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The article presents an overview of image enhancement and noise reduction methods based
on convolutional and recurrent neural networks with the addition of non-local operations
blocks. These methods are widely used in various industries. In medicine, they help improve
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the quality of MRI images, which, in turn, contributes to the accuracy of doctors' diagnoses.
In the field of security, these technologies enable image enhancement and detail enhancement.
The article covers the main available approaches to image enhancement. The article analyzes
the main characteristics of the considered neural networks, as well as the scenarios in which
they demonstrate the greatest effectiveness. A table with the performance of different image
enhancement methods is also presented, to which the investigated method is added to evaluate
its effectiveness in image enhancement. The paper emphasizes the advantages of each of these
approaches and their effectiveness in different conditions. Considering the specific features of
the denoising task, such as the type of noise, image type, and processing constraints, will help
select the most appropriate architecture to achieve the desired result. The article also discusses
the use of the non-local operations block to improve image quality. This block serves to identify
global interrelationships between pixels, which contributes to better modeling of relationships
between different parts of the image. Thanks to the non-local operations block, it is possible
to efficiently detect long-term dependencies and contextual information, which in turn leads
to improved noise disaggregation and image restoration. The article offers a comprehensive
overview of image enhancement and denoising methods that use convolutional and recurrent
neural networks with the addition of a non-local operations block, and also provides information
on existing approaches. The information and guidelines provided in this article can be helpful in
choosing appropriate methods for solving image processing tasks. The article is useful for image
processing and machine learning researchers who want to understand the main differences
between convolutional neural networks (CNNs) and recurrent neural networks (RNN), as well as
with already known approaches to improving and reducing noise in images.

Key words: image quality, convolutional neural networks, recurrent neural networks, Non-
local operations, image denoising.

Anmonenko A. B., Conooaes C. I, Bocmpikoe C. O., bansax A. A., Miwukyp IO. B.,
IIpuxoovko A. Il. Acnekmu 6UKOPUCHMAHHA HEUPOHHUX Mepelc 0N NOKPAUWleHHs AKOCHI
300pasicens

Y ecmammi npeocmaenenuii 02150 Memooie NoKpaweHHs ma 3MEHUeHHs WyMy 8 300padicet-
HAX, AKI IPYHIYIOMbCS HA 320PMKOBUX | PEKYPEHIMHUX HeUPOHHUX Mepedcax i3 000a8anHHAM ONOKiG
non-local operations. L{i memoou 3Haxo0sims wupoKe 3acmocy8ants 6 PisHUX 2any3six. Y meou-
YuHi 80HU donomazaroms noainwumu axkicme MPT-31iMKi8, W0, 8 C80I0 Uepey, CRPUSE MOYHOCMI
oiaeno3y nixkapis. YV cgepi 6e3nexu yi mexnonoeii 003601510Meb NOKPAULY8AMU 300DANCEHHS A
niokpecmosamu oemani. Cmamms OXONINOE OCHOBHI HAABHI NIOX00U 00 NONINuleHHs 300pa-
Jcenb. Y cmammi nposedeno ananiz OCHOGHUX XAPAKMEPUCUK HEUPOHHUX MePedC, o PO32is-
0aiomuvCsl, a MaKodIC CYeHapiig, y AKUX 60HU OeMOHCMPYIOmb Haudinbuty eghexkmuenicme. Taxooic
npedcmasieno mabiuyio 3 pe3yibmamamu podomu PisHUX Memooie NOKPAWeHHs. 300padcetb, 00
SAKOI 000aHO 00CTIONHCYBAHUTL MEMOO OJis OYIHKU 1020 eeKMmUBHOCHI Y NOKPAUEeHHI 300padiCceHb.
Y pobomi niokpecneno nepesacu KosicHO20 3 Yux NiOX00is i IXHIO pe3yIbMamueHiCmG ) PISHUX YMO-
eax. Bpaxyeanns cneyugiunux ocoonusocmeri 3a60anHs 3HEULYMACHHS, MAKUX K MUR ULYMY, 6UO
300padicenb ma ooMediceHHs: 00POOKU, DONOMOdICe BUOPAMU HAUOLIbUL BIONOGIOHY APXIMEKMYpPY
02151 Q0CAIZHEeN s 6adICano2o pesyibmamy. Y cmammi makodc 002060pI0EMbCs 3ACMOCY8AHHS OIOKY
non-local operations 0na niosuwenHs sikocmi 300pagicenv. Lleil 610K cayscums Ol GUABTEHHS
2N00ANLHUX 83AEMO3B'SA3KI6 MIXC NIKCENAMU, WO CHPUAE KPAUOMY MOOETOBAHHIO BIOHOCUH MidC
PI3HUMU YacmuHamu 300padicentsi. 3aedsku onoky non-local operations modicHa egpekmueHo 6uss-
JAMU 00620MpUBANi 3a1eACHOCMI ma KOHMeKcmuy inghopmayiio, wjo, 6 €010 uepzy, npu3eo0ums
00 NOKpawjeHHs 0e3azpe2y8anHs Wymy ma 6ioHoenenus 300pascenv. Cmamms nponouye ecediu-
HUTL 02710 MEmOo0ié NOKPAWeH s A 3HeUWYMIIeHHs 300Padicetb, SKI 6UKOPUCTIOBYIONb 320PMKOGI
i pekypeHmHi HelpoHHI Mepedrci 3 dooasanHsm 010Ky non-local operations, a maxodic Haoae iHghop-
mayio npo naseHi nioxoou. Ingopmayis ma pexomenoayii, HaseOeHHi 6 yitl cmammi, MOJCYMb
6ymu KopucHumu 07 U60PY GIONOBIOHUX MemOodis 0I5l PO36'a3aHHs 3a60aHb 0OPOOKU 300padiceHb.
Cmamms € KopucHoio 0Jis O0CTIOHUKIG Y 2ay3i 06poOKU 300padicelb ma MAWUNHO20 HAGYAHHS, SKi
XOUYmMy 03HAUOMUIMUCS 3 OCHOBHUMU BIOMIHHOCTIAMU MIJIC 320PIMKOBUMU HEUPOHHUMU MePedcamul
(CNN) ma pexypernmuumu Hevporrumu mepexcamu (RNN), a makodic 3 yoce gidomumu nioxooamu
00 NOKpawjensl i SMEHWEeHHs WYMY 6 300PaCEHHSX.

Knwouogi cnosa: sxicmv 300pasxicensv, 320pmKo8i HEUPOHHI Mepedicl, peKypeHmHui HetlponHi
mepedici, Non-local operations, sHeulymienHs 300paxiceHs.

Introduction. Existing approaches to improve image quality. Image enhancement is the
process of improving image quality [1] by removing noise, restoring detail, increasing res-
olution, and improving the visual experience. The main methods of improving the image:
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1. Image filtering: Application of filters to improve image quality. For example, a
Gaussian filter or a median filter is good for reducing image noise.

2. Image restoration: Using algorithms to restore details and remove defects in the
image. It can be recovery using a deconvolution algorithm, morphological recovery
algorithms

3. Resolution enhancement: Methods that aim to improve the resolution of images.
For example, interpolation, super-resolution and the use of algorithms based on artificial
neural networks.

4. Deep learning: Using neural networks for image enhancement. Deep neural net-
works can be trained to analyze images and perform tasks such as noise reduction, detail
recovery, blur removal, and more.

Formulation of the problem. The relevance of research on image restoration,
denoising and quality improvement will always be high, because the field of use is very
broad and often very important for human health. In many scientific disciplines, includ-
ing medical imaging, astronomy, geology and biology, high-quality images are a key
element for analysis, research and obtaining results. They provide valuable information
and help uncover new knowledge in their respective fields. MRI images are used in
medicine for diagnosis and treatment, camera images for facial recognition, video sur-
veillance for object detection, photography and graphic design for visual enhancement,
and many other fields. In case of quality deterioration due to external factors, it would
be good to have a quality improvement tool. In this work, a comparative analysis of
approaches to image enhancement using convolutional networks (CNN) and recurrent
networks (RNN) is carried out. Both approaches show adequate results and have poten-
tial for improvement.

The aim of the study. The purpose of this work is a comparative analysis of two
image enhancement methods based on the use of convolutional and recurrent neural
networks.

The work examines practical and theoretical aspects. In accordance with the goal,
the following tasks were formed: to analyze the architectural features of the investigated
networks; to compare the results of the research method based on RNN with existing
methods; determine the future direction of research.

Analysis of recent research and publications. Convolutional Neural Networks
(CNNs) are widely used in image restoration and are the most popular neural network
for image enhancement. The vast majority of researchers [2] take it as a basis. The first
CNNs were used to remove noise in images. A significant role in this multilayer percep-
tron (MLP) to eliminate noise. The MLP was trained to directly correlate noisy areas of
an image with clean areas using a large dataset.

The next step was to apply CNN to enhance the resolution of low-resolution images.
SRCNN (convolutional neural network with high resolution) presented in [3] was a
breakthrough work. The key idea behind SRCNN is to train the network using a large
dataset of low— and high-resolution image pairs. During the training process, the net-
work learns to optimize its parameters to minimize the difference between the generated
high-resolution image and the corresponding input image.

Using the power of deep convolutional neural networks, SRCNN achieves impres-
sive results. Another area of use for CNN is image denoising, turning blurry images
into more. Several CNN-based methods have been proposed to handle different types
of blur. One well-known approach is DeblurNet. The principle of this approach is to
process input frames that are located next to each other through several convolutional
layers until a blurred central frame is output.
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DnCNN-SR [4] became a logical development in the direction of image improve-
ment. The author combined approaches to reduce noise and increase image resolution.
This combined approach improved the quality of reconstruction by simultaneously
reducing noise and increasing image resolution. Overall, CNNs have played a crucial
role in improving image restoration techniques. They have demonstrated exceptional
capabilities in denoising, ultra-high resolution, deblurring and other restoration tasks.

Presentation of the main research material. An interesting approach is the use of
recurrent neural [5] networks in the field of image processing. The author of this article
used a recurrent neural network and added a non-local operation module to improve
the performance of the neural network. Recurrent Neural Network (RNN) is a powerful
tool for image processing with several advantages, and in combination with Non-Local
Operation, the result of work improves many times [6].

The combination of recurrent neural network (RNM) with non-local operation opens
up new possibilities for image processing. Here are some of them:

1. Taking into account long-term dependencies: RNM allows the model to collect and
use long-term dependencies in images, taking into account context and relationships between
objects. Adding a non-local operation allows you to collect information from all positions
of the image, not limited to only the local area. This helps the model better understand the
relationships between different parts of the image and provides better processing quality.

2. Ability to work with variable length input images: RNM can adapt to images of
different sizes, which allows processing large or small images without loss of quality.
The combination with non-local operation allows the model to collect information from
all parts of the image, regardless of their size. This is especially useful when we are
dealing with large images or when the sizes of the objects in the image are different.

3. Overall better quality of processing: The combination of recurrent neural networks
with non-local operation can lead to an improvement of the overall quality of image pro-
cessing. This is explained by the fact that non-local operation allows the model to take
into account the wider context and dependencies in the image, while the RNM ensures
the preservation and use of this information at each processing step.

The idea of combining neural networks with additional modules is not new. The
mechanisms [7, 8] for improving images considered in this work are based on the use of
neural networks to which it is advisable to add a Non-Local Operation module to solve
these problems.

Non-Local Operation is an element for detecting dependence in neural networks [9].
Intuitively, the non-local operation calculates the value at a point as a weighted sum of
the characteristics at all positions in the input data. Based on this, you can submit images
and videos to the input.

The general formula looks like [9]:

yi= %wa(xj'xj)g(xj) M

Here, i is the index of the initial position (in space, time), the value of which needs
to be calculated, and j is the index that lists all possible positions. x is the input signal
(image, sequence, video) and y is the output signal of the same size as x. The pairwise
function f computes a scalar (representing a relationship, such as relatedness) between 1
and all j. The unary function g computes the representation of the input signal at position j.
The response is normalized by the coefficient C(x).

Non-local operation is a flexible building block and can easily be used together with
convolutional/recursive layers. It can be added to the initial part of deep neural networks,
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unlike the fully connected layers that are often used at the end. Such flexibility allows
building a more diverse hierarchy that combines both non-local and local information.

Based on this approach, [8] proposed the use of the Euclidean distance with a lin-
early embedded Gaussian kernel as a distance metric. Thus, the proposed non-local
operation can be written as:

Z; = ﬁzj e s,exp{X;WoW XT X, W, Vi 2)

The proposed non-local operation can be implemented by ordinary differential oper-
ations, and thus can be trained by adding to the neural network.

Let's consider the methods of improving images based on neural networks for
improving images based on the articles under study:

1. Removal of color image noise using convolutional neural networks based on
Non-Local Operation

The basis is the objective function [7]:
Egy =D(x,y) + J(X) 3)
Based on the use of a neural network, the selection of parameters based on the training
dataset of images is implemented.

» [z (1-4") +'
Elementwise Nonlinearity
e 1] Weighted NL Sum 2D Coavolution
2D Convolution Weighted NL Sum | Transpose Transpose Box Projection

K
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Fig. 1. Architecture of a separate stage of the proposed non-local convolutional network

In [8], the block matching approach [10] using the Euclidean distance with a linearly
embedded Gaussian kernel is used.

amy —
1 1x1xm|

§ ——
gxgxm
q

m

Fig. 2. [llustration of the non-local module [6]

Table 1 shows the comparative characteristics of recurrent, convolutional neural
networks and multilayer perceptron according to the most important characteristics
for the study.

Based on Table 2, it can be seen that convolutional and recurrent neural networks are
able to cope well with the task of improving image quality. The advantage of recurrent
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Table 1
Comparative table of neural networks
Recurrent Convolutional Multilayer
neural chain neural network perceptron
Memory Memory usage There is no explicit | There is no memory,

for sequential data
processing

memory of past
mnputs

each input is processed
independently

Sharing settings

Joint weighting
coefficients by time

Common weighting
factors in spatial

There is no weight
distribution, eac

steps dimensions neuron has its own set
of weights

Contextual Captures long-term Limited field of Lack of explicit
information dependencies and perception and local | modeling of context or

context context dependencies
Effectiveness Captures global Effectively reduces | Limited abilitf/ to
of noise dependencies, noise in local areas | process complex noise
elimination processes complex patterns

noise patterns

Table 2

Performance of different image enhancement methods
based on the BSD68 image dataset, with different noise levels (15, 25 and 50)

Meton 15 25 50
BM3D 31.07 28.57 25.62
WNNM 31.37 28.83 25.87
EPLL 31.21 28.68 25.67
MLP - 28.96 26.03
CSF 31.24 28.74 -
TNRD 31.24 28.92 25.97
ECNDNet 31.71 29.22 26.23
RED - - 26.35
DnCNN 31.72 29.23 26.23
DDRN 31.68 29.18 26.21
PHGMS 31.86 - 26.36
MemNet - - 26.35
EEDN 31.58 28.97 26.03
NBCNN 31.57 29.11 26.16
NNC 31.49 28.88 25.25
ELDRN 32.11 29.68 26.76
PSN-K 31.70 29.27 26.32
DWDN 31.78 29.36 -
MWCNN 31.86 29.41 26.53
BM3D-Net 31.42 28.83 25.73
FFDNet 31.62 29.19 26.30
BRDNet 31.79 29.29 26.36
NN3D - - 26.42
NLRN 31.88 29.41 26.47
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networks over convolutional networks is the presence of data of previous calculations in
memory. Due to this, greater efficiency is achieved in finding long-term dependencies,
which greatly increases the quality of improving complex images.

Table 2 shows the results of various image enhancement methods with different
levels of noise on one BSD68 dataset [11].

Table 2 highlights three methods with the best results, which include the NLRN
approach under study. It demonstrates good performance because the specificity of
recurrent neural networks in combination with non-local operations is well suited for
image enhancement and has significant potential for improvement.

Conclusions. Thus, both convolutional networks and recurrent networks have their
strengths and weaknesses in image processing and noise reduction tasks. Convolutional
networks are very effective at detecting local features, which makes them more suitable
for denoising small images. On the other hand, the recurrent network has the advantage
of finding global dependencies due to its architectural features, which makes it suita-
ble for denoising tasks involving sequential data and complex noise patterns. Further
research can be developed in the direction of improving the Non-Local Operation of the
block in order to improve the results of image processing.
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Bioomo, wo wupoke 6npoeaodiceHHs KBAHMOBUX MEXHONOZI CYNPOBOONCYEMbCA CEPUOIHUMU
sururamit. OcHo8HA NPodIeMA NONALAE 8 KPUXKOCHIT KBAHTNOBUX CIAHIE, SIKI MOJICYMb 1e2KO 3MIHI08A-
MUCH Yepe3 GNIUS ULyMY, OeKO2epeHYiIo abo HemOYHOCHI Y BUKOHANHT KeaHmosux onepayiti. Lle cmeo-
PIOE BUCOKT pUsUKU OJist HAOTIHOCII KEAHMOBUX 0DUUCTIEHb, OCODIUBO 8 YMOBAX CYUACHUX NPUCIPOIE
npomidicoeo macumaoy (NISQ), sixi maiomb obmediceny KinbKicmb KyOimie i GUCOKULL PiGeHb ULyMiG.

Y ecmammi 6yno npoananizosano cyuacui memoou K6anmoegoi Kopekyii nomMuiox, 30Kpema
BUKOPUCMAHHSA aneebpu NiONuUcis, ii 6NposaodHcents 6 pisHi NPOMOKOIU, CUCMeEMU Ma Nepcnex-
MUBU PO3CGUMKY.

Busnaueno knmouosa poib K8anmoeoi kopekyii nomunox. Kopexyis nomunok € ¢ynoamen-
MATLHUM eleMeHmMOM 05 3abe3neyentss CmaodiibHOCMI K8AHMOBUX O00YUCTIEHb, 0COOUBO HA
WYMHUX BPUCIPOSX npoMidcho2o macumaoy (NISQ).

IIpoananizosano icuyouuii Memoo Kopekyii nomMunok — aneebpa nionucis (signature algebra)
AK yuigepcanvhuil incmpymenm. Busnaueno, wjo aneebpa nionucié npooemMoHcmpysand ce00
ehekmusHicms y 6USHAYEHHI Ma KOPeKyii NOMUTIOK Y PeasibHOMY Yaci, y nepesipyi cmabiibHocmi
KBAHMOBUX CMAHI6 ma iHme2payii 3 CyuacHUMU K8AHMOBUMU NPOMOKOAAMU, maKkumu ik BB84,
E91, DI-QKD, BOC, OSS ma in.

Ilepcnexmusamu po3eumky €: nOOAILUWA CMAHOAPMU3AYISL aneeOpu NIONUCié sK iHCmpy-
MeHma Ol MeCmyB8aHHs ma KOpeKyii NoMUnox, ii inmezpayii 3 NOCMK8AHMOBOK KpUNmMozpa-
Qicio Ons 3abe3neuenns besneku OAHUX y KEAHMOSIU epi; y po3POOIeHHI HOBUX MoOerell Oiist
cucmem NISQ, mononociuHux Kooi6 i KEAHMOBUX MepeiC.

Poboma mooice 6ymu 6UKOPUCMANA K HABHATILHULL Mamepian Oiist CMyOeHmis i O0CTIOHUKIS,
Wo 3aUMarOmvcs KBAHMOBUMU 00uUCTIeHHAMU. Bukopucmani y pobomi npukiadu Kooy 0eMoH-
cmpylomo, Sk aneedpa niOnucie iHmespyemvcst y K6AHMOosl 0OUUCTIeHH s, 3a0e3neyyiouu Haoiil-
HICMb 00YUCTEHb HABIMb Y 3AUYMIEHUX Ceped0sUuax. 3anponorHo8ani nioxoou Moxcyms oymu
BUKOPUCMAHT OJIs1 CMBOPEHHS. CIILIKUX K8AHMOBUX CUCMEM [ NPOMOKONI6 0list Kpunmozpagii,
KOMYHIKayiti ma MauuHH020 HAGUAHHSL.

Knwwuosi cnosa: nocmxeanmosa xpunmoepais, aneebpa nionucie (signature algebra),
KOpeKYis NOMUNIOK, K6AHMOBI 00UUCTEHHS, CYYACHT npucmpoi npomixcrozo macuimaoby (NISQ).

Bohomia V. L., Baranenko O. O., Zhukov E. V. Development of post-quantum cryptography
accounting for the possibilities of signature algebra

1t is known that the widespread implementation of quantum technologies is accompanied by
significant challenges. The main issue lies in the fragility of quantum states, which can easily change
due to noise, decoherence, or inaccuracies in performing quantum operations. This poses high risks
to the reliability of quantum computations, especially in the context of modern intermediate-scale
devices (NISQ), which have a limited number of qubits and a high level of noise.
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The article analyzed modern methods of quantum error correction, in particular, the use of
signature algebra, its implementation in various protocols, systems, and development prospects.

The key role of quantum error correction is identified. Error correction is a fundamental
element for ensuring the stability of quantum computing, especially on noisy intermediate-scale
(NISQ) devices.

The existing error correction method — signature algebra — is analyzed as a universal tool.
It is determined that signature algebra has demonstrated its effectiveness in identifying and
correcting errors in real time; in checking the stability of quantum states and integrating with
modern quantum protocols such as BB84, E91, DI-QKD, BQC, 0SS, etc.

The development prospects are: further standardization of signature algebra as a tool for testing
and error correction, its integration with post-quantum cryptography to ensure data security in the
quantum era, in developing new models for NISQ systems, topological codes and quantum networks.

The work can be used as a teaching material for students and researchers involved in quantum
computing. The code examples used in the work demonstrate how signature algebra is integrated
into quantum computing, ensuring the reliability of calculations even in noisy environments.
The proposed approaches can be used to create robust quantum systems and protocols for
cryptography, communications, and machine learning.

Key words: post-quantum cryptography, signature algebra, error correction, quantum
computing, modern intermediate-scale devices (NISQ).

IocTranoBka npodjaemu. KBaHTOBI 00UMCIICHHS € OHUM 13 HalTIepCIeKTUBHIIINX
HanpsMiB Cy4acHOT HayKH Ta TEXHIKH, 10 3/[aTe€H PaJMKaIbHO 3MIHUTH CIIOCOOW BUPI-
IICHHS CKJIQJIHUX 3aBllaHb y Oarathox cdepax: kpunrorpadii, onTuMizarii, MOIEITIO-
BaHHI MOJICKYJSIPHOI TUHAMIKM Ta aHaji3l BEJIMKUX MaHUX. BUKOPHCTOBYIOUU MpPUH-
IIUIY CYTEPIO3HUII] Ta KBAHTOBOI 3aITyTAHOCTI, KBAHTOBI KOMIT IOTEpH 3a0€3MMEUyIOTh
3HAYHO BUILY IIBUAKICTH OOYHCIICHb MTOPIBHSHO 3 KJIACHIHUMH.

[IpoTe mmMpoxe BIPOBaHKEHHS! KBAHTOBUX TEXHOJIOTIH CYNpPOBOMKYETHCS CEpHO3-
HUMH BUKIUKamMu. OCHOBHA NMpoOJieMa TOJSIrae B KPUXKOCTI KBAHTOBUX CTaHIB, SIKi
MOXKYTb JIETKO 3MIiHIOBATHChH Yepe3 BIUTHB IIYMY, IEKOT€PEHIIII0 200 HETOYHOCTI y BUKO-
HaHHI KBaHTOBHX omepaniil. Ile cTBOproe BUCOKI PU3MKM Ul HAJIHHOCTI KBAHTOBUX
004YHCIIeHb, 0COOIMBO B YMOBaX CydacHHX IPUCTPOIB mpoMixkHoro Macitady (NISQ),
SIKI MalOTh OOMEKEHY KiJIbKICTh KyOiTiB 1 BUCOKHI PiBEHb IIyMIB.

Jig BUpilIeHHs UX MpoOJieM po3po0ieHi METOIM KBaHTOBOT KOPEKIii MOMUIIOK, SKi
JIO3BOJISIFOTH BUSIBJISITH M BHIIPABIISATH ITOMHIIKH, 320€3ME€Uy0UN CTIHKICTh O0YHCIICHb.
OnHuM i3 MEPCIEKTUBHHUX 1HCTPYMEHTIB y Wil ramysi e anredpa miamucis (Signature
Algebra), sxa Hamgae (opMani3oBaHUN MiAXiA O MEPEBIPKH KOPEKTHOCTI KBAaHTOBHUX
CTaHIB 1 03BOJISIE JIOKATI3yBaTH Ta BUIPABIIATH IIOMIJIKA Y PEaIbHOMY Yaci.

CboroJHi KBaHTOBI TEXHOJOIil TAaKOX CTHKAIOThCS 13 3arpo3aMu, MOB’SI3aHUMH
3 IXHIM MPAKTUYHHUM 3aCTOCYBaHHAM. Harmpukiiaj, mosBa KBaHTOBUX KOMIT FOTEPIB CTa-
BUTH ITiJT 3arpo3y cydacHi kpurnrorpadiuni cuctemu, Taki sk RSA 1 ECC. Le crumyimoe
po3BUTOK MocTKBaHTOBOI kpuntorpadii (PQC), sfika NOMOBHIOETHCS MOMKIMBOCTSIMH
anreOpy MiMUCIB U NePeBipKU Ta 3aXUCTY JaHUX.

TakuM 9MHOM, JOCTI/DKEHHS y cepl KBAaHTOBOI KOPEKIIil MOMMIIOK 1 ii iHTerparii
3 HadHOBImMMH nporokonamu, Takumu sk QKD, BQC, DI-QKD, a Takox i3 PQC,
€ KPUTUYHO BKJIMBHMH ISl 3a0€3MEUCHHS HAIIMHOCTI Ta Oe3Mmekr MaiOyTHIX KBaH-
TOBUX CHCTEM.

AHai3 ocTaHHIX MOCTiAKeHb i mMyOuikamiid. 3a pe3yibTaToM aHamizy JpKepen
iHpopmarii [1-14] aBropamu Oyno TpoaHaIi30BaHO Ta BU3HAUEHO TaKi OCOOIMBOCTI
JIOCITI/DKEHHST Y cpepi KBAHTOBOT KOPEKITiT TOMHIIOK.

V [1-5, 10-14] npoaHanizoBaHi TEOPETUYHI ACTIEKTH KBAHTOBOI KOPEKIIii TOMUJIOK,
BKitodatoun koau Lllopa, Steane Ta anreOpy miImUCiB.

VY [6-9] aBTOpamu mpoaHai3yBaTH THIIM KBAHTOBHX IMOMHIJIOK i HABEIEHO OCOOIH-
BOCTI CcITOCOO1B IXHBOTO BUSIBICHHSI.
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V [1-5] HaBeneHO MeTOIM pealizallii KBaHTOBOI KOPEKIIil Ha MPaKTUYHUX M1aTdop-
Max, Takux sk IBM Qiskit.

V [10-13] npoananizoBaHa CyMiCHICTb anreOpH MiJNKUCIB 13 HAWHOBIIIMMHU KBAaHTO-
BHUMHU npoTokonamu, Takumu sik BB84, DI-QKD, QSS i BQC.

VY [5-10] mocmimkeHO BUKOPUCTAHHS anreOpy MAMKCIB JUTS ITITPUMKH TTOCTKBAH-
toBoi kpunrorpadii (PQC).

[IpoananizyBaTi MEPCIEKTHBY 3aCTOCYBAHHS anreOpy MiANUCIB y pealbHUX KBaH-
TOBHX CHCTeMaX, BKItouaroun NISQ-mpuctpoi, TiOpuIHI KBAHTOBO-KJIACHYHI CHCTEMH,
KBAaHTOBI1 JJaTYMKH Ta MEPEKIi.

Ane y muX JOCHiPKEHHSIX OCTA€ThCS HE MMOBHICTIO BU3HAYCHUMH MTUTAHHS 0COOIH-
BOCTEH KBaHTOBOT KOPEKIIii, a came Jijisi 3a0e3MeveHHs CTa0lIbHOCTI KBAHTOBHX O0YHC-
JIeHb, 0COOJIMBO Ha IIYMHUX NPUCTPOsX poMixkHOTro MacmTaly (NISQ).

Meta crarrti. Tomy MeToI0 CTaTTi € AOCHIPKCHHS y cepi KBAHTOBOI KOPEKIIil
MTOMMJIOK 1 11 iHTerparlii 3 HAHHOBIIIMMH TPOTOKOJIAMH MO0 3a0e3IeYeHHs HaJIHHOCTI
Ta Oe3neKku MaiiOyTHIX KBAHTOBHUX CUCTEM.

[Tpu nboMy akTyaJIbHOO € TeMa: « PO3BUTOK MOCTKBAHTOBOI KpunTorpadii 3a paxy-
HOK MOXXJIMBOCTEH anreOpH ImiITUCIBY.

MeTtoau aociaigxens. OTHUM 13 pyHIAMEHTATBHUX 1IXOIB 10 BUTIPABICHHS IOMH-
JIOK y KBAaHTOBUX CHCTEMax € BHUKOpUCTaHHs crenianbHux koniB (Illopa, Crena, Tomo-
JIOTTYHHX KomiB) [5, 7, 9]. BoHM J03BONISIOTH 3aXHUIATH KBAHTOBY iH(GOPMAIIO IIISIXOM
PO3IIUPEHHS OJJHOTO JIOTTYHOTO Ky0iTa /0 OUIBIIOT KUTBKOCTI (pi3HqHI/1x KyOiTiB.

Koo Ilopa € nepIM pO3pOOICHNM KBAaHTOBUM KOIOM 1 3a0e3redye 3axHcT Bij
JIBOX OCHOBHHX THITiB TOMIJIOK: (IIin OiTa Ta (1)a3OBHH 3cyB. BiH BUKOPHCTOBYE /1B’ SITh
¢izuuHNX KyOITiB JUI MPEICTABICHHS OJHOTO JoriyHoro kybita. Komosaui cranu
BUIVISIIAIOTH HACTYITHUM YiHOM [ 1, 2].

10,) =2 (1000) + [111))®?,]1,) = = (1000) — [111))*.

Mexani3Mm (yHkuionyBanHs kofy Lllopa nonsrae B HacTynmHOMY [5, 6]:

1. VY xomyBaHHI, KOJTU JIOTTYHUHN CTaH IIEPETBOPIOETHCS HA JEB’STh (Pi3UUHUX KyOITiB.

2.V perexuii, konu crabinizatopu, Taki sk Z, ta Z, abo X, ta X,, BUABJIAIOTH
MIOMIJIKH, HE PYHHYIOUH KBAHTOBHIA CTaH.

3. Y kopekiiii, KoM BUIPABJICHHS BUKOHYETHCS IIUIIXOM 3aCTOCYBaHHS 3BOPOTHHX
orepariii JJis BiJIOBITHOTO THITY TOMHUJIKH.

Koo Steane 06a3zyetbca Ha KJIaCHIHOMY koai XeMmiHra 1 BHKOPHUCTOBYE
cim (b13HqHI/IX Ky61T1B JUIsL  OHOTO JIoTi4HOTO. BiH 3a0e3neuye edekTuBHUI
3aXHUCT BiJl MOMHJIOK 1 JIO3BOJISIE OMHOYACHO BHSBIATUA OITOBI Ta (ha30Bi 3CYBH.
KomoBanumu cranamu € [3, 7].

1
|0L>_77§(|0000000)-r|1111111)) |1L)"Q§

Tononoeiuni koou (surface codes). TomomorivHi KOAX BUKOPHCTOBYIOTh TCOMETPHYHI
BJIACTUBOCTI KBAHTOBHMX CHCTEM JJIS JIOKai3alii MOMUIOK. BOHH € mepcrneKTHBHUMUA
JUTS artapaTHOI peatizailii Ha KBAHTOBHX KOMIT FOTepax yepes3 IXHIO CTIHKICTh JI0 TOKaITb-
HUX IyMiB.

[TpakTHuHa peanizallis Ha KBAHTOBUX BOpoTax. KBaHTOBI BOPOTa € OCHOBHUMH €JIe-
MEHTaMH OOYHCIICHb Y KBAHTOBHX CHcTeMax. Peaizailist KOpeKilii MOMHIIOK 0a3y€eThest
Ha BUKopucTaHHi Takux BopiT, ik CNOT, Hadamard, i Pauli.

CNOT (Controlled-NOT). CNOT-BopoTa CTBOPIOIOTh KOPEJIALII0 MiX ABOMA KyOi-
TaMH, [0 HEOOX1THO JUTsl BUSBIICHHS Ta BUIpariieHHs oMok [11]. Omeparop CNOT
BUKOHYE IIEPETBOPEHHSI

(]0000000) — [1111111)).
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la,b) = |a,a®b).
Hadamard (H). Bopora Hadamard cTBoproroTh cynepro3uilii i J03BOJISIOTH Tiepe-
XOIUTH Mk 6azucamu [12]
(I0)+I1)) _ (o-11»

Onepamopu Ilayni (X, Y, Z). Oneparopu [laym BigmosigaroTh 3a oOepTaHHS Ta
(hazoni 3mirneHHs [13] X: dain Gita (X[0) — |1));
Z: dasoBuii 3cyB (Z|+) — |-)).
IMpuknan xoxy llopa 3 CNOT i Hadamard naBenenwuii Ha puc. 1.

Puc. 1. Ilpuxnao xooy Illopa 3 CNOT i Hadamard

IBM Qiskit npononye miatgopmy A MOAEITIOBAHHS Ta TECTYBaHHS aJlrOPUTMIB
KBaHTOBOT KOpekIlii mommiiok [9, 10].

Peanizariss kBaHTOBO{ KOpeKIlii MOMUIIOK MOJIMBA 3aBISIKM pO3poO1Il crerianizo-
BaHMX KOJIB 1 BUKOPUCTAHHIO KBAaHTOBHX BOpIT. TecTyBaHHS Ha IuaTopmax, TaKUX
ax IBM Qiskit, nemoHCTpy€e MpakTHUHY €(EKTHBHICTh IIUX METOAiB. BripoBakeHHs
TaKUX MiIXOMIB HA PEaNbHUX MPUCTPOSX JO3BOIHUTH 3a0C3MEUNTH CTAOUIBHICTD 1 TOU-
HICTh KBAaHTOBHX OOUYHUCIICHb Y MaiiOyTHHOMY.

Bukian ocHoBHOro marepiajay aociimkeHHs. KBaHTOBI 0oOUMCIICHHS CKiaja-
FOTBCS 3 ITOCITIIOBHOCTI OTiepalliif, KO)KHa 3 SIKUX 3MIHIOE CTaH KBAaHTOBOI cucteMu. J1iist
3a0e3MeYeHHs] TOYHOCTI 00YNCIIeHb HEOOX1THUH KOHTPOJIb TIOCIIIOBHOCTEH, SIKUI J103-
BOJISIE BUSIBIISITH TIOMILUTKH Ha OY/Ib- SKOMY erari Ta KOPUTYBATH iX y PEKUMI peaTbHOTO
gacy. ¥ 1pomy KOHTEKCTI aireOpa ImiJIuciB BUCTYIIAE IHCTPYMEHTOM sl hopmarmizaii
Ta IMEePEeBiPKHU CTaHiB CUCTEMH.

1. KoHTponb MOCHITOBHOCTEH Y KBAHTOBHX CHCTEMaX 3 BHKOPHCTAHHSIM aireOpu
MIAIUCIB

KoHTponb mocniioBHOCTEH y KBaHTOBUX OOYMCIICHHSX 0a3yeThCs HA HACTYITHUX
MPUHIINATAX:

1. BingcrexeHnHs: crany cucteMu. KoxKeH cTaH CHCTEMH ONUCYEThCS y BUIIISAI ITiJI-
ey SSS, 10 IpecTaBisie BEKTOp cTaHy KyoitiB [3, 13].
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S={5,, 8, ..., S},
Jie § — CTaH i-ro Ky0ira.

2. Bepudikaris onepariii. Koxkaa onepariisi, BAKOHaHa HaJ CHCTEMOIO, 3MIHIOE ii
CTaH 3TiJTHO 3 OYIKyBaHWMHU TiAMTUcaMHu. SIKIIIO CTaH Micis orepalii He BiIMOBiIae o4i-
KyBaHOMY, [I€ CUTHAII3Y€E PO HASIBHICTH TOMUJIKH.

3. Jlokamizamiss moMuioK. BuKOpHcTaHHS CTa0i3aTOPIB JIO3BOJISIE BU3HAYUTH,
B SIKOMY MICIIi TIOCJTIIOBHOCTI BUHHMKJIA TIOMHJIKA.

AnreOpa IMiNKICiB OMUCY€E 3MIHKU CTaHy CHCTEMH 32 JIOTIOMOT'OI0 OTepaTopiB 1 cTaodi-
mizaropis. EnemenTamu anreOpu miAMUCIB € Taki:

1. ITignuc: Tlotounuit cTan KyOiTiB, onucaHnuii cradinizatopamu. Hanpukian, cran
3aruTyTaHux KyOiTis [3, 9]:

S={Z,Z,X,X}.

2. Oneparopu: MoentorTh 3MiHM cTany cuctemu. [{ns Bopit Hadamard cripaBen-
nuBo [3-5, 9]

H|0) = (|0>+I1)),H|1) _ (0)-[1))
V2 V2

3. KonrtpounpHi Touky: BCTaHOBITIOIOTHCS HA KOXXHOMY €Tarli 00UUCIICHHS IS [iepe-

BipKH BiAMOBIIHOCTI ctabinizaropis [10, 13].
initial - Sintermediate _)Sﬁnal'

ANTOPUTM KOHTPOJIIO CKIIQAA€THCS 3 JEKIIbKOX erariB [14]:

1. Inimiamizarisi, KOIU cUCTEMa OTPUMYE MMOYATKOBHH migmuc S-initial.

2. Omepariii, KoJIM KOXKHA OTNEPAIist 3MIHIOE MiMHIC 3T1AHO 3 OUiKyBAHUM IIEPETBO-
PCHHSIM.

3. IlepeBipka, KOJIH Ha KO)KHOMY €Talli CHCTeMa ITOPiBHIOE IIOTOYHUH MIATMNC i3 04i-
KyBaHHM.

[TpuKiiag KOHTPOJIFO MOCITIIOBHOCTEH Y KBAHTOBIH cHCTEMi HaBeJICHUH Ha pHc. 2.

Omnuc poOOTH KOy IOJIATAE Y 1HIMIami3aIil (CTBOPIOETHCS 3aIUTyTAHUH CTaH); y BHE-
ceHHl moMmiku (KyOiT 1 3a3Hae (a3oBoro 3cyBy Z) Ta BiAHOBJICHHs (cTaliiizaTopu
BUKOPUCTOBYIOTECS JUISI KOPEKIIiT CTaHY).

KoHTpob MOCIiIOBHOCTEH 13 BUKOPUCTAHHSAM alreOpHu MiANUCiB 3a0e3mnedye To4-
HICTh 1 HANIHHICTh KBAHTOBUX OOYMCIICHB. [HTErpallis 1[bOro MiAX0AY 3 MIarhopMaMH,
takumu sk IBM Qiskit, no3Bosisie MonenoBaTH CKJIaJHI CIieHapii W 3abe3nedyBaru
e(eKTHBHE BUITPABJICHHS IOMIJIOK y PeaJbHOMY Yaci.

