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THE DEVELOPMENT OF A COMBINED
SYSTEM OF FREQUENCY AUTOMATIC

CONSTRUCTION OF RADIO MONITORING
TOOLS WITH FIRST ASTATISM

At the present time, phase auto-adjustment systems are widely used, in which frequency stabilization and

Jrequency tracking is achieved due to phasing of the reference (setting) and control voltages. Frequency auto-
adjustment systems solve this problem as a result of direct measurement of the difference in frequencies of the
reference and control voltages, and reduction of this difference. The scientific task solved in the research is to
increase the dynamic characteristics of automatic tuning systems, to increase the dynamic accuracy and speed
of frequency auto-tuning systems of radio monitoring devices with astatism. Therefore, the object of research is
the system of automatic self-adjustment of military radio monitoring equipment. The subject of the research
is the dynamic, root mean square errors of automatic self-tuning systems under different laws of change of the
disturbing influence (input signal frequency deviation) and the speed of the systems. The methods of analysis and
synthesis, the theory of complex technical systems and the theory of radio receiving devices were chosen as the
basic mathematical apparatus in the proposed research. The research proposed a combined system of frequency
auto-adjustment of radio monitoring devices with astatism, as well as basic mathematical expressions that describe

its operation. In the process of research the following tasks were solved:
— an analysis of the dynamic characteristics of a static system of frequency auto-adjustment with the principle

of deviation control was performed;

— a functional scheme and a mathematical model of a combined frequency auto-adjustment system with first-

order astatism and increased speed were developed.

One of the important advantages of the proposed mathematical model is the increased ef ficiency of frequency tun-
ing depending on the type of signal compared to known frequency autotuning. This is accepted not only in the case of
changes in the disturbing influence according to deterministic laws, but also in the case of random disturbing influence.

The direction of further research should be considered the increase in dynamic accuracy (reduction of dynamic,
root mean square errors) and speed of frequency auto-adjustment systems.
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1. Introduction

The main tasks of the units of the Armed Forces of
Ukraine that perform radio monitoring tasks include the
search and detection of new enemy radio equipment, inter-
ception and registration of meaningful information, for the
purpose of further processing and implementation. Currently,
the enemy widely uses various devices of radio communica-
tion, both domestic and foreign, which in turn raises the
requirements for the quality of radio receiving equipment
used by units of the defense forces of Ukraine.

In order to organize hidden and stable communication,
the enemy mainly uses radio stations with pseudo-random
reconfiguration of the operating frequency (PROF), which
is based on radio stations of the «Azart> (R-381P-1) and
«Arahis» (R-392) type. The rate of change of the operating

frequency in these radio stations ranges from 100 to seve-
ral thousand jumps per second.

Based on this fact, the accuracy and speed of setting
the radio receiving equipment of the radio monitoring
units should be the same and even higher. The automatic
frequency adjustment system (AFA) is a fairly important
component of almost every radio receiving device and
the quality of the signal we receive at the output of the
radio receiving device depends on the speed and accuracy
of its operation.

The topic of developing a fast and accurate AFA system
based on the measurement of the frequency difference
between the reference and control voltage frequencies and
the reduction of this discrepancy is quite relevant at the
moment [1—4]. Phase relationships between reference and
control voltages are not taken into account.
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In this way, the design of the radio receiving device
is simplified, its reliability and speed of operation are in-
creased, since the composition of the control link is reduced,
which in turn leads to an increase in speed and reliability.

An important issue in the application of this AFA scheme
is the accuracy and speed of measuring the frequency dif-
ference, which requires the use of modern and alternative
methods of solving this problem. Because the use of a slow
measurement method will negate all the advantages of an
AFA system in contrast to a phase automatic frequency
adjustment (PAFA) system.

Taking into account the advantages and disadvantages of
each of the approaches to adjusting the indicators of radio re-
ceiving equipment, there is an urgent scientific task in substan-
tiating the composition of the system of frequency auto-adjust-
ment of radio receiving equipment of radio monitoring units.

The aim of research is the development of a system of auto-
matic self-adjustment of military radio monitoring equipment.

2. Materials and Methods

The objects of research are the systems of automatic
self-adjustment of military radio monitoring equipment.

The subjects of research are dynamic, root mean square
errors of automatic self-adjustment systems of military radio
monitoring devices under different laws of change of disturbing
influence (input signal frequency deviation) and system speed.

