MinicTepcTBO OCBiTH | HAYKH YKpaiHu
XapkiBcbKuUii HAIOHAJIbHU YHiBEPCUTET PaioeIeKTPOHIKHI

Kadenpa komn'ioTepHo-iHTerpoBaHUX TEXHOJIOTii, aBTOMaTH3allil Ta pO00TOTEXHIKH

VII Mixkunapoana Kondepenuis
BUPOBHUIITBO

&

VII International Conference

MANUFACTURING
&
MECHATRONIC SYSTEMS 2023

ME&MS

2023

VIl International Conference

19-20 October
Kharkiv

M&MS 2023, 19-20 October, Kharkiv, UKRAINE



YIK: 005:004.896:62-65:338.3

Bupobuunrso & Mexarponni Cucremu 2023: marepianu VII-oi MibkHapoaHoi koHgepeHuii, Xapkis,
19-20 sxoBTHA 2023 p.: Te3u nonosineit / [peaxos. L.IL. Hemtonos (BianoBizaabHuil penakrop)].-Xapkis:
[enexTponHuit apyk], 2023. — 163 c.

VY 30ipHHMK BKIJIIOUEHI TE€3H JOIMOBLIEH, SIKI IPUCBSIYEHI CY4aCHUM TEHJIEHLISIM PO3BUTKY TEXHOJIOTIH Ta
3ac00iB BUpPOOHHUIITBA Ta MEXaTPOHHUX CHUCTEM, IEPEJOBOMY JOCBIIY Ta BIPOBAKEHHIO iX B Taly3six
CUCTEM TIPOMHCIIOBOI aBTOMaTH3alli Ta KepyBaHHA BHUPOOHHUUTBOM; CHCTEMHIH IH)XXEHepii;
CAD/CAM/CAE cucrtemax; MexaTpoHill (€JIeKTPO-MEXaHIYHUX CHUCTEMaX, €JIEKTPOHHUX IHCTPYMEHTaX
cucteM kepyBaHHs, MmexaHlYHUX CAD cuctemax); poOoToTeXHIil1 Ta 3aco0axm iHTenekryanizauii; MEMS
(cygsacHux wMatepiaiB Ta TexXHOJOTiAX BuroTtoBieHHS MEMS) Ta KOMIOHEHTax 1 TEXHOJOTLIX
aBTOMaTH3allil BUIOOYTKY, IepepoOKU Ta TPAaHCIOPTYBaHHS Ha()TH Ta rasy.

Penakmiitna xoserist: 1.1, Hesmronos, B.B. €Bcees.

Manufacturing & Mechatronic Systems 2023: Proceedings of VII st International Conference, Kharkiv,
October 19-20, 2023: Thesises of Reports / [Ed. I.Sh. Nevlyudov (chief editor).] .- Kharkiv .: [electronic
version], 2023. - 163 p.

The collection includes the thesises of reports on modern trends in the development of technologies and
means of production and mechatronic systems, top experience and implementation of them in fields of:
industrial automation and production management systems; systems engineering; CAD/CAM/CAE
systems; mechatronics (electrical and mechanical systems, electronic control tools, mechanical CAD
systems); robotics and intellectual toolls; MEMS (modern materials and manufacturing technologies
MEMS) and components and technologies for the automation of oil, gas and oil extraction, processing
and transportation.

Editorial board: Igor.Sh. Nevludov, Vladyslav.V. Yevsieiev
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panioeNneKTpoHIKY, YKpaiHa.

M&MS 2023, 19-20 October, Kharkiv, UKRAINE



3MICT

Viadyslav Yevsieiev

Modeling of the BEAM robot control systemon the basis of a microcircuit
203D et

Medovkin Mykhailo, Puhach Hanna

The development of a cryptographically secure pseudorandom number
2 11 I 1)
Svetlana Sotnik, Anton Andreiev

QR codes I production .........c.cceviiiiiiiiiiiii i

Cogis Xpycmanvosa, Ceimnana Buwsaniox

Po3pobsieHHsT CTpYKTYypHOI cXeMu MOJyisi apToMmaTuzaiii Ha 6a3i RFID —
L 42 (011 (0] 1 (T
Bnraoucnas 3aikin

MogentoBaHHsl  TIOIIYKY BUOYXOHEOE3MEUHUX TMPEAMETIB  METOJO0M
€JIEKTPOMArHITHOT CIIEKTPOCKOTIIT Ta PATIOMOKAIIIT .. vvereenreeeanneennnenns
Karetyna Stetsenko

BEAM Robotics: Combining Biological Principles and Technological
Solutions for More Adaptive and Energy-Efficient Robots ....................
Svitlana Maksymova, Mykhailo Akopov

Selection of Sensors for Building a 3D Model of the Mobile Robot's
Environment ...... ..o
Cepeit Hosocenos, €2op Bonxos

3aBgaHHA aBTOMAaTHYHOTO KEpPYyBaHHS PyXOM MOOLUIBbHOI matdhopmMu 3
3aCTOCYBAHHSM 3aKOHIB A@BTOMATHKH .. ..euutenneennteenteenneeantenneenneannenn
Cepeiii Hosocenos, leop Iaokos

CydacHuii MPOMUCITIOBUI IHTEPHET peyeil Ta XMapH1 TEXHONOT ..............

Jmumpo I ypin
Bupimennss 3amadi 3BOPOTHOT KIHEMATUKH JJIs PYXJMBUX KIHIIBOK
POOOTEXHITHOT TUTATPOPMIE . ..venetteneete e et e eeeeeeeeeeeeneeennnaeannnns

M&MS 2023, 19-20 October, Kharkiv, UKRAINE

12

15

19

22

26

30

33

36

40

43



Maxcum Jlyzan, /Imumpo Huywrkesuu

AHaJ3 METOAIB JUCTAHIIIMHOTO 3HEIITKOIMKEHHS - . v et e e eeaeeeaeeenns

Muxaiino Kosanvos, leanos Jleonio

Cnoco0u y0CKOHAJIEHHS YacTOTHOTO MEPETBOPIOBaYa HANPYTH sl OJIOKY
YIPABIIHHS SIEKTPUUHUM TPAHCIIOPTHUM 3aCO00M ...'vvvvenereennneennnnennnn.
Ceimaana Makcumosa, I'eopeaiii bopucog

Po3pobka mporpamu mJisi TOMIYKYy ¥ MOOYIOBH ONTUMAIBHOTO MapIIpyTy
MOOUTEHOTO POOOTA Y TBOBUMIPHOMY TTPOCTOPT +'vvvveenereennneennnenannnnnns
Csimnana Maxcumosa, Kanaese Braoucnas

Po3poOka migcucreMu kepyBaHHS MOOUIBHOTO POOOTY i OpieHTalli B
BUPOOHUYUOMY TTPOCTOPT v vvveenreeeenteeentteeenneeeteeeaneeenaneeennneeennneenes
Onena Yana, Anamoniu Cnuexa

PiBni 3aco6iB [IoT B [HpopMatliifHUX TEXHOMOTIAX .. oouveeneeenienneennennnn,

Yana O., /lon /1.

Po3poGnenns enemenTiB o0miky obnagHanus iHdopmaiiitnux ERP-cuctem

bponnikoe A.1., Yepnuwiog /[.1.

MognepHizamiss ~ MOAYIS ~ KEpyBaHHS  PO3CYBHHUMH  KOHCTPYKLISIMHU
BUPOOHUYOTO MpUMIILIEHHS 3 BUKopucTanHusaM [oT ...,

bponnikoe A.1., Huwema B.€.

Po3po0neHHst cucTeMH I1HTENEKTYaJbHOIO KEpPYBaHHS KOHIUI[IOHYBAHHSIM
BUPOOHUYOTO MPUMIILIEHHS 3 BUKOPUCTAHHAM TexHouorii [oT .................
3anopizvxkun Banenmumn, Ilnaxmii Onexcanop

AHaJi3 MOTOYHOIO CTaHY PO3BUTKY KOIA0OOPATUBHUX POOOTIB ................

Onee [ ypmosuu

BukopuctanHs aBTOMaTH30BaHOTO BUIPOOYBAJIBHOrO OOJaJHAHHSI B
CUCTEM1 KOHTPOJIIO SIKOCT1 MPOIYKIIIi pagioeIeKTPOHHOT TPOMUCIOBOCTI ...
JImumpo Jlobanos, Jleonio leanos

Crnocobu  ymoCKOHaJeHHS  MOAYJs  aBTOMAarMYHOTO  YIPaBIIHHS
NEpETBOPIOBaYa HAIIPYT'H OJIOKY JKUBJIEHHS €JIEKTPOPOOOKAPA ......een..... ..

M&MS 2023, 19-20 October, Kharkiv, UKRAINE

46

49

52

54

57

61

65

68

71

74

78



10

Lnnsa Jlucenxo, Jleonio lsanos

HeoOXimHICTh OXOJIOKEHHSI aKyMYJISATOPHUX Oarapeii aBTOHOMHOTO XOIy
€JICKTPUYHOTO TPAHCIIOPTY Ha MpUKIaal Tponeitdyca PTS-12 .................
Peowvro [lenuc, [Imumpo Anyuwikesuu

AHani3 KOHCTPYKIII MAaHIOYIATOPIB POOOTEXHIYHUX MPHUCTPOIB ISt
MEPEMIIICHHS] BUOYXOHEOEMEUHMX MPEAMETIB .. .euuueeeneeenneenneennneanaennes
JImumpo Anywxeeuu, Jleonio leanos, leop Toakynos

KommiekcHuit minxij A0 3aCTOCYBaHHS POOOTOTEXHIYHMX KOMIUIEKCIB Y
cepi ryMaHITAPHOTO POZMIHYBAHHS . ..uuvvenreeenneeeenneeennneennneeennneans
Viacheslav Korotkov, Igor Nevliudov, Yurii Romashov

General Approaches to Design Improved Angular Velocity PID Controllers
of Automated Electrical Drives ...,
Oleksandr Narozhnyi, Yurii Romashov

Technical State Estimation for Electromechanical Wheeled Platforms with
Parametric Identification UsIng .............coiiiiiiiiiiiiiii e,
Hamanisa /lemcovka, FOpiu Pomawos, Apmem [lleguenko

Po3pobka migxomiB 1100 BUKOPUCTAHHS KOMIT'FOTEPHUX TEXHOJIOTIN IS
IMITAI[ITHOTO MOJIEJIFOBAHHS MPOMHUCIOBOTO EIEKTPOIIPUBOMAY ..''vvveeennne...
1. B. XKapixosa

ABTOMaTUYHUN TNPUCTPIA st 300py BTOPHMHHOI Tapu 3 aJIOMIHIIO Ta
NCON) 8153870 (S35 NS0 1T 0 2B 1 1) A
loponin Ilasno, Jleonio lsarnos

KonTponb yknagaHHd akyMYJISITOpHUX Oarapeil aBTOHOMHOTO XOIy IS
€JICKTPUYHOTO TPAHCIIOPTY (3a 3pa3koM Tpojeidyca PTS-12) .................
Dap3ynnaecs Pawao, Jleonio lsanos

HeoOxXiHICTh KOHTPOJII0 BUXIAHOTO CUTHANIY 3 OOPTOBOTO IMEpeTBOpIOBayUa
HAIPYTH [ €CKTPOTPAHCIIOPTY -t neveennneeneeeneeettenteeneeeneeanneenneenans
Cepeiu Hosocenos, /[mumpo [llecmaxk

Knacudikaiiis Bubyxoneb6e3neuHnx 00’ €KTIB, X Bi3yabHI O3HAKW, METOIH
MACKYBaHHS Ta IIEHTHUMIKAIIIT « . .uvetttentteeiteeiteeite et et e eeeeieeaaaeenaens

M&MS 2023, 19-20 October, Kharkiv, UKRAINE

81

84

88

93

99

104

110

113

116

119



11

Kyzbmenko Onexcanop

AHari3 3aco0iB IUCTaHIIMHOTO BUSBJICHHS MIHHO-BUOYXOBUX IIPUCTPOIB ...

JImumpo Kyxapenro, boeoan Kosanenko

MeTtoa paHHBOI AIAarHOCTUKU HUPKOBUX 3aXBOPIOBAHD ....veneeenneennennne.

Onexciu FOpxo, Imumpo Kyxapenuxo, Muxaiino Jloebus, Muxono Mewkog
[IporpamHa peanizaiis CHCTEMH KepyBaHHS Ja0OpaTOpPHUM OJIOKOM
y: 07 0:3) () 050 S
JImumpo Kyxapenko, Poman Koctoma

MonentoBaHHsI TIPOIECY PO3MIHYBaHHS YKpaiHCBKUX TEpUTOPIH 3a
JIOTIOMOTOI0 POOOTHU30BAHUX KOMITIECKCIB .. .etueeeteeeneeeneeenteanieeaneennennns
JImumpo Kyxapenxko, lean Jlykeua

MonentoBaHHs apTepiajibHOTO TPOMOO3Y B CEpLIEBO-CYIUHHIN CUCTEMI .....

JImumpo Kyxapenro, Braoucnae Hiximiox

Po3poOka mozerneld Ta METO/IB KOMIT FOTEPHOTO TJIaHYBaHHS ONEpPAaTUBHUX
BTpyuaHb Ha TIKT ..o
Jmumpo [Ipoyenko

Oco06MBOCT1 pO3pOOKH aBTOHOMHOT'O MajorabapuTHOro pobora ............

Igor Nevliudov, Oleksandr Ratushnyi, Yurii Romashov

Development of General Approaches for Mathematical Modelling of Heat
Exchangers as Automation Objects ..........coevviiiiiiiiiiiiii e,
Onexcanop Manui, Hamanis ®ypmanosa, Baoum Onuwenxo, Cepeiti

Manuu

Metononoriyai  3acaau  BUOOpPY KOMIIOHEHTIB pYIIIMHOI YCTaHOBKHU
MYIBTHPOTOPHUX BIIJTA ... e

M&MS 2023, 19-20 October, Kharkiv, UKRAINE

124

128

133

138

142

146

150

153

158



12

Modeling of the BEAM robot control system

on the basis of a microcircuit L293D
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Abstract: This work is devoted to the modeling and
implementation of the BEAM control circuit of a phototaxis robot
(directed movement towards or away from light). To implement
control systems, the author uses the L293D microcircuit with
minimal wiring. As a result of the modeling carried out in the
Autodesk Tinkercad environment, a circuit was developed that
implements the movements of the BEAM robot in the direction of
light, while the implementation of the control program is built on
the basis of logical elements, without the use of program code,
which makes the BEAM robot reliable and durable.

Keywords: BEAM, robotics, caravan systems, phototaxis,
L293D microcircuits.

I. INTRODUCTION

Research in the field of BEAM robotics (Biology,
Electronics, Aesthetics, and Mechanics) is relevant and
important for several good reasons. First of all, BEAM
robotics is unique in its multidisciplinary approach,
combining biology, electronics, aesthetics and mechanics.
This approach allows the creation of robots inspired by
nature and capable of overcoming complex tasks such as
adapting to variable environmental conditions [1].

The second important aspect is biological inspiration.
BEAM robots often simulate the behavior of living
organisms, which allows us to better understand the
principles of nature and use them in technological
developments. For example, robots that imitate the
movement of insects or animals can be more effective in a
variety of tasks, from search and rescue to exploring
uncharted
places [2].

A third factor contributing to the relevance of BEAM
robotics is the potential to develop more reliable and
efficient solutions than traditional approaches. Robots
designed based on biological principles can be more
resistant to breakdowns and more efficient in resource-
efficient use of energy [3-5].

BEAM robotics research is also opening new horizons
in creating robots that can interact with their environment
and detect and respond to changes in real time, which is
critical in many fields including industry, medicine, ecology
and more. All these factors explain the relevance of research
in BEAM robotics and emphasize their importance for
future technological development [6-8].

II. IMPLEMENTATION OF THE SIMPLE SENSOR
SYSTEM FOR BEAM ROBOT
The use of photosensors in systems for BEAM robots
remains relevant and has many advantages. BEAM robotics

is based on biological principles and seeks to create robots
that replicate certain aspects of living organisms, including
their ability to interact with their environment. Photosensors
play an important role in this context for the following
reasons:
- orientation and navigation: Photosensors can be used to
sense the direction and intensity of light, allowing robots to
navigate their environment. This is especially useful for
robots that need to follow or avoid a light source;
- reaction to external changes: Photosensors can help robots
detect changes in the environment, such as changes in light
or the presence of obstacles. This allows them to adapt to
change and avoid confrontation;
- energy saving: In BEAM robotics, one of the key
principles is the efficient use of energy, mimicking
biological organisms. Photosensors could help robots adjust
their activity based on light levels, reducing energy
consumption;
- modeling biological processes: Using photosensors in
BEAM robots can help model biological processes such as
photosynthesis, which could lead to the development of
more resilient and autonomous systems;
- experiments and research: BEAM robotics is often used in
scientific research and experiments, and photosensors can
be useful tools for studying the behavior of robots in
various environments;

A general view of photoresists that can be used when
designing BEAM robots is presented in Figure 1.

In fact, any available photosensors can be used in the
circuit of this robot. The circuit can use not only
phototransistors, but also photodiodes and photoresistors.

9
a) 0)

a) ®IIP-9-2, 6) SFH 2500 FA-Z IR Si Photodiode.
Figure 1 — Models of photoresistors [9]

The robot's BEAM control circuit uses two sensors
implemented on phototransistors, which are connected
directly to the inputs of the L293D motor driver [10-11].
The movement algorithm for such a robot was very simple:
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- when there was a white field under the left and right
sensors, both motors turned on and the robot moved
forward.

- if one of the sensors fell on the black line passing
between them, then the corresponding motor stopped and
the robot turned, aligning its position above the line.

Such a robot can follow a line very confidently if it does
not have sharp turns. If the speed of the robot is high and
the turn is sharp, then the probability of such a robot leaving
the line becomes quite large.

The operating principle of the circuit is based on
inverting the signal coming from the phototransistor. When
the sensor is illuminated (located above the white field), the
phototransistor will open and a high level signal (logical
“1”) will appear at the INPUT1 input of the L293D motor
driver. Motor M1 will rotate as shown in Figure 1. In
addition, the signal from the phototransistor will be applied
to the input of the “NOT” element, which will turn a logical
“1” into a logical “0” and apply it to the INPUT4 input. The
M2 motor will remain standing.

Vee (+5V)
Vee (+5V)
R1 220
Q:\\: PTR1
]
1 1 1 0
R2 1|5K j
Vee (+5V) Vee (£5V)
L293D/L293DNE
1 Enablel Vee 16
L 2 Input Input 15
3 Output Cutput 14
4 Gnd Gnd 13
c ’:i Gnd Gnd 12 1
o |§ Cutput Output 11
7 Input Input 10
4—|8 Vee Enable2 9 [—»
Vee (+5V) Vee (+5V)

Figure 2 — Electrical circuit diagram

When the robot turns and the sensor is above the white
field, the phototransistor will close and a low-level signal
(logical “0”) will appear at the INPUT1 input. Motor M1
will stop. Logical “0” is inverted by the “NOT” element,
and a logical “1” appears at the INPUT4 input, motor M2
begins to rotate [12-14].

Alternating state 1 and state 2 will ensure the robot
follows the boundary of white and black. To model the
robot's BEAM control circuit, we'll use Autodesk
Tinkercad, a powerful and easy-to-use online 3D modeling
and design application designed for beginners and
experienced
designers [15]. Using the built-in library, we will assemble
a modeling scheme as shown in Figure 3.

By running the simulation process in the Autodesk
Tinkercad environment for the simulation scheme presented
in Figure 3, we get the following result: DC motor M1
rotates at a speed of 170RPM, and DC motor M2 shows
beating (4 RPM). Based on the positive modeling data
obtained, it is proposed to modernize the scheme presented
in Figure 2 and make a BEAM robot that implements the
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phototaxis reaction (directed movement towards or away
from light). The operating algorithm of such a robot is
constructed as follows. When light hits one of the
photosensors of such a robot, the corresponding electric
motor turns on and the robot turns towards the light until the
light illuminates both photosensors and the second motor
turns on. When both sensors are illuminated, the robot
moves towards the light source. If one of the sensors stops
being illuminated, the robot turns again towards the light
source and, having reached a position where the light falls
on both sensors, continues its movement towards the light.
If the light stops falling on the photosensors, the robot
stops.

=

I

Figure 3 — Modeling scheme in the Autodesk Tinkercad
environment

The robot's circuit is symmetrical and consists of two
parts, each of which controls a corresponding electric
motor. In fact, it is like a doubled circuit of the previous
robot. Photosensors should be placed crosswise in relation
to the electric motors as shown in the robot picture above.
You can also arrange the motors crosswise relative to the
photosensors as shown in the diagram shown in Figure 4.

Vee (+£5V) Vee (+5V)
R1 220 |:| R1220
| Vee (+5V) Vee (+5V) -~
‘\:‘\KPTRl T~ PTR1
L293D/L293DNE
\» 1 Enablel Vee 16
{2 Input Input 15
3 Output Output 14
4 Gnd Gnd 13
-
—5 Gnd Gnd 12
6 Cutput Output 11
7 Input Imput 10
4—{8 Vee Enablel 9 |——#
Vee (+5V) Vee (+5V)

Figure 4 — Schematic diagram of a BEAM robot that
implements the phototaxis reaction
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You can make the robot’s behavior more lively by applying
a positive signal to the INPUT2 and INPUT3 inputs
(connect them to the positive of the power source): the robot
will move in the absence of light falling on the
photosensors, and when it “sees” the light, it will turn
towards its source. When light hits both sensors, the robot
will stop.

III. CONCLUSIONS
BEAM robots are known for their simplicity and
reliability. Using a limited number of components and
uncomplicated circuitry, they can be stable and durable in a
variety of environments, typically consuming less power
than more complex robots. This makes them suitable for
autonomous robots powered by batteries or solar cells.
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[. INTRODUCTION

Relevance: Random number generation is required for
the encryption of financial transactions, SMS messages, and
personal data. Nonces, initialization vectors, and
cryptographic keys must all be unique, hence the quality of
a pseudorandom number generator used is of utmost
importance. However, not all number generators are
suitable for cryptographic purposes. Only a select group of
cryptographically secure pseudorandom number generators
are considered safe enough to use.

Problem: If observed independently most modern
methods of generating cryptographically secure data are
sufficient. However, only a few generators are
cryptographically secure. Therefore, in systems where
multiple instances of the same algorithm are used, if one is
compromised, the entire system is.

Goal: To develop a cryptographically secure
pseudorandom number generator that can generate random
numbers using different methods, whilst making it
impossible to distinguish between them.

Hypothesis: It is possible to use statistical pseudorandom
number generators in cryptographic areas.

Objectives:

e Examine the statistical pseudorandom number
generators.

o Analyze the shortcomings of the algorithms.

e Create a cryptographically secure pseudorandom
number generator.

¢ Analyze the algorithms' cryptographic security.

e Research methods: comparison, measurement,
experiment, analysis, explanation.

II. PSEUDORANDOM NUMBER GENERATION

Computers are deterministic machines, and as such are
unable to produce true randomness. Pseudo-random number
Generators (PRNGs) approximate randomness
algorithmically, starting with a seed from which subsequent
values are calculated. There are two types of PRNGs:
statistical and cryptographic. Statistical PRNGs provide
useful statistical properties, but their output is highly
predictable and forms an easy-to-reproduce numeric stream
that is unsuitable for use in cases where security depends on

generated values being unpredictable. Cryptographic
PRNGs address this problem by generating output that is
more difficult to predict [2].

The problems that come with the use of statistical PRNGs
in the field of cryptography were discussed by Criss Anly in
the speech “Telling the Time” [1]. In his speech, Cris Anley
explores the use of random numbers generated using
statistical PRNGs in web applications. Often the security of
random data is overlooked, putting the entire system at risk.
A good example is the uniqid() function from PHP. While it
is safe to use this function in non-cryptographic fields, a
developer may misuse it for session ID generation. The
uniqid() function is not cryptographically secure and the
output of the function is not unique. One of the reasons for
that is the seed being taken from the current time in
milliseconds, predetermining the output. Because it is
possible for an outsider to get the time at which the numbers
were generated without much effort, it would be possible to
determine the output.

The scientific article “Notes on the Design and Analysis
of the Yarrow Cryptographic Pseudorandom Number
Generator” describes Yarrow, one of the most popular
cryptographically secure PRNGs [4]. Using such algorithms
complicates the process of predicting its pseudorandom
outputs. The main reasons for this are the use of truly
random data for seed initialization and the seed initialization
happening recurringly. Entropy is usually collected from
computer hardware, user activity, or special hardware
random number generators (HRNG), which collect data
from random physical phenomena, for example, background
radiation.

It should also be noted that in some cases, where the
speed of random number generation isn't of much
importance, HRNG may be used to generate random
numbers directly. While this approach is useful for research,
in cryptographic applications the speed at which random
numbers are generated must be much faster. Furthermore, if
a HRNG breaks down it may start to produce numbers that
aren’t truly random, which is quite difficult to detect.

II1. THE MIDDLE-SQUARE METHOD

John von Neumann faced the problem of generating
random numbers in 1949 while developing the ENIAC, the
first programmable electronic digital computer. At that time
all of the methods to get random numbers were quite time-
consuming. Neumann developed an algorithm that was
much faster at generating random numbers than any
methods at the time. But unlike hardware random number
generators, it cannot generate truly random numbers. The
generated sequence is not random, as it is completely
determined by an initial value called the seed. While being
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outdated, many modern algorithms face the same problems
as the middle-square method [9].

This algorithm is one of the simplest PRNGs. To generate
a sequence of n-digit pseudorandom numbers, the n-digit
seed is squared to produce a 2n-digit number. If the result
contains less than 2n values, leading zeros are added to
compensate. The middle digits of the generated number will
be returned as the result. The subsequent number is
generated using the result as a seed.

The middle-square method cannot run indefinitely, its
period can be no longer than 8 n. If the middle n digits are
all zeroes, the generator then outputs zeroes forever. If the
first half of a number in the sequence is zeroes, the
subsequent numbers will decrease to zero. While these runs
of zero are easy to detect, they occur too frequently for this
method to be of practical use. The middle-squared method
can also get caught in an endless loop on a number other
than zero. For n = 4, this occurs with the values 0100, 2500,
3792, and 7600.

Such an algorithm cannot be used in the field of
cryptography. Knowing one of the generated numbers, or
the seed, it is possible to reproduce the entire series of
random numbers without much effort. In addition, the
period of this algorithm is quite small.

In the 1949 talk, Von Neumann claimed that "Anyone
who considers arithmetical methods of producing random
digits is, of course, in a state of sin." What he meant, he
elaborated, was that there were no true "random numbers",
just means to produce them, and "a strict arithmetic
procedure"”, like the middle-square method, "is not such a
method" [9].

IV. LINEAR CONGRUENTIAL GENERATOR
One of the most frequently used PRNGs is the Linear
congruential generator. The theory behind them is relatively
easy to understand, and they are easily implemented and
fast.
The generator is defined by the recurrence relation (1):

X, =(aX,+c)modm (D)
Where m is the module, n>2, the natural number, relat to
which the remainder of the division is calculated; a is the

factor (0<a<m); X, is the seed; (0< X, <m).

The advantage of this method is that an appropriate
choice of parameters leads to a period that, unlike the
middle-square method, is relatively long. Although not the
only criterion, too short a period is a fatal flaw in a
pseudorandom number generator.

Historically, poor choice of parameters led to ineffective
implementations of the algorithm. A particularly striking
example of this is RANDU, which was widely used in the
early 1970s and led to many scientific results that are now
being questioned due to the use of poor parameters [11].

Due to the structure of the algorithm, if one of the
generated random numbers was used as a seed, the values
following that number would be equal to the initial series of
numbers. One of the properties of pseudorandom number
generators is the ability to recreate a series of random
numbers.

Outside the field of cryptography, this is quite useful.
However, using this algorithm for cryptographic purposes
can lead to problems. An outsider using a single random
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number can get the entire series of random values following
that number. If these numbers were used to generate keys, it
would be possible to decrypt all the encrypted data.

V. THE YARROW ALGORITHM
One of the most simple and efficient CSPRNGs is the
Yarrow algorithm. The Yarrow algorithm is one of the few
CSPRNGs that have open-source code and are used widely
(Fig. 1.).
The Yarrow algorithm has four main components:

e Entropy accumulator, which collects information
from entropy sources and divides them into two
groups based on the speed of information updates.

e Reseeding mechanism, which periodically updates
the seed using new entropy.

e Generation mechanism, which generates random
numbers based on the seed.

e Seed control mechanism, which determines when
the seed needs to be updated.

One of the most critical parts of this algorithm is
reseeding. To update the seed, the previous seed is
combined with the obtained entropy using the SHA-1 hash

function. After the seed is updated, the generation
HRNG ,—7/ Seed/ /+1 L
Entropy Encryption «—  Counter
accumulation

Pseudorandom
number

Fig. 1. General structure of the Yarrow algorithm

mechanism starts generating a new sequence of random
numbers.

Thus, if a third party discovers the data from which
entropy is derived, they will not be able to learn the seed
since it is based on the previous seed. Additionally, if the
seed is known, it is possible to only calculate a small
portion of the random numbers since the seed is constantly
updated [6].

Instead of a PRNG, the generation mechanism uses a
block cipher in counter mode. The seed is encrypted with a
number, which increases by one with each generated
number. Thus, to calculate a random number, knowledge of
the key is required.

While the seed is cryptographically secure, it is still
possible to calculate the stream of numbers, if the initial
entropy is known. The limited amount of PRNGs makes
that a lot easier, as some are more common in different
environments.

VI. DEVELOPED ALGORITHM STRUCTURE
Utilizing the foundational principles of the Yarrow
algorithm, a cryptographically secure pseudorandom
number generator was developed (Fig. 2.). The primary
objective of this algorithm is to provide the user with the
flexibility to create multiple variations without negative
drawbacks.
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Get the next X|
bytes

SHA-256

Fig. 2. Developed algorithm structure

The entropy accumulation and number generations are
run in parallel. This algorithm does not present new
improvements for entropy accumulation; thus, it was greatly
simplified. Once a specified amount of entropy is obtained,
the seed is updated using the SHA-256 algorithm, hashing
the previous seed with the entropy.

When a seed is generated, one of many PRNGs may be
chosen. The PRNG choice is determined by the value of the
last byte generated, relative to the maximum value of a byte.
If no bytes have been generated yet, the PRNG assigned to
the lowest value of a byte is used. Using the seed the PRNG
generates an assigned number of bytes, when enough are
acquired, they can be used as a key. The hash function is
used to update the seed using the generated value. Until
there is enough data produced, the algorithm keeps
generating numbers. It should also be noted that the number
of bytes generated before reseeding should be kept low,
otherwise, it may compromise the integrity of other
generated numbers.

The selection of the PRNG is based on the value of the
last generated byte. This approach aims to enhance the
randomness of the generated numbers. The algorithm
diversifies the PRNG selection, leading to a wider range of
possible pseudorandom number sequences. Furthermore,
the use of Multiple PRNGs provides additional security. As
there is a considerable amount of PRNGs, each algorithm
variant created is unique. Making it much more difficult to
identify the generator that was used.

The seed is used to generate each value, but due to the
way PRNGs are built, an update is also required. For this
reason, the seed is updated each time a new number is
generated. This provides the guarantee that each output of
the PRNG is unique, even if the same PRNG was used more
than once. The use of entropy when reseeding provides a
guarantee that if the value of the seed is compromised, it
will not be known when it is updated.

The created algorithm is extremely flexible. It offers a
selection of several PRNGs and algorithm settings that can
be altered based on the user's individual needs.

VI. DEVELOPED ALGORITHM STATISTICAL TESTING

A pseudorandom number generation algorithm must pass
statistical tests to be deemed cryptographically secure [10].
Numerous statistical tests that have varying degrees of
success in determining the randomness of the CSPRNG can
be used to determine whether a set of numbers exhibits any
patterns.
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We can single out the set of statistical tests developed by
NIST, the National Institute of Standards and Technology's
primary research organization, among the others. A
bitstream is examined for statistical randomness by the
NIST tests.

Each test examines the bitstreams for properties that a
perfectly random series of bits would have. The randomness
of the bitstream is represented by the p-value. If the P-value
is 1, the sequence is completely random; if it is 0, the
sequence is predictable. The probability of incorrectly
classifying a random sequence exists in every statistical test.
For NIST tests, it is 0.01. As a result, the sequence is
random with a chance of 99 percent if the P-value is greater
than 0.01 [7].

The full set of statistical NIST tests was used for testing
For further information regarding these tests see [3; 7].

For testing purposes, a program was created using the
developed algorithm. The following algorithms were
implemented in the program mentioned above [8]:

e MersenneTwister: Mersenne  Twister
generator

e  Xorshift: Multiply-with-carry XOR-shift generator

e Donald E. Knuth's subtractive random number
generator

e WH2006: Wichmann-Hill's 2006
multiplicative congruential generator

e Mrg32k3a: 32-bit combined multiple recursive
generator with 2 components of order 3

e Palf: Parallel Additive Lagged Fibonacci generator

Two variants of the algorithm were used for testing. Both
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Fig. 3. NIST statistical test results

variants generate 4 bytes of pseudorandom data or 4 bytes
of entropy before reseeding. Collection of the entropy takes
4 milliseconds. However, different PRNGs are used in each
algorithm. The first variant uses Xorshift, WH2006, and
MersenneTwister. The second variant Mrg32k3a, Pals,
Subtractive generator.

Five series of tests were conducted on both of the
algorithm variants. The average of the results can be seen
on Fig.3. As all of the test results are significantly greater
than 0.01 by a significant amount, the algorithm used in
both variants is statistically random.

VII. CONCLUSION
PRNGs process the seed using a specific algorithm. A
series of seemingly random numbers can be easily
calculated if the seed or one of the generated numbers is
known.
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To find out further points of interest a cryptographically
secure pseudorandom generator - Yarrow was analyzed. A
new cryptographically secure pseudorandom generator was
developed, combining the strength of both statistical and
cryptographic pseudorandom generators. The created
algorithm allows to easily develop new variants, making
each harder to distinguish.

The developed generator has the following key attributes:

o The seed is generated using entropy, which is truly
random.

e The seed is constantly being reseeded using the
acquired entropy.

o The seed is reseeded each time a value is generated
using the generated value.

e Multiple different PRNGs are used for number
generation, one of which is chosen based on
previous output.

Multiple algorithm variants were tested using the
statistical NIST suite, each used different PRNGs for
number generation. It was concluded that the created
generator is statistically random. However, while
acceptable, one of the algorithm variants continuously
showed worse results.

Thus, the created pseudorandom number generator can be
considered cryptographically secure, however, the quality of
the output greatly depends on the quality of the PRNGs
used.
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QR codes in production
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Anotation: Within framework of our work we have reviewed
use of QR codes in production, taking into account their important
role in production management. Starting with breakdown of
structure and features of QR codes and diagram of scanning
process, we presented variety of ways in which QR codes can be
used in manufacturing. Particular attention was paid to inventory
management and we gave concrete examples of how QR codes can
be used to optimise and control inventory. In addition, overview of
main types of QR codes that can be used in production
management was given.

Key words: structure, type, QR codes, production, production
management.

I. INTRODUCTION

Modern information technology is changing way we do
business. They provide fast and seamless communication
between people, allowing them to exchange information
anytime and anywhere. The introduction of Internet,
wireless networks, and mobile devices has contributed to
the development of technologies that make our lives more
convenient and productive. Digital cameras, smartphones,
tablets, and other mobile devices have become an integral
part of both our lives and production, allowing us to keep
abreast of developments in science and technology [1-3].

QR codes in manufacturing play an important role in
data management, product tracking and improving
production processes.

The widespread use of smartphones and other devices
has led to an increase in the use of QR codes, so the topic of
QR codes in science and technology is relevant.

II. FEATURES OF QR CODES

There are many different QR codes (Fig. 1) [4].

The most common QR codes are 2D barcodes, which
can store information both horizontally and vertically. This
allows them to encode more information than linear
barcodes, which encode information horizontally. QR codes
can be scanned wusing barcode scanning apps on
smartphones. The user only needs to point camera at QR
code to access information encoded in it.

Fig. 1. Example of QR code

The Quick Response Code, which can be abbreviated to
"QR code", is used to access and read information through
simple use of two-dimensional barcodes. The QR code has

been subject of many systematic studies on how
information is organised and stored by organising QR codes
in 2D matrix, along with columns and rows of that matrix.
The matrix is data storage space with elements that are
visible on black and white QR codes, as shown in Figure 1 [2].

QR codes are used in areas that involve transmission of
textual information, such as mail messages, phone numbers,
hyperlinks, or other text files. This is done by capturing
image of QR code, which is then interpreted using QR code
reader or smartphone applications that are prepared for this
purpose.

QR code also contains various patterns: search patterns,
alignment patterns, synchronisation patterns, and other
types such as formatting information and time intervals, as
well as other variables. These make QR code more
susceptible to decoding and detection, allowing QR codes to
be used in simple and effective way.

The structure of QR code can be divided into following
main elements:

- top and bottom centre bars contain information about
code format and size. This information is used by QR code
scanners to determine how to interpret code;

- search patterns are located in four corners of code and
help QR code scanners quickly and accurately locate code.
These patterns consist of cells arranged in specific order;

- alignment patterns are located inside code and help QR
code scanners align code for accurate scanning. These
patterns consist of cells arranged in specific order;

- synchronisation patterns are located within code and
help QR code scanners synchronise scanning of code. These
patterns consist of cells arranged in specific order;

- data — this area of code contains actual information that
is being encoded.

Below is process of scanning barcode in Figure 2, which
will be checked for validity using QR reader and integrated
with blockchain.

Database

Fig. 2. Process of scanning QR code

If QR code has been incorrectly printed or encoded, it may
make it difficult to scan. Blurred or distorted codes may cause
reading errors.
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III. WAYS QR CODES ARE USED IN PRODUCTION

Let's take closer look at Ways of using QR codes in
production:

- product tracking. QR codes can be placed on each
piece of product or packaging. These codes contain product
information such as production date, batch numbers, serial
numbers, identifiers and other data. This allows products to
be tracked through all stages of production and logistics;

- quality Control. QR codes can be used to access
information about quality standards and production
instructions. They can help quality control personnel
quickly verify that products meet standards and regulations;

- inventory management. QR codes can help simplify
inventory and inventory management. Scanning codes can
quickly find out how many items are available in stock and
notify you when additional purchases are needed;

- customer Service and Support. Manufacturers can
include QR codes on their products that provide access to
user manuals, FAQs and contacts for customer service. This
can improve consumer experience and make it easier to
resolve problems;

- manufacturing instructions. QR codes can be used on
production line to give operators access to instructions for
assembling, setting up and maintaining equipment. This
reduces risk of errors and increases productivity;

- equipment tracking. QR codes can be placed on
equipment and machines, making them easier to identify
and schedule maintenance. Technicians can scan codes to
access service history and maintenance recommendations;

- process Management. QR codes can be used to collect
data on production processes. Employees can scan codes to
mark tasks completed, log time and other information about
production process;

- employee training. QR codes can provide access to
training materials and video tutorials for staff. This helps
new employees quickly learn processes and equipment;

- resource tracking. QR codes can be used to track
consumption of resources such as raw materials, energy and
supplies. This helps manage costs and optimize resource
utilization.

Thus, use of QR codes in production reduces errors,
increases efficiency and provides more transparent and
controlled production process.

An example of application of QR codes for production
management, and more specifically, inventory management
(Tabl. 1).

Table 1. Example of QR codes application for production

Example Features
QR codes on products |[Each product or packaging can bel
and packaging labelled with QR code that contains|

product information such as name,
serial number, production date and
expiry date.

QR codes can be used to identify each
item in warehouse. Scanning codes|
allows operators to quickly find out
quantity and location of items.

[Warehouse inventory

20

Features

QR codes on product packages allow
additional supplies to be ordered
quickly and accurately. Suppliers can
also use QR codes on goods to track
delivery status.

QR codes can contain information on|
price, discounts and promotions. They]
are used on shelves and attached tof
products, making it easy to update

rice and product information.

QR codes help track batches of]
products. Each batch can be labelled|
with unique QR code that contains|
information about date of production,|
supplier and other details.

Example
Ordering and Supplies

Price labelling

Batch tracking systems

Palletising and freight
shipments

QR codes are used to identify freight
shipments on pallets. This simplifies
process of loading, unloading and|
tracking shipments.

[nventory with mobile |Warehouse staff can use mobile

devices devices with cameras to scan QR
codes for inventory. This cuts down on
time and reduces chance of errors.

Asset tagging QR codes are used to tag equipment

and assets in warehouse. Operators
can scan codes to access information
on status and technical specification of|
assets.

QR codes are wused to record
movement of goods within warehouse,
[Each item moved can be scanned as if
is moved, making it easier to track
routes and locations of goods.

Recording movement of
goods

[Documentation links QR codes can link to -electronic
documentation such as  product
handling or security instructions,
[Users can scan codes to quickly access

this information.

Choosing type of QR code for manufacturing inventory
management depends on specific needs of your business
and information requirements you want to include in code.

Let's take look at most common types of QR codes and
their application in inventory management:

1. Standard QR Code.

Application: The Standard QR Code can be used for
general product information including product name, date of
manufacture and expiry date. This is suitable for most
products.

2. Data Matrix (Fig. 3) [6].

Application: Data Matrix is typically used to encode
large amount of information in small area. It can be useful
for storing detailed product information, including technical
specifications or equipment service history.
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Data Matrix Code QR Code
Fig. 3. Example of Data Matrix

3. PDF417 (Fig. 4).

Application: PDF417 allows you to encode large
amount of data including text, numbers and letters. This
type of QR code can be used to store product information
such as service instructions, quality certificates and
technical specifications.

!
Fig. 4. Example of PDF417

4. Aztec Code (Fig. 5).

Application: Aztec Code can be used to store
information about freight shipments and shipments of
goods. This type of QR code has high degree of error
correction, making it reliable for use in logistics systems.

Fig. 5. Example of Aztec Code

5. MaxiCode (Fig. 6).

Application: MaxiCode is often used in logistics and
transport. It is suitable for encoding information about
location and routes of freight shipments.

6. Custom QR Code (Fig. 7).

Application: As your business and specific needs grow,
you may decide to create custom QR code type that meets
your requirements. For example, you can add additional
data fields, database links or documentation.
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Fig. 6. Example of 2D MaxiCode
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Fig. 7. Example of MaxiCode

It is important to do thorough analysis and choose type
of QR code that fits your specific inventory management
requirements.

IV. CONCLUSIONS

In course of conducted review on topic of QR codes in
production, with focus on production management,
structure and QR codes features were firstly highlighted and
scheme of process of scanning codes was given.

Then bias was made on consideration of various ways of
QR codes application at production. Specific examples of
codes application for production management were
presented using example of inventory management. An
overview of main types of QR codes for production
management is given.

The conducted researches allow to understand better
how QR codes promote increase of efficiency and accuracy
of production process management and also will be clue for
further choice of QR code type to be used within framework
of production management.
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Po3po0iieHHs CTPYKTYPHOI CXeMU MOJIYJIs aBTOMAaTHU3allli
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Anomauis: Jlana  pobora  mpucBsYeHa  po3poOLi
€KCIIEPUMEHTAIFHOI0 MaKeTa aBTOMAaTH30BAaHOI CHUCTEMH OOJIKY
Ha CKJIaJi Cy4acHOro BHUpOOHMLTBa 3 BHKopucranHsM RFID —
TexXHONOriH. Jlnst mporo OyJO NPOBENEHO aHali3 Cy4acHHX
aBTOMATH30BaHMX CHCTEeM OOJIIKy Ha CKIajl Ta MOKa3aHi ix
Henomiku. [y ycyHeHHs1 BKa3aHHMX HENONIKiB, Oylno po3polieHo
CTPYKTYpHY Ta ()yHKIIOHAIBHY CXeMy MakeTa aBTOMAaTH30BaHOL
cHCTeMU OOJIKy Ha CKJIaJli Cyd4acHOrO0 BHPOOHMIITBA, IO IO
MOXXJIMBICTB 0OpaTH amaparHi MOy, Ha 0a3i skux Oyne 3i0paHo
eKCIIePHUMEHTAIEHUN MaKeT.

Knrwuoei cnosa: cknan, 1loT, cuctemu kepysanns, RFID.

I. Bctvnn

B cydacHoMy CBiTi, Je BHUMOTH 10 €(EKTUBHOCTI Ta
TOYHOCTI BUPOOHUIITBA HEBIIMHHO 3POCTAIOTh, PO3POOKA
aBTOMATHU30BaHUX MOJIYJIIB OOJIIKYy TOTOBOI MPOAYKIIIi cTae
Ha/I3BUYalfHO aKTyaJlbHUM 3aBJIaHHSAM. 32 POKH CTaJOro Ta
CTpIMKOro po3BUTKY TexHouoriit [Hrepuery peueii (IoT), s
rany3b crajga KpaiHOI HEOOMEKEHHUX MOMKIMBOCTEH, SIKi
JIO3BOJISIFOTH  TIEPEOCMUCIUTH Ta ONTHUMI3YBaTH IIPOLECH
BUPOOHMIITBA, a TAaKOXK 3a0€3NEYUTH BHCOKY SIKICTh Ta
TOYHICTH 00JTIKY TOTOBOT MpoayKiii [1].

3aBIsKM  3pOCTaHHIO  OOCSTIB  BUPOOHHWITBA  Ta
3MEHILIEHHIO PECypCiB, BUTpPaueHWX Ha BUPOOHHUITBO,
MAPUEMCTBA T2 BUPOOHUKHU BCE OLIbINE BJIOCKOHATIOIOTH
CBOI nporecH. | B 1IbOMY KOHTEKCTi, MOIYIli 00Ky rOTOBOI
nponykuii, iHrerposani 3 loT, HagaroTh Oe3IIHHUN BHECOK
y TiJBHIICHHS ¢(QEKTHBHOCTI BHUPOOHHUIITBA, MOKPAICHHS
KOHTPOJIIO HaJl IPOIECaMU Ta 3HIKEHHS BUTpart [2].

Alle He3BaKalOUM Ha TMepeBard BiJl BIPOBAKEHHS
TaKUX CHCTEM, BOHU MAIOTh PsiJl HEIOMIKIB!

- BPa3JIUBICTH JI0 TEXHIYHUX NpobieM: CydacHi cucreMu
MOXXYTh OYTH Bpa3JUBI IO TEXHIUYHUX MPOOJIEM, TaKUX 5K
3001 oOmamHaHHA abo mporpaMHOro 3abe3meucHHs. lle
MOXE TPHU3BECTH JIO BTpaTH JaHUX ab0 3YINHHKH
BUPOOHHIITBA;

- CKJIQJHICTh BIPOBA/UKEHHS: BcTaHOBIEHHA Ta
HaJIAIITYBaHHS HOBOI CHCTEMH MOXXe OyTH CKJIaJIHUM
3aBJIAHHSM 1 BUMAaraTtd 3Ha4HUX 3yCHJIb Ta 4dacy. Lle Mmoxe
CTBOPUTH TIepepBM B pOOOTI MIANPUEMCTBA IIiJ dYac
Nepexojy Ha HOBY CUCTEMY;

- oOMexeHa THYUKiCTh: Jleski cucTeMH MOXYTh OYyTH
oOMexeHI B MOXJIMBOCTI  ajanTyBaTHCS OO0 3MiH
BHPOOHUIITBA 200 Oi3HEC-TIPOIIECIB i AIPUEMCTBA.

B  Hachmimok 4oro  JOCHIDKEHHSA  LUIAXIB  JUIA
BUIIpaBJIeHHs a00 MiHIMi3allii BHIIE IepepaxoBaHUX
HEJIOJIKIB, 3aBASKA PO3pOOI HOBUX CTPYKTYpHHX DillleHb
CHUCTEMH aBTOMAaTH3allii OOJiKy TOTOBOI MPOAYKII Ha
BUPOOHMITBI, € aKTyalbHIM IOCITIJDKEHHSIM, SIKidH Mae He
TIJIBKH HAYKOBY, ajie i MPaKTUYHY 3HAYMMICTb.

I1. AHAJI3 JIITEPATYPU 3A TEMOIO JOCJII/DKEHHSA

Estler Ta iHII BHUKOPUCTOBYBAaB TEXHOJIOTII0
panmioyacrorHoi imeHtudikaumii (RFID) B moricrumi,
PO3IIOALTI Ta CKJIayBaHHiI, B OCHOBHOMY IUIS ineHTH(DIKaIi1
Ta BU3HAYCHHS  MiCU  pO3TAllyBaHHS  IPOAYKTIB,
BaHT)XHUX TPHUMIIIEHb, KOPOOOK, MiJIOHIB, poOOYHX Ta
IHIIUX O00'€KTIB, @ TAKOX IPUKPINUB EJIEKTPOHHI METKH
RFID nmo BimmOBiMHUX IJIBOBHX O0'€KTIB I peamizariii
BIJICTeXKCHHS B pexuMi peanbHOro qacy.
MicueHaxoKAeH|sl TOTOBOI MpOXMYKLii Ha CKmam i
PO3YMIHHS B pPE&KHMI pealbHOIO Yacy KiJIBKOCTI,
JIOKaJi3amii, yMOB IIOCTaBKH Ta BUXOIY T'OTOBOI MPOIYKIIi
Ha ckian [3]. Texuomoris RFID Mo)ke MOKpaIIUTH JIAHIFOT
MOCTaBOK 1 3a0e3rneuuTn eQeKTUBHE YIPABIIHHSA IS
CKOpOYECHHS BHUTpaT Ha cKkiIagax. Justinvil Ta iHmm
3alpoNOHYBaB ONTUMI3AIl0 YNPaBIiHHI TPHOXMEPHUM
30epiraHHsM, KOMIUIEKTAIIEI0 Ta PO3MOALIOM Ha OCHOBI
RFID B nanmo3i mocraBok oxsary. Imsxom po3poOku
TexHomorii  posBepranmHs RFID 1 3acrocyBaHHS
enekTpoHHUX MetoniB RFID mpomoHyeTbcsi TphOXMEpHUIA
CKJIaJICbKUH 1eHTp 13 3acrocyBanHsM RFID i ontumansHum
YIPaBIiHHSAM MaplIpyTOM KOMILUIEKTYBaHHS KiHIIEBOTO
posmoniiay, MO0 MiABMIMTA €(QEeKTUBHICTH 1 TOYHICTH
30epiranHs, 30ip Ta nuctpuodyiito [4]. Kul’ga o0'eqnanacs 3
SAINT ANGELO pmns po3poOKH cHCTEMHU YHpaBIiHHS
BHPOOHHUIITBOM 1 JIOTICTUKOIO Ha ocHOBI TexHoorii RFID i
CHCTEMHU YIpaBIiHHA JucTpuOymiero. Yepes cucremy
YIpPaBIiHHS  BUPOOHMITBOM  BiH  KOHTPONIOE  XiJ
BUPOOHMITBA B PEXHMMi pealbHOro 4acy. BiH Takox Mae
TEXHOJIOTII0 OOpOOKM BHPOOHMYMX JaHUX, SKA MOXKE
e(peKTHBHO OOpOOJIATH BEIUKUN 00CAT JaHHX, IO
nepenatotbesi cucremoro RFID. Buxopucranus TexHomorii
RFID B mporiecax 30epiranHs i po3MOILTY MOXE pPeabHO
MiJBUIINTA €(QEKTUBHICTh YIPABIIHHS CKJIaJyBaHHSAM 1
posmopisioM. CTpyKTypa aBTOMAaTH30BaHOI CHUCTEMH 3
BUKOpUCTaHHA  TexHonorii RFID y  ckimaacekomy
BHUPOOHUIITBI MPUBEICHA HAa PUCYHKY 1.

BoHa ckaa€eThes 3 HACTYITHUX €IEMEHTIB:

— RFID read/write device, amapaTHHi MOAyab ISt
3anucy Ta 3unTyBaHHa RFID merony;

— the target object enters the warchouse, 00’ekT
iIeHTU(IKAIlT B CHCTEMI aBTOMAaTH3AaIlil;

— Enter the Information of the target, BuBim s
ormeparopa Ta caMOi CHCTEMH 3a TexXHojoriero M2M,
iH(OpMaIiio PO PO3II3HAHUKA 00’ €KT;

— Central databese, 06a3a pganmx st 30epeXKeHHS
inpopmamii.  Jlae = MOXIHMBiICTP ~ aHami3yBaTH  Ta
KOHTPOJIIOBATH JIAHIIOT NTOCTaBKU Ha CKJIAJI;

— RFID Information Management system, eJeMEHT
cucremu Central databese, ska peanmizye 06a3y maHUX
criBBigHOIIEHb koiB RFID 10 meBHOro 00'ekTy Ha CKIIai.
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Pucynok 1 — CtpykTypa aBTOMaTH30BaHOI CUCTEMU 3
BHKOpHUCTaHHAM TexHoorii RFID y cknaackkomy
BHPOOHUIITBI

Bbasytounce Ha 3aIpOIIOHOBaHI i CTPYKTYPpi
ABTOMATH30BAaHOI CHCTEMH 3 BHKOPHUCTAHHSAM TEXHOIOTiT
RFID y cknancekomy BupoOHHUTBI (puc.l), po3poOumo
(GyHKIIOHAJBHY CcXeMy, Ha 0a3i skoi MOTiM MOXHa Oyze
MIPOBECTH aHaJi3 Ta 00paTH arapaTHi MOIYIi, Ta IPOrpaMHe
3a0e3ne4eHHs s ii 0 peamizamii. Po3pobnena
GbyHKIIOHATbHA CXeMa MaKeTa aBTOMATH30BAHOI CHCTEMH
00JIiKy Ha CKJIaJi Cy4acHOTO BHPOOHHIITBA, NMpPUBEJCHA Ha
PHUCYHKY 2.

Iporpamue Basa
loT < »|  saGecneuenn > AaHKuX
RFID <«—p| Mikpoxontpornep |q 4| Buxonasunit
read/write HPUCTPIit

device
A
KOHBEEPHOI JIiHIN v
O0'exr 1 O0'ekt2 | i O0'exT n

Pucynok 2 — @yHKIioHabHa cXeMa MaKeTa
aBTOMATHU30BAaHOI CUCTEMH O0JIIKY Ha CKJIJli Cy4acHOTrO
BUPOOHULITBA

[osicauMO MIPUHITUAT pobotu po3po0dIeHOT
(YHKIIOHAJIBHOI CXeMH MaKeTa aBTOMAaTH30BaHOI CUCTEMHU
00Ky Ha CKJIaJi cydacHOro BUpoOHHIITBA. Hexaii 00’exTl,
00’€KT2,...., 00’€KT n — 00 €KTH B CKIAACKIA CHCTEMI, SIKi
MOTPIOHO PO3MI3HATU Ta iAeHTU(IKYBAaTH, TP YMOBI, IO
Bci BoHM MarTh RFID wMitky. Bci 00’ext  dizumyno
3HAXOITHCA HA KOHBEEPHIM JiHII, IIe 3a0e3MeyuTh
JMUHAMIYHICTD Ta IIBUIKICTH OOPOOKH, Ta A€ MOXKIUBICTD
He BTpayaTH 4acy, IIOKH iJie 00poOKa Ta MPUHAHATTS PillIeHb.
[Ticns npuwiHATOrO pilleHHs, pPO3Mi3HAHMK O00’€KT 3a
JIOTIOMOT'OF0  BUKOHABUOT'O MPHUCTPOIO, OyJe mepeMilleHHi
BIAMOBITHO O TocTamieHoi Metu. i 3untyBanHs RFID
MITOK, Oy/ie BUKOPUCTOBYBATHCS anapaTHuii Mmoayns RFID
read/write, 3aBAaHHA SKOro OyAe 34YMTYBaTH JaHi ISt
inenTugikanii 00’ €KTIB, M1 MalOYTHHOTO PO3Mi3HABAHHS.
OtpumMana iH(oOpMalis MOTparuisie Ha MIKPOKOHTpOJIEp.
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MiKpOKOHTpOJIep — 1€ anapaTHUH MOAYIb, SIKMH IPAIIoe
Ha 0a3i MikpokoHTposepa (AtMega, STM), Ta 00poOIsie
OTpHMaHI JaHi I mepemadi ix uvepes wmepexy IloT.
BHaciimok 4Yoro, mepmmM mapaMeTpoM Ui BHOOpY
anapaTHOrO MOXYJsSl, € HasBHICTH MOIYNs 0€3IpOTOBOTO
3BSBKy a00 po3'eMy Ui MiJKIIOYEHHS BHTOI IapH.
OTpuMaHi AaHi TOCTYNAaOTh Ha IpOrpaMHe 3a0e3NeueHHs,
sIKe TIOB’s3aHO 3 0Oa3oro maHux. OTpUMaHUN pe3ynbTaT 3
06asum gmanumx uepe3 Mepexy IloT Haaxomutp Ha
MIKpPOKOHTPOJIEP, SIKHH B 3aJ€KHOCTI B/l OTPUMaHUX JaHUX
npiliMae pillleHHs 0 KePyBaHHIO BUKOHABYOT'O MPUCTPOIO,
IO JTO3BOJISIE TIPOBECTH COPTYBAHHS 00’€KTa B 3aJICKHOCTI
BiJI HlOro BMicCTy.

HacrtynHuMm kpokom, mHpoBeieMO aHaimi3 Ta o0epeMo
amapaTHi Momyii s peaiizamii (yHKI[IOHaJBHOI CXeMHU
MakeTa aBTOMATH30BaHOI CHUCTEMHU OOJIKY Ha CKIai
Cy4acHOTO BHPOOHUIITBA, IPEJCTABICHOI HA PUCYHKY 2 3
ypaxyBaHHsIM, 110 1ie Oy/ie eKCIIepUMEHTAIbHUI MaKeT.

Y  Burmapi  momyns  RFID  read/write  device
nponoHyeThes BUkopucToByBaTH RFID RC522, 3aranphuii
BUTJISII SIKOTO IIPE/ICTABICHO HA PUCYHKY 3.

Cin C8 £4 ¢ £9 BNl

®)

.. RFID-RCS522 .

Pucynok 3 — 3aranenuit Burnsag moayns RFID RC522 [5]

RC522 — ne mnonymsapumii momyns RFID (Radio-
Frequency Identification), sikuii BHKOPHUCTOBYETHCS ISt
0e3poTOBOro 3UNTYBaHHs Ta 3amucy iHdopmauii Ha RFID-
MITKH Ta KapTKd. OCbh OCHOBHI XapaKTepHUCTHKH MOJYJIS
RFID RC522:

— YacTOTHHM miama3on 13,56 MI'n, skuii € omHi€0 3i
cra"mapTHUX yacToT s RFID-koMyHikartii;

— iHTepdeic 3B'I3KYy 3 MIKPOKOHTPOJIEPOM, BKIIOYAIOYH
SPI (Serial Peripheral Interface) Ta UART (Universal
Asynchronous Receiver-Transmitter);

— JaJBHICTh 34nuTyBaHHSI MoAyinst RC522 3aiekuTh Bina
anteHn Ta tunmy RFID-MiTok, ane B cepeIHbOMY BOHA
CKJIaJIae BiJl KUIBKOX CAaHTUMETPIB /10 ACKUIBKOX IECSATKIB
CaHTUMETPIB;

— MBHIKICTh 3YNTYBaHHS Iepeladl NaHuX, 3a3BUYAi,
Big 9600 6it/c 1o 115200 6it/c;

— migrpumka craHiaptis, takux sk MIFARE Classic
1K, MIFARE Classic 4K, MIFARE Ultralight, inmm
MIFARE-xoau, a Takoxx ISO/IEC 14443 A;

— JkuBJIeHHs Bix Hanpyru 3,3 B, ame neski Bepcii
MOJKYTh TIPAIFOBATH B JiamazoHi 2,5 B - 5 B;

— 3aXUCT BiJ KOJI3iH, 3aBIISIKK BOY/IOBAaHUM aJTrOPUTMAaM
YIpPaBIiHHSA  KOMi3isIMHM, SIKMH  J03BOJISE  €(EKTHBHO
B3aemoisaTH 3 6ararbma RFID-miTkamu B 0fHOMY TIOJTI.
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RC522 — ne nyxe momymspauit RFID-momyns, sxuit
3HAXOIUTh 3aCTOCYBaHHA Yy 0araTboxX MpOEKTax 3
aBTOMATHU3AIli]l Ta OC3MEeKH, BKIIOYAI0YN CUCTEMH KOHTPOITIO
JIOCTYIY, ineHTH(diKaIil Ta Ci1iIKyBaHHSI.

B poni MikpokoHTponepa, IPOMOHYEThCS B paMKax
JIAaHUX JIOCHTI/DKEHb 3 PO3POOKM MakeTa aBTOMAaTH30BaHOI
chucTeMd OOJIKYy Ha CKJIaAi Cy4acHOro BHpPOOHHIITBA
BuKopucToByBaTH Monyib ESP8266 NodeMCU CH9102
ESP-12E, 3aranbHuif BUIJISJT SKOTO MPEACTaBIEHO Ha
PHUCYHKY 4.

gt ] .jj .
Pucynox 4 — ESP8266 NodeMCU CH9102 ESP-12E [6]

SP8266 NodeMCU CH9102 ESP-12E — ue omun 3
MIONYJISIPHUX MiKPOKOHTPOJIEPIB, SIKUH BUKOPUCTOBYETHCS
st po3podku loT-mpoekriB Ta BOymoBanux cucreM. Och
OCHOBHI XapaKTEPUCTUKHU IIOT'0 MOAYJIS:

— wmikpokonTponep ESP-12E Bin xomnawnii Espressif
Systems. lle BHCOKONPOAYKTHBHHI MIKPOKOHTpOJEp Ha
ocHoBi mporiecopy Tensilica L106, sikuii mpaIroe Ha 4acToTi
80 MI'1y;

— Oe3aporoBuii 3B'130K uyepe3 Wi-Fi 802.11 b/g/n, mo
JIO3BOJISIE MIIKITFOUATH TPUCTPOT JI0 Mepexi [HTepHer.

— inrepdeiicu, Brmovaroun GPIO, 12C, SPI, UART ta
iHIII, 0 POOUTH WOro JyK€ YHIBEpCAJBHUM ISl PI3ZHHX
3aCTOCYBaHb;

— ¢unew-am'site  pozmipom 4 MB s 36epiranss
MIPOrPaMHOT0 KOy Ta AaHHX;

— JKMBJICHHs B Jiama3oHi Hampyru Bix 3,3 B, Benmka
YacTHHA Bepcii miarpumye xxuBieHHs yepe3 USB-nopt abo
30BHIIIHI JPKEpesia dKUBIICHHS;

— ESP8266 NodeMCU MosxHa mporpaMmyBaTH Ha pi3HHUX
MoBax mporpamyBanHs, Britouatoun Arduino IDE, Lua,
MicroPython, Ta iHii;

Ta ocraHHIM amapaTHUM MOIYJIEM JUIS peamizamii
Makera MoTpiOHO OOpaTH THII BUKOHABUOTO IIPHCTPO0. B
peaJbHMX YMOBax Ie Moxe OyTH SKUHCHh JIBUTYH,
HANpHKIad, M0 Kepye TEpeKIIOUueHHSIM  HalpsMKYy
nepeMilieHHs 00’€KTiB, B yMOBaX EKCIEPUMEHTAIBLHOTO
Makera 00EpeMO CEpBOJABWIYH, SKii Oyae MOICTIOBATH
SKICh-TO [Iii, aje B MaWOYTHhOMY HOro MOXKHA Oyae
3aMIHUTH Ha peJie a0o iHIMHA BUKOHABYHMMA PUCTPIH.

3 TOuKM 30py peaizallii MporpamMHOro 3ade3reueHHs
JUTSI aBTOMATH30BaHOI CUCTEMH OOJIIKY Ha CKJIajli Cy4acHOTrO
BUPOOHMITBA, IUIAHYETbCS PO3pOOKAa Iporpamu st
ESP8266 NodeMCU CH9102 ESP-12E mnposectu B
cepenoume Arduino IDE 2.1 [7], a po3poOKy
MIPOrPaMHOr0 3a0e3MeUcHHS 3 1HTep(ecoM KOpUCTyBada
(HMI) BuKOpHCTOBYBaTH apXiTEKTYpy «KIi€HT-CEpBEp» Ha
6a3i nporokonry HTTPS [8], To6To BukopucToByBatH Web

24

OpEHJIOBaHY apxiTekTypy. BHaciimok 1woro, baza Jlanux
Oyne peanizoBana Ha 0a3i CYBJl MySQL, Ha 0a3i cepBepa
Apache [9].

[II. BUCHOBKM

B pamkax maHWX JOCTI/PKEHb, aBTOPH MPOBENH aHAII3
Cy4acHHX aBTOMAaTH30BaHMX CHCTEM OOJIKYy Ha CKJali
Cy4acHOr0 BHUpPOOHHUIITBA. B pe3ynapTari sikoro Oyio
BHSBJICHO DSl HEHOMIKIB, TAKUX SK: OOMEXKCHA THYYKICTb,
Bpa3JMBICTh  JO TEXHIYHHX  NpoOIeM, CKIaJHICTh
BIpoBa/uKeHHS. Lle MOCTy)XMII0 BiAMPABHOI TOYKOKO IS
MOCTAHOBKH 3aBJIAHHS JOCII/DKCHHS, 3 METO0 MOKPAIICHHSI
Cy4JacHHX CHCTEM OOJIKy Ha CKIaai  Cy4acHOro
BUpOOHMITBA. J[ MOCATHEHHS MOCTABJICHOI METH, B
paMKaxX JaHUX JOCTIKeHb, OyI0 pO3pOOJICHO 3arajibHy
CTPYKTYPY aBTOMATH30BAHOI CHCTEMH 3 BHKOPUCTAHHSIM
texnonorii RFID 'y ckimajacbkoMy BHUpPOOHUIITBI, IO
JIO3BOJTMJIO 3alpOIOHYBAaTH (DYHKIIOHAJIBHY CXEMY MaKeTy
aBTOMATHU30BaHOI CHUCTEMH OOJIKYy Ha CKJIali Cy4acHOIo
BupoOHHITBa. Ha 6a3i QpyHKIIIOHAIEHOT CXeMH MakKeTa, JUis
pPO3pOOKH  eKCIIEpUMEHTAJIBHOIO MakeTa Oyino o0paHO
amapaTtHi MOIYTI Ta CEpPENOBHINE PO3POOKH, 5K JUIS
MIKPOKOHTpOJNEpa, TakK 1 3alpolOHOBAaHO MiAXid JIs
peamizauwii  iHTepdeiica  kopucryBaua  (HMI) 3
BUKOpHUCTaHHIM Web OpeHI0BaHOI apXiTEKTYpH.
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Anomayia: B cydqacHOMy CBiTi, KONM IUTaHHS Oe3Neku uyepes
HasIBHICTh BUOyXOHeOe3leyHNX O0’€KTIiB CTae HaJ3BUYAIHO
aKTyaJIbHUM, IIO€JHAHHS EJICKTPOMArHITHOI CHEKTpOocKomii Ta
panionokarii crae OOIISIHMM HampsMKOM JgociikeHs. Lle mae
MOXXJIMBICTh OTPHMYBATH KOMIUIEKCHY Ta TOYHY iH(opmarito npo
¢bi3nuHi napaMeTpu 00’€KTIB Ta MOKpALlyBaTH iCHYIOYI METOIH iX
BUSIBJICHHS Ta ifeHTH(iKamii. Takuid Miaxix Cripusie IiIBUIICHHIO
e(eKTUBHOCTI Ta HaJiHHOCTI pouecy BHUSIBJICHHS
BHOYXOHeOe3neyHnx 00’ekTiB, 3a0e3nedyroun OUIBII BHCOKHI
piBeHb O€3MeKH VIS CYCIiNIbCTBA.

Knrouogi cnoea: ryMaHiTapHe PO3MiHYBaHHS,
BUOYXOHEOe3MeUHHII IIpeIMeT, POOOTOTEXHIUHI CUCTEMH.

[. BcTyn

AKTyaJbHICTh TYMAaHITAPHOTO PO3MIHYBaHHS Ta MOIIYKY
BHOYXOHEOE3MEUHUX TMPEAMETIB Yy CY4acHOMY  CBiTi
HAJ3BUYAHHO BUCOKA 3 KUTLKOX BATOMHUX MPHYHUH.

ITo-nepiire, g npobiIeMa CTOCYETLCS 30€pEKEHHS KUTTIB
Ta 3amo0iraHHs TpaBMaMm. B KOH(IIIKTHHX perioHax
3ATUIINAIOCS 3HAYHE YHCIIO HEBUOYXIITHX
BHOYXOHEOE3MEUHUX MPEAMETIB, SIKi CTAHOBJIATH CEPUO3HY
3arpo3y IUBIILHOMY HacelleHH o [1].

IMo-gpyre, Oe3meuHuii OOCTYIm OO 30H T'yMaHITapHOI
JIOTTOMOTH Ta BIJHOBJICHHS 1H(QPACTPYKTYPU € KPUTHUUHO
BOXIMBMM.  ['yMaHiTapHE  PO3MIHYBaHHSI  JIO3BOJISIE
BIIHOBJIIOBATH I1H(PACTPYKTYPYy Ta CIPHUITA PO3BUTKY
TiCJIS 3aKiHYCHHS KOH(DIIIKTIB.

[To-TpeTe, 11 TeMa Ba)KJIMBA I 3aXUCTY BICHKOBHX Ta
MHUPOTBOPIIIB, SIK1 MPAIoI0Th B 30HaX 3
BHOYXOHEOE3IEUHUMHU peIMETaMu. BukopucTtanus
CyJacHHX METOIIB PO3MIHYBaHHS JONOMAarae 3MEHIIUTH
PHU3UKH IS TXHBOT'O JKUTTS Ta 370POB's.

[To-uetBepTe, OOPOTHOA 3 TEPOPU3MOM Ta 3JIOUUHHICTIO
BUMarae e(GCKTHMBHHMX METONIB BHSBICHHS Ta YCYHCHHS
BHOYXOHEOE3MEUHUX TPEAMETIB, SKi MOXYTh OyTH
BHUKOPHUCTAHI JUIs1 CTBOPEHHS 3arpo3u IPOMAaJIChKii Oe3merri.

ITo-m'aTe, MOCTIMHUI PO3BUTOK TEXHOJOTIH y ramysi
T'YMaHITapHOT'0 PO3MIHYBaHHS JO3BOJISE CTBOPIOBATH O1JIbIII
TOYHI Ta INBHAKI METOAM Ta 3acoOM s IIOIIYKY Ta
imeHTU(dIKaAIii  BUOYXOHEOE3MEYHMX  MPEAMETIB, IO
maBuinye e(EeKTUBHICTh Ii€i MisUIBHOCTI Ta CIpHUsE
3arayibHif  Oesreri. YpaxoBYHOUM IIi aCIEKTH, TeMa
TyMaHITapHOTO PO3MiHYBaHHS Ta MOIIYKY
BHOYXOHEOE3MEUHUX MPEIMETIB 3aJIMIIAETHCI HaI3BHYAHO
aKTYaJbHOIO Ta BAYKJIUBOO IS CY4aCHOI'O CBITY.

II. AHAJII3 JITEPATYPU 3A TEMOIO TOCJIJDKEHHSI

3aBlIaHHIM TyMaHITapHOI'0 PO3MiHYBaHHS €
3a0e3rneueHHs1 Oe3NeKH JIoJed Ta pPO3KOIKa TepUTopii,
MCJIss  3aBepIICHHS OOWOBMX  Mii, 3 BHIAJCHHAM

BuOyxoHeOe3neunux npeameris (BHIT) ta min. s uporo

BHUKOPHCTOBYIOThCS poboTtoTexHiuHi cuctemu (PKBII) [2].
OCHOBHI 3aBJIaHHs T'yMaHiTapHOro po3MinyBanusi Ta PKBII
BKJIIOYAIOTh B cele:

[Momryx BHIT ta min:

- PKBII npoBomsiTh pO3BiAKY TepHTOpii Ta
BHUKOPHCTOBYIOTh Pi3HI CEHCOpPH, Taki SIK MeTaJolIyKadi,
TEIUIOBI KaMepHW, MarHiTHI JaT4uKd, JJIsi BHSBICHHS
MTOTEHIIIHHO HeOEe3MeYyHnX 00'€KTIB;

- CHCTEMH INTYYHOTO 30py 1 TexHosorii o0poOKH
300pa)KE€Hb MOXXYTh BHUKOPHCTOBYBATHCS JUIsS BHSIBIICHHS
aHOMaJIiii B HABKOJIMIITHHOMY CEpEIOBUIIL.

Inentudikanis BHII:

- mcas  BusBiaenns ~ BHII,  PKBII
ineHTu(iKyBaTH iX THII Ta CTYIiHb HEOE3IEKH;

- s ineHTrdikaiii BUKOPUCTOBYIOTBCS JIaHi 3 CEHCOPIB,
PEHTIeHIBChbKa Ta pajiojoKaliliHa TEXHOJIOrii, a TaKoX
aHaJIi3 XIMIYHOTO CKJIaTy.

Po3Biznka MiHHHX TOJIB:

- PKBII mnpoBomsTe po3BiKy Ta KapTorpadyBaHHS
MIHHHX TIOJiB, BU3HAYAIOUN MEX1 HeOE3MMeUHHX 30H;

- pamapu, reomeswdHi mnpwiagu Ta GPS MoXyTh
BHUKOPHCTOBYBATHCS JJISI LIIET METH.

OunnieHHs Ta 3HeukomxkeHHs BHIT:

- mcng  igeHtudikamii  PKBII  Bumansiore  abo
3HemkopKytoTh BHII, 00 3a0e3neuntn Oe3nexy mroneit ta
JIO3BOJIUTY BUKOPUCTOBYBATH TEPUTOPIIO;

- UISl IIbOT'0 MOXKYTh BUKOPHCTOBYBATHCS CIIEIiali30BaHi
poboTu, py4Hi pOOOTH UM MiPOTEXHIKH.

PoGoTHr30BaHI KOMITIEKCH:

- Buxkopuctanus PKBII no3Bonsie BUKOHYBAaTH 3aBIaHHA
po3MiHyBaHHs Ha Oe3neuHiit Bifcrani Big BHII Ta y pizuuit
yac 100M Ta Mia OyIb-IKUMHU METEOPOJIOTIYHUMH YMOBaMH;

- poOOoTH30BaHI CHCTEMH MOXYTh OYTH OCHAIIEHI
pI3HUMH CEHCOpaMH Ta 3aco0aMH KOMYHIKamii st
BUKOHAHHSI 3aBJIaHb.

BaxknuBo 3ayBaxMTH, IO T'yMaHITapHE PO3MiHYBaHHS
BHMarae BEJIUKOI OOEpeXKHOCTI Ta BUCOKOI KBamidikarii
MepCOHaTy, OCKUIBKM BOHO IIOB'S3aHE 13 3HAYHUMH
pusukamu. PKBII nomomaraioTh 3MEHIINTH PU3UKU IS
JIO/Ie, IO 3AIHCHIOIOTH pPO3MIHYBaHHS, 1 CIIPHSIOTH
BiJTHOBJICHHIO O€3IIEYHOCTI TEPUTOPIiH, IiCis 3aBEepIICHHS
koH(uikTiB. Ha pucynky 1 npencraBieHO OCHOBHI CKJII0BI
CHCTEMH TYMaHITapHOTO pO3MiHyBaHHs [3].

IIOBUHHI
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Pucynok 1 — CkiiaioBi CHCTEMHU TYMaHITapHOTO
PO3MiHYBaHHS

DI UTYBAHHA HACRTEH HA,
ocoBoRoro cKa Ly
Jawni acpodoroposeiakn

Jlani 30RRIMHEOT pPOABIAER

BusBnennss BuOyxoneOesneunux npenmeris (BHII) e
CKJIaJIHUM 3aBJIaHHSAM, SIKE MOXE BHKOHYBATHUCS 3a
JIOTTIOMOTOF0 ~ Pi3HUX MeTOAiB 1 TexHojorid. OCHOBHI
Hanpsimky BusBienHs BHIT Bkimtouatots [4]:

[Momyk okpemMux MiH:

- Iefl HampsMOK BHMAara€ BUSIBJICHHS 1HIWBIJyalbHUX
BHII, Takux sik MiHU Ta CXOKi Ha HUX MPEIMETH;

- JUIS [BOTO BUKOPHCTOBYIOTBCS METOAM, Taki SK
IHAYKOIHHUN TOIIYK (BUSIBJICHHS METaJIeBHX IPEIMETIB),
pamioXBWIbOBMH TOIIYK (BHSABJICHHS 0O0'€KTIB 3a iX
PanioXBHJIHOBHUMHU XapaKTEPHUCTHKAMU), MarHiTOMETPHUYHHIN
MOITYK (BHUSBJICHHS MATHITHAX O0'€KTIB), HENiHIAHUHA
MOIIYK (BUKOPHCTAaHHS HENIHIHHUX e(EeKTiB IpU B3a€EMOIIT
3 BHII).

Po3Binka MiHHHX TOJIB:

- ued HampsAMOK mepeadaydae pPO3BIAKY BEIUKUX
TEPUTOPIN IS BUSBJICHHS MIHHHUX IIOJIIB Ta MAaCOBHX
3ansarads BHIT;

- and uiei MeTH BHUKOPHCTOBYIOTBCSI METOIH, SIKi
JIO3BOJISIIOTH  OLIIHIOBAaTH CTPYKTYPY TPYHTY Ta BHSBIISITH
aHoMmautii, Taki sK pajgap, reoge3wuHi nupwiaaau, GPS
TEXHOJIOTII.

Jemackytoui o3Haku BHIT MoXXyTh BKITIOUATH HACTYITHE:

- HasiBHICTh BUOyXoBoi peuoBunu: Jleski BHIT moxyts
MaTH XapaKTEpHHUH 3amax abo XIMIYHUE CNiJl, KA MOXE
OyTH BUSBJICHUN XIMIYHHUMHU TaTYNKAMU,

- HasBHICT, Merany: barato MiH MiCTATh MeTajieBi
KOMITOHEHTH, 1 116 MO)XXe OyTH BHSBJIEHO 32 JOIOMOI'OIO
METaJI0/IETEKTOPIB;

- xapakrepHa ¢opma Min Ta BHII: Jlesxi BHII marothb
xapakrepHy ¢opMmy abo po3Mip, SKHA MOXe OyTH

BUSBJICHHI 3a JIOIIOMOT'OF0 ONITHYHHUX abo
00pa30TBOPIOIOYHX TEXHONIOTH;
- HeomHopimHocTi  cepemoBuima: BHII  MoxyTh

CTBOPIOBATH IOPYIIEHHS B HAaBKOJHUIIHHOMY CEpEIOBHIILI,
Taki SK 3MIHM B TIPYHTI, JOPOXHBOMY IIOKPUTTI a0o0
POCITMHHOCTI.
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JlonaTkoBi neMackyrodi (akTopu MOXKYTh BKIIIOYATH
HasIBHICTh IMPOBIMHOI JIiHII YNPaBIiHHSA MIHOIO, HAsSBHICTh
TOAMHHUKOBOTO MEXaHi3My a00 eJISKTPOHHOro TaiiMepa,
CeHCMIYHMIA, MaTHITHUN a00 ONTUYHUIN TATYHK ITiJT1, aHTCHY
Ut pagionpuiiMansHux npuctpois BHIT [5].

BaMBO MMIAKPECIUTH, IO KOXXEH METOI Ma€ CBOi
repeBar i 0OMeXeHHs., 1 sl e(pEKTHBHOTO T'yMaHiTapHOTI'O
PO3MIHYBaHHSI YaCTO BUKOPHUCTOBYIOTh KOMOIHAIIIO PiI3HUX
METOIIB Ta TEXHOJOTiH. BHOIp KOHKpETHOro MeETOoIay
3aJIOKHUTH BiJl KOHKPETHUX YMOB i 3aBJIaHb PO3MiHYBaHHSI.

Tabmuug 1.1 — Jlemackyroui 03HaKu BUOYXOHEOE3EUHUX
Tpe/IMETIB

By KOHTpacTy Mix Tum 06’€ekTa Mouryky

00'eKTOM 1i
OTOYYIOYUM
CepeoBHUIIEM

BHII 3
KaOeJIbHUMU
JHHISIMA
YHPaBITiHHS

BHII 3
€J1EeKTPOHHUMU
KOMIIOH €HTaMH

g |
L=

BinminHicTh

. . + + + +
€IICKTPOIPOBITHOCTI

BinminHicT
MarHiTHOT + + + +
HPOHHUKIIMBOCTI

BinMinHicTs
JieIeKTPUIHOT + + + +
HPOHKUKHOCTI

BinMinHicT
TerIohi3HIHUX + + + +
XapaKTePUCTHK

BigminHicT
OINTHYHHUX + + + +
XapaKkTEepUCTUK

BinminHicTs
MEXaHIYHMX + + + +
XapaKTePHCTHK

HasiBHicTh HapiB
BHOYXOBOT + + + +
pedosunu (BP)

B nanmii yac HaiiOinble 3acTOCYBaHHS 3HAWILIA Taki
METOJIH: eJIeKTPOMarHiTHi (IHIYKIIHHUH, patioXBHIbOBHH,
MAarHiTOMETPUYHHA, HEJHIHHW), snepHo-(hi3nyHi,
Ter1o(i3NYHUIA 1 MeXaHIYHUH (MEXaHIYHOTO 30HAYBaHHS).
CaMe BOHH JI03BOJISIIOTH CTBOPUTH TEXHIUHI 3aCO0U MOIIYKY
BHIL, sixi MoxXyTh OyTH NMpUAATHUMH ISl TyMaHiTapHOT'O
PO3MiHYBaHHS.

[IpoGnemu, sKi BUHHMKAIOTH TPU 3aCTOCYBAHHS ITUX
METO/IB — 1€ NMUTaHHS Oe3NEeKH 1 3HWKEHHS YacOBUX Ta
MaTepiaJbHUX BUTpPAT Ha pPO3MiHYBaHHs. [HIN BHMOTH:
KJIiMaTH4Hi, e(eKTUBHICTh pOoOOTH B TEMHHH dYac a00wu,
CTIMKICTh 70 MEXaHIYHHUX BIUIMBIB, EJIEKTPOMArHiTHA
CyMICHICTB ToII1O [6].

Tabnuugt 1.2 — CydacHi METOIIU Ta IETEKTOPH BUSBIICHHS
BHII

Meton JlerekTopu Ta 0018 iHaHHsI Juist BUsiBiaeHHss BHIT

Enextpomaruitauii | Metanomykay (MD)

Paniosokarop (GPR)

Enextpuunnii imnenancuuii Tomorpad (EIT)

Paniomerp Ha MiniMerpoBux xBusix (MMWR)

MikpoxsuiboBuii pagiomerp (MWR)
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IIponorxenus Tadmui 1.2

In¢pagepBonuii cnexrpockon (IR)

Jlinap — J#eTeKTop OTpUMaHHSI Ta OOPOOKH
indopmarii mpo BixganeHi 00'€eKTH 3a IOMOMOrOK
aKkTUBHUX onTHYHUX cucteM (LIDAR)

OnTHYHUN METOJT

SnepHo-¢iznunuii | JleTeKTopH HEHTPOHHOrO BUIPOMIHIOBAHHS

Snepuuii kBaapynonpHuii pezoHanc (NQR)

JlereKTOpH aKyCTHYHHX Ta CEHCMIYHHX XBHUJIb

(A/S)

AKyCTHYHUH

JleTeKTopH 3BYKOBHX Ta yJIbTPAa3BYKOBUX XBHIIb

[HKeHepHI MAIMHY U1 BUSBICHHS Ta MIAPUBY MiH
i BUOYXOBHX IPHUCTPOIB

MexaHiuHMi

yru

la3oanammizaTopy Ta AETEKTOPH MapiB BHOYXOBHX
pEYOBUH

TazoaHamiTHYHKUI

Tennodizuunuii TennoBizopu

bionoriunuit CeHcopHa cucTema TBapuH

Ha pucynky 2 npencrasieno podora Warrior 710, sikoro
BUKOPDHCTOBYIOTh U IIJABHIICHHS  MOXIIUBOCTEH
pOOOTOTEXHIYHMX KOMIUIEKCIB, IO TICHO TIOB'I3aHE 3i
301IBIIEHHAM TXHBOT MacH, KoMIiaHist iRobot cTBopuia s
BIMICHKOBMX IIiJied 0OararoyHKIIOHAJIBHY IUIaTGOPMY
Warrior 710 macoro 129-136 kr.

Pucynok 2 — Pobor Warrior 710

PoGor BHKOHaHMII Ha T'yCEHMYHOMY Imaci i Moxe
PO3BUBATH MIIBHIAKICTH g0 12,9 KM/Tom 3 BaHTaXEM Ha
MaHimysIaTopi Macoro 68 kr abo TATTH BaHTaX Macoro J0
227 xr. 3a paxyHOK JOAATKOBHX T'yCEHHUIb-(JINIEpiB BiH
31aTHUN JTONATH:

— BEpPTUKAIbHI CTIHKH 3aBBUIIKH JI0 47 CM;

— CXOJH 3 KyTOM Haxuiy 45 °;

— Opiza 3aBOIHONIKY 76 CM;

— OKOIIM 3aBIIUPUIKH 10 61 cM.

Posmipu pobora: — moexuna 0,89 m, mmpuna 0,73 M,
pucota 0,46 m.

3apsiay akyMymnaTopiB Buctauae Ha 10-16 roaus poboTu.

JanpHicth il TyabTa  AWCTAHIIHHOIO  KEpyBaHHS
anmaparom craHoButh 800 M. IIpu BTpati 3B's3ky Warrior
710 31aTHHUI CaMOCTIHHO TTOBEPHYTHCS 10 BUXIAHOI TOUKH
JuTs 11 BiHOBJICHHS [7].

MopentoBaHHsI TOIIYKY BUOYXOHEOE3NeUyHHX MpeIMETiB
METOJIOM EJIEKTPOMArHiTHOI CIIEKTPOCKOIIT Ta paiooKarii
- Ie CKIagHui 1 OaratoacrneKTHU# Tpouec, SKUi
BUKOPHUCTOBYE pi3HI (DI3WYHI NPUHIUIK Ta TEXHOJIOTIT IS
BUSIBJICHHS Ta 1leHTU(iKamii mixo3pinmx 00'exTiB. OCHOBHI
KOMITOHEHTH TaKOT'0 IPOLECY BKIIOYAIOT!

EnextpomarnitHa CHEKTPOCKOMIsL:
BHKOPUCTOBYE BJIACTUBOCTI O0'€KTIB  B3aEMOIIATH 3
EJIEKTPOMArHITHUM  BUNPOMIHIOBaHHSAM  Ha  PI3HHX
yacrorax. Jleski BHOyXOHeOe3neuHI MaTepiaad MOXYTh
MaTu XapakTepHi €JIEKTPOMArHiTHI CUTHATYpH.
MopentoBaHHs IIbOTO MPOIECY MOXKE BKITFOUATH CTBOPEHHS

Iei METOJI

28

MaTeMaTWYHUX  MojeJeld  B3aeMoiil  MarepiamiB 3
€JIEKTPOMArHITHUMHU XBUJISIMH Ta aHaJI3 pe3yJIbTAaTiB.
Panmionoxkarris: Panionokarris BHKOPHUCTOBYE
panmiocurHajgM Jjsi BU3HAUSHHS BIJICTaHI, HANpsIMKY Ta
IHIIMX ~ XapakTepuctuk  o0'extiB. [ momyky
BHOYXOHEOE3NIETHNX MPE/IMETIB, MOXYTh

BUKOPHCTOBYBATHCS Pi3HI THIM pajxapiB i CEHCOpIB, SKi
MOXYTb BUSIBUTH aHOMATii y BiIOMBAaHHI CUTHAITY BiJl TAKHX

MIPE/IMETIB.
MogentoBaHHS 00'eKTiB: Jns MOJICITFOBaHHS
BUOYXOHEOE3NeYHNX  MNPEAMETIB  MOTPIOHO  CTBOPHUTH

BiJIOMOCTI Npo X (hi3W4HI BIACTHBOCTI Ta EIIEKTPOMAarHITHY
curHatypy. lLle Moxe BkarouaTH B cebe CTBOpPEHHS
TPUBHMIPHUX  MOJEICH O0'€KTIB Ta  BUKOPHCTAHHS
(I3UYHUX TaHUX IPO iX CKIIaJ i XapaKTePUCTUKU.

Amnamiz Ta igentudikaris: Ilicma 300py maHMX 3a
JIOTIOMOT'OI0 METO[IIB E€JIEKTPOMArHiTHOI CIIEKTPOCKOMii Ta
panmionokamii, BHKOHYETBHCS aHaJi3 LUX JaHUX IS
BU3HAYEHHS, YU IPUCYTHI BHOYXOHeOE3IEeYHI MaTepiaji.
Ile moxe BKiIFOYaTH B ceOe MOPIBHSHHS OTPUMAHUX JaHHX
3 BIJIOMUMH CHTHATypaMH Ta BHKOPHCTAaHHs aJTOPHTMIB
MAIlIMHHOTO HAaBYAHHS JJI aBTOMATUYHOI imeHTH(iKamii
00'eKTiB.

Cucremu BusBlieHHsA: OCTaTOUHHUI eTalm - 1€ IHTerpais
MoJIeJIed Ta CEHCOpIB B CHCTEMY BUSBIICHHS, SIKA MOXE
OyTu BCTaHOBJIEHA HAa JIPOHAX, PyXOMHX IuaTdopmax abo

IHIINX TPaHCIOPTHUX 3acobax JUISt MIOLIYKY
BHOYXOHEOE3MEUHUX MPEAMETIB Y pealbHOMY Jaci.
He#t miaxix ™Moxke OYTH KOPHUCHUM JUIS 3aXHUCTYy

BXUTUBHX OO'€KTIB, TaKHX SIK aE€pPONOPTH, CTAHiOHH abo
iHIII MicIl 3 BHCOKHMM piBHeM Oe3meku, e HeoOXigHO
BUSIBIIATH Ta iJeHTH(IKYBaTH TOTEHIIHHO HeOe3neyHi
npeameru [8].

ITigBuienus e(pCKTHUBHOCTI: Poboru MOXYThb
BUKOHYBATH  3aBJaHHA IIBUAIMIC Ta  e(peKTUBHIIIE,
3MEHIIYIOYM 4Yac 1 BUTpaTW Ha onepanii ta podoTH 3
PO3MiHYBaHHS.

Bucoka Tounicte i HagmidHicTh: PTK wMaroTe BuCOKY
TOYHICTh Ta HAMIHHICTH, IO JOMOMAarae y MiHiMi3ari
MIOMUJIOK 1 T IBUIIYE YCHIIIHICTh 3aB/aHb.

PoGora B ymoBax Ham3BuyaitHux oocraBud: PTK MoxyTh
(YHKIIIOHYBaTH 1iJI0A000BO 1 B Pi3HUX MOTOJHUX YMOBAaX,
0 poOHTH IX HE3aMIHHUMH JUIsi BUKOHAHHS 3aBIaHb B
Oynb-sKUH yac.

Crienianizanisi: Pobotn MoxxyTs OyTH crierianizoBaHi uis
BUKOHAHHS PI3HOMAaHITHHX 3aBIaHb, BiJ PO3BIAKH [0
TYMaHITAPHOTO PO3MIHYBaHHS, IO MIJBHUINYE IXHIO
YHIBEpCAJIbHICTb.

Omxe, PTK craroTh HEBIT'€MHOIO YaCTHHOIO BIMCHKOBHX
Ta TYMaHITapHUX OIEpalliii, JOIOMararun 3ade3nedyBaTh
Oesrieky, e(eKTHUBHICTh Ta OIEPATHBHICTh y BHKOHAHHI
3aBJIaHb.

III. BUCHOBKU

Iomryk i ineHTH(IKaIisT BUOYyXOHEOE3MEUHUX ITPEIMETIB
(BHIT) mnst rymaHiTapHOro pO3MiHYBaHHS € CKJIQJHHM
3aBJaHHsM, SKE€ BHMarae BiJ poOOTa-KOMIUIEKCY IJIst
BuOyxoHebe3neunoro po3MinyBanusi (PKBII) cnemianpaux
o0naiHaHHS Ta IHCTPYMEHTIB.

PKBII moBunHi Oyrm  oOiagHaHl  HaCTyIHUMH
KOMITOHEHTaMHU: MaHINMyIATOpaMHU Ui BUKOHAHHS PI3HHX
olepaliif, MeTaJoUIyKaueM Uil BUSBICHHS METaJICBUX
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MPEAMETIB, 3ac00aMM JJIs BiNEO3B'SI3Ky IS KOMYHIKamii 3
olepaTopaMy, a TaKOK CUCTEMaMU IS NPUHHATTS PillleHb
Ha KOXHOMY €Talmi TyMaHITapHOTO  pPO3MiHYBaHHS,
BKJTIOYAI0uU PO3BIJIKY, TIONIYK, MapKyBaHHS,
iIeHTU(IKaIliF0, 3HEITKOHKEHH Ta 3HuIeHHss BHIT.

Hampsimuii pyx Apyroi JaHKH MaHIIyJIsTOpa J03BOJISIE
KaMepi OTPUMYBATH YiTKi 300paKeHHST BHOYXOHEOE3MeUHUX
MIPEIMETIB, 1[0 O4iKYIOThCS. KITFOUOBOIO YaCTHHOIO MPOEKTY
€ TIOPIBHSHHSI CKaHOBAaHOTO 300paKeHHS 3 BOYIOBAaHHMH
300pakeHHSMH B 0a3ax JaHMX poOOTa, a TakoK OOMiH
TOBIZIOMJICHHSIMA Ta 300paXeHHSIMH MDK poboTroM i
orepaTopoM. SIKio Moxyinb 0OpoOKH 300pakeHb Mpaltoe
HAJIOKHUM YMHOM 1 3JaTeH TOYHO IOpPiBHIOBaTH
300pa)KeHHsI Ta MPUHAMATH TPaBHJIbHI PIlIEHHS, TO MOXHA
pO3pOOMTH  aNrOpPUTM  MAIIMHHOTO  HABYAHHS,  SIKHH
JIO3BOJIUTH POOOTY IIBHIKO Ta TOYHO po3mizHaBatu BHII,
TaKi SK MiHH.

3 iHmoro OOKy, Ticiasl BCTAQHOBIEHHS 3BSI3KY MIiX
pobOTOM 1 omepaTopoM BimOyBaeThcs Oc3repepBHUN 0OMIH
TIOBIZIOMJICHHSIMA Ta 300pakeHHsAMH. KoHcTpykmisi 1maci
pobora y ¢opMmi NpSIMOKYTHUKA, SIKE MPHUKPIIUIEHE IO
MBKONIA, JO3BOJSIE YHUKHYTH TMEPENIKoJ Ul CHUTHAILY
METaJIONETEeKTOpa Ha IIaci.
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BEAM Robotics: Combining Biological Principles and
Technological Solutions for More Adaptive and Energy-
Efficient Robots
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Abstract: The research and development of BEAM robots
remains relevant in light of the development of new approaches
and methods in robotics and biology, as well as for solving
specific practical problems related to ecology and medicine.
BEAM robots provide an opportunity to study biological systems
and their principles in more detail, which can contribute to the
development of new approaches in medicine and biology. In
addition, due to their energy efficiency, BEAM robots can be used
to monitor and study the natural environment, which is important
for solving environmental problems. These robots can serve as
useful pedagogical tools to educate and inspire students and
researchers, helping them to learn the basics of robotics and
biology.

Keywords: BEAM robotics, biological principles, microkernels,
energy efficiency, programmability, reliability, biological
inspiration, mechanical sensors, robotics, ecology, medicine.

. INTRODUCTION

Modern robotics is constantly evolving, looking for new
approaches and innovative concepts to create more efficient
and functional robots. Among these approaches is BEAM
robotics, a class of robots that takes its inspiration from
biological systems and offers a unique paradigm for
creating "living" mechanical structures. BEAM robots,
which operate without the use of microcontrollers and
software, open up new possibilities in robotics, offering
simple but effective ways to solve complex problems.

II. DESIGN FEATURES OF BEAM ROBOTS

BEAM (Biology, Electronics, Aesthetics, and
Mechanics) robots are a class of robots that are developed
with biological principles of artificial intelligence in mind.
This approach to robot design is inspired by biological
systems and seeks to create robots that can function
similarly to biological organisms. This approach is based on
the idea of developing simple mechanisms to solve complex
problems, and its main feature can be seen in the absence of
microcontrollers and software. Instead, BEAM robots use
simple electrical circuits to control their actions. This
approach turns them into "living" robots that have
interesting advantages over traditional robots.[1-3]

BEAM robots can look very different as they are a broad
class of robots and their appearance can depend on the
specific design and tasks they are meant to perform.
However, there are some common features that can be
characteristic of the average BEAM robot [4-8]:

- mechanical design: BEAM robots usually have a
mechanical structure that can mimic the shape and
movement of biological organisms. For example, it could be
a small mechanical "caterpillar" or "gopher" that is made up

of segments that move according to a special mechanical
design.

- sensors: BEAM robots can be equipped with simple
sensors, such as photoresistors that respond to changes in
light conditions, or mechanical sensors that respond to
touch. These sensors allow robots to interact with their
environment.

- no microcontrollers: One of the main features of BEAM
robots is the lack of complex electronic components such as
microcontrollers. They use simple electrical circuits to
control their behaviour. This may include mechanical
switches that provide basic decision-making.

- aesthetics: BEAM robots are often designed with
aesthetic aspects in mind and try to mimic natural forms and
movements. Their appearance can be an important aspect of
their design.

- energy supply: BEAM robots can use a variety of
energy sources, such as solar panels or batteries, depending
on the specific task and environment in which they operate.

- motor activity: In most cases, BEAM robots have
limited motor activity and can perform simple actions such
as moving forward, reacting to light, or stopping when they
touch an obstacle.

In general, BEAM robots aim to be simple and different
from traditional robots that use complex electronics and
software Figure 1. They provide an opportunity to study
biological principles and demonstrate energy efficiency and
reliability in a variety of contexts, from science to practical
applications [9-14].

Figure 1 — Appearance of the BEAM robot

The design features of BEAM robots are as follows:
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- an integrated approach to nature and technology:
BEAM robotics combines biological inspiration with
technology to create robots that are more like living
organisms, integrating  biological principles  with
electronics, mechanics and aesthetics. [15,16]

- energy efficiency: BEAM robots are notable for their
impressive energy efficiency, as they have a unique ability
to "rationalise" their energy and life. They are able to
minimise their energy consumption and optimise their
actions in order to achieve maximum performance with
limited resources. This feature proves to be extremely
useful in industries where reliability and durability are
crucial factors, such as search and rescue. BEAM robots can
use various types of stimuli, such as sound, light, radio
frequencies and temperature changes, to interact with their
environment and perform their functions. This allows them
to make the most efficient use of the surrounding resources
and ensure stable operation even in difficult conditions.

- minimalist design: BEAM robots feature a minimalist
design that makes them lightweight and compact, and
reduces the complexity of their construction compared to
more traditional robots.[17,18]

- adaptability to the environment: One of the key
advantages of BEAM robotics is their ability to adapt to
changes in the environment and use natural energy sources,
such as solar panels, for power. This allows them to work
efficiently and for long periods of time while minimising
energy consumption.

- self-organisation: Some BEAM robots are noted for
their ability to self-organise. For example, a team of robots
can work together to solve problems or coordinate actions
without centralised control.

- cooperation with the biological world: BEAM robotics
may have the potential to be used in nature research and
interaction with living organisms.

- alignment with environmental goals: The minimalist
and energy-efficient nature of BEAM robotics can help
reduce negative environmental impacts.

- social robotics: One of the specific applications of
BEAM robotics is social robotics. These robots can be used
to interact with humans in a variety of scenarios, including
education, therapy, and entertainment [19].

Comparing BEAM robots to existing classes of robots,
the advantages are as follows:

- energy efficiency: BEAM robots typically consume less
energy than many traditional robots because they minimise
the use of electronics.

- simplicity and reliability: Due to the lack of complex
electronic components, BEAM robots can be more reliable
and easier to maintain.

- biological inspiration: BEAM robots enable the study
and reproduction of biological principles, which can lead to
new insights in robotics and biology.

There are also disadvantages compared to others:

- limited functionality: Due to the limited use of
electronics, BEAM robots are often limited in their ability
to perform complex tasks and algorithmic computations.

- limited programmability: BEAM robots are more
difficult to program and adapt to new tasks than traditional
robots.

The concept of microkernels for BEAM robots is to
develop small, simple mechanical components that can be
combined together to create complex actions. These
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micronuclei can be analogous to neurons in biological
systems that process information and control movements.
For example, Nv (visual neurons) can respond to changes in
light conditions, and Nu (motor neurons) can be responsible
for controlling movement [20]. The implementation of these
micro-core systems can be based on mechanical sensors and
control mechanisms rather than electronic components.

All of this research and development of BEAM robots
allows for a deeper understanding of biological principles,
which can lead to the development of new methods in
medicine and biology. The energy efficiency of BEAM
robots is useful for environmental monitoring and solving
environmental problems. In addition, they can be used to
educate and inspire students and researchers in the fields of
robotics and biology.

Future research and development of BEAM robotics
could lead to even greater advances in biology and robotics.
They can be used to create more complex and adaptive
systems that will use biological principles to optimize
actions in an unpredictable environment.

BEAM robotics is an exciting direction in the world of
robotics that combines natural inspiration  with
technological solutions. It can help us better understand
natural processes and design more resilient and adaptive
systems. And, although BEAM robots have their
limitations, their capabilities and advantages already
impress with their innovation and potential.

III. CONCLUSIONS

In summary, BEAM robotics is an innovative approach
that combines biological inspiration with technological
solutions. Its potential still requires further research and
development, but it already opens up new opportunities for
creating more adaptive, efficient and environmentally
sustainable robots than traditional approaches.

Since the physical world is characterised by a high degree
of unpredictability, it is impossible to predict all possible
random events and unforeseen circumstances that arise in
such an irrational environment. Comparing BEAM robots
with other classes of robots, we can highlight their
advantages in terms of energy efficiency, simplicity and
reliability, as well as the ability to study and reproduce
biological principles. "Biological organisms" that can suffer
serious damage are characterised by a higher degree of
reliability. This characteristic becomes especially important
when developing systems designed to detect unexploded
mines and bombs.

Of course, BEAM robots have limitations, such as limited
functionality and programming complexity compared to
traditional robots.

The paradigm shift in understanding robots and their
interaction with the real world is key to the development of
robotics. Moving from the standard view of robots to
accepting them as reliable and adaptive systems can bring
revolutionary changes in various industries, from
autonomous cars to hazardous waste disposal robots.
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Abstract: In this material, methods for constructing a
depth map were analyzed, and technical devices suitable
for this task were considered..
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[. INTRODUCTION

Since the invention of the first unmanned aerial
vehicles in 1933 until today, drones have become a part
of everyday life. From film production to military
applications, UAVs are more cost-effective than their
manned counterparts. Cartography remains one of the
current areas for the use of unmanned aerial vehicles. In
my master's thesis we will talk specifically about the
software necessary to perform cartographic work using
UAVs. Airplane and helicopter drones are used to carry
out cartographic work. Airplane-type UAVs are used to
process large area (over 20 km). Such devices are capable
of photographing hundreds of hectares in 1 hour in the
air. A quadcopter is suitable for exploring local areas.
This difference in application is due to the specific design
of the above-described types of drones. Aircraft-type
drones, due to the presence of wings, have an
aerodynamic lift force, which in turn arises when the air
flow flows. To create an oncoming air flow, it is enough
to give the structure a certain speed relative to the air
masses. Thus, the main energy consumption occurs
during takeoff and landing of the aircraft. These features
provide this type of UAV with better autonomy. On the
other hand, aircraft-type UAVs have worse
maneuverability and compactness compared to
helicopter-type UAVs. Helicopter-type drones most often
use a design with four rotors called a quadcopter. The
quadcopter body does not have aerodynamic abilities,
and lift into the air is carried out by electric motors and
blades installed on them. Thus, different types of UAVs
may be required to perform different tasks. Regardless of
the type of drone you choose, additional electronics are
required for mapping. Usually, these are a camera and
GPS sensors. Using a regular camera, it is possible to
obtain raw data in the form of video recording or a large
number of photos. Such data must be processed after the
UAYV returns. An alternative would be to construct a
depth map. On the basis of which, in real time, it is
possible to construct a map taking into account the
terrain. In this work, we will consider the hardware for
constructing a depth map.

II. METHODS FOR OBTAINING A DEPTH MAP

Structured Light camera. Let's start with, perhaps,
one of the simplest, oldest and relatively cheap ways to
measure depth - structured light. This method appeared
essentially as soon as digital cameras appeared, i.e. more

than 40 years ago and greatly simplified a little later, with
the advent of digital projectors. The basic idea is
extremely simple.[1-3] We place next to a projector that
creates, for example, horizontal (and then vertical) stripes
and next to a camera that shoots a picture with stripes, as
shown in this picture 1.1

Camera ..

Projector .|
= o

Picture 1.1 — Structured Light Camera Operating Scheme

Since the camera and projector are offset relative to
each other, the stripes will also move in proportion to the
distance to the object. By measuring this displacement we
can calculate the distance to the object. This scheme is
hardly suitable for use on UAVs since, due to sunlight,
the designed grid will be illuminated and unreadable for
sensors.[4-7]

Time of Flight camera
The next way to get depth is more interesting. It is based
on measuring the round-trip delay of light (ToF - Time-
of-Flight). As you know, the speed of modern processors
is high, but the speed of light is low. In one clock cycle of
a 3 GHz processor, light can travel only 10 centimeters.
Or 10 clock cycles per meter. In fact, we need to measure
the delay with which light returns to each point, Picture

: Time-af—ﬂighf : @l

Trigger Reflected pulse

Picture 1.2 — Scheme of Operation of the Time of Flight
Camera

The problems remain the same. There is a high
probability of the image being exposed to bright light.
Camera based on lidar technology [8-11]
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The first lidars (from LIDaR - Light Identification
Detection and Ranging), built as bundles of similar
devices rotating around a horizontal axis, were the first to
be used by the militaries, then tested in car autopilots.
They performed quite well there, which caused a
powerful surge in investment in the region. Initially, the
lidars rotated, giving a similar picture several times per
second, Picture 1.3.

Picture 1.3 — Example of Lidar Camera Performance

The problem with these devices can be considered their
relatively high cost. Putting together a compact and
inexpensive device is quite problematic. In addition,
bright sunlight reflected from surfaces may cause
incorrect data reading.
Light Field depth camera

The topic of plenoptics (from the Latin plenus - complete
and optikos - visual) or light fields is still relatively little
known to the general public, although professionals have
begun to study it extremely actively. The main idea is to
try to capture not just light at each point, but a two-
dimensional array of light rays, Picture 1.4, making each
frame four-dimensional. In practice this is done using a
microlens array

Image  Image
Sensor - Plane  Lens

Object
Plane

5

——=

i
3
i

5

4

s s

R

P, | wooon
Picture 1.4 — Light Field Camera Operation Scheme

Ios " I

The main disadvantages of plenoptics can be
considered the relatively low resolution and complexity
of software implementation.

Depth from Stereo camera [12-14]
Of the 5 methods under consideration for constructing
depth video, only two - this and the previous one (stereo
and plenoptics) - do not interfere with the sun and are not
interfered with by surface reflections. At the same time,
plenoptics is many times more expensive and less
accurate at long distances. Depth from stereo (Picture
1.4) - in terms of equipment cost - is the cheapest way to
obtain depth, since cameras are now inexpensive and
continue to become cheaper quickly.

34

KITTI 00 (Full SLAM)

8

' = > left video g'_'ﬂh 2
Picture 1.5 — Example of Depth from Stereo Camera
Operation

keyframe depth

The difficulty is that further processing is much
more resource-intensive than other methods. Despite the
disadvantages discussed above, this technology was
chosen as depth sensors for UAVs.

Waveshare IMX219-83
This stereo camera (Picture 1.5) was chosen due to its
high resolution of 3280 x 2464, compactness, and the
presence of additional sensors - accelerometer,
gyroscope, magnetometer.

Picture 1.5 — Stereo Camera Waveshare IMX219-83

To create a stereo pair, two compatible Pi
cameras would be suitable too, for example the
Raspberry Pi Camera Module 3 cameras (Picture 1.6).

ro Meduls 3

Figure 1.6 — Raspberry Pi Camera Module 3

But in this case, it would be necessary to
synchronize the cameras, which would add extra load to
the computing module. To perform the calculations,
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Rasberry Pi CM4 and Carrier board were chosen for
it.[15-17]

ITI. CONCLUSIONS
Thus, various types of sensors that may be suitable for
the implementation of a system for building a 3D model
of the environment of a mobile robot were considered.
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Anomauin: B pobori po3ibpaHO OCHOBHI 3aBIaHHS
aBTOHOMHOTO TIepecyBaHHs POOOTIB, PO3IIISIHYTO ONTHUMI3allis
MIBUJIKOCTI pyXy Ha 3ajaHuX Mapuipyrax, onucana CAK rta
ormcano IIJI-perymnsarop.

Knwuoei cnosa: Ill[-perynarop, 3akoHH aBTOMAaTHKH,
KEpYBaHHS PYXOM, pOOOTOTEXHiKa.

I. Bctvnn

Ha nanuit MOMEHT TeMa aBTOMAaTUYHOTO KEPYBaHHS €
JIy’)Ke aKTyaJIbHOIO, TaK sIK Bce Olble 1 OiIbllie B pi3HUX
rajmy3siX MOYMHAIOTh BUKOPHCTOBYBAaTHCS pPOOOTH, BiX
CTaHAApPTHUX POOOTIB  MAaHIMYISATOPIB 0  IIJIHX
MiANPUEMCTB,  SIKi  TOBHICTIO  YIPaBJSIFOTBCS — Ta
(YHKI[IOHYIOTh 332 PaxyHOK pI3HOMaHITHHX pOOOTiB, a
Ui IXHBOTO pyXy MOTpiOHO pPO3pOOUTH  TEBHY
TIOCITIJIOBHICTD [Iiif.

VYci poboTH pyXxaroThes MO 3aJaHUM KOOPAUHATAM, SIKi
MaloTh OyTH OyX€ TOYHO TPOKJIaleHi. AJpKe SKIIO0
MaHIMYJIATOP BIAXWIUTHCSA Bil 3aJaHOTO MapHIPYTy Ha
OIIVH TPajyC, BiH BXKE ONMHUTHCA B aOCOJIOTHO HE TOMY
MICIIi, B IKOMY MaB ONHHHUTHCS 1 IIe CIIPUYUHUTH OaraTo
HACITIIKiB, HAMKPUTHYHIIIE 3 YCiX Oyme Opak.

ABTOMAaTHYHI MallMHU HE 3MOIIM O TPaBHIBHO
($yHKIIOHYBaTH 0e3 HaJaroaKeHoi CUCTEMU
aBTOMATUYHOT'O MEPECYBaHHs Ta KEpyBaHHsI, ajike Oyib-
sSKa TIOMHJIKa B IXHHOMY MUISIXY YH IO3UI[IOHYBaHHI
KOOpJIMHAT TIPH3BENE JO TOTaJbHOI Jie30pieHTamil
TIaTQOpMH.

II. CUCTEMA ABTOMATUYHOI'O KEPYBAHHS
(CAK)

ABTOMaTHYHA CHCTEMa KepyBaHHsS — II€ CYKYIHICTh
KepOBaHOro 00'€KTa i aBTOMaTHYHUX BUMIPIOBAIFHUX Ta
KEPYIOUUX IIPUCTPOIB.

Ha ocHOBI aBTOMaTn30BaHOI CUCTEMH YIPaBIiHHS LISl
chcTeMa caMoJilova i peaidye BCTaHOBIIEHI (DYHKIIT
MpolLleCy aBTOMAaTU4YHO, 0e3 y4acTi JIIoquHU (KpiM eTarliB
3aIlyCKy Ta HaJaro/KeHHs cucteMu). Ha mpakruii gacto

KOPHCTYIOThCS TEepMiHOM-aHaJIOrOM CHCTEMH
aBromarnuHoro kepyBanHs (CAK).

ABTOMAaTUYHHM  PETYNIOBAaHHAM  BHKOPHCTOBYEMO
MATPUMKY Ha 3aJaHOMYy DpiBHI meBHOI  (hi3u4HOI

(XIMIYHOT) BEIMYHMHHU, IO XapaKTepu3ye Iporec, adbo
3MIHIOE i 3TiJJHO 13 3a8J]aHUM 3aKOHOM.

ABTOMaTHYHE KEpYBAaHHS — LIMPILE NOHSITTS, B LIbOMY
BUIAJKy CTBOPIOETHCS TOBHA KUIBKICTh BIUIMBIB Ha
MpoIiec, BUOPAHUX 3 MEBHOI KUTBKOCTI MOXKIIUBHX.

ABTOMaTHYHI CHCTEMH KepyBaHHS
KJIacu(iKyBaTH 3a IIBUIKAMH O3HAKAMHU:

- iH(OpPMaTHBHUM MPUHIIUIIOM;

- KUTBKICTh KEPOBaHHX MTApaMEeTPiB 1 KOHTYPIB;

MOXHa

- BUTJISIIOM CTQTHYHUX 1 IMHAMIYHUX XapaKTEPUCTHK;

- CTPYKTYPHUMH OCOOJIMBOCTSMH TOLIO.

OpHUM 13 pO3MMPEHUX MPUHIMMIB Kiaacudikaii
aBTOMAaTH30BaHUX CHCTEM KEpYBaHHs Ha ChOT'OAHI NpHU
OypXJIMBOMY PpO3BHUTKY iH(OpMaliiHUX TEXHOJIOTIH €
iH(OpPMaTHBHUI, Ha OCHOBI SKOTO JIEKaTh OCOOIHMBOCTI
3100yTTS Ta BUKOPUCTAHHA iH(OpMAIii. BIAMOBIAHO 10
LBOTO TPUHLUITY BUAUISIOTH CHCTEMY: 3 IIOBHOIO 1 3
HEMOBHOIO  TOYaTKOBOIO iHpopMari€ro. [epmi
BIJMIOBIIHO 3BHUYAHUMH, BOHH MalOTh IOYaTKOBY
iH(pOpMaIito, TOCTATHIO JUIs PO3B’SI3aHHS MOCTABJICHOTO
3aBJIaHHS Ha Mepioj]] YChbOro 4Yacy poOOTH CHUCTEMH. 3

HETIOBHOIO ITOYaTKOBOKO iH(hopMaliiero abo
KiOCpHETHYHUMH € CHCTEMH, SKi U1 PO3B’sI3aHHA
MOCTaBJICHUX 3aBJaHb IIOBHMHHI B IIporeci po0oTu

OTpUMATH JOAATKOBY iH(OpMAaIilo, aHali3 SKOi Jae
3Mory chopMyBaTH HEOOXiJHI KOMaHIU KepyBaHHI.
CucremMu BOJONOCTAaYaHHS Ta BOJOBIJBEIACHHS SIK
00'eKTH aBTOMATH3alii BiJ IMX 10 3BUYAHUX CHUCTEM 3
NOBHOIO  IIOYATKOBOIW  iH(popMmaliero. IX  MoxHa
PO3IIIUTH Ha ABI XapakKTepHi TPYIH, IO BiIPi3HIIOTHCS
SK TPUHIMIOM KEpyBaHHsA, TaK 1 OCOOJUBOCTSIMU
¢yHkionyBanns. [lepmia — 1e 3aMKHYTI aBTOMAaTHYHI
CHCTEMH KEpyBaHHS BiTHOCHO BUXiJHOI (KEpOBaHOI)
BEJIMYMHH, IO IiIOTh Ha OCHOBI NMPHUHIMITY KEPYBaHHS 32
BIIXWJICHHSIM  KEpPOBaHOi  BENWYMHM, 1X  Oyne
BUKOPHCTOBYBATHCSI CHCTEMaMH 13 3BOPOTHUM 3B’SI3KOM.
Jpyra — po3iMKHYTH aBTOMAaTW4HI CHCTEMH KepyBaHHS
OKPEMOIO BEJIMYMHOIO, MI0 0a3ylThCs Ha TPHHIMII
KepyBaHHS 3a 30YpCHHSIM.

Omnim 3 mapamerpiB  CAK MoxHa  BHIUTHTH
aBTOMATUKy y Mapamerpax pyxy. 3aKOHH aBTOMAaTHUKH
BiJIIrpalOTh BAXJIMBY pOJIb y PETYIIOBaHHI MapaMerpiB
PyXy B pi3HHX cucreMax. BoHH BHKOPHCTOBYIOTHCS UIst
CTBOpPEHHSI aBTOMAaTHYHUX KEPYIOUHMX CHUCTEM, SIKi 37aTHI
miaATpuMyBaTH a00 PEryiaroBaTH pi3HI HMapaMeTpH pyxy,
TaKi K MBHUIKICTh, TOJIOKECHHS, KYT, TPAEKTOPIS Ta 1HIII.

PosrisiHeMo  sKi  iCHYIOTH 3aBJ@HHS aBTOHOMHOI'O
TiepeCcyBaHHsL.

II1. 3ABJIAHHSI ABTOHOMHOI'O I[IEPECYBAHHS

Ix icmye nyxe 6araTo, meski 3 HMX NpHUBEIEHO i
OITUCAHO HIDKYE!

Hagiraiss — oHi€I0 3 OCHOBHHX 3aBJaHb € PO3pOOKa
e(pCKTHBHUX aJTOPUTMIB HaBiramii, sKi JO3BOJISIOTH
nepeMilliaTUCs 1O 3aJaHiil  TepuTopii, YHUKAIOUU
nepeniko] i 6e3nevyHo gocsratouu Iiiel. e Bkimoyae B
cebe po3poOKy aNrOpuTMiB BHSBIEHHS MEPEHIKOI,
MapuipyTu3amii Ta miaHyBaHHS pPyXy.

Jlami MoKHa BHIUIMTH JaTYUKH Ta CHOPUHAHATTSA. J{as
yCIIIHOI HaBiramii, podoTy noTpioHO OyTH 00JIaAHAHUM
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pPI3HUMHM JaTYMKaMH, TaKUMH SK Jijapu, KaMmepw,
yABTPa3BYKOBI JIaTUYMKH Ta iHEpIialibHI BUMIpIOBayi, 00
HAJIHO CIPHUIMATH OTOYYIOUE CEpPEIOBUINE Ta CTaH
camoi m1athopMHu.

HaBuaHHS 3 MiJIKpIiIUIEHHSIM — 3aCTOCYBaHHS METO/IiB
MalIMHHOTO  HAaBYaHHJ, TaKUX SK HaBYaHHA 3
I AKPITUICHHSIM, ISt TIOMIITIICHHS YIIpaBJIiHHS
MOOiTBHOO MIaTdopmoro. 1le 103BoIsAe MalIuHI BUNTHCS
HAa OCHOBI JIOCBily Ta BIOCKOHAJIIOBATH CBOi il
BiJITIOBITHO IO MOCTaBJICHUX IIJIEH.

Takok 10 3aBIaHb aBTOHOMHOIO II€PECYBaHHs
BIIHOCUTBCSA CTIMKICTh 70 3MIiHHHX yMOB. PoOotu
MOXYTb CTHKATHUCS 3 pI3HUMH yMOBaMH, TaKHMHU SIK
3MiHH TIOT'OM, OCBITJIEHHSI Ta CTaH JOPOTW. BupimeHHs
npo0JieMH BKIIIOYa€E B ceOe CTBOPEHHSI CHCTEM, 3aTHUX
ajanTyBaTMCS O 3MIHHMX yMOB Ta 30epiratu
CTaOUIBHICTB B PYCI.

[Ile MOkeMO BHIUIMTH TaKWW MapaMeTp sAK Oe3reka.
3abe3neueHHss Oe3meku Tix 4Yac pyxy MOOUTBHOI
waTopMHu € TpiopUTETHOIO 3anadyeto. lle Bkiouae B
cebe po3poOKYy cHcTeM 3amo0iraHHs 3ITKHEHHIM 1
OC3MeYHOro TrajbMyBaHHA, a TaKOX MeEXaHi3MIB
BUSIBJICHHS JIFOZIEH Ta 1HIIMX 00'€KTIB.