Puc. 2. konmponv nocnioognocmeii y K6anmosii cucmemi
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2. [Ipuknaan BUKOPUCTAHHS KOPEKIIii MOMUIIOK Y KBAHTOBHX MPOTOKOJIA

KBaHTOBa KOpEKIisl MOMIJIOK 3HAXOMUTH IMUPOKE 3aCTOCYBAHHS B CyJacHUX KBaH-
TOBHX IPOTOKOJIAX, SIKI BUKOPUCTOBYIOThCA U1 O€3MeYHO1 nepenadi iHpopmalii, KBaH-
TOBOTO OOYMCIIEHHS Ta MEPEKEBOTO 3B’SI3KY. Y IBOMY PO3ALIL PO3IVISIHYTO MPUKIAIH
BUKOPUCTAHHS METO/IIB KOPEKIIil ITOMIIIOK Y KITFOUOBHX KBAaHTOBHX ITPOTOKOJIAX.

2.1.1. KBanToBa Tesenopramis

KBanToBa Tenmemoprallis J03BOJISE TepeaBaTi HEBIJIOMHH KBAaHTOBUH CTaH Bij
onHiel ctoponu (Amicu) a0 iHmoi (bo6a) 3a JOMOMOrO0 3alUTyTaHOTO CTaHy Ta Kia-
CHUYHOTO KaHajy 3B’A3Ky. BoHa € 0CHOBOIO 06ararb0X KBaHTOBUX KOMYHIKAI[IHHUX MPO-
TOKOJTIB.

Etamamu Tenenoprarii € iHimianmizallis 3arIyTaHOTO cTaHy, koiu Auica ta boo
CHUIBHO CTBOPIOIOTH 3aITyTaHy Mapy KyOiTiB
(100) +]11))

V2

TakoX, HACTYITHUM €TalioM € BHUMIpIOBaHHS Ky0OiTa AJicH, Koiau AJlica BUKOHYE
BUMIprOBaHHs besia Hasl cBOiM KyOiTOM 1 KyOiToM, 1o nepeaaetrhes. B pesynbrari oo
OTPHUMYE CTaH, IICHTHYHHI TT0YaTKOBOMY.

[Mpuknazn peanmizamnii Tenenopranii Ha IBM Qiskit HaBeneHuit Ha puc. 3.

KiHneBuii eran — e KIIacCHYHUNA OOMiH, KOJIM AJtica repeaae pe3yjabTaTH BUMIPIO-
BaHHA boO0y, KMt 3aCTOCOBY€E KOPEKIIiIO IO CBOTO Ky0iTa (HaIpUKIafd, 3a JOIOMOTIOI0
omneparopis Ilayni X Ta Z).

VY mporeci Tenenoprarii MpoBOAUTHCS KOPEKIis IIOMIIOK, SKa TOJIAArae y 3aXUCTi
3aIUTy TAHOCTI, KOJIM CTab1Ii3aTOpH, TaKi K Z, Ta Z,, EPEBIPAIOTH, YK 30€pircs 38’ 30K
MK KyOiTaMu Mijx dac mepezadi Ta y KOpeKIii IIyMiB, KOJIH IIyM PyHHYE CTaH |P+),
KOPEKIIisl IOMIJIOK JI03BOJISIE BITHOBUTH 3aILTyTAHICTB.

2.1.2. KpanToBa kpunrorpadis (BB84)

[TpoTtokon BB84 € omanM 13 niepImx i HAWOMIMPEHINX KBaHTOBUX KpHITorpadiv-
HUX TIPOTOKOJIB JUIs O€3MEYHOr0 PO3MOIITY KIHOUiB.

[TocnioBHICTH €TariB IIbOr0 MPOTOKONY CKIANAEThCA 3:

1. T'eneparist BunagkoBux 0asuciB: Aica reHepye MOCIiI0OBHICTh KyOITiB y peKTH-
niniHOMY (10),11)) ab0 miaroHameHOMY (]+),1-)) 6a3uci.

2. [lepenaua ky0OitiB: Kybitn nepenatotbesi boOy uepes3 KBaHTOBHIA KaHa.

3. Bubip 6a3ucie bobom: bo0O BUKOHY€e BUMIpIOBaHHS Y BUTIAIKOBHX Oa3Hcax.

4. O6miH iHdopMarier: Arica i Bo6 myOnmiuHO 0OMIHIOIOTECS 1HPOPMAIIIEID PO
Oaszucu Ta 30epiratoTh nuiie Ti 0iTH, e 0a3ucH 30irTHCs.

Ponb kopekiii nommiok y BB84 momnsrae y:

— 3aXHCTI B/ IIyMYy, KOJIM KOPEKIIis IOMHJIOK BUKJIFOYA€ KyOiTH, SKi OyJIH MOIIKO/I-
JKeHI ITiJ] yac rnepeadi;

— BWSIBIICHHI aTak, KOJIW CTaOUTi3aTopu anreOpH MiNKCIB JONOMAralTh BUSBATH
CIpOOH MEPEXOIUICHHS 37I0BMUCHIKOM, HAIPUKIIA, Yepe3 (a30Bi 3MIIICHHS.

2.2 Po3nofin KBaHTOBUX KJIIOYIB y 3aLTyMJICHHUX CEPEIOBHIIIAX

KanToBuii po3noain kimtodis (QKD) cTukaeTbest 31 3HAYHUMU BUKIIMKAMH Y 3aITyM-
JICHUX CEpeIOBUINAX, TAKUX SK aTMOC(EpHI KaHaIH ad0 ONTOBOJIOKOHHI JiHil. Kopek-
I1is1 TOMIJIOK 3a0e3meuye 30epesKeHHS KJII04a HaBiTh 32 HASIBHOCTI IIyMYy.

Mertomu kopekiii B QKD e:

1. Crabinizaropu ajist BUsIBICHHS ToMIITOK: Hampukinan, y ¢pa3oBux 3MillleHHSX CTa-
Oimisaropu Z, 2,7 7 |7 7, 3a0€31e4yI0Th KOPEKTHICTh CTaHy.

|P*) =
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Puc. 3. peanizayia menenopmayii na IBM Qiskit

2. IlepeBipka CyMICHOCTI CTaHiB, KOJM CHCTEMa BHKOHY€ CUHAPOMHMI aHaNi3 IS
BU3HAYCHHS BiIXWICHB CTaHY.

3. ®inprpaliisl NOMIKOHPKCHUX CTaHIB, KO KyOITH, SIKi HE BiAMOBI/Ial0OTh OUiKyBa-
HUM ITiJIICaM, BUAAISIOTHCS 3 KITFOYa.

[Mpuknaza ctabimizanii KIrodiB y ITyMHOMY CEpeOBHUII HaBEICHUH Ha pHC. 4.

from giskit import QuantumCircuit, Aer, execute

qc = QuantumCircuit(2)
qc.h(e)
qc.cx(@, 1)

gc.z(1)

gc.cx(@, 1)
qc.h(e)

simulator = Aer.get_backend(statevector simulator')
result = execute(qc, simulator).result()
statevector = result.get_statevector()

print("Corrected Statevector:”, statevector)

Puc. 4. cmabinizayia knouig y wiymHomy cepedosuuyi

KBaHTOBa KOpEKIIisl MOMUJIOK BiJirpae KIIOYOBY pPOJb Y KBAHTOBUX MPOTOKOJNAX,
Takux sk Tenernopraiis, BB84 i QKD. BukopucranHs ctabinizaropiB i anreOpu mij-
MHUCIB JIO3BOJISIE 3a0e3ledyBaTH TOYHICTH i Oe3leKy KBaHTOBOI iHQopmamii HaBiTh
y 3alrymMlIeHuX cepenoBumax. L[i MeTonn CTaHOBIATH OCHOBY JJISl TIOAAIBIIOTO PO3-
BUTKY KBAHTOBHX KOMYHIKAIlIHHIX TEXHOJIOT1H.

BucHoBKH #i mepceKTHBY MOAAIBIINX JA0CTIKeHb. Y CTAaTTi OyJI0 IpoaHai3o-
BaHO CyYacHi METOJIM KBAaHTOBOI KOPEKIlil MOMIJIOK, 30KpeMa BUKOPHCTaHHS anre0pu
MIMKCIB, T BOPOBAKCHHS B Pi3HI MIPOTOKOJIH, CHCTEMH Ta TIEPCIICKTHBH PO3BHUTKY.

1. BusHayeHO KJIO4OBa POJb KBAHTOBOI KOpeKwii moMuiok. Kopekiis moMHIIoK
€ $yHIaMEHTAIBHUM €JIEMEHTOM JUIsl 3a0e3Me4eHHs CTabiIbHOCTI KBAHTOBUX O0YHC-
JIeHb, OCOOJMBO Ha NIYMHHMX MNPHUCTPOsSX mpomixkHOoro macimrady (NISQ). IcHyroui
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METO/IM KOpeKIlii, Taki sk kox [opa, Steane Ta TOMoorivHI KOAH, 320€3MeUyI0Th CTiH-
KICTB 10 OCHOBHHUX THIIIB [IOMUJIOK.

2. IIpoaHamnizoBaHO ICHYFOUYHI METOM KOPEKIil MOMHUIIOK — are0pa MiJIKCIB K yHi-
BepcallbHUI iHCTpyMeHT. Bu3HaueHo, mo anredpa miimuciB MpoieMOHCTPYBaia CBOIO
e(heKTUBHICTh Y BU3HAUCHHI Ta KOPEKIIii TOMWJIOK y peaJIbHOMY Yaci; y MmepeBipIi cTa-
OUIBHOCTI KBAaHTOBUX CTaHIB Ta iHTErpauii 3 CydaCHUMHU KBaHTOBHMH IPOTOKOJIAMH,
takumu sik BB84, E91, DI-QKD, BQC, QSS Ta iH.

3. TlepcriekTBaMu PO3BHUTKY €: MOJANbIIA CTAHIAPTU3AIS anreOpu MiJAIMHUCIB K
IHCTpYMEHTA JUI TeCTYyBaHHS Ta KOPEKLii MOMHIOK; ii iHTerpauii 3 MOCTKBAHTOBOIO
Kpunrtorpadieio 1s 3a0e3nedeH s 0e3MeKH JaHUX y KBAaHTOBIH epi; y po3poOieHHi
HOBHX Mojesei it cucteM NISQ, TONOMOriuHUX KOMIB 1 KBAHTOBHX MEPEK.

4. PexoMeHIaIisIM4 IS IOJANIBIINX JOCIIIKEHD € TaKI:

— MOJICITIOBAHHS CHCTEM i3 BUCOKHM PiBHEM ILIyMY;

— TIONIMPEHHSI Ha HOBI TIPOTOKOJIH, Taki sk DI-QKD, a Takox y riOpuHI CHCTEMH;

— 100y0Ba KBAHTOBUX MEPEXK;

— ONTHUMI3alis pecypciB — po3poOICHHS METOIB, IO 3HIKYIOTh CHEPreTHYHI Ta
00UYHCITIOBANIbHI BUTPATH KOPEKIiT ITOMHUIIOK.

KBanToBa KOpeKIisi TOMUIIOK € KIFOYOBUM HAIPSIMOM JUISl YCHIIITHOTO PO3BUTKY KBaH-
TOBHX TEXHOJIOTiH. Anrebpa MiANKCIB BUCTYTIAE SIK e(heKTHBHUI IHCTPYMEHT JUIsl 3a0e31e-
YeHHs CTabiMbHOCTI, 6E3MeKH Ta TOIHOCT] KBAHTOBUX 00UHCIIeHb. [i ofanbiie BUBYEHHS Ta
BIIPOBAKEHHS CIIPUSATHME BUPILLICHHIO BUKIIMKIB, TIOB’A3aHUX 13 IIIlyMaMH, MacITa0yBaH-
HSIM 1 0€3IIEKOI0, BIZIKPHBAIOUK HOBI TOPH30HTH JIJISI KBAHTOBHX JIOCIIKEHD 1 TEXHOJIOTIH

5. Po6ota moxke OyTH BUKOpHCTaHA SIK HABYAJIBHII MaTepial IJIsl CTYICHTIB i JOCTiI-
HUKIB, 110 3aiiMalOThCsl KBAHTOBUMH OOUYUCIIEHHsIMH. BukopucTani y poOoTi npukiaau
KOy JISMOHCTPYIOTh, K ajreOpa IiIUCIB IHTETPYEThCSI Y KBAHTOBI OOYHMCIICHHS,
3a0e3Meuyour HaIiiHICTh OOUMCIICHh HABITh y 3alIyMIICHHX CEPEIOBHINAX. 3amporo-
HOBaHI MiAXOAY MOXYTb OyTH BUKOPHCTaHI JJIs1 CTBOPECHHS CTIMKHMX KBAHTOBUX CUCTEM
1 IPOTOKOJIIB JyIst Kpunrorpadii, KOMyHIKaIliid Ta MAIIMHHOTO HABYaHHSI.
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Y ecmammi oocnidoiceno meopemuuni 3acadu ma Kiowogi acnekmu 8i0CMeNCeHHs. Nooitll
Y pO3noOJiNeHux cucmemax, wo Habysac 0cooIUB0l akmyarbHoCmi 6 KOHMeKCMi CMpIMKO20 po3-
UMKy Mikpocepgicnoi apximexmypu. IIpoananizosano 0cHo8Hi Xapaxmepucmuxku ma ocoonu-
60Cmi MIKpOCEpBICHOI apximekmypu, 6KAOUAOYU ii nepesazu ma HeOONiKU NOPIGHAHO 3 MOHO-
JAIMHOI0 apximexkniypoio. Busnaueno, wo mikpocepgichuil nioxio, nonpu ceoi nepesau y u2isioi
2HYUKOCIMI PO3POOKU MaA MACUMAOY8ANHS, CIMEOPIOE 000AMKOBI BUKIUKYU 8 KOHMEKCIMI MOHIMO-
PpuHzy ma giocmedsicentst noOil uepes po3noodiieHy npupooy CUCEMU.

Poskpumo kniouosi konyenyii cucmem giocmedicenss nooil, 30KpemMa NOHAMM «CHeHy
(span) sk 6az0601 0ouHuyi Giocmedsicents, «mpelcy (trace) 0ns GIOCIIOKOBYBAHHS NOBHO20
wiiaxy zanumy, «bazasxcy (baggage) ona nepeoaui memaoanux mixc cepgicamu, «meau» (tags)
071 3a0e3neyeHHss KOHMeKCmy ma «cemniiney (sampling) ons onmumizayii HA8AHMAICEHHS HA
cucmemy. /lemanvHo npoananizosano pisHi nioxoou 00 CemMniiney, 8KI0UAluu Memoou «Hane-
peoy (head-based) ma «onicasy (tail-based), ix ocobnueocmi ma unaoku 3acmocy8anHs.

Hocniosceno apximexkmypy cy4acHux cucmem 6i0cmexcenHs nooit, KA CKAA0A€mMbCsl 3 n'amu
OCHOBHUX KOMNOHEHMIB: NPOMINCHO2O NPOSPAMHO0 3aDe3NeUeH s, MeXAHI3MY NOWUPEHHS KOH-
mekcmy, cucmemu 306epieanns mpeiicig, Konekmopa oanux ma inmepgeticy ananizy. Ocobnugy
yeazy npuoiieHo MexaHizmMam NOWUPEHHs KOHmeKcmy ma ix poni y 3abe3nedenti epekmueHo2o
giocmedrcents NoOIl y pO3NOOINEHUX CUCEMAX.
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Busnaueno, wo egexmugna cucmema @iocmediceHHs nooitl NosUHHA 3abe3neuyeamu Mini-
ManvHull naue Ha NPOOYKMUBHICHb OCHOBHUX OI3HeC-Npoyecis, wjo 00CA2aAcmbesl Yepe3 ACUHt-
XPOHHY 0OpOOKY OAHUX MOHIMOPUHSY MA ONMUMIZ08AHI Mexauizmu ix 300py i 30epieanms.
Pezynomamu 0ocriodicenns marome npaxmuune 3HauenHs 01si pO3POOHUKIG Ma apXimeKmopie
npozpamnozo 3abesneuenis, AKi npayiooms 3 MiKpocepgicHUMU apximexmypamu ma nompeoy-
10Mb eheKmMuUHUX IHCMPYMEHMIE OJisk MOHIMOPUH2Y MA OiA2HOCTUKU POZNOOLLEHUX CUCTEM.

Knrwwuosi cnosa: posnodineni cucmemu, MikpocepgicHa apXimexkmypa, iocmexceHHs nooitl,
cnem, mpetic, bazagic, CeMniine, MOHIMOPUHe, ACUHXPOHHA 0OPOOKA, NOWUPEHHS KOHIMEKCTY.

Vakaliuk T. A., Fant M. O., Iefremov Yu. M., Farrakhov O. V., Zhyliaiev Ye. V. Theoretical
foundations of event tracking in distributed systems

The article explores the theoretical foundations and key aspects of event tracking in distributed
systems, which is becoming particularly relevant in the context of the rapid development of
microservice architecture. It analyzes the main characteristics and features of microservice
architecture, including its advantages and disadvantages compared to monolithic architecture.
It has been determined that the microservice approach, despite its advantages in terms of
development flexibility and scalability, creates additional challenges in the context of monitoring
and event tracking due to the system's distributed nature.

The key concepts of event tracking systems are revealed, including the concept of "span" as a
basic unit of tracking, "trace" for tracking the complete request path, "baggage” for transmitting
metadata between services, "tags" for providing context, and "sampling" for optimizing system
load. Different approaches to sampling are analyzed in detail, including "head-based" and "tail-
based" methods, as well as their features and application cases.

The architecture of modern event tracking systems, which consists of five main components:
middleware, context propagation mechanism, trace storage system, data collector, and analysis
interface, is studied. Particular attention is paid to context propagation mechanisms and their
role in ensuring effective event tracking in distributed systems.

1t has been determined that an effective event-tracking system should ensure minimal impact on
the performance of core business processes, which is achieved through asynchronous processing of’
monitoring data and optimized mechanisms for their collection and storage. The research results
have practical significance for software developers and architects working with microservice
architectures, which require practical tools for monitoring and diagnosing distributed systems.

Key words: distributed systems, microservice architecture, event tracking, span, trace,
baggage, sampling, monitoring, asynchronous processing, context propagation.

AKTyaJbHiCTb. MacoBuil miepexis Ha MIKpOCEPBICHY apXiTEKTYpy HE CIOBUILHIOE
CBOIX TEMITIB, Ta CY/ISIYH 31 BChOTO, MIKPOCEPBICH YBIMIIUTH B TPEHIU PO3POOKH IPOTpam-
Horo 3a0e3nedeHHs1 HanoBro. OHaK, Taka apXiTeKTypa Mae CBOI YHiKaJbHI MPOOJIEMH.
3anuT KOXKHOTO KOPUCTYBaYa, SIKHH HAJIXOIUTh JI0 OJHOTO MIKPOCEPBICY, Maiike 3aBKIn
MICPCHAIPABIIIETHCS BiJl OTHOTO CEPBICY IO IHIIIOTO, KOYKEH 3 SIKIX MOKE OyTH HaITMCAHHH
3a IOTIOMOTOI0 Pi3HUX (PPEeHMBOPKIB Ta MPOrpaMHUX MOB. Lle cTaBUThH HOBY 3a/1a4y Tiepen
KOMAaHJIOK0 pO3pOOHHKIB — SIK 3pO3yMITH 1 BiJICTEKUTH TIONOPOK KOKHOTO TAKOTO 3aITHTY.
s 3a1a4a cki1aaeThes 13 0araTbox (haKkToOpiB, TAKKMX SK HEOIHOPIIHA IPUPO/IA MiKpocep-
BiCiB, cama MmpHpoja posnonineﬂnx KOMI'[’I-OTepHI/IX CHCTEM, B SIKUX 3aMUTY JOBOAUTHCS
TONOPOKYBATH YEPE3 MEPEKY Bix cepBlcy 70 cepBicy 0e3 OyIp-sKHX TapaHTiil moao
CTaHy Mepexi MaifOyTHIX CEpBiCiB, Ta HABITH CAMOTO IIOHATTS AHOMAJIHHOI MOBEIIHKH
JUTS. KOHKPETHOTO Cepe/IoBUIIIA. Yce 1ie 1 BUMarae JOCHiDKEHHS Ta ONTUMI3alii JOCTyI-
HUX METOJIIB Ta IHCTPYMEHTIB, SIKi MOKYTb JIOTIOMOTTH y BUPIIIICH] BUIIIE3raIlaHo1 33 1a4i.

Orsn OCTaHHIX JA0CaizKeHb i myduikaniid. /o mpoGieMu T0CTiKEHHS 3BepTa-
JMCh y CBOIX MyOJiKalisix Taki HaykoBIl, sik CBoep C. (Swoyer S. ) [1], Posiep M.
(Fowler M.) [2], JIx. JIproic (J. Lewis) [2, 3], Xapenko A. (Kharenko A.) [4], HIkypko
10. (Schkuro Y.) [6, 7], Teitapix P. (R. Heinrich) [8], e Kamapro (de Camargo) [9],
Cansanopi . (I. Salvadori) [9], Menno P. (R. d. S. Mello) [9], Cikstoepa @. (F. Siqueira)
[9], Knokxe X. (H. Knoche) [10], Ta me psix aBropis [11].

MeTo10 AocigAeHHs € aHaJli3 MIIXOAIB 710 BIIICTEXKEHHs MOAIA y PO3MOIIIEHUX
CUCTEMaX.
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Bukiaa ocHOBHOro matepiasty. 3BHUaifHi MIXOIM JUTS BiJICTEKEHHS TIPOLIECIB J103-
BOJIVJIU JIETKO CITOCTEPIraTH 3a MPOCTUMHE Ta CTATHYHUMH IIPOTPAMH 3 MOHOIIITHOIO apXi-
TEKTYpOIO 1 Iporec OyB BiTHOCHO MPOCTHM. Y Cy4aCHOMY KOPIIOPATUBHOMY CEpPEOBHIIT
e 30BCIM iHIIA icTopis. BimOyBaeThcsi 3pOCTaHHS CEpBiC-OPIEHTOBAHUX aApPXITEKTYP
(SOA). Ile ycknamHIO€ po3yMiHHSI TOTO, SIK B1JIOYBAIOTHCSI KOHKPETHI TPaH3aKIlii B PI3HUX
Mipo3ainax mporpamu. binmblie Toro, MIBHAKE BIPOBAHKEHHS XMApPHUX MIKPOCEPBICiB
31 CKIIQJIHUMH CEPEIOBHUIIIAMA 3pOOHII0 MaiyKe HEMOKIIMBUM 30€PESIKCHHS aKTyalIbHOCTI
3BUYaWHUX PILLIEHHB BIICTeXEHHA MO/ii. BilnoBiaio Ha HOBI BUKIMKU € CUCTEMH BijICTe-
JKCHHS TIO/IiH Y pO3MOALNIEHUX KOMIT FOTEPHUX CHCTEMaX.

BuknajieHne BUINE JTO3BOJSE 3pO3YMITH BXKIHUBICTH PO3MOAUICHOTO BiJICTSKCHHS
o1 B KOpHOpaTuBHiil cepi, ajie mpu HbOMY BaXKIIMBO TAKOX 1 3pO3YyMITH, 110 cama
i7Iest TOTO SIK camMe PO3MOJIIJICHE BIJICTS)KEHHS Ma€ peallizyBaTHCh 1 SKi KpUTEpii € Baxk-
JMMU TIpH BHOOPI pIIICHHS, 3HAXOIATHECS B aKTHBHOMY PO3BHTKY, @ TOMY TOJIOBHUM
3aBJaHHAM 1€l poOOTH € BU3HAUEHHs TaKHX KPUTEPIiiB, Ta aHAi3 1CHYIOUHMX IHCTPY-
MEHTIB, SIKi MOKyTb 3aI0BOJIGHUTH Ti UM 1HIII KPUTEPii.

Po3poOka MikpocepBiCHOT apXiTEKTypu — I MiAXiJ O PO3POOKH MPOrpamMH sKa
SBJIsiE CO0OI0 HAOIp HEBENMKUX CEPBICIB, KOXKEH 13 SIKUX MPAIIOE Y CBOEMY BJIACHOMY
CHUCTEMHOMY IPOIIECi Ta B3aEMOJIIE 3 IHITUMH CEPBICAMHU Yepe3 CIeialbHI MEXaHI13MH,
HANpUKIA] 4Yepe3 IMporpamHi iHTepdeiicn ski BukopuctoBytoTh HTTP mpotoko.
Lli cepBicu moOynoBaHi 3 opieHTalil0 came Ha Oi3Hec MoTpedu (a He Ha TEXHIYHI
noTpedn) Ta MOXYTh HE3aJEeKHO OAWH Bifl iHIIOTO pO3ropTaTHCsS Ha cCepBepi MOBHI-
CTIO aBTOMATH30BaHUMH IpoIleccaMH. ICHye MIHIMyM IIEHTPali30BaHOTO YIPaBIiHHS
TaKUMHU CcepBicaMH, i TOMY BOHM MOXYTb OyTH HalMCaHi Pi3HUMH MOBaMH Hporpamy-
BaHHS Ta BUKOPHCTOBYBATHCS Pi3HI TexHomoril 30epiranus nanux [2]. Koxen mikpo-
CepBIC — Il HEBEJIHMKA Iporpama, sika Ma€ BIACHY apXiTEKTypy, CKIANAeThCs SIK i3
camoi 0i3HEeC-JIOTiKU Pa30M TaK 13 PI3HUX METO/IB 3B’ A3Ky 3 IHIIUMU cepBicamu. Mikpo-
CepBiCH YacTO BHKOPUCTOBYIOTH mporpamuuii intepdeiic turmy REST, ame Bimkpwuri
1 710 O6araTthoX IHIIMX METOJIB iHTerpariii. MikpocepBicHa apXiTEeKTypa Mae psiji nepe-
Bar y MOPIBHSHHI 3 MOHOJITHOIO apXiTEKTyporo. Po3minuBimM mporpamy Ha HaOip
0a3oBUX ciyx0, crenuiYHUX JIJIS TIOCTaBICHNX Oi3HEC 3aBlaHb, CKIAIHICTh KOXKHOI
3 SKHX 3BElCHA 10 MIHIMyMY, 3aBISKH YOMY JIETIIC 3PO3YMITH CHCTEMY, PO3POOISATH
HOBI MOXJIUBOCTI, a TOTIM 1 PO3TOPHYTH Ha CE€pBepl HE3aJICKHO BiJ IHIINX CEPBICIB.
[pn MleOCGpBlCHlI/I apx1TeI<TypH TaKoXX MO)KHA BHOpaTu 6yzu,—;n<y nmxoz[;m_{y MOBY
MPOTpaMyBaHHS Ta BIAMOBITHI TEXHOJIOTIT ISl KOYKHOTO OKPEMOTO MIKPOCEPBICY.

Microservice

Microservice

Microservice [e—| Microservice [ Microservice

!
En RS

Microservices architecture

Puc. 1. Cxema mikpocepsicy, aKkuili Mae n’smov He3A1eHCHUX Cepsicig 3 pisHuMU Oazamu
Oanux i 3 pisHUM popmamom 36 3Ky Midxc cepsicamu
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MikpocepBicHa apxiTeKTypa CyTT€BO BIUIMBA€ Ha 3B'SI30K MK cepBicoM 1 0a3oro
JaHuX. B apxiTekTypi MIKpocepBiCiB 3aMiCTh CIUIBHOTO BUKOPHCTAHHS OJIHIET CXEMH
0a3u JaHMX, SK L€ BiIOyBaeThCs MPHU MOHOJITHIA apXiTEKTypi, a KOXKEH CepBic Mae
CBOIO BJTacHA cxema 0a3u JaHux. J{esKi CTBEpIKyIOTh, 10 el MiIXiJ cymepednTs el
€IMHOT MOJIeNi JIaHuX Ui Bci€i Oi3Hec Joriku. KpiM Toro, 1ie 4acTo mpu3BOAMTH 0
IyOmoBaHHS AesKkuX AaHuX. OfHaK, SKIIO JUIs KOXKHOTO CEpBICY € OKpema cxeMa 0as3u
JaHux, 1e 3abesneuye crnabkuii 3B’s30K(decoupling) mixk MmikpocepBicamu. binble
TOrO, KO)KEH CEepBIC MOXE BHKOPHUCTOBYBAaTH TOW THIN 0a3u JaHUX, SKHW HaHKparie
IXOTUTH JUTsI HOTO 1OoTpeO [4].

OpHak, SK 1 MOHOJITHA apXiTEKTypa, MIKPOCEPBICHA apXiTEKTypa Ma€ HEIOTIKH.
MikpocepBiCHa apXiTEeKTypa CTBOPIOE PO3MOIIICHI KOMIT toTepHi cuctemu. [Ipu B3a-
€MofIii 3 PO3NOAUIEHUMH CHCTEMaMH, 1100 BOHM (D)YHKLIOHYBAJIM HAJKHUM YHHOM,
PO3pPOOHUKY HEOOXiTHO HAJATOJUTH B3AEMOJII0O MIX IPOIECAMHU a TAKOX IIPOTYMATH
10 pOOUTH 3 YACTKOBUMH 3005IMH TIPH 3aITUTAX, KOJIM MICIIE TPU3HAYCHHS 3aIUTy MOXKE
MpaLIOBaTH 3aHAATO MOBUILHO ab0 OyTH MOBHICTIO HemocTynmHuM. Lle nomae ckian-
HOCTI apXiTeKkTypi Takoro Tumy. llle omMH MOMEHT momsArae B TOMy, IO MiKpocepBic
BHUKOPHUCTOBY€E 0a3y JIaHWX, sIKa € JIWIIE JIOTTYHUM TTiIPO3/IIIOM 3arajibHol 0a3u JaHuX
(3 ToukM 30py Oi3HEC JIOTIKM), a OT>KE JJIS1 OHOBJICHHA a00 BUAAJICHHS JIESKHUX 00’ €K-
TiB MOXe OyTH HEOOXiJJHO OHOBHTH JIEKiJibKa 0a3 JHHUX, SKi HaJeXaTh PI3HUX cep-
BicaM 1 Bce Ile y paMKkax onHiel eauHOl TpaH3akiii. TecTyBaHHsS Bci€l mporpamu
Tako)XK BUMarae Habararo Oibie poOOTH, HDK HpU PoOOTI 3 mporpamoro modyaoBa-
HOIO 32 MOHOITITHOIO apXiTEKTYpPO¥O.

Xoua odimiHHOTO BU3HAYCHHS MIKpOCEpBICY Hemae, Oararo po3pOOHUKH JIOMOB-
JSIFOTBCSI MPO 3arajibHi XapaKTEPUCTUKU MIKPOCEPBICHOI apXiTEKTypu apXiTEKTypHu.
Hanpukmnan, Jlxeiimc JIproic i Mapin ®ayiep BU3HAUWIM Y CBOEMY 0JI031 HACTYIHI
3arajbHi XapaKTePUCTHKH MIKPOCEPBICiB, 10 MpeAcTaBiieHi y Tadm. 1 [2].

Po3rnsiHeMO OCHOBHI TEPMiHM LIO0 CUCTEM BiJICTEKESHHS MOJIH.

Cnen (span) — 1 HaliMEHIIA JIOTiYHA OJWHHMIIL pO3MOniIeHOT cuctemu. Lle
OCHOBHHUI OJOK 3 skuX 1 opmyeThcsi po3monineHa cuctema. KokeH MiKpocepsic,
KyId TPOXOIUTh 3allUT, NPU3HAYa€ TaKHi CIEH, 0 BU3HAYa€ OKPYMHH Tpolecc Ta
Horo TpuBaiicTh. Pi3HI cUCTEMH 3 MIKPOCEPBICHOIO apXiTEKTypOIO MaloTh pPi3HI JaHi
IO MICTAThCS y TakoMy crieHi. 3rigHo 3 cneuudikauiero OpenTracing API [5], Bonu
MAaloTh MICTHTH Ha3By OIepalii, MOYaToK i 3aBEpIICHHS yacy BUKOHAHHS, KOHTEKCT
CIICHY, B SIKOMY JIaHi ITEpelaroThCs BijI MPOIECY 0 MPOLECy Ta Mapu THITY «KITI0U-3Ha-
YEeHHS» 0 Ha3HMBaIOThCs Teramm(tags) i sorammu(logs). Tern BKIIOYAIOTH BU3HAYCHI
KOPUCTYBa4eM HAa3BH IIPOMIXKKIB, OO MOXHO Oyno iX BigHaiiTh, (inbTpyBaTé Ta
OTPUMYBATH JIaHI MO0 BiJCIIIKOBYBaHHS IUX MpOIeciB. JIOTH KOpHCHI Ui 3arucy
JIaHUX 1110 BiJTHOCSITHCS JJO KOHKPETHOTO Jliana3oHy, Ta iHmoi iHopmailii HeoOXimqHol
Juts aebarrinry [5].

Tpeiic (trace) OXOIUTIOE BECh IIISX 3alTUTY Y BCIX cepBicax, siki BiH MPOXOANUTh. BiH
CKJIQJIAEThCA 3 YCIX CIEHIB IO CTOCYBAJIUCS LbOTO 3alHTy. Tpeic cTBOPIOETHCA MiCIs
3aBepIICHHS 3amuTy. Koiam 3amuT HagXomuTh IO MIKPOCEPBICY, CTBOPIOETHCS YHi-
KaJbHUW TII00ANTBHUH 11eHTH(IKATOP IS BiJCIIAKOBYBaHHS, 1 BIH HE 3MIHIOETHCS TIPU
nepexojii J0 HAcTymHoiro Mikpocepicy. CIieH OXOIUTIOE KOXKHY OIEparlio B Mexax
OJTHOTO MiKpOCEepBicy. 3a3BHUail MiKpOCEPBIC Ma€ JIEKiTbKa TAKUX CIICHIB, OCKLUIBKH TTi]T
Jac BUKOHAHHS 3alUTy BiH MOJKE CTBOPHTH ONUH a00 KiNbKa CIICHIB.

bazaxc (baggage) — e MexaHi3M MOLIMPEHHST KOHTEKCTY, KU BUKOPHCTOBYETHCS
B OpenTracing APl mist 3axorurteHHs, mepefadi Ta oTpuMaHHS MeTanaHux. Lle HaGip
map TUIY «KJITI0Y-3HAYCHHS», SIKi BU3HAYAIOTHCSI T4 BUKOPHCTOBYIOTHCS PO3MOALICHOIO
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CHCTEMOIO BiJICTiIKOBYBaHHS MoOAii. [IOIMPEHHS KOHTEKCTY € MEeXaHi3MOM, SIKHH
MOXKHa BHKOPHCTOBYBAaTH MJIsi IIiJIH TIOBHICTIO HE TOB’SI3aHI 3 BiICIIIKOBYBaHHSIM
MO, ajle MPU LbOMY Ma€ IIUPOKe BUKOPUCTAaHHS came y uiit chepi. ¥ OpenTracing
API 1ie i HazuBaeTbes «Oarax», TEPMiH KUK OyB BU3HAYCHUH npoq)ecopOM POI[plFO
®donceka 3 YHiBepcuteTy bpayHa [6], OCKIIbKH JTO3BOJISIE JO/IABATH JOBUIBHI JaHi 710
3alUTy, SIKI aBTOMAaTWYHO MepenaroTbes (peiMBopKoM. barax nepemaeTbcs pa3oM i3
3aMUTaMH 110 € HeOOXITHUMH JUIsl Oi3HEC JIOTIKM 1 MOKe OyTH MPOUNTAHUN Yy OyIb-sSKUi
MOMEHT OOPOOKH 3aITuTYy.

Teeu (tags) — Le Mapu TUIY «KIIOY-3HAYCHHS», SKI MOB’SA3aHI 13 METPUUHUMHU
JAHUMHU 1110 BUKOPUCTOBYIOTHCS JIJIsl HAJaHHS KOHTEKCTY, Ta HaJaHHA MOXKIUBICTI
PO3PI3HATH Ta TPYIyBaTH TaKi METPUYHI JIaH1 TMiJT Yac X aHai3y.

Cemnnine (sample) — B KOHTEKCTI BiJIC/IIIKOBYBAaHHSI IOAIN B PO3MOIIIEHUX KOMIT 0-
TEpHHUX CHCTEMaX, CEMIUTIHT € MPOIECCOM T'€HEepyBaHHS JIMIIEC OOpaHOI I IMHOXHUHH
TPEHCIB, A1 TOTO MO0 3HU3UTH HABAHTAXKCHHS Ha IIBUKICTH Jii Ta 30epiraHHs JaHuX
Y CHCTEMI.

Tabmus 1
3arajbHi XxapakTepucTHKH MikpocepBiciB [2]
XapakTepucTukKa KomenTap
Poznin na KommonenTizanist pyHKIIOHAIBHOCTI B CKJIQJIHUX cepBicax
KOMIIOHEHTH JOCATAETHCS 3a TOTIOMOTOIO CEpBiciB a00 MIKpOCepBiciB, sKi
3a JIOIOMOTOI0 € HE3aJI)KHUMU TIPOIIECAMHU, 110 3B SI3YIOTHCS OJINH 3 OJJHUM
MIKpOCepBiciB yepe3 Mepexxy. MikpocepBicH Ipru3HadeHi Juis 3a0e3nedeHHs

YiTKO BUBIpEHHX iHTEp(]EHCiB, MaJIHX pO3MIpiB CAMHX CEPBICIB,
SKi aBTOHOMHO PO3POOIIAIOTECS Ta PO3TOPTAIOTHCS Ha cepBepi
HE3aJIS)KHO OJIMH BiJ] IHIIOTO.

«PozymHI» 3B’S30K MIX CITy)XOamu BUKOPHCTOBYE HPOTOKOIIHU AKI He

(smart) cepsicu Ta npuB ’s13aHi1 710 KOHKPETHHUX texHoJorii, Taki sk HTTP i REST,
«Hepo3yMHD» (dumb) |Ha BiAMIiHY Bill «pO3yMHHX» MeXaHi3MiB, Tuiry Enterprise Service
KaHaJIN 3B’ SI3Ky Bus (ESB)

Bisnec-opientosanuii | Cepsicu OyaytoTbes 3 BpaxyBaHHsM 0i3Hec-110Tpeb («cepsic
T3t npodiIo KOPHCTyBaya» abo «CepBiC KATANOry») a HE TEXHOIOT L.
Ipouec po3poOKH pO3IIsLIAE CEPBICH SIK IIPOAYKTH, IO HOCTIHHO
PO3BHBAIOTKCSI, @ HE MTPOEKTH, SIKI B SIKIFICh MOMEHT BBayKarOThCS

3aBEpIICHIMH.
JeuenrpamnizoBane | /l03Bossic BUAKOPHCTOBYBATH Pi3HUM MiKpocepBicaM pi3Hi
yIpaBIiHHS TEXHOJIOTIYHI CTEKH

JeuenrtpanizoBane | [IposiBIsieThCS B TOMY IO PILIEHHSI 3 TOYKH 30pY KOHILENTYAIbHHX
YIpPaBJIHHS JAaHAMH | MOJIEJIeH JaHKX 1 3 TOUKH 30py TEXHOJIOTT 30epiraHHs TaHuX
MIPUHMAIOTHCS BITHOCHO KOYKHOTO CEPBiCYy OKPEMO i HE3aICKKO
OJIMH BiJI 1HIIOTO.

ABTOMaTH3AIIS [ocnyru «OyayoThCs», 1yTh B peili3 Ta pO3rOpTAIOTHCS
iH(pPaCTPyKTypH Ha cepBepi 3a JJOMOMOT0I0 aBTOMaTH30BaHUX MPOIIECIB 3
BHUKOPUCTAHHSIM aBTOMaTH30BaHOTO TECTyBaHHS, Oe3MepepBHOi
iHTerparlii Ta 6e3mepepBHOTO PO3TOPTAHHS Ha CepBepi.

