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O. BARKOVSKA

RESEARCH INTO SPEECH-TO-TEXT TRANFROMATION MODULE
IN THE PROPOSED MODEL
OF A SPEAKER’S AUTOMATIC SPEECH ANNOTATION

The subject matter of the article is the module for converting the speaker’s speech into text in the proposed model of automatic
annotation of the speaker’s speech, which has become more and more popular in Ukraine in the last two years, due to the active
transition to an online form of communication and education as well as conducting workshops, interviews and discussing
urgent issues. Furthermore, the users of personal educational platforms are not always able to join online meetings on time
due to various reasons (one example can be a blackout), which explains the need to save the speakers’ presentations in the form
of audio files. The goal of the work is to elimination of false or corrupt data in the process of converting the audio sequence
into the relevant text for further semantic analysis. To achieve the goal, the following tasks were solved: a generalized model
of incoming audio data summarization was proposed; the existing STT models (for turning audio data into text) were analyzed;
the ability of the STT module to operate in Ukrainian was studied; STT module efficiency and timing for English and
Ukrainian-based STT module operation were evaluated. The proposed model of the speaker’s speech automatic annotation
has two major functional modules: speech-to-text (STT) i summarization module (SUM). For the STT module, the following
models of linguistic text analysis have been researched and improved: for English it is wav2vec2-xls-r-1bz, and for Ukrainian
it is Ukrainian STT model (wav2vec2-xls-r-1b-uk-with-lm.Artificial neural networks were used as a mathematical apparatus
in the models under consideration. The following results were obtained: demonstrates the reduction of the word error level
descriptor by almost 1.5 times, which influences the quality of word recognition from the audio and may potentially lead to obtaining
higher-quality output text data. In order to estimate the timing for STT module operation, three English and Ukrainian
audio recordings of various length (5s, ~60s and ~240s) were analyzed. The results demonstrated an obvious trend for accelerated
obtaining of the output file through the application of the computational power of NVIDIA Tesla T4 graphic accelerator for
the longest recording. Conclusions: the use of a deep neural network at the stage of noise reduction in the input file is justified,
as it provides an increase in the WER metric by almost 25%, and an increase in the computing power of the graphics processor
and the number of stream processors provide acceleration only for large input audio files. The following research of the author
is focused on the study of the methods of the obtained text summarization module efficiency.
Keywords: STT; text; processing; summary; audiofile; model; neural networks.

Introduction One example of the expanded feature set is access

to audio files available for listening, but not aimed for

The period of the pandemic and the war conflict text file production. Thus, provision of this function

has urged the development and expansion of various requires transformation of audio files into text preserving

digital educational platforms feature set [1, 2]. These

information spaces are necessary at the various
education levels in different countries all over the
world — from primary schools to higher education
institutions as well as educational courses in various
business spheres, thus enabling to provide students
with learning materials, communication with teachers
as well as remote knowledge level assessment. Therefore,
virtual interaction of the distributed user community is
established [3—4]. The amount of interactive features
of digital education platforms is constantly expanded,
thus, giving more opportunities to students (students of
higher education institutions, postgraduate students,

course participants etc.)

only valuable and relevant information [5].

The given work proposes a model of speech text
annotation formation. One of the research lines is speech
processing and transformation of audio files into text
at the same time preserving only valuable and relevant
information. The topicality and, simultaneously, the
difficulty lies in the fact that spontaneous speaking
is unstructured, does not resemble the written materials,
and includes bits of information, which is repeated
or corrected [6]. This
improvement of the existing STT approaches to certain

requires adaptation and

conditions — peculiarities of the speaker’s speech

style, sensor properties, and system requirements

as for the end result.

© O. Barkovska, 2022
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Analysis of last achievements and publications

Speaking is the simplest form of communication;
there exist certain problems with speech recognition such
as speech fluidity, pronunciation, words confusion, speech
impediment problems. These must be solved during speech
processing [7]. Moreover, environment peculiarities add
up in the process of audio materials recording.

The current speech recognition systems have
undergone a long process of development from their old

analogs. They can recognize the speech of several

speakers and use an enormous vocabulary in numerous
languages [8-9].

The first experiments date back to the 1970s, but the
developments in the sphere of parallel and distributed
computing architectures, big data and artificial intelligence
in the last years have given a great impetus to improve
thus, its [10-11].
Compared to the past, the accuracy of transcription has

this technology and, reliability

actually improved to such a level that, on condition of
a clear and clearly defined acoustic source, the accuracy
level may well exceed 99%.

audio data

‘s Acoustic | linguistic
Dictionary ~————> Model L data
/ —! pre N BN _Feeltur.cs Decoder (_‘_ Linguistic
/ processing - Extraction Model
Input Speech i
noise-firee audio paramelers L'eca gnized
recording speech

Fig. 1. Typical Speech-to-Text Scheme

The automatic transcription system core is
automatic speech recognition, which combines the
acoustic and the speech components (fig. 1). The acoustic
component is responsible for the transformation of audio
files into a sequence of tiny acoustic units. The "analog
sound", i.e. vibrations produced during the speech, is
transformed into digital signals, which can be scanned by
software. Then, acoustic units are associated with the
existing "phonemes", namely, the sounds, used in a certain
language to form meaningful expressions. So, the linguistic
component is responsible for the transformation of
sequences of acoustic units into words, sentences and
paragraphs. The linguistic component analyses all the
previous words and their correlation in order to evaluate
the possibility of applying a certain word in further
speech. In technical terms, they are called "Hidden Markov
Models" and are widely used in all speech recognition
software [12]. Both components must be correctly "taught"
to understand a certain language: the acoustic and the
linguistic components are equally critical for transcription
accuracy [13]. Figure 1 shows a flow diagram of a typical
speech-to-text (STT) transformation system.

Certain advanced technological solutions by various
technological companies currently exist. However, every
solution has its own advantages and disadvantages,
provided further (table 1). The following most common

disadvantages are inherent for the program solutions
under study:

— high cost;

— limited language support capabilities;

— lack of possibility to modify solutions.

When transcribing speech documents, the speech is
divided into spontaneous and prepared. A much higher
accuracy of recognition can be achieved when transcribing
the speech, read from the text, for example, a newsreader’s
speech during a news broadcast. The capability of
automatic spontaneous speech recognition is currently
limited due to the lack of the structure and the presence of
repetitions and corrections. Transcription of audio data
into text is made after the transformation of a physical signal
into an electrical signal via analog-to-digital converters.
The widespread STT conversion methods include:

— hidden Markov models (HMM)

— deep neural networks (recurrent neural networks,
convolution neural networks).

The selected criteria for the existing solution
methods comparison were:

— the amount of data necessary for learning;

— the speed of learning;

— recognition accuracy.

Dynamic time warping (DTW) as a relevant

estimation method to determine the similarity of
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two sequences different with regard to time and speed
was earlier popular in speech recognition, but now
has been replaced by more effective methods based on
hidden Markov models. DTW was applied to analyse
video, audio and graphic files as well as any data capable
of being converted into linear representation [14].
This can be exemplified by determination of similarities
in walking patterns if a person walked faster in one video
and more slowly in another one.

Automatic speech recognition is a well-known task
for working with variable frequency of speech.
If formulated differently, sequences (e.g. time series) are
distorted nonlinearly. Therefore, the results obtained
applying DTW method are not satisfactory.

Table 1. Comparison of the Existing Solutions

Program solutions
Criteria Amazon Dragon .
Transcribe | Anywhere QuillBot

Support of voice
conversion supported | supported no
into text
Support of
summarization no no supported
feature
Feature set,
operating supported no no
with Ukrainian
Feature set,
operating supported | supported | supported
with English
Operation

. no no no
mode variation

Phonemes (the simplest units of human speech)
probabilities distribution in the audible alarm segment,
with a certain probability, enables to distinguish hidden
Markov further
reproduction of what was said by the sound. Taking into

models. This is necessary for
account the fact that the same phoneme may sound
differently (e.g. depending on the accent), the choice of
the feature (phoneme) probability distribution function is
stipulated by the possibility to make allowance for and
summarize several probability distributions (namely, take
into account different sounding of the same phoneme).
Gaussian Mixture Model (GMM) best meets the
abovementioned requirement. GMM-HMM model is so
successful that any new method can hardly outperform
it for acoustic modelling. Despite all the advantages,
GMM has a substantial drawback — inefficiency for
modelling data, with lie on or near the nonlinear variety
in the data space.

An alternative way of speech recognition is deep
neural network (DNN), which has a lot of hidden layers
and learns by means of new methods, outperforming
GMM, sometimes by far, in various speech recognition
tests [15].

Due to the
HMM-based models along with the development of

abovementioned drawbacks of

deep learning technologies, end-to-end LVCSR is used
in more and more solutions. The end-to-end model is
the system, which directly converts an input acoustic
sequence into a word sequence or another grapheme.
Its functional structure is presented in figure 2.

! /4 Encoder H Aligner H Decoder ]%
A | J

|
" P
|
|

Input Sequence

Jfeature sequence

} Output
structured Sequence
sequence

Fig. 2. Functional Structure of End-to-End Model

The majority of end-to-end speech recognition
models include the following parts:

— encoder, which maps a sequence of speech input
into a sequence of features;

— aligner, which implements alignment between
the objects "sequence" and "language";

— decoder, which decodes the end result of the
identification.

This distribution does not always take place because
the end-to-end model itself is a seamless structure and it

is usually difficult to define which subtask is performed
by which part.

Compared to an HMM-based model, an LVCSR
model has the following advantages:

— several modules are combined into one network
for collaborative learning. i.e. there is no need to
represent the middle states;

— there is no data alignment problem, in particular
for language recognition because the "subtle approach"
to alignment is used, in which every audio frame
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corresponds to all the possible states with certain
probability distribution.

The aim of the work is to reduce false or corrupt
data occurrence in the process of conversion of a sound
series into a relevant text for further semantic analysis
for English and Ukrainian input audio files.

In order to achieve the set aim, the following tasks
must be solved:

— development of a generalized text summarization
model for input audio data;

— review and analysis of the existing STT models
(Speech-to-text models);

— provision of STT module processing of the
Ukrainian language;

— quality assessment of STT modules working
with Ukrainian and English;

— STT module operation timing evaluation;

— analysis of the obtained results.

Audio-to-text conversion under study is one of the
modules of the hybrid model proposed in this work,
which enables to recognize the speaker’s speech, convert
the available audio data into text and summarize the text
obtained after input audio materials conversion, which
is the final stage, preserving only the informative part
of the lecture.

An important feature of the solution proposed by
the author might be distributed data processing and
scalability, which enable to apply the given approach to
big data processing. The task of voice and text processing
requires considerable resources, therefore, concurrent
GPGPU processing paradigm is applied in order to
optimize and accelerate the given task.

Materials and methods

Transcription of speech documents such as public
speeches, oral project presentations, lectures and TV
news are one of the basic applications of automatic
speech recognition. Although speech is the most natural
and successful form of human interaction, it is hard to
quickly evaluate, obtain and reuse text documents, which
are simply written as acoustical signals.

The given work researches the use of several
speech-to-text models as components of the proposed
speaker’s speech annotation model. In order to fulfill the
given task, a decision was made to develop modular
microservice architecture, which would provide for
semantic models change with minor impact on the
whole complex [15].

Speech-to-text module receives a WAV sound
record with the frequency of 16 kHz as input as this is the
limit to audio series conversions and it requires high-
quality input. Several audio series processing models
have an urgent problem of obtaining an audio without
ambient noise [16 — 17], which is not implemented in
some solutions. The given function is not implemented
in the model selected for research, either. Therefore,
a decision was made to approach the task of audio series
cleanup via a deep neural network, described in [18].

Text summarization module takes the result of
speech recognition (ASR) module as input in the form of
a JSON object. The given research also puts forward the
idea to develop a service for input text filtering by means
of marker words. Text filtering takes place at the stage
of JSON object transition from the ASR module to the
text summarization module.

Figure 3 shows the proposed automatic speaker’s
speech annotation model. The main functional modules
of the proposed model are: speech-to-text (STT) and
summarization modules (SUM). The main focus of the
work lies on the STT module and the main task is
automatic speech recognition (ASR).

Two models were tested for the given module:
wav2vec2-xls-r-1b3 for English, which was an open
source model by Facebook and available in the public
domain; Ukrainian STT model (wav2vec2-xIs-r-1b-uk-
with-lm) for Ukrainian, which is a revised version of
Facebook solution.

Traditional speech recognition models are primarily
trained on transcribed and annotated speech audios;
they require annotated big data, available for only
a few languages.

In this case, model training differs — it is asked to
predict what the speaker tells further through comparison
of several options. The given approach studies a set of
language units, which are shorter than phonemes, to
describe the audio sequence of the speech. For the reason
this set is finite, the model cannot represent all variations,
such as background noise. On the contrary, units prompt
the model to focus on the most important factors for
speech audio representations.

The wav2vec2 model first processes the raw form of
the speech audio signal using a multilayer convolutional
neural network to produce latent sound representations of
25 ms each. This model studies the basic language units
used to solve a self-monitored task. The model is trained
to predict the correct language unit for the masked parts
of the audio, along with learning what the language units
should be. With only 10 minutes of transcribed speech
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and 53 thousand hours of unlabeled speech, wav2vec 2.0
can simulate speech recognition with a word error rate

Audio files
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Speech to text module

Transcriptions
Acoustic Model
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i ——

Language Model probability
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Noise reduction
(publication)

(WER) of 8.6 percent for noisy language and 5.2 percent
for pure language on the standard LibriSpeech test.
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Fig. 3. The Proposed Automatic Speaker’s Speech Annotation Model

For wav2vec, an architecture was developed, which
consists of two-layered convolutional neural networks
laid over each other. The encoder network maps raw
audio input into a representation, in which each
vector covers about 30 milliseconds (ms) of speech.
The context network uses these vectors to create its own
representations covering a larger span up to the second.

The number of neural layers in the extractor module
is 7. The mozilla-foundation/common_voice 7 0 was
used as the dataset to train the model. Common Voice
dataset consists of unique wav recordings and
corresponding text files. The major part of the 13,905
recorded hours in the dataset also contain demographic
metadata, such as age, gender, and accent, which can help
improve the accuracy of speech recognition mechanisms.

The dataset currently consists of 11,192 verified
hours in 76 languages, but more voices and more
languages are added all the time. An additional linguistic
model was used for the model, which supports the
Ukrainian language.

The results of the Common Voice 7 (WER) test
evaluation without and with the additional Ukrainian
linguistic model are shown in table 2.

On the basis of the obtained results, shown in
table 2, a conclusion can be made about the reduction of
the word error rate when using the additional Ukrainian
linguistic model to recognize audio files, which are
recorded in the Ukrainian language. This affects the
quality of word recognition in the audio and can

potentially provide for a better quality of output text.

Table 2. WER Results for Model, Which Supports
Ukrainian

With linguistic model Without linguistic model

14.62 21.52

In the process of preparation for the wav2vec2
model test, additional training of Ukrainian STT model
was conducted; the results of training are presented
below in table 3.

In contrast to conventional methods of minimum
square error (MMSE)-based noise reduction, the proposed
supervised speech enhancement method by means of the
mapping function search between noisy and pure speech
signals is performed on the basis of deep neural networks
(DNNSs). In order to be able to deal with a wide range of
additive noise in real-life situations, a large training set
covering many possible combinations of speech and
noise types was initially developed.

The given DNN model was originally trained on
100 hours of noise speech data with 104 noise types.
To improve the generalization ability of DNN under
3 hidden
2048 hidden units for each hidden layer were used.

noise mismatch conditions, layers and

The experiment results demonstrate that the proposed
framework can achieve significant improvements over
the conventional MMSE-based technique. It is also worth
noting that the proposed DNN approach can remove
transient noise, which is difficult to process successfully.
Furthermore, the obtained DNN model trained on
artificially synthesized data is also effective for handling
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noisy speech data recorded in real-world scenarios,
without creating the annoying musical artifact typical
for conventional enhancement techniques.

In table 4, a WER-metric-based comparison is
presented with respect to its performance based on the
rounded-up averages of the 3 wav format audio tracks.

In the case of using the Ukrainian language, this
difference is important because the WER, being in the
normal range when lecture speech is recognized, is 20-30.

In order to evaluate the STT module performance
when using additional ukrainian linguistic model, 3 audio
recordings in English and Ukrainian with different length
were analyzed. Recordings classification is: short (5s),
medium (~60s), long (~240s). The results of the time
spent to process the audio signal in Ukrainian and
English in the cloud solutions [19] and on the personal
computer are shown in figure 4.

The experiment was conducted using computers
with different performance. The following hardware

Table 3. Results of wav2vec2 Model Training

was used as an available computer on a personal
computer — a central processor Intel Core i17-9750H
(2.6 — 4.5 GHz), a graphic processor NVIDIA GeForce
GTX 1650 Mobile. The hardware characteristics of
the remote cloud solution are as follows — Intel Xeon
2.30GHz CPU, NVIDIA Tesla T4 GPU.

With reference to the obtained results, the trend
for accelerating the longest recording under study is
obvious. Word error rate (WER) was also measured
for cleaned audio, which is the same for the both
video cards, but different for the languages under study.
The results of the measurements can be seen in table 5.

With regard to the obtained results, there is
an upward trend for the level of errors in words along
with data amount increase. This may be due to
insufficient training of the model for the Ukrainian
language and lead to the loss of the logical meaning
of the record.

Training Loss Epoch Step Validation Loss Wer Cer
1.2815 7.93 500 0.3536 0.4753 0.1009
1.0869 15.86 1000 0.2317 0.3111 0.0614
0.9984 23.8 1500 0.2022 0.2676 0.0521
0.975 31.74 2000 0.1948 0.2469 0.0487
0.8868 47.61 3000 0.1903 0.2257 0.0439
0.8424 55.55 3500 0.1786 0.2206 0.0423
0.8126 63.49 4000 0.1849 0.2160 0.0416
0.7901 71.42 4500 0.1869 0.2138 0.0413
0.7671 79.36 5000 0.1855 0.2075 0.0394
0.7467 87.3 5500 0.1884 0.2049 0.0389
0.731 95.24 6000 0.1877 0.2060 0.0387
Table 4. Ambient Noise Cleanup Efficiency

Language Ukrainian English
Audio series, cleared from noise, WER 29 3.9
Audio series, not cleared from noise, WER 38.7 5.2
Difference, % 25% 21%

Table 5. Word Error Rate (WER) Measurement Results for Cleared Sound Series in Ukrainian and English

Audio Series Length Ukrainian, WER English, WER
Short 24.6 34
Medium-length 28.4 3.7
Long 339 4.5
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Fig. 4. Bar Chart of Time Spent on 5s, 60s and 240s-Long Audio Recordings

Conclusion

In order to reduce the appearance of false or
distorted data during the conversion of a sound series
into relevant text for further semantic analysis for input
audio files in Ukrainian and English, a generalized model
of incoming audio data summarization was proposed;
the existing STT models (for turning audio data into text)
were analyzed; the ability of the STT module to operate
in Ukrainian was studied; STT module efficiency and
timing for English and Ukrainian-based STT module
operation were evaluated. The proposed model of the
speaker’s speech automatic annotation has two
major functional modules: speech-to-text (STT) i
summarization module (SUM). Two models were studied
and improved for the STT module. For the English
language, this is wav2vec2-xls-r-1b3 and for the

Ukrainian language, this is Ukrainian STT model
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AOCIIUKEHHA POBOTHA MOAYJIs1 HEPETBOPEHHSI MOBU B TEKCT
Y 3AITPOIIOHOBAHIN MOJEJII ABTOMATHYHOT'O AHOTYBAHHAA
ITPOMOBHU CHIIKEPA

IIpenMeToM mOCHTIPKEHHSI € MOAYJIb KOHBEpTallii MOBH CIlikepa B TEKCT Y 3aIllpOIIOHOBAHIN MOl aBTOMaTUYHOTO aHOTYBAHHS
MPOMOBH CIHiKepa, IO cTae Bce OuIbII 3aTpeOyBaHMM B YKpaiHi 3aBISKHM aKTUBHOMY IIE€PEXOdy CIIJIKYBaHHS, HaBYaHHS,
MIPOXO/UKEHHS TPEHIHTIB, criBOeci, 00roBOpeHHs BaXKIMBHUX MUTaHb TOLIO Ha GopMy oHIaiiH. MeTa po6oTH — CKOPOUYCHHS IOSIBH
XHOHMX a00 CIOTBOPEHUX NAaHHX MiJ Yac MEpeTBOPEHHS 3BYKOBOTO PSIy B PENEBAHTHUH TEKCT M IOJAIBIIOTO0 CEMaHTHIHOTO
aHamizy. J[ns MOCSTHEHHs MOCTaBJIEHOI MeTH OyJIM BHUKOHAHI Taki 3aBHaHHsS: 3allPOIIOHOBAHO y3aralbHEHY MOJEib TEKCTOBOI
cyMapuzamii BXIiIHUX ayJAioJaHMX; NpoHami3oBaHO HasBHI Mmoxeni STT (mepeTBopeHHS ayIiofgaHHX Y TEKCT); AOCIIIXKEHO
MOXJIUBICTE po6oTH Moayisi STT 3 ykpaiHCHKOIO MOBOIO; OLIHEHO sIKicTh podotu Moxyist STT ta TaiiMiHTy poOOTH 3 YKpaiHCHKOIO
Ta aHIJIACBKOI0O MOBaMHU. 3alpoIlOHOBaHA MOJETb AaBTOMATHYHOIO aHOTYBaHHS IIPOMOBHM CIIIKepa Mae J(Ba TOJOBHUX
(hyHKUiOHANBHUX Moayi: speech-to-text (STT) 1 summarization module (SUM). Ing moxyna STT mocmimxkeHo Ta BIOCKOHAIEHO TaKi
MOJeJIi JIHTBICTHYHOTO aHANi3y TEKCTY: JJIS aHTJiichKkol MOBH Le wav2vec2-xls-r-1b3, a nns yxpaincekoi — Ukrainian STT model
(wav2vec2-xls-r-1b-uk-with-Im), MaTeMaTHYHUM amapaToM SKUX € HeWpoHHI Mepexi. OTpuMaHO Taki pe3yJbTATH: 3aBISKU
BUKOPUCTAHHIO JOJIATKOBOI YKpaiHCHKOI JIHIBICTHYHOI MoJeTi wav2vec? 3MEHIIYETHCS MOKA3HUK PIiBHS IOMHIIOK CIIB Maibke
B 1,5 pasa, 110 BIJIMBa€ Ha SKICTh PO3MI3HABAHHSA CIIB 3 ay[io i MOTEHIIIHO MOXe CIIPUATH OTPUMAHHIO OUIBII SIKICHUX TEKCTOBHX
maHuX Ha Buxoni. Jma omiHroBaHHA TaiiMiHTy poGotu Momyns STT Oymno mpoaHami30BaHO TpPH ayHiO3allMCH AaHTIIHCHKOIO
Ta YKpaTlHCHKOIO MOBaMHM Pi3HOI JOBXKHHH: 5 ¢, ~60 ¢ Ta ~240 c. Pe3ynbpTraTi IoKa3any IMOMITHY TEHACHIIIO IIPUCKOPEHHS OTPHIMAaHHS
BUXITHOTO (aiily 3a YMOBH BHKOPHUCTaHHS OOUYHCIIOBAIBLHOTO pecypcy rpadiunoro mpuckoptoBaua NVIDIA Tesla T4 came mis
Hai{oBIIOrO aynio3anucy. BucHoBku. Bukopucranss riam6okoi HEHPOHHOI Mepeski Ha eTari IIyMONPUTHIYeHHS y BXinHOMY (aiii €
BUIIPABIAHUM, OCKUIBKHM 3abe3nedye 30inbmeHHs MeTpuku WER wmaibke Ha 25%, a 30UIbIICHHS OOYHMCITIOBAIBHUX IMOTYXHOCTEH
rpadidHOrO mpouecopa Ta KiTBKOCTI NMOTOKOBHX MPOLECOPIB HANAIOTh IMPHUCKOPEHHS JIMIIE JUIs BXiTHUX ayaiodailiiB Beaukoro
po3mipy. [Tomanbiri TOCTiPKEHHS aBTOpa CIPSIMOBaHI Ha BUBUCHHS €()eKTHBHOCTI METO/IIB MOYJIsl CyMapH3alliii OTPUMAHOTO TEKCTY.
Kurouosi ciaoBa: STT; texct; 006pobieHHs; aHOTais; pedepar; ayaiodaiin; MoIelb; HaBYaHHS.

HCCJIEJOBAHHUE PABOTBI MOAYJIA IIPEOBPA3OBAHMS PEYHU B TEKCT
B IPEJJIO’KEHHOU MOJAEJIX ABTOMATHYECKOI'O AHOTUPOBAHUSA
PEYU CITUKEPA

IIpenMeToM HcciaenoBaHUs SBISETCS MOJIYJb KOHBEPTAIMM pPEedYH CIHMKEpa B TEKCT B IPEUIOKEHHOW MOJENH aBTOMAaTHYECKOTO
AQHHOTHPOBAHUS PEUH CIUKepa, KOTOPBI CTAaHOBUTCS Bce OoJiee BOCTPeOOBAaHHBIM B YKpaWHe M3-33a aKTHBHOTO Mepexoja OOLIeHHS,
0o0y4eHns1, IPOXOXKICHHUS TPEHUHIOB, COOECEIOBaHNH, O0CYKICHUS BaXKHBIX BOIPOCOB U T.H. Ha ¢opMmy oHnaiiH. Lleasro paboTs
SIBIIIETCSL COKPAIIEHHE MOSBICHUS JIOKHBIX MIIM MCKaKEHHBIX JAHHBIX MPH MpeoOpa3oBaHUN 3BYKOBOTO PS/a B PEIEBAHTHBIH TEKCT
JUTSL TATIbHEHIIIero CeMaHTHYECKOTro aHaium3a. [IJIst JOCTIKEeHHS TIOCTaBISHHOM Iien ObUIN peleHb! CIIeAyone 3a4a4u: IpeyIoKeHa
0000mIeHHass MOZIENb TEKCTOBOH CyMMapH3alliM BXOAHBIX AayAWOAAHHBIX; HPOHATM3UPOBAHBI CymecTBytomue wmoxenun STT
(IpeBpaleHne ayIHOJaHHBIX B TEKCT); CCIIE0BAaHA BO3MOXHOCTE paboTel Moxyist STT Ha yKpanHCKOM SI3BIKE; BEIITOJTHEHA OIEHKA
kauecTBa paboTsl Moxynst STT u TaliMuHTa pabOTHI HA YKPAaWMHCKOM ¥ aHIJIMHCKOM si3bIKax. [Ipeiaraemas Moziellb aBTOMaTHIECKOTO
AQHHOTHPOBAHUS PEUH CIIMKEpa MMEeT J1Ba IJIaBHBIX (pyHKIHOHANBHBIX MOAYIs: speech-to-text (STT) u summarization module (SUM).
Jnst momynst STT mccneioBaHsl M yCOBEPIIEHCTBOBAHEI CIEAYIONINE MO JIMHIBUCTUIECKOTO aHAIM3a TeKCTa: AN aHTIHICKOro
s3bIKa 3TO wav2vec2-xls-r-1b3, a mna ykpamnckoro — Ukrainian STT model (wav2vec2-xls-r-1b-ru-with-lm), MaTeMaTHIeCKIM
amnmapaToM KOTOPBIX SBISIOTCS HEHpOHHBIe ceTH. [lomydeHbl crepyiomue pe3yJbTaThl:  Onarojapsi HCIOJIB30BAaHUIO
JIOTIOJTHUTENIbHON YKPAaWHCKOW JIMHIBUCTUYECKOH MOjenu wav2vec? yMEHBIIAETCS MOKa3aTellb YPOBHS OIIMOOK CJIOB IOYTH
B 1,5 pa3a, 4To BIHSET HAa Ka4eCTBO PACIO3HABAHHSA CJIOB 10 ayAWO M MOTEHIMAIBHO MOXET NPUBECTH K MONydeHHIO Ooiee
KaueCTBEHHBIX TEKCTOBBIX JAHHBIX Ha BEIXozxe. Jlns oneHkn Taiimmara paGotsl moxyins STT Obulo NpoaHaIM3MPOBAaHO
TpU ayIHO3alKCH Ha aHTJIMHCKOM M YKPAaMHCKOM S3bIKax pasHoil amuHbL: S ¢, ~60 ¢ u ~240 c. Pe3ynpTaThl moKa3aiu 3aMeTHYIO
TEHJCHINIO YCKOPEHHs MOIy4YeHHs NCXOAHOTO (aiina MpH HCIIOIb30BAHMH BBIYHCIUTENHFHOTO pecypca TpaduIecKoro YCKOPUTEs
NVIDIA Tesla T4 wiMeHHO Ans caMoi JUIMHHOW aynuosamucd. BeiBoabl. Vcmons3oBaHue TiTyOOKONH HEWPOHHOH CETH Ha JTare
IIyMOIIOJIaBJIEHHsI BO BXOAHOM (paiiyie oOmpaBlaHO, IMOCKONBKY oOecreunBaeT yBenndeHne Mmerpukun WER mourm Ha 25%,
a yBEJIMYCHHE BBIYUCIHMTEIBHBIX MOLIHOCTEH Ipad)Mueckoro Mmporueccopa W KOJHYECTBa MOTOKOBBIX IPOIECCOPOB MPEIOCTABISIOT
YCKOpEHHE TONBKO A BXOAHBIX ayauodaiimoB OGombmioro pasmepa. Ilociemyromme WMCCIeIOBaHHS aBTOPa COCPETOTOUYCHBI
Ha MCCIIe0BaHUH 3P PEKTHBHOCTH METOI0B MOIU(PUKAINH CyMMapH3aliH IOy IeHHOTO TEKCTA.
Kurouessbie cioBa: STT; TexcT; 00paboTka; aHHOTaIWS;, pedepat; aynuodaiin; Moiens; o0y4deHue.
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S. SEMENOV, Z. Z. MINJIAN, S. YENHALYCHEV, L. SMIDOVYCH

GENERALIZED MODEL OF THE ADS-B UNMANNED AERIAL VEHICLE
DATA TRANSMISSION PROCESS IN A STEGANOGRAPHIC SYSTEM

The subject of the article is a model of the ADS-B data transmission process of an unmanned aerial vehicle in a steganographic
system using direct spectrum expansion technology. The aim of the publication is to improve the security of unmanned
aerial vehicles with an integrated ADS-B system. Particular scientific tasks: analysis of basic methods of ADS-B format data
protection; development of the scheme of ADS-B drone data transfer in steganographic system with the use of direct
spectrum expansion technology; improvement of the model of ADS-B drone data transfer in steganographic system with the use of
direct spectrum expansion technology; determination of qualitative and quantitative characteristics as well as security properties
of ADS-B format data. The following research results were obtained: as the result of the scientific works analysis the hypothesis
about the perspectives of the ADS-B format steganographic data protection usage was put forward; the scheme of an unmanned
aerial vehicle ADS-B data transmission in the steganographic system with the usage of the direct spectrum spreading technology
was developed; the main safety properties as well as the safety parameters and characteristics of the ADS-B format information
signal were formulated; the generalized model of an unmanned aerial vehicle ADS-B data transmission was further developed.
This will improve the safety of UAVs. The advantages and disadvantages of the model were revealed, which allowed to determine

the priority of further research and possible promising ways of solving the assigned tasks.
Keywords: unmanned aerial vehicles; security; ADS-B system; steganography; direct spectrum enhancement technology;

data protection.

Introduction

Literature review

Under the conditions of increased demand for the
volume and speed of cargo and passenger delivery, the
intensity of air transportation is steadily increasing every
year. This, in turn, necessitates an increase in operational
flexibility while maintaining or improving safety.
The safe organization of increasingly large and complex
air traffic requires the use of technologies that are more
advanced, tools and means. One such important tool in
the air traffic management process is aerial surveillance,
in particular automatic dependent surveillance of the
broadcast-type ADS-B.

Given the fact of increasing attention to unmanned
aerial vehicles (UAVs), the issue of using ADS-B
technology in them is also relevant.

However, ADS-B lacks explicit mechanisms to
protect confidentiality, integrity and availability of data
transmitted between UAVs and controlling personnel
(air traffic controllers), which makes such system
vulnerable to threats of cyberterrorist nature, which
are especially relevant in connection with the modern
development of computer technologies and programmable
radio (SDR - Software Defined Radio). Therefore,
the problem of increasing the security of the ADS-B
data transmission process of an unmanned aerial vehicle
is urgent.

Article [1] overview of the

shortcomings of the ADS-B system. In addition, the

provides an

paper analyzes a number of countermeasures aimed
at reducing the risks of cyberattacks. However, the
authors of the article do not focus on the highest-priority
areas in the issue of improving ADS-B security. It should
be emphasized that all the examples under consideration
are more related to guided aircraft (aircraft and
helicopters) and do not touch the problems of UAV.

Work [2] presents the results of comparative studies
of methods to improve cybersecurity of UAVs with
embedded ADS-B system. It analyzes the main types of
cyber attacks on UAVs with embedded ADS-B system,
developed a taxonomy of cyber attacks of modification
and forced implementation of ADS-B messages.
In addition, a broad review of cryptographic methods
to enhance ADS-B data security was performed.
The results of the review led to conclusions about
their disadvantages in operation in the UAV management
system, including the increased burden on the generation
of public keys; the threat in case of a private key;
increased hardware requirements, etc.

Also, the paper proposed the use of steganographic
data methods to improve the security of the ADS-B
UAYV system.
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In [3] an analytical report on promising directions
and modern methods of steganographic data protection is
presented. The paper notes the promising direction
associated with the use of direct spectrum expansion
technology in steganographic systems.

The analysis of the communication system with
direct spectrum spreading, as well as the feasibility and
effectiveness of using this technology are considered in
[4]. Unfortunately, this analysis is limited only to the
military field of use, which reduces the practical value
of this research.

The paper [5] describes the technology of direct
spectrum enhancement for data hiding in audio.
The article shows the advantage of using this technology
for data security.

In [6] the research of the technology of direct
spectrum expansion in steganographic system is
presented in a practical application to data hiding in
images. The analysis of this paper allowed us to conclude
about the wide possibilities of this technology in the
implementation of different types of data.

