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EQUATIONS OF PERIODIC MODES, WHICH TAKE INTO ACCOUNT FEATURES
OF THE DYNAMICS OF THEIR COURSE IN NONLINEAR AUTOMATIC SYSTEMS
WITH COMPUTERS IN CONTROL SYSTEM

In the article, based on the application of a continuous-discrete approach to the description of periodic modes
that are possible in automatic systems with a control computer, equations are obtained that take into account the
peculiarities of the dynamics of their flow in nonlinear systems of the noted class and provide an increase in the
accuracy of calculating their parameters. This is achieved by taking into account the specifics of the structural
diagram of the system under study by replacing the NOT system with harmonic linearization coefficients, which
have correspondingly different formula expressions. The use of the proposed equations will make it possible to use
the investigated modes more efficiently during the functioning of the system, or vice versa, it is guaranteed to get rid

of them.
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Introduction

General Problem Statement. In modern condi-
tions, the problem of increasing the combat capability
and combat readiness of the Armed Forces of Ukraine
acquires a defining status. This fully applies to the anti-
aircraft missile forces (AMF) of the Air Force of the
Armed Forces of Ukraine. Given the obvious trend of
outpacing the growth of inconspicuous and vulnerable
to anti-aircraft missile systems (AMS) manned and
unmanned aerial vehicles and their share in the total
arsenal of air attack potential enemy [1-3], we can con-
clude that effective measures are needed to increase
combat capabilities AM, which are in service with the
AMF of the Air Force of the Armed Forces of Ukraine
[4-6].

The needs of the troops constantly dictate the need
to increase accuracy, noise protection, adaptability to
firing conditions and the overall efficiency of anti-
aircraft guided missiles (AAR) [3; 7-8].

The end result of applying AAR against an air tar-
get depends on the quality of in-flight operation of all of
its major subsystems. Significant results of improving
the tactical and technical characteristics (TTC) of AAR,
and ie increasing the efficiency of AMS in general, can
be achieved through the use of digital PC as part of its
onboard equipment. The use of PC as part of the on-
board equipment AAR allows you to implement com-
plex algorithms for information processing, significantly
increase the noise immunity and accuracy of aiming the
missile at the target [9—10]. With the use of PC can be
optimized and the process of controlling the operation
of AAR combat equipment, and ie the whole process of
destruction of the air target. On the basis of PC it is

possible to carry out complex digital algorithmizing and
optimization of process of functioning of the onboard
equipment AAR and as a result — to increase efficiency
of application of AAR [11-13].

Analysis of recent research and publications.
The inclusion of PC in the on-board equipment AAR
opens wide prospects for improving the TTC missile,
but the presence of PC control systems can lead to some
negative phenomena [4; 11; 14]. For example, in such
systems, uncontrolled oscillatory processes can occur
unforeseen, which can nullify the process of aiming the
AAR at the target [15]. To prevent these phenomena,
such systems need to be studied in more detail.

A comprehensive analysis of AAR control systems
with PC as an object of study suggests that they belong
to the class of nonlinear continuous-discrete automatic
control systems (NCDS) with extremely complex dy-
namic properties [16—17]. A characteristic feature of
such systems is the presence of interruption of the signal
operating in the system, at one or more points of the
circuit while maintaining the continuity of the output
signal of the system. The dynamics of functioning of
such systems is described by a set of differential and
difference equations, some of which may be nonlinear
or time-varying coefficients [11-13]. There are no exact
methods for solving such equations.

When studying and calculating AAR control sys-
tems with PC in the frequency domain, it is advisable to
use both the mathematical apparatus of continuous and
discrete Laplace transform, which allows to take into
account the peculiarities of processes in automatic sys-
tems of continuous discrete class [14]. This theory is
developed only for linear NCDSs. For the analysis and
synthesis of nonlinear NCDS linear model mathematical
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description of the processes occurring in the system is
not enough. Linear theory does not take into account the
influence of non-system on the dynamics of its function-
ing. To identify the conditions for the emergence of
involuntary periodic regimes in nonlinear continuous-
discrete automatic control systems, it is advisable to use
the method of harmonic linearization [11; 14].