Juzaitn OuikyeTbes, O CePBICH 3aBXKIU OyAyTh 3THKATHCS 31 3005MH

po3paxoBaHuil Ha IHIIMX cepBiciB 1 OyAyTh B TAKOMY BHIIaJIKy 200 ITOBTOPIOBaTH

30ii CBOI 3amuTH, 200 BMIJIO «3rOpTaTW» CBil (DYHKIIIOHAT HA Yac
30010.

EBomromiitanit OxpeMi KOMIIOHEHTH MIKPOCEPBICHOT apXiTEKTypH PO3BUBAIOTHCS

Iu3aiiH OKPEMO OJIMH BiJl OJHOTO, & TOMY HE BUMAraioTh OHOBJICHHS

IHIITUX CepBlClB SIK1 3a71€5KaTh BII[ HHUX.




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|25

Bcroro icHye nBa BUIOM CEMIUTIHTY, a caMme ceMiiHr «Hamepen» (head-based) Ta
«omicis (tail-based). B mepmioMy BHIIaKy, pillleHHS PO CEMIUTIHT BinOyBa€eThCs 10
CTBOpPEHHSI HEOOXIJHUX JaHUX JUIsl BIACIIIKOBYBaHHS MOjil. A TOMYy, MPH TMiIXOMII
«HATepea», HABAHTAXKCHHS Ha CHUCTEMY BifOyBA€THCS TINBKM y BUMAJIKY SIKIIO Take
pitreHHs OyJ10 MO3UTHBHUM. | HaBMAKH, TP MIAXOJI «OIICIsy, TEHEpaIlish HeOOX1THUX
JIaHUX BiOYBa€ThCsl BiOyBaeThCsl JI0 pileHHs mpo ceMiutiHr. CreHepoBaHi JaHi
HaQJICWITAlOTCSl 10 OEKeHJly CHCTEMH BiJCHiAKOBYBaHHS TOMAIH, a TOMY, IIO3BOJISIE
CeMIUTIHTY 30epiratv Jidiie HauOLIbII 1H(GOPMATHBHI JaHI 1 HajgaBaTH OLIBII TIOBHY
KapTUHY MOA0POXKi OKPEMOTO MPOLIECCY B CUCTEMI.

Bukopucranust MIiKpOCEpBICHOI apxXiTeKTypH Ui PO3POOKH SK MajMX, Tak
1 BeJIMKHX MPOTPaM JIMIIE 3pOCTa€ OCTaHHI poKH. MiKpocepBic Mae psiJ riepesar nepen
MOHOJIITHOIO apXiTeKTypOlO; OJ{HAK I1¢ He OOIHIuIOCsS 0€3 J0aTKOBOTO YCKIIAIHCHHS.
B sKOCTI KOHKPETHOTO MpPUKIATY, 1I€ OCOOJIMBO BiTUyBAETHCS, KOJMM HAMaraemibes
BIJICTe)KUTH KOHKPETHHH 3aIUT, TPOaHali3yBaTH HOTo 1 BKa3aTH KOHKPETHE MICIE Jie
IO CTaJOCA 1 KOJIM came 3allUT NepeXonTh BiJl OHOTO CEpPBICY /0 1HIIOTO.

BincresxeHHs Ol B MIKpOCEpPBICHIM apXiTEeKTypi — Iie came Ipo 3MOTy BiACHTi-
JIUTH YBECh MUIAX, SKUW TPOMIIOB 3alUT IMOYMHAIOYH BiJ MPOrPAMMHOTO iHTEpderncy
a00 MOOITIBHOTO J0/aTKa 0 KOXKHOTO OKPEMOTO MIKpOCEPBICY, 3BiATH 10 0a3u JAaHUX
1 Hazaj. BijcresxxeHHs Mol B pO3NOMIICHUX CHCTEMaX MOXE BHKOPHUCTOBYBATHUCS ISt
MOHITOPHHTY IIIBHKOCTI IIporpamMu. AGO BUKOPUCTOBYETBCS PO3POOHUKAMU JUTS OTITH-
Mizalii iX Komy, IO CTa€ BCE CKIAJHIIIE, aJke CydacHa po3podka nmporpam Bce
OlnbIe TEPEXO/IUTH y XMapHE CEPE/IOBHIILE. B nanuii yac icHye Oararo KOMCleI/IHI/IX
MPOIYKTIB B Ik cdepi 1 pillieHb 3 BIAKPUTHM KOAOM. barato pimieHb i BijcTe-
JKeHHs TIOAIM y PpO3MOAUIEHUX CHCTEMaxX 3acHOBaHI Ha, abo X HaauXauucs JOCHi-
JokeHHsM Bin Google mozo ix cucremu Dapper.

Po3snoxisieHi cucteMr B OCHOBHOMY CKJIQAIOThCSI 3 IT'STH KOMIOHEHTIB. [lepiim
€ TpoMiKHe mporpaMmHe 3abesneueHHs(middleware), mo Mae MiAKIIOUUTH CUCTEMY
BIJICITIZIKOBYBaHHS TIO/IiH 10 Mikpocepsicy. JlaHi 30MparoThCsi B TOUKAX BiJICTCKCHHS
KIIIEHTCHKOTO JIOATKY. 3anmuT Moxe OyTH 0OpOoOICHHH Y JIBYX TOYKAX: TOYIII 7€ 3aITUT
HA/IXOIUTH 10 cepmcy 1 TOUILll TIepen Tepenayero Horo B iHIMK cepsic. 3i0paHi naHi
B [IMX TOYKAaX CIIUIBLHO 1 HA3WUBAKOTHCS EIMHUM CIIIJIOM, a0 Tpeiicom (trace)

Jpyruit cepen nux m'siTi KOMIIOHEHTIB, 3 SKUX CKJIQJAEThCS PO3MOALICHA CHCTEMA,
€ TIOIIMPEHHSI KOHTEKCTY (context propagation). Byio 3ampornoHOBaHO KilbKa pillleHb
JUTSL BIJICJTITKOBYBaHHSI CIII/IIB OJHOTO 3alMTy SKHMA MPOXOJUTH Yepe3 Pi3HI CEepBiCH.
[TomMpeHHsT KOHTEKCTY — II€ KOJM TOYKHM BIJICTEKEHHS OTPUMYIOTh TIOOATbHHUN
ieHTU(IKATOp AJIS TaHUX, SIKI BOHU CTBOPIOIOTh, SIKWH € YHIKAJILHUM JUIS KOXHOT Bij-
CTe)KyeMOT TIOIIT, a Tiepeaavya TaKoro TI00ANTBHOTO 1IeHTH()IKaTOpa Mae BUKOHYBATHCh
pa3oM 3 MOTOKOM BUKOHaHHA. 11oTiM, 3rpymyBaBIIM Taki Tpeiicu 3a ix ineHTudikaTo-
POM, YBECH IUIAX 3aMMUTY MOXKHO PEKOHCTPYIOBATH.

Tpetim € 30epiranHs TaKUX TPeiciB. A came croci0 nepeiadi TakuxX JaHHUX JI0 CIIO-
coOy 30epiranns. [HTepdeiic cucTeMu BiJICTEKEHHsI TOAIN peali3oBaHO 3a JIOTIOMO-
ror0 KOHKpEeTHOI 0i0/mioTeku, sika nepeaae 310paHi aHi 10 OCKEHA-YaCTUHH CHUCTEMHU
BIJICTeXKCHHS, SIK MPABHJIO, BUKOPUCTOBYIOUN TEXHOJIOTIIO BIIANPABICHHS TaKUX JaHUX
B IMaKeTax, mo0 3MEHIIUTH KiIbKICTh OKPEMHUX 3alUTIB. 3BITH 3aBXU CTBOPIOIOTHCS
ACHHXPOHHO y (hOHI, 1100 HE MEePENIKO/HKATH 3aTUTaM SIKi € KPUTHYHO BayKITUBUMH JIJIsI
Oi3Hec-noriku mporpamu [7]. Koin 3amut HaaXomauTh 0 MIKpocepBicy abo BifcHia-
€ThCSl 3 HBOTO, METaJIaHi Ta iHIIa iH(opMallis, MOB’s3aHi 3 ONEpaIli€l0 TaKOXK J0/a-
IOThCS JIO JaHWUX HEOOXITHHMX IS TAaKOro BijciinkoByBaHHs. biOmioreka sika peai-
3y€ CHCTEMY BIJICIIIKOBYBaHHS 30Mpa€ IIi JJaHi Ta mepeiae ix 10 koekropa (collector).
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Konexrop 30epirae i nmani y 0a3i JaHHX, 1 MOTIM Il JaHI aHANIZYIOThCS HUISTXOM
BIJICTeXKCHHSI KOHKPETHHX IPOIIECiB uepe3 iHTepderic.

Microservice-1 Microservice-2 +  Exceution
Res =a] __'_,._ SR LS SE S Flow
Req « _..:_ - A= 4 _.j.‘ ) = Causality,
profiling data
Yoo SN % P 0 B
Tracing AP1 Tracing APl Trace points
.
~Tracing libra

— Eracing Iibg | Inject/Extract
. lrace pomnts

Collection/Normalization
(Trace Model)

i * Trace Reconstruction

Trace JIEE: ion,
Storage Visualization
4 Data Mining | |

Puc. 2. Anamomis 8i0cniokogyeants noditl 8 MiKpocep8icHill apximexmypi

BucHoBkn. Y pe3ynbrari MpOBEICHOrO JOCITIHKECHHS BCTAHOBIICHO, IO BIICTE-
JKCHHS MO Y PO3MOMUICHHX CHUCTEMAaX € KPUTHYHO BaXKJIHMBUM KOMITOHECHTOM IIPH
po0OTI 3 MIKPOCEPBICHOIO apXiTEKTyporo. BU3HaUeHO OCHOBHI MOHATTS: CIieH (span)
SIK HallMEHIIa JIOT1YHa OJUHUIIS, TPEUC (trace) Juist BiJIC/IIIKOBYBaHHS TTOBHOTO MUISIXY
3anuTy, Oarax (baggage) uid nepeaadi MeTagaHux, Teru (tags) ais 3abe3nevyeHHs KOH-
TEKCTY Ta CEMIUTIHT (sampling) JUIsl ONTHMI3allii HaBAHTAXKCHHS.

[IpoananizoBaHo, 10 Cy4acHi PO3MOALIEHI CUCTEMH BIJCTEXKEHHs MOAINA CKiana-
IOTBCS 3 I'SAITH OCHOBHUX KOMIIOHEHTIB: MPOMIKHOTO TIPOTPAMHOTO 3a0e3IeUeHHs 1151
T KJTFOYSHHST CHCTEMH JI0 MIKPOCEPBICIB, MEXaHI3My MOIMUPEHHS KOHTEKCTY, CUCTEMHU
30epiraHHs TpeuciB, KoJeKTopa uid 300py JaHUX Ta iHTepdeiicy ans aHanizy 310paHoi
inpopmarii. BetanoBieHo, 1Mo Taki CHCTEMH BHKOPHUCTOBYIOTH ACHHXPOHHMHN MiAXin
Jutst 300py Ta 00pOOKH JaHUX, 10O MiHIMI3yBaTH BIUIMB HA OCHOBHY pPOOOTY CEpPBICIB.

JlocmipKkeHHsT TI0Ka3alio, IO MPH BIPOBA/PKEHHI CHCTEM BiJICTEKEHHS MOINA 0CO-
ONMUBY yBary CJiJi MPUIUIATA MEXaHi3MaM MOIMUPEHHS KOHTEKCTY Ta BHOOPY ONTHMAb-
HOT cTpaterii CeMIUTIHTY, OCKIJIBKH 111 (hakTopu 0e3MocepeTHhO BILTUBAKOTH HA MPOIYK-
TUBHICTh Ta €(DEKTHBHICTb BCi€i CHCTEMH MOHITOPHMHIY. Bu3HaueHO, 10 MpaBUIBHO
HaJIAIITOBaHA CUCTEMa BIJICTE)KEHHSI MMOJIIN JT03BOJIsIE €PEKTUBHO JIIarHOCTYBATH TIPO-
OneMH, ONTUMI3YBaTH MPOJAYKTUBHICTD Ta 3a0e3euyBaTH HaAIHHICTh POOOTH PO3MO/Ii-
JICHHUX CHCTEM Ha 0a3i MiKpOCepBiCHOI apXiTEeKTypH.

[lepcriekTHBaMH TOAANBIIMX JTOCITIIPKEHh BOAYAEMO JTOCII/PKEHHS B HAMPsIMY Bifl-
CTEKCHHS aHOMAIIIH y PO3MOIIICHHX CUCTEMAX.
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The article explores the application of set theory for the mathematical substantiation of an
loT-based system designed for automated soil moisture monitoring. The innovative approach
integrates the concepts of the Internet of Things with modern automation methods to ensure
efficient management of agricultural resources. The theoretical framework of the study focuses
on developing a mathematical model that employs set theory principles to formalize the
relationships between sensors, monitoring parameters, external conditions, and data processing
algorithms. Special attention is given to the development of algorithms for collecting, analyzing,
and processing data from soil moisture sensors, enabling continuous soil condition monitoring.
These algorithms utilize set-theoretic operations to merge data from various sensors and filter
out noise. Based on the proposed models, the article presents the architecture of an IoT system
that includes hardware components such as sensors and controllers, network data transmission
protocols, a cloud environment for data storage and analysis, and an interactive user interface.
A detailed analysis of the practical aspects of system implementation is provided, covering
sensor specifications, energy consumption, network stability, interoperability, and integration
with external weather prediction modules. Particular emphasis is placed on data security during
transmission and system resilience to failures. The expected outcomes of implementing the system
include optimized irrigation processes, increased crop yields, reduced resource consumption,
and minimized environmental impact. The system facilitates timely responses to changes in soil
moisture levels, enabling informed resource management decisions. Additionally, the article
examines the potential for scaling the loT system to other agricultural applications, such as
monitoring soil temperature, light levels, and acidity indicators. The findings validate the
feasibility of using set theory to construct formal models that enhance monitoring accuracy,
accelerate data analysis, and improve management efficiency in the agricultural sector.

Key words: information system, IoT system, mathematical modeling, set theory, soil moisture
control, soil moisture monitoring.

31w3ton B. 1., Cmapooybeus B. A. 3acmocysanus meopii MHOMCUH 01 MAMEMAMUYHOZO0
o0tpynmyeanns po3pooku npoekmy cmeopennusa loT-cucmemu 0na asmomamuunozo
MOHIMOPUNZY PDIGHA 8011020CHI [PYHMIG

Y emammi pozensioacmoca 3acmocysants meopii MHONICUN OJis MAMEMAMUYHO20 OOTPYHIY-
8aHHs po3pobKu npockmy cmeopennss loT-cucmemu 015 agMoMamuyHo20 MOHIMOPUNEY DIGHS
sonoeocmi rpyrmis. Innosayitinuil nioxio 6asyemocs Ha inmezpayii kKonyenyiu Inmepuemy peueti
i3 cyuacnumu memooamu asmomamusayii 01 3a0e3nedents epekmueHo20 YNpagiinHa Cilb-
cvKococnooapcvkumu pecypcamu. Teopemuuna uacmuna cmammi 30cepeoddicena Ha no6y00si
MamemamuiHol MoOei, KA SUKOPUCMOBYE NPUHYUNU MeOPil MHONCUH 011 (hopmanizayii 6io-
HOCUH MIDIC CeHCOpaMU, napamempamu MOHIMOPUHRY, 306HIUHIMU YMOSAMU MA AN20PUMMAMU
00pobku oanux. Ocobrugy ysazy npudiieHo po3poodyi areopummie 300py, aHaiizy ma oopooxKu
OaHux i3 cencopie onococmi, AKI 3a6e3neyyroms besnepepsHull KOHmMpoib cmawny pyumy. Lli
aneopummu 6a3yr0msvCs Ha GUKOPUCIIAHHI MEOPEMUKO-MHONCUHHUX onepayii 015 00'cOHanHs
OaHux i3 pisHux ceucopis i ¢inempayii wiymy. Ha ocnosi 3anpononosanux mooenei npedcmas-
neno apximexmypy loT-cucmemu, wo 6KIIOYAE KOMNOHEHMU ANAPAMHO20 3a0e3neyents, maxi
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AK CeHCOpU ma KOHMPONepu, Mepedcesi npomokonu nepeoadi 0anux, xmapHe cepedosuuye s
30epicanns ma ananizy ingopmayii, a maxodxc inmepakmuenull inmepgeric O Kopucmysaud.
IIpogedeno Ooemanvuuil ananiz NPaxMuyHux AcneKkmie 6npoBAdIICeHHs CUCEMU, BKII0OYAIOUU
MeXHIYHI XapaKmepucmuKky ceHcopie, eHepeoCnodiCU8ants, cmadiibuicms 368 53Ky, inmeponepa-
benbHicmb mepexci ma iHmezpayiro i3 308HIUHIMU MOOYIAMU NPOSHO3YE8AHHS NO2OOHUX YMOS.
3uauna ysaea npudinaemuvcs numanusam 6e3nexu OanHux, wo nepeoaromspcs, ma Cmitlkocmi cuc-
memu 00 8i0M08. OUIKY8aHi pe3yibmamu 3acCmoCy8aAnHHs CUCMEMU BKIIOUAOMb ONMUMI3AYII0
NOAUBY, NIOGUWCHHS BPOACAUHOCTINI, 3MEHULEHHS. GUMPAM HA PECYPCU M 3HUICEHHS 6NIUSY HA
Hagronuwne cepedoguwye. Cucmema 003607A€ BUACHO peazysamu Ha 3MIHU PIGHS 601020CMi MA
npuiMamu o0TpyHmo8ani piuleHHs o000 YNPasuiHHs pecypcamu.

Oxpim yvoco, cmamms posanadac nepcnekmueu macwmaobysanis loT-cucmemu ona 3acmo-
CYBAHHA 6 THWMUX A2POMEXHONO0RIAX, MAKUX AK KOHMPOIbL meMnepamypu IpyHmy, pieHs oceim-
JIeHOCMI Ma NOKA3HUKIG KuciomHuocmi. Ompumani pe3yivmamu niomeepodxcyioms 0OYiibHICMb
BUKOPUCMAHHSL MeOPIl MHOMCUH OJisk N0OY008U (opmanvHux Mmooenet, wo nio8uuyioms mou-
HICMb MOHIMOPUHZY, WBUOKICb aHANi3y 0AHUX ma egheKmusHicmy Ynpasiinua y cepi azpo-
Ccexmopy.

Knwuosi cnosa: ingopmayitina cucmema, loT-cucmema, mamemamuure MOOeNOBAHHS,
Meopisi MHONCUH, KOHMPOJIb 801020CMI IPYHMIE, MOHIMOPUHE 801020CMI IPYHMIB.

Introduction. Modern agriculture faces a range of challenges, including the grow-
ing demand for efficient use of natural resources, the impact of climate change, and the
need to optimize production processes to increase crop yields. One of the most pressing
issues is the rational management of water resources, which directly affects soil health
and agricultural productivity. Traditional methods of monitoring soil moisture levels are
often insufficiently accurate, labor-intensive, or unable to provide real-time data.

The Internet of Things (IoT) offers innovative approaches to automating and managing
agricultural processes. Utilizing loT systems for monitoring soil moisture levels opens
up opportunities for precise data collection, analysis, and processing, enabling prompt
and well-informed decision-making. At the same time, designing such systems requires a
robust theoretical foundation that accounts for the complexity of interactions among vari-
ous components, the influence of external factors, and the needs of stakeholders.

One of the promising approaches to addressing this challenge is the application of
set theory to develop a mathematical model that formalizes the system's key parameters.
This approach enables a clear structuring of relationships among material, human, soft-
ware, and informational resources, while also accounting for the impact of the external
environment and the project’s parameter requirements.

The aim of the research. The development of a mathematical foundation for design-
ing an [oT system for automated soil moisture monitoring, based on the principles of set
theory, aims to improve monitoring accuracy, optimize the management of agricultural
resources, and minimize environmental impact.

Analysis of recent research and publications. In reference [1], key technological
solutions for smart farming are presented, covering the use of IoT for monitoring soil
moisture, light, and temperature. Special attention is given to critical challenges, such
as ensuring reliable connectivity, managing energy consumption, and securing data. [oT
technologies greatly enhance the efficiency of agricultural management by enabling
real-time monitoring and optimizing resource usage.

In publication [2], the advantages of real-time monitoring of agricultural processes
using [oT systems are examined. It provides a detailed explanation of how IoT helps
optimize the use of water resources, monitor soil conditions, and improve crop yields.
A key aspect highlighted is the integration of technologies that automate monitoring,
ensuring farmers have access to accurate and timely data.

In study [3], the paper explores the key devices, platforms, network protocols, and
data processing technologies relevant to agriculture.
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In publication [4], the ten most significant [oT applications in 2022 are presented,
with a focus on smart cities, logistics, and agriculture. It highlights the rapid advance-
ment of IoT technologies and their growing impact across various industries, emphasi-
zing the importance of integrating these systems for more effective management.

Publication [5] discusses the role of IoT in supporting sustainable agriculture, which
helps reduce the environmental impact of agricultural practices. loT systems enable
efficient monitoring of crop growth conditions and optimize water and fertilizer con-
sumption, lowering the ecological footprint. Additionally, these technologies contribute
to increased yields and reduced resource costs, which is vital for the sustainable develo-
pment of the agricultural sector.

In study [6], methods for optimizing resource management in agriculture through
IoT integration are explored, while paper [ 7] emphasizes the role of big data analytics in
enhancing the performance of IoT systems.

Presentation of the main research material. The proposed loT system for auto-
mated soil moisture monitoring will consist of several key components that ensure its
functionality and interaction with the external environment. This system is designed
to maintain optimal conditions for the growth of agricultural crops through the use of
modern monitoring and irrigation management technologies.

The broader framework of the system includes external factors that influence its
operation and define its needs and requirements. Climate conditions necessitate conti-
nuous soil moisture monitoring, while environmental organizations may offer guidelines
for the sustainable use of resources. Research institutions play a role in implementing
new technologies and methodologies. Ultimately, the consumers of the products benefit
from the system, as they receive high-quality produce.

The external environment encompasses all external influences on the system, such as
climatic conditions and regulatory requirements. These factors may vary depending on
geographical location and other conditions.

The office area includes rooms used for administrative and managerial functions,
while the equipment room contains the necessary hardware to support the system's
operation. The break room provides a comfortable environment for the staff, and the
restrooms ensure basic sanitary conditions.

Equipment. Soil moisture sensors (FC-28) are installed directly in the soil to con-
tinuously monitor its condition. The ESP8266 microcontroller processes data from the
sensors and transmits it to the server. The server collects all the data, enabling analysis,
storage, and irrigation management. Computers are used for working with the database
and system interface.

Team members. The project documentation manager is responsible for organizing
and maintaining all project documentation. The agricultural consultant provides spe-
cialized knowledge to optimize processes. The project manager coordinates all stages
of system implementation and operation. The accountant manages financial operations,
while the technical team ensures technical support and equipment maintenance.

User interface. The user interface enables operators to seamlessly interact with the
system, facilitating monitoring and control. A remote irrigation activation button stream-
lines the irrigation process by automating it based on real-time sensor data. A detailed
field map provides a visual representation of soil moisture distribution across different
areas, allowing for targeted decision-making. The system’s database securely stores all
collected data, supporting comprehensive analysis and informed decision-making.

External Elements. The IoT system collaborates with a network of stakehol-
ders, including clients, technology providers, financial institutions, environmental
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organizations, and research institutions. These external entities supply essential
resources, information, and expertise, ensuring the system’s efficient functionality and
long-term success.

Thus, the ToT system for automated soil moisture monitoring represents a compre-
hensive solution that integrates various components and subsystems for the effective
management of agricultural processes.

The conceptual model of this IoT system is shown in Fig. 1.
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Fig. 1. Conceptual model of the loT system

Set theory is a versatile mathematical tool that facilitates the creation of formal mo-
dels for complex systems comprising numerous components with diverse properties
and interconnections. Its application in the development of an IoT system for automated
soil moisture monitoring is particularly advantageous, as it enables the design of a clear
and adaptive system architecture capable of responding to dynamic changes in external
conditions and internal parameters.
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The significance of this approach is substantiated by various studies. For instance,
the authors in [8] examines the collaboration between Industry 4.0 and IoT, demon-
strating their potential to revolutionize industries through intelligent, automated sys-
tems that boost productivity and cut costs. It highlights IoT's applications in agriculture,
healthcare, and logistics, offering solutions for precision farming, smart greenhouses,
and enhancing transparency in supply chain operations. In [9], explores the tools and
equipment used in agricultural IoT applications and the challenges of integrating these
technologies with traditional farming practices. It highlights the benefits of IoT and
cloud computing for enhancing farming processes, from sowing to packaging and trans-
portation. Study [10] outlines data filtering methods based on set-theoretic operations,
which can be adapted for sensor networks. Moreover, studies [11-12] demonstrate the
use of set theory and fuzzy sets to construct mathematical models addressing environ-
mental and ecological challenges.

10T systems designed for monitoring soil moisture levels consist of numerous inter-
connected components, including sensors, software, hardware, network protocols, and
external factors such as climatic conditions. Set theory offers a formal framework to
model these relationships, providing a robust mathematical foundation for defining the
hierarchy of system elements and their interactions. This framework enhances com-
prehension of the system's functional structure, streamlines architectural design, and
ensures a modular approach.

In addition, the tools of set theory play a vital role in organizing and processing large
datasets. IoT systems generate vast volumes of data that require efficient structuring
and analysis. By applying set-theoretic operations like union, intersection, and diffe-
rence, data can be organized, duplicates removed, irrelevant information filtered out,
and critical insights highlighted. This method greatly increases the speed and precision
of data analysis, which is essential for promptly identifying changes in soil conditions
and making well-informed decisions.

A key advantage of using this mathematical tool is its support for optimizing project
resource management. When designing an [oT system, various resources must be con-
sidered, such as material resources (sensors, controllers, network equipment), human
resources, software, and information. Set theory provides an efficient way to model
these resources as sets with defined properties and interrelationships. This approach
allows for balancing their usage, preventing excessive expenditure, and ensuring the
system's robustness to changes or unforeseen failures.

Additionally, set theory contributes to adaptability to external demands. The real-
world operating environment of an IoT system is dynamic and complex, including
factors like weather conditions, soil types, seasonality, and stakeholder requirements.
Using set theory, these factors can be represented as separate sets that interact with the
system. This enables the creation of adaptive algorithms that automatically account for
changes in the environment, ensuring the system operates reliably and efficiently even
in unpredictable circumstances.

Therefore, the application of set theory provides a structured and systematic approach
to designing an IoT system for soil moisture monitoring. This approach not only for-
malizes the system's structure but also enhances its performance by ensuring accuracy,
flexibility, and adaptability to real-world conditions.

The mathematical model will primarily focus on evaluating the quality, risks, and
effectiveness of the project, considering all the required resources and parameters. Set
theory will be employed to construct the mathematical model.
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The proposed model, in general terms, will have the following expression:
M = {GM,PH RP I}, (1)

G is the parameter that characterizes the set of material resources involved in the
project, which is defined as:

G={gl gt g¥} )
where g{! — FC28 sensor; g — ESP8266 microcontroller; g — irrigation system.
PH is the parameter that characterizes the set of human resources participating in the
project, which is defined as:
P* = {pl' vy, p¥,pi, ve, pe. v 08 3)
where p# — project manager; pJ — system architect; p¥ — designer; p — tester;
developer; pH — analyst; p# — agricultural consultant; Ps — documentation mana-
ger, p9 — accountant.
R? is the parameter that characterizes the set of software resources used in the pro-
ject, which is defined as:
RP ={rf ,v],r5}, 4)

where rf — Python programming language; F — SQL database; r — web server.
R? is the parameter that characterizes the set of informational resources in the pro-
ject, which is defined as:

I=4l,id,i,i (5)
where i — data from moisture sensors i5,— data on types of grain crops; i} — GIS (Geo-
graphic Information System); i} — technical documentation and guldehnes

Stakeholders, who have a direct impact not only on the functionality of the future
product of the project but also on the success of the entire project, significantly influence
the success of the IT project.

The project stakeholders can be represented as a set of parameters:

0 = {0+ 0"} (©)
where O- — parameter that characterizes the stakeholders (long-term project environment);

OP — parameter that characterizes the set of project participants (close project environment).
Let’s examine the parameter O" in more detail as the set of subsets that compose it:

0! = {ol, 0%, 0%, 0k, 0k} (7

where 01 — farmers and agrlcultural enterprises; oL —manufacturers and dlstr1butors of
modernagricultural technologies; 03 government agenmes andregulators; 0% —environ-

mental organizations; Og — research and educational institutions.
Let’s examine the parameter O” in more detail as the set of subsets that compose it:

0P ={oP,00}. (3)
where of — project team; o? — project sponsors.

For IT projects, the creation of complex IT products is characterized by a service
component that requires strategic services, development services, transitions, opera-
tions, and continuous improvements. The set of relevant parameters can be represented
as a combination of: )

S ={s!,SB,sUS}, )
where $' — parameter that characterizes the set of services supporting the IT infrastruc-
ture; S? — parameter that characterizes the set of services supporting the business appli-
cation; SY — parameter that characterizes the set of services providing user support.
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Let’s examine the parameter S’ n more detail as the set of subsets that compose it:
St ={sl, sl sl (10)
where s/ —monitoring and management of the moisture sensor system; s3 — storage and
analysis of sensor data; si — web server support.
Let’s examine the parameter S® n more detail as the set of subsets that compose it:

§% = (58,55, 8 ) (i
where, sB — development and support of software for data processing; s8 — develop-

ment and support of the user interface; s3B — development and support of the web server.

Let’s examine the parameter SY in more detail as the set of subsets that compose it:

SUS = {s®,s7°%,s5° }, (12)

wglsere s{® — technical support for system users (helpline); sy* — usage consultations;
S3” — introductory course on operation.

As mentioned earlier, the use of technologies for creating the IT product was dis-
cussed. Additionally, this group also includes technologies for development, manage-
ment, testing, operation, and maintenance of the IT project product. The set of relevant
parameters W can be represented as a combination of:

w={wew",w'y, (13)
where W¢ — parameter that characterizes the set of technologies for product develop-
ment and testing; WY — parameter that characterizes the set of project management tech-
nologies; W™ — parameter that characterizes the set of technologies for implementing
and supporting the project product.

Let’s examine the parameter W¢ in more detail as the set of subsets that compose it:

W = {wi,ws,wg,wi }, (14)
where wi — python; w$ — SQL; w§ — UNIT testing for code correctness verification;

wy — frameworks for rapid server deployment.
Let’s examine the parameter W* in more detail as the set of subsets that compose it:

W = {wi,wy'}, (15)
where wM — Project Management Software for planning and controlling project work;

w) — AGILE technologies for efficient project management.
Let’s examine the parameter W’ in more detail as the set of subsets that compose it:

W' = {wi,w;, w3, wi, wi, e}, (16)

where w! — python; w, — SQL; w} — web server; w4 — sensors; Wi — microcontrollers;
We — irrigation system.

The components of the IT product configuration are related to the definition of ele-
ments, their parameters, and their relationship to the developed information system.
The same applies to the elements of the project and the project environment. The set of
relevant parameters can be represented as a combination of:

K = {K" K* K* KPP KPS}, A7)
where K — the set of project parameters; K* — the set of project product parameters;
KE — the set of parameters of the project’s external environment; K7 — the set of project
requirements; KPS — the set of product requirements.

Let’s examine the parameter K” in more detail as the set of subsets that compose it:

K" ={ki ki k3, ki}, (18)

w})lere kf — funding volume; k§ — project duration; k§ — project team composition;
k3 — resources.
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Let’s examine the parameter K° in more detail as the set of subsets that compose it:
— S S S
S KS_{kl :kg;k ) k4-}: (19)
where K1 — accuracy of soil moisture measurement; k5 — system scalability;

k3 — energy efficiency; k ;f — user-friendliness for end-users.
Let’s examine the parameter K* in more detail as the set of subsets that compose it:

KE = {kT k5, k5, ki3, (20)

where k¥ — climatic conditions of the project implementation region; kE — availability
of infrastructure for sensor installation; k% — potential risks and threats to the project;
kE — socio-economic context.

Let’s examine the parameter K”” in more detail as the set of subsets that compose it:

KDR = {leP rké)P !kgp!kélD-Plkgp}’ (21)
where k? P defining the project implementation strategy, considering potential risks
and taking steps to mitigate them; k2F — developing the budget and planning the use
of financial resources, including creating control and reporting mechanisms; k2¥ — for-
ming and managing the project team, defining roles and responsibilities of participants;
kPP — establishing a monitoring system for the project’s progress and preparing reports
to assess achievements and identify potential issues; k2P — developing a project com-
pletion plan and transitioning to its operation or further development.

Let’s examine the parameter K in more detail as the set of subsets that compose it:

KPS = {kD® k3 k35, k2°, kg®, kg®}, (22)

where k?° — the system must enable real-time monitoring of soil moisture to respond
quickly to changes and take necessary actions; k2 — energy efficiency; k3° — the system
must have a user-friendly interface and be easy to use for farmers and other stakehol-
ders. It should also be easily integrated with existing agricultural management systems;
k25 — the system must provide accurate and reliable data collection on soil moisture for
further analysis; k25 — the system must provide tools for data analysis and report genera-
tion, allowing users to obtain useful information for decision-making; k25 — the system
must ensure a high level of data security to protect the confidentiality and integrity of
the information.
The parameters of the project product are presented as a set of sets:

L={L5"LF}, (23)
where LS — the set of throughput values of the product components; L” — the total number

of throughput capabilities of all product components.
Let’s examine the parameter L® in more detail as the set of subsets that compose it:

LS ={1,5} (24)
where I — data collection system: 1000 data/sec (500 operations/min); 15 — data anal-

ysis system: 100 data/sec (500 operations/min).
Let’s examine the parameter L” in more detail as the set of subsets that compose it:

P = {I° 18}, (25)
where I — data collection; I — data analysis.
The parameters of the project product are presented as 4 set of sets:
AF = {a7 a3}, (26)

E _ economic and market conditions.

where af — climatic conditions; qf
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The next step is to build a mathematical model for monitoring the quality, risks, and
effectiveness of the project.
1. The set of input parameters (X):

X={G,PRO0,SZK,L,A}, 27

where G — material resources; P — human resources; R — software resources; I — infor-
mation resources; O — stakeholders; S — services supporting IT infrastructure (SI);
W — technologies for developing and testing the project product; K — project parameters;
L — project product parameters; 4 — external environment parameters of the project.

2. The set of output parameters (7):

Y ={Q,R E H}, (28)
where O — project quality; R — project risks; E — project efficiency; H — communication
channels between the elements of the IT project management model.

3. The number of direct links is represented as a set:
HP = {h{ A} , K%, hy}, (29)
Direct links between all the elements of the model. Assume that direct links include
communication between the main resources, for example, 10 direct links.
4. The number of feedback links is represented as a set:
HZV — {hfv , hZZv , h%v, hiv}, (30)
Feedback links between all elements of the model. Assume that there are 5 feedback links.
The set of input parameters for the project model (X) is represented as:

X={x,i=1,2,..,N,. (31)
The number of knowledge areas in the model is M. Assume that N,=22.
The project quality assessment (Q) is defined as:

22 TP 10

0= > @0 t) + k) (32)

. i=1 j=1k=1
under constraint:

Vix,eX)(a,e Q3 h e TPLTP=0maQ=Q, . 0O >0, (33)
where O = — the minimum quality level of the project; O, — the quality assessment func-
tion based on the creation of input parameters from X at time £ € TP; Q, — the quality
assessment function for communication channels between elements of the model from X.

The project risk assessment (R) is defined as:

min

22 TP 10
R=>""3 (Ri(xuty) + Ro(h)) (34)
i i=1 j=1 k=1
under constraint:
Vix,€e X)(a,e Q)3h e TPLTP=0maR<R ,R >0, (35)

where R _—the maximum allowable level of project risks; R, — the risk assessment func-
tion based on the creation of input parameters from X at time ¢, € TP; R, — the risk assess-
ment function for communication channels between elements of the model from X.

The project effectiveness assessment (E) is defined as:
22 TP 10

E=) 3" (B ) + Ea(ha) (36)

i=1j=1k=1

under constraint:
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Vix, € X)(a,e Q)3 h e TETP>0maE>E ,E >0 (37)

where E  — the minimum level of project effectiveness; E, — the effectiveness assessment
function based on the creation of input elements from X at time #. € TP; E, — the effectiveness
assessment function for communication channels between elements of the model from X.

Example values: 1. Material resources: x, — FC28 sensor; x, — ESP8266 microcontrol-
ler; x, — irrigation system. 2. Human resources: x, — project manager; x; — system architect;
x, — designer; x, — tester; x, — developer, x, — analyst; x,, — agricultural consultant; x, — doc-
umentation manager, x,, —accountant. 3. Software resources: x,, — Python programming lan-
guage, x,,— SQL database; x,;—web server. 4. Information resources: x,,— data from humid-
ity sensors, x , — data on types of grain crops; x,, — GIS (Geographic Information System);
x,, — technical documentation and manuals. 5. Services: x,,— monitoring and management of
the humidity sensor system; x,, — storage and analysis of sensor data; x,, —web server support.

For each resource and project component, functions evaluating quality, risk, and efficiency
are calculated based on their specific values and duration of use. Furthermore, corresponding
functions are defined for the communication channels linking the various project elements.

This approach enables a comprehensive analysis of the project's quality, risks, and
efficiency, providing a robust foundation for effectively managing and optimizing the
development of the IoT system designed for soil moisture monitoring.

Conclusions. The integration of set theory as a mathematical framework for developing
an IoT system for automated soil moisture monitoring offers a groundbreaking approach in
agricultural technology. By utilizing the foundational principles of set theory, the complex
interactions among critical system elements — such as material and human resources, soft-
ware and informational assets, stakeholders, IT infrastructure support services, development
and testing technologies, project parameters, product attributes, and external environmental
factors — have been systematically modeled. This structured methodology enhances the pre-
cision of system design and significantly improves decision-making processes in project
management, paving the way for more efficient and scalable solutions.

The proposed IoT system demonstrates significant potential for optimizing irrigation,
rationalizing resource usage, reducing costs, and minimizing environmental impact. More-
over, it promotes the integration of modern technologies into agriculture, which is critically
important in addressing global challenges such as climate change and water scarcity.

Future research prospects include expanding mathematical models to account for
additional parameters, such as forecasting soil moisture dynamics using machine learn-
ing, and developing multifunctional IoT systems capable of monitoring temperature,
light levels, and soil acidity. Special attention should also be directed toward integrating
IoT systems with big data (Big Data) and artificial intelligence to enhance the adaptabil-
ity and autonomy of systems in real time.