The research problem is the development of a system
of frequency auto-adjustment of radio receiving equipment
of radio monitoring units. Modeling was carried out using
MathCad 14 (USA). Aser Aspire based on the AMD Ryzen 5
processor was used as the hardware. The basic mathematical
apparatus in the proposed research was chosen to be the me-
thods of analysis and synthesis, the theory of complex technical
systems, and the theory of radio receiving devices.

3.1. Comhined frequency autotuning system with first-
order astatism. The functional scheme of the combined AFA
system is shown in Fig. 1.

Eliminate the error Awpz(¢) with a gradual change
Aw¢(t) and limit it in the case of a linear change Aw. (%)
it is possible by making the system astatic with first-
order astatism using the feedback of the disturbing in-
fluence Awq(¢), so by building a combined AFA system.
To transform a static system into an astatic one of the first
order of astatism, it is enough to use a provoking feed-

back to send a signal to the system proportional to this
provocation [5].

To measure the provocative effect Awc(t) a frequency
discriminator FD tuned to the nominal frequency w¢, is
used input signal. On the functional diagram, the fre-
quency discriminator FD is presented in the form of
a set of comparison element CE, which performs the sub-
traction operation A®q(t)=w¢, —0c(¢) and the deviation
converter signal frequency (disturbing effect) in voltage:
Upp = kep Awc ().

According to the work [3], the time of the transition
process ¢, of the system is determined by the slowly fad-
ing component and the transient component of the error.
Increasing the speed of the system can be achieved by
compensating this slowly decaying component. For this, it
is necessary to apply the first derivative of this influence to
the system, in addition to the voltage proportional to the
disturbing influence [6, 7], thus, a correction device (CD)
should be included in the compensation link, which would
pass a signal proportional to the disturbing influence Aw,
and its first derivative [8]. To increase the output voltage
of the correction device, an amplifier is used which (thus,
the voltage from the output of the compensation link)
is fed to the adder, where it is composed of the voltage
of the error signal u;(¢) of frequency discriminator FD
included in the closed circuit of the system.

Before the introduction of disturbing communication
when changing the step frequency of the signal Ao (¢) = w,
there was an error that was fixed Awpp(t)=Awq/(1+ky),
from which the voltage uy(¢) was formed at the input of
the control generator CG. When the connection wuy (¢) is
turned on, the voltage is formed from the sum of volt-
ages uy (t)=ump(t)+uys(t), where uys(t) in the established
mode, as well as wug(¢), proportionally. While increas-
ing (due to the gain of the amplifier) error voltage um(¢)
decreases for a certain value an increase in frequency
Aw(t) is required CG voltage, equal to Awg(t)=Aw. is
achieved only due to the voltage of the compensating
connection uyg(t).

System error at the same time Awpg(¢)=0. With fur-
ther increase tends to exceed the value and therefore
an error of another sign appears. It is obvious that you
should choose the gain of the amplifier such that in the
case of a gradual change in the frequency of the signal
error Awpp(t)=0.

The operation of the combined AFA system with a li-
near change in the signal frequency by developing the
appropriate mathematical model of the system.
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Fig. 1. Functional diagram of the combined system of the

radio-receiving equipment of the radio monitoring units
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3.2. Mathematical model of the comhined system of AFA
with astatism of the first order. The mathematical model of
the combined AFA system with astatism of the first order
according to the functional scheme (Fig. 1) while using the
equations in the deviations are given below.

Transfer function:

— frequency discriminator FD:

upp(p) kep

- =1, Tpp =0. )
Aw®pr(p) TFDp+1,kFD , Trp =0.005's;

Kp(p)=

— amplifier Amp.:

us(p)

=k, ky=4;
us(p) e

K(p)=

— controlled generator CG:

Awg(p) _ kg

up(p) —m, k(;zl, TC :0.15;

Ke(p)=

— frequency discriminator FD:

upp(p) _ kp
Aoc(p) Tpp+1’

Kpp(p)= kep =1, Trp =0.005's;

— correction device CD:

uCD(p).
um(p)’

Kep(p)=

— amplifier Amp.:

KA<p>=%:kA;

— compensatory provoking connection:

up(p)
Awc(p)

Ke(p)= =K (p)Kep(p)K4(p).

