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Purpose. Generic description of the content of criterion of minimization of the area under the curve of the motion of the
electrical complex.

Methodology. The methods of variational calculus in the combination with mechanics approaches were used for systematic
studies of the properties of the mobile object. By the optimal control over the motion of the electrical complex was understood
such a choice of the sequence of the traction drive control modes, which ensures minimization of the criterion of optimality al-
lowing for all restrictions imposed on the parameters and conditions of operation. The quantitative measure that characterizes the
decision, i.e. the choice of the electrical complex motion control, was understood to be the criterion of optimality.

Findings. We developed the analytical model of application of the criterion of minimization of the area under the curve of the
motion of the electrical complex. It was proved that the minimization of the square, which is formed by the arc.S = S(¢) during
its rotation about the x-axis, also leads to a decrease of the length of the arc S = S(¢) and a corresponding decrease of traction.

Originality. For the first time, the use of the criterion of minimizing the area under the curve of the movement was proposed
and justified to develop operating procedure of traction drives of the mobile electromechanical objects, which allows for the
minimum value of traction. In contrast to existing criteria, the proposed one allows implementing the optimal dynamic properties
of the electrical system when in motion.

Practical value. Based on the developed criterion the procedure of calculation of the parameters of the optimal motion curve
was developed. It allows us to design systems of automatic regulation and control systems of traction drives, to perform testing,

improvement, repair and diagnostics of systems of rolling electrical complex.
Keywords: mobile complex, work, cost minimization, motion curve, electric transmission

Statement of the problem. Electrical transmissions are
used mainly in high power machines (rolling stock of Rail-
ways, tractors, combines, trucks, and buses, urban and subur-
ban transport). Such transmissions (drivelines) have the fol-
lowing advantages over mechanical and hydromechanical
transmissions [1]:

- the possibility of smooth, infinitely variable torque;

- a simplified mechanical part of the actuator;

- large environmental safety (machines with hydraulic trans-
missions and automatic transmissions frequently leak oil which
gets into the soil posing significant risks to the environment);

- the drive motor (diesel or gasoline engine) runs at its
optimum, almost constant, operating mode;

- the use of electrical methods of braking, which reduces the
wear of mechanical parts of the braking system of the machine;

© Kulahin D. O., 2016

60

- lower weight of transmission per mass unit of the machine
for the complexes with an engine capacity of over 700 kW.

Functional tasks assigned to the electric traction drive, the
standards and considerations applicable to its techno-econo-
mic, environmental, ergonomic and other indicators (pre-
cision, performance, the range of permissible changes in the
performance, electromagnetic compatibility with other com-
ponents of energy systems, energy efficiency) lead to the de-
velopment of the systems of traction drives. Apart from the
main system-forming component of the electromechanical
transducer, the systems should include a variety of energy
converters, as well as control, master and protection devices.
The basis of the information subsystems of modern traction
drives typically comprise a microcontroller device that has
some significant advantages compared with analogue control
devices that implement typical arithmetic and logical func-
tions, processing of arrays, the regulation of electromagnetic
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and mechanical variables, stabilization, correction and com-
pensation of nonlinearities, observation, simulation of the
control object and processing of operation laws. Such systems
allow fulfilling precise mathematical control laws, which
have been almost impossible to implement so far with limited
resources and space on a movable electrical complex; this al-
lows saving fuel and energy resources more efficiently [1].

The optimal traffic control of the electrotechnical complex
is considered to be the choice of the sequence of control modes
which ensures minimization of the criterion of optimality
when all restrictions imposed on the parameters and condi-
tions of the operation of the traction electric drive are met [2].

By the criterion of optimality a quantitative indicator
is understood to feature the decision made, i.e. the choice
of motion control of the electrical complex [2].