The issue of using the technology of direct spectrum
expansion in steganographic system is disclosed in [7].
It describes a mathematical model and a structural
scheme of a steganographic information protection
system using complex discrete signals of direct spectrum
expansion technology. The paper modifies the structural
scheme of receiving-transmitting information in a noise-
protected digital communication system using the
technology of direct spectrum spreading. This technology
can be the basis for further research in the framework
of the problem of increasing the security of UAV using
the ADS-B system.

The analysis of these works allowed us to conclude
that the problem of security of UAV with built-in ADS-B
system is topical, the need to develop new methods and
means to improve their security. In addition, the results of
the analysis allowed us to put forward a hypothesis about
the possibility of using steganographic methods of data
protection to improve the security of UAV with built-in
ADS-B system. The basis for the developed system

can be the technology of direct spectrum expansion.

Main part

By analogy with the steganographic system model
considered in [7], let us introduce and justify the basic
operators of steganographic transformation of ADS-B
UAV data. In the developed model, it is necessary to take

into account several factors, which have not found their
representation in known models. Firstly, it is necessary to
consider the factor that the direct spectrum expansion
technology is proposed to be used as the basis for ADS-B
steganographic data protection. Secondly, it is important
to consider the factor of objective environmental
interference and the means of their allocation. Thirdly,
it is necessary to consider the peculiarities of format of
transmitted digital data from ADS-B UAV devices.

The updated ADS-B UAV data transmission
flowchart in the steganographic system using direct
spectrum expansion technology is shown in fig. 1.
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Fig. 1. Structure diagram of ADS-B UAV data
transmission in steganographic system with the use
of direct spectrum expansion technology

The information signal, which is formed on the
basis of the digital identifier and is supposed to be
embedded into the container of the ADS-B UAV data
format, we asxe X , and the

denote operator,

which formalizes the process of identifier formation,
we denote as W, . The information signal xe X in

steganographic system is modeled by means of its
multiplication by the expanding code signal g=®, e ® —
a noise-like pseudo-random sequence from an ensemble
O ={D,,D,...,0, ,} of weakly correlated discrete
signals. Functioning of a pseudo-random sequence
generator is formalized by operator W, . The extended
signal can be represented in the form of the relation
y=xgel.

If we take into account the fact that the processes
of information signal x € X formation, pseudo-random

sequence g=®, e ® and extended signal y=xge?
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are equivalent to the processes taking place in
a broadband communication system with direct spectrum
expansion, the modulation process can be formalized

in the form of mapping ¢: X xd - Y.

The process of operation of the ADS-B UAV tool is
represented by the operator W, . Note that the
embedding of the digital signal identifier in the ADS-B

UAYV data container can be described as

s=y+c, (1)
where the modified ADS-B UAV data s is a mapping
v:YxC—>S 2)

of the filled container s=y (y,c), realized by the
operator W, of embedding the extended signal y into
the container ¢ using a complex discrete signal g .

In this case S — is a set of filled containers.

Thus, the empty data container ADS-B UAV ¢
should be interpreted as a noise ¢ in the communication
channel, and the process of embedding the information
signal in the container can be represented as a process of
transmitting an enhanced signal below the noise level in a
broadband covert communication system
the factor
interference and impacts requires its representation in the

Taking into account of external
form of a block of interference in the communication

channel and formalized by the operator W, . In this case,
the result of interference can be represented as s’ =sq,
where g — external interference.

As in a digital communication system, the receiving
side of a steganographic system is tasked with extracting
a useful signal from a mixture of noise (an empty
container). Thus, the transmission of the filled container
s =y+c is actually the transmission of a useful signal

below the noise level, i.e. such a covert transmission
of information in which the transmission itself is
indistinguishable from noise (distortion of the container
is not detected). Since the code signal g =®, € @ by its

statistical properties similar to noise, then the resulting
filled data container ADS-B UAV (as well as enhanced
signal y =xg ) is slightly distinguishable from an empty
container (from the noise in the communication channel),
which allows to implement a covert data transmission.
The process of extracting a UAV identifier from
an ADS-B format data container at the receiving end of
a steganographic system is similar to the operation of the
receiving end of a broadband communications system.
Filled ADS-B UAV data container s’ is processed by the

correlation receiver. A multiplication procedure s’ is
performed to a synchronized copy of the expanding
signal g . This calculates the correlation coefficient,

the value of which determines the decision making rule:

h(s',g)=s'g =xgg+cg =
n—1

= 1 )
= ;;x(Qiz(Di: )+;;c®l = x+h(c,g)

where h(c,g) — correlation coefficient of the initial

ADS-B UAV signal ¢ and expanding code signal.

The process of calculating the correlation coefficient
and making a decision about the received information
signal ADS-B UAV can be formalized in general terms
by the operators W, and W, respectively.

The result of the operation W, in the form of

an evaluation x' is processed by a detector designed

to confirm the authenticity of the identifierx' .

This procedure can be formalized by the operator W, .

The formalized evaluation of the authenticity of the

identifier x' and the result of the detector operation

are then output to the control device.

When describing the receiving part of ADS-B data
transmission systems, consider the signal preprocessing
process in the signal converter, quadrature demodulator,
and normalization and threshold calculation unit.

Signal registration and recording can be performed
by Software Defined Radio (SDR) hardware and software
[8]. For example, based on the PXI 1062 platform [9],
with the NIPXI 5600 frequency reduction module and
the NIPXI 5142 ADC [10]. The output signals of this
converter are samples of in-phase and quadrature
components, the frequency spectrum of which is shifted
to the region of zero intermediate frequency.

The quadrature counts of the complex signal go to
the quadrature demodulator, where the envelope of the
input signal s’ is extracted. The normalization block
normalizes the demodulated signal in the range from 0
to 1 and calculates the threshold.

In [11] an example is presented when the signal
amplitude is subject to random fluctuations as a result of
interference. Figure 2 shows a de-modulated signal from
the output of the quadrature demodulator of one of the
ADS-B packages, illustrating this practical case.

To reduce the probability of error when demodulating
such a signal, it is proposed to perform pre-processing in the
block of normalization and calculation of the threshold.
This will increase the accuracy of the extraction of symbolic
synchronization signals from the received message.
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Fig. 2. Example of quadrature demodulator output signal

The analysis of the presented generalized model and
steganographic ADS-B
transmission system has shown that during the element-
by-element addition of the modulated message with
the ADS-B information signal a signal with new
properties is formed. This process can be associated with
the superposition of errors on the useful signal. In this

the scheme of identifier

case, only knowledge about the properties of the signal g

makes it possible to extract the identifier, and taking into
account the most important characteristics in the setup
and configuration of the steganographic system will
increase the level of security of the identifier.

The qualitative characteristic of the system to
a large extent depends on such indicators as its noise
immunity, stealth, resistance to unauthorized extraction,
destruction and modification. These indicators have
a great influence on the security of steganographic
communication channel. Therefore, when organizing
information exchange with ADS-B format data, it is
necessary to take these properties into account.

It can also be noted that in a number of scientific
studies [12 — 15] among the properties that characterize
the security of signals, the following are noted:
correlation, ensemble and structure properties.

In addition, the conducted research showed that the
safety of the ADS-B UAYV identifier transmission process
is affected by the following characteristics: communication
channel bandwidth, time of signal transmission and
processing, etc.

Based on the above it can be concluded that the
proposed model of ADS-B UAV data transfer in
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Y3AT'AJIBHEHA MOJIEJIb TPOLECY IIEPEJIAYI TAHUX ADS-B
BE3IMLJIOTHOTI'O JIITAJIbHOT'O AITAPATA B CTETAHOT'PA®IYHIN CUCTEMI

IIpenMeToM BHBUYEHHsS CTATTi € MOJENb mpouecy mepeaadi gaHux ADS-B 6e3minoTHOro miTaabHOTO amapara B cTeraHorpadivnii
CHCTEMi 3 BUKOPHCTAHHSIM TEXHOJIOTil HPsIMOrO PO3IIMpeHHs crekTpa. Mera myOmikarii — migBUIeHHS Oe3neku Oe3MmiIOTHHX
JiTaTPHAX amapartiB i3 BOygoBaHOIo cuctemolo ADS-B. KoHkpeTHI HayKoBi 3aBJaHHSI: aHAJi3 OCHOBHHX METOJIB 3aXHCTy JaHUX
dopmary ADS-B; po3pobnenHs cxemu mepenadi maHux ADS-B 0e3mimoTHHX JiTaNbHHX amapariB y creraHorpadiuHiii cuctemi
3 BHUKOPUCTAHHSAM TEXHOJOTl NPSAMOTO pO3IIUPEHHA CIEKTpa; YIOCKOHAIECHHA MOJeNni mporecy mneperadi manux ADS-B
0E3MUIOTHOTO JIITAJBHOTO amapaTa B CTeraHorpagiuHiii CHCTeMi 3 BHKOPHUCTaHHSIM TEXHOJIOTII MPSMOTO PO3LIMPEHHS CIIEKTpa;
BU3HAYEHHS SKICHUX 1 KUIBKICHAX XapaKTEPUCTHK, a TaKOXX BiacTHBOCTeH Oesmekn manmx Qopmary ADS-B. Orpumano Ttaxi
pe3yJabTaTH JOCITIKEHb: YHACHIJOK aHalli3y HAYKOBHX pOOIT BHCYHYTO TilOTE3y MPO MEPCHEKTHBHICTb BHUKOPUCTAHHSI
creraHorpagiusoro 3axucty nanux gopmaty ADS-B; po3pobnena cxema nepenadi qanux ADS-B 6e3MmiloTHOTO JTiTaqbHOTO anapara
B cTeraHorpagiuHiii cucTeMi 3 BUKOPHCTAHHSM TEXHOJOTII IPSIMOr0 PO3LIMPEHHS CHEKTpa; chopMyTLOBAHO OCHOBHI BJIACTHBOCTI
0e3rexy, a TaKoXK IOKa3HUKH Ta XapaKTepUCTHKH Oe3reku iHpopMmamiiiHoro curHany ¢opmary ADS-B; oTpumMana momambmmit
PO3BHTOK Yy3araipHeHa Monenb Tmepenadi maHux ADS-B 0e3miloTHOro JiTanpHOTO amapara, MO BigpPI3HAETHCS Bill BIIOMHUX
3alydeHHsIM y Tpoliec iHdopmariiiiHoro oominy, creranorpadiqHoi CHCTEMH 3aXHCTy JaHHX i3 BUKOPUCTAHHSIM TEXHOJIOTIT MPSIMOro
posmmmpenHs cuekrpa. Lle no3sonute minpuimuty 6esnexy bITJI. BusiBjieHo nepeBary it HeOJTiKKA MOJEIII, 1[0 1AJI0 3MOTY BU3HAYNUTH
HPIOPUTETHICTH MOJAIBIINX JOCIIHKEHb 1 MOXKIIMBI IIEPCIEKTHBHI NULSIXH BUPIIICHHS OCTABICHUX 3aBJaHb.

KurouoBi ciioBa: Oe3miyIOTHI JTiTanbHi anaparty; Oesmneka; cucteMa ADS-B; creranorpadis; TeXHOIOTIS MPSIMOTO PO3IIUPEHHS
CIIEKTpa; 3aXUCT JJaHUX.

OBOBINEHHASA MOJIEJIb ITPOLECCA IIEPEJJAYU TAHHBIX ADS-B
BECIIMJIOTHOI'O JIETATEJIBHOI'O AIIITAPATA
B CTETAHOTPA®UYECKOM CUCTEME

IIpeamMeToM u3yueHHs B CTaTbe SBISIETCS MOJEb Ipoliecca mepeaadd AaHHBIX ADS-B 0ecnuiioTHOro JeTaTenbHOrO ammapara
B cTeraHorpaduueckoil cucremMe ¢ MCIOJIB30BaHUEM TEXHOJIOTHH MPSIMOro pacumpeHus crekrpa. Leas myOnukanuu — noBeleHne
0€30MacHOCTH OECTMIOTHBIX JIETAaTeNbHBIX allapaToB CO BCTpoeHHOH cucTeMoil ADS-B. UacTHble HaydHBIE 3aJaduM: aHAIN3
OCHOBHBIX METOJOB 3alIUTHl JaHHBIX (hopmara ADS-B; pazpaboTka cxemsl mepenadn JaHHEIX ADS-B 0eCHHMIOTHBIX JIeTaTeNnbHBIX
anmapaTtoB B CTeraHorpaduyeckoil cUCTeMe ¢ MCIOJIb30BAaHHEM TEXHOJOTHUH HPSIMOTO PACUIMPEHHMs CIIEKTPa; YCOBEPIICHCTBOBAHNE
MOZENM Ipolecca nepenadn naHHBIX ADS-B  OecnmioTHOTro JieTaTenbHOTO ammapara B CTeraHOrpadMyeckod  cucreMe
C HCIIOJIb30BaHUEM TEXHOJOTHH HPSIMOr0 PACHIMPEHUs CIEKTPa; ONPEACeHHEe KAaueCTBEHHBIX M KOMMYECTBEHHBIX XapaKTepPHCTHK,
a Tak)Ke CBOMCTB Oe30macHOCTH JaHHBIX opmara ADS-B. [lomydeHs! creayronye pe3yabTaThl HCCIEIOBAHUIA: BCIEACTBUE aHATII3a
Hay4YHBIX pabOT BBIABHHYTA 'MIOTE3a O MEPCIEKTUBHOCTH UCIIONB30BaHMs CTeraHorpadueckon 3aIuThl JaHHBIX (popmara ADS-B;
pa3paboTaHa cxema mepenaud naHHBIX ADS-B OecrnmnmoTHOro JeraTensHoOro ammapara B - CTeraHOTpadHUYecKod cucrteme
C WCIOJIB30BAaHMEM TEXHOJIOTHH HPSIMOTO PACIIMpEeHHsi CHEKTpa; cHOpPMYJIHPOBAaHbI OCHOBHBIE CBOWCTBAa OE30IIACHOCTH, & TAaKKe
MOKA3aTeNId M XapaKTEePUCTUKU Oe30MacHOCTH HMH(OpPMAaMOHHOro curHana ¢opmara ADS-B; momyumna nanpHeiimee pa3BHTHE
00001IeHHas MoeNnb mnepeaayn AaHHbix ADS-B 6ecniioTHOro JjeraTebHOrO ammapaTta, KOTopas OTIHYAeTCs OT H3BECTHBIX
BKJIIOYEHHEM B CYLIECTBYIONIMI mpolecc HHGOPMAIMOHHOTO OOMeHa, CTeraHorpaguyeckoidl CHUCTEMBI 3alUTHl JaHHBIX
C HCIOJIB30BAaHUEM TEXHOJIOTHH IPSIMOTO PACIIMPEHUs] CIEKTpa. DTO MO3BOJMT IOBBICUTH Oe3omacHocTs BIIJI. BbisiBiieHBI
JIOCTOMHCTBA M HEJIOCTaTKH MOJENIH, YTO IO3BOJMIO OIPEACIUTh NPHOPUTETHOCTh AAIBHEHIINX HCCICAOBAaHWH M BO3MOXKHBIC
NEPCIICKTUBHBIC ITYTHU PEUICHUS ITIOCTABJICHHBIX 3a4a4.

KoioueBble cioBa: OecrnmioTHBIE JeTaTeNbHBIE ammaparsl; Oe3omacHocTh, cucteMa ADS-B; creranorpadus; TexHoOIOTHS
HPSIMOTO PACIIMPEHHMs CIIEKTPA; 3aIUTa JAHHBIX.
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I'. ®EJIOPEHKO, I'. ®ECEHKO, B. XAPYEHKO

AHAJII3 METOIB I PO3POBJIEHHS KOHIIEITIIII
I'APAHTOBAHOTI'O BUSABJIEHHSA TA PO3III3HABAHHA
BUBYXOHEBE3IEYHUX ITPEIMETIB

IIpeameToM NOCIiIPKEHHS B CTAaTTI € METOAM BHSABJICHHS Ta PO3Ii3HABAHHS BHOYXOHEOE3MEYHHMX NpenmeriB. MeTa poOoTH —
PO3pOOJICHHS OCHOBHUX MOJOXEHb KOHIICII] TapaHTOBAaHOTO BHUSBJICHHS Ta pO3Mi3HABaHHA BHOYXOHEOE3MEYHUX MpPEIMETIB.
VY cTarTi po3B’A3yIOThCS Taki 3aBIAHHS: aHANI3 HAABHHUX MMiJAXOMIB 100 3aCTOCYBAaHHS TPAIUIIHHIX OJHHUYHUX Ta KOMOIHOBaHHUX,
a TaKOX HETPaAUIIHHKX (010TOTIYHIX) METOAIB BUSBICHHS BUOYXOHEOE3IEUHNIX IIPEAMETIB, pO3po0IICHHS KiIacu(iKaIiifHoOl TabIHII
METO/IiB BUSIBIICHHS BUOYXOHEOC3MIEYHNX MPEAMETIB 32 (Pi3MYHUMU MPUHIUIIAMHE, aHaJIi3 TIepeBar Ta HEJOMIKIB PO3TIISIHYTHX METOIIB
BUSIBJICHHS BUOYXOHEOE3MeUHNX MPEAMETIiB, CTBOPEHHS MOPIBHSUIBHOI TaOIHII METO/IB BUSBIECHHS BHOYXOHEOE3NeUYHUX MPEAMETIB,
(hOpMyITFOBaHHSI OCHOBHHX IIOJIOXKEHb KOHIICIIIi TapaHTOBAaHOTO BHSBIICHHS Ta PO3II3HABAaHHSA BHOYXOHEOE3NEYHHX IPEIMETiB.
3acTOCOBYIOTBCSL Taki METOOM: TOPIBHSHHS, aOCTparyBaHHs, aHali3 i CHHTE3, HayKoBa IHAYKIisA. 3700yTO Taki pe3yJbTaTH:
MIPOAHANI30BaHO OCOOJMBOCTI HASBHHUX TPAJULIHHUX 1 HETpaAUIiHUX (O10JOTIYHHMX) METOMAIB BHUSBIEHHS BHOYXOHEOE3NMEUHUX
npenMeTiB.  3alponoHOBaHO KiacH(ikalilo METONIB BHSBICHHS BHOYyXOHEOE3NEeUHHX MHpPEIMETIB 3 ypaxyBaHHSIM MapaMeTpiB,
II0 BIUIMBAIOTh Ha HMOBIPHICTH BUSBICHHS Ta HPOAYKTUBHICTh. Y TaOIMYHOMY BHIJISAL 3aIIPOIIOHOBAHO PE3yJIbTaTH HOPIBHAILHOTO
aHaNi3y METOJIB BHSBICHHS BHOYyXOHEOE3NIEUHHWX IPEIMETIB 3a TaKMMH IOKa3HMKAMH: THII B3a€EMOJil 3 BHOYXOHEOE3NEUHHMH
IpeaMeTaMu, TUM MIaT(hOpMH, IOTEHIIi{HA TPOAYKTUBHICTE, MIATPUMKA iH(POpMaLIHHIX TEXHOJIOTIH, HapaMeTpH SIKOCTi, €KOHOMIYHI
noka3zHuku. CopMyTbOBaHO OCHOBHI IOJIOXKEHHS KOHIEMII] TapaHTOBAHOTO BUSIBJICHHS Ta PO3IIi3HABaHHS BHOYXOHEOE3NEUHHX
npenMetiB. BucHoBkH. Huspka NMpOgyKTHBHICTH HasiBHHX METOJIB HE Ja€ 3MOTHM IIBUJIKO I €(EKTHBHO PO3UHMIIATH 3a0pyIHEHI
BUOYXOHEOE3MEYHUMH MTPEMETaMH TEPUTOPIi, IO MPU3BOAUTH 0 3HAYHOI KUTBKOCTI BpasKeHb 1 3aru0eli Jr0Iei YHACTIIOK MMiJpUBY
BUOyXoHeOe3neuHux npeamMeTiB. CaMoCTiiiHe BUKOPUCTAHHS OKPEMHUX METO/IIB BUSBICHHS HE MOXKE CYTTEBO 30UIBIIUTH HMOBIPHICTD
BUSBJICHHS BHOyXOHeOe3meuHux mnpeaMeTiB. sl MigBHINEHHS MPOAYKTHBHOCTI Ta OE3MeKH BHKOHAHHS pPOOIT i3 MOLIYKYy Ta
3HEIIKO/PKEHHSI BUOYXOHEe0e3eYHnX IpeIMeTiB JOIIJIbHO BUKOPUCTOBYBATH OE3MIOTHI iHTENEKTyas bHi IIaT(hOpMH JONPaBICHHS
iH(pOpMaIiiTHO-BUMipIOBaBHUX 3aCO0IB.

Ku1r04oBi ci10Ba: MeTonn BUSBIECHHS Ta PO3Mi3HABAaHHS; BUOYXOHEOE3MEeUHI MpeIMeTH; Oe3MJIOTHI amapaTd; NpOAyKTUBHICTE;

IMOBIPHICTb BUSIBJICHHS.

Beryn

Momueauis

VYV pi3HHX Tanmy3sx MisUTBHOCTI JIIOOAWHH BHHUKAE
HEOoOXIiTHICTh MOIIYKY 00’ €KTIB Y TOBILI CEpPEIOBHIIA, 1110
ix BkpuBae. lle apxeomoridai MOMIYKH, OOCTEXECHHS
MiJI3eMHUX KOMYHIKalliif, KOHTPOJIb 3a MepecyBaHHIM
3a00pOHEHHUX TPEIMETIB, IMOITYK BHOYXOHEOE3MEeUHNX
npeameti (BHIT), rymanitapHe po3MiHyBaHHs, oneparii
3 MOIIYKY JIfoAeH mijx 3aBamamu Ta Oarato inmoro. [{omo
piBHS HeOe3MeKH, TEXHOTeHHHMX 3arpo3 Ta HETaTHBHHX
HACIIAKIB JUIA €KOJIOTil 3Ha4Hy HeOe3leKy CTBOPIOIOTHh
3abpyaHeHHs Tepuropii BHIL

[onii, mo cHpUYHHSAIOTE 3a0pyAHEHHS TEPHUTOPii
BHII, TtpamistoTbcs BHACHIZOK IOPYLICHHS IPaBUII
30epiranas BHII, TtepopuctmyHmx axTiB, 30poiHHX
KOH(JIIKTIB Ta BilH.

Haitbinmpmr  pydHiBHUMH ¥ MacmTaOHUMH 3a
HacJikamMu € 30poiHi KOH(JIIKTH Ta BiliHH, SIKI OCTaHHI

JIECSITh POKIB TPAIUIAIOTHCS BCE YacTime. Tak, y mepion

3 2012 go 2022 pp. 30poHUMH KOHQIIIKTaMH OXOIICHO
62 xpainu [1].

Haiibinemn MacirabHa BiiiHa 32 OCTaHHI JECSTHIIITTS
cranacsi B YKpaiHi BHaciiok arpecii 3 00Ky pociiicbkoi
(deneparii.

30inblIeHHS KUIBKOCTI Ta MacmTadiB KOH(QIKTIB,
IHTCHCUBHOCTI BUKOPHCTaHHS OO€MpHUIACiB, a TaKOX
TIOBUIbHE OYMIIEHHS 3a0pyJAHEHUX TEPUTOPIA MPU3BOAUTH
JI0 3pOCTaHHS TepUTOpiii, 3a0pyaHernx BHIL, i 30i1bmeHHsS
BpaKeHb 1 3arubei jmozeid yracninok migpusy BHIT.

Bubyxu BHII cnpuunHsioTe BaXKi HMOpaHEHHS
Ta 3aru0elb 3HA4YHOI KUILKOCTI 0Ci0, 10 TOro K HEOOXiIHO
3a3HAYNTH, 10 HAHOLIBINE MMOTEPIIae IMBLIFHE HACCICHHS,
30KpeMa JiTH.

[oxa3HuKH, SKi XapaKTEPU3YIOTh MPOIECH TOIIYKY
Ta posmizHaBanHs BHII, posrisHemMo 3a YoTHpMa
OCHOBHHMH HAaIPSIMAMHU:

— moma 3a6pynHenss: BHIT;

— KUIBKICTh HEMIACHUX BUMNAIKIB (ypaXXeHb BiJ
BHOYXIB);

© T. ®enopenxo, I'. decenko, B. Xapuenko, 2022
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— TepMiHH OYHUILEHHS TEPUTOPIH;

— €KOHOMIYHa OILiHKa.

Mera cTaTtTi moisrac B PO3pOOJICHHI OCHOBHHX
KOHIIEILIiT BUSABJICHHS

IIOJIOKCHb rapaHToOBaHOI'O

Ta pO3Mi3HABaHHSA BHOYXOHEOE3NMEYHUX MPEIMETIB.
Junst peamizamii 1i€i MeTH HEOOXiIHO pO3B’s3aTH Taki
3aBIaHHS: TIPOAHANI3yBaTH HAasABHI MIIXOAW IIOIO
3aCTOCYBaHHS TPAIUIIIHAX OJMHAYHUX 1 KOMOIHOBAHUX,
a TaKOXK HeTpaTuiifHuX (Oi0JOTIYHIX) METOIIB BISBICHHS
BHOYXOHEOE3MEYHNX TPEIMETIB, PO3POOUTH KiachpiKaliiHy
TaOIMUII0 METOJIB BHABICHHA BHOYXOHEOE3MEUHUX
npeaMeTiB 3a (PI3MYHUMU TPUHLUIIAME, IPOAHATI3yBaTH
MepeBark Ta HEAONIKHA PO3TIISTHYTHX METOIB BUSBICHHS
BUOYXOHEOE3MeUHNX IPEeIMETiB, PO3POOHTH TOPIBHIbHY
BUSIBIICHHS

TAOJIUII0 METOIB BHOYXOHEOE3MeTHNX

MpeaMeTiB,  CHOPMYJTIOBATH  OCHOBHI  TIOJOXKCHHS
KOHIIETIIIii rapaHTOBAHOT'O BHSBIICHHS Ta PO3Mi3HABaHHI
BUOYXOHEOE3IMeUHNX PeIMETIB Ta OOIPYHTYBaTH HaNpsIMU

MMOJANBIINX JOCHIKEHD.

AHaJIi3 npo6jeMH Ta HASIBHUX METO/IiB BUSBJIE€HHS
BHOYXOHe0e3MeUHHUX mMpeIMeTiB

IInowa 3a6pyonenns BHII

3a oliHKaMHU MDKHApOJIHHUX OpraHi3aiiil, TaKHX SK
OOH Tta OBCE, 3a0pynHeHi miomii y CBITI CSTalOTh
MUIBHOHM KBaJIpaTHUX KUIOMETPIB, KPiM TOTO, Ha TyMKY

rpymnu
MOTEeHLIHO-HeOe3NeYHi TePUTOPIi, SIKi MOXKYTh MICTUTH

€KCIEePTHOL Acomianii  camepiB  Ykpainuy,
BHII i migmsaratote 00CTS)KEHHIO TSI BU3HAYCHHS PiBHS
3a0py/IHEHHS, CTAHOBIIATH MOHaiMenmre 132 023 kv’ [2].

YxpaiHa € oiHi€r0 3 HAWO1IBII 3aMiHOBAaHHUX KpaiH CBITY.

Kinvkicms newacnux eunaokie (ypasicenv 6io
euodyxie)

BHII,
HeOesmeurnmu 00’ektamu (BHO). Hemachi Bumagku

Tepuropii, mo 3a0pyaHeHi € BHOYXO-

BHachimok BuOyxy BHII npusBomsite 10 BaxKux
MIOpPaHEHb 1 3aru0esi TUCSY JIFOJIeH.

Ha puc. 1 HaBenena indopmaiisi mpo KepTBU Bix
BuOyxiB BHII 3a nepiox 3 2013 no 2020 pp., a 3 ormsny
Ha BiHY B Ykpaini 2022 p., ui TpariuHi MOKa3HHUKH,
IMOBIpHO, 3pOCTaTUMYTH [3].

Jo Toro x HeoOXigHO 3a3HaunTH, 110 Bix BHII
HalOlIbIIe TOTeprae IUBIIbHE HACENeHHS. 3TiAHO 3i
CTaTHCTHKOIO, >keprBamu BUOyxiB BHII cratots 10 %

BilickkoBUX 1 90 % muMBUIEHUX 0ci0, 30KpeMa 3HaYHA

KUTBKicTh miTedl. OcTaHHI pOKH KUTBKICTh 3arHOIHX miTei
3poctae (puc. 2) [1].
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Tepminu ouuwienna mepumopii

Po3umnmenns Tepurtopiii Bix 3abpynHenHs BHIT
norpedye BeNWMKUX (IHAHCOBMUX BHUTPAT 1 TpHBaE
JOeCATUPIUYsIMA. BIAMOBIAHO [0 3asiBU MPEACTABHHKIB
Bemmkoi Bpuranii, 2020 p. Oyio NOBHICTIO 3aBEPIICHO
po3miHyBaHHS TepuTopii Donkienackknx (ManbBIHCEKHX)
ocTpoBiB, mo Oymu 3abpynueni BHII BHacmimox BiftHH
Mix Bemukoro bBputaniero Ta AprentuHoro 1982 p.
[Ipormec TpuBaB 38 pokiB i (hakTHUHA CepeIHs MIBUIKICTh
CTAHOBUTH TPOXHM Oinbmre HiK 320 kM® Ha piK.
KopomisctBo Kambomka, ge poOOTH 3 OUHMIIIEHHST TEPUTOPIi
TpuBatoTh moHaa 30 pOKiB, OroJIOCHWIIO, IO 3MOXKE
3BUTBHUTHCS Bif MiH Jmtre 1o 2025 p.

3rizHo 3 iH(popMmalicto, HaBeneHowo B mpami [1],
yrapomosx 2020-2021 pp. cepeHi TEMIM 3HEITKOIKCHHS
3aJTHIIKIB KACETHHX OOENPUIIACIB CTAHOBIATH 63,39 KM
ta 61,07 kmM® 2020 Tta 2021 pp.
(6e3 ypaxyBaHHs poOiT B Ykpaini). IlokazHuku 11010
Bix BHII,

3 JociimkeHHsM [4], moaaHi B Tab. 1.

BIJIIIOB1AHO

OUHUINEHHS TepuTopil Ykpainu 3TiTHO
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Taomuus 1. [[Jopiuni memnu ouuwenus mepumopii Yepainu 6io BHIT

. KinbkicTs 3a1y4eHn . . ..
Mepion nipoTexmiannx nixposaitis KinbkicTs 3Hemkoxxenux BHII, oa. | [1noma oyunieHoi tepuropii, KB. KM
2014 7 090 151 100 30,30
2015 8 081 50 152 106,67
2016 10 327 80011 81,53
2017 13 167 112 728 688,36
2018 10917 168 812 867,20
2019 11 891 67 415 69,49
2020 14 166 73 375 49,39
2021 12 909 89 614 45,52

Exonomiuna ouinka

BiliHu 3aBXaM MPHU3BOASATH HE TIJIBKH JIO JIIOACHKUX
BTpaT, a ¥ 3aBAalOTh 3HAYHUX CKOHOMIYHHX 30HTKIB, SK
B TIEpiOJl BOEHHUX Jil, Tak i MICIA IXHOTO 3aBEPIICHHS.
YkpalHCbka EKOHOMiKa, 3a IPOTHO3aMH, CKOPOTHTHCS
Ha 45 %, a 3arayubHi 30MTKH KpaiHU BXKE OIIHIOIOTHCS
B Minbspau nonapiB. TidbKH B CUTECHKOMY TOCHOApPCTBI
30uTku ctaHoBIATH 4,3 wmupn momapie  CIHA  [5].
VYkpaini moTpiOHO 3amydaTH 3Ha4YHI (iHAHCOBI pecypcu
JUIsl  po3dMIIeHHs Teputopid. OpieHTOBHa BapTicTh
oOCTe)KeHHSI Ta PO3MIHYBaHHS CLIBCHKOTOCIIONAPCHKUX
yrigp Ykpainu ctaHoBuTh Ous3bko 436 mumH ponapis CLIA.
3a omiakamu Acormiamii camepiB YKpaiHW, PHHKOBa
BapTICTh

MoCHyr 13 TyMaHITapHOTO PpO3MiHYBaHHS

CTaHOBUTH 3—4 monapu CLIA/M.
Ocobausocmi

npoeedeHHa  aHanizy Memooie

eusenenns BHII

VYpaxoByloud BayKJIMBICTh PO3UMILEHHS TEPUTOPIN
Bin BHII, umcnenHi mocmimkeHHS MPOBOIMIINCS IIOIO:
aHamizy Ta Kiacu(ikamii HASBHUX METOMIB MOIIYKY [6—8],
CydyacHHX OuThIl e(eKTHBHMX METOJiB, 30KpeMa
3 OJTHOYAaCHMM BHMKOPHCTaHHSIM JEKiTBKOX METOZIB, IO
TPYHTYIOTHCS Ha BUKOPHUCTaHHI KOMOIHOBaHHMX METOIB,
KOJIM TOUIYK BEAEThCS 30KpeMa i3 3acTOCYyBaHHIM
[9-11].

BUIIPOOOBYIOTHCS TAKOX O10JIOTTYHI METOAN MOUIYKY, IO

0e3miIOTHUX ~ amapartiB HocmmkyoTeest  Ta
TPYHTYIOTHCSI Ha OCOOJMBHX BIIACTHBOCTSX TBapwH [12],
komax [13] ta mikpoopranizmis [14].

Heo0OximHO 3a3HAYMTH, 110, MOMPU BEIUKUN 00CST
JOCTIKCHb, KJIacU(ikallii MeTOmiB po3poliieHi 0e3
ypaxyBaHHs YiTKOTO PO3pI3HEHHS
BHII,
W po3mi3HaBaHHS, a

AE€MAaCKyBaJIbHUX

O3HaK (I3MYHUX ~ NPUHLOUIIB — BHUSIBJICHHS

TakoX  1wiargopMm, 110
BUKOPHUCTOBYIOTBCS JUII JONPABICHHS YCTaTKyBaHHS

JI0 MiCIISl TIOIIYKY.

