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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-Im.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

The period of the pandemic and the war conflict
has urged the development and expansion of various
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.)

One example of the expanded feature set is access
to audio files available for listening, but not aimed for
text file production. Thus, provision of this function
requires transformation of audio files into text preserving
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 requires adaptation and
improvement of the existing STT approaches to certain
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

Dictionary ——>|

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
this technology and, thus, its reliability [10-11].
Compared to the past, the accuracy of transcription has
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

Acoustic linguistic
Model data

/’ . Features Decod Linguistic
/ Preprocessing = Extraction A ceoder Model
Input Speech .
noise-free audio parameters recognized

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
Operatlon_ _ 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 models. This is necessary for further
reproduction of what was said by the sound. Taking into
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 abovementioned drawbacks of
HMM-based models along with the development 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.

-~

/ / > Encoder H Aligner }T{ Decoder }%
. A s | J
|

Input Sequence !

Jfeature sequence

\ Output
structured Sequence

sequernce

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-1bs for English, which was an open
source model by Facebook and available in the public
domain; Ukrainian STT model (wav2vec2-xls-r-1b-uk-
with-Im) 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
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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
noise mismatch conditions, 3 hidden layers and
2048 hidden units for each hidden layer were used.

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 i7-9750H
(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 33.9 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-1b3z 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
ITPOMOBH CIHIIKEPA

IIpenMeToM mOCTiPKEHHSI € MOAYJb KOHBEpTallii MOBH CIlikepa B TEKCT Y 3aIllpOIIOHOBAHIN MOl aBTOMaTUYHOTO aHOTYBAHHS
MPOMOBH CIHiKepa, IO CTae Bce OuIbII 3aTpeOyBaHMM B YKpaiHi 3aBISKHM aKTUBHOMY IIE€PeXOdy CIIJIKYBaHHsS, HaBYaHHS,
MIPOXO/UKEHHS TPEHIHTIB, criBOecin, 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 MOCTaBIE€HOI MeTH OyJIM BHUKOHAHI Taki 3aBHaHHsS: 3allPOIIOHOBAHO y3aralbHEHy MOJEib TEKCTOBOI
cymapm3allii BXiIHHX ayJiOJaHUX; MpOHai30BaHO HasBHI Mopeni STT (HmepeTBOpEeHHS ayHiOOaHUX y TEKCT); JOCIIIKEHO
MOXIJIUBICTB poOOTH MOAyst STT 3 yKpaiHCHKOIO MOBOIO; OIIHEHO SIKiCTh podoTu Moxyist STT Ta TaiiMiHTy poOOTH 3 YKpPaiHCHKOIO
Ta aHIJIHCHKOI0O MOBaMHU. 3alpoIlOHOBaHA MOJETh AaBTOMATHYHOIO aHOTYBaHHS IIPOMOBH CIIIKepa Mae J(Ba TOJOBHUX
¢byHkmioHansHUX Moayi: speech-to-text (STT) i summarization module (SUM). [lnst momynst STT gociikeHo Ta BIOCKOHAICHO TaKi
MOJei JTIHTBICTUYHOTO aHali3y TEKCTY: IS aHTIIHCHKOI MOBH 116 Wav2vec2-xIs-r-1bs, a mis ykpaincekoi — Ukrainian STT model
(wav2vec2-xIs-r-1b-uk-with-Im), maTemaTH4HHM amapaTtoM SKHX € HEHpOHHI Mepexi. OTpUMaHO Taki pe3yJbTaTH: 3aBISKU
BUKOPUCTAHHIO JOJIaTKOBOI YKpaiHCHKOI JIHIBICTHYHOI MoJedi Wav2vec2 3MEHIIYEThCsl MOKa3HUK PIiBHS IOMHIIOK CIIiB Maike
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 omiHIOBaHHA TaiiMiHTy poGoTu Momyns STT Oyno mpoaHadi30BaHO TPH AayAiO3alMCH AaHTIIHCHKOIO
Ta YKpaTHCHKOIO MOBaMH Pi3HOI HOBXHHH: 5 ¢, ~60 ¢ Ta ~240 c. Pe3ynbpTraTi IOKa3any IMOMITHY TeHAEHIIIO IIPUCKOPEHHS OTPHIMAaHHS
BUXigHOTrO (haiily 3a yMOBH BHKOPHMCTaHHsS OOYMCIIIOBAILHOrO pecypcy rpadiynoro mpuckoproaua NVIDIA Tesla T4 came mis
Hai{oBIIOro aynio3anucy. BucHoBku. Bukopucranss riam6okoi HEHPOHHOI MEpeski Ha eTari IIyMONPUTHIYeHHS y BXinHOMY (aiii €
BUIIPaBIAaHUM, OCKUIBKHM 3abe3nedye 30inbmenHs merpuku WER wmaibxe Ha 25%, a 30UIbIICHHS OOYHMCITIOBAIBHUX IMOTYXHOCTEH
rpadigHOrO Mpolecopa Ta KiNBKOCTI IMOTOKOBHX MPOLECOPIB HANAIOTh IMPHUCKOPEHHS JIMIIE JUIs BXiTHUX ayaiodailiiB Beankoro
po3mipy. [Tomanbiri TOCTiPKEHHS aBTOpa CIPSIMOBaH| Ha BUBYCHHS €()eKTHBHOCTI METO/IIB MO/YJIsl CyMapH3alliii OTPUMAaHOTO TEKCTY.
Kurouosi ciaoBa: STT; Tekct; 006pobieHHs; aHOTaisT; pedepar; ayaiodaiin; MoIels, HaBYaHHS.

HCCJIEJOBAHHUE PABOTBI MOAYJIA IIPEOBPA3OBAHMS PEYHU B TEKCT
B NPEJJIOKEHHOU MOJAEJIX ABTOMATHYECKOI'O AHOTUPOBAHUSA
PEYH CIITUKEPA

IIpenMeToM HccienoBaHUs SBISETCS MOJIYJb KOHBEPTAIMM PEYH CIHMKEpa B TEKCT B IPEUIOKEHHOW MOJENH aBTOMAaTHYECKOTO
AQHHOTHPOBAHUS PEUH CIUKepa, KOTOPBI CTAaHOBUTCS Bce OoJiee BOCTPeOOBaHHBIM B YKpaWHe M3-3a aKTHBHOTO Mepexoja OOLIeHHS,
00y4eHns, TPOXOXKICHHUS TPEHUHIOB, COOECEIOBaHNH, O0CYKICHUS BaXKHBIX BOIPOCOB U T.H. Ha ¢opMmy oHnaiiH. Lleasro paboTs
SIBJISICTCS COKPAICHHE MOSBICHUS JIOKHBIX WM HUCKaXEHHBIX JaHHBIX NP MPeoOpa3oBaHUM 3BYKOBOTO Psifia B PEICBAHTHBIA TEKCT
JUTSL TATIbHEHIIIero CeMaHTHYECKOro aHaiuu3a. [IJIst JOCTIKEeHHS TIOCTaBISHHOM Iien ObUIN peleHb! CIIeAyIone 3a4a4u: IpeyIoKeHa
0000IIeHHass MOJeNb TEKCTOBOW CyMMapH3alliM BXOJIHBIX ayJHOJAaHHBIX; MPOHAIU3MPOBAHBI CyIlecTBylomue mopenun STT
(mpeBpallieHHe ayIMOJaHHBIX B TEKCT); UCCIIEI0BaHa BO3ZMOKHOCTh paboThl MOIysi STT Ha YKPaHHCKOM SI3bIKE; BBIIOJIHEHA OICHKA
KavecTBa paboTsl Moxynst STT u TaiMUHTa pabOTHI HAa YKPAaWMHCKOM ¥ aHIJIMHCKOM si3bIKax. [Ipeiaraemas Moziellb aBTOMaTHIECKOTO
AHHOTHPOBAHHS PEYHU CIIMKEPa MMEET JIBa TIIaBHBIX (yHKIIMOHAIBHBIX MOayJIst: Speech-to-text (STT) u summarization module (SUM).
Jns mogynst STT uMccieoBaHbl M yCOBEPLICHCTBOBAHBI CJIEYIOLINE MO/eJIM JTMHIBUCTHYECKOTO aHAJIM3a TEKCTA: JUI AHTTIMIICKOro
s3pika 310 Wav2vec2-xls-r-1bz, a mis ykpamnrckoro — Ukrainian STT model (wav2vec2-xls-r-1b-ru-with-Im), maremarudyeckum
anmapaToM KOTOPBIX SBISIIOTCS HEHpoHHBIe ceTH. [lomydeHbl crepyiomue pe3yJbTaThl:  Oiarojapss HCIOJIB30BAaHUIO
JIOTIOJTHUTENIbHON YKPAaWHCKOW JIMHIBUCTUYECKOM MOJENH Wav2veC2 yMeHbIIAeTcs MOoKa3aTellb YpPOBHS OIIMOOK CJIOB IOYTH
B 1,5 pa3a, 4ro BIHMAET Ha KAa4eCTBO PAcHO3HABAHMS CJOB IO ayAMO M MOTEHIMAJIGHO MOXET NMPUBECTH K IOJydYeHHIO Ooiee
KaueCTBEHHBIX TEKCTOBBIX JAHHBIX Ha BEIXoz#e. Jlisi omneHkn TaiiMmara paboTtel Moxyis STT ObUIO NPOaHAIM3MPOBAHO
TpU ayIHO3alMCH Ha aHTIMHCKOM M YKPAaMHCKOM S3bIKax pasHoil mmuHbL: S ¢, ~60 ¢ u ~240 c. Pe3ynpTaThl moKa3alu 3aMETHYIO
TEHACHIMIO YCKOPEHHMS MOJTy4YeHHs] HCXOAHOro (haiiia MpU MCIIOIb30BAaHUM BBIYHCIUTENBHOTO pecypca rpauueckoro yCKOpHUTeNs
NVIDIA Tesla T4 umenHo aist camoif JUIMHHOW ayauo3amucd. BuiBoabl. Vcmonb3oBanue riyOOKOH HEHPOHHON CETH HA JTare
IIyMOIIOJIABJIEHHsI BO BXOAHOM (paiiyie oOmpaBlaHO, IMOCKONBKY oOecneunBaer yBenndeHne merpukun WER mourm nHa 25%,
a yBEJIMYCHHE BBIYMCIHMTEIBHBIX MOLIHOCTEH Ipad)MuecKkoro Mmporueccopa W KOJHYECTBa MOTOKOBBIX IPOIIECCOPOB MPEIOCTABISIOT
YCKOPEHHE TOJNBKO Ul BXOAHBIX aynuodaiinoB OGoipiioro pasmepa. Ilocnmemyrolipe HCCIEIOBaHHUS aBTOpa COCPEIOTOYCHBI
Ha HCCIeI0BaHuH 3G PEeKTHBHOCTH METOI0B MOAN(UKALIMN CyMMapH3alliy MOTyYEHHOTO TEKCTa.
Kurouessble cioBa: STT; TekcT; 00paboTka; aHHOTaIWS;, pedepat; aynuodaiin; Moiens; o0y4YeHue.
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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 UAVSs. 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] provides an overview of the
shortcomings of the ADS-B system. In addition, the
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 s
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
UAYV 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 denote asxe X , and the 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, ,} 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=xgeyY.

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

sequence g=®, e® and extended signal y=xgeY
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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 x® - 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, @
where the modified ADS-B UAV data S is a mapping
v YxC—>S 2

of the filled container S=w(y,c), realized by the
operator Wy of embedding the extended signal y into
the container C 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 e 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

Taking into account the factor of external
interference and impacts requires its representation in the
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=Yy+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 UAYV 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 =

1n—1 1 n-1 ,
:H;‘x(@iz@iz )+E;‘C®iz =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
the scheme of steganographic ADS-B identifier
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
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 UAV 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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formalized data protection systems was carried out.
Conclusions are made about the promising direction of
steganographic protection of ADS-B UAV format data.

An analysis of steganographic data protection
methods has been made. A promising direction of direct
spectrum enhancement technology has been singled out.

A scheme of ADS-B UAV data transmission in
steganographic system with the use of direct spectrum
enhancement technology has been developed.

On the basis of the developed scheme the
generalized ADS-B UAV data transmission model was
further developed. The model differs from the known
ones by inclusion of steganographic data protection
system into the existing information exchange process
using the direct spread spectrum technology. This will
improve the cybersecurity of the UAV with the built-in
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Y3AT'AJIBHEHA MOJEJIb ITPOLHECY IIEPEJIAYI TAHUX ADS-B
BE3INLJIOTHOTI'O JIITAJIbHOT'O AITAPATA B CTETAHOT'PA®IUYHIN CUCTEMI

IIpenMeToM BHBUYEHHsS CTATTi € MOJENb mpouecy mepeaadi gaHux ADS-B 6e3minoTHOro miTaabHOrO amapara B cTeraHorpadiynii
CHCTEMi 3 BUKOPHCTAHHSIM TEXHOJIOTil HPsIMOIO PO3IIMpEeHHs criekTpa. Mera myOmikarii — migBUIeHHS Oe3neku Oe3MmiIOTHHX
JiTaTPHAX amapartiB i3 BOygoBaHOIo cucteMoio ADS-B. KoHkpeTHi HayKoOBi 3aBIaHHSI: aHAN3 OCHOBHHX METOJIB 3aXHCTy JaHUX
dopmary ADS-B; po3pobnenHs cxemu mepenadi maHux ADS-B 0e3mimoTHHX JiTaNbHHX amapariB y creraHorpadidHiii cuctemi
3 BHKOPUCTAHHAM TEXHOJOTl NPSAMOro pO3IIUPEHHA CIEKTpa; YIOCKOHAIECHHA MOJeNi mporecy mnepenadi manux ADS-B
0E3MMIOTHOTO JIITAJBHOTO amapaTa B CTeraHorpagiuHiii CHCTeMi 3 BHKOPHUCTAHHSIM TEXHOJIOTII MPSMOTO PO3LIMPEHHS CIIEKTpa;
BU3HAYEHHS SKICHUX 1 KUIBKICHHX XapaKTEPUCTHK, a TaKoXX BiacTHBOCTeH Oesmekn manmx ¢opmary ADS-B. Orpumano Ttaxi
pe3yJabTaTH [JOCITIKEHb: YHACHIJOK aHalli3y HAyKOBHX pOOIT BHCYHYTO TilOTE3y NP0 MEPCHEKTHBHICTb BUKOPUCTAHHS
creraHorpagiusoro 3axucty nanux gopmaty ADS-B; po3pobnena cxema nepenadi qanux ADS-B 6e3mioTHOTO JTiTaqbHOTO anapara
B cTeraHorpagiuHiii cucTeMi 3 BUKOPHCTAHHSM TEXHOJIOTI] IPSIMOrO PO3LIMPEHHS CHEKTpa; copMyIbOBAaHO OCHOBHI BIIACTHBOCTI
0e3reKy, a TaKoXK IOKa3HUKH Ta XapaKTepHUCTHKH Oe3reku iHpopMmamiiiHoro curHairy ¢opmary ADS-B; orpumMana momambmmit
PO3BHTOK Yy3araibHeHa Monenb Tmepenadi maHux ADS-B 0e3miioTHOTO JiTanpHOrO amapara, MO BigpPI3HAETHCS Bill BIIOMHUX
3aly4eHHsIM y Tpoliec iHdopmariiiHoro oominy, creranorpadiqHoi CHCTEMH 3aXHCTY JaHHX i3 BUKOPUCTAHHSIM TEXHOJIOTIT MPSIMOro
posmmmpenHs cuekrpa. Lle no3sonute ninpuiuty 6esnexy bITJI. BusiBjieHo nepeBary it HeOJTiKKA MOJEIII, 1[0 AJI0 3MOTY BU3HAYUTH
HPIOPUTETHICTH MOJAIBIINX JOCIIHKEHb 1 MOXKIIMBI IIEPCIEKTHBHI NULIXH BUPIIICHHS OCTABICHUX 3aBJaHb.

KurouoBi ciioBa: Ge3mMiIOTHI JTiTanbHI anaparty; Oesmeka; cucteMa ADS-B; creranorpadis; TeXHONOTIS MPSIMOTO PO3IIUPEHHS
CIIEKTpa; 3aXUCT JIaHUX.

OBOBHIEHHAS MOJEJIb ITPOLECCA IIEPEJAYU JJAHHBIX ADS-B
BECIIMJIOTHOI'O JIETATEJIBHOI'O AIIITAPATA
B CTETAHOTPA®UYECKOM CUCTEME

IIpeameToM u3yueHHs B CTaTbe SBISIETCS MOJEb Ipoliecca mepeaadd AaHHBIX ADS-B 0ecnuiIoTHOro JeTaTenbHOrO ammapara
B cTeraHorpaguueckoil cucremMe ¢ MCIOJIL30BaHUEM TEXHOJIOTHH MPSIMOro pacumpeHus crekrpa. Leas myOnukanuu — noBeleHne
0€30MacHOCTH OECTMIOTHBIX JIETAaTENBHBIX allapaToB CO BCTpoeHHOH cucTeMoil ADS-B. UacTHble HaydHBIE 3aJaduM: aHAIN3
OCHOBHBIX METOJIOB 3alIUTHl JaHHBIX (hopmara ADS-B; pazpaborka cxemsl nepenadn TaHHBIX ADS-B 0eCHHMIOTHBIX JeTaTenbHBIX
anmapaTtoB B cTeraHorpaduyeckoil cUCTeMe ¢ MCIOJIb30BAaHHEM TEXHOJOTHH HPSIMOTO PACUIMPEHHMs CIIEKTPa; YCOBEPIICHCTBOBAHHE
MOZENM Ipollecca nepenadn JaHHbBIX ADS-B  OecnmioTHOTO JieTaTeNnbHOTO ammapara B CTeraHOrpagM4yeckod  cucTeMe
C UCIIONB30BAaHUEM TEXHOJIOTHH MPSIMOTO PACIIUPEHUS CIIEKTPA; ONpPEAENICHNE KauyeCTBEHHBIX M KOJIMYECTBEHHBIX XapaKTEPHCTHK,
a Tak)Ke CBOMCTB Oe30macHOCTH JaHHBIX opmara ADS-B. [omydeHs! crneayroniie pe3yabTaThl HCCIESIOBAHUIA: BCIEACTBUE aHATII3A
Hay4YHBIX pabOT BBIABHHYTA IMIOTE3a O MEPCIEKTHBHOCTH UCIIONB30BaHMs CTeraHOrpadyeckol 3aluThl JaHHbIX (popmara ADS-B;
pa3paboTaHa cxema mepenaud naHHBIX ADS-B OecrmnmoTHOro eraTensHoro ammapara B - CTeraHOTpadHUYecKod cucrteme
C HCHOJIb30BAaHMEM TEXHOJOTHH IIPSMOTO PACIIMPEHHS CIEKTpa; c(hOPMYIHPOBAHBI OCHOBHBIC CBOHCTBA O€30MACHOCTH, a TaKkKe
MOKA3aTeNId M XapaKTEepUCTUKU Oe30MacHOCTH HMH(pOpPMaMOHHOro curHana ¢opmara ADS-B; momyumna nanpHeiimee pa3BHTHE
00001IeHHas MoJeNnb mnepeaayn AaHHbix ADS-B 6ecnuioTHOro jeraTelbHOrO ammapaTra, KOTOpas OTJIHYAeTCs OT H3BECTHBIX
BKJIIOYEHHEM B CYLIECTBYIONIMI mpolecc HHGOPMAIMOHHOTO OOMeHa, CTeraHorpagu4eckoidl CHUCTEMBI 3alUTHl JaHHBIX
C HWCIOJIb30BAaHUEM TEXHOJIOTHH IIPSIMOTO PACIIMPEHUs] CIEKTpa. OTO MO3BOJHT IOBEICUTH Oe3omacHocTs BIIJI. BbisiBieHBI
JOCTOMHCTBA M HEJOCTATKH MOJEIH, YTO IMO3BOJIHMIO ONpPEAENUTH NPHOPUTETHOCTh JATbHEHIINX HCCIEJOBAHUA M BO3MOXHBIE
NEPCIICKTUBHBIC ITYTHU PEUICHUS ITIOCTABJICHHBIX 3a4a4.

KoioueBnle ciioBa: OecrnmiioTHBIE JIeTaTeNbHBIE ammaparsl; Oe3omacHocTh, cucteMa ADS-B; creranorpadus; TexHOIOTHS
HPSIMOTO PACIIMPEHHMs CHEKTPA; 3aINTa JaHHBIX.
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I'. ®EJIOPEHKO, I'. ®ECEHKO, B. XAPYEHKO

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

IIpeameToM NOCIIIKEHHS B CTaTTI € METOAM BHSABJICHHS Ta PO3Ii3HABAHHSA BHOYXOHEOE3MEYHHMX NpenMmeriB. MeTa poOoTH —
PO3pOOJICHHS OCHOBHUX MOJOXEHb KOHIICIMI] TapaHTOBAHOTO BHUSBJICHHS Ta pO3Mi3HABaHHSI BHOYXOHEOE3NEYHHUX MpPEIMETIB.
VY cTarTi po3B’A3yIOThCS TaKi 3aBIAHHS . aHANI3 HAABHUX IMiJAXOMIB 100 3aCTOCYBAHHS TPAIUIIHHIX OJHHAYHUX Ta KOMOIHOBaHHUX,
a TaKOX HETPaAULIHHKUX (010TOTIYHIX) METOMIB BUSBICHHS BUOYXOHEOE3IEUHNIX IIPEAMETIB, po3po0IICHHS KiIacu(iKaIiifHOl TabIHII
METO/IiB BUSBIICHHS BUOYXOHEOC3MIEYHNX MPEAMETIB 32 (Pi3MYHUMU MPHHIUIIAMHE, aHaJli3 TIepeBar Ta HEJOMIKIB PO3TIISIHYTHX METOIIB
BUSBJICHHS BUOYXOHEOE3MeUHNX MPEAMETIiB, CTBOPEHHS MOPIBHSUIBHOI TaOIHII METO/IB BUSBIECHHS BHOYXOHEOE3NeUYHUX MPEaAMETIB,
(hOopMyITFOBaHHS OCHOBHHX IIOJIOXKEHb KOHIICIIIii TapaHTOBAaHOTO BHSBIICHHS Ta PO3II3HABAaHHSA BHOYXOHEOE3NEYHHX IPEIMETiB.
3acTOCOBYIOTBCSL Taki METOAM: TOPIBHSHHS, aOCTparyBaHHs, aHali3 i CHHTE3, HayKoBa IHAyKIisA. 3700yTO Taki pe3yJbTaTH:
MIPOAHANI30BaHO OCOOJMBOCTI HASBHHUX TPAJULIHHUX 1 HETpaAUIiHHUX (O10JOTIYHHMX) METOMAIB BHUSBIEHHS BHOYXOHEOE3NMEYHUX
npenMeTiB. 3alponoHOBaHO KiacH(ikamilo METONIB BHSBICHHS BHOYyXOHEOE3NEUHHMX MpPEIMETIB 3 ypaxyBaHHIM MapaMeTpiB,
II0 BIDIMBAIOTh Ha HMOBIPHICTH BUSBICHHS Ta HPOXYKTUBHICTh. Y TaOIMYHOMY BHIJISAL 3aIIPOIIOHOBAHO PE3yJIbTaTH HOPIBHAILHOTO
aHaNi3y METOJIB BHSABICHHS BHOYyXOHEOE3NIEUHHWX IPEIMETIB 3a TaKMMH IOKa3HMKAMH: THII B3a€EMOJil 3 BHOYXOHEOE3NEUHHMH
peaMeTaMu, TUM MIaT(OopMH, IOTEHIi{HA TPOAYKTUBHICTE, MIATPUMKA iH(POpMaLIHHIX TEXHOJOTIH, HapaMeTpH SIKOCTi, €KOHOMIYHI
noka3zHuku. CopMyIbOBaHO OCHOBHI IOJIOKEHHS KOHIEMII] TapaHTOBAHOTO BUSIBJICHHS Ta PO3Ii3HABaHHS BHOYXOHEOE3NMEUHHX
npenMetiB. BucHoBkHu. Huspka NMpOgyKTHBHICTH HasiBHHX METOJIB HE Ja€ 3MOTHM IIBUJIKO I €(EKTHBHO PO3UHMIIATH 3a0pyIHEHI
BUOYXOHEOE3MEYHUMH MTPEMETaMH TEPUTOPIi, IO MPU3BOAUTH 0 3HAYHOT KUTBKOCTI Bpa)KeHb 1 3aru0eli Jr0Ieil YHACTIIOK MiJPUBY
BUOyXoHeOe3neuHux npeamMeTis. CaMoCTiiiHEe BUKOPUCTAHHS OKPEMHUX METO/IIB BUSBICHHS HE MOXKE CYTTEBO 30UIBIIUTHA HMOBIPHICTb
BUSBJICHHS BHOyXoHeOe3meuHux mnpeaMeTiB. s MigBHMINEHHS MPOAYKTHBHOCTI Ta OE3MeKd BHKOHAHHS POOIT i3 MOLIYKYy Ta
3HEIIKO/PKEHHSI BUOYXOHe0e3eyHnX IpeIMeTiB JOIIJIbHO BUKOPUCTOBYBATH OE3MIOTHI iHTENEKTyas bHI IIaThOpMH JONPaBICHHS
iH(pOpMaIiiTHO-BUMipIOBaBHUX 3aC0O01B.

