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Ilanoeni opysi!

[leit HOMEp 30IpHMKAa BUXOJIUTH
y 3HaMeHHy paaty — S50-piuus 3 JHS
CTBOPEHHs KadeIpu TEeXHIUHOI Kibep-
Hetuku KIII (3apa3 “KIII im. Irops Ci-
KOPCHKOTO”’). 3a JECATHIITTS, 10 MHU-
HyJM, Kadeapa BUpPOCIa y TMOTYKHUH
HAyKOBUU IEHTp, CTABIIN OJHHUM 13 JIi-
JIepiB 1O MiATOTOBIN CIEMIATICTIB CIIO-
YaTKy y Taiy3l YOpaBlIiHHS, a TMOTIM
y raiy3i pobororexHiku. Kpok 3a kpo-
KOM 3YCWUISMH I€1aroriB, HayKOBIIIB
kadenpa HapolryBaja CBili HayKOBO-
ocBiTHIM moteHmnian. CtBopena y 1969
BOHA BX€ Yy MpoAoBXK 50 poOKiB TigHO
TpUMaE MapKy OJIHI€T 3 HAWKpaIIX Ka-
denp yniBepcutery. MillHa HayKOBO-
TexHIYyHa 0a3a, BUCOKUH HAYKOBHUH I1O-
TeHIllaJ, KBajdi()iKOBaHWM CKJIaJ BU-
KJIaJlayiB — 3aBXKJIU BHUPI3HSIU ii 3-T10-
MDXK THIIHX Kadeap yHIBEPCUTETY.

CporogHi THUCAYl BHCOKOKBami(i-
KOBaHUX CIEHIAICTIB, K1 y PiI3HUIN Yac
BUMIIIA 31 CTIH Kadeapu, YCIIIIHO
MpaIloTh Yy BCIX cdepax HApOTHOTO
rocroAapcTBa, BIPOBAHKYIOUU B KUTTS
HaOyTl 3HAHHS, TEHEPYIOUM CydacHi
171ei, 1 CBO€I0 TPOMAJITHCHKICTIO, MOpa-
JBHICTIO, KYJIbTYpOIO ¥ CYMITIHHSIM
HiATBEPKYIOYM BHCOKOSIKICHY MapKy
CBO€i Kadeapn He TIIbKM Ha TepeHax
YKkpaiHd, a ¥ JaIeKo 3a il MEeXaMu.
CykynHUM BHECOK YCIX, 4YMs JIOJIA
noB’s13aHa 3 Kadeaporo y ii CTaHOBJICH-
Hl 1 pO3BUTKY, B&XKKO MEPEOLIIHUTH.

[Toka3oBo, 10 y CKIAAHI MEPIOan
CBOI'0 iCHyBaHHS KOJIEKTHB Kadeapu 3y-
MiB 30€perTy Ta MPUMHOXHTH CBOI Oara-
TOPIYHI TPAAULIIT, SMIITHUTH MaTepiaTbHO-
TEXHIUHY 0a3y, HE PO3ryOUTH KaapOBUI
MOTEHITIa]l. Yce 1€ TUIbKH BUTAPTYyBaJIO
1 3MIITHIJIO aBTOpHUTET Kadeapu 1 ii 3ara-
JIbHE BU3HAHHSL.
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Dear friends!

This issue of the collection goes
out on a significant date - the 50th an-
niversary of the creation of the Depart-
ment of Technical Cybernetics of the
KPI (now Igor Sikorsky Kyiv Poly-
technic Institute). Over the past decade,
the department has grown into a power-
ful research center, becoming one of the
leaders in training specialists first in the
field of management, and then in the
field of robotics. Gradually, the efforts
of teachers, scientists, and the depart-
ment increased its scientific and educa-
tional potential. Established in 1969, it
has been holding the mark of one of the
best departments of the university in the
course of 50 years. Strong scientific and
technical base, high scientific potential,
qualified staff of the teachers — always
distinguished it from among other de-
partments of the university.

Today, thousands of highly quali-
fied specialists who at different times
left the walls of the department success-
fully work in all spheres such as the na-
tional economy. They are introducing
the acquired knowledge into life, are
generating modern ideas, and by its
citizenship, morality, culture and con-
science, are confirming the high-quality
brand of its department not only on the
ground of Ukraine, but also far beyond
its borders. The combined contribution
of all whose fate is connected with the
department in its formation and devel-
opment is difficult to overestimate.

It 1s significant that during the dif-
ficult periods of its existence the staff
of the department managed to main-
tain and to multiply its long-standing
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€ BCl NIIJICTaBH CIIOJIBATHCS, IO
KOJICKTUB Kadeapu 1 Hamami HTuMe
[UIIXOM KPEaTMBHOTO PO3BUTKY, Ha-
MOJICTJIMBO  BOPOBAKYIOUM  CydacHi
HAyKOBI 3100yTKH, IHHOBAIIIiHI TE€XHO-
jorii Ta IHTENEKTyalbHI 1H(pOpMAIIiii-
HO-YIPABJISIIOYN CUCTEMH, 1 TIPH LILOMY
roTyBaTUMe IpoOMaJisiH HOBO1 popMarlii.

Penkoneris wamoro 30ipHUKA,
KU € HAayKOBUM BUIAHHIM Kadeapu
TEXHIYHOI KIOEpHETUKH, BITA€ KOJEK-
TUB Kadeapu 3 I€0 3HAMEHHOI Ja-
toto! bBaxaemo kadeapi TexHIUHOT
KIOEpHETHKHU I1Ie 0araTo HOBUX JOCAT-
HEHb 1 TMEpCIeKTUBHE Mail0yTHe, a
BCIM, YH€ JKHUTTS TaK UM 1HAKIIE Tepe-
mienocst 3 kadeapor, ao0pa, JHOOOBI
Ta I0OCTATKY.

3 nosazoro, 20108HUL pedakmop,

O0OKMOp MexHIYHUX HayK, npoghecop
0. A. Cmenin

traditions, to strengthen the material
and technical base, not to lose the per-
sonnel potential. All this just footed and
strengthened the authority of the de-
partment and its general recognition.

There is every reason to hope that
the staff of the department will continue
to pursue creative development by per-
sistently introducing modern scientific
achievements, innovative technologies
and intelligent information management
systems, while preparing citizens for a
new formation.

The editorial board of our collec-
tion, which is a scientific publication of
the Department of Technical Cybernet-
ics, congratulates the staff of the de-
partment with this significant date! We
wish the Department of Technical Cy-
bernetics a lot of new achievements and
a promising future, and to all those
whose lives are somehow intertwined
with the department, goodness, love
and prosperity.

Sincerely,

Chief Editor

Doctor of Technical Sciences, Professor
0. A. Stenin
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UDC 621.396.96
J.M. Boiko, I.S. Pyatin, O.I. Eromenko, [.R.Parkhomey

INVESTIGATION OF SIGNALS DISTORTION DURING INTERPOLATION
IN SDR TRANSMITTERS WITH QPSK MODULATION

Abstract: Software-defined radio (SDR) allows using software to set or modify working
radio frequency parameters: communication standard, frequency range, modulation type, out-
put power, etc. An interpolator is an integral part of the transmitter, which increases the sam-
pling frequency of the modulated signal. Interpolators are built on the basis of integrated cas-
caded integral-comb (CIC) non-multiplier filters. CIC interpolation filters have uneven
amplitude-frequency characteristic (AFC), so the CIC compensator filter is turned on for its
alignment. The eye-diagrams of signals with different interpolation coefficients are investigated
in the paper. The quality of the signal in the transmitter can be evaluated by the eye-diagram.
Interpolation is accompanied by the effect of amplifying the signal, reducing the time of in-
crease in pulse, reducing the signal quality factor. The jitter in the transmitter decreases when
the interpolation factor is a multiple of the sampling rate of the information sequence of sym-
bols. If the signal quality factor is Q>7, the bit error rate has a BER<10” value for practice.

Keywords: interpolation, modulation, filter, signal processing, jitter.

Formulation of the problem

SDR is the best technology for modern telecommunication applications. The
SDR is suitable for replacement the typical analog equipment such as digital gen-
erators, mixers, modulators and demodulators, which allow to be configured and
managed with software. This allows communication systems to become more
flexible and dynamic in response to changes in the communication channel. In the
modern digital communication system the sampling rate plays an important role.
High-speed signal processing can be implemented by usage of digital converters
with increasing or decreasing sampling rate [1-3].

SDR is a device where signal modulation parameters are specified in software
using programmable logic or digital signal processors of general purpose. The sig-
nals are digitally generated, then digital signals transform to analog using a band-
width DAC, and then increasing the frequency from the intermediate to the radio
frequency is held. The receiver, similarly, uses a bandwidth analog-to-digital con-
verter (ADC) which captures all the channels of the software radiocommunication
node. The receiver selects, converts with lowering the frequency and demodulates
the channel signal using the software on the general purpose processor.

The article is devoted to the study of filters used for increasing the sampling
rate in the transmitter. The distortion of signals occurring during interpolation using
of eye-diagrams is analyzed. The estimate of the jitter and the standard signals de-
viation is given.

Methods of mathematical modeling, statistical analysis, eye-diagrams are used
in this work.

© J.M. Boiko, I.S. Pyatin, O.1. Eromenko, [.R.Parkhomey
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Analysis of recent research and publications

The structural scheme of the transmitter of the digital communication system
is presented in Fig.1.

[ —(a—

Fig. 1. The transmitter’s block diagram of the digital communication system:
DIS — is a digital information source; CCD — channel coding device; M — modulator;
I — interpolator; PS — pulse shaper; FC — frequency converter; PA — power amplifier;

A — antenna

The channel coder performs interrupt-encoding. Modulator performs the low
frequency modulation consisting of the common-mode and quadrature signal com-
ponents formation. Then an interpolation operation is held so, the sampling rate
increases. The pulse generator limits the spectrum of the signal and minimizes in-
ter-symbol interference [4-6].

Quadrature phase manipulation or QPSK is a common method of modulation
in satellite communications systems [4].

QPSK has a doubling rate compared to BPSK. In comparison with quadrature
amplitude modulation of higher order (QAM), QPSK has a lower data rate, less
error rate and a non-complex design of the receiver.

The bit stream of data is multiplexed into / and Q channels, bits are transmitted
to the non-return code to zero. Then the signal is interpolated at N times. To increase
the sampling frequency, N-1 zeros are inserted between each count. The reason for
the increase in the sampling rate is about to avoid the problems of overlaying the
spectra. The signal then is filtered by any filter that satisfies due to the Nyquist
theorem to eliminate intersymbol interference. A filter of square-root-raised-cosine
filter (SRRC) is often used.

The SRRC filter is half of the shape of the elevated cosine filter. At the re-
ceiver there is a corresponding SRRC filter which together with SRRC transmitter
filter generates the same pulse shape as the elevated cosine filter [5-7].

Block diagram of a transmitter that generates in-phase and quadrature compo-
nents of the modulated signal is shown in Fig. 2 [1, 8].

An important part of the digital interface used for radio frequency communi-
cation systems is the frequency converter (FC). The FC main function is to convert
one or more data channels from the main band format into a radio signal consisting
of modulated carriers belonging to a set of one or more mentioned radio frequen-
cies. This is achieved in two stages: increasing the sampling rate by interpolation,
providing spectrum generation and suppressing interpolation images by filtration
and shifting the spectrum of the signal to the desired carrier frequencies using a
multiplier and a heterodyne [9, 10,11].
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MiXBiIOMUYHMI HAYyKOBO-TEXHIYHHUI 301pHUK «AIAaNITUBHI CHCTEMH aBTOMAaTHYHOTO yripaBimiHHs» Ne 17 (34) 2019

—»| 1 || PS|»{DACP{MP
A l

H SD > PA» A

e |

L[ 1 »|ps|{pacl»mp
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Fig. 2. The block diagram of the transmitter in a quadrature circuit:
M — modulator; CSDP — converter of serial data in parallel; I — interpolator;
PS — pulse shaper; DAC — digital-to-analog converter; MP — multiplier;
H — heterodyne; SD — summing device; PA — power amplifier; A — antenna

CIC interpolation filters

The interpolation unit CIC performs an increase in the sampling rate (interpo-
lation) for the input signal using an integer coefficient. Cascaded filters of (CIC)
integrator-comb are a class of linear FIR-filters that consist of a comb part and an in-
tegrator [6].

The digital filter with an ultimate impulse response is described by the expres-
sion:

y(n) =3 bxtn i), n

where y(n) - 1s the signal at the input of the filter; x(n) - is the signal at the output of
the filter; b; - are the coefficients of the filter; N - is the order of the filter.

To synthesize the FIR-filter it is necessary to determine the coefficients b;.
The block diagram of the third-order interpolator CIC filter is shown in Fig. 3.

U'i U;;m

Fig. 3. Structural diagram of the CIC interpolator: CF — is a comb filter;
R- is the interpolator with interpolation coefficient R; I - integrator

Comb filter has a transmission coefficient:
H.(z)=1-z". (2)
The integrator has a transfer function:

1
H,(5)=—. 3
The transmitter function of the CIC interpolator has the form:
N N (I_Z_RM)N & !
H(z)=H, (Z)HC(Z)=—N=|:ZZ_:| ) (4)
(1 — Z_l) k=0

where — H/(z) is a transfer function of the CIC filter integrator;

ISSN 1560-8956 7
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Hc(2) - 1s a transfer function of the comb filter;
N - is the number of sections in the comb or in CIC filter integrator;
R - is a coefficient of interpolation; M - is a differential delay.
Simulink-model of interpolation of harmonic signal with frequency of 1 Hz
and sampling rate of 6 Hz is shown in Fig. 4. The CIC interpolation filter has an

interpolation factor R1=2. The CIC compensation interpolator filter has an interpo-
lation coefficient R2=2.

I cic oe
' . B Compensation e simout
| |-|_|-| Interpolation Interpalater
To Work
Sine Wave CIC CIC Compensatiocn o Spane
Interpolation | nter polator I—D- simout
To Workspace1

Fig. 4. Simulink- model of interpolation of harmonic signal
The input signal has an oscillogram is shown in fig.5

1 T

05

=

D5 n

-1 L
0 10 20 30 40 50 60 70

Fig. 5. Oscillogram of input signal readings

During the simulation 10 sec. have 61 countdown. Signal in output of the in-
terpolators filters is shown in fig.6

0 50 100 150 200 250

Fig. 6. Oscillogram of output signal readings

During the simulation 10 sec. have 244 counts and the signal amplitude is
doubled. Gain factoris K =(R-M)" =2.
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AFC of CIC compensation interpolator filter is shown in fig.7 [10].

The CIC compensation interpolator block uses the multiphase FIR interpolator
as a compensator filter. CIC compensatory interpolators are multi-core FIR filters
that can be enabled sequentially with CIC interpolator filters to reduce the disad-
vantages of CIC filters.

- CIC filters-interpolators are used in areas that require high interpolation fac-

tors. These filters are popular in ASIC and FPGA because they do not have multi-
pliers. CIC filters have two disadvantages:

sin(M wj ”

H, () = abs| ——27 (5)
. w
uf?)

where: n- is the number of filter sections; M - is a differential delay; w- is the
normalized angular frequency.

- CIC filters have a wide transition area.
Compensatory interpolation filters have a reverse sinusoid bandwidth for cor-
rection of the CIC fall and a narrow transition width.

CIC filters have an amplitude characteristic that causes a recession in the area
of radio frequency.

Magnitude Response (dB)
10 F T T T T T 3
e~ CIC Compensation
| ™, . Interpolator
0r | N\ 4
| \
| Y
10 | \ .
[ \
| "I
o 2or | \ T
= I \
© | \
= \
2 30 [ . 1
= [ \
& [ \
= a0f I | i
| |
| |
50 ' 5 .
l______ - _________
f I.“‘all N f\ﬁl f*-.lll ."f NN :./ \". \‘ aWawa wa
60 - I A I \ Voo i B .
| | 1| 1 \ | [ | |
| | | | | || 1] (N III ||I || 11 | II |
i | || 1] |' oW || Ill IlI [l l
1 | Il || || ll il il Il il 1 | | 1 | |
] 2 4 6 8 10

Frequency (Hz)

Fig. 7. AFC of CIC compensation interpolator filter

Pulse formation in electronics and telecommunications is a process of chan-
ging the shape of transmitted pulses. Its purpose is to make the transmitted signal
better to use in the communication channel usually by limiting the signal band-

width. The intersymbol interferences created by the channel can be controlled with
filtering of transmitted pulses.

ISSN 1560-8956 9
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When processing a signal, a riser cosine filter (RRC) is often used as a trans-
mit and receive filter in a digital communication system to perform an agreed filtering.
This helps to minimize intersymbol interference. The combined response of such
two filters is a filter with a raised cosine. It is called so because its frequency re-

sponse H,,. (f) is the square root of the frequency response of an exponential cosine
filter H,. (f):

H, (f)=H, () H,(f),oc|H, (f)=|H.(f)

In order to have minimal ISI (inter-symbolic interference), the overall re-
sponse of the transmission filter, the channel response and the acceptance filter
must fit Nyquist's criterion. A high-rise cosine filter is the most popular filter re-
sponse that satisfies this criterion. Half of this filtration is performed on the transfer
side and other half is on the reception side. The channel response on the receiving
side may also be taken into account if it can be accurately estimated so, the overall
response 1s a riser cosine filter.

Nyquist showed that the pulse characteristic will have zeros with evenly dis-
tributed intervals if the frequency characteristic has odd symmetry at the cutoff fre-
quency. It's much easier to achieve. The impact of jitter can be minimized.

The filter with the raised cosine characteristic has a frequency transfer coeffi-

b

cient:
T =)
T T 1- 1- 1 :
X (f)= E{HCO{%UH_Z—II’BH} ( 2Tﬂg|f|g ;Tﬂj (6)
0 157

Is the decreasing factor (0<f<I) of the filter frequency response, it is a meas-
ure of redundancy bandwidth filter that strips exceeding Nyquist bandwidth. The
AFC of the Nyquist filter is shown in Fig. 8.
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Fig. 8. AFC of the Nyquist filter

10 ISSN 1560-8956



MiXBiIOMUYHMI HAYyKOBO-TEXHIYHHUI 301pHUK «AIAaNITUBHI CHCTEMH aBTOMAaTHYHOTO yripaBimiHHs» Ne 17 (34) 2019

Results of Experimental Studies
In fig.9 is shown the studying of Simulink-model transmitter:

A e LM e
Random | GPSK > merC'D?am »  CIC Comp. p T e G VoS
Integer R Marrmal

Random-Integer QPSk [l CIC Compensator Raised Cosine Data Type Conversion PG
Generatar Modulator Interpalation Transmit Filter Channel
Basehand

Eve Diagram

Fig.9. Simulink-model transmitter

Random Integer Generator using as an input signal source and a QPSK Modu-
lator - is as a modulator. To increase the sampling rate with a large interpolation
factor, the CIC Interpolation unit is connected. To align the frequency response of
the CIC filter, a CIC compensator unit is connected. Filter and the transmit channel
with additive white Gaussian noise are included to form the pulse of Raised Cosine
Transmit Filter.

The Random Integer Generator output signal is shown in Figure 10.

AFC of CIC Interpolation filter is shown in fig.11.

Fig.10. The Random Integer Generator output signal

Magnitude Response (dB)

hlagnitude (dB)

| | |
a 0 02 0.3 0.4 05 0g 07 0.8 04
Mormalized Frequency (=<nradizample)

Fig.11. AFC of CIC Interpolation filter

Signal sampling frequency is 1 Hz. The QPSK signal diagram without inter-
polation filters is depicted in Fig. 12. Eye-diagram of transmitter signal for filter

ISSN 1560-8956 11
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interpolation coefficient is: CIC Interpolation is R;=5; CIC Compensator is R,=2
is shown in Fig. 13.

Eye Diagram

S <

Eye Diagram of Noisy QPSK Signal

In-phase Amplitude
o

In-phase Amplitude

0 a0 100 150 200

Time

CQuadrature Amplitude

Cluadrature Amplitude

15N Z\ 7
N N
e —

25
Time 0 50 100 150 200
Time (ms)
Fig.12. QPSK eye-diagram without Fig.13. Eye-diagram of transmitter
interpolation filters signal for filter interpolation

The total interpolation coefficient is 10. According to the eye-diagram it can
be concluded that the period of bits receipt is 100 msec or 0.1 sec, which corre-
sponds to the interpolation coefficient 10. The signal amplitude is about 2.5 V. The
signal rise time is 80 msec.

In case of interpolation coefficient of filters the eye diagram is: CIC Interpola-
tion is R;=50; CIC Compensator is R,=2 is shown in Fig. 14. The total interpolation
coefficient in the transmitter model is 100 and the gain is K=18. Time of signal rise
is 8 msec.

Eye diagram in case of interpolation coefficient of filters is: CIC Interpolation
1s R=60; CIC Compensator is R,=2 is shown in Fig. 15. That is, the total interpola-
tion coefficient in the transmitter model is 120. A sufficiently strong jitter is ob-
served with defined interpolation factor.

The eye diagram is an oscillogram and the digital signal is periodically discre-
tized and fed to the vertical scan of the oscilloscope to create it a well as the data
rate is used to trigger the horizontal scan of the oscilloscope. It is a tool for evaluating
the combined effect of channel noise and intersymbol noise on the performance
of the pulse transmission system in the main band of frequencies. This is a syn-
chronized superposition of all possible realizations of the signal which is consid-
ered in a specific transmission interval. Several performance indicators of system
can be got by analyzing the mapping. The open-eye pattern corresponds to the
minimum distortion of the signal. Distortion of the signal shape through intersym-
bolic noise and noise is manifested as the closure of the eye structure.

12 ISSN 1560-8956
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Fig.14. Eye diagram in case of interpolation  Fig.15. Eye diagram in case of interpolation
coefficient of filters is: R;=50; R,=2 coefficient of filters is: R;=60; R,=2

An important characteristic of communication signals, especially in high-speed
systems, is the trembling of synchronization (jitter). Trembling of synchronization
1s defined as the deviation of the clock signal from the ideal clock signal. Jitter in
the time field is deterministic and random. Examples of deterministic jitter are pe-
riodic jitter and intersymbol interference. The periodic jitter can be modeled as the
sinusoid sum and intersymbol interference can be modeled as a sequence of Dirac's
functions. Random jitter is modeled as a Gaussian function. The jitter that occurs
in the communication system may have any combination of these components.

Quality factor (Q-factor) is an indicator of high-quality signal in the commu-
nication system. The coefficient Q is defined as the difference between the mean
values of the two levels of the signal (the level for the bit "1" and the level for the
"0" bit) is divided by the sum of the mean square deviations of noise at two levels
of the signal. A higher number in the result means that the pulse is relatively free
of noise.

— 1~ 1,
o, +0,

; (7)

where 6 and o, - is the mean square deviation of the logical zero and the logical
unit; /; and /j - the level of the logical zero and the logical unit.
For the interpolation coefficient 10 (Fig. 13), the signal-to-noise ratio is 30 dB.
In the eye-diagram it can be determined: /,=2,5 and /,=0 5,=0,05 and 6,=0,1, 0=16,7.
If the interpolation factor is 100 (Fig. 14), the signal-to-noise ratio is 30 dB.
In the eye-diagram it can be determined: /;=36 and /=0, ;=3 and ¢,=0,1, O=11,6.
If the interpolation factor is 120 (Fig. 15), the signal-to-noise ratio is 30 dB.
In the eye-diagram it can be determined Q=3.

ISSN 1560-8956 13
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The intensity of bit errors in the eye-diagram can be determined from the ex-
pression:
.

O2m

e 2. (8)
The intensity dependence of bit errors on the signal quality factor is shown
in fig.16.

BER =

The intensity of bit errors from the Q-factor
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Fig.16. Dependence of the intensity of bit errors on the signal quality factor

From the received schedule it is possible to draw a conclusion that the inten-
sity of bit errors becomes unacceptably high at low signal quality.

Conclusion

Analyzing the obtained eye-diagrams it can be concluded that the interpola-
tion 1s accompanied by the effect of signal amplifying, reducing of the pulse rise
time, reducing of the signal quality factor. The jitter in the transmitter decreases
if the interpolation factor is a multiple of the sampling rate of the information se-
quence of symbols. If the signal quality factor is O>7, then the bit error rate has a
BER<10" value for practice.
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APPLICATION OF EVENT SOURCING AND CQRS PATTERNS
IN DISTRIBUTED SYSTEMS

Annotation: The purpose of this report is finding suitable approaches for dealing with
the issue, particularly ability to recreate system state in modern high load distributed systems.
In order to achieve the goal, the report will overview existing problems, compare conven-
tional design to proposed architecture solutions. A combination of command query responsi-
bility segregation (CQRS) and event sourcing is suggested to solve performance and design
issues that often arise in conventional information systems development.

Keywords: CRUD, CQRS, event sourcing, software architecture, design patterns, data
modeling.

Problem Statement

The common template for any data-oriented application is multi-level archi-
tecture [1]. The main idea is to use the division of responsibility to keep the presen-
tation, data storage and business logic separated from each other. The persistence
layer should not know about the mechanisms used to store and retrieve data, it's
only responsible for data operation with storage. A data layer has to deal with dif-
ferent relations between entities and often works as a bridge from application do-
main model to its normalized view in data storage. Data changes are generally
expressed as C, U, and D of CRUD (create, update and delete).

Presentation ]
Validation
Business logic -
- Updates N
ata access ’ e
\ Queries

Fig. 1 - A traditional CRUD architecture

So, what's wrong with this approach? This model is so popular that most people
are not even thinking about an alternative, and for simple applications it may
not cause any problems. However, there are a few shortcomings in this conventional
architecture.

The common problem of CRUD applications is that they are receive all data
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models and views from its primary data storage on which they depend. It enforces
two different requirement of data structure: fast writes and fast reads. These pa-
rameters are hard to balance using only one solution and in most cases this problem
is lessen by adding caches. However, with caches comes additional complexity
which requires tremendous knowledge to handle properly.

Another issue with CRUD-like systems is violation of single responsibility
principle, since update operation may not only do the update but also read newly
changed data. The User object may have an id or update datetime, or other gener-
ated data that is present while reading the object, however the persistence layer will
forbid you from updating them yourself. Therefore, code becomes more unmain-
tainable as the scope of application grows.

In fact, writing and reading can be differentiated by its priorities:

Table 1
Comparison of areas of concern of two operations
Writing Reading
Assuring data integrity Perform efficient queries and lookups
Enabling atomic updates and transactions Calculate derived and aggregated values
(sum, average, etc.)
Optimistic concurrency or locking Provide a number of data views
Enforcing write permissions Enforce row and column level permissions

An overview of existing solutions

There are a lot of way to deal with some of the issue above. Most application
use caches [8] as fast and denormalized way to access heavily requested data.
However introducing them adds new layer of complexity since caches need to be
synchronized for all instances of application, its size and objects it contains is a
very debatable subject considering different applications may use it for various
amount of reasons. But the most difficult task regarding caches is keeping them up-
to-date. Caches aren’t the persistent data storage meaning they have to be rebuilt on
each application launch from some source. This creates a gap between this data
storage - source of truth - and caches.

Transactions [9] are mostly considered as silver bullet of CRUD applications.
While they are effective at keeping data integrity is SQL databases it causes a lot of
overhead and business logic put on the data storage further violating single respon-
sibility pattern. Transactions that are held open for quite a long time make the data
storage track changed rows of frequently-modified tables that could be cleared.
Moreover, it is really costly to roll back transactions. For some databases to roll
back transactions takes more time than committing it.

Another way to increase application performance is vertical scaling [10]. It’s a
concept of adding more resource to single instance allowing for faster computation

ISSN 1560-8956 17



MiXBiIOMUYHMI HAYyKOBO-TEXHIYHHUI 301pHUK «AIAaNITUBHI CHCTEMH aBTOMAaTHYHOTO yripaBimiHHs» Ne 17 (34) 2019

of larger amount of data. In most scenarios the servers are already at full capacity
physically. To see an actual impact of scaling typically would involve purchasing
an entire new server to replace the old one. This is still vertical scaling from the da-
tabase/application point of view. Having one high performance server is generally
more expensive than buying a few less powerful.

Proposed solution

Main idea of CQRS (Command Query Responsibility Segregation) is separation
of models for updating and reading information. Collaboration and staleness are two
driving forces of CQRS. Collaboration means set of rules on how many participants will
use / change the same shared data. Often there are rules that indicate which actor can
execute which modifications and modifications that can be accepted in one case may be
forbidden in another. Actors can be people like ordinary users or automated as software.

Staleness is demonstrated by the fact that in shared use, when data is shown to
one actor, it may be changed by another one. Almost any system that uses caches
serves stale data - often due to performance reasons. This means that we can
not take into account the decisions of their actors, because they can be made on the
out-of-date data. Standard layered architectures do not address any of these issues.
Although all in one database could be a single step in the direction of collaboration,
the staleness is usually more unpleasant in these architectures because of the caches
usage as a performance improvement after data modeling 1s already done.

These issues are addressed in CQRS via read and write models segregation,
where queries are for reading while commands deal with data updates.

e (Commands have to tell what needs to be done rather that tell how it should
be done. ("Switch the lights on, "not" set LightStatus to ON."). In most scenarios
they are put in some queue for later asynchronous processing.

e Queries aren’t allowed to change anything in data storage. They should re-
turn DTO which is a container for data. You may think of it as a struct.

Comparing data flow of CRUD-based applications to CQRS ones, implemen-
tation and development process is far simpler with separation of responsibility.
Both models can be designed via one data storage or be completely separated hav-
ing different structure. Distributed systems greatly benefit from having numerous
read optimized model closely located to request them applications. The separation
of reading and writing storages also allows each to scale according to the corre-
sponding load. For instance, reading stores are generally faced with a much greater
load than store recordings.

Denormalization of data allows creation of read optimized views which may
make enormous impact on a performance by reducing number of data transforma-
tions necessary to form the result.
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Fig. 2. - A CQRS architecture with different read and write stores

Let’s analyze benefits and drawbacks of this approach before taking it to an-
other level by adding event sourcing on top.

Advantages

e Optimized data schemas. Data models can be designed for read intensive
purposes while write model should assure fast write operations.

e Independent scaling. Segregation of models allows independent scaling
of different services based on their load.

e Simpler queries. Read optimized views make this operation that much
faster and easier.

e Security. Permission enforcement is handled better for actors to perform
write operations.

e Concerns separation. Maintainability and flexibility are gained as a result
of the data models segregation. Writing model should be responsible for complex
business logic, while reading model is kept relatively simple.

Things to consider

e Complexity. While core of CQRS is fairly straightforward an actual imple-
mentation may lead to some complexity.

e Messaging. In most cases messaging goes hand in hand with CQRS,
though it’s not a requirement. This enforces asynchronicity in application design.

e Eventual consistency. Separating read and write models may result in read
data being stale. However, data loss or inconsistency are impossible by design.

Event sourcing

Event sourcing neatly supplements CQRS further enhancing availability and
eventual consistency of application. Main idea of event sourcing lies in having or-
dered set of changes rather than aggregated state. This means each event doesn’t
replace shared data but rather works as delta. Generally, it is presented as append-
only log where actor can send commands and when we need to recreate entity state
we can replay each command.

Dealing with events implies introducing asynchronicity to application. There-

ISSN 1560-8956 19



MiXBiIOMUYHMI HAYyKOBO-TEXHIYHHUI 301pHUK «AIAaNITUBHI CHCTEMH aBTOMAaTHYHOTO yripaBimiHHs» Ne 17 (34) 2019

fore, this model is eventually consistent — every event will be processed at some
point in future. Using log as a transport and storage of events prevents any concur-
rent issues since every command for one entity is processed one by one. Event
sourcing and log model are heavily used in databases as a tool to synchronize dif-
ferent nodes. Every write to database is stored in its log and when replication hap-
pens new node just needs to replay all commands from the log. There’s a lexical
difference between command and event. Event is a fact, it happened at some time
in the past, while command i1s more of an intent to do something, an application
which may be satisfied or rejected.

Multiple data services may consume events and update its model accordingly
without any repercussions for not thinking about permissions or data integrity.
It allows to store data in whichever model suits the cause, duplicating and precom-
puting any required data. Usually application that use event sourcing also have
denormalized data. Having one log of all commands allows easy synchronization of
multiple data storages which can be tuned to be either read intensive or write inten-
sive. This is very different from normalization standards of typical CRUD applica-
tion. Having different read optimized data representations will increase perform-
ance tremendously and data integrity issue is dealt via each data service separately
updating its model.

There are quite a few benefits of event sourcing:

Asynchronicity.
Source of truth.
Concurrency.
Tracing.
Scalability.
Reusability.

Event replay

Let’s take a closer look at example of accounting system with event sourcing.
Here is a log of events concerning bank account:

BankAccountCreated DepositPerformed OwnerChanged WithdrawalPerformed
id: 123 accountld: 123 accountld: 123 accountld: 123
owner: John Doe amount: 20€ newOwner: Jane Doe amount: 10€

K1

Fig. 3. - Append-only log of accounting events

Each of these events are persisted and are processed one by one. It allows
to recreate account’s state at any given time by replaying all previous events. This
process creates an aggregate - data model which represents state of account at
a moment. This aggregate is similar to domain object in CRUD-based application.
In the example below each event is applied to previous aggregate having empty
BankAccount as the initial state.
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In order to query this, aggregate we can either build it from scratch on each
request or have pre build version stored and continuously update it. The second ap-
proach is more preferred considering performance implications on aggregating his-
tory of events every time. It also allows to tune this presentation for read intensive
purposes since it can be requested often. It showcases distinct segregation of com-
mands and queries.

BankAccountCreated BankAccount
id: 123 applyTo —» empt
owner: John Doe pty
|
produces

BankAccount
id: 123
owner: John Doe
balance: 0 €

DepositPerformed
accountld: 123
amount: 20€

applyTo —»

produces

Y

OwnerChanged Baniz»_'\f;gunt
accountld: 123 applyTo — :

. owner: John Doe
newQOwner: Jane Doe balance: 20 €

produces
v

BankAccount
id: 123
owner: Jane Doe
balance: 20 €

WithdrawalPerformed
accountld: 123
amount: 10€

applyTo —»

produces
v

BankAccount
id: 123
owner: Jane Doe
balance: 10 €

Fig. 4. - Creation of a BankAccount aggregate

One of the biggest pitfalls of CRUD architecture is inability to proper trace
changes to domain entity. The only approach used for that is logging, however
most of the times it’s not enough for debugging purposes and it doesn’t allow to
properly recreate state of the system. This is solved in event sourcing architecture
by enforcing the log onto commands which leads to ordered sequence of events -
traces of each actor’s actions. This approach allows to work with domain objects
(aggregates) as well as keep the changelog.

Conclusion

Event sourcing enables straightforward and reliable way to log state changes
via zero loss protocol. With ordered log or a journal as a backbone such systems
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can easily and efficiently recover. CQRS goes a step further, making queryable
view of raw events which can be used by other data services.

Moreover loosely-coupled design is a result of building stateful applications
in this way. Simple troubleshooting and upgrading, resilience and scalability are the
most glaring benefits.

Having different read optimized data representations will increase perform-
ance tremendously and data integrity issue is dealt via each data service separately
updating its model.
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CONSOLIDATED APPROACH TO THE APPLICATION OF
ELECTRONIC DIGITAL SIGNATURE

Abstract: The article deals with the use of electronic digital signature based on software
models of cryptographic methods for protecting the document integrity. The most appropriate
in terms of protection software tools for working with electronic digital signature were ana-
lyzed. There was defined advantages and disadvantages of the algorithms. An algorithm for
initiating and authenticating a user that uses an electronic digital signature was proposed.
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Introduction

The Internet is an integral part of our everyday life, and therefore a guarantee of a
high level of security is one of the priorities in the development of information technol-
ogy. Currently, users and the Internet infrastructure, such as routers, servers and ser-
vices, are targets of various kinds of malicious attacks, such as denial of service attacks,
hacks, phishing attacks and unwanted e-mail (spam) - especially dangerous - and ensur-
ing sufficient protection indicator involves the effective use of the Internet.

The reason of the vulnerability of the Internet to various attacks lies in its
initial creation goals, in which it was assumed that the network would be used
in a completely different way than today. Initially, the Internet was developed to be
used by relatively few friendly parties. At present, the situation is quite different:
a large number of different users are using the Internet, and almost all attacks
against it occur from within the network. Protecting the Internet from attacks is
quite a difficult task, since there is no effective security measure that can cover all
types of attacks. You can protect yourself as much as possible against direct attacks
from the network using HTTPS (TLS1.2 + trusted certificate), but you should
be afraid of various attacks based on social engineering. Unfortunately, only
awareness and attentiveness of users can save him from this type of attack.

Problem statement and current developments

Traffic verification and integrity check can be provided for comprehensive
security solutions. One of the main problems is the low efficiency: if the network
infrastructure compromised and cannot deliver packets. This requires a clear need
for new solutions. If traffic can be verified in the network infrastructure, control
measures can be taken on the network. This will allow you quickly and effectively
stop the attack and keep your data safe.

Document management systems typically provide security and control access
to documents in a controlled environment. However, when a document leaves a se-
cure environment, it is easy to modify it. Unprotected documents do not allow
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to determine whether the document is authentic, who was the originator and the ap-
prover or has it been modified since its creation.

The problem of keeping electronic documents from being copied, modified,
and forgery requires specific approaches and methods of protection for its solution.
One of the most common method of such protection in the world is an electronic
digital signature (EDS), which confirms the authenticity, integrity its details and
the fact of signing by a specific person of the document with the help of special
software.

Dependence on digital signatures alone is a matter of concern, since a pair
of keys can be obtained by another person or organization using one method or
another. This can be resolved by verifying by certification center. The certification
center is a trusted third party (for example, a bank) that will ascertain the identity of
the person or company. For example, it can be done by checking passports or
driver's license details, as well as corporate documents. Then certificate center will
issue a digital certificate signed with its own digital signature, which will be attach
to user’s digital signature as an identity card.

Certification center is a trusted third party that provides information about the
identity of the key holder in the form of an authenticated key certificate [2]. All elec-
tronic certificates are digitally signed by a certification authority with a private key.
If the certification authority supports strong private key protection, it is almost im-
possible to forge an electronic certificate. The certificate can be distributed in several
ways. The certificate can be “handed over” to the owner of the signature. Then the
owner can distribute the certificate anywhere he decides. This approach is prefer-
able to publishing a certificate on a website.

Modern information systems allow organizations to improve their efficiency,
significantly reduce their costs and meet regulatory requirements. A good docu-
ment management system is often regarded as all that is required, but additional
protection measures are also needed to ensure that data is protected from unauthor-
1zed access and forgery.

The purpose of this article is to modify the algorithms of cryptographic methods
of protecting the integrity of a document using an electronic digital signature.

Use of electronic signatures creates significant problems in relation to the in-
dividual. The use of paper tools for creating and maintaining records often includes
handwritten signatures, and verification tools such as seal are the predominant ap-
proach of performing official actions. Typical examples of paper rules are formal
legal requirements in favor of paper documents and handwritten signatures or ar-
chiving rules that require storing valuable information on paper. These rules can
be found in various national, international and supranational legal frameworks.

Traditionally, a handwritten signature is a sufficient means of authentication. By
signing a paper document, the manufacturer “identifies” itself as the author of the
document and confirms the “integrity”” of the document. The signing procedure serves
as a warning, and also confirms the fact that the information has been finalized and was
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not changes since signing. Distinguishing marks can be encoded in the information itself
to identify the source and authenticate the content. Many forms of digital authentication
are currently used, such as using a password, such as a PIN code, using encryption
methods such as digital signatures, and using biometric identification, such as finger-
prints, face, retina and voice recognition. Basically, these authentication methods are
combined to provide a high level of authentication security.

The issue of identification is a concern due to insufficient data protection.
However, the European Directive requires general compliance of the Data Protection
Directive (95/46/EC) [13]. The Electronic Signature Directive also requires Member
States [13] to ensure that service providers issuing certificates to the public do not
collect personal data, except directly from the data subject, or without the explicit
consent of the data subject. There is another requirement that only required data in
case of necessity can be collected for the certificate maintenance and issuance.

Secret key

\ 4

Text with electronic
Text g . g Calculate - .
> Hash function > .. > signature
electronic signature
— _
Check <

A

q Electronic signature q TRUE/FALSE
check

Hash function

A

Open key

Fig. 1. Typical Electronic signature algorithm

There are several schemes of constructing a digital signature [1]:

e Based on symmetric encryption algorithms. This scheme provides for the
presence in the system of a third party enjoying the confidence of both parties. The
authorization of the document is the fact of encrypting it with a secret key and
transferring it to the authorized person;
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e Based on asymmetric encryption algorithms. Currently such schemes are
most common and are widely used;

Combined.

Symmetric encryption. Encryption, in which the same cryptographic key is used
for encryption and decryption. A huge advantage of this approach is the encryption
speed, but both parties, between which information is sent, must know the key. There
are two types of this encryption type: stream ciphers, where each character of the
message is encrypted one by one with the corresponding digit of the key stream
(RC4, SCALA20, Achterbahn); block ciphers that devides the message into blocks
of fixed length and operates with the received blocks (DES, AES, Blowfish).

Asymmetric encryption. Encryption, in which there are two types of keys,
public and private key. The public key is transmitted over the open channel and
is used to check the electronic digital signature and to encrypt the message. The
private key is used to generate the EDS and to decrypt the message. Types of
asymmetric ciphers: RSA, DSA, ElGamal, Rabin.

Combined encryption. With the help of symmetric encryption, the necessary
data is encrypted quickly, the key is attached to the message or the EDS, and the
key of the symmetric cipher is encrypted with an asymmetric public key.

For generation EDS, a hash function is needed, which will reduce a message of
any size to a certain number of bytes. The resulting hash is encrypted and added to the
original document for verification [2]. According to the obtained composition, it is pos-
sible to prove that the document has not been changed since the moment of signing.

Common encryption methods are based on factorization of large numbers (RSA,
DSA, ElGamal) and discrete logarithmization (ECDSA, EdADSA, GOST R 34.10-2012).

Ed25519 is a type of signature algorithm based on the elliptic curve
Curve25519, belonging to the EADSA family. It was firstly introduced in 2007 as
scientific research and from that time it have been spreading among many spheres
and companies. These days it is being used by OpenSSH, Apple, Sony, 12p, Tor,
Tox, etc. The curve looks like this [11]

y* =x* + 48666 *x* + x (1)
This 1s the Montgomery curve over the prime field modulo a prime number
— 19 (which gave the name to the scheme) and with a base point x = 9. The
scheme uses points in compressed form (only X coordinates), thus allowing the use
of the “Montgomery Staircase”, which multiplies the points in a fixed time, saving
us from time attacks. Ed25519 consists of three modules [11]:

e Digital signature algorithm;

e Hashing function SHA-512;

e Random number generator for generating key pairs.

ECDSA and EdDSA require the generation of a random value (scalar pair of
ephemeral keys) during the signature generation process and the secrecy of this
random value is critical for security [12]: knowing one such random value or partial
knowledge of several of them allows the signer's private key to be recovered [8].

555
2

26 ISSN 1560-8956



MiXBiIOMUYHMI HAYyKOBO-TEXHIYHHUI 301pHUK «AIAaNITUBHI CHCTEMH aBTOMAaTHYHOTO yripaBimiHHs» Ne 17 (34) 2019

ECDSA does not describes how to generate this random value and, therefore, im-
plementations critically rely on the quality of the random number. EADSA removes
this dependency by deterministically extracting the secret from the message and the
long-term auxiliary key using the SHA-512 cryptographic hash function.

EdDSA is considered to be more resistant to side-channels attack. The authors rely
on the idea of “generating random signatures secretly in a deterministic way”, so that
“different messages lead to different, difficult-to-predicted ephemeral key values. A few
bits can usually be obtained from side-channel attacks or from uneven distribution from
which r is taken, so EADSA authors rightly point out the fact that the “deterministic fea-
ture” does not lead to obvious leaks when attacking side-channels attack.

§ [[[LI] T
U

Fig. 2. Generation of the ephemeral key

SHA-512 belongs to the family of SHA-2, developed by the NSA and it has
Merkl-Damgard structure [4]. The structure assumes an iterative update of the CV
value; this value is initialized with a fixed initial value IV. The message is supple-
mented (if necessary) and divided into blocks. At each iteration, a message block is
processed. The figure shows the generation of an ephemeral scalar, where the aux-
iliary key and the message are hashed [12]. The letter K denotes the auxiliary key
b, M; - is the input message, W is the queue of the remaining messages, and R 1is
the compression function. M, - is a message fragment that is in the same block as
the key. Unfortunately, this structure is also vulnerable to side-channel attacks.

It will be enough just a few hundred EDS to find out the auxiliary key, and
with it, you can already extract the private key. Although it is possible to protect
against such attacks by setting up a random number generator to provide same
number sometimes, that you can use same number to sign several messages, this
contradicts the security requirements of EADSA.

If you use electronic digital signature to protect company data, you can modify
Ed25519 with another hash function that will vulnerable to the same attacks as SHA-512.

At present, one of the most reliable and flexible functions is Argon2. It was
designed for efficient hashing, especially password hashing. It was developed for
high speed memory filling (high bandwidth) and efficient use of several computa-
tional units (CPU cores), and at the same time providing protection against many
types of attacks. Argon2 has three types: Argon2i, Argon2d and Argon2id. Argon2i
uses data-independent memory access, which is preferred for hashing, but it is slower
as it takes more memory passes for protection against compromise attacks [11].
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Argon2d works faster and uses data dependent memory access, which makes it re-
sistant to attacks using the GPU (brute force) and is suitable for applications that do
not have to face side-channel attacks [11]. Argon2i reliably fills memory, using 2
CPU cycles per byte, and Argon2d is three times faster [9]. Argon2id is a hybrid
of Argon2i and Argon2d, it uses combination of data-dependent and data-indepen-
dent memory access [11], which gives Argon2i’s some resistance from side-channel
attacks and most of Argon2d's resistance from GPU relying attacks.

Despite its high performance, Argon2 provides a reasonable level of reliability
and protection. With the default number of passes over memory memory (1 for
Argon2d, 3 for Argon2i), an attacker, equipped with an ASIC, cannot reduce the
execution time (time-area product) if the memory is 4 or less times less than re-
quired [9]. The more memory passes, the more severe penalties will be imposed.

Table 1
Penalties for reading while reducing the required amount of memory
Memory 1 1 1 1 1
fraction 2 3 1 5 &
1 pass 1.7 3 6.3 16.6 | 55
2 passes 15 410 | 19300 220 | 97s
3 passes 3423 | 220 220 - -
Table 2
Penalties for time while reducing the required amount of memory
Memory 1 1 1 1 1
fraction 2 3 4 I &

1 pass 2.7 3.5 4.8 6.7 | 9.2
2 passes 6.7 13.3 27.8 48 74
3 passes | 21.7 57 104 — —

Argon2 scales both in time and in memory. Both parameters can be changed in-
dependently, but you should remember that it always takes a certain amount of time
to fill the memory.

Argon2 can use up to threads in parallel, but 8 threads use maximum

available bandwidth and computing power of an average PC.

224

Table 3
Characteristics of the average PC
OS Version Windows 10 x64
System RAM 8 GB
The number of physical cores 4
Clock frequency 3.3 Ghz
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Fig. 3. Memory bandwidth depending on thread

Cycles

s Argon2d

1,5 === Argon2i

h--
-----------------
-

Threads

Fig. 4. Performance in cycles per byte depending on thread

Argon?2 is optimized for x86 architecture, so its adoption to special equipment
will not be either cheap or fast. Even specialized ASICs will require significant
space and will not allow decreasing use of time (product of time).

Also Argon2 supports additional input data that is separated from the message
and nonce, such as the private key, environment settings, user data, etc.

First, Argon2 hashes the message using the Blake2b hash function. The hash
result is written to memory blocks, which are converted using the G compression
function (it takes two 8192-bit blocks as input, and outputs a 1024-bit block), and
the key is generated as a result.
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Fig. 6. Compression function

As Ed25519 consists of three of three weakly connected blocks, we can easily
swap SHA-512 to Argon2. Thanks to Argon2, you can secure the private key and
whole EDS without increasing required computing power, and thanks to
Curve25519 the signature size will be only 512 bits.

Conclusion

As a result, it 1s worth noting that electronic digital signatures have created a
completely new level of convenience and secureness for companies all over the
world that have dealt with legally binding contracts. What previously was esti-
mated as week for delivery of the contract to the recipient, and then provided the
same amount of time to return it signed, now happens instantly. Digital signatures
are also much more efficient than sending documents by fax and sending them by
courier with a signature, sending documents by e-mail, printing them and scanning
signed documents back to a computer.
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An electronic digital signature associates a digital sequence with an electronic
document as a handwritten signature on a printed paper document. This digital signature
should be considered as a handwritten signature. At the core, electronic digital signature
is based on using of two different digital keys, known as a pair of keys and two different
cryptographic actions. Each pair of keys consists of a private key and a public key. They
are interdependent, but can be used separately. Usually, each pair of keys may belong to
a specific key holder. The algorithm works in such a way that it is impossible for third
parties to calculate the private key, even if they own the public key.

While technology and globalization are growing, electronic digital signatures
have become an important requirement for all kind of businesses. In connection
with the growing usage of the Internet as an acceptable and truly standard means,
there is an urgent need to confirm the growing need for electronic signatures, and
therefore research in this area continues, and it is assumed that it should be focused
on the need to improve security measures.
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Evaluating the effectiveness of measures to reduce the level
of occupational injuries and occupational disease in the enterprise

Annotation: The article proposes a methodical approach to assessing the effectiveness
of measures to reduce the level of industrial injuries and occupational morbidity in the enter-
prise, taking into account the causal relationships betweenthe implementation of measures and
the economic indicators of the enterprise.A mathematical model for the prediction of indica-
tors of industrial injuries and occupational morbidity has been adopted.
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Problem statement

The most important principle consolidated in the EU legal framework for oc-
cupational safety and health is its aim of encouraging improvements in the field
of safety and health at work (EU Directive 89/391/EEC). That is, the main focus is
not only the protection of workers and the prevention of accidents and occupational
diseases, but also improving the state of safety and health. Accordingly, an assess-
ment of the effectiveness of measures to reduce the level of occupational injuries
and occupational disease at the enterprise is an important part of the modern system
of management of occupational safety.