Analysis of the recent research and publications.
Many fundamental works both in our country and abroad
have been devoted to the motion optimization of autono-
mous mobile electrical systems depending on certain criteria
[1-5]. Most of these works resolve into the minimum cost
criterion regarding the movement in a certain area, or mini-
mum travel time in this mine section. Moreover, the criterion
of the minimum operating time almost always results in a
significant excess of standard indicators of fuel and energy
resources for the movement of electrical engineering com-
plex, because it is oriented to overcome the schedule delay in
time and does not allow for the possibility of a comprehen-
sive solution to the elimination of delay in time with the pos-
sibility of providing the most efficient fuel consumption. In
contrast to this criterion, in the case of using the criterion of
minimum costs, in practice the situation quite often occurs
which does not allow producing the maximum values for
acceleration and jerk when driving electrical complex, and
hence the optimal dynamic properties during movement.

Unsolved aspects of the problem. In this paper, we ana-
lyse the criterion of minimization of the area under the curve
of the motion of the electrical engineering complex which is
in fact reduced to the criterion of the lowest cost associated
with the movement in a specific area with a possibility to
obtain a set of dynamic indicators of movement, including
the running time. In addition, its mathematical description is
convenient while constructing the necessary motion trajec-
tory based on Autonomous on-Board intelligent control sys-
tems, which are known to have limited resources.

Objectives of the study. To describe, in general terms,
the content of the criterion of minimization of the area under
the curve of the motion of the electrical engineering complex.

The main material. The essence of this criterion is to
obtain the minimum area under the curve of motion of the
electrotechnical complex, which defines the minimum value
of the performed work required to ensure the transportation
process. Let us explain the subject matter of this criterion.

The optimality criterion should meet the following re-
quirements:

1. The optimality criterion must be expressed quantita-
tively.

2. The optimality criterion must be unique.

3. The value of the optimality criterion should vary
monotonically (without gaps and jumps).

4. The optimality criterion should reflect the most es-
sential part of the process.
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5. It is desirable that the optimality criterion should
have a clear physical or geometric meaning and is easily
calculated.

However, for systems of automatic control the opti-
mality criteria can provide a certain level of the deviation
of the system from the desired or planned status. The
choice of the optimization criterion represents a compro-
mise between the desire to describe the specific purpose of
optimization more accurately and the need to get as easy a
solution for the desired task as possible. In this case, the
optimization criterion does not necessarily need to have a
clear physical or geometric meaning, but must meet other
requirements which regard it.

Let a material point M, moving in a straight line affected
by constant resultant force F, travel a certain distance (val-
ue) which is expressed by the vector 7. The work 4 done by
this force (hereafter, only the component of force required for
traction is considered), is called the scalar product of the force
F, vector and the displacement vector 7 [6]

4. =F, 1. (1)
Considering the facts that in the general case of motion

of the complex the resultant force F, varies both in mag-
nitude and direction, and that the move towards the curve
S'=5(¢) is not straight, to apply the (1) directly is impos-
sible. Then let us use the method of finding the work done
by a force along a curved trajectory [7].

We divide the curve 4B arbitrary points 4 = 4y(Sy; ),
A(Sy; 1), ..., B=A4,(S,; t,), taken in the direction from 4
to B into n arcs (Fig. 1).

Thus, on grounds that for each point of the curve of
motion the resultant force is defined which acts on the
electrical complex, the magnitude and direction of which
depend on the driving conditions and the position of the
object, we can determine that the motion of the given
point M occurs in a force field (F) (Fig. 1).

On each partial arc 4,_,4, let us choose arbitrarily

points M, (S;3,), k=1n (Fig. 2).
On the partial arc 4,_, 4, , let us replace the approxi-

mately variable force Fp by the constant force F,,(S; #,),
which is equal to the modulus of the resultant force vector

F, atthe point M;. The motion of the material point along
this arc will be replaced by its movement along the chord
Ay A, of this arc. o

Let us do all this for V k=1,n. As a result of appro-
ximate substitutions we have the following:

- a particle moves along the polygon inscribed in the
curve AB;

- a constant force acts on a material point on each bro-
ken link. o

The work of force F, (Sist ) onthe chord 4, _ 4, equals

A =F (S5t A4y )

Let us find the total work along the whole link for
k=1,n

A'=;Ak' =;F_pk(5k;tk)~Ak_lAk, 3)
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N

Fig. 2. Force field of the curve of the motion

where A’ is the work speed of force during the motion of the
point along the polyline 4y4;...4,, inscribed in the curve AB.
The work, which is determined by the equation (3) is

the approximate value of the desired work 4 of force F,
when the material point is moving along the curve AB