Ku1r04oBi ci10oBa: MeTonu BUSBIECHHS Ta PO3Mi3HABAaHHS; BUOYXOHEOE3MEeUHI MpeIMeTH; Oe3MJIOTHI amapaTd; NpOAyKTUBHICTE;

iMOBIPHICTb BUSIBJICHHS.

Beryn

Momueauis

VY pi3HHX Tany3sx HiSUTBHOCTI JIIOOWHH BHHUKAE
HEOoOXIiTHICTh MOIIYKY 00’ €KTIB Y TOBILI CEpPEIOBHIIA, 1110
ix BkpuBae. lle apxeomoridHi MOMIYKH, OOCTEXECHHS
MiI3eMHUX KOMYHIKalliif, KOHTPOJb 3a MepecyBaHHIM
3a00pOHEHHUX TPEIMETIB, IMOITYK BHOYXOHEOE3MEeUHNX
npeametis (BHIT), rymanitapHe po3MiHyBaHHs, oneparii
3 MOIIYKY JIfoAeH mijx 3aBamamu Ta Oarato inmoro. [l{omo
piBHS HeOe3MeKH, TEXHOTeHHHMX 3arpo3 Ta HETaTHBHHX
HACIIAKIB JUIA €KOJIOTil 3Ha4Hy HeOe3leKy CTBOPIOIOTH
3abpyaHeHHs Tepuropii BHIL

[onii, mo cHpUYHHAIOTE 3a0pyAHEHHS TEPHUTOPiit
BHII, TtpamistoTbCs BHACHIZOK IOPYLICHHS IPaBUII
30epiranas BHII, TtepopucTmyHmX axTiB, 30poiHHX
KOH(JIIKTIB Ta BilH.

Haitbinmpmr  pydHiBHUME ¥ MacmTaOHUMH 32
HacJiakamMu € 30poiHi KOH(IIKTH Ta BiiHH, SIKI OCTaHHI

JIECSTh POKIB TPAIUIAIOTHCS BCe YacTime. Tak, y mepion

3 2012 go 2022 pp. 30pofHUMH KOH(IIIKTaMH OXOIIICHO
62 xpainu [1].

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

30inblIeHHS KUIBKOCTI Ta MacmTadiB KOHQIKTIB,
IHTCHCUBHOCTI BUKOPHCTaHHS OO€MpHUIACiB, a TaKOX
TIOBUIbHE OYMIIEHHS 3a0pyJAHEHUX TEPUTOPIA MPU3BOAUTH
JI0 3pOCTaHHS TepUTOpiii, 3a0pyaHernx BHIL, i 30i1bmeHHs
BpaKeHb 1 3arubei mozeid yracninok migpusy BHIT.

Bubyxu BHII cnpuunHsioTe BaXKi NMOpaHEHHS
Ta 3aru0elb 3HA4YHOI KUILKOCTI 0Ci0, 10 TOro K HEOOXiIHO
3a3HAYNTH, 10 HAHOUTBIIE MMOTEePIIae IMBLIFHE HACCICHHS,
30KpeMa JiTH.

[oxa3HuKH, AKi XapaKTEPU3YIOTh MPOIECH TOIIYKY
Ta posmizHaBanHs BHII, posrisHemMo 3a YoTHpMa
OCHOBHHMH HaIPSIMAMHU:

— moma 3a6pynHenss: BHIT;

— KUIBKICTh HEMIACHUX BUMNAIKIB (ypaXXeHb BiJ
BHOYXIB);

© T. ®enopenko, I'. decenko, B. Xapuenko, 2022
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— TepMiHH OYUILEHHS TEPUTOPIH;

— €KOHOMIYHa OILliHKa.

Mera cTaTtTi moisrac B PO3pOOJICHHI OCHOBHHX
KOHIIEILIiT BUSABJICHHS

IIOJIOKCHb rapaHToOBaHOI'oO

Ta pO3Mi3HABaHHSA BHOYXOHEOE3NMEYHUX MPEIMETIB.
Junst peamizamii 1i€i MeTH HEOOXiIHO pO3B’sI3aTH Taki
3aBIaHHS: TIPOAHANI3yBaTH HAasABHI MIIXOAW IIOIO
3aCTOCYBaHHS TPAIUIIIHAX OJMHAYHUX 1 KOMOIHOBAHUX,
a TaKOXK HeTpamuiiftHuX (Oi0JOTIYHIX) METOIIB BISBICHHS
BHOYXOHEOE3MEYHNX TPEIMETIB, PO3POOUTH KiachpiKaliiHy
TaOIMUII0 METOJIB BHABICHHA BHOYXOHEOE3MEUHUX
npeAMeTiB 3a (I3MYHUMU TPUHLUIIAME, POAHAI3yBaTH
MepeBark Ta HEAONIKHA PO3TIITHYTHX METOIB BUSBICHHS
BUOYXOHEOE3MeUHNX IPEIMETiB, PO3POOHTH TOPIBHIbHY
BUSIBIICHHS

TAaOJIUII0 METOIB BHOYXOHEOE3MeTHNX

MpeaMeTiB,  CHOPMYJIIOBATH  OCHOBHI  TIOJOXKCHHS
KOHIIETIIIii rapaHTOBAHOT'O BHSBIICHHS Ta PO3Mi3HABaHHI
BUOYXOHEOE3IeUHNX IPeIMETIB Ta OOIPYHTYBaTH HaNpsIMU

MMOJANBIINX JOCHIKEHD.

AHaJIi3 npo6JeMH Ta HASIBHUX METO/IiB BUSBJIEHHS
BHOYXOHe0e3MeYHHUX MpeIMeTiB

IInowa 3a6pyonenns BHII

3a oliHKaMH MDKHApOJIHHUX OpraHi3aiiil, TaKHX SIK
OOH Tta OBCE, 3a0pynHeHi Miomli y CBITI CSTaloTh
MUIBHOHHM KBaJIpaTHUX KUIOMETPIB, KPiM TOTO, Ha TyMKY

rpymnu
MOTEeHLIHHO-HeOe3NeYHi TePUTOPIi, SIKi MOXKYTh MICTUTH

€KCIEePTHOL Acomianii  camepiB  Ykpainuy,
BHII i migmsaratote 00OCTS)KEHHIO TSI BU3HAYCHHS PiBHSA
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’exktamu (BHO). Hemacui Bumagku

Tepuropii, mo 3a0pyaHeHi € BHOYXO-

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

Ha puc. 1 HaBenena indopmarisi po 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
HalOlIbIe TOoTeprae IUBIIbHE HACENeHHS. 3TiAHO 3i
CTaTUCTUKOM, xeprBamu BuOyxiB BHII crarote 10 %

BilicbkoBUX 1 90 % muMBUIEHUX 0ci0, 30KpeMa 3HayYHA

KUTBKicTh AiTedl. OcTaHHI pOKH KUTBKICTh 3arHOIHX miTeit

3pocrae (puc. 2) [1].
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Tepminu ouuwenna mepumopii

Po3umnmenns Tepurtopiii Bixg 3abpynHenHs BHIT
norpedye BeNWMKUX (HIHAHCOBUX BHUTPAT 1 TpHBaE
JeCSATUpiUYsIMA. BIAMOBIAHO [0 3asiBU MPEACTABHHKIB
Bemmkoi Bpuranii, 2020 p. Oyio NOBHICTIO 3aBEPIICHO
po3miHyBaHHs TepuTopii DonkieHacsknx (ManbBiHCHKHX)
ocTpoBiB, mo Oymu 3abpynueni BHII BHacmimox BiftHH
Mix Bemukoro bputaniero Ta AprentuHoro 1982 p.
[Ipormec TpuBaB 38 pokiB i (hakTHUHA CepeHs MIBUIKICTh
CTaHOBUTH TpOXHM Oinbmre Hik 320 kM® Ha piK.
KopomisctBo Kamboka, ge poOOTH 3 OUHMIIIEHHST TEPUTOPIi
TpuBatoTh MoHaa 30 pOKiB, OroJIOCHIIO, IO 3MOXKE
3BUTBHUTHCS Bif MiH Jmmre 1o 2025 p.

3rizHo 3 iH(popMmalicto, HaBeneHowo B mpami [1],
ympomosx 2020-2021 pp. cepeHi TEMIN 3HEITKOKCHHS
3aJTHIIKIB KACETHHX OOENPUIIACIB CTAHOBIATH 63,39 KM
ta 61,07 kM® 2020 Ta 2021 pp.
(6e3 ypaxyBaHHs poOiT B Ykpaini). IlokazHuku 110110
Bix BHII,

3 JociimkeHHsM [4], moaaHi B Ta0m. 1.

BIJIIIOB1AHO

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

Iepion nip(ﬁngﬁl::;;iﬁ;s;;nin KinbkicTs 3nemkon:xennx BHIL, on. | [Inoma ouninenoi tepuropii, KB. kKM
2014 7090 151 100 30,30
2015 8 081 50 152 106,67
2016 10 327 80 011 81,53
2017 13 167 112 728 688,36
2018 10 917 168 812 867,20
2019 11 891 67 415 69,49
2020 14 166 73375 49,39
2021 12 909 89 614 45,52

Exonomiuna ouinka

BiliHu 3aBXAM MPHU3BOASATH HE TIJIBKH JIO JIIOACHKUX
BTpAaT, a ¥ 3aBAalOTh 3HAYHUX CKOHOMIYHHMX 30HTKIB, SK
B TIEPiOJl BOEHHUX Jil, Tak i MICIsA IXHOTO 3aBEPIICHHS.
YkpalHCbKa EKOHOMiKa, 3a IPOTHO3aMH, CKOPOTHTHCS
Ha 45 %, a 3araubHi 30MTKH KpaiHU BXKE OI[IHIOIOTHCS
B Minbspau nonapiB. TidbKH B CUTECHKOMY TOCHOApPCTBI
30uTku ctaHoBiATH 4,3 wmupn momapie  CIHA  [5].
VYkpaini moTpiOHO 3amydaTH 3Ha4YHI (iHAHCOBI pecypcu
JUIs  po3dMIIeHHS TepuTopid. OpieHTOBHa BapTicTh
oOCTe)KeHHSI Ta PO3MIHYBaHHS CLIBCHKOTOCIIONAPCHKHUX
yrigp Ykpainu ctaHoBuTh Ois3bko 436 mumH ponapis CLIA.
3a omiakamu Acomiamii camepiB YKpaiHH, PHHKOBa
BapTICTh

MoCHyr 13 TyMaHITapHOTO PpO3MiHYBaHHS

CTaHOBUTH 3—4 monapu CIIIA/M?.
Ocobausocmi

npoeedenHa  aHanizy memooie

eunenenns BHII

VYpaxoByOun BaXKJIMBICTh PO3UMILEHHS TEPUTOPIN
Bin BHII, umcnenHi mocmimKeHHS MPOBOIMIINCS IIOMO:
aHamizy Ta Knacudikanii HasSBHHX METOAIB momyky [6-8],
CydyacHHX OuThbIl e(EeKTHBHMX METOJiB, 30KpeMa
3 OJTHOYAaCHMM BHMKOPHCTaHHSIM JEKiTBKOX METOIB, IO
TPYHTYIOTHCS Ha BUKOPUCTaHHI KOMOIHOBAaHHMX METOIIB,
KOJIM TOUIYK BEAEThCS 30KpeMa i3 3acTOCYBaHHIM
[9-11].

BUIIPOOOBYIOTHCS TAKOX O10JIOT1YHI METOAN MOUIYKY, IO

0e3miIOTHUX ~ amapariB HocmmkyoTeest  Ta
TPYHTYIOTHCSI Ha OCOOJHMBHX BIIACTHBOCTSIX TBapwH [12],
komax [13] ta mikpoopranizmis [14].

Heo0OximHO 3a3HAYMTH, 110, MOMPU BEIUKUN 00CST
JOCTIKCHb, KJIacHU(ikaIllii MeTomiB po3poliieHi 0e3
ypaxyBaHHs YiTKOTO pO3pI3HEHHS
BHII,
W po3mi3HaBaHHS, a

AE€MAaCKyBaJIbHUX

O3HaK (I3MYHUX ~ OPUHLOUIIB — BHUSIBJICHHS

TakoX  1wiargopMm, 110
BUKOPHUCTOBYIOTBCS JUIL JONPABICHHS YCTaTKyBaHHS

JIO MiCIIsl TIOIIYKY.

AHami3 moka3ye, OO0 HasBHI METOJHM BHUSBIICHHS
1 po3mi3HaBaHHS, 3aJIEKHO BiJl XapaKTEPHCTHK 00’ €KTIiB
MOUIYKY Ta HAaBKOJHWIIHIX YMOB, MalOTh OOMEXEHHS B
IMOBIpHOCTI BUSIBIEHHS i He 32a0€3MeuyIoTh HEOOXiTHOTO
PIiBHSI IPOYKTHUBHOCTI ITOIIYKY.

ToMy akTyanbHHUMH € JOCIHIIKEHHS, CIIPSIMOBaHI Ha
PO3pOOIIEHHST METO/I0JIOT], Mo/enel Ta iHpOpMaIiHHIX
TEXHOJIOTI CTBOPEHHA Ta BHKOPHCTAHHA OaraTOIUTHOBHX
OesninoTHUX iHTenekryanpHuX cucreM (BBIC) momryky
Ta 3HemKkopKkeHHst BHIT.

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

BUSBJICHHS;, IatGopMu, 110

JOTIpaBIieHHA  iH(OpPMAaIifHO-BUMIpIOBATBHUX  3ac00iB

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

Bubyxonebezneuni npeomemu

3 ormmimy 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 O3HAK.
Ha cworogni  po3po0ieHo,

monag 700

BUTOTOBJISIETHCST  Ta
BHIT [15].
JlompaBieHHS MOXE 3JICHIOBATHCS PIi3HUMH CIIOCOOAMU:

BpY4HY,
cHapsgamu. JlemackyBanbHi o3Haku BHIT oGymoBneHi

3aCTOCOBY€ETHCA BUIIB

TMTATPHAMH  amapataMd ¥  pPEaKTUBHUMHU
HU3KOI0 (aKTOpiB, OCHOBHI 3 SKHX MAIOTh MiCIe
MIPaKTHYHO 3aBXK/IH:

— HasiBHICTh BUOYX0BOT peuoBuHHu (BP);

— HasBHICTb JIOKAJIbHO PO3TAIIOBAHOI Macu MeTally
YH 1HILIOTO MaTepiaiy;

— XapakTepHa Qopma;

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

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

— IPOTOBI JIiHIi yIpaBIiHHS;

— FOIMHHUKOBI MEXaHI3MHU ab0 eNeKTPOHHI TaiiMepH;

— 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
METONM  BHABJCHHS,  pO3Mi3HaBaHHA Ta  HaOIp
iH(OpMAIIITHO-BUMIPIOBAIIEHIX 3aCO0iIB.

JIJis TIOIIyKy HOBHX METOIB BHSBICHHS HEOOXITHO
MpOaHaTi3yBaTH HAasBHI METOIM 3 ypaXyBaHHAM (Di3HIHIX
BJIACTHBOCTEH JIeMacKyBaJIbHUX O3HaK Ta iH(opmamiiiHo-
BHUMIpIOBAJIBHUX 3aco0iB (ceHcopiB). Tomy HaBememo
Kinacudikamito  BiIOMHX MeETOAIB 3a  (i3MYHUMH
NPUHOUIIAMH, 110 BHUKOPUCTOBYIOTHCS MJISI BHSBICHHS

Ta posmizHaBanHsa BHIT.

Memoou eusnenennsn

Ha Bigminy Big inmmx astopiB [9, 10], Hamu
3aIPOTIOHOBAHO MiIXi 10 Kacudikamil, K BiIpi3HAETHCS
THM, III0 METOJIM BUSIBJICHHS PO3IJIAAIOTHCS 32 (hi3NUHUMU
NPUHIMUIIAMH B3a€MOJIi 3 JeMacKyBaJbHHUMH O3HaKaMH
Ta OKpeMO Bija iH(opMmaniiHO-BUMIpIOBANIBEHUX 3ac00iB
i mmatdopMm, Ha SKAX i 3acO00M  PO3TAIIOBaHI.
Knacudikaniss 3 ypaxyBaHHSIM IMX MIIXO/IB HaBeaeHa
B TaOi. 2. Po3rismaTi OCHOBHI METOIM HEOOXITHO pa3oM
i3 mapameTpaMH, IO BIUIMBAalOTh Ha WMOBIPHICTb

BHABJICHHSA Ta HpO,I[yKTI/IBHiCTB.

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

Ne Metox XapaxkTepuctuka
. . KonrtakTHuii

1 | Mexaniuauit ; =
MexaHi30BaHUN
PaioxBHILOBHIT

. . | OnTuunmit

2 | EnekrpomaritHui : -

PenTreniBchkuit

I"amMma-BUNIPOMIHIOBaHHS

S I"azoananiTnyHui
3 | XimiuHui — Z
biodiznunnmit
4 | MarHiTHHI MarsiToMeTpuIHIH
5 | Axyctnuanit CelicMOaKyCTHIHHN
Jlo MexaHiYHHMX  MeTOAIB  BHSBJCHHA  Ta

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

1 MexaHi30BaHi, IO BHUKOHYIOTHCI

OpOHBOBAaHUMHU MaIlIiHAMH. Cy4acHi MaIlIHHA
pO3MiHyBaHHS € OunbIl Oe3meyHMMHU Ta e(EeKTHBHHUMU
B posMminyBanHi BHII i3 Bmicrom BuOyXiBKH A0 15 kr
(Hanpuknaa, MiHM, caMOpOOHI BHOYXOBI TNpPHCTPOi Ta
kacetHi Ooenpumacu). [lpmHIMN xpii OHOrO MeETOAY
IPYHTY€ETBCSI HA MEXaHIYHOMY TIOIIYKY Ta 3HEIIKOKEHHI
BHII. Pobounm eneMeHTOM MamuH s PO3MiHYBaHHS
€ TPUBOAM 3 ILiMKamu, (pe3amMu, KyJIbTHBATOPaMH Ta
crieriaIbHIMHU 3axBataMu [16]. JIIs miABHINEHHS SKOCTI
3HEIIKO/HKEHHS 3aCTOCOBYIOThCS KOMOIHOBaHI CHCTEMH,
HAIPUKJIAA, KyJIbTHBaTOpa Ta IinkiB. Taki miatdopmu
0araTo(yHKIIOHAIbHI, HA HHX MOJYKHA BCTAaHOBJIIOBATH
pi3HI IHCTpYMEHTH, CHCTEMH TIONIYKy, HaBirarmii,
JMUCTaHI[IHOTO KepyBaHHsA Tomo. OCHOBHI TEXHIUHI
XapaKTepUCTHKH PO3TIITHEMO Ha TMPHKIAl MIaT(opMu
MineWolf MW370 xommanii Pearson Engineering:
Bara 23 T, MMpHUHA OYMIIEHHS 2,75 M, TTIHONHA OYMIIICHHS
mo 350 MM, MIBHIAKICTE OYHIIEHHA 10 2,3 KM/TOJ,
30 000 M?*/nens,

Butparn manuBa 40-50 /v i BiACTaHB IUCTAHLIHHOTO

MPOAYKTUBHICTH pPO3MiHYBaHHSI 0

kepyBanHs 1o 1000 m [17].

OT)KG, MeXaHIYHUH METOJ BUABJICHHA Ta

PO3MiHYBaHHS € TIPOCTHM, ajie 3a0e3ledyye BHCOKY

WMOBIpHICTh BUSBJIICHHS Ta 3HemkojpkeHHs BHII,
a TOTYXHHUA OpOHBOBAaHMHM 3aXHUCT 1 CHCTEMH
JUCTAHIIIHOTO ~ KepyBaHHS  3MEHINYIOTh  PH3HK
TpaBMYBaHHS TEXHIYHOTO IEPCOHATY.

Heoounixu:

—He3HayHa TPONYKTHBHICTh Ta OOMEXEHICTh

BUKOPHCTaHHS 3aJIGKHO Bifl pernbedy (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 3araipHa Has3Ba
TPpyIH METOJIB, IIO MPAIIOIOTh y PI3HUX YaCTOTHHX
niama3oHax 1 MIMPOKO 3aCTOCOBYIOTBCS JUIS BUSBIICHHS,
moOymoBH 300paXKCHb Ta BH3HAYCHHS BIACTHBOCTEH
00’€KTiB, M0 pO3TAIIOBaHi, 30KpeMa, B OITHYHO
HENPO30PUX CEPEIOBHINAX, TAKUX SIK IPYHT, OCTOH,
LmerisHa Kiaaka, acdaimbT, KaMiHb, IEpeBO Ta JIif.
Busienenns BHII 3a momomMororw  elxeKTpoMarHiTHHX
METOJIiB TPYHTY€ETHCS HA BIIMIHHOCTI €JIeKTPOMarHiTHHX
BJIACTUBOCTEH 00’€KTA Ta MEPEIIKOI.

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

Ta raMMa-) BUIIPOMIHIOBaHHSI.
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Cucremn, cTBOpeHI Ha 0a3l NHX METOMIB,
BIJIPI3HAIOTECS POOOYOI0 YaCTOTOI, CMYTOI E€JIEeKTpO-
MAarHITHOTO CIIEKTPa, TUTIOM CHUTHANIB, IO MEPEaarOThC,
IHTepIIpeTali€eo BiJOUTHX CHTHAIIB, TUIIOM MeperaBaya

Ta MpuiiMaya, a TaKoXX AITOPUTMaMH 0OpOOIICHHSI.