Analysis of recent research

Unfortunately, in Ukraine, the principle of the protection of workers who
work at work with harmful and dangerous working conditions and at work with un-
favorable weather conditions prevails. Moreover, in such cases, the main measures
are the payment of compensations, allowances for work in hazardous and harmful
working conditions, protection by time (reduction of working time), early retire-
ment, free food, etc.

In this approach, workers who are not engaged in hazardous and hazardous
working conditions are not entitled to the compensation given, although the risksof
occupational disease or injury to the work are high enough or not appreciatedat all.

The existing legal framework is not focused on the implementation of the
principle of prevention and improvement of working conditions. Analysis of the
risk of occupational diseases and accidents, their impact on the economy of the en-
terprise is still not widely conducted. The main reasons are the lack of appropriate
methodology for assessing the risk and the professional and psychological unpre-
paredness of specialists in this area.

Analysis of statistical data in recent years suggests that the main causes of oc-
cupational injury are:

© O. Kruzhilko, V. Maystrenko, Ya. Storozh, Yu. Lyakh
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- Organizational: insufficiency or lack of training on occupational safety is-
sues; failure to comply with labor safety instructions; violation of technology; poor
organization of work;

- technical: malfunction of production equipment; imperfection of technologi-
cal processes; constructive disadvantages of workplaces;

- psychophysiological: false actions due to fatigue; monotony of labor; morbid
condition of the worker; negligence; mismatch of psycho-physiological data of the
worker to the work performed.

The main causes of occupational diseases: elevated levels of harmful sub-
stances in the air; insufficient or irrational lighting; increased levels of noise, vibration,
infra and ultrasound radiation; unsatisfactory microclimate conditions and more.

It should be noted that today in Ukraine a significant number of injuries and
occupational diseases are concealed, which has a significant impact on statistical
reporting.

Formulation of the problem

On the basis of the foregoing, there is a need for such systems of labor protec-
tion management, which would be closely linked with the economic activity of
the enterprise and allowed to form economically grounded measures to increase
the safety of production.

The main criterion for assessing the effectiveness of safety management
in such a system should be the actual magnitude of the risk exposed to workers
in their workplaces, which should be constantly compared with the standard per-
missible level of risk.

The planning of events should be closely linked with the forecasting of the
state of the labour protection at the enterprise, which allows: to assess the changes
in the state of safety of production in the future; to identify the indicators and fac-
tors that have the most significant impact on the level of risk of production proc-
esses, to quantify the extent of this impact; to identify possible changes in its struc-
ture in the future and to predict the main directions of activity to improve the safety
of production; to identify alternative actions to achieve the goal, as well as to for-
mulate the goal itself; to substantiate managerial decisions on optimal distribution
of available financial and material resources; to determine the priority of investing
in preventive measures.

Presenting main material

The study of the dynamics of quantitative indicators of injury and occupa-
tional morbidity makes it possible to determine the patterns of their changes and,
with this in view, predict the probable values of the level of indicators within
the forecast error. Modeling methods are based on the construction of mathematical
and statistical models that reflect the cause-effect mechanism of the process.

The initial data in the calculations are the performance indicators of the enter-
prise, on the basis of which the mathematical-statistical model for the previous pe-
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riod 1s developed. Economic information on damage from injury and occupational
disease should include cost data for the following articles:

— compensation for work in harmful working conditions;

— compensation for the consequences of injuries and occupational diseases;

— coverage of losses due to work in harmful working conditions;

— one-time and operational costs for improving the safety of production.

The methodical approach to assessing the effectiveness of measures to reduce
the level of occupational injuries and occupational disease is as follows. The effec-
tiveness of measures to reduce the level of occupational disease in an enterprise
is determined by the sum of partial economic effects:

/
c=Ye, (1)
i=1

where ¢; - economic evaluation i-th indicator of improvement of working condi-

tions at work, / — number of indicators.
The economic effect caused by the reduction of losses due to occupational inju-
ries and morbidity due to harmful working conditions is determined by the formula:

1
¢, =Y. AD, -N,, )
m=1
where AD, - revenue from volume increase m-th type of products in the workplace
by improving working conditions; Nm — number of workplaces m-th type, where
measures to improve working conditions are implemented.

AD,, =(Di —D») -V, 3)
where D;, D, - total number of days lost due to illness associated with harmful
working conditions before and after events conducted; V), - average output per
worker in the workplace m-th type.

Revenues at the expense of saving on training and retraining in connection
with the replacement of workers who fell ill or left due to staff turnover due to ha-
zardous and harmful working conditions, is calculated by the expression:

n2

C = ZNQO, (4)

where N,,; - number of workers in the workplace m-th type, requiring retraining due
to the replacement of workers who have become ill or have left due to staff turn-
over caused by dangerous and harmful working conditions; Q,, - the average indus-
try expenditure on re-training one worker in the workplace m-th type.

The income caused by the decrease in the amount of compensation for work
in harmful working conditions due to the improvement of its conditions, is deter-
mined by the formula:

Cs :Z_;ATQO, (5)
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where AT, - Reducing the number of workers in the workplace m-th type that work

in harmful working conditions; O, - the amount of compensation for work in
harmful working conditions in the workplace m-th type.

Income due to a decrease in the value of compensation for the consequences
of injuries and occupational diseases, is determined by the formula:

¢, =AY, - K, +AY, - K, (6)
where AY; — the predicted value of reducing the number injured due to the intro-

duction of measures to improve the safety of production, K, — the average size
of the compensation of the consequences of trauma, AY, — the predicted value of
reducing the number of occupational diseases by introducing measures to improve
the safety of production, K, — the average size of the reimbursement of the conse-
quences of occupational diseases by industries.

Expenditures on the implementation of measures to improve the safety of pro-
duction are determined by the formula:

¢s == Wu+Nu, (7)
m=1
where W,,- average costs for implementation of safety improvement measures at
the workplace m-th type; N,, — amount of workplaces m-th type, on which measures
to improve the safety of production are implemented.

To predict the level of occupational morbidity and injury, data is collected on
the number of victims per n previous years. Mathematical model for determining
the increment of the number of the indicator y; can be represented as a system of
differential equations:

dy, <
=>a, -y, +F,t)+F,, ()

dy .
: :Zbli'yi+le(t1)+sz(fz), (8)

where Y; — modeling index; Fi;(t), Ri;(#) - the function of taking into account the
monthly trendy; F3;(%.), R;(t2) - the function of taking into account the annual trend,

t; — serial number of the month and 7, - ordinal number of the year in the model.

Having constructed differential equations for the indices, we obtain a system
of linear homogeneous equations of the first order, which can be solved by numeri-
cal methods. The predicted value of the simulated indicator will look like:

Vi =V +il—yt1’-At1 +d—yt2’-At2. 9)

To construct the mathematical model of the indices, the conditions must be
fulfilled - the quantity Y is normalized and its dispersion is constant. The normality
of the distribution of indicators is provided by an unlimited set of factors through
the use of the central boundary theorem.
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When constructing a forecast model, the region of factors changes is deter-
mined which, in the general case, should correspond to the scale of those indica-
tors, whose values are calculated as output data for predictive models. These re-
quirements do not apply to the non-stationary part of the model, since in this case
we are dealing with extrapolation over time (that is, we investigate the effect of
the nonlinear time trend).

Conclusions

The proposed methodology allows to assess the effectiveness of the plan of
measures to increase the safety of production, taking into account the causal rela-
tionships between the implementation of measures and economic indicators of
the enterprise.

Estimates obtained using methods of forecasting and economic analysis of
measures to reduce the level of injury and occupational disease, are only a basis
for the adoption of a final decision on the management of occupational safety and
health of the enterprise. In addition, additional criteria, including informal, may
be taken into account. The proposed approach allows to proceed to the next stage -
creation of an automated control system of labour protection in the enterprise,
based on scientifically grounded methods for assessing the effectiveness of meas-
ures to reduce the level of occupational injuries and occupational disease.
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IMPROVEMENT OF OPERATIONAL MANAGEMENT
OF HYGIENE AND LABOR SAFETY ON THE BASIS
OF ASSESSMENT OF OCCUPATIONAL HAZARD

Abstract: The purpose of the work is to provide grounds for the approach to the occupa-
tional hazard assessment. To complete the purpose, it is proposed to analyze the existing
methods and approaches to the occupational hazard assessment and an approach to the occu-
pational hazard assessment is proposed, which is based on the use of statistics on occupational
injuries rates. The necessity of application of information systems for occupational hazard as-
sessment is emphasized.

Keywords: hygiene and labor safety, occupational hazard, operative management, plan-
ning, information system.

Articulation of issue

The process of adaptation of the Ukrainian legislation on labor protection to
European and international legislation is underway, and the use of world scientific
and practical experience and deepening of international cooperation in the field of
labor protection is intensifying. In order to create a national system for preventing
occupational hazard, the “Concept for Reforming the System of Labor Protection
Management in Ukraine” [1] has been developed to ensure the effective implemen-
tation of workers' rights to safe and healthy labor conditions. Implementation of the
Concept will ensure the formation of a new national system for prevention of in-
dustrial risks by introducing a risk-oriented approach in the field of occupational
safety and health at the legislative level.

Analysis of recent research and publications

As evidenced by the analysis of scientific works, operative management of labor
protection during the development of measures to reduce occupational injuries is per-
formed on the basis of an analysis of the causes and types of events that led to acci-
dents, considering the data on the circumstances of accidents and data on the victims
[2, 3, 4]. Standards of the OHSAS series are designed to provide elements of an effec-
tive system for managing occupational hazard. These elements can be integrated with
other management requirements. They can assist organizations in achieving hygiene
and safety objectives and can also be used to determine economic outcomes.

Purpose of work

To conduct research on the main methods of assessment of occupational haz-
ard and to develop and substantiate the approach to the risk assessment of an occu-
pational accident for the practical use.

© O. Kruzhylko, I. Tkalych, A. Polukarov
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Presentation of the main material and research results

The State Standard of Ukraine DSTU OHSAS 18002:2015, adopted in
Ukraine, sets requirements for a safety and health management system (SHMS) to
enable the organization to control the hazard connected with occupational safety
and health [4]. Organizations and enterprises of various types of economic activity
are increasingly interested in achieving good results in the field of hygiene and
safety, through the active use of methods for managing occupational hazard. At the
same time, even modern methods of occupational hazard management cannot be
sufficient and effective if they are not integrated into the overall system of enter-
prise (organization) management.

Implementation of SHMS at enterprises, developed with consideration of the re-
quirements of the State Standard of Ukraine DSTU OHSAS 18002:2015, ensures the
following: implementation of national laws and regulations; proper organization of all
types of work on occupational safety; risk reduction for occupational accidents and dis-
eases; reduction of expenses related to labor protection (including — punitive sanctions).
In accordance with this standard, the basis of the SHMS should become the identifica-
tion and assessment of the risk of occupational accidents and diseases. Evaluation of the
results of activities with consideration of the occupational hazard assessment can be-
come an effective motivating factor in stimulating the owners of enterprises in perform-
Ing activities aimed at creating safe and harmless labor conditions.

The transition to a SHMS, based on the occupational hazard assessment, ne-
cessitates appropriate scientific developments. Despite a sufficiently large number
of hazard assessment methods, they cannot be considered acceptable for the enter-
prise of any particular type of economic activity. At the same time, the analysis of
existing methods and approaches to the estimation of occupational hazard allows us
to conclude that it is necessary to adapt them to the characteristics of enterprises
considering their branch affiliation (type of economic activity) and further substan-
tiation of management decisions on hazard level reduction.

The assessment of the risk of injury is proposed to be conducted with consi-
deration of the probability of an accident occurrence and assessment of its conse-
quences. Such an approach to the occupational injury assessment is calculated as
the product of the probability of occurrence of the occupational injury event and
the extent of the expenditures inflicted (in value terms). The peculiarity of this ap-
proach is that it proposes the possibility of comparing the indicators of the fre-
quency of fatal and non-lethal injuries.

The occupational injury risk assessment is based on the identification of the
main factors that affect the safety of the production most. According to research re-
sults, algorithms designed to analyze the safety of production based on procedures
for calculating occupational hazard levels can be developed. Practical implementa-
tion of such algorithms is possible with the use of specialized computer programs
that allow automating the calculations of the probability of emergencies, hazardous
situations, occupational accidents, to determine the risk of these events for staff.
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In modern conditions, operational hygiene and safety management approaches
are more effective, based on the use of data not only of a particular enterprise, but
also of other enterprises belonging to the same type of economic activity. The cal-
culations are performed on the basis of factors determined by a priori analysis.
In the future, there is a possibility of transition to the development of corresponding
mathematical models that will allow modeling the dynamics of occupational hazard
indicators, and modeling results will provide grounds for the plan of operational
measures regarding labor safety. When planning preventive measures on the basis
of the calculated risk indicator, first of all, such measures shall be chosen that must
provide the greatest socio-economic effect at the lowest cost.

It is proposed to calculate the risk that one employee (of specific profession)
of the company (of specific type of economic activity) will suffer an accident Ry
with temporary disability by the formula:

Ry =Py -K, (1)

where P, — the probability that with one employee of a given profession in this
type of economic activity in a year, one accident may occur with different material
losses for a certain period,

K — coefficient of disability, with consideration of the number of lost working days
in the total amount of working days worked in this profession of this type of eco-
nomic activity for the same period.

The introduction of the coefficient K for the further calculation of the overall
risk of an accident with various material losses — from an accident without loss of
working days (transfer to light labor) to a complicated one makes it possible to ob-
jectively account for these differences.

The probability that one worker per year may experience one accident with
different consequences is calculated by the formula:

Py =1-¢", )
where Ay — the frequency of an accident with a disability for a given profession
in this type of economic activity during the year.

The coefficient of loss of labor ability, with consideration of the number of

lost working days in connection with accidents in the total amount of working days
worked for the same period, is calculated by the formula:

K = & : (3)
Dep

where Ycp — the average annual number of employees in this type of economic
activity;
cp — the average number of lost working days as a result of temporary disability
of employees of the profession in this type of economic activity.

In practice, after receiving all the necessary data, the calculation of an acci-
dent risk is performed. In the event that it is higher than the average in the main
type of economic activity, it indicates the need for preventive measures.
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However, the practical implementation of the proposed approach requires the
availability of specialized information systems and up-to-date databases on occu-
pational injuries. As an example of the occupational hazard assessment, consider
using the information system [5]. Initial data entry is entered, with further occupa-
tional hazard calculation for each event and the subsequent ranking of events by
reducing the amount of hazard is automatically performed (Figure 1).
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Fig. 1 — Information system of occupational hazard assessment

Upon forming arrays of activities, their grouping by the level of risk is per-
formed. Formation of a set of measures for risk level reduction is performed sepa-
rately for each group. The measures are entered manually or by copying from the
corresponding electronic documents. Subsequently, their expert evaluation is per-
formed.

Conclusions

The basis of reasonable planning and implementation of effective preventive
measures is the identification of dangers existing at work and an adequate occupa-
tional hazard assessment. However, the hazard assessment process, as the basis for
the hygiene and safety management system, requires a complex of scientific re-
search. Hazard assessment should be based on the sectoral affiliation of enterprises
(type of economic activity). An approach to the estimation of occupational hazard
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1s proposed, which is based on the use of statistics on indicators of occupational in-
juries. The necessity of application of information systems for occupational hazard
assessment is emphasized.

The result of the implementation of a risk-oriented approach in the field of oc-
cupational safety and health should be the increase of the labor safety level, preven-
tion of emergencies and accidents, the reinforcement of the occupational injuries
and occupational disease prevention.
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HYBRID APPROACH TO THE FORECASTING OF ELECTRIC
CONSUMPTION TIME SERIES FOR ORGANIZATIONAL
MANAGEMENT IN THE WHOLESALE MARKET

Abstract: The improvement results of the hybrid approach to design of time series fore-
casting models with an uneven distribution of values of the electric consumption indicator in
solving organizational management problems in the wholesale electricity market are presented.

Keywords: hybrid approach, time series forecasting, electric consumption processes, or-
ganizational management, wholesale electricity market.

Introduction

The problem of a significant increase in the energy efficiency of using electric
energy - electric consumption is one of the main problems at the current stage of
development of the electric power industry. The possibility of its effective imple-
mentation is directly related to the solution of the complex of tasks of managing
electric consumption planning by electricity supplier companies - subjects of the
organizational management system of the wholesale electricity market (WEM) [1].

These tasks also include the preparation of a daily schedule of electric con-
sumption by wholesale suppliers, which they must submit to the WEM in the form
of an hourly request for the amount of electric consumption in accordance with the
regulations of its Rules. This schedule is used as input data for the sequential solu-
tion of subsequent tasks of the organizational and operational dispatch management
aimed at ensuring reliable and cost-effective coverage of the declared volume of
capacity by generating companies - electric power producers.

The technological process of electric consumption planning includes two
levels. At the first level, planning is carried out directly by enterprises - end users. At the
second level, planning is carried out by electric suppliers based on the use of data on the
forecast of electric consumption received from enterprises of the first level. The plan of
electricity consumption drawn up by them is drawn up in the form of an application and
is submitted to the WEM at the time of day determined by the regulations.

The problem of planning electric consumption has been studied for many years
in relation to enterprises in various industries. And in recent years, quite a lot of works
has been devoted to solving this problem, as applied to the peculiarities of their func-
tioning in market conditions [2-5]. The proposed methods of planning electric con-
sumption are currently used in many industrial enterprises. Usually they are focused
on a certain period of time during which no significant changes in production volumes
occur in accordance with the prevailing conjuncture in the industry markets.

However, the peculiarity of market relations is that these changes may occur
at different times in different industries. Therefore, to solve the problem of plan-
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ning electric consumption, it is necessary to apply methods that use mathematical and
information technological tools for the current assessment of electric consumption,
taking into account the influence of market conditions on the functioning of enter-
prises [6]. The issues of systematization, analysis of existing methods of electric
consumption planning at enterprises of various sectors of the economy and the
creation of sound calculation methods that meet modern requirements for the accu-
racy of electric consumption planning is the subject of an self study. And in this
paper they will not be considered.

The forecast data of electric consumption of a separate regional supplier con-
stitutes the basic source information for carrying out all subsequent calculations
in forecasting and planning deliveries by electricity producers to the WEM with the
aim of forming trading and dispatching active load schedules for the «day-ahead»
market [7].

1. Problem analysis and formulation of research objectives

In condition of operation of the electricity market, which received the mean-
ingful name of the bilateral contracts market and the balancing market, mechanisms
are provided to compensate for additional expenses in the power system by those
suppliers whose declared volumes exceed the absolute value of the tolerances from
actually volumes of consumed electricity. This circumstance should encourage
electricity suppliers to use modern tools for modeling and forecasting electric con-
sumption, used in the preparation of hourly planned electric consumption schedules
for the next day to improve the quality of the forecast. Such hourly electricity plan-
ning based on the use of modern forecasting tools by suppliers is of interest not
only for them, but also for large enterprises - qualified end-users of electricity.

When solving the problem of daily electric consumption planning at the level
of electricity suppliers, certainly, a more detailed structure of electric consumption
in the region of a particular supplier should be taken into account. According
to various studies, it is the daily irregularity of electric consumption, along with
seasonal irregularity, that largely determines the forecasting accuracy of electric
consumption schedules [8].

The structure of the regional industries for a separate supplier is usually
known. Planning of electric consumption by suppliers, taking into account the pe-
culiarities of electric consumption in the production process by enterprises of these
industries, is a rather difficult task [9]. Quite a large number of papers, the analysis
of which is given in [10], are devoted to research related to electric consumption
planning at the supplier level. Basically, they are designed to solve very important
and complex tasks of medium-term and long-term forecasting of electric consump-
tion. However, not always the data of such a forecast can be used to plan electric
consumption for the coming day.

Determination, further study and consideration of the multifaceted influence
of deterministic, quasi-deterministic and random factors on the results of electric
consumption forecasting, in order to improve their quality, necessitates the devel-
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opment of new tools for mathematical and computer modeling based on the inte-
gration of statistical analysis methods, expert and artificial intelligence methods.

Therefore, the main objective of this paper is the development of mathematical
modeling tools for dynamic, operational hourly forecasting for the coming day and plan-
ning electric consumption by electricity suppliers a day ahead in the wholesale market.

Currently, in many power systems of the world, when creating forecasting mod-
els, statistical methods are used to analyze dynamic time series, reflecting an or-
dered sequence of observations of a time-varying process [11]. Their practical im-
plementation to reduce the error of calculations requires the collection, storage and
further use of significant amounts of the original historical data of hourly actual
electricity production. And to identify and correct errors, maintain a certain level
of correctness, the implementation will require taking into account other factors
that affect the forecast result, and as a result, the use of additional data.

An analysis of a number of studies carried out in [12] allows us to conclude
that there is no universal method that could solve the problem of forecasting
the characteristics of random processes of various natures. However, approaches
have been developed, the use of which in solving specific applied problems makes
it possible to build a prognostic model that provides reasonable reliability and accu-
racy for practice [13].

One of these is an approach based on the use of hybrid methods for construct-
ing the forecasting models. To determine the numerical values of the predicted val-
ues at given points, an unformalized mathematical model of the required depend-
ency is used, the constructing possibility of which is provided by applying a hybrid
computational algorithm based on the joint use of the artificial neural network ap-
paratus (ANN) and the genetic algorithm (GA). The experience of developing and
applying such a technique for building the forecasting models is described in [14].
However, the quality of ANN application essentially depends on the completeness
and reliability of the training sample, which is formed from the prepared initial ret-
rospective data. Therefore, retrospective data must be first processed, i.e. filtering
and normalization to ensure the specified conditions of use.

The aim of this paper is to improve the hybrid approach to the development
of non-formalized mathematical models of electric consumption forecasting of a
large regional supplier based on the combined use of modern information technolo-
gies deals with the ANN apparatus, GA and Kalman filters, which provide the re-
quired quality level of the forecasting process.

The need to improve the quality of forecasting the production and consump-
tion of electricity is due not only to technological, but also economic reasons that are
no less important in the conditions of market competition.

2. Time series formalization of electric consumption processes

As it is known, many authors [15] use the so-called additive form of the
model to solve the forecasting problems of electric consumption and active load:
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POY=U@®)+V(@)+C@)+E@),
where P(1)=(P“(t/)|i=1,N, j=1,24) isa generalized time series of the actual hourly

values of electric consumption (for j-th hour of the i-th day) of a regional company that
supplies electricity for N days; U(¢) is a trend component; V' (¢) is a seasonal compo-
nent; C(¢) is a cyclic component; E(¢) is a random component of the time series.

The selection of interrelated trend, seasonal and cyclical components of the
time series is a separate and very difficult task. The assumption of their additivity
in the distribution, and further use of these components for solving problems of
electric consumption forecasting, may introduce an additional error, which is diffi-
cult to take into account. Therefore, in this paper, in order to solve the problem
of forecasting electric consumption, studies have been conducted of the possibility
of using the time series model in the form:

P@)=FU(),V(t),CQ@) + E@),
where F(U(¢),V(¢),C(¢)) is a unknown function of the three components.

To determine the numerical values of the predicted values at given hour points
J, we will use a non-formalized mathematical model of the unknown function F, the
possibility of constructing which is provided by applying a hybrid computational
algorithm based on the sharing of the ANN apparatus, GA and Kalman filter.

Obviously, the members of the time series formed from the actual electric
consumption data, in addition to the trend, seasonal, cyclical components, also con-
tain a random component, which reflects the influence of hard-to-count factors on
the electric consumption process. Its presence in the training sample data when
building an ANN can significantly affect the result of network training, and, there-
fore, the quality of the forecast. Therefore, before using the actual data for the train-
ing process of a neural network, it is necessary to carry out their preliminary prepa-
ration as filtering, in order to eliminate the influence of random parts of the time
series members on the training process.

It 1s known that the use of statistical methods for these purposes provides only
the alignment of the time series components. At the same time, their random com-
ponents are definitely distributed, but not separated from the main component.
Therefore, at this stage of the study, a simplified version of the Kalman filter [16]
was used to filter the time series members in order to precisely separate the random
component of the time series components.

An example of the manifestation of a random component can be the case
when an unknown value of the control action of the dispatch control of electric
consumption leads to a deviation of the actual dispatching schedule of electric con-
sumption from the planned one. We will carry out the further reasoning for a one-
dimensional time series constructed for the j-th hour for i days of observations.

Let X; =(P“(t/)|iel) is the actual electric consumption data of the j-th

hour for 7 days and Y, = (P”*’(¢/)|i € I) is the forecast electric consumption data

and Z; = (P""(t/)|i ) is the planned schedule of electric consumption.
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According to the WEM Rules, the planned schedule of electric consumption is
compiled on the following day based on the data of the electric consumption fore-
cast by large regional consumers and suppliers taking into account the meteorological
conditions for the next day, current and retrospective weather conditions, actual
data of electric consumption in previous periods and other external factors that may
affect on electric consumption process. The actual schedule of electric consumption
is implemented on the basis of the planned schedule by dispatch center during the
implementation of the centralized operational and technological management of the
integrated power system. Dispatch center on the basis of the online network status
information and producers accident information should change the specified
planned schedule. As a result, we present the forecast, planned and actual data
of electric consumption in the following form:

Y,=F'(U,V;,C;), Z;=F*(Y))+E; , X, =Z,+D,,

where F* | F" are the values formed from the main components of the time series
of the actual and forecast electric consumption schedules, E; is the random com-
ponent of external factors affecting the electric consumption process, D; is the ran-
dom component of the deviation of actual dispatch schedule from the planned one.

It is necessary to select time series of actual data, the filtered components of
which do not contain random components. Denote this data as X" = X, - E; — D,
which will be used for training the neural network.

To form the series X", we will use the simplified Kalman filter of the fol-
lowing form:

X =K* X, +(1—-K)* X" (1)

J+l J
The coefficient K must be determined from the condition min | X74" — X ., |.
At the same time, we will take into account the fact that the actual electric con-
sumption data is much more accurate than the forecast one, although they contain
a random component. Based on the same considerations, we assume that
X" =K* X, +(1-K)* X, = X,. And all the following components of the desired

series are determined by the formula (1).

3. Technique for constructing a non-formalized hybrid forecasting model

In general, the electric consumption forecasting model is represented by the
following dependency:

PPty = F(PX (8] )ores P ()T,

main **2* main
where P (t/) is the forecast value of electric consumption, Py, (t/)), ..., Paet,(t],)
are the filtered actual values of electric consumption for ne N previous days of
observations, 7 is the set of external factors affecting electric consumption.

The use of external factors in forecasting improves the accuracy of the fore-
cast. In this case, the more factors taken into account, the higher the accuracy of the
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forecast. The categories of groups of days of the week, temperature and climatic
factors, seasonality, etc. are considered as external factors.

Taking into account the fact that on different days of the week, electric con-
sumption schedules may differ significantly, we select from the series P(¢) the fol-
lowing sample of values for groups of days of the week, during which daily con-
sumption schedules can be taken such that they have approximately the same, both
quantitative and qualitative changes:

1) x" :((B,i’[ffn(t/) |ie IM)|j :m) is an array of 24 time series for mon-

days and before holiday days 1" ;
2) X7 = ((P“C’ (t)]ie IW)| j= 1,24) is an array of 24 time series for working

(regular) days 1" ;
3) X1 = (( act (ll:i) |ie IH)| j= 1,24) is an array of 24 time series for week-

main
ends and holidays 7" .

A distinctive feature of the proposed technique for building a hybrid forecast-
ing model is that for each selected group of days, a separate sample of 24 daily-
hour time series is constructed on actual historical data on electrical consumption
for a certain number of days, which is determined by the forecast quality require-
ments. Moreover, a mathematical model of the total daily consumption

main

24

Y’ =(ZP”C’ (tf)ie]rJ,re{M,W,H} for each of the days of the selected
J=1

group’s r is being built simultaneously.

The idea of building such a horizontal-vertical structure (Fig. 1) of a mathe-
matical model of a time series system was used in [17, 18]. The choice of just such
a method of forming a sample of initial data is due both to the technological fea-
tures of the wholesale electricity market operation in its purchase mode for the day
ahead, as well as the methodological features of building a neural network model
when choosing an activation function and the need to check the adequacy of net-
work training in the hourly and daily consumption for each selected groups of days.

Thus, for the purpose of forecasting electric consumption of a regional sup-
plier, it is necessary to form three groups of time series X" - training samples of 24

representative hourly series in each, as well as three series X" - daily volumes of
actual electric consumption for training in the corresponding neural networks.

Next, the GA is used to search for a solution to the optimal ANN topology in
order to accelerate the process of its learning. Using the GA, a population of neural
networks is distinguished in which each individual represents a separate ANN [19].
During population initialization, one half of the individuals are randomly assigned.
The genes of the second half of the population are defined as the inversion of the
genes of the first half of the individual (genome). This allows to evenly distributing
the bits "1" and "0" in the population to minimize the likelihood of early conver-
gence of the algorithm.
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Fig. 1 Hybrid scheme of a complex of mathematical tools for constructing generalized
nonlinear multifactor models

After initial initialization, networks without hidden neurons are encoded in the
genes of all individuals. Moreover, all input neurons are connected to each output neu-
ron. That is, at first all presented ANNs differ only in weights of interneuron con-
nections. In the evaluation process, based on the genetic information of the individ-
ual being considered, a neural network is first constructed, and then its performance
is checked, which is determined by the individual's fitness. After evaluation, all in-
dividuals are sorted in order of decreasing fitness. A more successful half of the
sorted population is allowed to cross. And the best individual immediately goes
into the next generation. In the reproduction process, each individual is crossed
with a randomly selected individual from among the selected individuals for cross-
ing. Two formed descendants are added to the new generation. After the new gen-
eration is formed, the mutation operator starts working. Since the selection made by
cutting significantly weakens the diversity within the population [20] and leads to
the early convergence of the algorithm, the probability of mutation about 15-25% is
quite large. If the best individual in the population does not change for more than 7
generations, the algorithm is restarted. During the restart, the entire population is
reinitialized and the process of finding a solution starts from the beginning. Thus,
there is a way out of local minima due to the relief of the objective function, as well
as a large level of individuals in one generation [21].

A distinctive feature of this algorithm is that the number of hidden neurons
is theoretically unlimited, unlike the one proposed in [21, 22]. To regulate the size
of the resulting networks, two coefficients are used, which allow, at the mutation
stage, to adaptively choose which type of structure transformation is more suitable
for this network.

In practice, several methods are used to encode information about the neural
network in the individual’s genotype [23]. The presented algorithm uses link cod-
ing. In addition, each gene contains information about the indices of the initial and
final neuron of the link, as well as the weight of their link (Fig. 2).
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Fig.2 ANN Coding

It is obvious that the chosen coding technique requires special genetic opera-
tors that implement crossing and mutation. When performing the crossing, two par-
ents are used, which produce two descendants. Common neurons and links are in-
herited by both descendants, and the value of links in the network of descendants is
formed using a two-point crossover [24]. ANN elements that differ are distributed
among descendants. The example of crossing is shown in Fig. 3. The solid lines
show the common neurons and links, the dotted ones are those that differ. An im-
portant feature is that neurons with the same indices are considered identical, de-
spite the different placement and number of links in the network. It is also impor-
tant that one of these neurons may have a different index, which will change as a
result of the correction of the indices after mutation.

Fig.3 Example of Crossing
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Mutation can be of several types:

- adding a hidden neuron with the assignment of the index [N-1], where N is
the number of hidden neurons in the network after the addition;

- deleting a randomly selected hidden neuron along with all input and output
links;

- adding a link;

- deleting a randomly selected link;

- changing in the weight of a randomly selected link by a random value from
the range [-0.5; 0.5].

Thus, using a mutation, one can change the parameters of the ANN structure
point by point. Accidental addition or removal of neurons and links can lead to
situations where there will be many neurons and few links in the network. There-
fore, it will be more logical to apply different types of mutations depending on the
characteristics of the network architecture that an individual represents after a mu-
tation. To do this, you must enter the coefficients that regulate the size and direc-
tion of network change.

One of them characterizes the degree of "connectivity" of neurons in the net-
work and is calculated by the formula:

Ne¢

Je = [Ny(Ny =1)= N, (N, =)= (1= FB)N (N, - 1)]
where N is the number of links in the network; N,, N, N, are the number of in-

(2)

put and output neurons and the total number of neurons in the network, respectively;
FB is the flag indicating the presence (/B =1) or absence (B =0) of feedback.

It 1s worth noting that links from hidden neurons to output neurons may ap-
pear randomly. Thus, the smaller the coefficient f,., the more likely a new link will

be added as a result of the mutation.

The use of the second coefficient is based on the assumption that the more
elements as a result in the input and output vectors of the training sample (input and
output neurons), the more likely it is that a more complex network will be required
to solve the problem. The second coefficient is calculated by the following formula:

fo= N, +N, 3)
Ny

Thus, the more neurons in the network, the lower the coefficient f, will be,
and, consequently, the less likely the mutation will be chosen, which will add a new
hidden neuron.

The algorithm uses a pack of coefficients fy * fc in order to take into account
the degree of connectivity of already existing neurons.

Deleting links in the ANN generates a side effect: “hanging” neurons may ap-
pear that have no input links, as well as “dead-end” neurons that do not have output
links. In such cases, when the value of the neuron activation function is not zero for
a zero weighted sum of its inputs (for example, logistically and sigmoid function), the
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presence of “hanging” neurons provides the ability to adjust the neural displa-
cements. On the other hand, it should be noted that the removal of links can help
to remove some non-informative or little informative input attributes (neurons) and
thus optimize the structure of the ANN and improve the quality of its learning.

Conclusion

As show analysis of the use of modeling methods in solving the problem of
choosing and building a model for forecasting electric consumption confirms the thesis
that it is impossible to build a universal prognostic model devoid of the shortcomings
of individual modeling methods. As a result, preference is given to the approach to the
hybrid use of a complex of mathematical tools based on the apparatus of ANN, GA,
Kalman filters for constructing generalized nonlinear multifactor models, which will
increase the efficiency of the process of their construction and subsequent use for
searching both short-term and long-term forecasts.
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INFORMATION PROCESSING WITH AN OPTICAL SENSOR
WHEN INCOMPLETE INITIAL INFORMATION

Abstract. The range of tasks, solved by the properties of classification and generalization,
is quite broad. However, the quality of solving to the problem, for one reason or another, is not
always the same. Some tasks cannot be solved at once, but a detailed study of phenomenon al-
lows us to make the necessary classification. For instance, the task is to divide the objects, with
the same geometric dimensions and objects, by visual observation into two classes. Moreover,
the part is madeof steel, and another one - of gypsum. In principle, such task cannot be
solved.To classify these subjects, a more detailed study of them is required. It is sufficiently to
get data on the weight of objects, so that the task of classification has become trivial. The diffi-
culty is to find such a description of phenomenon, in which the image (phenomenon), within
each class, would have defined similar properties. Therefore, in order to eliminate the effect of
interference on the recognition process, it is proposed to introduce a special decisive rule based
on the fact that the decision to attach the image to the image is made on the basis of an analysis
of images that have fallen into a definite close space that is classified.

Keywords: autocorrelation function, invariance, coefficient of similarity, recognition,
description of images, image border, signal processing

Introduction

At the present time, the complexity of identification is to find such a descrip-
tion, in which the image (information) of each class would have identified similar
properties. The task is to make the transformed description includes the whole set
of input images, united by the similarity class by the given ratio.

Using the ordinates of an autocorrelation function is an inseparable shift in the
center of gravity of an image, which leads to a change of such description. Nicest,
the concept of an invariant description of information arises, this is an autocorrela-
tion function, which is invariant to the description of any displacements of the im-
age in the vertical and horizontal directions.

In the works of authors such as Ravazzi C, Coluccia G, Magli E., Wen X,
Qiao L, Ma S, Sheugh L, Alizadeh S.H. and other. It is noted that in practice for
solving these problems, when the classification process is based on incomplete
data, the problem of finding an optimal deciding rule arises, the methods of deter-
mination of which are based on the definition of the maximum incomplete coefti-
cient of similarity. However, these methods do not take into account the effect
of interference on the recognition process. Because often in the training sequence
images are presented that are not subject to interference, and in the process of recog-
nition, analyzed images distorted by noise.

The problem of finding an optimal decision rule arises, which, in a number
of cases, can be constructed on the basis of a method, based on the definition of the
maximum incomplete coefficient of similarity.

© . Parkhomey, Ye. Batrak, N. Tsopa, 1. Zeniv
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Using this method, the solutions, that are almost unintelligible to the errors that
arise due to the effects of interference, are found. Therefore, in increments set of im-
ages, this rule passes into the Bayes’ rule.

Subject of Research

Choosing a description of images is one of the important tasks in pattern rec-
ognition. It 1s known, that the most complete description of the input images can be
represented as a continuous function of two variables, which describes the distribu-
tion of brightness across the receptor field Z (x, y ). The completeness of these in-

put images description has a number of significant disadvantages: the description is
too cumbersome; it is not invariant with respect to many isomorphic transforma-
tions of the images.

The ability of generalizations of the recognition system’s response to similar
input images is required, regardless of their location in the retina field, on the inter-
nal interactions and interactions of the system. To ensure the ability of generali-
zations of the reaction, there are usually some impose limitations, which depend
on the nature of the similarity ratio. The restrictions, imposed on the logical nature
of the similarity ratio, are they should have the property of symmetry and reflectiv-
ity, that is, if 4 is like B, then B is like A4, and A4 is always like itself.

There are a large number of similarity ratios in nature, which these conditions
are inherent in. These include: the solid motion of the image, some types of con-
tinuous deformations, topological equivalence of the images. Solid motion refers
to the rotation and movement of the image, which is parallel to the horizontal or
vertical axis.

Recognition Systems Problems

Recognition systems, possessing the property of generalization by similarity,
are characterized by significant structural complications (for example, an increase
in the number of layers of 4-elements in perceptron) compared with conventional
systems. Therefore, it is desirable to pre-convert the original description in such
a way as to generalize all such objects and to react, in a differentiated way, to ob-
jects that are not similar.

The class of similarity in a given ratio stands for the set of input images, simi-
lar in this ratio. It is believed, that the similarity ratio is the imposition of an image
so that A U B / R, which means A4 is similar to B in relation R (where is R the
relativity of the motion). This means that 4 is a mapping of the displacement B, and
B is a reflection of the motion of 4. The problem is that the transformed description
includes the whole set of input images, united by the similarity class by the given
ration.

The autocorrelation function carries sufficiently complete information about
the character of the input image [1], [2], [3], [4], [5] in addition, it is invariant to-
wards to the description of moving images in the vertical and horizontal directions.

54 ISSN 1560-8956



MiXBiIOMUYHMI HAYyKOBO-TEXHIYHHUI 301pHUK «AIAaNITUBHI CHCTEMH aBTOMAaTHYHOTO yripaBimiHHs» Ne 17 (34) 2019

To ensure the invariance of the description to the movement of the image, it is
enough to use the ordinates of the autocorrelation function as the description ele-
ments. However, the shift in the center of gravity of the image leads to a change in
such a description. To reduce the effect of the shift of the center of gravity on the
description of the input image, which is compiled from the ordinates of such an
autocorrelation function, one should exclude from the description ordinates, corre-
sponding to a rotation angle close to 0° and 180°.

It 1s desirable to obtain such a description that would cover the whole set of
input images, united by the similarity class of all displacements of images relative
to the receptor field. Such a description is invariant with respect to any displa-
cement of an image. In order to obtain an invariant description, with respect to all
the rigid displacements, it is necessary to create a fundamentally new type of scan.
If two random functions x = x ¢ ) and y =y ¢ ) are put on the camera’s deflection
system, then the beam will move randomly on the screen, and the signal from the
camera will be a random function of the time, the statistical characteristics of which
depend on both the nature of the input image and on the properties of the functions
x=x¢)andy =y )

The multivariate distribution of the output signal gives it a complete probabil-
istic characteristic. It is obvious, that with stable probabilistic characteristics of
functions x =x¢ ) and y =y ¢ ) the probabilistic characteristics of the output
signal will depend only on the nature of the input image. This statement is proved
in [6], [7].

If the function, Z =Z (x,y )where x =x¢ J)and y =y ¢ ). Thenif x =x¢ )
and y =y ¢ ) are stationary and stationary-random functions of the time with even
distribution and a vector, which consists of x and y, characterized by a uniformly
distribution of probability, then the function Z ¢ ) is stationary in the broad and
narrow sense; and its probabilistic characteristics do not depend on the inverses
transformations and parallel transfer of the function Z (x, y ).

It directly follows from this, that the ordinates of the autocorrelation function
A, ¢,t')depend only on 7 =¢ —t' and the nature of the dependence Z (x,y ) and

do not depend on the inverse transformations and the parallel transfer of the func-
tion.

Thus, the description of the input image, composed of the ordinates of the
autocorrelation function of the output signal of the television camera, under certain
restrictions imposed on the signal, is invariant with respect to all the rigid move-
ments of the image inside the screen (the image is arbitrarily moved on the screen,
without leaving any of its elements beyond its limits).

The Possible Methods for Describing the Image

It would seem, that using a random scan and description of the image by the
ordinates of the autocorrelation function, solves a very complicated problem of
recognition. However, the practical implementation of such a system has signifi-

ISSN 1560-8956 55



MiXBiIOMUYHMI HAYyKOBO-TEXHIYHHUI 301pHUK «AIAaNITUBHI CHCTEMH aBTOMAaTHYHOTO yripaBimiHHs» Ne 17 (34) 2019

cant technical difficulties. First, it is quite difficult to fulfill all the constraints im-
posed on the signals x ¢ ) and y ¢ ). In addition, the proved theorem relates only to
the qualitative aspect of the question and does not relate to the quantitative one.
The autocorrelation function A, does not really depend on the movement of the

image on the screen, but, at the same time, its difference from the representation of
the 1images is so small, that it is practically impossible to distinguish autocorrelation
functions, even when the images, corresponding to these functions, are quite differ-
ent from each other.

The autocorrelation function of the stationary signal is uniquely connected
by Fourier transform with its spectral density:

Ay (t,t')=A,(T) :jfz(a;)cosmda), (1)
0
Where f, (w) - spectral density of the signal and vice versa
f(w0)=2 [A,(r)coswrdo. 2)
T 0

Therefore, statements, concerning the autocorrelation function, are also valid
for spectral density.

If the output signal of the camera Z ¢ ) goes to the analyzer, which consists of
a finite number of filters with uniform frequency characteristics, the resonance
frequencies of which are located one by one on the axis w. Let’s suppose that the
output signals of the filters are reduced to a square, and then they are integrated.
Output signals of such analyzer are determined by the distribution of the energy
W , (w) of the signal Z ¢ ) along the frequency axis.

It is known, that the weighted autocorrelation function of a signal A, (z y ()
1s related to the Fourier transform with its energy spectrum W, (@ ):

g(t) = [K*(w)e™ (3)

where K (w) - frequency response of the filter.

Therefore, the description of the input image can be formed using the ordinate
of the energy spectrum.

Thus, each of the functions A, (), f, (w) or W, (») may be convenient for

describing the input images when recognizing images. However, it is much easier
to get a characteristic of the spectral density of a signal than its autocorrelation
function.

In [8], [9], [10], [11], [12] one of the possible methods for describing the image
is considered with the help of the spectral characteristics of the signal obtained
in the frame scan of the image. To simplify considerations, images with only two
degrees of intensity of information are considered, but all this is true for images
with a continuous change in intensity.
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In the general case, the signal, received at the output of the television camera,
carries all information about the scanned black and white image. As a rule, this sig-
nal can always be represented by an infinite Fourier series:

a : .
f(x) =30+a1 coswx + b, sin wx + a, cos 2wx + b, sin20x + ..., 4)

where
27 27
a, =F£f(x)coska)xdx, b, =7—12[f(x)smka)xdx.

Since a television signal has a finite spectrum, then an infinite Fourier series
can be written as finite sum:

fn(x):%+Zakcoska)x+2bksinka)x. (5)
k=1 k=1
The function f, (x ), and hence the image to which it corresponds, can be given

by the coefficients of this series, which is equal to the representation of the image
or coefficients of the Fourier series, or ordinates of spectral density.

The television signal that corresponds to two intensity gradations is a se-
quence of rectangular impulses of the same amplitude, all of which is contained in
the duration of impulses and pauses. In addition, the television signal contains more
string and frame impulses, their amplitude are 25 % higher amplitude of useful im-
pulses.

The recognition procedure is greatly complicated with linear and frame im-
pulses, firstly, because they clog the useful signal, and secondly, because their
presence leads to significant changes in the spectral density of the signal. This is
due to the fact that the offsets and turns of the image lead to a change in the dura-
tion and recognition of the useful impulses relative to the string impulses (Fig. 1).

In order to eliminate the effect of the image shift, which is parallel to the axis
of the receptor field, it is necessary to remove linear and frame impulses from the
TV signal. In this case, the image shift affects only the phase of the signal and does
not affect its spectrum.

To eliminate the effect of the rotation, you need to rotate the image on the re-
ceptive field of the vidicon and, as a feature, take the average ordinate of the spec-
trum in one rotation. In this way, we get the same results as when randomly scanned.

However, it may be that images, belonging to different classes, differ little
from the spectral component. To distinguish such images, it is necessary to choose
not the average values of ordinates per rotation, but the functions of their instantaneous
values in time, that is, to take into account the redistribution of the spectral density
of the signal during one rotation. The problem of recognition, in this case, is greatly
complicated by the fact that the description of images throughout the volume in-
creases sharply. At the same time, it cannot be guaranteed that the transformed de-
scription will be less than the original, but it acquires useful properties of invari-
ance with respect to offsets and turns.
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Fig. 1. - Scanning an image

Taking into account the periodic nature of the television signal in frame scan
and specific maxima in the frequency area, multiple frame and linear harmonics,
containing useful information, band filters should be supplemented by the basic
frequencies of these maxima. The harmonics of the frame frequency carry informa-
tion about the large details of the image and practically, without significant reduc-
tion in the recognition quality, the low-frequency part of the spectrum can be com-
bined.

Experimental verification of this statement has shown that when separating
from the television signal of the spectrum of low frequencies (50-500 Hz) and at
constant time within 0.5 seconds with a period of rotation of the image 2-3 seconds,
accurately, simple geometric monochrome shapes such as triangles, squares, rec-
tangles, etc. are described. Functions, received at the filter output, are close to con-
tours. To distinguish the classes of these figures, there are sufficient simple features
such as the number of transitions of the redistribution function through zero, the
number of positive or negative impulses.

At frequencies, corresponding to the harmonics of linear scan, describing im-
ages of moderate complexity it is necessary to take into account the information of
a larger volume - practically to the 20th harmonic. Higher frequencies provide in-
formation about small details of complex images.

Results

Solving practical problems, there are often cases where the decision to attach
an image S to a certain image is based on incomplete data, that is, when not all »
elements of the description (attributes) can be measured.

The problem of finding an optimal decisive rule arises, which, in a number of
cases, can be constructed on the basis of a method based on the definition of the
maximum incomplete coefficient of similarity. In [13], [14], [15] four such meth-
ods are given.
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1. Let the given image S =S (x,,...,x, , ), where k - the number of missing

signs. Then, to determine the belonging of this image to one of two images, use the
following rule:

PV, /x,....,x,,) .7

S e Vif (6)
PV, xpx, )
Considering that for each image

P(x,...,x, ,/V
P(V,/x,....x, ,)=P(V,) (%, i/ 1), (7)

P(x,,....,x, ,)

the decision rule can be formulated as follows:

SeI/'IifP(xl""’x”*k/Vl)>P(V2) (8)

P(x,....x, ., /V,) P(V,)
The decisions, made on the basis of this rule, may vary greatly from the opti-
mal ones.
2. Let’s assume that it is possible to determine the most probable values of
missing attributes. Then we can make an expression for conditional density of the
probabilities of the following form:

%

P(X)..iX, X s, J V) and P(x,,...,x, %, 10X, [ V,),

where x” - probable values of signs.
The decision rule can be formulated as follows:

SeVif P(xl,...,.acn_k,:)cz_k”,acZ /V,) . PV,) _ 0. )
P(x,,...,x, ,,x, ,..x,/V,) P(V,)
3. There are conditions in which there are no n —k measurements, and

the similarity coefficient is a random function of non-measurable coordinates
x ., x, . In this case, the similarity coefficient can be determined by the for-

n-k+1°"°

mula:
Lix) = B (X, popsees Xy [ XppXgseis X, )

5
B, (%, pogsees Xy [ X1y X550 %, )

(10)

where probabilities P, and P, relate to images V', and V', accordingly.

With a similarity coefficient L(x ) the probability density P [L(x)] is
bounded. In this regard, there is such value of L*(x ), that maximizes P [L (x )]
value, so P [L"(x )]= max P [L (x )].

Then the decision rule can be written as follows:

SeVifL'(x)>0. (11)

4. Considering the similarity coefficient as a random function of the missing
measurements, the average value of the decision rule may be used in its construction:

Lx)= [ L(xP[Lx )KL, (12)
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In this case the decision rule can be formulated as follows:
SeV,ifL(x)>0. (13)
Comparing different decision rules, it is necessary to determine which rules
give the least probability of error. For this purpose, it is necessary to calculate the
probability of errors of the first and second series and In the general case, we can
write it as follow:

P, :Pyz)j j...jP(xl,...,xn_h [V, hx,,....,dx, ,,
Q

(14)
P,=PV )| . .[PCt)....x,, /V, Hx,,...dx, .

The difference between the decision rules is determined only by the choice of
the area of integration. We will assume that in the area Q, the decision rule will

choose an image ¥, and in the area Qf — an image.
Considering the cost of the error of the first and the second kind, &, and o, ,

then, two different decision rules can be compared, taking into account the value of
risk for them. So, if W, >W ,, then the decisive rule c is better than d.