A = Ap. 4

Let the resultant force Fp in the force field (') be de-
composed into components along the respective axes of
the coordinate system which shows the force field accord-
ing to the following equation

F, = P(S:0i+O(S:1), ()

where i, j are the unit vectors.
Let us define the projection of the vector 4,_, 4, onthe
axis of the coordinate system by the following equation

AS =S8 — S 1 (6)
Ay =t —t; . (7

Then for the vector 4,_, 4, the following relation is true

A A=t —1,)i+(S, = 8,)j = )
= A, i +AS, - .

Taking into account the last equation, the equation (5)
we write the (2) in the following form

Al = P(S;1)- At, +O(S;t)- AS,. )

Then on the basis of the equations (3,4) taking into ac-
count the equation (9), we obtain the following
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Ar =D P(1,:8,)- At +O(1,3S, ) AS;. (10)
k=1
Let AL, be the arc lengt 4, ,4,, and the value d =

=max AL,. Then the equation (10) can be written as fol-
k=1,n

lows, assuming that the exact value is the limit of the amount
received, subject to the following arc A4,_, 4, length to zero

Ay =£i£%g{P(tk;Sk)~Atk +0(4:S,)-AS,.  (11)
The equation (11) means that with n — oo each arc

A, A, shrinks to a point. Then, according to the definition
of the curvilinear integral, the following equation operates

A = limiP(t,(;S,()-Atk +0(1:58,)-AS,. (12)
n—oo =
On the ground that

i[P(tk;Sk)-Atk+Q(tk;Sk)-ASk:|=

=§[P(tk;Sk)-Atk]+§[Q(tk;Sk)-ASk]

and assuming that there are limits to the amounts that are
on the right side of the last equality, we have the following

(13)

n—yeo

1imi[P(tk;Sk)-Atk +0(t,:5,)- AS, | =
) k=1 ) (14)
=1im Y [ P(1,35,)- At J+1im Y [ O(25S,)- AS, |

n—seo

The boundaries that are right in the equation (14) can be

considered as curvilinear integrals along the arcs :4—3\, respe-
ctively, from the vector-functions P(S; ¢) and O(S; ¢). There-
fore, the equation (14) can be represented in the following form

[ [P(S:0de +0(5:0)dS] =
AB )
= [ P(S;dr+ [ O(s:1)dS.

According to the definition of the curvilinear integral
[6, 7], the force along the curved arc is equal to the inte-
gral along this arc. The last statement allows you to write
the equation (15) as follows

Ay = [ Pdt+] 0ds, (16)
AB AB

where P and Q are the projections of the resultant force on
the axis of the coordinate system of the curve of the motion.
On the other hand, as the target path is defined as the

limit of the sum of elementary works Fp -dr, itactually is
expressed by the following integral

Sz_ _
Ay = [F,-dr. (17)
N

Let us substitute in the last equation the vector of the
resultant force equal to it, according to the basic law of
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d*r

dr?

mechanics, for the vector {m +C, + C,)], where C,
is the main resistance force, which is caused by the resist-
ance of the air environment, internal friction in the electri-
cal complex, and the interaction of the electrical complex
and paths, whereas C| is the force of the additional resist-
ance to movement, which is determined by the conditions
of slopes and curved track sections, as a result of which
we obtain the following equation

TR .
A o
Let us turn to the integration time, using the substitution
dr =" a1 (19)
dt

Then we get the equation (18) as follows
dt

_m (d_j (d_j .\ 0)
2 dt dt

gl

s —_ _
¢ d’r — —\dr
AT:J[m._2+CD+Caj.Edt=

N

+(a, +F) - (r|tZ -], )

Analysing the last equation, we assume that the con-
stant values of the coordinates of the start and end points
of the curve of motion are (¢;; S,) and (,; S,), respectively,
which is determined by the graphic chart of movement.
Thus, we conclude that to minimize the work that is per-
formed by the resultant force to move the body with

. dr
mass m, it is necessary to decrease the value (E]

Since according to the content of the curve of motion
the following system of constraints is applied for the coor-
dinates of the start and end points of the curve of motion

(t1; Sy) and (%; S,)
{tl <t
(21)

S <8,

then under the condition of the constant values of the co-
ordinates of the start and end points of the curve of motion
the following options of passing the curve S'= S(¢) shown
in Fig. 3 are possible:

S
5
1
s b 3
2 t
0 g )

Fig. 3. Options of passing for the curve S = S(t)on a fixed
part of the curve of motion
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- a convex form of the curve S = S(¢) — curve 1;

- §=S5(¢) is a straight line — curve 2;

- the concave shape of the curve S = S(¢) — curve 3.