OcraHHIM TapaMeTpoM sKuil Tpeda BHIUINTH €
epexkTuBHiCTb. MakcuMizamis  €(QeKTHBHOCTI  PYyXy
TIaTGOpMH, 3MEHIIEHHSI Yacy B JIOPO3i Ta ONTHMIi3allis
CIOKMBAHHS €HEprii TakoXX € BaXKIMBUMH acCIEeKTaMU
POOJIEMH.

BupinieHns 1mx 3aBIaHb MOTpeOye ayXe UiTKOro
MiAXO0My, BKIIOYAIOYM  PO3poOKYy — amapaTHUX — Ta
MPOrpaMHUX  KOMIIOHEHTIB, a TaKO)X [O€JIHAHHS
TEXHOJIOT1H IITYYHOr O IHTEJIEKTY Ta POOOTOTEXHIKH.

Po3risiHeMo sk 3aCTOCOBYBAaTH 3aKOHH aBTOMAaTHKH
JUTSL PETYJIIOBaHHS IIBHIKOCTI.

1V. PET'VIIIOBAHHS IIBUAKOCTI

3a J0MOMOror0 3aKOHIB aBTOMAaTHKUA MOXKHAa CTBOPUTH
CHCTEMU  YIpaBIiHHA, SIKI HIATPUMYIOTH  33/1aHy
HIBHAKICTh pyxy. IIpukiagzoM nporo Oyne ajanTUBHHA
KpYI3-KOHTPOJIb y MamuHaX. Po3riasHeMO sK BiH
BJIAIITOBAHUHN Ta MPAITIOE.

AnanTUBHUNA  KpYi3-KOHTpOJIb - 1Il€ IOKpalleHa
chcTeMa KpYi3-KOHTPOINIO, sIKa HE TiBKM aBTOMAaTHYHO
MATPUMYE MIBHAKICTE pPyXy, ale 1 ITOTPUMYETHCS
0e3MeYHOl AUCTAHINT A0 aBTOMOOLIs, 10 He morepeny,
aJIaNITYIOUHCh T1iJ] IIOTOYHY CUTYAIlil0 Ha JOpPO3i.

Ha BimMiHy BiIl HEaKTHBHOI CHCTEMH, SKa JIUIIE
MATpUMYE — 3aJaHy  LIBHAKICTH  pyXy, CHCTeMa
aJIalITUBHOT'O KPYi3-KOHTPOIIIO:

— IIPUCKOPIOE aBTOMOOLIB JI0 33JaHOT0 3HAYECHHST;

— YIOBUIBHIOE HOT0, 2K /10 TOBHOI 3yITHHKH;

— YIpUMY€E 3aJaHy UIBHIKICTh, 3a0e3nedylound He
TiIJIBKH KOM(OPT y TPUBAIUX TOI3AKaX, a ¥ 3HAYHO Ha
10% 1 OibIIIe CKOPOUYIOUU BUTPATY MaJTUBA.

Cama cucrema CKIIQIAETHCS 3 TPHOX BY3IIIB.

[o-nepuie, e QpoHTAIbHI JaTYMKH, PO3TALIOBaHI B
MepeAHbOMY Oamriepi, pimmie — 3a (hadbll PEIIiTKOO
pamiatopa. Ile — «o4i» Kpyi3-KOHTPOJIO, TOMY MarOTh
OyTH YMCTUMH BiJl OpyAy Ta CHITY, iHaKIIe epeKTUBHICTD
CHCTEMH TParHyTH /10 HYJIS.

[Mo-nmpyre, e MOJAaTKOBI JATYMKH, IO BiACTEKYIOTb,
4 izie aBTOMOOLJIb 10 TpsIMiii, B TipKy a0o 3 Hel, Ha AKuit
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KyT BIIXWIEHE pYJIbOBE KOJECO, IO KOHTPOIIOIOThH
Bkimtoueny B KIIII mepemauy, HaBiTh iH(oOpMalimo 3
JIOPOXKHBOI PO3MITKHU Ta IPHIOPOXKHIX 3HAKIB.

[lo-Tpere, 1e eneKTpOHHWH OJOK  YHpaBIiHHS
aZlalITUBHOTO KPYi3-KOHTPOJII0. Bif HBOTO 3ajeKUTh SIK
sKicTh (yHKLIiIOHYBaHHsS, Ta ¥ pobOora B3aram. BiH
aHaizye iH(pOpMAaIlifo, 110 HAIXOIUTh, JAF0UH KOMaH/IHU:

— cHCTeMi Tojavi MaluBa 3MIHUTH KyT HaXWILy
JPOCEITBLHOI 3aCITIHKH;

— TaJbMIBHOMY KOHTYpY 30unbmnTH abo HaBIaku
MOCJIA0UTH CHITY NPUTHCKAHHS TaJbMIBHHX KOJOJOK IO
JIACKIB.

[IpuHIUI POOOTH aTANTUBHOTO KPYi3-KOHTPOJIIO:

— 30upaerbcsi Bcs iHGOpMAalis 3 OCHOBHUX Ta
JPYTOPSTHUX TaTYHKIB;

— OJOK yHNpaBIiHHA Yy pEXUMI pEaNbHOro 4Yacy
Oe3mepepBHO ii aHaIi3YeE;

— 3aJIOKHO BiJ 33/1aHOT BOJIEM IIBUIKOCTI Ta CHTYaIlil
Ha JTOpO31 — MOPOXKHS, MpsiMa Tpaca abo, HABIAKH, aBTO,
o ¥iie momnepeny, MpUTraabMOBYe/iepe0yI0BYEThCs, A€
KOMaH/1y Ha MPUCKOPEHHs a0o, HABMAKH, yIMOBIIbHEHHI.
IIpu upoMy cucrema KepyBaHHS MOXKE TalbMyBaTH
JIBUT'YHOM a00 3MEHIIYBAaTH HOTO MOTYKHICTh IUISTXOM
KOPOTKOYaCHOTO 301 AHEHHS MTOBITPSIHO-TIAIUBHOI
cymii.

Takok peryiaroBaHHS MIBHIKOCTI, TICHO MOB'i3aHE 3
MIPOXOKEHHSIM TPAEKTOPii pyxy MOOLIBHOI mIaTopMHu.
Bona n03BoNSITUME TOYHILIE CIiTyBaTH MOOYIOBAaHOMY
MapIIpyTy, IO IMiIBUIIATH ONTHMI3aIliI0 HAIIIOTO PYXY.

PoGotT 1  aBTOHOMHI  TpaHCHIOpPTHI  3aco0u
BUKOPHCTOBYIOTh 3aKOHM aBTOMATWUKH JUIS CIIiTyBaHHS
3a3JaNeriib BU3HA4YeHMM  Tpaekropisim. Lle Moxe
BKIIIOYaTH B ce0e KOPUTYBaHHS TpPAE€KTOpii Ha OCHOBI
3BOPOTHOTO 3B’SI3KY BiJ JaTYUKIB 1 kamep. PosrisiHemMo
Bukopuctanus  IIl/I-perymsaropa aist  BiJCTeXXEHHS
TpaekTopii podOTOM, ajie mepe UM Po30epeMocs K BiH
TIPAIIOE, a TAKOXK JIe BiH MOKE 3aCTOCOBYBATHUCH.

V. I JI-PETYJIATOP

[pomnopuiiiHo-iHTerpaibpHo-gudepentiansaui  (I11]])
perynsaTop — TPUCTPIH B KEpyHUOMY KOHTYpi 3i
3BOPOTHHM 3B'SI3KOM. BHUKOpHCTOBYETBCSI B cuUcTeMax
aBTOMATUYHOTO YIPaBIiHHS Uil (DOPMYBAHHS CHTHAITY
KEepYI4oro 3 METOK OTPUMaHHS HEOOXiMTHHUX TOYHOCTI i
skocTi mepeximHoro mporecy. ITI/I-perymstop ¢dopmye
KEepYIOUMi CHTHajJ, IO € CYMOK TpbOX JIOJaHKIB,
MepIInii 3 SKUX € TPOIMOPUIHHUM pPI3HUII BXiIHOTO

CHUTHaJy 1 CHTHaJy 3BOPOTHOTO 3B'S3Ky (CHUrHai
HEY3TOJDKEHOCTi), Jpyre - IHTErpally  CHTHAILY
HEY3TODKEHOCTi,  Tpere -  TMOXiJAHOI  CHTHAILY
HEY3TO/KEHOCTI.

IIJ] perynatop — oxmuH i3 HAHNONIMPEHIIINX
ABTOMATHYHUX perynsaTopis. Bin HACTIIBKA

YHIBEpCAJIbHUM, 110 3aCTOCOBYETHCS MPAKTUYHO CKPi3b,
Jie TIOTpiOHE aBTOMaTHYHE KEPYBaHHSI.

I perynarop CKIaga€Tbcsi 3 TPhOX CKIAJOBUX
(pucynok 1): mponopuiitnoi P, mo inTerpye [ i
mudepentiroe D, dopMmyeTbecsi MpocTo K cymMa TPbhOX
3HAYCHb, ITOMHOKCHMX KOXKHA Ha CBill koedimient. Ils
cyMa miciisi OOYUCIIeHb CTA€ KEPYIOUHUM CUTHAJIOM, SIKHH
TIOAAETHCS HA KEPYIOUHH TIPUCTPIH.
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Puc. 1. Cxema npunnuny podortu I11J]-perynsropa

kP, kI i kD mne i € Ti koedimieHTH, sKi MOTPiOHO
HanamryBatu st poooru IIl/I-perymsropa. 3HaueHHs
TYT MOXYTh OYyTH pi3Hi, 16 3aJIEKUTh BiJl KOHKPETHOI
cucreMd. bynp-sxkuii koedilieHT MoOXKe HOpIBHIOBATH
HYTIO, 1 B TakOMy BHIAJKy aHYJIIOETbCS BCS HOro
KoMITOHeHTa. TOOTO peryssiTop MOXKHa IEpEeTBOPUTH Ha
I, III, IIJI, Ta immn moegHaHHSA. Pi3HI cucTeMu
BHMararoTh pi3HOro mmaxony, came Ttomy I11J[-perysstop
TaKUi yHIBEpCAIbHUI.

[poropuiiiHa cKkiazoBa € pI3HULCIO ITOTOYHOTO
3HAUYEHHs 3 JaTyuka Ta YCTaHOBKU. Ll pi3HHIA
Ha3UBAETHCS TIOMUIIKOIO PETYIIOBAHHS, TOOTO SIK JaJeKO
3HAXOJUTHCS CUCTEMA BiJl 3a7]aHOT0 3HaYeHHs. Buxoaurh
yuM OiJbllie MTOMUWIKA, TUM Oinblie Oyne Kepyrodui
CHTHaJ 1 TMM IIBH/IIE CUCTEMa HABOAUTHME KEPOBaHY
BEeIMYMHY [0 3ajaHoro 3HaueHHs. Il ckiamoBa €
ocHoBHOlo B [IlJ]-perymsaropi, peryastop Moxe
HEINoraHo INpanoBaTH TUTBKK Ha HiH oaHid. P ckiamoBa
BUIIPABIISIE IOMIJIKY B TaHHH Yac.

[HTerpanpHa CcKJIagoOBa MPOCTO ITACYMOBYE B caMy
cebe Ty caMy IMOMMIIKY, PI3HHIIO IIOTOYHOrO i 33JJaHOTO
3HAYEHHs, IIOMHOXXEHY Ha TMepioA JAWUCKpeTH3aiii
cUCTeMH, TOOTO Ha Yac, 1[0 MHHYB 3 IIOIEPEIHBOIO
po3paxyHky dt - ¢akTuuHO Oepe iHTerpan BiJl MOMHUJIKH
3a 9yacoM. Y CaMOMY PEryJsATopi Iie e MHOXHTHCSA Ha
koedimienT kI, SKMM HamAIITOBYETHCS PIi3KICTh IIi€l
cKiazioBoi. B iHTerpanpHii CKIanOBiH  OyKBaJIBHO
HAKOIHMYYETHCS TIOMIJIKA, IO JO3BOJISE DPEryIsTOpY 3
4acoM TOBHICTIO 1i YCYHYTH, TOOTO NPHBECTH CHCTEMY
JI0 33JaHOr0 3HAYEHHS 3 MaKCHMAJIFHOIO TOYHICTIO. |
CKJaJioBa  BUIPABISE€  MUHYJIl  HOMIJIKH, IO
HAKOIHYHITHCS.

JudepeHuianpHa cki1agoBa SBISE COOOI PI3HUIO
MOTOYHOI Ta MONEPEeIHbOI MMOMHWIIKH, MOAUIEHY Ha dYac
MiX BUMIpIOBaHHSIMHU, TOOTO Ha Ty X dt, ska Mmae
3araJbHUI Tepion perynsrTopa. [HIIMMU cioBamu — 1€
MOXiJHa BiJi MOMUIKHK 32 yacoMm. Paktnuno D ckiagoBa
pearye Ha 3MiHy CHT'HaJy 3 JaT4ydMKa, 1 YMM CHJIbHIIIE
BiIOYBAETHCS LISl 3MiHA, TUM OlJIbIIIe 3HAYESHHSI IOAAETHCS
JI0 3arajJbHOi cyMH. D 1103BONIsIE KOMIEHCYBaTH pi3Ki
3MIHM B CHCTEMi 1 NpH TNPaBWIHHOMY HaJAIITYBaHHI
3aro0irTM CHJIBHOMY TEPEepEryJIIOBaHHIO Ta 3MEHIIUTH
posrovinyBanus. Koedimient [| mo3Borsie HamamTyBaTH
Bary, 4 pi3KiCTh JaHOI KOMIICHCAIlil, SK Ta IHIII
KOe(II[IEHTH PEryoTh CBOI CKiIanoBi. D ckiagoBa B
TepIry 4epry notpiOHa [uisi MIBUAKHX CHCTEM, TOOTO ISt
cucTeM 13 pi3kuMH 3MiHamu. D ckiajoBa BHIIpaBIIsie
MOJKJIMBI MalOyTHI TOMUJIKH, aHATI3YIOYH MIBUIKICTS.

Jlis HamamTyBaHHSI PeryisiTopa HOTpiOHO BapiloBaTh
KoeillieHTH:

— npu 30umbmenHi kP 30iibmIyeThCsl  IIBUAKICTH
BUXOIy Ha BCTAHOBJECHE 3HAYEHHS, 30UIBIIYETHCS
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CHTHAJ, IO ynpasise. YUCTO MaTeMaTHYHO cUCTeMa He
MOX€E NPUATH PIBHO J10 33JaHOTO 3HAYECHHS, TaK SIK MPH
HaOMWKeHHI 70 ycTaHOBKU [l CKIagHUK MpOonopuiiHO
3meHmyeTses. [Ipu nogansmomy 36inbimenHi kP peanbaa
cHcTeMa BTpayae CTIHKICTh Ta MOYWHAIOTHCS KOJTMBAHHSI.

— mipu 30ubmIeHHI kI 3pocTae MBUIKICTH KOMIICHCAITIT
MOMHJIKH, IO HAKONMUYWIACS, IO JO3BOJSIE BUBECTH
CHCTEMY TOYHO JI0 33/IaHOTO 3HAUYEHHS 3 IUTMHOM 4acy.
SIkmo cucrema moBiabHa, a kI 3aHaATO BENMKHH -
IHTETpaJibHa CyMa CWJIBHO 3pocTe€ 1 BigOyneTbes
TIepeperyIIOBaHHs, SIKE MOXKE€ MaTH XapakTep KOJIUBaHb,
0 He 3aTyXalTh, 3 BEIMKUM TmepiogoM. Tomy
IHTETpaJIbHY CyMYy B allOPHTMi pEryisTopa 4Yacro
00MEXYIOTh, 1100 BOHA HE MOIVIAa 30UIBIIYBaTHUCS Ta
3MEHIIYBATHCh JI0 HECKIHUEHHOCTI.

— nipu 30inbmieHHi kD 3pocTtae cTabijbHICTD CHCTEMH,
BOHA JIa€ CHCTEMi 3MIHIOBATUCS JY)K€ IIBUAKO. Y TOH ke
yac kD Moke cTaT MPUYMHOIO HEeaJeKBAaTHOI MMOBEAIHKU
CHUCTEMHU Ta TOCTIHHHMX CTPHOKIB CHUTHAJIY KEPYHOUOro,
SIKIO 3HAYEHHsI 3 JaTYMKa BaraeTbcsi. Ha KOXHY pi3Ky
3MiHy cUrHany nartumka Jl ckiamoBa Oyzme pearyBaTu
3MIHOIO KEpYIYOro CHrHajly, TOMy CHTHajJ 3 JaT4HKa
MOTPiOHO (iNBTPYBATH.

VI 3ACTOCYBAHHS [T /I-PETYJIATOPY V

POBOTOTEXHILII

[IJ] — e anropuT™ KepyBaHHS, SIKMHA 3HaXOIUTHCSA B
CIICKTPUIHOMY TPHUBOII Ta CEKIi KepyBaHHS MOOLIBHOI
riatgopmu. [ aBToMaTHYHOI HaBiralii Ta yrnpaBiiHHS
3a3BUYall ICHYEe TpHU KOHTYpU KEpYBaHHs: KpPYTHHH
MOMEHT, MIBUAKICTb 1 MOJOXEHHS. SIK MpaBHJIo, TPHUBIiT
KepyBaTUME KOHTYpOM  KpPYTHOIO  MOMEHTY, a
«KOHTpOJIEpP» KePYye IBUAKICTIO Ta MOJIOKEHHSIM.

[orane HanmamTyBaHHS MOXKE€ MaTH HU3KY LIKIUTMBUX
HACNIAKIB A [porpaMu  pyxoMoi  Imiatdopmu,
HAMOYEeBHTHIIIIMM 3 SIKHX € Te, 1[0 CHCTeMa He cTabijbHa
4y TouHa. [loraHo HanamroBaHa cucTeMa MOXKE 3a/1aBaTH
HEeBIpHUH MapuIpyT i HEBIPHO PETYIIOBATH IMIBHAKICTH
PyXy aBTOMAaTH30BaHOrO po0OoTy. OKpiM HETOYHOCTI,
MoraHe HaJIAIITYBaHHS MOXKE IPU3BECTH IO ITOJIOMKH
MallliH{A, a TaKoX [0 IeperpiBy Ta IIOMIKOKEHHS
JIBUTYHIB 1 IPUBO/IIB.

CripaBisiTUCs 3 MIHJIMBUMH HaBaHTQ)KEHHSMH € JIyXKe
CKJIaJIHUM 3aBJAHHSAM JUIS  MOOUIBHOI  TIaT(OpMH.
[lpaBunbHe ~ HaNamITYyBaHHS  BaXJIMBE,  ajle B
eKCTpeMaJIbHIN CUTYyallii MOXe 3HAJ0OUTHUCS IMHAMIYHA
HAJTAITYBaHHA, 100 BIIOPATHUCS 3 IEI0 MPOOIEMOIO.

VII. BUCHOBKH
B nanomy marepiami Oynu BHUCBITJIEHI 3aBIaHHs, IO
BHHUKAIOTh IPU ABTOMATHYHOMY VIIPABIIHHI pPyXOM
aBToMatuyHOi miatdopMm, omucaHo CAK Ta 11 o3HaKw,
posrisiayTo TTI/I-peryastop Ta sk BiH MPAIOE, a TAKOXK
HOro 3aCTOCYBaHHS y pOOOTOTEXHIlIIi.
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Cy4dacHui MPOMUCIOBUI 1HTEPHET peUei Ta XMapHIi

TEXHOJIOTI1]

Cepriit HoBocenos, Irop I'magkos
Kagenpa KITAP, Xapkischkiii HamioHanpHuit yHisepcuret patioenextponiku, YKPAIHA, Xapxis, np. Hayku 14, email:
ihor.hladkov@nure.ua

Anomayia: B naniii crarti Mu po3iOpaii NpuUHIUI poOOTH
IloT Ha mignpueMCTBI Ta METOAM 3aCTOCYBAHHSA XMAapHHUX
o0uMCIIeHb, a TaKOoX IIOKa3ald IepeBard 1 HENONIKH IX
3aCTOCYBaHHS Ta METO/M 1X BUIIPABJICHHS.

Knrouosi cnosa: 10T, xmaphi TexHomorii,
3aXUCTY.

CUCTCEMU

Bcrvnn
[psimo 3apa3 IloT npencranse ocoOnuBuil iHTEpEC
JUIi  BUPOOHWYOi, TIPOMHCIOBOI Ta TPAaHCIOPTHOL
ramyseir. [Ipoextu IloT MOxyTh HajaTH BHPOOHUKAM
Kpallle ysBJIEHHs PO Te, K NPAIfoIOTh iX BUPOOHHYI
JiHiT, Ta 3pOOMTH TOYHIIII MPOTHO3M CTOCOBHO TOTIO,

KOIM  KOHKPETHUM  MalluHam  Oyzne  moTpiOHe
00CITyroByBaHHs, IO CKOPOTUTH HerepeadadyBaHi
IIPOCTOI.

[Ipomucnosi HiATPUEMCTBA MOXYTh

BukopuctoByBat [I0T, mo0 CKOPOTHTH BHIOATKU Ha
BIJNPaBKy IEPCOHAIY Uil IIEPEBIPKH BiJJIAJIEHOTO
oOnajiHaHHs, 3pOOMBIIM HOrO CaMOKOHTPOJIHOBAHHM.
Po3npiOHi  TOpProBui MOXYTh 3pO3YMITH, A€ B iX
JIQHITFO)KKY MMOCTaYaHHS 3HAXOAATHCA "BY3bKi Miciit", a
TPaHCIIOPTHI KOMIMaHii MOXYTh Kpaimie 3pO3yMiTH
MIPOJYKTUBHICTh BJIACHOTO aBTOMApKy. Alle 1€ He €JTUHI
3alliKaBJIEHI CEKTOPU: OXOPOHA 3/I0POB'Sl Ta ypsIJ| TAKOXK,
WMOBIpHO, CcTaHyTh sickpaBuMu npuOiuHukamu IloT.
Xoua 3apa3 BiH B OCHOBHOMY JOCIIIKYETHCS BETHKUMHU
OpraHizalisMH, ajne 3roJ0OM MOXKE OTPHUMAaTH OiiblI
IIMPOKE PO3MOBCIOJDKEHHS 31 3HWKEHHSM I[iH Ha
o0J1aIHaHHS Ta TOCITYTH.

IIpomucnosuit IntepHer Peueit uu IloT, mpamroe 3
MUTbSpIaMH TIPOMHCIIOBHX MPHUCTPOIB — BiJl MAlIMH Ha
3aBOJIl JIO JBWUTYHIB B JliTakaX — sKi 3alOBHEHI
JMATYUKAMH, MIAKIIOYCHI 10 Oe3IpOTOBHX MEpex, a
TaKkoX 30WpaloTh Ta OOMIHIOIOThCS JAaHuMU. [losiBa
MIHIaTIOPHUX HEIOpOTuX JIATYHKIB Ta
LIMPOKOCMYTOBHX O€3APOTOBUX MEPEXK Terep O3HAYae,
IO HAaBiTh HaWMeEHII NOPUCTPOi MOXYTh OyTH
MiJAKIIOUeHI 10  MEepeXi, BpaxoBYIOUH  piBEHb
UQpPOBOro iHTENEKTY, IKUI O3BOJISIE BIICTEXKYBATH Ta
KOHTPOJIIOBATH X, a TAKOX OOMIHIOBAaTHCH JIJAHUMH PO
X cTaH Ta CHiJIKYBaTHUCh 13 iHIIMMHU NpUCTposMu. Bei i
JaHi  MOXYTh 30MpaTHCh Ta aHaJi3yBaTHCh JUIA
i IBUILICHHS €(pEeKTUBHOCTI Oi3HEC-TIPOIIECIB.

1.OB’€KT JOCJIKEHHS

Ipuctpoi i o00'ektn 3 BOYZOBaHUMH JATYHUKAMHU
miakirouei no miatdopmu Industrial Internet of Things,
sKa IHTErpye HaHi 3 PI3HUX IMPUCTPOIB 1 3aCTOCOBYE
aHAJITUKY U1l OOMiHY HAaHOLIBII IHHOO iH(pOpMAIiEo
3 JogaTKaMu, CTBOPEHMMH  JJIsl  3aJ0BOJICHHS
KoHKpeTHHUX noTpel. [ToryxkHi miardpopmu lloT MmoxyTs
TOYHO BU3HAUYUTH, sKa iHQopMamis KOpHCHa, a SKYy

MoxxHa Oe3neqHo irHopyBatu. OTpumana iH(pOpMallis
MOXE BUKOPUCTOBYBATUCS JUISi BHSBJICHHS INAOJIOHIB,
BUPOOJICHHS PEKOMEHJAI Ta BUSBIECHHS MOXKIHBUX
po0GJieM 0 IX BUHUKHEHHSL.

BukopucTaHHS TEXHOJIOTIT IHTEPHETY pedeii T03BOJIAE:

- BHKOPHCTOBYBaTH [AaT4YMK{, 1100 BU3HAYMUTH, SIKi
obmacti B JEMOHCTpaIlifHOMY 3ayi  HalOiIbII
TIONYJISIPHI, a Jie KJIIEHTH HaWIoBIEe 3aTPUMYIOTHCS;

- JeTanmi3yBaTH IOCTYIIHI JaHi PO MPOAaxi, II00
BU3HAYMUTH, SIKI KOMIIOHEHTHU INPOAAIOTHCS IIBUAIIE 3a
BCE;

- aBTOMATHYHO 3ICTABIATH JaHi MPO MPOAaXi 3
MOCTaBKaMHU, 1100 TOMYJISIPHI TOBApU HE 3'SBJISUIMCS Ha
CKJIai;

- iH(popMalis, oTpuMaHa 3 MiJKIIOYEHUX IPHUCTPOIB,
JIO3BOJISIE MPUHMATH MTPAaBUIIBHI PillIEHHS TIPO T€, SIKUMHU
KOMITOHEHTAaMH  CIIiJi  3amacTucsi, 0a3yluuch Ha
inpopManii B peasbHOMY 4Yaci, IO JOIOMarae
3a0MaIUTH Yac i rpori.

3aBasku TepeaoBin AHAJTITUII 3'IBIISIETHCA
MOXIIUBICTh 3pOOWTH IpouecH OiTbll epEeKTUBHUMHU.
Po3yMHI 00'€KTH 1 CHCTEMH O3HAYAIOTh, IO BU MOXKETE
aBTOMATU3yBaTH TI€BHI 3aBJaHHs, OCOOJUBO KOJH BOHH
MTOBTOPIOIOTHCS, 3BUYANHI, BUMAraloTh 0arato yacy abo
HaBITh HEOE3MEYHI.

II1. O1rmicC POBOTHU «INDUSTRIAL INTERNET OF

THINGS»

Ha nmepmomy erami BnpoBamkenns IloT Ha
MIPOMUCIIOBE OONaJHaHHS BCTAHOBJIIOIOTH JATYUKH,
BHKOHABUYI MEXaHI3MH, KOHTPOJICpU Ta JIFOJUHO-
MaluHHi inTepdeiicu. B pesynbrari crae MOXIMBUM
30ip  iHpopmamii, sKa  J03BOJIAE  KEPIBHHITBY
OoTpUMyBaTH OO'€KTHMBHI 1 TO4YHI JaHI IpoO CTaH
BUpOOHUIITBA. (OOpOoOJIEHI JaHI HATAIOThCA BCIM
Mipo3aiaaM mianpueMcTsa. e qonomMarae HalaroauTH
B3a€MOJIII0 MK CIIBPOOITHUKAMHM Pi3HUX ITiJPO3JLTIB 1
npuiiMaTH 0OTpyHTOBAaHI PillICHHSI.

Otpumana iHpOpMAaIlis MOXKe OYTH BUKOPHCTaHA IS

3armo0iraHHsl TO3aIIAHOBHM  IIPOCTOSIM,  MOJIAMKaM
yCTaTKyBaHHS, CKOPOYEHHIO [03aITaHOBOT'O
TeXOoOCIyroByBaHHs Ta 300dM B  yIpaBIiHHI

JIAHIIO)KKAMH TIOCTABOK, THUM CaMUM JI03BOJISIFOUM
MAPUEMCTBY (DYHKIIIOHYBATH OB epEKTHBHO.

[pu 00poOITi BEJIMYE3HOTO MacCHUBY
HECTPYKTYPOBAaHHUX JIAHUX, 1110 HAXOATh 3 JaTYHKIB, X
¢inpTpamist 1 ajeKkBaTHa  iHTepHpeTamiss  CcTae
MIPIOPUTETHUM 3aBIaHHSAM. TOMY 0COOJIMBOro 3HAYEHHS
HaOyBae TIPEICTaBICHHA iH(poOpMAIli B 3pO3yMUIOMY
KOpHCTyBaueBi BUTIIsIL. J[J1s1 IbOrO BUKOPUCTOBYIOTHCS
nepeoBi  aHAMITUYHI IUIaTGOpPMHU, TpPU3HAYEHI IS
300py, 30epiraHHs i aHami3y JaHUX MPO TEXHOJIOTIYHI
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mpolecu 1 mMoAil, 1O BiIOYBAalOTBCI B PEATLHOMY
Maciradi yacy.

[Ipomucnosuit [aTepner Peueit JI03BOJISIE
CTBOPIOBATH BHUPOOHHMITBA, SIKi BUSIBJISIOTHCS OUIBII
OLIA/UIMBIMU, THYYKHMH 1 €pEKTUBHUMH, HIXK 1CHYIOUI.
BeznporoBi mpucTpoi 3 miaTpUMKOK mporokony 1P,
BKJIIOYAIOYM CMAapT(OHM, IUIAHIIETH 1 JATYUKU, BXKE
aKTHBHO BUKOPHCTOBYIOThCSI Ha BUpOOHHLTBI. HasBHI
JIPOTOBI Mepexi AAaTYMKIB B HAWOIIKYI POKH OyIyTh
po3UIMpeHi 1 JONOBHEHI OE3IpOTOBHMH MepekKaMHu,
3aBJISIKM YOMY Ha MiANPUEMCTBAX CYTTEBO PO3IIUPSATHCS
30HA  3aCTOCYBaHHS CHUCTEM  MOHITOPUHTY  Ta
yrpaiinHs. HactymHuii eran ontiMizanii BUpOOHUYUX
MIPOIIECiB OyIe XapaKTEePU3yBATUCS BCE OLIBII IIIIEHOO

KOHBEPIeHIIIE0 Kpamux iH(pOopMaIiftHIX i
orepamiiHuX TEXHOIOTIH.

I[lo wmipi craHOBIEHHS LU(PPOBHX EKOCHUCTEM
BUPOOHMYI MiJIPUEMCTBA 3 130JIbOBAHUX CHCTEM, SIKI
CaMOCTIIHO ~ BUKOHYIOTh BCl HeoOXi1H1 TS
BUPOOHMLITBA TPOAYKILIi, BUpOOHMYI Ta Oi3Hec-
npouecH, OyAyTh TIEpEeTBOPIOBATUCS Yy  BIJAKPUTI

CHCTEMH, IO NOETHYIOTHh PI3HHX YYacCHUKIB PUHKY, a
TAKOX YNPaBISATH 3ac00aMU BHPOOHHUITBA B IHX
cucreMax Oyne He TepCOHaN, a XMapHi CepBicH.
KinneBa mera Bcix 1ux TpaHchopManiii — He BHITYCK
MIPOIYKIIii, a HAJIAHHS TIOCTYT CIIO)KUBAYERBI.

B Ham 4yac OCHOBOIO pOOOTH  OYHB-SIKOTO
MPOMHUCIIOBOI'O0  MiJNPHEMCTBA €  aBTOMAaTH30BaHi
npuctpoi. IllogHS BOHM BHTOTOBISIOTH  BEIIUKY
KUIBKICTh HEOOXIMHUX UIS MOOYTY JIIOAUHU CIEMCHTIB
KHUTTEMISTIBHOCTI, @ TAKOX CTBOPIOIOTH MPHUCTPOI ISt
MOJICTIIICHHS B poOoTi. [y poOOTH BETHKOI KITBKOCTI
TaKUX aBTOMAaTHU30BaHHX INPHCTPOIB HEOOXIAHO MaTH
rabaputHy Mepexy Ta 0a3zy JaHuX, SKIi MOXYTb
30epirati B co0i BCrO iH(OpMAII0 MPOMHCIOBOrO
MAIPUEMCTBA 3 BUTOTOBIICHHS, KOHTPOITIO 32 OE3MEKO0r0
Oynb-KOro 00’€kTy, OOMiHY iH(OpMAIIE TOIIO.
be3syMOBHO € Benmmka  KUIBKICTH — IPOMHCIIOBHX
MAIPUEMCTB, SIKI TPOCTO HE MOXYTh iCHYBaTH 0e3
BTPY4YaHHsS JIIOAWHH, ale Ii 00’€KTH IPEeICTaBIISIOTH
co00I0 0COOJIMBY 3HAYMMICTh B CYCHIIBCTBI Ta B
OCHOBHOMY HECYTh BiJIOBIJAJBHICTh 3a yCI MOMKJIHBI
Buau Oe3neku. IIpore MoXKHa cka3aTH, IO HaBiTh Ha
TakuX 00’€KTax ICHYIOTh TaKi MOMEHTH, € MU MOYXEMO
peaiizyBaTu aBTOMaTn3oBaHy pobOory. 1106 3ynmuHuTH
3aiiBy po0OOTYy Ta HAJaTH MOXIIUBICTH IIiIIPUEMCTBY
CKOHIIGHTPYBaTHCST Ha OLIBII BaXJIMBUX CIIPaBax
MIPOMHUCIIOBOI TISUTBHOCTI B HaIl JTHI Oyia CTBOpPEHA Ta
MIPOJIOBXKYE CBii PO3BUTOK Taka cucTeMa, sk «Industrial
Internet of Things», abosKIO Ka3aTh KOPOTIILY BEPCIiO
10 «IIoT».

IIOT TA XMAPHI TEXHOJIOT'Ii

XMapHi obunciieHHs, a Takok IloT mpamroroTs Hax
iJIBUIICHHAM €(DEKTUBHOCTI MOBCSKICHHUX 3aBlaHb, 1
o0MIBlI MarOTh B3a€MOIOIIOBHIOKOYI BIJHOCHHH. 3
omHoro 6oky, IloT reHepye 6araTo JaHWX, a 3 IHIIOTO
00Ky, XMapHi 00YHCIICHHS MPOKIAIAI0Th IUIIX I [IUX
naHux. barato xMapHi mpoBaiiiepy BHUKOPHCTOBYIOTh
e JUIsl HaJaHHSA MOJICJIi OIUIATH B Mipy BUKOPUCTAHHS,
KOJIM KJII€HTH IUIATATh 332 KOHKPETHI BHKOPHCTOBYBaHI
pecypcu. KpiM Toro, XMapHHl XOCTHHT SK IOCITyra
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noxae wiHHicTh gt [loT-crapramis, 3abe3mneuyroun
€KOHOMII0 32 paxyHOK Macmrady Ui 3HWKEHHs
3arajbHOi CTPYKTypH BuTpar. Ha momaTox 10 1poro
XMapHi OOYHMCIICHHS TaKOX 3a0e3MeUyroTh Kparry
CIUIBHY POOOTY UIA PO3POOHHMKIB, IO € 3BHYAWHUM
spumeM B mnpocropi IloT. 3aBmsku Tomy, 1m0
PO3POOHUKHM MOXYTh 30epiraTéd i OTPUMYBaTH JOCTYII
JI0 IAaHWX BiJUIaJIeHO, XMapa JI03BOJIsiE pO3pOoOHUKaM Oe3
3aTpUMOK  peaji3oByBath mpoekTd. KpiMm  Toro,
30epiratoun jgaHi B xmapi, kommnadii IloT MmoxyTb
OTpUMATU JOCTYII /IO BEIUYE3HOI KIJIBKOCTI BEIHMKHX
nanux. Ha pucyHky 1 MokHa mo0aduTu B3a€MO3B’ 30K
Mix [loT Ta xMaporo.

ATIDa

1 1 |
W © g, =it

Puc. 1. B3aemo3s’s30k Mix I1oT 3 xmMaporo

XMapHi OOYMCIICHHS 3aCHOBaHI Ha TPHHIUIIAX
IIBUIKOCTI 1 MacImTaOyBaHHS, B CBOIO 4YEpry, AOIAATKH
[ToT moGynoBaHi Ha MPHUHIMIIT MOOUIFHOCTI 1 HIMPOKO
mommpeHux Mepex. OTxe, AyKe BaXIHUBO, 100 SK
xmapa, Tak 1 [loT ¢opmyBanu xmapui mogatku IloT,

MparHy4i  MakCHUMajJbHO  BUKOPDHUCTOBYBAaTH  iX
KOMOiHaIIio.

[Nepenik npu4uH, YOMY XMapa Ba)KIIUBO 3 TOYKH 30py
yemixy IloT:

- 3a0e3redye BiiaieHy 00UMCIIIOBAIBHY ITOTYKHICTD;

- 3a0e3neuye Oe3neKy i KOH(1IeHIiHHICTb;

- MIOJIETUIYE 3B'S30K MiXK IPUCTPOSMH.

AJIe ICHYIOTh TPY/JHOIII B CIIIIBHOMY BUKOPUCTAaHHI
XMapHUX TEXHOJIOTIH Ta IHTEPHETY PEUCH:

- 00po0OKa BEJIHMKOI KiJTBKOCTI TaHHX;

- MepeXeBi 1 KOMyHiKaliiHi TPOTOKOJIH;

- CCHCOPHI MEpexi.

XMapHa TEXHOJIOTisl Ma€ OaraTo repesar, aje BoHa
TaKOX Ma€ CBOI HEJOJIKU 1 OOMEKEHHSL:

- 3aJeXHiCTh BN mimkmrodeHHs 1o IHTepHery. lle
o3Hayae, 110 ©0e€3 CTabiILHOrO IMIiAKIIOYEHHS 0
[HTepHeTY KOpHCTYBaui HE 3MOXYTh OTPUMATH JIOCTYI
0 CBOIX JaHuX abo mociuyr. Lle Moxe CHpUYHMHUTH
PpOOJIEMH Y BilIaJICHUX a00 BiJKITFOUCHHUX PETiOHAX;

- 30epiraHHs KOHQIIEHLIHHNX NaHUX Yy XMapi MOXe
CTaHOBUTH 3arpo3y Oe3rmerni Ta KoH}iaeHmiiHOCTI. Xo4ua
XMapHi MpoBaWJepyu NOKIAaNaloTh 3HAYHUX 3YCHIIb IS
3aXHCTY JaHHWX, ICHYIOTh PHU3UKH BHTOKY iH(opmarii
yepe3 kibeparaku abo Hexbasie 00CITyroByBaHHS;

- OOYUCIIEHHSI ~ CIIOYaTKy MOXYTb  3JIaTUCH
€KOHOMIYHUMHM, aje€ 3 YacoM BHUTpPATH MOXYTb
30impmmTHcsa.  [ligmucka Ha  TOCAYrM — XMapHHX

O0YMCIIEeHh MOXK€ CTaTH 3HA4YHO JIOPOXKYOK, HIXK
BOJIOAIHHS OONajHaHHAM a00 JIOKaJIbHUMH PillIeHHSIMH,
0COOJIMBO AT BETMKUX KOPIOpalii.
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- Yy JedKHX BHIaJIKaX, OCOOJMBO B perioHax 3
OOMEXEHUM JIOCTYIIOM JI0 MEpEkKi, MOXKe OYyTH BaXKKO
OTpUMATH IIBUAKUN JOCTYN 10 XMapHuX pecypcis. Lle
MOX€E OOMEXKUTH BUKOPHCTAHHS XMAapHUX CITYXO.

- IOTEHII{HA BTpaTa KOHTPOJTIO;

- JesKi XMapHi CIy)kOM MOXYTh OOMEXyBaTH
MOXIIMBOCTI HaJIAIITYBaHH Ta aJaNTallii cepejoBHIa 0
KOHKpeTHHUX notped kommanii. Lle Moxe mpusBect 10
TOrO, IO KOPHCTyBauaM JOBEIETHCS aJanTyBaTh CBOI
mporecd 10 (YHKIIOHAJBHUX OOMEXEHb XMapHHUX
aThopmM.

- JesKki 3aBJaHHs], OCOOJIMBO Ti, IIO BHMAararoTh
00pOoOKM BENUMKUX OOCATIB JaHUX y peallbHOMY 4aci,
MOXYTb OyTH MeHII e(QeKTHBHUMH B XMapHOMY
CepeloBUINli Yepe3 3aTpUMKH B Iepenadi JaHUX Ha
LEHTPaJIbHI CepBEpH Ta 3 HUX.

- TOCTaYaJIbHUKA XMapHHUX IOCIYr MOXYTh MaTH
npo0JieMH 3 JIOCTYIHICTIO CBOIX MOCIYT 4epe3 TEeXHIdHi
abo iH(ppacTpykTypHi npodiemu. e Moxke pU3BeCTH 10
HEJOCTYIHOCTI JIaHUX 1 TEPelKOAUTH HOPMAILHOMY
(YHKI[IOHYBaHHIO ITiIIPHEMCTBA.

- 30epiraHHs [aHWX Y XMapi MOXe BHUKIUKATH
npoOyieMH i3 3aXUCTOM JaHHX 1 KOH(iJEHIIHHICTIO,
0COOJIUBO B KOHTEKCTI MIXKHAPOIHUX HOPM.

V. 3AXUCT JJAHUX

Firewall (MikmepexxeBuil exkpan abo MepexeBHA
€KpaH) - KOMIUIEKC allapaTHUX YU IPOrpaMHUX 3aco0iB,
IO 3IIMCHIOE KOHTPONIb 1 (UIBTpAlil0 MEepekKeBUX
MAKEeTiB, SIKI MPOXOAATh Yepe3 HbOro, BIIMOBIAHO [0
3amaHuX mnpaBwi. OCHOBHUM 3aBJaHHSIM MEPEXEBOro
€KpaHy € 3aXHCT KOMI'IOTEpHHX MepeX abo OKpeMHux
BY3JIiB BiJI HECAHKIIOHOBAHOI'O JIOCTYyIly. Takox
MepeXeBi €KpaHu YacTo Ha3MBaIOTh (PIBTPaMH, TaK SK IX
OCHOBHE 3aBJaHHA - He Tporyckatu ((uUIBTpyBaTH)
MaKeTH, W0 He MiAXOAATh MiJ KpHUTepii, BU3HAUEHI B
koH¢irypauii. [TpuHuun poborn Firewall 300pakeno Ha
PHUCYHKY 2.
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Puc.2 [punnun poboru Firewall

NAS (Network Attached Storage) - 1e mpucrpiit ado
CepBEpHE MporpamMHe 3a0e3medyeHHs i 30epiraHHs Ta
0o0OMiHYy JaHMMH B JIOKaIbHIH Mepexxi abo yepes
Iureprer. NAS 1mo3BOIIsIE KOPUCTYBayaM IIEHTPATi30BaHO
30epiratu (aiiau, TOKyMEHTH, MYIbTUMENIHHI KOHTEHTH
Ta IHIN JaHi, JUTHTHCA HUMU 3 IHIIAMHU HPUCTPOSMHU Ta
KOpPHCTYBa4aMHU MEpexi, a TaKoXK 3a0e3reuye TOCTyH A0
LUX JaHUX 3 Pi3HUX MPHCTPOIB, TAKUX SK KOMII'IOTEPH,
HOyTOYKHM, cMaprdonu Ta rianmeTd. [lepeBarm NAS
BKIIIOYAIOTh 3pYYHICTh LIEHTPATi30BaHOrO 30epiraHHs
JITAaHUX, aBTOMATH4HI pe3epBHI KOIIil, JOCTYII 3 OYyAb-sKOi
TOYKH MEpPEXi, MOXKIUBICTH CTBOPCHHS CIIBHUX
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MEpEeXEeBHX MoK JUIsl CIUJIbHOI poOOTH 1 Oarato iHIMX
¢ynkmiit. NAS-cucremMu MOXyTh OyTH HajamTOBaHi 3
PI3HUMH PIBHSIMH MPOIYKTUBHOCTI Ta MacmTabOBaHOCTI
3aJIe)KHO BiJl TOTPed KOpPHCTYBayiB Ta OpraHizaiiil.
Ipukmnan Network Attached Storage MmoxxHa 1mo6ayuT Ha
PHUCYHKY 3.

Puc.3 Network Attached Storage

VI. BucHoBku
B maniii craTri MM pO3IVISHYJIM TNPHHIUI POOOTH
IIpomucnoBoro IHTepHETY peueil, HaBeau MPUKIAIH
BUKODHCTaHHS Ta po3i0paiy IepeBard BHKOPHCTaHHS
nmaHoi TexHojorii. Takox mu posidpanu IIpomucioBuii
[HTepHeT pedell 3 BUKOPHCTaHHSIM XMapHHUX TEXHOJOTIH
Ta TMOSICHWIM, YOMY CaMme ISl TEXHOJIOTis € HeoOXiJTHOI
JUI  Tpale3JaTHOCTI CUCTEMH,  TaKOX pPO3TIISHYIH
NPUHIOUI 3axXHUCTy iHpopManii Ha 0a3i BHKOPHUCTaHHS
Firewall ta Network Attached Storage.

[IEPEJIIK [TOCUJIAHB
[1] IT enterprise [Enexrponnuii pecypc]: What Is
CloudComputing? Azure Cloud Computing Services
- Pexum JIOCTYILY:
https://www.it.ua/knowledgebase/ technology-
innovation/cloud-solutions

[2] IIpokcuc [Enextponnuii pecypc]: o x Take I1oT? —
Pexum pocrymy: https://www.proxis.ua/uk/show-
article/417/

[3] Amazon [Enextponnuit pecypc]: lllo take NAS? —
Pexxum  moctymy: https://aws.amazon.com/ru/what-
is/nas/

[4] ITC [Enexrtponnuii pecypc]: llo Take Firewall? —
Pexxum pmocrymy: https://itc.ua/articles/chto_takoe

firewall/
[5] WHOER [Enexrponnuii pecypc]: Hudpysanns CC
Pexum JIOCTYILY:

https://whoer.net/blog/ru/shifrovanie-oblachnyx-
dannyx/

[6] Jetstor [Enekrponunuii pecypc]: Scale-out NAS —
Pexxum noctymy: https://www.acnc.com/blog/nas-
storage/scale-out-nas-makes-affordable-nas-also-
scalable/
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BupimeHHs 3a1a4i 3BOPOTHOI KIHEMATUKH IS

PYXJIMBUX KIHIIIBOK POOOTEXHIYHOI IIaTHOpMHU
JImutpo Lypi'

1. Kadenpa KITAM, XapkiBchKkuii HallioHANbHIH YHiBepCHTET pamioenekTporikn, YKPATHA,
Xapkis, nip. Hayku. 14., email: dmyrto.gurin@nure.ua

Anomauyis: B nanoMy MaTepiani HaBeJEHO BUPIIICHHS
3a1a4i  3BOPOTHOI KiHEMAaTHKH JUISI PYXOMOI  KiHIIIBKH
poboroTexHigHOl Tu1aThopMu

Kniwouosi cnoea: 3BOpOTHA KiHEMaTHKa, pPOOOTOTEXHiKa,
FreeCAD.

Beryn
JocmimkeHHst B rany3i poOOTOTEXHIKM € OJHUM i3
MEPCIIEKTUBHUX ~HANPSIMKIB Yy PO3poO0Ili  MOOLIBHUX
po0OTiB, IO CIIPSMOBaHI Ha BYacCHE Ta BJAJIE 3AIHCHEHHS

MOIIYKOBUX ~ Omepamii y  pi3HUX  MOTEHHiHHO
HeOEe3MeYHNX Ta HECHPUSTIMBUX U JIIOJIeH yMOBax,
TaKUX SIK  TETEepOreHHI  KaracTpou,  MPHUPOAHI
Karactpodu, IHIMICHTH JIOKaJIBHOTO qn

IHAMBIAYyadbHOrO MaciTaly Tomo B manuii yac pizko
3pOCTa€ KiJbKICTh pPOOOTIB, PO3pPOOIEHHX i3 METOI0
HOLIYKY IOCTPaXIAJIMX BiJ HPUPOJHHX Ta IUTYIHHX
kartactpod. B  ocHoBHOMY Taki 3acHOBaHi Ha
HEOOX1AHOCTI IOMOJAaHHA TAaKUX MEPEeIIKOJ, Ul SKHUX
PATYBaJbHUKY, IIONIYKOBI TBApHMHU Ta JIITalO4i APOHU
Oynmu 6 MeHm edexTHBHUMH. [[yxe yacto Taki poOoTH
MaroTh 32 OCHOBY CIIOCOOH PyXY SIK BiJl )KUBHX ICTOT, TaK
1 BijI BXK€ CTBOPEHHMHU Yy MUHYJIOMY MEXaHi3MiB.

[poBimHi poOoToTexHIUHI KOMMaHIi Ta pO3pOOHHUKH y
yuiBepcuteri  Kapneri-Memmon ~ iRobot,  Boston
Dynamics, Pliant Energy Systems, Hydronalix,
VideoRay: Ta ix mopmeni PackBot, Snakebot, Atlas,
Velox, EMILY, Mission Specialist Tomo, 3aiiMaloThcs
BIMIOBIIHMMHU  JOCHi/DKEHHSIMH B M€l Tamy3i Ta
BUPOOJISIIOTH MOZIEI POOOTIB /IS OUIYKOBUX POOIT, 10
Hapasi BUKOPUCTOBYIOTHCS SK 1 10 NPHU3HAYEHHIO, TaK i
UL aHami3y ~Ta  IPOTOTHIIYBaHHA  MOJAJIBIINX
POOOTOTEXHIYHUX MPOEKTIB..

KoperyBanus miardopmu 3a paxyHOK

3BOPOTHOT KIHEMAaTHKHU

IIlo6 monmermuTH  KOPUCTyBadyaM  IIE€PEMiIllEeHHS
KiHIIEBOTO ~ €JIEMEHTa KIHI[IBOK po0doTa B TEBHI
TIOJIOXKEHHH, noTpiben METOJ 3BOPOTHOIO
KiHEMaTHYHOT O PyXy. Y BOMY MeToxi
BHUKOPHCTOBYIOTHCS BXiJIHI KOOPAWHATH MO3UIIT y GopMi
X, Y i Z. Buxigni 1aHi 3BOpOTHOI KiHEMATHKH — 1€ KYT,
SIKMH YTBOPHUBCS Ha 3’€IHaHHI.
Ha pucynkax 1 ta 2 (ne incrpymentamu FreeCAD s
pO3paxyHKiB ~ 3BOPOTHBOI ~ KiHEMaTHKH  BHMIipsHI
MOYATKOBI 3HAa4YeHHs, IO 3aHeceHi y Tabmumo 1)
YOTUPUHOTHH pOOOT Mae 1o 3 CyrioOu Ha KOXKHIH HOTI.
Kyt € yrBOpeHuii cyrinobom, ToOTO MalOThCS KyT Tasy
(Ap), Kyt cTerHa (A;), KyT TOMUIKH (A,).

Y camoMy KoOAl KepyBaHHA 3HAueHHS LHUX KyTiB
nepeTBopIoloThesl Ha 3HadeHHs 1M mist mepemimeHHs
CEpBOINPUBOAY Uepe3 ApaiiBep CepBOJBUIYHIB.

3BOpoTHI KiHeMaTWuHi (yHKIIi, 3a sSKuMH OyayTh
BECTUCh PO3PaxXyHKH BHMAaralTh BBEICHHSI  OCIB

koopauHaT X, Y Ta Z y TakoMy BHIi: Bick X
NIPE/ICTAaBISIIOTE pyxu pobora Brepex i Haszal, Bich Y
O3Ha4yae pyxu poOOTa mpaBopyd 1 JiBOpyd, Bick Z
03Ha4ae pyxu poboTa Bropy Ta BHH3.

Puc.1. Bun 300Ky Ha IJIOMIMHY, IO CHIJIBHA IS
Cyra00iB CTErHa Ta TOMIJIKK HOTU po0OoTa, SIKi
PETYIIOI0Th HAXIIM IIaTGOPMHU

[ L
Puc.2. Buz 3Hn3y Ha 0/IHY 3 KiHIIIBOK po0OOTa

IToyaTkoBi 3HAYECHHS, OTPHMaHi 3a JOIOMOIOH0
nporpamHoro 3abe30euenHs FreeCAD wHaBemeHi y
Tabnuni 1.
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Tabnuug 1. [TouaTkoBi 3HaueHHs, Bumipsiai y FreeCAD

Crenmdikaris TTo3HaueHHs 3HaueHH

JloBKMHA NepIIoi JaHKH HOTH Ly 91 mm

JIoBXMHA Ipyroi JJAHKH HOTH L, 67,7 Mmm

JloBXK1HA TPeThoi JJAHKU HOTU L, 59,2 Mmm

INepmmii kareT IPsIMOKYTHOTO
TPUKYTHHKY 3 T'IIOTEHY30H0 BiJ{ X
TOYKY Cyriio0y Ag 10 TOUKH
Kparo CTyIEeHi IpH
BEPTUKAIBHOMY BUJI

30,9 mm

Jpyruii KaTeT NpIMOKYTHOIO
TPUKYTHHKY 3 T'IIOTEHY30H0 BiJ{ Y
TOYKY Cyriio0y Ag 10 TOUKH
Kparo CTyIEHI IpH
BEPTUKAIBHOMY BUJI

121,1 mm

Haxwn npyroro cyrino0y 3a A 45°

3aMOBYYBAaHHIM

Haxwn tpetboro cyrino0y 3a A, 25°

3aMOBYYBAaHHIM

CriouaTKy pO3MIIIYIOThCS 3HaYeHHS kKoopauHaT X, Y i
Z. o6 orpumatn BCi TpH KyTH Ha CTHK, BiH
BUKOPHCTOBYE MinXin anreOpu Ta reomerpii. [lepumii
PO3paxyHOK MOJISATa€ B TOMY, 1100 3HAWTH 3HAYEHHS KyTa
Tazy (Ay):

A, = arctan(%() =75’ M

Jlaini 3HaxXoAAThCS 3HAYEHHS PE3YJbTYIOUOl BEITHUHHH
X 1Y 3a J0MOMOroro piBHSHHS:

XY =N X*+Y?

VY po3paxyHKaX BUKOPUCTOBYEThCS 3¢yB L0 — BijicTaHb

Bil Ta30MOMIOHOrO Cyrioda 0 CTETHOBOI'O CyIjiooa,
TOOTO JOBXHHA MEPIIIOI JTAHKU HOTH.

VY HaCTYIHHX pO3paxyHKax 3HAXOIATHCS 3HaueHHsS R i

Z, w0 HeoOXimHi Ui PIBHAHb JJIS 3HAXOKCHHS

ITOHOBJICHUX 3HA4YeHb KYTiB A; i A, y OallaHCYBaJbHO-
CTa01NTi3yI0YHX MONPaBKaX:

)

Z=L-sin(A))+ Ly'sin(A+A,) 3)
R=XY -1, @)

Takox R Mo)xHa 3HAWTH PIBHSHHSIM:
R= L] 'COS(A])+ L2'COS(A]+A2) (5)

BignoBimHO CHpoIieHh PO3PaxyHKIB 3 kepena [4],
JUTSL BIPOBA/KEHb KOpPEr'yBaHb, KYTH CTETHA Ta TOMUIKH
PO3PaXOBYIOTHCS TAKMMH (HOPMYITAMU:

i 6

A = arctan(%) — arctan( L, *sin(4,) ) ©
L + (L, *cos(4,))

R+Z°-I -1 Q)

*)

A, = arccos( T Ll
172

Juns  BopoBajkeHHs (OpPMYNT PpO3paxyHKIB B KOA
yIpaBiaiHHS  poOOTOM, HEOOXigHO  PO3poOUTH U
MIPUKIIaJHY YaCTHHY 3aCTOCYBaHHS PO3PaXyHKIB.

Ha pucyHky 3 mpeacTajacHO CHpOIICHE BiATBOPCHHS
chucteMrd OallaHCyBaHHS 3aBISIKM  OJIOK-CHCTEMi Y
MATLAB SIMULINK.

BipryanbHa Onok-cucremMa BKIIOUa€e B co0i:
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- CIHYCOIIaIbHO-IIYMOBUI TeHepaTop 3HaueHb
EKCTpeMaJbHUX HaXWIIB BiJ| Tipockomy 1o Bicsix X Ta Z
KOXKHE, Opi€eHTOBHO Bif (-55)° mo 55°;

- EKCTIOHEHIlialbHI ~ (QUIBTPH Ui BHIAJICHHS
IIYMiB 3 CHUTHAIIB, IO HAAXOIATh Ha CKIAJaHHA 3
LUTBOBUMH  HYIIBOBUMHM  3HAUEHHSMH HaxXWIiB  JUIs
MOAAJIBIIOT TTIEPEBiPKH;

- OJIOK aJrOpuTMy OOWMpaHHsA Iidi cTabimizari
BiIHOCHO TIOTOYHHMX HAXHUIIIB;

- OJI0KM OOMpaHHs MMOYaTKOBHX 3HA4YEHb IPajlyciB
KYTiB KOpEryBaHHS BiJHOCHO KOMaHJ 3 aJrOpUTMY
crabims3arii;

- [I/I-perynsTopH, 1110 HAJAMITOBAHI IiJ| CHCTEMY
Ta HaJAlOTh 3HAYEHHs TI'PalyCciB KYTiB KOpEryBaHHS Ha
obmexyBau 3HaueHb Bifg (-60)° mo 60°, sxi mortim
HA/IAI0Th HAJAIOTh 3HAYEHHS KOpPEryBaHHS Ha CyMalilo
IO TIOTOKY JIaHUX HaXWIIiB, IO MIEPEBiPSIOTHCS;

- JUCIUie] 3Ha4eHb MOYAaTKOBUX HAXWIIB BIUIMBY,
HaXWIIiB KOPEr'yBaHb Ta HAXMJIiB-PE3y/IbTaTIB.

8EuR (104 DS09NdIN
S1BuE Ui 0S08N N

12 BV
youd (@)

18i)j Enusucdxg
12i1) Enuaucdxy

(punoifl o) jjesed| yoyd g o0 weoped jo safiue ja0ee)

\‘
2

[[=1) > — A
'-'
WLOUBIE Ut

wnses gjbue |loy
TINS=0 300E o

U] youd fe

4

i

o

Al—sp

ug}

/] ®au oo e

LOR28400 |I0Y
uo}
L0200 Y4

_/_+ (slaid re—]iouud

uoysaun siiiue oy

uogasu00 (bR uoYg

Puc.3. biok-cucrema GaancyBaHHsS

Ha pucyaky 4 mnpencrasneno mnapamerpu IIIJI-
perynaTopis.
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i Block Parameters: PID Controllerd

3
—FID Controfir 2]

This hiock implements confinucus- and disorete-time PIR contral algenthms and indudes advanced fieatures such as anti-
windup, extemal reset, and signal tracking. You can tune the PID gains sutoematically using the Tune...! button (requires
Simulink Control Design),

Cantroller: [FID =] Fom: [Parstel =

Time domain:
 Continuous-tims
" Discrete-time

Main | FID Advanced | Data Types | State attributes |
-~ Controlier p |

Source: [intemal

Propartional [P): o
Integral (1)
Derivative (D)

1-260.3168

|-230.6964

Fiter cosfficant (N} {3

Select Tuning Method: [Frequency Response Based

5l
Icancell

J
Puc.4.Pe3ynpatyn nanamrysanns [11]] —peryastopis

oK

I'padixu pe3ynbTaTiB MOJETIOBaHHS TPEICTaBICHI Ha
pHUcyHKax 5-6.
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Puc.5. I'padixu moyaTKOBUX 3HAYCHH HAXUIIIB 3
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ripockoIy
= =151}
File Took View Simulation Hep -
@ - ek @|s8 -|a-|E-]F -
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Pitch angie {*)

100
so IR F
s o
I s0
-100
o

Ready

FA kol angle resulr
Fie Teols View Simulation Help
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20 28

15

Time

30

Sample based T=30 000

S [ 3

Aol angle (‘]

i
25

15 20
Time

30

Ready Sampie nased | T=30.000

Puc.6. I'pacik 3HaueHb KOpPEryBaJbHUX HAXMIIIB

Heip | Apply |
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Hespaxaroun Ha HeJONIK OJIOK-CUCTEMH  IOJO
BIJICYTHOCTI iJ€a]bHOI CHMYJISILIi peasliCTHYHUX He-
EKCTpEMabHUX ¢bi3naHIX YMOB eKCIUTyaTarii
TUIaTGOPMU 3 BpaXyBaHHSIM iHEpIIii Ta He-MOMEHTaJIbHUX
BiJIBEpTaHb IUIATGOPMHU ITiCIIsI KOPETYBaHHS, Ha PUCYHKY
6 MOXHa MOOAYuTH, 10, CUCTEMa BCE OJHO KOpeErye
(iHanbHI 3HAUSHHS HAXWIIIB OJIM3BKO JI0 HYJISL.

BucHoBku

[IpencraBneni B poOOTI pe3ysibTaTH 3a JOIMOMOTOIO
MOJIENIIOBaHHA y  cepemoBuii  MatLab  Simulink
JTO3BOJISIFOTH OI[IHUTH TOYHICTh Ta CTIHKICTh CHCTEMH, IO
B CBOIO 4Yepry Ja€ 3MOry pO3POOMTH aJrOpHTM
OamaHcyBaHHS A9 KPOKyHO4oi  pOOOTH30BaHOL
mwiaThOpMH IS TIOUIYKOBUX POOIT Y BaXKKOMOCTYITHHX
Micisax. Takoxk BIOCKOHATUTH MpOrpamHe 3a0e3TeueHHs!
JUIE  KepyBaHHS pOOOTH30BaHOIO IIAT(HOPMOIO, IO
CyTTeBO 30epeke dYac Ha pO3poOKYy MPOrpamMHOrO
3a0e3Me4eHHs Ta TOYHICTh PyXY KiHIIBOK.,.
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AHaJI13 METOMIB JTUCTAHIIIMHOTO 3HEIIKOIKEHHS

1
Maxkcum Jlyzan , JImutpo SIHyrikesuy’
1. Kadenpa KITAP, XapkiBchKkuii HalliOHABHUIN yHiBEpCHTET pajioenekTpoHiku, YKPATHA,
Xapkis, np. Hayku. 14., email: maksym.luzan@nure.ua

Anomauis: PozpoOka Ta BHPOBAIKEHHS MO
JIMCTaHIIITHOrO 3HEIIKOKEHHS BHOYXOHEOE3IeTHIX
IpEeIMETIB € BOKIMBUM KPOKOM y 3a0e3leueHHi Oe3nexku Ta
3aXUCTY HACEIEHHS, OCKIJIbKM I TEXHOJIOris CIpHse
e(eKTHBHOMY BUSABJICHHIO Ta OE3MCYHOMY YCYHEHHIO
MOTEHLIHO HeOe3NeYHHX CHUTYyallilf, 3MEHIIYIOYNM PU3UK Ul
nonelt i MaiiHa.

Knrouogi cnoea: Monyni IOUCTaHIIHHOTO 3HEIIKODKEHHS,
BiZJaNieHe KePYBaHHs, TEXHOJIOTis, Oe3reKa

I. Beryn

V cBiti, /e 3arpo3u BUOyXoHeOE3eYHNX MPEAMETIB €
HAI3BUYAWHO AaKTyalbHUMH 1 BapTor Jiss Oe3MeKkH
TPOMAJICBKOCTI 1 CHJI O€3IeKd, MOIYIi JWUCTAHLIHHOTrO
3HEIIKO/DKEHHS CTAal0Th KJIFOUOBOIO iHHOBalliew. [li
CrielianizoBaHi TEXHOJIOTIUHI 3aCO0M PO3POOIISIOTHCS Ta
BIIPOBAKYIOTBCS 3 METOI e(PEeKTHBHOTO Ta OE3MeUHOro
BUSIBJICHHSI Ta 3HEHIKO/DKEHHS BHUOYXOBHX IMPHUCTPOIB i
Ooenpunaci. Y HalloMy IOCIIPKEHHI MU PO3IIISTHEMO
PI3HOBHAM TaKMX MOJAYJIB, X 3aCTOCYBAHHS Ta KITFOUOBI
XapaKTepPUCTUKH, SKi  JOMOMAaraloTh  3a0e3INeunuTH
0e3IeKy Ta 3aXKCT y Cy4acCHOMY CBITI.

II. Knacudikaiii Ta pisHOBUIU MOIYITIB
NUCTAHIIIHOI'O 3HEIIKOHKEHHS

BUOYXOHEOE3MEeUyHUX MPEeIMETIB
Knacuikanis pi3HOBU/IIB MOIYJIIB JAHOT'O HAIIPABICHHS
po3[isieHa Ha YOTUPU PO3JILIH, a caMe:

1. 3a npu3HAYEHHSIM:

—Monymi s 3HemKomKeHHs Ooenpunacis: 1i Momymi
BUKOPHCTOBYIOThCS JUIsi Oe3nmeyHoro po3iopaHHs abo
BHOYX03aXHCTy OOEMPUIIACIB, TAKUX SK CHApPSIH, MIiHH,
paxeTy TowIo.

—Momysi amst 3HeNIKOKeHHsT BUOYXoBuX npucTpois: Lli
MOJIYJIi MpHU3HAUCHI I pOo3i0OpaHHsS a00 3HCIIKOMIKCHHS
BUOYXOBUX IIPHCTPOiB, TakuX sIK OOMOM, cyMimm i
3araitoBadi.

—Moaymi gas  poboTHm 3 XIMIYHO HEOC3ICUHHUMH
MaTtepiaizamu: Jleski MOyl MOXXYTh OYTH CIIPOEKTOBaH1
JUTSL 3HEIITKODKEHHS XIMIYHUX Ta O10JIOT1YHUX 3arpo3.

2. 3a TUIOM 3ac00y 3HEIIKO/HKEHHSL:
—Po6oru-3uemkomxyBaui: Ile aBroMaTH30BaHi POOOTH,
OCHAIlIeHI CIenialbHUMH 1HCTPYMEHTaMH 1 TPUCTPOSIMU
JUI  3HEIIKO/DKEHHsT BUOYXOHEeOEe3NMeYHUX IPEeMETIB.
BoHM MOXyTh BUKOPHUCTOBYBAaTHCS BijJajeHo, 100
3MCHIIIUTY PU3UK IS onepaTopis[1].

— 3HEemKOPKYBAIBHI MPUCTPOI 3 pagioynpasmiHHsIM: Lle
BiIJaJieHi MNPUCTPOi, KEpOBaHI OlepaTopaMu, sKi
BUKOPHCTOBYIOTBCS JUIS POOIT 3HENIKO/pKEHHs. BoHu
MOXYTb OyTH 0araTouiJbOBHMH 1 BiAlIOBiZaTH 3a
BUKOHAHHSI PI3HUX 3aBJIaHb.

— ABroHOMHI Momyni: Jleski MoOAym MOXYTh OyTH
aBTOHOMHUMH, TOOTO 3/JaTHUMH INPHUHAMATH PIlIEHHS 1
BUKOHYBaTH 3aBJaHHS 0e3 MpsSMOro  BTPY4YaHHS
oriepaTopa.

3.3a 3acTOCYBaHHIM:

— BiiicekoBi Moayni: BHKOpHCTOBYIOTBCS BIHCHKOBUMH
Ta cuJIaMH O€3IeKH ISl 3HEIIKO/DKEHHs OOerpunaciB ta
BHOYXOBUX IPUCTPOIB HA OOHOBUX AITSHKAX.

— Iomineticeki Ta mpaBooxopoHHI Moxymi: 1li mMomymi
BUKOPHCTOBYIOTHCS TIPABOOXOPOHHHUMHU OpTaHaMH JUIst
pearyBaHHs Ha ITiI03piii MPEIMETH i BHOYXOBI 3arpo3H B
MICIIX TPOMAJICHKOT0 CKOMIHHS [2].

— Ioxexni Momymi: IHomi Momyii AMCTaHIIHHOIO
3HEIIKO/HKEHHS BUKOPUCTOBYIOTHCS IS TACIHHS TTOXKEXK,
sSKa MOX€ BUHUKHYTH TiJl Yac 3HEIIKOPKEHHs
BUOYXOHEOE3NIEYHNX MPEIMETIB.

4.3a METOAOM 3HEIIKOKEHHS:

— BuOyxoBi Mony:ti: BUKOpHCTOBYIOTH KOHTPOJILOBaHHI

BUOYX ISl 3HEUIKO/DKEHHS  BHOYXOHEOE3NeuHHX
MIPEMETIB.

— HeBubOyxoBi mozyuti: LIi Momyiti BUKOPUCTOBYIOTH iHIII
METOIM, Taki sK pi3aHHs, 3aMOpPOXYBAaHHS, BOJHI

CTpyMEHI a00 IHKEKI[S PIIUHM, IS 3HCIIKOKCHHS
MpeaMeTiB 0e3 BUOYXY.

s kmacudikaririst MOke BapirOBaTHCS B 3aJISKHOCTI BiJ
BUpOOHMKA, cneuudikamid i KOHKPETHUX BHMOT IS

KOHKPETHHX 3aBJIaHb 3HEIIKOPKEHHS
BUOYXOHEOE3NIEYHNX MPEIMETIB.
Mopnyui JIUCTaHIIITHOTO 3HEMIKOKEHHSI

BUOYXOHEOE3NEYHNX TPEIMETIB MOXYTh BKIIOYATH B
ceOe pi3HI PI3HOBUIM 1 THIM, B 3aJISOKHOCTI BiJ IXHIX
ocobnuBocTed 1 mpusHadeHHs. OCHOBHI Pi3HOBHIHOCTI
MOJYJIIB TOAUISIOTHCS Ha 11’ ATh BHIIIB:

1. BuGyxoBi Moayi:

—BubyxoBi 3apsgu: Ile Momyri, siKi BHKOPHCTOBYIOTH
KOHTPOJIbOBAaHMH  BUOYX st po3iOpaHHi  abo
3HEIIKO/DKEHHS BHOYXOHeOe3NeuyHnx mpenMeriB. BoHu
MOXXYTh BKIIOYaTH B ceOc BHOYXOBI 3apsau pPi3HOrO
PO3MIpy i IOTY)KHOCTI, TPU3HAYCHI TS PI3HUX 3aBJIaHb.
2. HeBubyxoBi Mozyii:

—PizanpHi  mpuctpoi: Ili Momyai BHUKOPHUCTOBYIOTH
pi3asibHI IHCTPYMEHTH, TaKi SIK pi3akd a0o TiNb3W JUIs
pizaHHs KaOemiB 1 O0OOJIOHOK BUOYXOHEOE3MEUHUX
IIPUCTPOIB.

—3aMopoKyBalbHI TPUCTPOi: BOHM BHUKOPUCTOBYIOTHCS
JUIL 3aMOPOXKYBaHHsSI BHOYXOHEOE3IIEUHHUX MaTepialis,
SHIKYIOYH X CTaOUIBHICTD 1 MOKITUBICTh BHOYXY.
—Bonni CTPYMEHI: Hestki MOIYJTi MOXYTh
BHUKOPHCTOBYBATH BOJIHI CTPYMEHI ITiJi BUCOKUM THCKOM
JUTSL 3HEIIKO/KSHHS BUOYX OHEOE3IeUHHX MTPEMETIB.

3. PoOOTH-3HEIIKOHKYBAYi:

—Poboru-3HemkomkyBadi 3i 30poeto: Lli podotn MOxyTh
OyTH OCHaIlleHi CIieliajgi30BaHUMHU 1HCTpYMEHTaMH 1
30po€ero TUTS 0e3MmeyHoro 3HEIIKO/DKCHHS
BHOYXOHEOE3MECUHNUX MPEAMETIB, BKIIOYAIOUd POOOTH-
KpaHiBIll IS TiJHIMAHHA BaXKUX MPEIMETiB abo
PpOOOTH-MaHIMyISTOPH [Tl TOYHHX onepariil. [3]

4. 3HeUKOKYBANIBHI IPUCTPOI 3 PaAiOyIPaBIiHHSM:
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— JlucraHuiliHO KepoBaHi pykH i iHCTpyMeHTH: OnepaTop
MOXE BUKOPHCTOBYBAaTH IMCTAaHI[II{HE KepyBaHHS s
pobotn 31 coewmialbHUMHU ~ IHCTPYMEHTaMH,  sIKi
NpU3HAUYEeHI JUId 3HEIIKO/DKEHHS BHOYXOHEOE3NeUHNX
npeamMeriB[4].

5. ABTOHOMHI MOZYIIi:

— ABTOHOMHI p0o0OTH-3HEIKO/KYBayi: Jleski poboru
MOXYTb OYTH OCHAIIEHI CUCTEMaMH [ITYYHOI'O 1HTEIIEKTY
1 aBTOHOMHUMH (QYHKIISIMA TPUHHATTS PpIlIeHb JUIs
BUKOHAHHSI 3aBJlaHb 3HEMIKO/DKEHHS 0e3 mpsMoro
KepyBaHHsI oriepatopom|5].

Jlis npukiajy HaBeAEHO AEKiJIbKa MOMYJSIPHUX PoOOTIiB
3HeIKo/pKyBayiB, a came BISON, Vanguard MK2 Ta
tEODor. BISON — mnoBHompuBigHHH poboT uist
MepeBipKd  Ta  3HEUIKONKEHHS BHOYXOHEOE3NeuHHX
npeameris (Puc.1).

Pucynox3. — tEODor

Jis  OigbIl  HAIAAHOTO PO3IISIAY IUX  pOOOTIB
TIOPIBHAEMO T1XHI XapaKTEPUCTUKH, Ml 3’SICyBaHHA IX
nepeBar Ta HeaomikiB(Taommis 1).

Tabnungt 1 — [opiBHAHHS pOOOTIB 3HEMIKO/DKYBAUiB

Vanguard
BI EOD
SON MEK? tEODor
Cryninb cBob0oaM 5 7 6
MaHiIynsaTopa
. 1100x740 | 720x440x | 1100x680
' Posmipu
Pucynoxk 1. — BISON x 1200 410 x 300
Bara 210xr 55kr 360xr
Vanguard MK2 wmae mapHipHHH BaXKiab 1 HU3BKUN BaHTaW(_’HiIlﬁOMHi Hesinom Skr 20kr
npodisb, MO0 JOCATTH BY3bKOCTI TPOCTOPY, HAIPHUKIA] CTh MaHIITyIATOpa o
i i MakcumanbHui .
iz apromobiamu (Puc. 2). aKcuma Hesizom
panaiyc aii o 1320mH 1750muH
MaHiIynsaTopa
. 3.6 1-2
IIBuakicTb KM/T
A KM/TOJ KM/TOJ 3 x/rox
MexaHizm . .
Koneca | I'ycenuni | I'ycenwmin
TIPUBOLY
Bizyanbna
P13y, . 3 xamepu | 2 xamepu | 2 Kamepu
iHpopMaris
Katem, Barapes
Kusnenns Barapes (Ormist P
Oatapei)
Bincrans gii 1 km 360m 200 m
Hiune 6auenns - Honatios +
Pucynok.2 — Vanguard MK2 o
JlanoroBa ryceanyna MamuHa tEODor 2 ocHamena 2 3rigHo 3 HOPil_%H’IHHﬂ MOXHA  3a3HAIMTH, INO KOMEH
aKyMyJIATODHUMH GaTapesmu 1o 12 BOIbT 1o 85 A tox pobOT Mae CBOI NepeBarn Ta HENOJMIKM MK 1HIIMMU,
KOXHa, G6-BICHUM  CWJIOBUM  MAaHIyIsITOPOM 3 TOMY MOXH& HPUATH K BHUCHOBKY IHO KOXCH 3 IHX
TENIECKOMIYHAM  HIDKHIM ~ BaxkeldeM, SIKMH — Mae pobotis  Mae  cBOI  yHiKaJbHI ~ XapaKTEPHCTHKH i
Teneckomiuny 301y 400 MM i 3axsat (Puc.3). MOXITUBOCTI, 1 BUOIp 3aJIeXKUTh BiJl KOHKPETHHX 3aBJaHb

i moTped KopucTyBaya.
[II. MeToau Ta mpucTpoi /Ui 3HUILIEHHS MIH

3HEIIKO/PKEHHS MiH - Il HeOe3leYHa i BaXkka omeparris,
sKa BHMMAara€ crerjajgizoBaHuX 3HaHb, HAaBUYOK Ta
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obnagHaHHS. ICHYIOTH pi3HI METOAM Ta NPHUCTPOI IS
3HEIIKO/PKEHHS MiH, BKITIOYAIOUH:

1. Py4yHe 3HEMKOKEHHS:

—Meranomykayi: BUKOPHUCTOBYIOTbCS Uit BUSIBIICHHS
MeTajJeBUX KOMIIOHEHTIB MiH, TaKuX SIK KOPIIyCH YU
3araitoBadi.

—CneuianizoBaHi iHCTPYMEHTH: BKilo4aroTh KiHIIIBKH,
M Ta IHII IHCTPYMEHTH [UIA BiJAKpUBAHHA 1
3HEIIKO/PKEHHS MiH.

2. PoboTH-3HEIKOKYBaYi:

—Pobotu 3 pamioynpaBiiHHAM: BimgmaneHo kepoBaHi
pobOTH, OcCHAIIeHI IHCTpyMEHTaMH sl BUSIBJICHHS 1
3HEIIKO/PKEHHS MiH.

— ABtoHoMHI poOotu: CriemianizoBaHi MaIllUHH, SKi
MOXXYTh  CAMOCTIMHO  3/ifiCHIOBaTH  BHUABJCHHSA 1
3HEIIKO/PKEHHS MiH.

1. Meronu BUOYXOBOT'O 3HEIIKOKEHHSL:
—KountponboBanuii  BUOyX:  3aCTOCOBYETBCS  JUIs
3HEIIKO/DKEHHS MIiH [UIIXOM BUKOPUCTAaHHS —1HIIOT
BUOYXOBOi PEYOBMHH, SIKA CHPUYMHSIE KOHTPOJIHOBAHHUH
BHOYX.

— Hedirpanizamis 3amamtoBadiB: 3IiHCHIOETBCSA IIIISIXOM
BuajeHHs a0o 3HEIIKODKEHHs 3amajioBadiB MiH 0e3
BHOYXY.

2. Meromu 3aXHCTY BiJ BUOYXY:

—Poboui KocTiIOMHM 1 eKkpaHyBaHHS: 3MEHIIYIOTh PU3UK
UTsE  poOOYMX, 3aXHUIMAIOYM iX B VIIKOPKEHb Bif
MOJKJIMBOTO BHOYXY.

—3axucHi KOHTeWHepH 1 Oap'epu: BHKOpUCTOBYIOTHCS
JUTS 1307111 MiH BiJf HAaBKOJMIIHBOTO CEPEIOBHIIA 1
MiHIMi3a1ii MOXJIMBUX PyHHYBaHb P 3HEIIKOKEHHI.
3. JliarHoCcTHYHI Ta IETEKTOPHI IPUCTPOI:

—MarsiTHi ferekTopu: BUKOPUCTOBYIOTHCS AJISl TIOIIYKY
MeTaJeBUX KOMIIOHEHTIB MiH.

—PenTreniBebki amapatéd i ApoHW 3i 3iomkor B IY:
JlonomararoTe BU3HAYMTH CTPYKTYpY 1 CKiIajg MiH 0e3
IXHBOTO (PI3UYHOrO KOHTAKTY[6].

e smme pesxki 3 MeTOAiB 1 TPHUCTPOIB, SKi
BUKOPDHCTOBYIOTBCS ~ JUIS  3HEIIKO/DKEHHS MiH. Y
KO)KHOMY BUIAJIKY MPOIEC 3HENIKOKESHHS 3aJIEKUTD BiJl
TUITYy Ta XapaKTEpPUCTHK MIHM, & TAaKOX BiJl HAasBHOCTI
Creliai30BaHoro 00JIaJHaHHS Ta MiATOTOBKH (axiBIIiB.

IV. BucHoBku

Mopnyui JIUCTaHIIITHOTO 3HEMIKOJKEHHSI
BHOYXOHEOE3NEYHNX MPEIMETIB € BOXIUBHUMHU 3aC00aMU
Juisl 3a0e3neyeHHst Oe3NeKH Ta YNpaBJIiHHS PHU3MKaMU B
PI3HUX TaTy3sX TOMY MOXKHA 3a3HaYMTH, IO TaHi MOIYIi
MAalOTh IMUPOKUI CIIEKTP 3aCTOCYBaHb, BiJ BIMCHKOBUX
orepamiii 0 NMBIIBHOIO pearyBaHHs Ha BHUOYXOBI
3arpo3u. Lls TexHomorist rpa€ BaXJIJINUBY pOJb Y
3a0e3nedeHH1 Oe3neKH.

Takox MOXHa 3a3HAYUTH 3HEIIKO/KEHHS
BHOYXOHEOE3MEUHNX TPEAMETIB CTAa€E BCE  OUIBII
aBTOMAaTU30BaHUM 1 BIJJaJ€HO KEPOBAaHUM 3aBISKU
BUKOPHCTaHHIO POOOTIB, JIPOHIB 1 1HIIMX TEXHOJOTTYHHX
pillleHb, TOMY i€ PUBOJUTH O 3HWKEHHS PU3UKY LIS
KHUTTS 1 3[I0pPOB'SL ONEpaToOpiB, OCKIIBKM BOHH MOXYTh
MIPAaIOBAaTH Ha BiJICTaHI BiJ HeOE3MeUHUX 00'€KTIB.

Omke ns iHdopmamlis CBITYHTH MNPO 3HAYYIIICTH
PO3BUTKY 1 BHKOPHUCTaHHS MOXYJIIB JUCTAaHIIHHOIO
3HEIIKO/DKEHHS ~ BHOYXOHEOE3NeUYHHX MpEeIMETiB Y

CydacHOMY CBiTI Juig 3a0e3rlcucHHS OC3MeKd Ta
3amo0iraHHs BUOyxaM Ta IHIIUM  HeOE3NMEeYHHM
CHUTYaLisIM.
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Crmoco0u yaI0CKOHAJICHHS YaCTOTHOT'O TICPETBOPIOBAYa
HAIIPYTH JJIsI OJIOKY YIIPaBIIHHS SICKTPUIHIM
TPAaHCHOPTHUM 3aCO00M

Muxaiino KOBaJIBOBl, IBanoB HG:OHiJ:[1
1. Kadenpa KITAP, XapkiBchkuii HallioHaNbHUI YHiBepCUTET paioenekTponiku, YKPATHA,
Xapkis, np. Hayku. 14., email: mykhailo.kovalov@nure.ua
Kagenpa KITAP, XapkiBchkuil HallioHaNBHUI yHiBepcUTET pajioenekTponiku, YKPATHA,
Xapkis, np. Hayku. 14., email: Leonid.ivanov@nure.ua

Anomauis: JIOCITiJUKeHHS MIPUCBSYEHE npodemi
YJIOCKOHAJICHHS YaCTOTHOI'O IIePETBOPIOBAYa HAIIPYTH B OJIOKaX
YIpPaBIiHHS ~ €IEKTPUYHMMM  TPAHCHOPTHHMH  3aco0aMu.
Po3risiHyro OCHOBHI acCleKTH YacTOTHHX I1€pPETBOPIOBAUIB,
BUMOTH 10 HUX Yy KOHTEKCTi EJNEeKTPHYHUX TPaHCIOPTHUX
3aco0iB Ta MOXJIMBI LUIAXM IX YIOCKOHAJEHHS, Taki K
BUKOPHUCTaHHSI Cy4aCHMX HAlliBIPOBIJHUKOBUX MaTepialis,
po3poOka  ONTHMalbHUX  alNlOPUTMIB  KEPYBaHHA  Ta
BUKOPHUCTaHHSI TEXHOJIOT1H IIMPOKOrO Jiarla30Hy 4acToT.

Knrouogi cnosa: ynockonanenss, epeKTUBHICTh, HaIIHHICTb,
HAIBIIPOBITHUKOBI ~ MaTrepiajid, BHMOI'HM JO YacCTOTHHX
[IepPETBOPIOBAYIB HAIIPYT'H.

Beryn

EnexkTpomMo0isibHa pEBOIIIONIS, KA IMoYaiacs B OCTaHHI
JIBa JICCATHJIITTS, BH3HA4a€ HOBUH BUMIp CY4acHOI
aBToMOOINbHOT iHmycTpil. Ilepexim Bixm TpaauiiitHUX
3aMaJbHUX JBHUTYHIB JIO EJNEKTPUYHHUX TPAHCIIOPTHHX
3ac00iB 3MIHHTH CIIOCIO, SKUM MH IEpeMilyeMocs,
3MEHIIUTh 3a0pyJHEHHS WOBITPS Ta 3aly4duTh HOBI
TEXHOJOTIT 70 aBTOMOOIIBHOIO BUpOOHHMITBA. OHAK
yCIIIIIHE PO3NOBCIOJKEHHS EJIEKTPUYHIX aBTOMOOLIIB HE
00MEXYETHCS JUIe PO3BUTKOM JITIH-10HHUX
aKyMyJSITOPIB Ta CTBOPEHHSIM JAPYXKHIX JIO JOBKULIS
CNIEKTPOABHUIYHIB.  KUIFOUOBOIO ~ YaCTHHOK  iXHBOI
iHPPACTPYKTYpH Ta POOOTH € YaCTOTHHH MEepEeTBOPIOBAY
Hanpyrd (puc. 1), OO0 BIAMOBia€e 3a MEPETBOPCHHS
TIOCTIHHOI HANpYru aKyMyJsTOpHOi Oartapei B 3MiHHY
HAIpPYTY, SIKa JKUBHUTH €IEKTPOIBUTYH. [1]

Pucynok 1. 30BHIilIHIN BUTIISII TepeTBOpIOBaYa
HAIPYTH aBTOMOO1IBHOTO 3 24B y 12B
(imBeprop-kouBepTop UKC DC / DC 24v-12v 20A UKC)

Ha pucynky 1 HaBeneHuil meperBoproBad Halpyrd 3
24 oneT Ha 12 BonbT UKC Ha 20 amnep. [IpusHauenuit

JUIsl THBEPTYBaHHsI HANpyru OOpTOBOi Mepexi 24 BoibTa
BaHTa)kHUX aBTOMOOUTIB DAF, aBToOyciB, KamA3iB Ta
IHIIMX  TPaHCHNOPTHHX  3aco0iB y 12 BOJBT.
IleperBoproBau po3paxoBaHuid Ha HaBaHTaKeHHS 20
aMIiep, YOro JOCTATHBO JUIS MiAKIIOYCHHS OUIBIIOCTI
aBTOMOOIJTbHUX  eNeKTpomnpwiaaiB. IHBeprop  Mae
KOMITaKTHI pO3MipH, BUKOHAHUH B MIIIHOMY METaJICBOMY
KOpITyci, 3a0e3MeYCHU ITACHBHUM OXOJIOJDKCHHSAM -
AIFOMIHIEBUM pajiaTOpOM.

OCHOBHI XapaKTePUCTHKH IEPETBOPIOBAYA HAIPYrH
24-12 UKC 20A: 1]

Bximna nanpyra: DC 20-30V;

Hampyra na Buxozi: DC 12V;

[oryxHicte: 180W;

MaxkcumanbHa cunia crpymy: 20A;

MaxkcumainbHa Temreparypa pobdoru: 80C;

Cratuunuii podounii ctpym: <50ma;

Posmipu: 120 x 110 x 42 mm.

Y 1poMy BHCOKOTEXHOIIOTIYHOMY Ta JUHAMIYHOMY
CEpEeIOBUINI POOOTH  ENIEKTPOMOOLTIB  yIOCKOHAJICHHS
YaCTOTHOI'O MEpEeTBOpIOBaYa HANpyr BUSBISETHCS Ha
MepeAHbOMY Kpal 3yCWiIb IHJKEHEepiB 1 BueHHMX. Bin
MPaBWIBHOI POOOTH IBOrO KIIOYOBOI'O KOMIOHEHTY
3aJIeKUTh TPOAYKTHUBHICTh, HAMIWHICTH Ta IHTErpamis
CICKTPUYHHUX  TPAHCIOPTHUX 3aco0iB y  CydacHe
cycninbeTBO. Lle 3aBnaHHs crae HaI3BUYAHO BayKIIMBUM
y KOHTEKCTI IOCTYHNOBOI'O TIEPEXOAYy JO CTaJoro
CHO)KMBAHHS €HEeprii Ta 3MEHIIEHHS! BUKHUIB BYIJICHIO B
atMochepy.

[IpaBuibHICT, TIOOpPY IEPETBOPIOBAYIB  HAIIPYTH
3aJISKHUTH BiJl TAKUX TTaApaMeTpiB:

- [MoTyXHICTB.

BaxnnBo, mo0 MOTYXHICTh IEpeTBOpIOBaYa HAIPYTH
Oyna B 2 pa3u OLIBLIOI 32 HOMIHAJIBHY MOTYXHICTh
npuiazis: 150 B, 350 B, 800 B, 2000 B;

- dopma curHay Ha BUXOII.

MoaudikoBana CHHycOiga (IO3BOJIAE  ITiIKITIOYUTH
Maibke BCi MoOYTOBI IPHUCTPOi) Ta YMCTa CHHYycoiga (1o
Hel MiIKIIoYarTh oONaJHaHHA, SKe YyTJIUBE 10 (hopMHU
CHTHAJy Ha BUXO/I).

- Tun migKIFoYeHHs..

[MigkmroueHHss 10 npuKyproBada (MPU  HEBHCOKOMY
HaBaHTaxkeHHi); no kieM AKDB (mampyra B OopToBii

Mepexi aBTOMOO1JIA 3aJIEKUTH BiJ 3apsny
aKyMyJISITOpHOI OaTapef).

- HasiBHicTb ¢yHKIiT cTabinizamnii Hanpyry.
Pi3ke KONMMBaHHS HANPYrd CHPUYHMHSE  IIOJIOMKY

MpWIaaiB; MoOyTOBE OONATHAHHSA BUTPUMYE KOJHBAHHS
Bix 180 B mo 240 B. BupoOHMKH B iHCTPYKIIii BKa3yIOTh
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MKOBY MOTYXHICTh NPHUCTPOIB, TOOTO MaKCHMaJIbHE
KOPOTKOYAaCHE HABAaHTAXKEHHs, SKE MOXKE BHUTPUMATH
NpWIIAJ; CepelHii MOKa3HUK IIOTY)KHOCTI IMOOYTOBUX
npwianiB: HOyTOyk — 250 B, enekrporutura — 1500 B,
enexkrpoapuib — 1000 B.

[Ilo6 ni3HaTUCS HOMIHANBHY IOTYXKHICTH TNpHIanLy,
MOTPiOHO MIKOBE HABAHTAXKCHHS MOJIIUTH Ha 2.

- Pexxumu poOOTH MepeTBoproBayda HaIPYTH.

Pexxum TpuBanoi poOOTH: iEHTUYHUI HOMiHAJIBHIH
MOTY KHOCTI.

[epe3aBaHTa)keHHS: MOTYXHICTh IHBEPTOPa HPOTATOM
nepiux 30 XB B iBTOpa pa3u OijbIa BiJ HOMIHAIBHOI.

[TyckoBuil pexuM: MOMEHTaJbHA IOTYXHICTh B JBa
pa3u OisIbIIa BiJy HOMiHAIIBHOI.

Y 1upoMy JIOCHIDKEHHI  IUIAHYETbCS  JIETAJIbHO
PO3TIITHYTH ~ MOXJIMBOCTI ~ BUKOPHCTaHHS ~ CYYacHHX
TEXHOJIOTIH /ISl YaCTOTHUX IEPETBOPIOBAYIB HAIIPYTH Y
cHCTEMax KepyBaHHS EJEKTPUYHHUMHU TPAaHCIOPTHUMHU
3aco0aMu Ta IMPOaHaNli3yBaTH MOMJIMBI HUISIXH TXHBOIO
ynockoHaneHHs. [licns mporo Oynme 3poOsieHO BHOIp
croco0y YIOCKOHAJEHHS YacTOTHOTO IIepPeTBOpIOBaya,

SKMHA  BHKODUCTOBYEThCS Uil  OJIOKY  YIpaBIiHHSA
CIICKTPOTPAHCIIOPTOM. ByAyTh pO3MJISAHYTI  KIFOUOBI
aCIIeKTH, TaKi SK TEXHOJOTiS MOAY/SIl MIUpUHA

IMITYJIBCIB, TIOTYXKHICTh Ta MPOJYKTUBHICTh, TapMOHIYHI
CIIOTBOPEHHSI ~ Ta  €JIEKTPOMAarHiTHa  CYMICHICTB,
TeMIIepaTypHa CTIHKICTh Ta 3HOC KOMIIOHEHTIB, CHCTEMHU
KEepyBaHHs 1 JIarHOCTUKH Ta MOXJIMBOCTI CKacCyBaHHS
3aBal mpd iX BUKopHUcTaHHi. Jlami Oyme aeranbHimie
PO3TJSIHYTO TEXHOJIOTIUHI KOHIEMIT A JAOCATHCHHS
miel MeTH, 30KpeMa BUKOPUCTAaHHS OaraTopiBHEBHX
IHBEPTOpIB, MEPEIOBUX AJITOPUTMIB MOIYJISIIT, HOBUX
MaTepiaiB i KOMIIOHEHTIB, a TaKOX ONTHMi3allilo
BUKOPHCTAHHS CUCTEM KEPYBaHHSI.

3aBIsKM 1OMY BHCOKO(DAXOBOMY MIXOAy [0
YIIOCKOHAJIEHHS eKCILTyaTalli HHIX MTOKa3HUKIB
YaCTOTHOTO TIEPETBOPIOBaYa HANPYTH OJIOKY YIIPaBIiHHS
MO)KHA PO3pPaxOBYBaTH Ha 30UIbIICHHS €()EKTUBHOCTI
poOOTH  eNIEKTPUYHUX  TPAHCIOPTHUX  3aco0iB  Ta
MOKpalIeHHst iX iHTerpamii B cy4acHe aBTOMOOIJIbHE
BUpoOHULTBO. Lle, B CBOIO Uepry, cpusTuMe 3pOCTaHHIO
MOIYJIAPHOCTI, IMIJBHIICHHIO OE3MEKH Ta CTPOKIB IX
eKCIUTyaTaIlil, a TAKOX IMOIIMPEHHIO SJIEKTPOMOO1ITIB, 110
BiJliTpa€ BaXJIMBY pOJNIb Yy 3MIIHCHEHHI Iepexomy A0
CTaJoro MalHOyTHBOrO Ta 3HW)KEHHI BIUIMBY Ha
HaBKOJIMIIIHE CEPEIOBHUIIIE.

II. Anani3 MOTOYHOTO CTaHY

AHami3 TOTOYHOrO CTaHy 3aCTOCYBaHHS YaCTOTHOTO
MEpEeTBOPIOBAaYa HANPYTd B  OJOKax  yIpaBJIiHHS
SNEKTPUYHUMHU TPAHCIIOPTHUMH 3aC00aMHU € BaXKJTMBOIO
MepeyMOBOIO ISl PO3pOOKH Ta BIPOBAKEHHS CIIOCO0IB
YIOCKOHAJIEHHS 1X POOOTH.

PosrisiHeM0  MOXIIMBI  COCOOM  YIIOCKOHAJICHHS
€(EeKTUBHOCTI 3aCTOCYBaHHS YaCTOTHOI'O IIEPETBOPIOBaYa
Hanpyru:_[2-3]

1. Po3mmpenHss MonynAuii IIMPHUHU  IMITYJBCIB
(PWM). Ha cporoaHimnHii JeHb OUTBIIICTh YaCTOTHHX
MIepETBOPIOBAYIB Y €JIEKTPUYHUX TPAHCIOPTHHUX 3aco0ax
BUKOPHCTOBYIOTh PWM 111 KepyBaHHs —BHXiJHOIO
Hanpyrowo. llupuHa Momynsuii mo3BossiE €PEKTUBHO
KepyBaTH BUXOJIOM HAIIPYTH Ta PEryJioBaTH HANpyry Ha
3MIiHHIH CTOpOHI meperBoproBada. OmHAK I TEXHOJIOTis
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Mae CcBOI OOMEXKEHHs, Taki sIK BHCOKa TI'apMOHIYHA
CKJIaJIOBa CTPyMy Ta OOMEXKEHA 4acToTa KOMYTallii, 1o

MO)KE BIUTHBATH Ha C(QEKTHBHICTH Ta TOYHICTh
yIIpaBJIiHHS.
2. 30inbLIeHHS CTPOKIB eKCILTyaTarii

aKyMYJISITOPIB €JIeKTPOMOOIJIS 38 PaXyHOK ONTUMAaIbHOIO
BHUKOPHUCTAaHHS €Hepril 6aTapei, sIky MOXIMBO JOCSTHYTH
NUISXOM 3MEHIICHHST BUTPAT MPHU MPOIIECi MepeTBOPEHHS
Hampyrd. Takox, CHCTeMa KepyBaHHs MOBHHHA OyTH
3MaTHOI IO MIBHAKOI peakilii Ha 3MiHH HaBaHTaKCHHS,

00 3a0e3neunTH BHCOKY MIPOTyKTUBHICTh
€JIEKTPO/IBUTYHA.

3. I'apMOHIYHI CIIOTBOPEHHS Ta E€JIEKTPOMAarHiTHA
CYMICHICTb ~ CTPYMIB Ta Hampyr TpH  Ipoleci
TIepETBOPIOBAHHS. Buxopucranns PWM MOXeE

MIPU3BOIMTH JO0 TApPMOHIYHUX CIIOTBOPEHH Yy CTPyMi Ta
Hampy3i, 10 BIUIMBAE€ Ha SKICTh C€HEPrOIIOCTAYaHHS Ta
MOXE CTBOPIOBATH IMpOOIEMH 3 €JIEKTPOMAarHiTHOIO
CYMICHICTIO BXOAY Ta BHXOJAY ITOKa3HUKIB CTPYMIB Ta
Hanpyr. Ile gocsraeTbes 3a paxXyHOK TOJATKOBHX 3aXOJIiB
mono GigbTpamii IMX IOKAa3HUKIB Ta 3MCHIICHHS
YaCTOTH TAPMOHIK Y CHCTEMI €JICKTPOITOCTaYaHHS.

4, TemneparypHa CTIHKICTh Ta 3HOC KOMITOHCHTIB
CHUCTEMH  CIIEKTPOIIOCTaYaHHI. B  eIeKTPHUYHHUX
TPaHCIIOPTHUX 3acobax, 0COOJIMBO y
BHCOKOIPOTYKTHBHHUX MOJIEIISIX, YaCTOTHUM
MIEPETBOPIOBAY MPAIIOE€ TIPU BUCOKUX TeMIepaTypax Ta
HaBaHTaKEHHAX. lle MoXe BIUIMBATH HAa TPHUBAJICTH
CIy)KOM KOMIIOHEHTIB, TaKHX K HaIliBIPOBITHUKOBI
KJTI0Yi Ta KOHACHCATOPH, 1 MOYKE TIPU3BOIUTH JI0 iX 3HOCY

Ta BiIMOB.
5. ABTOMaTHM30BaHa  CcHCTeMa  KepyBaHHS 1
JIarHOCTUKH ~ enekTponocrayanHs. CydacHi cHcTeMH

KEpyBaHHA Ta I[ial"HOCTI/IKI/I MAarTh BaXJIMBC 3HAYCHHS

misg  3a0esnedeHHs  CTaOLIBHOCTI Ta  HamiHHOCTI
YaCTOTHOI'O IIEPETBOPIOBAYa HANPyrH. MOHITOPUHT
CTaHy  CJIEMEHTIB  CHCTEMH  CJICKTPOIIOCTAYaHHS,

BUSIBJICHHSI 1X HECIPAaBHOCTEH Ta CHCTEMH aBapiifHOro
3aXUCTY € BAXKIUBUMH (DYHKISAMH, $Ki JO3BOJISIOTH
CBOEYAaCHO  YHHKHYTH  Ceplo3HHMX  mpolieM  Ta
3a0e3rneunTr Oe3rexy B eKCIUTyaTarii
€JIEKTPOTPAHCIIOPTY.

6. BukopucraHHs pexuMy pekynepamii cucreMu
aBTOMAaTUYHOI'O  KEpPYyBaHHS  pPOOOTOI  YaCTOTHOTO
MepeTBopioBada Hampyrd. B Jeskux — BHIIAIKax,
HAIPUKIIAM, IPU PYCi eICKTPOMOOLIA O iHEepIii Ta mpu
raabMyBaHHI (TOOTO ©e3 BHKOPHCTaHHS CHCTEMH
€JIEKTPOIKUBIICHHSI) 3aCTOCOBYETHCS PEXKUM pPEKyIeparii
€Heprii, YaCTOTHUH NEepeTBOPIOBAY HANPYTH MOXE OYyTH
BUKOPDHCTaHWI JUIS BiAIpaBJIEHHS €Heprii Haszaa 1o
akymynaropHoi Oatapei. Ile moTpeOye BHUKOpHCTaHHS
JIOAATKOBUX  CHEWiabHUX  (QYHKLIA Big  cUcTeMH
aBTOMAaTU30BaHOIO  KEpPyBaHHS JUIsi  3aXHUCTy Ta
3aro0iraHHsl MeXaHiYHHUX MOIIKO/DKEHb aKyMYJISITOPHOI
Oarapei.

3arajgpHAN  aHajgi3  TOTOYHOTO  CTaHy  pPOOOTH
YaCTOTHOI'O IEPeTBOpPIOBAYa HANPYTH Yy CHUCTEMax
KEepYBaHHs €JIEKTPUYHUMH TPAHCIIOPTHUMH 3aco0amu
MOKa3ye, IO ICHYIOTh 0arato MOXJIMBOCTCH JUIs
MOAAJBIIOr0 HOro YJOCKOHAIIEHHS, OCOOJIMBO Y IUIaHi
I ABUAILIEHHS e(peKTHUBHOCTI, HaJIAHOCTI Ta
MIPOAYKTUBHOCTI. P03p0o0Kka HOBHUX TEXHOJIOTIH 1 METOIIB
KOHTpOJIIO, @ TAaKOXX BHUKOPHCTaHHS HOBHX MaTepiajiB i
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KOMITOHEHTIB, MOXKE JIOMOMOITH JOCSATTH WX LiIel Ta
PO3BHBATH €EKTPUYHY MOOUIBHICT Y MaiiOyTHHOMY.

III. YaockoHaieHHS 4aCTOTHOTO

[epeTBOPIOBaYa HANPYru

Y 10CKOHAJIEHHSI YaCTOTHOTO IIEPETBOPIOBaYa HAIIPYTrH
€  KIIOYOBUM 3aBI@aHHSIM TSI TIOKpAIlleHHS
MIPOAYKTHUBHOCTI POOOTH Ta ©(eKTUBHOCTI EKCILTyaTalli
CIICKTPUIHHUX TPAHCIIOPTHHUX 3ac00iB. [laii npeacTaBieHi
CIoco0M  YIOCKOHAJICHHS, JETali30BaHi acleKTH Ta
MOXIIUBI HANpPSIMKH YIOCKOHAJIEHHS LHOI'0 Ba)KIMBOTO
€JIEMEHTY Y CUCTEMaxX KepyBaHHS €JIeKTPOMOOLTIB:

— Bukopucranns GaraTopiBHEBHX iHBEPTOpIB.

OpuH 13 Nepx IUIIXIB YIOCKOHAIEHHS YaCTOTHOTO
repeTBOpIoBaya ronsrae y BHUKOPHCTaHHI
OararopiBHeBUX iHBepTopiB. Taki iHBepropH, sk Multi-
Level Cascaded H-Bridge Inverter, ckimagaroTbes 3
KIUJIBKOX PiBHIB HAIIPYT'H, IO A03BOJISIE MMiBUIUTH SIKICTh

BUXigHOI Hampyru. BOHM 3HWKYIOTH TapMOHIYHI
CIOTBOPEHHSI CTPyMYy 1 Halpyrd Ta IOKpPaIIylOTh
e(peKTHBHICTh pobotu CHUCTEMH. JlonatkoBo,

0araTopiBHEBI I1HBEPTOpU [O3BOJIAIOTH MpAIfOBATH Ha
BHIIMX YaCcTOTaX KOMYTaIlil, III0 POOUTH iX iIcabHUMHU
JUTS BUCOKOTPOAYKTHUBHHUX €JIEKTPOMOOILITIB.

— TlepemoBi alropuTM¥ MOJTYJISIIIT.

BukopucraHHs TepeJoBUX QJITOPUTMIB  MOIYIIALII,
Takux sk Space Vector Modulation (SVM) ta Predictive
Control, MoXe 3HaYHO IMOKPALIUTH SIKICTh YIPABIIHHS
YaCTOTHUM IIepeTBOproBaueM Harpyr. SVM no3Boise
KepyBaTH HaNpyrolo Ta CTPYMOM 3 BHCOKOIO TOYHICTIO Ta
3MEHIIyE TapMOHIYHI CIIOTBOPEHHS.  3aCTOCYBaHHS
anroput™MiB Predictive Control mo3Boss€e mporHo3yBatu
CTaH CHCTEMH i ONTHUMAaJBbHO KEpPYBaTH ii mapamerpamu,
IO MPU3BOJUTH JI0 €KOHOMIi €Heprii Ta IOKpalleHHIO
MIPOIYKTUBHOCTI.

— Buxopucranus

KOMIIOHCHTIB.

Po3BuTOK HOBHX MaTepialliB i KOMIIOHEHTIB 3 BHUILOIO
TEMIIEPAaTYPHOIO CTIMKICTIO Ta 34aTHICTIO MPAIIOBAaTH HA
BHCOKMX YacTOTaX KOMYTAIlil MOXXe€ 3HaYHO ITOKPAIIUTH

HOBHX MaTepiaiiB Ta

e(peKTHBHICTh Ta HaIHHICTD YaCTOTHOI'O
MIepeTBOPIOBaYa. Hanpuknan, BHUKOPHCTAHHS
CHJIIKOHOBUX  KapOiJHMX  HAIMIBIPOBIJIHUKIB  MOXeE

JIOTIOMOI'TH 3HU3UTH BTPATH €HEPTii 1 MiABUIIUTH PoO0Uy
TemnepaTypy. Takok, po3poOKka BHCOKOBOJBTHHUX Ta
BHCOKOYACTOTHUX  KOMIIOHEHTIB ~ MOXE€  CHpHSTH
3MEHILIEHHIO PO3MIpIB Ta Bar'l CUCTEMH.

—  Onrtumizanis CHCTEMHU KEPYBaHHS Ta AiarHOCTHKU.

VY I0CKOHAJIEHHS CHCTEMH KEepPYBaHHS Ta iarHOCTHKU
MOXKE TOKpAaIlUTH  e(PEKTHBHICTh Ta  HAMIWHICTH
YaCTOTHOI'O TepEeTBOpIoBaua. BayknBo MaTH eEKTHBHI
MeXaHi3MH MOHITOPHHI'Y CTaHy KOMITIOHEHTIB, BUSBICHHS
HECIIPaBHOCTEH Ta aBapiHHX CHCTEM 3aXHCTY. 3aBJSKU
OMY MOXKHa pearyBaTH Ha MpoOJIeMH BYacCHO 1
ToTepePKYBaTH CEpHO3HI BiIMOBH.

—  BrpoBamkeHHs HOBUX TOIOJIOTH 1 CTPYKTYp:

Po3poOka Ta BIPOBaJKCHHA HOBUX TOIOJNOTIH 1
CTPYKTYp 4YacTOTHHX IIEpeTBOpIOBadiB, siKi O Kparie
BIJIMOBiJaJIM BHMOTaM  EIEKTPUYHHUX TPAHCIOPTHHX
3ac00iB, MOXE CTAaTH BaXXJIUBHM KPOKOM Yy HAIpPSMKY
MOKPAIIEHHs iX MPOIYKTUBHOCTI Ta HAiHOCTI.
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Y 10CKOHAJIEHHSI YaCTOTHOTO NIEPETBOPIOBAYa HATIPYT €
HEBI'EMHOI0  YaCTHHOIO  PO3BUTKY  EIEKTPUYHHX
TpaHCIOPTHUX  3aco0iB. [lomamplmii  HAYKOBUM i
TEXHIYHUH TMpOrpec y Iii raiy3i JOIMOMOXKE 3pOOUTH
CIIEKTPOMOOUTI  OUIBII  EKOJNIOTIYHO  Oe3MCYHHUMHU,
eHeproe(eKTUBHUMH, AOCTYITHUMH 3a I[HO0, CIIPUAIOYN
THM CaMHM PO3IIMPEHHIO TXHHOI'O 3aCTOCYBAHHS.

IV. BucHoBku
Y  jmocmimpkeHHI 1i€i TEMH JIETaJbHO PO3TJISIHYTO
npoOJieMH Ta MEePCHEKTHBU YIOCKOHAIEHHS YaCTOTHOTO

MEpEeTBOPIOBAaYa HANPYTd B OJOKax  YIpaBJIiHHS
CIICKTPUIHUMU TPaHCIIOPTHUMU 3acobamu.
EnekrpomMoOinbHa  IHOYCTpiA  TEPSKUBAE  3HAYHE

3pOCTaHHS Ta PO3BUTOK, 1 YaCTOTHHH MepeTBOPIOBaY
BH3HAYa€ KIFOYOBY POJIb Y IIbOMY MPOIIECi, OCKUILKU BiH
BIJIMIOBila€ 3a TepeTBOpeHHs1 eHeprii Oarapei B pyx
aBTOMOOLIISL.

[lix wac aHajizy MOTOYHOTrO CTaHy TEXHOJOTii Oymn

BH3HAYCHI OCHOBHI BHKIHKH, SKI CTOATh IIepen
PO3pOOHUKAMH Ta iHKeHepaMu B mid ramysi. Cepen HUX
MO)KHA  BHIUINTH  HU3bKY  €(DEKTHBHICTH  dYepes

TapMOHIYHI CIIOTBOPEHHSI Ta BHUCOKI BTpaTH EHeEprii,
00OMEXEHY 4YacTOTy KOMYyTallii, a TakoK mpoOjeMu 3
TEIUIOBUM PEKAMOM Ta HAIHHICTIO KOMIIOHCHTIB.

3a  pgomoMorow  OOroBopeHoro  aHajizy  Oynwm
NpeaCTaBleHi  MOXJIMBI  HUIIXH  YAOCKOHAJICHHSI
YAaCTOTHOTO IIEPETBOPIOBAYa, sKi MOXYTh 3HAYHO

MOKPAIIUTH HOr0 NPOJYKTHBHICTH Ta €()EeKTHBHICTS.
Bukopucranns OaratopiBHEBUX 1HBEPTOpIB, MEPEIOBUX
QIrOpUTMIB  MOIYJAIil,  HOBHX  MarepiamiB i
KOMITOHEHTIB, a TaKOX OINTHMI3allisi CUCTEM KEpYBaHHS
CTalOTh KPOKOM YIepel y HaIlpsaMKy 3a0e3redeHHs
CTaOIIFHOTO Ta Ha/AIHHOTO ()YHKI[IOHYBaHHS YaCTOTHOTO
MIepeTBOPIOBAYa.

s poboTa MiAKPECITIOE BaXKJIMUBICTh MOJANBIIHX
JMOCTI/DKEHh Ta PO3PO0OK Y Taly3i YIOCKOHAJICHHS
YaCTOTHUX IIEPETBOPIOBAYIB, SKi € HEOOXIMHUMH JUIS
MOAAJBIION0 PO3BUTKY EIEKTPUYHHUX TPAHCIOPTHHX
3aco0iB Ta IX BIPOBA/PKEHHS Y CydYacHE CYCIiJIbCTBO.
3aBIKM [UM  3yCHJUIIM MH  MOXEMO  CHpHSITH
3MEHILICHHIO BIUIMBY aBTOTPAHCIIOPTY Ha JIOBKULIA,
3a0€3IeUyIOYd THM CaMHM OUIBIN CTajie Ta €KOJOTIYHO
OesrieuyHe MaiiOyTHE JUIs HAIIO] IJTAHETH.

[Tepenik mocunanp
[1] ITeperBoproBau yactotu. Advance: https://uk.
wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D
0%B5%D1%82%D0%B2%D0%BE%D1%80%D1%
8E%D0%B2%D0%B0%D1%87 %D1%87%D0%B0
%D1%81%D1%82%D0%BE%D1%82%D0%BS.
[Ilo Take meperBoproBau dvactotd. Advance:
https://elprivod.nmu.org.ua/ua/entrant/frequency con
verter.php.

(2]
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Po3pobka nmporpamu AJis MOITYyKY i MOoOY10BH
ONTUMAILHOT'O MapIIPyTy MOOLJILHOTO poO0oTa y
JIBOBHUMIPHOMY HPOCTOPI1

. 1 cu
Cgitnana MakcumoBa , ['eopriit bopucos
1. Kadenpa KITAP, Xapkischkuii HalionansHuit yuisepeuter pamioenexrponiku, YKPATHA,
Xapkis, np.Hayku 14., email: : heorhii.borysov@nure.ua

Anomayia: B HayKkoBiii po0OOTi NPOBEICHO aHAIII3 CydyacHUX
MOOUIBHUX POOOTIB, fKi BHUKOPHUCTOBYIOTHCS JUIS IIOLIYKY
ontuMaipHOro Mapupyry. Ha 6a3i mpoBeneHoro asainizy
PO3pOOIIEHO CTPYKTYPHY CXEMy, 0OpaHO OCHOBHI €IEMEHTH Ta
OIMCAHO IX NPU3HAYEHHs, PEKOMEHIOBaHI anaparHi Moyl Ta
3alPONOHOBAHO ~ METOH, 33  JIONOMOrol0  sIKoro  Oyme
IPOBOAUTHCH IOIIYK MapIIPYTY.

Knrouosi cnoea: moOGinbHI poOOTH, HOLIYK ONTHMAJIbHOIO
MapIpyTy, CTPyKTypHa CXeMa, arnapaTHi MOIYIi.

I. Beryn

PoGotu - e MammHy, SIKi BIUIMBAIOTh Ha 3MiHH Y CBiTI
1 MalTh Ti X (QI3MYHI MOXJIHMBOCTI, IO W JIIOAU Ta
TBapuHH. P0OOTH aBTOHOMHI 1 MOXYTh BUKOHYBAaTH
3aBlIaHHS 0€3 BTPy4YaHHS JIIOJAWHH. ABTOMAaTH30BaHi
poboTn  Bce  yacTimie  BUKOPHUCTOBYIOTBCS  JUIS
aBToMaru3alii pyTMHHHX 3aBJaHb y Takux cdepax, sK
[IPOMHUCIIOBA aBTOMATHU3aLlisl Ta CKIIAAChKe TOCIONapCTBO,
a TaKoXX y HeOe3MeUHUX sl JIIOAUHH cdepax, TAKUX SK
OCBOEHHSI KOCMOCY, BIHCHKOBI MiCii Ta MOIIYyKOBO-
PATYBaJIbHI Oleparlii .

II. OcHOBHI KOMIIOHEHTH ITIACUCTEMU

MobinbHi pobotu (puc. 1) - 11e podOTH, SKi MOXYTh
nepecyBatucs y ABoBUMipHOMY (2D) abo TpuBHUMipHOMY
(3D) npocropi. Pobora 3 omiHlOBaHHS Oy/e 30cepekeHa
Ha MOOUIBHHMX po0oTaxX, sKi MEepeCyBarOTbCI Y
JIBOBUMIPHOMY TIpOCTOpi. YcmiX MoOUIbHOrO podorta
3aJIeKUTh BiJ HOro 3JaTHOCTI OO HaBiraiii, ToOTO
BU3HAYEHHS CBOT'O MIOTOYHOIO MOJOKEHHS B IPOCTOPI Ta
JIOCSITHEHHSI Oa)kaHoro Micil npu3HaueHHs. CaMoCTiiHO
MepecyBHi MOOUTBHI POOOTH BUKOPHUCTOBYIOTHCS IS
NepeMillleHHs TOBapiB Ha CKJIa/1aX, BUKOHAHHS PYTHHHHX
3aBllaHb, TAKHX SIK ITJIOCOC, 1 TEpEeMIIlleHHs JIoIeH B
TPaHCIOPTHUX 3acobax. MOoOUTBHI POOOTH  TaKOXK
BUKOPHCTOBYIOTBCS JUIS JTOCII/DKEHHSI HeOe3NeYHnx abo
HEBIIOMUX MICIIb Y KOCMOCi, & Tako)X JUIs MOIIyKOBO-
pATYBambHUX omepaniii. Xo4ya BHMOTM LUX Tajy3el
BiJIPI3HSIOTHCS, BCI BOHHM MOKJIAIAIOThCS Ha aBTOHOMHY
Hagirarito [1].

Binpmricte  JOCTYMHUX MOOUTBHHX pPOOOTIB  MaloTh
amapaTHe 1 TmporpamHe 3a0esmnedyeHHs. AmapaTHe
3a0e3MeueHHs] BKIIOYaE B ce0e JaT4YUMKH 1 TPUBOIM.
JlaTyrKky BUMIPIOIOTD Pi3HI BEIWYWHHA B HABKOJIHUIIHBOMY
CepeIOBHIII (HampuKIIa, CBITJIO, TEILIO) i
MIEPETBOPIOIOTH 1X Ha MUGPOBY iHPOPMAIIitO.

Pucynox 1 — OcHOBHI TUIIH IPUBOJIIB MOOIITBHUX
pobortiB

AXTyaTopH - 1ie IBUTYHH, SIKi CIPUYUHSIIOTH (I3UIHUN
pyx. Ilporpamuuii piBeHb mpuiiMae iHpOpMAIO Bix
JAaTYMKIB 1 TeHepye KOMaHOW JJIsi BUKOHABYUX
MexaHi3miB, 100 poOOT BUKOHYBaB  IIOCTaBJIICHE
3aBmanHs [2-5]. Take po3mijieHHS amapaTHOrO Ta
MPOrpaMHOro 3a0e3eYeHHs ISl TIPUHHSATTS PillieHb Mae
3HayHi nepeBaru. lle mo3Bomsie BHpOOHMKaM pOOOTIB
BUPOOJISATH CTaHAAPTU30BAHUX POOOTIB Oe3 crenu(iaHmx
3aCTOCYBaHb, 2 KOPHCTYBa4aM - THYYKO BIIPOBAKYBaTH
IHAWBIAYyadbHI QJITOPUTMHU NPUHHATTSA pillleHb, IO
0a3yl0ThCsI Ha KOHKPETHHX 3aCTOCYBaHHSX. 3arajbHa
cxema podorTa npezcTaBiieHa Ha puc. 2.