The risk or the average penalty value for this decision rule can be obtained
from the formula:
P(V,)o,P(x,,....,x V,) -
W, = P(V,)5,|...| (Vo)OuL(Xr s 20 [ V2) }dxl,...,dxnk. (15)
2 -P(V,)5,P(x,,....,x, ,/V,)
As it was shown earlier, the minimum value W, is achieved with such a

choice of the area Q°, in which the subintegral expression would always be nega-
tive, that 1s,
0,P(V,)P(x,,....,x, , |/ V,)>6P(V,)P(x,,....x, ,/V,). (16)
If the cost of the error of the first and the second kind are the same, that is, if
o, = 0, then area Q°, in which S €V, should be chosen so that

Py, /Vi) PVs) (17)
Pix,...x,,/V,) Pyz)'

The expression (17) is a rule (8). Therefore, it can be argued that, no introduc-
tion of additional probabilistic information about unknown signs, in the case of
equality of cost of errors, can give rules better than rule (1).

Before that we proceeded from the assumption, that the statistical properties
of collections of educational images and images, which are encountered in recognition,
remain constant. Often in the learning sequence images depicting various images
that are not subject to interference are presented, and in the process of recognition,
images, distorted by noise, are analyzed. In addition, if the training of the informa-
tion subsystem is conducted considering of the obstacles, then the statistical proper-
ties of these obstacles may eventually be unstable. The learning process itself is
limited in time. Therefore, recognizable images may differ significantly from those
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images that were used in the learning sequence. In this case, the optimal solution,
obtained during the learning process, will no longer be optimal for the recognition
process, and hence the probability of error increases.

Fig. 2 shows the qualitative dependences of the probability of error from the
noise level [16], [17], [18], [19], [20]. In the event that the decision rule will be op-
timal for each noise level, then the error probability increases with increasing noise
and reaches the limit at the value of 0.5 (dotted curve).

P
1.0

A

0.5

Fig. 2. - The error dependence on noise

If the optimal decision rule is found only for one of any value of the noise
level, and in the further process of learning is not repeated, then with the increase
of the noise level, the probability of error sharply increases and can reach values
close to one (solid curve). At the point corresponding to the noise level, at which
the training was conducted, the two curves coincide. The assessment of the noise
effect on the recognition process is a very difficult task, which, in the general case,
has no analytical solution. The latter can only be obtained when the educational
images and audible noises are distributed according to normal law. Almost always,
when solving practical problems, it is assumed that at small deviations of the statis-
tical properties of the noise, the deviation of the probability of error from its mini-
mum value is insignificant. In order to eliminate the effects of interference on the
process of recognition, special deciding rules are introduced. One of them is based
on the fact that the decision on the affiliation of the representation to the image
1s made on the basis of analysis of representations that have fallen into a certain
closest space, which is classified. In this case, the solution takes into account the
majority, which is in keeping with the results, obtained by calculating the similarity
factor. Let's formulate the decision rule as follows:

SeVlifZVi 1/1+(Mj >Zvi 1/1+(Mj . (18)
q=1 r r

p=1

In this expression & determines a plurality of images, which quite fully charac-
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terizes the whole set of images; » — the radius of the area, which significantly af-
fects the decision. The sphere with the center at the point, corresponding to the im-
age S, formed by the radius », will be called r - region of the image S (Fig. 3);
L(S,8S,) — measure of the similarity of the image S with images belonging to the
image V,, L(S,S,) —a measure of similarity of the image S with images belong-

ing to the image V, .

Fig. 3. - The information circle of the image

Thus, for a rather large meaning £, this rule defines the number of the representa-
tion of the images V', that are contained within a sphere with a radius » centered at the

point, corresponding to the image S. This number is compared with the number of repre-
sentation V', of the images in the same sphere. With this method, solutions are found

that are almost unintelligible to the errors that arise due to the effects of interference.
Obviously, with increasing £ this rule goes over to the Bayes’ rule [19].

Conclusion

In this paper, the process of identification is considered in the case of incom-
plete input information. The complexity of this process is to find such a description
in which the image (information) of each class would have defined similar proper-
ties. The problem of finding the optimal decisive rule arises, which in some cases
can be constructed on the basis of a method based on the definition of the maxi-
mum incomplete coefficient of similarity. To eliminate the influence of interference
on the recognition process, special decision rules are introduced. One of them
is based on the fact that the decision on the belonging of the image to the image
is made on the basis of the analysis of the images that fall into a certain close space,
1s classified. In this case, the decision takes into account the majority, which agrees
well with the results obtained by calculating the similarity coefficient. This allows
you to find solutions that are almost not sensitive to errors that occur due to inter-
ference.
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UDC 004.652
[.P.Parkhomey, V.V. Nedoluzhko

ALGORITHM FOR DETERMINATION
OF ELECTROMAGNETIC COMPATIBILITY FOR SOLUTION
OF FREQUENCY PLANNING PROBLEMS

The intensive development of the telecommunications sector is directly con-
nected with the introduction of the latest radio technologies and communication
systems, the emergence of new services and communications. In these conditions,
the provision of the requirements for the radio frequency resource of all categories
of users is carried out at the expense of redistribution of already mastered and fur-
ther development of new frequency ranges. Redistribution of frequencies, in turn,
leads to an increase in supply on already developed ranges, which is due to the
growth of the number of existing radio electronic devices, and to the complication
of electromagnetic environment. The development of new ranges dictates the need
to allocate radio frequency bands for the latest radio technologies, systems and
communication standards. In these conditions, the task of controlling the PCR and
ensuring the electromagnetic compatibility of radio electronic devices and emitters
are of great practical importance.

These tasks can be solved only with the implementation of the appropriate
scientific and methodical apparatus of radio monitoring, the application of which
would enable the efficient use of radio frequency resource in modern conditions.
Therefore, the topic of the thesis is relevant.

The paper presents the reasons for the occurrence of interference in the work
of radio electronic devices in a complicated electronic environment, examines the
modern scientific and methodical apparatus of radio monitoring with the definition
of the electromagnetic environment at this location for the solution of frequency
scheduling of RES.

INTRODUCTION

In this paper an analysis of the causes of mutual interference with the work
of radio-electronic means in a complicated electronic environment is conducted, the
modern scientific-methodical apparatus of radio monitoring with the definition of
electromagnetic environment in it for solving the problems of frequency scheduling
of the RES of the mobile service is considered.

The object of research — the process of determining the electromagnetic envi-
ronment for the solution of the problems of frequency planning of radio electronic
vehicles of the mobile service.

Subject of research — research and calculation of EMC REF in the planning area.

The purpose of the work is to study the effectiveness of using and defining di-
rections for improving the calculation of EMC REFs in the planning area.

© L.P.Parkhomey, V.V. Nedoluzhko
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The method involves the analysis of EMC REZ in the planning area, and in
the case of using the general site for the disposal of RES-EMC local grouping of
RES (object EMC).

In the first case, the following types of interference are taken into account[1]:

— on the main channel;

— on the first adjacent channel,

— intermodulation obstruction of the 3rd order.

— In the second case, in addition to those listed above, the following types of
interference are taken into account [2]:

— on adjacent channels;

— intermodulation above 3rd order (up to 13th order inclusive);

— blocking;

— on the mirror channel;

— on the first IF;

— on harmonics.

In carrying out the analysis, the above-mentioned methodology, an indicator
of the efficiency of this method was established, with lower costs for measurements
of the electromagnetic environment, and recommended for widespread use of this
technique, with the control and management of the radio frequency resource and
the provision of electromagnetic compatibility of radio-electronic means.

Keywords: source of radio emission, electromagnetic environment, electro-
magnetic compatibility, point of technical radio control, radio-emitting device,
radio regulation, radio technology, radio frequency resource.

MAIN PART

The intensive development of the telecommunications sector is directly linked
with the introduction of new radio technologies and communication systems, the
emergence of new services and communications. In these conditions, the provision
of the requirements for the radio frequency resource of all categories of users
is carried out at the expense of redistribution of already mastered and further deve-
lopment of the new frequency range.

Redistribution of frequencies, in turn, leads to an increase transferring to the
already developed ranges of radio frequencies, which is due to the increase in the
number of existing REFs, and to the complication of electromagnetic environment.
The development of new frequency bands dictates the need to allocate radio fre-
quency bands for new radio technologies, systems and communication standards.
Under these conditions, the control of PCD and the provision of electromagnetic
compatibility (EMC) of REFs and radiating devices (VPs) are of great practical
importance.

At the same time, in recent years, developers and manufacturers of telecom-
munication facilities have paid considerable attention to higher ranges of radio
frequencies, which are considered the most promising for practical development.
Currently, in Ukraine, the 3.5 GHz radio frequency range is intensively deployed
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by WiMAX radio technologies, 6/4 GHz, 8/7 GHz, 14/11 GHz and 30/20 GHz ra-
dio frequencies are saturated with satellite communication systems.

The complexity of solving the problems of radio monitoring in the frequency
bands over 3 GHz is due to:

- difficulties in detecting, detecting the location of DRV and measuring
the parameters of their radio emission;

- differences in the legislative regulation of the use of HRD in Ukraine from
a number of European countries;

- lack of necessary technical equipment and appropriate regulatory and meth-
odological support for radio monitoring.

In spite of the large variety of radio services, radio technologies, systems and
communication standards that exist today in the world, in practice, for the purpose
of solving radio monitoring problems, a limited number of methods can be used.
This is the position of radio technology on the possibility of combining radio tech-
nology and communication systems into groups according to certain criteria, which
will promote the application of common methods for detecting radiofrequencies,
measuring their parameters, positioning and location of DRV, etc. It remains only
to determine the criteria for such a classification, to distribute radio communication
systems to groups according to these criteria, to note for each of the groups its own
methods of radio monitoring and a list of technical parameters that need to be
measured and (or) determined during its conduct. In practice, talking about radio
monitoring, often mean a few other concepts, in particular, control of parameters
of radio signals in high-frequency tracts.

The technical characteristics of RES are [3]:
transmitter power;
transmission frequency;
frequency of reception;
spectrum (frequency mask) of the transmitter signal;
radiation class;
azimuth of maximum antenna radiation;

Antenna gain, type and polarization of the antenna;

Antenna direction diagram,;

height of the antenna hinge;

the value of the required protective ratio;

reliable communication is required in the absence of interference.

The technical characteristics of the REF, which is planned, can be obtained
from the materials of the RF application submitted by the applicant, and the REFs
participating in EMC calculations in the planning area from the general database
of frequency assignments

The basis of the procedure for selecting the frequency for the RES is the
analysis of the EMC RES, which consists in the calculation of EMC in the area
of planning and EMC local grouping of RES (object EMC).

The calculation of the EMF REF in the planning area is carried out in the fol-
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lowing order:

a) the choice of territorial characteristics of RESs, located in the area of a lim-
ited research area;

b) selection of RES that are selected on a territorial basis, on the frequency
basis of those REFs that potentially interfere with the new frequency assignment:

— 1dentification of possible sources of noise over the main channel;

— determining the sources of interference on the first adjacent channel;

— 1identification of possible sources of intermodulation noise in the 3rd order.

c) calculation of the level of noise at the receiver input:

— on the main channel;

— on the first adjacent channel,

— intermodulation of the 3rd order;

d) analysis of the results obtained and decision making based on the results
of calculations on the possibility of frequency assignment, taking into account the
effect of multiple noise or the need to select a different frequency. In the case of a
positive decision on the possibility of frequency assignment based on the results of
calculating the EMC, it is necessary to check the presence of other RES on the joint
site and, if available such, to calculate EMC local grouping of RES (object EMC).

EMC local grouping of RES is performed in the following order:

a) among RES, selected according to the preceding paragraph are selected
RES, which are located within a common area in a circle with a radius of up to 1
km from the BS, under investigation. The radius of 1 km is due to the following
assumption: the losses during the propagation of radio waves for this distance are
60 ~ 100 dB (model of distribution in free space), depending on the frequency
range, which minimizes the probability of the receiver effecting other types of dis-
turbances at long distances from the transmitter to a minimum. All stations that fall
into a zone limited by this circle are selected for further analysis.

b) RES, which potentially can cause interference with the receiving BS or is
subject to its interference, are selected on a frequency basis among the RES, se-
lected on a territorial basis. For each selected transmitter (or group of transmitters),
the frequency condition for the possibility of creating an obstacle for the studied
receiver is checked, or for each selected receiver in the selected transmitter group,
the frequency condition for interference from the researcher transmitter is checked
for the following types of interference:

- by adjacent channels;

- on the intermodulation of the 3rd - 13th orders;

- on the mirror channel;

- on the first IF;

- on harmonics;

- by blocking;

c) levels are calculated for each type of interference;

d) an analysis of the results is carried out and, based on the results of calcula-
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tions, a decision is made on the possibility of frequency assignment taking into ac-

count the effect of multiple noise or the need to select a different frequency.

General algorithm of frequency assignment for RES is shown on img. 1

i Preliminary

EMC analysis

Frequency selection
in the range ordered
in the planning area

v

Selection of existing
REs in the planning area
within the calculation
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Choosing RECs that
potentially interfere
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Image. 1 General algorithm of selection of frequencies for RES
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To select the stations that characterize the electromagnetic environment
at the site of the alleged new frequency assignment, it is necessary to determine
the size of the calculated zone. To do this, it is necessary to define a circle with a
center at the coordinate of the new frequency assignment (BS) and a radius
equal to the double radius of the declared service area (2d) [4] or the
corresponding distance according to the standard for this type of
communication; and frequency range (img.2)

Image.2 Selection of a non-hazardous RES

All stations that fall into space are limited to this circle (moving, together with
their base, even if the latter are not in this area), are selected for further analysis to
meet the frequency requirements.

Despite the wide variety of factors that influence the quality of signal
reception, the classical approach to determining the quality of RES operation is
to evaluate the energy ratio of the signal / (noise / noise) with given parameters.
Therefore, for the main criterion for evaluating the parameters of the EMC REC,
the energy criterion expressed in terms of the signal / noise ratio for the given
quality indices is adopted:

1;5 > A(Af) = A, * FDR(Af), (1)
1
where A (Af) - protective attitude in this frequency decomposition between a use-

ful signal and a barrier;
A, - protective relation on the connected channel;
FDR (Af) - a coefficient that characterizes the attenuation of the noise, depend-

ing on the frequency deployment between the useful signal and the interference;

Ps - the power of a useful signal at the input of the receiver, subject to inter-
ference;

P; - power interference at the input of the receiver, subject to interference.
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The influence of the medium on the propagation of radio waves, due to the
random nature of innumerable causes, is manifested in the change in the amplitude
of the wave field, the change in the velocity and direction of propagation of the
wave, in the rotation of the plane of polarization of the wave, and other distortions
of the signal. Therefore, the fluctuations of the useful signal levels at the input of
the receiver are also random variables.

The mobile communication is characterized by large changes in the field
strength, as a function of location and time. These changes can be described by the
lognormal distribution with a standard deviation of 8 dB in the range of 30-300 MHz
and 10 dB in the range of 300-3000 MHz [5].

The specific value of the value of the required protective ratio is the characte-
ristic of the studied system of mobile communication (mobile communication stan-
dard) and is given as an initial data in the analysis of the EMC.

CONCLUSION

The reasons of the occurrence of mutual obstacles in the work of radio-
electronic means in the complicated electronic environment are described, the
modern scientific-methodical apparatus of radio monitoring with the definition of
electromagnetic environment in it for solving the problems of frequency scheduling
of the RES of the mobile service is considered.

The method involves the analysis of EMC REZ in the planning area, and
in the case of using the general site for the disposal of RES-EMC local grouping
of RES (object EMC).

In the first case, the following types of interference are taken into account:

— on the main channel,;

— on the first adjacent channel;

— 1intermodulation obstruction of the 3rd order.

In the second case, in addition to those listed above, the following types of in-
terference are taken into account:

— on adjacent channels;

— intermodulation above 3rd order (up to 13th order inclusive);

— blocking;

— on the mirror channel;

— on the first IF;

— on harmonics.

In carrying out the analysis of the aforementioned methodology, an indicator
of the efficiency of this method was established, with lower costs for measurements
of the electromagnetic environment, and recommended for widespread use of this
technique, with the control and management of the radio frequency resource and
the provision of electromagnetic compatibility of radio-electronic means.
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COMPREHENSIVE ANALYSIS OF THE STUDENTS’
MOTIVATION CONNECTION TO THE MASSIVE
OPEN ONLINE COURSES COMPLETION RATE

Abstract: The article provides the analysis for the learning outcome at massive open
online courses to identify students’ motivational needs. Motivational techniques for improv-
ing the learning process quality and increasing the correlation between mastering the theoreti-
cal material and passing practical exercises are proposed.
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Introduction

The online learning further development and popularity, the continued
blended learning implementation into the educational process in Ukrainian higher
education institutions, requires high-quality new online courses in various fields
of knowledge [1], adaptations and translations of existing courses from leading
professors of the best educational institutions in the world for the further leading
teaching methodologies used in the educational process. As noted in earlier studies,
the online education development will be the driving force behind changes in the
world’s educational trends [2; 3]. Further massive open online courses use with
open source software will increase the education’s accessibility for all, provide
access for people with disabilities to the desired profession [4; 5; 6].

Problem statement

The proposed article provides the analysis for the learning outcome at massive
open online courses "Learning How to Learn" [7] and "Educational Tools for Cri-
tical Thinking" [8] to identify students’ motivational needs. "Learning How to
Learn" course is adapted in Ukrainian, and the course “Educational Tools for Criti-
cal Thinking" are developed by Ukrainian author Serhiy Terno. Courses are dis-
tributed on the Prometheus platform during 2018, they are created for different tar-
get audiences and include different motivational components for students.

The article aims to solve such problems: analysis and research the testing re-
sults at the courses "Learning How to Learn" and "Educational Tools for Critical
Thinking" to motivate students [9; 10; 11] and further guidelines for the motiva-
tional techniques’ development for online course students.

The "Learning How to Learn: Powerful mental tools to help you master tough
subjects" on the Prometheus platform is the Ukrainian adaptation for the course cre-
ated in 2014 by Barbara Oakley and Terrence Sejnowski. This online course is the
most popular in the world and now has over 2.6 million enrolled students. For 4
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weeks at 7 hours, the course’s authors help to master the main methods of the educa-
tional process in a light and understandable scientific popular form. At the time of
the research, the subscription to the Ukrainian version of the course on Prometheus
platform was 15053 people. Successfully completed course 1108 people (7.36%),
which is an average percentage for MOOC’s successful passing rate [14; 15; 17].

This course is a typical representative of open online learning. It includes
short videos collections (maximum 8 minutes, minimum 2 minutes each), notes,
additional reading materials, test tasks for self-examination and video interviews
with well-known specialists from various fields on the learning process peculiari-
ties [14; 15]. In early September 2018, the Ukrainian platform for massive open
online courses Prometheus received permission for translation and the course’s
materials free placement for Ukrainian viewers. The Coursera platform feature
(the original course is hosted on this online learning platform) text matches and
subtitles availability for adapting in different languages, which greatly simplifies
the work for the translator and editor.

The online course "Educational Tools for Critical Thinking" was created in
2018 by the doctor of pedagogical sciences, professor of Zaporizhzhya National
University Serhiy Terno to improve educators’ qualifications. This online course is
the author’s second experience, with this course he proposed a new methodological
approach improving the learning outcomes. Under this methodological approach,
after each video lecture, the author developed a short test for self-examination. As a
result, 45 video lectures (average duration 5-8 minutes) and 45 questions were cre-
ated, and the final test for the acquired knowledge perception analysis. This meth-
odological approach was used on the platform for the first time, therefore it is inter-
esting for analysis. The course has 6468 enrolled students, 35.2% (2277) have
successfully completed their training and received a certificate.

Learning outcomes analysis

The student's motivation for an online course is among the key issues in the
online learning successful implementation and its further development.

Among the analyzed courses, only "Educational Tools for Critical Thinking" has
a high success rate, which indicates the students’ motivation to complete their studies.

At the same time, the "Learning How to Learn" course is a typical indicator
of success for the world’s online learning practice [17]. This indicates a rather low
students’ motivation to complete the course, even though they have already regis-
tered for the course of their own choice or at the request of the management /
teacher, that is, from the beginning, they had a certain intention, desire or purpose
to learn. The introductory test took 4082 people, and this is 27,12% of the total
number of registered, only 27,14% scored a sufficient points number to obtain
a certificate. The introductory test includes 20 different questions, which has 2
answer variants each: right and wrong. The question can be divided into the follow-
ing groups: on general erudition, on logical thinking, on wit, on attentiveness.
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Students responses distribution (right-wrong) to the introductory test ques-
tions of the online course "Learning How to Learn" is shown in Fig.1. It shows the
most difficult for the listeners are questions 1, 3 and 19. Questions 3 and 19 are is-
sues of attentiveness and question 1 - on the general erudition. This suggests there
is a need to further implement techniques to improve the attentiveness, namely:
the additional tests of attentiveness creation to affect the certification, the learning
elements to improve cognitive skills’ development and implementation, possible
to take children's tests for attentiveness.

Introductionary test's results

Right and wrong answers parcentage
T5% B0 ESH S0E 955% 100

Cuestion number
[ (=Y

ERight =~ Wrong

Fig. 1. Students responses distribution (right-wrong) to the introductory test
questions of the online course "Learning How to Learn"

During the introductory test’s adaptation, the Prometheus platform technical
features were taken into account (lack of opportunity to advance the course without
completing the video review, the other classification and division issues availability,
the features of the Code of Honor of the platform, etc.), and language units’ percep-
tion feature by Ukrainian-speaking listeners. For example, among this course’s fea-
tures 1s the presence of a significant number of translations in other languages, which
are immediately available on the Coursera platform as subtitles, technically connect-
ing subtitles different for users at Prometheus platform. Similarly, mobile applica-
tions and settings for the user are technically different. Part of the course’s terminol-
ogy is in the neurobiology and information systems of brain activity research fields,
which caused problems in translation since the Ukrainian language does not have a
well-established terminology base from these fieldsof knowledge. Logical transfer-
ence, transcription, and transliteration were usedto provide accurate matches that
were understood by users without further clarification.

It should be noted that the course "Educational Tools for Critical Thinking" is
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aimed at a narrow target audience: secondary schools’ teachers and higher educa-
tion institutions lecturers, among which a significant number of students who have
successfully completed education are women (76.58%), and senior ones over 50
years (20.39%). The main motivation for this category is the certificate availability
stating hours number that allows qualifying as an advancement course, which is the
main component for contracts renewals for teachers and increase of wages. Thus, a
question of classical students’ material motivation with free access to educational
materials. The age and sex distribution of certified students of the course "Educa-
tional Tools for Critical Thinking" are shown in Fig. 2.

Age distribution of certified students Sex distribution of certified students (Educational
(Educational tools for critical thinking) tools for critical thinking)

§ 8

#

Students percentage

w
*®

NA <20 20-24 2529 3034 3539 4044 4549 >=30
Students' age af um

=]
&

Fig. 2. Age and sex distribution of certified students of the course
"Educational Tools for Critical Thinking"

During the data analysis for “Learning How to Learn”, no such sharp differ-
ences in gender and age of the students were detected. All students, as they suc-
cessfully completed the course, were divided according to age, gender, and level of
education in proportion to their lack of clearly defined narrow target audience, so is
much more difficult to name the components of motivation for this course. The age
and sex distribution of the certified students of the course "Learning How to Learn"
are shown in Fig. 3.

Age distribution of certified students (Learning Sex distribution of certified students (Learning
how to learn) how to learn)

20%
18%
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Students' age

Fig. 3. Age and sex distribution of certified students of the course
"Learning How to Learn"
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Students motivation needs

According to the preliminary assumptions [9], motivational factors in the
learning process may include a personal feedback from the teacher, constant feed-
back, increase or decrease the tasks’ complexity under the potential student’s level,
etc., and bonus points, the access possibility to new levels of courses professional
orientation.

To determine the relationship between the mastering of theoretical material in
the video lectures form and the performance with tests to consolidate the acquired
theoretical part of knowledge by the same students, statistical analysis was per-
formed on the indicated online courses, and the Pearson criterion ry, by formula (1)
was calculated for the correlation between percentage of viewed video materials
and percentage of success in related tasks.

Yieq (=) (yi=9)
e 2 S 0)?
where x; is the percentage of user-viewed videos on a specific topic; y; is a percentage
of the user’s success, in the subject corresponding to the test task; X is the average
value of video views on this topic; ¥ is an average success rate of the test on this
topic; n is the number of students in the sample group.

The results of the Pearson criteria’s calculation for two online courses, and the

average percentage of video material reviewed and the success for the two online
courses are presented in Table 1.

Ty = (1)

Table 1.

Statistics and correlation coefficient between a percentage of viewed videos
and success rate in two online courses

Online course Average Average Correlation coefficient

(topic) percentage of test success (by Pearson criterion)
viewed videos, % | by topic, %

Learning 54.5393536 97.3388085 0.055236917

How to Learn

(introductory test)

Educational Tools |26.2267436 89.7560976 0.058745102

for Critical Thinking

(video lecture 2.1)

Fig. 4 shows a graph of an online test success for “Learning How to Learn”
from video views before the test.

Figure 5 shows the dependence graph of the chapter 2.1 test success of the
online course “Educational Tools for Critical Thinking” from the video lectures
views of this chapter.
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Learning how to learn (introductory test)
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4. The success graph of online test for “Learning How to Learn” from video
views before the test, the dashed line indicates the regression line

Educational tools for critical thinking (chapter 2.1)
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Fig. 5. The test's success graph for the chapter 2.1 of the online course

“Educational Tools for Critical Thinking” from the video lectures views of this chapter,

The

the dashed line is indicated by the regression line

Conclusions
analysis showed a very weak correlation between the video viewed per-

centage and the assessments of the relevant tests, which indicates that part of the stu-
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dents master the theoretical material only, and the part without the mastery of the
theory immediately passes to testing. It should be noted that we considered video lec-
tures views only on the platform, without taking into account possible views directly
on the YouTube channel. However, two analyzed courses belongto different areas of
knowledge and created for different purposes and for different target audiences and
have different performance indicators (from average to very high). In our opinion,
we can conclude that such a low correlation will be observed in all other online
courses. Therefore, the following motivation techniques are on the development
stage to increase the correlation. We propose to use the following motivational tech-
niques for improving the learning process quality and increasing the correlation be-
tween mastering the theoretical material and passing practical exercises:

e Encouraging course students through e-mail messages or in their own
dashboards (for example, when the user did not complete the course but passed
a large part, he or she receives a letter "You have two steps left to the goal, con-
tinue your studies today!");

e Motivational elements integrated into the platform (color markers and ico-
nography of theoretical and practical materials passed, the percentage exclusion for
mastered material and percent of what is left to learn, progress in learning);

e Comparative motivation against other listeners (the message output about
how many listeners with the same results as the given listener completed the course
and received a certificate);

e Introduction of different certificates levels for all courses (if a person has
gained over 90%, he or she receives a certificate of honors);

e Introducing requirements for the relevant video lectures mandatory viewing
prior to the practical tests’ compilation (for example, the ability to go to the next
section of the online course after viewing 80% of the video);

e Possibility to share the online course’s successful completion in social media
(the opportunity to send a certificate of completion from a personal dashboard or a
specially prepared phrase "I have passed such a course on the platform Prometheus");

e Personal cabinet personification (the certain number of graphic elements
appearance, symbolizing certain achievements, for example, the receipt of 3 certifi-
cates, 5, 10, etc.).

The proposed techniques’ implementation can be the subject of further scien-
tific research using artificial intelligence systems for students’ individual motiva-
tion purpose.
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OPTIMIZATION FOR ONE CLASS
OF COMBINATORIAL PROBLEMS UNDER UNCERTAINTY

Abstract: We formalize uncertainty concept, compromise criteria of uncertainty mini-
mization, and efficient formal procedures for a sufficiently common class of combinatorial
optimization problems which functional contains numerical parameters. The procedures are
based on the well-known idea of linear convolution of criteria. They optimize or implement
the compromise criteria or conditions we propose.

Keywords: Combinatorial optimization, uncertainty, probability, efficient algorithm,
uncertainty resolution, PSC-algorithm, NP-hard problems.

Introduction

Definitions:
Let o be a feasible solution,;
Q be a set of feasible solutions of an arbitrary form. One can specify Q by ar-
bitrary constraints, conditions, enumeration of feasible solutions, etc.
We study the class of combinatorial optimization problems of the following form:
min > ok (o) (1)
ceQ) i=1
where o, are numbers, k(o) is i-th arbitrary numerical characteristic of a feasible

solution G.

The model (1) is sufficiently common. It includes, in particular, the following
combinatorial optimization problems: transportation problem, flow network prob-
lems, NP-hard combinatorial optimization problems (e.g., the total weighted tardi-
ness of tasks minimization on one machine [1], the total weighted completion time
of interrelated tasks minimization on one machine [1]) etc.

Remark 1. Efficient PSC-algorithms exist [2] to solve these NP-hard combina-
torial problems.

We will consider two formulations of the problem (1) under uncertainty. The
first formulation of the problem is partial, the second one is more general. This dif-
ferentiation is explained by the fact that we were able to obtain some results within
the framework of the first formulation of the combinatorial optimization problem
under uncertainty that were absent within the framework of the more general sec-
ond formulation of the problem.

The first formulation of the combinatorial optimization problem under
uncertainty

Under the uncertainty of the problem (1) we will understand the uncertainty of

the values of coefficients o, i =1,s, at the time of the problem (1) solving.
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® =(®,,...,®,) can take one of two possible values: ®, = (,,,...,®,,) or
o, = (0321, 0323)- Thus, the stage of the problem (1) solving and the stage of its
solution implementation may be separated in time. For example, there may be the
forward planning stage and the plan execution stage when changes of an external
environment may affect the values of the coefficients ®,, i = 1, s determined at the
stage of the forward planning.

We can specify probabilities P, > 0, P, = 1 — P, > 0 (the probabilities are ab-
sent if the uncertainty is not described by a probabilistic model).

To solve the problem (1) under uncertainty means to find a feasible solution
that satisfies one of the following conditions:

1) 6 corresponds to min(A, + A,) where

A= Z;(Dliki(c)_ foﬁn" A, = Z}wziki(c)_ f;)it )

S S
f:);t = ’?El;)nzmzikz (G)’ fofzt = mignz(ﬁziki (G)-

i=1 O =g
2) o satisfies the condition A, <, A, <, where [, > 0, , > 0 and are speci-
fied by experts.
3) minA,, A, <1, or minA,, A, <1,.
4) min(a,A, + a,A,) where a, > 0, a, > 0 are specified by experts.

5) szn{MA = PA, + P,A,} where M is mathematical expectation operator, if

the uncertainty is specified with a probabilistic model.
The criterion to find a compromise solution is specified by experts.
Finding a compromise solution for each of the five criteria (conditions)
We first investigate the theoretical properties of the first model of the combi-
natorial optimization problem (1) under uncertainty.
Statement 1. 1t is true that

arg mign{az {Zs: ok, (G) - fo;t:| + az[i Wy, (G) - f;t}} -

i=1 i=1

=arg mig}ni(alwu +a,0,, k() a, >0 a,>0.
O =1

Proof. Let us denote

{Gl} =arg len Zs: ®,;k; (G); (2)
oeQ T
{o,}=arg ’?Elgn i 5k, (0); A3)

i=1

o, is the element of the set {o,} at which we reach min[iwziki(c)—foé }

o€y =1

o, € {c,}, and we reach mzn[z o,k (c) - fof,t} at o, (we consider algorithms

o€0z | jog
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of o,, o, obtaining in the second framework of uncertainty for the case when Q
is finite);

o'l a,) = argminta, S o,k0)- 1 |+ o Souklo)- 12 [ @

oeQ i1 i-1

o’(a,, a,) = arg mini(alooh. +a,0,)k(c) a, >0 a,>0 (5)
i=1

where o'(a,, a,) is the set of solutions of (4), and o°(a,, a,) is the set of solutions
of (5). We have:

ankz‘(GI (az’ az)) opt 2 0, 2602, z( (az’ az))_ foit 20; (6)
i-1
alzmliki (GI (ap a, ))_ alf;);t > 0, a22m2iki (61 (az’ a, )) fpt > 0; (7)
i=1 i=1

a, |:ZS: o,k (GI (az’ az))_ fofvti| + az{i 0k, (GI (az’ az))_ fof;ti| =

S

= Z(a1(’)1i T a,0,, )ki (GI (av az))_ (alfo;t + aZfoit) and (8)

Z (al(’oli T A,y )ki (51 (az’ a, )) - (alfofvt + a2foit) > 0. )

Remark 2. (6)~(9) are true for Vo € ¢'(a,, a,).
Inequalities (6), (7), (9) also hold for VoeQ and therefore for
Vo e o’(a;, a,). Since a,f), +a,f’, =const, we reach the minimum

mignzs:(aloali+a2m2i)ki(o) for Vo eo'(a,, a,) and, consequently, we reach
O =1

ngn{a{z o,k (c)- fofm} + a{i o,k (c) - fopt}} for Vo e o°(a,, a,). Proven.
i=1 i=1
Corollary 1. We have reduced the problem
minfa S 0,s(0)- 1| +a S0k o)1 | (10)
i=1 i=1

solving to the problem (1) solving with the functional coefficients

®, = a,0, +a,0,,, i =1,s. Thus, if there is an efficient algorithm for the problem
(1) solving, then this algorithm automatically solves the problem (10) efficiently.

COFOllam/ 2 Suppose Ll = io‘)liki(GZ) opt 4 Z(DZL L(GI) opt 4 for

i=1

VoeQA, = Zslwliki(s)— Foer Ay = Zs:wziki(c)— fZ,. Then, if 30 € Q for which

a, +a,A, < mm(aIL], a,L,), then 6, Vv o, ¢ 6°(a,, a,). If there is no such feasi-
ble solution, then o*(a,, a,)= o, if min(a,L,,a,L,)=a,L, or c*(a,, a,)=o, if
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min(aILl,azLZ) =a,L,.1fa,=1,a,=1,then 5,vo,¢ Gz(al, a2) if 3o € Q for
which A, + A, < min(L,, L,).
For convenience, we introduce the following notation:

o(A,, A,) is a feasible solution o € Q for which A, = Zs:ooliki(c)— f,, and

i=1

A, = Zwm k(c)-f Opt o(a,, a,, A, A,) is some o € Q such that ¢ € 6*(a,, a,) for

given coefficients a, >0,a,>0 and for which A, => o,k(c)- foe >

i=1
:ZO‘)ZL l( )_ opt'

Corollary 3. We can solve the problem (10) for cases Va, >0, a, =1 or
a, =1, Va, > 0. Indeed,

arg min{al[i o, (0) - f(,;t} R az[i 0, (0) - f;ﬁ} _

ol i=1 i=1

_argmm{[zwu k (o)~ opt} _j{z%‘ ()= Opt}} )

o || i i-1

- aramip! %] So,40)- 14|+ [Sounto)- 1]

ceQ i—1

Corollary 4. If the efficiency of a solving method for the problem (1) does not
depend on the signs of the coefficients ®,, i = 1, s, then we can reformulate State-
ment | in an obvious way for the combinatorial optimization problem of the form

maxZwk( ). (11)

oeQ) i—1

Indeed,
arg m%xz o,k (c)=arg min > (~ )k (o).
ce —7 ce -1
Corollary 5. Suppose that an efficient algorithm for the problem (1) exists only for
Vo, > 0, i = 1,s. Then we reformulate Statement 1 in an obvious way for the problem

maxZwk( ), ,>0,i=1s.

=arg m%xZ(alwl +a,0,)k(c) a,>0a,>0.
ce i=1

]L:)fvt = maxzo‘)ll l(G)’ fopt = m%xzcoﬁ l(G)

i=1 € i=1
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Statement 2. Suppose that o(a,, a, A, A,)#0c,vo,, 3o(a, +Aa,a,,
A, A,)# 6, vo,,and A, # A,. Then, Aa, (A, —A,) <0, (A, —A, XA, —A,)<0.

Proof of Statement 2 by contradiction. Suppose Aa, >0 and A} >A,.
Sinceo(a, + Aa,, a,, A, A}) # 6, v o,, then (a,+Aa,)A, +a,A, < min(aL;,aL,).
Then, A}, <A, because otherwise we have (a)+Aaj)A;+azA, <
<(a; +Aay) A +apA)  which is  impossible since o(a; +Aap,ay,A7,A5 )€
ec? (a1 +Aay,ay) and therefore (a; +Aap )A; +arA, > (a; + Aa, )A] + a,A),. Since
(@, + Aa,)A, + a,A, > (a, + Aa, A, + a,A,, we have (a, + Aa, A, — A,) < a,(A, — A})
and a,(A) - A,) < a,(A, — A}). Then,a,A, + a,A, < a,A, + a,A,, which is impos-
sible because o(a,,a,, A,,A,)e o’(a,,a,). Consequently, A, <A, and A} > A,
(f A, <A,, then a,A’ + a,A, <a,A, + a,A, which is impossible). We can simi-
larly prove that A}, > A, and A}, < A, if Aa, < 0. This completes the proof.

Corollary. Symmetric formulas are true for o(a,, a, + Aa,, A}, A,)# o,V o,,
A, # A,, namely: Aa,(A, —A,) <0, (A, —A, XA, —A,)<0.

Statement 3. Suppose that a,L, >a,L, and o(a,a, A,,A,)=c,. Then
o*(a),a,) = o, for Va, > a,.

Proof by  contradiction. Suppose  that ola), a,, A}, A,) # o,
(min(a,L,, a,L,)= a,L,). Therefore, a,A,+a,A, <a,L,. Hence, a,A,+
+a,A, < @A, + a,A}, since a, < a,. Therefore, o(A,, A, ) ¢ *(a,, a,).

Corollary 1. If 6°(a,, a,) = o,, then an increase in the first coefficient should
not exceed the value of a, at a fixed a,.

Corollary 2. Similar result holds for the case a,L, > a,L,, a, = const, coef-
ficient a, increases.

Statement 4. If o(a,, a,,A,, A,) satisfies the conditions A, > I, A, > I, for
any a, > 0, a, > 0, then there is no feasible o(A’, A,) for which A} <[, A}, <1,.

Proof by contradiction. In this case, a,A)+a,A, <aA, +a,A, and
G(Az’ Az) ¢ Gz(az’ az)-

Algorithms to solve the combinatorial optimization problem in the first

formulation under uncertainty
1) The first condition: to find a feasible solution [ corresponding to

min(A, + A,). We determine o°(1, 1). If 6°(1, 1) # 5, v o,, then the obtained so-
lution o(Z, 1,A,,A,) € 6°(1, 1) has A, + A, < min(L,, L,) which is the minimum
possible. Otherwise, the optimal solution according to this criterion is o, v G,.

2) The second condition: to find a feasible solution [] for which
A <L, A, <L, (12)
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a) Suppose that c*(1, 1)# o, v o, (i.e., we have found o(1, 1,A,,A,) with
A, + A, < min(L,, L,)) and o(1, 1,A,, A,) does not satisfy (12). Then, by virtue of
Statements 2 and 3, we sequentially build solutions o(a,, a,, A,, A, ), at each step first
increasing a, at a, = const, then increasing a, at a, = const. As a result, we will

either obtain a solution [] satisfying (12) or will build a set of solutions each of which
does not satisfy (12). Then we select a compromise solution for which we have
min C, (A - ljt) vVt A, >,
t

where C; > 0, j = 1, s are expert coefficients.

b) Suppose that o(1, A, A,)=0,vo,. Since I <L,l, <L, then
o(1, 1,A,,A,) = 5, v 6, does not satisfy the condition (12). Then, if L, < L,, we find
o*(a,, 1) where a, = L,/L, . 6*(a,, 1) # 5, v o, if there exists o(A,, A,) for which
a,A, + A, < L,. Suppose that L, > L,, then we find 6°(1,a,), a, = L,/L,, and ob-
tain a non-trivial solution if 3c(A,, A,) such that A, + a,A, < L,. Suppose that we
have found a non-trivial solution o(A,,A,)# o, vo,. If A, <[, A, <1,, then we
have a solution. Suppose that A, <1, v A, <, (if A, >,, A, > I,, then there i1s no [

that satisfies (12)). Then, in accordance with Statements 2 and 3, we can organize an it-
erative procedure for obtaining solutions o(a,, a,, A,, A, ) by sequential increase of a,

at a, = const and, vice versa, increasing sequentially a, at a, = const. As a result,
we will either obtain a solution o(A,, A, ) satisfying the condition (12) or a solution that
violates the condition (12) as it minimally possible (see item (a)).

¢) If 6(1, 1)= o, v 0,, ola,,a,) from item (b) is equal to &, v 5,, then we
choose a compromise from {5,,5,} as a solution.

3) We can satisfy the condition minA,, A, <1, or minA,, A, <1, as aresult of
the implementation of the iterative procedure given in item 2 (a) or item 2 (b), since for
any o(A,, A,) € 6°(a,, a,) we have: Ac(A}, A, ) for which A, < A, A, <A,.

We can find a feasible solution that satisfies conditions 4) or 5), that is
min(a,A, + a,A,) or r?EiQn{MA = PA, + P,A,}, in an obvious way by solving one

oceQ)

combinatorial optimization problem of the form (1).

Remark 3. We modify the above algorithms in an obvious way for the case of
Statement 1, Corollary 5.

Combinatorial optimization under uncertainty. The second formulation

There are L sets of weights {wf i= 1_3} l=1,L. Each one may be a set of
coefficients ®,, ..., ®, of the problem (1) at the stage of fulfillment of its solution.

We can specify probabilities P, >0, [ = 1L, > P, =1, for each of the possible
l

sets of weights (such probabilities do not exist if the uncertainty is not described by
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a probabilistic model). We need to find a feasible solution o € Q that satisfies one
of the following conditions:

1) Let us denote: f,, = minzs:oaﬁki(o), {o,}=arg mig}nimﬁki(cs),
o} (o1 i=1

L= 3(Sorlo)- 13 )

m=1\i=I
m#l

Remark 4. If {5,} consists of more than one solution, we keep the one on
which we have min L, and denote this solution by o, (we show below how to ob-

tain o, for the case when o is finite).
Suppose that L, = mlln L, (L, corresponds to a solution c,). We need to find

L s
o that reaches min > (z ok (c)- 1, j :

=1 \\i=1

2) Find a feasible solution (A,,..., A, ) for which
A <L,1,>0,i=10L. (13)

3) Let us introduce a random variable F =) ok, (c)- fopt where s+1-
i=1

dimensional discrete random variable ®, ..., ®,, fopt is specified by the table:

o, £,
P>01=1L
We need to find a solution to this problem:

L s
min MF = minZPl(z ok (c)- 1, j
I=1

ceQ ceQ ;
= i=1

4) Find a feasible solution that satisfies the condition
L s
min$ o/ S oih(o)- 1)
o< 1T\
where Va, > 0 are the coefficients set by experts.
Finding a solution that satisfies one of the four given conditions follows from

the following Statement 5 which is a natural generalization of Statement 1.
Statement 5. The following is true for arbitrary a, > 0, l =1, L:

[Zs: o'k (c) - foi,t} =arg rgelgni(i alcoﬁ]ki (o). (15)

L
argmin)_a,
ocQ i=1 i=1 \ I=1

=1
Proof of Statement 5 is similar to the proof of Statement 1.

[iwiki(ﬁ)— Oi,t} reduces to

L
Corollary 1. Solving of the problem miQnZal

=1 i=1

solving of one problem of the form (1):
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mzni(i alcoﬁjki (o). (16)

o< 31 =t
Corollary 2. Suppose that a solution o(a,,...,a,,A,,...,A,)# #6,Vv...v o,
belongs to the set o%(a,...,a,). Then, @Ac(Al,...,A,)eQ for which
AN<A,i=LL A =(A,..,A)#ANT =(A,...,A").
Corollary 3. To obtain a solution according to condition 1), it is necessary to
set @, =1,1=1,L in the problem (1). In this case, the solution to problem (15)

does not coincide with the solution o, corresponding to min L, if there is such a
l

feasible solution o(A,,...,A,), A, = Zs:wﬁki (c)-f., for which

i=1

L
DA <L, (17)

=1

L
If there is no such a feasible solution o(A,,...,A,) that YA, <L,, then
=1

o,..., 1)= c,. So, without knowing the sets {o,}....{0,,} we automatically ob-
tain c,. At L = 2, solving two problems a, > 0 (a sufficiently large number),
a,=1and a, =1, a, > 0 (asufficiently large number), we find c,, o, that corre-
spond to the minimum possible L,, L, in case when ¢ is finite. In the general case,
if Q is finite, o, = 02(1,..., La,1,.., 1) for sufficiently large a; .

Corollary 4. Suppose that o(a,,...,a;,A,...,A)#c,v...vo, and
is(a,, a,,...,a, ,a,a,,,,....a,,A,,...,A})#c6,v...vc,, a #a, Then an ana-
logue of the Statement 2 is true:

(ai, -4 )(A: - Ai) <0, (A; - Ai)[(a’lA,I tota AL Fa AL+ aLA,L)_
A +aA)<o0. (19)

Proof of this inequality almost literally repeats the proof of Statement 2.
Corollary 5. Suppose that 0(1, o LA, LA L) # 6, and does not satisfy the

- (azAz +o.ta A +a AL

condition 2). Then, by logic of the inequalities (19), we can organize a sequential
procedure for the problem (16) solving by increasing Va, at each iteration if A, > [,

and decreasing Va, if A; <[;. As a result, we either find a solution [ satisfying the

condition 2) or obtain a set of solutions {c} each of which violates the condition 2).

It is true that o(Z,..., LA,,...,A, ) € {c}'. Denote {c}° ={5,,...,5,}. Then a com-

promise solution for the condition 2) is a solution & € {o}' U {o}* that reaches
minzt:Cjt(A o ljt) ViA, >1,

where C; > 0, j = 1, s are expert coefficients.
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Corollary 6. We can find a feasible solution o satisfying the condition 3) or 4)
by solving one problem of the form (16).

Corollary 7 (analogue of Corollary 5 to Statement 1). We can solve similarly
in the obvious way the combinatorial optimization problem under uncertainty of the
form

maxy ok(s), ©, > 0.i=1s. (18)

ceQ i=1
Corollary 8. If the efficiency of the solving method for the problem (1) does
not depend on the signs of the coefficients ®,, then we can similarly solve the fol-

lowing vector optimization problem: find a compromise solution for the problem

minimﬁki(c), 1=1,L, m%xzs:cofki(c), p=10L.
OS2 =1

ceQ i1

CONCLUSIONS

We formulate a sufficiently common class of combinatorial optimization
problems under uncertainty. The latter means a possible ambiguity of the values of
coefficients included in the optimality criterion at the time of fulfillment of the op-
timal solution. We also formulate criteria for a compromise solution obtaining and
algorithms for its finding based on the well-known idea of linear convolution of cri-
teria [3—7]. A distinctive feature of the presented algorithms is that their efficiency
is unambiguously determined by the efficiency of solving the combinatorial opti-
mization problem in a deterministic formulation.
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THE CONCEPT OF SYNTHESIS OF WALKING ROBOTS
OF ARBITRARY ORIENTATION

Abstract: Robots of arbitrary orientation (Climber Robot) are a new modification of
mobile robots. These robots are equipped with means of holding the robot on a surface of ar-
bitrary orientation relative to the horizon of the technological space. The creation of this type
of robotics is at the initial stage and is dictated by the need to perform technological opera-
tions for monitoring industrial facilities, installation and dismantling of building structures,
repair and preventive maintenance of their components. The article proposed three basic prin-
ciples for the synthesisof walking mobile robots: the accumulation and transformation of en-
ergy, the integration of motion drives and the use of a generator of reactive pneumatic thrust.
The implementation of these principles helps to reduce the total power of the drives and to
increase the reliability of the holding robots on the surface of an arbitrary orientation in the
technological space. The results of mathematical modeling of constructive and technological
parameters of mobile robots are described.

Keywords: mobile robots, walking mechanisms, robots of vertical movement, climbing
robots

1. Introduction

The evolution of technical systems in the field of engineering science, as a
rule, led to the emergence of new means of production. In the twentieth century
scientific and technical thought created sufficiently reliable means of overcoming
the gravitational force in the form of flying and reactive equipment. These funds
are used as a reliable transport. However, up to the present time there are no indus-
trial samples of equipment for performing contact technological operations while
simultaneously overcoming the forces of gravity.

Mobile robots of arbitrary orientation are known in publications as robots of
vertical movement or in international publications — under the term Climber Robot,
are a new modification of mobile robots. These robots are equipped with means of
fixation on the surface of arbitrary orientation relative to the horizon of the techno-
logical space. The creation of this kind of robotics is at the initial stage and 1s dictated
by the need to perform technological operations in such areas of industrial activity
as monitoring of industrial facilities, installation and dismantling of building struc-
tures, repair and prevention of their components. In the context of the fourth indus-
trial revolution, "Industry 4.0" [1], with the focus on the use of robotic systems,
information and communication tools, and the use of these robots becomes espe-
cially urgent in the extreme conditions of man-made disasters that are dangerous
and even unacceptable for human presence.

© M. Polishchuk
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2. Prerequisites and means for solving the problem

The problem of creating this type of robots is the lack of a methodology for
synthesizing the robot subsystems that compensate or overcome the gravitational
load in order to ensure that the robot is held on an arbitrarily oriented surface dur-
ing the execution of technological operations. Therefore, the purpose of this re-
search is to develop principles for the synthesis of mobile robots and the introduc-
tion of modern computer modeling tools for the transition to the design and
manufacture of prototypes of mobile robots.

Theoretical and experimental studies on the creation of robots of arbitrary ori-
entation in the technological space began in the last decade of the twentieth century
in the countries of Western Europe, Japan, the United States, Korea, China and
Russia. To date, there are mainly experimental samples of such robots.

