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

VY 30ipHHMK BKIJIIOUEHI T€3H JOIMOBLIEH, SIKI IPUCBSIYEHI Cy4aCHUM TEHJIEHLISIM PO3BUTKY TEXHOJIOTIH Ta
3ac00iB BUpPOOHHUIITBA Ta MEXAaTPOHHUX CHUCTEM, IEPEJOBOMY JOCBIIY Ta BIPOBAKEHHIO iX B Taly3six
CUCTeM TIIPOMHCIIOBOI aBTOMaTH3alli Ta KepyBaHHA BHUPOOHUITBOM; CHCTEMHIH IH)XXEHepii;
CAD/CAM/CAE cucrtemax; MexaTpoHill (€JIeKTPO-MEXaHIYHUX CHUCTEMaX, €JIEKTPOHHUX IHCTPYMEHTaX
cucrteM kepyBaHHs, MmexaHIYHUX CAD cuctemax); poOoToTexHill Ta 3aco0axm iHTenekryanizauii; MEMS
(cygacHuX wMaTepiaiB Ta TexXHOJOriix BurotoBieHHs MEMS) Ta KOMIOHEHTax 1 TEXHOJOTLIX
aBTOMaTH3allii BUIOOYTKY, IepepoOKU Ta TPAaHCHIOPTYBaHHS Ha(TH Ta rasy.

Penmakmiiina xoseris: 1.1, Hesnronos, 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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- 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.

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.

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.

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

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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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

19937

combined

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.

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



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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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.

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
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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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Cratas Matrix Cods QR Coda
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.

Fig. 6. Example of 2D MaxiCode
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I.

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

ga 0a31 RFID - rexHosori
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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: cknap, 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.

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.

Pucynok 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
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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 cydqacHOMYy CBiTi, KONM IUTaHHS Oe3leku 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 — Cki1afioBi CHCTEMH T'YMaHITaApHOTO
PO3MiHYBaHHS

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
aHoMaJyii, Taki sK pagapu, reoxe3uwuHi mpwiagy, 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 1 3aBJIaHb PO3MiHYBaHHSI.

Tabmuug 1.1 — Jlemackyroui 03HaKu BUOYXOHEOE3EUHUX
Tpe/IMETIB

By KOHTpacTy Mix Tumn 00’ekra NoMmyKy

00'eKTOM 1i
OTOYYIOYUM
CepeoBHUIIEM

BHII 3
KaOeIIbHUMHU
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
BUOYX0BOT + + + +
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 IOMOMOrO
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
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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 INBUAUIC 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
TIOMHJIOK 1 T IBUIIYE YCHIIIHICTh 3aBIaHb.

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..

Key words: Mobile robot, Camera, Lidar, Stereo
Camera

[. 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

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
1.2.

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
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Picture 1.4 — Light Field Camera Operation Scheme
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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
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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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Anomauyin: B pobori po3ibpaHO OCHOBHI 3aBIaHHS
aBTOHOMHOTO TIepecyBaHHs POOOTIB, PO3IIISIHYTO ONTHUMI3allis
MIBUJIKOCTI pyXy Ha 3ajaHuX Mapuipyrax, onucana CAK rta
ormcano IIJI-perymnsarop.

Knwuoei cnosa: Ill[1-perynarop, 3akOHHM 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. BUCHOBKM
B nanomy marepiami Oynu BHUCBITJIEHI 3aBIaHHs, IO
BUHHMKAIOTh TP aBTOMATUYHOMY YIPaBIIHHI PyXxoM
aBromarnuHoi ratdopm, onucano CAK Tta ii 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 po3iOpaiii NpUHLUUI 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 TexHoiorii,
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
oIepariifHuX TEXHOJIOT1H.

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.

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 Mae 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 ITiJIIPHEMCTBA.

- 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 arnapaTHUX Y MMPOrpaMHHX 3acoOiB,
IO 3IIMCHIOE KOHTPONIb 1 (UIBTpAlil0 MEepekKeBUX
MAKEeTiB, SIKI MPOXOAATh Yepe3 HbOro, BIIMOBIAHO [0
3amaHuX mnpaBwi. OCHOBHUM 3aBJaHHSIM MEPEXEBOro
eKpaHy € 3aXHCT KOMIT'IOTEPHUX Mepex abo OKpeMHX
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.