PaioxBWIb0BHIA MeTOJ — I1¢ HAWOUIBII ITOMMPEHUH
Metosi BusiBNieHHs. Ha 0a3i mporo meromy moOynoBaHi
meraionerektopu  (Metal Detector, MD), reopamgapu
(Ground Penetrating Radar, GPR), MiKpOXBIJILOBI pasapu
(MWR), pamapu wminimerpoBoro nianazony (MMWR),
panapu enexrpoimnenancuoi tomorpadii (EIT).
IHAYKIT
METaJIOICTEKTOPaX.

Meton  eneKTpoMarHiTHOI (EMI)

BUKOPUCTOBYETbCA 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:

—He3narHicth BusBiaTH BHII i3 He3HaunuMm
BMICTOM MeTaly (HapuKJa, Y TNIaCTUKOBOMY KOPIIYCi);

— HEeMOXJHMBICTh po3pisuut BHII Ta Meranesi
YJIaMKH, IO CHPUYUHSIE BUCOKHH BiICOTOK IMOMUIIKOBHX
TPHUBOT;

— MaJa IMCTaHIis TOIIyKY.

leopamapu,  pagionokaropu  MiANOBEPXHEBOTO
30HAYBaHHA a00 IMAIOBEPXHEBI pamioNoKaTopu — IIe
IPUCTPOIB, IO
peanizyloTh TEXHOJIOTii BHKOPHCTAHHS eJICKTPOMAarHiTHHAX

3arajbHa Ha3Ba  pajioOKaliiHUX

XBHJIb JUI TOOYIOBH 300paKCHb 1 BU3HAYCHHS
BJIACTUBOCTEH O0O0’€KTiB, IO PO3TAIIOBaHI B ONTHYHO
HEMpO30pHX CEepe/lOBUINAX, TAKUX 5K, HAPUKJIAJ, IPYHT,
Oetow, mermna, acanbT, KaMiHb, IEPEBO Ta JIif. 3a3BUYA,
Pa/ioJIOKaTOp TAKOTO THITY 3 JAIBHICTIO il 1 M mpairtoe
B mianma3oHi yactot Big 300 MI'mr mo 3300 MI'r [19].

Jdns  migBuineHHS HMOBIPHOCTI BUSIBJICHHS Ta
MiHiMi3amii XHOHUX CIPaIbOBYBaHb 3aCTOCOBYETHCS
MOE/IHAHHS METO/IIB: Teopazapa Ta BHCOKOUYTIIHBOTO
METaJIOICTEKTOpA. i TEXHOJIOT1 YCIIITHO
BUKOPHCTOBYIOTBCSI JIIsl CTBOPEHHSI PYYHHX MOOUIBHHX
TIpUTIAIIB.

Po3risHyTi 1Ba MeTOIM pearti3oBaHi B MiHOLIyKaui
AN/PSS-14, crieriiansio pospobieromy miist apmii CIIA.
JonatkoBo OyJj0 3aCTOCOBAHO AaIrOPUTMU OOPOOJICHHS
iHpopmarmii, 1o
XapaKTEpPUCTUKU 32 YMOBM Mayoi Baru: IMOBIPHICTb

3a0e3MeynsI0  BHCOKI  TEXHIYHI
BusiBiieHHs 710 98,7 %, rrbuna BusieneHns BHIT 1o 300 M,
MIBUJKICT TOIIYKY 3,2 M/XB, BIJCTaHb CKaHyBaHHS

1o 10 cm, aucranniiiHe KepyBaHHS He iepenbadeHo [20].

MikpoxBWIbOBI pagapu OCHOBaHI Ha BUKOPHUCTaHHI

KOPOTKMX  pajioiMITyJIbCIB ~Ta  BUMIDIOBaHHI  4acy

MOBEpHEHHSA BiMOWTKIB. BimoOpakeHHS BHHHKAIOTh

HA MeXax MaTepialiB 13 PI3HOK ieJICKTPHUUHOIO

TIPOHUKHICTIO. [1iBHUIIEHHsT YacTOTH Tiepenadi 3abe3nedye

HiIBUILEHHS PO3AUILHOI 3/laTHOCTI, aje BOAHOYAC
3pOCTAIOTH 1 BTPATH B MEPEIIKOIaX.

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

yinbTpadioneroBe, BuauMe Ta iHpauepBoHe. Metonwm,

o0  3aCTOCOBYIOTH  (Pi3WYHI  BIACTHBOCTI  ITHOTO

BUIIPOMIHIOBAaHHS, YCIIIIHO BHUKOPHCTOBYIOTBCS  JUIS

BHABIICHHSA Ta po3mizHaBaHHsI BHIIL.

YabtpadioneroBe BHUNPOMIHIOBAHHS OXOIUTIOE
100400 ©BM. VY 1BOMY
BHIT

HC BHABJIICHO, aJIC¢ B npoueci 3aCTOCYBaHHA II€BHOI'O

miama3oH JIOBXHH XBHIIb

miama3oHi OpSAMHX — JEeMAacKyBalbHHUX — O3HAaK
30BHIIIHBOTO BIUIMBY, MOXYTh 3 SBISATHCS JOMATKOBI
JeMacKyBallbHI 03HaKku. Hanpuxniazx, y pa3i po3nuieHHsS
Haa 3a0pyIHEHOIO TEPHUTOPIEI0 CHEUiaJbHOTO IITaMy
OakTepiif, sKi MPOPOCTAIOTh 3a JEKUIbKAa TOIUH 1
(ITyopecIIiforoTh i1 YIbTpadioneTOBUM BHIPOMIHIOBAHHIM

3a HassBHOCTI B IPYHTI BUOYXOBUX pe4oBHH [14].

Buanme BUNIPOMiHIOBaHHS, 1110 BUKOPHCTOBYETHCS
s BussneHHs BHII, mepenbadae 3axoruieHHS CBITIIA
y BUJIMMOMY Jlialla30Hi XBWJIb 3a JOTIOMOTOI0 OINTHYHOT
cucreMu mis (opMyBaHHS 300pakeHb. BukopucTtaHHS
Cy4acHMX  HIMPOKO(OpPMATHHX  OaraToCHeKTpabHUX
¢doTokamep mae 3MOTy OOCTEXyBaTH 3HAYHI TEPUTOPIl
IIBuakicte  OOCTEXEHHS

3a  KOPOTKHMH  TEpMiH.

BU3HAYAETHCS  IMIBHIKICTIO IUIaTGOopMH, Ha  SKid
pO3TaloBaHi ONTHYHI CEHCOpHU. Y pa3i BUKOPHCTaHHS
JMTANTPHUX amapariB IMIBUAKICTE OOCTEXKECHHS MOXe
nepesuntyBatu 100 km/roz.

BMC CIIIA mpoaeMOHCTpYBaJId MPOTOTHIT €TUHOI
cucTteMd 0araTolJIbOBOIO BHSBJICHHS MiH 13 IOBITpS
(SMAMD), po3pobnennii kommaniero BAE Systems.
VY cucremi SMAMD BukopHucTOBY€ThCsI HaOlp OOPTOBHX
ONITHYHHUX JAaTYMKIB, PO3MIMICHIX Ha OOpTy OE3MiJIOTHOTO
nitansHoro anmapara (BITJIA) MQ_8C Fire Scout [21].

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

(xamMy(hIsDK, 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 MiXK TIIOXOBaHHM O0’€KTOM 1 IPYHTOM.
Lleit TemMnepaTypHHii KOHTPACT BUMIPIOETHCS 32 JOTIOMOTOIO
TepMorpadiuyHoi KaMmepH, siKa BUSBIISIE BUIPOMIHIOBaHHS
B IH(pauepBOHOMY Jlialla30Hi €IEKTPOMArHITHOTO CIIEKTpA.

Ilepesazamu MeTORy € Te, IO BiH IMACHBHUH, OTXE,
He BIUIMBae Ha cucteMu kepyBaHHs BHII, siki MoxyTb
CIOPUYMHHATH BHOYX; TakoX IeH MeToJ J03BOJISE
MIiABHIIYBATH INIBUIKICTh / MPOAYKTUBHICTh OOCTEKEHHS
3a gomoMororo 3actocyBaHHsa BITJIA sk utatdopmi.

Heoonixu: Ha  sIKICTh

BUABJICHHSA  BIIJIMBAKOTh

rapaMeTpyd HABKOJHIIHBOTO CEpeNOBUINA  (COHSYHE

CBITJIO, JIOII Ta iH.) Ta MEPENIKOAW (TIOKPUBHUU IIIap

IPYHTY, pOCIMHHICTh Tomio). lle 3HaYHO 3BYyXye
MOXJIUBOCTI 3aCTOCYBaHHSI.
PentreniBcbke  BumpominmoBanHa.  DoToHH

XapaKTePUCTHYHOTO (TOOTO IO BHITYCKAETHCS T
4ac TEepexodiB B EJIEKTPOHHUX OOOJIOHKAX aTOMIB)
PEHTTeHIBCHKOTO BHUIPOMIHIOBaHHS MAlOTh €HEPTii0 BiJ
10 eB nmo 250 keB, mio BigmoBijae BUIIPOMIHIOBaHHIO
3 YacTOTOIO Bif 3x10%° o 3x10"° I'm i JIOBXKWHOIO XBHIII
0,005-100 ©m. Leit Merom TIPYHTYEThCSI Ha TOMY,
IO CIIOCTEPEXYBaHI YaCTOTH 3aJIekKaTh BiJ B3aeMOIil
MDK EJNEeKTPUYHUM KBaJpPYyNOJbHUM MOMEHTOM sipa
Ta TPami€HTOM ENEeKTPUYHOTO IIOJsl, IO CTBOPIOETHCS
B SIZICPHOMY IIEHTP1 30BHIIIHIMHU 3apsiiaMu. Yl 3BUYaiiHi
BHOYXOBI PEUOBHHH MICTSTH KBAJAPYIOJBHE SIPO, SKE
reHepye TpHU HaOOpH PE3OHAHCHHUX YacTOT, 3a0e3Nedyloun
ONHO3HAYHWHA METOJX BUSIBICHHS Ta 1ACHTU]IKaIi]
BUOyX0BOi peuoBrHH [22]. BiH € NOXiqHUM Bij SAE€PHOTO
MarHiTHOTO

pEe30HAHCY Ta BHKOPHCTOBYETHCS — 0Oe3

30BHIINIHROTO MArHITHOTO mOJsA. Hedonikom METomy €
rpyI,

BUSIBIIEHHS TIUIBKM OJHIET aKka Mae Oytu

BiOMa 3a3/1aJIeriib.

I'amma-BunpominioBanus. SlnepHo-¢Gi3nuHi MeToau
PO3PI3HAIOTH 32 THUIIOM 1 CHEpPri€lo, II0 BHUKOPHUCTOBYE
a TakoX BHAOM 1

JUKEpEeNo HEHTPOHIB, CHEpri€ro

BTOPMHHOTO TaMMa-BHIIPOMIHIOBAHHS, $KE€ BUHUKAE
MmiJi Yac B3aeMOJii HEHTPOHA 3 OO0 €KTOM TMOINYKY —
a30ToM  (ByrJlemleM YW KHCHEM), IO MICTHTBCS
Yy BUOYXOBIiH pe4OBHHI.

Heoonikom 1mX TmpuianiB, M0 BHIUIMBAE i3
(hi3MYHOrO MPHHIMITY TXHBOI POOOTH, MOXXHA BBaXKaTH
Te, II0 BOHU HE MAaIOTh BHOIPKOBOCTI IIOJ0 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 BUOYXOBHX
PEYOBUH Ta iXHIX KOMIIOHEHTIB, sIKi MicTsaThcs y BHII
1 1udyHAYIOTh Y HaBKOJNMINHE cepenoBumie. Lleir meTon
Jla€ 3MOTY BHSBIISTH CIiIM BUOYXOBHX PEYOBHH Y IDYHTI
abo B moBiTpi B Micusx BcraHoeieHHs BHIL udysis
PCUYOBHH Ha MOBEPXHIO BiIOYBAETHCS B MAITUX KUJTBKOCTSIX
i 3anmexuth Bix koHcTpykuii BHII, mo BkpuBatoth
CEepEeIOBHILE Ta HOTOJHI YMOBH.

VYpaxoByroun  Maji  KOHLEHTpamii  pevyoBHH,
HEOTHOPITHICTh MOMIMPEHHS, PI3HOMAHITHI MaCKyBaJIbHI
(daxkTopu, HEOOXIJHO 3aCTOCOBYBAaTH IyXe YYTJIHBI
JaTYuKd. BBajkaemo, TOUUIFHOIO € TyMKa, M0 e MeTo
MICTHTh I'a30aHANITHYHI Ta 0i0(i3nuHi MeToaN.

lazoananmiTiyHi mpuiagd € AOCUTH YHCICHHUM
KjlacoM 1 3a0e3neuyloTh BHCOKY YyTIMBICTH. ['a3o-
AQHATITAYHI METOAM 3AEOLIBIIOr0 CTOCYIOTHCS BHIIApiB
TpoTHiy, rekcoreny Ta [IET, Tomy iXx MoXxHa po3risaatu
mapu. Lga mapa
TPAHCIIOPTYBATUCS 3a MOMOMOIOI0 TaKUX SIBHII, SK

SK  MO3eMHI  pKepera MOXE
MoOJIeKyJIsipHa Audy3is Ta mporecu TypOyJIeHTHOCTI.
Iness uporo Mmerody moysirac y CTBOPEHHI Ta30BHX
MATYUKiB, 30aTHUX BHSABIATH Mali KOHIICHTpAIii
ximigyaux pedoBuH BHII. IcHytoTh meBHI 0OOMEKEHHS B
i Tamy3i JOCHiHKEHB, IO MOSCHIOETHCS HEMOXITUBICTIO
BCTAHOBUTH MiHIMaJTbHUN pIBEHb BHUSBJICHHSA 4Yepe3
MiHJIMBY TIPHPOJTY TIapiB.

Biogpizuuni merogu. HeobximHo Haromocutn
Ha yCIIIIHOMY BUKOPHUCTaHHI TBapuH ais mouryky BHIT
3a XiMiyHUMH o3Hakamu. Jlns BusBienHs BHIT e
3a yaciB JIpyroi cBiTOBOi BiiiHU 3aCTOCOBYBAIHCS COOAKH
(Mine detection dog, MDD). Oxpim cobak, y pi3HHX
KpaiHaX BEIyTbCs JIOCHI/PKEHHS! 3 BUKOPHUCTAHHS IHIIMX
TBapuH s momyky BHII, sxi O6impim mpucTocoBaHi
JUISl IEBHUX TEPUTOPIH 1 JJO3BOJISIOTH 3MEHIIUTH BUTPATH
Ha BHPOIIyBaHHS Ta MiATOTOBKY [12].

3a mporpamoro HeroRATS BemyThcs poboTH 3
BHUKOPHCTAHHS a()pUKAHCHKHX TiFAHTCHKUX MIIIKOTIOMIOHNX
urypie (Mine detection rat, MDR), ski momomararTh
3HaXoOuTH Ha3eMmHi MiHK [23]. HaBueHi mypu MOXyTh
O0OCTE)XUTH TEPUTOPII0O PO3MIPOM 13 TEHICHHH KOpPT
(23,77x10,97 m) 3a 30 xB. TakoX BHBYAIOTHCS OCOOJIHUBOCTI
BUKOpHCTaHHs 1yt rotryky BHIT iHImmMx TBapuH ta Komax.
HeoOximHO 3a3HauuTH, MO TBAPUHH MAIOTh 1 Kpamli
ra30aHAITHYHI 3AI0HOCTI, HDK €JICKTPOHHI Ta30aHaTi3aTOpH.
Ile mae 3Mory BUSBIATH BHOYXOBI PEYOBHHHM B HIDKIHX

KOHLIEHTPALisIX Ta 3 OLIBIIOI HMOBIPHICTIO.
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Legacy Institute
MDD-koManau 3a3Buyail  3MIHCHIOIOTH

3a inpopmamiero  Marshall
(MLI)  [24],
momyk He Tinbku y 30 pasiB mBHAIIE, HX KOMaHIH,
SKI BHKOPUCTOBYIOTh PY4YHHH cIOCIO mOHIyKy, a i
Oesneunime. XoxeH i3 ¢axiBuie 3 MDD He 3aruHyB
i Yac oneparii 3 po3MiHyBaHHs.

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

OxpeMo HEeOoOXiTHO HarojJOCHTH Ha IEpPCIEeKTHUBAaX
3aCTOCYBaHHS TBapHUH y CTBOPEHHI IHTENEKTYaIbHUX
ABTOMAaTHU30BAaHUX CHCTEM BHSABJICHHS 1 3HEIIKOKECHHSI
BHII. Komnremniiisi 0CHOBaHa Ha PO3MIIIICHI Ha TBapHHAX
MOOITBHOT I1HTENEeKTyalbHOI CHCTEMH, sKa 3abe3medye
HaBiramito, TUCTaHIi{HE HaBEJEHHS Ta CIIOCTEPEKCHHSI.
Taki cuctemMu miABUIYIOTH iMOBipHOCTI BrsiBeHHs BHIL

Heodonixamu Ta30aHaTIITHYHUX METO/IB €:

— HEOOXimHICTH TmeperamHaHHA / TIepeHABYAHHS
B pa3i MOsBH HOBUX XIMIYHUX KoMmIioHeHTiB y BHII;

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

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

Marnitomerpnynuii  MetoA.  Bukopucranus
MAarHITOMETPIB SK METAJIOIIyKadiB OCHOBAaHE Ha SBHIII
JIOKaJIBHOTO CIIOTBOPEHHS MPUPOJTHOTO MAarHiTHOTO IOJIS
3emiti (pepoMarHiTHIMH MaTepialaMy, HAIPUKIIA 3aTi30M.
[TopiBHSHO 3 pO3MISHYTUMU BHUIIE NPUHIWIAMH,
MarHiTOMETpH MaroTh Habarato OUTbIIy HNaNBHICTH
BUSIBJICHHSI 3aJi3HUX MpeAMETIB. 3aji3Hi INpeaMeTH
CTBOPIOIOTh aHOMAJIi1, IKi QiKCYIOTHCS IIUMH TIPHUIIaIaMH.

Le# npuHIUIT PO3BUBAETHCS 3 METOIO PO3POOIICHHS
SKICHOTO BiZlcOaHaJi3y, CXOBAaHOTO IIiJl IOBEPXHEIO
00’eKkTa, CHJIOBI MarHiTHi JHIT BiJ SKOro 3HIMAIOThH
MarHITOMETPOM.

OCHOBHI nepegazu IbOTO METOJTY:

— MOXJIMBICTh BUSIBJICHHS Y IPUPOAHUX MOKPHBHUX
CepelOBHIIAX;

— OinpIma rMOMHA # BICOKA ITBUAKICTD MOMIYKY.

Heooniku metony:

— HE JIETEeKTY€ AieTeKTPUIHI MaTepiaiy;

— HH3bKa BHOIPKOBICTh Ta 3aBa0CTIHKICTB.

AKycTHYHHIT MeTold. AKYCTHYHI XBHJII MOXYTb
OyTH e(heKTUBHUM IHCTPYMEHTOM [UIS BHUSBICHHS Ta
ineHTudikanii Ha3eMHHX MiH. YJBTPa3ByKOBI METOIU
Ta METOIAM TIIEPETBOPEHHS aKyCTHYHUX JaHUX Ha
ceiicMmiuHi (A/S) € TOIIMPEHUMH METOJaMU aKyCTHYHOT'O

BUSIBJICHHS. Heldonikamu 1HOTO METOy € HU3bKa
PO3/iIbHA 3IaTHICTh Ta 3aJIEKHICTh Bifl IIUIBHOCTI IPYHTY.
Tomy meit mMeronm mae Maimy eQEKTHBHICTH VIS TIOLIYKY
BHII, oco6nuBo 3a HasBHOCTI MEKUIBKOX TEPEHIKOA i3
PI3HHUMH BIIACTUBOCTSIMHE, HAMPUKIIA], TIOBITPSI-TPYHT.

3a pe3yiabTaTaMH aHaji3y METOJIB BHABJICHHSI 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 la€ 3MOTY 3pOOHUTH BUCHOBOK PO
CyllepeyHicTh MiX (a) — HEOOXiTHICTIO IIiJBUIIECHHSI
MIPOIYKTUBHOCTI OOCTEXEHHsSI TEPUTOpPIH i3 BHCOKOIO
WMOBIPHICTIO  HAsfBHOCTI  pI3HMX THMOIB  BHOYXO-
HEOE3MEeYHNX MPEAMETIB Ta 3a0e3MeUcHHS HEOOXiTHOT
JOCTOBIPHOCTI IXHBOI imeHTH(]iKaMii [T 3HETTKOHKESHHS,
a Takox (0) — HAsIBHICTIO METOMIB 1 TEXHOJIOTIYHUX
pimeHs MOOITHPHUX POOOTH30BAaHMX KOMIUIEKCIB, a caMe
¢notiB BITJIA, 3 ogHOro O0OKY, Ta BiACYTHICTIO WiJiCHO]
KOHIIETIii, METOIiB, 3ac00iB i TEXHOJOTiIH CTBOPEHHS
1 BUKOPHCTaHHS 0araToIliJIbOBUX HAIIWHHUX 1 OC3MEYHUX
inTenekTyanpHux cucreM bBIUUIA  mng  momyky Ta
posmiznaBanHs BHII, 3 iHmoro 6oky.

Jns momonmaHHA Ii€l CyNepedHOCTi BaXKIHBO,
Hacammepe], CTBOPHTH KOHILEMIiO, Ha OCHOBI SKOI
po3pobuTi  MeTomoJorifo, Momeni Ta iH(popMamiiHi
TEXHOJIOTT IapaHTOBAHOTO BHSBJICHHS 1 PO3Mi3HABaHHS
BHIT 3

OaraTtoBepCiiHUX IHTENEKTyalbHUX cucTeM. [IpuHuImnu

BUKOPHCTAaHHAM MOOUTBHUX  PO3IOAITICHUX

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

Konnenmiss TpyHTyeThCSI Ha JBOX IIOJOKEHHSIX,

3alTpOIIOHOBAHO Ta

IO TMOEJHYIOTh TparHeHHS 3a0e3MeYUTH  BHCOKY
MPOAYKTUBHICTG 1 JOCTOBIPHICTH MOIIYKY, BHUSBICHHS
tTa posmisHaBaHHs BHII s iXHBOro mNOAAIBLIOrO
3HEIIKO/KEHHS.