Mobile works [2—5] are equipped with devices to fix the robot on surfaces of arbi-
trary orientation, and in studies [6, 7] hybrid drives are proposed that can improve the
energy efficiency of mobile robots. Technical solutions [8—11] allow the robot to move
on surfaces oriented at different angles to the horizon, but only in 2D space, that is, in a
plane. In the general case, the variations of the constructionsof the above-mentioned ro-
bots restrict their movement only in the Cartesian coordinate system.

Unlike the aforementioned technical solutions, the robot model [12] allows ser-
vicing objects in the cylindrical coordinate system, in particular, objects such as
trees, but with a soft porous surface for the movement of the robot, which limits the
technological capabilities of mobile robots. At a time when there are objects facilities
that are also close to the cylindrical coordinate system, for example, electric grid
posts, columns, pipes of thermal power plants and the like. In addition, the mobile
robot should also work in a system of angular coordinates, which is typical for hu-
mans. The development of systems for connecting the robot to the surface of motion
is a technical solution [13], which uses adhesion technology. However, current im-
plementations of this technology are characterized by an extremely low speed of
movement of the robot due to the effect of slow adhesion. This property still prevents
the industrial use of adhesion as a method of fixing the robot to a surface of arbitrary
orientation. Thus, the problem of synthesizing mobile robots capable of performing
technological operations in a space of arbitrary orientation is topical.

3. Solution of the problem under consideration

In contrast to the above, the concept of improving robots of arbitrary orienta-
tion based on three fundamental principles of the synthesis of mobile robot designs
1s proposed:

1) Accumulation of potential energy at each previous step of the robot's
movement and subsequent conversion to kinetic energy at the next step of the
movement.

2) Integration of drives of longitudinal, vertical displacement, and also drives
of change of orientation of the robot according to the set route.
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3) The use of traction generators (aerodynamic lift forces) as a means of coun-
teracting the gravitational force to increase the technological load while simultane-
ously reducing the power of clutch drives and the movement of robots.

As technical means of implementing these principles of synthesis, consider
the corresponding models of robots of arbitrary orientation. In Fig. 1 shows a mo-
bile robot [14] realizing the first of the above mentioned principles, namely having
the ability to accumulate potential energy at each previous step and converting it
into kinetic energy of motion at each subsequent step of displacement.

Then we will offer two fundamentally new solutions for mobile robots with
energy accumulators that will allow you to accumulate potential energy at each first
step and convert it into kinetic energy of motion at each subsequent step of the ro-
bot's movement. A first embodiment of such a robot [15] is shown in Fig.1.
The body 1 is equipped with rotating pneumatic actuators 2 connected by means of
gears 3 and 4 with stepping mechanisms made in the form of telescopic cylinders 5
and 6 and connected by a hinged parallelogram 7 with grippers 8 for engaging with
the surface along which the robot moves. To overcome obstacles on the surface
along which the robot moves, it is additionally equipped with rolling bearings 9.

Lo

gas, compressed air D \ mechanical spring
3 \ . /
¢ ‘ e

—
\

Fig.1. The robot model of arbitrary orientation with the accumulation
and transformation of energy

Fig. 1 shows two versions of the walking mechanisms: with an energy storage
module in the form of mechanical springs 10 and, alternatively, with a gas accumula-
tor. In the latter embodiment, the energy storage device is a compressed air chamber.
This chamber is formed by a cylinder 5 and a piston 11. In addition, the robot
1s equipped with pneumatic distributors 12, a power module 13 and a control unit 14.
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When the grippers 8 are connected to the surface along which the robot
moves, the motors 2 rotate the legs of the robot with the radius R, around the axes
"a" and "b" under the action of the moving torque M,, compressing the elastic ele-
ment: either the mechanical springs 10 or the gas in the chamber 5, depending on
the embodiment. Because of this compression, the accumulation of potential energy
in the first stage occurs at the angle of rotation of the legs of the robot 0<p<45°, and
in the second stage 45°<p<90° the elastic elements expand and transform the poten-
tial energy of compression into the kinetic energy of the robot's movement. At the
same time, another pair of legs with radius R, rotates freely through the angle pi.
Then, according to the commands of the control system, the first pair of clamps 8
is disconnected from the displacement surface, and the other pair of clamps in turn
is turned on and the cycle of motion is repeated.

If a mechanical spring is used to accumulate potential energy (see item 10, fig.
1), the force of the elastic element of the pedipulator will be

0

o8B o< <90, (1)
cos(45" - 5)

where: P, — preliminary compression and j — rigidity of the elastic element for accu-

mulation of potential energy. In the case of accumulation of potential energy by com-
pressing the gas in the cylinder 5 (Fig. 1), the force J of the elastic element (gas)

D’ zD*  zD’ L,
J=p -P, = D - P,

J=P,. +JR, (1—

4 4 4 L —x
0< <90° 2)
Y= R, (1_ cos45° j; L - Prnax X
cos(45” - ) Prax — D,

where: D — internal diameter of the gas chamber; py, p,, pma are the current, atmos-
pheric and maximum chamber pressures, respectively; L, - working length of the
camera; X, Xmax are the current and maximum compression of the elastic element,
respectively.

This mobile robot is designed to move small loads, about 25 ... 50 kg, and
without any special effort performs technological operations. When a large load
capacity of a mobile robot is required, the construction shown in Fig. 2 is neces-
sary. The walking mechanisms of this robot (pedals) are made in the form of
hinged parallelograms with drives from hydraulic cylinders. As you can see in Fig.
2, on the diagonal of the robot body are two legs with gas cylinders and two legs
with rotary actuators [16]. When one pair of legs of the robot - with gas cylinders
adhere to the surface of the motion with the help of vacuum grippers, and the other
pair of legs with rotary drives is not connected with the surface of motion, then the
motors move the robot in the direction of the Y axis. Simultaneously with this mo-
tion, movement of the piston of the gas cylinder. As a result, the gas is compressed
in the cylinder and the potential energy of the compressed gas accumulates.

After disconnecting the first pair of vacuum grippers and switching on another
pair of grippers, the compressed gas in the gas chambers expands and converts the
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potential energy into kinetic energy of the robot's motion, but with the electric mo-
tors switched off. This way of moving the robot allows you to save the energy of an
autonomous power source, which always has a limited resource. In Fig. 2 shows all
possible movements of the robot in the XYZ coordinate system. These motions
include three translational movements Sx, Sy, Sz and two rotational motions +o
and £B. As a result, the robot has five degrees of freedom, which is enough to per-
form any technological operations on surfaces of arbitrary orientation.

Robot  Power nd Gas

body \ Supply
Hydraulic
<

unit

Fig.2. Walking mobile robot with energy accumulators

The use of each of the variants of robots is determined by the goals of produc-
tion. Thus, it is recommended to use the first of these design options for performing
operations controlling the strength of industrial facilities or video shooting of vari-
ous objects. It is recommended to use the second version of the mobile robot with
hydraulic drives to perform work with large technological forces. But both versions
of mobile robots make a move by converting the accumulated potential energy into
kinetic energy of motion.

The volumes of kinetic energy of the robot movement at different stages of dis-
placement can be determined using the Lagrangian equations of the second kind.
Since this method is classical, here for brevity we confine ourselves to the results of
modeling. The expression of the kinetic energy of the robot body will have the form

mVy’? mR; 2
k™2 4eos (45 -B) (A )

where: m is the robot's body weight; V" and 4 — respectively linear and angular

velocities of the robot legs. For the legs of the robot, in which there is no adhesion
to the displacement surface, the kinetic energy 7) will have a value:
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T, = %J(Vﬁ +V)dm. 4)

Substituting in expression (4) expressions for the projection of velocity and its

0
value V _ds__ Rcosd5

di  cos’(45° - 3)
the final formula for finding the kinetic energy of the free leg of the robot:
(B
_mR; 2cos* (45" - B)
2| Bporcosds’ = p) 1 s,
2cos”(45° - ) 32
where: m; is the mass of the pedipulator (legs) of the robot, and R, is the radius
of its rotation.
The expression of the kinetic energy of the supporting leg (linked to the dis-
placement surface) can be obtained from expression (4) after its integration, substi-

tuting the velocity of the translational motion of the robot "= 0 and the angular ve-
locities g, = 4, of the pedipulators:

B, and dm=mdy/R,, after integration, we obtain

()

1

m1R22 5 \2 6
TzzT(ﬂl) . ( )

Then the total kinetic energy T of each pedipulator on the two halves of the
robot's travel cycle, i.e. at the stage of accumulation of potential energy when
the elastic elements are compressed and converted into kinetic energy of motion,
will be:

@m +m(B)”

2c0s" (45" - )

T = R722 + mlﬂlﬁz\zﬁcos(ﬁo -5) 4 7
2 cos” (45" - f3))

2 . .
+%«ﬁ2)2 +(B8))

Thus, the movement of the robot at each second half of the cycle occurs due to
the energy accumulated at each first half of the travel step. This allows you to save
40%...45% of the energy volume on the movement of the robot and sends the re-
sulting energy reserve for the execution of technological operations.

The main characteristic of elastic elements is their rigidity j — parameter,
which determines the force of compression of these elements, and hence the value
of the accumulated potential energy in the first half of the step of the pedipulator.
In Fig. 3 shows the dependence of the variation of work "4" on the stiffness of the
elastic element j (N/m) and the forces of weight in the second stage P;,> 45°
of displacement, that is, during the transformation of the potential energy into the
kinetic energy of the robot's motion.
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Fig.3. The effect of the elastic element j (N/m) on the work performed
in the step B> 45° of the robot movement

At the second stage of displacement 45° < 3, <90° drive the of pedipulator is

turned off to save energy resources of the robot, and it moves only due to kinetic
energy. Analysis of these graphs shows that to increase the kinetic energy of the
robot movement, it is advisable to increase the rigidity, despite the fact that in this
case the counteraction to the drive increases in the first half of the step, that is, the
efficiency of the drive decreases. However, this negative manifestation can be
compensated for by an increase in the transmission ratio (see item 3 and 4, Fig.1) of
pedipulators.

The second principle, as noted above, involves the integration of displacement
drives [17] with the aim of reducing them, and hence of reducing the mass of the
robot. It is known that in the Cartesian space we have six degrees of freedom —
three translational movements and three rotational, each of which according to the
classical solutions corresponds to an autonomous drive. The method of Fig. 4 —
technical implementation of this principle eliminates the need for drives for each of
the coordinate axes. To do this, the robot is equipped with flexible running mecha-
nisms 2 mounted on the body 1. Each pair of legs of the robot through the transmis-
sions 3 is provided with electric drives 4. The grippers 5 keep the robot on the sur-
face moving, and the rotary actuators 6 change the position of the grippers relative
to the displacement surface. The robot platform has a power supply unit 7, a hy-
draulic or pneumatic valve unit 8 and a gas or liquid pressure generator and a con-
troller 9 for controlling the robot. Due to the fact that each foot of the robot is made
in the form of a compressed set of hemispherical rings inside which corrugated
pipes are placed under different pressures, the robot has the ability to work in dif-
ferent coordinate systems: rectangular Cartesian, spherical and cylindrical without
additional drives on each axis of coordinates.
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Fig.4. Model of the robot with flexible pedipulators

In each leg of the robot there are four corrugated pipes. Two pipelines with
pressure p; p, are placed in a vertical plane and two other pipelines — in a horizon-
tal plane with pressure p; and p4. Due to the action of these pressures, forces appear
that, while bending the robot's leg, orient the robot in the technological space:

7d’ rd’ rd’ 7d’
Fi:plT;FzzpzT;F;:p3T;Et:p47’ ®)
where d — the internal diameter of the corrugated tubes. Since the axes of the pipe-
lines are offset from the pedipulator axis by the eccentricity e, there are moments M,
and M, that flex the robot's leg:

2 2
wd wd
M1 =T(p1_p2)e; M2 =T(p3_p4)e (9)

where: e — eccentricity of placement of corrugated pipelines in the plane of the coor-
dinate system.

To develop a robot, it is necessary to establish a connection between the
forces of adhesion of its legs to the displacement surface and the permissible tech-
nological load to ensure the reliability of its industrial operation. Having formu-
lated the system of equilibrium equations (here we omit the record for brevity), we
find the corresponding reaction forces N, and the frictional forces Q;, by the ro-
bot foot to the displacement surface and then compare them with the technological
load N in depending on the angle a of the robot inclination to the horizon.

The reaction forces of N, and the frictional forces O,y of the robot supports
with the displacement surface are determined as follows (the designation of the pa-
rameters, see Fig.4):

N,=Q,+a,G-bN; Q, =d,G+hN, (10)
where for the compactness of the incoming values of variables is denoted:
a,=db, —bldz/A; b, =b,h +b1h2/A; d =y cosa—z sina;
b, = x,cos(p—a); d, =d,a, —d,a,|A; hy =ha, +a,h/A;
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a, =y, cos(p—a)+z,sin(p—a); a, =—x, sin(p—);
d,=x_sina; b =y,sin(p—a)—z, cos(p—a);
h =y.cosy+z siny; hy=x siny; A=ab,-ba,; X2, y2, z2 — coordinates of the con-
tact point of the second leg of the robot with the displacement surface; xc, yc, zc
are the coordinates of the center of gravity of the robot; a, ¢ — angles of inclination
to the horizon of surfaces on which the robot's legs rest; v is the angle of inclina-
tion of the central axis of the robot passing through its center of gravity G (see
Fig.4). Then, from the same system of equilibrium equations, we find the remain-
ing unknown reactions N1 and the frictional forces Qly:

N, =0 +Ga,—Nh,; Q,, =Ghs+ Nh,, (11)
where also for the compactness of writing variables is defined:

a, =cosa —a,cos(@p—a)—d,sin(p—a);

h, =cosy —b, cos(p—a) + h, sin(p—);

hy =sina —d, cos(p—a) +a, sin(p—a);

hy =siny — h, cos(p —a) — b, sin(p — ).

For the stability of the robot, the frictional forces of each of its legs must not
exceed the boundary values:

Q, <uN; Oy, <uN,; N >0; N, >0, (12)
where 1 — the coefficient of friction of the grip of the robot's leg with the surface
along which the robot moves. Substituting in expression (12) the expressions above
the found reactions of forces (10) and (11), we find limitations for the technological
load of the robot taking into account the forces acting on it:

N>0:>N<Q1+Ga4 N, >0:>N<Q2;Ga3,
4 3 (13)
N < HQ+CGua, —d;). N < 1O, +G(ua, —hs)
hy + ub, hy + ph,

Among the values of the reaction N of the technological load calculated in ac-
cordance with conditions (13), we choose the largest, which simultaneously satis-
fies all inequalities, which allows to determine the maximum technological load
of the robot, for example, for drilling, rivets, dowels, etc. technological operations.

As a result of the simulation, the limiting values of the technological load are
obtained (see Fig.5): curves 1 and 2, respectively, determine the separation states
from the displacement surface of the first and second legs of the robot, and curves 3
and 4 are the beginning of slippage of the said robot legs, respectively.

Simulation of the robot's behavior at different angles of inclination to the ho-
rizon and the magnitude of the gripping of the robot's grips with the displacement
surface was performed under the following restrictions: the mass of the robot
is 25<m<50 (kg), the weight is G = mg, and g = 9,8 m/c’; leg length of the robot
L =0.5(m); 0.025<e<0.045(m); a = 2by; b; = Rsin(f), where R and f are the radius
and bend angle of the robot leg (see Fig.4). These limitations are dictated by the in-
dustrial feasibility and parameters of the projected prototype of the robot.
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The robot of arbitrary orientation can be on such surfaces as a floor, a wall or
a ceiling. Accordingly, if the robot is on the floor, then in the above dependences it
1S necessary to substitute the value ¢=0°, a=0"; if on a vertical wall, then

» =90, a =90° and if on the ceiling, then ¢ =180°, « =180°and so on.
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Fig.5. Graphs of the boundary values of the technological force N of the robot
as a function of the angle a of the inclination to the horizon

And, finally, the third principle — the use of traction generators as a means of
counteracting the gravitational force is realized by the robot [18], shown in Fig. 6.
Like the previous one, it also has flexible pedipulators 1, grippers 2, gear 3 and
electric drives 4 on the body 5. The main difference of this robot is the installation
in the center of its masses suspension Cardan 6 with three degrees of freedom and a
pneumatic generator of traction 7. The location of the thrust generator on the Car-
dan suspension allows the thrust generator to maintain the coincidence of the lines
of action of opposing forces: the rise of G; and the gravitational force G, regardless
of the position of the robot in the XYZ space. This principle allows us to differenti-
ate the approach to regulating the lifting force of the robot, depending on its orien-
tation in space.

Fig.6. Mobile robot with pneumatic generator of aerodynamic lift
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Similarly to the previous case, from the system of equilibrium equations of the
robot determine the forces of normal reactions N; of the legs of the robot and the
corresponding frictional forces Q; (see Fig.6):

N, =b,(G-G)), (14)
where: G — the weight of the robot; G; — traction force; o - angle of inclination
of the plane of movement of the robot to the horizons, =cosay, —sinaz, /2y, ; Ve, Zc —
coordinates of the center of gravity of the robot; y2 — coordinate of contact with the
moving surface of the second part of the robot. The frictional force O, and the nor-
mal reaction N, are determined as

1. 1
Oy = (G=G))(~uby, +—sin a); N, =(G-G)(~b, +—-cos a). (15)

As can be seen from the graphs of Fig. 7 with positive reactions N; and N,
with the angle of inclination of the displacement surface a<54°, the weight of the
robot increases the technological load. This means that the inclusion of the jet en-
gine is more suitable for the values of the angle of inclination of the robot to the ho-
rizon at 0>54°. Of course, the critical angle of inclination depends on the other cen-
trifugal characteristics of the robot. However, using the generator of aerodynamic
forces ensures reliable retention of the robot on surfaces of arbitrary orientation
with any structural and technological parameters of the robots. To calculate the
critical angle of inclination to the horizon and, accordingly, to regulate the force
of the reactive thrust, that is, the aerodynamic force of the pneumatic generator, it is
necessary to take into account other characteristics of the robot.
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Fig.7. Graphs of the dependence of the normal reactions N;, N, of the robot
on the angle a of its inclination to the horizon

4. Results and discussion

The creation of means for accumulating the potential energy of the drives, and
then transforming them into kinetic energy of the robot's motion, and also the inte-
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gration of drives for longitudinal and vertical movement, can significantly reduce
the total power that is of fundamental importance for mobile robots of arbitrary
orientation in space, since reduces the gravitational load.

The use of a pneumatic motor as a means of counteracting the gravitational
force makes it possible, when adjusting the traction force, depending on the angle
of the robot's inclination to the horizon, to increase the reliability of holding the ro-
bot on the surface of an arbitrary orientation, which in turn makes it possible to re-
duce the power of the clutch actuators of the robot with the surface.

A fundamentally new realization of the legs of mobile robots in the form of a
set of hemispherical rings and corrugated pipelines at different gas or liquid pres-
sures makes it possible to achieve an arbitrary orientation of the mobile robot in
different working spaces: a rectangular Cartesian, spherical and cylindrical coordi-
nate system. This effect ensures the expansion of technological capabilities of mo-
bile robots of arbitrary orientation in the technological space.

5. Conclusion

The concept of the synthesis of mobile robots is based on three principles of
constructing their designs. These principles can be used autonomously and in com-
bination, depending on the technological purpose of the robot and its profitability,
which, in turn, is determined by the area of industrial operation. The proposed ap-
proach to the synthesis of mobile robots can reduce the weight of structures by re-
ducing the total number of drives. This increases the energy resource for improving
the efficiency of both transport and technological operations performed by the ro-
bot in various areas of industry. The next stage of the research is the experimental
approbation of this concept of the synthesis of mobile robots.
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MATHEMATICAL MODEL OF NPP UNITS POWER
GENERATON TO SOLVE THE PROBLEMS OF UKRAINIAN
POWER SYSTEM DEVELOPMENT

Abstract: A mathematical model is offered for production processes implemented at
NPPs of SE NNEGC "Energoatom", which is suitable for predicting the monthly dynamics of
electricity generation volumes by power units in various scenario conditions for the develop-
ment of nuclear power generation.

Keywords: system, model, NPP, long-term forecasting.

Introduction

Currently, a comprehensive analysis of various scenarios for the development
of power systems is carried out using computer systems for energy modeling and
an increasing number of the researchers around the world is involved in the deve-
lopment of them [1-2]. Sufficiently complete and adequate mapping of a set of in-
terrelated processes in mathematical models of energy systems allows us to formulate
and solve complex problems of the development of such systems by conducting
computational experiments.

Modern systems of modeling of electric power industry of Ukraine are deve-
loped on the basis of mathematical models of decentralized control of interrelated
processes of production, transmission, distribution and consumption of electric en-
ergy [3-4]. The completeness and adequacy of such models is achieved by reflect-
ing in them the characteristic features of the behavior of the main participants of
the electric energy market and the production processes that are under their control.

NNEGC "Energoatom" is the largest producer of electricity in Ukraine and, there-
fore, plays a special role in the electricity market. As an integral part of the modeling
system of the electric power industry of Ukraine, the mathematical model of the genera-
tion processes implemented at the NPPs of this company should be suitable for predict-
ing the monthly dynamics of the volumes of electricity generation by NPP units in va-
rious scenario conditions for the development of the country's nuclear power industry.

Below the model of the state enterprise NNEGC “Energoatom” is presented,
which satisfies the requirement stated above. The model was developed on the ba-
sis of a comprehensive analysis of the available data on the installed capacities of
power units [5], the volumes of electricity generation by them [6-9], the frequency
and duration of previously completed major and intermediate maintenance of the
main equipment of NPPs [10-17].

© S. Saukh, A. Borysenko
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1. Model of production processes at nuclear power plants

The utilization rate of the installed capacity CY® of the power unit h is an
integral indicator of the efficiency of the safe production of electricity on it [18]. At
an arbitrary time ¢, the value of this coefficient is determined by the ratio of the

volume of electricity
t

Sp=Sp(t,At) = [, gn(¥)dr, 1)
generated over the reporting period At, to the volume of its output by the installed
capacity for the same period of time, i.e.

CHR = C/R (¢, At) = Sy (t, At) /(GpAL), )
where g, (t) and G, are the capacities of the unit h, respectively, developed at the
time T € [t — At, t] and installed.

From the definition (2) follows the equation

Sp(t, At) = CYR (¢, At)GRAL, (3)
which can be used for predictive estimates of the volumes of electricity generation
S, (¢, At) if the function CYR(t, At) € [0, 1) can be predetermined.

As a result of the research [18], it was established that the frequency and
duration of preventive and predictive maintenance (hereafter referred to as PPM),
I.e. the planned organizational and technical measures to check and restore the
availability and service life of the systems, equipment and individual components
of the power units, have a decisive influence on the behavior of functions of the
type CYR(t,At). According to the reports of the current state of operational safety
of nuclear power plants in Ukraine with VVVER-1000, the contribution of scheduled
maintenance of power units to the overall decrease in the CY®(t, At) function
values reaches 84%. The rest of the decrease in the values of this function is due to
unplanned outages, load reductions, violations of the units operation, accidents and
other factors.

Therefore, the utilization ratio of the installed capacity CY®(t,At) of the
power unit h can be decomposed into two factor multipliers and represented as

CYR(t,At) = CPM(t, At)CPS (¢, At), (4)
where CSM (¢, At) is the capacity reduction coefficient as a result of the implementation
of the strategy of PPM, and C?5(t,At) is the capacity reduction ratio due to the
performance of the current maintenance works and operational service.

The formation of plans for the implementation of maintenances of NPP power
units is carried out on the basis of diagnostic models that implement various methods for
analyzing the technical condition of equipment, as well as models for optimizing the
processes of preparing and performing of PPM [18-19]. Such approaches to the
formation of plans for the implementation of maintenance work are scientifically based
and are regularly used in practice. As a rule, their usage has a very limited planning
horizon - most often from one year to four years [20], less often up to ten years [21].

To draw up long-term maintenance plans and, as a result, determine the
CPM(t, At) functions, it is suggested to use a generalized model of production
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processes related to the diagnostics of the state of systems, equipment and
components of the power unit and optimization solutions to restore their
performance. The basis for building a generalized model is the start and end dates
of maintenances carried out in previous years.

Let us estimate the periods (time between the initial dates of two consecutive
equipment maintenances) T, and T,, as well as the duration d., and d, of
intermediate and major maintenances of the main equipment of nuclear power
plants in Ukraine. To do this, we use the annual schedules for such maintenances at
each NPP power unit for the eight-year period from 2011 to 2018 [10-17].

The minimum, maximum and average values of the periods and durations of
maintenance companies are presented in tables 1 - 2. Here, the average values of T,
T., d., d. characterize the sets of values {T.}, {T.}, {d.}, {d.}, moreover, values
such that are not significantly different from each other and, therefore, are
representative for the corresponding sets.

Note that the alternation of intermediate and major maintenances of each NPP
power unit occurs sequentially in time according to the scheme 3(¢) + 1(x) [18]. Due
to the limitedness of the analyzed set of maintenance companies conducted from 2011
to 2018, for the separately considered power unit, we have no more than two values of
the periods T, and durations d, of major maintenances, which makes it difficult to
estimate their average values T, and d,. Therefore, the formal averaging of the sets of
the values {T,} and {d,} is carried out in cases where such values are close. In other
cases, the average values of T, and d, are estimated by the totality of values from the
sets {T..} and {d..} and by close values from the sets from {T.} and {d_}, respectively.

Table 1.
Duration of maintenance, day

Unit Intermediate Major maintenance
Name of NPP numbe | maintenance
r dénin dénax Jc dlr(nin d}r{nax JK
1 60 107 | 88 60 107 | 88
2 76 114 95 76 114 97
Zaporizhzhya 3 52 114 | 77 74 75 75
4 52 86 70 72 86 79
5 60 104 77 60 107 78
6 52 104 |69 75 96 86
1 52 95 69 50 90 70
South Ukraine 2 64 120 | 86 64 120 |75
3 57 153 | 106 |57 153 | 98
1 45 78 54 55 72 64
Rivne 2 45 72 55 55 85 70
3 62 66 64 62 85 69
4 52 52 52 65 65 65
1 49 67 55 85 96 91
Khmelnytska 2 52 |66 |58 |80 80 |80
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Table 2.
Periods of maintenance, days

Unit Intermediate Major maintenance
Name of NPP numbe | maintenance
r Tcmin Tcmax Tc TKmin TKmax TK
1 378 414 395 378 414 403
2 373 434 405 373 475 423
Zaporizhzhya 3 389 412 398 364 373 369
4 363 392 381 396 428 412
5 335 454 378 335 526 403
6 360 410 397 351 432 392
1 296 565 393 296 565 387
South Ukraine 2 360 440 383 327 440 371
3 358 513 430 358 513 434
1 358 566 385 358 425 381
Rivne 2 353 401 376 353 434 386
3 403 416 409 403 527 432
4 316 432 389 355 412 384
1 362 507 434 395 463 429
Khmelnytska 2 316 | 419 | 377 | 371|377 | 374

Within the average values of T., T,, d., d,, for each power unit h, it is possible
to make the projected schedules for the implementation of intermediate and major
maintenances with indication of the calendar dates of the beginning and the end of
maintenance in the long term. In particular, we have compiled a sequence of
schedules for the implementation of PPM under the 3(c) + 1(x) alternation scheme
for the forecast period 2019-2040, originating from a maintenance company
approved by the Ministry of Energy and Coal Industry of Ukraine in 2018 year [10].

Note that the sequence of schedules of maintenance execution must be formed
with a daily step D fixing the planned events in time t. In this case, you can define
integer values C/™ (tp, Atp) € {0,1} of functions CFM(t, At) on a discrete set t;, of
time t with an estimated period Atj, equal to the day.

The sets of actual values {T.}, {T.}, {d.}, {d.}, calculated from the start and
end dates of maintenance companies that have already taken place, allow us to
expand the domain of definition of C/™ (tp, Atp) values of functions /™ (¢, At)
for the corresponding periods of time in the past with the same daily detail.

In addition, daily sequences of C/™(tp, Atp) functions of C/M (¢, At) can be
averaged, respectively, on monthly (M) and annual (Y) time intervals At,, and Aty
and represent the sequences of values C/™ (t,,, Aty) and CM(ty, Aty), defined on
the discrete sets t,, and t, of time t.

Using time sequences of the values of the coefficients C/™ (¢p, Atp) and the
values of the installed capacities G;, of the power units, in the idealized case, when
the factors of capacity reduction that are not associated with PPM do not work, i.e.
the values of all coefficients CP5(tp, At) are equal to one, you can first estimate
the dynamics of the total volumes Ss(t,,, At,,) of the monthly electricity generation
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by all NPP units during the forecast period. So, following (3) - (4), we have
Ss(tm, Aty) = Xn Xepety, CAM (tp, Atp)GpAtp. 5)

Since the sequence of values of C/™(tp, At,) are periodic and have
alternating periods T,; and T, such that are not generally equal to the duration of
the calendar year, the summation of these sequences with weights G; At results to
the formation of a sequence of values Ss(t, Aty ), which does not repeat the
annual seasonal fluctuations of the volumes of electricity produced by all NPPs,
and the corresponding schedules of maintenance companies do not reflect the
priority of summer periods for their implementation in each forecast year.

For the formation of adequate sequences of Ss(t,,, At,,) values, the dynamics
of which would be close to the dynamics of the monthly sequence of averaged
values of Sy (t,,, At,,) calculated from the statistical data on the production volumes
of nuclear power plants for a number of past years, it is necessary to solve
quadratic programming problems

mingr, vy ZtMEY[SZ(tMJ Aty) — Xn Dtpety CAM (tp + AT, (Y), AtD)GhAtD]21 (6)

{AT- < AT, (Y) < AT}, (7)
and within each forecast year Y, find the offsets AT, (Y) of the argument t,, of the
functions CPM(t, + AT, (Y), Atp), which is identical to the search for the refined
values of the periods T, or T, maintenance companies, the implementation of
which was initially planned to begin in the same forecast year. Here, the boundaries
AT~ and AT of admissible changes of the desired quantities AT, (Y) are set equal to
the average values of the quantities from the sets {T.™" — T.} u {T™» — T} and
{Tmax — T3y {TMax — T}, respectively. Referring to the data presented in Table 2,
we determine the values AT~ = —40 and AT+ = 56 (in days).

Problems (6) - (7) are solved sequentially for the entire set {Y} of forecast
years, starting from the first year. The values AT;, (Y) found allow us to form the
offset sequences CFM(tp,Atp) = CFM(t, + AT, (Y),Atp) and the corresponding
their averaged sequences are C2™ (t, Aty,) and CPM (ty, Aty).

The presence of the sequence of values of the coefficients CF™ (t,,, At,,) and
CFPM(ty,Aty), as well as data on monthly and annual electricity generation
Sy, (ty, Aty) and S, (ty, Aty ) over the past years makes it possible to retrospectively
evaluate the sequence of values of the coefficients CP° (ty, Aty) and CP5 (ty, Aty)
for reducing capacity of the power unit h due to the performance of its current
maintenance and operational service. The basis for obtaining such estimates are
relations (3) and (4), with which you can determine the values

; Ci* (tw, Dtar) = Sp(tw, D) /[CFM (ta, Aty Grityy]
an
COS (ty, Aty) = Sh(tYJAtY)/[éPI;M (ty, AtY)GhAtY]- (8)

Analysis of the values of the coefficients C2°(ty,Aty) and C25(ty, Aty),
calculated on the basis of retrospective data, showed the impossibility of
extrapolating them for the forecast period. It was also impossible to extrapolate the
average estimates of the power reduction factors of a species.

1 o
CH° (ty, Aty) = Wl Ynen Sn(ty, Aty)/ [CrfM (ty, AtY)GhAtY]a 9)
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calculated for the set of H power units of each NPP. Graphs of changes in the
values of these coefficients are presented in Figure 1.

Therefore, to perform predictive calculations, it is necessary to use the
averaged values of these coefficients in the form of estimates

CAS(AY) = = Tyeay CR° (b, Aty), (10)

obtained on the set AY of previous years.

1.00
0.95
0.90
0.85
0.80

0.75
-7 —-SU R —e—Kh
0.70
2014 2015 2016 2017 2018

Fig. 1. The dynamics of the reduction coefficients of the annual electricity production
volumes at the Zaporozhzhya NPP (Z), South-Ukraine (SU), Rivne NPP (R) and
Khmelnytska (Kh) under the influence of factors not related to the implementation of PPM.

2. Algorithm for forecasting the production of electricity by NPP units

The above research results are the basis of the following algorithm for long-
term forecasting of electricity production volumes by NPP units:

1. Based on the schedules for the implementation of intermedium and major
maintenances of the main equipment of NPPs, we form sets {T.}, {T,} and {d.},
{d.} of the actual values of the periods and durations of maintenance companies
carried out over a number of previous years.

2. For each power unit, we calculate the average values of T., T, and d., d, of
the periods and durations of previously performed maintenances, and also
determine their boundary values Tin Tmin pmax pmax gmin gmin gmax gmax

3. We form sets of values {T™" —T}u{T™" —-T} and {T™* —-T}uU
{Tmax — T } for which we calculate the average values AT~ and AT ™.

4. Starting from the dates of the last actually performed maintenances, using
average values of T., T., d., d.,, we form a sequence of schedules for the
implementation of intermediate and major maintenances of power units according
to the 3(c) + 1(x) alternation scheme for the forecast period.

5. Based on the formed sequence of schedules for the maintenance of power
units, we determine the sequence of values C2M (tp, Atp).

6. According to statistical data on NPP production volumes for a number of past
years, we form a sequence of average values of production volumes Ss.(t,,, Aty,).
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7. For the entire set {Y} of forecasting years, we sequentially, starting from the
first year, solve problems (6) - (7) and find the values AT}, (Y).

8. Form the shifted sequences of the values of the coefficients C/™ (¢, Atp) =
= CPM(t, + AT, (Y), Atp) and the corresponding average sequences CE™ (ty, Aty,)
and CPM(ty, Aty), respectively.

9. Using the data of previous years on the annual volumes S (ty, Aty) of
electric power generation by each unit, according to the formulas (8) - (10), as well
as on the found values of the coefficients /™ (t,, Aty) we calculate the values of
the coefficients C95(AY).

10. Using relations (3) - (4), the found values of the coefficients
CEPM (t),, Aty,) and C3S(AY), as well as the data {G,,} on the installed capacity of
the set H of power units of each NPP, we calculate its monthly and annual
electricity production volumes for the forecast period, respectively,

] Su(tu, Aty) = CF°(AY) Xpen Ch™ (tu, Ata) Gty (11)
an
Su(ty, Aty) = C7°(AY) Xpen Ci M (ty, Aty) GpAty. (12)

The combination of relations (6) - (7), (9) - (12) is a mathematical model of
the production processes implemented at NPPs of the company NNEGC
"Energoatom". This model is suitable for predicting the monthly dynamics of
electricity generation by NPP units in various scenario conditions of the company's
development.

According to the scenario of the planned decommissioning of NPP power
units [22], presented by Y.Nedashkovsky, President of NNEGC “Energoatom”, at
the Committee hearings in the Verkhovna Rada of Ukraine on July 12, 2018, model
calculations of annual and monthly electricity production volumes were performed
for the period forecasting 2019 - 2040 years. The simulation results are presented in
Figures 2 - 4.
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Fig. 2. Dynamics of the total capacity of power units and annual volumes
of electricity production at NPPs of the company NNEGC “Energoatom”
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Fig. 3. Dynamics of monthly electricity production volumes at NPPs
of GP NNEGC “Energoatom” (forecast for 2019-2029), min.kWh.

9500
——2030 —=—2031 2032 ——2033

8500 ——2034 2035 —e—2036 —e—2037
——2038 —e—=2039 —e—=2040

7500
6500

5500

4500
3500
2500
1500

500
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 4. Dynamics of monthly electricity production volumes at NPPs
of GP NNEGC “Energoatom” (forecast for 2030-2040 years), min.kWh

Here you can see not only the rate of decline in monthly and annual electricity
production, but also the loss of the possibility of seasonal regulation of production
volumes.
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Findings

1. A mathematical model of production processes implemented at NPPs of the
company NNEGC "Energoatom" has been developed. The model adequately
reproduces the general characteristics of the PPM of the equipment of power units,
and their impact on the monthly electricity production volumes of each NPP in the
medium and long term.

2. The mathematical model is focused on the use as a part of Ukrainian power
industry modeling systems and makes it possible to take into account various
development strategies of the company NNEGC “Energoatom” in such systems, in
particular, the commissioning of new power units with regulated characteristics of
periodicity and duration of preventive maintenance.

3. After the accident at the Fukushima nuclear power plant, there has been a
steady increase in safety requirements for nuclear power facilities. The analysis of
scenarios for increasing the duration of maintenance work and replacing the
existing power units with new facilities with high reliability and safety parameters
IS becoming a relevant area of research. The presented model makes it possible to
take into account the influence of such scenarios of the development of nuclear
industry on the monthly dynamics of the volumes of electricity generation by NPP
units.
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MANAGEMENT CONCEPTION DESIGNER PREPRODUCTION
OF ELECTRONIC VEHICLES

Abstract: As a result of undertaken studies new conception of management is worked
out by designer preproduction of electronic vehicles, leaning against single informative space
of arrangement of electronic vehicle, operative management designer preproduction and con-
trol system by the resources of enterprise, allowing to promote management efficiency de-
signer preproduction of electronic vehicles.

Key words: designer preproduction, electronic vehicle, management conception, infor-
mative space, arrangement of electronic vehicle, operative management, resources of enter-
prise, system of support of making decision.

Introduction

The offered conception of management embraces the next stages of creation
of electronic vehicle designer preproduction of electronic vehicles : arrangement,
constructing, preproduction, test and directly production of preproduction model of
good [1, 3 - 5].

The feature of the offered conception of management of designer preproduc-
tion of electronic vehicles is that, leaning against single informative space of ar-
rangement of electronic vehicle, operative management designer preproduction and
control system by the resources of enterprise, a cost and prime price of preproduc-
tion model of electronic vehicle cutout is arrived at; reduction of terms of produc-
ting of new electronic vehicles; the competitiveness of enterprise rises at upgrading
of electronic vehicles, reliability, oscillation and resonant stability [2, 6, 14].

An achievement such of results is maybe by means of application of the de-
veloped system of support of making decision, realizing a management the systems
of arrangement and designer preproduction and their cooperation in single informa-
tive space, that changes maintenance of designer preproduction in a root, orients a
management arrangement of electronic vehicle on the resources of enterprise, pro-
viding management efficiency designer preproduction on the whole [5, 8, 16].

Objects and problems

For realization of management conception it is necessary designer preproduc-
tion of electronic vehicles without the changes of technical equipped of production
on the whole to modernize control system only. It is necessary to work out the sys-
tem of support of making decision, providing with a managing personnel facilities,
methods and instruments, providing possibility to realize the offered conception
of management [7 — 11, 15].

For an enterprise - producer of electronic vehicles there is providing of ma-
nagement efficiency, including minimization of material production inputs new
good or good with the parameters of quality and reliability, excelling analogues,
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reduction of duration of process of production etc., maybe by the decision of ma-
nagement task exactly designer preproduction by means of choice of arrangement,
parameters and properties of producible block of electronic vehicle(exactly as the
completed structurally executed good).

The conceptual model of the automated management of designer preproduc-
tion of electronic vehicles looks like, brought around to a fig. 1. The designer pre-
production implies producing of pre-production model of good with the parameters
of quality, excelling analogues on condition of cost and unit cost cut out and reduc-
tion of terms of producing of good [16 - 19].

By analogy with existent classification of CASS of planning, making, tests of
and other, the functions of components of the developed system of support of ma-
king decision of designer preproduction of electronic vehicles are analogical to the
functions of ERP -, MES -, PDM - systems, applied on the enterprises of instru-
ment-making industry [12, 20]. Application of the functions realized in the deve-
loped system of support of making decision analogical to the functions executable
PDM - by the system, provides integration of data about arrangement of electronic
vehicle, got as a result of planning and design. The constituent of the developed
system of support of making decision of designer preproduction, realizing the func-
tions of PDM, are the systems, executes a management data about electronic ve-
hicles, including the design of electronic vehicle as an object of designer prepro-
duction and management by arrangement of electronic vehicle [13 - 15].
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Fig. 1. Conceptual model of the automated management
of designer preproductionof electronic vehicles
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Functions of MES - the systems in the developed system of support of making
decision of designer preproduction of electronic vehicles suppose implementation
of operative management designer preproduction of electronic vehicles on the basis
of generated by the system of support of making decision of management scenarios
realizing optimal maintenance and sequences of operations of arrangement on con-
dition of observance of condition of management efficiency designer preproduction
on the whole [14].

The constituent of the developed system of support of making decision of de-
signer preproduction, realizing the functions of ERP, are the systems, organizes in-
terrelation with the customer of company-producer of electronic vehicles, mana-
gement by the developed projects and determines the possible size of management
efficiency designer preproduction of electronic vehicles, that will allow to the com-
pany to produce competitive good, save the markets of sale and get a profit at
minimum material production inputs preproduction model of good.

The developed system of support of making decision of designer preproduc-
tion of electronic vehicles supposes an association and active cooperation of func-
tions of the examined systems with the purpose of achievement of the required
properties, quality, reliability, to resonant and oscillation stability of electronic ve-
hicles on condition of minimization materially - technical production inputs,
achievement of cost expended on retraining and in-plant training of personnel ef-
fectiveness, expenses on consultative services of experts etc.

The system of support of making decision designer preproduction of elec-
tronic vehicles supposes implementation of functions of design of electronic ve-
hicle taking into account setting and supposed external environments with the pur-
pose of receipt of great number of effective decisions on a management by
arrangement of electronic vehicle for the achievement of the required parameters of
quality, reliability, oscillation and resonant stability of electronic vehicles. Realiza-
tion of similar arrangement is possible by the managing affecting of designer pre-
production, providing the achievement of financial viability of production of pre-
production model of good, exception of tests, returns, revision of good, reduction
of time, material production inputs and formalizations of knowledge and expe-
rience of experts.

In the conceptual model of the automated management the designer prepro-
duction of electronic vehicles is distinguish next basic essence: management effi-
ciency designer preproduction, electronic vehicle, model element of replacement.
Every type of essence at the construction of conceptual model appears as a separate
rectangle with the name inwardly, thus the dependent types of essences are repre-
sented in a double scope.

The attributes of essence appear as ellipses with the name of the attributes
connected by a continuous line with corresponding essence (or by a relation). Every
type of relation is shown as a thombus with the name of relation inwardly. Thus a
rhombus is surrounded by a double line, if a relation is set between a dependent
type to essence, from existence of that it is in dependence. The separate elements of
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diagram unite continuous lines (determined raising of management task designer
preproduction of electronic vehicles) or dotted lines (stochastic raising of manage-
ment task). Because connections(relations) of corresponding types of essence are
not binary, therefore they are connected by no directional ribs.

It should be noted that for a management the designer preproduction of elec-
tronic vehicle is examine the technical and economic indexes of management
(management efficiency) and stochastically up-diffused selections of managing in-
fluences, divided by teaching and verification for formalization of management
process.

The conceptual model of management efficiency is brought designer prepro-
duction of electronic vehicle around to a fig. 2. On a fig. 2 the attributes of essence
are not shown, because we deal with a management designer preproduction of elec-
tronic vehicle a few levels of organization are distinguished in that, each of that
includes elements from different levels, therefore in detail relations are explained
in description to the conceptual model of the system of support of making decision.

xpenses on adaptation of s¢
narios of improvement of pa-
rameters and arrangement of
producible wares

Expenses on educating
of personnel

Appearance of additional
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Stochastic distribution ;
of managing influences Economic ex-
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Fig. 2. Conceptual model of management efficiency
designer preproductionof electronic vehicle

Here it should be noted that for a management the designer preproduction of
electronic vehicle is examine the technical and economic indexes of management
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(management efficiency) and stochastically up-diffused selections of managing in-
fluences, divided by teaching and verification for formalization of management
process.

Management process implementation of certain sequence and maintenance of
the managing influences sent both to arrangement of electronic vehicle implies de-
signer preproduction of electronic vehicles and operative management by a person-
nel and resources of enterprise.

Thus, both for modern firms - producers of domestic electronic technique and
for scientific and production enterprises airplane and rocket productions, a man-
agement process has identical procedure leaning against subjective presentations
and skills of personnel in this area designer preproduction of pre-production model
of good.

The unstructured and semistructured multicriterion tasks decide by means of
the developed system of support of making decision of designer preproduction of
electronic vehicles. The decision of the examined multicriterion tasks will allow
not only to improve quality, reliability, resonant and oscillation stability of elec-
tronic vehicles, but also to provide financial viability of production of pre-
production model of good, eliminate tests, returns on the revision of good, to
shorten time, material production inputs and formalized knowledge and experience
of experts [15].

In the examined automated management [16] subsystems are distinguished:
creations of preliminary character of good, implementation of design of object of
designer preproduction, realizations of experimental researches on authentication
and research of failing parameters, estimation of quality, reliability, oscillation and
resonant stability of electronic vehicle, estimations of management efficiency de-
signer preproduction of electronic vehicles, system of support of making decision,
including the subsystems of receipt and treatment of knowledge.

It should be noted that each of them is fully independent and universal for the
different sort of tasks, and also each of subsystems is characterized the high degree
of no interaction, that allows to realize the different variants of the parallel includ-
ing of components of the system and organize an interface for a few users with the
simultaneous processing of data.

Examining the computer integrated production of electronic vehicles, charac-
terized by the high degree of automation and application of computer-aided de-
signs, it should be noted that, the object of designer preproduction is characterized
repetition, concurrent execution of operations of arrangement and constructing, dif-
ficult internal organization.

On an electronic vehicle as an object of designer preproduction is laid on row
of requirements on the parameters of quality, reliability, oscillation and resonant
stability, it is here necessary to execute the requirements of financial viability and
management efficiency designer preproduction, characteristic for the electronic ve-
hicles of the different setting and external environments. All requirements, touching
both arrangement and properties of electronic vehicle and management efficiency
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designer preproduction of electronic vehicle, must be realized in developed system
of support of making decision [15].

It should be noted presence and variants of differentiation of the developed
system of support of making decision and degree of her use for different on pur-
pose and to composition of objects of designer preproduction.

In the process of functioning the system of support of making decision carries
out:

— Ground of necessity of initializing of management process;

— Task of type of object;

— Choice of setting of object;

— Analysis of external environments;

— Prognostication of the possible states of object by means of probabilistic
criterion leaning against the base of knowledge and rule of support of making deci-
sion;

— Maps the state of object to his components and vice versa;

— Offers methodologies of upgrading, reliability, resonant and oscillation
stability of electronic vehicle by means of the offered criteria of arrangement of
block of electronic vehicle and constituents;

— Provides the selection of instruments of mathematical design;

— Contains explanations about that, how to work with the instruments of
mathematical design;

— Identifies the unknown parameters of mathematical models by realization
of experimental researches on a corresponding chart, methodology of the pro-
grammatic and technical providing of experiments;

— By means of the worked out criterion of management quality the designer
preproduction of electronic vehicles (management efficiency) is watch rationality
made alteration in a management designer preproduction of electronic vehicle and
their influence is determined on the technical and economic indexes of manage-
ment on the whole;

— Provides subsequent treatment of control program for a technological
equipment, tuned to the same not only under a corresponding technological equip-
ment but also under quality parameters, reliability, oscillation and resonant stability
of electronic vehicle.

On the other hand this single cycle of management is mapped to some asso-
ciation of making electronic vehicles, subject to strict hierarchicalness, being with
each other in different conceptual relations. It does not allow to talk about possibi-
lity of successive implementation of each of operations above some certain object,
and supposes the presence of possibility of application of separate operation on the
package(great number) of objects or great number of operations on one object, not
except possibility of the simultaneous processing of great number of objects.

In the offered conception of management it is assumed designer prepro-
duction, that the type of object for that make an electronic vehicle determines not
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only external environments but also possibility of bringing of modifications in a
management his designer preproduction( management effect), assuming variations
of technical and economic indexes and some variations on speed implementations
of designer preproduction. The base of knowledge and mechanism of receipt of de-
cision are related to setting of object and object of exploitation, determined by
the probabilistic criterion of management efficiency, that systematizes knowledge
of experts and experience of specialists engaging in the problem of upgrading and
reliability of electronic vehicles.

The variants of terms are possible exploitations that is taken into account in
the mathematical model of object, that gives universality in-process designer pre-
production the offered management. There is transformation of indexes of quality,
reliability, to oscillation and resonant stability of electronic vehicle depending on
the results of design on the basis of criteria of arrangement of object of designer
preproduction. At changing of mathematical model of electronic vehicle manage-
ment methodology is applicable designer preproduction either for other external
environments or for other objects.

The hierarchy of the prospected objects of designer preproduction is charac-
terized encapsulation, when the elements of subsequent levels consist of great
number of elements of previous levels. Such the organization is possible for diffe-
rent objects, what universality of the offered algorithm allows to mark and to re-
flect his principles on a management by other systems.

Requirements to instrumental part are conditioned by realization of mathe-
matical model as a complex of programmatic and technical facilities, supporting a
receipt and transformation of informative character of electronic vehicle in accor-
dance with the criteria of his arrangement. Also the distinguishing feature of in-
strumental part is methodology plugging in the arsenal of tools of the experimental
setting equipped by rigging for authentication of failing parameters of object of de-
signer preproduction.

A return to the management is needed designer preproduction, because virtual
building on in form system of support of making decision, including designing
complexes, brings in some changes in a structure and parameters of electronic ve-
hicle, that must be passed on a management by designer preproduction and to
watch rationality made alteration on the criterion of management quality designer
preproduction of electronic vehicles (management effect).

A single algorithm taking into account all these facts differs in large universa-
lity and flexibility, because allows to reform on control system designer preproduc-
tion of any electronic vehicles without depending on their informative filling.

In respect of task of type of object, then it the simplified enough classification
and scientific and practical interest here present not classification, and standing af-
ter it components of probabilistic criterion of management efficiency. The values of
components of probabilistic criterion are identified in the process of educating
of the system of support of making decision determine, take into account and visu-
alize the base of knowledge of probabilistic descriptions of frequencies of refuses,
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reasons of refuses, influencing active factors and correlation of technical and economic
parameters for a management designer preproduction for the certain type of elec-
tronic vehicle and external environments.