In conclusion, this research not only establishes a theoretical foundation for further
improvement of IoT solutions but also paves the way for groundbreaking automation
advancements that will significantly impact the development of agricultural technologies.
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B 21 cmopiuui icpu cmanu Hegio 'eMHOW0 yacmuHolo Hawio2o cycnitbemeafl]. Axujo paniwe
BOHU CHPUTLMATIUCD SIK WOCH eK30MUYHe, ThO 3aPa3 8AICKO 3HAUMU TOOUHY, AKA O JHCOOHO2O a3y
He gpana y Komn romepHi abo mobinwui icpu. binvwe mozo, y doesaxkux nooetl Komn 10mepui iepu
CMarnms anrbmMepHAmuSHUM Cnocooom 0036ials, abo Hagims Xo0i. 3apas iepu CHpUMarOmsvCs
Max camo HOpManbho, K Ginemu, cepianu abo kuueu. Toomo ye esice cmano 6yodennicmio. Iopie
6X00JICEHHs CMAB HACTINLKU MANEHbKUL Y 0eAKUX NPOOYKMIg, Wo HAGIimb cmapuie NoKONiHHs
6ce yacmiuie po3enAa0ace iepu sAK wocs HopmaivHe. J{o npuknady yinvosa ayoumopis Candy Crush
Saga[2] — ye ocinku 35+. Yacmo mooicna nobauumu skycoy 6adycro y mempo du 6 asmooyci, sika
epae 6 match 3, word games a6o woce nodione.

IIpobnema suxopucmanus npoespamHo2o 3abe3neuenis, aKe 003601A€ OMPUMAMu nepeeazy
y epi (8 maribymuvomy yumu), € dysice akmyanvhoio. Benuxi komnanii mosicyms eunyckamu eapmi
iepu, mamu gucokutl peimune, aie CMpiMKO 6Mpavamu 1lo2o, KOpUCMyeayie ma npubymxu, yepes
30ibULeH sl KITbKOCMI HeyecHux 2pasyig. IIpu momy, wo po3pooHUKU HAMA2alomsvCs 6Unpas-
JIAMU 8PA3TUBOCTT A NOKPAWLYBATNU 3AXUCH], YUTNU MAKOIC He CMOAMb HA MicYyi | npobrema 3a
uacmy He 8UPIULYEmMbCsl.

YV 0aniii pobomi 6yoe poszenanyma moxcaugicms agmomamusayii ieposux npoyecis, 3a 0ono-
MO20I0 308HIUWHIX NPOCMOI8, AKI 3a36UYAll IZHOPYIOMbCA NPOSPAMAMU AHMUYUMAMU, MA K
MOJICHA 3anobiemu yboMy 3 NnepCneKmusu po3poonuxie. B cmammi 6ydyme onucawmi cami nony-
JIAPHI pildents 3axucmy ieop 6i0 CmMopoHHbO20 8mpyYanHs, ix nepesacu ma Heooniku. OKpim
Yb020, 00CIIOUMO BHCe ICHYIOUI PilleH S, K] € 3a2albHOOOCMYNHUMU, MA CINABNIeHHS PO3POOHU-
Kig i20p 00 makux 0esaicie.

11i0 uac docnioxcenns ma po3podxu, 6yoyme eukopucmani, mosa npocpamysanus CH#, niam-
gopma Arduino Pro Micro, 306eniwns HDMI capture card, poszeanyscysau HDMI cuenany ma
naameopma Raspberry Pi 5.

Knrwwuosi cnosa: anmuuum, asmomamusayis, iepu, C#, HDMI, Arduino, Raspberry.

Klieptsov A. A., Guseva-Bozhatkina V. A. Weaknesses of gaming anti-cheat systems:
an analysis of contactless automation of gameplay using external devices

In the 21st century, games have become an integral part of our society [1]. While they were
once perceived as something exotic, it is now difficult to find someone who has never played
computer or mobile games. Moreover, for some people, video games have become an alternative
form of leisure or even a hobby. Today, games are viewed as just as ordinary as movies, TV series,
or books, making them part of everyday life. The barrier to entry for some products has become
so low that even older generations are increasingly considering games as a normal activity. For
example, the target audience of Candy Crush Saga [2] consists of women aged 35 and older.
It's not uncommon to see an elderly woman on the subway or bus playing match-3 games, word
games, or something similar.

The issue of using software that provides an unfair advantage in games (referred to as cheats
hereafter) is highly relevant. Large companies can release great games with high ratings but
quickly lose their reputation, users, and revenue due to an increase in dishonest players. Even
though developers strive to fix vulnerabilities and improve protection, cheats continue to evolve,
leaving the problem unresolved in most cases.
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This paper explores the possibility of automating gameplay using external idle systems, which
are often overlooked by anti-cheat programs, and discusses how developers can address this issue.
The study will outline the most popular solutions for protecting games from third-party interference,
along with their advantages and disadvantages. Additionally, we will examine existing solutions
that are publicly available and analyze developers' attitudes toward such devices.

During the research and development process, the following tools will be used: the C#
programming language, Arduino Pro Micro platform, external HDMI capture card, HDMI
splitter, and Raspberry Pi 5 platform.

Key words: anti-cheat, automation, games, C#, HDMI, Arduino, Raspberry.

IocTranoBka npodiaemu. Lo take anTruut? Lle aBTOMaTH4HA cUCTeMa, 11O CTBO-
peHa JUTs BUSIBIICHHS YMTIB, BCTAHOBJICHUX Ha KOPUCTyBalbKuX Komir'totepax [3]. IIpo-
CTHMH CJIOBaMH, I1¢ BOyJJOBaHa, 800 OKPEMO BCTAHOBIICHA IPOTpaMa, sika 3aITyCKaeThCs
pa3oM 3 rpolo, Ta HalllJIeHa Ha Te, 1100 BU3HAYaTH HEYECHUX TPaBIIiB, SIKi BUKOPHCTOBY-
0T IHIII CTOPOHHI ITPOTPaMH [Tl OTPUMAHHS TepeBar y Ipi.

Sk 9acTo TpaBUi HamararoThCs omaHioBaru irpu? Y cdepi irop 57% omuta-
HUX 3i3HAJIMCA, 10 BUKOPUCTOBYBAJIM YWUTH B OJHOKOPUCTYBAIbKUX a00 Oaratoko-
pHCTYBalbKHUX irpax. binpmia yacTka mpHUmagae Ha YUTH AT OXHOKOPHCTYBAILKHX
irop, siki cTaHOBIATE 37% Bim 3aranbHOi KiTbKOCTi [4]. CTaTHCTHKA BXKE Bpakaroda.
SIKI10 pO3MOBIIATH PO KOHKPETHI aHTUYUTH, TO OJHUM 3 caMuX nomyisipHux € Easy
Anti-Cheat [5]. Ls aHTHUHMT-cEcTeMa, pO3pOOJICHA I 3aXUCTy OaraTOKOPHUCTY-
BallbKUX 1rop Bix uurepiB. Bona Oyma cTBopeHa kommaniero Kamu (®inmsHmis),
a'y 2018 poui ii npuabama Epic Games. 1t cucteMy BUKOPHCTOBYIOTH Taki Bimomi
taiTiu sk Fortnite, Apex Legends, Rust i 6araro inmmx. Hanpuknan y Apex Legends
Oyno 3abnmokoBaHo moHax 1 MinbiloH akayHTiB 3a uutepctBo. lllo € Bemmues-
HOIO Idporo. binkiie Toro, KMo AOCTIIUTH MyOmikamii BifX IpaBLiB B iHTEPHETI,
TO MOXKHA TMPOCIIKYBaTH TEHJCHIIIIO 3pOCTAaHHS KUIBKICTh CKapr Ha HEYECHY Tpy.
3 HBOro MOJKHA 3pOOUTH BUCHOBOK, IIO PO3POOHHUKH YHTIB BIOCKOHAIIOIOTH CBOI MPO-
IyKTH. B cBOIO uepry, po3poOHMKM aHTHYHTIB HE BCTUTAlOTh BXKUBAaTU KOHTP 3aXOJIiB.
Slxwnit Hacmifnok Takoi TeHaeHmii? Ha mpukinami Toro camoro Easy Anti-Cheat, Ta Apex
Legends. [Ipo6nema HeuecHOI I'pH TaM cTajla HACTIIIBKU TOCTPOIO, 1110 PEHTHHT T'PH 32
OCTaHHI POKH CTPIMKO 3HHM3MBCS [6]. B TOl ke camuii yac, KUIbKICTh TPaBIiB TaKOX
cTpiMKO mazaae [7].

Amnauni3 nociimxensb i myOsikamiii. [cHye qyke 6arato HayKOBIIIB Ta JOCIITHUKIB,
K1 I[IKaBISATHCS MPOOIEMOIO YUTIB Ta aHTUUMUTIB. Sk mpukian, y crarti «Cheating in
Online Games: A Social Network Perspective» [8] aBropiB [Ixxepemi biexdepn (Jeremy
Blackburn), Hikonac Koprenic (Nicolas Kourtellis), I>xon CxBoperti (John Skvoretz),
Mareii Pineany (Matei Ripeanu), Anpiana fAmnitui (Adriana lamnitchi), nqocmimky-
€ThCS poOJIeMa YUTEPCTBA B OHJIAHH-IPax 3 TOYKH 30py COIIaIbHUX MEpeK. ABTOpH
HaMaraloThCsl 3pO3yMITH, SIK YUTEpPaM BIAETbCS IHTETPYBaTHUCSA B IrpoBi CHIJIBHOTH.
OcCHOBHa yBara IpuIIIETHCS B3aEMOJIISIM MIXK TPABIISIMHU, a TAKOXK CIIOco0am, SKHMHU
YUTEPU HAMAraloThCsl YHUKATH BUSBICHHS.

Takox y crarti «NGUARD: A Game Bot Detection Framework for NetEase
MMORPGs» [9] aBropis Jlincs I'yn (Linxia Gong), UxyHnBens 1135 (Zhongwen Jia),
Csio JIi (Xiao Li), Uskao JIi (Zhao Li), Xynans @an (Hunan Fang), Jleit Yens (Lei Chen)
omucyetbes cuctema NGUARD, sika € dpeliMBopkoM [Uisi BUsIBIICHHS OOTIB y Oara-
TOKOPHUCTYBaIbKuX oHaiH-irpax. NGUARD BUKOpPHCTOBYE METOM MAITUHHOTO HaB-
YaHHS JIJISl aHAJTI3Y IMPOBOI MOBEIIHKY Ta BHUSBJICHHS OOTiB, 3a0€3MEUyIOUN 3aXUCT Bij
ABTOMATU30BAHUX JIiH, IO MIKOJSATH irPOBOMY JIOCBIiJLY.

Merta crarTi. 3aBIaHHsIM poOOTH — € crpoda CTBOPEHHS anapaTHO MPOTPaMHOTO
3a0e3MeUeHHs, SIKE T03BOIUTH aBTOMATH3yBaTH IIPUMITHBHI il y 0araToKOpUCTyBaIlbKiif
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rpi 3 BUKOPUCTAHHIM BPa3JIUBOCTI aHTHUUT CUCTEMH, & TAKOXK OIMCY METO/IiB, IK MOXKHA
BUSIBIITH TPABIIIB, SIKi KOPUCTYIOTHCS TAKIMH BPA3THBOCTSIMH.

BukJiag ocHoBHOTro martepiaJy. Po3risiHemo camuii 6aHanbHUN METOZ aBTOMAaTH3a-
1ii mporecy. be3 mpuB’sI3ku 10 KOHKPETHOI 0araTOKOPUCTYBALBKOT TPH, a00 aHTUYHNTA.
VsBimo, o HaM Tpeba 3a0upart SKyCh Haropoxay, KoxkHi 2 XBuimHA. Haroposa 3a0u-
paeThes LIISIXOM HaBeJEHHS Kypcopa Ha KHOINKY, HATUCKAHHSIM JIiBO1 KHOIIKM MHILI, Ta
CKaXiMo, KiaBimu Enter asis miaTBeppKeHHS BHOODY.

Jls Takoi GaHaNbHOT 3a/1aui MOYXKHA BUKOpUCTaTH miporpamy Autolt [10]. 3 ii momo-
MOTOI0 MOYKHAa €MYJIIOBaTH PyXW MHUIL, HATUCKAHHS KHOMOK 1 Tak nam. ITpobiema
B TOMY, III0 OUTBIIICTh AHTUYHTIB 3 JIETKICTIO BU3HAYATh, 10 Y BacC 3allyIleHa JaHa Mpo-
rpama. Sk pesysbTar, aHTHIUT, 200 BUMKHE BaM TPy, a00 B3araii 3a0JI0Ky€ BaM aKayHT.

SIKII0 CTBOPUTH CBOIO MporpamMy, Hanmpukiaa Ha MoBi C#, maHcu He OyTH nomide-
HUM CTarTh OUThIMMHU. OCh TYT 51 HaJlaB OaHATBHUN NPUKIIAJ, SIK MOYKHA aBTOMATU3Y-
BaTH Iiei poriec Ha MoBi C# (KoI He MMOBHUIA 1 TUTBKH T 03HaoMIIeHH) [11].

A 1110, SKIIO aHTUYUT MOKE BU3HAYUTH 1 TaKy MOBeAIHKY? 3BUYaHO, KOJIH KYpCOp
pYXa€eThCs AyKe HIBUJKO, TO 1€ MOXKE BUIJISJIATH Mifo3pino. MoxHa 3pOOUTH TOBe-
IIHKY OUITBII HATypaEHOIO, 33 TOTIOMOTOI0 PAHAOMHUX PYXiB, HE MPSIMUAX IIEPEMIIICHb,
a TAKOX 3aTPUMOK. AJie MOXKHA TTITH JaJIi.

Hacrymna itepanis — Bukopuctanas Arduino Pro Micro.

Puc. 1. nnama Arduino Pro Micro

Ie#t mikpokoHTpiep Moxe moBoauTH cebe sk npuctpii HID (Human Interface
Device), nanpuxiaj, kiaBiatypa abo muuml. BiamoBigHo, 3a gomomororo Tiei camoi
nporpamu Ha C#, Mmu MokeMo miepenasaru iHpopmarito 1o Serial mopty mo Arduino,
a Arduino Pro Micro Oyie BUKOHYBaTH HaTUCKaHHS a00 TIEpEMIIIeHHs. 3 TaKUM ITiIX0-
JIOM, OLJIbIICTh AHTUYMTIB BXKE HE OyAyTh BBaXKATH LI0 MOBEIIHKY MiA03pinoto, 00 3 iX
MEPCIIEKTUBH, KOPUCTYBAILIBKUH BBiJ] POOUTHCSI JTIOAUHOIO.

106 ycxkimamHUTH 337ady, 1 TOZaTH YMOBY 3YHTYBaHHS iH(pOpMaIii 3 eKpaHy, HaM
Moxe 3Hagooutucs GetPixel [12]. BoHa 103Bosisi€ 3UnTaTH KOJIp MiKCENs B KOHKPETHUX
KoopJrHAaTax 3 00’ ekTa Bitmap (MoxHa 3p0OUTH CKpIHIIOT eKpany). [loBepTarouucs 10
MepIIoYeproBoi 3aaadi, HaM Tpeda 3a0upaTH HATOPOLy KOXKHI 2 XBIIIMHH. AJie SKIIO
Taiimep He ¢ikcoBaHuii? B TakoMmy Bumajgky HaM Tpeba ONUPATUCh Ha SIKUIChH Bi3yal.
MoykHa 39nTyBaTH KOJip MIKCENs Ha KHOMIII 1 TUTBKM TOA1 BUKOHYBATH Air0. TooTo mpu-
MyCTHMO, III0 KHOTIKAa HE aKTHBHA i Ma€ CipUil KOIip, a KOJH 3eJICHa, TO BOHA aKTUBHA
1 MOXxHa 3a0paTu Haropoay. MeTox AilicHO npaioounii, ane poOUTH CKPIHIIOTH KOXHY
1 cekyHay TakoX MiJI03pLIO IS MPOTrpaM aHTHUYMTIB. TOMy HACTYITHOKO iTEpalliero
Oyne Bukopuctanus Raspberry Pi 5. 3a 1omoMororo 1i0ro oHOIUIATHOTO KOMIT I0Tepa
MOKHA pealli3oByBaTH OUIBII CKJIA/HI 3a/aui.
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Puc. 2. nnama Raspberry Pi 5

SIK1mo migKmounTH MOoHITOp rpu yepe3 HDMI posramyxyBad, iHImuil KiHels kabesto
yepe3 HDMI capture card no Raspberry, Mu 1inkom Oe3redHO MOXKEMO aHai3yBaTH
300paKeHHs y 130JIb0BAaHOMY CepeIoBHII. BpaxoByroun te, mo Raspberry Takok Moxe
Buctynatu B poii HID, Ham HaBiTh He noTpi6Ha mpoknaaka Ha I1K B poni C# mporpamu.
bo Bci aii OymyTh BigOyBaTHCh BeepeauHi Raspberry, abcomoTHO He3alleKHO, 0a3yro-
4rch Ha 300paxxeHHi. [Iporpama ra C# (a0o iHIIil MOBIi) Bce OHO Tpeba, aie BoHa Oyze
3amyIieHa came Bcepenuni Raspberry.

Sk 6opoTHcs 3 moniOHuMH JeBaiicamu? He Tak maBHO koMmaHis Activision-Blizard
3abanmia aysxe 6arato reiimepis y rpi Call of Duty: Warzone, 3a BukopucTanHs aeBaiicy
Collective Minds Cronus Zen [13; 14].

Puc. 3. oesaiic Collective Minds Cronus Zen nioknrouenuti 0o Xbox

Le#t nemaiic 103BOJISIB 3HU3UTH a00 B3aralli MpUOpaTH Bijyiady MpH CTHIIBOI 1 rpi.
3a3Buyail y irpax € BepTUKaJIbHA i TOPH30HTAIbHA Bijaua, sIKy rpaBIio Tpeba KOHTPO-
JIOBATH (PyXaTH MUIIKY a00 CTiK B IPOTHICKHY CTOPOHY, 100 MOMAAaTH B IiJIb), HEH
JieBaiic poOMB IIe aBTOMaTHYHO.

BpaxoByroun BuillecKa3aHe, JEsAKi aHTHYHTH, BCE K MOXYTh BHSBISTH CTOPOHI
nesaiicu. [Toku 110, BOHU HisIK HE pearyroTh Ha Arduino ta Raspberry. I ckopim 3a Bce,
KOPHUCTYBadi, B SKMX BOHH IIIKJIFOYCHI JIO K, OyIyTh 1 Hagami B Oe3neni. bo mo cyri,
1€ MPOCTO IUIATH 11 PO3pOOKH, BOHU HE 000B’I3KOBO MOXKYTh POOHMTH IIOCH TIOTaHE.
Tomy po3poOHMKAM aHTHYMTIB CIiJ MOAYMAaTH Hajx OLTBII PO3BUHYTHMH MEXaHi3-
MaMH 3aXHCTy. XOpOIIMM BapiaHTOM Oyie MPOCTO MEPEeBIPATH MiJKIIIOUCHI JICBACH.
Hanpuknan nepesipka USB Vendor ID (VID) ta Product ID (PID). To6T0 nopiBHSHHS
inentudixatopis VID Ta PID mpuctpois. Arduino ab6o Raspberry Pi, namamrosani sk
HID-npucTpiif, 4acT0 BHKOPHUCTOBYIOTH HECTAHIApTHI a00 BiJOMI iJCHTH(IKATOPH.
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MoskHa cTBOpHTH criMcok Jo3BosieHux VID/PID i Bimxumsiite mpuctpoi, siki He Bii-
MOBIIAIOTh [IEOMY CITUCKY. AOO BHSIBIICHHSI HECTaHIAPTHUX ab0 BIJICYTHIX JpaiiBepiB.
Arduino a6o Raspberry Pi MoxyTh BUKOpUCTOBYBaTH 3araibHi Apaiisepu USB HID, 1o
BIZIPI3HSIOTHCS BiJ ApaliBepiB AT CepTU(IKOBAHUX MPHUCTPOIB.

BucHoBku. Y oMy J0CIHI/DKEHI, Oylia mpoBeaeHa podoTa 3 eMyJIsmii il kopuc-
TyBaya 3a jonomoroio nporpamu Ha C#, minardopm Arduino ta Raspberry. HaBeneno
MOSICHEHHSI, YOMY I1i METOIN MOXYTh O€3IICUHO MPAIIoBaTH Hapasi i sKi Aii po3poOHUKH
irop Ta aHTHYHTIB MOXKYTh MPUHHSITH, 1100 YOS3NEUUTH CBOT irpH Bijl axpaicTia.
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YV eyuacnomy yughposomy ceimi, de inghopmayis po3noscoOHyemMbCs 3 HEUMOBIPHOK WBUO-
Kicmio, @Us6IeH s (PelKoBUX HOBUH ma de3inpopmayii cmae KpUMui4HO 8aANCTUBUM 3A60AHHSM.
B kowmexcmi yKpaiHCcbKOMOBHO20 THOPMAYIUHO20 NPOCMODPY, Ye 3a80aHHsA HADOYBAE 00OAMKO-
601 akmyanbHoCcmi uepes 2IOpuoHy itiHy 3 pocicio. BionogioHo 00 yb02o, 8 HAULOMY OOCIIONCEHHT
oyno pospobneno ma enposadofceyo memoo "Online Learning with Sliding Windows for Text
Classifier Ensembles” (OLTW-TEC), cnpamosanuii na epexmushe eusienenns oesingopmayii
8 YKPaiHCLKOMOBHUX MeKcmogux OaHux. Memoio € nioguwenna mounocmi ma adanmueHoOCmi
6 i0enmugbixayii petikosux HOBUH, 30KpeMa 6 YKPAIHCbKOMOBHOMY IHGHOPMAYIiHOMY NPOCMOpI.
L5 poboma axyenmye ysazy Ha HeoOXiOHOCMI 3a0e3neyenHs WeUOKol ma adanmosaHoi 0o 3MiH
cucmemu y 8i0nogidb Ha CMpimMKi 3minu 6 inghopmayiiinomy nomoyi. Memoo OLTW-TEC euko-
pucmogye nepedogi mexuiKu MAwunHo20 HAGYAHNA Ma AHANi3y OaHux OJid CMEOPEeHHs adan-
MUGHOI cucmemu Kiacuixayii, sika modice OUHAMIYHO peazy8amu Ha 3MIHU 8 THHOPMAaYitiHOMY
nomoyi. L{enmpanvHum enemeHmom memooy € inmespayis aHcamono Kuacugikamopie 3 memo-
00M KOB3HUX GIKOH, W0 0A€ MOJNCIUBICIb NOCMINIHO OHOBMIOBAMU MOOETb HA OCHOBL OCTNANHIX
OaHux, 3a0e3neuyiouu GUCOKY MOYHICMb | A0anmueHicmb 00 HO8UX Gopm desingopmayii. Memoo
sKaOHAE emanu 300py ma nonepeonboi 00POOKU OAHUX, AHATIZY MOHANILHOCHIL, eMOYILl MA 8eK-
mopuszayii mekcmy, wo 0ae 3mozy enubule amanizyeamu ma eekmusHiuie UABIAMU Qelikosi
HOBUHU, CNUPAIOYUCH HA YHIKAIbHI TTHeGICMUYHT A KYIbMYPHI 0COOIUBOCMI YKPAIHCHKOL MOBU.
Jna ananizy egpexmuenocmi OLTW-TEC 6yn0 8ukopucmaHo YHiKaibHull 0amacem yKpaincbKo-
MOBHUX HOBUH, WO BKIIOUACE K OOCMOBIPHI, MAK i Henpagousi Hogunu. Pezynomamu 0ocniodicenms
NpOOEMOHCMPY6ANU GUCOKY eeKmugHICb Memody ioenmugpikayii desingopmayii, 3 mounicnio
Kkaacuixayii, wo cseae 93,26%. Ananiz mampuyi NOMUIOK Ma iHUUX MempuK, maxKux sx oyinka
F1, niokpecnus 36anancosanicmov ma naoitnicmoe OLTW-TEC y eusaenenHi (elikosux HOBUH.
\ nopieHﬂHHi 3 mpaouyitinumu memooamu xkiacugpikayii, OLTW-TEC ne auwe noxkasye kpawyi
pe3yibmamu 3a OiIbWicmio MempuK, ane i 3abe3neuye npocmip 01 a0anmayii 00 sMiH y Xapax-
mepi Oanux. Bubip pozmipy "ko63H020 GIKHA" Ma MONCIUBICMb 11020 PeSYIIOBAHHS 3ANEHCHO IO
cneyuiku danux nadae memooy 000AmMKO8y SHYUKICMb | MOYHICMb.

Knrwuosi cnosa: oesingopmayis, (heiikosi HOBUHU, OHIALH HAGUAHHS, AHCAMOLI K1ACUpIKa-
mopis.

Lendiuk D. T., Lipianina-Honcharenko Kh. V. Online learning with sliding windows for
text classifier ensembles

In today's digital world, where information spreads at an incredible speed, detecting fake
news and disinformation is becoming a critically important task. In the context of the Ukrainian-
language information space, this task becomes even more relevant due to the hybrid war with
Russia. Accordingly, in our study, the "Online Learning with Sliding Windows for Text Classifier
Ensembles" (OLTW-TEC) method was developed and implemented, aimed at effectively
detecting disinformation in Ukrainian-language text data. The goal is to increase the accuracy
and adaptability in identifying fake news, particularly in the Ukrainian-language information
space. This work focuses on the need to provide a fast and adaptable system in response to rapid
changes in the information flow. The OLTW-TEC method uses advanced machine learning and
data analysis techniques to create an adaptive classification system that can dynamically respond
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to changes in the information flow. The central element of the method is the integration of an
ensemble of classifiers with the sliding window method, which makes it possible to constantly
update the model based on the latest data, ensuring high accuracy and adaptability to new
forms of disinformation. The method includes the stages of data collection and pre-processing,
analysis of tonality, emotions and text vectorization, which allows for deeper analysis and more
effective detection of fake news, relying on the unique linguistic and cultural features of the
Ukrainian language. To analyze the effectiveness of OLTW-TEC, a unique dataset of Ukrainian-
language news was used, which includes both reliable and false news. The results of the
study demonstrated the high effectiveness of the method for identifying disinformation, with a
classification accuracy of 93.26%. Analysis of the error matrix and other metrics, such as the F1
score, highlighted the balance and reliability of OLTW-TEC in detecting fake news. Compared to
traditional classification methods, OLTW-TEC not only shows better results on most metrics, but
also provides room for adaptation to changes in the nature of the data. The choice of the "sliding
window" size and the ability to adjust it depending on the specifics of the data gives the method
additional flexibility and accuracy.
Key words: disinformation, fake news, online learning, ensembles of classifiers.

IMocranoBka npodiemMu y 3arajbHOMY BUIJIsAI Ta T 3B’fI30K i3 BaKJIMBUMH
HAYKOBHUMU YH NMPAKTUYHUMHM 3aBJAHHAMHM. Y NIEPioJ] pOCiiicbKO-yKpaiHChKOI BilHH,
3HAUCHHS BHUABJICHHS (DEHKOBMX HOBHH HaOyBa€ OCOOMMBOI aKTyalbHOCTI, OCKINbKU
nesindopmMariist Moxxe Matu cepio3Hi Haciiaku. Jlocmkenns [1] ta [2] miakpeciro-
10Th, K cOIliabHi Meia, 30kpema Twitter Ta Weibo, BifirparoTh KIrOUOBY poib y Gop-
MYBaHHI IPOMAJICBKO1 TYMKH IIi]T 9ac KOH(IIIKTY. AHAII3 ITOKa3ye, 110 Ha TI0YaTKy BiitHH
CTIOCTEpiraBcsl 3HAUHHUN CIICCK aKTUBHOCTI, SIKHH 3TOIOM 3HH3HBCS, aje IPOJOBKYBaB
3ajlyyaTd yBary A0 YKpaiHM sIK *KepTBH arpecii. BaxIuBicTh po3pi3HEHHS MK peab-
HUMH Ta (PEHIKOBIMHU HOBUHAMH CTa€ IIie O1IBII BaKIMBOIO, BPAXOBYIOUH, 10 COMiaIbHi
MeJlia 9acTO BHKOPHCTOBYIOTHCSI SIK OCHOBHE JpKepeno iHdopmariii. TakuMm 4HHOM,
3poctae norpeda y po3poOI eheKTHBHUX METOJIB BUSBICHHS Ta aHai3y (eHKOBHX
HOBUH, 1100 320€3MeunTH JOCTOBIpHICTH iH(popMartii, i 6e3meri. B oMy KOHTEKCTI,
po3po0OKa e(PeKTHBHUX METOJIB JUIS BUSIBJIICHHS JIe3iH()OpMaIlil € KpUTHIHO BaXKITUBOKO.
Jlane noOCHiPKeHHSI TPOTIOHYE 1HHOBAIIMHUKM MiAX1J], SIKU BUKOPUCTOBYE IEpPEBaru
aHcamOmiB Kiacu(ikaTopiB y MOETHAHHI 3 METOJIaMHU OHJIAH HaB4aHHs. LleW minxin
JIa€ 3MOT'Y HE TIJIbKU TOYHO 1ICHTU(IKyBaTH (HEHKOBI HOBUHH, ajic i aJanTyBaTHCS 110
HOCTiIHO 3MIHIOBAHOTO 1H(OPMALIIIHOTO cepeoBuUIla, 3a0€3M1eUyI0UN AKTYalbHICTb Ta
e(eKTHBHICTH BUSBICHHS /e3iH(OPMAIlil B peaJbHOMY Jaci.

B mpoMy mocmimkeHHI TpencTaBieHa po3poOKa Ta aHaji3 HOBaTOPCHKOTO METOIY
Online Learning with Sliding Windows for Text Classifier Ensembles (OLTW-TEC), 1o
00’€IHy€ TIepeBar aJalTHBHOTO OHJIAWH HABYAHHS 3 JMHAMIYHUM KOB3HUM BIKHOM IS
aHCcaMOMIB Kiacu(iKaTopiB TEKCTy. METO € MiJBHIICHHS TOYHOCTI Ta aJalTHBHOCTI
B meHTmbmaun (heliKoBUX HOBHH, 30KpeMa B YKpATHCHKOMOBHOMY lH(l)OpMaHII/IHOMy
npoctopi. Lls pobora AKIIEHTY€ yBary Ha BaKJIMBOCTI PO3POOKH iHCTPYMEHTIB, 3MaTHUX
aJICKBATHO MPAIIOBATH 3 YHIKATBHUMH JIHT BICTHYHUMH Ta KyJIETYPHUMH OCOOTHBOCTSIMA
KOHKPETHHX MOBHUX TPYII, a TAKOK Ha HEOOX1MHOCTI 3a0€3MeUeHHs BUIKOT Ta aarTo-
BaHOT JI0 3MiH CUCTEMH Y BIJIITOBIJIb HA CTPIMKI 3MiHH B iHQOpMAIIiTHOMY MTOTOIT.

AHaJi3 gocaigxkeHb Ta myosikamiii. ABTopu poOOTH [3] MOCHTIKYIOTh 3B’ SI30K
MDK (DefiKOBUMU HOBMHAMH Ta IHHOBAIlISIMU, OPI€EHTOBAHHUMHU Ha CTaNiCTh, BKAa3yIOUU
Ha HEOOXiTHICTh PO3POOKH IIITICHOT KOHIIENTYaJIbHOI PAMKH JIJIs1 PO3YMIiHHS IIHOTO B3a-
€MO3B’5I3Ky. ABTOPH BU3HAYAIOTH KITFOYOBI TEOPETHYHI Ta IIPAKTHIHI HACIIIKH, 8 TAKOX
MPOTIOHYIOTH HAIIPSIMKU MaifOyTHIX TOCIIKEHB Y il Tamysi.

VY nocmipkeHHsX [4] Ta [5] mpoBOAATH OINISIOBI AOCIIDKCHHS, aHAIII3YIOUH Pi3HI
MIIXOIM JI0 BUSIBJICHHS (PeUKOBUX HOBHUH. Y [4] 30CepemKyIOThCS Ha BUKIIMKAX, TIOB’ sI-
3aHUX 3 HA0OPaMU JIaHUX, IPEICTABICHHSAM O3HAK Ta IHTErpaIli€l0 JaHUX, TOA1 SK B [5]
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PO3TIAAAI0Th aTprOyTH, OCOOIMBOCTI Ta METOM BUSIBICHHS (DEKOBHX HOBHH Y COIli-
aJBHUX MEPEKax, BKIIOUAIOYH JIIHIBICTHYHUH Ta CEMAHTUYHUHN aHaI3.

V nocnimpkeHHsax [6] Ta [7] yBara akleHTY€TbCSI HA BUKOPUCTAaHHI ITTMOOKOTO HaB-
JaHHs Ta TpahOBUX HEHPOHHNX MEPEX sl BUSABICHHS (eiikoBux HOBUH. Hu Ta criiBas-
TOPH PO3IVISIAIOTE Pi3HI MIX0N TTHOOKOTO HaBYaHHS, BKIFOUAIOYN KepoBaHe, cliabo-
KepOoBaHe Ta HEKepOBaHEe HABYAHHS, Ta aHAJI3YIOTb iX €()eKTUBHICTb HAa OCHOBI PI3HUX
HaOopiB ganux. Phan ta criiBaBTOpH 30CcepeaKyIOTHCS HA BUKOPUCTAHHI rpaOBUX HEil-
POHHHUX MEpEeX, BKa3yrOuH Ha 1X MOTCHIIA Ta BUKIMKH, TIOB’s3aHi 31 CTaHIapTH3AIlI€0
JIAaHUX Ta PO3POOKOIO CHEIiali30BaHOIO arapaTHOro 3a0e3nedeHHsl.

Hocmimkenast [8] BHCBITIIIOE BaKIUBICTh 0araTOKOHTEKCTYyaJbHOIO HaBYaHHS
y JOCTIDKeHHI Je3iH(opMarltii, BpaxoBylOUH pi3HI KOHTEKCTH, TaKi SK 3MICT, eMOIIii,
KOpPHUCTYBadi Ta iHIIi. ABTOPU NPOMOHYIOTh BCEOIYHMIA OIS HA 10 POOJIEMY, BKITIO-
a4yl BHKIIMKH, TIOB’s13aH1 3 0araToMOJaIbHICTIO KOHTCHTY Ta HEJOCTATHICTIO Mide-
HUX JaHuX. ABTOpH [9] TaKoX IMiJIKPECIIOIOTh HEOOXITHICTh THTEPAUCIUILTIHAPHOTO
MiIXO/y, BKJIIOYAIOUN aHAJi3 MEPEeK Ta MOBH, Uil PO3YMIHHS JMHAMIKH MOIIUPEHHS
(helikOBUX HOBHH Ta iX BIUIMBY.

V po6oti [10] gocmipKyeThes, SK JIFOAN BUCIIOBIIOIOTH CBOT MOYYTTS Ha Twitter mij
yac koHpikTy Mix Pociero Ta YipaiHoro. JlocnimkeHHs: Mae Bi LijIi: 30ip yHIKaIbHUX
JaHUX Ta BUKOPUCTAHHS MamIMHHOTO HaBdaHHS (ML) 11 kimacudikarii TBITIB 3a7I€XKHO
BiJl iX BIUTMBY Ha MOYyTTs Jirofeid. [lepia 1iib nmossrana y BUSBICHHI HAHOLIBII pesie-
BaHTHHX XCIITETiB, OB’ A3aHUX 3 KOH(IIKTOM, A7 3HAXOMKEHHS faracety. Jpyra b —
BUKOPUCTAHHS JIEKUTBKOX BioMHUX Mozeneid ML s rpymyBanHs TBiTiB. Excriepumen-
TaJIbHI PE3yJIBTAaTH MMOKa3aJIH, 110 OUIBIIICT Kiacu(ikatopiB ML MarOTh BHUIILY TOYHICTb
Ha 30a1aHcoBaHOMY HaOOpi naHKuX. OHAK PE3yJIbTaTH EKCIICPUMEHTIB 3 BUKOPHCTAHHIM
cTpareriid OaJlaHCyBaHHS JJAHUX HE 00OB’SI3KOBO BKa3yIOTh Ha Te, IO BCI KJIACH OYIyTh
IpalroBaTé Kpamie. ToMy Ba)ITHBO MiIKPECIUTH BaXKITHBICTh TOPIBHIHHS Ta KOHTPACTY-
BaHHS CTpaTeriii OallaHCYBaHH JaHUX, BUKOPUCTAHUX Y TOCTIKeHHIX SA Ta ML, Bkro-
Yaro4M OibIle Kiacu(ikaTopiB Ta MUPIIAH CIICKTP BUIIAIKIB BUKOPHUCTAHHSI.

VY pobori [11] aBTOpH po3pOOHIN HOBHIA METO]] BUSIBICHHS (DeHKOBUX HOBHH, SIKHI
BpaxoBYy€ KOHTEKCTYyaJ bHY CEMaHTHUYHY PEIPEe3eHTALlit0 JJIs aHami3y OararoMoaibHUX
JIAaHUX y comianbHuX Mepexax. Iler meton, HazBarmii CSFND (Contextual Semantic
representation learning for multimodal Fake News Detection), BKIItouae HEKEpOBaHUI
eTal HaB4YaHHS KOHTEKCTY Ul OTPUMAaHHS JIOKATbHUX KOHTEKCTYaIbHUX O3HAK HOBHH,
K1 TTOTIM MOETHYIOTHCS 3 TIOOATEHIMA CEMaHTHIHUMH O3HAKaMU JJIsl HaBYaHHS KOH-
TEKCTyaJIbHOI CEMaHTHYHOI pernpeseHTalii HOBUH. EkcriepuMeHTH Ha ABOX peaibHUX
OararomonanbHUX Habopax maHuX mokasand, mo CSFND 3HauHO nmepesepiye aecsThb
CYJacHHX METOJIB BUSBICHHS (PeHKOBUX HOBWH, MOKPAIIYIOUH CEPEIHIO TOUHICTH Ha
2,5% mopiBHSIHO 3 HAWKpANTUMU 0A30BUMH METOJIAMHU.

V nocnimpkenHi [12] aBropu po3poOwiM HOBY MOJAEH Uil BUSBICHHS (DEHKOBUX
HOBUH Ha COIliaJIbHUX MepeKaX, 3aCHOBaHY Ha KBAHTOBOMY 0araToMoJaabHOMY 3JTUTTI
(QMFND). Mogens QMFND inTerpye Buity4eHi 300pakeHHs Ta TEKCTOB1 O3HAKH, SIKi
MIPOXOAATh Yepe3 3alporOHOBaHY KBAaHTOBY 3rOpTKOBY HeipoHHY Mepexy (QCNN),
o0 oTpUMaTH JUCKpUMiHATHBHI pe3ynbratu. [lepeBipka QMFEND Ha nBox Habopax
JlaHuX colianbHuX Meaia, Gossip Ta Politifact, mokazana, 1o ii poayKTHUBHICTH JIOPiB-
HIOE 200 HaBITH NEPEBHUINY€E MPOTYKTUBHICTH KIacHUHUX Mozpeinel. Kpim toro, Oymo
JOCIIKEHO BIUIHB pi3HKX napaMeTpiB. QCNN BusBHIIACS HE TUTBKU BUCOKOBHPA3HOIO
Ta 37aTHOIO JI0 3aIUTyTYBaHHs, aje i CTINKOI O KBAHTOBOTO LIYMY.

VY poboti [13] po3misimaeTbest mpoOiema BUsiBICHHS (DEHKOBUX HOBHH Ha COIiaJIb-
HUX Mepekax. ABTOPH IIPOMOHYIOTh HOBHHU MJXiJ, SKUH BPAaXOBYE CXOXKICTH TyMOK
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KOPHCTYBadJiB, aHANI3YIOYN {XHI MO3UIIT IIOJ0 HOBUHHMX CTaTei Ta B3a€MOJIl B TOCTaXx.
BukopucroByroun Mepexy TpadoBUX TpaHCHOpMEpPIB, METOIl OIHOYACHO BHIIYYAE IVIO-
OasbHYy CTPYKTYpHY iH(OpMAIliI0 Ta B3a€MOIl CXOKHMX MO3UIiA. MeTton OyB OLlIHEHHI
Ha CriemiaibHO 3i0paHux fAanux 3 Twitter Ta Ha maraceti FibVID, nemoHcTpyroun 3HauHe
TIOKPAIICHHS Y TIOPIBHSHHI 3 TPaIUII THUMH METOIAMH, BKITFOYAI0UH HAWCYYACHIII METOIH.