AHani3 mokasye, OO0 HasBHI METOJM BUSBIICHHS
1 po3mi3HaBaHHS, 3aJIEKHO BiJl XapaKTEPHCTHK 00’ €KTIiB
MOUIYKY Ta HAaBKOJMIIHIX YMOB, MalOTh OOMEKEHHS B
IMOBIpHOCTI BUSIBIEHHS i He 3a0€3MeuyIoTh HEOOXiTHOTO
PIiBHSI IPOYKTHBHOCTI ITOIIYKY.

ToMy akTyanbHHUMH € JOCIHIIKEHHS, CIIPSIMOBaHI Ha
PO3pOOIIEHHST METO/IOJIOT], Mo/enell Ta iHpOpMaIiHHIX
TEXHOJIOTI CTBOPEHHA Ta BHKOPHCTAHHA OaraToITHOBHX
OesninoTHUX iHTenekryanpHuX cucreM (BBIC) momryky
Ta 3HemKopKkeHHst BHIT.

s poBeneHHs aHalizy MeTofiB BusBieHHs BHIT
BH3HAYNMO Taki exemeHTH cuctemu: BHII, mepemrkonn
(TOKpHBHE Ta HABKOJMIIIHE CEPENOBHIIE); iHPOPMAIIHHO-
BHUMIPIOBaJIbHI 3aco0u (CeHCOopH), SKi BHKOPHCTOBYIOTH
METO/N 3IIIHCHIOIOTH

BUSBJIICHHS;, IaTGopMu, 110

JOTIpaBIieHHA  1H(OpPMAaIifHO-BUMIpIOBATBHUX  3ac00iB

(BBIC), Ta enemenTy indopmariinux rexnomnorii (IT).
Buoyxonebezneuni npeomemu

3 ormimy Ha Te, L0 METOIU  BHSIBICHHS
BH3HAYAIOTHCS 3aJISKHO BiJ 00’ €KTIB IMOIIYKY Ta iXHIX
XapaKTEepUCTHK, IMMOYHEMO 3 pO3MIAY came OO0 €KTIB
momyky (BHII) Ta ixHIX [gemMacKyBalbHHX O3HAaK.
Ha cworogni  po3po0ieHo,

monag 700

BUTOTOBJISIETHCSL  Ta
BHIT [15].
JlomnpaBieHHsS MOXE 3JIMCHIOBATHCS PI3HUMH CIOCOOAMU:

BpY4HY,
cHapsgamu. JlemackyBanbHi o3Haku BHIT oGymoBneHi

3aCTOCOBY€ETHCA BHUIIB

TMTaIPHUMH  amapataMH W  pPEaKTUBHUMHU
HU3KOI0 (aKTOpiB, OCHOBHI 3 SKHX MAlOTh MiCIle
MIPaKTHYHO 3aBK/IH:

— HasiBHICTh BUOYX0BOT peuoBunHu (BP);

— HasBHICTb JIOKAJIbHO PO3TAIIOBAHOI Macu MeTally
YH HILIOTO MaTepiaiy;

— XapakTepHa gopma;

— HEOHOPITHOCTI MOKPHBHOTO cepeoBHUILa
(mopylIeHHsT TOBEpXHI IPYHTY, KOJIBOPY POCIMHHOCTI,

CHITOBOT'O TIOKPHBY TOIIIO).
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JlonaTkoBUMH eMacKyBaJbHUME (DaKTOPaMH €:

— IPOTOBI JIiHIi yIpaBIiHHS;

— FOIMHHUKOBI MEXaHI3MHU ab0 eNeKTPOHHI TaliMepH;

— celicMiuHi, MarHiTHi 400 ONTHYHI JaTYHUKH I[iTi;

— aHTEHH 3 paJionpuiMadeM.

Otxe, BHIT Moxe BUSBISATHCS TIEPEBAXKHO 3aBISKH
TppOM  (aKkTOpaM: HAasBHOCTI XIMiYHOI PEYOBHHH;
XapaKTepHOi KOHCTPYKIIi KOpITyCy; IMOPYLICHHs IPYHTY.
JleMackyBanbHI O3HaKM Ta IIEPEIIKOIM BH3HAYAIOTH
METOIM  BHABJCHHS,  pO3Mi3HaBaHHA Ta  HaOIp
iH(OpMAIIITHO-BUMIPIOBAIEHIX 3aCO01B.

JIJis TIOIIyKy HOBHMX METOJIB BHSBICHHS HEOOXITHO
MpOaHaTi3yBaTH HAasBHI METOIM 3 YpaXyBaHHAM (Di3HIHIX
BJIACTHBOCTEH! JIeMacKyBaJIbHUX O3HaK Ta iH(opmamiitHo-
BHUMIpIOBAJIFHUX 3aco0iB (ceHcopiB). Tomy HaBememo
Kinacudikamito  BiIOMHX MeETOAIB 3a  (i3MYHUMH
NPUHOUIIAMH, 110 BHUKOPUCTOBYIOTHCSA MJISI BHSBICHHS

Ta posmizHaBanHsa BHIT.

Memoou eusnenennsn

Ha Bigminy Big inmmx astopiB [9, 10], Hamu
3aIPOTIOHOBAHO MiAXi 10 KIacu(ikamil, SKi BiIpi3HAETHCS
THM, III0 METOJIM BUSIBJICHHS PO3IJIAAIOTHCS 32 (hi3NUHUMU
NPUHIUIIAMA B3a€MOJIi 3 JeMacKyBaJbHHUMH O3HaKaMH
Ta OKpeMo Bija iH(opmaniiHO-BUMIpIOBAIEHUX 3ac00iB
i mmatdopMm, Ha SKAX i 3acO00M  PO3TAIIOBaHI.
Knacudikaniss 3 ypaxyBaHHSIM IMX MIIXO/IB HaBeaeHa
B TaO1. 2. Po3risaTé OCHOBHI METOIM HEOOXITHO pa3oM
i3 mapameTrpaMH, IO BIUIMBAalOTh Ha WMOBIPHICTb

BHABJICHHS Ta HpO,I[yKTI/IBHiCTB.

Tabmuus 2. Knacugixayis memooié 6usigieHHs.
3a QizuuHUMU NPUHYUNAMU

Ne Metox XapaxkTepuctuka
. . KonrtakTHuii

1 | MexaHiuyHui ; =
MexaHi30BaHUN
PaioXBHILOBHI

. . | OnTuunmit

2 | EnextpomarHiTHHIA : "

PenTreniBchkuit

I'amMma-BUNIPOMIHIOBaHHS

S I"azoananiTnyHui
3 | XimiuHUH — -
biodiznunumit
4 | MarHiTHHI MarsiToMeTpuIHIH
5 | AkycTuyHMi CelicMOaKyCTHIHHN
Jlo MexaHiYHHMX  MeTOAIB  BHSBJICHHA  Ta

3HemkopkeHHs BHIT HamexxaTe py4Hi, KOMH IIOIIYK
1 pO3MiHYBaHHs BUKOHYIOTHCS 0€3110CEPEJHBO JIFOIUHOIO,
creniaIbHIMHA

i MexaHi30BaHi, IO BHUKOHYIOTBHCI

OpOHBOBAaHUMHU MaIlIiHAMH. CydacHi MaIlIHHA
pO3MiHyBaHHS € OuUIbIl Oe3meyHHMMHU Ta e(EKTHBHHUMU
B posMminyBanHi BHII i3 Bmicrom BuOyXiBKH A0 15 KT
(Hanpuknaa, MiHM, caMOpoOHI BHOYXOBI TNpPHCTPOi Ta
kacetHi Ooemnpumacu). [lpmHIMN fgii ©HOTO MeETOAY
IPYHTY€ETHCSI HA MEXaHIYHOMY TIOIIYKY Ta 3HEIIKOKEHHI
BHII. Pobounm eneMeHTOM MamuH s PO3MiHYBaHHS
€ TPUBOAM 3 ILiNMKamu, (pe3aMH, KyJIbTHBATOPaMH Ta
crieriaIbHAMHU 3axBataMu [16]. JIIs miABHINEHHS SKOCTI
3HEIIKO/HKEHHS 3aCTOCOBYIOThCS KOMOIHOBaHI CHCTEMH,
HANIpUKJIAN, KyJIbTHBaTOpa Ta IinkiB. Taki miatdopmu
0araToyHKIIOHAIbHI, HA HHX MOJYKHA BCTAaHOBJIIOBATH
pi3HI  IHCTpYMEHTH, CHCTEMH TIONIYKy, HaBirarmii,
JMUCTaHI[IHOTO KepyBaHHsA Tomo. OCHOBHI TEXHIUHI
XapaKTepUCTHKH PO3TIITHEMO Ha TMPHKIANl MIaT(opMu
MineWolf MW370 kommnanii Pearson Engineering:
Bara 23 T, MMpHUHA OYMIIEHHS 2,75 M, TJIHOMHA OYMIIICHHS
gm0 350 MM, MBHAKICTE OYHIIEHHA 10 2,3 KM/TOJ,
30 000 m?/neHb,

Butparn manuea 40-50 /v i BiACTaHB IUCTAHLIHHOTO

MPOAYKTUBHICTH PO3MiHYBaHHSI IO

kepyBanHs 10 1000 m [17].

OT)KG, MeXaHIYHUH METO BUABJICHHA Ta

PO3MiHYBaHHS € TIPOCTUM, ajie 3a0e3ledyye BHCOKY

WMOBIPHICTh BUSBJICHHS Ta 3HemkojpkeHHs BHII,
a TOTYXKHHA OpOHBOBAaHMH 3aXHUCT 1 CHCTEMH
JUCTAaHIIHOTO  KepyBaHHS  3MEHINYIOTh  PH3HMK
TpaBMYBaHHS TEXHIYHOTO IEPCOHATY.

Heoonixu:

—He3HayHa TPONYKTHBHICTh Ta OOMEXEHICTh

BUKOPHCTaHHS 3aJIGKHO Bifl pelbedy (HEMOKIHBICTh
MpamoBaTH Ha MOKPOMY Ta KaM SHHCTOMY TPYHTI,
Ha YKJIOHAX moHan 35°);

— BHCOKI  BapTiCTh OONagHaHHA Ta BHUTpATH
Ha BUKOHaHHS poOiT;

— TIEBHI IOIIKOHKEHHS €KOJIOTI.

EnexTpomarniTHi Meroam — 1e 3araqpHa Ha3Ba
TPyl METOJIB, IIO MPAIIOIOTh y PI3HUX YaCTOTHHX
niama3oHax i MIMPOKO 3aCTOCOBYIOTBCS JUIS BUSBIICHHS,
moOymoBH 300paXCHb Ta BH3HAYCHHS BIACTHBOCTEH
00’€KTiB, M0 pO3TAIIOBaHi, 30KpeMa, B OITHYHO
HEMPO30PUX CEPEIOBHINAX, TAKUX SK TIPYHT, OCTOH,
LmeriasHa Kiaaka, acdaimbT, KaMiHb, IEpeBO Ta JIif.
Busienenns BHII 3a m0omomMororw  elxeKTpoMarHiTHHX
METOJIiB TPYHTY€THCS HA BIIMIHHOCTI €IeKTPOMarHiTHHX
BJIACTUBOCTEH 00’€KTA Ta MEPEIIKOI.

YMOBHO  €NeKTpPOMAarHiTHe  BHUIPOMIHIOBAHHS,
3aJICKHO BiJl BUKOPHUCTOBYBAHHUX YACTOT, MOMLISETHCS
HA: PagiOXBUIILOBE, ONITUYHE, 10HI3yI0UE (PEHTTEHIBCHKE

Ta raMMa-) BUIIPOMIHIOBaHHSI.
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Cucremn, cTBOpeHI Ha 0a3l NHX METOMIB,
BIJIPI3HAIOTBECS POOOYOI0 YaCTOTOI, CMYTOK E€JEeKTPO-
MAarHITHOTO CIIEKTpPa, TUTIOM CHUTHANIB, IO MEPEaaroThC,
IHTepIIpeTalli€eo BiJOUTHX CHTHAIIB, TUIIOM MeperaBaya

Ta MpuiMaya, a TaKoXX AITOPUTMaMH 0OpOOIICHHS.

PaioxBWIbOBHIT MeTOJ — I1¢ HAWOUTBII ITOMMPEHUH
Merosi BusiBNieHHs. Ha 06a3i mporo meromy moOynoBaHi
MD), reopamapu
(Ground Penetrating Radar, GPR), MikpOXBUJIbOBI pajapu

Meranonerektopu  (Metal Detector,

(MWR), pagapu wminimerpoBoro nianazony (MMWR),
panapu enexrpoimnenancuoi tomorpadii (EIT).
IHAYKIT
METAJIOIETEKTOPAX.

Meton  eneKTpoMarHiTHOI (EMI)

BUKOPUCTOBYETHCA B IlepeBaru
I[LOTO METOY — 3[ATHICTh BUSIBIISITH METAJIEBI IPEIMETH
po3Mipom MeHmmM 3a 1 cM Ha rimbuni 50 cm [18],
HE3aJIeKHICTh BiJl MOTOJHUX YMOB i BOJIOTOCTI TIPYHTY,
HU3bKa BapTICTh.

Heoonixu memooy:

—He3narHicte BusBiiaTH BHII i3 He3HaunuMm
BMICTOM MeTaly (HapuKJal, Y TNIaCTUKOBOMY KOPIIYCi);

— HeMOXJHMBICTh pospisaut BHII Ta Mmeranesi
YJIaMKH, IO CHPUYUHSE BUCOKHH BiICOTOK ITOMUJIKOBHX
TPHUBOT;

— MaJa IMCTaHIis TOIIyKYy.

leopamapu,  paniosokatopu  MiANOBEPXHEBOTO
30HAYBaHHA a00 IMiAIOBEPXHEBI pamioNoKaToOpu — IIe
IPUCTPOIB, IO
peatizyloTh TEXHOJIOTil BHKOPHCTAHHS EJCKTPOMAarHiTHHAX

3arajbHa Ha3Ba  pajJioOKaliiHUX

XBWIb JUIS TOOYIOBH 300paKCHb 1 BU3HAYCHHS
BJIACTUBOCTEH O0O0’€KTiB, IO PO3TAIIOBaHI B ONTHYHO
HEMpO30pHX CEepe/IOBUINAX, TAKUX SIK, HAPUKIIAJ, IPYHT,
Oetow, mermna, acanbT, KaMiHb, IEPEBO Ta JIif. 3a3BUYAl,
Pa/ioJIOKaTOp TAKOTO THITY 3 JAIBHICTIO Mii 1 M mpairtoe
B mianma3oHi yactot Big 300 MI'mr mo 3300 MI'r [19].

Hdns  migBuineHHS WMOBIPHOCTI BUSIBJICHHS Ta
MiHiMi3amii XHOHUX CIPaAbOBYBaHb 3aCTOCOBYETHCS
MOEIHAHHS METOJIIB: Teopazapa Ta BHCOKOUYTIIHBOTO
METaJIOICTeKTOpA. i TEXHOJIOT1 YCIIIITHO
BUKOPHCTOBYIOTBCSI JIIsl CTBOPEHHSI PYYHHX MOOUIBHUX
TIpUJIAIIB.

Po3risHyTi ABa MeTonM peajti3oBaHi B MiHOLIyKaui
AN/PSS-14, crientiansHo po3pobneHomy urst apmii CIIA.
JonatkoBo OyJ0 3aCTOCOBAHO aIrOPUTMU OOPOOJICHHS
iHpopmarmii, 1o
XapaKTEPUCTUKU 32 YMOBM Mayoi Baru: IMOBIPHICTb

3a0e3MeynI0  BHCOKI  TEXHIYHI
BusiBiieHHs 710 98,7 %, rmrbuna BusieneHns BHIT 1o 300 M,
MIBUJKICT TOIIYKY 3,2 M/XB, BIJICTaHb CKaHyBaHHS

o 10 cm, aucranniiiHe kepyBaHHS He iepenbadeHo [20].

MikpoxBWIbOBI pagapu OCHOBaHI Ha BUKOPHCTaHHI

KOPOTKMX  pajioOiMITyJIbCIB Ta  BUMIpDIOBaHHI  4acy

MOBEpHEHHS BiMOWTKIB. BimoOpakeHHS BHHHKAIOTh

HA MeXax MaTepialiB 13 PpI3HOI ieJICKTPHUYHOIO

TIPOHUKHICTIO. [1iBHUITIEHAsT YacTOTH Tiepenadi 3abe3nedye

HIIBUILEHHS PO3AUIBHOI 3/laTHOCTI, ajie BOAHOYAC
3pOCTAIOTH 1 BTPATH B MEPEIIKOIaX.

OntuyHuil. BUNpoMiHIOBaHHA B  ONTHYHOMY
miamasoni  (mosxkmHa xBwiai  380-780 wHM, dYacrora
7,89x1014—3,84x1014ru) YMOBHO IoJIijIeHe Ha

yinbTpadioneroBe, BuauMe Ta iHpauepBoHe. Metonwm,

o0  3aCTOCOBYIOTH  (Pi3WYHI  BIACTHBOCTI  ITHOTO

BUIIPOMIHIOBAaHHS, YCIIIIHO BHUKOPHCTOBYIOTBCS JUIS

BHABJICHHSA Ta po3mizHaBaHHsI BHIIL.

YabTpadioneroBe BUNPOMIHIOBAHHS OXOILTIOE
100400 uM. VY upomy
BHIT

HC BHABJIICHO, aJIC¢ B npoueci 34CTOCYBaHHA II€BHOI'O

miama3oH JIOBXHH XBHIIb

miama3oHi OpSAMHX — JeMAacKyBalbHHUX — O3HAK
30BHIIIHBOTO BIUIMBY, MOXYTh 3 SBISATHCA JOMATKOBI
JleMacKyBalbHI 03Haku. Hanpukiaz, y pa3si po3nuieHHsS
Haa 3a0pyIHEHOIO TEPHUTOPIEI0 CHEUiaJbHOTO IITaMy
OakTepiif, sKi MPOPOCTAalOTh 3a JEKUIbKa TOIUH 1
(ITyopecIiforoTh i YIbTpadioneTOBUM BHIPOMIHIOBAHHIM

3a HassBHOCTI B IPYHTI BUOYXOBUX pe4oBHH [14].

Buanme BUNPOMiHIOBaHHS, 1110 BUKOPHCTOBYETHCS
i BussneHHs BHII, mepenfadae 3axoruieHHS CBITIIA
y BUJUMOMY Jlialla30Hi XBWJIb 3a JOTIOMOTOI0 OINTHYHOT
cucteMu misi (opMyBaHHS 300paskeHb. BukopucTtaHHS
Cy4acHMX  HIMPOKO(OpPMATHUX  OaraToCHeKTpabHUX
¢doTokamep mae 3MOTy OOCTEXyBaTH 3HAYHI TEPUTOPIl
IIBuakicte  oOCTEXEHHS

3a  KOPOTKHMH  TEpMiH.

BU3HAYAETHCS  IIBHIKICTIO IUIaTGopMH, Ha  SKid
poO3TaloBaHi ONTHYHI CEHCOpU. Y pa3i BUKOPHCTaHHS
JMTANTPHUX amapariB IMIBUAKICTE OOCTEeXKEHHS MOXe
nepesunryBatu 100 km/roz.

BMC CIIIA mpoaeMOHCTpYBaJId MPOTOTHIT €TUHOI
cucTteMd 0araToliJIbOBOIO BHSBJICHHS MiH 13 IOBITpS
(SMAMD), po3pobnenuii kommanieto BAE Systems.
VY cucremi SMAMD BukopHucTOBY€ThCsl HaOlp OOPTOBHX
ONITHYHHUX JAaTYMKIB, PO3MIMICHIX Ha OOpTy OE3MiJIOTHOTO
nitaneHOro amapara (BILJIA) MQ 8C Fire Scout [21].

OOMEeXeHHSAM [BOTO METONY € Te, IO BHSBISATH
MoxkHa Tinbkn BHII, siki posramoBani Ha MOBEpXHi
IpyHTy. Takox Ha SKICTb BHUSBICHHS BIUIMBAIOTH
MOTOZIHI YMOBM Ta HasBHICTh MacKyBaJbHHX (hakTopiB

(xamMmy(hIDK, pOCTHHHICTH TOIIO).
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Bukopucranns ingpauepBoHOro BHNPOMiHIOBAHHS
s BusBiieHHss BHII ocHoBaHe Ha HAsSBHOCTI Pi3HHMIL
TEIUIOBUX XapaKTEPUCTHUK MIX ITOXOBAHUMH 00’ €KTaMu
Ta HAaBKOJIMIIHIM IPYHTOM, IO HPHU3BOJMTH O PI3HMII
TeMIepaTyp MiK IIOXOBaHHM O0’€KTOM 1 IPYHTOM.
Lleit TemMnepaTypHHii KOHTPACT BUMIPIOETHCS 32 JOTIOMOTOIO
TepMorpadigyHoi KaMepH, sIKa BUSBIISE BUIPOMIHIOBaHHS
B IH(pauepBOHOMY Jlialla30Hi €IEKTPOMArHITHOTO CIIEKTpA.

Ilepesazamu MeTORy € Te, IO BiH IMACHBHUI, OTXeE,
He BIUIMBae Ha cucteMu kepyBaHHs BHII, siki MoXxyTb
CIOPUYMHHATH BHOYX; TakoX IeH MeToJ J03BOJISE
MIiABUIIYBATH INBUIKICTh / MPOAYKTUBHICTh 0OCTEKEHHS
3a gormoMororo 3actocyBaHHsa BITJIA sk ruratdopmi.

Heoonixu: Ha  sIKICTB

BUABJICHHSA  BIIJIMBAKOTh

rapaMeTpyd HAaBKOJHIIHBOTO CEpeJOBUINA  (COHSYHE

CBITJIO, JIONI Ta iH.) Ta MEPENIKOAH (TIOKPUBHUU IIIap

IPYHTY, pOCIMHHICTE Tomio). lle 3HaYHO 3BYyXye
MOXJIUBOCTI 3aCTOCYBaHHSI.
PentreniBcbke  BunpominoBanHA.  DoToHH

XapaKTePUCTHYHOTO (TOOTO IO BHITYCKAETHCS T
Yac TEepexodiB B EJIEKTPOHHUX OOOJIOHKAX aTOMIB)
PEHTTeHIBCHKOTO BHUIPOMIHIOBAHHS MAlOTh €HEPTii0 Bil
10 eB mo 250 keB, mio BigmoBizae BUIIPOMIHIOBAHHIO
3 yactoToro Big 3x10' mo 3x10" 'l i moBxkuHOM XBHI
0,005-100 =M. Ileit Meron IPYHTYEThCS Ha TOMY,
IO CIIOCTEPEXYyBaHI YaCTOTH 3aJIekKaTh BiJ B3aeMOIil
MDK ENEeKTPUYHMM KBaJpPYyNOJbHUM MOMEHTOM sipa
Ta TPami€HTOM ENEeKTPUYHOTO IIOJs, IO CTBOPIOETHCS
B SIZICPHOMY IIEHTP1 30BHIIIHIMHU 3apsiiamMu. Y cl 3BUYaiiHi
BHOYXOBI PEUOBHHH MICTSTH KBAJAPYIOJBHE SIPO, SKE
reHepye TpHU HaOOpH PE3OHAHCHHUX YacTOT, 3a0e3nedyloun
ONHO3HAYHWHA METOX BUSIBICHHS Ta 1ZCHTU]IKaIi]
BUOyX0BOi peuoBuHH [22]. BiH € NOXiqHUM Bij SAE€PHOTO
MarHiTHOTO

pE30HAHCY Ta BHKOPHCTOBYETHCS — 0Oe3

30BHIINIHROTO MArHITHOTO mOJsA. Hedonikom METOmy €
rpyI,

BUSIBIIEHHS TIIBKM OHIET aKka Mae Oytu

BioMa 3a31aJIeriib.

I'amma-BunpominioBanus. SnepHo-Gi3nuHi MeToaM
PO3PI3HAIOTH 3a THIIOM 1 CHEpPTi€lo, II0 BHUKOPHUCTOBYE
a TakoX BHAOM 1

JUKEpEeNo HEHTPOHIB, CHEepri€ro

BTOPMHHOTO TaMMa-BHIIPOMIHIOBAHHS, $IK€ BUHUKAE
MmiJi Yac B3aeMOJii HEHTPOHA 3 OO0’€KTOM TMOINYKY —
a30ToM  (ByrJlemeM YW KHCHEM), IO MICTHTBCS
y BUOYXOBIiH pe4OBHHI.

Heoonikom 1mX TpwuianiB, MO BHIUIMBAE i3
(i3MYHOrO NPHHIMITY TXHBOI POOOTH, MOXXHA BBaXKaTH
Te, U0 BOHU HE MAaIOTh BHOIPKOBOCTI MO0 BHOYXOBHX

200 HApPKOTUYHUX PEUOBHH.

Ximiunumii meroa. Illupoke 3acrocyBaHHS HaOyB
XIMIYHUH aHai3 MOBITPS HA HAsBHICTh BUNAPIB Y MICIIAX
po3ramryBanHs BHII. BiH TpyHTyeThCS Ha BHUSBICHHI
Ta KUIbKICHIH omiHIi crieudiyHuX XiMIYHUX BHOYXOBHX
PEYOBMH Ta iXHIX KOMIIOHEHTIB, sIKi MicTsaThcs y BHII
1 1ndyHAYIOTh Y HaBKOJNMIIHE cepenoBuie. Lleir MeTon
JIa€ 3MOTY BHSBIISITH CIiIM BUOYXOBUX PEYOBHH Y IPYHTI
abo B moBiTpi B Micusx BcraHoBieHHs BHIL udy3is
PCUYOBHH Ha MOBEPXHIO BiIOYBAETHCS B MAITUX KUJTBKOCTSIX
i 3amexuth Bix koHcTpykuii BHII, mo BkpuBatoth
CEepEeIOBHILE Ta HOTOJHI YMOBH.

VYpaxoByroun  Maji  KOHLEHTpauii  pevyoBHH,
HEOTHOPITHICTh MOMIMPEHHS, PI3HOMAaHITHI MacKyBaJIbHI
(daxTopu, HEOOXIZHO 3aCTOCOBYBaTH JyXX€ YYyTJIHBI
JaTYuKu. BBajkaemo, TONIIBHOIO € TyMKa, [0 e MeTo
MICTHTh I'a30aHANITHYHI Ta 0i0¢i3nuHI MeToaN.

lazoananmiTiyHi NpUiagd € AOCUTH YHCICHHUM
KjlacoM 1 3a0e3neuyloTh BHCOKY YyTIMBICTH. ['a3o-
AHATITHYHI METOAM 3AEOLIBIIOr0 CTOCYIOTHCS BHIIAPiB
TpoTHiy, rekcoreny Ta [1ET, Tomy iX MoXHa po3risiiaTu
napu. Lga mapa
TPAHCIIOPTYBATUCS 3a MIOMOMOIOI0 TaKUX SIBHII, SK

SK  MO3eMHI  pKepera MOXE
MoOJIeKyJIsipHa Audy3is Ta mporecu TypOyJIeHTHOCTI.
Iness uporo Mmerody mossirac y CTBOPEHHI Ta30BHX
JATYUKiB, 30aTHUX BHSABIATH Mali  KOHIICHTpAIii
ximigyaux pedoBuH BHIL. IcHytoTh meBHI 0OOMEKEHHS B
i Tamy3i JOCHiHKEHB, IO MOSCHIOETHCS HEMOXITUBICTIO
BCTAHOBUTH MiHIMalTbHUN pIBCHb BHUSBJICHHSA 4Yepe3
MiHJIMBY TIPHPOJTY TapiB.

Biogpizuuni merogu. HeobOximHo Haromocutn
Ha yCIIIIHOMY BUKOPHUCTaHHI TBapuH ais mouryky BHIT
3a XiMiuHUMH o3Hakamu. Jlns BusBienHs BHIT e
3a yaciB JIpyroi CBiTOBOi BiffHH 3aCTOCOBYBAIHCS COOAKU
(Mine detection dog, MDD). Oxpim cobak, y pi3HHX
KpaiHaxX BEIyTbCs JIOCHIJPKEHHS 3 BUKOPHUCTAHHS 1HIIMX
TBapuH s momyky BHII, sxi Oimpmm mpucTocoBaHi
JUISl IEBHUX TEPUTOPIH 1 JJO3BOJISIOTH 3MEHIIUTH BUTPATH
Ha BHPOIIYBAaHHS Ta MiATOTOBKY [12].

3a mnporpamoro HeroRATs BemyThcst poboTu 3
BHUKOPHCTAHHS a()pUKAHCHKHX TITAHTCHKHUX MIIIKOTIOMIOHNX
urypiBe (Mine detection rat, MDR), ski nonmomararTh
3HaxXoauTH Ha3emHi MiHK [23]. HaBueHi mypu MOXyTh
OOCTE)XUTH TEPUTOPII0O PO3MIPOM 13 TEHICHHHA KOpPT
(23,77x10,97 m) 3a 30 xB. TakoX BHBYAIOTHCS OCOOJIHUBOCTI
BUKOpHCTaHHs 1yt rotryky BHIT iHImmMx TBapuH Ta Komax.
HeoOximHO 3a3HauuTH, MO TBAPHHH MAIOTh 1 Kpamli
ra30aHAITHYHI 3MI0HOCTI, HDK €JICKTPOHHI ra30aHaTi3aTOpH.
Ile mae 3Mory BUSBIATH BHOYXOBI PEYOBHHH B HIDKIHX

KOHLIEHTPALisIX Ta 3 OLIBIIOI WMOBIPHICTIO.
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3a iHdopmamiero  Marshall
(MLI) [24],
momyk He Timbku y 30 pasiB mBHAIIE, HDX KOMaHIH,

Legacy Institute
MDD-komMaHau 3a3BUYail  3A1HCHIOIOTH

SKI BHKOPUCTOBYIOTh PY4YHHH cCIOCIO mOmHIyKy, a U
Oe3neunime. XoxeH i3 ¢axiBuie 3 MDD He 3aruHyB
i Yac oneparii 3 po3MiHyBaHHs.

[lITyyne BHUSBIEHHS BHUIIApiB KOHKYpPYE 3 TBapHHAMHU
a00 BUKOPHUCTOBYETHCS pa3oM 13 HUMHU. OJHaK TBapUHH
OUTPII YyTIWBI Ta MOXYTh BHSABIATH 0arato pisHHX
3amaxiB OJJHOYACHO, IO JIOCUThH BAXKKO BIITBOPUTH HITYYHO.

OxpeMo HEOoOXiTHO HarojJOCHTH Ha IEpPCIEeKTHUBAax
3aCTOCYBaHHS TBapUH y CTBOPEHHI IHTENEKTYaIbHHX
ABTOMAaTHU30BAaHUX CHCTEM BHSABJICHHS 1 3HEIIKOKECHHS
BHII. Kosnremniiisi oCHOBaHa Ha PO3MIIIICHI Ha TBapHHAX
MOOITPHOI IHTENEeKTyalbHOI CHCTEMH, sKa 3abe3medye
HaBiramito, TUCTaHILi{HE HaBEJEHHS Ta CIIOCTEPEKCHHSI.
Taki cuctemMu miABUIYIOTH iMOBipHOCTI BusiBeHHs BHIL

Hedonixamu Ta30aHaTIITHYHUX METO/IB €:

— HEOOXimHICTh TmepenamHaHHA / TepeHABYAHHS
B pa3i MOsBH HOBUX XIMIYHUX KomIioHeHTiB y BHII;

— BEJIMKA 3AJIEKHICTh SIKOCTI BHUMIpPIOBAaHb BiJ
HaBKOJIMIIHBOTO CEPEAOBHIIA Ta IOTOHIX YMOB;

— pobora B HeOe3meuHiil 30HI (Oe3mocepenHBO
6inst BHIT).

Marnitomerpnynuii  MetoA.  BukopucraHus
MAarHITOMETPIB SK METAJIOIIyKadiB OCHOBAaHE Ha SBHIII
JIOKaJIBHOTO CIIOTBOPEHHS MPUPOTHOTO MAarHiTHOTO IOJIS
3emiti (pepoMarHiTHIMH MaTepiallaMy, HAIPUKIIA 3aTi30M.
[TopiBHSHO 3 pO3MISIHYTMMH BUILE NPUHIUIIAMH,
MarHiTOMETpH MaroTh Habarato OuTbIIy HNaNBHICTH
BUSIBJICHHSI 3ali3HUX MpPEAMETIB. 3aji3Hi INpeaMeTH
CTBOPIOIOTh aHOMAJI1, IKi (QIKCYIOTBCS IIUMH TIPHUIIaIaMH.

Le# npuHIUIT PO3BUBAETHCS 3 METOIO PO3POOIICHHS
SKICHOTO BiZlcOaHaNi3y, CXOBAaHOTO IIiJl IOBEPXHEIO
00’eKkTa, CHJIOBI MarHiTHi JHIT BiJ $SKOro 3HIMAIOThH
MarHITOMETPOM.

OCHOBHI nepegazu IbOTO METOJTY:

— MOXJIMBICTh BUSIBJICHHS Y IPUPOAHUX MOKPHBHUX
CepeloBHIIAX;

— OinpIma rIMOMHA # BICOKA ITBUAKICTD MOIIYKY.

Heooniku metony:

— HE JICTeKTY€ AieTeKTPUIHI MaTepiaiy;

— HH3bKa BHOIPKOBICTh Ta 3aBa0CTIHKICTB.

AKycTHYHHIT MeTold. AKYCTHYHI XBHJII MOXYTb
OyTH e(heKTUBHUM IHCTPYMEHTOM [UIS BHUSBICHHS Ta
ineHTudikaii Ha3eMHHX MiH. YJbTPa3ByKOBI METOIU
Ta METOIAM TIIePeTBOPEHHA aKyCTHYHUX JaHUX Ha
ceiicmiuHi (A/S) € TOIIUPEHUMH METOJAMU aKyCTHYHOT'O

BUSIBJICHHS. Heldonikamu 1HOTO METONYy € HU3bKa
PO3/iIbHA 3IaTHICTh Ta 3aJIEKHICTh Bifl IIUIBHOCTI IPYHTY.
Tomy meit mMeronm mae Maimy eQEKTHBHICTH UIS TIOLIYKY
BHII, oco6nuBO 3a HasBHOCTI MEKUIBKOX TIEPEIIKOA i3
PI3HHUMH BIIACTUBOCTSIMH, HAMPHKJIIA], TIOBITPSI-TPYHT.