ITo-nepmie, BucokompoaykTuBHe BusBieHHs BHII
Ha BU3HAUCHIN TepuTOpii 320e3MedyeThCs IMUTSIXOM:
¢oty

BIUTA, ocHameHOro pi3HMMH THIAMH iH(POPMALIHHO-

— 3aCTOCYBaHHS GararoyHKLIHHOTO
BUMIPIOBAJILHUX 3aC001B;

— IUTaHYBaHHS ONTUMAJIBHUX MAapUIPYTiB pPyXy
BIIJIA 3 ypaxyBaHHsIM OararornapaMeTpuYHOro MOKPHTTS
I1i1 Yac BUKOHAHHS IOCTABJICHUX 3aB/IaHb.
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Tabmuus 3. /lopisuanus memoodie gussnenus BHIT
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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 + + + + B B + +
Ta 1XHE 36CplI‘aHHH
JlocTyT 10 Mepesxi Ta TOKPUTTS - - + + + + - - + -
Hepez{al{g JTaHUX B B + + + + B B + B
Y PeXHUMi peajlbHOro 4acy
Ilapamempu sikocmi
Esgfm [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
Pom.]m’ﬂa. SAATHICTE High Low |Medium|Medium| High High High Low Low Low
(BUOIPKOBICTB)
Haniiinicts High High High High High High Low Low |Medium|Medium
Exonomiuni noxaznuxu
BapticTb | Low | Medium | Medium | Medium | High | High | Medium | Low | Medium | Medium
[lo-npyre, BHCOKa JIOCTOBIPHICTH  BHUSIBIICHHS BapiaHTaMHu po3nonity (YHKIIH Ta KOH(DIrypyBaHHS
i posmizHaBanust BHII nocsraerbes moisixom: amapaTHHX i IPOTPAMHUX KOMIIOHEHTIB;
— JIBOPIBHEBOI'O  IHTENIEKTYaJIbHOTO  0OpOOJICHHS — YIOCKOHAJIUTH METOJM TMONIYKY Ta BUSBJICHHS
iHpopmarii B PO3MOAUICHIH apXIiTEKTypi JITaIbHUX BHII i3 3actocyBanusm BBIC;

rpannuynnx obumcnens (Flying Edge Computing) 3
ypaxyBaHH;IM Koperrmii indopmartii, orprmanoi Big BITJIA
3 pi3HUMH iH(OPMaIIHHO-BUMIPIOBAJILHIMH 3aCO0aMHU;

— JOHABYaHHSA BIIITOBITHUX HEHpOMepeKHUX
CTPYKTYp YIPOAOBXK BHKOHAHHS 3aBJaHb Ha PpIi3HHUX
TEPUTOPISX.

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

— pO3pOoOUTH METOHOJOTIIO (KOHIEMIIII0, TPHHITAITA
Ta CTPYKTYpY
HpOrpaMHO-aapaTHUX

B3a€EMO3B’SI3KIB  MOJeNiell, METO/IB,

3aco0iB  Ta iHpOpMamiHHUX
TEXHOJIOTIH) CTBOPEHHS Ta BUKOPHCTaHHS HaIiHHUX
i 6e3meurnx BBIC momryky Ta 3uemkomkenHs BHIT;
— pO3pOOUTH CHUCTEMHI MOJEII Ta KOMIUICKC
MMOKa3HUKIB eeKTUBHOCTI HaniiHuX 1 6e3neunux BBIC;
— pO3pOOUTH Ta IOCHIOUTH MOJEN Ta iepapXidHi
cTpykTypu OoproBux KomrurekciB BBIC mis momyky,

inentudikanii Ta 3HemkomkenHs BHII i3 pisHumMu

— PO3pOOHUTH Ta BJOCKOHAIUTH METO/IH MJIaHYBaHHS
Bukopuctanas bBIC momyky Tta 3uHemkomkenas BHIT
Ha TepuTopisx i3 (ikcoBaHOIO KOH(Iryparieo Ta
Tunamu BHIT;

— po3poOHUTH Ta MAOCHIOUTA MOJCII Ta METOAU
migsumends Hagiiinocti BBIC Ta TXHIX KOMIIOHEHTIB;

— po3pobuTH CTPYKTYpy Ta 3acodu IT myst cTBOpeHHS,
IUTAHYBaHHA BUKOPUCTAHHS Ta 3a0e3NedeHHs HaIiifHOTO
¢ynxkuionysanns bBIC nomyky Ta 3uemxomkensst BHIT,

— pO3pOOUTH Ta TOCTIAUTH MOJENb 1 METOJ aHATI3Y
Ta OLIHIOBAaHHS pPH3WKYy BUHUKHEHHS HeOe3neyHoro

CTaHy ''minpuB Ha BUOyXOHEOE3MEeYHOMY TIpeaMeTi'.

BucHoBkn

3a pesyiapraTaMd BUKOHAHOTO aHANI3y METOJIB
BusiBiieHHs BHIT MoxHa 3poOuUTH BUCHOBKH, 1110:

— 3pOCTaHHS KiIBKOCTI Ta IHTEHCHBHOCTI 030pO€HNX
KOH(QIIKTIB 1 BIH Yy CBiTi, BHCOKa I1HTCHCHBHICTb
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3aCTOCYBaHHS OOEIPUITACIB PI3HUX THITB Ta IHTEHCHBHICTH

BUKOPHCTaHHS IPHU3BOAWTH J0 30ULIBIICHHS IUIOWI
Tepuropii, 3a0pynaennx BHII,

— HU3bKA TNPOAYKTHBHICTh HAsBHHUX METOMIB HE
JIO3BOJISIE MIBUAKO W €(EeKTUBHO PO3UMINATH 3a0pyIJHEHI
BHII Tteputopii, 1m0 MPU3BOAUTH A0 3HAYHOI KIIBKOCTI
ypaxxeHsb i 3arubeni mojei yracminok migpusy BHIT;

— CaMoCTiiHe BHKOPUCTaHHS OKPEMHX METO/IB
HE MOXe CyTTEBO M IBUIIATH HMOBIpPHICTB
pusiBnenHs BHIIT;

— U TiABUIIEHHS NPOXYKTHBHOCTI Ta Oe3leKu

IHTEeTeKTyabHI mw1aThopMu JTOTIPABIICHHS

iHpOopMaiHO-BUMIPIOBAIIbHHX 3aCO0IB.

Monanbmi AoCHiTKEHH JOLIIBHO TPOBOIUTH

TakKUM YWHOM: TIPOAHANI3yBaTH CTaH 1 TEHICHII
PO3BUTKY METO/IB, TEXHOJIOTIH 1 MATEMaTHYHOIO arapara
JUIA CTBOPCHHS Ta 3aCTOCYBaHHS CHCTEM BUSBICHHS
i posnizHaBanHs BHII Ha 6a3i ¢aotie BIIJIA Ta iHmux
pobotmzoBannx 3aco6i (BBIC); ymockoHamuté Meroan
nomyky Ta BussieHHs BHII i3 3actocyBanusm BILIA;

JOCTITUTH METOMW MiABHUINECHHA €()EeKTUBHOCTI IMOIIYKY

BUKOHAHHS poOOIT 13 TONIYKY Ta 3HEMIKOIKEHHS BHII 3a pmomomMororo BHUKOPUCTaHHSA IMPOTPaMHO-
BHII JIOLILTBHO BHKOPHUCTOBYBATH 0e3miToTHI amapaTHHX 3ac00iB Ta iHGOPMAIIHHIX 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 HMccIeI0BAHUSI B CTAaThe SBISTIOTCS METOMBI BBISIBIICHUS M PACIIO3HABAHUS B3PBHIBOOIIACHBIX IpenmeToB. Llean paboTs —
pa3paboTKa OCHOBHBIX IIOJIOKCHHIH KOHIICIIMH TapaHTHPOBAHHOTO OOHAPY)KCHHS M PACIO3HABAaHMS B3PBIBOOMACHBIX IPEAMETOB.
B crarbe pemaroTcs CleAyIONIME 3aJa4M: aHAJIM3 CYLIECTBYIOIIMX IOAXOJOB MO INPUMECHEHWIO TPAJMLHOHHBIX EIMHUYHBIX
1 KOMOMHHUPOBAHHBIX, & TAK)KE HETPAAUIHMOHHBIX (OMOIOTHYECKIX) METO0B O0OHAPYKEHUs B3PHIBOOMIACHBIX IPEIMETOB, pa3paboTka
KJTacCCH(HKAILIMOHHOH TaOJIMIBI METOJOB OOHapy)KCHHUs B3PHIBOONMACHBIX TPEAMETOB MO (U3MYESCKUM TNPHHIHUIIAM, AaHAIU3
NPEUMYIIECTB U HEAOCTATKOB PACCMOTPEHHBLIX METOIO0OB OGHapy)KCHI/Iﬂ B3PBIBOOMIACHBIX MPEAMETOB, pa3pa60T1<a CpaBHVlTeJ’[bHOf/i
TabnMuIbl MeToJOB OOHAapy>KeHWs B3PHIBOOIACHBIX MNPEAMETOB, (OPMYJIMPOBAHHE OCHOBHBIX IIOJIOXKEHHH  KOHLETINH
rapaHTHPOBAaHHOTO OOHAPYKEHHS W PACIO3HABaHUS B3PHIBOOMACHBIX MPEAMETOB VICTIONB3YIOTCS CIEAYIOIIHEe METOABI: CPaBHEHHE,
abcTparupoBaHue, aHaIU3 M CHHTE3, HaydHas MHAYKLHs. [IOMydYeHbI Clieylolne pe3yJibTaThl: HMPOBEACH aHAIN3 OCOOCHHOCTEH
CYIIECTBYIOIIMX TPAJUIMOHHBIX M HETPAJUIHMOHHBIX (OMOJIOTMYECKHX) METOJNOB OOHApYKEHHs B3PHIBOOMACHBIX IPEIMETOB.
[IpemoxeHa kiaccuUKalMs METOJOB OOHApYXEHHs B3PHIBOOIACHBIX IIPEIMETOB C Y4YeTOM IIapaMeTpOB, BIMSIOUIMX Ha
BEPOATHOCTH 06Hapy>|<eHm{ U NPOU3BOAUTEIIBHOCTD. B Ta6J'Il/I'-lHOM BUJEC TIPEACTABJICHBlI PE3YyJIbTAaTbl CPABHUTEJIBHOI'O aHaJIu3a
METOJIOB OOHapy»XEHHsl B3PHIBOOIACHBIX IIPEMETOB II0 CICAYIONIMM IIOKa3aTelsiM: THI B3aMMOAEHCTBHS C B3PHIBOOIIACHEIMHU
npeaMeTaMH, THI IUaT(GOpMBI, MOTEHIMANbHAs HPOW3BOAUTENBHOCT, MOJJEPXKKAa HH(MOPMAIMOHHBIX TEXHOJIOTHH, MapaMeTphl
KavecTBa, SKOHOMHUECKHe IokazaTend. ChopMynnpoBaHbl OCHOBHBIE MOJIOXKEHHS KOHIEMINHM TapaHTHPOBAHHOTO OOHAPYKEHUS
U PAcIIO3HABAHHUs B3PBIBOOIACHBIX NpeAMeToB. BhIBoAbI. Hu3kas NMpoM3BOANTENBHOCTh CYIIECTBYIOIIMX METOAOB HE INO3BOJISET
ObicTpo ¥ 3(G(PEKTHBHO pacUUIIATh 3arps3HEHHBIC B3PBIBOOIACHBIMU IPEIMETAaMU TEPPUTOPHH, YTO MPHUBOJUT K OOJBLIIOMY
KOJIMYECTBY MOpaXeHUil W THOenH JroJell B pe3ysibTaTe B3pbiBa B3PBIBOOMACHBIX HpeameToB. CaMOCTOSTEIbHOE HCIIOIb30BaHUE
OTACIBHBIX MCTOIOB 06Hapy>1<eﬂml HE€ MOXET CYHIECTBEHHO IIOBBICUTL BEPOATHOCTH 06Hapy>1<eﬂnﬂ B3PBIBOOMMACHBIX MPEAMETOB.
JI71s1 IOBBILICHHUST TPOM3BOAUTENFHOCTH M 0E30I1aCHOCTH BBITTONHEHUST pa0oT MO MOUCKY M 00€3BPEKMBAHHIO B3PHIBOONACHBIX MPEIMETOB
1eJIecO00pa3HO UCIIONB30BaTh OECIIIOTHBIC HHTEIUIEKTYaIbHbIC IATGOPMBI JOCTABKH HH(OPMALIMOHHO-H3MEPHUTEIBHBIX CPEICTB.

KuioueBble ciaoBa: MeToAbl OOHApyXeHHs ¥ pPAaclO3HABAHHS; B3PHIBOONACHBIC MPEAMETHI;, OCCHUIOTHBIC Aammaparsl;
HPOM3BO/IUTENBHOCTD; BEPOSTHOCTh OOHAPYKEHHUSI.
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K. BOPOBIOB, H. T'YPXII

KOHKYPEHTHUH AHAJII3 CBITOBOI'O PUHKY KABU

VY nmociiKeHHI CHCTEMaTH30BaHO iH(OpMamilo IMOJO TEHACHIH PO3BUTKY CBITOBOTO PHUHKY KaBH IS BHSBICHHA NPOOIEM
ympomosx 2016-2021 pp. Came ToMy aBTOpH HE TiJIbKH CHCTEMAaTHU3YIOTh iH(OpMaIlilo, ale i MpOBOITh KOHKYPSHTHUI aHaIi3
Ha MiACTaBi CTaTUCTHYHUX 0a3 naHux. IIpeaMeToM MoCHiIKeHHS € KOHKYPEHTHHH 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 TaKi 3aBJaHHsSI: aHAII3 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 32 EBHHUMH
napaMmerpamMu. MeTOAM, IO 3aCTOCOBYIOTHCS: aHalli3, CHHTE3, MOPIBHSIHHS, 3TPYyIyBaHHS, KOMIUICKCHe oliHIoBaHHS. OTpumani
pe3yJIbTATH: BHBYCHO IOTOYHMI CTaH CBITOBOTO PHUHKY KaBHW, I[IHM Ha 3€JICHE KaBOBE 3C€PHO, CBITOBI OOCSATH BHYTPIIIHBOTO
BUPOOHUIITBA KaBH (BpOXKail) 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 MPOIYKII{ y CBITi, YaCTKN
PUHKY pO3IpiOHOT TOPTiBIl HAHOLTBPIIMX CBITOBUX BHPOOHHKIB 3€PHOBOI Ta PO3YMHHOI KaBOBOI TMPOMYKINi, CITiBBiIHOIICHHS
MpOJaXxiB TOTOBOI KaBOBOI MPOAYKLii y CBiTi 3a reorpadiunoro o3nakoro. IIpoaHanizoBaHO (iHAHCOBI MOKA3HHKKM HAHOITBIIMX
KOMITaHiil i3 BUpOOHMITBA KaBOBOI MpoAyKiii y cBiti, a came Nestle, Jacobs Douwe Egbert, Luigi Lavazza S.p.A, Strauss Group,
lllycaffe S.p.A., 3a mepiom 2016-2021 pp. OmiHEHO KOHKYPEHTOCHPOMOXKHICTh IOCITIPKYBaHUX KOMIIaHIA 13 BHUPOOHHIITBA
TOTOBOi KaBOBOI MpPOAYKLil 3a MEBHMMHM HapaMeTpaMH, IO JajJo 3MOTY BH3HAYUTH TPbOX JIJEPiB Ha CBITOBOMY PHHKY.
BucHoBku. Pe3ynpTaTu mpoBeAeHOr0 KOHKYPEHTHOTO aHali3y CBITOBOTO PHHKY KaBH MOXYTb OyTH BHUKOpPHCTaHi B pPoOOTi
KOHCaJITHHIOBHX KOMIIaHiH, Oi3HEC-aHANITHKIB Ta BJIACHHKIB KaBOBOTO Oi3Hecy. I[IpakTWYHa KOPUCTH IOCHIKECHHS IOJISTae
Y BH3HAUCHHI Ha MiJCTaBl CTATUCTHYHMX 0a3 JaHUX KIIIOYOBUX MOKA3HUKIB ()YHKIIOHYBAaHHS PHHKY Ta Y ()OPMYBaHHI CTPYKTypHOTO
MiIXO0/Ty /10 IPOBE/ICHHS KOHKYPEHTHOTO aHalli3y He JIMIIE CBITOBOTO, a if HalliOHaJbHOTO PHHKY KaBH.

Ku1r04oBi ci10Ba: cBiTOBHI pUHOK KaBH; KOHKYPEHTHHUI aHai3; CBITOBI BUPOOHMKH KaBH; KaBOBI OPEH/M; KaBOBA MPOIYKIIis.

Beryn

Y cydacHOMy CBITI KaBOBMH Hamiii  cTaB
HEBIJI'EMHMM NPOJYKTOM MIOJEHHOTO CHOXXHBAHHS, IO
CBOIMH BIIACTHBOCTSIMH JIOJIa€ TOHYCY OpraHi3aMy Ta €
NIPUEMHUM Ha cMak. [IpoTSromM oCTaHHBOTO JECSATHIITTS
cepell CIOXHUBAuiB CBITYy 3pOCTAa€ IOMUT Ha 3EPHOBY
KaBy, a Ha PO3UYMHHY — 3MEHIIYEThCS. TOMY 3 KOXXHUM
POKOM Ha CBITOBOMY PHHKY 3’SIBISETBCS BCe Olnblla
KIJIBKICTh ~ HOBOCTBOPEHHMX  BHPOOHHMKIB  KaBOBOI
NPOJYKLii, SKI CTalTh KOHKYPEHTAMH HaWOUIBIINM
TpaHCHAI[IOHAJHHUM KOMIIaHiIM 3 BHUPOOHMITBA KaBH.
ToMmy akTyaJbHUM €

IIPOBEJICHHSI KOHKYPEHTHOI'O

aHaJIi3y IIOTOYHOTO CTaHy CBITOBOTO PHHKY KaBH.

AHaJi3 ocTaHHIX TocHiTKeHb i myQaikamiit

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

€KOHOMIYHOTO  aHaji3y MdiIbHOCTI  KOMIIaHIH i3
BUPOOHHMIITBA KaBU y E€BpOmi MOCTIIKYBaIH CKCICPTH
C. barrino # L. Honaro [4]. IlpoBamkeHHAM aHAIi3y
CTIHKOCTI KaBOBOTO BHPOOHUIITBA 3aiiMaBcs 3apyOiKHUHA
excrept C. Kpicrian [5]. Ograk mpoBeneHi TOCITiHKEHHS
HE OXOIUTIOIOTH MPOMiXKOK vacy 3 2016 mo 2021 pp. ta

HE MICTATh KOHKYPEHTHHI aHaJIi3 CBITOBOTO PHHKY KaBH.

BusHavyeHHsI HeBUPILIEHUX aCMEKTIiB
3araJibHoI mpod/emMu

CBITOBHII pUHOK KaBHU Ta HOro mpoOjaeMu MPOTATOM
20142017 pp. nocnimkysamu B. Xomukina ta O. Poxina [1].
[MutanHs  ocoOnMBOCTEH  PO3BUTKY  CBITOBOIO  Ta
YKpaiHCBKOTO pWHKY KaBH Bopomomx 2016-2019 pp.
BuByanu [. Mangpuk T1a JI. T'ypruit [2]. ®opmyBaHHS

ocobmmBOCTeH TeorpadiyHIX KaBOBHX IICHTHU(IKATOPIB

3aaunIaeTbes HeBI/IpiH_IeHI/IM IIUTaHHA moao

MPOBEACHHS KOHKYPCHTHOTO aHANi3y CBITOBOTO PHHKY
kaBu mnporsirom 2016-2021 pp. Ha ocHOBI BHOIpKH
i3 cratuctmuHux 6a3 ganux International Coffee
Organization [6] Ta Euromonitor International [7],
SIKI JAl0Th OI[IHUTH

3MOTy KOMIIJICKCHO

KOHKYPEHTOCTIPOMO>KHOCTI HaHOUTBIITUX CBITOBHX

BUPOOHMKIB KaBH. MeTa po0OTH NOIATae y NpoOBejaeH]
KOHKYPEHTHOIO  aHalli3y CBITOBOTO pHHKY  KaBH,
oo mepeabavyae 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
MMOKA3HUKIB,  OILIIHIOBaHHS

OCHOBHHX  (piHAHCOBHX

KOHKYPEHTOCIIPOMOKHOCTI HaHOUIBIINX KOMIIaHIN 13

BHUPOOHHMIITBA KaBH Y CBITI 32 BU3HAYEHUMH ITapaMeTPaMH.

Marepianau Ta MmeToan

KoHKypeHTHUIT aHalli3 CBITOBOI'O PUHKY KaBU BapToO
po3moYaTH 3 BHBYCHHS TCHACHLIH HOTO PO3BHUTKY Ta
JMUHAMIKH CEepPeIHIX IiH 332 OJMH MIIIOK KaBOBOTO 3EpHA
Barofo 60 xr "Apabiku" Ta "PoOyctH" 3a mepion
2016-2021 pp. (muB. puc. 1). Indopmauis chopmoBana
momicsyHux 3BitiB  International Coffee
Organization [6].

BinmoBimHO 10 HaBEACHUWX Ha pHC. | MOKA3HUKIB,

Ha OCHOBI

cepenHs BapTIiCTh OJHOTO MilllKa KaBOBOTO 3€pHA Baroro
60 xr copry "Apabika" 2016 p. cranosuma $216,75,
2019 p. mina 3um3miaace go $172,80, mio moB’s3aHo i3
rapHuM BpokaeM "Apabiku" 3a ueit nepioa. 2021 p. uiHa
$230,26.
Lle TOSICHIOETBCS 3HWKEHHSM BPOXKAHHOCTI BIPOJIIOBIK
2020-2021 pp.,
B TPUPIYHHUNA LUK, 1 CBITOBOIO (DiHAHCOBO-EKOHOMIYHOIO

3pociia 10 MaKCHUMAJIbHUX 3HA4YCHb —

OCKIIBKM KaBOBi JiepeBa yBIAILIA
KpH3010, cnpuuuHeHoto mnaxzaemiero Covid-19. Illomo

copry
KOJIUBAHHS [[IH Ta MPUYHHH [[bOTO € AHAIOTTYHIMH.

KaBOBUX  3€peH "PobycTa", TO aUHaMiKa

V T1abn. 1 HaBemeHI MOKA3HMKHA IIOJ0 3araJbHUX
o0csriB  3i0paHOro BpOXKalo cepel KpaiH CBiTy, sKi
BHPOIIYIOTH KaBOBI 3€pHA, Ta 3arajJbHUX O0OCATIB
excropTy npotsirom 2016-2021 pp. [8, 9, 10].

Sx BumHO 3 Tabm 1, 3a mepioxg 2016-2019 pp.
CBITOBI 00CATM BHYTpPIUIHHOTO BHUPOOHHILTBA (BpOXKaii)
kaBu 3pocin Ha 10 %, mporsrom 2019-2020 pp.
CIIOCTEPIraeThCsl LUKIIYHE 3MEHIIEHHS BpOXKaWHOCTI
Ha 4 %, 3 2020 mo 2021 pp. 30UIBIIYIOTECS OOCATH Ha
2 %. 3aranom 3a mociimkyBanuii mepiox (2016-2021 pp.)
npupict craHoBuB 8 %. 3 2016 mo 2021 pp. obGcsru
eKCIIOPTY KpaiH CBITY, $IKIi BHUPOLIYIOTh KaBOBI
3epHa, 30utbmmBCs Ha 12 %, mpotsrom 2020-2021 pp.
00CATH 3aNMIIMINCE Maiike 0e3 3MiH, IO H TOSCHIOE
3pOCTaHHS CepefHiX I[iH Ha KaBy B LEH MPOMDKOK
yacy (muB. puc. 1).

3MEHIICHHS 00cATiB excropTy Bipomorxk 2020-2021 p.

HeoOximHO 3ayBaKUTH, IO
Moke OyTH MOB’SI3aHO i3 3MEHIIEHHSM IOIHTY Ha KaBy
Ta MaIiHHAM KYIiBEIbHOI CIPOMOXKHOCTI CIIO’KHBAYiB,
CBITOBOIO

BUKJIMKaHUM (hiHAHCOBO-EKOHOMIYHOKO

Kpu3oro, ska modamack 2019 p. Takox MoxHa

CTBEp/UKYBAaTH, IO BHPOOHUNTBO  (BHPOIIYyBaHH:)
KaBM B KpaiHaX CBITy CIIPIMOBaHO He Ha 3aJI0BOJICHHS
BHYTpILIHIX TOTpeO, a Ha EKCIOPTYBaHHS KaBH IS

po3BuTKy exonomiku (BBII).