As it is well known, at every point, the derivative of
the function is equal to the slope of the tangent line to the
curve of this function [6, 7]. Let us choose an arbitrary
point on the curve of motion of Fig. 3 and draw a tangent
to it (Fig. 4).

In this alternate version, the placement of the tangent
point is at the same time level for the first characteristic
curve S=S(2).

As it can be seen in this case we have the following
relation

tgPs <tgP, <tgPy, (22)

which suggests that this version of the distribution of the
curve S = S(¢) on the line AN; (the index i is the position
number of the point N for each curve, respectively) to
minimize the value of the derivative of this function on the
section of such a peculiar shape.

Let us consider the second possibility of the peculiar
shape of the curve of motion — the one with which a cer-
tain section approaches the straight line.

Let us choose an arbitrary point on the curve of motion
in Fig. 3 and draw a tangent to it (Fig. 5).

In this alternate version, the placement of the tangent
point is at the same time level for the second peculiar sec-
tion of the curve S = S(¢). As you can see in this case we
have the following formula

tgPs <tgP, ~tgp, (23)
S
S2 B
N
' t

8, \/\/ 0 /’1 v )
b b

Fig. 4. First property of tangents to graphs S = S(t)

N

5

5

N

ﬂz\/% 0

Fig. 5. The second property of tangents to graphs S =S (t)
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which suggests that this version of the distribution of the
curve S'= S(¢) at the section near the point M, (the index i is
the position number of the point M for each curve, respec-
tively), which is a straight line that minimizes the value of the
derivative of this function at the section of the direct form.

When the sections of the functions S = S(¢) similar to
those of parallel lines can be considered a neighbourhood
of a point M,, the following formula will be used

tgf; = tgh, = tgf. (24)

Let us consider the second possible case, the one in
which a certain section approaches a straight line.

Let us choose an arbitrary point on the curve of the
movement in Fig. 3 and draw a tangent to it (Fig. 6).

S

AN

Fig. 6. The third property of tangents to graphs S = S(t)

In this alternate version, the placement of the tangent point
is at the same time level for the third characteristic curve. As
you can see, in this case we have the following formula

tgf; <tgP, <tgPs. (25)

According to the (25) in this area, the value of the de-
rivatives of functions in a neighbourhood of a point X (the
index i is the position number of point K for each curve,
respectively) does not allow minimizing the value of the
derivative of this function in the section of this form (the
third curve). This option requires a separate explanation.

Given the characteristics of the curve as a geometric
interpretation of the curve of motion of the electrotechnical
complex, it is impossible to plot the curve of motion with
the ratios that can be represented in the following collective

t <t >t
k e+l U k k+1 , (26)
Sk+1 < Sk Sk+l < Sk

where £ is an arbitrary number of the curve S = S(¢), and

m—eo

lim 'S, = 4B. 27)
k=1

Then we introduce restrictions to the values of the cor-
responding coordinates, which define the following system

tk < tk+] (28)
Si <S8

With that considering that the expression (27) is correct.
The system of constraints (28) actually means “irreversibili-
ty” of time and eliminates a situation in which the electrotech-
nical complex drives past the destination point to which it was
directed, and then comes back because it has driven by. Math-
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ematically, we excluded the case from consideration in which
. . T . -
tgB; <0, as in this case B, = Ex what is shown in Fig. 7.

In Fig. 8, let us consider curve 3 corresponding to the ca-
se analysed in Fig. 6.