3a pe3yiabTaTaMH aHaji3y METOJIB BHUABJICHHS Ta
BH3HAYCHI OCHOBHI

pO3Hi3HaBaHH$[ . XapaKTCPUCTHUKHU

Ta BHUKOHAaHE TOPIBHSAHHA. Pe3yibpraTh mOPIBHSHHS
METOJiB BUSBJICHHA 32 OCHOBHHMH XapaKTePUCTHUKAMH

HaBeJeHi B Ta0i. 3.

KoHuenuisi rapaHTOBaHOT0 BUSIBJIEHHS
i po3nizHaBaHHSA BHOYXOHeOe3MeYHUX MpeaMeTiB

AHaJi3 MEeToNiB Ja€ 3MOTY 3pOOHUTH BUCHOBOK PO
CyIlepeyHicTh MiX (a) — HEOOXiTHICTIO IIiJBUIIEHHS
MIPOYKTUBHOCTI OOCTEXEHHsSI TEPUTOpPIH i3 BHUCOKOIO
WMOBIPHICTIO  HAsfBHOCTI  pI3HMX THMIIB  BHOYXO-
HEOE3MEeYHNX MPEIMETIB Ta 3a0e3leUcHHS HEOOXiTHOT
JOCTOBIPHOCTI IXHBOI imeHTH(]iKaMii [T 3HETTKOHKESHHS,
a Takox (0) — HAsIBHICTIO METOMIB 1 TEXHOJIOTIYHUX
pimeHs MOOITHPHUX POOOTH30BAaHMX KOMIUIEKCIB, a caMe
¢motiB BITJIA, 3 omHOro 00Ky, Ta BiACYTHICTIO WiJiCHOT
KOHIIETIii, METOIiB, 3ac00iB i TEXHOJOTiIH CTBOPEHHS
1 BUKOPHCTaHHS 0araToliJIbOBUX HAIIWHHUX 1 OC3MEYHUX
inTenexTyanpHux cucreM bBIUUIA  mng  momyky Ta
posmiznaBanHs BHII, 3 iHmoro 6oky.

Jns momonmaHHA Ii€l CYyNEepedHOCTI BaXKIHBO,
Hacammepe], CTBOPHTH KOHILEMIiO, Ha OCHOBI SKOI
po3pobuTi MeTomoJorifo, Momeni Ta iH(popMaiiHi
TEXHOJIOTT TapaHTOBAHOTO BHSBJIICHHS 1 PO3Mi3HaBaHHS
BHIT 3

OaraTtoBepCiiHUX IHTENEKTyalbHUX cucTeM. [IpuHImnu

BUKOPHUCTAaHHAM MOOUTBHUX  PO3IOAITICHUX

moOyIoBH Ta 3aCTOCYBaHHS, MaTEeMAaTHYHI MO
Ta MeToaM 3a0e3medyeHHs HamiiHOCTI Ta Oe3meyHOoCTI
TaKUX  CHCTEM JIOCHIDKEHO
B poboTax [25, 26].

Konnemnmiss TpyHTyeThCSI Ha JIBOX IIOJOKEHHSIX,

3alTpOIIOHOBAHO Ta

IO TMOEAHYIOTH TparHeHHS 3a0e3MeYUTH  BHCOKY
MPOAYKTUBHICTE 1 JOCTOBIPHICTH IOWIYKY, BHUSBICHHS
tTa posmizHaBaHHs BHII s iXHBOro mNOAAIBLIOTO
3HEIIKOKEHHS.

ITo-nepmie, BucokompoaykTuBHe BusiBieHHsS BHII
Ha BU3HAUYCHIHN TepuTOpii 320€3MedyeThCs IMUTSIXOM:
doty

BIUTA, ocHameHOro pi3HMMH THIAMH iHPOPMAaLiHHO-

— 3aCTOCYBaHHS OararoyHKLIHHOTO
BUMIPIOBAJILHUX 3aC001B;

— IUTaHYBaHHS ONTUMAJIBHUX MAapUIPYTiB PyXy
BIIJIA 3 ypaxyBaHHsIM OararornapaMeTpuYHOro MOKPHTTS
I1i1 9ac BUKOHAHHS IOCTABJICHUX 3aBJ/IaHb.
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Tabmuus 3. /lopisuanus memoodie gussnenus BHIT

=
= = = = 0= = ‘=
= = s = a & < - = = =
= s 2 = o a - = = 2 5
g 2 = Z 28 = = = z = 2
XapakTepucTuKa = 2 = = 5.5 s = = 3 2 -
£ = 2 E == - g = S S
= < s = = o — 2 = > = =
S z - o) = 2 =% g = g S
= 2| g S5 5| E| B | E| %
A~ 2 = a g o
Tun B3a€MOZi 3 BHII 3 A A A H A A n n n A
(A — axTuBHwMiA, I1 — nacuBHMiA)
Tum nmardopmu
(Cr — crauioHapHHii, Cr Mob Mob Mob Mo6 Mo6 Mo6 Mob Mob Cr
Mo6 — MoOiEHHIT)
[MoTeHuiliHa TPOAYKTUBHICTD Low |Medium| High High |Medium | Medium | Medium | Medium| High Low
Iliompumka ingpopmayitinux mexHono2iu
O§P06neHHg TAHUX B B n n n n B B n n
Ta ixHe 30epiraHHs
JlocTyT 10 Mepesxi Ta TOKPUTTS - - + + + + — - + —
Hepez{al{g TaHUX B B N " n n B B N B
Y PEKHMI peasbHOro yacy
Ilapamempu sikocmi
Esg?:](a [T H4C BHKOHAHTA Low |Medium| High Low High High High High Low |Medium
IMOBIpHICTb BHSBIICHHS High High [Medium| Low High High High High [Medium | Medium
Po3}1.1 JIbHA /IATHICTH High Low |Medium|Medium| High High High Low Low Low
(BUOIPKOBICTB)
Hapniitnicts High High High High High High Low Low | Medium | Medium
Exonomiuni nokasnuku
BapticTb | Low | Medium | Medium | Medium | High | High | Medium | Low | Medium | Medium
[lo-npyre, BHCOKa JIOCTOBIPHICTH  BHUSIBIICHHS BapiaHTaM¥u po3nonity (YHKIIH Ta KOH(DIrypyBaHHS
i posmizHaBanust BHII nocsraerbes momsixom: amapaTHHX i MPOTPAMHUX KOMIIOHCHTIB;
— JIBOPIBHEBOI'O  IHTENIEKTYaJIbHOTO  0OpOOJICHHS — YJIOCKOHAJIUTH METOAU TOUIYKYy Ta BUSBIICHHS
iHpopmarii B pO3MOAUICHIH apXITEKTypi JITaIbHUX BHII i3 3actocyBanusm BBIC;

rpannuHux obumciens (Flying Edge Computing) 3
ypaxyBaHH;IM Kopermii indopmariii, orprmanoi Big BITJIA
3 pi3HUMH iH(OPMAIIHHO-BUMIPIOBAJIBHIMH 3aCO00aMHU;

— JJOHABYaHHSA BIIITOBITHUX HEHpOMEepeKHUX
CTPYKTYp YIPOAOBXK BHKOHAHHS 3aBJaHb Ha PpI3HHX
TEPUTOPISX.

3arpornoHoBaHa KOHIEMIIis FapaHTOBAHOT'O TOIIYKY
Ta posmizHaBanHa BHII mae 3mory cdopmymroBatu
3aBIIaHHS, 1110 HEOOX1THO PO3B’sI3aTH JUTA 11 peatizallii:

— pO3pOoOUTH METOHOJOTIIO0 (KOHIENIIII0, TIPHHITHITA
Ta CTPYKTYpY
HpOrpaMHO-aapaTHUX

B3a€EMO3B’SI3KIB  MOJeNiell, METO/IB,

3aco0iB  Ta iHpOpMamiHHUX
TEXHOJIOTIH) CTBOPEHHS Ta BUKOPHCTaHHS HaIiHHUX
i 6e3meurnx BBIC momryky Ta 3uemkompkenHs BHIT;
— pO3pOOHTH CHUCTEMHI MOJEII Ta KOMIUICKC
MMOKa3HUKIB eeKTUBHOCTI HaniiHuX 1 O6e3neunux BBIC;
— pO3pOOUTH Ta IOCHIOUTH MOJEN Ta iepapXidHi
cTpykTypu OoproBux KomrurekciB BBIC mis momyky,

inentudikamii Ta 3HemkomkenHs BHII i3 pisHumu

— PO3pOOHTH Ta BJOCKOHAIUTH METO/IH IIaHYBaHHS
Bukopuctanas bBIC momyky Tta 3uHemkomkernas BHIT
Ha TepuTopisx i3 (ikcoBaHOIO KOH(Iryparieo Ta
Tunamu BHIT;

— po3poOHUTH Ta MAOCHIOUTA MOJCIi Ta METOAH
migsumends Hagifinocti BBIC Ta TXHIX KOMIIOHEHTIB;

— po3pobuTH CTPYKTYpy Ta 3acodu IT myst cTBOpeHHS,
IUTAHYBaHHS BUKOPHCTAHHS Ta 3a0e3NedeHHs HaIiifHOTO
¢ynkuionysanns bBIC nomyky Ta 3uemkomxensst BHIT,

— pO3pOOUTH Ta TOCTIAUTH MOJENb 1 METOJ aHATI3Y
Ta OLIHIOBAaHHS PH3WKYy BUHHUKHEHHS HeOe3neyHOro

cTaHy "minpuB Ha BUOyXOHEOE3MeYHOMY TIpeaMeTi'.

BucHoBkn

3a pesyiapraTaMd BUKOHAHOTO aHANI3y METOJIB
BusiBieHHs BHIT MoxHa 3poOuUTH BUCHOBKH, I110:

— 3pOCTaHHS KiTBKOCTI Ta IHTEHCHBHOCTI 030pO€HNX
KOH(QIIKTIB 1 BIH Yy CBiTi, BHCOKa I1HTCHCHBHICTb
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3aCTOCYBaHHS OOEIMPUITACIB PI3HUX THITIB Ta IHTEHCHBHICTH

BUKOPUCTAHHS MPU3BOAWTH JO 30UIBIICHHS IUIONI
Tepuropii, 3a0pynaennx BHII;

— HU3bKA TNPOAYKTHBHICTh HAsBHUX METOMIB HE
JIO3BOJISIE IIBUAKO W €(eKTHBHO PO3UMINATH 3a0pyIHEHI
BHII Tteputopii, 1m0 MpU3BOAWTH J0 3HAYHOI KITBKOCTI
ypaxxeHsb i 3aru0erni mojei yracminok migpusy BHIT;

— CaMoOCTiiHe BHKOPUCTAaHHS OKPEMHX METO/iB
HE MOXe CyTTEBO M ABUIIATH HMOBIpHICTB
pusiBienHs BHIT;

— IS TiABUIIEHHS NPOXYKTHBHOCTI Ta Oe3MeKu

IHTEeTeKTyaNbHI mw1aThopMu JIOTIPABIICHHS

iHpOpMaiHO-BUMIPIOBAIBHUX 3aCO0IB.

Monanbmi AoCHiTKEHH JOLIIBHO TPOBOIUTH

TakKUM YHHOM: TIPOAHANI3yBaTH CTaH 1 TEHICHIII
PO3BUTKY METO/IIB, TEXHOJIOTIH 1 MATEMaTHYHOIO arapaTa
JUIA CTBOPCHHS Ta 3aCTOCYBaHHS CHCTEM BUSBICHHS
il posnizHaBanHs BHII Ha 6a3i ¢aotie BIIJIA Ta iHmumx
pobotmzoBannx 3aco6i (BBIC); ymockoHamuté Meroan
nomyky Ta BussieHHs BHII i3 3actocyBanusm BILIA;

JOCTITUTA METONW MiABHUINCHHS €()EeKTUBHOCTI IMOIIYKY

BUKOHAHHS poOOIT 13 TONIYKY Ta 3HEMIKOIKEHHS BHII 3a pmomomMororo BHKOPUCTaHHS IPOTPaMHO-
BHII JIOLILTBHO BHKOPHUCTOBYBATH 0e3miToTHI amapaTHHX 3ac00iB Ta iHGOPMAIIHHUX TEXHOJOTIH.
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ANALYSIS OF METHODS AND DEVELOPMENT OF THE CONCEPT
OF GUARANTEED DETECTION AND RECOGNITION OF EXPLOSIVE OBJECTS

The subject of the article are the methods of detection and recognition of explosive objects. The aim of the work is to develop
the main provisions of the concept of guaranteed detection and recognition of explosive objects. The following tasks were solved
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in the article: an analysis of existing approaches to the use of traditional single and combined; as well as non-traditional
(biological) methods of detecting explosive objects, development of a classification table of methods of detection of explosive objects
according to physical principles, analysis of advantages and disadvantages of the considered methods of detection of explosive
objects, development of comparative table methods of detecting explosive objects, formulation of the introductory provisions
of the concept of guaranteed detection and recognition of explosive objects. The following methods are used — methods
of comparison, methods of abstraction, methods of analysis and synthesis, methods of scientific induction. The following results
were obtained — an analysis of the features of the existing traditional and non-traditional (biological) methods of detecting
explosive objects was carried out. A classification of methods for detecting explosive objects is proposed, taking into account
the parameters that affect the probability of detection and productivity. The results of a comparative analysis of explosive object
detection methods are presented in tabular form according to the following indicators: type of interaction with explosive objects,
platform type, potential productivity, information technology support, quality parameters, and economic indicators.
The main provisions of guaranteed detection and recognition of explosive objects are formulated. Conclusions: the low productivity
of the existing methods does not allow for quick and effective clearing of the territory contaminated by explosive objects,
which leads to a large number of injuries and deaths of people due to the detonation of explosive objects. The use of individual
detection methods alone cannot significantly increase the probability of detecting explosive objects. To increase the productivity
and safety of the search and disposal of explosive objects, it is advisable to use unmanned intelligent platforms to deliver
information and measurement tools.

Keywords: methods of detection and recognition; explosive objects; unmanned aerial vehicles; performance; probability
of detection.

AHAJIN3 METOJ0B U PABPABOTKA KOHIEINTIUU TAPAHTUPOBAHHOI'O
BBIABJIEHUA U PACITO3HABAHMUSA B3PBIBOOITACHBIX ITPEJIMETOB

IIpenMeToM HccIe0BaHUSI B CTAaThe SBISTIOTCS METO/BI BBISIBIICHUS M PACIIO3HABAHUS B3PBIBOOIIACHBIX IpenmeToB. Llean paboTs —
pa3paboTKa OCHOBHBIX IIOJIOKEHHH KOHIICIIMH TapaHTHPOBAHHOTO OOHAPY)KCHHS M PACIO3HABaHMS B3PBIBOOMACHBIX IPEAMETOB.
B crarbe pemaroTcs CleAyIONME 3aJa4M: aHaIM3 CYLIECTBYIOIIMX IOAXOJOB MO INPUMECHEHWIO TPAJAMLMOHHBIX EIMHUYHBIX
1 KOMOMHHUPOBAHHBIX, & TAKKE HETPAAUIIHMOHHBIX (OMOIOTHYECKUX) METO0B 00HAPYKEHUs B3PHIBOOMIACHBIX PEIMETOB, pa3paboTka
KJTacCCU(UKAIIMOHHOH TaOJIMIBI METOJOB OOHapy)KCHHUs B3PHIBOONMACHBIX TNPEAMETOB MO (U3MYESCKUM TNPHUHIUIAM, AaHAIU3
NPEUMYIIECTB U HEAOCTATKOB PACCMOTPEHHBIX METOIOB 06Hapy>l<e1-n/m B3PBIBOOIIACHBIX MPEAMETOB, pa3pa60T1<a CpaBHVlTeJ’[bHOf/i
TabnuIbl MeToJOB OOHAapy>KeHWs B3PHIBOOIACHBIX MNPEAMETOB, (OPMYJIHMPOBAHHE OCHOBHBIX IIOJIOXKEHHH  KOHLETINH
rapaHTHPOBAaHHOTO OOHAPYKEHHS W PACIO3HABaHUS B3PHIBOOMACHBIX MPEAMETOB VICIONB3YIOTCS CIEAyIOIIHEe METOABI: CPaBHEHHE,
abcTparupoBaHue, aHaIU3 M CHHTE3, HaydHas MHAYKLHs. [IOMydeHbI Clieylolne pe3yJibTaThl: MPOBEACH aHAIW3 OCOOCHHOCTEH
CYIIECTBYIOIIMX TPAJUIMOHHBIX M HETPAJUIHOHHBIX (OMOJIOTMYECKHX) METOJNOB OOHApYKEHHs B3PHIBOOMACHBIX IPEIMETOB.
[pemnoxeHa kiaccuUKalys METOJOB OOHApYXKEHHs B3PHIBOOMACHBIX IPEAMETOB C Y4YeTOM I1apaMeTpOB, BIHSIOIIMX Ha
BEPOATHOCTH 06Hapy>l<eHm{ U NPOU3BOAUTEIIBHOCTD. B Ta6.]'ll/l'-lHOM BUAEC TIPEACTABJICHBI PE3YyJIbTaTbl CPABHUTEJIBHOI'O aHaJIu3a
METOJIOB OOHapy»KEHHsl B3PHIBOOIACHBIX IIPEMETOB II0 CICAYIONIMM IIOKa3aTelsiM: THI B3aHMMOAEHCTBHS C B3PHIBOOIIACHBEIMHU
npeIMeTaMH, THI IUIaT(GOPMBI, MOTEHIMANbHAs HPOW3BOAUTENBHOCTD, MOJJCPXKKAa HH(MOPMAIMOHHBIX TEXHOJIOTHH, MapaMeTphl
KavecTBa, SKOHOMHUECKHe IokazaTend. ChopMynnpoBaHbEI OCHOBHBIC MOJIOXKEHHS KOHIENINH TapaHTHPOBAHHOTO OOHAPYKEHUS
U PAacIIO3HABaHHUs B3PBIBOOIACHBIX MpeAMeToB. BhIBoAbI. Hu3kas NMpoM3BOAMTENBHOCTh CYIIECTBYIOIIMX METOAOB HE ITO3BOJISET
Ob1cTpo ¥ 3(GPEKTHBHO pacUUIIATh 3arps3HEHHBIC B3PHIBOOIACHBIMU IPEIMETAaMU TEPPUTOPHH, YTO TMPHUBOJUT K OOJBLIIOMY
KOJIMYECTBY MOpaXeHWil W THOenu JroJell B pe3ysibTaTe B3pbiBa B3PBIBOOMACHBIX HpeameToB. CaMOCTOSTEIbHOE HCIIOIb30BaHUE
OTACIBHBIX MCTOIOB 06Hapy>1<em/m HE€ MOXET CYHIECTBEHHO IIOBBICUTL BEPOATHOCTH 06Hapy>1<eﬂnﬂ B3PBIBOOMMACHBIX MPEAMETOB.
JI71s1 IOBBILICHUST TPOM3BOAUTENFHOCTH M 0E30IaCHOCTH BBITONHEHUST pa0oT MO MOUCKY M 00€3BPEXKMBAHHIO B3PHIBOONACHBIX MPEIMETOB
1eJIecO00pasHO UCIIONB30BaTh OECIIIOTHBIC HHTEIUIEKTYaIbHbIC IATGOPMBI JOCTABKH HH(DOPMALIMOHHO-H3MEPHUTEIBHBIX CPEICTB.

KuiouyeBble ciaoBa: MeToIbl OOHApyXeHHs U PAaclO3HABAHHS; B3PHIBOONACHBIC MPEAMETHI, OCCHUIOTHBIC ammaparsl;
HPOM3BO/IUTENBHOCTD; BEPOSTHOCTh OOHAPYKEHHMSI.
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K. BOPOBIOB, H. I'YPXII

KOHKYPEHTHUH AHAJII3 CBITOBOI'O PUHKY KABU

VY nmociipKeHHI CHCTEMaTH30BaHO iH(OpMamilo IMOJO TEHACHIH PO3BHTKY CBITOBOTO PHUHKY KaBH IS BHUSBICHHA NPOOIEM
ympomosx 2016-2021 pp. Came ToMy aBTOpH HE TiIbKH CHCTEMAaTH3YIOTh iH(OpMaIlifo, ale i MpOBOSITh KOHKYPSHTHHI aHaui3
Ha MiACTaBi CTaTUCTHYHUX 0a3 naHux. IIpeaMeToM MoCHiIKEHHS € KOHKYpPEHTHHH aHali3 CBITOBOrO pHMHKY kaBH. Mera crarti —
JOCIII/DKEHHST TOTOYHOTO CTaHy CBITOBOTO PHHKY KaBH, BU3HAYEHHS KIIIOYOBHX T'PABIIiB Ha HHOMY, SIKi € 3aCHOBHHKaMH IIPOIECIB
HOTO PO3BUTKY, OLIHIOBAHHS IXHBOI KOHKYPEHTOCIIPOMOXKHOCTI. Y CTaTTi BHPIIIYIOTHCS TakKi 3aBJaHHsSI: aHAJI3 IIOTOYHOTO CTaHy
CBITOBOTO PHMHKY KaBU Ta TEHICHIII MOr0 PO3BUTKY; BH3HAYCHHS KIIOYOBUX TPABIB CBITOBOTO PHUHKY KaBU Ta aHaNi3 IXHIX
(hiHAHCOBHX IOKAa3HUKIB; OLIHIOBAHHS KOHKYPEHTOCIIPOMOXKHOCTI HalOIIbIINX KOMIAHI{ i3 BAPOOHHLTBA KaBH Y CBITi 3a EBHHUMH
napamerpamMu. MeTOAM, IO 3aCTOCOBYIOTHCS: aHalli3, CHHTE3, MOPIBHSIHHS, 3TPYyIyBaHHS, KOMIUICKCHe oliHIoBaHHS. OTpumaHi
pe3yJIbTATH: BHBYCHO IOTOYHMI CTaH CBITOBOTO PHUHKY KaBHW, I[IHM Ha 3€JCHE KaBOBE 3E€PHO, CBITOBI OOCSATH BHYTPIIIHBOTO
BUPOOHUIITBA KaBH (BpOoXkail) Ta eKCHOPTY; BU3HAYEHO OCHOBHI KpaiHU-IMIIOPTEPU Ta €KCIIOPTEpU KaBOBOT'O 3epHa, po3ApiOHi IiHU
Ha oOcMaXkeHe KaBOBE 3epHO cepell KpaiH CBiTYy, 00CATH MpoJaKiB TOTOBOI KaBOBOI 3€pHOBOI, PO3UMHHOI MPOIYKILI Y CBITi, YaCTKN
PUHKY pO3IpiOHOT TOPTiBIl HAMOLTBIIMX CBITOBUX BHPOOHHKIB 3€PHOBOI Ta PO3YMHHOI KaBOBOI TMPOMYKINi, CITiBBiIHOIICHHS
MpOJaXiB TOTOBOI KaBOBOI MPOAYKLii y CBiTi 3a reorpadiunoro o3nakoro. IIpoaHanizoBaHO (iHAHCOBI MOKA3HHKHM HAHOITBIIMX
KOMIIaHi# i3 BUpOOHMIITBA KaBOBOI MPOAYKIII y CBiTi, a came Nestle, Jacobs Douwe Egbert, Luigi Lavazza S.p.A, Strauss Group,
lllycaffe S.p.A., 3a mepiom 20162021 pp. OmiHEHO KOHKYPEHTOCHPOMOXKHICTh IOCITIDKYBaHUX KOMIIaHIA 13 BUpPOOHHIITBA
TrOTOBOi KaBOBOI MpPOAYKLil 3a MEBHMMM HapaMeTpaMH, IO JajJo0 3MOTY BH3HAYUTH TPHOX JIJEPiB Ha CBITOBOMY PHHKY.
BucHoBku. Pe3ynpTaTé mpoBeAeHOrO KOHKYPEHTHOTO aHali3y CBITOBOTO PHHKY KaBH MOXYTb OyTH BHUKOpPHCTaHi B pPoOOTi
KOHCaJITHHIOBHX KOMIIaHiH, Oi3HEC-aHANITHKIB Ta BJIACHHKIB KaBOBOTo Oi3Hecy. [IpakTWYHa KOPUCTH JOCHIKCHHS IOJISTae
Y BH3HAUCHHI Ha MiJCTaBl CTATUCTHYHMX 0a3 JaHUX KIIIOYOBUX MOKA3HUKIB ()YHKIIOHYBAaHHS PHHKY Ta Y ()OPMYBaHHI CTPYKTypHOTO
MiIXO/Ty /10 TIPOBE/ICHHS KOHKYPEHTHOTO aHalli3y He JIMIIE CBITOBOTO, a if HallioHaJIbHOTO PHHKY KaBH.

Ku1r040Bi c10Ba: cBiTOBHI pUHOK KaBH; KOHKYPEHTHHUI aHali3; CBITOBI BUPOOHMKH KaBH; KaBOBI OPEH/M; KaBOBA MPOIYKIIis.

Beryn

Y cyyacHOMy CBITI KaBOBMH Hamiii  CcTaB
HEBIJI'€MHMM MPOJYKTOM MIOJEHHOTO CHOXXHBAHHS, IO
CBOIMH BIIACTHBOCTSIMH JIOJa€ TOHYCY OpraHi3aMy Ta €
NIPUEMHUM Ha cMak. [IpoTSroM ocTaHHBOTO JECSATHIITTS
cepell CIOXHUBAuiB CBITYy 3pOCTAa€ IOMUT Ha 3EPHOBY
KaBy, a Ha PO3UYMHHY — 3MEHIIYEThCS. TOMY 3 KOXXHUM
POKOM Ha CBITOBOMY PHHKY 3’SIBISETBCS BCe Olnblna
KIJIBKICTh ~ HOBOCTBOPDEHHMX  BHPOOHHKIB  KaBOBOI
NpOMYKIii, SKI CTalOTh KOHKYPEHTAMH HaWOUIBIIUM
TpaHCHAI[IOHAJHFHUM KOMIIaHiIM 3 BHUPOOHMITBA KaBH.
ToMy akTyaJbHUM €

IIPOBEJICHHSI KOHKYPEHTHOI'O

aHaJIi3y IIOTOYHOTO CTaHy CBITOBOTO PHHKY KaBH.

AHaJi3 ocTaHHIX TocaiTKeHb i myQmikamiit

posrisinaB 3akopaonHuid ekcrept A. Pam [3]. OcobmuBocTi

€KOHOMIYHOTO  aHaji3y MdiIbHOCTI  KOMIIaHIH i3
BUPOOHHMIITBA KaBU y E€BpOmi MOCTIIKYBaIH CKCICPTH
C. barrino # L. Honaro [4]. IlpoBamkeHHAM aHAJi3y
CTIHKOCTI KaBOBOTO BHPOOHUIITBA 3aiiMaBcs 3apyOiKHUHA
excrept C. Kpicrian [5]. Ograk mpoBeeHi JOCITiHKEHHS
HE OXOIUTIOIOTH MPOMiXKOK dacy 3 2016 mo 2021 pp. ta

HE MICTATh KOHKYPEHTHHI aHaJIi3 CBITOBOTO PHHKY KaBH.

BusHavyeHHsI HeBHPILIEHUX aCMEKTIiB
3arajibHoI mpood/emMu

CBITOBHIT pUHOK KaBHU Ta HOro mpoOJeMH MPOTATOM
20142017 pp. mochimxysamm B. Xomukina Ta O. Pogina [1].
[MutanHs  ocoOnMBOCTEHl  PO3BUTKY  CBITOBOIO  Ta
YKpaiHCBKOTO pWHKY KaBH Bopomomx 2016-2019 pp.
BuByanu [. Mangpuk Tta JI. T'ypruit [2]. ®opmyBaHHS

ocobmmBOCTeH TeorpadiyHIX KaBOBHX IICHTHU(IKATOPIB

3aaunIaeTbes HeBI/IpiH_IeHI/IM IIUTAaHHA moao

MIPOBEJICHHS! KOHKYPEHTHOTO aHalli3y CBITOBOTO PHHKY
kaBu mnporsirom 2016-2021 pp. Ha OCHOBI BHOIpKH
i3 cratuctmuHMX 0a3 gaHux [International Colffee
Organization [6] Ta Euromonitor International [7],
SIK1 JIAI0Th OLIIHUTH

3MOTy KOMIIJICKCHO

KOHKYPEHTOCTIPOMO>KHOCTI HaHOUTBIITUX CBITOBHX

BUPOOHMKIB KaBH. MeTa po0OTH NOJAATae y NpoBejeH]
KOHKYPEHTHOIO  aHaJli3y CBITOBOrO PHHKY KaBH,
oo mepenabavyae BUPINICHHS TaKUX 3aBlaHb: aHai3

TIOTOYHOI'0 CTaHy CBITOBOTO PUHKY KaBH Ta BHUBYCHHSA

© K. Bopo6iios, H. I'ypxiit, 2022
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TEHACHIII HOro pO3BUTKY; BHU3HAUCHHS KIFOYOBUX
IpaBIiB CBITOBOTO PHHKY KaBM Ta 3 SICYyBaHHS iXHIX
OCHOBHHX  ()IHAHCOBHX  IIOKa3HHUKIB;  OILIHIOBaHHSI
KOHKYPEHTOCIIPOMOKHOCTI HaHOUIBIINX KOMIIaHIH 13

BHUPOOHHMIITBA KaBH Y CBITI 32 BU3HAYEHUMH ITapaMeTPaMHL.

Marepianau Ta MeToaAn

KonkypeHTHHUI aHali3 CBITOBOTO PHHKY KaBU BapToO
po3moYaTH 3 BHBYCHHS TCHACHIIH HOTO PO3BHUTKY Ta
JMUHAMIKH CEpPeIHIX IiH 33 OJIMH MIIIOK KaBOBOTO 3EpHA
Barofo 60 xr "Apabiku" Ta "PoOyctH" 3a mepion
20162021 pp. (auB. puc. 1). Indopmarnis chopmoBaHa
Ha OCHOBI mIoMics9HHUX 3BITiB International Coffee
Organization [6].

BinmoBimHO 10 HaBEACHUX Ha pHC. | MOKA3HUKIB,
CepenHs BapTiCTh OJHOTO MillIKa KaBOBOT'O 3epHA Baror
60 xr copry "Apabika" 2016 p. cranosuma $216,75,
2019 p. wmina 3um3miaace go $172,80, mio moB’s3aHo i3
rapHuM BpokaeM "Apabiku" 3a ueit nepioa. 2021 p. uiHa
$230,26.

Lle TOSICHIOETBCS 3HWKEHHSM BPOXKAHHOCTI BIPOJIIOBK

3pociaa 10 MaKCHMaJbHHX 3HA4eHb —
2020-2021 pp., OCKITBKM KaBOBI [epeBa YBIHIIH
B TPUPIYHHUI LUK, 1 CBITOBOIO (DiHAHCOBO-EKOHOMIYHOIO
KpH3010, cnpuuuHeHoto mnaxzaemiero Covid-19. Illomo
copty
KOJIMBAHHS L[iH Ta IPHYUHH LIHOTO € aHAJIOTIYHUMH.

KaBOBUX  3€peH "PobycTa", TO aUHaMiKa

V T1abn. 1 HaBemeHI MOKA3HUKHA IIOJ0 3araJbHUX
o0csriB  3i0paHOro BpOXKalo cepel KpaiH CBiTy, sKi
BHPOIIYIOTH KaBOBI 3€pHA, Ta 3arajJbHUX O0OCATIB
excropTy npotsirom 20162021 pp. [8, 9, 10].

Sx BumHO 3 Tabm 1, 3a mepiog 2016-2019 pp.
CBITOBI 00CATM BHYTpPIUIHHOTO BHUPOOHHITBA (BpOXKaii)
kaBu 3pocin Ha 10 %, mporsrom 2019-2020 pp.
CIIOCTEpIraeThCsl LUKIIYHE 3MEHIIEHHS BpOXKaWHOCTI
Ha 4 %, 3 2020 mo 2021 pp. 301IBIIYIOTECS OOCATH Ha
2 %. 3aramom 3a gociimpKyBanui mepioz (2016-2021 pp.)
npupict craHoBuB 8 %. 3 2016 mo 2021 pp. obcsru
eKCIIOPTY KpaiH CBITY, $IKi BHUPOLIYIOTh KaBOBI
3epHa, 30utbmmBCs Ha 12 %, mpotsrom 2020-2021 pp.
00CATH 3aNMIIMINCE Maibke 0e3 3MiH, IO H TMOSCHIOE
3pOCTaHHS CepefHiX I[iH Ha KaBy B IEH MPOMDKOK
yacy (muB. puc. 1).

3MEHIIeHHS 00cATiB ekcrmopTy Bipomorxk 2020-2021 p.

HeoOximHO 3ayBaKUTH, IO
Moyke OyTH MOB’SI3aHO i3 3MEHIIEHHSM IOIHTY Ha KaBy
Ta MaiHHAM KYIiBEIbHOI CHPOMOXKHOCTI CIIO’KHBAYiB,
CBITOBOIO

BUKJIMKaHUM (hiHAHCOBO-CKOHOMIYHOKO

Kpu3oro, ska modamack 2019 p. Takox MoxHa

CTBEp/UKYBAaTH, II0 BHPOOHULTBO  (BHPOIIyBaHH:)
KaBM B KpaiHaX CBITy CIIPIMOBaHO He Ha 3aJI0BOJICHHS
BHYTpILIHIX TOTpeO, a Ha EKCIOPTYBaHHS KaBH IS

po3BuTky exonomiku (BBII).