BukoRaBY] CHOTEMH

P ——

s rym— 1
Maninynaiifisa cHcTesia |

MPHBOIH |—

Mexaniuna
CHETEME

MAHITYIATOpE {

oncpaTupi I'[]mf:l-p'li’l = JopHIMAC .t
- cepegornlle |
| - Mexanivna | i 1
MPHEOTH l__._ CHCTEME _t—
— | mepecyBaHHs |
. 1 CHoreMa MepacyBaqHs
| Cengopua || J N
| cuerema |

Pucynok 2 — 3aranbHa cxema poboTa

[Iporiec MPUAHATTA pilllcHb Ma€ KiIbKa ITiIPO3ILIiB,
30KpeMa TIUIaHyBaHHsA, MIpPKyBaHHS Ta  MallWHHE
HaBuaHHsA. [D1aHyBaHHs mepenbadae MailOyTHi mii Juist
nocsirHeHHsT MeTH. OOTpyHTYBaHHsI BU3HAYa€ ICTUHHICTh
Yy XHOHICTh TBEp/KEHb Ha OCHOBI BiZoMuX (aKTiB.
HaBuaHHS  BUKOPHCTOBYE  MHHYJIMH  JOCBiL U
MOKpALIeHHs] ~ NMPUUHATTS  pilleHb.  BukopucraHHs
LITYYHOTO 1HTENEKTYy B POOOTOTEXHIll NPHU3BOAUTH IO
MTOKPAIICHHS MPOAYKTHUBHOCTI POOOTIB 3aBISKU TOCBITY
[6-7].
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3aBIsKM PO3BUTKY TaKMX HAYKOBUX IUCHHILIIH, SK
TEOopist aBTOMATUYHOTO KEPYBaHHS Ta IITYYHUH 1HTEIEKT,
cy4acHHH poOOT HE TIJIBKH BUKOHYE MPOTrpamMy, JUIsl SKOI
BiH IIpU3HAYEHUH, ajie i NpHuiiMae BIIACHI PIlIEHHS MpU
BUKOHAHHI 3aBJiaHb Ha OCHOBI iH(oOpMarii, oTpUMaHOl
yepe3 pi3HI JaTYMKH Ta TOB'SA3aHI 3 HAUMH CHUCTEMH, i
MiHIMI3y€ TOMHJIKH HaBYaHHSI.

OpHe 3 HaWCKJIAAHIIIUX 3aBAaHb - ABTOMATU3yBaTH
VIIPaBJIiHHS TPAEeKTOpi€l0 pyxy pobora 3a HasBHOCTI
nepemkon. HaWBaknMBIIIMM ~ €EMEHTOM  TYT €
3a0e3meueHHs poOOTa HEOOXIMHUMH  JaTYHMKaAMH 1
mijicicTeMaMy ISl BU3HA4YECHHs HASBHOCTI, THITY 1
BiJICTaHI MEPEUIKOA, a TAKOX I (POPMYBAaHHS TOYHUX 1
CBOEYACHUX JiHd MO 3MiHI TpaekTopii i MOJAIBIIOrO
BU3HAYEHHS IBUTYHA.

OCHOBHOIO ~ METOI  aTecTauiiiHoi  pobotn €
JIOCHI/DKEHHSI  ICHYIOYMX  METOAIB Ta  QJITOPUTMIB
3a0e3MeueHHs] aBTOHOMHOI'O0 PYXy MOOUIBHUX POOOTIB.
BupueHHsI MTUTaHHS OLIIHKH HaBKOJIMIIHBOTO
cepeloBUINA 3 BHKOpPHCTaHHAM iH(opManii BiJ cuctem
TEXHIYHOTO 30py. BuBUeHHs Ta peamizamis pi3HHX
METO/IIB no0ysoBH CUCTEM YIIpaBJIiHHS Ta
TIO3UIIIOHYBAaHHSL Uil 3a0e3leueHHs peamizauii  pyxy
poborta 1o 3aaaHill TpaeKkTopii Ta 00'i3 1y MepeIKo.

OO0'ekTOM  JOCTI[DKEHHS € CHUCTeMH  HaBiramii
aBTOHOMHHX MOOITBHUX POOOTIB.

[IpeaMeroM MOCIIIKEHHS € alNrOpUTM pyXy poOora Ha
OCHOBI ~CHUCTEMH BH3HA4Y€HHS TPAEKTOpii, SKOMY
HEOOXiTHO KOOpAWHYBaTH CBI pyX ISl YHHKHEHHS
MepemKos, B yMOBax BiacyrHocTi iH(opmamii 1po

HABKONUINIHI 00'ekTH. [l MOCATHEHHS Ii€l METH
HEeOoOX1THO BUPIIIUTH HACTYITHI 3aB/IaHHS:
- AmHamiz iCHyIOYMX METOAIB Ta QJITOPUTMIB

3a0e3MeueHHs] aBTOHOMHOT'O pyXy MOOUIBHUX pOOOTIB; Ta

- IlpoaHamizyBaTd METOJU OIIHKH 30BHIIIHHOT'O
cepeloBUINA 3 BHKOPHCTaHHAM iH(opMamii BiJ cuctem
TEXHIYHOTO 30PY

- JocmimkeHns (¢akTopiB, M0 BIUIMBAIOTH Ha
MoOy/IOBY CHUCTEM KepyBaHHS Ta IO3HMILIOHYBaHHS IS
niepeMilieHHs podoTa npu 00'i3/11 NepemKoI;

- Po3pobOxka anropurmiB kepyBaHHSI poOOTOM Ha OCHOBI
CHCTEM TPHUUHATTS pillleHb, IPOBEICHHS HEOOXiTHUX
pO3paxyHKiB, BHMIpIOBaHb Ta ajamnTamii o0paHOro
aITOPUTMY KEpYBaHHS;

- Pospobka anroputmiB  KaprorpadyBaHHS
HeroBHOI iH(pOpMaIlil PO HABKOJIHIIIHI 00'€KTH;

- Peamizaumis  amropurmy A* s
HAMKOPOTILIOro IUIAXY, MOAU(DIKAIs alropuTMY;

- AHaui3 peaizalii po3po0JIeHOro anropuTMy A*;.

JJIA

MIOUIYKY

[II. BucHOoBKM

BpaxoByroun HaOuparoue 00epTiB
PO3IIOBCIOIKEHHS pobortiB cTae 3pO3YMIJIOI0
aKTyaJbHICTh  pO3POOKH POOOTIB  JUIsI  BHPIIICHHS
pi3HOMaHITHHX 3aBAaHb. OKpeMO CTOSATh MOOLIbHI
poboTu, sKi MOXYTh BHKOHYBAaTH IOCTaBJEHI 3ajadli y
PI3HUX JIOKalisiX, B TOMY YHCJi IEpeMillyloun pi3Hi
BaHTaXi MK IIUMU JoKarisMu. Cnil 3a3HAYUTH, MO0 MIPH
TAaKUX IIEPEMIIEHHSAX pPOOOTH MOXYTh CTHKATHCSA 13
JIOBITBHUMH TIepEIIKOJAMH. Tomy JIOLITEHO
YCTaTKOBYBaTH IX MPUCTPOSIMH TEXHIYHOTO 30Dy, a
TAKOX HaWpPi3HOMAHITHIIIMMHU JaTYUKAMH, 10 MOXYTh
JIO3BOJIUTH TOOYIyBaTH aKTyaJbHY KapTy MICLEBOCTI B

BCIIUKE
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peanbHOMY 4aci. Kpim Toro, Mapupyr pyxy po6ora mae
Oyrn onTHMajdbHUM 32 OJHUX , OCHOBHUM, YH
MHOYKHHOIO JICKIJIbKOX KPHUTEPIiB.

TakuM 4mHOM, po3poOKa Tporpamu Jisl MOWIYKY WU
MoOYIOBH ONTUMAJILHOTO MapUIPYTy MOOLIBHOIO podoTa
y JABOBHMIPHOMY TPOCTOpPi € Ha/J3BUYaHHO aKTyaJIbHUM
3aBJIAHHSAM, SIKE TUTAHYETHCS BUPILIATY B XOi BUKOHAHHSI
MaricTepchKkoi aTectamiiinoi podotu
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Po3po0Oka miacucteMu KepyBaHHS MOOIIIBHOTO pOOOTY
JUIs1 OpIEHTAILIIT B BHp06HHq0My HpOCTOpl
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Anomayin: Jlana HaykoBa poboTa NpHUCBsdeHa po3poOLi Ta
TECTYBaHHIO IiJICHCTEMH YNPaBIiHHA MOOUIBHUM POOOTOM Is
3a0e3reueHHs Horo opieHrauii y BHPOOHHYOMY IPOCTOPI.
IMorpeba MoOiNBHMX poOOTax Ha poOOYOMY Micli CTae Bce
OUIBII aKTyaJbHOIO, a JUIs IX YCIIIIHOI poOOTH HeoOXigHa
epexkruBHa cucreMa Hapiramii. Y nili po0oTi JOKIamgHO
PO3IIIAIAIOTHCS KIIFOUOBI aCIeKTH PO3POOKH TaKoi MiZCHUCTEMH,
BKJIFOYAFOYH 1HTETPAIIiI0 TEXHOJOT'1H, ITOCTiiHE BIOCKOHATICHHS,
Oe3neKy Ta e(eKTHBHICT, a TAKOX IHEPCIEKTUBH IMOAAJIBIINX
JIoCHi/pKeHb y Wil ramysi. PesymeraToM poGotu € cucrema,
3[JaTHa IIOKpaIlUTH BHUPOOHMUYMH Tpouec, 3abe3neunTu
e(eKTHBHICTb Ta 0€3IeKy Y BAPOOHUUOMY CEPe/IOBHILI.

Knrouosi cnosa: MoGinbauiA pobOT, BUPOOHWYMI TPOCTip,
cuCTeMa HaBirari.

I. Beryn

Jlana pobora € aKTyaJbHHM JOCITIDKEHHSM Ta
PO3POOKOIO TACUCTEMH KEpyBaHHS MOOLIEHUM pOOOTOM
JUIL OpIEHTYBaHHS y TPOMHUCIOBUX MpPUMIlIEHHSX. €
KUJIbKa KITIOYOBUX (DaKTOpiB, SKi POOJATH IF0 POOOTY
aKTYyaJIbHOIO 1 B)KJIMBOIO B CYYaCHOMY CBITI.

CporofiHi MM CIIOCTEpIraeMo 3pocTaiody mnortpedy B
aBromaru3zaiii BUpoOHUITBa. MOOUTBHI POOOTH CTaIOTh
HEB1Jl’EMHOIO YaCTUHOIO miei Tpancdopmarii,
BUKOHYIOYHM DIi3HOMaHITHI 3aBJaHHA Y BHUPOOHHYHX
nexax i Ha ckianax [1]. Po3poOka edexTuBHMX cucteMm
opi€eHTAaIli VIS WX POOOTIB CTAE KPUTHYHOI, OCKUIBKU
Lle CIPHUSE MiJBUIICHHIO MPOIYKTUBHOCTI Ta 3HW)KEHHIO
BUTpaT BUPOOHHUIITBA.

Besnieka crae Bce OLIbII BaXKIMBOIO y BHPOOHHUYUX
cepeoBHUINaX, ¢ pOOOTH TPAIIOIOTh MOPYY 3 JIIOJbMU.
Cucremu Opi€HTAIlii J0MOMaraloTh poOOTaM YHUKATH
3ITKHEHb 3 JIIOJbMH Ta IHIIMMHU O0'€KTaMH, IO CHpUsIE
CTBOPCHHIO OC3IIEUHOr0 CEPEOBHUIIA IS BCIX YUACHUKIB
BUpOOHUIITBA. [1-3]

BupobHuye cepenoBuiie MOXKe OYTH CKIATHHM i
MiHIMBUM.  MoOOiTBHI  poOOTM  TOBUHHI  BMITH
OpiEHTYBATHUCS 1 OpIEHTYBaTHCS B TaKMX yMOBax. Bennke
3HAQYEHHS Ma€ pO3poOKa MiJCHCTEMH YIpaBIiHHS,
3JIaTHOI a/IaliTyBaTHCS JI0 Pi3HUX CEPEIOBUIL 1 YMOB.

Kpim TOro, 3 mosiBoro HOBUX TEXHOJOTIH, TaKUX SK
JATYUKHA Ta aJTOPUTMH, 3’SBIISIOTHCS HOBI MOMITUBOCTI
JUI BJIOCKOHAJIGHHS CHCTeM opieHTanii. [HHOBamii B
oOmacti poOOOTOTEXHIKM Ta aBTOMATH3alii IOCTIHHO
3MIHIOIOTh JlaHAmadT 1 3a0e3rnedyroTh 1HXKEHEpiB 1
JIOCNITHAKIB HOBHMH IHCTPYMEHTaMHU [UIsi PO3pPOOKH
OibII e(hEeKTUBHUX CUCTEM Opi€HTALI].

3pemirtoro,  po3poOKa  MIJACUCTEMH  YIPABIIHHS
MOOUTEHMM POOOTOM JJIsl Opi€HTalii y BHPOOHHYMX
MPUMIIIEHHSX 3aIAIIAETHCS aKTyaIbHUM 1 3aTpeOyBaHUM
HAINpPSIMKOM JIOCIIKEHB 1 po3po0ok. HaBiTh HalOimbIImiA
y CBITI IHTEpPHET-Mara3uH Ma€ y CBOEMY PO3MOPSIKEHH]
noHan 200000 po0GotiB, BOHM 3aimydeHi Ha ckiamax 180
kpain. PoOornzoBanuii ckian Amazon BHKOPHCTOBYE
CHCTEMH ISl aBTOMATHYHOT'O TPAHCIIOPTYBAaHHS TOBAPIB.

[4-5] s pobora Mae TOTEHIIad 3MIHHTH CIOCIO
(YHKI[IOHYBaHHS Ta  YNOpPaBIiHHA  BHPOOHHIITBOM,
3pOOUBIIN HOTO OiIbII e(hEKTUBHUM i OE3NEYHUM.

B nanmii vac MOOLIBHI POOOTH CTaIOTh HEBII €MHOIO
YaCTHHOI0 aBTOMATH30BAHOTO BUPOOHMUTBA. BoHu
HAJAIOTh VHIKAJIbHI MOXIIMBOCTI JUIA  ITiJBHILICHHS
MPOAYKTUBHOCTI, 3HWKEHHS BUTPAT 1 IOKpAIEHHS
Ocsmekn Ha pobGouoMy wMicmi. OpHak, OO0 poboTH
yCHIIIHO (YHKIIOHYBAIW B IPOMHUCIOBUX YMOBax, iM
NoTpiOHa e(eKTUBHA CHCTeMa OpieHTalll, sKa J03BOJISIE
iM Oe3meyHO ¥ TOYHO TEpEeCyBaTUCS, BUKOHYBATH
3aBJIaHHS Ta B3aEMOJIISITH 3 HABKOJIHIIHIM CEPEIOBHIIEM,
IO JO3BOJISIE IM JIETKO JOCTAaBJIATH, 3aBaHTAXKyBAaTH Ta
PO3BaHTaXXYBaTH Marepiald NMPaKTHYHO Oe3 BTpYYaHHs
moauHd [6]. Y mifl crarTi OUTBIN JETaJbHO OIMCAHO
PO3pOOKY MiJCHCTEMH KEPYBaHHSI MOOLIEHUM pOOOTOM, 3
aKIICHTOM Ha BUKOPHCTaHH MiKpOKOHTposepa Arduino.

BupoOHuui  maHinmynsTtopu, poOOTH-0E3MiIOTHUKH,
IHTEPaKTUBHI  Irpallkd, pPoOOOTU-XIpyprd, MOOYTOBI
aHApoiaH, poOOTHU-COOaKM, IPOHH, POOOTH-YKIamadi

uerniv Ta iHme. MoOunbHI poOOTH CcTanu HaJiHHUMHA
MoMiYHUKaMu B Oaratbox cdepax [7-9]. Bonu 3martHi
BUKOHYBaTH MOHOTOHHI Ta HeOe3nme4yHi 3aBIaHHs,
3BUIBHSIOUH JIIOJIMHY BiJl pyTHHU Ta pu3uKy. OHaK, m100
MOOUTBHI  pOOOTH TpaIfoBajdi B  PI3HOMAHITHHX 1
JUHAMIYHUX BHPOOHMYMX CEpeNoBHUINAX, IM MOTpiOHA
HaJiifHA CHCTeMa Opi€HTallii, sfKka 3a0e3ledye BHCOKY
TOYHICTb 1 HAHIHHICT PYXY.

II. OcHOBHI KOMIIOHEHTH ITIACUCTEMU

BuOip BiINOBIAHMX AATYMKIB BiZirpae BHPIMIAIBHY
pOJb Y MPOEKTYBAaHHI CHUCTEMH Opi€HTAIii MOOITBHOrO
pobora. JlaTumky HajalTh poOOTy iH(pOpPMALi TPO
Horo otoueHHs Ta cTaH. [y MOCSATHEHHS] MaKCUMaJIbHOT
epEeKTUBHOCTI ~Ta  TOYHOCTI  OpieHTamil  MOXKHa
BUKOPDHCTOBYBAaTH pI3HOMaHiTHI THmM nmaTyukis. lle
BKJIIOYAE YIBTPA3BYKOBI JaJICKOMIPH UIS BUMIPIOBAHHS
BiJICTaHI JI0 TIEPENIKO/, KaMepu /sl Bi3yaJbHOTO
posmizHaBaHHS MapkepiB abo 00’€xTiB, iH(pavyepBOHi
JATYUKK JUIS BUSIBJICHHS JpKepenl Teruia Ta iHmm. [lpu
BHOOpI JaT4MKiB HEOOXiJTHO BPAaxOBYBAaTH BHMOTH 10
TOYHOCTI, HAIIHHOCTI Ta 00JIaCTi 3aCTOCYBaHHS poOoTa.

AnropuTMH  OOpOOKM  JaHMX Bill JAaTYUKIB 1
VIPaBIiHHSA PYXOM pO0OTa € KIIOYOBHM €JIEMEHTOM
cucteMu opieHranii. BoHM BH3Ha4alwTh, SK POOOT
aHaJi3yBaTHMe iH(OpMAIIiIo BiJ TaTYKKIB 1 MpuiiMaTHMe
pimeHHs1 mono pyxy. MikpokonTtponep Arduino mMoxe
peai3oByBaTH PI3HOMAHITHI aJrOPUTMH, BKIIOYAIOUU
QITOPUTMHU  JIOKaJli3allii, IUIaHyBaHHS [UIIXY Ta
YHUKHEHHs mepemkoa. Po3poOka Ta onTumizamis MUX
ITOPUTMIB BIITParOTh BAXJIMBY PONb Yy 3a0e3leyeHH]
€(EeKTUBHOI CUCTEMH KOHTPOIIIO CTaBJIECHHS. AJTOPUTMHU
MOBUHHI OyTH pO3po0JIeHi 3 ypaxyBaHHSIM OCOOTUBOCTEH
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BUPOOHMYOr0 IPOCTOPY Ta 3aBAaHb, SIKi
BUKOHYBaTH poboT. [10-13]

BuOip TexHIYHMX KOMIOHEHTIB 1 pillleHb TaKOX Mae
BEJIMKE 3HA4YEHHsS /IS YCINIIHOI peaizalii cucreMu
opieHTanii Ha MikpokoHTpoiaepi Arduino. Lle BkirOUae
BUOIp [BUTYHIB 1 KOJEpIB Ui KEPYBaHHS PYXOM,
0e3IpOTOBUX MOJIYIIB JUIA 3B’5I3Ky Ta Iepeaadi JaHuX, a
TAKOX JAaTYMKIB JUIi  BHUMIDIOBAaHHS  IapaMeTpiB
HaBKOJIMIIHLOT'O CEPEeIOBHINA, TAKUX SIK TEMIlepaTypa Ta
BOJIOTICTh. TeXHIYHI pIIICHHSA MOBHHHI BiIIOBiIaTH
BHMOTaM HPOJYKTUBHOCTI, HAIIHHOCTI Ta JOBTOBIYHOCTI
cucreMu. EdexTHBHE KepyBaHHS EHEPri€l0 TaKOX €
BaXXJTUBUM acCIIeKTOM, OCOOJMBO MiJi 4Yac eKCILTyaTarii
po0boTa i1 4ac TPUBAJIOTO BUPOOHHIITBA.

IHrerpamiss  oOpaHMX  JATYUKIB, QJITOPUTMIB 1
TEXHIYHMX KOMIIOHEHTIB € 3aBEepIIAIbHAM ETalloM
po3po0KM TigcucTeMu ynpaBiiHHga. Ha mpoMmy erami
CTBOPIOETHCSl €AMHE TMpOrpaMHe 3a0e3leueHHs, sKe
JTIO3BOJISIE  MIKPOKOHTpOJepy Arduino B3aeMOIisTH 3
JaTYMKaMHu, OOpOOJISATH OTpUMaHi JaHl Ta KepyBaTH
pyxoM poOoTa BiAMOBIAHO 10 BCTAHOBJIEHHX aJITOPUTMIB.
EdextuBHa  iHTerpamiss KOMIOHEHTIB  3a0e3redye
MOCTTIIOBHY POOOTY CHCTEMHM Ta 3JaTHICTh aJdanTyBaTHCS
JI0 MiHJIMBHX YMOB BUPOOHHUYOTO CEPEIOBHUIIA.

IIOBUHCH

[II. TIpoexTyBaHHS Ta TECTYBaHHS

[licns BuW3HAUYEHHS BCIX KOMIIOHEHTIB 1 PO3POOKH
ITOPUTMIB HEOOXIAHO NPHUCTYNATH IO TNPOSKTYBAHHS
cucteMu opieHTyBaHHA. lle mepenbauae cTBOpeHHS
CIICKTPUYHOI CXEMHU ULl MiJKITIOUEHHS JaTYMKIiB 1
NpuBOAIB 10 MikpokoHTposepa Arduino. Takox
HEOOXITHO pO3POOUTH TporpamMHe 3a0e3leucHHS IS
3YUTYBaHHS JaHHUX 3 JaTYMKiB, 00poOku iH(popmamii Ta
KepyBaHHsI pyxoM poboTa. [Ipu mpoekTyBaHHI HE0O0XiTHO
BpaxoBYBaTH OCOOJIMBOCTI BUPOOHUYOTO MPUMIIIEHHSI, B
SIKOMY ITparoBaTumMe pooor. [14-16]
TecryBaHHsST B pealbHUX YMOBaxX BHPOOHHUITBA €
HEBIJI'€MHOI0 YaCTHHOIO IPOIIECy PO3pOOKU i J03BOJISIE
OLIIHUTH peasibHy MPOAYKTUBHICTH i HAIHHICTh CUCTEMHU.
Ilix wuac TecTyBaHHS CIiJi BPaxOBYBaTH HACTYIHI
aCIIEKTH:

- OmliHKa TOYHOCTI HAaBiramil: BaKJIMBHM €TarioM
TECTYBaHHA € OIliHKAa HaBiramiiHOi TOYHOCTI
cUCTeMH oOpHeHTallii. Po0OT TOBMHEH Matu
MOXITUBICTh TOYHO 7§ nependavyBaHO
nepecyBaTucs Yy  BUPOOHHYOMY  HPOCTODI.
BumMiproBaHHs Ta aHaji3 po3TallyBaHHS poOoTa B
pi3HI MOMEHTH Yacy JO3BOJIS€ HaM BHU3HAYUTH,
HACKUIBKM OJIM3bKO BIH MIAXOOWUTH OO LIUILOBOL
TOYKH Ta HACKUIBKM TOYHO BIH CIIAYE 3aTaHOMY
LIIAXY.

- IlepeBipka BUSIBIEHHS IEpPEIIKOJ: CHUCTEMa
OpIEHTYBaHHS TIOBUHHA €(QEKTUBHO BUSIBISTH
MEepenKoAr 1 TNpPaBWIBHO Ha HHUX pearyBaTH.
TecryBaHHA Mae BKJIIOYaTH CIEHApii, M0
BKIIIOYAIOTh IIEPEIIKOIM PI3HOr0 po3Mipy Ta
(dhopmu, 00 MepeKoHATHCS, IO POOOT 3MATHHH X
YHUKHYTH 200 YHUKHYTH.

- OmiHka CTIMKOCTI Ta HaAIWHOCTI: poOOT MOBUHEH
JIEMOHCTPYBaTH CTaOlIbHY poOOTY B pIi3HHX
YMOBaX, BKJIIOYAIOYM  3MIHH  OCBITJICHOCTI,
TEMIlepaTypu Ta Bojorocti. TecTyBaHHS TakKoX
BKJIIOYA€E TIEPEBIPKY JOBTOCTPOKOBOI HaIiHHOCTI
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CHUCTEMHU. PobGor TTOBHUHEH YCHIITHO
(YHKI[IOHYBaTH MPOTATOM TPHUBAIOro yacy 0e3
300iB 1 BTpaTH MPOJYKTHBHOCTI.

- OuiHka e(pCKTHUBHOCTI Ta IIBUIKOCTI:
e(pCKTHBHICTh CHUCTEMH KOHTPOJIO CTaBJICHHS
TaKOK € BaxiIuBUM acmektoM. ILls  ¢dasa

TECTyBaHHS OIHIOE, HACKUIBKM LIBHIKO Ta
epEeKTUBHO pOOOT BHKOHYE CBOi 3aBAaHHA Y
BUpOOHHYOMY cepeoBulli. EdexTuBHICTE MOXe
3ajexaTu BiJi BUOOPY QJITOPUTMIB 1 TEXHIYHHX
KOMITOHEHTIB.

Peakuis Ha 3MiHM cepeOBUINA: YMOBH €KCILTyaTallii
MOXYTh 3MIHIOBATHCS 3 4YacOM. TecTyBaHHS ITOBHHHO
BKIIIOYaTH CLEHapii, 3a SKAMH pOOOT TIOBHHEH
aJanTyBaTUCs 10 3MiH HABKOJUIIHBOTO cepenoBumima. Lle
MOX€E BKJIIOYATH IEepeMillleHHs] a00 CTBOPEHHS HOBUX
nepemkoa.[18,19]

IV BucHoBknu

Po3poOka Ta TecryBaHHS MiJACHCTEMH YIPaBIIiHHS
MOOUTEHEM PpOOOTOM ISt Opi€HTalii y BHUPOOHUYOMY
MpoCTOpi — OaraTorpaHHUid Ta BiANOBIAAJIBHUE TpOIEC.
OpHak ycroilrHe 3aBepIieHHS IbOr0 TPOLECY MOXe
3HAYHO  MIJBUIIUTH  e(pEeKTHBHICTh Ta  Oe3meKy
aBTOMAaTH30BaHUX BUPOOHUYMX IIPOIIECIB.

Po3pobxka mincucremu opieHTanii MoOiIEHOrO poboTa
nepeabavae iHTErpalio Pi3HUX TEXHOJIOTIH, MTOYNHAIOYN
BiJl IaTYMKIB Ta MiKpOKOHTpoJepa Arduino i 3aKiHUyrOun
aJrOpUTMaMHU Ta JBHI'YHaMH. 3JIaroJKeHa poOoTa BCiX
KOMITOHEHTIB BIJIIrpae BaXJIUBY pOJIb Y JOCSATHEHHI
LIEH.

Po3pobka MOOiITBbHUX POOOTIB — TPHUBAIMH MPOILIEC.
[ocTiliHe  BOOCKOHAJIEHHS  CHCTEMH  YIPABIIiHHS
OpI€HTAIlIEI0, ANTOPUTMIB Ta alapaTHUX KOMITIOHCHTIB
HeoOXimHe Ay aganTanii 10 3MiHHHX YMOB BUPOOHHYOTO

cepeIoBHINa Ta 3a0e3meueHus MaKCUMAaJIbHOT
MIPOXYKTUBHOCTI.
Cucrema opieHTaIrii HE TIIBKH T IBUIILYE

eQekTuBHICTh, a ¥ 3abe3meuye Oe3neky pobora Ta
orouytounx. lle 0COONMBO BaKIMBO y BHPOOHHYHMX
yMOBax, Jie poOOTH MOXYTh B3aEMOMIATH 3 JIOJBMH Ta
o0J1aIHaHHSIM.

lany3310 aKTHBHHX IOCIIMXKEHb TAKOX € PO3podKa

cucrteM opieHranii MoOibHUX poOotiB. IlocriiiHo
3'IBJISIIOTECA  HOBI  TeXHONOrii Ta METOAUMKH, IO
BIIKpHUBAE HOBI  MOXJIMBOCTI  JUISI  IOKPAICHHS

(YHKIIOHAJIBHOCTI Ta €(heKTUBHOCTI POOOTIB.

TakuM 4nHOM, PO3pOOKa MiJICHCTEMHU YIPaBIiHHS IS
MOOUTBHOrO  po0OTa, 34aTHOrO  MepeMilathcs Yy
BUPOOHMYOMY CEpEeOBHIN, MOTpPeOye IHKECHEPHHX
HABMYOK, PETENLHOTO NMPOEKTYBAaHHs Ta TECTYBAaHHS, a
TaKOX IIOCTIHHOIO TparHeHHs 10 BOOCKOHasieHHs. Lls
poboTa NOTEHLIHHO MOXe 3MIHUTH crocid pobotu Ta
YIPaBIiHHS BUPOOHUITBOM, 3pPOOMBIINM HOro OUIBII
e(EeKTUBHUM Ta OE3NEeYHHM.
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Anomayia: B Te3ax ponoBini Oyno IpOBEICHO aHaii3
ocobinmBocTi  mobynoBu  Ta  (YHKUIOHYBaHHA  piBHI
IIPOMHCIIOroBO IHTEpHETY pedei.

Kniouosi cnosa: pisens, [IpoMucnosuii [aTepHer peuei ,
iH(pOpMaIiifHi TEXHOJIOTII.

I. Beryn

ITpomucnosuii Inrepuer peueii (Industrial IoT, 11oT) —
Lle OAWH 3 HAKWOINBII BENMKUX CETMEHTIB IHTEepHeTY
peueii 3 TOUKH 30py KUTBKOCTI IMiJKIIOYEHUX MPUCTPOIB i
CTYNEHS] KOPUCHOCTI LIMX CEpBICIB Uil BUPOOHHLTBA 1
aBTOMAaTHU3allii MiAPUEMCTB.

Lleit cerMeHT TpaJWIIHHO CIYXHUTh OIepamiiHo-
TexHoNoriuHoo 6Oazoro. CroaM BXOAATH amapaTHi i
MporpamMHi 3aco0M MOHITOPUHTY (Di3HYHUX IPUCTPOIB.
Tpaguuiiini  3aBmaHHs  iHQOPMALIHUX  TEXHOJOTIH
BHPIIIYIOTBCS 1HAKIIE, HIDK OINepaIliifHO-TeXHOJIOTIYHI
3aBJIaHHSI.

Onepauiiiai Texnodxorii (OT) 3ocepemkeni Ha OLIHII
MPOAYKTUBHOCTI, dacy Oe3BiIMOBHOI poOOTH, 300pi
JIaHUX 1 BIATIOBITHOT peaklii B peKUMIi peasbHOro Jacy, a
Takoxk Oe3meku cucreM. [H(popMmaniiiHi TexHomOri
crpsiMOBaHi Ha Oe3NeKy, TpYyIyBaHHS, CepBiCH Ta
Ha/IaHHS JTaHHX.

Ockinbku [HTEpHET pedeli moYnHae 3aiiMaTH BasKIIMBE
Miciie B chepi BUpOOHUITBA 1 TpoMuciIoBocTi, cBit IT i
OT o00'equaroThCs1, 0COOIMBO B 00JaCTi A1arHOCTHYHOIO
00CITyrOByBaHHs, i 3MOXKYTh 3a0e3rnevyBaTu
Oe3IperieIeHTHIM 00CSITOM JaHUX MPUBATHI Ta MyOIiuHi
xMapHi iHdpactpykrypu [1,2].

Jlo XapakTepHCTHK IIbOrO CErMEHTa BiIHOCHTHCS
HEOOXiMHICTh  HaJaBaTH  ONEpaIiifHO-TEXHOJIOTTYHOT
CHCTEMH T'OTOBI PIllIEHHS B PEXUMI peajbHOro yacy abo
Maibke B peXXHMi peabHOro 4acy.

Ile o3Hawae, moO Yy BCHOMY, WO CTOCYETHCS
BUPOOHHYOr0 IPOCTOPY, T'OJOBHUM IapaMeTpoM JUIst
InTepHeTy peueii Oyzne yac Biaryky. Kpim Toro, BaxiuBy
pOJb OYAyTh TPaTH TPUBATICTE IPOCTOIO 1 OE3IeKYy.

[IpomucnoBuii IHTepHET peyeii - e OAUH 3 CETMCHTIB
Ha [OMY PUHKY 110 HaWOUIBII IIBUAKO PO3BUBAETHCS.
BaxiBoro 0COOJMBICTIO IIbOTO HATPSMKY € T€, IO BiH
CIIMPAETHCSA HA ICHYIOYI TEXHOJIOTIT, TOOTO Ha amapatHi i
MIPOrpaMHi 3aCO0M 1 MOXke OYTH aanTOBAHUH T HAX Ta
IHTErpyBaTHCS Ta 00’ €THYBATUCS 3 ICHYFOUHMU.

II. ba3oBi piBH1 TEXHOJOTIT IHTEPHETY peueit

Knacuuna apxitekrypa [oT ckiiagaeTscst 3 4OTHPHOX
(yHKIIOHATIBHUX piBHIB (pHC. 1).

Haiinmwxkuuii piBeHb (piBeHb CEHCOPIB 1 CEHCOPHHUX
MIPUCTPOIB) CKIAMA€ThCS 3 OO0 €KTIB, IHTCTPOBAHHX i3
CeHCcOpaMHu (IJaTyvMKaMM), sKi 3a0e3lmedyroTh 30ip i
00poOKy iH(pOpMalIii B peaTbHOMY MacIITadl yacy.

HacrynHuii piBeHb (ILTIO3IB 1 MEpEkK) CKIAAAETHCS 3
KOHBEPIeHTHOI ~ MepekeBOl  iHPpacTpyKTypu,  sika
CTBOPIOETHCS HIISIXOM IHTETpallii Pi3HOPIAHUX MEpPEexX Y
€IMHY MEPEXKEBY IIATPOPMY.

CepBicHull piBeHb MICTHUTh MEBHHUI HaOIp MOCIYT, sIKi
aBTOMATU3YIOTh HU3KY TEXHOJIOTIYHHUX 1 TOCIIONAPCHKUX
orepariii.

UYerBepruii piBeHp apxitektypu [oT Birouwae pizHi
TUIU JOJATKIB JUISl BIIOBIIHMX ITPOMHCIIOBHX CEKTOPIB
i cdep misutbHOCTI [3].

NOJAATRH

CEPEDRMINE, HOTICTHRS, MEANTHHA,

| Tpntscrizame =i Hank

cHoCTe M, CHEPrETHRD

CEPBICH
Tlocayrn: aanrs gaiey, CramoTIema onanTHEs, ICPCKCINE JUK, KouTpois
ACCTYILY, YIPRBIEHA IPHCTPOLMH, NPOTORKIN, MOSIIOBEHEL IPOLICCLE,

RHKOHAHHS IPOICCIE

———————————
ILTOSH TA MEPERA

Inofanena mepesa: GSM,

LTE [
CHrRAARKEE ApOUSCOD T

—_—
CEHCOPHI TPHCTPOT
I'A CEHCOPHI MEPEXI ‘

CencopHi Mepeai: WiFL
|| Ethemnet, ZigRee

PHMHLIL o
HRCCICPOMETDH

Puc.1. Apxitekrypa [oT [3].

Came mpu BukopuctanHi [oT, Oynb-sike npuMilneHHs
MIEPETBOPIOETHCSI HAa CHUCTEMY, sKa Ha0yBa€ 31aTHOCTI
pO3ITi3HaBaTH KOHKPETHI CUTYalii, 10 BiIOYyBalOThCS B
JUHAMIIII, 1 BIJMTOBIIHUM YHHOM Ha HUX pearyBaTu.

[II. OcoGnuBoOCTI piBHIB

[puctpoi — ue o0’ekTH, 5KI (PAKTUYHO CTAHOBIATH
«pedi» B [HTEpHETI peueii.

Bucrynmatoun sk iHTepdelic MiX peaJbHUM 1
IU(POBUM CBITaMH, BOHH MOXXYTh MaTH Pi3HI pPO3MipH,
(¢bopMH Ta PiBHI TEXHOJOTIYHOI CKJIAHOCTI 3aJICKHO BiJl
3aBllaHHs, SIK€ BOHHM IIOBHHHI BHKOHYBAaTH B paMKax
KOHKPETHOT'O pO3rOpTaHHs [HTepHeTyY peuei.

HesanexxHo BiJ TOro, 4u TO MIKPO(QOHH PO3MIpOM i3
LINMWIBKOBY TOJIOBKY, M 1€ BaXKKi OyIiBeNIbHI MalllvHH,
MPaKTHYHO KOJKEH MaTepiajbHUi 00’€KT (HaBiTh KHUBU,
HAIpHKJIa, TBAPHHH YH JIIOJM) MOKHA TEPETBOPUTH Ha

T AKITFOUeHN H TIPUCTPiit LITSIXOM JOAaBaHHsI
HEOOXiTHOrO 1HCTpyMEHTapilo (AONAIOYM JATYUKU U1
NPUBOAM  Pa3oM 13 BIANOBIIHUM  NPOTrpaMHHUM
3a0€3IEeUEHHSIM ).

JlaBaui, BUKOHaBYI MeXaHI3MH a00 IHIII TeIeMeTpUYHI
NPUCTPOI  TaKOX  MOXYTh  OyTH  CaMOCTIHHUMH

PO3YMHHMH TIPUCTPOSIMHU.
€nuHe 0OMEKEHHs, 3 IKAM TYT MOXHA 3ITKHYTHCS, —
e (aKTHUHUI BapiaHT BUKOPUCTAaHHS [HTEpHETY pedei
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Ta HOro BUMOTH JO OOJagHaHHA (PO3MIp, MPOCTOTA
PO3rOpTaHHS Ta KepyBaHHS, HAAIHHICTb, TEPMIiH CITY)KOH,
€KOHOMI4Ha €()eKTUBHICTB).

IV. IIporpamue 3a06e3mneueHHs

[Iporpamue 3a0e3mnedeHHs BiAIIOBigae 3a peanizaliio
3B’S3KY 3 XMapolo, 30ip JaHuX, iHTErpauito MpucTpois, a
TAKOXX BUKOHAHHS aHaNi3y NaHHX Yy peaJbHOMY 4Yaci B
mepexi [oT.

binpme TOro, me mporpaMHe 3a0e3NeYeHHS UL
MPUCTPOIB TakoK 3abe3rledye MOXIIMBOCTI Ha piBHI
JIOAATKIB, 1100 KOPUCTYBayi MOIJIM Bi3yalli3yBaTH JaHi Ta
B3aemoisaTH 3 cucremoro 1oT.

Maroun amapaTHe Ta IporpaMHe 3a0e3rledeHHs
NpUCTpOI0, Mae OyTd 1€ OIUH piBEHb, SKHH
3a0e3medyBaTuMe pO3yMHI 00’€kTH crmocobaMu  Ta
3acobamMu 0OMiHy iH(popMariiero 3 pemToro cBiTy loT.

MexaHi3MH 3B’SI3Ky CHJIBHO TIOB’sI3aHi 3 anapaTHUM Ta
NpOrpaMHAM  3a0€3MEYEHHSIM  MPUCTPOIO,  BAXKIUBO
PO3IIISIATH iX SIK OKPEMUH PiBEHb.

PiBeHp 3B’s3Ky BKIIOYAE SK pilieHHS (pi3HYHOrO
MiAKIIoueHHsT  (CTUIBHUKOBHH — 3B’S130K,  CYNYTHHK,
JIOKAJIbHA MEpeXa), TaK i KOHKPETHI POTOKOIIH, B Pi3HUX
IaTepuery peueit (ZigBee, Thread, Z-
Wave, MQTT, LwWwM2M) [4-7].

BuOip BiANOBITHOTO KOMYHIKAIiHHOTO pIilIEHHS €
OJTHI€IO 3 BOXKJIMBUX YaCTHUH Y CTBOPEHHI KOXKHOTO CTEKa
TEXHOJIOTIT IHTepPHETY pedei

BuOpana TexHomoOriss BU3HAYaTHME HE JIMIIE CIOCoOU
HaJICWJIaHHS Ta OTPUMAaHHS JaHUX i3 XMapH, a i cnocoou
KEepYBaHHS TPHUCTPOSIMHU Ta CIOCOOM IX 3B’S3KYy 3
MPUCTPOSIMHA CTOPOHHIX PO3POOHHKIB.

ITnardopma IoT — me miclie, e Bei i maHi 3i0paHi,
KepoBaHi, 00pOOIISIFOTHCS, IpoaHasi3oBaHi i
MIPE/ICTaBIIeHI B 3pYYHOMY U1l KOPUCTYBa4ya BHUTIISI.

TakuMm 4nuHOM, T€, 10 POOUTH TaKe PIlICHHS OCOOIUBO
LIHHKUM, e He JIMIIe MOXJIHBOCTI 300py HaHUX
Ta KepyBaHHs npuctposimu loT, a ckopime #oro
3JIATHICTh aHANI3YBAaTH Ta 3HAXOIUTH KOPUCHI BiJIOMOCTI
3 YaCTUH JaHMX, SIKi HAJAIOThCs IPUCTPOSIMH Yepe3
PiBEHb KOMYHIKaIIi.

Icuye nocutk GaraTo rIaTGOPM TEXHOINIOTIT iHTEpHETY
peueit (puc.2) , BHOIp SKHX 3alCKUTh B BHUMOL

KoHKpeTrHoro mpoekrty loT 1 Takux ¢akropiB, sK
apxiTekTypa Ta crek TexHonorid IoT, HamiiHICTb,
BJIACTHBOCTI HaJIAIITyBaHHS, BHUKOPHCTOBYBaHI

IIPOTOKOJIM, alapaTHa arHoCTHUKa, Oe3meka Ta BapTiCTI).

e(pCKTHBHICTb.
Bapro Takox 3a3HauuTH, 1O IUIATHOPMU MOXKYTh
OyTH BCTAQHOBIIEHI SIK JIOKAJILHO, TaK 1 B XMapi.

device hardware device software communications platform

Puc.2. Ba3oBi piBHi TexHoJor11 [HTepHETY peueit

V. PiieHHs U1l MIJKITIOYEHHS B CTEKY
texHoJoriit loT
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CKUTBKM ICHYE MOXJIMBUX pEAJIbHHX 3aCTOCYBaHb
texHonoriii [oT, Tak camo He Opakye pilleHb IS
T AKITFOUEHHSI.

3anexxHo BiA crenudikanii KOHKPETHOrO BHUIAIKY
BUKOpHCTaHHs [HTepHeTy peuell, KO)KeH BapiaHT 3B’S3KY
MOX€ 3alPOITOHYBATH Pi3Hi CIieHapii BKIFOUEHHS MTOCIYT,
Malo4d  KOMIOPOMIC MIDK  CIIOKHBAaHHSIM  €HEprii,
Jiara30HOM 1 TIPOITYCKHOIO 3J]aTHICTIO.

Hamnpukian, sikiio Bu OyayeTe po3yMHE BUPOOHUITBO,
MOXIIUBO, IHTETPYBaTH JaTYUKH TEMIIEpaTypu B
NPUMIIIEHHS. Ta KOHTPOJEp ONAJeHHS 3 pI3HUMHU
MOPTAaTUBHUMU TaJHKETaMu, 1100 BH MOTJIH JUCTaHIIHHO
KOHTpOJIIOBATH TEMIIepaTypy Ha KOXKHOMY
MPOMUCIIOBOMY O00’€KTI YW TOLECi, pEryJioBaTh
mapaMeTpyd PEeKUMI PEaJbHOr0 4Yacy BIAMOBIIHO IO
MOTOYHOI MOTPeOU. Y TaKOMY BHIAJAKY PEKOMEHOBAaHUM
piteHHsIM Oyne MepexeBuii potokoi IPv6 Ha ocHoBi 1P
mig HasBoro Thread, cmerianbHO pPO3pOOSICHMIA IS
CepeIOBHINA JOMAIIHBOI aBTOMATH3AIIT.

3 orsigy Ha Taky MHOXHHHICTH 1 Pi3HOMAaHITHICTB
CTaHAapTiB 1 IPOTOKONIB 3B’SI3Ky, MOXXE BUHHKHYTH
nuTaHHs npo (akTuuHy noTpedy B po3polIli HOBUX
pillleHb, B TOW Yac sIK iCHYIOTh A€sKi oOpe mepeBipeHi
nporokonu [HTepHeTy, sIKi BUKOPHCTOBYIOThCS BXKE
necaTHITTAMH. [IpyunHa 1BOro mojsira€ B TOMY, IO
icHyroui [HTepHEeT-poTOKONM, Taki SIK TPOTOKOI
KepyBaHHs mepenaueto/nporokon Iurepuery (TCP/IP),
YacTO HEIOCTaTHbO e(EeKTHBHI Ta HAATO CIIOKHUBAIOTh
CJICKTPOCHEPTit0, 00 MaTH MOXJIMBICTh €(PEKTUBHO
MpaIfoBaTi B HOBHX IpOrpaMax TeXHoJorii IHTepHery
pedeit.

Takok  HEOOXiMHO  3a3HAYUTH, O  ICHYIOTh
anpTepHaTUBHI [HTEpHET-TIpoTOKONH (pHC.3), CrenialbHO
NpU3HaueHi sl BUKopucTaHHs cucremMamu loT. Bonm
PO3IIISAIOTBCS 3a Jiala30HOM PajiovyacToT, JOCSATHYTHM
KO)KHHM 13 pimreHb: paxiopimenss loT mis kopoTkoro
paziycy Iii, pillieHHs CePeIHBOr0 Paaiycy Jil Ta pillleHHs
JUTS TII00QTBHUX MEPEeX AaleKoro paaiycy Aii.

Jlobpe BimmpanboBaHa TEXHOJOTISA ITiIKIIOUCHHS Ha
KOpOTKi# Bincrani, Bluetooth BBakaeThbCs KIFOUOBHM
pilleHHsIM, 0COOJMBO  JUIi  MalOyTHHOTO  PUHKY
EJIEKTPOHIKH, TAKOro SIK JaTYMKU reosiokamii IIpoTokon
Bluetooth  Low-Energy (BLE), po3poOnenuii 3
ypaxyBaHHSM E€KOHOMIYHOI €(pEeKTUBHOCTI Ta 3HWKEHHS
€HEPrOCIIOKMBAHHS, BUMAarae Iy)K€ Majo eHeprii Bix
npuctporo. OHAK 116 Mae KOMIPOMIC: ITiJ] Yac mepeaadi
Oimpmmx obOcsarie  manmx BLE wMoxke Oyru He
Halfe()eKTUBHIINM PillICHHSIM.

BysbkocmyroBuii [HTEpHET pedeil, TPOAYKT iCHYIOUUX
texHonoriii 3GPP, € a0comoTHO HOBHM CTaHAAPTOM
panioTexHOIIOTIH, KUl 3a0e3neuye Ha3BUYaliHO HU3bKE
€HePrOCIIOKMBAHHAI  3a0e3neduye  MIKIIOYEHHS 3
MIOTY)KHICTIO CHTHANYy NpuOia. Ha 23 nb HibKYe, HIK Y
Bunaaky 2G. IIpoTOKON BHKOPHCTOBYE ICHYIOUY
MepexeBy iHQPACTPYKTypy, IO 3a0e3leuye HE TUIBKU
rimobanpHe TOKpuTTs B Mepexxax LTE, ane #
rapaHTOBaHY SKiCTh CHUTHATY.

LTE-Cat M1 3’ennye ITHA i M2M npuctpoi. bynyun
cyMicHuM 3 icHyrouoro Mepexero LTE, CAT M1 He
BUMararoTb ~ HOCIiB , 100 moOyayBaTd  HOBY
iH(pPACTPYKTYpY peatizyBaTu HOro.

VY nopisusaai 3 NB-IoT, LTE Cat M1 BusBiserscs
iIcalbHUM JIII MOOUTBHUX MPHUCTPOIB, OCKIIBKU HOTO
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nepeada MK CTUIBHUKOBHMHU CalTaMu 3Ha4YHO Kpaiia i
Iyke cxoxa Ha BucokommBuakicny LTE.

LoRaWAN — e MaJIOTIOTYXHUI MIPOTOKOI
rJ100aJIbHOT MEPEIKi BEJMKOTO Aiana3oHy, ONTUMI30BaHHN
JUIi  HHA3BKOTO CIIOKMBAHHS €Heprii Ta MiATPUMKH
BEJIMKUX MEPEX 3 MisIbiloHaMu mpucTpoiB. CripsiMoBaHHIA
Ha pgomatku riobanpHOi Mepexi (WAN), LoRaWAN
Npu3HaueHuit st 3a0e3ledYeHHs  MaJOMOTY)KHHX
I00aJbHUX MepeK (QYHKIISIMU, HEOOXITHUMH IS
MiATPUMKH HEJOpPOroro, MOOUIBHOrO Ta 0E3MeYyHOro
JIBOCTOPOHHBOI'O 3B’si3ky B pamkax loT, M2M,
PO3YMHOTI'O MiCTa Ta IMIPOMUCIIOBUX JIOJIATKIB.

NB-loT
LTE-Cat M1

LoRaWAN

Bluetooth RFID Wi-Fi  Thread  ZigBee

Sigfox

SHORT RANGE loT SOLUTIONS MEDIUM RANGE loT SOLUTIONS LONG RANGE loT SOLUTIONS

Puc.3. - AnprepnartuBHi [HTepHeT-nporokonu loT

Konnemnmis Sigfox monsraec B ToMy, o0 3a0e3nednTu
e(QeKTUBHE DIIICHHS ITiKIIOYEHHS sl MaJOMOTYKHHUX
noaatkiB M2M, siki BUMaraloTb HU3bKHX PiBHIB Iepenadi
JAHUX, UId AKkuX giama3oH Wi-Fi 3aHanaTro KopoTkwmii, a
Jliama3oH CTUIFHUKOBOI'O 3B’S13Ky HAJTO JIOPOTHH 1 HAATO
eHeproeMHuuit [8-11].

Sigfox BuxopucroBye UNB, TexHonorito, sika 03BOJISIE
00pOOIATH HU3BKI MIBUAKOCTI Hepenadi qanux Big 10 mo
1000 6iT Ha CeKyHY.

CrnoxwuBatoun 10 100 pa3iB MeHme eHeprii B
TIOPIiBHSIHHI 3 PILIEHHSMH CTLUIBHHKOBOTO 3B’SI3KY, BiH
3a0e3rneuye TUIOBUHA uac ouikyBaHHA 20 pOKIB s
aKyMyJIsITopa eMHicTIO 2,5 A.

[Iporionyroun  HamiliHy,  eHeproeeKkTUBHY  Ta
MacmTaboBaHy Mepexy, 3laTHY MiATPUMYBATH 3B’S30K
MK THCSYaMHU THCSY TPHUCTPOIB, IO KHUBJSTHCS BiJ
Oarapeii, Ha IUIOMAX y KiJIbKa KBaJIpaTHUX KiJIOMETPIB,
Sigfox BUSBIAETHCS NPUAATHUM JJIA PI3HUX JOAATKIB

M2M, BKIIOYAIOYM PO3YMHE BYJIMYHE OCBITICHHS,
IHTEJEKTyanbHl  JIYWIBHUKH, MOHITOPH  TAIli€HTa,
Oe3reky. TpPHUCTpOi Ta JAaTYMKH  HAaBKOJIMUIIHBOTO
CepeOBUILA.

Hapasi Sigfox BUKOpPHCTOBYETbCS y Bce OULTBIIIH
KIJIBKOCTI TeXHOJNOTr uHHX pimens [oT.

VI. BucHoBku

Cucremu iH(pOpMAIiTHO-KOMYHIKaIlifHI TEXHOJIOTIT 3
BUKOPHCTaHHIM TeXHOJIOrUHUX pieHb [oT Bupinrytots
BEJIMKUI IMPOIIApOK MPOOJIEeM ChOTOIEHHS, SIKI MOXYTh
OyTH BHOpHCTaHI y pI3HHUX Tally3sX HPOMHUCIOBOCTI,
BHPOOHUIITBA, MAITUHOOYIYBaHHS, CHEPreTHIN, Oe3meri
Ta eKOJIOrili.
[IpaBunbHuIe MOCTaBJICHE 3aBJIaHHS norpedye
JIETABHOTO aHaNi3y Uil Mia0opy Haie(eKTHBHIINX
pillleHb 3 BUKOPUCTAHHSM TeXHOJOTiYHUX pimeHsb [oT.

Bukopucranns TtexHonoriunux pimeHs loT wmoxe
CYyTTEBO 3HU3UTH MaTepiajbHi, 4YacoBi Ta (i3H4HI
BUTpaTH y Oaratbox cepax HapoIHOrO TrocroaapcTsa i
BUPOOHULITBA.
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Anoramisi: B nanomy Mmarepiani HaBeneHO iH(opmariiro

moao0 pobOTH 3  pO3pOOJICHHS  €JEMEHTIB  OONiKy
obnanHanHs iHpopManiiiHoi ERP-cuctemu.
KiouoBi caoBa: po3poOieHHs, eleMeHTH OOJiKy

obnmamHanHs, iHpopMamniiiHa ERP-cucrema, iHTerpoBasi
CHCTEMHU.

I. BCTVII

3anmuTH  Ha  TOCTiHE  YJOCKOHAJEHHs  Ta
ONTUMI3alito  OI3HEC-TIPOIECIB  HAIXOIATH  JIO
MiANIPUEMCTB 3 KOXKHUM JHeM. B yMmoBax cydacHoOl
r7100aJbHOI  KOHKYpEeHIHi edeKkTHBHE yIpaBIiHHS
pecypcaMmu, 0COOJIMBO 00JIaIHAHHSIM, CTa€ KIIIOYOBOIO
ckiaamoBoro  ycmixy. CamMe B I[bOMY KOHTEKCTI
HA/3BUYAiHO BAXKJIMBUM CTa€ BIPOBA/DKEHHS Ta
po3poOKa  eJIeMeHTIB  OOJIiKYy  OOJNagHaHHA B
inpopmariiinux ERP-cucremax [1].

L[ momoBins MpHCBSYEHA aHANI3y Ta MpPAaKTHYHIN
pO3poOIll eJIeMEHTIB 00JiKy OO0JaAHAHHSI B paMKax
interpoBanux ~ ERP-cuctem. Mwu  posrisHemo
Bu3HaueHHs kKouuemnuii ERP-cuctem, ix poms B
I IMPUEMHUIITBI Ta OCHOBHI (hyHKIII{.

OcCHOBHUI akKIleHT Oyzae 3po0JeHO Ha 00Ky
obnajHaHHS, SKUH € BaXJIMBOI  CKIJIAJO0BOIO
YIIPaBJIiHHS aKTUBaMU IiIpreMcTBa [2-4].

VY HOMOBIAl PO3TIISIHYTHCS TaKi KITFOUOBI aCHEKTH:

1. Bumoru 10 cucteM 00Ky 0018 THAHHS.

2. Etamu  po3poOJICHHA  €IEMEHTIB  OOJiKYy
00JTaTHaHHS, BKJTIOYAIOYN aHai3 morped
T IIPUEMCTRA, BHOIp BIJITOBITHUX 3aco0iB,

CTpyKTypy 0a3u nanux Ta intepdeiic kopucTyBaya.

3. TlepeBaru Ta BUKJIMKH, IOB'S3aHI 3 PO3POOKOIO
IHTErPOBaHHUX CHUCTEM OOJIIKY 0OJaHAHHSI.

TakoX, MH HaBeJEMO TPUKIA] MaTeMaTHIHOI
Mojeni, sika Oyne BimoOpakath poOOTy eIeMEHTIB
00utiky obmagnanHs B iHopmauiiiHiii ERP-cucremi.

Meroto 1wi€i JOMOBiAlI € HaJaHHS IHCAWMTIB Ta
pEKOMEHAANIN 100 PO3POOJICHHS Ta BIIPOBAKCHHS
cucTeM 00Ky oOaHaHHS B pamkax
inpopmariiinux ERP-cucrem.

BiamoBigHO [0 I[LOTO, MH CIIOMIBAEMOCS, IO IS
iHpopMaIlisl cTaHe KOPUCHOI JUIsl BCiX, XTO IIparHe
TOKPAIUTH yIpaBIiHHSL obaTHAHHAM Ta
OIITHMI3YBaTH pOOOTY CBOT'O ITiIIPHEMCTBA.

[I. OCHOBHI ITOHATTA TA
TEXHOJIOT'Il ERP-CUCTEM

B cywsacHomy Oi3Hec-cepenoBuili  e(eKTHBHE
YIpPaBJIiHHS pecypcaMH Ta ONTHMi3amis Oi3Hec-
NPOLECIB €  BAXIMBUMHU  3aBIAHHSAMH  JUIS
mianpueMcTB Oyap-sikoro macmrtaly. [HdopmariiHi
CHCTeMH IUIaHyBaHHs pecypciB mianpuemcra (ERP)
CTaJIH KJIFOYOBUM 1HCTPYMEHTOM TSI JOCSATHEHHS [IX

mijed. Y IbOMYy pO3AUTI MM PO3TJISHEMO OCHOBHI
MIOHATTS Ta TEXHOJIOTI, moB's3aHi 3 ERP-cucTemamu.

ERP-cucremu, abo cucremu IUIaHyBaHHS PECYpCiB
MiANIPUEMCTBA, € IHTETPOBAaHMMHU IPOTPaMHHMHU
KOMIUIEKCaMH, CIPSIMOBAHMMH Ha aBTOMAaTH3allilo Ta
ONITHMI3alil0 KIIOYOBUX Oi3Hec-mporeciB. Bonu
00'eqHYIOTh B cO0I pi3Hi (QyHKIIOHAIBHI MOIYIMI, SIKi
JIO3BOJISIFOTH ITiJIPUEMCTBAM YIIPABIATH (piHAHCAMH,
JIAHIIOTOM TIOCTayaHHs, BUPOOHHIITBOM, pecypcamu
JIIO/ICBKOTO  KalliTally Ta IHIIMMH acleKTaMu ix
ISIIBHOCTI.

ERP-cuctemMu  BimirpaloTh BaXJIUBY pPOJIb Y
Cy4acHOMY IiJIIPUEMHUITBI. BoOHHM pomoMararoth
3a0e3MeUYnTH IHTErPOBAaHUU IOIVISA Ha YIPaBIiHHS
pecypcaMu, J03BOJSIOTH  BJIOCKOHAINTH  Oi3HEC-
NpOLECH,  3HM3UTH  BUTPATH Ta  IJBUIIUTH
MPOAYKTUBHICTh. 3aBJSIKH 1M, MiANPUEMCTBA MOXKYTh
OIlEpaTHBHO pearyBaTH Ha 3MiHM Ha pPHHKY Ta
NpuiiMaTH OOTPYHTOBAHI CTPATETIUHI PillICHHS.

ERP-cucreMn  BKIIIOYAIOTH  HHU3KY  KIIOUOBHX
(YHKI[IOHAJTBHUX MOXKJIMBOCTEH:

- VYmnpasniHHs iHaHCaMU Ta OyXTajiTepiero.

- KepyBanHs BHpPOOHHMIITBOM Ta  JIAHIIOTOM
MTOCTaYaHHS.

- YmpapiiHHS CKJIaJaMH Ta 3aracaMu.

- YmpaniHHS 3aMOBJICHHSIMH Ta
00CITyrOBYyBaHHSIM KITI€HTIB.

- AHaJiTHKa JaHWUX Ta 3BITHICTb.

i GyHKIIT  TO3BOJISIOTH i IPHEMCTBAM

3MIACHIOBATH KOMIUICKCHUH KOHTPOJIb Hall CBOEIO
JUSUTBHICTIO Ta TpUHMaTH OOIPYHTOBAHI CTpaTerivHi
piwenns [3].

III. OBJIIK OBJIAJIHAHHA B ERP-
CUCTEMI

OOnamHaHHS € OAHIEI 3 KIIOYOBUX aKTHBHHUX
CKJIaZIOBUX OyJb-KOTO MiANPUEMCTBA, HE3AIEIKHO
Bim ¥oro ramysi. s 3a0e3mneueHHS e(pEKTHBHOTO
(YHKI[IOHYBaHHS 1 3HIKEHHS PHU3HKIB TOB'S3aHUX 3
HUM, HEOOXIJHO BECTH TOUYHHUI OOJIK 00JagHAHHS.
Ile o3Hauae, IO YOpPAaBIiHII MAaKTh JOCTYI JO
aKTyaJbHHX JaHUX MPO CTaH, PECYpCH Ta iCTOPIIO
BUKOPUCTaHHSA  OOJIaHAHHSA. YBEICHHSI  OOJIKY
obmamHanHs B ERP-cuctreMy poOuTh Iiei mporiec
OibI e()eKTUBHUM Ta 00'€IHYE AaHi JUIsd TIPUAHSTTS
YIIPaBJIIHCHKUX PillIeHb.

EdexrtuBna cucrema o6niky obnamHanHs B ERP-
cHUCTeMi TIOBMHHAa BpPaxoBYBaTH pi3HI BUMOTH
nianpuemcrBa. Cepen HUX:

- MoHiTOpHHT cTaHy OONaJHAHHSI: BKIIOYAIOYH
TEXHIYHHUI CTaH, poOOYMH Yac Ta MOXJIUBI PEryJspHi
00CITyrOByBaHHSI.
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- VYmnpaBnmiHHA =~ 3amacaMd = Ta  3alacCHUMH
YacTHHAMH:  KOHTPOJb  3a  HasBHICTIO  Ta
BUKOPHCTAHHSM 3allaCHUX YACTHH.

- PospaxyHOK BHTpaT Ta amopTU3alii: O0OJiK
BUTpaT Ha OOCIIyTOBYBaHHS, PEMOHT Ta aMOPTH3aLlis
o0JaJHaHHS.

OpuH 3 KIFOYOBUX ACIEKTIB OOJIKY oOJiaJHaHHS B
ERP-cucremMi - 11e MOXJIMBICT IHTErparii 3 iHIIUMHA
MOJIYNISIMH, TaKUMH K (iHAaHCH, JIOTICTHKA 1
yIpaBiiHHS 3amacamu. Lle n03Borsie aBTOMaTH3yBaTH
npouecu  OONIKYy, IUIAaHYBaHHS Ta  IIPUHAHSATTS
YIPaBIIHCBKUX pIllleHb Ha OLIbII BHUIIOMY piBHI.
Indopmanis  mpo  obmagHaHHS ~ Moxe ~ OyTH
BUKOpHCTaHa sl €(DEeKTUBHOI'O PO3MOALTY PEcypciB,
MIPOTHO3yBaHHS BUTpaT i 3a0e3rne4eHHs
Oe3mnepebiitHOCTI BUpOOHNYMX TporieciB [4].

IV. ETAIIN PO3POBJIEHHA
EJIEMEHTIB OBJIIKY OBJIAIHAHHA

4.1Anani3 notTped mianpueMcTBa

[epmmii kpok y po3poOIli CHCTEMH OOJIKY
obnajHaHHS - 1€ peTeNpHUi aHaimi3 mnoTped
mianpueMcTBa. HeoOxinHo 3'sicyBarty, sKi came naHi i
napameTpy o0JiaJIHaHHS BaXIUBI JuIsl disutbHOCTI. 1le
MOXYTb OYTH JaHi MO TEXHIYHWH CTaH, BUTPATH Ha
00CITyrOByBaHHsI, ICTOpPiI0O PEMOHTIB, a TaKOX JaHi,
HEeOoOXiMHI JUIs IUIaHyBaHHS 3amaciB Ta MiATPUMKH
BUPOOHUYHX IMPOLIECIB.

4.2Bubip  BIAMOBIAHUX
o0JaIHaHHS

[licns aHamizy moTped Cmig BHOpATH BiIINOBITHI
3acobu mis ob0miky oOmamHanHs. Lle Moxyrb Oytm
ERP-cucremn 3 BOyZOBaHMM MOIyJeM OOJIKY
obnagHaHHs a0o crieniaxi3oBaHi MPOrpaMHi pillIeHHs.
BaknuBo BpaxoByBaTH CYMICHICTh I1HTEIPOBaHHX
3aco0iB i3 3araJbHOI0 ERP-cTpykTypOoto
MiMPUEMCTBA Ta iXHIO 3JaTHICTH BIAIOBIZATH
KOHKpPETHHM BUMOTaM BallIoi opraHizarii.

4.3Po3po0sieHHsT CTPYKTypH 0Oa3W JaHUX JUIS
001Ky 00J1aTHAHHS

[To6ynoBa eeKTHBHOI 0a3u MaHMX - 1€ KIFOUOBHIMA
eTarl B pPO3poOIi CHCTEeMH OOJIKYy OOJiaJHAHHS.
HeoOxigHO BH3HAYMTH, SIKI TAONMIN, MO 1 3B'S3KH
OynyTh BKIIOYEHI B 0a3y manux. lLle m03BOIUTH
eQeKkTUBHO 30epiraTd Ta OHOBIIOBATH iH(pOPMAIiI0
npo o0JagHaHHS Ta 3a0e3MEeUUTH IIBUIKUI JTOCTYI
1o Hei [5].

4.4 Pozpobka  iHTepdeiicy
BBEJ/ICHHS Ta MOHITOPHHTY JaHHUX

[Ile omHUM BaXJIMBUM acCHEKTOM € pO3podKa
3py4HOro iHTepdelicy KOpUCTyBaya Juls BBEJICHHS Ta
MOHITOPUHTY JAaHHX 1po obOiagHanHs. KopucryBauam
MOBMHHO OYTH JIeTKO BHOCHTH 1 BUTATYBaTH
inpopmaniro. Po3poOka iHTepdelicy, sKuii BpaxoBye
MOTpedu pi3HUX KaTeropiii KOpUCTyBadiB, JOIIOMOXKE
MOKPAIUTH  TPOJAYKTUBHICTH Ta  3a0€3NeYuTH
TOYHICTh JaHUX [6].

4.5 TectyBaHHS Ta BIPOBA/KEHHS PO3POOJICHUX
€JIEMEHTIB 00Ky 00J1a THAHHS

[licns po3poOku cucTeMu OONIKY OOJa HAHHS
HEeOoOXiTHO POBECTU TECTYBaHH, MO0 ITEPEKOHATHCS
B 1l mpame3gaTHOCTI Ta BiAMNOBIAHOCTI BHMOTAM.

3ac00iB  uIs  OOJIKY

KopucrtyBada JJIA
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[Micns  ycmimHOrO TEeCTyBaHHS CHCTEMY MO)KHA
BIIPOBAJUTH HAa IINPHEMCTBI. BaxxumBo Hagatu
HaBYaHHS IIEPCOHAITY Ta 3a0€3MeUUTH MIATPUMKY ITi[|
qac epexoy Ha HOBY CHCTEMY.

V. TIEPEBATHY TA BUKJIVKH,
[OB’SI3AHI 3 PO3POBKOIO
IHTETPOBAHUX CUCTEM OBJIIKY
OBJIATHAHHS

5.1 CrTBOpeHHsI IHTETPOBAHOI CHCTEMH OOJIKY
obOmamHanHA B pamMkax ERP-cucremMu Mae dmcCieHHI

mepeBars Juia  mignpuemcrBa.  Jleski 3 HHX
BKJIIOYAIOTb!

- 30inbpLIeHHs €(eKTUBHOCTI: [nTerporana
chucTeMa  JIO3BOJIIE  OTPUMYBaTH  OJHOPIIHY

iH(opMaIlifo Ta 3IMCHIOBATH OLTBII TOYHHHA OOJIK
o0JafHaHHS.

- CropomenHst mporeciB: 3MEHIIEHHS PYYHUX
omepamiii i aBTOMaTrHu3auis OOJIKY CIpPOILYIOTh
poboty nepcoHaiy.

- 3MeHIIeHHS pHU3HKIB: MOXIHUBICTH BYACHO
BUSIBJISITH ITPOOJIEMU Ta pearyBaTd Ha HHUX JIOTIOMarae
3aro0irTv aBapisiM Ta BUTpaTaMm.

- [IligBuineHHsT TOPOAYKTUBHOCTI: IHTEerpoBaHa
cucreMa JIO3BOJISIE O1IbII eeKTHBHO
BUKODHCTOBYBAaTH  pecypcd  OOJagHaHHS  Ta
paIioHaJIbHO TUTAHYBATH POOOYHIA Yac.

- 3abe3neueHHss OOIPYHTOBAaHMX CTpaTEriYHUX
pimens: Jloctym g0 gaHuX 1mpo  oOJaJHAHHS

JoroMarae IpuiMaTH OOIPYHTOBaHiI CTpaTerivHi
pilIeHHs 1010 Horo 00CIyroByBaHHS Ta IUIAHYBaHHS
pecypcis.

5.2He3Bakaroun Ha YHCIICHHI IEpEBard, po3podka
IHTETPOBAHMX CHCTEM OOJIIKYy OOJIaTHAHHSA TaKOXK
CTHKAETHCS 3 JISIKUMU BUKIIMKAMU:

- Ckuagnicts iHTerpauii: InTerpamis cucremu
00utiky obnajHaHHs 3 iHmMME Moxyasimu ERP moxe
OyTHU CKJIaIHOIO Ta BUMAaraTH 4acy Ta 3yCHJIb.

- Baprictk  po3poOku  Ta  BIPOBAHKEHHS:
Po3poOka iHTErpoBaHOi CHCTEMH MOXE OyTH
JIOPOror0, 1 TMOTpiOHI BHUTpPAaTH Ha HAaBYaHHSA
TIEPCOHATY Ta I ATPUMKY.

- Ilotpeba B 3MmiHi mpomeciB: IHTEerpoBaHa
chucTeMa MO)K€ BHMaraTtd 3MiH Y BHYTPILIHIX
mporecax MiANPUEMCTBA, 10 MOXE OYTH BHKIUKOM
UTSL TIEPCOHAITY.

- Ilurannsa Oe3meku AaHux: 30ibIIEHAa KUTBKICTH
iH(opMaIlii B cucteMi o0JIiKy 0OJIaJHaHHS TOTpeOye
PETEIBHOrO KOHTPOJIO Ta 3aXUCTY ISl 3armoOiraHHs
BTpaTi Ta HECAHKIIIOHOBAHOMY JOCTYITY.

5.3Tlopaau 1010 MOIOIAHHS BUKIIUKIB

Jnsg  ycmimHOro  BIPOBA/DKEHHS  IHTErPOBAHOI
cHCTEMH OOJIIKY 00J1aIHAHHS BayKJIUBO:
- IlpoBectm pmerampHMH  aHali3 BHMOT  Ta

nporecis: Lle momomoke BH3HAYMTH TOYHI MOTpEOU
Ta YHUKHYTH HEMOTPiOHUX (pyHKIIiH.

- IlnanyBatm Owomker Ta pecypcu: HeoOximHO
3a3janeriib BU3HA4YaTH (iHAHCOBI pecypcu Ta
HEOOXIHICTh MiATOTOBKY MIEPCOHAITY.

- 3abe3neueHHss 3MilIHEHHS O€3NEKH JaHUX:
HeoOximHa po3poOka Ta BHKOHAaHHS CTpaTteril
3axucTy iH(popMalii npo obya HaHHS.

M&MS 2023, 19-20 October, Kharkiv, Ukraine



- TIlocrifine BAOCKOHAJEHHS cucreMu: Ilicis
BIPOBA/DKECHHS CJIiJi TIOCTIHO OHOBJIIOBAaTH Ta
BIIOCKOHAJIIOBATH CHUCTEMY 3 ypaXyBaHHSAM 3MiH Yy
0i3HEeC-CepeIOBHILI Ta TEXHOJIOTTYHMX MOMKIIUBOCTEH.

VI. MATEMATHUYHA MO/IEJIb
POBOTU CUCTEMMU OBJIIKY
OBJIAJIHAHHA B ERP-CUCTEMI

Jany poOoty mopeuHo Oyme OmUcaTH y BHIJIAML
MaTeMaTUYHOI MOJETi, sKa BimoOpaxae poOoTy
€JIEeMEHTIB O0JiKy oOJagHaHHS B iH(pOpMAaIiiHIi
ERP-cucremi, ne [2-7]:

E - MHOKuHAa oOONagHaHHS, sKE MOTPIOHO
00JIiIKOBYBaTH.

T - MHOXWHA TepioliB yacy (HampHKIana, IHIB,
MicsiB abo PpOKiB), MPOTATOM SKUX HPOBOIUTHCS
00J1iK 00JIaIHAHHSI.

C - MHOXXMHA XapaKTEPUCTUK KOXXHOTO eJeMeHTa
oOnamHaHHs (HAIPUKIIAM, TEXHIYHUN CTaH, BapTICTh,
JlaTa OCTaHHBOI'0 OOCIYTOBYBaHHS TOIIO).

U - MHOXHHA KOPUCTYBadiB CHUCTEMH OOJIKY
o0JaHaHHS.

M - MHOXMHa (QYHKIIH abo orepariid, JOCTYITHHX
KOpHCTyBa4aM CHUCTeMU (HalpuKIaj, JOJaBaHHS
HOBOro OOJNaJHaHHs, OHOBIICHHS JaHHUX, TeHeparis
3BITIB TOIIIO).

Tomi  maremarnuHa  Mojenb  Moxe  OyTu
TIpEe/ICTaBJIeHa HACTYITHUM YHHOM:

6.1 INoyaTKoBi yMOBH:

EO: TTouaTkoBuii HaOip 0OIaIHAHHSL.

CO0: TToyaTkoBi XapaKTepUCTUKH 00JIaJHAHHSI.

TO: TTouaTkoBHIA TIEPioA OOIIKY.

6.2 OyHKIIisA OHOBJICHHS 00aTHAHHS 1:

Et + 1 = Onosnenna(Et, Ct, Tt, U) (1)

s  ¢dyskmiss  Bu3HAvae, AK  OOJaJHAHHS
OHOBJIFOETHCSI B KOKHUH TIEpioN Yacy BiIIOBITHO IO
ZIifl KOPUCTYBAviB Ta 3MiH Y XapaKTepPUCTHUKAX.

6.3 OyHKLIs 10CTYy KOpHCTYBaya 2:

Locmyn(Ui, Mi) — Pesyiomam (2)

Jlana ¢yHkuis Bu3Hauae, ski omeparii ((yHKIT)
MOXYTh BHKOHyBaTh KopuctyBaui Ui y cucremi
00JtiKy oOnaHaHHS Ta SIKMHA Oyne pe3ynbTaT KOXKHOI
orepartii.

6.4 OyHKuis renepanii 3BiTiB 3:

3simu(Et, Ct, Tt) — 36im 3)

s ¢yHkmiss BuU3HAYae, SK CHCTEMa MOXE
TCHEpyBaTH 3BITH Ha OCHOBI iHGopmamii mpo
o0JaiHaHHS, HOr0 XapaKTepUCTHK Ta MepioAy OOMiKYy.

VII. BUCHOBKHA

B pe3ynpraTi  AOCHIDKEHHS Ta aHAmi3y JuIs
pO3pOOJICHHS €JIEMEHTIB O00NiKy OONamHaHHA B
inpopmarriiiaii ERP-cucremi, Mu mnpuinng 1o
HACTYIIHUX BHCHOBKIB:

- Edexrtupnuii 00Jik O0OJIATHAHHA € KJIIOYOBHM
(akTOpOM YCIIiXy MiANPUEMCTBA. 3 BUKOPHUCTAHHIM
IHTErpoBaHOI cucTeMH OOJIiKy OONaJHaHHS B paMKax
ERP-cucreMu  miANPUEMCTBO  MOXKE  ITiIBUIUTH
MPOAYKTUBHICTb, 3HU3UTH BUTpPATH Ta 3a0€3MEeYHTH
TOYHHUH KOHTPOJIb HaJl CBOIM 00JIaTHAHHSIM.

- Marematuuni Momeni MOXYTh  JIOIIOMaraTH
OIITHMI3YBaT poOOTY cHCTeMHU OOJNIKYy OOJiaHAHHS.
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3amnpornoHoBaHa MaTeMaTHYHa MOJENb JI03BOJISIE
MIPEJCTABUTH TMPOIeC OONIKY OOJNaIHAHHS Yy BHIJISAII
(dopManpHUX TMpaBWwI Ta (YHKIIH, [0 CHPOIIYE
aHaJIi3 Ta ONTHMI3AIliI0 EOrO IPOIIECY.

- IlpaBunpHe TUIaHyBaHHS Ta iHTErpamis €
KJIFOUOBUMHM YMHHUKAaMH YCHIIIHOTO BIPOBAKEHHS
cucteMu  oOmiky  obOnamHanHs.  [limnpuemcrsa
TIOBUHHI 3aBYACHO MiJrOTYBaTH IUIaH BIIPOBAKEHHS,
BU3HAYUTHU TOTPEOH Ta PECYPCH, a TAKOXK BPaxyBaTH
iHTerpaito 3 iHmuMu MoxyinsmMu ERP.

- HaBuanHs nepcoHany Ta 3abe3neueHHs1 Oe3neKn
JIAaHUX - [Ie KPUTHYHI acriekTd. HaB4aHHs nepcoHanmy
KOpPHCTYBaTHCSl CUCTEMOIO Ta 3a0e3reueHHs Oe3rexu
JIAHUX PO OOJIaJIHAHHS € BAXJIMBUMH CKJIQIOBUMHU
YCIIIIHOTO BIPOB/KEHHS Ta €(eKTHBHOI pPoOOTH
CHCTEMH.

- Tlocriiina onTHMi3alisi Ta MATPUMKa CHUCTEMHU
JIOTIOMAraloTh 3a0e3meunTH i aKTyalbHICTh Ta
edekTuBHICTh B MaiiOyTHboMYy. [licis BIpoBaKeHHs
CHUCTEMHU OOJIIKY OOJIaJHAHHS, BaXKIUBO ITOCTIHHO
BJIOCKOHAJIIOBATH ii 3 ypaxyBaHHSM 3MiH y Oi3Hec-
CepeIOBUIL Ta TEXHOJIOTTYHUX MOMITUBOCTSIX.

3araibHUH BUCHOBOK ITPOBENEHOI pOOOTH ITOJISTAE
y TOMY, III0 po3poOKa IHTErPOBAHUX CHCTEM OOJIKY
obOmamHanHA B iHpopmanidHii ERP-cucremi moxe
BIIKPUTH HOBI MOXIIMBOCTI MJISl IIANPUEMCTB Ta
JIOTIOMOT'TH BJIOCKOHAJTUTH yIpaBIiHHSL
obnagHaHHAM. 3  TNPaBWIBHHM  IUIAHYBaHHSM,
IHTETpalli€l0 Ta MIATPUMKOIO IIi CHCTEMH MOXYTh
CTaTH HaAIHHAM 1HCTPYMEHTOM MJIsl JOCSITHEHHS
YCIIXY B Cy4acHOMY Oi3HEC-CepeIOBHIIII.

Jlaxyemo 3a yBary.
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MoaepHizaiiist MOayJIsl KEpyBaHHS PO3CYBHUMU
KOHCTPYKIISIMH BUPOOHHUYOTO IPUMIIICHHS 3

BUKOpUCTAHHAM [0T
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Anomayia: B nanii  po0GOTi  pO3IIAHYTO NHUTaHHI
MOJIEpHi3allisl MOZYJISl KepYBaHHS PO3CYBHHUMH KOHCTPYKLISIMU
BUPOOHMYOr0 NPHUMILEHHS 3 BUKOpPUCTaHHAM TexHonorii IoT
ta Arduino B sKocti miuatu kepyBaHHs. Bukopucranns IoT-

TeXHOJOri g 3ajaui YHpaBIiHHA  PO3CYBHHMHU
KOHCTPYKIISIMA BHOCUTb Ba)KJIUBI TUTAHHS OC3IIEKU Ta 3aXUCTY
JlaHUuX, 10 CTAalTh 3aJleKHUMH  BiJ HaJiHOCTI Ta

(bYHKLIOHYBaHHS BUPOOHHYOIO IIPOLIECY.
Knrouogi cnoea: po3pobka, po3CyBHI CHCTEMH, TEXHOJOTIS
Internet of Things(IoT).

I. Beryn
CydacHHil CBIT TPOMHCIIOBOCTI XapaKTePU3YETHCS
Herepen0ayyBaHOo JWHAMIKOIO Ta  Oe3nepepBHUM
CTPEMIIIHHSAM 10  BJOCKOHAJICHHS  NPOIECiB  Ta

MiJBUIICHHS TPOAYKTHBHOCTI. Y IbOMY KOHTEKCTI,
OIHIE€I0 3 HaWBaXJIMBINIMX cdep, 5Ky HEoOXimHO
MeperyisHyTH Ta  ONTHMI3yBaTh, €  YIPaBIiHHSA
PO3CYBHUMH KOHCTPYKILISIMH BHPOOHWYMX TPHUMIIIEHb.
s chepa crae wiI0UoBOIO I 3a0e3MCUCHHS
eeKkTUBHOCTI Ta 3py4HOCTi BUpoOHuUITBa [1]. OnHak, i3
LIBHIKHM PO3BHTKOM TEXHOJOTiH, 30Kpema, I[HTepHeTy
peueii (IoT), BiOKpHBAa€TbCA VYHIKATbHA MOXKIUBICTD
PEBOIIIOIIIOHI3YBAaTH YNPABIiHHA LUMH KOHCTPYKIISIMUA

Ta 3a0e3leunTd TXHIO aBTOMATU3aI[il0 Ha OCHOBI
miatdopmu Arduino.
OcHOBHHI HAmpsIMOK ~ poOOTH [ojsira€ B

MOXIIMBOCTSIX Ta IepeBarax MoOJepHi3amii Momyins
KEpYBaHHS PO3CYBHUMH KOHCTPYKIISIMH BHPOOHUYOTO
MPUMIICHH Ha ocHOBI Iwiardpopmu  Arduino 3
BUKOPHCTaHHIM TEXHOJIOTIH [HTepHeTy peuel, a Takox
BIIPOBA/DKEHHSI  CYYaCHHMX TEXHOJOTIH B  IpoIec
YIIPaBJIiHHS PO3CYBHUMH KOHCTPYKIISIMH, OLIHUTH iXHIN
BIUIMB Ha TPOAYKTHBHICTh Ta O€3MeKy 1 JOCIiIUTH
MOJKJIMBOCTI ONTHMI3allii pobodyoro cepenoBuia [2].

s 3amada crae HaA3BUYAHHO aKTyalbHOIO B
Cy4acHOMY MiJIPHEMHHIILKOMY CEpPEOBHII, /¢ KOXKHa
MUTb Ta KOXEH pecypc MalwTh Baromy IiHHICTb.
MopnepHizamiss ~ MOAYNIst  KEpyBaHHS  PO3CYBHHUMH
KOHCTpyKLisMH Ha 6a3i Arduino ta IoT Moxe npuzsectu
JI0 3HAYHUX NepeBar, TaKuX SK 3MEHIIEHHsS BUTpaT,
MiJIBUIIEHHS TPOAYKTHBHOCTI Ta TIIOKPAILEHHS YMOB
npani. [leil BcTynm Bu3Hauae mepen HaMu  3aBJaHHS
pO3TIISIaTH  TEPCHEKTHBHUA WUISIX N0 JIOCATHEHHS
onTUMizanii BHUPOOHMYOrO CEpelNoBHINA, IO HaJae
MiAPUEMCTBAM KOHKYPEHTHUH IIepeBaru y Cy4acHOMY
CBITI BUPOOHHIITBA.

II. BITPOBAJDKEHHA 10T-
TEXHOJIOT'IA 1A YIIPABJIIHHA
PO3CYBHUMHN KOHCTPYKUIAMU

CyuacHi pPO3CYBHI KOHCTPYKIII TNpEICTaBISIOTh
c000I0 Ba)KJIMBUI KOMIIOHEHT BHPOOHWYUX MPUMIILEHb
Ta  CKJIQMiB, SKi  JONOMAararTh  MHiANPUEMCTBAM
ONTHMI3YBaTH IXHE TIPOCTOPOBE pO3TALIYBaHHS Ta
palioHaIbHO BUKOPHCTOBYBATH OOMEXeHY IuIomry. BoHn
BIIIIPaIOTh pinnyay poib y 3a0e3MeueHHI
MIPOJYKTUBHOCTI Ta O€3MeKH BUPOOHUYHX ITPOLIECIB.

3HavyIIiCTh PO3CYBHUX KOHCTPYKIIH Y BADOOHUIOMY
CepelOBUILll  TPOSIBISAETECS Yy KIJIBKOX — KITIOYOBUX
acIIeKTax:

— (QYHKIIOHANBHICTE 1
pPO3CYBHI  KOHCTPYKIIii

pETYJIIOBaHHS  MPOCTOPY:
HAaNAIOTh  MiJPHEMCTBAM
MOXIIUBICTh ~ €(EKTUBHO  OpraHi3oByBaTH  podOoui
MPOCTOPH, [JO3BOJISIFOYM 3MIHIOBATH IX po3Mip Ta
KoH(QIrypaliro BiANOBiAHO 10 motped BupoOHuuTBA. Lle
JIO3BOJISIE  MIHIMI3yBaTH  BTpaTH  IPOCTOpY  Ta
MaKCHMI3yBaTH HOrO BUKOPHCTaHHS;

—3a0e3neyeHHss  O€3MEKU: PO3CYBHI  KOHCTPYKIIT
IpaloTh KIIOYOBY poOib Yy 3a0e3mleueHHI Oe3meku
MpaliBHHUKIB Ta MaTepiaiiB BUpOOHHYOTro mporiecy. Bonn
MOXYTb CIYXUTH 0ap'epoM Mi HeOE3NeYHUMH 30HAMHU
Ta poOOYMMH OOJIACTSMH, a TAKOXK JO3BOJISIOTH MIBUAKO
BTPYYaTHUCS B CUTYaIlii, KOJIU II¢ HEOOXiIHO;

—30epeKeHHs1 eHeprii: Jieski CydacHi pO3CYBHI
KOHCTPYKIIii OCHAIIIeHI TEXHOJIOTIIMU
€Hepro30epexeHHs, SKi JONOMararoTh MiANPUEMCTBAM
3MEHIIUTH BHUTPaTH Ha ONAJCHHS Ta OXOJOMKEHHS
NpUMIIIEHb,  3aJIMIIAIOYH  HEBHKOPHCTaHI  30HHU
BiJIOKPEMJICHUMH BiJl pOOOYHUX 30H;

— BIJMOBIAHICTh CTaHmApTaM: y 0araThOX Traiy3sx

ICHYIOTh ~ CTPOTi  CTaHIApTH MO0 Oe3mekw  Ta
peryaoBaHb. PO3CYBHI  KOHCTPYKIII  JIOIIOMAararoTh
MiAMPUEMCTBAM  BIANOBIZaTH [UM  BHMOTaM  Ta

MIPE/ICTABUTH JIOCTYII IO PI3HHUX 30H.

3araiom, po3CyBHI KOHCTPYKIII CTaJld HEBiJ'€MHOIO
YaCTHMHOI0 CYYaCHMX BHPOOHMYMX TPHUMIIIEHb 1
BiJIIrpalOTh CTpaTeriyHy ponb y 3abe3nedeHHi iXHbOI
(YHKIIIOHAJIBHOCTI Ta IMPOMYKTUBHOCTI. TakuM YHHOM,
BJIOCKOHAJICHHS YNPABIIHHSA IIMMH KOHCTPYKISIMH 3a
JIOIIOMOI'OI0  CYyJacHUX TeXHOJorid, 3okpema loT, €
aKTyaJlbHUM 3aBIaHHSM, SIKE MOXE TIPH3BECTH [0
3HAYHUX  [epeBar JUis  MiJIPHEMCTB,  PO3CYBHI
KOHCTPYKLIT MOXYTh OYTH WiAKIIOUEHI [0 Mepexi
[HTepHeT peuei, O BiAKpUBAE Mepe] HAMH MOXKIMBOCTI
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BiJIAJIEHOTO KEpYBaHHS Ta MOHITOPHUHTY OOJIaJIHAHHS Ta
PO3CYBHUX KOHCTPYKIH B peaJlbHOMY 4aci, 0 CIHpHsIE
onTHMi3amii BUPOOHWYMX TMPONECIB 1 3MEHIIEHHIO
BHTpAT.

Cencopu [oT M03BOJNSAIOTH CTEXKUTH 3a CTAHOM
oOmamHaHHA Ta TmepeAdayaTd MOXJIHBI BIJIMOBH UM
TOJIOMKH, TIONEpe/DKAIOYM  HEBIJIKIaJHI PEMOHTH Ta
i BUIYIOYH HaIIHHICTh CHCTeMH. 30ip Ta aHaNTi3 JaHUX
B peaJbHOMY 4Yaci HaJa€e MOXJIMBICTh MpPHUAMATH
iHpopMOBaHI  pilleHHss Ta PpoO3poONATH  CcTpaTerii
BHUpOOHUIITBA [3].

3araiom, BukopuctaHHs loT ana  ympammiHHSA
PO3CYBHHUMH KOHCTPYKI[ISIMH BHPOOHHYUX MPHUMIIICHD €
KJIIOYOBUM YHMHHHKOM y CY4aCHOMY BUPOOHHIITBI, IO
JIO3BOJISIE TANPUEMCTBAM IiABUIIUTH TPOTYKTHBHICTb,
3MCHIIIUTH BHUTPATH Ta MOKPAIIUTH SKICTh HPOIYKIII.
Po3Burok 1mx TexHonorid  oOinse me  Oinblie
MOXIIUBOCTEH 1 IepeBar Jjisi MaiOyTHHOTO YIPaBIiHHS
PO3CYBHUMHM KOHCTPYKIIISIMU.

III. BE3ITEKA TA 3AXUCT JAHUX ¥V
KOHTEKCTI 10T-BUPIIIEHDb JIA
BUPOBHNYUX [TPUMILIEHb

Bukopucrannst  loT-Bupimens st ympaBiiHHS
PO3CYBHUMH KOHCTPYKIISIMH BHPOOHUYUX HPUMIILEHb
BHOCHUTH BQ)KJIMBI IMTaHHS OE€3MEKH Ta 3aXHCTY JaHUX,
IO CTAlOTh 3aJISKHUMH BijJ HaJAIHHOCTI Ta HEPYXOMOCTI
(yHKIIIOHYBaHHSI BUPOOHUUOrO Tporiecy. Taki sik:

—KibepaTaku Ta HECAaHKLIOHOBAaHWU JIOCTYIL: 3aBISKH
MiAKIIOUEHHIO 110 Mepexi I[HrepHer peued, cucremu
KEpYBaHHsSI PO3CYBHUMH KOHCTPYKISIMA MOXYTh CTaTH
o0'ektrom kibOepatak. Ile Brirowae B cebe crpodu
HECaHKI[IOHOBAHOI'O0 JIOCTYNY [0 CHCTEMH, BEIESHHS
BipyciB a00 37I0BXXMBaHHS MpaBaMu J0CTymy [4];

—IIEePeXOIUICHHs] Ta 3/1aM 3B'S3KY: 3JIOBMHCHHKHU
MOXYTb HaMaraTucst epexoruTH KoMyHikamito Mix loT-
MPUCTPOSIMH Ta CEpPBEPaMH, LI0 MOXE MPHU3BECTH 0
BUTOKY KOH(QiJEHIIHHUX TaHUX ab0 HaBiTh KOHTPOIIO
HaJa cucreMoro. HamajHMKM MOXYTh BHKOPHUCTOBYBATH
loT-npucrpoi mns BigmpaBieHHs cnamy, (QIIIMHTOBUX
TIOBiZIOMJIEHb 200 PO3CHJIKH BipYCiB;

—HeakTyaJlbHe IporpamHe 3abe3nedyenHs: Oararo loT-
MIPUCTPOIB MarOTh OOMEXEHI pecypcH Ta MOXYTh OyTH
Bpa3JIUBUMU JIO aTak, SIKIIO HE OTPUMYIOTh PEryJISIpHHX

OHOBJIEHb 1 BIOCKOHAJEHb BOHH MOXYTb OyTH
BUKOPHCTaHHI 3JIOBMACHUKAMH.
1106 3MEHIINTH pHU3UKU Kibeparak Ta

HECaHKI[IOHOBAHUX JOCTYIIIM MO)KHa BUKOPHCTOBYBATH:

—mudpyBaHHs: Bci gaHi, sxi nepenatotbes Mixk loT-
MIPUCTPOSIMU Ta cepBepamH, MaroTh Ooyrn
3amm(pOBaHUMH JUIS 3aXUCTy BiJl TMEPEXOIUICHHS Ta
YUTAHHS TPETIMH 0CO0AMHU;

—ayTeHTU(IKaIliA Ta aBTOpU3Allis: UIA JOCTYIY 0
CHCTEMH TMOTPIOHO BCTAHOBUTH CYBOpI IPOLEAYpH
ayreHTH(diKamii Ta aBTOpH3alii, 00 NEPEIIKOIKATH
HECaHKI[IOHOBAHOMY BXOJY.

Jis 3ano0iraHHs NepexoIUIeHHS Ta 3J1aMy 3B’SI3KY
MOXXHa  BUKOPDHCTOBYBAaTH  MOHITOPHHI, pPE3€pBHE
KOIMIIOBaHHS, 130JILiSi MEpeXi Ta CTBOPEHHS Oiux
CIIHCKIB.

MOHITOPHHT Ta BUSBIIEHHS 3arpo3. BaxiamBo matu
CHCTEMU MOHITOPUHTY, SKi BHSBISIOTH HE3BUYAHHY

66

aKTUBHICT Ta MOXKJIHUBI 3arposu Ta CHOBiH_IaIOTB

aIMiHICTPaTOpIB.
PesepBHe  komitoBaHHsA.  PerynspHe  CTBOpeHHS
pe3epBHHUX KON  JAaHWX  JIOTIOMAara€  BiJHOBUTH

iHpopMaIliro y BUNaJKy i BTpaTH a00 MOIIKOKEHHS.
[3omamiss mepexx.  lleHtpamizoBana wMepexa loT
NMOBUHHA  OyTM  BiJIOKpeMJIeHa  BiJl  OCHOBHOI
KOPIOpaTUBHOL Mepexi JUTSt 3armo0iranHsa
HECAHKI[IOHOBAHOMY JIOCTYITY JIO 1HIIIMX CHUCTEM.
CTBOpeHHS OLTHUX CITUCKIB. JI03BOJIUTU MOCTYI JIHUILE
BIJOMMM Ta JIOBIpEHHM MPHUCTPOSIM Ta KOPUCTyBayam,

CTBODIOIOYM  OUi  CHMCKU IS 3aTBEPPKEHHS
T AKJTFOUEHHSI.
BaknuBo  MOCTIHHO ~ OHOBJIOBATH  IPOTpaMHe

3a0e3leueHHs] Ta BCTAHOBJIIOBATH HOBI IIAT4iB  JUIA
BUIIPaBJICHHSI BUSBICHHX BPa3JIMBOCTEH, L€ JOIOMAarae
yTpUMYBaTH CHCTEMY B Oesmeni [5].

B cywacHomy cBiti, ne loT 3HaxomuTh mmMpoke
3aCTOCYBaHHS B BUPOOHUIITBI, O€3IeKa Ta 3aXUCT JaHUX
CTalOTh KPUTUYHO BAXKJIMBUMHU aCIIEKTaMHU. 3aCTOCYBaHHS
BHUINIE3a3HAYEHNX CTpaTerii Ta 3axomiB JoroMarae
3MEHIIUTH PHU3MK 1 3a0e3neuye HalilHy 3aXHIIEHICTh
BupoOHnunx loT-cucrem.

IV. MATEMATHUYHA MOJEJIb
OcHoBHa  imes  THonArae y  BUKOPHCTaHHI
MaTeMaTUYHUX BHpPA3iB Uil BiJIOOpaKEHHS BIUIMBY
BIIPOBA/IKEHHS IoT-rexHomorii Ha  IIOKA3HUKU
€(pEeKTUBHOCTI Ta 3pPYYHOCTI YNPABIIHHSI PO3CYBHHMHU
KOHCTPYKLISIMH BUPOOHUYOTO ITPpUMIIEHHS [6].
Edexrunicts  BupoOHurBa (Ef) moxe
BUpa)keHa K (DYHKIIiS BiJl TAKHX ITapaMeTpiB:
— KUTBKICTh PO3CYBHUX KOHCTpYKLiH (N);
—4Yac YIpPaBIiHHSI OIHIEI0 PO3CYBHOKI KOHCTPYKIIEIO
6e3 Bukopucranus [oT (T1);
—4Yac YIpaBJIiHHI ONHIEI0 PO3CYBHOIO KOHCTPYKIIIEIO 3
Bukopucranusm [oT (T2).

Oyru

T, ™
Er=(2)+N
T,/

(1

Jana  dopmyna  BimoOpaxae, sSK  IIBHAKICT
YIPaBIiHHS PO3CYBHUMH KOHCTPYKIISIMH 3MIiHIOETHCS
npu BripoBapkeHHi [0T. Yum Oinbine 3HaveHHs Ef, Tum
eeKTUBHIIIE BUKOPUCTOBYETHCS Yac.

3pyunicte ympaininasg (C) Moke OyTH OIlIHEHA SIK
cyMa TIOKa3HHMKIB 3pY4YHOCTI JISI KOXHOI DPO3CYBHOI
KOHCTPYKIII:

— 3pyuHicTh 0e3 Bukopuctanus loT (Cl1);

— 3pyuHicTh 3 Bukopuctanusim [oT (C2).

Cy=X0,+2XC ()

e ¥ BKa3sye Ha CyMy 3Ha4eHb JJII BCIX PO3CYBHHX
KOHCTPYKIIiH.

s Mozenp m03BOJsIE MOPIBHATH €(QEKTUBHICTH Ta
3pY4YHICTH YNPaBITiHHS PO3CYBHHUMHU KOHCTPYKIIISIMU JIO 1
micist BipoBakeHHs [oT.

Jns  po3mMpeHHs MaTeMaTH4YHOI MoOjeni, sKa
BifoOpakae BIUIMB BHpoBajykeHHs loT-texHororid Ha
YIIPaBJIiHHS PO3CYBHUMH KOHCTPYKISIMH BHPOOHHYOTO
MPUMIIEHHS, MOXKHA JOJATH JOAATKOBI MapaMeTpu Ta
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(bakTOpH, SIKI BILIMBAIOTh Ha €PEKTUBHICTH Ta 3PYUYHICTH
YIIpaBJIiHHS:

—mBuakicte  loT-3'emnanns  (S):  mpeacTaBUMO
mBUaKicTh [0T-3'emHanHsA K mapaMerp, 10 BIUIMBA€E Ha
yac repefadi JaHUX Ta BIAMOBiAb cuctemu. Hexait S
BUMIpIOETBCS B OiTax Ha cekyHny (0it/c);

—Bapticts BrpoBamkenHs [oT (Ci): BBegemo BapTicTh
BcTaHoBieHHs loT-cuctemu sk BapTicTh B Joiapax
(USD);

—nagiiiicte  loT-cucremun  (R):  mpeacraBumo
HAIIMHICTh K WMOBIpHICTh Oe3BiAMOBHOI podoTtu loT-
cuctemu, 1e R € 3nauennsm Bix 0 mo 1, me 1 Bigmosizae
MOBHI# HamiiHOCTI, a 0 - MOBHI¥M HeHAIIHHOCTI;

— BiIJaNeHicTh po3cyBHUX KoHCTpyKii (D): BBegemo
BiJICTaHb M)XK PO3CYBHHMH KOHCTPYKIISIMH SIK BEITUYMHY,
BUMIpIOBaHYy B MeTpax (M);

— IIOTYXHICTh [oT-npuctpois (P):
noTyxHicTb npuctpois loT y Barrax (Br);

—yvacoBuil Topu3oHT aHamizy (T): BU3HAUMMO 4acOBHiA
TOPU30HT aHalli3y y JAHIX (IHi).

Tenep MO)KHO OHOBUMO MaTEMaTHYHY MOJIETIb:

BHUPa3UMO

Edexrunicts  BupoOnunrea (Ef): Mwum  moxemo
OHOBHUTH (hopMylly Juisi €(QEeKTUBHOCTI, BPaxOBYIOUH
mBuAKicTs [0T-3'eqHanHs:

g =(—=—)+N 3
of (r1+.:=;s,' 3)

ne D/S BusHavae yac 3arpumku 4yepe3 loT-3'eqnanus Ha
Bincrani D.

3pyunicte ynpaiinag (C): Mu MOXEMO OHOBHTH
(dbopMyny Ui 3py4HOCTI, JOAABIIN TaApaMeTp BapTOCTi Ta
BPaxoOBYIOYH HAIHHICT:

Cy=2C—XC;—C#(1—-R) “4)

ne C;+ (1 — R) BigoOpakae BUTPATH HAa BIPOBAKCHHS
[oT, 3MmeHmIeHi Ha BeNMYHMHY, SKa 3aIEKHUTh BIiX
HaJIAHOCTI CUCTEMH.

TakuM 4MHOM, BIOCKOHaJE€Ha MaTeMaTH4YHA MOJIENh
BpaxoBy€ JIOJaTKOBI IapaMeTpd, IO BIUIMBAIOTH Ha
€(QEeKTUBHICTh Ta 3PYYHICTb YIPaBIIHHSI PO3CYBHHUMHU

KOHCTPYKILISIMH ~ BUPOOHWYOrO  TPHUMILIEHHS  ICIs
BITpoBapKeHHs [oT-TexHomorii.
V. BucHoBkHu
BnpoBamxenns ToT-TexHoMoOTIN pO3LINPIOE

TOPU30HTH MOXKJIMBOCTEH 1 JOIOMarae IepeTBOPUTH
TpaJuLiiiHi BUPOOHMYI TIpoLlecH Ha OLIbII MPOIYKTUBHI,
Oe3rieyHi Ta eheKTHUBHI.

Cencopu [oT Ta cucremMu MOHITOPHHTY JI03BOJISIOTH
30MpaTd BaXIMBI JaHI B pealbHOMY 4aci, IO Hajae
MOXIIUBICTh ISl TIPUHAHATTS 1H(QOPMOBaHHX pillleHb Ta
3arno0iraHHsT MOXJIMBMM  IIOJJOMKaM Ta  BiJMOBaM
obnanHaHHs. BinnaneHe KkepyBaHHS Ta MOHITOPUHT
poONsTE BUPOOHMYMH Tpolec OUIBII THYYKUM Ta
aJlalI THBHUM.

[TigBuIIeHHST MTPOMYKTUBHOCTI, 3MEHILIEHHS BUTpAT,
MOKPAIIEHHsI SIKOCTI MPOAYKINI Ta IMiJABUIIEHHS Oe3MmeKu
MpaIiBHUKIB — IIe JIMIIE YacTWHA IepeBar, siKi BHOCHTh
[oT B ynmpaBnmiHHA PO3CYBHHMH  KOHCTPYKIISIMU.
Posmmpennss moximBocreit [oT Moxke BiIKpuTH HOBI
LNUISIXH 10 IHHOBAllii Ta KOHKYPEHTHOI IiepeBard Ha
PHHKY.

OpHak pa3oM 3i BciMa IepeBaramMi, BaKJIMBO TaKOXK
3BEpPTaTH HAJIEKHY YBary J0 3aXUCTy JaHUX Ta Oe3leKu
cucreMud B KoHTekcTi [oT. 3acTocyBaHHS BiAIOBITHHX
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3ax0/iB O€3NEeKH € HEBI'EMHOI0 YacTHHONIO YCHIIIHOI
MoJIepHi3aii.

3arasoM,  MoOjepHi3alisi ~ MOyNs  KEpyBaHHS
PO3CYBHHMH KOHCTPYKIissMH 3a gomomoroo loT €
BaXXJTUBUM KPOKOM Y PpO3BHTKY BUpPOOHHMITBA Ta
CTBOpEHHI O1IbII MIPOAYKTUBHOTO Ta
KOHKYPEHTOCIIPOMOYKHOTO MiAnpreMcTBa. Taki iHHOBaIi{
BiJIKPUBAIOTh HOBI MOMKJIMBOCTI JJIsI MiJIPHEMCTB Ta
JIOTIOMAraloTh iM 3aJIMIIATHCS Ha IEPEOBOMY PUHKY.

MarematuuHa MOJIENb, SKy MU PO3POOHIIH, J03BOJISIE
CHCTEMAaTHYHO OLIHWTH BIUIMB BrpoBajpkeHHs loT Ha
BUpOOHHYMH Tporec. [yisi bOro MU BUKOPHUCTOBYEMO
napameTpH, Taki SK KiTbKiCTh PO3CYBHHX KOHCTPYKIIiH,
yac ympaBiiHHSA A0 Ta Imicias BopoBamkeHHs loT,
mBuAKicte loT-3'eqHaHHs, BapTiCTh BIPOBAIHKEHHS,
HaJiHHICTh CHCTEMH, BIJICTAaHb M KOHCTPYKIISIMH,
noTyxHicTh loT-nipUCTpoiB 1 YacOBMIT TOPU3OHT aHAII3Y.
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Po3po0IeHHST CUCTEMU 1HTEICKTYaJIbHOT'O KEPYBaHHS
KOHAUIIIOHYBAHHSIM BUPOOHUYOTO MPUMIILICHHS 3

BUKOPHUCTaHHAM TexHoJiorii [oT
BponnikoB A.Il., Humiera B.C>.

1. Kadenpa KITAM, Xapkischkuil HallioHabHui YHiBEpcUTeT patioenekrponiky, YKPATHA,
Xapkis, np. Hayku. 14., email: artem.bronnikov@nure.ua
2. Kadenpa KITAM, XapkiBchkuil HallioHabHui YHiBepcuTeT pamioenekrponiky, YKPATHA,
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Anomauin: Tlpencrasneno iHdopmario 3 po3poOICHHS
CHCTEMH IHTENEKTyaJbHOr0 KEPyBaHHS KOHAMLIOHYBaHHSIM
BUPOOHHYOr0 HMPHMIIICHHS 3 BUKOPHUCTaHHSIM TexHoorii IoT.
B sixocti Texonorid it po3poOsieHHs CHCTeMH Oyiao 0OpaHo
texHonorito Internet of Things,a Takox maty KepyBaHHS
Arduino nyst 360py Ta 00pOOKHM TaHHX 3 CEHCOPIB Y PeabHOMY
yaci Ul TPUAHATTS HAaWKpaIlMX YHOPaBJIIHCHKUX pIICHB,
3abe3nedyroud KoM(popT Ta ePeKTUBHICTH POOOTH CHCTEMH.

Kniwouosi cnoea: po3poOKa, CUCTEMH IHTENEKTYaJbHOT'O
KepYBaHHS, KOHIMI[IOHYBAaHHSIM BHPOOHMYOrO IPHUMIIIEHHS,
Arduino, texHonoris Internet of Things(IoT).

I. BCTVII
CyuacHi BUPOOHHMYI TPUMIIIEHHS CTUKAIOTBCS 3
POCTOM BHMOT /10 ONTUMAJIBHUX YMOB JUISl BUPOOHMYUX
HPOLIECIB Ta 3MCHIICHHIM BHUTPAT HA KOHJIHI[IOHYBaHHS.

Y  1poMy  KOHTEKCTI  pO3POOJEHHA  CHCTEMHU
IHTENIEKTYyaJIbHOTO ~ KepPYBaHHSA  KOHIMIIIOHYBaHHAM
BUPOOHMYOr0  MNPHUMIIIEHHS €  aKTyalbHO  Ta

CTpaTeriyHo BaXJIMBOIO 3a1ayeto [1].

MeTot0 1aHOTO AOCTIIKEHHS € PO3pOOJIEHHS CUCTEMH,
ska O 3ale3nedyyBaja ONTHMANbHI YMOBU  JUIs
BUPOOHMYMX IIPOLECIB Y BUPOOHHYOMY IPHUMIIICHHI.
Jis  nocArHEeHHsT i€l METH, MH BHKOPHCTOBYEMO

nepenoBy TexHoisorito IHTepHery peueir (IoT) Ta
iHTerpyemMo 1miatgopmy Arduino B cCHCTEMY KepyBaHHS

(puc. 1).

Pucynok 1 — 3aranbHa KOHIETIIIS iHTEPHET peden

AKTyaJbHICTh Ili€] 3amadi TOJNATa€ B TOMY, IO
MIPOMUCIIOBICTh HUHI MepeKMBaE niepioz
MEPEOCMUCIICHHsI CTaHIapTiB 1 BHMOI J0 pPOOOYOro
cepenoBuima.  HasBHicte  komMdopTHMX  yMOB Y

BUPOOHMYOMY MpPUMIIIEHHI BIUIMBaE€ Ha e(EKTUBHICTh
mpari, a TaKoXX Ha 370pOB'st pOOITHHKIB. 3 1HIIOTrO OOKY,

e(peKTUBHE YNpaBIiHHA KOHIWIIOHYBaHHSIM  MOXE
CYTTEBO 3HM3UTU BUTPATH €JIEKTPOEHEPTii, 110 CTaE BCe
BOXJIMBINIOID MpPOOJIEMOI0 B  yYMOBax IIOCHJICHOTO
peryioBaHHs Ta BapTOCTI eHepropecypcis [2].
Buxopucranns Texuomnorii [oT B miif 3amadi 103Bossie
3i10paT  BeNWYe3Hy KUIBKICTH JaHUX TpO CTaH
MPUMIILEHHS, 30BHIIIHBOIO CEPEJOBHINA Ta POOOYMX

npoueciB. Lls  iHoOpMallst BHKOPHCTOBYETHCS IS
aHaJi3y Ta onrTuMizaii pobotu CHCTEMHU
KOH/IMIIIOHYBaHHsI B PEAIbHOMY Yaci.

Opnak  iHTerpamis  mwiargopmu  Arduino  Mae

BEJIMYE3HUN MOTEHIal] Ui 3a0e3NedeHHs HalifHOCTI Ta
epekTuBHOCTI cucreMu. Arduino m03BoisE PO3POOHTH
crielianizoBaHi JaTYUKHU Ta aKTyaTOPH, SIKi BiJIIIOBIAIOTh
3a 30ip i OOpoOKy mAaHuUX. MU TakoX pO3TISTHEMO
MaTreMaTH4YHy MOJAENb, II0 JONOMAara€ BU3HAYHTH
ONTHUMAJIBHI ITAPaMETPH KOHIHI[IOHYBaHHS B 3aJICKHOCTI
BiJl 30BHIIIIHIX YMOB Ta IOTPeO BUPOOHHYOrO MPOIIECY.

II. TEXHOJIOT'TA 10T B IHAYCTPII

Texnomnorist Internet of Things (IoT) crana kimro4oBUM
(akTopom TpaHcdopMmarii MPOMUCIIOBOCTI Ta
IHAyCTpiabHOTO CceKkTopa. BoHa BigkpuBae HOBI
MOXJIMBOCTI Ul HOKpAlEeHHS  IPOXYKTHBHOCTI,
e(peKTUBHOCTI KOHKYPEHTOCIPOMOXKHOCTI
BUPOOHULITBA.

Texnomnorist Internet of Things — 1e xoHuerist, 3a K0T
¢i3nuHi 00'ekTH Ta TpUCTpoi 3AaTHI 3'€HYBATHCS IO
InrepHery  Ta  OOMIHIOBaTHCS ~ JaHMMH, 1100
3a0e3mneuyBaTy 301IbIICHY aBTOMATH3allil0, MOHITOPUHT
Ta KOHTpOJb. BoHa BKIIOUae B cede BHKOPUCTAHHS
CeHcopiB, 300py [HaHMX, aHamizy Ta B3aeMomii 3
00'eKTaMU Ta CHCTEMaMH Yepe3 MEpPexy.

IoT nmo3Bomsie BimJaneHO KepyBaTH Ta MOHITOPHTH
obyagHAaHHA Ta MalIMHU B peansHOMY daci. Lle crpusie

Ta

onTHMi3amii  BUPOOHMYUX  TPOLECIB,  IiIBUILEHHIO
HPOAYKTUBHOCTI Ta 3MEHILCHHIO BUTPAT.
Cencopu IoT 103BOISIOTH CTEXUTH 3a CTAHOM

obnagHaHHA Ta IepefdavyaTH MOXJIMBI BIIMOBU YU
nojnoMku. lle cropusie NONEpeKEHHIO HEBiIKIaIHUX
PEMOHTIB Ta MiIBUIIYE HA IIHICTh CUCTEMHU.

[oT no3Bossie 30upaT AaHi MPO CHOKUBAHHS E€HEPTii
Ta IHIOMX pecypciB sl 3MEHIIEHHsS BUTpar |1
ITiABUIIEHHS €()EeKTUBHOCTI.

30ip Ta aHaji3 [JAHUX B peaJbHOMY 4Yaci Halae
MOXIIUBICT, mpuiAMaTd iHGOPMOBaHI pilIeHHS Ta
PO3po0IIATH CTpaTerii BUpOOHHIITBA.

ITepeBaru Bukopucranss loT B cuctemMax ympasiiHHS:

— ITi IBUILICHHS HPOIYKTUBHOCTI: 3aBJISIKH
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aBTOMaTu3allil Ta onrumiszaiii npomecis, IoT momomarae
ITiIBUIINTY TIPOAYKTHBHICTH BUPOOHHUIITBA;

—3HIKEHHS  BHUTpaT: e(eKTHBHE  BHKOPUCTAHHS
pecypciB, YHHKHEHHS HemepenbaueHux 300iB Ta
PEMOHTIB J103BOJISIIOTH 3MEHIIIUTH BUTPATH;

—mokpameHHst  skocti mpoxykuii: loT momomarae
BUSIBJIATH 1 YCyBaTH NpoOJEMH Ha paHHIX CTajisX, IO
BeJIe /10 IOKPAIIEHHS SIKOCTI MPOIYKIIii;

—30unbmenHs  Oesmeku: loT  Bkimowae  cucremu
MOHITOpUHrYy Oe3meku, o 3a0e3medyloTh Oe3neKy
MIPaIiBHUKIB Ta 00JIaTHAHHS,

— BJIOCKOHAJICHHSI aHaJIi3y Ta NPUHHATTS pimens: 30ip
Ta aHaJi3 JaHUX J0IoMarae yrpapiiHisM [3].

[II. IHTET'PALIIA ARDUINO B
CUCTEMY

[Tnatpopma Arduino rpae BaJIIMBY pOib y CHCTEMI
KepyBaHHS  KOHOWIIOHYBaHHSAM  3aBASKH  CBOIM
MOXITUBOCTSIM TIPOTrPaMyBaHHs Ta THY4YKOCTi [4].

Arduino MoXe  BUKOPHCTOBYBAaTH  pi3HOMaHITHi
CEHCOpH, Taki SK TeMIepaTypHi ceHcopu abo ceHcopu
BOJIOTOCTI, st 300py iH(popMalii Tpo 00'€KTHBHI YyMOBH,
a TakoX BHUKOHYE OOpoOKy 3i0paHux JdaHuX JUIs
BU3HAYCHHS TMOTOYHHX YMOB B TPHUMIIICHHI, TaKUX SIK
TeMIIepaTypa Ta BOJIOTICTb.

Ha ocHOBI aHami3y maHUX MPUAMAETHCS PIIICHHS MO0
YIIPaBJIiHHS KOHIMIIOHYBaHHIM, HAIIPUKIAJ, BKJIIOYAE
a00 BHMHUKAa€ KOHAMIIIOHED Ui JOCATHEHHS 3aJaHuX

rapameTpiB.

Arduino Mo)xe B3aEMOMIATH 3 KOHIUIIIOHEPOM Ta
IHIIUMH ~ TPUCTPOSIMH 32 JIOIIOMOI'OI0  pele,
iHppauepBOHMX TmepepaBaviB  ab0 iHMIMX 3aco0iB
KOMYHIKallii.

Arduino Moxxe mnepemaBaTH iH(OpPMAII0 PO CTaH
cucteMd Ha iHmI mnpucrtpoi abo 30epiratm T uis
MTOJAJTBIIIOTO aHATI3Y 1 KOHTPOJTIO.

Onwmc CeHCOopiB Ta MPUCTPOIB, IO BUKOPUCTOBYIOTHCS 3
Arduino:

—TEMIIepaTypHi  CEHCOpPH:  HaNpHKIaA, CEHCOpH
temnepatypu LM35 a6o DHTI11 npusHaueni mis
BUMIpPIOBaHHS TEMIIEPATYPH B IIPUMIIICHHI;

—CEHCOpU BOJIOTOCTi: JO0 HHUX BiJHOCATHCS CEHCOPH
Boyiorocrti, Taki sk DHT11 ado DHT22, siki BUMipIooTh
BOJIOTiCTh MOBITPS;

—CEHCOpH pyXY: CEHCOpH PYXy, Taki sik PIR-maTumkwm,
BUSIBJISIIOTH ITPUCYTHICTD JIIOJIEH Y IPUMITIIEHHI;

—nmatunkn CO2: patumkun CO2 BUMIPIOIOTH DiBEHb
BYTJICKHCIIOTO Ta3y B IOBITPI, IO Ja€ 3MOTYy BH3HAYaTH
SIKICTh TTOBITPS;

—1iH(payepBoHi nepenaBaui: ix MOKHA
BUKOPHCTOBYBaTH JUIi KEpPYBaHHS KOHIHIIIOHEPOM Ta
IHIIUMH TOOYTOBUMHU TIPHUCTPOSIMH;

— mucmiei: Arduino Moxe Oytu migkimroueHa g0 LCD-
JCIUICI0 200 1HIIMX THIIB €KpaHIiB Ul BiJoOpakeHHs
iHpopMarii;

— MOy KOMYHikaIli: Arduino MoXke B3a€EMOIIATH 3

iHmuMHu  TpuctposMu  4epes Wi-Fi, Bluetooth a6o
InTepuer.
i cencopm Ta mpuctpoi cmiabHO 3  Arduino

JONOMAaralTh 30UpaTd JaHi Ta KEpyBAaTH CHCTEMOIO
KOH/IMIIIOHYBaHHS JIs 3a0e3TeueHHs KOM(MOPTHUX YMOB

69

y TPUMIIIEHHI Ta PaliOHAIBFHOTO CIIOXKHMBAaHHS E€HEprii

[3].
IV. MATEMATHUYHA MO/IEJIb

CUCTEMU
J1s1 mpuxiiaxy po3IiTHEMO CIPOIIEHY MaTeMaTHYHY
MOJIeTIb, CHUCTEMH KepyBaHHS KOHAWIIOHYBAaHHSIM

BUPOOHUYOr0 NPUMIIIEHHS, SIKa BPaXOBYE TeMIIEpaTypHi
YMOBH B NpUMillleHHi [6].

Monens PO3paxyHKy BUTpAT eHeprii Ha
KOHJIMIIIOHYBaHHSI MOXX€ OyTH BHUpakeHa HACTYITHUM
PiBHSHHM 1:

m#*(Ti-To)

E==— (1
ne: E — Butpatu eHeprii Ha KOHIMLIOHYBaHHA (y BaTax
a0o KiJIoBaTax).

m — Maca TMOBITps, sIKE€ MNOTPIOHO oxonoautd (y
KUIBKOCTI KiJIorpamiB a0o JiTpax).

Ti — mouaTkoBa TemrepaTypa HOBITPs B MpUMilIeHHi (y
rpagycax llemncis).

To — GaxxaHa Temmneparypa B NpuMilIeHHi (Y rpagycax
Lemnbcis).

R — koediIieHT TEIIONPOBiAHOCTI MaTepiaiB 13011
Ta CcTiH (y BaTTax Ha MeTp Ha rpanyc Llenbcis).

C — Tem10oeMHICTh NOBITPs (Y DKOYISAX Ha KUIBKICTH
TEIUIOHOCIS).

Ils Mozenp m03BONISIE PO3pPaxXyBaTH, CKUIBKH EHEprii
Oyle BUTpaueHO Ha OXOJOMKECHHS TOBITPSI BUPOOHHYOTO
MPUMIIICHHS 3 TIOYaTKOBOIO TemIepatyporo Ti 1o
OaxcaHoi TemriepaTypu To, BpaXOBYIOUYH TEILIOI30JISIIIO 1
TEIJIOEMHICTD TIOBITPSI.