YV nocmimxenni [14] posmisgaerbes mpobiema BUSIBICHHS (DEMKOBUX HOBHH
Yy MYJIBTUMOJAJIbHUX JaHUX. ABTOPH BKa3ylOTh Ha BUKIHMKH, TMOB’S3aHI y CHITLHOMY
aHaJTi31 BHYTPIITHHOMOJAILHUX Ta MIKMOJAIBHUX KOPEJNSAIIA MK 300pakKCHHSIMH Ta
TEeKCTaMM, a TaKoXK Ha HEOOXiIHICTh OBl MIMOOKOTO aHalidy iepapxiuHoi ceMaH-
TUKA TEeKCTy. J{7Isl BUpILIEHHS UX MPOOJEM MPOMOHYEThCS MYJIBTHMOJANbHA MepeKa
3 ypaxyBaHHsIM B3aemo3B’si3kiB (MRAN) [[Multi-scale Residual Attention Network
(MRAN) — Mynsrumaciitabna mepexxa 3anuikoBoi yBaru (MRAN) 1], sika Birodae
B cebe Kinbka eTamiB 00poOku. CrouaTky BHKOPHCTOBYETHCSI OaraTopiBHEBa Mepexka
KOIyBaHHS ISl BUTYUCHHSI CEMAaHTHYHHX O0COOIMBOCTEH TEKCTy, a Takok VGG19 mist
BUJTYYEHHS Bi3yaJlbHHUX XapakTepUCTUK. [[0TIM BUKOPHCTOBYETHCS MEpEKa 3aJIMIIKOBOT
yBary, sika OOYHCITIOE CXOXKICTh MK CerMEHTaMU iH(opMarlii B MexaxX MOIAIbHOCTEH
Ta MDX MOAaJIbHOCTSAIME. Hapemri, oTprMaHi XapakTepUCTUKH MEPENaloThCsl B JETCK-
Top (elKoBUX HOBHMH. EKCIIEpUMMEHTH Ha TPhOX JaTaceTax IMoka3anu e(eKTUBHICTbH
MRAN, migkpeciIrorodn Horo CHIbHY MPOAYKTUBHICT Y BUSBICHHI ()eHKOBUX HOBHH.

PoGora [15] mpornoHye riOpuaHUI MiXija, SKUH TOEAHYE c1ab0KepOoBaHe HAaBYaHHS
Ta TNIMOOKE HaBYaHHS JUIs BUSBJIICHHS (PEHKOBUX HOBHH Y COIlialbHUX Mepexax. Jloci-
JUKEHHS 30CEPE/DKY€ETHCSI Ha BUKOPHCTaHHI METOAIB MAIIMHHOTO HABYAHHS, TAKHUX SK
SVM, mns aHOTawii BEMHKUX 00CATIB HEPO3MIUCHUX JaHUX, & TAKOXK HA 3aCTOCYBaHHI
IMOOKMX HaBYAIbHUX TeXHiK, Takux sk Bi-LSTM ta Bi-GRU, ans knacudikanii geii-
KOBHX HOBWH. ABTOpH BUKOpUCTOBYIOTh TF-IDF Ta Count Vectorizer uis BUITy4YeHHs
O3HaK 3 TEKCTOBHX JaHUX. EKCIeprMEHTaNbHI pe3ylbTaTd MOKa3yloTh, IO 3alpOIio-
HOBaHWH MiAXiJ H0OCSATa€ BUCOKOI TOUHOCTI Y BUSIBICHHI (DEKOBUX HOBHH, IO POOUTH
Horo e()eKTUBHUM IHCTPYMEHTOM Y O0pOTHOI 3 Ae31H(POPMAIIIE0 B IHTEPHETI.

Jocnimkennst [16] BBOAWTH KOHIEHIIIO «BOPOTAPIBY» Y COIIATBHUX MEPEKaX IS
BUSIBIICHHA (peifkoBUX HOBHMH. BopoTapi — 1ie akTHBHI KOpPHCTYBaui, siki 6epyTh y4acTb
y MOIIMPEHHI HOBUH. Jl0CTIDKSHHS IPOTIOHY€E MOJIEIh ITOBEIIHKKA BOPOTApiB HA OCHOBI
pekypenTHoi HelipoHHoi Mepexi (RNN), 1o BkiIrouae HaBYaHHS MOJIEJIi Ta BHUSIBICHHS
(eiixoBuX HOBHH. MeTox 31aTHNUI BUSBIATH (DeiiKOBI HOBUHH B peaIbHOMY 4aci, BUKO-
puctoByroun nani 3 Twitter Ta Weibo. ExcriepuMeHTanbHi pe3yiabTaTH OKa3yTh, 110
oauHMLA noBTOproBaHoro Boporaps (GRU) ngocsrae HaliKpalioro 3arajbHOTO pe3yib-
TaTy. 3anponoHOBAaHUN METOJ MEpEeBEpIIye ACKIIbKAa CYyJaCHUX MiIXOMIB, IEMOHCTPY-
10uM €(DEKTUBHICTD y PaHHIX Ta CEPEIHIX CTalisAX MOIIUPESHHS HOBUH.

V pobori [17] po3miisiiaeThes 3a1a4a aBToMaTU3allii BUSBIEHHST ()eHKOBHX HOBHUH Ta
nepeBipky (akTiB I 3aXiTHOCIOB’ THCBKUX MOB, 30KpeMa Il YeChKOi, TIOJIBCHKOT Ta
CIIOBAIIBKO1. ABTOPH ITPEACTABISIOTH HAOOPH JaHUX VIS IIMX MOB Ta MPOBOMISATH [TOYAT-
KOB1 €KCIIEPUMEHTH, SIKi BCTAHOBIIIOIOTh 0a30BUM PiBeHb JUIS MOAAJIBIINX JOCHTIIKEHb
y wi#t ramysi. Bonn BukopucToByIoTh 10-KpaTHY KpOcC-Bajigamiio IS OIIHKHU sIK 30a-
JIAHCOBAHMX, TaK 1 He30aJaHCOBAaHMX HAOOPIB JIAHHUX, a TAKOXK MPOBOASTH OiHApPHI eKC-
nepumenTu ymmie 3 knacamu «[TPABJIA» ta «HETTPAB/IA». B sikocTi BXiTHUX JaHUX
JUI KJacugikaropa BHKOPHCTOBYIOTHCS TEKCT TBEPKEHHS a00 TEKCT TBEPIKCHHS,
JOTIOBHEHH TEKCTOM OOTPYHTYBAaHHSI.

V nocnimxenHi [18] nocnimpkyerbes epeKTUBHICTE BUKOPUCTAHHS. METOAY 3BOPOT-
Horo niepeknany (Back Translation, BT) 3 BukopuctanHsm TpanchopMepHUX Moenen
UL TIOKPAIICHHS BHSBICHHS (PEUKOBUX HOBHH PYMYHCBHKOIO MOBOIO. JlOCTiKEHHS
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6asyerncst Ha manux 3 Factual.ro, e moneni 3 BT nmokazanu kpari pe3ynsTaTy 3a To4-
HICTIO, IPENU3IHHICTIO, BIITYKOM, OIiHKOI0 F1 Ta AUC nopiBHSHO 3 MOJIEIISIMH, HaBYC-
HUMH Ha OpHTiHaIbHOMY HaOopi nanux. Bukopucranus mBART mns BT 3 ¢paniy3s-
KOO SIK IIIJTbOBOKO MOBOIO TOKPAIIMIO MPOAYKTHBHICTE Mojeni nopiBHsIHO 3 Google
Translate. Haiikparie cepen TectoBaHux Mojeiel mokasanu cede Kimacudikarop Exc-
Tpa Hepes ta Kitacudikarop Bunankosux Jlici. Pe3dynbratu cBi4arh mpo MOTEHIial
Bukopuctanus BT 3 tpanchopmepuumu MomemsiMu, TakuMu sik mBART, mmst migsu-
IICHHS €()EKTUBHOCTI BUSIBIICHHS (DEHKOBUX HOBHH.

YV poborti [19] nocnimkyerbest mpobaemMa BU3HAYEHHST JOCTOBIPHOCTI iH(OpMaIii,
0COOIHBO B KOHTEKCTI COIIaJIbHUX 3aBOPYIIECHB Ta BKIIMBUX MOAIN, TAKUX K BHOOPH
npe3unenTa CIIA ta Bropraenns Pocii B Ykpainy. ABTOpH po3nIsSIat0Th ¢(PEeKTHBHICTh
BUKOPUCTAHHS HEHPOHHUX MEPEXK JJIsl BUSBICHHS (PeUKOBUX HOBUH. [1JIs1 TiIBUILICHHS
TOYHOCTI KiacHu(ikarlii Oyll0 CTBOPEHO aJTOPUTM IONEPEAHBOI OOpOOKH MaHHX Ha
OCHOBI OCHOBHHUX MPHHIIMIIIB 00POOKH MPUPOTHOT MOBU. B pe3ynbrari HOCHTiIKSHHS
Oynu BUSIBIICHI MOBHI 1a0JIOHH (heHKOBUX HOBHUH, SIKi CTaJIM OCHOBOIO JIJIs TOTIEPETHBOT
00poOkn mannx. OnrcaHo 0COOIMBOCTI KOHBONIIOIIHNX Ta PEKYPEHTHUX HEHPOHHUX
Mepex Ta iX Momudikaiii Jjs aHajgi3y TEeKCTOBHX JaHWX. [ TOPIBHSIHHS MEBHUX
Mojeneit Oyno oOpaHo HaOlp NMOKAa3HMKIB, IO XapaKTEepPHU3YIOTh €(PEeKTUBHICThH ajro-
putMmiB. TounicTs knacugikamii nux mMoneneit Oyna nepeBipeHa Ha JaHUX, OB’ SI3aHAX
3 Bubopamu npesunaenta CIIA ta MacmTaOHIM BTOPTHEHHSIM pOCICHKOT (hemepartii Ha
TepUTOpit0 YKpaiHu.

Ha ocHOBI aHamizy cydacHHMX JIOCIHI/DKEHb y Tay3i BUSBICHHS Je3iHdopmariii,
MOYKHA 3pOOUTH BUCHOBOK, IO 1CHYFOU1 MIIXOIH 3HAYHOK MipOI0 KOHIIEHTPYIOTHCS Ha
aHMIiChKIN Ta KUTaChKiN MOBaxX, 1 HE HAAAIOTh JOCTATHHOTO PiBHSI yBaru yKpaitHChKil
MoBi. Le Bka3ye Ha BIJICYTHICTh CIIelliali30BaHuX HAOOPIB JaHUX Ta MOJEICH, sIKi Oyin
0 ajanToBaHi 10 0COOTMBOCTEH YKPATHCHKOT MOBH. Y 3B’SI3KY 3 I[M, PO3POOIICHO ITiIXi1]1
"Online Learning with Sliding Windows for Text Classifier Ensembles" (OLTW-TEC),
SKUH CIPSIMOBaHMWN Ha CTBOPEHHS KOMIICKCHOTO METOAY JUIsl BHSIBICHHS Ae3iHdop-
Marii B yKpailHCbKOMOBHOMY KOHTEHTi. MeTox BKJIIOUae eTamnu 300py Ta MOmepeaHboi
00poOKHM JaHMX, aHaJli3y TOHAIBHOCTI, MOl Ta BEKTOPHU3AIlil TEKCTY, IO A€ 3MOTY
ruoIIe aHATI3YBaTH Ta e()EKTUBHIIIE BUSBIATH (PSHKOBI HOBUHH, CIIUPAIOYUCH HA YHi-
KaJIbH1 JIHIBICTUYHI Ta KYJIBTYPHI 0COOIMBOCTI YKPaiHChKOT MOBH.

MeTo10 po6OTH € MiBUIICHHS TOYHOCTI Ta aJaNTHBHOCTI B i1eHTH]iKaMii peiiko-
BHX HOBHH, 30KpeMa B YKpaiHCBKOMOBHOMY 1H()OpMAIIHHOMY TIPOCTOPI.

g jocArHeHHs: MeTH HEeOOX1AHO BUKOHATH TaKi 3a/aui:

— IIpoanani3zyBaru iCHyIOUHH CTaH CIpaB y BH3HAUCHHI (eiKkoBO1 iH(OpMAIIT;

— Ouinntu edexrusHicts MeTonry OLTW-TEC;

— IpoanamnizyBaru HaniiiHicTh OLTW-TEC sik iHCTpyMeHTY aiist GinpTpaiii iHdop-
Marlii 3a TOIIOMOTOI0 MaTPHIIi TOMHJIOK;

— ExcnepumenTtansHO BHOpaTH po3Mip «KOB3HOTO BiKHA», IOO HalaTH METOMLY
JIOJIATKOBY THYYKICTh 1 TOYHICTb.

Bukian ocHoBHoro marepiaay. [IpencraBumo BaockoHanieHHs aHcamOmoo [20]
aJIaNTUBHUX MPEAUKTOPIB 6AaraTOBUMIPHUX HECTAIIOHAPHUX IOCHTIJOBHOCTEH Ta Horo
OHJIAIiH HaBYaHHS, CIIPSIMOBAHE HA IIJBUINCHHS ¢(EKTHBHOCTI B KOHTEKCTI Kiacui-
Kauii Texcty. Lle mocsAraeTscs IUISIXOM iHTerpauii nepeaoBux MeTOAIB 00poOKH MpH-
POZAHOT MOBM Ta aJaNTUBHUX AJITOPUTMIB HaBYaHHS. 30KpeMa, BUKOPHCTOBYIOTHCS
BEKTOPHI XapaKTEPUCTUKH TEKCTOBHX JOKYMCHTIB, SKi ONTUMAJIbHO OOpaHi JUIS Bij-
MOBITHOT 3aj1aui, SIKi CITY’KaTh BXITHUMU JJAHUMU ]ISl aHCAaMOITI0 MOJIeel Kiacudika-
1ii. OnTuMizalis Bar Hux Mojeliei B aHcaMOIli BAKOHYETHCS 38 JIOTIOMOTOI0 aJITOPUTMY
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Adam. BaxnuBuUM acmeKTOM BJOCKOHAJICHHS € BIPOBAKEHHS METOHY ''KOB3HOTO
BikHA", SKMii 3a0e31euye alanTHBHICTh MPEJAUKTOPIB A0 3MIiH y JaHuX. Takuil miaxin
Jae 3MOry 3a0e3MeYnTH BHCOKY TOYHICTh Ta aJalTHBHICTh MOCTCH Y AMHAMIYHHX
yMOBaxX OHJIAH HaBYAHHSI.

Beenemo y posmran ancamOib Moxenelt i knacugikanii TeKCTy MB,..,MP,,..,MR,,
KOXHA 3 SIKUX 0OpoOIisi€e BEKTOPHI XapaKTEPUCTUKU TEKCTOBOIO TOKYMEHTY, OTPH-
MaHi 3a JIONOMOTOI0 Mojeni BekTopu3arii. li XapakTepucTUKH MPEACTaBISIOTHCS SIK
x(1) = (x,(2),...,x;(0)" st 7=1,2,..., T . Oniinka, 110 3’ ABISETHCSA HA BUXOLl KOXKHOTO 3 UJie-
HiB aHcaMOmmo, Oyae mo3Hadatucs K X;(r) and h, =1,2,...h, 1e KoxkHa fc]—(r) BioOpa-
JKa€ OLIHKY KJIacy JUis BiAMOBIIHOTO JOKYMEHTY. Y SIKOCTI YICHIB aHCAMOIIO MOXKYTh
BUKOPUCTOBYBATHCS K TPAJAMIIAHI MOJEIN KIacH(iKaIlil TeKCTy, Taki sIK JOTiCTHYHA
perpecis a0o SVM, Tak i ckiaaHiIi HEHPOHHI MEPEexki, BKITIOUAIOYH PEKYPEHTHI MEPEexKi
Ta IOOKI HaBYaNIbHI cTpykTypH Ha KTanT LSTM abo tpanchopmepis.

Ouinkn X;(r) BiJ KOXKHOI Moneii aHCaMOJII0 HaaXOIATh Ha BXIX METaMOZIENi, SKa
(hopmye 00’ eqHaHMIA TIPOrHO3 Kiacudikarii Tekcty. [Iporao3 MmeramMmoneni npencTapis-
€THCS Y BUIVISI

h
x*(7)= chij () =x(7)c,
j=1

e (CuensCirny)’ € BEKTOPOM Bar, IO BHW3HAYa€ BHECOK KOXKHOI OKpEeMOi Mojerni
B aHcaMoOIIi.

Marpuns X(7) = (%,(7),..., %;(7),....%,(7)) copMoBaHa 3 OLIHOK KIacis, sIKi reHepy-
IOTHCSI KOKHOKO MOJIeIITHO. [TapameTpu MeTamMozierti 3a10BOJIBHSIOTh YMOBI HE3MIIIEHO-

CTi: .
ch =c'E, =1,
j=1

i€ E, — BEKTOP, YTBOPEHUI OMHUIAMH. Baru ¢ miuialroBylOThCsl TAKUM YHHOM, 1100
ONITUMI3YBATH 3arajbHy TOUHICTH KJIACH(IKAIlIl MeTaMOIelIi.

J1s1 BU3HAYCHHS ONITUMAJIBHUX TTApaMETPiB METaMo el (BEKTOp Bar € ), 3aCTOCOBY-
€TbCSI ONTUMI3aIiiHNI anroputm Adam, anpTepHaTHBA TPaJULIHHIM METOAM, TAKHM
K HEBU3HaYeHi MHOXXHHKHM Jlarpanska. OyHKIs BTPAT) [(c), IO MiHIMi3y€ThCs, BU3HA-
4aeThCs SK CyMa KBAaIpaTiB Pi3HHII MK iCTHHHUMH KJIacaMH 1 IIPOrHO3aMU METaMo-
Jeni: .
L(c)= Zl ()~ %),

ne x(r) mpeacTaBise ICTHHHI MITKH KinaciB. MiHimizamis gyHKIii BTpar ¢ 3a Jomomo-
roro Adam e(eKTHBHO HAJAIITOBYE BAard c, IO 3a0e3Iedye ONTUMaNbHe 00’ €THAaHHSA
MIPOTHO31B BiJ] Pi3HUX MOZENeH aHcaMOIIo /Ui TOCATHEHHS! BUCOKOI TOUHOCTI Kiacui-
Karii.

V Bunaaky 3MiHHHX y 4Yaci a00 HeCTalliOHApHUX TEKCTOBHX JaHUX, C(EKTHB-
HICTb MeTaMojeli Moxe OyTH MiABMIIEHA 3a JOMOMOTOI METOAY "KOB3HOTO BiKHA'".
Le#t meTo mependOayae OHOBICHHS IMapaMeTpiB METaMOJIeIi, BUKOPHCTOBYFOUH JIUIIIC
OCTaHHI § CIIOCTEPEIKEHD (TCKCTOBI/IX L[OKyMeHTiB) Big x(T-s+1) mo x(7). Komu Hag-
XOIUTh HOBE crioctepexerns x(7+1), HaﬁCTapime CIIOCTEPEIKCHHS Y «BIKHI» BHIAIS-
€TBCS, 1 OLIIHKA TPOBO/IUTHCS Ha OCHOBI JlaHuX BiJl x(T — s+2) 10 x(T +1). Takuii miaxiz
Jae 3MOTy MeTaMozeii OyTH OUTBII aJalTUBHOIO A0 3MiH y IaTepHaxX NaHUX Ta Iif-
BHUIIIY€E 11 3AaTHICTH IO MPOTHO3YBAHHS HA OCHOBI aKTyalbHOI iH(OpMaIlii, 0cCOOIHBO
B CUTYAIIisIX, KOJIM TEKCTOBI JIaH1 BiI3HAYAIOTHCSI BUCOKOKO TUHAMIYHICTIO 200 HEecTaIli-
OHAPHICTIO.

Bubip onTumManbHOrO poO3Mipy «KOB3HOTO BiKHA» S§ € BOXKIUBUM IS JOCAT-
HEHHsI HAaBUINOT TOYHOCTI Kiacudikalii B ancamOii Mmetamozeneit. Lleit Bubip gacto
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0a3yeThCs HA EeMITIPHYHUX MipKyBaHHSIX, OCKIIBKY allpiopHi 3HAHHS PO IPUPOY 3MiH
Yy TEKCTOBHUX JAHUX MOXYTh OyTH OOMEXCHUMH. Y CIICHAPIsIX, A€ Pi3HI pO3MIpH «KOB-
3HOTO BiKHa» MOXYTh OyTH ONTHMATbHUMH JJIsI PI3HUX TUIIIB TEKCTOBHX JAHUX, CPEK-
THUBHUM IIiJIXOIOM € CTBOPEHHS Ha0OpYy MeTaMoJieNiel, KOKHa 3 SIKUX MoOy/0BaHa JUIst
TIEBHOTO PO3Mipy BiKHA.

g BU3HaYeHHA HalKpaloi MeTaMmoieli Moxe OyTH 3aCTOCOBaHa METaMOJEIb JIPY-
TOTO piBHS, SIKA OI[IHIOE Ta 00Mpae HAMOLIBII ePeKTUBHY METaMOIeIb Ha OCHOBI 11 IIpo-
JYKTHBHOCTI Ha BCiM HaBUaNbHIM BUOIpI. Takuil miaxiJ J1a€ MOXIIMBICTh TUHAMIYHO
aJIanITyBaTHCS JI0 3MiH Y TEKCTOBHX JJAHUX Ta BUOMpPATH HAWKpAIIMid MeTO Kiacudika-
11i1 3aJI€)KHO BiJ] KOHKPETHOTO KOHTEKCTY.

Jlai mpesicTaBIeHO po3pOOICHUI KOMITTICKCHUIA METOJ JIUIsl BUSIBIICHHS Je31H(pOp-
Marlii, Bij 300py Ta monepeaHbro0i 00poOKH JaHUX JI0 aHaJi3y TOHAJIBLHOCTI, EMOIli Ta
BEKTOpH3aIlil TeKCTy. MeTo BKITtoUae B cebe 3aCTOCYBaHHS MEPEIOBUX TEXHIK MAITHH-
HOTO HAaBYAaHHS Ta HEHPOHHUX MEpeX, 3a0e3Meuyrour IIHOOKHWH aHaji3 TeKCTOBUX
JaHUX Ta eeKTUBHE BUsBICHHS (pelikoBux HOBUH. Ha puc. 1 mpeacraBieHo CTpyKTypy
3aIPOIIOHOBAHOTO METOAY Y BUITISA/I CYKyITHOCTI HACTYITHHUX KPOKiB:

Kpox 1. 36ip nanux (Ook 1). 30ip TaHUX € KPUTHYHO BXKIMBUM €TAIIOM B IIPOIIECi
po3poOKku MeTony Ut BUABIEHHA Ae3iHpopmanii. [IpaBunbHO 310paHi Ta CTPYKTYpO-
BaHi J1aHi 1Aal0Th MOXIIUBICTh €()eKTHBHO TPEHYBATH MOJEI MAITMHHOTO HABYAHHS Ta
MPOBOIUTH aHATITUKY. PO3IIITHEMO NeTa bHIMINN OIHC IIBOTO KPOKY:

1.1. 36ip TEeKCTOBUX JaHUX.

1.1.1. Buznauenns mxepen. Busznauenns JUKeper I 360py IAHUX € BaXKJIUBUM
3aBIaHHSIM. I[;Kepena MOXYTh BKIIFOUATH HOBHHHI ITOPTAJIH, COIIAIbHI MEepexi, ONOTH,
¢opymu Ta iHm TiIatdopMu, A€ KOPUCTYBaui MOXYThb IyOnlikyBaTH a0o0 IiMHUTHCS
iH(opMalIi€ro.

1.1.2. ABromaru3zanis 300py nanux [18]. Po3poOka ckpuntiB ab0 BHUKOPHUCTAHHS
ICHYIOUMX IHCTPYMEHTIB /Ul aBTOMAaTUYHOIO 300py JaHUX MOXKE BKJIIOYATH BeO-CKpa-
miHT, API 3amuTy 10 comianbHUX Mepexk TOIIO.

1.1.3. dinprparnis Ta Bamgaris. [Ipomec ¢inprparii Ta Bamigarii JaHuxX s 3a0e3-
IIEYEHH 1X SIKOCTI Ta BIAIIOBIIHOCTI BUMOraM JOCIIIIKEHHS.

1.2. 36ip MeTagaHuX.

1.2.1. Iadopmaris mpo aBTopiB. 30ip JaHUX PO ABTOPIB TEKCTIB MOXKE BKIIOUATH
iHpopMmartiro npo ixHi mpodini, icropito myOmikariif, KiITbKICTh MiANMUCHUKIB Ta iHIII
COIliaIbHI MMOKA3HUKH, K1 MOXKYTh OyTH KOPUCHHMH JIJISl aHATI3Y.

1.2.2. Tndpopmarist mpo mxepena. 36ip iHGopMaIii mpo mKepena TEKCTIB, TAKUX K
URL, nara myOmnikariii, KiTbKIiCTh IEPENNISA/IIB, TaliKiB, KOMCHTApiB Ta 1HII MOKA3HUKH,
SIK1 MOXKYTh OyTH B2XKITMBUMH JUTSI aHATI3Y KOHTEKCTY Ta IMOMYJIIPHOCTI TyOTiKaIii.

1.2.3. CrpykrypyBanHs MeTafganux. Opranizaiis 310paHUX METaJlaHuX y CTPYKTY-
poBaHi 0a3u JaHMUX JJIs JIETKOTO JJOCTYITY Ta aHAIIi3y B HACTYITHUX eTanax JOCIiPKEeHHSL.

Kpox 2. Tlonepenns o0poOka janux (Onok 2). IMomepenHs o0poOka naHux € ¢hyH-
JAMEHTaJbHUM €TaroM Yy Tpolleci aHaizy TeKcToBoi iHpopmauii. Llel kpok BKiIrOUae
B ceOe pi3HOMAHITHI TEXHIKM Ta METOAH, SKi JOMOMAaraioTh MiATOTYBAaTH 310paHi JaHi
JUTSI TTOJAITIIIOTO aHaii3y. Ock OUTBI JeTalli30BaHHI OIUC IIOTO KpOKy [21, 22]:

2.1. Tokenizauis [23]. IIpouec po30UTTS TEKCTY Ha OKpeMi CI0Ba, (ppa3u, CUMBOIH
a0o0 1HII 3HAYYII eJIEMEHTH, SKi Ha3UBAIOThCA TOKeHaMu. lle jomomarae y monanb-
IIOMY aHaJli3i Ta 00pOoOIli TEKCTY.

2.2. Creminr [24]. Ilponec Bunanenus cydikcis, npedikciB Ta iH(pIKCIB 31 CIiB s
MOBEPHEHHS iX J10 IXHBOI OCHOBH. Lle moserirye BUsBICHHs CITIJIBHUX TEM Ta IMaTePHIB
Y TEKCTI.
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2.3. TeryBanusa uacTuH MoBU. IIpouiec BU3HAYE€HHs YaCTUH MOBHU KOXKHOIO CJIOBA
Y TEKCTi, 0 MOYKe OyTH KOPHCHUM JJIs1 CHHTaKCHYHOTO aHaJIi3y Ta BU3HAYCHHS CEMaH-
TUYHUX BIZIHOCHH MIX CJIOBaMH.

2.4. PosmiznaBanHsi iMmeHoBaHuX cyTHocTeil (Named Entity Recognition). BuzHa-
YeHHs Ta Kiacudikaiis iMEHOBaHUX CYTHOCTEH y TEKCTi, TAKUX SK iMEeHa oci0, opraHi-
3aIliid, MICIIE3HAXOMKCHB TOIIIO.

Kpox 3. Bexropuzariisi Tekcty (61ok 3). Bekropuzallisi TEKCTy € BaXKITMBHUM €TarioM,
SIKAH TIEPETBOPIOE TEKCTORI J]aH1 B YMCIIOBHI (hopMaT, 3pydHUH Ui aHasi3y Ta 00pOOKH
3a IONIOMOIOI0 METOIIB MallIMHHOTO HaB4aHHs [24]. Po3misiHeMo AeTanbHile el nporec:

3.1. Bubip mMeTony BekTopH3arii.

3.1.1. Word2Vec [25]. Mopneib HaB4a€e BEKTOPHI MPEJICTABICHHS CIIIB Yy 0araroBH-
MIpHOMY NMPOCTOPI TAKUM YHHOM, IO CJIOBA, AKi YacTO 3yCTPI4alOThCS pa3oM, MalOTh
ONM3bKi BEKTOPHI MPEICTABICHHS.

3.1.2. GloVe. [Hmwmii miaxix 10 BEKTOPHU3AIIl CIIiB, SKHI BUKOPUCTOBYE SK JIOKAJb-
HUIA, TaK i IO0ATBPHUN CTATUCTHYHUI aHAi3 KOPITYCY TEKCTY JJIsl BU3HAYCHHS BEKTOP-
HUX TIPEJCTABICHb CIB.

3.1.3. BERT. Cy4acHa Mozeb, sika BUKOPACTOBYE MEXaHi3M yBaru Ui BU3HAYCHHSI
BiTHOCHH M1 CIIOBAMH B TEKCTI 1 MOX€E BUMTH INIMOOKI KOHTEKCTHI IIPECTaBICHHS CIIiB.

3.2. [Ipornec BekTOpHU3allii.

3.2.1. TpenyBanHs abo 3aBaHTaKCHHS Mopeield. Mozeni MOKHA HAaTpEHyBaTd Ha
JaHuX a00 BUKOPUCTATH MONEPEHBO HaTPEHOBaH1 MOJEI JIJIsl BEKTOPHU3allil TEKCTY.

3.2.2. IleperBopeHHs TEKCTYy. 3aCTOCYBaHHS BHOPAaHOT MOJEINi JUIsl TIEPETBOPCHHS
KO)KHOTO CJIOBA B TEKCTI B BEKTOPHI IIPEICTABICHHS.

3.3. Ilo6ynoBa BEKTOPHUX MPECTABICHb.

3.3.1. Bekropmzamist ciiB. OTpUMaHHS BEKTOPHHX TIPEACTABICHb JIsi KOXKHOTO
OKpPEMOTO CJIOBA B TEKCTI.

3.3.2. Bexropusanis TeKCTiB. Arperarisi BEKTOPHUX NPEACTABICHb CIiB AJS OTPU-
MaHHsI BEKTOPHHX IPEJCTABICHb IIUIMX TEKCTiB. Lle MOKHA 3pOOHUTH 3a JIOTIOMOTOIO
yCepeHEHHs, CyMyBaHHs a00 1HIINX METOJIIB arperartii.

Kpox 4. Anani3 ToHanmpHOCTI Ta emouii (0sok 4). AHali3 TOHAJIBHOCTI Ta eMOIlii
€ KJIFOYOBHM JUIS PO3YMIHHS HACTPOIO Ta BIATIHKIB, SIKI MICTATBCS Y TEKCTOBUX JIaHUX.
Lle MOke TOTTOMOTTH BU3HAYUTH, YU € TEKCT ITO3UTHBHUM, HETATHBHUM, 00 HEHTPab-
HHUM, & TaKOXK BHSIBUTH MOXIIMBI €MOLIHI BIATYKH, SIKI MOXYTh OyTH acolliffoBaHi
3 nesindopmariiero. Po3missHeMO OUTBIIT JeTaTbHUIA OIHC IIHOTO KPOKY:

4.1. Bubip moneneii ananizy TOHaJIbHOCTI Ta eMoii [26].

4.1.2. ToroBi mopeni. IcHye Gararto monepeHbO HATPEHOBAHUX MOJICJICH ISl aHa-
T3y TOHAJIBHOCTI Ta eMolliil, Takux sk VADER, TextBlob, abo moneni, 3acHoBaHiI Ha
BERT Ta iHmux rmudokux HeﬁpOHHHX Mepexax.

4.1.3. KactomizoBaHi Moziei. 3a1eXKHO BiJl KOHKPETHOTO BUNAJIKY, MO3KE 6yT1/1 KOpHC-
HUM PO3pOOUTH Ta HATPCHYBATH BJTACHI MOJIETI Ha crielM(IYHNX IS 3a0a91 JaHUX.

4.2. AHani3 TOHAJIbHOCTI.

4.2.1. O0uncneHHs TOHATBHOCTI. 3aCTOCYBaHHS MOJIEJICH JIsi BA3HAYCHHS TOHAIb-
HOCTI KO)KHOTO TEKCTY, IO Ta€ 3MOT'Y BU3HAYHUTH, U € TEKCT IIO3UTHBHIAM, HETaTHBHUM,
a00 HeUTpalbHUM.

4.2.2. lateprperarttist pe3yabTaTiB. AHaNI3 Pe3yabTaTiB ISl BU3HAUCHHS 3arajIbHOTO
HACTPOIO JTAHUX Ta iMeHTU(DIKAIIT MOXKIIMBUX aHOMAJTii a00 3pa3KiB.

4.3. AHani3 emouiil.

4.3.1. OOuucneHHsT eMOIIIHOTO BiTIHKY. 3aCTOCYBaHHS MOJENICH Jjisi BU3HAYCHHS
EMOITIITHOTO BiJITIHKY TEKCTY, TAKOTO SIK PaliCTh, CMyTOK, THIB, 3UBYBaHHS, CTPax, TOIIIO.
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4.3.1. Inrepnperarniis pe3yJibTariB. AHalli3 OTPUMAHUX EMOIIMHUX BIiATIHKIB IS
BU3HAYCHHS, SK eMOIlil MOXKYTh OyTH IOB’s3aHi 3 Je3iH(opMalliero Ta sk X MOXHA
BUKOPHUCTATH JUISI TOJAJIBLIOTO aHATI3Y.

Kpox 5. HapyaHHS METOIOM OHJIAifH HABYAHHS 3 «KOB3HMM BIKHOM» JUIA aHCamOIliB
TeKCcTOBMX KiacupikaropiB (Omok 5). Lleir kpok (okycyeTbess Ha po3poOIli Ta HaBYaHHI
Moyieni KiacuQikaliii, sska Mo)ke BUSIBIATH (PeHKOBY iH(POpPMALIiI0 Ha OCHOBI aHai3y TEKCTY
Ta IHIIUX BUSBICHUX O3HAaK. JleTabHUI OIUC IIBOTO KPOKY BUIIISIAE HACTYITHHM YHHOM:

5.1. CTBOpeHHsI Ta HABYaHHS aHCAMOITIO MoJiesIel

5.1.1. CtBopenHs ancaM0OI1t0 Mojiened: Bubip Ta cTBOpeHHS pi3HUX MOJieNel KilacH-
(hikanii (Hampukiam, gorictuuHa perpecist, SVM, LSTM, tparcdopmepn).

5.1.2. Hapuannst moneneii: Koxkaa Moziens HaB4a€ThCS OKPEMO Ha BEKTOPU30BAHUX
TEKCTOBUX JaHHX.

5.1.3. ®opmyBaHHs MeTamozelni: Bukopuctanus anroputmy, Takoro sk Adam, mist
OnTHMI3allii Bar Mojiesiel y ancamOi, 3a0e3Meuyroun Kpally iHTerpalio Ta Buoip mpo-
THO31B BiJl KO)KHOT MOJIEI.

5.2. BripoBajpkeHHsI METOY «KOB3HOTO BiKHA» JJIsl OHJIAH-HaBYaHHS

5.2.1. ImmemeHTaIist «KOB3HOTO BiKHA»: BCTaHOBICHHS po3Mipy «KOB3HOTO BiKHA)
JUIsE BUOOPY OCTaHHIX TEKCTOBHX MOKYMEHTIB, IIO OyIyTh BUKOPHUCTOBYBATHUCS IS
[IOCTIHOTO OHOBJICHHS Ta HABYAHHS MOJEIEH.

5.2.2. OnyaiiH-oHOBJICHHS Mojeneii: [lepioquuHe OHOBICHHS MOjeeH aHcaMOITio,
BHUKOPHUCTOBYIOUH HAWCBIXKIIII JaHi, 10 HAAXOAATh, Ta BIAKUIAI0UH 3aCTapifii JaHi, 1Jis
MiATPUMAHHS aKTYaJIbHOCTI Ta BUCOKOT TOYHOCTI MPOTHO3YBAHHSI.

5.2.3. AnanTarnist 10 3MiH y JaHux: HemepepBHa ajanTariiisi METaMoleNi JO 3MiH
y TEKCTOBHX JIaHMX, 1110 3a0e3nedye e(heKTHBHY BiIOBIAb HA TUHAMIYHICTD 1 HECTALli-
OHAPHICTh TEKCTOBUX MOCIITOBHOCTEH.

Kpox 6. Ananariist Ta nepeHaBuanus (0mok 8). Ileli eTam Mae Ha MeTi 3a0e3MEUUTH
CUCTEMY 3JIaTHICTIO aJanTyBaTUCs J0 eBoutowii Ta 3MmiHu (opMm nesindopmariii, o
rapaHTye ii TpuBairy e(heKTUBHICTHh y 00pOTHOi 3 (helikoBUMU HOBHHAMU [25]. Po3ris-
HEMO JIeTaji Or0 KPOKY:

6.1. IlepenaBuanHs cucTeMHu.

6.1.1. 30ip HOoBHUX jmaHuX. [locTiiiHMiA 30ip HOBHX JIAaHUX 3 BIAKPUTHX JDKEPEN s
Bi100paXeHHsI OCTaHHIX TPEH/IIB Ta MIa0JIOHIB fe3iH(opmartii.

6.1.2. Oninka nmotpebu B mepeHaBYaHHi. AHaJI3 TTOTOYHOT e(PEeKTUBHOCTI CUCTEMHU
Ta BH3HAUCHHS, YU BUHHUKIIA TOTpeda B IepeHaBIaHHI HAa OCHOBI HOBHX JTaHUX.

6.1.3. IlepenaBuanHst Mozeni. 3aCTOCYBaHHS NpoLlecy HABYAHHS MOJIEI 3 BUKOPHC-
TaHHSM HOBUX JIAHUX JUIS aJanTaliii Mojeii 1o HoBuX Gopm Je3iHdopmarrii.

6.2. OHOBJICHHS MOJICJICH Ta AJITOPUTMIB.

6.2.1. AHaji3 HOBUX aJTOPUTMIB Ta TeXHOJIOTiH. OIiHKa Ta aHaIi3 HOBUX aJrOPHUT-
MIB Ta TEXHOJIOT1H, IKi MOXKYTh OyTH BUKOPUCTAaHI JUISl TOKPANIEHHS e()eKTUBHOCTI CHC-
TEMH.

6.2.2. OHOBJICHHS aNTOPUTMIB. BHECEHHS 3MiH y aJIFOPUTMHU Ta METOJH, IO BUKO-
PHCTOBYIOThCS Ha OCHOBI OTPHMAaHMX BiJOMOCTEH Ta aHAJIi3y pe3yibTarTiB.