Parameters of transfer functions Kgp(p) and K,(p) are
determined as a result of the synthesis of the connection
of disturbing influence in accordance with the conditions of
increasing the dynamic accuracy and speed of the system.

Reduction of dynamic and root-mean-square errors of
the AFA system [1] can be achieved by transforming
a static system with respect to the disturbing influence
into an astatic system with first-order astatism [2, 4, 7].
An increase in the quality indicators of the transient pro-
cess (in particular, an increase in the performance of the
system) can be achieved thanks to the compensation of
the slowly decaying component of the transient process,
which is caused by a change in the provoking influence.

To transform a static system with respect to a provoking
influence Aw¢(¢) [5, 9] in a system with first-order astatism, it
is necessary to introduce a voltage proportional to the disturb-
ing influence into the system with the help of the disturbing
influence connection. To compensate for the weakly damping
component of the induced transient Awc (¢), it is necessary to
enter into the system one first derivative of Awq(¢) [2, 10, 11].

In accordance with these requirements, the physically
implemented transfer function of the disturbing influence
connection should have the form:

u,(p)  uptke

Ker(P)= Foctp) = Tupe1

(1

According to the mathematical model of the combined
AFA system, the transfer function of the connection of
the provoking influence is equal to:

ken(p)

Ke(p)=Kpp(p)Ken(p)Ka(p)= mKCD(p)kA»

(2)

To determine the transfer function of the correction de-
vice Kup(p) the right-hand sides of expressions (1) and (2)
are equated:

Rip Tp+hke
7TFDp+1KCD(p)kA = 712])_’_1 )
where

Tup+ke Tppp+1

Kep(pYka = [ 3)

12p+1'

Transfer function K,(p) (3) physically unrealized (the
degree of the numerator is greater than the degree of the
denominator). The transfer function, which is physically
implemented, has the form:

(Tepp+1D)(Tip+ke)

Kcn(p)kA = (1;2p + 1)k1~‘D (TBP + 1) '

(4)

In this case, the transfer function of the connection
with the disturbing influence will be equal to:

u, (p)

K = =

_ ke (Tp+ke)Tmpp+1) _ Tp+ke
Teop+D)(0p+Dhp(t3p+1)  (Tap+D(t3p+1)°

()

To define parameters T,,k-,T, and T3 of the communica-
tion transfer function under the influence (5), it is neces-
sary to first find the form of the transfer function of the
combined AFA system. For this purpose, according to the
mathematical model of the system, the following system
of equations was compiled:

Awpr(p) = Awc(p)— Ao (p),

Ao (p)=Kep(p) Ka(p) Ko (p)A®cp(p)+
+ Ks(p) Ka(p)Ks(p)Aos(p).

Excluded from the system Aw (%), it is possible to receive:

(Aoc(p)— A0 (p))=

=Kep(p) Ku(p) Ko (p)Awpr(p)+
+Ks(p) Ky (p)Ks(p)Aws(p),

[1+ Ken(p) Ka(p) Ke(p)] Ao pr(p) =
=[1-Ke(p) Ka(p)Ke(p)|Acc(p),

where is the transfer function of the system:

Aop(p)  1-Ke(p)Ki(p)Ks(p)

KAu) = - ’
()= Rortp) ~ 1+ Ken(p) Ka(p) Ko ()

(6)

4
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or
(Tp+ke)kaks
Awp(p) "~ (Tp+ D) (T p+ D(Tsp+1)
K = = =
Aw®pp (p) ch (p) kCDkAkG
Tepp+D)(Top+1)
[(p+D(Tp+ D) (Tep+1) - |
T D(Tep+1
|- (1 p+ ke Yesho —( eop+D)(Top+ )_
[(Tepp+D(Tsp+1)+] -
Teopt DAPHDH ety + (T p+1)
|+ kepkake
(sz+1)(Tsp+1)(T(P+1)—
Tepp+1
- uptke)kike _( b ) Dy, (D) -
B —(YL‘DP+1)(TGP+1)+_ Ao)pR( )’
1 1
4 heolesks —(T2P+ )(Tsp+1)
or
_ Awpr(p) _ ap'+ap’+ap*+azp+a,
Koo D= R0c) ~ by +bip +bop?+bipeh, O
where

ay =TepTsTyTs;
ay=TepTsy + TepTets + TepTyTs + T5T,Ts;
ay =TepTe + 19T+ Tep (T3 +T9) +

+ Te (T2 +13) — kakeTiTep;
kaiket,

a3=Tep+To+T,+ 13— — kakckcTep;

a, =1-kckike;

by =TepT5ToTs5

by =TepToty + TepTets + TopTots + T6ToTs;

by =TepTs + 10T + TopTs + TepTy + 6T, +

+ T5Ts + ToTskepkaks;

by =Tep + T + T + T3 +(Ty + Ty Yocpkaks;

by =1+kepksks =1+ k.

