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A.A. Litvinov, M.A. Litvinov
ON REDESIGN OF UNIFIED CLINICO-STATISTICAL
CLASSIFICATION OF DISEASE INFORMATION SYSTEM

Annotation. The work is devoted to redesign of Unified Clinico-Statistical Classification of Dis-
ease. Text editor-based user interface has been developed and multilayered Architecture was
provided. Such modifications made UCSCD management system more flexible, robust and main-
tainable.

Key words: frame-based representation, clinical diagnosis, classification.

It is even hard to imagine modern medical care without any standards. But the
foundation for the standards is not a trivial question: different groups and even
medical schools defend their own approaches. But if we think about medical care
from system development point of view, we will find a lot of analogical points. We
can think about the process of treatment in analogy to the process of tuning or re-
pairing the system. When we try fixing something, the first steps will be devoted to
understanding the problem: the nature of the problem and the state of the system
required fixing. Knowing the state of the problem can lead us to the proper way of its
resolution. In medicine that state called clinical diagnosis can be thought as a formal
description of disorder in a compact form which is clear enough to start the treat-
ment. To make that description formal different classifications are used [1-5].

In Ukraine, a group of scientists under the leadership of prof. Bereznitsky Y.S.
proposed Unified Clinico-Statistical Classification of Disease (UCSCD) which was
rather compact and easy to use in comparison with its foreign analogues [7, 8].
UCSCD is based on standard International Statistical Classification of Diseases and
Related Health Problems (10th Revision) [6] and in a simplified way can be thought
as its extended version. To make it compact and flexible frame-based knowledge
representation model was chosen [9, 10].

According to UCSCD model each frame used to represent a set of clinical diag-
noses is connected to definite ICD-10 code. As a rule, each frame is composed of
several nonterminal slots each of which connected to clinical characteristic (such as
Location, Complexity, Phase etc.). An example is shown in Fig.1. The structure of

© Litvinov A.A., Litvinov M.A., 2021

ISSN 1562-9945 (Print) 3
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 2 (133) 2021 «System technologies»

slot represented as a composition of facets which can be divided into two categories:
semantical and syntactical. Semantical facets are as follows: capacity of the slot al-
lowed to describe how many values of the same characteristic can be used simulta-
neously within clinical diagnosis description; type of characteristic (axis) allowed to
describe the class of characteristics. While semantical facets are used to build se-
mantically correct representation allowing to make statistical and analytical proc-
essing of clinical diagnosis information, syntactical facets are used for building syn-
tactically correct and comprehensible textual representation of clinical diagnosis

(Fig.1).

ICD-10 code K25

Characteristic L - Locality T - Degree P - phase

Frame Ulcer {oftheIL} {with!T degree of injury {in !Pin phase} }...
Terminal slot | | Nonterminal slots | ------------- ' | Nested nonterminal slot |

Figure 1 - UCSCD frame structure

Slot structure

{ ofthe IL }

Terminal 1 |-~ ; Terminal 3

Slot value L1 - antrum of the stomach

L2 - forestomach

Figure 1 — UCSCD slot structure

Thus, according to the frame structure mentioned above the following code of
clinical diagnosis K25 L2T1P1 can be transformed into “Ulcer of the forestomach
with moderate degree of injury in exacerbation phase”.

UCSCD is used in two variations: electronic and paper one. Electronic version is
based on frame-based knowledge representation model and currently used in two
modes: the expert mode allowed to correct and reorganize the frames and the user
mode that allows to use it as a source for clinical diagnosis definition, reports etc.
Expert shell currently used for editing of frames is shown in Fig. 2-3.
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Figure 2 — Unified clinico-statistical classification of disease editor
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Figure 3 — Unified clinico-statistical classification frame editor
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Task definition. The problem is that in real life there cannot be a lot of experts
able to maintain the classification spending a lot of time. Thus, the process of main-
tenance should be effective enough to be implemented in real organization, consid-
ering that the effectiveness is capability of producing a desired result avoiding sig-
nificant expenses. Firstly, it was suggested to introduce a kind of frame-based classi-
fication management language allowed to manage the classification using script
files, but it needs a specialist able to write such scripts playing a role of mediator be-
tween the expert and classification. First tries showed a number of problems such as
translation errors, time delays etc.

Thus, the solution of the problem relates to expert’s shell Ul reconstruction
and adding new functions which were not realized and even could not be realized
in its previous version.

Main part. From the start we were focused on two points: escaping misunder-
standing and reducing superfluous movements on behalf of the expert; increasing
the speed of tasks completion.

Firstly, it was noted that the experts were quite familiar with MS Words Editor.
They found it more comfortable to create new structures and modify existed ones
than UCSCD editor: he/she frequently copied and pasted pieces of information from
one frame into another etc. Of course, direct use of MS Word cannot solve the prob-
lem because it does not have necessary checkers able to test the created or modified
frames and not connected with the core of the system. Thus, the main direction was
to take the idea of MS Words editor as the core concept of expert’s shell project.

Secondly, the architecture of the solution was significantly changed: intro-
duced n-layer pattern allowed to switch the application from single expert one com-
puter mode to multi-user client-server one. It can be made by replacing client as-
sembly as it is shown in Fig.4.

Service

N

Editor
A 4
Client
A 4
Use cases
A 4
DAL
Database

Figure 4 — The architecture of UCSCD

Objective model of UCSCD is represented as tree-based structure shown in

Fig.5 which can define nested nonterminal slots and slot values with complex struc-
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ture (means the case when slot value is represented by the frame having its own

nonterminal slots).

Slot
Frame TerminalSlot1
TerminalSlot2

TerminalString0 0..*% TerminalSlot3 1

Code > NumberRestriction1 o

Notes 1 NumberRestriction2

Number Order
----------------------------------------------------------- Axis

B

Figure 5 — Objective model of UCSCD domain

In reality, based on the experience of Research Group it is hard to manage
frames with more than two levels of hierarchy. It means that slots of complex root
frame slot values cannot have complex values (i.e., fames with nonterminal slots).
Such restriction also simplifies database structure, which can be represented as 1-n
relation of two basic tables: ICD-10 diagnoses table and characteristic table. How-
ever, objective model allows to build the structures of any complexity. Thus, in case
of changing the database schema, modifications will affect only DAL and Database
layer components.

Main functions of expert’s shell to be realized were as follows: add-
ing/modifying/removing slots (clinical characteristics) and their values, adding
comments, and even switching the languages. All these functions were developed
taking in mind the ideas of simplicity and effectiveness of actions and unexperienced
user behavior. E.g. to add a new value to the selected slot, user have to just press “=”
key and the system analyzes the location of the cursor and defines the slot to which
new value should be added, automatically providing its name. To the list of required
functions were also added some additional functions which made the process of de-
velopment more comfortable and effective. They are as follows: rolling back after
correction, switching the language. Some actions of inexperienced user can damage
the frame and to return it back to the previous point of successful modification or
even to initial state can be problematic without “Undo” special function. Thus, we
propose to record the history of changes performed by the user and to use “Undo”
function based on that history.

Adding the characteristics from other frames to the target one can be done
simply by copying of the text from the source frame and pasting it to the target one.

ISSN 1562-9945 (Print) 7
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Syntax highlighting and frame checking have also been added. When the user tries to
save the results and leave the editor screen, system checks the frame against the
rules and informs user in case of errors about the place and the specific of errors oc-
curred. Main window of the editor is shown in Fig.6.

It is notable that to check new added or modified frame its textual description
should be converted to the inner representation of “frame-slot” composition and
then checked by the Parser component responsible for “text-frame” transformation
(Fig.7). Model component responsible for saving modified frame is composed of Cli-
ent, Service, Business Logic, DAL and Database layers interacted objects. The impor-
tant point is that for an error occurred while checking the obtained structure, the
message which informs end-user about the error should also indicate a line number
in the textual frame description which caused that error enabling error block selec-
tion (Fig.8).

[oana abo mexizbxa eposii cmsomol obomonry,xomna is Amkx mmmon Bimsme 5 i, mimmimeni criaAmar GmMzoBol oBONONIN, NpH LBOMY YPAKSHHA HEMAS I

abo =

2
3 [cmma abe ze:
a

[epo=mene ypaxenmacmMsoE0i OBONOHKM CTpaBoXomy, sxe sajimac Bimeme 75% fioro oxpyrascri]

19 O (Yoraapmenms xmopoBu)
20 — rpomoTeuem

21 = iso i (crpasoxia Bapperra)

26 = mepmiacreniTom

28 05 = mempoximmicTo cTpasoxomy

Convert(String):Frame o

2 > o —

S v 7} —
= =2 e © o = 9
U > = Save(Frame) =] < 2
> 2 W _______—__—_————_" c =

k. = £

> LoadDiagnosisTree() o

----------------- Editor -’

Figure 7 — Transformation of text-based representation into frame component
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AuarHos

Bupaska wayHky

MakeT awarsosa
= BeIMKOI KpMEMSHM
= mimopmunoro Bipmimy
(llaBopaTopHa giarHooTHxa)
= acomnidoeana 5 Helicobacter pylori
= HeacolimioBana 5 Helicobacter pylori
(YornmagHeHHS xBopobn)

01 = mpoBorewem { *I

(IHOTpYMEeHTANEHA giarHOOTHRA)
= (axTHMBEHA CTpyMinHa)

= (arTHBEHa KamimgapHa)

= (rTpoMboBana cymMHa 5 HNOTPOSON KPOEBOTEeTL)

e WW WWWWWWWWRRNKNRNRNMRNMNNRNRNH

Lo EWNFEFS OO I E W OO0l Oy

= (dircoBammi STopToR KpoBi)

=

= (mpiBui TpomMborani oymwHM)

= (meberxT nipn diBpmmom)

= 8 KpoEoBTpaTom | ! OTYIIeHD |

1SS S Y

[Errors]
Line Message

31 Het saxpsiEamield ckobkl B nosuyme: 15 [+

Figure 8 — Frame checking result

In the result, we have got reconstructed UCSCD management system that is
more flexible and usable than previous one. First tests have shown the
productivity of the expert has doubled.

Summary. Thus, the provided Ul is rather flexible than previous one and can be
used by the expert more effectively. The main challenge for this version was using
textual editor conception as the core idea of the project instead of widespread se-
mantic tree-based variation. The implementation of standard functions was more
difficult than in original tree-based version because it was critical to preserve the
freedom in actions of end-user, but, in the result, we have got an editor with higher
usability, that means higher learnability and memorability, effectiveness and satis-
faction. New version of UCSCD is also more robust to modifications noise, such as
adding new functions and switching to different database providers and schemes,
which significantly improves system maintainability.
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lepemsoperHs iHghopmayiiiHoi cucmemu yHighikoBaHOT
KNiHiKo-cmamucmuyHoi Kaacughikayii diazHo3is

B pobomi po3ensdaemscs BapiaHmM nepemsopeHHs cucmemu ynpasaiHHA YHIIKOBAHOK
KATHIKO-CMamucmu4Hot Kaacugikayiero 0iazHo3is.

YHihikosaHa  KAiHIKO-cmamucmuy4Ha — Kaacugikayis OiaeHo3iB8 - ue ¢pelimosuli
Kaacugikamop, wo 003807A€ KOOyBamu KAIHIYHI 0102HO3U, SKI BUKOPUCMOBYIOMbCA OS5
(hopmyBaHHS NPOMOKONIB NIKYBAHHS, 21UOOK020 AHANMI3Y OaHUX W00 NKYBAHHSA nayieHmis. Ha
npoms3i 0ecsmu poKis BUKOPUCMAHHA HAKONUYUAOCS 6a2amo noba)aHs uj000 BOOCKOHANGHHS
cucmemu ynpasaiHHA KAacugikamopom.

PiweHHs, aKke HagedeHo y cmammi 6a3yemsCcs Ha KapOUHA/bHIL nepepobyi iHmepdgelicy
Kopucmysaya: B8i0xody 810 K/AacuyHoi OepesoBUOHOI MoOdeni ¢hpelimosoi cmpykmypy, ma
BUKOpPUCMAHHA MO0OeNi meKcmoBo20 pedakmopa nodibHoMy cepedoBuULAM NPO2PAMHOT
pPO3pOOKU 3 BBEOGHHAM QYHKUIlU, w0 pobasmes pobomy ekcnepma 6inbl egekmusHow. TaKOX
3anponoHOBAHO 3MIHUMU apximekmypy 000amKy 3 MOHOJIIMHOT Ha 6a2amowaposy.

3anponoHosaxuli BapiaHm 00380/4€ CymmeEBO CNpocmMumMu ynpasaiHHA ¢pelimosow
Knacugikayiero 0ia2HO318 3aBOAKU 3MIHI nioxody 00 cmBopeHHS 1Hmepgelicy Kopucmysa4a.
Po3zensHymi mooughikayii apximekmypu 0o0amky makox 00380auuU 3pobumu cucmemy 6isbLu
cmilikoro 00 3MiH, nosne2wumu ii cynposio.
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Mpeobpazosarue uHghopmayuoHHOU cucmemsl YHUPUUUPOBAHHOL
KNUHUKOCMamucmuyHou Kaaccuguxkayuu oua2Ho308

B pabome paccmampusaemcs sapuaHm npeobpazosaHus cucmemsl ynpasaeHus
YHUGUUUPOBAHHOU KNUHUKO-CcmamucmuyecKoU Kaaccugpukayuu 0uazHo308.

YHupuyuposaHHas KAUHUKO-cmamucmuyeckas Kaaccugukayus OuaeHo3os8 - 3mo
¢pelimosbili  Knaccugukamop, no3sossem KoOouposams KAUHUYECKUe OuaeHO3bl, Komopsble
ucnosb3ylomes 014 (OPMUPOBAHUS NPOMOKOJI08 JiedeHus, 2y60K020 aHAnU3a OGHHbIX NO
JledeHuto  nayueHmos. Ha npomsxeHuu Oecamu Jnem UCNO/b30BAHUA HAKONUMOCL MHO2O0
noxenaHuli No CoBepUeHCMBOBAHUIO CUCMeMbl ynpasaeHus Kaaccuguxkamopy.

PewetHue, komopoe npusedeHo 8 cmamsbe 6a3upyemcs Ha KapOuHanbHOU nepepabomke
uHmepdpelica: yxoda om Knaccudeckol OpesosudHol modenu ¢pelimogold cmpykmype, U
ucnosIb308aHUe MOOeIU MeKcmoBo20 pedakmopa No006HOM cpedam Npo2pamMmHol pa3pabomxu
¢ 8BedeHuem QyHKyul, denarwux pabomy 3kcnepma bosee s¢ppekmusHoll. Takxe npedioxeHo
U3MeHUMb apxumekmypy npunoXeHus ¢ MOHONUMHOU HG MHO20CAOUHYIO.

[TpednoxeHHbIl BapuaHm no3sossem CywecCmseHHo ynpocmums ynpasieHue ¢pelimosol
Kaaccugpukayuu 0uaeHo308 651a200aps U3MeHeHUl0 nodxoda K co30aHulo uHmepgelica
nons3o8amens. Paccmompensl mModugukayuu apxumeKkmypbl NpuNOXeHUAs Makxe no3soaunu
coenams cucmemy 6osiee ycmolyusoli K usMeHeHUsM, 061e24umsb ee conposoxoeHue.

JIutBuHOB O/ieKcaHApP AHATOJMOBMY - KaHAMIAT TEeXHIUYHUX HAyK, OOILEHT
Kadbenpu  eNeKTPOHHUX  OOUMCIIOBAIBHMX  MaliMH  JIHIMIPOMeTpPOBCHKOTO
HallioHaJabHOrO YHiBepcuTtety im. O. 'oHUapa.

JIntBuHOB Muxaiio OJIeKCaHAPOBUY - CTYAEHT 4-TO Kypcy Kadenpu eleKTpoH-
HUX  OOYMCIIOBAJbHMX  MalIMH  JIHIMpONMeTPOBCbKY KOTO  HAlliOHAJIbHOTO
yHiBepcurety im. O. ['oHUapa.

JIUTBMHOB AjleKCaHAP AHATOJMBEBUY - KAHAUIAT TEXHUYECKMX HAYK, OOLEHT
Kadenpbl 3MEKTPOHHBIX BBIUMCAUTENbHBIX MalllMH JIHEMmpomeTpoBCKe KOTO
HalIMOHAJIbHOTO yHUBepcurera um. O. 'oHuapa.

JiutBuHOB Mwuxama ANeKCaHAPOBUY — CTYOeHT 4-0ro Kypca Kadeapsl
3JIEKTPOHHBIX BBIUYMCIUTENbHBIX MallvH [[HEeNpoIeTpoOBCKe KOTO HAIMOHAJIbHOT'O

yHuBepcutera um. O. 'oHuapa.
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A.L. Ivon, V.F. Istushkin
SOFTWARE FOR MEASURING OF DIFFERENTIAL RESISTANCE BY SCANNING
OF DIGITAL IMAGES OF ANALOG OSCILLOGRAMS

Abstract. A program for measuring the differential resistance of varistor materials by scanning
digital images of analog oscillograms is described. The program was created using the languages
HTML, CSS, JavaScript and Canvas technology. The software environment for its execution are
Internet browsers. The program can be used to measure linear resistance, which limits the
nonlinearity of current-voltage characteristics of varistor materials at high electric currents.
Keywords: digital image, determination of parameters by scan data, differential resistance, varis-
tor materials.

Statement of the problem and purpose of research. Currently, for overvolt-
age protection of electronic devices and electrical equipment, varistors on the base
of zinc oxide are widely used, since they have a highly nonlinear current-voltage
characteristic (CVC) [1]. The efficiency of overvoltage protection is significantly in-
fluenced by the linear volume resistance of zinc oxide grains in varistor material.
This resistance reduces the nonlinearity of CVC at the high electric currents [2].
Therefore, the measurement of such resistance is an important task.

In [3] a method for measuring the specific linear resistance pi, which limits the
nonlinearity of current-voltage characteristic of varistor materials at high electric
currents was proposed. This method is based on the concept of differential resis-
tance. The method allows determining the value of p;, by data obtained at measure-
ment of the differential resistance of varistor material at high electric currents. In
this case it is necessary to register the CVC of varistor material with high accuracy.
This can be done using the digital images of oscillograms of voltage and current
pulses recorded with a two-beam analog storage oscilloscope [4]. Such images are
easily obtained using a digital photo camera. The instantaneous values of voltage
and current can be measured using the data obtained at scanning of digital images of
oscillograms [4]. The high resolution of a digital photo camera makes it possible to
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provide a relative error of measurement no more than +1%, since the absolute error
in scanning digital images does not exceed *1 pixel.

Software is required to scan digital images and processing the scan results. To
create it, it is convenient to use the languages and technologies using in the Inter-
net. These are the languages HTML, CSS, JavaScript, and Canvas technology. The
software environment for programs created by these means can be any internet
browser.

The aim of this work is to create a program for measuring the differential resis-
tance of varistor materials based on data of scan for digital images of analog oscil-
lograms of voltage and current pulses obtained when the sample is exposed to a sin-
gle voltage pulse of exponential shape.

Major part. As knowing, the differential resistance Ry is defined as the ratio of
the voltage increment AU to the current increment Al, namely Rg4s = AU/AL Thus, to
determine Ry it is necessary to measure the voltage and current values at least two
points of the current-voltage characteristic. As shown earlier [4], with known voltage
scale My and current scale M. for digital image of oscillogram, the electric field
strength E; and current density J; in varistor material for a sample with thickness L
and area of electrodes S can be calculated based on the scan coordinates y;y and yi.
These coordinates are corresponded to the same coordinate x; on the lines of voltage
and current pulses, respectively. The expressions for calculation E; and J; have view:

1
E; =z(McU(y0U = Yiv) =M R(yor — yir)), (1)
M
Ji =S_—CIIQ(J’01 = Yir)» (2)

where you, Yor are coordinates which were scanned on zero voltage and current lines
of the oscillogram; R is the resistance of a precision resistor connected in series with
the sample to register the current.

The use of sufficiently short single pulses of an exponential form makes it pos-
sible to register sections of the current-voltage characteristic in the region of high
electric currents. The program below calculates the differential resistivity pu (r0qur)
using six points selected by user on the digital image of oscillogram for voltage and
current pulses. When scanning, the user selects three points on the line of voltage
pulse and three points on the line of current pulse, which have same values of x; co-
ordinate. The program, based on scanning data calculates the values of E; and J; for
three points of the current-voltage characteristic using formulas (1), (2). On the base
of these data, program calculates pur using the least squares method for the linear
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regression case. In addition, the program provides calculation of the average current
density J,, within three points of the CVC and its reciprocal value 1//.. It also calcu-
lates at current density /., the average distance L, between intergranular energy bar-
riers operating in the reversible electric breakdown mode.

The algorithm for processing digital images of analog oscillograms executed by
the program consists of the following stages: 1). Loading a digital image of oscil-
logram into browser window; 2). Introduction of the initial data for the studied sam-
ple: L, S, R and of the band gap Eg for the basic material component (ZnO or SnO,).
Scaling of digital image of oscillogram using calibration signals or calibration inter-
vals of oscilloscope grid. 4). Determination of the coordinates of zero line you, yor for
voltage and current pulses. 4). Scanning of the coordinates yiy, yi, X; (0 <i < 2) on the
lines of voltage and current pulses of oscillogram. 5). Calculation based on the initial
data, scales and scanning data of the above parameters and the error in determining
of current density J. 6). Results output.

For the software implementation of the described algorithm, the languages
HTML 5, CSS 3, JavaScript were used. For visually display of scan points and draw
straight lines necessary for digital image processing Canvas technology was used.
For this a canvas with dimensions of 2300x1750 pixels was created on a web page by
<canvas> tag. Fig. 1 shows the program window at the initial stage of its execution.

To control the processing digital images, the program interface contains a tool-
box with visible and hidden blocks. Visible blocks can be seen in Fig. 1. In the upper
right corner of the window there is a block for displaying the current coordinates of
the mouse cursor. In the upper left corner of the browser window, there is a block
containing a set of buttons designed to launch scripts serving various stages of proc-
essing digital images of oscillograms. For each processing stage, the program dis-
plays a user instruction explaining his actions at this stage. Such instruction is in the
center of screen in Fig. 1.
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Figure 1 - Program window at the initial stage of execution

The "Choose File" and "Download buttons" are used to select a file of digital
image and download it to the browser window. The group of buttons located below
the "Block of processing” heading is used to processing of the loaded digital image.
When one press the "Initial data" button, a hidden block with form fields for entering
the initial data L, S, R and E; opens. The "Correction" button is needed to correct the
scanned data. When it pressed, the coordinates of last scanned point are deleted
from the arrays of scanned data, and the circle centered in this point and the lines
associated with it are erased on the canvas. The "Clear" button is used to completely
delete of the scanned data and erasure the visual results of scan on the canvas. It
should be noted that after pressing "Clear" the scales M., M. of digital image and
the coordinates of zero lines you, yor are saved in the program variables. This makes it
possible to re-process of digital image, bypassing the steps of scaling and determin-
ing the coordinates of zero lines of voltage and current.

After loading the digital image of oscillogram into the browser window, user in-
struction with message "Press the "Initial data" button" is opened. User clicks this
button and opens the block for loading of the initial data. Then he enters initial data
to the form fields of the block and clicks the "Download" button. The initial data is
transferred to the program variables, and a hidden block for voltage scaling is
opened. This block contains a form field for entering the value of calibration voltage
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and the button "Calculate scale". User enters a calibration voltage into the form field
and scans the ends of the interval corresponding to this voltage in the digital image
of oscillogram.

Scanning is performed by clicking the left mouse button at the selected point of
digital image. On the "mouseup” event, a script is executed that reads the coordi-
nates of the point into the scanned data arrays. This script uses Canvas technology
to draw a circle, the center of which has the coordinates of the scanned point. Script
draws also a vertical straight line with thickness of 1 pixel from the center of this cir-
cle. Such lines are needed to select scan points on the oscillogram of current pulse
with the same value of x; coordinate as for points scanned on the oscillogram of a
voltage pulse. The circles representing the scanned points are connecting by straight
lines.

After pressing the "Calculate scale" button of the voltage scaling block, the M.y
scale is calculated and its value transmits to the corresponding program variable.
This hides the current block and opens a hidden block for scaling of current. This
block has the same organization and formatting as the voltage scaling block. After
pressing "Calculate scale" button, the M, scale is calculated, the current block is hid-
den, and a hidden block opens to determine the coordinate of zero voltage line you in
digital image of oscillogram.

This block contains the "Determine" button. The user scans two points on zero
voltage line of the digital image of oscillogram and presses the "Determine" button.
A program script start takes place, which calculates you as the average value of y co-
ordinates for two scanned points and opens a hidden block to determine the coordi-
nate of electric current zero line in oscillogram y,. This block and script that sup-
ports it are organized like the block and script for determining of yov coordinate.

When the user clicks the "Determine"” button of the block for determining of
the yo;, this block is hidden and the block opens, which is designed to perform the fi-
nal stages of processing the digital image of oscillogram. In Fig. 2 shows a view of
window with such block after performance of the program. The block contains a but-
ton "Calculate" and two tables with hidden form fields for output of results. The first
table consists of three columns for output the electric field strength E, current den-
sity J, and the relative error of current density determining "Error". These data are
presented for three points of the current-voltage characteristic at which measure-
ments were made. The second table is used to output in hidden fields of form the
values: Ju, puir (T0dif), 1/Jov and L.
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At the final stages of program execution, processing begins with scanning the
voltage pulse of oscillogram. This process is controlled by a script that, after scan-
ning the third point, generates the message "Scanning of the voltage pulse is com-
plete. Perform the scan of current pulse.” The user scans oscillogram of current pulse
in the same sequence and at the same values of coordinate’s x; as for the voltage
pulse. The vertical lines drawn when scanning the voltage pulse use for this, as can
be seen in Fig. 2. During the scanning of current pulse, the message "Scanning is
complete, press the "Calculate” button" appears. After click "Calculate" button, the
results appear in the hidden form fields of the tables (Fig. 2).
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Figure 2 - Program window after execution. Oscillograms of impulses: 1 - voltage; 2 -

electric current. Oscillogram for a sample of CH2-1 varistor

Conclusions. Use the languages HTML, CSS, JavaScript and means of the Can-
vas technology, the program for measurement of differential resistance of varistor
materials by scanning the digital images of analog oscillograms has been created.
The software environment for program executing is Internet browsers. The program
can be used to measure the linear resistance limiting the nonlinearity of current
voltage characteristic of varistor materials at high electric currents.
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lpozpama 0na sumiptosaHHa dugepeHyiliHo20 onopy WAAXOM CKAHYBAHHA LUpposux 30-
6paxkeHb AHAN0208UX OCYUNO2PAM

OnucaHo npoepamy 014 BUMIPIOBAHHA OuepeHyiliHo20 onopy BApUCMOPHUX Mamepianis
3a 0aHUMU CKAHYBAHHA YUGPOBUX 300paxkeHb aHAN0208UX ocyunozpam. Lugposi 306paxeHHs
ompumyloms WAAXoM omozpagysaHHa OCyuU02paMm iMnyabLCi8 Hanpyau 1 Cmpymy 3 eKpaHy
080ONPOMEHEB020 AHAI0208020 3aNAM AMOBYIY020 OCYUA02padha npu NodarYU Ha 3pa3oK 8apu-
CMOpHO20 Mamepiany NOOOUHOKO20 eKCNOHEeHUIaNbHO20 IMNYy/bCy Hanpyeu. 3aBOAKU BUCOKIU
p030iNbHIl 30amHocmi yugposoi homokamepu 1 abcoMnomHili noxubyi cKaHysaHHa +1 nikcens,
3a6e3nedyemsca BIOHOCHA NOXUGKA BUMIDIOBAHHA MUMMEBUX 3HAYeHb Hanpyau i cmpymy He 6i-
nbwe #1 %. CkaHyBaHHS BIOOYBAEMBbCA WIAXOM KAGUAHHSA NIBOI0 KAGBIWE MUWi B 00paHil
moyyi yugpposo2o 306paxenHs. [ugepeHyiliHuli onip npozpama po3paxosye 3 BUKOPUCMAHHAM
memody HalMeHWwux K8aopamis Ha nNiocmasl 0aHUX CKAHYBAHHSA, OMPUMAHUX 8 MPbOX MOYKAX
yugposux 306paxeHb ocyuno2pam imMnyascis Hanpyeu i cmpymy. llpu obpobuyi yugposux 30-
6paxeHb 3a6e3neqdyembca BI3yanizayis Mo4oK, e YN0 BUKOHAHO CKAHYBAHHSA, G MAKOX MOX-
JIUBICMb KOpe2yBAHHA OQHUX CKAHYBAHHS.

lpoepama peanizosarHa 3acobamu mos HTML, (SS, JavaScript i mexHonozii Canvas. [lpo-
epamHum cepedosuuyem 0415 ii BUKOHAHHS € bpay3epu mepexi IHmepHem. [Ipoepama moxe bymu
3aCMocoBaHa Npu BUMIPIOBAHHT NHI(IHO20 0NOpY, WO 0OMexye HemiHiliHicmb B0NbMAaMnNepHoi
XapaKkmepucmuKu 8apucmopHux mamepianig 8 061aCMi CUNbHUX e/IeKMPUYHUX CMpPYMIB.

lpoepamma ona usmeperus ougghepeHyuanbHo20 conpomusreHua nymem CKaHUPOBAHUA
Yughpossbix u306paxkeHuli AHAN0208bIX OCUUNNO2PAMM

OnucaHa npoepamma 0714 u3mMepeHus dugpepeHyuasbHO20 CONPoOMUBICHUSA BAPUCTIOPHbLIX
mamepuanos no OaHHLIM CKAHUPOBAHUA UUPPOBbLIX U300paeHUl aHAN0208bIX OCYUII02PAMM.
llpoepamma peanusosaHa cpedcmsamu HTML, CSS, JavaScript u mexvonoeuu Canvas. [lpoepamm-
Holi cpedoli 0n1s ee BbINOJMHEHUs ABAAMCA bpay3zepsl cemu WHmepHem. [lpoepamma moxem
NpuUMeHAMbCA NpuU U3MepeHuU JIUHeiHo20 CoONpomuBJIeHUS, Komopoe 02paHuyusaem HeauHedl-
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3/IeKmMpuUYecKUx MoKos.

ViBoH Anekcauap UBaHoBuY - rpodeccop, a.¢h.-M.H, mpodeccop Kadeapsr
3JIEKTPOHHBIX BBIUMCIUTENAbHBIX MAaIllMH JIHEITPOBCKOTO HAIMOHAJIbHOTO
yHuBepcutera umenu Osnecsa ['oHuapa.

Hctymkun Banepuit ®emopoBmuu - [OLIEHT, K.T.H., OOLEHT Kadeapsl
3JIEKTPOHHBIX BBIUMCIUTENbHBIX MallH JHEIPOBCKOTO HAILMOHAJIbHOTO

yHuBepcuterta umenu Ojecs 'oHuapa.

IBoH Onekcauap IBanoBuu — npodecop, A.¢.-M.H, npodecop Kadenpu ene-
KTPOHHMX O0OUMCITIOBAJbHMX MallMH [IHIITPOBCHKOTO HAIliOHAJIbHOTO YHiBep-
curety imeHi Onecs I'oHuapa.

Icrymkin Banepiit ®egopoBu4 — IOIEHT, K.T.H., JOLIEHT Kadenapu eaeKTpo-
HHUX 00UMC/ITIOBAIbHMX MalIMH JIHITPOBCHKOrO HAIliOHAJbHOTO YHiBEPCUTETY

imeni Osnecs 'oHuapa.

Ivon Alexander - doctor of sciences (physics and mathematics), professor of
the department of electronic computers of the faculty of physics electronics
and computer systems of the Oles Honchar Dnipro National University.
Istushkin Valery - candidate of technical sciences, associate professor of the
department of electronic computers of the faculty of physics electronics and
computer systems of the Oles Honchar Dnipro National University.

ISSN 1562-9945 (Print) 19
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 2 (133) 2021 «System technologies»
DOI 10.34185/1562-9945-2-133-2021-03
UDC 004.42:621.317.351

A.L Ivon, V.F. Istushkin, Yu.M. Rybka
WEB APPLICATION FOR HIGH ACCURANCY MEASUREMENT OF VOLT-
AMPERE CHARACTERISTICS

Abstract. Web application is described that allows, by scanning digital images of analog oscil-
lograms of voltage and current pulses, to measure with high accuracy the volt-ampere character-
istics of semiconductor materials at high electric currents. The application allows measuring
voltage and current with a relative error that does not exceed +1%.

Keywords: web application, digital image, voltage-ampere characteristic, impulse test, analog
oscillogram.

Statement of the problem and purpose of research. When pulse tests of
semiconductors in the region of strong electric currents, it becomes necessary to
measure their volt-ampere characteristic (VAC). For this purpose, it is convenient to
use single exponential voltage pulses, which provide change of the voltage over a
certain range of values. This makes it possible to test a section of volt-ampere char-
acteristic in a certain current range [1]. As work [2] shows, it is possible to measure
with high accuracy the parameters of electrical signals using for this aim the digital
images of analog oscillograms obtained by a digital photo camera. It is known, that
unlike digital oscilloscopes analog oscilloscopes register oscillograms of electrical
signals directly, without performing preliminary digitization of signals using an ana-
log-to-digital converter. In the case of digital images of analog oscillograms, the dig-
itization of visual information is carried out using a digital photo camera. With a
high resolution of such camera, it is possible to ensure high accuracy in measuring
the parameters of digital image objects, according to the data of scanning their coor-
dinates, since the absolute scanning error is +1 pixel. The estimates carried out in [3]
showed that the relative error 8 for determining of the instantaneous voltage values
using the scan data of digital images of analog oscillograms is determined by
the ratio:

_ 100%, (1)

o=1=
‘yo—yi‘
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where yy is the coordinate of the digital image of oscillogram corresponding to zero
voltage; y; is the y coordinate of the point of the digital image of oscillogram were
measurement takes place.

From expression (1) follows, that the relative measurement error of instanta-
neous voltage does not exceed +1% if the resolution of a digital photo camera pro-
vides the value [y, — yi| ~ 10°.

The purpose of this work is to create a web application by the means of lan-
guages HTML, CSS, JavaScript and the Canvas technology, which allows high-
precision measurements of volt-ampere characteristics by scanning digital images of
analog oscillograms of voltage and current pulses.

Major part. To measure the volt-ampere characteristic, one can use the oscil-
logram of voltage and current pulses, recorded using an analog storage double-beam
oscilloscope. In the case when such oscillogram is presented in the form of a digital
image, software is required to perform scanning and process the scan data.

Such software can be implemented on the basis of an algorithm consisting of
the following stages: 1). Loading a digital image of oscillogram into a browser win-
dow; 2). Input of the initial data: the thickness of measured sample L, the area of
electrodes S, resistance of the precision resistor R used to register the current; 3).
Determination of the scale of voltage M.y and current M, of a digital image of analog
oscillogram; 4). Determination of coordinates yov and yo; of the zero lines of the oscil-
logram for voltage and current pulses, respectively; 5). Scanning the coordinates (yiy,
X)), (Vir, X;) for the voltage and current pulses lines in the oscillogram; 6). Calculation
based on scanning data of instantaneous values of electric field strength E; and cur-
rent density J; according to the formulas [3]:

1
E; =z(McU(YOU = Yiv) =M R(yor — yir)), 2)
M
Ji :S_—CIIQ(J’OI_J’H)’ (3)

as well as measurement errors daccording to formula (1); 7). Results output.

The algorithm described above is implemented using the languages HTML 5,
CSS 3, JavaScript and the Canvas technology. The software environment for the pro-
gram executing is Internet browsers.

The program interface was created using HTML 5 and CSS 3. This interface con-
tains explicit and hidden blocks of toolbox serving for processing digital images, as
well as blocks of instructions to the user that open for different processing stages.
Explicit toolbox blocks are constantly displayed on the web page. Such blocks in-
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clude the coordinate navigator of the current position of the mouse cursor in the up-
per right corner of the browser window (Fig. 1). For control of this block the program
script is used that action at "mousemove" event. To upload digital images, a block
with the heading "Image upload" is used. This block contains a form field of the "file"
type and "Download" button (Fig. 1). Using a form field of the "file" type, user selects
a digital image file and uploads it to the browser window. This is provided by the
"change" event and a script with the "FileReader" object. The "Download" button is
needed to embed the image into the canvas. Using the canvas makes it possible to
visually display the scan results using vector graphics.

Block for the digital images processing under the heading "Block of processing”
contains four buttons and an area into which hidden blocks are displayed for differ-
ent stages of the processing algorithm. Pressing the button "Initial data" opens a
block with form fields for entering the initial data of program. The scanning of
pulsed signals on the digital image of oscillogram begins with a voltage pulse. After
its completion, user presses the "Scanning U finished" button and starts scanning the
electric current pulse. When scanning a voltage pulse, the program script draws a
circle with the center having the coordinates of scanning point using Canvas and
draws a vertical line of 1 pixel thick from its center. This line allows easily find the
points with the same coordinate x; when scanning a current pulse.

The "Correction" button is used to correct the scan results. When it’s pressed,
the coordinates of the last scanned point are deleted from the arrays for storage of
scan data and the visual image of this point is erased on the canvas.The button of
toolbox "Clear" is used to clear the arrays of scan data and fields of the forms for re-
sults output. It should be noted that the script executed when this button is pressed
do not change the values of the program variables intended for storing the initial
data, scales and coordinates of zero lines of voltage and current pulses. This makes it
possible to re-measure the volt-ampere characteristic using earlier loaded digital
image of analog oscillogram, bypassing the first four stages of the processing
algorithm.

The hidden blocks of the toolbox and the user instructions are opened by the
program scripts in accordance with the sequence of stages of the presented above
algorithm for processing digital images of oscillograms.

Fig. 1 shows the view of the program window after execution. As it is seen, the
error in measuring of the electric field strength E is less than + 1%, and the error in
measuring of the current density ] reaches this value and increases as the instanta-

neous current values approach to zero current line. The zero voltage and zero cur-
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rent lines in Fig. 1 are not visible because they are positioned below the bottom side

of browser window.
o i TS S .. .. - -

| 2504 4882 029 0.50
2575 4776 029 052
2555 452.7 0.29 0.55
2537 4333 0.29 0.58
2525 4159 030 0.60 |
2511 3884 0.30 0.83
2486 3822 030 065
2480 364.7 030 0.68 |

24684 351.0 0.30 0.71
2453 3361 031 0.74
2440 3211 0.3 078
2423 3048 031 0.82
2410 2905 0.31 0.86
2396 277.5 0.32 0.90
2386 266.2 032 094
2373 2569 032 097
2363 2457 032 1.02
2352 2363 032 1.08
2341 2257 0.32 110
2327 2161 033 1.16
2318 2064 032 1.21

Figure - Program window after execution. Oscillograms of impulses: 1 - voltage;
2 - electric current. Measurements for a zinc oxide varistor ceramics sample

Conclusions. Using the languages HTML, CSS, JavaScript and the Canvas tech-
nology, a web application has been created to measure with high accuracy the volt-
ampere characteristics of semiconductor materials by scanning the digital images of
analog oscillograms. The application allows providing measurements with a relative
error not exceeding +1%.
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Be6 0odamok 014 8UMIpIOBAHHSA 3 BUCOKOIO
MOoYHiCMI0 80IbMAMNEPHUX XAPAKmMepucmuK

OnucaHo npuknadHuli Be6-000amokK, KUl 003B0ISIE WAXOM CKAHYBAHHA Yuposux 30-
6paxkeHb AHANI0208UX OCYUI02PAM TMNYbCIB HANpPy2U 1 CMpyMy BUMIPOBAMU 3 BUCOKOK MOYHI-
cmio BosibmamnepHi xapakmepucmuku (BAX) HanisnposioHukosux mamepianig 8 061acmi cusb-
HUX efleKmpuyHUx cmpymis. L{ugposi 306paxxeHHs ompumyoms WASXoM pomozpagysaHHs oc-
yusozpam imMnyaeCis Hanpyeu 1 cmpymy 3 eKkpaHy 0BONpoMeHeBo20 aHA/I0208020 3d-
nam’amosy4020 ocyunozpaga npu O1i Ha 3pa3oKk 00CNIOKYBAHO20 Mamepiany NOOOUHOKO20
eKCNOHeHYIanbHo20 TMNYbCYy Hanpyau. Po32opmKa Hanpyau eKCnoHeHyiaabHuUM iMnyabcom 0ae
MOXUBICMb BUMIpAMU OinaHKY BAX 1 npu 3miHi amnaimyou imnysisbcy 3a6e3neyye BUMIPIOBAHHS
8 WUPOKOMY 01aNna30H1 eleKmpUYHUX CMpPyMis.

3asdsku sucokili po30inbHili 30amHocmi yugposoi pomokamepu i abcomnomHili noxubyi
CKaHyBaHHA 1 nikcesb, 3a6e3ne4yembCsa BUCOKA MOYHICMb BUMIPIOBAHHA MUMMEBUX 3HAYeHb
Hanpye i cmpymis 3 BIOHOCHOK NOXUbKoKW He binbwe +1 %. CKAHYBAHHA BI06YBAEMbCA WAXOM
KNQUAHHSA N11BOI0 KAasiwer muwi 8 06paHil moyyi yugposozo 306paxeHHs. lpu 06pobuyi yug-
posux 306paxeHb 3a6e3nedyembsCa Bi3yanizayis Moyok, 0e 6ys10 BUKOHAHO CKAHYBAHHS 1 MOX-
JIUBICMb KOPe2yBaHHA OQHUX CKAHYBAHHA.

lpoepama peanizosaxa 3acobamu mos HTML, CSS, JavaScript i mexHonoeii Canvas. [lpo-
epamHum cepedosulyem 0/ ii BUKOHAHHA € bpay3epu mepexi IHmepHem.

Beb6 npunoxeHue 014 usmepeHUs € 8bICOKOU MOYHOCMbIO
B0JIbMAMNEPHbIX XApAKMepUucmuK

OnucaHo npuknadHoe Beb-npunoxeHue, KOmopoe No3soJisiem nymem CKAHUPOBAHUSA Lug-
pOBbIX U306paXKeHUll aHAN0208bIX OCYUIIO2PAMM UMNYJ/ILCOB HANPAKEHUS U MOKa U3Mepam ¢
BbICOKOU MOYHOCMbIO BOJIbMAMNEPHYIO XAPAKMepuCmuKy noaynpoBoOHUKOBbIX Mamepuasnos 8
0bacmu cunbHbIX 31eKmpudeckux mokos. llpunoxeHue no3gosnsem obecnedums usmepeHue
HanNpsxeHus U MoKa ¢ omHocumesbHol owubKol, Komopas He npessiwiaem +1 %.
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A.S. Tonkoshkur, A.S. Lozovskyi
APPLICATION FOR CALCULATING THE PARAMETERS
OF A GAS SENSOR FROM THE EXPERIMENTAL
KINETIC DEPENDENCE OF RESPONSE

Abstract. The elements of the structure and user interface of a specialized application for proc-
essing experimental data and calculating the parameters of gas sensors, based on the concept of
using various software, packages and media are presented that are most effective at each stage.
The application provides such service functions as data entry using Excel spreadsheet program;
calculations in the mathematical package "Mathcad"; test item examples of using computa-
tional algorithms and providing the necessary textual information from internal sources and the
Internet.

Key words: gas detector, modeling, software, calculation of parameters, algorithm

Introduction. The processing of experimental data in order to obtain informa-
tion on the physical and technical properties of gas detectors, in particular, semi-
conductor sensors, is one of the most important tasks in their research and applica-
tion. Recently, it show that kinetic characteristics seem to be an effective tool for ob-
taining information on the parameters of transient processes that determine the fea-
tures of the electrical conductivity of such sensor materials [1, 2].