6.2.3. TecTtyBaHHs Ta BadiJallisi OHOBICHUX Mojelnei. [IpoBeieHHsT TecTyBaHHS Ta
BaJIiIaIlil OHOBJICHUX MOJIeIIeH ist 3a0e3neueHHs IXHbOI e(DeKTUBHOCTI Ta HAAIMHOCTI.

6.3. MOHITOpHHT Ta OIIiHKA.

6.3.1. MoHitopuHr eekTuBHOCTI cucTeMH. [oCTIHHNUN MOHITOPUHT €()EKTHBHOCTI
CUCTEMH JJIS BUSIBIIEHHS] MOMKJIMBHX MpoOiieM abo obiacteil U1t MOKpaleHHs.

6.3.2. 3BopoTHill 3B’530K Ta ajanTailis. 30ip Ta aHai3 3BOPOTHOTO 3B’SI3KYy BiJl
KOPHCTYBAYiB Ta €KCIEPTiB IS MOJAJIBIIOTO TOKPAIICHHS Ta aIaNTallii CHCTEMH.
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bioxk 1
30ip manmx

biok 2
[Tonepeans odpodka gaHux

brnok 3
Bexkropusariis texkety

bnok 4
AHai3 TOHAIBHOCTI Ta eMOLLH

bnoxk 5
Haguanus Moaesi MeEToaoM

OLTW-TEC

biok 6
[leperipka orpumanol
iH(opMmalil Ta BUABICHHS
aesindopmanii

Puc. 1. Cmpykmypa inmenexmyanornoeo memooy sussieHHs 0e3inopmayii
8 OHIAUH pexcumi

Jlns peanizatiii 3anpornoHoBaHOTO METOLY 00paHO KOMOIHOBaHUM Ha0ip JaHUX, TIPe-
crapneHnit Ha Kaggle [27], € yHIKQJIbHOIO KOJICKITIERO 3 OUThIT HixK 60 THC. 3aroJOBKIiB
HOBHH, 3i0panux 3 24 mrororo mo 11 rpymas 2022 poKy, IO OXOIUTFOE YaCTHHY Mepiony
MOBHOMACIITA0HOI POCIHCHKO-YKpaiHChKOi BiffHM. JIkepemaMu JaHUX CIyTyBalu Taki
tenerpam-kanai, sk «CYCITIJIbBHE HOBUHW», "Perepichka NEWS" Ta ixmmi.

Biu Brutouae B ceOe siK epeBipeHi, Tak 1 HernpaBIuBi HOBUHH, 310paHi 3 YKpaiHChbKUX
TeJIerpaM-KaHaliB Ta POCIHCHKHUX KaHAIB 3 (eiikamMu, poOissan foro HaOiIbmmM Bij-
KPUTHM JDKEPEIIOM BIJIIOBIIHUX JaHUX. TakoK Ha OCHOBI ITi€T KOJEKINi HOBUH OYJI0
BiJIlJIEHO Bl (peiKoBi Ta MpaBIuBI HOBUHM Ha JIB1 OKpeMi KaTeropii, mepemimaHo, Ta
chopMoBaHO HOBHII qataceT y mponopiii 38% mis deiikoBux HOBUH Ta 62% 1uis Ipas-
JIMBUX HOBMH. 3arajoM, BiH MicTUTE 4522 3amnucis i3 miTkoro "False" ta 7235 3amnucu i3
miTkoro "True".

Jlns HaBYaHHS MOZETI Ta MEePEeBipKH ii HAa TeCTOBOMY HaOOpi JaHUX JaHy KOJNEKIIl
OyJ0 mepemilaHo Ta po3zaisieHo Ha poropiii 60% nanux s HadaHHs Ta 40% naHux
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Jutst TectoBoi BUOipku. [Ipoliec mepeMilryBaHHs Ta cemapariii JaHuX € BayKJIMBUM €Ta-
IOM ITiATOTOBKHM JAHUX JUIS 337184 MAaIlIMHHOTO HaBYaHHs. [lepemimnryBanus 3a0e3medye
BUIIAIKOBICTh BUOIPKH, 110 3ar100irac MOKJIMBUM BIUIMBaM MOPAJIKY AaHUX Ha TPEHY-
BaHHA Mozeni. Iloxin maHuX Ha HaBYANbHY Ta TECTOBY BHOIPKH JO3BOJSIE 3AiMCHUTH
OINHKY y3arajbHIOKYOi 3[aTHOCTI MOJIEII, 10 € BaYKIIMBOKO CKJIIOBOIO MIPOIIECY Bali-
Janii B MalmMHHOMY HaBuaHHI. CTpareriyHuil BUOip 4acTKY JaHUX JUIsl TECTYBaHHS Ta
HaBYaHHS 3a0e3neuye e(peKTUBHY Ta HaAIHHY OIIHKY pe3yJbTaTiB MOJENi, 3HIDKYIOUH
HWMOBIpHICTh TiepeTpeHyBaHHs (overfitting) Ta J03BOJIAOUN 3MIHCHUTH HAICKHHUHA KOH-
TPOJIb 3a ii 3AaTHICTIO 10 y3arajJbHEeHHSI.

VY pamkax peanizaiii Ha MOYaTKOBOMY €TaIli IPOBEACHO MiATOTOBKY AAHUX, € TCK-
CTOBI Marepiajiy OyJM MepeTBOPEHI Ha YUCIOBHH (pOpPMAT 3a JIOTIOMOTOK) METOIY BEK-
topuzauii TF-IDF. [lani, Ha 0CHOBI LIMX JaHUX, OylIO TPEHOBAHO KilbKa iHAMBILyalb-
HHUX MOJIeJICH, BKJIIOYAIOUH JOTICTHYHY perpecito, SVM, BUMaaKoBHH JIic, TpalieHTHHN
oyctunt, KNN, nepeBo pimens, XGBoost Ta AdaBoost. Koxkna Moziens Oyna amganro-
BaHa Ta ONTHMi30BaHa JUIs BUPILIeHHA 3a1a4i kiacudikaiii 3 BAKOPUCTAHHIM TPEHY-
BaJIbHOTO HaOOpy nanux. Ha npyromy erami peanizarii Oymio copMoBaHO MeTaMoIelb
Ha ocHOBI X(GBoost, sika Oyi1a TpeHOBaHA 3 BUKOPHCTAHHSM MTPOTHO31B, OTPUMAHUX BiJl
IHAMBIAYyaNbHUX MOJEJe 4yepe3 MexaHi3Mm cTekiHry. OuiHka ToyHOcCTi Kiacugikarii
Oyma 31ilficHeHa Ha TeCTOBOMY Ha0Opi JaHMX, e Pe3yIbTaTH MPEICTaBICHI Yyepes 3BiT
po Kiaacu(Dikaiio Ta MaTPHUIK0 TTOMWIOK, Bi3yali30BaHy Y BHUIVISII TEIUIOBOI KapTH.
Ie#t miaxig 1eMOHCTPYE BHCOKMN MOTEHINa] aHCAaMOJIIEBUX METOIIB Ta CTEKIHTY JUIS
MiABUIIEHHS e(DEKTUBHOCTI MAIIMHHOTO HABYaHHS y CKJIAQJHUX 3amadax Kiacuikarii
TEKCTY, 30KpeMa y BHUSBIICHHI Jie3iH(popmarrii.

Otpumani pesynsratd kinacuikamii mpeacraBieHi y ¢opmari 3BiTy (puc. 2),
SIKMH BKITIOYA€ TaKi MOKA3HUKH, SIK TOUHICTH (precision), moBHOTa (recall), ominky F1
(F1-score), Ta miarpuMka (support) miast aBox kiaciB: "False" ((helikoBi HOBMHHU) Ta
"True" (mpaBIWBi HOBUHM).

VY nporieci OIiHKK ePeKTHBHOCTI MoJie Kinacudikaiii HOBUH OyJI0 MPOBEACHO aHa-
73 11 3m1aTHOCTI TudepeHIioBaTi (HaKTHUIHO MPaBIUBI Bil (HEHKOBUX IMOBIIOMIICHD.
3rilHO 3 OTPUMAHUMU PE3yIbTaTaMH, MOJICTh IEMOHCTPY€E BUCOKY 3arajbHy TOYHICTh
kinacugikamii Ha piBHI 93,26%. s knacy "False", skuit yMOBHO TpH3HAYCHHH 1100
BU3Ha4aTH (eKkoBi HOBMHHU, TOUHICTH (precision) ckiana 92,58%, mo cBiTYUTH PO
BUCOKY BipOTiAHICTh KOPEKTHOI Kiacu(ikarlii HOBUHHM SIK (peifkoBOi, KOJIM MOJIENb TaK
BHU3HaJae. BomHowac, MOKa3HWK BiTHOBJIECHHs (recall) anst mporo kiacy CTaHOBHTH
89,41%, mo Bkazye Ha Te, mo 11,59% ¢eiikoBux HOBHUH OyJ0 MPOITYIIEHO MOJICILIIO.
3 iH1moro 00Ky, s knacy "True", sikuii BiAMoOBigae MpaBIuBUM HOBHHAM, MOJICITb ITOKa-
3ajla Bpaskaloumil MMOKAa3HUK BITHOBICHHS Ha piBHI ycmimHOI imeHTHOiKamio 93,66%
MPaBIMBUX HOBHMH. Taka 3IaTHICTh Mozaeni e(peKTHUBHO Kiacu]iKyBaTH MpaBIuBi
HOBHHH € Ba)JIMBOIO XapaKTEPUCTUKOIO B KOHTEKCTI OOPOTHOU 3 Ie31H(POpMAITiETO.

AHAJTITHYHHUN X1 0 OIIHKK pOOOTH MOJIEINI TAKOXK OXOTUTIOBAB aHAIi3 MaTpHIIi
MOMWJIOK. Y wil Marpuii Bia3HaueHo 1596 icTuHHO-HeraTuBHUX pe3ynbTariB (True
Negative), o miATBEpKy€e KOPEKTHY Kiacupikariro GperkoBux HOBUH. OHAK, BUSB-
neHo 189 xubHo-HeraruBHUX pe3ynbTariB (False Negative), o Bkasye Ha iCHyBaHHS
MEBHOI KUTbKOCTI ()eHIKOBUX HOBHH, SIKi MOZIE€IIb IOMMJIKOBO KJIacH(iKyBaia sK paBIUBI.
Jlis knacy mpaBAMBUX HOBHUH 3apeecTpoBaHo 2790 iCTHHHO-TIO3UTHBHUX PE3yNbTaTiB
(True Positive) ta 128 xuOHO-mo3utuBHUX (False Positive), N1eMOHCTPYHOYH BHCOKY
TOYHICTb BUSIBJICHHS (DAKTUYHO MpaBIuBOro KoHTeHTy. Ouinka F1 my1st 000x kiacis, sika
rapMOHI3y€ TOYHICTH 1 BIJIHOBIICHHSI, BUSIBMIIACh Ha piBHI 89,41% muis "False" 1 95,61%
qutst "True", 1110 B MiJIOMY MIATBEP/IXKYE 30aJIaHCOBAHICTh Ta HAaIIHHICTh MOJICITI.
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Confusion Matrix

precision recall fl-score  suppol

False 8.9258 @.8941 8.9897 i

True 0.9366  0,9561  0.9462 29 =

Artusl

accuracy 8.9326 an
macro avg 8.9312 @,9251 9.9280 47
weighted avg @.9325 @.9326 8.9324 an

=50

Predicted

Puc. 2. Pesynomamu oyiniosanms

AHaii3yloun pesyibraTd, npenctaBieHi B Tabmumi 1, MokHa 3poOUTH HAyKOBO
00rpyHTOBaHI BUCHOBKH TIpo edektuBHicTs MeTony OLTW-TEC y mopiBHsHHI 3 Kia-
CUYHHMH TiAX0aaMu Kiacudikarii. Po3risiiaroun KoxHy METPHKY OKpeMo, 0auuMo, 1110
metox OLTW-TEC nemoHCTpy€ CyTT€EBI MOJIMNILIEHH 3a OUIBLIICTIO MapaMeTpiB.

V xoHTeKcTi TouHOCTI (precision) ams kinacy "True", OLTW-TEC nocsrae 3HaueHHS
93,66%, 0 TIepeBepIIy€ BCi MPeACTaBIeH] KIIacuHi MeTonu. Lle CBITInTh Ipo BUCOKY
spatHicTh OLTW-TEC xopektHo ineHtudikyBaru ¢eiikoBi HoBunu. Illomo kiacy
"True", Tounictb OLTW-TEC cranoButs 92,58%, 110 BUIIMM TOKa3HUKOM ITOPIBHO
3 1HIDUMHU OUTBIIICTIO MPEJACTABICHUX Mojelieii, € mopiBHAHHUM 3 Random Forest,
npote HIwk4IuM Hik SVM Tta Logistic Regression.

INTokasnuk BigHOBNEeHHS (recall) ms kmacy "False" y OLTW-TEC na pisni 89,41%
3HAYHO BUINMH, HK y BCiX mpeactaBieHux momened Ta KNN, skuii Maiixe nocsrae
TaKOTO X TIOKa3HUKA, 110 BKA3y€ Ha 37JaTHICTh MOJIEIIi BUSBIATH (PEHKOBI HOBUHH Cepel
HeratuBHOTO Kiacy. s xmacy "True" moka3HUK BiTHOBICHHS CTAaHOBHTH 95,61%, 1m0
MIKPECITIOE 3IATHICTD JI0 1IeHTH(IKALIT TPaBIUBUX HOBHH.

T'apmoHiiiHe cepesHe MiX TOYHICTIO Ta BiTHOBJICHHSM, BH3HA4YeHE AK ouiHka F1,
st OLTW-TEC ckmanae 90,97% s xnacy "False" Ta 94,62% s xinacy "True". 3Ha-
4yeHHs oUiHKY F1 € HallkpamuM pe3yasTatoM cepell MPEICTaBICHUX KIACHIHUX METO-
JIiB, 10 e(peKTHUBHO MiATBEPIKYE 30aIaHCOBAHICTh MOJIEN MK UMM JIBOMa BaXKITH-
BUMH MTOKAa3HUKAMH.

BaranpHa TouHicte OLTW-TEC cranoButs 93,26%, 110 € HAWBHIIUM IOKa3HHKOM
cepen ycix po3rsanyTux mozeneit (Tabmuist 1), migTBepaKyrodn ii CUIbHI TO3HIIT SK
HAIIHOTO IHCTPYMEHTA ISl Kiacudikaiii HOBUH. MaTpuIls IOMUIOK TAKOXK CBITYHThH
PO BUCOKY KUIBKICTh KOPEKTHO KJIACH()IKOBAHHX €K3EMILLIPIB sl 000X KIIACiB.

Posrnsinaroun pesynbraru, npeactasieni y Tabmuii 1, My BUSBHIM 3HAYHI JOCAT-
HEHHsI y raiy3i BUSBJICHHSA (PEHKOBHX HOBHMH 3a JOIMOMOTOK PI3HOMAHITHHX ITiJIXO-
B, 1[0 BapiFOIOTHCS BiJ MTHOOKOTO HABYAHHS 0 MYJIBTUMOAAIBHOTO aHami3y. [1pore,
BUSIBJICHO BXKIIUBY MPOTAIIMHY B HASIBHUX JOCIIKCHHSAX, 1110 TOJIATAE Y HEAOCTATHIN
yBa3i JI0 yKpaiHCbKOMOBHOTO KOHTEHTY. 3anpornoHoBanuii meroq OLTW-TEC, 3ocepe-
JUKEHUH Ha yKpaiHCbKOMOBHOMY J1aTaceTi, 3aIIOBHIOE 110 MIPOTaIuHY, 0 CBITYUTH PO
BXJIMBICTh PO3POOKH CIICIiasli30BAHUX PILICHB /Il KOHKPETHUX MOBHHX Ta KYJIBTYp-
HUX KOHTEKCTIB.

ITopiBHANIBHMIA aHATI3 3 THIIUMU AOCIIKEHHAME MTokasas, 110 OLTW-TEC nocsrae
3HAYHUX PE3yJIbTaTiB Y TOYHOCTI, IO IGMOHCTPY€ 3HaueHHs B 92,58% mist kitacy "False"
Ta 93,66% mist kmacy "True". Lli moka3HUKH BKa3yIOTh Ha BUCOKY €()EeKTHBHICTH METOTY
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y BUSIBJICHHI ()eIKOBHX HOBHUH Ta MPABANBUX MOBIIOMIECHB BiOBiAHO. OCOOIUBO LiH-
Hoto € 31arHicTh OLTW-TEC 3a0e3nedyBaru BUCOKY BiTHOBIIEHICTH (recall) mist kiacy
"False" Ha piBni 89,41% Ta 95,61% mns kinacy "True", mo B cymi BUpI3HSIE pe3ylbTaTh
cepen npeacrapneHux mojeneil Ha kopuctb OLTW-TEC. Lle Bkazye Ha e(eKTHBHICTh
METOJTy B KOHTEKCTI BHUSIBIICHHsI (DEHKOBUX HOBHH, sIKi YaCTO MAKOTh CKJIA/IHI TIATEPHU Ta
MOXYTbh OyTH MapKoBaHi K HOCTOBipHi. Ouinku F1, ki rapMOHi3yIOTh TOUHICTb 1 Bij-
HOBIIEHICTb, TakoK BUAULII0TE OLTW-TEC cepen iHIIUX JOCTKEHb, MiAKPECIO0YN
Horo 30aIaHCOBAHICTh 1 HANIWHICTD Ta AEMHCTPYIOTh HAMBHII MOKa3HUKH JJIsl KJIACIB
"True" Ta "False".

3arampHa TOUHICTB 93,26% cBigunTs mpo 1e, mo OLTW-TEC moxe OyTn epexTus-
HUM THCTPYMEHTOM JUIsl 00pOTHOM 3 JIe31HPOPMAITIEIO Ta BUSIBICHHS ()EHKOBHX HOBHH.
Martpuns nOMHIIOK MiATBEPAKY€E BUCOKY TOUHICTH MOJIENI 3 MiHIMAJIBHOIO KiIBKICTIO
MTOMHUJIKOBUX KJIacU(iKaIlii, 1o 0COOIMBO BXKIMBO Yy CUTYAIIISIX, KOJIH TOTPiOHO 3a0e3-
MIEYUTH TOCTOBIPHICTh TH(pOpMAIii /T 3armo0iraHHs naHiku ado ne3iHdopMarii B Kpu-
TUYHI MOMEHTH.

Bapro 3a3naunty, mo xoya OLTW-TEC nokasye 3Ha4Hi pe3yasTaTd y MOPiBHAHHI
3 KJIACHYHUMH METOJIaMH, ICHYFOTb TI€BHI 0OMEKEHHSI, SIKi CIIiJI pO3TIAAATH TP iHTEp-
npeTanii nux pe3ynsrariB. [lo-mepiie, BUKOPUCTAHHS aHCAMOJIIEBUX METOIIB Ta TEX-
HiKM "KOB3HOTO BiKHA" BHUMarae 3HaYHUX OOUHUCIIIOBAJILHUX PECYpCiB, IO MOXKE 00OMe-
skxutH mupoke 3actocyBanHs OLTW-TEC y peanbsHOMY 4Yaci, 0COOIMBO HA MPUCTPOSIX
3 0OMEXKEHOI0 OOUNCITIOBATILHOIO MTOTYXKHICTIO.

[To-nmpyre, MeTon MOke OyTH YyTIIMBHM JI0 PO3MIPY «KOB3HOTO BIKHa», OCKIJIBKU HEIIpa-
BIJIBHUI BHOIp PO3MIpYy MOXKE MPU3BECTH JIO TIepEeHaBYaHHS a00 HEMOHABYAHHS MOZIEII,

Tabmuis 1
IlopiBHsIHHS 3 pO3p0o0IeHUM METOAOM
2 T 2
_ c c £ =} ® e > s 3
g | 28| 89| £ | £ | 52| 59| £ | g€
s} o ®© o = — = @ © @ = 3 = © g
= e e © s — L = 3 Ss 2
a a é é = R < SR
Logistic . . . . . . o, | (1439, 346),
Regression 94,80% | 89,14% | 80,62% | 97,29% | 87,13% | 93,04% | 90,96% (79, 2839)
(1505, 280),
V) 0 V) 0, 0 0, V)
SVM 96,91% | 91,11% | 84,31% | 98,36% | 90,17% | 94,59% | 93,03% (48, 2870)
Random 0 N 0 o 0 N o, | (1562,223),
Forest 92,65% | 92,61% | 87,51% | 95,75% | 90,00% | 94,15% | 92,62% (124, 2794)
Gradient 0 o 0 o 0 N o, | (1297, 488),
Boosting 91,34% | 85,14% | 72,66% | 95,78% | 80,94% | 90,15% | 87,01% (123, 2795)
(1590, 195),
0 0, 0, 0, 0, 0, 0,
KNN 76,77% | 92,59% | 89,08% | 83,52% | 82,47% | 87,82% | 85,63% (481, 2437)
Decision o o o o o o o, | (1570, 215),
Tree 80,51% | 92,19% | 87,96% | 86,98% | 84,07% | 89,51% | 87,35% (380, 2538)
(1547, 238),
V) (V) 0, 0, 0, V) 0,
XGBoost 87,11% | 91,87% | 86,67% | 92,15% | 86,89% | 92,01% | 90,07% (229, 2689)
(1414, 371),
0, 0, 0, 0, 0, 0, 0,
AdaBoost 86,11% | 87,88% | 79,22% | 92,19% | 82,52% | 89,98% | 87,26% (228, 2690)
OLTW- . . . . . . ., | (1596, 189),
TEC 92,58% | 93,66% | 89,41% | 95,61% | 90,97% | 94,62% | 93,26% (128, 2790)
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0CcOoOMMBO B YMOBaX, JIe IMHAMIKA JJAHUX HIBUJKO 3MiHIOEThCA. Lle BHMarae j10qaTkoBUX
JIOCITI/KEHB JTsl ONITHMI3AIlil TapaMeTpiB 1 BIOCKOHAJICHHS aIalITHBHOCT] MOJIEIT.

[To-Tpere, xoua OLTW-TEC npoaemMoHCTpyBaB BUCOKY €(EKTHBHICTh Ha YKpaiH-
CHKOMOBHHX JaHMX, HOTr0 yHIBEpCAJbHICTh 1 €()EKTUBHICTh Ha JaTaceTax iHIIUX MOB
1 KyJIBTypHUX KOHTEKCTIB IlIe He OyJIH MOBHICTO JociikeHi. [ToTpiOHI mogakIi exc-
MEPUMEHTH Ul BU3HAYEHHS, YU 3MOKE METOH 30epertu aHaJOTi4Hi MOKa3HUKHU MpO-
JYKTUBHOCTI B IHIIMX JIIHTBICTUYHHUX CEPEIOBHUINAX.

Hapemiti, BpaxoByto4H IIBHIKICTh PO3BUTKY TEXHOJOTIH 1 3MiHY MaHEpH MOIIH-
peHHs ne3indopmariii, icHye morpeda B IMOCTIHHOMY OHOBJICHHI Ta ajamnTarii Mojei
JUTS IATPUMaHHSA 11 akTyanbHOCTI. Lle cTocyeThes He TUTBKY aITOPUTMIYHHX YIOCKOHA-
JICHB, a i 300py Ta iHTerpaii HOBUX JaHUX /Ul TPEHYBAaHHS, IO B CBOIO YEPry BUMArae
JIOJIATKOBUX 3YCHJIb JJ1sl 3a0€3MeYeHHs JOCTOBIPHOCTI Ta SIKOCT1 BXITHUX JaHUX.

B minomy, xoua OLTW-TEC nokasye o0HagiinNB1 pe3yasTaTH, BAXKINBO i IKPECIUTH
HEOOXI1THICTh IMTPOIOBKEHHSI PO3BUTKY Ta aJamnTarlii MeTojIy, o0 BiH Mir e()eKTHBHO Bifl-
TIOBIJJATH HA MOCTIHHO 3MiHIOBaHI BUKJIMKH Y Taly3i BUABICHHS Ae3iH(opmartii.

Y MaiOyTHIX HayKOBHX IOCII/DKEHHSX akICHT Oyae 3po0JieHO Ha BAOCKOHAJICHHI
metony OLTW-TEC, 30kpeMa Ha po3IIHpeHHi HOTo 00YUCITIOBAIBHOT €()eKTHBHOCTI Ta
afganTuBHOCTI. OZHUM 3 IPIOPUTETIB € ONITUMI3ALisl AJITOPUTMIB JJISl SMEHIIIEHHS! BUMOT
0 OOYHCITIOBATIBHOI MOTYKHOCTI, MO0 METOX Mir OyTH 3aCTOCOBaHMH y IIUPIIOMY
CIIEKTPI 3aCTOCYHKIB, BKIIIOUAIOYM MOOUTBHI Ta 1HIIN MPUCTPOT 3 0OMEKEHUMH pecyp-
camu. Taxox Oyne 30CEPE/DKEHO yBary Ha TO‘{HIHIOMy HanamTyBaHm napaMeTp1B «KOB-
3HOTO BiKHa» 3 METOIO MiIBUIIECHHS TOYHOCTI MPOTHO3YBAHHS B Pi3HOMAaHITHUX ymoBax
IUHAMIYHOTO MMOTOKY MaHWX. |HIIMM BaKITMBHM HAIIPSIMKOM € PO3LIMPECHHS Bajimarlii
METO/y Ha PI3HOMaHITHUX MOBHHX JIaTaceTax, M0 JaCThb MOXKJIMBICTh BU3HAYUTH HOTO
VHIBEpCaJIbHICTh Ta €PEKTHBHICTh Y II00aIbHOMY KOHTEKCTI. JlomarkoBo, nepenbaya-
€TBCS BIIPOBADKECHHS MEXaHI3MiB JJIs IOCTIHHOTO OHOBIICHHSI TPCHYBAJIBHOTO HAOOPY
JAHMX, 110 JacTh 3MOTY CHUCTEMi aJanTyBaTHCS A0 HOBHX MAaTepHIB Ta (opM Je3iH-
dopmarii. Li 3axoqu MarOTh Ha METI HE JIMIIC MOJIMIIATH TOYHICTh Ta HAJIHHICTH
OLTW-TEC, a ii 3a6e3meunTs HOro CTIHKIiCTh 10 MIBHIKUX 3MiH y IE(poBOMY iHPOP-
MaIifHOMy TIpOCTOPI.

BucHoBkM 3 JaHOro JOCJIIKEHHSI i MePCHEeKTHBH MOAAJIBLIINX 0CITiIKeHb
y JaHOMY HanpsiMi. Y X011 NPOBEAEHOTO NOCIiIKeHHs OyJI0 IeTaJbHO PO3IIISHYTO Ta
omineno edexruBHicth Metoqy OLTW-TEC (Online Learning with Sliding Windows
for Text Classifier Ensembles), 1110 nmpeacrapisie coO0r0 IHHOBaITIHHME TIX11 10 3a1a4i
knacudikauii TEKCTy B yMOBaxX HECTALIOHAPHOCTI JaHUX Ta AMHAMIYHOTO OHJIAH HaB-
JaHHS. MEeTOoauKa BKIIIOYAE B ceOe BUKOPUCTAHHS aHCAMOMIO alaliTUBHUX Kiacuika-
TOpIB, BEKTOPHUX TPEJICTABICHb TEKCTIB, ONITUMI3aIlil0 Bar KJIACHU(IKaTOpiB 3a JIOTO0-
Mororo anroputmy Adam, a Takox BIPOBAKEHHS MEXaHi3My "KOB3HOTO BikHA" Iist
HiATPUMKH aKTyalTbHOCTI MOJEITI.

3a pe3ysbTaraMu OIIHIOBAHHSI, IPEJCTaBICHUMH Y 3BiTI kinacudikarmii, OLTW-TEC
MIPOIEMOHCTPYBAB BUCOKY 3arajbHy TOYHICTb, JOCATHYBLIM IOKa3HUKa B 93,26%.
Tounicth (precision) i BimHoBneHHs (recall) mns knacy "False" BusiBHIUCS BiAIOBITHO
92,58% Ta 89,41%, 1m0 CBITYUTH MPO BHCOKY C(PEKTUBHICTH BHSBICHHS (EHKOBHX
HOBHH 3 MiHIMQJIbHUM BiJICOTKOM MOMMJIKOBHX IponyckiB. s knacy "True", Mmoaens
3a0e3eunsia TOYHICTh Ta BIIHOBIICHHS 3 MOKa3HuKaMu 93,66% Ta 95,61%, THM caMuM
MIATBEPIKYIOUM CBOIO 3IAaTHICTH JO PO3IMi3HABAHHS IPaBIUBHX HOBHH. OTpuUMaHi
pesynbTatu UmocTpytoTh, o0 OLTW-TEC Bosoaie BUCOKOIO 30aaHCOBAHICTIO MiX Pi3-
HUMH METPHKaMH, 3a0e3Medyroun HaliliHy Ta e(eKTHBHY KiIacudikamiio B peasbHUX
YMOBax.
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AHasni3 MaTpulli TOMMJIOK BKa3ye Ha BHCOKHH CTYIiHb TOYHOCTI Kiacuikamii,
3 MIHIMAQJILHOO KIJIBKICTIO XHOHO-TIO3UTUBHUX Ta XNOHO-HETATUBHUX pe3yibraTiB. Lle
nemoHcTpye HaniiHicte OLTW-TEC sk iHcTpyMeHTy Ui (inbrpauii iHdopmarii, 1o
€ 0COOJMBO aKTyallbHUM y KOHTEKCTi 00poThOH 3 Nie3iHdopMmariiero.

VY mopiBHsAHHI 3 TpaaunidHuMu Metonamu kiacudikamii, OLTW-TEC He numie
MoKa3ye Kpallli pe3yJabTaTH 3a OUTBIIICTIO METPHK, ajie i 3abe3neuye mpocTip AJs ajgar-
Tarii 10 3MiH y XapakTepi AaHuX. Bubip po3Mipy «KOB3HOTO BiKHA» Ta MOXKIHBICTBH
HOr0 peryoBaHHs 3aJIe)KHO BiJl CIICIU(IKN TaHUX HAJIA€ METOTY JOAATKOBY THYUYKICTh
1 TOYHICTB.

CIIACOK BUKOPUCTAHOI JIITEPATYPH:

1. Tao, W. & Peng, Y. Differentiation and unity: A cross-platform comparison
analysis of online posts’ semantics of the Russian—Ukrainian war based on
Weibo and Twitter. Communication and the Public, 2023. 8(2), 105-124. DOI:
https://doi.org/10.1177/20570473231165563.

2. Mainych, S., Bulhakova, A., & Vysotska, V. Cluster analysis of discussions
change dynamics on twitter about war in Ukraine. Proceedings of the 7th International
Conference on Computational Linguistics and Intelligent Systems. Volume II:
Computational Linguistics Workshop Kharkiv, Ukraine, 2023. 3396, 490-530. URL.:
https://ceur-ws.org/Vol-3396/paper39.pdf.

3. Vasist, P. N., & Krishnan, S. Fake news and sustainability-focused innovations: A
review of the literature and an agenda for future research. Journal of Cleaner Production,
2023. 388, 135933. DOI: https://doi.org/10.1016/j.jclepro.2023.135933.

4. Hamed, S. K., Ab Aziz, M. ]., & Yaakub, M. R. A review of fake news detection
approaches: A critical analysis of relevant studies and highlighting key challenges
associated with the dataset, feature representation, and data fusion. Heliyon, ¢20382.
2023. DOI: https://doi.org/10.1016/j.heliyon.2023.e20382.

5. Kondamudi, M. R., Sahoo, S. R., Chouhan, L., & Yadav, N. A comprehensive
survey of fake news in social networks: Attributes, features, and detection approaches.
Journal of King Saud University — Computer and Information Sciences, 2023. 35(6),
101571. DOI: https://doi.org/10.1016/j.jksuci.2023.101571.

6. Hu, L., Wei, S., Zhao, Z., & Wu. B. Deep learning for fake news detection: A
comprehensive survey. Al Open, 2022. 3, 133-155. DOI: https://doi.org/10.1016/
j.aiopen.2022.09.001.

7. Phan, H. T., Nguyen, N. T., & Hwang, D. Fake news detection: A survey of
graph neural network methods. Applied Soft Computing, 2023. 139, 110235. DOI:
https://doi.org/10.1016/j.as0c.2023.110235.

8. Das, B., & Sudarshan, T. S. |B. Multi-contextual learning in disinformation
research: A review of challenges, approaches, and opportunities. Online Social Networks
and Media, 2023. 34-35, 100247. DOLI: https://doi.org/10.1016/j.0snem.2023.100247.

9. Ruffo, G., Semeraro, A., Giachanou, A., & Rosso, P. Studying fake news
spreading, polarisation dynamics, and manipulation by bots: A tale of networks and
language. Computer Science Review, 2023. 47, 100531. DOI: https://doi.org/10.1016/
j.cosrev.2022.100531.

10. Baker, M., Jihad, K., & Taher, Y. Prediction of people sentiments on Twitter
using machine learning classifiers during Russian aggression in Ukraine. Jordanian
Journal of Computers and Information Technology, 2023. 9(3), 189-206. DOI:
https://doi.org/10.5455/jjcit.71-1676205770.

11. Peng, L., Jian, S., Kan, Z., Qiao, L., & Li, D. Not all fake news is semantically
similar: Contextual semantic representation learning for multimodal fake news
detection. Information Processing & Management, 2023. 61(1), 103564. DOI:
https://doi.org/10.1016/j.ipm.2023.103564.




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|61

12. Qu, Z., Meng, Y., Muhammad, G., & Tiwari, P. QMFND: A quantum multimodal
fusion-based fake news detection model for social media. Information Fusion, 2023.
104, 102172. DOI: https://doi.org/10.1016/.inffus.2023.102172.

13. Soga, K., Yoshida, S., & Muneyasu, M. Exploiting stance similarity and graph
neural networks for fake news detection. Pattern Recognition Letters, 2024. 177, 26-32.
DOI: https://doi.org/10.1016/j.patrec.2023.11.019.

14. Yang, H., Zhang, J., Zhang, L., Cheng, X., & Hu, Z. MRAN: Multimodal
relationship-aware attention network for fake news detection. Computer Standards &
Interfaces, 2024. 89, 103822. DOI: https://doi.org/10.1016/j.¢si.2023.103822.

15. Syed, L., Alsaeedi, A., Alhuri, L. A., & Aljohani H. R. Hybrid weakly supervised
learning with deep learning technique for detection of fake news from cyber propaganda.
Array, 2023. 19, 100309. DOLI: https://doi.org/10.1016/j.array.2023.100309.

16. Xie, B., & Li, Q. Detecting fake news by RNN-based gatekeeping behavior
model on social networks. Expert Systems with Applications, 2023. 231, 120716. DOI:
https://doi.org/10.1016/j.eswa.2023.120716.

17. Piiban, P., Hercig, T., & Steinberger, J. Machine learning approach to fact-
checking in west slavic languages. Proceedings of the Recent Advances in Natural
Language Processing, (973-979). Incoma Ltd., Shoumen, Bulgaria. 2019. DOI:
https://doi.org/10.26615/978-954-452-056-4 113.

18. Bucos, M., & Dragulescu, B. Enhancing fake news detection in Romanian using
transformer-based back translation augmentation. Applied Sciences, 2023. 13(24),
13207. DOI: https://doi.org/10.3390/app132413207.

19. Afanasieva,l., Golian,N., Golian, V.,Khovrat,A., & Onyshchenko, K. Application
of neural networks to identify of fake news. Proceedings of the 7th International
Conference on Computational Linguistics and Intelligent Systems, Volume II:
Computational Linguistics Workshop, 2023. vol-3396, (346-358). Kharkiv, Ukraine.
URL: https://ceur-ws.org/Vol-3396/paper28.pdf.

20. Bodyanskiy, Y. V., Lipianina-Honcharenko, K. V., & Sachenko, A. O. Ensemble
of adaptive predictors for multivariate nonstationary sequences and its online
learning. Radio Electronics, Computer Science, Control, 2022. 4(67), 91-97. DOI:
https://doi.org/10.15588/1607-3274-2023-4-9.

21. Gramyak, R., Lipyanina-Goncharenko, H., Sachenko, A., Lendyuk, T., &
Zahorodnia, D. Intelligent method of a competitive product choosing based on the
emotional feedbacks coloring. Proceedings of the 2nd International Workshop on Intelligent
Information Technologies & Systems of Information Security with CEUR-WS, 2021.
(246-257). Khmelnytskyi, Ukraine. URL: https://ceur-ws.org/Vol-2853/paper31.pdf.

22. Lipianina-Honcharenko, K., Savchyshyn, R., Sachenko, A., Chaban, A., Kit, L.,
& Lendiuk, T. Concept of the intelligent guide with AR support. International Journal
of Computing, 2022. 21(2), 271-277. DOI: https://doi.org/10.47839/ijc.21.2.2596.

23. Lipianina-Honcharenko, K., Wolff, C., Sachenko, A., Desyatnyuk, O.,
Sachenko, S., & Kit, I. Intelligent information system for product promotion in internet
market.AppliedSciences,2023.13(17),9585.DOI:https://doi.org/10.3390/app 13179585.

24. Lipyanina, H., Sachenko, O., Lendyuk, T., Sachenko, A., & Vasylkiv, N.
Intelligent method of forming the HR management short-term project. in: Shakhovska, N.,
Medykovskyy, M.O. (eds) Advances in Intelligent Systems and Computing V. CSIT
2020, Advances in Intelligent Systems and Computing, 2021. vol. 1293, (1045-1055),
Springer, Cham. DOI: https://doi.org/10.1007/978-3-030-63270-0_71.

25. Golovko, V., Kroshchanka, A., Komar, M., & Sachenko, A. Neural network
approach for semantic coding of words. Advances in Intelligent Systems and Computing,
2020. 1020, 647-658. DOIL: https://doi.org/10.1007/978-3-030-26474-1 45.

26. Lipianina-Honcharenko, K., Lendiuk, T., Sachenko, A., Osolinskyi, O.,
Zahorodnia, D., & Komar, M. An intelligent method for forming the advertising content of
higher education institutions based on semantic analysis, in: Ignatenko, O., et al. ICTERI
2021 Workshops. ICTERI 2021, Communications in Computer and Information Science,




| Taspiliceknit HaykoBHi BicHHK Ne 6

62|

2022. vol. 1635, (169-182), Springer, Cham. DOI: https://doi.org/10.1007/978-3-
031-14841-5_11.

27. Ukrainian news. Kaggle: Your Machine Learning and Data Science
Community. URL: https://www.kaggle.com/datasets/zepopo/ukrainian-fake-and-true-
news?resource=download

REFERENCES:

1. Tao, W. & Peng, Y. (2023). Differentiation and unity: A cross-platform
comparison analysis of online posts’ semantics of the Russian—Ukrainian war
based on Weibo and Twitter. Communication and the Public, 8(2), 105-124. DOI:
https://doi.org/10.1177/20570473231165563.

2. Mainych, S., Bulhakova, S. A., & Vysotska, V. (2023). Cluster analysis of
discussions change dynamics on twitter about war in Ukraine. Proceedings of the
7th International Conference on Computational Linguistics and Intelligent Systems.
Volume II: Computational Linguistics Workshop Kharkiv, Ukraine, 3396, 490-530.
URL: https://ceur-ws.org/Vol-3396/paper39.pdf

3. Vasist, P. N., & Krishnan, S. (2023). Fake news and sustainability-focused
innovations: A review of the literature and an agenda for future research. Journal of
Cleaner Production, 388, 135933. DOI: https://doi.org/10.1016/j.jclepro.2023.135933.