S
S2 B
4 ﬂ]
)
0 t

Fig. 7. Impossible distribution of the curve S = S(t)

S
B
LS
M
4
t
0 5 n Ul

Fig. 8. Diagram for explanation of the area under the
graph S = S (t) in different cases of the slope of the
given curve about the x-axis

It is evident that for the area 77, i.e. shaded figures in Fig. 8
(under the relevant sections of the curve of motion), the fol-
lowing ratio is fulfilled

(29)

W gs, + ks > Hsra, -

Increasing the length of the corresponding arc KB, resulting
in dramatic change of the slope of the curve S = S(¢) and the
expression (29) losing its correctness with certain proportions, is
impossible, because in fact it will mean a significant increase in
speed, which is a limited value. In addition, the value of the
maximum angle of inclination of the tangent to the graph of the
curve is determined by the marginal values of jerk and accelera-
tion and, therefore, has a certain value fixed for the given electri-
cal complex in a particular area of the distance of movement.

For the phases of the electrical complex movement — ac-
celeration — motion at established speed — braking, the fol-
lowing shape of the curve S = S(¢) shown in Fig. 9 is intrinsic

In Fig. 9, the acceleration section will correspond to the
arc AF, which is actually the element of the contour of the el-
lipse, since there is a change of velocity in time, i.¢. the chan-
ge of the ratio between the sections of the road, covered over
the same time period.
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t

Fig. 9. The characteristic shape of the curve S = S(t) for di-
[lerent phases of movement of the electrotechnical complex

In Fig. 9, the movement section with constant velocity
will correspond to the arc FH, which is actually the element
of the circle, as there is a constant ratio between the sections
of the road, covered over the same time period.

In Fig. 9, the braking section will correspond to the arc
HB, which is a circumference of an ellipse, as deceleration
occurs in time, 1. e. reduction of the ratio between the sections
of the road, covered over the same time period.

Let us consider the section of the motion with constant
velocity (Fig. 10).

To complete the inequality (29) we introduce the fol-
lowing constraints

ALy, > ALy, (30)

considering also that the restrictions on the maximum values
of velocity, acceleration and jerk in this case are implemented.
This should also run the ratio

ALgo, > ALg (€1)

which will lead to the execution of equations (23, 29).

For different phases of movement of the electrotechni-
cal complex, all the sections of the curve S = S(¢) dis-
cussed above in their shape follow the shape of the curve
discussed between two arbitrary points of the movement
earlier in this study. That is, for each phase of movement it
is necessary to solve the optimization problem of the dis-
tribution curve S'= S(¢) and implement it accordingly.

As it is known [8, 9], the length of the arc 4B is such a
border to which the length of the polygonal curve inscribed
in this arc tends, when the length of the largest segment
tends to zero. That is, the following formula is valid

Fig. 10. The curve S=S(t) for the motion with
constant velocity
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L= maEIAILIkLo,Z:l‘ALk‘ (32)
Based on the fact that the managing an electrical com-
plex is a continuous function, i.e. the thrust force is con-
tinuous, then at a certain time interval, assuming constant
values of the coordinates of the start and end point of the
curve of motion — (#;; S)) and (¢,; S,) accordingly, the func-
tion S = S(¢) and its derivative are also continuous func-
tions. Then it can be argued that the bound (32) exists.
Let
ASy=S8(t) = St 1) (33)

Then, given that time cannot take on negative values,
we have

2
AS, =(AS,) +(At)" = At, - 1+(2S"]. (34)

I
Using Lagrange's theorem [1], we will get

AS,  S()-S(ta) o
o S . et Nl o DA 35
At, L —t (v) 33)
and
tk— 1 < Tk < [k' (36)

Then on the basis of formulas (35, 36) we have
AS, = A, (J1+(57(1,)) . (37)

Thus, we come to the conclusion that the length of the
inscribed polygonal equals

L, =§{[Atk- 1+(8" (%)) } (38)

Based on the continuity of the derivative of the func-

tion S = S(¢) we suggest that the function 4/1+ (S'(Tk ))2

is also continuous. Then the limit of integral sums exists
and it equals to the integral defined

L_= lim Z[Atk- 1+(S’)2} (39)

AL, —0
max AL, — =

or

I ds )2
L =|,/1+|—| 4t (40)
a =\ G

Conclusions and recommendations for further re-
search in the area.