According to the expression (8), the combined system
of AFA in the general case (at an arbitrary value of the
coefficient k¢) is static, as well as the system without
connection with the provoking influence.

The condition for transforming a static system into
a system with first-order astatism is:

a; =1-kck,k: =0, 9)
where

ko= L = ! =0.25 10

C_kyk(;_ﬂ_ . ( )

When the condition (9) is fulfilled, the transfer func-
tion of system (8) takes the form:

(p)= apt+ap*+ap* +azp
P D b + b )2+ bap+ by

(11D

Awa

thus, the system becomes astatic with first-order astatism.

Parameters Ty, Ty, T3, which are included in the transfer
function K¢(p) (5), disturbing connections (as well as in
the transfer functions (7), (8)), were determined in ac-
cordance with the requirements for increasing the quality

indicators of the transient process, in particular, the time T,
constant for the first derivative of the disturbing influence —
in accordance with the condition of increasing the speed
of the system.

At the same time, it is possible to adhere to the follow-
ing method:

1. Write down the transfer function (7) of the com-
bined system when condition (10) is fulfilled:

_ Awpr(p) _
KAmPR (p) - A(D(,(p) -
(Top+ D(Tsp+D(Tep+ 1) -
_ (eop+ 1)[— (kikgtip+1) :| _ Dio,(p) (12
[ Toop+ DTop+ )+ = Fan () ¥
+ kool (Tap+D)(T3p+1)

It can be seen from expression (12) that the parameters
T,,T3 connection with the disturbing influence are not included
in the characteristic equation (Tppp+ 1) (Tep+1)+kepkaks =0
of the closed part of the system and therefore affect its sta-
bility. However, when the open connection of the provoking
influence is introduced, new roots appear in the character-
istic equation of the system F,, (»p=0), equal pc =—(1/15)
and pyc =—(1/13). New components A,ce”<* and Ascer<t will
correspond to these roots and the transient component of the
error caused by a change in the disturbing influence. In order
for these components not to have a significant negative effect
on the quality of the transient, it is desirable that they decay
quickly, at least faster than the slowly decaying components.

2. The roots of the characteristic equation of the AFA
system with the principle of deviation control is equal to:
Py =-72.9843788; p, =-137.0156212.

With the selected parameters k¢ (look at (10)), T, and T4
transfer function K,,, (p) (12) will take the form:

Awpg, (P)
K OpR =T N
som (D) Aoc(p)
_ap'tap’+tap’+a;p Die, (D) 13)
T bhpt+bhpP+byp’+bsp+b; Fy,, (p)’
where

ay=TepTptyts =1-107%;

a, =TopTety + TepTets + TopToTs + Tyt =1.71-1075;
ay=TepTe +T9T3 + Tep(Ts +T5) + T (To +T3) —

— kyket Ty =8.17-107-0.02-1;

as =Tep + T + Ty + 75 — kyksti —

— kykchcTop =0.103-4-1;

by = TepTTyts = 1-10°;

b =TepTety + Top Tty + TepTyTs + TTyTs =1.71-1075;

by =TepTo + 19T + TepTs + TepTo + TpTo +

+ T5Ts + Ty Tskepky ke = 0.000825;

by =Tep+ T + Ty + T3 +(Ty + T3 eepky ks =0.12;

b, =1+kepkyks =1+ ky =5.

3. Coefficient 1, (look at (5)) at the first derivative of
the disturbing influence. Value determine, in accordance with
the requirements of increasing one of the indicators of the
quality of the transition process — speed, which corresponds
to the time of the transition process (time of regulation 7).
One of the methods of increasing the speed of automatic
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control systems, as mentioned, is the method of compensating
weakly damped components of the transient error component
by means of communication with disturbing influence. The
possibility of compensating the weakly damped components
of the transient process is explained by the fact that, as
can be seen from (12), the parameter 1, is included in the
numerator of the transfer function. With the appropriate
selection of this parameter, the weakly damping components
of the transient process can be compensated, and therefore,
the speed of the system is increased.