The automated management designer preproduction of electronic vehicles is
based mainly on dialogue instructions acting on behalf of accepting decision. In or-
der that realization of such possibility took place, it is necessary to supply a person,
a decision-making, by instruments, allowing to get, process and analyze informa-
tion, and mechanism, for preparation of decision-making. To that end it is neces-
sary to build the row of informative, programmatic, technical and intellectual sub-
systems of the developed system of support of making decision of designer
preproduction of electronic vehicles.

Management process implementation of certain sequence and maintenance
of the managing influences sent both to arrangement of electronic vehicle implies
designer preproduction of electronic vehicles and operative management by a per-
sonnel and resources of enterprise. Thus, both for the modern firms of producers
of domestic electronic technique and for scientific and productive enterprises
airplane and rocket productions, a management process has identical procedure
leaning against subjective presentations and skills of personnel in this area designer
preproduction of pre-production model of good [16, 19, 20].

The unstructured and semi structured multicriterion tasks decide by means of
the developed system of support of making decision of designer preproduction of
electronic vehicles. The decision of the examined multicriterion tasks will allow
not only to improve quality, reliability, resonant and oscillation stability of elec-
tronic vehicles, but also to provide financial viability of production of pre-
production model of good, eliminate tests, returns on the revision of good, to
shorten time, material production inputs and to build an algorithm knowledge and
experience of experts.

Integration of the developed system of support of making decision is arrived
at by implementation of row of functions of the systems of production of electronic
vehicles, presenting the results of modulating, arrangement and management designer
preproduction as data, mechanisms of processing of data and receipt of knowledge
making the base of knowledge of the system of support of making decision.

The managing affecting process of designer preproduction acts from outside,
in particular on behalf of decision making, in order to ratify the offered scenarios of
managing influences of arrangement of electronic vehicle, corresponding to the
condition of management efficiency designer preproduction. In a fundamental chart
the variant of the use of the developed system of support of making decision is en-
visaged also for the design of electronic vehicles of the different setting and exter-
nal environments with the use of the experimental setting for research of failing pa-
rameters or additional research of electronic vehicle and constituents.

The offered fundamental chart of the system of support of making decision
of designer preproduction of electronic vehicles will realize the mechanism of edu-
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cating of the system of support of making decision, sent to adaptation of scenarios
of achievement of necessary parameters, properties and arrangement of electronic
vehicle under the existent terms of financial viability of production and correspond-
ing technical and economic indexes of making of pre-production model of elec-
tronic vehicle.

Facial, decision making as the making developed system of support of making
decision, it is necessary to distinguish the row of functions:

— preparation of information;

— input of information;

— 1implementation of design;

— preparation and input of information in the system of support of decision-
making;

— analysis of the results got from the system of support of making decision;

— implementation of directive management directly designer preproduction
of electronic vehicle, including of necessity executions of the given out recommen-
dations.

For the decision of existent productive situations it is necessary formally
to describe the actions of face of decision making, consisting in that his activity
is presented by the task of great numbers of requests for implementation: designs,
arrangements, operative management designer preproduction, research of manage-
ment efficiency [14, 17 - 20].

Query on behalf of decision making can touch implementation of design, task
of preliminary variant of arrangement, research of resources of enterprise on ma-
king of pre-production model of good and their variation.

Person an accepting decision, leaning against subjective knowledge and ex-
perience, can obtain the certain indexes of efficiency for some period of time and
amount of heuristic iterations, however the developed system of support of making
decision, leaning against the mechanisms of educating and multicriterion optimi-
zation, allows to bring down expenses and prime price of pre-production model
of electronic vehicle; to reduce the terms of producing of new electronic vehicles;
to promote the competitiveness of enterprise at upgrading of electronic vehicles,
reliability, oscillation and resonant stability; to economize the facilities expended
on retraining and in-plant training of personnel, expenses on consultative services
of experts etc.

On results a design the system of support of making decision forms the com-
ponents of criteria of arrangement of electronic vehicles, on results processing of
statistical data are criteria of arrangement, on the basis of questioning of experts,
from literary sources and statistics are management scenarios designer preproduc-
tion, coming from the analysis of technical and economic, skilled and other of in-
dexes of production of electronic vehicles is management efficiency. Synthesizes
all these indexes, the system of support of making decision prospects and proc-
esses, preparing information facial decision making [14 - 16].

Except the functions of search of optimal scenarios of achievement of the re-
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quired parameters of quality, reliability, to oscillation and resonant stability of elec-
tronic vehicle in the process of designer preproduction the offered system of support
of making decision, both produces variants and adapts existing before methodolo-
gies oscillation, shock and other variants of defense of electronic vehicles from ex-
ternal influences to the existent economic terms and market mechanisms of devel-
opment of production of electronic vehicles.

Similar family systematization is possible by means of statistical treatment of
results of the expert questioning, formalization of procedure of management and
forming of case frames for the certain types of electronic vehicles. Introduction of
the offered innovations in the existent chart of management of designer preproduc-
tion of electronic vehicles will give an opportunity to tune the prospected manage-
ment under the certain setting of the produced good and condition of exploitation,
to attain optimal combinations of economic and administrative parameters of man-
agement designer preproduction of electronic vehicles.

For the achievement of the put aim it is necessary to organize questioning of
experts concerning the estimations of priorities of results of application of the of-
fered methodology of management of designer preproduction for different objects
with subsequent statistical treatment of results of questioning. It is also necessary to
estimate adequacy of the got experimental data, define priorities of parameters and
their functional intercommunications and on them to produce the analysis of the got
results with organization of feed-back for the estimation of efficiency of manage-
ment of designer preproduction of electronic vehicles. As a method of decision of
this task the method of analysis of hierarchies is applied.

Integration of the developed system of support of making decision is arrived at by
implementation of row of functions of the systems of production of electronic vehicles,
presenting the results of modulating, arrangement and management designer preproduc-
tion as data, mechanisms of processing of data and receipt of knowledge making the
base of knowledge of the system of support of making decision [14 - 16].

The managing affecting process of designer preproduction acts from outside,
in particular on behalf of decision making, in order to ratify the offered scenarios of
managing influences of arrangement of electronic vehicle, corresponding to the
condition of management efficiency designer preproduction. In a fundamental chart
the variant of the use of the developed system of support of making decision is en-
visaged also for the design of electronic vehicles of the different setting and exter-
nal environments with the use of the experimental setting for research of failing pa-
rameters or additional research of electronic vehicle and constituents.

The offered fundamental chart of the system of support of making decision of
designer preproduction of electronic vehicles will realize the mechanism of educating
of the system of support of making decision, sent to adaptation of scenarios of
achievement of necessary parameters, properties and arrangement of electronic vehicle
under the existent terms of financial viability of production and corresponding techni-
cal and economic indexes of making of pre-production model of electronic vehicle.
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Conclusions

1. New conception of management is worked out by designer preproduction
of electronic vehicles, leaning against single informative space of arrangement
of electronic vehicle, operative management designer preproduction and control
system by the resources of enterprise, allowing to promote management efficiency
designer preproduction of electronic vehicles.

2. First it offers to examine designer preproduction of electronic vehicles as
system determined and stochastic constituents, allowing depending on setting of ob-
ject of designer preproduction to determine management scenarios for the achieve-
ment of the required parameters and arrangement of electronic vehicles.

3. Decision of stochastic task of management the receipt of functional de-
pendences supposes designer preproduction for research of management efficiency
including quality and amount of management cycles, allows to optimize the techni-
cal and economic and administrative indexes of management, that it is necessary to
realize supports of making decision in the developed system.

4. The worked out conceptual model of the system of support of making decision,
leaning against single informative space of arrangement of electronic vehicle, operative
management designer preproduction and control system by the resources of enterprise,
allows to provide the required properties, quality, reliability, resonant and oscillation
stability of electronic vehicles on condition of minimization of material and technical
production inputs, achievement of cost expended on retraining and on effectiveness.

5. Worked out informative and algorithmic providing of management, includ-
ing the criteria of arrangement and management quality designer preproductionof
electronic vehicles, designer preproduction of electronic vehicles, it is necessary to
realize supports of making decision in the developed system.

6. Worked out algorithms of management designer preproduction, choice of types
of objects and construction of model of electronic vehicle, including the stages arrange-
ments, constructing, preproduction and tests of electronic vehicle, support intercommu-
nication with the experimental setting with the corresponding rigging, allow to get fail-
ing information about the object of designer preproduction and estimate his parameters
and arrangement without producing of pre-production model of good.
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NEUROSEMANTIC APPROACH TO BUILDING AUTOMATED
INFORMATION RETRIEVAL SYSTEMS

Annotation. The original method of implementing logic based on genetic algorithm,
which processes replenish the knowledge base and improving each generation «genes» by
weighting the semantic data based on the superposition of the reference response to the situation
and assess the situation the current generation of «genes». The implementation of this method
involves the construction of a neural network with neurons, memory and built-in logic.

Keywords: intelligent multi-agent system, neural network, genetic algorithm, knowledge
model, subject area

Introduction

It is obvious that the variety of semi-structured information on the Internet can’t
be successfully used in practice without effective access. Thus, according to experts,
about 79% of journalists go to the Internet in search of news, and only 20% find the
information they need. This is true for scientific research. Despite the abundance of
work to improve the methods of information retrieval (/P), the problem can hardly be
solved with the help of traditionally used methods, such as Boolean model, vector
model, interactive model, etc. [1-4]. Even if we imagine that all the existing problems
of IP in their traditional formulation will solved, the majority of users, and primarily
developers of information retrieval systems (/PC), will still be dissatisfied, because the
information they have will relate to the search query, not the current issues.

To overcome this contradiction, the W3C Interest Group Note consortium is
developing Web semantic [2]. According to its creators, the implementation of this
paradigm on the Internet will allow information systems to some extent understand
the content of information and act as intellectual intermediaries capable of inde-
pendently manipulating it on the instructions of a person [5].

In addition, automation of the search process for the above information is also
problematic. Currently, in the sense of automation of IP, work is actively underway
to develop algorithms that automatically generate intermediary programs or, in oth-
er words, intelligent agents (/4).

The intellectual multi-agent system (/MS) proposed in this paper is connected
with the solution of the problem of reducing the time spent on finding the necessary
data and improving their semantic quality.

Problem statement

The formalized IMC model can be represented by three main functional com-
ponents MAS = (S, AG, env), where
— S — a finite set of States of the external environment;
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— AG ={ag,,...,ag,} — a finite set of agents, each represented by an ad-
vanced intelligent agent model;

— env:§S X Agg, X .. X Agg — 2° — a function that describes the possible
reaction of the environment to the actions of all agents of the system. The set of all
possible joint actions of the system is denoted by ACS = Agq, X ... X Agqy [6].

It is known [7], the set S develops evolutionarily, being distributed uniformly
on different logical categories of knowledge. Hence, the model of knowledge
(MK), which, taking into account the general state of the sets of AG, env, ACS and
the conditions of the importance of the development of their individual compo-
nents, constantly updates and clarifies its semantic content. The set of AG connect
with creation of ontology’s for descriptions of extended models and modular addi-
tion of agent models. Many ACS dynamically update, taking into account all
the changes in the environment perceived by agents on their integral experience.
The low efficiency of the existing automated systems of collection and analysis of
specialized data for the formation of knowledge models of subject areas is asso-
ciated with the lack of adaptive intellectual mechanisms of constant information
update of knowledge models. One of the variants of its solution is the generalized
model of IMC proposed in this paper.

Synthesis of generalized IMC model

Structurally, IMC is a neural network with neurons with memory and inte-
grated logic. The adaptation of IC to changes in the external environment base
on the principles of the genetic algorithm [7]. Intelligent agents in this IMC provide
integration of neural network with decision-making logic based on multi-agent
method of decision trees synthesis [8]. In the proposed IMC modification of this
method is, agents move from node to node is not by random selection, and genetic
selection of the best offspring. The learning process in IMC realize with feedbacks
on different acceptors, which connect the IMC core with the modules of processors
of different acceptors and distributed databases, selected and built under the IMC
architecture. This IC provides for the systematization of these models of knowledge
and the possibility of varying the logical text construction. For the implementation
of the decision element makes use of the experience acquired so-called actual touch
field (ATF). ATF is the association of relevant fields of sensors with the usual and
cognitive memory. Next, a logical add-on made over the associative storage field
(ASF). To do this, at the initial stage of obtaining information, the rules of building
this system taking into account its semantic meaning are formed, as well as infor-
mation for the hidden latent layer. Encryption of information base builds on the
scheme of probabilistic generation of a numerical sequence of random code words
from a certain set of keywords, which transmit asynchronously in each data pack-
age with a «hash key match». After the transaction is completed and the data packet
transmits, the key destroyed and a new sequence automatically generated with a
new key calculated from the new sequence. In case of violation is used separately
constructed sample selected on the strongest generation of «genesy.
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For the formation of the logic of action of IA there are two options for de-
scribing semantics [6]:

— dynamic of mental state. In this case, it assumed that the agent updates its
mental state at each step of interaction with the external environment.

— static of mental state. In this case, it assumed that the mental state of the
agent does not change over time.

An important component of the system is the integrated action of the inter-
preters of both variants of semantics descriptions. For this purpose, the algorithm of
automatic (or automated) creation of ontology’s and their recording in a distributed
database (DB) is used. This database use by the interpreters of the MK with auto-
matic allocation of categories in the field of axioms of building patterns, which
characterize by the following mandatory ontological relationships:

— meta-description of the database (the conceptual schema);

— description of knowledge about database elements;

— knowledge of the relationship of database concepts with the concepts of nat-
ural language).

All domain knowledge consists of a set of Z° terms (keywords/queries) and is
described in the form of regularities based on different types of relations (direct and
inverse), which are divided into eight groups. Such a partition makes it possible to
form the first level of «ontological representation» of information, i.e. conceptual
basis of specifications. In fact, it is the formation of an associative series over
the basis of axioms with the mapping of integral and differential estimates of reality
and the allocation of random and domain-oriented information to a hidden layer
stored in a separate database.

Any decision of IMC is a logically reasonable general account of estimates
of all relations with weighted coefficients of groups of relations and their priority
effects on the environment and on each other. The « intention» is determined by the
goal set for the intellectual agent, which is determined by the sequence of assess-
ments of the priorities of the impact of certain logical groups with the involvement
of a reference model that takes into account all the estimates and «perturbations»
of the sets S, AG, env, ACS. «Perturbationy is the changed state of the basic model
in relation to the reference model.

Each subsequent level of choice of ontological representation of information
i1s formed taking into account the specifics of the previous and integrated assess-
ment of the system States at a given time, in which the reference model remains
stable [9]. The algorithm of formation realize on the index of specificity of deci-
sion-making, determined by the formula:

i = F(lj, sk h(j, k)). (1)
Here:

i — a coefficient denoting the integral ratio of the situation index s, = f(h);

k — a type of situation;

f— determined by the intersection of sets( k£ and £*) to the index of specificity
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[; (j — the specificity of logic);

h — a superposition estimate (the base of event probabilities is taken into account);

n — the maximum number of types of situations for the group of vectors;

S — a situation vector; SL — a guiding vector in the logic space, type of situa-
tion, and their superposition estimate /. The following is a formalization of measu-

res j, k, h:

k=§xm
j=kxSL,
h = (k,j)o (k" j"). (2)

The type of situation determined by the number of vectors of situations. It af-
fects the choice of a group of vectors, which depending of the type IA. IA can be-
long either to one unique group of vectors or to a set of groups with similar vectors.
The choice of a certain group vector is first based on expert assessments, and then,
gaining experience, the IMC forms a knowledge base (BK) of guiding logics, from
which, depending on the group of IA, a selectable situation vector is formed that
determines the behavior of the agent. It should be noted that one guiding vector
may be transitively correlated with a set of situation vectors, and vice versa. For-

mally, this as follows: ﬁ; = ﬁ: = ﬁ; = ... The base of association of the
guides of the vectors is part of the BK logic guides.

The essence of the binary (0 and 1) guide vector is that it zeros those points
of the vectors of situations (certain groups), which IA should not «pass» to solve
the problem, the points of vectors, these are the points-actions of the space BK
guiding logic (actions of network agents). BK includes guides vector, a variety of
specification logic, the vector and the types of situations corrected estimates of ex-
perts for the S and SL respectively, and temporary behavioral characteristics on
the number of times of applications of logic and quality assessments (as an expert,
and systemic agents, appraisers). The operation of the IC according to the formula
(1) is as follows. Index of specificity of the level of ontological representation

li = L(k,j,h), 3)
what determined b(k, j)N(k*,j*)y. If there is such an intersection, then it allocated
to the estimated measure / and is with &, j — three measures of the behavior func-
tion IA for the «current» situation in the behavior space, i.e. the behavior of the
agent determines the index of logic specificity.

SL coefficients are the priorities linked through the differential component of
the genetic code of the offspring G, used in determining the index of logic specificity

i = [G(sp)dl, (4)

based on selection. Each new perturbation creates a new moment and translates the
static mental state into a dynamic one, taking into account the estimates of all per-
turbations, allowing the transition to a new time stage of the system. The state
of offspring of the genetic code G defines of estimate of the possible increase or
fall in the offspring on the vector of the space of solutions of the three-dimensional
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behavior function of the agent (the measures are sets (k, j, 4)). This measure con-

sider complete (that is, the coefficient at the point of the vector SL = 1), if and on-
ly if:

dh # 0,

dj > 0,

dk > 0. (5)

Conclusion

In this paper, a generalized model of IC data collection and analysis with a
decision-making algorithm based on the genetic approach and multi-agent method
of synthesis of decision trees and neural network using the index of decision-
making specificity synthesize. Decrease of search time in IMC cause by the algo-
rithm of selection of control decisions using estimates of sets of types of situations
and specifics of logics, instead of sets. Improving the quality of information is
achieved at each iteration by a selection of behaviors with a high frequency of a
cutoff region of the superposition is estimated by the index of the specifics of the
logic and the index of the situation that raises the level of ontological representation
of the information.
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OPTIMAL CONTROL OF COMPLEX TECHNICAL OBJECTS
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Annotation: Optimal methods of control of complex technical objects using a predictive
model are considered. A structural and functional scheme for the implementation of automatic
optimal stabilization of a given motion of autonomous robotic underwater based on the origi-
nal methods of parametric identification of predictive models and modal synthesis of optimal
regulators on separate forecast horizons is proposed.
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Introduction

Optimization of processes by classical methods and, in particular, the con-
struction of optimal systems, despite the developed theory, encounters difficulties
in the implementation of control systems (solution of boundary value problems on
the principle of maximum, to reproduce the surface or hypersurface switching, to
solve transcendent equations, etc.). However, the acceleration of management
processes can be achieved in another way, namely by using the forecasting method.
This method began to develop in the 60-ies for the control of processes and equip-
ment in the petrochemical and energy production, for which the use of traditional
methods of synthesis was extremely difficult due to the exceptional complexity of
their mathematical models. A characteristic feature of this approach is to consis-
tently determine the final result of the impact of the control chosen at the moment.

The method of forecasting was first used in the work of J. Coles and A. Noton
[1], further developed X. Chestnut, W. Sollecito and P. Trutmann [2], for optimal
control of second order objects with time-varying switching lines. A characteristic
feature of these works is the prediction in computer systems with the repetition of
the solution of the set of optimal trajectories of the object with the allocation of the
trajectory that corresponds to a given final position of the object, as well as the use
of logic designed for no more than one switching control action.

In [3] the forecasting method was used to determine the control action by
solving the equations of the object dynamics and the Euler variational equation for
it in an accelerated time scale. In this case, from the set of integral curves, the one
that corresponded to the desired final state of the object was chosen. Features of
application of a forecasting method in the mentioned works do not allow to extend
them on objects above the second order and on the objects having additional re-
strictions on coordinates.
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To eliminate this drawback in the work [4], a method of optimal or close to op-
timal control of one class of objects based on predictive devices operating in an ac-
celerated time scale is proposed. The essence of this method of control with forecast-
ing 1s that the control action is formed on the basis of the results of forecasting the
future behavior of the control object. Depending on the assessment of the discrep-
ancy between the final state obtained as a result of such a decision and the specified
state. The control is determined at the current time. Therefore, forecasting requires,
on the one hand, knowledge of the mathematical description of the dynamics of the
object and its current state, and on the other hand, solving the problem of determin-
ing the final state of the object with a certain control action. Forecasting in the sense
of extrapolation of system dynamics is carried out implicitly in any control system,
where, in addition to the mismatch signal, derived control is used.

Since such extrapolation is usually approximate, it does not allow to accu-
rately estimate the final result of the control and determine the optimal solution to
the problem. Meanwhile, the creation of computing systems operating in an accel-
erated time scale and with the repetition of the solution process allowed to obtain
qualitatively new results in solving forecasting problems [5]. These computing sys-
tems, solving at a fast pace the equations of the object dynamics with the initial
conditions corresponding to its current state, at a certain control action, allow us to
trace the entire control process up to the final state of the object. It gives an oppor-
tunity to choose the best in a certain sense the control action, at least from that
class, which can be seen in the prediction.

On the other hand, knowledge of the final results of management allows to
avoid exceeding the coordinates of the object of certain boundaries, which estab-
lished for one reason or another . Together, these factors enable prediction of com-
puters greatly enhanced the process management without risk of the transition of
the object into an invalid state.

With the advent of advanced mathematical software for modern computer sys-
tems, new approaches in the use of predictive models for optimal control of dy-
namic objects.

Optimization of complex technical objects by MPC-approach

One of the modern formalized approaches to the analysis and synthesis of
control systems based on mathematical methods of optimization is the theory of
control of dynamic objects using Model Predictive Control (MPC) [6].

The idea of optimizing the predicted movement, which is the basis of the MPC
approach, arose within the framework of two independent, but essentially similar ap-
proaches. The first of them, called Dynamics Matrix Control (DMC), was developed
by the efforts of Shell Oil specialists in the mid-60s [7], and the second — Model Al-
gorithmic Control (MAC) — was developed by French engineers of the chemical in-
dustry in the late 60s [8]. On the basis of the latter approach, a commercial software
package IDCOM (Identification and Command) was created for the first time, which
to a certain extent served as a prototype of modern software support for predictive
control methods.

The package of application programs Model Predictive Control Toolbox
(MPC Tools)[9] is a set of tools for research and design of control algorithms in
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discrete and continuous systems based on predictions of the dynamics of their be-
havior. The package includes more than 50 specialized functions for the design,
analysis and simulation of dynamic systems using predictive control.

At the same time, the authors of the package, taking into account its purpose
for the initial development of the ideology of the MPC approach, included in the
working tools only those tools that are quite easy to learn and practical application.
Model Predictive Control Toolbox is a package for research and design of control
algorithms with dynamics prediction. Allows you to create adaptive control sys-
tems for complex systems with one or more inputs (outputs) and various restric-
tions. The package allows you to implement a control principle in which the input
impact is calculated at each step based on the internal model of the object. Quad-
ratic programming is used to optimize control.

Currently, the MPC-approach is in the stage of intensive development, as evi-
denced by the extensive bibliography of scientific works published in recent years
on this issue. The development of control ideas with forecasting occurs in the direc-
tion of the use of nonlinear models, ensuring the Lyapunov stability of controlled
movements, giving robust properties to the closed control system, the use of mod-
ern optimization methods in real time, etc. [10,11]. Moreover, the scope of practical
application of the MPC approach has expanded significantly, covering a variety of
processes in the chemical and construction industry, light and food industries, in
aerospace research, in modern energy systems, etc.

The main advantage of the MPC approach, which determines its successful
use in the practice of construction and operation of control systems, is the relative
simplicity of the basic scheme of formation of the feedback, combined with high
adaptive properties. The latter circumstance makes it possible to control multidi-
mensional and multi-connected objects with a complex structure, including nonlin-
earities, to optimize processes in real time within the constraints on the control and
controlled variables, to take into account uncertainties in the assignment of objects
and perturbations. In addition, it is possible to take into account the transport delay,
taking into account changes in the quality criteria during the process and sensor
failures of the measurement system.

The essence of the MPC approach is the following scheme of control of dy-
namic objects on the principle of feedback.The scheme can be combined with the
preliminary identification of the equations of the model used to perform the fore-
cast (Fig.1).

The implementation of this approach is as follows:

We consider some (relatively simple) mathematical model of the object, the
initial conditions for which is its current state. With a given program control, the
equations of this model are integrated, which gives a forecast of the object move-
ment on a certain finite period of time (forecast horizon).
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Fig.1. Scheme of implementation of the MPC- approach to
the synthesis of optimal control systems with predictive models

After that, the program of optimization of object motion control is developed,
the purpose of which is the approximation of the controlled variables of the forecast
model to the corresponding given signals on the forecast horizon. Optimization is
carried out taking into account the whole complex of restrictions imposed on the
control and adjustable variables.

At the calculation step, which is a fixed small part of the forecast horizon, the
found optimal control is realized and the actual state of the object is measured (or
restored by the measured variables) at the end of the step.

The forecast horizon moves one step forward, and points 1 - 3 of this se-
quence of actions are repeated.

Optimal stabilization of a given motion of an Autonomous underwater robot

It is known that all real Autonomous robotic underwater vehicles (ARPA) to
some extent are nonlinear and non-stationary. One of the urgent tasks in the man-
agement of the ARPA is to stabilize the software (given) motion. Analysis and syn-
thesis of systems of optimal stabilization of ARPA program motion, in General, is a
rather complex mathematical problem. However, since the majority of ARPA al-
lows you to take as a mathematical model of their dynamics in the stabilization
modes of the linearized system of equations, it allows to apply time-vity mathe-
matical apparatus for the solution of linear stationary and non-stationary differen-
tial equations to the solution of problems of management of the ARPA. Despite
this, the synthesis of optimal stabilization systems for ARPA remains a challenge.

In General, linear non-stationary model of dynamics of the ARPA in the
modes of stabilization can be represented in the form:

xX(t) = AOX @)+ B(tyu(t), telt,,T,1, () =x", (1)
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rae A(t)={a, (1)}, B(t)=1{b,(¢)} — dimension (nxn) and (nxm) matrices, respec-

1.

tively, whose coefficients have a constant sign
sign[a,(t)] = const, sign[b, (t)] = const , (2)

and monotonous
sign[da,(t)/ dt]= const, sign[db,(t)/dt]= const 3)

and there are pre-unknown functions that have continuous first derivatives and
are bounded in the domain of determination on the stabilization interval. Linear sta-
tionary and quasi-stationary dynamic models will be special cases of the model (1).
We also assume that the control vector in solving the problem of stabilization of the
ARPA program motion is not limited

The problem of optimal stabilization of program motion the ARPA is formu-
lated as follows: find the control that transforms the system (1) under conditions (2)
and (3) from an arbitrary initial state to zero and minimizes the functional:

I= if[)—cf (HOX(t)+u' (1)Ru (t)} dt, 4

where 7, — fixed, Q u R — positive definite matrixes of size (nxn).

This formulation of the problem with functional (4) is known in the literature
as the linear-quadratic optimization problem.

The solution of the problem

For accurate realization of ARPA movement along a given path, an automated
optimal stabilization of the programmed motion is required. We consider that on
ARPA the onboard control system (BSC) with the corresponding mathematical and
software is established. On the basis of such BSC the structural and functional
scheme of automation of the process of optimal stabilization of ARPA motion can
be realized (Fig.2.).

Marked: BFPT — block of forming unit programmed trajectory; CMD — com-
plete model of the dynamics of the ARPA; BUC —block of unit calculation program
management; BSP1, BSP2 — blocks of sensors of parameteres; BIP — block identi-
fying the parameters of forecasting models lactation; BSSL — block for the synthe-
sis of stabilization laws.

According to this structural and functional scheme, the automation of the process
of optimal stabilization of the motion ARPA is carried out as follows. By the time of
performance of some planned mission to the input of the BSC, a given program trajec-
tory of ARPA motion receive in the form of a discrete series of spatial coordinates (or
in analytical form) in certain areas of motion. In the first case, the BFPT block approxi-
mates a discrete series of coordinates by an analytical representation, in particular, pro-
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posed by the authors in [12] spline approximation. In the second case, the need for this
disappears. Software trajectory through CMD is included in the BUC and via BS1 is
supplied to ARPA. In addition, for certain areas of the software movement the ARPA
on the basis of the information management program and a program path in BIP may
be construct corresponding plots of the linearized model of the dynamics of ARPA, and
evaluation of its parameters according to the work of the authors [13] in the form of a
series of Walsh using the algorithm of the adaptive partitioning of the time interval of
movement. The adaptive algorithm, in contrast to the fixed partitioning, allows to ap-
proximate the original ARPA model at individual sites with a given accuracy in the
form of quasi-stationary predictive models.

Un(t B
(t) RPA X,(t)

v

BSP1 BSP2

Ot - Program
np trajectory
< BUC |« CMD « BFPT |«

BIP

A 4
A

v
N | ¢
w‘
@

Optimality criteria

Fig.2. Structural and functional scheme of automation of the process
of optimal stabilization of motion ARPA

As an example, the problem of parametric identification of ARPA with the
dynamics of the second order is considered

%, (1) = a,, (1)x,(1), (5)
x,(t) = by ()u(?), t €[0,100],

where x,(0)=30,x,(0)=50,b,(¢) =Lu(t) =—1. Let the exact value of the estimated

parameter be a,,(¢)=0,000012¢* —0,0014¢* +0,033¢ + 2. Parameters for comparison

of constant and  adaptive  algorithms  were set as  follows:
L=10;P=5;6 =1;6, =1 onaecexl; n, =10, =0,2;£4=0,5. The results of the
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evaluation a,,(¢) for a fixed (L =10) and adaptive partitioning of the interval are given
in Fig.3, where curve 1 is the exact value a,,(¢); curve 2 — evaluation a,(¢) for a fixed
partition; curve 3 — evaluation a,,(¢) at adaptive partitioning. The accuracy of the pa-
rameter estimation a,,(¢) is characterized by the value of

o = i[&?lz )T/ f:[a12 ¢t )T

Comparison of the estimates obtained by the fixed and adaptive algorithms for
the considered system (5) allows us to conclude that the parameter estimation accu-
racy can be increased using an algorithm with adaptive selection of the quasi-
stationarity interval.

Further, from the analysis of the approximation of all parameters of the quasi-
stationary model by piecewise constant Walsh functions, we determine the mini-
mum partition interval, which is taken as the forecast horizon, since all parameters
of the predictive models are simultaneously constant on it. Thus, we form station-
ary predictive models with the selected forecast horizon.

ap(®) 14,0
’ 7
/
— 3
i =4
T
L =)
‘-\\\_
/

L

a 10 20 30 40 50 4] 70 80 ad 100

Fig. 3. The results of estimation of parameter a,,(¢) with a fixed and adaptive partitioning
of the time interval

These data are used in the obtained quasi-stationary models of CMD ARPA
dynamics, at the output of which a given trajectory is formed and compared with
the current trajectory coming through BS2. The appearance of inconsistency be-
tween the program and the current trajectories is included in the block BSSL,
which, taking into account the optimality criteria set from the outside, automati-
cally generates in real time the optimal stabilization law for this interval. In this
case, the problem of ACOR can be successfully solved in real time, proposed in the
authors ' work by the method of modal synthesis based on the method of uncertain
coefficients [14], which allows to provide the specified indicators of transients.
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Summary

The solution of optimal control problems with predictive models is one of the
modern methods of research of control systems and is easily implemented with the
help of such systems as Matlab, which with its packages has great opportunities
and tools for solving problems of analysis, synthesis and simulation of such control
systems. A sequential approach to parametric identification of predictive ARPA
models and modal synthesis of optimal regulators based on the method of uncertain
coefficients allows for automatic optimal stabilization of ARPA in real time.
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INFORMATION TECHNOLOGY FOR WEB-APPLICATIONS DESIGN
AND IMPLEMENTATION

Abstract: The problem of the rapid creation of effective web-applications of one class
with using formal means are considered. The conceptual approach to its solution is offered on
the basis of analysis of the peculiarities of web-applications construction. The approach is
based on defining the standard web application architecture and selecting its components us-
ing formal methods in accordance with user requirements. A formal logical system is used,
which uses the design of web-applications as a process of outputting the formula specified
according to the needs of the user, which defines the schemes of execution of the modules of
the system. An important feature of the approach is the ability to 3D-visualize the process of
designing the system, which creates conditions for effective interaction between developers
and machine development tools.

Keywords: web-applications; application construction; business processes; mathemati-
cal logic.

Introduction

The creation of information systems today is based on modern methodological
concepts that inherited the most important ideas of classical methodologies such as
SADT, IDEFO, while enriching them with new ideas. Classical methodologies were
characterized, first of all, by a combination of the perfect implementation of the
system approach with detailed elaboration of the design stages and taking into ac-
count the features of the management object based on the triad "model - algorithm -
program".

The most important directions for improving classical methodologies were:

1) structuring software that opened the way for programmer’s teamwork and
reuse of software code;

2) describing the created system possibilities using languages of conceptual
modeling, which was accompanied by the development of automated design sys-
tems;

3) structuring the design process, which enriched the industry with the concept
of the system life cycle, repository and unified models of role design systems;

4) prototyping, on the basis of which the concept of parallel development of parts
of the system, design and implementation of the system by parts were developed.

By and large, modern methodologies for information systems design, for ex-
ample Agile-methodology, only successfully use different combinations of these
concepts, filling them with real content and complementing the elements of psy-
chology. This conclusion can be made by analyzing the rich experience of using
Scrum, Kanban and other technologies.
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Such features of modern methodologies as the minimum of documentation,
the various schemes of communication of developers and the variety of roles
played by them is only a tribute to the time and form of the inclining of the ten-
dency to change.

Formalization is very specific in modern methodologies [1-4]. In classical
methodologies it was considered as the basis of automation, CASE-tools. In es-
sence, formalization then seemed to be an inalienable ability of each technology
that implemented the methodology, the tool for automatic production of compo-
nents of the information system, primarily software, databases, based on their for-
mal descriptions. Today, formalization is more related to describing the architec-
ture of the system and descriptions are mainly used to set tasks for project
participants, discuss intermediate results, define the next steps [1,2].

But there is a real opportunity to give formalization a more important role in
modern methodologies for the creation of information systems. First, this is facili-
tated by the standardization of architecture and components of information systems.
Secondly, within the framework of standardized architectures, many components
have been developed that can be used to design new systems. Thirdly, the devel-
opment of mathematical logic and artificial intelligence in recent years provided as
tools for the formal description of systems designed in terms of "what needs to be
implemented" and the description of components in terms of "what has already
been implemented." Fourthly, the methodology of spatial visualization of designed
systems appeared, which can be transferred to the creation of information systems
based on the component-based approach.

This paper attempts to use the developed formal models and effective methods
for building the technology of automated generation of software systems on the ba-
sis of modern methodologies.

As this problem has enormous scales, we have identified one of the most ad-
vanced components of modern information systems - the development of systems
with web-presentation.

The essence of the problem

The expediency of this tasks class automation is explained by the considerable
complexity of design and implementation of subtasks, to which they decompose.
Subproblems are duplicated in each project, and changes are subject to data but not
their main transformation.

Developers should agree on a universal architecture. Then the application will
have the same overall appearance and differ from others only by the presence or absence
of one or another component depending on the functional requirements for application.

Adhering to the principles of the three-tier architecture, in the typical applica-
tion we will allocate levels - representation, business logic and access to data. The
level of data access determines the ability to work with data and in general, it is the
implementation of the template "Repository". The access to data, if necessary, from
the business logic we define in the traditional way: 1) with each entity, we associate
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certain generalized behavior, inherent in all elements of the level of access to data;
2) expanding behavior by adding unique methods for the current entity.

Accordingly, a specific repository class inherits its interface, obtaining basic
methods common to all and its own methods from its own interface, and also inher-
its the class that implements the basic behavior, the fact of which contains the im-
plementation of only their methods. The template has a specific architecture and is
expanded by adding new classes and interfaces to work with each entity.

Business logic is responsible for processing data obtained from the level of
access to data, through the use of behavioral patterns, such as strategy, behavioral
classes, in certain cases of commands. Each component implements the end-user
functionality that the user expects. According to the incorporated concept, compo-
nents can be expanded by adding classes with narrowly oriented behavior.

The "Strategy" template aims to implement a set of different behaviors de-
pending on the needs of the component that is level higher and appeals to this strat-
egy. A strategy is described with an appropriate method that takes on input the re-
quired parameters, and several implementations of the method.

The "Command" template provides the implementation of a certain behavior
on demand, allowing abstract from the logic of the command itself inside the
mechanism.

Another mechanism that is used is an interface with behavior descriptions and
a implementation class that contains the elements of data processing and the forma-
tion of the result required for a component that is in the architecture of the level
above.

A web-presentation is a system component that is accessible from the outside
and visible to all users. It is intended for receiving and analyzing queries and per-
forming necessary actions by means of calling business logic methods, as well as
displaying data on a client side. This component is mainly built on an MVC tem-
plate, consisting of representations and directly methods invoked when processing
client requests.

As the MVC template is built according to its purpose: the model determines
which data should be displayed; representation is a graphical component capable of
displaying a particular model; the controller determines how to get the model,
which presentation to submit it and how to process the request.

This template is designed to differentiate between logic and representation us-
ing a model. This allows you to structure components in accordance with naturally
defined assignments and expand the capabilities of one component without altering
others.

By following the description, the task of creating any web-application can be
considered as a task of filling in a particular template. But building even a template of
correct architecture, writing monotone and long code require a lot of time. Therefore,
the problem of automating the creation of a software system through the automated
implementation of the system template based on user requirements. Solving this prob-
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lem involves the following steps: designing a database model and generating access
levels to it; realization of data processing by built-in strategies on the user's request;
generation of presentation. Therefore, the problem of automating the creation of a
software system appears by automated implementation of the system template based
on user requirements. Solving this problem involves the following steps: designing a
database model and generating access levels to it; realization of data processing by
built-in strategies on the user's request; generation of presentation.

The structure of the process determines the structure of the program, its general
appearance. For the model structure of the program we will use a state diagram.

For many applications in this chart, it's enough to highlight user (U), representa-
tion (P), controller (C), business logic (L), data access level (A), data source (D). The
natural chain of state changes in the forward direction is caused by the following
events: data request (from U to P); create a thread to handle the query and instance of
the controller (from P to C); create an instance of the behavioral class and call its
method (from C to L); create an instance of the repository and call its method (from L
to A); forming a request and sending it to execution (from A to D). In the reverse di-
rection for the construction of the program, it is expedient to select the following tran-
sitions: return the result of executing the data request (from D to A); return of access
data model (from A to L); processing of selected data (from L to C); transferring re-
sults to the user and releasing resources (from C to P); return the result (from P to U).

A wide class of business processes is supported by web applications, authori-
zation and processing of which may be described in a similar way. The difference
lies in methods called at the level of business logic, interfaces, classes, and objects
required by the user.

Another example is a business processes that require quality, speed, perform-
ance, and other characteristics of various objects. Here is a toolkit for performing
such calculations.

To create popular today's transactional systems, the components of aggrega-
tion of orders data according to the chosen criterion would be acquired, control of
transaction execution, system return to the previous state, etc.

A component to support the business process for processing discounts on
vouchers could also be an integral part of a broad class of systems. The description
of this business process is quite standardized, and the construction of the relevant
component would be very similar to the one discussed above.

Consequently, for broad classes of systems of similar purpose, the only one
distinguishing the implementation of tools for supporting standardized business
processes is behavioral strategy at the level of business logic. It is advisable to im-
plement the system in such cases in such a way that, depending on the conditions
that were given when creating a particular component, the program code was gen-
erated according to different schemes corresponding to the specified conditions, but
the system guaranteed a unique issue of this code for each design request.
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Existing Approaches To Creating Web-Based Applications

Attempts to automate the creation of web-applications are made a long time ago.

Of course, it's worth mentioning already made solutions like CMS. The logic
of the behavior of these constructors is to use the finished system for the entire
range of tasks at the expense of the means of choosing exclusively the theme of the
graphic design and adding or disconnecting those or other pages. This entails a
number of shortcomings. First, the predominant use of PHP in addition, without
differentiating the levels of architecture is not accompanied by the use of templates.
The consequence is a huge layer of NOT readable and hard-edited code. Secondly,
loading individually each component, which is often superfluous for this site, since
it is built on a template designed for the entire functionality, negatively affects per-
formance. Third, there is no system setup at different levels.

Another solution 1s the composite automation of the capabilities of individual
modules through the use of frameworks built on one or another technology. The
system is created by composing modules, and modules - by composing projects,
and projects - by composing classes, etc. This approach differs by the complexity
of the process of templating in the entire solution, in contrast to the template of the
pattern and the module, which are quite simple tasks. And in many cases, it creates
the need to manually edit the code. On the other hand, templating a solution based
on a common template framework group generates new features for expanding
functionality quickly through the use of formal methods.

The report considers other approaches to automating the creation of web-
applications and concludes that they are partially compliant with the solution to the
problem of generating the code of web-applications taking into account the possi-
bility of managing the automation process at each level and the appropriate capabil-
ity of selecting and integrating existing components based on formal user require-
ments and descriptions of these components.

For more detailed consideration of the architecture of web-applications, an
appropriate alternative to their rapid creation is to template the process of their im-
plementation at each level of the architecture using existing frameworks developed
for this or that technology.

But there are several obvious aspects of solving this problem. The level of ac-
cess to data is subject to templating based on the entities of the database as a sepa-
rate component. Similarly, you can customize the creation of a REST API based on
process descriptions. But the level of business logic requires a detailed description
of the effective implementation of template-based capabilities, taking into account
the architectural level of the frameworks and component descriptions, in order to
ensure their choices, integration, and sufficient flexibility within the settings.

The automation of the rapid creation of web-applications in the case of this
approach leaves programmers one of the key issues - combining the resulting frag-
ments into a general application, requiring appropriate changes to the autogenerated
product code.
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Problem Statement

It is necessary to develop an approach to the creation of software systems,
which provides: reducing the cost of writing template code, during the full devel-
opment cycle from the process of formalizing requirements and ending with the
testing process of this code; designing applications based on components of various
implementation technologies; Expansion of the functionality by making minor
changes to the components.

Conceptual foundations for creating web-applications based on templates

The key idea behind the development is to build a real model based on the ba-
sic notion of architecture, to model the application development process. Speaking
of the concept of basic architecture we mean the model shown in Fig. 1.

Architecture
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Fig. 1. Basic architecture of the system

A set of template processes can be implemented with one application at the
expense of means of using the frameworks and specifications of one or another
technology. The application is multilevel and consists of template modules. Each
module is constructed of classes and interfaces that have their own structural units
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and the corresponding appearance and methods depending on the tasks to be solved
in accordance with the requirements of users.

The design of any system begins with the implementation of business proc-
esses and the structure of the data warehouse, which will meet the objectives. The
user has to put the schema model for the database - to describe the entities and in-
dicate their links.

After this stage, the system builds the basic functionality in the form of a data
model of scripts for database generation at the level of data access, using scenarios for
work with users and authorizations that the user can choose depending on the needs.

The next stage of the user's work is the generation of the data component di-
rectly, namely data selection, data preparation with a number of conditions by
combining conditions using the proposed template or creating your own.

After this stage, you need to set the conditions and create a semantic descrip-
tion of the corresponding transformation and processing of data in accordance with
the current business process.

The final stage is to generate the presentation with the appropriate selection
and editing the most suitable template from the proposed.

The result is a ready-made application, generated on the basis of the composi-
tion of the generated modules of the system.

Mathematical model for constructing basic functionality

To select and integrate components in the complete solution, we will use the
first-order causal logic, the structural elements of which are described by the au-
thors for the integration of applications in the work [1].

Symbols:

service: (,), [, |, , }, 5, <>, ,;

constant:

1) individual, of primary types (int, real, char, bool) - all , a; y ey al2 ,6122 y e

where each constant a' pertains to type (primary type) k; structural type (con-

struct) - ¢y, ¢y, ...; procedural type (method) - dy, d, ...; objective type (problem, en-
tity, relation) — ey, ey, ...;

2) functional i-place, for individuals of type k- h{, hy, ..., b, hl, .;
3) predicate i-place, for individuals of type k- A', A, ..., A, 4, ... .. (this

class includes taxonomic, relational and other predicates, as well as traditional rela-
tions, at least equality = and order >);

variable: for individuals of type k - xl1 , xé s e xl2 , xf , ..., Where every vari-
able xl.k pertains to type £;
logical: —, A,v,<,3,V, &
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Individual terms of type k:
1) each individual constant al.k of type k is an individual term of type £;

2) each free variable xl.k for individuals of type £ is an individual term of type £;
3) if h/ is a certain functional constant for individuals of type & and 1y, ..., T;

are terms for individuals of type &, then 4/ (1, ..., 7)) is an individual term of type k;

4) there are no other individual terms of type k.
Formulas for individuals:

1) if 147’ is a predicate constant for individuals and 1y, ..., T; are terms for

them, then Al.j (T1, ..., T)) 1s the atomic formula for individuals;

2) the atomic formula for individuals is the formula for them;

3) there are no other formulas for individuals.

Hereinafter we consider only the systems of Horn clauses (with a single —
symbol, atomic formulas to its left and right, and an implicit quantifier V).

Specifiers are constructions of type 1;, where 1, is a term for an individual ob-
ject. The construct specifiers are:

1) if e...e are individual terms of type entity, and e/ ...e/ are individual

terms of type relation, and A/ (q,...a jl). A (af..a jk ) are atomic formulas for the
individuals of primary types, and 1 is an individual term of type construct, then t:
(e.e e..e A (a..a')... 4 (a.a"))isaconstruct specifier.

2) there are no other construct specifiers.

Preconditions:

1) if ¢; is a specifier of construct, and II is a sequence of atomic formulas,
then <t:(cy,IT)> is the elementary precondition;

2) elementary precondition - precondition;

3) if <t;> is a precondition, and 1, is an elementary precondition, then <t;,t,>
1s the precondition;

4) there are no other preconditions.

Post-conditions:

1) if t; 1s a construct specifier, and II is a sequence of atomic formulas, then
<t;:(c1,I1)> 1s the elementary post-condition;

2) elementary post-condition - post-condition;

3) if <t;> is a post-condition, and a T, is an elementary post-condition, then
<11,T,> 1s the post-condition;

4) there are no other post-conditions.

Specifiers of methods:

1) if T is an individual term of type method, and <t,> is a precondition, and
<1,> 1s a post-condition, then t: (<1,>, <1,>) is a method specifier;

2) the arity by constructs of method precondition must not be lower than the
arity by constructs of method post-condition;

3) there are no other method specifiers.
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Specifiers of problems:

1) if <t;> is a precondition, and <t,> is a post-condition, and 71 is a term for an
individual object of type Problem, then 1: <<t,>,<1,>> is the problem specifier;

2) there are no other problem specifiers.

Clause is an expression of type [T —A, where II is a sequence of atomic for-
mulas; A is a single atomic formula.

The system’s knowledge base consists of the three main parts. In the first part,
ontological axioms describe the methods and other components of the framework
available for use. The second part provides an ontology of the system, described using
OWL-based languages based on RDF. The third part summarizes the output rules
needed to get the desired result for the user. There are rules for the output of two types.
The first type output rules are used to integrate many methods and other components
into a single application. They take into account the peculiarities of the problem, the
preconditions, the stages, the descriptions of methods and other components of the
system. Realized with the desired output proof in a certain way defines the architecture
of the application that is being created within a defined class of architectures.

Inference rules of first type:

1. If d;: (<11>,<15>) and d,: (<t3>,<1>) then d;: (<dy>,<15>)

2. If dli (<T1>,<’C2>) and dzZ (<’C3 A ’C4>,<T1>) then dli (<d2>,<’[2>)

3. If di: (<ti~rt>,<t3>) and dy: (<t£>,<t>) and ds: (<t15>,<1,>) then d:
(SdrNd3>,<13>)

4. If dli (<T1>,<’C2>) and dzZ (<’C3 V’C4>,<T1>) then dli (<d2>,<’[2>)

5.If dy: (<1y~1>,< 1>) then d: (<1>,<11>)

6. If di: (<1,1.>,<t3>) and dp: (<15>,<1>) and ds: (<15>,<1>) then d:
(<dy,d3>,<1,>)

7. If dli (<‘L'1>,<Tz,1'3>) and dzZ (<‘L'2>,<T4>) and d32 (<’C3>,<T5>) then dzi
(<d>,<14>) and ds: (<d1>,<T5>)

The second type inference rules are used to speed up the inference process.
They take into account the semantics of the user’s problem and the semantics of
methods and other components of the system, expressed in terms of the system’s
ontology. In essence, these rules are used to reduce the search for rules and axioms
of the first part of the knowledge base of the system. They describe semantically
acceptable at the level of input and output the variants of combining methods and
other components of the system in more functionally complete combinations. These
combinations can be used to deduce in the space of rules of the first type. The
meaningful use of the second type inference rules can be illustrated by the process
of 3D visualization of the combination of methods and other components of the
system 1n spatial structures based on common entities on their inputs/outputs.

The semantically controlled inference mechanism

For the inference we will use the approach proposed by the authors in the pa-
per [1]. It's about the procedures for inference and restoring the inference tree. But
we will add to this approach the preliminary procedure for searching the spatial
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structure of the associated by input/output methods and other components of the
system, which at inputs has entities defined by the user as input information, and at
its outputs we have the entities defined by the user as the source information. De-
fine the necessary concepts.

Naturally, we focus on the means of knowledge representation and to reduce the
search, we use the knowledge base, especially information on effective inference
schemes for frequently performed queries and its ability to structure, factorize and ab-
stract. This is a combined inference strategy, at the lower levels of which the birth of a
lossy resolvents is blocked. Formally it is a question of combining the approach of
R. Kowalski [3] and the analogue method of D. Playsted [4]. In this case, the proof in the
abstract space, the result of which is then used to control the inference in the initial search
space, is based exclusively on the axioms and inference rules of the knowledge base.