One of the promising areas for achieving these goals is the analysis of response
kinetics using general phenomenological models based on the stretched exponential
Kohlrausch-Williams-Watts function [3-5].

Its feature is its suitability for describing relaxation phenomena in disordered
systems, in which dynamic processes occur simultaneously in several time
intervals [6].

It will be observed that the solution to this problem is associated with a number
of difficulties associated with processing large amounts of data, the need to use
complex algorithms to ensure acceptable accuracy of calculations, etc. In this regard,
it seems appropriate to computerize such work from the point of view of developing
a specialized application solve the given framework of the problem of data process-

© Tonkoshkur A.S., Lozovskyi A.S., 2021
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ing concepts using various software packages and environments, the most effective
at each stage [1,7].

Problem statement. The article presents the elements of the structure and
user interface of a specialized application intended for processing experimental ki-
netic dependences of the response of gas-sensitive sensors and calculating their pa-
rameters.

Structure diagram of the application. The application is designed for man-
age a library of application software modules, which are documents of the well-
known mathematical package Mathcad and an Excel spreadsheet. The general struc-
ture and list of modules are represented in Fig. 1.

Main window

M Intermediate window Intermediate window
e Data input Algorithm 1
L ] ]
h?aic'ﬁ';ad Test data Test
Exit Data Calculation
Description
Help '
]
User's
Manual
Workshop

Figure 1 - Block diagram of an application for calculating the parameters of a gas
sensor from the experimental kinetic dependence of its response

As you can see, the library consists of the Menu and Help sections and two in-
termediate windows Data Input and Algorithm 1, containing subsections that corre-
spond to the solutions to the problems of entering experimental data and finding the
parameters of the gas sensor under study.
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The components of the library subsections (Mathcad documents) are repre-
sented in two versions: test and open for modification by the user, and contain a de-
scription file for the corresponding method.

As additional services, the scheme provides for the possibility of directly calling
the mathematical package Mathcad and exiting the program, as well as being ac-
quainted with the user manual and going online to obtain additional literature data.

The main menu of the package links all sections; Mathcad-documents are lo-
cated in the corresponding sections.

Design of the user interface window. The environment for the operation of
the described software product is the Windows operating system. Navigation be-
tween sections is carried out using buttons and menus of various levels (main, in-
termediate and work menus) [8].

The application uses the Monitor, which is written using the C # language and
the Windows Forms Application project type of the Visual Studio.Net platform. The
applied program modules of the library of computational algorithms, as already
mentioned, are documents of the well-known mathematical package Mathcad (ver-
sion 13). In addition, the application uses universal tools for working with files with
extensions such as .xls, docx and .pdf.

The main elements of the main window are buttons with inscriptions that indi-
cate the action to be performed when they are pressed (Fig. 1). Pressing the "Input
date" button calls an intermediate menu, indicates the layout of the information en-
tered and makes it possible to go to the "Excel" window, which contains the data for
testing ("Test") or into which the experimental data intended for processing should
be entered ("Data").

The button "Algorithm 1" is designed to go to the intermediate window of the
same name. The window contains a brief description of the algorithm and a menu of
the following three items, which initialize actions in accordance with the block dia-
gram in Fig. 1:

"Test" call the Mathcad package window with a test case (does not allow any
changes);

"Calculation" call the Mathcad package window with a similar file used to proc-
ess the experimental data loaded for processing;

"Description” of opening a .pdf file with a detailed description of the selected
method.

The main window also contains a toolbar with two buttons "Menu" and "Help".

The Menu button contains two items. When you select the first of them, "Open
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Mathcad", Mathcad will be launched or the screen will ask you to select the Mathcad
launch file yourself. When you select the second item "Exit", the application will be

closed. The Help button also contains a two-item menu. The item "User's Manual"
opens a document with user instructions. The item "Workshop" launches a browser
to access the Internet.

It will be observed that before using the described software product on a spe-
cific computer, it is necessary to install it together with the standard mathematical
package Mathcad, Excel, a browser and tools for reading files with the .pdf exten-
sion. Setting up the product presented here comes down to writing in the Visual Stu-
dio environment the corresponding file addresses in its monitor, which contain spe-
cific software implementations of computational algorithms from its library.

Algorithms of calculation. The application uses an algorithm for calculating
physicochemical parameters from the kinetic dependence of the reaction of its resis-
tance to the presence of an active gas in an air atmosphere, designed in the form of a
Mathcad package program, in accordance with the methods described in [1, 2].

The experimental data processing algorithm based on the Kohlrausch-
Williams-Watts stretched exponential function model includes the following
operations:

1. Data entry using the above user interface.

2. Primary data processing:

- Presentation of data in the form of a graph and visual assessment of its cor-
rectness;

- Transfer of the time count at the moment when the relaxation (restoration of
resistance) of the sensor begins after the removal of the active gas from the air at-
mosphere;

- Data presentation in double logarithmic coordinates

- Building on their basis empirical (tabular) regression dependence.

3. Finding the value of the unknown coefficient g

- Representation of an empirical (tabular) regression dependence in the form of
an interpolation polynomial using cubic splines;

- Derivative calculations d log S(t) / dt based on the previously obtained tabular
dependence, which was previously represented in the form of an interpolation poly-
nomial;

- Representation of the empirical regression dependence in coordinates
tx[d log S(t) / dt] and log S(t);
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- Visual selection of the area above the specified dependence where the model
is applicable (i.e., the dependence becomes straight, and the coefficient g is the tan-
gent of its angle) and the calculation of the value g.

4. Determination of unknown parameters zKWW and S(0)

- Representation of the empirical regression dependence in coordinates
[-AInS)/AtP)]-1/4 and log S(v);

- Approximation of this dependence by a straight line and calculation of
parameters zZKWW and S(0).

Conclusions. A variant of a specialized application for calculating the parame-
ters of a gas sensor from the experimental kinetic dependence of its response, based
on the complex use of dissimilar software products, is presented. The application
provides the following service functions:

- data entry using Excel spreadsheet program;

- calculations in the mathematical package "Mathcad" of the specified
parameters;

- providing the necessary text information about the used calculation algo-
rithms and test examples of their use;

- Internet access if necessary for additional information.
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Jodamok 0ns po3paxyHKy napamempis 2a308020 ceHcopa
3 eKcnepumMeHmMaabHOT KiHemuYyHoT 3a1exHocmi (020 8id2yKy
[TpedcmasnieHbl 31emeHmbl CMPYKMypbl U NOSIb308AMeEIbCKO20 UHMepgelica cneyuanu3su-
POBAHHO20 NPUNOXKeHUS 01 06pabomKu 3KCnepuMeHmasbHbiX OGHHbIX U pacdema napamempos
20308bIX CEHCOPOB, OCHOBAHHO20 HA KOHUENUYUU UCNO/b30BAHUA PA3NUYHO20 NPO2PAMMHO20
obecneyeHus, nakemos u Hocumenedl, Haubosnee 3gpexmusHbix Ha Kaxoom smane. [lpunoxe-
Hue npedocmas/isem makue cepsuCHble (YHKUUU, KAK BBOO OQHHbIX C NOMOUWbIO NPO2PAMMbI
nekmpoHHbix mabauy Excel; pacyvems! 8binosiHeHbl 8 Mamemamuyeckom nakeme «Mathcady;
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npumepsl mecmosbix 3a0aHUl C UCNOIb30BAHUEM BbIYUC/IUME/IbHbIX A120pUMMOB U npedocmas-
JleHueM Heobxo0umol meKcmoBsol UHGopMayuu U3 BHympeHHUX UCMOYHUKOB U VIHmepHema.
Jlodamok ona po3paxyHKy napamempis 2a308020 ceHcopa
3 eKcnepuMeHmMAanbHoOi KiHemuyHoi 3an1exHocmi (020 Bi02yKy

00HUM 3 nepcneKmMuBHUX HANPAMKIB OMPUMAHHSA THHOPMAyii npo PI3UKO-mexHI4YHI xapa-
KmepucmuKu Cy4acHUxX HanignposioOHUKOBUX Mamepianis 0/ 2a308UX CEHCOPiB € AHANI3 KiHe-
MuKu Bi02yKy ix esleKmponposiOHOCMI 3 BUKOPUCMAHHAM 302G/IbHUX (DeHOMEeHO/10214HUX MoOe-
Jiell, 3aCHOBAHUX HA po3msa2HYmIll eKcnoHeHUyianbHil ¢yHkYii Konspaywa-Binsamca-Bomca. 00-
HaK (i020 BUKOPUCMAHHA CMPUMYEMbLCA HU3KOK MPYOHOWIB, NOB'A3AHUX 3 06POOKOK BENUKUX
Macusis OaHUX, HeOOXTOHICMIO BUKOPUCMAHHA CKIAOHUX an20pummis 014 3a6e3nedeHHs npuliH-
AMHoi moyHocmi 06YyucieHb T mak 0ani. Y 38'A3Ky 3 YuM BBAXAEMbCA 3a 00YisIbHe KoMNn'lomepu-
3yBamu npouyec 06pobKU eKcnepumMeHmanbHUX OAHUX WISXOM CMBOPEHHA BiON0BIOHOT iHMese-
KmyanbHoi BUMIPIOBALHOT THGhOpMayiliHOi cucmemu.

Y Oanili pobomi npedcmasneHi enemeHmu cmpykmypu i iHmepgelicy cneyianizosaHozo
000amKy Ha OCHOBI aneopummy Mooesi po3msa2Hymoi eKCnoHeHyianbHoi yHKYTT 015 06pobKU
O0aHUX KIHeMUKU B102yKy pe3ucmusHuUx 2a308ux ceHcopis. [Ipu cmBopeHHT npoepamu 3acmoco-
BAHA KOHUENUIS BUKOPUCMAHHSA PI3HUX NPO2PAMHUX nakemis 1 cepedosuly, Halbinbw epekmus-
HUX Ha KO)XXHOMY emani o6pobku i aHanisy daHux. [Jodamok Haoae maki cepsicHi (YHKUTT, aK
88e0eHHs 0aHUX 3a 00NOMO20K0 efleKmpOHHUX mabauyp Excel; pospaxyHku 8 mMamemamuyHomy
nakemi «Mathcad»; mecmosi npuknadu BUKOPUCMAHHA 00YUCAOBANbHUX A120pUMMIB | HAOAH-
Hs HeobXI0OHOT meKcmoBsoi TH(hopMayii 3 BHympIWHIX dxepesn ma IHmepHemy.
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N.A. Matveeva
ARTIFICIAL NEURAL NETWORKS IN MEDICAL DIAGNOSIS

Abstract. Artificial neural networks are finding many uses in the medical diagnosis application.
The article examines cases of renopathy in type 2 diabetes. Data are symptoms of disease. The
multilayer perceptron networks (MLP) is used as a classifier to distinguish between a sick and a
healthy person. The results of applying artificial neural networks for diagnose renopathy based
on selected symptoms show the network's ability to recognize to recognize diseases correspond-
ing to human symptoms. Various parameters, structures and learning algorithms of neural net-
works were tested in the modeling process.

Keywords: artificial neural networks, medical diagnosis, multilayer perceptron with back-
propagation training, diabetic retinopathy, function of activity.

Introduction. The task of diagnosis is to identify a disease that a patient has
with certain symptoms. This process is very complicated, because not all disease’s
symptoms are specific to only one disease and often the symptoms are overlapping.
Errors caused by human factor are not rare in this process. To eliminate human er-
ror, in modern medicine, different technologies are used nowadays. Using informa-
tion about a patient's condition in the mathematical model the probable diagnosis
can be determined. These mathematical models are based on statistical distribu-
tions, regression models and artificial intelligence [1-3].

An artificial neural network a part of artificial intelligence provide a powerful
tool to help doctors to analyze, model and make sense of complex clinical data
across a broad range of medical applications. Most applications of artificial neural
networks to medicine are classification problems; that is, the task is on the basis of
the measured features to assign the patient to one of a small set of classes [1].

Medical Diagnosis using Artificial Neural Networks is currently a very active re-
search area in medicine. This is primarily because the solution is not restricted to
linear form. Neural Networks are ideal in recognizing diseases because there is no
need to provide a specific algorithm on how to identify the disease. Neural networks
learn by example so the details of how to recognize the disease is not needed [14].

© Matveeva N.A., 2021
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In supervised learning, the network is trained by providing it with input and
output patterns. During this phase, the neural network is able to adjust the connec-
tion weights to match its output with the actual output in an iterative process until a
desirable result is reached.

The whole diseases diagnostic process can be divided into training and diag-
nostic part. For each disease, it is necessary to determine the specific parameters,
symptoms and laboratory results which in detail describe character of this disease. In
the following step, based on these data, it is created a database that must be vali-
dated and extreme values out of range must be discarded. The neural network is
trained using this database and afterwards results obtained in this process are veri-
fied. If the results of the trained neural network are correct, then the neural model
can be used in medical practice. With this step the diagnostic process begins. The
patient’s data are processed by the neural network, which determines the probable
diagnosis. This result is then validated by the attending physician. The final diagno-
sis is result of physician’s decision, who based on his own experiences evaluates all
aspects of the disease and the result of neural network classification.

The aim of this work is to study the suitability of using artificial neural net-
works in medicine for the diagnosis of diabetic retinopathy. This is one of the most
severe complications of diabetes mellitus, affecting the vessels of the retina of the
eyeball. It is observed in 90% of patients with diabetes mellitus. This work attempts
to test various parameters and network structure for their suitability for recognizing
this disease. To solve these problems, we will use multilayer perceptron networks
that are capable of correctly classifying nonlinear separable input data sets required
for diagnostics.

Main part. Each artificial neural network is a set of simple elements - neurons
that are connected in some way. The particular form of executable network data
conversion due not only characteristics of neurons that make up its structure but
also its architectural features such as topology interneuron links directions and
methods of information transfer between neurons and learning tools[4, 5].

Multilayer neural networks of direct distribution are nonlinear systems that
enable better qualified than conventional statistical methods. Multilayer perceptron
(MLP) has a plurality of input nodes that provide the input layer with one or more
hidden layers of neurons and output layers. Each neuron of MLP which learns based
on back propagation algorithm has nonlinear smooth activation function often use
nonlinear logistic sigmoid function type or hyperbolic tangent [4, 6].

34 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucteMHi TexHosorii» 2 (133) 2021 «System technologies»

It is important to highlight that a neural network may have many hidden layers
or none, as the number of neurons in each layer may vary. However, the input and
output layers have the same number of neurons as the number of neural inputs/ out-
puts, respectively.

The network learning process includes setting values weights and bias of net-
work to optimize network performance. Setting performance for networks with di-
rect propagation is determined by the mean squared function (mse) between the
outputs of the network (a) and targeted outputs (t) and defined by the formula [4]:

1 N
F=mse=— ) (t;-a,)’
P (1)

After training and testing neural network the network object can be used to
calculate the answer for any input value.

For the diagnosis of diseases, a typical neural network with direct feedback is
proposed. Such a network allows signals to travel one-way only; from source to des-
tination; there is no feedback. The hidden neurons are able to learn the pattern in
data during the training phase and mapping the relationship between input and out-
put pairs. Each neuron in the hidden layer uses a transfer function to process data it
receives from input layer and then transfers the processed information to the output
neurons for further processing using a transfer function in each neuron.

Experimental Results. The network must be trained using a suitable database.
The database is a table (or matrix) of data concerning patients for whom the diagno-
sis (positive or negative) is already known. Each row of the matrix refers to one pa-
tient. The string consists of 10 elements that represent medical data. A separate ma-
trix - column vector represents the result (diagnosis). The term “medical data” indi-
cates age (years), duration of diabetes, glycated hemoglobin, Body mass index
(weight in kg/(height in m)"2, low-density lipoprotein concentration in the blood
(mmol / 1), high-density lipoprotein concentration in the blood, blood triglyceride
concentration (mmol /1), blood glucose, diastolic blood pressure (mm Hg). All these
indications are presented in table 1.

To classify retinopathy, a multilayer perceptron with two neurons in the output
layer is used: one indicates the presence of a disease, and the other indicates the ab-
sence.
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Table 1
Medical data for each patient
Minimum value
Variable name Type and
maximum value
Diagnosis result OUTPUT [0;1]
Age (years) INPUT#1 [21;95]
duration of diabetes INPUT#2 [0;50]
Man/ Woman INPUT#3 [1/0]
glycated hemoglobin INPUT#4 [5.0;10.0]
Body mass index (weight in kg/ INPUT#5 [20;67]
(height in m)"2
low-density lipoprotein concentration in | INPUT#6 [40;160]
the blood (mmol /1),
high-density lipoprotein concentration | INPUT#7 [40;70]
in the blood,
blood triglyceride concentration INPUT#8 [50;290]
(mmol /1),
blood glucose INPUT#9 [2.0;7.9]
Diastolic blood pressure (mm Hg) INPUT#10 [0.0;122]

700 patient records are taken for training and 110 records for testing.

For the training of MLP the algorithm of back - propagation training was first

used.

The creation of a neural network is performed in the Java programming lan-

guage.

Initially, we are defined six classes: Neuron, Layer (abstract) that describes the

layers, InputLayer class that describes the input layers (class inherits attributes and
methods from the Layer class), HiddenLayer class that defines the middleware (class
inherits attributes and methods from the Layer class), OutputLayer class describes
the output layer (class inherits attributes and methods from the Layer class), Neu-
ralNet (the values of the neural net topology are fixed in this class)[6].

Many algorithms for the functioning and training of neural networks have been
developed, and for each task it is necessary to configure the network in different
ways. Therefore, researches were conducted to determine the best network parame-
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ters, such as: activation functions of input and hidden neurons and determining the
number of neurons in the hidden layer. Hyperbolic tangential activation function
(Hypertan) and logistic sigmoidal activation function (Siglog) were used in experi-
ments.

Parameters MSE (1) and accuracy was used for evaluate the neural network. The
parameter accuracy is formed on the basis of the expected and real data provided by
the neural network. The test results are shown in  table 2:

Table 2
Results of experiments with activation functions
Experiment | Activation function MSE training rate Accuracy

#1 Hidden layer: hypertan 0.021919833988 0.800
Output layer: siglog

#2 Hidden layer: siglog 0.0182524727261 0.825
Output layer: siglog

#3 Hidden layer: siglog 0.0258190787972 0.725
Output layer: hypertan

#4 Hidden layer: hypertan 0.0291983398831 0.75
Output layer: hypertan

The best results were shown by the logical sigmoidal function (Siglog) in the
hidden and output layers of the network. Nine neurons were taken from the hidden
layer. The number of learning epochs was 500.

The backpropagation algorithm, like all gradient-based methods, usually pre-
sents slow convergence, especially when it falls in a zig-zag situation, when the
weights are changed to almost every two iterations the same value.

Therefore, a method for finding the coefficients was developed based on the
Gauss-Newton algorithm and the gradient descent algorithm.

This is the Levenberg-Marquardt algorithm. It works with a Jacobi matrix,
which is a matrix of all partial derivatives with respect to each weight and bias for
each data row.

In order to effectively implement the LM algorithm, it is very useful to work
with matrix algebra. To address that, we defined a class called Matrix, including all
the matrix operations, such as multiplication, inverse, and LU decomposition,
among others. The Levenberg-Marquardt algorithm uses many features of the back
propagation algorithm; that's why we inherit this class from back propagation.
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One more difference between the back propagation and the Levenberg-

Marquardt algorithm is that the weights here are updated once at an epoch, not on
every data point. This is necessary because the Jacobian matrix is built using the en-
tire dataset.

We performed many experiments to try to find the best neural network to de-
termine if there is a threat of diabetic rhinopathy or not. The results of the experi-
ments showed that the two algorithms show approximately the same values of the
mean square error MSE =0, 018, and the accuracy is 80%.

Graphically, the MSE evolution over time is very fast, as can be seen in the fol-

lowing figure 1:

MSE Error
0,35
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&
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Figure 1 - The value MSE for hidden layer: siglog and output layer: siglog

The fall of the MSE is fast; nevertheless, the experiments showed a slight delay
in the decrease in the first’s epochs.

The graph shows a comparison between the real (yellow line) and the estimated
(black line) values (Figure 2). The neural network works good.
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Figure 2 - The expected class along with the classification estimated
by the neural network

Conclusions. This study aimed to evaluate artificial neural network in disease
diagnosis. The multilayer perceptron neural network is proposed to diagnose the
diabetic retinopathy. The neural network is implemented by means of the Java lan-
guage.

Artificial neural networks showed acceptable results in dealing with data repre-
sented in symptoms. Their use makes the diagnosis more reliable and therefore in-
creases patient satisfaction. However, despite their wide application in modern di-
agnosis, they must be considered only as a tool to facilitate the final decision of a
clinician, who is ultimately responsible for critical evaluation of the ANN results.
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UckyccmseHHble HelipoHHble cemu 8 MEOUYUHCKOU OUa2HOCMUKe

VckyccmseHHble HelipoHHble cemu Hax00am MHOXecmBo NpuMeHeHul 8 NPUJIoKeHUsAX O
mMeOuyuHcKold duazHocmuku. B cmamee uzyyaromea caydau peHonamuu npu ouabeme 2 muna.
JanHble - 3mo cumnmomsi 60ne3Hu. MHozocnoliHbie cemu nepyenmpoHos (MLP) ucnons3yromcs
8 Kayecmse Kaaccuguxkamopa, Ymobsl paznuyams 60/1bHO20 U 300p0B020 4esnoseKa. Pe3ysb-
mamel NpUMeHeHUs UCKYCCMBEeHHbIX HelpOHHbIX cemell 015 OUA2HOCMUKU peHonamuu Ha OCHO-
8e BbIOGPAHHBIX CUMNMOMOB NOKA3bIBAOM CNOCOGHOCMbL cCemu pacno3Hasams 3a60/esaHus, co-
omsemcmsytowue cuMmnmomam Yesaosekda. B npouyecce modenuposaHus npomecmuposaHsl pas-
JIUYHbIe napamempsl, CMpYKMypsbI U an20pummsbi 06y4eHus HelipoHHbIX cemel.

WmyyHi HelipoHHT Mepexxi 8 MeduyHili diazHocmuyi

OcmaHHIM Yacom wWmy4Hi HeUpOHHT Mepexi 3Hax00Amb 6e3/1iy 3acmocysaHb 8 MeOUYHill
diaeHocmuyi. Y cmammi po32aa0aomsca 8UNAOKU peHonamii npu yykpogomy oiabemi 2 muny.
Lle 00He 3 HalibiNbW BAXKUX YCKNAOHEHb UyKpoBO20 diabemy, sKe BpaXae CyoOuHU CIMKIBKU 0Y-
H020 A671yKa.

Y akocmi 8xiOHuUx daHux 6epymbcs MeOUYHT NOKA3HUKU, SKI XapaKkmepu3ynmes cumnmomu
x8opobu. bazamowaposi nepcenmpoHu (MLP) sukopucmosylomscs 8 AKOCmi Kaacugikamopis,
AKT BKA3YIOMb HA 302P03Y 3GXBOPIOBAHHSA.

CmsopeHHsA HelipOHHOT Mepexi BUKOHYBAIOCA HA MOBI npo2pamysaHHa Java. [na Has4aH-
HA MLP cnoyamky BUKOpUCMOBYBABCA G/120pUMM HABYAHHA 31 380POMHUM NOWUPEHHAM NOMUJ-
Ku, nomim - aneopumm JleseHbepea - Mapxksapoma. byau nposedeHi 00CNiOeHHsA w000 BU3HA-
YeHHA Kpawux napamempis Mepexi, makux Ak: yHKYii akmusayii 8XIOHUX 1 NPUXOBAHUX Hel-
POHIB Ma BU3HAYEHHS KIIbKOCMI HelpoHiB B NPUXOBAHOMY wapi. B exkcnepumeHmax BUKOpUC-
mosysanucs 2inepboniyHa maHzeHyianbHa yHKYis akmusayii (Hypertan) i noeicmuyHa cuemo-
idanbHa pyHkuia akmusayii (Siglog).

Pe3ynbmamu 3acmocyBaHHA WMy4YHUX HEUPOHHUX Mepex 018 01a2HOCMUKU peHonamii Ha
OCHOBT 06PAHUX CUMNMOMIB NOKA3YIOMb 30aMHICMb MEPexi po3nNi3HaBamMuU 30XB0PIOBAHHS.
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O0HaK, He38axXayu Ha WUPOKe 3aCMOCYBAHHA WMYYHUX HEUPOHHUX Mepex Yy Cy4acHil
diazHocmuy, ix cnid posenadamu auwie K THCMpYMeHm, AKul nose2wye 0CmamoyHe pilleHHs
KATHIYucma, AKul 8 KIHYesoMy pe3yibmami Hece 810N0B8I0AIbHICMb 30 KPUMUYHY OUTHKY pe-
3y/Ibmamis Mmepexi.

MarBeeBa Harasnisa OnekcaHapiBHa — JOIEHT, K.T.H., JOIIeHT Kadeapu eneKkTpo-
HHMX 00UMC/IIOBaJIbHMUX MallH [THIIPOBCHKOTO HAILIiOHAJbHOTO YHiBEPCUTETY iMeHi

Onecs 'oHuapa.

MarBeeBa HaTanus AneKkcaHApPOBHA — JIOIEHT, K.T.H., OLIeHT Kadeapbl 37eKT-
POHHMX BBIYMCJINUTENbHBIX MaliH J[HEMPOBCKOTO HAllMOHAJIbHOTO YHUBEPCUTETY

umenn Onecst ['oHuapa.
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V.V. Spirintsev, D.V. Popov, O.V. Spirintseva
VIRTUAL DIGITAL ASSISTANT WITH VOICE INTERFACE SUPPORT

Abstract. A virtual digital assistant which can work with arbitrary systems and provide an effec-
tive solution of narrowly focused user tasks for interaction with Ukrainian services voice inter-
face supported has been proposed. The developed web service was implemented by using the PHP
programming language, Wit.ai service for audio signal processing, FANN library for neural net-
work construction, Telegram service for creating an interface.

Keywords: digital assistant, APL databases, neural network, voice interface.

Problem. The increase in the total amount of information that a person must
process has necessitated the creation of systems for daily tasks automation. In addi-
tion, modern machinery is equipped with components sufficient to create an inter-
active interface. So this allows to develop software products for fast processing of
text and voice requests of the user.

Analysis of researchers. Today, the software market offers the user lots of dif-
ferent virtual digital assistants (VDA), designed for the porpose of effective interac-
tion with external online services for everyday problems solving (scheduling, organi-
zation and execution of everyday affairs, contextual information retrieval, etc.) [1].
However, the existing universal solutions (Google Assistant, "Anuca", "Oycs", Bixby,
Siri) do not allow the user to solve narrowly focused tasks (e.g., control of parcels at
leading postal operators, ordering transport tickets, taxi call and etc.) effectively
without the request specifying (choice of service among those are proposed by assis-
tant and further manipulation with this one). Most of VDAs are focused on the for-
eign market and do not have close integration with Ukrainian services (the applica-
tions have only the basic functionality of device management and provide the work
with a limited set of systems), so it reduces the efficiency of their work. The effi-
ciency of the VDA is also affected by the way the commands are entered (text, voice,
etc.) to execute a specific request. Voice interface support provides the most com-
plete implementation of the program compared to the text version of the command.
Therefore, the development of the virtual digital assistant that will ensure simulta-

© Spirintsev V.V., Popov D.V., Spirintseva 0.V., 2021
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neously close integration with domestic services and support of voice interface is
relevant and needs to be studied further.

The aim of the work is to summarize and systematize the results of research [2]
according to the development of the virtual digital assistant with a voice interface.

The main part. The general structure of the project using the development
modular approach is shown in the Figure 1.

The core of the software product allows you to receive data from the input
module, process them (depending on the request) and transmit to the output mod-
ule. This system allows not to depend on external services, giving the opportunity to
switch to other service easily if necessary. This feature of the architecture will allow
to implement both the web interface and messages with third-party programs (e.g.,
Telegram) easily.

Interaction with the
service for speech
signal converting
into text via API

Converting

audio signal
into text

Request classifica-
tion using the neural
network

Fequest
analvysis

l DataOutput I: Request

sending

Data Input >

Sending of the gener-
ated request to the spe-
cific service via API

Figure 1 - Software product architecture

The general architecture consists of (fig.1):

- Data input module. Allows the user to interact with the system by entering
the text or voice command

- Data verification module. Performs the analyzing function applied to the en-
tered information. If the data is text, the request is sent to the analysis module. If

it’s audio, then the request is sent to the conversion module
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Module of data sending for conversion. Allows to convert user's request quickly
and return a text response

- Request analysis module. Analyzes the user's request and compares it with
the software command.

- Request sending module. After the request has been generated, the program
sends it to the appropriate subroutine.

- Data output module. After the information has been received, its formation
and output is performed

Figure 2 shows the directory structure of the developed application.

API. This folder contains files that are responsible
for the system's interaction with the external services.
They allow to send a request to the definite resource,
depending on the user's command, and then return the
response

Learning. It's necessary a neural network to be
created to process user requests intelligently. To teach
it the request type determining, it's needed to create
the training data, which will later be located in this
folder.

Vendor. To accelerate the development of the

software product, it is necessary to use the third-party
frameworks. According to the current standard, they are Figure 2 - Directory
sent to this folder structure

Config. In order not to add data for the connection to the database in each ex-
ecutable file, access constants and other project settings quickly, all configuration
files are located in this folder

Command processing tools

After defining the entered command, the task of its implementation appears.
You need to develop an appropriate routine to do this. Implemented tasks can be di-
vided into several classes:

- Basic interactions with user data.

- Request of the data from external online services.

- User data processing that requires operating system tools.

Interaction with the database

In this case, the work is carried out with the connected database. Regardless of

the selected database software implementation, there are such requests. The first
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one is the request for data available in the database and the second one is the re-
cording of new data into the database (Fig. 3).

v & kenguy al_vocabulary

g id : int{11)

@ word : text 1 & kengupich al_position
g id : int(11)

% © kencupich al_menu / # position : int(5)

g id : int(11)

# parrent : int(11) 1 © kengupich.al_notes
5 name : varchar(20) @ id  int(11)
@ note : varchar(20)
¥ © kengupich al_users { 4 owner: int(5)
g id - int(11) P

2 name : varchar(20)

Figure 3 - Database design

This procedure is undemanding to the machine resources, so it is performed
rapidly.

Interaction with third-party service and the choice of the services

To implement user interaction with the system through voice commands, it's
necessary to send the received audio file to the appropriate service for decoding.
This method can significantly reduce development time, as it offers higher accuracy.
To solve this problem, the Wit.ai service was used to convert the audio signal to a
symbolic form by interacting with them via the API. The system receives an audio
file in "ogg" format and returns the finished text in JSON format. To interact with
this service, one needs to send a voice file using the cURL function (Fig. 4).

$witaiurl = "https://api.wit.ai/speech”;
$witaikey = "HDWH2FKPAOIQTPCDIAAWARHS7H2RAABG";
$date = date();

LI = T R R TY)

$url = $witaiurl.'?v=".%date. '&access_toksn=".%witaikey;

a8

9 $data = file_get_contents("sample.ogg”);

16 $result = null;

11 $headers = array();

12 $headers[] 'X-Requested-With: JSONHttpRegquest';
13 $headers[] "Content-Type: audio/ogg’;

15 $resource = curl_init();

17 curl_setopt($resource, CURLOPT_URL, $url);

18 curl_setopt($resource, CURLOPT_HTTPHEADER,$headers);
19 curl_setopt($resource, CURLOPT_CONNECTTIMECUT, 3@8);
28 curl_setopt($resource, CURLOPT_TIMEQUT, 3@@);

21 curl_setopt($resource, CURLOPT_POST,1);

22 curl_setopt($resource, CURLOPT_BINARYTRANSFER, true);
23 curl_setopt($resource, CURLOPT_RETURNTRANSFER, 1);
24 curl_setopt($resource, CURLOPT_POSTFIELDS,S$data);

26 $result = curl_exec($resource);

Figure 4 - Sending a voice file for processing

ISSN 1562-9945 (Print) 45
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 2 (133) 2021 «System technologies»

Also, based on customer's requirements, the service OpenWaetherMap was
chosen. It allows receiving weather information for the current and some next days
for free. Another external service is the Ukrainian company «HoBa ITomra». The pro-
gram allows you to re-check the status of the parcel quickly without using the third-
party applications.

Creating a neural network

Since a strictly limited set of commands will make it difficult to interact with
the assistant (when scaling the application, the number of commands will increase,
and this will cause difficulties in the program mastering), there is a necessity to con-
vert the received characters into a specific query. It's necessary to perform the intel-
ligent processing of the original text to achieve this. An effective solution to this
problem is the use of neural networks. To teach the system determining the query
while using the associative memory method [3], it's necessary to convert words from
the original text into numbers and compose the vector, and then repeatedly corre-
late the specific vector with a specific query. In this manner the map of relationships
is created, and according to it any text will be converted into a specific query. After
the request specification it's necessary to start a cycle of works with a certain service
by means of the presented API. In practice, there is often a need to use the ready-
made solutions that significantly can improve the development of the software
product. We used a ready-made library - FANN (Fast Artificial Neural Network) in
this work. This allowed us to implement an artificial neural network with the speci-
fied parameters quickly. It offers the high speed and flexibility in use, so one can
solve the most of problems. To create a neural network, the function of the FANN
library - fann_create_standart_array () is used. The arguments of the following func-
tion are

1. The number of layers.

2. The array with the following data:

+ Number of the network entries. This is the total volume of the dictionary in
this task.

« Number of the hidden layers. It is determined experimentally.

« Number of the network outputs.

The dictionary is determined on the basis of all the unique words that are pre-
sented in the training data. To optimize the dictionary, it is necessary to process
each word with the function of determining its root.
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Preparation of the educational data

To train a network it's necessary to create files with the names that correspond
to the names of the commands they belong to. The file should consist of phrases that
can be assigned to a specific command. Each line must end with the sign according
to Fig. 5.

Korga GypeT noceinka?
loe cefd€ac nocelnka?
WHGOpMALKA O MoYTE.
CKaxu, rae nocelika.
CTaTtyc HOBOW MOYTEHL
CTaTyc MOCHUIKM .
TERYWHA CTATYC NOCEKM.
roe ceilvac nodta?
Korga npwegert no4rta?
CKONBKO ¥43Tk NOCHNKY?
CKONBKO ¥OaTh noqryﬂ

[~ T T = B Rs [V y B O FE R A )

=

Figure 5 — Sample of the educational data

To ensure the support for any number of commands, the search for the appro-
priate files in a given directory is carried out (Fig. 6).

$dir = _ DIR__."/lzarning”;
$filesl = scandir($dir);
$partipal = '.data’;

$data_files = array_search_partial($filesl, $partipal);
foreach($data_files as $row){
$fileInfo = preg_replace(’/[%d_]/ui’, "', file_get_contents(%dir.”/".$row));

preg_match_all("'/\b\w+/u', $fileInfo, $fileInfoWord[]);
preg_match_all("/*[‘\w\s]+/um’, $fileInfo, $fileInfosStr[]);

Figure 6 — The search for training files

Next, it's necessary to analyze all the files given to the system, separate the
roots from them using the Porter stemmer, and create the dictionary of the words.
The volume of this dictionary will determine the size of the vector that will be fed to
the input of the neural network. Then the vectors of a given length and consist of ze-
ros are created. After that, the words obtained from the training files are processed
with the function, which returns the sequence number of each processed word from
the created dictionary. The obtained numbers are used as position indices of ones in
the created vector. After the module has been executed, a new file "learn.data" is
created. Then it is fed to the neural network for learning. Then the model with the
coefficients of all neurons is created (Fig. 7).
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The neural network training is carried out through the analysis of the educa-
tional materials. To do this, we need to create the appropriate files with the "data”

extension.

36 connections (connected to_neuron, weight)=(8, -1.82492495158947889463e-81) (1, -6.2642436467518147758@e-01) (2,
-5.48284642568309665833e-01) (2, -5.77062718740184665833e-01) (4, -4.88926238170345188204e-21) (5, -4.67223845592228188204e-01)
(6, -5.8930142380108630767%-81) (7, -5.06282600933425785218e-81) (8, -5.47350801607452427064e-01) (9,
-6.83186416931827427064e-01) (1€, -5.73882784864385486756e-01) (11, -5.52612836636558785218=2-81) (12,
-5.27734100988586307679e-01) (13, -4.1479364563096704400082-01) (14, -7.277488208099886566572-01) (15,
5.40781222448013364736e-81) (16, 6.16796837806007856285e-81) (17, 5.7744845430866998066322-01) (18, 1.118514946568318313552+88)
{19, 1.135793997814677194162400) (28, 9.837108588660986253531e-01) (21, 8.57944636125874815491e+00) (22,
©.25499492172146775992e-01) (23, 1.020188172920126316252+00) (24, 7.67616255764487775970=-81) (25, 6.999117793825165096672-81)
(26, 7.41681453997356877146e-01) (27, 7.39864810415795835662e-01) (28, 4.58452219462217892683e-01) (29, 1.18484795736255055232e
+80) (38, 1.409813835227628153752+8@) (31, 6.35607674315897126438e-81) (32, B8.28241360083600199716%¢-81) (33,
6.86542864879007503821e-01) (34, 5.9283520443600041@1382-01) (35, 5.8711957309151289227922-81) (36, 7.952936328938693399952-81)
(37, 1.18977862555643754128e+08) (38, 7.27727719630728789566e-81) (39, 5.35942457878334079141e-081) (48,
5.5565874679628490@@042-01) (41, 5.38660400430202601944%2-81) (42, 3.215871401876877726132-81) (43, B8.3806834638418592295842-81)
(44, 8.717721508202542557992+408) (45, 9.39721062187425348888e-01) (46, 6.15427622436933406886e-01) (47,
7.99598062636545507188e-81) (48, 8.348777238022866265722-81) (49, 5.63487648349548873873e-01) (58, 7.89160328088718948336e-081)
{51, 5.96030@181521868482192-01) (52, 6.753187244719964787972-01) (53, 6.67322289794838070454e-01) (54, 1.1759297471131964218%
+09) (55, 6.378911404305203092242-01) (56, 1.1470784238@876336220e+00) (57, 1.28514117512962060097e+80) (58,
1.49483481763555871513e-81) (59, 1.64491293133613131205e-81) (6@, 2.49719346359452198936e-01) (O, 8.86574395622684822556e-83)
{1, -3.16174972149133292431e-01) (2, -2.081165685733563@8658e-01) (3, -2.81761586614490244784e-01) (4,
-1.61839788634257958504e-01) (5, -2.02863872301191065707e-01) (6, -2.53048209198356308658e-81) (7, -3.31572376139999125460e-01)
(8, -2.18773274458402856188e-81) (9, -1.812540977978474288432-81) (18, -2.72381137395748244734e-81) (11,
-2.114@62555@9257950584e-01) (12, -3.274097814639813641692-01) (13, -1.69408068009257950504-01) (14,
-2.83526720353087958584e-01) (15, 3.63980138719078378035e+0@) (16, -2.343086752638115244784e-01) (17, 3.70628122415530504812e
+88) (18, 2.34845818084747341851=+08) (19, 2.178347@10598263393297=+8@) (28, 2.96742639008027131453e+80) (21,
8.62564997453000815491e+00) (22, 3.011573121576128553302+00) (23, 3.772024534782270948122+00) (24, 3.045521858685343030842+08)
(25, 2.32953280787872341851e+88) (26, 2.20282381977843311285e+88) (27, 2.02683845211726243392e+80) (28, 2.32090242734427660428e
+80) (29, 2.233597746304741171742+00) (38, 2.33121127467559841@51e+8@) (31, B8.35128748970106116686e-81) (32,
2.319594545867493251568-01) (33, 2.956067748002262433922+00) (34, 4.267797138461366511712+0@) (35, -1.814319937985070958504e-01)

Figure 7 — Coefficients for the words

To verify the operability of the software module, a number of tests were per-
formed. The correctness of the ratio of the entered request to the specific program
command was evaluated during these tests. For clarity of the result the function of
output to the browser window was created. It's arguments are the input phrase, the
coefficients accepted during processing for each of possible outputs of the system
and the system verdict based on the choice of the maximum coefficient among re-

ceived ones (fig. 8).

frput: ArmBepr, coagd @y i AtnBEpT, EOCRS NotEER BYRET RocTAEsEHE] imput: Areflepr; smme B 3BTRS mymen SomTHod
prray(3) | prray(d)

[@]=x (L EH

Tloat (056312 19E131336) [0, GBETISATLAETTY flont (-0, DERSTRERATAITET )

[1]== [1]=>

Tloat (. A5ET5HMBGFF15] BEAFC I GRISHTY float( -0, D0 SEMESI0EED4T ]

13]ms [2]=¥

Float D, 251000 7SSEAGE ] 3 R TRA ]I TR SR Y Tlost (8. 968431 33598191 )
sotput: @ = Adddete output: 1 - CheckMailDeliwery wrtpwti I - ForecasiTommorrown

Figure 8 - The tests for answers correctness

Voice interface testing

After the voice request has been received, the system automatically sends the
file to the processing service, which returns the text response. Figure 9 shows the
operation of user requests that have been processed and converted to text.
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>

OBpabaTteiBao

@ A XOUY 33Ka3aTb ey NOKaXN MHE DeCTopaHsl

Figure 9 - Voice interface testing

Speed analysis

To determine the speed of the system, it's necessary to use a timer that will
measure the execution time of the executable code. To implement this functionality
in PHP, there is a function microtime (), which returns a Unix timestamp measured
in microseconds. To assess the performance of the program before the execution of
each of the code snippets, the temporary timestamps were added. After its execution
the request to regain time was made. The difference between the two timestamps is
the execution time. The results of the system speed testing are shown in table 1.

input: AnsbepT, Korga MHe NpHBESYT NOCBIAKY?

array(3) {
[@]=>
float(-8.18343690233863)
[1]==
float(@.%@813582589351)
[2]=>
float(9.48177461767165)

1
J

output: 1 - CheckMailDelivery
BpemAa cozgaHwA HedpoceTu: @.8385 cek.

BpemAa, Heobxogumos AnA SarpysKM mMOLEnM HeApoceTw: ©.8832 cek.
OBwee Bpema oBpaboTkW 3anpoca HelpoceTobw: B.8338 cek.

Figure 10 — The test result

Table 1
Testing of the system speed
Inspection Min Avg Max
Neural network creating 0.0186 c. 0.02655 c. 0.0509 c.
Model download 0.0027 c. 0.0058 c. 0.0322 c.
Total execution time 0.0216 c. 0.0325 c. 0.0833 c.

The obtained testing results allow asserting the high performance of the sys-
tem.

Conclusions. The paper offers the virtual digital assistant with the voice inter-
face support. The developed web service was implemented using the PHP program-
ming language, the Linux operating system, IDE Visual Studio Code, Apache web
server. The startup Wit.ai was used to process the audio signals. A ready-made solu-
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tion - FANN (Fast Artificial Neural Network) was used to build the neural network.

The Telegram was chosen as the service for the interface creating. This messenger
allows third-party developers to program their own bots. These bots are the third-
party utilities that run inside the program and significantly expand its capabilities.
The finished product allows you to receive user requests from any application, proc-
ess them and return the answer to the user both in the web-interface and in any ap-
plication.

