
Thereby the functionality of the system expanded.

The system of registration and control of flights
moving objects, containing for each controlled movable
object sequentially enabled sensor pressure element and a
second input coupled with the output of the position
sensor body, block coding, second and third inputs
connected to the outputs of flow sensor and fuel sensor of
the traversed path, respectively, of the phase manipulator.
The second input of which is connected to the first output
of the high-frequency generator and power amplifier, and
the control point consistently included receiving antenna,
amplifier high frequency, the first mixer, the second input
is via the first local oscillator connected to the output of
the search block, the first intermediate frequency
amplifier, the second key, the first multiplier, a second
input coupled with the output of the low pass filter,
narrow band filter, second multiplier, a second input
connected to the output of the second key, the lowpass
filter and a decoder, the outputs of which are connected
by the number of controlled objects, the Executive blocks
each of which consists of sequentially connected to the
decoder element of the ban, the registration unit of the
shaper pulse duration, the output of which is connected to
prohibit the entrance element of the ban, connected in
series to the output of the amplifier high frequency, a
second mixer, the second input is via a second local
oscillator connected to the output of the search block, the
second amplifier intermediate frequency, the correlator.

The second input of which is connected to the output
of the first amplifier intermediate frequency, a threshold
unit, the output of which is connected to the second input
of the second key, sequentially connected to the second
input of the first oscillator, the first key, the second input
of which through the amplitude detector connected to the
output of the second key, frequency and additional
registration unit.

The second, third and fourth inputs of which are
connected directly and through the meter fuel
consumption and trip meter with the corresponding
outputs of the decoder, the frequencies of the local
oscillators spaced at twice the value of the intermediate
frequency fg—fy=2f, where fy, and fy, frequencies of the
first and second local oscillators, respectively, f, —
intermediate frequency, the selected symmetric about the
carrier frequency of the main channel of f;—fy=f,—f;=f,,
where f; is the carrier frequency and reconstructed
synchronously, characterized in that it is provided with a
radiofrequency tag, installed at checkpoints along the
route of the mobile object which is equipped with a
transceiving antenna, a circulator.

CONCLUSIONS

1. At the point of control is established: the receiving
antenna, amplifier high frequency, the search block, two
local oscillators, two amplifiers, two mixers, two
amplifiers of intermediate frequency, amplitude detector,
two multiplier, a narrow-band filter, low pass filter,

panoramic receiver, decoder, registration block, an
element of the ban, the shaper pulse duration, two keys, a
correlator, a threshold unit, frequency meter, fuel meter,
trip meter and an additional unit.

2. The proposed system relates to the field of
technical means of registration and control of flights
moving objects and can be used to account for the
efficiency of the use of wvehicles in an automated
warehouse shipment of goods in trade or account the
receipt of raw materials, shipment of products in
agriculture, during transportation of the grain harvest of
crops and bulk cargo.

3. Amplifier high frequency, a phase detector, an
adder, the driver code and the timer and to the output of
the power amplifier sequentially connected to the
circulator, input-output of which is connected with the
transmitting-receiving antenna, amplifier high frequency,
a phase detector, a second input coupled with the second
output of the high-frequency generator and the adder, the
second input of which through the shaper code is
connected to the timer output, and the output connected to
the fourth input unit of coding, each RF tag is made in the
form of piezocrystal coated on its surface prokopinsky
aluminum interdigital transducer and the reflectors,
interdigital transducer of the surface acoustic wave and
contains two comb system of electrodes connected by a
tire associated with microstrip transceiver antenna, also
made on the surface of piezocrystal.
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CUCTEMA PETMCTPALIMU U KOHTPOJIS PEVICOB

AHHOTaNMA.

IMEPEBO3KU YPOXAS 3EPHOBBIX
TPAHCIIOPTHBIMU CPEJICTBAMUI

Anexceii Bopoukos, Hean Poeosckuii

I/ICCJ'IGZ[OBaHI/Ie OTHOCHTCS K o0jacTu

TE€XHUYECKUX CPEACTB PErHCTPAallUd U KOHTPOJI PEHCOB
TPAHCHOPTHBIX CPeICTB. TexXHHUeckuil pesynabTaT 3TO
OCYIIIECTBIICHHE KOHTPOJS 3a BBIINOJIHEHHEM TIpaduka
3aJJaHHOTO MapIIpyTa ABMKEHHS TPAHCIOPTHBIX CPEICTB.
Cucrtema perucTpanii U KOHTPOJS PEHCOB MOIBIKHBIX

OOBEKTOB  COMEPKHUT KOHTPOJMPYEMbIE IOABIKHBIE
OOBEKTBI,  PAagUOYACTOTHBIE  METKH,  COJAepKaIne
MIbE30KPUCTAILIL, MHUKPOIOJIOCKOBYIO

OpUEeMOIICPCAAONIYI0 aHTCHHY, 3JICKTPOAbI, ABC LIWHBI, U
Ha6op 0Tpa>KaTeneI71, W OYHKT KOHTPOJIA. Ha IIOJABHXKHOM
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00bEKTEe YCTAHOBJICHBI: JATYMKH JABJICHUS, IOJIOKCHUS
Ky30Ba, pacxoja TOIUIMBA, IPOWIEHHOrOo  MYTH,
9JIEMEHTHI, OJOK KOAMpPOBAHUs, NMEPEeAaTIUK, T'eHepaTtop
BBICOKOI 4acTOTHI, (a30BBIi MaHHITYJISTOp, YCHIHMTEIb
MOIIIHOCTH, IPHEMOIIEPEAAIOIIYI0 aHTEHHY, LUPKYJIATOP,
YCHIIUTENh BBICOKOH YacTOTHL, (Da30BBI IETEKTOP,
cyMMaTop, Taiimep u ¢opmupoBarens koma. Ha myHKTe
KOHTpOJISl yCTAaHOBJICHBI: NPHEMHAsl AaHTCHHA, YCHIHNTEIb
BBICOKOIl 4acTOTHI, OJOK IOWMCKA, ABE T€TEPOAMHBI, /1Ba
YCUIMTENs,  JBa  CMECUTeNs, JBa  yCHUJIMUTENd
MIPOMEKYTOUHON YacTOTHI, aMIUIUTYAHBIM JETEKTOp, ABa
NIEPEMHOXHTENS,  Y3KOMOJIOCHBIH  QuibTp,  GUIBTP
HHU3KUX YacTOT, IMaHOPaMHBIN NPUEMHHUK, JAemundparop,
OJIOK perucTpaiuy, dJIeMEHT 3ampera, (OpMHUpPOBATEIb
JUINTEJIBHOCTH HMITYJIbCOB, J[Ba KJIIOYa, KOPPENATOp,
MOPOTOBBI  OJIOK, YacTOTOMEp, CYETYHK pacxona
TOIUINBA, CYETIHUK MIPOMIEHHOTO MyTH u
JIOTIOJTHUTENBHBIN OJIOK pErHCTPaIHu.

IMpennaraemast  cucreMa  OTHOCHTCS K oOyacTh
TEXHHYECKHUX CPEJICTB PErHCTPalii U KOHTPOJS PEHcoB
TIOJIBIKHBIX OOBEKTOB M MOKET OBITh MCIIOJIB30BaHA IS
ydera 3((GEKTHBHOCTH NPUMEHEHHS TPaHCIIOPTHBIX
CpCacCTB npu ABTOMAaTHYCCKOM yueTe OTTPY3KH
NPOAYKIIMH B TOPrOBJIE MM Y4YE€T€ IIPUEMKH CBIPbS,
OTIPY3KHM TMpPOAYKIMH B CEIbCKOM XO35HCTBE, IIpHU
MIEPEeBO3KE YpOXKas 3EPHOBBIX CEJIBCKOXO03SHCTBEHHBIX
KYJIbTYP H CBIIYyYHUX I'PY30B.

W3 n3BECTHBIX CHCTEM M YCTPOWCTB Hambosee OJIM3KUM K
MIPEATaraéMbIM SIBJIETCS YCTPOMCTBO A ydeTa peHcoB
aBTOCAMOCBAJIOB, KOTOpOE€ W BBHIOpAaHO B KauecTBE

mpoTOTHUIIA.
H3BecTHOE YCTpOﬁCTBO obecrneuyrBaeT MOBBIIICHUE
IIOMEXO03alITUIICHHOCTH nu I/136I/IpaTeJ'H)HOCTI/I

[MaHOPaMHOTO NPUEMHUKA IMyTEM IOJABJICHUS JIOKHBIX
CUTHAJIOB (ITOMEX), MPUHUMAEMBIX 1O JOMOJHUTEIbHBIM
KaHaJaM.

TexHuueckoi 3ajauen SIBIISIETCS pacmupenue
(YHKIMOHATIBHBIX  BO3MOXKHOCTEH  CHUCTEMBI  ITyTEM
KOHTPOJS 3a BBINONHEHHEM rpaduka 3aJaHHOTO
MaplipyTa JBWXKEHHsS IpU PErHCTpalMd MU KOHTPOJIE
pPEHCOB MEPEBO3KU YpOxkKasi 3€PHOBBIX TPAHCHOPTHBIMU
CpeICTBaMHU.

KiroueBble cji0Ba: cucTema, perucTpanus, KOHTPOJIb,
pe¥ic, nepeBo3Kka, ypokan, TpPaHCIIOPTHOE CPENICTBO.
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Summary. In Ukraine and abroad in several sectors of
industries, a system of informational support of products
lifecycle. Which is based on the standardized
representation of product data and assumes brand
warranty and post-warranty service. Such technologies
typically include control system reliability: the system
collects information about failures, scheduled and
emergency repairs, as well as about the technical
condition detected with special test and diagnostic tools.
Similar systems are being introduced in the high
technology industries of our country, and in the sphere of
technical maintenance of combine harvesters are being
introduced separate elements of the system.

Analysis of the possible production situations with an
organized enterprise centralized technical maintenance of
combine harvesters on the technical condition of the units
allows to make a conclusion on what to reduce in-plant
losses is possible by reducing errors and detection of
aggregates and their distribution.

Selection of artificial neural networks as a mathematical
apparatus for the solution to reduce error detection of
aggregates and their distribution for technological routes
at the centralized maintenance of combine harvesters was
justified by the ability of this mathematical tool to the
study, analysis and retention results, as well as high
adaptation to the solution of the problem.