Aim of the Research. In this regard, the aim of the
article is to obtain equations that use the method of
harmonic balance to describe the dynamics of spontane-
ous periodic regimes in nonlinear automatic systems
with PC in the control loop. To achieve this goal it is
necessary to solve the following tasks:

— substantiate the procedure for harmonic lineari-
zation of the NOT system, taking into account its
placement in the structural scheme of the system rela-
tive to the IE and the linear part of the system, as well as
the presence or absence of inertial properties in the
NOT itself;

— to obtain mathematical (formulaic) dependences
for the coefficients of harmonic linearization NOT of all
possible variants of structural construction of the sys-
tem;

— to obtain equations, which using the correspond-
ing coefficients of harmonic linearization NOT describe
involuntary periodic regimes in nonlinear automatic
systems with PC in the control loop, taking into account
the specifics of the structural construction of the system.

This will allow you to use the positive possibilities
of the theory of linear NCDS to more accurately de-
scribe the process of operation of the control system
with a PC, and ie a higher level of achieving the desired
end result.

Statement of basic materials

Research the method of harmonic linearization.
The method of harmonic linearization for solving auto-
matic control problems was first applied and further
developed in detail for nonlinear continuous automatic
control systems [14-16]. In accordance with the fact
that discrete modes of operation are increasingly used in
automatic systems, there have been attempts to apply
this method for the study of periodic processes in
nonlinear pulsed automatic control systems [16—17].
However, significant results in the application of the
method of harmonic linearization to pulse systems were
obtained only after the development of the mathematical
apparatus of discrete Laplace transform [11-17]. In
these works, the authors propose to perform harmonic
linearization of inertial NOT under the assumption that
the lattice function of the signal at the output of the
linear continuous part of the system varies according to
the sinusoidal law, while the signal itself may differ
significantly from sinusoidal. Nomination of such re-
quirements to the filtering properties of the linear con-
tinuous part of the system is explained by the fact that

the mathematical description of the processes occurring
in the pulsed system using Laplace discrete transforma-
tion involves consideration of the original coordinate of
the system only at discrete moments
t=nT+eT, 0<e<1,

rigidly related to the n - moments of closure of the IE
system. This in turn corresponds to the introduction into
the block diagram of a nonlinear pulse system at its
output "imaginary" IE (Fig. 1, a).

Reaction NOT y=F(x) on a sinusoidal lattice

x(nT)= Asin(wnT +¢) the function is also a lattice

periodic function, but the curve that encircles it does not
correspond to the harmonic law of process change. Such
a periodic lattice function, in contrast to a continuous
one, can be represented not by a Fourier series but by a
trigonometric polynomial with a finite number of mem-
bers.

(nT)= ]ZV:(a cosv, -+ b, sinv, — (D
y = v ny Y "N )
where
T
MparealM; MZE:—IZZ;

M -1

nonparedM ; M —relative period.

The coefficients of this polynomial are determined
by formulas
1 M-1
oy =— F(x) a, =
0 M kgb ( ) y

M1 2n
F(x)cosvk A 2)

at v=12,...,.N—-1;

at v=N,N+1,....M ,if M =2N +1.

The introduction of additional IE allows formally
in all cases linearization of NOT system to carry out
under the above assumption of the harmonious nature of
the lattice function of the input signal NOT, but on the
other hand the introduction of "imaginary" IE corre-
sponds to simplification of mathematical description
system properties. The loss of information about the
dynamic properties of the system is due to the neglect of
the continuous-discrete nature of processes in automatic
control systems in the transition from continuous de-
scription of the process at the output of the system to
discrete, ie at the time of introduction of "imaginary"
key. The introduction of IE at the output of the system
corresponds to the transfer of the system of differential
and difference equations to the system of difference
equations. As shown in [14], even for linear systems,
such a replacement makes it impossible to study some
features of the dynamics of NCDS. For a system of
nonlinear equations, this remark becomes even more
important, because the accuracy of the description of the
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input signal NOT depends on the result of linearization.
In this regard, the authors of this article in [11] aimed to
consider the features of the harmonic linearization of a
nonlinear element in the control systems of aircraft with
a PC in the control circuit. Thus, it was proved that in
linearization it is necessary to consider in interaction
both the properties inherent in the continuous part of the
system (nonlinearity, nonstationary, many modes, etc.)
and the properties caused by the sampling of time con-
trol processes occurring in digital PC. It was assumed
that the effect of level quantization is instantly taken
into account when forming the amplitude of the signal
during its sampling in the PC over time. That is, the
onboard digital PC is fed in the block diagram of the
system only by a pulse element, taking into account
only the nonlinearity that is part of the continuous part
of the system. It is also shown [11] that when conduct-
ing harmonic linearization of NOT in NCDS it is neces-
sary to take into account its placement in the structural
scheme of the system relative to IE and the linear part of
the system, as well as the presence or absence of inertial
properties in NE itself. That is, the application of the
method of harmonic linearization to nonlinear NCDS
has significant features. They are that, depending on the
type of structural scheme of the system (Fig. 1, a, b, c, d),
the harmonic linearization of NOT should be carried out
by replacing it with coefficients having different formu-
laic expressions.
oo -