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 3a0e3redye TOCTYN 10
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. BucHoBkHM
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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BupinieHns 3a7a4l 3BOPOTHOI KIHEMATUKH JIJIS

PYXJIMBUX KIHI[IBOK POOOTEXHIYHOI MIIATHOPMHU
Jimurpo Typin'

1. Kaenpa KITAM, XapkiBchkuii HallioHanbHui yHiBepcuTeT pamioenekTponiku, YKPATHA,
Xapkis, np. Hayku. 14., email: dmyrto.gurin@nure.ua

Anomayia: B pnanomy wMaTepiajli HaBEICHO BHPILIECHHS
3a1a4i  3BOPOTHOI KiHEMAaTHKH JUISI PYXOMOI  KiHIIIBKH
po0OTOTEXHIYHOI IuIaThopMu

Kniouosi cnoea: 3BopoTHA KiHeMarHKa, pOOOTOTEXHIKa,
FreeCAD.

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

MOIIYKOBUX  Omepamid y  pi3HUX  ITOTEHLIHHO
HeOe3MeYHNX Ta HECHPHUATIMBUX Ui JIIOJEH yMOBax,
TaKUX SIK  TETEepOreHHI  KaracTpou,  MPHUPOAHI
katactpodwu, IHIMACHTH JIOKaJBHOTO 9K

IHAMBIAYyadbHOrO MaciTaldy Tomo B panuii wac pizko
3pOCTa€ KiJbKICTh pPOOOTIB, PO3pPOOIEHHX i3 METOI0
MOIIYKY MOCTPaKAAIMX BiJl MPHUPOAHUX Ta IITYYHHX
katactpod. B  ocHOBHOMY Taki 3acHOBaHI Ha
HEOOX1THOCTI ITOJONaHHS TaKUX IEPEIIKOMd, IS SKHX
PATYBaJbHUKY, IIONIYKOBI TBApHMHU Ta JIITalO4i APOHU
Oymu 0 MeHIm eeKTUBHUMH. JIy)ke YacTo Taki poOOTH
MAaIOTh 32 OCHOBY CIIOCOOM PYXY SK BiJI )KHMBHX iCTOT, TaK
1 BijI BXK€ CTBOPEHHMHU Yy MUHYJIOMY MEXaHi3MiB.

[poBimHi poOoToTexHIUHI KOMMaHIi Ta PO3pOOHHUKH Y
yHiBepcuteri  Kapneri-Memon ~ iRobot, ~ Boston
Dynamics, Pliant Energy Systems, Hydronalix,
VideoRay: Ta ix wmomemi PackBot, Snakebot, Atlas,
Velox, EMILY, Mission Specialist ToIo, 3aiiMaroThCs
BINMOBITHUMH  JOCHI/DKCHHSIMH B Ii€l ramy3i Ta
BUPOOJISIIOTH MOZIEI POOOTIB /IS OUIYKOBUX POOIT, 10
Hapasi BUKOPHCTOBYIOTHCS SIK 1 MO MPHU3HAYEHHIO, TaK i
JUIs  aHalidy Ta  NPOTOTHIYBAaHHS  IMOJAJIBIINX
POOOTOTEXHIYHUX TPOEKTIB..

KoperyBanns miardopmu 3a paxyHOK
3BOPOTHOT KIHEMATHUKH
MOJNIETIIMTH ~ KOPUCTYBa4aM  IEPEMillICHHS
€IeMEHTa KIHI[IBOK po0oTa B IEBHI
MIOJI0XKEHHH, noTpibeH METOJ 3BOPOTHOT'O
KiHEMaTHYHOT O PYyXy. v LBOMY MeToxi
BHUKOPHCTOBYIOTHCS BXiJIHI KOOPAWHATH MO3UIIT y GopMi
X, Y i Z. BuxiaHi faHi 3BOPOTHOI KiHEMaTHKU — LIe KYT,
SIKMH YTBOPHUBCS Ha 3’€IHaHHI.
Ha pucynkax 1 ta 2 (ne incrpymentamu FreeCAD s
PO3paxyHKIiB  3BOPOTHBOI  KIHEMAaTHKH  BHUMIpsHI
[MOYAaTKOBI 3HAUYCHHS, IO 3aHECeHI y Tabmuigo 1)
YOTHPUHOTHH POOOT Mae 1o 3 Cyrio0M Ha KOXKHIH HOTI.
Kyr € yrBOpeHmii cyriobom, TOOTO MarOThCS KyT Tazy
(Ap), Kyt cTerHa (A;), KyT TOMUIKH (A,).
Y camoMy Koji KepyBaHHS 3HAu€HHsS LUX KYTIiB
MepeTBOPIOIOTHCs Ha 3HaueHHs IIIIM mis mepemilieHHs
CEpBOIIPUBOY Uepe3 IpaliBep CEPBOJIBUTYHIB.