When building a neural network classifier of the system
of technical maintenance of combine harvesters, it is first
necessary to determine the complexity of the division of
objects into classes. To simplify the problem of
classification of the system of technical maintenance of
combine harvesters, it is necessary to achieve a linear
separation of the objects of study.

Since the task involves more than two classes of system
of technical maintenance of combine harvesters for the
distribution of units between them, the most efficient
method of forming output signals will be a set of vector
components. In other words, every possible defect
combine harvester will have its output signal, and the
presence of a defect or lack of it will say 0 or 1 on the
corresponding output. It is very important to achieve close
as possible to 0 or 1 values, this requires preprocessing
the input data.

Key words:  modeling,
maintenance, combine harvester.

technology,  operation,

INTRODUCTION

The use of monitoring was especially effective with
acquisition of parts and assigning routes to restore worn

parts, as the decision about the technical condition of a
part, assembly or assembly of combine harvesters was
carried out by computer, which allowed to reduce the
influence of subjective factors in the allocation of
maintenance fund for trails.

The functions of the majority of computerized control
systems for maintenance of combine harvesters in the
agricultural repair shops has been expanded by adding the
possibility of inventory management and maintenance
personnel.

Later, any system, EAM system (from the English.
Enterprise Asset Management), which are mainly used to
maintain production equipment and machinery in good
technical condition. These systems can consistently
manage the following processes:

* maintenance,

* manage inventory,

* logistics,

+ management of finance,
resources under a unified strategy.

When implementing data systems in the enterprise
focus on reducing the cost of maintenance of combine
harvesters without compromising the level of reliability,
or to improve certain production parameters without
increasing costs.

Of EAM-systems for the sphere of technical
maintenance of combine harvesters appeared in the
integrated management — MRO-system (from the English.
Maintenance, Repair and Overhaul), whose main purpose
is automation of the planning activities of personnel
involved in the maintenance of combine harvesters, and
provide them with the necessary resources. In addition,
these systems involve functionality for informing and
solving a number of problems:

* manage timing of service and cancellation of
combine harvesters,

* optimization of structure and size of the Park of
combine harvesters,

* storing information about each unit of the convoy of
combines, failures in the process of operation, and also
maintenance of combine harvesters,

* support the territorial subdivisions of the enterprise,
engaged in technical maintenance of combine harvesters,
in the framework of a unified strategy.

quality and human

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In Ukraine and abroad in several sectors of industries,
a system of informational support of products lifecycle [1,
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2]. Which is based on the standardized representation of
product data and assumes brand warranty and post-
warranty service [3, 4]. Such technologies typically
include control system reliability: the system collects
information about failures [5], scheduled and emergency
repairs [6], as well as about the technical condition
detected with special test and diagnostic tools [7]. Similar
systems are being introduced in the high technology
industries of our country [8], and in the sphere of
technical maintenance of combine harvesters are being
introduced separate elements of the system [9].

Currently in control theory the processes of technical
maintenance of combine harvesters is popular techniques
service-oriented reliability of machinery and equipment —
known in the world as RCM (Reliability—centered
Maintenance) [10, 11]. According to this method, the
maintenance of all units of combine harvesters in
immaculate condition not an end in itself, the main thing
is the efficiency of the production system as a whole and
not the performance of each unit [12, 13].

The goal of RCM is to ensure reliable operation of
critical facilities [14], in accordance with their criticality
[15], the failure of which will entail significant
consequences [16]. In the assessment of impacts takes
into account the various risks — disruption of the

production plan, compliance with product quality,
environmental disaster [17].

The main stages of the RCM analysis [18-20]:

* A — definition of the limits of the system and/or
subsystem

« B — define all functions of the system and/or
subsystem

 C — identification of functionally significant items
(FSI),

* D — define the reasons of failures of functional
elements, forecasting of failures and probability of their
occurrence,

* E — use problem solving to classify the results of the
failure of functionally important elements

» F — select operations for the initial maintenance
program combines

* G — in case some operations for maintenance of
combine harvesters can not be established, the set of
operations is reviewed

« H — create a dynamic programme of technical
maintenance of combine harvesters as a result of planned
and systematic maintenance by monitoring (systematic
monitoring), the collection and analysis of operational
data.

1. Was there an obvious risk of failure
combine harvester during normal

| |
| |
| |
| -
I operation? :
| |
| |
l Yes No :
| v v |
| - - - -
| | 2. The explicit refusal of a forage harvester 3. Hidden failure combine harvester :
| |
: Failure or the cause of secondary faults The combination of latent failures and, at :
| affect the reliability of operations of least, other waiver of the relevant or |
I harvest redundant functions of the system affect I
: the reliability of the harvest !
| |
| |
| ——————— - |
| |
: Yes No :
| Yes No |
| v |
: 4. Does the failure function :
| directly on the operational ability? |
| |
| |
: Yes No I
|
| |
| A4 I
: 5. Results v v A v :
| affecting the 6. Results 7. The results 8. Results 9. The results [
| operating affecting the involving affecting the do not affect |
: reliability reliability expenditure reliability reliability :
| |
| |
| |

Fig. 1. The decision tree for maintenance of combine harvesters in the system of the RCM
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OBJECTIVE

The article presents the analytical statements of
methodological approaches to modeling technology in
centralized technical maintenance of combine harvesters.

THE MAIN RESULTS OF THE RESEARCH

The first step when using the RCM methodology is to
define the limits or boundaries of the subsystem. This
means that the system is divided into subsystems of more
than simple complexity.

The second step is the identification of functionally
significant elements.

The next step involves identifying the causes of
failures of functionally important elements and the
prediction of the probability of their occurrence.
Qualitative methods (based on the collective professional
opinion and practical application) and quantitative
methods (e.g., method of analysis of the nature and
consequences of failures (FMEA—Failure Modeand Effect
Analysis) or the method of risk analysis) can be used to
identify the causes and results of failure elements. The
average time to failure is based on competent analysis
diagram cause — failure — effect.

Logical tree of decision-making shown in Fig. 1, is
used to classify the results of failures.

Analysis of the nature and consequences of failures
(FMEA) and logic tree decision making (FTA-Fault Tree
Analysis) faults, can be a successful approaches in
solving the tasks related to the prioritization of
Troubleshooting in the first place.

If the probability of failure was predictable even
during normal system operation, this denial is explicit,
otherwise it is classified as hidden.

Centralized maintenance of combine harvesters
according to the technical state based on the principles of
the routing technology and information technology, a key
factor in the question of its effectiveness.

In Fig. 2 presents a breakdown of technological and
information support of the centralized maintenance of

combine harvesters, which greatly determine its
effectiveness.
However, in addition to the technological and

information support and the efficiency of centralized
maintenance of combine harvesters is also significantly
affected by the human factor, which is the origin of the
false defect of 1st kind and 2nd kind the pass of the defect
at the stage of pre-repair diagnosis.

System of centralized maintenance of
combine harvesters

1. Technological support

2. Information support

1.1. Mapping the reliability of
operated combine harvester

2.1. Analysis of causal relationships
of the parameters of the technical
state of combine harvester

1.2. Analysis of defects unit and
combinations thereof

1.3. Structuring defects, their
combination works and maintenance
for their elimination

1.4. Formation of typical
combinations of maintenance work

2.2. Drafting a priori the totality of
control and diagnostic operations for
pre-repair and repair diagnosis
combine harvester

2.3. Monitoring of current and future
methods and means of diagnostics of
combine harvester

1.5. Development of standard
technological process of
maintenance combine harvester

1.6. Monitoring  probabilistic-
statistical characteristics of
parameters of technological process,
maintenance of combine harvester

2.4. Calculation of probability-
statistical and cost parameters
control and diagnostic operations of
combine harvesters

2.5. Formation of rational number
and composition of control and
diagnostic operations

Fig. 2. Components of technological and information support of the centralized maintenance of combine harvesters
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In Fig. 3 and Fig. 4 presents the dependence of the  operator-diagnostician of repair works, P — working
recognition errors of the 1st kind from the time of day category of the operator-diagnostician, W — the age of the
(depending on shift) taking into account the category and  operator-diagnostician, years, L — shift working time pre-
age of the operator-diagnostician, where o is a recognition  repair diagnosis, hour.
error of the 1st kind of false defect determination of the

a

— ————

0,0300

0,0275

0,0250 :
% =4, Wi=36
0,0225 : / /
5

0,0200 / ;
W 47
00175 / S
1 p-s5. Wt39
//
00150 [——1]
8 9 10 11 12 L. hour

Fig. 3. The dependence of the probabilities of errors of the 1st kind, the first shift from time to time taking into
account the category and age of the operator-diagnostician
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0,0200 . ‘/,A 5 W.=55 ]
— P=5W=P9
0,0150
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Fig. 4. The dependence of the probabilities of errors of the 1st kind the second shift from time to time, taking into
account the category and age of the operator-diagnostician
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In Fig. 5 and Fig. 6 are presented the dependence of  diagnostician of repair works, P — working category of the
the recognition errors of the 2nd kind from various operator-diagnostician, W — the age of the operator-
factors, where [ is the recognition error of the 2nd kind  diagnostician, years, L — shift working time pre-diagnosis,
the pass of the defect in the definition of the operator -  hour, N — the time unit (mileage), hours.
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Fig. 5. Dependence of the probability of error of the 2nd kind from the time of the day taking into account the
category and age of the operator-diagnostician
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Fig. 6. Dependence of the probability of error of the 2nd kind from the achievements of the unit
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The design process centralized maintenance of
combine harvesters is due to the formation of the most
efficient  production-technical base, providing a
significant reduction in internal losses of the agrarian
enterprises. In this case external to the plant-specific
factors, in accordance with the purpose and objectives of
the present study can be considered a force majeure and to
exclude them from further analysis.