1. Thus, we received the arc length of the curve of mo-
tion of the electrical complex on the basis of coordinate val-
ues of the start and end points of the curve of motion, (¢; S))
and (,; S,) respectively. Comparing this formula with the
formula for finding the area of a figure formed by the arc in
its rotation around the x-axis, we see that this formula is in-
cluded in the formula for calculating the area as a multiplier.

2. Therefore, minimization of the area that an arc
forms S = S(¢) rotating about the x-axis also leads to a
decrease in the arc length § = S(¢). That is, the formulas
(30, 31) in this case will also be executed automatically.

3. A mathematical model shows the prospects of fur-
ther research in this direction for obtaining other criteria
depending on practical needs.
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Merta. OnucaHHs B 3araJlbHOMY BUDIISI 3MIiCTy KpH-
TEpir0 MiHIMI3aIlil DOl ITiJ] KPUBOK PYXy €IEKTPOTEX-
HIYHOTO KOMILICKCY.

MeTtonuka. Y poOOoTi BHUKOPHCTaHI METOIN BapialiitHo-
TO YHCJICHHS, 110 MTO€THAHI 3 BUKOPHCTAHHAM IIiIXOMIB Me-
XaHIK{ Tija UIST CHCTEMHOTO JIOCIIDKEHHS BIACTHBOCTEN
pyxomoro 06’ekta. Ilin onTUMaNbHIM KepyBaHHAM PYXOM
€JIEKTPOTEXHIYHOTO KOMILIEKCY PO3YMIBCSl TAKHA BHOIp T10-
CJTIITOBHOCTI PEXKUMIB KepPyBaHHsI TSTOBUM €JIEKTPOIPUBO-
JIOM, SIKAH 3a0e31euye MiHIMI3aIlit0 KPUTEPIr0 ONTUMAIBHO-
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CTi TIpM BUKOHaHHI BCIX OOMEXEHb, 110 HAKJIAJAOThCs HA
napameTpu Ta yMoBH podoTu enekrponpusomy. [1in kpure-
pieM ONTUMAIBLHOCTI PO3YMIBCS KUIbKICHMM TOKa3HHUK, 10
XapaKTepu3ye MPUHHATE PIlICHHS — BUOIp KepYBaHHS PyXOM
€JIEKTPOTEXHITHOTO KOMILIEKCY.

Pesysabraru. CTBOpeHa aHAIITUYHA MOJENIb BHUKOpPHC-
TaHHS KPUTEPIr0 MiHIMI3aIlil TUTOII TIi/T KPHBOO PYXY CIEK-
TPOTEXHIYHOTO KOMIUTEKCY. JloBeaeHo, o MiHiMi3aIlis I1o-
i, o ii yTBoproe xyra S = S(¢) mpu cBoeMy obepTaHHI Ha-
BKOJIO OCi aOcCIC, MPU3BOANTH TaKOX JIO 3MCHIIEHHS JI0-
BKUHU ayre S=S(¢) Ta BiAMOBIAHOTO 3MCHIIICHHS BEJIMYUHH
TSATOBOI POOOTH.

HayxoBa HoBH3HA. YTiepiiie 3anporoHOBaHe Ta 00rpyH-
TOBaHE BUKOPHCTAHHS KPHUTEPIFO MiHIMI3aIli IUION i
KPUBOIO PYyXY JUIsl PO3POOKH aJrOpUTMIB POOOTH €JIEKTpPO-
TIPUBOIIB PYXOMHX EJIEKTPOMEXaHIYHUX 00’€KTiB, 10 J0-
3BOJISIE 3a0€3IeuyBaTH MiHIMaJIbHE 3HAUYCHHS TATOBOI pO0O-
Ti. Ha BinMiHy Bifl iCHYFOYHX, 3allPOITIOHOBAHUI KPHTEPIii
JIO3BOJISAE peasTi3yBaTH ONTHMANBHI TMHAMIYHI BIaCTUBOCTI
@IIEKTPOTEXHITHOTO KOMIUIEKCY TIPH PYCi.