o6

KIHIIEBOT'O

3BOpoTHI KiHeMaTWuHi (yHKIIi, 3a sSKuMH OyayTh
BECTUCh pO3paxyHKH BHMAaraioTh BBEICHHS  OCIB
koopauHaT X, Y Ta Z y TakoMy BuOi: Bich X
MPEJCTABIAIOTh, PyXH poOOTa Brepen i Haszad, Bich Y
O3Ha4yae pyxu poOOTa mpaBopyd 1 JiBOpyd, Bick Z
O3Havae pyxu poOOTa Bropy Ta BHU3.

Puc.1. Bun 300Ky Ha IJIOMIMHY, IO CHIJIBHA IS
Cyra00iB CTErHa Ta TOMIJIKK HOTU po0OoTa, SIKi
PETYIIOITh HAXWIHN IIaThOopMHU

Puc.2. Buj 3HM3y Ha OJHY 3 KIHI[IBOK poOoTa

IToyaTKkOBI 3HAYEHHS, OTPUMaHi 3a JOIOMOTOIO
nporpamHoro 3abe30cueHHs FreeCAD HaBemeHi Yy
Tabmumi 1.
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Tabnuug 1. [TouaTkoBi 3HaueHHs, Bumipsiai y FreeCAD

Crienmdikaris 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 Cyriio00y Ay 10 TOUKH
Kparo CTyIEeHi IpH
BEPTUKAIBHOMY BUJI

30,9 mm

Jpyruii KaTeT NpIMOKYTHOIO
TPUKYTHHKY 3 T'IIOTEHY30H0 BiJ{ Y
TOYKY Cyrii00y Ay 10 TOUKH
Kparo CTyIEHI IpH
BEPTUKAIBHOMY BUJI

121,1 mm

Haxwn npyroro cyrino0y 3a A 45°

3aMOBYYBAaHHIM

Haxwn tpetboro cyrino0y 3a 25°

3aMOBYYBAaHHIM

A

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 pucynky 3 mpencraneHo crpolieHe BiITBOPEHHs
chucteMrd OallaHCyBaHHS 3aBISIKM  OJIOK-CHCTEMi Y
MATLAB SIMULINK.

BipryanbHa Onok-cucremMa BKIIOUa€e B co0i:
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- CIHYCOIIaIbHO-IIYMOBUI TeHepaTop 3HaueHb
eKCTpEMaJIbHUX HaXWIIiB BiJ TipocKomy Io Bicsx X Ta Z
KOXKHE, Opi€eHTOBHO Bif (-55)° mo 55°;

- eKCIIOHEHIIaNbHi  (QIIBTPU Ul BUAAJIEHHS
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.

Puc.3. biok-cucrema GaancyBaHHsS

Ha pucyaky 4 mnpencrasneno mnapamerpu IIIJI-
perynaTopis.
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Puc.4.Pe3ynpatyn nanamrysanns [11]] —peryastopis

I'padixu pe3ynbTaTiB MOJETIOBaHHS TPEICTaBICHI Ha
pHUcyHKax 5-6.

Puc.5. I'padixu moyaTKOBUX 3HAYCHH HAXUIIIB 3
ripockoIy

Puc.6. I'pacik 3HaueHb KOpPEryBaJbHUX HAXMIIIB
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Hespaxaroun Ha HeJONIK OJIOK-CUCTEMH  IOJO
BIJICYTHOCTI iJ€a]bHOI CHMYJISILIi peasliCTHYHUX He-
eKCTpeMaJIbHUX ¢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
MOIeNIIOBaHHA y  cepemoBuini  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.,.