400
216,75
117725 19945 12550 172.80 22680 23026
L I.133 N "5 L97 i LM ‘mé
2016 2017 2018 2019 2020 2021
B ApaGika ™ PoGycra
Puc 1. Cepenni niHu 3a 0MH MIIIOK KaBOBOTO 3epHa Baroto 60 Kr
copriB "Apabika" ta "Pobycra" npotsrom 2016-2021 p., $/60 kr
Tabmuusa 1. Cgimosi o06cseu GHYMPIWHLO20 BUPOOHUYMEA KABU (8pOXCAL) MA eKCnopmy HpOMmMsA2OM
2015/16-2020/21 pp., muc. miwkis eazoio 60 ke
IMoka3Huk / pik 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21
1 2 3 4 5 6 7
Ober piyTpittsoro 156126,00 | 16232000 | 16369300 | 172461,00 | 165053,00 | 169064,00
BHpOOHUITBA (BpOXKaii)
O0csr ekciopty 116396,00 121334,00 119519,00 126598,00 130098,00 130033,00
YacTka 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,
BiamoBimHo 10 3BiTiB International Coffee Organization:

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

2) nunHeBa rpyma KpaiH-ekcnoprepis, y skiid 80 %
KaBOBUX IUIaHTaNmid € JnepeBa Ta Ky "Apabiku",
a pemra 20 % — xymi "Pobyctu";

3) >KOBTHeBa Tpyla — OJHA 3 HANOUIBIIUX Tpymd
KpaiH-ekcropTepiB, — y skiii 50 % kaBOBMX IUTaHTaIliN
€ kymi "Apabikn" Ta iHmi 50 % — xymi "Pobyctn" [8].

VY tabn. 2 3ampornoHoBaHa iHpOpMALis M0N0 00CATIB

BHUPOOHHUIITBA (BPO’Kar0) KAaBOBUX 3EPEH I SITH HAHOLIBIIIIX

KpaiH-BHPOOHHKIB CBITY, a TaKOX OOCSITH 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 3elIeHOl
KaBH Ta ekcroprepamu € bpasuiis, B’ernam, Komymo6is,
Inmonesis ta [ommypac. 3a3HaumMo, IO Ii KpaiHu
eKkcropTyioTh Bim 47 % mo 99 % 3i0OpaHOrO BpOXKAIO,
3 2016 mo 2021 pp. cocTepiraeTbcst KOJIUBAaHHS 00CATIB
BHPOOHHIITBA Ta eKkcmopTy kaBw, 3 2019 mo 2021 pp.
o0csTr BUPOOHUIITBA Ta EKCIIOPTY KaBU 3MCHITYIOTHCS.

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

HaBeleHa  iH(opMaris

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

32015/16 00 2020/21 pp., muc. miwkis eazorw 60 ke

=S =S
Kpaina / 2 )
piK / 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 E N E N
NMOKAa3HUK = é‘ = §
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 44848,00 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
Excriopt 12716,00 12831,00 12985,00 12808,00 13672,00 12499,00 17 8,58
Hactxa 90,77% 87,68% 93,33% 92,37% 96,96% 87,41% 3,70 9,85
eKCIIOpTy
Inone3is
Obcsr 12585,00 11541,00 10852,00 9618,00 11433,00 12100,00 3,85 5,83
BUPOOHHIITBA
Excriopt 8379,00 6545,00 8198,00 4539,00 6334,00 7278,00 13,14 | 14,90
Hactxa 66,58% 56,71% 75,54% 47,19% 55,40% 60,15% -9,66 8,57
eKCIIOpTy
I'onnypac
Obcar 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 5009,00 042 | -2596
Hactxa 86,93% 71,15% 97,10% 99,87% 97,60% 82,11% 554 | -1587
EKCIOPTY
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Tabmuus 3. TOI1-5 kpain-imnopmepis kasosux 3epen 3a nepioo 2015/16—-2020/21 pp., muc. miwkie sazoro 60 ke

S| e 8
Kpaina / pix 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 é § é g
=2 |F8&

1 2 3 4 5 6 7 8 9
Pazom iMmopt 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
Himeuunna 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
Iranis 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

BinmoBimao 10 Tabn. 3, 3arambHi 0OCSATH IMHOPTY
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. BigbOynock 3MmeHiieHHs Ha 1,95 %
(2625 Ttuc. mimkiB Baroto 60 kr). Cepen kpaiH CBiTy
CIHA wmae HaiOinplly 4acTKy iMIIOPTY, IO CTaHOBUTH
Bim 22% mo 23 % Bim 3arampHOrO 00CsTY. Hpyre
Micie mocimae HimeuunHa 3 YacTKOI IMIIOPTY KaBH
Bim 16 % no 18 %. Yactku immopty Irtamii Ta ®panmii
KOJIUBAKOThCS Bim 5 % 1mo 9 %, 4acTku yciX iHIIKX
KpaiH-IMITOpTEpiB  KaBH 5 %.

HC NEPCBULLYIOTH

Tabmuusa 4. Hatisuwi cepeoui po3dpioui yinu 3a 1 ke obcmasiceHux

npomsicom 2016-2021 pp., $/ke

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

Indopmaniss mono cepenHix po3npiOHMX IiH Ha
oO0cMakeHy KaBy B KpaiHax cBiTy BIponoBxk 2016-2021 pp.
nae 3mory BusHauutd TOII-5 kpain i3 HaiiBUIIMMU
po3apiOHUMH TiHaMK 3a | Kr' OOCMaKCHHX KaBOBHUX
3eper 32 20162021 pp. (auB. Tabdmn. 4) [15].

KABOBUX 3epeH ceped KpaiH cseimy

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%
pociiiceka dexnepartis 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 Ta6n. 4, BU3HAUCHO II'ATh KpaiH i3

HaiiBumuMmu  miHamMu.  CoOIiBapTICTh KOXKHOI — MMAaYKH
oOcMakeHOi KaBW Barot0 | KT MICTHUTh: €HEeproHocii —
6 %, norictuka — 8 %, agMiHicTpaTHBHI BuTpartu — 16 %,
amoprusauis — 1 %, 3apobitHa mnara — 6 %, ymakoBka
Ta BTOpuHHA cuposuHa — 10 %, pemra qogaHoi BapToCTi

npuriajja€ Ha OpC€HAOBAHY IIOJHIIO B cynepMapKeTi 0e3

ypaxyBaHHs TOAaTKiB. HaiiBumi po3apiOHI IiHU Ha
oOcmaxkeHy kaBy y Benukiit Bputanii, omnak 3 2016
1o 2021 pp. uina 3menmmach Ha 7,14 % (abo $3,00),
ynpoaosx 2020-2021 pp. wiHa 3alUIIMIACh HE3MIHHOIO.
Hpyre wmicne mocimae Mansta, ge 3 2016 mo 2021 pp.
inu 3pocnu Ha 16,20 % (abo $4,60), 3 2020 mo 2021 pp.
npupict craHoBuB 4,10 % (abo $1,30). Takox HanBHIIi
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po3npiOHI 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 HaHWKIIMA
CepeIHIMH PO3IPiOHMMH I[iHAMH Ha 3epHA O00CMa)XXCHOT
kaBu npotsirom 2016-2021 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.
(a6o $0,80), a 3 2020 mo 2021 pp. — +2,56 % (abo $0,20).

Ha teputopii [Tompimi po3ramoBaHa 3HaYHA KiTBKICTh SK

mpupict cranosuB 11,11 %

HaIioHATFHUX (PadpuK i3 BUPOOHUITBA Ta 0OCMa)kKeHHS
KaBH, TaK 1 TpaHCHAI[IOHAJBHUX KOMIIaHIH, Jie 3a mepion
2016-2021 pp. wiHu Ha 3epHa 0OCMaXKEHOI KaBU 3pOCIIH
Ha 21,43 % (abo $1,50) ta Ha 2,56 % (abo $0,20)
BimnoBigHo. B Icmanii ta ®imnsHmii po3mpiOHI miHU
Ha obcmaxkeHy 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].

Po3risHemo oOcsirn mpojaxiB kareropii "rorosa
KaBoBa TPOIYKIif"

y CBITI B HaTypagbHOMYy Ta

rpouioBoMy ekBiBajeHTi mnpotrsirom 2016-2021 pp.
CkopucraeMocsi JaHUMU MDKHapoJHOI kommaHii Strauss
Coffee,

3 mkepena Euromonitoring (aus. taba. 6). Y Tabm. 7

mo cdopMyBajga y3araabHeHy iH(pOpMAIio

3allPOTIOHOBAHO  OUIBII  JETalbHI 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 30ibImInCh Ha 17,32 % (abo 14,10 mun $)
Tta Ha 12,37 % (a6o 0,70 muu T), 3 2020 g0 2021 pp.
o0csiTH B TPONIOBOMY €KBIiBaJeHTI 3MEHIIWINCH Ha
0,31 % (a6o 0,30 mun $) Ta B HarypamsHOMY Ha 1,59 %
(0,10 i T). OTXE, OTpHMAaHi pe3yJbTaTH BKa3yIOTh
Ha CTaOUIbHE 3POCTAHHS YaCTKM KaBOBOTO PHHKY 3a
BCiMa KaTeropisiMH TOBapHOTO KAaBOBOTO ACOPTHMEHTY
BiJl PO3YMHHOI O 3€PHOBOi KaBOBOI TOTOBOI MPOAYKIIT
y mepiog 3 2016 mo 2020 pp. OmHak ympoaoOBK
20202021 pp.

€KBIBAJIEHTaX 3MCHIIUIUCS. L[C MOSICHIOETLCS CBITOBOIO

obcarn mpomaxiB KaBH B 000X

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

Kpu301o, CIIPUYNHECHOIO

Tabmuus 5. Hatinuowcui cepeoni po30pibni yinu 3a 1 ke oOCMaxdceHux Kasosux 3epeH ceped Kpain ceimy

3a nepioo 2016-2021 pp., $/xe

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

OiangHIisA 8,10 9,10 9,40 8,90 9,20 9,30 14,81% 1,09%
Icnanis 8,30 8,50 9,10 8,10 8,70 9,20 10,84% 5,75%
[Monba 7,00 7,70 8,30 7,90 8,30 8,50 21,43% 2,41%
Opanis 7,20 7,50 8,20 7,70 7,80 8,00 11,11% 2,56%
IBermist 7,70 7,90 7,20 6,80 7,00 7,40 -3,90% 5,71%

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

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

Obearu nporwiia . 81,40 | 86,00 | 8650 | 8850 | 9580 | 9550 17,32% -0,31%
Y rpomioBOMY €KBIBAJICHT1, MJIpJ $
Obesrn npoxaxis . 550 | 570 | 580 | 610 | 630 | 620 12,73% ~1,59%
Yy HaTypaJbHOMY €KBiBaJICHTi, MJIH T
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Tabmuus 7. Obcaeu npodasicie ma 008 C8IMOB020 PUHKY 3EPHOB0I 20mO080I ma po34yuHHOI 20mo6oi Kasoeoi

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

S o= S m 8= A= S = = 5 o= S m 2= < = = < 2

. = = T E =3 =32 E2E = = = e = T .5

Tokazuuk / pix 225 B2 E25 S 8 E S 2E 223 BZE3 S 8¢E g =g
035 = = =§§ =§E °as °eEd g =§E Ec 5

S ag S5&2 =2 = = o = S mR g582 = o = = 55

= >3 = =2 =g = = >3 = =R Eas E &R

g2 | g gg| BF£ g -2 gEz | g gz| BFE g3

Sz o s o) 2 2 Sz o s = o ) = 8

= = 8 s =z 5 E = s =z s &

=y = 5} o 2 2. =} bl o )

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,/fomm’ 4,73% 0,14% 22,87% 12,50% ~7,65% -0,73% 8,08% 13,33%
Hp“plcf,/fozom’ 0,30% 0,00% 0,00% 0,00% 0,00% 0,00% -0,93% 0,00%
BinmosimHo no iHdopmanii, moganoi B Tabm 7, Yy HaTypalbHOMY eKBiBaieHTi. Yrupoaosxk 2016-2021 pp.
yacTKa TOTOBOi 3€pHOBOT  KaBOBOi MpOAYKIii B YacTKa 3MeHImWacs Ha 7,65 %. BianosigHo 10 nokasHukis

TPOIIOBOMY eKBiBaJieHTi 3a mepiox 3 2016 mo 2021 pp.
30inpmmacs 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 3MIHWIUCH,
YacTKa B TPOIIOBOMY CKBIBAJICGHTI 30UIbIIMIach Ha
0,30 %. Oxpim Toro, 3 2016 no 2021 pp. BiaOymnocs
3pOCTaHHS 00CATIB MPOJaXiB PO3YMHHOI TOTOBOI KaBOBOT
npoaykiii Ha 8,08 % (abo Ha 2,4 mupa $) y rpomioomy
exBiBanenti a6o Ha 0,2 MuH T (abo Ha 13,33 %)

2020-2021 pp., wacTka He 3a3Hama 3MiH, 00csArH
MIPOJIAXKIB PO3UMHHOI KaBH B HAaTypaJbHOMY €KBiBaJEHTI
TaKOX 3aJHMIIMINCh HE3MIHHUMM, 3HWDKCHHS ITOKAa3HMKA
B TPOIIOBOMY €KBIBAJICHTI 32 aHAJIOTIYHUH Mepioj] MOXKe
OyTH CIIpHYMHEHO KOJMBAaHHSM IIiH Ha PHHKY.

Ha cBiToBOMy pHMHKY KaBM iCHy€ 3Ha4YHa KiJIbKICTh
rpaBiiB. Ha pmc. 2 HaBeaeHI YacTKW HaWOLMBIIIX
BUPOOHMKIB 3€pHOBOi Ta PO3YMHHOI KaBOBOI MPOAYKIIil

32016 no 2021 pp. [6, 7, 15, 16].

30
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Puc. 2. YacTku puHKY po3/piOHOT TOPTiBII HAWOUIBIINX CBITOBUX BUPOOHHUKIB

3€pHOBOI Ta PO3YMHHOI KaBOBOI MpoAyKIii Brpoxosxk 20162021 pp., %

BinmosimHo mo imdopmarii, moganoi Ha puc. 2, 10
HAHOLIBIINX KOMITaHIH, IO BIJIrparOTh KJIOYOBY POJIb HA
CBITOBOMY PHHKY KaBOBOI NMPOAYKIIi Ta CHIBIPAIIOIOTh
i3 HaWOIIBIIMMHU KpalHAMH-EKCIIOpTEpaMH Ta KpaiHamu-
iMmoprepamu kasu, Hanexkats: Nestle, JAB, JM Smucker,

Strauss Group, Lavazza, Tchibo. Ilepie miciie Ha pUHKY
mocigae BupoOHuk Nestle,
kommaHii 3 2016 mo 2021 pp. 3pocna Ha 3,6 %. CraHom

JAOro pHUHKOBA 4YacTKa

Ha 2021 p. ueit BUpOOHUK OXOIUTIOE 1/4 CBITOBOTO PHHKY
kaBu (26,0 %), mo Hamae iiomy Oe3yMOBHE IiIepcTBO
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Ta MOXJIMBICTh BIUIMBATH HE JIMIIE HAa KOHKYPEHTIB, a i
Ha puHOK 3arajoM. 3 2016 mo 2021 pp. apyre micie
nocigae BupoOHUK JAB. Came 1151 KOMIaHisA 3IUBAETHCA 3
TakuMK oprasizamismu, sk Heinze (Kraft Food) ta
Mondeles mis mpotucrosinus cBitoBomy riranty Nestle,
BOJTHOYAC CTBOPIOE 3HAYHY KUIBKICTh PI3ZHOMaHITHOTO
TIPOIYKIIii
NPUCYTHOCTI  Ha

I 30UIBIIEHHS  CBOET
PHUHKY.

JOCTIKYBaHUM TEPiO CIOCTEPIracThcs 3MEHINCHHS ii

ACOPTUMEHTY
CBITOBOMY OpmHak vy
yacTkH puHKY Ha 0,7 %, 10 CBITYMTH HPO TOCHa0IeHHS
KOHKYPEHTHUX TO3UIiid KoMmmauii. YacTKu pHHKY
BupoOuukie JM Smucker, Strauss Group, Lavazza,
Tchibo e 3nayno MenmMMu, Ha BiAMIHY BiX JigepiB
PHUHKY,
KOJNMBAJINCh TPHUOIM3HO B OJHAKOBUX Jiama3oHaxX Bif

i nporsirom 2016-2021 pp. ixHI 3HaYeHHsS

2,0% no 2,9 %. Jlunamika 3MEHIIEHHsSI YacTKH PUHKY
criocrepiraeteest B JM Smucker ta Strauss Group, a B
Lavazza BinOyBaetbcsi mpupict. Cepen IOCTiKyBaHHX

KOMIIaHi#f HalMEeHIIa JacTKa pUHKY y BUpoOHuKa Tchibo.
32016 no 2021 pp. BoHa 3meHIyeThes Ha 0,4 %, Takox
MOcTa0IIOI0ThCA KOHKYPEHTHI TO3WIT 1€l KoMmmaHii
Ha CBITOBOMY PHWHKY KaBoBOi mpoaykiii. beznepeuHo,
MikHapoaauii BupoOHuk Nestle e cepiiosHum rpaBiemMm
Ha PHHKY KaBOBOI mpoaykuii. J[ns yTpumaHHs CcBOiX
PUHKOBHX TIIO3WINNA iHINI TpaBHi BHAIOTHCA MO 3ITUTTA
OizHeciB, ockiapku Nestle € He TinbKH BUPOOHUKOM, aje
i peanizaTopoM NpoxyKuii KommaHii Starbucks, Seattle’s
Best Coffee ma Teavana TM/MC, a B mnepcueKTUBI

npucytHicth  Nestle  Timpku  30i7bLIyBAaTHUMETHCS
Ha CBITOBOMY pHHKY, BIJNOBIJIHO, 3pocCTaTHMe
MOKA3HUK YaCTKM PHHKY Ta PO3IMIMPIOBATHMETHCS

TOBapHHIA TOPThETb.

Ha puc. 3 3amponoHOBaHI YacTKH HaWOUTBIIIX
BUPOOHHKIB 3€PHOBOI OOCMa)kK€HOT KaBOBOI MPOIYKIl
(30Kkpema CBDXI 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 npoaykIiii npotsirom 2016-2021 pp., %

HeoOxiHO 3ayBaKMTH, IO Ha CBITOBOMY PHHKY
KaBM YacTKa KOMIIaHii, $Ki IpaIioloTh y CErMEeHTI
NPOJYKTY, €
MEHIIOI0, HDK KOMIaHI CErMEeHTY PO3YMHHOI KaBOBOI

3epHOBOTO  OOCMaXEHOT0  KaBOBOT'O
npoxykuii (uB. puc. 4). [lokazHuku, HaBeAeHI Ha puc. 3,
CBiUaTh MPO Te, IO HAWOUTBIIWIA TpaHCHAIIOHATEHUI
BHUPOOHUK KaBOBOI mpoxaykiiii Nestle (puc. 2) y cermenTi
00CMaXEHOTO 3€pHOBOTO KaBOBOTO MpoaykTy 3 2017 p.
BUTICHUB 13 MO3HMILII JijiepcTBa KoMmaHito JAB, 4actka
puHKY skoi 3a mepiox 2016-2021 pp. 3mMeHmmIach
3 13,4 % no 13,0 %. Boxnouac ugactka 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 peanizamito 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 3Menmenus. Hanpukian, 3 2019 no 2021 pp.
Strauss Group Brpatuin 0,4 % 4acTKu pHHY, IPOTSATOM
2018-2021 pp. JM Smucker rtakox Brparmma 0,4 %,
3 2019 no 2021 pp. illy Brpatmna 0,2 %. Y xommanii
Tchibo 3 2016 10 2021 pp. yacTKa PHHKY 3MEHIIMIACH
i3 2,7 % no 2,2 %. 3MeHIIeHHS YaCTOK PUHKY KOMITaHIN
MOB’513aHO HE JIMIIE i3 CTPIMKMM DO3BHUTKOM YacCTKH
punky kommanii Nestle, a Takox i3 mosBOW 3HAYHOI
KUIBKOCTI HOBMX BUPOOHHKIB 00CMaXKEHOT 36pHOBOI KaBH.

Ha puc. 4 nogani yacTku HalOIIBIINX BUPOOHUKIB
PO3YMHHOI KaBOBOT MpoAyKuii y cBiTi 3 2016 10 2021 pp.
[6, 7, 15, 16].

BianoBigHO 10 MMOKa3HHUKIB, HABEACHUX Ha puc. 4,
kommanist Nestle mae mnoswmmiro nigepa Ha CBITOBOMY
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puUHKY B 1OMy cerMeHTi. 2020 p. d4acTka pPHHKY
KoMIIaHii Jocaria HaiOinemoro 3HadeHHs — 39,4 %,
2021 p. Bona 3meHmmitack Ha 0,3 %, mpore 3 2016
mo 2021 pp. BUPOOHHMK OXOIUTIOE TOHAA 1/3 pHUHKY,
HE TOCHalmIol0Yd CBOIX KOHKYPEHTHHX ITO3HIIH.
3 2016 mo 2021 pp. kommanis JAB Brpatmia 2,1 %
YacTKH PHHKY, CIIOCTEPIra€ThCsi AWHAMIKa 3MEHIICHHS,
0 HacaMmIepenl MOXXe OyTH IIOB’S3aHO 13 MOSBOIO
Ha CBITOBOMY pHHKY pPO3YHMHHOI KaBOBOI MPOAYKIIT
3HA4YHOI KUIBKOCTI CepelHIX Ta MaJuX BHPOOHUKIB.
AmnanoriuHoro € curyamis i3 kommaniero Dongsuh
Foods Co. Ltd, gactka punKy sikoi 3 2016 mo 2021 pp.
3menmmmiack 13 3,5 % mo 3,0 %. Yci immi xommasii
3a mepiog 2016-2021 pp. 3a3HaIM KOJUBAHHS YacCTOK
Ha puHKY. 3 2018 mo 2021 pp. kommanist Strauss Group
Brpatuaa 0,2 % 4YacTKM CBITOBOTO PHHKY pPO3YMHHOL
KaBM, IO € HEraruBHOIO TeHacHIieo. KommaHisa
Ajinomoto Co. Inc. 3 2016 mo 2021 pp. 306iibIINIa YACTKY

puKy 3 1,4% mo 1,9 %. Ympomosx 2017-2020 pp.

Prima Abadi PT Java

1,5%, 2021 p.
3meHmmaack Ha 0,1 %. 2018 p. wacTka puHKY KOMmaHii
Tchibo 6yma naiibinemoro — 1,5%, 3 2018 go 2021 pp.
3MEHIIICHHS

YacTKa pPUHKY KOMIIaHii

3aIUIIa]ach HE3MIHHO — 4acTKa

CIIOCTEpITaeThCsl  AMHAMIKA
Ha 0,3 %. Kowmmanis Mayora Inda Thk PT, mompu
MMO3UTHBHY MuHaMiKy mpotaroM 2016-2020 pp., 2021 p.