Taking as a basis the classical form of organization of
centralized technical maintenance of combine harvesters,
where the process of disassembly K = {k:k = 1,K} of
units of combine harvesters is the set of installed in
advance of typical combinations of repairs (more complex
restoration work), the objective function of the study can
be represented as an additive expression, which
characterize current production losses:

CZVN = ZCZsh :(CZobs + CZprop + Czdis) Ng — min,

where: Csyyny — generalized loss of industrial repair
business, UAH,

Cysn — loss of production generated by the error
distribution of the repaired units to complex recovery
operations, UAH,

Cyons — the costs of unnecessary work in eliminating
erroneously detected defects, UAH,

Cyprop — COsts of executing the conditionally re-work
when skipping erroneously detected defects, UAH,

Cyais — losses generated by errors in the allocation of
the units on the technological routes of repair, hryvnia,

Ng — production program of the enterprise, units/year.

In addition, each set of reconstruction efforts
represents some subset of {i}¢ repair (disassembly and
assembly) operations, many R = {r:r =1, R} which is
necessary and sufficient, to eliminate defects of any units
among the repaired at this facility.

Component Cy, — the objective function (2.1) can be
expressed functional:

Cyan = £ (Cyj, Pyp),

where Cj — generalized cost of running works on
revealing and elimination of the i-th defect the j-th repair
of the unit, UAH,

Pij — probability of the event consisting in the
occurrence of recognition errors of the i-th defect the j-th
repair of the unit.

The probability Py, taking into account the provisions
of probability theory, you can define the following
expression:

Pij = aj + Bij,

where a;; — the recognition error of the 1st kind (false
failure) of the i-th defect the j-th repair of the unit at the
stage of pre-repair diagnosis,

Bij — recognition error of the 2nd kind (omission
faults) of the i-th defect the j-th repair of the unit at the
stage of pre-repair diagnosis.

Introducing integer variables taking values:

5y =1,

where: 1 — where a; are the recognition error of the 1st
kind (false failure) of the i-th defect the j-th repair of the
unit if the i-th missing defect of the j-th repair of the unit
is determined to be present,
0 — otherwise (false failure).

Mij={;1

where: 1 — if the i-th present the defect of the j-th repair of
the unit is defined as missing,
0 — otherwise (skipping faulty).

The probability Pj; can be written in expanded form:

Pij = {1-[5ij (1-ajj)+ mij(1- Bijl}-

In the general case due to an erroneous determination
of the i-th defect the j-th engine, when in reality is no
such defect (about fault — oj) any losses Cygps. CoSts
Csprop — to conditionally re-run work generated errors
resulting from crossing the i-th defect PD of the j-th repair
of the unit (omission faults).

Analysis of the possible production situations allows
us to represent the functional Cyyy in the following form:

CZVN = ZCZsh :(CZObs + CZprop + Czdis) Ng.

Thus, the achievement of the goal — reduction of
internal losses in operation of the system of centralized
maintenance of combine harvesters is possible only when
solving the task of decrease of absolute values of errors at
all stages of the production process restore functionality.

A set of methods for data mining object of research
called Data Mining. Knowledge produced by these
methods usually represent in the form of models.

One such class of models are the artificial neural
network is a mathematical model that represents an
ordered set of artificial neurons that are linked together in
a certain way.

Selection of artificial neural network as a
mathematical apparatus for the decision of tasks of
recognition of defects the repair of units of the Fund and
their distribution for complexes of repairs in a centralized
technical maintenance of combine harvesters due to
several reasons.

1. With the ability to learn and remember, and by
changing the adaptive parameters of the artificial neurons
of the network, it is possible to achieve a high degree of
accuracy when solving this problem.

2. The use of artificial neural networks allows to
avoid the process of accumulation of statistical
information for calculation of probabilities of occurrence
of defects (as does the method of organization and
optimization of technological processes centralized
maintenance of combine harvesters on standard
combinations of repairs) for the optimal allocation of
units for complexes of repairs.

3. Check the adequacy of the constructed on the basis
of artificial neural network models is carried out using
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test samples that are formed during the experiment the
object of research, which ensures a high degree of
reliability models.

In the application of artificial neural networks first of
all the question of the choice of the network architecture
(number of “hidden layers” and the number “artificial
neurons” in each of them) for a specific task.

An artificial neuron is a node, artificial neural
networks, modeled after the simplified principle of
functioning of biological neuron. The first work that laid
the theoretical foundations for creation of intelligent
devices, is the article by W. Mac-Colloca and V. Pitts.

From a mathematical point of view, an artificial
neuron is a function of a single argument — a linear
combination of all signals at the input (this function called
the activation function), which produces an output signal
of the neuron.

In general, the mathematical model of artificial
neuron is the weighted adder and has the form:

J— n — n
S=2axiwit X0 wo = XX W,

where: S — weighted sum of the input signals of the
neuron,

x; — value at the i-th input neuron,

w; — weight of the i-th synapse,

n — number of inputs,

x, and w, — accordingly, the values of the additional
input (X,=1) and its weight.

The output value of the neuron is a function of its

state:

Y =f£(S),

where: f(S) — activation function.

All layers of a neural network can be divided into
three groups:

« the first layer of neurons in a multilayer neural
network is called the input. It usually do not perform any
computational operations, since it consists of neurons,
which are used for receiving data (signals) and further
transmission to the inputs of hidden layer artificial neural
networks,

* hidden (intermediate) layers are the key, because
often make up a large part of the structure of artificial
neural networks,

« the output layer — the result of the operation of the
network.

Choice sigmoid as the activation function because it
is differentiable on the entire axis x and has a very simple
derivative. When using the back-propagation algorithm
errors, it accelerates the learning process of the network.

The output value of the neuron with sigmoidal
activation functions, takes the following form:

1
1+e~aS’

Y =f(5) =

In Fig. 7 graphically shows the model of an artificial
neuron, where the number of input signals is denoted by
X. Here multiple signals x;, X, X3, .., X; at the
corresponding inputs (in the aggregate denoted by the
vector X) have their weights (which reflect the strength of

synaptic connections and their set is denoted by the vector
W). The product of the signals and the corresponding
weights is supplied to the summing unit, which
algebraically adds the inputs.

o T S Y
— % 3l >

Fig. 7. Model of artificial neuron

The resulting sum, the value obtained is the argument
of the activation function, which generates the output
value Y.

Based on theoretical elaborations Hecht-Nielsen the
question of the optimal number of hidden layers, as well
as from the analysis of the practical applicability of
artificial neural networks for different classification tasks,
we can conclude that using more than two hidden layers
in the network design are often inappropriate.

Formula, which is a consequence of the theorem of
Arnold—-Kolmogorov—Hecht-Nielsen, it is possible to
calculate the required number of neurons for the hidden
layer.

First there is the assessment of necessary number of
synaptic weights when:

— _Nw
Ny+Ny'

L

However, as the practice of constructing artificial
neural networks in this approach, one can argue that the
number of neurons in the hidden layer was optimally
matched to the task, in addition, usually the result is a
large scale interval, which is the value of L.

Therefore, a consequence of the theorem of Arnold-
Kolmogorov—Hecht-Nielsen will be used only to
determine the upper limit values of the neurons (R) in the
hidden layer. Dropping the lower bound of the interval,
and equating the remaining N,, to the upper boundary and
substituting in the formula, we get:

N, -Q

)

— 2 " <N.<N. -[=—+1):
1+1log,Q ~ V=7 (Nx+
“(Ne + Ny +1) + N,,.

where: N,, — number of neurons in the output layer,

Q — the number of values of the training sample,

N,, — the required number of synaptic weights,

N, — number of neurons in the input layer.

After that, the number of neurons in the hidden layer
will be determined by the formula:
Ny-(N%+1)-(Nx+Ny+1)+Ny

Ny+Ny

R =

Further, R is used as the upper limit to which the
number of neurons will grow until it reaches the optimal
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values. As the experience of building models based on
artificial neural networks, capacity of neurons in the
hidden layer over the resulting limit R in most cases is
impractical.

Technical condition of each of a plurality O={O;:
i=1,2 3, .. M} received at the repair Fund units of
combine harvesters is characterized by a set of
controllable parameters whose values are determined at
the stage of pre-repair diagnosis with centralized technical
maintenance of combine harvesters. Certain combinations
of these parameters and their values imply the presence or
absence of defects of the units.

We introduce the notion of the ability to
generalization ability is acquired in the process of
learning property of a neural network to give correct
results for any new input combinations that did not
participate in the learning process.

If an artificial neural network give a high percentage
of correct results not only for training samples but also
new, previously unknown examples, it is considered that
it has acquired the ability to generalize.

In the case where a high percentage of correct results
are ensured only for training samples and test samples is
often wrong, it can be concluded that neural networks do
not have the ability to generalize.

Let the number of complexes and rehabilitation
works in the centralized technical maintenance of
combine harvesters is known in advance the value of Z,
and X is a combination of controlled parameters of the
units, coming in repair fond. Deviations in parameter
values from nominal indicate the presence of defects in
the units Y. In this case, the task of neural network
classification is reduced to the construction of the
algorithm ©®, where the initial stage, the classification
®: X — Y, based on acquired in the learning process, the
ability of neural networks to generalize, and further there
is a distribution of the aggregate units in the complex of
restoration work on from the identified combinations of
defects: ®: X — Y, whereyeYandyeZ.

When building a neural network classifier of the
system of technical maintenance of combine harvesters, it
is first necessary to determine the complexity of the
division of objects into classes. To simplify the problem
of classification of the system of technical maintenance of
combine harvesters, it is necessary to achieve a linear
separation of the objects of study.

Since the task involves more than two classes of
system of technical maintenance of combine harvesters
for the distribution of units between them, the most
efficient method of forming output signals will be a set of
vector components. In other words, every possible defect
combine harvester will have its output signal, and the
presence of a defect or lack of it will say 0 or 1 on the
corresponding output. It is very important to achieve close
as possible to 0 or 1 values, this requires preprocessing
the input data.

CONCLUSIONS

1. Thus, the achievement of the goal — reduction of
internal losses in operation of the system of centralized

Dmytro Kalinichenko, Ivan Rogovskii

maintenance of combine harvesters is possible only when
solving the task of decrease of absolute values of errors at
all stages of the production process restore functionality.

2. Further, R is used as the upper limit to which the
number of neurons will grow until it reaches the optimal
values. As the experience of building models based on
artificial neural networks, capacity of neurons in the
hidden layer over the resulting limit R in most cases is
impractical.