[Tepenik mocunanp

[1] Mogeni Ta Meroau KiOepdi3MYHMX BHPOOHHYMX
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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: mMonyni 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 MOBHOMPHBITHUIA  pOOOT  JIIst
MepeBipKd  Ta  3HEUIKONKEHHS BHOYXOHEOE3NeuHHX
npeameris (Puc.1).

Pucynok 1. — BISON

Vanguard MK2 wmae mapHipHUl Baxiab 1 HHU3bKUH
npodisb, MO0 JOCATTH BY3bKOCTI TPOCTOPY, HAIPHUKIA]
iz apromobiamu (Puc. 2).

Pucynok.2 — Vanguard MK2

Jlanmrorosa rycennyna mamuaa tEODor 2 ocHamiena 2
aKyMyJSITOpHUMH OaTapesMu 1o 12 BonbT mo 85 A-ron
KO)KHa,  6-BICHUM  CHJIOBUM  MaHIMYISITOPDOM 3
TENIECKOIIYHUM ~ HIDKHIM ~ BaXkelleM,  sIKHH ~ Mae
Teneckomniuny 300y 400 MM i 3axBat (Puc.3).
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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
BISON MK2 tEODor
Cryninb cBob0oaM 5 7 6
MaHiIynsaTopa
Posminn 1100x740 | 720x440x | 1100x680
P x 1200 410 x 300
Bara 210kr 55kr 360kr
BaHTa)K(.)HII[I/IOMHl Hesinom Sr 20Kr
CTh MaHIMyJISITOpPA 0
MakcumanbHui Hepizom
paniyc mii oﬂ 1320mH 1750muH
MaHiIynsaTopa
. 3.6 1-2
[IBuakicTs xv/ron xM/ron 3 km/rox
Mexanizm . .
HpHBOTY Koneca | I'ycenuni | I'ycenumi
Bizyanbna
inopmanis 3 xamepu | 2 xamepu | 2 Kamepu
Kate barapes
Kusnenns Barapes (Ormist P
Oarapei)
Bincrans gii 1 km 360m 200 m
Hiune 0ayeHHs - HOH'ZTKOB +

3rifHO 3 TOpIBHSHHS MOKHA 3a3HAYMTH, IO KOXEH
pobOT Mae CBOi mepeBard Ta HEMONIKM MK 1HIIHMH,
TOMY MOXXHAa IPUHTH K BUCHOBKY IO KOXEH 3 LHUX
poOOTiB  Mae CBOi YHIKaJgbHI XapaKTEPUCTUKU 1
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

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




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 cnoea: 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.

Kniouosi cnoea: moOGinbHI poOOTH, HOLIYK ONTHMAIBbHOIO
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 iX Ha HU(POBY 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.

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].

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



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

[Tepenik mocunanp

[1] Attar, H., & et al.. (2022). Zoomorphic Mobile Robot

Development for Vertical Movement Based on the

Geometrical Family Caterpillar. Computational

Intelligence and Neuroscience, 2022, Article ID

3046116, https://doi.org/10.1155/2022/3046116.

Nevliudov, 1., Yevsieiev, V., Maksymova, S,

Demska, N., Kolesnyk, K., & Miliutina, O. (2022,

September). Object Recognition for a Humanoid

Robot Based on a Microcontroller. In 2022 IEEE

XVIII International Conference on the Perspective

Technologies and Methods in MEMS Design

(MEMSTECH) PP. 61-64. DOI:

10.1109/MEMSTECH55132.2022.10002906

[3] A Small-Scale Manipulation Robot a Laboratory
Layout Development / Yevsiciev V., Starodubcev N.,
Maksymova S., Stetsenko K. // International
independent scientific journal, Ne47, 2023. P.18-28.