IIOKa3HHKa

TaKOX 3MEHILIJIA YaCTKy PHHKY Ta 3a3Haja MociabIeHHs
CBOIX KOHKypeHTHHX mosumiii. 2020 p. Ha CBITOBOMY
PUHKY pO3YMHHOI KaBM 3 SBWJIaCh HOBa KOMIIaHis
Kapal Api Group 3 uactkoro pusky 1,3 %, 2021 p.
MOKa3HUK 3JIMIIUBCS He3MIHHMM. He MoXHa He 3BaXkaTH
Ha Te, mo nosia 2020 p. HOBOrO MOTY>KHOT'O TpaBLS
Ha PHHKY CHpHYUHWIA TIOCHa0JeHHsS KOHKYPEHTHHX
MTO3UIIH JOocHipKyBaHux koMmanii 2021 p., yacTka puHKY
sSKuX KonuBaeTbest 3 1 % no 2 % [6, 7, 15, 16].

Y  rtabn. 8 1010
reorpaiqHOi CTPYKTYpH CBITOBHX IIpOJ@XiB TOTOBOI

HaBeleHa  iH(opMaris

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

PO3YMHHOT KaBOBOI MpoAyKUii 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 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%

BigmosimHo mo tabda. 8, cramom Ha 2021 p. gacTka

NPOJAXIB TOTOBOI KaBOBOI MPOAYKI 30UIbIINIACH

y 3axiguiii ta CximHiii €Bpomi, JlaTHHCBHKI Amepui,

HaTOMiCTh 3MeHImMIack Ha bimsbkomy Cxoni, Adpuui,




Cyuachuil cman HayKogux 00CIIONCeHb ma MmexHono2itl 8 npomuciogocmi. 2022. Ne 4 (22)

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

A3ii, ABctpaiii Ta Oxeanii. Hait0inpIa gacTka mpogaxis
rOTOBOi KaBOBOI MpPOAYKIHI y CBiTI HajexuTh A3il,
ABcrpanii ta Oxkeanii, ogHak TteHzmeHmis 3 2020 g0
2021 p. BKazye Ha Te, WO 3axigHa €Bpoma CTPIMKO
301IBIIy€E 0OCSTH MPOAAXKIB Ta Ma€ MEPCIIEKTHUBY MOCICTH
MO3HIIIT JTiepa.

PosriasHemo kommaHii 3 BHpPOOHHMITBA  KaBH
3 HalOLTBIIMMK 00CsITaMy MPOAXiB, PO3MIPOM KamiTary
Ta KUTBKICTIO TIEPCOHANY Y CBITI.

[IBefiapcbka  TpaHCHAIIOHANBHA  KOPIOpAILis
Nestle — HaiiGinpmmit y CBiTI BUPOOHHMK TIPOMYKTIB
xapuyBaHHA. L[ Bemmka KOMIIAHIS OYONIIOE KaBOBHHU
6penn Nescafe. 1938 p. kaBy Nescafé Briepiiie BUTOTOBIEHO
B MIPOMHUCIIOBHX yMoBax. [Ipoaykiiis mommmpeHa B ycixX
KOHTHHEHTAIBHUX yacThHax cBity [17, 18]. Cranom Ha
2021 p. xomnanii Hanexats 461 ¢dabpuka Ta MPOMHUCIIOBI
mimnpuemctBa y 83 kpainax city. Takox Nestle
MOCHJIMJIA CBOIO NIPUCYTHICTh y KaTeropil mpemialbHuX
KaBOBUX MpPOAYKTIB, NPHAOABIIM TPaBO IPOAABATH
KaBOBy TMpoxykitito Openais Starbucks ta Blue Bottle.
VY Tabn. 9 HaBeneHi pe3yNbTaTH MIOA0 OOCATIB MPOIAXKiB
i BmacHoro kamitaixy kommasii Nestle [17, 18].

Binmosinuo g0 tabdma. 9, 3 2016 mo 2021 pp. o6csru
npopaxis 36iumbnmMcs Ha 3252,00 Mitpa $ (aGo 15,65 %),
npote BrpoaoBxk 2020-2021 pp. BigOya0Ch 3MEHIIEHHS
Ha 1042,00 mapa $ (abo 4,16 %). 3 2016 mxo 2021 pp.
BiOYJOCh 3MEHIICHHS BJIACHOTO KaliTaly KOMIaHil
Ha 15842,00 mipn $ (abo 25,38 %). Ctanom Ha 2021 p.
KIJIBKICTB ITepcoHaly KoMIadii Haiigye 250 Tuc. ocib.

Jacobs Douwe Egberts -

KoMmaHig 31 mTad-kBaptupoto B Hinmepnanmax, mo

MPOBIHA CBiTOBA
CIeIiaai3yeThCsl Ha BUPOOHHUITBI KaBu. B 1 ckmami
006’emuani kommanii Mondeles International ta xomwursst
xommanig D. E. Master Blenders 1753 B. V., mjo micns
31uTT oTpuMana HasBy Douwe Egberts. Ilpotsirom
20142015 pp.
Mondelez, nmio BHrOTOBISIOTH KaBy, 3 AaHAIOTIYHUMU
crpykrypamu D. E. Master Blenders 1753 B. V.

BiOyocs 00’€qHAHHS MiAPO3ALTIB

VYV Hinepnanmax Oyiga 3acHOBaHa KoMIadis Jacobs
Douwe Egberts, skiii Oymo mepemaHo OpeHan KaBH
Carte Noire ta Tassimo. KpiM TrojioBHOro KaBOBOTO
Openay Jacobs,
NpONYKTH MiJ Ha3zBamu cyOOpenxaiB Moccona, Senseo,
L’OR, Douwe Egberts, Pildo Tta Gevalia
[19, 20, 21]. KaBoBa mpoxykiiss JDE mpucyTHst y moHasz

I BEJIMKAa KOMIIAHIA BUTOTOBJIAC
Kenco,

140 xpainax cBity. OCHOBHMI PHHOK 30yTy — KpaiHu
[MiBaiunoi Ta CximHoi €Bpomm, KpaiHM KOJIHUIITHHOTO
CPCP, BupoOHWYI MalJaHYMKH PO3TAIOBaHI B HH3II
KpaiH 30yTy. Y Tabn. 10 HaBenmeHi MOKa3HHUKH OO0
o0CsTiB TpOJaXiB Ta BIACHOTO KalliTaly KOMIaHii
Jacobs Douwe Egbert ympomomx 2016-2021 pp.
(3 2015 mo 2017 pp. — 3murts JDE Holding 3 Mondeles,
3 2019 nmo 2021 pp.— oO’eqHaHHS KOMHaHIN y €IUHY
MareprHChKy kKoMmnanito JDE Peets) [19, 20, 21].
Bignosigao 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.
BJIacHMM Kamitan 3MeHmuBes Ha 3,59 wmupan  §$
(abo 22,65 %), omnak 3 2020 mo 2021 pp. mpupicrt
cranoBuB 0,92 mupn $, crmocTepira€thCst TEHAEHIIIS
30utbIIeHHS. [lepconan koMmanii Hamiuye o 19 tuc. ocibd
y KOXHi# KpaiHi CBiTY.
Kommaniss Luigi Lavazza S.p.A. — itaniiicbkuii
BUPOOHMK KaBH. KpiM BiIacHMX mNpomaxiB, KOMITaHisA
TIpaIfioe 31 CBITOBUMH PO3/APIOHMMH MepeskaMiu, TaKUMHU
sk Starbucks, Caribou Coffee. Lavazza mae dYotupu
BHpOOHMYI mianpueMcTBa B ITamii Ta cim dimiit y €Bpomi
ta Awmepuni (@panmis, Himeuunna, Icmanis, Bemnwmka
CIIA). IlpomyxTu
Lavazza nponarotbes y 80 kpainax ceity. 2016 p. Oyio

Bbpuranis, Ilopryramis, ABsctpis,
BUKyIUIeHO (panmy3bkuii 6pena Carte Noir y xommanii
JDE [19, 20, 21]. Taba. 11 mictuth iHdopManito momo
00CsTiB TPOAaXiB Ta BIACHOTO KalliTaly KOMIIaHii

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

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

npomszom 2016-2021 pp., mapo $

Moxasuuk / pik | 2016 2017 2018 2019 2020 2021 20%‘;;‘5’2?% Zogjll’;'g’zif%
1 2 3 4 5 6 7 8 9

O6csr mponaxis | 2078400 | 2137500 | 22040,00 | 23349,00 | 25078,00 | 2403600 |  15,65% —4,16%

Briackuii kamitan | 62338,00 | 64590,00 | 60956,00 | 5736300 | 5203500 | 4651400 | -25,38% ~10,61%
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Tabmuusa 10. Dinancosi noxazwuxu Komnawii 3 6upobHuymea xaeosoi npooykyii Jacobs Douwe Egbert

npomsicom 20162021 pp., mapo $

. Hpupicr IIpupicr
Ioka3nuk / pik 2016 2017 2018 2019 2020 2021 2016/2021, % 2020/2021, %
1 2 3 4 5 6 7 8 9
O6csr mpogaxis 571 7,18 7,33 7,64 7,32 7,70 34,92% 5,26%
Brnacuwit xamitan 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.

npomsicom 20162021 pp., mapo $

. Ipupict Ipupicr
Hoxka3nuk / pik 2016 2017 2018 2019 2020 2021 2016/2021, % 2020/2021, %
1 2 3 4 5 6 7 8 9
O6csr mpoaxis 2,08 1,88 2,06 2,24 2,09 2,16 3,69% 3,65%
Buracuuit kamitan 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
ternennis. Cranom Ha 2021 p. KUIBKICTH HEpCOHATY
KOMIIaHii CTaHOBUTH 3836 0Ci0 y KpaiHax MPUCYTHOCTI.
Strauss Group
crewianizyeTbcsi Ha BUPOOHHIITBI MPOJYKTIB XapuyBaHHs

MixnapoaHa KOMITaHis
Ta HanoiB. KommaHis Mae 29 BUpOOHHYNX MalJaHUMKIB
y 22 kpaiHax CBiTy, MI0 THpAlOIOTh HAJI SKICTIO
MPOXYKIii, SIKa BIINOBIAAE YSBIEHHAM NPO 3JI0POB’S
Strauss  Coffee
nisuteHicTh 'y Llentpansriit Ta Cxigniid €Bpormi, bpaswuii
ta I3paimi. KaBosi 6pengu: Strauss coffee, Ambassador,
Fort, Totti Caffe, Elite Health Line, "Hopna xapta" [13].
VY Tabmn.
NPOJ@XIB Ta BIACHOTO KamiTaly KommaHii Strauss
Group miaposainy Strauss Coffee [16, 25, 26].
Binmosimuo mo tabm. 12, 3a mepiox 2016-2021 pp.

Ta [paBWIbHE XapuyyBaHHS. BeJle

12 mHaBexeHi BiZOMOCTI 1IOKO OOCAriB

o0csry nmpoaxiB KoMmaHii smeHmumucsk Ha 0,17 mupa $

(4,74 %), npote 3 2020 mo 2021 pp. BiAOyBCs mpHUpicT
Ha 0,22 mapa $ (abo 6,71 %), w0 CBiEUUTH MPO
NO3UTHBHY TEHIEHLI0. BracHui Kamitan ynpoIoBxk
20162021 pp.
(abo 5,19 %), 3 2020 go 2021 pp. mpupiCT CTAaHOBHB

30inpmmBest  wa 0,14 wmapm  $
0,25 mapx $. Cranom nHa 2021 p. KUTBKICTH HEpCOHAITY
KomrmaHii ctanoBmia 14 tuc. oci6.

Itanificcka KoMmaHist 3 OOCMaXXyBaHHS KaBH
lllycaffé S.p.A. BUTOTOBIISE €CIPECO Ta PO3BUBAE KABOBY
KyIbTypy 3 TODIAAY KyJIbTYpH YH HayKd KaBOBOi
¢binocodii. Ha cworomui [llycaffe S.p.A. € Bemukorw
MDKHAPOHOIO KOMITAHIE0, IO MPOJIAE CBOKO MPOIYKIIIIO
npubnuso B 140 kpaimax csity. I'pyma illy mictuts
KiJIbKa KoMIaHii, po3ramoBanux y IliBHiunili AMepni,
@panuii, Himeuuwnni, Icnanii ta kpaiHax bBenimtokcy.
Kpim Toro, Illycaffée Ta JAB cminpHO 3asMBHIM PO
JIICH3IMHY YroAy HIOA0 BUMYCKY Ta mpomaxy 2019 p.
TIOMIHIEBUX KarcyJl Mapku illy mis BUIYCKY SIKiCHOL
kancynbHoi kaBu LOR y xancym illy. V rta6mn 13
iHpopMmamis  moao
i BmacHoro kamitany komnawii /llycaffé S.p.A. [27, 28].

HaBeJcHa 00csTiB  TIPOJIaxKiB

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

Strauss Coffee npomscom 2016-2021 pp., mapo $

Hokasmuk / pix 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 0?61/);5)2?% ) O;JI/);(?;,T%
1 2 3 4 5 6 7 8 9

OGesr MpofaKis 367 | 410 | 395 | 373 | 328 | 350 4,74% 6,71%

Bnacuuii kamirain 2,54 1,96 2,10 2,28 2,43 2,68 5,19% 9,99%
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Tabmuusa 13. Dinancosi nokasHuku xKomnawii 3 eupobHuymea kasoeoi npoodykyii Illycaffe S.p.A. npomscom

2016-2021 pp., man $

. IMpupicr Mpupicr
oxa3nuk / pix 2016 2017 2018 2019 2020 2021 2016/2021, % 2020/2021, %
1 2 3 4 5 6 7 8 9
O0csr nponaxis 515,45 | 526,27 | 539,56 | 624,48 | 538,43 | 575,40 11,63% 6,87%
BuacHwuii 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 Kommanii 3pociu Ha 59,95 mua §
(abo 11,63 %), 3 2020 mo 2021 pp. mpHpPICT CTAaHOBHB
36,97 mna $ (abo 6,87 %). OaHak BiacHW 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
KomrmaHii cranoBmia 1294 ocoou.

Hessaxaroun Ha Te, mo Nestle € nHaiGinpmmM
BUPOOHMKOM PpO3YMHHOI KaBM Yy CBITi, KOMIIaHis
MiAXOMMIA TEHACHIIIO 3pOCTaHHS OOCSTIB CIIOKWBAaHHSI
3¢pPHOBOI Ta MeJNeHOl KaBH, YHACHiZIOK 4YOoro OyIo
YKJIAJCHO KOHTPAKT Ha MPOAaX 3epHOBOI KaBH KOMIIaHil
Starbucks s yTpuMaHHS 3HAYHOI YACTKH pPHHKY.
Opmuak, mormpu Bci 3ycmwis Nestle yrpumarn puHOK,
nooctBopena 2015 p. xommanis JDE (y muHymOMy
Mondeles, D.E Master Blenders 1753 B.V.) i necstku
MiAPO3ALTIB 00’ €THANKUCA 3 METOK BHUTICHCHHS MO3HUITIH
Nestle. Takoxx He BapTO BHUKIIOYATH 1 KPOKH IIOJO
00’emHanns 3 KoHKypeHtoM illy y chepi npemiym kaBu
B cermenti Ho.Re.Ca. 2019 p. JDE Oyrno ykianeHo
JOTrOBip HAa MOCTa4YaHHA  KAalCylbHOI  KaBU 13
BUKOpucTaHHsSM TexHooril illy. TTosiBa HOBMX TIPOIYKTiB
Ta BUPOOHWKIB Ha

CBITOBOMY pHWHKY CHpHsuIa

JUHAMIYHOMY 3POCTaHHIO MPOAAXIB pPO3YMHHOT Ta
3epHOBOI / MEJEHOI KaBH i3 HE3HAYHOI COOIBapTICTIO
MPOJYKIii Ta BHCOKOIO PO3PiOHOIO IIHOIO.

Ha mincraBi po3rnsHyTHX (DaKTiB MOXKEMO OLIHUTH
KOHKYPEHTOCIIPOMO>KHICTh OCHOBHHUX T'DaBIliB CBITOBOTO

pUHKY KaBH 3a Mozemmo Iloprepa, BHKOpHCTaBIIN

iHpopMamito IXHIX (IHAHCOBHX Ta OIJISAAOBHX 3BITIB
32 TaKMUMH [apaMeTpaMH: CyMa MpoJaxKiB, KaIliTal,

MIPUCYTHICTh Y TMEBHUX KpaiHaX, BIZICOTOK CITO>KHBAHHS

KaBOBOTO  MNpPOINYKTY  CIHOXKHMBayaMH B KpaiHax
NPUCYTHOCTi, HATypajbHE 3HAYEHHS  CIIOXKHUBAHHA
TOTOBOI  MPOAYKI, AaCOPTUMEHT MPOAYKIii, IO

CIIO’KMBAEThCS, COOIBAPTICTh IMPOAYKIIi, BapTICTh KaBH,
YacTKa PUHKY Ta MepcoHall.

VY Ttabn. 14 3amponoHOBaHAa CHCTEMa OIIHIOBAHHSI
MmapaMeTpiB  KOHKYPEHTOCIPOMOXKHOCTI  KOMITaHIH i3
BHPOOHHIITBA KaBH.

HaBeneni B Tabm. 14 DOKa3sHUKHA TO3BOJIATH
copMyBaTH OLIHKY ¥ BHU3HAYMTH, IO SIKOTO Jiana3oHy
piBHA KOHKYPEHTOCIIPOMOXHOCTI (Bil HH3BKOTO IO
Jiziepa CBiTOBOTO pHHKY) HAJISKUTh KOMIIAHIS.

VY Ttabn. 15 mictutbes iHpoOpMallist 3 mapamMeTpamu
JUIS CKJIaZIaHHS MiJICYMKOBOI TaONHUINl MO0 OI[IHKA
KOHKYPEHTOCIIPOMOXKHOCTI KOMIaHiif i3 BHpOOHHIITBA
Ta peatizalii KaBOBOT MPOTYKIIii.

BiamoBinHo 10 po3paxyHkiB MHOXHH NeM,
LeK, GeQ, DeC, WeP,

3 pe3ynbTaTaMy Ui TOOYAOBH JiarpaMu 3 OIiHKaMHU

chopmoBano Tabn. 16

KOHKYPEHTOCTIPOMOKHOCTI KOMITaHiii.

Ha ocuosi Ta6i. 16 3 6anamu muoxkna NeM, LeK,
GeQ, DeC, WeP nobynoBaHo miICyMKOBY jiarpamy
KOMIIaHid i3

OLIHKK  KOHKYPEHTOCHPOMOXHOCTI

BHPOOHMIITBA  TOTOBOi ~ KaBOBOI  MPOAYKIi  3a

BH3HAUYCHUMH NTapaMeTpaMH (JUB. puc. 5).

Tadanua 14. Cucmema oyiniosanns napamempis KOHKYPEHMOCHPOMONCHOCIMI KOMRAHIU i3 GUPOOHUYMEA

20M0B0i Kasoeoi NPooyKyii Ha C8IMOBOMY PUHKY

. Husbka Cepenns Hocratus Bucoka Jlinep
XapaxTepueruia ouiniit / KOHKYPEHTO- KOHKYPEHTO- KOHKYPEHTO- KOHKYPEHTO- cBiTOBOrO
aiana3oH 6aniB P . P . Yp . P .
CIPOMOKHICTH CIPOMOKHICTH CIPOMOKHICTH CIPOMOKHICTH PUHKY
1 2 3 4 5 6
Tianason Gais, N (0-10) _ (35 - 40) (45— 70) (75 — 100)
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Tadanus 15. Oyinka KoHKypeHmocnpomoscHocmi KOMNanii iz 6UpoOOHUYMEa Kaeu

Po3paxyHok napamerpa N = npoaa:xki, M = kamitaa

Mapaverpn M1 M2 M3 M4 M5
(10200 mH) (25 mapn) (1020 mapn) (3040 mupn) (>50 mapa)
1 2 3 4 5 6
N1 (200-500 muH)
N2 (1-2 miapm)
N3 (2,5-3,5 mupn)
N4 (4-5 wip)
N6 (6-9 mupm)
ID 1 = Nestle ID 2 =JDE ID 3 = Lavazza ID 4 = Strauss ID5=illy
Pesynprar NeM 3 7 7 > 1

Po3paxyHok nap

amerpa L = noxasnuk

NPHUCYTHOCTI KoMNaHii B kpaiHax cBiTy,

N-ocid y cepeaHb.

OMY B KOKHil KpaiHi

K= BiIcOTOK CO:KMBAHHA HA MUIbIIOH

IIapamerpn

K1
(500-900 THc.)

L1 (20-30 kpain)

L2 (40-60 kpain)

L3 (80100 pait)
L4 (120140 kpair)
L5 >160 kpain
ID 1 = Nestle ID 2 =JDE ID 3 = Lavazza ID 4 = Strauss ID5=illy
Pesymprar LeK
25 15 6 2 4

K2
(1-2 mun)

K3
(3-3,5 mun)

K4

(4-4,5 mun)

K5
(>5 manH)

Po3paxyHok mapamerpa G

= HATypaJbHe 3HAYeHHs CMOKUBaHHS, Q = acCOPTUMEHT NpoaAyKIii

Ilapamerpn

G1 (1-2 tuc. 1)

G2 (3,5-10 tuc. 1)

G3 (13-55 Tuc. 1)

G4 (60-110 Tuc. 1)

G5> 120 tc. T

Pesynbrar GeQ

ID 1 = Nestle

ID 2 =JDE

ID 3 = Lavazza

ID 4 = Strauss

ID5 = illy

25

25

9

9

2

Po3paxynox mapamerpa W = cobiBapTicTh npoaykuii, P = Bapricthb 1

0TOBOI0 KABOBOI'0 MPOAYKTY

ITapametpu

WI1(699)

W2 (10-11 8)

W3 (12-14 )

W4 (16-16,5 $)

W5 >17 $

Pesynbrar GeQ

ID 1 = Nestle

ID 2 =JDE

ID 3 = Lavazza

ID 4 = Strauss

ID5 = illy

8

8

3

3

10

Po3paxyHok napamerpa D = yactka punky, C = Kijibki

CTh MEPCOHAITY

Ilapamerpn

C1
(800-2500)

D1 (15-2 %)

D2 (2,5-5 %)

D3 (6-9 %)

D4 (11-18 %)

D5 >24 %

Pesynbrar DeC

ID 1 = Nestle

C2
(3000-9000)

ID 2 =JDE

C3
(12000-25000)

ID 3 = Lavazza

C4

(30000-50000)

ID 4 = Strauss

C5
(> 60000)

ID 5 = illy

25

12

4

6

1
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Tabmuusa 16. [liocymxosa mabauys OYiHKU — KOHKYDEHMOCHPOMONCHOCMI KOMNAHIU i3  8UpOOHUYmM8Ea
20M060i Kaso6oi npodyKyii
Muozxuna KoMnaniii / MHOKMHA PE3YALTATIB | |1 ¢ _ Nestle | 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

NIM (nponaxi Ta

Kariran)
v
o,
© “~
SN
2 [ b, ™
WIP (uactka punky Ta_.+*" = “s._LIK (npucyrHicts Ta
rnepcoHan) * o & : CIMOKHUBAHHA)

....... _r

+++@-+ ID 2 - JDE
+e+@-+ ID 5 - illy

.

2 GIQ (narypanbHe
3HAYCHHS CMOKWUBAHHS
T4 aCOPTHUMEHT)

ID 3 - Lavazza

Puc. 5. IlincymkoBa niarpama OLiHKM KOHKYPEHTOCIIPOMOXKHOCTI KOMITaHil i3 BHpOOHUIITBA

TOTOBOI KaBOBOI IPOJYKIIiT 32 BU3HAYCHUMH TTapaMeTpaMu

PesysabTaTH nociaigkeHHs Ta iXHe 00roBoOpeHHs!