PosrmsiHeMo  gesiki  MOXIJIMBOCTI  PO3LIMPEHHS
MaTeMaTU4HOI MOJENi, JOJaBIIM 10 HeEl J0JaTKOBI
(akTOopy Ta TmMapaMeTpd, sKi BIUIMBAIOTh Ha pOOOTY
CHCTEMH KOHAWI[IOHYBaHHSI:

— BpaxyBaHHA KIJIBKOCTI TMpAIliBHUKIB: JOJaBaHHI
napamerpy, SKWi BpaxOBYE KUIBKICTh NpAI[iBHUKIB B
MIPUMIILEHH], MOXXe OYyTH KOPUCHHM. YUM OLIIbIIIE JIFOIer
MpaIoe B MPHUMIINICHHI, TUM OUIbIIC TeIJla BOHH
BUPOOJISIIOTh, IO MOXKE BIUIMBATH HA HaBaHTa)KEHHS
CHCTEMH KOH/IUIIIOHYBaHHS;

— 30BHIIIHI YMOBH: BpaxyBaHHS  30BHIIIHIX
TEMIIEpPAaTYpHUX Ta BOJOTIOCTI YMOB MOXKE€ ITOKpPAIIUTH
TOYHICTh MOJENI. 3MIHH B IOrOI MOXXYTh BIUIMBATH Ha
TEeII000MiH Yepe3 BiKHa i CTiHW;

— iHmI J/pKepeia HaBaHTAKEHHS: MPU BHKOPUCTaHHI
BUPOOHUYOr0 MPHUMIIIEHHS MOXXYTb OYTH iHIII JpKeperna
TeIia, Taki sK OOJNaaHaHHsS, OCBiTIIeHHA Ta iHme. Ili
JDKEpela TaKoXK MOXKYTh OyTH BpaxoBaHi B MOJIEII;

— JWHAMIYHI 3MiHM B dYaci: MOIEIb MOXe OyTH
po3umMpeHa JAis  BpaxyBaHHS AMHAMIYHHX 3MIiH Y
BUTpaTax eHeprii mporsiroM 1Hi. Hanmpuknan, ButpaTtu
MOXYTb 3MIHIOBATHCS B 3aJIeKHOCTI BiJ 4acy nobu abo
poboyoro rpadiky;

— iHrerparis manux 3 loT-maTuukiB: SKIIO B BamIii
CHCTEMI BUKOPUCTOBYIOThCS HaTdvku 10T, BOHH MOXYTh
Ha/laBaTH peasibHUi yac iH(pOpMalliio Mpo TeMIeparypy,
BOJIOTICTh Ta IHII IapamMeTpu, SKi MOXYTb OyTH
BUKOPHCTAaHI JJIsl TOYHIIINX PO3PAXYHKIB;

— eHeproe(eKTHBHICTh CHCTEMH KOHIMIIIOHYBaHHSI:
BpaxyBaHHsl KoedilieHTa e(eKTHBHOCTI Balloi CHCTEMHU
KOHJIMIIIOHYBaHHSI  JIO3BOJIUTH  OLIHWUTH, HACKIIBKU
e(eKTUBHO BOHAa BUKOPUCTOBYE €HEPTII0;
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— ajanTamis J0 PEeXUMIB pPOOOTH: MOJENh MOXKe
BpaxoBYBaTH  pi3HI  pSKUMU  pOOOTH  CHUCTEMH
KOHJMIIIOHYBaHHs, TaKi $K PpEXKUM OXOJIOKEHHS,
00IrpiBY, BEHTHJIALIIT TOIIO.

Posmmpena MaTemMaTnyHa ~MOJENh MOXE OyTH
KOPHCHOIO JIIsl OUTBII TOYHHUX PO3PaXyHKIB BHUTpAT
eHeprii Ta orTuMizarii pobotu CUCTEMU
KOHJMIIIOHYBaHHS B 3aJEXKHOCTI BiJ pPI3HOMaHITHUX

yMoOB [7].

V. BUCHOBKHA
Mertoro  pobotu €  po3poOJIeHHS CHCTEMU
IHTEJIEKTYalbHOIO  KEPYBaHHS  KOHIAMIIIOHYBAHHSIM

BUPOOHUYOr0 MPUMIIIEHHS 3 BUKOPUCTAHHSIM TEXHOJIOT1T
IoT.

Y nmaHiii pobori Oya0 NPEACTaBICHO pE3yJIbTaTH
JMOCTI/KEHb 1 PO3POOKH CHUCTEMHU IHTEICKTYaJbHOI'O
KepyBaHHS KOH/THIIi OHyBaHHIM BUPOOHHYOTO
MIPUMIIIICHHS, B OCHOBI SKOI JIKaTh TexHONOTis Internet
of Things (IoT) Ta inrerpamist mmatdopmu Arduino.
CTBOpPEHO CHCTEMY, SIKa J03BOJISE 3MEHIIMTH BUTPATH
€Heprii Ta CHpHs€ €KOJOriYyHO YHUCTOMY BHPOOHHUOMY
IpoIiecy.

Y miacymMky OyJlo OTpUMAaHO HACTYIHI KIFOYOBI
pe3yNIbTaTh Ta BUCHOBKH:

— aKTYaJbHICTh Ta BAXKIUBICTH TEMH: 3pOCTaroya
KOHKYPEHIlis Ta 3MiHM B KIIMaTHYHHX  YMOBaX

NoTpeOyIoTh  HOBMX  MIAXOAIB 10  YIPAaBIiHHSA
KOH/IUITIOHYBaHHSIM BUPOOHUYHX MIPUMIIICHB.
EdextiBHe Ta  iHTENEKTyaJlbHE KEpYBaHHA CTa€

00OB'SI3KOBUM JUIsl MIATPUMAaHHS ONTHMAJbHUX YMOB
pob6oTH Ta 301NIBIIEHHS TPOILYKTUBHOCTI [8];

— Bukopucranus TtexHonorii [oT: I[oT BusBnsieTsCs
MOTY)KHUM 1HCTPYMEHTOM Ut 300py Ta 0OpOOKH JaHUX
3 CEHCOpiB y peampbHOMYy uaci. Bona mo3Boisie
BUKOPHCTOBYBAaTH I JaHi Uil NMPUHAHATTS HaHKpaliux
YIPaBIIHCBKUX pillleHb, 3a0e3nedyyroud KoMQopT Ta
e(pCKTHBHICTH;

— ixrerpamis Arduino: miatdopma Arduino crana
LIEHTPAJILHOI (IrypOr0 B HAIIIIM cHCTeMI, 3a0e3Meyroun
3YUTYBaHHS JaHUX 3 PI3HUX CEHCOPIB Ta KepyBaHHS
obmamHanHAM. Ile BimkpuBae HOBI MOMJIMBOCTI JUIS
PO3POOKHU IHTEICKTYaJIbHUX aJITOPUTMIB Ta ONTHMi3allil
poOOTH KOHAWIIOHYBaHHS;

— MaTeMaTh4Ha MOJIENb: MH PO3POOHIM MaTeMaTHYHY
MOJIeb, sIKa JO3BOJSE TPOTHO3YBAaTH IapaMeTpu
KOHIUI[IOHYBaHHSA HAa OCHOBI 3i0paHMX IaHUX Ta
JUHAMIYHUX XapaKTepucTuk cucremMu. Ll wmomens
CHpOIIye TPUUHATTA PIllICHh Ta MiIBUINYE TOYHICTH
yIIpaBJIiHHS.

3a migcymMkamu Hamioi poOOTH, MM BIIEBHEHI, IO
BuKopucTanHsa TexHojoril IoT ta mratdopmu Arduino,
Pa3oM i3 HaIIOI0 MaTEMaTHYHOI0 MOJIEIUTIO, MOXKE 3HAUYHO
MOKPALIUTH  YIpPaBIiHHA  KOHIMI[IOHYBaHHAM Y
BUpOOHMYMX mpuMimieHHsAX. L[g1 cucrema moxe Oytu
Ba)XJTUBUM KPOKOM JI0 CTBOPEHHS OUIBII e)EeKTUBHOTO Ta
€KOJIOTIYHO YHCTOTrO BUPOOHUYOTO CEPEIOBHUIIIA.

Po3pobnena cuctema iHTENEKTYaJbHOTO KepyBaHHS
KOHJIMIIIOHYBaHHSIM 3 BHKOpPUCTaHHsAM TexHoiorii loT
BiJIKpUBA€E MIMPOKI MOKIIMBOCTI JIJIsI IOKPAILIEHHSI YMOB Y
BHUPOOHUIITBI, 3MEHIIICHHS C€HEPrOBUTPAT 1 ITiBUIICHHS
MPOAYKTUBHOCTI. [IpakTHYHa HAaNpaBIeHICTh MOB’s3aHa 3

MOXJIMBICTIO BIPOBAKCHHSA JUIS CTBOPSHHS OUIBII
CTIHKNX Ta e()EeKTUBHUX BUPOOHHYHMX CEPEIOBHIIL.
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Anomauyis: B poboTi mpencTaBIeHO KOPOTKHH aHai3
CY4acHOr0 CTaHy PO3BHTKY KOJIaOOpaTHBHUX poOOTiB. 30Kkpema
PO3IIISIHYTO HasiBHI HA IIOTOYHUIM MOMEHT CTaHIapTH, HaBEICHO
KOPOTKHI aHaji3 MiJXONiB KUIBKOX OCHOBHHMX BHPOOHHKIB Ta
Cy4JacHi TeHJICHLIii PO3BUTKY AaHOI'0 HAIPSMY POOOTOTEXHIKH.

Knrouogi cnoea: xonaGopaTuBHUX poOOT, cobot, cucrema
Oe3IeKH.

I. Beryn

[ounHaroun 3 60-x pokiB  20-ro  cropivus
3aCTOCYBaHHSA pOOOTIB JO3BOJIIO 3POOWTH 3HAYHHI
CTpUOOK Yy HaNpsIMKaxX IiJBUIICHHS MPOXYKTHBHOCTI,
SIKOCTi, COO0IBapTOCTI BUPOOHMITBA. TakoX Ba)KIMBUM
acIIeKTOM CTajia 3aMiHa JloJied Ha MOHOTOHHHX Ta
HeOEe3MeYHNX eTamax BHPOOHWYMX JIAHIIOTIB. PasoMm 3
TUM  TOJAJNbIIa  aBTOMAaTH3allisl 32  JIOIIOMOTOI0
MIPOMHCIOBUX  pOOOTIB  OOMEXEHa  HEOOXITHICTIO
JKOPCTKOTO KOHTPOJIIO JOCTYIy 10 JIHIil, A€ HpaIolTh
poboTH, 3a/ulsl TONEpePKeHHs] TPaBMyBaHHs JIIOACH, a
TAKOX 4Yepe3 CKJIAJHICTh HAaJaITYBaHHS ITOXIOHUX
CHCTEM, SIKa BeZle 10 3MEHILICHHSI THYYKOCTI.

V¥ 90-x pokax 3’ABIS€TbCA NEPIINI ATEHT HA anapaTu
Ta MeToau Ui Oe3mocepeHbOi B3aeMOmii JIIOAWHH Ta
MaHiImyJIaTopa MiJi KepyBaHHSAM KOMIT'IOTepa, SKHH
3aMpoINOHYBaB HOBY KOHIICIIIIIO 3aCTOCYBaHHS POOOTIB
[1]. IIponoHyBaIOCH 3aCTOCOBYBaTH POOOTA HE B SKOCTI
MTOBHICTIO aBTOHOMHOI'O MEXaHi3My, a sIK JOIMOMIKHHIA
IHCTpYMEHT JUIsi JIIOAWHHM orepatopa. TakuM YHHOM
MOETHYBAJINCH TTO3UTHUBHI CTOPOHH JIIOAMHH oOllepaTopa
(THYYKICTh Y TPUUHSTTI pillleHb) Ta poOOTa (TOYHICTH,
MOXIIUBICT O€3MepepBHO TMpAIfOBATH 3 BEITUKHUMHU
HaBaHTa)KEHHSIMHU Ta BUKOHYBAaTH MOHOTOHHI
TIOBTOPIOBaHI Jii).

[ounnaroun 3 10-x pokiB 21 cropiuds pHUHOK
KOJIAOOpAaTUBHKUX POOOTIB ITOYAB 3POCTATH, IO CBITYUTH
PO IHTEPEC 10 TEXHOJIOT].

Juis  npudHATTS ~— pilleHHST TOpO  3aCTOCYBaHHS
KOJIaDOpaTUBHHUX POOOTIB HAa BHPOOHHMIITBI HEOOXimTHA
iH(opMaIlis PO MOKIUBOCTI 1 OOMEXKEHHS MOMiIOHMX
cucreM. Ha e i crpsiMoBaHa jaHa poOOTa: BU3HAYUTH

OCHOBHI MOXKJIMBOCTI KOJa0OpaTHBHUX pPOOOTIB Ha
MIOTOYHOMY erami PO3BUTKY, MIpOaHaNi3yBaTH
KOMEpLIHHO  JOCTYIHI  BapiaHTH  KOJIA0OpaTHBHHUX

poOOTIB Ta BH3HAYUTH NEPCIEKTHBH Ta HANpPSIMHA
PO3BUTKY.

II. MbxHapoaHi cTaHAapTH B cdepi
KoJabopaTUBHUX pOOOTIB
OpHUM 3 BOXJIMBUX 1HIUKATOPIB 3piJIOCTI Ta CTaJOCTI
TexXHONOrii 4M cdepu € HasIBHICTh MIKHAPOAHUX YU
HallOHAJILHUX CTaHIAPTIB TS Hel, abo
3araJbHONPUHHATUX HOPM 1 mpaBwi. Ha naHuit MoMeHT

KonabopaTUBHI poOOTH HE BUIUIAIOTHCS B OKPEMY TPYILY,
HEe MaloTh OQIIiHHOrO BU3HAUYECHHS 1 €, B MEpUIy 4epry,

HOBOIO  KOHIICIII[IEF0 ~ 3aCTOCYBaHHS  IPOMHMCIIOBUX
poOoOTiB. AJie 3araJbHONPHHHATAM MOXHA BBa)KaTH
HACTYIIHC BHU3HAYCHHSI  KOJAOOpaTHMBHUX  POOOTIB:

KonabopaTHHUH poOOT — 1€ poOOT, NMpU3HAYSHUH IS
B3a€EMOJIi 3 JIIOJUHOI Y CIIBHOMY IpocTopi abo y
Oe3rocepenHiit OIU3BKOCTI 0 JIIOANHH [2].

€auHuM  oiLifHUM TOKYMEHTOM, SIKUH iCHYe JuIsi
konabopartuBHux pobortiB € ISO/TS 15066:2016 «Robots
and robotic devices — Collaborative robots» y sikomy
HABEICHI BHMOTH JI0 KOJaOOpAaTHBHHUX MPOMHUCIOBUX
pOOOTOTEXHIYHUX cUCTeM 1 pobodoro mpoctopy. Ls
TeXHIYHa crenudikaiis € JONOBHEHHSIM JI0 CTaHAAPTIiB
ISO 10218 1 ta ISO 10218 2. Ilum craHmapTom
BU3HAaueHI 4 OCHOBHI PEKUMH POOOTH NPH BHUKOHAHHI
KoJlabopaTtuBHOI podoTH[3]:

o Safety-rated monitored stop  (KOHTpolbOBaHa
3YIUHKA);

* Hand guiding, (yMOBHO py4HUii pexXuM);

* Speed and separation monitoring (KOHTpOJb

IIBUIKOCTI 1 BiZIcTaHi);
* Power and force limiting (pe>xuM 0OMEXEHHS CHIIN).

Pexum «Safety-rated monitored stop» mnependauae
3YMUHKY PO0OOTa MO TOrO, SK JOMHHA OINUHUTHCS B
CHUTBHOMY poOodoMy mpoctopi. ToOTo y TakoMy pexumi
mpamoe  abo moauHa, abo poboTr. Takuil  pexuM
BHUKOPHUCTOBYETHCSI, KONH pOOOT BHKOHYE IIEBHY
aBTOHOMHY pOOOTY, ajie iHOI JIFOMHI MOTPIOHO YBIMTH B
poboumii  mpoctip. Hampuknax, poboTr  00pobIse
3arOTOBKY, ajieé B CEpPeIHHI TEXHOIOTIYHOrO MPOIECY
JIOMHA TOBMHHA BUKOHATH [E€BHY OIEpAIlilo, sKa €
HEJIOCTYIHOW i poboTa. [Ipu mpOMy SKIIO OmepaTop
BXOJIUTH y po0O4y 30HY, TO poOOT crae Ha may3y. [licis
TOTO, SIK JIFOJMHA MOKUHE 30HY Oe3IeKd, poOoT Biapasy
BiTHOBUTH poOoTy. lle no3Bonse HEe BUTpauaTH 4ac Ha
MOBHHUII Mepe3anyck pobo4yoi MpOrpaMu SK y BHMAAKY 3
aBapiiiHor0 3ymuHKO0. JlaHwii croci®0 He no03BOIsIE B
MOBHIA Mipi peani3yBaTH MOTEHINia] KOJIaOOpaTUBHUX
pOOOTIB, ajie B TOH e Yac € MPOCTUM 1 TO3BOJISIE IIIBHIIKO
BiJIHOBUTH aBTOMaTHYHY POOOTY.

Pexxum «Hand guidingy nependavae pyuyHe KepyBaHHs
poborom. Tyr € BapiaHTH peaji3alfii 3a JOMOMOIOIO
MyJbTa YU 3a JOMOMOIOK KOHCTPYKIII po0OoTa, aie Iie
BBA)KAEThCSA ABTOMATHUYHOI POOOTOH, a HE PYUHOIO.
Takuit peskuM MOKE BUKOPUCTOBYBATHCS TSI BUKOHAHHSI
TOYHHMX OIlepaliii 3 BaXKMMHU 00’ekramu. B Takomy
pexuMi omepatop Moxe 06e3MocepeHbO B3aEMOIATH 3
poboTom Ta/abo 3HAXOAUTHCH Y pOoOOUii 30Hi.

Pexxum «Power and force limiting» mepenbauae, 1o
JIFOIMHA MOXKE KOHTAKTYBAaTH 3 POOOTOM, II0 PYXa€ThCS.
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[I{o6 3amo0irTu TpaBMyBaHHIO 200 HaIMIpHHUX OOJIEOBHX
BIUyTTIB Yy pa3i BHIAJKOBOI'O KOHTAaKTy, IIporpaMa
0o0MeXye KOpPHCHE HAaBaHTQXXEHHsS Ta IIBUJAKICTb. SIK
HACJI/IOK, INBWAKICTH poOoTa, Moke Oyae Hanaro
HU3BKOIO JIJIsl YaCTUHU MOTEHIIIHHUX cep 3acTOCYBaHHSI.
Hapasi OinbIIiCTh KOJ1a0OpaTUBHUX pobortiB
BUKOPHCTOBYIOTh came TIPUHINT 00OMEXEeHHS
MOTYXXHOCTI Ta cwin [4]. SIkiio BinOyBa€eThCs 3ITKHEHHS
poborta Ta omeparopa, To, CUCTeMa 3yNUHAE poOoTa, 1100
3aXHCTHTH JIIO/INHY-0TIepaTopa. Sxuro B
KOJIaOOpaTUBHOMY poOOTI peaiizoBaHuil pexxum «Power
and force limiting», To mogMHM Ta poOOTa MOXYTh
pyXaTHcsl OHOYACHO B OTHOMY poO04YOMY MpOCTOpi. Aje
.y TOii ke 4yac mofiOHi poOOTH BUMAraroTh JOAATKOBUX
CeHCOpIB, a TakoX po3poOku  Oe3TpaBMaTUYHOI
KOHCTPYKIIi (3a0Kpyrieni (opMu, M’ SIKII MaTepiaiiu).

O &)
/I\ /I
Protective

Stop

Safety-Rated
Monitored Stop

Slow Speed

Medium Speed

Puc 1. [Ipuknan 30HyBaHHS POOOYOro MPOCTOPY IS
pexxumy «Speed and separation monitoring

Pexxum «Speed and separation monitoring» nependavae
MOHITOPHHT IOJIOXKEHHS OrepaTopa i podoTa BiIHOCHO
OJIHE OJIHOT'O Ta 3HW)KEHHS MIBUAKOCTI 10 3HAUCHHSI, IPU
SIKii poOOT BCTHT'HE MOBHICTIO 3yMMHUTHCH JI0 3ITKHEHHS
3 JIIOAWHO. SIK ampTepHATHBA poOoOYa 30HA MOXKE MPOCTO
PO3IUIATHCH 1O 30HAM 1 TOJI IIBUIKICTH poOOTH poboTa
3aJIC)KUTh BIJl TOrO, B SAKIH 30HI 3HAXOAUTHCS OIEPATOP.
[Mpukmnan noniGHOro 30HYBaHHS 300pakeHo Ha puc. 1. B
uitomy pexum «Speed and separation monitoringy
JIOITyCKa€e OJHOYACHY poOOTYy poOoTa i JIOJAUHU B OHIN
pobouiii 30Hi, aje TonycKae MOBHY 3yIIMHKY po0oTa.

II. IcHyroui komepuiiiHi KoJabopaTUBHI

pobotu

Ha motouHuii MOMEHT 0araTo BHPOOHHKIB IPOITOHYE
KonabopaTUBHUX pPOOOTIB. 30KpeMa IiZiepaMu PHHKY €
HactynHi kommasii: Universal Robots, Fanuc, Techman
Robot, Rethink robotics, AUBO, ABB Ta inimi.

HesBaxkatoun Ha BEJIHMKY KUIBKICTH BHPOOHHKIB,
KOHCTPYKTUBHO  OLbllIa YacTWHA  KOJIA0OpaTHBHHUX
POOOTIB IIy’ke cXOrKa: 1€ MaHIIMyJIATOPH, IPU3HAYCHI JUIs
po0OTH 3 HaBaHTaKEHHSAMH BiJ 5 1o 35 kiymorpamis, siki
npaigorote B pexxumi «Power and force limiting». Ha
puUcyHKy 2 Ta 3 300pakeHO THUIOBI  3pa3Ku
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KonmabopatuBHUX poOoTiB Bapro 3BepHyTH yBary Ha
BiJICYTHICTh BHITUPAIOUMX €JIEMEHTIB Ta TOCTPHUX KYTIiB B
KOHCTpyKuii. lle BHKIMKaHO THM, IO PEKUM pOOOTH
pobota momyckae Oe3mocepenHiii KOHTaKT oreparopa Ta
MaHimysisropa 1 mMOAiOHI KOHCTPYKTHBHI — pillleHHS
JIO3BOJISIFOTH MIHIMI3YBaTH MOJJIUBI TPaBMHU.

Puc.2. Kona6opatusuuii pooor FANUC CRX-5iA

Bapro Big3HauuTH 1O 3’SBISIOTBCS  KOMEpLIiiHI
KonabopaTUBHI poOOTH, sIKi MPaLIOTh B pexuMi Speed
and separation monitoring. I{e po6or SWIFTI Big ABB.
[lepeBaroro 1p0ro podOTa € MOXJIMBICTH IIPAIIOBATH 3
BEJIMKOIO IIBUJIKICTh, SKIIO B JONMYCTHMIl 30HI BiJICYTHI
JIFOJIH.

Puc. 3. Universal Robots UR16¢

OpHi€er0 3  OCHOBHHX  IIepeBar  KOMeEpIiHHHX
KoJ1a0OpaTUBHUX POOOTIB Mepe]| KIIACHYHUMH € TIPOCTOTa
iX iHTerpamii, 3a paxyHOK MOXIIUBOCTI IPOrpaMyBaHHS
yepe3 nemonctpariito (hand teach mode, lead-through
teaching, force control teaching). Ilefi crioci6 nependayae
mo mnoTpiOHI MojoxeHHs Ta Aii poOora 3aaaloThes
IUIAXOM (DI3UYHOIO BCTAHOBJICHHA POOOTa B MOTPiOHY
MO3UII0 3 TOJAJBIIMM 3araM’ITOBYBAHHIM TO3HUIIIi.
TakoX BUPOOHHKH MaKCHMAJBHO CIPOIIYIOTh MPOrpaMu
Ul HalamTyBaHHS  pOOOTiB,  BHUKOPHUCTOBYIOYH
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KOHIICTIIII0 «no-code programmingy. Ha wili morysin
HaWKpamie JIeMOHCTPYE IIeH MiaxiJ o0onouka Juis
nporpamyBaHHs poooTiB ABB, npuknan nporpamu 3 sikoi
300pa’keHO Ha PUCYHKY 4.

mon cperations such as YuMi gripper control and
user documentation are all included inside this application s

———e = mfine |

Puc.4. [Iporpama ayist koadopatusHOro podora ABB

IIpore Ti Meromu 3a0e3medeHHS Oe3MEKH, SKi
BUKOPHCTOBYIOTBCS B KOMEPIIHHUX CHCTEMax JOBOJI
CHJIPHO BIUIMBAlOTh Ha INBUAKOAII0. ToMy po3poOka
HOBUX METO[IB 3a0e3leyeHHs] Oe3NeKH Ta MOKpaIleHHS
HIBUIAKOIT € akTyaabHuMU. Lle mocmimkeno B poboTi [5],
y SIKii BUBYAETHCSI METO/I KOMOIHYBaHHS BXKE ICHYIOUHMX
pexumiB pobotn Speed and separation monitoring and
force limiting Ta [6], MeTol MJOCTIIKEHHS SKOI €
OIITHMI3allisl TPAEKTOpii pyxy podoTa B OHJIAWH PEKHMI.
Takok MOCTIHHO Hie MONIYK HOBUX METOJIIB HABUaHHS Ta
NporpamMyBaHHS,  sIKI  NOKJIMKaHi  MaKCHMaJIbHO
CIPOCTUTH IHTETPaIlif0 POOOTIB Y BUPOOHUYI JIAHITFOXKKH.
30KpemMa BeqyThbCsl AOCITIKEHHsS B cepi BUKOPHCTaHHS
nporpaMyBaHHS Ha piBHI 3aBAaHb, SKUH 00 €aHYyE
eKCIIepTHI 3HAHHA Ta JOCBiA, HAaOyTWH mig dYac
YCHIIIHOTO  BUPILNIEHHS  peaJibHUX  IPOMHUCIOBUX
creHapiiB  [7], a TakoX pO3TJINAIOTRCS  CLeHapii
BUKOPHUCTAHHS IITYYHOTO IHTEJIEKTY.

Takok BapTO 3a3HAYMTH, IO NEPCIEKTHBHUM €
MOAAJIBIINN PO3BUTOK Ta 3aCTOCYBAHHS KOJIAOOPATUBHHUX
pobortiB B po3pisi konnentii Industry 4.0 [8].

3rigHo 3 iHpOpMali€o, SKy HAJalOTh BUPOOHHWKH,
KoJ1abopaTUBHI pOOOTH BUKOPUCTOBYIOTHCS JUIS:

- onepariii Tumy pick&place, copTyBaHHs, TaKyBaHHS Ta
PO3MIIIIEHHS Ha MaJIeTax;

- orepailiii HaHeceHHs KJIeiB, (pap0d Ta pO3UHHIB;

- onepamiii  oocmyroByBanHs CNC MamiwH, TIpeciB,
TEPMOIUIACTH aBTOMATIB;

- 1HCIIEKIIi1 BUPOOIB.

III. BucHoBKM

KomabopatuBHi poOOTH € JOCUTH IEPCICKTUBHOIO
TEXHOJIOTIEI0, TPOTe HE3BAXKAOYM Ha  HASBHICTH
KOMEpLIHHOr0 BUKOPHCTaHHS KOJIa0OpaTHBHUX pPOOOTIB
ISl TEXHOJIOTisI MOTPe0y€e MOIATBIIOT0 PO3BUTKY. MOXHA
BUIUIMTH HACTYIHI MEPCIEKTHBHI HANPAMKH PO3BUTKY
KOJIa0OpaTUBHUX POOOTIB:
- MOKpAIICHHs Oe3IMeKH Ta MIBUIKOIIT;
- HOBI METO/IM HABYAHHS;
- METOJIM BU3HAYCHHS JIOUIIBHOCTI 3aCTOCYBAHHSI

Taxox Ha3BUYANHUIMA iHTEepeC TIPEACTABIISAE
BHKOPUCTAHHS MITYYHOrO IHTENEKTY y KOMIUIEKCI 3
KoJlabopaTuBHUMH poboTamMu. Take 00’emHAHHI MOXKeE
BHKJITUKATH PEBOJIIOLIIO B MTPOMHUCIOBOCTI [9].

[Tepenik mocunanp
[1] Cobots" US Patent 5,952,796, filed 1997.
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BukopucTaHHs aBTOMaTH30BaHOT'O BUIIPOOYBAIBLHOTO
oOJIagHAHHS B CUCTEM1 KOHTPOJIIO SIKOCTI MPOAYKIIil
PaIl0CIEKTPOHHOI MPOMHUCIIOBOCTI

Onmner I'yproBuit

1

1. Kadenpa KITAM, XapkiBchkuii HallioHanbHui yHiBepcuTeT pamioenekTponiky, YKPATHA,
Xapkis, np. Hayku. 14., email: oleh.hurtovyi@nure.ua

Anomayia: B nanomy MaTepiai HaBeJCHO aHali3
ICHYIOYOI'0 aBTOMaTHYHOTO 00JIaJHAaHHS JUIS TIEPEBIPKU SIKOCTI
BHPOOIB PajioeeKTPOHHOI IPOMHCIIOBOCTI Ta HAIPsIMKIB Horo
TIOJITIIIeHHSL.

Knrouogi cnosa: XOHTPONb  SIKOCTi, aBTOMaTHU30BaHE
obnamHanus mist Bunpodysans, ATE, DUT, ICT, AOI

I. Beryn
HuHi 3 ycknanHeHHsIM (QyHKIIOHAIBHUX MOMKIJIMBOCTEN
inTerpasibHuX MikpocxeM (IMC), 31 30UIbIIEHHSIM IX
IHTerpalii, 1 MOCTIHHUM MPAarHEHHSAM J10 MiHIaTIOpH3aIlii
pazioeNeKTpOHHOI anapaTypd BUHUKAIOTh TPYAHOLI 3
KOHTPOJIEM 1 YIPaBIiHHAM SKICTIO Ta iarHOCTHKOIO

Opaxy iz qac BUPOOHHIITBA MPOIYKIIT
panioeneKTpOHHOT IIPOMHCIOBOCTI.

BrnpoBamkennss Bumor — cramaaptie  ISO - 9000,
MiJBUIICHHS JOCTOBIPHOCTI KOHTPOJIO SIKOCTI  Ta

JIaTHOCTUKU Opaky MpOAyKIii Ta ii CKIaJOBHX YaCTHH
(KOMITIOHEHTH, IPYKOBaHI IIaTH, EJIEeKTPOHHI MOYJIi)
BHMararoTh HasBHOCTI aBTOMAaTH30BaHOI, YHIBEPCAIbHOI,
IIBHIKOAIF0YOI Ta OI0/PKETHOI CHCTEMHU KOHTPOJIO SKOCTI
panioeneKTpOHHUX BHpOOIB y Tpolueci cepiifHoro
BUpOOHMLTBA. ICHYe axTyajgbHE HAyKOBO-TEXHIYHE
3aBllaHHS ~ CTBOPEHHS  aBTOMATH30BaHHX  CHCTEM
KOHTpOJIIO SKOCTI Ta TIOJIMIIEHHS XapaKTEPUCTHUK YKe
HasIBHUX CHCTEM.

Jlana pobOora Mae Ha MeTi aHaNi3 MOMJIMBOCTEH
Cy4acHOro aBTOMAaTH30BAHOTI'O BUTIPOOYBAIBHOTO
o0JlaJiHaHHS Ta BU3HAYEHHS NEPCIEKTHBHUX HAIPSIMKIB
HOro po3BUTKY.

II. KoHTpo:b sikoCTi BUPOOHULITBA €IEKTPOHHOT
amapartypw, ate Ta iXHi BUAH

Bumorn skocti 10 mpoaykmii  pajioeneKkTpOoHHOI
MIPOMUCIIOBOCTI BU3HAYAIOTHCS SIK 3arajlbHUMHA BUMOT'aMHU
o sikocti cranmaptamu [SO 9000, Tak i BUMOraMu o
OKpeMHUX BUIB EIEKTPUYHUX NPWUIAMIB Ta IXHIX
ckmazoBux yactuH - craHgapramu  MEK  (IEC),
BUMOTaMH JI0 sIKOcTi ApykoBanux mwar (JIT) i masHMX
3'enHadb - craHgaptamu ICP, a Takox nep>kaBHUMH
cra"gapramu Ykpainu - JICTY, 3okpema ICTY 3021-95
[1].

[lix ywac MacoBoro BHUpPOOHMITBA IepenOAYAETHCS
3aCTOCYBaHHS BUOIPKOBOTO KOHTPOJIIO MPOAYKTY, ITijl 4ac
SIKOTO Or0 BUIPOOOBYIOTh MAaKCHMaJIbHO MOBHO, OJHAK
TaKUA KOHTPOJIb HE MOXe 3a0e3leuuTd IIOBHE
BUKJIIOYEHHsSI BHIAJKIB MpOMYycKy Opaky, a cKopilie
MiATPUMYE HEOOXiIHMH piBEHb SKOCTI BHUPOOHMITBA.
Ineamsaum  konTposmem € 100%-Ba mepeBipka BCiX
mapaMeTpiB BUPOOIB Ha BCIiX BHUPOOHHYHX OIEPAIlisX.
OpHak y IbOMY BUNAJAKY BUHHKAIOTh BEJTMKI EKOHOMIYHI

Ta TEXHIYHI TPYAHOLI, NOB'A3aHI 3 HEOOXIJHICTIO
BUKODHCTaHHS  BEIMKOI  KUIBKOCTI  KOHTpONIEpiB 1
JIOPOrOr0  BUMIPIOBAJILHOrO  OOnamHaHHA.  Tomy
HEOOXiMHUH  PO3YMHHH  KOMIIDOMIC Y  ITOKPHTTI
nepeBipkamMu  (TecTamMu) BY3JIB BHpPOOY, KOHTpOJIEM
JIOTPUMAHHS TEXHOJIOTIYHMX BHUMOI' 1 TEPiOIUYHIM
perenbHUM  BUOIPKOBMM ~ KOHTPOJIEM 3  IIOBHOIO

MIepeBipKOI0 BUPOOY.

Uum MeHmi BuTpaTH Ha "Xopoury" sKicTh (KOHTPOJb
MPOAYKIii, TOTPUMAHHS TEXIPOILECY TOIIO), TUM OLIBIII
BuTpatd Ha 'moraHy" sKicTh (peMOHT  Opaky,
BIJIKJIMKaHHS  BHUPOOJIEHOI MPOAYKIIi, pemyTariiHi
BUTpATH TOMLIO) - IUB. May. 1 [2].

lusternal I'l, {Total Cost
and \ut Quatiny

Fueenal | |

Failure

Caosi \

Cosi (§)

of Poor Quality

— Total Cost of Qundity

Quiality

Poor Quality

Amzing Quality
(100% Defect)

{100% Confarming)

Puc. 1. CriBBiAHOIICHHS BUTPAT Ta SKOCTI MPOIYKIIii.

ABTOMAaTH3allisi  TMEpeBIpOK  SIKOCTI  MPOMYKIIi
MIPUCKOPIOE TIPOLIEC BUPOOHMITBA, 3HIKYE BHPOOHUUI
BUTpaTH, TapaHTye MOBTOPIOBAHICTh  PE3YJbTATIB

nepeBipku Ta 3abesneuye 30ip JaHWUX MiJ Yac YChOTrO
LUKy BUTOTOBJICHHS BHPOOY Ta WOro CKJIaJOBUX
YaCTHH.

VY nporeci BUpOOHHIITBA PaliOeIEKTPOHHOI arapaTrypu
nepe0avaloThCsl TaKi BUAN KOHTPOIIO SIKOCTI:

- BXITHMH KOHTpPOJb (TepeBipka BCIX ITOKYITHUX
BUpPOOIB Ha Bi/NOBIAHICTh TEXHIYHHUM YMOBaM) - MiCTUTh
IHCTpYMEHTaJIbHUI KOHTPOJb MapaMeTpiB KOMIIOHEHTIB,
Bi3yaJIbHUI KOHTPOJIb MapKyBaHHsI, IMOUIYK KOHTpahaxkTy
(HanpuKIaJ TOPIBHSHHSAM  PEHTTEHIBCHKOTO  3HIMKa
BHYTpIIHBOI cTpykTypu KommoneHTa (IMC) 3i 3HiMKOM
3pa3KoBOI0 KOMITOHEHTA). BxiHuit KOHTPOJIb
KOMITOHEHTIB MOXKe oyru 3HAYHOIO Miporo
aBTOMAaTH30BaHUM;

- MDKoIepalliiHuii ~ KOHTpoib  (TepeBipka  3a
TEXHOJIOTIYHUMH KapTaMH 1 KPECIEHHSAMH) - JUIs
JIPYKOBaHMX IUIAT 3 KOMIOHEHTaMU aBTOMAaTHU30BaHUH Ha
100%, wMicTUTh cHCTEMH aBTOMAaTHYHOI Bi3yaJbHOI
iHCcmeKIii  SKOCTI  HAHECEHHS  MasulbHOI  IIacCTH,
aBTOMAaTUYHOIO KOHTPOJIIO MalKu, PEHTIeHIBCHKHUI
KOHTPOJIb SIKOCTI MasiHUX 3'€THAaHB;

- BUXIJHUI KOHTpPOJb (IIEpeBipKa TOTOBOI MPOAYKIIiT)
BUKOHYETBCS SIK BidyanpHuM ormsggoM JII, Tax i
creHAaMu  (QYHKIIOHAJBHOTO  Ta  EJIEKTPUYHOTO
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KOHTpOJIIO, TaKOX 3HAYHOIO MIipOH aBTOMAaTH30BaHHN
IIPYU MacOBOMY BUPOOHHIITBI;

- KOHTPONIb SIKOCTI TexmporeciB (mocTiiiHuit abo
BUOIPKOBUI KOHTPOJb MapaMeTpiB TEXIpolecy Ha
BIJIMOBITHICTh BUMOT'aM TEXHIYHOI JOKYMEHTAIIi1), MOXE
Oyru aBTOMaTHU30BaHUM, SIKIIO 3aCTOCOBaHE
TEXHOJIOTIYHE OOJIQJIHAHHS MAa€ MOXKJIMBICTH KOHTPOIIIO
CBOIX OIEpaIliifHUX MTapaMeTpiB.

Sk IHCTpYMEHT TIepeBipKH B CHUCTEMaX KOHTPOIIO
SIKOCTI  TIPOAYKINI PaaioCNeKTPOHHOI MPOMHUCIOBOCTI
BHCTYIIA€ aBTOMAaTHYHE/aBTOMAaTH30BaHE BUIIPOOYBaJIbHE
oomamHanus (ATE —  Automatic/Automated Test
Equipment).  BumpoOyBaHuii Bupi0O B aHIJIOMOBHIH
JiTeparypi npu npomy BuzHauaeTbesi sk DUT - Device
Under Test.

Humni ATE-cucremu HaOynn HaNIIUPIIOro
MOIIMPEHHS, 1X PO3POOKOI0 3aiiMarOThCA  MPOBIIHI
¢ipMu-BupoOHuKH, Taki sk National Instruments (NI),
Advantest, Chroma ATE, Roos Instruments, Teradyne,
STAr Technologies, Xcerra Corporation. ATE-cucremu
JUIi  KOHTPOJIO  SIKOCTI ~ CBOrO  BHPOOHHIITBA
BukopucToByloTh Honeywell International, Northrop
Grumman, Lockheed Martin, Boeing, Ball Aerospace &
Technologies, Raytheon Technologies. ATE-cucremu
IIMPOKO  3aCTOCOBYIOTh Y  HaIIBIPOBIIHUKOBIN
MIPOMUCIIOBOCTI, BHUPOOHUIITBI MOOYTOBOi E€NEKTPOHIKH,
MEIWYHOI TEXHIKHM, BHPOOHMIITBI CIECKTPOHIKU IS
aBTOMOOIJTbHOI Ta aBialliifHOI IIPOMHUCIOBOCTI Ta B
TeleKOMyHiKaliiHii ramy3i. Y 2019 p. punok ATE
OLIIHIOBAJIM B 6 MJIPA. JIOJ. J0JapiB 3 OYIKYBaHHSIM HOTO
3pocTaHHs Ha 3 Mupa. monapis mo 2027 p. [3].

Haiinpocrimi ATE sBistfore  co0or0  BUMiproBadi
Hanpyru Ta omopy. Cxianni komruiekcHi ATE-cucremu
MICTATh Y €00l pi3He BHUIIPOOYBajJbHE YCTATKYBaHHS 1
MeXaHi3MH Ta 3[aTHI BUKOHYBaTH BHCOKOPIBHEBY
€JIEKTPOHHY MiarHOCTHKY, 5K, HAIlpUKIaJ, TECTYBaHHS

KpEMHI€BHX IUTACTHH Ha BHPOOHHUIITBI
HAITiBIIPOB1THUKOBHUX YUIIIB. ABTOMaTH3a1is
BUKOPUCTOBYETHCS  JUII BUKOHAHHA  MaKCHUMAaJIbHOI

KUIBKOCTI MEPEBIPOK 1 3MEHIICHHS Yacy BUIPOOYBaHb.
[epeBipkyu B pi3HUX KOHTPOJBHUX TOYKAX BHKOHYIOTHCS
napajeabHO 3aBJISIKU BEJIHKIH KUTBKOCTI
BUKOPHCTOBYBaHHX BUMIipPIOBAJbHUX KaHAJIB 1 IIyMiB (10
1024 nrymiB y cydacHUX CHCTEMax).

3aranpHa ocobnuBicTh ycix ATE - moiHO BHSBJIEHO
BUXIJ] 32 MeXi JOMycKy xo4a O OJHOro 3i 3HaueHb
napamerpiB, IO TEPEBIpSIOThCA, YyCi  IepeBipKH
3YNUHSIOTBCS, @ TPHUCTPiH, MO0  IepeBipseThCs,
BiIOPaKOBYIOTh, IO /A€ 3MOTYy CKOPOTUTH TPHUBAJICTh
TIepeBIpKH Y 3B'SI3KY 3 11 MOJAIIBILIOI0 HEAOUIIBHICTIO.

Cyuacui TtunoBi ATE-cucremu cknamaroTees 3
HACTYITHHUX CKJIaJIOBUX YaCTHH:

- AnapaTHa YacTHHA, IIIO0 MICTHTh Y c00i cepBepH abo
poboui  cTaHIii, JpKepena OKMBICHHSA, CTIHKH 3
PI3HOMaHITHUMHU MOAYJISIMH, BKIIIOYHO 3 iHTep(deiicHuMHU
MOJYIISIMH, KOHTpPOJEpaMH, MOIYJISIMH aHAJIOTOBUX
BXO/1iB/BHXO/IiB, IU(POBUX BXOJIiB/BUXO/IIB TOLIO.

- Ilporpamue 3a0e3neueHHs Uil YIPaBIiHHS
repeBipKaMu/BUITPOOYBaHHSIMH, 300py JTaHUX,
30epiraHHs, aHaNi3y JaHUX 1 GOpMyBaHHS 3BITiB

- [HCTpYMeEHTH BHUITPOOYBaHb - IU(PPOBI MYJIBTUMETPH,
BUMIpIOBadi 1HAYKTHBHOCTi, eMHOcTi Ta omnopy (LCR),
udpoBi ocipiorpadu

75

- JIxepesa CUTHAIIIB - TeHEpaTOPU CUTHAJIB JOBLILHOT
¢opMu,  (QyHKIIOHANBHI ~ T'eHEpaTOpH, TE€HEpaTopH
IMITYJIBCIB, PaJliO4acTOTHI TeHEPATOPH

- TecroBi mnpoOHMKM ab0 MaHIMYIATOPH IS

BCTaHOBJEHHS  KOHTaKTy  MDK  BHIPOOYBaJBHUM
IHCTPYMEHTOM 1 BUPOOOM, IO IEPEBIPSETHCS
Juns  mepeBipkn  SKOCTI  NPOAYKLIT  MOXYTh

BHKOPUCTOBYBATUCS pIi3HI METOOM Ta OOJaJHAHHS,
HAIPHKJIA] CHCTEMH KOMI'IOTEPHOTO 30py Uil aHaTi3y
SIKOCTI 300pakKeHHs eKpaHiB IU(POBHUX TeNeBizopiB [4]
ab0 aHaii3 (GopMHU CHTHAY OCHHIOrPa(iuHUM METOIOM
[5]. Takox po3pOOIAIOTHCS CICIliaibHI METOTUKHU IS
TECTyBaHHS OKPEMHX BY3IIiB €JEKTPOHHOI amaparypw,
Harnpukian anapatypu 3 RFID [6].

SAx ocuoBa ATE MOXyTb BHKOPHUCTOBYBATHCS
napameTpuy4Hi BuMiproBanbHi By3nu - PMU (Parametric
Measurement Unit) - TuB. puc. 2, 31aTHI BUKOHYBATH TaKi
orepartii:

1. BumiproBaHHs Harpyru

2. BumiproBaHHs CTpyMy

3. ®opMyBaHHS 331aHOI HAPYTU
4. ®opMyBaHHS 33JaHOTO CTPYMY
5. BuMiproBaHHS CTPYMiB BUTOKY

Driver/Comparator/Load

Fxting Pin Electronics

Timing

Genarator
e |
[ | | __'.—|_| %
Retay T DUT
;’::9 N
- | | Cparasitic

)

- FACS % Relay

ADCs PMU

L

Puc.2. bnok-cxema Brirouenns PMU B tectep IMC.

Jus  mopiOHMX cHcTeM  PO3pOOJISIOTH  BIATIOBIAHY
METOOJOTIIO [7].

Cyuacui Ttunu ATE-cuctemM y paaioeneKTpOHHIN
MIPOMHUCIIOBOCTI [8]:

1) Cucremu mnepeBipku apykoBanux 1iar (PCB
Inspection Systems) - KIFOUOBHIA €IEMEHT BUPOOHHYOTO
mpolecy 1 BKpail Ba)XJIMBHH y pa3i BUKOPUCTaHHS JIHIN
aBTOMAaTUYHOI'O MOHTaXXY APYKOBaHHX ILUIaT. BinnosiaHi
CHCTEMH:

- aBTOMAaTHYHOL
HAHECEHHsSI MasuIbHOI
inspection)

- aBToMaTHYHOro KOoHTpoiro maiku (AOI - automated
optical inspection) - BHKOPHCTOBYIOTH TEXHOJOTIi
KOMIT'IOTEPHOTO 30py, 3JaTHI TEPEeBIpATH HasBHICTh
ne(eKTiB y MaiIl, MPaBUIbLHICTE MOHTaXY €JIEMEHTIB i
ixupoi opienranii Ha JII. [Iy)xe BHCOKa IIBHIKICTh
MepeBipKy, ajle BUMAararoTh 3HAYHUX BHUTPAT 4Yacy Ha
HaJIAIITYBaHHSI.

- PEHTTeHIBCHKOTO KOHTPOJIIO SKOCTI MasiHUX 3'€/IHaHb
(AXI - Automated X-Ray Inspection) - 31aTHI BUSIBISITH
BHYTpilHI  AedeKTH nasHuX 3'€AHaHb (HASBHICTH
MOPOXKHEY), Hapa3i OTPUMYIOTh IMHUPOKE 3aCTOCYBAHHS
JUISL KOHTPOJIIO po3natoBaHHs BGA-kopmyciB MikpocxeMm,
BUBOJM SIKMX € HENOCSHKHUMH IIiJi 4ac ONTHYHOI'O
KOHTPOITIO.

2) Cucremu enextpokoHTpointo (ICT - In-Circuit Test)
- BEJIUKY KUTBKICTh KOHTAKTHUX INTHPIB il €IHYIOTH 10

SIKOCTI
paste

Bi3yaJIbHOI  1HCHEKIIi1
mactu  (SPI - solder
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KOHTaKTiB Ha IUIATi 3 KOMIIOHEHTaMH JUIS BUMIpPIOBAHHS
OITOpY, EMHOCTI Ta IHIINX MapameTpiB MiXk KOHTaKTaMH 1
BHBOJIAMU KOMITOHEHTIB, Ta TOJAJIBIIOTO MOPIBHIHHS 31
3pa3sKOBUMH  3HAUSHHSIMH, 30KpeMa 3a HasBHOCTI
JKUBJIEHHS - pHC.3.

[lepeBara Takux cUCTEM Yy IIBUAKOMII, IIBUIKOMY
TepeHaNaIITyBaHHI, 3pY4HOCTI iHTeprpeTamii
PE3YABTATIB MEPEBIPKU - 3HAXOKEHHI MICII 1 PUUUHH
nedekTy. SIKIo y HasBHOCTI € TOCTYI IO BCiX JIAHITIOTIB
JIT - i cucremu 31aTHI BUABISTA 10 98% Opaky.

Puc.3. Exextpoxontpons JI1.

Hemoniku - y 3B'I3Ky 3 TCHICHIIIEIO CYYacHOI TEXHIKH
no Oimpmoi MiniaTopusauii, #va JII1 wacto BiacyrHs
MOXITUBICTB ITiJT'€THATHCS 10 KOHTAKTIB, a CaMi KOHTaKTH
BIUIMBAIOTh HA CUTHAJIBHI JIAHIIOTH, HA SKUX BOHHU
pO3TalIOBYIOThCS. TOMY MpHM IIUIBHOMY MOHTaXi 1
TpacyBaHHI JOCTYN KOHTAKTHHUMH IITHPSIMH JIO TOYOK, B
SIKUX HEeoOXiTHO MIPOBOJIUTH BHMIpPIOBaHHS,
YCKJIaTHEHHH. AHAJIOTiYHa CHTYallisl i3 3aCTOCYBaHHSIM
OaraTroniapoBux JAPYKOBaHMX IUIaT. TakoX CHUCTEMH
CJIEKTPOKOHTPOJII0 ~ BUMAararoTh  po3poOJIeHHS  Ta
BUTOTOBJICHHSI CHELiabHUX (hIKCaTOpiB sl  Pi3HUX
koHTypiB JII. ¥ nesxkux Bumagkax MOMIIUBHN PHU3HK
BUXO[Y 3 JIaJy NPOYKTIB, IO MEPEBiPSIIOTHCS, BHACIIOK
BIUIUBY CTPYMiB BHTOKY.

Cucremu mepeBipku JIII cmiibHO 3 cHCTEMaMH
CIIEKTPOKOHTPOJIIO 3JaTHI BHUABIATH HACTYIHI BHIU
nedeKTiB 1 mopylIeHb Texmporecy MoHTaxy JI1 - mus.
tabn. 1[9] Sk cBiguute 3 TAaONWIN, TUIBKKM CYKYITHE
3aCTOCYBaHHS JEKIIbKOX THINB CHCTEM IEPEBIpKH Jae
3MOTy BHSIBUTH Ta YHHUKHYTH MaKCHMaJlbHOI KiJBKOCTI
nedexTiB MOHTaXy APYKOBAaHUX ILIAT.

Tabnuu 1. Tunu nedexTiB, 110 BUSBISIOTHCS PI3HUMHA
ATE

Bunn nedexris AOI | AXI | ICT
1 2 3 4

JedexTn naiiku

OO6puB naHIEora + + +

3aMMKaHHS IPUIIOEM CYCIJIHIX + + +

BHBOJIiB

Hecraya npunoro + + -

KaBepHu BcepeiuHI Haiiku - + -

Hapnumox npunoro + + -

SIKiCTb NIpUIIO0 - + -

JledexTr KOMITIOHEHTIB

ITigasTi BUBOAM + + +

[Mpony1ieHi KOMIIOHEHTH + + +

HenpaBuiibHO opieHTOBaHI + + +

KOMIIOHEHTH a00 BCTAHOBJIEHI ITiJT

KyTOM
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[IpomorxeHus Tadmur 1

1 2 3 4
HenpasuiipHi HOMiHAIK - - +
KOMIIOHEHTIB
KomnoneHTy, 1110 BUHIILIY 3 Jagy - - +
Jedexrn monTaxy BGA-
KOpITYCiB
3aMHKaHHs BUBOIB - + +
Henpomnaii BuBoziB - + +
BupoOuuui  anamizatopu  gedekriB (MDA -

Manufacturing defect analyzers) sBisIOTE CO00IO
PI3HOBHUJI CHUCTEM €JIEKTPOKOHTPOIII0, MPOTEe MpU3HAUEHI
BUSIBJIATH TUIBKU BIJICYTHICTH KOMIIOHEHTIB, OOpHB 200
KOpOTKE 3aMHKaHHS JIaHIIIOTIB, IO MEepPeBipsIOTHCS, 00 He
nepenbavaroTh MmiA'€qHaHHA okuBiIeHHA 1m0 JII, mo
MEPEBIPSETHC, OMHAK, BIAMOBIAHO, MAOTh MEHIIY
BapTicTh, nmopiBHsHO 3 ICT.

3) Cucremu 3 BHKOPHCTaHHSIM IepudepiiiHoro
ckanyBanHsa (JTAG Boundary scan testing) - 3acHoBaHi
Ha 3actocyBanHi iHTepdeiicy IEEE1149.1 (JTAG - Joint
Test Action Group) a6o IEEE1687 (IITAG) [10], mo €
OMHMM 3 OCHOBHHMX IHCTPYMEHTIB aBTOMAaTHYHHUX
MepeBipoK, 10 HAJAIOTh MOXIIUBICTH  IEPEBIPOK
¢yukionyBanns IMC B pi3HHX peXuMax y BUIISII
MepeBipKM  MOCHIJOBHOCTI JaHHWX, IO ITONAIOTHCS Ha
TIOPTH BBONLY/BHBOLY.

4) Cucremu (QyHKIIOHAJIBHOTO KOHTPOIIO - Ti, IO
nepeBipsoTh  (QYHKIIOHYBaHHS BHpOOy abo Horo
CKJIaJIOBMX YaCTHH 1]l 4ac MMOJAaHHs HA HbOTO YKUBIICHHS:

- FATE - Functional Automatic Test Equipment -
CHCTEMHU 3 BUKOPUCTAHHSM HU(PPOBUX (YHKIIOHATHHUX
TecTepiB, 3JaTHUX TMOJAaTH Ha BXiA BHPOOy, MO
MepeBipsEThCS, 3aJaHuil CUTHAN, SKAH Maibke abo
MOBHICTIO iMiTye crpaBxHid. Taki cucTeMH 31aTHI
IIBUIKO BH3HAYAaTH TMpale3NaTHICT, BHPOOY, aje
HE3/laTHI  JIOKaJi3yBaTM MO0 HAa  HECIPAaBHICTB,
BU3HAYUTHU NPUYMHY OpaKy Mpane3aaTHOCTI.

- Rack and stack test equipment - y criifikax i3
BukopucTaHHsIM mpotokony GPIB (HS-488) (mBuakicts
oominy manumu no 8 Mb/c) ans mmum nanux IEEE-
488.1 3ampomnoHoBaHoro (ipmoro National Instruments.
Jlns  HammcaHHS —MporpaMHOro  3a0e3nedeHHs  Juis
MepeBipOK  MOXKe BHKopucToByBaTHCS LabView. Lli
CHCTEMH IOCTYIIOBO HaOyBalOTh 3aCTapiJiOCTI uyepe3 Te,
mo 3aiiMaloTh OaraTo Micus Ta IXHbOI IIBUAKOMIT BiKe
HEOCTaTHhO JUISi  TECTYBaHHS  BHCOKOIIBHUIKICHHX
JIAHIIIOTIB Ta iHTep(eiciB.

- Chassis or rack based test equipment - y cTifikax abo
I1aci Ha OCHOBI OUTBII IIBUAKOMIFOYMX IIIWH, HATIPUKIIA
PXI (mBuakicte o0Miny nanumu 1o 264 Mb/c 64-
PO3PSITHOIO IIMHOIO) - AWB. pHC. 4.

Puc.4. Tlpuknan obiagHaHHS 3 BUKOPUCTAHHSM IIUHU
PXI

3araqbHUH  HENONIK  cUCTeM  (DYHKI[IOHAJIBHOTO
KOHTpOJIIO - IXHSl CHPSMOBAHICTh Ha TNEBHHUU IPOIYKT,

19-20 October, Kharkiv, Ukraine



CKIAMHICTh  IMEpeHANAINTYBAHHA HA  IHIIMH  BHA
MPOAYKIii, HEOOXiAHICTH PO3POOJCHHS MPOrPaMHOIO
3a0e3MmeueHdss  mjg  TECTOBI  IOCTIJOBHOCTI, IO

BIJIPI3HSIOTHCS BiJ 3afaHux. Bce 1e 3HayHO 30LIBIIyE
1XHIO BapTICTh.

5) Komb6iHoBaHi cucTemu, MmO O0'€IHYIOTH y 0Ol
OJIHOYACHE BUKOPHUCTAHHS JICKIJTBKOX i3 IepepaxoBaHUX
BHIIC CHCTEM.

Haiinommpenimi mnpobieMn Ta CKIAJHONII, IO
BHHUKAIOTh il Yac pO3POOJICHHS, BHKOPHCTAHHS,
obciyroByBaHHsi abo monepHizanii ATE, Bkimtouarots y
cebe mpoOieMu CyMICHOCTI amapaTHOi Ta MPOrpaMHOl
YaCTHUH, TPYAHOIII 3 PO3POOJCHHSAM ITOCIITOBHOCTEH
BUKOHAHHS TEpeBipok 1 KoHpirypamii mig HUX
o0liajiHaHHS, HEOOXIJHICTh y BHUCOKOKBaJIi(hiKOBAHOMY
nepcoHayi. baxkaHo, 100 MOXIHMBICT MEPEBIPUTH
MaiOyTHIH BHUpIO Oya0 3akiaJeHO IIe Ha eTari

pO3pOOJIEHHST 3  ypaxXyBaHHSM  YCTaTKyBaHHs, IO
BUKOPHCTOBYETHCSI HA BUPOOHUIITBI.
[II. BucHoBKM

CyuacHi ATE-cucreMn OXOIUTIOIOTH — HAWIIMPLIMA

CICKTp PI3HOMAHITHOIO Cy4acHOTO OONamHaHHA 1
MOCTIHHO BIOCKOHATIOIOTHCS. MOXKHA BUAUTUTH TakKi
HAIPSMKH:

1) ABTOMaTH3AITISA MaKCUMaJIbHOL KUTBKOCTI
orepamiii 3 KOHTPOIIO, IIOBHE BHKIIOYCHHS BIUTUBY
JIIOJICHKOTO (haKTopa Ha pe3yIbTaTH BUIPOOyBaHb

2) [HTerparniss 3aco0iB KOHTPOIIO SIKOCTI B €/IWHE
cepenoBuIle

3) Posmupenns TECTOBOTO TIOKPUTTA
BUIIPOOYBaHOrO  MPOAYKTY,  rapantyBaHusa  100%
Mpane3aaTHoCcTi BUPOOY 1 BCIX HOro CKIaJOBHX YaCTHH
Ticiist KOHTp oo, koMOinyBanHs ATE-cucrem

4) 30ip Ta aHaNi3 CTaTUCTUYHUX JaHUX 3a
pe3yIsTaraMu  TEepeBipOK BHPOOYy 1 XapaKTepUCTHK
TEXHOJIOTTYHUX poLeciB Ha T ATTPUEMCTBI,

MIPOTHO3YBaHHS HaJiHHOCTI BUpPOOIB 3a pe3ylsraTamu
niepeBipku [11], 3acToCyBaHHS MAIIMHHOT'O HABYAHHS

5) 3HmwkeHHs BUuTpar Ha ATE nuisxoMm onrumizartii
ITiJ] IeBHI TIOTpedu

6) [Migeumenns mBuakonii ATE 1 3HmwkeHHs 4acy
MepeBipOK, ILIIXOM 3aCTOCYBaHHS BHCOKOIIBUIKICHHX
3aco0iB BHMIpIOBaHHS Ta OOpOOKM pe3yiabTaTiB 1
po3TapaienoBaHHs onepalii IepeBipKu

7)  Po3poOka HOBMX METOIUK BHIPOOYBaHb 3
ypaxyBaHHSIM CYy4aCHHX JIOCSITHEHb HAYKH 1 TEXHIKU.

[Tepenik mocunanp
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Bix 1996-01-01). K.:/lepxcriokuBcTaHAapT Y KpaiHu,
1995, 70 c.

[2] Philip B. Crosby. Quality is Free. New York:
McGraw-Hill. 1979. ISBN 0-07-014512-1.

[3] Brett Daniel. What Is Automatic Test Equipment
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[4] A.N. Rau. Automated test system for digital TV
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International Conference on Consumer Electronics.
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ted_test_equipment

[10] M. Portolan. Automated Testing Flow: The Present
and the Future: IEEE Transactions on Computer-

Aided Design of Integrated Circuits and Systems
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CnocoOu ymOCKOHAJICHHS MOXYJIS aBTOMATHYHOTO
yIpaBIiHHS TEPETBOPIOBAaYa HAIpPyru
OJIOKY JKHMBJICHHS €JICKTpPOpoOOKapa

Hmutpo Jlobanos

1

Jleonin IBanos'

1. Kadenpa KITAP, XapkiBchkuii HallioHANbHUI YHiBepCUTET pajioenekTponiku, YKPATHA,
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Anomauyin: 'y paHiii po0OTI PO3MIISAAETBCS IHUTAHHS

YIOCKOHAJIEHHA  MOAYISs  aBTOMAaTHYHOIO  YIPaBIiHHS
[IepEeTBOPIOBaYa Halpyru OJIOKY XKMBIICHHS €JIEeKTPOpoOOKapa.
TexHiuHI acCHEKTH LBOrO  YAOCKOHAIEHHS  BKIIIOYAIOTH

onTuMizalito Tononorii iHBepropa, BHOIp Ta ONTHUMI3aLi0
HAITliBIIPOBIJTHUKOBUX  KOMIIOHEHTIB, pO3pO0Ky  CHUCTEMH
TEPMOpETy/IIOBAHHS Ta aJrOPUTMIB ynpasiiHHsA. HaniiHicTs Ta
Oe3neka TAaKOXK € BAXIMBUMM acleKTaMU YIOCKOHAJICHHS,
BPaxOBYIOUM CTBOPEHHS CHCTEM aBTOMAaTHYHOIO 3aXMCTy Ta
BUSIBJICHHS HECIIPAaBHOCTEH, a TaKoX IOTPUMAaHHsS CTaHAAPTiB
€JIeKTPOOe3NeKH Ta 130JIs1Iii HeOe3MeYHNX eJIEMEeHTIB.

Kniouoei cnoea: ynocKoHalCHHs, aBTOMaTUYHE YIIPaBIIiHHS,
[IEPETBOPIOBAY HAIPYTH, OJIOK )KUBJICHHS, €I1EKTPOPOOOKap.

I. Beryn
Brnok >xuBneHHs — 1€ BTOPUHHEC HKEPEJIO KUBJICHHA,
MIPU3HAYCHE JUIIsL 3a0e3meueH s JKUBJICHHA
eJIeKTpOoNpuiIaay  €JIeKTPUIHOIO EHEepri€lo, pu

BiJITIOBITHOCTI BUMOTaM Ii apaMeTpiB: HANPYTH, CTPyMYy
TOLIO INUIIXOM TIEPETBOPEHHs] E€HEeprii I1HIIMX [pKepel
skuBneHHs [1].

Pucynok 1. Cy4acHuii OJIOK >KUBJICHHS JJIS
enexTpopobokapiB ¢ipmu Aiways (KHP)

Ha puc.1 npencraBieHnil 30BHIMIHIA BUTIISAA Cy4acHOL
akymyssitopHoi 6atapei (AKD), sika BUKOPHUCTOBYEThCS Y
SIKOCTI OJIOKY JKUBJICHHS VTS Cy4JaCHHUX
eNeKTpopoOoKapiB. AxymynsaTopHa Oatapes ¢ipmu
Aiways, EMHICTh SIKOi CTaHOBHUTbH 63 KBTI, Mae ceHBid-
CTpYKTYpY (TOOTO OaraTomapoBuii OyTepOpoj): BOHA
CKIaJaeThCcsi 3  OCEpelKiB, pajiaTopa  CHCTEMH
OXOJIOJDKEHHS Ta i3omorodoi muth. | came i3omoroua
IUTUTa BUKOHYE POJIb INMUTA: BOHA PO3TAIIO-BYETHCS MiX
paaiaTopoM i ocepenkamu, i B pasi medopmarii
OJIOKY HE IOMYCKAa€ MPOTIKAHHSI OXOJIOKYIOUOI PiIMHU
(xomomoareHry).

HepeTBomeaq Harpyru - e HpHCT’piﬁ, 3a
JOIIOMOI'OXO SAKOIro SHiﬁCHIOGTLCH NEPETBOPCHHA
eJ'IeKTpI/I‘IHO.l. eHepri'l' JIIA 3apAIHKCHHA JKEpe
JKUBJICHHA.

HpI/IHHI/IH NEPETBOPIOBAHHA HANPYru HABCACHO Ha
puc.2.

TeHepaTny
[epeTEOpIoEaY ¥ IMAYNECIS TpancopmaTop
NOCTAMY HENPYTY afio YA ToTH
Mepewa 2208

=

MepeTaoposay

¥ AOCTIHY
HEnpyTY

BuxidHa Hanpyaa

Pucynok 2. ®dyHKIIOHAIBHA CXeMa IIPOCTOr0
MIEpeTBOPIOBAYA HANIPYTH

[Nepmmii 010K 3IifiCHIOE TIEPETBOPEHHS 3MiHHOL
HaNpyru Mepexi B mocriiHy. Takuil mnepeTrBoproBay
CKJIaZIa€ThCsl 3 TIOAHOIO MOCTY, IO BHIPSMIISE 3MiHHY
HaNpyry, 1 KOHJAEHcaTopa, L0 3INIAJPKYE IyJbcarii
BUNPSIMIIEHOT ~ Hampyru. Y  1bOMY OJIOHi  TaKox
3HAXOJATHCS JIOJNATKOBI eleMeHTH: (iIbTpU MepeKeBOl
HaNpyrd BiJ Myjdbcalliii TreHepaTopa IMIYNIBCIB 1
TEPMICTOPH Ul 3TVIaJPKyBaHHS CTpUOKa CTpyMy B
MOMEHT BKIIoYeHHS. OJHaK IUX €JEMEHTIB MOXeE He
OyTH 3 METOIO 3201 KEHHS Ha CO01BapTOCTI.

TexHiuni aCIeKTu YIIOCKOHAJIEHHS MOZyJIs
aBTOMAaTUYHOI'O YIPaBIiHHSA II€PETBOPIOBaYa HAINPYTH
OJIOKY JKHMBJICHHS €JIEKTpOpoOOKapa BKIIOUYAIOTh B ceOe
HACTYITHI MyHKTH:

1. OnTrMizalis TOMONOTIT iHBepTOpa:

Po3pobOxa onTHManbHOI eeKTPUIHOT CXEMH
IHBEpTOpa I MakcuMizallii e)eKTUBHOCTI poOOTH Ta
MiHiMi3amii BTpart eHeprii.

Bubip TUILY iHBEpTOpa (HanpuKIam,
onHoda3Huii abo TpudaszHUii) BIANOBIAHO 10 MOTPeO
CHCTEMH.

2. Bubip Ta ontumizallis HarmiBIPOBI THUKOBHX
KOMITOHEHTIB!

Bu0ip Ta ontuMizanisi NOTY)KHHX TPaH3HCTOPIB
(mampuknan, IGBT a6o MOSFET) mnis 3abesnedeHHs
BHCOKOI IPOJYKTHBHOCTI Ta Hai{HOCTI.
Po3pobxka cucTeM OXOJIOJIKEHHS
e(peKTUBHOTO BiJIBEIICHHSI Tera
HAITIBIIPOB1THUKOBUX KOMIIOHEHTIB.

hiuit:
BiJ
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3. TepMmoperyatoBaHHS:

- Po3pobka cucTemMu TEpMOpPETYIIOBAaHHS,
KOHTPOITIOE TEeMIIEpaTypy MepeTBOpIoBaya
KOMIIOHCHTIB IS 3aIT00IraHHs MeperpiBy.

- BukopucTaHHS TEpMIYHUX NaTYMKIB Ta CHCTEM
OXOJIOJDKEHHS JJ1s 3a0e31eYeHHsT ONTUMAIBHOT POOOTH.

4. Po3po0Oka alrOpUTMiB yIpaBIIiHHS:

- Po3pobOxa BHCOKOE(EKTHBHUX aJITOPUTMIB
KEpYBaHHsI, SIKi JIO3BOJISIIOTh PETYIIOBATH HAIIPYTY Ta
CTPYM BiJIMOBIHO 10 BUMOT Ta PEKUMIB POOOTH.

- 3acTocyBaHHS aJrOPUTMIB MOIYJISLIT
(manpuxnaa, PWM) st kepyBaHHs BETMYUHOIO Ta
YaCTOTOIO HAIIPYT'H Ha BUXOI.

sgKa
Ta

II. Hanidinicts Ta Oe3meka
Hapniiinicth Ta Oe3meka € KPUTHYHHUMH acleKTaMHu
YIOCKOHAJICHHS MOJIYJIsl aBTOMATUYHOIO YIPABIIIHHS

NepeTBOpIoBaya HaATIpyru OJIOKY YKUBJICHHS
eleKTpopoOokapa. Po3rimsHeMo Il acmeKTH  OLIbIn
JIETAIBHO!

1. HaniitHicTh MOAyMs yIpaBIIiHHS:

- 3a0e3meueHHs HAAIHHOT pOOOTH MOIYS Y OyIb-
SIKMX YMOBAaX €KCILIyaTallil Ta HaBaHTa)KECHHSI.

- [IpoBeneHHs BiAMOBIHUX TECTIB MO0
BHITIQJIKIB BHUKHIY, TICPCHABAHTAKCHHS Ta 1HIIT
HETaTHUBHI BILIMBU.

2. CucremMa aBTOMaTHYHOTO 3aXHCTY:

- Po3pobxa cucremu, sika aBTOMaTHYHO BHSIBIISIE
TIOTEHII{HO HeOe3MeYHi CUTYAIli1, TaKi K
TIepeBaHTAXKEHHSI, KOPOTKI 3aMHUKaHHsI YH TIeperpis, i
BUKIJTIOYA€E MOMYJIb IS 3aII00ITaHHs aBapisiM.

- BukopucraHHs 3aXUCHUX pelie, aBapiiHIX
BUMHKAYiB Ta CHCTEM MUTTEBOT'O BiIKITIOUEHHS Ta
BUKOPHCTaHHS 3aC00Y 3aXUCTY Bijl TOMHJIOK Ta 300iB
poboTH Mporpamu.

3. Enextpo0e3reka:

- JloTpuMaHHS CTaHIAPTIB EIEKTPOOE3MeKH, AKi
3a0e3neuyroTs Oe3neYHy poOOoTy MOYJISL AJIsl OIlEpaToOpiB
1 00CITYTOBYIOYOTO MIEPCOHAITY.

- 3aXHUCT BiJl KOPOTKOTO 3aMHUKAHHS Ta 130JIAIis
HeOe3MeYHNX eJIEMEHTIB.

4. CucreMu BUSIBJICHHS HECIIPABHOCTEH:

- BkJ1roueHHS1 CHCTEMU BHSIBIICHHS
HECITPaBHOCTEH, sIka MOYKE BUACHO BUSIBIISITH 1
CHTHAJII3yBaTH TPO MPOOJIEMHU y pOOOTI MOIYIISL.

- BukopucranHs ceHCOpIB /15t BUMIPIOBaHHS
TEMIIEpaTypH, CTPYMY, HANIPYT'H Ta 1HIINX MapaMeTpiB
JUTS BUSIBIICHHSI aHOMAJTi .

EHeproedekTuBHICTS Tpae BaKIMBY pOJIb B POOOTI
CIIEKTPOPOOOKapiB 1 €  KIIOYOBHM  aCICKTOM
YIOCKOHAJIIEHHS MOJYJsS aBTOMATHYHOI'O YIIPABIIHHS

HepeTBopIoBaya  Hanpyrd.  3a0esledeHHA  BUCOKOI
e(pEeKTUBHOCTI TEpeTBOPEHHs eHeprii Mae Kijbka
KJIIOYOBHX IIepeBar:

1. 301bIIeHHS Aiana3oHy poOOTH:

[TinBumeHHs eHeproeq)eKTUBHOCTI JIO3BOJISIE

EIIEKTPOPOOOKapy MPAIIOBATH HA OJHOMY 3apsiii OiIbIIY
KUIBKICTh TOJMH, IO ITOKPAIIye HOTO MPOAYKTHBHICTH
Ta
3IaTHICTh 0 BUKOHAHHS 3aBJIaHb.

2. 3MeHIIeHHs! BUTPAT MajbHOrO:
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3HIKCHHS  CIIOKMBAaHHSA  €JICKTpoeHeprii  abo
301IbIICHHS ©(EKTUBHOCTI BHKOPHCTAHHS JTO3BOJISE
3MCHIIIUTH BUTPATH HA EJICKTPOCHEPTiI0 Ta 30UIBIINUTH
BIJICTaHb, IKY MOXKHA TIO0JIATH HAa OJHOMY 3apsijii OJIOKY
aKyMYJISITOPIB.

3. Exonoriuna Oe3neka:

BincyrHicte BukumiB CO, Ta IHIIMX IIKIJTHBUX
peYoBMH TmpH 30iNbIIEHHI eQEeKTUBHOCTI JoIoMarae
3HU3WTH HETAaTHMBHUN BIUIMB Ha JOBKULIA Ta CIPUSE
CTBOPCHHIO OLJIBIII €KOJIOTIYHO YHUCTOTO TPAHCIIOPTY.

Jus  3abe3nieueHHs]  eHeproe()eKTHBHOCTI  MOJIYJIS
aBTOMATHUYHOI'O YIPABIIHHA IIEPETBOPIOBaYa HANPYTU
MOJKHA BYKHUTH TaKi 3aXOJIH:

1. Omrumizanis nepeTBoproBaya:

Po3po0Oka Ta BHKOPHCTaHHS ONTUMAJBHUX TOIOJIOTIH
Ta  KOMIOHEHTIB JUIs  MiHiMi3awii  BTpaT 1mpH
TIepEeTBOPEHHI eJIeKTPOeHEPTii.

2. Pereneparis eHeprii:
BukopucTaHHs CcHCTEM peKymepariii eHeprii st

30epeKeHHsl  eHeprii miJ 4Yac TaJbMyBaHHS Ta
CTOBUIBHEHHSI 1 MO/IANIbIIIe BUKOPUCTAHH 1i.
3. KepyBaHHs cTpyMOM Ta Hapyroxo:
Bukopucranns aJITOPUTMIB KepyBaHHS, SIKi

JIO3BOJISIIOTh TOYHO KOHTPOJIIOBATH CTPYM Ta HANpYry B
CHCTEMI.
4. CucteMH OXONOMKEHHS:

3a0e3neueHHs e(pEKTUBHOTO OXOJIO/KCHHS
KOMITOHEHTIB, [0  NpaIOlOTh  NpPU  BUCOKHX
HaBaHTa)KEHHSX, JIJIsl SMEHIICHHSI TEPMIYHUX BTPAT.

4. CucremH JiarHOCTUKH:

BukopucraHHs cHCTEM MOHITOPHHTY Ta JiarHOCTHKH,
SKi  JO3BOJSIIOTH  BUSIBIISITH ~ HECHpaBHOCTI  Ta
ONTUMI3YBaTH POOOTY.

5. IHrerpamis 3 iHIIUMH CHCTEMaMHU:

OnrtumainbHa B3a€EMOIISI MOIYJIS YIIPABJIiHHS 3 1HITUMHU
CHCTEMaMH, TAKHMH SIK CUCTEMa YIPAaBIiHHS JIBUT'YHOM
Ta cCUCTEMa peKyIeparii eHeprii.

3a0e3mneueHHss  BHCOKOI  €HEpProe()eKTUBHOCTI €
Ba)KJIMBUM 3aBIaHHAM JUTSt T IBUIIICHHS
KOHKYPEHTOCIPOMOKHOCTI Ta cTanocTi
eNIEKTPOPOOOKApIB Yy  Cy4acHOMY  €JICKTPHYHOMY

TPAHCIIOPTI.

[II. Iaterpauisa Moyns

JliarHOCTHKA Ta MOHITOPUHT € BaKJIHBOK YaCTUHOHO
MOZYJIS ABTOMATHYHOTO YIPABIIHHSA TEPETBOPIOBaYa
Hampyru OJIOKY OJKMBJIGHHA elleKTpopoOokapa. Lls
cucteMa Hajmae iHGOpMAII0 PO CTaH MOAYJAS Ta
JIorioMarae orepaTropam Ta 00CIyrOBYIOUOMY MEPCOHATY
BYACHO BWSIBISITH Ta ycCyBaTH mpoOiieMu. PosrisHemo
el acrieKT OB AETabHO:

1. CucteMa MOHITOPHHTY:

- BKJIFOYCHHS CCHCOPIB Ta NATYMKIB, SKI HAJAIOTh
iHpopMamito mpo  pobodi  TapaMeTpd MO
YIpaBJIiHHS, Taki sK TeMIlepaTypa, CTpyM, Hampyra,
YacToTa Ta iHIII.

- BHUKOPHUCTAHHS CUCTEM 300py JaHHX VIS 3aMHCy
Ta aHaJli3y MapaMeTpiB poOOTH B peabHOMY Yaci.

2. JliarHOCTHKa HECIPaBHOCTEI:

- po3po0OKa  anrOpuTMIB  JTIArHOCTHKH,  SIKi
ABTOMATHYHO BHUSBJISIOTH Ta CUTHATI3YIOTH TIPO MOMKIIUBI
HECTIPABHOCTI B MOJYIIi.
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- BKIIIOUYEHHS! CHCTEMH BHUSBJIEHHS KOPOTKHX
3aMHUKaHb, NEPEBaHTAXKEHb, HAJMIPHOI TeMIepaTypu Ta
IHIIHUX MPOOJIEM.

3. Cucrema BiTAJIEHOTO MOHITOPUHTY:

- 3a0e3neueHHs MOXITUBOCTI BiJIIaIEHOTO
MOHITOPUHTY MapaMeTpiB pOOOTH MOAYIIS YIIPaBIiHHS 32
JIOTIOMOT'OF0 MEpEXi 3B'A3KY.

- BiJIaJIEHUH JOCTYII IO AaHUX MOHITOPUHTY JUIsI
oreparopiB, OOCIYrOBYIOYOrO MEPCOHATY Ta IH)KEHEPIiB
JUTsl BYaCHOI peakiii Ha MpoOiIeMHu.

4. Indopmariitni naneni Ta CUTHATI3ALIS:

- BCTaHOBJEHHS iH(pOpMaliiiHMX maHenedl Ta
CBITJIOBOI/3BYKOBOI CHTHAJI3alii JUIs OIepaTopiB Ta
00CIIyrOBYIOYOTO MEepPCOHANy, sIKi HaAarTh iH(OpMAaIIio
PO CTaH CUCTEMH.

5. 3anmc nofii Ta XKypHaJiB:

- 30epiraHHs JaHUX PO TOAIl Ta CTaH MOIYJs
YIIPaBJIiHHS Ul TOJAJIBIIONO aHAlli3y Ta BiJCTEXKEHHS
pOOOTH CUCTEMH B Yaci.

BiamoBimHicTs  cTaHIapTaM  €leKTpoOe3NeKu  Ta
€KOJIOTIYHUX BUMOT € II€ OJHI€I0 BAXKJIMBOK YaCTHHOO

pPO3pOOKKM MOy  ympaBiaiHHA. JlOTpUMaHHA [UX
cTaHmapTiB ~ 3abe3meuye  Oesmeky — poboTH  Ta
BINMOBIMHICTE BCIM  HEOOXiTHMM HOpPMAaTHBaM  Ta

3akoHOAaBCTBY. OCHOBHI acCIeKTH B IIbOMY KOHTEKCTI
BKJIIOYAIOTh:

1. Enexrpobesmexy:

- JMOTPUMAHHS CTaHIAPTIB OC3MEKH EIEKTPHYHUX
MIPUCTPOIB Ta MEPETBOPIOBAYIB HAIIPYTH.

- BIAIOBIAHICTE BUMOraM 1307141111, 3a3eMJICHHS Ta
3aXHUCTY BiJl KOPOTKUX 3aMHKaHb.

2. Exomnoriuny 6e3meky:

- 3a0e3reueHHs BiJANOBIIHOCTI BUMOraM IOIO
00MEXEHHS BHUKHUJIIB IIKIJJIMBUX PEUOBHH Ta BIUIUBY Ha
TIOBKI1ILIS.

- BpaxyBaHHSl acCIeKTiB BTOpPUHHOI 0OpoOkM Ta
yTUITi3alil B pa3i BUKUIIB a00 BiIXOIIB.

3. CraHmapTu sIKOCTI:

- JMIOTPUMaHHsI CTaHAAPTIB SKOCTI BUPOOHUIITBA Ta
KOHTPOJIIO 3a MPOIECAMHU.

JloTpuMaHHs IMX CTAaHAAPTIB € O0OB’S3KOBUM IS
3a0e3meueHHs Oe3leKH Ta SKOCTI poOOTH MOmyJs
VIIPaBJIIHHSA Ta €IEKTPOPOOOKapa 3arajioM.

IV. Inrerparis cucremu

[aterpamisi cucTeMH  YIPaBIiHHS €  BaKJIHBOKO
YaCTHHOIO PO3POOKM Ta  YOOCKOHAJIEHHS MOMYJS
ABTOMATHYHOTO YIPABIIHHS TIEPETBOPIOBAaYa HATIPYTH
OJIOKY JKUBJICHHSA elleKTpopoOokapa. Ils iHTerparis
JIO3BOJISIE 3a0E3MEUUTH B3AEMOIII0 MOZAYJS 3 IHIIUMH
KOMITOHEHTAaMH Ta  CHCTEMaMH  eJeKTpopoOoKapa.
Po3risiHeMo 1ie#i acrieKT JeTabpHilIe:

1. Cucrema ynpaBiliHHS JBHT'YHOM:

- IHTErpaiis MOAYJsS YNPaBIiHHA 3 CHCTEMOIO
YIIPaBJIiHHS JBUTYHOM JO3BOJISIE 3a0€3MEYMTH TOYHE Ta
KOOpJIMHOBaHE  KEpPYBaHHS PYXOM  TPaHCIIOPTHOTO
3aco0y.

- B3a€EMOMiE 3  CHCTEMaMH  PErYIIOBaHHS
HIBUIKOCTI, HANIPSIMKY Ta HIIUMH TTapaMeTpaMH pyxy.

2. Cucrema pekyneparii eHeprii:

- IHTETpallis 3 CHCTEMOIO PEKYIIepallii eHeprii st
30epe-
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KEHHS Ta BUKOPUCTAHHS
rajJbMyBaHHI Ta CHOBUIbHEHHI.

- OINITHUMaJbHE KEPYBaHHS IPOIECaMH 3apsi/IKu Ta
PO3psAIKH OaTapei enekTpopodoKapa.

3. Cucrema eHepro3oepexeHHsL:

- B3a€EMOJIisl 3 CUCTEMaMU €HEepPro30epeKeHHs IS
OINITUMAJBHOTO BHKOPUCTaHHS €Heprii Ta e(peKTHBHOIO
PEeXUMY poOOTH.

- BUMKHEHHS 200 3HIKEHHS MMOTYXKHOCTI MOZYJISI
VIpaBIiHHA B pEeXHMax, KOJIM I€ HEOOXiTHO s
€KOHOMIT eHeprii.

4. Cucremu 0e3neKH Ta MOHITOPHHT'Y:

- IHTEerpamis 3 CHCTEMaMH MOHITOPHHTY Ta
MIarHOCTUKH, SIKi HamaloTh iH(OpMAII0 Tpo CTaH
MOJIYJIsl YIPABITiHH Ta IHIIUX CHCTEM €JIEKTPOpoOOKapa.

- B3a€EMOIiS 3 CHCTEMaMU OE3IIEKH JUTs BUSBIICHHS
HeOe3MeYHNX CUTYAIli Ta aBapii.

5. KepyBaHHS €JIEKTPOHIKOO aBTOMOOLIIS:

- IHTerpaiis MOAYJIS 3 CHCTEMaMU EJIEKTPOHIKH
aBTOMOOIJISI, TAKUMH SIK CUCTEMH KepyBaHHS IIiJ[BiCKH,
cucTeMH Oe3MeKH, ayliOCUCTEMH Ta 1HIII.

- B3a€EMOJIisl 3 eleMeHTaMu iHnTepdeiicy, Takumu
SIK KEpMO, TIeIajli ra3y Ta rajbma.

6. Cucrema HaBiranii Ta aBTOHOMHOT'O KepyBaHHs (3a
HAsSBHOCTI):

- iHTerpamis 3  CHCTEMOIO  HaBiramii  Ta
aBTOHOMHOTO KEepyBaHHS, sIKa JIO3BOJISIE
€NIEKTPOPOOOKaPOBI aBTOMAaTHYHO KEPYBATH MapUIPyTOM
Ta BUKOHYBATH 3aBJIaHHs 0€3 BTpyYaHHsS ONeparopa.

- B3aemoxis 3 cucremamu GPS Ta iHmmmu
CEHCOpaMH JIJIs TOYHOI JIOKAIIT Ta HaBirarii.

7. CucreMa KOMYHIKaIlii:

- 3a0e3MeueHHsT MOXKJIMBOCTI OOMiHY NaHUMH 3
IHIIUMH ~ €JeMEHTaMH  CHUCTeMH Ta  BiJIaJeHHd
MOHITOPHHT Ta KEPYBaHHs Yepe3 MEPEKY 3B'A3KY.

- B3a€EMOJIisSl 3 CHCTEMaMH 3B'S3Ky Ta mepenadi
JAaHUX JJIs 0OMiHY iH(OpMAIIi€lo.

[HTEerpamis cucTeMu YIpaBIiHHS IO3BOJSE CTBOPUTH
37IATO/DKEHNH Ta e(eKTUBHMII MexaHi3M KepyBaHHS
€IIEKTPOPOOOKapOM, SKHHA BpPaxOBYE BCi acIeKTH HOro
poOOTH Ta B3aEMOMAIE 3 IHIIMMH CHCTEMaMH IS
JIOCSITHEHHSI ONTUMAJIbHUX PE3yNbTaTiB.

BTpayeHoi eHeprii mnpu

[Tepenik mocunanp
Hesmonos  I.III.  ABTromaTu3oBaHa  cucTeMa
KepyBaHHs TEXHOJOTiYHUMHU mpoiiecamu B SCADA
cucreMi TRACE MODE 6: Hapuanbauii mociOHUK /
L.II0. Hesmogos, A.O. AnmpyceBuu, B.B. €Bcees,
C.C. MaxkcumoBa, M.T. CraponyOnes,
B.B.Hesmonosa. Kpuswmii Pir: Kpuopizbkuii konemx
HAY, 2018. 320 c.
[2] Mopeni Ta Meromu KiOep@i3WUHUX BHPOOHUYMX
cucreM B koHueniii Industry 4.0 : monorpadis / I. IIL
Hesnionos, B. B. €BceeB, A. O. Annpycesuy, C. C.
Maxkcumoga ; — Oktan Print — Prague. 2023. — 321 c.
Attar, H., & et al. (2022). Control System
Development and Implementation of a CNC Laser

(1]

(3]

Engraver for Environmental Use with Remote
Imaging. Computational Intelligence and
Neuroscience, 2022, Article ID 9140156,

https://doi.org/10.1155/2022/9140156.
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HeoOXigHICTh 0XO0I0MKEHHS aKyMYJIITOPHUX OaTtapei
ABTOHOMHOTI'0 XOJIy €JIeKTPUYHOI0 TPAaHCIOPTY Ha
npuKIal TpoJeiioyca PTS-12.

1 . 1
Inmns JIncenxo™, JleoHin IBaHoB
1. Kadenpa KITAP, XapkiBchkuii HallioHANbHUI YHiBepCUTET pajioenekTponiku, YKPATHA,
Xapkis, np. Hayku. 14, email: illia.lysenko@nure.ua
1. Kaenpa KITAP, XapkiBchkuii HalliOHABHUI yHiBEpCHTET pajioenekTpoHiku, YKPATHA,
Xapkis, np.Hayku 14, email: leonid.ivanov@nure.ua

Anomauis: pobora mpucBsdeHa INpoOJieMi HEJOCTATHBOTO
OXOJIODKCHHS aKyMYJISITOPHUX 63Tapeﬁ ABTOHOMHOI'0 XOA4y
€JIEKTPIYHOI0 TPAHCIIOPTY, 30Kpema Tpoineitoyca PTS-12.

Kniouosi cnoea: 0XONOIKEHHS, aKyMyIATOpHI Oatapei,
€JISKTPUYHMI TpaHcnopT, Tponeiidyc PTS-12, edexruBHICTH
CHCTEMH.

I. Beryn

I'poMancekuii eNEKTpUIHUNA TPAHCIOPT HaOyBae BCe
OLJIBILIOTO MOMUTY Yepe3 CBOI EKOJOTIYHICTh Ta BHCOKY
e(eKTUBHICTb. AKYMYJISATOpHI Oarapei aBTOHOMHOI'O
XO/ly € OCHOBHHMM JDKEPEJIOM JKUBIICHHS Ul OaraTbox
CJIEKTPUYHHUX TPAHCIIOPTHUX 3aco0iB, sKi 1J€aJbHO
MiAXoAATh uisi 0araTo3MiHHOTO BUCOKOIHTEHCHBHOTO
pexxumy poboru. Ilpore, ixHiii edexkTHBHUIT poOOUMIA
PSKUM CYTTEBO 3aJIEKUTh BiJ YMOB eKCILTyaTalli,
30KpeMa Bijl TeMIIEpaTypHOro pexumy. OnTuMmizaris Ta
aBTOMATH3allisi CHUCTEM OXOJIOJUKEHHS € BaXIIUBUM
acliekToM  Juis  3a0e3ledeHHs  JOBrOTpHBajoi  Ta
e(peKTUBHOI pobotu AKyMYISITOPHUX Oarapeii
aBTOHOMHOT'O XOJy.

Tponeiioyc PTS-12 € HaWHOBINIMM BITYM3HSIHUM
Tponeilbycom 3 pyHKIi€r0 aBTOHOMHOTO X0ay (puc. 1.1),
SIKUH 30upaeThest Ha 6a3i kyzoBa MA3-203T kuiBChbKHM
mianpueMcTBoM «IloMiTeXHOCEPBICH, IO 3HAXOAUTHCS Y

M. bposapu [1].
e

'\

> 3

Pucynok 1.1 — Tponeiibyc PTS-12

Jani TponelOycu Bke eKCIUTyaTyloThCsl y BiHHuUII Ta
Xapkosi. Ha tponetioyc PTS-12 BCTaHOBIIOIOTHCS TATOBI
akymynaropui Oatapei (TAB) 3 emeMeHtamu JTiTiid-
1OHHHX Oartapei, >KUTTEBUHA LUK PO3PAIY-3apsay SIKHX
monaa 8000, eHeproemHicTio 65 KBT/Ton, HOMiHAIBHOO
MIOTYKHICTIO
65 kBT, MakcUManbHOIO TOTYXKHICTIO

195 B,

HOMiHaJnbHOIO Hampyroro 588 B Ta MiHIMaibHOIO
Hanpyroo 469 B. B 3anexHocti Big ymoB pyxy, TAb
3a0e3neuye pyx TPaHCIIOPTHOTO 3aCO0Y 3 MAaKCHMaJIbHOIO
HABaHTAKEHICTIO Ha BiacTanb 70 20 kM [2,4].

TADB BHKOPHUCTOBYETHCS J0 MOYATKY PYXy TpoJierdyca
Ha JAUBIHII MapIpyTy, € BiJICYyTHS KOHTaKTHa Mepexa.
AxymynsaTopHa Oarapesi IpeACTaBIsie COOO0 KOPITyC 3
MOCNIZIOBHO 3'€THAHUMH KOMIpKaMu 3 JHTil-10OHHUMH
aKyMyNnaTOpaMu, MPHUKJIaa HaBeeHo Ha puc. 1.2.

Pucynok 1.2 — 30oBHiHIli BUTIISA
JTiH-10HHOT aKyMYyJIATOpHOI Oarapei

Barapetini OJTOKH OCHAIIYIOTHCSI CY4acHOIO
aBTOMATHKOIO KEPYBAaHHS 3apsAIOM 1 po3psaoM Oatapei,
aHATI3YIOUYM TOKH CIIOKHBAHHS, HANPYTY, TEMIEPaTypy
Ta IHION TIOKAa3HUKH CTaHy Oartapei 3 MOXIIUBICTIO
BuBeneHHs iHopmanii Ha [1K abo ruranmer.

II. Busnauenns npo6iiemu ta
il aKTyaJIbHICTb.

JliTili-ioHHI aKyMYJISITOPH MalOTh OJMH CYTTEBHUI
HEJIONiK — BOHM Jy’Ke UyT/IUBi 0 TeMIepaTypH. X Touka
kuminasg +60°C, skmo Temrepatypa Oyae Onu3bka [0
LBOrO IIOKa3HWKa TO Oarapes MOXe BHOYXHYTH,
crajaxHyTd abo MpOCTO BUHWTH 3 Jiagy. 3 METOI
3armo0iraHHsl TakUM BHIaJKaM B KOpIyc Oarapeid
BOYIOBaHO KOHTPOJEp, SKHA CTEXHUTh 3a pIBHEM
TEeMIIEPATypH Ta HAMPYroK CTPYMY, 1100, Y BHIIAIKY
neperpiBy Oarapei BiIKIIOYHTH ii [3].

Ockinbky, B Tponeiidycax PTS-12 nani akymynsropHi
Oartapei 3HaXOAATHCS BCEPEAWHI CaloOHY, Y BIACIKY IIi[
CUJIIHHAMH IO JIIBOMY Ta 10 IPaBOMY OOpTY Tpojieibyca
(puc. 2.1), To mpobiieMa 3 YYTIMBICTIO JO0 BHCOKHX
TEMIIEPATyp CTa€ OibII AKTYaIbHOK B TEILTY TIOPY POKY,
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ajpKe TeMIlepaTypa BCepeluHi BiCIKY 301IbIIYETHCS, 3a
paxyHOK  HarpiBaHHs KOpmycy TponeiOyca Ta
ITiIBUIIEHHS TEMIIEPATYpU B CAJIOHI, 10 MOXKE IIPUBECTH
JI0 TIOJIOMKH aKyMYJISITOpHOI Oartapei, sKuio ii BYacHO He
OXOJIOAUTH.

Pucynok 2.1 — 1503TamyBaHHﬂ aKyMYJISITOpHHUX Oarapei
Tponeiidoycy PTS-12

Sk mpuknam, MOXKHAa PO3TJISIHYTH BHPIIIEHHS Mi€l
pobseMu B Tponeiidycax tumy borman T70117, B skomy
JTIH-10HHI aKyMYJSTOpHI Oatapel 3HaXOIAThCS Ha Jaxy,
y Binciky 3 orBopamu (puc 2.2). B nanomy BUmNagxky
OXOJIODKEHHS BiZOYBAE€ThCSI 32 PaxyHOK 3yCTPIYHOTO
TIOTOKY BiTpY, TOOTO 332 paxyHOK BEHTHISILIIHHOI CHCTEMU

MATPUMYETBCS ~ ONTHUMajbHA  TeMIepatypa  Juis
e(peKTUBHOTO (yHKIIOHYBaHHS AKyMYJISTOPHUX
Oarapeii.

Pucynok 2.2 — Po3ramryBaHHsl akyMyJISITOpHUX OaTapei
Ha jaaxy Tponeiioycy T70117 bormnan

Omxke, mnpobireMa Tmoisirac B  HEAOCTATHHOMY
OXOJIOJDKEHHI aKyMYJSITOPHHX OaTapedl aBTOHOMHOI'O
X0y Mix dYac ekciulyartamii Tpomeiidyca PTS-12.
AxymynsTopHi Oatapei aBTOHOMHOIO XOJY BiIirparoTh
KPUTUYHY poOib B 3a0e3redeHHi edekTHBHOI poOoTh
Tposeiioyca nmpu poOOTi M03a KOHTAKTHOK MEPEKEIO.
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III. MeTa mocaiuKeHHs..

MeToro IOCIiDKEHHS € BU3HAYEHHS L[iIell Ta 3aBJaHb
ibiE: PO3pOOKHU Ta BIIPOBAKCHHS CUCTEMU
aBTOMAaTHU30BaHOI0 YIIpaBITiHHS OXOJIO[DKEHHAM
aKyMYJIATOPHHX OaTapell eNeKTPUYHOrO TPAHCIOPTY,

30kpeMa Tposeribyca PTS-12. Konkperni mimi Ta
3aBJAaHHS JOCIIKEHHS BKIIOYAIOTh:
OnTtuMizariiss  edekTuBHOCTI  Oartapeii:  po3poOka

CHCTEMH OXOJIOMKEHHS, SKa JO3BOJIUTH 3HIKYBATH
TEMIIEpaTypy akyMymsTOpiB MiJg Yac poOOTH, IO
crpusTUMe 30epeKeHHI0 TXHBOT EMHOCTI Ta ITiABUIIEHHIO

MPOIYKTUBHOCTI.
[TinBueHHs TPHUBAJIOCTI CITyx0u Oarapeii:
3a0e3MeueHHss  ONTUMAaJbHUX  YMOB  POOOTH IS

aKyMYJSITODHHX OaTapeid, 0 CIpUSTHME ITiIBUIEHHIO
IXHBOTO TEPMIiHY CITY)KOU Ta 3MEHIICHHIO HEOOX1AHOCTI Y
3aMiHi.

3MEHILIeHHSI BUTPAT €HEpril: CTBOPEHHS CHCTEMH, sIKa
BUKODHCTOBYE MEHIE €Hepril sl  OXOJOMKEHHS
Oartapeit, 10 JIOTIOMOKE T IBUITUTH
eHeproe(eKTUBHICTh TPAHCIIOPTHOT'O 3aCO0Y.

3abe3neueHHs1 Oe3neku: po3podKa CHCTEMU KOHTPOIIIO

Ta 3aXUCTy, sKa MIiHIMI3ye pHU3UK II€perpiBy
aKyMYJISITOPIB Ta MOXKJIMBUX aBapiid.

[ligBumieHHss  BIANOBIAHOCTI 10  E€KOJOTIYHUX
CTaHAApTiB: CTBOPEHHS CHUCTEMH, SKa CIPHATHME

3MCHIIICHHIO BUKUJIB IIKIIJTUBUX PEYOBUH 1 OIMTOMOXKE
BIZIIIOBICTH BUMOI'aM €KOJIOTIYHOI O€3IIEKH.

IV. O6rpynTyBaHHSs BaXKIMBOCTI PO3POOKH
CUCTEMHU OXOJIOKEHHS [Tl aKyMYJITOPHUX

Oarapeil eneKTPUYHOTO TPAHCIIOPTY

BaxknuBicTh pO3POOKH CHCTEMH OXOJIO[DKEHHS JUIs
aKyMYJSITODHHX Oatapeil eJNeKTPUYHOrO TPaHCIIOPTY,
30Kpema Tponeiidyca PTS-12, moxxe Oyru oOrpyHTOBaHa
3 KUTBKOX KJTFOYOBUX TTO3HIIH:

[inBuIIeHHS IPOAYKTUBHOCTI Ta Aiana3oHy Mpooiry:

OXOJNOMKEHHST aKyMYJISTOPIB J03BOJISE MIATPUMYBATH
iXHIO oONTHMalbHy TeMmmeparypy poboru. Ileperpis
Oarapeil MOXKe MPU3BOJUTH JIO 3MEHILIEHHS €MHOCTI Ta
BTpaTu MPOAYKTUBHOCTI. 3aBIsIKH cucreMi
OXOJIO[DKEHHS, MOXHA  MiIBUIIUTH  e(PEKTUBHICTh
Oarapeii Ta 30UIBIINTH Jiana3zoH NPOOIry TPAHCIIOPTHOTO
3aco0y Ha OIHOMY 3apsifdi, IO BAKIUBO JUIS
KOpPHCTYBa4iB 1 IIiJBUILYE KOHKYPEHTOCIPOMOXKHICTh
EJIEKTPUYHOTO TPAHCIIOPTY.
301IbIICHHS TPUBAJIOCTI CITY)KOHM OaTapeii:

3a0e3neueHHsT ONTUMAIBHUX YMOB pOOOTH  JUIs
aKyMYJISITOPIB CIIPUSiE TTOJOBXKEHHIO IXHBOTO TEPMIiHY
cnyx6u. Ile Mae BaxIMBE CEKOHOMIUHE 3HAYCHHS,
OCKIJIbKM 3MEHIIye MoTpedy B peryisipHiii 3amiHi Ta
BiJTHOBJIEHH] OaTapei, 10 BimoOpakaeThcsi Ha BapTOCTI
00CITyrOByBaHHS €JIEKTPHYHOTO TPAHCIIOPTY.
3MeHIIICHHSI CIIOKHUBAHHS SHEpril:

OnTuMizoBaHa CUCTEMa OXOJIODKEHHS —JIONIOMAarae
3HU3UTU BUTPATH €HEPrii Ha OXOJIO/PKeHHs OaTapei, mo
TPU3BOUTH bi (o) T IBUIICHHS 3arajbHOl
eHeproe()eKTUBHOCTI eNEeKTPUYHOro TpaHcmopty. lle
0COOJIMBO BaXJIMBO B yMOBaX pOCTYYMX IiH Ha
E€HEePropecypcH Ta MUTaHb EKOJOTIYHOI CTAJIOCTI.
3abe3neueHHs1 Oe3MeKy Ta 3armo0iraHHs aBapism:
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[eperpiti Oatapei MOXYTh CTaTd IPHYUHOIO
HeOe3MeYHNX CHUTYallill, BKIIOUaloun aBapii Ta BUOYyXH.
Cucrema OXOJIOJDKEHHS MOXKe 3a0e3leunTH Oe3neKy
MacakMpiB, BOJIiB Ta HABKOJHMIIHBOTO CEpPEIOBHIIA,
3amo0irmu meperpiBy Oatapeil Ta HamalOYM CHCTEMY
KOHTPOJIIO 1 BUSIBJIIGHHS HEOE3IEKH.

5. BiamoBinHicTs cTaHgapTaM Ta 3aKOHOAABCTBY:

Brockonanena ~— cucreMa  OXOJOMKEHHS — MOXKeE
JIONIOMOI'TH ~ €JIEKTPUYHUM  TPAHCIOPTHUM  3aco0am
BIAMOBIMATH CTAaHAApTaM CKOJIOTIYHOI Oe3MeKu Ta
BAUMOTraM  3aKOHO/IaBCTBa  WIOJO  BUKOPHCTAHHS
aKyMYJISITOPHHUX Oatapeil B eleKTpUYHOMY TPaHCIIOPTi.

V. Bumm cucteM 0XO0JIOHKEHHS IS

aKyMYJISITOpHUX OaTapeit

OCHOBHI ~ BUIM  CHCTEM  OXOJIO/DKEHHS  JUIs
aKyMYJSITOpHHX Oatapei, siki ICHYIOTb Ha TelepillHii
Yac, MOYKHA MPE/ICTABUTH TaK, a caMe:

1. TlacuBHE OXONOMKEHHS:

[MacuBHI cucreMH BHUKOPHCTOBYIOTH MPHPOAHI abo
TEpMi4HiI BJIACTHBOCTI MaTepiasiB Uil PO3MOILTY TeIlIa.
Ile mMoke OyTH uepe3 TEIUIOMPOBiMHI Matepianu abo
crieliayibHl  KOHCTPYKIii, $IKI CHIPUSIOTH HPUPOJHOMY
BUBEJICHHIO TeIlIa.

2. AKTHUBHE OXOJIOMKEHHS:

AXTHBHI CHCTEMHU OXOJIO[UKEHHS BHKOPHUCTOBYIOTH
ENEKTPUYHI TMPHUCTPOi, TaKi SK BEHTWIATOPH abo
KOMITPECOpHU, JUIS aKTHBHOTO BIiJBEJICHHS TeIuia 3

Oarapeiinoro makery. ILli cucremu MOXYyThb OyTH
TIOBITPSTHUMU 200 PiAMHHUMH, 3QJIEKHO BiJ KOHCTPYKIII.

3. PiguHHE OXONOMKEHHS:

PiguHHi cHUCTeMHM OXOJOIKEHHS BHKOPHUCTOBYIOTH
TEIJIOOOMIHHUKM ~Ta  OXOJIOJDKYIOYl — pIIMHH  JUIs
BiJBeleHHs Teruia 3 OarapeiiHoro makery. Lls cucrema
Moxe Oytn Oiunbll  e(peKTHBHOIO Yy  KepyBaHHI
TeMIepaTyporo Oatapeii Ta 3a0e3leucHHI ONTUMATBHUX
YMOB.

4. XoiopmorocrauaHHs 30BHIIIHHOTO CEPEIOBHINIA!

Jlesiki eneKkTpu4Hi 3aco0M BUKOPHCTOBYIOTh CHUCTEMH
JUISL OXOJIOJDKEHHS aKyMYJISITOPIiB, SIKI BUKOPHUCTOBYIOTH
XOJIOJIOTIOCTaYaHHs 30BHIIIHBOTO CEpPEJIOBHINA i 4Yac
3apshKaHHSA a00 CTOSHHS.

5. XonoAusbHi NAacTUHM:

®a3oBo-3MiHHI Marepianu MOXYTh
BUKOPHCTOBYBATHCS UIsl TOTJIMHAHHS Ta BiAgadi Terwia,
JIOTIOMOTal04H  ITATPUMYBAaTH CTabiIbHY TeMIeparypy
aKyMyJIATOpHHUX OaTapeif. BoHu MoxyTh 3a0e3redyBaTu
TEIIO0OMIH B ONTUMAJIBHUX TEMIIEPATYPHUX MEXaX.

BuOip KOHKpETHOI CHCTEMH OXOJOKEHHS 3aJIeKUThH
BiJl n3aiiHy OaTapeiHOro nakeTy, KIiMaTHYHUX YMOB Ta
IHIINX (axTopis. Edexrusne OXOJIOJPKEHHS
aKyMYJSITODHHX Oatapedl migBHIIye e(QEeKTUBHICTh IX
pOOOTH Ta IOAOBXKYE CTPOK TXHBOT EKCILTyaTallii.

VI. BucHoBku

Po3pobka Ta  BHpOBaKEHHS  aBTOMAaTH30BaHOL
CHCTEMH OXOJIO/KEHHS Uil aKyMyJIATOPHHUX OaTapeid
Tponeibyca PTS-12 e BaxnuBuM KpoKoM y 3a0e3redeHi
€(EeKTUBHOCTI Ta HaJiHHOCTI €IEKTPUIHOTO TPAHCIIOPTY.
s cucrema f03BONMTH  30epiraTdé  ONTHMAJIbHY
TeMIepaTypy aKyMyJIATOpHUX OaTapel, 3a0e3meuyrodn
ixHro TpuBamy Ta edexTuBHy podory. Takox,
aBTOMAaTHU30BaHI CHCTEMH OXOJIOJDKEHHS CHPHSIOTH
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3MEHILECHHIO CIIOKUBAHHS EHEprii, M0 € BaXIIUBUM
aCIIEKTOM JUTS CTaJIOro PO3BUTKY Ta €KOHOMIi pecypcis.

[Tepenik mocunanp

[1] Odiuiitamii caiitr «IlomitexHocepsic» [EnekrponHmii
pecypc]. Pexum moctymy: https://ptsukraine.com/

[2] IncTpykuist o excrutyaranii Tponeiidyca PTS-12.

[3] Lithium-ion battery [Enextponnuii pecypc]. Pexxum
JIOCTYIIY: https://en.wikipedia.org/wiki/Lithium-
ion_battery.

[4] Odiuivinuii caiit xommnanii «®Popxmupt Cepicy»
[Enextponuumit pecypc]. Pexum JOCTYILY:
https://fsua.com.ua/akumulyatori/. Bykner
xapaxrepuctuk « TAB traction batteriesy.
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AHan13 KOHCTPYKIIIT MaHIIMyJIATOPiB pOOOTEXHIYHUX
PUCTPOIB JIJIS IEPEMIIIEHHS BUOYXOHEOE3MEUHUX
IpPEIMETIB

Penbko Jlennc', JAmMutpo HHymKeBI/Iq2
1. Kadenpa KITAP, XapkiBchkuii HallioHaNbHUI YHiBepCUTET paioenekTponiku, YKPATHA,
Xapkis, np. Hayku. 14., email denys.redko@nure.ua
2. Kaenpa KITAP, XapkiBchkuii HallioHAIbHUI YHiBepCUTET pajioenekTponiku, YKPATHA,
Xapkis, np. Hayku. 14., email: dmytro.ianushkevych@nure.ua

Anomayia: Y J0ONOBiAI HABOIATHCS AKTYalbHI I[UTaHHSI
MOJICIIFOBAaHHS. KOHCTPYKILIi MAaHIIYJISATOPiB POOOTEXHIYHOrO
3aco0iB ULl NepeMillieHHs] BUOYyXOHEOe3eYHUX IIPeMETIB, 1110
€ BOXIIMBUM Ta aKTYaJIbHUM 3aBIaHHSAM Yy Cy4aCHOMY CBiTi, /i€
Oesneka Ta  eQEKTHBHICTb  3JiHCHEHHS TI'yMaHITapHOro
PpO3MiHYBaHHSI CTa€ Bce OlIbIe IpobiIeMoro.

Knrouogi cnosa: maninmynstop, poOOTeXHiKa, HepEeMileHHS,
BUOYXOHEOE3MeuHi  NpeaAMeTH, poboT,  rymasiTapHe
PO3MiHYBaHHS.

I. Beryn

[IporsiroM OCTaHHBOTO AECSATHIIITTS CHOCTEPIraeThCs
LIBHIKUHA TEMII HayKOBO-TEXHIYHOrO TIIPOrpecy, Mo
CTHUMYJIIOE  PO3BUTOK YCiX cdep IKHUTTEMISIIBHOCTI
moauHu. Tak, ofHi€er0 3 HaHOLIBII NEPCIIEKTUBHUX chep
€ poOOTOTeXHIKA — CyYacHUM KaTali3aTop COIliaJbHO-
IHIYCTpIaTbHOTO PO3BUTKY CyCIiibcTBa. HuHi aenani
CKJIanHimIe 3HalTH chepy, ska 0 He 3a3Hana podOTH3aIlil.
Ile, Hacammepen, MOB’S3aHO 3 PO3-BUTKOM TEXHOJIOTIH,
aBTOMATHU3AI€I0 Ta ONTUMI3AIEI0 MPOLECIB JisUTBHOCTI
JIIO/INHH.

BypximBuii po3BHTOK POOOTOTEXHIKM B OCTaHHI POKH
JIaB TOYATOK BEJIMKIA KUTBKOCTI HOBHUX POOOTH30BAaHUX
MIPUCTPOIB, SIKI 3aCTOCOBYIOTbCS B PI3HHX cdepax.
JlocmimKeHHsI TUCTaHIIHHO KEPOBaHUX MaHIMYISIHHIX
pOOOTIB 0COOIMBOIO MPU3HAYCHHS € JOCUTh aKTYyaJIbHUM
Ha CBOTOJIHI, OCKIJIbKM BOHM BUKOPHCTOBYIOTHCS IS
BHKOHAHHS POOIT Yy HENOCTYNMHHX a00 HeOe3MeuHux
yMoOBaxX Ui 370poB’s JoamHd. Came Big Takux
BXUTUBUX XapaKTEpUCTHK poOoTa-MaHimyssTopa, sK
IIBUIKOMIS, MaHEBPEHICTh, TOYHICTh IO3MIIIOHYBaHHS,
MOXIIUBICTH pOOOTH B OOMEXEHHX MPOCTOPAX 3aJISKUThH
KUTTS JTIOJEH.

[IporsiroM OCTaHHIX POKIB CIOCTEPIraeThCsl CTPIMKHIA
PO3BUTOK POOOTOTEXHIKH, SKHH JaB MOYATOK BEIMKIH
KUJIBKOCTI HOBHX pOOOTH30BaHHMX IIPHCTPOIB, SKHUM

3HANILITN 3aCTOCYBaHHS B Ppi3HHX chepax
(MammHOOYyBaHHS, OYyIiBHHIITBA, TOOYTY, JIOTICTHYHA,
aBiarfiitaa, KOCMIiYHa, MEIUYHa, BiliCbKOBa,
eKCTpeMaJIbHa TOIIIO).

OaHuM i3 TOYATKOBHUX €TamiB y  CKJIaJaHHI

kinacudikaii € KOHKpETH3aIlies] OCHOBHUX TEPMiHIB
(pobot, poOOTOTEXHiKAa), OCKUIBKA HHHI  HEMae
OCHOBHOT'O 3araJbHONPHUHHSATOTO BU3HAYEHHS.
OCHOBHOIO ITPUYMHOIO I[HOTO, CIIYTYE T€, 0 PO3YMIHHS
pOOOTOTEXHIKM  3MIHIOETBCS B MIpy  PO3BHUTKY
TEXHOJIOTi#, 00POCTal0Yl BCe HOBUM CCHCOM.

Tak, omHUM i3 KOMIIPOMICHMM BU3HAYCHHSIM TepMiHA
«pobOT»  MOXHAa  BB@KATH  MOrO0  TPAaKTyBaHHS

Mixnapoanoi ¢enepanii pobdororexHiku (International
Federation of Robotics): «Pobor — 1e pobounmit
MeXaHi3M, MPOrpaMOBaHMH 10 JEKITBKOX OCSX i3 JIEIKUM
CTYNEHEM AaBTOHOMHOCTI (BapilO€ThCS BiJ YacCTKOBOI
aBTOHOMIT — BKJIFOUAIOYHM B3aEMOJIIIO «JIIOMHA-OIIEpaTop
— poboT», MO0 TOBHOI aBTOHOMIi — 0€3 aKTHBHOIO
BTPYYaHHs JIIOJUHM) Ta 3JATHUH IIEPECyBaTUCI B MeXax
MEBHOTO  CEpPE/IOBUINA,  BUKOHYIOYHM  IOCTaBJIEHI
3aBaaHHD [4].

Y 1pOoMy BH3HAY€HHI BpPaXOBYIOTHCSI OCOOJIUBOCTI
poOOTIB, IO BiAPI3HSIOTH iX BiJ IHIIMX MEXaHIYHUX
MIPUCTPOIB, — aBTOHOMHICTh 1 CaMOCTiliHEC BHKOHAHHS
MOCTABJICHOT'O 3aB/IaHHSI.

PoGoT 31aTHHI caMOCTIHHO pyXaTucsl B cepeloBUILi 1
aZlanTyBaTUCS i TIOCTaBJICHI 3aBJaHHSI.

[IpoananizyBaBmM pi3Hi MiAXOAH, 3alpPOIOHYEMO
BJIaCHE TPaKTyBaHHs Ii€l TepMiHOMIOTil: pOOOTOTEXHIKA —
HanpsiM HayKd Ta TEXHIKM, SKUH TOB’S3aHUM 13
pO3pOOKOKd 1 eKCIUTyaTalli€l0  aBTOMAaTH30BaHUX
TeXHIYHUX cucteM (poOoriB). OCHOBHUM 00’€KTOM
BUBYEHHS € pOOOT— aBTOMATWYHUHA TNPHUCTPIH, IO
NIPU3HAYEHUH [Tl BUKOHAHHS CIIEIialli30BaHUX Ollepallii
Ta BIATBOPEHHS PYXOBHX Ta IHTEJEKTYalbHUX (YHKINN
JIIO/INHH.

Tpamumidiauit miaxing IFR mominse pobororexHiky Ha
JiBa KJIacu: MIPOMHCIIOBA poboToTexHika
(BHKOPUCTOBYETHCS 3 METOI0 MIPOMUCIIOBOT
aBTromMaru3aiii) Ta cepBicHa (BUKOPHCTOBYETHCS IS
BUKOHAHHSI HEOOXimHOi sl JroauHH (oOJagHaHHS)
pobotu). OCKUTBKH 00’€KTOM HAIIOTO JOCIHIDKCHHS €
poOOTOTEXHIKa  CHEI[iaJbHOrO  NpPU3HAYEHHS,  sKa
BiJTHOCUTBCS Oe3rocepeHbO bi(s) cepBicHOL
pOOOTOTEXHIKM, TO JAeTajbHille 3yIMHUMOCH Ha
knacudikariii came Hei.

MoxHa BHKOPHCTOBYBATH JEKiJbKa IIXOMIB [0
knacudikamii  poboriB (32  KimacoMm, cdeporo  Ta
Cepe/IOBUILEM BHKOPHCTaHHS, BUAOM, HPU3HAYECHHSIM,
criocoboM mepecyBaHHs Tomio). Ilepmri BiaMiHHOCTI
MOXKHa 3pOOUTH Ha OCHOBI MeXaHi4HOI Oyl0BH POOOTIB.
Ix MoxHa TomiNMTH Ha HepyXoMHX pOGOTiB, TOOTO
MaHIMyJIATOpiB, MOOIIBPHUX Ta KOMOiHOBaHuX. OcTaHHI
JIBAKJIACH BUKOPUCTOBYIOTH ISl TEPECYBaHHS PyXoMe
maci 3 aBTOMAaTUYHO KEpPOBaHMMH TNpHBOAaMH. 3a
crocoOboM TepecyBaHHs IX PpO3PI3HSIOTH:  KOIICHI,
KPOKYIOYi, T'yCEeHWYHI, JIETIOYi, 1MOB3y4i Ta IUiaBy4i. 3a
BHIOM TMOAIIAIOT HA aBTOMATH4HI, OIOTEXHIYHI,
IHTEpPaKTUBHI.

3a pobouNM cepesoBHIIEM MOAUISIOTH HA BUPOOHUYY
Ta  BJOCKOHAJIEHY. BupoOHnya  poOoToTexHika
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po3TaimoBaHa B CTPYKTYpPOBaHOMY  CEpEIOBHIII],
TEOMETPUYHI YW  (I3UYHI  XapaKTEPUCTHUKH  SIKOTO
31e01IBIIOr0 BiJJOMi, BJIOCKOHAJIeHA — pPO3TAllOBaHa B
HECTPYKTYPOBAHOMY  CEPEIOBHI,  XapaKTEPHUCTUKH
SIKOro HeBizomi. BoHa, y CBOIO depry, MOIiISIE€ThCS Ha
MIPUPOAHY (CepeIOBHIIE HE € OC3MEYHMM) Ta CIYKOOBY
(3acTOCOBYETBCS JJIsl  TOKPAIICHHS SIKOCTI  JKUTTA).
JetanpHima kracudikaliis npeacraBicHa Ha puc. 1.
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Puc. 1. Knacnqnxamﬂ cepBiCHOI pOOOTOTEXHIKH

II. Po6oTH BiiCEKOBOTIO 1 CIIELIAJILHOTO

IMPpHU3HAYCHHS.
Bci BoeHHI KOH(IIIKTH CYNpPOBOIKYIOTHCS ITUPOKUM
3aCTOCYBaHHIM POTHOOPUNMHU CTOpOHAMHU

MPOTUMIXOTHUX MiH Ta BHOYXOHEOEe3NeyHHX INpeIMETIiB
(BHIT). Opniero 3 mpodiem, 3 SIKOK KpaiHM y BCiX
perioHax, e Bemuch OoHOBI 1ii ab0 iCHYIOTH BOEHHI
KOHQUIIKTH,  fIKi Oymu  TOpOJpKeHi BiliHaMH,
MDKHapOJHUMH Ta MDKHAIliOHAIBHUMH BU3BOJIBHUMU
pyXaMu CTHKAarOThCSl 3 MpoOlieMaMH TyMaHiTapHOro
po3MinyBanHs [ 'ymanitapHe PO3MiHYBaHHS —
KOMIUIEKC 3aXO[iB, SIKi MPOBOIATHCS 3 METOIO JIiKBigallii
HeOe3mek, TOB’S3aHMX 13  BHOYXOHEOe3NeuHHUMHU
npeameramu  (BHII), Bximtouaroum HeTexHiuyHe Ta
TeXHIYHE OOCTEKEHHS TEPHUTOPI, CKIAJEHHS KapT,
BUSIBJIEHHS, 3HEIIKO/UKEHHS Ta/abo 3uuinenus BHII,
MapKyBaHHS, MiATOTOBKY  JTOKYMEHTaIii Ticis
pO3MiHYBaHHS, HaJaHHS rpomanaMm iHdopmamii 1mo10
NPOTUMIHHOI  JISUTGHOCTI Ta TepeJady OuHIIEHOl
tepuropii [4]. ['ymaHiTapHe pO3MiHYBaHHS Yy TEpILy
4epry CrpsMOBaHe Ha 3MEHIICHHs HIKi[UIUBOrO (hakTopy
mii  BHII wma xurremisnbHicTs  Jrogeid.  Merta
PO3MIHYBaHHS IOJSITa€ B TOMY, 100 3HU3UTU MiHHY
HeOe3MeKy 10 PIBHA, NPU SKOMY JIIOJU MOXYTh JKHUTH
0e3reyHo; TNpH SKOMY €KOHOMIYHMH, COLiaJbHUN 1
¢izionoriyHuii  PO3BUTOK  MOXKE  3IIHCHIOBATHUCS
0e3MepeIKoIHO.