We cut off the hopeless branches of the inference in the initial space in two stages.
At the first stage, we formulate the constructions of the associated by input/output
methods and other components of the system. At the second stage, we use the inference
in the abstract space. For the reflection of the transition to the abstract space, we will
use taxonomic connections. Then the inference in the abstract space will be reduced to
the inference in the system of types (classes of entities) with a gradual deepening of the
system of subtypes up to individuals. As before, to reduce the search in both the ab-
stract (for classes and types) and in the initial (for individuals) spaces, we will use
modifications to the Robinson resolution strategy. The properties needed for the mutual
adaptation of the method of analogy and modification of the resolution strategy the
used reflection do naturally acquire in a responsibly structured knowledge base.

For the analogy method, we use the concept of a multiclause (m-clause) as a
multiset of atomic formulas (atomic formula L will be recorded in m-clause as
many times as it is repeated). The operations Y (unification), M (intersection), —
(difference), - (concatenation) and relation & (occurrence) for multisets are natu-
rally performed (note that the operations are performed for the left and right parts
of the clause separately).

Suppose 4, €y, 4,€ C, and a4, 0, are substitutions, which allow us to obtain
the most common unifier for atomic formulas 4; and A4,. Then the clause obtained
from unification of clauses Cja; and C,a, by removing L to the left and right of
symbol — is called m-resolvent of m-clauses C; and C;. If the m-clauses C; and C,
are ordered and m-resolvent is obtained by eliminating the non-underlined atomic
formula in both parts, and on the left after it there is no other atomic formula, then
we get the ordered linear m-resolvent. If the last atomic formula to the left of the
symbol — of the ordered m-clause is unified with the underlined atomic formula to
the right of the symbol — of the same m-clause the ordered linear m-resolvent is
obtained by the m-clause reduction.

Definitions of m-clauses and m-resolvents are used to define the ordered linear
m-resolutional proof. Let's start with the definition of the m-resolutional proof 7,, as
a pair of <V, T;>, where V is the set of proof vertices, T}, is the set of vertices triples.
In the future, the first and second components of 7,, will be allocated using the s-
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N(T,,) and s-M(T,,) selector functions respectively. Each vertex nes-N(T,,) of the
proof 7, is characterized by the mark s-L(n) and the depth s-D(n). If <n,, n,,
ny>es-M(T,,), then s-L(n3) is the m-resolvent s-L(n;) and s-L(n;), and each triple of
this type is called m-resolution. In the proof 7,,, the vertex nes-N(T,,) is called the
initial if it is not the third component of any of the triples of s-M(7,) (its mark is
the initial m-clause), or terminal if it is not neither the first nor the second compo-
nent of any of the triples of s-M(7,,) (its mark is the terminal m-clause).

Now, let's call the m-resolutional proof 7,, the proof from S, if the marks of
the initial vertices Tm belong to the set of m-clause S. From S we deduce C if 7, is
a proof from S, and C is a mark of one of the vertices of 7,,,.

Finally, the ordered linear m-resolutional proof from S is called m-resolutional
proof Tm from S, all m-clauses of which are ordered and for an arbitrary triple <n,,
n,, n3> from s-M(T,,) s-L(n3) 1s an ordered linear m-resolvent s-L(n;) and s-L(n,).

To manage an ordered linear inference, we will use the typification abstraction
proposed in [4]. Suppose fis such mapping from the set of m-clauses into the set of
m-clauses that: 1) if m-clause Cj; is the m-resolvent of m-clauses C; and C,, while
D, € f(C,), then exist such D, € f(C,) and D, € f(C,)that the result of the sub-

stitution of some m-resolvent D and D, belongs to D;; 2) f () ={J}; 3) if the

result of some substitution of m-clause C; belongs to m-clause C,, then for any ab-
straction D, for C, exists such abstraction D; for C; that the result of D, substitution
belongs to D,. Such mapping is called /' m-abstraction mapping, while any D from f{C)
is called m-abstraction. The typification mapping is understood as a certain mapping ¢
from a set of literals into a set of literals, which reflects each atomic formula into the
formula whose terms have the type closest to the basic types in the hierarchy.

Construction of the proof begins with the formulation of the problem by the
user. In essence, the possibility of executing the request is checked, taking into ac-
count all available resources. Having access to the descriptions of all modules and
other components and axioms that determine the possibilities of their application,
the inference mechanism combines the modules and other components into a struc-
ture (proof), which ensures the receipt of the result from the input data.

Let the ordered linear m-resolutional proof be obtained by definition as a pair
of sets: vertices V' = {k,, k,, k, .. k, } and vertices triple Th = {<k,, k,, k;>, <k;,
k,, k> ..<k ,, k ,, k >}, where k,,i=1,...,n are the vertices of proof, k, is
the terminal vertex. The proof is formed, taking on the initial vertices of the prob-
lem postcondition and, as a lateral vertex, the appropriate axiom from the knowledge
base. The axiom is appropriate if the sequence of atomic formulas corresponding to
this vertex of the proof, or any part of it, is an axiom postcondition. The third vertex of
this triple is obtained by applying the axiom to the formula postcondition, taking into
account the inference rules. The third vertex of the first triple becomes the first vertex
of the second triple, and the process repeats until the terminal vertex is reached - the
problem precondition. If the atomic formula corresponding to the third vertex of the
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triple can be simplified by applying one of the inference rules, it is simplified in the
next triangle, which will have only two vertices - a vertex with a formula, which must
be simplified, and a vertex with a simplified formula.

The search for the corresponding axioms is done by comparing the construct
of the postcondition, which is being processed at the moment, with the axioms con-
structs from the ontology. Thus, from the ontology a set of axioms is chosen that
describe the methods that process the type and format of the objects we need.

If in the knowledge base for the next vertex the corresponding axioms are
several, then each of these axioms is used to further build its own "parallel" version
of the proof. Thus, during the operation of the inference mechanism, a number of
proofs of varying length and complexity can be formed. Upon completion of the
inference mechanism work, the proof from the set of proofs is selected with the
smallest number of triples of vertices and the smallest number of applied axioms.

To shorten the search, we can pre-select the structures of related methods and
other components, the entities of which inputs and outputs are common. And only
in the second stage, when the structures are already selected, the preconditions and
postconditions are checked and the architecture of the solution is determined.

A set of formulas and a clause that corresponds to the vertices of the proof tri-
ples and reflects the application of the axiom of the first part and the inference rules
of the first type is the output of the inference mechanism. To restore the structure,
we use the proof tree recovery algorithm proposed by the authors in the paper [1].

Then, using the constructor, we are generating by the finished elements the
user representation, to which, in the form of a data source, the output points of the
business logic of the application are tied.

Implementation of the technology

The technology is realized using modern tools. The user-friendly web-interface
allows the end-user to build a database model based on which the base framework of
the application is generated (CRUD data operations with the subsequent generation of
the interface as a REST API). The next step is to display this general view of the ap-
plication with the ability to generate by means of a semantic assignment of relation-
ships between the relevant models of one or another application logic behavior and
implementation of the business processes of the required application.

Ready templates are integrated into the application with pointing inputs and
outputs. Additional functionality is the ability to create and store by user own tem-
plates as well as the ability to put them in the public domain. Formally, the tem-
plate integration can take place at different levels of architecture, ranging from
method integration to integration of entire component that consists of classes.

The applications are a composition of modules, which, in turn, are a composi-
tion of classes, which, in turn, are a composition of methods, etc. Defining by the
user of input and output entities and their characteristics allows you to find the nec-
essary methods and their interconnections and get the template model of the lowest
architectural level, presented in the form of classes.
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Fig. 2. Composition of business processes elements

At the highest level, the composition model is maintained, but the correspond-
ing classes are already merged through the calls of other methods and the genera-
tion of behavior classes, which is the source of the module. Accordingly, the com-
bination of modules follows from the composition of their outgoing points and the
established in Fig. 2 connections.
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In Fig. 2, the architecture of the system, the semantic model and patterns of the two
connected business processes associated with the authorization of users are shown.

Conclusion

In this paper, the problem of the rapid creation of effective web-applications
of one class is considered. The performed analysis of the problem and existing de-
cisions confirmed the relevance of the problem and allowed formulate it, identify
the key aspects of the study.

The complex approach to the solution of the problem, based on autogenous
template solutions for information systems with the possibility of integration into
the process of components at different architectural levels, is proposed. The main
advantages of the proposed solution are the formal basis for creating applications,
which is based on templating the design and implementation processes and the abil-
ity to fine-tune the process. In addition, the adopted model for constructing tem-
plate solutions simplifies the work of developers and helps automate the basic
process of developing web-applications for a wide range of business information
systems with web-representation.

Analysis of the problem and the existing solutions enabled the choice of ap-
propriate formal means. The mathematical apparatus for the proposed solution in-
cludes means of semantic description of business processes and a formal logical
system. The first provides a description of business processes and enables them to
decompose subprocesses from the highest level of architecture to non-
decomposable atomic components, indicating the input and output entity, and the
characteristics at which the choice of the corresponding functional unit is made - a
template for the processing of the subprocess, or creation own template by choos-
ing the proposed methods. A formal logic system facilitates the selection and inte-
gration of components in a complete solution.

Further researches are connected with 3D-visualization of the processes of
creating web-applications on the basis of the proposed theoretical model for build-
ing a comprehensive solution based on the template of the process of creating an
information system with a web-representation.

References

1. S. Telenyk, G. Nowakowski, K. Yefremov and V. Khmeliuk Logics based applica-
tion integration for interdisciplinary scientific investigations / 2017 9th IEEE International
Conference on Intelligent Data Acquisition and Advanced Computing Systems: Technology
and Applications (IDAACS), Bucharest, 2017, pp. 1026-1031.

2. A. Y. Levy Logic-based techniques in data integration / Logic-based artificial intelli-
gence. Springer, Boston, MA, 2000, pp. 575-595.

3. R. Kowalski Computational logic and human thinking: how to be artificially intelli-
gent / Cambridge University Press, 2011.

4. Plaisted, David A. History and prospects for first-order automated deduction / Inter-
national Conference on Automated Deduction. Springer, Cham, 2015.

ISSN 1560-8956 151



MiXBiIOMUYHMI HAYyKOBO-TEXHIYHHUI 301pHUK «AIAaNITUBHI CHCTEMH aBTOMAaTHYHOTO yripaBimiHHs» Ne 17 (34) 2019

3micT

J.M. Boiko, L.S. Pyatin, O.I. Eromenko, I.R.Parkhomey

INVESTIGATION OF SIGNALS DISTORTION

DURING INTERPOLATION IN SDR TRANSMITTERS

WITH QPSK MODULATION ...ttt enee e ennas 5

S.0O. Diakov, T. E. Zubrei, A.S. Samoidiuk
APPLICATION OF EVENT SOURCING
AND CQRS PATTERNS IN DISTRIBUTED SYSTEMS ........ooooiiieeeeeee e, 16

Y. Kornaga, V. Garmatin, A. Hryshko, A. Maksimyuk, V. Gasanov

PROTECTION OF AN ELECTRONIC DOCUMENT USING

A CONSOLIDATED APPROACH TO THE APPLICATION

OF ELECTRONIC DIGITAL SIGNATURE ..., 23

O. Kruzhilko, V. Maystrenko, Ya. Storozh, Yu. Lyakh

EVALUATING THE EFFECTIVENESS OF MEASURES

TO REDUCE THE LEVELOF OCCUPATIONAL INJURIES

AND OCCUPATIONAL DISEASE IN THE ENTERPRISE. ............ccoooooiiiiiieieee, 32

O. Kruzhylko, I. Tkalych, A. Polukarov

IMPROVEMENT OF OPERATIONAL MANAGEMENT

OF HYGIENE AND LABOR SAFETY ON THE BASIS

OF ASSESSMENT OF OCCUPATIONAL HAZARD ........ooooiiiiiiieeeeeeee e 37

K.B. Ostapchenko, O.I. Lisovychenko, Z.Kh. Borukaiev

HYBRID APPROACH TO THE FORECASTING

OF ELECTRIC CONSUMPTION TIME SERIES

FOR ORGANIZATIONAL

MANAGEMENT IN THE WHOLESALE MARKET ..........cccooiiniinininiinieieneceee 42

I. Parkhomey, Ye. Batrak, N. Tsopa, 1. Zeniv
INFORMATION PROCESSING WITH AN OPTICAL SENSOR
WHEN INCOMPLETE INITIAL INFORMATION .......ccoooiiiiiiiiiieeeeeeeeeee e 53

L.P.Parkhomey, V.V. Nedoluzhko

ALGORITHM FOR DETERMINATION

OF ELECTROMAGNETIC COMPATIBILITY

FOR SOLUTIONOF FREQUENCY PLANNING PROBLEMS..........ccccccovininirieneen. 65

A. Parkhomenko, R. Segol, O. Lisovychenko
COMPREHENSIVE ANALYSIS OF THE STUDENTS’
MOTIVATION CONNECTION TO THE MASSIVE

OPEN ONLINE COURSES COMPLETION RATE ..o, 73
A.A. Pavlov

OPTIMIZATION FOR ONE CLASS

OF COMBINATORIAL PROBLEMS UNDER UNCERTAINTY ..ooooiiiieeeeeeeeeeeenn, 81

152 ISSN 1560-8956



MiXKBiTOMYHA HAYKOBO-TEXHIYHHN 30ipHUK «ATAaNTHBHI CHCTEMH aBTOMATHYHOrO yrpasiinasmy Ne 17 (34) 2019

M. Polishchuk
THE CONCEPT OF SYNTHESIS OF WALKING
ROBOTS OF ARBITRARY ORIENTATION. ..ottt 90

S. Saukh, A. Borysenko
MATHEMATICAL MODEL OF NPP UNITS POWER
GENERATON TO SOLVE THE PROBLEMS OF UKRAINIAN

POWER SYSTEM DEVELOPMENT ...ttt 103
V. Smoliy

MANAGEMENT CONCEPTION DESIGNER PREPRODUCTION

OF ELECTRONIC VEHICLES........c.coi ittt 113

A.A. Stenin, V.P. Pasko, V.A. Lemeshko
NEUROSEMANTIC APPROACH TO BUILDING
AUTOMATED INFORMATION RETRIEVAL SYSTEMS ...ooooeeeiiinees 125

A.A.Stenin,V.P.Pasko,Yu.A.Timoshin, V.N.Ignatenko, A.S.Stenin

OPTIMAL CONTROL OF COMPLEX TECHNICAL
OBJECTSBASED ON THE PREDICTIVE MODEL.........cccccoiiiiiiiii, 130

S. Telenyk, G. Nowakowski,

E. Zharikov, Y. Vovk

INFORMATION TECHNOLOGY FOR

WEB-APPLICATIONS DESIGN AND IMPLEMENTATION......ccccocvviieiveecieceee 138

ISSN 1560-8956 153



MiXKBiTOMYHIA HAYKOBO-TEXHIYHHMN 30ipHUK «ATANTHBHI CHCTEMH aBTOMATHYHOrO yrpasiinasay Ne 17 (34) 2019

YK 621.396.96

JociaizkeHHsI CNIOTBOPeHb CHTHANIB mnpu iHTepmoasiuii y SDR mepenaBauax
3 moayJsiiero QPSK / FO.M. boiiko, I.C. IT’srin, O.1. €promenko, [.P.I1lapxomeit // MixkBi-
JIOMUYUN HAayKOBO-TEXHIYHUH 301pHUK «ANANTUBHI CUCTEMU aBTOMATHYHOTO YNPAaBIIHHS». -
2019.- Ne 1 (34).-C. 5-15

TexHosoris nmporpaMHo-KepoBaHoro pagio (SDR) 1o3BoJisie 3a 10IOMOroK0 IpOrpaMHo-
ro 3a0e3neyeHHs] BCTAHOBJIOBATH ab0 3MIHIOBAaTH poOodl pajioyacTOTHI MapaMeTpu: CTaH-
JapT 3B’SI3KYy, Jiarna3oH 4acToT, TUN MOAYJIALI], BUXIIHY HOTY>XHICTb, Tomo. CKIIa0BOIO yac-
TUHOIO TIepe/laBaya € IHTEPIOIATOP, IKUI MiABUIIY€E YacTOTY AUCKPETH3allii MOyIb0OBAaHOTO
curHaiy. [nTeprnonstopu OyayroTh Ha ocHOBI iHTerpanbHux Cascaded Integral-Comb (CIC)
¢G1IbTpIB, 0 HE MicTATh NOMHOXYBadiB. PinbTpu CIC-Interpolation MaroTh HEPIBHOMIPHY
AYX, Tomy Juis i BupiBHIOBaHHS 3anpononoBano ¢uibTp CIC-Compensator. Y craTTi 1ocii-
JDKEH1 OKO-JllarpaMH CUTHANIIB 3 Pi3HUMH KoedimieHTamMu iHTepHoJsimii. 3a OKo-aiarpamoro
MIPOBE/ICHO OIIHIOBAHHS SKICTI CUTHAITY y TepeaaBadl. [HTeproisiisi CylpoBOIKY€EThCS ede-
KTOM ITi/ICHJICHHS CUTHAJTy, 3MEHIIICHHSIM 4Yacy HapOCTaHHS IMITYJIbCY, 3MEHIICHHSIM Koedii-
€HTY SKOCTI curHaiy. JDKUTTep y mepeaaBaui 3MEHIIY€EThCS, SKIIO KOS(ILI€HT 1HTEPIOALIT
KpaTHHUI 4acTOTI TUCKpeTH3alii iHpopMaLiiiHOl MOCIIJOBHOCTI CUMBOJIB. SKIIO KOEQIIEHT
SAKOCT1 curHainy Q>7, To KoedilieHT OITOBHX IMOMHUJIOK Ma€ MPUITYCTUME JJIS MPAKTHKH 3HA-
yenHs1t BER<10-9.

Knouoei cnosa: 1HTEpPIIONALIS, MOIYJISAILIsI, 00poOKa CUTHAIIIB, JPKUTE.

bi6m. 11, in. 16

YK 004.042

3acrocyBannsi Jkepen mnoaid i madgaoniB CQRS B posnmoguieHux cucremax /
Hesxor C. O., 3yopeii T. €., Camorigtok A. C. // MiKBiTOMYU HAyKOBO-TEXHIYHUHN KypHAI
«AJanTHBHI CUCTEMHU aBTOMATUYHOTO yrpasiiHHsD». 2019. Ne 1 (34). C. 16-22

L1s poboTa neMOHCTpy€e MPOOJIEMH apXiTeKTypu CyYaCHHX BHCOKOHABAHTA)KEHUX PO3-
MO/IUICHUX CHCTEM 1 IIPOIIOHYE PIlIeHHS I HUX. MeTa Mojisrae B MONIyKy BiJMOBITHUX TTiI-
XOJIIB JJIsl BUPIIIEHHS MPOOIeMH, 30KpeMa, 3JaTHOCTI BIATBOPIOBATH CTaH cucTeMu. [[ist mo-
CSATHEHHS TOCTABJICHOT METH Yy CTaTTi OyAyTh PO3TIISIHYTI NMPHYMHU ICHYIOUHUX TPOOIeM,
MPOBEJCHO 1X MOPIBHSIHHS 3 3alPONIOHOBAHMMHM apXITEKTYPHUMHU DIIIEHHSMHU, MIJIKPECICHO
Horo rmepeBaru Ta HeIOMKU. Po3risHyTHH croci® po3poOKH TOAaTKIB 3aCHOBAaHHMM Ha JBOX
MOHSITTSAX: PO3AUICHHS BiAMOBiaThbHOCTI Ha KoMaHau Ta 3anmutu (CQRS) ta mxepeno moii.
[x moemHAHHA MPOMOHYETHCA JUIS BHUPIIIEHHS MPoOJIeM MOB'S3aHUX 3 MPOAYKTHBHICTIO Ta
MIPOCKTYBAHHSM, SIKi 9aCTO BUHUKAIOTh IPH PO3POOII TpaIuIliiHUX 1H(QOPMAIIIHHUX CUCTEM.

Kirouosi cmoBa: CRUD, CQRS, event sourcing, apxiTekTypa MpOrpaMHOTO 3abe3re-
YeHHsI, IIaOJIOHH MTPOSKTYBaHHS, MOJICITFOBAaHHS JTaHUX.

bi6a. 10, i1. 4, Tadun. 1

YJIK 004.056.55

3axuCT eJIEKTPOHHOI0 JIOKYMEHTA 32 /IONOMOTr0I0 KOHCOJIiI0BAHOT0 MiXO0/1y /10 3aCTO-
CyBaHHs eJleKTpoHHOro 1mugposoro mixnucy / Kopnara f.1., I'apmarin B.J., I'pumko A.C.,
Maxkcumrok A.B., 'acanoB B.A. // MixBigoMunii HAyKOBO-TEXHIYHUH KypHAT «AJANTHBHI CHC-
TEMH aBTOMATHYHOTO yrpaBiiHHs. -2019.- Ne 1 (34).-C. 23-31

CydacHi iHpOpMaIliiiHI CHCTEMH JI03BOJISIFOTH OpraHi3allisiM ITiABUIIYBAaTH CBOIO €EeKTH-
BHICTb, 3HAYHO 3HM)KYyBaTW CBOI BUTPATH 1 BIAMOBIJATH HOPMATHBHUM BHMoOraM. XOpolla CH-
CcTeMa yMIpaBJiHHS TOKyMEHTaMH YacTO PO3TJSAAEThCs SK BCE, 10 MOTPIOHO, ane JAOJaTKOBI
3aX0JIM 3aXHCTy TaKOK HEOOXITHI /ISl 3a0€3MEUYCHHS 3aXHCTy JaHUX BiJ HECAHKI[IOHOBAHOTO
JOCTYIY 1 MiAPOOKH.
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Mertoro gaHoi ctarTi € Moaudikaiis alropuTMIB KpUNTOrpadiyHUX METOJIB 3aXHUCTY
IUTICHOCTI IOKyMEHTa 3 BUKOPHCTAHHIM €JIEKTPOHHOTO LIU(PPOBOTO MiAMHUCY.

Cucremu ynpaBlliHHS JOKYMEHTaMH 3a3BHUail 3a0€3MeuyoTh 0€3MeKy 1 KOHTPOJIb JI0-
CTyIy J0 JOKYMEHTIB B KOHTPOJIbOBAaHOMY cepefoBuili. OmHaK, KOJIU JOKYMEHT 3aJIMIIA€
Oe3neuHe cepelloBUILE, HOTo JIerko 3MIHUTH. He3axuieHi J0KyMEeHTH He JO3BOJISIOTh BU3HA-
YUTH, YU € JOKYMEHT CIIPaBXHIM, XTO OyB HOro TBOpLEM i CTBEPIXYIOTh abo uu OyB BiH
3MIHEHUH 3 MOMEHTY HOT0 CTBOPEHHS.

[Tpobnema 3amobiraHHs KOMIIOBAaHHS, 3MIiHU 1 TMIIPOOKH €NEKTPOHHUX JTOKYMEHTIB BH-
Marae CrHeriaJbHUX MiAXOIIB 1 METOJIB 3aXUCTy s ii BupimeHas. OqHUM 3 HAHOUIBII TTO-
IIMPEHUX METOJIIB TaKOTO 3aXUCTy B CBITI € enekTpoHHMM nudpouit minnuc (ELII), ska
HiATBEPKYE CIPABXKHICTh, IIUIICHICTh JJOKYMEHTA 1 (DaKT MiJIMUCaHHS KOHKPETHOIO 0CO00I0
JOKYMEHTA 32 JIOIIOMOTOI0 CHELiaIbHOIO POrPaMHOro 3a0e3eueHHs.

3aranpHi MeTomu mmQpyBaHHS 3acHOBaHI Ha (akropu3anuu Benukux umcen (RSA,
DSA, ElGamal) i nuckpernoi norapidpmizanii (ECDSA, EADSA, TOCT P 34.10-2012).

Koxna mapa KJTtO4iB CKIQHAETHCS 3 3aKPUTOTO KJIFOYA 1 BIAKPUTOrO Kitoya. BoHu
B3a€MO3AJICKHI, ajle MOXYTh BUKOPUCTOBYBATHUCS OKpeMO. 3a3BMuYail KOXKHA Iapa KIIOYiB
MOYKE HaJe)KaTH KOHKPETHOMY BJIACHHUKY KJIFOUiB. AJITOPHTM MPAIIO€ TAKUM YHHOM, 1110 TPETi
CTOPOHHM HE MOXKYTb OOYHMCIUTH 3aKPUTHH KIItOY, HAaBITh SKIIO0 BOHM BOJIOAIIOTH BiIKPUTUM
KITFOUEM.

KntouoBi cioBa: MepexxeBa iHPACTPyKTypa, TOKYMEHT, €IEKTPOHHUHN TOKYMEHT, eJIeK-
TPOHHUI UPPOBUH mianuc, ayTeHTUdiKalis, Bepudikamis, EODSA, SHA-512, Argon2.

bi6mn. 13, in. 6, Tabn. 3

YK 331.45

Ouninka epeKTHBHOCTI 3aX01iB 31 3HUKEHHSI PiBHSI BHPOOHHUYOr0 TPAaBMAaTHU3MY Ta
npodgeciiinoi 3axBoproBanocti Ha mignpuemctBi / Kpyxuiko O.€., Maiictpenko B.B.,
Cropox .b., JIsx KO.M// MixBiaoM4Hil HayKOBO-TEXHIYHUHN JKypHal «AJanTUBHI CUCTEMU
aBTOMaTHYHOrO ynpasiiHHm». 2019. Ne 1 (34). C. 32-36

OO0’ €KTOM JOCIHIPKEHHS € CUCTEMA YIIPABIIIHHS OXOPOHOIO Mpalll MiAMPUEMCTBA. Y CTaTTi
3pO0JICHO OIJIs/ ICHYIOUMX NPUHIMIIB 3aMo0iraHHs Ta MOKpPAIIEHHIO YMOB TIpalli B CUCTEMax
YIpaBIiHHSA 0XOPOHOIO Mpatii. OCHOBHI HEJIOJIKH - BIICYTHICTb BIANOBIIHOT METOAUKH OLIHKU
CTYNEHS pU3UKY Ta podeciiiHa 1 ICUXO0JI0TrYHy HEeMiAroTOBaHiCcTh (haxiBLiB y i cdepi.

Mertoto pobotH € po3poOKa METOIUIHUX TIIXOIIB O OIIHKH €(DEKTUBHOCTI 3aX0IiB 31
3HWKEHHS PIBHS BUPOOHMUYOTO TpaBMAaTU3MYy Ta Mpo¢eciiiHOl 3aXBOPIOBAHOCTI HA MiIIPUEM-
CTBI SIK BaXJIMBOI CKJIa/JI0BOI Cy4acHOI CHCTEMHU YIPaBJIiHHS OXOpOHOIO mpari. Jns mocsr-
HEHHS METHU y CTaTTi MPOaHaJIi30BaHO OCHOBHI MPUYMHU BUPOOHUYOIO TPaBMATU3MY Ta MpO-
deciifHOi 3aXBOPIOBAHOCTI Ta 3alpPOINIOHOBAHO METOAWYHHUHN TIAX1A, SKHA JO3BOJISIE
OLIIHIOBAaTH €(EKTUBHICTD IUIAHY 3aXO0/1B IMiJIBUIIEHHS Oe3MeKH BUPOOHUIITBA 3 ypaxXyBaHHAM
MPUYMHHO-HACHIIKOBUX 3B’A3KIB MK peai3alli€lo 3axo0/(iB Ta eKOHOMIYHUMHU MOKa3HUKaAMU
JisutbHOCTI mianpuemcTBa. [lo0y0BaHa MaTeMaTHYHa MOJEINb MPOTHO3Y MOKa3HUKIB BUPOO-
HUYOT0 TPaBMaTU3MY Ta MPOQeciitHOT 3aXBOPIOBAHOCTI.

Kniouosi cnosa: BupoOHUUMN TpaBMaTU3M, IpoQeciiiHi 3aXBOPIOBAaHHS, Tiri€Ha mpaii,
IIKIJIJTUBI Ta HEOE3MeUH1 yMOBH TIparli, MPOTHO3HA MOJIETTb.

bi6mn. 7.
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YK 331.452

YaockoHalleHHs1 ONEPaTHBHOIO YNPAaBJiHHA TiricHOW Ta 0e3NmeKkor0 mnpamni
Ha O0CHOBI oliHKHN BUPOOHHYOro pusuky / Kpyxwmiko O.€., Tkanuu [.M., IToxykapos O.1. //
MixBimOMUYNi HAYKOBO-TEXHIYHHN KypHAJT «ATalITUBHI CUCTEMH aBTOMAaTHYHOTO YITPABIIIHHS.
2019. Ne 1 (34). C. 37-41

O06’eKTOM JOCTIDKEHHSI € METOIW YIPABIIHHSA OXOPOHOK Tpalll Ha IiJMPUEMCTBAX.
Cxsanenns Kabinerom MinictpiB Ykpainu «Konuenuii peopMyBaHHS CUCTEMH YIPaBIiHHS
OXOPOHOIO Tpalll B YKpaiHi» 3yMOBJIIO€ HEOOXITHICTh MOOY/IOBH CUCTEMH YNPABIIIHHS TiTi€-
HOO Ta OE3IMEeKOI0 Tpalli Ha OCHOBI pU3HKOOpieHTOBaHOTrO Tiaxoay. [ToOymoBa BkazaHoi cuc-
TEMH MOTpeOy€e MPOBEIEHHS TEOPETUYHHUX Ta €KCIIEPHUMEHTAILHUX JIOCIIKEHb, MpHU3HAYe-
HUX JUIs (DOPMYBaHHS METOJUYHOTO 3a0€3MEeUYeHHS MPOLECiB ieHTH]IKAIIl ICHYIOUHX Ha
BUPOOHMIITBI HEOE3IEK Ta OIIHKKU BUPOOHUYUX PU3HKIB.

Mertoto poOOTH € OOTPYHTYBaHHS AJIs1 NPAKTUYHOTO BUKOPUCTAHHS MiJXOAY 10 OILHIO-
BaHHS PU3UKY HACTAaHHS HENIACHOTO BUMAJKY HA MiApHEMCTBI. sl TOCATHEHHS METH TPO-
aHaJII30BaHO 1ICHYIOYi METO/M Ta IMiJIXOAH /IO OIIHIOBaHHS BUPOOHUYMX PHU3HKIB Ta 3arporio-
HOBAaHO IMJXiJ JO OIIHKK BUPOOHWYOTO pPHU3HMKY, SKUH 0a3yeTbcsi HAa BHUKOPHUCTAHHI
CTaTUCTHYHHX JaHUX MPO MOKA3HUKU BUPOOHUYOTO TPABMATU3MY 3 ypaxyBaHHSM Iay3eBOl
MIPUHAIECIKHOCTI ITiITPUEMCTB.

Kniouosi cnosa: tiriena ta 6e3mneka mpaili, BApOOHUYUN PU3UK, ONEPATUBHE YIPaBIIiH-
Hs1, TUTaHYBaHHS, 1H(OpMaIliiiHa cucTema.

bi6m. 6, i1. 1.

YK 004.89:65.011.56

TiopuaHmii miaxix 10 NPOrHo3yBaHHA YacoOBOI0 PSiIy eJIEKTPOCIIOKUBAHHS VISl Opra-
Hi3aniliHoro ynpasiinns Ha ontoBomy puHKY / Ocramuenko K.b., Jlicouuenko O. 1., Bopy-
kaeB 3.X. // MiKBiZOMUMii HAYKOBO-TEXHIUHHI KypHaT «AJANTHBHI CHCTEMH aBTOMATHYHOTO
ynpasiiHas». 2019. Ne 1 (34). C. 42-52

Posrasgaerses mpoGnemMa miBUIIEHHS €()EKTUBHOCTI BHPIIMICHHS KOMIUICKCY 3aaad
NPOTHO3YBAHHS 1 TJTAHYBAaHHS €JIEKTPOCIOKUBAHHS PEriOHAIbHUMH KOMITaHISIMU MTOCTavalb-
HUKIB €JICKTPOEHEPTii - Cy0'€eKTaMH CUCTEMH OpraHi3alliiHOTO YIPaBJIiHHS ONTOBUM PUHKOM
enektpoeHeprii. [IpoBeseHo aHani3 BUKOPUCTAHHS PI3HUX METOAIB MOJETIOBAHHS MPH BUPI-
IICHH] 3aBJaHHs BHOOPY 1 MOOYJI0BH MOJIEII MPOrHO3YBaHHS €IEKTPOCIOKHBAHHS, GopMy-
JIOETHCS 3aBIAHHS MOOYAOBH T1IOPUIHOT POTHOCTHYHOT MOJIEIi, TT030aBlIeHOl HEJOMIKIB OK-
peMHuX MeToAiB MojentoBaHHs. llepeBara HagaeTbes MiAXOAY, MOB'I3aHOTO 3 KOMILJIEKCHUM
BUKOPUCTAHHSAM MaTeMaTHYHHUX 3ac00iB Ha 0a3i amapariB IMITyYHUX HEMPOHHUX CITOK, TeHe-
THYHOTO aJroput™my 1 ¢iabTpa Kanmmana mis moOymoBH y3arajdbHEHUX HENIHIMHMX Oararo-
daxTopHHX Mojeneil. BiH 103BONUTh MiABHIUTH €()EeKTUBHICTH MPOLIECy MOOYA0BU MOJeNei
1 IX MOJAJBIIOr0 BUKOPUCTAHHS AJISl TIOUIYKY, SIK KOPOTKOCTPOKOBHX, TaK 1 JTOBMOCTPOKOBUX
nporHo3iB. /Iy BUKIIIOUEHHS BIUTUBY BUMAJKOBUX CKJIAIOBHX YAaCOBOTO PSAY 3 HEPiBHOMIp-
HUM DPO3MOAIIOM 3HAYEeHb MOKAa3HUKA €JEKTPOCIIOKUBAHHS Ha MPOIeC HaBUAaHHS HEHPOHHOI
CITKH SIK HEJIHIMHOT MOJENi MPOTHO3YyBaHHS MPOMOHYETHCS TMONEepeaHs ii MATOTOBKA 3a JI0-
MOMOTO0I0 3acTocyBaHHs ¢inbTpa Kanmana. Hamami 3miiCHIOETBCS ONMTHUMI3AIliS TOMOJOTIT
HEMPOHHOI CITKM Ha 06a31 FTEHETUYHOTO ATOPUTMY, SIKHI JO3BOJISIE HA €Tarli MyTallil alanTHB-
HO BUOWpATH THUII NEPETBOPEHHS CTPYKTYPH, HAUOLIBII T IXO AU TSl 3a/1aH01 KOHpITrypa-
mii CITKH.

Knrouosi cnosa: riOpunHuil miaxia, TpOrHO3yBaHHS YacOBOTO PATY, MPOIECH €NEKTPO-
CIIO’KMBaHHS, OpraHi3alliiiHe yIpaBJliHHS, ONITOBUI PUHOK €JIEKTPOCHEPT 1.

bi6x. 24, 1. 3

156 ISSN 1560-8956



MiXKBiTOMYHA HAYKOBO-TEXHIYHHN 30ipHUK «ATAaNTHBHI CHCTEMH aBTOMATHYHOrO yrpasiinasmy Ne 17 (34) 2019

YJIK 004.652

O0polOka indopmanii ONTHYHUM JATYUKOM pPo0OTA 32 YMOBHM HENMOBHOI BXiJIHOI
indopmauii / [Napxomeii I.P., barpak €.0., [lpoma H.B.,3eniB 1.0.// MixBigoM4uii HaAyKOBO
TEeXHIYHUN >KypHal «AJaNTHBHI CHCTEMH aBTOMAaTHYHOro ympaBmiHHs». 2019. Ne 1 (34).
C.53-64

OO6nacTh 3a7a4, M0 BHPINIYIOTHCS 32 JOMOMOTOI0 BJIACTUBOCTEH Kiacuikaiii Ta y3a-
rajlbHEHHs JOCUTh upoKa. OJIHaK SKICTh BUPILIEHHS 3aJa4 [0 TUM a00 1HIIMX OPUYMHAX HE
3aBk1M OyBae ogHakoBO0. Hampukian, skmio Oye mocTaBieHa 3aj1a4a 3a JOIOMOTO0 Bi3ya-
JBHUX CIIOCTEPEXEHb PO3JUIMTH HA JIBa KJIACH OJJHAKOBI 32 T€OMETPUYHMMHU PO3MipaMu 1 3a
KOJIbOpOM TpenMeTH. [IpyuoMy yacTrHa BUTOTOBJICHA 31 CTali, a YacTuHa - 3 Tincy. s kia-
cudikaiii TaKuX MPeJAMETIB IOCTaTHHO OTPUMATH JIaHl MPO Bary IpeaMeTiB, 1100 3a7ayda Kiia-
cudikanii nepeTBopuiacs B TpUBIAIbHY.

CxJ1agHICTh B JAHOMY BUIIAJAKY MOJISTA€ y BIAIIYKAHHI TAKOTO OMUCY SIBUIL, IPU SKOMY
300pakeHHs (SIBUIA) y CepeArHI KOKHOTO Kjiacy Manu OW BHU3HAuY€HI MOMIOHI BIACTUBOCTI.
Tomy asst yCyHEHHsI BIUIMBY 3aBaJl Ha TPOIIEC pO3Mi3HABAHHS MPOTIOHYETHCS BBECTH CIeIlia-
JbHE BUpILIAJbHE MPABUIIO, K€ 3aCHOBAHO HAa TOMY, IO PILIEHHS MPO HAJEKHICTh 300pa-
YKEHHS 10 00pa3y BUHOCHUTHCS Ha OCHOBI aHai3y 300pa)keHb, 1110 MOTPANWIM B MEBHUM OJ1K-
3bKHUH MPOCTIp, SIKUH KIACH(IKy€ETHCS.

3a 10MOMOror0 IIbOr0 METOJly 3HaXOJASTh PIIICHHS, SIKI MalKe HEYyTTEBI JJO0 MOXUOOK,
sKI BUHHMKAIOTh BHACIIJOK BIUIMBY 3aBaj. ToMmy mpu 30UIbIIEHHI MHOXXHUHHU 300pa)KeHb 1€
IIpaBUJIO NIEPEXONUTh y MpaBwiIo baiieca.

KnrouoBi ciioBa: aBToKopesnsuiiHa (QyHKLIs, iHBapiaHTHICTh, KOoe(ilieHT MoaAiOGHOCTI,
pO3Mi3HaBaHHS, OMKC 300paXKeHb, MEK1 300paxKeHHsI, 00poOKa CUTHAIIB.

bi6mn. 20, i1. 3.

VK 004.042

AJITOPUTM BH3HAYCHHSI €JIEKTPOMATHITHOI CyMICHOCTI JIsl pillIeHHs 3aJa4 4acTo-
THoro njaanysanus / I.P. [Tapxomeii, B.B. Henomysxko // MixkBitoMuuii HAyKOBO TEXHIYHUNA
KYpPHAII «ATanTHBHI CUCTEMH aBTOMaTHYHOTO yrpasiinas». 2019. Ne 1 (34). C. 65-72

OOG’eKT MOCHIPKEHHS — MPOLIEC BU3HAYEHHS €JIEKTPOMArHiTHOI 0OCTaHOBKHU JUIsl BUPI-
IIEHHS 3aJ1a4 YaCTOTHOTO TUTAHYBAaHHS PaJliOEIEKTPOHHHUX 3ac00iB pyxomoi ciyxou. [Ipen-
MET JTOCIIKEHHS — JociikeHHs Ta po3paxyHok EMC PE3 B paiioni ninanyBanHs. Meta po-
060TH — 1ociiKeHHs e(peKTUBHOCTI BUKOPUCTAHHS Ta BU3HAYEHHS HANPSMKIB yAOCKOHAJIECH-
Hs1 po3paxyHoky EMC PE3 B paiioHi ruianyBaHHS.

Metonuka npunyckae nposeaeHns ananizy EMC PE3 y paiioni muianyBaHHS, a y Buna-
JIKy BUKOPUCTaHHS 3arajibHoi Iuromaaku Juis po3MmimenHs PE3 - EMC nokansHOro yrpyrmo-
BaHHs PE3 (00’exTtoBa EMC).

VY po6oTi BUKIAaAEHO NMPUYMHM BUHUKHEHHS B3a€MHHX 3aBaj MPU poOOTI paslioeneKT-
POHHHUX 3aC001B B YCKJIaJHEHIN paloeNeKTPOHHIA 00CTaHOBI, PO3MISHYTO CYy4acCHUN HAyKO-
BO-METOJJMYHUI amapar paJioOMOHITOPUHTY 3 BU3HAYEHHSM B I[bOMY MICIIi €JIEKTpOMarHiTHO1
00CTaHOBKU /JIs1 BUPIIIEHHS YacTOTHOrO MiiaHyBanHs PE3 .

VY po6oTi MpoBEAEHO aHaNi3 MPUYUH BUHUKHEHHS B3a€MHHX 3aBaJl PU poOOTI pajioe-
JIEKTPOHHUX 3ac001B B YCKJIaJHEHIH paJloeleKTPOHHIN 00CTaHOBI, PO3TJISHYTO Cy4acHUMN
HAYKOBO-METOJMYHUM armapar paJioOMOHITOPUHTY 3 BU3HAYEHHSIM B HbOMY €JIEKTPOMArHiTHOI
00CTaHOBKM JJIs1 BUPIIIEHHS 3a]a4 yacToTHOro miuanyBaHHs PE3 pyxomoi ciayx6u.

Kniouosi cnoea: nxepeno paaioBUIIPOMiHEHHS, €IEKTPOMAarHiTHa 00CTaHOBKA, €JIEKTPO-
MarHiTHa CyMICHICTh, ITyHKT T€XHIYHOTO PaJiOKOHTPOJIIO, PaJIOBUIIPOMIHIOIOUUHN MPUCTPIH,
pazioperiiaMeHT, paaioTeXHOJIOr11, pallouacTOTHHHA pecypc.
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YK 378.147:159.95:519.816

JlocaizkeHHsl XapakTepy 3B’A3Ky MOTHBaILii cJyxa4iB OHJIaiH-KYpCIiB i3 ycmim-
HHUM 3aBeplueHHsIM HaB4aHHA / [Tapxomenko A.B., Ceron P.1., JlicoBuuenko O.I. // MixBi-
JOMYUN HayKOBO TEXHIYHHH KypHall «AJanTHBHI CUCTEMH aBTOMATHYHOTO YMPABIIHHS.
2019. Ne 1 (34). C. 73-80

Po3BUTOK OHJIAH-OCBITH CTa€ PYIIIHHOIO CUJIOIO 3MiH Y CBITOBHX OCBITHIX T€HICHITISX.
3amponoHOBaHa CTATTS MICTUTh aHAJi3 Pe3y/bTaTiB HaBYAHHS HA MACOBUX BIJKPUTUX OH-
naitH-kypcax «HaBuaiiMock BUUTHCH» Ta «OCBITHI IHCTPYMEHTH KPUTUYHOTO MHUCIICHHS JIJIS
BU3HAUYEHHS MoTuBaliiiHux mnotped yuHiB. Kypc «HaBuaiiMmoch BYHMTHCEHY» aganTOBaHHNA
YKpaiHCBKOI MOBOIO, a «OCBITHI IHCTPYMEHTH KPUTUYHOTO MHUCIIEHHS» CTBOPEHUN YKpaiHCh-
kuM aBropoM. Kypcu Oyio posmimeno Ha miatdopmi Prometheus y 2018 porti, BoHH cTBOpEeHi
JUTSI PI3HUX LIJTBOBUX ayAMTOPIH 1 MICTSTh Pi3HI MOTHUBAIIIHI KOMIIOHEHTH JJIs CTYACHTIB. Me-
TOIO CTATTI € PO3B’sA3aHHS TAKUX 3aBAaHb: aHAJI3 Ta JOCIHIIKCHHS pe3yJIbTaTiB TECTYBaHHS Ha
Kypcax «HaBuaiiMoch BUMTUCEHY Ta «OCBITHI IHCTPYMEHTH KPUTUYHOTO MUCIICHHSD JJISI MOTH-
Ballii y4HIB Ta MOAAJIBIIOI PO3POOKH HOBMX MOTHBALIWHUX METOIWK JUIsS CTYJCHTIB OHJIAaiH-
Kypcy. BpaxoByroun HaBezieH1 JaHi, MOKHA 3pOOMTH BHCHOBOK, IO FOJIOBHUM MOTHUBOM JIJIst
CTYJICHTIB aHAJII30BaHUX KypCiB OyJI0 OCBOEHHS HOBUX 3HaHb a00 MOTTUOJICHHS HASBHUX IS
OTPUMaHHS HOBHX I10CaJI, MOMIMIIEHHS ()IHAHCOBOTO CTaHy abo 3MiHM Mpodecii 3 Ti€w K Me-
toto. OTKe, MaTrepiaibHa MOTHUBAIIA BiAirpae MPOBIAHY pOJib. Y BHUCHOBKAX 3alpOIIOHOBAHO
MOTHBAIlIIHI METOJM IiIBUIICHHS SIKOCTI HABYAJIBHOTO IPOIECY Ta MOJIIIICHHS CITiBBIIHO-
HIEHHS MK 3aCBOEHHSIM TEOPETUYHOTO MaTepially Ta MPOXOHKEHHIM MPAaKTHYHHUX BIIPAB.

Knrouosi cnosa: xopensiiis, MaCOBUM BIIKPUTHN OHJIAWH-KYpPC, MOTHBAIliiiHA TEXHIKa,
MOTHUBAIiiiHI MOoTpeOu, pe3ynpTar HaB4yaHHs. biba. 17, i1. 5.

YK 519.854.2

Onrumizaiis JJ1st 0OAHOIr0 KJacy KOMOIHATOPHHX 33124 B YMOBAaX HEBU3HAYEHOCTi /
[TaBnoB O.A. // MixBiToM4YHii HAYKOBO-TEXHIYHUHN KypHaT «ATaNTHBHI CHCTEMH aBTOMAaTH-
yHOTO yrpaiiHHas». 2019. — Nel (34) C. 81-89

Jis mocuTh 3arajJpHOTO Kjacy 3ajad4 KOMOIHATOpHOI onTuMmizaiii, QyHKI[IOHAN SKUX
MICTHUTH JIIHIKHY 3TOPTKY Bar i JOBUTbHUX YUCIIOBUX XapaKTEPUCTHK JAOMYyCTUMOIO PO3B’S3KY,
(dopmanizyroTbcs OHATTSI HEBU3HAYEHOCTI, KOMIPOMICHOTO PO3B’s3KY, KOMIIPOMICHI KpHUTE-
pii Ta yMoBU. HaBoJsThCS alrOpUTMH 3HAXOKEHHS KOMIIPOMICHUX PO3B’S3KiB SIK OpHUTiHa-
JbHA peamizamis BimoMoi ifei miHiiHOI 3ropTku KpuTepiiB. EQexTHBHICTD 3ampOIOHOBaHUX
AJITOPUTMIB OJIHO3HAYHO BU3HAYAETHCSA €(EKTHUBHICTIO PO3B’s3aHHS 3a7adyi KOMOIHATOPHOT
ontuMizamii B jaeTrepMiHOBaHIA mocraHoBui. [loka3aHo, mo oTpuMmaHi paHimie e(eKTHBHI
[T1C-anroputmu mist NP-TpynHuX 3amauy KOMOIHaTOpHOI onTUMi3aliii — MiHIMI3aIlis cyMap-
HOT'O 3B)KEHOTO 3ali3HEHHS] BUKOHAHHS 3aBJIaHb OJHUM NPUJIAIOM, MiHIMI3allisl CyMapHOTO
3BaKEHOTO MOMEHTY 3aKiHUEHHSI BUKOHAHHS B3a€MO3B’SI3aHUX 3aBJIaHb (JOBUIbHUNA allMKIi4-
HUI OpieHTOBaHUH Tpad) OJHUM MPHIATOM — JTO03BOJISIOTH €(EKTUBHO PO3B’A3yBaTH I 3aja-
4i B yMOBaX HEBU3HAUEHOCTI.

Kmouosi crnosa: KombiHaTopHa onTUMI3allis, HEBU3HAYEHICTh, HIMOBIPHICTh, €(PEKTUB-
HUH aITOpPUTM, pO3B’s13aHHs HeBu3HaueHoCTi, [1J]IC-anroputm, NP-TpynHi 3agadi.

bubmn. 7

VK 621.865.8(031)
Konuenuisi cHHTE3y KPOKYIOUHX PoGoTiB 10BLILHOI opieHTawii / Muxaiino [Tomimryx //
MixBiIOMYHH HAYKOBO-TEXHIYHUH JKypHaT «AJANTUBHI CUCTEMH aBTOMATUYHOTO YTIPABIIHHSY.

2019. — Nel (34) — C. 90-102
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PoGotu noBinbHOI opienTanii (Climber Robot) — HOBa Moaudikarist MOOLTEHIX poOO-
TiB. L{i po6oTu mocraveHi 3aco6aMu BTpUMaHHS poOOTa Ha MOBEPXHI JOBUIBHOI OpieHTAamii
1110710 00pit0 TEXHOJOTIYHOTO mpocTopy. CTBOPEHHS LIbOTO BHy pOOOTOTEXHIKH nepeldyBae
Ha MOYATKOBIM CTajii ¥ MPOJUKTOBaHE HEOOXIMHICTIO BUKOHAHHS TEXHOJOTIYHUX OTeparlii
MOHITOPHUHTY TPOMHUCIOBUX O00'€KTiB, MOHTaXXYy W JEMOHTaXy OyIiBETbHUX KOHCTPYKIIiH,
PEMOHTY U MPOPUIAKTUYHOMY OOCIyTOBYBAaHHIO IX KOMIIOHEHTIB. Y CTaTTl 3alpOIOHOBAHO
TPU OCHOBHI NPUHIUIIA CHHTE3Y KPOKYIOUMX MOOUIBHUX POOOTIB: HarpOMapKEHHS U TepeT-
BOpPEHHSI €HEprii, IHTerpaiis NPUBOAIB PyXy i BUKOPHCTAaHHS I'€HEpaTopa peakTUBHOI ITHEB-
MaTH4HOI TATU. Peanizaiis nuX NPUHLUIIB AONOMAarae 3HU3UTH 3arajbHy HOTYXKHICTH MpH-
BOJIB 1 MIABUIIUTH HAMIMHICTH YTPUMaHHsS POOOTIB Ha IMOBEPXHI JOBUIbHOI Opi€HTalii B
TEXHOJIOTIYHOMY TipocTopi. [IpencraBneni pe3yabTaTi MaTeMaTHYHOTO MOJICITIOBAHHS KOHC-
TPYKTUBHHX 1 TEXHOJIOTIYHUX MTapaMeTpiB MOOLIbHUX POOOTIB.