4. Hamed, S. K., Ab Aziz, M. J., & Yaakub, M. R. (2023). A review of fake news
detection approaches: A critical analysis of relevant studies and highlighting key
challenges associated with the dataset, feature representation, and data fusion. Heliyon,
€20382. DOI: https://doi.org/10.1016/j.heliyon.2023.e20382.

5. Kondamudi, M.R., Sahoo, S.R.,Chouhan, L., & Yadav,N. (2023). Acomprehensive
survey of fake news in social networks: Attributes, features, and detection approaches.
Journal of King Saud University — Computer and Information Sciences, 35(6), 101571.
DOIL: https://doi.org/10.1016/j.jksuci.2023.101571.

6. Hu, L., Wei, S., Zhao, Z., & Wu. B. (2022). Deep learning for fake news
detection: A comprehensive survey. A/ Open, 3, 133-155. DOLI: https://doi.org/10.1016/
j-aiopen.2022.09.001.

7. Phan, H. T., Nguyen, N. T., & Hwang, D. (2023). Fake news detection: A
survey of graph neural network methods. Applied Soft Computing, 139, 110235. DOI:
https://doi.org/10.1016/j.as0c.2023.110235.

8. Das, B., & Sudarshan, T. S.B. (2023). Multi-contextual learning in disinformation
research: A review of challenges, approaches, and opportunities. Online Social Networks
and Media, 34-35, 100247. DOLI: https://doi.org/10.1016/j.0snem.2023.100247.

9. Ruffo, G., Semeraro, A., Giachanou, A., & Rosso, P. (2023). Studying fake
news spreading, polarisation dynamics, and manipulation by bots: A tale of networks
and language. Computer Science Review, 47, 100531. DOI: https://doi.org/10.1016/
j.cosrev.2022.100531.

10. Baker, M., Jihad, K., & Taher, Y. (2023). Prediction of people sentiments on
Twitter using machine learning classifiers during Russian aggression in Ukraine.
Jordanian Journal of Computers and Information Technology, 9(3), 189-206. DOI:
https://doi.org/10.5455/jj¢it.71-1676205770.

11. Peng, L., Jian, S., Kan, Z., Qiao, L., & Li, D. (2023). Not all fake news is
semantically similar: Contextual semantic representation learning for multimodal
fake news detection. Information Processing & Management, 61(1), 103564. DOI:
https://doi.org/10.1016/5.ipm.2023.103564.

12. Qu, Z., Meng, Y., Muhammad, G., & Tiwari, P. (2023). QMFND: A quantum
multimodal fusion-based fake news detection model for social media. Information
Fusion, 104, 102172. DOI: https://doi.org/10.1016/].inffus.2023.102172.

13. Soga, K., Yoshida, S., & Muneyasu, M. (2024). Exploiting stance similarity and
graph neural networks for fake news detection. Pattern Recognition Letters, 177,26-32.
DOI: https://doi.org/10.1016/j.patrec.2023.11.019.




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|63

14. Yang, H., Zhang, J., Zhang, L., Cheng, X., & Hu, Z. (2024). MRAN: Multimodal
relationship-aware attention network for fake news detection. Computer Standards &
Interfaces, 89, 103822. DOI: https://doi.org/10.1016/j.cs1.2023.103822.

15. Syed, L., Alsaeedi, A., Alhuri, L. A., & Aljohani H. R. (2023). Hybrid weakly
supervised learning with deep learning technique for detection of fake news from cyber
propaganda. Array, 19, 100309. DOI: https://doi.org/10.1016/j.array.2023.100309.

16. Xie, B., & Li, Q. (2023). Detecting fake news by RNN-based gatekeeping
behavior model on social networks. Expert Systems with Applications, 231, 120716.
DOI: https://doi.org/10.1016/j.eswa.2023.120716.

17. Ptiban, P., Hercig, T., & Steinberger, J. (2019). Machine learning approach
to fact-checking in west slavic languages. Proceedings of the Recent Advances in
Natural Language Processing, (973-979). Incoma Ltd., Shoumen, Bulgaria. DOI:
https://doi.org/10.26615/978-954-452-056-4 113.

18. Bucos, M., & Dragulescu, B. (2023). Enhancing fake news detection in
Romanian using transformer-based back translation augmentation. Applied Sciences,
13(24),13207. DOI: https://doi.org/10.3390/app132413207.

19. Afanasieva, I., Golian, N., Golian, V., Khovrat, A., & Onyshchenko, K.
(2023). Application of neural networks to identify of fake news. Proceedings of the
7th International Conference on Computational Linguistics and Intelligent Systems,
Volume II: Computational Linguistics Workshop, vol-3396, (346-358). Kharkiv,
Ukraine. URL: https://ceur-ws.org/Vol-3396/paper28.pdf.

20. Bodyanskiy, Y. V., Lipianina-Honcharenko, K. V., & Sachenko, A. O. (2022).
Ensemble of adaptive predictors for multivariate nonstationary sequences and its
online learning. Radio Electronics, Computer Science, Control, 4(67), 91-97. DOI:
https://doi.org/10.15588/1607-3274-2023-4-9.

21. Gramyak, R., Lipyanina-Goncharenko, H., Sachenko, A., Lendyuk, T., &
Zahorodnia, D. (2021). Intelligent method of a competitive product choosing based on
the emotional feedbacks coloring. Proceedings of the 2nd International Workshop on
Intelligent Information Technologies & Systems of Information Security with CEUR-WS,
(246-257). Khmelnytskyi, Ukraine. URL: https://ceur-ws.org/Vol-2853/paper3 1.pdf.

22. Lipianina-Honcharenko, K., Savchyshyn, R., Sachenko, A., Chaban, A., Kit, .,
& Lendiuk, T. (2022). Concept of the intelligent guide with AR support. International
Journal of Computing, 21(2), 271-277. DOLI: https://doi.org/10.47839/ijc.21.2.2596.

23. Lipianina-Honcharenko, K., Wolff, C., Sachenko, A., Desyatnyuk, O.,
Sachenko, S., & Kit, I. (2023). Intelligent information system for product promotion
in internet market. Applied Sciences, 13(17), 9585. DOI: https://doi.org/10.3390/
app13179585.

24. Lipyanina, H., Sachenko, O., Lendyuk, T., Sachenko, A., & Vasylkiv, N. (2021).
Intelligent method of forming the HR management short-term project. in: Shakhovska, N.,
Medykovskyy, M.O. (eds) Advances in Intelligent Systems and Computing V. CSIT
2020, Advances in Intelligent Systems and Computing, vol. 1293, (1045-1055),
Springer, Cham. DOI: https://doi.org/10.1007/978-3-030-63270-0_71.

25. Golovko, V., Kroshchanka, A., Komar, M., & Sachenko, A. (2020). Neural
network approach for semantic coding of words. Advances in Intelligent Systems and
Computing, 1020, 647-658. DOLI: https://doi.org/10.1007/978-3-030-26474-1 45.

26. Lipianina-Honcharenko, K., Lendiuk, T., Sachenko, A., Osolinskyi, O.,
Zahorodnia, D., Komar, M. (2022). An intelligent method for forming the advertising
contentof higher education institutions based on semantic analysis, in: Ignatenko, O., et al.
ICTERI 2021 Workshops. ICTERI 2021, Communications in Computer and Information
Science, vol. 1635, (169—182), Springer, Cham. DOI: https://doi.org/10.1007/978-3-
031-14841-5 11.

27. Ukrainian news. Kaggle: Your Machine Learning and Data Science
Community. URL: https://www.kaggle.com/datasets/zepopo/ukrainian-fake-and-true-
news?resource=download




| Taspiliceknit HaykoBHi BicHHK Ne 6

64|

YK 004.94:517.977
DOI https://doi.org/10.32782/tnv-tech.2024.6.7

MOOEJNIOBAHHA TA AOCNIAXEHHA TPAHCNMOPTHUX NMOTOKIB
3A OMNMOMOroto KniTMHHNX ABTOMATIB

MapuHud I. A. — kaHOuGam mexHi4HUX Hayk, doyeHm,

doueHm kaghedpu asmomamu3saui, KOMM'IOMePHUX HayK i mexHonoait
Kpueopizbkoe2o HauioHanbHO20 yHigepcumemy

ORCID ID: 0000-0002-9036-8532

Scopus-Author ID: 56468018300

XapnameHko B. FO. — kaHOuGam mexHiYHUX HayK, cmapwul suknadady
Kaghedpu asmomamu3aauii, KOMI’IoOMepHUX HayK i mexHomoail
Kpusopizbkoe2o HauioHanbHo20 yHigepcumemy

ORCID ID: 0000-0002-4008-5518

Scopus-Author ID: 56449063500

Cmamms npucesuena ModCIUgoCMi Kepyeamu mpaHCnOpmMHUMU NOMOKAMU 34 0ONOMO20I0
Pe2YIbOBAHO20 CEIMA0POPa, KU CAPAMOBYSAMUME X Y NOMPIOHOMY HANPIMKY, 8UXOOSYU 13
sasanmasicenocmi mazicmpaneu. Ceimnoghopu 6idieparoms K048y poiv y 3abe3nedenui 6es-
NeKU OOPOACHLO2O PYXY MA 3HUNCEHHI KLIbKOCMI KOHMIIKMHUX CUMYayiti Midic PISHUMU YUdc-
HUKamu mpaucnopmy. Bonu cnpusiome pe2ynoeantio mpancnopmuux nomoxie, NOKpauyioms
OpeaHizayiro pyxy Ha nepexpecmsx i 3abe3neuyoms OLibu NIAsHUI ma beneynHuti pyx 0jis 600ii6
i niwoxoodie. Ocnoena QyHKyis ceimaogopie nonseac 6 KOOPOUHayii NOMOKIE MpaHCHOpmy
i niwoxo0ié WLIAXoM HAOAHHS YIMKUX CUSHANIB, SKI BUSHAUAIOMb, KOIU CNI0 PYXAmucs, a Kou
SYNUHAMUCS, ale IXHS 3a2albHA Mema 3anTUlacmvcsi HeaMIHHOI — 3a0e3neyents besneku ma
YHOPAOKOBAHOCHT OOPOACHLO2O PYXY, Alle eKCHEePUMEHMYBAMU 3 PearbHUM C8ImaA0popom yea-
ACAEMBCSL HEMONCTUBUM, 00 MO20 JHC CNOCIO ananizy danux € mpyoomicmxum. s po3e a3anus
maxkoi npoonemu modice 3acmocogy8amucs mooenioganus. Memoro pobomu € pospodra anco-
PUmMMy a0anmueHo20 Kepy8ansi pejicumom pobomu ceimaoghopa Ha ocHO8L MOOenT KIIMUHHUX
asmomamis. [ yb02o He0OXiOHO OY10 QOCTIOUMU MOOEeTb MPAHCHOPMHO20 NOMOKY OJisk ONMU-
mizayii pobomu ceimnoghopie ma iOn08IOHI MOOEI, o D036015I0Mb BUKOHAMU OA2AMOKPUMe-
pianvry onmumizayiro. ¥ npoyeci 0ocnioxcents Oyna nodyo008ana mooenb nepexpecnis Ha OCHOBI
KAIMUHHO20 A8MOoMama. 3anponoHo8aHO AOANMUGHUL Al2OPUMM Kepy8aHHs CImuopopom
i usnaueno 1ioeo onmumanvi napamempu. Oyinioganacs egpekmusHicme KIacuyHo2o ma aoan-
MUBHO20 ANOPUMMIE KEPYBAHHSL CEIMN0popom 3a pi3HOT Kitbkocmi asmomooinis. Ak uucenvhi
HOKA3HUKU OJ1A NOPIGHANHS GUKOPUCTNOBYBANUCS YAC, HEOOXIOHUIL 0I5l NOGHO20 PO3GANMANICEHHS
nepexpecms, i uac npocmoio agmomooinie. Popoonenui ancopumm 0036015€ CKOPOMUMU UAC
nepeoyeanHs aemomodinie Ha nepexpecmi, sabesneyye 30LIbWEHHS NPONYCKHOL 30amHOCMI
c8Imao@opy il 6i0N0GIOHe 3MeHWIeHHs BNIUBY GUXTONHUX 2A3I8 HA HABKOIUWUHE cepe)osuuye.

Knrwwuogi cnoea: ancopumm ynpasninus, kpumepii onmumizayii, Mampuys cmauis, ceimio-
@op, meopisn KIIMUHHUX A8MOMAMIE, MPAHCHOPMHUL NOMIK.

Marynych 1. A., Kharlamenko V. Yu. Modeling and investigation of transport flows using
cellular automata

The article is devoted to the possibility of controlling traffic flows by means of a controllable
traffic light that directs them in the required direction based on the congestion level of main
roads. Traffic lights play a key role in ensuring road safety and reducing the number of conflict
situations among different road users. They help regulate traffic flows, improve traffic organization
at intersections, and provide smoother and safer movement for both drivers and pedestrians.
The main function of traffic lights is to coordinate the movement of vehicles and pedestrians
by providing clear signals indicating when to move and when to stop. Their overarching goal
remains the same — to ensure safety and orderliness on the roads. However, experimenting with
a real traffic light system is considered infeasible, and the data analysis process is rather labor-
intensive. Modeling can be used to address this problem. The aim of this study is to develop
an adaptive algorithm for controlling the operating mode of a traffic light based on a cellular
automata model. To achieve this, it was necessary to investigate a traffic flow model to optimize
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traffic light operation as well as corresponding models that enable multi-criteria optimization.
In the course of the study, a cellular automaton-based intersection model was constructed. An
adaptive traffic light control algorithm was proposed and its optimal parameters were determined.
The effectiveness of both the classical and adaptive traffic light control algorithms was evaluated
for different numbers of vehicles. The numerical indicators used for comparison were the time
required to fully clear the intersection and the vehicle idle time. The developed algorithm helps
reduce the time vehicles spend at an intersection, increases the throughput capacity of the traffic
light, and correspondingly decreases the impact of exhaust fumes on the environment.

Key words: control algorithm, optimization criteria, state matrix, traffic light, cellular
automata theory, traffic flow.

Beryn. llopoky aBromapk TpaHCIIOPTHUX 3ac00iB MPOAOBKYE 3pOCTATH, IO MPH-
3BOJAUTH 0 301IbIIEHHS 3aTOPiB Ha poporax. OQHaK NpUYKMHA Li€l TpobIeMHu mossrae
HE JIUIIE Y 3pOCTaHHI KUTBKOCTI aBTOMOOINIB, a i y moBediHLi camux BoaiiB. Edek-
THBHUM BHUPIIICHHSAM ITi€] CUTYAIlil MOKE CTaTH IUQPOBI3aIlis YIpaBIiHHI TPAHCIIOPT-
HOIO IHPPACTPYKTYporo. Y 3B’s3Ky 3 UM Oararo KOMIAHid aKTHBHO MPAIlOIOTh HAJl
CTBOPEHHSIM IHTEJIEKTYaIbHIX TPAHCHOPTHHX 3ac00iB 1 «po3yMHUX» 1opir [1]. Ogaum
i3 MOXKJIMBUX PIllIeHb € KOHTPOJIb TPAHCIIOPTHUX TTOTOKIB 32 JTOTIOMOTOIO aTalTHBHUX
CBITIIO(OPIB, SAKI 31aTHI 3MIHIOBATH HAIIPSIMOK PYXY 3aJIEKHO BiJ] 3aBaHTaKEHOCTI aBTO-
marictpaneil. OgHaK eKCIEPUMEHTH 3 PEAbHIUMHU CBITIO(OpaMU € TeXHIYHO CKIaf-
HUMH Ta PU3HKOBAaHMMH, a TAaKOK BUMAaraloTh 3HAUHUX PECYpCiB IS aHANI3Y NaHHX.
g po3B'a3anHA 1€l mpobiaeMu JOLIIBHO 3aCTOCOBYBAaTH METOIM MOJIEIIOBAHHSA, 110
JIO3BOJISIIOTH CTBOPUTH BipTyallbHY MOJENb PyXy Ta ONTHMi3yBaTH poOOTY CBITIO(OPIB
0e3 pU3KKy JUTsl pealibHOTO Tpadiky.

CBiTJloq)opI/I Bi[{irpaIOTL KITIOUOBY POJIb Y 3a0e3MeueHH] 0e3MeKH JOPOKHBOTO PyXY
Ta 3HIKCHHI KUIBKOCTI KOH(IIKTHUX CUTYAIlii MixK p13HI/IMI/I Y4aCHUKAMU TPAHCTIOPTY
[2]. Boru cripustioTh PEryJTIOBAHHIO TPAHCIIOPTHHX MOTOKIB, ITOKPAIYIOTh opraH13au110
PYXy Ha mepexpecTsx 1 3a0e3medyroTh OUbII TUIaBHUN Ta Oe3MeuHuil pyx IUIs BOMIiB
1 DIIOXO/IB.

Meta podorn. MeToro poOOTH € po3poOIeHHS MOJEII TPAHCIIOPTHUX MOTOKIB Ha
OCHOBI Teopii KIITUHHUX aBTOMATiB, 30KpeMa MepexpecTs 3 TBOCTOPOHHIM PyXoM, Ta
3aCTOCYBaHHS aalNTHBHOTO AJTOPUTMY KepyBaHHS CBITIIOPOpOM 10 Ii€i Mopeni, 1o
MI/IBAIIY€E TPOITyCKHY 3JaTHICTh IIEPEXPecTs.

AHaJni3 ocTaHHIX JocaixKeHb i myOikanii. [leprni K1iTHHHI aBTOMATH JUIs MOJIE-
JOBaHHS JOpir Oyin BUKOpHcTaHi B podoTtax Harens i lpekenOepra. Moaens Harens-
IpakenGepra — e 6a30Ba CTOXaCTUYHA KIITHHHO-aBTOMATHA MOJIEIB ISl OIIHCY TPaH-
CIOPTHUX TOTOKIB, 30KpeMa JOPOKHBOTO PyXy 1 CIyrye OJHHUM i3 HAWMOMIMPEHIINX
ITXOJIB JIJISL JOCTIDKSHHS IMHAMIKHY TTOTOKIB aBTOMOOLTIB Ha MaricTpainsax. OCHOBHA
imess Moedi mojsrae y MUCKpEeTH3allil yacy Ta mpoctopy. Jopory po3mismaroTh sk
MOCTIIOBHICTh KIITUH (KOMIPOK), Jie KO)KHA KJIIITHHA MOXe OyTH BiIbHOIO abo 3aifHs-
TOIO OTHMM aBTOMOO1IeM. 3aBISIKK IPOCTUM 1 BOAHOYAC THYYKHM ITPABUIIAM 1151 MOIETH
3[aTHA BIITBOPIOBATH TaKi SBHUIIA, K YTBOPSHHS 3aTOPiB, ()a30Bi MEPEXOAN MiXK Bilb-
HHUM Ta IIUTBHUM PYXOM TOIIO. /laHHA MOJIETTh YaCTO BUKOPHUCTOBYETHCS SIK OCHOBA JUISI
MIOAAJIBIIIOTO MOJICITIOBAHHS Ta BIOCKOHAJICHHS alTOPUTMIB KEPyBaHHS TPAHCIIOPTHUMHA
MOTOKAMHU.

Y [3] posmigganacs €auHA  JOpOXKHSA  JIiHIS  (aBTOMOOIm  pyxamucs
B OJIHOMY HAIPSIMKY), Topora IimuThes Ha L-kmituH. KokHa KIIITHHKA Ma€e TOBKHUHY
7,5 M, 1 B KOKHIN KIIITHHI[I MOYE MICTUTHCS] aBTOMOOLITH 200 3aJIUIIIATHCS TIOPOXKHBOIO.
X,(1), v (1) TO3HAYAIOTH TIOJIOKEHHS 1 NIBUKICTB i-TO BATOHA B MOMEHT 4acy ¢ BiITOBI/IHO.
[IBuaKicTh MpUiIMaE 11iJIe 3HAUYEHHS 31 3MIHHUMH Bill () 10 v s €V — MaKCMMalbHa

max

IIBUJIKICTB PyXy TPaHCTIOPTHOTO 3ac00y. d (f) MO3HaYae BiICTaHb Mk I Ta i+/ BArOHOM.
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Jlana mozienb ckiagaerbes 3 4 IpaBuiL:
1. Ilpuckopenna. SIkmo v, < v, TO IUBUIKICTH i-20 aBTOMOOLJIA 301IbIIY€THCS HA
OJIMHMIIIO; SIKIIO V, =V, TO MIBUJKICTb HE 3MiHIOEThCS:

vi(t+ 1) = min (v;(t) + 1, Viay) (1)

2. lanbmysarnus — IKIIO TIEpE i-M aBTOMOO1IEM € TIEPEeNIKo/Ia, TO MIBHIKICTh JOPiB-
HIOE BiJICTaHI JI0 TIEPEIIKO/H:

v;i(t + 1) = min (v;(t) + 1,d;(t)) 2)

3. Bunaoxogi 30ypenHs — iCHy€ UMOBIPHICTb p, IPU SKi MIBUAKICTb aBTOMOOLIS
3MEHINY€ETHCS Ha OAMHUIIO:

if e(t) < pthenv;(t+ 1) = max(v;(t + 1) — 1,0) 3)

4. Pyx agmomobinie — 11e 3MiHa TTOJIOKEHHST MAllTHA Ha T0JIi KIIITHHHOTO aBTOMATy
BiJIMIOBITHO IO 3HOBY PO3PaxOBaHOT MIBUIKOCTI:

xi(t + 1) = Ui(t + 1) + Xi(t) (4)

Y po6orti [4] kuTaliCbKi TOCHITHUKY poaHaii3yBaiu 3-e nmpaBuio moaesni Harens—
[IpakenOepra i TPUHILTN A0 BUCHOBKY, III0 HMOBIPHICTH p HE MMOBUHHA OyTH MOCTIiii-
HO¥O, a 3aJIeXKATH BiJl TOTOYHOT IBUIKOCTI 1 BIZICTaHI 10 HACTYITHOTO aBToMOoO1Is1. [Tosic-
HIOETBCS 1I€ THM, LIO0 SKIIO HACTYIHA MalllWHA 3HAXOAUTHCSA HaJIeKO, TO MMOBIPHICTH
TOTO, 110 BOMIN 3MEHIIUTH MIBUAKICTh, HEBEINKA. Y POOOTI [5] aBTOpH JOMOBHIOIOTH
mozxenp Harems-lllpakenGepra mpaBmiamMu, sKi J03BOJSIOTH MalIMHAM MEPEXOIUTH
3 oxHiel niHii Ha iHmy. PoGota [6] momae mpaBuiia He TUIBKH MEpPEXoay aBTOMOOLTIB
3 JiHil Ha JiHiIO0, a i mpaBmiIa 00roHy aBToMOOUIIB. Y poboTi [7] pO3MIAaaioTh 3aCTO-
cyBaHHs MeTory MoHTe-Kapio uist po3paxyHKy 3aTpUMOK poOOoTH cBiTiohopy. OnHak
OinbLIicTh POOIT, MPUCBAYCHUX MOJIEIIOBAHHIO TPAHCIIOPTHUX MOTOKIB 3a JIOTIOMOIOI0
KIIITHHHUAX aBTOMATIB, HE OTIMCYIOTh TIEPEXPECTs B CBOIX MOJIeNsIX. Y JaHii podoti Oyme
pealizoBaHa MOZAENH 3 IBOMA CMyTaMH PYyXY 1 PeryJIbOBaHUM IIEPEXPECTSIM.

Bukiaa ocHoBHOro marepiasny. BukopuctanHs KIITHHHUX aBTOMaTiB mependadae
HasIBHICTh MaTpHIli (MACHBY) CTaHIB, 3MiHa SIKUX BiIOyBa€ThCsl OTHOYACHO. J[J1st Mozenro-
BaHHS IEPEXPECTs Ta PyXy aBTOMOOLTIB TaKOXK OyJIM BBEJICHI JIOJATKOBI MaTPHIII HAIIPSIM-
KiB 1 JJOMYCTHMHUX TepeMillieHb. BuzHaunMo, e B Marpulli CTaHiB PO3MIILEHI aBTOMO-
011, opora, CBITI0(hOP, a TAKOXK JISIHKH, [0 HE HAJISXKATh JI0 IOPOKHBOI MEPEXKi i sKi
Ha3Bemo «CriHay. Ha puc. 1,a moka3aHo CiTKy CTaHiB KOMIpOK. BilOBiTHI CTaHU: «CTiHA»
(wall), «moporay» (road), «aBromo0ii» (car), «cBiTodop» (traffic light).

Wall | Wall | Wall | Car  Road] Wall | Wall [ Wall {0,0) | (0,0) | (0.0} |{-1.0)| (1,0) ] {0,0) | (0.0} | (0.0}
A
Wall - Wall - Wall | Road  Road | Well | Wall | Wall 00) | ©0) {00 1.8 (1.0) | 0.0) | (0.0) | (0.0)
fraﬁc [ I . I
Wall | Wall light Road  Car | Wall | Wall | WWall {000y | (D0) | 00} (1 ‘CE_J (1.0} § {0.0) | (00} | (0.0}
Road Road Car Road Road| Road| Road| Car {01) | (01) | (01} (1 1,} {113 {04) | (0,1) | (0.1}
Road Car HRoad Car Road| Car | Road | Road A1) (O-1) @A) -0 (1 -1i} O-1) [ O-1) [ 0-1)
Wall | Wall | Wall | Road Car | Wall | Wall | Wall {00) | (00) | (00} 100 (1,0'} {0.0) | (00) | (0,0}
A4
Wil el Wall | Read  Road | el | wisll | il o0 | @0 oo flaolao oo 0o o
Wall | Wall  Wall | Car Car | Wall | Wall | Wall w0y | oy | o o ao oo | ooy o)

(a) @)

Puc. 1. Mampuys cmanis komipok (a), mampuysi HanpPSIMKiI6 KOMIpox (6)
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Marpurs HanpsiMkiB (puc. 1,06) 1eMOHCTpye HampsIMOK, Y sIKOMy Oyne pyxaTHcs
aBTOMOOUTE. [lepiie yrcno MacuBy BIAIOBiNA€E TEPEMINICHHIO 10 BEPTUKAJIBHIA OCi,
a Ipyre — 1o TOPH30HTabHINA. TaKMM YUHOM, T0JaTHE 3HAYCHHS [0 TOPU3OHTAIII O3HA-
4ae pyX BIIPaBO, a JI0JIaTHE TI0 BEPTUKAII — BHU3, TOJII SIK BiJi’€MHI 3HaUEHHS BKa3ylOTh
Ha MIPOTUIICKHI HAIIPSIMKH.

Marpuiist 103BOJICHHX IEPEMINICHb OMUCYE MOXIIMBI Ha JaHHH MOMEHT IepeMi-
IICHHS, SIKi 3aJIe)KaTh BiJ] cTaHy cBiTIodopa (puc. 2).

0.0) | ©0) | 00 (1.0 (1.0)] @00 (00)) {00) (0,0} | (0.0} [ D0} f (10} | (10} § {00} | (0,0} | {00}
©00) | o0 ooy oo aoy| oo ©o| o) ;0.0} ;0.0} ;o.o} ;l.o} ;l.o} ;0.0} ;0.0} ;0.0}
;Q,OJ.(D_D.).G.-'QQn ;1_0}.(1_0.) 00 ;o_o) {o,n.) ;0.0} ;0.0} Eed ;l.o} ;l.o} ;0.0} ;:D.D} ;:D.D}
©0 [ O 00| 0 ©1) | 01 ©1)] 01 (0.1} | (0.1} | (0,1) ii.ll: ii.ll: (0.1} | 10,1} | 10,1
;O,I]:(D,I.):(D.1):£0.1;:(0.1;|:(D.1) ;0.‘} {0,1.) ;0.]} ;0.1} ;0.1} ﬁ.u: ii.ll: ;0.1} éo.n éo.n
©0) | ©0) | 00 ;1.0}.(1.0.) ©0) (O} | (0,0) 00} | 10,0} | (0.0) ;I.O} ;I.O} ©0) | (00 | (00)
;Q.OII(D.D.). (0.0) 1‘:‘.0}.(1.9.) (LX) ‘.IU.U} {U.D.) ;0.0} ;0.0} ;0.0} ;I.O} ;I.O} ;0.0} ;0.0} ;0.0}
00 00 onfue 0ol oy 0ol on ;0.0} ;0.0} ;0.0} ;I.O} ;I.O} ;o.o} éom éo.o}
@ ®)

Puc. 2. Mampuys 0o3eonenux nepemiujensb 05 3e1eno2o (a), 01 uepeono2o (0) pexcumis
pobomu ceimaogopa

Hampukmnan, KoM TOPUTH «3eNEHU CHUTHAN, JO3BOJICHO JIUIIE PyX MO TOPU30H-
TanbHii oci (0,1). Y BUMagKy «4€pBOHOT0» CHUTHAITY MEPEMILICHHS MOKIIUBE TiIBKH IO
BepTukaibHii oci (1,0). CurHan «KOBTHI» BCTAHOBIIIOE BC1 KOMIIOHEHTH MAcHBY J103-
BOJICHUX IMMEePEeMIllleHb BCEPErHI TiepexpecTs K HyapoBi (0,0), 1110 03HaYae 3a00poHY
pyXy BcepeauHi nepexpects. Ha puc. 3 KoxHii KIITHHI, 110 MiCTUTb aBTOMOO1J1b, IPH-
3HAYMMO MIBUKICTb, SKa 3AJICKUTH BiJl HAIPSIMKY HOTO pyXy.

©0) ©o  ©0 =30 ©0] 0o ©y 0o

(0.0) | {0,0) | (00) ] {00} | (0.0) ) (0.0} (30} {0.0)

000 (0,0 ©O) )OO0} (0,0p) (@0} (20} {00)

00 | {0.0) | (0,2) | {00} | (@0 | {00} (@0 ([02)

©0) | (0-8) (©0) {0.2) ©0) (0-2) (0) ] (00)

(0.0) | (0,0) | ©0) ] (00} | (0,00 ) (0,0} (2.0} | {0O)

(00 | {0.0) | (00) | (0.0} | (@0 ) (00 | (@0 | {00)

00 |00 oz co|on ©n oo

Puc. 3. Mampuys wieuoxocmeti

TyT WBHAKICTH BIJAMOBIIA€ KUTBKOCTI KITITHH, Ha SIKi aBTOMOOLIh MOXKE ITEPEMiCTH-
THCS 10 BEPTUKAIBHIN Ta TOPU3OHTANIBHIN OCsIX. Y KIIITHUHKAaX 0€3 aBTOMOOLIIB IIBU/I-
KOCTI HE 3aal0ThCH.
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ITepemkoio0 BBaKAETHCSI ABTOMOOLNb, IO PYXAETHCS B 33JaHOMY HAMPSIMKY,
JUISIHKA TIepeXxpecTs MpH 3a00poHi pyXy IO BiAMNOBIAHINA TPAEKTOPIi, @ TAKOXK KIITHHKH
tuny WALL. BuzHaueHHsI Tepeniko/1 31HCHIOETHCS MUISIXOM OISy KIIITHH, PO3TaIlIo-
BaHUX y3/I0BX HampsMKy pyxy. [lepexpectsi cTae nepenoHoro, KOJIM MaTpHIIsS 103BOJIe-
HUX TepPEeMIIIeHb I ICBHOTO HAIIPSIMKY HaOyBa€ HYJILOBOTO 3HAYCHHS. /11 TOpH30H-
TaJbHOTO PyXy e MOXXyTh OyTH (1,0) 260 (0,0), a xst BeptukamsHoro — (0,1) a6o (0,0).
V Takux BUMAJKAX IMEPEXPECTsi YTBOPIOE MEPEIIKOIY.

OCKIJIbKH KIJIBKICTh KJIITUH 0OMeKeHa, MacHB He 30epirae 6e3MexHy KiIbKICTb efe-
MeHTIB. ToMy, y pasi BIICYTHOCTI MEPEIIKOIH, BiJICTAHb BCTAHOBIIOETHCS SIK HECKIH-
YEeHHICTh 1 Ha0yBa€e MaKCUMAaJIbHO MOYJIMBOTO IIIJIOT0 3Ha4eHHs Ty Integer. B mpomy
BUIIA/IKy aBTOMOOLITb PUCKOPIOETHCS 10 MAKCUMAIILHO JI03BOJICHOT IBUAKOCTI.

OCHOBHUMH IPaBUJIAaMHU PYyXy aBTOMOOLTIB € TipuHImITH Moelti Harensi-11IpekenOepra.
3riHO 3 MU MIPUHIMIIAMHE, aBTOMOOLTI MEPEMINIYIOTECSI B MEXKaX Marpuili cTaHiB. Pyx
ABTOMOOLIIB 3[1MCHIOETHCS IIISIXOM 3MIHM KOOPAMHATHUX 3HA4YeHb y MaTpulli ctaHiB. [lo
KOOPJIMHAT MaTPHIIi, SIKi MICTSITh aBTOMOOLTI, IOMAE€ThCs MIBUAKICTh. [1IBHAKICT BU3HAYA-
eThest 3a nipaBuiiaMu Harens-11IpekerOepra: aBToMOOUTH IPUCKOPIOETHCS (MOTO MIBUJIKICTH
30UIBIIYETHCA HA OJJMHUIII0) 0 MAKCHMAIIBHO 33/IaHOTO 3HAYEHHS, SKIIO Ha IUIAXY PyXY
HEMA€ IMEePEIIKO/]; aBTOMOOUTh TATbMY€ (IIIBUIKICTh BCTAHOBITIOETHCS PIBHOO BIJICTaHI /10
TIEPEIKON), SKIIO WOro IMOTOYHA IMBHIKICTh MEPEBHIIYE BiJICTaHb JIO HACTYIHOI Iepe-
mkoau. Y npaeuiax Harens-IlpexenOepra Takoxk nependadeHo BUMAJI0K CTOXaCTHYHOTO
raJbMyBaHHS: IIBUIKICTh aBTOMOOLIS 3MEHIITYEThCS Ha OIMHHUIIIO 3 TIEBHOIO HMOBIPHICTIO,
MPOTE MU BBAKAEMO 3a JIOIUIbHE BIIMOBHTHCS BiJl OCTAHHBOTO MPaBUJIa PO BUITAIKOBI
30ypeHHsI, OCKIIBKH BiJICTaHb MIXK IIEPEXPECTIMH B PeaIbHOMY MICTi HEIOCTaTHBO BEITHKA,
100 BoAIM MOCTIHHO rajbMyBaB. TakMM YWHOM, aBTOMOOUIb NEPEMILLYEThCS BCEpEeIUHI
Marpuili ctaHiB. HoBa MaTpuIls CTaHIB 3aIUCy€eTHCS B 1HITY MaTPUIIIO CTaHIB, MO0 3a0e31ie-
YUTH OJHOYACHICT MEPEXO/IiB Ta YHUKHYTH PYYHOTO BUIAJICHHS MOTICPEIHIX CTaHIB.

Bysu po3misiHy Ti KITacCHYHU Ta aJalTHBHUHN allrTOPUTMHU POOOTH, PO3IISTHEMO O1ITBII
JIETAJIBHO CaMe IPYTHM.

3anmporoOHOBAHUIT aNTOPHUTM BPAXOBYE KIUIBKICTH aBTOMOOINIB, IO PYXarOThCS
y HamlpsAMKY 0 IePeXpecTs, a TAKOXK BiZICTaHb KOXKHOTO 3 HUX Bij nepexpects. OCHOBHI
eTaru poOOTH aJrOPUTMY HABEJCHI HIKYE.

1. Ha xoxHi#l iTepauii KJIITUHHHOTO aBTOMaTa JUIsl BEPTUKAJIbHUX Ta TOPU3OHTAIIb-
HUX HaANpSMKIiB O0YHCITIOIOThCS 3HAaYEHHS HACTYITHUX (byHKuiﬁ:

fr@®) = 2i( )P+ Xa( )P (6]

dzstancev (t)

)P+ 2u(

dlstancey (t)

fu(®) = 2i( )P (6)

dlstanceH (t) dzstanceH (t)

ne:

distancey,(t) ~ BiZICTaHb 10 TEPEXPECTst JUIs NEPIIOT CMYTH PYXy JUIsl /-rO aBTOMO-
OiJtst, 110 pyxaeTbcsl 10 BePTUKAJII;

distancey ,(t) — BIICTaHb JI0 EPEXPECTS Isl APYTOi CMYTH PYXY JUIS i-r0 aBTOMO-
6iIIst, 110 PYXA€THCS 110 BEPTHKAII;

distancey,,(t) — BIJICTaHb JI0 MEPEXPECTs ISk IEPIIOi CMYTH PYXY JUIS i-TO aBTOMO-
011151, 10 pyXa€eThCs 110 TOPH30HTAT;

distancey,,(t) — BIIACTaHb 10 MEPEXPECTS VIS IPYTrOi CMyTU PyXy [UIsl (-0 aBTOMO-
O1J1s1, 1110 PYXA€THCS 110 TOPU3OHTATI;

p > 0 — creneHeBHii TapameTp.

2. Ha HacTynmHOMY eTamni BU3HA4YA€ThCS BIIHOIICHHS OOYMCICHUX (YHKILH, micis
YOTo 3MIHCHIOETHCS 3MiHA CTaHy CBiTIO(pOpa. [lepeMUKaHHs 3a1eXKHUTh BiJl HOTOYHOTO
crany cBiTinodopa. Tak:
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v . . t . .
— Slkmo norounuii cran ceimodpopa — RED i ff;gt; >k, To BinOyBa€eThCs Mepexin

y cran RED _TO_GREEN, ne k — iHepuiiiHui napamerp;

— Slkmo morounuii cran cBiTiohopa — GREEN 1 8 i To BimOyBaeThes mepexin
y cran GREEN_TO_RED; Tn®

— Skmo norounuit cran ceimiodpopa — RED_TO GREEN, T0 00poOka craHiB
BiZOyBaeThCs TaKk caMo, Micis Toro, sk numberOflterations MepeBUIIUTH TPUBATICTH
JAHOTO CTaHy, 10 BU3HAYAETHCS 3MiHHOIO time yellow, ctan cBitnodopa nepemuka-
erbcsd B GREEN;

— Slxmo norounmii cran cBimrodopa — GREEN TO RED, o6pobka craHiB BigOy-
BAETHCS TaK camo, micis Toro, sk numberOflterations nmepeBUIINTG TPUBATICTH JAHOTO
CTaHy, 110 BU3HAYa€ThCs 3MiHHOM time_yellow, ctan cBimiodopa nepemukaeTbest B RED.

Juist OLIBIIOT HAOYHOCTI Ha PHC. 4 MpeAcTaBlIeHa CXeMa IIePEXOIiB MK CTaHAMH.

J numberofiterations
fh/fv >k IRED_TO GREE >= fime_yellow

{GREEN_TO_RED.

numberOfiterations fu/th>k

>=fime_yellow 7

Puc. 4. Cxema nepemuranns ceimnogopa 32i0Ho aneopummy

3anporoOHOBAHUIT aJITOPUTM BKJIIOUAE JIBA MTAPAMETPH, SIKi MOYKHA BIJTBHO HAJAIITO-
BYBAaTH: TIOKAa3HHK p Ta KoedimieHT k. Bubip nux mapamMeTpiB BIUIMBAE Ha TPUBAJICTD,
HEOOXiJHY JUIs 3HATTS HABAHTAXKCHHS 3 IEPEXPECTS, a TAKOXK HA Yac MPOCTOI0 AaBTOMO-
ouriB. [lyis oriHkK e(eKTHBHOCTI IMX MapaMeTpiB BUKOPUCTOBYKOTHCS JIBA KPUTEPIl:
9ac IMPOCTOI0 aBTOMOOLIIS (TIepiof, MPOTATOM SIKOTO aBTOMOOLIH TiepedyBac y cTaHi cTo-
SIHKI) Ta 9ac PO3BAaHTAXEHHS MepexpecTs (dac, HeoOXiAHUH AT TOTo, 00 yci aBTOMO-
OLTi IOKMHYJIM 30HY Tepexpectsi). 3aBIaHHs ONTUMI3allii moyrae y MiHiMi3aIii 060x
LUX TOKA3HUKIB.