400
2116177525 19945 12550 172.80 22680 23026
L I.13350 mohmo LM ‘mé
2016 2017 2018 2019 2020 2021
B ApaGika ™ PoGycra
Puc 1. Cepenni niHu 3a OAMH MIIIOK KaBOBOT'O 3epHa Baroto 60 Kr
copriB "Apabika" ta "Pobycra" npotsrom 2016-2021 p., $/60 kr
Tabmuusa 1. Csimosi o06cseu GHYMPIWHLO20 BUPOOHUYMEA KABU (8pOXCAL) MA eKCnopmy HpOmsa2oM

2015/16-2020/21 pp., muc. miwxig sazow 60 ke

Mokasnuk / pik 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21
1 2 3 4 5 6 7
Obcar BayTpilHLOro 156126,00 162320,00 163693,00 172461,00 165053,00 169064,00
BHpOOHUITBA (BpOXKaii)
O6csT ekcropTy 116396,00 121334,00 119519,00 126598,00 130098,00 130033,00
YacTtka ekcropTy 74,55% 74,75% 73,01% 73,41% 78,82% 76,91%
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Kpaiau cBiTy, o0 BHPOIIYIOTH Ta EKCIOPTYIOTh
KaBOBI 3epHa (3eJeHy KaBy), MOJUICHI HAa TPHU TPYIIH,
BiZMOBIHO 110 3BiTiB [nternational Coffee Organization:

1) kBiTHEBa rpyna KpaiH-ekcroprepis, y skiit 100 %
KaBOBHX TUIAHTAIll € AepeBa Ta Ky "Apabiku";

2) nunHeBa rpymna KpaiH-ekcnoprepis, y skiid 80 %
KaBOBMX IUIaHTalmid € JnepeBa Ta Ky "Apabiku",
a pemra 20 % — kymi "PoOycTu";

3) >KOBTHEBa Tpylla — OJHA 3 HANOLIBIIUX Tpymd
KpaiH-ekcropTepiB, — y skiii 50 % kaBOBMX IUTaHTaIiN
€ kymi "Apabikn" Ta iHmi 50 % — xymi "Pobyctn" [8].

VY tabn. 2 3ampornoHoBaHa iHpOpMALis M0N0 00CATIB

BHUPOOHHUIITBA (BPO’Kar0) KaBOBUX 3€PEH I SITH HAHOLIBIIIIX

KpaiH-BHPOOHHKIB CBITY, a TaKOX OOCSTH EKCIOPTY
B nepiox 3 2015/16 no 2020/21 pp. [8, 9,10, 11, 12].

BifmnoBigHo 10 IOKa3HUKIB, HaBeIEHUX B Tabl. 2,
HaMOUTBIIMMK  KpaiHAMHU-BUPOOHUKAMH 3€peH 3elIeHOT
KaBH Ta ekcroprepamu € bpasuiis, B’ernam, Komymo0is,
Iumonesis ta [ommypac. 3a3HaumMo, IO Ii KpaiHW
exkcropTyioTh Bim 47 % mo 99 % 3i0paHOrOo BpOXKAalo,
3 2016 mo 2021 pp. cocTepiraeTbcst KOJIUBAaHHS 00CATIB
BHPOOHHIITBA Ta ekcmopty kaBw, 3 2019 mo 2021 pp.
o0csTr BUPOOHUIITBA Ta EKCIIOPTY KaBU 3MECHITYIOTHCS.

Y  r1abmn. 3 1010
HaHOIBIINX KpaiH-IMOOPTEPiB KABOBUX 3€PEH MPOTATOM
2015/16-2020/21 pp. [13, 14].

HaBeneHa  iH(opmaris

Tabmuus 2. 3acanvhi obcseu supobnuymea (epoxcaio) xkasu ma obcseu excnopmy TOII-5 kpain-eupodnuxie

32015/16 00 2020/21 pp., muc. miwkie eazor 60 ke

X X
Kpaina / Q o Q o
piK / 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 E Q E 8
- o
MOKA3HUK = g = g
1 2 3 4 5 6 7 8 9
Bpazuis
Obcar 52871,00 56788,00 52740,00 65131,00 58211,00 69000,00 30,51 18,53
BHPOOHUIITBA
Excriopt 37563,00 34269,00 30925,00 35637,00 40698,00 4484800 19,39 10,20
Hactxa 71,22% 60,35% 58,69% 54,72% 69,91% 65,00% 8,45 7,02
EKCIIOpTY
B’ernam
Obesr 31090,00 29819,00 33432,00 31583,00 30487,00 29000,00 6,72 4,88
BUPOOHHUIITBA
Excriopt 21944,00 29721,00 25092,00 31385,00 27400,00 25625,00 16,77 6,48
Hactxa 70,58% 99,67% 75,05% 99,37% 89,87% 88,36% 25,19 1,68
EKCIIOPTY
Komym6ist
Obesr 14009,00 14634,00 13824,00 13866,00 14100,00 14300,00 2,08 1,42
BHUpPOOHUITBA
Excropt 12716,00 12831,00 12985,00 12808,00 13672,00 12499,00 1,71 8,58
Hactxa 90,77% 87,68% 93,33% 92,37% 96,96% 87,41% 3,70 9,85
EKCIOPTY
Inone3is
Obcsr 12585,00 11541,00 10852,00 9618,00 11433,00 12100,00 3,85 5,83
BUPOOHHIITBA
Excropt 8379,00 6545,00 8198,00 4539,00 6334,00 7278,00 13,14 | 14,90
Hacrka 66,58% 56,71% 75,54% 47,19% 55,40% 60,15% 29,66 8,57
EKCIOPTY
I'onnypac
Oo6csar
5786,00 7457,00 7560,00 7153,00 6931,00 6100,00 5,43 ~11,99
BUPOOHUIITBA
Excriopt 5030,00 5306,00 7341,00 7144,00 6765,00 5009,00 0,42 | 2596
Hactxa 86,93% 71,15% 97,10% 99,87% 97,60% 82,11% 5,54 | -15,87
SKCIIOPTY
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Tabmuus 3. TOI1-5 kpain-imnopmepis kasosux 3epen 3a nepioo 2015/16—-2020/21 pp., muc. miwkie sazoro 60 ke

o X | g 8
Kpaina / pix 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 % § é g
=2 | =8

1 2 3 4 5 6 7 8 9
Pazom iMmoprt y cBiTi 121378,00 | 127632,00 | 126063,00 | 129947,00 | 134944,00 | 132319,00 9,01 -1,95
CIIA 27708,00 28838,00 29488,00 28918,00 | 30854,00, | 29242,00 5,54 -5,22
YacTka BiJ CBITOBOTO iMIIOPTY 22,83% 22,59% 23,39% 22,25% 22,86% 22,10% -3,19 | -3,34
Himeuunaa 21316,00 22368,00 21765,00 22147,00 22432,00 22077,00 3,57 -1,58
YacTka BiJl CBITOBOTO iMIIOPTY 17,56% 17,53% 17,27% 17,04% 16,62% 16,68% —4.99 0,37
ITanis 9328,00 10224,00 10020,00 10639,00 10914,00 10775,00 15,51 -1,27
YacTka BiJ CBITOBOTO iMIIOPTY 7,69% 8,01% 7,95% 8,19% 8,09% 8,14% 5,96 0,68
Opaniis 6809,00 6738,00 6967,00 7624,00 7993,00 7996,00 17,43 0,04
YacTka BiJl CBITOBOTO iMIIOPTY 5,61% 5,28% 5,53% 5,87% 5,92% 6,04 7,72 2,02

Binmosimao 10 Tabmn. 3, 3arambHi 0OCSATH iMIOPTY
kaBu y cBiTi 3 2015/16 mo 2020/21 pp. 3pocnu Ha 9,01 %
(+10941 Tmc. mimkiB Baroro 60 Kr), omHaK 3a mepiof
2019/20-2020/21 pp. BimOymnoch 3MeHIieHHs Ha 1,95 %
(2625 Ttuc. mimkiB Baroto 60 kr). Cepen kpaiH cBiTy
CIHA wmae HaiiOinpLly YacTKy iMIIOPTY, IO CTaHOBUTH
Bim 22 % mo 23 % Bim 3arampHOrOo 00CsTY. pyre
Micie mocimae HimeuunHa 3 YacTKOI IMIIOPTY KaBH
Bin 16 % no 18 %. Yactku immopty Irtamii Ta ®panmii
KOJUBAIOThCS BiA 5 % 1mo 9 %, 4acTku yCiX IHIIKX
KpaiH-iMITopTepiB 5 %.

KaBHu HC NEPCBULLYIOTH

Tabmuusa 4. Hatiguwi cepeoui posdpioui yinu 3a 1 ke obcmasiceHux

npomsicom 2016-2021 pp., $/xe

HeoOximao 3ayBaxkwmtn, mo y CHIA Ta Himeuunni
CIIOCTEPIraeThCsl TEHCHIISI 3MEHIIIEHHS 00CSTiB IMIOPTY
3epeH kaBu 3a mepiog 2015/16-2020/21 pp., Tomi
gk y Iramii ta @panuii cnocrepiraeTbcs IUHAMIKa
301IBIICHAS 00CSATIB IMITOPTY 3€PEH KaBH.

Indopmanis mono cepenHix po3npiOHMX IiH Ha
oOcMakeHy KaBy B KpaiHax cBiTy BrponoBxk 20162021 pp.
nae 3mory BusHauutd TOII-5 kpain i3 HailBUIIMMU
po3apiOHUMH TiHaMH 3a | KI' OOCMaKCHWX KaBOBHUX
3eper 32 20162021 pp. (auB. Tabdn. 4) [15].

KABOBUX 3epeH ceped KpaiH ceimy

Mpupicr Mpupicr
Kpaina / pix 2016 2017 2018 2019 2020 2021 2016/2021, 2020/2021,

% %

1 2 3 4 5 6 7 8 9
Benuka bpurasis 42,00 36,20 37,80 40,80 39,00 39,00 —7,14% 0,00%
Maibra 28,40 29,60 31,20 33,60 31,70 33,00 16,20% 4,10%
Iranis 16,60 16,50 17,00 18,00 16,20 17,00 2,41% 4,94%
pociiicbka (enepartis 14,30 14,80 17,40 16,40 15,80 16,20 13,29% 2,53%
Yexis 12,80 13,60 14,60 16,10 14,90 14,70 14,84% -1,34%

BinmoBimHo g0 Tabn. 4, BU3HAUCHO II'ATh KpaiH i3

HaiiBumumu  miHamMu. CoOiBapTICTh KOXKHOI — MMAaYKH
oOcMakeHOi KaBW Barot0 | KT MICTHUTh: €HEproHocii —
6 %, nmorictuka — 8 %, agMmiHicTpaTuBHI BUTpaTH — 16 %,
amoprusauis — 1 %, 3apobitHa mnara — 6 %, ymakoBka
Ta BTOpuHHA cuposuHa — 10 %, pemra qogaHoi BapTOCTi

npuriaja€ Ha OpCHAOBAHY IIOJHIIO B cynepMapKeTi oe3

ypaxyBaHHs TOAaTKiB. HaiiBuui po3apiOHI IiHU Ha
oOcmaxkeHy kaBy y Benukiit Bputanii, omnak 3 2016
1o 2021 pp. uina 3menmmiach Ha 7,14 % (abo $3,00),
ynponosx 2020-2021 pp. wiHa 3a1uIIMIach HE3MIHHOIO.
Hpyre wmicne mocimae Mansta, ge 3 2016 mo 2021 pp.
iny 3pociu Ha 16,20 % (abo $4,60), 3 2020 mo 2021 pp.
npupict craHoBuB 4,10 % (abo $1,30). Takox HanBHIIi
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po3piOHI HiHM Ha 3epHa OOCMaKeHOi KaBW B [raii,
pocilicekiii ¢enepanii ta Uexii, 3HaueHHs skux 3 2016
10 2021 pp. xonuBanocs Big $12 mo $18 3a 1 kr.

Takox Hamu BizHaueHo TOII-5 kpaiH i3 HalHWKIIMA
CepeHIMH PO3JPiOHMMH I[iHAMH Ha 3epHA OO0CMa)XXCHOT
kaBu npotsirom 20162021 pp. (muB. Tabdma. 5) [15].

SAx BunmHO 3 Tabn. 5, HaftHk4a 1iHa y [IBerii, ska
32016 mo 2021 pp. 3menmmmuch Ha 3,90 % (ado $0,30),
a 3 2020 mo 2021 pp. 3pocia Ha 2,56 % (abo $0,40).
Hina y ®panmii € Tpoxu Bumoo, Hix y LBerii, 30kpema
3 2016 mo 2021 pp.
(abo $0,80), a 3 2020 mo 2021 pp. — +2,56 % (abo $0,20).

Ha teputopii [Tompimi po3ramoBaHa 3HaYHA KiTBKICTh SK

npupict craHoBuB 11,11 %

HaIlioHAFHUX (GadpuK i3 BUPOOHUITBA Ta 0OCMa’kKeHHS
KaBH, TaK 1 TpaHCHAIIOHAJBHUX KOMIIaHiH, Jie 3a mepiox
20162021 pp. uiHu Ha 3epHa 0OCMaKeHOT KaBU 3pOCIH
Ha 21,43 % (abo $1,50) ta Ha 2,56 % (abo $0,20)
BimnoBigHo. B Icmamii ta ®imnsHmii po3mpiOHI miHU
Ha obcMmaxkeHy kaBy 3 2016 mo 2021 pp. BapiroBaiuCh
Bix $8,00 mo $10,00. Orxe, 3 2020 mo 2021 pp.
CIIOCTEpITaeThCsl TUHAMIKA 3arallbHOTO ITiIBUINCHHS IiH
Ha KaBy y CBITi (1uB. Tabm. 4, 5) [15].

PosrisHemo oOcsiru mpojaxiB kareropii "rorosa
y cBiTi

KaBoBa TPOIYKIif" B HATypaJbHOMYy Ta

Tadmuus 5. Hatinuowcui cepedHi po30pibHi yinu
3a nepioo 2016-2021 pp., $/xe

rpouioBoMy ekBiBajeHTi mnpotrsirom 2016-2021 pp.

CkopucraeMocsi JaHUMU MDKHApOJHOI KoMmaHil Strauss

Coffee,

3 kepena Euromonitoring (muB. Tabm. 6). Y Ttadm. 7

mo cdopMyBajga y3arajdbHeHy iH(OpMaIio

3allpPOIIOHOBAHO  OUIBII  JEeTalbHI IMOKAa3HUKH MIO/IO0
00CSTIB TMPOJAXiB Ta YacTKH CBITOBOIO pPHHKY B
MiIKaTeropisx "3epHOBa roToBa KaBOBa MPOAYKIiA" Ta
"pO3YMHHA TOTOBA KaBOBa mpoaykiis" [6, 7, 15, 16].
BignosigHo g0 tabma. 6, 3 2016 mo 2021 pp. obcsru
MPOAaXiB TOTOBOI KaBOBOI MPOAYKII B TPOIIOBOMY
eKxBiBasieHTI 30LbImInch Ha 17,32 % (a6o 14,10 muu $)
Tta Ha 12,37 % (a6o 0,70 muu T), 3 2020 g0 2021 pp.
o0csTH B TPONIOBOMY €KBIBaJ€HTI 3MEHIIWINCH Ha
0,31 % (a6o 0,30 mun $) Ta B HarypansHOMY Ha 1,59 %
(0,10 i T). OTXE, OTpHMAaHi pe3yJbTaTH BKa3yIOTh
Ha CTa0UTIbHE 3POCTAHHS YaCTKM KaBOBOTO PHHKY 3a
BCiMa KaTeropisiMH TOBapHOTO KAaBOBOTO ACOPTHMEHTY
BiJl PO3YMHHOI O 3€PHOBOi KaBOBOI T'OTOBOI MPOAYKIIT
y mepiog 3 2016 mo 2020 pp. OmHak ympoaoOBK
20202021 pp.

€KBIBAJIEHTaX 3MCHIIUIUCS. L[C MOSICHIOETLCS CBITOBOIO

obcarum mpomaxiB KaBH B 000X

(iHaHCOBO-EKOHOMIYHOIO KpH3010,
nauaemiero Covid-19 [6, 7, 15, 16].

CIIPUYHNHEHOIO

3a 1 ke obcmadiceHux Kagosux 3epeH ceped KpaiH ceimy

.. . Ipupict Mpupicr
Kpaina / pik 2016 2017 2018 2019 2020 2021 2016/2021, % 20202021, %
1 2 3 4 5 6 7 8 9

OiunsHis 8,10 9,10 9,40 8,90 9,20 9,30 14,81% 1,09%
Icmanis 8,30 8,50 9,10 8,10 8,70 9,20 10,84% 5,75%
[Tonwia 7,00 7,70 8,30 7,90 8,30 8,50 21,43% 2,41%
Opaniis 7,20 7,50 8,20 7,70 7,80 8,00 11,11% 2,56%
IIseris 7,70 7,90 7,20 6,80 7,00 7,40 -3,90% 5,71%

Tadmuus 6. Obcaeu npodadicie 20mogoi kasosoi npodykyii y ceimi npomsazom 20162021 pp.

. IIpupict Ipupicr
Moka3uuk / pix 2016 2017 2018 2019 2020 2021 2016/2021, % | 202012021, %
1 2 3 4 5 6 7 8 9

Obearu npoxaiis . 81,40 | 86,00 | 86,50 | 88,50 | 95,80 | 95,50 17,32% —0,31%
Y rpomioBOMY €KBIBAJICHT1, MJIpJ $
Obcsru npontaxis . 550 | 570 | 580 | 6,10 | 630 | 620 12,73% ~1,59%
Yy HaTypaJbHOMY €KBiBaJICHTi, MJIH T
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Tabmuus 7. Obcaeu npodasicie ma 00 C8IMOB020 PUHKY 3€PHOB0I 20mO80i ma po34uHHOI 20mo6oi Kagoeoi

npooykyii npomseom 2016-2021 pp.

3epHOBa roToBa KaBOBA NMPOAYKIIis Po3unHHA roToBa KaBOBA NMPOAYKILs

s & ° = @ > @ o & - - # =

=S¢ | 5 c| & £ 2 = =S¢ | 5 c| & & £ E

SES | g ES| .5 | EnE5 | 8% | g F5| €5 | &%3

EEE SmEE 222 S22 EEE SmEE 222 525

Tokazuuk / pix 83 R S 2E 2 8F 2232 R S 8E SE £
I~ S ES 3 :EE :EE = °=«§ :EE =)

geg | EEEE| =35 =S 5 geg | EEEE| ESE = £ 3

5 &8 5 £ ¢ Cl= Sl 5 &8 5 £ 8 g &2 58

o ¥ g |3 s ¢ 3 A S a Q X 2z <Q S % 3 o= S €3

SE =) bﬁ = 3 = 2 = 2 ,;“; =) 53 =3 = ) e = g

) ©c i © i ) ©c i © 3

1 2 3 4 5 6 7 8 9

2016 63,40 72,70 51,60 4,00 36,60 27,40 29,70 1,50

2017 64,00 71,50 54,40 4,10 35,90 29,10 31,00 1,70

2018 64,80 71,90 55,30 4,20 35,20 28,60 31,00 1,70

2019 63,10 72,70 55,80 4,30 36,90 29,10 33,00 1,70

2020 66,20 72,80 63,40 4,50 33,80 27,20 32,40 1,70

2021 66,40 72,80 63,40 4,50 33,80 27,20 32,10 1,70
Hp“plcf,/zomm’ 4,73% 0,14% 22,87% 12,50% ~7,65% -0,73% 8,08% 13.33%

(V]

Hp“pm%zozom’ 0,30% 0,00% 0,00% 0,00% 0,00% 0,00% ~0,93% 0,00%
BinmosimHo no iHdopmanii, moganoi B Tabm 7, Yy HaTypaJbHOMY eKBiBaieHTi. Yrupoaosxk 2016-2021 pp.
yacTKa TOTOBOi 3€pHOBOT KaBOBOi MpOAYKIii B  YacTKa 3MeHIWIacsa Ha 7,65 %. BianosimHo 10 nokasHukis

TPOIIOBOMY €KBiBaJieHTi 3a mepiox 3 2016 mo 2021 pp.
30inpmmacss Ha 4,73 %, IO JOPIBHIOE 30UTHIIICHHIO
o0csiriB mpoxaxis Ha 11,8 mupn $ a6o na 0,50 muH T.
3 2020 mo 2021 pp. oOcsru mpojaxiB HE 3MiHWIKCH,
YacTKa B TPOIIOBOMY CKBIBAJICHTI 30UIbIIMIach Ha
0,30 %. Oxpim Toro, 3 2016 no 2021 pp. BiaOymnocs
3pOCTaHHS 00CATIB MPOJaXiB PO3ZYMHHOI TOTOBOI KaBOBOT
npoaykiii Ha 8,08 % (abo Ha 2,4 mapa $) y rpomioomy
exBiBaneHTi abo Ha 0,2 Mma T (abo Ha 13,33 %)

2020-2021 pp., wacTka He 3a3HajIa 3MiH, OOCITH
MIPOJIAXKIB PO3UYMHHOI KaBH B HAaTypaJbHOMY €KBiBaJEHTI
TaKOX 3aJHIIMINCh HE3MIHHUMM, 3HDKCHHS ITOKAa3HMKA
B TPOIIOBOMY €KBIBAJCHTI 32 aHAJOTIYHUH Mepioj] MOXKe
OyTH CIIPHYMHEHO KOJMBAaHHSM IIiH Ha PUHKY.

Ha cBiToBOMy pHMHKY KaBU iCHy€ 3Ha4YHa KiJIbKICTh
rpaBiiB. Ha pmc. 2 HaBeaeHI YacTKd HaWOiNbIIHX
BUPOOHMKIB 3€pHOBOi Ta PO3YMHHOI KaBOBOI MPOAYKIIil

32016 mo 2021 pp. [6, 7, 15, 16].

30

- [ a, ) o =%
25 | & & S S & S
20
M, A o 0 0
15 o = & — —
Hf}(\ﬁqt\h flovcyw N~ co o Haxa
5 i\ENNNZ’O HNNN’Z,6 *jNNN?A» RN RS R ifNNN1,6
o | HEAEnEm EENEN LR AEllw : Ennle
2016 201 2018 2019 2020 2021
H Nestle = JAB JM Smucker Straus ® Lavazza ® Tchibo

Puc. 2. YacTku puHKY po3/1piOHOT TOPTiBII HAWOUIBIINX CBITOBUX BUPOOHHUKIB
3€pHOBOI Ta PO3YMHHOI KaBOBOI NpoAyKIii Brpoxosxk 20162021 pp., %

BinmosimHo mo irdopmarii, moganoi Ha puc. 2, 10
HAHOLIBIINX KOMITaHIH, IO BIJIrparOTh KJIOYOBY POJIb HA
CBITOBOMY PHHKY KaBOBOI NMPOAYKIIi Ta CHIBIPAIIOIOTh
i3 HaHOIBIIMMU KpalHAaMH-eKCIIOpTEpaMH Ta KpaiHamu-
iMIopTepamu KaBH, Hanexartb: Nestle, JAB, JM Smucker,

Strauss Group, Lavazza, Tchibo. Ilepiie micuie Ha pHHKY

nocigae BUpPOOHUK Nestle, ¥oOro pHHKOBa 4YacTka
kommaHii 3 2016 mo 2021 pp. 3pocna Ha 3,6 %. CraHoMm
Ha 2021 p. ueit BUpOOHUK OXOIUTIOE 1/4 CBITOBOTO PHHKY

kaBu (26,0 %), mo Hamae oMy Oe3yMOBHE IiIepcTBO
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Ta MOXUIMBICTh BIUIMBATU HE JIMIIE HA KOHKYPEHTIB, a i
Ha puHOK 3arajoM. 3 2016 mo 2021 pp. apyre micie
nocigae BUPOOHHK JAB. CaMe 111 KOMIaHisA 3IIUBAETHCA 3
TakUMHU oprauisaiismu, sk Heinze (Kraft Food) ta
Mondeles s mpoTHCTOSIHHS CBiTOBOMY Tiranty Nestle,
BOJTHOYAC CTBOPIOE 3HAUHY KUIBKICTH PI3ZHOMaHITHOTO
TIPOIYKIIii
Ha

301IBIIEHHST  CBOET

PHUHKY. y
JOCTIKYBaHUM TEPiOa CIOCTEPIracThcs 3MEHINEHHS ii

ACOPTUMCHTY JUISL

MPUCYTHOCTI CBITOBOMY OpnHak
yacTKH puHKY Ha 0,7 %, 110 CBITYMTH IO TOCHa0IeHHs

KOHKYPEHTHHX TO3UMiH KoMmmadii. YacTku pHHKY

BUpoOHUKIB JM Smucker, Strauss Group, Lavazza,
Tchibo € 3Ha4YHO MEHIIMMH, Ha BIIMIHY BIX JiZepiB
PHUHKY,
KOJNMBAJINCh TPHUOIM3HO B OJHAKOBUX Jiala3oHaxX Bif
2,0 %
cnocrepiraetscst B JM Smucker ta Strauss Group, a B

i nporsirom 2016-2021 pp. ixHI 3HaYeHHsS
10 2,9 %. JluHamika 3MEHIIEHHS YacTKH PHHKY

Lavazza BinOyBaetbes mpupict. Cepell JOCTIIKYBaHUX

KOMTIaHii HaiiMeHIIa YacTKa pUuHKY y BUpoOHuKa Tchibo.
32016 no 2021 pp. BoHa 3meHyeTbes Ha 0,4 %, Takox
MOcTa0IIOI0ThCA KOHKYPEHTHI TO3WIT ITi€l KoMmmaHii
Ha CBITOBOMY PHWHKY KaBoBoi mpoaykiii. beznepeuno,
MDKHAapOTHWUIA BUPOOHUK Nestle € cepiO3HHM TrpaBIeM
Ha PHHKY KaBOBOI mpoaykuii. J[ms yTpumaHHs CcBOiX
PUHKOBHX IIO3WINNA iHINI TpaBHi BHAIOTHCA O 3IUTTA
0i3HeCiB, OCKITbKU Nestle € HE TINIBKH BUPOOHHKOM, ajie
i peanizaTopoM NpoxyKuii KommaHii Starbucks, Seattle’s
Best Coffee ma Teavana TM/MC, a B mnepcueKTUBI

MpUCYTHICTh  Nestle  TimbKH  30UTBITYBaTUMETHCS
Ha CBITOBOMY pHHKY, BIJNOBIJHO, 3pocCTaTUMe
MOKA3HUK YaCTKH PHHKY Ta PpO3IMIMPIOBATHMETHCS

TOBapHHI TOPThETb.

Ha puc. 3 3amponoHOBaHI YacTKH HaWOUTBIIIX
BUPOOHHKIB 3€PHOBOI OOCMa)kK€HOT KaBOBOI MPOIYKIT
(30Kkpema CBDXKI KaBOBI 3epHa, MeJEHI KaBOBI 3epHa
Ta Kancynu) y cBiti 3 2016 mo 2021 pp. [6, 7, 15, 16].
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Puc. 3. YacTku puHKY po3/1piOHOT TOPTiBII HAWOUIBIINX CBITOBUX BUPOOHUKIB

3epHOBOT KaBOBOI npoaykIii npotsirom 2016-2021 pp., %

HeoOxifHO 3ayBaKMTH, IO Ha CBITOBOMY PHHKY
KaBM YacTKa KOMIIaHii, $Ki IpaIioloTh y CErMEeHTi
MPOJIYKTY,

MEHIIOI0, HDK KOMIAHIN CEerMEeHTY PO3YMHHOI KaBOBOI

3epHOBOTO  OOCMaXEHOT'0  KaBOBOT'O €
nponykuii (uB. puc. 4). [lokazHuku, HaBeAeHI Ha puc. 3,
CBiUaTh MPO TE, IO HAWOUTBIIWIA TpaHCHAIIOHATEHUM
BUPOOHHK KaBOBOI mponykuii Nestle (puc. 2) y cerMeHTi
00CMaXEHOTO 3€pHOBOTO KaBOBOTO MpoaykTy 3 2017 p.
BUTICHUB 13 MO3HMIII JijiepcTBa KoMmaHio JAB, 4acTka
puHKY skoi 3a mepiox 2016-2021 pp. 3mMeHmmiIace
3 13,4 % nmo 13,0 %. Bognouac uactka Nestle 3 2016
mo 2021 pp. 3pocina 3 9,5 no 16,6 %, Mo 00yMOBICHO
MEPETNIAOM TOBAapPHOTO ACOPTUMEHTY, 30CEPEIKEHHIM
Ha CErMEeHTI 3epHOBOI KaBM Ta MpHUAOAHHSAM IIpaB
Ha peaizaiilo 3epHOBOI KaBu Starbuks ta Blue Bottle.

3pocna uactka puHKY Kommanii Lavazza (3 3,6 %

10 4,0 %). Yci iHII KOMIIaHIi 3a JOCTIKYBaHHIA Tepios
MaJIi KOJIMBAHHS YacTKW PHHKY TO B OiK 30iJbIICHHS,
T0o B Oik 3MenmeHus. Hampukman, 3 2019 go 2021 pp.
Strauss Group Brpatiimu 0,4 % 4acTKu pUHY, NPOTATOM
2018-2021 pp. JM Smucker taxox BTpatuna 0,4 %,
3 2019 no 2021 pp. illy Brpatmna 0,2 %. Y xommanii
Tchibo 3 2016 no 2021 pp. yacTka PHUHKY 3MEHIIMJIACH
i3 2,7 % 1o 2,2 %. 3MeHIIeHHS YaCTOK PUHKY KOMITaHiH
MOB’5I3aHO HE JIMIIE i3 CTPIMKMM DO3BHUTKOM 4YaCTKH
pUHKY Kommasii Nestle, a TakoX i3 IOSBOIO 3HAYHOI
KUIBKOCTI HOBMX BUPOOHHKIB 00CMaXKEHOT 36PHOBOI KaBH.

Ha puc. 4 nogani yacTku HalOIIBIINX BUPOOHUKIB
PO34YMHHOI KaBOBOT NpoAyKuii y cBiTi 3 2016 10 2021 pp.
[6,7,15,16].

BianoBigHO 10 MMOKa3HHUKIB, HABEACHUX Ha puc. 4,
koMmnaHis Nestle Mae TO3UINIO JiJepa HA CBITOBOMY
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puUHKY B 1BOMy cerMeHTi. 2020 p. UacTka pPHHKY
KoMmaHii jocsria Haibinemoro 3HadeHus — 39,4 %,
2021 p. Bona 3meHmmtack Ha 0,3 %, mpore 3 2016
mo 2021 pp. BUpPOOHHMK OXOIUTIOE TOHAA 1/3 pHUHKY,
HE TOCHalMIol0YM CBOIX KOHKYPEHTHHX  ITO3HMIH.
3 2016 mo 2021 pp. kommanis JAB Brpatmia 2,1 %
YacTKH PHHKY, CIIOCTEPIra€ThCsi AWHAMIKa 3MEHIICHHS,
0 HacaMmIepel MOXXe OyTH IIOB’S3aHO 13 MOSBOIO
Ha CBITOBOMY pHHKY pPO3YHMHHOI KaBOBOI MPOAYKIIT
3Ha4YHOI KUIBKOCTI CepelHIX Ta MaJuX BHPOOHUKIB.
AHaNoOTiYHOI0 € cHuTryamis i3 KowmmaHiero Dongsuh
Foods Co. Ltd, vactka punky sikoi 3 2016 g0 2021 pp.
sMeHmmiIach i3 3,5% mo 3,0 %. VYci iHmi kommasii
3a mepiog 2016-2021 pp. 3a3HaIM KOJUBAHHS YacTOK
Ha puHKY. 3 2018 mo 2021 pp. xomnania Strauss Group
Brpatuaa 0,2 % 4YacTKM CBITOBOTO PHHKY pPO3YMHHOL
KaBH, MIO
Ajinomoto Co. Inc. 32016 10 2021 pp. 30UTbIINIIA YACTKY
puKy 3 1,4% mo 1,9 %. Ympomosx 2017-2020 pp.

€ HEraTuBHOIO TeHAeHmico. KommaHig

Prima Abadi PT Java
3amumanack Hesminuorw — 1,5%, 2021 p.
3meHmuaack Ha 0,1 %. 2018 p. wacTka puHKY KOMmaHii
Tchibo Oyna wHaibinpmow — 1,5%, 3 2018 mo 2021 pp.
MOKa3HUKA

YacTKa pPUHKY KOMITaHii
yacTKa

CIIOCTEpITA€ThCSl  AWHAMIKA  3MEHIICHHS
Ha 0,3 %. Kowmnaunis Mayora Inda Thk PT, nonpu
MMO3UTHBHY nuHaMiKy mpotaroM 2016-2020 pp., 2021 p.
TaKOX 3MEHILIJIA YaCTKy PHHKY Ta 3a3Haja NociabiIeHHs
CBOIX KOHKypeHTHHX mosuiiii. 2020 p. Ha CBITOBOMY
PUHKY pO3YMHHOI KaBM 3 SBWJIaCh HOBA KOMIIaHis
Kapal Api Group 3 wactkoio puHkKy 1,3 %, 2021 p.
MOKa3HUK 3AJIMIIUBCS HE3MIHHMM. He MoXHa He 3BaXkaTH
Ha Te, mo nosiBa 2020 p. HOBOTO MOTY>KHOTO TpaBLS
Ha PHHKY CIpHYMHWIA IOCHa0JeHHsS KOHKYPEHTHHX
MTO3UIIH AOoCHipKyBaHuX KoMmanii 2021 p., yacTka puHKY
sSIKUX KonuBaeTbest 3 1 % o 2 % [6, 7, 15, 16].

Y  r1abn. 8 iHpopManis  1momO
reorpaiqHOi CTPYKTYpH CBITOBHX IpOJ@XiB TOTOBOI

HaBeJeHa

KaBOBOI MPOIYKIIii.
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Puc. 4. YacTku puHKY po3/1piOHOT TOPTiBII HAWOUIBIINX CBITOBUX BUPOOHUKIB

PO3YMHHOT KaBOBOI NpoAyKUii Bripoxorxk 2016-2021 pp., %

Tabmuus 8. [ eoepapiuna cmpykmypa npooaicie 20moeoi kagosoi npodykyii' y ceimi 3a nepioo 20162021 pp.