3. Since the task involves more than two classes of
system of technical maintenance of combine harvesters
for the distribution of units between them, the most
efficient method of forming output signals will be a set of
vector components. In other words, every possible defect
combine harvester will have its output signal, and the
presence of a defect or lack of it will say 0 or 1 on the
corresponding output. It is very important to achieve close
as possible to 0 or 1 values, this requires preprocessing
the input data.
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MOJIEJIMPOBAHUE TEXHOJIOT MU
BBIIIOJIHEHUS PABOT I1PU
LHEHTPAJIM30BAHHOM TEXHUYECKOM
OBCJIYKUBAHWM 3EPHOYBOPOUYHBIX
KOMBAMHOB

JImumpuii Kanunuuenxo, Hean Poeosckuii

AnHoTanus. B YkpauHe u 3a pyOe:xoM B psijie oTpaciecit
HPOMBIIIJIEHHOCTEH IIpUMEHseTCs cucremMa
UHOOPMALIMOHHON  MOJJEPKKH  KM3HEHHOTO  IMKJIA
H3IETHSL. B OCHOBE KOTOpOil JIEKUT
CTaHIAPTH3UPOBAHHOE TMPEICTABICHHE MOAaHHBIX 00
W3JCNIMA ¥ TIpearoyiaracTcss (QUPMEHHOE CEPBHCHOE
rapaHTUHHOE W  IOCTrapaHTHiiHOe  OOCITy)XHBaHUE.
[MomoOHBIE TEXHOIOTHH, KaK MPaBUJIO, BKIIFOYAIOT B ceOs
CHCTEMY YIPABJICHUS HAAEKHOCTBIO: OCYIIECTBISIETCS
cbop cBemeHM 00 OTKazax, IUIAHOBBIX M AaBapHHHBIX
pEeMOHTaxX, a TaKkKe O TEXHHYECKOM COCTOSHHUH
BBISIBIISIEMBIX C TIOMOIIBIO CIEIUAIBHBIX KOHTPOJIBHO-
JUarHOCTHYECKUX cpelCcTB. I1000HbIE CHCTEMBI aKTHBHO
BHEJIPSIFOTCA B HAYKOEMKHX OTPACIISAX HMPOMBIIIICHHOCTH
HaIlleH CTpaHEL, a B cepe TEXHUIECKOTO OOCTYKHUBAHUS
3epHOYOOPOUYHBIX KOMOAHHOB BHEAPSIOTCS OTIEIBHBIC
AJIEMEHTHI JAHHOH CHCTEMEL.

AHamm3 BO3MOXHBIX NPOU3BOJICTBEHHBIX CUTYAIMHA IPH
OpPTaHWU30BaHHOM Ha TMPEINPHUATHH IIEHTPATH30BaHHOM
TEXHUYIECKOM 00cTy)KHBaHUHU 3epHOYOOpPOYHBIX
KOMOAfHOB 10 TEXHHYECKOMY COCTOSIHHIO arperaTtoB
MO3BOJISIET ceNaTh BBIBOA O TOM, 4YTO JOOHTHCS
CHIDKCHHMS BHYTPHUIIPOM3BOACTBEHHBIX IOTEPh MOXHO
IIpU CHIDKCHUH BO3HMKAIOIIMX OIIMOOK pacIo3HaBaHUA
JIeeKTOB arperaToB M UX PaclpeneeHHs.

Br16op HMCKyCCTBEHHBIX HEWPOHHBIX CETEl B KadecTBe
MaTEeMaTUYECKOT0 ammapara Uil pelICHUs 3aladd
CHI)KEHHs OMIMOOK pacro3HaBaHUs Ae(EeKTOB arperaTros
U UX pacupeliesieHus MO TEXHOJIOTHUYECKUM MaplIpyTam
IPU [EHTPAIA30BAHHOM TEXHHYCCKOM OOCITY>KUBAHUH
3epHOYOOPOYHBIX KOMOAHOB 00OCHOBAaH CIIOCOOHOCTBIO
JAHHOTO MAaTeMaTH4YecKoro ammapara K OOy4yeHwd,
aHaJU3y ¥ 3aTIOMHUHAHUIO PE3YyIbTAaTOB, a TAKXKE BBICOKON
aJIanTalyy 0/ PEIIeHUE TIOCTaBICHHOM 3a/1a9n.

I[Ipu mocTpoenunm HeWpoceTeBoro KiaccupukaTopa
CHCTEMBI TEXHUYIECKOTO 00CITy>)KUBaHUH
3epHOYOOPOUHBIX KOMOaitHOB, pexae BCETO,
HEOOXOIMMO  ONPENCIHTh  CIIOKHOCTh  pa3ielcHHS
00bEeKTOB Ha Kiaccel. Jlnsg  ympomieHus  3amauu
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KJacCU(UKAIMM CUCTEMBbl TEXHHYECKOTO OOCIY)KHBaHUU
3epHOYOOpPOYHBIX  KOMOAHHOB,  cileayeT  JOOUThCS
JIMHEHHOTO paszieseHust 00bEKTOB UCCIIEOBAHMUSI.

Tak kak mocTaBlieHHas 3ajada I0jpa3yMmeBaeT Oosee
IIByX KJACCOB CHCTEMBl TEXHHYECKOTO OOCITYy)KHBaHUH
3epHOYyOOpPOYHBIX ~ KOMOAWHOB I paclpeieieHUs
arperaToB MeXAy HUMH, TO HamOojiee pParMOHAIbHBIM
crocoboM (HhOpMHUpPOBaHUS BHIXOJHBIX CHUTHAJIOB OyaeT
SIBIISITHCSL COBOKYITHOCTH KOMITOHEHTOB BeKTOpa. VHBIMHU
CJIOBaMH, KaXKAbIH BO3MOXHBIH IEPEKT 3epHOYOOPOUHBIX
KOMOaifHOB Oy/JeT MMETh CBOI BBIXOJHOW CHTHAN, a O
HaM4YnK Aedekra Wik ero OTCyTCTBHH OyzaeT roBoputh 0
win 1 Ha COOTBETCTBYIOIEM BbIxoae. IIpu sToM o4eHB
BaXKHO JOOUTHCSA KaK MOXXKHO Oosiee Onm3kux k 0 wimm 1
3HAUeHWH, JUI1  3TOr0  HEOOXOJMMO  IIPOBECTH
MIpeaBapUTEIbHYI0 00padOTKy BXOTHBIX JaHHBIX.
KiioueBble cjoBa: MOAETHPOBAHWE, TEXHOJOTHS,
paboTa, TeXHHYECKOe OOCIYyXHBaHHE, 3epHOYOOPOUHBII
KoMOaifH.
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Summary. In the article the requirements to the
mathematical model of the process of technical operation
of agricultural machines selected by model class and the
method of modeling. It is possible to develop the
formalized description of the process of recovery of
agricultural machinery, is investigated to justify the form
of performance indicators and the optimality criterion is
to implement the mathematical formulation of specific
problems of the study.

On the basis of a formalized description of the
mathematical model of process of technical exploitation
of the object of agricultural machinery in the regenerative
recovery process. The analytical dependence of the
parameters on the parameters of the maintenance system
for the case of single-stage periodic monitoring of
performance. The obtained expressions to calculate
asymptotic estimates of the selected performance
indicators with exponential distributions of uptime object
of agricultural machinery and time independent
manifestations of failure in operation.

Stochastic models are usually classified as random
processes and can represent processes with discrete States
(set of States finite or counted) and continuous set of
States (set of States is in one-one correspondence to the
set of points of a numerical interval), discrete time
(random sequence) and with continuous time. Currently
being developed by a large number of stochastic models
used to describe the operation of complex technical
systems, the main classes which are: logical, linear,
Gaussian, automatic, aggregation, Markov, semi-Markov,
regenerative, multi-component models in the form of
systems of mass service.

Examines the case of multi-stage maintenance subject to
the full control of the technical condition of objects of
agricultural machinery.

Key words: modeling, technology,
restoration, agricultural machine.

model, method,

INTRODUCTION

Stochastic models are usually classified as random
processes and can represent processes with discrete States
(set of States finite or counted) and continuous set of
States (set of States is in one-one correspondence to the
set of points of a numerical interval), discrete time
(random sequence) and with continuous time [1].
Currently being developed by a large number of
stochastic models used to describe the operation of
complex technical systems, the main classes which are
[2]: logical, linear, gaussy, automatic, aggregation,

Markov, nephwrack, regenerative, multi-component
models in the form of systems of mass service.

In the framework of probabilistic Boolean model
assumes that the functioning of a technical system can be
represented in the form of series-parallel circuits with
input and output, as well as a specified number of
intermediate nodes (contacts), isolation of which is
interpreted as the event that is modeled. It is clear that
such a simple interpretation of the functioning of
technical systems does not allow the use of probabilistic
logic for the adequate quantitative description of the
process of technical operation of objects. This class of
models generally used for the simplified probabilistic
calculation of reliability of technical systems are
investigated in [3]. Thus, a Boolean probabilistic model
satisfies only the requirements of 3.4.

The difficulty with linear [4] and gaussy [5]
probabilistic models to describe the process of technical
operation of agricultural machines is the complexity of
the justification of a linear relationship between the
parameters describing the operating rules and indicators
of its effectiveness, as well as in the severity of the agent
linear transformation (the transfer function). It is obvious
that the application of these classes of models allows to
satisfy requirements 1 and 3 [6].

Thus, using the logical, linear and gaussy
probabilistic models the process of functioning adequately
described only for a limited range of technical systems,
subject to stringent laws that are appropriate to the models
assumptions regarding the probabilistic nature of random
processes is considered [7].

Automatic statistical and probabilistic models are
based on the concept of technical systems, which are
modeled as finite state machines (units) [8]. Functioning
of real technical systems in the framework of automatic
(statistical) model is described by the transition operator
and the operators, and outputs, as well as diagrams of the
combinations, characterized by the combination of
contact sets and operators combinations. Probabilistic
automata (units), typically used to assess complex
technical systems with unreliable elements, systems with
variable time-random structure and systems, structure and
status of which at some point time not known and cannot
be described only in terms of probability theory [9]. Like
any universal system, aggregative approach leads to an
overload of the model, which is a significant drawback for
the system, consisting of hundreds of elements, which is
the system of exploitation of the park. In addition, a
model is built as a modular system loses visibility [10],
which can be a significant barrier to its active use. Thus,
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the use of these classes of models allows to satisfy the
requirements 1 and 2 [11].