[4] Yevsiciev V., Maksymova S., Starodubcev N.
Software Implementation Concept Development for
the Mobile Robot Control System on ESP-32CAM //
Current issues of science, prospects and challenges:
collection of scientific papers «SCIENTIA» with
Proceedings of the II International Scientific and
Theoretical Conference (Vol. 2), June 10, 2022.
Sydney, Australia: European Scientific Platform.,
2022. P. 54-56

[5] Yevsiciev, V. Comparative Analysis of the
Characteristics of Mobile Robots and Collaboration
Robots Within INDUSTRY 5.0. / V. Yevsieiev, D.
Gurin // In the VI International Scientific and
Theoretical Conference, September 8, 2023. Chicago,
USA. P.92-94

[6] Vladyslav Yevsieiev, Nikolaj Starodubcev (2023).
Development of a control algorithm for a small-sized
mobile manipulation robot. Scientific Collection
«InterConf», (140), P. 648-651.

[7] Yevsieiev V., Maksymova S., Starodubcev N.
Software Implementation Concept Development for
the Mobile Robot Control System on ESP-32CAM //
Current issues of science, prospects and challenges:
collection of scientific papers «SCIENTIA» with
Proceedings of the II International Scientific and
Theoretical Conference (Vol. 2), June 10, 2022.
Sydney, Australia: European Scientific Platform.,
2022. P. 54-56

(2]
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Po3po0Oka miacucteMu KepyBaHHS MOOIIIBHOTO pOOOTY
JUIs1 OpIEHTAILIIT B BHp06HHq0My HpOCTOpl

Caitnana Makcumosa' ,Kanaes BJIaIII/ICJIaB
1. Kadenpa KITAP, Xapkischkuii HalionansHuil yaiBepcuter pamioenexrponiku, YKPATHA,
Xapkis, np.Hayku 14., email: vladyslav.kanaiev@nure.ua

Anomayia: Jlana HaykoBa poboTa HpHCBsiMeHa po3polLi 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.

Kniouosi 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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PiBHi 3aco0iB IIoT B IHhopmaniitnux TexHomorisax
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Anomayia: B Te3ax ponosini Oyno IpOBEICHO aHaii3
ocobinmBocTi  mobynoBu  Ta  (YHKUIOHYBaHHA  piBHI
IIPOMHCIIOroBO IHTEpHETY pedei.

Kniouosi cnosa: pisens, [IpoMucnosuii [aTepHer peueil ,
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
3aBJIAHHSL.

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

Ockinbku [HTEpHET pedeli moYnHae 3aiiMaTH BasKIIMBE
Miciie B chepi BUPOOHHUITBA 1 MPpOMHCIOBOCTI, CBITH 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 apxirekrypa loT ckiagaeTbest 3 4OTHPBOX
(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 MacIITa0l yacy.

HacrynHuii piBeHb (ILTIO3IB 1 MEpEkK) CKIAAAETHCS 3
KOHBEPreHTHOI ~ MepexeBOi  iHQPaCTPYKTypH,  sKa
CTBOPIOETHCS HIISIXOM IHTETpallii Pi3HOPIAHUX MEpPEexX Y
€IMHY MEPEXKEBY IIATPOPMY.

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

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

[
T UL e f NN (L T
hilerewh, TR O

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.
€auHe 0OMEXEHHS, 3 SIKUM TYT MO)KHA 31TKHYTHCS, —
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.

drvher i oy dwacn sckivar e pailam

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,
PO3YMHOT'O MiCTa Ta IMIPOMHUCIIOBUX JIOJIATKIB.

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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Po3po0biieHHs enemMeHTiB 001Ky 00J1aTHAaHHS

iHpopmariitnux ERP-cuctem
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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.
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- 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
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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
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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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Po3po0JieHHS CUCTEMU 1HTEJICKTYAJIbHOTO KEPYBAHHS
KOHJIMI[IOHYBaHHSIM BUPOOHUYOTO MPUMIIIICHHS 3

BUKOPHUCTAHHAM TeXHoJorii [oT
Bponnixo A.I'., Humera B.€7.
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Anomauin: TlpencraBneHo iHdopMario 3 po3poOICHHS
CHCTEMH IHTENEKTyaJbHOr0 KEPyBaHHS KOHAMLIOHYBaHHSIM
BUPOOHHYOr0 HMPHMIIICHHS 3 BUKOPHUCTaHHSIM TexHoorii IoT.
B sxocti Texonoriit st po3poOieHHs cucreMu Oyno oOpaHo
texHonorito Internet of Things,a Takox miary KepyBaHHS
Arduino 1t 360py Ta 00pOOKHM TaHUX 3 CEHCOPIB Y pealIbHOMY
4aci Juli NPUIHATTS HaWKpaluX YHOPaBIiHCBKUX pillICHb,
3abe3nedyroud KoM(popT Ta ePeKTUBHICTH POOOTH CHCTEMH.