I'eorpagiuna 3axigna Cxinna IliBHiuna JlaTuHCBbKa bamsbkuii Cxix A3isi, ABcTpadis,
yacThHa / pik €Bpona €spona Amepuka Amepuka Ta AQpuka Oxeanist
1 2 3 4 5 6 7
2016 23,00% 9,00% 15,00% 19,00% 9,00% 25,00%
2017 22,00% 8,00% 15,00% 19,00% 10,00% 26,00%
2018 22,00% 8,00% 14,00% 19,00% 10,00% 26,00%
2019 22,00% 9,00% 14,00% 19,00% 10,00% 26,00%
2020 22,00% 8,00% 14,00% 19,00% 11,00% 26,00%
2021 23,00% 9,00% 14,00% 20,00% 9,00% 25,00%

BigmoimHo 1o tabda. 8, cramom Ha 2021 p. gacTka

MPOAaXIB TOTOBOI

KaBOBOI

MPOAYKILT

301IBIINIIACH

y 3axiguiii ta CximHiii €Bpomi, JlaTHHCBHKIH Amepui,

HaToOMiCTh 3MeHImMIack Ha bimspkomy Cxoni, Adpuui,
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A3ii, ABctpaiii Ta Oxeanii. Hait0inpa gacTka mpogaxis
rOTOBOi KaBOBOI MPOAYKIHI y CBiTI HajexuTh A3il,
ABcrpanii ta Oxkeanii, ogHak TteHzmeHiis 3 2020 g0
2021 p. BKazye Ha Te, WO 3axigHa €Bpoma CTPIMKO
301IBIIy€E 0OCSTH MPOAAXKIB Ta Ma€ MEPCIEKTHBY MOCICTH
MO3HIIIT JIiAepa.

PosriassHemMo kommaHii 3 BHpPOOHHWITBA  KaBH
3 HalOLTBIIMMK 00CsTaMK MPO/AXiB, PO3MIPOM KamiTary
Ta KUTBKICTIO TIEPCOHANY Y CBITI.

[IBefiapcbka  TpaHCHAIIOHAIBHA  KOPIOpAILis
Nestle — HalWOITPIIMN y CBiTI BHPOOHHK TNPOIYKTIiB
xapuyBaHHA. L[ Benmmka KOMIIAHIS OYONIIOE KaBOBHHU
Openn Nescafe. 1938 p. xaBy Nescafé Briepiiie BUTOTOBJIEHO
B MIPOMHUCIIOBHX yMoOBax. [Ipoaykiiis mommmpeHa B ycixX
KOHTUHEHTAJIbHUX 4yacTuHax cBity [17, 18]. CraHoM Ha
2021 p. xomnanii Hanexats 461 ¢pabpuka Ta MPOMHUCIIOBI
mianpuemctBa 'y 83 kpaiHax cBity. Takox Nestle
TOCHJIMJIA CBOIO TIPUCYTHICTh y KaTeropil mpemialbHuX
KaBOBUX MpPOAYKTIiB, NPHAOABIIM TPaBO IPOAABATH
KaBOBY MpoxayKuito OpeHniB Starbucks ta Blue Bottle.
VY Tabn. 9 HaBeneHi pe3ynbTaTH MIOA0 OOCATIB MPOIaXKiB
1 BiTacHOTO Karitamy komnadii Nestle [17, 18].

Binmosinuo g0 tabdma. 9, 3 2016 mxo 2021 pp. obcsru
npojaxis 36imbnmcs Ha 3252,00 Mitpa $ (aGo 15,65 %),
npote BrpojoBx 2020-2021 pp. BigOynoch 3MEHIIEHHS
Ha 1042,00 mapa $ (abo 4,16 %). 3 2016 mo 2021 pp.
BiZOYJIOCh 3MEHIIECHHS BJIACHOTO KalliTaly KOMIaHil
Ha 15842,00 mipn $ (abo 25,38 %). Ctanom Ha 2021 p.
KIJIBKICTB ITepcoHaTy KoMIadii Haiigye 250 Tuc. oci6.

Jacobs Douwe Egberts — TIpoBiTHa CBiTOBa
KoMmaHig 31 mTab-kBaptupoto B Hinmepnanmax, mo
CIeIiaTi3yeThCsl Ha BUPOOHHUITBI KaBu. B 1 ckmami
00’exHani komnanii Mondeles International Ta KOMUIIHS
kommnanis D. E. Master Blenders 1753 B. V., mo micig
3mUTTS oTpuMana HasBy Douwe Egberts. Ilpotsrom
2014-2015 pp.
Mondelez, MO BUTOTOBJIAIOTH KaBy, 3 AaHAJOTIYHUMH

crpykrypamu D. E. Master Blenders 1753 B. V.

BiOyocst 00’€qHAHHS MiAPO3ALTIB

Y Higeprargax Oyna 3acHOBaHAa KommaHis Jacobs
Douwe Egberts, skii Oyno mnepenaHo OpeHIN KaBu
Carte Noire Tta Tassimo. KpiM TOJOBHOIO KaBOBOTO
Openny Jacobs, 1 BeIMKa KOMIIaHIS BHUTOTOBIISE
MPOAYKTU TiJ HazBaMH cy0OpeHumiB Moccona, Senseo,
L’OR, Douwe Egberts,

[19, 20, 21]. KaBoBa mpoxykuist JDE NpUCYTHS y TIOHA

Kenco, Pildio Ta Gevalia
140 xpainax cBity. OCHOBHHMI PHHOK 30yTy — KpaiHu
[MiBaiunoi Ta CximHoi €Bpomm, KpaiHM KOJIHUIITHHOTO
CPCP, BupoOHWYI MalJaHYMKH PO3TAIIOBaHI B HH3II
KpaiH 30yTy. Y Tabm. 10 HaBemeHi MOKAa3HHUKH OO0
o0CsTiB TpOoJaXiB Ta BIACHOTO KalliTaly KOMIIaHii
Jacobs Douwe Egbert ympomoBx 2016-2021 pp.
(3 2015 no 2017 pp. — 3nmurts JDE Holding 3 Mondeles,
3 2019 nmo 2021 pp.— oO’eqHaHHS KOMHaHIN y €IUHY
MaTepHHCBKY Kommnanito JDE Peets) [19, 20, 21].

Bimnosigao no tabdn. 10, 3a mepiox 2016-2021 pp.
obcsiri  mpojaxiB kommanii 3pocnu Ha 1,99 mipa $
(abo 34,92 %), 3 2020 mo 2021 pp. MpUPICT CTAHOBHB
0,38 mipg § (abo 5,26 %). Iporsarom 2016-2021 pp.
BJIacCHMI Kamitanm 3MeHmuBes Ha 3,59 wmupan  §$
(abo 22,65 %), omnak 3 2020 mo 2021 pp. mpupicr
cranoBuB 0,92 mupn $, crmocTepira€thCst TEHAEHIIIS
30utbIIeHHs. [lepconan koMmanii Hamiuye mo 19 Tuc. ocibd
y KOXHi# KpaiHi CBiTY.

Kommawnis Luigi Lavazza S.p.A. — iraniicbkuit
BUPOOHMK KaBH. KpiM BiacHMX mpomaxiB, KOMITaHisA
TIpaIfioe 31 CBITOBUMH PO3/APIOHMMH MepeskaMiu, TaKUMHU
sk Starbucks, Caribou Coffee. Lavazza wmae dotnpn
BHpOOHMYI mianpreMcTBa B ITamii Ta cim dimiit y €Bpomi
ta Amepuni (@panmis, Himeuunna, Icmanis, Bemnwnka
CIIA). IlpomyxTu
Lavazza npomatotecst y 80 kpainax ceity. 2016 p. Oyno

Bbpuranis, Ilopryramis, ABsctpis,
BUKyIUIeHO (pany3bkuit 6penn Carte Noir y xommanii
JDE [19, 20, 21]. Ta6x. 11 mictuts indopmarito moao
00CsTiB TPOAaXiB Ta BIACHOTO KalliTaly KOMIIaHii

Luigi Lavazza S.p.A. [22, 23, 24].

Tabmuusa 9. Dinancosi NOKA3HUKU MPAHCHAYIOHATLHOI KOMNAHII 3 6upobHuymea Kkaeogoi npodykyii Nestle

npomszom 2016-2021 pp., mapo $

Mokasuuk / pik | 2016 2017 2018 2019 2020 2021 20{2};&’;;? o 202)‘/’;5’;;? o
1 2 3 4 5 6 7 8 9

O6esr nponakis | 20784,00 | 2137500 | 22040,00 | 23349,00 | 25078,00 | 24036,00 15,65% —4,16%

Briachuii kamitan | 62338,00 | 64590,00 | 60956,00 | 57363,00 | 5203500 | 46514,00 | -25,38% ~10,61%




ISSN 2522-9818 (print)

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2022. No. 4 (22)

Tabmuusa 10. Dinancosi noxazwuxu Komnawii 3 6upobHuymea xaeosoi npoodykyii Jacobs Douwe Egbert

npomsicom 20162021 pp., mapo $

. Hpupicr IIpupicr
IMoxa3nuk / pik 2016 2017 2018 2019 2020 2021 2016/2021, % 202072021, %
1 2 3 4 5 6 7 8 9
O0csr mponaxis 5,71 7,18 7,33 7,64 7,32 7,70 34,92% 5,26%
Bracuwuii kamitan 15,87 16,15 15,26 10,36 11,36 12,28 -22,65% 8,03%
Tabmuusa 11. Dinancosi noxasHuku Komnauii 3 6upobHuymea kagogoi npodykyii Luigi Lavazza S.p.A.
npomseom 2016-2021 pp., mapo §
. Ipupict Ipupicr
Moka3uuk / pix 2016 2017 2018 2019 2020 2021 2016/2021, % 20202021, %
1 2 3 4 5 6 7 8 9
OO6csT mpoaxis 2,08 1,88 2,06 2,24 2,09 2,16 3,69% 3,65%
Bacumii kanitain 2,36 2,37 2,49 2,63 2,35 2,47 4,40% 4,94%

Binmosimuo g0 tabda. 11, 3 2016 mo 2021 pp. obesr
nponaxiB 30inpmmBes Ha 0,8 mupx $§ (abo 3,69 %),
npotsirom 2020-2021 p. npupict cranoBus 0,7 mupa $
(abo 3,65 %). Ilpmpict BmacHoro kamitamy 3 2016
10 2021 pp. — 0,11 mupa $, crocTepiraeTbes MO3UTHBHA
ternernis. Cranom Ha 2021 p. KUIBKICTH IEpCOHATY
KOMIaHii CTaHOBUTH 3836 0Ci0 y KpaiHax MPUCYTHOCTI.

MixxHapoaHa KOMITaHist Strauss Group
crewianizy€eTbcss Ha BUPOOHHIITBI MPOJYKTIB XapuyBaHHs
Ta HanoiB. KommaHis Mae 29 BUpOOHUYNX MaWJaHUMKIB
y 22 kpaiHax CBiTy, MI0 THpAIIOIOTh HAJI SKICTIO
MPOJYKIii, SIKa BIINOBIAAE YSBICHHAM NPO 3JI0POB’S

Coffee

nisuteHicTh y Llentpansriit Ta Cxigniid €Bpormi, bpaswuii

Ta TMpaBUIIbHE XapuyBaHHA. Strauss BeIC

ta I3paini. KaBosi Opennu: Strauss coffee, Ambassador,

Fort, Totti Caffe, Elite Health Line, "Yopna xapra" [13].
Y Tabm.

NPOJ@XKIB Ta BIACHOTO KalliTaly KommaHii Strauss

12 mHaBeneHi BiZOMOCTI 1IOHO OOCAriB

Group ninposainy Strauss Coffee [16, 25, 26].
Binmosimuo mo tabm. 12, 3a mepiox 2016-2021 pp.
o0csry nmpoaaxiB KoMmnasii smMeHmumucsk Ha 0,17 mupa $

(-4,74 %), mpote 3 2020 no 2021 pp. BigOyBCcs TpHpicCT
Ha 0,22 mapa $ (abo 6,71 %), w0 CBiEUUTH MPO
NO3UTHBHY TEHIEHLI0. BracHui Kamitan ynpoIoBxk
2016-2021  pp.
(abo 5,19 %), 3 2020 go 2021 pp. mpupicT CTAaHOBHB

30inpmmBest  wa 0,14 wmapm  $
0,25 mapx $. Cranom nHa 2021 p. KiTBKICTH NEpCOHAITY
KoMmraHii ctanoBmia 14 tuc. oci6.

Itanilicbka KoMmaHiss 3 OOCMaXXyBaHHS KaBU
lllycaffé S.p.A. BUTOTOBIISE €CIPECO Ta PO3BUBAE KABOBY
KyJIbTYpy 3 OISy KYJIBTYPH YHM HayKH KaBOBOI
¢binocodii. Ha ceoromui [llycaffe S.p.A. € Beaukorw
MDXKHAPOHOIO KOMITAHIE0, IO MPOJIAE CBOKO MPOIYKIIIO
npubnu3Ho B 140 kpainax csity. I'pyna illy micTuth
KiJIbKa KOMIaHii, po3ramoBanux y IliBHiunili AMepni,
@panuii, Himeuuwnni, Icnanii ta kpaiHax bBenimrokcy.
Kpim Toro, Illycaffée Ta JAB cminpHO 3asABHIM PO
JIICH3IMHY YroAy MIOA0 BUMYCKY Ta mpomaxy 2019 p.
TIOMIHIEBUX Karcyal Mapku illy mist BUIYCKY SIKiCHOL
kancyneHoi kaBu LOR y xamcymi illy. Y Tabm. 13
iHpopMmamis  moxo
i BTacHoro Kamitany kommanii [llycaffe S.p.A. [27, 28].

HaBeJcHa 00csTiB  TIPOJaxKiB

Tadanua 12. Dinancosi nokasuuku xomnawii 3 6upobHuymea kaeoeoi npooykyii Strauss Group niopo3diny

Strauss Coffee npomseom 2016-2021 pp., mapo $

Hokasmuk / pix 2016 | 2017 | 2018 | 2019 | 2020 | 2021 Tpupicr Tpupicr
2016/2021, % 2020/2021, %
1 2 3 4 5 6 7 8 9
OGesr MpofaKis 367 | 410 | 395 | 373 | 328 | 3,50 4,74% 6,71%
Buacumii kanitain 2,54 1,96 2,10 2,28 2,43 2,68 5,19% 9,99%
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Tabmuusa 13. Dinancosi nokasHuku xomnawii 3 eupobHuymea kasoeoi npodykyii Illycaffe S.p.A. npomscom

2016-2021 pp., man $

. IMpupicr Mpupicr
Ioxa3nuk / pik 2016 2017 2018 2019 2020 2021 2016/2021, % 202012021, %
1 2 3 4 5 6 7 8 9
O6csir mpomaxis 515,45 526,27 | 539,56 | 624,48 538,43 575,40 11,63% 6,87%
Bracuwmii kamitan 19,20 15,17 17,90 18,35 17,46 17,78 -7,38% 1,86%

Binmosimuo mo tabn. 13, mpotsrom 20162021 pp.
o0csird  mpojiaxiB Komrmanii 3pociu Ha 59,95 muH §
(abo 11,63 %), 3 2020 mo 2021 pp. mpHpPIiCT CTAaHOBHB
36,97 mna $ (abo 6,87 %). OaHak BiIacHWN Kamitan
3 2016 mo 2021 pp. 3meHmmBes Ha 1,42 muH $, ane
BripogoBx 2020-2021 pp. 36inpmmBes Ha 0,32 MIH. A0
(abo 1,86 %). Ctanom Ha 2021 p. KUIBKICTh HEPCOHATY
KomraHii cranoBmia 1294 ocoou.

HesBaxkaroun Ha Te, mo Nestle € HaWOUILIINM
BUPOOHMKOM PpO3YMHHOI KaBM Yy CBITi, KOMIIaHis
MiAXOMMIa TEHACHIIIO 3pOCTAaHHS OOCSTIB CIIOKWBAaHHSI
3epHOBOI Ta MeJNeHOl KaBH, YHACHiZIOK 4YOoro OyIo
YKJIAJCHO KOHTPAKT Ha MPOAaX 3€pHOBOI KaBH KOMIIaHil
Starbucks pnsg yTpUMaHHA 3HAYHOI YACTKH PHHKY.
Opnak, mompu Bci 3ycwinist Nestle yTpuMaTH PHHOK,
HooctBopena 2015 p. xommawnis JDE (y MHHYJIOMY
Mondeles, D.E Master Blenders 1753 B.V.) i necarku
MiAPO3AUTIB 00’ €THANTKUCA 3 METOK BHUTICHCHHS MO3HUITIH
Nestle. Takox He BapTO BHUKIIOYATH 1 KPOKH IIOJO
00’eHaHHS 3 KOHKypeHToM illy y cdepi npemiym KaBH
B cermeHTI Ho.Re.Ca. 2019 p. JDE Oyno yxmaneHo
JIOTOBIp Ha  TOCTa4yaHHS  KalCyJbHOI  KaBH 13
BUKOPHUCTAHHAM TexHoJoril i/ly. TlosiBa HOBUX TPOIYKTIB
Ta BUPOOHWKIB Ha

CBITOBOMY pHHKY CHpHsuIa

JUHAMIYHOMY 3POCTaHHIO MPOAAXIB pPO3YMHHOT Ta
3epHOBOI / MENEHOI KaBH i3 HE3HaYHOI COOIBapTiCTIO
MPOJYKIii Ta BUCOKOIO PO3PiOHOIO IIHOKO.

Ha mincraBi po3rnsiHyTHX (DakTiB MOXKEMO OLIHUTH
KOHKYPEHTOCIIPOMOKHICTh OCHOBHHUX T'DaBIliB CBITOBOT'O

pUHKY KaBH 3a Mozemmo Iloprepa, BHKOpHCTaBIIN

iHpopMamio IXHIX (IHAHCOBHX Ta OIJISAAOBHX 3BITIB
32 TaKMUMH [apaMeTpaMH: CyMa MpOJaxKiB, KaIliTal,

MIPUCYTHICTh Y TEBHUX KpaiHaX, BIICOTOK CITO>KHBAHHS

KaBOBOTO  MNpPOINYKTY  CIHOXXHMBayaMH B KpaiHax
NPUCYTHOCTi, HATypajbHE 3HAYEHHS  CIIOXKHMBAHHA
TOTOBOI ~ MPOAYKINi, AaCOPTUMEHT TMPOAYKIii, IO

CIIO)KUBAEThCS, COOIBAPTICTh IMPOAYKIIi, BapTICTh KaBH,
YacTKa PUHKY Ta MepcoHall.

VY Ttabn. 14 3amponoHOBaHAa CHCTEMa OIIHIOBAHHSI
mapaMeTpiB  KOHKYPEHTOCIPOMOXKHOCTI  KOMITaHIl 13
BHPOOHHIITBA KaBH.

HaBeneni B Tabm. 14 1DOKa3sHUKHA TO3BOJIATH
chopMyBaTH OLIHKY ¥ BHU3HAYMTH, IO SIKOTO Jiana3oHy
piBHA KOHKYPEHTOCIIPOMOXHOCTI (BiT HH3BKOTO IO
Jiziepa CBiTOBOTO pUHKY) HAJISKUTh KOMIIAHis.

VY Tabn. 15 mictuTbes iHpoOpMallist 3 mapamMeTpamu
JUIS  CKJIaZIaHHS MiJCYMKOBOI TaONMINl MO0 OI[IHKH
KOHKYPEHTOCIIPOMOXKHOCTI KOMIaHiif i3 BHpOOHHIITBA
Ta peatizalii KaBOBOT MPOTYKIIii.

BiamoBimHO 10 po3paxyHKiB MHOXKHH NeM,
LeK, GeQ, DeC, WeP,

3 pe3ynbTaTaMd Ui TOOYAOBH JiarpaMu 3 OIiHKaMHU

chopmoBano Tabn. 16

KOHKYPEHTOCTIPOMO>KHOCTI KOMITaHii.
Ha ocnosi Tabn. 16 3 6anamu Mmuoxxud NeM, LeK,
GeQ, DeC, WeP nobynoBaHo mMiICyMKOBY Jaiarpamy

OIIHKK  KOHKYPEHTOCIPOMOXXHOCTI  KOMIIaHiii i3

BHPOOHMIITBA  TOTOBOi ~ KaBOBOI  MPOAYKIi  3a

BH3HAUYCHUMH NTapaMeTpaMH (JUB. puc. 5).

Tadanua 14. Cucmema oyiniosanns napamempis KOHKYPEHMOCHPOMOICHOCII KOMRAHIU i3 GUPOOHUYMEA

20M0B0i Kaso8oi NPooyKYii Ha C8IMOBOMY PUHKY

. Husbka Cepenns Hocratus Bucoka Jlinep
XapaxTepueruia ouiniit / KOHKYPEHTO KOHKYPEHTO KOHKYPEHTO: KOHKYPEHTO cBiTOBOrO
niama3oH 0ajiB P . P . P . P .
CIPOMOKHICTH CIPOMOKHICTH CIPOMOKHICTH CIPOMOKHICTH PUHKY
1 2 3 4 5 6
Tianason Gais, N (0-10) _ (35 — 40) (45— 170) (75 — 100)
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Tadanus 15. Oyinka KoHKypeHmMocnpomoscHocmi KOMNAanii i3 6UpoOOHUYMEa Kaeu

Po3paxyHok nmapamerpa N = npoaaxi, M = kamitan

Ilapametpn

M1

M2

M3

M4

M5

1

(10-200 man)
2

N1 (200-500 min)

N2 (1-2 mupn)

N3 (2,5-3,5 mupn)

N4 (4-5 mup)

N6 (6-9 mupn)

(2-5 mappn)
3

(10-20 mapm)
4

(3040 mapn)
5

(>50 mapn)
6

12
12

Pesynerar NeM

ID 1 = Nestle

ID 2 =JDE

ID 3 = Lavazza

ID 4 = Strauss

ID 5 =illy

25

12

4

2

1

Po3paxyHok nap

aMeTpa L = noka3Huk

NPHUCYTHOCTI KoMNaHii B kpaiHax cBiTy,

n-oci6 y cepeum,

oMY B Komniﬁ KpaiHi

K= BiIcOTOK CO:KMBAHHA HA MUIbIIOH

IIapamerpn

(500-900 THC.)

L1 (20-30 kpait)

L2 (40-60 xpain)

L3 (80-100 kpain)

L4 (120140 xpain)

L5 >160 kpain

(1—2 MJ'IH)

(3-3, 5 MJIH)

(44, 5 MJ'IH)

(>5 MJ'l]-l)

Pesynprar LeK

ID 1 = Nestle

ID 2=JDE

ID 3 = Lavazza

ID 4 = Strauss

ID 5 =illy

25

15

6

2

4

Po3paxyHok napamerpa G

= HaTypaJibHe 3HA4YeHHsI CIOKUBAHHA, Q = aCOPTHMEHT NPOAYKIl

Ilapamerpn

(3—6)

G1 (1-2 tuc. 1)

G2 (3,5-10 Tuc. T)

G3 (13-55 Tuc. 1)

G4 (60-110 tuc. 1)

G5> 120 tic. T

Pesynprar GeQ

ID 1 = Nestle

(8—12)

ID2=JDE

(15—25)

ID 3 = Lavazza

(30—35)

ID 4 = Strauss

(> 40)

ID 5 =illy

25

25

9

9

2

Po3paxyHnok mapamerpa W = co6iBapTicTs mpox

ykuii, P = BapTicTh

0TOBOI'0 KABOBOTO MPOAYKTY

Pesynprar DeC

ID 1 = Nestle

ID2=JDE

ID 3 = Lavazza

ID 4 = Strauss

— P1 P2 P3 P4 P5
910§ 11-12 § 13-16 $ 17-28 § > 35
WI1(698)
W2 (10-11 8)
W3 (12-14 8)
W4 (16-16,5 $)
W5>17$
ID 1 =Nestle ID2=JDE ID 3 =Lavazza ID 4 = Strauss ID 5 =illy
Pesynprar GeQ 3 3 3 3 T0
Pospaxyl{ox napamerpa D = yactka puHky, C = KibKicTb nepconaty
Hapaverpn (800—2500) (3000-9000) (12000-25000) (30000-50000) e 60000)
DI (1,52 %)
D2 (2,5-5 %)
D3 (6-9 %) 12
D4 (11-18 %) 12
D5 >24 %

D5 =illy

25

12

4

6

1
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Tabmuus 16. [liocymxosa mabauys OYiHKU  KOHKYDEHMOCHPOMONCHOCHI

20M060i Kasoeoi npodyKyii

KOMRauitl i3  8UpPOOHUYM8EA

Muoskua KOMIANIH / MHOKUHA PESYALTATIE | 11y 1 _ Negtle | ID2=JDE | ID3=Lavazza | ID4=Strauss | ID5=illy
3a 00paHUMHM NapaMeTpaMu

1 2 3 4 5 6
NeM 25 12 4 2 1
LeK 25 15 6 2 4
GeQ 25 25 9 9 2
DeC 25 12 4 6 1
WeP 25 8 3 3 10

.

DIC (coGiBapricTs Ta
BAPTICTH FOTOBOrO
KABOI'O MPOJYKTY)

«++@®-+ [D | - Nestle
ID 4 - Strauss

B

NIM (nponaxi Ta

Kariran)
v
o,
© “~
SN
2 [ b, ™
WIP (uactka punky Ta_.+*" = '-..LIK (npucyTHicTh Ta
rnepcoHan) * o ‘@ : CIMOKHUBAHHA)

...... ‘.‘.‘.'@.)’

.+ ID 2 - JDE
- ID 5 - illy

-
.

.

2 GIQ (narypanbHe
3HAYCHHS CMOKWUBAHHS
T4 aCOPTHUMEHT)

ID 3 - Lavazza

Puc. 5. ITlincymkoBa fniarpama OLiHKM KOHKYPEHTOCIIPOMOKHOCTI KOMITaHii i3 BHpOOHHUIITBA

TOTOBOI KaBOBOI IPOJYKIIi 32 BU3HAYCHUMH TTapaMeTpaMu

PesysabTaTH nociaigkeHHs Ta iXHe 00roBopeHHst

Ha ocHOBI oTpuMaHOI MiACYMKOBOi mHiarpaMu

OLIHKM  KOHKYPEHTOCHPOMOXXHOCTI ~ KOMIIaHIH i3

BHPOOHHUIITBA TOTOBOI KaBOBOI TIPOAYKIIii 3a
BU3HAYCHUMH IapaMeTpamMH, sKa IoJaHa Ha puc. 5,
MOKHAa 3pOOMTH TaKkWUi BUCHOBOK: 3a pe3yJbTaTaMH
ouiHtoBaHHS Nestle € 0e33amepedyHnM JIIEPOM Ha
CBITOBOMY PpHHKY 3 BHPOOHHIITBA TOTOBOi KaBOBOI
MPOXYKIii, OCKUIBKM OTpHMana MaKCHMAJIBHY OIIHKY
125  Oamni

napameTpiB).

3a BU3HAYCHUMU

(ue
JDE orpumana 45 6aniB, IO CBIIYUTH MPO BHUCOKY

napamerpamu B
CTOCYETBCSI  BCIX  MiJCYyMKOBHX
KOHKYPEHTOCIIPOMOJKHICTb, OCKIIBKM KOMIIaHIsl ICHY€
HAa PHUHKY IUSTh POKIB Ta Ma€ IOCHUTh BHCOKI OIIIHHI
napamerpu. Kommanii Lavazza ta Strauss Group, 1o
orpumMasii 16 1 18 OayiB BiANOBIAHO, MOTPANKIH
KOHKYPEHTOCIIPOMO>KHOCTI.
110

HE MalOTh IIMPOKOTO ACOPTUMEHTY HIPOIYKIii, 3HaYHOI

B [iama3oH  CepelHBOL

HacaMnepez( e BHKJIIMKaHO THUM, BOHH

YAaCTKH PUHKY Ta KUILKOCTI IEPCOHANy, Ha BiJMIHY Bij

BCIIMKHUX TpaHCHaHiOHaIH)HI/IX KOMHaHﬁ, TaKuxX K

Nestle ta JDE. OcranHi 3aiiMarOTh Ba BEINKI CETMEHTH

CBITOBOTO PHHKY 3€pPHOBOI, MEJIEHOT Ta PO3UYMHHOI KaBH.

Kommanis illy morpanuna B [Aiama3oH  HHA3BKOI
KOHKYPEHTOCIIPOMOXKHOCTI, OJHAK II¢ HE 3aBaxae i
MIpO/IaBaTH CBiil TOTOBHI KAaBOBWI MPOIYKT y LIHOBOMY
35 $/xr. Tlpomykuist illy
3aebuIpImoro B cerMeHTi Ho.Re.Ca,

KOMIIaHisi BUPOOJISIE aIFOMIHIEBY KAICYJIbHY MPOIYKIIIIO

JiarmasoHi 30cepepKeHa

ajc caMec i

it JDE, OCKiTbKH caMe 3epHOBa kaBa Openmy illy €
B3ipIeM coffee,
i3 HebaraTb0X 3aCHOBHUKIB KaBOBOI (inocodii y CBiTi.

specialty a KOMIIAHisI € OJIHUM

BucHoBku Ta NEPCNEKTUBH NMOAAJIBIIOT0 PO3BUTKY

CsitoBuit KaBOBUI PUHOK HEBIIMHHO
BIOCKOHAJIFOETHCS 3aBJSIKH MIATPUMII BEJIMKUX KaBOBUX
OpeH[iB, CTBOPEHUX (DOHIIB, 10 HAMATAIOTHCS aJaNTyBaTH
pecypeu 1o

MiIBUIINTH MOTHBALIHY IONOMOrY (epMepiB KaBOBHX

MIPUPOJIHI TPUBAJIOTO  BUKOPHUCTAHHS,
mwianTamiid. OQHaK CBITOBAa KpW3a, MAHACMIsl, MPHUPOIHI
KaTaKJIi3MH Ta KOJMBAHHS IOMUTY HA TOTOBUH KaBOBHA
MPOAYKT CTBOPIOIOTH AWCOATaHC y CBITOBUN KaBOBHH
puHok. 2021 p. miHa Ha KaBOBi 3epHa apabiku 3pocia

JI0 MAaKCUMAaJILHHUX 3HadeHb — 230,26 $/kr, mo mos’s3aHo
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SIK 13 3HIDKEHHAM ypoxkaitHocTi mpoTsirom 2020-2021 pp.,
Tak 1 3 TUM, 10 KaBOBi JepeBa  yBiiinuin
B TPHUPIYHMI IMKI, a TaKOX i3 CBITOBOIO (hiHAHCOBO-
E€KOHOMIYHOI0 ~ KPH3010, CIPUYMHEHOI  MaHAEMIE0
Covid-19. 2021 p. obcsrn BHYTPIIIHBOTO BHPOOHHIITBA
(Bpokaro) KaBW BaIHMIIWIACL Maibke 0e3 3MiH, IO
i 0oOyMOBIIOE 3pOCTaHHA CEpemHiX IIiH Ha KaBy
B Iel NpOMDKOK dacy. 3a mporHozoMm MiHapoaHOT
opranizanii kaBu (ICO) odiKyeTbCs, IO BHPOOHHUIITBO
TinbkK apabiku npotsirom 2021/22 3um3uthes Ha 7,1 %
nopiBHSHO i3 cezoHOM 2020/21 (i3 101,16 MiH MimKiB
Baroro 60 kr mo 93,97 muH MimkiB Barowo 60 kr).
3aranpHi 0oOcsTM iMmopTy KaBu y cBiTi 3 2015/16
1o 2020/21 pp. 3pocau Ha 9,01 % (+10941 THC. MiIIKiB
Baroto 60 kr), omHak mpotarom 2019/20-2020/21 pp.
BiZI0y0ch 3MeHIeHHs Ha 1,95 % (2625 Tuc. MilIKiB
Baroto 60 xr). Byno Bu3HaueHO, MO HAWBHIII cepemHi
po3apiOHi 1iHKM Ha oOcMakeHy KaBy y Benukiii bpuranii,
¢denepamii  Ta
Haiinwxkui — y lseuii, ®panuii, [lonemi, Icnanii Ta

Maneti, Irami, pocilicekiit Yexii.
Oinnsgapii. CBiTOBI 00CATH TMPOJaXXiB TOTOBOI KaBOBOT
MPOAYKIii B TPONIOBOMY €KBIBaJCHTI 301IBIIMINCH
Ha 17,32% (abo 12,37 %

(a6o 0,70 muH T1), 3 2020 1m0 2021 p. 0OCATH B TPOLIOBOMY

14,10 mma $) Ta Ha

ekBiBaneHTi 3Mmenmmmch Ha 0,31% (a6o 0,30 muH $)
Ta B HaTypaiabHOMY Ha 1,59 % (0,10 muH T1). Lle cBimunuth
Mpo CTallIbHE 3pPOCTaHHA YAacTKH KaBOBOTO PHHKY 3a
BCiMa KaTeropisiMMd TOBAapHOTO KaBOBOT'O aCOPTHMEHTY
Bil PO3YMHHOI /O 3€pHOBOI TOTOBOi KaBOBOi TOTOBOI
npoxykuii mpotsirom 2016-2020 pp. Ommak 3 2020
mo 2021 pp. BimOymoch 3MEHIIEHHS OOCATIB TPOAaXKiB
KaBu B 000X €KBIBaJICHTaxX, IO CIHPUYMHEHO CBITOBOIO
(hiHAHCOBO-EKOHOMIYHOIO KPH30I0, SIKa BUHHUKIIA BHACTIIOK
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COMPETITIVE ANALYSIS OF THE WORLD COFFEE MARKET

The research is directed to systematization of information on trends in the development of the world coffee market in order to identify
problems for the period from 2016 to 2021. That is why the authors not only systematize information, but also conduct competitive
analysis based on statistical databases. The subject of the research is a competitive analysis of the world coffee market. The goal of
the article is research and analysis of the current state of the world coffee market, identification of key players on it who are the main
founders of its development processes, building a profile of their competitiveness. The following tasks are solved in the article:
analysis of the current state of the world coffee market and determination of the trend of its development; identification of key players
in the global coffee market and analysis of their financial indicators; assessment of the competitiveness of the largest coffee
production companies in the world according to certain parameters. The methods used are: analysis and synthesis, comparison
and grouping, comprehensive assessment. The results have been obtained: determining the current state and trends in the world
coffee market, prices for green coffee beans, world volumes of domestic coffee production (harvest) and exports, main countries-
importers and exporters of coffee beans, retail prices of roasted coffee beans among the countries of the world, volumes of sales
of ready-made coffee beans, soluble products in the world, shares of the retail market trade of the world’s largest producers
of grain and instant coffee products, the ratio of sales of finished coffee products in the world by geographical indication.
An assessment of the competitiveness of the researched companies for the production of ready-made coffee products was carried
out according to parameters, which made it possible to identify three leaders in the world market. Conclusions. The results
of the competitive analysis of the global coffee market can be used in the work of consulting companies, business analysts and
coffee business owners. The practical benefit of this research lies in the determination of key indicators of market functioning
and the formation of a structural approach to conducting a competitive analysis of not only the world, but also the national coffee
market, based on information from statistical databases.
Keywords: world coffee market; competitive analysis; world coffee producers; coffee brands; coffee products.