IpakTnuna 3uauumicTb. Ha ocHOBI po3pobieHoro
KPHUTEPI0 BU3HAYCHA MTPOLIEypa PO3paxyHKy mapaMeTpiB
ONTHUMAJILHOI KPUBOI PYXY, 10 JI03BOJISIE OyyBaTH CHCTE-
MU aBTOMaTHYHOTO PEryJIIOBaHHs i yIpaBJIiHHS cUCTEMa-
MM TSTOBHX €JIEKTPOIPHBO/IIB, 3/1IICHIOBaTH BUITPOOYBaH-
Hsl, YIOCKOHAJICHHS, PEMOHT Ta J[IarHOCTUKY CHCTEM py-
XOMOTO €JIEKTPOTEXHIYHOTO KOMILIEKCY.

Kutouosi ciioBa: pyxomuii komniekc, poooma, Minimi-
3ayis eumpam, Kpuea pyxy, eieKmpuyina nepeoaua

Heanb. Onucanue B 0011eM BUjie COAEpIKaHUSI KPHUTeE-
Yt MUHIMU3AIAHA TDTOIIAIH IO KPHUBOH ABIKCHUS JJICK-
TPOTEXHUIECKOTO KOMIDIEKCA.

Metonuka B pabote Mcmonbp30BaHbI METOIBI BapHAIlH-
OHHOTO MICYUCIICHUS, KOTOPBIE OOBEIIHEHBI C MCIONB30Ba-
HHEM IOIXO0I0B MEXaHWKH Teja Ul CHCTEMHOTO HCCIIEIO-
BaHUS CBOWCTB MOABMKHOTO 00BeKTa. [lox onTuMaisHBIM
YIIpaBJICHUEM ABUKECHUEM JJICKTPOTEXHUYCCKOTO KOMITIICK-
ca TMOHUMAJICS TAaKOW BBIOOD ITOCIIENOBATEILHOCTH PEXKH-
MOB YIIPaBJICHUS TITOBBIM JIEKTPOIIPUBOJAOM, KOTODPBII
o0ecreurBaeT MUHUMH3AIMIO KPUTEPHSI ONTHMAJIbHOCTH
IPU BBIIIOJTHCHUH BCEX OTPAHUYCHUH, KOTOPhIC HAKJIA/IbIBA-
I0TCS Ha TapaMeTPhl M yCIOBHS PabOTHI IEKTPOIPUBOLIA.
ITox xpuTepreM ONTUMATLHOCTH TOHIMAJICS KOJIITYCCTBCH-
HBIN ITOKA3aTellh, KOTOPBIH XapaKTepru3yeT MPUHSATOE pele-
HIE — BBIOOP YIIPABIICHHS JBIDKCHIEM SJICKTPOTEXHIICCKO-
TO KOMIDTEKCA.

Pe3yabrarhl. Co3naHa aHaMATHIECKast MOJIEITh UCTIONb-
30BaHUS KPUTEPUST MUHUMH3ALMH TUTOMIAN IIOA KPHBOH
JIBIDKCHUS HJICKTPOTEXHUYECKOTo KOMIUIekca. JlokasaHo,
YTO MHHUMHU3AIMS TUIOIIAIN, KOTOPYIO 00pa30BbIBACT Iyra
S'=S(¢) npu cBoeM 0OpaIlICHUH BOKPYT OCH abCIUCC, MPHU-
BOJIUT TaKkK€ K YMEHBIICHUIO JUTMHBI AyTH S = S(¢) 1 cOOT-
BETCTBYOIIEMY YMEHBILICHUIO BEIMYUHBI TATOBOH paOOTHI.

Hayunas noBu3Ha. Briepseie npeuiokeHo 1 000CHO-
BaHO WCITONB30BaHUE KPUTCPUs] MHHUMHU3AIAN TUTOIIA]H
IO/ KPUBOM JIBIDKCHUS [UTS pa3pabOTKH aJrOpuTMOB pado-
TBI JEKTPOIPUBOIOB TTOIBIKHBIX AJIEKTPOMEXaHIMICCKIX
0OBEKTOB, UTO MO3BOJISAET 00SCIIEYNBATh MUHUMAIHLHOE 3HA-
YeHHE TATOBOW PabOTHL. B oTm4me OT CymecTBYIOMINX,
MPE/UIOKEHHBIA KPUTEPUI TMO3BOJISIET peajan30BaTh OITH-
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ENEKTPOTEXHIYHI KOMNANEKCU TA CUCTEMMU

MaJIbHbIe JTMHAMUUYECKUE CBOICTBA JJIEKTPOTEXHUYECKOTO
KOMIUIEKCA MPU JIBUKEHUHU.