Further development of the proposed research can be carried out in the direc-
tion of expanding of the developed application functionality by adding of other re-
quired functions (calculator, reminder, integration with the taxi service, search que-
ries, current exchange rate); by the Ukrainian language support adding; by adding of
the new training data to increase the accuracy of the neural network request analy-
sis; by expanding of the platforms list to interact with the application.
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BipmyansHuii yugposuii accucmenm 3 niompumKor 2010c08020 iHmepgelicy
3anponoHOBaHO BipTyasbHUNA LUMGDPOBMIA NOMIYHMK, O MOXE NPALIOBATU 3 AOBiIILHUMU
cuctemamu Ta 3abe3nevyBaTu eeKTUBHE pilleHHs BY3bKOHANPaBJEHUX 3aa4 KOPUCTyBaya no
B3aemopii 3 yKpaiHCbKMMK cepBicamu 3 MigTPUMKOIO ronocoBoro iHTepdeiicy. Po3pobneHuit
Beb-cepBic Oy/i0 peanizoBaHo 3a fonomoroio Mosu nporpamyBaHHs PHP, cepeicy Wit.ai ans
06po6ku aypiocurHanis, 6i6niotekn FANN gns nobyposu HeilpoHHOT Mepexi, cepBicy Telegram
AN CTBOPEHHSA iHTepdeiicy.
BupmyansHeiii yughposoli accucmerHm ¢ noddepxKKoli 2010c08020 uHmepghelica
MpennoxeHo BUPTYaibHbIA LU POBOI NOMOLHUK, KOTOPLIA MOXET paboTaTh C NPOU3BO-
NIbHBIMU cucTeMamn 1 obecneynBaTb 3 (EKTUBHOE pelleHne Y3KOHANpaBAeHHbIX 3afay MOJib-
30BaTena no B3aMMOAENCTBUIO C YKPAUHCKUMU CepBUCaMU C MOLAEPIKKON roN0COBOro MHTEp-
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teiica. Pa3paboTtaH Be6-cepBuUC Obl peann3oBaH C NOMOLLbIO A3blKA NporpammupoBaHus PHP,
cepsuca Wit.ai gns o6pabotku ayanocurHanos, 6ubnnoteku FANN ans noctpoeHus HENPOHHOW
ceTu, cepsuca Telegram ans cospaHus uHTepdeica.
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I'.10. Ctanuui, A.I'.Ctanuuii, O.B. PymsiHiieB
JOCHIIDKEHHSA BATATOKAHJIBHUX CUCTEM ITOYEPTOBOI'O KEPYBAHHA

AHomayisa. Po3znadamsca 6a2amOKAHANbHI cUCmMeMU KepyBAaHHSA, 8 AKUX Kepytodull 8nius,
NpuKnadaemeca 8 00HOMY 3 KAHANIB, BION0BIOHO 00 0eAK020 3aKOHY nepemMuKkaHHs. lpusedeHa
Kaacughikayis 6a2amoKaHanbHUx cucmeM noyep2osoeo KepysauHs (BCIIK). [lpusedeHi pi3Hi
munosi cxemu BCIK 1 npusedeHuli ix nopisHAnbHUl aHani3. Po3zansdaromeca pi3Hi yMosu nepe-
MUKGHHA Kepytoyozo snausy. lpusedeHa yugposa imimayiliHa modens BbCITK i pesyssmamu ii
0ocnioxKeHsb.

V 6araThbox BUITaIKaX CMCTEMM aBTOMaTUUHOTO KepyBaHHs (CAK) MaTh CKIa-
IOHY CTPYKTYPY i BeJIMKe UMCJIO B Pi3HOMY CTYIIEHi IOB'SI3aHMX MiXX COOOI0 KaHaJIiB
KepyBaHHA. Y unciai nux CAK icHYIOTb Taki cuCTeMM, B SSKMX B KO)KHOMY 3 KaHaJliB
KepyBaHHSI BUKOPUCTOBYETHCSI OAMH 3arajbHMUIA IJIs YCiX KaHasliB BUKOHAaBCbKMIT a60
BUPILIQJIBHUIA eJleMeHT. 3aJIe)XKHO BiJ, TUIYy 3aTa/IbHOTO eJleMeHTY MOKHa BUIUINTU
TPU KJIACU TaAKUX CUCTEM.

1. EpratuuHi cuctemu, 10 BKIOYAKOTh OllepaTopa i JeKijibKa KepOBaHUX HUM
006'eKTiB.

2. ABTOMaTu30BaHi cuctemu kKepyBaHHs 3 EOM, 1m0 10 4epsi migKkaodaeTbCs
10 pi3HUX BJIOKiB CHMCTEMMU.

3. CucteMu aBTOMaTUYHOT'O KEPYBaHHS 3 OHUM BUKOHABUYMM OPTaHOM.

B sikocTi cucTeM, OCTaHHBOIO 3 Ha3BaHMX KiaciB, MoxkHa npusect CAK kocmi-
YHOrO arapary 3 MOBOPOTHMMM PEaKTMBHUMM COIUIaMU. B 11bOMy BUMAKy Kepy-
BaHHS Opi€HTAI[i€l0 KOCMIYHOTO anapaTy BiJHOCHO KOXXHOI 3 TPbOX OPTOTOHA/IbHUX
TMOB'sI3aHUX 3 allapaToOM 0ceii poouThCs 1Mo yep3i. [IJis 1ibOTO COIIa PO3TOPTAIOTHCS Y
BiATIOBIAHY IJIOIIMHY NPU BUKOHAHHI AESIKUX YMOB, 110 Ha3MBaKTbCS YMOBAMMU Iie-
peMMKaHHS.

[HmMit pukiang - 6araToKaHajJbHA CUCTEMa, KOK€H KaHaJl SIKOi OCHaIeHUi
BUMKOHaBUMM opraHom (BO), ajie ogHouacHe BK/IOUeHHS BO HemoX/1uBe i3-3a B3ae-
MHOTO BIUIMBY BKJIOUeHUX BO, 1110 MpuU3BOAUTH A0 HeraTMBHOTO edeKkTy, abo yepes
HecTauy eHeprii. TakuM YMHOM, [IJISI CMCTEM BKa3aHOTO Kjacy repenodayaeThes, M0

© Cranuui I.10., Cranuui A.T'., Pymsinies O.B., 2021
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omHouacHe hOpMyBaHHS [Aiif, 1110 YIpaB/sSiOTh, B KaHajlax KepyBaHHSI HEMOXJ/IMBE.
KaHan B SKOMYy HEOOXiTHO 3Ii/iCHIOBaTM KepyBaHHSI, BU3HAYAETHCS 3a JTOTIOMOTOI0
3aKOHiB MMepeMMKaHHS, BUJ IKMX 00yMOBJIeHMIT BUPilllyBaHOIO 3a7auelo.

HocmigkeHHS MPOBOAMINCS 3a AOMOMOTOK KOMIT IOTEPHO1 CUMYJISIIiL IJIs pi3-
HUX 3aKOHIB MMepeMMKaHHS KaHaJliB, i 3aKOHiB ()OpMYyBaHHS [Iii, 1110 YIIPaBIIsiE, B KO-
SKHOMY KaHasli cucteMyu. OCHOBHMIA BIUIMB OOepHEHMIT Ha BUBUYEHHS 0COOJIMBOCTEM
IAHUX CHUCTEM, IIOB'SI3aHMX 3 HeOOXigHiCTIO BKIIIOUEHHS JIMIIIE OTHOTrO 3 KaHaJliB CUC-
TeMU KepyBaHHS.

Tumnosi cTpyKTypHi cxeMu, 6araTokaHaJIbHUX CUCTEM ITOYepProBOro KepyBaHHS.
3aKOHM TIepeMMKaHHSI KaHaJliB 3aJaloThCsl 3a JOIMOMOTOI0 JOesIKuxX GyHKITiA
F(xi,Ai,t), e Xi — pi3Hi mapaMeTpu CUCTeMM; Aj — KPOK MepeMMKaHHSI KaHaJliB
YIIpaBJiHHS; t — 4ac; i,j — iHIEeKCM KaHaJIiB yIpaBJIiHHS i peryJibOBaHUX ITapaMeTpiB
BiAmoBigHo. [lepeMMKaHHSI 3aTa/JIbHOTO eJleMeHTa 3 KaHa/ly B KaHaj BigOyBa€eThbCs
micast qocsirHeHHsT yHkitiero F(xi,Aj,t) 3aaHoi BemunHu abo 3BepHeHHS 1i B HYJIb.
BuKOpMCTaHHS OCTaHHIX YMOB MPU3BOAUTH IO YMOB IepeMMKaHHS KaHaJliB, 3a [10-
TIOMOTOI0 SIKMX BU3HAUYaIOTbCSI MOMEHTU MepeMUKAHHS 3araJibHOTO eJieMeHTa 3 Ka-
HaJIy B KaHaJl.

3anekKHO Bif, BUy 3aKOHY ITlepeMMKaHHSI MOXXHA BUAIIUTY KiJlbKa CTPYKTYPHUX
cxeM 6araTokaHaJdbHUX cucTeM mnoueproBoro KepyBaHHs1 (BCIIK), siki HaBeJleHO Ha
Pucynkax 1 - 4.

VY nepiuiomy BUTaAKY QYHKIIiS BU3HAUA€E YMOBM MepeMMUKaHHS KaHaliB Ma€ BU-
g F(x;), y apyromy — E(t), B TpeTboMy — F(xi,t) i B ueTBepTOoOmy — F(Xj;,Aj).

1 — 610K KepyBaHHS; 2 — IIPUCTPIiii MOPIBHSIHHS 3 Xoj; 3 — MPUCTPiit MOPiBHSIHHS; 5 —
BMKOHABYMIf OpraH; 6 — MpUCTPilt KoMmyTallii; 7, 8, .., N — BIUIMB 30BHIIIIHiX 30ypeHb.
Pucynok 1 — Cxema BCIIK 3 ymoBo10 nnepeMmukaHHs F(xj)
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Posrisinemo po6oty BCIIK, cxeMa sikoi nmpuBeeHa Ha PucyHky 1.1. BusHaueH-
HS i TIepeTBOPEHHSI B CUTHA/IM PEryJIbOBAaHMX MapaMeTpiB Xj MIPOBOAUTHCS B OJIOII
KepyBaHHS 1, MicJIsl YOro 1ii CUTHA/IM MOPIBHIOKTHCS 3 TPAHUMYHMM 3HAUEHHSIM Xoj Ha
MIPUCTPOI MOPIiBHSIHHS 2. SIKIIO MOTOYHI 3HAUEHHS TTepPeBUIIYIOTh TOPOTOBi, TO CUT-
HaJIM HAZIXOASATh HA TIPUCTPIili MOPiBHSIHHSA 3, e BU3HAYAETHCS KaHalI 3 MakKCUMMaJlb-
HMM [0 MOJYJII0 MOTOYHMM 3HAYEHHSIM peryjabOBaHOro Iapametpa. CUTHan SIKUit
BiZiMOBigae MakCcMMaabHOMY IO MOAYJII0 3HAUEHHIO HaJiliie Ha BUKOHABUMIA OpraH
5, IKMif 3a JOTIOMOTOI0 TIPMUCTPOI0 KOMYTallii 6, T0 KOMaH/Ii IPUCTPOIO MOPiBHSIHHS

3, MiAKIIOYUTHCS IO BiAMOBiAHOTO KaHATy KepyBaHHSI.

- j X o) Xnj

1 — 6710K KepyBaHHS; 4, 6 — MPUCTPOiI KOMYTAallii; 5 — BUKOHaBUMii opraH; 7, 8, ..,
n — BIUIMB 30BHIllIHiX 30ypeHb.

Pucynok 2 — Cxema BCIIK 3 ymoBo1o nepemukaHHs F(t)

IOns BCIIK (PucyHoK 2) xapakTepHa HasBHICTb JBOX CMHXPOHHO Mpalll0I0UMX
KOMYTYIOUMX TIPUCTPOIB 4 i 6, SIKi 3a 3aJaHOI0 TMMYACcOBOIO ITporpamoio fi(t) 1o uep-
31 MiAKII0Ya0Th 6JIOK KepyBaHHS 1 Ta BUKOHABUMIT OpraH 5 10 KaHajiB KepyBaHHS
7,8 ... n. [Iporpama f(t) moxke popmyBaTHCs 30KpeMa, BiAITOBiTHO OO BeIUUYMH 30B-
HillIHiX 36ypeHb Ci.
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1 — 610K KepyBaHHS; 2 — IIPUCTPIiii MOPiBHSIHHS 3 Xoj; 4, 6 — IPUCTPOI KOMYyTAaIlii; 5 —
BUKOHABUMIi opraH; 7, 8, .., N — BIUIMB 30BHIIIIHiX 30ypeHb.

PucyHok 3 — Cxema BCIIK 3 ymoBoO10 riepemukaHHs F(xi;,t)

BCIIK, cxema, sIKOi TipefcTaBieHa Ha PUCyHKy 3, mpalo€ HaCTyITHUM UMHOM:
CUTHAJIM, BiATIOBiHI peryJibOBaHMM MapameTpaM, HaJAXOIsITb Ha KOMYTYHOUNiA TIPU-
cTpiit 4. Lleit mpucTpiii 3a JesIKOI0 TMMUYACOBOIO ITporpamolo fy(t), 3ailicHIoe migKIo-
YeHHS KaHaJliB KepyBaHHS A0 MPUCTPOIO ITOPiBHSIHHSA 2, e TIOTOYHE 3HAaUeHHS pery-
JIbOBAHOTO MapaMeTpa MOPIBHIETHCS 3 TPAHMUYHMM 3HAUEHHSIM Xoj. SIKIIIO ITOTOYHE
3HAUEeHHs MepeBepIye M0 MOIY/I0 JOIMYyCTUMe, TO CUTHAI HaAXOAUTh Ha BUKOHAB-
YUt OpraH 5, AKuit KOMyTYIOUMM IIPUCTPOEM 6 IMTiAKIIOUAETHCS N0 BiAIIOBiAHOrO Ka-

HaJTy KepyBaHHSI.

1 — 6JIOK KepyBaHHS; 2 — IPUCTPiii TOPiBHSIHHS 3 Xoj; 3 — MPUCTPiii MOPiBHIHHS; 5 —
BUKOHABUMIf OpraH; 6 — MpUCTPilt KomyTailii; 7, 8, .., N — BIUIMB 30BHIIIHiX 30ypeHb.

Pucynok 4 — Cxema BCIIK 3 ymoBoto nepemukanHs F(xij,Aj)

st BCIIK (PucyHOK 4) xapakTepHa HasiBHICTb TaKOTO MapamMeTpy, SIK KPOK Iie-

peMMKaHHS KepylJoro BIUIMBY, 3 KaHa/y B KaHaml A;. To6To npu BriatoueHHi BCITK
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BMKOHABUMI1 OpTaH 5 MiAK/II0YAETHCS 10 OJHOTO 3 n-KaHasliB (Hexaii i = k) i cuctema
3aJIUIIAETHCS B IIbOMY CTaHi 10 TUX ITip, MOKY BeJMYMHA peryJbOBaHOTO MapaMeTpa
X;j SIKOTOCh iHILIOTO KaHaJIy YIIpaB/IiHHS (HexXal i = m) He ITepeBUIIUTDb 10 MOIY/IIO Ha
BeJIMUMHY Aj BeJIMUMHY PeryaboBaHOro lapamMeTpa Xj.

Cnig 3a3Haumty, mo BCIIK, cxemn sikux HaBeneHi Ha PucyHkax 1-3, MaloTb psif,
HepnodikiB. 3okpema BCIIK (PucyHOK 1) mpallto€ 3 BeJIMKUM YMUCIOM KOPOTKOUYACHUX
MiAK/II0YEeHb BUKOHABUYOTO OPTaHy A0 KaHajiB KepyBaHHS, a CUCTEMU, CXEMMU SIKUX
naHo Ha PucyHkax 2-3, MalOTb HEBMCOKY TOYHICTb i IIBUAKOLi0, BHACIIIOK TOTO, IO
dyHK1Iis, sIKa BM3HAUYa€ YMOBM MepeMMUKaHHS KepylJyoro BIUIMBY 3 KaHaly B KaHal,
€ GyHKIIi€Io yacy.

BCIIK, cxema sKoi mpeacTaBieHa Ha PUCYHKY 4, 1o30aBjieHa BUIEHA3BaHUX
HenonikiB, Tomy Kpaiie 6ymyBaTu BCIIK 3a 11i€to cxemoro.

g BCIIK, sk i gyt CAK iHmmMx KiaciB, HeoOXigHO BUpilIyBaTy 3amauy 3a6e3-
TeyeHHs CTIiMKOCTI i 3aaHol 9KOCTi KepyBaHHs. BigminHo pucor BCIIK € HasB-
HIiCTh IBOX 3aKOHIB KepyBaHHS, OOMH 3 SIKMX BiZHOCUTBHCSI IO KepyBaHHSI BK/IIOUEH-
HSIM 3araJIbHOTO €JIeM€eHTa, a iHILNIA - 40 KepyBaHH Y BiAMOBiAHOMY KaHaJIi.

Posrisaemo BCIIK, po6oTa SIKOi OIMUCYETbCS CUCTEMOIO 3BUYANHUX OudepeH-
I[iaJIbHUX PiBHSIHb.

{}*f = a;¥; + bix; + ¢; + diR;

=y (=123..n) (1)
Iie X; — peryJabOBaHui apameTp;
¢i i di — 30BHillIHE 30ypeHHS Ta Kepyioya Ais. [IpMuoMy BOHM IOB’sI3aHi CITiBBigHO-
meHHsIM c¢=[1-d;, ne [ — KoedillieHT MPOMOPLiAHOCTI, SIKM1 3MiHIOETHCS B Tiarla30Hi
0+1.

Kepyroua fist Mmoke MaTy pi3HMIT BUTJISA, [1J1S1 Pi3HUX 3aKOHIB KepyBaHHS

MIPOTIOPIIIIAHOTO
a) di = —do " %1, (2)
6) di = —dn(x; + kx,), (3)
peJieitHOro
a) di = —dg " sign x;, 4)
6) di = —dq - sign (x; + kxq), (5)

®yukKiIisg Ri(F;), 1110 Mae BULJISIA, peieitHoi GyHKIIii (i3 30HOI HeUyTIMBOCTI ab0
6e3 Hei), BU3HAUAETHCSI TAKMM UYMHOM:
0 opu Fi<0
Ri(Fi)={
lopu Fi>A (6)
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Ie A - nesike TMO3UTUBHE YMCJIO, a00 HYJIb.
s nmpuBenenux Buiile TunoBux cxeM BCIIK, dyHKiiii, 1110 BU3HAUYalOTh YMOBU
TIepeMUKAHHS 3arajJibHOTO eJIEMEHTY CUCTEMM, MalOTh BUIJISIL: OJISI CXeMMU, TIPUBE-

IeHoi Ha PucyHKy 1

1) Filxg) = byl -l (7)
2) Files vi) = ke + Ky Vel - bei + kvl (8)
ne i=1,2,3,...n;
k=1,2,3, ... n;
i#k;
i Iy1s1 cxemu, TipuBeneHoi Ha PUCyHKy 2
3) Fi(t) = tmnai— L )

Ie

n i
tme =T Zﬂtf - Z Aty
i=1 k=1

t

m = ent

E;t=1i"ti!'
Ati= (i)
3) Fit) = tmnai - L. (10)

e bmnai = {m -1+ i}'—"lt -
t

m = ent

AL

Ist BCIIK (PucyHOK 3) yMOBM TlepeMMKaHHS [il, 10 YIIPaBJIsi€, BUSHAYAKOThCS
KOMOiHaIli€lo 3 mpuBeaeHUX Buile KoopauHaTHuX (1 i 2) i TumuacoBux (3 i 4) PpyHK-
L{iﬁ F.

s BCIIK, cxeMa sIKOi aHa Ha PUCYHKY 4, QYHKIIii 1110 3a7a10Th YMOBM Iiepe-

MMKAHHS Kepyuol Iil, MaloTb BU:

1) Filxs) = beel - il (11)
2) Filen vi) = b + kayvel - b + kvl (12)
me i=1,2,3,...n;

k=1,2,3, ... n;

i#k;

Bubip tTumnosoi cxemu BCIIK 06ymoBieHMIT BUMOTamMu, 1110 MpeJ IBASIIOThCS 10
CUCTEMMU.

Komm’ioTepHe MOJe/NOBaHHSI CUCTeMU Oyl0 po3pobeHO B iHTE€pPaKTUBHOMY
cepenoBuii LabVIEW kommanii National Instruments. [Tporpama HamnucaHa rpadi-
YHOI0 MOBOIO IporpamyBaHHS «G», iHTepIIpeTaTop SIKOi SIBJISIETHCS HEBiJ' €MHOIO Ya-
CTMHOIO I[bOTO CepeIoBUIIa PO3POOKI.
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-KinbkicTh KaHamiB KepyBaHHS 1...5;

- [louaTkoBe 3HaueHHs curHany X[n] -1000....1000;

- 'pannune 3HauenHs curHany X[0] -100...100;

- PiBeHb 30BHINTHbOTO 30ypeHHS M0 KOXHOMY KaHany -10...10;

- MakcumanbHe 3HaueHHs Kepyroudoro Brnsy 0...100;

- MinimanbHe 3Ha4YeHHS Kepyo4doro BIvmBy 0...-100;

- Kpoxk nepemukanus A[X] #0...100.

JInriboBa maHesb Ta G/I0K-AiarpamMa OCHOBHOI Iporpamyu 300paskeHi Ha PucyH-

Filn Ed#  Oparsta Toch Windew  Halp
& |
o b W wuhs -
kR oL | cin
B S TS .  —— e
................
100 * e £ 8 8 ®
harnel Acirm chanred
L T cm R 1 L)
.:__5} W S— S JE— 7 Aukiune Thrashoid
] ] L1 Wb e 3 .
Cln.'l:'n- @ cHE \'J _J
L ~N T = PQ oo
Mt S — @ O — R
JEx ] 1 058 & et gange e
Firégeal thoces [T mi| .tz
DO vy Ll ;- T
deveepiree fene (T miny 1 L
(B ee— s S Am— !
........... o g
] 5 1508 i0 @ R = %1
9/ Reuspue
|
OniDE  yps) L R gt '
S w— — i auew i
KI5

1 — moyaTKoBi aHi 10 KOKHOMY KaHaJly; 2 — TPaHMYHE 3HaUE€HHS Ta KPOK ITepemMmu-
KaHHS; 3 — Kepyounii BIVIMB; 4 — BUXiIHI JaHi; 5 — akTMBHMIA KaHaJ.
PucyHoKk 5 - JIniiboBa MaHeJb Mporpammu

Ha nuuboBiit rmaHesti B 6;okax 1,2 i 3 3amaemo rmapamMeTpu CUCTeMM IJIsT TOCTi-
I>KeHHS, Ha rpadikax 4 i 5 crocTepiraeMo pe3yabTaTy CUMYJISIIii.
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1 — moyaTKOBi AaHi MO0 KOXXHOMY KaHay; 2 — 610K aKTMUBAaIlii KaHaIy JaHUX; 3 —
0JIOKM peryiIioBaHHs; 4 — BUXiJHI JaHi; 5 — 6;10kM opMyBaHHS BUXigHOro rpadika;
6 — 610K TTOPiBHSIHHS Ta NTepeMUKaHHS KePYHUoro BILIMBY;

7 — TIepeMMKaHHS JaHUX [IJI BigoOpaskeHHS.

PucyHOK 6 — biiok-miarpama mporpamu

Cumysdiliss poboTy CUCTeMi B peKMMi peajbHOrO yacy yTBOpeHa 3a JAOTIOMO-
ro IMKIivYHOi cTpyKTypu «For-loop» 1000 itepartiit 3 inTepBanom 10mc, ase 3a mo-
Tpebu 1ii mapamMeTpy MOKHA 3MiHUTHM Ha BiAITOBiZHMX OpraHax MaHeJi KepyBaHHS.

[TouaTKOBi AaHi MO KaHa/Iax 3a4alThCS 4yepe3 BXiOHI kiactepyu ganmux 1. [ami
CUTHA/IY MOTPATUISIIOTh HAa GJIOKM aKTMBAIlii KaHATIB 2, SKIIO KaHaJl aKTUBOBAHO TO
6JI0K aKTMBAaIlii MPOIYCKaE MaHi 3 BXiJHOrO KjiacTepa a0 6JI0KY peryaioBaHHS 3, SIK-
1110 He aKTMBOBAHO Ha GJIOK PeryJIl0OBaHHS MOHAEThCS HEMTPATIbHUIA CUTHAJI, SIKUIA He
noTpibHo perymoBaTy (nouatkoBe X[n]=X[0]; 30BHiHe 36ypeHHs C[n]=0).

BuxinHi gaHi moTpamisiioTh Ha iHOAMKATOPU 4, Ta Ha 6JI0KM (POpMyBaHHS BUXi/I-
HUX rpadikiB 5.

BJIOK TOpiBHSIHHS Ta MepeMMKaHHS KePYyK4oro BIUIMBY BiZCAiIKOBY€E BeIUUN-
HM curHany X[n] Ta nopiBHwoe ix 3 X[0], i BigmoBigHO 00 3a4aHOTO KPOKY MepeMu-
KaHHS hopMye OyaeBuUit MacuB JaHMUX 3a YMOBOIO: akTuBHMI KaHai = [TRUE] pemta
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kaHasiB = [FALSE], nani uepe3 6/0ku «index array» po6UThCs BUOipKa CUTHATY Kepy-
BaHHS Ha KOXKeH KaHal.

3a (popMyBaHHS pe3y/ibTaTiB CUMYJISIIii BiAIOBiZa0Th 6J10KM GOPMYBaHHS BU-
XimHMx rpadikiB 5 B SKuX GOpMYyIOTbCS MacUBU KIacTepiB s BimoopaskeHHS rpadi-
KiB BCiX KaHaJliB Ha OAHil miarpami. OKpiM OCHOBHOIO 3aBOaHHS mporpamu (Bimo-
O6paskeHHs Ha rpadiky 3MiHM BeauumuHM X[n] B 3a7eXXHOCTI Bif, pi3HMX YMOB) Ha Jiar-
paMy MOXXHa BMBECTM CUTHAJ 10 pPeryJroBaHHS, Ta CUTHAJI Kepyruoi Aii, Ajs 1bOro B
nporpamy gonaHo «CASE» - CTpPyKTypy 7 3a JOIIOMOIOIO SIKOi KOMYTY€ETbCS OOVH 3
6J10KiB hopmyBaHHS rpadikiB 3 6JI0KOM BMBOZA AiarpaMu.

Takosk Ha okpeMomy rpadiky BimoOpaskaeTbcsl miarpama pobOTM Kepyluoro
MIPUCTPOIO.

JIniiboBa maHesb Ta OJIOK-IiarpaMa 610Ky aKTMBaIlii KaHATy JaHUX 300paskeHi
Ha Pucynkax 71 8.

[: cn_channel.vi Front Panel on Sch system with pid_2.hvproj/My Computer o O *

File Edit- Wiew Project Operate Tools Window Help
.Ii OMPOFF
o '_.\= 11 | 15pt Application Font ~ | 3o~ wigv v &~ *| Search 4 ‘f? HI =
-~
1 2 3 input
On/Off Slide 1 M 2 5
@ TR R E}ID —_——— ,:E-{:l crl
-1000 0 1000 i L =
K0
., . ..

s T Lk ifsexts (U (|
7, R SR B Al WM WL

Sch system with pid_2.lvproj/My Computer| < ¥

1 - BUMMKau KaHajy; 2 — MoYaTKOBa BeauumHa curHany X[n]; 3 — 30BHillIHE 30ypeH-
Hs C[n]; 4 — rpannyHe 3HaveHHs X[0]; 5 — BUXifHi gaHi.
PucyHok 7 — JIuiiboBa naHesnb 670Ky aKTMBallil KaHaTy JaHUX
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[: on_channel.vi Block Diagram on Sch system with pid_2.lvproj/NMy Computer

File

Edit

& On

View Project Operate Tools Window Help

g 22 o 15pt Application Font =

=]
*0™

o™

oo~ oal

O

B

7

=

OHYOFF
=

Channéll
E_n @
2 ><£*1 : il % — @

Sch system with pid_2.lvproj/My Computer <

-~

w

>

1 — BXigHMI1 KnacTep; 2 — 6JI0KM ITlepeMUKaHHs; 3 — rpaHuuHe 3HaueHHs X[0];

4 — BuUXigHi gaHi.

PucyHok 8 — Biok-miarpama 610Ky akTMUBallii KaHaTy JaHUX

Skio kaHan BBiMKHEHO, HA BEPXHbOMY BUXO[i KIacTepy 3’SIBJSETbCS CUTHAI

[TRUE] sixuii moTparuisie Ha IepemMukadi 2, ki KOMyTYIOTb CUTHa/IM 3 KJIacTepy Ha

BUXigHI 670KM. SIKIO KaHa/ BMMKHEHO i Kepytounii curHan [FALSE], Ha BuxigHUX
610kax kKoMmyTytoThcst curHaau X[0] ta C[n]=0.

JIniiboBa maHeNnb Ta 6J0K-miarpama 610Ky pery/aioBaHHS 300paskeHi Ha PucyH-

e
oosaft Bukaton 0 s et o Pl gabrs
2'_ ) T - propoetional psn e
= _al “--_...4'J inbegral terve (T e f0 S 0o
: com— 4
o Sy S
o e  stam i
o UV re s mwnl o
T =
500
A
5 20
4 o
E -0
0 -
5%
P ot

-

Tirrm

iz

1 — BXigHi AaHi; 2 — BUMMKaA4 Kepyouoi aii;
3 — HaJIALITYBaHHS peryiasaTopa; 4 — peryJabOBaHUIA CUTHAT;

5 - miarpamu BXigHOTO, BUXiZHOTO Ta KEPYIOUMX CUTHATIB.
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ERE koA ok Chmgrr o S soterrs et P2 b
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) = £ ]

1 - BXigHi fgaHi; 2 — BUMMKay Kepyouoi fii;
3 — perynsaTop; 4 — BUXiHI JaHi
Pucynok 10 — Binok-amiarpama 6J10Ky peryiaoBaHHs

BXimHMit CUTHA CKIaZa€ThCS 3 CUTHAJIOM 30BHIIITHBOTO 30ypeHHSs, ITic/ISI 1IIbOTO
3MilIaHUI CUTHaJ noTparuvisie Ha Bxin PID perynsrtopa, e MOpPiBHIOETHCS 3 OIIOPHUM
curHasiom X[0]. Ha Buxoai PID perynsitopa GOpMyeThCsI CUTHA KEPYIOUOTO BIUIUBY,
SIKUI CKJIaJA€ThCS 3 BXiAHMM CUTHAJIOM [IJISI TIpUBEAEHHS Ji0TO A0 PiBHS OMIOPHOTO
CUTHAaJy, Ta KOMIIeHcallii 30BHillIHiX 30ypeHb.

[t TOTO 106 peryyasiTop MpalloBaB TiIbKY Y BiiBeIeHMI1 IJIsI IIbOTO Tepiof a B
iHIMIT Yac rporyckaB cUrHam 6e3 3MiH, B CXeMy BBeJIEHO BUMMKAY 2, KO BiH TTe-
penae [TRUE] cxema mpaiitoe sik 6y/io BKa3aHo Buille, a koau — [FALSE] uepe3 nepe-
MMKauM CUTHaMy, Ha BXif i Buxin PID perynsitopa nogaetbcest 0, i 3milllaHMit CUTHA
Jioe Ha BUXin 6e3 3MiH.

JIniiboBa maHesb Ta GJIOK-JiarpaMa 6JIOKY MTOPiBHSIHHS Ta IepeMUKaHHS Kepy-
I0YOT0 BIUIMBY 300pakeHi Ha Pucynkax 111 12

B e — —————

O =
= i i
i - - -
oy taie 2
e S |
— e - = _.
LT o - =

1 - BxigHi gaHi; 2 — onopHuii curHai X[0]; 3 — Kpok nepeMukaHHs A[X];
4 — BUXigHI CUTHA/IN; 5 — MacUB KEPYIOUMUX CUTHAITIB.
Pucynok 11 - JIuiiboBa raHenb 610Ky MOPiBHSIHHS Ta TlepeMUKaHHS

KepyIuoro BIUIUBY
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Bl cormane.s_ch_switchas Black Dhegrsm ar 3ch systeim sith pio_Lispeai Wy Compmtes — =]
Fila Edié  Wims Project  Opests  Tool 9
e " @ I eargt v | 15

1 — BxigHi gaHi; 2 — onopHmit curHan X[0]; 3 — Kpok nepeMukaHHs A[X];

4 — BUXiHi CMTHaIN; 5 — MacuB CUTHAJTiB HalO/IbIIIOTO 3HAUEHHS; 6 — TPUTePHi
6JI0K1; 7 — MacUB KepyrUuX CUTHaJIIB; 8 — 610K MOPiBHSIHHS Ta BU3HAUYEHHST MaK-
CMMAaJIbHOTO BiIXUJIEHHS CUTHAY BiJl OTIOPHOTO.

PucyHok 12 — Biiok-giarpamMa 610Ky ITOpiBHSIHHST

Ta MMIepeMMKaHHA KEPYIOUOro BIVIMBY

Yepes BXifHI TepMiHaau 1 CUTHa/JIM NOTPAIUISIIOTh B CXe€MY, IMOTIM 3 CUTHAJIIB
BiIHIMa€THCS BeJIMUMHA OTIOPHOTO CUTHAJTY, 3 OTPMMaHUX JaHUX GOPMYETHCS MacuB
BiJIXMJIeHb Bif OTTOPHOTO, TTOTiIM 3 IIbOT'O MaCHBY ITPOBOAUTHCS BMOipKa MaKCHMMaJb-
HOT'0 10 MOJYJ/II0 3HAUEHHSI, Ta iHAEeKC KaHasy, SKOMY 1€ 3HaueHHS HaJlexXuTb. Yepes
0JIOKM TTOPiBHSIHHSI HOMEPiB KaHaJIiB 3 iHIeKCOM KaHa/ly HaltoibIoi Beanunam ¢o-
pMyeThCst Gysie BUit MacuB 5 sSKuit BKasye B SIKOMY KaHaJli 3apa3 CUTHa/I Hai6iIbIIo1
BesimuyrHu. TIOTiM 11ei1 MacuB MOTpaIvise Ha TpUTepHi 6J10KK SIKi QiKCYyIOTh 3HAUEHHS
MAacCUBY, JOKM BeJIMUYMHA OYAb SIKOTO KaHAIy He TepeOibIINTb BeTMYMHY KPOKY ITe-
peMMKaHHS, MiCIsT I[bOTO B TPUTEPHi OJIOKM 3aMMCYEThCS HOBe 3HAUEHHS MacHUBY.
[Ticas TpurepHMx 6I0KIB MaCMB KEPYIOUMX CUTHAJIIB MOTPATUISIE HA BUXiAHMII GJIOK 4,
Ta Ha GJIOK iHAMKATOPIB 7.

JIuniboBa IaHenb Ta OJIOK-miarpaMa 0J10Ky (OpMyBaHHSI BUXiIZHMX rpadikis
306paxkeHi Ha Pucynkax 131 14.
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E3 s5ch Graph.ovi Front Panel on Sch systern with pid_2.heprojs vy Computer ~

File Edit Wiew Project Operate Tools Window Help %
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Sch systermn with pid_2.hvproj/My Computer] <

1 — BBij 3HaUeHHSI MOYATKOBOI TOYKM BifIJIiKy Ta KpOKY IMCKpeTu3allii; 2 — MaCuBU

3HaueHb CUTHaTy X Ha KOXHil iTepallii o6uMcieHHs; 3 — BUxigHui rpadixk.
PucyHok 13 — JIuiiboBa IaHesib 6JI0Ky (hOpMYyBaHHS BUXigHMUX TpadiKiB

a S5ch Graph.vi Block Chagram on Sch systerm with pid_2.vproj/ /WMy Computer == (] >
File Edit View Project Operate Tools Window Help
> & 00 1l g 25 Lo g oo | 15pt Application Font  ~ | 5o~ o~ S0 Bad Wk, B |lsoeeu
-~

IEE! Array_2
==
Array_3 I:[> | \':"a\reform Graph
jj 2 =
4 ."lrr@)f__‘q
:|:Ei'£'s
Array 5 |Soen
B =
e

Sch system with pid_2.lvproj /MMy Computer < >

1 — BBij 3HaUeHHSI MOYATKOBOI TOYKM BifIJTiKy Ta KpOKY IMCKpeTu3allii;
2 — MacuBM 3HaUYeHb CUTHATY X Ha KOXKHii iTepallii 06uncieHHs;
3 — BuxigHuMii rpadik; 4 — 06’eJHAHHS CUTHAJIIB.
PucyHok 14— Bnok-aiarpama 610Ky ¢GopMyBaHHS BUXiTHMX rpadikiB

Ha Buxoni 3 mukiaiuyHoi ctpykrypu «For-loop» dbopmMmyloTbcss MacuByU 3HaU€Hb
curHaiay X OKpeMO M0 KO>KHOMY KaHasy. [Ijisi 3py4yHOro AoCIigKeHHs MOBeIiHKN CU-
CTeMM IIi CUTHAJIM MOTPiOHO BimoOpasuTyM pa3oM Ha OXHIil 4acoBiil miarpami, Ijs
IIOTO i BUKOPUCTOBYETHCS 610K GOpMYBaHHS BUXigHMX TpadiKiB.

[lIo6 BimoOpa3uUTH MacuB JAaHMX Ha YaCOBiii miarpami MmoTpidbHo chopmyBaTu
KJIaCTep OaHUX, BKa3aBILIM MOYATKOBY TOUKY BifJjIiKy, Ta KpOK AuCKpeTusauii (1) ta
MiIKTIOYATY A0 HbOro cam MacuB(2). IToTiMm 3 mux knactepiB popmyeTbcs macus 4

SIKVJ BUBOAMUTBCS HA BUXiAHMIT TepMiHaJ 3.
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PucyHok 15 — BBiJ MoyaTKOBUX JTaHUX

[[1o6 3amaTy YMOBM CUMYJIAIIi CMCTEMM MOTPiOHO BKa3aTy BeIMUMHU TpPaHUY-
Horo curHainy X[0], Kpoky nmepemMuKkaHHs «Switching step», MakcuMaibHOI BeTMUMHA
Kepytouoro BIMBY «OQutput range». Takok 3a HEOOXiTHOCTi MOKHA 3MiHUTU 3aTPU-
MKY MiX iTepaiissmu «wait multiple», Ta KiIbKicTb iTepaliiii cumysiii «N», a TaKoxK
TOHKI HanamryBaHHs PID perynsropa «Tuning parameters».
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PucyHok 16— IHAMKATOpPM MOTOYHMX 3HAUEHD

[Tics BBOMY IMOYATKOBUX MaHUX Ta YMOB CUMYJIAIi MOTPiOHO HATUCHYTU Ha
KHOTIKY «Running» 3 306paxkeHHSIM CTPi/iku. [Tic/isi IbOTO MTOYHETHCSI CUMYJISALLIS, 32
SIKOI0 MO’KHA CIIOCTepiraTy 1Mo 3MiHi nmokasaHb iHaukaTopiB X[1]...X[5], 3HaUeHHIO
aKTMBHOTO KaHamy «Active channel». Ta mporpec 6apy nepebiry cumyssiiii «Calcula-
tion».

[Ticiis 3akiHUeHHSI CUMYJALii My oTpumaemo 2 rpadiku (auB. PucyHok 17):
3MiHYy 3HaU€HHSI CUTHaJIy 10 KOKHOMY KaHa/ly Ha MpoTs3i cumyssuii (1), Ta mepe-
MMKaHHS Kepylouoi il 3 KaHa/Iy B KaHa (2).
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1 — 3HaueHHd curHasny X 1o KO>KHOMY KaHamly;
2 — TiepeMMKaHHS Kepylouoi il 3 KaHaay B KaHasl

PucyHoK 17 — Pe3ysibTaTy AOCTII)KEHb
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Uccnedosanue 6azamokanbHUX cucmem nooyepedHo20 ynpasaeHus

Cywecmsyrom CAY ¢ docmamoyHo cnoxHoU cmpykmypod, umeroujue HeCKOIbKO, 8 pasiuy-
HOl cmeneHu CBA3AHHbIX Mexdy cobol, KAHAM08 yNnpasaeHUs u 00UH 06Ul ucnoaHUMeNbHbIl
unu pewarowul snemesm. Yawe sceeo, 3mo CAY, 8 Komopbix nepekaw4eHue npoucxooum npu
BbINOJIHEHUU HEKOMOpPbIX YC/I08UL, HA3bIBAEMbIMU YC0BUAMU nepeKaoydyeHus unu xe CAY, 8 Ko-
mopol KaXobll KAHAN CHABXeH UCNOSIHUMe IbHbIM 31IeMeHMOM, HO BK/IlOYeHUe UX 00HOBpeMeH-
HO HeBO3MOXHO U3-30 B3AUMHO20 BAUAHUSA KAHA08 UMU e U3-3a Opyaux npuyuH. To ecmsb 8 Ha-
3BAHHbIX cUCMeMax 00HOBPeMeHHoe (opMUPOBAHUE ynpasaAowe20 8o30elicmsus 8 paziuyHbIX
KaHanax —HeBo3MOXHO. Bbibop KaHana o6ycnosneH 3aKOHOM nepek4eHus, su0 Komopol
obycnosneH pewaemol 3a0ayeli. 3aKOH nepexYeHUs Moxem GbiMb: NO OMKIOHEHUIO pe2y/u-
pyemoli BesUYUHbI; N0 BpeMeHU, KOMOUHUPOBAHHbIU (m.e. N0 OMK/IOHeHUl u spemeHu). Kom-
nblomepHoe ModenuposaHue cucmemsi GbII0 BbINOJHEHO 8 UuHMepakmusHol cpede LabVIEW.
llpusederHa yugposas umumayuoHHas modens MCITY u peynsmamel ee uccnedosaHudl.

Investigation of multi-channel systems of alternating control

There are ACS with a rather complex structure, which have several, to varying degrees of
interconnection, control channels and one common executive or decisive element. Most often,
these are ACS, in which switching occurs when certain conditions are met, called switching
conditions or ACS, in which each channel is equipped with an actuator, but turning them on at
the same time is impossible due to the mutual influence of channels or due to other reasons.
That is, in these systems, the simultaneous formation of a control action in different channels is
impossible. The choice of the channel is determined by the switching law, the type of which is
determined by the problem being solved. The switching law can be: by the deviation of the
controlled value; by time; combined (i.e. by deviation and time). Computer simulation of the
system was performed in an interactive LabVIEW environment. A digital simulation model of
MACS (multichannel alternating control system) and the results of its research are presented.

Cranuui I'eopriii IOpiltioBuu — crapuinit BUkiaamad kadeapu iHbopMalliiiHUX Tex-
HOJIOTi Ta cucTeM HallioHasbHOI MeTaypriiiHol akagemii YKpaiHu.

Cranumui, AHTOH leopriiioBuu — acmipadT kadeapu iHGOpMalifiHMX TEXHOJOTIA
Ta cucTemM HarjioHa/JIbHOI MeTa/IypriiiHO1 akageMii YKpaiHu.

PymsauneB Osekcii BitaniitoBuu— ctyneHT Kadenpu iHbopmalliiiHUX TeXHOJIOTii
Ta cucTeM HalioHa/ibHOI MeTa/IypriiiHO1 akageMii YKpaiHu.

Cranuun 'eopruit OpbeBuY - cTapiinii rpernogaBaTteb Kadeapsl MHGOpMaAIMOH-
HbIX TeXHOJIOTUI U cucTeM HallMOHaIbHOI MeTa/lTypruueckom akageMmun YKpauHbl.
CraHumui, AHTOH I'eoprueBud - acnupaHT Kadeapbl MHPOPMAIMOHHBIX TEXHOJIO-
vt u cucteM HalioHa/IbHOV MeTaJTypruyeckoi akageMum YKpauHsbl.