Ha ocHOBI oTpuMaHOI MACYMKOBOi mdiarpaMu

OLIHKM  KOHKYPEHTOCHPOMOXXHOCTI ~ KOMIIaHIH i3

BHPOOHHUIITBA TOTOBOI KaBOBOI TIPOAYKIIii 3a
BU3HAYCHUMH IapaMeTpamMH, sKa IoJaHa Ha puc. 5,
MOKHAa 3pOOMTH TaKkWUi BUCHOBOK: 32 pe3yJbTaTaMH
ouinroBanHs Nestle e Oe3zamepedHuM Jigepom Ha
CBITOBOMY pHHKY 3 BHPOOHHIITBA TOTOBOi KaBOBOI
MPOXYKIii, OCKUIBKM OTpHMana MaKCHMAJIBHY OIIHKY
125  Oani

napameTpiB).

3a BU3HAYCHUMU

(ue
JDE otpumana 45 0aniB, 110 CBiYUTH NPO BHCOKY

napamerpamu B
CTOCYETBCSI  BCIX  MiJCYyMKOBHX
KOHKYPEHTOCTIPOMOKHICTh, OCKUTPKH KOMIIaHiS iCHYE
Ha PHUHKY IUSTh POKIB Ta Ma€ IOCHUTh BHCOKI OIIIHHI
napamerpu. Kommanii Lavazza ta Strauss Group, o
orpumMasii 16 1 18 OaymiB BiANOBIAHO, MOTPANKIH
KOHKYPEHTOCIIPOMO>KHOCTI.
10

HE MalOTh IIMPOKOTO AaCOPTUMEHTY HIPOIYKIii, 3HaYHOI

B  [iama3oH  CepelHBOL

HacaMnepez( e BHKJIIMKaHO THUM, BOHH

YAaCTKH PUHKY Ta KUIBKOCTI IEPCOHANy, Ha BiMIHY Bij

BCIIMKHUX TpaHCHaHiOHaIH)HI/IX KOMHaHﬁ, TaKuX K

Nestle ta JDE. OcranHi 3aiiMarOTh JBa BEJIWKI CETMEHTH

CBITOBOTO PHHKY 3€pPHOBOI, MEJIEHOT Ta PO3UYMHHOI KaBH.

Kommanis illy morpanuina B Jiama3oH  HHU3BKOI
KOHKYPEHTOCIIPOMOJXKHOCTI, OJHAK II¢ HE 3aBaxkae il
MIpO/iaBaTH CBiil TOTOBH KAaBOBWI MPOIYKT y LIHOBOMY
35 $/kr. Tpomykuis illy
3aebuIbpImoro B cerMeHTi Ho.Re.Ca,

KOMIIaHiss BUPOOJISIE aIFOMIHIEBY KAICYJIbHY MPOIYKIIIIO

JiamasoHi 30cepepKeHa

ajc caMc i

s JDE, ockinbku came 3epHoBa kaBa Openmy illy e
B3ipiiem specialty coffee,
i3 HebaraTb0X 3aCHOBHUKIB KaBOBOI (inocodii y CBITi.

a KoMIaHig € OJJHUM

BucHoBku Ta MNEPCNEKTUBH NMOAAJIBIIOI0 PO3BUTKY

CsitoBuit KaBOBUI PUHOK HEBIIMHHO
BIOCKOHAJIIOETHCS 3aBJSIKH MIATPUMII BEJIMKUX KaBOBUX
OpeH[IiB, CTBOPEHUX (DOHIIB, 10 HAMATAIOTHCS aJaNTyBaTH
pecypeu 10

MiABUIINTH MOTHBALIHY IOMOMOrY (epMepiB KaBOBHX

MIPUPOJIHI TPUBAJIOTO  BUKOPHUCTAHHS,
wianTamii. OQHaK CBITOBAa KpW3a, MAHIACMIs, MPHUPOIHI
KaTaKJIi3MH Ta KOJMBAHHS IOMUTY HA TOTOBUH KaBOBHA
MPOAYKT CTBOPIOIOTH AWCOATaHC y CBITOBHN KaBOBHH
pusHok. 2021 p. miHa Ha KaBOBi 3epHa apabiku 3pocia

JI0 MAaKCHMAaJILHHUX 3HadeHb — 230,26 $/kr, mo mos’s3aHo
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SIK 13 3HIDKEHHAM ypoxkaiftHocTi 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. obcsiru BHYTPIIHEOTO BHPOOHUIITBA
(Bpokaro) KaBW BaIMIIWIACL Maibke 0e3 3MiH, IO
i 0oOyMOBIIOE 3pOCTaHHA CEpemHiX IIiH Ha KaBy
B Iel NpOMDKOK dacy. 3a mporHozoM MixxHapoaHOT
opranizanii kaBu (ICO) odiKyeTbCs, IO BHPOOHHUIITBO
Tinbku 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 0OcsTM iMmopTy KaBu y cBiTi 3 2015/16
1o 2020/21 pp. 3pocau Ha 9,01 % (+10941 THC. MIiIIKiB
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.
Oinngaaii. CBiTOBI 00CATH TMPOJaXXiB TOTOBOI KaBOBOT
MPOAYKIii B TPOIIOBOMY €KBIBaJCHTI 301IBIIMINCH
Ha 17,32% (abo 12,37 %

(a6o 0,70 muH T), 3 2020 10 2021 p. 0OCATH B TPOLIOBOMY

1410 mma $) Ta Ha

ekBiBaneHTi 3Mmenmmmch Ha 0,31% (ad6o 0,30 muH $)
Ta B HaTypaidbHOMY Ha 1,59 % (0,10 muH 1). Lle cBimunth
Mpo CcTablIbHE 3pPOCTaHHA YacTKH KAaBOBOTO PHHKY 3a
BCiMa KaTeropisiMd TOBAapHOTO KaBOBOT'O aCOPTHMEHTY
Bil PO3YMHHOI /O 3€pHOBOI T'OTOBOi KaBOBOi TOTOBOI
npoxykuii mpotsirom 2016-2020 pp. Ommak 3 2020
mo 2021 pp. BimOymoch 3MEHIICHHS OOCATIB TPOHaXKiB
KaBu B 000X €KBIBaJICHTax, IO CHPUYMHEHO 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®DE

[TpoBeneHHOE HWCCIEOBAHNE HAMPABICHO HA CHCTEMATH3AIMIO HH(GOPMALUH O TEHJICHIMAX Pa3BUTUS MHPOBOTO PHIHKA Kode
IS ompezesneHus npodiem 3a nepuoa 2016-2021 rr. IMeHHO mMo3TOMy aBTOPHI HE TOJBKO CHCTEMATU3HPYIOT MH(GOPMALHUIO, HO U
IpoBOAAT KOH](ypeHTHbIﬁ aHaJIM3 Ha OCHOBE CTAaTHCTUYECKUX 0a3 JAaHHBbIX. npeI[MeTOM HUCCIICAOBAHUA ABIIACTCA KOHKypeHTHblP’I
aHan3 MUPOBOro phiHKa Kode. Lleas craTbn — nccaenoBanue TEKYIIero COCTOSIHIS MEPOBOTO PEIHKA Kode, onpeaeneHne KIIF0UeBhIX
UTPOKOB Ha HEM, KOTOpHIE SBILSIIOTCS OCHOBATEISMH IIPOIECCOB €r0 Pa3BUTHS, OIEHKa MX KOHKypeHTocmocoOHocTH. B cratse
pemraoTcs CIeayIoIe 3aJaHusl: aHAIN3 TEKYIIero COCTOSHMS MHPOBOTO PBIHKA Kode U ompenereHne TEHACHIUH €ro pa3BHTHS;
OTIpe/IeNIeHNe KIIIOUEBBIX HTPOKOB MUPOBOTO PHIHKA KO(he M aHaIHM3 MX (PUHAHCOBBIX ITOKa3aTelel; OlleHKa KOHKYPEHTOCIIOCOOHOCTH
KPyTMHEHIINX KOMIIAaHKWH MO MPOMU3BOJACTBY KO(e B MHUpE MO ONpEeelIeHHbIM napaMeTpaM. [IpiuMeHsemMble MeTOAbI: aHAIN3, CHHTE3,
CpaBHEHHE, TPYNIHUPOBKA, KOMIUIEKCHAs OLleHKa. [loydeHHbIe pe3yabTaThl: U3y4eHbl TEKyIee COCTOSIHUE MUPOBOTO PBIHKA KOde,
IIEHBl Ha 3eJIeHOoe Ko(elHOoe 3epHO, MHUPOBBIE 00BEMBI BHYTPEHHEro NpoW3BojCTBa Kode (yposkai) M SKCIIOpTa; ONpeereHbI
OCHOBHBIE CTPaHBI-UMIIOPTEPH! M SKCIOPTEPHl KodeifHOro 3epHa, pO3HUYHBIE IIEHBI HA 00XapeHHoe KodeiHoe 3epHO Cpeau CTpaH
MHpa, 00BEMBI HPOAAX TOTOBOH KO(EifHON 3epHOBOH, PAacTBOPUMOHM MPOAYKIMM B MHUpE, IOJIH PHIHKA PO3HUYHOH TOPTOBIHN
KPYIHEWIINX MHPOBBIX TPOU3BOIUTENEH 3EPHOBOM WM pPacTBOPUMON KOPEWHOH NpPOMYKIWH, COOTHOIICHHE MPOJAX TOTOBOM
KoQeiHOW NpOAYKIMH B MHpe MO reorpaduueckoMmy mnpus3Haky. [IpoaHamu3mpoBaHbl (MHAHCOBBIE IOKA3aTeIH KPYyHMHEHIINX
KOMITaHHH M0 MPOM3BOJCTBY KodeiHoN nmpoaykiuuu B Mupe, a umenHo: Nestle, Jacobs Douwe Egbert, Luigi Lavazza S.p.A, Strauss
Group, lIllycaffé S.p.A., 3a mepuox 2016-2021 rr. IlpoBeneHa OlEHKAa KOHKYPEHTOCIOCOOHOCTH HCCIEAYyEeMbIX KOMITAaHMH
MO ONpeleleHHbIM IapamMeTpaM, 4YTO IO3BOJIMJIO ONPENEeNUTh TPeX JIMISpOB HAa MHPOBOM pHIHKE. BbIBOABI. Pe3ynbrarhl
MPOBEICHHOTO KOHKYPEHTHOI'O aHajM3a MHPOBOTO PHIHKA KO(e MOTYT HCIIONB30BaThCs B pabOTe KOHCAITHHTOBBIX KOMITAHHH,
OM3HEeC-aHANTHKOB W BIIANENbIeB KogeiHoro 6m3Heca. [IpakThdeckas monb3a JAHHOTO HCCIENOBAHHS COCTOHUT B OINpPEACICHUN
KITIOYEBBIX TMOKa3arened (pyHKIHMOHMPOBAHMS PBHIHKA M B (JOPMMPOBAHMU CTPYKTYPHOTO MOAXOJA K IPOBEJICHHIO KOHKYPEHTHOTO
aHaNM3a HEe TOJIBKO MUPOBOTO, HO M HAIMOHAIBFHOTO PhIHKA KO(de, Ormupasch Ha MHYOPMAIINIO U3 CTATUCTHYECKNX 0a3 JaHHbIX.

KiioueBble cjioBa: MUPOBOW PBIHOK Ko(e; KOHKYPEHTHBIH aHalu3; MUPOBBIC IMPOM3BOJAMTENHN 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 average indicators), electrometric
(determination of the length using an apex locator) and
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.

# 5

working
length

tooth length-

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 ) c

a - b c
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:
a — image of tooth Ne3, b — relevant histogram
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Fig. 9. Histogram analysis of image Ne4:
a — image of tooth Ne4, 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)>T, which belong to the
object, and if not, belong to the background [12]. Then the
output image (g) is defined by the following expression:

g(x,y)z{l, it f(x, y)>T} O

0,if f(x,y)<T

here 1 — object value; 0 — background value.

The threshold T =210 was chosen for
binarization of the tooth root image. Given the resolution,
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.

C

Fig. 12. The result of binarization of images with threshold T =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 T = 210:
a — segmented tooth Ned, 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, we obtain a closed
loop (fig. 14-15).

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

a
Fig. 15. The result of placing segmented contours of tooth roots on the original image:
a — object Ned, 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

c

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 Matg;?'?'“f r?élzeihlzééiglt(:];]ztl[zgéan) Electrometric method X-ray method with segmentation
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 23.3mm 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 METOJAY NOPOIOBOI CETMEHTALIII PEHTTEHOT' PAMHU

IIpeameToM moCTiKEHHS € PEHTI€HIBChKI 3HIMKH 3y0iB IiJ Yac BUKOHAHHS €HAOJOHTUYHUX omepauiil. MeTa poOOTH — NpaKTHYHE
MOPIBHSIHHS PO3POOJICHOT0 METOy CerMeHTallil PEHTTeHOTpaMy ISl BU3HAUEHHS! IOBXKUHH KOPEHEBOTI'0 KaHAJLY 3 JIEKTPOMETPHIHIM
1 MaTeMaTHYHUM METOIOM. Y CTaTTi BUKOPUCTOBYIOTHCS TaKi MeTOAM: MPHHLUIM €HAOJOHTUYHOTO MpenapyBaHHA 3y0iB; METOIH
BU3HAYEHHsI poO0YOT TOBKHHHU KOPEHEBOTO KaHATy (PEHTI€HOJIOTIYHHUI, eIeKTPOMETPUYHHMI); METO]] IIOPOTOBOI CerMeHTallii; MeTo
CerMEHTAIlil KiCTKOBHX CTPYKTYp Ha ToMorpadiuHux 300pakeHHAX. 3100yTO Taki pe3yJbTATH: MPOAHAII30BAaHO HAasBHI METOIH
BU3HA4YEHHs pPO0OO0YOi IOBKHMHHM KOPEHEBOTO KaHaly, BHOKPEMJICHO OCHOBHI IepeBard Ta HEIOJIKH KOXXHOIO 3 METOIB.
MareMaTHIHUH METOJ € MIBUAKNM, ajle HETOYHUM 1 MOXKEe CIYTYBaTH JIMIIE IS TTONIepeTHROTO OLiHIOBaHHA. EnexTpoMeTprynHuii —
HAMOUTBII TOYHUH, MPOTE Ma€ JyKe >KOPCTKI BUMOTHU AJISl BUMIPIOBaHHS B IUISHII BOJIOTOCTI KaHaJiB, KpiM TOTO, 1HBa3HMBHICTb
METO/y Iepeadadac HU3KY HENONIKiB. PEHTTeHONOTIYHUI — HAWIEepCIeKTHBHINIAN JUIS JTOCTIKCHb 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 PEHTI€HIBCHKOMY 3HIMKY JUIS BU3HAUSHHS po0O0YOi 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, MoxIuBicTb 00poOiIeHHS 300pakeHb, TAKUX K CEIMEHTAIlis, BUIUICHHS KOHTYpIB
i aBTOMaTWYHE BU3HAYCHHS 30HU aIliKaJbHOI'O 3BYXKEHHs, pOOJSATH Iieil MeTox HalOuIbIl mepcneKTUBHUM. HallonmTumanbHinioro
€ KOMOIHAITisSI X TBOX METOIIB Ha MPAKTHUII, IO MOTPeOy€E NOAATKOBHX JOCIHIIKEHb.
Knrouosi ci1oBa: kopeHeBuil KaHall; peHTT€HOTpaMa; OPOTOBUI METOJ]; CerMEHTAIlisl.

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

IIpeameToM uccnenoBaHUs B CTaThe SBISIOTCS PEHTICHOBCKHE CHHMKH 3yOOB IMPH BBITIOJHEHHU SHIOJOHTHUYCCKHX OIMEPAIlHiA.
Henap paboThl — MpPaKTHYECKOE CpaBHEHHE pa3pabOTAHHOTO METOJa CErMEHTAllMM PEHTT€HOrPAMMBI ISl OTPEAEIICHHS JUTHHBI
KOPHEBOT'0 KaHajia C IEKTPOMETPHUYCCKUM U MaTeMaTHYECKHM METOAOM. B cTaThe UCIONB3YyIOTCS CIEAYIOLINE METOABI: TPHHIINIIbI
9HJIOIOHTHYECKOTrO TPENapupoBaHus 3y0OB; METOIbI OMNpeleleHuss pabodueil UIMHBI KOPHEBOrO KaHana (PEeHTTeHOJIOTHYECKHIA,
JNEKTPOMETPUYECKHUiT); METOJ IMOpPOrOBOl CErMEHTAllMH; METOJI CEerMEHTAIllMd KOCTHBIX CTPYKTYp Ha TOMOrpadHuecKux
n3obpaxenusx. [lomydeHsl cruenyronye pe3yabTAThl: MPOAHATH3UPOBAHBI CYIIECCTBYIOIIUEC METOIBI ONPEICIICHNsT paboUei JITHHB
KOPHEBOTO KaHalla, BBIJCJICHBI OCHOBHBIE JHOCTOMHCTBA M HEIOCTATKH KaKAOTO M3 METOAOB. MaTeMaTHYeCKHil METOJ SIBISETCS
OBICTPBIM, HO HETOYHBIM W MOXKET CIY)XUTh JIMIIb JUIsl MPEJABAPUTEIILHON OLCHKU. DJIEKTPOMETPUUECKUil sBiseTcss Haubonee
TOYHBIM, OJIHAKO UMEET OYEHb JKECTKHE TPeOOBaHMUS U U3MEPEHHs B 00JIaCTH BIAXKHOCTH KaHAJIOB, a TAK)KE HHBA3WBHOCTH METOJIA
MUMEET PAA HEIOCTATKOB. PEHTIEHONOTHYCCKUI — Hanboiee MePCIeKTUBHBIN /IS MCCIICAOBaHUM Oaroaapst ero 6e30071e3HEHHOCTH
JUTS TIAIIMEHTA, HU3KOH J103¢ OOMYUYCHUS TPH HHTPAOPATHHON PEHTIEHOrpaMME U BO3MOXKHOCTH MPUMEHEHHSI aJITOPUTMOB 00PabOTKH
M300paKeHHI [Tl YTOYHEHHUsS] Pe3yJIbTaToB M3MepeHus. B pamkax maHHON paboThl cHOpPMYIHPOBaHBI NPHHIMIIBI CETMEHTAIMH U
BBIJACIICHUS KOHTypOB 3y6a Ha pEHTI¢HOBCKOM CHUMKE IJI ONPEACTICHUA pa60'-leﬁ JJIMHBI U TIPOBEICHBI IPAKTUYECCKUE UCCIICIOBaAHUA
JUTSL CPAaBHEHHSI BCEX METOOB aHaimu3a. BuiBoabl. [IpuMeHeHne METO/a DIICKTPOMETPHIECKOrO OMPEISIICHHUsI UTHHBI JAeT CaMbIid
TOYHBII pe3yanaT, HO CErMEHTalUA PEHTICHOIPaMMbI ITO3BOJIACT Bpaqy l'lOquI/lTb ﬂOHOHHVlTeHbHy}O I/IH(bOpMaLII/I}O 06 APXUTEKTOHUKE
KOpHEBOTO KaHaia. Kpome 3TOro, BO3MOXHOCTH MPUMEHEHHS OOpPaOOTKH H300pakeHHM, TaKUX KaK CErMEHTAIUs, BbIJEIICHHE
KOHTYPOB M aBTOMAaTHYECKOE OIMpEAEICHHEe 30HBI AMHKAJIbHOTO CYXXCHHs, AENA0T IaHHbIH MeTOJ Hauboliee MepCIeKTHBHBIM.
OnTUMAaNBHBIM SBJSIETCS KOMOWHAIIUS STHX JIBYX METOJIOB Ha MPAKTUKE, YTO TPEOYET JOMOTHUTEIBHBIX HCCIICIOBAHMUIA.
KuiroueBble c10Ba: KOPHEBO 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
model, it is necessary to obtain estimates of mathematical
expectations and variances of dependent variables.

At present, considerable experience has been
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,

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

© 0. 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; calculating estimates 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=M,UM,, M;,M, correspond to the set of
branches and real chords of the graph tree); K is the set
of fictitious MP sections (K =1UN, where | is the set
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, | into two, which
correspond to tree branches My, Ny, I; and chords M,, Ny,
I, (N, =) [7]. Since each node corresponding to the
input or output of MP is given a head or flow value, each
of the sets I3, I, N, is split into two, depending on
whether these arcs are given the flow Iy, 55, Ny or the
head 1, 1, Nao. 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+, -1, the fictitious ones

with given nodal rates from v+7, to v+n,+& -1,
where 7, is the number of chords of real sections;
the chords with other outputs from CWR from v+n, + &
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(ly)=1; Card(l,)=¢, =e-(V+n,+&) ;
Card(N,)=¢, ; Card(M,)=v; Card(M,)=n,).

The control interval [0,T] is divided into K
subintervals [0,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,T] will look like this:

M {hr (A (@ k) + D bishy (@ (@.K) + X byhey (6 (@ k) + 3 biihy (0 (e, k))] =0, (r=v..v+n,-1), (1)

ieL ieR

ieM;

l\(ﬁl (hrc (d, (@,k)) = H, (0, k) + Zblri hyai (4 (0, K)) + Zblri hezi (0 (@,Kk)) + Z (blri h, (g; (@,k)) +h? )] =0, ?)

(r=v+n,,..v+n,+<& -1,
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I!I [hr (g, (@,k))+h? —H, (o, k) + Hl(a),k)+2bmhNAi (q; (a),k))+2bmhRZi (G (o, k) + Z (by;h; (g (@ k))+h’ )] =0, @)

el

ieR ieM;

(r=v+n,+&,...6; 2=1..,2),
,\a/)l ( Zrblriqr(a)vk)—i_ i blriqr(a)lk)_qi(a)lk)]zo ) (I =1,...,V—1), (4)
P(qi(a),k)>0)2a, a=1 iel. (5)
h (a9, (@,k)) = sgnq, (@, k) S, (@)q? (@, k), ieM, (6)
hya (0 (@,K)) = ag; (@) {%J +a,; (0)q; (o, k %+a2i (0)q7 (w,k), i€ L, ()
s (G (@, K)) :l_l_doi (@) —dy (@) (@, ko),sdei (@)g" (o,k) el ®)
(ngi /1)
Nyys; (G (@, k)):cm(w)[:ij +C“(a))£%j q (@ k) +c, (w)(gl—‘] a2(@,k), iel, )
9,81-hy, (4, (@,k)) - g (o, k)
N (G (@,K)) = elL, 10
aai (G (@, K)) 0,917, (@ (@ K)) (10)
hea (6, (@,K)) = w icR, (1)
H,(@k) =H,(o,k-1)+c,(q,y, (@K) =0,y (@, k), (2=1,....2), (12)
P(H™ <H, (oK)= 8, B =1, (z=1..,2), (13)
P(H(@K) <H™)2 B, B =1 (z=1..2), (14)
P(hf (g, (@,k)) 2 hf)Z ve r=L(r=v+n,,..v+n,+§-1), (15)

where random variables characterize: ¢, (w,k) water

flow rate at the i-th pipeline section at the k-th time
interval; hy, (0. (@,k)) — head of the i-th PU at the

k-th time interval; h7(q, (w,k)) — free head at the r-th MP
node at the k-th time interval (r =v+7,,...v+17, +¢& -1);
h” — minimum allowable head at the r-th MP node.
S (@)
i-th pipeline section (i e M ); hg, (0, (@, k)) — evaluation
of head drop on the i-th HV at the k-th time interval,
i (0 (@,k)) — evaluation of efficiency of the i-th PU

— evaluation of hydraulic resistance of the

at the k-th time interval; a,(®),a;(®),a,(@),dy(®),
d, (®),d,, (®) — evaluation of PU parameters (ieL);
C(ow) -
E; — degree of HV opening (E€(0,1]); h® — geodetic mark

evaluation of HV parameters (ieR);

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

of cyclomatic matrix; N, (0 (@,k)) — estimation of PU

power at the k-th time interval; H,(®,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; q,,, (®,k),q,,(w0,k) — volume water

supply in z-th CWR and volume water withdrawal from
z-th CWR at the k-th time interval; ¢, — normalizing

multiplier for z-th CWR.