Research has shown [12] that for real stochastic
systems that change their state abruptly, characterized by
a finite number of possible transitions determined by a
finite number of random factors changing the state of the
system. Each of these factors is characterized by a certain
random time effects, that depends, as a rule, from the state
of the system. In this regard, many stochastic models of
systems are highlighted Markov, nephwrack and
regenerating system [13].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The process of docum functioning of technical
systems S in a Markov model describes a Markov

process S(t), which can be represented as a random

process with discrete or continuous states, discrete or
continuous time [14]. In practice, to describe the process
of functioning of real technical systems, typically use a
Markov process (MP) FPS with discrete and continuous
time [15]. In this case, it is assumed that the simulated
system S can be in finite set of states E :{el,e2 By }

where is the number of all possible states. The process of
evolution of the system S by changing its states
S(T)=S, due to the transition from one state e to

another e [16]. Markov process is determined

Markovsky property that is created by the independence
of the transition probabilities of the system from a given
state from all the previous evolution of the system before
falling into this state and independent of the distributions
of length of stay in the state @ from all preceding this

condition of the system evolution [17]. However, the
strong restrictive assumption in Markov models is the
assumption about exponential distribution of length of
stay of the simulated system @ _, in any of model states

E={e.e,,...e } [18].

Studies have shown [19], the formal description of
most technical systems such that knowledge of any
previous history of this system does not significantly
affect its state in the future, in connection with the class of
Markov systems have been widely used for the
mathematical description of processes of functioning of
different technical systems. This is also due to the high
visibility of the Markov model, the adoption of a
relatively small number of assumptions, simplicity of the
mathematical apparatus of analysis.

However, the condition exponentialist the
distributions of the residence time in model States which
provides the effect of lack pclady Markov process, in
practical tasks of technical operation, which involves
performing various operations and repair, is rarely
performed. Primarily, this is due to the presence in the
process of operation States of the planned checks and
controls, various types of maintenance etc. with specified
time and nawaseri flow that takes the system from state to
state [20]. Thus, the Markov model satisfies the
requirements 1, 3, 4, but does not satisfy the requirement

2 that do not adequately describe the real process of
technical operation of agricultural machinery within a
Markov probabilistic model.

Probabilistic model is characterized by the fact that it
is free of restrictions on the law of distribution of
residence time in model states [21]. In this regard, the
class napumsaka systems is more suitable to describe the
operating rules of real complex technical systems, in
which change of state occurs under the action of random
factors, accessible to observation and mathematical
description. NMZ insufcient effective mathematical
apparatus for the analysis and represent an immediate
generalization of Markov chains to the case of arbitrary
distributions of time spent in states [22]. Along with the
fact nephwrack models require quite a considerable
statistical material to adequately specify the distributions
of the residence time in model states, which is not always
possible and leads to significant errors due to subjective
assumptions of the researcher about FRC stay in the states
[23].

In the vast number of problems of applied nature of
the use of the Markov approximation yields solutions
with an accuracy of within the accuracy of the input data.
Modeling of PTE of complex technical systems using
Markov processes (napumsaka) recovery have shown that
in most cases, this error is limited to 3...5%. Therefore, a
class napumsaka models meets the requirements 1, 2, 4
due to requirements 3, 6.

OBJECTIVE

The process of technical exploitation of fleet is a
complex interconnected stochastic process of functioning
of separate objects of agricultural machinery in the vessel.
Such a system can be described by classes of
regenerating, multi-component stochastic systems and
queueing systems.

THE MAIN RESULTS OF THE RESEARCH

Class of multicomponent systems stands out from a
wide range of stochastic systems because the evolution of
such a system is set napumsaka model that adequately
describes it, and yet sufficiently affordable and efficient
in the analysis of the operation [79]. In this case I, it
k =1,L is assumed that the system which is investigated,
consists of a finite number of objects, each of which can
be in a finite number of N,, k =1,N, possible states.

The functioning of each object |* is described by semi-
Markov process (|"n O, n 20) in a finite phase space of

states (FPS) EX =1,N. This assumes that each object
operates independently of the other objects in the system.
Multicomponent system is set to a finite collection of
independent napumsaka (NM) (|kn ,@"n;nzo) updates
with the ultimate FPS EX =1 N .

This class of systems has an effective unit of analysis
that when using the NM model of the process of technical
operation of a single object of agricultural machinery as
part of the fleet of vessels makes it relatively easy to
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estimate the desired characteristics of the Park of the
same objects of agricultural machinery. Class of
multicomponent systems satisfies the requirements 1, 3,
but not entirely consistent with requirement 2 and does
not satisfy the requirement 4.

From the assumption of independence of the
functioning of the individual objects are deprived of the
models constructed in the form of systems of mass service
(SMO). The functioning of a complex system describes
the SMO is represented as a certain set of service
channels with a particular service mechanism that
receives a stream of service requests with a given
discipline of the queue. A characteristic problem of the
theory of mass service is the relationship between the
nature of stream applications, the performance of
individual channels and the efficiency of the service.

Currently, the analytical solution of the
characteristics for SMO with a simple discipline turns and
elemental structure, as a rule, is characterized by the
Markov properties of the process under study. Thus, the
class of stochastic models in the form of the CFR satisfies
the requirements of 1.4 but not fully satisfies
requirements 2, 3.

The other broad class of models are models that use
regenerative stochastic processes. These models are based
on the assumption that the examined technical object
during operation with a probability in finite time (cycle
duration) is some condition (time of regeneration), in
which all previous history ceases to affect its further
evolution. The functioning of a technical object describes
a regenerative process with a finite set of regeneration
cycles, each of which consists of a finite multiple of the
number of phases (States) in the ultimate FPS , and not
necessarily to the process in each first cycle went through
all the phases. The cyclical nature of these random
processes facilitates the study of their asymptotic
properties, which is consistent with the purpose of this
study. Furthermore, unlike Markov models do not put
forward strict restrictions on the distribution of the
residence time in model States. But the idea of PTE in the
form of a regenerative process involves that the stream of
recoveries is recurrentis.

This class of models has an effective unit of analysis,
that the representation of the process of technical
operation of complex technical systems in the form of
regenerating makes it easy to determine stationary
characteristics for a fleet of similar objects SK. The class
of models regenerative processes satisfy the requirements
1 - 4 and does not meet the requirements 5, 7.

The results of the analysis of stochastic models of
functioning of objects of operation, are used to create
mathematical models of PTE of complex technical
systems, allow you to choose the class of models that use
regenerative repair processes. The use of models of this
type allows to solve successfully the problem of choice of
rational strategies and repair, and in some cases can be
solved the problem of optimization.

Definition of probability characteristics of stochastic
models can be handled in various methods of simulation
of random processes. Distinguish between analytical,
simulation and combined methods.

Analytical models are usually used in cases when the
number of parameters characterizing the studied process,

is not very big, any dependence between them is not very
difficult. They allow using algebraic, differential,
difference and other equations to establish the formulae of
dependence between the main determinants of the studied
process and the indicators of its efficiency. They are also
convenient and the fact that their construction and study,
you can apply different mathematical methods and
techniques.

Methods of analytical and stochastic analysis provide
the formulation and solution of systems of differential
equations for the probabilities of possible States of PTE,
which allows to satisfy the requirements of consistency
and reliability, due to the possibility of obtaining the
distributions of the desired characteristics of the model
and the values of the desired performance indicators
according to the results of the calculations can be
obtained with a single value of confidence and zero —
confidence interval. In addition, this method provides
controllability results and low complexity computing.

In probability theory differential equations are made
taking into account the state of each object operation and
its characteristics that technical systems large scale (Park
courts or its components) leads to a sharp increase in the
number of equations. As a consequence, the model loses
clarity and does not meet the requirements regarding ease
of creation and control of simulation results.

A common disadvantage of the analog-to-stochastic
and theoretical mornong modelling techniques is the
inability to develop on their basis a universal adaptive
model of PTE of objects SK, due to the fact that any
changes in the composition of the state space the
operating rules or the distribution functions of time (FRC)
stay in the model state leads to the need to re-output all
required analytical dependences for the evaluation of
performance indicators. That is actually to create a new
model.

Dynamics of average method allows for a large
number of possible states docum complex technical
system (the functioning of the individual elements is
described by the processes of recovery in the final FFS) to
evaluate average characteristics of the system. It can be
used to circumvent the computational difficulties
associated with the joint decision of a large number of
differential or algebraic equations for finding the
probabilities of the States of a complex system which is
investigated. The essence of the dynamics of average
method is that during the process of mathematical
analysis of complex multicomponent systems are
considered the state of the system as a whole and its
separate elements. This is based on the assumption of
independence of event streams, sending part of the system
from state to state, from the number of items in this and
other States. It is obvious that this assumption can be
done if the individual elements of the system operate
independently of one another, or options FRCH stay a
separate element of the system in any of model States
before moving to the adjacent set taking into account the
interactions (dependencies) of processes of functioning of
the remaining elements of a complex system. In addition,
this assumption can be relaxed through the use of the
principle quaeso, as well as by taking into account the
replenishment of the total number of states. Thus, the
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main disadvantage of the dynamics of average method is
the disparity between the requirements of consistency.

Along with analytical simulation methods are the
most common tools of control theory and operations
research for the management efficiency of complex
systems [114]. Simulation is the representation of the
dynamic behavior of docum system by moving it from
one state to another in accordance with clearly defined
operating rules. The changes of system state occur either
continuously or at discrete points in time, that is the basic
concept of the simulation system that is seen is a
reflection of the change of its States over time. An
important advantage of simulation is the ability to lock
the intermediate values of different parameters during
simulation just as it occurs during the operation of the real
system. Simulation models typically are used for design,
analysis and evaluation of the functioning of complex
systems. The simulation is based on the concept of
building an iterative model in which the model changes
by adding new or eliminating some of its elements and
(or) interrelationships between them. This assumes that
the system can be described in terms that are
understandable to a computing system.

Deterministic simulation (detailed) model, based on
the development of deterministic counterpart of the
process is investigated. But due to the fact that the process
of technical operation of objects of SK is categorized as
stochastic, they can not be used to create a mathematical
model of PTE of objects SK.