Knouoei crnosa: MoOUTBHI pOOOTH, KPOKYIOUI MEXaHI3MH, pOOOTH BEPTUKAILHOTO TIEpe-
MIIIEHHS], alTbIIIHICTChKI pOOOTH

YK 519.8

MaremaTnyHa MoJe/ib BUPOOHUUTBA ejieKTpoeHeprii eneprodiokamu AEC nist Bu-
pilleHHs1 3aBaHb PO3BUTKY ejleKkTpoeHepreTuku Ykpainu / C.€. Cayx, A.B. bopucenko //
MiKBiIOMYMIT HAYKOBO TEXHIYHUI KypHAI «AIANTHBHI CUCTEMH aBTOMAaTUYHOTO YIIPABIiHHS.
2019. Ne 2 (35). C.

OO0'exT nmocmipkeHHs - BUpOOHUYI TporecH, 1o peanizytorbess Ha AEC JIIT «HAEK«
Eneproarom ». [Ipeamer mocmikeHHs - IUIaHOBO-IIONEPEIKyBalbHI PEMOHTH O00JIaJHAHHS
eneproosiokiB AEC. Meta po6oTu - po3poOka MaTeMaTUYHOT MOJIEl BUPOOHUYHMX MPOLIECIB,
mo peanizytotbest Ha AEC Il «HAEK« Eneproarom », npuaatHoi 1y IpOTHO3YBaHHS I10-
MICSIUHOTO JTUHAMIKM 00cCAriB BUPOOJeHHs enekTpoeHeprii eHeprodiokamu AEC B pizHHX
CIICHapHHUX YMOBAX PO3BUTKY aTOMHOI €HEPIeTUKHU KpaiHu.

Moperns po3pobieHa Ha OCHOBI KOMIUIEKCHOTO aHaJli3y HasBHUX JAHUX MPO BCTaHOBJIEHI
MOTY>KHOCTI €HepPro0JIoKiB, 00CsATaX BUPOOJICHHS HUMHU €JIEKTPOSHEPTii, IEPIOTUIHOCTI Ta TPUBA-
JIOCTI paHillle BAKOHAHKX KaIliTATBHUX 1 CepeIHIX pEMOHTIB OCHOBHOTO ycTaTtKyBaHHs AEC.

Y Mopeni aaeKkBaTHO BiITBOPEHI 3arajbHi XapaKTEPUCTUKHU TUIAHOBO-TIONEPEKYBaJIb-
HUX PEMOHTIB 00JIaJJHAHHS €HeproOIOKiB 1 iX BIUIMB HA IOMICSYHI 00CATH BUPOOJICHHS €JIeK-
TpoeHeprii koxxkHoi AEC B cepeHbo- 1 TOBrOCTPOKOBIH IMEPCIIEKTHBI.

MaremaTiuHa MOJETh OPIEHTOBaHA Ha BHKOPHCTAHHS B CKJIAJl CHCTEM MOJICITIOBAHHS
eJIEKTPOCHEPreTUKN YKpaiHu Ta 3a0e3neuye MOXIIMBICTh OOJIKY B TaKUX CHUCTEMax Pi3HHUX
ctpateriit po3sutky kommanii [T «<HAEK «Eneproarom», 30kpema, BBEICHHS B €KCILTyaTa-
1[I0 HOBUX €HEProOJOKiB 3 perjaMeHTOBAaHUMHU XapaKTePUCTUKAMHU MEPIOJAUYHOCTI 1 TpUBa-
JIOCT1 BUKOHAHHSI IJTAHOBO-TIONEPE/KYBAIbHUX PEMOHTIB.

Knrouosi cnosa: cucrema, monenb, AEC, TOBroCTpOKOBE MPOrHO3YBAHHS.

YK 681.5

Konuenuisi ynpaBjaiHHA KOHCTPYKTOPCHKOIO MiNOTOBKOI BHPOOHMITBA €JIEKT-
ponnux amapartiB / Cmoniii B.M. // AnanTtuBHi cCHUCTeMH aBTOMAaTHYHOTO YIPAaBIiHHSA. -
2019.- Nel (34)—-C. 113-124

B pesynbTati nmpoBeAeHUX AOCTIHKEHb PO3po0IeHa HOBAa KOHIIEIIIIS YIPaBIIIHHS KOHC-
TPYKTOPCHKOIO MiATOTOBKOIO BUPOOHUIITBA €IEKTPOHHUX amapariB, 10 CIHPAETHCS HA €1H-
HUI iHQOpMAaIiifHUN TPOCTiIp KOMIIOHYBaHHS €JIEKTPOHHOTO amapaTy, ONepaTUBHOTO YIIpaB-
JIHHA KOHCTPYKTOPCHKOIO MiJTOTOBKOIO BHPOOHMIITBA 1 CHCTEMH YIPABIIHHSA pPeCypcamu
HiANPHEMCTBA, 110 A03BOJISE MiJBUIINUTH €(EKTUBHICTD YIIPABIiHHSI KOHCTPYKTOPCHKOO Mif-
TOTOBKOIO BUPOOHMIITBA €JIEKTPOHHUX aIlaparib.

bi61. 22, i1. - 2., Tadu. 0
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YK 004.042

HeiipocemanTnunnii migxin a0 mnmo0yaoBM aBTOMATH30BaHUX IiH{opMauiiiHo-
nomykoBux cucrem / Crenin O.A., [1aceko B.I1., Jlememiko B.A. // MixBigoMuuii HayKOBO-
TeXHIYHUHN KypHA «AJIAalITUBHI CHCTEMH aBTOMATHYHOTO ymnpaBmiHHM». -2019.- Nel (34) —
C. 125-129

B nmanuit yac omHi€r0 3 aKTyaabHUX IMpoOsieM npu GopMyBaHHI MaKCUMaIbHO 1H(OpMa-
TUBHUX MOJIEJICH 3HAHb JaHOI MPEIMETHOI 001acTi € CTBOpEHHS ePEKTHBHUX 1HPOPMAIIHHO-
MOIITYKOBUX CHUCTEM, B IEpIIy uepry, B [HTepHeTI, sk HaiOUIbmoMy cxoBuIi iHGopMmartii. J{s
BUJTYYEHHS MTOTPIOHOT st JaHOT TpeaMeTHO1 o0macTi iHdopmarii 3 [aTepHeT moTpidHa 00p006-
Ka BEJIMYE3HOI KUJTbKOCTI PI3HOPITHUX JTOKYMEHTIB. Lle JoCuTh CKilajHe 3aBaHHs, ke BUMAarae
HE TUTBKY aBTOMATH3AIIIl POIECy MOLTYKY iHpopMarlii, aje 1 3a0e3neueHHs il CMUCIIOBOTO 3Mi-
CTY BIJIMOBIHO JIO MOTOYHOI CUTYyarii B JaHid ramy3i. [y aBromaru3ariii mporiecy momyky i
BU3HAYCHHSI MAKCUMAJILHO 1HOPMATHBHOTO KOHTEHTY MOJIEII 3HAHb JJAHOI MPeMETHOI obJac-
Tl 3aIPOIIOHOBAaHA MYJIbTHAr€HTHA 1HTEJICKTyallbHA CUCTEMA IONIYKY 1 BigOMpaHHs 1HGopMaIlii,
noOyZ0BaHa Ha OCHOBI HEMPOHHUX MEpeK. Y CHUCTEMI peati3yeTbesi HeHpOCEMaHTUYHUH ITiAXiza
JI0 CMHUCJIOBOI aJiamnTaliii monrykoBoi iHGopMallii 10 3MiHHA MOTOYHOI CUTYaIlil B JaHii ramysi i
BIJIMIOBITHOI1 1i1 €BOITIOLIIT MO/JIeITi 3HAHh HA OCHOBI TCHETUYHOTO aITOPUTMY .

Kniouosi cnosa: iHTENEeKTyalbHa MYJIbTHAICHTHA CUCTEMa, HEHPOHHA Mepexka, TeHETH-
YHUI aNroOpUTM, MOJIEh 3HaHb, IPEAMETHA 001aCTh

YK 681.5

OnTumajibHe YNPaBJIiHHS ABTOHOMHUM POOOTH30BAHMM MiABOJHUM anapaToM Ha
ocHOBi nmporuo3yrunx mojaeiaei / Crenin O.A., [Taceko B.I1., Tumommun FO.A., IrHaTenko
B.M., Crenin O.C. // AganTuBHI cucTeMu aBTOMaTU4YHOTO ynpapmiHHsa. — 2018. — Nel (34) -
C. 130-137

Po3rnsaroTeess METOIM ONTHMAIBHOTO YIPABITIHHSA 3 BHKOPUCTAHHSIM MPOTHO3YHOUOL
MOJIeNi,30KpeMa, HaWOUIbII BiTOMUN 1 MHUpPOKO posnoBcromkennid miaxix MPC (Model
Predictive Control). 3anmpomoHoBaHO CTpYKTypHO-(GYyHKIIIOHAIbHA CXeMa peai3allii aBToma-
TUYHOI ONTHUMAJILHOT cTabimizamii 3aaHol TPAEKTOPil pyXy aBTOHOMHOTO POOOTH30BAHOTO
MiJIBOJHOTO arapaTy Ha OCHOBI OPHTIHAJBHHUX METOJIB MapaMEeTPHUYHOI 1IeHTH}IKAIIl mpo-
THO3YIOUOT MOJIENi 1 MOJAILHOTO CUHTE3y ONTHMAILHUX PETYJIATOPIB HA OKPEMHUX TOPHU30H-
TaX MPOTHO3Y.

Kniouogi cnoea: ontuMansHe yIpaBIliHHSA, IPOTHO3YI0Ya MOJIEINb, TapaMeTpHYHa 1/1eHTH-
¢ikarisi, TOPU30HT MPOTHO3YBaHHS, MOJIATLHUN CUHTES.

bi6m.14,mm1..3

YK 004

Indopmaniiina TexHoJIOTisA I PO3POOKH Ta BHPOBAI:KeHHA web-3acTocyHkiB /
Tenenuk C., HoBakoBcekuit I'., XKapikos E., BoBk €. / MixBioMunii HayKOBO-TEXHIYHHN
KypHaIl «ATanTHBHI CHCTEMH aBTOMAaTUYHOTO yrpaBiiHHs». 2018.- Ne 1 (34) C. 138-151

PosrnsHyTO MpOo06seMy MIBHAKOTO CTBOPEHHS €(EKTUBHHX Be0-3aCTOCYHKIB OJHOTO
KJIaCy 3 BUKOPUCTAHHIM (opMaTbHHUX 3ac00iB. 3alpONOHOBAHO KOHILENTYyalbHUN TAX1 10 11
PO3B'sI3aHHS HA OCHOBI aHaJlizy 0coOIMBOCTEH MOOYA0BU BeO-3acToCyHKIB. [linxin Ga3yeTncs
Ha BU3HAYEHHI CTaHJAPTHOI apXiTEKTypH Be0-3aCTOCYHKIB 1 BHOOP1 HOTO KOMITOHEHTIB 3a J10-
MOMOTI010 (JOPMaAJIBHUX METO/IIB BIAMOBIJHO O BUMOT KOpPHCTyBada. 3 LI€0 METOI0 BUKOPHUC-
TOBY€ThCs (hOopMalbHa JIOTIYHA CHCTEMa, sIka BUKOPHCTOBYE PO3POOKY Be0-3aCTOCYHKIB SIK
nporec BHBEICHHS (POpMyIH, 3aaHOI BIATOBIAHO 1O MOTpPed KOPUCTyBaya, IO BHU3HAYAE
CXeMH BHKOHAaHHA MOMYJIIB CHCTeMH. BaXJIMBOIO OCOOJHMBICTIO MIAXOAY € MOKJIHBICTH
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3D-Bi3yarizarii nmporecy NpoeKTyBaHHS CHCTEMH, 110 CTBOPIOE YMOBH /i €()eKTHBHOI B3ae-
MOJIi1 MK PO3pOOHHUKAMHU Ta IHCTPYMEHTAILHUMH 3ac00aMU pO3pOOKH.

Knrouosi cnosa: Be6-3aCTOCYHKH; po3po0OKa 3aCTOCYHKIB; Oi3HEC-TIPOIECH; MaTeMaTHy-
Ha Jiorika. biom. 4, i1. 2.

YK 621.396.96

HccienoBanne HCKaKeHUIl CUTHAJIOB NPU HHTepnoysiunu B SDR nepeaaTunkax ¢
moayasinueii QPSK / 10.H. boiiko, . C. [Tatun, A.N. Epemenko, W.P.ITapxomeit // Mex-
BEJIOMCTBEHHBIM HayYHO-TEXHUYECKUN COOPHUK «AJIAaITHMBHBIE CUCTEMbl aBTOMATHYECKOTO
ynpasnenus». -2019.- Ne 1 (34).-C. 5-15

TexHonorust nporpammHo-ynpasisiemoro paguo (SDR) mo3posisier ¢ momoribio mpo-
IrpaMMHOTO O0ecledyeHusl yCTaHaBIUBaTh WM W3MEHATh paboune paauodyacTOTHBIE Mapa-
METpBI CTaHJAPTa CBS3HU, JAWANA30H YacTOT, THUI MOAYJIALNH, BBIXOAHYIO MOUTHOCTh H TOMY
nogo6Hoe. COCTaBHOI 4acThi0 IepeAaTyuKa SBISETCS MHTEPIONATOP, KOTOPBIH MOBBIIIAET
YacTOTy JAWCKPETHU3ALUU MOJYJIHMPOBAHHOTO CHUTHAJA. VIHTEpHOIATOp CTPOST Ha OCHOBE MH-
terpanbHbix Cascaded Integral-Comb (CIC) ¢unbTpoB, He copepkaiux yMHOXuUTenen. Ou-
aeTpbl CIC-Interpolation umeroT HepaBHOMepHYH0 AUX, MO3TOMYy Ul €€ BbIPABHUBAHHUS
npeioxkeHo Gunbtp CIC-Compensator. B craThe rcciae1oBaHbl TIa3KOBbIE JUArPaMMbl CUT-
HAJIOB C Pa3MYHBIMU KOd(QPHUIMEeHTaMH HHTeposud. [1o TIa3koBbIM qrarpaMmam IpoBe-
JIeHa OlLIEHKa KauyecTBa CUTHajla B nepeaaruyuke. MHTepnonsuus conpoBoxaaercs 3¢hdekrom
YCHJICHHSI CHTHAJIa, yMEHBIIICHUEM BPEMEHHU HapacTaHHs MMITYJIbCA, YMEHBIICHHEM KOdPQu-
[IMEeHTa KayecTBa CUrHaia. JDKUTTEp B MepelaTuuKe YMEHBIIAETCs, eciau KOd(PUIIMEHT UH-
TEPIIOJISIUH KPATHBIA 9acTOTE AMCKpPETH3AIMKA WH(GOPMAIIMOHHON TOCIIE0BATEIBHOCTH CH-
MBoJIoB. Ecian ko3 dunment kauectBa curnana Q> 7, To ko3(hUIHEHT OUTOBBIX OIINOOK
MMeeT OMyCTHMOe [Tl IPpaKkTUKH 3HaueHne BER <107,

Kniouesvie cnosa: uHTEpNONALNS, MOAYJISLNS, 00paOOTKA CUTHAJIOB, JXKUTTED.

bubn. 11, un. 16

Y JIK 004.042

IIpumenenue ucToUHUKOB coObITHI M ada0HOB CQRS B pacnpenesieHHbIX cucTe-
max / JlpskoB C. A., 3yopeit T. E., Camoiimox A. C. // MexXBeIOMCTBEHHBI Hay4YHO-
TEeXHUYECKUH KypHaJ «AIalTUBHbIE CUCTEMbI aBTOMATHUYECKOTO yrpasieHus». 2019. Ne 1 (34).
C.16-22

B a10i1 paboTe pacKpbIThl TPOOIEMbI ApXUTEKTYPbl COBPEMEHHBIX paclpeeIeHHbIX CH-
CTEM C BBICOKOM Harpy3kod M TpemJIoKEeHbl pemeHus i1 Hux. lleas cocrout
B MIOUCKE MOJIXOA0B ISl PELICHHs MPOOJIEMBbl, B YaCTHOCTH, BO3MO>KHOCTH BOCCO3/aTh COCTO-
sHUE cUCcTeMBbl. JIJI TOCTHXKEHHUS 1IeJId B cTaThe OyayT pacCMOTPEHbI MPUUYHHBI CYIIECTBYIO-
MUX TpoOieM, MPOBEACHO CpaBHEHHWE C MPEUIaraéMbIMHU aApXUTEKTYPHBIMH PEIICHUSMH,
MOJYEPKHYTHI €0 NMPEUMYIIECTBa U HeIOCTaTKU. PaccMOTpeHHbI crioco0 pa3paboTku mpu-
JIOKEHUI ONUpAeTcs Ha JBE KOHILENLMU: Pa3/IeIeHUE OTBETCTBEHHOCTH HAa KOMAaHIbI U 3a-
npockl (CQRS) u ucrounuk coObitif. Ux couetanue npeanaraercs JUisl peuieHus npoodiaem
IPOM3BOJIUTENLHOCTH M MPOEKTUPOBAHUS, KOTOPhIE YacTO BO3HMKAIOT MPH pa3paboTke Tpa-
JUIMOHHBIX HH(OPMALIMOHHBIX CHCTEM.

Knioueswie cnosa: CRUD, CQRS, event sourcing, apXUTeKTypa MporpaMMHOT0 o0ecrie-
YeHUsl, IAOJIOHBI IPOSKTUPOBAHNUS, MOJIETUPOBAHUE TAHHBIX.

bu6n. 10, un. 4, Ta6n. 1
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YJIK 004.056.55

3ammTa 3JIeKTPOHHOI0 JTOKYMEHTA ¢ MOMOIIbBI) KOHCOJTUAMPOBAHHOIO MOAX01a K
NPHUMEHEeHHIO0 YJIeKTpPoHHOI nudposoi noanucu / Kopnara f.1., I'apmarun B. /L., I'pumiko
A.C., Makcumriok A.B., 'acanoB A.B. // MexxBeIOMCTBEHHBIH HAayYHO-TEXHHUUECKUI Ky pHAT
«AJanTHBHBIE CHCTEMbI AaBTOMAaTHYECKOTO yipaBieHus». -2019.- Ne 1 (34).-C. 23-31

CoBpemeHHbIe HH(OPMAILIMOHHBIE CUCTEMBI II03BOJISIIOT OPTaHU3ALMSM MTOBBIIIATH CBOIO
3¢ (EeKTUBHOCTh, 3HAYUTEIIFHO CHIXATh CBOM PAcXOJbl M COOTBETCTBOBATH HOPMATHBHBIM
TpeOoBaHUSIM. XOpoIllasg CUCTeMa YIPaBJICHHUS JOKYMEHTaMH 4acTO paccMaTpUBAETCs Kak
BCE, YTO TpeOyeTcs, HO JOMOJIHUTENIbHBIE MEPhI 3aIUTHI TAK)KE HEOOXOJUMBI JUId obecreye-
HUSI 3aIUTHI JaHHBIX OT HECAHKIIMOHUPOBAHHOTO JOCTYIIA U MOACIIKH.

Llenpro JaHHOM CTAaTHU SBISIETCS MOAU(DUKAINS aITOPUTMOB KPUIITOTPAPUIECKIX METO-
JIOB 3aILUTHI LEJIOCTHOCTH JTIOKYMEHTA C UCITIOJIb30BAHUEM 3JICKTPOHHOM LU(POBOH MMOIIHCH.

CucteMbl ynpaBjieHHs IOKYMEHTaMH OOBIYHO O0ecreunBalOT OE30MacHOCTh U KOH-
TPOJIb AOCTYTA K IOKyMEHTaM B KOHTPOJIUpyeMoii cpene. OqHaKo, KOTAa JOKYMEHT OKHIAeT
0e30MacHyI0 Cpely, ero JIErko M3MEeHUTh. HezamuieHHble TOKyMEHTbl He MO3BOJISIOT OMpe-
JIeNUTh, SABJISETCA JIM JOKYMEHT IMOJJIMHHBIM, KTO ObUI €ro co3iareieM U yTBEep:KIAIOIIUM
WM OBUI JIN OH U3MEHEH C MOMEHTA €T0 CO3/IaHusI.

[IpoGiema nmpenoTBpalieHUs] KOMUPOBAHUSI, U3MEHEHUS U TOJCIKH 3JICKTPOHHBIX J10-
KyMEHTOB TpeOyeT CrelMaIbHbIX MOAXO0I0B U METOJIOB 3aIIUTHI 11 ee pemeHus. OIHUM u3
HanOoJiee pacpoOCTPaHEHHBIX METOJOB TAKOW 3alUTHI B MUPE SIBIISCTCS JIEKTPOHHAS I (]-
poBas moxanuck (DLII), koTopas MOATBEPKIACT MOAIHMHHOCTD, IEIOCTHOCTh JOKYMEHTa U
¢dakT noAnucaHus KOHKPETHBIM JIMIIOM JTOKYMEHTa C TIOMOIIbIO CHEIHAILHOTO MTPOrpaMMHO-
ro odecreyeHusl.

OOmme meroxpl mm@poBaHUs OCHOBaHBI Ha (hakropmzamuu Oonpmux uncen (RSA,
DSA, ElGamal) u auckpernoii morapudmuzamnuu (ECDSA, EADSA, TOCT P 34.10-2012).

Kaxxias mapa ximroueil COCTOUT U3 3aKpBITOTO KIIF04Ya U OTKPBITOro Kitoya. OHU B3aUMO-
3aBHCUMBI, HO MOT'YT UCIIOJIb30BaThCs OTAENbHO. OOBIYHO Kax/as mapa KJIto4e MOXKeT MpH-
Ha/JIeXKaTh KOHKPETHOMY IEp KaTelto KIo4eil. ANroputM paboTaeT TakuM oOpa3oMm, 4To
TPEThU CTOPOHBI HE MOTYT BBIYMCIIUTD 3aKPBITHII KJIIOY, Ja)Ke €CIIM OHH BJIAJCIOT OTKPBITHIM
KITFOUOM.

KiroueBrle ciioBa: ceTeBass HHPPACTPYKTypa, TOKYMEHT, 3JICKTPOHHBINA JTOKYMEHT, dJie-
KTpoHHas 1udpoBas MoANUCh, ayrenTudukanus, epudukanus, EdADSA, SHA-512, Argon2.

bu6m. 13, un. 6, Tadn 3

YK 331.45

Ounenka 3¢(PeKTUBHOCTH MEPONPHUATHH 110 CHUKEHHIO YPOBHSI IPOU3BOJCTBEHHOIO
TpaBMaTU3Ma U npodeccuoHANLHOI 3adoneBaemocT Ha mpeanpusTuu / Kpyxwiko O.E.,
Maiictpenko B.B., Cropox S1.b., JIsix FO.M// MexxBe1oOMCTBEHHBIN HAYYIHO-TEXHUYECKUHN YKypHAIT
«AnanTHBHBIE CUCTEMBI aBTOMaTH4eCcKOro ynpasieHus». 2019. Ne 1 (34). C. 32-36

OOBEKTOM HCCIIEOBaHUS SABISIETCS CHCTEMa YIPaBIICHHsI OXPaHOW Tpy/a npeanpusTus. B
CTaThe cjiefiaH 0030p CYIIECTBYIOUIMX NMPHHLMIIOB MPEAOTBPAIICHUS U YIyUIIECHHUIO YCIOBUI
TpyZa B CUCTEMAX yHPaBJIEHHs OXpaHOU Tpyna. OCHOBHBIE HEOCTATKH - OTCYTCTBUE COOTBETC-
TBYIOIIEH METOIMKHU OLIEHKH CTENEHH pUCKa U NMpodeccroHanbHas ¥ ICUXOJIOrHYecKasi Hero/I-
TOTOBJIEHHOCTH CIIEIIAJIICTOB B 3TOM cdepe.

[enbto paboThI ABIsETCS pazpaboTKa METOINYECKUX MOAXO0A0B K OlleHKe 3(PPEeKTUBHO-
CTH MEPOIPUATUI MO CHUXKEHUIO YPOBHS NMPOU3BOACTBEHHOTO TpaBMaTU3Ma U MpodeccuoHa-
JBHOM 3200JIeBAEMOCTH Ha TIPEINPHUATHH KaK BaXKHEUIICH COCTaBISIONICH COBPEMEHHOM CHC-
TEMbI YINPABICHUA OXpPaHOM Tpyda. /[[ns mocTrkeHus Lenu B CTaThbe MPOAHAIU3HPOBAHBI
OCHOBHBIE TIPUYMHBI IPOU3BOICTBEHHOT'O TPaBMaTU3Ma U MPOQeCcCHOHATIBLHOM 3a001€BaeMOCTH
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U MIPEUIOKEH METOANIECKHUH MMOIX0/1, KOTOPBIH MO3BOJISET OICHUBATH 3P (PEKTUBHOCTD ITaHa
MepOHpI/IHTI/Iﬁ I10 TTOBBIIIICHHUIO 6C3OHaCHOCTI/I HpOI/ISBO,Z[CTBa C y‘-ICTOM HpI/I‘II/IHHO'CJ'IeIICTBeH-
HBIX CBSI3€H MEXIy peall3alyell MEpONPHUATHI U YIKOHOMUYECKUMH ITOKA3ATEISAMU JEATENb-
HOCTH mpeanpustus. IlocTpoeHa MaremaThdeckas MOJEIb IPOTHO3a IOKAa3aTeNiel MpOH-
3BOJICTBEHHOT'O TPaBMaTH3Ma U MPOPECCHOHATBLHOMN 3a00JIeBaEMOCTH.

Kniouesvie cnosa: pou3BOACTBEHHBINH TpaBMAaTU3M, MPOQECCHOHATBHBIC 3a00ICBaHMS,
TMTUCHA TPY/Ia, BPEIHbIC U ONACHBIC YCIIOBUS TPY/a, MPOTHO3HASI MOJICIb.

bub6n. 7.

YK 331.452

YcoBeplieHCTBOBaHHEe ONEPATHBHOIO YIPABJEHHS] THTHMeHOH M 0e30IacHOCTBHIO
TPY/a HA OCHOBE OLIEHKH NMPOM3BOAcTBeHHOro pucka / Kpyxuiko O.E., Tkanmuu U.H., [1o-
aykapoB A.W. // MexXBelOMCTBEHHbI HAayYHO-TEXHUYECKUH KypHall «AJANTHBHbBIE CHCTEMbI
aBroMarnyeckoro ynpasieHus». 2019. Ne 1 (34). C. 37-41

OOBEKTOM HCCIEeIOBAHUS SBIISIOTCS METO/Ibl YIPABJICHUS OXpaHOM TpyAa Ha MpeArpH-
arusax. YTeepxkaenue Kabunerom MunuctpoB Ykpaunsl «KoHnenuuu peopMupoBaHus cu-
CTEMbI YIpPaBJICHUsI OXpaHOW TpyJaa B YKpauHe» HpeaonpesensieT Heo0X0AUMOCTb MOCTpoe-
HUSI CHCTEMBl YIpPaBJICHHUS TMTMEHOW M 0€30MacHOCTBIO TPyJa Ha OCHOBE PUCKOOPHUEHTH-
poBaHHOro noaxoja. Iloctpoenue ykazaHHOW cucTeMbl TpeOyeT NMPOBEJACHUS TEOPETHUECKUX
U IKCIEPUMEHTAJIBHBIX HCCIEIOBAaHUN, MpeIHA3HAUYCHHBIX AT (HOpMUPOBAHHS METOAMYE-
CKOT'0 00ecCIeYeHus MPOIIECCOB UACHTHU(PHUKAIIMN CYIIECTBYIOIIMX Ha MPOU3BOJCTBE ONACHOC-
TEW U OLICHKH NTPOU3BOJCTBEHHBIX PUCKOB.

[{enbto paboTh! sBiIsIETCST 00OCHOBAHUE ISl IPAKTUUECKOIO MCIIOJIb30BAHMS IIOJIX0Ja K
OLICHKE PHMCKa HACTYILJICHUS HECYACTHOIO Cily4as Ha Ipeanpuatuu. I NOCTHKEHUS LENH
IIPOAHAIIN3UPOBAHBI CYIIECTBYIOIIME METOABI U IOAXOMABI K OLIEHKE IIPOU3BOACTBEHHBIX PHUC-
KOB M IIPEUIOKEH MOJAXO K OLIEHKE IIPOM3BOJICTBEHHOIO PUCKA, OCHOBAHHBIM HA MCIIOJIb30Ba-
HUU CTaTHUCTUYECKUX JAHHBIX O IOKAa3aTelsiX IIPOU3BOACTBEHHOIO TPAaBMATH3Ma C YYETOM
OTpacIeBOM IPUHAIIECKHOCTH MPEIITPUATHH.

Kniouegvie cnoea: turneHa u 0€30MaCHOCTb TPyJa, MPOU3BOJICTBEHHBIN PUCK, Omepa-
TUBHOE YIIpaBJieHHE, TUIAHUPOBaHNE, HH)OPMAIIMOHHAS CHCTEMA.

buon. 6, un. 1.

YJIK 004.89:65.011.56

I'mOpuaHbIiA MOAX0A K MPOrHO3UPOBAHMIO BPEMEHHOTO PSia 3JIEKTPONOTpedIeHust
JJIsl OPTraHU3allMOHHOI0 yIpaBJjieHHsl Ha onToBoM pbiHKe / Ocranmuenko K.b., Jlucosu-
genko O. U., Bopykaes 3.X. // MeXBeTOMCTBEHHBIN HAYYHO-TEXHHYIECKUI JKYPHAT «AIalTHB-
HBIE CHICTEMBI aBTOMATHIECKOTO yripaBierns». 2019. Ne 1 (34). C. 42-52

PaccmarpuBaercst mpobiema moBelieHns 3()(HEKTUBHOCTH pelIeHHs KOMIUIEKca 3a/1au
IPOrHO3MPOBAHUS U INIAHUPOBAHUS JIEKTPOIOTPEOIICHUSI pErMOHAIbHBIMU KOMITAHUAMH T10-
CTaBIIMKOB 3JIEKTPOIHEPTUHU - CyOBEKTaMU CHCTEMBbl OPraHM3allMOHHOTO YIIPAaBJIEHUS OMNTO-
BBIM PBIHKOM 3JIEKTpodHepruu. IIpoBeneH aHanms MCnonb30BaHMs Pa3InYHBIX METOJOB MO-
JIeTUPOBaHMs TPH PEHICHWH 3a7ayd BbIOOpa M IOCTPOCHUS MOJIENU IMPOTHO3UPOBAHMS
3eKTponoTpedaeHus, GopMyIupyeTcss 3ajada MOCTPOEHUs TMOPUAHON NPOrHOCTHYECKON
MOJIETIH, JINIIEHHON HEIOCTaTKOB OTIENIBHBIX METOJIOB MoAenupoBanus. [Ipennodrenne ortnaHo
MOJXO0/1y, CBI3aHHOMY C KOMILJIEKCHBIM HCIIOJIb30BAaHHEM MaTeMaTH4YEeCKUX CPEACTB Ha 0Oaze
anmnapaTtoB MCKYCCTBEHHBIX HEWPOHHBIX CETEH, T€éHeTH4ecKoro anroputma u ¢uibrpa Kain-
MaHa JJ1s1 HOCTPOEHUs 00O0OIEHHBIX HETMHEHHBIX MHOTO()AaKTOpHBIX Mojesnell. OH MO3BOJIUT
NOBBICUTH 3((EKTUBHOCTH MpoLIecca MOCTPOCHUSI MOJENEH M UX TOCIEIYIOEr0 HCIOIb30-
BaHUs JIJIS IOMCKA, KaK KPaTKOCPOYHBIX, TaK U AOJITOCPOYHBIX IMPOTHO30B. {11 CKIIOUeHUS
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BJIMSIHUS CITyYalHBIX COCTAaBJISIIOIIMX BPEMEHHOIO psAJia C HEPAaBHOMEPHBIM PAcIpeeICHUEM
3HaYeHUH MOKazaTelis 3JIEKTPONOTpeOeH!s Ha mpolecc 00yueHUs: HEeHPOHHOM ceTH Kak He-
JMHEMHON MOJIEIN MPOTHO3UPOBAHUA NpEAIaraeTcs MpeaABapuTeNbHas €€ MOAr0TOBKa C I0-
MoIipio puMeHeHus puipTpa Kanmana. B nanmpHeimemM ocymiecTBIsIeTCs ONTHMUA3ALUS TO-
HOJIOTMM HEWPOHHON ceTH Ha 0a3e reHeTUYECKOro alropuTMa, KOTOPBIH M03BOJISET Ha JTare
MYTalH aalTUBHO BEIOUPATh TUIl IPe0Opa30BaHusl CTPYKTYphl, HanOosee NOIXOASLINM 115
3a/laHHOM KOH(UTYpauy CEeTH.

Kniouesvie cnosa: ruOpUIHBINA OJIXOM, IPOrHO3UPOBAHUE BPEMEHHOTO PsA/ia, IPOLECCHI
3JIEKTPONOTPeOIeHUs, OPraHU3allMOHHOE YIIPABJICHUE, ONTOBBIA PHIHOK 3JIEKTPOIHEPTUH.

bubn. 24, un. 3

YK 004.652

O0padoTka uHGoOpMaANMU ONTHYECKUMHU JaTYHKAMH POOOTA NMPH YCJIOBHH HEMOJI-
Hoii BxoaHol nHgopmanuu / [Tapxomeit U.P., barpak E.O., II¢na H.B., 3enus U.0.// Mex-
BEJIOMCTBCHHBIHAYYHOTEXHHUSCKUNA JKypHal «AJIAlITUBHBIC CHCTEMBI aBTOMATHYECKOTO
yrpasieHus». 2019. Ne 1 (34). C. 53-64

OOnacTb 3a7ay, peuraeMbix ¢ MOMOIIBIO CBOMCTB KIacCU(PUKALUK U 0000LIeHUs 10cTa-
TOYHO ImUpoka. OJHAKO KayecTBO PEIICHMs 3ajad MO TeM WIMUHBIM NPHYMHAM HE BCEraa
ObIBaeT onuHaKoBbIM. Hampumep, ecinu Oyzaer mocrapieHa 3a7aya, C MOMOIIBIO BU3YaIbHBIX
HaOIIOICHUH, pa3IeuTh Ha JBa Kjacca OJIMHAKOBBIE MO0 T€OMETPUYECKUM pa3MepaM | IO IBi-
Ty npeaMmetsl. [Ipuuem 9acTh 3roTOBJIEHA U3 CTANHM, @ YacTh — U3 rHrica. Jis Kiaccupukamum
TaKUX MPEJAMETOB JOCTaTOYHO TOyYUTh JaHHBIE O Bece MPEAMETOB, YTOOBI 33/1a4a Kilaccu(u-
Kalli¥ MPEeBPaTHIIaCh B TPUBUAJIHHYIO.

CII0)XHOCTD B JTJAHHOM CITy4ae 3aKJII0YAeTCS B OTHICKAHUM TAKOTO ONMCAHMS SIBJICHUH, TIPH
KOTOPOM M300paXeHHUE (SIBICHUSI) B CEPEIMHE KKIOTO KJIAcca UMEITH ObI OTIpeIeNIEHHbIE TIOJ00HE
cBoiictBa. [ToaTomy, A ycTpaHeHHs BIMSHUS IOMEX Ha MPOLIECC paclio3HaBaHUsl, MpeasiaraeTcs
BBECTHU CIELIAIbHOE peliarolee mpasuio. JlaHHOe MpaBUiI0 OCHOBBIBAETCS HAa TOM, YTO PEILCHUE
PO TIPHHAJISKHOCT N300pakKeHHs1 K 00pa3y, BBIHOCUTHCS HA OCHOBAaHUE aHAIN3a N300paKEeHHUS,
KOTOpOE MOMNAaJIo B ONpeieNi€HHOE OJIM3KOE MPOCTPAHCTBO, KOTOPOE KIAacCU(BHUIIUPYETCS.

C moMOIIBI0 3TOT0 METOJAa HAaXOATh PelIeHHs], KOTOpbIe MOYTH HE YyBCTBUTEIBHBI K
MOTPEIIHOCTSM, YTO BO3HHMKAIOT B pe3yJibTaTre Bo3AeUCTBUS momeX. [losToMy mpu yBenuye-
HUU MHOXECTBa 300pa’keHUH 3TO MpaBUJIO MepexoauT B pasuiio baiieca.

Kniouesvie cnosa: aBrokoppensiMoHHas (QyHKIMS, HHBAPUAHTHOCTh, KOAPPHUIIMEHT CXOI-
CTBa, Paclo3HaBaHUE, OMMCAHUE U300pAKEHUH, TPAHUIIBI H300paXKeHHs, 00paOOTKa CUTHAJIOB.

bubn. 20, un. 3.

YK 004.042

AJITOPUTM onpeeieHHs YTeKTPOMATHUTHONH COBMECTHUMOCTH ISl peleHusl 3a1a4
yactoTtHoro miaanuposanusi / W.P. Tlapxoma, B.B. Hemonyxxko // MexBeqOMCTBEHHBIH
HAyYHO TEXHUYECKUN XKypHaJl «AJANTUBHBIE CUCTEMBl ABTOMATHYECKOIO YIIPABICHHUS».
2019. Ne 1 (34). C. 65-72

OOBbeKT HccienoBaHusl - MPOLECC OINpeAeTeHUs 3JIeKTPOMAarHUTHOW OOCTaHOBKHU IS
pellIeHus 3a/1ad YaCTOTHOTO TUIAHUPOBAHUS PaTUO3TIEKTPOHHBIX CPEJICTB MOJBHKHOM CITYXK-
ob1. [Ipenmer uccnenoBanus - uccienoBanus u pacuer IMC POC B paiioHe TIaHUPOBaHMUS.
Iens paboTel uccnenoBanus 3pHEKTUBHOCTH UCIIOJIB30BAHUS W ONPECICHUE HAIpPaBICHUI
coBepiueHctBoBanus pacuer OMC POC B palioHe muiaHUpOBaHMUSL.

Metoauka npenmnosaraet nposenenue anannza OMC POC B palioHe miiaHupoBaHus, a B
cllydae HCIOJIb30BaHUs 0o0mel momanku 1id pazmenienus POC - OMC nokallbHOTO TpyIi-
nupoBku POC (o6bexToBas OMC).
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B pabotre HM3JI0KCHBI TPHYMHBI BO3HUKHOBCHHS B3aMMHBIX TIOMEX IPH paboTe paauo-
DIIGKTPOHHBIX CPEJCTB B OCJIOXHEHHON DPaTMO3JIEKTPOHHON OOCTaHOBKE, PacCMOTPEHO CO-
BPEMECHHOE HAyYHO-METOMYECKUN arnmapar paJHOMOHHTOPHHTA C ONPEACICHUEM B TOM Me-
CTE JEKTPOMArHUTHON OOCTAaHOBKH ISl pEIICHHUS YaCTOTHOTO raHupoBanust POC.

B pabote npoBeicH aHAIKM3 MPUYMH BO3HUKHOBEHHS B3aUMHBIX ITOMEX MpH padore pa-
JTMORJICKTPOHHBIX CPEJICTB B OCJIOKHEHHOW pPaTUO3IEKTPOHHOW 0OCTaHOBKE, PACCMOTPEHO
COBPEMEHHOE HAay4YHO-METOAMYCCKHU ammapar paJdiOMOHHUTOPUHIA C ONpEICIICHHEM B HEM
DJIGKTPOMArHUTHOW OOCTAHOBKH ISl PEIICHUS 3a]a4 4acTOTHOTo IuranupoBanus POC mo-
JIBI)KHOM CITY)KOBI.

Kntouesvie cnosa: UCTOUHUK PaUOU3IYUYEHUS, JIEKTPOMArHUTHAs O0OCTaHOBKA, DJIEK-
TPOMAarHUTHasE COBMECTHMOCTh, ITyHKT TEXHHYECKOTO PATUOKOHTPOJIS, PaJHOU3ITYUarOIIiX
YCTPOMCTBO, pauoOpEerIaMeHT, PaAUOTEXHOIOTUHU, PAIUOYACTOTHBINA pecypc.

VJIK 378.147:159.95:519.816

HccnenoBanue xapaxkrepa CB3M MOTHBALMU CJyLIaTe/eil OHJIAHH-KypCOB ¢ yC-
NelHbIM 3aBepumienneM o0yuyenusi / [Tapxomenko A.B., Ceron P.U., JlucoBuuenko O.U. //
MexBe1OMCTBEHHBIN HAYYHO TEXHUYECKUH KYpHAT «ATaNTUBHBIE CUCTEMBI aBTOMAaTUYECKOTO
ynpasnerus». 2019. Ne 1 (34). C. 73-80

Pa3Butre oHnaiiH-00pa30BaHMUS CTAHOBHUTCS ABMIKYIICH CHIOW M3MEHEHHMH MHPOBBIX
00pa3oBaTesibHbIX TEHJEHIIMU. B cTatbe mpuBeeH aHaliu3 pe3yabTaToB 00yUYEHUs HA MacCo-
BBIX OTKPBITBIX OHJIANH-Kypcax «YuuMcs yUuThes» U «OOydaronme HHCTPYMEHTHI ISl KpH-
THYECKOTO MBIIIJICHU», YTOOBI BBIABUTH MOTHBAIIMOHHBIE MOTPEOHOCTH CTyaeHTOB. Kypc
«YuuMcsl YYUThCS» aIallTUPOBAH HAa YKPAMHCKUU SI3BIK, Kypc «OOydaromue MHCTPYMEHTHI
JUISl KpUTUYECKOTO MBIIIJICHUS» CO3/1aH YKPAUHCKUM aBTOpoM. Kypchl pa3MelieHbl Ha IiatT-
¢dopme Prometheus 2018 roay, oHu co3nanbl JUIsl pa3HbIX LEJIEBBIX ayIUTOPUN U BKIHOYAIOT
pa3IMyHble MOTUBAIMOHHBIE KOMIIOHEHTHI JIJISl CTyA€HTOB. Llenbio cTaThu sSBIsIETCS pelieHne
TaKMX 3aJlay: aHaJlU3 WU HCCIIEJIOBAHME PE3YJIbTATOB TECTUPOBAHHUS Ha Kypcax «Ydumcs
yIUTBECS» U «OO0ydaromme WHCTPYMEHTHI Il KPUTHUUYECKOTO MBIIIICHUS» C IEIbI0 MOTH-
BaIlMH YYAIIUXCS U CO3/IaHUS M pa3paO0TKW MOTHUBAIIMOHHBIX TEXHHUK JIJISI CTYICHTOB OHJIANH-
Kypca. YUWTbIBasl MPEACTABICHHBIE JAaHHBIE, Mbl MOXKEM 3aKJIIOUUTh, YTO OCHOBHOW MOTH-
BallMeW ISl CTYyJCHTOB OBLIO OBJIaJCHHE HOBBHIMU 3HAHUSAMH WM YTIIYOJICHHE CYIIECTBYIO-
IIUX JJIs TTOJTY4YEHUsT HOBOW JIOJDKHOCTH, YJIyUIIeHHe (PMHAHCOBOTO ITOJIOKCHUS WJIH CMEHBI
npodeccuu ¢ Toi ke 1enpro. CremoBaTenbHO, MaTepHalbHAS MOTHBAIUS UTPAET BEIYIIYIO
pouib. B BBIBOJIaX MIPeII0KEHBI MOTUBAIIMOHHBIE IPUEMBI ISl TOBBIIICHUS KaueCcTBa yueOHO-
ro TMporecca M YBEIWYEHUSI KOPPEISIUA MEXIy YCBOSHHEM TEOPETHUECKOrO0 Marepuaia u
MIPOXO0K/ICHUEM MPAKTUUYECKUX 3aHATUH.

Knrouegvle cnosa: xoppensiusi, MacCOBBI OTKPBITHIA OHJIAWH-KYPC, MOTHBAIIMOHHAS
TEXHUKA, MOTUBAIIMOHHBIE TTOTPEOHOCTH, PE3yIbTaT OOyICHHUS.

bu6ma. 17, un. 5.

VK 519.854.2

OnTuMu3anus 1Jis1 0HOTO0 KJIacca KOMOMHATOPHBIX 32/1a4 B YCJIOBHUSIX Heompe/ie-
JeHHocTH / [1aBnoB A.A. // MexBe1OMCTBEHHBIH HAYYHO TEXHUYECKHH KypHaT «ANanTHB-
HBIE CUCTEMBI aBTOMaTH4YeCcKoro yrpasierus». 2019. Ne 1 (34). C. 81-89

s moctaTtouHo o0IIero kimacca 3agady KOMOMHATOPHOM ONTHUMHU3AIMH, (PYHKIHMOHAT KO-
TOPBIX COJEPYKUT JINHEWHYIO CBEPTKY BECOB M TPOM3BOJIBHBIX YHCIIOBBIX XapaKTEPUCTUK JIOIyC-
THEMOTO pelIeHns], (HOPMaNM3YIOTCS TOHATHS HEOTPEeTICHHOCTH, KOMIIPOMICCHOTO PEICHHS,
KOMITPOMHCCHBIE KPUTEpHH U ycioBus. [IpHBOAATCS anropHTMbl HAXOXKICHHS KOMIIPOMHCCHBIX
pelIeHNI KaKk OpUrHHaJIbHAs pean3alys U3BECTHON UIeU JIMHEWHOM CBEpPCTKU KpuTepreB. Ddde-

ISSN 1560-8956 165



MiXKBiTOMYHIA HAYKOBO-TEXHIYHHMN 30ipHUK «ATANTHBHI CHCTEMH aBTOMATHYHOrO yrpasiinasay Ne 17 (34) 2019

KTHUBHOCTh TIPEUIOKEHHBIX aJITOPUTMOB OJTHO3HAYHO OIpenessieTcss SPPEKTHBHOCTHIO PEIICHUS
3a/1a4i KOMOMHATOPHOW ONTHUMH3AIMH B JISTEPMHUHUPOBAHHOM MOCTaHOBKe. [loka3aHo, 4To moy-
yeHHble panee dpdexrusnbie [1/1C-anroputmsl a1 NP-TpynHbIX 3314 KOMOWHATOPHOM ONTUMHU-
3al[Mi — MUHAMH3AIMS CyMMapHOTO B3BEIICHHOTO 3ama3/IbIBaHMs 33/IaHMI Ha OTHOM Ipuoope,
MHUHHMMHM3ALHS CYMMAapHOTO B3BEIICHHOTO MOMEHTa OKOHYAHHS BBITOJHEHHS B3aHMOCBSI3aHHBIX
3a/1aHU (TPOU3BOJIBHBIN ALMKIMYHBIA OPHEHTUPOBAHHBINA rpad) oIHUM MPUOOPOM — MO3BOJISIOT
3¢ (dEKTHUBHO pelaTh 3TH 337a4H B YCIOBHUAX HEOMPEICTICHHOCTH.

Knouesvie cnosa: KomOuHaTOpHas ONTUMU3ALMS, HEOTIPEIETICHHOCTh, BEPOSITHOCTB, d(de-
KTUBHBIN arOpUTM, pa3perieHue HeonpeneneHHocTy, 11/1C-anroputm, NP-TpynHble 3a1aun.

bubn. 7

YK 621.865.8(031)

KoHuenuusi cMHTe3a IAralmux podoTOB NMPOM3BOJILHON opueHTanuu / Muxann
[Tonumiyk // MexBeAOMCTBEHHBIH HAYYHO TEXHHUUECKUN JKypHaJ «AIallTUBHBIE CUCTEMBI aB-
TOMAaTHYECKOTo yrpasjieHus». 2019. Ne 1 (34). C. 90-102

Po6otel mpousBonbHOi opuenTaru (Climber Robot) — HoBast Mmoaudukanus MOOHUIb-
HBIX pOOOTOB. DTH pOOOTHI CHAOXKEHBI CPEACTBAMHU yJAEpKaHUsA poOOTa Ha TOBEPXHOCTH
MPOU3BOJIBHONW OPUEHTAMU OTHOCUTENILHO TOPU30HTA TEXHOIOTHUECKoro mpocrpanctea. Co-
3/1aHHE 3TOr0 BUJAa POOOTOTEXHUKH HAXOJUTCSA HA HAYaJIbHOM CTaAMU U MPOAUKTOBAHO HEOO-
XOJMMOCTBIO BBITIOJTHEHUS! TEXHOJIOTUYECKHX ONEpPAIMii M0 MOHUTOPUHTY IMPOMBIIUICHHBIX
00BEKTOB, MOHTaXXy H JIEMOHTA)XXy CTPOUTEIHHBIX KOHCTPYKIUH, PEMOHTY U MpOQUIaKTHYe-
CKOMY OOCITYyXMBaHHIO UX KOMIIOHEHTOB. B cTaThe mpeiokeHbl TPU OCHOBHBIX MPUHIHUIIA
CHHTE3a IIAraroIluX MOOWIBHBIX POOOTOB: HAKOIUICHHE W MpPeoOpa3oBaHUE SHEPIHH, UHTET-
panms IpUBOJIOB JBM)KECHUS U MCIIOJIb30BAaHHUE TEHEPAaTOpa PEaKTUBHOW THEBMATUYECKOM TH-
riu. Peanuzamus STUX NPUHLMIIOB IOMOTAeT CHU3UTH OOIIYI0 MOIIHOCTH MPUBOAOB U
MOBBICUTh HA/IEKHOCTh YIEp:KaHUS POOOTOB Ha MOBEPXHOCTH NMPOU3BOJIBHOI OpHEHTAalUU B
TEXHOJIOIMYECKOM IpocTpaHcTBe. [IpencraBieHsl pe3ysibTaThl MAaTEMaTUYECKOTO MOJAEINPO-
BaHUS KOHCTPYKTUBHBIX U TEXHOJOTUYECKUX MaPaMETPOB MOOHMIBHBIX POOOTOB.