PymsHiieB Anekceit BurtannitoBu4d- ctyneHT Kadbeapbl MHGOPMAIMOHHBIX TEXHO-
JIOTUM U cucTemM HallMOHaNbHOM MeTa/lTypruueckoi akagemMmun YKpauHbl.
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M.O. Poliakov, C.O. Subbotin, O.M. Poliakov
INTEROPERABILITY OF INTEGRATED HIERARCHICAL SYSTEMS

Abstract: The content, properties and peculiarities of interoperability are considered in relation
to integrated hierarchical systems. The structure of a unified element for the functional interac-
tion of the levels of the hierarchical system is proposed. This element is common for interacting
systems, performs different functions in these systems, and is built in the form of a finite state
machine with a controlled structure. A computer program for modeling the interaction of the
levels of a hierarchical system is proposed. An example is given of modeling the interaction of
systems using the proposed unified element, which confirmed the possibility of interaction be-
tween systems by controlling the behavior of one automaton with the help of another.

Keywords: interoperability, integrated hierarchical system, control automata, system interaction
simulator.

Introduction. The issues of modeling and integration of systems are
considered in energy, mechanical engineering and other industries, which is
accompanied by a variety of approaches and terminologies. In this work, a system is
understood as a finite set of functional elements and relations between them,
isolated from the environment in accordance with a specific goal [1]. According to
[2], an integrated system is a case when there is a set of two or more interconnected
systems, in which the functioning of one of them depends on the results of the
functioning of the second (others).

According to the authors, the interconnectedness of systems is a sign of a
supersystem consisting of these systems, and not a sign of an integrated system. A
sign of the system's integration is the presence of common elements in its
subsystems that perform different functions in these subsystems [3].

Another definition [4] of an integrated system: ”a system in which all
subsystems included in it work according to a single algorithm, i.e. has a single
control point”as a defining feature it introduces a difference from an interoperable
system, that is, a system” in which its subsystems operate according to independent
algorithms, do not have a single control point”. That is, integration and
interoperability are incompatible. Although the term interoperability, as “the ability

© Poliakov M.O., Subbotin C.O., Poliakov O.M., 2021
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of two or more information systems or components to exchange information and to
use information obtained as a result of the exchange” [4] does not deny the
interoperability of integrated systems, which is the subject of this work.

There is also a widespread class of integrated systems in which there are
unidirectional control and information links between the systems that are part of it.
The essence of these connections lies in the fact that one of the systems acts in
relation to the other as a control system, and the other - as a control object that
informs the first. One direction of the control link creates a control hierarchy in the
system. The known literature does not consider the issues of constructing functional
structures that simultaneously possess the properties of integration and hierarchy
and ensure the interoperability of their systems, which complicates their modeling
and selection.

2. Research objectives. The aim of the work is to increase the interoperability
of the systems of an integrated hierarchical system by developing a typical element
of interaction based on models with controlling and simultaneously controlled
automata..

3. Analysis of publications. The finite state machine [5] is a common model
of control devices for discrete systems. It is described by the tuple:

A=<X)Y, S, so, u, A>, (D)
where X is a set of inputs; Y is a set of outputs; S is a set of states; s, is an initial
state; u is the function of outputs; A is the transition function.

And the requirement of combining the functions of the object and the subject
of control in one element is satisfied by a controlled automaton, which is described
by a tuple [6]:

A=<X,Y,S, so, C, co, F>, 2)
where the names of the sets X, Y, S coincide with the similar names behind the tuple
(1), but the elements of these sets can be binary or nonbinary; C is a set of controls;
Co is an initial control; F is the set of functions of the machine in its states.

4. Framework for the functional interaction of systems. The block diagram
of the interaction of the control automaton (CA) with the system object, the external
environment and the next level in the hierarchical system is shown in Fig. 1.
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Figure 1 - The block diagram of the interaction control automaton

The scheme is based on the set-theoretic definition (2) of an automaton. The
external interface of the machine consists of:

* A set of inputs X, inputs operating automata (IOA) that process signals from
sensors of parameters of the system object and the environment;

« Signal input of the current control of the structure c;;

» The set of outputs Y, which, through the output operating automata (OOA),
control the impact on the object of the Y, system and inform the higher level Y.

The behavior of the automaton CA is determined by the set of states’ S, the
initial state so, the initial control ¢y, the functions of outputs and transitions of the
automaton as a whole [5] or functions of its states [6]. In the loop "CA - Y, — OOA -
system object — IOA - X - CA" the automaton implements the object control
behavior, which consists in responding to the signals of the sensors of the
parameters of the object and the external environment of a given level by affecting
the object in such a way as to change its state as desired. In this case, the nature of
the response is set by the control signal at the input ¢;, which is formed by a higher-
level CA.

In fact, CA is a set of automata, whose sets of inputs and outputs are subsets of
the corresponding sets of CA. These machines have various sets of states and
transition and output functions. Prior to the arrival of the control signal, the CA acts
as if the signal ¢, is present at its control input.

The control signal activates only one of the automata included in it. After
activation, the active automaton is in its initial state so,. Only the active automaton
generates the CA outputs that affect the system object and inform the superior
automaton about its current state.

One of the options for the interaction of automata of two levels in an
integrated hierarchical system is shown in Fig. 2.
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In fig. 2 shows an integrated system consisting of two subsystems with a
common element — an automatic machine CA 1, which performs the function of a
control machine in the system "System object - IOA 1 - CA 1 - OOA 1", and in the
system "CA 1 — CA 2 - I0OA 2" - the function of the control object. Events X,
depending on Yi; can be the fact that CA 1 is in a certain state or the fact of
recognizing a certain sequence of changes in the states of FA 1. Interrelation of the
integrated system Fig. 2 with the higher level is carried out using signals C,, Yss.

\L ) Y>3
External
environment I0A2 X, CA2: S, sq, C:.-Cg,
o automata functions
YL? l YQ
C;
External I0A1 CALER = €5 2,
= X automata functions
environment
System f
Y- 00A1 Yor
object
¥,

Figure 2 - Integrated system structure

In order to confirm the possibility of the integrated behavior of two automata,
consider an example of an integrated system of two automata with the structure
shown in Fig. 2. The automaton is selected as a controlled automaton, the graph of

which is shown in Fig. 3.

Figure 3 - Graph of controlled (a) and control (b) automaton
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Automatic machines Fig. 3 are initial, with an initial state q0. In the automaton
Figure 3a, four cycles are possible, which are listed in Table 1.

Table 1
Cycles of a controlled automaton
Cycle designation Sequence of states and inputs along the cycle
P1 Q0 -x1-ql -x3-9q3-x7-qgq4-x8-q0
P2 g0 -x1-ql -x4-9g4-x8-q0
P3 Q0 -x2-92-x5-q3-x7-94-x8-q0
P4 q0 -x2-q2-x6 -4 -x8-q0

The availability of cycles and their combinations depends on the set of inputs
used and is shown in table. 2

Table 2
Cycles of a controlled automaton
Ne Permitted cycles Permitted inputs
1 P1 x1, x3, x7, x8
2 P2 x1, x4, X8
3 P3 x2, x5, X7, x8
4 P4 x2,X6, X8
5 P1, P2 x1, X3, x4, X7, x8
6 P1,P3 x1, x2, x3, x5, X7, x8
7 P1, P4 x1, x2, X3, X6, X7, x8
8 P2, P3 x1,x2, x4, X5, X7, x8
9 P2, P4 x1, x2, x4, X6, X8
10 P3, P4 x2, X5, x6, X7, x8
11 P1, P2, P3 x1, x2, X3, x4, x5, x7, x8
12 P1, P2, P4 x1, x2, X3, x4, x6, X7, X8
13 P1,P3, P4 x1, x2, X3, X5, x6, x7, x8
14 P2, P3, P4 x1, x2, x4, x5, x6, X7, x8
15 P1, P2, P3, P4 x1, x2, X3, x4, X5, x6, X7, x8

Naturally, the choice of the optimal control (allowed cycles) depends on the
specifics of the control object. At the same time, if we take into account some
additional features, then it is possible to single out typical control algorithms and
control automata that implement them: a control algorithm with a sequential
increase / decrease in functionality, increase / decrease in the path length in a cycle,
decrease / increase the number of inputs used. The combination of the listed options
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determines the typical control behavior at this level of the hierarchy. For example,
suppose that the options for allowed cycles in Table. 2 are ranked according to the
increase in functionality, and then to implement the behavior of a sequential
increase in functionality, we use the control automaton shown in Fig. 3b. The
outputs of this automaton determine the list of permissions for the inputs of the
automatic machine CA 1 in the given state of the automatic machine CA 2. The
control option is changed at the moment of transition through the initial state of the
controlled automatic machine CA 1, which is perceived by the automatic machine
CA 2 as input Y1.

The FSM - Simulator program is designed to simulate a two-level hierarchy
"controlled - controlling automaton", which takes place in an integrated system. The
program was developed in the Visual Studio Code [7] environment in the Type Script
language [8]. The program code is available at the link [9]. The program allows you to
describe the specification of simulated automata by entering text files.

The program screen contains the data folder, the files of which describe the
structure of simulated machines first (control object - CA 1) and second (subject of
control — CA 2). In fig. 4 shows the folder structure of these machines and the
contents of text files that describe the machine CA 1.

R RS o . i[RI i T e maredtiona et = T

. S0 CDCTORE il A1 KF A0 XA XS MR KT XA 1 Wz i ] 1 S %) K12
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53 54 KT 2

ik e ] S S KB 3

Figure 4 - Screen of the program "FSM - Simulator”

Each machine is described by the following files with the .txt extension:

e Controls — describes the initial enable of the machine inputs to exit each
state when it is active. In the example in Fig. 4 in each state, all inputs are enabled.
During the simulation, some of the permissions are removed,;

e Inputs - describes the input signal (designation and value) in each cycle in
the mode of reading inputs from a file. For example, the record "3 X7 2" means that
on the third clock cycle, the X7 signal acts at the input, which has the value 2. In the
generation mode, any input signal arrives at the input of the machine with equal
probability. In this case, if the signal at the input is not allowed for this state in the
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controls and transitions files, then it is ignored and the previous state is preserved at
this clock cycle;

e OQOutputs — shows the cycle number, designation and value of the input signal,
the value of the states of the machine, as well as the list of inputs allowed for transi-
tion to the next cycle. It is assumed that the CA is a Moore ternary automaton [6]
and the value of its states uniquely determines the value of the outputs. The state in
such a machine, apart from the name / identifier, has the following meanings: "0" -
passive; "1" — transitional; "2" is active. A fragment of the outputs file is shown in
Fig. 5. This fragment of the simulation result, which shows that the active states of
the automaton change cyclically (SO - S1 — S3 - S4 — S0) when the sequence of in-
puts X1 — X3 — X7 — X8 arrives. The rest of the inputs are ignored. After the end of
the cycle, the machine switches to another cycle with the enabled inputs X1, X4, X8.
The presence of simultaneously active and transient states in the operating cycle of
the automaton is a feature of the behavior of the ternary automaton [6];

e States — the designations of states included in the machine are listed. For an
example of an automaton fig. 4 these are five states (SO - S4);

e Transition — each line of this file describes one arc of the automaton graph
and the vertices incident to it. So the record SO S1 X1 2 means that there is an arc X1
between the vertices SO and S1 and the transition is performed if X1 = 2.
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Figure 5 - Fragment of the results of modeling the behavior of the system
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In general, the simulation results demonstrate the ability to control the
behavior of one automaton with the help of another, as a result of which the
interoperability of the systems that form an integrated hierarchical system is
ensured.

Conclusion. The terminology in the field of interoperability of integrated
systems is in its infancy and needs to be clarified. Therefore, the term “interoperable
integrated system” is used to mean “two or more systems that carry out information
and control interaction through a common element, the functions of which are
different in these systems.

It is proposed to use a controlled finite automaton as a model of a typical
element for the implementation of interoperability of systems. The essence of the
interaction lies in the choice by the control machine of the behavior of the
controlled machine using the information provided by the controlled machine
through its outputs.

The content of interaction of systems in an integrated system is determined by
its purpose, goals of functioning and other factors. At the same time, typical targets
are identified in the interaction of the control and controlled automata. For example,
it is expanding the functionality of object control. These goals determine the typical
behavior in the system, which we will call the behavior of the automaton control.
The number of the automaton behaviors, the number of active inputs, the length
(number of stages) of the path in the control cycle is indicators of the level of
interoperability.

Flexibility and variety of types of interaction are achieved by describing the
structure of the machine in the form of data files in text format and executing the
machine with such a structure in a universal software environment.

Using the developed program "FSM - Simulator’, the simulation of the
interaction of such automata was carried out, which confirmed the possibility and
flexibility of the functional interaction of the systems of a hierarchical integrated
system using a standard node based on a controlled automaton.
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UnmeponepabunsHoCcms UHMeE2PUPOBAHHBIX UEPAPXUYECKUX cUCmeM

PaccmompeHsi codepxaHue, csolicmsa u ocobeHHocmu uHmMeponepabuibHoCmMu npume-
HUMesIbHO K UHMe2pupoBaHHbIM uepapxudeckum cucmemam. OmmeyeHo, Ymo mepMuHoI02us B8
obacmu uHmeponepabubHOCMU UHMe2PUPOBAHHBIX CUCMeM Haxo0umcs 8 cmaduu CMaHos/e-
HUS U Hyx0aemcs 8 ymo4yHeHuu. [loamomy mepmuH «uHmeponepabuibHas UHMe2pUpPoBaHHAs
cucmema» npumeHeH B8 3Ha4YeHuUu «0se Uau 6osee cucmemMsl, OCyweCmMBasOUUe UHPOPMALUOH-
Ho-ynpasasouiee s3aumodelicmaue yepes obujuli 31emeHm, PYHKUUU KOMOPO20 8 3MUX Cucme-
Max pasnudHbly.

[lpednoxeHa cmpykmypa munogoz20 3/eMeHma (YHKUUOHANbHO20 B3aumodelicmsus
YposHel uepapxuyeckol cucmemsl. Imom 31eMeHm nocmpoeH 8 sude KOHeYHo20 asmomama c
ynpasasemoli cmpykmypodl. V3ameHeHue 3moli cmpyKkmypbl npoucxooum noo ynpasneHuem Bbi-
wecmosAwe2o asmomama, 4Ymo obecneyusaem uHmMeponepabusbHOCMb YposHel cucmemsl.
[lpednoxeHa KoMnblOMepHas nNpoepamma 0715 MoOenuposaHus B3aumoldelicmsus yposHel ue-
papxudeckoli cucmemsi. [ubkocms u MHO2000pa3zue BUO08 B3aumodelicmsus 0oCmuzHymsl 3a
cyem onucaHus cmpykmypsl asmomama 8 suode ¢aliios OaHHbIX B MeKCMosoM ¢opmame U UC-
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nosiHeHUsA asmomama ¢ makol cmpykmypol 8 yHusepcasnbHol npoepammHoli cpede. lpusedeH
npumep ModenuposaHus s3aumodelicmsus cucmem ¢ UCNOb30BAHUEM NPEOI0KEHHO20 MUN0BO-
20 3/1eMeHma, Komopsbili NoOmseepous BO3MOKHOCMb B3aUMOOelcmBuUs Mexdy cucmemamu ny-
mem ynpasiieHus nosedeHuem 00H020 a8MoOMama ¢ NOMOLWbI0 Opy2020.

Boi0enensl cnedyrowue munossie yeau s3aumoodelcmsus: pacuwiupeHue/cyx)eHue QyHK-
YUOHAIbHbIX BO3MOXXHOCMeU ynpasiieHus 06beKmom,; pacuiupeHue/CyeHue MHOXecmsd ak-
MUBHbIX 8X0008 ABMOMAmMa, KOMOpble UCNO/b3YIOMCA 8 npoyecce ynpasieHus; MUHUMU3Q-
yus/makcumusayus 0NUHbI Nymu 8 YUK/Ie ynpasisemo2o asmomama. Imu yeau onpedenanom
munogoe nogedeHue 8 cucmeme, KOmopoe Ha3B8aHO NosedeHUeM yNpasaeHUs asmomamom. Xa-
paKmepucmuKu asmomMamos No 3mum UYesaam npedIoKeHo UCNoib308amb 8 KaYecmse nokasa-
mesiell ypoBHA UHMeponepabubHoCMU.

InmeponepabinsHicms iHme2poBaxux iepapxiyHux cucmem

Po3sansiHymo 3micm, sracmusocmi (i ocobiusocmi iHmeponepabiibHOCMi CMOCOBHO THMe-
2pOBAHUX TEPAPXTYHUX cucmem. Bid3HayeHo, wjo mepmiHonozis 8 o61acmi iHmeponepabinbHocmi
IHMe2poBaHux cucmem 3Haxoo0umscs 8 cmadii CMaHOBAGHHA Ma nompebye ymoyHeHHsA. Tomy,
mepMiH «iHmeponepabinbHa IHMe2poBAHA cUCMeMa» 3aCMOCOBAHUL Y 3HAYeHHT «081 abo 6i/b-
we cucmemu, wo 30ilcHIOOMb THhOpMayiliHO-Kepyody B3aEMOOTI0 Yepe3 CniibHUl enemeHm,
QYHKYIT K020 B YUX cUCMEMAaX Pi3HI».

3anponoHosaHo cmpykmypy munosozo esieMeHma QyHKYI0HAIbHOT B3aEMOODIT piBHIB 1€Pa-
pxiyHoi cucmemu. Lleli enemeHm nobydosarull y Bu2is0i CKIH4eH020 aBmMoMama 3 KeposaHok
cmpykmypoto. 3MiHa yiei cmpykmypu 8i06yBaEMbCcs nid KepysaHHAM BULLO20 B TEPApPXii asmo-
mama, wo 3abe3neyye iHMeponepabinbHOCMb PiBHIB cucmemu. 3anponoOHOBAHO KOMN'tomepHa
npozpama 0115 MOOeIBAHHSA B3AEMOOTT piBHIB IEPAPXTYHOT cucmemu. [HyYKicmb i pi3HOMAHIMmsA
8018 B3AEMOOiT A0CA2HYMI 3a paXyHOK ONuCy CMpyKkmypu agmomama y suzaa0i ¢aiinis 0aHux 8
meKcmosoMy opmami ma BUKOHAHHA ABMOMAMA 3 MAKOK CMPYKMypow B8 YHIBEPCASbHOMY
npozpamHomy cepedosulyi. HasedeHo npuknad mooeno8aHHA B3aEMOODTi cucmem 3 BUKOPUCMAH-
HAM 3anpoONOHOBAHO20 MUNOBO2O efeMeHma, AKUL nidmsepous MOXUBICMb B3AEMOOTT MIX CU-
cmemamu WSXoM KepyBaHHA nosediHKO 00H020 asmomama 3a 0NnoMo20t0 THW020.

BuoineHo maki munosi yini 83a€MOOTi: pO3WUPEHHSA / 3BYXKEHHA PYHKUTOHAbHUX MOXU-
gocmell ynpagiiHHA 06'€KMOM; pO3WUPeHHS / 3BYKEHHA MHOXUHU GKMUBHUX B8X0018 ABMOMA-
ma, AK1 BUKOPUCMOBYIOMbCA 8 NPOYEC KepyBaHHA,; MIHIMI3aYiA / MAKCUMI3AUIA O0BXUHU WAXY
8 YUK KeposaHo2o asmomama. i yini susHa4atoms munosy nosediHKy 8 cUCmemi, AKy HA380-
HO N0BeOTHKOIO KepyBaHHA asmomamom. XapakmepucmuKu agmomamis no yum Yiiam 3anpono-
HOBAHO BUKOPUCMOBYBAMU 8 AKOCMI NOKA3HUKIB PiBHS THMeponepabinbHoCmi.
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O.P. Sarychev, B.A. Perviy
REVEALING CHANGES IN THE SPACE OBJECTS MOTION
DESCRIBED BY AUTOREGRESSIVE MODELS

The task of revealing changes in the non-functioning Sich-2 spacecraft motion is completed us-
ing autoregressive models and time series of TLE elements. The developed method is recomended
to use for revealing changes in the movement of space objects during their long-term operation.

Keywords: TLE elements, structural uncertainty, beta distribution, unequally spaced observations.

Introduction. Timely detection of changes in the characteristics of space ob-
jects during their long-term operation is one of the main tasks in the development
and study of on-board systems to support the efficiency of their functioning. To de-
tect changes in the characteristics of the functioning of dynamic systems based on
the results of their observation, a method of statistical classification based on mod-
eling in the class of autoregressive equations [1] - [2] has been developed.

The purpose of this work is to apply the developed method of statistical classi-
fication to detect changes in the non-functioning Sich-2 spacecraft motion. Since
the modeling problems in the class of autoregressive models are posed under condi-
tions of structural uncertainty (the structures of autoregressive models are not
known a priori), the results of [3] - [4] obtained within the framework of the method
of group consideration of arguments are used to solve them.

An example of successful detection of changes in the properties of dynamic
systems based on regression equations is the work [5], where an approach to the
construction of mathematical models for monitoring the technical state of power
plants under conditions of long-term operation is proposed and substantiated.

Major part.

1 The task of detecting changes in "Sich-2" spacecraft motion

Methods of statistical classification, developed in [1] - [2], are applied to detect
changes in the motion of the Ukrainian spacecraft "Sich-2" based on the modeling of
time series of TLE-elements (two-line elements) [6]. The Sich-2 spacecraft is a small-
sized spacecraft for remote sensing of the Earth, designed to observe the Earth's sur-
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face in the optical and mid-infrared ranges. It functioned in 2011-2012, in December
2012 communication with the spacecraft was lost.

Determination of the order and estimation of the coefficients of autoregressive
models in conditions of structural uncertainty by the number and composition of re-
gressors is an actual problem of the theory of identification, and there are various
approaches to its solution. In the overwhelming majority of cases, existing identifi-
cation methods do not assume that in autoregressive models, certain relationships
are satisfied between the coefficients at the previous values of the variables. In our
opinion, such ratios are natural: past values close in time should have coefficients
close to each other in the model, and past values more distant in time should have
less close ones. When choosing one or another relationship between the autoregres-
sion coefficients, it is necessary to take into account the "physics" of the object, the
available information, as well as the discreteness of observations in time. Examples
of this approach are moving average, exponential smoothing, and other methods
with predefined smoothing windows.

In this paper, we propose to search for the optimal smoothing window in the
family of probability density functions of beta distributions using the principles of
the method of argument group consideration (MAGC) [3] - [4].

Let the functioning of a dynamic object obey the autoregressive model of the
following form

* (o) (o) o o (o) * * *

Xi =g+, (01, 02,..,0,)  (xic1, Xi2, . Xip )+ 1)
*
where x; is the unobservable value of the output variable of the object at a discrete

time t=1¢;, i=1,2,...,n; n — the total number of observations; p - the number of

previous values of the output variable that are involved in the formation of its cur-

o (o] (6]
rent value with weighting coefficients 01, 02, ...,0, (we will call p the depth or the

(6] (6]
order of autoregression); u, . - unknown scalar deterministic coefficients; C;_; is

an unobservable random scalar variable.

(6] (6] (6]
Let the weight coefficients 01, 02, ...,0, in (1) be determined by the rule

gj:F(j-A)—F((j—l)A), Fv)= }f(u)du, j=L2,....,p, A=1/p, (2)

—00
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where F(v) is the probability function of the beta distribution; A - sampling
step in usegment [0, 1]; f(u«)- the probability density function of the beta distribu-
tion [7] - [8]:
F(OL—JFB)-MO‘_I(I —uw)P ! wero,1];

S@) =y T()(P) (3)
0, ue[0,1].

where I'(-) is the gamma function [8]; a,f=12,...,/,,, - positive integer values;

l,,ax 18 the a priori given value.

(6] (6] (6]
The assignment of weights 01, 02, ...,0, based on these functions makes it pos-

sible to carry out modeling in a wide class of autoregressive models. So, for the val-
ues of the parameters p =a = =1 we are dealing with the usual first-order autore-

gression; the case p>1, a=p =1 is the p order moving average autoregression;
case p>2, a=PB=12,..- the porder autoregression with symmetric weight func-

tions (including those close to the density functions of the "truncated" normal dis-
tribution); case p>1, a=1, B=2,3,...- the porder autoregression with asymmet-

ric weight functions, including those close to the density functions of the "trun-
cated" exponential (exponential) distribution; case p>1, a,f=12,..., a<p - the
p order autoregression with asymmetric weight functions, including those close to
the density functions of the "truncated" logarithmic normal distribution.

Let for observations of the output variable of the object be fulfilled

*

xi:xi+8i, i:1,2,...,n (4)

where x; is the observed value of the variable at the moment of time 7=¢,,

*
x;is the unobservable value; €, - random unobservable measurement error.

Based on the results of observations (4), it is necessary to determine the opti-
mal values of the parameters o, Bin (2) - (3) and estimate the coefficients in

(6] (o) (6]
01,02,...,0, (1).

The Sich-2 spacecraft motion models were developed using the time series of
its TLE elements (Two Line Element set) [9] on the basis of an iterative procedure for
estimating the coefficients of beta autoregressive models under conditions of un-
equally spaced observations, developed in [10] - [11]. The TLE time series elements
are represented by the variables indicated in Table. 1. For modeling, samples of time
series were used, the initial observation on August 17, 2011 at 09:00. 57 minutes 37
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sec. (observation No. 1) and the finite observation on July 8, 2019 at 15:00. 46 min-
utes 42 sec. (observation No. 6064).

Table 1
List of variables for Sich— 2 TLE data
. . . Unit of
Designation Title
measurement

X Apogee km

Xy Perigee km

X3 Eccentricity -

Xy Inclination deg

Xs Right ascension of the ascending node deg

Xg Argument of perigee deg

X7 Mean anomaly deg

Xg Revolution number at epoch revs
X9 Lok Accumulated time hrs
X9 T; The time interval between the current and | hrs

’ the previous observation

Simulations were carried out for six main variables, since the variable x, (in-
clination) is constant. Additional variables xg, xo were used to construct figures,
and the variable x;, was used to calculate the power to which the components of the

coefficients are raised in the iterative procedure for parametric identification of
autoregressive models in conditions of unequally spaced observations [10] - [11].

In accordance with [10] - [11], the structure of the beta-autoregressive model is
determined by a special weight function that specifies the relationship between the
coefficients of the autoregressive model. The best structure corresponds to the
smallest residual root mean square error among all enumerated model structures. By
dividing the entire observation period into intervals corresponding to the cycles of

variation of the variables x5, Y6 , X7 and, it is possible to reveal the change in the
structure, coefficients, and mean-square error of the best model during the transi-
tion from interval to interval for each of the variables.

2 Results of change detection modeling of the Sich-2 spacecraft

In [10], the behavior of the structure, coefficients and errors of optimal models

for 9 cycles in a variable *5 and for 25 cycles in variables x;, x,, X3 xg X, are in-

vestigated. In this work, an attempt has been made to detect in more detail changes

in the Sich-2 spacecraft motion.
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For this purpose, each of the 9 cycles of the variable and each of the 25 cycles in

the variables *6 and *7 (additionally x,, x,, x;) are additionally divided into sev-

eral intervals so that the average volume of the new intervals was about 50 values.

The quantity of new intervals for the variable *s was 119, and for the rest of the
variables - 123. The total number of models built for the five variables was
n, =119+4-123=611

The structure of the constructed models has the form

A

Xi = apx;_ +axX;_p ..t ayx, (5)
where a p J= 1,2,...,p are the autoregression coefficients that need to be estimated

from the sample of observations; p — autoregression order.

Figures 1 - 4 represent the graphs of changes in the mean square errors (RMS)
of autoregressive models for six variables over new intervals. The root-mean-square
errors of the constructed models for steady-state modes are: for apogee and perigee
~ 1 meter, for eccentricity ~ 0.5 10-5, for longitude of the ascending node ~ 0.05 de-
grees, for argument of perigee ~ 0.5 degrees, for mean anomaly ~ 0.5 degrees. In the
graphs of the mean square errors of autoregression models, there are sharply distin-
guished values:

by variable *1- for intervals 3,15,18, 41, 54 - 67,
by variable *2_ for intervals 3,15, 18,41, 54 - 67;
by variable Y3 for intervals 40 - 64, 93;

by variable *s_ for intervals 61, 68,81, 112;

X6 _

by variable for intervals 59 - 67,

by variable *7 _ for intervals 55, 60 - 63, 82, 123.

From a comparison of the results obtained, it follows that the most significant
deviation from the main mode of motion of the Sich-2 spacecraft was observed at
intervals with numbers from 54 to 67 (out of 123), which corresponds to the time pe-
riod from September 2013 to May 2015.

In the practice of modeling time series, there is a technique that is called "mod-
eling on a sliding interval". Its essence lies in the fact that the simulation interval of
a given size "slides" along the time axis of observations, that is, it moves to the right
when a new observation is added. This technique is used to assess the predictive
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ability of the models (observations that follow the training interval are taken as vali-

dations) and to detect changes in the motion mode of the Sich-2 spacecraft.
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3 Step-by-step forecasting of variables on a sliding interval in order to detect
changes in motion modes

Modeling on a sliding interval was carried out on a time series section (observa-
tions N22651 to 2803), which contains intervals N254 to 56 (out of 119) for a variable

X5, and intervals N257 to 59 (out of 123) for a variable *6 | introduced in paragraph

2. The sample size of the sliding window was 40 observations, the number of sliding
window positions was 113.

The errors of step-by-step forecasting using autoregressive models built on
training sliding intervals were used as indicators of movement changes.

Figures 5 - 9 show the graphs of changes in the model error on the training
sliding interval for six main variables.
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For variables x, and *2 in the section with numbers of sliding intervals num-
bered 47, 48, ..., 83 (which correspond to the ranges of observation N2 2697 - 2736,
2698 - 2737, ..., 2633 - 2772), increased values of the mean square error of the mod-
els are obtained.

For the variable x5 in the section with the numbers of sliding intervals N¢ 73,
74, ..., 101 (which correspond to the ranges of observation N2 2723 - 2762, 2724 -
2763, ..., 2751 - 2790), there is a decrease in the mean square error of the models fol-
lowed by its increasing

For the variable *5 in the section with N2 of sliding intervals 48, 49, ..., 85
(which correspond to the ranges of observation N2 2698 - 2737, 2699 - 2738, ..., 2735
- 2774), there is a tendency towards an increase in the mean square error of the

models. For the variable *6 in the section with the numbers of sliding intervals 52,
53, ..., 97 (which correspond to the ranges of observation N2 2702 - 2741, 2703 -
2742, ..., 2747 - 2786), there is a tendency towards an increase in the mean square

error of the models. A sharp upward peak is obtained for the variable *7 ona sliding
interval, which corresponds to the range of observation N2 2738 - 2776. A detailed
visual analysis of the time series of the six main TLE elements (inclination was con-
stant, 98 degrees) shows:

1) noticeable peaks in the behavior of variables x;, x,, x5 x4and have oc-

curred starting from observation N2 2744 (December 13, 2013);
2) the change in the variable, starting from observation N22745, clearly changes
its behaviour;
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Figure 5 - RMS in sliding interval Figure 6 - RMS in sliding interval
for x,- apogee & x,- perigee for x; — eccentricity
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Figure 9 - RMS in sliding interval for Y7 - mean anomaly

3) a noticeable peak in the behavior of the variable occurred at the time of ob-
servation N22777.
Comparison of Fig. 5 - 9 with the results of visual analysis of the initial time se-

ries shows that the root-mean-square errors on the sliding interval of the models for

the variablesx;, x,, x5, x5 x4, reflect a noticeable change in the behavior of the

Sich-2 spacecraft that occurred on December 13, 2013.

The drastic change in the behavior of the variable that occurred in observation

N2 2777 is consistent with a change in the rms error of the model for this variable on

the sliding interval 2738 - 2776, but is not coherent with the rms errors of the mod-

els of other variables.
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Conclusion. The task of revealing changes in the non-functioning Sich-2
spacecraft motion is completed using autoregressive models and time series of TLE
elements.

A drastic change in the behavior of the Sich-2 spacecraft occurred on December
13, 2013. To establish the causes of this event, additional information must be in-
volved.

The developed method is recomended to use for revealing changes in the
movement of space objects during their long-term operation.
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BussneHHsa 3MiH 8 pyci KOCMiYHUX 06'€kmiB Ha 0CHOBT asmopezpeciliHux modenell

Po3ensiHymo piweHHsa 3a0a41 BUABNEHHA 3MIHU PYXY HeQYHKUIOHYI04020 KOCMIYHO20 ana-
pamy «Ci4-2» Ha 0CHOBI cmamucmuy4Hoi Kaacugikayii cmaHis OuHamiyHux cucmem. [lobydosy
mooenell pyxy kocmiyHo2o anapamy «Cid-2» nposedeHo 3 BUKOPUCMAHHAM 4acoBux pAdis (1020
TLE-enemenmis (Two Line Element set) 3 HepigHOB8IO0aNeHUMU CNOCMEPEKEHHAMU HA OCHOBT
imepayitiHoi npouedypu OUIHIBAHHSA KoegiuieHmis 6ema-asmopezpeciliHux mooeseli 8 yMOBaAX
CMpYKmMypHoi Hegu3Ha4yeHocmi. BuasneHo pi3Ky 3MiHy pyxy nos8eOIHKY KOCMIYHO20 anapamy
«Ciy-2», Aka BuHuKkna 13 2pyoHs 2013 2. [l BcmaHoBeHHs npuduH yiei nodii HeobxioHo 3ay-
yeHHA 000amkosoi iHghopmayii. Memod doyinbHO BUKOPUCMOBYBAMU 014 BUABNEHHSA 3MIHU PYXY
06'ekmiB pakemHo-KOCMIYHOT MexHIKU 8 npoyeci ix mpusanoi ekcnayamauyii.

06HapyxeHue u3mMeHeHUli 8 0BUXKEHUU KOCMUYECKUX 06beKmos
Ha ocHoBe asmope2peccuoHHbix modenell
PeweHa 3a0aya o6HapyxeHus U3MeHeHUS OBLXXeHUS HepYHKUUOHUDYIOWe20 KocMude-

cKkoz2o annapama «Cu4-2» Ha 0CHOBe ABMOpPezPecCUOHHbIX Moodesel, NOCMPOeHHbIX N0 BpeMeH-
HbiM padam TLE-3nemeHmos. PaspabomarHsbili Memoo yesecoobpasHo ucnosib308ams 0415 06Ha-
PYXeHUs U3MeHeHUs 0BUXeHUs 00beKmos paKemHo-KOCMUYeCKOU mexHUKU 8 npoyecce ux O0u-
meJibHOU 3KCnayamayuu.

CapuueB OnexkcaHap IIaB/IOBUY — TOKTOP TEXHIYHMX HAYK, NMPOBIAHUI HAYKOBUNI
CIiBpOOITHUK, [HCTUTYT TexHiuHOI MexaHiku HAH Vkpaiunm i JIKA Ykpainmn.
IlepBiit Borgan AHAPiIOBMY — MOJIOIINIT HAYKOBMIA CITiBPOOITHUK, [HCTUTYT TeX-

HiyHO1 MexaHiku HAH Vkpaiun i IKA Ykpaiun.

CapbrueB AnekcaHap IlaBioBuY - TOKTOP TeXHUYECKUX HAyK, BeAYyLINI Ha-yUHO
coTpyaHUK, MHCTUTYT TexHnuyecko mexauuky HAH Vkpaunsl u I'KA YkpauHbl.
IlepBoiii Borgan AHapeeBuY - MaJlINIA HAYUYHBIA COTPYAHUK, IH-CTUTYT T€XHU-
yeckoit Mexauuku HAH Ykpauusl u 'KA YRkpauHbI.
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C.J1. Kapmenko, 10.0. Jlebenenko, I'.B. PynakoBa, A.A. PynakoBa
MOIEJIIOBAHHS CXEMU PO3TAIIIYBAHHSI AKTUBHOTI'O JOIIIYBAJIBHOT'O
OBJIATHAHHS 3AKPUTOI 3POIITYBAJIbBHOI CUCTEMUA

AHomayia. B cmammi po3enadaromsca npoyec po3paxyHKy 3a2abHOi Kiibkocmi sapiaHmis nio-
Kl04YeHH:A 00WyBabHUX YCMAHOBOK 3 N0OAGNbWUM nepexo0om 00 CnpoweHoi cxemu, 011 MOX-
UBOCMI 3a0AHHA CMPYKMypu nioKM0YeHHA 3a 00NoMOo20l0 Mampuyl. Ta 3anponoHoB8aHa npo-
yedypa BU3HAYEHHSA napamempis cxemu po3MilyeHHS AKMUBHO20 00UyyBATbHO20 00/IA0HAHHS.
Knto4osi cnosa: HacocHe 061a0HAHHSA, OOULYBAIbHT YCMAHOBKU, 3aKpUMA 3pOWYBAIbHA cUCme-
Ma, cxema NiOKAKYeHHA, BU3HAYEHHA napamempis.

ITocTaHOBKA mpooeMu. [lepeTBOPEHHS CiTbCbKOTOCIIOaPChKOTO BUPOOHMIL -
TBa Y BMCOKO PO3BUHYTHUII CEKTOP €KOHOMiKM HEMOXK/IMBe 0e3 ImocaabjaeHHs #oro
3aJIeXXKHOCTI Bifi HECOPUSATAUBUX MPUPOIHO-KIIMaTUIHUX YMOB. YKpaiHa HaJIeXXUTb
0 TUX KpaiH, Je MeJiopallisi € OMHMM 3 BM3HAUaJIbHUX (PAKTOPiB 3arajibHOrO CTAHY
BUPOOHMUIITBA TIPOAYKTIB XapyaHHS, CUPOBMHA [IJIT ITPOMMCIOBOCTI, 3a6e3IeueHHs
MIPOIOBOJILYUOI Oe3IeKy JepskaBM Ta €KCIIOPTY MPOAYKIIii CiIbChbKOTOCIIOAAPChKOi
ranysi [1].

[lInpoke BIpOBAaIKeHHS CY4YaCHUX KOMIT'IOT€PHO-IHTErpOBAaHUX TEXHOJIOTIN y
TOMY YMCJIi B Ci/TbCHKOTOCIIOIaPChKe BUPOOHUIITBO, TaK 3BaHi CMCTEMU TOYHOTO 3e-
Miepo6cTBa [2], 06yMOBIIOIOTh €KOHOMHE BMKOPUCTAHHSI BOOHUX i eHepreTUYHUX
pecypciB 3a paXyHOK BIPOBa/KeHHS iHQopMalliiiHO-KepylUyux CUCTeM 3 MiJcUcTe-
MaMM MOHITOPMHIY i METOZIB afalITUBHOI'O KepyBaHHS.

AHaji3 ocTaHHIX mocCaigKeHb Ta myoOJsiKaiii. [TomMpeHOro BUKOPUCTAHHS
HaOynMu 3akputi 3pormryBaibHI cuctemu (33C) i3 3acTOCyBaHHSIM MeJTiOpPaTUBHOTO
00J1aJlHAHHSI TAaKOro SIK yHiBepcasbHi AoinyBasbHi Mamamu (IMY). [cHyroumnii mapk
POOOTOCITPOMOXKHMX OOITYBaJbHMX MAIIMH Ha 64% CKIameThCs 3 AOIIYBAJIbHUX Ma-
muH «Dperat»[3].

JolryBaabHi YCTAHOBKM 00’€IHYIOTHCS Y KOMIUIEKC, Y SIKOMY ITofaua BOIU B
CITUTbHY TiIPOCUCTEMY 3[IiJiICHIOETHCS 3a OOIOMOTrOK 3araJibHOi HAaCOCHOI CTaHIIii.
Tunosa cxema 33C HaBeneHa Ha puc. 1 [4]. Taka spoiryBanbHa cucTeMa IIpy3HaYeHa

© Kapmnenxko C.JI., Jle6egenko 10.0., Pynakosa I'.B., PygakoBa A.A., 2021
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IJIS TIOJIavi BOAM Ha TOJIsI, Ha SIKMX MOSK/IMBE 3POUIyBAaHHS Pi3HUX TUIMIB arpoKyJib-

TyP.
f \ CiBo3MiHa:

1 2 3 Q / 1,2 - JIrouepHa;
3 — O3uma MiIeHnLsI+KyKypyA3a;

5 6 2 s | 8 4 - Kykypyz3a Ha 3epHO;
5,7 — OBoui;
6 — Kykypy/z3a Ha CuJIoC;

8 — SlumiHbp+I01IEpHA.
PucyHok 1 — Cxema po3TallyBaHHS OB CIBO3MiHM Ha 3pOIIyBabHiN AUISHII

i 3aKpUTili 3polllyBaJibHil CUCTEMi

3a3Buyail MOJMB MOKe 3[ilICHIOBATUCS OeKiJibKkOMa AOUTYBaJbHUMMU YCTAHOB-
KaMu OJHOYAaCHO. [IJ1s1 MigK/II0UeHHS Ta BiAK/IIOYeHHS AOIYBaJbHMUX MalllMH BUKO-
PUCTOBYIOTH 3amipHi Kiananu (BeHTwIi). Y 33C MOXYTb CIIPUUMHSITUCS HeraTUBHI
SIBUIIA, & cCaMe:

— [IpY HeMPaBUJIbHOMY ITiIK/II0UEeHHI JOIYyBa/JIbHOI MaIllMHU 10 PO3IOAiIbHOTO
TPYOOIIPOBO/Y pi3Ke 3MeHIIIeHHSI TUCKY Y CUCTeMi;

— IIpU HEeNPaBUJIbHOMY BiJK/IIOUE€HHi JOIyBaJbHOI MalllMHM Bifi pO3IOAibHO-
ro Tpyb6OIIpOBOIY pi3Ke 30i/bIIIEHHS TUCKY Y CUCTEMi.

BUHMKHEHHS CYTTEBUX KOIMBAHb TUCKY Y CUCTEMi MOKe CTaTy NMPUUYMHOK BU-
BeJIeHHSI 3 JIaJly MOIIyBaJIbHMUX MAIlVH; pi3Ke 30i/bIIIeHHSI TUCKY ¥ PO3TOAiTbHOMY
TPyOOIIPOBO/Ii MOXKe CIIPUUMHUTU Jioro medopMalliio i SIK HaC/AiIOK IPOPUB; pi3Ka
3MiHa TUCKY Y TiAPOCUCTEMI TAaKOX CIOPUUYMHSIE IMiABUILEHHS HAaBaHTAKeHHSI HA Ha-
COCHI arperaTu Ta MOKe CTaTy IPUUMHOIO 1X ITOJIOMKHA|3].

OnHouacHO y pobOTi 3a3BUYal 3HAXOASITHCSI HE BCi 3pONIYBa/IbHI yCTaHOBKMU, a
TiJIbKM YaCTMHA 3 HUX, TOOTO cXemMa iXHbOTO PO3TAITyBAaHHS IMOCTIIHO 3MiHIOETHCS
3TiTHO C TIJIAHOM IMOJIMBHUX POOIT. [I7151 e(eKTUBHOI poOOTY TAaKOTO CKIAJHOTO MeJTi-
OpaTMBHOTO KOMILJIEKCY HEOOXiHO CBOEUAaCHe TIepeMUKaHHS PeKMMiB pob0oTH HACO-
cHoro obsagHanHs 33C. [yis aHanisy 33C sIK 06’eKTy KepyBaHHS 3i 3MiHHOI CTPYKTY-
pOI0 B IepIy uyepry HeoOXiJHO BU3HAUUTU CXeMy PO3TAllyBaHHSI camMe aKTMBHOTO
IOIyBaJIbHOTO 00/IafHAHHS Y CUCTEMI.

Merta gociaigkeHHs1. MeTo0 JOC/TiIKEHHS € PO3pobKa Ipolleypy BU3HaUeH-
HSI TTapaMeTpiB cXxeMM po3TalllyBaHHS aKTMBHOTI'O AOIIyBaJibHOTO 06iagHaHHs y 33C.