Gls)

—*?)* y=F(x) —T/— w(s) IZ:(S)

a)

Gls)

—'?—T‘/— y=Flx) >

b)

G—(s»? y=F (x,sx) —T/ — W(s) >
c)

a Z(S)

%é y=F(x,sx) w(s) ‘|->
d)

Fig. 1. Possible variants of block diagrams
of single-circuit NCDS with one pulse
and one nonlinear element

Among all the variety of single-circuit structural
circuits of nonlinear NCDS automatic control, contain-
ing one NOT and one IE without extrapolator, there are

four variants of circuits that differ in the nature of the
signal change (continuous, discrete) at the input NOT
(Fig. 1, a, b, c, d). The signal at the NOT input belong-
ing to the NCDS will change discretely or continuously
depending on the location of the IE in the block diagram
of the system. Therefore, the signal at the input NOT
when replacing it with an equivalent linear one should be
considered as a sinusoidal lattice function only if the IE is
located immediately in front of the nonlinear one. This
case is illustrated by structural diagrams (Fig. 1, b, d).
The nature of the change in the NOT output signal de-
pends on the nature of the change in its input signal, as
well as the presence or absence of the inertia property in
the NOT system. Thus, in three of the four possible
typical block diagrams (Fig. 1, a, c, d) the output signal
NOT should be considered as a continuous function of
time.

For the correct formation of the coefficients of
harmonic linearization it is necessary to determine the
expression for the first harmonic of the output signal
NOT by representing this signal:

decomposition into a Fourier series, if y = F (1) ;
trigonometric polynomial, if y = F(nT).
With harmonic linearization NOT y =F (x) , be-

longing to the structural scheme (Fig. 1, a), the har-
monic linearization coefficients and the equivalent
complex gain NOT are calculated by the formulas [11]:

21

q(A4) :é I F(4sinot)sin otdot; 3)
0
1 2n

q'(4) =— J F (Asin ot )cos otdof; 4)
0

jarctgq 4
w(4) =\/q2 (442 (a))e M)

These harmonic linearization coefficients are func-
tions only of the amplitude of the input signal NOT.

In the block diagram of NCDS automatic control
(Fig. 1, b), in which the IE immediately precedes the

nonlinear with static characteristics y=F(x) , it is
necessary to consider the harmonic linearization coeffi-

cients and the equivalent complex gain NOT, calculated
by the formulas [11]:

(AN )—iNz_lF Asin(n£+ ) sinn—; (6)
NANP NA 7 N e N’

2 Nl b b
"(A,N,o)=— > F| Asin| n—+ cosn—; (7
T NAnz:l{ (N‘pﬂ v

7 N-I TC 7j[%n+(pj
I"(A,N,9)=—> F| Asin| n—+¢ || e (8
(4N.0) =7 L 7| sin{ v ®

The application of these coefficients in this case
correctly reflects the discrete nature of the processes at
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the input and output of nonlinearity.
Harmonic linearization NOT y=F(x,sx) , in-
cluded in the NCDS with a block diagram (Fig. 1, c),

should be carried out using the usual coefficients of
harmonic linearization

2n
q(4,0)= é j F(4sinot, Aocos ot )sinotdot; (9)
0
1 2n
q'(A,o)) = — J. F(A sin t, A®cos o)t)cos otdot. (10)
0
The equivalent complex transfer factor NOT is de-
termined by the expression
q'(4,0)
a(40) (11