To increase the speed of the system, it is possible to
make a decision to compensate for this weakly decaying
component of the transient component of the error by
connection devices with a disturbing influence.

The transient component of the error of the combined
system Awpg ¢ (t) according to the roots of the characteris-
tic equation of its closed part and the roots p,c and psc,
introduced by the perturbing connection (13), is described
by the expression:

Awpg g (£) = AiePt + Aye?' + AypePet + AgpePset,

The initial value of the i-th component of the transient
error component under a disturbing influence Awq(p)=
= Dyo. (P)/ Faoe (P) is equal to:

~ Dion (Pi)Dsoc ()

A= S
FAU)[)R (pz )FAmC (pl)

(14)

For the case of a change in influence according to
the law of a unit step function:

1 Dy (p)
Ao (t)=1, ch(p)=;=m, (15)
where Dy, (p)=1, Fuo.(p)=p. Fap.(p) is described:
A= api+api+api+api 1
" Abyp?+3bp?+2b,p, +bups p;
__ @pltapitaptas (16)

4byp? +3bip?+2b,p; +bsp;”

Thus, the synthesis of the open compensating connec-
tion with the disturbing influence of the combined AFA
system is performed in accordance with the condition of
reducing dynamic, root mean square errors (the condi-
tion of the transformation of the static AFA system into
a system with first-order astatism) and the condition of
increasing the speed (compensation of the slowly decaying
components of the transient process).

As for the system with the principle of deviation control,
it is possible to determine the established dynamic errors
of the combined system with step, linear and quadratic
laws of change of disturbing influences:

A () =0, 1(t), Aoc(1) =0, + 0,

Ao (1) = ) + ot + .t

The error of the combined system) is determined by
the expression:

AOpr (P) = K g (P)AGC(P). 17)

Fixed a dynamic error Awpzx (p) of the combined system
according to the theorem of operational calculation about
the final value of the function is equal to:

A(DPRK(t)leiE(}pAmPRK(p)- (18)

If the disturbing influence varies according to a linear
law Aw¢ ()=, + @, then an error in the regime will have
a disturbing effect Awc(p)=0,/p+0,/p”:

ap' +ap*+ayp* +asp

=l . - X
nlirolpboﬁ+b1p$+bzpz+b3p+b4

Wy 0,
x| —+— |=-—0,
p : b !

A®ppx (1)

(19)

thus, instead of a growing error in a system with the
principle of control by deviation, in a combined system the
speed error has a finite value.

When the disturbing influence changes according to
the quadratic law Aw¢(t)=w, + 0 +m,t%, whose descrip-
tion looks like Amc(p)=w,/p+w,/p’+2lm,/p’ the error
in the set mode is equal to:

0 ap+ap®+a,p*+azp
= X
w0 P bt 4 b + by p? + by pt by

W, o 2o,
X| —+—+——|=0o,

A®ppk (1)

. (20)

p p P

thus, in the combined AFA system, as well as in the sys-
tem with the principle of deviation control [7], the error
in the set mode tends to infinity.

The transfer function of the connection with the dis-
turbing influence of K¢(r) is synthesized according to the
condition of transformation of the static system of the
AFA into a system with first-order astatism (parameter k¢)
and the condition of increasing speed (parameter) system.

As shown in the work [8], the value of the coefficient
when the first derivative of the perturbing automatic control
system, synthesized according to the condition of increasing
the order of astatism of the system, is equal to the optimal
value T,pr, at which the root mean square deviation (RMS)
takes the minimum value. (This provision is also valid for
the case of the synthesis of communication parameters with
disturbing influence). The value of RMS under random
disturbing influence is described by the expression:

Ao (p)  ap'+ap’+ap’+ayp
Aoc(p)  bp'+bp* +bp*+byp+by

KA(DPRK (p): (21)

As in the case of determining the RMS of a system
with the principle of deviation control [3, 8, 10—15], the
spectral density of the disturbing influence Aw.(¢) is equal to:

Spo (©)= where B=1. (22)

1
w?+p%’
The spectral density of the error of the combined system:
Ssone (©)=[Kaoy, (GO S (0), (23)

where Ky, (j®) = Kpope (D) |pjo 15 the complex transfer func-
tion of the combined system.