BukiazeHHsI OCHOBHOrO MaTepiajqy AOChigkeHHs. PosrisiHeMo NpuKIaj,

33C pyst 8-Mu 3poONIyBaJbHUX YCTAHOBOK TUITy «DperaT» 3 OBOMAa IMO3UILISIMU OJIs
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TONIMBY, SIka TipefcTaBjeHi Ha puc.2 [5]. B maHomy mpukiaai mopenb IMOJIUBHOI

ycraHoBKM [IMVY-B463-60. O6paHa Mojeb 30aTHA MPALIOBaTH y ABOX MO3UIIISIX JIJIST

36ibIIeHHS TTOII MouBY. CyMapHa IIoIa po3MIsiAyBaHOro KoMILIieKcy 14,18 k2.

| /

S G-y - S
X [ f'.\ M‘ ! r\axb f

=

Pucynok 2 — Cxema 33C nmpu noamBi JOIYyBaJIbHUMM MalinHamu «dperat»

[Togaua Boau y 33C BigOyBarOThCs 3a OTIOMOTOI0 HACOCHOI CTaHIlii 1, Boja 1o

HACOCHOI CTaHIIil IMiABOAUTHCS 3 BIIKPUTOTO KaHaJy, KUBJIEHHS €JIeKTPOeHeprik

BiIOYBA€ETHCS 3a AOIIOMOTOIO JIiHil0 ejeKkTporiepenaui 14 depe3 TpaHchOpMaTOPHY

migcraHmio 15. 3 HacOCHOI cTaHIIii BojJa IOTpAaIUIsIE 10 PO3IMOAIILHOIO TPyOOIpo-

Bomy 9, me 3a OMOMOTrO0 TilpaHTiB 5 MigKauyBaJbHMUX HACOCIB 2, IKi KOMIIJIEKCY-

I0TbCSI TpaHchopMaTopamu 16, Boa MOJa0ThCS OO 3POIIYBaJbHOTO TPYyOOIIPOBOMY

6, 3 SIKOTO Uepe3 TiApaHT 4 NpUBOAUTS Y Aito IM «Dperat» 3.

Ha posrisiHyTiit ginsgHii rmepeg6ayeHo ckugaHHg Boau 3 JIM «®peraT» 3a JIo-

TTIOMOTO0I0 CKMAHOI 3acyBku 10 y ckumHMit Tpyoorposin 11. [Iyist o6CyroByBaHHS Ta
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pemonTy 33C rnepenbaveHi MOJbOBI eKCILTyaTalliiiHi Joporu 7, Ta peMOHTHIi 3aCYBKU
8. JIJisT 3aXMUCTy OiJISTHKM BiJi CMJIBHOTO BiTpy mepembaueHa Jjicocmyra 12. 3B'SI30K 3
IIJISTHKOIO BiOYBa€ThCS 3a HOIIOMOIOIO JiHii 3B’s13HY 13. V posriasimyBaHOMY BUIIA/I-
Ky OJHOYaCHO MOXKYTb MpaIfloBaTu 4 3pOlTyBa/ibHi YCTaHOBKU. [lepeMillyloTbcsl Ta
BMMKAIOTHCS AOITYBaJbHI YCTAHOBKM IMOTIAPHO.

[s1 po3paxyHKy 3arajibHOI KiJIbKOCTi BapiaHTIB MiAK/IOUEHHS AOIIyBaJbHUX
YCTAHOBOK BUKOpUCTaHa ¢GopMysia Crio/iyueHHs 6e3 MOBTOPiB[6]:

2 8!
N=Cg —M—ZS. (1)

Ase yepes Te, IO MOIIYyBa/JbHI YCTAHOBKM MOXYTb OYTM TepeMillleHi TiTbKu
MiX IBOMA IO3UIIISIMM Ha OOHOMY 3pOIIYBaJIbHOMY TPYOOITPOBOIi, BapiaHTU KOJIU
00MABI TMO3MIlii OJHOTO TPYOOIPOBOMY aKTUBHI — HEMOXIMBI (TaKMX BUIMAAKU 4),
TOOTO 3arajbHa KiJIbKiCTh BapiaHTiB PO3MillleHHSI BBIMKHYTUX IOIIYBaJbHUX YCTa-
HOBOK CTaHOBUTD 24.

3o06pasumo 33C y cucTeMi KOOpAMHAT 3 ITIOYATKOM PO3TalIOBAaHMM y HACOCHi
CTaHIIil PO3MOAiIbHOTO TPYyOOIIpOBOAY (puC.3).

Iist 1o6ymoBM 3arajabHOI MOMesli, 110 BpaxOBy€ BCi BapiaHTM pO3TalllyBaHHS
IOIIyBaJbHOTO OOJagHAHHSI, HEOOXiTHO MPOBECTM aHaji3 yCix BapiaHTIB MigKiIio-

YeHHS JOITYBaJbHMX YCTAHOBOK, SIKi ITpeicTaBiieHi y Tabymii 1.

a) (-22;22) 0) (-22;11) B) (-22;-21)
PucyHoK 3 — BapiaHTu po3MillleHHS BBIMKHYTUX JOIYBaJIbHNUX YCTAHOBOK
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Tabanug 1
[Tepesik MOKIMBOTO PO3MillleHHS TOIIYBaJIbHUX YCTAaHOBOK
(-22;12)) (-22;22) (-22;-21) (-22;-11) (-22;11) (-22;21)
(-12;12) (-12;22) (-12;-21) (-12;-11) (-12;11) (-12;21)
(12;-21) (12;-11) (12;11) (12;21) (-21;11) (-21;21)
(22;-21) (22;-11) (22;11) (22;21) (-11;11) (-11;21)

Yepes cumeTpuuHicTh cxemi 33C MOKHA MepeiTy OO0 PO3IIsIiAYy OOHOCTOPOH-
HbOI CXeMM, SIK ITOKa3aHo Ha puc.4.

1 2 1
b
|
|
)

oo & 2 [0}

a) (-22;22) 6) (-22;11) B) (-22;-21)

PucyHOK 4 — [IpuK/iIagu OGHOCTOPOHHIX cxeM ImigkatodeHHs 1Y

4 Y
N 4

—
o —
—

-————o—-

CTpyKTypy HigK/II0UeHHs, MpUBeHeHy Ha puc.4, MOXXHA 3aJaBaTy 3a JOIIOMO-

rO0 MaTpPUIIi:
10 0 0
Sv(fzz;n) = 0 1 Sv(fzz;le) = 1 1

¢ _[00
V(fzz;22) - O 2

[t Mozie/TIOBaHHS YCiX BapiaHTIB MiAKIIOUEHHS MOIYBAJIbHUX YCTAHOBOK MO-
’KHa BUKOPUCTOBYBATU €AMHY cxeMy (pUC. 5a), /I OIHi€l Ipynu 34BOEHNUX TONTyBa-
JIbHUX YCTAaHOBOK, B SIKMX 3MiHIOIOTbCSI TiJIbKM 3HAUEeHHS IMapaMeTpiB IO 3aJal0Th
reoMeTpUYHi CITiBBigHOIIEHHS (pUC. 56).

i
baf ; {42

|
|
|
|

al

ar
ga
174

a) 6)
PucyHok 5 — V3aranpHeHa cxema 33C: a) yMOBHa cxeMma,
0) reoMeTPUYHI CITiBBiTHOIIEHHS
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IHmekcu 3MiHHMX Ha puUC. 5a i, Ta j MOB’sI3aHi 3 BiAMOBIZHMMM iHIEKCAMU He
HY/JIbOBUX ejleMeHTiB matpuili S. IIpoliegypa BU3HAUeHHS MMapamMeTpiB CXeMU pO3-
MillleHHS aKTMBHOTO [OILIyBaJbHOTO O6JagHAHHSI 3MiJiCHIOIOTHCS HACTYIIHUM YM-
HoM: 1) 3amaloThCsl TeOMETPUUHI po3Mipu cucTemu, a came: 111,112,121, 122, d1, d2;
2) 3agaeMo K=1; 3) 3HaxoauMo HeHYJIbOBi ejleMeHTU MaTpuili S, S;;#0. Ko Bci S;; =
0, TO mpollec 3aBepIIYIOTHCS (MEPEXOAMUMO 10 KPOKY 7); 4) BUKOHYEMO TIPUCBOEHHS
11si=115; 125¢=12;; dsi=di.; 5) BuBogumo pesynabTaTtii: 11si, 12sc Ta dsk; 6) 3MiHIOIMO
3HaueHHs K Ta S;j: K=K+1; S;;=S;;-1. (mepexoaumo 00 3-ro KpoKy); 7) mpoiiec po3pa-
XYHKY 3aBepIIeHO.

CdopmoBanmii BekTop 11s, 12s Ta ds MicTSITh 3HaUEHHS T€OMETPUIHMX CIiBBiI-
HOIIIeHb JIJISI 33[IaHO1 CXeMM PO3TallyBaHHS aKTMBHOTO AOIIYBaJbHOTO 061aJHAHHSI.

BucHoBku. CBo€uacHe repeMMUKaHHS peXXMMiB poOOTM HACOCHOTO 00JIafiHAaHHS
33C, MOKIMBe IIpU HASIBHOCTI KOPEKTHO MPaIflO40i CUCTeMM KepyBaHHS, ITiATBep-
mkeHOi edeKTUBHOCTI. PoboTa sIKOi MOBMHHA 3aCHOBYBATHMCSI, 0O0B’SI3KOBO Ha OCHOBI
pe3y/IbTaTiB KOMIT' IOTEPHOIO MOAeIoBaHHs. IIpy 1moOymoBi MaTeMaTM4YHOI MomeJIi
st aHastizy 33C sIK 00’€KTY KepyBaHHS PO3IJISTHYTA Mpoleaypa € mepiiouyeproBuMm 3a-
BIAHHSIM. ToMy 1110, A03BOJISIE HA OCHOBI 3aJJaHOI CXeMM PO3TallyBaHHS aKTUBHOTO
IOIIYBaJIbHOTO 00JIaflHAHHS, IBUIKO OTPMMYBATH IE€BHi YMC/IOBI 3HAUEHHS reoMeT-
PUYHUX PO3MIipiB B CUCTEMIi, SIKi € OCHOBOIO [IJISI TTOA/IbIINX PO3PaxyHKiB. [IJis1 HACTy-
nHoro aHasisy 33C HeoOXigHO PO3IJITHYTH BCi OKpeMi KOMITIOHEHTU MOZETi.
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ModenuposaHue cxembl pazMeuseHUs AKMUBHO20 00)X0e8aNbHbIX
06opydosaHue 3aKpbImoli opocumesnbHol cucmembl

Lenbto uccnedosaHus agnsemcs paspabomka npoyedypsl onpedesieHus napamempos cxembl
pacnosoxeHus aKMUBHO20 00XOeBaAbHO20 000PYOOBAHUS B 3AKPbIMbIX OPOCUMEbHBIX CUCMEMAX.
B cmamse paccmampusaromcsa npoyecc pacdema obwe20 Kosu4ecmsa 8apuaHMoB8 NOOKIOYEHUS
00)0eBabHbIX YCMAHOBOK C NOCAeOYIOWUM Nepexo0om K ynpoujeHHol cxeme, 015 BO3MOXHOCMU
3a0aHus cmpyKkmypbl NOOK/IOYeHUS C NOMOUbI0 Mampuuybl. ¥ npedioxeHa npouedypa onpedeneHus
napamempos cxembl pazmeljeHus aKmusHol 00x0eBabHo20 060pyO0BAHUS.

Modeling of the scheme of location of active raining equipment
of the closed irrigation system

The purpose of the study is to develop a procedure for determining the parameters of the
layout of active sprinkler equipment in closed irrigation systems. This paper presents the impor-
tance of transforming agricultural production into a highly developed sector of the economy
which is impossible without reducing its dependence on adverse climatic conditions. The intro-
duction of modern computer-integrated technologies, including precision farming, due to the
need for economic use of visible and energy resources, is considered. Closed irrigation systems
with the use of reclamation equipment such as universal sprinklers have become widespread. The
existing fleet of efficient sprinklers will consist of 64% of frigate sprinklers. The article considers
a complex of sprinklers, which will consist of eight irrigation fields, the total number of sprinklers
in the system is eight. The article discusses in detail the principle of operation of the presented
closed irrigation system, namely the system of water supply pipelines to sprinklers, and equip-
ment that controls the operation of this system, such as booster pumps, hydrants, transformers,
valves, communication lines. The article considers the process of calculating the total number of
options for connecting sprinklers. In the considered system 4 sprinkler installations which are
connected and disconnected in pairs can be in work at the same time. Consider problems that
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arise in the system due to pressure jumps in the hydraulic system. Schematically, the options for
placing active sprinkler equipment are presented. The possibility of specifying the structure of
the connection scheme of active sprinkler equipment using a matrix is considered. The procedure
of definition of parameters of the scheme of placement of the active sprinkler equipment is of-
fered. Timely switching of modes of operation of the pumping equipment of ZSS, is possible in
the presence of correctly working control system, the confirmed efficiency. The work must be
based on the results of computer simulations.

Kapnienko Cepriii J/IeoHimoBuu — acipadT Kadeapyu aBToMaTu3allii, po60ToTexHi-
KU i MeXaTpOHiKM XepCOHChKOTO HAI[iOHAJIbHOTO TEXHIYHOTO YHIBEPCUTETY.
Jlebegenko I0piit OsekcaHaApPOBUY — K.T.H., IOIEHT, JOLIEHT Kadeapyu aBTOMATU-
3allii, poOOTOTEXHIKM i MeXaTPOHiKM XepCOHCHKOTO HAI[iOHAJIbHOIO TEXHIYHOIO YHi-
BEPCUTETY.

PynakoBa 'amna BosmogumupoBHa - [.T.H., mpodecop, mpodecop Kadeapu aBTo-
MaTu3alii, po60TOTEXHIKM i MeXaTpOHiKM XepCOHCHKOTO HAIL[iOHAJIbHOTO TEXHIUYHO-
rO YHiBEpCUTETY.

PynakoBa AHTOHiHA AHApiiBHA — CTyneHT dakyabTeTy iHGOPMATUKU Ta 06UMC-
JIIOBAJIbHOI TexHiKM HallioHa/JIbHOr'O TeXHIUHOI'O YHIBepCUTeTy YKpaiHu

"KuiBcbknii momitexHiyHuii iHCTUTYT iMeHi Iropst CikopcbhKoro'.

Kapnenko Cepreii JIeoHMZOBUY - acIIMpaHT Kadeapsl aBTOMaTU3amu, poboTOTe-
XHUKU Y MEXaTPOHUKM XePCOHCKOT0 HAllMOHAJIbHOTO TEXHNYECKOTO YHUBEPCUTETA.
Jlebegenko I0puit AjleKCaHAPOBUY - K.T.H., IOLEHT, TOLEHT Kadeapbl aBTOMAThI-
3alMM, POOOTOTEXHUKM U MeXaTPOHMKM XepCOHCKOTO HAIMOHAJbHOIO TeXHUYECKO-
ro YHUBEpPCUTETA.

PynakoBa AHHa BnaagumupoBHa - 1.T.H., mpodeccop, mpodeccop kadeapbl aBTO-
MaTu3alum, poOOTOTEXHUKM U MeXaTPOHUKM XepCOHCKOTO HAallMOHATbHOTO TeXHU-
KOT'O YHUBEpPCUTETA.

PymakoBa AHTOHMHA AHApeeBHA - CTyIeHT QaKkynbTeTa MHGOPMATUKM U BBIUKC-
TeJbHbIX TeXHUKM HalMoHa/lIbHOrO TEXHUUECKOro YHUBepcuTera YKpauHbl "'Kuesc-
KU TTIOJIMTEXHUYECKUI MHCTUTYT uMeHu Uropst CUKOpCKOro”.
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I.0. KoHnoHoB, B.O. EpmokpaTbeB, €.C. MipolIHUK
JOCJIII>)KEHHS ITEPEXOTHIX ITPOLIECIB BIBPAILITMTHOI MAIIIHMU 3
IHEPLIIMTHUM BIBPO3BYJIHUKOM TA ACMHXPOHHUM EJIEKTPOJIBUTYHOM

AHomayia. [ina 3a6e3neyeHHa cmabinsHoi pobomu 8ibpayiliHoi mawuru (cmanicmes amnaimyou
KONUBAHHA npu 3MIHT 6YOb-AKUX napamempig cucmemu) 3 iHepyiliHumM npuBoooM BUKOPUCMOBY-
EMbCA 3APE30HAHCHE HANAWMYBAHHA. Y 38'A3KY 3 YUM MAOMb MIiCUe CKNAOHOWI, WO BUHUKAOMb
nio yac nycky i subiey 8i6poBTM, makux sk 36inbWeHHA amnaimyou KoaUuBAHb, MOX/UBICMb 3a-
BUCAHHS e/leKmpo0BU2YHA HA 3HUXEHUX 060pomax, wo npu3sooums 00 nepezpisy.

Po3pobneHo mamemamuy4Hy modesnb BTM, cknadeHi dughepeHyiansHi pisHaHHA pyxy BTM 3 ypaxy-
BAHHAM XAPAKMePUCMUK ACUHXPOHHOO0 eN1eKmpoodsUYHd.

Ansa supiweHHs cucmemu ougpepeHyiansHux po3pobaeHa npoepama 8 dodamxy Simulink.
OmpumaHi 3anexHocmi niomsepoxyoms 30i7bWeHHS amnaimyou KonusaHHs nomka BTM npu
nycmy ma 3ynuHyi BTM, wo HeobxioHo Bpaxosysamu 015 po3paxyHKy napamempis pobomu cu-
cmem 3 BibpayiliHUMU MawWuHamu.

[lposedeHo NOpiBHAHHA eKcnepuMeHmanbHUX OAHUX 3 PO3PAXYHKOBUMU, MAE Micye 2apHull 3672
pe3ysbmamis.

Knioyosi cnosa: sibpayiliHa mawuHa, 0ebanaHcHue Bubpososbyoumernell, nepexioHi npoyecu,
Pe30HAHCHA 30Hd.

ITocTaHOBKa MPOo6s1eMbl. TOUHEe TOTPMMAHHSI TEXHOJOTIYHUX BUMOT MPY BU-
POOHMIITBI CTajIi € OMHUM 3 OCHOBHMX UMHHMKIB, SIKi BU3HAUAIOTh SIKiCTh MPOAYKIILii,
1110 BUITYCKAETHCA [4].

V ripHMYog00yBHi/i IMIPOMMCIOBOCTI, Ha MeTAIyPTiifHUX IiANPUEMCTBAX i
TPaHCIIOPTHUX BY3J/IaX IIMPOKO 3aCTOCOBYIOTHCS BCISKI BiOpalliiiHi MaIIMHy, i 30K-
pema BibpoTpaHcnopTyounx MamuHu (BTM): BibpoTpaHciopTepy, BibpailiiiHi KOH-
BeepM Ta XUBWJIbHUKY, BiOpaIliliHi TPOXOTY Ta SKUBUIBHUKU-TPOXOTH i T. 11 [1-3].

OCHOBHMM BUIOM MPUBOAY TAaKUX MAIlMH € IHEPUiMNHUI NPUBiA, SKUI CKIaga-
€TbCS 3 AebasaHCHMUX BiOpo36ymHMKIB. Takuii MPUBiA KOHCTPYKTUMBHO MPOCTUI Ta
OTPMMaB IIMPOKE 3aCTOCYBAHHS B BiOpoMalinMHax Pi3HUX TUITIiB.

nst 3ab6e3reueHHs CTabibHOI pOOGOTH (CTATICTh aMIUIITYIM KOJMBAHHS TIPU
3MiHi OYIb-IKMX [MapaMeTpiB CMCTEeMM) TaKoi BiOpomaliyHM 3 iHepILiliHMM IIPUBO-

AJOM BMKOPUCTOBYETHCA 3apE€30HAHCHE Ha/JIaIITyBaHHSI. Y 3B'H3Ky 3 MM MalTh MicC-
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1le CKJIQIHOIIi, [0 BUHUKAIOTH IIiJl Yac MycKy i Bubiry BiopoBTM: 306i/ibIlIeHHS aMII-
JITYyOM KOMMBaHb, HaBaHTaKeHHS Ha (QyHOAMeHT, CIOXMBAHOI IOTYKHOCTIi, IO
MPU3BOAUTD 0 TOTO, IO eJIEKTPOABUTYH He AOCSITa€ HOMiHaJbHMUX 000POTIB i BUXO-
IWUTb 3 JIaAy Mifl 4ac MyCKy.

O06'ekTOM IOCJiIKeHHS € BibpoTpaHcropTyioui mamyuay (BTM) 3 iHepuiiitHum
BiOpO30YIHUKOM.

MeTa po60TH: HOCHIMKEHHSI OMHAMIKM IepexigHux mpoieciB B BTM, ki cy-
MPOBOIKYIOTH ITycK BTM 3i cTaHy CITIOKOIO Ta BUOIT.

Imest po60TH TOISITA€ B KOMIT IOTEPHOMY MOJETIOBaHHI auHamiku BTM, 3acHo-
BAaHOMY Ha YMCEJIbHOMY iHTerpyBaHHi CHCTeMM HeJiHiMHUX audepeHIliabHUX PiB-
HSIHb, 1[0 ONMCYIOTh PyX MAlIMHU. A TAKOX MOPIBHSIHHS iX 3 eKCIIepUMEHTaIbHUMMU
OaHUMMU.

IToctaHoBKa mpobGjemu. Y 3araJibHOMY BUITQAKY TOYKM BibpariiiHoro BTM
abo IrpoxoTy, SIKi BMKOHAHi 3a MOMIOHMMM AMHAMIYHMMM CXeMaMM, 3[i/iCHIOIOTb
CKJIQAHMIA TJTOCKOIapase/bHnii pyx. TpaekTopi€lo pyXy TOUYOK IIpU CTAJIOMY PYCi €
eJIiric, IKuit 3a MeBHUX CIiBBiIHOIIEHHSX [TapaMeTpPiB IMepeTBOPIOETHCS B MPSIMY abo
Koyio. HasiBHiCTh HaBaHTakeHHS i 11 XapaKTepuCTMKa, a TAKOXX 3MillleHHSI TOUYKU
TIPUK/IAIAaHHS PiBHOMIIOUOI CMI POOUTH iCTOTHMII BIUIMB Ha IapaMeTpu pPobOTH
BTM.

BuBueHHS pyxy BiOpalliiiHOI MalIMHM 3BOAUTHCS 1O BUPIlIeHHS CKIagHOI aB-
TOHOMHOI1 HeJiHiiiHO1 3amaui. CTpykTypHa cxema cucrtemu «BTM-maTtepian» moka-
3aHa Ha puc. 1. K BUOHO 3i cxemu, Ipu CKIaJAHHI MaTeMaTUIHOI MoAesIi HeoOxi -
HO OMMCATH B3aEMOIiI0 MiXK Pi3HUMM CKJIaZJOBUMM.

K epeJIo JBUTYH 1 Pobounii TeXHOJIOTiuHe

== BiOPOKUBUIBLHUK — —

opraH HaBaHTAXEHHA

eHeprii

Pucynok 1 - CTpyKTypHa cxema CUCTeMU
«aBUTYH-BTM- TexHOJ/IOTiUHEe HABAaHTa>KEeHHSI»

[IJIs1 CTIpOIIeHHS PO3paxXyHKY MPUITYCTUMO, IO JIiHisg mii cumn, mo o6yproe 36i-
ra€ThCs 3 LEHTPAIbHOK TOJIOBHOIO BicClo iHepuii BTM; B ibOMy BUITAZKY JIOTOK (KO-
po0) Gyie 3M1iiICHIOBATY IIPSIMOJIiHi/iHI KOJIMBaHHSI.

[TpuitMemMo TakOX TakKi MPUITYIIeHHS :

- TaK SIK MaTepiaj sIBJiss€e COO0I0 TOCUTh BEIUKY BilcCOPTOBaHY dpakiiiio, TO Iu-
CUMIIATUBHI CUJIM OTIOpPY MepeMillleHHIO MaTepiaay MOXXKHA He BpaXxOBYBaTH;

- yIap mMaTepiay Ipo pob0ounii OpraH HOCUTb HEIIPYKHUX XapaKTep;
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- BIUTMB TepTs MiXX po604MM opraHom i maTepiasom Ha pyx BTM a6o rpoxoty
He BPaXOBYEThHCS.

|'|'l

1N

M

\ ST

PucyHok 2 - IIpyHUIMIIOBa cXxema BibpalliitHOi MalMHM

[TpuHIMIIOBA cxema BibpalliifHOi MalMHKY HaBedeHa Ha puc. 2. PiBHSIHHS pyxy
3anuiieMo y dopmi piBHsIHHS Jlarpanxka II-ro pogy [6]:
d oT. orT oIl
‘e o0 o0 % .
d oT . oT ol

a'eq) e e

ne T - KiHetuuHa eHepria cuctemu; Il - moTeHuiriHa eHeprig cucremu; Qy, Qq-
y3arajJibHeHHS CuJia.

Omip nepeminieHH0 BTM 6yaemo BBaskaTy MPOMOPIIIHUM IIBUIKOCTI, TIPYK-
HYy CUCTeMy - JiHiliHoi. Cuy mii MaTepiany B 6yHKepax Ha BTM npuitMaeMo SIK mpy-
JKHO-B'SI3KY.

KineTnuHa i moTeHIiiiiHa eHeprisi CMCTeMM BU3HAYAETHCS 3a GOpMyJIaMu:

1 1 . N
T=T1+T2=E(M+m0)c'12+5m0r2(p2+m0rq sm+51g02

. (2)
11 = Ecq2 + mgr cos(p)

[Ticsig BigMmoBigHUX MepeTBOpPeHb OTPUMYEMO HACTYIIHY cUcTeMy audepeHiiia-
JIbHUX PiBHSIHb:

{(M +my) G + pg +cq = —myr’ cos(¢) —myr@sin; 3)

(£+myr)@+H(p,0) =M () —mygsin(p),
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e ¢,q,§ — KoopauHara, IBUAKICTD i pucKopeHHs BTM; ¢, ¢, » — KyT ITIOBOPOTY, Ky-
TOBa IIBUJKICTh i MPMUCKOPEHHS Baly AebanaHca; M—3arajibHa Maca TUX, XTO Bara-
€TbCS YaCTUH; [- MOMEHT iHepIlii 00epTOBMX YAaCTUH IIPUBOLY, PUBEIEHNI 10 BaTy
OBUTYHA; m, — CyMapHa Maca JebalaHCiB; c— NpUBeeHa 10 OCi q >XOPCTKICThb Mpy-
SKHOI CMCTeMM; r—pajiiyc 00epTaHHS LEHTPIB TSOKiHHS IebasaHCcoB; M (¢) — MOMEHT

Ha BaJly eJIeKTPOABUTYHA; H (¢,¢) ~MOMEHT onopy oGepTaHHIO BibpaTopa.

V mepiuioMy HaGMVOKeHHi, [J11 BU3HAUYEHHSI 3HAUEHHSI 00epTOBOTO MOMEHTY
eJIeKTPOIBUTYHA Ha POOOUOMY HiISIHIII MeXaHiuYHOI XapaKTepUCTUILi CKOPUCTAEMOCS
dbopmynoio Knocca, B IKy BXOASITh ITACIIOPTHI AaHi eekTpoAaBuryHa. Tak sIK MOTYyX-
HIiCTb €JIEKTPOABUTYHA, BUKOPMCTOBYBAHOTO B IMPMBOAi BibpaliiiHoro BTM, meHIn
10 kBt , TO BUKOpHUCTOBYeMO opmysty Kiocca B yrouHeHiii opmi [4]:

. (2
M(d)= MKp 2+9q)

(4)

1—
1) Sk
CUH_ P

Sp 1-- 2
Ocyun

ne o, —CUHXPOHHA KyTOBa IIBUJKICTb 00epTaHHS eIeKTPOABUIYHA; @ = ¢ — KyTOBa

IIBUIKICTb 0OepTaHHSI eJIeKTPOABUTYHA; st —KPUTUYHE KOB3aHHS; M, — KPUTHY-

HUA MOMEHT €JIEKTPOABUI'YHA,

2
L (21 L [
\/a 1 —1 s Kp
_ : _ 1. _\N*
M =AM, s = s og= -2 (5)
Kp H Kp 1 \//1_1 1 —1
+ 1
\/5 # 1

age MH — HOMIiHa/JIbHMII MOMEHT €JIEKTPOJABUI'YHA, A —KpaTHOCTb MaKCMMaJIbHOI'O

MOMEHT €JIEKTPOABUTYHA; S, — HOMiHaJ/IbHe KOB3aHH{; L, —KPaTHOCTb ITyCKOBOI'O

A
MOMEHT €JIEKTPOABUTYHA; U, =—.

n

3ynuuka BTM BimOyBaeThcsl 3a paxXyHOK BHYTPIIIHIX BTPAT, TOOTO IJI eTamy
3yIIMHKU M (9)=0.
3 ypaxyBaHHSIM MOMEHTY CWJI OIOpPY OOepTaHHIO Bayy mebanaHciB H ((p,(p).

nudepeHliiaabHe piBHSIHHS pyXy Npuiimae Bup, [5]:
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(M +m)g+ uq+cq= morq')z cos @ — mor¢ sin(@);
(6)
d .,

(1+myr)P++b@+myrqsin(p) = M (@) - mf,, Er(p
ne d - pgiaMeTp MiANIMIHUKA; f, — MPUBENEHUN Koe(illieHT TepTs B MiAIIUITHUKY.

AHaniTuuyHe pimeHHs cucteMu (6), BHACTIIOK 3HAUYHOI HEJiHIMHOCTi, He mpef-
CTaBJ/ISIETHCSI MOKJIMBUM, TOMY pillleHHS HeOOXiTHO MTPOBOOUTYU UMCETbHUMU METO-
JaMmu. B SKOCTi OCHOBHOTO METOIY BUKOPUCTOBYEThHCS MeTo[, PyHre-KyTtTa 4-ro no-
pPSAKY 3 GiKCOBaHMM KPOKOM. 3aCTOCYBAaHHSI METOMIB 3i 3MiHHMM KPOKOM Py JaHii
HeJTiHITHOCTi Befle Mo 36inbleHHS yacy po3paxyHKy Ha EOM (3aHaaTo mainit KpoK
iHTerpyBaHHS) i MOXXe MMPUBECTU [0 "3aLMKIEHHS" a00 "3aBMCAHHS" yepe3 HecTauvy
OTepaTUBHOI ITaM 'SITi KOMII'F0Tepa.

st BupileHHsT cucTeMu audepeHiiiaabHNX po3pobeHa mporpaMa B JOAATKY
Simulink mporpamHoro nmpoaykty MatLab.

3aranpHuit BUIISA, GYHKIIIOHAIBHOI 6JI0K-CXeMM HaBeIeHO Ha pIUC. 3.

Movameoly |
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PucyHok 3 - ®yHKIIiOHa/IbHA 06JIOK-CXeMa MaTeMaTUIHOI MOJIeNi pyxXy
BibpaiiitHoi MamHM, peanizoBaHoi B Simulink
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PesynbTaT MmopenoBaHHA. Ha puc. 4. nokasaHi pe3yabTaTu PO3PaxyHKY,
oJiep>KyBaHi IPY YMCeIbHOMY pillleHHi cucTeMu audepeHiiaIbHUX PiBHSIHb (2.3') Ha
EOM, nmpu HacTynmHMUX BuXiguux gauux: M = 600 kr; mo = 25 kr; [ = 1,1 kr-Mm2; p= 2000
H-c/m;c=7-10°H-m; r=0,05Mm;d=0,06 m;b=0,1 Hm-c; f=0,01; P=5,5kBT; ng =
1470 xB!; n. = 1500 xB-1.

Ha pucyHKax mokasaHuii Tpu TUIIOBUX rpadika poboTu BibparlliiiHOi MaIIMHu,
OTpMMaHi Ipu BUpileHHi. 3ynuHKa ABuryHa (M (¢)=0) BinOyBaeTbCsS B MOMEHT Ya-
cy t=4c.

[Mepmmmit rpadik (puc. 5) BigmoBigae HoMiHaILHOMY peXXUMY poOOTH Bibpairiii-

HOI YCTaHOBKM (©; = 0., =156 ¢™).
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PucyHok 4 - HomiHa/ibHMIT pesXuM po60TH BibpalliiiHOi MaIImMHmu

Ha gpyromy rpadiky (puc. 5) BimoyBa€eTbCsl B 3aBMCaHHI MalIMHM ITiJI Yac 3aIry-
CKy, 4YacToTa o0epTaHHS [BUIYHA He [OCATa€ HOPMaJbHMX 3HAuYeHb

(0 #0,, =75 ¢'). AMIITYga KOMMBaHb MepeBuIlye B 3-4 pa3y HOMiHa/IbHi 3Ha-

YeHHSI IPY HOMiHaJIbHOMY PEXXMMIi.
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PucyHoKk 5 - Peskum po60TH BibpalliitHOi MallyMHM IIPY 3aBUCAHHI HA 3HIDKEHUX

ob6opoTax eJeKTPOIBUTYHA
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PucyHOK 6 - Peskum po60TH BibpalliitHOi MalyMHM IIpY 3aBUCAHHI 3 ITOIaIbIINM
BUXO/Ii HA HOMiHa/IbHi 060POTH

Ha Tpetbomy rpadiky (puc. 6) mokasaHuii BUMAg0K, KOJIU BilOYBA€ThCS 3aBU-
CaHHSI MalllMHY TIPU IIyCKy, ajie, 10 3aKiHYeHHi MeBHOr0 4acy, IMOTY>KHOCTi MPUBOAY

BUCTAYae, 00 BUIITY Ha HOMiHA/IbHI PEKUMNA.
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HaBeneHi 3a/IeXKHOCTI OTpMMaHi MPM YaCTOTi BiIbHUX KOJMBaHb Oijibllle, HiX
YyacToTa BUMYIIIEHUX KOJMBaHb (4acTOTa 0O0epTaHHSI pOOOTM Bajy €JIeKTPOJABUTYHA

®p =157 ¢, YacTora BiIbHUX KOJMBAHb cucTeMu A =76 c™'.

Sk 6aunMo 3 oTpuMaHuX rpadikiB IpyU MPOXOJIKEHHI pe30HaHCy CIIOCTepira-
€TbCSI 3HAUHEe 30iIbIIIeHHS aMIUTITyIM KOJIVBAaHb.

Lle BimmoBimae 3araJbHONPUITHSITUM IIPaBMJIOM POOOTU BiOpaLiiiHMX MalIMH
[P 3ape30HAHCHOMY HaJIAlITYBaHHI.

ERcriepMMeHTa/IbHI TOCIiIKeHHS IepexifHuX INpoliieciB Ha jJadopartop-
Hil ycraHoBIi. JlTabopaTopHa mozenb (puc. 7,8) CKIagaeTbCs 3 HACTYITHUX OCHOB-
HUX CTPYKTYPHUX BY3JIiB i eJleMeHTiB: Kopoba 1, sikui1 mpeacTaBiisie co60I0 3BapHY
KOHCTPYKIIil0, 110 CKJIAAA€ETHhCSI 3 ABOX OOPTOBMH, 3'€MHAHUX MiK COOOI0 3B'S30K-
6asKamMu, Bibpo30yaHMKa 2, 3aKpillJIEHOTO Ha JBOX BEpPXHiX 3B'sI30K-0ajKax Kopooba,
CaMOOYMCHOI KOJIOCHMKOBO-KapTKOBOI IPOCiBal40i MOBEPXHi 3, >KOPCTKO 3aKpiI-
JIEHO1 XOMYTOITOAiOHMMM CKOOaMM Ha 4-X HUKHIX 3B'SI30K-0a/ikax Kopoba 1, cucre-
MM MPYXKHUX 3B'SI3KiB - TYMOBMX BiOPOi30JSITOPiB LMTiHAPUUHOI dhopmu 4, Ha SIKi
CIIMPAETHCS KOPOO MOAEJIi IpoX0oTa, OIOPHOI paMy 5 Kopoba, JKOPCTKO 3aKPillJIeHOrO

1m0 6eTOHHOTO (PYyHIAMEHTY 3a IOTIOMOI0l0 aHKEPHMUX OOJITIB.

PucyHok 7 - CTpyKTypHi eleMeHTH 1abopaTOpHOI Moeti
BiOpaIliiiHoro rpoxora

JlTabopaTopHa Mojesib BibpalliilHOro TpoXoTa IPUBOAUTHCS B PYyX peryaboBa-
HUM BiOpONIPMBOAOM - ONHOBJIbHUM iHEpIiiHMM BiOPO30y[KyBaueM, Ha SIKOMY
BCTAHOBJIEHO JebasaHcy 3i 3MiHHOIO Macolo. B sikocTi nBuryHa Bi6po36ymskyBada
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BUKOPUCTOBYBABCSI aCMHXPOHHMIA ABUTYH 3 HOMiHa/JIbHOIO NOTYXHicTI0 180 BT i ma-

KCMMaJbHOI0 30yIKyiouoto cuioio 1750 H.

PucyHok 8 - 3arasibHuit Bi, 1a60paTOPHOI BiOpaLmifHOT MaIIMHy (IPX0Ta)

Ta YCTAaHOBKA JaTUMKiB-aKCeJIepPOMETPiB

Pe3ysbTaTy eKcnepuMeHTaJIbHUX JOCHigKeHb. Ha rpadikax (puc. 9-11) no-
KazaHi TuroBi rpadiku 3MiHM MPUCKOpeHb TOYOK Kopoba BibGpalliiiHOro rpoxora
(Mo370BsKHS 6ajnKa) Mpy MOBHOMY LMK/ POGOTH: Bif 3aITyCKy 0 MTOBHOI 3YIMHKMA.
I'padiku mobymoBaHi B ITic/sI MaTeMaTUYHOI 0OpOOKM 3HAUeHb, JIiYeHUX 3 AaTuuKa

MPU 6050.

120 |
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MpuckopeHHs, m/c?
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PucyHok 9 - IIpucKopeHHS MornepevyHoi 6aJKyu rpoxoTra
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Pucytnoxk 10 - 3miHa mpucKopeHb (30i/IbIIIEHO)

40

— Bicb Y

16.9 T8. 16.¥ 1. B iwgs 17. 17.9 18.1

Pucynoxk 11 - I[TpuckopeHHSsI Iipu BUOIry (HarpsiM Bichb Y), 30i/IbIlIeHO

Ha upomy rpadiky 4iTko BUAHO 30Ha BMOIry (3ynmuHKM) rpoxora. Mae miciie
36iJIbIIIEHHST aMIUTITY M KOJIMBAHHS MPUCKOPEHHST KOP0oba TPOXOTa MPU MPOXO/IKEH-
Hi pe30HaHCHOi yacToTu. lle siBMIlle XapakTepHe Ijis1 poOOTH BibpalliitHOi MaIIHM 3
3ape30HaHCHUM HaJIAaUITyBaHHSIM.

IlopiBHSIHHSI pe3y/bTaTiB €KCIIePUMMEHTA/JIbHUX JAaHUX 3 PO3PaxXyHKOBU-
mu. Ha pucyHky 12 HaBefeHi eKcIiepyMMeHTa/IbHi JaHi 3MiHM IIPUCKOPEHHS Kopooba i
pesyJbTaTy OTPUMAaHi PO3PaxXyHKOBUM LUISIXOM.

Sk BumHO 3 rpadikiB criocTepiraeTbcs meBHa 30iKHICTb pe3y/IbTaTy.
30

0 d . eicneplsmedr —NMhatlab

10

)
L

MpuckopesHa, m)c?

-30
PucyHoK 12 - TTopiBHSIHHSI eKCIIEpMMEHTAIbHUX i PO3PaxXyHKOBUX JaHUX KOJMBAHb
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BucHoBKkM. I 3a6e3meueHHs1 cTabisbHOI pobotr BTM (cTasnmicTh aMILIiTyau
KOJMBAHHS TIPU 3MiHi Oy[Ib-SIKMX MMapaMeTpiB CUCTeMM) 3 iHepIifiHMM IPUBOIAOM
BUKOPUCTOBYETHCS 3ape30HaHCHE HAIAIITYBaHHSI.

s mocsirTHeHHS 1iei meTu O6ynu copmyaboBaHi Ta BUpillleHi HACTYIHI 3a-
BIIAHHS:

- po3pobyieHO MaTemMaTnuHy mozaenb BTM, cknaneHi nudepeHitiagbHi piBHSIH-
Hs pyxy BTM 3 ypaxyBaHHSIM XapaKTepPUCTUK aCMHXPOHHOTO eJIeKTPOJIBUTYHA;

- IS BUpillleHHS cucTeMu audepeHIiafbHMX po3pobsieHa mporpamMa B AoaaT-
Ky Simulink mporpamuoro nmpoaykty MatLab. Monenb 103B0JIsSIE pO3pax0OByBaTH Pi3-
Hi mapamMeTpyu poOOTHM B 3ajIe5KHOCTI BiJl mapameTpiB BibpoMamiyHu (Maca MallyH,
Maca i pagiyc obepTaHHs nebaiaHCiB, XapaKTepUCTUKM ABUTYHA i T.1.).

OTpuMaHi 3a7eXHOCTI IMiATBEPIKYIOTh 30ibIIeHHS aMIUTiTyI¥ KOJMBAHHS JIO-
Tka BTM npu nycty Ta 3ynuHili BTM, 1110 HeoOXiZHO BpaxoBYBaTy MIJISI PO3PaxyHKY
rapaMeTpiB poOOTH CUCTeM 3 BiOpalliltHMMM MallHaMMA.

[IpoBeneHO TMOPIBHSIHHSI €KCIIEPUMEHTAJIbHUX JaHUX 3 PO3PaxXyHKOBMMM, Ma€
MicIle rapHMit 30ir pe3yabTaTiB.
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Uccnedosarue nepexodHbix npoyeccos sUGPALUOHHbLIX MAWUH
C UHepYUOHHbIM BUGPOBO36YOUMeneM U ACUHXPOHHbBIM 3leKmpodsu2amenem

B npombiwineHHOCMU WUPOKO NPUMEHAKMCA BUOPOMPAHCNOPMUPYIOWUX MaWUHb! (BTM).
OcHOBHbIM mMUNOM NPUBOOA MAKUX MAWUUH ABAAEMCA UHePUUOHHbIU npusod, cocmoauuli u3 de-
6anaHcHo2o 8036youmens. [jna obecnedyeHus cmabunbHol pabomsl maxkol BUGPOMALIUHbI UC-
noJib3yemcs 3ape30HaHCHas HacmpolKa. B csa3u ¢ amum umetom mMecmo CI0XKHOCMU, BO3HU-
Katowue npu nycke u svlbeea (ocmaHose): ysenudeHue amnaumyosl KonebaHul, Hazpy3Ku Ha
¢yHOameHm, nompebasieMol MOWHOCMU, YMO NpUBOOUM K MOMY, YmO 37lekmpodsuzamesb He
docmuzaem HOMUHAJIbHbIX 060POMOB U BbIXOOUM U3 CMPOSA BO BpeMs nycka. Papabomara ma-
memamuyeckas modesns BTM, cocmasneHbl duggepeHyuansHbie ypasHeHua o0suxeHus BTM c
yyemom XapakmepucmuK GCUHXPOHHO20 3/lekmpoosuzamens. [na peweHus cucmemsl ougge-
peHyuanbHbIx paspabomarna npozpamma 8 npusnoxeHuu Simulink. [lonyyeHHsle 3asucumocmu
noomsepxoatom ygenuyeHue amnaumyosi KonebaHus nomka BTM npu nycmywo u ocmaHoske
BTM, ymo Heobxodumo yyumsisams 08 pacdema napamempos pabomsi cucmem. [IposedeHo
CpasHeHUe 3KCnepuMeHmasbHbix OGHHbIX C pacyemHbIMU, uMeem Mecmo xopouiee cosnadeHue
pe3ysibmamos.