In statistical models relatively simply count discrete,
continuous, logical parameters and their nonlinear
relationships, and a variety of random factors and to
influence the process of technical operation, which allows
to meet the requirements of adaptability, versatility and
ease of creating a model that is being developed.
Statistical modeling method provides for a multiple run of
a simulation model for a set of statistics that allows to
satisfy also the requirements of accuracy and consistency
of simulation results. Until recently, the main
disadvantage of statistical models considered the need for
time-consuming to conduct the simulation experiments
(large volume of calculations) to obtain reliable
characteristics of the studied process. But the emergence
in recent high-speed personal computers has made this
drawback is immaterial.

A common drawback of simulation models is the
lack of control results due to the fact that the simulation
model is built on the principle of “black box”.

Combined modeling methods combine the
advantages of statistical and analytical modeling.

So when “direct modeling” is a preliminary
calculation results for many conditions statistical method,
and then constructed tables or approximating functions
for quick calculations and regression models models
method of group accounting of arguments and things.
These models meet the requirements of the low
complexity of the calculations. At the time of creation of
the model the reliability of the results corresponds to the
reliability of the statistical model. However, the change of
conditions, methods of operation, that is, the emergence
of a new source of data leads to unreliable results of
calculation and requires significant expenses for revision
regression models by collecting new statistics and its

approximation that does not satisfy the requirements of
adaptability. In addition, aproximaci dependence usually
does not have a clear physical meaning, so the model does
not satisfy the requirements regarding the verifiability of
the results and consistency.

Analytical and statistical models represent a set of
methods of accelerated modeling, based on a combination
of analytical and statistical methods.

Analytical and statistical methods based on the
method of small parameter among the output
characteristics of the operation process that is simulated,
is determined by TA, which can be selected as a small
parameter ¢. Then using various analytical methods, the
desired characteristics of the process (performance
indicators) are presented in the form of a series in powers
of &, the coefficients of this series are interpreted as the
mathematical expectation of functional from some
auxiliary random processes and are defined using the
method of statistical modeling. Basically, this method
developed for evaluation of reliability of highly reliable
systems. Obviously, when developing mathematical
models of PTE of objects of SK these models do not
satisfy the requirements of adaptability and versatility, it
does not fully satisfy the requirements of verifiability of
the results and ease of creation.

The results of the analysis of the methods used for
the simulation of the operation of the CCC with the
selected class of stochastic mathematical models allow to
choose the methods of analytical modeling and midrange.

As shown above, the actual scientific problem is the
rationale for the selection of one of the variants of the
organization of the recovery system on the basis of
appropriate assessment and prediction of changes of
indicators of technical and economic efficiency of
operation of the machine, including taking into account
the possible implementation and operation of advanced
means of monitoring and diagnosing.

It is obvious that the solution of specified research
tasks should be based on appropriate mathematical
models (MM) process and repair of objects of SK,
because the practical application of various options for
system recovery due to the risk of material losses. Thus
the mathematical model is developed (applied) must take
into account how the organization (construction) of the
recovery system with a variety of options, and the
application of wvarious tools for monitoring and
diagnosing.

In the study of the effectiveness of the recovery
system as the object of SK taken constructively-
removable units (assembly, unit, module) machines.

Use the approach outlined and present formally the
task of estimation and forecasting of technical and
economic efficiency of implementation of different
options for system recovery machine IC to justify their
introduction into a system that reflects the relationship of
the main elements of the decision-making process and the
sequence of formation of the partial tasks:

(U, 4,H,G Y, ¥ W,K,S3,0),

where: U — set of variants of the organization of the
recovery process, A — the set of values of certain A and
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uncertain Ag factors influencing the process of technical
operation (PTE) of objects of SK, G — number of possible
outcomes of PTE of objects SK, Y - vector of
characteristics of the result, i.e. humeric expression of
result objects PTE-IC, H — model, i.e. the mapping that
compliance with the many options for organizing the
recovery process of U and factors A many results Y(G) W
— an indicator of technical and economic efficiency, ¥ -
operator matching result, K — criterion of efficiency, J—
model the properties of the decision maker (DM) on the
elements of the set V={U,A,GY WK} O -
information about the operating rules of objects of SK
that is available.

It is known, the system of vessels typical of various
types of works, preparations and repairs to maintain given
equal reliability and usability:

— regular maintenance,

— scheduled (average and capital) repairs of objects
of SK,

— unscheduled repairs related to the elimination of
identified failures and malfunctions,

— work on periodic control and diagnostics of objects
of SK and the like.

Thus, operation of objects of SK represents a
succession of stages such as use, maintenance, repair, and
storage. expectations are falling in each of these stages.
Therefore, we represent formally the process and repair
the machine in the process of changing various process
States technical operation in accordance with the adopted
strategy strategy and the exploitation that it corresponds
to.

Under the state process and R cars will understand
the appropriate stages of technical operations,
characterized by the impact machine of the personnel who
performs maintenance or the external environment. The
structure and nature of the process and repair, and thus the
state space of the process of technical operation,
determined by the accepted strategy and repair, which
generally represents a set of principles and rules that
provide a predetermined control of the process of
technical operation.

For a formal description, let us characterize the
operation of the object SK two interrelated processes: an
objective process of change of its technical condition and
the subjective process of its operation.

Due to the fact that FS machine consists of a finite
number of elements and can be in a finite number of
different states, differing technical conditions, as well as
operations on the elements (control during maintenance,
rehabilitation, etc.), describe the process of technical
operation of objects of SK a finite set £ states ¢;, created

by breaking down D < £, where i € |, and items |

the identified elements of the breakdown D . We assume
that the state @; some are assigned in accordance with the

emerging state of the object SK @, and the process of
technical exploitation of mashine g(t) created by the
sequential change of states of PTE @;. That is, assume
that €(t) is some reflection of the process w(t):

&(2): 2> o (E)

In turn, the object of the SC, introduced in the state
PTE, act of external influence in this state so:

o (E):E > ¢(Q)

That is, we assume that the technical condition of
objects of SK cause the appropriate status of PTE. In turn,
the technical condition of objects of SK arise due to the
influence of external conditions defined by the
corresponding condition of PTE.

If the object SK is characterized by a finite set of
states n+1: E={gy,e1,...,8i ..., €n}, Where g — the
state of health of the object, g, — a state of complete

denial, you can select a subset of the States corresponding
to various levels of efficiency of object SK. In this case
0 € A;:€,€ Ay Where 4; — a subset of states, which

corresponds to maximum efficiency, 4; — a subset of
States of a complete failure, which is equivalent to the
minimum performance level. Many working conditions

e€Ady 1=12,..,n-2,n-1.

Random events of type ej[a)k (g)]: i< j define the
transitions between process States technical operation is
determined by the particular operating conditions. The
sequence of transitions €; j before the return of the object
in a state g, determines the probability space of the
process w(t). Not necessarily that the process a(t) in
each cycle passes through all the States, that is neviluna
that P{ei =O}>O. If &; — nonnegative random

variables, in the General case are dependent on each other
that determine the residence time of the object in the state
€. that e(t) it's hit value:

n
fn :ng ’ nle T0=Ol en+1=e07
k=1

there is a waiting time to recovery (duration of cycle)
process a)(t) determined by its possible trajectories.

Under the cycle duration £ we understand an ordered
pair {£,z(t)}, where & — valid non-negative integer, and
z(t) — function is defined 0 <t <& when the value of 1N -
dimensional euclidean space R . Suppose that the set of

all possible cycles specified probability measure such
that:

P{¢=0}<1, P{&<ow}=1, @
and for all t >0 a certain probability:
P.(t)=P{zt)e A;E >t} AcR,- (@)

Suppose also that, in accordance with a given
probabilistic measure is chosen an infinite set of mutually
independent cycles {fwzi(t)} (i:1,2,”_). In this case,
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using the values ¢ &, ... can create the recovery process
such that:

F.(t)=PlE<t}=1-P{z(t)eR,;¢<t}. ()

In the General case, the values &£ &, .. may be

different from each other distributions. But the greatest
practical importance is the case when the values
&,i=1.2,..are equally distributed according to the law

Fé(t). Then the sequence {£1},vi=1,23,.. creates a

recurrent stream (stream recovery), the time n of
recovery is equal:

X, =& +...+& (4)

In this case, random process £(t)(t >0) specifies the

number of events in the stream restoration incurred prior
to the date t. Given (1)...(3) determine if t>0 random
process:

Z(t)= 2.1 - (L= X))

Process Z(t) is a regenerative stochastic process and
the moments {Xi}iO — the point of the regeneration
process. It is proved that the mathematical expectation
M(&,) time to recovery (MTTR) makes sense for any
finite interval T = [tl ,tz] the number of restore points X,
which fall into T, finite with probability one and is a
definite value N. It is proved that the random variable

N at large t asymptotically normally distributed with
mathematical expectation and variance, respectively:

MIN(@E]=ymp (),
oN@E]*=t-ofyM)F M)

Since the transition to exploitation e — ey

i=I,1+1,...,n, are the moments of regeneration
process Z(t)=wl(t), and the random duration between the

moments of recovery form the recovery process, to assess
the effectiveness of the recovery system, it is sufficient to
have only one cycle of recovery of a random process
a)(t) we characterize the mathematical expectation of the

regeneration M (&, ) and the number of updates N during

the study period of time T .

Jnst  ¢dopManpbHOTO  TMPEACTaBICHHS  TPOIECY
maintenance and repair a single object of IC, we define
the following events:

Event of failure of the facility during a campaign
(task) at a random point in the cycle of operation ¢,

where & is counted from the moment t =0 and a random

amount of time, in which there was a failure of the object.
Based on the fact that the monitored object, the IC
operates continuously when passing between the ports

and time in port are neglected, the random variable of an
operating time of object before refusal @ will be equal to
the random time of operation ¢&.

The event of detection of failure in this or subsequent
transitions random transitions between fields &4 n

where 77 — random variable from the moment of

occurrence of the failure until its detection (self-
manifestation) while performing the task.

The recovery event coincides with the event
identified during execution of the task or in the port due
to the assumption of instantaneous restoration of an object
of SK.