Jjarctg
W (4, jo) = (4,0)+q7 (4,0)e
Coefficients of harmonic linearization NOT, de-
scribed by the same equation y = F'(x,sx), but which is

included in the structural scheme (Fig. 1, d), are in this
case function of the amplitude A, frequencies ® input
signal NOT, as well as the relative half-life N [11]:

q(4.0,N,¢)=
2n ] (12
IF Asin[niﬂpj,chos[niﬂpj sin wtdot; )
. N N .

q'(A4,0,N,0)=

12 7 . T T | (13)
=—jF Asin| n—+¢ |, Ancos| n—+¢ | |cos wtdwt;
o L N N )]

I(A, jo,N,p) =

q4'(4.0.N.0) (14)
q(4,o,N.0)

Jarctg
:\/qz(A,co,N,(p)+q'2(A,(o,N,(p)e

We obtain the equations of involuntary periodic
processes that occur in nonlinear NCDSs, the structural
schemes of which are similar to those shown in Fig. 1
year A feature of the considered block diagram is the
discreteness of the input signal NOT of the system and
the dependence of the output signal NOT on the derived
signal acting on its input. By replacing the NOT system
with a corresponding equivalent complex transfer coef-
ficient (14) and considering the processes in it with
respect to Laplace images, NOT and the linear part of
the system can be characterized by one transfer function
[11]:

W (A4,5,N,0)=1(A,5,N,0)W (s). (15)

Transfer function W (4,s,N,¢) is the product of

the transfer coefficient NOT after linearization and the
transfer function of the linear part of the system.

Based on the definition of the inverse D-
transformation, we write the expression for the Laplace
image of the original coordinate of the system

1
Z(A4,5.N,9)=[Z"(4.5.N.¢.e)e* *de =
0

1 *

* W Aa s, Ns , €
_[6" (s) L No0c)
0 1+W7"(4,5,N,0)

Wi(A4,s,N,
- D) o)
1+W" (4,5,N,0)

=®(4,5,N,0)G" (s). (16)
From (16) it follows that the transfer function of a
closed linearized NCDS, which is due to the ratio of the
Laplace transform of the output coordinate of the sys-
tem to the discrete Laplace transform of its input signal,

is calculated by the formula
Z(4,5,N,9)  W(A4,5,N,0)
G* () 1+W" (4,5,N,¢)
Expression (16) can be put in accordance with the
block diagram shown in Fig. 2, a. From the analysis of
this figure, it follows that as a result of the structural
transformation it was possible to make IE from the
closed circuit of the system. Therefore, the closed part
of the block diagram shown in Fig. 2, b, can be consid-
ered as a continuous system, the transfer function of the
open circuit which has the form
W(4,s,N,0)

W* (4,5, N, @)W (4,5,N,0)+1

Spontaneous periodic processes that can occur in a
closed loop of the considered system can be character-
ized by the equation

W (A,s,N,0)

W*(A4,5,N,0)-W(4,5,N,p)+1 B

Given (15), equation (19) can be reduced to the
form

e Tede =

®(4,5,N,0)= -(17)

W, (4,5,N,) = 18)

~1. (19

{I(4,5,N,0)W(s)] =-1. (20)
is)T/ 0] pryp Z(4,5,N,9)
a)
is)T/ i(i)?;-» W os, Vg |2 0)
b)

Fig. 2. Equivalent representation
of the structural diagram of the system shown in Fig. 1

Equation (20), which determines the parameters of
involuntary periodic motions in a nonlinear NCDS with
a block diagram (Fig. 1, d), can be obtained without
transforming the original block diagram. Indeed, by
opening the circuit of the system at point "a" and using
the definitions of the transfer functions of the continu-
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ous and discrete parts of the automatic control system,
the expression for the signal at the output of the IE can
be written as

X*(s)=G"(s)~ X7 (s) {1 (4,5, N, @)W (s)}".
Closing the circuit at the breakpoint, we obtain
X" (s)=X7 (s) and, therefore,
xX* (s = G (S) -
1+{I(4,5,N,0)W (s)}
The expression for determining the signal at the

output of the system will accordingly look like
I1(A4,s,N,0)W(s)