Investigation of transitional processes of vibration machine
with inertionic vibrator and asynchronous motor

Strict compliance with technological requirements in the production of steel is one of the
main factors that determine the quality of products. In the mining industry, at metallurgical
enterprises and transport hubs, all kinds of vibrating machines are widely used, and in particular
vibrating conveyors (VIM): vibrating conveyors, vibrating conveyors and feeders, vibrating
screens and screen feeders, and vibratory loaders. The main type of drive of such machines is an
inertial drive, which consists of unbalanced vibrators. This drive is simple and has been widely
used in vibrating machines of various types. To ensure stable operation (constancy of the
oscillation amplitude when changing any system parameters) of such a vibrating machine with
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an inertial drive, a resonant setting is used. In this regard, there are difficulties that arise during
start-up and run-out of the vibrating feeder: increasing the amplitude of oscillations, load on the
foundation, power consumption, which leads to the fact that the motor does not reach rated
speed and fails during start-up. Purpose: to study the dynamics of transients in VIM, which
accompany the start of VIM from rest and run. The idea of the work is computer simulation of
VTM dynamics based on numerical integration of a system of nonlinear differential equations
describing the motion of a machine. As well as comparing them with experimental data. A
mathematical model of VTM has been developed, differential equations of VIM motion have been
compiled taking into account the characteristics of an induction motor. To solve the system of
differential developed a program in the application Simulink. The obtained dependences confirm
the increase in the amplitude of oscillation of the VIM tray when empty and stop VIM, which
must be taken into account to calculate the parameters of the systems with vibrating machines.
The experimental data are compared with the calculated ones, there is a good coincidence of
results.

Kononos [Imutpo OnexkcaHapoBud - HaljioHasibHa MeTalypriiiHa akageMis YKpa-
iHM, DOIeHT Kadeapy MalllyH i arperaTiB MeTa/JIypriitHOro BUPOOHMIITBA, K.T.H.
€pmoxkpartbeB BikTop OsekcirioBuyu - HallioHa/ibHa MeTayprijiHa akagemist YKpa-
iHM, DOIeHT Kadeapy MalllyH i arperaTiB MeTa/JIypriitHOro BUPOOHMIITBA, K.T.H.
MipomtHuk €BreH CepriiioBuu - HallioHasibHa MeTaypriiiHa akageMiss YKpaiHu,
CTY[EHT.

KoHoHOB [IMutpui AsrekcaHapoBuu - HalnjmoHa/ibHAasl MeTa/UTypruyeckasi akaje-
MMs YKpauHbl, OOIeHT Kadeapbl MalllMH U arperaToB MeTa/uTypTMUecKoro Impous3-
BOJICTBA, K.T.H.

EpmokpaTteeB BukTrop AnekceeBuu - HallmoHanbHasg MeTanypruyeckas akazje-
MMs YKpauHbl, OOIeHT Kadgeapbl MallMH U arperaToB MeTa/uTypTMUecKoro Ipoms-
BOJCTBA, K.T.H.

Mwupomauk EBreHuit CepreeBud - HalMoHasibHas MeTa/utypruyeckast akageMust
VKpauHbl, CTYIEHT.

Kononov Dmytro Oleksandrovych - National Metallurgical Academy of Ukraine,
Associate Professor of the Department of Machines and Units of Metallurgical Pro-
duction, Ph.D.

Yermokratiev Viktor Oleksiyovych - National Metallurgical Academy of Ukraine,
Associate Professor of the Department of Machines and Units of Metallurgical Pro-
duction, Ph.D.

Miroshnyk Yevhen Serhiiovych - National Metallurgical Academy of Ukraine, stu-
dent.

ISSN 1562-9945 (Print) 109
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 2 (133) 2021 «System technologies»
DOI 10.34185/1562-9945-2-133-2021-12
UDC 004.032.24

V.P. Ivashchenko, G.G. Shvachych, O.V. Ivashchenko
RESEARCH OF COMPUTING EFFICIENCY
IN MODULAR MULTIPROCESSOR SYSTEMS

Abstract. The article is devoted to the research of efficiency of a multiprocessor computing sys-
tem in solving problems aimed at expanding the computing area. The basic regularities concern-
ing the time of solving the problem are revealed, depending on the change in the multiprocessor
system calculations area. The research is aimed at determining the deceleration factor associ-
ated with the increase of the computing area of a multiprocessor system when compared with
the computer version with an unlimited computing area. The analytical ratios are derived for de-
termining the calculations deceleration coefficient. A stage of simulation for calculations of the
deceleration factor was carried out to determine the regularities of its change, depending on the
application of a particular computing platform. The revealed tendencies of such a change point
to the need to reconcile the components of the network interface and computing capabilities of
the chosen computing platform. The derived analytical relations were aimed at determining the
optimal number of nodes of a multiprocessor system which allow the minimum delay of calcula-
tions.

Keywords: multiprocessor system, efficiency, computing deceleration, computing area, network
interface.

Introduction. Recently, a number of publications appeared, aimed at studying
the efficiency of solving applied problems with the help of multiprocessor systems.
Thus, publication [1] proves that efficiency estimation of a multiprocessor system in
organizing the one-way and two-way modes of boundary data exchange is deter-
mined. It is shown here that, in a two-way operation mode of the network interface,
under otherwise equal conditions, in the optimal version of the multiprocessor sys-
tem operation, it is possible to reduce the number of nodes of multiprocessor system
and improve the efficiency of calculations. The publication [2] estimates the effec-
tiveness of multiprocessor system when organizing of half-duplex and duplex modes
of the network interface. It has been proved here that the "duplex" mode essentially
reduced computing time and, in addition, the accelerationed increased significantly.
Publication [3] estimates efficiency of a multiprocessor system at organization of

© Ivashchenko V.P., Shvachych G.G., Ivashchenko O.V., 2021
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multichannel modes of a cluster network functioning are established. Such operating
modes allow not only to improve the efficiency of parallelization, but also essentially
reduce the time of calculations, as well as significantly accelerate them. The results
were achieved by reducing the time boundary exchange between the computing
nodes of the cluster system. The publication [4] showed the studies that were con-
ducted to determine the load capacity of the cluster system communication lines.
This allowed to set the optimal number of nodes of multiprocessor system for differ-
ent modes of its operation. The publication [5] is devoted to the research of the fea-
tures when using the InfiniBand network interface in a multiprocessor computing
system in solving problems aimed at expanding the computing area. This research
reveals the basic regularities regarding the time of solving the problem depending on
the change of the computing area.

This research studies the problem of computations deceleration in multiproc-
essor computing systems, aimed at expanding the computing area.

The purpose of the research is to further develop the approach associated
with definition of methodology for effectiveness evaluation of the multiprocessor
modular computing system and the impact on this indicator of the calculations de-
celeration. At the same time, the main attention is paid to the impact peculiarities
on this indicator of network interface of multiprocessor system.

At the same time it is necessary to solve the following problems:

1. To perform research aimed at determining the deceleration factor associated
with an increase in the computing area in multiprocessor systems distributed over
its nodes in comparison with a computer with an unlimited computing area. To out-
put analytic ratios for deceleration calculations.

2. To run the simulation phase of the deceleration computation and set the
patterns for its modification depending on the computing platforms in use.

3. To solve the problem of determining the optimal number of nodes in a mul-
tiprocessor system with minimal system deceleration.

We should note that the research of these problems is important and relevant.
This is not only due to the fundamental limitation of the maximum possible per-
formance of ordinary serial computers, but also to the almost constant existence of
computational problems which solution requires additional capabilities of existing
computer facilities.

The unresolved parts of the problem. The working methods of analyzing the
multiprocessor systems efficiency do not allow to determine the optimal number of
its nodes for solving a certain class of problems taking into account the calculations
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deceleration. At the same time, to solution of such problems is short of proper re-
search development on the analysis of the network interface impact on the efficiency
of modular multiprocessor computer systems. In addition, to estimate the efficiency
of a computing multiprocessor system, the basic analytical relationships are usually
not provided through the parameters of the system being studied.

The research results. The presented researches tend to determine the decel-
eration factor (K) associated with the increase in computing area, distributed over its
nodes of multiprocessor system, compared with the computer version with an
unlimited computing area. It is obvious that such a deceleration value will be deter-
mined by the following ratio:

Y

K: —1.
TC

()

where 7" is the computing time of a single iteration when applying the N computing
nodes, sec; and 7, is the computing time of a single iteration for a single-processor

computing system. The ratio (1) shows that such a coefficient is determined taking
into account the increase of the computing area, distributed over the nodes of the
multiprocessor system. Then, in a multiprocessor application, the total time of a
single iteration will be determined on the basis of the following relationship:

N
T, =T +T,. (2)
Under these conditions, 7, is the time of boundary data interchange between

the nodes of a cluster, sec. We should note that if the iteration computing time de-
pends only on the processor power, the time of the boundary data interchange is de-
termined by the size of a difference grid, the number of nodes of the cluster system
and the bandwidth of the computing network. Consequently, the value 7,,can be de-

’”'N'\F
T

T =
ex k-d-Vp . 3)

termined as follows:

The m value can be equal to the one for unilateral mode of the boundary data
interchange or two for two-way mode, V, is the throughput of the network interface
port (Gigabits per second (Gbps)), N is the number of nodes of the multiprocessor
system, S is the total computing area of the multiprocessor system, k is the number
of channels of communication computer networks working simultaneously (number
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of computing networks), d - half-duplex (d = 1) or duplex (d = 2) mode of the com-
puting system cluster’s network.

Taking into account the relation (2), we obtain:
. TCN1 + Ty @

Te(S)

Taking into account the ratio (3.4), the deceleration factor (K) value can be
given in an analytic-friendly form:

1 T
K= N(HTC% ). (5)

For the analyzing convenience of obtained results, the expression (5) is repre-

sented as follows:

1
K= —(1+K7).
N( +K1) (6)
In the ratio (6), K; is defined as:
— Tex
Ki= v (7

Such a coefficient can be interpreted as the factor of active calculations decel-
eration. This is due to the fact that this value, in the main, affects the deceleration
rate as a whole. Finally, based on the formulas (5 — 7) allow to determine the number
of nodes in the multiprocessor system (i), which corresponds to the minimum cal-
culations deceleration. So, we obtain:

ked V,[mR |
Nia =y : ®)

m-V,

In the ratio (8) R represents the available RAM of the node of the multiproces-
sor system R (Gbps). In accordance with the above ratios, computing experiments
were carried out for a computer platform equipped with an Intel E8400 3 GHz proc-
essor. Here, for the initials there were adopted corresponding characteristics of the
class of problems that are solved by the cluster system. These parameters are given
in table .
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Table 1
The data for calculating system performance using a computer platform equipped
with an Intel E8400 3 GHz processor

Vi 8 Gbps
I, 100 ¢

Ve 14.10°bps
R 24 Gbps
m 2

d 2

k 2

The simulation results are presented as graphical dependencies (Figure 1).

K
K, 1.4
. Pan2
K,
1,2 Mran 3
Pang 1
1,0
038 - /
0,6 ///_‘—'.'-
|
0,4 —
02 //
0,0 ~ N
0,0 5,0 10,0 15,0

Figure 1 — Dependence curves of the deceleration rate, depending on the number of
nodes of the multiprocessor system

Figure 1 line 1 shows a general tendency to change the calculations decelera-
tion rate. Line 2 shows the effect of the time boundary data interchange by decelera-
tion factor value. At the same time, line 3 shows the effect of the number of nodes
on the multiprocessor system by the deceleration factor value. Against the back-
ground of the marked dependencies, we can note the significant effect of the time
boundary data interchange by the deceleration factor value. This circumstance em-
phasizes the need to implement the procedure for reconciling the network interface
and computing capabilities of the selected computer platform.

In addition, it becomes apparent that, under otherwise equal conditions, there
is a problem of optimal choice of the number of nodes of a multiprocessor system in
order to minimize the deceleration factor. On the basis of the relation (8), we get in
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this case Ni; = 3, while the smallest amount of calculations deceleration corresponds
to K = 0.65. Under these conditions, the question arises: at what expense and how
can we reduce the amount of decelerations in the multiprocessor computing system?
The highlight of the peculiarities of such work mode of the multiprocessor system is
devoted to authors’ further research.

Conclusions. The researches have been conducted to determine the decelera-
tion factor associated with an increase in the computing area of a multiprocessor
system, distributed over its nodes, compared with a computer version with an unlim-
ited computing area. The analytical ratios for the computation deceleration coeffi-
cient are derived. The decisive role of time boundary data interchange by the decel-
eration factor value is shown.

The stage of simulation of the calculations deceleration value and the regulari-
ties of its change are determined, depending on the application of various comput-
ing platforms. The revealed tendencies of such a change point to the need to recon-
cile the components of the network interface and computing capabilities of the cho-
sen computing platform.

The analytical relations are derived that tend to determine the optimal number
of nodes of a multiprocessor that allow minimum calculations delay.

In the further researches, the authors intend to highlight the features of recon-
ciling the components of the network interface and computing capabilities of se-
lected computer platforms in order to minimize the computing deceleration in mul-
tiprocessor systems.
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HocnidxenHa edpekmusHocmi o64yucneHs 8 MOOYNbHUX 6A2amMonpoyecopHux cucmemax

Cmammio npucssyeHo 00CNIOXeHHIO eghekmusHOCMI 6azamonpoyecopHoi 064UC0BAb-
HOi cucmemu npu po38’A3yBaHHI 3a0aY4, CNPAMOBAHUX HA PO3WUpPEHHA obaacmi o64yucieHs. Me-
ma 00CNIOKeHHA noaA2aE 8 N0OAbWOMY PO3BUMKY NiOX00Y, NOB'A3AHO20 3 BU3IHAYEHHAM Me-
MOOUKU OUTHIOBAHHSA ehekmusHOCMi 6a2amonpouecopHoi MoOyIbHOT 064UCBALHOT cuCMeMU
1 8NIUBY HA Uell NOKA3HUK YNoBiJibHeHHA 064ucieHs. [lpu yboMy 0CHOBHA yBa2a NpuOiIAEMbCA
ocobsusocmam 8naugy Ha 0aHUl NOKA3HUK Mepexeso2o iHmepgelicy 6azamonpoyecopHoi cuc-
memu. [Jitoyu memoou aHanizy epekmusHocmi 6a2amonpoyecopHux cucmem He 003B80/70Mb
BU3HAYUMU ONMUMabHe YUucno ii 8y3/i8 018 pO38’A3YBAHHA NEBHO20 KAACY 3a0a4 3 ypaxysaH-
HAM NOKA3HUKIB YNnoBi/IbHeHHS 00YuCieHb. Y moll e 4ac, 01 po38’a3yBaHHA 3A0aH020 KAACy
3a0ay4, He Haby/U HANeKHO20 PO3BUMKY OOCNIOKEHHS, NPUCBAYeHT aHAI3y BNIUBY MEPEXEeB020
iHmepgpelicy Ha egekmusHicmb MOOY/bHUX 6a2amMONPoOUEcoOpHUX 0BYUCTIBANLHUX CcUCMeM.
Kpim mozo, 0na oyiHOBaHHA egekmusHOCMi 064UCT0OBANBLHOI 6aeamonpoyecopHoi cucmemu
3a38u4ali He N00alMbCA OCHOBHI AHANIMUYHI CNIBBIOHOWEHHA Yepe3 napamempu 00CN10Xy8a-
Hoi cucmemu.

BusAsneHo 0CHOBHT 3aKOHOMIpHOCMI U000 Yacy po3s8’aA3yBaHHA 3adadi 8 3anexHocmi 8i0
3MIHU 06acmi ob4ucneHb 6azamonpouyecopHoi cucmemu. [posedeHi OocnioxeHHs cnpaMOBAHO
Ha BU3HAYeHHs KoeqiyieHma ynosijibHeHHs 004UC/ieHb, N0B'A3AHO20 31 361/bWEHHAM 06aacmi
064ucneHb 6aeamonpoyecopHoi cucmemu 8 NOPiIBHAHHT 3 BaAPIGHMOM KoMNn'tomepa 3 Heobmexe-
Hol obnacmio ob4yucneHb. BusedeHi aHaniMuy4Hi cniBBIOHOWEHHS 018 BU3HAYEHHS KoegiyieH-
ma ynosisibHeHHA 06YuC/IeHb. NPoBeOeHO eman MoOe0BAHHA Koe@iyieHma ynosisibHeHHs 06-
YucneHb 3 Memolo BCMAHOBNEHO 3AKOHOMIPHOCMI i020 3MIHU 8 3G/1eXXHOCMIT 810 3ACMOCYBAHHSA
nesHoi 0b4ucn08aabHOT naamgopmu. BussneHi meHOeHyii 3MiHU MaKoz20 KoeiyieHma BKa3y-
Iomb Ha HEOOXIOHICMb Yy3200XKeHHS KOMNOHeHMIis Mepexeso20 iHmepdelicy U 064UCM0BANbHUX
moxusocmeli 06paHoi 06YyucI0B8anbHOT niamgopmu. BusedeHo aHanimuy4Hi cnigBiOHOWEHHS,
AKI CNPAMOBAHO HA BU3HAYEHHA ONMUMGAJILHO20 YUCAA BY3/7118 6A2AMONPoyecopHoi cucmemu y
810N0BIOHOCMI 3 AKUMU 00CA2AEMbCA MIHIMAJIbHE YNOBINIbHEHHSA PO3PAXYHKIB.
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Research of computing efficiency in modular multiprocessor systems

The article is devoted to the research of efficiency of a multiprocessor computing system in
solving problems aimed at expanding the computing area. The purpose of the research is to fur-
ther develop the approach associated with definition of methodology for effectiveness evalua-
tion of the multiprocessor modular computing system and the impact on this indicator of the
calculations deceleration. At the same time, the main attention is paid to the impact peculiari-
ties on this indicator of network interface of multiprocessor system. We should note that the re-
search of these problems is important and relevant. This is not only due to the fundamental limi-
tation of the maximum possible performance of ordinary serial computers, but also to the almost
constant existence of computational problems which solution requires additional capabilities of
existing computer facilities. The working methods of analyzing the multiprocessor systems effi-
ciency do not allow to determine the optimal number of its nodes for solving a certain class of
problems taking into account the calculations deceleration. At the same time, to solution of such
problems is short of proper research development on the analysis of the network interface impact
on the efficiency of modular multiprocessor computer systems. In addition, to estimate the effi-
ciency of a computing multiprocessor system, the basic analytical relationships are usually not
provided through the parameters of the system being studied.

The basic regularities concerning the time of solving the problem are revealed, depending
on the change in the multiprocessor system calculations area. The research is aimed at determin-
ing the deceleration factor associated with the increase of the computing area of a multiproces-
sor system when compared with the computer version with an unlimited computing area. The
analytical ratios are derived for determining the calculations deceleration coefficient. A stage of
simulation for calculations of the deceleration factor was carried out to determine the regulari-
ties of its change, depending on the application of a particular computing platform. The revealed
tendencies of such a change point to the need to reconcile the components of the network inter-
face and computing capabilities of the chosen computing platform. The derived analytical rela-
tions were aimed at determining the optimal number of nodes of a multiprocessor system which
allow the minimum delay of calculations.
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H.C. IIpsaako, A.B. By6nukos, K.B. TepHoBa, JI.B. My3uka
ITPOLEC CTPYMUHHOTI'O ITIOAPIBHEHHS SIK Ob'€EKT KEPYBAHHS

AkmyansHicme memamuku 0aHoi pobomu BU3HAYAEMbCA HEOOXIOHICMIO 3HUXEHHS eHepeoEMHO-
CMi MOHK020 NOOPIOHEHHS WASXOM KepyBAHHA NPOUecoM, WO NPpONOHYEMbLCA peanidysamu Ha
OCHOBI pe3y/bmamis aKyCmMu4YHo20 MOHIMOpuH2y. B pobomi onucaHo pobomy cmpymMuHHO20
MJIUHA Y 3GMKHYMOMY YUKJI. AK 8i00MO mOHKe noOpibHeHHs BIOHOCUMbCA 00 eHepeOEMHO20 BU-
po6HUYMBA, 0OHAK CMPYyMUHHE NOOPIOHEHHS He3aMiHHe npu OMPUMAHHT MOHKUX 1 HAOMOHKUX
«qucmux» mamepianis, mobmo mamepianis 6e3 npusHeceHHs 6yOb-SKUX OOMIWIOK. A 31 cmBo-
PEHHAM HOB020 CNOCOBY KOHMPOJIKD Npoyecy 3'A8UNACS PeasbHA MOXIUBICMb 3HUXEHHS eHepao-
CNOXUBAHHA CMPYMUHHUMU MJIUHAMU npu niOmpuMaHHi onmumanbHoi ix npodykmusHocmi. Ha
OCHOBI Ub020 BUOINEHO BXIOHT 1 BUXIOHI, 30yploYU 1 Kepyloyi napamempu npouyecy. Takum yu-
HOM, npedcmassieHo CmpyMuHHe noopibHeHHS, AK 06°'€ekm KepyBaHHA. [lokazaHo npobremu
CMpPYMUHHO20 NOOPIOHeHHA T Wasaxu ix supiweHHs. Lje cmano 6a3ot nodansuwoi nobyoosu as-
moMamuy4H020 KepyBaHHA NPOYeCcoM 3a AKyCMUYHUMU CUSHAIAMU 30HU NOOPIOHEHHS.

Knto4osi cnosa: kepysaHHs, napamempu npoyecy, 36ypeHHs, 3aMKHymuli YUK.

ITocranoBka npoo6semu. CTPyMMHHI MJIMHM BUKOPMCTOBYIOTH AJISI OOHOYAC-
HOT'O CYIIiHHS i MOAPiOHEeHHS CMPOBMHHMX MaTepialliB, a TAaKOXK [IJIT CepeIHbOro Ta
TOHKOT'O MOAPiOHEeHHS KPUXKMUX MaTepiajiB 3 po3MipaMy YaCTMHOK MeHIe 5 MM A0
10 ... 40 MM 3 mpoaykKTuBHicTIO 1 ... 20 T / roa. Ocob6anBo epeKTUBHO iX 3aCTOCY-
BaHHS, KOJIM HENPUITYCTMMO 3a0pydHEHHS MaTepiaay MeTajeBUMM YaCTMHKaAMMU
3HOCY TiJ, 1[0 MentoThb. CTPYMMHHI MJIMHM KAacU@iKyIOTh 32 T€XHOJOTIUYHUM MPU-
3HAUEHHSIM: 3 TIOC/TiJOBHUM MOJPiOHEHHSIM i TOAIi/IoM MaTepiasy abo 3 OJHOUACHUM
MOApiOHEHHSIM i IMOMiJIOM B ONHI Kamepi; IO BUAY €HEPTOHOCISI: IOBiTPSIHO-
CTPYMMHHI, NIAaPOCTPYMMHHI Ta ra30CTPYMMHHI; 38 KOHCTPYKTMBHOK O3HAKOIO: HAJl-
TOHKOTO TOJIPiOHEeHHS MaTepianay 3 BepTUKaIbHOI TpybuacTow abo 3 TIOCKOI0 IMo-
MOJIbHMMM KaMepami, a AJjis TOHKOTO MOoJApiOHeHHST 3 MPOTUTOUHOI (€KeKTOPHOIO)
Kameporo [1].

VY CTpYMUHHMX MJIMHAX YaCTMHKAM MaTepialy KiHeTUUHaA eHepTisl epenaeThCs
CHiJTBHMM TIOTOKOM Ta3sy, IOBITpsl, Mapy abo MpOAYKTiB 3ropsiHHS. [lompiObHeHHS
3Mi/iICHIOETHCST 60 TpM 3iTKHEHHi 3YCTPiUHMX MOTOKiB YaCTUMHOK, abo Ipu ix ymapi
00 BimbiiiHi muTy. [leska KiJIbKiCTh YaCTUMHOK MOAPiOHIOETHCSI JOTUIHUMMU YAAPaMMU
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00 BHYTpIIlTHiI TTOBEPXHi YCTAaHOBKM IIPM PO3roHi a60 TpaHCIIOPTYBAaHHI IO TpaKTax
nHeBMoOKIacudikairioi cucremu. IToBimoMIeHHS YacTMHKAM HeOOXiTHOI [IJIsT pyii-
HyBaHHST IBUAKOCTI (200 - 400 M / ¢) 3miiICHIOETHCS HA BiTHOCHO KOPOTKUX IiJISTH-
kax. TOMy CTPYMUHHI MJIMHM MalOTh ITOPiBHAHO MaJji rabapuTu. Ix posmipu Ta Bara
BM3HAUYAIOThCSI B OCHOBHOMY T'€HEpPaTOPOM €HEeproHOoCis, a TakKoX po3MipamMm Kija-
cudikyounx Ta MujIeocagoBuUx MPUCTPOIB.

I1st mMigTpMMKM 3alaHUX XapaKTePUCTUK IPOIYKTIB MOAPiOHEHHSI HEOOXiITHO
KOHTPOJIIOBATM Ta KOPUTYBATH MapaMeTpu Ipoiiecy (BOJIOTiCTh, KPYMHICTh, MOAPi0-
HIOBAHiCTb, MPOAYKTUBHICTh 06jamHaHHs). [IJIs1 1IbOTO MTOMOJIbHI YCTaHOBKM OCHa-
IIYIOTh CUCTEeMaMM aBTOMaTUYHOTO PeryaloBaHHS i KepyBaHHSI.

MeTta po60OTM — BM3HAUEHHS IPOIECY CTPYMMHHOIO MOJPiOHEHHS Y 3aMKHY-
TOMY LMK, SIK 00’€KTa KepyBaHHS AJIs1 MOOYIOBM CUCTEMM aBTOMATUUHOTO Kepy-
BaHHS IPOLIECOM.

ToHKe moApiOHEHHS BiTHOCUTBCS O €HePTOEMHOTO BUPOOHUIITBA, 3 TUTOMOIO
Butparow eHeprii 200-800 kBT-r/T. He3Ba)karouy Ha BCi 3pocTaiodi moTpebu B TOH-
KOAMCIIEPCHUX TTOPOIIKAxX B Pi3HUX Taay3siX MPOMMUCIOBOCTi, CTPDYMMHHI i BUXPOBI
MJIMHA He MOXYTb IMepeMOI'TH KyJIbOBi MJIMHM 3@ PO3IIOBCIOJI)KEHHSIM 1 TTOMYJISIpHIC-
Ti0. OHAK 1ei1 BUJ yCTaTKyBaHHS AJ1s 0OpOOKM MaTepiajiiB 3HANIIIOB CBOE MicClle y
BUPOOHUIITBI. CTpyMMHHE TOJPiOHEeHHS He3aMiHHe MMPY OTPUMAaHHI TOHKMX i Haf-
TOHKMX «UMCTUX» MaTepiajiB, TOOTO MaTepialiB 6e3 MpMBHECEHHS OY/Ib-SIKMX TOMi-
IIOK. A 3i CTBOpeHHSIM HOBOTO CIT0CO0Y KOHTPOJIIO MPOliecy 3'ssBuiacsl peajibHa MOX-
JIUBIiCTb 3HMKEHHSI €HeprOoCIIOKMBAHHSI CTPYMUHHUMM MJAMHAMM TIPU MiATPUMAaHHI
OITMMAJbHOI iX IPOAYKTUBHOCTI.

Bimomo, 110 eHepris, 110 BUTpavaeTbCs Ha MOApiOHEeHHS, y 6araTo pasiB mepe-
BUIIILY€ MPUPICT BiJIbHOI OBEPXHEBOI eHeprii TBeporo Tijia, OTPMMAaHOI B pe3yJbTa-
Ti 3MeHIIIeHHSI po3Mipy YacToK MaTepiany. EHepretununnit KK/I, o6umciaennii 3a 1mo-
BepxHeBOi eHeprii, craHOBUTb 6yim3bKo 0,1% [2]. [HIIA eHepris BMUTpAvaEeThCS Ha
MIPYKHY i TIacTUYHy JedhopMallito YaCTUMHOK i poO0ounX MOBepXOHb MJIMHA, Ha Mepe-
mauvy KiHeTUYHOI eHeprii yJ1aMKiB 4aCTMHOK, Ha TepTS YaCTUMHOK MiX 00010, Ha 3HOC
MaIlllH, Ha 6e3pe3yabTaTHe HaBaHTaKeHHSI, SIKi He TIPMU3BOASITh N0 PyIHYBaHHS Ya-
CTMHOK, Ha 3BYKOBi XBWJIi i T. A. KpiMm TOro, B peaibHMX yMOBax IpoLeC pyinHyBaHHS
6e3nepepBHUIL, TOOTO Jesika KiJIbKiCTh YaCTMHOK He 3pyiiHyBanacs, 4o iHIoi 6ysio
MIPUKIAIEHO 3aliBe HaBaHTaXKeHHs, i YacTMHaA eHeprii 3aryomnacsi. TeXHOMOTTUHUM
3aBIAHHSIM TOAPiIOHEHHS Ha 30aradyyBa/ibHMX KOMOiHAaTax € PO3KPUTTS MiHepasiB
TOHKO BKpaIuieHUX pPyZA. PO3KPUTTS MOBUMHHO 37iMICHIOBATUCS IIPU MiHIMaJbHOMY

nepernofpi6bHeHHi BKparieHb. Ha nmepenonpiOHeHHST JOAATKOBO BUTPAYAETHCS €Hep-
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risl, a TOHKOAMCIIePCHI YaCTMHKM TOTipIIyI0OTh YMOBM cellapaliii MiHepastiB, 1110 IIpy-
3BOAUTH IO BTPAT KOPUCHOTO KOMIIOHEHTa [3].

[l 3HVDKeHHS BIUIMBY 3a3HaueHUX (aKkTOpiB y MPOMMCIOBOCTI BUKOPUCTOBY-
I0Th TEXHOJIOTii MOJpiOHEHHS B 3aMKHYTHUX IMKIaX. [Ies 3aMKHYTUX IIUKJIiB ITOJISITA€E
B TOMY, 110 3 MJIMHA 3@ PaxXyHOK pyXy cepenoBuila (BoAa, MOBITPS), IO TPAHCIIOP-
Ty€, BUTSTYIOTb CBiJIOMO HeJIOIMOAPiOHeHMIT MaTepias, sIK1if B 30BHIIIHbOMY KJIacu-
dikaTopi (rigpaBmiuHi Ta MHeBMaTHMuHi KaacudikaTopy, IMKIOHK) ApibHa dpaKilis
BUISIETHCSI B OyHKEp TOTOBOTO MaTepiany, a BeJinka Gpakxiiis THeBMOTPaHCIIOPTOM
Jille Ha TIOBTOPHE MOAPiOHEeHHsT Y MiIMH. [Io MaTepiasy, 1[0 MOAPiOHIOETHCS B MJIMHI,
yepe3 MOAPiOHIOIOUE cepemdoBUIle 3 IEeBHOI0 iHTEHCUMBHICTIO (HAIIPUKJIA, IIPOIIOP-
1iJiHii1 TTOTY>KHOCTi €JIeKTPOIIPUBOY) MiJBOAUTHCS €Heprisl, SKa BUTpPadaeTbCsl Ha
nedopMalliro MaTepiany, 0 MOAPIOHIOETHCS, i HA YTBOPEHHS HOBOi MOBEPXHi MpuU
jioro pyiiHyBaHHi. [IMTOMi eHeproBUTpaTy Ha OAVMHMII0 Macy MOAPiOHEHOro mMare-
piany mpu npomy ckiaazge £, = N/Q,xBr -4/t | 3BifKias BUIIMBAE, 1[0 3HVKEHHS eHe-
ProCIOKMBAHHS MMPY MOAPiOHEHHI B TaHOMY arperati MOXK/IMBO OOCSITTU 30i/IbIIeH-
HSIM JAIOTO MPOAYKTUBHOCTI 38 YMOBY BMKOHAHHS TEXHOJIOTIYHOTO 3aBAAaHHS - OTPU-
MaHHSI TTOAPi6HEHOro MPOAYKTY i3 3aJaHOI0 AMCIIePCHICTIO (KpymHicTio). CxemMa 3a-

MKHYTOT'O LIMKJTy CTPYMMHHOTO MOAPiOHeHHS MpeAcTaBieHa Ha puc. 1.

3aBaHTAKEHHA
MatrepiaTy

/

ITHPKYTIO0Ee

HABAHTAKCHHA K1acH®ikaTop

BHBAHTAKCHHA
TOTOBOTOQ

NPOIYKTY
b1 - 6yHkep 3aBaHTaxkeHHs; B2 — 6yHKep BUBaHTasKeHHSI
PucyHok 1 — Cxema 3aMKHYTOTO LMKy CTPYMMHHOTO MOAPiOHEeHHS

Po3rsiHyTHII IIpoliec oAPiOHeHHS B 3aMKHYTOMY IIMKJIi 3 TIepiogMUYHMM 3aBa-
HTaXKeHHSIM CXWIbHMI 10 [ii 30BHIIIHIX 30ypeHb (HaAXOMKeHHSI HOBMUX MOPIIiii Ma-
Tepiany, 3MiHa SKOCTi (KPYIHOCTI) BUXiTHOTO MaTepiasy) i Ma€e BHYTPILIHIO CTOXAaC-
TUYHY CKJIaAO0BY (TIpOLleC PYiiHyBaHHS YaCTUMHOK Ipu 3iTKHeHHi). OgHaK, 30BHillIHi
30ypeHHs IIPUKJIaIeHi Ha BXO/i, i iX poJjib, SIK i BHYTPIilIHbOi CTOXaCTUYHOI CKJIaI0-
BOi Mpoliecy, BiJHOCHO He3HauHa [4] mpu cTasomy pobouomy pexkuMi. [070BHY poJib

y 3MiHi CTaHiB Bifirpae mmpoke BUMKOPUCTAHHSI PElMKIIiB B JaHMX Ipoilecax, BHA-
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CJTAOK YOTO B 3aMKHYTUX LIMKJIAaX MOXYTb BMHMKATU MEepeBaHTAXXEHHSI MJIMHA, 1110
MIPU3BOASATH A0 MPUIIMHEHHS ITPOILiecy MoAPiOHeHHS.

Tomy 1pu KepyBaHHi IIpoliecoM Tpeba BpaxOBYBaTM OCOOJMBOCTI (PYHKITIOHY-
BAHHSI 3aMKHYTOIO IIMK/IY: YMM CKJIa[Hillle MOoApPiOHIOEThCST MaTepial, TMM OilbIie
MaTepiany HaAXOAUTb 3 KiacudikaTopa B IMPKY/II0I0Ue HaBaHTaKeHHS Ha 0JaTKO-
Be noapioHeHHs. ToOMy MOSK/IMBA CUTYallisl, KOJM KiJbKiCTh IMPKY/IIOIOUYOr0 HaBaH-
Ta’KeHHSI HeOOMEKEeHO 30i/IbIIYEThCSI, anaparT JJIsl MOAPiOHEeHHST TaKOX HeoOMekKeHO
MpuiiMa€e HaBaHTAXXKeHHS i JOCSITa€ TaKOTO PekMMy, KOJIM BiH He B 3M03i rmepepoou-
TU MaTepiaj, 0 HaAXOAUTb B MIMH. e MOske Mpu3BeCTU A0 aBapiliHOrO pexumy,
3YIIMHKYM Mpoliecy moApioHeHHS. [1[06 YHMKHYTH IMepeBaHTaKeHHSI MJIMHA, HeoOXi -
HO BiIK/JIIOUMTH MOTiK CBIXXOTO MaTepiany 40 TUX ITip, MOKU KUJIbKICTh LUPKYJIIOIOUY0-
IO HaBaHTAXXEHHSI CTaHe HIDKUYe KPUTUUHOTO PiBHS, a00 He 3HU3UTHCS IO TIPUITYC-
TUMOTO piBHS. ITic/ig TOro, SIK 1Lieii piBeHb OyIe JOCSATHYTO, MOKHA 3HOBY 30i/IbIINTH
1ojavy CBixKOTO MaTepiasly B LMK/ MOApiOHeHHS. TakuM UMHOM, IIMPKY/II0I0Ye Ha-
BAaHTaKEHHS € KePYIOUMM BIUIMBOM, SIKE MOKe CYTTEBO 3MiHIOBATU MPOSYKTUBHICTh
3aMKHYTOTO LMKy NTOAPiOHEeHHS [5].

TexHoJ/IOTiUHMIT TPUHIUIT KepyBaHHS MpoliecaMy MoJpiOHeHHSs MOJsArae B Ma-
KCMMi3alil MBUAKOCTI CKOPOUEHHS KJIaCiB pPyau, KPYyIIHillle KOHTPOJbHOTO Kjacy B
KiHIIeBOMY IMPOAYKTi Ta MiHiMi3allii MBUAKOCTI IJs KIaciB, ApiOHIINX 32 KOHTPO-
AbHMIT Kiac. OTKe, TOAPiOHEHHS MTOBMHHO MPOBOAUTUCH /IS 30iIbIIIeHHS TOTOBOTO
Kj1acy [6].

Po3rasiHeMo TMpollec CTPYMUHHOTO TMOJPiOHEHHS B 3aMKHYTOMY LMK $SIK
00’eKT KepyBaHHS (puC. 2).

o BxigHMX mapameTpiB 00’€KTy KepyBaHHS BiTHOCSTHCS: TIPOAYKTUBHICTb OYy-
HKepY 3aBaHTAKEHHS Zg; TPAHYJIOMETPUYHA XapaKTepUCTHUKA MEPBMHHOTO MaTepi-
ajy Ysx ; MIBUAKICTb poO0TH KaacudikaTopa (KibKicTb 00epTiB poTopa Kinacudikato-
pa) n; TUCK eHeproHocis (MoBiTps uu rasy) P.

TexHoJOTiUHMI1 TIpOlLiec OAPiOHEHHS B 3aMKHYTOMY IIMKJIi MOKHA PO30MUTHM Ha
IBa TIPOIIeCH, SIKi B3a€MO3B’sI3aHi Mik CO6010: MpOolLiec 3MeHIIIeHHs KPYITHOCTi MaTe-
piamy came B MyIMHI (TTofpi6HeHHS) i mpoliec Kaacudikailii mogpioHeHOTO MPOAYKTY.
B 3B’43Ky 3 IIMM IIPOaHa/li3yeMO BXifHi, BUXiIHI 3MiHHi Y KO)KHOMY IIpo1ieci i B 3a-
MKHYTOMY LIMKJIi B 3araji. [Ipoiiec mogpiOHeHHSI B MJIMHI XapaKTepu3yeTbCsI 3MiH-
HMMM CTaHy: 3amac Marepiajly B MiimHi M; TexHiuyHMi cTaH MinHa &y. [Iponec kia-
cudikallii TakoK XapaKTepu3y€eThCSI 3MiHHMMMU CTaHY, A0 SIKUX BiZHOCUTBHCS TeXHiu-

HUI cTaH o6agHaHHS (Ki1acudikaTopy) Ex.
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PucyHok 2 - IIpo1iec CTpyMMHHOTO MOIpiGHEHHS B 3aMKHYTOMY LIVKITi

SIK 06’€KT KepyBaHHS

SIkio posrnsimaTy mpoiiec MoApiOHeHHSI B 3aMKHYTOMY IIMKIIi B ILIiJIOMY, TO 10
BHYTPIIlIHiX 3MiHHMX ITpollecy Tpeba BimHeCTu: IIUPKYJIsIliiiHe HaBaHTaXKEHHS MJIM-
Ha Z,; TPaHyJIOMEeTPUYHY XapaKTepUCTUKY IIUPKYJSAIiTHOTO HaBaHTaXXeHHS yII; BU-
Xig IpOAyKTy 3 MiIMHA Qu; TPaHYJIOMETPUYHY XapaKTePUCTUKY MTPOAYKTY MIMHA Y.

30ypeHHSIMM TeXHOJIOTIYHOTO TIPOLIeCy €: 3MiHa IpaHy/JIOMeTPUYHOI XapakTe-
PUCTUKM TIePBUHHOTO MaTepiany Ays; 3MiHa (Pi3MKO-MexaHiUHMX Ta PEUOBUHHUX
BJIACTUBOCTell MaTepiasy A{; 3MiHa TeXHIYHOTO CTaHy MJIMHA Ta KiaacudikaTopy
AEM, A&,

BuximHumu 3MiHHUMM IIpoOliecy MOApiOHeHHSI B 3aMKHYTOMY LMK SIBJISTIOTb-
CS1: MPOAYKTUBHICTD 32 TOTOBUM MPOAYKTOM Qror; TPAHYJIOMETPUYHA XapPaAKTEPUCTU -
Ka rOTOBOTO MPOAYKTY (260 BMIiCT TOTOBOTO KJaCy KPYITHOCTi Y BUXiTHOMY MPOAYKTI)
Ynp; CIIOXKMBaHA MOTYXHICTb N.
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o KepyloumMx BIIMBIB MpOIeCy BiTHOCSTHCS: 3MiHa MPOAYKTMBHOCTI 3a BXif-
HUM MaTepianoM AZ.; KepyBaHHS IIBUIKICTIO oOepTaHHS poTopa KiaacudikaTopa
An.

[Ipu pobOTi CTPYMUHHMX MPOTUTEUHMUX MIIMHIB JJISI KOHTPOJIIO SIKOCTi ITPOJTYK-
Ty IPUHLIMIIOBO BaKJIMBO, 1100 iHTerpajbHi iMIyJbCH 3YCTPIiUHMX Ta30IMCIIEPCHUX
MOTOKIB CMPOBUMHH, 1[0 PO3MEJIIOIOTHCS, OY/IM OJHAKOBi. Y TaKOMY pasi yaapHa B3a-
€MO/Iisl TIOTOKIB Haiibinbil epeKTMBHA, MPOIECH YAAPHOr0 PYyMHYBaHHS YaCTUHOK
OUCIIePCHUX 3YCTPIYHUX MOTOKIB MPOXOASATh y PO3MeJbHill 30HI MJIMHA, €Hepris
pYIHYBaHHS OUCIIEPCHUX KOMIIOHEHTIB PiBHOMiIPHO PO3MOMIISIETHCS MiXK o60oMa 3y-
CTPIYHMMM MOTOKAMM Mpu iX 3iTKHeHHi. [IpoTe Ha mpakTulli 3a3Buuaii He 4OCSTa-
€TbCS TaKa PiBHOMIPHICTb, III0 MAa€ CBOIM HAC/IiAKOM MHiBUIIleHI BUTPATU eHepreTu-
YHUX pecypciB Ha po3mes Ta epo3ilo po3riHHMX TPyOOK [7], kKamepu mumHa. st
MiaBuUIeHHS e(eKTUBHOCTI po6OTHU MJIMHA HEOOXiTHO TOTPMUMYBATUCh PIBHOMipPHO-
CTi TYCTMHM ¥ OJHAKOBOCTI 3a IBUJKICTIO TTOTOKIB 3 000X PO3TIHHMUX TPyO MIIMHA,
TOOTO iMEHTUUYHOCTI poOOTH M03aTOPiB KMBUJIbHMKA 000X PO3riHHMX TPyO MIIMHA.
BupinieHHs1 TexHiuHOi 3amaui 3abe3revyeHHs ONTUMMAaJIbHUX YMOB pOOOTM MJIMHA
MOXK/IMBE NUISIXOM KOHCTPYKTMBHOTO i PEKMMHOTO BIOCKOHAQJIEHHSI POOOTU SKUBU-
JBbHUKIB, KepyBaHHSI 0ro pobotu. Pob6oTu B 11bOMYy HampsiIMKy BeayTbcsi B ITM
HAHY i IKAY [7].