KOHKYPEHTHBIN AHAJIN3 MUPOBOT'O PBIHKA KO®E

[TpoBeneHHOE HWCCIEIOBAHNE HAMPABICHO HA CHCTEMATH3AIMIO HHGOPMALUH O TEHJICHIMAX Pa3BUTUS MHPOBOTO PHIHKA Kode
IS ompezesneHus npodiem 3a nepuoa 2016-2021 rr. IMeHHO Mo3TOMy aBTOPHI HE TOJBKO CHCTEMATU3HPYIOT MH(GOPMALHUIO, HO U
IpoOBOAAT KOHKypeHTHbIﬁ aHaJIM3 Ha OCHOBE CTAaTHCTHYECKUX 0a3 JaHHBbIX. npeI[MeTOM HUCCIICAOBAHUA ABIIACTCA KOHKypeHTHblP’I
aHaM3 MUPOBOro peiHKa Kode. Lleans craTbn — nccaenoBanue TEKYIero COCTOSIHIS MEPOBOTO PEIHKA Kode, onpeaeneHne KIIF0UeBhIX
UTPOKOB Ha HEM, KOTOpHIE SBILSIIOTCS OCHOBATEISAMH IIPOIECCOB €r0 Pa3BUTHS, OIEHKa MX KOHKypeHTocmocoOHocTH. B cratse
pemraoTcs CIeayIoIie 3aJaHusl: aHAIN3 TEKYIIero COCTOSHMS MHPOBOTO PBIHKA Kode M ompeneneHne TEHACHIUH €ro pa3BHTHS;
OTIpe/IeNIeHNE KIIIOUEBBIX HTPOKOB MHUPOBOTO PHIHKA KOo(e M aHaIHM3 MX (PUHAHCOBBIX ITOKa3aTelel; OlleHKa KOHKYPEHTOCIIOCOOHOCTH
KPyTMHEHIINX KOMIIAaHKUH MO MPOMU3BOJACTBY Ko(e B MHpE MO ONpeelIeHHbIM napaMeTpaM. [IpiuMensemMble MeTOAbI: aHAIN3, CHHTE3,
CpaBHEHHE, TPYNIHPOBKA, KOMIUIEKCHAs OLleHKa. [loydeHHbIe pe3yabTaThl: U3y4eHbl TEKYyIee COCTOSIHUE MUPOBOTO PBIHKA KOde,
IIEHBl Ha 3eJIeHOoe Ko(elHOoe 3epHO, MHUPOBBIE O0BEMBI BHYTPEHHEro NpoW3BOZCTBa Kode (yposkai) M SKCIIOPTa; ONpeereHbI
OCHOBHBIE CTPaHBI-UMIIOPTEPH! M IKCIOPTEPHl KodeifHOro 3epHa, pO3HUYHBIE IIEHBI HA 00XapeHHoe KodeiHoe 3epHO Cpean CTpaH
MHpa, 00BEMBI HPOAAX TOTOBOH KO(EifHON 3epHOBOH, PAacTBOPUMOHM MPOAYKIMM B MHUpE, IOJIH PHIHKA PO3HUYHOH TOPTOBIHN
KPYIMHEWIINX MHPOBBIX ITPOU3BOIUTENEH 3EPHOBOH M pPacCTBOPUMON KOPEWHOH NpPOMYKIWH, COOTHOIIECHHE MPOJAX TOTOBOH
KoQeiHOW NpOAYKIMH B MHpe MO reorpaduueckoMmy mnpusHaky. [IpoaHamu3mpoBaHbl (MHAHCOBBIE MOKA3aTeIH KPYyHMHEHIINX
KOMITaHHH IO MPOM3BOJICTBY KO(elHOi mpoayKuuu B Mupe, a uMeHHo: Nestle, Jacobs Douwe Egbert, Luigi Lavazza S.p.A, Strauss
Group, lllycaffé S.p.A., 3a mepuox 2016-2021 rr. IlpoBeneHa oOlEHKAa KOHKYPEHTOCIOCOOHOCTH HCCIIEAYyEeMbIX KOMITAaHMH
[0 OMNpEJENCHHbIM IIapaMeTpaM, 4YTO IO3BOJIMIO OIPEAENUTh TpeX JHICpPOB Ha MHUPOBOM phIHKE. BbiBoabl. Pe3ynbrarsl
MPOBEICHHOTO KOHKYPEHTHOI'O aHajM3a MHPOBOTO PHIHKA KO(e MOTYT HCIIONB30BaThCs B pabOTe KOHCAITHHTOBBIX KOMITAHHH,
OM3HEeC-aHAINTHKOB W BIIAAENbIeB KogeiHoro 6m3Heca. [IpakThdeckas monib3a JAHHOTO HCCIENOBAHHS COCTOHUT B OIPEACICHUN
KITIOYEBBIX TOKa3aTened (pyHKIHMOHMPOBAHMS PBHIHKA W B (JOPMMPOBAHMM CTPYKTYPHOTO MOAXOJAa K IPOBEJICHHIO KOHKYPEHTHOTO
aHaNM3a HEe TOJIBKO MUPOBOTO, HO M HAIMOHAIBFHOTO PhIHKA KO(de, Omupasch Ha MHYOPMAINIO U3 CTATUCTHUECKNX 0a3 JaHHbIX.

KiioueBble cjioBa: MUPOBOW PBIHOK Ko(e; KOHKYPEHTHBIH aHalu3; MUPOBBIC IMPOM3BOIAMTENIHN Kode; KodelHble OpeH[bl;
KodeitHas POy KIHs.
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O. PEREPELYTSIA, O. AVRUNIN

COMPARISON OF THE METHOD OF ELECTROMETRIC DETERMINATION
OF ROOT CANAL PARAMETERS AND THE METHOD
OF THRESHOLD SEGMENTATION OF RADIOGRAPHS

The subject matter of the article is X-ray images of teeth during endodontic operations. The goal of the work is to compare
the developed method of segmentation of the radiograph to determine the length of the root canal with the electrometric
and mathematical methods in practice. The article uses the following methods: principles of endodontic preparation of teeth;
methods of determining the working length of the root canal (radiological, electrometric); threshold segmentation method; method
of segmentation of bone structures on tomographic images. The following results were obtained: the existing methods of
determining the working length of the root canal were analyzed, the main advantages and disadvantages of each method
were highlighted. The mathematical method is fast, but inaccurate and can only serve as a preliminary estimate. Electrometric is the
most accurate, but has very strict requirements for measurement in the area of canal moisture, as well as invasiveness of the method
has a number of disadvantages. Radiological is the most promising for research because of its painlessness to the patient,
low radiation dose during intraoral radiography and the possibility of using image processing algorithms to refine the measurement
results. This work formulated principles for segmentation and extraction of tooth contours on the X-ray image to determine working
length and conducted practical studies to compare all methods of analysis. Conclusions. The application of the electrometric length
determination method gives the most accurate result, but the segmentation of the radiograph allows the doctor to obtain additional
information about the architectonics of the root canal. As well as the possibility of using image processing such as segmentation,
contour extraction and automatic determination of the apical constriction zone make this method the most perspective. The most

optimal is the combination of these two methods in practice, which requires additional research.
Keywords: root canal; radiograph; threshold method; segmentation.

Introduction

For root canal treatment, endodontists need to
accurately determine the working length of the root canal.
This is an extremely important parameter that affects the
choice of necessary instruments, surgical techniques and
postoperative condition of the patient. Working length is
the distance from the external landmark on the crown
of the tooth to the zone of apical constriction (narrowing).
If the instrument goes beyond the working length, or
incomplete filling, these are dangerous situations that
lead to complications in the form of post-filling pain, the
development of inflammatory and destructive changes
in the periodontium, etc.

Among the methods used in medical practice are
mathematical (determination of the length, according
to tables with
(determination of the length using an apex locator) and

average indicators), electrometric
radiological (using an intraoral X-ray). Analyzing the
methods used on the basis of existing publications [1, 2]
and their comparative characteristics [3, 4] — it can be
concluded that the radiological method of research is less
accurate. Due to the non-invasive nature of the method

and the development of technologies and equipment,

in particular intraoral visiographs — this area is becoming
necessary for the study of new means of improvement.

The goal of the article is a practical comparison of
mathematical, electrometric and radiological methods of
searching for the apical construction zone. A key feature
of the study is the use of segmentation of the radiological
image. This makes it possible to exclude the possibility
of a doctor's error in the analysis of the image.

For the electrometric determination of the working
length of the root canal, devices are used that determine
the impedance using the ratio method and alternating
currents of different frequencies. This way it is possible
to localize the apical narrowing. This measurement is
reliable and stable, but there are cases of differences
when working in too wet canals, so sometimes doctors
have to dry them. This provides smooth visualization
of all processes of the instrument passing in the canal
and high accuracy of determining the location of the
physiological apex of the root. Nevertheless, visualization
in apex locators is only sound, that is, the doctor can get
to know the location indirectly. Algorithms of modern
electrometric determination of the working length do not
combine the data obtained from the radiograph, do not
have an extension. Therefore, the development of new

© O. Perepelytsia, O. Avrunin, 2022
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methods and techniques for displaying electrometric data
on the radiograph for a more accurate locating of the
physiological apex of the root is very important.

Intraoral X-ray is a non-invasive technique that
allows you to obtain the necessary information about the
direction of the curvature of the root canals and determine
the operating length. But the X-ray by its physical
properties is not able to reproduce the entire anatomy of
the apical part of the root — often there are images
layering and distortion. If the X-ray image is used
together with the input file, there is a possibility of error
in the interpretation of the image, which is associated
with the subjectivity of the result by experts. Therefore,
it may be inappropriate to be guided only by this method
of determining the working length. In this article, the task
of comparing the methods of detecting the apical
constriction zone in endodontic treatment of teeth was
solved. The accuracy of measurements with the apical
locator [5] has been practically proved. Therefore, it is
taken as a guide. The addition of algorithms for machine
image analysis, segmentation of this image and automatic
determination of the working length make the method
of radiological examination more accurate. Clear research
results and their analysis are given in the conclusions.

Electrometric method

In the apical structure, there are three zones:
the apex (radiological peak of the tooth root), the large
apical hole and the apical constriction (the smallest
diameter area of the apical part). The apical constriction
zone is recommended as the limit for root canal
treatment [6, 7]. The apical constriction often has
a complex configuration. The physiological tip is located
at a distance of 1.0 mm from the anatomical tip — this is
the final working length for the doctor. For an example,
look at fig. 1 below.

—

working
length

tooth lengtﬁ

Fig. 1. Definition of the working length

The method of apexology is based on the difference
in electrical resistance of tissues. Hard tooth tissues
have a higher resistance than the oral mucosa and
periodontal tissues. The electrical circuit between the
electrodes placed on the lip (lip electrode) and in the
root canal (file electrode with calibration stop) remains
closed while periodontal tissue reaches the file. In the
area of apical narrowing, there is a sharp resistance drop,
the circuit closes, and this is fixed by the apex locator [8].

Devices for electrometric detection of the working
length of the root canal determine the resistance using
alternating currents of different frequencies. Using the
ratio method, they allow you to find the general
resistance coefficient, indicating the position of the
file in the canal (fig. 2).

apexlocator

lip electrode active electrode with endo file

§

Fig. 2. Schematic of apex locator

This measurement indicates the electrolyte
availability in the pulp tissues, it is stable and provides
high degree of measurement accuracy. A significant
drawback of the method is the requirement to work in
comparatively dry canals.

The method of electrometric detection of the root
canal length was performed in two stages. The first
stage — using the Propex Pixi device [9], the previous
working length was determined. In the process of root
canal treatment, the diameter is widening and taper
is occurring. The second stage — after the final processing
of the canal, another measurement was carried out
by electrometric method. This value was defined as the
final working length of the canal. Pictures of the
measurements are given below (fig. 3—4).

The working length was marked with a fixation
ring. From the beginning of the working file to the
fixing ring, the length can be measured with
an endodontic line. The results are recorded in a table

and presented in this article.
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a b [

a b ¢
Fig. 4. Tooth image a — object Ne4, b — object Ne5, ¢ — object Ne6

Method of radiological determination
of the root canal length

An intraoral radiograph of a tooth is an image
that uses a monochrome photometric interpretation
(the brightness of the image pixels is shown on a gray
scale with pointers from 0 to 255, where the brightness
value of 0 means a pixel with black color, the value
of 255 means white) [10].

The study used data obtained using the Planmeca
ProSensor HD visiograph, which has a resolution
of 1020x688 pixels.

Fig. 5. Planmeca ProSensor radiovisiograph

Matlab 2019 Image Processing Toolbox [11] was
chosen as the environment for developing software
for segmentation and canal length measurement.
Segmentation (selection of a segment in the image) was
performed using the thresholding method. The threshold
method is a binarization method based on dividing

the image into 2 parts based on threshold values.

The value (T ) is selected according to the task to be

performed (from 0 to 255). The task can be to highlight
both the filled area of the tooth (filled canal) and the
un-filled area, then the value of T will change
appropriately. For a sealed canal, all brightness values
that are in the range of values above T are called object
values, everything below is called background values.
Further research is to create a boundary layer — a curved
line that separates the object and background elements.
A segment along this line is selected if it satisfies the
condition of low-frequency noise filtering. Figures 6 — 11
show histograms.

Histogram analysis is the result of the program with
graphs of distribution of image elements with different
brightness. The horizontal axis shows the brightness from
0 to 255, and the vertical axis — the number of pixels with
a certain brightness value on the relevant images of the teeth.
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Fig. 6. Histogram analysis of image Nel:
a — image of tooth Nel, b — relevant histogram
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Fig. 7. Histogram analysis of image Ne2:
a — image of tooth Ne2, b — relevant histogram
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Fig. 8. Histogram analysis of image Ne3:
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Fig. 9. Histogram analysis of image No4:
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a — image of tooth Ne4, b — relevant histogram
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Fig. 10. Histogram analysis of image Ne5: a — image of tooth Ne5, b — relevant histogram
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Fig. 11. Histogram analysis of image Ne6: a — image of tooth Ne6, b — relevant histogram

Physiologically filled root canal corresponds to
intervals with high brightness values. To select these
areas, it is enough to choose the value of T and determine

all points that have f(x, y)>7 , which belong to the
object, and if not, belong to the background [12]. Then the
output image (g) is defined by the following expression:

_ 1, if f(x,y)>T
g(x’y)"{o, if f(xy)< T} M

here 1 — object value; 0 — background value.
The threshold 7 =210 was
binarization of the tooth root image. Given the resolution,

chosen for

filtering with the removal of segments with less
than 1500 pixels was used to exclude binarization

a

artifacts [13, 14]. X-ray images always contain small
details and noise that often interfere with the analysis
process. Pre-processing or correction is a step that allows
to solve this problem, for example, using low-pass
and median filtering algorithms. If the correction of
smoothing (noise removal) is performed on individual
images, the pre-processing of sets of sections ensures the
alignment of geometric and bright-contrast characteristics
of images in the set. For this we use methods of
alignment of brightness histograms in the sequence
of images and reconstruction [15]. The result of
pre-processing is a set of images with relatively the same
brightness-contrast characteristics and smooth surface [16].
The result of binarization is shown in figs. 12—13.

[

Fig. 12. The result of binarization of images with threshold 7" =210:
a — segmented tooth Nel, b — segmented tooth Ne2, ¢ — segmented tooth Ne3
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a b c

Fig. 13 The result of binarization of images with threshold 7"=210:
a — segmented tooth Ne4, b — segmented tooth Ne5, ¢ — segmented tooth Ne6

In threshold segmentation it is necessary to take
into account the connection of components. Two points
are considered connected if there is a path along
which the characteristic function is constant. Marking
objects on a discrete binary image consists in selecting

b

the point of the object from which the study actually
begins. In the next step, neighboring points are marked
(except for those already marked) [17]. Upon completion
of this recursive procedure,
loop (fig. 14-15).

we obtain a closed

Fig. 14. The result of placing segmented contours of tooth roots on the original image:
a — object Nel, b — object Ne2, ¢ — object Ne3

a

C

Fig. 15. The result of placing segmented contours of tooth roots on the original image:
a — object Ne4, b — object Ne5, ¢ — object Ne6

Results and discussion

As a result of the work performed, the segmentation of
tooth root canal structures was carried out and their length

was determined. Comparison (table 1) of the electronic
determination of the working length with the radiological
one showed that the electronic length and the radiological
length determined by the program do not coincide.
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In the case of lateral curvature of the canal, the X-

ray image may show a shorter working length than that of
the apex locators [18, 19], and there is a possibility of

incorrect segmentation of the tooth crown due to the low
brightness of the crown pixels and, as a result, the crown
is not taken into account.

Table 1. Comparison of measurements made using different methods

Objects Mathematical method (arithmetic mean) Electrometric method X-ray method with segmentation
by J.I. Ingle, L.K. Buckland [20].

object Nol 22.9 mm 22.2 mm 20.6598 mm
object No2 20.5 mm 20.7 mm 20.4345 mm
object No3 19.0 mm 19.8 mm 18.7147 mm
object No4 19.2 mm 19.7 mm 19.7961 mm
object No5 20.1 mm 21.2 mm 20.4582 mm
object No6 23.3 mm 18.8 mm 18.3045 mm

Conclusion advantages of the radiological method are non-invasiveness

It is important to note that the -electrometric
method of measuring the length of the root canal has
a high accuracy of measurement, about 0.5 mm.
The radiological method has in most cases lower
quantitative indicators. First of all, this is due to the
physical principle of obtaining an image, that is, the
projection of the tooth can overlap each other and we
have a lot of shadows in the image. The shadow may not
fall within the range of acceptable values (in the study
T=210) and then a certain area in the image is
segmented not as an object, but as a background and
the resulting length will be smaller. Secondly, the images
do not display canal curvatures that occur perpendicular
to the X-rays. This can also make the resulting
length smaller.

The key feature of the chosen method of radiological
examination is the application of a special developed
algorithm of image segmentation. It makes it possible
to determine the working length of the tooth more
accurately, preventing the doctor's mistake. The main
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INOPIBHAHHA METOAY EJIEKTPOMETPUYHOI'O BUSHAYEHHA
ITAPAMETPIB KOPEHEBOI'O KAHAJIY
TA METOJY NOPOIOBOI CETMEHTALIII PEHTTEHOT PAMHU

IIpeameToM moCTiIKEHHS € PEHTT€HIBChKI 3HIMKH 3y0iB IiJ yac BUKOHAHHS €HAOJOHTUYHUX omepauiil. MeTa poOOTH — NpaKkTHYHE
MOPIBHSIHHS PO3POOJICHOT0 METOy CerMeHTallil PEHTTeHOTpaMy IJIsl BU3HAUEHHS! IOBXKUHH KOPEHEBOI'0 KaHAJLY 3 JIEKTPOMETPHIHAM
1 MaTeMaTHYHUM METOIOM. Y CTaTTi BUKOPUCTOBYIOTHCS TaKi MeTOAM: NMPHHLUIN €HAOJOHTUYHOTO IpenapyBaHHS 3y0iB; METOIH
BU3HAYEHHsI poO0YO0T TOBKHMHHU KOPEHEBOTO KaHATy (PEHTI€HOJIOTIYHHUI, EIeKTPOMETPUYHHMI); METO]] IOPOTOBOI CerMeHTallii; MeTo
CerMeHTAaIlil KiCTKOBHX CTPYKTYp Ha ToMorpadiuyHux 300pakeHHAX. 3100yTO Taki pe3yJbTATH: MPOAHAII30BAaHO HAsBHI METOIH
BU3HAYEHHs pPO0OOYOI IOBKHMHM KOPEHEBOTO KaHaly, BHOKPEMJICHO OCHOBHI IepeBarH Ta HEIOJIKH KOXXHOIO 3 METOIB.
MaremMaTHIHUH METOJI € MIBUAKNM, ajle HETOYHUM 1 MOXKEe CIYyT'YBaTH JIMIIE IS TTONIepeTHHOTO OLiHIOBaHHA. EnexTpoMeTpryaHuii —
HAOUIBII TOYHUH, MPOTE Ma€ AyKe >KOPCTKI BUMOTHU AJISl BUMIPIOBAaHHS B IUISHII BOJIOTOCTI KaHaJiB, KpiM TOTO, 1HBa3HMBHICTb
METO/y Iepeadadac HU3KY HENONIKiB. PEHTTeHONOTIYHUI — HAWIEepCIEeKTHBHIMIAN JUIS JTOCTIKEHb 3aBASKH HOro 0e300I1iCHOCTI
IUI TIAI[iEHTa, HU3BKIH 1031 OMpPOMIHEHHS IiJ Yac iHTPAaopalbHOI PEHTICHOTpAaMH Ta MOXIIMBOCTI 3aCTOCYBaHHS aJTOPHTMIB
00pOOICHHS 300paKeHb AJIs1 YTOUHCHHS Pe3yJIbTaTiB BUMIPIOBaHHA. Y MeXkax Ii€i poOoTH chOpMyITLOBAHO TPHHITUIKA CErMEHTAIIT
Ta BUIUICHHS KOHTYPIB 3y0a Ha PEHTT€HIBCHKOMY 3HIMKY JUIS BU3HAUSHHS po0O0Y0i JOBKUHY Ta IPOBEJCHO MPAKTUIHI JOCIIKEHHS
IUIA TIOPiBHSHHA BCIX METOHIB aHaiily. BHCHOBKH. 3aCTOCYBaHHA METOAY €JIEKTPOMETPUYHOIO BHU3HAUEHHS [OBXHHH A€
HaWTOUHIMMH pe3ysibTaT, aje CerMEHTAllis pPeHTreHOrpaMM Jae€ 3MOTy JiKapeBi OTpHMAaTH IOJATKOBY iH(pOpMaNilo IIOI0
apXITEKTOHIKA KOPEHEBOro KaHamy. KpiM Toro, MoXIuBICTE 00poOIeHHS 300pakeHb, TAKUX K CErMEHTAIlis, BUIUICHHS KOHTYpIB
i aBTOMaTWYHE BU3HAYCHHS 30HU aIliKaJbHOI'O 3BYXKEHHs, pOOJSTH Iieil MeTox HalOuIbIl mepcneKTUBHUM. HalonTumanbHinioro
€ KOMOIHAITisI X TBOX METOIB Ha MPAKTHUII, IO MOTPeOye JOAATKOBUX JOCIHIIKEHb.
Knrouosi ci1oBa: kopeHeBuil KaHall; peHTT€HOrpaMa; OPOTOBHI METOJ]; CerMEHTAIlisl.

CPABHEHME METO/JA JIEKTPOMETPUYECKOI'O OIIPEAEJIEHUSA
IHAPAMETPOB KOPHEBOI'O KAHAJIA
U METOJIA TIOPOT'OBOM CETMEHTAIIUU PEHTTEHOT PAMMBI

IIpeameToM uccnenoBaHUs B CTaThe SBISIOTCS PEHTICHOBCKHME CHHMKH 3YOOB INPH BBITIONHEHHU SHIOJOHTHUYSCKHX OIEPAIlHiA.
Henap paboThl — MpPaKTHYECKOE CpaBHEHHWE pa3pabOTAHHOTO METOJa CErMEHTAlWH PEHTTEHOrPAMMBI ISl OTPEAEICHHS JUTHHBI
KOPHEBOT'0 KaHajia C IEKTPOMETPHUYCCKUM U MaTeMaTHYECKHM METOAOM. B cTaThe UCIONB3YyIOTCS CIEAYIOLINE METOABI: TPHHIINIIbI
9HJIOIOHTHYECKOTr0 TPENapupoBaHus 3y0OB; METOIbI ONpeleleHuss pabodueil UIMHBI KOPHEBOrO KaHana (PEeHTTeHOJIOTHYECKHIA,
JNEKTPOMETPUYECKHUiT); METOJ IOpPOrOBOil CEerMEHTAlMH; METOJI CEerMEHTAIllMd KOCTHBIX CTPYKTYp Ha TOMOrpadHuecKux
n3obpaxenusx. [lomydeHsl craenyronme pe3yabTaThl: MPOAHATH3UPOBAHBI CYIIECCTBYIOIIUEC METOIBI ONPECIICHNsT paboUei JITHHB
KOPHEBOTO KaHalla, BBIJCJICHBI OCHOBHBIE JIOCTOMHCTBA M HEIOCTATKH KaKAOTO M3 METOAOB. MaTeMaTHYeCKHil METOJ SIBISETCS
OBICTPBIM, HO HETOYHBIM M MOXKET CIY)KUTh JIMIIb JJIsl MPEABAPUTEIILHOM OLCHKU. DJIEKTPOMETPUUECKUil sBiseTcss Haubonee
TOYHBIM, OJIHAKO MMEET OYEHb JKECTKHE TPeOOBaHMUS U U3MEPEHHs B 00JIACTH BIAXKHOCTH KaHAJIOB, a TAK)KE HHBa3UBHOCTH METO/IA
MUMEET PAA HETOCTATKOB. PEHTIEHONOTHYCCKUI — Hanboiee MePCIeKTUBHBIN /IS MCCIICAOBaHUM Oaroaapst ero 6e306071e3HEHHOCTH
JUTS TIAIIMEHTA, HU3KOH J103¢ OOIYYCHUS TPH HHTPAOPATHHON PEHTIEHOrpaMME U BO3MOXKHOCTH MPUMEHEHHSI aJITOPUTMOB 00PabOTKH
H300paKeHHI [Tl YTOYHEHHUs] Pe3yJIbTaToB M3MepeHus. B pamkax maHHON paboThl cHOpPMYIHPOBaHBI NPHHIMIIBI CETMEHTAIMH U
BBIJACIICHUS KOHTypOB 3y6a Ha pEHTI€HOBCKOM CHUMKE IJIA ONPEACTICHUA pa60'-leﬁ JJIMHBI U TIPOBEICHBI IPAKTUYECCKUE UCCIICIOBAHUA
JUTSL CPAaBHEHHsSI BCEX METOOB aHamu3a. BbIBoabl. [IprMeHeHne METO/a SIICKTPOMETPHIECKOrO OMPEISIICHHUsI JUIHHBI JAaeT CaMbIi
TOYHBII pe3yanaT, HO CErMEHTalUsA PEHTICHOIPaMMbI ITO3BOJIACT Bpaqy l'lOquI/lTb ﬂOHOHHVlTeHbHy}O I/IH(bOpMaLII/I}O 06 APXUTEKTOHUKE
KOpHEBOTO KaHaia. Kpome 3TOro, BO3MOXHOCTH MpPUMEHEHHS OOpPaOOTKH H300pakeHH, TaKUX KaK CErMEHTAIUs, BbIJEIICHHE
KOHTYPOB M aBTOMATHYECKOE OINpEAEICHHEe 30HBI AMHKAJIbHOTO CYXXCHHs, AENA0T IaHHbIH METOJ Hauboliee MepCIeKTUBHBIM.
OnTUMAaNBHBIM SBJSIETCS KOMOWHAIIUS STHX JIBYX METOJIOB Ha MPAKTUKE, YTO TPEOYET JOMOTHUTEIBHBIX HCCIICTOBAHMUIA.
KuroueBble c10Ba: KOPHEBOW KaHAI, PEHTTEHOrPAMMA; IIOPOTOBBIN METO/I; CErMEHTAIHS.
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O. MATVIIENKO, N. MANCHYNSKA

METHOD FOR CALCULATION OF DISPERSIONS OF DEPENDENT VARIABLES
OF A STOCHASTIC MODEL OF QUASI-STATIONARY OPERATING MODES
OF THE MAIN WATER PIPELINE

The subject of research in the article is a stochastic model of quasi-stationary modes of operation of water supply and distribution
systems, which adequately describes the actual operating modes of the water supply system for a given time interval and can be used
as a basic model for setting and solving problems of optimal stochastic control of the development and operation of supply and
distribution systems. water. The goal of the work is to develop a method for calculating estimates of the dispersions of dependent
variables depending on the given values of mathematical expectations and dispersions of independent variables for a stochastic model
of quasi-stationary modes of operation of the main water conduit as a subsystem of the water supply and distribution system.
To achieve this goal, it is necessary to solve the following tasks: to build a deterministic equivalent of a stochastic model of
quasi-stationary modes of operation of the main water conduit; calculate estimates of mathematical expectations of dependent
variables; calculate estimates of variances of dependent variables. To calculate estimates of the variances of dependent variables
depending on the variances of independent variables, we will use the method of statistical linearization. To obtain estimates of
mathematical expectations of dependent variables, the deterministic equivalent of the stochastic model of quasi-stationary modes
of operation of the main water conduit is solved by the modified Newton method. The following results are obtained: a method
for calculating estimates of the dispersions of dependent variables for a stochastic model of quasi-stationary modes of operation
of the main water conduit. Conclusions: the paper proposes an approximate method for calculating the statistical properties of
dependent variables depending on the statistical properties of the parameters and independent variables of the stochastic model
of quasi-stationary modes of operation of the main water conduit. The proposed method is based on the construction of a deterministic
equivalent of a stochastic model of quasi-stationary modes of operation of the main water conduit and its use for calculating estimates
of variances of dependent variables depending on the given values of mathematical expectations and variances of independent
variables. Compared with the simulation method, the proposed approximate method does not require significant time and
computational resources. The use of the proposed method was demonstrated by an example.
Keywords: stochastic model; dispersion; main water conduit; quasi-stationary regime; deterministic equivalent.

Introduction as optimization is aimed primarily at reducing energy

costs and water losses. For effective application of this

At present, considerable experience has been model, it is necessary to obtain estimates of mathematical

accumulated in mathematical modeling and optimization
of water transport and distribution regimes in water
supply systems [1 — 12]. In works [1, 10] quasi-stationary
operation modes of water supply systems and their
application for modeling and optimization are considered;
in publications [3 — 6, 12] issues of zoning of water
supply systems for the purpose of energy and resource
saving are studied; in works [8, 11] stochastic models
of water supply networks and gas pipelines with leaks
are proposed. The stochastic model of quasi-stationary
operation modes of water supply and distribution systems
developed in studies [7 — 9] adequately describes the
actual operation modes of the water supply system at
a given time interval. Also, this model can be used as
a basic model for formulating and solving problems
of optimal stochastic control of development and
functioning of water supply and distribution systems.
This is an important and urgent task for water utilities,

expectations and variances of dependent variables.
The aim of the article is to develop a method for
calculating estimates of dispersions of dependent
variables for given values of mathematical expectations
and dispersions of independent variables for stochastic
model of quasi-stationary modes of operation of the
main water pipeline.

A simple, but extremely time-consuming method
of calculating statistical properties of dependent variables
from statistical properties of parameters and independent
variables of a stochastic model of quasi-stationary
operation modes of water supply and distribution systems
is the method of simulation (computer) modeling.
At that, it is assumed that model equations should be
solvable for any realizations of random variables included
in this system. In order to obtain unbiased, efficient,
and consistent estimates of the model's dependent

variables, the number of experiments N must be at least

© O. Matviienko, N. Manchynska, 2022
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1000 to 10 000. This approach guarantees, if, obtaining
unbiased, efficient, and consistent estimates, but requires
considerable time and computational resources.

To reduce time costs and computing resources, we
use an approximate method for calculating the statistical
properties of the dependent variables in accordance
with the statistical properties of the parameters and
independent variables of the stochastic model of quasi-
stationary modes of operation of the main water
pipeline (MP) [10 — 13]. The proposed method is based
on the construction of a deterministic equivalent of the
stochastic model of quasi-stationary operation modes
of MP and its use to calculate estimates of mathematical
expectations (ME) and dispersions of dependent variables
for given values of ME and dispersions of independent
variables. The approximated method involves solving
the following problems: building a deterministic
equivalent of a stochastic model of quasi-stationary
modes of operation of a main water pipeline; calculating
estimates of mathematical expectations of dependent
variables; estimates

calculating of dispersions of

dependent variables.

Stochastic model of quasi-stationary modes
of operation of the main water pipeline

Let us consider a stochastic model of quasi-
stationary modes of MP operation, the structure of which
can be represented as an interconnected sequence of
multi-process pumping stations (PSs) with clean water
reservoirs (CWR) at their inlets, which are connected
by multi-line sections of main pipelines, and CWRs
at MP outlets [14 — 17].

To represent MP structure in the form of an orgraph
G (V, E), where V is the set of vertices, E is the set of
arcs (e=Card (E), v=Card (V), the real MP is added
by zero vertex and dummy chords connecting zero
vertex with all MP inputs and outputs. The set E of MP
graph arcs can be represented as E=LUMUKUR,

where L is the set of MP graph arcs corresponding
to sections with pump units (PU); M is the set

of MP graph arcs corresponding to passive sections
(M=MUM,, M, M,
branches and real chords of the graph tree); K is the set
of fictitious MP sections (K =IUN, where I is the set

correspond to the set of

of dummy arcs corresponding to MP inputs, N is the
set of fictitious arcs corresponding to MP outputs);
R is the set of MP graph arcs corresponding to regulating
gate valves (GV). For mathematical formulation of
the problem the following MP coding is performed:
MP graph tree is selected so that fictitious sections of
MP become chords, sections corresponding to HU and
GV become branches. At the same time, the real sections
partially become chords and partially become branches
of the tree. We divide each set M, N, I into two, which
correspond to tree branches M, N, I, and chords M,, N,,
L (N, #Q) [7]. Since each node corresponding to the
input or output of MP is given a head or flow value, each
of the sets [;, I, N, is split into two, depending on
whether these arcs are given the flow 7, ), N, or the
head 15, I,5, Ny,. The branch of the tree that corresponds
to one of the outputs from the CWR is assigned
number 1, the other branches from 2 to v—1, the chords

of real sections from v to v+7, -1, the fictitious ones
with given nodal rates from v+n, to v+n,+& -1,
where 7, is the number of chords of real sections;
the chords with other outputs from CWR from v+7, + ¢
to e, where &, is the number of outputs with given nodal

rates, the number of MP (from CWR) (chords) inputs.
& =e—(v+n,+&) the number of MP (from CWR)

(chords) inputs. (Card(l)=1; Card(lL)=¢, =e-(v+n,+¢));
Card(Ny)=¢, ; Card(M,)=v; Card(M>)=1, ).