4

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 4/2(78), 2024



I55N 2664-9969

INFI]RMATIIJN AND CONTROL SYSTEMS:
SYSTEMS AND CONTROL PROCESSES

The spectral density of the error of the combined system:

SAU)I’R (('0) =

| @) +a(jo) +a(joy +a(jo) [
B |bo(]-03)4 +b(jo) +by(jo)* +by(jw) + by | o>+

(24)

The average value of the square of the error is equal to:

PN PR
(DPR_EM P ()} (D—%

i a,(j0)' + @ (jo) +a,(jo) +a(jo) |

|BGoy +bGoy +b.Goy + bljoy+h| s o 25)

where

a,=10"; 4, =0.00000171;
=0.00040688; a; =0.020976;
=107 b, =0.00000171; b, = 0.000825;
=0.12;b,=5,p=1.

by
by

Bringing formula (25) to tabular form:

XT dy(j0)* +d;(jo)* +dy(jm) +d;(jo)

= e (o) +e(jo) + (o) +es(jo) +ci(jo)+os|

where
dy=a2 =1-10"15;
d, =—(a} -2aya,)=-2.11034-10"'%,

d,=a3 -2a,a;=9.3813414-107%;

ds =-a2 =0.0004399926; d, =0,

co=by =110 ¢, =by+ b, =1.711-1075;

¢, =b +b,=8267-10"; ¢c;=b;+b, =0.121;
ci=b+by=512;¢;=5.

The value of the tabular integral [16]:

Awpy =1, = T Ms 27
Wpr = 5—my (27)
where
¢ ¢ ¢ 0 0
Cy Cy C4 0 0
As;=|0 ¢ ¢ ¢ 0[=3.591479;
0 ¢ ¢ ¢ O
0 0 C; C3 G5
d() d1 dg d3 d4
o ¢ ¢ 0 0
Ms;=|0 ¢ ¢ ¢ 0[=1.575268.
0 Cy Cy (4 0
0 0 ¢ ¢ o
The RMS of the combined system is equal to:
€x = \/Aw%RK =40.002193 =0.04683. (28)

=15, (26)

According to the formula, the RMS of the existing
static system of the AFA with the principle of control
with deviation £€=0.177, so thanks to the introduction of
an open connection of the disturbing influence, synthe-
sized in accordance with the condition of transformation
of a static system into an astatic system with first-order
astatism and compensation of a weakly decaying tran-
sient error component, it was possible to reduce the RMS
by 3.78 times.

3.3. Discussion of the results. The limitations of the
mentioned research should be considered the need to have
the necessary computing power of the radio-receiving equip-
ment and the initial radio-electronic environment of the
operational area.

The advantages of the proposed system of AFA are:

— increased efficiency of frequency adjustment de-

pending on the type of signal, which is accepted not

only in the case of changes in the disturbing influ-
ence according to deterministic laws, but also in the
case of random disturbing influence, compared to the
well-known AFA;
— increased dynamic accuracy of the AFA system
compared to known ones;
— fixed bug Awpx(¢) is completely fixed with a gra-
dual change Aw¢(¢);
— the limitation of the final values of the growing
root mean square error, with the linear law of
change of the disturbing influence by 3.78 times
and the time of the transition process is reduced
by 3 times.

The direction of further research should be considered
the further development of the structural-parametric syn-
thesis of the AFA system in order to reduce the number
of shortcomings and limitations of its application.

4. Conclusions

The essence of the obtained result is to obtain new
analytical dependencies that form a mathematical model of
a combined frequency autotuning system with first-order
astatism. Based on the results of the development, a math-
ematical model of the combined system of automatic fre-
quency tuning with astatism of the first order is proposed.

The differences between the proposed mathematical
model are:

— increased efficiency of frequency adjustment depending

on the type of signal, which is accepted not only in the

case of changes in the disturbing influence according
to deterministic laws, but also in the case of random
disturbing influence, compared to the well-known AFA;

— increased dynamic accuracy of the AFA system com-

pared to known ones;

— fixed bug Awp(¢) is completely fixed with a gradual

change Awc(¢);

— the limitation of the final values of the growing root

mean square error, with the linear law of change of the

disturbing influence by 3.78 times and the time of the
transition process is reduced by 3 times.
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