PoGoty, crerianbHO TpU3HAYEHI U TEpEeMilleHHs
BUOYXOHEOE3NEYHNX TPEIMETIB Ta MPOTUIIXOTHUX MiH,
CTalOTh HEBIA'€MHOI YAaCTHHOIO BHPIIIEHHS NPOOIeMHU
TYMaHITaApHOrO po3MiHYBaHHA. Y KOH(QUIIKTax 1 BiifHaXx,
HEe3aJISKHO BiJ iX MacmrabiB Ta MiClb HpPOBE/ICHHS,
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BUHHMKa€E HarajbHa TMoTpeda y 3MEHIIEHHI pPH3HKIB,
TNOB'si3aHKX 13 BUOyxoHeOe3neunnmu o0'ekramu (BHIT) i
MIPOTUMIXOTHUMH MiHAMU.

s TennmeHuiss oOymMoOBIeHa HEOOXiTHICTIO y BHUCOKiH
TOYHOCTI Ta YHUKHEHHSM IIOTEHIIHHO HEOEe3MeYHUX
CHTyallil Til 4Yac BHKOHAHHS pI3HUX BHUIIB pOOIT.
BukopucranHs poOOTOTEXHIYHUX PIllIEHb 3 MOAYJIBHOIO
CTPYKTYpPOIO, sIKi aJamToBaHi 1O MICICBUX YMOB |1
HEOE3MEYHNX HECTPYKTYpOBaHHX  OOJNacTel, Moxe
ICTOTHO MiABHIINTH O€3MeKy NpaliBHUKIB 1 OIHOYACHO
MOKPAIIUTH TPOJYKTHBHICTh Ta THYYKICTh BUKOHAHHS
3aBlaHb. Y I[bOMY KOHTEKCTi, MOOUIBHI CHCTEMH, IO
obnajHaHi  MaHimyJasTopamMu IS [IEPeBE3CHHS
NPOTUMIXOTHUX MiH, € KPUTUYHO BAXIJIUBUMHU JUIS
aBTOHOMHOT0 200 HamiBaBTOHOMHOT'O NIEPECYBaHHSI MiH Y
npodeciiHui, HamifHuN, Oe3neuyHuil Ta eheKTUBHHUN
croci6.

MaHinynaTopy, SKuM OONagHaHUN I pPoOOT, MaroTh

BHCOKY TIpEIM3if0 Ta 3/aTHICTh MpAIOBaTH B
HeOe3MeyHnx o0NacTax, [e HEMOXJIMBUH JOCTYI
moauHd. [xHi poOoumit mpomec BinOyBaeThcs 3a

JIOTTOMOT'OF0 TUCTAHIIITHOTO KepyBaHHs, IO 3a0e3meuye
0e3reKy ISl oreparopa.

Takuii poOOT crpHse MiIBUILEHHIO e(pEeKTUBHOCTI Ta
MPOAYKTUBHOCTI ~ BH3HAYCHHSA 1  OOE3IIKOMKCHHS
MPOTHUIIIXOTHUX MIiH, @ TaKOX 3MEHIIYE PHU3UKU IS
KUTTA 1 370pOB'st jrofeil. Moro BIPOBAKEHHS MOKE
MaTd BKJIMBUH BHECOK y 3a0e3redeHHS Oe3MeKd Ta
JIOTTOMOT'TH B YCYHEHHI HEOE3IeKH, TIOB'13aHO1 3 MiHAMH 1
BHOYXOHEOE3EUHUMHU peaMeTaMu B YMOBaXx
BIMCBKOBMX KOH(QUIIKTIB a00 MiJ dac JeMiHYBaJIbHUX
orepariii.

[II. TexHouorii TpaHCIIOPTYBAHHS
BHOYXOHE0E3MEUHHNX MPEAMETIB 32 IOTTOMOTOIO0

POOOTH30BAaHOTO MIPUCTPOL

3a ganmmu opramizamii HALO Trust, Ha cxomi
VYxpainu Oyno BusBieHO 297 MiHHHMX TOJIB 3arajbHOIO
IUTOLIEI0 MMOHAaJ 26 MIJbHOHIB KBajgpaTHUX MerpiB. Ha
LUX TEPUTOPISX PO3TAIIOBaHO NMPUONM3HO 3,3 MijbiioHa
MiH Ta BuOyxoHeOe3neynux npeametiB (BHIT). ¥V pobori
3  TyMaHITapHUM  DPO3MIHYBaHHSAM  3aly4alOThCs
poOOTH30BaHI CHUCTEMH Ta KOMIUIEKCH BiHCHKOBOI'O
(TIOBIMHOr0) MpHW3HAYCHHS, BKJIFOYAIOYM POOOTH30BaHI
CHCTEMH IS TIPOBE/ICHHSI T'YMaHiTApHOTO PO3MiHYBaHHS,
sIK B YKpaiHi, Tax i 3a KopJoHoM [1].

I'ymaniTapHe po3MiHyBaHHA - Ii¢ HaOip 3axoiB,
CIpsIMOBAaHMX HA YCYHEHHS 3arpo3, IIOB'SI3aHHX 3
BuOyxoneOe3neunnmu npeameramu (BHIT). Lli 3axomm
BKIIIOYAIOTh B ce0€ TEXHIYHE Ta HETEXHIUYHE OOCTEKEHHS
TEpUTOpid, BUSBJICHHS, PO3MIHYBaHHS Ta 3HHIICHHS
BHII, a Takox ix MapkyBaHHs 1 iHmi mii [1].

BesrnieuHe TpaHCIOpPTYBaHHS € HAI3BHYAHHO BasKIIMBUM
eTarioM TyMaHiTapHoro po3miHyBaHHs. Lleil mnporec
rapanrye, mo BHOyxoHeOe3neuni npexmeru (BHIT) ta
MiHH, SIKi OYJM BHSIBJIEHI i 3HEHIKO/KEHI Ha TEpUTOpIi,
OynyTh O€3MEYHO MIEPEBE3€CHI Ta BUAJICHI 3 HEOC3MCUHUX
30H.

KnrouoBi acrnekty 0e3neYHOT0 TPAaHCIOPTYBAaHHS i

yac  TYMaHITAPHOTO  PO3MIHYBaHHS  BKJIIOYAIOThH:
CrertianizoBaHi TPaHCHOPTHI 3aco0u:
BUKOPHCTOBYIOTHCS CreriaigbHO MpU3HAYEH]
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TPAHCIOPTHI  3aCO0M, sKi  BIJNOBITAaIOTH BHMOTaM
0e3IeKn Ta MOXKYTh 3aXHUINATH BiJl MOMXJIMBUX BHOYXIB.
Miuu i BHII noBuHHI OyTH HaJe)KHHUM YHHOM 3aXUINCHI
Ta yNaKoBaHi, MO0 YHUKHYTH BHIIAJIKOBOTO BHOYXY MiX
yac TpaHcnoptyBaHHsA. Oprasizaiisi JIOTICTHKH Mae
BKIIIOYATH IUTAaHYBaHHS  MapuIpyTy, IHepeBipKy 1
MiATBEpKEHHs 0e3MeKH LUIAXY, a TAKOK 3a0e3MeueHHs
BHCOKOT'O piBHS KOOpJMHAIIT MiX BCiMa
BiJIMOBiNAILHUMHU cTOpOoHaMu. TpancropryBanHs BHIT
Ta MIiH BHMara€ HasBHOCTI  Npo¢)eCiOHATBHOrO
MepCOHANyY, SIKUH Ma€ BiJIIOBIMHY MiJArOTOBKY 1 3HaHHS
LI0J10 TIpoLielyp Oe3MEeUHOr0 TPAHCIIOPTYBAHHSI.

PoOorexHiunuii 3aci0 MOBUHHI MaTH JOCTaTHIO
IPY3OMiHOMHICTh Ta CHEUiaJbHy KOHCTPYKIIO ISt
nepenecenns BHIT mo 6e3neynux 30H ab0 Ha CICIialbHO
BiJIBe/IeHI MaliJaHYMKH JUIsl 3HUIIEHHs. Mae ckiiaiaTicst
3 JIErKOro 1Imaci, 0OJaJHaHOrO JIBOMa CTYIEHSIMHU
cB00O/IM, HA SKi MPHUKPIIUIEHI METAIOAETEKTOP 1 Kamepa.
i npunamu  3HaxomsAThcs  HA  JpYrid  JaHii
MaHimynaropa. Takox B apceHani pobora Mae Oyru
KOMYHIKallifHUHT MOAYAb, TNpH3HAYEHHH Ui OOMIHY
MOBIZIOMJICHHSIMH Ta 300pa)KEHHSAMH MK poOOTOM 1
OIIepaTopoM, a TaKoX Juisi 00poOku 300paxeHs. 1l{omo
1raci, BOHO Ma€ OyTH BUTOTOBJIEHO 3 MIITHOTO aJIIOMIHIFO,
00 3a0e3MedyBaTu CTIMKICTh 10 MEXaHIYHUX BIUIMBIB i
HEBEJIMKY Bary Juisl IokpameHoi maneBpenocti. Illaci
CKJIaZIa€ThCsl 3 JIBOX IIAPIB 3 JOCTaTHIM IPOCTOPOM MiX
HUMU JJIs1 pO3TalllyBaHHs Oatapeil Ta eleKTPOHHMX ILIAT,
a TaKoX JUIsl iX 3aXMCTYy BiJ 30BHILIIHBOTO CEpPEIOBHIIIA.
[Ilo6 3MeHmUTH Bary Ta MOJErIIUTH KPIIUICHHS
KOMIIOHCHTIB, OOWABI IUIAaCTMHH € BakyymHi. Jns
MepeMillIeHHs]  BUKOPHCTOBYIOTBCS YOTHPH  LIMPOKIi
KoJleca, SKI TPHKPIIUIEHI 70 Imaci 3 JBHTYHaMH,
po3TaimoBaHMMHU 3 000X OOKiB. Pyx 3milicHIOETBCS 3a
JIOTIOMOT'OI0  JIAHIIIOTOBOTO pEMEHs, SIKWil Iepenae pyx
MK aBoMma kojecamu. OkpeMa IulaTa BIIIOBiZae 3a
KEepyBaHHs PYyXOM Iaci, BKmo4aroun H-Mict s pyxy
BIIEpeNl 1 Ha3aj JBUTYHIB.

OCHOBHUM TiJIXOJIOM TPH PO3pOOII IBOI0 MPOEKTY €

CHPOLIEHHS KOHCTPYKIII, JIe 1€ MOXIIUBO. 3BEPTAETHCS
yBara Ha 3MEHIIEHHS CKJIaJHOCTI Ta 3aCTOCYBaHHS
0araTo(pyHKIIIOHAJPHUX KOMITOHEHTIB, SKi CIpPHUAIOTH
3HW)KEHHIO 3arajbHOI Bard CUCTEMU.
lomo pykd MaHIMyIsTopa, IBa CTYICHI CBOOOIU
po3TamioBaHi y BepxHii yactuHi mraci. OcHoBa po0OoTa
MOXe O00epTaTHCsi HABKOJIO BEPTUKAIBHOI OCi JuIs
CKaHyBaHHS HaBKOJIMIIHHOTO CEPEOBHUILA 1 BUSBIICHHS
BHII 3a nonmomororo Meranonrykaya Ta IMOJSPU30BaHOI
KaMepH Ul BUSBJICHHS HaIBOMHHMX 1 IMiJ3EMHHX MiH.
Jlpyra naHKa pyKH MOXE pyXaTHCsS Bropy i BHHU3 3a
noTpeou.
BesrnieuHe TpaHCIIOPTYBaHHS € HEBiq'€MHOI0 YaCTHHOIO
T'YMaHITapHHX OIepalliii 3 po3MiHyBaHHS, OCKIJIBKH BOHO
3abe3neuye Oe3neKky SK Ui THEpPCOHaTy, TaK 1 s
MICIIEBOT'O ~ HACEJEHHs, Ta JOIOMara€ yHHKHYTH
MOAAJIBIINX TParediid i 30eperTy KUTTS.

IV. Ananoru moneneir MOOLILHUX
pOOOTHU30BAaHUX KOMIUICKCIB
PosrnsiHeMo  aHamorm  MOOUTBHHX — POOOTH30BaHUX
KOMIUIEKCIB sIKi ITPEACTABIIEHI Ha CBITOBOMY PHHKY, X
KiHEMAaTUKy Ta TEXHIYHMH ONHWC, 3a HasBHICTIO. 3a
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MEPCIIEKTUBHICTIO BOHU IOCIZAI0Th KIIFOUOBI TIOJIOXKEHHS
B PO3BHUTKY IHHOBAIlii Ta TEXHOJNOTIH y Cy4acCHOMY
MIPOMHUCIIOBOMY MAIIMHOOYyBaHHi.

Jlerkmit rycenmuynuit podor LT2-F «Bulldog» 3
0araTooChOBUM MaHINyJISTOPOM (pHc. 2) Mae Bci (PyHKINT
pobora Bloodhound i3  jomaBaHHSAM  3HIMHOTO
6araToocr0BOTO MaHiIyIsaTopa. PoGor MOXe
3IHCHIOBATH OIIEPAaTHBHY PpO3BIAKY, CIIOCTEPEXEHHS,
TIONIYK, BUSIBJICHHS, BUIIydeHHs, nepemimenus BHIT y
MICIIS /TSl X 3HEMIKOJDKEHHSI, OUUILEHHS, TPUMIILEHb Ta
Tepuropil, 3a6pyauernx BHII a Takox mpu npoBeneHHI
KOHTPTEPOPUCTHYHUX OMEpaliii, OnepaTuBHOI PO3BIAKH
Tomo [5].

PoGoTr Moxe jierko mojoyaTd IMEPEeIrkogu Ta CXOAU
3aBJISIKM 3aJ(HIM OIIOpaM, SIKi TaKOXX BHCTYIAIOTh y POJIi
CTabiNi3aTopiB Ha KPYTHX CXWJIaX. ApXiTekTypa podora
BKJIIOYAE CMEiaIbHAN MyJIbT AUCTAHIIHHOTO KEPYBaHHS
Ta TEpeHIO MOBOPOTHY Kamepy. Jlo iHIIMX TOCTYMHHX
akcecyapis BXOJISITH OCBITNIIOBaJIbHA  CHCTEMa,
ayJiocucTeMa JUIS 3amucy TOJIOCOBUX MOBiJOMIICHB,
pe3epBHa Bineokamepa Ta 30epirajlibHe NpPOCTOpi JUIs
nmauux. LT2-F "Bulldog" Mo)ke BUKOPHCTOBYBATHCH LIS
OYMIICHHS TPUMIIIEHh Ta TEPUTOPIH, 3a0pyJHEHHX
BHII, BunmaneHHs mio3pijiMx MaKyHKIB, TUCTaHIIHHOTO
CIOCTEPEKEHHS TOIIIO.

bez wmaninmymsatopa pobor LT2-F "Bulldog" moxe
JIETKO TOMIIIATUCS I AaBTOMOOIIb, JIKKO Ta B
00MEXEHUX MpPOCTOpax. 3a HAasBHOCTI MaHIIyIATOpa,
poOOT MOXe BiIKpHUBATH JBEPI, IEPEMILI[ATH Ta OTJISIATH
Npe/IMETH, a TaKoX IHCIeKTyBaTH MeOm. CraHmapTHa
koHQirypauist pooora LT2-F Bximtouae mnardpopmy Ha
T'YyCEHUYHOMY X0/, 3HIMHUH 0araToochOBHI
MAaHIITyJIATOp Ta CUCTEMY KEpPYBaHHS, a TAKOX J0/IaTKOBE
o0JiaJiHaHHS, TakKe sSIK MOTY)XHAa OCBITJIIOBaJIbHA CUCTEMA,
¢byrsp s nepeBeseHHs poOoTa, mepenHi KaMepH s
BiJIEOCIIOCTEPEIKEHHS TOLIO.

Texniuni xapakrepuctuku podora LT2-F "Bulldog":

Yac 6e3mepepBHOI poOOTH - 10 8 TOJIWH;

HIBuaKICTE - 10 2 KM/TOZ;

Bara - 39 kr;

Po3mipu: BUCOTa i3 BCTAHOBJICHUM MAaHIMYJISTOPOM Yy
pexuMi TpaHcmopryBanHs - 46 oM (~56 cMm i3
BCTaHOBJICHOIO KAMEPOIO Ha MaHIMyJIATOPI); NHPHHA - 48
CM; 3arajibHa JIOBJKUHA ~76 CM.

Oco0nuBicTh  po0OTa -  6-OCHOBUH  3HIMHUIA
MAaHIIyJIATOp, 3 MOXJIMBICTIO oOepTaHHs Iuteda Ha 180
rpagyciB, Jikts Ha 270 TpaayciB Ta Oe3IepepBHOIO
o0epTaHHs 3axBaTy MaHIMyasTopa. XapaKTepUCTUKU
MapajeNbHOro 3axBary s "maibuiB" MaHimyasTopa
BKIIIOYAIOTh OTBip niamerpom 11,4 cM 3  cuioro
CTHCKaHHA 29,5 Kr Ta KOpHCHE HAaBaHTa)XEHHSI Ha
MAaHIITyJIATOpP Y ITOBHICTIO BUTATHYTOMY CTaHi - 6,8 Kr.
Podor LT2-F "Bulldog" wmoxe Oyru [104aTKOBO
OCHAIICHUH 5-TOI0 BicClo, IO oOepraeThes Ha 315
rpagyciB, Ta O-TOK BICCHO IS 3IIMCHCHHA HAXWUIY
3axBara MaHimy:s Topa Ha 160 rpangycis.
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Puc. 2 LT2-F "Bulldog"

Puc. 3 LT2-F "Bulldog"

Haitoinpmmmit podot cimetictBa CALIBER®, CALIBER
MK4 MIPOIIOHYE Oe3IpereIeHTHI MOXITUBOCTI
OYKCHUpYBaHHS Ta TATaHHSA y IOE€JHAHHI 31 IIBUAKICTIO,
CIPHUTHICTIO Ta CHPUTHICTIO — BCe 1€ 3a JOCTYITHOIO
LIIHOIO.

MK4 - mnadimoryxHimmid 3 ycix pooborie CALIBER,
BaHTAXOII AHOMHICTh siKOro ckiamae 90 xr. Moro 6ok
VIPaBJIiHHS Ta YIpaBIiHHSA 3a0e3rledye aBTOMaTHYHE
MoNepeTHhO ~ BCTAHOBJIEHE  IO3MIIIOHYBAaHHA U
MOJIETTIEHHS. IIBUIKOrO po3ropTanHs; Ta 3D-aBatap,
SKHH TPONOHYE TMO3ULIHHUN 3BOPOTHHH 3B'SI30K Y
peanbHOMY Yaci 3a (PaKTUYHUM CTAaHOBHUINEM poOoTa.

Ha ocHoBi pexoMeHnaniii BUOYXOTEXHIKIB MOAYJIbHA
KOHCTPYKIIisi po0oTa [103BOJISIE 3MEHIIMTH BHUTPATH Ha
TeXHIYHE  OOCIYroByBaHHS 32  PaxyHOK  JIETKOi
MOJIepHi3alii MmIaThopMH, PEMOHTY Ha MICISIX Ta 3aMiHU
Jetaeil.

Puc 4. CALIBER MK4

87

Puc 5. CALIBER MK4
Xapakrepuctrku MoOipHOr0 podora CALIBER MK4
I'eomeTpuyHi mapamerpu:

- BUCOTa, MM. 870

- mupuHa, MMm. 750

- noBxxuHa, MM. 1400

Bara, xr. 333

Yac pobdotu, rox. 2

BanTaxxomigiiomuicte 10 90 KkilorpaM B CKIaJICHOMY
CTaHl MaHinyJsTOpa, Ta 45 Kilorpam y BUHHATHMY CTaHi.

V. BUCHOBKH
B manomy matepiasii IpOBENEHO aHATI3 aKTyaJlbHOCTI
PO3POOKU KOHCTPYKIIT MaHIMyIATOpa POOOTEXHIYHOIO
MPUCTPOIO  JUISl  TIEpEeMIllleHHs]  BHOYXOHEOE3NeuHHX
npeaMeriB.  Byno HaBeaeHO CBiTOBMET TpuKiam, Ta
PO3pO0IICHO MPOMO3HUITIT IIOI0 HOro0 MOKPAIICHHS.
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KoMIiekcHu Oiaxia 10 3aCTOCYBaHHS
POOOTOTEXHIYHUX KOMILIEKCIB y c(hepl T'yMaHITapHOTO
PO3MIHYBaHHS
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Anomauia’ Y IONOBiAI NPOBEIEHO aHaJi3 KOMIUIEKCHOTO
IiIXOAY 10 3aCTOCYBaHHs POOOTOTEXHIUHMX 3aco0iB y cdepi
T'YMaHITapHOTO PO3MiHyBaHHS.

Knrouogi cnoea: ryMaHiTapHe PO3MiHYBaHHS,
PpOOOTOTEXHIYHI 3acobu, TOIIYK, inenTudikanis,
BUOYXOHEOE3IeuHi peIMETH.

I. Beryn

VYHacmigok pociiCbKOro BTOPrHEHHS YKpaiHa crana
ONHI€I0 3 Hali3aMiHOBaHIIIMX KpaiH y cBiti. | Tomy
Ba)XJIUBO HEOOXiJHI KPEaTHBHI IMiJXOAM IO PO3B'S3aHHS
MUTaHb TYMaHATApPHOTO PO3MIHYBaHHSI i3 3aCTOCYBaHHSIM
POOOTOTEXHIYHUX KOMIUIEKCIB Ta CHCTEM 31 IITYYHHM

IHTEIEKTOM, SKIi MOXYTh ©O€3 BTpPYYaHHS JIIOJMHHU
BH3HAYaTH HAsABHICTH HEOE3MEK Ha  TEPUTOPIX,
3a0pyIHEHUX BHOYXOHEOC3MCYHUMU npeaMeTaMu
(BHID).

3a HasBHUMU JaHUMH, Ha chorofHi 0auspko 160 000
M’ CyXOJIO0ITy TepHTOpii YKpaiHi MOTPIGHO 06CTEXUTH HA
HasBHICTH ~ BHOYXOHEOE3NEUHHX  MpeAMeTiB.  Ypsin
Ykpainu CTaBUTH 3a MeTy, 1100 3a aecaTh pokiB 80 %
IUX TEPUTOpii Oynu oOcTexkeHi Ha HasBHicT, BHII Ta
Oynmu Oe3meyHUMMH OE3MEUHUMH JUISL JKUTTEISUTBHOCTI
MHUPHOTO HAacCeJICHHS Ta BIHCBKOBHX 1 HEOOXiJgHA
0a3yBaTUCh Ha KpPEaTUBHOCTI IAXOAY JO CUCTEMHU
T'YMaHITapHOTO PO3MiHYBaHHSL.

KpeartuBnicTb CHCTEMHU T'YMaHITapHOr0
po3MiHyBaHHsA 0a3yeThCsd Ha KOMIUICKCHOMY ITiIXOZi
MIOBUHEH Ta Tependavae 3acTOCYBaHHs HOBITHIX 3aC00iB,
30KpeMa Oe3mioTHUX JiTanbHux amapartiB (BIIJIA),
HazeMHUX poborororexHiyHux KomruiekciB (PTK) ta
CHCTEM, CUCTEM 31 IITYYHUM IHTEJIEKTOM, SIKi MOXKYTh 0€3
BTPY4YaHHS JIFOJVHU BU3HAYaTH HAsBHICTH HeOE3MeKu
LUIIXOM  JOCHI/DKEHHS  pe3y/lbTaTiB  OOCTEXXKEHHS
tepuropii BITJIA Ta ynpaBiiHHS SKiCTIO pO3MiHYBaHHS.

Cucrema  ympaBIliHHA ~ SIKICTIO  PO3MiHYBaHHS
CKJIaJIa€ThCs 3 JIBOX YAaCTHH:

— 1€ TapaHTis SIKOCTi, TOOTO BIIEBHEHICTh y TOMY, IO
orepaTop, SKWH  3asiBUB  CBOIO  CIPOMOXKHICTh
PO3MiHYBaTH, JIHICHO Ha IIe CIIPOMOXKHHIA;

— KOHTPOJTB SIKOCTI.

[IpiopureTHUMH UIi  pO3MiHYBaHHA € 00 €KTH
€JIEKTPO-, BOAO-, I'a30-, TEIUIONOCTAYaHHs, KPUTUYHOI i
TPAHCIIOPTHOI 1H(GPACTPYKTYPHU, CLIBCHKOTOCIONAAPCHKI
3eMUIi TOIIIO.

[epmmit  eram  TryMaHITApHOrO  PO3MiHYBaHHS
PO3IIOYHMHAETBCS 3 OUU(PYBAHHS CYIMyTHUKOBUX JaHUX

Ha TpeAMET KparTepiB, OKOIIB, TpaHIIEH, aHOMalild Ta
IHIIIMX HEOJHOPIMHOCTEH MO BCil TepUTOPii Y KpaiHH.
Jpyruii piBeHb NaHUX — Lie Bi3yaJbHa IHCHEKIIs 3a
nonomororo BITIIA, sxuit Bussiase BHIT na 3emuri.
Tperifi piBeHp HaHMX — II¢ BUOYXOHEOE3MECUHI
NpeAMeTH Wi 3eMIelo. IX IIyKaloTh 3 JOMOMOTON0
MAarHiTOMETpiB, TEPMOKaMmep, MYJIbTUCIIEKTOPaIbHUX
KaMep, XIMIYHHX CEHCOPIB i METAJIONIYKaYiB.
HesBaxatoun Ha 3Ha4HY KIJIBKICTh HAYKOBHX POOIT 13
JaHOi TEMAaTWKH, Ha CBOTOJAHI CKJIanacsi TEHIEeHIs
PO3MEXyBaHHS 3a3HAUYEHUX MTUTaHb.
PoGoTH 1o cTBOpEHHIO pOOOTTOTEXHIYHUX KOMILIECIB
y cdepi TyMaHITADHOrO pO3MIHYBaHHS BEAYThCS B
VYxpaini i 3a kopaoHoM [1]. B Ykpaini Ta cBiTi BUKOHAHO
3HAYHUH  00CAT  JOCH/DKEHb  TEOPETHYHOrO  Ta
€KCIIEPUMEHTAJILHOTO  XapakTepy, SKi  CTOCYIOTHCS
po3poOku  MOOUTBHHMX  pobOotiB.  HasBHI  okpemi
JIOCII/DKEHHSI CTaTHYHHUX XapaKTEepUCTHK, pPO3pOoOJIeHi
JIOCIIJHI 3pa3KH pOOOTOTEXHIYHUX KOMILIEKCIB y cdepi

TYMaHITAPHOTO  PO3MIHYBaHHS Ta MOpOBelAeHa  IX
ampooarris [2].
Tomy mpobinema  poO3pOOJCHHS  KOMIUIEKCHOTO

MiJXOMY IO 3aCTOCYBAaHHS POOOTOTEXHIYHUX KOMILICKCIB
y chepi TYMaHITAPHOTO PO3MIHYBaHHS € aKTyaJbHHM
3aBJaHHIM.

II. Buknax ocHOBHOTO MaTepiaily
EBomiomiss  po3BUTKY  pOOOTOTEXHIYHHX  3ac00iB
MOKa3ye, HACKIIBKYA NIBUAKHM € PO3BHTOK JaHOI rairysi.
Bin nosiBu mepmroro podora, sIkuil Mir BUKOHYBaTH caMi
MpocTi  omeparii, J0  MacoBOr0O  BHPOOHUIITBA
POOOTOTEXHIYHMX KOMIUIEKCIB NpoWnnio He Oinbire 70
pokiB. Sk moka3ye CTaTUCTHKA, 3POCTaHHS B iHAYCTpIii
pOOOTOTEXHIKN MPONOBXKYE OyTH BHOYXOBMM. ChOroaHi
iCHye BeJM4Ye3Ha pI3HOMaHITHICT,  poOOTIB,  sIKi

3aCTOCOBYIOThCSl Y TyMaHITAPHOT'O PO3MiHYBaHHSI.
I'ymaniTapHe po3MiHyBaHHS — KOMIUIEKC 3aXO/IiB,

SKi TpPOBOIATBCA 3 METOK JIKBifamii HeOe3mek,

moB’si3anux 13 BHII, Bkmrodaroud HETEXHIYHE Ta
TeXHIYHE OOCTEKEHHsS TEPHUTOPii, CKIAJEHHS KapT,
BUSBJICHHS, 3HELIKOKEHHsS Ta/abo s3uumends BHII,
MapKyBaHHS, MiATOTOBKY  JTOKYMEHTAIii Ticist
pO3MiHyBaHHs, HaJaHHSA TpomanaM iH(opMaIli om0
MPOTHMIHHOI  JISUTBHOCTI Ta Tepeiady  OYHIIEHOI
tepuropii [4]. CkiagoBi cucreMu TyMaHITapHOTO

pO3MiHYyBaHHS HaBeneHi Ha puc. 1 [2].
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Puc.1. CkamoBi cucTeMu ryMaHITapHOTO
PO3MiHYBaHHS

I'ymaniTapue  po3MiHyBaHHS y  TepUly  4Yepry
CIpsIMOBaHE Ha 3MEHIICHHS IIKiAJIMBOrO (akropy mil
BHII na xuttenisuipHIiCTh Jozeil. Mera po3aMiHyBaHHS
MoJisArae B TOMY, 100 3HU3UTH MiHHY HeOe3leKy a0
PIiBHS, TpU SIKOMY JIFOIM MOXYTb JKHTH O€3ME€YHO; MpH
SKOMY €KOHOMIYHMH, comianbHuii 1  (izionoriunuii
PO3BUTOK MOXE 3JIHCHIOBATHCS O€3IeperIKoHo, He
Hapa)kalounCh BIUIMBY OOMEXEHb, L0 BUKIUKAIOTHCSI

BIUIMBOM 3a0pynHeHHs Tepuropii Ykpainn BHII.

BuOyxonebOe3neyni  npexMerd —  BHOYXOBI
Martepianu, OOempumac, IO MICTATh  BHOYXOBI
PEUOBMHH, a TaKOX OIOJNIOriYHI Ta XIMiYHI pPEUOBHHH:
O00MOM 1 OOErONOBKH; KEpOBaHI 1 OANICTUYHI paKeTH;
apTUIepiicbKi, MIHOMETHi, pakeTHi Ooenpumacu i
Oo€enpuIacu A0 CTPLICHbKOI 30pol; yci MiHH, TOpHeau i
rMOMHHI 60MOM; MipOTeXHIYHI BUpOoOU; KaceTHi bomMOu i
KaceTH; €JEeKTpU4YHI BHUOYXOBI MPHUCTPOI; caMOpoOHi
BHOYXOBI IIPUCTPOI TOIIO [4].

I'ymaniTapHe po3MiHyBaHHs, Ha BIAMIHY Bij
BIfICEKOBOTO, Mepefdayae KOMIUICKCHUH OIJIsAA  yciel
TepuTopii, JAe TpuBadM OOHOBI Jii, BH3HAYEHHS
HeOe3MeYHnX  paloHIB,  BHSBJICHHS  3a0pyJHEHHX
BUOYXOHEOE3NIEYHUMH  NMPEAMETaMH JAUITHOK Ta  1X
OYMIIECHHS, IICIA YOr0 MICIEBICTh CTa€ MOBHICTIO
MIPUIATHOIO U1l BAKOPUCTaHHSI.

Momyxk  Ta  imeHTUdiKamis BHII Ui
T'YMaHITApHOTO PO3MiHYBaHHS 3 METOI0 3MEHIIECHHS
PHU3UKIB 3 MUTaHb OC3IEKH JIFO/ICH, SIKi HOTO 31iHCHIOIOTh,
€ KOMIUIEKCHUM 3aBJIaHHSIM Ta BUMAararoTh 3aCTOCYBaHHS
PTK nansa i#ioro mpoeaenns. PTK nans mpoBeneHHs
I'YMaHITapHOIO PO3MIHYBaHHS TOBHHHI OYTH OCHAILEHI
BIJIMOBITHUMU JIETEKTOpaMH (CEHCOpaMH, JaTYMKaMH),
3aco0aMu TMPUHHATTS pIllleHb Ta 3aCTOCOBYBAaTHUCh Ha
eranmax pO3BIJIKM, TIOMIYKY, JIOKalii, MapKyBaHHS,
iIeHTU(IKaI1, 3HSIIKO/PKEeHHS Ta 3HuIieHHss BHIT [4].

BusBnenns BHII o3Hauae 1ix momyk Ta
IICHTU(IKAIII0 y BIAMOBIMHOCTI 3 X JEMAacCKyIOUUMH
o3Hakamu. Jlemackyroui o3Haku BHII 3ymoBieHi HU3KOI0
YUHHUKIB. J[0 HUX MOXKHA BiTHECTH:

— HasIBHICTh BUOYXOBOI PEUYOBUHH;

— HAasBHICTb JIOKQJIFHO pO3TALIOBAHOI MacH
Meraixy (HaBiTh B TaK 3BaHUX «HEMETAJIYHUX)
FOrOCIaBChKUX MiHax € 70 0,1 T amioMiHiIO Ta MeTalieBa
MIPYXKHHA JUTS CIIPALIOBAHHS JIETOHATOPA);

— xapakTepHa popma MiH Ta BHIT;

— HEOIHOPIMHOCTI CEpPEAOBHINE, I¢ PO3MIIICHHUIA
BHII (mopymeHHS TIOBEpXHI IPYHTY, IOPOXXHBOTO
MOKPUTTS, CTiHM  OyHiBJIi, TOPYIIEHHS KOJIbOPY
POCIIMHHOCTI 200 CHITOBOI'0 TOKPUBY TOIIIO).

JlonaTkoBi neMackytodi (pakTopH, siki MOXKYTh OyTH
HE 3aBXKIHU:

— HasIBHICTB IPOBIAHOI JIiHIT YIIPaBIIiHHS MiHOIO;

— HasBHICTHP TOIAMHHUKOBOIO MEXaHi3My a0o
€JIEKTPOHHOTO TaiMepa;

— HasBHICTL CEHCMIYHOIO,
OINITUYHOTO JaTYMKa I[iJTi;

— HasBHICTh aHTEHH Ui PaJioNpHHMaIbHUX
npuctpois BHII.

Omxe, BHII MoXHa BHSBIATH 32 PaxyHOK TPhOX
(axTopis:

— HasBHOCTI 30Cepe/KeHOoi Macu BHOYXOBOL
PEYOBUHH;

— xapakrepHa koHcTpykuisi min Ta BHIT (dhopwm,
Matepian KOpIycy, KOJip TOIIO);

— TIOpYIIEHHS OJHOPIJHOCTI HaBKOJIMUIIHBOTO (hOoHY
(KOJIbOPY POCIMHHOCTI, IILHOCTI TPYHTY TOLIO).

OcHOBHI eTanu npotecy T'YMaHITapHOTO
PO3MiHYBaHHSI MO>KHA PO3[IUINTH Ha €TaIly, sIKi HaBeJeHI
y Tabm. 1.

MargiTHoro a6o

Tabn. 1. Eranm  mpomecy  ryMaHiTapHOTO
PO3MiHYBaHHS

Howmep erany 3micT erarmy

1-1i eran HerexHiune oOcTeXeHHs

2-i eran TexHiuHe 00CTEKEHHS

3-it eran Po3minyBaHHs TepuTopii,
3a0pynnennx BHII Ta ouunmieHHs
palioHiB BeIeHHS OOHMOBHX il

4-1 eran Yrumnizanis (3HHMIIIEHHS,
3HemKkopkeHHs) BHIT

5-it eran KoHTponb sKOCTI po3MiHYBaHHS Ta

mepefaya TEPUTOPIH, 3a0pymHEHHX
BHIT xopucryBauam

Hertexniune oocrexenns (HTO) prirouae 30ip, aHami3
Ta OLIHIOBaHHS iH(OpMAIi CTOCOBHO TepUTOpii IS
nopaibLiol 11 kiacudikamii 3a crarycoM HeOe3neku, 0e3
BHKOPHCTAHHS TEXHIUYHUX 3ac00iB nomryky BHIT [5].

MeTol0 TpOBENEHHST HETEXHIYHOrO0 OOCTEeXKEHHS €
Knacudikaiis 3a CTaTycoM HeOe3NeKH TepuTopii,
CTOCOBHO $IKOi iCHYe mifo3pa moo ii 3a0pyauennast BHIT
Ha MiJCTaBi OTPUMaHMUX NPSIMHUX Ta HENPSMUX J0Ka3iB, a
TAKOX  MIATOTOBKA  MPOMNO3UIIA 3  NPOBENEHHS
TEXHIYHOTO OOCTEXKCHHS, OYHMIICHHS (PO3MiHYBaHHS) Ta
(ab0) BukiTFOYEHHS (PO30JIOKYBaHHS) TEPUTOPI|.

Jo mxepen indopmarii minx yac npoexenHs HTO
HaJIeKaTh:

— OpraHd BUKOHABYOI BJIaJI Ta CAMOBPSIIYBaHHS;

— MiCIIeBE HaCeJICHHS;

—OpraHd YIpaBITiHHA Ta MiApo3aian 30poiHux Cui
VYxpainu, iHIIMX BiIHCHKOBUX ()OPMYBaHb;

— OpraHd BIMCHKOBOIO YNpABIIHHSA Ta YYaCHUKU
OorioBux fiii, moB’s3anux i3 BHIT;

— KapTy MIHHHUX IOJIB 1 TEpPUTOPIi BeqeHHS OOHOBHX
Tii;

— TOIO.

3a pesynpratamu nposeaenHs HTO knacudikyerbes
3a CTaTycoM HeOe3IeKH, a came:
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— IMOBiIpHO HeOe3IeYHa TEPUTOPIs;
— MmiATBEpPKEHa HeOe3redHa TepUTopis;
— BHUKJIIOUEHA TEPUTOPIs.

TepMmiH «TexHiYHEe OOCTEXKEHHS» BIiIMOBIIHO [0
MiXHapOAHOTO CTaHAApTy MNPOTHMIHHOI JiSUTBHOCTI
IMAS 08.20:2019 «Texuiune obctexxenns» ta JCTY-II
8820:2018  «IIporuminna  misutbHicTh.  [Ipomecu
yrpasiiaHA. OCHOBHI MMOJIOKEHHS» BKJIIOYAE B cede 30ip
Ta aHali3 JaHUX [P0 HAasBHICTb, THUIN, PO3MOIAUT Ta
HaBKOJIMIIIHI YMOBH 3HAXO/DKEHHS MiH Ta
BHOYXOHEOE3MEUHNX MPEIMETIB 13  3aCTOCYBaHHSIM
TEXHIYHHUX 3ac00iB, 100 TOYHIIE BU3HAYUTH MicCIe, JI€
NIPUCYTHI MiHM Ta BUOyXOHeOe3le4Hi OoerpuIiacu, a ae
iX Hemae, IS CHPHSHHS TPIOPUTH3AI] BHUBUILHEHHS
3eMellb Ta 3a0e3MeYeHHs] MPUHHATTS pilleHb IIIIXOM
HagaHHA (akTiB [3].

Po3minyBaHHsS monsirae y 3AiHCHEHHI omeparnii

BUSIBIICHHSI, BHAANCHHS ab0 3HHIICHHS MiH Ta
BHOYXOHEOE3MeUHNX OO€NMpHUIIaciB, a s omepaii 3
PO3MiHYBaHHS ~ MOXE  TakoX  OyTh  mOTpiOHe

3a0e3MeueH sl TOCTYIY, JiarHOCTyBaHHS, NPHUBEACHHS B
OesneyHMid CTaH, OcTaroyHa yTwiizamis Ta (y pasi
MoTpeOH) 3aXUCHI POOOTH.

OuuiieHHsT padoOHIB  BeJeHHS  OOMOBHX  Jid
nependavyae BUSIBICHHS Ta 3HEMIKOMKEHHS B IEBHHX
paiioHaxX, Ha SIKMX BeNUCs OOWOBI il 1 sIKI MOXYTh
BKIIIOYaTH OOOpOHHI mO3umii Ta Micud, nAe Oymu
BUIYIIEHI a00 CKUHYTI aBialiiiHi a0o apTHIEePIHChKi
Ooenpunacy, BKIIIOYAIOYH KaceTHI Ooenpunacy. 3ajuexHo

Bil TyYMaHITapHUX TMpPIOPUTETIB 1  HEOOXiJAHOro
3eMJIGKOPHCTYBAHHSl ~ OYMIICHHS  pailOHIB  BEIEHHS
00MOBUX i MOKE BKJIIOYATH ITOBCPXHEBE 1 MiJA3EMHE
PO3YHIIIEHHSL.

Vrumizaiiis, 3HEMIKOMKEHHS (3HUIIEHHS) MiH Ta
BHOYXOHEOE3MEUHNX MPEIAMETIB BKJIIOYAE BCI ACICKTU
BUSIBJIGHHST Ta 3HEIIKO/DKEHHs OO€mpHIaciB, M0 He
pozipBaiicsi, UULIXOM  IPOBEICHHS  omepamiii 3
po3MiHyBaHHsA. BukoHaHHS omepallii 31 3HEIIKOIKCHHS
ta 3HumeHHs BHII BapiroeTbcsi BiJ BiIHOCHO NMPOCTHX
METOJMK 3HEIIKO[DKEHHS Ta BIJIKPUTOrO MiAPHBY IO
JIy’)Ke CKJIQJIHUX ITPOMHUCIOBUX MPOLECIB i3 3aIydeHHIM
BIIMOBITHUX (PaxiBIIiB.

3HEIIKO/DKEHHs BUOYXOHEOE3MeyHOro mnpeaMera —
cnewianpHi aii momo OnokyBaHHS abo HeWTpamizamii
BHUKOHABUMX MexaHi3miB migpuBHuKiB BHII (Bumyuenns
migpuBHukiB 3 BHIL, Bumywenns BHII 3 wicus
BCTaHOBJICHHS), CHpsIMOBaHi Ha TIPUBENICHHS
BHOyXxoHeOe31evHoro npenMera y Oe3neyHuil cTaH, I
BUKITIOYA€ MOXKJIMBICTh HOr0O HEHABMUCHOT'O BUOYXY.

3HUIEHHS BHOYXOHEOE3NEeUyHOro IpeaMera —
nepeserennss BHII y HemiesmatHwmii (Oe3nevyHuii) cTaH
LUISIXOM ITiAPHUBY, CIIAIFOBAHHS, MEXaHIYHOTO YH iHILOTO
MOBHOTO 200 YacTKOBOrO pyHWHYBaHHSI 3 O0OB’SI3KOBHM
JMOTPUMAaHHSIM BHMOI IPOTHMIHHOI  TISUTBHOCTI Ta
3aro0iraHdsIM 1 MIHIMI3ali€l0  HEraTUBHUX VIS
HACEJICHHS, 1HPPACTPYKTYPHU Ta JOBKULIS HACIIIKIB;

KoHTponb  sikocTi  pO3MiHYBaHHS —  €JIEMEHT
MPOIIECY YOPAaBIiHHA SKICTIO PO3MIHYBaHHs, SKHA
3a0e3Meuye MOBHE MOTPUMAHHS BHMOT IOJO JTIKBiarlii
HeOe3mek,  TOB’sS3aHMX 3 BHOYXOHEOE3NeUHHUMHU
MpeIMETaMy, a TAaKOX KOHTPOJIb 32 JOTPUMAHHSIM BUMOT
IIOJI0 SIKOCTI pPO3MiHYBaHHs. SIKICTh pPO3MiHYBaHHS —
BIIIOBIIHICTE BHUKOHAHUX 3aX0/iB BHMOT'aM
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HAIlIOHANGHUX CTAaHIAPTIB MPOTHUMIHHOI JISUIBHOCTI 3
ypaxyBaHHSM BHMOT JIEPXKaBH IOAO OE3MEKH KHUTTSA 1
3[I0pOB’sI HACETICHHS.

Ha Tenepimmniii wac nmepemoBi KpaiHuM CBITY
PO3pOOJISIOTE Ta BUKOPHUCTOBYIOTH Cy4YacHI MOOLIBHI
pobororexHiuni kommekcu (PTK) mnst rymanitapaoro
PO3MiHYBaHHSI.

OcHoBHa yBara mpuiinserscss crBopeHHio PTK
30inbIIeHOT aBTOHOMHOCTI. Yepe3 crenudiky 3aBaaHb,
oo  miypsiraroTe  BUpimeHHro,  MoOuteHi  PTK
YIIOCKOHATIOIOTHCS I 3a0e3eueHHs] MOKITUBOCTI JisITH
B pealibHiil 0OCTaHOBII 3a YMOBH YacTKOBOI ab0 MOBHOI
BiJICYTHOCTI BuUXifgHOi iH(opManii mpo cepenoBuine
¢yHkmionyBaHHd. OCHOBHOI TCHICHINIEIO 3IiHCHEHHS
IUX TIPOEKTIB € JOOCHAIIEHHS KOMIUIEKCIB, IO
3HAXOIATHCS Ha 030pO€HHI, IIM(POBUMHU i aHAJIOTOBUMH
Bi3yaJlbLHUMH CHUCTEMaMH, 3aco0aMH aBTOMAaTH3alii
yIIpaBJIiHHS, KaHaJIaMu 3B’S3KY (panio i
OINITOBOJIOKOHHMUMH) Ta 3aco0aMH YIPaBIiHHI PYXOM,
3aCHOBaHUMH Ha MOJYJILHOMY IIPHHIIHIII [6].

BincytHicTh 0co00BOro Ckiiagy B 30HI ypa)XeHHS i
3actocyBanHsi PTK 3Ha4uHO mMiIBUIIYIOTH MOpaibHO-
IICUX OJIOTTYH U CTaH BIfICEKOBOCTY)KOOBIIIB i
3a0e3MeuyoTh  e(eKTUBHICTh BUKOHAHHS  OOHOBHX
3aBJlaHb, ICTOTHO 3HI)KYIOUH JIO TOTO 3K OOHOBI BTPAaTH.

Iepenosi nepxaBu cBity pospoownu psa PTK, siki
3aCTOCOBYIOThCSL y Cepi T'yMaHiTapHOTO PO3MiHYBaHHS
[6].

AMepHKaHChKI ~ BIHCHKOBI ~ BHKOPHCTOBYBAJIH B
Adranicrani HalMiHIaTIOpHIIIOro po0OOTa-pO3BiTHUKA
Recon Scout. Bin mae Bary 1,3 xr Ta moBxuny 200 mm,
obnajHaHU{ 3BHYAlHOIO ¥ iHQpauepBOHOIO KaMepaMu.
[[poro pobota MOXkHa 3aKHATH 33 MEPELIKO/IH.

HaiimacoBimmim aMEPUKAaHChKUM BiiICBKOBHM
poboToM  (BHITYIIICHO IIOHAJ 3 THUC. OJIWHHUI) €
nmucraHiiiiHo-kepopana MammHa (JIKM) «TALONy,

po3pobiena komnaniero Foster-Miller [1]. AMepukaHchki
JMOCTITHUKA MiIpaxyBalid, MO I pOOOT 3HEIIKOIWB
50 tuc. BuOyxoBux npuctpois. « TALON» 3maTHuiA DisTH
3a Oyap-sKOi TOTOJM Ta HEIOCTATHBOTO OCBITIICHHS,
JIOJNIaTH 3aBAJIU Ta JPOTSHI 3arOPOJKEHHS, IEpeCcyBaTUCS
Ha MICIIEBOCTI 31 CKJIQJHUM penbeoM, (YHKIIOHYBATH
ITi1 BOJIOIO HA TIIMOMHI.

Crannmaptauit  pobor «TALON» sBise coboro
MOJYIIBHY CHCTEMY, SKa BKJIIOYAa€ 3HIMHY pYKY
MAaHIIyJIATOp 3 MOABIHUM IIapHIPOM, JOBKUHOIO 1,6 M.

PoGoT ympaBnsieTbest 3a JONMOMOTOIO JTYTUIEKCHOTO

pamio3B’s3Ky abo0 10 BOJIOKOHHO-ONTHYHIN  JIiHIl.
YnupaBimiHHA ~—~ AWCTAHIIHHO  KEPOBAaHOI  MAIIWHOIO
«TALON»  3IiHCHIOETBCS ~ ONEPaTOpOM 3  MyJbTa

JIICTAHIITHOTO KEepYBaHHS OITOBOJOKOHHHM KabeneM
(a;me Ha maneHOCTI 10 300 M) abo mo pamiokaHany (10
800 M), a mpuM BUKOPHUCTAHHI CIPSIMOBAHOI AHTEHU
JanbHICTH  mii  30uUmemIyeThess g0 1200 M. Yac
OesmepepBHOro (PYHKIIIOHYBAHHS JAUCTAHIIHHOTO podoTa
«TALON» y 3BH4aliHOMY pEKHMi CTAHOBUTH 8,5 TOJI.
BoiioBa maca «TALON» (52-71) kr (3aJie)XHO Bif
komruiekTamii). [IBuakicte « TALONY» KOTUBAETHCSA Bin
MaKCHMaJbHOI 8,3 KM/Tofl 0 MOB3y4Oi 3 MOXIIUBICTIO
Oe3mepepBHO TMPAIIOBATH OLIbIIE YOTHUPHOX TOJMH.
BoproBe oOmagHaHHS ~CKIamaeTbCs 3 JIGHHUX Ta
iHppauepBonnx kamep, GPS-HaBiratopa, naruukis, 3a
JIOTIOMOT'OI0 SIKMX BU3HAYAIOTHCS BUOYXOBI Ta TOKCHYHI
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PEUOBMHHM, a TaKOX IPOBOIUTHCS OI[HKA pajiamiiHoi,
XiMigHOT Ta Ol0JIOriYHOT 0OCTAHOBKH.

BaknuBuM  €1eMEHTOM KOHCTPYKWii € Te, mIo
«TALON» Moxe HecTH Ha OOpTYy 030po€HHS (KyJeMeT
M240 xaniOpy 7,62 MM, cHaiiriepcbKy rBUHTIBKY M82A1,
YOTHPHUCTBONBHY 66-MM pakeTHy ycraHoBKy M202, 40-
MM TpaHaTOMETH, 6araTocTBOILHY Metal Stormy).

[TynbT ynpasmiHHS po3MimieHuit y QyTisipi, B SKoMy
TaKOXX PO3MIIllleHUH 1 OJIOK JKUBJICHHSA. 3aBISKH CEMH
KaMepaMm, pO3TallOBaHWM Ha OOpTY, Ha eKpaHi OJIOKY
YIpaBIiHHA Oe3MepepBHO BimoOpakaeThes iHGOpMAILis
JUIE TOYHOro To3umioHyBaHHs Mammuu. Illaci pobora
MOX€ HecTH Ha o001 BaHTtaxk mnoHany 90 kr s
3a0e3MeueHHs] MaKCUMallbHOI THYYKOCTI Yy Oyab-siKii
cUTyanii.

Jo  Haiibimemr  posmoBcromkennx  PTK, ki
3aCTOCOBYIOThCSL y c(hepi r'yMaHITapHOTO pO3MiHYBaHHS,
BITHOCATBCS TaKOX BiHCbKOBI pobotu cepii SuperDroid
Robots,

OcCHOBHE WiJbOBE TPU3HAYEHHS pOOOTIB  cepil
SuperDroid  Robots —  onepatuBHa  po3BijKa,
CIIOCTEPE)KCHHS, TMOMIYK, BHABJICHHA, iAeHTH]IKAIIiI,
BIJIYYEHHS], TEPEMIIlleHHs, 3HEMIKOKEeHHs, YTUIIi3amis
BHII, ouwnmeHHs  mnpuMilleHb Ta  TEPUTOPIH,
3a0pynHennx ~ BHII,  3xilicHeHHS  rymaHiTapHOTO
pO3MiHYBaHHS Ta BHKOHAHHS IHIIMX 3aBAaHb, SKi
BUDILIYIOTECSI HAa  TaKTUYHOMY DpiBHA  OoiOBOrO
yropaBmiaHa. [li poOoTH nmaroTh 3MOry 3MEHIIUTH
JIOACHKI BTpaTHM TiJl 4Yac BHKOHAaHHA 3aJa4 3
T'YMaHiTapHOT0 PO3MiHYBaHHS, NpOBEJICHHI
KOHTPTEPOPUCTHYHUX ONEpaliii, OnepaTUBHOI pO3BIAKA
TOWIO.

Jucraniiiiauii  OJIOK KepyBaHHsA poOoToM (OJIOK
ympasiiaHs oneparopa — OCU) 3xilicHIOETBCS 3a
JIOTTOMOT0F0 IIU(POBUX PAIIOCUCTEM, SKI 3a0€3MeUyIOTh
3ammppoBane JCTaHIiHHe KepyBaHHSI. Jus
OIIEpaTHBHOTO YMpaBlliHHA poOoTiB cepii SuperDroid
Robots 3acrocoByroThcs 3 BHUAM  JAMCTaHIIHHOTO
KepyBaHHSL:

— CTaHJAPTHUHA NYNBT JUCTAaHLIHHOrO KEpYBaHHS
(puc. 2). Le#t myabT Mictuthbest y Qyispi, Mmae BOyoBaHi
MIPOMHUCIIOBI JUKOMCTHKH Ta 12-1I0WMOBHI AUCILICH;

— 00poOKa BijIeo 3 YOTUPHOX PO3/IUIEHUX EKPaHiB, sKa
JOCTyMHa sK ommis. Takok JocTynmHa po3IIMpeHa
KiHEMaTHYHa MOJEIh pPOOOTa Ta MAaHIMYIATOpa, IO
BigoOpaxkaerscs Ha PK-mucruiei OCU, 3abe3neuyroun

TOYHUNA  3BOPOTHUH  3B’SI30K  WIOAO  TOJIOXKEHHS
MaHiIyaTopa Ta BUusiBIeHHs nepemkon ra BHIT;
— peTpaHcasITOpU Ta BTOpPHUHHI CTaHIii

JIUCTAHIITHOrO MOHITOPUHTY, SIKI JOCTYITHI IS BCiX
IU(POBUX CUCTEM KepyBaHHS POOOTOM.
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Puc. 2. - HHLT JMCTAaHIIHOrO KEepyBaHH:
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Binbmicts 111704 CJICMCHTIB KepyBaHHs €
cTaHAapTHUMHU st pobotiB cepii SuperDroid Robots.
Ane nans 3abe3nieueHHsT €(QEKTUBHOCTI B  CKJIQJHHX
YMOBaX 3aCTOCOBYIOTBHCS CIICIiajbHI METOIM Ta MaKeTH
OIIEPATHBHOTO YIPaBIIiHHS.

BesnpoToBe KepyBaHHSA Ta BiJCOCIOCTEPEIKCHHS
CKJIaJHi, 1 HA HUX MOXYTh BIUIMBATH KUTbKa (PAaKTOPIB.
Ile BK/IIOYAE HASABHICTH MEPEIIKOM, CTIH, CICKTPHUUHHUX
MepeIKoa, peabed Ta JaHAmadT MICIEBOCTI, IHIII
PaaiovacTOTHI MEPEIIKOIH TOLIO.

Haiinpocrimmii Tun 0e3qpoTOBOrO KEpyBaHHS —
anHasoroi RC cucremu panio4acToTHOro Jiamna3oHy.
BoHu, sk mpaBWiIo, MAEHICBIII Ta JOCUTH CTiHKI 0
npoOyieM TpsSMOI BHUAWMOCTI: HAasBHICTh CTiH, JEPEB,
naropOiB TOMIO.

HenosiikoM BHKOpPHCTaHHS aHAJIOTOBOI CHUCTEMH €
JIUIIIE OJHOCTOPOHHIM 3B’SI30K OOMEXCHa JaJIbHICTD
nepenadi JAHWX Ta HECYMICHICT 3 pPETpaHCIATOpaMu
(Mepesxxamu) cucremu mesh.

udpoBi cucreMH AUCTAHIIHHOTO  YIpPaBIiHHS
nocrynHi B Wi-Fi, Digital i High Bandwidth Smart
Radio.

Wi-Fi Oa3zoBuii Tunm mnepenavi JaHUX Ta 3IiHCHEHHS
orepaTHBHOrO ympaiiHHsA. CucTeMa yHpaBiiHHS Ha
wiatpopmi ~ Wi-Fi cymicHa 3 yciMa JOCTYyHUMH
OIisIMA JaucTaHHiiHOro kepyBaHHsi. Cucrema Wi-Fi
HaWKpalie Tpaire B MICIIX 3  MIiHIMAJIbHUMH
nepemmkoaamu Mixx OCU Ta podotom. [{anbHicTh Iii — 110
100 M.

Digital Radio System (mmdpoBa pamiocucrema), sika
3a0e3redye MIATPUMYBATH CTAaOLTBHUN  MeEpexXeBHI
3B’S130K HA BEIUKUX BifacraHsax. TumoBMi niama3o” il
Big 300 M 10 800 m.

High Bandwidth Smart Radio - cucrema
pamio3B’s3Ky 3 BHCOKOIO CMYTOH TPOITyCKaHHs, sKa
MOEAHYE Jiama3oH IM(POBOro pamio 3 MOXKIHMBICTIO
nepemaui  gitkoro HD-Bigeo. OnrumizoBaHi KaHAIH
3a0e3MeuyloTh BiqMiHHE KepyBaHH:, Iepeaady aymaio Ta
Bizeo iHdopMmanii. IHTenekTyagpbHE MiKpOIpOrpaMHe
3a0e3MeueHHs] BCTAHOBIIIOE TPIOPUTETH Uil KepyBaHH,
3abe3neuyroun Oe3nepediiiHy poboTy poboti. TunoBmii
mianasod aii Big 300 M 1o 800 M.

Jlns  onepaTMBHOrO  yNpaBiiHHA poOOTIB  cepii
SuperDroid Robots MOXyTh 3aCTOCOBYBATHCH TaKOX
JIPOTOBI BapiaHTH (ONTOBOJIOKOHHUU KaOellb, «BUTA
mapay), Jie 3aCTOCOBYBAaHHsI pa/lio4acTOTHOTO Jiana3oHy
HEMOJKIIUBE.

KpiM mux poOOTOTEXHIYHUX KOMILIEKCIB, HaHOiIbII
posmoBcromkenumu € Taki PTK:

1. I'ycennuna podoTu3oBaHa MiHi-mammHa FirstLook
110 BupoOnuuTBa CIIA (Bara 2,2 Kr; po3Mipu —
(250%x230%100) mm; oOnamHaHa 4 BiZcoKamMepamu 3
migcBiuyBanHsaM). Pobor FirstLook 110 — e pobor mst
BUKOPDHCTaHHS Yy BIMiCbKOBHX omeparmisx (mijg dac
MIPOBEACHHS OYMIICHHS OyaAiBenb, UL JIOCHIPKEHHS
HEBEJIMKHX MPHUMIIlIEHb, TYHEIIB, OKOIIB a00 APEHAKHUX

IITOJICHB ).
2. BilicbkoBuit PpOOOT-pO3BIAHUK Spybot
BUPOOHULITBA IBeiinapii. PoGor SpyRobot

BUITYCKAa€ThCsl y BOX BapiaHTax — 3 miaci 4x4 ta 6x6
(Bara — 5 kr, po3BinyBajbHA anapaTypa BKIIOUYAE TEIUIOBI
Ta ONTHUYHI JATYMKH, a TAaKOXK PaJioNIOKaliiiHy CTaHII0
i3 CHHTE30BaHOIO  amepTyporo). B pesymbrarti

M&MS 2023, 19-20 October, Kharkiv, Ukraine



MonepHizamii MammuH  SpyRobot Oyna  cTBopeHa
nUcraHiiiiHo-kepoBana matdopma (JKII) Dragon
Runner anst po3Bisku MiceBocTi B pajiyci epekTUBHOI
JANIBHOCTI  CTpinbOM crpijenpkoi 30poi (Bara — 9 kT,
posmipu  — (230%X200%X75) MM, oOmagHammii  IY-
JATYMKAMU Ta BiJICOKaMepoIo).

3. baratodynkuionaneHa maargopma-podor Warrior
710 Bupobmunta CIIA (puc. 3). Ii ocHoBHMMHE
3aBJIAHHAMH € IIPOBEJCHHS PO3MiHYBaHHS, PO3YHUIICHHS
JIopir, MoK EKOraciHHs, pO3BijKa, Bijanene
CIIOCTEPE)KEHHS 33 MICIEBICTIO, HaJ[aHHs JOIIOMOTH NPU
Ha/3BUYAHUX CHUTYallisIX, IEPEMIllleHHs] BaHTaxXIiB 1
MIPOBEAICHHS 3BapIOBAILHUX POOIT, a TaKOX eBaKyais
MOpaHEeHUX.

Puc. 3. Po6oruzosanuii komiuiekc Warrior 710

4. T'ycennunuii podor PackBot-510 BupoOGHHIITBA
CIIOA MpU3HAYSHUN JUIS 3HEIIKOKEHHS
BuOyxoHeOe3neunnx OoenpumaciB. PackBot moxe
npaigoBatn 3 yciero ramoro BHII Ta BupimyBatn
npobieMH yTWisamii 3BHuaifHEX Goermpumaci. Moro
Jerka Ta HajiliHa cucreMa Madimynstopa OmniReach
MOXE PpO3KJIaJaTHCS A0 JABOX METpIB Yy OyIb-IKOMY
HaIpsIMKY, 00 Oe3Me4HO MPOHUKATH Y Ba)KKOJOCTYITHI
MiCIIf, Jie 3HAaXOIAThCS CaMOpOOHI BHOYXOBI NPHCTPOI,
Ooenpunacy, MiHH Ta iHII BUOYXOHeOEe3eYHI IPEIMETH.

BomHodac, ofHMM 3 aKTyaJbHHX Y CBITI HampsMiB
pospobienns PTK, 'y 3B’M3Ky 3  PO3BHTKOM
pI3HOMaHITHHX  OE3MIJIOTHUX  JIITAIBHUX  anapariB
(BITJIA), crama akTuBi3allis imel IIOJO 3aCTOCYBaHHS
BIUUIA nnst BeneHHs pO3BiIKM Ta KaprorpadyBaHHS
Teputopiii, 3a0pymaennx BHII, nomyk, imenTrdikaiis
mid Ta BHII, a Takox ix mucraniiiine suumenss. BITJTA
3MaTHI TMiJHIMATH anapatypy Barowo moHan S50 xr,
3aBHCaTH HaJ O00’€KTaMH, JIiTaTH aBTOHOMHO 3a
3aKJIAZICHOI0 y HbOMY mporpami tomo. BITJIA 3mathi

TaKOXK BUKOHYBAaTH 3aBJIaHHA 3  JUCTAHIIHHOIO
3uuIeHds Mid ta BHIT.
KpiMm TOro, mig yac BemeHHs OOHOBHX Iid 1

KOHTPTEPOPUCTUYHUX OIlepalliii, BUHUKAae HEOOXiTHICTh
MIPOBECTH INPHUXOBaHY IH)KEHEPHY PO3BIIKY MiCIEBOCTI,
MapuipyTy pyxy Ha HasSBHICTh YCTAQHOBJIEHHX a0o0
BiJICYTHOCTI MiH, BHUOYXOBHX HPHUCTPOIB, JIETKUA a0o
taktiyauii BIIJIA BepTONITHOrO 4M JITaKOBOTO THITY,

OCHAIICHU MOJYJIbHOIO MajiorabapuTHOIO
PO3BiyBaIbHOIO amapaTypor 3 BHUCOKOIO PO3Pi3HEHOIO
3IaTHICTIO, 0araTo30HaIbHOIO TeNeBi31HHOIO,
TEIUIOBI31MHOI,  HENIHIMHOI  PajaiofIOKAIli€n,
MOETHAHH1 3 aBTOMAaTHU30BaHOIO CHCTEMOIO
toronpuB’si3kd  Ha ocHoBi [JIOHACC (GPS) i

uudpoBoo 00poOKor0 iH(OpMarii, 0 AacTh 3MOTY Ha
BIJICTaHI JI0 MECATKIB KiJJOMETPIB BHUSBJIATH I BU3HAYATH
KOOp/JIMHATH MIHHHMX TONIB 1 MICI[b YCTAHOBKM MiH Ta
BHIL.
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[II. BucHoBKM

[IpoBenenmii ananiz jae 3MOry IiHTH BUCHOBKY HpPO
ICHYBaHHS Ta CKIAQIHICTh INPOOJIEMU TyMaHITapHOTI'O
pO3MiHYBaHHS, sKa NOTpeOye  KpEaTUBHOCTI  Ta
KOMIUIEKCHOT'O ITiAXO0AY 110 il po3B’si3aHHSI.

KommekcHuid  miaxin mnepenbavae
HOBITHIX POOOTOTEXHIYHUX 3aco0iB, 30KpeMa
0e3ITIIOTHIX JTaTBHUX amnaparis, Ha3eMHHX
POOOTOTOTEXHIYHUX KOMILIEKCIB Ta CHCTEM, CHCTEM 3i
IITYYHUM 1HTENIEKTOM, $IKi MOXYTh 0€3 BTpy4YaHHsS
JIOAWHA BU3HAYaTH HASBHICTh HEOE3MEeKH UIUISIXOM
JIOCITIJKEHHS Pe3yNIbTaTiB oocTexenHs Tepuropii BITJIA
Ta YIPaBIiHHSM SIKICTIO pO3MiHYBaHHSI.

3aCTOCYBaHHA
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Abstract: The general approaches are developed in this
research to design angular velocity PID controllers for electrical
drives of different types and purposes. It is built the simplified
mathematical model for the automated electrical drive with the
angular velocity PID controller, and it is shown that, stability
conditions obtained by using the Routh's criteria give to the
infinite set for this controller's permissible parameters, and to
develop such controllers, it is proposed additionally to provide
the wished characteristics of the frequency functions for these
automated electrical drives. Application of the proposed general
approaches is illustrated on the example of the linear systems
representing the wide class of the industrial automated electrical
drives.

Keywords: PID-controller; angular velocity; electrical drives.

I. Introduction

Improvement of automation control systems is one
effective way to have the more perfect automated
electrical drives for different purposes. From this point of
view, it is really important to have suitable general
approaches allow providing the improve design for PID
controllers, because exactly such kinds of controllers are
the principal elements used to provide automation for
different purposes electrical drives at present. Due to
these circumstances, we have a lot of researches like [1-
3] for example about improvement of the PID controllers
for different kinds of automated electrical drives.

Development of the PID controller for the automated
electrical drives is based usually on the mathematical
models, represented by means the ordinary differential
equations and the Lyapunov's method of characteristic
parameters. It is obviously, that such approach leads to
the infinite set of the possible PID controller's parameters
providing the stability state of the researched electrical
drive, so that the parameters of the improved PID
controllers must be chosen from this set by using the
suitable choosing procedures in agreement with the using
area and purposed of the researched electrical drive, as
well as in agreement with the wished kind of
improvements required for the designed PID controller.
Of course, the view of the mathematical model used to
represent the researched electrical drive with a PID
controller has the significant influence on the results of
the PID controller design, so it is necessary also to have
the suitable approaches to build the appropriate
mathematical models allowing to represent the automated
electrical drives as the automation objects, like it was
discussed in the research [4] for example to provide the
measurements.

The principal purpose of this research is in
development of the appropriate general approaches
allowing to design the angular velocity PID controllers
for the automated electrical drives, so that to have the
wished exploitation improvements of such drives. So, this
research will cover actually all the principal stages of
designing processes for the improved PID controllers of
the automated electrical drives from building the
appropriate mathematical models to developing the
suitable procedures to define the PID controllers'
parameters  providing the wished exploitation
improvements.

II. Theoretical backgrounds

The conventional approach to define the PID
controller's parameters is based on wusing the
mathematical model of the considering automated object
represented by means the ordinary differential equations,
so one of really principal problem is in developing the
suitable approach to build such mathematical models for
the electrical drives. It is really understandable, that they
are a lot of different kinds of the electrical drives, so it is
impossible to cover all these kinds by means someone
mathematical model. Taking into account this
circumstance, we will concentrate further the principal
consideration on the general approaches allowing to build
the mathematical models for the electrical drives, but
only as the automation objects independently from their
particularities.

The principal property of the automation objects
differencing them from others kinds of systems is in
inherent presence of the controlled parameters, which can
be changed by means the controls. In the case the
electrical drives which must provide the exactly given
wished angular velocity during the operation the
controlled parameter is naturally the angular velocity, but
the control is the electrical voltage supplied to the electric
motor. Of course, the angular velocity and the supplied
voltage can be changed during the time, so for any kind
of the electrical drive considered as the automation object
we will have

w=0(t), u=u(r), (1)
where ® is the angular velocity; u is the supplied
voltage; ¢ is the time.

Taking into account the relation (1), the mathematical
model representing the electrical drive as the automation

M&MS 2023, 19-20 October, Kharkiv, Ukraine



object must give the correspondence between the control
and the controlled parameter. This correspondence is
usually defined by means some ordinary differential
equation with the necessary initial conditions, and it is
suitable to have this equation linear like the following:

n n-1
do d"'o N
0)(l0)=0)oa E(to)z(’)g)"“’W(’o)=0)g l)’(3)

where n is the order of the differential equation; a

n?

a,,, ..., a,, b, are the parameters of the mathematical
model; ¢, is some given time moment; ®, and
o\),...,o0'"" are the given angular velocity and their

derivatives at the initial time moment ¢ =¢,.

Further, to choose the parameters of the angular
velocity PID controller it is suitable to represent the
angular velocity (1) in the following view:

o(t)=0+x(t).(4)
where &= const is the given wished angular velocity,
but x(z) is the deviation of the wished angular velocity
of the electrical drive.

Let substitute the relation (4) to the differential
equation (2) of the mathematical model representing the
electrical drive as thew automation object, and as the
results of this we will have:

dnx dn—lx

an o + ar/—l =
dt dt

Further, we will represent the control from (1) as

corrected by the angular velocity PID controller in the
view:

+ ..+al%+a0 (O+x)=byu(r).(5)

R dx

u(t) =i —k,x—k, [ xdt ~k, —©)

where u = const — is the given control corresponded to

the wished value ® = const of the angular velocity of the

electrical drive; k,, k, and k, are the parameters of the
PID controller.

Due to the PID controller definition (6), the differential
equation (5) will be transformed as the following:

dnx dn—lx
a, _dt” +a,_ _dt'H +...

ot (a, +b0kD)%+(a0 + bk, ) x+byk, [ xdt = byii — a,6.

(7
To represent the relation (7) in the more suitable view, it
is necessary to introduce the new variable:
dx
—, X(2,)=0,(8

where ¥ =%(¢) is the introduced new variable.

X =

Exactly the introduced new variable (8) allows us to
represent the relation (7) in the more suitable view of the
ordinary differential equation:
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dn+ljz_ dnx
a,——r+ta, ,— *...
dt dt
2~ ~

o+ (a +b0kD)d—f+(a0 +b0k,,)ﬂ+b0k,i = byt — a,0.(
dt dt

9)

The obtained relation (9) gives us the possibility to find

the control # = const corresponded to the wished value

® = const of the angular velocity:

bii—a,b=0 = i =-2¢ (10)
0

Taking into account the control (10), the differential
equation (9), as well as the required initial conditions
defined by the relations (3), (4) and (8), we can represent
the mathematical model of the automated electrical drive
with the angular velocity PID controller in the following
final view:

d”H.i' d”)?

a” n+l +an—l _,7+
dt dt
d’s dx

+(Cll +b0kD )—'zx-l—(ao +b0kP)_x+b0k1x- — 0’ (1 1)

dt dt

Y T n-1~

t=1, 55205 oo~ D =), T
dt dt dtn

From the mathematical model (11), (12) we can see, that
the angular velocity deviation x(7) is due to only the

disturbed initial conditions. It is in fully agreement with

the ideas of the Lyapunov's stability theory, so the

realized approach is actually only the equivalent to those

theory. Thus, the parameters of the angular velocity PID

controller of the automated electrical drive must provide
the stability of the characteristic polynomial:
f(z) =az" +a, 2" +...

c.+(a, +byky) 2% +(a, +byk, ) z+byk, =0.(13)

We have a lot of different well-known criteria allowing

us to formulate the system of inequations for the values
a,, a , a,, b, aswell as k,, k, and k,, providing

s s e
the stability property of the polynomial (13). Using all
these well-known criteria is actually the typical task, and
it will not be discussed here. At the same time, it is
necessary to note, that as the result of using these criteria,

we will have the correspondent inequalities for the &,
k, and k, values of the PID controller parameters for
the a ,

electrical drive mathematical model as the automation
object. Of course, these inequalities will define the
infinite set of the k,, k, and k, values, and to choose

a , a,, b, values of the parameters of the

n=1% *°°

those values, it can be recommended in additional to
provide the wished values of the frequency functions
characteristics of the automated electrical drive through
their mathematical model (11), (12). Because of the such
way designed PID controllers will provide additionally
the wished characteristics of the frequency functions, we
can consider such PID controllers as the improved. Using
of the frequency characteristics is well-known, so it will
not be discussed here, but it is reasonable to note, that it
will be suitable to do it the transfer function of the
automated electrical drive represented in the view:
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s
a,s"" +...+(a, + bk, )s® +(ay, + bk, ) s+ bk,

W(s) =

Thus, having the parameters »n and a,, a,_,, ..., a,, b,
of the mathematical model of the automated electrical
drive, we can define the angular velocity PID controller
parameters k& k, and k, through the stability

conditions of the polynomial (13) and the wished
characteristics of the frequency functions corresponded to
the system with the transfer function (14). Due to these
circumstances, we can see, that the principal problem to
design the improved angular velocity PID controller is in
building of the differential equation (2) of the suitable
mathematical model of the electrical drive as the
automation object. Because of they are a lot of different
kinds of the electrical drives, it is really impossible in
general case to give the universal approach allowing to
have the parameters n and a , a,, b, of the

mathematical model (2) in the direct view of some
analytical relations. At the same time, it is possible, and
we will give the approach allowing top find the
parameters n and a,, a a,, b, of the

mathematical model (2) in the implicate view through the
intermediate ordinary differential equations, so that this
approach will be really uniform for the different kinds of
the electric drives.

To have the really general approach, we will consider
further only the principal properties inherent for different
kinds of the electrical drives. The principal property
inherent for any kinds of the electrical drives is the
presence of the electric motor as the source of the
rotational couple having the electromagnetic nature and

P>

a

n? n-1% ***

n? n-12 crco

depending on the supplied voltage u = u(t) considered

as the control of the electrical drive in the mathematical
model (2) of the electrical drive as the automation object.
The different kinds of the electrical drives due to the
possible different kinds of the used electrical motors at
least. This rotational couple actually moves the necessary
parts of the useful system through the transmission of the
electric drive, and different kinds of electric drives are
due to the different kinds of transmissions also. We can
have the electrical drives with the mechanical, electrical,
hydraulic, pneumatic transmissions or with the different
mixed types including both mechanical and both
hydraulic parts for example. Thus, the electrical drive can
be the electromechanical system, the electro-hydro-
mechanical or other systems in dependence of the
inherent design and the kind. At the same time, the
electrical and mechanical parts are presented in any kinds
of the electrical drives, so that the electrical drive is the
electromechanical system at least in any case, and it is
principally important for us, because we want to have the
general approaches of mathematical modelling suitable
for any kinds of the electrical drives. Form one side, the
mechanical parts of the electrical drives can be usually
represented as the holonomic mechanical systems. From
other side, they are well-known the electromechanical
analogies allowing to consider the electrical parts of the
electric drives similarly to their mechanical parts. Due to
these circumstances, we can have the really generalized
representations of the mathematical models of the

(1
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4)

electrical drives by means the Lagrange's equations of 2-
nd kind:

OR . .
__.+Qk (taqla..‘aqn:qls“-sqnsu) ,(15)
04,
a. () =4"s 4, (6,)=4d". (16)
where n is number of freedom degrees, and
k=12,...n; g, and ¢, are the generalized coordinated;

oL

aq, B

L is the Lagrange's function (kinetic potential); R is the
Raleigh's dissipation function; O, are the generalized

forces, representing all the forces, which are not potential
(0)

and are not dissipative; ¢, is the given time moment; g,

(0)

and ¢,  are the gives values of the generalized

coordinates and velocities at the time moment ¢ =¢, .

It is necessary to note that the mathematical model
(15), (16) actually represents the processes in the
electrical drives as in any electromechanical system, but
it not represents the electric drives as the automation
objects. To represent the electrical drives exactly as the
automation objects it is necessary to use the clear
understood circumstance, that the controlled angular

velocity ®=w(r) from the relations (1) is defined by the

processes in the electrical drive, so we have naturally the
following relation:

03:m(qla"'aq;7’q1a"'aq;7)’ (17)
where  ®(q,,...,4,,4,,---,4,) is some given function

defining actually the researched electrical drive exactly as
the automation object.
Because of both of the generalized coordinates g, and

both of the generalized velocities ¢, are depended on the

time ¢, so the controlled angular velocity (17) will be
depended on the time too, like it was in the relation (1).
Thus, the ordinary differential equations (15) with the
initial conditions (16) and the relation (17) allow
representing in the implicit view the mathematical model
(2), (3) of the electrical drive as the automation object. Of
course, the relations (15)—(17) cannot give us the values
of the parameters » and a,, a , a,, b, of the

differential equations (2) in general case. At the same
time, it will be possible to have these parameters in the
analytical view for some particular cases, but to have
them in a general case we can recommend to use the
identification procedures based on the results of computer
simulations of the processes in the researched electrical
drive by means the mathematical model (15)—(17). We
will not discuss the identification procedures, because
they are the traditionally separate knowledges area. So,
the generalized approaches are proposed to represent the
mathematical models of the electrical drives as the
automation objects on the basis of the electromechanical
analogies, of the Lagrange's equations of 2-nd kind, and
of the id

entification procedures.

n? n-1> ***

[II. Example of application
To illustrate the proposed approaches, we will use the
relatively simple ample allowing to exclude the necessity
in using the identification procedures, so that we will
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have the particular view (2), (3) of the mathematical
model of the electrical drive in the direct view. To do it,
we will use the simplest schematisation of the processes
in the electrical drives as the electromechanical systems.

As it was discussed above, any electrical drive has the
electric motor, so the state of the electrical drive must be
defined by two generalized coordinates at least:

9=9,, ¢,=[Ldt, (18)
where @, is the rotation angle of the rotor of the electric

motor; [, is the electric current in the winding of the

rotor of the electric motor.
It is necessary to note, that the generalised coordinate
g, has the mechanical nature, but the generalized

coordinate ¢, is the electric charge, so it has the

electrical nature. The different natures of the generalised
coordinates is inherent for the electromechanical systems
represented by the Lagrange's equations of 2-nd kind. Of
course, that in some cases it will be required to use more
than one generalised coordinate ¢, to represent the

mechanical parts and to use more than one generalized
coordinate ¢, to represent the electrical parts of the

electrical drives, but it is obviously, that the simplest case
is corresponded to the two generalized coordinates (18).

The electromechanical analogies allow us to see the
equivalent between the inertia and the inductance through
the kinetical energy, between the rigidness and the
capacity through the potential energy, between the
viscous damping and the resistance through the Raleigh's
dissipation function. So, the values required to be
substituted to the Lagrange's equations of 2-nd kind for
the simplest representation of the electrical drive with the
generalized coordinates (18) will have the following
view:

1 1 1 1
L =EJ6]12 +ELEC]22a R= 536]12 +5R86]§,

0 =B,49,, O, =-B,q, +u, (19)
where J and B are the moment of inertia and the
viscous damping parameter of the mechanical parts of the
electrical, drive defined relatively the rotation axis of the
electric motor rotor; L, and R, are the inductance and

the resistance of the winding of the rotor of the electrical
motor; B, is the electromechanical characteristic of the
electric motor.

Substituting the relations (19) to the Lagrange's
equations of 2-nd kind, we will have the following
differential equations and the following required initial
conditions:

JG§, =-Bg, +B.q4,, L4, =-B.q4,—R.q, +u ,(20)

4q, (to)z (P(eO)aql (to) = 0)(80)’% (to)z K(eO)sqz (to)z 150) ,(21)

where (p(eo) and (oio) are the given values of the rotation

angle and of the angular velocity of the rotor, but K(eo)

and 1" are the given values of the electric charge and
the electric current in the winding of the rotor of the rotor
of the electric motor of the electrical drive at the given
initial time moment ¢ =¢,.
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In the form (20), (21) we have the mathematical model
representing the processes in the electrical drives under
the simplest schematization. To have the mathematical
model of the electrical drive as the automated object we
must complement the model (20), (21) by the relation
(17), which in this simplest case can naturally have the
following particular view:

O=g,. (22)
Actually, the set of relations (20)-(22) gives the indirect
form of the mathematical model (2), (3) representing the
electrical drive as the automation object. Of course, that
in the common case only the identification procedure will
allow build the differential equation (2), but in the
simplest particular case (20)—(22) it is possible to have
the particular view of the differential equation (2) in the
direct view. To do it, firstly, we will take into account the
relation (22) to represent first equation (20) in the
following view:

. . . J . B
Jo=-Bw+B,4, = ¢, =?®+E(y).(23)

Using the obtained relation (23), we will exclude further
the generalized coordinate ¢, from second differential

equation  (20), and after the correspondent
transformations we will have the final result:
L LB+RJ . R
- J6)+;0)+£Be + BE BJO) =u .(24)

It is obviously, that the differential equation (24) is
actually the particular case of the generalized differential
equation with the following parameters:

L LB+RJ
n=2,a, =EEJ,al =<

R
: : ,aozBe+Bj B,b,=1.2
5)
Due to the results (25), we will can have the particular
view of the characteristic polynomial (13) required to
formulate the stability conditions to find the parameters
of the angular velocity PID controller:

f(z) =a,z’ +(al +kD)z2 +(a0 +kP)Z+k, .(26)
Let use the well-known Routh's criteria to formulate the
stability conditions for the polynomial (26). In agreement
with the Routh's criteria, we must build the following
Routh's scheme:

a, a, +kp
a, +k, k,  (27)
(al +k, )(ao +k, ) —-a,k,
a, +k,

Because of the physical sense of the parameters (25), we
have the inequations:

a,>0, a, +k,>0. (28)
Taking into account the relations (28) and the Routh's
scheme (27), the Routh's criteria will lead to the
following condition of the polynomial (26) stability:

(a,+kp)(a,+k,)—ak, >0 (29)
The inequality (29) gives us the opportunity to find the
values of the parameters for the angular velocity PID
controller of the electrical drive for the simplest
schematization of the processes. We can see, that due to
the inequality (29), we will have the infinite set of the
permissible parameters for the angular velocity PID
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controller, but we must choose only one values from this
set. Thus, we must propose the way to choose the
parameters of the angular velocity PID controller from
the infinite permissible values set defining by the
inequality (29). To propose this way, it is necessary to
formulate the additional conditions, which must be
satisfied due to choosing the PID controller parameters. It
is naturally to formulate these additional conditions to
provide some wished properties of the electrical drive as
the automated system. As was discussed above, it is
naturally to consider as the improved all PID controllers
providing some specifical additional properties of the
automated systems. It is understandable, that it is actually
impossible to imagine all possible additional properties
wished for the automated electrical drives and required to
find the angular velocity PID controller parameters. At
the same time, the natural way to formulate these
additional properties can be through the frequency
functions of the automated electrical drive, and it is
necessary to use the transfer function to do it, as was
noted above. In this particular case corresponding to the
simplest schematization of the electrical drive, the
general view (14) of the transfer function due to the
relations (25) will have the particular view:

N

W(s) a,s’ +(al +kD)s2 +(a0 +k,,)s+k, 30)
They are well-known the approaches allowing to consider
the frequency functions for the automated electrical
drives with the transfer functions (30), so we will not
discuss all it here, because it is not principal from the
point of view on the general purpose of this research. In
addition to this, it is necessary to note, that the principal
results of this research are about the general approaches
to build the mathematical models of the electrical drives
as the automation objects, as it is required to design the
improved angular velocity PID controllers.

IV. Conclusions

This research presents the results noticeable to have
further the general approaches to design improved
angular velocity PID controllers for the electrical drives.
Thus, the presented hire results allow us to formulate the
following principal conclusions.

Designment of improved angular velocity PID
controllers for the electrical drives are principally based
on mathematical modelling of the correspondent
electrical drives as the automation objects. This
mathematical modelling must provide giving the relation
between the supplied electrical voltage of the electric
motor and the controlled angular velocity of the
researched electrical drive. The ordinary differential
equation with the necessary initial conditions is the most
suitable view to represent the mathematical model of the
electrical drives as the automation objects, because it will
give the opportunities to take into account influencing of
the angular velocity PID controller, and it will to
formulate the condition for this PID controller parameters
priding the stability of the angular velocity value. These
stability conditions will define actually the infinite set of
the values of the parameters of the PID controller
providing the stability of the angular velocity value for
the electrical drives. To define the parameters of the
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angular velocity PID controllers, the stability conditions
must be complemented by the additional conditions, and
the most general ways to formulate these additional
conditions are through using the frequency functions of
the electrical drive. Actually, due to satisfy not only the
stability conditions, but exactly the additional conditions
too, the corresponded developed PID controller can be
considered as improved.

To have the mathematical model representing the
electrical drive as the automation object, it is necessary to
understand that the relation between the controlled
angular velocity and the supplied electrical voltage
actually is the results of the processes in this electrical
drive. To have the general understanding about the
processes in the electrical drives, it is necessary to
consider that, the electrical drives principally include in
any case both the mechanical and both the electrical
parts. Due to this circumstance, the general way for
mathematical modelling of the processes in the electrical
drives is in using the electromechanical analogies and the
Lagrange's equations of 2-nd kind, because it gives the
opportunities to represent the mathematical model for
wide class of the electromechanical systems. It is shown,
that the mathematical model of the electrical drive as the
automation object can be presented in the implicit form
through the mathematical model of the processes inherent
for the electrical drive as the electromechanical system
with the complementary relation defining the controlled
angular velocity through the generalized coordinates of
the electrical drive as the electromechanical system. The
direct form of the mathematical model of the electrical
drive as the automation in general case object can be
obtained only through the identification procedure on the
basis of the results of the computer simulations of the
researched electrical drive.

The considered particular example based on the
simplest schematization of the processes in the electrical
drive shows, that the mathematical model of the electrical
drives as the automation objects must be represented by
at least third order differential equation, so the more
complicated mathematical model will lead to the higher
ordered differential equation. The stability condition
limiting the parameters of the angular velocity PID
controller for the electrical drives under the simplest
schematization has the view of one inequality defining
the infinite set of the permissible values of these
parameters.

The following researches are planned in the direction
of considering the different additional conditions
providing the wished characteristics of the frequency
functions for the automated electrical drives, as well as in
the direction of considering of the more complicated
schematizations of the automated electrical drives though
taking into account the deformations of the mechanical
parts.
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Abstract: The approach based on parametric identification to
estimate the technical state of electromechanical wheeled
platforms is discussed in this research. It is shown, that
parametric identification allows having the continuous
estimations about the current technical state of an
electromechanical wheeled platform during the operation
without necessities of the separate especial technical controlling
procedures. Implementation of such parametric identification
will allow optimizing the time schedule for technical
maintenance of electromechanical wheeled platforms.
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L. Introduction

Development of the suitable time schedule for
technical maintenance is the important for effective
exploitation of electromechanical wheeled platforms
widely used for different purposes at present [1-3]. It is
more suitable to provide the continuous estimation of the
technical state for electromechanical wheeled platforms
during exploitation, because of the such way gives the
fully data required to have the most optimal time
schedule for technical maintenance.

One approach providing the continuous estimation of
the technical state for the wheeled platforms can be based
on improved measuring based on the complicated
mathematical models in coupling with the identification
procedures, like it was discussed in the research [4] for
example. To use mathematical models and identification
to have the estimations about the technical state of the
electromechanical wheeled platforms requires developing
some specifics of identification results transformation to
technical state estimations, and this research will be about
it. Thus, the purpose of this research is in developing the
approaches based on mathematical modelling and
identification procedures for technical state estimation of
electromechanical wheeled platforms.

II. Generalized theory

We will consider further, that the technical state of an
electromechanical wheeled platform can be characterized
by the finite set of some numerical parameters. Changes
in the technical state of the researched electromechanical
wheeled platform during the exploitation can be imagined
so that the numerical parameters defining the technical
state are the functions of the time. Thus, the technical
state of the researched -electromechanical wheeled
platform can be defined during the exploitation through
the set time depended functions:

o, =o, (1), k=12,...,N,, (1)

LRI

where a, and N, are one of the parameters defining the
technical state of the wheeled platform and count of such
parameters; ¢ and o, (¢) are the time and the function

defining the time dependance of the o, parameter.
Considering the senses of each the parameters (1), we
can define the permissible technical states providing the
normal exploitation modes of the researched
electromechanical wheeled platform by means the
following inequations:
™ <o, <™, k=1,2,...,N,,(2)
where o™ and o] are the parameter o, boundary

values limiting the permissible technical states providing
the normal exploitation modes of the researched
electromechanical wheeled platform.

Estimation of the technical state of some
electromechanical wheeled platform in the form (1), (2)
gives the fully data allow optimizing of the time
schedule, the costs and others conditions for the technical
maintenance. Thus, estimation of technical state of the
wheeled platforms will be directed to be found to have it
in the view (1), (2).

It is naturally, that the theoretical estimations (1), (2)
of the technical state must be based on the mathematical
modelling of the researched electromechanical wheeled
platforms. To have the mathematical model of some
electromechanical wheeled platform, it is necessary to
introduce the control parameters and the state parameters
characterizing this researched wheeled platform and to
consider all these introduced parameters as the functions
of the time:

u=u(r), x=x(¢), 3)
where u is the vector involving the control parameters,
but x is the vector involving the state parameters of the
researched electromechanical wheeled platform.

The mathematical model of the electromechanical
wheeled platform characterized be the control and state
parameters (3) can be generally represented in the form
of the system of the ordinary differential equations with
the correspondent initial conditions:

d
d—j=f(t,x;u(t);al,az,-~-,aNu ), x(t,) =x,.,(4)

where f(...) is the given function defining the velocities

of the state parameters for the researched
electromechanical wheeled platform; a,,a,,...,a, and

N, are the parameters of the mathematical model and the
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count of such parameters; #, and X, ate the time and the

state parameters given for the initial time moment.

Mathematical model (4) allows simulating the state of
the researched electromechanical wheeled platform for
the given control, the given initial values and the given
parameters, so that such simulating can be imagined as
the following mapping:

u(t);al,az,...,aNu;to,xo—f>x(t).(5)
We have a lot of approaches to realize the mapping (5) to
have the imitations of the researched electromechanical
wheeled platform, but the most general approaches are
based on well-known numerical solving of the initial-
value problem (4) by means the different computer
technologies with specialized scientific software, like in
research [4] for example.

It is understandable, that the mathematical model (4)
can give au more that computer simulations (5) only,
because it is possible to use this mathematical model (4)
to estimate the current technical state of the researched
electromechanical wheeled platform. The principal idea
of technical state estimation of the electromechanical
wheeled platform by using the mathematical model is in
dependencies between the mathematical model
parameters and the parameters of technical state:

a, =a, (ocl,ocz,...,ocNu), k=12,....,N,,(6)

where a, (ocl,ocz,...,ocN ) are some known functions.

The view of relations (6) is predefined by the building
of the researched electromechanical wheeled platform, by
the simplifications leading to the mathematical model (4)
as well as by the chose technical state parameters (1).
Due to the relations (6) we can see that changing the
technical state (1) will lead to changing of the parameters
of the mathematical model of the researched
electromechanical wheeled platform, so we will have the
mathematical model (4) parameters as the functions of
the time:

ak=ak(t), k=12,...,N,, (7)
where a,(t) is some function defining the time

dependence of the a, parameter due to time changing of
the technical state.
Let, we have the information about some control u (t)

and the state x(t) corresponded to this control under the

known values ¢, and x, defining the initial conditions of

the researched electromechanical wheeled platform. In
this case it is possible to consider the parametric
identification, which can be imagined as the following
mapping:

u(1);x(t)sty,x, —2—a, (t),a,(1),...

Jay (1) (8)
where M, is some suitable method for the parametric

identification.

It is understandable, that the parametric identification
(8) will allow us to have estimations for time changing
(7) of the mathematical model parameters. Thus, due to
the results of parametric identification (8) and both due to
the known relations (6) we will have the representation of
the technical state parameters (1) in the following
implicit view:
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a(t)=a, (ocl,az,...,ocNu), k=12,...,N,.(9)

In the case of N, =N, the relations (9) can be

considered as the system of the equations, so that the
technical state parameters (1) will be represented by
solving this system of the equations in each time
moment. Of course, that in general case the system of the
equations (9) will be nonlinear, and to solve it the
correspondent suitable numerical methods must be used,
but in some cases the system of the equations (9) can be
linear also, and in these cases, it will be easier to estimate
the technical state parameters (1), because of linear
systems solving is the typical task envisaged in modern
computer-aided  technologies for scientific and
engineering purposes. At the same time, in the more
general case of N, # N_ it is impossible to consider the

relations (9) as the fully defined system of equations to
find the technical state parameters (2), because of we will
have the different numbers of the unknowns and of the
equations to find them. In this general case of N, # N_,

we propose to use the least square method [5] to find the
technical state parameters (1) from the relations (9). To
do it, we propose to introduce the sum squares of the
deviations of the relations [5] in the form:

S= %‘(ak (ocl,ocz,...,ocNu )—ak (t))z (10)

The squares sum (10) for the given parameters (7) and
the relations (6) will be function of the technical state
parameters (1) on each time moment:

S=S(al,a2,...,aNu;t),(ll)

where S(...) is some given function.

Due to the square sum of the deviations (11) and the
least square method [5] we can have the system of the
equations to find the technical state parameters (1) in the
following view:

os

o,
It seems that, the system of the equations (12) must be
nonlinear, but we have a lot of possibilities to introduce
the technical state parameters (1), and it is suitable to
choose such parameters (1) so that, to have the system
(12) linear, because it will simplify solving of this system
(12). To have the system (12) linear, it is enough to have
the relations (6) linear too:

0,i=12,...,N,.(12)

NO(
a, =Z‘Akfocj, k=1,2,..,N,,(13)
=

where 4, are some given numerical parameters.

Let to substitute relations (13) to the generally defined
sum squares of the deviations:

Sz%[%‘%‘aj_ak (’)j - (14)

The system of equations (12) correspondent to the sum of
the deviations squares (14) will have the following view:

a

N, (N,
Z[ZA@%—ak(f)jAkFO, i=12,...,N, (15)
k=1\_j=1
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To transform the linear equations system (15) to the more
suitable view, it will be reasonable to introduce the
following values:

N, N,
Az_'f =ZA1J'A1U" Bi (t)zzAIdak (t)’ (16)
k=1 k=1

where i,j=1,2,...,N, .
The introduced values (16) allow representing the
linear system (16):

Ny
DA, =B(), i=1,2,..,N,. (17)
j=1
Due to the linear system (17) we will have the
estimations for the technical state parameters (1):

Ny
o, (1) =D AR, (1), k=12,..,N,, (18)
j=l1

where A;j‘ are the elements of the matrix inverse to the
matrix with the elements A, .

Although, it is practically not suitable to find the
elements A;j‘ of the inverse matrix, because more

suitable to use the methods for solving the linear systems
like the Gauss method or others similar, but relations (18)
are suitable from the theoretical point of view to show
directly the estimations of the technical state parameters.
Thus, the mathematical model (4), the identification
method allowing to have the mapping (8), as well as the
relations (16), (18) give us the method for technical state
continuous estimating (1) of electromechanical wheeled
platform on the basis of the measurements about the
actually realized controls and the states corresponded to
them during the exploitation.

III. Example of application

It is necessary to note, that building of the suitable
mathematical model (4), choosing of the suitable
parameters (1) to represent the technical state of the
researched wheeled platform, developing of the suitable
identification method as well as providing of the required
measurements are the complicated problems, which must
be considered in mutual connection, but not separately,
and this consideration will be unique significantly for
each of the particular class of the electromechanical
wheeled platforms. The typical application of the
proposed approach for the technical state estimating of
the electromechanical wheeled platforms will be
discussed further on an suitable example.

Let consider firstly the general notes about the
principal building of the electromechanical wheeled
platforms in connection with the representing their
technical state and mathematical modelling. The principal
point of view on the electromechanical wheeled
platforms is in presence of mutually connected, but made
separately mechanical and electrical parts. So, the
parameters (1) representing the technical state of the
electromechanical wheeled platform must provide
estimations of the state both for mechanical and both for
electrical parts. As the result, the mathematical model (4)

must involve the mathematical models both of
mechanical and both of electrical parts, and the
connections between these parts. Besides, the

mathematical model (4) must be in agreement with the
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possibilities of instrumental measurements of the state of
electromechanical wheeled platforms. Taking into
account all these circumstances, it is possible to approve,
that the rotation angles of the wheels are the most
suitable generalized coordinates to represent the
mechanical parts of the researched wheeled platform,
including because of it is suitable to provide
measurements for the angular velocity. The electric
charges in the winding of the drive electric motors rotors
are the most suitable generalized coordinates to represent
the state of electrical parts of the electromechanical
wheeled platforms, including because of it is suitable to
provide measurements of the electric currents. The
electric voltages supplied to the drive electric motors are
the most suitable to represent the control of the
electromechanical wheeled platforms, including because
of it is suitable to measure the electric voltages. Thus, to
represent the control and the corresponded state of the
electromechanical wheeled platform under the simple
schematization we must use at least the following control
and state vector:

u(t)=u(t), u(t)=U,(¢), (19)
x()=(x () x(0) % () =), % (1) =1().0)

where U, (¢) is the electric voltage supplied to the drive
electric motors; (o(t) is the angular velocity of the

wheels of the researched platform, and 7(r) is the

electric current in the rotor winding of the drive electric
motors.

The mathematical model corresponding to the simplest
schematization of the electromechanical wheeled
platform with the control (19) and with the state
parameters (20) can be built by means the
electromechanical analogies and the Lagrange's equations
of 2-nd kind and can be represented in the particular
view:

dx, B, b , mgd
- = x2 — xl B
da J J J
dx, R B u(r)
2o ey ey 4/t 20
TR @
X, (to)=0)0, x2(10)=10, 21
where J is the moment of inertia of the
electromechanical wheeled platform relatively the

rotation axis of the wheel; b is the generalized parameter
defining the viscous friction of the electromechanical
wheeled platform relatively it rotation axis of the wheel;
mg 1is the total weight value of the electromechanical
wheeled platform; & is the rolling friction coefficient of
the wheels; B, is the electromechanical parameter, but
R, and L, are the resistance and the inductance of the
rotors winding of the drive electric motors; ®, and I,
are the given values of the wheels angular velocity and of
the electric current in the winding of the rotor of the drive
electric motors art the initial time moment ¢ =¢,.

To represent the mathematical model (20) in the view
(4), let to introduce the following parameters:
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1
= ——,a, =—",a; =—=,a, =—.(22
J J L L0 (
The relations (22) correspond to the case of the

differential equations (4) with the N, =6 value. Due to

mgd

sy =

the introduced parameters (22), the differential equations
(2) will have the view like in the general representation
4):

dx, b, dx,
—=a,X,—a,—X, —d,,—=—a,X, —asX, +al

dt J dt (1).3

Thus, in the view (23) we have the simp-lest example of
the generalized model (4). Of course, it is possible to
have others more complicated than (23) mathematical
models allow representing the electromechanical wheeled
platforms.

From the differential equations (20), we can see that
the technical state of the mechanical parts of the
researched electromechanical wheeled platforms is
defined by the values of the generalized moment of
inertia J, of the generalized parameter 5 defining the
viscous frictions, of the total weight mg as well as of the

rolling friction coefficient 6. At the same time, the total
weight of the electromechanical wheeled platform can be
defined easy by means the simple measurements of the
spring's strains for example. Besides, the generalized
inertia moment has changes due to changing the total
weight, but not the technical state, so we can estimate the
generalized inertia moment through the total weight.
Thus, we have the principal parameters » and &
representing the technical state of the researched wheeled
platforms in agreement with the mathematical model
(20), (21). From the differential equations (20), we can
see also that the technical state of the electrical parts of
the researched electromechanical wheeled platforms is
defined by the values of the electromechanical parameter
B, , and of the resistance and the inductance R, and L,

of the rotors winding of the drive electric motors. At the
same time, the resistance of the rotor winding can be
measured easy, so the principal parameters B, and L,

representing the technical state of the researched wheeled
platforms in agreement with the mathematical model
(20), (21). Thus, for the researched electromechanical
wheeled platform represented by the mathematical model
(20), (21) it is reasonable to define the parameters (1) of
the technical state in the particular view:

a,=b, a,=8, o, =8B, a,=1/L,. (24)
The parameters (24) correspond to the particular case of
the parameters (1) with the N, =6 value. By comparing

the relations (22) and the relations (24), we can write the
following:

=24 =—=

1 s Uy 7

a,=Roa,, a;=0,0,, a, =0,. (25)
The relations (25) are actually the particular case of the
general relations (6). We can see, that not all the relations
(25) are linear like the general linear relations (13). At the
same time, it is not necessary to use all the relations (25)
to have the estimations about the technical state for the
electromechanical wheeled platform represented by the
simplest mathematical model (20), (21), because of the
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inequation N, < N, . Really, it is obviously, that it is not

necessary to use the nonlinear relation from (25), because
of it is sufficient to use only first three relations (25) with
fourth of sixth relation from (25). Thus, the considered
example allows to show that the based on the
identification proposed generalized approaches for
estimation of the technical state of the electromechanical
wheeled platforms can be principally used, so that it will
be possible to provide continuous estimations of the
technical state during the exploitation of the
electromechanical wheeled platforms. Of course, that to
realize this proposed approach it will be necessary to
choose or to develop the suitable identification method to
have the mapping (8).

IV. Conclusions

This research presents the noticeable results about
developing the approaches based on mathematical
modelling and identification procedures for technical
state estimation of electromechanical wheeled platforms,
so that we can formulate some really principal
statements.

Firstly, the mathematical modelling with the
identification procedures really give us the effective way
to have estimations about the technical state of the
electrotechnical wheeled platforms, and these estimations
can be continuously during the exploitation. Secondly,
the possibilities of the technical state estimations of the
electromechanical wheeled platforms are predefined by
the simplifications used to formulate their mathematical
models. Thirdly, it is wished to have the linear relations
between parameters of the mathematical model and the
parameters defining the technical state of the researched
electromechanical wheeled platform to exclude
difficulties in the identification procedure by the least
square method. Fourthly, it is necessary to develop the
identification procedure for mathematical models of the
electromechanical ~wheeled platforms, which is
recommended for the further researches.
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Anomauis:  Po3pobieHo  HHM3KY — MiJXOHIiB  IIOJO
BUKOPHUCTaHHS KOMIT'IOTEPHMX TEXHOJOTIH Ul iMiTamiiiHOro
MOJICIIFOBAHHSI €JIEKTPOIPHBOAY HPOMHUCIOBOIO IPU3HAUCHHS.
3anpornoHoBaHi  MiAXOAM  3aCHOBaHI Ha  BUKOPHCTaHHI
HPOrpaMHUX 3aco0iB KOMI'IOTEpHOI rpadiky, a Takox Ha
MaTeMaTHYHOMY Ta KOMII''OTEPHOMY MOJENIIOBAHHI IIPOLECIB,
mo BigOyBAIOTECS B IPOMHUCIOBOMY €JIEKTPONPHBOML, 3a
JIOIIOMOTOI0 CIIELialli30BaHOr0 IPOrPAMHOr0 3a0€3MeUeHHs UL
HAayKOBHX Ta IH)KGHEPHUX po3paxyHKiB. Iloka3aHo npukian
BHUKOPUCTAHHS 3aIllpONIOHOBAHMX IIJIXOMIB Ui IMITaIliiHOrO
MOJICIIFOBAaHHS HPOLIECIB B POMUCIOBOMY €JIEKTPOIPHBOAL i3
JIBOCTYIIIHYaCTUM MEXaHIYHUM PEILyKTOPOM.

Knrouosi cnoga: enexrponpuso, npoLecH, MOASIIIOBaHHS.

I. Beryn
Enextponpusosa HacTpaBi € JIOCHUTD
PO3MOBCIOPKEHUM CIICMCHTOM TEXHIYHHAX CHUCTEM

MIPOMUCIIOBOTO TpU3HAaueHHs. HamaraHHs 3MeHIIyBaTH
BUTpaTH HAa BUKOHAHHS  HAaYKOBO-ZOCHIJHUX Ta
KOHCTPYKTOPCHKHX POOIT Ta Ha IiJrOTOBKY IEPCOHAIY
MPOMUCIIOBUX  MIJNPHEMCTB  CHpPUSE  IIHPOKOMY
BIIPOBA/DKEHHIO IMITALITHOIO MOZETIOBAHHS TEXHIYHHX
CHCTEM Ta EJIEKTPONPUBOAY y TOMY YHCIi. 3aBISKA
IMITaliIFHOMY  MOJEJIOBAHHIO  HACIpaBAi  MaeMO
MOXIIUBICTh TIPOTHO3YBATH CTaH EIIEKTPOIIPUBOILY B
PI3HUX YMOBax €KCIUTyaTallii, y TOMY YHCIIi Ha aBapiiHUX
pexxuMax. 3 ypaxyBaHHSIM O3HaYEHUX OOCTaBHH MaeMO
CBOTOJHI, IO IMiTaIliiHE MOJCIIOBAHHSA HACIpaBi
JIOCUTh IUPOKO BUKOPUCTOBYETHCS IIPH PO3B'S3yBaHHI
HAyKOBHX Ta IH)KEHEPHUX MTUTaHb 1I0/10
CIICKTPONPHUBOY, SIK HANpUKIad, B podorax [1-3], Ta B
po6orti [4]. 3po3yMisIo, 110 BUKOPUCTAHHSA KOMIT FOTEPHUX
TEXHOJIOTIH 3HAYHO PpO3LIHPIOE MOXJTUBOCTI
IMITallifHOTO MOJEJIOBaHHS, TOMY pO3pO0Ka IiaXOMIiB
IIOJI0 BUKOPUCTAHHS TAaKUX TEXHOJOTIH € aKTyaJbHOIO

HAYKOBOIO  TpOOJEMOI0, IO  COpSIMOBaHA  Ha
YIOCKOHAJIEHHS IMATPUMKH TPOIECIB MPOEKTYBAHHS Ta
eKCIUTyaTallii ~ eNeKTPONpUBOAY.  METOH  JaHOro

JOCTIKEHHST € po3po0Ka MiAXOIB MIOA0 €(hEeKTUBHOIO
BHUKOPUCTAHHS ICHYIOUMX KOMII'IOTEPHHMX TEXHOJIOTIH Y
BHIJISAI MPOrPaMHUX 3ac00iB KOMITIOTEpHOI rpadiku, a
TAKOX TPOrPpaMHUX 3aco0iB ISl  HAyKOBHX  Ta
IH)KEHEpPHUX PO3paxyHKiB 10710 iMiTaniiHoro
MOJICTIOBaHHS TIPOMUCIIOBOrO  ejekrpornpuBony. s
IBOro OyAyTh PO3MIAHYTI KITIOYOBI THITOBI 3aBIaHHS
IMITaIifHOrO MOJIEITFOBaHHSI MIPOMUCIIOBOTO
€JIEKTPONPUBOAA IIOJ0 PO3B'SI3YBaHHS  IH)KEHEPHUX

MUTaHb, @ TAaKOX  BHKOPUCTAHHS  BiJMOBIAHHX
CICINai30BaHUX ~ MPOrpaMHHUX  3aco0iB.  JlOCTaTHBO
Oarato yBard Takox Oyne NPUAITIEHO MaTeMaTHYHOMY
MO/ICITIOBaHHIO TMIPOIIECiB B MIPOMUCIIOBOMY
€JIEKTPOIPUBO/II, OCKUIBKH CaMe Ha IIbOMY IPYHTYEThCS
BUKOPHUCTAHHS JACSIKHX KOMITFOTEPHUX TEXHOJIOTIH.

II. TeopeTuuni ocHOBH

KirouoBumu podIeMaMu iMiTaIifiHOTO
MOJICITIOBAHHS TIPOMHUCIOBOTO EIIEKTPONPUBOIY € HOro
BiOOpa)KeHHS] 3  HAJEKHOI  JleTali3amiero  Juis
NPOCKTYBaHHS Ta HAOYHOTO YSIBICHHS, a TaKoXK
MPOTHO3YBaHHSA HOTO CTaHy MPOTATOM EKCILTYaTaIlil ist
MiATBEP/PKCHHS TEXHIYHUX XapaKTePHUCTHK Ta LTFocTpartii
NPUHIUIY POOOTH.

Jl71st BimoOpaKeHHsT IPOMHUCIIOBOTO €IEKTPOIPUBONY 3

HEOOXIMHOI  JeTalli3allicld MO0  PO3B'SI3yBaHHS
IH)KEHEPHUX 3aBJIaHb MOKHA  PEKOMCHIYBaTH
3aCTOCOBYBAaTH  CHUCTEMH  KOMITIIOTepHOI  rpadiku
IH)KGHEpHOTO  TIPU3HAYCHHS, TakKi fK, HAIPUKIA],
yHiBepcaJibHe TporpamMHe 3a0esmedeHHs —Autodesk
Fusion 360. Take nporpamHe 3abe3neueHHs 103BOJSIE HE
TLTBKH CTBOPIOBATH CyTO KOHCTPYKTOPCHKY

JIOKyMEHTAI[II0 Y BUIIISAI IUIOCKUX KPECHIeHb, alle TaKOX
IHIIN CXEeMaTH4Hi 300pakeHHs, Ta, HaBiTh, HaJaBaTH
JIOCUTh TOYHHH 3O0BHINIHIA BHIJISN IPOMHUCIOBOTO
eNeKTponpuBOAy. Tak, Hanpukiaa, Ha puc. | MokazaHO
OTHOYACHO CXEMaTH4He 300paKeHHS 3 BIANOBIAHOTO
OOKy, a TaKOX JOCHTh TOYHO BiJTBOPEHWH 30BHILIHIN
BUTJISIT ~ KIIOYOBHX  KOMIIOHEHTIB  IPOMHCIOBOTO
EJIEKTPONPUBOAY, 4 cCame: EJCKTPUYHOr'0 J[BUTYHA, a
TAaKOX 3yO4YacTHX KOJIC Ta BaliB JBOCTYIiHYACTOTrO
MeXaHiyHOro peaykropy. OTke, HA0YHO TOKa3aHO, IO
Cy4acHI TEXHOJIOTii KOMI'IOTEpHOI rpadiku iHKEHEPHOTO
MIPU3HAYEHHS J03BOJISIIOTH JOCUTH TOYHO BiJTBOPIOBATH
30BHINIHIA BUIJISI HPOMHUCIIOBOTO €JICKTPONPHBOAY 13
MOTPiOHOIO JIETai3aII€eI0, @ TAKOXK HAAI0Th MOKIIUBICTD
aBTOMAaTU4HO OyayBaTH HEOOXiMHI KOHCTPYKTOPCHKi
JIOKYMEHTH,  HAampUKJIaJ  IUIOCKI  KpeclIeHHs  Ta
cxemaTu4Hi 300pakeHHs1. [Ipyu BiITBOpEHH] 30BHIIIHBOTO
BUIIIAAY 3a0€3MeUyeThCsl MOXKIIHMBICTh IHTEPAKTHBHOI
3MIHM KyTa MOIJISAY, IO IMITYyE pe3yiabTaTH ONISAY
MPAI[iBHUKOM TPOMHMCIIOBOTO EJIEKTPOIPUBOIY, & TaKOXK
foro oxpeMux nerajed. 3 ypaxyBaHHSIM O3HA4YE€HHUX
00CTaBUH MOXXEMO CTBEP/DKYBAaTH, IO  CYy4acHi
TEXHOJIOTIT KOMITIOTepHOI rpadiky, Taki K, HAIPHKIAL,
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yHiBepcaJibHe TporpamMHe 3a0esmedeHHs — Autodesk
Fusion 360, 3a0e3ne4yroTh TOCUTH pealiCTUYHY iMiTali0
OrJISITy TPAlliBHUKAMH SK OKPEMHX CKIaJOBHX, TaK i
IPOMHUCIOBOTO  €IEKTPOIPHBOAY B LIJIOMY, IO €
KOPHCHHUM SIK Ha eTami NMpOeKTyBaHHs, Tak i B Ipoleci
MTiITOTOBKH MIPOMHCIIOBOTO TIEPCOHAIY.

Pz

Z21

6)
Puc.1. Cxemarnune 300pakeHHsI (a) Ta 3arabHHUNA
BUTIIS (O) KIIFOYOBUX JIeTajell IIPOMHCIOBOTO
€JIEKTPOIPUBOLY

3HAYHO CKJIAJHIIIOK € MpobiieMa MO0 IMITaIliHOTO
MOJICTTIOBaHHS TPOILECIB, IO BigOyBalOTHCSA IMPOTITOM
eKCIUTyaTallii Ha pI3HUX pPEKHMax B IPOMHCIOBOMY
€JIEKTPOIPUBO/II, OCKUTBKH 116 BUMara€ BUKOPUCTAHHS Ta
iHOmI  po3poOkM  MarematmuHux — Mmozened. e
00YMOBJICHO Ti€X0 0OCTaBHHOIO, 1[0 MATEMAaTUIHI MOJIEII
€  HacmpaBAi  JOCHUTh  CKJIQAHUMH  00'€eKTamH,
BUKOPDHCTaHHS SIKMX BHMara€ JOCHUTh pPO3BHHEHOI
MaTeMaTU4HOI KYJbTYpPU Ta BOJONIHHS 3HAHHIMHU
BINMOBITHUX  MPEOIMETHHUX  Trany3ei.  Hampukian,
MaTeMaTU4He MOJIEIIOBAHHS MPOLECIB B IIPOMHCIOBOMY
CJICKTPONPHUBOII, 110 CXEMATUYHO MMOKa3aHUi Ha puc. 1,
IPYHTYETBCS (byHIaMEHTAIEHOMY pe3ynbrari
aHAJITHYHOI MEXaHIKH, a caMe Ha piBHsHHsIX Jlarpamxka
2-r0 poay, 110, SIK BiJIOMO, MalOTh TAKUHA BUTJISI;
d oL 0oL OR OH
__~__=__.__.+Qk’ k=1,2,...7’l,(1)
dt 04, Oq, 94, 04,
I n — KUIbKICTh y3araJbHEHUX KOOPIUHAT CUCTEMH; ¢,
Ta ¢,, k=1,2,...n — Yy3aranpHeHi KOOpIHHATH Ta
y3arajbHeHi IBHIKOCTI cucremu; L GyHKIIS
Jlarpamka (KIHSTWYHWH ITOTEHIiAN), IO MPEACTaBIIsIE
PI3HHUITI0 MK KIHETUYHOIO Ta IMOTCHI[IHHOI CHEPriero
cucremd; R Ta H — TNOTeHIianM OUCHUIATUBHUX Ta
TiPOCKOMIYHUX CHJI CUCTEMH, a TakoxK O, , k=1,2,...n —

y3arajgbHEHI CHJIM CHCTEMH, IO HE € IOTCHIIHHUMH,
JMUCHUITATUBHUM Ta TiPOCKOIIYHUMH.
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3po3ymino, mo gudepeHmianbHi  piBHAHHA (1)
HACIIpaBJi CJiJl pO3IIISAAATH 3 YpaxyBaHHAM HOYaTKOBUX
YMOB:

0 . - (0
9 (to) = q;E )a 9 (to) = q;E )s k=12,...n ,(2)
I f, — 3a7aHuil MOMEHT Yacy; qio) Ta c]io) ,k=12,...n
3a]aHi 3HAYEHHS Yy3arajJbHEHHX KOOpIUHAT Ta
y3arajbHEHHMX HIBUIKOCTEH B MOMEHT Hacy ¢ =1, .

Cri BpaxoByBaTH, 110 MPOMHUCIIOBUH €JIEKTPOIPHBO/L
MICTUTh HAacIpaBAi HE TIIBKM MEXaHI4Hi, a TaKoX
CIICKTPUYHI (ETeKTPOTEXHIYHI ) Ta CJIeKTPOHHI
KOMITOHEHTH, OT)KE € €JEKTPOMEXaHIYHOI CHCTEMOIO.
BaxxuBoro BIacTHBICTIO piBHAHB (1) € Te, 1m0 pa3oM i3
EJIEKTPOMEXaHIYHUMH aHasorisiMu (Tadn. 1 ta tabia. 2)
BOHM IMPEACTAaBISIIOTH y3arajdbHeHy (opmy 3amucy
mudepeHIianbHuX PpIBHIHb MaTeMaTHYHUX MOJelel
€JIEKTPOMEXaHIYHHX CHCTEM. 3po3ymisio, 10
BUKOpHCTaHHS piBHsHb Jlarpamka 2-ro pomy (1) s
MaTEeMaTU4YHOI'O MOJIENIIOBAHHS TPOLECIB, SIKI MPOTITOM
eKcILTyarTalii  BigOyBaroThCS B IIPOMUCIIOBOMY
CNICKTPONPHUBOII,  MOTpeOye  HACHpaBOi  BHUCOKOI
KBaJiikamii, OCKIJIbKM BOHO TNependavyae BH3HAYEHHS
JIOCUTh  CKJIaJHUX XapaKTepPUCTHK MEXaHIYHUX Ta
SNEKTPUYHUX CUCTEM: KIHETMYHOI Ta IOTEHLIHHOI
€Heprii, TUCUIIATHBHUX Ta TIPOCKOMIYHHX ITOTCHI[IaIB,
10 € OLTBII CKIIaJHUM, HIXK y IPOCTIIIOMY BHIIAJIKY SIK B
Tadm. 2.