Knrouogi cnoea: po3poOka, CHCTEMH IHTEIEKTYaJIbHOTO
KepYBaHHS, KOHIMI[IOHYBAaHHSIM BHPOOHMYOrO IPHUMIIIEHHS,
Arduino, texHonoris Internet of Things(IoT).

I. BCTVII
CyuacHi BUPOOHHMYI TPUMIIIEHHS CTUKAIOTBCS 3
POCTOM BHMOT' 10 ONTUMAIIHUX YMOB JJIsI BUPOOHHUYUX
MPOLIECIB Ta 3MEHIIEHHSM BUTPAT Ha KOHAWI[IOHYBaHHI.

Y  upoMy  KOHTEKCTI  pO3pOOJIEHHS  CHCTEMH
IHTEJIEKTYalbHOTO  KepyBaHHS  KOHAMLIOHYBAaHHSIM
BUPOOHMYOrO  TPHUMILIEHHS €  aKTyalbHOI  Ta

CTpaTeriyHo BaXJIMBOIO 3a1ayeto [1].

MeTot0 1aHOTO AOCTIIKEHHS € PO3pOOJIEHHS CUCTEMH,
ska 0 3a0e3meuyBajia  ONTHMAJIbHI  YMOBH  JUIS
BUPOOHMYMX IIPOLECIB Y BUPOOHWYOMY IPUMIIIEHHI.
Jns  nocATHEHHsI 1€l MeTH, MH BHKOPHCTOBYEMO
nepenoBy TexHojoriro I[urepHery peueit (IoT) Ta
iHTerpyemMo 1miatgopmy Arduino B cCHCTEMY KepyBaHHS

(puc. 1).

Pucynok 1 — 3arajibHa KOHIICTIIIIS IHTEPHET peuei

AxTyanmpHiCTh 1i€1 3a7ayi TONSATaE B TOMY, IIO
MIPOMUCIIOBICTh HUHI NepexuBae niepion
MEPEOCMUCIICHHsI CTaHIapTiB 1 BHMOI J0 pPOOOYOro
cepenoBuina.  HasBHiCTh  KOMQOpPTHHX  yMOB Yy

BUPOOHMYOMY MpPUMIIIEHHI BIUIMBaE€ Ha e(EKTUBHICTh
mpari, a TaKoXX Ha 370pOB'st pOOITHHKIB. 3 1HIIOTrO OOKY,

epeKTUBHE YIpaBJiHHA KOHIWIIOHYBaHHIM  MOXE
CYTTEBO 3HM3HMTH BHUTPATH EJIEKTPOEHEPTii, IO CTae BCe
BXUTUBIIIOID TPOOJEMOI0 B  YMOBax IOCHJIEHOTO
PEryIIOBaHHs 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 onruMizarii pobotu CUCTEMU
KOH/IWLIIOHYBaHHSI B PEATbHOMY Yaci.

Opnak  iHTerpamis  mwiargopmu  Arduino  Mae

BEJIMUE3HHUI MOTEHIIaN I 3a0e3rmeueHHs HadiiHOCTI Ta
edexkTuBHOCTI cucTeMH. Arduino 103BOINISIE PO3POOHUTH
CIICINai30BaHi TaTYUKU Ta aKTyaTOPH, SIKi BiIIOBITaI0Th
3a 30ip i 0OpoOKy maHMX. MU TakoX pPO3IIISTHEMO
MaTeMaTHYHy MOJeNb, IO JOINOMara€ BU3HAYUTH
ONTUMAaJIBHI TTApaMETPH KOHIUIIIOHYBAHHS B 3aJIC)KHOCTI
BiJI 30BHIIITHIX YMOB Ta MOTPeO BUPOOHUYOrO MIPOIIECY.