Kniouesvie cnosa: MOOMIIbHBIE POOOTHI, IIAraroIne MEXaHU3MBbI, POOOTHI BEPTHKAIBLHO-
r'0 TIepeMeIleHH s, ATBIIMHUCTCKUE POOOTHI

YK 519.8

MaremaTudeckass MoJejib MPOU3BOJACTBA 3JIEKTPOIHeprum 3Heprodsoxkamu AJC
AJISl pelleHMs 3a/1a4 pa3BUTHA JeKkTpodHepretuku Ykpaunbl / C.E. Cayx, A.B. bopu-
CEHKO // MeXBeIOMCTBEHHBIN HayYHO TEXHUYECKUH KypHal «AJaNTUBHBIE CUCTEMBl aBTO-
mMaTHyeckoro ynpasineHus». 2019. Ne 2 (35). C.

OOBeKT mcclenoBaHMsl — MPOU3BOJCTBEHHBIE Tpoliecchl, peanmusyemble Ha ADC T'TI
«HADK «2neproaromy. [Ipenmer uccienoBaHus — IUIAHOBO-TIPEYTIPEIUTEIBHBIE PEMOHTBI 000-
pynoBanusi sHeprodnokoB ADC. Lens paboTsl — pazpaboTka MaTeMaTUUECKOW MOJETH MPOH3-
BOJICTBEHHBIX IporeccoB, peanusyembix Ha ADC I'TI «HADK «Oneproarom», npuroaHon yis
MPOTHO3UPOBAHMSI TOMECIYHOM JMHAMUKN 0OBEMOB BBIPAOOTKHU 3JIEKTPOIHEPTUN SHEPrOOIOKaMU
ADC B pa3IMuUHBIX CLIEHAPHBIX YCIOBUSAX Pa3BUTUS aTOMHOM DHEPIETUKHU CTPAHBI.

Mogens pa3paboTaHa Ha OCHOBE KOMIUIEKCHOTO aHajiM3a HMMEIOIUXCS JTaHHBIX 00
YCTaHOBJIEHHBIX MOIIHOCTSX SHEProOJ0KOB, 00beMax BHIPAOOTKH UMM 3JEKTPOIHEPTHH, IIe-
PHOJUYHOCTH U JUIMTEIBHOCTHA PAHEE BBIIOJHEHHBIX KallUTAIBHBIX U CPEJHUX PEMOHTOB OC-
HOBHOTO 060pynoBanus ADC.

B mMopenu anekBaTHO BOCIPOU3BENEHBI OOLIME XapaKTEPUCTUKH TUIaHOBO-TIPEAYIIPE -
TEJIBHBIX PEMOHTOB 00OpYy/J0OBaHMs YHEProOJOKOB M MX BIMSHUE HA MOMECAYHBIE OOBEMBI
BBIPaOOTKH 3J1EKTposHeprun Kax a0t ADC B cpeliHe- U 10JITOCPOYHOM MEPCIIEKTHBE.
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MatemaTtnueckas MOJI€JIb OPUEHTUPOBAHA HA MCIOJIb30BAaHUE B COCTaBE CUCTEM MOJIE-
JMPOBAHUS IIEKTPOIHEPIreTHKN YKpauHbl U 00€CIIeYMBaeT BO3MOXKHOCTh y4eTa B TaKUX CH-
cTemMax pa3nuyHbIX cTpateruii pazsutus kommnanuu [Tl «kHADK «29neproaTom», B 4acTHOCTH,
BBOJ B JKCIUTyaTallMI0 HOBBIX SHEProOJOKOB C PErIaMEHTUPOBAHHBIMH XapaKTEPUCTHKAMU
MNEPUOAMYHOCTH U JJIUTEIBHOCTH BBITOJIHEHUS TUIAHOBO-TIPEAYIIPEIUTEIBHBIX PEMOHTOB.

Knrouesvie cnosa: cuctema, Mmozaensb, ADC, 101rocpouyHoe NPOrHO3UPOBAHUE.

YK 681.5

Konuenuusi ynpasjieHusi KOHCTPYKTOPCKOW MOATOTOBKOH NMPOM3BOJACTBA JJIEKT-
poHHbIx anmaparoB / Cmonuii B.H. // AnanTuBHbIE CHCTEMBI aBTOMAaTHYECKOTO YIIpaBJie-
Hus. -2019.- Ne. 1(33).-C. 113-124

B pesynpTaTe mpoBeAeHHBIX HCCIIENOBAHUNA pa3paboTaHa HOBask KOHIIEHIUS YIpaBiie-
HUSI KOHCTPYKTOPCKOM MOATOTOBKOM MPOU3BOJICTBA 3JEKTPOHHBIX AINIMAapaToOB, OMUPAIOIIAICS
Ha eNHOEe NH(OPMALIMOHHOE MPOCTPAHCTBO KOMIIOHOBKH AJIEKTPOHHOTO armapaTa, ornepaTu-
BHOI'O YIPABJICHUS] KOHCTPYKTOPCKOW MOATOTOBKOM MPOW3BOJACTBA U CUCTEMbI YHPABICHUS
pecypcamMu NpeAnpUsaTHs, MO3BOJIAIONMIAs MOBBICUTh d()(PEKTUBHOCTD YIPABIECHUS KOHCTPYK-
TOPCKOM MOJATOTOBKOM MPOU3BO/ICTBA AJICKTPOHHBIX allapaToB.

bu6mn. 22, un. -.2, tadi. 0

V]IK 004.042

HeiipocemanTu4ecknii moaxoa K MOCTPOEHMI) ABTOMATHU3UPOBAHHBLIX HMHGoOpMa-
IMUOHHO-MOUCKOBBIX cucTeM / Ctenun A.A., Ilaceko B.II., Jlememko B.A. // MexBeaoMcT-
BEHHBI HAYYHO-TEXHUYECKHH KypHal «AJAaNTUBHBIE CUCTEMBbl aBTOMATHYECKOTO yIIpaBJe-
Hus». -2019.- Ne 1 (34) C. 125-129

B HacTosiee BpeMsi 0JJHON U3 aKTyalbHBIX MPoOJeM mpu (GopMHUpPOBAaHUH MaKCHMAIb-
HO WH(OPMATUBHBIX MOJIENEH 3HaHUIN aHHOW MPEeIMEeTHOW 001acTu ABJISETCS Co3AaHue d(-
(beKTHUBHBIX WH(HOPMAITMOHHO-TIOMCKOBBIX CHCTEM, B TIEPBYIO ouepeib, B MIHTepHETE, Kak ca-
MOM OOJIBIIIOM XpaHuuIe nHhopmaruu. J{Jis u3BiaedeHus Hy>KHOU JUTsl JAHHOU MPEIMETHOMN
obnactu uHpopManuu u3 MHTEpHET TpeOyeTcss 00paboTka OrpOMHOTO KOJIHYECTBA Pa3HOPO-
JTHBIX TOKYMEHTOB. DTO JOCTAaTOYHO CIIOXKHAS 3a]1a4ya, KoTopas TpeOyeT He TOIbKO aBTOMAaTHU-
3aIMu mpoliecca Moucka nHpopMammu, Ho U 00eCTIeUeHUs €€ CMBICIIOBOTO COJIEPKAHUS B CO-
OTBETCTBUU C TEKYIEW CUTyallMedl B JaHHOW MpeaMeTHOW oOsactu. (s aBTOMaTH3aIMH
mpoiiecca MOUCKa M OMpeIeIeHUsT MAaKCUMaIbHO WH()OPMATUBHOTO KOHTEHTA MOJIEIIM 3HAHUMA
JAHHOM MPeAMETHOM 00JaCTH MPEJIOKEHA MYJIbTHATCHTHASI MHTEJUICKTyaJIbHAsI CHCTEMA T10-
ucka u oTbopa MHpOpMAIH, TOCTPOCHHAS HAa OCHOBE HEHPOHHBIX ceTeil. B cucreme peanu-
3yeTcsi HeWPOCEMaHTUYECKHI MOIX0/] K CMBICIIOBOW aJanTalii MOMCKOBOW MH(OpMammu K
U3MEHEHUIO TEKYIeH CUTyallud B JaHHOW MPEAMETHON OONAacTH U COOTBETCTBYIOIICH eit
SBOJIIOIIMY MOJIENIM 3HAaHWI Ha OCHOBE T€HETUYECKOTO aJropuT™a.

Kniouesvie cnosa: nHTENEKTYyalbHasi MyJIbTHAr€HTHAs CUCTEMa, HEMPOHHAs CETh, re-
HETUYECKHUI alNropuT™, MOJIeNTb 3HAHHA, TIpeIMeTHast 00JacTh

YK 681.5

OnTumanbHOe ynpaBJjieHHe ABTOHOMHBIM POOOTU3UPOBAHHBIM MOABOAHBLIM anma-
paToM Ha OcHOBe mporHo3upywiux moaeneid / Crenun A.A., [Taceko B.I1., Tumormmna
I0.A., Urnarenko B.H., Crenun A.C. // AnanTuBHBIE CHCTEMBl aBTOMAaTHYECKOTO YIIpaBiie-
aust. — 2018.— Ne. 1 (34).-C. 130-137

PaccmarpuBatoTcss ONTHMAaNbHBIE METOAbl YIPABICHUS CIOXHBIMH TEXHHUYECKUMU
00BEKTaMH C HCIOJIb30BAHMEM MPOTHO3MpYomIel wmonenu. IIpennmokeHa CTPYKTYpHO-
(GyHKIIMOHATBHAS CXeMa pealli3allid aBTOMAaTUYeCKOW ONTHMaibHOW CTaOWIM3aIK 3a]1aH-
HOTO JIBUKEHHSI aBTOHOMHOT'O POOOTH3MPOBAHHOTO MOJBOJHOTO Ha OCHOBE OPUTMHAJIBHBIX
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METOIOB MMapaMeTPUUYECKON MACHTH(UKALIMK MPOTHO3UPYIOMINX MOIEICH U MOJAILHOTO CH-
HTE3a ONTUMAJIBHBIX PEryJISTOPOB Ha OTACIBHBIX TOPH30HTAX MPOTHO3A.

Kntouesvie cnosa: onTUManbHOE YIpaBICHHUE, MPOTHO3UPYIOMIAS MOJEINb, MapaMeTpH-
Yyeckas UACHTU(DUKAIIHSI, TOPU3OHT IMPOTHO3UPOBAHUS, MOJATBHBIN CHHTE3.

bu6a. 14, imn. 3

YK 004

HndopmannoHHasi TEXHOJIOTHsI i1 Pa3padoTKH M BHeIpeHHus: web-npuiokeHuii /
Tenenuk C., HoBakosckwii I'., Kapukos 3., BoBk E. // MexBe10MCTBEeHHbII HayYHO-TEXHUUECKUI
KypHaIT «AJIANITHBHBIE CUCTEMBI aBTOMATHUECKOTO yripasnenusn. -2018.- Ne 1 (34). C. 138-151

Paccmotrpena npobiiema ObicTporo cosnanus 3G(OEKTUBHBIX BEO-TIPUIIOKEHUN OTHOTO
KJIacca ¢ MCIoJIb30BaHHeM (hopManbHbIX cpeAcTB. IIpeaoskeH KOHIENTyalbHbIA MOIXO0/ K €€
PEIICHHIO Ha OCHOBE aHallM3a 0COOEHHOCTEH ocTpoeHus BeO-ipunoxkenuit. [logxon 6azupy-
€TCsl Ha ONpEe/IeJICHUH CTaHIapTHON apXUTEKTYpbl BEO-IIPUIIOKEHUI U BBIOOpE €ro KOMIIOHE-
HTOB C MOMOIIBIO (POPMANIBHBIX METOJIOB B COOTBETCTBUU C TpeOOBaHUSAMU mosb3oBaTens. C
3TOH 1ENBI0 UCTIONB3YeTCs (popManbHas TOTHUECKasi CUCTEMa, KOTOpasi HCIIONb3yeT pa3pado-
TKY BeO-TIPUIIOKEHHMH KakK Ipolecc BbIBOAA (POPMYJIbl, 3aJaHHOW B COOTBETCTBUU C MOTPEOD-
HOCTSIMU TOJIb30BaTElIs, ONpPEIEIsIeT CXEMbl BBIMOIHEHHUSI MOJyJiel cucTeMbl. BaxkHoit oco-
OEHHOCTBIO MMO/IX0Ja SBJISIETCS BO3MOXKHOCTh 3D-Bu3yanuzanuu mporecca NpOeKTHPOBAHUS
CHCTEMBI, CO3JIaeT YCIOBHS I 3((HEKTUBHOTO B3aMMOJCHCTBHS MEXIy pa3paboTYMKaMH U
UHCTPYMEHTAJILHBIMH CPEICTBAMHU Pa3pabOTKH.

Kniouesvie cnosa: BeO-npuiloKeHus; pa3paboTKa NPUI0KEHUH; OU3HEC-POLECcChl; Ma-
TeMaTh4deckas jJoruka. buon. 4, ui. 2

UDC 621.396.96

Investigation of signals distortion during interpolation in SDR transmitters with QPSK
modulation / Boiko J.M., Pyatin 1.S., Eromenko O.I.,Parkhomeyl.R. // Interdepartmental scientific-
technical journal «Adaptive systems of automatic control». - 2019. - Ne 1 (34).- P. 5-15

Software-defined radio (SDR) allows using software to set or modify working radio
frequency parameters: communication standard, frequency range, modulation type, output
power, etc. An interpolator is an integral part of the transmitter, which increases the sampling
frequency of the modulated signal. Interpolators are built on the basis of integrated cascaded
integral-comb (CIC) non-multiplier filters. CIC interpolation filters have uneven amplitude-
frequency characteristic (AFC), so the CIC compensator filter is turned on for its alignment.
The eye-diagrams of signals with different interpolation coefficients are investigated in the
paper. The quality of the signal in the transmitter can be evaluated by the eye-diagram.
Interpolation is accompanied by the effect of amplifying the signal, reducing the time of increase
in pulse, reducing the signal quality factor. The jitter in the transmitter decreases when the
interpolation factor is a multiple of the sampling rate of the information sequence of symbols.
If the signal quality factor is Q>7, the bit error rate has a BER<10° value for practice.

Keywords: interpolation, modulation, filter, signal processing, jitter.

Ref. 11, pic. 16

UDC 004.042

Application of event sourcing and CQRS patterns in distributed systems / Diakov S.O.,
Zubrei T. E., Samoidiuk A.S. // Interdepartmental scientific technical journal «Adaptive systems of
automatic control». 2019. Ne 1 (34). P. 16-22

This report showcases problem in architecturing modern high load distributed systems
and proposes solutions for them. The purpose is finding suitable approaches for dealing with
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the issue, particularly ability to recreate system state. In order to achieve the goal, the report
will overview causes of existing problems, compare conventional design to proposed
architecture solutions, emphasize on its benefits and drawbacks. An examined way to design
applications relies on two concepts: command query responsibility segregation (CQRS) and
event sourcing. A combination of them is suggested to solve performance and design issues
that often arise in conventional information systems development.

Keywords: CRUD, CQRS, event sourcing, software architecture, design patterns, data
modeling.

Ref. 10, pic. 4, tabl. 1

UDC 004.056.55

Protection of an electronic document using a consolidated approach to the applica-
tion of electronic digital signature / Y. Kornaga, V. Garmatin, A. Hryshko, A. Maksimyuk,
V. Gasanov // Interdepartmental scientific-technical journal «Adaptive systems of automatic
control».- 2019.- Ne 1(34).- P. 23-31

Modern information systems allow organizations to improve their efficiency,
significantly reduce their costs and meet regulatory requirements. A good document manage-
ment system is often regarded as all that is required, but additional protection measures are
also needed to ensure that data is protected from unauthorized access and forgery.

The purpose of this article is to modify the algorithms of cryptographic methods of
protecting the integrity of a document using an electronic digital signature.

Document management systems typically provide security and control access to docu-
ments in a controlled environment. However, when a document leaves a secure environment,
it is easy to modify it. Unprotected documents do not allow to determine whether the document
is authentic, who was the originator and the approver or has it been modified since its creation.

The problem of keeping electronic documents from being copied, modified, and forgery
requires specific approaches and methods of protection for its solution. One of the most
common method of such protection in the world is an electronic digital signature (EDS),
which confirms the authenticity, integrity its details and the fact of signing by a specific
person of the document with the help of special software.

Common encryption methods are based on factorization of large numbers (RSA, DSA,
ElGamal) and discrete logarithmization (ECDSA, EdDSA, GOST R 34.10-2012).

Each pair of keys consists of a private key and a public key. They are interdependent,
but can be used separately. Usually, each pair of keys may belong to a specific key holder.
The algorithm works in such a way that it is impossible for third parties to calculate the
private key, even if they own the public key.

Keywords: network infrastructure, document, electronic document, electronic digital
signature, authentication, verification, EDDSA, SHA-512, Argon2.

Ref. 13, figure 6, table 3

UDC 331.45

Evaluating the effectiveness of measures to reduce the level of occupational
injuries and occupational disease in the enterprise / Kruzhilko O., Maystrenko V., Storozh
Y., Lyakh Y./l Interdepartmental scientific-technical journal «Adaptive systems of automatic
control».- 2019.- Ne 1(34).- P. 32-36

The object of the research is the system of management of labor protection of the
enterprise. The article gives an overview of the existing principles of prevention and
improvement of working conditions in occupational health and safety management systems.
The main disadvantages are the lack of a suitable method for assessing the risk and the
professional and psychological disadvantages of specialists in this area.
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The aim of the work is to develop methodological approaches to assessing the
effectiveness of measures to reduce the level of occupational injuries and occupational disease
in the enterprise as an important component of the modern system of management of
occupational safety. In order to achieve the goal, the article analyzes the main causes of
occupational injuries and occupational morbidity and proposes a methodical approach that
allows assessing the effectiveness of the plan of measures to increase the safety of production,
taking into account the causal relationships between the implementation of measures and
economic indicators of the enterprise. A mathematical model for prediction of occupational
injuries and occupational morbidity rates was constructed.

Key words: occupational injuries, occupational diseases, occupational health, harmful
and dangerous working conditions, forecast model.

Ref. 7.

UDK 331.452

Improvement of operational management of hygiene and labor safety on the basis
of assessment of occupational hazard / Kruzhylko O., Tkalych 1., Polukarov A.//

Interdepartmental scientific-technical journal «Adaptive systems of automatic controly.-
2019.- Ne 1(34).- P. 37-41

The research object is the methods of management of labor protection at enterprises.
Approval of the “Concept for Reforming the System of Labor Protection Management in
Ukraine” by the Cabinet of Ministers of Ukraine necessitates the establishment of a hygiene
and safety management system based on a risk-oriented approach. The construction of the
specified system requires a complex of theoretical and experimental research, intended to
form the methodological support for identifying processes of hazard identification and
occupational hazard assessment

The purpose of the work is to provide grounds for the practical application of the
approach to occupational hazard assessment. To complete the purpose, existing methods and
approaches to the occupational hazard assessment have been analyzed, and an approach to the
occupational hazard assessment is proposed, which is based on the use of statistics on
indicators of occupational injuries with consideration of the branch affiliation of enterprises.

Keywords: hygiene and labor safety, occupational hazard, operative management,
planning, information system.

Ref. 6, pic. 1

UDC 004.89:65.011.56

Hybrid approach to the forecasting of electric consumption time series for
organizational management in the wholesale market / K.B. Ostapchenko, O.l. Li-
sovychenko, Z.Kh. Borukaiev // Interdepartmental scientific-technical journal «Adaptive
systems of automatic control».- 2019.- Ne 1(34).- P. 42-52

Abstract: The problem of increasing the efficiency of solving the complex of tasks of
forecasting and planning electric consumption by regional companies of electricity suppliers -
subjects of the organizational management system in the wholesale electricity market is
considered. The analysis of the use of various modeling methods in solving the problem of
choosing and building a model for forecasting electric consumption is carried out. The task of
constructing a hybrid prognostic model devoid of the shortcomings of individual modeling
methods is formulated. Preference is given to the approach associated with the integrated use of
mathematical tools based on apparatus of artificial neural networks, a genetic algorithm and a
Kalman filter for constructing generalized nonlinear multifactor models. It will increase the
efficiency of the model building process and their subsequent use for searching both short-term
and long-term forecasts. In order to eliminate the effect of random components of the time
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series with an uneven distribution of the values of the electric consumption on the training
process of the neural network as a non-linear forecasting model, we suggest its preliminary
preparation using the Kalman filter. Further optimization of the neural network topology is
carried out on the basis of a genetic algorithm that allows, at the mutation stage, to adaptively
choose the type of structure transformation most suitable for a given network configuration.

Keywords: hybrid approach, time series forecasting, electric consumption processes,
organizational management, wholesale electricity market.

Ref. 24, pic. 3

UDC 004.652

Information processing with an optical sensor when incomplete initial information /
I. Parkhomey, Ye. Batrak, N. Tsopa,l. Zeniv// Interdepartmental scientific technical journal
«Adaptive systems of automatic controly. - 2019.- Ne 1(34).- P. 53-64

The range of tasks, solved by the properties of classification and generalization, is quite
broad. However, the quality of solving to the problem, for one reason or another, is not always
the same. Some tasks cannot be solved at once, but a detailed study of phenomenon allows us to
make the necessary classification. For instance, the task is to divide the objects, with the same
geometric dimensions and objects, by visual observation into two classes. Moreover, the part is
made of steel, and another one - of gypsum. In principle, such task cannot be solved. To classify
these subjects, a more detailed study of them is required. It is sufficiently to get data on the
weight of objects, so that the task of classification has become trivial.

The difficulty is to find such a description of phenomenon, in which the image
(phenomenon), within each class, would have defined similar properties. Therefore, in order
to eliminate the effect of interference on the recognition process, it is proposed to introduce a
special decisive rule based on the fact that the decision to attach the image to the image is
made on the basis of an analysis of images that have fallen into a definite close space that is
classified. Using this method, the solutions, that are almost unintelligible to the errors that
arise due to the effects of interference, are found. Therefore, in incrementstheset of images,
this rule passes into the Bayes’ rule.

Keywords: autocorrelation function, invariance, coefficient of similarity, recognition,
description of images, image border, signal processing

Ref. 20, pic.3.

UDC 004.042

Algorithm for determination of electromagnetic compatibility for solution of fre-
guency planning problems /1. P. Parhkhomey, V. V. Nedoluzhko // Interdepartmental scien-
tific and technical journal "Adaptive systems of automatic control”. 2019. No. 1 (34). P. 65-72

The object of the study is the process of determining the electromagnetic environment
for solving the frequency scheduling problems of electronic vehicles of the mobile service.
Subject of research - research and calculation of EMC RES in the planning area. The purpose
of the work is to investigate the effectiveness of using and defining directions for improving
the calculation of EMC REFs in the planning area.

The method involves conducting an EMC analysis of the RES in the planning area, and
in case of using the general site for the RES-EMC of the local REF grouping (object EMC).

The paper presents the reasons for the occurrence of interference in the work of radio
electronic devices in a complicated electronic environment, examines the modern scientific
and methodical apparatus of radio monitoring with the definition in this place of the electro-
magnetic environment for the solution of frequency scheduling of RES.

The paper analyzes the causes of mutual interference in the work of radio electronic de-
vices in a complicated electronic environment, examines the modern scientific and methodical
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apparatus of radio monitoring with the definition of electromagnetic environment in it for
solving the problems of frequency planning of mobile service reflexes.

Key words: radio emission source, electromagnetic environment, electromagnetic com-
patibility, point of technical radio control, radio-transmitting device, radio regulation, radio
technology, radio frequency resource

UDC 378.147:159.95:519.816

Comprehensive analysis of the students’ motivation connection to the massive open
online courses completion rate / Parkhomenko A.V., Segol R.l., Lisovychenko O.l. //
Interdepartmental scientific technical journal «Adaptive systems of automatic control». 2019.
Ne 1 (34). P. 73-80

The online education development will be the driving force behind changes in the
world’s educational trends. The proposed article provides the analysis for the learning
outcome at massive open online courses "Learning How to Learn™ and "Educational Tools for
Critical Thinking" to identify students’ motivational needs. "Learning How to Learn" course
is adapted in Ukrainian, "Educational Tools for Critical Thinking" is developed by Ukrainian
authors. Courses are distributed on the Prometheus platform in 2018, they are created for
different target audiences and include different motivational components for students. The
article aims to solve such problems: analysis and research the testing results at the courses
"Learning How to Learn" and "Educational Tools for Critical Thinking" to motivate students
and further guidelines creation for the motivational techniques’ development for online course
students. Considering the presented data, we can conclude the main motivation for these
students was to master new knowledge or deepen existing ones to obtain a new post,
improving the financial position or changing the profession for the same purpose.
Consequently, material motivation plays a leading role. Motivational techniques for
improving the learning process quality and increasing the correlation between mastering the
theoretical material and passing practical exercises are proposed in conclusions.

Keywords: correlation, learning outcome, massive open online course motivational
technique, motivational needs.

Ref. 17, fig. 5.

UDC 519.854.2

Optimization for one class of combinatorial problems under uncertainty /
Pavlov A.A. /[ Interdepartmental scientific technical journal «Adaptive systems of automatic
control». 2019. Ne 1 (34). P. 81-89

We formalize uncertainty and compromise solution concepts, compromise criteria and
conditions for a sufficiently common class of combinatorial optimization problems which
functional contains a linear convolution of weights and of arbitrary numerical characteristics of
a feasible solution. We present algorithms for compromise solutions finding as an original
implementation of the well-known idea of linear convolution of criteria. Efficiency of the
proposed algorithms is unambiguously determined by the efficiency of solving the
combinatorial optimization problem in a deterministic formulation. We show that previously
obtained efficient PSC-algorithms for NP-hard combinatorial optimization problems — the total
weighted tardiness of tasks minimization on one machine, the total weighted completion time of
interrelated tasks (by arbitrary acyclic oriented graph) minimization on one machine — allow to
solve these problems efficiently under uncertainty conditions.

Keywords: Combinatorial optimization, uncertainty, probability, efficient algorithm,
uncertainty resolution, PSC-algorithm, NP-hard problems.

Ref. 7
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UDC 621.865.8(031)

The concept of synthesis of walking robots of arbitrary orientation / Mikhail
Polishchuk // Interdepartmental scientific technical journal «Adaptive systems of automatic
control». 2019. Ne 1 (34). P. 90-102

Robots of arbitrary orientation (Climber Robot) are a new modification of mobile robots.
These robots are equipped with means of holding the robot on a surface of arbitrary orientation
relative to the horizon of the technological space. The creation of this type of robotics is at the initial
stage and is dictated by the need to perform technological operations for monitoring industrial
facilities, installation and dismantling of building structures, repair and preventive maintenance of
their components. The article proposed three basic principles for the synthesis of walking mobile
robots: the accumulation and transformation of energy, the integration of motion drives and the use
of a generator of reactive pneumatic thrust. The implementation of these principles helps to reduce
the total power of the drives and to increase the reliability of the holding robots on the surface of an
arbitrary orientation in the technological space. The results of mathematical modeling of
constructive and technological parameters of mobile robots are described.

Keywords: mobile robots, walking mechanisms, robots of vertical movement, climbing robots

UDC 519.8

Mathematical model of NPP units power generation to solve the problems of
Ukrainian power system development / S. Ye. Saukh, A.V. Borysenko // Interdepartmental
scientific and technical journal "Adaptive systems of automatic control”. 2019. No. 2 (35). P.

The object of the research is the production processes implemented at NPP of the SE
NNEGC "Energoatom"”. The subject of the research is planned preventive repairs of the
equipment of NPP power units. The purpose of the work is to develop a mathematical model
of production processes implemented at NPPs of the SE NNEGC "Energoatom™ suitable for
predicting the monthly dynamics of the volumes of electricity generation by NPP units in var-
ious scenario conditions for the development of the country's nuclear power industry.

The model was developed on the basis of a comprehensive analysis of the available data
on the installed capacities of power units, the volumes of electricity generation by them, the
frequency and duration of previously completed major and intermediate maintenance of the
main equipment of NPPs.

The model adequately reproduces the general characteristics of the PPM of the equip-
ment of power units, and their impact on the monthly electricity production volumes of each
NPP in the medium and long term.

The mathematical model is focused on the use as a part of Ukrainian power industry model-
ing systems and makes it possible to take into account various development strategies of the SE
NNEGC "Energoatom" in such systems, in particular, the commissioning of new power units with
regulated characteristics of periodicity and duration of preventive maintenance.

Keywords: system, model, NPP, long-term forecasting.

UDC 681.5

Management conception designer preproduction of electronic vehicles /
Smolij V.N. /I Interdepartmental scientific technical journal «Adaptive systems of automatic
controly». 2019. Ne 1 (34). P. 113-124

As a result of undertaken studies new conception of management is worked out by
designer preproduction of electronic vehicles, leaning against single informative space of
arrangement of electronic vehicle, operative management designer preproduction and control
system by the resources of enterprise, allowing to promote management efficiency designer
preproduction of electronic vehicles..

Ref. 22, pic. - 2, tabl. 0.
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UDC 004.042

Neurosemantic approach to building automated information retrieval systems /
Stenin A.A., Pasko V.P., Lemeshko V.A. /[ Interdepartmental scientific-technical journal
«Adaptive systems of automatic control».- 2019. Ne 1 (34). P. 125-129

Currently, one of the actual problems in the formation of the most informative
knowledge models of this subject area is the creation of effective information retrieval
systems, primarily on the Internet, as the largest repository of information. To extract the
necessary information for this subject area from the Internet, processing of a huge number of
heterogeneous documents is required. This is the rather complicated task that requires not
only automating the process of searching for information, but also ensuring its semantic
content in accordance with the current situation in this subject area. To automate the search
process and determine the most informative content of the knowledge model of this subject
area, a multi-agent intelligent system for searching and selecting information based on neural
networks proposed. This system implements a neurosemantic approach to the semantic
adaptation of search information to changes in the current situation in this subject area and the
corresponding evolution of the knowledge model based on a genetic algorithm.

Keyword: intelligent multiagent system, neural network, genetic algorithm, knowledge
model, subject area

UDC 681.5

Optimal control of Autonomous Underwater Vehicles on the basis of predictive
models / Stenin A.A., Pasko V.P., Timoshin Y.A., Ignatenko V.N., Stenin A.S. // Adaptive
systems of automatic control. — 2018. — Ne 1(34).- P. 130-137

Optimal control methods are considered using the predictive model, including the most
well-known and widely used MPC-approach (predictive control model). A structural-
functional scheme for the implementation of the automatic optimal stabilization of a given
movement based on original methods of parametric identification of predictive model and
AUV modal synthesis of optimal regulators on individual forecast horizons is proposed.

Keywords: optimal control, predictive models, parametric identification. forecast
horizon, modal synthesis.

Ref.14, ill.3.

UDC 004

Information technology for web-applications design and implementation / Sergii
Telenyk, Grzegosz Nowakowski, Eduard Zharikov, Yevhenii VVovk // Interdepartmental scientific-
technical journal «Adaptive systems of automatic control».- 2019.- Ne 1 (34).- P. 138-151

The problem of the rapid creation of effective web-applications of one class with using
formal means are considered. The conceptual approach to its solution is offered on the basis
f analysis of the peculiarities of web-applications construction. The approach is based on defining
the standard web application architecture and selecting its components using formal methods
in accordance with user requirements. A formal logical system is used, which uses the design of
web-applications as a process of outputting the formula specified according to the needs of the
user, which defines the schemes of execution of the modules of the system. An important feature of
the approach is the ability to 3D-visualize the process of designing the system, which creates
conditions for effective interaction between developers and machine development tools.

Keywords: web-applications; application construction; business processes; mathematical logic.

Ref. 4, pic. 2
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ITPO ABTOPIB

Boiiko FOaiit MuxonaiioBu4 — 1.7.H., mpodecop kadeapu TeIeKOMyHIKaIlli Ta pamio-
TEXHIKH XMeJIbHUIBKOTO HalllOHAJIbHOTO YHIBEPCHUTETY.

HaykoBi inTepecu: o0poOka CUTHAJIB y padiOTEeXHIYHUX MPHUCTPOSAX Ta 3acobax Tene-
KOMYHIKaIii.

Bopucenko Auapiii BosiogaumMupoBu4 — 1.T.H., C.H.C., Tpodecop Kadeapu TeroeHep-
TEeTHYHUX YCTAHOBOK TETUIOBUX Ta aToMHUX enekrpocranilii, KIII im. Cikopchkoro.

HayxoBi iHTepecH: TEXHIKO-€KOHOMIUHA ONTHMI3allisl XapaKTEepUCTUK Ta PEKUMIB poO-
00TH eHeproreHepyyoro oo JHaHH.

Bopykaes 3esnimxan XapuTOHOBHY - JI.T.H., CT.H.C., IPOBIIHUI HAayKOBUH CIIBPOOIT-
HUK [HCTHTYTY TpoOieM monentoBanns B eneprerumi iM. '.€. [Tyxosa HAH Ykpainu.

HaykoBi iHTepecH: MaTeMaTHYHE MOJICITIOBaHHS (DI3MYHMX IOJIB 1 TIPOLIECIB, MOJIEIIO-
BaHH 1H()OpMAIIITHUX MPOLIECIB B CUCTEMAaX OpraHi3aliiiHoro ynpapiiHHs.

Barpak €Brenii OuexkcaHapoBMY — K.T.H., cTapmuii Bukianad kadenpu TexHiunOoi
ki0epHetukn HTY YV «KIID».

Haykogi inTepecu: aropurmizariis IpoleciB yIPaBIiHHS pOOOTOTEXHIYHUMH CHCTEMaMHU.

BoBk €Brewiii — ctyaeHT kadeapu aBTOMaTHKU Ta YIPABIiHHS B TEXHIYHUX CUCTEMaX,
Hauionaneuuii TexHiuyauil yHiBepcuteT Ykpainu "KuiBcbkuil NOMITEXHIYHUN 1HCTUTYT IMEH1
Irops Cikopcbkoro".

HaykoBi iHTepecH: TeXHOJIOT1T po3pOOKH ITPOrpaMHOro 3a0e3MeYeHHS.

I'acanoB Baqum AuBepoBuY — irkeHep 1 kareropii iHpopManiiHO-00UHCIIOBAIIEHOTO
HEeHTpy 3abe3nedeHHs HaByasibHOT poboTH, KIII iM. Iropst Cikopcbkoro

HayxoBi iHTepecu: XMapHi TeXHOJOrI1, 1110 3a0e3neuyoTh iHhopMalliliHy Oe3neKy.

Konrakthuii tenedon: 0992246515, 093 502 1949, 098 065 9701, 093 297 6868, 063
835 3115

Iapmarin BsiyecsiaB JIMHTPOBHY - CTYICHT Kadeapw TEXHIYHOI KiOEpHETHKH
KIII im. Iropst CikopchKkoro.

HayxoBi iHTepecu: Po3poOka mporpamHoro 3a0e3mneueHHs, MporpamMyBaHHS MIKpO-
KOHTPOJIEPiB, aBTOMAaTH3AIlisl.

I'pumiko Aiabona CepriiBHa — acmipaHT kadenpu Teopii Ta MPAaKTUKU YHPaBIiHHA
@CII, KIII im. Iropst CikopchKkoro.

HayxoBi iHTepecu: po3poOka Oi3Hec-Mojeneil yIpaBiliHHS pecypcaMu KOMIIaHiH,
project-management, 3a6e3neucHHs iHGOpPMAIIIHHOT Oe3MeKH.

I'keroxx HoBakoBCchbKUMil — BUKITana4 Kadeapu aBTOMAaTHYHOTO KepyBaHHS Ta iHQOP-
MaliiHuX TexHonorii, KpakiBcbkuii Texnonoriunuit yuisepcutet, Kpakis, [lonbiia.

HaykoBi iHTepecH: IMTYyYHHUI 1HTEIEKT, MaTeMaTHYHa JIOT1Ka, 0a3H TaHUX, KOMIT I0TePHI
Mepexi.

JbsikoB Cepriii OexcaHapoBHY — K.T.H., CTapIIMi BUKJIaIa4 Kadeapu TeXHIYHOT Ki-
oepretrrku KIII im. Irops Cikopchkoro.

HaykoBi iHTepecu: ympaBliHHS B YMOBaX HEBHU3HAUEHOCTI, MOJIEJIIOBAHHS CKJIAJHUX
CHCTEM.

€pbomenko Ognexcanap IBaHoBMY — K.T.H., TOLEHT Kadeapu Qi3UKH 1 eNeKTPOTEXHi-
K1 XMEJIbHHUIIBKOTO HAalllOHAJIbHOTO YHIBEPCUTETY.

HaykoBi iHTepecH: CHHTE3 Ta aHaJi3 CUCTEM CHHXPOHI3allii 3ac00iB TeIEKOMYHIKaIlii.

Kapikos Enyapa — k.T.H., JOLEHT Kadeapu aBTOMaTHU30BaHUX cUCTeM 00poOku 1H(DO-
pmauii Ta ynpasninHs, HarionansHuil TexHiyHui yHiBepcuTeT Ykpainu "KuiBcekuil nosire-
XHIYHUH 1HCTUTYT iMeHi Iropst Cikopcskoro”.

HayxoBi iHTepecu: XMapHi 00YHMCIIEHHS, MOJEIIOBAaHHS CKJIAJHUX CHCTEM, LIEHTPU 00-
pOOKHU JaHUX, po3p00Ka 3aCTOCYHKIB
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3y0peii Tapac €BrenoBuy — cryaeHt kapeapu texuiunoi kidepueruku KIII im. Irops
CiKOpCHKOTO.

HayxoBi iHTEepecH: po3MoaiJieHi CHCTEMHU, MIKPOCEpBICHA apXiTEKTypa.

3eniB Ipuna OnydpiBHa — K.T.H., cTapmuil BukiIagad kadpeapu TexHiuHOi kKibepHe-
Tk HTY'Y «KI1D».

HaykoBi inTepecu: po3poOka Ta peanizailis MEpe)eBIX MPOTOKOJIIB Tiepeaadi iHdopMmartii.

IrnaTenko Basepiii MukosaiioBu4 — K.T.H., IOICHT Kadeapu TEXHIYHOT KiIOEpHETUKH
HarmioHanpHOTO TEXHIYHOTO YHiBepcUTeTy YKpaiHu «KHIBCHKHI TOJMITEXHIYHUN 1HCTUTYT
imeHi Iropst CikopcbKOTo.

HayxkoBi iHTepecu: 06poOka 300pakeHb Ta ONTUMAJIbHE YIIPABIIHHS.

Kopnara fIpocaas IropoBuY - KaHIUAaT TEXHIYHUX HAYK, TOIECHT Kadeapu TEXHIYHOT
kioepuetuku, KIII im. Iropst Cikopcbkoro

Hayxkogi inTepecu: ['ereporenni 6a3u 1aHux, po3noisieHi cCUCTEMH, KibepOe3mneka.

Kpy:xuniako O.€. — 1.T.H., C.H.C., 3aBifyBau Biia1y iHpopManiiHux TexHoorin Y
«HanionanpHUN HAYKOBO — JOCIIHUI IHCTUTYT IPOMHUCIIOBOI OE3MEKH Ta OXOPOHH IpaLli».

HaykoBi iHTepecH: MpOrHO3yBaHHs, €KCIIEPTHI CUCTEMHU.

JIax FO.M. — c.a.c. 1Y «HanionanbHuil HayKOBO—IOCTIIHUI IHCTUTYT MPOMMUCIOBOL
OE3IeKu Ta OXOPOHU TIpaIli».

HaykoBi inTepecu: aHasiTHIHA 00poOKa JaHUX.

Jlememko BsiueciaB AHaToJgiiioBHY — acmipaHT Kadeapu TEeXHIYHOI KiOepHe-THKH
HarionanbHOro TeXHIYHOTO yHiBepcuTeTy YKpaiHu «KuiBChbKUH MONITEXHIYHUHA 1HCTHTYT
iMeHi [ropst CikopchbKOroy.

Haykogi inTepecu: iHpopMarliifHi TEXHOJIOT11, ONTUMI3aLlisl CHCTEM.

JlicoBuuenko Ouer IBaHOBMY — K.T.H., TO1IeHT Kadenpu TexHiuHoi kioepHeTuku KIII
im. Iropst Cikopchkoro.

HaykoBi iHTepecu: MOJICTIOBaHHS CKJIQIHUX CUCTEM, MOJICITIOBAHHS 1 Bi3yaui3allis mpo-
IIECiB CKJIQHUX TUCKPETHO-TIOJIIHUX CUCTEM.

Maiictpenko B.B. — k.T.H., 3aBigyBau mnabGopatopii iHdopmariiHux cucrem J[Y
«HarmionanpHUN HAYKOBO — JOCIIIHUI IHCTUTYT MPOMHUCIIOBOI OE3MEKH Ta OXOPOHH IpaIli».

HaykoBi iHTepecH: MpOrHO3yBaHHs, €KCIIEPTHI CUCTEMHU.

Maxkcumiok AinboHa BacuiiBHa — HaganpauK BTty Kb IC, KITI im. Iropst Cikopcebkoro.

HayxkoBi iHTepecu: 3a0e3nedeHHs iHGOpMaIiitHOi 0e3neKn, pU3uK-MEHEPKMEHT, MOJIe-
JIOBaHHS PU3MKIB B MPOEKTAX MPOrpamMoro 3a0e3neueH s, aIMiHICTPaTUBHUNA MEHE)KMEHT.

Octanyenko KoctsinTun BopucoBuY — K.T.H., TOIEHT Kadeapu TeXHIYHOI KibepHe-
tuku KIII im. Iropst Cikopcbkoro.

HayxkoBi iHTepecu: MoaentoBanHs Ta Bepuddikarris nporecis B 'BC.

IMapxomenko Auapiii BosiogumMupoBuy — acmipanT kadenpu TEXHIYHOT KiOEpHETUKH
KIII im. Irops CikopchKoro.

HaykoBi iHTepecH: MOJICIIIOBAHHS CHCTEM ITiITPUMKHU PUHHSTTS PillICHb.

ITapxomeii Irop PocTucaaBoBu4 — 1.T.H., mpodecop, 3aBiayBad kKadeapu TEXHIYHOI
kibepueTrku KIII im. Irops Cikopcebkoro.

HayxkoBi iHTepecu: pagioaBTOMaTHKa , aBBTOHOMHI pOOOTOTEXHIYHI CUCTEMH.

IMaBaoB Oaexkcanap AHaToJiiloBUY — JI.T.H., podecop, 3aBiayrounii kageapor as-
TOMAaTHU30BaHKUX cucTeM 00poOku iHpopmartii Ta ynpamiaH HTYY «KIII im. Irops Cikopch-
KOTO».

HayxoBi iHTepecu: KOMOIHATOpHA ONTUMI3allisl, MPUHAHATTS PIlIEHb B YMOBaX HEBH3Ha-
YEeHOCTI, IJIAHyBaHHS B CHCTEMaX C MEPEKEBUM IPEICTABICHHIM JUCKPETHUX TEXHOJIOTiY-
HUX TPOILIECIB.
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IMacbko BikTop IleTrpoBHY — K.T.H., TOoUEHT Kadenpu TexHiuHOI KibepHeTuKn Hario-
HAJIbHOTO TEXHIYHOro YHiBepcuTeTy YKpaiHu «KuiBCbKHil MOMITEXHIYHUHM 1HCTUTYT iMEHI
Iropst CikopchbKOroy.

HayxkoBi iHTepecu: iHpopMaIliiftHi TEXHOIOT1, 1IeHTU(IKAIlISA Ta ONMTHMI3AIlis CUCTEM.

IMoaykapos O.l., — K.T.H., JOoLUEHT Kadeapu OXOPOHM Mpalli, IPOMHUCIOBOI Ta LIUBIIb-
Hoi Oe3neku. HanioHanpHuil TexHIYHUM yHiBepcuteT YKpaiHu «KuiBChbKUI MOMITEXHIYHUI
THCTUTYT»

HaykoBi inTepecu: MaTeMaTH4HE MOZAEIIOBAaHHS, iH(OpMAIIiifHI TEXHOJOTI].

IMoaimyk Muxaiino MukoaiioBu4 — K.T.H., J101l. Ka¢. TexHiuHoi kibepueTnku HTYY
«KIII im. I. Cikopcekoroy, naypeat JlepxaBHoi mpemii YKpaiHu B raiay3i HAyKd 1 TEXHIKH

HayxoBi iHTepecu: MoO1IbHI pOOOTH, aBTOMATHU3AIl1sl TEXHOJOTTYHUX IPOLECIB

saTin Lnasa CranicJaBoBUY — K.T.H., JOIICHT Kadeapu TeIEKOMYHIKAIiK Ta paaioTeX-
HiKH XMEIbHHUIIPKOTO HAIlIOHAIBHOTO YHIBEPCUTETY.

HayxkoBi iHTepecH: MOZIEIIOBaHHS PalOTEXHIYHUX ITPUCTPOIB Ta 3aCO0IB TENEKOMYHIKALIiH.

Trkamnu .M. — c.H.c. 1Y «HanionansHuii HAyKOBO—AOCTIAHUNA 1HCTUTYT MPOMHCIOBOL
OE3IeKu Ta OXOPOHU TIpaIli».

HayxoBi iHTepecu: aHaniTiuHa 00poOKa JaHUX.

Tenenux Cepriii ®egopoBuy — A.T.H., npodecop, nekaH (akynbreTy iHPOPMATUKU
ta obuuncioBansHOi TexHiku, KIII iMm. Irops Cikopcbkoro.

HayxoBi iHTEpecH: METOA0Or1s MPOEKTYBaHHS 1HQOPMALIIMHUX CUCTEM, MaTEMaTUYHA
JIOTiKa, IITYYHUN 1HTEJIEKT.

Camoiigiok Aunpiii CepriiioBuu — ctyaent kadenpu texniuHoi kibepueruku KIII
im. Iropst Cikopcbkoro.

HaykoBi iHTepecu: NpOeKTyBaHHsI BUCOKOHABAHTA)KEHUX CUCTEM, PO3IO/IIICHI CUCTEMH.

Cayx Cepriii €BreHoBu4 — 1.T.H., Ipodecop, TOJOBHUN HAYKOBHH CIIBpOOITHUK [H-
CTUTYTY npoOiem MozentoBaHHs B eneprerull im. I'.€. Ilyxosa HAH Vkpainu

HaykoBi iHTepecu: YuCenbHI OmepaTopHi METOIU PO3B'sI3aHHs AudepeHianbHuX PiB-
HSIHb, METOJIM 1 TEXHOJIOTIi BUPIIIEHHS CHCTEM JIHIMHUX anreOpaidHuX piBHAHB BEJHKOI pO3-
MIpHOCTI, METOAM BHpIIICHHS BapiallilHUX HEPIBHOCTEH, PIBHOBAXKHI MOJIENi, MaTeMaTUYHE
MO/ICJIFOBAHHS €HEPTOPUHKIB, Ta30TPAHCIIOPTHUX CUCTEM, MAKPOEKOHOMIYHMX MPOLECIB.

Cropox SA.b. — x.T.H, 101IeHT, TeHepanbHul qupekTop Y «HarionanbHuii HayKOBO—
JOCIIHUM IHCTUTYT MIPOMHUCIIOBOIT O€3MEKU Ta OXOPOHU IpaLli».

Hayxkogi inTepecu: iHpopmariifHi TEXHOJIOT11, MATEMaTHYHE MOCITIOBAHHS.

Ceroa Pagmina IropiBaa — nonent xadenpu BuAaBHUUOI cripaBu i penaryBanHs, KIII
im. Iropst Cikopcbkoro.

HaykoBi iHTepecH: OoHJIaliH-HAaBUaHHs, 3MiIlIaHe HaBYaHHs, HeOpMallbHAa OCBITA, IEepe-
KJIaJ, pelaryBaHHs, COLllaJibH1 KOMYHIKaIii.

Cwmouiii BikTopisn MukoJaiBHa — 1.1.H., mpodecop, 3aBigyBay Kadeapu eIeKTPOHHUX
anapatiB CXiJHOYKpaiHChKOTO HAI[IOHAIBHOTO yHiBepcUTeTy iM. Bomomumupa Jlans.

HaykoBi iHTepecu: aBTOMaTH30BaH1 CUCTEMH YIPABJIIHHSA; €KCIIEPTHI CUCTEMH.

Crenin Oaexcanap AdpukaHoBud — 1.T.H., podecop kadeapu TexHiuHOT KibepHe-
tukH, KIII im. Iropst Cikopcekoro.

HaykoBi iHTepecu: cuTyalliiiHe MOJETIOBAaHHS Ta ONTHUMI3allisl CKIATIHUX JTUHAMIYHHX
CUCTEM, aBTOMATH30BaHI HABUAIOUi CUCTEMH, 1ICHTH]IKAIlIS Ta ONTUMI3allisl CUCTEM.

Crenin Ouaexcanap CepriiioBu4 — cTyeHT QaxkyabTeTy 1HPOPMATUKU Ta OOUUCITIO-
BanbHOI TexHiku, KIII im. Iropst Cikopcrkoro.

HayxoBi iHTepecu: ineHTu(iKallis Ta ONTUMI3aIlisl CUCTEM.

Hpona Haranis BosroaumupiBHa — K.T.H., cTapmuid BukiIagad kadenpu TexHITHOT Ki-
6epuetuku, KIII im. Iropst Cikopebkoro.

HayxoBi iHTEpecu: cucTeMy aBTOMaTUYHOTO KepyBaHHS, IM(PpoBa 00poOKa CUTHATIB.
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