Tabmuus 1. AHanorist Mi>k MEXaHIYHUMH Ta EJIEKTPHIHUMH
BEJIMYMHAMHA

MexaHiuHa BEIUYMHA Enexrpuuna BennurHa
Ta 11 MO3HAYCHHS Ta 11 MO3HAYCHHS

Koopnunara, x 3apsan, K

IBuaxicTs, v Crpym, [

Cuma, I Hanpyxenns, U

B's3kicts, b AxTuBHMH onip, R

JKoperkicrs, ¢ 3BoporHa emHicts, 1/C

Maca, m InnyxruBHicTs, L

Tabnuusa 2. BinnoingHicTh MiXk XapakTepUCTHKAMU
MEXaHIYHHUX Ta eIEKTPUYHUX CUCTEM

BusHayeHHs U1 CHCTEMHU
XapaKkTepucTHKa — m
MeXaHiqHOi CJICKTPUYHOI
. . I, |
KineTnyHa eHepris —my —LI
2
. . 1, 11,
IMoreHiiiiHa eHepris —cx —q
2 2C
y . 1., 1>
JucunaTUBHUI MOTEHIT AT —bv —RI
2 2
Pobora cunu Fx Ug

ImiTariiline MOMICTIOBaHHS IPOIIECIB, 110 BiI0YBAIOTHCS

B MIPOMUCIIOBOMY €JIEKTPOIIPHUBOI MPOTSATOM
eKCILTyaTallii, HacnpaBji 3BOAUTHCS O PO3B'S3yBaHHS
mudepenmianbanx  piBHAHb (1) 3 ypaXyBaHHIM
BIJTMOBITHMX TIOYAaTKOBUX YMOB (2) moOynoBaHOl

MAaTEeMaTHYHOI MOJENi. 3pOo3yMisio, IO Yy 3arajbHOMY
BUIAIKy PO3B'SI3YyBaHHSA TAaKMX PIBHAHb MOXE OYyTH
peanizoBaHO ITHINEe 3a JOMOMOrOK OOYHCITIOBAIBHUX
METO/iB, 1[I0 3HAYHO CHOPOIIYETHCS 332  YMOB
BUKOPHMCTAHHS BIIMOBIMHUX KOMITTOTEPHUX TEXHOJIOTIH

M&MS 2023, 19-20 October, Kharkiv, Ukraine




(mporpam). CydacHi KOMI'IOTEPHI TEXHOJOTII y BUIIISII
PI3HHX CICIiai30BaHUX TMPOrPAMHHUX 3aco0iB  JIIsA
BUKOHAHHS HAyKOBHX Ta IHXKEHEPHHX pPO3PaXyHKIB,
Hanpukian Scilab, 3a0e3medyyrOTh 3HAYHOIO MipOIO
aBTOMAaTHU30BaHE pO3B'SI3yBaHHS CHCTEM 3BHUYAHHHUX
nudepeHIiagbHIX PIBHSHB 3 TOYaTKOBUMH YMOBAMH, 1[0
3HAYHO CIIPOIIY€E IMITalliliHe MOJCIIOBaHHSA MPOIECIB B
MIPOMUCIIOBOMY €JIeKTponpuBoai. B Toi ke wac, ciin
MiIKPECIUTH, 1[I0  BUKOPHUCTAHHS  KOMII'IOTEPHHX
TEXHOJIOTIH He 3BUIBHSE BiJ MOOYA0BH ArdepeHiaTbHuX
PIBHSIHB Ta MOYATKOBUX YMOB MaTeMaTU4HOI MOJEJI, 110
€ HacmpaB/i OJHUM 13 HaWOLIBII CKIaJHHUX Cepel YCiX
eTamiB  IMITalliIHHOrO  MOJEIIOBAHHSA  IPOIECIB B
MIPOMHUCIIOBOMY ellekTpornpuBoai. CydacHi KOMITIOTEpHI
CHCTEMH JUIi BHKOHAaHHS HAyKOBHX Ta IH)XKEHEPHHUX
PO3paxyHKIB € JIOCHUTh PO3BUHEHUMH 1 JIO3BOJSIOTH B
JeSKUX ~ BHUNAJAKaX  3BUIBHATH  KOpUCTYyBaya  Bif
BJIACHOPYYHOI T1OOynOBU JAu(epeHIialbHuX PpiBHIHB
MaTeMaTUYHOI MOJAET, aje [UId [bOro MOTPiOHO
BUBYEHHS JIOCUTH CKJIaJIHUX creliani3oBaHuX
KOMIIOHCHTIB TaKUX CHCTEM Ta HE 3BUIBHSAIO IO CYTi Bix
HEOOXiMHOCTI PO3YMiHHS (DyHIaMEHTANbHUX TIOHATH
Tu(epeHIliaTbHUX PIBHSAHD | O0YHCITIOBAILHUX METOJIIB
iXHBOTO pO3B'A3yBaHHA. B Tol ke yac, BUKOPHCTaHHA
aBTOMATHUYHO MOOYAOBAaHUX KOMIT'FOTEPHUMHU CUCTEMaMU
MaTeMaTU4YHUX MOJeNIel Uil CKJIaJHUX CUCTEM He
3aBXKIU IPUBOJWTH JI0 HANIWHUX pE3YJbTATIB uepe3

MepEeBaHTAKCHHS KOMIT'IOTepy 1100y 10BOIO
mudepeHIiagbHuX piBHSAHB. 3pO3YMUIO, IO  OUIBII
HaJilHI  pe3ynbTaTd OyAyTh OTPUMYBATHCS  KOIIU
KOMITIOTEp  JIMIIe  pO3B'SI3ye  BxKEe  NOOyIOBaHi

mudepeHIianbai PIBHSHHS 13 MOYAaTKOBUMH YMOBaMH.
OT)Ke BUKOPHCTaHHS KOMITIOTEpPHHX TEXHOJOTIH st
IMITAI[ifTHOr0 MOJICTIOBAHHS IPOIIECIB B MPOMUCIOBOMY
CJICKTPOMPHUBO/II BUMAra€e TOCUTh BUCOKOI KBasidikarrii.

Jus  imocTpauii  BUKOPHCTaHHS — KOMITIOTEPHUX
TEXHOJIOTIH PO3MIITHEMO MOJIETIIOBAHHS IIPOLECIB B
MIPOMUCIIOBOMY EJIEKTPOINPHUBOJI, IO IOKAa3aHUI BUIIE
Ha puc. 1.

CraH MexaHIYHOI YaCTUHU €JIEKTPOIPUBOAY (IHB. PHUC.
la) BHU3HA4YaeTbCd KyTaMU IIOBOPOTY @, POTOPY

CIIEKTPUIHOTO 0, BaJTy
peaykTopa Ta ¢, pYLIHHOro Baly po004oi YaCTHHH, SKY
BJIACHE 3pYIIYE CICKTPONPUBON  (IHUB. la).
3p0o3yMiJIo, IO ITi KyTH 3B's3aHi TaK:

20, = 2,0y, Zp®, =205,  (3)
KUIBKOCTI 3yOiB  BIIIIOBITHHUX

JBUT'YHA, HpOMi)KHOFO

puc.

Ac Zl’ ZZl 222 Z}
3ybuacTux Koiic (1uB. puc. la)

3aBasgku  npuTamMaHHUM ~ 3B'si3kamM  (3)  Maemo
MOXIIUBICTh ~ OXapakTepu3yBaTH CTaH  MeXaHiuyHOI
YaCTHHU (muB. puc. la) JIOCITIIPKYBAHOT'O
EJIEKTPOIPUBOY OJIHIEIO Y3araJbHEHOI KOOPANHATOO

q,=0,. 4)

BBaxkaemo, 1O B JOCTIKYBAHOMY EJIEKTPOIPUBOJII
(muB. puc. 1) BUKOPUCTOBYETHCS €IEKTPUYHUN JBHUTYH
MOCTIHHOTO CTPyMY, SIKUH CXeMaTH3yBaTHUMEMO, SIK
MOKa3aHO Ha pHUC. 2. Y3arajibHEHOI KOOPIMHATOIO, SIKa
BU3HAYaTHME B TAKOMY BHIIQJIKy CTaH eJeKTPHUYHOI
YaCTHHU EJIEKTPOIPUBOAY OyAe eNeKTpUYHHN 3apsi,
BiJIMIOBITHUI CTPYMY B 0OMOTYBaHHi poTopy (puc. 2):
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q, =K, K=J.[(t)dl‘, (5)
ne K Ta / — eJeKTpUYHHIA 3aps/ Ta BiINOBITHUN HOMY
CTpyM OOMOTYBaHHSI pOTOPY.

HeoOximni ans piBasnb Jlarpamxa 2-ro poxy (1)
BEJIMYMHU BIJITOBITHO TIPUAHATIH cxemarusariii
MEXaHIYHOI Ta ENEeKTPUYHOI YACTUHU eJIEKTPOIPUBOLY
MaTHMYTh BUTJISII;

L=+ L3 =2+ R, H =0,

0 =84, 0,=U,-B,q,, (6)
ne J — MOMEHT iHepuii eJIEKTPONPUBOLY BITHOCHO OCi
obepTaHHs poTOpy Horo enekTpuyHOro ABuryHa; L, —
IHAYKTUBHICTh OOMOTYBaHHS pPOTOpPY EJIEKTPUYHOTO
JIBUTYHA; b y3arajJbHEHHH Tapamerp B'S3KOCTI
€JIEKTPONPUBOY, BU3HAUEHUI BiTHOCHO OCi 00epTaHHS
pOTOpY €IEKTPUYHOro ABUI'YHA; R, — Omip 0OMOTYBaHHS
potopy B,
EJIEKTPOMEXaHIYHNI TapaMeTp ENEeKTPUYHOIrO JBHUIYHA;
U, — Hampyra >KHBJI€HHs €IeKTPUYHOrO JBUTYHA.

CJIICKTPUYIHOI'O JBUT'YHA,

I, B.I(t)

L'(i

U,
Puc. 2. ExBiBaleHTHa €JIEKTPUYHA CXEMa EIEeKTPUIHOTr0
JIBUT'YHA MTOCTIHHOTO CTPyMY

3po3yMiio, 0 BU3HAYEHI BIMHOCHO OCi OOepTaHHS

ENIEKTPUYHOTO  JBUTYHa MOMEHT iHepmii J Ta
y3arajJbHEHHH mapamerp b B'S3KOCTI BH3HAYAIOTHCS
KOHCTPYKIIIEIO CIEKTPONPUBONY Y 3aJIEKHOCTI BiX
CTymeHs  jeramizamii  Horo  cxemaTmsamii, IO

BUKOPHCTOBYETBCSl NPH TOOYIOBI HOro MareMaTH4HOI

Mojeri. O3HaueHi BETUYMHM MOXYTh BH3HA4YaTHUCH,
HAIPHKJIA, TAKAM YHHOM:
2 2 2
z z, z z, z
_ 1 1“2 _ 1 422
J=Ji+J,| — | +J;| —=|, b=b| ——=| ,(7)
ZZI ZZI Z} Z2l Z}
e J,, J, Tma J, MOMEHTH 1HepLii pOoTopy

CJICKTPUYHOTO JIBUT'YHA 13 BIJIOBITHMM 3y04YacTUM
KOJIECOM, MPOMDXKHOIO Bally pPEAyKTOpa, Ta pobodoi
YJaCTHHHM, SIKY HPHBOIUTE 10 PyXy €IeKTponpuBon; b, —

rmapamerp B'SI3KOr0 omopy poOouoi
TIPUBOAUTH JIO0 PYXY €IEKTPOIPHUBOI.
3a3HaunMo, 1m0 BUpa3sd (7) HAOYHO ITOKA3YIOTh
CTYHiHB Jeranizanii MaTeMaTUYHOL MoJei
enekrponpusony. Omxe, 3 ypaxyBaHHSIM BHpa3iB (6)
piBHsaHHs Jlarpamka 2-ro poay y dopmi (1) HaOymyTh
TaKOT0 BUIIISY:
Jg, =-bq, +B,q,, L,G,
JudepenuianbHi

YaCTUHH, HAKY

=-B.g,-R.4,+U, .(8)
PIBHSIHHS (8) (axTu4HO
NPE/ICTABISIOTE OAHY 13 MOXJIMBHX MaTeMaTHYHUX
MoJleiel, sika MOXKe OYyTH 3alpolOHOBAaHOW IS
IMITaI[iTHOr0 MOJICTIOBAHHS IPOIIECCIB B MPOMUCIOBOMY
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CIICKTPONPHUBO/I, IO IOKa3aHWM BWIE Ha puc. 1.

3po3yMmiJio, 110 BHUKOPHCTaHHS KOMI'TOTEPHHUX
TEXHOJIOTIH TS IMITaIIHHOTO MOZETIOBAHHS
MIPOMHUCIIOBOTO  €JICKTPONPUBOLY 3  BHKOPHCTAHHIM

MaTeMaTU4HOI MOJAETl Ha OCHOBI AudepeHIiaTbHUX
piBHsiHE  (8)  moTpeOyBaTMME Yy  TOJAJIBIIOMY
BiJITIOBITHOTO TIEPETBOPEHHS IMX PIBHSHB JIO BUIIIALY,
Y3rO/DKEHOr0 13  TUM, IO mependavyaerbes y
BUKOPHCTOBYBaHMX KOMITIOTEpPHHX CHUCTEMax. TakuMm
JIOCUTh  yHIBEpCAaJbHUM  BHIJISIOM, IO 3a3BUYAif
BUKOPDHCTOBYETBCS Yy PI3HOMAHITHHX KOMI'IOTEPHHUX
chucTeMax sl BUKOHAHHS HAyKOBUX Ta I1H)KEHEPHHX
pO3paxyHKiB, €, 3a3BUYai, CHCTeMa 3BHYAHHHX
mudepeHIianbHuX — piBHSAHb  IIEPIIOTO  IMOPSIIKY 13
Bi/ITIOB1IHMH TTOYaTKOBUMHU YMOBaMH.

III. TTpukitam MoAeIIOBaHHS MTPOIIECIB
B stkocTi mpukinay [uis LmtocTpaii THIIOBUX TPUHOMIB
BUKOPHCTaHHA KOMII'IOTEPHHUX TEXHOJOIIH PO3IIITHEMO

Jani  MOJENIOBaHHS  TPOLECIB B IPOMHCIOBOMY
CJIEKTPONPHUBOI, IO MMOKa3aHUI BUIllC Ha puc.l Ta Mae
MaTeMaTU4Hy MOJIENb i3 ndepeHnianbHUMA

piBustHHsIME  (8). Iy KOMI'IOTEPHOTO MOJIENIOBAHHS
MPOLIECiB  BUKOPUCTOBYBaTUMeMO cucteMy Scilab i3
rpadiyHIM CepeIOBUIIEM MOJICITIOBaHHSA XCOS.

Crioyatky  ciiJi  NpeicTaBUTH  JUQepeHIiaabHi
piBHsIHHS (8) ApYyroro mopsiaKy MaTeMaTHYHOI MOJETl Yy
¢dopmi cucremu audepeHUiaIbHUX PIBHSAHb IEPLIOTO
MOPSIKY, 10 HEOOXiJHO IPH BUKOPUCTaHHI OLIBIIOCTI
KOMITIOTEPHUX CHUCTEM Uil BUKOHAHHS HAayKOBUX Ta
IHKEHEpHUX po3paxyHKiB. [lyi1 1Oro BBEJAEMO HOBI
3MiHHI:

X =q, X, =¢, X,=¢,. )
3aBAsgkM BEACHUM HOBUM 3MiHHEM (9) MoxkeMo
npeAcTaBUTH JTudepeHiianbai piBHAHHA (8) y Takomy
BUTJIS
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B U
X, =X, X, =——X, +—=Xx,, X, =——%X, —=Xx, +—=. 10
1 2 2 2 J 3 3 Le 2 Le 3 Le ( )
Hudepenmiansai  piBugaas  (10)  posriasgHemMo i3

MOYaTKOBUMH YMOBAaMH, SIKI BiJITIOBiJIAaIOTh HEPYXOMOMY
€JIEKTPOIPUBOAY B MOYATKOBUI MOMEHT 4Yacy:

1,=0, x,(0)=0, x,(0)=0, x,(0)=0.(11)
TakuM YWHOM, JUIi KOMI'IOTEPHOI'O MOJEIIOBAHHS
IPOILIECIB B E€JNEKTPONPUBOAI MAEMO IPEJACTaBICHY Yy
3pyanomy Buriidi (10), (11) maremaTHyHy MOJEIb.

VY noganbimomy Oye 3py4HO BPaxOBYBATH JIHIHHICTh
nmudepennianbaux piBHsHB (10), oCKiIBbKH B rpadidHOMY
CepEeIOBUINI MOJEITIOBaHHS Xcos cucreMu Scilab s
MOJICTIOBaHHS  JIIHIMHUX  cUcTeM  repeadaueHui
criemianbHUN  OJNIOK, SIKWI 3a0e3neuye poO3B'sI3yBaHHS
CHUCTEeMH JIHIHHUX JudepeHIiadbHuX PpIBHSHB 13
JONATKOBOIO YMOBOIO, L0 OynW 3amucaHi y BEKTOp-
MaTpUYHi# popMi:

X =Ax+Bu, y=Cx+Du, (12)
Jle X Ta U — IIyKaHUH Ta 3aJaHuil Bekropu; A Ta B —
MaTpHIli, 10 BU3HA4YaloTh AudepentiansHi piBHsSHHS; C
ta D — Marpui, 10 BU3HAYAIOTh I0JJATKOBI YMOBH.

B posrsgyBaHoMy  BUmaiky —IudepeHIiasbHUAX
piBHstHB (10) MOkeMO MaTH Take:

xl
x=|x |, y= 2 . C= g (1) (1) . D=(0).(13)
X3
0 1 0 0
u=(U,), A=|0 -b/J B,/J |, B=| 0 [.(14)
0 -B/L, -RJL, /L,
3 ypaxyBaHHsM orpuMmanux y Burmam (13), (14)

pEe3yABTATIB  MOKEMO 3aIpPOMOHYBATH KOMITIOTCPHY
MOJIEJIb MPOIIECIB, IO BiIOYBAIOTHCS B €IEKTPOIPHUBOII,
sKa TMOOyJoBaHa 3aco0aMu TpadiuyHOro CepeOBHIIA
MoJieNTtoBaHHA X cos cucteMu Scilab sk moka3aHo Ha puc.
3. Taka Momenb (puc. 3) MO3BOJSE MOICIIOBATH CTaH
[MOYaTKOBO  HEPYXOMOI'O  €JICKTPONPHBOAY  IICIA
MUTTEBOI MMOJIa4i HA SICKTPUYHUNA ABUTYH 33J]aHOT CTaJIOl
HAIPYTH KUBJICHHA. J[7s1 MeXaHi4HOI Ta eNeKTPHYHOI
YaCTUH JOCHIHKYBAHOTO EJICKTPOIIPHBOAY NPHAMEMO
TaKi BUXIiJHI JaHHI:

J,=4r-m’, J,=5r-M",J, =500r ™,

z, =20, z,, =30, z,, =20, z, =40,
b,=0,2H-m-c.

J, =1r Mm%, R, =1,60m, L, =400 MxI'n,

(15)

(16)

xd = Ax+Bu |

u —y

| y = CxtDu | A
S . 4

f .
< y EXTRAGTp—p w

S ¥ /\Iv—b EXTRACTR—m | >

B <

’j’[ To warkspace 1

W [round{tlin/dt]]

e IR o
= N
£

TN To werkspace J

Puc. 3. Komn'toTepHa MoJeib IPOIIECiB, MO0
BiIOYBAIOTHCS B JIOCIIDKYBAHOMY CJICKTPOIPUBO/II

Pe3ynpraTi  IMITaiiHOTO MOJENIOBAaHHS PEXHUMY
3allyCKy €JEKTPONpPUBOAY, Imo Oyau ofepkaHi i3
BUKODHCTaHHSIM  pO3pOOJIEHOI KOMITIOTEpHOI MOJeni
(puc. 3), nokazani Ha puc. 4. Onep>kaHi pe3yabTaTh (puc.
4) HaOYHO CBiJUaTh, IO MICIsI MHTTEBOI IOAavi
ENEKTPUYHOI ~ HAampyrd OKUBJICHHS Ha  PYLIHHUIA
ENEKTPUYHUN JBUTYH ITOCTIHOTO CTPyMY HEpPYXOMOTO
€NIEKTPONPUBOAY  BiJOYBAa€ThCsl  JOCHTh  BEIIHKE,
MPaKTHYHO  CTPUOKOMONiOHe, 3OLIBLIEHHS  CTPyMY
poTOpy B  IIOYaTKOBMH  MOMEHT  dacy. Take
cTpuOKOIOiOHE  30UMBLIEHHS CTPYMY pOTOpPY Y
MOYaTKOBUH MOMEHT 4acy MO)KHA MOSICHUTH SIK MIHIMyM
MUTTEBOIO ITOJAYEI0 CTaJOl HANpyrd >KUBJICHHS Ha
eNEeKTPUYHUN JBUTYH TIOCTiliHOTO CcTpymy. baunmo
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TakoXk (puc. 4), MmO MCAI MHUTTEBOI MOJAAYi HAIPYrd
JKUBJICHHSI Ha EJNEKTPUYHHUHA JBHUTYH EJIEKTPOIPUBOLY,
1o repedyBae B HEPYXOMOMY CTaHi, IPOTATOM IIEBHOT'O
Yacy BiI0OYBa€ThCs IMEPEXiTHUH IIPOIIEC, B SIKOMY KyTOBa
HIBHIKICTH POTOPY MOCTYIIOBO 30LIBIIYETHCS, & CTPYMHU
POTOpPY 3MEHIIYETHCS A0 NESKHI yCTalleHUX 3HA4Y€Hb, SKi
BINMOBIMHI TMOJAHIA HANPy3i JKUBICHHA. MOXKeMO
3poOUTH BHUCHOBOK (puc. 4) mHpo Te, MO BEIUYHMHA
MUTTEBO T0/IAHOT HAIIPYTH JKUBIICHHS MaiKe Ha BIUTBAE
Ha TPHUBAJICTh Yacy IMepexiJHOro Mpolecy NpH 3aImycKy
eJIEKTPONPUBO/A i3 HEPYXOMOro cTaHy. B Toii ke uac,
BEIMYMHA CTpUOKa CTPYMYy pOTOPY Y MOYaTKOBHH
MOMEHT 4Yacy, a TakoX HOro ycTrajeHe 3HauyeHHs, Ta
ycTaJleHe 3Ha4yeHHS KyTOBOI  IIBWJAKOCTI  POTOPY
BH3HAYAIOTHCSl caMe IMOJIAHOI0 EJIEKTPUYHOI0 HAIPYroko
YKUBJICHHSI €JIEKTPUYHOTO IBUTYHA €JIEKTPOIPUBOY, IIPO
0 caMe CBim4aTh OTpuUMaHi pe3ynbraTtd (puc. 4).
JlocuTh HENPUEMHOIO OOCTAaBUHOIO € TE, IO BEIHYHMHA
cTprOKa CTpyMy B TMOYaTKOBUH MOMEHT 4Yacy 3HAYyHO
MIEPEBUINYE HOr0 ycTajeHe 3HAUCHHS, a 1€ CBIMYMTH TPO
MIPUCKOPEHI HAKOMMYEHHS MOIIKO/PKEHh B 0OMOTYBaHHI
pOTOpY €JEKTPUYHOrO JIBUT'YHAa EJIEKTPONPHUBOILY B
mpolieci Woro 3amycKy i3 HEpyXOMOTO CTaHy. 3a IHX
YMOB 37a€ThCSl HEOOXIJIHUMHU 3aXOJH IIOA0 3MEHIIEHHS
cTprOKa CTpyMy B OOMOTYBaHHI POTOPY E€JIEKTPUYHOTO
JIBUTYHAa TPU 3aIlycKax eJIeKTPOIPHBOAY. MOXINBUMHU
IUIAXaMH IIOA0 peaizaimii Takoro OOMEKEHHS MOXKe
OyTu TOCTyroBe 30UIBIICHHS HANpPYTW J>KUBJICHHS, IO
MOAAETHCS HA ENeKTPUYHUH [BUTYH ISl 3aIyCKY
CIICKTPONPUBOLY, a TaKOK 3MiHA  [apaMeTpiB
KOHCTPYKIIi €JICKTPONPUBOAY 3a paxXyHOK MimxOopy
OUTBII TIAXOAANIOrO EJICKTPUYHOrO IBUryHa Ta (abo)
MexaHiyHoro penykropy. Omxke, migdip mnapamerpis
SNIEKTPUYHOTO JIBUTYHA Ta MEXaHIYHOro peayKTropa
CJICKTPONPUBOY B3araji CJia 3MiHCHIOBATH Y3TOIKEHO,
10 MOTPe0ye JOCUTHh PETENBHOIO BUBUEHHS MPOIECIB B
€JIEKTPONPUBOAI 3 BHKOPUCTAHHSAM JIOCHTH CKJIaJHHX
MaTeMaTUYHUX MOJIEIIECH.

3000
Y TR S o s S s s s S
< -//' 7 = 100V
3 1000  U—13v |
eee U, = 164V
U T T T T
0 1 2 3 4 ] [ 7 8 9 10
t.s
6)
I — 100V
[ =132V
< [, = 164V
=
8 g 10

Puc. 4. Pe3ynpTaTyl KOMIT'IOTEPHOTO MOJIEIIOBAHHS
KYTOBOI IIBUJKOCTI (2) Ta CTPYMY POTOPY €IEKTPUIHOIO
nIBUryHa (0) Ha TIEpexiTHOMY PEeXKHMI 3aIycKa
€JIEKTPONpHUBOIA
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Crig TakoX 3BEpHYTH yBary Ha Ty OOCTaBHHY, IO
CTpHOKM CTPYMY pPOTOPY €JIEKTPHUYHOTO JIBUTYHA
MOCTIHHOTO CTPYMY B IOYAaTKOBMH MOMEHT 4acy NpH
3amyckax — enekrporpuBony (puc. 4a), 3po3yMmilo,
MPU3BOATH IO IiJBHUIICHHS BUTPAT €JIeKTpoeHeprii. 3a
IMX YMOB HaJIEKHE NPOEKTYBaHHA Ta 3a0e3NeueHHs
eKCIUTyaTallii TMPOMHCIOBHX €JEKTPONPHBOAIB MOXKe
CHPHUATH 3MEHIICHHIO BHUTPAT €JEKTPOSHEPTii NUIIXOM
ONnTHMi3amii MepexiJIHUX NpOIEciB, Ky TOMY YHCII
3aIycKy i3 HEPYXOMOI'O CTaHy, SKUH MOXKE BiIOYBaTHCS
JeKipka  pas3iB 3a  g00y. 3MEHIIeHHS  BUTpat
€JIEKTPOEHEPril MPOMHUCIOBUMH CIIOKHBAaYaMU € JOCUTh
BaXUJTUBMM 3 TOYKH 30py IiJABHIIEHHS €()EKTHBHOCTI
BHUPOOHHIITB. Hamnpukian, 3MEHIIECHHS BUTpaT
€JIEKTPOCHEPTii Ha BJIACHI MOTPEOM NO3BOJHMTH IEBHUM
YHHOM 3MCHIIMTH  COOIBapTICTh  BHPOOJCHHA  Ta
MiBUIIUTA OOCATH MOCTAYaHHS €JICKTPOSHEPTii, Yy TOMY
YUCIIi W aTOMHHUMH €JIEKTPOCTAHIISIMH. 3MEHIIEHHS
BJIACHMX BHTpAT EJIEKTPOSHEPril CHOKMBAYaMHU TaKOX
BaXXJIUBE 3 TOYKU 30py OOMEXEHHs BHKHUIIB BYIJICIIIO,
IO € OJHIEI0 13 TPIOPUTETHHX 3a]ay IEepPCIEKTHBHOTO
po3BUTKY €Bponeiicbkoi CHUIBHOTH Yy BIAMOBIIHOCTI i3

MPUHAHATOI0  TOJITHKO  NPOTHAIl  IIBHIAKHUM  Ta
HeOEe3MeYHUM KITIMATUYHUAM 3MiHAM.

IV. BUCHOBKH
BukoHaHHA  JMaHOTO  JOCTIMKCHHS  JIO3BOJIHIO
OIlep)KaTH BaroMi pe3yJabTaTd IIOJ0 PO3POOKHU MiAXOIIB
BUKOPHUCTAHHSA  KOMITIOTEPHHUX  TEXHOJOTIH  JyIs
IMITaI[ifHOrO MOJIEITFOBaHHSI MIPOMUCIIOBOT'O
eneKTponpuBoay. MokHa 3pOOUTH BHCHOBOK, IIIO

cydacHi TexHOJOrii KoMI'toTepHOi Tpadiku HaIaroTh
MOJKJIMBOCTEH HIMPOKOI aBTOMATH3AIlil 100 CTBOPCHHS
KOHCTPYKTOPCHKOI JTOKYMEHTAIlll Ta J03BOJIAIOTH MpPHU
IILOMY JTOCUTh TOYHO BiJTBOPIOBATH 3O0BHIIIHIA BUIJISAA
OKpEMUX JIeTalicii Ta MPOMHCIOBOrO €IEKTPOIPUBONY B
miJJoMy, IO € BKpald BaXJIMBHUM SK Ha eTami
MPOCKTYBAHHS, TaK 1 Ui 3a0e3MeveHHs] CeKCILTyaTarlii,
HAIpUKJIad TPH HABYaHHI IPOMHUCIIOBOTO IEPCOHAIY.
Takok MO)XHA 3pOOMTH BHCHOBOK, IO HaHOUIBII
CKJIaJHUM HACHpaBIi € IMiTaliiiHe MOJCITIOBAHHS
MPOIIECIB B CICKTPONPHUBOII,  OCKIIBKM  Take
MOJICJTIOBAHHS TPHUHIIMIIOBO TIependadae BUKOPUCTAHHS
MAaTEeMAaTHYHUX MOJeNied B TOMY YH IHIIOMY BHIJISII.
Po3risHyTHI TIPUKIaJ HAOYHO TMOKa3ye, MO iMiTamiiHe
MOJICITFOBAHHS MIPOIIECiB 3 BHKOPHUCTaHHIM
KOMIT'IOTEPHUX  TEXHOJIOTi  JO3BOJISIE  HACHpaBi
PO3B'A3yBaTH JOCHThH CKJIAJHI 1H)KEHEPHI MUTAHHS MO0
YIIOCKOHAJICHHS POMHUCIIOBOT'O €JICKTPOIPUBOY, Y TOMY
YUCIT IS 3MCHIICHHS BJIACHUX BUTPAT CIICKTPOCHEPTIi
MPOTATOM  eKCIUTyaTallii, [0 € HaJABAKIMBUM IS
MiJBUIICHHS €(QEKTHUBHOCTI BUPOOHUITB B YMOBaX
00MEXEHb BYIJICIICBUX BHUKHIIB IO HABKOJUIIHLOI'O
cepeoBHILa.
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ABTOMAaTUYHMN TPUCTPIA 1JIs1 300py BTOPUHHOI

Tapu 3 AJIOMIHIIO Ta MOJIIETUIICHTEepedTaIaTy
I. B. XKapikosa

Kagenpa KITAP, XapkiBchkuil HalliOHABHUI YHiBepCHTET pajioenekTpoHiku, YKPATHA,
Xapkis, np. Hayku, 14, email: iryna.zharikova@nure.ua

Anomayia: Y pobOTi pO3MIIIHYTO aBTOMAaTHYHHUI IPUCTPiit
U TIPUIOMY Tapu 3 MOJNieTHICHTepeTalary Ta alloMiHIIO,
SIKUA TpU3HAYeHUH JUIS aBroMaru3anii 30upaHHS BTOPWUHHOL
CHPOBHHH
Yy TPOMAICBKMX MICISIX 1 3aKiagax OCBITH Ta MOKIMKaHWH
BUDIINTH THTAaHHS MOBO/KEHHS 3 BIIXOIaMH B MiCTax
Vkpainn. HaBemeHo  Bimomi  HpUCTpOi  aHAIOrIYHOTO
npuxHadeHHs. OnucaHo MNpHHOMN [Jii Ta  KOHCTPYKIIIO
aBTOMATY, sIKi BIIMOBIIAIOTH BEMOTAM JI0 peaji3ariii KOHIeTil
PO3YMHHX MICT.

Knrouogi cnoea: Qanmomar, ekoinoris, aBTOMATHYHHN
MIPUCTPili, BTOPUHHA CHPOBHHA, TIEPEepPOOKa IUIACTHKY.

I. Beryn

[MutanHAM po3poOKHM 3aco0iB aBTOMATH3aIii PI3HUX
rajy3eil BUpOOHHMIITBA Ta HiSUTBHOCTI CYCHIJIBCTBA, SKi O
3a0e3leyyBail  CYTTEBY CKOHOMIIO  pI3HMX  BHUIIIB
pecypciB, MPHUCBIYCHO Oarato JOCTDKCHb 1 HAYKOBHX
pobiT [1-6]. B ycboMy CBITI HOCTIHHO PO3pPOOIISIOTHCS
HOBI ~ METOmM  €Hepro30epekeHHs,  aJbTepHATHBHI
JoKepesia )KUBJICHHS, MIKPOCICKTPOMEXaHIYHI CUCTEMH, a
TaKOX IHTEIEKTYyalbHI CHCTEMH, SKi CIPSIMOBaHI Ha
3aXMCT EKOJIOTIYHOTO CEpeJOBHINA HAlIOl IUIaHETH
Ha TPOTUBAry 30UTBIICHHIO OOCATIB IPOMHUCIOBOCTI
Ta BiJIIOBIJTHO — PiBHA 3a0pYTHEHOCTI TOBKIJLIS.

ABTOMAaTHYHMH  TPUCTPIH IS NpUHAOMY  Tapu
3 nomerwientepedranaty (IIET) Ta  amomiHio
npusHauennit st 30upanHs [IET Ta amromiHito uis
MOBTOPHOI'O  3aCTOCYBAaHHS SK CHPOBHHM Ha
BUpoOHHLTBaxX. [Ipy bOMY HOro akTyallbHICTh MONATAE
TaKOXX y MOXJIUBOCTI peaizallii eKOJIOTIYHOr0 3aBIaHHS
3 MiHiMi3alii 3a0pyAHEHHS] HABKOJUIIHBOTO CEPEOBHUINA
IIKIJJTABUMH PEUOBHHAMU

[loniOHi aBTOMaTH B YCbOMY CBiTi BiJOMi SIK
«pargomat» [7-10]. BoHM oTpuMamu  IIHUPOKE
3acTocyBaHHA y €Bpori, 30kpemMa y HiMmeuuuHi, TaM BiH €
B KOXKHOMY cyriepMapkeTi. @aHoMar 3a CBOEr0 0yI10BOIO
CYTITEBO HE BIJPI3HAETHCA BiJ 3BUYAWHUX aBTOMATIB 3
BUavi ki, HAIoiB, TOIO. AJle aBTOMAaTUYHUHA TPUCTPil
Jutst 30upanss tapu 3 [1ET, matoun nuine napy JABUTYHIB
MOCTIHHOIO CTPYMYy, CKaHep IITPUX-KOMIB 1 AUCIUICH, Ha
SKOMY KOPHUCTYBaul MaroTh 3MOTy IMO0ayuTH IX
BUHArOpoxy 3a TOMW  YM  IHHMH  [POIYKT,
110 3/IA€THCSI HA MepepOOKY, BUKOHYE HACTYIHI (DYHKIIIT:

— OUMILICHHS CEPEOBHIIA BiJl BUKUIAHHS CMITTSI;

—3acrocyBanHsi [IET Tta anroMiHi€eBUX NPOAYKTIB Yy
ITOBTOPHOMY BHUPOOHHUIITBI, THM CaMHM HaOIWKYIOUN
MIPOMHUCIIOBICTh 10 OC3BIIXITHUX BUPOOHHUIITB;

— JJa€ 3MOTy OTpUMAaTH BUHArOpoIy KOPHCTYBadam
aBTOMaTy 3a BUKOPUCTaHY Tapy.

B VkpaiHi akTyaJbHICTh IIHOI'O IMPHCTPOI € BKpait
BHCOKOIO, aJDKe TIOBTOpHa TIepepoOka MarepiaiiB
€KOHOMIYHO JIOTIOMOXE JIESIKMM BHPOOHHKAM, a TaKOX
MIPUCTPIH A€ 3MOT'Y KOXKHOMY KOPUCTYBady MiATPUMATH

B YHCTOTI HABKOJIUIIIHE CEPEIOBUINE Ta OTPUMATH 3a IIe
BHHATOPO.Y.

Bonokna 3 IIET 3Haxomsre pi3HE 3acCTOCYBaHHS.
Hanpukman, 3 HBOrO BUTOTOBJISIOTE OOOWMBKY ISt
aBTOMOOLTIB Ta KWJIUMOBI IOKPHUTTS IS JKUTIOBHX 1
opicanx  mpumimenb. [lpubmmzno 70 %  ycworo
BTOpUHHOTO e€Bponeiicbkoro IIET BUKOPUCTOBYETHCS JIst
BHPOOHHUIITBA BOJIOKOH TojiecTepy. BojokHa Bemukoro
JIiaMeTpy BHKOPHUCTOBYIOThCS SIK yTEILTIoBaY
CIIOPTHBHOTO OJIATY, CHAJBHUX MIIIKIB 1 K HATIOBHIOBAY
JUTST M’SKHX ITpairok. 3 TOHKHX BOJIOKOH OTPHUMYIOThH
IITY4HY MIEPCTh, BUKOPHCTOBYBAHY JUIS TPHKOTAKHUX
copouok, cBerpiB i map¢iB. Taki TKaHWUHH MOXYTh
Mmictutu g0 100 % BTopuHHOrO Matepiany [8].

II. Anani3 Bumor 1o angomary
Tox, paHgoMar npu3HA4YEHHUH Uit 30MpaHHS Tapu 3
IET
Ta amoMiHiro. [HauKamis Ha (daHmoMaTi 3a0e3MeuyeThCs

PK-expanom 200  CBITJIONIOAHUM  JUCIUICEM 1
CBITJIOZIOIAMH.
BcraHOBIIOIOTBCS dangomatu y IITKOJIaX,

cynepmapkerax, TPI[ i B 10 % BumajikiB Ha BYJIHIIX.
OCKiTBbKH aBTOMAT
€ CTalllOHApHWM TIPUCTPOEM Yy OIIBIIOCTI Bapiarlii

3aCTOCYBaHHS, BIiH HE MiJJaeTbcs  BiOpamisiM 1
KOJIMIBaHHSIM.
Buxopucranss PO3pOOITIOBAHOTO HPUCTPOIO

riependavyaeTbcsi B yMOBaxX MaKpOKITIMATHYHUX PalOHIB 3
MIOMiPHO-KOHTHHEHTAILHUM KJIIMaTOM.

Kareropiss po3MillleHHs €JeKTpoOoOJIagHaHHS — JUIs
eKCILTyaTallii Ha BiIKPUTOMY MOBITpi (BIUIUB CYKYITHOCTI
KIIMaTHYHUX ~ (PaKkTOpiB, XapakTepHUX IS JaHOrO
MaKpOKJIIMaTHIHOTO paiioHy).

Jlyist yTOUHEHHSI BUMOT IO TIPOEKTYBAaHHS HEOOXiIHUM
KPOKOM € OTJISIIT aHAJIOT1YHUX KOHCTPYKITIH.

ABroMar s 30upanHs Tapu ARB-180 (puc.l)
BupoOyieHuii B SInownii. BiH BCTaHOBIIOEThCSA y LIKONAX,
odicax, Ha BUPOOHHUITBAaX TOMIO. KOHCTPYKIIisl CTBOpECHA
3 amroMinito. Posmipu: 1830 MM X 560 mm X 650 mMm.
Metoxa cCOpTYBaHHS: TaTYUK METAJIB, MATHITHUH JaTYHK.

Ha puc.1 mo3naueni: 1 — migcoOHuI POCTIip; 2 — KOJIO
YIIPaBJIiHHS HANpPYroloo JlaMNu; 3 — alloMiHieBa CTiHKa
Ul 0aHOK; 4 — KOHTEHHep sl IUIACTHKOBHUX IUISIIOK;
5 — KOHTeWHep JUIsl MeTaleBUX IUIALIOK; 6 — 3epKano; 7
— ma3; 8 — copTyBaJIbHHI NPUCTPili; 9 — KoHTpoJep; 10 —
ma3; 11 — gaTtumk MeTany;12 — MarHiTHUN JaT4YHK.

ABtomar a1 30upanHs Tapu Incom Tomra (puc.2)
BupoOnsietbess y Kwurai. BcraHOBmIOETBCS y IIKONAx,
oicax, na BupoOHHuTBax. Kopmyc aBromary Incom
Tomra BUKOHAHO 3 CTaJli. ABTOMAT Ma€ CTaJCBHIA KOPITYC.
Pozmipu: 1913 Mmm x 950 mm x 802 mMm. 3acTocoByBaHi
METOIM COPTYBAaHHSI: JaTYUK METaNiB, MAarHITHUHN JaT4HK.
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Puc.2. ®annomat Incom Tomra [11]

Oco0IMBOCTI:

— HasABHICTH
21,5 mroimis;

— MEHIO 3 BHOOPOM JJIsI KOpHCTyBaua OTPUMATH
BHUHATOPOMY YEKOM, TpomuMa abo CIpsMyBaTH iX Ha
OJ1aromifHICTE.

CCHCOPHOI'O JUCILICIO JiarOHaJLTIo

III. OcobnuBoCTI pO3p0OOKH KOHCTPYKLIL

bangomaty
Ha puc.3 HaBegeHO TMOSCHEHHA  MOKPOKOBOL
npoueaypd poOOTH  HPUCTPOI0 3 aBTOMATHYHOTO

npuitomy Tapu 3 IIET Ta amrominito. Ha cxemi Bigxomu
IUIACTUKOBHX MaTepiajliB BUKOHYIOTh pOJIb BXiJIHOTO
CHTHAJY, a TIOTIM NEPEBIPSIIOTHCS KiJIbKOMa AaTYNKAMH.

Y po6oTi MPHUCTPOI0 MOXXKHA BHIIMTH TaKi OCHOBHI
GyHKIIT:

— KOpPHCTYBa4 MOKE BCTABUTHU IUIACTUKOBY Tapy OyIib-
sikoi (popMH B aBTOMAT IITPUX-KOJIOM JIOTOpH;

— TICIIsl BHECEHHS! KOPUCTYBayeM Tapa IepeBipsSeThCs
TpbOMa JaTYUKAMH, CHOYATKY IEPEBIPSIETHCS ONTHYHUM
JATYMKOM INTPUX-KOMIB, TOTIM €MHICHHUM JIATYHKOM
ONMM3BKOCTI, IOTIM 1H(paYepBOHUM (OTOETEKTPUIHUM
JATYMKOM 1, HApeliTi, MepeBipSIeThCS NATYUKOM Baru
TeH3ojaTuuKkax. [licins IbOro KOPHUCTYBAa4 OTpHUMAE
BHUHAropoJly Ha OCHOBI Baru Ta MaTepiaiy TapH.
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| Tapa(muscrus

LTIOMINIT )

Puc.3. briokoBa niarpama poOOTH aBTOMaTHIHOTO

TPUCTPOIO

OnTuuHUi ~ JaTYMK ~ CKaHyBaHHS  INTPHX-KOJIB
BUKOPHCTOBYETBCSL JUIS PO3Mi3HABAHHS TapH, SKYy 3/aB
KOpHCTYBa4, Ta MOJAJIBIIOr0 3HAXO/DKEHHS Y 0a3l JaHuX
MaTepiaiy Ta Bard TapH.

[HdpauepBoHUli (OTOSTEKTPUUHUN JATUYUK BHSIBIISIE
MIPUCYTHICTh 3aiiBUX pE4OBHH (BOAM, 1HIIOI pianHK abo
KaMiHHS) y BXiOHIH Tapi, 1 SKIIO piAWHA €, TPUCTPIN
TAKOX 3YMHUHSE TPOLEC, MOBIAOMIISIOUN KOPHCTYBady,
IO MOTPiOHO BWJIMTH PIIUHY, TOMY IO BOHa MOXE
HAHECTH WIKOAY mpucTporo. lleil naTyuk BUKOPHCTOBYE
CTaHAapTHI BHIMMi CBITJIONIOAM, SIKi IPOMYCKAIOTh
CBITJIO 4epe3 BOJIy Ta IEPEeBipsAIOTH 11 3a JIONOMOrOI0
XBHJI1 TOBXKHHOIO 1450 HM.

Konmum ¢ Boaum HeMmae i JaTYMK HIYOrO HE BUSBIIE,
MOYMHAETHCS HACTYIHUMA €Tam IMiclisl CKaHyBaHHS, 3a
QIrOpUTMOM  Tporpama  KepyBaHHS  (aHaoMaToMm
3HAXOWTh Yy ICHYIOUiH 0a3l MOTpiOHY Tapy Ta MOPiIBHIOE
ii Bary 3 Ti€ro, 1110 TIOKa3ye JaTYUK Baru TEH30pPE3UCTOpa.

Skuro Bara criBnajae (MOXXyTh OYTH BiIXHMICHHS y 5
I), KOPUCTYyBauy HapaxOBYEThCS BHHAropoga B
3aJIeKHOCTI BiJ Baru Ta MaTepiajly Tapd, a KOJU Bara
CYyTTEBO  BIAPI3HAETHCS  BiJg  HOTPIOHOI,  mporec
3YIUHSETHCS.

Ha puc.4 HaBeneHo Jiarpamy CHIpOIIEHOTO BapiaHTy
MIPUHLMITY Mepeadi CUTHAJIB Y IIPUCTPOI.

Etan BUOOPY JlaT4nKa LITPUX-KOJIB €
HAMBaXXITUBIIIMM €TarloM PO3POOKH MPUCTPOIO, OCKIIBKU
poboTa BCHOTO aBTOMATy 3aJICKHTh BIJT B3aEMOZIl
JlaTYMKa IITPUX-KOMY Ta OTPUMAHHS 3HAYEHb LITPHX-
kony. Ha kokHi# mismmi abo GaHIl € HaapyKOBaHHH
YHIKaNbHUHA IITpuX-Kon. Komm Ttapa posmimyerscst y
MIPUCTPOI, AATYUK MITPUX-KOAY 3YUTYE 3HAUEHHS LITPUX-
KOy Ta BINNpaBISE PSAOK MIKPOKOHTPOJIEPY, SKHH
00po0uisie naHi Ta MpuiMae pilleHHs] OI0A0 IPHAHATTS
a00 BiJIXWJICHHS TapH.

Taki BUKOHaBUI MeXaHi3MH, SIK JABUT'YHH IIOCTIHHOTO
CTpyMY Ta MOAYJIb JIPYKY 4eKy/abo BHBEAEHHs HOro Ha
JCIUIel, HeoOXiaHI AJIsl MeXaHi3MiB PUHOMY ITUISIIOK 1
MexaHi3MIiB BHJa4i BuHaropomu. Ilicms 3uuTyBaHHS
3HAUEHHS 31 INTPUX-KOAY, SIKIIO IUISIIKA TPUHAHSATA,
MIKPOKOHTpOJIEp TIOCHJIA€ CUTHAJl Ha TpHBiA, 100
BIIKPUTH 3aCIliHKY, sKa NpUHAMAa€e IUIAIIKY, a TaKOX
BHMBOIUTD Ha JUCIUICH KOJ BHHATOPOAH/ab0 APYKYE YeK.
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CICIATIBHICTIO «IHTEeNmeKTYyaIbHI 3acobu

Apaiieep panioenekTpoHikny Onekcito AHIpIiBY.
ABUryHa

nocriliHoro

crpymy

Mnara mikpoHoHTponepa
Arduino Mega 2560

3 USB-noptom [ BUryHn

IHppavepeoHMii
Ta TeH304aT4HK

nocriliHoro
cTpymy

Buaaya 4yekis

AIK BUHaropogu

Puc.4. Cxema nepenaBaHHs 1aHUX y (aHIOMATI

CTBOpEHHS KOPILYCY NIPUCTPOIO € BaXJIUBUM JUIS TOTO,
100 3a0e3MeYUTH BUKOHAHHS HACTYIHUX NOTPeO:

— BEJIUKHMIA 00’ €M €MHOCTI Mifl BIJNPalbOBaHy Tapy;

— HeBeNuKi rabapuTH aBTOMAaTy Mg 3PYYHOrO
po3TanryBaHH y mkoiax, T 1 Ha ByauIpx;

— KOpO31HHO CTIHKWH KopITyc, 00 OiNbIIICTh amapariB
BCTAHOBJIIOETHCS Ha BYIIHII;

— 3py4HE pO3TallyBaHHs OTBOPIB ITijl BiANPalbOBaHY
Tapy Ta IpUHMAaHHA BHHAropoxu Juii KoMQOPTHOI
B3a€MOJIi{ KOPUCTYBaYaMH.

OCHOBHUM MartepialoM Kopnycy ¢aHaomMary oOpaHo
aHO/IOBaHWI airoMiHiil. ['aGapuTHi po3MipH KoOpIycCy:
Bucora — 175 cm, mmpuHa — 65 cMm, THOMHA —
75 cm. Taki po3MipH JO3BOJIAIOTH PO3MICTUTH BCEPEINHI:
OJIOK ympaBiliHHA; Oak s MPUHHATOI Tapu; MeXaHi3M
NpUAHATTA Tapy; TexHiuny mady. Konreinep mnst tapu
MaTuMe po3mipu: Bucota — 80 cM, mmpuHa — 64 cM,
raubuHa — 65 oM.

IV. BucnoBku

PosrmsinyTii  mpucTpili  3a0e3nedye aBTOMAaTUYHHNA
HpUHOM Tapu 3 HoNUeTHIeHTepedTanaTy Ta ajJroMiHii0 Ta
BUJlauy BUHATOPOAU KOPUCTYBadaM.

MoxiuBa  mojanbllla  MOAEPHi3aIis
HIIAXOM HACTYHMHUX IIOKPAIIEHb!

— JI0laBaHHA MOJYJIS 3BaXKYBAaHHS Tapy;

— JI0laBaHHS BEJIMKOI'0 CEHCOPHOTO AUCILIEIO;

— JIolaBaHHSA CUCTEMHU OOMpaHHSA BUHAIOPOIH;

— JI0AaBaHHA MOIYJIS CTUCKYBAaHHS TapH Il €KOHOMil
HPOCTOPY.

HPUCTPOIO

V. Ilonsaxa

ABTOp BUCIOBIIOE NMOSKY cTyneHtam kadenpu KITAP
1 yJacHMKaM HayKOBOTO TypTKa 3 HAIpsMy PpO3pOOKH
TEXHIYHHX 3acO0iB aBTOMaTh3alii Uil PO3yMHHX MICT,
CBOIM JMIUIOMHHKAaM, fKi IIO3UTHBHO Ta 3 €HTY31a3MOM
pearyioTb Ha imei BMKIaAayiB MO0 IOIIYKy HOBUX
pileHs y wii ramysi, 30kpeMa y IHTaHHSAX eKOJIOTiYHOro
cupamyBaHHA. Okpema IOAfKka aBTOpY HaBEHEHOI
po3poOKM,  BMIYCKHHKY  Hamoi  kadempu  3a
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KoHTposb yKIaJaHHs aKkyMyJISTOPHUX OaTtapei
aBTOHOMHOT'O XO4Y IJIS €JIEKTPUYHOTO TPAHCIIOPTY
(3a 3pa3kom Tpojeibdyca PTS 12)

1
Hoponin IlaBno

, JIeoH1 IpanoB !

1.Kadpenpa KITAP, Xapkischkuil HalioHanbHuil yHiBepcuter pamioesekrponiku, YKPATHA,
Xapkis, np. Hayku. 14., email: pavlo.doronin@nure.ua

1. Kadenpa KITAP, XapkiBchkuii HallioHABHUIN yHiBEpCHTET pajioenekTpoHiku, YKPATHA,
Xapkis, np.Hayku 14., email: leonid.ivanov@nure.ua

Anomayia: poboOTa NpHUCBAYEHA NPOOJIEMi  JOIMYLIECHHS
MOMWIOK TpH  yKJIaJaHHI aKyMyJISITOpHHX ~ OaTapeid
ABTOHOMHOI'O ~XOJly CJIEKTPHYHOTO TPAHCIOPTY, 30KpeMa
Tponeiibyca PTS-12.
Kniouoei cnoea: OXOIOMKEHHS, aKyMmyaaTopHi Oarapei,
eJISKTPUYHUI TpaHcnopt, Tponeiidyc PTS-12, edekruBHiCTH
CHCTEMH.
I. Beryn

MicbKuil eNeKTpOTPaHCIIOPT € OIHIEI0 3 HAWBaXKIIMB-
IMX Tajy3ei, sika 3a70BOJIbHIE TOTPeOU HAceJeHHS B
NepeBe3eHHsIX. AKyMYISATOpHI Oatapei aBTOHOMHOI'O
XO/ly € OCHOBHHMM JDKEPEJIOM JKUBIIEHHS Ul OaraTbox
CIeKTPUYHUX TPAHCIOPTHHUX 3aco0iB.  AJie IOYATOK
poOOTH TPaHCIOPTY HAIPSAMY 3aJISKUTh BiJl HASBHOCTI
NMPaBWIBHOTO IIKIIOYEHHs OaTapeld 10 CHCTEMH.
ABTOMAaTHYHHH  KOHTPOJIb  MIiJKIIOYEHHS  EJIEMEHTY
JKUBJIGHHS € KIIOYOBUM AaKIEHTOM JUIs IIOYaTKy Ta
0e3medHoi pOOOTH ENIEKTPUYHOTO TPAHCIIOPTY

II. O6rpyntyBanHs BUOOpPY MOJIEN Ta

XapaKTepUCTUKH Tpoiseibyca PTS-12.
Tponeiidbyc PTC-12  BupoOnsiBcsi  yKpaiHCBKOIO
kommanietro TOB «IlomitexHocepic» (M. bpoBapu

KuiBcpkoi obmacti) y 2019-2021 pokax Ha OCHOBI
ky30BiB MA3-203T (puc.1) [1].

e

PI/ICOK 1 — Tponeiibyc PTS-12
Tsrosa mitiii-ionHa Oarapes ET3 HomiHaibHOO

MOTYXHICTFO 65 kBT  BHpoOJeHa  KOMIIaHi€lO
«[Tonitexnocepsicy. TsroBa Oarapes 3HAXOAUTHCA Y
BIJICIKY MiJ CHIOIHHSAMH IO JiBOMY OOpTy TpoieiiOyca.
Barapes siBnsie cobor0 MocioBHO 3 eaHaHi cekii Li-Ion
aKyMYJISITOpIB B cepeiuHi Koprycy (puc. 2).

3aBIsKM  3aCTOCYBaHHIO  JIiTiii-ioHHOI  OaTapei
Tponeiioyc Moxke momata g0 70 kM. Oe3 KOHTaKTHOL
Mmepexi. [loriMm mim wdac pyxy Tpoieidyca Tin
KOHTAKTHOIO MEPEKE0 MPOTIrOM OJHOI — JBOX TOJIUH

Oarapesi IOBHICTIO 3aps/KA€ThCsl 1 TPAHCIIOPTHUH 3aci0
MO’KE MMOONIATH TaKy XK BiJICTaHb.

Pucynok 2 — Li-Ion akymynsitopHa 6atapest Tposeidyca
PTS-12

BJI0KY JKUBJIEHHS MAlOTh CY4acHY CHCTEMY KepPYBaHHS

3apsaIoM, KA aHAI3ye CIIOKUBAHHS HANPYTH TIEH0 YU

IHIIOID ~ YACTHHOKW CHCTeMH Tponeibycy Ta ii
TeMIepaTypy, Iepemaroud  ycoo  iHdopMmalio Ha
KOMIT'FOTEp YU IUIAHIIET.

[II. BusHauenHs npo6sieMu Ta ii aKTyalbHICTb.

SIKIII0 MpH eKCILTyaTallii MOKa3HUKK By3J1a Tposieioyca
HE BIJQNOBINAIOTH HOPMi, TO EJIEKTPOHHHH OJOK
KEpYBaHHS OTPUMYE KOMaHAy HPOBECTH KOPUTYBaHHS
(SIKIIO 116 MOXKJIMBO) 200 €ICKTPOHHUI OJOK KepyBaHHS
3YIIMHUTH EKCIUTyaTallifo Tpojeidyca 10 YyCyHEHHsS
npobsiemu. MOHITOPUHT HANpyrd Ta TEMOEpaTtypu B
KOXKHIH KOMIpIll aKyMyJsTOpHOI OaTtapei BinmOyBaeTbCs
MOCTIHHO, B aKyMYJIATOpHIN Oatapei Tposneiidoyca PTS-12
yucno KoMipok — 140 mryk. Skmo TemmepaTypa a6o
Harpyra xoua O OIHi€i KOMIpKM HE BiJIOBigae HOPMI,
eKCIUTyaTallisi Tpojeldyca NPHUIUHIETHCS 10 YCYHEHHS
mpoOJIeMH, a caMe: MiI3apsIKd BiJl KOHTAKTHOI MEpexi
200 OXOJIOKEHHSI aKyMYJISITOpHOI OaTapei.

IV. Meta gocaiKeHHs.

Meroro JaHoro MOCTIUKEHHS € BU3HAYEHHsS Iijaed Ta
3aBJaHb JUISI PO3POOKHM Ta BIPOBADKECHHS CHCTEMH
aBTOMATHU30BAHOTO KOHTPOIO YKJIAJIaHHSA aKyMYJISATOPHUX
Oartapeit CIIEKTPUYHOTO TPaHCIIOPTY, 30KpeMa
Tponeiidyca PTS-12.
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KoHkpeTHi 1iji Ta 3aBAaHHs AOCIIHKEHHS BKIIOYA0Th
MiJIBUIIEHHS TPUBAJIOCTI CIyXOu Oarapedl 3aBAsKA
3a0€3MEUEHHI0  TMPAaBWIBHOTO  MiJKIIOYEHHS, IO
CIPHUATUME MiJIBUIIEHHIO IXHBOI'O TEPMiHYy CIyXOu Ta
3MEHILIEHHIO HEOOX1THOCTI Yy 3aMiHi.

[oxpamenHs koHTpoito yknaganaa AKD - cTBopeHHS
CHCTEMH, 3aBJISIKH sIKiH MOKHa Oyzie KOHTpOJIIOBATH yCi
HaMBaXIUBINI IapaMeTpu POOOTH  aKyMYJSTOPHHX
Oarapeii Ta 3amo0iraTi HEIIAHOBIH 3yIMHUHII TPAHCIIOPTY
Ta BUXOMY Oatapeii 3 jany.

V. OGrpyHTYyBaHHS BaXKJIMBOCTI pO3pOOKH
CUCTCMU KOHTPOJIIO YKIaAaHHA JIJId
aKyMYJISITOpHUX OaTapeil elleKTpUYHOrO
TPaHCIIOPTY

BaxxnuBicTh pO3pOOKH CHCTEMH KOHTPOIIIO YKJIaJaHHS
aKyMYJSITODHHX Oatapeil eJNeKTPUYHOrO TPaHCIIOPTY,
30Kpema Tponeidyca PTS-12, moxxe Oyru oOrpyHTOBaHa
3 KUTBKOX KJTFOYOBHUX TTO3HIIH:

1.  VYHUKHEHHS TIOMWIOK TIpM  BCTAaHOBJICHHI
aKyMYJSITODHHX Oatapeil: HemnpaBHIbHE BCTaHOBIICHHS
Oarapell y Tposeibyci MO)Ke HMPU3BECTH J0 KOPOTKOTO
3amukaHHs. lle, y CBOIO dYepry, MoKe NIpPHU3BECTH 0
ONAJIEHHS JPOTIB Ta BHUXOAY 3 Jlaay yciel cucremu
KEpyBaHHsI TPOJIEHOYCOM.

2.  3amobiraHHs meperpiBy Oarapedl  3aBISKH
TEMIIEpaTypHOMY 1HJHMKATOPY: BYaCHE OXOJIOPKEHHS
aKyMYJIATOpIB  JIO3BOJIAE  IMiIBUIIUTH  ©(EKTUBHICTH
Oarapeii Ta 30UIBIIUTH Jiana3oH MpoOiry TPaHCIIOPTHOTO
3aco0y Ha omHoMy 3apsai. [leperpiB Oatapeli Moxe
NPU3BECTH 10 3MEHIIEHHS €MHOCTI Ta BTpaTtd i
MIPOJYKTUBHOCTI, a TAKOXK (IIPU CHIIBHOMY HEpEerpiBi) 10
MOBHOI ~ 3yNUHKH  TpaHCHopTy.  SIKmo  enemMeHT
HarpiBaetbes 10 80-90°C, Moxke 3amycTHTHUCh XiMidHA
peakuisi, sKa TPONOBXHTh WOrO0 HArpiBatu; IpH
nmocsrHeHHI  Temmepatypu  180-200°C  BinOyBaeThCs
camo3aiiMaHHA 3 MOJANIBIIINM T IBUIIEHHSM
Temnepatypu ax 10 900°C.

3. MOHITOPHHT HAmpyrd y MeEpeKi: CTeKECHHS 3a
HAIPyrow Oatapeidl JO3BOJUTH BOMIKO BYACHO MOOAYUTH
KUJIBKICTh €HEprii, SIKy CIOKMBA€E Ta YM iHIIA CHCTEMA, i
Ha MiJCTaBi IBOro OLTBII JeTaNbHINIE PO3paxyBaTh CBil

MapuipyT.

VI. Pi3HOBUM aKyMyJIATOpHUX OaTapeit

1. AGM akymynaropu - 1ie e OAWH TUI CBHHIIEBO-
KUCIIOTHUX Oatapeit, mo He oOcimyroBytorhes. [ai
aKyMyJSITODH ~ BUTOTOBJSIFOTBCSL 332 JIONIOMOT'OIO
TexHonorii absorbent glass mat, 3aBmAKM YoMy i
OTpUMaJH CBOIO Ha3By. AGM-TeXHONOrisS Mae Ha yBasi,
IO BECh ENIEKTPONIT aKyMyJsITOpa 3HAaXOAWUTHCA Y
3B'I3aHOMY  CTaHi. 3BHWYaiiHi  CBHHIICBO-KHCIIOTHI
aKyMYJIATOPH 3aIllOBHCHI BITBHUM DiJKUM €ICKTPOIITOM,
y toii yac sk y AGM AKDB Bech eNeKTpoiT MiCTHThCS Y
CrieLiayIbHIH CKJIOBOJIOKOHHIM MaTpHIli, sIKa pO3TalIOBaHa
MIX IIacTHHaMU. be3nepedHoro mepeBarorw 1boro TUILY
aKyMyJIATOpIB € BHCOKa cHepropimmada. Takox AGM
aKyMyJSITOPH ~ JIEMOHCTPYIOTh ~ BHUCOKY  HIBHIKICTBH
3apsAAKd  (MOPIBHAHO 31  3BHYAHMMHU  CBUHIICBO-
kucnotHumMu  AKB). AGM akymynsatopu He OOsTBCS
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MoOpo3iB. Takok BaKIMBO BiJ3HAYWTH, IO JAHUH THI
aKyMyJIATOpIB 3HAYHO JICHICBIIMNA, HIX PO3MISAHYTI
pauimte renei AKB.
Bynosa axymynstopiB AGM Tumy mnpencraBieHa Ha
puc.3 [2,3].
Knema +

Knema -

MpoBka 3anWRHOT rOpNoRUHK

Kpuwka kopnycy aKyMmynaTopa % ’I

3anvWeHa rMopnNoBMHA

MimeneMaHTHE 3'EAHAHHA

ABcop@yloMni CKNAHWA MaT

Kopnye akymynaTopa

MnactuHa -
Mnactuma +

Pucynok 3 - bynosa akymynsaropisB AGM tuny

OCHOBHI MOMEHTH, SIKI Uil JESKHX KOPHCTYBadiB
MOXYTb cTatd HeponmikamMu - AGM  akymynsTopHi
GaTapei XapaKTepU3ylOThCA BEIHKOIO Barok. IX IiHa
Oiblla, HDK Yy 3BUYAHHUX CBHHIIEBO-KUCIIOTHHX
Oarapeil. TexHiuni xapakrepuctiukun AKB 3HMKYIOTBCS
IPY TIIUOO0KOMY PO3psiii IPUCTPOIO.

[epeBarn AGM akymynsiTOpiB:

He motpe0dyroTh nmocTiiiHOro 00CIyroByBaHHS;
I'epMeTnyHa KOHCTPYKIIISE

IIpu mepeBepTaHHI ENEKTPONIT HE BHUTIKAE, a
3HAXOJUTHCS a0COPOYIOUOMY CKIITHOMY Mari;

TpuBanuii TepmiH ciyx6u (5-12 pokiB);
TpuBanuii Tepmin 30epiranns (10 3-x pokiB) 0e3
BEJIMKOI BTPATH EMHOCTI;

Bucoxkuii ctpym Bigmaui (B 1,5 pasiB Oinbiimii
3BHYAHHUX KHCIOTHHX) 1 IIBUJIKA 3apsKa;

Criliki 10 TIAMOOKUX PO3PSiB;

200 mnoBHuX po3psaniB; 500 pospsaiB  mpH
pospsmkanHi Ha 50%; Ommspko 1000 1UKITIB TIpU
pospsimkanHi Ha 20-30%.

Henonixu AGM akymynsiTopiB
Bucoka BapTicTh B TOpPIBHSHHI 3 CBHHIIEBO-
KHCJIOTHUMH aKyMYJISITOpaMHU;

Benuki rabapuru Ta Bara;
[MoTpeOyroTh crieniaabHUX 3apsAHUX TPUCTPOIB;
Uytnusi 10 nepe3apsiiiB Ta KOPOTKUX 3aMUKaHb.

2. MynbTureneBi  akyMmynasTOpu - L€  JJOCHTh
monysisaipHui 1 3atpeOyBanmii THn AKDB. VHikambHICTH
JIAHOTO THITy TPHUCTPOIB MOJNATa€ B TOMY, IO IS IX
BUTOTOBJICHHSI BHKOPUCTOBYEThCS TexHonoris AGM, a
SIK €JIEKTPOJIIT BUKOPUCTOBYIOTh HE PIAKUH €IEKTPOIIIT, a
Horo renernoniouuit ananor. Leit Tun AKB Binpi3HsieTbes
BHCOKUM DPECYpPCOM IMKIIB 3apsa-po3psay. [lpu mpomy
OararoreneBi  Oartapei  JEMOHCTPYIOTh  HHU3BKHUI
caMopo3psiJl, a TAKOXK MiHIMAJIbHI IMOKa3HUKH 3HOCY MPHU
JIOCUTh 1HTEHCHBHOI ekcrutyaTauii. Myabrurenesi AKb
IIBHIKO 3aps/DKAIOTECS 1 MOXYTh BUKOPHCTOBYBATHCS
HAaBITh 32 HU3bKUX TEMIIEPATYp.

Y nmnopiBHAHHI 31 3BuYaiiHuMu KuciaotHumMH AKDB
MYJBTHTENIEB] MAIOTh PsiJl HE3allePEYHUX TIepeBar:

° T IBUIIEH] 130 HHI SKOCTI IJIACTHH;
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. 3HAYHO YCKJIAHIOETHCS BUXIJ Ta3iB 1
EJIEKTPOJIITY 32 MEXI KaIllJIAPHOI CHCTEMH Cernaparopa,
110 TOBOPHTH PO Ha/IIHHICTH 1 MOBHY Oe3neKy
MIPUCTPOIO;

. X0ua  ENEKTPOJIT 1  Mae  renenomgioHy
KOHCHUCTEHIII0, PYXJIMBICTh 10HIB 3aJTUIIAETHCS BUCOKOIO,
o, B CBOIO 4epry, 3a0e3medyye BiJIMiHHI 3apsiHi-
PO3PSIIHI XapaKTEePUCTUKH;

. koHCTpyKLiss AKB TOBHICTIO TepMeTHyHa,
3aBISIKM YOMY TPHUCTPi JOCHTH O€3NeuHuid 1 Moxke
BUKOPHCTOBYBATHCS ISl €KCIUTyaTamii B IKHTIOBOMY
MPUMIIICHHI, TpPU IOMY BiANIaae HEOOXITHICTHL B
00CITyrOByBaHHI aKyMYJIsTOPA.

3. TAroBi aKyMyJSATOPH - 1€ IPUCTPOI, PO3POOIICHI IS
BUKOPHCTAHHS B €JIEKTPUYHUX TPAHCIIOPTHUX 3ac00ax Ta
IHIIIH TeXHili, e MOTpiOeH BeMMKHIA 3amac eHeprii uis
NpUBOAY NBUTYHIB 1 MoropiB. Taki Oatapei MmaroTh
BHCOKY EHEpreTHYHY MIUIBHICTh 1 MOXYTh BHUIABaTH
BEIMKY TOTYXHICTh MiJ Yac pPOOOTH Ha TPUBAIUX
iHTepBainax 4dacy. Lle yHiBepcanpHuii THI OaTapel, siki He
MoTpeOyIoTh  O0CIYroByBaHHA. TSroBi aKyMyJsITOpU
MOXYTh MaTH Pi3HI KOHCTPYKIII Ta (opmu, MaTH pi3HY
€MHICTh 1 Jiana3oH poOOYMX TeMIIepaTyp. 3apsaKaroTh
AKDB Bix mMepexi 3MiHHOIO CTpyMy, Xo4a AEsSKi MOJeNi
TAKOXX MOXKYTh BHKOPHCTOBYBATHCS 3 COHSYHUMH
NMaHenssMH. BOHM TNPHUHIMIIOBO  BiAPI3HSIOTBCS  BiX
3BUYHUX CTapTEPHUX (ABTOMOOLIBHUX) aKyMYJISTOPIB.
IxmiM GesmocepenHiM  3aBIaHHAM €  Oe3mepepBHE
MOCTa4YaHHs HEPTri€l0 Pi3HOI TEXHIKU, MEXaHI3MiB 1 T. iH.
€MHICTh TSATOBUX aKyMYJSTOPIB BapiloeThes B 5 A*ron
1o 250 A*ron.

[opiBHSIHHS XapaKTEPUCTUK TATOBHX aKyMYJSITOPIB
HaBeJeHa B Tabmui 1.

Tabnuug 1. [TopiBHSUIBHI XapaKTEPUCTUKH TATOBUX
aKyMYJISATOpPIB
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TsroBi akyMyJIsITOpH € iZieaTbHUM BHOOPOM JIJISl TAKUX
NpUCTPOIB, Je TNoTpiOHa HafmifiHa 1 JOBroBiYHA
eHepreTnyHa cucrema. Hanpukiaz, TAroBi akyMyJasiTOpu
BUKODHCTOBYIOTh  JUIsi  3a0e3ledeHHs  KUBJICHHS
€JIIeKTPOTPAHCIIOPTY —  aBTOMOOLTIB, TpOJEHOYCIB,
CKYTEpiB, YOBHIB 3 CJICKTPOMOTOPOM, Pi3HOI CHEITEXHIKA
— migilimMauis, Bepcraris 3 UITY, TpaHCIOPTHUX CTPIYOK
1 JUIS1 CTBOPEHHS CHCTEM €HEPIrOHE3aJIe)HOCTI.

4. JliTi-i0HHI aKyMyISITOpH, IIMPOKO BiJIOMi 4Yepe3
BUKODHCTaHHS B  IIOPTAaTUBHHX KOMITIOTEpax Ta
NoOyTOBIH €JIEKTPOHIII, IepeBaxxaroTh y
HalicydacHiomy mpoiieci po3pooku. TpaauitifiHo, JTiTii-
i0HHA XiMis BKIOYae B cebc KaTom OKCHIY JITiio,
koOanpTy Ta rpadiroBuii anonm. lle mae xomipin
Bpakarouy nutomy eHepriero 230 Wh / kg i Bucoky
MTUTOMY TIOTY)KHICTh 3 BUCOKOIO €()EKTUBHICTIO 3apsay Ta
po3psny Bix 85 1o 95%.

Henomikom JiTifi-iOHHUX aKyMYJSITOPIB € KOPOTKHIA
tepMmin kutTs (500-2000 1mMKIIB) 1 3HayHA BTpaTa
€MHOCTI 3 BikoM [2-4].

VII. BucHosku

Po3pobka Ta BHpOBaJKEHHS CHCTEMH KOHTPOIIIO
YKIIAJIKK ISl aKyMyJISITOpHUX OaTtapeii Tponeiibyca PTS-
12 € Ba)JTMBOIO YaCTHHOIO y 3a0e3mneueHi eeKTHBHOCTI
Ta HAMIHHOCTI POOOTH EIEKTPUYHOrO TpaHCHopTy. s
chucTeMa  JIO3BOJISIE KOHTPOJTIOBATH MIpaBUIIbHE
BCTaHOBJICHHSA Ta IIJKIIOYEHHS OaTapedl y ciortax,
CTeXHUTH 3a BUTpaTaMH €Heprii Ta cmocTepiratu 3a
€MHICTIO 3apsly, 3aBASKA YOMY MOKHA 3a0€3NeYlTH
TPUBAIy Ta SIKICHY pOOOTY €IEKTPUYHOIO TPAHCIIOPTY.

[Tepenik mocunanp
[1] Mogeni Ta meroau KibepdizMyHHX BUPOOHUYUMX
cucreM B konueniii Industry 4.0 : monorpadist / 1.
III. Hesmtonos, B. B. €Bcees, A. O. Auapycesuu, C.

C. Makcumosa ; — Oktan Print — Prague. 2023. — 321

c.

[2] TMowmwmpeni TN aKyMynsaTOpiB, sKi HaiyacTime
BHKOPHCTOBYIOTHCSI TSI HAKOIHY CHHSI
€JIEKTPOCHEPTii. Advance: https://sun-

energy.com.ua/articles/typy-akumulyatoriv.

Sx BuOpatu akymymsatop? Tumm Oarapedt Ta ix
ocobmuBocTi. Advance: https://7sorok.ua/article/kak-
vybrat-akkumulyator-tipy-akkumulyatornyh-batarei-
i-ih-osobennosti.html.

(3]
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HeoO0x1qHICTh KOHTPOIIO BUXIHOTO CUTHAITY 3
OOpPTOBOTO MEPETBOPIOBAYA HAIIPYTH IS
CJICKTPOTPAHCTIOPTY

1 .
@®apsynnaeB Pamay * , Jleonin IBaHoB
1.Kadpenpa KITAP, Xapkischkuil HalioHansHuil yHiBepeuter panioesektponiku, YKPATHA,

Xapkis, np. Hayku. 14., email: rashad.farzullaiev@nure.ua
1. Kadenpa KITAP, XapkiBchkuii HalliOHANBHUIN yHiBepCHTET pajioenekTponiku, YKPATHA,
Xapkis, np.Hayku 14., email: leonid.ivanov@nure.ua

Anomauin: pobora mpuCBsUeHa IMpoOieMi HecTabiIBHOTrO
BUXI/IHOI'O CUT'HAJTY ITiC/Isl IHBEPTYBaHHS HAIIPYTH.

Knrwouosi cnosa: nepersoproBay IPT 830/27-150, momyns,
IHBEPTOp EJICKTPUYHUI TPaHCIOPT, Tponeidyc, edexTuBHiCTh
CHCTEMH, HaIpyra, CUTHaJl.

I. Beryn

YacrtorHuii  meperBoptoBay  Hampyru  (UITH) e
CHeLiali30BaHUM €JICKTPOTEXHIYHUM TIPHCTPOEM, SIKHA
JIO3BOJISIE PETYJIIOBATH YaCTOTY €IEKTPUYHOI HAIPYTH B
cHUCTeMax »IKHMBJCHHA. BiH BHKOPUCTOBYEThCS ISt
peryntoBaHHS 00€pPTOBOI YAaCTOTH €JEKTPOABUTYHIB, IO
JTy’Ke BOXKJIMBO Y BUPOOHUYHX ITPOLIECAX.

BaxuinBumu nepearamu Bukopuctanas UITH e:
TOYHE  PETYJIIOBaHHS YacTOTH  OOepTaHHS
JIBUT'YHA;

TUIABHICTB ITyCKY;

€KOHOMIsl eJIEKTPOEHEPril HUIIXOM ONTHUMi3alii
PpOo0O0YOT MBHUIKOCTI 00JIaTHAHHS,

3MEHILEHHSI MEXaHIYHOTO 3HOCY 1 MiJIBUIIEHHS
TPUBAJIOCTI CITY)KOM €JIEKTPOJBHUIYHA Ta OOJIaTHAHHS B
iJIOMY;

3JIaTOJPKEHICTh POOOTH CUCTEMH;
3pydHa KOMYTallis, YIPaBIiHHA Ta KOHTPOJIb
TEXMPOLIECIB.

Takum unmHom, UITH BmiMBae Ha MPOXYKTHBHICTH Ta
e(peKTUBHICTh  BUPOOHMYMX  MPOILECIB,  CIPUSIOUU
3MEHILEHHIO  EJIEKTPOCHIOKMBAHHS Ta  IiJBUILEHHIO
CTaOUIBHOCTI CHCTEM >KUBJICHHSI.

Mertoto pobOTH € CTBOPEHHS MOIYNIO IS KOHTPOIIIO
napameTpiB BUXifHOi Hampyru. be3 3acTocyBaHHsS HBOTO
MIPUCTPOIO ICHYE BEJMKHHA PU3UK YaCTHX 1 CepHO3HHX
BiIMOB y pO0OOTi, TOMYy WIO TNapaMeTpu BUXIIHUX
CHTHAJIIB ITOBHHHI JOTPUMYBATHCSI HOPMH.

Y cywgacHMX Tpolieli0ycax TakKux IepeTBOPIOBAYIB
HAalpyrd  YOTHPH, BOHM BCTaHOBIEHI Ha  Jaxy
TPaHCIIOPTHOTO 3aco0y 1 KOXXHMU 3 HUX BIJIIOBIJNAE 3a
KOHKpeTHY  (QYHKIIIO 1HBEpPTYBaHHA Uil  PI3HUX
MIPUIIAIIB, a came:

1. JUTsE pOOOTH TiIPOITiACKITIOBAYA;

2. ZI7I KOMIIPECOpa;

3. [nd 3apsny akyMmynsiTopa;

4. Jutsi 6aTapei aBTOHOMHOT'O XOY.

CTpyM, SIKUI KO)KHUH 3 HUX IHBEPTYE, BiPI3HAETHCS B
TAKOMY TIOPSIKY:

JUTS TiIpOIiICHIIIoBaYa — BXix - 58 B/Buxin -

550 B;

Jutst kKommpecopa — Bxix - 800 B/puxin - 550 B;

JUTs 3apsfy akymyssitopa — BXifn - 830 B/Buxin -27 B;
st Oartapei  aBTOHOMHOI'O  XOAY BXig -
830 B/Buxin -58 B.

Slkio oauH 3 HUX BWiiNE 3 Jaay, TO TPAHCIOPTHUN
3aci0 He 3MOXKE PyXaTHUCs.

II. Jocmimuuii orisig mepeTBoproBava
IPT 830/27-150.

Cratnunuii neperBoproBau Hanpyru [PT 830/27 — 150
NIPU3HAYEHUH ISl ENEKTPOXKUBIIEHHS OOPTOBOI Mepexi
tponeibycie TR14, TRI15 Tta mneperBoproe Hampyry
KOHTaKTHOI MEpeXi IOCTIHHOI0 CTpyMy HOMiHAJIBHHM
3HavueHHsM 660 B y nocriliHy crabinizoBaHy Hanpyry 28
B y OydepHomy pexumi 3 akyMyJIsiTOpHOIO OaTapeero
Tposneiidyca.

[leperBoproBau HaIpyru Ma€e HACTYIHUHA BUTIISI (pHC
1.). TleperBoproBau BiAMOBiAa€ 3arajgbHUM BHUMOTaM
oesneku 3rigHo JICTY 2817-94 «Cucrema craHmapTiB
Oe3meky mpami. AmapaTd eIeKTpHYHI KOMYTaIliifiHi Ha
Hampyry a0 1000 B. Bumoru Oesmeku (I'OCT
12.2.007.6-93)» [1] nns Bupo6iB kiacy 3axucty 01 1 Mae
rajJbBaHIiYHy PO3B'S3KY BXITHHX 1 BUXITHHUX EICKTPUUHHX
JIAHIIIOTIB.

Pucynox 1 — TposeiiOycHuiA 4aCTOTHUH TIepeTBOPIOBaY
Hanpyru

OXO0JOKeHHS HepeTBopIoBaya
lapaHTiiiHUIA TEPMiH eKCILTyaTalii 2 POKH.

TIPUPOJIHE.

Kopryc neperBoproBayua 3axXHIIEHUMH:
- BiJl KOPOTKHUX 3aMHKaHb Y OOPTOBiH Mepexi;
- BiJI eperpiBaHHs;
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- BiJl HENPHUIIYCTUMOrO IIiJBHIIEHHSA a00 MOHIKEHHA
HAIPYTU B KOHTaKTHINA MEpexi.

IleperBoproBaY  BUKOHAHWHA 13  3aCTOCYBaHHSIM
Cy4acHHX TPAH3UCTOPIB i OE3KOPITYCHUX TEXHOJIOTIH Ta €
CTa0lIi30BaHUM  [DKEPENIOM Hampyrd 3 OOMEXEHHSIM
BUXIJTHOTO CTPYMY 1 3aXHCTOM BiJ| aBapiilHUX PEKHMIB.
BuxigHa XapakTepHCTHKa MepeTBOpIOBada 3abesredye
3apsAIKy — aKyMyJsTOpHOi — Oartapei  TponeiOyca i
€JIEKTPOXKHMBIIEHHST OOpPTOBMX croxkuBayiB. Jliamazon
perynoBaHHS i TOYHICTh MIATPUMKH BUXIJHOI HANpyru
3a0e3MeuyloTh MOXIIMBICTH HOpMallbHOI  po0OTH 3
pi3HUMH THIIAMH AKYM YIS TOPHUX GaTapeil.
ITepeTBOpIOBAY IIiIKIIFOYAETHCS 1O KOHTAKTHOI MEpExi,
BUKOHAHUH B 3aXWIIEHOMY Kopmyci (BukoHaHHs IP54) i
pO3paxoBaHUil Ha YCTAaHOBKY 0€3 CIIeLiaIbHOTO 3aXHCTY.

I b_axm8=400—-830
& Usax 8=27

Bupofinexo 8 Yipaivi Na 138
TOB ‘IHCTHTYT CHIOBOT ENEKTPOHIKI™

Www.lse.com.ua
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Pucynok 2 —Crarnunuii neperBoproau [PT 830/27
(1 3apsAy aKyMysIsTOpa):
a) indopmariiina TabJHMYKa Ha KOPITYCi BUPOOY;
0) mepeTBOpIOBaY YaCcTOTH 31 3HATOK KPHIIKOIO [2]

IuBepropn Hampyru cepii IPT pospaxoBani Ha
MIIKTIOYEHHS OO0 MEpeXi 3 HOMIHANBHOI HAIpyror
noctiiHoro crpymy 660 B. 3assuuaii, Takuii piBeHb
HANpPYTH MiATPUMYETHCS B KOHTAKTHIH Mepexi MiCbKOro
€JIEKTPOTPAHCIIOPTY.

KouBepropu Hampyru 1Ii€i cepii MiICTATh BXIigHI
(iIbTPH, 110 TO3BONSIOTH OOMEKUTH BIUIUB IMITYJIbCHUX
MepeHanpyr Mepeki Ha (YHKI[IOHYBaHHS, y OLIBIIOCTI
BHUIIAJIKIB 3aI100iratoTh BUXOMY IPUCTPOIO 3 Jaxy 4yepes
TIepeHanpyTHy.
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Ille onmHier0 XapaKTEPHOI OCOOIUBICTIO € BHCOKa
MIIHICTD €IEKTPUYHOI 1301 MK BXOJOM 1 BHXOIOM
koHBepTopa. OOOJOHKAa KOHBEPTOpAa HAMINHO 3axWIae
WOro BiI BIUIMBIB AOBKULIA. Temmo, ske HEMUHYyYE
BHUIUIAETHCS Yy TPOIECI TEPETBOPCHHS EJIEKTPOCHEPTii,
BiIBOOUTBECS BiA BUPOOY MPUPOTHHM CIIOCOOOM, O€3
3aCTOCYBaHHS BEHTHIATOPIB. KOHCTpyKIis — cTiiika 10
nii BiOparriii Ta ymapis. Bee 1ie 103BOIIsIE 3aCTOCOBYBATH
koHBepropu cepil IPT Ha Takux TpaHCIIOPTHHX 3acobax,
SIK TpaMBaifHiI BATOHM Ta TPOJIEHOyCH.

CuoBa yacTWHA KOHBEPTOpa BHKOHAHA 3a CXEMOO
Forward,  skuii  BIOPI3HAETBCI  MPOCTOTOI0 Y
BUI'OTOBJICHHI ~Ta  PEMOHTI. BHCOKI  TOKa3HUKHU
e(heKTMBHOCTI TEPETBOPEHHS CIEKTPUUHOI  OEHepril
JOCATAIOTBCA ~ PETENBHHM  IiA0OPOM  MAarHiTHHX
MartepiamiB, MOXJIHBOCTI SKHX BHKOPHCTOBYIOTHCS
MMOBHOIO Miporo. TakoX BHUKOPUCTOBYIOTbCS HOBI
JIOCSTHEHHS BUPOOHUKIB CHJIOBHX HAITiBIIPOBIIHUKOBUX
npunagiB. OcTaHHIM  4yacoM  Jesdki  momugikariii
KOHBEPTOPIB BHKOPUCTOBYIOTBCS JUISI SIEKTPOKUBIICHHS
MIPUCTPOIB 3B'SI3KYy Bi HANPYTH KOHTAKTHOI MEpExKi
MiCBKOTO TPaHCIIOPTY, iXHS BUXiJHA HANpPyra CTAHOBHUTH
48 B (3 MOXIMBICTIO peryaioBaHHsg). BuxigHa
MOTYKHICTh TaKHUX MPHUCTPOIB KomuBaeThes Bim 200 mo
2500  Br. HaiimMenmre — 3Ha4eHHsS  MOTYXKHOCTI
BUKOPUCTOBYIOTh  JJISI  CIICKTPOXKUBJICHHA  KaMep
BYJIMYHOTO BiJ€OCIIOCTEPEIKECHHS, MOTYKHIII TPUCTPOI
NIpU3HAYeHi Ul NepeqaBalibHUX IMPUCTPOIB ONepaTopiB
MOOLUTBHOT 3B'SI3KY.

III. Buznauenns mpo6sieMu Ta ii akTyaabHICTh

AKTyaJbHICTh POOOTH TIOJISITA€ B TOMY, IO Y
TPOJICHOYCI € YOTHPH OJHOTHITHHMX IEPETBOPIOBaYa 3
PI3HUMH BXOJaMH Ta BHUXOJaMH HAIIPYTH, ajie Hampyra
Ha BHUXOII OyBae HeCTaOINbHOIO Ta € HMOBIPHICTH
BUXOAY 3 Jaay MPHUCTPOIO, Uil SKOT'O IHBEPTYBAIH
CHUTHAJI, a SKIIO OJMH 3 MEePETBOPIOBAYIB BHUIIC 3 Jaay
TO TPAHCIOPTHHH 3aci0 30BCIM HE 3MOXKE PyXaTHUCh.
ToMy KOHTPONb BHXIZHHX  IapaMeTpiB  IMIiCHs
MEPETBOPCHHS HANPYTH JAY)KE BaXJIHUBUH, OCKIJIbKH
BUXIJHUI CHTHAl Micas 1HBEPTYBAHHS MOXe OyTH
HECTaOIIbHUM: 3aCTOCYBaHHS MOJYJIS KOHTPOJIO Ha
BHXO/JIl CUTHaIIy 3 OOPTOBOr0 MEpPETBOPIOBaYa HANPYTH
HeoOX1/IHO, 00 XiJ TpaHCIIOPTY OYB OE3MEYHUM.

OCHOBHI TEXHI4YHI XapaKTEepUCTHUKH 0a30BOi Mopeni
koHBeprepa Hanpyru [PT 830/27-150:

ITo Bxomy:

HomiHanbHe 3HaYEeHHsI HATIPYTH 660;
Jlonyctumuii 1iana3oH 3MiHA 440 — 820;
Posmmpenwnii qianazon Bxigaux Hampyr 300 — 820;
ITo Buxony:

HomiHanbHe 3HaYEeHHsI HATIPYTH 28;
MaxkcumanbHAN BUX1THHH CTPpyM, A 150;

3axwucT BiJ eperpiBy, BHYTPIIIHIX MOIIKO/DKEHb €
I'aGaputHi po3mipu, MM 500*250%250;
Maca, kr 20;
CryniHb 3aXHCTy 000JIOHKH IP54.
Jna  3axucry Big  ImeperpiBy Ta  MOMJIUBHX

HOLIKO/DKEHb IIEPETBOPIOBAYi BCTAHOBJICHO Ha Jaxy
Tponeibyca (puc.3).
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Pucynok 3 — neperBoproBayi, siki po3TaIlIoBaHi Ha 1axy
Tponeibyca

IV. Meta nocniokeHHs

VY poboTi npornoHyeThcst cTBOpeHHs (Ha MoBi Phyton)
MOZYJIIO YUPABIIHHA JUIL KOHTPONIO IapaMeTpiB
BUXIiJTHOTO CHTHAJIy OOPTOBOTO MEPETBOPIOBaYa HAIIPYTH.
Be3 nporo Mosys1st Harpyra Ha BUXoj1i Oyze HecTablbHa,
a poboTa 6e3 TaKOro MOIYJS MPU3BOJUTE A0 IIBHAKOIO
3HOUIYBaHHS 1 HecnpaBHOCTI mpwiany. [Ipu npomy cmifg
3a3HAQUUTH, 100  HABaHTAXEHHS  INpU  POOOTI
TPaHCHOPTHOrO 3aco0y BENMKi, BiH 3HAXONUTbCA Y
LIUTBHOMY pexuMi poOoTH Oibiie 12 roJuH Ha 3MiHY.

OcHoBHa  izmes npu  po3poOri MIPUCTPOIO
AQBTOMATH30BaHOTO YIPABIIHHSA IIOJATAE B TOMY, IO
BUXITHUHA CHUTHAlT HPUAMAETBCS 1  KOHTPOIIOETHCS
3aIpOrpaMOBaHUM MOZYJIEM, SIKHH pPOOUTH aHami3 Ta
HiITPUMYE NPABUIBHICTh BUXiJHOTO 3HAUCHHS HAMIPYTH.

V. Teopist MaTEeMaTHYHOTO OTTUCY CUTHATY

Bci ¢i3uuni nporiecu 3 TOYKH 30py Teopii CHUTHAIIB
OIMCYIOTbCS MAaTEMAaTUYHUMM (QYHKI[ISAMH 3 THMH YU
IHIIMMH BJIACTHBOCTSMH. 3/1€01IBIIOTO - IIe HelepepBHi
(YHKIIT CBOro aprymMeHTy, abo YMCIIOBI ITOCIIIOBHOCTI.
[3,4,5]

Ilponenypy omnmcaHHs CHUTHalIy 3a JONOMOIOIO
MareMaTH4Hol  QyHKIIT MOXHa  po3mIAmaTH K
nporeaypy HoOyJOBHM MaTeMaTHYHOI MOAENI CHUTHAIY.
MaremaTuuHa MOJENIb CUTHATy — 1€ CTBOpeHa abo
oOpaHa JTOCNIiJTHUKOM MaTeMaTH4YHa (YHKILS YU cHCTEMa
(GyHKIIIH, siKa BimoOpaXkae iCTOTHI BIACTUBOCTI CHT'HANY,
SIKMHA  TOCIIJUKYEThCs.  JIOCTi/DKEHHST MOJEI CHTHaly
MO>K€ JI0 IEBHOI MipH 3aMiHUTH JOCIiIKEHHS PEaJIbHOIO
CHTHaJy Ta JaT¥ HOBY iH(opMalito npo 00’€KT, 3 SKUM
CUTHal OB’ sI3aHUM. MopentoBaHHIO CHUT'HAJiB
MIPUCBSIYEHUI OKpeMHH po3aia Teopii curHamiB. OTxke,
HaclpaB[l BeCb MaTeMaTUYHMII amapaT Teopii CHrHaJIiB
Ipalloe HE 3 pEIbHUMH CHUTHAalTaMH  (Halpyramd,
THUCKaMM 4M IHTEHCUBHOCTAMH), a 3 1X MaTeMaTUYHUMH
MOJIETISIMU — (DYHKIISIMH, SIKi OHCYIOTh CUTHAIIH.

Ockinbku 1 peanbHi  O0’€KTH, 1 CHUTHAIM, SIKi
BIJNOBINAIOTh 1X XapaKTepHCTHKaM, MaloTh 0arato
PI3HOMaHITHHX napameTpis, CHUTHAJIH MOXHa

knacudikyBaTn 3a OaratbMa O3Hakamu. Bin Toro, siki
BJIACTUBOCTI MAIOTh CUTHAJIH, 3aJICKUTh BH/ QYHKIIII, sKa
BHUKOPHUCTOBYETHCS  JJIS  MaTeMaTHYHOTO  OMHCAHHSI
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CHrHaJy. 3a MPUYMHOI0 BUHUKHEHHs ab0 3a 00’€KToM, 3
SIKUM TIOB’SI3aHUI CHIHAJI, X MOALIIIOTH Ha:

a) CHT'HAIM IMPUPOTHHUX CHCTEM, TOOTO (i3UUHHX Ta
Oiomoriunux 00’exTiB. IlpukiagoM Moxe OyTH cHUTHAI
eneKkTpoeHuedanorpamu 3amUc  eJIeKTPUYHHX
KONUBaHb, IO CYIPOBOIKYIOTH pPOOOTYy MO3KY, abo
BUIIPOMIHEHHS 31pOK, 1[0 PEECTPYETHCS iHPpaUuEepPBOHUMHU
TeJIeCKONaMu;

0) CHrHAIM INTYYHUX CHUCTEM, TOOTO
npucTpoiB. Hampukman, TakuM CHIHAJIOM
3apeeCTPOBAHMI AHTEHOIO CTIIBHUKOBOTO TeJe(OoHYy.
3anexHO BiJ BiacTHBOCTEW (YHKIIN, IO ONKHCYIOTh
HerepepBHi CHIHANM, TX MOXKHA IMOJUTUTH HA TaKi BHIH,
SIKI 4aCTO 3yCTPIYaOThCsl Ha TIPAKTHILI.

TEXHIYHHUX
€ CHUrHal,

VI. BucHoBku

Y  mii  pobori Oyno  pO3MISHYTO  OCHOBHI
XapaKTepUCTUKM, MepeBard Ta HENONIKH poOOTH
TponeOycHux mneperBoproBauiB Hampyru IPT 830/27-
150, nmocmimkeHo NpHHLMN IX poOoTH. Buxomsum 3

BOT0, 3aIPONOHOBAHO CTBOPUTH MOJZYNb
AQBTOMATH30BaHOIO YIIPABIIHHS IPOLECOM KOHTPOIIIO
rapameTpiB BUXiJJHOT'O CHUTHAITy 6opToBoro
nepeTBOpIOBaYa  HampyrH.  Moro  3acTocyBaHHs

JO3BOJIUTH AHAJI3yBaTH, KOHTPOIIOBATH Yy PEXHUMI
peanpHOro yacy Ta MIATPUMYBaTH Y 3aJaHUX MeXax
NpPaBWIBHICTG BHXIJHOI'O CHIHAJy II€peTBOPIOBada
HaIpyru akyMyJIaTopHoI Oatapei Ta rigpomniacuiIoBaya.

[Tepenik mocuiaHb

[17 ACTY 2817-94 Cucrema craHnapTiB Oe3MeKH Mpari.
Amnapatu eneKTpUYHi KOMYTAIliiiHi Ha HAmpyry ao
1000 B. Bumoru 6e3nexu (I'OCT 12.2.007.6-93)

[2] 1Mo Take meperBoproBau uactotd. Advance:
https://elprivod.nmu.org.ua/ua/entrant/frequency con
verter.php

[3] ®penkc JI. Teopis curnamnis.1974.

[4] P. B. Johns, "A symmetrical condensed node for the

TLM method," IEEE Trans. Microwave Theory

Tech., vol. MTT-35, pp.370-377, Apr. 2007.

V. Trenkic, C. Christopoulos, and T.M. Benson,

"Efficient computational algorithms for TLM," in 1st

Int. Workshop TLM, Univ. Victoria, Canada, Aug.

2015, pp. 77-80.

(3]
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Kiacudikaris BuOyxoHe0e3neyHux 00’ €KTIB, iX
Bi3yaJbHi1 0O3HaKH, METOJIM MAaCKyBaHHS Ta
11eHTU(IKAI]

Cepriit HoBocenos', Jimurpo Illecrak’
1. TIpocpecop kadempu KITAM, , XapkiBchKoro HalioHanbHOTO yHiBepcHTeTY pafioenekTpoiku, YKPATHA,
Xapkis, np. Hayku. 14., email: sergiy.novoselov@nure.ua
2. Crynenrt rp. KTPCM-22-1, XapKiBchKOro HalliOHAIBHOTO YHiBepcUTeTY panioesnekrponiku, YKPATHA,
Xapkis, np. Hayku. 14., email: dmytro.shestak@nure.ua

Anomayia: B pnaHoMy Marepiani HaBEIEHO IPAKTHYHI
npobnemn  ineHTHdikanlii BUOyXOBMX pEUOBMH 3a  IX
Bi3yallbHUMH XapakTepUCTHKaMu. JIOCHiIDKEHHS CIIpsSIMOBaHe
Ha po3poOKy MeTOHiB 1 migxomiB Juisi Kiacudikamii Iwmx
00’€KTIB 3 BUKOPUCTAHHAM CY4aCHHMX TEXHOJIOTiH MAaIMHHOIO
HaBYaHHS Ta KOMII'IOTEpHOro 3o0py. Y Iiif cTarTi HaBeIECHO
orisl ICHYIOUMX apXiTeKTyp HEHpOHHHMX Mepex, fKi
BUKOPHUCTOBYIOTHCS I BUPILIEHHS Li€i MpoOieMu, HarpuKiaj
CNN (3ropTkoBi HeHpoHHI Mepexi) Ta IX Moau(iKOBaHHX
Bepciil, Brmowatoun AlexNet, GoogleNet, VGG, ResNet i
ResNeXt. ITinkpecntoeTbes Ba)kIMBICTh NIPAaBUIBHOIO BUOOPY
apxXiTeKTypu Ul OTPUMaHHS ONTHMAalbHUX PE3YJbTaTiB
knacudikamii BuOyxoBux peuyoBuH. KpiMm Toro, y wmii crarri
PO3IIIAAIOTECS METOAM IIONEepenHboi 00poOKM 300pa’keHb i
Ba)KJIMBICTh TaHMX I HaB4aHHA. OCHOBHA yBara 30cepeKeHa
Ha TOMY, SIK Cy4acHi TEXHOJIOTi] MOXYTb ITiABUIIUTH TOYHICTb 1
IIBHAKICTH ieHTH(]iKalii BHOYXOBHX PEYOBHH, IO BAXKIHMBO
JuIs 3a0e3MedeHHs Oe3leKy B 30HaX, A€ iCHYIOTb IOTCHLINHHI
BUOYXOBI 3arpo3u.

Knrouosi  cnoea:
OpenCV.

ineHTH(IKALA, KOMIIFOTEPHUH  3ip,

I. Beryn

VY Haul yac NUTaHHS MiHYBaHHS BEJTUKUX TEPUTOPIH €
Iyxe akTyaabHuM. Uepe3 BeuKi Macimtabu mpooiiemMu,
PO3MiHYBaHHS MOXKE TPHUBATH pokaMu. [y omTumizartii
Ta aBTOMAaTHU3allii pomuecy, HeoOXiJHO BUKOPHUCTOBYBATH
aBTOHOMHHUX POOOTIB canepiB, SKi MarOTh KOMIT FOTEpHHI
3ip A igeHTU(dIKAIi MiH Ta BHOYXOHEOE3MCUHHX
00’€KTIB.

II. IncTpyk1is s aBTOPIB

B ymoBax cydacHOro cBiTy, A€ 3arpo3a >XUTTIO U
Oearieni JIIOAWHY 30ibIIEHA 32 paXyHOK OOHOBHX Mii 1
MIiHYBaHHSl JKWTJIOBUX OYAMHKIB, BYJIHIb Ta JIiCiB,
npodaema BUSIBJIEHHS Ta imeHTugikamii
BUOYXOHeOEe3MeYHNX 00'€KTIB Ma€ BEIMYEC3HE 3HAUCHHSI.
s npobnmema BHHMKaE B  HaWpPi3HOMAHITHIIINX
KOHTEKCTaX: BiJ BIHCHKOBUX OIlepallii g0 poOiT i3
3aYMCTKM  BHOYXOHEOE3NeYHUX O0'€KTiB  Mix  dYac
pATYBaJNbHUX oOmepamiii Ta poOiT i3 3HOCY OyaiBeb.
BaxnuBuM acrieKToM mi€l MpoOJIeMH € MOXKIIHBICTh
imeHTU(dIKaIi UX O00'€KTIB HAa OCHOBI iX Bi3yaJbHUX
O3HaK.

Jo  xareropiii
BKJIIOYAIOTHCS TaKi:

— BHOYXOBi pEYOBMHHM: II¢ XIMIYHI CIOJXYKH abo
cymimi, SIKIi MOXYTh pearyBaTd Ha TIEBHI 30BHIIIHI
BIUIMBH (TaKi SIK HarpiBaHH, yAap, TepTs, a00 B3a€MOIis
3 IHIIUMH BUOYXOBHMHU MIPUCTPOSIMU), IO TIPU3BOAUTD 10

BUOYXOHEOE3MEeYHUX  TPEIMETIB

IIBHIKHX XIMIYHHX IieperBopeHb. Lli mepeTrBopeHHs
MOXXYTh BiIOYBaTHCS CaMOCTIHHO 1 CYNpPOBODKYBATHCS
BEJIMKOIO BUBIJIPHEHHSM €HEPTii 1 BUIUICHHIM Ia3iB.
OoernpuIacu e BificbkOBa TEXHiKa, sKa
BUKOPHCTOBYBaJacsi OJWH pa3 Ul YPaKEHHS CONAAT
MIPOTUBHHKA.

Boenpumnacu BKIIOYaIOTh:

— OOETOJIOBKA paKeTy;

— aBialiiHi 6oMOH;

— apTWiepiichki Ooempumacy,
apTUIIepifChKI CHAPSIIN;

— TEeXHiYHiI OOenmpuIacy, B TOMY YUCI MPOTUTAHKOBI
Ta MPOTUIIXOTHI MiHU. PydHa rpaHara;

— Ooenpumacu Jyist CTpisienbKoi 30poi, Taki siK MaTpoHH
IO MiCTOJIETIB, TBUHTIBOK, aBTOMATIB TOIIO;

— (eepBepk — MaTpOHHU, BUOYXOBI MAaKETH, METAPIH
ToImo. PakeTa, BKIIOYarOYM BOTHI Ta CUTHAJIH,

— IMMOBI IIAIIKH;

— caMOpoOHI BHOYXOBI TPHCTPOi MAarOTh NPHHANMHI
OIIMH 1HHOBAIlIHUI KOMITOHEHT y CBOI# KOHCTPYKIIi. Lle
MOJKE BKIIFOYATH caMOPOOHI MiH-TTACTKH Ta iHII MOIOHI
IIPUCTPOI.

VYci Buan Ooenpuriacis, Taki sSK apTHIEPIHCHKI MiHH,
KyJli, peakTHBHI Ta TEXHIYHI MiHH, aBiamiiiHi OOMOMH,
py4YHI TpaHaTH Ta IHIN, CIOPSDKCHI BUOYXOBUMH
PEYOBHMHAMH 1 MOXKYTh BUOYXHYTH BHACIIJIOK 3ITKHEHHS,
TEpTA, yAapy 49M OyIb-SKOro IiHIIONO0 MEXaHIYHOTO YH
TEPMIYHOTO BILUIUBY.

[Tix gac BUOYXy rasu, siki yTBOPIOIOTHCS 3 BEINYE3HOIO
CHJIOIO, PO3PUBAIOTh METaJIeBUH OOOJIOHKY Ooempumaca
Ha 0arato OCKOJKIB, SKi pPO3CHUNAIOThCA  yciMa
HanpsIMKaMy Ta 3aBAAlOTh IIKOAW Ha 3Ha4HIN BiACTaHI
BiJI MicIII BUOYXY.

BuOyxoBi PEYOBHHY, BHUKOPHCTOBYBaHi y
Ooenpunacax, MalOTh PI3HUHA KOJIp, IOYMHAIOYH BiJ
CBITJIO-)KOBTOI'O 1 3aKIHYYyIOYH TEMHO-KOPUYHEBUM.
Hagitb micnst TpuBasioro nepeOyBaHHs Y BOIi a00 IpYHTI
i BUOYXOBI PEYOBHHHU HE BTPAYarOTh CBOET 37aTHOCTI 10
BuOyxy. B okpemMux Bumagkax, BOHH MOXYTb HaBiTh
pearyBatd  XIMI4YHO 3  METAJCBOIO  OOOJIOHKOIO
Ooenpunaca, yTBOPIOIOYM HOBHH BHJ YK€ YYTIUBOTO
BHOYXOBOI'O CIIOYKY.

Aprunepiiicbki cHapsigu - 1€ aMyHiMlis, sKa
BHUKOPHCTOBYETHCS Y BEIUKOKATIOEPHUX apTHIEPIHCHKIX
rapMmarax Ta rayouIsx Jjisi CTPiIbOH 3 BaXKKOI apTUIIepii.
BoHu mnpusHaueHi Ui HAaHECEHHs yJapy Ha 3HA4YHY
BIJICTAHb HA Pi3HI TUMH I[JICH, BKIIOYAIOUN YKUBY CHITY
CYNpPOTUBHHKA, BIHICEKOBY TEXHIKY, iHQpacTpyKTypy Ta
iHII 00'exTH. Och JesIKi XapaKTepUCTUKU

Taki fAK MIHH Ta
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apTUIIEpIACEKUX  CHApsiB:  APTWIEPIHCHKI  CHapsau
CKJaJaloThCd 3  TPhOX  OCHOBHHX  KOMIIOHEHTIB:
METaJeBOro KOpIycy, BHOYXOBOIO 3apsiay Ta IMiJpHBaya,
SIKMA MOXe OYTH PO3TalllOBaHUM Ha TOJIOBI abo Ha JHi
CHapsiza.

Aprunepiiicbki Ta 3€HITHI MiHH, Bi3yaji3allisi HA pHC.
2, MO CyTI MaroTh TaKWH XK€ CKJIaJ, SIK 1 apTHIEePIHChKi
cHapsimi. Aptuiepidicbki Minu: L{i MiHM po3poOueHi aus
BUKOPHCTaHHS apTHIEPIHChKUMH cHiaMu. BoHH MOXKYTh
OyTu 3amymieHi ab0 CKMHYTI 3 apTHJIEPIMCHKUX TapMaT
a0o MIHOMETIB 1 NMpH3HAYeHi IS HaJAHHS IiITPUMKA
BIICBKOBMM OTepallisiM. ApTHIEPIHChKI MIHM MaroTh
Ppi3HI TUIIM BUOYXOBHX 3apsiliB Ta Jiana3oH mii.

3enitHi MiHm: L{i MiHM creriadbHO PO3pOOJICHI IS
3aXHMCTY BiJ TOBITPSHUX IJIEH, TakuX sK JITaKd Ta
IpoHU. BoHM MOXyTh OyTH pO3TalIOBaHi Ha 3EHITHUX
KOMIUIEKCaxX 1 3amlyleHi Bropy, o0 BOHH MOIIIH
HeWTpamizyBaTd Iy, $Ki TepedyBarOTh y MOBITPI.
3eHiTHI MIHM TakOXX MalOTh pi3HI BHAM BHOYXOBHX
3apsliB Ta CUCTEM KEPYBaHHS.

VY HIWKHIN YacTHHI MIHM 3HaXOJUTHCS CTAOLII3aTOp, a
TakoX BHOyxoBa kamepa. Cepen ycix BUIIB Ooernpunacis
apTWICPINChKI MIHM BBaXKAaIOTHCS HaWHEOE3MECUHINTUMH,
OCKUIBKM 1X 3alayii JyXKe YyDIHBI 1O OyAb-sKHX
MeXaHIYHUX BIDIMBIB abo Terua. OOuaBa THIM MiH €
Iy)ke HeOe3NeYHMMH Ta  IiJUIAalI0ThCS  CYBOPOMY
KOHTpOJIIO, OCKUIBKM BOHU MOXYTh 3aBIaTH CEPHO3HOI
IIKOAW BOPOroBi ab0 HAaBKOJIHWIIHHOMY LHBUIEHOMY
HACEJICHHI0.  BuKOpHMCTaHHA IMX MiH  IyIATae
MDXKHapOJHUM HOPMaM Ta MpaBWIiaM, a TaKoX Mae OyTu
MIPOBEACHO 3 JIOTPUMaHHSAM BiHCHKOBOTO Mi>KHAPOIHOTO

Puc.2. Aprunepiiicbka MiHa

[mxeHepHi MiHH, Bi3yallizallis Ha pUcC. 3, € CKIaIHUMHU
BUOYXOBUMH TPUCTPOSIMHU, NMPU3HAYCHUMH JUISI ITiAPUBY
Ta 3aBJIA€ MPUTHIYYBAHOTO YPa)KEHHS JKUBOI CHJIM BOPOTa
a00 MepenKoPKAIOTh PyXy BOPOXKUX BIHCHK Ta TEXHIKH.
BoHM BUKOpPHCTOBYIOTHCSI BIHCHKOBHMH 13 METOIO
CTBOpPEHHSI OOOpOHHOI JiHii, OJIOKYBaHHS LUIXIiB PyXy
BOPOXKMX BIMCHK a00 3aBAaHHS MaKCHMaJbHOI IIKOAU
IIpU BOpOXKHX aTakax. Lli MiHM MOXyTh OyTH 3aXOBaHi y
I'pYHTI, BOAi, a00 ITil IapOM CHITY, 1 IPX aKTHUBAIll BOHU
CIPUYMHAIOTh BHOYX, IO HAaHOCUTH IIKOIy abo 3aBlae
TpaBM oco0aM Ta 00'eKkTaM, SKi 3HAXOISITHCS B IXHBOMY
paaiyci mii.
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Puc.3.Cxema imyxeHepHOT MiHU
a — 3arayibHUM BUIIISL; O — po3pis; 1 — kopmyc; 2 —
LIMTOK; 3 — miipuBHUK; 4 — niadparma; 5 — 3apsi; 6 —
JTHO; 7 — IIEHTPaJIbHUI eTOHATOp; 8 — OOKOBHIA
JeToHaTop; 9 — npobka;

[mwkenepHi MiHM MOXYTh OyTH KiacuikoBaHi 3a
JIeKIIbKOMa KPUTEPIsIMU, BKIIOYAIOYHM iX TPH3HAYEHHS
(mpoTumixoTHi a0 TPOTHTAHKOBI), cHOCIO aKTHBaIl
(HaTHCKaHHS, TATHEHHS, aKyCTHYHHH CHUTHAJ TOIO), Ta
TUI  COpAIfOBaHHS (HaNpHKIaA, KOHTAKTHUH abo
0€3KOHTaKTHUI BUOYX).

ABgiariitni 6oMOM, Bizyamizamis Ha puc. 4, cXoxi Ha
apTWICPINChKI MIiHM 30BHINHBO, ajie MOXKYTh MaTH
JI0AaTKOBI OOKOBI Ta moHHI migpuBaui. HeposzipBawi
aBiaOOMOM 4YacTO BUSBIISIOTH MiJ Yac 3€MEJIbHHX POOIT
Ha BEJHKiil ruOuHi. ABiamiiHi OOMOH - 11e 30pos, sKa
BUKOPHUCTOBYEThCS B amiamil  Jasd  3ZiMCHEHHS
aepo30pOMHUX aTak 3 TMOBITPS HA PIi3HI Il HA 3EMIIi.
BoHu MOXXyTh MaTH pi3Hy KOHCTPYKIIiIO Ta e()eKTUBHICTh
B 3QJIEKHOCTI BiJ IX THUIy Ta NpU3HA4YeHHs. ABialliiiHi
00MOM € BaXKIIMBOIO CKJIAJIOBOKO BiliCKKOBOI aepo30poi Ta
BUKOPHCTOBYIOTBCS ISl PI3HUX BIHCHKOBHUX Omepamii ta
3aBJaHb. IX eQEeKTHBHICTh 3alEKMTh Bil TOYHOCTI
HaBeJIeHHsI, KOHCTPYKIIII Ta THITy OoMOU.
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QOcHoeHi TUNOpo3Mipy Gomb y NopiBHAHHI

A

Puc.4. Cxemu aBiauiiinux 6oM0

I'panatu pydHoro kwuaka, Bi3yamisaiiss Ha puc. 5,
MaloTh abo sinenonioHy abo uwIiHAPHYHY (opmy.
3a3BUYaii BOHM OCHAIIIEHI 3arajiaMy, sIKi PO3MILYFOThCS
y CHeUiaJIbHOMY 3amajJbHOMY THi3/i KOpIycy, 1 Yy
OLIBIIOCTI BUMAJKIB 11l 3aNajid € HEeBUIUMUMU. ['panaTu
PYYHOI'O KHJKa MOXKYTb OyTH Pi3HUX THUIIB, BKIIOYAIOUYH
rpaHaTH i3 3JaTHICTIO YTPUMYBaTH IPOTUBHUKA Y 30HI
BUOYXY, JMMOBI TpaHaTH JJsi CTBOPEHHS JUMOBOI'O
eKpaHy, CHWIOBI TpaHaTd, IO MNpPHU3HAUYCHI Ui
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HeWTpaizanii BOpoxoi 3arpo3u Ta iHmi. BoHH MOXyTh
TAKOXX MaTd pi3HI CHCTEMH 3allaIOBaHHS, Taki SK
TOJIOBHI 3amaiu abo 3araiu 3 Taiimepom.[1]

Puc.5. Pyuni rpanatu

II. MackyBanHs1 BHOyXOHe0e3MeuHnX 00’ €KTIB

MackyBanHst BUOyxoHeOe3neyHnX 00'€KTIB 1€ Ipolec
3HW)KEHHSI iXHbOI BHUAMMOCTI 1 ieHTH(iKalii 3 MeTor
IPUXOBaHHA BiX BOpokoro BusiBIeHHsA. Lle Moxe
BKJIIOYATH B ce0e HACTYITHI METO/IH:

— xamyQuspk. Bukopucranss cremianbHux (apo abo
MaTepiajiB Uil HaJaHHS BHOYXOHeOEe3MEeYHOMY 00'€KTY
BUTJISITY TIPUPOMHUX 00'€KTiB a0 iHIMX 00'€KTIB, IO
HaBKOJIO HbOro. Hanpuxiaza, BuOyxoHeOe3neuHi 00'eKTh
MOXYTb OyTH NOKPHTI KaMy(IISHKHUMH KOJbOpamH, 1100
X OyJ0 CKJIaHIIIe TIOMITHTH;

— MacKyBaJIbHI CiTKH. BHKOpHcTaHHS criemiaibHUX
CITOK, sIKI MOXYTb  BCTAQHOBJIOBATHCS  HABKOJO
BuOyxoHeOe3neyHoro o00'ekta ajast  po3OUTTS  Horo
CUIIYeTy 1 MiHyBaHHS,

— 3aKOIyBaHHsi. 3aKONMyBaHHS BHOYXOHEOE3NEUHOro
o0'ekTa B 3eMJII0, IIPUKIIA]] HA pUC. 5, 200 MICOK TakK, 1100
JIMIIE YaCTHHA HOro 3aJTHINAIIACS BHIUMOIO;

e

- BUKOPUCTAHHS

HABKOJHUIIHHOTO
Bukopucranns mnpupoaHux a0o MITy4HHX O0O0'€KTIB,
NPUKJIaJ] HaBeJeHO Ha puc. 6, Takux sK OymiBii,
POCIMHH, YM iHII CTPYKTYypH, JUIL IIPUXOBAHHS
BHOYXOHEOE3MeUHOT0 00'€KTa;

cepeaoBuiia.

r I L " L
Puc. 6. I'panara npukpirmieHa 1o 1epeBa Ta MiHa
BCTAaHOBJIEHA Y BUCOKIH TpaBi

—  CJEKTPOHHE  MAacCKyBaHHSL.
CNICKTPOHHUX  CHCTEM, SKi MOXYTh
(anpIIMBI CUTHAIIN 200 MEPEIIKOIH;

— iMiTanis. BeraHoBneHHs imMiTauiiiHuX 00'€KTiB 200
aTpuOyTiB, 10 MOXYTh BIJBOJIKTH YyBary BiX
CHPaBXHBOTO BUOYXOHEOE3NIEYHOTO 00'EKT;

- TUMYacoBe MiHYBaHHSI. [NepemimieHHst
BHOYXOHeOe3MeuHoro 00'ekra B iHIIE Micie abo 3MiHa
HOTr0 CTPYKTYpH MiHYBaHHS;

MackyBaHHs BUOYXOHEOE3MCUHUX 00'€KTIB JIOIOMArae
3MEHIINTH TXHIO BPa3JIHBICTh.

Bukopuctanns
CTBOPIOBATH

III. Icayroui MeToam imeHTH}IKaIIl 00’ €KTIB

Jus  po3mi3HaBaHHA ~— PI3HUX  TUMIB OO0 €KTIB
BUKOPHCTOBYIOTBCSI Pi3HI METOAM, OO TaKUX METO[IB
HalleXaTh TpaauuidHi 1 cydacHi cmocobu. o
TpaJuLiHHUX MeToJiB  igeHTH(ikamii 1  00poOku
300pa)KeHHs, SK MPaBWIO, HEMae HEOOXiMHOCTI Yy
BUKOPUCTaHHI 0a3u JaHUX I HaBYaHHSL.

OpuuM i3 HAWMONMYNSAPHINIMX — IHCTPYMEHTIB €
OpenCV. BiH Mae BiAKpUTHHA BHUXIIHMA KoO# 1
PO3IIOBCIOIKYETHCS 3a JI0IoMoroto Jinensii Apache 2, €
BHCOKO OINTHMi30BaHOI0 0i10110TEKOI0, OPIEHTOBAHOIO Ha
JOATOK PEasIbHOTO Yacy.

Jo xpocmnardopmenum iHTepdeiicaM  BiTHOCATHCS
C++, Python Ta Java. I migrpumytore OC: Linux,
MacOS, Windows, I0S ta Android.

Jlo mirociB iX BIJHOCATBHCS TaKi XapaKTEPUCTHUKH:
- JIns 3amau He moTpiOHI Bpy4HY 00pOOJIeHI 300paKeHHs
3 OMIYEHUMH 00J1acTAMH Ta 00’ €KTaMU

Jlo MiHYyCIB BIJHOCATBCSI TIOraHe pPO3IMTi3HABAHHS
CKIaJHUX CLHeH 0e3 OIHOTOHHOrO (OHY, HYACTKOBO
CKpUTHX  O0’€KTiB,  e(peKTy  HEeBIOpPAIKOBAHOCTI,
npo0JieMH Yepe3 OCBITIeHHS 1 TiHi.[2]

Jlo cydacHHX METOJIB BiJHOCATHCS METOIH INIHOOKOTO
HABYAHHS 3 BHUKOPHCTaHHSM KOMII FOTEPHOro 30py. 3a
JIAHUX METOJIB NPOAYKTHBHICTH Ma€ OOMEXEHHS Y
BUTJISIII  OOYMCIIOBANBHOI — MOTY)XHOCTI  rpagivHuX
npouecopiB. Yepes CTPIMKHHA pPO3BHTOK TEXHOJIOTIH,
00UHMCITIOBAJIbHA TOTYXKHICTh TpadivyHUX TPOIEcopiB
CTpIMKO  3pOCTae, TOX 1Ii METoAM €  OuIbIl
MIEPCIIEKTUBHUMH 32 TPaIUIIIHHI.

Komm’rotepre OadeHHs — mne cdepa MAaIIMHHOTO
HABYAHHs], sKa 3aifiMaeTbCs  iHTepmperamiclo  Ta
PO3YMiHHSIM 300pakeHb i Bijieo. BiH BUKOPUCTOBYETHCS,
o6 HABYUTH KOMIT I0TEepU «bauuTIm» Ta
BUKODHCTOBYBAaTH  Bi3yasibHy  iHpoOpMamito  uis
BUKOHAHHS  BI3yaJlbHUX  3aBJaHb, SIKI  MOXYTb
BUKOHYBATH JIFOJTH.
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Mojeni  KOMII'IOTEPHOTO  30py  PO3pOOJICHI  uis
MepeKyiaay Bi3yalbHUX JaHUX Ha OCHOBI (YHKIH 1
KOHTEKCTHOI iH(opMarii, BUSBIEHOI MiJi Yac HAaBYAHHS.
Ile mo3Boisie MOMENAM IHTEPIPETYBATH 300paKCHHS Ta
Bile0 Ta 3acCTOCOBYBaTH Wi iHTeprperamii Juis
MIPOTHO3YBAHHS YU MPUHHATTS PillICHb.