BucHoBku. OmycaHo pob0Ty CTPYMMHHOTO MJIMHA Y 3aMKHYTOMY LMK/i. Ha
OCHOBI 1IbOT'0 BUIiJIEHO BXifHi i BUXiHi, 30ypIOI0YM i KepyloUdi mapaMeTpu IIpoI1iecy.
TakuM 4YMHOM IIpeACTaBJIe€HO CTPYMMHHE IOApiOHEeHHS, SIK 00’€KT KepyBaHHs. Ha
1iii 6a3i Mo6yJOBaHO aBTOMAaTMUHE KepyBaHHS MPOIECOM 3a aKyCTUMYHMMMU CUTHA-
JlaM¥ 30HM MOIPiOHEHHSI.
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Mpoyecc cmpyiiHo20 u3MenbyeHuUs KaK 06beKm ynpasieHus

AkmyanbHoCMb memamuku 0aHHoU pabomsl onpedensemcs Heobxo0UMOCMbIO CHUXeHUS
3HEP20eMKOCMU MOHKO020 U3MesibYeHUs nymem ynpassieHus npoyeccoM, npedjazaemcs peanu-
308amb HA OCHOBe pe3y/sbMAmMo8 aKyCMuUYyecKo20 MOHUmopuHaa. B pabome onucaHo pabomy
cmpyLiH020 MeNbHUUbI 8 3AMKHYMOM Yukae. Kak u3secmHo moHKoe u3mMesibyeHue 0mHoCcUmcs K
3HepP20eMK020 Nnpou3sooCMBa, 0OHAKO cmpyliHOe u3Mesb4yeHue He3aMeHUMO Nnpu noJyyYeHuu
MOHKUX U CBEPXMOHKUX «Y4UCMbIX» MAMepuasos, mo eCms Mamepuanos 6e3 npusHeceHus Ka-
Kux-1u6o npumeceli. A ¢ co30aHuem HOB020 CNOCOBA KOHMPOJIA NPOUECCA NOABUAACL PeasbHAS
BO3MOXHOCMb CHUXeHUS 3HepeonompebieHus cmpylHbIMU MeabHUUAMU npu noddepxke on-
mumansHol ux npouzsooumesnbHocmu. Ha ocHose aHanuza napamempos Npoyecca sbideseHo
BXOOHbIe U BbIXOOHbIE, BOIMYWAIOWUX U yNpasasowue napamempsl npoyecca. Takum obpasom,
npedcmasnieHsl cmpyliHoe usmenb4yeHue, KAk 06bekm ynpasnaeHus. [lokazaHo npobaems cmpy -
HO20 U3MeJibYyeHUs U nymu ux peweHus. 3mo cmano 6a3oli danbHeliwezo noCmMpoeHuUs asmo-
MamuyecKo20 ynpassieHus npoyeccom ¢ aKyCmu4yecKuMuU CUeHAnamMu 30Hbl U3MelbYyeHus

Jet grinding as a control object

The relevance of the subject of this work is determined by the need to reduce the energy
consumption of fine grinding by controlling the process, which is proposed to implement based
on the results of acoustic monitoring. The paper describes the operation of a jet mill in a closed
cycle. It is known that fine grinding refers to energy-intensive production, but jet grinding is in-
dispensable in obtaining thin and ultra-thin "pure" materials, i.e. materials without the intro-
duction of any impurities. And with the creation of a new way to control the process, there is a
real opportunity to reduce energy consumption by jet mills while maintaining optimal perform-
ance. Based on the process parameter analysis input and output disturbing and control process
parameters are selected. In this way, jet grinding is presented as a control object. The problems
of jet grinding and ways to solve them are shown. This became the basis for further construction
of automatic process control based on the acoustic signals of the grinding zone.
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H.I. I'no6a, I.C. ImutpieBa
PO3POBKA AJITOPUTMY IJIS1 IIOBYIOBU ITPOTOTUITY EKCITEPTHOT
CUCTEMMU OIATHOCTUKU ABAPIMHUX CPITVA].[Iﬁ MEPEXI

Anomayis. CyyacHi enekmpoeHepeemuyHi cucmemu BiOHOCAMbCA 00 KAACY BeNUKUX JIOOUHO-
MAWUHHUX cucmeM KibepHemuyHo20 muny, momy po3pobKa excnepmHoi cucmemu 01a2HOCMUKU
asapitiHux cumyayili € akmyasbHoIO.

B pobomi 6yno po3pobneHo modugikosarul anzopumm [etikcmpu. Mema moougikayii nonseae
8 NiOBUWEHHT e(heKmMUBHOCMI 3aNPONOHOBAHO20 PIlIEHHS, MOXAUBICMb pobOMU B 3BAXKEHOMY
epagi 1 BUKIDYEHHA NOMUJIOK Ni0 4acC NOWYKY G/1bMepHAmuUBHO20 WAXY.

Knioyosi cnosa: ekcnepmHa cucmema, MoOUiKosaHull anzopumm, 2pag cmaHis, enekmpoeHep-
2emuyHi cucmemu.

CKIagHO YSIBUTU CydacHU CBIT 6e3 eeKTpuKku. EnekTpuka crana HeBif'eMHOIO
YACTMHOIO HE TiJIbKM HAIIOIO KUTTS, ajie i yciX BUpOOHMUMX mpolieciB. OueBUIHO,
IO BiICYTHICTb eJIeKTpOoeHeprii Moke CTaTy BeJIMKOI0 MP00IeMOI0 Ha ITiAIIPUEMCT-
Bax, IO CIIPUYMHUTH 3a C0000 (iHaHCOBi BTpaTy abo aBapiitHi BuUIIagKku. I'ojoBHE
TIpU3HAUEHHS €JIEKTPOeHepPreTUYHMUX CUCTEM IIOJIsITa€ y 3abe3rneueHHi HaJiifHOTO
MOCTayaHHS CIIOKMBAUiB eJIeKTPUYHOI eHepTiel0 HOPMOBAHOI SIKOCTi Ta y HeoOXi-
HMX 00csTax 3a yMOBM MiHiMaJbHO MOXX/IMBUX BUTpPAT.

CyuacHi eyleKTpoeHepreTuYHi CUCTEMU BiJHOCSITBHCS A0 KIACy BEJIUKUX JIIOON-
HO-MaIllMHHUX CUCTeM KiOepHeTMYHOIO TUITY, OCKiJbKM XapaKTepu3yIThCS BeJu-
KOIO KiJIbKICTIO peryjibOBaHMX napameTpiB. lle o3Hauae, 1110 3aaaui ympaBJliHHS eHe-
procucTeMaMy € HETPUBIIBHUMM i y OiBIIOCTI MPAKTUUYHMUX BUMAIKIB BU3HAUUTH
OINTUMAJIbHUI PO3B'SI30K TaKMX 3a7a4 HEMOKIMBO. B yMOBax ornepaTMBHOTO yIIpaB-
JIiHHS peXXMMaMi €eHeproCcUCTeM Iie OB 'SI3aHO i3 JKOPCTKUM OOMEsKeHHSIM Jacy JJIst
MIPUIAHSTTS pillleHHS, a IMij, YaC IPOrHO3yBaHHS MePCHeKTUBHUX PEXXUMIB Ta MPOeK-
TYBAaHHSI PO3BUTKY €HEPTOCUCTEM — i3 HEBM3HAUYEHICTIO TA HEOLHO3HAYHICTIO BUXI[I-
Hoi iHdbopMallii, HampUKIad, JaHUX IIPO MepCHeKTUBHI HaBaHTa)XXKeHHSI eHeprocuc-
Temu [1].

BuxopucroBytoun ekcrieptHy cuctemy (EC), MOKHA 3MEHIUMTU KiJIbKiCTh iH-
dbopmaliiii, IKy mOTpi6HO BpaxOBYBaTU AMCIETUYEPY i MPUCKOPUTHU TTPOIIEC TTPUITHSIT-
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TS pimeHHs. Tako MpaBMJIbHO MOOYyAOBaHA eKCIIepTHA CUCTeMa 03BOJUTb 3MeH-
IIUTU KUTBKICTD TMTOTEHL[IIHUX TOMMUJIOK Y IPUHITUX PillleHHSIX.

B OCHOBi eKCIiepTHOiI CUCTeMM JIeXXUTh 6a3a 3HaHb ITPO KOHKPETHY MpeaMeTHY
00/1aCTh, sIKa MIOBMHHA HAKOIMMYYBATHUCSI B pe3y/IbTaTi MooynoBu Ta ekcrutyaraiiii EC.
Indopmaliist He 3aBKIM MOKe OyTM ITOJaHa TOYHO, iCHYE Tak 3BaHa «HediTKa iHgop-
Mallisi» abo «HeuiTKi» 3HaHHSI, paBuIa 00pOOKM Ta MOJAHHS SKOi 6a3yI0ThCS Ha JIO-
riii. Koy BMHMKAE cuUTyallisl, Taka, 10 IJIs1 IPUIMHSTTS pillleHHs ab0 MOJaHHS iH-
dbopmaliii He BucTauae 06csIry abo MOBHICTIO BiiCyTHSI HeoOximHa iHdopmaliis, parli-
OHaJIbHe pillleHHS MOXe OyTy MPUITHSITO 3aBOSAKM HaKOMMMYEHUM 3HaHHSM, B I[bOMY
i ToJisirae TOJIOBHA MepeBara MMOBIPHICHOTO Haf, JIOTiYHMM. Lle MOX/IMBO 3aBASIKU
HaKOIIMYEHHIO 3HaHb B 0a3i JaHMX, B pe3yJbTaTi poOOTYU eKCIIePTHOI CUCTEMMU, ITiC/Is
YOro ekcrepTHa cuctema, 6a3ylouuch Ha OTPUMMAaHMX paHillle 3HAHHSX, Oyme Ipu-
JiMaTy pillleHHs, I'PYHTYIOUMCh Ha HalOiIbII BiAIIOBiAHi IMOBipHOCTI TaK 3BaHii1 -
cy0'eKTUBHIl [OBipi [2].

Po3srofisieHa enekKTpUYHA Mepeska 3a CBOEI CTPYKTYypow Haramye rpad. Ilpu-
K/IaJIOM 3aBJIaHHS, SKe He0OXiTHO po3B’sI3aTH 3a JOIOMOT0I0 aBTOMAaTH30BaHOI CHC-
TeMM, MOKe OyTM BMOip MapIIpyTy MepeniaKIioueHHs] eJIeKTpoMepesKi s BilTHOB-
JIEHHSI POOOTY CUCTEMMU.

Ha Ham rorssi, 6ibin eeKTMBHUM [IJIS1 TaHOi 3aadi Oy/ie BUKOPMCTAaHHS ajl-
roputM ob6xony rpada. IcHye 6e3siu aJiropuTMiB 06X0fiB rpada: MOIIyK B INIMOUHY,
MOIIYK B IIMPUHY, TOIOJIOTiUHEe COPTYBAaHHS i Tak Jami. OgHaK, Taka BeaMKa Kijib-
KiCTh aJrOpUTMIB He 3aBXOM BiAIlOBigae HeoOXimHMM BuMoram. Hampukian, 6i1b-
IIiCTh QJITOPUTMIB MPOXOASTh TIIbKM T10 BY3/aX, SIKi IPOXOASATh MO HAMKOPOTIIOMY
nUIsIXy. Jesiki anropuTMu, HaBIaku, pooJisiTb HAAMIpHO 6araTo 3axX0/IiB Y By3JiH, 1100
3a6e3MeYnTy BXOMKEHHS Y KOKEeH BY30JI, IPaIioI0Th Ha HeopieHToOBaHOMY rpadi i,
Oi/IbII TOTO, OUMBIIICTh QITOPUTMIB MalOTh MyXe BEJIMKY OOUMCIIOBAIbHY CKIaI-
HiCTb, OCKUJIbKM MPOPaxOBYIOTh BCi MOX/IMBI MapuIpyTH OO0 KOXKHOTO 3 BY3JIiB, 1[0 B
MIPOMMCIOBMX MaciliTabax BIUIMBAE HA Yac YCyHeHHs aBapii. OIHUM 3 TaKuX € aJro-
put™m [ enkcTpu.

Anroputm [JeiKCcTpy — 3HAXOOUTh HAKOPOTILY BifCTaHb BiJl ONHI€l 3 BEPIINH
rpada 1o Bcix iHmmx. Ipaiiroe TiibKu a1 rpadis 6e3 pebep HEraTUBHOI Baru.

Pob6oTa 11bOr0 aJITOPUTMY BUTJISIAE€ HACTYITHUM UMHOM:

1) CTBOpIOETHCA HAOIp (HaMKOPOTIIMIT HAbIp JepeB NUIIXY), SIKUI BiIcTexXye
BepILNHM, BK/IIOUEHi 10 JepeBa HaliKOPOTIIOTOo IuisSXy. CioyaTKy 1eit Habip mMoposk-

Hill.
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2) IIpu3HavalOTbCS 3HAUEHHSI BificTaHei BCiM BepIIMHAM BXimHoro rpadiky.
CrouaTKy BCi 3HaUeHHSI BifcTaHeli 6epyTbCs SIK HecKiHueHi. [IpM3HavaeThCs 3HA-
yeHHS BifcTaHi K 0 111 BUXiTHOI BepIInHM, 11106 BoHa OyJia BuOpaHa mepiioio.

3) [loku HaboOp He BKJIIOUAE BCi BepUIMHNA

3.1) O6upaeThCs BepilMHa U, IKOi HeMae B Habopi i Mae MiHiMa/ibHe 3HAYEHHS
BiJICTaHi.

3.2) BepiunHa u BKIIOYAETHCS A0 HAOOPY.

3.3) OHOBIIETBHCSI 3HAUEHHS BiACTaHel OO BCIX CYCigHIX BepUIMH

BepuIHu U [3].
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Pucynok 1 — Po6ota anroputmy eitkcTpu

AnroputMm siBJisie 00010 pillleHHS 3a7aui B 3ara/IbHOMY BUTJISIIi, SIKe He 3aBXKAU
Oyme aKTyaJTbHMM JIJIT KOHKPETHOTO BUITaIKy. B paMKax gaHoi po6oTu 6yy10 po3pob-

neHo moaydikoBaHiit anroputm eikcTpu.
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Meta Moaudikallii mosisirae B IigBUIEeHHI e(eKTMBHOCTI 3aIIPOIIOHOBAHOIO
pillleHHsI, MOK/IMBICTh POOOTH B 3BaskeHOMY Ipadi i BUKIIOUEHHS] MTOMMWIOK IIif, yac
MOIIYKY aJIbTEPHATUBHOTO IIISXY. Llelt pe3yibTaT JOCSATAETHCS MIISIXOM 3aIaM siTo-
BYBAHHS BCiX 3B'SI3KOBMX BY3JIiB 1 IPOPaxXyHKy MiHIMaJbHUX MapuUIpyTiB O BCiX Be-
PILINH, 3 ypaxXyBaHHSIM JIiHili, 1110 3HAXOASIThCS B CTaHi aBapii.

Pob6oTa 11bOro aJITOPUTMY BUTJISIIA€ HACTYITHUM UMHOM:

KoxkHe pebpo mae: id, Bary - NMpOTSDKHICTD JIiHii eleKTporepenayi, MoB'si3aHi
BY3/IM, a TaKOX CTaTyc (mpaijloe, pe3eps, aBapis). KoxkeH By3os mae: BiacHe id, id
II0YaTKOBOTO By3Ja rpada mpu po3paxyHKy MaplIpyTy, Bary MiHiMaJbHOTO Mapii-
PYTY, @ TAKOX CTATYyC (MIpalllo€, pe3eps, aBapis).

1) Ilpu BUHMKHEHHI aBapii, pe6po a TakoX BCi BY3J/iH, SIKi He MalOTh MapIIPyTy
3 aKTUMBHUX pebep - MepexoauThb y CTaTyC aBapisi.

2) Bara KO>XHOTO By3J1a 3alIMCY€ETbCS B MAaCUB, IICJAS YOTO BCTAHOBJIIOETHCS SIK
HeckiHueHa. CKMIAeThes id moyaTKkoBOro By3sa rpada Ipu po3paxyHKy MapiipyTy.

3) [Is1 akTUBHUX pebep - MOYMHAIUM 3 I0YaTKOBOTO By3/1a, BU3HAYAEMO 3B'S-
3aHl 3 HMM BY3JM. SIKIIO IOB'SI3aHMI BY30J1 MAa€ PO3PaxXyHKOBY Bary MeHIIy, HiX
pPO3paxyHKOBa Bara IOTOYHOTO By3ja 3 JOJABAaHHSIM Baru 3B'SI3yI0UOrO pebpa, TO
ILIS TIOB'SI3aHOT'O BY3J1a BCTAHOBJIIOEMO PO3PaxXyHKOBY Bary, sIka JOPIBHIOE pO3paxy-
HKOBIi1 Ba3i MOTOYHOTO By3/a 3 I0JaBaHHSIM Baru 3B's13yr0uoro pebpa.

4) [Ins pe3epBHUX pebep - SIKINO MOB'sI3aHMIT By30J1 € aBapiiiHMM, TO 00UMCITIO-
€MO PO3PaxyHKOBY Bary, SIKILIO MOB'SI3aHUII BY30J Ma€ pO3paxyHKOBY Bary MeHIIe,
Hi’K pO3paxyHKOBa Bara MOTOYHOTO By3ja 3 JOAAaBaHHSM Baru 3B'sS3yl0uoro peobpa,
TO [JIS1 TIOB'SI3aHOTO By3J/ia BCTAHOBJIIOEMO PiBHMM PO3PaxyHKOBil Ba3i MOTOYHOTrO
By3Ja 3 JOJaBaHHSIM Baru 3B's13yl040ro pebpa.

5) HacTymHMM KpPOKOM, aJITOPUTM IOBMHEH MPOMTU IO BCiM aBapiiiHUM BY3-
JlaM 1 3HaTU MiHiMa/IbHe 3HAUYeHHSI pO3PaxyHKOBOiI Baru (MiHIMaJbHOTO Mapuipy-
Ty). Lle i 6yze pillleHHSM MOIIYKY HalfKOPOTIIOTO IIIJISIXY.

6) [lyis BU3HAUYEHHSI, SIKi pebpa MOTpiOHO BKIIOUMUTH, CJIiJl TPOMTHICS BiJ By3Ja,
3HaAMAEHOTO B MYHKTi 5, 10 aKTUBHOTO.

[Ipukiang pesyabTaTy podOTH HAHOTO aATOPUTMY MPeNCTaBAeHO Ha PUCYHKY 2.
MoskHa 6auMTH, IO MPYM BUHMKHEHHi aBapiifHOi cuTyailii (pebpo 1-3) cucrema BuU-
KOHaJia rmepepo3Iiofij HaBaHTaXXeHHS i, B TaHOMY BUITaAKY, pe6po 3-4 mepennuio 3i
CTaHy pe3epBHOTO0 Y CTaH Mpall0l04yoro 10 yacy JikBigallii aBapii.
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PucyHok 2 — Pob6oTa Moau]ikoBaHOr0 aJIrOPUTMY

BucHOBKU. Bubip asroputmMy Ij1s1 JOCSITHEHHS TTOCTaBJI€HOI METH € KIII0UO0-
BUM. Bif mTpaBmM/ibHO 00paHOr0O aJITOPUTMY 3aJI€XKUTh MIBUAKICTH pOOOTHU MIPOTpaMu,
MpaBWIbHICTh 0OPAHOT0 MapIIPYTY, MBUAKICTh PEMOHTHO-BiJHOB/TIOBAJIbHUX POOIT.
MopaudikoBaHMIT aJITOPUTM MOKa3aB 0i/ibIly e(eKTUBHICTb B TTOPiBHSIHHI 3 iHITUMU
aaropuTMaMu, 10 PO3MISIAATNCh, TOMY Ha 6a3i 110ro B MOAAIbIIOMY peasi30BaHO
MIPOTOTUIT €KCIIEPTHOI CUCTEMM.
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Paspabomka anzopumma 014 nocmpoeHus npomomuna 3KcnepmHol cucmems!

ouazHoCMUKuU asaputiHelx cumyayut cemu

Mcnonb3ys 3KcnepmHylo cucmemy, MOXHO YMeHbWUMb KOJUYeCMBO UHGopMayuu,
Komopoe HYXHO y4yumsigams oucnemyepy U YCKOpUMb NPOYECC NPUHAMUA peweHus. Takxe
npasubHO NOCMPOEHHAS 3KCNEPMHAsA cucmema nNo38oOAUM YMeHbWUMb KOUYeCmBo nomeHyu-
a/1bHbIX OWUBOK B NPUHAMbIX peweHusx. B pamkax daHHol pabomsi 66110 pazpabomaHo Moou-
guyuposarHol anzopumm Jelikcmpu. MoouguyuposanHbili anzopumm nokasan 6o0abwyk 3¢-
(heKmuBHOCMb N0 CPABHeHUIo C Opy2uMu G20pUMMAamMu, KOmopble paccmMampusanucs, Nomomy
Ha b6a3e e20 8 0asbHeliweM peaau3osaH NPomMomun 3KCNepmHol cucmemsl.

Development of an algorithm for construction of a prototype
of expert system of diagnostics of network emergencies

Modern electric power systems belong to the class of large human-machine systems of the
cybernetic type that is why development of consulting model of diagnostics of emergency
situations is actual. In the conditions of operative management it is related the modes of grids
to hard limitation of time for a decision-making, and during prognostication of the perspective
modes and planning of development of grids - with a vagueness and ambiguousness of initial
information, for example, of data about the perspective loading of grid. Using a consulting
model, it is possible to decrease information content it needs to take into account that to the
controller and accelerate a decision-making process. Also the correctly built consulting model
will allow to decrease the amount of potential errors in made decision.

The up-diffused electric network after the structure reminds count. An example of a task
that needs to be decoupled using an automated system would be the selection of a route for
reconnecting the power grid to resume the system. In our view, more effective for this task there
will be the use algorithm of round of count. Dijkstree's algorithm is a solution to a problem in
general form, which will not always be relevant for a particular case. As part of this work, a
modified Dijkstree algorithm was developed.

The aim of modification consists in the increase of efficiency of an offer solution,
possibility of work in the self-weighted count and exception of errors during the search of
alternative way. This result is achieved by memorizing all the connecting nodes and calculating
the minimum routes to all vertices, taking into account the lines that are in a state of failure.

Findings. The choice of an algorithm to achieve this goal is key. The speed of the program,
the correctness of the chosen route, the speed of repair and renovation work depends on the
correctly selected algorithm. The modified algorithm showed large efficiency as compared to
other algorithms that was examined, that is why the prototype of consulting model is realized in
future on the base of him.
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I'nmo6a Haszap IBaHoBuu - marictp kadenpu IHbopmaliiiHUX TEXHOJIOTIN i
cucteM, HaljioHasibHa MeTanypririHa akagemisi YKpaiHu.
IOmurpieBa Ipuna CepriiBHa - K.T.H., 10II., goleHT Kadenpu [Hbopmarriii-

HMX TeXHOJIOTii i cucTteM, HallioHasibHA MeTanypriiiHa akagemiss YKpaiHu.
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K.IO. OcTtpoBchka, I.B. CtoBruenko, O.[1. I'ybaHoB
BUKOPUCTAHHS HEVIPOMEPEJXEBUX KJIACU®IKATOPIB
I PEAJTI3AILIIl CUCTEMU IIEHTU®IKAILIIl TPAHCIIOPTHHX 3ACOBIB

AHomauis. Poboma npucssyeHa OOCNiOXeHHIO Helipomepexesux Kaacugikamopis 0/
peanizayii cucmemu i0eHmugikayii mpaHcnopmHux 3acobis. B pobomi supiwysanocs 3a80aHHA
PO3Ni3HABAHHSA CBIMAOBUX CU2HATIB MPAHCNOPMHUX 3aC06iB.

Ak 0emexkmop mpaHcnopmHux 3acobis Bukopucmosysanacs nonezwieHa sepcia YOLOv3, a
KAacugikamopom c8im/oBuUX CUeHANIB sUCMYNnaaa adanmosaHa nid ymosu 3a0a4i apximekmypa
MobileNetv2. Modeni Has4yanucs Ha OeKinbkox damacemax, npusedeHux 00 EOUHO20 hopmamy.
OmpumaHa sKicme modenel € docums Xxopowloto 018 00Kasy npauezdamuocmi cucmemu. [lo-
oanble NosinweHHs AKOCMI MOXJ/UBO 30 PAXYHOK 301/bWieHHA 00Cs2y HABYAbHOT BUBIPKU 1
6inbW MoYyHo20 nidbopy einepnapamempis Moodesi. 3 MoyKu 30py WBUOKOCMI pobomu cucmema
PO3Ni3HABAHHA NOKA3a1a NPUlHAMHUL pe3yasmam.

Knwo4osi cnosa: po3ni3HaBaHHA CBIMA0BUMU CU2HANIB, WMYYHT HeUpoHHT mepexi, Python, de-
mekmysaHHA 06'ekmis, knacugikayis 306paxeHHs, Pytorch.

MeTo0 POOOTM € MPOEKTYBaHHSI i peasizaliis cUCTeMM pO3Mi3HaBaHHS
CBIiTJIOBUX CUTHAJIiB TPAHCIIOPTHUX 3aCO0iB.

JIJIs1 MOCSITHEHHSI IIOCTaB/IeHOI MeTH HeoOXiTHO BUPIIIUTY TaKi 3aBIaHHS:

- IlpoekTyBaHHSI CUCTEeMM pO3Mi3HABaHHS Ta BMSBIEHHS TPaHCIIOPTHUX
3aco0iB;

- Knacudikartiist cBiTioBoro curHany ta ®@inbTpallisi CUTHaIY i OTpUMMaHHS 110TO
CeMaHTUK.

3aBoaHHS PpO3Ii3HABAaHHA CUTHAJIB aBTOMOOUTIB. [Ig 6e3mevyHoro
nepemMillleHHs 10 Joporax B Cy4yaCHUX yYMOBax MOTPi6GHO He TiIbKU J0Ope po3ymiTu
JIOPOXKHIO CUTYallilo, ajie i MBUAKO OLiHIBATV MOXX/IMBI ClieHapii i1 pO3BUTKY.

BaxknmnMBO pO3yMiTM MeTy pO3pOOKM CHUCTEMM PO3Mi3HABAHHSI CBIiTIOBUX
CUT'HAJIiB TPAHCIIOPTHMX 3aCO0iB.

OOMeskeHHSI Ta BUMOTM IIPU BUKOHAHHI 3aBaaHHA. [lo-Tiepiie, 6yeMo Bu-
XOOUTU 3 NPUIYILEHHS, IO B PO3IMOPSIKEHHI cUcTeMu € onHa 3BuuaiiHa RGB-
Kamepa.

© Octposcbka K.10., CroBmuenko I.B., I'ybanos O.11., 2021
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[To-pmpyre, cucrema IOBMHHA MpalloBaTy OOCUTh MIBUAKO (Ha piBHiI 25-30
KaJIpiB B CEKYH/Y, IO JIOJACbKMM OKOM CIIPUMAMAETHCS SIK TUVIAaBHUI Bile0 MOTIK).

Po3pobka i TecTyBaHHSI CMCTeMM pO3Ii3HAaBaHHSI MPOBOAWIACH Ha rpadiuyHux
npuckopioBauax Nvidia crmokuBuoro piBHsI, Takux sk Nvidia GTX 1060 i Nvidia GTX
1080Ti.

[To-TpeTe, MO-CIPaBKHbOMY 3HAUYIIMMU IJISI CUCTEMM OYIOYTh He BCi y4aCHUKU
IOPOXKHBOTO PYXY, @ TiJIbKM Ti, XTO TaK UM iHaKIlIe MOXe BIUVIMHYTU Ha TPAEKTOPil0
aBTOMOOIJIST 3 BCTAHOBJIEHOIO CUCTEMOIO PO3Mi3HaBaHHS.

HejipomepeskeBi kinacudikaropu. /s Bu3HaUeHHST TUITY CBiTJIOBOTrO CUTrHa-
JIy aBTOMOOGij1s1 HeoOxigHO KinacudikyBaTH 10oro 300pa’keHHsI.

Knacudikatiist - 1e mpoiiec BU3HaYeHHSI OIHOTO abo JIeKiJbKOX KJIacCiB, IO SIKO-
IO HAJIEKUTD 00'€KT.

Cepep pO3IJISIHYTUX Y poOOTi KinacudikaTopiB HalKpauMM 3 TOYKU 30py 3aB-
JaHHS IMIBUMAKOTO po3misHaBaHHS € MobileNetV2 - g Momenb MoOsKe IpailoBaTy B
peXXuMi peaqbHOTO Yacy 3 OCUTb BUCOKOI TOUHICTIO.

MobileNetV2. V 2019 nHaykoBuMMM cHiBpoOiTHMKamMu KommaHii Google 6yma
3aIPONIOHOBAHA apXiTeKTypa 3rOPTKOBOI HEMPOHHOI Mepexi, Ie Oijibllle 3HIKYE
BUMOTY [0 OOUMC/IIOBAJIbHMUX TOTYKHOCTE i IpumaTHa [Ji1 BUKOPUCTAHHS B
MOOIIBHUX MTPUCTPOSIX.

3arasibHa CTPyKTypa 610Ky MobileNetV2 npencraBiieHa Ha pUCYHKY 1.

| Add |

f
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f.

Dwise 323, Relub
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PucyHoxk 1 - CTpyKTypa 3TOPTKU

HeripomepeskeBi metektopu. Ilin jnokamizailielo po3ymieTbCsl 3aBIAHHS BU-
3HAUeHHS iX po3TallyBaHHS Ha 300paskeHHi, a8 TAKOXK TaKMX ITapaMeTpiB, SIK IIMPUHA

i BMCoTa Ha Kazapi.
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Haii6inpin mommpeHMM € Crocié BM3HAYaTM O00'€KT Ha 300paskeHHi uvepes
bounding box - NMpSIMOKYTHUK, II0 OOMEKye 00'€eKT, TOOTO Takuii MPSIMOKYTHUK,
ycepeayHi SIKOTo JieskaThb BCi MiKcesli 300paskeHHsI, [0 HaJIeXKaTh 00 'eKTY.

B paniit pobori 6yme BuropuctoByBatucs aetrektrop YOLO (You Only Look
Once)v3 uepes Halikpaluii 6a1aHC MiX SIKIiCTIO i IIBUIKICTIO pOOOTH.

YOLOV3 - e BmockoHaneHa Bepcisa apxiTektypu YOLO. BoHa ckiamaeTncs 3
106-TM 3aropTKOBMX IIApPiB i Kpallle AeTeKTye HeBeIMKi 00 €KTH.

Oco6mmBicTh YOLOV3 - Ha BUXO/i € TP IIapy KOKEH 3 SIKMX PO3paxOBaHMit Ha
BUSIBJIEHHSI 00'€KTiB Pi3HOTO PO3Mipy.

Ha pucyHKy 2 HaBeJleHO 1i cXeMaTUYHUI TPUCTPIli.

6 L3] 51

YOLO v3 network Architecture

Pucynok 2 - lerektyBaHHg YOLOV3

HaGopu HaBuasibHUX JaHMUX. HelipoHHI Mepexi, He3aleXHO Bif iX po3Mmipy i
CKJIAIHOCTI, € Ty’ke BUMOTJIMBUMM A0 00CSTY i pi3HOMaHITHOCTI HaBYAJIbHUX TaHUX.

Habip HaBUa/JIbHMX JTaHMX YaCTO Ha3MBA€ThCA "maTtacet’. Yum Ginple maTtacer,
TUM Kpaiue!

Haracer kmacudikamii. ITicas Toro, Ik Mojesb AeTEKTYBaHHSI HABUUTbCS
3HAXOAUTM TPAHCIIOPTHI KOIITM Ha 300pakeHHi, HeoOXimHO KiacudikyBaTu ix
CBiTJIOBI CUTHaJIN.

B nmaHiit po60Ti aHai3yI0ThCS CTOM-CUTHAIM i TOKasKYMKM TTOBOPOTY.

ISSN 1562-9945 (Print) 137
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 2 (133) 2021 «System technologies»

Sk BimomMo, CUTHaAM IIOBOPOTY MOXXYTb OYTM BK/IIOUEHi OJHOYACHO MJIsI
curHasisailii mpo 6yap-sikoi HecripaBHOCTI. OTKe, BCbOTO iCHY€ BiciM KOoMOiHaIliiA,

rpeAcTaB/eHnX B Tabauii 1.

Tabmuusg 1
CriosiydyeHHSI CBITJIOBUX CUTHAJIiB
S p—— JIiBMI1 TTOKQ)KUYMK [TpaBuit MOKaXKYMUK
IIOBOPOTY IIOBOPOTY
Hemae Hemae Hemae
Hemae Hemae Tak
Hemae Tak Hemae
Hemae Tak Tak
Tak Hemae Hemae
Tak Hemae Tak
Tak Tak Hemae
Tak Tak Tak

Rear Signal Dataset (komranis ToitoTa) - egMHMIT JaTaceT, SIKUt TO3BOJISIE
K1acubiKyBaTy CUTHAIM TPAHCIIOPTHUX 3aCO0iB.

V martaceTi NIPUITHATO HACTYITHI TO3HAYEHHS :

O - BigCyTHiCTb cUTHANYy, B - cTOI-CUTHaIN,

L - niBuit MoKakuyMK OBOPOTY,

R - mpaBmit nOKakuMK MOBOPOTY.

Bubupanucst 300paskeHHSI 3 JIOKAJbHO HAaMOiMbIl aKTMBOBAHMM CTAaHOM i
HalOiIbII TeaKTMBOBAHMM CTAHOM ITOBOPOTHMKA (PUCYHOK 3).

[Ticyist bOTO Bi3yasibHO BMOMpPATNCS Bif IBOX IO IT'SITU MPUKIIAAIB, SIKi B)Ke BU-

KOPMCTOBYBaJIMCS B HABUaHHI KiacudikaTopa.

= ) .
I I‘r|I I | |1 ||I_,"

PucyHok 3 - Po60Ta BK/IIOUEHOTO MOKaXXuMKa MOBOPOTY

PeanbHO 3aCTOCOBHI TiibKM 660 6€3 060I0BaHHS IlepeHaBYaHHSI.
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ABTOpCBKMI gataceT. byB ckiameHmii JaTaceT 3 IBOX [Kepesl - 3 Pi3HUX
Bifgeo Youtube, sKi € 3anncamu 3 BimeopeecTpaTopis, i 3 «3epkaio Ilntoc - Google My
Maps » - cepBicy, B SKOMY KOpPUCTYBadi BUK/IAAal0Th YaCTMHM CBOiX IMOI37I0K, TAKOX
3HSTUX Ha BijleopeecTpaTopu abo Ha CMapTQHOHNA.

VY 11bOMYy gaTaceTi MPUCYTHI He TiIbKU 3a[Hi YaCTMHM MaIllMH, 10 J03BOJIUTD
KiacudikaTopoM Kpaiiie mpalioBaTi B peaibHUX YMOBAX.

Po3smiTKa 31ilicHIOBasiacsl B MeXaHi30BaHOMY pekMMi, TOOTO HeobOXigHO 6yJ10
HATUCHYTU BChOTO OJIHY KHOIIKY, 1100 BM3HAUUTH, IO SIKOTO Kjaacy Oyae BMillleHO
306paskeHHs . [Tic/ig LIbOTO aBTOMAaTMYHO ITOKA3yBaJI0CS HACTYITHE 300paskeHHSI.

st knacudikaliii 6yB BUKOPUCTaHMIA iCHYIOUMIt JaTa ceT.

CyMapHoO 19 HaBYaHHS KiacudikaTopa BukopuctoByBasoch 2000 300paskeHb.

IIpoekTyBaHHSI CMCTeMM pO3Mi3HaBaHHS. By/lo CIIpOeKTOBaHO JIBA OCHOB-
HUX eTaly - HABYaHHS HEeMPOHHMX MepeX i airopuTM pobOTH caMOi CUCTEMU.

HaBuaHHS meTeKkTopa i KiacudikaTopa BilOyBA€ThCSI CXOKMUM UMHOM.

OCHOBHOIO0 BiAMiHHICTIO € [aHi i 1X pO3MiTKa, a TAaKOX METPUKM, 3a SKUMU
BM3HAYaAEThCS SIKICTh MOJEJII.

[Tpoiiec HaBYaHHS IMpeACTaBIEHMIT HA PUCYHKY 4.

MHuymanusauua Mogenu

v

Mpoeepka kayecTea Moaenu
Ha oTnoxeHHoW enibopke

————N v

3arpy3ka cnegylouwero CoxpaHeHwe 3HaJYeHuH
MogcueT 3HaYeHna OyHKLWMK
O6GHoRNeHWe BECOB MOaenn CoxpaHeHne mogenn 8 cpann

MuHn-6aTya naHHBIX METPUK
Wonenk nyywe Her
noTepb MOOENM QCTanbHBIX?
noxa obyuyeHuA
asepleHa?
Her

Oa

Bce anoxu
poOMAaEHHI?

Hert

PucyHoK 4 - CTpyKTypHa cXema [Ipollecy HaBUaHHS
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Ilns meTtekTopa € CTaHOAPTHOK MeTPUKOW SKocTi mAP - mean Average
Precision.
[HIIMM cIroco60oM OIiHKM MoeJi € precision i recall MmeTpuku.

TP TP
Prscliionm—"r . Regalle— "
reCslon = TP+ FP TP + FN )

F1-score € rapMOHiiiHe cepeHE MixX precision i recall.

| = o . Precision - recall

F
precision + recall (2)

HarironoBHima yacTuHa B CUCTeMi pO3Ii3HAaBaHHSI - I CaM aJrOpPUTM
po3Mmi3HaBaHHS.

Y HbOMY BUKOPUCTOBYETHCS MO/, HABYE€HI Ha CTBOPEHMX JaTaceTax.

B miporieci po6oTty Mopesi He TOHABYATIOThCS, IO T03BOJIsSE 3adikCyBaT Baru
MOZeJIi i TPUCKOPUTY BUKOHAHHS IIPOTPaAMMU.

AJITOpUTM MMOKAa3aHMI Ha PUCYHKY 5.

Hauano

ony4YyeHde Kagpa vua
BMOEONOTOKa KaMep

h 4

OeTekTupoeaHue
TPaHCNOPTHBIX CpeacTs

I

MEXay Kagpamu Kaxaoro asTomobuna
[ |

v

MpuHATHE peLleHns
O TUMEe cUrHana

|

:

i

:

¢ }

i

Tpexuur obbekToR Knaccudukauwa curHana l
i

i

j

Buieog
MHopMaL i

PucyHoK 5 - CTpyKTypHa cxeMa aJrOpUTMy POOOTH CUCTEMM PO3Ti3HABAHHS

Ins peasnisaiiii cucTeMy po3mi3HaBaHHS OCHOBHMM iHCTPYMEHTOM € MOBA Mpo-
rpamyBaHHS Python 3.
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HaBuanHs netekTopa YOLOV3 6yme mpoBoauTucs y dpeitmBopky DarkNet.

Nvidia TensorRT - BMCOKONPOAYKTUBHMUI TpadiuHMit TPUCKOPIOBAY HEITPOHUX
MepexX BiJl MeKiJIbKOX BiJICOTKIB JI0 eKiJibKoX pa3iB. Tak, Ha Bimeo kapTi Nvidia GTX
2080Ti B cepemoBuii DarkNet momens YOLOvV3 mpaiifoe 6;13bko 20 MilicekyH/I, a 3
BukopuctaHHIM TensorRT - 10 misiceKyH/I, 1110 03Ha4Ya€ MPUCKOPEHHS B 1Ba pasu.

st momeni knacudikailii 6ye Bukopuctanuit ¢ppeitMBopk PyTorch.

Bi6ioTreku Python:

1) OpenCV - 6i6ioTeKa A5 KOMIT'IOTEPHOTO 30pPY i eeKTMBHOI 00pOOKM 300-
paXKeHb;

2) NumPy - 6i6ioTeka Aj1s1 BEKTOPHUX i MAaTPUUHUX 0OUMCIIEHD;

3) Albumentations - 6i6;1ioTeka A1 ayrMeHTallii 300paskeHb.

HaBuaHHs i TectyBaHHs. YOLOV3 HaByasnacst mpoTtsarom 30 TucCsSY iTepaiiiii, B
KO3KHIi 3 IKMX OYJI0 110 64 300paskeHHs], 1[0 eKBiBaJeHTHO Npubam3Ho 20 ermoxam.

[Ipouiec 3MeHIIEHHS TOMWJIKM 1 3pOCTaHHS MeTPUKM MAP T1okasaHuii Ha
PUCYHKY 6.

mAPT

4.0
3.3
a0
2.5

2.0

0.5

L] 3000 6000 S000 12000 13000 18000 21000 24000 7000 30

PucyHOK 6 - I'padik HapuanHs YOLOV3
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B pesynbTaTi HaBUaHHS Oy/ia OTpMMaHa MOJE/Ib 3 TAKMMM XapaKTepUCTUKaAMU
(Tabnuig 3).

Tabmuig 3
Pe3ynbTaTyt HaBUaHHS JeTeKTopa
MeTpuka 3HauyeHHs
MAP@0.5 84.23%
Recall 0.76
Precision 0.89
F1-score 0.82

IaHi MOKa3HUKM € JOCUTb BUCOKUMMU i TO3BOJISIIOTH BUKOPUCTOBYBATY MOZEIb
B SIKOCTi IeTeKTOpa TPaHCIIOPTHMUX 3aCO0iB.
[Tpukianm po6oTH AeTeKTOpa - Ha PUCYHKY 7.

W: i, , = 74
ﬁ*i.mhﬂw”“

PucyHoK 7 - IIpukiaz neTeKTyBaHHS

HaBuaHH$ ki1acudikaTopa TpuBaso B IecsiTh pasiB mosiie - 200 erox. Tomy 110
JaHuX [J1s1 HaBUYaHHS KiacudikaTopa B pa3y MeHIle, HiX JJ1s1 JeTeKTopa.

I'padik 3HMKEHHSI IIOMWIKM Ha HaBYaJIbHIil i BigK/IageHoi BMOipIi ITOKa3aHMii

Ha PUCYHKY 8.
— ftrain_loss
— wval_loss
08 4 B
0.6
044
021
0 25 S0 75 100 125 150 175 200
PucyHok 8 - I'padik HaBuaHHS MobileNetV2
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st knacudgikaTopa 6yaM OTpUMaHi HACTYITHI METPUKNA:

preclsion recall fl-score support

HET TopMIseHWA B.9E3 8,991 @.987 466
| OpMOEEHHS .90 3,941 g.955 135
accuracy @.98a B0l

macro avg 8.976 0,966 a8.4971 Gal
welghted avyg B, e 2, % (S]] GEl
precision recall fTl-score  support

Het yrazatenes 0,988 0,904 @.598]1 317
Haneao g.919 0,895 0,987 38
Hanpaao 8. 966 0.875 8.518 32
ABapuAEa 0. 868 a.857 .83 14
BCCUracy @.978 BE]

macro awvg B.91B a.985 a.911 EB1
weighted avg 0,978 0,978 a.5978 Gl

Tyt cnig Big3HaumTu BUCOKMIT Fl-score §IK Ay CTOI-CUTHAUIIB, TakK 1 OJs
MOKa)XUYMKiB ITOBOPOTY.

[Tpy ubOMY HaBiThb HANTIPIINIT IOKA3HUK - precision Ajisi aBapiiHOro CUTHAJIY -
He oIyCcTuBCS HuKkue 0.8, 1110 € XOpOoINUM 3HaYE€HHSIM.

3amipu yacy MpoBOAMIMCS Ha ABOX Pi3HMUX 3a MOTYKHICTIO KOMIT'I0Tepax.

Bci BUMipy mpoBOAMINCS B MiJliCEKYHIaX.