1+{I(A,s,N,(p)W(s)}
=d(4,5,N,0)G (s),
where ®(A4,s,N,¢) — transfer function of closed lin-

Z(4,5,N,p) = _G (s)=

earized NCDS automatic control.
When finding involuntary periodic processes, the
input signal of the system is assumed, therefore

{I(4,5,N.0)W (s)} +1=0. 1)

Equation (21) determines the conditions for the
linearized nonlinear NCDS at the stability limit, com-
pletely coincides with equation (20) and, therefore,
determines the parameters of possible involuntary peri-
odic processes in the system. Since both functions under
the sign of the discrete Laplace transform operation
depend on the frequency, condition (21) can be rewrit-
ten as [17] on the basis of the D-transformation theorem
on the multiplication of images of two functions.

1
[ (4, jo., N,o,e =)W (jo,M)dr=-1. (22)
0

In expressions (21) and (22):

w* (jo,\), W (jo,e—L) — offset discrete fre-

quency characteristics of the linear part of the nonlinear
NCDS;

I" (A4, jo,N,)), I" (4, jo,N,¢,e—L) — offset dis-

crete amplitude-phase frequency characteristics of a
harmonically linearized NOT system;

€ 1 A —real numbers ranging from O to 1.

It is believed that the frequency of periodic re-
gimes that occur in nonlinear pulse systems is strictly
related to the frequency of IE short circuit and is in an
integer ratio with it [14; 17]. However, the authors of
some works do not deny the possibility of complex
periodic processes in the systems of this class, the repe-
tition periods of which are not multiples of the quantiza-
tion period of the IE system [4; 15—17]. The above ap-
proach to the definition of periodic processes also con-
firms the theoretical possibility of such involuntary
modes of operation of the system. This is evidenced by
equations (21) and (22). Equations of periodic processes

in notation (21) and (22) cover all the variety of close to
harmonic "self-oscillating" processes that can occur in
nonlinear NCDS with the considered structural scheme.
However, given the great difficulties of practical use of
these equations to calculate the parameters of periodic
processes, the manifestation of nonlinear pulsed systems
of resonant properties should be investigated only for

frequencies ® :%, if N=1,2,3,.... In this case, due to

the equality of zero parameters € and A the equations
of periodic regimes are significantly simplified and take
the form

w* [jijz—;. (23)
N I*KA,j“,N,cpj

Equation (23) in contrast to (21) and (22) charac-
terizes only simple involuntary periodic regimes, the
repetition period of which is a multiple of the closure

period of the IE system (7; =27-N) . However, to

determine the parameters of these modes, equation (23)
allows us to propose a relatively simple graph-analytical
method [11; 15; 17].

To derive the equations of periodic processes of
nonlinear NCDS, in the block diagrams of which the
pulse and nonlinear elements are separated by a linear
inertial link, and are NOT described by the equation

y = F(x,sx) , harmonic linearization does NOT need to

be performed by replacing it with an equivalent com-
plex transfer factor calculated by formula (11).

By reasoning similar to the above, we can show
that the equation of periodic processes for nonlinear

NCDS with a block diagram (Fig. 1, c) has the form
W (4s)W(s) =-1. 4)

Expanding the symbol of the conversion operation,
equation (24) can be represented as each of the follow-
ing records

1
IW* (A, jo,e=0)W" (jo,e)de=-1;
0

(25)

1
jW* (A4, jo, \)W* (jo,e—A)de=-1.
0
According to this equation for determining peri-
odic processes with a repetition period, a multiple of the
IE closure period of a nonlinear NCDS with the consid-
ered block diagram, will look like

It is not necessary to give a separate derivation of
the equations of periodic processes for nonlinear
NCDSs with structural schemes (Fig. 1, a, b), because
these structural schemes differ from structural schemes

(26)

@7
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(Fig. 1, c, d) only by the properties NOT that are part of
them. Therefore, the equations of periodic processes for
automatic systems with structural schemes (Fig. 1, a, b)
will differ from equations (20), (21) only by expressions
for equivalent complex transfer coefficients NOT.