CyuacHi aJrOpUTMH KOMIT'IOTEPHOI'0 30py 3aCHOBaHI
Ha 3ropTKoBHX HeWpoHHHMX Mepexax (CNN), ski
3a0e3MeuyloTh CYTTEBE IMIIBUIIEHHS MPOJYKTHBHOCTI
MOPIBHAHO 3 TPAAULIHHUMU aJITOPUTMaMH 00pOOKH
300pakeHb.

CNN — ne HEHpOHHI Mepexi 3 0araTopiBHEBOIO
apXITEKTYpOIO, SIKi BUKOPUCTOBYIOTHCS [UIsl TOCTYIIOBOTO
CKOpOYCHHS JaHUX 1 OOYMCICHb 10 HaHOUIBII
npuitHAaTHOrO Habopy. IloTiM neit Habip MOpiBHIOETHCS 3
BIIOMUMH  JaHUMH, 100 imeHTUdikyBaTH  abo
kiacuikyBaTH BXiTHI JaHi.

[IponykTuBHIcTh 1 epekTuBHIcTE CNN BH3HAaYa€THCS 11
apxitekrypoto. lle BKkmoyae CTpyKTypy KIiaciB, Te, SK
CIPOEKTOBaHI €IEMEHTH Ta SIKi €JIEMEHTH € B KOXHOMY
KJaci.

Jlo TIrOCiB  Cy4acHHX  METOMIB  BiJHOCSTHCS:
MOKJIMBICT POOOTH 31 CKJIQJHUMH CIICHAMM, CTIHKICTB
JI0 OKII03i1 1 MOXIJIMBICTH pO3Ii3HaBaHHA 00pa3iB 3
MEHIIIOI0 TMOXUOKOI0, CHPUYMHCHOIO OCBITJICHHAM 1
TIHAMHU.

Jlo MiHyCIB BIiZHOCHUTBCS: BEIMYE3HA KUIBKICTh
HEOOX1IHMX BXIAHMX JaHMX JJIS HaBYAHHS, HEOOXIIHICTh
PY4YHOT'O MapKyBaHHsS 00’ €KTIB, IO € TyKe KPOIITKOIO Ta
nmoporoto podororo (Bim 400 mo 500 THC 00’€kTIiB €
MIPUIYCTUMOIO KUTBKICTIO)

Taxox JlaHui METO/T IIUPOKO BU3HAHUI
JIOCITITHUKaMH, & TAKOX BUKOPUCTOBYETHCS KOMITAHISIMU
JUISL CTBOPEHHS KOMEPUIHHUX MPOMYKTiB.[3]

IV. Ichnytoui MmeTonu ineHTUdiKaiii o0’ exTiB

Hns Cy4acHHUX METO/IiB BUKOPHCTAHHSA

KOMIT FOTEPHOT'0 30pY iICHYE BEJIMKA KiJIbKICTh apXiTEKTyp
rJTMOOKOr0 HABYAHHS:
AlexNet Ile apXiTeKTypa, 3acHOBaHA Ha
noriepeaHii apxitektypi LeNet. Bin ckianaeTbes 3 m'situ
3TOPTKOBUX INApiB i TPHOX IMOBHICTIO 3'€IHAHHUX IIAPIB.
AlexNet  BHKOpHUCTOBYE  CTPYKTYpY  HOJBiiHOrO
KOHBeepa, 100 3a0e3MeunTH BUKOPUCTAHHS JIBOX
rpagiuHUX MMPOLECOpPiB MiJl Yac HABYAHHS;

— GoogleNet — Bimomuit sk Inception V1, Ga3yerbcs
Ha apxitektypi LeNet. Bin ckinamaerbes 3 22 mapiB, ki
CKJIaJIalOThCd 3 HEBEIMKUX 3TOPTKOBUX TPy, SIKi
Ha3UBAIOTHCS «IIOYATKOBUMH MOIYIsMU». Lli mouaTtkoBi
MOJyJli BHKOPHUCTOBYIOTh IIaK€THY HOpMaiizamilo Ta
RMSprop, o0 3MEHIIUTH KiIBKICTh IMapaMerpiB, sKi
Mae o0pobasatu GoogleNet. RMSprop — 1e anropurm,
SIKMH BUKOPHCTOBYE METOAM aJalTHBHOI MIBUAKOCTI
HaBuaHHA. VGG 16 — me 16-piBHeBa apxiTekTypa
(mesixi BapianTH MaroTh 19 piBHIB);

— VGG — 0Oa3yeThcs Ha KOHIIEMIIIi HabaraTto rimoImoi
Mepexi 3 MEHIIMMHU (UIBTpaMU — BiH BHKOPHCTOBYE
CcTpyKTypu 3x3 MO BCHOMY NUIAXY, IO € HAWMEHITUM
posmipoMm (inbTpa conv. IUBITBCS JIMIIE Ha TICBHI
cycimni mikceni. BiH BukopucToBye MajeHbKi (iabTpu
4yepe3 MEHIIY KIJIbKICTh IapaMeTpiB, IO JO3BOJISIE
noxaBaTH Oinblne miapiB. BiH Mae Take )k eekTUBHe
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CIPUUHSATINBE I0Jie, SKOM y Bac OyB 3TOPTKOBHI IIap
7X7;

— ResNet, ckopouenns Big Residual Neural Network,
— e apxXiTeKTypa 3 BEJIUKOK KUIBKICTIO pIBHIB.
3a3BU4aii BUKOPUCTOBYIOThCS apXiTeKTypu Bia ResNet-
18 (3 18 mapamu) mo ResNet-1202 (3 1202 mapamn). 11i
PiBHI HAJIAIITOBaHI 3 YHITAPHUMH 200 «IPOITYCKHHUMUY
3’€IHAHHAMH, SIKi JO3BOJISIOTH TepeaaBatu iHdopmarito
JI0 HACTYIHHMX 3TOPTKOBUX piBHIB. ResNet Ttakox
BUKOPHCTOBYE HOPMAJIi3allilo MAKeTiB YISl IiABUIIEHHS
CTablIBHOCTI Mepexi;

— ResNeXt-50 — 1e MomyiapHa apxiTekTypa 3 32

napajgeabHUMU LUIAXaMU. Bin BHUKOPHUCTOBYE
MiIPaxyHOK TETiB Ul 3MEHIIEHHS MOMUJIOK IepeBipKH
Ta CHpOIIEHHS  ITOYaTKOBHX  MOMYJIIB, IO

BUKOPHCTOBYIOTBCS B THIIIMX apXIiTEKTypax.

JIBoerarnHe BHUSBICHHS 00'€KTIB — JJIsl IEPILIOTO KPOKY
noTpiOHa Mepeska perioHaibHuX mporo3uniid (RPN), sika
HaJla€ KUTbKa PErioHiB-KaHAUAATIB, SKi MOXKYTh MICTHTH
BamBi 00'ektH. JlpyruM KpoKOM € Tepenaada
MIPOITO3MILIIM 100 PETiOHIB O apXiTeKTypH HEHPOHHOI
knacudikamii, sSK paBWIO, aJIrOPUTMY 1€PAPXiYHOIO
rpynyBaHHs Ha ocHOBI RCNN a6o0 00'eHaHHS perioHiB
intepecy (ROI) y Fast RCNN.

OpHO eTamHe BHSIBICHHS OO'€KTIB — Yy 3B'SI3Ky 3
HEOOXITHICTIO BHSBJIEHHS OO0'€KTIB y peaJbHOMY 4aci
3'SIBUJIMCS OJTHO €TallHI apXiTEeKTYpH BUSBIICHHS 00'€KTIB,
Ttaki sk YOLO, SSD i RetinaNet. Bonu mnoeaHyroTh
erany BHSBJIEHHS Ta Kiacudikamii muisixoMm perpecii
nepeadavYeHb 00MEKyBaTTbHOI paMKu. Koxna
oOMexXyBaJlbHa paMKa MpeJACTaBjieHa JHIIe KiJIbKoMa
KOOpJIMHATaMH, 1[I0 TMOJETrIIye TIIO€JHAHHSI eTariB
BUSBJICHHS Ta KiacH]ikarllii Ta mprUCKOproe 00pooKy.

CeMaHTMYHAa CErMEHTallisf, TakKoX BioMa  sK
cerMeHrTallis 00’€KTiB, MOAIOHA 0 BHSBIEHHS 00’ €KTIB,
3a BHHATKOM TOT'O, IO BOHA 0a3yeThCsl HA KOHKPETHHX
MKCENAX, OB’ A3aHuX 3 00’ ekToM. Ile mo3BoIIsIe TOUHIIIE
BH3HAYaTH OO0 €KTH 300pakeHHsA Ta He mOTpedye
oOMexyBanbHOI  pamkd. CeMaHTHYHAa  CerMeHTalis
3a3BUYail BHKOHYETHCS 32 JIONIOMOTOI0  TIOBHICTIO
sroptkoBoi Mepexi (FCN) abo U-Net.

OpHUM i3 TOMYJISIPHUX CIIOCOOIB  BHUKOPUCTAHHS
CEeMaHTHYHOI CEerMEHTallii € HaBYaHHS aBTOHOMHHUX
TPaHCIIOPTHUX 3aco0iB. BukopucroByrounm nei mero,
JIOCIITHUKA MOXYTh BHKOPHCTOBYBATH 300pakKEeHHs
BYNHUIlb a00 JOpIr 3 YITKO BHU3HAYCHUMH MEKaMH
00’exTiB. OLIHITH OCTaBY

O1iHKa Mo3u — 1€ METOJ, SIKM BUKOPHCTOBYETHCS
JUIS BU3HAUEHHS PO3TalIyBaHHs CYIJI00iB Ha 300pakeHHI
JIIOIMHMA 9M 00’€KTa Ta TOrO, IO BKAa3ye pO3TalllyBaHHS
X cyrao6is. Moro Moxna BHKOpHCTOBYBaTH 3 2D i
3D 3o0OpaxenHsMu. OCHOBHOK apXiTEKTypOIO IS
ominku mo3u € PoseNet, sika 6a3yetbest Ha CNN.

O1iHKa T03M BHKOPUCTOBYETHCS ISl BHU3HAYCHHS
TOrO, Ji€¢ YacTWHH Tila MOXYTb 3 SBUTHCS Ha
300pa)keHHi, 1 MOxe OyTH BHKOpUCTaHa JUIsi CTBOPEHHS
peamictuuHuX 103 abo pyxiB noacekoi Qirypu. Ls
(YHKISI YacTO BUKOPHCTOBYETHCS [UIsS JIOMOBHEHOI
PeaNbHOCTI, BIIA3EPKAJICHHSA pyXy podoTamMu abo aHai3y
xoau.[4]
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V. BucHoBKu

Y  ganmomy  Matepiasi  OyJlIO  TPEACTABIICHO
knacudikamiro BHOyxoHeOe3MmeyHUX O00'e€KTiB Ta IX
Bi3yallbHi O3HaKu. byJgo BHCBITIIEHO Ba)IIUBICTh
poamizHaBaHHS Ta igeHTH(iKamii Takux 00'exTiB. Takox,
PO3TJSIHYTO aBTOMATHU30BaHI METOAM iACHTU(]IKAIII,
BUKOPHCTOBYIOYHM CYYacHI TEXHOJOrii KOMI'IOTEPHOr0
O0aueHHs Ta IITYYHOTrO IiHTENeKTy. JlaHi TeXHOOril
MpPHU3HAYCHI U1 MOOUIBHMX POOOTIB-camepiB  uis
aBromaruzamii  mpomecy.  be3yMoBHO,  momanbi
JOCTI/DKCHHS Ta PO3POOKH B I 00JACTi € BeIbMH
MEPCICKTUBHUMHU  JUIS  TIABHMINCHHSA  Oe3lekd  Ta
3arno0iraHHs HeOa)kaHUM TIOISIM.

[Tepenik mocunanp

[1] Knacudikamiss BuOyxoHeOe3NeuHHX NpeAMETiB /
SearchGoogle. TekcroBi maHi. — Pexxum moctymy:
https://sprotyvg7.com.ua/lesson/minna-bezpeka.

[2] Contextual Action Recognition with R*CNN /
Georgia Gkioxari*, Ross Girshick*, Jitendra Malik* //
SearchGoogle. TekcroBi maHi. — Pexxum moctymy:
https://openaccess.thecvf.com/content iccv 2015/pap
ers/Gkioxari_Contextual Action Recognition ICCV
_2015_paper.pdf.

[3] Odiniinmii caiir Ta gokymenraniss OpenCV /
OpenCV team // SearchGoogle. TexcToBi maHi. —
Pexxum noctymy: https://opencv.org/.

[4] Deep Learning Architectures for Computer Vision /
Run:Al // SearchGoogle. TekcroBi mani. — Pexum
moctymy:  https://www.run.ai/guides/deep-learning-
for-computer-vision.
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AHaji3 3aco01B TUCTAHIIIMHOTO BUSBICHHS

MIHHO-BHOYXOBHUX MPHUCTPOIB

Ky3pmenko Onekcanap
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Annomauia: T1in yac BoeH Ta iHmMMX 30poHHUX KOH(]IIKTIB
IpOTHOOPYi CTOPOHM YacTO BCT@HOBJIIOBAIM IIPOTHTAHKOBI Ta
MPOTUMIXOTHI MiHHI nosst. [l Ge3redyHoro BUSABICHHS MiH Ta
IHIMX BUOYXOHEOE3NeUHNX MPUCTPOIB I TOUHOrO BU3HAYEHHS
IXHBOI'O MICIl PO3TAlIyBaHHS 1HOAI IOTPiOHE crenianbHe
obnangHaHHA. Y gHaHii CTATTi NPOBEJNEGHO aHal3 MpoOneMu
BUSIBJICHHS Ta BU3HAYEHHS TOYHOI'O MICIls PO3TAlllyBaHHS MiH i
BUOYXOHEOE3MeUHHUX MIPUCTPOIB Ha 0a3i JNiTaIbHUX anaparisB Ta
IXHIX CIemiaJbHUX 3aco0axX BHSBIICHHS, L0 MOXYTh OyTH
BUKOPHCTAHI JUISl MOLIYKY MiH 3 IOBITPS.

Knrouosi cnoea: BIUIA, minu, MiHHO-BUOYXOBI HPHCTPOT,
BUSIBJICHHS MIHHO-BUOYXOBHUX IIPUCTPOIB

[. BCTVYII

B ymoBax cy4acHOi BiliHM Ta NOCTKOH(IIKTHOI'O
BiJTHOBJICHHS IIPUCYTHICTh HAa36MHUX MiH 1 BHOYXOBHX
MIPUCTPOIB TPOJIOBXKYE KHIATH TiHb Ha CIIJIBHOTH IO
BchoMy cCBiTy. Ili TpuxoBaHi 3arpo3d CTaHOBJIATH
Ccepiio3Hy HeOe3meKy HE TITBKU JUTSt
BIfICEKOBOCITY>KOOBIIIB, & W JJIs IMBIILHOTO HACCIICHHS,
rajJbMyIOTh TIPOTpEC 1 TEpEelIKOMKAIOTh PO3BUTKY
MOCTPAYKAATUX perioHiB. OCTaHHIMU POKAMHU TEXHIUHUMA
Mporpec BiAKPUB HOBY €py Yy PO3B'si3aHHI KOH(IIKTIB,
konmu OesminoTHi nitaneHi amapata  (BILUJIA), cramm
OC3LIHHUMH COIO3HUKaMH B TJOOaNbHIH Micii 3
BUSIBJIGHHS Ta HEWTpamizamii IMX CMEPTOHOCHHX
IIPUCTPOIB.

s anamiTH4YHA CTaTTSl MPUCBSIUEHA HOBATOPCHKIN
chepi 0E3MUTOTHUX TEXHOJIOTIH. Oo6naaHaHi
BHCOKOTEXHO-JIOTIYHUMHU  JIaTYUKAMHU Ta IEPEOBUM
IITYYHUM IHTEJIEKTOM, Il OE3MiJIOTHUKH € IOTY)KHUMH
IHCTpYMEHTaMH, 1[0 CTBOPEHI PATYBATH >KUTTS JIIOJEH.
3aBISKM 3AaTHOCTI MIBHAKO IOJIATH BEIHYE3HI IUIOII
TEpUTOpi  OE3MIJIOTHUKM 3pOOWIIM  PEBOINIOIIIO B
MiAX0laX 1O BUSIBICHHS Ta 3HEMIKOMKEHHS MiH 1
BUOYXOBUX IPUCTPOIB.

3aBIsKM TIOEJHAHHIO CKJIQJHUX aJrOPUTMIB 13
MepeIOBUMH TEXHOJIOTISIMH Bizyaiisalii, Oe3miIOTHUKU
HE TUIbKM BU3HAYalOTh MICIIe PO3TAallyBaHHS MiH, a U
3a0e3MeuyoTh TOYHI, KOHTPOJIbOBAaHI METOAM 3HEUIKO-
JOKEHHs, MIHIMI3ylOuM CYNyTHIH 30MTOK 1 30epiraroun
JIIO/ICHKI JKUTTSI.

3aBaaHHsa po3poOku/mociimkeras BITJIA 3 MiHHO
MIOITYKOBUM O0JIaIHAHHSIM:

1) BusiBnieHHs: BHOYXOBUX PEYOBHH 32 JIOTIOMOTOIO
JTATYUKIB

2) DBwu3HayeHHS TOYHOTO  MICIIE3HAXOKEHHS
BUOYXOBUX PpEUOBUH, SIKI HEMOXXJIMBO IO0AYUTH 200
BUSIBUTH.

3) JlocsirHeHHs yHIBEpCAIBHOCTI OE3IMIJIOTHUKA LIS
pobOTH B pPI3HHMX yMOBax, a came: y TOBITpPi, HaJ/mif
BOJIOIO 1 Ha CYIII.

4) 3a MOXKIUBOCTI
PEUYOBUH

3 BHIIECKA3aHOTO BWILIUBAE, IO MOCTIIHKEHHS 1
po3poOKa OC3MUJIOTHUX amapariB € aKTyaJlbHOK Ha
CHOI'OJHIIIHIN JIeHb.

3HCIIKOPKCHHA BI/I6yXOBI/IX

II. AHAJII3 3ACOBIB JUCTAHI{ITHOI'O
BUABJIEHHA MIHHO-BUBYXOBUX
[IPYCTPOIB

HazemHi MiHM 3aBJIafOTh BETUUE3HOI IIKOU JKUTTIO
Ta 370pOB'I0 JIIOJIeH 1 3HAYHOIO MipOI0 MEPEUIKOIKAIOTh
TapMOHIMHOMY PO3BUTKY JIIOACBKOTO CYCHIIBCTBA. 3a
HEMOBHUMH CTaTUCTUYHUMH JAHUMH, Yy MIiCIIBOEHHHX
palioHax moci HamigyeTbess moHanm 110 MJIH. Ha3eMHHX
MiH. Ha choromHimHi# aeHs po3podiieHo 0e3mid METoiB
BUSIBJIGHHS 1 BHJAJeHHS MiH I dac BidHH abo
MICJISBOEHHOTO BiJIHOBJEHHA. 32 OCHOBOIOJOKHUMH
NPUHOMIAMU IX MOXKHA PO3JIUINTH Ha JABI KaTeropii.
OpHa BHKOPUCTOBYE Teo(i3uuHi BIAMIHHOCTI MiX
MEBHUMH YaCTUHAMU MiH 1 HABKOJIUIIHIM CEPEIOBHIIEM,

BKJIFOYHO 3 reopazapoM, HHU35KO0YaCTOTHOIO
CJICKTPOMATHITHOIO  IHAYKIIIEI0, METaJ0AeTEKTOPaMH,
YIBTPA3BYKOBUMU MIpUIaIaMH, iH()paYePBOHOIO

3HOMKOIO Ta IHIITMMHU KOMOIHAIIIMH METOJIIB BHUSBIICHHS.
[HoIMH HampsMOK Mae NIMPOKMHA CHEKTP HAaIpsSMKiB
JIOCITI/PKEHb, 3aCHOBAaHUX Ha BHKOPHCTaHHI KOHKPETHHX
METO/IIB, TAaKUX SIK aKyCTHKa, OloJoriuHe 30HIYBaHHS 1
MOJIEKYJISIpHE CTeXeHHs [1].

B inTenekTyaibHil cCHCTEMi 3HEIIKOKEHHs Ha 0a3i
mecruporopHoro BITJIA Oyrno TOBHICTIO BpaxoBaHO
YMOBH €KCILTyaTallii Ta 3BUYKH CUCTEMH, 3aBISIKH YOMY
BOHA Ma€ BUCOKY HaJlilHICTbh, MpaIe3/IaTHICTh 1 TOBHOTY.
Cxema poOOTH CHCTEMH IOKa3aHa Ha puc. 1. Crouatky
orepaTop Ha Ha3eMHIM craHmii BH3HA4Yae 30HY
obcrexxennss HPB. HazemHa craHuis mianye TpaekTopito
MOJBOTY 3TiJHO 3 BHIIJICHOIO 30HOIO 1 HAJICUIIAE TIJIaH HA
miTatody 1watgopMmy Ui BHKOHaHHS 3aIlIaHOBAHOI
Tpaekropii. Y mporeci monsory BITJIA 3a momomororo
interpoBanoi B BIIJIA cucremu mopBiiHOro OauycHHS
oTpuMye  Bi3yalbHy  iHGOpMAIlil0  NpPO  30HY
narpymoBanas BIIJIA B pexumi peanbHOro 4dacy.
HaszemHa cranIist BUSBIIA€ 1 po3mi3Hae iHQOpMAILO PO
300pa)KeHHsI, JIOTIOMAral4yd BU3HAYUTU MICIIE MOCAIKU
Ooemnpuracy, 1o He posipsascs (HPB), a motiM omepatop
kepye BITJIA nmyist BUKOHAHHS MOAAIBIINX OINEpAaIlii, sK-
OT 3aXOIUICHHS 1 NepeHEeCeHHs HeOe3NEeUHUX IMPEIMETIB
[2].

3BUYaiiHi JIITAKM Ta TENIKONTEPHU, a TaKOK
OC3MUIOTHI JIiTANbHI amapaTd — BCi BOHHM MPUIATHI JJIS
BHSBJICHHS MiH 3 TIOBITPs, a TaKO)XK BOHH MOXYTh OyTH
TUIATGOPMOIO /TSI OUTBIIOCTI MPUCTPOIB BUSBICHHS.
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Pucynok 1 — Cxema poO0o40ro mmpomecy cucTeMu

OCHOBHMMH IiepeBaraMy BUSIBICHHA 3 MOBITpA €
Oesmexa 1 wac. [loBiTpsiHI amapaTé He CTHUKAIOTBCS 13
3eMJICIO TTiJ] 4ac JOCIiMKEHHS, BOHH IepeMillyIoThcs Ha
PI3HUX BHCOTaX, OPIEHTYIOUHCh Ha peibed MiCLEeBOCTI,
ToMy  Oe3mocepeiHii  KOHTakT 13 MiHaMH  Ta
JIeTOHATOpaM¥ HeMOXXJIuBUi. [1oBiTpsIHI amapaTH mij yac
poOOTH pyXarOThCsl MIBUAIIE 32 Ha3eMHi, BOHH MOXYTh
nepeBipuTH OLTBITY IUIONLYy 3a IMEBHUH Iepion 4acy i
MOXYTb nepeMilaTucs HaJ HalCKJIaIHIIIO0
MiCIIeBiCTIO. 3aBIsIKM BOYIOBaHiil cucreMi ri1o0aabHOro
no3uiionyBanHsi (GPS) Oe3NiJIOTHHK MHTTEBO Tepenae
NpaBWIbHI KOOPAMHATH KOXHOI BHABJICHOI MIiHM Ha
m(ppoBy KapTy uepe3 Oe3ApOTOBY CHCTEMY 3B'A3KY.
cucremy 3B's3Ky [3].

HaiinommpenimmiM oOnagHaHHAM 7S TIOIIYKY MiH
€ MerTajomykad y TOeIHaHHI 3 iH(pauepBOHOIO
KaMeporo, BCTAHOBJIEHOI Ha O-pOTOPHOMY APOHi (pHC.
2). Ilin yac momyky OE3MJIOTHUK OpPIEHTYEThCS Ha
MICIIEBOCTi, ITOCTIHHO mepeMimarounuck Ha 10 cM Bin
noBepxHi [3].

Bingcranp IHIYKIIHHOTO — METaNONETEKTOpa  Bif
MOBepXHi 3MiHIETBC Bix 3,3 mo 10,2 oM mpum
BUKOPHCTaHHI TEJIECKOMIYHOI HDXKH. Maca JeTeKTopiB
(meraneBoro Ta IY) craHoBurh Jmmie 2,8 kr, a
BaHTAXOMITHOMHICTE - 10 Kr. AKyMyJISTOp €MHICTIO
20000 MATr 3a6e3neuye 30 xBuuH poboTu. [IpoH MOxe
JIITATA Ha BUCOTI 10 15 M 13 MaKCUMAaJIbHOKO IIBUJIKICTIO
50 km/roa. I1ix yac mouryKy BiH pyXaeTbesl 31 IBUIKICTIO
3,5 KM/TO/1 1 MOXKe KepyBaTUCs BpY4YHY a00 IpaIlOBATH B
aBTOMAaTUYHOMY pexxumi [3].

-

Digital thermometer camera

Mine detector main guide -

" Height : 330-1020mm
o Mine detector
Detction radius : @600mm
Pucynok 2 — I'ekcakonrep 3 MeTaJoUIyKayeM Ta
iH(ppaYEePBOHOIO KaMEPOIO

Hacrynuuii OesminotHuk (puc. 3) sBisie coOOr0
OKTOKOIITEp 3 BICbMOMa pyKaMH 1 OZHMM POTOPOM Ha
KOXKHiH. BiH MOxe OyTH OCHamIeHUWi reopagapam, Iio
MPaIOIOTh Ha TPHOX pizHMX uacrorax (90, 120 i 260
MIn), sKi CKaHyIOTh IPYHT Ha pi3Hii TmbuHi. Maca
Oe3mijoTHUKA CTaHOBUTH 14,1-14,8 Kr 3anexHo Big TUILY
reopazapa, 4ac mHoiboTy - 15-20 XBWIMH, IIBHIKICTH
NoNnboTy - 2 M/c. be3nminoTHUK onpasy *k mepenae AaHi

oOCTe)XeHHs Ha Tporecop O0OpoOKHM [aHuX, SKHH
BioOpa’ka€ Ha MOHITOpPI Imap TIPYHTY 3 TOYHHUM
pO3TallyBaHHSIM 1 TJIMOMHOI 3aJsAraHHs KOXXHOTO
00'exTa HEPABUIBHOI CTPYKTYPH IIiJl HOBEPXHEIO.

BesminorHuky, sK i MiHOImIyKadi, NepeOyBaroTh Y

cramil TPOrPeCHBHOIO  PO3BUTKY. Y  3BSIBKY 3
MiHiaTIOpu3anielo He3abapoM MiHi-, MIKpO- 1 HaHO-
OE3MIJOTHUKN MOUIMPATHCS O BCbOMY CBITY, MNpOTE
iXHbOI OOMEXEHOI BAaHTAXKOMIAHOMHOCTI MOXE HE
BUCTAUUTH JUIS JTOCTaBKH i pOOOTH BCiX BHILE ONUCAHHX
MOJyYINiB. [HIIMM HamnpsIMKOM PO3BHUTKY € 30UIbIIEHHS
JIOCTYIHOI KIJBKOCTI €Heprii, Mo pO3UIUPIOE Jiana3oH
poborn Ta  30iUABmIye Yac monkoTy  (poboTH)
Oe3mijoTHUKa. BukopucTaHHS COHSYHOI eHeprii 3a
JOTIOMOTOI0  COHSYHHX OaTapeil Moxke OyTH XOpOIIUM
pilleHHsM, ane 4YacTHMHa JHS 1 IOXMypa IOroaa
OOMEXYIOTh JIOCTYIIHY €Heprito. [HIIMM pilleHHsIM €
BUKODHCTaHHS HOBHX CyYacHHX Oarapeil, HalpHKian
JITIH-TIONIIMEPHUX, SIKI MArOTh OLIBIIMN TEPMiH CIYXOH,
Hi)K 3BUYalHi JTiTiEB1 00 HiKeNb-KaIMieBi OaTapei.

[Nomanpmmii  pO3BUTOK  OE3MIJIOTHOI  TEXHIKH,
WMOBipHO, TmonsraTuMe B po3lUpeHHi cdepu i
3acTocyBaHHs. Y  MalOyrHboMy  O€3MiJIOTHUKH
JONOMaraTUMyTh HE TIUIBKM B IOMIYKY MiH, a H Y
TXHBOMY 3HHUIIECHHI. BOHM 1OCTaBISIOTE 3apsi BUOYXiBKH
HaJl BHSIBJICHOIO MIHOIO, OllepaTop 0auuTh KApTHHKY 3
KaMepH TS NMPaBHIBHOTO PO3MILIECHHS, MICIs TOTO, SIK
OE3MiJIOTHUK  3ayiuinae  HeOe3Me4Hy 30HY, 3apsn
JIICTaHIIHO JAETOHYE 1 MiHa 3HHUIIYEThCA. B ocoOnuBux
YMOBax TaKHM CIIOCOOOM MOXKHa OE3MEYHO 3HHULIUTH
HAaBITH I[iJIe MiHHE moje [3].

Cucrema, sika 300pakeHa Ha pucC. 4, CKIATAEThCS 3
komepuiiinoro BITJIA Parrot AR Drone 2.0 i 6a3zoBoi
CTaHIli, sKka 3a0e3redye YIPaBIiHHA MOJIBOTOM 1
QITOPUTMM BUSIBJICHHS MiH. YTpPaBIiHHA MOJbOTOM
inTerpoBaHo 3 ROS, Toxi sk mporec BHUSBIEHHS MiH
3IIHCHIOETBCS HAa0OpOM aJrOPHUTMIB, SIKMM IOTpiOHE
300pa)keHHs, OTPHMAaHe HIDKHBOIO KaMepolo Ha OopTy
npona. Ha puc. 4 mokaszaHo apXiTeKTypy BUSIBICHHS MiH.

Bi3yaspHuil alrOpUTM CKIIaIA€THCS 3 TPHOX ETAITIB:

1) 3aXOIUIEHHs TIOCIIIOBHOCTI 300pakeHb,

2) ¢inbTparis 300pakeHb

3) BUSBJICHHS Ha3eMHUX MiH.

i eranu takox peanizoBano B ROS i morpedyroth
BuKopucTanHs 0i0iiorekn OpenCV([4].
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Pucynok 4 — ApXiTekTypa CHCTEMH 3 BUSIBIICHHS

MiH
JHesxki o0'ektu Oynu JOBUIBHO pO3MIIICHI Ha
MOBepXHi (TMOBHICTIO BHIMMi), a IHII — YacTKOBO

sariuOieHi. TecTyBaHHS Ili€l CHUCTEMH CKIAIa€ThCA 3
JBOX UACTHH: [MO-TIEpIlle, AJTOPUTM BHUSABICHHS |
3aCTOCOBYETHCS HA Pi3HMX BHCOTaX, 1, MO-Ipyre, KOJIU
00'€KTH 4aCTKOBO 3arjiuOjieHi. 3a3Ha4eHo, M0 TOYHICTh
BUSIBIICHHS Ha BHCOTI 3 M B3HIDKYEThCS depe3 Maly
JANBHICTh  orysiy OopToBoi HMXHBOI QVGA-kamepu
0e3ITIOTHUKA 3 BEPTUKAIBLHOIO 4acToToro 60 KanpiB Ha
cekyHny (posmiibHa 3matHiCTh 320x240). 3aranom
BIJICOTOK BWSBJICHHS Majgae Hwkde 45% mepeBakKHO
4yepe3 Te, 0 PO3Mip MiKCeNs IyMy MEHIIMH 3a po3Mip
riikcesst . TOuHICTh BUSIBIIEHHS 3MIHIOETHCS TP 3MiHI
TIOJIOXKEHHST IPOHA 1010 00'€KTa, 110 3r0JI0OM 3MIHIOE KyT
HaxXWwily ONTHYHOI oci. Y BCIX TecTax BiJICOTOK
BusiBIeHHsT OyB BummM 3a 80% mixg yac MmoipoTy Ha
Bucoti 1 M 31 mBHaKicTIO 1 M/c [4].

ApXiTekTypa NPOIMOHOBAHOI {HTETPOBAHOI CHCTEMH
NIpE/ICTaBlieHa Ha pUC. 5 € 0a30BOIO CTAHIIEO, SIKa Ja€
3MOT'y KOPHCTYBaueBl HaJlAIITyBaTH Micito. Y 0a30Biii
CTaHIIi{ peayi30BaHO TPU OCHOBHI (DYHKIIIi:

1) HamamTyBaHHS  KOPHUCTYBAIbKOL
yrpasiinas jor-gaitnamu (GUI);

2) reHepallisi TPaeKTopii;

3) po3paxyHOK T'€OKapTU MICIICBOCTI 3a JOITOMOT OO

Micii Ta

ANroOpuTMY  3IIUBAHHA 300paxeHb MICIIEBOCTI,
OTPUMAaHUX APOHOM IIiJ] Yac IMOJIBbOTY.

KpiMm  Toro, ©0a3oBa  CTaHI[is  HiATPUMYE
JNBOHAIIPABJICHUH  3B'I30K 13  OC3MUIOTHHMKOM  3a

nporokosioMm SSH. Sk 0e3MiJIOTHUK BHUKOPHCTOBYETHCS
KoMepuiiinuii rekcakonrep Asctec Firefly, BupoGnenuit
kommaniero Ascending Technologies. Asctec Firefly
ocHaleHuil nponecopoM Hu3bkoro piBHs (LLP), mo
BIJIMIOBiIa€ 32 HU3BKOPIBHEBE YNPABIIHHSI POTOPOM, 1
nporiecopomM Brcokoro piHs (HLP), sikuit Binnosinae 3a
HaBIraIil0 IO MUIIXOBUX Todkax. OOHIBa mpollecopu
3'eIHaHi 3 TOJOBHOIO IUIATOI0, OCHAIIEHOIO IIPOLIECOPOM
Intel Core 17.[5-10]

Y  nepeBaxHi OUIBIIOCTI  BHUKOPHUCTOBYBaHHX
CBOTOIHI reopafapiB Juisd peasizamii  IMITYJIbCHOI
paniosnokarii BHUKOPUCTOBYIOTh CTalliOHapHY
PamiOCNIEKTPOHIKY, SKa € TMiAXO0A0M, IO 3abe3medye
KOPHUCHY  METOAMKY 3  IIPOCTHMH  POOOYHMH
XapaKTepUCTUKaMH, 3a SIKOi MepefaroTh IMIYIbC Y
4yacoBili oOyacTi, a BIIOWTY EHEPril0 aHali3yloTh K
¢yHK1ito vacy. Pesymbryroua ¢opma XBmii ToKasye
aMIUTITyqy  3BOPOTHO  pO3CISHOI  eHeprii  Bix
TATIOBEPXHEBUX CTPYKTYP, a iHpopMallis Mpo AaibHICTh
0 O0'€KTIB y Hajpax IPYHTYEThCS Ha NPUHIUIL 4Yacy
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mponboTy. Hapa3i OCHOBHHM HEIOJIKOM KOMEpIIHHMX
reopazapiB € ixHs (pikcoBaHa amapaTHa peaizallis, 1o
3YMOBJIIOE HU3BKY aJalTUBHICTH CHUCTEMH [0 TOTpeO
BUSIBJIEHHS ~ PI3HMX  pPO3MIpIiB 1  THUNIB  MIHHHX
3aropo/KeHb, 33 PI3HHUX JAICNEKTPUYHUX XapaKTEPUCTHUK
MicneBocti. Kpim Toro, Bucoka 1iHa, rabapuTu Ta maca
00MEXYIOTh MOXJIMBICTh BCTaHOBJICHHS Teopamapa Ha
6opty BIIJIA [10-20].

i_

Base Sgwon (I'C) O Drone Achieciuns

e
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Oeormapped Tewrsn

-—

Log tie

PucyHok 5 — ApxiTekTypa cHCTeMH 3 BUSIBIICHHS
MiH

[II. BUCHOBKU

Burie momanuii aHasi3 TOTOBUX PIllIeHb MPOOIeMH
JUCTaHIIIHOTO BHUSBJICHHS Ta BWU3HAYEHHS TOYHOTO
MICII pO3TallyBaHHA MiH 1 BHOYXOBHX IPUCTPOIB
MoKa3aB, IO BCi BHUIIE TIOJaHI  pIlICHHI €
BHCOKOTEXHOJIOTIYHUMH, @ OTKE JIyXKE JOPOTUMHU.

Omxke, Oyao O JOLUIBHINIE BHKOPUCTOBYBATH
MPOCTIIY TEXHOJIOTIF0 MEepEeMIllleHHs, 3 NpUOINU3HO
CXOXKOI0 anapaTHOK CKJIAJOBOI0, a caMe MOOIIBHOTrO
pobora Ha Ha 0a3i Mikpompolecopa Ha MOBITPSHIN
MOAYIIII 3 BIAMOBITHAMH MOIYJISIMH JUIsS BUSIBICHHS
MiHHO-BUOYXOBUX HpUCTpoiB. [ToBiTpsiHA MOAYyIIKA 1ACTh
HoMy 3MOry JIeBITYBaTH HaJ 3eMIIC0, OTKE poOOT
MaTUMe MIiHIMAJbHHA KOHTakKT i3 moBepxHero. Cam
KOpIyC MO)Xe OyTW BUTOTOBJIEHUH 3 TuiacTuka Ha 3D-
npuHTepi. Y MIACYMKY AaHUM MiOXiZ A0 BUPIIMICHHS
npo0OJieMH € OLIIBII JACIEBUM, ajie HE MEHIII e)EeKTUBHUM.
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MeTo paHHBOI 11aTrHOCTUKH HUPKOBUX 3aXBOPIOBAHD

1 1
Hmutpo Kyxapenko , bornan KoBanenko
1. HaBuanpHO-HaYKOBHI IHCTUTYT €IE€KTPUYHOI iHXKeHepil Ta iHpOpMaLIHHUX TeXHOJIOr1H,
KpemeHuynbkuil HalionansHuil yHiBepeuteT iMeni Muxaiina Octporpazcskoro, YKPATHA,
Kpemenuyk, Byi. [lepmorpaBaeBa, 20. email: dkuch100@gmail.com

Anomayia: Hemae Hi 0f1HOrO opraHy B TiJli, y BIIHOIICHHI SIKOTO
Hami yaBleHHS 1npo (yHKuii Tak TiCHO 3anexanu O Bix
O03HaHOMJIEHHS 31 CTPYKTYPOIO, SIK Y BiJIHOIIEHHI HUPOK.

Hupku € OCHOBHMM OpraHoM BHUICHHs (€KCKpewil) KiHLEeBHX
MIPOIYKTIB a30THCTOr0 OOMiHY, 1 OpPraHoM, IO OXOpPOHSE CTACTh
(bi3UKO-XIMIYHHX YMOB, OCMOTHYHOI'O THCKY 1 JYXHO-KHUCIOTHOI
piBHOBaru B oprasi3Mi. Ll OCHOBHa poib HHPOK HE MOXe OyTH
3aMiHMMa HiSIKUMH {HIIMMH CUCT€MaMu BUALUICHHA. Bunananus abo
Ppi3Ke MOpYIIEHHs 3arajabHUX (YHKLINH HUPOK Yy JIFOJMHHU IIPU AESKHUX
[IATOJIOTIYHUX CTaHaX BeJE [JO CMEPTEIbHOrO pe3yiabTaTy B
pe3yabTaTi ypemii.

Hupku, BUIINAOUM NPORYKTH OOMiHY BCIiX OpraHiB i TKaHUH
TIOB's13aHI CBOEIO EKCIIPETOPHOIO POOOTOIO 3 yCIM OpraHizMoM, aie
0cOOJIMBO BUCTYNA€ 3B'I30K HUPOK 3 OCHOBHHMM OpraHaMu
€KTPapeMaJIbHOr0  BHIIJIEHHS: ILUIYHKOBO-KUIIKOBHM TPaKTOM,
MEYiHKOIO, IIKIPOO (IOTOBUMH 3aJ103aMH) Ta OPraHaMM JIUXaHHS.
HupkoBi 3aXBOpIOBaHHA — OJIHI 13 HAHBAXKYMX Cepe] yCiX ICHYIOUHX,
a/pke B OUTBIIOCTI BHIIAJKIB IPOTIKAIOTH 0€3 SIBHUX CHUMIITOMIB.
MoOXyTh NPHU3BOAUTU SIK /IO THMYAacoBOI, TaKk i IOBHOI BTpaTH
paLe31aTHOCTI.

3axBOPIOBAHHA HUPOK MOXYTb BUHUKATH 1€ 3 HAPOIUKCHHS Y
BUIJIA/II NATOJIOTIH, @ TAKOXX MOXYTb OYTHM BHKIMKaHI OaraTbMa
NPUYMHAMH, Cepell SIKUX: HeNIPaBUIBHMIL CIIOCiO JKUTTS, IepeHeceHi
TSOKKI  3aXBOpIOBaHHs, a00 Ti, IO BHHUKIM BHACIIJIOK
MEJUKaMEHTO3HOro BTpydaHHA. HaOyri HUpKOBI 3aXBOPIOBaHHs
NPUHHATO BBAXKATH XapaKTEPHUMHU JUISl JTIOAEH MOXWIOro BiKy, ale
CTaTUCTHKa IIOKa3dye, 10 3a ocTaHHi 10 pOKiB HHUpPKOBI
3aXBOPIOBAHHA CTajd OUIbII MpUTaMaHHI 1 JUIL  MOJOIOro
HaceleHHs. BinOyBaerbcs Le uepe3 psili NPUYUH, cepell SKHUX
HEJOCTaTHI piBeHb EKOJIOTIYHOrO0 CTaHy KpaiHM, HeBYacHe
JIIKyBaHHS 3aXBOPIOBaHb, SKi BUKIIMKAIOTh YCKIAQJHEHHS Ha HUPKH,
HETPaBWIBHUH CIIOCIO XKUTTS: HENPaBUIbHE XapuyBaHHsI, BXKHBaHHS
HaJMIpHOI KiIbKOCTi aJIKOrOJIf0, NpUIIMaHHA HapKOTHYHHUX 3ac00iB
ta iHme. He ocraHHe Micue cepell NPHUYUH, L0 BHKIUKAIOTH
HHUPKOBI 3aXBOPIOBaHHS, € 1 Te, L0 BiZIOMi JHKapsM XBOpPoOOU
MIPOrPECYIOTh, 1 10 X AOCHTIPKEHHS Ta AIarHOCTUKH CIIiJ MiIXOAUTH
3 HOBUMHU METOAMKAMH.

Jlnst  niarHOCTYBaHHA XBOpPOOM Ta BHM3HAYEHHS JiarHo3y
BUKOPHUCTOBYIOTh Di3HI IHCTpyMEHTalIbHI Ta J1a00paTOpPHI METOoau
JUISL IOCITIKEHb. Y 3B’ 3Ky 3 THM, 110 HUPKOBI XBOPOOHU CTAOTh BCE
OiJIbII TOIIMPEHUMH, J[yX€ aKTYaJIbHUM € YIOCKOHAJICHHS PaHHbOI
JIIarHOCTUKM HUPKOBUX 3aXBOPIOBAHb.

Kniouogi cnoea: mupku, Meroj IiarHOCTHKH, 3aXBOPIOBAHHS
HHUPKHU, METOJI PAaHHBOI J1IarHOCTHKH.

I. BCTVII
Cepen cucrteM oprasiB, mio 3a0e3NeuyloTh 30epeKeHHs
B1THOCHOIT CTaJIOCTI BHYTPIIIHBOTO cepenoBuIIa,

CEUOBHIIJIbHA CHCTEMa BIiAIrpae HaWOUIBIN Ba)KJIUBY pOJIb.
BuBenenHs 3 opraHi3My KiHIEBHX TNPOAYKTIB OOMiHY
pedoBHH, 110 Oepe Ha cebe Hupka ((iapTpartis, peadcopOrris,
aKTHMBHAa  CEKpellis) BHUKOHYETbCI y  BHIIHA  Mipi
CHelLiali30BaHUMH ~ CKJIAZIOBUMHU  €JIeMEHTaMH HUPKH —
HedpoHamu. Benmka KinbKicTh He(pOHIB, 1X XapaKTepHHA
Mepepo3nojIiyl 'y TKaHWHAX HHUPKH, TeTeporeHHa OynoBa,
Ha/J3BMYallHO  BEJIMKAa Ta  HEMOBTOPHA  OpraHizalis
MIKPOIMPKYJSTOPHOTO Pycia, MIMPOKI IUISXH BEHO3HOTO Ta
MMQpaTUYHOTO  JPEeHaXy, HAasBHICTh  CIeNiani30BaHOro
€HJIOKPUHHOTO amapary, 110 Oepe yd4acTb B peryJsmii

TeMOJIMHAMIKH, PI3HOMAHITTA IHTpa-, Ta E€KCTpapeHaJbHUX
HEPBOBHUX 3B’S3KIB — Il BHU3HAYA€ CKIAJAHY MOPQOIOTiio
HUPKH, SK >XHTTEBO BAXIMBOLO OpraHy, WO MiATPUMYE
romeocras

Jlo ckiany CEYOBHIUIBHOI CHUCTEMHM HajeXaTh HUPKH,
CEUOBOIM, CEUYOBUM MiXyp i ceuiBHUK. TyT BHIUIAIOTH JBa
(YHKIIIOHAJIBHO HE3aJeKHUX BIJUIIIM: CEYOYTBOPIOBAILHHH,
JI0 CKJIaJly SIKOTO BXOJHUTH KIPKOBa Ta MO3KOBa PEYOBHHA
HUPKHU Ta CEYOBHBIJHUH, 0 CKJIaIy SIKOTO BXOJSTh HUPKOBI
Yalleykd, HUPKOBI MHUCKH, CEYOBOIM, CEUYOBHHA MiXyp 1
CEUiBHHUK.

Hupku — mnapHuii opraH, B sKOMYy Oe3lnepepBHO
yTBOpIOEThCS ceva. Lle opras, sIkuii 3BUIBHSE OpraHi3M Bin
KIHIIEBUX MPOAYKTIB OOMIHY Ta WYYXKOpIJHUX pPEUYOBHH,
pETYyNIOE  epUTPOIOe3,  BOXHO-COJBOBMHA  OOMIH  Ta
OCMOTHYHHMH THCK KpoBi, Oepe yuyacTb Yy MiITpUMII
KUCJIOTHO-TTY’)KHOI piBHOBaru. Ta BUKOHYE €HJIOKPHHHY
(byHKIIIFO.

II. MATEPIAJI T PE3VYJIBTATU JOCJIIXXEHb

HesBakatoun Ha IIMPOKWI apceHan AiarHOCTHYHUX
3axOJliB, IO ICHYIOTh Ha CHOTOIHIIIHIA JIeHb B MPaKTHYHIN
MEJUIIMHI, BIiJICOTOK TMOMWJIOK B JiarHOCTUII HHPKOBHX
3aXBOPIOBaHb 3AJIMIIAETHCS BUCOKMM. barato nmpakTHKyrOUMX
JKapiB BKa3ylOTh Ha HEJOCTATHIO iIHPOPMATHBHICTH OKPEMO
B3SITOTO METO/AY OOCTEXEHHs 1 BiJA3HAYAIOTh IiIBUIIEHHS
iH()OPMATHBHOCTI KOMIUICKCY JiarHOCTUYHUX 3aXOIiB.

B  ocramHi  OecATWINITTA  JOy)Ke€  HeEmoraHo  cebe
3apEKOMEHIYBAJIM 1 MIIIHO YBIMIIUTM B HAIIIC KUTTS MEIMYHI
€KCIIEPTHI CHCTEMH, II0 JI03BOJISIIOTH 00'€IHATH MOXKIUBOCTI
CICIabHOI  amapaTypd 1 KOMITIOTEpa 31 3HAHHAMH 1
JIOCBIZIOM €KCHepTiB B Takiii (opmi, IO cHUCTEMa MOXKe
3alpoINOHYBAaTH  PO3YMHY Tmopany. [lomiOHI — cucTeMu
JIOTIOMAraloTh JIiKapeBl ONEepyBaTH pi3HUMH CHMITOMaMH
XBOpOOH, MaHUMH aHaNI3IB i 3 THM a00 IHIIUM CTyIEHEeM
HWMOBIPHOCTI, CTaBUTHU AiarHo3. OHaK HEOOXITHO 3a3HAYHTH,
o BITPOBAPKEHHSI B MeINYHY MIPaKTHKY
BHCOKOIH()OPMAaTHBHUX METOIIB JOCII/KEHHsS IIOpPOIHIIO0
npoOiieMy aHallizy BeIUYe3HOro oOcsry HoBoi iHgopmarii
npo narienTa. OfHUM 3 TPaIULIHHUX METOIB BHPIIICHHS
LOTO 3aBJIaHHS € BUKOPUCTAHHS, TaK 3BaHOI, IMOBiIpHICHOI
niarHOCTUKH, abo MeTony baiteca.

Buxinni nani (HaByanbHa BUOIpKa) HPENCTaBISIOTHCS SIK
yropsiikoBanuii Habip 3 P mapamerpiB, ToOTO y BUIIISAII
MAaTpHII:

1 1

2’ P

- ) 2 %

P N -
1 2 il

N N N N

. 1 2 TPy
ne ) — HoMep OHOro 3 KIaciB «3m10poBHil» - «XBOpHIA»
(nanpukiam, ) 1, AKIIO B PAAKY CTOSATH MapaMeTpu
3[0pOBOrO MALi€HTa, 1 ) = 2, AKIIO XBOPOro), N — 3arajbHe
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ancio crocrepeskens, i=1..N. Hexait T (¢, ¢ ..., &' )T —
3a/1aHa KOHTpONbHA BUGOpKa, e ¢ = (t/, t)',...,t,)  mpu
i=I...N, x =(x}, x3,..., Xxp) — HOBE CIIOCTEPEIKECHHS, TOOTO
BEKTOp  IapaMeTpiB  TMali€eHTa,  SKOro  HEoOXiTHO
niarHoctyBatd (iHaKiie, BiJHECTU /O OJHOIO 3 MArOIIUXCS
KJaciB i 3apaxyBaTy Homy BianoBiguuit Homep 1 a6o 2). Toni
3a H; M03HaYMMO BiJNOBiIHY TiMOTE3y MpPO MPHHATIEKHICTH
HOBOTO CIIOCTEpEXEHHs X 10 j kiacy. IlosHaunmo f; (...) =
(.. | H; ) — minpHicTIO po3moxiny HMoBipHOCTEl BEKTOpa X,
0 HaJeXuTh j Kiacy, j = [,2. Bomsum ampiopHi
HMOBIPHOCTI TiMoTe3 7j, SIKi OOYMCIIOIOTHCA K BiJHOIIECHHS
qucia CrocTepexeHHs N, 3 j Kiacy A0 3arajpHOr0 4ucia
cnocrepexxedb N (N = N; + N,), pO3IIITHEMO BUIAI0K
OalieciBChKOTo Kiacudikaropa, MiHIMI3yl04oro WMOBIpHICTh
NPUAHATTA ~ HENPaBWIBHOTO  pIilIEHHS 3 IPUBOAY
MIPUHAJIEKHOCTI HOBOT'O CIIOCTEPEKEHHS JI0 TOTO YH 1HIIOTO
KJacy:

y(x) = 22 1)

71 fi(x)

Sxmo y(x) > 1, To npuiiMaeThes rinoresa Ho, sikmo y(x) <1,
TO, BiJIIIOBITHO, MPUAMAETHCS Timore3a H;.

OCHOBHOIO ITPOOJIEMOIO, 1[0 BUHHKA€E TNPH BHKOPUCTAHHI
¢opmynun (1), € 3agava  OI[HIOBaHHA  HEBIIOMOI
0araToBUMIpHOI IIUIFHOCTI PO3MONLTY HMOBIpHOCTEH 3a
pe3ynbTataMu OTPHUMaHHX crocTepekeHb. OCKIIbKH He

MOXKHa 3pOOMTH TPUIIYLIEHHS TIPO CTPYKTYpYy JaHOi
0araToBUMIpHOI IIUIBHOCTI PO3MOJUTY HMOBIPHOCTI, TO
3aCTOCOBYETbCA ~ HEMapaMeTpu4Huil  merox g il

ouiHroBaHHs. [laHWi METOJ TPYHTYEThCS Ha HAOJMKEHHI O-
00pa3Hoi MmocmioBHICTIO OaratoBuMipHOi O-¢yHKIii [lipaka
3 BHUKOPUCTaHHSAM (OPMYIHU SIIEPHOI OLIHKU IIIIBHOCTI j
knacy ITap3sena —Po3enbnarra

_ 1 Ny (p(xth)
1500 = 5 % (55 )’ o

ne K(z) — yukiis sapa, b — I0BiIbHE O3UTUBHEE 3HAYCHHS,
0 HAa3MBAEThCS TMAapaMeTPOM 3TIIAJKyBaHHs, N, — 3arajbHe
YHCIIO CHOCTEPEKEHb BiJNOBiAHOrO Kiacy. Sapo mae Oytu
MapHOIO (QYHKIMEIO 1 33JI0BOJIBHATA YMOBI HOPMYBaHHS:

[, K(2)dz = 1.
B TaKOMY BUIIAAKY:

fg?fb(x)dx =1

npu Oyap-sikoMy b, TOOTO QyHKUIO f(x) HIHCHO MOXHa
PO3IIISIATH K LIUIBHICTH MMOBIpHOCTI. Y dopmymi (2) p(x,
/) — ¢ymxuis Bincrami, 3amama B mpoctopi R’, i V(b) —
HOPMYIOUHMH MHOXKHHK, 1110 3a0e3reuye BUKOHaHHS (3).

Skuo pizHOIO € Mipa po3KuIy P mapamerpiB, TO 3a3BUYait
NPOIIOHYEThCST B SIKOCTI ~ MapaMmeTpiB  3IJIapKyBaHHs
po3TIIsIaTH  MiHIMaNbHY, CepenHI0 ab00 MaKCHMaJbHY
BiJICTaHb BiJ| § TapaMeTpy HOBOTO CIIOCTEPEIKEHHS X = (X, ...,
Xp) 10 § TIapaMeTpy CIoCTepexenns ¢ = (t/, t;, .., tp) 3 j
kimacy. OmHaK Ha TPaKTHIN YacTille Mmadip BiAHIOBIIHOTO
napamerpa 3TJIa/IKYBaHHS TIPOBOIUTHCS HIISIXOM
YHCEITBHOTO EKCIIEPUMEHTY.

VY npaniit poboTi I OLIHKM LIUTBHOCTI po3noaiay B (2)
Oyny BUKOPUCTaHI pi3HI mapaMeTp 3rIIaKyBaHHS 1 sjpa
laycca, Bane — Ilyccena i tpuronomerpuune (3): Sapo
laycca:

< Lo (-
f‘(“}_mew( 2);
spo Bane — Ilyccena:

_ 1 sin(u/2) 2
K(u) _Zn( u/2 ) :

>

TPUTOHOMETPHUYHE SAPO:
1 fsinu)?
K@ =2 (57)

[Ipu TectyBaHHI HaliKpalla TOYHICTH JIarHOCTHUKH Oyiia
orpumana npu b=] 3 BukopucTaHH;IM siapa ['aycca, 1m0
cxiano 73,1%, mia sapa Bame — Ilyccena - 72,1% 1 mus
TpiroHoMeTpu4HOro siapa — 53,8%. 3a pesynpTaramu
YHCIIEHHUX €KCIIEPUMEHTIB HallKpalia TOYHICTh 1iarHOCTHKH
Oyna orpuMana npu BuniieHHi came 20-tu nmapamerpis. s
P=20 orpumanu 77% BipHO NiarHOCTOBaHMX 3aXBOPIOBAHb,
Takox npu b=1 1 sapi ['aycca B sSIKOCTI mapaMeTpiB OLIHKH
IITBHOCTI pO3MOALTY 32 (hopmyrioro (2).

[IpoananizyBaBum oTrpuMaHi JaHi, OyB po3poOieHHi
aJITOPUTM, IO TO3BOJIUB YIOCKOHAJIHUTH PAHHIO JAiarHOCTHKY
HUPKOBUX 3aXBOPIOBAHb.

Komrmiekc po3poOnieHHi TakuM YWHOM, IO TPH HOro
MIPOXO/DKEHHI TAILliEHTy CTAaBUTHhCS JiarHO3 HE TUIBKH
TOYHiIIle, aje ¥ 3 OLIBIINM BiJICOTKOM BHSBJICHHSI XBOPOOH.
[NamieHT NMPOXOAWTH YOTHUPU METOJM IarHOCTUKH (aHaui3
cedi, HEIHBa3WBHUM  aHaJi3  KpOBi,  YIbTPa3BYKOBE
nocmimpkenns (Y3J] ta yporpadiro), 3 SKHX pe3yiabTaTH
00CTe)KEHb HaIXOIATh 10 OJIOKY 00poOKa pe3yiabTaTiB uepe3
inTepdeiic, Inikap Mdi3HAE€TBCA JiarHO3 3  PE3YJbTATIB
0oOCTe)XXeHHsI, 1 IOTIM BHUBOAUTHCSA [iarHo3 Ha MOHITOp
KOMIT'FOTepa, 1 3aHOCUThCS Ha 30BHIIIHIN HAKOMUYYBad ¢ 1
30epiraeTbcsi MPOTATOM IIEBHOIO Yacy. TakuM YHHOM
3MEHIIYETHCSI PU3UK BIUTUBY JIFOJICBKOTO (pakTopy Ha
BU3HAYEHHS JIIarHO3Y, & TAKOX 3MEHIITYETHCS Yac OYiKyBaHHS
BCTaHOBJICHHS JIiarHO3Y.
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Pucynok 1 — biiok-cxema B3aemMoii nmaiieHTa, KOMIUIEKCY
obcresxeHHs Ta Jikaps [1]
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Takok 1eil KOMIUIEKC Ja€ OuLIbII TOBHY KapTHHY
3aXBOPIOBAHHS TAlli€HTa, a/PKe OKPEMO Y IIMX METOINIB, He
MUBJISYUCH HA yCl IDIFOCH, € 1 psa HemomikiB.  Tak,
HaNpHKJIaA, Hi aHalli3 cedi, Hi HeIHBa3WBHIN aHalli3 KpOBi He
3MaTHI TIOKa3aTu Bi3yaJibHe 300pakKeHHs OpraHa, IO
JIaTHOCTYEThCS, yCs yBara 30cepe/DKeHa JIMIe Ha XiMIiKo-
010JIOTIYHUX MMOKa3HUKAX

B Toii e yac ynpTpa3ByKoBa JiarHocTHka, abo yporpadis
(MeTon 3 BUKOPDHCTaHHSIM  KOHTPAacTHOI  PEYOBUHH)
MOKa3YIOTh JIMIIE Bi3yallbHY CTOPOHY YpPaKEHOrO OpraHa,
BTpayarouu Mpu IIbOMY BHYTPIllIHI TIOKa3HUKU OpraHa.

CaMe KOMIIOHOBKA IMX YOTHUPHOX METOMIB MOXE JaTH
HAWOIIBII TMOBHY Ta BHYEPNHY iH(OOpPMAIO  IIOI0
3aXBOPIOBAHHS Talli€HTa Ta HOro MOAAIBLIOro JIKYBaHHS,
0 Ha3Havae Jiikap. Bee, 1110 HEOOXiHO /IS BIPOBAKEHHS
I[bOr0  KOMIUIGKCY paHHbOI  JIarHOCTHKHA  HHUPKOBUX
3aXBOPIOBaHb — II¢ IIEPCOHAJBHUN KOMIT'FOTEp Ha MicCIl
JiKaps 1 30BHINIHIA HAaKOIMUYyBay, JI¢ 3a HEOOXIIHOCTI,
MO)XKHa 30epiraTd ycloo HeoOXimHy iH(pOpMAIlo II0I0
3aXBOPIOBAHHS TOTO qu IHIIIOTO Tali€eHTa.
ExcriepemenTanpHO  Oyi0 BCTAQHOBJIEHO, IO HEOOXiTHO
Bukopuctatd 20 mapamerpiB Ui KOXHOTO 3 METOIIB
niarHocTUKHU. lle MO3BONMIIO CKOHIIGHTPYBaTH YCIO YBary
caMe Ha HUPKOBHX 3aXBOPIOBaHb, BiJICIKAOUH Ti, III0 MOTJIH O
BKa3yBaTH Ha 3aXBOPIOBAaHHS IHIIMX opraHiB. Tak mis
aHayi3y ceui Oyim oOpaHi HacTymHi mapaMmeTpu: peakuist Ph
(kucna, myxHa, a00 HOpMaljbHA), HAsABHICTH y ceui Oijka,
MOKa3HUK eMiTeN0, II0OKa3HUK JICHKOLMUTIB, ITOKAa3HUK
€pUTPOLIMTIB, HASBHICTh Y Ce4i IMIIHIPIB, HASIBHICTh y cedi
ciu3y, coii abo OakTepiil.

Bnviani gani

Jlns HeiHBa3WBHOTO aHaji3y KpoBi Oyino oOpaHO Taki
napamMeTpu: aKTUBHICTH (epMeHTiB (IopylieHa Y Y
3HAXOIUTHCS y HOpMi), piBEHb TeMOIJo0iHy, piBEHb
mBuakocti  ocijmanas epurpouutie  (IIIOE), moka3nuk
TPOMOOIIHTIB Ta MOKa3HUK JIEMKOLIUTIB. Jnst
yABTPAa3BYKOBOTO JIOCHTIDKEHHS OOpaHO: pO3MIpH HHPOK
(TOBUIMHA, IMMPUHA Ta TOBIIMHA), TOBUIMHA MApPEHXIMU Ta
mycrota HuUpkoBoi Oanii. J{ms yporpdii Oyigo obpanHo Taki
rapamMeTpy: CTPYKTypa HUPOK (iX MOBEPXHi Ta BHYTPILIHHOTO
mapy), Ta HasBHICTb a00 IepeMilleHHs KOHKPEMEHTIB,
MyXJauH abo i1HIMI IHOPOAHUX BKJIIOYEHb. BuKIIOUeHi 3
BUKOPHCTaHHHUX TapaMeTpiB Oylu po3Mipu HHPOK, alike
BOHH B)XK€ BKa3yIOThCSl Y YIBTPa3BYKOBOMY JOCHIkeHHi. Ha
OCHOBI CTaHIApTHHX NOKa3HUKIB HOPMH IIMX IapameTpiB
OyJI0 CTBOPEHO aJITOPUTM PaHHBOI JIarHOCTUKHA HUPKOBHX
3axBOproBaHb (puc. 3.2), 3riAHO SIKOrO TMAI[EHTY MiCIsA
MIPOXOJKEHHSI BCIX YOTHUPHOX ETaIliB BHIAETHCS PE3YJbTAT
o0CTeXeHb, SIKUH MOXXe OyTH BUKOPHUCTAHHUH JIIKapeM Ui
BCTaHOBJICHHS] TOYHOT'O J[IarHO3y Ta IOJANIBIIOTO JTiKYBaHHS
XBOporo. Yci JaHi MOXYTb 30epiraticsi B €JIEKTPOHHOMY
BUTJSIII Ha OyIb-IKOMY HocieBi iHdopMalii, me Moxe
CIIYT'YBaTH CBOEPIIHOI0 MEJAWYHOIO KapTKOO IS OAAIBIION
MPOQITAKTUKN 3aXBOPIOBAHb.

BignoimHo 10 aiaroputMy poboth OyB IIpPOrpamMHO
3MOZICTIbOBAHMIA KOMIUIEKC, B mporpami LabVIEW [2,3].
CTBOpEHO IHTYITUBHO 3pO3YMUIHH poOOYMI CTLT HpOrpaMu
Jie BHOCSTBCS YCi HEOOX1IHI TTOKA3HUKH, 1110 BiIITOBIAAIOTh 32
neBHi (QYHKIIT y HUpKaX, Ta MOXKYTh CBIJUUTU NPO T€ YU
iHIIIEe 3axXBOproBaHHA (puc. 3.3).
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3anponoHOBaHU  3MOJEIbOBAHMN  KOMIUIEKC TaKAM  BIATBOPEHO B TIpOrpaMi sKa JO3BOJSIE JIarHOCTYBAaTHU
YHHOM, 1100 BIATBOPHTH aJTOPUTM POOOTH, SKHH JO3BOJSE  XBOPOOY 3HAYHO IIBUAIIC, Ta 00paTH aKTyalbHUH NUIIX
BBECTH JaHi, 1 3a pE3yJbTaTOM JaHWX IPOBEACHOI  JIIKyBaHHSI.
JIarHOCTUKU OTPUMATH 3aKJIIOYEHHS CTOCOBHO XBopoOu. ILle

Kmeus
obcrexenns

Pucynok 5 — AnroputM poOOTH KOMIUIEKCY PaHHBOI 1iarHOCTHKH HUPKOBHUX 3aXBOPIOBAHb
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III. BUCHOBKH

3anporoHOBaHO €MUHUNA METOJ JUIsl JTIarHOCTHUKU
HUPKOBUX 3aXBOPIOBaHb, IO BKJIIOYAE B ce0OE YOTHUPHU
METOIM, TaKUX SK aHali3 cedi, HEIHBAa3UBHHUM aHai3
KpOBi, YJIBTPa3BYKOBE JIOCTIDKEHHS Ta yporpadis.
Jlanuii Merox mMiABHIIYE piBEHb BHSBJICHHS XBOPOO
HUPOK, a TaKOX JIO3BOJISIE OIUIBII TOYHO IIOCTABUTH
JIiarHO3 XBOPOMY.
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[Iporpamna peamizaliis CHCTEMH KEPyBaHHS

1a00paTOPHUM OJIOKOM >KUBJICHHSI
Onexkciit IOpKOl, Jmutpo nyapeﬂlcol, Muxaitno JoGHs' , Mukono Memkos'

1. HaBuanpHO-HaYKOBHUI IHCTUTYT €IE€KTPUYHOI iHXKeHepil Ta iHpOpMaLIHHUX TeXHOJIOr1H,
KpemeHnuynbkuii HartionanbHUN yHiBepeuTeT iMeHi Muxaiina Octporpancekoro, YKPAIHA,
Kpemenuyk, Byi. [Iepmorpasaesa, 20. email: dkuch100@gmail.com

Anomayia: Ha cbOropHimMHIA J€Hb HEMOXIMBO YSIBUTHU
HAYKOBHMH 3aKjaJi, CEpBICHMH LEHTp, JabopaTopiio, JiikapHIO Oe3
3aCTOCYBaHHsI B HHUX J1a00OpaTOpHOro OJOKY *XMBJICHHA. JloHeaBHa
CTaHJAPTHUM I IMIYJIbCHUX JUKEpEN XUBIICHHs Oyllo aHajorose
KepyBaHHS, aje Lu(poBe KepyBaHHS JIO3BOJISE ONTHMIi3yBaTH
omnepauito kepyBanus, mimuimutn KK, 3abesneuntn miHiHHICTH
PETYIIOBaHHS CTPyMY HABaHTAXKEHHSL.

Ilpun po3polOui perynboBaHMX [DKEpeN ENEKTPOKHBICHHS 3a
BiZICYTHOCTI BUCOKOYacTOTHOIO IIEpEeTBOPIOBada BijioMa npobiiema,
KOIM NpH MiHIM@IbHIA BUXiJIHII Hampysi Ta BEIMKOMY CTPYyMi
HABAaHTAXKEHHS HAa PEryIIOBalbHOMY esieMeHTi (crabimi3arop)
PO3CIIOETHCS BEJIMKA NMOTYXKHICTh. OIMH 13 IUISIXiB BUPILICHHS Li€l
npobneMn — 3poOMTH KiIbKa BiJBOIIB Yy BTOPHHHIH OOBHTLI
CHJIOBOTO TpaHchopMaTopa Ta PO3OUTH Jialla3oH PETYITIOBAHHS
BHXIJJHOI HANIpYTH HA IIi/|{ialia30Hu.

Takuii NPUHLMIT BUKOPUCTaHUH y GaraThoX cepiiHMX JuKeperax
XKUBJICHHSA, OJIHAK TAKUH UUIAX YCKIAJHIOE 1 caMme JDKepelo
XKUBJICHHA 1 CTaBMTh IIiJi CyMHIB MOXJIMBICTb KEPYBaHHS TaKUM
HPUCTPOEM BiJl CHCTEMH BEpXHbOro piBHA. OIHUM i3 pallioHaIbHUX
pimleHb y wmiff curyanmii € 3acTOCYBaHHS ~TPaH3UCTOPHHX
BHUCOKOYACTOTHHX  IIEPETBOPIOBaYiB Y  I1IbOMY BHIAIKy €
MOJJIUBICTE PO3POOKH JKEpena JKUBJIICHHS, KEPOBAaHOI'O OJHHM
3aJaTYMKOM BHXIZIHOI HANpyru y BHIVIAAI INOTEHLioMeTpa abo
OJIHMM KEPYIOUMM CHI'HAJIOM, HAIPUKIIA[, BiJ] KOMITIOTEpa.

Meroto  poboTH €  pO3POONEHHS  CUCTEMH  KepyBaHHS
11a00paTOPHUM  [DKEPEJIOM  JKMBJICHHS 1 PO3KPUTTS IiepeBar
(pPOBOro KepyBaHHsS JUKEPEJIOM JKHMBJICHHS IIepell 3acTapiiuM
aHaJIOr OBUM.

Knrouosi cnosa: cucrema kepyBaHHs, OJIOK XKUBIICHHS, IIPOrpaMHa
peadizawis, IporpamMHe 3a0e3MeueHHsL.

I. BCTVII

Takox abopaTopHi OJIOKK YKUBIIEHHS! BUKOPHCTOBYIOTBCS
SK aHajJor cralimizaTopa HAOpyrd UIS  MEIMIHOTO
obnagnanns. [lpy 1poMy BiH Mae TmiepeBary Iepen
cTa0imi3aTopaMH, OCKIIBKM BHIA€ HE  BIJACOTKH, a
¢ikcoBaHuii Hampyra, mo OyBa€ BaXJIMBO IpPHU CKadyKax
Hanpyru. ToOTo, npu Oy/b-KOMY BXiJIHOMY Hanpy3i BiH Ja€
Ha BUXOIl 3aJ[aHNH HEOOXiTHE 3HAYCHHS HAMPYTH.

OCHOBHI  XapaKTEPUCTUKU OJIOKIB JKUBIICHHS MOXKHa
Mi3HATUCS BHUXOIIYM 3 Ha3Bu Moxenm. lleli MiKHapogHUN
CTaHIApT HaWMEHyBaHHS 3pOOJCHHMH CHELiadbHO  JUISA
YHUKHEHHSI IUTYTaHUHH 1 MATPUMYETHCS BciMa 3apyOil>KHUMU
BUPOOHHUKAMHU.

[epi aBi OykBU B Ha3Bi (iX MoXe i He OyTH) O3HAYAIOTH
Koz BUpoOHUKa. [laii - yotupu (pinme tpu abo m'stb) mudp
MO3HAYAIOTh MaKCUMaJlbHEe BHAAETHCS Hampyra (mepii JBi
uudpru) i MakCHManbHUH BHXiTHHH CTpyM (OCTaHHI JBi
uudpn). Jo HUX, yepe3 pUCOUKY, MOXKe OyTH nomaHa mudpa,
110 O3HAaYa€ KiNbKICTh KaHAJIIB.

Hanpuxman, YIHUA 1502DD, EXtools PS-1502D,
HYelec HY1502D mno3Hauae OJIOK >KMBJIEHHS, IO BHIAE
MaKkcHMaJlbHe HanpykeHHs 15B, i MakcUMalbHHUN CTPyM 10
2A.
€JIEKTPOEHEPTil Ta YaCTOTI BXiJHOI HAIIPYTH.

3ayie)KHO BiJ TPHUHIMIY MOii 1 KUTBKOCTI HPUCTPOIB, IO
M KITI0YaroThes, jJabopatopHi BII minatecs Ha JmiHIAHI 1
IMITyJIbCHI, a TaKOK OJHOKaHaIbHI 1 OaraToKaHaJIbHI,
BimmoBimHO. KpiM  TOro, BOHU  pO3PIHAIOTHECA 32
napaMmeTpamMu craOimizamii (ctpymy a®o Hampyru), ¢opmi
HANpYTU: TMOCTIHHOMY abo 3MiHHOMY, THITy Jiana3oHy,
MaKCHMaJbHOMY TOKY 1 Hampy3i, MOTY)XHOCTI, MO THUILY
HACTPOWKU BHIAETHCS HANPYTH 1 CTPYMY, 11O BUAY 130MS1IT 1
IO 1HIUKAIIi.

JlinifiHi (TakoX 3BaHi «TPaHCPOPMATOPHUMM») 3aCHOBaHI
Ha HU3bKOYaCTOTHOMY TPaHC(OPMATOpi, IO 3HIKYE BXiqHA
3MminHa Hampyra 220B 3 gactororo 50 I'mt 1o aecsatkiB BomabT
3 Tiewo ok dyacrororo 50 T IloriM 3MiHHY Hanpyry
BUIPSIMIIIETBCSL 1 3TUIAJKYEThCsl KOHZAEHcaropamu. [licis
YOro 3HWKYETHCS TPAH3UCTOPHUM CTabimi3aTopoM J0
HeoOximHoro 3amaHoro piBHA. IlepeBara Takoro Ttumy
MIPUCTPOIB - MPOCTOTA i HAMIHHICTh KOHCTPYKIIIi, BiICYyTHICTh
BHCOKOYACTOTHHUX ITyJbCalliif, a TaKoXX HU3bKa BapTICTh
peMoHTYy 1 3amuactud. OpHak y jiHiiHEX BIT € i 3BOpoTHA
cropona - Hm3bkuid KKJ (1o 60%), moB's3anHuii 3 THM, LI0
BCe 3aiiBe Hampyra II€peTBOpPHThCS B Temio. Ha
TPaH3UCTOPHOMY CTabimi3aTopi Oyme po3ciroBaTHcs B 4 pasu
Oinbllle TOTY)KHOCTI, HIX HaJIXOJUTH HA HABAHTA)KEHHSI.
Uepe3 me BOHM IOCHUTH TpPOMI3nKi 1 Baxkki. Hampukian,
cydacHI MOJIedTi, 110 3a0e31euy0Th poOOTY 3 HABAHTAKEHHAM
mo 200 Br, Baxatrs Bim 5 mo 10 kxr. Takox, 3 yacoMm,
BiIOYBAETHCSI yCUXaHHS 3TJIAJUKYIOTh KOHJIEHCATOPIB, Yepes
III0 Ha BUXOJI YTBOPIOIOTHCS MPOBaIM Hampyru. J{onatkoBo
JI0 [BOr0 HE BUKIIOYEHO TIOMAaJaHHs BUCOKOYACTOTHUX
mymiB. ToMy, SKII0O TOTPIOHO HAaWOINBII YHCTE BUXiJHA
HANpyra, CiliJl BHUKOPHUCTOBYBATH XODPOLIMH MepeKeBHI
¢inbTp, BcTaHoBNeHUH nepen JiHiitHuM JIBIL.

ImMmysbeHi 1abopaTopHi OJIOKK KHUBJIEHHS (YHKI[IOHYIOTH
3a JOMOMOTOI0 3apsily IMIYIbCAMU CTPYMY 3IJ1a/DKYIOTh
KOHJAEHCATOpiB. Y  HUX BXiHa 3MiHHa  Hampyra
BUPIBHIOETBCSI 1 OTPUMaHMN TMOCTIHHHMH CTPyM, y BUIISAII
MaluX IMITyNbCiB 301JbIICHOI0 YacTOTH, HAIXOIUTh Ha
¢inbTpu KoHAeHcaropiB. Ilicns LpOro 3aBIsIKM HHBEPTOPY
BiIOYBAETHCS MEPETBOPEHHSI MIOCTIHHOTO CTPYMY B 3MiHHHH.
A motiM Hampyra 3rinamkyerbcs QimbTpoM. Hy a
peryioBaHHs BHUXIJIHOI HANPYTH, SK IIPABHUJIO, 31HCHIOETHCS
3a JIOMOMOTOI0 3MIiHH CHEIiaIbHUM KOHTPOJIEPOM LIMPOTHO-
iMmynscHOl Monyisuii (LLIIM).

Jlis1 mepeTBOpEHHsI CTPYMY BHKOPHCTOBYIOTHCSI HEBEIIHKI
TparchopMaTopu, ToMy iMIIyabCHI BXK mOCHTh KOMIaKTHI,
MaroTh HeBenuky Bary. KK/l imnynscanx 6m0kiB - 80, a iHoxi
i 90%. Jlo mepeBar MOXXHa BiJIHECTH BHCOKHU KoedillieHT
crabimizamii i OUIbII BHCOKA, B IOPIBHSHHI 3 JiHIHUMHA
ONOKaMHM XapuyBaHHs, BHUXiJHA TIIOTY)XHICTb, a TaKOX
BIJICYTHICTh YYTIUBOCTI o SIKOCTI
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II. MATEPIAJI I PE3VJIbTATU JOCJIJI’)KEHb

lonoBHI HEJONMIKM IMIYIBCHUX OJIOKIB JKUBJICHHS -
CKJIaHICTh KOHCTPYKIIi [1], 110 BIUIMBa€ Ha HAJIiMHICTH, 1
HAsABHICTHP ~ BHUCOKOYACTOTHOI  myibcamii  (HaBiTH 3
ypaxyBaHHsM (inbTpalii): mpu IbOMY piBEHb MyJbcalii

3aJIC)KUTh BiJl HABAHTA)KCHHS - YAM BOHA BHIIA, THM OLIbIIE
aMIuTiTyna mynbcariii. KpiM Toro, BiH &Ia€ paaiodacTOTHI
HaBeAeHHs. Tak IO BOHM HE MO3BOJISIOTH IMPAIIOBATH 3
JIESIKUMY TUITAMH TIPUCTPOIB.

397
a3

14
Bk

Pucynok 1 — CyuacHi 1a00opaTopHi OJIOKU YKUBJICHHS

Sk  OaunmMo, B 000X THHIB J1a0OpPaTOpPHUX OJIOKIB
KMBJICHHSI € SIK TlepeBard, Tak 1 Hemoniku. Tomy BHOIp
OINITUMAJBHOTO THUITY IMPUCTPOIO 3aJISKHUTh BiJ HEOOXIJTHHX
skocreil. SIkmo Bam motpiben JIBIL, mo Bomoxie XopoIoro
HaJIiHHICTIO 1 BIJICYTHICTIO pajioNepelkon, BapTo BHOpaTH
NiHIAHAN (TpaHCchopMaTOpHHit). SIKIO X € HEOOXIAHICTh Y
BENUKIH IOTY)KHOCTI i 3pPYYHOI0 TpPaHCIOPTAOENbHOCTH -
Mii#Ie IMITyJIbCHHH.

Takox tun notpioHoro BI1 BU3HauaeThCs HABAaHTAKEHHSIM
no Toky. Tak, ais mpuianmiB, SKi CIOXKHBAIOTH A0 SA
MiIXOMATh JIiHIAHI OJOKM XuBJIeHHA. IS MPHCTPOIB, IO
MPAIOIOTh Ha cTpyMi moHan SA - immynbeHi BJK. Cnpasa B
TOMY, 110 BCi TOTYXHi J1aOOpaTOpHi OJIOKU >KWUBJICHHS, IO
JIAIOTh BEJTUKHUIA CTPYM, - IMITYJIBCHI.

CyuacHi nabopatopHi OyokM XHMBIIeHHsS (puc.l) MOXYTb
3aCTOCOBYBATHCSl SK JUISi OJIHOTO, TaK 1 Ui OJHOYACHOTO
BUKODHCTaHHS JeKiIbkoX npwianiB. lle Bu3HauaeTbes
KIUJIBKICTIO BUXiJHUX KaHaiiB. TOMy BOHH JIIATHCS Ha OIHO-
1 baraTokaHaJIbHI.

Binpmricte  HOBMX ~ Mopenei  jgabopaTopHHUX — OJIOKIB
JKUBJICHHSI MalOTh TUIBKM OJWH BHUXIJIHMHA KaHau. Pimme
BHUKOPHCTOBYIOTBCS JIBOX 1 TPhOXKAHAIBHUI ITPUCTPOIO.

Bapro Bim3HauuTy, 1m0 GaraTokaHanbHI OJOKW YKUBJIEHHS
JIO3BOJISIIOTH BHJIABATH PEryJbOBAHE HANpyra i CTpyM pi3HUX
3HaueHb. T00TO, MapaMeTpy BHUXIJHOI HANPYyrH 3aAal0ThCs
okpemo. [lorompTecs, me mIyke 3py4HO, SKIIO MOTPIOHO
NpaioBaTd 3  PI3HAUMH ~ TUIAMH  [PUCTPOIB, IO
migkmouaroTbes.  [IpaBma, B TpbOXKaHalIbHUHA — OJOKax
Xap4uyBaHHs TPETiH KaHA HeperyliboBaHui (Ha 5B).

Haiibinpin genieBUMH 1 MONIMPEHHMMHU € OJHOKaHAIBHI
OJIOKH OSKHMBJICHHS. 1X JIOCHTH  JUISI mepeBipku  abo
MiJKIIOUEHHsT OAHOro Tnpwiany. /IBa KaHaly BUBEICHHS
MiTIAIYyTh SAKIIO0 TOTPIOHO JKUBUTU JBI JUISHKH CXEMHU
pi3HUMHU HampyramMu a0o OJHOYAaCHO MpPOTECTYBaTH JBa
npuctpoi. TpboXKaHaJIbHUIMA, 10 MAIOTh OAMH (IKCOBaHUI Ha
5B (dx HaWOLIBII MONIMpEHE Majia Hampyra) 1 JBa
perynboBaHMX KaHally, 3HAXOAATh 3aCTOCYBaHHS  JUIS
MAKITIIOUEHHS 10 CKJIaJHUX npuiaaiB. Hanpukmnazn, e Moxe
BHUKOPHCTOBYBATHCS JUTst Xap4yBaHHS MEIMYHOTO
oOnajHaHHS 3 PO3ALIBHUM JKUBJICHHSAM JaT4yHWKa, OJIOKY
MEPBUHHOI OOPOOKM JaHMX 1 CXeMU TOYHOI OOpOOKH i1
BifoOpakeHHsI mapameTpiB. [Ipu HasiBHOCTI TajbBaHIYHOI

po3B'si3kum MK kaHamamu Taki JIBII 37atHi BumaBaTd
HAaNpyrd 1 CTPYMHU, IIOMITHO PpI3HATBCS 3 CYCIOHIMHU
KaHaJlaMu.

Ockinbku Bei BIT Benmmkoi moryxuocti (Ginbme 500 Br)
MalOTh TUIBKH OAWH KaHaJl, MOXE 3[aTHUCS OYEBUIHHM, IO
TIpY HeOOXiJHOCTI, MOKIIMBO i JKIIOYUTH Kisibka BI1. Onqnak
Take pINIeHHs He [J03BOJHUTH 3a0€3MEeYUTH CHHXPOHHE
BKJIIOUEHHS / BUMUKAHHS 1 PETyJIOBaHHsI OJOKIB JKUBJICHHS 1
CIPOBOKYE TMI/IBUIEHHS BHCOKOYACTOTHOI myibcarii. Kpim
TOTO, HE BUKIIOUEHHH pHU3UK nomkomkeHHs bII wepes
POOOIO 130JIAIII1.

OCHOBHUMH  BJIACTUBOCTSAMHU  JabopatopHux bBIl €
peryapoBaHa Bumada crabimizoBanoi Hampyrm (CV) Ta
ctpymy (CC). Ilpu BHKOpHUCTaHHI J1a0OPaTOPHOrO OJOKY
KUBJICHHS B pEXHMi BHIadi crabijgi3oBaHOI HamNpyrw,
(dopMyeTbCs 3aJaHUil HANpyra HaBiTh TPH 3MIHIOIOTHCS
TOKaX HaBaHTaXCHH:. Y pexuMi cTalimizamii ctpyMy OJIOK
JKMBJICHHS] TIOBMHEH IOJ[ABAaTH 3aJaHUil CTPyM HaBiTh NpHU
3MIHHOMY OTIOpi HaBaHTaKCHHS.

Pexxum crabimizamii BUXiZHOrO CTPyMy, SIK IIPaBHJIO,
NPUCYTHST Ha BCIX OJHOKAaHAJbHUX OJIOKaxX XapuyyBaHHs
skicaux OpenniB (Mastech, AXIOMET, HYelec). I 3pinxa,
SIK BUHSITOK, B JIOPOTUX OaraTokaHaJbHUX MOJEISIX.

Pexxum crabimizauwii BHXiTHOrO CTpyMy BIJICYTHS B
JIEIeBUX OIHOKAHAIBHUX 1 B OUIBIIOCTI OaraToKaHaJIBHUX
(He3anmexxHo Bix OpeHny) OJIoKaxX XapuyyBaHHs. 3aMiCTh IIOTO
BOHM MalOTh «3aXHUCT BiJl TEPEBaHTAXEHHS 1 KOPOTKOTO
3aMUKaHHS.

llle onHi€ro 3 XapakTepUCTHK € (opMa HANPYTH i CTPYMY
Ha BUXOJi. 3alexHo Bix KoHKperHOi moxeni, JIBIT MoxyTh
OyTn po3paxoBaHi SK Ha BWAAYY IOCTIHHOrO CTpyMy i
HAIPYTH, TaK 1 Ha 3MiHHI Harpyra / CTpyM.

Sk npasuito, nabopatopHi bI1 BunaroTh mocriiiHa Harpyra
i crpym. OmHak Uit TeCTyBaHHS €JIEKTPOHHUX TPHIIaJiB
MOX€E 3HAJO00MTHUCS 3MiHA BUXIJHOI HANpyrd 3a TEBHUM
3aJJaHUM alropuTMOM. JIJIsl IbOTO B AESKUX MOJIEINSX OJNOKiB
KUBJIEHHS € «PeXHM 3MIHEHOrO BHXIJHOIO HAaNpyrd 3a
CIHCKOM 3aJlaHMX 3Ha4YeHb». 3 HOro JOMOMOrol MO)KHA
CTBOPUTH MPOrpamy, IO CKIAAAETHCS 3 MOCIITOBHUX KPOKIB,
KOXKEH 3 SIKHX Mae€ IEBHY Hampyry i TpHBaJicTh. 3aBISKA
ICHYBaHHIO  Takoro peKUMY MOXIMBO  IPOBOJUTH
TeCTyBaHHS OOJaJHAHH] 1 NMPHUCTPOIB Ha CKAYKH HANpYTH,
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HApOCTaHHS 1 CHaJ HANpPYyTH, BTpaTy Hanpyru. Ko xx mae
3HAYEHHs IMITallisl HaBaHTa)XEHb B MOOYTOBOI E€NEKTPUYHOT
Mmepexi 220 B, Bapto 3BepHyrH yBary Ha BII, mo BuaarooTh
3MmiHHe Hampyra. Ilpudomy geski Mozpeni (OpMyIOTh
TpudazHe HANPYTy 3 BUMIPIOBAHHIM 3CYBY KYTiB (ha3.

JianazoH nabopaTOpHUX OJIOKIB JKMBJICHHS IO BHXIIHIH
Hampy3li 1 Toky OyBae 1BOX BHIIB: (iKCOBaHHM i
aBromMatnyHuM. DikcoBaHuil agiama3zoH MaloTh 0Oararto
orompxerni JIBII. Bonu 103BOJSsIIOTE BHOpaTH OyIb-sKY
KOMOIHAIIIIO CTPYMY 1 HAPYrd B MaKCUMaJbHUX 3HAYCHHSIX.
Taxk, onnokanansHuii JIBII 3 HalOuTbmuM Hanpyroro 30B i
CHJIOIO CTpYMY SA 31aTHUH MiATpUMATH NaHW CTPYM TpHU
TakoMy HanpyxeHHi. OJHAaK MiIBUIIUTH MEXi SK CTPyMy,
Tax i HANPYTH, HAa TAKOMY NPUCTPOI HeMoxuBa. [Ipu bomy
miATpUMYyBaHa NOTYXHicTh ckiane 30B x SA = 150Br.

ABTOMaTUYHHI JiaNa30H XapaKTePHU3YEThCS MOXKIHUBICTIO
BUOOpYy Oynb-sikoi KOMOIHAIil Hampyrd i CTpymy, HaBiTh
MEPeBHUIIYIOUM iX MaKCHMallbHI 3HA4YeHHs, B MeXax
MaKCHMaJIbHOI TIOTY)KHOCT!I.

BIT BomOmitoTh Pi3HUM MOJAETHCS HAMPYTOK 1 CTPYMOM.
[Mommpeni nianasonn nocriiiHoi Hanpyru Taki: 0 - 15B, 0 -
30B, 0 - 60B. /lianazonu mo Toky: 0 - 2A / 3A, 0 - 5A, O -
10A, 0 - 20A, 0 - 30A.

Takwii BaxknuBuii akrop npu Bubopi BII - moryxHicTh
MIPUCTPOIO, IO BHUIAEThCS B HaBaHTaxeHHsA. Tak, JIBII
MOCTIHHOIO CTPYMY JUIATHCA Ha CTaHAAPTHI 1 IOTYXKHI.
[epi miaTpumyroTs HaBanTaxenHs a0 [loryxuicts 700 Br.
Hpyri - Oinbme Iloryxnicte 700 Br. BII cranmaptHOi
MOTY)KHOCTI MaroTh Bary a0 15 kr. HammoryxHi mpucTpoi 110
3 kBr icHylOTh SK B mepeoOpaHMM, TaK i B CTOEYHOM
BapianTi. binem moryxni (Bim 3 kBr) - Tinbku B
MIPOMUCIIOBOMY CTOEYHOM BUKOHaHHI. Ockinbku
yHIBepcaJbHUX J1a00paTOpHUX OJIOKIB JKUBJIEHHS HE ICHYE,
npu BUOOPI CITiJ CIMpaTHCs HA MOTY)KHICTh MijJi KOHKPETHY
3ajady.

I[lo Bupy HacTpolikm abOpaTOpHi OJOKM IKHBJIEHHS
OyBatoTh pyuHi 1 mporpamui. PydHi HamamroByloOThCS
6esmocepenbo Ha camomy JIBII 3a momoMorow pyKosITOK-
KpyTHIoK abo kKHomok. [IporpaMHa HacTpoiKa MPOBOAUTHCS
He Ha Mpwiaji, a Ha KoMmm'orepi. ToMy HEO MOXIIHBO
YIIPaBJISITH BignaieHo. Bona Moke OyTn BUKOHAaHA Y BUTJISII
TOTOBOI CHELiaIbHOI POrpaMH, IO MOCTABISETHCS Pa3oM 3
JIBII, Tak 1 y BHIVIAAI BIIACHOI CTBOPEHOI IIPOTPAMH.
HeoOxinHicTs TporpamyBaHHS MOXXE€ BHUHUKHYTH B pasi
BritoueHHs JIBIT mo ckiamy BUMIipIOBaJbHOTO KOMILIEKCY
abo 3acrocyBaHHs HaanoryxHux JIBIL.

Jeski Mozeni MaroThb KOMOIHOBaHWUM KEpYBaHHSM, SKe
MOXXHa 3/IIiiCHIOBaTH sIK 3 kKoprycy JIBII, Tak i 3 kommn'torepa.
Jlst mporo nepenbaveHa MOXKIMBICTD miakmtodeHHs 10 [1K.

OCHOBHUMH BiI0Opa)KEHHMH MTapaMeTpaMu € BOJIBTMETP i
ammepMmerp. Ix iHmuKaiis 6yBae CTpinodyHOi i HUGPOBHIL.
CTpiiouHi iHIUKATOPH MPEICTABIICHI Y BUIJISAAI aHAJIOTOBOT
mKank 31 cTpiikoro. BoHm Oinbin 9yTnuBi 0 mepenasis
HAIPYTH 1 CTPpyMy, aje MeHII iH(GOPMAaTHBHI, OCKIIBKU
TOYHICTh BUMIPIOBAHHS 3QJICKUTH BiJl MOALIOK IIKAJIX 1 O
HUM HEMOXIIUBO BHM3HAYMTH JECATI W TUCSYHI 3HAYCHHS
(manpuxinaz, 0.2 A gu 0.05A).

udposi BimoOpakaroTh enekTpuuHi mapamerpu Ha LCD
mucruiei. BoHM 103BOJSIFOTH MOKa3yBaTH JIECATI W TUCSYHI
yacTKH BUMIpiB. Taki qucruiel TphoX 1 YOTHPHOX PO3PSIHI.

€ wmoneni JIBII, mo MaioTh nudpoBe BigOOpaXKeHHS
BOJNBTMETpa 1  CTpUIOYHE -  JUIi  amIepMeTpa.

lanpBaniuna 3omsist BI1 mo3Bonse i30:1r0BaTH HANpyry i
CTPYM MK PI3HUMHU KaHaJaMH i MEpEeXero KHUBJIeHHs. BoHa
3axuinae Bij mpoboro Hampyroro Bumie 220B 1 3aMHUKaHHAM
Ha 3emiro. lle mocsraeTbest 3a JOMOMOrOK HasiBHOCTI
OKpeMHUX 00OMOTOK TpaHc(opMaTopa Ui KOXKHOTO 3 KaHaJIB.

HasBHIiCTh rajbBaHIYHOI 3aXUCTy OOOB'I3KOBO  JIJIS
3acrocyBanHs JIBII mpu miakIroueHHI MPUCTPOIB, 10 MAIOTh
aHAJIOroBY 1 U(POBY YaCTUHY a00 130IbOBaHI YACTHHHU.

s 3a0e3neyeHHst Oe3redHOi poOOTH 1 30epeKEHHS K
camoro JIBII, Tak i MiOKIIOYEHOrO A0 HBHOTO OOJNaIHAHHSI,
nependaveHi 3axucHi (QYHKLIi, NpeACTaBieHI y BHIJIAII
3aXHMCTY BiJI CTPYMOBOTO II€PEBAaHTaXXKECHHS, IEPEHANPYIH,
MepEeBaHTAXKEHHSI TI0 MOTY)XHOCTI, IeperpiBy. Peamizamis
3axucHUX  (yHKOif  pi3HOmaHiTHa. Hampuknan, mnpu
TEpEeBUIICHHI  3aJ]aHOr0  CTPyMYy, B pa3l  KOPOTKOro
3aMUKaHHS, MOXXE BIJAKIIOUYUTH HAaBaHTAKEHHS, OOMEKUTH
CTPYM Ha BUXOJi a00 MEPEKITFOUNTHCS Ha PEXKHUM CTaOiTi3aril
BHXI1JTHOT'O CTPYMY.

AP ¥ .

Pucynok 2 — Monens pxepena sxuBieHHs B Simulink

Ha pucynky 2 mpezcraBieHa imitaliiiHa MoJeib JKepesa
JKUBJICHHS, SKa BHKOHaHa B cucTemi Matlab- Simulink
(MATLAB).

VY BepxHiii 4acTWHI MOJeNi IpeJcTaBlieHa 4YacTHHA, IO
BiJTHOCUTBCS IO CHCTEMH KEPYBaHHs. 3aBJIaHHS 110 BUXIIHIN
Hanpy3i TOPIBHIOETHCS 3 BHUMIPSIHUM 3Ha4deHHsM. /Jlami
pe3ynbrar mopiBHsHHs noTpamisie Ha [IIJ] perynsrop, Ha
BUXOII SIKOTO pO3TalloBaHWW OJIOK HacuueHHs. biok
HacHYeHHs BiAcikae Bci Bemuumuu, sxi menmn 0.05. Ile
HEOOXiTHO B CHJIy TOro, IO Ba)XJIMBO BPAxOBYBaTH 4ac
KOMYTAIlii TPaH3UCTOPIB BEPXHBOIO 1 HIDKHBOT'O IIJIe4a, TOMY
Koe(illieHT 3allOBHEHHSI HE TIIOBHHEH MEPEBHIIYBAaTH
BenruuHU 0.95.

Ha pucynky 3 3anpornoHoBaHe mHporpamue 3a0e3nedeHHs
Ul KepyBaHHS JaOopaTopHUM OJIOKOM IKHMBJCHHS B
Delphill, a po3pobnenuii MakeT NpenCTaBICHUI HA PUCYHKY
4. TIpadix 3aNexHICTh KOPHCHOI MOTY)XHOCTI  BiX
TEMIIEpaTypyd  HarpiBaHHS  NPHUCTPOIO  IIOKa3ye, IO
3ampoINOHOBaHA KOHCTPYKIlA Mae BAany OymoBy (puc.S).
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III. BUCHOBKU

3Baxalou Ha HEOOX1JHICTh 00OB'A3KOBOI rabBaHIYHOL
PO3B'SI3KM MDK BXIiJIHOIO YaCTHHOIO IE€peTBOpIOBava i
HOro BHXOIOM,a TaKOXX HEOOXIJHOCTI YCTAaHOBKHM Ha
BXOJIi €MHICHOTO (UIBTpa, 110 3HMWKYE BIUIUB KOJIUBAHb
HAIPYTH Ha BXOJi HEepeTBOpIOBaya, s PO3pOOIIOBaHOL
KepyBaHHs J1a0OpaTOPHUM OJIOKOM >KHMBJIIEHHS OOpaHO
HAIiBMOCTOBHII IIEpETBOPIOBAY 3 €MHICHHM JiTBHUKOM
BXiZHOI HANpYTH, SKHH [O3BOJSIE BHKOPHCTOBYBATH
TIJIBKH OJIHY NEPBUHHY OOBHUTKY TpaHc(opmaTopa i JBi

BTOPHHHI.

Just  po3poOiIoBaHOI  KOMIT'IOTEPHO-IHTEIPOBaHOL
CHCTEMH  KepyBaHHS  JIabOpaTOpHUM  JDKEPEIOM
JKUBJICHHS Ha OCHOBI IIPOBEJCHHX PO3PaxyHKIB
apryMeHTOBaHMN  BHOIp  CHJIOBHUX  TPaH3HCTODIB,

IMITyJIbCHOTO TpaHcgopmatopa, BuxigHoro LC ¢dinbrpa,
€MHOCTI JUIbHHMKA HaNpyTH, BHUXIIHOIO KOHJEHCATOPA,
JATYUKIB KePYIO4YOl YaCTHHH, BXiJHOI HAIIpyTu, BXi{HOTO
CTpyMy,  CIpyMy  HaBaHT@XEHHI Ta  JaT4MKa
TeMIepaTypd, IO BiJNOBiJa€ OCHOBHMM BUMOTaM
JOCTYITHOCTI 00JIalHaHHA Ta Oro HEBUCOKOI BapPTOCTI.

Ha OCHOBI 3aMpOIOHOBAHOI €NeKTPUYHOL
NPUHIMIIAIBHOI CXeMH KEpYBaHHS IepeTBOPIOBAaYEM, 32
nonomororo  cepenosuma  LabVIEW  po3poOnenwuii
BIpTyallbHUH  Ipuiaj, SKUH  J03BOJIE  KepyBaTH
BUXIIHOIO HAIIPYTol0 J1abopaTOpHOro OJOKY JKUBIICHHS B
niarna3oni 0...32B, 3a/1aBaTu BEJINYUHY
ctpymooOMexxeHHst B miamasoni 0..150A, a Takox
BimoOpaxkatn ioro mnapamerpu. OcoOnHBICTIO JaHOI
CHCTEMHU € MOXJIIMBICTh poOoTH sk 1o iHTepdeiicy USB,
Tak i mo intepdeiicy RS-485, mo no3sossie BkiItouaTH
HOro 10 CKJIaly IPOMUCTIOBHX MEPEX.
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MopentoBaHHs OPOIECY PO3MIHYBAaHHS YKPAiHCHKHUX
TEPUTOPIN 32 JJOMTOMOTOK0 POOOTU30BAHNUX KOMILICKCIB

JAmMutpo nyapeHKol, Poman Kocrora'
1. HaBuanpHO-HaYKOBHI1 IHCTUTYT €IE€KTPUYHOI iHXKeHepil Ta iHpOpMaIiiHUX TeXHOIOTr1H,
KpemeHuynbkuil HalionansHuil yHiBepeuTeT iMeni Muxaiina Octporpazcskoro, YKPATHA,
Kpemenuyk, Byi. [Iepmorpasaesa, 20. email: dkuch100@gmail.com

Anomayis: Ha cboropHimHii 1eHb B CKIIAHUX JUIs YKpaiHu

YMOBAaxX BOEHHOI'O CTaHY, BaXJIMBUM € 30EPEXCHHS JKUTTS Ta
3[0pOB’Sl TPOMAJiH, SIKI IIOBEPTAIOTBCS HA TEPUTOPIi, IO
3HAXOIWINCA B THUM4YacoBili okymamii. Benmky 3arposy
NIPEACTAaBISIOTh ~ BUOyXoHeOe3meuHi  00'€KTH  BOEHHOI'O
[PU3HAYCHHS.
B peanisix cboroneHHs HaceleHHs YKpaiHM Bce dacTile
3YCTpiYa€eTbCs 3 HEOOXIIHICTIO PETENIBHOrO JOTPHMAaHHS
MIEBHUX INPaBWI TEXHIKH OE3MIEKH CTOCOBHO 6araTbox 00’€KTiB:
NPOMHUCIIOBI  O0’€KTH,  MHipOTeXHika, mo0yroBa  XiMi,
e”eproHocii Tomo. Ha mepmmii morysy npocti pedi MOXYTh
CTaTH JyXe HeOe3NeUHUMHU UL JKUTTS Ta 310poB’ . Jlo Takux
pedeil MOXKHa BITHECTH IOTEHIIIfHO BHOYXOHeOe3IeuHi
00’ eKTH.

Binbiicts 00’€KTiB He MOTPEOYIOTH CrELiaIbHUX 3HAHb JUIS
imeHTH}IKaLil, OCKUIBKY MAlOTh CIIeIiaidbHI HAIIIKH, HAIITUCH
Ta  MapKyBaHHA,  fKi  i1eHTHQIKYyOTB  00’€KT K
BuOyxoHeOe3neunuii. OpHak, iCHYOTh BHOYXOHeOe3IeUHi
00’€KTH, SKi HE MAIOTh CIIELiaJIbHUX MO3HaYeHb, MOXKYTb OyTH
CrelialibHO IPUXOBaHI Tak, MO0 3aBHaTH OUIBIIOI IIKOIM
KUTTIO Ta 3J0pOB'0 JIIOAMHM, sKa Ix 3Haiige. Ile —
BUOyXOHeOe3MeuHi 00'€KTH BOEHHOrO MPH3HAYCHHA. Tomy,
npobnemMa  BUSBIICHHA IIOTGHLIHHO  BHOYXOHeOe3leuHux
00’€KTIB Ha BIJKPUTIH MICIEBOCTI, OCOONMBO TaM, 1€
[POXOAMIIM Hali3amekuimi 60HoBI Iii € aKTyaIbHO 3a/ia4ero.

Meta poOOTH — CTBOpPEHHS HAIiHHOI CHCTEMH JUISl IOLIYKY
Ta igeHtudikanii BuOyxoHeOe3NeyHUX IpeIMeTiB, PO3pOOHTH
Mozenb, sKka Oyne Oinbll edekTuBHa Ta mpocTima B
BUKOPHCTaHHI HIX BXKE iCHYIOYI aHAJIOTH.

Kniouoei cnoea: pobor, pobOTHU30BaHMIA
MOOUIBHUH POOOT, MOJICIIFOBAHHS PO3MiHYBaHHS.

KOMIUICKC,

I. BCTVII
[Ipouec BusiBneHHs1 BUOyxOHeOe3NeYHUX OO0 EKTIB €
Jy’Ke BOXKJIMBOIO YACTHHOIO PO3MiHYBaHHS, alie Iie TyKe
HeOe3MeYHo ISl ClienianticTa, M0 3iCHIOE TOIIYK.
Tabmuns 1 — Pesynpratu pobit JJCHC y obGmacTsx
VYxpainu 3 po3MiHyBaHHS

Obcreweno teputopiil | 3unemkopxeno BHIT | KinbkicTs samyuenns
O6nacrs
3a 3 nowaTry 3a 3 noyaTry 3a 3 nouaTky
Jlo0y pobit A06y pobit nofy pobiT
Howenska 3,64 1260,96 114 24197 18 2784
Knischka 2,86 |21628,05 173 [73823 10 6926
Xapkisewka |1,17  |18452]1 290 |50127 54 12327
Uepkacska (0,01 |7411,53 1 38890 1 1071
Yepniriseska|1.21  |39544,44 77 48616 5 4221
Xepcoucera [90.79 (510,86 204 5574 32 125
CymcEka 0.6 1133.8 6 7504 12 1554
Sanopisska |0 140,54 0 2813 0 781
3abpynaHeHHs  TepuTopii  YKpaiHu — MiHamMu i
Ooenpumnacamu, 10 HE  posipBajmcsi, B  XOi

noBHOMacuITabHoro BTOprHeHHs Pocii B VYkpaiHy Ha
cepenuny cepnHs 2022 poKy TOPKHYJOCS TEpPHUTOpii B

300 THcsu KM? — Maibke MOJIIOBUHY KpaiHU. 3a OL[HKOO
OOH, w©a Trepuropii, 3a0pyaHeHid MiHaMH 1
OoenpumacaMu, IO HE po3ipBanmcs, Ha JuneHb 2022
POKy npoxkuBajo Onu3bko 14,5 MitH ocib.

JepxaBHa ciryx0a YKpaiHu 3 Ha3BUUaHHUX CHTYaIli
OLliHIOBaJIa 3aMiHOBaHy TepuTopito B 300 Thcsy km?, a
yac, HeOOX1MHUH 1 i1 ounIneHHs, O1TbI K y 10 poKiB.

Ha cepenuny cepnHs ykpaiHChKa Bilajia MOBiZOMIIsUIA
PO OYMIIECHHS O0Ju3bK0 620 KM? Ta JA€aKTHBAIIO MOHA]
175 Ttucsiy BuOyxoHeOe3neyHux o0'extiB. Yac Ha
ouHIIeHHs akBaTopii YOpHOTo MOps BiJ MiH yKpaiHChKa
BJIaJIa OIIHIOE Y 5-7 POKIB.

Po3BuTOok  aBTOMaTH3alii  3pOOMB  MOXKIIUBUM
CTBOPCHHS Cy4JacCHHX CUCTEM BHSIBJICHHS
BHOYXOHEOE3MeUHNX  00’€KTiB  sIKi  JTO3BOJISIOTH

crietianicTaM 3/iHCHIOBaTH MOUTYK BHOYXOHEOE3NEeUHHX
00’€KTIB MIBU/IIE, TOYHIIIE Ta OLIBII Oe3MMeYHO.

Jlo Oe3MiJIOTHUX JITAIFHUX amapariB Ta poOoTiB, M0
3MIHCHIOIOTh TIOIIYK HaleXaTh Ti, KOTpi MaroTh
CreliabHI MPHUCTPOI 32 JIOMOMOTOI0 SIKMX ITPOrpaMHHA
3aci0 abo omeparop MOKe 3 TICBHOIO TOYHICTIO
BU3HAYUTH MICTO 3HAXO/KEHHS BHOYXOHEOE3NEUHOro
00’exty. Jlo Takux MpHCTPOIB BiAHOCATHCS: TEILIOBI30p,
METaJIOAETEKTOp Ta reopaap.

Jo mepeBar Takux pOOOTHU30BAaHHX CHUCTEM MOXKHA
BIIHECTH Maike MOBHY Oe3MeuHicTh omeparopa. Jlo
HEJIOJIKIB — MIBUIKICTh Ta TOYHICTh MOIMIYKY, 00 Maibke
3aBXKIM  PE3yJAbTaTH IIOIIYKYy JAPOHIB Ta poOOTIB
MOTPEOYIOTh TIEPEBIPKU OINEPATOPOM-CAIIEPOM, TOMY IO
pearyBaTd BOHM MOXYTh Maibke Ha OyIb-SKUH CXOXHIA
00’€KT, SIKUi1 HE € BUOYXOHEOE3IIEUHHM.

II. MATEPIAJI I PE3YJILTATH
JIOCJILJDKEHD

Icaye cucrema akcecyapiB X-RAY system s
tEODor’a, 1m0 [103BONISIE TPOBOIUTH PEHTIEHIBCHKE
JIOCITIJPKEHHS TIOTEHIIHHO BUOYXOHeOe3NeyHnx 00’ €KTiB
a00 00’€eKTiB, SIKIi MOXYTh MacKyBaTH (KOpOOKH, CYMKH,
Tomo). PoOoT mepenbayae MOXKIUBICTh MPUETHAHHS
OUbII PO3BUHYTUX MAaHINYJATOPIB, IO JIO3BOJUTH
NpUETHATH 10 MAHIMyIITopa MeTajollykad — abo
reopajap, 1o J03BOJUTh NIYKATHMIHHM, IO 3aKOMaHi i
3eMJIel0. BukonanHus TIPOIIECiB MOUIyKy  Ta
BUOYXOHeOe3NeYHNX OO0 €KTIB OIEPaToOpoOM MOXKIIHBE
3aBASKM BOYIOBAaHMM 3BUYAHHOIO Ta TEIUIOBI3IHHOIO
KaMepaMH, [0 pO3TAlllOBaHI Ha BEPXHIM YacTHHI
MOTY)KHOT'O ~ MaHIIyJsATopa. BoHn  jmo3BONSAIOTH
OIepaTopy OTPUMYBATHU YITKY YSBY MPO 00 €KT, HA SIKHH
HarpaBJiieHO MaHinyasTop. [Ipubnu3Ha BapTicTs pobora
Ta KOMIUTEKTY JUTs po3MiHyBaHHs csarae 750 0008.
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Pucynok 1 — PoGOTH30BaHMI KOMIUIEKC TEODor-y
poleci po3MiHyBaHHS

Telemax EVO Plus € TyceHHYHOI MOCIUIIO
cimerictBa Telemax 3 HAUIOTYKHIIIUM MaHIITyJIATOPOM Y
TIOPIBHSIHHI 3 1HIIMMU po0OTaMH CIMEWCTBa,KOTPUI Mae
3MOTy MigiiiMaTH Ta MEepeHOCHTH 00’ekTH Barow a0 80
KiJIOrpaMiB.

Telemax EVO Plus mMae nozaBiliHy KOpUCHY IUTOINIY Ha
maci ans 3a0e3nedyeHHs CTiKoi poOOTH 3 BaKKUMHU
00’extamMu. Mae MeHIIy HIBHAKICTH IEpECyBaHHS, HiX
KOJTiCHI BapiaHTH (5 KM/TOJ.), ajie Ma€ Kpamll MOKa3HUKA
CTIMKOCTI Ha HEpiBHIH MOBepxHi. € omHUM 3 pOOOTIB
cimerictrea  Telemax, korpuii  Mae  HIATPUMKY
XplusSecurity — akcecyapy [uisi MepeBipKH MiJ03piTUX
00’€KTIB pEHTT€HIBCHKUM BHITPOMIHIOBaHHSIM.
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Pucynok 2 — PoGoTH30BaHHiT H]-)I/ICTpiI‘/'I Telemax EVO
Pro y nporieci po3miHyBaHHs

Binnnnpka kommanis Frendt nmpencraBuiia Hamierkui
OE3MiJIOTHUK-MIHONIIYKa4, SKUH He MiJpUBAEThCSA IPU
Hai3zai Ha MiHy (puc.l). Ha MammHy MoXxHa BCTaHOBUTH
OyIb-sIKi I€TEKTOpH, UM TO MeTajJo- 4u pagapu. Cucrema
JUCTaHIIHO mepenae gaHi B odic, NMPUB’SI3YIOUYH 0
GPS-koopauHaT 1 MM MaeMo KapTy HeOe3NeuHHX
MIPE/IMETIB, SIKy BUKOPHCTOBYIOTh camlepH, 1 iM Habarato
MPOCTIIE MiAXOAUTH A0 KOXKHOI NUISHKUA W IPOBOJIUTH
PO3MiHYBaHHSI.

K 3 — be3niIOTHUK-MIHOIITYKaY BiJ BIHHHUIILKOT
komraHii Frendt

EnexTpuuHuii Ha3eMHUH OPOH-BCIOIUXiA «Myi» Bif
KHIBCHKHX PO3POOHMKIB BKE JIONIOMArae B pO3MiHYBaHHI
XapkoBa. Po3poOky mouanu Ha mowatky oceHi 2022
poxy. Ha texHomoriunomy ¢opymi Keep robotics
NpEeICTaBWIM BKe OPYruil exseMiurip «Myma», 1, 3a
CJIOBaMU TIpe[ICTaBHHUKA, B poOOTI Bke € TpeTiil. BiH Bese
1o 400 kr i Ha OJHOMY 3aps/i B 3aJIEKHOCTI BiJl yMOB
Moxe ixatm 60-80 kM. Kpim Toro, 3aBaHTa)xeHHI
BCIOJIUX1]] MOX€ JI0JIaTH MepemKoan 10 20 cM.

Omua «Myn» komrye 6muspko $6000. Tleprmii
BCIOAUXiZ, SK IOBIZOMWJIM B  KOMIIaHil, BXe
3aCTOCOBYIOTb JUISl PO3MiHYBaHHs B XapKOBi.

A i L N = .

Pucynok 4 — EnexTpruuHuii Ha3eMHHUHN IPOH-BCIOIUX1/1
«Mym»

TALON - BilicbkoBHii poOOT 13 IUCTaHLIHHUM
KepyBaHHsIM, po3pobinenuii Foster-Miller i nmepebyBae Ha
030poenHi apmii CHIA. PoGor mnpusHaueHudd st
MOIIYKY, 1JMeHTUdiKamii Ta pO3MIHYBaHHS B Taly3sax
BBII, o6oponu Ta po3sinku. Podotn TALON ocHareHi
pi3HOMaHITHUM oOnajHaHHAM. PoOOT Mae BHUCOKY
IHIUKATOpH IIBHAKOCTI, IX MOXKHa BHUKOPHCTOBYBATH B
pi3HHX cepemoBHIIAX Bin Opyay Ao cHiry. JloBkuHa
pobora 87 cMm, mmpuHa 58 cM, Bucota 28 cm, 3azop 7,1
cM. BaHTakomimHoMmHICTH 0 9 KI, Ky30B BUTPHUMYE
HaBaHTA)XXEHH: 70 46 Kr, OyKcHpyBaJlbHE HaBaHTAXEHHA
mo 77  kr. bazoBuit  mpucTpiii  OcHarIeHHH
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MaHIITyJIATOPOM, SIKHI 00epTaeThest Ha 360°, TMHAMIKOM,
MIKpOOHOM 1 pyukoro. Takox MOXHa pPO3MICTHTH
XiMiYyHi, pajianidHi, TemmneparypHi naryuku, GPS-
TpeKepH, TIIYINIHUKK curHaity. [1in yac cnocrepesxeHHs 3a
00eM ab0 poO3BiAKH poOOT MOXE OYTH OCHAIICHUH IO
cemu kamepamu. OriepaTop KOMIUIEKCY Kepye poOoToM
4yepe3 IyJAbT YIPaBIiHHS, SKAH MOXe HiITPUMYBAaTH
panio- abo ONTOBOJIOKOHHHH 3B'130K 3 pOOOTOM. 3aBASKA
akymyastopy Benmukoi  emHocti 300 Br/rom  uac
aBTOHOMHOI po0OTH MOKe nocsiratu 3 roauH. Ha mpsmux
JIoporax MaKCHMaJlbHa IIBHIKICTH 9 kM/roa. 45° — me
MaKCHMaJbHUH yXWJI, SKUH MOXE IOJ0JaTH poOoT, a
OiyHMH yXui Moxke nocsiratu 50°.

Andros MarkV-A1l — xomicauii podot Bim Northrop
Grumman. IlpencraBHuk  cepii  poOOTOTEXHIYHMX
komiutiekciB Remotec ANDROS. By mpuitnaruii Ha
030poeHHs imxkeHepiB i cnenna3y B 2005 pomi. [Momimis
Ta BilicbkoBi uvactmau CIHA. MarkV mae kamepy 3
MiICBIYyBaHHIM, pO3TamoBaHy Ha Buctym 630 mMm. Y
pi3HMX YacTMHAX po0OTa pPO3TALIOBaHI KaMepH, a Ha
MaHIImyJIaToOpi — MeXaHiyHi 3aTuckadi. MaHimyisrop
MOX€E BUCYBATUCS 110 2,6 M, 110 JO3BOJISIE MPAIFOBATH 3
HeOe3MeYHUMHU BaHTaXXaMHU Ta  HeOe3neYHUMHU
MaTepiajgamu.

OnTuMaabHUM HaOOpPOM JIETEKTOPIB MOXKe OyTH:
Merajomykay, temiosizop Ta Full HD kamepa. 3minHe
EJIEKTPOMArHiTHE TI0JIE METAJIOJETEKTOpa BHUKIHMKAE
peakiito MeTaeBux npeaMeTis. [lepenaBanbHa KOTyIIKa,
BOy/ZloBaHA B TOJOBKY METaJOIIyKaya, CTBOPIOE TakKe
MarHiTHe nose. Koy nomrykoBa rojioBKa pyXxaeTbesi Hal
3eMJICI0, TPUHMaNbHI KOTYIIKM B TOIIYKOBIH TOJOBII
BUSIBJISIIOTH JIyKe HEBEJIHKI KOJIIBaHHS
€JIEKTPOMArHITHOrO TIOJIS, CHPUYMHEHI MeTaJleBUMHU
npeameraMu. [IoTiM  1i 3MiHA OOpPOOJSIFOTBCS IS
OTPUMAaHHS CUTHAITY, SIKUH BKa3ye Ha HAasBHICTh METaITy B
3eMJII MIiJ] TOIIYKOBOIO TOJIOBKOIO. BcepenuHi roioBku
MeTajollykaya €  KOTYIIKa, sSIKa  Ha3WBa€ThCs
NepelaBalbHOI0 KOTYIIKOW. EJEKTpUYHUN CTpyM, IO
MIPOXOANTh 4Yepe3 KOTYIIKY, CTBOPIOE EIIEKTPOMAarHiTHEe
none. HampsiMOK cTpymMy 3MIiHIOETBCS THCSUI pa3iB Ha
cekyHay. PoOoua wyactora mnepeMHKaHHsS O3Ha4ae
KUIBKICTh pa3iB Ha CEKyHIy, KOJIM CTPyM Teue 3a
TOJMHHUKOBOIO CTPIUJIKOIO MPOTH TOAMHHUKOBOI CTPLIKH
Ta Ha3aJg 3a TOAWHHUKOBOIO  cTpiikoro. Komwm
SNEKTPUYHUN CTPYM Teue B 3aJlaHOMYy HAarpsMKY,
CTBOPIOETHCS  MarHiTHE I0Jie, IOJSIPHICTH  SIKOTO
copssMoBaHa A0 3emui. Koiau CTpyM 3MiHIOEThCH,
MIOJISIPHICTD TOJS CHPSIMOBAaHA NPOTH 3eMili. Bynab-sxuit
MerajeBuil abo IHIIWA  eNeKTPONpOBIAHUI 00’ €KT y
IIaXTi, SKUA 3HAXOOUTHCS IOONU3Y, MaTUMe IMOTIK
CTpyMY, BHKIHMKAHUI BIUIMBOM MIiHJIMUBOTO MarHiTHOI'O
ToJIsA, TPUOJIN3HO TaK CaMo, K EIEKTPUYHHUIA TeHepaTop
BUPOOJISIE ENIEKTPUKY, IEepeMilllaloud KOTYIIKa APOTY
BcepeauHi (pikcoBaHOro0 MarHiTHoro mons. Ilef cTpym,
IO IMPOTiKae BCEPEIMHI METaJeBOro 00’€KTa, y CBOIO
4Yepry CTBOPIOE BJaCHE MarHiTHE IoJie 3 IOJSPHICTIO,
CHPSIMOBAHOIO MPOTHIIEKHO JI0 TIONS Iiepeadi.