Event failure detection during the transition between
the ports, in which it originated, will be interpreted in the
following way: failure can be detected within a transition
using on-Board controls (UPC) (readout of the crew) or a
crew with direct (indirect) signs of failure (lack of
communication, the disappearance of data with indicators
of the object SK or their apparent inconsistency, etc.).
These characteristics allow for control of the operation of
the facility, the IC transitions to establish the fact of
failure.

If control of the technical state of the object is not
carried out, the random process of technical operation
o(t) at the time of operation of the machine t can you

imagine how a sequence of random time intervals of
operation of the machine with the object in a healthy state

fi and in a state of latent failure ;-

Given the conditions (4), we consider the values
&,i=12,.. identically distributed according to the law
Fg(t), values 7 i=12,.. identically distributed
according to the law F, (t)

If you select condition, which can be exploited during
the process of technical maintenance during the operation

of the machine as Sl, if at time t the property is situated
in a healthy state and S, if at time t the object is in a
state of latent failure, random process a)(t) state changes
S1 i S2 alternative is a random process (Fig. 1).

771\/52\/—‘772
t=y, t=y1+y,
Fig. 1. Alternative random process

/51 53‘\/173 t

L=y +y, +ys

During the transition process from the state S, in the

state S1 is full of restoration (regeneration). Then the

duration of the period of regeneration (between the two
moments of recovery) is:

Wi =& +15

In the general case, the residence time of the object
SK in the transition to a state of latent failure (after failure
until its detection) depends not only on how distributed

random variable i but from the moment of technical
inspection of the facility operation.
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Provided that the technical condition of the object of
operation is controlled every x units of time at the time of
operation of the machine, x = const, the failure that
occurred at a random point in time ¢, distributed

according to the law F. (t), is, or during the transition

using a random time distributed according to the law
F’](t), during the periodic monitoring of the technical

condition (TC) of the object of operation. The event of
detection of failure is determined by the perfection of the
means of control applied at different stages of operation,
and the allocation of time “the expression” failure F’] (t)

is a property of a complex technical object. Therefore, in
the simulation process and R we assume that if the next
control of the vehicle at the time
t, =(k +1)-x,k=0,1,2,...,N it is established that test

objectis in state o., g € 41U 4,,1=01,2,...,1 =1 (or

is a test object in a state of full health, or a means of
control is not able to detect the failure of a faulty but
workable), the decision about any control action not taken
until the next monitoring of performance after time x, if in
e &€ A,i=11+1,...,n—-2,n-1, orin g, — work
is being done on the recovery, which transferred the
exploitation to the state g .

In this case, the time of finding the object in a state of
latent failure prior to the first restore is:

(k+1)-x-¢&, k-x<& <(k+1)-x;
m=(k+1)-x-&;k=01...,;
m, 0<n <(k+1)-x—&.

p =

We assume, as before, the quantities {g } identically

i
distributed according to the law

F. (t)= Ff(t),v i=1,2,3,... and size {5} identically
distributed according to the law
F, (t): F”(t), Vi=123,..., the process lasts

sufficiently long t — (i —)oo), and the control period

TC - X, does not change after 1, 2,..., i recovery.
The first assumption implies that in each state,

operating rules, the object is the end time &, then jump
instantly into another state. In fact, the transition from one
state to the other PTE takes some time. However, if this
intermediate state is not used in the analysis, the transition
time will include the time spent in the initial state of the
PTE, and the transition is considered instantaneous.

The second assumption involves the random
character of change of the States of the maintenance
process and the randomness of time spent in these States.
The assumption of stochasticity of the evolution of object
SK in the process THAT does not exclude a certain set of
deterministic transitions and deterministic durations of
stay in States of PTE.

The third assumption assumes that in a nite time with
probability one the process will end up in a state in which
the entire background does not affect its further
development.
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In the above formalized description of the process
and R are not taken into account the costs of calendar
time to perform operations to control the vehicle and the
object is restored, operation (instant on time of operation).

Meanwhile, a simple machine to work on the control
of vehicle and Troubleshooting significantly affect the
characteristics of the SK, in performance of assigned
tasks. In this connection it is necessary to introduce a
mathematical model that is developed, independent
variable, calendar time of operation, and the set of
possible States of the facility should include condition of
the host facility for operations control, operations
recovery failure.

In accordance with formalized description of PTE
single object, SC as part of the Park the same type of
vessels in the regenerating process with a discrete set of
possible States of operation E =g, e,,....e....,eq)» Where n

— the total number of States of PTE, imagine a process
that explores geometric pattern — stochastic graph of
States and transitions of PTE object of SK (Fig. 2).

Fig. 2. Directed graph of states and transitions of
PTE single object, SK

Thus the possible States of PTE will be in the form of
circles and arrows the possible directions of transitions
from one state to another. In this case, the graph of States
and transitions displays a geometrically possible in the
framework of the model taking into account the accepted
assumptions the state of the PTE of the facility IC that is
investigated (model state) and the possible transitions
from state to state.

It is obvious that the study process of technical
operation of objects of SK is convenient to consider as a
random process with discrete States, that is, as a process,
the possible States which can be counted. On the other
hand, the real process of technical operation of STS of
various types is characterized by the fact that the
transition from one state to another PTE in the General
case can happen at any random time. In this regard, the
process is modeled, we will consider as a random process
with continuous time. Thus, we describe the PTE single
object of SK as a random process with discrete States and
continuous time.

As shown the modern machines are complex
technical systems consisting of a large number of
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systems, modules, assemblies, components (blocks) and
individual elements that are sources of failures with
different patterns of change in their intensity, their
detection and removal during operation. In this regard, for
an adequate description of the process of technical
operation of the machine as a complex technical system
will present it as a product consisting of many
components, by which we understand objects that cannot
be further detailed in the study. For example, a set of
modules separate block in the functional system (FS)
machines, the set of blocks of the FS machine, a set of
functional systems of the machine, and the like.

Another feature that should be considered in the
study of the effectiveness of the recovery system and its
impact on the efficiency of the process and repair cars, is
that in actual operation recovery efficiency of the
constituent elements of the machine (the COA) is carried
out upon detection of failure (peredove state) of object,
despite its performance at the moment. For example, a
failure is detected a backup element operable object SK
(damage SK) leads to its replacement by a fully intact,
with restoration to a healthy state. Therefore, in this study
we assume that the failure of any core element (unit, unit,
unit) puts the car to the disabled state.

Thus, when considering the machine as a set of
functional systems will be presenting it in the form of the

STS with elements, connected to the reliability
(dependability) in series (Fig. 3).
1 2 3 — — K

Fig. 3. The approved scheme of connection of
functional systems of machine reliability (K is the number
of functional systems of this type).

In this case, the probability of failure-free operation
of the machine (assuming no or limited exchange of Fund
units) is defined as:

Pc(t)=T]R(1).

K
k=1

No(l,k(t)<< nk(t),

where: Pc(t) — the probability of failure of the machine,
Pk (t) — the probability of failure of components of the
product, QC(t) — the probability of machine failure,
Nod)k (t)

exchange fund operator, nk(t) — the number of failures

— the number of objects K type in the

of an object K type during the study period.
Process @(t) is determined by the vector of

parameters of the recovery process, as managed
Ay ={A,, Ay Ay ) S0 unmanageable
A, ={A,, A, . A, ) @ well as the parameters

characterizing the conditions of application of the

machine AR={AR1vARza---vARn}' Typically,  the

separation parameters for managed and unmanaged
conditional and depends on the type of problem that is
being solved. In some problems part of the managed
settings can be defined as (uncontrollable). In addition,
the controlled parameters can cause the unmanageable. As
a rule, at formation of system recovery on-Board
equipment of the machine to the managed settings will
include: types of control, means of control applied at
different stages and R, the completeness and depth
control, tool reliability raskladami means of control,
frequency of control, completeness of recovery, the
number and qualification of personnel, and the like.

Unmanaged parameters AV Typically, the separation

parameters for managed and unmanaged conditional and
depends on the type of problem that is being solved. In
the attitude — structural characteristics and reliability of
the objects of the IC, the testing efforts and the search
space of the failure using this monitoring tool.

Settings AR related the intensity of flights, their

duration, nature of tasks etc.

Change at least one component of the vector control
U on the maintenance stages are considered, leads to the
creation of a new version of the construction of the
recovery process.

In reality, the number of possible variants is limited.
On this basis, the task of choosing a rational variant of the
process of recovery of SK machines are able to reduce to
the problem in variational formulation, in which of the
many alternative options to select the most favorable.
Alternatives u; are formed by changing the values of the

components of the vector U,
u :(ﬂ‘lﬂ’ Xl P!qui 777T)‘

where: A — the failure rate of the object SK, £ — the
intensity of the self-manifestation of the failure of the
object SK, x — the frequency of the control, P - the
probability of detection of failure of control, (] — the
likelihood of providing control information on the
“about” denial, Q — completeness of recovery of the

object SK in the operating organization, 77 — full control

of failures (damages), T - the duration of operation of
the IC.

Due to the fact that the attraction of objects of SK in
different States of the real process of PTE is statistically
repeated, and as the formal description of the selected
scheme of the recycling process, to assess the
effectiveness of this process will use performance
indicators expected result:

W(w)=mfr "),
W, (0)=M[y, ()]

,ueU, ()
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where: \\ (u) — private utilization U the variant of the

organization of the process of recovery of SK machine,
reliability (dependability) economic and other types of
effectiveness of PTE machines, y (u) - partial

characteristics of the result of the operating rules of the
machine.

Figure (5) is a special case of the rate at which the
feature is equal to the real result:

0 {Y<R>(u),Yg<R> }=Y<R>(u).

The average result (5) is widely used in studies of the
effectiveness of complex technical systems. This is due to
the property of additivity, which greatly simplifies their
assessment lies in the fact that in case of the possibility to
submit result y(R)(u) the operation of docum system as

the sum of results of individual stages YR, (u):
y (R) (U)= ZY<R>i (U)’
i

the average result of the process is considered to present a
medium amount of private results, despite their possible
stochastic dependence:

M LZWRM (u)} -Zm b )

Bubip Ta 0OrpyHTYBaHHS MOKAa3HUKIB e(hEeKTUBHOCTI
CK allows the machine to evaluate the different options
(strategies or modes of recovery and to elect for the

formulated criterion K the "best" option y* under given
operating conditions A. As is known, criterion of
efficiency K there is a rule that allows you to compare

the options U €U , characterized by different degrees of
goal achievement, and to implement a directed choice of

options U from the set of the admissible U . When using
the concept of optimization criteria major results in the
form of: highest average score, the highest probabilistic
guarantee of results, the largest guaranteed result.