{1* (A,N,(p)W(jc))}*:—l;

(W (ayw (jo)| =-1.
Based on the transformation multiplication theo-
rem and the linearity theorem, equations (28), (29) to

determine the most probable involuntary periodic proc-
esses should be used as

NJ)  I"(4,N,9)

[ . T 1

v (] Nj_ w(4)

If a nonlinear NCDS automatic control contains

several IE, for example two, it can be shown that de-

pending on the location of the pulse elements in the

block diagram of the system (Fig. 3, a, b, ¢, d) and the

properties of its NOT equations of periodic modes will
look like

(1(4. o N.o) W (o) W (jo)) =12 (32)

(28)

(29)

(30)

€2))

(4. jo) W (jo) W (jo) =-1: (33)
(1" (AN,0) 7 (jo) W (jo)) =15 (34)
{W W (jo) Wz(ju))} -1, (35)

G(s K
’ﬁb/» IS X ) YA

‘ib/» P = 0 A T
Gls s
’?‘ e A ) A ) e

G(s s
‘&F- Y T A e e

Fig. 3. Block diagrams of nonlinear NCDS with two IE

For the purposes of determining the parameters of
the simplest involuntary periodic regimes, equations
(32) — (35) can be used as

Wl*(j%sz* (j%}——l ——: (0
I*(A,j,(p]
N
*[ . T LT 1 .
. (]N)W (]N)_ w* (4, jo) 7
* T LT 1
g []_sz (Jﬁj_ I'(4,N,9) 9
W [j%sz* [j%}——wé 5 e

Analysis of equations (20); (24); (28); (29) and
(36) — (39) shows that in each of them under the sign of
the operation of D-transformation is the expression of
the transfer function of open linearized NCDS obtained
from closed breaking the single feedback circuit. Thus,
it can be argued that the common frequency condition
for the occurrence of periodic processes in nonlinear
NCDS is the equality of the negative unit of the D-
transformation from the transfer function of an open
harmonically linearized system.

The difference between the equations of periodic
processes of nonlinear NCDSs with different relative
positions of nonlinear and pulse elements in their block
diagrams is the use of different coefficients of harmonic
linearization NOT. This allows you to more fully take
into account the nature of possible periodic modes in the
system and increase the accuracy of determining their
parameters.

Conclusions

Based on the discussed above, we can draw the
following conclusions:

1. Comprehensive analysis of AAR control sys-
tems with PC as an object of study allows us to state
that they belong to the class of nonlinear continuous-
discrete automatic control systems.

Therefore, in the study and calculation of AAR
control systems with PC in the frequency domain, it is
advisable to use both the mathematical apparatus of
Laplace transform and its discrete analogue of D-
transform. This will allow the application of harmonic
linearization NOT system to take into account the pecu-
liarities of the periodic modes in systems of this class.

2. In solving the problem of the study to identify
the specifics of harmonic linearization of NOT in sys-
tems of this class was justified the need to take into
account its location in the structural scheme of the sys-
tem relative to IE and the linear part of the system, as
well as the presence or absence of inertial properties in
NOT. In addition, it was noted that for NCDS with one
nonlinear and one pulse element, there are four possible
variants of block diagrams of single-circuit NCDS, for
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each of which you need to apply different coefficients
of harmonic linearization NOT.

3. In the process of solving the second problem of
the study, mathematical dependences were obtained for
the coefficients of harmonic linearization NOT of all
possible variants of the structural construction of the
system. In this case, the harmonic linearization of NOT,
which are part of the NCDS with different structural
structure, should be carried out by replacing it with
coefficients having different formulaic expressions.

4. The result of solving the third problem of the
study is to obtain using the proposed coefficients of
harmonic linearization NOT equations that describe
involuntary periodic processes that may occur in
nonlinear NCDS automatic control of different struc-
tural construction.

The obtained equations determine the conditions of
linearized nonlinear NCDS at the stability limit and,
therefore, determine the parameters of possible involun-

tary periodic processes in the system.

5. When changing the structural scheme of NCDS
due to the introduction of additional IE equations of
periodic processes also change. The advantage of the
proposed equations is not only their suitability for
studying the parameters of involuntary periodic proc-
esses in any nonlinear NCDS automatic control, but also
the ability to study using their characteristics of the
emerging processes in each scheme of AAR control
systems with onboard PC structural diagram of the sys-
tem.