The control interval [0,7] is divided into K
subintervals [O,k-At], (k=1,2,...,K). Then the stochastic

mathematical model of quasi-stationary modes of MP
operation for each subinterval [k,k+1] at a given time

interval [0,7] will look like this:

A:{Lhr (qr(a)>k))+zblrihNAi (qi(a)’k))+zb1rihRZi (9,(0,k))+ z b, (g;(, k))J =0, (r=v,..,v+n, -0, (1)

ieL ieR

ieM,

Ag th (g, (w,k))—H (0,k) + zb]rihNAi (9,(@,k))+ Zb]rihRZi (9,(@,k))+ Z (bm'hi (9,(@,k)) +hf )J =0, )

iel

(r=v+n,,..v+mn, +& -1),
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MLh, (q,(@,0))+hf = H_(@,k)+ H,(@,k) + "B,y (4 (@,00)+ D by (g5(@,k) + Y (byh, (g,(@,k)) + b )J =0 g

ieR ieM;

r=v+n,+&,....e; z=1,..,7),
Z\a)l{wilbmqr (w,k)+ 2 b,.q, (o,k)—q, (co,k)] =0, (i =1,...,v— 1) , 4
P(q,(0,k)>0)2a, a=l, ieL Q)
hy(q,(@,5)) = sgnq,(@,0)S, ()¢ (@,k), icM, ©)
Iy (4,(@,K)) = @y, () [”—J +a,(0)q,(0.K) "+ a, (0)g (@.k). i< L, )

M (g, (0, k) =1-

1-d, (0) - d, (0)q,(0.k) - d, (@)q,” (@,k)

, 1€el, ®)

("0;' I'my, )0‘36
3 2

NNAi(qi(w’k))zcoz'(w)Eﬁj +c]i(w)[&j qi(a)’k)+c2i(a)){ﬂ] qiz(w,k)’ ielL, )

My, Ty, y,;

9,81-hy, (g, (@, k))-q,(0,k)

(q, = axt i L 1

M@ =0 g toky (1o
P (q,(0,)) = W ieR, 11
H_ (0,k)=H_ (0,k—=D+c.(q., (@.k)—q.,(0,k), (z=1,...2), (12)
P(HM™ <H.(0.0)zB. B =1, (z=1,...7), (13)
P(H0.)<SH™)2 B, B=1, (z=1..7), (14)
P(h (q(@.0)2h' )2y, y=1, (r=v+i,,..v+,+&-1), (15)

where random variables characterize: ¢, (w,k) water
flow rate at the i-th pipeline section at the k-th time
interval; h,,,(q,(®,k)) — head of the i-th PU at the
k-th time interval; % (g, (®,k)) — free head at the r-th MP
node at the k-th time interval (r =v+7,,..,v+n, +& —1);
h’ — minimum allowable head at the r-th MP node.
S;(w) - evaluation of hydraulic resistance of the
i-th pipeline section (i € M ); h,,(q,(®,k)) — evaluation
of head drop on the i-th HV at the &-th time interval;
vy (4, (0,k)) — evaluation of efficiency of the i-th PU
at the k-th time interval; a,,(®),a,(®),a,,(®),d, (o),
d,;(®),d,,(w) — evaluation of PU parameters (i L );
C(w) - evaluation of HV parameters (ieR);
E; — degree of HV opening (E€(0,1]); #* — geodetic mark

of the i-th pipeline section (ieM ); b, — element

ri

of cyclomatic matrix; N, (q,(®,k)) — estimation of PU

power at the k-th time interval; H_(w,k) — estimation of
water level in z-th CWR at the k-th time interval;
H (w,k) — estimation of water level in CWR that
corresponds to tree branch number 1 at the k-th time
interval; H™,H™ — given limits of water level change
in z-th CWR; ¢, , (@,k),q,,,(o,k) — volume water
supply in z-th CWR and volume water withdrawal from
z-th CWR at the k-th time interval; ¢

multiplier for z-th CWR.
The stochastic model (1) — (15) of quasi-stationary

— normalizing

z

MP operation modes allows the calculation of parameters
and the state of the quasi-stationary MP operation mode
at a given time interval [0,7]. It is assumed that all
random variables included in the model have normal
distribution with known statistical characteristics —
ME and variances. Boundary conditions are also set as
random variables having normal distribution and are also
set by their parameters — ME of pressures or water
discharge at MP inlets and outlets and their dispersions.




Cyyachuii cman HAYKOBUX O0CNIOH#CeHb ma mexHono2iu 8 npomuciosocmi. 2022. Ne 4 (22)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

At the same time, a boundary condition in the form of
ME head must be set at one of MP inlets or outlets.

Such setting of boundary conditions allows to
calculate parameters and state of stochastic model of
quasi-stationary mode of MP operation. At the made
assumptions about normality of distribution law, the
solution of system of equations of mathematical model
(1) — (15) is reduced to calculation of statistical
characteristics (ME and dispersions) of dependent
variables according to statistical properties of parameters
and independent variables of model (1) — (15).

Deterministic equivalent of stochastic model
of quasi-stationary modes of MP

To construct a deterministic equivalent of the
stochastic model (1) — (15) to calculate values of ME
estimates of dependent variables from given values
of ME estimates of independent variables, we will use
an approximate method by replacing ME of nonlinear
implicit functions of random arguments (1) — (4) by
values of these functions from ME of their arguments.

The deterministic equivalent of the stochastic model
of quasi-stationary modes of MP is as follows:

= h(@, () + 2 by, @)+ D by (@) + 3 bk (@,(K) =0, (r=v,....v+m, 1), (16)
1, =hE @ 00) = H, () + X by @)+ 2 by @)+ X b, (@) +he ) =0, -
(r=v+n,,..,.v+n, +& -1),

£, = @ )+ b = H () + H (k) + 2 by, @)+ 2 by, @ RN+ Y by, (G (k) + b ) =0, as)
(r=v+n,+¢&,...6s z=1..2),
g= Y b,g0+ Y b,g k), (i=l..v-1), (19)
q.(k)>0, iel. (20)
ENAI' (‘7, (k) = a, (ﬂJ +a,q, (k)& + 52:"7;2 (k), ieL, (21)
My, My,
1-d, —d g.(k)-d,q>(k
M@k =11~ = W OZGG @) ) 22)
(”0i /”11')
N (@ () =5, [—] +3, (—) g,(k)+3, {—j g ), iel, (23)
Ny, iy, My,
5oy - 281 Ay, (G,(K)- g, (k)
N,,.(q, (k) = it L, 24
= o @ @) e
Py - GG
Iy (g, (k) = O R, (25)
h (@, (k) = sgnq,(K)SG} (k), ieM, (26)
H,(k)=H, (k=D +¢.(q., ()=, (K), (2=1....2), 27)
H™ < H (k), (28)
H_ (k)< H™, (29)
hi(@ (k)2 h) . (30)

The deterministic equivalent of the stochastic
model of quasi-stationary modes of MP operation
is an interrelated

system of nonlinear algebraic

equations (16) — (18), systems of coupling equations

(19), (21) — (27) and systems of one-sided inequalities
(20), (28) — (30).
The peculiarity of the system of equations (16) — (19)

is that it contains 77, + &, equations with e—(& -1)=e-¢ +1
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unknowns. In this case, the number of equations is
less than the number of unknowns by an amount equal

to the total number of inputs and outputs MP & +&,.

To meet the necessary conditions for solvability of
the system of equations (16) — (19) (coincidence of the
number of equations with the number of unknowns) it is
augmented with values of boundary conditions, which
are treated as independent variables. As independent
variables of model (16) — (19) we will use ME boundary

conditions: pressures H, (rel,, UL, UN,,), set on tree
branch number 1 (/,) and on MP inputs /,, and
outputs N,, MP, which correspond to fictitious chords;
flows g,(i e l,, UN,,), set on MP inputs /,, and outputs
N,, MP. As shown in [7],

nonlinear algebraic equations (16) — (19) coincides

the obtained system of

with the system of equations of steady-state flow
distribution and has a single solution if conditions
(19) — (30) are satisfied.

Statistical linearization method

As a result of solution of the interrelated systems of
nonlinear algebraic equations (16) — (18), systems of

iel

+ Z blrisgn q; (w)Siqiz (w)=0, (re M2 ),

ieM,

fi@)=H, (0)-H +Y b

w)C,
+aquz (a))_+a21q1 (a))J_'_ zb]rl ql (EZ)

connection equations (19), (21) — (27) and systems
of one-sided inequalities (20), (28) — (30) we got
estimates of ME of dependent variables. To calculate
the variance of dependent variables depending on the
variance of independent variables, we will use the
method of statistical linearization [11]. The system of
equations (16) — (18) will be treated as a system
of implicitly given functions of dependent variables
from independent variables. The entire set of variables
will be divided into two subsets:
We will

conditions as independent variables of model (16) — (18):

independent and

dependent variables. use ME Dboundary

pressures H,(r € I,, UL, UN,,), set on branch of the tree

numberl (/,,) and at the inputs /,, and outputs N,, of
MP,  which
flows g,(iel,,UN,,), set at the inputs /,, and outputs

correspond to  fictitious  chords;
N,, of MP. The dependent variables are the flow
rates in the real chords and at MP inputs and outputs
with the given headsq,(re M,UIL,,UN,,); and the
flow rates at MP inputs and outputs with the given
flows H,(rel,, UN,)).

For further calculations, we present the system
(16) — (18) in the form:

+ Z b, (Sgi’l q; (a))‘iqxz (@) +hf ) =0, (reN,),

ieM,

iel

+ Z b, (sgn q.(®)S,q’ () + h¥ ) =0, (rel,),

ieM,

iel 01'

Z 1ri { (#j +a11qz(a))n_+a21q1 (a))

0 Ty icR (31
’ ( C
_ n,. w
ri aOi (#j + allql (a))_ + a21q1 (Cl)) + Zb]rz ql
iel n()i no, ieR (32)
’ @C, |
n,. w
f (a)) H H (C()) + Z 1ri aOi (#] + allq[ (a)) - + aZIqt (w) + zblrl ql 2
Ny, Ny, icR E (33)
f.(@) =sgnq,(@)S,q; (@) +hf —H (@) + H,+ Y b, (sgnq,()S,q] (@) + h* )+
ieM,
(34)
C
+ Zblrl 420 (0)) =0, (rel, Usz ),
0i ieR
b,.q,(0)+ Z b,.q. (@), (eMUl,). (35)

g9,(0) = Z

reM,Ul,UN,,

rely UNy,
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The resulting system of implicit functions can be
represented as:

f(q,,(a)),r eM,Ul,UN,,;;H (0);H (®),j € [, UN,;q;(@),j€l, UNZI) =0, (36)

f(Hr(a))’r el UNZ];Hl(a));Hj(w)’j €ly UNZZ;qj(a))’j el UN, ) =0. (37)

Let us decompose functions (36), (37) into Taylor flux distribution mode, and limit ourselves to the linear
series approximately the point Gel,UL,UN,,), terms of the expansion, and then we obtain:

q,(j € I,,UN,), which corresponds to the steady-state

g @ =0, (B0, L,UNT (e, UN)+ Y [aq’(“’)JﬁHj(wn Y {aq’(“’)Jqu,(w),

Jjel,Ul,UNy, aHj(a)) Jjel, UN,, aqj(a)) (38)
rel,,UN,,,
o, (@) oM, () |
_ 1) 1)
H(w)=H (H,H ,(jel,UN,);q.(jel,, UN,))+ ——— | 6H .(w)+ —— | 8q.(w),
(@) =H, (H,H (€1, UN, )G, € L UN,)) UZU[ m (w)] (@) ZU[ ) (w)j 4,0 5
rel,, UN,,
where the derivatives are calculated at the decomposition
point, and
SH (@) =H (0)~H,, 5q,(0) = q,(®) -7, (40)
For (36):
—_— T rr . —_— . 2
Awl[Qr(a))_qr (HI’H/'7(.] el UNZZ);qj(] el UNZ])):| =
0 0 g (41)
0 0
-M 94,(@) SH @)+ Y %, (@) 5q,(@) |, rel,UN,,
@ JelaUlyUNy, OHj(a)) jel UNy 6(]}((())
sa@ ) sg.@) ) 2.\ ( 8q (@)
0: =M Z —q,(a)) O';H + z _q,(a)) 0'; +2 Z [ q,,(a))) 9,() k,.ja(m o, +
"9 jen,UnUN,, aH_,—(CU) T jel, UMy, 5q,(a)) 9 i;l}z%ljzszsz OH (@) 6qj(a)) v
A 21 (42)
0,0 \ [ 94,(@) | 6g,@) [ 2g,(@) |
q.(@ q.(@ q, @ q,\®
+2 > ( ] ko, o, +2 > { j ko, o5 | rel,UN,,.
{:f?llzufzzUsz aI—[l(a)) aH/(a)) ' ! {J?IZIUNZI aqx(a)) aq/(a)) ' !
i<j i<j
Taking into account that independent  quantities, so all their correlation
M(é‘Hj(a))):M(ﬁqj(a))):O, 0'§q, :G;’ U§H. :02, coefficients &, =0, i#j, we obtain estimates of

the variances of the dependent variables:
and HyH,, jel,,UN,:q,,jel,UN, are P

0\? 02
2 0q,(®) 2 0q,(®) 2
= e LAt + — , IL,UN,,. 43
O-q,. jefleZIz;Usz [( aHj (a)) O-H, je]uZUNgl aqj (a)) O-q, re 2 22 ( )

2

For (37)
]‘(ul[Hr(a))_Hr (Hl’l__lj7(j el UNy)q,(jel, UNzl))]

(44)

0 0 2
OH OH
=M Z (@) 6'H,(60)+ Z ﬂ 5qj(w) , rEIZIUNm’
¢ JjelpUlyUNy aH/ ((0) Jjel, UN,, 89,(50)
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2

0 0
ot =M z —aHr (@) o+ Z —aH" (@) o’ +
o jer,0mmun, | \ OH J (w) oH; jelaun, |\ Oq ; (@) %4

0 0
s (6H (w)j oH ()
zellz UIZZ UN,, aH (CO)

Jely

. o, +2
6% (C()) ] v oMy i,jel ULy UNy, [ aHl (w)
i<j

2

ot (@) oH, (@) Oka oo+ (45)
aH](a)) U7 SH, T SH,;

0 0
H H
+2 z (8 r(a))J [5 ,(a))] kl_jgaq o, | rel,, UN,,.
i,jel UNy, ' !

0q,(®) 0q ()

Taking into account that
M((?Hj(a))) = M((Yqj(a))) =0, O'§q = 0'; , O'§H = 0,2,} ,
and Hi;H,,jel,,UN,;q,,jel,,UN, are
independent quantities, so all their correlation

2

0
P [
"
" jen, U, UNy 8H,~(w)

To obtain derivatives g, /0H , , j € 1,, Ul,, UN,,
and 0q,/0q,, €1, UN,, we will consider the system

of equations (31)—(34) as a system of implicit functions:

coefficients k&, =0, i# j, we obtain estimates of

the variances of the dependent variables:

2

3 (8H,(a>)J o2, rel,UN,. (46)

Jjely UNy, 861,- (w)

fl(qr(w)ar €M, Ulzz Usz;q,(a)),t €l UNZI;Hl(w);Hr(w)7r el, Usz):()a

fnl(qr(w) reM, Ulzz UN229qt(a)) tEIZIU N, H\(0);H, (0),r € 1, Usz):O‘

For clarity, let us introduce the following notations:
leqr(a))9 rEM2ul22uN229 iEL"snls (48)

X, =q/(w), tel, UN,, iel,.,n2, (49)

X =H (o), icl+n2, (50)

X, =H (w), rel,,UN,,, ien2+2,..,n4, (51)
nl=Card(M,UI,,UN,,), n2=Card(l,,UN,), (52)
n3=Card(1,,UN,), n4=n2+n3+1. (53)

Then the system of implicit functions (47) can be
expressed as:

(54

S (B X1 X, ) =0

9, (@)
GQr (a)) ieM,

(47)

Partial derivatives are calculated by the formula:

D(f1ses f1)
oY,
_J —_ D(X]’ ’X'l4) , (55)
0X, D(fysees fin)
D(Y,,....Y,)
where ((fl’ ;"1)) — Jacobian of functions f,..., f,,
*> Tl

on variables Y,,...,Y .

nl

The elements of the Jacobi matrix are calculated
by the formulas:

o, 14
2Sgn Q; (C())S qr (w) + Z 2 lrzsgn q[ (w)S q/ (Ct)) + Z 1ri (alz nl + 2aZIqL (w)j + Z 1ri 2 b (r € M2 )5 (56)

ieL

0i ieR ,'
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o, (@) oy c
- 2b b ®)S.q. (0)+ ~“+2a o) |+ > b b, —,
24, () lg;,] iDiasgn g, (@)S,q, (o) gL: D | @ — 7, aq; (@) ; 1riP1ki Eiz (57)
(reM,UI,UN,), (kel,UN,),
o, (@) _om, ¢
L~ =% 2b b ®)S.q. (®)+ —+2a. o) |+ —
aqt ((0) ig/[:] 1ri lttsgn qz( ) q ( ) ; 1ri ltz (alz l’lol a21q1 ( ) %‘; 1ri ltt iZ (58)
(F€M2U122UN22), (teIZ]UNZI)’
of. (a))/@Hl (w)=0, (reM,), (59)
0 oH =1, 1), 60 . L H .,
Y, (@)/0H, (o) (rel;) (60) To obtain the derivatives OH, (@) , oH, () ,
of.(w)/oH (w)=—1, (reN,), (61) OH\(®)  0H (o)
= H
of. (a))/@Hk (w)=0, (reM,), (kel, UN22 ), (62) jel, Usz; 0H, (o) jel, U N, we present
of ()/oH (w)=—1, (rel,), (63) 0q, ()
o (@)[oH (@) =1, (reNy). (64)  equations (32), (33) in the following form:
2 ( C.
_ [ n (@
Hr (0)) = Hl (w)_zblri aOi (_1] +allq[ (a))_+aZIQz (w) +zb1rt q
iel noi nOl ieR (65)

+> by, (sgnq(@),S,q} (@) +h) =0, (reN,),

ieM,

H,, (Cl)) = Hl (a)) + Zblri (c_zol, (ﬂ] + altqz(w) ny; i aZIql (a))J"‘zbl” q; (a))C
n

= y ny, i E (66)
+> by, (sgnq,(@)S,q; (@) +hF)=0, (rel,).
ieM,
Then the derivatives of the corresponding
variables will be:
H . . )
T 13, (a YL My 57,9, (0) S j+
OH (@) o OH,(w) n,, OH,(w) ©7)
C. g, (w) 9q,(w)
+>» b —— +3' b 2senq (0)S.q (w)— ,
; 1ri E,.Z aHl( ) ,EZ]M‘ 1ri g qz( ) qz ( ) Hl(a))
o, () = J—rzbm @; 24,(@) &4'2‘72,-% (@) %4,(®) +Zbln Cz %, (a))
oH (0) & oH (@) n, oM () | 5" B ot (@) )
0q;(w)
+I€ZMI b, 2sgngq, (W)Sq (0)———= aH ( ) el,UN,,
o, (@) = iz b,;| a; 04,(@) s +2a,q, (0) —— 04,(®) + me' % %4,(@) +
aqj (0)) iel aqj (0)) My, a ( ) ieR E,' aqj (Cl)) (69)
S 0q; (@)
+» b 2sgnqg.(0)S.q (0)——--=, jel, UN,,.
ig/[:l 1ri g QI( ) lql ( )aq] (0)) 22 22
Let us use formula (35) to obtain partial derivatives 8q, (o) o (o) v 70)
P i Ay » 1eM,, 7
aqi(w) 0g;(w) el Usz; 0g;(w) el UNZI . aHl (@) reM, UL, UNy, 6H1 (@)

OH,(0)" 0H ,(0)

J
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84, (@) _ 24,()
aHj (CO) reM,UlL,UN,, v aHj (a)) ’

ieM,, jel,UN,.

(71)

4, (@)
OH, (@)’

The procedure for calculating derivatives

0q,(@)
0q ()

9q, (w)
oH ,(w)’

considered above.

jel,,UN,; jel,, UN,, was

E

Study results

Let us apply the proposed method for an MP
consisting of an interconnected sequence of multi-
processing NSs with CWRs at their inputs,
interconnected by multi-line sections of trunk pipelines,
and CWRs at MP outputs [18 — 20].

An example of calculation of dispersions of
dependent variables in accordance with the statistical
properties of parameters and independent variables of the
stochastic model of quasi-stationary modes of MP
operation is given in tables 1 and 2.

Table 1. Estimates of dispersion of free pressures in nodes that correspond to outputs with given flow rates (q,)

Input data Calculation results
Nod q,, e o, he M o
1 0,00348989 0,00058 26,89 2,05
2 0,00142236 0,00024 63,22 4,80
3 0,00142236 0,00024 59,7 13,29
4 0,2024136 0,03374 15,25 13,84
5 1,11676467 0,18613 47,41 13,87
6 0,00069798 0,00012 34,66 10,14
7 0,06979779 0,01163 53,75 2,80
8 0,06979779 0,01163 43,26 4,49
9 0,00348989 0,00058 42,72 5,06
10 0,00139596 0,00023 51,56 10,14
11 0,8724724 0,14541 11,1 13,56
12 0,00139596 0,00023 42,85 10,15
13 0,8724724 0,14541 2,31 13,56
14 0,27919117 0,04653 46,6 13,87

Table 2. Estimates of expenditure dispersion, which correspond to chords with active sources

Chord H,m oy d, m/c o,
1 2 0,333 0,3316 0,0635
2 2 0,333 0,3765 0,064
3 2 0,333 0,3968 0,0638
4 2 0,333 0,4082 0,0632
5 2 0,333 1,4671 0,1734
6 2 0,333 1,2815 0,1633
7 2 0,333 1,1874 0,1472
8 2 0,333 0,6868 0,0809
9 2 0,333 0,6868 0,0809
10 2 0,333 1,2522 0,1707
11 2 0,333 1,2913 0,1899
12 2 0,333 1,6573 0,2051
13 2 0,333 1,6894 0,2403
14 2 0,333 —-0,704 0,1173
15 2 0,333 -1,268 0,2114
16 2 0,333 -2,525 0,4208
17 2 0,333 —0,806 0,1343
18 1,45 0,2116 0,2259 0,0377
19 1,45 0,2116 4,14 0,5721
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METO/] PO3PAXYHKY JUCHEPCI 3AJIEXKHUX 3MIHHUX
CTOXACTAYHOI MOJEJI KBA3ICTAIIIOHAPHUX PEKUMIB POBOTH
MATICTPAJILHOT'O BOJOBOJY

IlpenMeToM MOCIIKEHHS € CTOXAaCTHYHA MOJENb KBa3iCTAIliOHAPHHX PEKHAMIB POOOTH CHCTEM MOAHHS Ta PO3MOMIICHHS
BOZM. 3a3HaueHa MOJIeIb aJIeKBAaTHO OMHCY€e (GaKTHYHI PSKUMHU POOOTH CHCTEMH BOAOIOCTaYaHHs Ha 33aHOMY YacOBOMY iHTEpPBaJIi.
Tako BOHa MOXE€ BHKOPHCTOBYBATHCS SIK 0a30Ba MOJEINb IS MOCTAHOBKM Ta BUPIIICHHS 3aBAaHb ONTHMAJIBHOTO CTOXaCTHYHOTO
YOPaBIiHHS PO3BUTKOM Ta (YHKIIOHYBAaHHAM CHCTEM MOJAaHHS Ta PO3MOALICHHS Boad. MeTa poGOTH — PO3POOJCHHS METOLY
PO3paxyHKy OLIHOK TUCTIEPCiH 3aIe)KHUX 3MIHHUX 32 YMOBH 3aJaHUX 3HaY€Hb MaTEMaTHYHUX CIIOJiBaHb Ta JUCHEPCIi HE3aIeKHUX
3MIHHHX JUI CTOXAaCTHYHOI MOJIEITi KBa3iCTalliOHAPHUX PEXUMIB pOOOTH MariCTpalbHOTO BOAOBOY SIK IiJCHCTEMU CHCTEMH TTOIaHHS
Ta PO3MOAUICHHS BOAH. [l JOCATHEHHS Ii€i METH HEOOXiHO BUKOHATH TaKi 3aBAAHHSI: I0OyIyBaT! JIeTepMiHOBaHUH €KBiBaJEHT
CTOXacTHYHOI MOJeNl KBa3iCTalliOHAPHUX PEXUMIB POOOTH MaricTpaJbHOTO BOJOBOAY; pPO3PAaXyBaTH OI[HKHA MAaTeMaTHYIHHX
CIIOMiBaHb 3aJIEKHUX 3MIHHHX; PO3paxyBaTd OLIHKHM IUCIEPCiil 3aleXHUX 3MIHHUX. JIJI po3paxyHKy OLIHOK JUCHEpCiil 3aIeHIX
3MIHHHX, BIAMOBIHO N0 JUCHepciii He3aIeKHUX 3MIHHHX, BUKOPHCTOBYETHCSI MeTOJ CTAaTHCTHYHOI JiHeapu3amii. [ oTpumaHHS

OIIHOK MAaTeMaTHYHHX CIIOJIBaHb 3aJCKHHUX 3MIHHUX JICTEPMIHOBAHHU CKBIBAJICHT CTOXaCTHYHOI MOJENI KBa3icTalliOHAPHUX
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peXHUMIB pOOOTH MaricTpanbHOrO BOZOBOAY PO3B’si3yeTbesi MoaubikoBanuM Mmerogom HeioroHa. PedynbTatom pobotu € mMeTon
PO3paxyHKy OLIHOK IMCIEPCiil 3aJIe)KHUX 3MIHHHUX UIsl CTOXaCTHYHOI MOJIEIi KBa3iCTAL[lOHAPHUX PEXUMIB POOOTH MaricTpaabHOrO
BOZIOBOJY. BHCHOBKM: y po0OTi 3aIpPONOHOBAHO HAOMMIKEHUH METOJ PO3PaXyHKY CTaTUCTHMYHMX BJIACTUBOCTEH 3aJIEXHUX 3MiHHUX
BIJTIOBITHO IO CTATUCTUYHUX BJIACTHUBOCTEH MapaMeTpiB Ta HE3aJIEKHUX 3MIHHUX CTOXaCTUYHOI MOJeNi KBa3iCTAlllOHAPHUX PEXKHUMIB
poOOTH MaricTpagbHOTO BOIOBOAYy. HaOmmkeHWit MeTon OCHOBaHHMH Ha MOOYIOBI IETEPMiHOBAHOTO EKBIBaJIEHTa CTOXACTUYHOL
MOJIeNli KBa3iCTalliOHAPHUX PEKUMIB pPOOOTH MAariCTpalIbHOTO BOIOBOAY Ta MOTO BUKOPHCTaHHI [UIA PO3PAaxXyHKY OIIIHOK
MaTeMaTHYHUX CIIOJiBaHb 1 JUCIEpCiil 3aleKHUX 3MIHHMX 32 YMOBHU 3aJaHMX 3HAYCHb MAaTeMaTHYHUX CIOXIBaHb Ta AWCHEpCiiH
He3aJIe)KHUX 3MiHHEX. Ha BiIMiHy BiJg MeTOMy iMiTamifHOTO MOJETIOBaHHS, 3alIPOITIOHOBAHUIT METOJ HE OTpeOy€e 3HAYHUX YACOBUX
BUTPAT Ta 00UHCITIOBATFHAX PeCypcCiB. 3acTOCYBaHHS HAOIMKEHOTO METOY ITOKA3aHO Ha IPHKIIALI.

KnrouoBi cioBa: croxacTMyHa  MOJENb,  JHCIEPCis;  MariCTpaJIbHHH  BOJOBIA;  KBa3iCTalliOHAPHUI  peXuM;

JIETEPMiHOBAaHUI CKBIBAJICHT.

METOJ] PACYETA JUCIIEPCHI 3ABUCAMBIX NIEPEMEHHBIX
CTOXACTHYECKOI MOJIEJIM KBA3UCTALIMOHAPHBIX PEJKUMOB PABOTBI
MATHCTPAJILHOI'O BOJIOBOJA

IIpeamMeToMm ¥ccIIeIOBAaHHS B CTAThE SBISETCS CTOXACTUYCCKAs MOJICNb KBa3UCTAIMOHAPHBIX PEKUMOB pabOThI CHCTEM ITOJIA4H
U pacrpeencHus BOAbl. DTa MOJIEIb aJICKBATHO OMKCHIBACT (DAKTHUCCKHUE PSKUMBI PA0OThI CHCTEMbI BOJOCHAOKCHHUS Ha 3aJaHHOM
HMHTEpBaJC BPEMCHH M MOXKET HCIIOJIb30BaThCsS B KauecTBE 0a30BOM MOJCITH AJsl MOCTAHOBKUM W PEIICHUS 3aJad ONTHMAaIbHOTO
CTOXaCTHYECCKOTO yIPABICHUS pa3BUTHEM M (DYHKIIHOHHPOBAHHEM CHCTEM IMOJAa4YM U pacrpenesieHus Bobl. Lleablo paboTsl sBseTCS
pa3zpaboTka MeToJa pacueTa OLIGHOK TUCIIEPCHI 3aBHCUMBIX NMEPEMEHHBIX NMPH 33JaHHBIX 3HAYCHHUSX MaTEMATHYECKUX OXHIaHUI
U TUCTIEPCUSX HE3aBUCHMBIX MEPEMEHHBIX U1 CTOXaCTHYECKOW MOJENU KBa3UCTAILIMOHAPHBIX PEKUMOB pabOTBI MarkucTpaibHOTO
BOJIOBO/Ia KaK MOACUCTEMBI CHCTEMBI ITOJaYt U PACHpeAeIeH s BOABL. [ JOCTHKEHUS 3TOH eI He0OXOAUMO PELINTh CIIeIyIOIHe
3ala4i: TIOCTPOUTH JACTEPMHHUPOBAHHBIA OKBUBAJIEHT CTOXAaCTHYECKOH MOJENHM KBAa3HCTAIMOHAPHBIX PEXHUMOB pabOTHI
MarucTpajbHOTO BOJOBOJA; PACCUUTATH OIICHKM MaTeMaTW4YeCKUX OXHUIAHWUN 3aBUCHMBIX NEPEMEHHBIX; pPAcCUMTaTh OLEHKU
JUCTIEPCUIl 3aBHCUMBIX NepeMeHHbIX. J[11 pacdera OIEHOK AWCIEPCHH 3aBUCHMBIX MEPEMEHHBIX, B 3aBUCHMOCTH OT IUCIIEPCHIT
HE3aBHCHUMBIX IIEPEMEHHBIX, Oy/IeM HCIOIb30BaTh METOA CTATUCTHYECKON JHMHEapu3anuu. [Jis moydeHus: OLlEHOK MaTeMaTHIECKAX
OKUJIaHWH 3aBHCHMBIX MEPEMEHHBIX JICTCPMHHUPOBAHHBIA SKBUBAIECHT CTOXACTHYECKOW MOJIETH KBa3HCTAIIMOHAPHBIX PEXHMOB
paboThl MarucTpasbHOTO BOJOBOJA pemaeTcs MOAH(UIMPOBaHHBEIM MeToJ0oM HpioroHa. Pe3yabTaToM pabOTHI SBISETCS METON
pacuera OIIGHOK JUCIIEPCHIl 3aBUCHMBIX TIEPEMEHHBIX JUII CTOXAaCTHYECKOH MOJEIH KBa3WCTAIlHOHAPHBIX DPEXHMOB pPabOTHI
MarucTpaibHOTO BOJOBOJIa. BBIBOABI: B paboTe MpeaokKeH MPUOIMKCHHBIA METOJ] pacueTa CTATUCTUYCCKUX CBOWCTB 3aBHCHUMBIX
MIEPEMEHHBIX B COOTBETCTBUM CO CTATUCTMYECKUMH CBOMCTBaMHU IapaMeTpOB U HE3aBUCHMBIMU IEPEMEHHBIMH CTOXaCTUYECKON
MOJICNTM KBa3HUCTAIMOHAPHBIX PEKUMOB pabOTBI MAarMCTPAILHOTO BOAOBOJA. [IpHONMMKEHHBI METOJ] OCHOBaH HAa MOCTPOCHUH
JIETEPMUHHPOBAHHOTO JKBHBAJICHTA CTOXACTHYCCKOW MOJIENH KBAa3HCTAIIMOHAPHBIX PEXHMOB pabOTHI MAaruCTPaIbHOTO BOJOBOJA
U €ro WCIOJIb30BAHUU IJIs pacueTa OLEHOK JAWUCIEPCUH 3aBUCUMBIX TEPEMEHHBIX TMPH 33JaHHBIX 3HAYCHHUSX MATEMATHYECKHX
OKHUJAHUA W JTUCTIEPCUSX HE3aBUCHUMBIX TMEPeMEHHBIX. B  oTiauume OT MeroJa HMMHTAlMOHHOTO — MOJCIMPOBAHMSA,
NpeAIoKEeHHbII MeToA He TpeOyeT 3HAuMTENbHBIX BPEMEHHBIX 3aTpaT U BBIUHCIHUTENBHBIX pecypcoB. lcmonb3oBaHue
npUOJIMKEHHOTO METO/1a TIOKAa3aHo Ha MpUMepe.

KiroueBble ci0Ba: cToXacTHYecKas MOJENb; JAWCIEPCHS; MAaruCTpajbHBIA BOJIOBOM; KBAa3HCTALIMOHAPHBIA pPEXUM;

JIeTePMUHHUPOBAHHbIN SKBHBAJICHT.
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