Imagine in the mathematical form of the partial tasks
which are given above and answer the two main decision-
making processes in the study of efficiency of various
variants of the organization of the process of recovery of
SK machines and need to be addressed:

1) the process of obtaining results:

'P:{YH:UxA o Y(G)} CARWRNQ)
2) the process of analysis of the results:

59 ku W -

The expression (6) means that the dependence of the
vector efficiency index W(u) the organization of the

recovery process U €U and other relevant factors A,

defining the conditions of PTE of objects of SK that is set
in the display view:

Y’:{H:U ><A—>Y<R>}—> \

where: H(p):U x A—>Y (R) — a mathematical model of
PTE STS that allows us to estimate the value of different
characteristics of partial implementation yr(u) result
Y(R)(u) for each option UeU , @ - the transition

operator.
Formally, we represent the model of PTE of the facility,
the IC developed, ¥ :UxA—W in the form of a

compound statement assessment of effectiveness, which
is a superposition of operators:

Y =HoQoM,

where: Q — the compliance statement,

M — the operator of averaging,
© — character superposition.
That is, we assume that the operators Q i A/ display

multiple values y(®)(u) results of PTE object SK in the
set of values of the performance indicator W(u). In this
case, the set of values y(R)(u) with the statement of
compliance Q:Y xy,—> p appears in the set of values
of the function of compliance o, and the operator of
averaging M : p—W translates the value set of
compliance features o in the set of values of the

performance indicator W (u):

QoMY ->W.
B Y(G) Q w
A H((”) g
M
V4

Fig. 4. The structural diagram model of the process
of technical operation of complex technical systems

In accordance with the above formalized
representation of the process object SC as a process
changes its States in the plural, imagine normal operators
, that is operators of transition and exit, respectively, in
the form of correspondences:

@ ExUxA>E,
H: ExUxTxA->Y(G),

where: T — the duration of the operating period that is
studied.
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The necessity of use of mathematical model of
investigated process in which interrelated parameters,
indicators and criteria, based on the principle of system
approach when evaluating the performance of complex
systems.

The choice of the mathematical device of the analysis
of the studied phenomenon, based on previous experience
and data obtained as a result of studying the real objects.
Considering, in General terms, any phenomenon is
investigated, can be chosen as one of the two
mathematical models — deterministic or stochastic . A
deterministic model is chosen in those cases in which it is
possible to accurately specify the reasons which
influenced changes of the investigated process, and in the
case of known input impacts with any degree of accuracy
calculate the output.

Due to the fact that the process of maintenance and
repair of objects of SK is categorized as stochastic, just
take into account all the random factors that influence it is
almost impossible, for an adequate description of the
process and P must be a stochastic model.

CONCLUSIONS

1. As is known, a mathematical model to
quantitatively describe the process of functioning of
objects of exploitation, based on a priori information
about the possible states of the process of technical
operation and the transition from one state to another, as
well as on statistical data obtained during the operation of
the same technical systems. In this regard, based on the
analysis of features of process of technical exploitation of
vessels and the purpose of the study, formulate the
requirements of a mathematical model is developed:

1.1. The requirement of the model building process:
the transition of the SK object from one state of the
process of technical operation to the other occurs over
time, so the mathematical model of process of technical
exploitation of SK machine must be a model of the
process with known statistical description.

1.2. The requirement for restrictions: to allow a
comparative techno-economic evaluation of various
options for the organization of the process of recovery of
the UK and influence the process of technical operation of
hardware and software systems for monitoring and
diagnosing the technical condition of the IC on the results
of simulation models should not be severe restrictions on
the state space of the process of technical operation and
functions of distribution of time of stay in the state of the
process operation.

1.3. The requirement of simplicity: to be easy to
describe the process of technical operation of SC in the
model, which will allow you to solve the problem with
sufficient accuracy, and to ensure the ease of creating the
model itself. This requirement is based, on the one hand,
the necessity of obtaining the desired result, and on the
other practical limitations on the amount of information
needed to determine the desired characteristics of the
studied process.

1.4. The requirement of clarity: to provide visual
expression of the process that is investigated, the
restoration models developed for easy understanding.

1.5. The requirement of adaptability: allow for the
rapid refinement of the model with the accumulation of
current information on the progress of the real operation.

1.6. The requirement of verifiability of the results:
provide a real opportunity to trace the causal relationships
of the model parameters of process of technical
exploitation in the course of the simulation.

1.7. The requirement of low complexity of the
calculations: provide efficient algorithms for estimating
the unknown indicators of technical and economic
efficiency of the process of technical operation of objects
of SK with the aim of obtaining foreseeable simulation
results.

2. As can be seen from the developed requirements to
the mathematical model of the process of technical
operation, insurance car, requirements 1-3 are determined
by the class of the selected stochastic model requirements
5-7 are determined by simulation, with the requirement of
simplicity of the model 4 is. Based on the above
requirements, the mathematical model will select the class
of stochastic model and simulation method.
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BBIBOP KITACCA MOJIEJIN 1 METOJA
MOJEJIMPOBAHUA CUCTEMbI
BOCCTAHOBJIEHUA PABOTOCIIOCOBHOCTU
CEJIbCKOXO351MCTBEHHbBIX MAILIMH

Uean Pozosckuii

AHHoTanusi. B cratee paspaboraHsl TpeboBaHMA K
MaTeMaTH4ecKOH  MOJENM  Tpolecca  TEXHHYECKOH
9KCILTyaTalli 00BEKTOB CEIILCKOXO3SHCTBEHHBIX MAIlIHH,
BBIOpaH KJIacC MOJEIM M METOJ MOJEIUPOBaHHA. DTO
TO3BOJIMIIO  pa3paboTaTh (OPMAIN30OBAHHOE ONHMCAHHE
nporecca BOCCTaHOBJICHHUS paboTrocrioco6HOCTH
CENIbCKOXO3SMCTBEHHBIX ~ MAlllMH, YTO  HCCIEIyeTcs,
obocHoBaTh (opmy ToKazateneld APQPEKTUBHOCTH |

KpUTEpHSI ONTUMAJILHOCTH, OCYIIIECTBHUTH
MaTeMaTHYECKYIO MMOCTAHOBKY YaCTHBIX 3amau
HCCIIEeIOBaHUSI.

Ha OCHOBaHUU (hopMaTM30BaHHOTO OTIHCAHUS
paccMarpuBaeTCsT MaTeMaTHuYecKas MOJeib mpolecca
TEXHUYECKOU JKCILTyaTaluu 00BeKTa
CEIIbCKOXO3SIIICTBEHHBIX MaIIiH B BUJIC
peTreHepUPYIOIIETO mporecca BOCCTAaHOBJICHUSI.

[IpuBeneHpl aHanMTHYECKHWE 3aBHCUMOCTH MOKazaTelel
OT TNapaMEeTPOB CHCTEMBI TEXHHYECKOTO OOCITY>KUBaHUS
UL Cydas OJHOATAIIHOTO MEPHOJUYECKOr0 KOHTPOJIL
paborocniocobroCTH. [ToTydeHs! BIpakeHus I pacyeTa
ACHMIITOTHYECKUX OLICHOK BBIODAaHHBIX IIOKa3aTeJseH
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s peKTUBHOCTH pu 9KCIIOHEHIIMAIBHBIX
pacrpesieneHusX BpeMeHH 0e30TKa3HOW paboThl 00beKTa
CENTbCKOXO03SICTBEHHBIX MaIll1H u BpEMEHHU
CaMOCTOSATENILHOTO NPOSIBICHUS 0TKa3a B SKCILTyaTaI|H.

CroxacTHdeckue MOAETH OOBIYHO KIIACCHDUITUPYIOTCS
KaK CIIy9aifHbIe MPOIECCHl U MOTYT MPEACTaBIATH COOOH
MPOLECCHl C JUCKPETHBIMH COCTOSHHSAMH (MHOXECTBO
COCTOSHMH KOHEYHAsi WJIM IOJCUMTBIBACTCA) U C
HETIPEPBIBHBIM MHO)KECTBOM ~COCTOSHHH (MHOXKECTBO
COCTOSHMH  CTaBUTCS  BO  B3aMMHO-OJHO3Ha4yHOE
COOTBETCTBHE MHOKECTBY TOYEK YHCIIOBOI'O MHTEpBaja),
c JIUCKPETHBIM BpeMeHeM (cmyuaiinble
TIOCJIE/IOBATENILHOCTH) M C HENPEPHIBHBIM BpeMeHeM. B
HacToslee BpeMs pa3paboTaHO OOIbLIOE KOIMYECTBO
CTOXaCTUYECKUX Mojesel, TPUMEHIEMBIX I OIMHCaHUs
(YHKIIMOHNPOBAHUS CIIOKHBIX TEXHHYECKHX CHCTEM,
OCHOBHBIMH KJIaCCAMU KOTOPBIX SABJISIOTCS: JOTUYECKHE,
JIMHEHHBIE, TayCCOBCKHE, aBTOMATHBIC, arperarHele,

MapKOBCKHE,  IOJIyMapKOBCKHE,  DPEreHepUpyIOIIHe,
MHOTOKOMIIOHCHTHBIE, MOJCIIH B BUJIE CHCTEM MacCOBOTO
oOciTy)kKuBaHUsI.

Uccnenyercs cimydail MHOTO3TallHOTO TEXHUYECKOTO
oOciyKMBaHHs C  y4YETOM  IIOJHOTBHI  KOHTPOJIS
TEXHUYECKOTO COCTOSTHUSI 00BEKTOB
CEIIbCKOXO03MCTBEHHBIX MAILIH.

KiiloueBble cioBa: MOAETUPOBAHUE, TEXHOJOTHUA,
MOJIeNIb, METOJI, BOCCTAHOBIIEHUE, CEITHLCKOXO3UCTBEHHAS
MalllHAa.
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