The stochastic model (1) — (15) of quasi-stationary
MP operation modes allows the calculation of parameters
and the state of the quasi-stationary MP operation mode
at a given time interval [0,T]. 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.

z
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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:

G, () + 2 bihyy @)+ 2 bhey @)+ D bh @K) =0, (r=v,...,v+7,-0), (16)
fo =0 (@ (k)= AL (0 + X bihyy (600 + X bhey @ K)+ X by (R (@ K)+h) =0, -
(r=v+n,,..v+n,+& -1),

h, (@, (K))+h? = H, (k) + Hy () + by Py (@ () + by (G0 + X by, (R (G (<)) +he ) =0, -
(r=v+mn,+&,...6s z=1..,2),
q(k) = fqr.q (K)+ Zbl,.q K), (i=1...v-1), (19)
g;(k)>0, ielL. (20)
hNAl (q (k)) ay; [n_lJ +3;0; (k)%+§2i _iz (k), iel, (21)
ﬁNAi (ql (k)) :1_1_ dOi _dll_l k) Oscejziqi (k) i L, (22)
(n0| /nli)
N (G (K)) =Ty, [2—] +c1.(” ] G, (k) +Cy {n ‘_j G’ (k), ieL, (23)
N1 = 9181'hNAi (ql (k))Q(k)
N, (@ (K)) = L, 24
wai (@ (K)) 097 ) (24)
= o GKG
hezi (G (K)) = E2(K) ; R, (25)
h @ (k) = sgn T, (K)S,a° (k), ieM, (26)
|—_IZ (k) = H_z (k _1)+Cz (qzvh (k)_qzvih (k))’ (Z :l’ ’Z) ’ (27)
Hzmin < I-_|Z (k), (28)
I—TZ (k) <H™, (29)
he (@, (k) =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 7, +¢&, 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 (1l,) and on MP inputs 1,, and
outputs N,, MP, which correspond to fictitious chords;
flows T.(ie 1, UN,), seton MP inputs 1,, and outputs
N,, MP. As shown in [7], the obtained system of

nonlinear algebraic equations (16) — (19) coincides
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 0i

f. (@) =sgnq, ()S, (©)a; (@) + by, [ﬁm (2—1] +8,0,() -

+Z b59ng; (@)S,07 (@) =0, (reM,),

ieM;

ieL 0i

f.(@)=H, (0)-H +Zb1r.[ao. (n&j +a,q

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: independent and
dependent variables. We will use ME boundary
conditions as independent variables of model (16) — (18):
pressures H, (r e 1,, U1l,, UN,,), set on branch of the tree
numberl (1,,) and at the inputs I,, and outputs N,, of
MP,  which correspond to fictitious chords;
flows G, (iel,, UN,,), set at the inputs I,, and outputs
N,, of MP. The dependent variables are the flow
rates in the real chords and at MP inputs and outputs
with the given headsq,(reM,Ul,,UN,,); and the
flow rates at MP inputs and outputs with the given
flowsH, (rel, UN,).

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

L (w)]+2bm %()C,
ieR (31)

0i

a(0) 2 v (w)]+2bm G()C,
0| ieR i (32)

+> by, (5000 (@)S,67 (@) +h? ) =0, (reN,),

ieM;

fr ((0) = |:|l - Hr(w) +Zb1ri [am (:i)

ieL 0i

+8,0,0) 3,0 (w)}me %), ,

O|

ieR i (33)

+z b (Sgnqi (a))s_iqiz (@) +h? ) =0, (rely,),

ieM;

(@) =s0n 0, (©)S,07 (@) +h? —H, (@) + H, + Y by, (san g, (@)S,0” (@) +h¢ )+

ieL oj

g (w) = Z

reM,Ul,,UNy,

+Zblr|[ |[iJ +a1|q (a))_+a2|q| (QJ)J

blriqr (60) + Z blri qr (a))v

rely UNy;

1 (34)
+Zb1r.q(“’)c ~0, (rel,UNy,),

ieR i

(ieM,Ul,). (35)
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The resulting system of implicit functions can be
represented as:

(g, (@).r €M, UL, UN,y; H (@) H; (@), j € 1, UN,,;0; (@), j € 1, UN,, ) =0, (36)

f (Hr(a)),r €1, UN,; H, (); Hj(a))l jel,U NZZ;qj(w)! jel,U N21>:0- (37)

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

d;(j e 1, UNy), which corresponds to the steady-state

q,(ao):qr(l-_|1,l-_|j,(jeIZZUNZZ);qj(jeIﬂUNZl))Jr > [8qr(w)J5Hj(a))+ > {aq,(w)ngj(w), (38)

jer,UrUn,, | OH (@) jeinn,, | 00 (@)
rel,UNy,

jet,UraUn,, | OH (@) jeinUn, | 04, (@)

H (@) =H, (H.H.(jel,UN,)T (i, UN)+ > [aHf—(“’)]aHj(wH > [GH'—(“’)j(qu(w), (39)

re |21U Ny,

where the derivatives are calculated at the decomposition

point, and
5Hj(w):Hj(a))_Hj’5qj((0):qj(w)_qj- (40)
For (36):
’Y}I [qr(w)_qr (F'v va(j el,U NZZ);qj (jel,U N21)):|2 =
0 0 2 (41)
_ q, (w) aq, (@)
=M [jdu%wn[am(w)] 5Hj(w)+]e.§Ni6q,—(w)J 5qj(w)] , rel,UN,,

02 02 0 0
o, () ) )| | [aq (w)] aq, ()
ol =M —= o+ —| | o +2 L : ko o +
s J‘E'wU'ZzzUNzﬂaHi“")U ie'anNn[(@qi(w) %ZU oH,(@) ) | 2ay(@) ) 7o O
J€l31UNgy

(42)
o0,(0) \'[ 29,(@) | o0,(0) | [ 00, (@) |
2 Y ( qr(w)] e ( q, wj 4@\ o o | rel,UN,
i-i§|1zU|22Usz aHl(a)) aHJ(CU) I ! !,j§|21UN21 aq|(a)) aq](a)) Rl i
i<j i<j
Taking into account that independent  quantities, so all their correlation
M(5Hj(w))=M(§qj(w))=0, 0’§qj :ij’ UEHJ =0§j: coefficients k; =0, i= j, we obtain estimates of

. . the variances of the dependent variables:
and HiH jely, UNy g, jely, UNy are P

0\? 0\?
2 09, (w) 2 09, (w) 2
Og = je'uUZ'z;Usz [(aHj(w)J ] O'H, + jd;’\‘ﬂ[{@qj(w)J J O'q,-' re |22 U sz- (43)

2

For (37)
|\0/)| |:Hr(a))—Hr(H_1,|'_|j,(j ely UNZZ);qj(j € |21UN21))j|

_ oH, (@) ) oH. (@) )
: l\g Le'lez'z;‘Usz(aHi(w)j 6Hj(w)+]€|nZUNzl[ aqi(w) ] 5qj(w)] C el Y Nax

(44)
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02 02
oH, (w) oH_ (w)
ol =M —r o’ + — ol +
He = 0 jellzt%Usz[(aHj(w)] } SH; jEIﬂZU:Nﬂ[( aqj(w)] J 5q;

0 0 0 0
oH, (w)) [ oH, (o) [GH (w)] oH_ ()
+2 : kic., o +2 : : kioc., o + 45
'EluLLJJ'%Usz(aH (a))j (6(]]((())] 7 5H; ~ oq; ivi_Ellezthsz aHi(w) 8Hj(a)) 7 5H; 7 SH; ( )
21 i<j

jelUN

0 0
oH (@) ) [ oH ()
+2 r r ko o |, rel N.,.
i,,-E;Nn(aqi(w)J [aqj(w) % % | 1< laUNa
i<j

Taking into account that coefficients k; =0, i# j, we obtain estimates of
M (SH () =M (5q;(w)) =0, Ol =04 Oon, =0 s the variances of the dependent variables:
and HiiHj el UNy g, jel, UNy, are

independent  quantities, so all their correlation

, H.(@) | H.(@) |
Oy, = jE'uU'ZZZUNZZ[[aHj(w)J J UHJ +je|212UN21[{ 8q](a))J J Gq,' re |21U N21- (46)

To obtain derivativesaq, /oH , j € 1, U1, UN,,

and oq,/oq;, jel,,UN, we will consider the system

of equations (31)—(34) as a system of implicit functions:
fl(qr(w)1r eM, U Iy U N, 0 (@) tel, U N, H (@) H, (o), rel,, U sz):

. 47
fnl(qr(w)v reM, U I U N,,; G (@) tel, U N, Hy (@) H, (w),r e, U sz) =0.
For clarity, let us introduce the following notations: Partial derivatives are calculated by the formula:
Y, =q,(®), reM,Ul,,UN,, iel.,nl, (48) D(f,,ees fy)
X, = (@), telyUN,, iel,..,n2, (49) o DX Xi) (55)
X. = H, (@), i el+n2, (50) X, D(fynfu)
_ D(YyenYy)
X, =H, (@), rel,UN,, ien2+2,..,n4, (51)
D(f,...f, . .
nl=Card(M,Ul,UN,,), n2=Card(I,,UN,), (52) where ﬁ — Jacobian of functions f,,..., f
T

n3=Card(l,,UN,,), n4=n2+n3+1. (53)

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

on variablesY,,...,Y,,.

The elements of the Jacobi matrix are calculated

fy (Ve Yoo X Xy ) =0 by the formulas:
0

fz(Yla-..,Ynl,Xl,...,XM): -

fnl (Yl""'Ynl' Xipen Xn4): 0

(()) 2sgnq<w>8q(w)+22q,.sgnq(w)Sq.(w)+Zblr.(. 28,0, <w>j+2blr. L (reM,),  (56)

ieM; ieL ieR i




ISSN 2522-9818 (print)

Cyuachuil cman HayKogux 00CIIONCeHy ma MexHono2itl 8 npomuciogocmi. 2022. Ne 4 (22) ISSN 2524-2296 (online)
66:;:(((60)) |ZM:1 2blr|b1klsgnq (a))s q| (a)) +Zb1r| 1kl( | nll +2a2|q| (a))}—i_zblnblkl i (57)
(reM,Ul,UN,), (kel,UN,),

D 3 20, s, (0050, (0)+ Thb 8 4280, (0) [+ b b, S
aqt(a)) “ ri 1t i ri 1t i i 2i i — 1ri 1t Eiz (58)
(reM, U (P U Ny,), (tel, U N,
o, (@)/oH, (@) =0, (reM,), (59)
A (@)/oH (@) =1 (relz), (60) To obtain the derivatives aHr(w), 6Hr(w),
of (0)/oH, (@) =-1, (reN,,), (61) oH, ()  oH (o)
o (@)/0H (@) =0, (reM,). (kel,UNp).  62) oy gy . @ o)y e present
o, (0)/H, (@) =1 (rely,) (63) o9, (@)
of (w)/oH, () =1 (reNy,). (64)  eduations (32), (33) in the following form:
i q| (CU)C
H, (@) = H, (o) - Zblr. ao.( ] +8,0 (w) - +8,0 (@) +Zb1,.
Noi Noi <R E (65)
+Z by (sgnq(a)) q° (@) +h? ) =0, (reNy),
L) q (a))C_I
H, (@) =H (w)+Zb1,. ao.( ] +8,0,(0) 2 + 8,07 () +Zb1r.
Ny Ny E/ (66)
2 by, (sang, (@)S,07 (@) +h? ) =0, (rel,).
Then the derivatives of the corresponding
variables will be:
oH, (o) _ g S(@) ny aq; (w)
8H( ) iZblrl(all 6H( ) o 2|q|( )aH( )j+ (67)
C, oq,(o) oq; (w)
200 B o () 2 2SI (@S (@) o
oH, (o) _ 7 9%(®) ny aq; (w) C; 00, (w) (@) ,
aH ( ) ;bln( 6H ( ) i 2|q|( )aH ( )] IZR:blrl E2 aH ( ) (68)
o () .
+I€Z)Wb1r.2'sgnq (@S0, (@) 2= =5 @ e L, UN,,,
oH, () _ @) Ny e aq; (w) C, oq(w) (@) ,
o) H (a“ @ 5, 0) )J 20 e )" )
38,2500 (@56, () aq((z)) jel,UN,,.
. (L:t us use formula (35) to obtain partial derivatives g, (@) _ b, &g, (w) iem, 70)
Q; (@ aq; (w) jel,UN,,; aq; (w) Cjel,UNy,: oH,(w) rem,UgUN,  OH (@)

oH,(0)" H, (@)’ 9, (o)

i
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aqi (CU) — b1
aHj(w) reM,Ul, UN, )

ieM, jel,UN,,.

aq, (»)
oH (o)’

(71)

aq, (@)
OH, ()’

The procedure for calculating derivatives

aq, (@)
oH | (w) ’
considered above.

oq; (w)

. jel,,UN,, was
aqj(w) J 21 21

J 22 227

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 (T, )

Input data Calculation results
Nod — 3 =
0,,m/c Og, 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 g, 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 JUCIEPCI 3AJIEXKHUX 3MIHHUX
CTOXACTAYHOI MOJEJI KBA3ICTAIIIOHAPHUX PEKUMIB POBOTH
MATICTPAJILHOT'O BOJOBOJY

IIpenMeTOM MOCIHIUKEHHS € CTOXAaCTHYHA MOJENb KBa3iCTAIliOHAPHHX PEKHAMIB POOOTH CHCTEM TOAHHS Ta PO3MOMIICHHS
BOZM. 3a3HaueHa MOJIeIb aJIeKBAaTHO OMHCY€e (GaKTHYHI PSKUMHU POOOTH CHCTEMH BOAOIOCTaYaHHs Ha 33aHOMY YacOBOMY iHTEpPBaJIi.
Takok BOHa MOXE€ BHKOPHCTOBYBATHCS SIK 0a30Ba MOJEIb IS MOCTAHOBKM Ta BUPIIICHHS 3aBAaHb ONTHMAJIBHOTO CTOXaCTHYHOTO
YOPaBIiHHS PO3BUTKOM Ta (YHKIIOHYBAaHHAM CHCTEM MOJAaHHS Ta PO3MOALICHHS Boau. MeTa poGOTH — PO3pOOJCHHS METOLY
PO3paxyHKy OLIHOK TUCTIEPCiH 3aIe)KHUX 3MIHHUX 32 YMOBH 3aJaHUX 3HaY€Hb MaTEMaTHUYHUX CIIOJiBaHb Ta JUCHEPCIi HEe3aIeKHUX
3MIHHHX U CTOXAaCTHYHOI MOJIENTi KBa3iCTalliOHAPHUX PEXXUMIB pOOOTH MariCTpalbHOTO BOAOBOY SK IiJCHCTEMU CHCTEMH TTOIaHHS
Ta PO3MOAUICHHS BOAH. [l JOCATHEHHS Ii€i METH HEOOXiHO BUKOHATH TaKi 3aBJAHHSI: I0OyIyBaT! IeTepMiHOBaHUH €KBiBaJEHT
CTOXacTHYHOI MOJeNl KBa3iCTalliOHAPHUX PEXUMIB POOOTH MaricTpaJbHOTO BOJOBOAY; pPO3PAaXyBaTH OI[HKHA MAaTeMaTHYIHHX
CIIOZiBaHb 3aJIXHUX 3MIHHHX; PO3paxyBaTH OLIHKYM IUCIEPCiil 3aleXHUX 3MIHHUX. JIJI po3paxyHKy OLIHOK JUCHEpCil 3alIeHIX
3MIHHHX, BIAMOBIHO N0 JUCHepciii He3aIeKHUX 3MIHHHX, BUKOPHCTOBYETHCSI MeTOJ CTaTHCTHYHOI JiHeapu3amii. s oTpumaHHS

OIIHOK MAaTeMaTHYHHX CIIOJIBaHb 3aJCKHHUX 3MIHHUX JICTEPMIHOBAHHU CKBIBAJICHT CTOXAaCTHYHOI 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 MOJIENi KBa3iCTAL[lOHAPHUX PEXUMIB POOOTH MaricTpaabHOrO
BOZIOBOJY. BHCHOBKM: y po0OTi 3aIPONOHOBAHO HAOMMKEHUH METOJ PO3PaXyHKY CTaTUCTHMYHMX BJIACTUBOCTEH 3aJIEXHUX 3MiHHUX
BIJIIOBITHO IO CTATUCTUYHUX BJIACTHUBOCTEH MapaMeTpiB Ta HE3aJlIEKHUX 3MIHHUX CTOXaCTUYHOI MOJeNi KBa3iCTalllOHAPHUX PEKHUMIB
poOOTH MaricTpaabHOTO BOIOBOAYy. HaOmmkeHWit MeTon OCHOBaHHMH Ha MOOYIOBI IETEPMIHOBAHOTO EKBIBaJIEHTa CTOXACTUYHOL
MOJIeNli KBa3iCTalliOHAPHUX PEKUMIB POOOTH MAariCTPalIbHOTO BOIOBOAY Ta MOTO BUKOPHCTaHHI [UIA PO3PAaxXyHKY OIIIHOK
MaTeMaTHYHUX CIOJiBaHb 1 JUCIEpCiil 3aleKHUX 3MIHHHX 32 YMOBH 3aJaHUX 3HAYCHb MAaTeMaTHYHUX CIOXIBaHb Ta AWCHEpCiH
He3aJIe)KHUX 3MiHHEX. Ha BiIMiHy BiJg MeTOMy iMiTamifHOTO MOJETIOBAHHS, 3alIPOITIOHOBAHUIT METO HE OTpeOy€e 3HAYHUX YACOBUX
BUTPAT Ta 00UHCITIOBATFHAX PeCypciB. 3acTOCYBaHHS HAOIMKEHOTO METOY ITOKA3aHO Ha IPHKIIALI.

KnrouoBi cioBa: croxacTMyHa  MOJeNb,  JHCIEPCis;  MariCTpaJIbHHH  BOJOBIA;  KBa3iCTalliOHAPHUI  PEXuM;

JIETEPMiHOBAaHUI CKBIBAJICHT.

METO/I PACUETA JUCHEPCHUIA 3ABUCUMBIX IEPEMEHHBIX
CTOXACTUYECKOM MOJEJIA KBABUCTAIIMOHAPHBIX PEXKUMOB PABOTBI
MAT'UCTPAJIBHOT'O BOAOBOJA

IIpeamMeToM ¥cCIIeIOBaHHS B CTAThE SIBISETCS CTOXACTUYCCKAs MOJICNb KBa3UCTAIMOHAPHBIX PEKUMOB pabOThI CHCTEM ITOJIA9H
U pacrhpeencHus BOAbl. DTa MOJIEIb aJICKBATHO OMKMCHIBACT (DAKTHUCCKHUE PEKUMBI PA0OTHI CHCTEMbI BOJOCHAOKCHHUS Ha 3aJaHHOM
HMHTEPBaJC BPEMECHH M MOXKET HCIIOJIb30BaThCsS B KauecTBE 0a30BOM MOJCITH AJsl MOCTAHOBKM M PEIICHUS 3a1ad ONTHMAaIbHOTO
CTOXAaCTHYECCKOTO YIPABICHUS pa3BUTHEM M (DYHKIIHOHHPOBAHHEM CHCTEM IMOJAa4yM U pactpenesicHus Bosl. Lleanlo paboTs sBiseTCs
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 OXHIAHWN 3aBUCHMBIX NEPEMEHHBIX; pPacCUMTaTh OLEHKU
JUCTIEPCUIl 3aBHCUMBIX NEepeMeHHBIX. J[11 pacdera OIEHOK AWCIEPCHH 3aBUCHMBIX IEPEMEHHBIX, B 3aBUCHMOCTH OT IUCIIEPCHIT
HE3aBHCHUMBIX IIEPEMEHHBIX, OyJIeM HCIOIb30BaTh METOA CTATUCTHUECKON JIHHEeapu3anuu. [Jis MoydeHus: OLlEHOK MaTeMaTHIECKAX
OKUJIaHWH 3aBHCHMBIX TMEPEMEHHBIX JIETCPMHHUPOBAHHBIA SKBUBAIECHT CTOXACTHYECKOW MOJIETH KBa3HCTAIIMOHAPHBIX PEXHMOB
paboThl MarucTpasbHOTO BOJOBOJA pemaeTcs MOAH(UIMPOBaHHBIM MeToJ0oM HpioToHa. Pe3yabTaToM pabOTHI SBISETCS METON
pacuera OIIGHOK IUCIIEPCHIl 3aBUCHMBIX TIEPEMEHHBIX U CTOXAaCTHYECKOH MOJEIH KBa3WCTAIlHOHAPHBIX DPEXHMOB pPabOTHI
MarucTpaibHOTO BOJOBOJIa. BBIBOABI: B paboTe MpeaiokKeH MPUOIMKESHHBIA METOJ] pacueTa CTATUCTUYCCKUX CBOWCTB 3aBHCHUMBIX
MIEPEMEHHBIX B COOTBETCTBUM CO CTaTUCTMYECKUMH CBOMCTBaMHU IMapamMeTpOB U HE3aBUCHMBIMU IEPEMEHHBIMH CTOXaCTUYECKON
MOJICNT! KBa3HUCTAIMOHAPHBIX PEKUMOB pabOTBI MArMCTPAILHOTO BOAOBOJA. [IpHONMMKEHHBI METOJ] OCHOBaH HAa MOCTPOCHHUH
JIETEPMUHUPOBAHHOTO JKBHBAJICHTA CTOXACTHYECKOW MOJIENH KBAa3HCTAIIMOHAPHBIX PEXHMOB pabOTHI MAarucTPajJbHOTO BOJOBOJA
U €ro WCMOJIb30BAHUU IJIs pacueTa OLEHOK JAWUCIEPCUN 3aBUCUMBIX TEPEMEHHBIX TNMPH 33JaHHBIX 3HAYCHHUSX MATEMATHUYECKHX
OXKHUIAHUA W JTUCTIEPCUSX HE3aBUCHUMBIX TMEpPeMEHHBIX. B  oTiauume OT MeroJa HMMHTAlMOHHOTO — MOJCIMPOBAHMSA,
NpeAIOKEeHHbII MeToAx He TpeOyeT 3HAuMTENbHBIX BPEMEHHBIX 3aTpaT U BBIUHCIHUTENBHBIX peCcypcoB. lcmonb3oBaHue
npUOJIMKEHHOTO METO/1a TIOKAa3aHo Ha MpUMepe.

KiroueBble cj10Ba: cTOXacTHYecKas MOJENb; JAWCIEPCHS; MAaruCTpajbHBIA BOJIOBOM; KBAa3HCTALIMOHAPHBIA PEXUM;

JIeTePMUHUPOBAHHbIN SKBHBAJICHT.
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