[Ipouec po3miHyBaHHS YKpaiHCBKMX TEPUTOpIH 13
3aCTOCYBaHHSAM POOOTEXHIUHUX KOMIUIECKCIB BilICBKOBOTO
MIPU3HAYEHHS BPaXOBYE B c001 eTamnu:

— IPOyMAaTH PO3MiHYBaHHS MICIIEBOCTI;

— Oprasizarfist 3aBJaHHsl 110 PO3MiHyBaHHIO;
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— po3Bimka TepuTopii Ha 3a0pyIHEHHS BHOYXO-
HeOe3MeYHUMHU NIPEIMETAMH;

— TOmMYK Ta ixeHTU]iKalis BUOYXO-HEOE3MEUHUX
MIPE/IMETIB;
MapKyBaHHS
MIPE/IMETIB;

— BHECEHHS JaHUX IIPO PO3MiHYBaHHS;

— BIATOPO/DKEHHST MHUPHOTO HACEJECHHS BiJ 30HU
poboru.

Jlis movyatky HEOOXiJHO BH3HAYHMTH O€3NEYHY 30HY,
JUI  OllepaTopa, MHUPHHUX JKUTENIB 1 JUIS BUJIBHOIO
mepecyBaHHs poOoTa. [licig 1Oro BH3HAYAIOTHCS
pO3MipH AUTSIHKM Ha sIKii Oyzne BiAOyBaTHCh MOUIYK Ta
MapKyBaHHs BUOYX0-HE0E3MeUHUX TPEIMETIB.

IMomyk Ta MapkyBaHHA  BHOYXO-HEOE3NEUHHX
npeaMeTiB Oyne 3AiHCHIOBATUCS CIIOUATKY 110 IEPUMETPY
3a0pyIHEHOI 30HHW, IOTIM POOOTEXHIYHUH KOMILIEKC
PO3IIOYMHAE TMPOLIEC MOUIYKY MOCIiIOBHO-TIApaIeIbHIM
CIIOCOOOM.

3HAUIEHUX BHOYXO0-HEOE3MEUHUX

Pucynok 5 — Po3poOka mapuipyry pobora mnpu
MOITYKY BHOYX0-HEOE3MEeYHUX MPEIMETIB

III. BUCHOBKH

[lpoBeneHo aHami3 Cy4acHOro CTaHy pO3pOOKH
MaHIIyJIITOPiB pOOOTOTEXHIYHUX CHCTEM BiHCHKOBOTO Ta
CrewLiaJbHOro MIPU3HAYEHHS JUTst MOUIYKY
BHOYXOHEOE3MeUHNX TpeaAMETiB. [IpuBeIeHO OCHOBHI
BHIY POOOTEXHIYHMX KOMIUIECKCIB JIJIS TOIIYKY BHOYXO-
HeOe3neyHnx npeameriB. OOpaHuil onTUMaNbHUI HaOip
JIETEKTOpIB: MeTayomykay, TemioBizop Ta Full HD
KaMepa Ta BUOpaHMI MapUIpyT po3MiHyBaHHSL.
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MopenroBaHHS apTepiaIbHOTO TPOMOO3Y B CEPIICBO-

CYAHWHHIN CHUCTEeMI1
Jimurpo Kyxaperko', Ian JTykeua'

1. HaBuanbpHO-HaYKOBHI IHCTUTYT €IE€KTPUYHOI iHXKeHepil Ta iHpOpMaLiHUX TEXHOJIOr1H,
KpemeHnuynbkuii HattioHanbHUH yHiBepeuTeT imeHi Muxaiina Octporpancskoro, YKPAIHA,
Kpemenuyk, Byi. [Iepmorpasaesa, 20. email: dkuch100@gmail.com

Anomauin: CepueBo-cyauHHi 3axBopioBanHs (CC3) €
OCHOBHOIO IIPMYMHOI0 CMEPTi B YCbOMY CBITi: 3 )KOAHOI iHILIOL
NPUYMHH IOPOKY HE BMHUPAE CTiJbKY JroAeH, ckinbku Bix CC3
(mani BO3). CepreBo-cyquHHI 3aXBOPIOBAHHS € TPYIOO
XBOpOO cepust 1 KpoBoHOCHUX cynuH. OnuauM i3 BuniB CC3 €
creHo3. CTeHO3 — Lie 3BY)KCHHS UM II0BHA 3aKyIOpKa MPOCBITY
BEJIMKUX CynuH. Take 3BYXKEHHS BHHHMKa€ B KPOBOHOCHIM
CYIHMHI 4epe3 BIAKIAJCHHS XOJIECTEPUH, >KUPOBI PEUOBHHH,
KIiTHHHI Bigxomu 1 T.0. Tak BinOyBaeTbcst yTBOPEHHA B
aprepisix TpoMmOy abo arepockiepornyHoi Osmkd. Kpim
HepeniyeHnX MPUYMH BUHUKHEHHS TPOMOY, € TaKkoX CHCTeMa
reMocTasy, 10 PO3BUBAETHCA 3 YTBOPEHHSIM TPOMOY (3rYCTKY)
y MicLli TIOMIKO/KEHHS CyIUH, 11100 3amo0irtu Brpari Kposi [1].
Peakuis € mBHAKOO, 100 OOMEXHUTH KpPOBOTEUy 1
PETYIIOEThCs, 1100 3armoOirTH HaAMIPHOMY 3TOPTaHHIO, SIKE
MOke OOMeXHuTH KpoBOTiK. [‘eMocra3 BkIOYae CKIaHI
B3a€MOZIT MDK 0e3miu4i0 MOJNEKYIAPHHX 1 KIITHHHHX
KOMIIOHEHTIB Y KPOBI 1 CTiHKaxX CyAuH.

Tpom003 MoKke cTaTHcsi y BCIX BEIHMKMX a00 IpiOHHMX
aprepisix [5]. OcHOBHUMH JAUISHKaMH, CXWIBHHMH JIO
yTBOpeHHsI TpoMOy, € KOpOHapHi apTepii, COHHi aprepii Ta
nepudepuuni aprepii. BenosHuit Tpom003 BimHOCATH 10
TOCTPHX 3aXBOPIOBaHb, IPUYMH [UIsl HHOI'O BUHUKHEHH 0araro,
OCHOBHI — 1€ NOPYIICHHsI CTPYKTYPH BEHO3HOI CTiHKH ITiJ 4ac
oreparii, TpaBMH, IPOMEHEBOI Ta XiMioTepamii, yHOBIIbHEHHS
MIBUJIKOCTI  KPOBOTOKY,  MIJBUILEHA  3TOPTAHHS  KpOBI.
AprepianbHuil TpOMO03 (aTepOTpOMO03) — MATONOrYHUH CTaH,
Maibke B YCIX XBOpHX € arepockieporuyHi Ousmxu. Ile
XOJIECTEPHHOBI BiZIK/Ia/ICHHS, BOHH 3BYXKYIOTb IIPOCBIT B apTepil
Ta TPU3BOIATE 10 nedimury KpoBooOiry. 3roaoM OISIIKH
00pocTaTh TPOMOOM.

Knrouosi cnoea: mopenoBaHHs TpoMOy, cepleBO-CyHHHA
cucTeMa, TpoM003, aprepialibHUI TpOMOO03.

[. BCTVYII

[pouecu, 3amydeHi J0 HpoleECy 3rOPTaHHS, MOXYTh
OyTH IIUPOKO KJIACH(PIKOBAHO HA OCHOBI KA TOBYKHHU.
[ToB's13aHi peakiii (epMEHTATUBHOI'O IMPOTEOTI3y Ta IX
acorriarii Ta aucorailii, oOymMoBJyieHi riapoGoOHUMHU Ta
EJIEKTPOCTATUYHUMHU B3a€MOJISIMU, MOXKHa DPO3IIISIAaTH
SK TPOIIECH Ha MOJIEKYJSIPHOMY piBHI, JUHAMIYHHNA
YTBOPEHHS 3TYCTKY Ta JI3UC OUIBIINX YaCTHHOK, TAKUX
SIK TPOMOOITUTH,
vWEF, ¢iopur, RBC i T. A., MOXHa pO3IJISAATH SK
MikpockomiuHi mporecu. IlomiMmepuzaris (iOpuHy Ha
BHUIIIOMY DiBHi, HOTr0 NMPUKPIIUIEHHS Ta BiANIapyBaHHS 31
CTIHKaMHU CYIMHHOI KaMepu Ta EepUTPOLMTAMH MOXHA
pO3TIIsAaTH SIK IpOLIeCH MaKpOCKOITIYHOTO
KOHTUHYaJIbHOTrO piBHA. 11[06 MozemtoBaTH 11i mporecH B
PI3HUX IPOCTOPOBO-YACOBMX MAacIITadax, MH ITOBHUHHI
BUKOPUCTOBYBATH BIIIOBiAHI 004U CITIOBAIbHI
IHCTPYMEHTH. Ha IacTs, MaTeMaTH4HI Ta
00YHUCITIOBAIIEHI METOJIM 3HAYHO MPOCYHYIIHCS TPOTITOM
OCTaHHBOTO CTOJITTS, & OOUUCIIOBAJIBHI PECYPCH, TaKi SIK
KOMIT'IOTEPH Ta CEpBEpH, CTaJH JICHIEBIIMMU 1 IIBUJIIIE
[1,2]. MoxHa, MOXXIIMIBO BUKOPUCTOBYBAaTH OE3KOILITOBHE

MporpaMHe 3a0e3MEeUYCHHS 3 BiAKPUTHM BUXITHHM KOJIOM
Ta TOTYXHI MoBH, Taki sk LAMMPS, NAMD,
GROMACS, OpenFoam, Octave, Python i T.x., mo6
MOJICITIOBATH I1i MPOIIECH B PI3HUX MacIiTadax.

II. MATEPIAJT I PE3YJILTATH
JIOCJILJDKEHD

Meron kinueBux enementiB (FEM) - ne umcenbHui
METOJl, BUKOPHUCTOBYBAaHMH JUIS aHANi3y METOJ0M
kinneBux enementiB  (FEA)  Oymp-sikoro  gaHoro
¢iznuHoro siBuma. HeoOXiqHO BUKOPUCTATH MaTEMaTHKY
JUIsl BCEOIYHOTO PO3YMIHHS Ta KiJIbKICHOI OIIHKH OYJIb-
SKUX (DI3UYHHUX SIBUI, TAKUX SIK CTPYKTypHA IOBEIiHKa
a0o0 MOBEJIIHKA PIAWHM, NTEPEHECeHHs TeIlla, OIIHPEHHS
XBWJIb Ta 3POCTaHHS OIOJOTIYHMX KIITHH. BiBLIICTH i3
LUX MIPOLIECIB orMcaHi 3 BUKOPHCTAaHHIM
nmudepeHIianbHuX piBHSAHD NpuBaTHUX noxigHux (PDE).
Tum He MeHI, a1t KoMm'torepa, o6 Bupimuty i PDE,
YHCENbHI METOAM OyIH po3poOJieHI MPOTArOM OCTaHHIX
KIJIBKOX  JECATHIITH, 1 OMHHM 13 HaHBHMIATHIIIAX
CBOTOJIHI € METO/ KiHIIEBUX €JIEMEHTIB.

MopentoBaHHs TOTOKY KpoBi Ta (opMyBaHHS Ii
3TYCTKY — CKJIaJHUH mporec. Yepe3 BEIHMKY KUIBKICTh
peakiiii TpOoTeoNizy Ta MOJIMEpH3allii yTPYTHIOETHCS
MOJICTIOBaHHS OIHHUM METOJIOM, 1 BHKOPHCTOBYIOTh
KOMOIHAIIT ICHYIOUYHX MiAXOMIB VY I1ili poOOTI MU OymeMo
kimacu(ikyBaTH pi3HI METONHU, IO BUKOPHUCTOBYIOTHCS
JUISL TEMOCTa3y Ta TpoMOO03y, Ha OCHOBI JIOBXKWHH, IIIKAJIH
yacy Ta Horo kiacy. Jias CTHCIOCTI MU OOMEKHMMO HaIlli
O0TrOBOpEHHS, TMOB'A3aHi 3  MOJCIIOBAHHAM  Ta
MOJICTIOBaHH;M YTBOPEHHSI KpoBi uu (iOpHHOBOTrO
3TYCTKY, 1 HaBiTh iX MexaHikor. Cnodyatky wu
repepaxyeMo METOAN MOJIEIOBaHHS, OPIEHTOBaHI Ha PyxX
KpOBi Ta YTBOPEHHS 3TYCTKIB, a MOTIM IOIOBOPHUMO IIPO
METO/IM BUBYEHHS MEXaHIKH TAKHX YTBOPEHHUX 3T'YCTKIB.

CynuHa KpOBi NpeiCTaBieHa Y BUTIISIAI TPYOOUKH, sIKi
MEepEeHOCATh KPOB, HAacHYeHy KHCHEM, 10 apTepii,
apTepioii Ta apTepiabHOMY Kamijsipy A0 BCiX OpraHiB, a
TAaKOX Yy Cepue KpPOB HAIXOAUTh BHKIIOYHO TIO
BEHO3HOMY KaIliJIIpy, BEHYTI Ta BeHi. B aHaToMmii
JIIOIMHY BUAUSIIOTH 5 BUIB: apTepiid, apTepiol, Karijsp,
BEHYJI, BEH.

Jlronchkuii OpraHi3M CKIAIAETHCS 3 2-X KiJl KpOBOOOITY
— BEJIMKHH KOJIO KPOBOOOITY Ta MaJyie KOJIO KPOBOOOITY.
Jlo mamoro koia KpOBOOOIr BiIHOCHTHCS TOJIOBHUIMA
M030K. KoxeH Buj CyAWH BUKOHYE TEBHI 3aBAaHHSA, 1
TOMY y CY/IMH pi3Hi JiaMeTpH, TOBIINHU Ta CKJIAX CTiH.

Aprepis - e cyauHa, KOO KPOB PYXa€ThCs 3 Cepllsl.
Cepiie BUKHIAE KpPOB 3 BEIIMKOK MIBHIKICTIO 1 TOMY
CTIHKM apTepiii MaloTh IMOPIBHAHO OUIBITY TOBLIVHY,
TOMY IO BUTPUMYIOTh BEIHMKHH THCK. [liamerp aprepiii
TaKOX BITHOCHO HaiOUIbIINI B B MOPIBHSHHI 3 1HITUMHA
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TUaMu cyauH. HaiiOinpmioro aprepieo B oprasizmi
JMIOAMHA € aopTa. Y HaWmmMpmiiii 4acTuHi aopra Mae
nmiamerp 25-30 MM ge THck craHoButh P=100-110
MM.pT.cT. Tak $IK CTIHKM apTepiii JOCHTh E€NacTH4Hi,
BOHHU MarOTh 3J]aTHICTh CTUCKATHUCS Ta PO3LINPIOBATHCH B
3aJIeKHOCTI BiJl KUIBKOCTI Ta TUCKY KPOBI,

10 HAIXOUTH JI0 HUX.

Aprepionu € JOpiOHUMH apTepisiMH, PO3TALIOBAHUMHU
MK aprepieo Ta KamijsipoM. bing cTiHOK apTepion
cepeqHs TOBIIMHA, Oyy4rd MEHIIO 32 TOBUIMHY CTIHOK
apTepiii, ajge OUTbIIC KAMUIAPHUX, 1 MalOTh TOJOBHHM
YHMHOM TJanki M's3u. Uepe3 Te IO apTepioid MaroTh
IJaJKi M's3M, BOHA 3/IaTHA 3MIHIOBaTH CBOi PO3MIpH.
Posmipu  giamMeTpa  BIUIMBAIOTH  HA  INIBHIKICTH
KpOBOOOITY, TOMY IO MEHIIE JdiaMeTp, TO OuIbIIe
HIBHIKICTB CITIOCTEPITa€eThCs, 1 HaBNaku. THCK Ta IiameTp
cranoBuTh TUCK: P=70-80 mm.pT.cT Ta D=50-100 MxMm.

Kaminsipamu Ha3uBaloThesl JpiOHI Cy[qMHU KPOBI, SKi
MalOTh YHIKaNbHICTh, IO BIJPI3HSAETHCS BiX apTepii,
apTepion, BEHYJ 1 BEH 3aBIAKU CBOIM ()YHKIIiOHAJTLHUM
0COOIHUBOCTSIM.

OprasiaM 1 OUIBIIICTh TKAHWHU JIIOJWHH TPOHU3aHA
KamsipamMd.  3a  OOMIH pEYOBMH y  OpraHi3mi
BINMOBIMANbHI  Kamijsipu. Bomu, MOJNEKyau, iy,
KHCHI, CEYOBHMHH, BYIJIEKHCIHH Ta3 Ta iHII PEYOBHHHU
BUJILHO IIPOHUKAIOTh MO CTIHKaxX KaIlispiB, OCKIIBKA
BOHM [JyXe HEBEJIMKOro po3mipy. | Tomy B mii
0COOJIMBOCTI KamiJIsIpiB B OpraHi3aMi Mae Miclie Nporec
OOMiH PEYOBHH.

3arayipHa KUTBKICTh KaIlIApiB Haiiuye nmpubmmzno 40
MUTBApHIB, a iX ruoma 3aiiMae maibke 1000 kB. M.
CTiHKM KansIpiB BKIIIOYAIOTH JIMIIE OAWH IIap KIITHH
exnorenito. Jlis 1muTOoKOiHY OOYMOBIIEHAa NMPOHUKHICTIO
Kanusipaux ctid. P=15-30 mm.pt.cT (THCK), D=4,5-7T™MKM
(miamerp).

Benynynato. BeHy NONOBHIOE KaIlIApHY MEpexXy 1
BiJMOBia€e 3a pyx KpoBl B Kamijsipax. CTiHKa BEHYIIH
mMpiIa, HDK y KamsipiB, aje BKe B IOPIBHSHHI 3
aptepionbHuMH. JliameTp cranoButh D=40-50 MkM, a
THUCK -

P=15-20 wmm.pr.ct. IlIBuakicth mepebiry Kposi
BEHYJIaMH MOX€ KOJIMBaTHCS B Jiana3zoHi 3-10 mm/c.

[I1o6 omumcatu 3BYKEHHS KPOBOHOCHOI CYAWHH, Yy
MEJIUIMHI BUKOPUCTOBYEThCS TepMiH «CTeHo3». CTeHo3
- I PO3BUTOK aTCPOCKICPOTHYHOI OJIAIIKH Ccamoi
aprepii, 0 € CyAMHaMH, 1110 HECYTh KPOB BiJ ceps A0
opranaM. [lig arepockiepo3oM MaeTbcsi Ha yBasi
MATOJIOTIYHHUH TPOLIEC, BHACIIIOK SIKOTO CTIHKH apTepii
3aCMIUyIOTBCS KHUPOM, XOJECTEPHHOM, KaJbllieM Ta
IHIIMMH PEYOBMHAMH, YTBOPIOIOYH TPH I[bOMY TaK 3BaHi
aTtepoMaro3Hi Onsmku. B pesynmbraTi CTIHKM apTepii
TOBLIAIOTH 1 BTPavyalOTh CBOK EJIACTUYHICTH, IO
NPU3BOJUTL JIO TOTIPIIEHHS IXHBOTO TIPOCBITY Ta
MepenIKoKae UM BUILHOMY pyXy KpoBi [1].

Jlo rpynu pU3UKYy BXOAWTH JIIOJHM 3 TAKMMHU XBOpOOaMu
Ta IIKiIJTMBUMU 3BUYKAMHU:

* KypiHHS;

* NIepeBayKaHHs B PallioOHi )KUPHOI DKi Ta TOCTPOI 1Ki;

* IlYKPOBUI Aia0erT;

* BaCKYJIiTH;

* OXKUPIHHS;

* aTEPOCKIIEPO3;

* rinepToHisi.
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ATepockiiepo3 CyAWHH y TOJOBHOMY MO3Ky. Y pasi
MOPYILEHHS! B TOJIOBHOMY MO3KY BigOyBaloThcs 3001 B
KpoBorocTayanHs. CHMIITOMH —3ajieKaTb  ypakeHOl
KOHKPETHOI JUJITHKH T'OJIOBHOTO MO3KY. Y pasi, KOIU Y
CyJHMHaX TOJIOBHOTO MO3KY BiJIOYBa€ThCs 3BY)KEHHS Te,
IO TIOYMHAETHCS HENOCTATHIN KPOBOOOIT 3 SICKpaBUMHU
CHUMIITOMAaMHU.
B MeauiuHi € 3 eTanu CTeHO3Y:

1. cyOcTeHos;

2. cyOTOTaIbHUN CTEHO3;

3. TOTaNbHUM CTEHO3.

Pucynok 1 — Tpu eranu creHO3y

Uucno Petinonbaca Oe3po3MipHe. Y KOXKHOTO YHUCIIA
PeitHONbACA € KPUTHYHE YUCIIO:

1. IMotix € naminapuuM, sikio Re = 0-2100.

2. Iorix € mepexigaum, sxmio Re = 2100-4000.

3. Ilotik € TypOynenTHuM, sikiio Re>4000 .

1106 3HaiiTn ymcno PeliHonbaca, BUKOPHUCTOBYEMO
dbopmyny:
_v-D-p

H

3a rycruny kpoBi Oepemo -p. IIpu nuTomiit Basi Ta
BiJTHOCHI} T'YCTHHM BEJIMYHMHA ITOKA3y€ CITiBBiTHOIICHHS
Baru peyoBUH JI0 3aiiMaHux oOcariB. [Ilutoma Bara KpoBi
-1,050-1,060 r/cm’. TTnazma KpOBIi pifka Ta Jjerka, a ii
¢dopMeHi eneMeHTH (EpUTPOLUTH, TPOMOOLUTH Ta
JIEWKOLMTH), HaBNaKW, TsDKKL. [IluTomMa Bara Kposi
00yMOBJIEHA KIIBKICTIO €PUTPOLUTIB, BMICT FeMOIIO0IHY
B HUX Ta ckimaay 1ia3mu. [lpm Baxkid poOori
IBUIIYETHCS MITIUBICTh, OTXKE, MiJBUILYETHCS HTOMA
Bara a0o IIUIBHICT, KPOB 3TYIIYEThCS. A TIPH 3HIDKEHIN
MITIUBOCTI CIIOCTEpIraeThcsi aHeMis. B'si3kicTh KpoBi
BITHOCHTBCS 0 B'SI3KOCTI BOIU Y CITiBBiAHOIICHHI 4-5,5.
e 1/c-cm (B's3kicTh). SIKIIO B'SI3KICTH BOOW B3STH 3a 1,
oTke KpoB Oyme 4-5 pasiB TycTilna, 3BiACH IUTa3Ma
rycrima B 1,7-2,2 pasu. HopmanpHa Temrieparypa
moauad - 36,2-36,7°C.  BuMipioBaHHA — TeMIIEPATypU
MPOBO/ISITH B yMOBax CTaHaapTy. B'sA3kicTb KpoBi He
3aJIeKUTh BiJl TeMIlepaTypu Tijla, BIANOBIAHO, HE
3MIHIOBaTUMEThCS. B'sI3KicTh 301MbIIYEThCS Yy BUIAKAX,
KOIIM BiNOYBAa€TbCS 3HEBOJHEHHs (HAIPUKIAJL, IpU
ortikax, MpoHOcax, abo B HOPMIi IpHU Kapi BIITKY abo B
JIa3HI), TaK CaMO B'S3KICTh MOXXE 30ULIBIIYBaTHCS SKIIO
301MBLIYETBCS  KUIBKICTH ~ (DOPMEHHX  €JIEMEHTIB
(Hanpukiax — y ropax 31 3HW)KEHHM aTMOC(EpHUM
TUCKOM 1HTEHCU(IKYETHCS BUPOOJIEHHS EPUTPOLMTIB 3
METOI0 BI/IIKOYBaHHS KUCHEBOI'O TOJIONY, & SIKIIO KPOB
3TYIIYEThCS, TO CIIOCTEPIraeThcss BapUKO3, TPoMOO3,
BOJTHOYAC aTEPOCKIEPOTHYHA OJISIIKA TaKOXK ITPOBOKYE
3HW)KEHHSl EJIACTUYHOCTI EPHUTPOLUTIB Ta KpPOB CTae
B'SI3KOI0). B's3ka KpOB 00YMOBITIOETBCS
BEJIMKOMOJIEKYJISIDHUMH OlIKaMH 11a3Mu. (iOpuHOreH. -
Tuck KpoBi B CyIWHax TOJOBHOIO MO3KY B HOpMI
nounHaetses 3 50-60 no 130-160 mwm pr.cr. -IlBuakicts
mepediry KpoBi y Mo3koBHX cyauHax. O0'emHa

Re
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HIBHIKICTE KpoBOOOIr popiBHoE 50-65 mi/100 1/xB.
JliniliHa wWIBMAKICTH KpoBooOiry Hamiuye IloBepxHs
MO3KY XapakTepu3yeTbCA PpI3HUMH  aHACTOMO3aMH,
OCKIJIbKM KPOBOHOCHI CYJIMHHM 3aJlisiHi y BEIUKOMY KOJIi
KpOBOOOITy. SIKIIO X y CyAMHaX MO3KOBOTO KPOBOOOITY
(Maye KoJO) BiJCYTHSI aHACTOMO3, TO BHACIIJIOK YOro
imemii HEpBOBOI TKaHWHH CYNPOBOMXKYE TpomMO03 abo
crma3M JpiOHHMX cyauH ycepenusi Mo3ky. CepemHs Bara
TOJIOBHOTO MO3Ky  1420-1520 r y craHi CIIOKOIO
cnioxkuBae npubnusHo 720 mu/xB — ne Onusbko 15%
3arajbpHOro BUKHIY. [liamerp cynunu nopisaioe D = 0,01
CM.

cm
9.p.p 40=-00len 105

H

2
3
M

Re 14

2

0,03

c-cm

Teuis € naminapuuMm T.K. Re=1750. JlaminapHa Teuist
— 1e Teuwis, B AKid piIUHA pyxaeTbcs 0e3 OyIab-sKuX
nepeMinryBaHHs Ta mynbcanid. CranmaptHa kpoB (Y
HOpMi) siBIIsiE COOOI0 JIaMiHapHMW TOTIK. Y  Xomi
JIaMiHapHOTO MIOTOKY YTBOPIOIOTHCS nipodii
HIBHIKOCTEH PYXiB piauHM 1o mapaOomiuHii TpyOi, sike
Ha3UBAEThCA MapabONiYHOIO.

144

Pucynok 2 — AprepiaibHa Tedis: TypOyJIeHTHa Ta
JamMiHapHa

ITpyumHa MATONOTIYHUX 3BUBHCTOCTEH OyBae dacto
BPO/KEHOIO, ajle HEepiJKO TiNeproIoBXKeHHs apTepil
MIPOTIKa€E SIK HACKIJIOK TirepToHI4HOi XBopoou. TpuBanuii
HPOMIXKOK Yacy 3BHBHUCTHIl ITOCYZ HE BHUSBIIE OyIb-sKi
CHMIITOMH, ajie HECIOAIBAHO y XBOPOTO 3aIyCKarOThC
po3nagM KpoBOOOIr'Yy CYOWH TOJOBHOTO MO3Ky. Yepes
reMOJIMHAMIYHOTO HOPYIICHHS, BUKJIMKaHHUX
[ATOJIOTIYHOI0 ~ 3BUBHUCTICTIO  CyIWH, ITOYMHAETHCS
TOCTPHUIl PO371aJ KPOBOOOITY B CYAHHAX FOJIOBHOI'O MO3KY
imeMiyHOro Xapaktepy VY 0aratboX TaIli€HTIB, SKi
OTpUMAalId  1HCYNBT 31 CMEpPTEIbHUMH HACHiJIKaMH,
MEIUKM BHSBWIM TIATONOrii COHHHX Ta XpeOCTHHX
aprepiil. SIKII0 MOpPYyIIEHO KPOBOOOIT CYIUH TOJOBHOTO
MO3KYy 3 TaTOJNOTIYHOI  3BHUTICTIO  YTBOPIOETHCS
CeNTaJbHUH CTEHO3 y MICISIX NEPEruHy 3i 3HIKCHHM
KPOBOTOKOM 1 TaK CaMO HPHU3BOMATH JO HAsBHOCTI
MIPUCTIHKOBOTO TPOMOY y MICIli TIEpEeruHy Ta y MeTsX.
Slkmo B mocynmuHi € TpoMmOH, Ie MOPOIDKYE apTepio-
aprepianbHy — emOomito.  IlaronoriyHa  3BUBHCTICTH
notpedye XipypriuHoro BTpy4aHHs. Y B npanmii yac
HaNpanboBaHO 0e3lliy pi3HUX METOAUK XipypridyHoi
KOpEKIIii pO3TJIsTHYTOl MaTOJIOTi.

YucenbpHe MOJETIOBaHHS BEH JI03BOJISIE Bi3yaizyBaTi
nepeOir, BUKIIMKaHe cTeHo3oM (puc 3, 4). 3aBasku mii
JoAaTKOBiM  iHQopmamii, OTpUMaHOi B  pe3ynbTati

eKCIePUMEHTIB, MOXKHA BUSBUTH SIK PO3MIPH CTIHOK, THII
i xapakrepy Iiepediry BIUIMBaIOTh Ha  CTailo
3axBoproBaHHs. Di3ioNOriyHi Ta NATONOTIYHI YMOBH Y
KPOBOHOCHHX  CYAMHaX pO3BHBAIOTHCS 33  TAaKUX
rapaMmeTpiB: PpO3MOALT IIBUAKOCTI MO OCi, JiamMerp
CyIMHH, ULIUIBHICTh Ta B'S3KICTh KpoBi. OcoOIuBOIO
XapaKTepHOIO PHUCOI0  KpoBOOOiry, Je € CTEeHO3,
BiJ[3HAYA€EThCS HASBHICTH MEPEXiTHOTO 1 TypOYJIEHTHOTrO

peKUMY Tewii, IO € TATOJOri€l0 MOPIBHSIHO 3
HOpPMaJbHUM  pEXUMOM  Tnepediry  kposi. [lpm
HaliMeHIMX uyucnax PelfHonpaca y  MO3KOBOMY

KpOBOOOIry mepelir KpoBi MpOTiKae y JaMiHApHOMY
pexuMi. CentajabHUIl CTEHO3 XapaKTePHU3YEThCsI TAKHUMHU
SIBUILIAMH TOJITy Tedii, BUXPOBUMH 30HAMH, CHJIBHHMH
HPHUKOPOHHAMH LIapaMU.

Pucynok 3 — Cnpobu MozentoBaHHs TpOMOY B
3aBHTKY apTepii
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Ex 3 1 E Y o os :
Pucynok 4 — Cripobu MoentoBaHHs TpoMOY 3
YTBOPEHHSIM TYpOYJIEHTHOCTI B apTepii

III. BUCHOBKU
J1st pospaxyHKy Ta Bisyalisaiii MMOTOKY pPiIWHH 3
BJIACTHBOCTSAMHM, AHAJOTIYHUMH BIIACTHBOCTSAMH KpOBI,
OyB BHKOPHUCTAHHU MAaTEMATHYHHUHA MAKET MOIETIOBAHHS
COMSOL Multiphysics. 3po6iieni mepmri — crpodu
MOJICITIOBAHHS CTEHO3y (TpoM003y) B KPOBOHOCHOMY

pycmi.
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Po3po0Oka Mojieneii Ta METO/1iB KOMIT FOTEPHOIO
IUIAHYBAaHHS onepaTuBHUX BTpy4daHb Ha [TIKT

JAmMutpo nyapeHKol, Bunamucnas Hikitiox'
1. HaBuanpHO-HaYKOBHI IHCTUTYT €IE€KTPUYHOI iHXKeHepil Ta iHpOpMaLIHHUX TeXHOJIOr1H,
KpemeHuynbkuil HalionansHuil yHiBepeuTeT iMeni Muxaiina Octporpazcskoro, YKPATHA,
Kpemenuyk, By:. IlepmorpaBHeBa, 20. email: dkuch100@gmail.com

Anomauia: 3rimHO 3 JaHWMH, SKI TOBIIOMHB MuKoONa
Xo03ei, ronosa aenapTaMeHTy pedopM Ta po3BUTKY MEIUUIHOL
noriomord MO3 Vkpainy, IIOpPOKY OHKOJIOTiIYHI 3aXBOPIOBAHHS
NEpPBUHHO JiarHocTyroTh y 160 THcsd ykpaiHuiB. 3a
opilifHUMH TaHUMH B YKpaiHi NpoXXuBa€ OIM3bKO OIJHOTO
MUIBHOHA MIOAEH, fKI BXKE IEPEHECIH SKeCh OHKOJIOriuHe
3axBoproBanHsl. 1llopoky B kpaiHi Bin paky nomupae 90 Thcsy
HAceJIeHHs, MOJIOBUHA 3 SIKMX Ipare3naTtHoro Biky. ¥ Kuesi y
KOXKHOTO 56 KMTeNs [IarHOCTYIOTh 3JIOSKICHY IyXJIHHY [2].
Mloromuan B Ykpaini pak pgiarHocrytots y 18 ocib, a 10
JIOJMHA [IOMHpAa€ BiJl  OHKOJOIiYHOIO  3aXBOPIOBAaHH:.
OHKOJIOr'isl IPSIMOI KMIIKM Ta LUIYHKY CTaHOBUTH 52,2% Bin
yciX 3J105IKiCHUX IyXJuH [1].

Mera poOOTH — CTBOPEHHS MaTEMaTH4HOI Ta HPOrpaMHOI
mozeni HIKT mroauHu 3 MOXKIMBICTIO OBIIBHOIO BU3HAUCHHS
KOOPJMHAT 3JI0SIKICHUX YTBOPEHb Ha HOro MHOBEpXHi, s
MOJAJIBIIONO JE€KBATHOIO XipypriyHOro BTPYYaHHS 3 METOO
BUJIAJICHH YaCTHUHHU 3JIOSKICHOI TKaHMHU. TakoXX BU3HAUMTH
OCHOBHI MOKa3HUKH, sKi OyIyThb BIUIMBATH Ha aJICKBaTHICTb
mogzeni HIKT, mo 6yne nmodynosana.

Kniouosi cnoea: KOMITI'IOTEpPHE IUIAHYBaHHS, IITYHKOBO-
KUIIKOBUHM  TpakT, Moieni Ta  METOOH, IporpaMHe
3a0e3MeyeHHs.

I. BCTVII

Jo cxmany unumyHkoBo-kumkoBoro Ttpakty (ILKT)
BXOJIUTH: POTOBa IMOPOXXHHHA, POTOTJIOTKA, CTPABOXIi,
LNUTYHOK, TOHKAa KHIIKa (OO CKJIagy SKOi BXOJHUTh
JBaHAIATHIIANA, Xyda 1 KIyOoOBa), 1 TOBCTa KHIIKA
(minuThCs Ha CIiMy, BUCXiIHY, TONEPEYHY, HU3XIiIHY,
CHUTMOBHJIHY 1 TPSAIMY); KPIM I[LOTO O TPAaBHOI CHCTEMH
HaJle)KaTh TPaBHI 3aJI03M, HAHOUTBIIUMH 3 SKUX € TpH
Mapu CIMHHUX (10 OAHIH 3 KOXXHOrO OOKY - MPUBYIIHI,
TIAIENenH i 1 i1 I3UKOBI), a TAKOX MIINUTYHKOBA 321032
1 MedyiHKa 3 KOBYHHUM MixypoM. TakuM YHMHOM MOXHA
BUAUIUTH OCHOBHI aHatomiuHi crpykrypu LIKT:
LITYHOK, TOHKA KHIIKA, TOBCTA KHUIIKA.
BenuunHa muTyHKa CHIBHO Bapilo€ SK iHAWBIAYaNbHO,
Tak 1 B 3aleXHOCTI Big Horo HamoBHeHHs. [lpu
cepeqHbOMY CTYIEHI pO3TATYBaHHS HOTO JIOBXKHHA
omu3pko 21-25 cMm. €MHICTh NIUTYHKa B 3HAYHIA Mipi
3aJI©KUTh BiJ JIETHYHUX 3BUYOK CyO'ekTa 1 MOXKe
KOJIMBATUCS BiJl OJHOTO JO NEKUIBKOX JITpiB. Po3mipu
LITyHKa HOBOHAPO/DKEHOTO MyXK€ HEBEIHKI (JIOBXKHHA
nopiBaioe 5 c¢M) [1]. IcHYIOTH HACTyIHI TpHU OCHOBHI
(opMHU 1 MOJOXKEHHS IUTYHKA!
- OUTyHOK y ¢opmi pory. Timo mutyHka po3TalioBaHe
Maibke  TomepeK,  IOCTYIIOBO  3BYKYIOUHCH 10
MUIOPUYHOr0 YacTHHU. [IpUBpaTHHUK JIEKUTH BIIPABO BiJ
MpaBoro Kparo XpeOeTHOro CTOBMNA 1 € HAaWHMKYOIO
TOYKOIO IIUTYHKA. BHACIIOK IILOTO KYT MiX HU3XIJHIH i
BHUCXIJIHI YaCTUHAMU LUTyHKa BIACYTHiIH. Beck nuryHok
pO3TalIoOBaHUM Maike MONepedHo;

-IIUIYHOK Yy ¢opmi rauka. HusximHa dvacThHa muTyHKa
CIyCKaeTbCs KOcO abo Maibke IpSIMOBUCHO BHU3.
BucxingHa yacTuHa po3TamioBaHa KOCO - 3HHM3Y Bropy i
HampaBo. [IpuBpaTHUK JEXHUTH Ol TNPaBOro Kparo
xpebeTHOro cTtoBma. Mix BHUCXIAHIA 1 HH3XITHINA
YaCTHHAMHM YTBOPIOETHCS KyT (incisura angularis), memo
MEHIIUH NpsIMOro. 3araiabHe MOJIOKEHHS IUTYHKA KOCE;
-IIUTYHOK Y (hopMi maH4oxu, abo MOJOBKEHUH IUTYHOK.
Bin cxoxwuii Ha momnepenHil («radok»), aie Mae AesKi
BIIMIHHOCTI: SIK TOBOPHTh CaMa Ha3Ba, CIaJHAa YaCTHHA
Horo OiNbII TOAOBXKEHA 1 CITYCKAETHCS BEPTUKAIBHO;
BHCXIi/IHA YaCTHHA MiJHIMAETHCS Bropy KpyTille, HIXK Y
umyHky y ¢opmi rauka. Kyr, yrBopeHumit Maioi
KPUBU3HOO, OUbII TocTpHid (30-40 °).

ToHKa KHIIKA Ma€ MEHIIE TOBCTI 1 MIIHI CTiHKH, HIX
CTIHKM TOBCTOI KHIIKH, a TaKoK JiamMerp ii
BHYTPIIIHBOTO TPOCBITY, a00 OPOXKHUHU, TAKOXK MEHIIIE
JiaMeTpa MpOCBITY TOBCTOI KUIIKW. TOHKAa KHIIKa Ta
TOBCTa MalTh ILWIHIpUYHY GopMy. IcHyroui momeni
IIKT MoHa MOAUTUTH Ha JBI OCHOBHI rpymu: (i3u4Hi
MOJIeNi Ta KOMIT foTepHi. OCHOBHI HEIONIKH (i3UYHHX Ta
KOMIT FOTEpPHUX MOJEJIeH: MOJIelIb HEeMae MaTEMaTHYHOTO
amapary i He BpaxoBye reoMmerpuuHi BiaactuBocti IIIKT
Ta HE J03BOJSIE POOMTH KOMIT'IOTEpPHE IUIaHyBaHHS
Xipypriuaux BTpy4aHb. CIyrye TUIBKH Ui HAOYHOTO
npezcTaBiieHHs (puc.1-5).

Pucynok 1 — ®izndHa Moenb IUTYHKY
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Pucynok 2 — Komn’rotepHa MozieNlb NIUTyHKY

Pucynok 4 — TpuBumipHa MozENb LITYHKY B
nporpamMHoMy 3abe3nedenni 3d Max

Pucynok 5 — TpuBumipHa MoJIeib NITYHKY IUTYHKY B
porpamMHoMy 3abe3nedeHHi 3d Max 3 BU3HAYCHHAM
MATOJIOTIYHOT'O CTaHy

II. MATEPIAJIT PE3VJIbTATU JOCJIIIPKEHD

[lo6ymoBa cmpolleHa KOOpJWUHATHA  CiTKa  JUIS
TPUBHUMIPHOI JIeKapTOBOi CHCTEMH KOOpAMHAT. Ii MoxHa
3aCTOCOBYBATH TUIBKH JUIS O3HAWOMIICHHS 1 HaBYaHHS
MenuYHOro nepcoHanty. OCHOBHMM HEIONIKOM € Te, IO
CHpOlIeHa KOOpAWHATHA CiTKa HE BPaXOBYE aHATOMIYHY
OCOOJIMBICTB MY TUIAHYBAaHHI ONEPAaTHBHUX BTPYy4YaHb Ha
HIKT mronuau.

Pucynoxk 6 — IloOymoBa crpolieHoi KOOpAMHATHOI
CITKH JJISl IUTYHKY

Basyrounch Ha pe3yiapTaTax MPHUBEACHUX B POOOTI
[1,2,3,4], a came ampokcumariist yBirHyroi (Touku 1-5
puc. 7, 0)) i omykimoi (Touku 9-16) CTIHOK IUTYHKa
(acTpampHOro BiJIUTY) MOJIHOMaMHU TPETHOrO 1 I’ SITOrO
crynens BigmosigHo (1),(2), Oynmm 3amporroHOBaHi
HACTYITHI PiBHSHHSI, @ TAKOXX CTBOPEHA MOJIEIb IIUTYHKY B
CreliaNizoBaHOMy  OE3KOIITOBHOMY  IIPOTrpPaMHOMY
3a0e3neueHni Wings 3d puc.7, a).

7=(896,436x’ -64,994 x* + 1,206x+0,023)+P;

7=(9617,999 x° -847,094 x*-104,9966x> +15,369 x* -
0,661x+0,011)+P,

ne P- monpaBouHuii KoedilieHT, 0 yTOUYHIOE (HOpMy

Ta pO3MIp LUIYHKY.
Po3pobnena TpuBUMipHA MOJIENb IIUTYHKY Ma€ B CBOEMY
CKJIaJ[i TOYaTKOBY KOOPIUHATHY CITKY, IIIO CKJIAA€THCS 3
51 727 po3paxyHKOBHX TPUKYTHHX €JIEeMEHTIB (JIiHIHHUX
po3Mip eneMeHTiB 4 - 10-4 m).
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Pucynox 7 —  MopgentoBaHHS  HUTYHKY B
Creliali3oBaHOMy  OE3KOIITOBHOMY  IIPOrpaMHOMY

3a0e3meuenni Wings 3d

Jli1st 10Oy 10BM KOOPAMHATHOI CITKU JJIsl TOHKOI KHIIKH
Ta  TOBCTOi, HEOOXiJHO  BHKOPHUCTaTH  BiJJOMY
LWWIHIPUYHY CUCTEMY KOOPAMHAT, a TAaKOX PIBHSHHS

Mepexoay BiJX JCKapTOBOI CHCTEMH KOOPIMHAT [0
HWIIHAPUYHOT 1 HaBMakd. B pe3ynbraTi OTpHUMAaeMO

HACTYITHI PiBHSHHS:
v =|[[ dxdydz;
G
m= '[U u(x, v,z )dxdydz;
G

. Hj u(x, v,z )dxdydz |

v jijdxdydz

=
V= J. J. J. dxdydz = J. H rdrdodz;
G G

Hepp(X,3,2) =

m= ”ju(x,y,z)dxdydz = j”u'(r cosQ,rsin@,z)rdrdpdz.
G G

PospaxyBatn 1uIONly 3JO0SKICHOT MyXJIMHH MOXHA
po3paxyBaTu 3a HACTYIIHOIO (hOPMYIIOLO:

dS=k-dv-du,

ne k KOe(II[IEHT TPYXKHOCTI M’S3iB  TOHKOTO
KulleuHuKa, dv — JOBXMHA NyXJiuHH, du — IIUpUHA
MyXJIUHY (puc.8).

Jus monemtoBanns LIIKT, a sixk Hacmigok - moOymoBu
KOMIT FOTEPHOI CHCTEMH, HEOOXiJJHO BH3HAYUTHCA 3
OCHOBHUMH TIapaMeTpaMH Ta OCHOBHUMH aHATOMIYHHUMU
CTPYKTypaMH, sKi OyAyTb MaTH BaroMuil BHECOK HpHU
IUIaHYBaHHI oniepatuBHuX BTpy4dans Ha [IIKT.

a:‘:?"i‘{

=2, A
r. Pl
f oy 1 . 4

§ =
4 / e
Stagn Wl ; 314

a) a)
Pucynoxk 8 — ToOHKHMI KHIIEYHUK: a) TpPHUBUMIpHE
300pa)KeHHsT 3JIOSAKICHOI NyXJHMHH; O0) CcXeMaTH4He

300pa)KeHHs 3JI0KICHOT YXJIMHH, SIKa Ma€ JOBXUHY V Ta
UIUPUHY U.

Crioci0 BHM3HAueHHsS KOOpIWHAT Ha BHYTPILIHIN
MOBEPXHI MOJIENII TOHKOI'O KHIIIEYHHMKA, KOJIW To4uka M
MIePEXOANUTH Y TOUKY Mp.

: _aM{npn oz

al 5}
X=rcosQ,
y=rsing,
z=17Z.

7 =\/x2 +y2;
cosp=rsing, (-t <Q<1w);
Y

X' +y°
Z=Z.

Komm’toTepHa crucTemMa IMOBMHHA MAaTH BXITHHN OJIOK
JUIE BBOJAY OCHOBHHUX IIapaMeTpiB, HEOOXIAHUX JUIst
TUIaHYBaHHS ONEPaTUBHHUX BTpydaHb. BXimHi mapamerpu
MOXKHa OTPHMaTH 3a JOIMOMOrOI PEHTTEHOJIOTiYHOTO
JIOCITIJPKEHHS, HAPHUKJIIAl, BU3HAYUTH (POPMY 1 BEINUUHY
nuryHka. [lo HWKHIM MeXi IUTyHKa MOXXHa BHU3HAYUTH
Horo omymieHHs. Ha crinkax nuiyHka (a2 TakKoX KHIIOK)
MO)KHA Oa4yuTH Pi3HI TATOJOTIYHI 3MiHH-ITOTOBIICHHS
cn30B0i OOOJIOHKH, BUPA3Ky, PAaKOBY MYXJIUHY, pyOlieBe
3BY)KEHHSI.

bnok  momaTkoBUX ~ OOYMCIIEHP IIOBHHEH  MaTH
BIJIMOBIIHI PO3paxyHKH, HANPHUKIIAA, BU3HAYECHHS MicIs
petiecii pakoBOi MYyXJIMHH, PO3PaXyHOK KOOPIWHATHOI
CITKH, TOIIO. MOIyJh MITYYHOrO iHTENEKTY (HEHpOHHA

sing =
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Mepexa) HEOOXIMHUN JUIs TiABUIICHHSA HMOBIPHOCTI
MPUAHATTS ONTHMAJBHOTO pileHHs 1I0/10
nepeonepalifHoro IJIaHyBaHHs, BPaxOBYIOUM JOCBiX
xipypra. Moayne 300paxenns IIKT nae naoune
NpE/ICTaBJIeHHs. Ipo Micle mnaroiorii. basa mgaHux
TaIieHTiB 3a0e3euye 30epexeHHs MoBHOI iH(opMalii He
TIIBKM TIPO TAIli€eHTa, a W Ja€e 3MOry aJeKBaTHO
MpaIfoBaTH MOIYNIO0 INTYYHOIO IHTENEeKTy. Takox
HEOOXITHO MAaTH BUXITHHNA OJIOK, SIKHA MPOIOHYE
JKapro-Xipypry pesynbraT IuianyBaHHs. CTpyKTypHa
cxema MpuBeJeHa Ha puc.9.

Bxinuuit 610k (06podka
1 BxigHEx KaHmEx)

MoIyIb IITY<IHOTO IHTETIEKTY
(HelIpoHHA Mepesxa)

Brok goxatkosux

MaremariHa 1a
obunCcIeHE

mporpamBa Mogens KT

Basa JaHHX NalieHTIB \é Buxixsmi 610k

(pe3yneIaT NIaHYBAHHA)

L)

Pucynoxk 9 — CrpykTypHa cxema KOMI IOTEpHOL
CHCTEMHU TIepeloNepaIlifHOro IUIaHyBaHHS OHKOJIOTIT
HIKT ntoaunan

III. BUCHOBKHM

3acTrocyBaHHA CUCTEM nepeorepaniiHoro
TUIAaHYBaHHS MOXKE 3HAYHO IIPUCKOPUTH ab0O CHPOCTHUTH
pobotry Jikapsi, JOMOMOITH HOMY YHHKHYTH BIIACHHUX
MOMHWJIOK. BUIIEHO OCHOBHI aHATOMIYHI CTPYKTYpH
IIKT my1st qocmiKeHHs i MOJIC/TFOBAHHS: IIUTYHOK, TOHKA
KMIIKa, TOBCTA KHWIIKA. 3aIpOIIOHOBaHAa MaTeMaTH4Ha
MOJIEIb BU3HAYEHHSI KOOPIMHAT 3JI0SIKICHUX YTBOPIOBAHb

y WKT i 1ii nporpamna peamzamis. Takox
3alpoOIOHOBaHa  TPUBHMIpPHA MONEIb IIUIYHKY B
CreliaNizoBaHOMy  OE3KOIITOBHOMY  IIPOrpPaMHOMY

3abe3neueHni Wings 3d, sika Mae B CBOEMY CKJali
MOYAaTKOBY KOOPJIWHATHY CITKY, IO CKJIQAaeTbes 3 51
727 pO3paxyHKOBHX TPHUKYTHHUX €JIEMEHTIB (JiHIHHUX
posmip enemenTie  4-10-4 M). Bona BpaxoBye
aHATOMIYHY OCOOJIMBICTH BEJIUYUHU Ta PO3MIpY ILIYHKY
KOKHOT ~JtoguHH. Takoxk mnoOymoBaHa  CIHpOIIEHA
koopauHaTHa citka IIIKT. CTBopeHa CcTpyKTypHa cxema
KOMIT FOTEPHOI CHCTEMHU niepeonepaniiHoro
TUIAaHYBaHHS OHKOJIOTTYHUX 3axBopioBanb [1IKT.

Ha ocHogi aHani3y icHyrounx moxmeneii IIIKT, meronis
Ta CHCTEM XIpypridHOTO IUIAaHYBaHHS BUSIBICHO IX
HEJOJIKH, OCHOBHUMH 3 SIKHX € BHUKOPHCTaHHS
CHPOIIEHOI0 MaTeMaTU4HOro arapary, [0 He BPaxoBYE
TCOMETPUYHI BJIACTHBOCTI 1 OIOJIOTiYHI Mapamerpu
LNUTyHKa Ta BIJCYTHICTh aJ€KBaTHOTO KOMII FOTEPHOTO
TUTAaHYBaHHS Ta MIPOrHO3YBaHHS Xipypri4HOrO
BTpy4aHHs. JIJId TMiOBUINCHHS JOCTOBIPHOCTI METOIIB
MIPOTHO3YBaHHS OIEPAaTHBHUX BTPY4aHb pPO3POOIIEHO
METOJl BU3HAYEeHHS KOOPJMHAT Ha BHYTPILIHIA MOBEPXHi
MOJIeJIi TOHKOI'O KHIEYHUKA. Po3polieHo Meron
BH3HAYEHHS KOOP/IMHAT Ha BHYTPIIIHIN MOBEPXHI MOJENi
nuyHKy. Jlins  peasmizamii  3amponOHOBaHHMX —METOIIB
pospobiiena monens KT nromuHM, 1m0 m03BOsE 11
TPUBUMIpHY Bi3yaJli3aliito.
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Anomauin: Y naniit poOoTi po3risiaeThes 0COOIMBOCTI Ta
HIOZHCH PO3pOOKM aBTOHOMHOI'O MajorabapurHoro poboTa.
JIyist mocsirHeHHsI ITOCTaBJIeHO! 3amadi Oynma po3pobiieHa cxema
MasiorabaputHoro pobora Ha 6a3i  Arduino Uno R3,
BUKOPHUCTaHHs  ynbTpasykoBux ngatuukiB HC-SR04  mns
Opi€HTYBaHHS Y IPOCTOPI Ta MOTOPIB — PEAYKTOPIB IS PyXYy.
[Iporpamue 3a0e3mneueHHs] po3po0IIEHO 3 BUKOPUCTAHHSIM MOBH
nporpamyBanHs C++ Ta ONTHMI30BaHO I B3aeMOmil 3
YIbTPa3BYKOBUMHU JaTuMKaMu. Takox Oyl IPOBEIEHO TECTH
Ha BUSBICHHS HEJONIKIB CHUCTEMU Ta IX BHIIPABICHHS IS
KpaIoi poOOTH CHCTEMH.

Knrwowuosi  cnoBa:  PoGor, PospoOka, OcobmuBocri,
AstoHomMHHH, YiberpasBykoBuil gatunk HC-SR04, ITporpamue
3abe3neuenns, ExeproedexruBHicts, Arduino IDE, Morop -

PERYKTOP.

. BCTVII

Po3pobka manorabaputHux poOOTIB € aKTyaJbHOIO i
BaXXJIUBOIO 3 0arathbox BaromMux npuumH. [lepmr 3a Bce,
MOOUITBHICTE: MayiorabapuTHI pPOOOTH MOXYTh JIETKO
MEPEMIIIaTUC B OOMEKEHHMX MpPOCTOpax, J¢ BEIUKI
pobotu He Moriu 0 mictatucs. Ile 0co0IMBO BaKJIMBO B
MEIMIIUHI JUT BHYTPIIIHIX JOCTIKCHb Ta OIepaliii, a
TaKOX B TIONIYKOBHX 1 PATYBAJIbHUX OINEPAIlisax Yy
CKJIaJIHUX YMOBaX..

Hpyruii dakrop — edekTuBHiICTE. ManoradapurHi
pOOOTH MOXKYTh BUKOHYBATH 3aBIaHHS OLIbII €PEKTUBHO
3aBASKM  CBOid  KOMIIAKTHOCTI 1  MaHEBPEHOCTI.
Hanpukman, BOHM MOXYTh OyTH BHUKOPHCTaHI JUIs
aBToMaru3aiii BUPOOHMIITBA, A€ IMPOCTIp OOMEKEHHH,
abo st 300py iH(popMaIli Ha BKKOAOCTYITHUX MiCIIX,
TaKuX SIK TpPyOOnpoBoaAn ab0 BEHTHIISIIIHHI CHCTEMH.

Tperim (axropom € HOBI MOXITUBOCTI.
MasiorabaputHi poOOTH BiIKPUBAIOTh HOBI MOXKJIMBOCTI
B TaKuX 00JacCTAX, K IOCIIIKEHHS KOCMOCY, BUBYCHHS
OKeaHy, IOCHIDKEHHS Tia3eMeuis Ta 0araTo IiHIIHX.
BoHu MOXyTh IOCTIDKYBaTH HeOE3IE4Hi cepepoBHIIA,
Jie He MOXYTb Tiepe0yBaTH JIFOJIH.

II. PO3POBKA MAJIOI'TABAPUTHOI'O
POBOTA

Y 1mpoMy po3dii MH  MOOYAYEMO — IPOCTOrO
ManorabapuTHoro pobora. Jlns 1BOro 3a OCHOBY
BukopuctoByeMo Arduino Uno R3, makerny mnary ams
3’€IHaHHA, Ui PYXy - MOTOPH — pEIyKTOpU Ta
enexTpuuHi npuBimm L293D. Jlnsg opieHTyBaHHA Yy
MPOCTOPI BUKOPHUCTAEMO YIIbTpa3BykoBi narumku HC-
SR04 (Pucynok 1).

Pucynok 1 — Ynprpa3zsykosuit natank HC-SR04

Juns 300py cxemum pobora Bukopucryemo Autocad
Tinkercad. Ha Pucynky 2 300pakeHa cxemi
I IKJTFOYCHHS po0O0Ta.

Pucynok 2 — Cxema miaKII0YeHHS

Pob6or Oyme ixaTu mpsiMO, aje MPH BHUSIBI MEPEIIKOIH
nepen coboto Oyne il 00’i3KaTu JOCTYITHM CIIOCOOOM:
SIKIIO TIEPENIKo/ia MpsiMo, poOOT TepeBipe Ha HasBHICTh
MepemKoa Mo 0okax. SIKIo Mepemkoaa JiBopyd, poOoT
oOMuHe Ti TpaBOpydY, SKIIO NEPEIIKOAa IMPaBoOpyd —
oOMHHE JIBOPYY.

MoBo0 TporpaMmyBaHHS, VIS PO3POOKH MTPOrPaMHOTO
3a0e3mneueHHs po0OoTta, Oyno odopaHo C++ yepe3 BHCOKY
MIPOJYKTUBHICTb i CYMICHICTIO i3 oOpaHuM
MiKPOKOHTPOJICPOM.

Kox mist Arduino:

//TIiAKITI09aeMO MOAYIII Y MIHH 32 HEOOXiTHIUM HOMEPOM
int intPin5 = 5;

int intPin4 = 4,

int intPin3 = 3;

int intPin2 = 2;

int trigPin13 = 13;
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int echoPinl2 = 12;
int trigPin11 = 11;
int echoPin10 = 10;
int trigPin9 = 9;
int echoPin8 = §;
//CTBOprOEMO 3MiHHI 1151 30epeskeHHs iH(OpMAIIiil 11010
JUCTAHINT BiJl JATYUKIB 10 00’ EKTY
long duration_center, cm_center;
long duration_left, cm_left;
long duration_right, cm_right;
//THimianizamnis nopris
void setup() {
pinMode(intPin5, OUTPUT);
pinMode(intPin4, OUTPUT);
pinMode(intPin3, OUTPUT);
pinMode(intPin2, OUTPUT);
pinMode(trigPin13,0UTPUT);
pinMode(echoPin12,INPUT);
pinMode(trigPin11,0UTPUT);
pinMode(echoPin10,INPUT);
pinMode(trigPin9,0UTPUT);
pinMode(echoPin8,INPUT);
j
//CTBOPIOEMO UK
void loop() {
//TIpormucyeMo poOOTY yIBTPA3BYKOBHX IaTYUKIB Ta
BHMIPIOEMO BiJICTaHb JIO HEPEIIKOIU
//TIpaBuii qaTIUK
digital Write(trigPin13,LOW);
delayMicroseconds(5);
digital Write(trigPin13,HIGH);
delayMicroseconds(10);
digital Write(trigPin13,LOW);
pinMode(echoPin12,INPUT);
duration_right = pulseln(echoPin12,HIGH);
cm_right = (duration_right/2)/29.1 ;
//1leHTpaIbHUN TATIUK
digital Write(trigPin11,LOW);
delayMicroseconds(5);
digital Write(trigPin11,HIGH);
delayMicroseconds(10);
digital Write(trigPin11,LOW);
pinMode(echoPin10,INPUT);
duration_center = pulseln(echoPin10,HIGH);
cm_center = (duration_center/2)/29.1 ;
//JliBuit maTauK
digital Write(trigPin9,LOW);
delayMicroseconds(5);
digital Write(trigPin9,HIGH);
delayMicroseconds(10);
digital Write(trigPin9,LOW);
pinMode(echoPin8,INPUT);
duration_left = pulseln(echoPin8,HIGH);
cm_left = (duration_left/2)/29.1 ;
//TIpOITUCYEMO AJITOPUTM IS 00’ 13Ty TIepEIIKo
if (cm_right < 80) {
digital Write(intPin5, HIGH);
digital Write(intPin4, LOW);
digital Write(intPin3, LOW);
digital Write(intPin2, HIGH);
delay(5000);
digital Write(intPin5, HIGH);
digital Write(intPin4, LOW);

digital Write(intPin3, HIGH);
digital Write(intPin2, LOW);
delay(5000);

digital Write(intPin5, LOW);
digital Write(intPin4, HIGH);
digital Write(intPin3, HIGH);
digital Write(intPin2, LOW);
delay(5000);

else if(cm_center < 80) {
digital Write(intPin5, HIGH);
digital Write(intPin4, LOW);
digital Write(intPin3, LOW);
digital Write(intPin2, HIGH);
delay(5000);

digital Write(intPin5, HIGH);
digital Write(intPin4, LOW);
digital Write(intPin3, HIGH);
digital Write(intPin2, LOW);
delay(5000);

digital Write(intPin5, LOW);
digital Write(intPin4, HIGH);
digital Write(intPin3, HIGH);
digital Write(intPin2, LOW);
delay(5000);

H

else if(cm_left < 80) {

digital Write(intPin5, LOW);
digital Write(intPin4, HIGH);
digital Write(intPin3, HIGH);
digital Write(intPin2, LOW);
delay(5000);

digital Write(intPin5, HIGH);
digital Write(intPin4, LOW);
digital Write(intPin3, HIGH);
digital Write(intPin2, LOW);
delay(5000);

digital Write(intPin5, HIGH);
digital Write(intPin4, LOW);
digital Write(intPin3, LOW);
digital Write(intPin2, HIGH);
delay(5000);

else{
digital Write(intPin5, HIGH);
digital Write(intPin4, LOW);
digital Write(intPin3, HIGH);
digital Write(intPin2, LOW);
H
H

III. TECTYBAHHS, BUABJIEHHA
HEJJOJIIKIB TA IX PILIEHHA

Jlnst omiHku pobota, OyinM MPOBENEHI TECTH CHCTEMHU
Ha eHeproe()eKTUBHICTb.

Ilin wac pgocmimiB Oyio BHABICHO mpoOieMy 3
aBTOHOMHICTIO. lle TOB’s3aHO i3 POOOTOIO JATYUKIB
yIBTPa3BYKY, SKi BECh Yac MPAIFOrOTh. [JIsl OKpaIeHHS
aBTOHOMHOCTI TIepepoOUMO cxeMy poOoTa.

3aMiCTb ~ 4YOTHPBOX  MOTOPIB  —  PEAYKTOpiB
BHKOPHCTAEMO [[Ba 1 JOJATKOBO MOCTABHUM DOJHK. Tpu
VIABTPA3BYKOBI JTaTYUKU 3aMiHMMO Ha KOMOIHAIIio
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OJTHOTO JIaTYWKA Ta CEpBONpHUBiJa. TaKUM YHMHOM, OIHMH
JaT4uk OyzAe aHami3yBaTW BCi HANpsIMH TaK camo, SK 1
KOMOiHaIlis 3 TPHOX.

3aBIsKM [LOMY HaM BIAJOCSd MPOJOBXHTH Yac
poboTH, Ta 3BUIBHUTH IOPTU HAa MIKPOKOHTPOJIEPi, KyIau
MOXKHA MiJI’€IHATH AOAATKOBI TATYUKH VISl TIOKPAIIEHHS
¢yHKII0HATY poOOTa

VII. BUCHOBKU

Ilin uac pocmigiB, OyI0 BHSABICHO pobIeMy
aBTOHOMHOCTI, TIOB'I3aHy 3 BEJIMKOI  KUIBKICTIO
MOJyJIeH. Mu 3HauTM anbTEpPHATUBHHUN BapiaHT

OymoBu poOOTa, SKWi 301IBIIMB Yac POOOTH CHUCTEMH,
pu SAKid (YHKIIOHAT poOoTa HE MOTipHIMBCA. Takum
YHUHOM MOXKHA 3POOMTH BHCHOBOK, IO JJIS 301TbIICHHS
aBTOHOMHOCTI po0oTa, Tpeda NIyKaTH allbTepHATHBHI
BapiaHTH OyJOBH CXEMH, Ta ONTHUMI3yBaTH KO s
MaKCHMAaJIbHOI €(DeTUBHOCTI.

[lixbuBatoyn MiACYMKH MM ITOKPAIIWIA ABTOHOMHI
mapaMmeTpu po0oTa 3 MOKIHMBOIO MOJEPHI3AIl€0 caMoi
CHUCTEMH 1A i1 BAOCKOHAJIEHHS.

OTpuMaHi pe3ysibTaTH BiJirpaioTh BaXKIUBY POIb Yy
MOAAJBIIOMY PO3BHTKY MOOUTBHHX pPOOOTIB y Ppi3HHX
raimy3sx.
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Abstract: This research is about development of the general
approaches for mathematical modelling of heat exchange
apparatus as the automation objects, so that to provide
mathematical support for development of the heat processes
automation systems and their components like the PID
controllers for example. The principal idea of the developed
approaches is in representing the heat exchanger's properties as
the automation objects by means of the linear ordinary
differential equation built through the parametric identification
procedures of the data of computer imitations based on the
mathematical modelling of the inherent internal processes. It is
shown that the proposed approaches allow considering the
typical automation engineering problem about defining the
parameters of PID controllers. The example about the plate heat
exchanger is considered under the simplest schematisation of
processes, so that it allows us to imagine the technique of using
the proposed general approaches.

Keywords: Automation; heat exchanger; mathematical
modelling.

[. INTRODUCTION

Different kinds of heat exchangers actually are actually
the widely used principal parts involved in a lot of
industrial [1] and householding [2] systems, so
improvement of heat exchangers is in current interests
due to many reasons, and it is directed to many purposes.
One of principal reasons to improve the heat exchangers
is in wishes to provide the minimum of used power
during the operation, because it is in the general trends
directed to zeroing of carbon emissions [1, 3] from the
technical systems to the environment to prevent climate
changes. One of the principal ways to provide
improvements for the heat exchangers is in
implementation the most perfect automation systems [4—
6], because exactly these systems actually control the
processes during the long-term exploitation. It is really,
that designing of the automation systems is principally
based on mathematical modelling of processes inherent
for the heat exchangers [7], so it is principally impossible
to provide the improved designing development without
the correspondent mathematical support. Thus, this
research is in current interests due to agreement with the
general modern trends in heat exchangers improvement.

Do design the suitable automation systems, it is
necessary to have the correspondent mathematical
models, but all they must provide representing the heat
exchangers firstly as the automation objects. All times
and today, the most of the existed researches are about
development of the improved mathematical models of the
specifical processes internally inherent for the heat
exchangers. Such researchers are really very important,

because the properties of the heat exchangers as the
automation objects are actually the results of the
internally inherent processes. At the same time, we have
no today the conventional approaches allowing us to
represent the properties of the heat exchangers as the
automation objects through the known properties of the
internally inherent processes. Thus, we have no actually
the generalized approaches today for mathematical
modelling of the heat exchangers exactly as the
automation objects. So, the purpose of this research is in
development of general approaches for mathematical
modelling of the heat exchangers exactly as the
automation objects. To do it, the theoretical backgrounds
of the developed approaches will be discussed and the
suitable example will be shown to represent them.

II. THEORETICAL BACKGROUNDS

To propose the general approaches for mathematical
modelling of the heat exchangers as the automation
objects, it is necessary to understand the purpose of the
automation system in the context of the internally
inherent processes.

Processes in any heat exchanger can be represented as
the heat sharing from the heating medium to the heated
medium by means the heat conduction through the
dividing wall to prevent mixing of these mediums, which
are usually in liquid or (and) gaseous state. The principal
purpose of any heat exchanger is in utilisation of the
heating medium for warming of the heated medium,
which plays the role of the coolant from the heat
exchange processes point of view, so we will name
further this heated medium as the coolant. This purpose
can be equivalently imagined as increasing the
temperature 7. of the coolant from some initial value

T to some output value 7.2. Taking into account

further utilisation of the coolant in some technological
processes, the heat exchanger must provide the exactly

given wished value T for the coolant output

temperature 7. It is obviously, that the coolant output
temperature has changes during the operation of the heat
exchanger due to different external deviations of the heat
exchanging processes, so the value 7" can be imagined
as the function of the time ¢, and we can represent it in
the following view:

I =1 (1) (1
The deviations of the coolant output temperature due to
the relation (1) are not suitable for further utilisation of
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the coolant, but it is principally impossible to exclude
these deviations. Taking into account all these
circumstances, it is actually possible to provide only the
following approximate equality:

T ()= T . 2)
It is necessary to note, that the coolant is actually the
moved medium having the different temperatures in all

its points in general, so the temperature 7. is actually

the temperature in some point chosen to have estimation
about suitability of the coolant state for further utilisation.
Besides, it is necessary to remember, that further
utilisation requires not only the wished temperature, but
also ant the necessary amount of the coolant, so the
relation (2) can be provided for the given volume
consumption Q. of the coolant through the heat

exchanger. Some utilisations can require the variable
coolant amounts, so the equality (3) must be provided for
the values Q. changing during the time ¢ both due to

the possible requirements for further coolant utilisation
and both the naturally existed deviations in the coolant
suppling systems. It is naturally, that the approximate
equality (2) can be realized through controlling of the
processes in the heat exchanger, but it is practically
impossible to influence on these processes directly. So,
controlling of these processes can be only through
controlling the characteristics of the heating medium,
usually named as the heat carrier from the heat exchange
processes point of view. The principal characteristics of

the heat carrier are the inlet temperature 7, and the
volume consumption Q,, through the heat exchanger. It
is necessary to note complementary, that the approximate
equality (2) must be in all time moments during the heat
exchangers operation, but it will be really difficult to
control the temperature 7" and to choose the suitable

values T, or (and) Q,, to provide the equality manually

by the human operator under the different processes
deviations especially in the cases if the changed value
Q. is principally required. Of course, that automation of

the heat exchangers is the natural way to provide the
approximate equality (2).

The noted above circumstances allow us to imagine the
automation of the heat exchangers as continuous
providing of the approximate equality (2) through

continuous correction s of the values 7} or (and) O,
characterizing the heat carrier under the given value Q.
of the volume consumption of the coolant. Taking into
account all these, we can represent the mathematical
model of the heat exchanger as the automation object by
the mapping:

Ty (1),0, (1),0c > T2 (1). (3)
It is obviously, that the most general representation of the
mapping (3) must be through the ordinary differential
equations, and the conventional approaches will lead us
the following:

dn—lTé)ut dTuut

dnTuut
a, d; +a, o +...+al—dct +a, T =

=BTy (1) 45,0, () + b0 +bTL (1), ()

oui oui dTuut oui
T: ' (to ) =T¢ t0, dCt (to) =T ’8),
dn—lTuut .
...,T,j(to)ﬂgwg ", (5)

where n is the order of the differential equation; a,,

a , ay, b, by, b, and b, are the parameters of the

n=1% ***

mathematical model; #, is some given time moment;

ou out(1)
™, and T ’g ).
temperature of the coolant and their derivatives at the

initial time moment ¢ =¢,.

LT are the given inlet

The mathematical model represented in the view (3),
(4) allows us to consider all the principal engineering
automation problems for the heat exchangers. Really, we
can introduce the new variable and foresee the PID
controllers

dx

x(t):TC””’(t)—TCW, x=E,x(t0)=0, (5)
in w d

T (6) =T} —k;x—k,r'[xdt—k;?:, (6)
0, (t)=QZ—k§x—k,ijdt—k§%, (7)

where x(¢) and %(r) are the coolant output temperature
deviation and their integral; 7,; and Q,, are the values
corresponded to the coolant wished temperature 7;'; k; ,
k] and k] are the parameters of the PID controller for

the heat carrier inlet temperature, but k?, k7 and kj are

the parameters of the PID controller for the heat carrier
volume consumption through the heat exchanger.
Substituting the relations (5)—(7) to the mathematical
model (3), (4), we will have the following:
d”“f ﬁ

a, _dt”H +a,_ " +...

2~ ~
...+(al +hk} +b2k§)%+(ao +hk! +b2k£)%+

+(b1k,f +b,k? )x =bT) +b,0 +b,0. —a,T" +b,T", (8)

~ dx out w dz'f out(1)
x(t0)=0, E(t0)=TC O_TC’ ?(IO)=TC 0 seee
dn~ -
) =T, ©)

The mathematical model (9) allows us to define the
stationary operational modes of the heat exchanger

corresponded to the wished values 7" and Q. by means
the condition

bT) +b,0) +b,0.—a,T} +bT =0. (10)
Besides, defining the PID controllers' parameters can be
reduced to considering the stability of the polynomial:

_ n+l n T o 2
f(s)=a,;s"" +a,s +...+(a1 + bk, +b,k, )s +

+(ay+ bk, +bykg ) s +(bk; +b,k?). (11)
Thus, to solve the problem about automation engineering,

it is suitable to represent the mathematical models of the
heat exchangers as the automation objects in the view (4),

(5).
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As was noted above, the generalized mathematical
model (4), (5) representing the heat exchanger as the
automation object must reflect the results of the internally
inherent processes. It is really difficult to propose the
way to have the direct view of the mathematical model
(4), (5) for all different kinds of the heat exchangers, but
we will discuss further the common point of view on the
different kinds of the heat exchangers. As was discussed
above also, the wall separating the heat carrier from the
coolant is the principal structural element of the heat
exchangers, so that the heat transfer between the heat
carrier and the coolant is due to the heat conduction
through this wall (fig. 1). The shape of the wall dividing
the heat carrier and the coolant actually defines the kind
of the heat exchanger and their internally inherent
processes.

'y
heat Lo
carrier © & coolant
domain domain
Ter
z

X
Fig.1. Heat exchanger general schematization

In general, the wall can be imagined as the set of the
points with the coordinates x, y and z forming the

domain Q with the boundary T' (fig. 1). The
temperature 7 field in the wall must satisfy the heat
conduction equation and the initial condition in all
internal points of the domain Q :
or [azT oT  &T
A + +

cCp— =
VI PV P

T(x,y,z,to) =7 (x,y,z), (x,y,z) eQ, (13)
where ¢, p and A are the heat capacity, density and the

J, (x,y,z) € ﬁ,(l2)

heat conduction of the wall structural material; (x,y,z)
is the spatial point with the corresponding coordinates;
Q is the internal part of the domain €, i.e. excluding
the boundary I"; T (x,,z) is the temperature field at
the initial time ¢,.

The heat transfer between the wall and the heat carrier

and between the wall and the coolant can be defined by
means the correspondent boundary conditions (fig. 1):
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k(aa—inx +66—:nx +66—an =o, (T, -T),(x,y,z)el, (14)
k(aa—inx +66—:nx +a—jnj =0 (T-T.),(x,y,z) el (15)

where n,, n, and n_ are the component of the external
unit normal vector # to the boundary I' at the
correspondent point; o, and o, are the heat transfer
coefficients from the heat carrier to the wall and from the
wall to the coolant; I',, —I" and I'. < I" are the parts of

the boundary I having the heat interaction with the heat
carrier and the coolant.

To consider the heat conduction problem for the wall,
it is necessary to take into account also the boundary
conditions on the others parts of the boundary I (fig. 1),
but these complementary boundary conditions are
significantly defined by the particular design of the heat
exchanger, so they not discussed here.

To represent the processes in the heat exchanger, the

heat conduction problem (12)~(15) must be
complemented also by the heat transfer relations:
T, =T,(T;.0y.T). T.=T.(T".0..T). (16)

It is necessary to note, that having the relations (16) is
actually the difficult and relatively independent problem
for each kind of the heart exchanger and the motions
modes of the heat carrier and the coolant. In a general
case these relations (16) are usually represented indirectly
by means some complementary differential equations
with the initial and boundary conditions like the relation
(3) is represented through the initial-boundary-value
problem (12)—(15). Nevertheless, the shown relations
(12)-(16) give the general imaginations about
mathematical modelling of the processes in the heat
exchangers, but to have exactly the relation (3), we must
have the following relation:

T =T (T,). (17)
The relation (17) actually defines the outlet temperature
of the coolant. Thus, to have representation about the
internally inherent processes in the heat exchangers, it is
necessary to solve the initial-boundary value problem
(12)—(15) with the additional relations (16) and (17),
which is really difficult, and which require numerical
methods using in general case. We will not discuss here
the particularities of the numerical methods to solve the
problem (12)—(17), but we will make some notes about it.
The principal idea of the numerical methods application
to solve the problem (121)—(17) is in using the discrete
representation of the wall temperature field. To have such
discrete representation, we will consider the set of
predefined points of the Q domain (fig. 1):

(18)

where 7 €Q is the position vector representing the

F=xi+yj+zk, s=12,...,n,

domain Q point associated with the number s; x ., y,

i,

N

and z, are the coordinates of the position vector

7 and k are the unit axis vectors defining the directions
ofthe x, y and z axis; n is the number of the domain

Q points envisaged for the temperature field discrete
representations.

The introduced points (18) allow us to have the
discrete representation of the wall temperature field by
means the finite set of the values:

TS(t)=T(xs,ys,zs,t), s=12,....n, (19)

where T, (¢) is the temperature at the point 7 € Q.

Of course, that to have the reliable discrete
representation (19) of the temperature field in the wall,
the number n of the points (18) must be enough big. The
idea of the numerical methods is in representing the
problem (12)—(17) through the temperatures (19), and
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actually the different techniques for making such
representations are corresponded to the different kinds of
the numerical methods like for example widely used
finite differences, semi-discretization, finite elements.
The different particularities of the numerical methods
using are not principal for this research, but the principal
problem is in the ways for transformation of the
mathematical model (12)—(17) representing the internally
inherent processes in the heat exchanger to the
mathematical model (4), (5) generally representing the
heat exchangers as the automation objects, because we
have no the conventional approaches to do it at present. It
is obviously, that building the mathematical model (4),
(5) is reduced to defining the parameters of this model,
and it is obviously, that it is impossible to have the
analytical results in general. So, in general, we can
propose to build the mathematical model (4), (5) through
the procedures of the parametric identification based on
the computer simulations results by means the
mathematical model (12)—(17) and numerical methods
allowing to represent the internally inherent processes of
the heat exchangers. Of course, that to do it, it is
necessary to have the suitable identification procedures,
but it is the relatively separate problem outside the
principal purpose of this research.
[II. EXAMPLE OF APPLICATION

To illustrate the proposed approaches, we will consider
the example about building the mathematical model of
the plate heat exchanger under the simplest
schematization (fig. 2) allowing to exclude the
identification procedure to have the particular view of the
generalized mathematical model (4), (5) in the analytical
view. The mathematical model allowing to represent the
internally inherent processes under the simplest
schematization of the heat exchanger with the plate as the
wall (fig. 2) can be represented as:

ep 2L 22T 1(,0) =T (x), 0<x<h.(20)
ot Ox
ocHT—ka—TzocHT;,”, x=0, (21)
ox
ocCT+ka—T=ocCTC””, x=h, (22)
ox

where all notations are in agreement with the relations
(12)—(15) and with the fig.1 and the fig. 2.

The relations (20)—(21) are actually the particular view
of the generalized relations (12)—(16). The principally
required complementary relation (17) can be represented
for this example in the indirect view:

AS  oT
h, 23
ccpcQc O ( t) *)

where S is the area of the heat exchangmg plane.
Let consider the generally represented points (18) in
the particular view:
X, =0,x=Ah,x,=h, Ah=1h. (24)
In agreement with the introduced points (24), we will
have the following temperatures representing the plate
temperature field:

(1) =T (x.0). T () = T(.0). Ty 1) =

T (1) =T -

(xz, ) .(25)

Using the well-known finite differences technique and
the introduced values (25), we can represent the relations
(20)—(23) as following:

T,
L= (T +2T +T,), 26
dt cpAh2(0 +1) (26)
3T +47T, -T,
o, T —A—L——L "2 T”’ =0, (27
uto AL X (27)
3T, — 4T, T,
a T+A2 200 g i x=p, (28)
2Ah
wall
domain
e
ll ' coo'lantTT
domain
Ti? = qy ----} T
CH. PH:QH (2974 e £ e, QC
ot J—
T peat —p G = T
ll carrier .'
domain _—
i
I . T,Tr-—r(;c._t}
o fr 7::

Fig.2. Heat exchanger simplest schematization

e ) I R . e L R T
cepcQc 2Ah

It seems, that transferring of the relations (26)—(29) to the
mathematical model (4), (5) representing the heat
exchanger as the automations objects is difficult, but all
these difficulties are not principal, and they are due to
only the cumbersome analytical transformations. Really,
the relations (27), (28) can be considered as the system of
two linear algebraic equations, and these equations allow
us to have the following:

T, = AT, + AT} + AT, T, =BT + B,T;" +V,T." (30)

where 4, A4,, 4, and B,, B,, B, are the notions for

some cumbersome analytical expressions representing the
solution of the considered system of two linear
algebraical equations.

Further, we will take into account the relations (30) in
the differential equation (26) and in the relation (29):

1, - ~ N
7; =AT, + AT) + AT, 3D

T, =BT +B,T; + BT), (32)
where 4, 4,, A, and B,, B,, B, are the notions for

some cumbersome analytical expressions, which are the
results of the correspondent transformations.
The relation (32) can be equivalently represented to the
following view:
Tuut _E Tin _ E Tin
7} — C 2 NH 3°C . (33)
Bl
Substituting the temperature (33) to the relation (31)
allows us to have the differential equation representing
the heat exchanger as the automation object:
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B dr

The obtained differential equation (34) can be imagined
as the particular view of the generalized mathematical
model (4), (5) representing the heat exchangers as the
automation object, but only with the complementary
remark. Really, we can see, that the generally represented
differential equation (4) not includes the derivatives of
the inlet temperatures of the heat carrier and of the
coolant. It illustrates as the necessity in agreement
between the mathematical models representing the
internally inherent processes in the heat exchanger and
representing the heat exchanger as the automation object.
Nevertheless, the proposed generalized mathematical
model (4), (5) can be imagined at least as the
approximation of the heat exchanger as the automation
object, if it will be difficult to provide the agreement with
the internally inherent processes in the heat exchange.

IV. CONCLUSIONS

This research gives us some noticeable results
important for development of the general approaches for
mathematical modelling of the heat exchangers as the
automation objects. So, these results allow us to
formulate the following principal conclusions.

The general approaches for mathematical modelling of
the heat exchangers as the automation objects is the
principal element of the mathematical maintenance
required to provide improved heat exchangers
designment. The linear ordinary differential equation is
the most suitable form to represent the mathematical
model of the heat exchangers as the automation objects,
because this form allows us to solve the automation
engineering problems like defining the stationary modes
or designing the PID controllers parameters.

The most general approach for mathematical
modelling of the heat exchangers as the automation
objects can be in representing the properties of the heat
exchangers as the automation objects through the
properties of the internally inherent processes of the heat
exchangers. Such approach can be realized by means the
parametric identification procedure on the basis of the
computer simulations results by using the mathematical
model and numerical methods allowing to represent the
processes internally inherent for the heat exchangers. The
heat conduction and heat transfer are the key processes
internally inherent for the heat exchangers, so computer
simulations of these key processes are principally
required to have the mathematical models representing of
the heat exchangers as the automation objects.

The considered particular example about mathematical
modelling of the plate heat exchanger under the simplest
schematization shows us the principal possibility of the
proposed general approach applications to build the
mathematical models of the heat exchangers as the
automation objects. Due to this particular example, we
can see, that the mathematical model representing the
heat exchanger as the automation object actually can
involve also the derivatives of the control, which make
the significantly difficult considering of the engineering
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(34)

automation problems. Besides, we can see the necessity
in agreement between the mathematical models
representing the internally inherent processes in the heat
exchanger and representing the heat exchanger as the
automation object. Such agreement will allow us to
simplify significantly the identification procedure to
build the mathematical model of the heat exchangers as
the automation objects. In addition to all these, such
agreement is principally required to exclude the items
with the zero coefficients to provide the reliable
identification procedure.

The continuations of this research are planned to
consider the agreement between the mathematical models
representing the internally inherent processes in the heat
exchangers and representing the heat exchangers as the
automation object. Besides, it is planned to research the
parametric identification procedures to build the
mathematical model representing the heat exchangers as
the automation objects on the basis of the computer
simulations of the processes internally inherent for the
heat exchangers.
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Anomayia: HaBeneHo MeTonolnorito BUOOpY KOMIIOHEHTIB
pyWiHHOI ~ YCTAHOBKM  MYJIBTHPOBTOPHHUX  O€3MIJIOTHHX
JITaJIBHUX araparis Ha 0e3IITOYHUX JIBUTYHAX.
3anporoHOBaHO MOPAAOK PO3PAXyHKY MPOMIKHUX Ta KiHIIEBUX
[apaMeTpiB TI'BHUHTIB, IBUIYHIB, €JEKTPOHHHMX KOHTpPOJIEpiB
MIBUJIKOCTI Ta aKyMyJIATOPHUX Oarapeil mid 3a0e3neuceHHs
3a7aHuX U1t MynsTupoTopHoro BITIA mapameTpiB 3arayibHOI
TATH Ta KYPCOBOI Ta MaKCUMAaJIbHOI IBUKOCTI MOJIBOTY.

Knwuoei cnosa: mynsruxontep, BIUIA, rBuHT, IBUTYH,
€JICKTPOHHUI KOHTPOJIEP LIBUJIKOCTI, aKyMyJIsITOpHA OaTapes.

I. Bctvnn

CrienianbHi METOOJOTIT Uil KBagpOKONTEpiB Oynn
pospooueni 'arri ta [Jxynberti [1], Tarti [2] Ta KiMmom
ta iH. [3]. Yci BOHM BHKOPHCTOBYBAJM CTaTHCTUYHI
METOOM Ul OWIHKM  3B’S3KIB  MDK  pI3HHUMH
KOMITOHEHTaMH CHJIOBOTO Koja. Ha »xamp, 1 migxoau
HA/AIOTh 3aHAATO Majo JaHHX IJIS HaJeKHOTO PO3MIpY
KOMITOHEHTIB, a B JIESIKMX BUIIa[KaX HAaBiTh BUMAararoTh
JlaHWX BUOpaHOrO KOMIIOHeHTa s pobotn. Tomy,
HEe3Ba)KAlOUM Ha Te, 110 BOHH KOPHCHI JUISl PO3PAXYHKY
LIBOBOT Baru MYJIBTHUKONTEPA JUIS 3aCTOCYBaHHS, BOHU
HE MOXYTh OYTH BHKOPHCTaHI IS TPOLECY BHOOPY
KOMITOHEHTIB.

HesBaxkatoun Ha Te, 1mo mpoOnemMa He BUPILIYETHCS
TOBHICTIO, € KiJbKa METO/MIB, SIKi JOINOMAaraimTh Y
norepeqHpoMy  BHOOpPI  KOMIOHEHTIB  KOHCTPYKIIT
MYJNBTHKONTEPA, y [4] mpeacTaBieHi MUHYJI Ta TOTOYHI
3YCWUIS 3 PO3POOKH METOJOJIOTIH  IMOMEepPeIHBOrO
HanamrtyBaHHs BIIJIA. BoHu 30cepemKyroThCsl sIK Ha
KOHIICTITyaIbHUX, TaK 1 Ha 4YUCIOBHX acrektax BITJIA.
Opnak 4epe3 KoH(iJEHUIHHMN XapakTep NPOEKTIB, B
poboTi He BHAIOTHCS B JIE€Tall BHYTPIIIHBOI POOOTH
METO/IOJIOTIH.

Ha »anb, mapaMeTpuyHuil MiaXil iCHYIOYHX METOJiB
BHMarae 3Ha4HOTO y3arajbHEHHs MO KOMIIOHEHTIB,
mo 30epirae cepemHi0 TMOXHOKY HHU3BKOIO, ajie MOXKE
MIPU3BECTH 10 3HAYHUX MOXHOOK Uil OLIBII HE3BUYHUX
koH(pirypamiii. MokHa HOCATTH TOMIOHOrO piBHA
TOYHOCTI 32 JIONIOMOTOI0 aJbTEPHATUBHHUX METOMIB i3
JIOATKOBUMH TIepeBaraMu 3MEHIIEHHS 00YHCITIOBAIHbHUX
BUTpAT 1 MiJIBUIIEHOI THYYKOCTI 3aBISKH 3MEHILIEHHIO
KIUJIBKOCTI 3aJIe)KHOCTEH Y CUCTEMI.

I1. 3ATAJIBHI 3ACA I METOJI0JIOI'IT
MynbTHKONTEpU SK KaTeropis JITaJbHUX anapaTiB

OXOILUTIOIOTh ~ Oe3/1iu  BapiaHTIiB  KOHCTPYKINN, IO
BiJIPI3HSIOTHCS HE TIIBKM KUIBKICTIO POTOpIB, ane i iX
pO3TalIyBaHHSIM. Hapasi HAWTOMYIISIPHIIIION0

KOH(pIryparier € KBaapOUUKI 3 YOTUPMA ITapaieIbHUMH

poTOopaMH, PO3TAlIOBAaHMMH IO JiarOHAJi BiJ IICHTPY.
OpHiel0 3 XapaKTepPHUX BIACTHBOCTEH OUIBIIOCTI
KBaJIPOKOIITEPIB € iXHA CHMeTpis Ta TOW (axT, Mo BCi
IUIedi OJHAKOBi, 3a BHHSITKOM HamNpsIMKy oOOepTaHHS
poropa. CTpyKTypa Takoro Koja HaBeJeHa Ha puc.l.

Po3rmsi okpemMoro koia TOJErIIye aHaii3 CHIIOBOL
YCTAaHOBKH JUIsl 3arajlbHOr0 BHOAnKy. llomboTHHI
KOHTpOJIEp BIJMOBiae 3a CTPATErit0 KepyBaHHS BCI€lO
IaTPOPMOI0 Ta TIArOTOBKY 3aJaHUX TOYOK JUIs
KOXKHOTO TuIeya, aje BiH He Oepe y4acTi B KOJI MPUBOLY
SIK TAKOMY.

MOMEHT

I Tara

ESC OewnryH
Cwrian

PY

Crpym

WenanicTe |

Yy
| Crpym

Baraper

Puc.1. [liarpama oqHOro Koja 0araTopoTopHOI pyIIiHOT
YCTaHOBKH

Be3miiTkoBi IBUryHH HE MaroTh (Di3UYHHX IIITOK, TOMY
JUIL JIOCSTHEHHSI EJIEKTPOHHOI KoMyTamii iM moTpiOHi
eneKTpoHHI KoHTponepu mBuakocti (ESC).

TakuM 4MHOM, OCHOBHMMH KOMIIOHEHTaMH CHJIOBOT'O
Kona €: mpomenep, aBuryH, ESC i akymyssTop.

Ha puc. 1 MmoxxHa nobaunTH, IO € OJMH BXiJ] 331aHOTO
MOJILOTHUM KOHTPOJIEPOM 3HAUESHHS 1 OUH BHXIJl, a came
TSTa, CTBOPIOBAHA TBUHTOM. TakuM YMHOM, PyXOBE KOJIO
MOXHA 1IeHTU(]IKYBATH SIK CUCTEMY 3 BIIIKPUTUM IIUKIIOM
3 omHMM BXomoM 1 omHuM BuxoaoM (SISO - Single Input
Single Output), 1110 T03BOJISAE BITHOCHO JIETKO BU3HAYATH
PO3Mip KOMITOHEHTIB 110 OJTHOMY.

III. METOIMKA BUEOPY CUJIOBUX

KOMITIOHEHTIB
Y MynbTHKONTEPI TOJOBHOIO METOK JIBUTYHA €
HaJiHHUN pyX TBUHTA 3 BHCOKUM IIPHCKOPEHHSM, 1100
MOXKHa OyJiOo IIBUAKO 3MIHIOBATH IBHIKICT. OCHOBHI
oOMeXeHHs]  OE3IITOYHOrO  JBUIYHa  CTOCYIOTBCS
HIBHAKOCTI Ta CTpyMy. BupoOHMK 4acto BKazye
MaKCHMaJbHUHA CTPyM, a MaKCUMaJlbHy IIBHIKICTH Oe3
HaBaHTaxeHHs1 ®(0 MOXKHa po3paxyBaTd 3a MapamMeTpoM
KV, noMHOXXeHUM Ha NpUKIIaIeHy Hanpyry V:
®0=KVxV (1)
[InsxoM iHBEPTYBaHHS MOJENi CHIOBOI YCTaHOBKHU
HaBeJIeHOl Ha puc.] MOXKHa OTPHMAaTH HOBY MOJIENb, SIKa
JIO3BOJISIE  OLIHUTH  Hampyry ©Oarapei Ha  OCHOBI
TEeHEepPOBAHOI TATH, K MOKazaHo Ha puc. 2. lle mo3Boise
3aCTOCYBATH ITEpalliiHUN MiAXiM Ui BU3HAYEHHS Yacy,
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HEOOXiTHOTO /JIsi BHCHAa)KEHHS OaTtapes 3 MOCTiHHHM
€HEeproCIOKMBAHHAM, WI0 €(QEeKTUBHO CIIYXKHUTh IJIs
OLIIHKY Yacy MOJbOTY. TakuM YMHOM, Y MOZAEJI CHCTEMHU
MOXXHa BUAUIMTH JBi pI3HI TiJICHCTEMH: BHKOHABUY
cHCTEMY Ta cHcTeMy JKuBJieHHS. Lle mposBisieThcs B
METO/I0JI0Tii BU3HAYEHHSI PO3MIpy, sIKa TaKOX pO3[iJieHa
Ha JIBi YaCTHHHU.

| ——— P | KpytHui
ESC -+ i AsuryH M Nponenep Tara
LWBmanicTs|
[C‘rp\rm

‘ Barapen

Puc. 2. [liarpama koia mepeBepHyTOi 6araTopoTOpHOL
PYIIHHOI YyCTaHOBKU

Ha puc. 3 nokaszanuii ciporieHuid BUTIIsLA pO3pO0IeHOT
METOJI0JIOT1].

'

CrioBa CHETEME | BHHOHESUS CHETEME -

: < hnﬁﬂh\\
RAHMY //

|
L

Bubip
nponenepa

MaTymmicTe AEuryHa (

DOyiHkE wacy | TR £HAR CTRYMY

Hpymonid [~
MOMENT
LWinmgpicTe

NapassaTpi | Mapamerpu
| npanenepa
|

Hac pospAagy 4
Garapei H

p——
Bubip ESC T2 -
aRyMyARTORY Ofpawni

nponenen

Mawc, cTpym,
C-peRTHH Batapei

Crewndikauin
£5C1 Barapel

Puc. 3. Biiok-cxeMa CrpoIeHoi MEeTOA0NIOr T BU3HAYCHHS
PO3Mipy 3 MOJIIOM Ha B MiJCUCTEMHU

HesBaxaroun Ha Te, 110 BiH 3aCHOBaHHM Ha Aiarpami
0 HaBeAeHa Ha puc.3, BiH TaKoXK IOKa3ye
pPO3MEXyBaHHS MiX BHM3HAUEHHSIM poO3Mipy Oartapei Ta
iMiTaniero 6arapei (iMiTalli€lo 4acy nojiboTy).

Po3mip 1 BuOip rBUHTa BUKOHYETBCSI CIIOYATKY, PO3MIp
JIIBUTYHa 3aJ€XKHUTh BiJ BJIACTHBOCTEH TBUHTA, a
cnemudikanii qst ESC 1 OaTapei 3aiexaru Big oOpaHOl
IBUHTOMOTOPHOI HapH.

Po3mip i mpomec BuOOpYy T'BHHTa MOYMHAETHCS 3
BU3HAUEHHS 0a3W JNaHMX TPOIENepiB, MPEICTABICHOI K
Ha0ip JOCTYITHUX T'BUHTIB

P={p; :i=1,...,n,}, (2)
Jie 1-1 Tporieniep pi BU3HAYEHO Haporo
pi= (fpia gpi)a 3)

ge f,; mosHayae MpomyKTHBHICTH i-TO I'BUHTA, AKa Oynde

BU3HAuUeHA TMi3Hille, a g, Io3Ha4yae Horo ¢i3udHi

BJIACTHBOCTI, BUP@)KEHI Uepe3 YOTHPH MapaMeTpu:
gpi = (di, epi, myp;, Sni)a (4)

ne d; — miameTp i-ro rBUHTA;

©,; — KyT HaXuily i-To I'BUHTa;

m,; —Maca i-ro TBHHTa;
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3arancha sara,
THAMGTH 140 POamipiE

Sni — JAUCKPETHUH MapaMmeTp, IO IPEJCTaBIIE Ha3BY
cepii i-ro rBuHTA.

IMorim HaGip mnpomenepiB P  ¢inbrpyerbes, 1100
oTpuMaTH Habip mponenepiB PpCP , ski 3a10BOJIBHSIOTH
BHMOTaM, 10 BKIIIOYAIOTh 4 MapaMeTpH:

gpr = (dmina dmaxa mpmaxa Snr) ) (5)
ne dpmin — MiHIMAJIBHUH TiaMeTp;
dinax — MaKCUMAaIIBHUM JiaMeTp;
Mpmax — MaKCUMaJbHa Maca;
S, — Habip OaXkaHMX Ha3B cepiii:
Sur={snk: k=1, ..., n4}. (6)
Taxum yuHOM
Pp: {pl : di € [dmin; dmax]a mpi € (Oa mpmax]a Spi € Snr} (7)

Ile moromarae 3aoMmaAWTH Yac IMiJ Yac OLIHKH JaHUX
MPOAYKTUBHOCTI Ta PO3paxyHKy pPOOOYMX TOYOK, SIKi
BUKOHYIOThCS JaJIi.

IponykTuBHicTh i-ro TBUHTA f, Mo3HawaeThCa K
Tpilika OIEKTHBHUX Bi0OpakeHb

for = (= T(w), 0 = 1(w),w = Pn(ca)}’ ®)

Jie © — IMBUAKICT POTOPA;

T — Tara;

T — KPYTHUH MOMEHT;

P, — moTyxHicTh npomnenepa.

(%) .
HO3Ha‘II/IMO qepes Tr" HeOGXlZ[Hy TATY. ﬂﬂﬂ KOXXHOI'o

pi € P Bu3Havaemo HaOip 3 ny poOOYHX TOUOK:

B P 9 T
Op; = {Opz‘ k=1, ...,ﬂo}’
ne
K) _ fonl) (R (D (K]
o, = (17 e R ), )
Tk _ R
L =n, (10)
(k) _ e (k
w® =1 1,V) (a1
(k) _ o Ry
T _*(m; A (12)
®) _ p [
o — Pyl J (13)
[puknany TpumieriB  BimoOpakeHHs Ui JIBOX

MIPOIIENIePiB MOKA3aHO Ha PHUC. 5 Pa3oM i3 LIIOCTPAIli€lo
OTPUMAaHHA Op; 3 T,
3a3Bu4ail 00UUCITIOETHCS Ny = 2 poboYi TOUKU: poboya
1

2i ta poGoua TOUKA HIMPOKO

TOYKa Il 9ac BHUCIHHSI

]
Binkpuroro apoceinst (WOT — Wide Open Throttle) ﬂriﬂ'.
BoHM 03HA4alOTh BiANOBIIHO HIDKHIO Ta BEPXHIO MEXI
JILOTHO-TEXHIYHUX XapaKTEPUCTHK. TaKoK MOXe OyTH
BU3HaueHa TpeTs podoya touka (k = 3), sika BiAmoBigae
IPaHUYHIN MIBUIKOCTI TBUHTA, BU3HAUCHIH BUPOOHUKOM;
e MOXHA  BUKOPHCTOBYBaTH U1  IIEPEBIPKH
3IHCHEHHOCTI 1HIINX POOOYMX TOUOK.
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T': J . T':E,'
Bumoru g0 Taru, 4+ — 1 yMOB BHCIHHA Ta *r —
ans ymoB WOT, MokHa po3paxyBaTH 3a JOHNOMOTOIO
HACTYIIHUX BHpPa3iB:

Tf-l\l — Weorat
r Myar (14)
2] 1)
Tr T X Tr . (1 5)
nie Wiora) — PO3paxoBaHa 3arajibHa Bara MyJIbTHPOTOpPa;
Nyt — KITTBKICTH POTOPIB;

't — BIIHOUIGHHS TSTH JI0 Bary.
3a BUHATKOM Habopy ¢inbTpamii rBuHTa (i JBUrYHA),

METOOJIOTis BHKOPHUCTOBYE JHIIe 3arajbHy
pO3paxyHKOBY  Bary  KBaJpPOKONTEpa,  OCKIJIBbKH
nependavyaeTbCs, MO0 pama, po3Mip Oarapei, KOpHCHE

HAaBaHTa)XEHHS Ta MOAYJl KepyBaHHS MONEPETHBO
BUOpaHi 3 JOCTYITHUX KOPUCTYBaueBi Ta IMIAXOAATH IS
3actocyBaHHs. OCKiJIbKM BPaXOBYIOTHCS JIMIIE CTaTHYHI
yMOBH (iHepIisi KBaJAPOKOIITEpa HE BPAXOBYETHCS), Baru
IIUX KOMIIOHCHTIB € MEHII BaKIIMBUMH Ha BiIMiHY Bin
pO3paxyHKOBOi Baru TBUHTIB, aBuryHiB i ESC, ski
MHOYAThCsI Ha KUTBKICTB POTOPIB.

Wtotal=nrot(Wprop + Wmotor + WESC) + Wframe +
Whattary + Wpayload + WFC+Wother (16)

Ha mpaktumi 4epes Te, M0 XapaKTEpPUCTUKH TBUHTA,
Bu3HaueHi y (8), 4acTo Ha#aThes y GopMi BUOIPKOBUX
TOYOK, JUISi PO3PAaxXyHKIB HEOOXiHO BUKOPHCTOBYBATH
inTepnomsuito. Ile crBoproe momwminku. Tomy, xo4ya B
Teopii P,=tw, yacto Ha mpakTumi (3a’exHicTs Bix k
BIJIYYEHO JIJIS IIPOCTOTH TTO3HAYECHHS)

Ppi#iﬂ)i 5 (17)

TOMY O€peThCsl CepeTHE 3HAUSHHS IIUX ABOX 3HAUEHB!

P

Plavg

1
=;(Ppi+fimf). (18)

Jus BuOOpy mpomenepa AOCTYIHI pi3HI KpHTepil
BuOOpy. Slkmo no > 1, BU3HAYCHHS PIllIEHHS MO0
MiHIMaJIBHOI MOTYKHOCTI € 0araToliIb0BO0
po0JIeMOI0, 1 TIeBHA B3a€MOJisl 3 KOPUCTYBadyeM TOJI
JIOTTOMO’KE 3po0uTH BUOip. OJHAK YacTO MOXKHA 3BECTH
npoOJyieMy /10 HaMIPOCTIMIOro BUMAAKY At ny = 1, ge
HaliMeHIIa TOTY)KHICTh y pOoOOYii TOYI BUCIHHS MOXE
OyTu oOYMCIIeHa HACTYITHUM YHHOM:

(1
'Psgl'gm:gd = arg min P

peepy Plavg, (19)

Y [npoMy BHIAAKY MIHIMI3aIil0 MOXHA IIBHIKO
3MIHCHUTH IUIAXOM BHYEPITHOTO TIOIIYKY 3aBASKH
MajoMy po3mipy Habopy uepe3 (iIBTpyBaHHS Ha
TorepeHiX KpoKax.

BuOip nBuryHa npoBOAMTBHCS MOJAIOHMM YHWHOM, SK 1
JUIs TBHHTa, Hexaili M Oyae HaOOpOM JOCTYIHHX
JIBUTYHIB:

o N}, (20)

M = {m_] = (fmja gm_]).] = 13
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ge f, Mozmemb ABUTYHA, IO ONHCYEThCS TPIHKOO
BiJI0Opa’KeHb:

fri == Pm(!}lf = Pg(r}! (P Pe) '_)WKPmJPQ)), 21

ae I - ctpym;

P,, — MexaHiuHa OTY>KHICTB;
P, — enexTpryHa NOTYXKHICTB,
1N — e(pEeKTUBHICTb.

IMapamerp g, MO3HAYa€ BIACTHBOCTI [JBUTYHA,
BUpa)XEHI uepe3 TpH IapaMeTpH:
ng = (Imaxa ®o, mmj)a (22)

1€ Iipax — MAKCUMAJIBHO JOMYCTUMUI CTPYM j-T'O JIBUT'YHA,
®) — HOro MakcHMMajbHa HIBHIKICTh j-TO JBHTYHa 0e3
HaBaHTa)KEHH,

My — Maca j-ro JIBUTyHa.

Ha Bigminy Bix mporecy BHOOpY TBUHTA, CIOYATKY
HEOOXiHO  OLIHMTH  XapaKTEPUCTHUKH  JIBUTYHIB.
[MoTpiOHa TOTYKHICTP JBHTYHa BCTaHOBJEHA SIK
n — nif )

YT Pepieea. Jlani s kokHOrO M € M Mmum
BH3HAYAEMO Ny TPHUILIETIB POOOYHMX TOUYOK JBUTYHA!
|:1. | [ I |:J-. ]
Oni = (J i1 ), (23)
Jie (3aJIeXKHICTD B K BUIAIEHO ISt IIPOCTOTH):
r _ p—1f
= P LP,.)’ (24)
— e
Foy ~ Faldy), (25)
= .'rl'l{’gr" Pe','} (26)

Bino6paxents I = Pn(l) ue e onnossaunnm 3 Toukn
30py XapaKTEpUCTUK JBUTYHA, OCKUIBKH INPHU BUCOKHX
3HAYEHHSX CTPyMY OLIbIlIa YaCTHHA €HEeprii pO3CIIOETHCS
y BUrsiAi Teruia. OiHaK, BpaxoBylOUH 00JIacTh JIMIIE 10
MaKCHMaJBHOTO CTPYMY, 3a3Ha4€HOTO BHPOOHUKOM,
(byHKIIIST Maibke 3aBXK M MOHOTOHHA.

ToMy Ha TpaKTHUIl HAJ JTOMCHOM [C: '“:“""'.i] obepHeHa

10 crereneBoi GyHkiii £m  Maibke 3aBKIH MOKE GYTH

OlLliHEHa.
3Ha§Hﬂ Omj U BCiXx m; € M gno3Bonse .dinpTpyBatn
HaOip JBUI'YHIB MIONO MAaKCUMAIBHOTO  CTPYMY,

MIBHIKOCTI Ta MacH, TAKUM YMHOM OTpuMyoud M, C M,
110 33JI0BOJIBHSE BUMOT'H JJO MAKCUMAIILHOTO CTPYMY ISt
KOXHOTro 1BUryHa Ij < I,y 1 mapi BuMor

rl'.'.lrJ"H" - '.MJ'IJLU.’ L THas .!’

27)

HES

ne “max = W reered — € TBUAKICTH TBHHTA mpu WOT;

mmmnw — MaKCuMaJlbHa Maca JIBUI'yHa.

Takum yuHOM,

M, = [mwi; m

f it ma.:l:jrc'-’ﬂj = Wy

mj = mmnmx}.(zg)
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Sk 1 y BUIAJKY 3 MPOIENepoM, Ul BHOOpPY IBUTYHA
MOXXHa BUKOPHUCTOBYBaTH pi3Hi Kpurepii BuOOpy. Y
MIPOCTOMY TPUKIal uis Ny = 1 11e Moke OyTH HaliMeHIa
eNIEKTPUYHA MOTYKHICTh

m =arg min P'"
selected mje My aj

(29)

[oBTopHa onepauist pinbTparii B (28) 1ae MOXIHUBICTD

BUKOPMCTOBYBATH BHUYEPIHHMH  IOMIYK IS L€l
MiHiMi3awii.
Bubip eneKTpOHHOro pEeryiasTopa MBHIKOCTI B

OCHOBHOMY 3JIS)KUTh BiJl MAKCUMAaJIBHOTO CTPYMY, KU
BiH Moxe BuUTpuUMAaTH. OCKiNBKM mnependadaeTses, Mo
MYJIBTHPOTOP HIKOIHM HE MOTpeOyBaTUME OIUIBINOI TATH,
HiXk JocsaraeThes B pobouiit Tourii WOT, cTtpyM Takox He
TIOBUHEH IEePEBUIIYBATH PO3PAaXyHKOBE 3HAYEHHs. Tomy
MOXKHa CKa3aTH, 110

—

r
{ESC zalactad,

(30)

ne Igsc — 1ie HomiHabpHUI (MakcuMmaibHuit) ctpyMm ESC,

a Bubpanuii £ Ej.;lmrh:ni — CTpPYyM JBHT'YHa B poOoYiif TouI
WOT.

Jlis OIIHKK Yacy NONbOTY KOPUCTYBad Ma€ HalaTh
3HaYHy 4vacTUHy cneuudikanii  Oartapei.  Oanak
METOAOJOTiS  JO3BOJIAE  3aBEPIIUTH  CHelU(iKaIlio
Oarapei NUIAXOM BH3HAYEHHS po3mipy mapamerpa C-
perTuHry

_ [EscX Ty

T Fa

1)

Jie Tc — MiHIManbHO HeoOXiquui pertunr C Garapeli,
C — emHicTh OaTapei.

Best Meromororisi BU3HaueHHS PO3MIpiB BHKOHABYOL
cHcTeMHU 300paXkeHa Ha Jiarpami MoToky AaHux (puc. 4).
BoHa moka3zye 3ajexHICTb pO3Mipy JBHI'YHa BiX
cnemudikanii rBuHTa Ta po3Mmipy ESC i Oatapei Bin
cnemmgikamii  gBuryna.  CBiTio-OmakurtHi  OJoKH
BIANOBIAAIOTL €TamaM METOAOJIOrT, TEMHO-CHHI OJIOKH
MOKa3yIOTh BHMOTH Ta OOMEXEHHs, a POXKEBI eJlilcu
[MO3HAYAIOTh TOYKH JOCTYIy M0 Oa3u naHWX. BuximHi
JaHi B 3€NEHUX  eJNilcax MICTATh  Mapamerpu
cneuudikanii a1s1 BU3HAYECHHS PO3MIPIB YCiX OCHOBHHX
KOMITOHEHTIiB CWJIOBOI YCTaHOBKM (a caMe TBHHTA,
nmeuryna, ESC Ta Oatapei), a TakoX pO3paxOBaHHUX
pobouMX TOYOK TBUHTA Ta JBUTYHA, SIKI MOXHA
BUKOPHCTOBYBATH Ul PO3PaxyHKY IOJATKOBUX NaHUX,
TaKUX SIK PO3PaxXyHKOBUH dwac momboTy. [ani, 1o
BIJIMIOBIIAIOTh KO)KHOMY 3 BHXOJIB, MOXKHAa 3HAWTH B
Tabm. 1.

Ha puc. 4 takox MOoxHa NOOAUYUTH 3HAYHUI BIUTUB
PO3paxyHKOBOi ~ 3arajbHOI ~ Barkm  JpOHa BiH
BHUKOPHCTOBYETBCS JUIs pO3paxyHKy HeoOXinHoi Tsiru Tr,
siKa BiJ[irpae KIIOYOBY POJb y BUOOpI TBUHTA, a OTXKeE, 1
nBUryHa. Uepes AMCKpETHY NPUPOIY MapaMeTpiB IBHHTA
Ta JBUTYHAa 3B’S30K JyXe HETiHIHHUN, TOMY HOro
MOTPiOHO aHaji3yBaTH uucelbHO. OIHAK METOJONOTII0
JIETKO pealizyBaTd B IMKII, MO0 moOymyBaTH rpadik
3aJIeKHOCTI Yacy TMONbOTY BiJl Barw, SKUH MOXHA
BUKOPDHCTOBYBAaTH B [OAATKy BH3HA4YEHHS PpO3MIpY
KOPHCHOI'0 HABaHTAXKECHHSL.
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Ta6muus 1 — [lani B pe3ynpTatax METoI0NIOor i1

HasBa criermikanii | Micrsirees paHi

Crienmdikaris Haspa; miametp d; kpok O,; cepis s,

TBUHTA
Crienmdikaris HasBa; peitruar KV;  HominanbHa
JIBUTYHA . w['ZJ
IBUJKICTD ™ =nlartad,
HOMiHaJIbHHUIT KPYTHHI MOMEHT
(2
T ) .
anlantnd,
HOMIHAQJIbHA  MEXaHi4Ha  IOTYXKHICTb
(2
Meplartad,
HOMIHAJIBHUH €JIEKTPUYHA IOTYXKHICTh

2

Ecalarrari,

n 2]
HOMiHaJIbHA €(DEKTHBHICTS 'Iselectec;
HOMiHaJIbHa Hanpyra V

Cnemuoikanist ESC | MakcuManbHui cTpyM Igsc

Crienmdikaris
aKyMyJsiTopa

pO3Mip KIITHHKM N¢; MiHiManbHHE C-
PEWTHHT 1¢;
emHictb C

/"..C;'nmm thﬂ‘.\\, _-'Etlnp“mn ’uﬁuw\.
' hponesepisy 51/ N AmomievEa
Il -M. .
i i Phntapeifn Busnauenna pob.
BHMOFAD Habopy il TOMOK MOTODY
npanenepy npanenepis
’,l n] 0.] 2
'ﬂ BXYHOK. ol | " dinerpauin
mﬁ-ﬂﬂt | TCHOK TBHHT Hebopy _‘L
- - moTopin
:Jl ) M. (e}
* T
Bufip Bubip -
nponenepa Raeriia et ;‘I;::::rpu ESCTa
Purd _— |
o = A . S
- > - - -y
./ Ol " ot ¢ mppuese
', Npanenep L ABHTYH J N s Garapat
\‘_ = L _'/ b F_r__/

Puc. 4. Jliarpama mortoky iHdopmariii Mmerogoorii

Po3nin cucremu KMBJIEHHS PO3pOOJICHOT METOMOJIOTI]
30CEepePKEHNH Ha OLIHII Yacy MOJbOTY ILIIXOM
MozemoBaHHA ~ Oarapei. Mogens  0a3yeTbcs  Ha
iTepaliiHOMyY MiAXO0Mi, MpeacTaBieHoMy Tpayoom [5].
Bin mae nBa BaKiMBi ABHUINA: 3MEHIIEHHS €MHOCTI 31
301IBLIEHHSIM CTPYMY Ta IaJiHHS HANPYr'H 4epe3 po3psill.
Kpim Toro, morpeba B MOTYXHOCTI MOXKE€ 3MiHIOBATHUCS
NPOTSITOM ~ MOJEJIOBAaHHS, OJHAaK Yy 0a3oBiii Bepcii
METOJMKH II¢ HE BHKOPHCTOBYETHCS, OCKIJIBKH POOOUi
TOYKHU TIOCTiHHI. BiOK-cXxeMy po3paxyHKiB Uit OJHi€l
po00UOi TOUKHM MOXKHA TTOOAYUTH HA pUC. 5.

MopentoBaHHss €MHOCTI OaTapei, IO 3MiHIOETHCS
3aJIeKHO BiJl CIIOKMBAHOT'O CTPYMY, BHKOHYETHCS 32
nonomMororo  MoaugikoBaHoro piBHAHHA [lelikepra y

dopmi:

EE(EL}"
Y (32)
ne Rt — me tpuBamicte poboru Oatapei B rommnax (1
TOMHA Y BHMAJKy MaJUX YIAKOBOK), a N — KOHCTaHTa
[eiikepra (1,3 g LiPo), 1o 3aiexuts BijJ TUITY OaTapei

Ta TeMIIEPaTypH.
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(k)
A Moot Ot PospmXysaTA NOMATRODME

cran

—

View i Gy PoapaxyHoN HacTynHol

Irepauii

TA/\HI
Tighy = 1 % A : Vi > V. 1=1+1

.

Puc.5. [liarpama po3paxyHKy eHeprocucteMu st k-1
po60YOT TOUKH

BumipioBaHHs Hampyrd akymylsiTopa € OIHHM i3
OCHOBHHX croco0iB MIPSIMOTO BUMIipIOBaHHS
3aJIMIIKOBOTO 3apsiny. SIK TpaBWwio, JITiH-TOIIMEpHI
(LiPo) ememeHTH, sIKi BHKOPUCTOBYIOTbCS B JpOHAX,
MaroTh 4,2 B nipu nmoBHOMY 3apsni Ta maaaroTs a0 3,7 B
nipu 3apsni 20%. Kpusa naaiHHs Harpyry € HeJiHiHHOIO,
aje Ui MoJielli BoHa Oyna JliHeapu30BaHa Ta BUpPa)KeHa
qepe3

o = _S2V-37F
U Db s Cmne, (34)

ne Vo — mouaTkoBa Hampyra;
k) — koedilieHT nagiHHS HANPYTH;
Cy — IIoYaTKoOBa EMHICTh aKyMYIISITOPA;
DoD — makcumanbHa TiaubuHa po3psy,
Nc — KUIBKICTh €JICMEHTIB aKyMYJIsSTOpa.
Ha ocuori Tpayba [15] momenp Oarapei MokHa
BU3HAYUTH 32 JIONIOMOT 00 HabOopy iTepaliiiHuX piBHSHbB

Vim=% _-Ifz[cn_clr], (35)
i Pe
H+1 "y ., (36)
Cre = iTRETCT =3 Ly AL, 37

3 IOYaTKOBUM CTaHOM, BU3HAUYCHUM AK

Vo =2.2¥ x ng (38)
. P,
Ty (39)
Co =I5 "RETTCT, (40)

3 mWIMHOM dYacy Hampyra 3MEHIIYEThCSA, OTKE,
301IBIIYETHCS CIIOXKHMBAHHS CTPYMY JUIS JTOCATHEHHS Ti€l
K TOTY)KHOCTI Ta IOCIIZOBHO 3MEHIIYETHCS TOCTYITHA
eMHICTh OaTapei uepes edekr Ilefikepra. MonenroBaHHs
MPUIHAHIETHCS, KO HAIIPpyTra JOCSTa€e

Vo =37V X ng, (41)
abo Komu MOTYXKHICTh nocsrae 20% Big MMOYATKOBOI

MOTY)XHOCTI  (Tpaiioe, JHIIe KOMM  CIIOKUBAaHA
MIOTY)KHICTh € TOCTiHHOI0). Pe3ynbraTomM € mpocro vac

MOJICTIOBaHHS, PO3pPaxOBaHUH SIK JOOYTOK 3HAYEHHS
KPOKY 4Yacy Ta KiJbKOCTI iTeparii.

V. BUCHOBKU
3anpornoHoBaHa MOAENb BUOOPY KOMITOHEHTIB CHJIOBOI
YCTaHOBKH 3aCTOCOBHA JIMIIE B CTATHYHHX YMOBAaX i MpH
MOCTIMHIM MBUIKOCTI. MOEIOBaHHSA KBaJAPOKONTEpa B

MoNbOTI  Habarato  CKJIaJHINIE Yepe3  HasSBHICTh
aepoJMHaMIuYHUX €(EeKTiB, TAKUX SK 3MIHHHH KyT aTaku
(TaHTaXK), 3MEHIIIEHHSI KoedirieHTa TATH 3

BUIIEPE/DKEHHSIM 1 JoAaTkoBUd omip pamu. OjHak
HaOMmKeHHs HEeoOXigHOI MPOIYKTUBHOCTI IS TOBHOI
KEPOBAaHOCTI B TONBOTI 3JIHCHIOETHCS 32 JIOMOMOTOI0
MOJICJl JIMIIEe B CTaTUYHMX YMOBax eKcIuryatauii. Bin
BUKOPDHCTOBYE CTaH pIBHOBaru, JOCSATHYTHH i dYac
BHUCIHHS (32 OE3BITPSHUX YMOB), KOJH TATrd, CTBOPIOBAaHA
TBHHTaMH, JIOpIBHIOE Ba3i MyiabTuUKOnTepa. Lo Tary
MOXKHa TIOMHOXXHTH Ha IOCTIfHE CITiBBIJHOLICHHS TSITH
JI0 Bard, m00 JOCATTH 3HAYEHHS CTaTUYHOI TATH, SKE
rapaHTye KOHKPETHI XapaKTEPUCTHUKH B MOBITPI 3aJIEKHO
Bin 3actocyBaHHs. lleil minxin BHITISAE HETOYHUM;
O[JHAK, TMPOTSrOM 0araTboX pOKIB  BHKOPHCTaHHS
NMOAIOHMX  METOIB Yy CIIJIBHOTI  PaJliOKepOBaHUX
aBlaMOJIEJTICTIB, 3HAYEHHS CIIBBIAHOIIEHHS TITH [0
Bard, HEOOXiAHI U1 pI3HUX 3acTOCYBaHb, OYiIn
MiATBEpKEeHI OaratbmMa BUMPOOYBaIbHUMH TTOJIbOTAMH.
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