6. In the future for practical determination of con-
ditions of occurrence and research of parameters of
periodic processes in nonlinear NCDS, including in
AAR control systems with onboard PC, it is planned to
develop a technique which will allow to solve this prob-
lem by a graph-analytical method using logarithmic
frequency characteristics of system scheme elements. or
numerical methods of calculation on PC.
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PIBHAHHA NEPIOANYHUX PEXUMIB, AKI BPAXOBYIOTb OCOBJIMBOCTI ANHAMIKU
X MPOTIKAHHSA B HENIHIAHUX ABTOMATUYHUX CUCTEMAX 3 EOM B KOHTYPI YNPABJIHHSA

0O.B. Boiitko, B.I'. Cononnikos, O.B. ITonxskosa, A.M. Tkauos

Y ecmammi na ocnosi 3acmocysanmna 6e3nepepeHo-ouckpemnozo nioxooy 00 Onucy NepioOUUHUX PedCUMie, wo MONCIUG 6
asmomamuyHux cucmemax 3 ynpasnsiouoo EOM, ompumani piensnns, sKi 6paxogyoms 0coOnusocmi OUHAMIKU iX RPOMIKAHHS 6
HeNIHIHUX cucmeMax 3a3Ha4eno2o Kaacy i 3abe3neuyoms nioguiyerts MmoYHoCmi po3paxynxy ix napamempis. Ile docseacmocs
WIAXOM — 8PAXYBAHHAM Cheyuiku cmpyKmypHoi cxemu 0ocriodcyeanoi cucmemu 3a paxynox 3saminu HE cucmemu
Koeiyichmamu 2apmMoHiuHoOi Nineapusayii, wo mMalomo GiONOGIOHO PI3Hi OPMYNbHI 6Upasu. 3acmocy8anHs 3anpPOnOHO8AHUX
PpisHANb 00360aUMb OiNbW ePeKMUBHO BUKOPUCMOBYBAMU OOCTIONCYBAHI PedcuMu Npu QYHKYIOHYBaHHI cucmemu abo HA8NAKU
2apaHmo8aHo ix no3oymucs.

Knruoei cnoea: capmoniuna nineapuzayis, imnyivcuull eremenm, ueninitinuti enemenm, EOM, Oesnepepeno-ouckpemua
cucmema.

YPABHEHUE NEPUOONYECKUX PEXXMMOB, YYUTBIBAIOLLUMX OCOBEHHOCTU AUHAMUKU
WX MPOTEKAHUSA B HEMMMHENHbLIX ABTOMATUYECKUX CACTEMAX C 3BM B KOHTYPE YIMPABJIEHUA

A.B. Boiitko, B.I'. Cononnukos, E.B. [TonsikoBa, A.M. TkaueB

B cmamve na ocnose npumenenus HenpepeléHO-OUCKPEMHO020 NOOX00A K ONUCAHUIO NEPUOOUUECKUX PEICUMOB, B03MOiC-
HbIX 8 ABMOMamuyeckux cucmemax c ynpaeusiowet IBM, nonyuenst ypasnenus, komopule yuumvleaiom ocobeHHoCmu OuHamu-
KU UX NPOMEKAHUS 6 HeTUHEUHbIX CUCHEMAX OMMEYeHHO20 KIAcca U 00ecneyusaion nosbileHue MmoYHOCmu paciema ux napa-
Mempos. Imo docmuzaemcs nymem yuema cneyu@uku CmpyKmypHol cxemsl ucciedyemoli cucmemsl 3a cuem samenvt HE cuc-
membl KO3 duyuenmamu 2apMOHUYECKOU TUHeAPU3AYUY, KOMOPbIe UMEION COOMBEMCMBEHHO PA3IUYHbIE (DOPMYIbHbIE BbIDA-
acenus. IIpumenenue npeonazaemvlx ypasHmeHuii nos3goaum 6onee dPGeKmusHo UCnoIb308ams UCCIeOyeMble PelcUuMbl npu
@ynKyuoHuposanuy cucmemsl UL HA0OOPOM 2apAHMUPOBAHHO OM HUX U30ABUMBCAL.

Kniouesvie cnoga: eapmonuueckas nuHeapu3ayus, UMNYAbCHbIL d7eMenm, HenuHelnwld snemenm, DBM, nenpepuvigno-
Ouckpemuas cucmema.
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