I[IpakTnyeckasi 3HaYMMOCTh. Ha ocHOBe pa3pabo-
TaHHOTO KPUTEpUs OIpeieleHa MpoLelypa pacueToB Ia-
paMeTpoB ONTHMATBHOM KPUBOI IBHKCHUS, UTO TIO3BOJIS-
€T TPOCKTUPOBATH CHCTEMBI aBTOMAaTHUYCECKOTO PETryIHpO-
BaHUS U YIPABJICHUS CHCTEMaMH TATOBBIX 3JICKTPOIIPHBO-
JIOB, OCYIIECTBIATh HCIBITAHHE, YCOBEPIICHCTBOBAHUE,
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Purpose. Development of the theory of design of the generators of high-voltage pulses, creation of a generator with
less loss of energy.

Methodology. The high-voltage converter scheme synthesis was done by the synthesis algorithm with variable struc-
ture based on the graph of state changes. The synthesis procedure is the ideal arrangement of keys in a circuit with a
constant structure so that the nature of electromagnetic processes in the received circuit with variable structure conforms
to the originally specified graph of state changes.

Findings. The synthesis of high-voltage circuit converter was performed in accordance with the requirements of en-
ergy loss reduce: the assurance of the of IGBT operation modes, which reduce current and voltage loading of the device,
and allow switching the transistor with zero current or voltage, or in the case of neutral switching.

Originality. A new circuit of a converter was synthesized. It can halve the working voltage of the primary capacitive
storage, and reduce the current and voltage loading of the power switches. Thereby, it becomes possible to increase the
allowable frequency of operation of the high-voltage converter in comparison with a single-cycle circuit of the converter.

Practical value. The proposed method of implementation and the high-voltage converter device can be used in elec-
trotechnics of cleaning of sulphur-containing gases from sulphur dioxide, since the high-voltage converter has better mass
and size (by reducing the amount of magnetic knots) than similar devices based on single-cycle thyristor schemes and

loses less energy (efficiency of 70 % vs. 60 %).

Keywords: electrotechnology, high-voltage converter, graph of state change

Definition of the problem: The primary task of mod-
ern competitive industrial production is the mastery of
high-performance technologies based on sustainable use
of natural resources, saving energy and reducing harmful
emissions [1, 2]. The development of such technologies is
facilitated by the use of high-voltage pulse technique of
the nanosecond and submicrosecond bands in particular
for the purposes of purification of waste gases of metal-
lurgical production from sulfur dioxide.

Unsolved aspects of the problems. The development
of highly efficient method of neutralization of sulfur-con-
taining gases is based on the method of processing gases of
electric discharge and promising method of cleaning gases
from sulfur dioxide with crucial assistance of activated ab-
sorption solution. The key factor is the power specific vol-
ume which can be created in the discharge gap. From this
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point of view, pulsed action of high voltage (tens to hun-
dreds of kilovolts) with low pulse duration (no more than
several hundreds of ns) is of great interest; under the action
a streamer discharge is formed and the transition discharge
to the form of the spark discharge is prevented, since the
spark discharge leads to a sharp drop of the specific power
by volume in the discharge chamber. To form a streamer
discharge it is necessary to develop a high-voltage impul-
sive energy sources — a high-voltage impulsive converter.

In the middle of the last century, high-voltage pulse
power sources began to be created for research progra-
mmes with a view to their use in particle accelerators and
fusion processes. In this direction the main efforts are con-
centrated on getting record-high output power.

A large number of scientists have been engaged in the
problem of the design and creation of the high-voltage pulse

generator: 1.S.Garber, L.A.Meerovich, G.A.Mesyats,
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