II. TEXHOJIOI'TA 10T B IHI[YCTPIT

Texnomnorist Internet of Things (IoT) crana kirouoBUM
(dakTopom TparchopMmarrii MIPOMHUCIIOBOCTI Ta
IHIYCTpiaTbHOTO  CeKTOpa. BoHa BiJKpHUBae HOBI
MOKJIMBOCTI ~ JJIS  TOKpAIIEHHS  MPOMYKTHBHOCTI,
eeKTUBHOCTI KOHKYPEHTOCIPOMOXKHOCTI
BUPOOHULITBA.

Texnomnorist Internet of Things — 1e xoHuerist, 3a K0T
¢i3nuHi 00'ekTH Ta TpUCTpoi 3AaTHI 3'€HYBATHCS IO
Iutepuery Ta  OOMiHIOBaTHCS  JaHUMH, 1100
3a0e3medyBaTy 301TBIICHY aBTOMATH3aIlil0, MOHITOPHUHT
Ta KOHTpoib. BoHa BKIO4Yae B cebe BHKOPUCTAHHS
CeHCOpiB, 300py [HaHWX, aHaJi3y Ta B3aeMOMmil 3
00'eKTaMH Ta CUCTEMaMH Yepe3 MEPEKY.

IoT no3Bonse BigmaneHo KepyBaTH Ta MOHITOPUTH
obyiajiHaHHS Ta MAallMHU B peasbHOMY 4aci. Lle crpusie

Ta

onTHMi3amii  BUPOOHMYUX  TPOLECIB,  IiIBUILEHHIO
MIPOJYKTUBHOCTI Ta 3MEHIIEHHIO BUTPAT.
Cencopu IoT 103BOISIOTH CTEXUTH 3a CTAHOM

oOmamHaHHA Ta TmepeAdayaTd MOXKJIHBI BIJIMOBH UM
nonomku. lle cnpusie mornepemKeHHIO HEBIIKIAIHUX
PEMOHTIB Ta MiIBUIYE HAIIHHICTh CUCTEMHU.

[oT no3Bossie 30upaT AaHi MPO CHOKUBAHHS E€HEPTii
Ta IHIOMX pecypciB sl 3MEHIIEHHsS BUTpar |1
i IBUIICHHS ¢)EeKTUBHOCTI.

30ip Ta aHaji3 [JAHUX B peaJbHOMY 4Yaci Halae
MOXIIUBICT, mpuiAMaTd iHGOPMOBaHI pilIeHHS Ta
PO3po0IIATH CTpaTerii BUpOOHHIITBA.

[epeBaru Bukopuctanus [oT B cucremax ynpaBiiHHS:

— i IBUIICHHS MPOYKTUBHOCTI: 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
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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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AHaJli3 MOTOYHOTO CTaHy PO3BUTKY KOJIa0OpAaTUBHUX
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3anopizpkuii BanenTun

1

., IlmaxTiit OJIeKcaHllpz

1. acnipant kadenpu KITAM, XapkiBchkuil HalliOHABHUH yHiBepcUTeT panioenekTponiku, YKPATHA,
Xapkis, nip. Hayku. 14., email: valentin.zaporozkyi@nure.ua
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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.

Kniouogi cnoea: xonabopaTBHUX poOoOT, 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).

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

72

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 UR16e

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.

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, HaOyTWH TIiJ dac
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].
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BukopucTaHHs aBTOMaTH30BaHOT'O BUIIPOOYBAIBLHOTO
oOJIagHAHHS B CUCTEM1 KOHTPOJIIO SIKOCTI MPOAYKIIil
PaIl0CIEKTPOHHOI MPOMHUCIIOBOCTI
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Anomayia: B nanomy MaTepiani HaBeJCHO aHali3
ICHYIOYOI'0 aBTOMaTHYHOTO 00JIaJHAaHHS JUIS TIEPEBIPKU SIKOCTI
BHPOOIB PajioeeKTPOHHOI IPOMHCIIOBOCTI Ta HAIPsIMKIB Horo
TIOJITIIIeHHSL.

Knrouogi cnosa: KXOHTpPONB  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].

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
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- 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

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 iHTeprperaii
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
€JIEKTPOKOHTPOJII0 ~ BUMAararmTh  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
CJICKTPOKOHTPONIIO 3JaTHI BHSIBJIIATH 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) - AUB. 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.
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