Tabnuisga 4
[TopiBHSIHHS IIBUAKOMI1

Intel 15-7500,

Intel 17-7820X,

Mozysts Nvidia GTX 1060 Nvidia GTX 1080Ti
HerexTop 16-17 10-12
Knacudikarop 4-12 3-7
Tpekep 2-4 2-3
O6poOka curHaiiB 2-4 1-3
Bcest cucrema minkom 25-33 18-25

TakuM UMHOM, HaBiTh Ha OIJIbII C;TAOKOMY KOMIT'IOTEPi CHCTeMa MOsKe Mpailfio-

BAaTU B PEXMMI peaJibHOTO Yacy.

Taknit PO3KMA IIOSACHIOETHCA TUM, IO YaC OEAKUX MO,H,YI[iB iCTOTHO 3aJIESKUTD

BiJ KiJIbKOCTi 00pO6II0BaHMX 00'€KTIB.

BucHoBKM. B po6oTi BupilmryBajsocsi 3aBAAHHS pO3ITi3HABAHHS CBIiTJIOBUX

CUTHAJIiB TPAHCIIOPTHMX 3aCO0iB.

SIK meTeKTop TPAHCIOPTHMUX 3ac06iB BMKOPMUCTOBYBAJACS IOJIETIIEHA BepCis

YOLOV3, a xinacudikaTopoM CBITJI0BMUX CUTHAIIB BMUCTYyMajaa afialiToBaHa IiJ yMOBU

3amavi apxiTektypa MobileNetv2. Mogesi HaBUanucs Ha JIeKiJIbKOX JaTaceTax, Mpu-

BeJleHUX A0 €IMHOro opmary.
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OTpumaHa SIKiCTb MOJesieli € JOCUTh XOPOIIOI0 IS ToKa3y Ipale3aaTHOCTI
cuctemu. ITomanpiie TMOMIMIIEHHS IKOCTi MOSK/IMBO 3a PaxYHOK 30iJbIIeHHS 00CATY
HaBYaJIbHOI BMOipKM i OiIbIII TOYHOTO MiIO0pPY rinmeprapaMeTpiB MOIETi.

3 TOUKM 30py MIBUAKOCTI poOOTH cMCTeMa pO3Ii3HABAHHS ITOKa3ajia MPUITHSIT-
HUit pe3ynbTaT. Bech mpoliec 06pobKy Kajpy Moxke OyTY BUKOHAHMIA 32 PO3YMHMIA
yac Ha O610keTHOMY objagHaHHi. [IpoTe, A1 MTOBHOIIIHHOTO BOYAOBAHOIO pPillleHHS
CJTiJT 1@ CUJTbHIIe PUCKOPUTU TPOIeC 06pO6KY, IpU IIbOMY 3HU3UBIIN CIIOKMBAH-
H4 rpadiyHOi mam'siTi i HAaBaHTa)KeHHS Ha IMPo1ecop.

[Tpu mepeBiplii Mpaie3gaTHOCTI Ha 3aMucax 3 BigeopeecTpaTopa cucTeMa IMo-
Kasasa cebe nobpe, 0JHAK iHOAI CriOCTepirajncs HEKOPeKTHi pe3yabTaTu IJisl fajie-
KX aBTOMOOIJTiB.
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Ucnonb3osanue Helipocemessix Knaccuguxkamopos
0214 peanusayuu cucmemsl UGeHMUGUKALUU MPAHCNOPMHbIX Cpedcms

Paboma nocssweHa uccnedosaHuto Helipocemessix Kaaccugpukamopos 0/1A peanusayuu
cucmemsbl udeHmuguUKayuu mpaHcnopmHseix cpedcms. B pabome pewanacs 3a0aya pacnosHasa-
HUS CBEMOBbIX CUHASI08 MPAHCNOPMHbIX CPeOCmB.

Kax 0demexkmop mpaHcnopmHsix cpedcms ucnoib308aaack obnezyeHHas sepcus YOLOV3, a
Kaaccugukamopy c8emosbix CU2HA08 8bICMyNana adanmuposaHa nod ycaosus 3a0ayu apxu-
mexkmypa MobileNetv2. Modenu y4unuce Ha HeCKOJbKUX damacema, NpuseoeHHbIX K eOUHOMY
popmamy.

llony4yeHHas ka4ecmso modenell A8agemcs 0ocmamo4yHo xopouwel 015 00KazamesnbCmsa
pabomocnocobHocmu cucmemsl. [lansHeliwee yay4dlieHue Ka4ecmsa B03MOXHO 3a cHem ysesnu-
yeHus obvema obyyarouieli BbI60pKU U 6oslee MoYHO20 nodbopa eunepnapamempus modenu. C
MOYKU 3peHus cKopocmu pabomsl cucmema pacno3HaBAHUs NOKA3GAa npuemsemblli pe3ysib-
mam.

Using neural network classifiers
for the implementation of the vehicle identification system

The work is devoted to the study of neural network classifiers for the implementation of a
vehicle identification system. The problem of recognition of light signals of vehicles was solved
in the work.

The light version of YOLOv3 was used as a vehicle detector, and the MobileNetv2
architecture was adapted to the light signal classifier. The models were trained on several
datasets, brought to a single format.

The resulting quality of the models is good enough to prove that the system works. Further
quality improvement is possible by increasing the volume of the training sample and more
accurate selection of model hyperparameters. From the point of view of the speed of work, the
recognition system showed an acceptable result.

From the point of view of the speed of work, the recognition system showed an acceptable
result. The entire process of processing a frame can be done in a reasonable amount of time on
budget equipment. However, for a full-fledged embedded solution, it is necessary to further
speed up the processing process, while reducing the consumption of graphics memory and the
load on the processor.

When checking the operability on the recordings from the DVR, the system spoke well, but
sometimes incorrect results were observed for distant cars.
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PE®OEPATU

YIK 614.2+574/578+004.38

Jiuteunos  0.A. TMepeTBopeHHA iHdopmaLinHOT cucTemn YHihiKOBaHOT KNiHiKo-
CTaTUCTUYHOT Knacudikauii aiarHo3iB // CucTemMHble TeXHONOMMU. PernoHanbHbI MeXBY30B-
CKMit COOPHUK HayyHbIX paboT. - Beinyck 2 (133). - OHenp, 2021. - C.3 - 11.

B po6oTi po3rnsaga€eTbcs BapiaHT NepeTBOPEHHS CUCTEMM YNPaBiHHA YHIPIKOBAHO KiHiKO-
CTAaTUCTUYHOO Knacudikauieto AiarHo3is.

YHiikoBaHa KNiHIKO-CTaTUCTMYHA KNacuikalia giarHo3is — ue gppenmoBuin Knacudikartop,
IO [O3BONAE KOAYBATW KNiHIYHI AiarHo3W, fKi BUKOPUCTOBYIOTbCA ANA (HDOPMYBAHHA NMPOTOKONIB
NiKyBaHHs, FMOOKOro aHanily AaHuX LWoA0 NiKyBaHHA nauieHTiB. Ha npoTa3i gecaTu pokiB BUKO-
PUCTaHHS Hakonuuwunocs 6arato nobaxaHb WOJO BAOCKOHANEHHA CUCTEMM  YNPaBJiHHA
Knacudikatopom.

PilWweHHs, fsKe HaBeaeHo y CTaTTi 6a3yeTbCs Ha KapAWHaANbHii nepepobui iHTepdeiicy Kopu-
CTyBayYa: BiXOAY Bif KNAaCUYHOI AepeBOBUAHOI MoAaeni pedMoBOi CTPYKTYPY, Ta BUKOPUCTAHHSA
Mofeni TEKCTOBOrO pefakTopa NoAibHOMy cepefoBMLAM MPOrpamMHOi po3poOKM 3 BBEAEHHSM
byHKUiKA, Wwo pobnaTb poboTy ekcrnepta Ginblw eheKTUBHOW. TaKOX 3anpONOHOBAHO 3MiHUTM
apxiTeKTypy AOAATKY 3 MOHOMITHOT Ha GaraTowwaposy.

3anponoHoBaHMii  BapiaHT [J03BONAE CYTTEBO CMNPOCTUTM YNPaBAiHHA (PEenMoBOIO
Knacudikauielo AiarHo3iB 3aBAAKM 3MiHI Nigxofy QA0 CTBOPEHHA iHTepdency KopucTyBaya.
Po3rnsHyTi Mmogudikauii apxiTeKTypu AoaaTky TaKoX A03BOSMIN 3poOUTU cuCTeMyY Gibl CTiiKO
[0 3MiH, NONerwnTy ii cynpoBia.

bi6n. 10. in.9. Tabn.

YOK 004.42:621.317.351

NeoH A.N., NctywkuH B.®. Mporpamma ans usmepeHus audgepeHunanbHOro CONpoTms-
NeHus nyTeM CKAHMPOBaHUA UU(DPOBLIX U300paXKeHUit aHaNoroBbIx ocuuanorpamm // Cuc-
TEMHble TEeXHONOruu. PernoHanbHbll MeXBY30BCKMIA COOPHMK Hay4yHbIX paboT. - Bbinyck
2 (133). - iHenp, 2021. - C.12 - 19.

OnucaHa nporpamma s u3mMepeHus AudQepeHLManbHOro ConpoTUBAEHUA BapUCTOPHBIX
MaTepuanoB no [aHHbIM CKaHUPOBAHUA LUGPOBLIX M30OPAKEHUN AHANOTOBLIX OCLMINIOrPaMM.
Mporpamma peanusoeaHa cpeacteamm HTML, CSS, JavaScript u TexHonorum Canvas. [porpammHoii
Cpegoit s ee BbINOAHEHUs ABNAIOTCA Gpay3epbl ceT NHTepHeT. Mporpamma MOXeT NpUMEeHATLCA
npy U3MepeHUn NIMHENHOrO0 COMPOTUBIEHMUSA, KOTOPOE OFPaHUYMBAET HENIMHERHOCTL BOJIbTaMMnep-
HOI XapaKTePUCTUKM BAPUCTOPHbIX MaTepUanoB B 061aCT CUbHBIX 3NEKTPUYECKMX TOKOB.

bubn. 4. puc.2.

YK 004.42:621.317.351

NBoH A.W., UctywkuH B.®., Puibka H0.M. Be6 npunoxeHue pna u3MepeHus C BbICOKOM
TOYHOCTbIO BOJIbTaMMEpPHbIX XapaKTepucTuK // CuctemHble TexHONOrnun. PernoHanbHblin Mex-
BY30BCKMI COOPHUK HayyHbIX paboT. - Beinyck 2 (133). - fnenp, 2021. - C.20 - 25.
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OnucaHo npuknagHoe Be6G-NPUNOXKEHWE, KOTOPOe NMO3BONSAET NyTeM CKAHMPOBaHUsA LUt po-
BbIX U300paXeHU1 aHaNOrOBbIX OCLMANOrPAMM UMMYNLCOB HAMPSAXKEHUSA U TOKA U3MEPSAT C BbICOKOM
TOYHOCTbIO BONbTAMMEPHYIO XapaKTEPUCTUKY NOJYNPOBOSHUKOBbLIX MAaTEPUATIOB B 06/1aCTU CUbHBIX
3NIeKTPUYECKNX TOKOB. [punoxeHne no3BonseT obecneyntb U3MepeHne HanpsXKeHUs 1 ToKa C OT-
HOCUTENbHOM OWKOKOIA, KoTOpas He npesblwaeT + 1 %.

bubn. 3.

YIK 621.31

ToHkowkyp 0.C., lozoscbkuii A.C. loaaTok anA po3paxyHKy napameTpiB ra3oBoro CeHco-
pa 3 eKCnepuMeHTaIbHO1 KiHETMYHOT 3aneXHoCTi noro Biaryky // CuctemHble TexHonoruu.
PervoHanbHblii MeXBY30BCKMIt COOPHUK HayuyHbX paboT. - Beinyck 2 (133). - OHenp, 2021. -
C.26 - 32.

Y paHiit poboTi NpeacTaBieHi eneMeHT CTPYKTYpY i iHTepdeiicy cnewianizoBaHoro gopaTky
Ha OCHOBi aNIrOPUTMy MOAENT PO3TArHYTOT €KCMOHEHLiaNbHOT yHKLiT Ans 06pOOKM faHUX KiHETUKM
BIAMYKY PE3UCTUBHUX ra3o0BMX CeHCOpiB. lpu CTBOpEHHi Nporpammu 3acTOCOBaHa KOHLENLis BUKO-
PUCTaHHA Pi3HWUX MPOrpaMHUX NAKETIB i CepefoBULL, HaMbINbLW edeKTUBHUX HA KOXHOMY eTani 06-
poOKM i aHanizy AaHux. [lonatok Hajae Taki cepBicHi (yHKLiT, AK BBEAEHHA AaHKUX 3@ [ONOMOr0i0
eNeKTPOHHUX Tabnuub Excel; po3paxyHku B MmatemaTuyHomy naketi «Mathcad»; TectoBi npuknagu
BUKOPUCTAHHS 00YMC/IIOBANbHUX ANrOpUTMiB i HafjaHHA HeobXigHOi TekcToBOi iHdopMmauii 3
BHYTPILWHiX Axepen Ta IHTepHeTy.

bi6n. 8.

YOK 004.42:543.572.3

MatBeeBa H.O. LUTy4Hi HeipOHHi Mepexi B MeanyHii giarHoctuyi // CuctemHble TexHO-
noruu. PervoHanbHbI MEXBY30BCKUIA COOPHUK HayuHbix pabot. - Beinyck 2 (133). - [Henp,
2021. - C.33 - 41.

OcTaHHIM YacoM LWTYYHI HeWpOHHI Mepexi 3HaxofAATb 6e3/1iy 3acTocyBaHb B MefMYHil
AiarHocTuui. Y cTatTi po3rnagaoTbCs BUNAAKM peHonaTii npu LyKpoBoMy fiabeti 2 Tuny. Lle ogHe 3
HaWbiNbL BaXKKMX YCKNALHEHb LYKPOBOro fiiabeTy, ke BpaXae CYANUHM CiTKIBKM O4HOrO A6NYKa.

Y IKoCTi BXiiHUX JaHUX 6epyTbCA MeLUYHi NOKA3HWUKM, IKi XapaKTepu3yTb CUMNTOMM XBO-
pobu. baratowaposi nepcentponu (MLP) BuKkopuCTOBYIOTLCA B AKOCTI KnacuikaTopis, fKi BKa3y-
t0Tb Ha 3arpo3y 3aXBOPIOBAHHS.

CTBOpeHHSA HeilpoHHOT Mepexi BUKOHYBANOCS HA MOBi NporpamyBaHHa Java. [Ins HaBYaHHA
MLP cnoyaTtKy BUKOPUCTOBYBABCS aNrOPUTM HaBYaHHA 31 3BOPOTHUM MOLIMPEHHAM NOMUJIKM, NOTIM
~ anroputm JleBenbepra — Mapksapara. bynu nposefeHi AOCTIIKEHHA WOA0 BU3HAYEHHS KpALLMX
napameTpiB Mepexi, Takux AK: QYHKUIT akTUBaLi BXIAHMX 1 NPUXOBAHMUX HEMPOHIB Ta BU3HAYEHHSA
KiNIbKOCTi HelipoHiB B NpuxoBaHOMy Wwapi. B ekcnepumeHTax BMKOpPUCTOBYBANWUCA rinepboniyHa
TaHreHuianbHa ¢yHKUis akTuBauii (Hypertan) i norictuyHa curmoipanbHa QyHKUiA akTuBauii

(Siglog).
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Pe3ynbTaTit 3aCTOCYBaHHA WTYYHUX HEMPOHHUX MEPEX AN1A AiarHOCTMKM peHonartii Ha OCHOBI
00paHMX CUMNTOMIB NOKA3YI0Tb 34aTHICTb MEPEXi PO3Mi3HABATU 3aXBOPIOBAHHS.

bi6n. 8,1in. 2, Tabn. 2.

YK 004.415.2.031.43

CnipiHues B.B., Monos [.B., CnipiHuesa 0.B. BipTyanbHuit umgpoBuit accucTeHT 3
niaTpuMKolo ronocosoro iHtepeitcy // CuctemHble TexHoNnorum. PernoHanbHbln MeXBY30B-
CKMit COOPHUK HayyHbIX paboT. - Beinyck 2 (133). - AHenp, 2021. - C.42 - 51.

3anponoHoBaHO BipTyanbHUM LUPOBUIA NOMIYHMK, O MOXEe NPaLioBaTh 3 AOBINbHUMM CUC-
TeMaMu Ta 3abe3nevyBaTM edeKTUBHE PilleHHS By3bKOHAMpaBfeHWX 3afay KOpWUCTyBaya Mo
B3aEMOfii 3 yKpaiHCbKMMMK cepBicaMu 3 NiATPMMKOIO ro0CcoBOro iHTepdeiicy. Po3pobneHuii Beb-
cepBic 6yno peanizoBaHO 3a JONOMOrol MoBM nporpamyBaHHs PHP, cepeicy Wit.ai gns 06pobku
aypiocurHanis, 6i6niotekn FANN ans nobynoBu HelipoHHOT Mepexi, cepgicy Telegram gns cTBo-
peHHs iHTepdeicy.

bi6n.3, Tabn.1,in.10.

YIK 621-83 681.51

CraHumy I.10., Cranuuy A.T., PymsaHues 0.B. locnigikeHHA 6araToKaHIbHMX CUCTEM Noyep-
roBoro KepyBaHHa // CuctemHble TexHONOrMu. PernoHanbHbIN MEXBY30BCKMUI COOPHUK HAY4HbIX
pabor. - Buinyck 2 (133). - AHenp, 2021. - C.52 — 67.

Po3rnapatotbcs  GaraToKaHalbHi  CUCTEMWM  KEpyBaHHS, B  AKUX KEpYKuuid  BMIMB,
NPUKNAJAETLCA B OAHOMY 3 KaHanie, BiANOBifHO A0 [EAKOrO 3aKOHy nepemukaHHs. [puBepeHa
knacucdikauis 6aratokaHanbHux cuctem noveprosoro kepysaHHs (BCIMK). MpuseneHi pisHi Tunosi
cxemu BCMK 1 npuBepeHunii ix nopiBHANbHWIA aHani3. Po3rnagaloTbca pi3Hi yMOBM NepeMUKaHHA
Kepytouoro Bnausy. lpuBeaeHa uudposa imitauinHa mopens bCINK i pesynbTaty ii gocnigxeHs.

bi6n.3.

YK 519.71

Monskos M.0., Cy66otiH C.0., Monskos 0.M. IHTeponepabinbHicTb iHTErpoBaHuX
iepapxiyHux cucrem // CuctemMHble TEXHONOTUM. PermoHanbHbIN MEXBY30BCKUIA COOPHUK HayYHbIX
paboT. - Buinyck 2 (133). - inenp, 2021. - C.68 - 78.

3micT, BnacTMBOCTi Ta 0CO6AMBOCTI  iHTeponepabinbHOCTI  pPo3rNAfalTbCAs  CTOCOBHO
iHTEerpoBaHMX i€papXiyHMX CUCTEM. 3anponoHOBAHO CTPYKTYpY VHiiKOBaHOro enemeHTa ANs
(yYHKLIOHaNbHOT B3aeEMOAii piBHIB iepapxiyHOi cucTemu. Lein enemeHT € 3aranbHUM Ans
B3AEMOZil0YMX CUCTEM, BUKOHYE Pi3Hi QYHKLIT B Uux cucTemax i nobyaoBaHuii y hopMi CKiHYeHoro
aBTOMaTa 3 KepoBaHOI CTPYKTYpOl0. 3anponoHOBaHO KOMM'IOTEPHY Nporpamy AN MOAENOBAHHSA
B3aEMOAIT piBHiB iepapxiyHoi cuctemu. HaBeaeHo Npuknag MofentoBaHHA B3aEMOAiT CUCTEM 3 BU-
KOPUCTaHHAM 3anponoOHOBAHOI0 YHi(hiKOBAHOr0 €N1E€MEHTA, WO NiIATBEPAMUIO MOXIMBICTb B3aEMOSIT
MiX CUCTEMAMMW, KepYIOYM NOBELIHKOI 0AHOr0 aBTOMATa 3a JONOMOrOH iHWOTO.

bi6n. 9,in. 5, Tabn. 2.
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YK 519.25:681.5

Capbiyes A.T1., Mepsuit 6.A. 06Hapy>eHue U3SMEHEHUIN B ABUKEHNN KOCMUYECKUX 0ObeK-

TOB Ha OCHOBE aBTOPEerpeccMoHHbix moaenein // CuctemMHble TeXHONOrMKU. PernoHanbHbIN Mex-
BY30BCKMIl COOPHUK Hay4HbIX paboT. - Beinyck 2 (133). - Anenp, 2021. - C.79 — 88.

PeweHa 3agaya 0OHapyKeHUs N3MEHEHNA ABUMKEHUSA HedYHKLMOHMPYIOLLEr0 KOCMUYECKOTO
annapata «Cny-2» Ha 0CHOBe aBTOPErpecCUOHHBIX MOAENEN, MOCTPOEHHBIX MO BPEMEHHbLIM pAAaM
TLE-3nemeHTOB. Pa3paboTaHHbIii METOp, LienecoobpasHo NCNoNb30BaTh A1 0OHAPYKEHUS U3MeHe-
HUS OBUMXEHUS OOBEKTOB PAKETHO-KOCMUYECKOW TEXHUKM B MPOLECcce WX LIUTENbHOM 3KCnyaTa-
umm.

bubn. 11. Unn. 9. Tabn. 1

YOK 626.84:631.171

Kapnenko C.J1., Jle6enenko 0.0., Pynakosa A.B., Pynakoa A.A. MogenupoBaHue cxembl
pa3MelLeHns aKTUBHOIO JOXKAEBa/IbHbIX 000pYAOBaHME 3aKPbITON OPOCUTENbHOW CUCTEMbI
// CuctemHble TexHoNoruu. PernoHanbHblli MeXBY30BCKMI COOPHMK HayuyHbIX paboT. - Bbinyck
2 (133). - [venp, 2021. - C.89 - 96.

Lenblo nccnepoBaHus sensetca pa3paboTka npoueaypbl onpeneneHns napamMeTpoB CXEMb
PacrnofoXeHns akTUBHOTO AOXAEBANbHOTO 060PyL0BaHMA B 3aKPbITbIX OPOCUTENBHBIX CUCTEMAX. B
CTaTbe PacCMATPMBAIOTCA KOMMNEKC AOXKAEBaNbHbIX YCTAHOBOK, KOTOpAs COCTOMT U3 BOCbMM MO-
JIMBHbIX MONe, obliee KONMYECTBO AOXAEBa/bHbIX YCTAaHOBOK B PacCMaTpMBaeMON CUCTEME BO-
cemb. B cTatbe paccmatpuBaloTCs npouecc pacyeta obLuero KouyecTsa BapMaHTOB NOAKIOYEHNS
LOXAEBaNbHbIX YCTAHOBOK C NOCNEAYIOWMM NEepexooM K YNpOLEHHON CXeMe, LA BO3MOXHOCTM
3aflaHuA CTPYKTYpbl NOAKMIOYEHUsA C NOMOLLblo MaTpuy. W npepnoxeHa npouenypa onpeaeneHus
napaMeTpoB CXeMbl pa3MelLeHNs aKTUBHOW AOXAEBANbHOTO 060pyA0BaHMUS.

bubn. 6, un. 5, Tabn. 1.

YOK 621.928.024.1

KoHnoHoB [.0., EpmokpaTbeB B.0., MipowHuk €.C. JlocnipeHHA nepexoaHix npoueciB
BiOpauiitHOi MawmHK 3 iHepuiliHUM BiIOPO3GYAHMKOM Ta aCUHXPOHHUM €JIEKTPOABUTYHOM //
CuctemMHble TexHONOrUu. PervoHanbHbIii MEXBY30BCKWI COOPHUK HayyHbiX paboT. - Beinyck
2 (133). - inenp, 2021. - C.97 - 109.

Po3pobneHo matematuuyHy mopens BTM, cknapeHi audepeHuianbHi piBHAHHA pyxy BTM 3
YPaxyBaHHAM  XapaKTePUCTUK ACUHXPOHHOrO eNeKTPOABWUIYHA. [na  BUpilLEHHA cucTemu
AaudepeHuianbHux  po3pobneHa nporpama B pgopatky Simulink. Otpumadi  3anexHocTi
NiaTBEpPAXKYIOTb 30iNbWEHHA aMnIiTyAM KonuBaHHA noTka BTM npu nycty Ta 3ynuHui BTM, wo
HeobXiaHO BpPaxoByBaTU AJs PO3paxyHKY napamMeTpiB poboTu cucTeM 3 BibpauiliHUMKU MALIMHAMMK.
poBeaeHO NOPiBHAHHA eKCNepUMEHTANbHUX [AHUX 3 PO3PAXYHKOBUMW, MA€E MicLe rapHuid 36ir
pe3ynbTaTiB.

buon. 7.
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YK 004.032.24
IBauwenko B.M., Weaumny T.I., IsaweHko 0.B. flocnigkeHHA edeKTUBHOCTI 06YnCneHb B

MOAY/IbHUX GaraTonpouecopHux cuctemax // CucTeMHble TeXHONOTUU. PerMoHanbHbIi MexBy-
30BCKMiA COOPHUK Hay4HbIX paboT. - Beinyck 2 (133). - Axenp, 2021. - C.110 — 118.

CraTTio NPUCBAYEHO AOCTIfKEHHIO eheKTUBHOCTI GaraTonpoLecopHOi 064YMCIOBANbHOT CUC-
TEMU NpU PO3B'A3yBaHHiI 3afay, CNPAMOBAHMX HA PO3WMPEHHS ob6nacTi obuncneHb. BussneHo
OCHOBHi 3aKOHOMipHOCTI WOA0 Yacy po3B'sA3yBaHHA 3afayi B 3aN€XHOCTI Bif 3MiHM obnacti 06-
yncneHb 6aratonpouecopHoi cuctemu. lpoBefeHi [OCNIAXKEHHS CNPAMOBAHO HA BU3HAYEHHS
koediluieHTa ynoBiNbHEHHA 00YMUCNeHb, NOB'A3aHOr0 3i 36iNblWeHHAM o6nacTi 064YMCNeHb
6araTonpoLecopHoi cMCTeMM B NOPiBHsHHI 3 BapiaHTOM KoMmn'toTepa 3 HeoOMeXeHot 06nacTio 06-
yncneHb. BuBeAeHi aHaNiTMYHi cniBBiIAHOWEHHS ANs BU3HAYeHHs KoedilieHTa ynoBiNbHEHHsA 00-
YnucneHb, NPOBEJEHO eTan MOAENOBAHHA KoedilieHTa yNoBiNbHEHHA 064MCIEHb 3 METOIO BCTAHOB-
NIEHO 3aKOHOMiPHOCTI Oro 3MiHM B 3a/I€XHOCTI BijJ 3aCTOCYBaHHsA NMEBHOT 06YMC/IIOBaNbHOT NiaT-
tdhopmu.

bi6n. 5,1in. 1, Tabn.1.

YK 622.776

Npsako H.C., by6nukos A.B., TepHoBas E.B., My3uka JI.B. Mpouecc cTpyitHOoro usmenbye-
HUA KaK 00beKT ynpaBneHus // CucTemMHble TEXHONOrMU. PeroHanbHblii MeXBY30BCKUIt COOPHHMK
Hay4HbIX paboT. - Beinyck 2 (133). - Onenp, 2021. - C.119 - 127.

AKTyanbHOCTb TEMATUKKM [aHHOW paboTbl onpeaenseTcs HeobXoAMMOCTbIO CHUXEHUSA dHEp-
FOEMKOCTM TOHKOrO M3MebYeHUA MyTeM ynpaBfieHUs NPOLECcCOM, NpeafiaraeTcs peann3oBaTh Ha
OCHOBE Pe3yNbTaToB aKyCTUYECKOr0 MOHUTOPUHTa. B paboTe onucaHo paboTy CTPYyiHOro MenbHU-
LUbl B 3aMKHYTOM LnKne. Kak M3BECTHO TOHKOE U3MeNibyeHne OTHOCUTCA K 3HEProeMKoro Npou3Boj-
CTB3, OHAKO CTPYiHOE M3MeslbYyeHne HEe3aMeHUMO NpU NOMYYEHUU TOHKUX U CBEPXTOHKUX KYUC-
TbIX» MaTe€pWanoB, TO €CTb MaTepuanoB 6e3 NpuMBHECEHUA KaKux-nnbo npumeceir. A ¢ co3paHuem
HOBOTO cnocoba KOHTPONsA mpouecca NOsBMNACh peanbHas BO3MOXHOCTb CHUXEHWA 3Hepromno-
TpebNeHNs CTPYHbIMU MENbHULAMU TIPY NOAAEPKKE ONMTUMANbHOM UX MPOMU3BOAUTENbHOCTU. Ha
OCHOBE aHann3a NapameTpoOB NPOLECCA BbIJENEHO BXOAHbIE U BbIXOAHbIE, BO3MYLLAIOWMX W YNpaB-
nsoWmMe napameTpsl npouecca. Takum o6pasom, NpeAcTaBieHbl CTPYHHOE U3MeNbYeHUe, Kak 00b-
eKT ynpasneHus. MokasaHo npobaembl CTPYNHOTO U3MeNbYEHUS U NYTW X pelenus. ITo cTano 6a-
300 JanbHeiwwero NoCTPOEHMA aBTOMATUYECKOro YNPaBeHNs NPOLECCOM C aKyCTUYECKUMMU CUTHa-
NaMu 30Hbl U3MeNbYeHUs

buébn. 7., unn. 2.

YK 004.021

fno6a H.W., Omutpuesa WU.C. Pa3paboTka anroputma Ans NOCTPOEHUA NPOTOTMNA 3KC-
NepTHON CUCTEMbI AUArHOCTUKU aBapUMHBIX cuTyauumn cetn // CuctemHble TexHonoruu. Perno-
HaJIbHbI MEXBY30BCKMI1 COOPHUK HayYHbIX paboT. - Beinyck 2 (133). - iHenp, 2021. - C.128 - 134.
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Wcnonb3ys 3KCNEpTHYI0 CUCTEMY, MOXHO YMEHbLIWTb KONMMYECTBO MHQOpPMaLMK, KOTOpoe
HYXHO YYMTbIBATb JUCNETYEPY M YCKOPUTb NMPOLECC MPUHATUA peleHus. TakKe npaBuAbHO No-
CTPOEHHAs IKCMEPTHAA CUCTEMA NO3BOJIUT YMEHBIUMTL KOJIMYECTBO NOTEHLMANLHBIX OWMOOK B Npu-
HATbIX peweHusx. B pamkax faHHoW paboTbl 6bI0 pa3paboTaHo MoaUGMLMPOBAHHON anropuUTM
Jeikctpu. MognduuMpoBaHHbIA anroputM nokasan 60/blyio 3hheKTUBHOCTL N0 CPAaBHEHUIO C
APYrMMU anropuTMamu, KOTOpble pacCMaTpUBaANMUCh, MOTOMY Ha 6a3e ero B JaNbHeMWeM peann3o-
BaH NPOTOTMN 3KCNEPTHOW CUCTEMBI.

bubn. 3, un. 2.

Y[IK 004.832:629.3

Octposcbka K.H0., CrosnuyeHko I.B., lybaHos O.[l. BuKOpuUCTaHHA HeWpomepeKeBUX
knacudikatopie ans peanisauii cucremu ipeHtTudikauii TpaHcnopTHUX 3aco6iB // CuctemHeble
TEXHONOTUMN. PernoHanbHbI MEXBY30BCKUIA COOPHUK HayyHbIX paboT. - Beinyck 2 (133). - OHenp,
2021. - C.135 - 146.

PoboTa npucBsAYeHa AOCTiAKEHHIO HeMpOMEepeXeBMUX KnacudikaTopis Ans peanisauii cucre-
MW igeHTUdikauii TpaHcnopTHUX 3aco6iB. B po6oTi BupilyBanocs 3aBfaHHA pO3Mi3HaBaHHA
CBIiT/IOBMX CUTHANIB TPAHCMOPTHUX 3ac06iB.

AIK [peTeKTOp TPaHCNOPTHUX 3acob6iB BMKOpMcTOBYBanacs nonerweHa Bepcis YOLOv3, a
KnacudikaTtopoM CBIiTNOBMX CWUrHaniB BMUCTynana afanToBaHa Mif yMOBM 3ajadi apxiTeKTypa
MobileNetv2. Moaeni HaBYanucs Ha AeKiNbKOX AaTaceTax, NPUBEAEHUX A0 EaMHOro opmarty.

OTpumaHa fKiCTb Mojeneit € JOCUTb XOPOLIOI ANA AOKa3y npaue3patHocTi cuctemu. [lo-
Aanblue NoninieHHs AKOCTI MOXIMBO 3a PaxyHOK 36inbleHHs 06cAry HaBYanbHOT BUGIpKM 1 BinbL
TOYHOro nigbopy rinepnapameTpiB Mogeni. 3 TOYKM 30py WBMAKOCTI PobOTM cuCTeMa
po3ni3HaBaHHA NOKa3ana NPUAHATHUIN pe3ynbTar.

bibn. 12, in. 8.
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UDC 614.2+574/578+004.38

Litvinov A.A. On redesign of Unified Clinico-Statistical Classification of Disease In-
formation System // System technologies. N 2(133) - Dnipro, 2021.- P.3 - 11.

The work is devoted to redesign of Unified Clinico-Statistical Classification of Disease.
Text editor-based user interface has been developed and multilayered Architecture was pro-
vided. Such modifications made UCSCD management system more flexible, robust and main-
tainable.

Bibl. 10, ill. 9. tabl.

UDC 004.42:621.317.351

Ivon A.L, Istushkin V.F. Software for measuring of differential resistance by scan-
ning of digital images of analog oscillograms // System technologies. N 2(133) - Dnipro,
2021.- P.12 - 19.

A program for measuring the differential resistance of varistor materials by scanning
digital images of analog oscillograms is described. The program was created using the lan-
guages HTML, CSS, JavaScript and Canvas technology. The software environment for its execu-
tion are Internet browsers. The program can be used to measure linear resistance, which limits
the nonlinearity of current-voltage characteristics of varistor materials at high electric cur-
rents.

Bibl. 4, ill. 2. tabl.

UDC 004.42:621.317.351

Ivon A.L, Istushkin V.F., Rybka Yu.M. Web application for high accurancy measure-
ment of volt-ampere characteristics // System technologies. N 2(133) - Dnipro, 2021.-
P.20 - 25.

Web application is described that allows, by scanning digital images of analog oscil-
lograms of voltage and current pulses, to measure with high accuracy the volt-ampere charac-
teristics of semiconductor materials at high electric currents. The application allows measur-

ing voltage and current with a relative error that does not exceed + 1%.

Bibl. 3.

UbDC621.31

Tonkoshkur A.S., Lozovskyi A.S. Application for calculating the parameters of a gas
sensor from the experimental kinetic dependence of response // System technologies.
N 2(133) - Dnipro, 2021.- P.26 - 32.

The elements of the structure and user interface of a specialized application for proc-
essing experimental data and calculating the parameters of gas sensors, based on the concept
of using various software, packages and media are presented that are most effective at each
stage. The application provides such service functions as data entry using Excel spreadsheet
program; calculations in the mathematical package "Mathcad"; test item examples of using
computational algorithms and providing the necessary textual information from internal
sources and the Internet.

Bibl. 8.
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UDC 004.42:543.572.3

Matveeva N.A. Artificial neural networks in medical diagnosis // System technolo-
gies. N 2(133) - Dnipro, 2021.- P.33 - 41.

Artificial neural networks are finding many uses in the medical diagnosis application.
The article examines cases of renopathy in type 2 diabetes. Data are symptoms of disease.
The multilayer perceptron networks (MLP) is used as a classifier to distinguish between a sick
and a healthy person. The results of applying artificial neural networks for diagnose renopa-
thy based on selected symptoms show the network's ability to recognize to recognize diseases
corresponding to human symptoms. Various parameters, structures and learning algorithms of
neural networks were tested in the modeling process.

Bibl. 8.

UDC 004.415.2.031.43

Spirintsev V.V., Popov D.V., Spirintseva 0.V. Virtual digital assistant with voice inter-
face support // System technologies. N 2(133) - Dnipro, 2021.- P.42 — 51.

A virtual digital assistant which can work with arbitrary systems and provide an effec-
tive solution of narrowly focused user tasks for interaction with Ukrainian services voice in-
terface supported has been proposed. The developed web service was implemented by using
the PHP programming language, Wit.ai service for audio signal processing, FANN library for
neural network construction, Telegram service for creating an interface.

Bibl. 3.

UDC 621-83 681.51

Stanchyts G., Stanchyts A., Rumianstev A. Investigation of multi-channel systems of
alternating control // System technologies. N 2(133) - Dnipro, 2021.- P.52 - 67.

There are ACS with a rather complex structure, which have several, to varying degrees of
interconnection, control channels and one common executive or decisive element. Most often,
these are ACS, in which switching occurs when certain conditions are met, called switching
conditions or ACS, in which each channel is equipped with an actuator, but turning them on at
the same time is impossible due to the mutual influence of channels or due to other reasons.
That is, in these systems, the simultaneous formation of a control action in different channels
is impossible. The choice of the channel is determined by the switching law, the type of which
is determined by the problem being solved. The switching law can be: by the deviation of the
controlled value; by time; combined (i.e. by deviation and time). Computer simulation of the
system was performed in an interactive LabVIEW environment. A digital simulation model of
MACS(multichannel alternating control system) and the results of its research are presented.

Bibl. 3.

ubC519.71

Poliakov M.0., Subbotin C.0., Poliakov 0.M. Interoperability of Integrated Hierarchical
Systems // System technologies. N 2(133) - Dnipro, 2021.- P.68 - 78.

The content, properties and peculiarities of interoperability are considered in relation
to integrated hierarchical systems. The structure of a unified element for the functional in-
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teraction of the levels of the hierarchical system is proposed. This element is common for in-
teracting systems, performs different functions in these systems, and is built in the form of a
finite state machine with a controlled structure. A computer program for modeling the inter-
action of the levels of a hierarchical system is proposed. An example is given of modeling the
interaction of systems using the proposed unified element, which confirmed the possibility of
interaction between systems by controlling the behavior of one automaton with the help of
another.

Bibl. 9,il. 5, tabl. 2.

UDC519.25:681.5

Sarychev 0.P., Perviy B.A. Revealing changes in the space objects motion described
by autoregressive models // System technologies. N 2(133) - Dnipro, 2021.- P.79 — 88.

The task of revealing changes in the non-functioning Sich-2 spacecraft motion is com-
pleted using autoregressive models and time series of TLE elements. The developed method is
recomended to use for revealing changes in the movement of space objects during their long-
term operation.

Ref. 11. Fig. 9 Tab.1

UDC 626.84:631.171

Karpenko S.L., Lebedenko Y.0., Rudakova H.V., Rudakova A.A. Modeling of the scheme
of location of active raining equipment of the closed irrigation system // System tech-
nologies. N 2(133) - Dnipro, 2021.- P.89 - 96.

The aim of the study is to develop a procedure for determining the parameters of the
layout of active sprinkling equipment in closed irrigation systems. The article discusses a
complex of sprinkler installations, which consists of eight irrigation fields, the total number of
sprinkler installations in the system under consideration is eight. The article discusses the
process of calculating the total number of options for connecting sprinkler systems with the
subsequent transition to a simplified scheme, to be able to specify the connection structure
using matrices. And the procedure for determining the parameters of the layout of active
sprinkling equipment is proposed.

Ref. 6, fig. 5, table 1.

UDC 621.928.024.1

Kononov D.0., Ermokratiev V.0., Miroshnik E.S. Investigation of transitional processes
of vibration machine with inertionic vibrator and asynchronous motor // System tech-
nologies. N 2(133) - Dnipro, 2021.- P.97 - 109.

The main type of drive of such machines is an inertial drive, which consists of unbal-
anced vibrators. This drive is simple and has been widely used in vibrating machines of vari-
ous types. A mathematical model of VTM has been developed, differential equations of VTM
motion have been compiled taking into account the characteristics of an induction motor. To
solve the system of differential developed a program in the application Simulink. The ob-
tained dependences confirm the increase in the amplitude of oscillation of the VTM tray when
empty and stop VTM, which must be taken into account to calculate the parameters of the sys-
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tems with vibrating machines. The experimental data are compared with the calculated ones,
there is a good coincidence of results.

Ref. 7.

UDC 004.032.24

Ivashchenko V.P., Shvachych G.G., Ivashchenko E.V. Research of computing efficiency
in modular multiprocessor systems // System technologies. N 2(133) - Dnipro, 2021.-
P.110 - 118.

The article is devoted to the research of efficiency of a multiprocessor computing sys-
tem in solving problems aimed at expanding the computing area. The basic regularities con-
cerning the time of solving the problem are revealed, depending on the change in the multi-
processor system calculations area. The research is aimed at determining the deceleration
factor associated with the increase of the computing area of a multiprocessor system when
compared with the computer version with an unlimited computing area. The analytical ratios
are derived for determining the calculations deceleration coefficient. A stage of simulation
for calculations of the deceleration factor was carried out to determine the reqularities of its
change, depending on the application of a particular computing platform.

Bibl. 5,il. 1, tabl. 1.

UDK 622.776

Pryadko N.S., Bublikov A.V., Ternova K.V., Muzyka L.V. Jet grinding as a control object
// System technologies. N 2(133) - Dnipro, 2021.- P.119 - 127.

The relevance of the subject of this work is determined by the need to reduce the en-
ergy consumption of fine grinding by controlling the process, which is proposed to implement
based on the results of acoustic monitoring. The paper describes the operation of a jet mill in
a closed cycle. It is known that fine grinding refers to energy-intensive production, but jet
grinding is indispensable in obtaining thin and ultra-thin "pure" materials, i.e. materials
without the introduction of any impurities. And with the creation of a new way to control the
process, there is a real opportunity to reduce energy consumption by jet mills while maintain-
ing optimal performance. Based on the process parameter analysis input and output disturb-
ing and control process parameters are selected. In this way, jet grinding is presented as a
control object. The problems of jet grinding and ways to solve them are shown. This became
the basis for further construction of automatic process control based on the acoustic signals
of the grinding zone

Bibl. 7.,ill. 2.

UDC 004.021

Globa N.I., Dmytriieva I.S. Development of an algorithm for construction of a proto-
type of expert system of diagnostics of network emergencies // System technologies.
N 2(133) - Dnipro, 2021.- P.128 - 134.

Using a consulting model, it is possible to decrease information content it needs to take
into account that to the controller and accelerate a decision-making process. Also the cor-
rectly built consulting model will allow to decrease the amount of potential errors in made
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decision. As part of this work, a modified Dijkstree algorithm was developed. The modified al-
gorithm showed large efficiency as compared to other algorithms that was examined, that is
why the prototype of consulting model is realized in future on the base of him.

Lit. 3.,il. 2.

UDC 004.832: 629.3

Ostrovskaya K.Yu., Stovpchenko I.V., Gubanov A.D. Using neural network classifiers to
implement a vehicle identification system // System technologies. N 2(133) - Dnipro,
2021.- P.135 - 146.

The work is devoted to the study of neural network classifiers for the implementation of
a vehicle identification system. In this work, the problem of recognition of light signals of
vehicles was solved.

The light version of YOLOv3 was used as a vehicle detector, and the MobileNetv2
architecture was adapted to the light signal classifier. The models were trained on several
datasets brought to a single format.

The resulting quality of the models is good enough to prove that the system works.
Further quality improvement is possible by increasing the volume of the training sample and
more accurate selection of model hyperparameters. From the point of view of the speed of
work, the recognition system showed an acceptable result.

Bibl. 12ill. 8.
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