Po3pobiniena mMonens nependadae BUNIAIKOBE PO3MIIIEHHS aBTOMOOUTIB Ha Pi3HUX
JUTSTHKAX JOpory. J{ist ocATHEHHs OB TOYHHUX Pe3yJIbTaTiB 0yIio mpoBeneHo 20 exc-
MEPUMEHTIB 11 KOXKHOI 3a/1aHOT KIJIBKOCTI aBTOMOO1TIB. Y MiACYMKY O0YHCITIOBANIOCS
cepenHe apudMeTHIHE 3HAYCHHS Yacy MPOCTOO Ta Yacy PO3BaHTAKECHHSI.

[TincymMoByro4YM OTpHMaHi JaHi, MOKHA 3pOOUTH BUCHOBOK, ITIO B Jlialla30Hi cTere-
HEBOTO IMOKa3HUKa p < 2 Ta NpH Koe]ilieHTi k> 5 5K yac MpocToro, TaK 1 4ac po3BaHTa-
JKEHHS JIOCSITal0Th HAWHIKYMX 3HaueHb. [lomasbine 30inbleHHs 3HAYCHHSI kK HEe CTIpH-
YIHWIO MOKPAICHHS PE3yNbTaTiB: Yac MPOCTOI0 Ta Yac PO3BAHTAKCHHS 3aJIUIIAIUCS
MPUOIN3HO HA OJTHAKOBOMY PiBHI.

PucyHku 5-6 NeMOHCTPYIOTH 3aJICXKHICTh CEPEHBOTO aprU(PMETHUIHOTO Yacy po3-
BaHTQXEHHS Ta CEPEIHHOT0 apU(YMETHIHOTO Yacy MPOCTOK BiJ MOYATKOBOT KUTLKOCTI
ABTOMOOUIIB MPU BUKOPHCTAHHI aJalTUBHOIO QJITOPUTMY 3 PI3HUMH MapaMeTpami,
a TaKOK KJIACHYHOTO aJTOPUTMY YIPaBIiHHS CBITIO(HOPOM.
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Puc. 5. 3anesxcnicmo uacy HasanmasiceHHs 8i0 NOYAMKOBOI KilbKOCMI a8momooinie

Yac npocToio

Puc. 6. 3anesxcuicmo wacy npocmoio 8i0 ROYAMKOB0I KIIbKOCMI a8momooinie

Po3pobiena MojieNib TPAHCIIOPTHUX MTOTOKIB MOYKE BMIIITYBaTH /10 252 aBTOMOOIIB.
Tabnuus 1 npeacrasiise MOPIBHUIbHI XapaKTSPUCTUKY, [IE aJATUBHUN aJITOPUTM Ma€e
napametpu: p = 0,5 Ta k = 5. Ha ocHOBI IIMX JaHWX MOXKHA 3pOOMTH BHCHOBOK ITIPO
e(heKTUBHICTH PO3POOIICHOr0 AITOPUTMY: 3 POCTOM KIJIBKOCTI aBTOMOOLTIB BiH MPAItoe
0171 €(PEeKTUBHO.

Hanpuknan, npu KigbKOCTI aBTOMOOLTIB, 1m0 jopiBHIOE 100, 9ac po3BaHTaKCHHS
nepexpecTst 3MeHIyeTbest Ha 30 iTepalliid, a yac mpoctoro — Ha 300 iTepartiiif mopiBHIHO
3 kjracnyHuM anroputMmoM. [pu kinbkocTi aBToMo0611iB 200 yac po3BaHTaKEHHS Iepe-
XpecTsi cKopouyeThes Ha 40 iTepartiif, a yac mpoctoto — Ha 1600 itepartiii y mopiBHSIHHI
3 KIITACHYHUM ITiJXOIIOM.

Tabmus 1
IopiBHsIJIbHA XapaKTEPUCTHKA AJTOPUTMIB
KiabkicTs Mmammn
50 150 250
AJIropuT™M
Yac Yac po3BaH- Yac Yac po3BaH- Yac Yac po3BaH-
MPOCTOI0 | Ta)KeHHSI | MPOCTOI0 | Ta:KeHHS MPOCTOI0 TaKeHHS
Knacuynanit 50,15 218,2 108,3 2819,7 12759,1 174,9
AnanTHUBHUI 36,8 155,7 77,9 2016,9 8354,8 129,9
PizHuns 13,3 62,5 30,4 802,8 4404,3 45
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TakuMm dpuHOM, Oy70 MOBEACHO €(hEKTHBHICTH PO3POOJIEHOTO aJANTHUBHOTO AJro-
PUTMY KepyBaHHS TPAHCIIOPTHUMH MOTOKAMH.

BucnoBku. byna nodynoBana MoJeb TPaHCIIOPTHUX TIOTOKIB HAa OCHOBI KIIITHHHIX
ABTOMATIB, IO ONHCYE ABOCTOPOHHIN PyX, HEPEeXpecTs, L0 PETYIIOEThCs CBITIOMO-
poM 1 10 Hel 3aCTOCOBaHO PO3POOIICHUH aIalTHBHUN aJITOPUTM YIIPaBIiHHS CBITIODO-
pamu. Po3pobneHuii anropuTM 103BOJISIE CKOPOTUTH Yac rnepeOyBaHHS aBTOMOO1IIB Ha
nepexpecti Ta 3a0e3nedye 30UIBIICHHS MPOIYCKHOT 3AaTHOCTI cBimnodopy. Llmaxom
noOy/I0BM TPUBUMIPHUX TpadikiB Oylv BU3HAYCHI HAWOUIBII ONTHMAJbHI 3HAYCHHS
ux napamerpiB. Hampukinan, st mapaMeTpa HOTY>KHOCTI ONTHMANbHI 3HAYCHHS 3Ha-
XOIAThCS B Aiana3oHi (0, 2], a onTUMabHI 3HAYSHHS 1HEPIIIITHOTO apaMeTpa — B Jliamna-
30Hi (5, ). Ilpy nux 3HaUEHHSX MapaMeTpiB alanTUBHUN anropuTt™ Ha 70% mepesep-
Iy€e KIACUYHUIA aITOPUTM JJIsl JAHOT MOZETI.

CIIACOK BUKOPUCTAHOI JIITEPATYPU:

1. The INRIX global traffic scorecard. URL: http://inrix.com/scorecard/ (nara 3Bep-
nenns 05.10.2024).

2. Cxynpbenenko H.A. Metoanka po3paxyHKy HIIIOXiTHHX 3aTPUMOK IIPH PETYITIO-
BaHHI mimoxigHux nepexoxis. Bicank BHTY Ne 3 (39) 2009. c. 76-79.

3. Nagel K., Schreckenberg M. A cellular automaton model for freeway traffic.
J. Phys. I. France. 1992. Vol. 2. pp. 2221-2229.

4. Yong Chen, Hong He, Ning Zhou. Traffic Flow Modeling and Simulation Based
on A Novel Cellular Learning Automaton. The International Conference of Intelligent
Robotic and Control Engineering, IEEE. 2018.

5. Chongyuan Tao, Jian Zhang. A Cellular Automata Simulation on Multi-lane
Traffic Flow for Designing Effective Rules. International Conference on Industrial
Informatics-Computing Technology, Intelligent Technology, Industrial Information
Integration, IEEE. 2015.

6. Xiao-Fangyang, Jun-Feng Li. Study on the traffic flow under keep-right-except-
to-pass rule based on cellular automata model. International Conference on Machine
Learning and Cybernetics (ICMLC), IEEE. 2015.

7. Anunponos P.B., Jleepenens €.A. Po3paxynok 3a merogom MonTe-Kapio 3arpu-
MOK TPaHCIOPTHOTO 3aco0y Ha i30JbOBAHOMY PEryJIbOBAaHOMY IEPEXpPECTi Mmpu HOro
po0OTI IpH BHCOKUX PiBHAX HaBaHTaxeHHs. Bichux Cym/I'Y 2017. Ne 1(60). C. 221-226.

REFERENCES:

1. The INRIX global traffic scorecard. URL: http://inrix.com/scorecard/

2. Skulbedenko N.A. (2009) Metodyka rozrakhunku pishokhidnykh zatrymok
pry rehuliuvanni pishokhidnykh perekhodiv. [Methodology for calculating pedestrian
delays in the regulation of pedestrian crossings]. Visnyk of VNTU [in Ukrainian].

3. Nagel K., Schreckenberg M. A cellular automaton model for freeway traffic.
J. Phys. I. France. 1992. Vol. 2. pp. 2221-2229.

4. Yong Chen, Hong He, Ning Zhou. (2018) Traffic Flow Modeling and Simulation
Based on A Novel Cellular Learning Automaton. IEEE.

5. Chongyuan Tao, Jian Zhang. (2015) A Cellular Automata Simulation on Multi-
lane Traffic Flow for Designing Effective Rules. IEEE.

6. Xiao-Fangyang, Jun-Feng Li.(2015) Study on the traffic flow under keep-right-
except-to-pass rule based on cellular automata model. IEEE.

7. Andronov, R. V., Leverenets, Ye. A. (2017) Rozrakhunok za metodom Monte-
Karlo zatrymok transportnoho zasobu na izolovanomu rehulovanomu perekhresti pry
yoho roboti pry vysokykh rivniakh navantazhennia. [Calculation of vehicle delays at an
isolated signalized intersection using the Monte Carlo method under high traffic load
levels]. Visnyk of SumDU [in Ukrainian].




| Taspiliceknit HaykoBHi BicHHK Ne 6

72|

YOK 004.75
DOI https://doi.org/10.32782/tnv-tech.2024.6.8

PO3POBKA MOBIJIbHOIO ABTOMATU30OBAHOI'O
ATPETATOPA BAKAHCIU B IT-TANY3I

Onbxoecbka O. B. — kaHOudam hisuKo-MameMamuyHUX HayK,
3aeidysay Kaghedpu KOMITromepHUX HayK ma iHghopMmauiltiHux mexHonoeit
lMornmaecbKo20 yHigepcumemy eKoHoMIKU | mopaieni

ORCID ID: 0000-0001-5366-5995

Kowoea O. 1. — kaHOudam nedazoeiyHux HayK,

doueHm Kaghedpu KOMM'toMepHUX HayK ma iHghopmMauyitiHux mexHomnoail
lMonmascbKo20 yHigepcumemy eKoHoMIKuU i mopaisni

ORCID ID: 0000-0003-0794-6774

YepHeHko O. O. — kaHOudam ¢hi3uKko-mamemamuyHUX Hayk,

douyeHm Kaghedpu KOMM'tomepHUX HayK ma iHghopmayitiHux mexHornoaitl
lMonmasecbKo20 yHigepcumemy eKoOHOMIKU | mopaieni

ORCID ID: 0000-0002-9084-0999

Typ B. M. — acrniipaHm [NonmagcbKo20 yHieepcumemy eKOHOMIKU | mopeaieni
ORCID ID: 0009-0003-2825-1434

Y emammi oocniooceno akmyansricme po3spooku asmomamuzo8ano2o azpe2amopad 6aKancitl
ons IT-chepu, sixa € 00HIEN 3 HAUOILTbUWL OUHAMIYHUX 2ay3ell CYUACHO20 PUHKY npayi. Buceim-
JIEHO KIIOHO08I npodiemMu, no8 a3ami 3 NOULYKOM pobomu 6 ymMosax 3p0Cmaioyoi KOHKypeHyii ma
senuxoi Kinbkocmi 6axkauciiu. Onucano QyHKYIOHATbHICMb PO3POOIEH020 MOOIILHO20 D00AMKY
oA onepayitinoi cucmemu Android, axuil 00360/5€ Kopucmysauam 30iUCHIOBAMU NOULYK BAKAHCIT
Ha maxkux nonyisiprux niamgopmax, sax Work.ua ma Jooble. Ocrnosroro ocobnugicmio 0o0amky
€ BUKOPUCMAHHA CYYACHUX mexHonoz2iu ma dioniomex, maxux sk Kotlin, Koin, Jsoup, apximexk-
mypHozo wabnony MVVM i Lottie. Lle 3abe3neuye 6ucoxy npoOyKmueHicmb, MOOYIbHICMb Ma
3PYUHICb GUKOPUCTNAHHA.

Aneopumm pobomu npoepamu 0emanbHo ONUCYE NPoYec NOULYKY 8aKAHCI, NOYUHAIOUU 3 6Ge-
Oennst nowykoso2o sanumy, ananizy HTML-cmopinok catimis 3a donomozoro Jsoup, 300py neo6-
XIOHOI iHhopmayii ma 3aKinuyouU 8i000PAdNCEHHAM pe3yiibmamis Kopucmysayy. Taxodic nepeo-
b6aueno 06poOKy noMulok, inbmpayilo 6aKancill 3a 3a0AHUMU KPUMEPIaMU Ma YNPAGIiHHS
cmanom niokauenHs 00 Inmepuemy. Ipedcmasneno diazpamy Kiacie npoepamnozo 3abesne-
YeHHsl, AKA OEMOHCIMPYE APXIMEKMYpy OCHOBHUX KOMROHEHMIE 000AmKY, ix 63aeM036 3K ma
sanexcHocmi. Buokpemneno knwouosi enemenmu: inmepgheticu, penosumopii, mooeni OaHux,
ViewModel ma (ppacmenmu.

OCHOBHI (hYHKYIOHANbHI MONCIUBOCMT 000AMK) 8KIAIOUAIOMYb IHMeSpayilo NOWYKY 3 PISHUX
ooicepen, napcuHe 8aKanCil, OUHAMIYHI aHIMAYLl 0I5l NOKPAUWeHHS 83AEMOOIL 3 KOPUCTITY8AYEM,
a MaKodic 3pYUHy HABI2AYiI0 MIdHC eKPaAHAMU.

Pezynomamu 0ocriodcenns 8kazyionv Ha epekmueHicms po3pooneno2o piuleHHs ma 1o2o
nomenyian ona po3wupenns. Ilepcnekmugnumu HanpaMamu nOOATLUUX PO3GIOOK € iHmezpayis
HOBUX NAAM@POPM, 6NPOBAIICEHH MAUUNHO20 HAGUANHS Ol NePCOHANIZAYIT NOWYKY ma po3-
PpobOKa eepcitl Oisl IHWUX ONePaYitiHUX CUCEM.

Knrwwuosi cnosa: saxancii'y chepi IT, apximexmypa MVVM, UX/UI-0uzaiin, nepconanizayis
cepeicis, onmumizayisi Npoyecie.

Olkhovska O. V., Koshova O. P, Chernenko O. O., Tour V. M. Development of a mobile
automated vacancy aggregator in the IT industry

The article explores the relevance of developing an automated job aggregator for the IT sector,
which is one of the most dynamic sectors of the modern labor market. It highlights key issues
related to job searching in the face of growing competition and a large number of vacancies. The




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|73

functionality of the developed mobile application for the Android operating system is described,
which allows users to search for vacancies on such popular platforms as Work.ua and Jooble.
The main feature of the application is the use of modern technologies and libraries, such as
Kotlin, Koin, Jsoup, the MVVM architectural pattern and Lottie. This ensures high performance,
modularity and ease of use. The program's algorithm describes in detail the process of searching
for vacancies, starting from entering a search query, analyzing HTML pages of sites using Jsoup,
collecting the necessary information, and ending with displaying the results to the user. It also
provides error handling, filtering vacancies according to specified criteria, and managing the
state of the Internet connection. A software class diagram is presented, which demonstrates the
architecture of the main components of the application, their relationships and dependencies.
Key elements are highlighted: interfaces, repositories, data models, ViewModel and fragments.

The main functionalities of the application include integration of search from various sources,
job parsing, dynamic animations to improve user interaction, as well as convenient navigation
between screens.

The results of the study indicate the effectiveness of the developed solution and its potential
for expansion. Promising areas for further exploration include the integration of new platforms,
the implementation of machine learning for search personalization, and the development of
versions for other operating systems.

Key words: vacancies in the field of IT, MVVM architecture, UX/UI design, service
personalization, process optimization.

AKTyaJbHicTh Po60TH. Y Cy4acHOMY CBITI, Jie KJIFOUOBHUMH (pakTOpamMu JJis Oara-
ThOX KOPUCTYBA4iB CTAIOTh MIBUJKICTb AOCTYIy A0 iH(OpMAaIil Ta 3py4HICTh KOMYHi-
Kallii, MeCeHKEepH, BeO-10JIaTK! Ta 1HII iHOopMaIliliHI TEXHOIOT1l Ha0yBAKOTh LITHPO-
KOTO 3aCTOCYBaHHS y Oi3HEC-KOMYHIKAIIiSX, KIIEHTCHKOMY OOCITYrOBYBaHHI, BHBYCHHI
puHKy npaui [1-3]. 3 KOXHHMM POKOM KiIbKiCTh BakaHciit B IT-cextopi 3poctae, aine
BOJTHOYAC 3POCTAE i KOHKYPEHIIisl cepet MPETSHICHTIB Ha 11l TIO3uIlii. Y Takiil curyarii
BHUHUKA€E ToTpeda B e(heKTUBHUX i1HCTpyMeHTax [4—11], ki JO3BOJISIOTH INBUIKO 3HA-
XOJIUTH aKTyaJibHI BaKaHCii, BiINMOBiIHI HABUYKAM 1 BUMOTaM KaHJHUIaTiB. ABTOMATH-
30BaHi arperaTopy BakaHCii CTAI0Th BOKJIMBHM €IIEMEHTOM Y TPOIIeci OITYKY POOOTH,
OCKIJTBKM BOHH 3HAYHO CIIPOIIYIOTH Ta MPHCKOPIOIOTH IIeH Tpoliec, 30Mparodr BakaHcii
3 Pi3HHX JKEepel 1 HaJarouM KOpPHCTyBauyaM MOXIIUBICTH (DiNbTPyBaTH iX 3a pi3HUMHU
mapamMeTpaMu.

AKTyaJIbHICTh TEMH 3yMOBJICHA 3pOCTAIOUO0 TOTPEOOI0 B aBTOMATH3AIlii IIPOIECY
nouryky BakaHciit B IT-cdepi. IcHyroui pimeHHS yacTo HE BiANOBINAIOTH BUMOTAM
KOpPHUCTYBa4iB 200 X MarTh HU3KY OOMEXKEHb, 10 3HIKYE iX edekruBHicTh. Takum
YHHOM, pPO3po0Ka aBTOMATH30BAHOTO arperaropa BaKaHCIH, SKUI BpaxOBYBaTUME
CyJacHi BUMOTHU PHUHKY ITIpali Ta MoTpeOr KOPUCTYBaUiB, € aKTyaJbHOIO Ta BAXKIUBOIO
3a1avero.

Buksan ocHOBHOT0 MaTepiay aociigxenns. /st po3poOku mporpamHoOro 3ades-
MEYCHHST aHJPOIN 3aCTOCYHKY OyJl0 BMKOPHCTaHO HACTYIHI TEXHOJOTii: 0ibmioTekn
AndroidX ta miarinis Kotlin jiist yripapiiHHS HaBiraIfi€ro B JIOIaTKky; MOBa IpOrpamy-
Banus Kotlin Ta ¢hpetimBopky Koin uist yripaBimiHHS 3B’ sI3KaMH MK PI3HEMH 9aCTHHAMH
Jofarky; 6i0mioreku jsoup ans mapcuary HTML, mo no3Bosisie BUKOHYBaTH TIOMIYK
BaKaHCIil Ha BeO-caliTax; apxiTekTypHuid madimoHn MVVM (Model-View-ViewModel),
SKHUH JJoroMarae BiJOKpeMITIoBaTH Oi3HeC-JIOTIKy I0JaTKy Bij Horo iHTepdeiicy; 016mi-
oreka lottie mysi MoJaBaHHS BHCOKOSIKICHUX aHIMalliid, sKi MOKPAIlyTh B3a€MOIII0
KopHucTyBava 3 mojarkoM; androidx.navigation: navigation-fragment-ktx, st 3a6e3rme-
YEHHS MiATPUMKH HaBirarii B TOJIaTKy, BKJIFOUAIOYH YIIPABITIHHS HABITAIIIHHUMHE TOTO-
KaMU Ta MepexoaMy M eKpaHamu; ceperoBuiie po3poodku Android Studio.

Po3misitHemMo anropuTtm 300py Ta (GiIBTpallii BAKaHCIH y po3pOOICHOMY 3aCTOCYHKY
0a3yeTbCs Ha MOLIYKY BaKaHCIH Ha BOX pi3HUX BeO-caiiTax (Work.ua ta Jooble) 3 Buko-
puctanHsaM 0ibmioTeku Jsoup amst 06podkn HTML-cTopiHOK.
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Kpox 1. Iniyiayis nowyxy. Ilomyk BakaHCiH TOUMHAETHCS 3 BBEJICHHS KOPUCTyBaueM
TMOIITYKOBOTO 3aIUTy B iHTepderici koprcTyBada. ITicist boro 3aCTOCYHOK MepeBipsie, AKi
3 mxepen nouryky (Work.ua yu Jooble) Oynu BUOpaHi [1s MOLTYKY BaKaHCii. 3a1€/KHO Bij
BHOpaHHX KEpel, 3aCTOCYHOK BUKOHYE ITOLTYK HA OJJHOMY a00 Ha 000X caiTax.

Kpox 2. lowyx na Work.ua.

1. Inimiamizamis nomryky. Kimac WorkUASearchUseCase BUKIMKA€EThCS IS BUKO-
HaHHS TOIIYKy BakaHciii Ha Work.ua.

2. Bamut no caitty. Meton getVacancy WorkUAList(query: String) BUKOPHCTOBYE
6i0miorexy Jsoup st nHaacmnanas HTTP-3anuty na Work.ua 3 MOITyKOBUM 3aIUTOM.
Anpeca 3amuTy (GOPMYETHCS IUIIXOM IONABAHHS IIOIIYKOBOTO 3alUTy 1O 0a30BOTO
URL Work.ua (https://www.work.ua/jobs-).

3. O6pobka HTML-ctopinku. ITicis orpumanns HTML-cTopiHku 3 pe3ynbraramMu
MOUIYKY JSOup BUKOPHUCTOBYETHCS ATl TIOIIYKY €IEMEHTIB 3 KitacoM job-link. Ile xon-
TeHHep, SIKUi MiCTUTh 1H(OpPMAIIit0 PO BaKaHCII.

4. 306ip nanux npo BakaHcii. J{1s kokHOTO eneMenTa job-link 3acTocyHOK BUTSTYE:

— Tocumnanns (link): URL Bakamncii.

— Hazsga Bakancii (title): Ha3Ba mocasu.

— Tndopmaris nmpo kommasito (companylnfo): Ha3Ba koMmnaHii.

— Jlokamis (locate): miciie po3TainryBaHHS BaKaHCIi.

— Ormuc (desc): onuc BakaHcii.

5. JlonmaBaHHS 10 CIMCKY BakaHCii. 310paHi gaHi 10IaI0ThCs 10 ciucKy listVacancy”
y BUIIAA1 00'ekTiB THITy *VacancyModel .

6. OO6poOka BHHATKIB. SIKImo mijx 4ac oOpoOKM BHHHMKAE TOMMIKA (HANPHUKIAL,
HTML-enemenTn He MOXYTh OyTH 3HaWjeHi ab0 iX (opMaT HEOdiKyBaHHIii), BOHA
00pobnsieTbest Oi1oKoM “catch’, 1 30ip JaHUX TIPOJOBKYETHCS JITIsl HACTYITHOTO €JICMEHTA.

Kpox 3.1lowyk na Jooble.

1. Inmimiamizamis momryky. Kmac JoobleSearchUseCase BHUKIMKA€TbCs ISt BHKO-
HaHHSI MMOINYKY BakaHCii Ha Jooble.

2. 3amut g0 caity. Meton getVacancylJoobleList(query: String) nHancunae
HTTP-3anut Ha Jooble 3 morrykoBuM 3amuToMm. Anpeca 3amuty (GOpMYyeThCs ILIs-
XOM JIOJIaBaHHA IMOIIYKOBOro 3amuTy 10 6azoBoro URL Jooble (https://ua.jooble.org/
SearchResult?p=3&ukw=).

3. O6pobxa HTML-cropinku. Otpumana HTML-cTopinka aHami3yeThCsl 3 BUKO-
PHCTaHHSM Jsoup Ui IOMIYyKy eneMeHTiB 3 kiaacoM ojoFrF rHG1ci VSWAKE, ski mic-
TATH 1HPOPMAIIiIO PO BaKaHCIi.

4. 30ip 1aHUX MPO BaKaHCII.

5. JlomaBaHHA 10 CIUCKY BakaHCid. 3i0paHi AaHi 1OMAI0ThCs 10 crUcKy listVacancy
y BUIIAA1 00'ekTiB THITy " VacancyModel .

6. OO6poOka BuHATKIB. AHanorigyno 1o Work.ua, 06poOka MOMMIIOK BHKOHY€ETHCS
OmokoMm “catch’.

Kpoxk 4.00'ennanHs pe3ynbTaTiB Ta BioOpaKeHHs.

1. OO'eqnanHs cnuckiB BakaHCii. [licist 3aBepiieHHsI TMOIIYKYy Ha 000X cadTax
(six1110 0OM/IBA caldTH OynM BUOpaHi) CITUCKHU BaKaHCii 00'€ JHYIOThCS B €IMHUH CITHCOK.

2. @inmprparnis pesynprariB. OiIbTpallis pe3ynbTaTiB MOXKe OyTH JT07aHa B 3aJICK-
HOCTI Bi moTped xopucTyBaya. Hanpukinan, pe3ynsratn MoxXyTh OyTH BiadiasTpoBaHi
3a Ha3BOIO TOCAJU, KOMIIaHIEr abo Miclie3Haxo/pKkeHHIM. L ¢inpTparntis Moxe OyTH
peaiizoBana B Metoai MainViewModel.getVacancyActiveList().

3. BimoOpakeHHs pesynbrariB. Pesymsratm mepemaroThCs IO ajamTepa
AdapterForVacancy, sikuii BiAmoBiae 3a Bi1oOpakeHHS CIIMCKY BakaHCii B iHTepdeiici
KOPHCTYBada.




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|75

Kpox 5. Obpobdxa nomunoxk ma siocymuocmi pezynvmamis. SIKIIo momyk Ha o0pa-
HOMY CalTI He Jla€ pe3ylbTaTiB, KOPUCTYBAuYCBl BIIOOPAKAETHCS BIAMOBITHE TOBI-
JoMieHHs (Hampukian, "Hemae pesynbrariB"). Y pa3i BUHUKHEHHS MMOMUJIOK Mij 4ac
MONIYKY 3aCTOCYHOK 00pOOJIsI€ i HOMMIIKH 1 MOXKE CIIPOOYBaTH MOBTOPHUI MOIIYK 200
MOB1JIOMHUTH KOPHUCTYBaua Ipo Mpooemy.

[TokpokoBuii OrTUC poOOTH 3aCTOCYHKY BIAIOBIAHO 110 Oiok-cxemu (puc. 1):

1. ITowarok poboru 3actocyHKy (Start Application) — 3acTOCYHOK 3aIlyCKa€eThCs,
1 TIOYNHAETHCST BUKOHAHHS HOTO JIOTiKH.

2. Inimianizamis 3anexuocrei (Initialize Dependency Injection) — Ha ipoMy etari 31iiic-
HIOEThCS 1HIIATI3aIlS HEeOOXITHAX 3aJISKHOCTEH 3a JIONOMOror MexaHnismy Dependency
Injection (DI), sikuii O3BOJISAE AMHAMIYHO BIIPOBAKYBATH 00'€KTH 3aJI€KHOCTEH.

3. [epesipka intepHer-3’eqHanns (Check Internet Connection) — 3acToCyHOK miepe-
Bipsi€ HAsBHICTh IHTEpHET-3'€HaHHS. lle Ba)JIMBO JUIS BUKOHAHHS IMOJNANBIINX JIiid,
MOB'SI3aHKUX 13 TIONIYKOM BakaHCii B IHTepHeTi. SIKIO iHTepHET-3'€IHAHHS BIICYTHE
(No), BimoOpaxaeTbcsa MOBIJOMIICHHS MPO BiACYTHICTH iHTepHETY (Show No Internet
Message), micist 4oro 3acTocyHoK 3aBepirye poooty (End Application). fxmio iHTep-
HeT-3'enHaHHs HasBHE (Yes), 3aCTOCYHOK MPOJOBKYE pOOOTY.

4. BBexnenns momrykoBoro 3anuty (Input Search Query) — xopucTyBad BBOIUTH
TIONITYKOBHH 3aITUT JUIS MTOITYKY BaKaHCIH.

5. Ilepesipka BubOpanux mxepen (Check Selected Sources) — 3acTocyHOK mepeBipsie,
AKi Jokepena Oyau BUOpaHi sl MONIYKy BakaHCii (Hampuxian, Work.ua um Jooble).
Sxmio BuOpano Work.ua, 3aCTOCYHOK 3/IHCHIOE IMOIIYK BakaHCid Ha caiTi Work.ua
(Search Work.ua). fIxmo BuGpano Jooble, 3aCcTOCYHOK 3iHiCHIOE TIOIIYK BaKaHCIl Ha
caiiti Jooble (Search Jooble).

6. BinoOpaxxenns pesynprari (Display Results) — micis 3aBepiiieHHS MOIIYKY 3aCTO-
CYHOK BiZoOpaskae pe3yinbTaTH MOUTyKy BaKaHCiH, 3HAMICHUX HA BUOpaHHX caiiTax.

7. O6pobxa nmomuok (Handle Errors) — sikimo mijj yac momryky BUHUKAIOTh TOMUJIKH,
3aCTOCYHOK 00pOOIIsie X HaJIC)KHUM YHHOM.

8. 3amepmrenns pobortu 3actocyHky (End Application) — micis BimoOpakeHHs
pe3ynbTariB ado y pasi BiICYTHOCTI 1HTEPHET-3'€THAHHS 3aCTOCYHOK 3aBEpIIYE CBOIO
pobory.

Hiarpama xiaciB, moOymoBaHa Ha OCHOBI PO3pOOJIEHOTO MPOrpaMHOTO 3ade3re-
YeHHs arperaropa nouryKy Bakancii y IT cdepi (nuB. puc. 2), BinoOpaskae CTpyKTypy
OCHOBHHUX KJIaciB, iHTep(elciB Ta X B3aemolito B Android-3acTOCYHKY UIS MOIIYKY
BaKaHCii.

OCHOBHI KOMIIOHEHTH JliarpamMu KJIaciB:

1. Intepdeiicu Ta ix peanizarii:

— Storage (Intepdetic):

— BusHauae MeToau 171 poOOTH 3 HAAIITYBAaHHAMH 30€pEKEHHS CTaHy JIBOX IMapa-
MmeTpiB: workUA 1 jooble. Li mapameTpu npencTaBiisitoTh CTaH (YBIMKHEHO UM BHMK-
HEHO) MOIIYKY Ha JBOX pi3HuX miardopmax (Work.ua ta Jooble).

— DefaultStorage (Kiac):

— Peamnizye intepdetic Storage. Bukopucroye SharedPreferences st 30epeskeHHs
Ta oTpuMaHHA ctany napametpiB workUA 1 jooble. Lleit knac 3anexuts Big “Context’
Android st TocTymy 10 HanamTyBaHb.

2. Penosuropii:

— Repository (Intepoeiic):

— Busnawae metonm juis poOoTu 3 craHamu Tomyky Bakaciid (getWorkUA State,
getJoobleState, setWorkUAState, setJoobleState).
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— DefaultRepository (Kmnac):
— Peaiizye inTepdetric Repository. Lleii kimac B3aemonie 3 Storage A OTpUMaHHS
1 BCTAaHOBJICHHSI CTaHy MapaMeTpiB MOLIYKY Ha Pi3HHUX IUTaTGopMax.

Start Application

Initialize Dependency Injection

Check Internet Connection?

Yes

[Promd with Internet Connection ]

Input Search Query

Check Selected Sources?

Work.ua Joable

[Searcthrkua ] [Searchlwble ]

[Disp!ayResults ] [Shuw No Internet Message ] [Handle Errors ]

End Application

Puc. 1. Brok-cxema I13 aepecamopa éaxancii
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3. Perno3uropii u1s MOIIyKy:

— SearchRepository (IaTepdeiic):

— Bwu3Hauae MeTomu Ui OTPHMAHHS CIUCKIB BakKaHCIl 3 pI3HUX JDKepel
(getVacancyWorkUAList, getVacancyJoobleUAList).

— DefaultSearchRepository (Kiac):

— Peanizye intepdeiic SearchRepository. BukopucTtoBye aBa KilacH MOIIYKY BaKaH-
ciit WorkUASearchUseCase Ta JoobleSearchUseCase aiisi OoTpuMaHHS CIIMCKIB BaKaH-
ciit 3 Work.ua ta Jooble BigmoBiaHo.

4. Knacu nomrykoBux 3aIuTiB:

— WorkUASearchUseCase (Kinac):

— Bianosinae 3a nomyk Bakanciii Ha Work.ua. BukopuctoBye 6i6miorexky Jsoup s
00po6ku HTML-cTOpiHOK 1 OTpUMaHHS BaKaHCIH.

— JoobleSearchUseCase (Kiac):

— Bianosigae 3a nomryk BakaHciii Ha Jooble. Takok BHUKOpHCTOBYE Jsoup s
00po6ku HTML-cTOpiHOK 1 OTpMaHHS BaKaHCIH.

5. Mopeni nanux:

— VacancyModel (Kuac):

— IIpencraiisie MOaeIb BaKaHCli 3 TAKUMU aTpuOyTaMu, K Ha3sa (title), inpopmarris
npo komnasito (companylnfo), miciesnaxomxenns (locate), onuc (desc), 1 mocunanHs
(link).

6. Bukopucranns [HTepHery:

— InternetListenerUseCase (Kiac):

— Biamoginae 3a nepeBipKy cTaHy MiJIKIIOYEHHS 10 [HTEpHETY 1 CTBOPEHHS/peecTpa-
Ii10 cIyXada Mepexi.

7. ViewModels:

— MainViewModel (Kiac):

— Koopaunye 3anmutu nomryky BakaHciii i 06po0isie oTpuMaHi pe3yasraru. Buxo-
pucroBye SearchRepository aiist oTpuMaHHsI CITUCKIB BAaKaHCIH.

— InternetViewModel (Kiac):

— Binmosigae 3a nepeBipKy cTaHy IHTepHETY 1 yIpaBIiHHA HiAKIIOYCHHSIM.

8. Anantepu Ta ®parmenTu:

— AdapterForVacancy (Kuac):

— AnanTep ans BimoOpaskeHHs CIIMCKY BakaHCiil y RecyclerView.

— SearchFragment (Kuac):

— @parMeHT A1 YIPaBIiHHA HOIIYKOBUM iHTepdeiicoM KopucTyBada, 00pobIsie
BBEJ/ICHHSI KOPHUCTYBaYa Ta BiJOOpaKae pe3ysIbTaTH MOIIYKY.

3arajibHa CTPYKTypa 1 B3aEMOIisI.

— Kitacu DefaultRepository ta DefaultSearchRepository peanisyioTh BignoBigHi
iHTEepQEeHcH I TOCTYITy 10 JAaHMX i MOIIYKY BaKaHCIH.

— DefaultSearchRepository BukopucroBye kimac WorkUASearchUseCase st
noiyky Bakanciidi Ha Work.ua 1 JoobleSearchUseCase aiist Jooble.

— MainViewModel i InternetViewModel kepyroTh Gi3HEC-TIOTIKOIO Ta CTAHOM IIiJI-
KITIOUCHHS 710 [HTepHETY, a TakoXk B3aeMolitoTh 3 SearchFragment st BinoOpakeHHs
pe3ynbTariB.

— Kiracu AdapterForVacancy i SearchFragment B3aeMofifoTs Mi>k co00I0 A1 BijTo-
Opa’keHHsI CIIUCKY BaKaHCIH Ta 00pOOKH BBEIECHHS KOPUCTYBaYa.

Lls miarpama KiaciB JAEMOHCTPYE OCHOBHI KOMIIOHGHTH 3aCTOCYHKY, IX B3a€MO-
3B'SI3KH Ta 3aJISKHOCTI, IO JIO3BOJISIE Kpalle 3pO3yMITH HOTO apXiTEeKTypy Ta JIOTIKy
poboTw.
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Betuitbepiinssy

Puc. 2. Jliaepama xnacie [13 acpecamopa eaxanciti

Jami po3mistHeMO (hyHKIIIOHATTbHI MOXKITMBOCTI 3aCTOCYHKY (pHc. 3). Y BepxHill 4acThHI
eKpaHy po3milieHo 3aronoBok «[lomyk mponosuii». Hmwkue € TexcroBe momne s BBe-
neHHs OakaHol BakaHCIl Ta MiAKasKa Ul KOpUCTyBada: «BBeam BakaHCiio, SIKy XOUem
3HaiTHY. Jlam HeoOXiHO 00paTH, Ha SIKOMY CalTi 3HANTH 111 iporo3uitii. [Ticis aHamizy BeO
CalTIB MOIIYKy POOOTH, OTPUMYEMO MEPENTiK aKTyaIbHUX BaKaHCIi BiMOBIHO JI0 3aMUTY.

Peaynstaria: 14

Full Stack WordPress developer, akaucia
Big 1 moToro 2024

OucTanuinio

me

billa, HiMey4yuHa,

HevancHiwe

Full Stack PHP Developer, sakancia Big 30
ciuna 2024

AucTtaduinHo

Renex

lecnnoio I abases

Puc. 3. Axmyanvni saxancii 6i0nogiono 0o sanumy
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Cepen GyHKIIIOHATBHIX MOXKIUBOCTEH 3aCTOCYHKY peati3oBaHi:

1. momryk poOOoTH — KOPUCTYBa4di MOXKYTh BBOJAUTH CHCIIM(IUHI 3aITUTH JJISl TOIITYKY
poboTH, a 10JaTOK aBTOMAaTUYHO MapCUTh BIANOBIIHI BeO-caiiTH, HaAal04M aKTyasbHi
BaKaHCIT,

2. TapCUHT BeO-CAMTIB — 3 BUKOPHCTAHHAM O10TI0TEKH jSOup 0AaToK e(EeKTHBHO
aHaJi3ye BeO-CTOPIHKHU, BUTATYIOUM HEOOX1MHY iH(OpMaIito Ipo BaKaHCIl 3a 3aJaHUMHU
KPHUTEPisIMH;

3. KepyBaHHS 3alI)KHOCTIMH — KoOin CHpOIIy€e yIpaBIiHHS 3aJeKHOCTSIMHU
B JI0/IaTKY, 320€3Me4yI0ur YUCTOTY KOAY Ta JIETKICTh PO3IMIUPEHHS IPOEKTY.

BucnoBku. Po3poOnenuii apromaruzoBaHuii arperatop Bakauciii mist [T-chepu
JIOBIB CBOIO €()EeKTHUBHICTH y BHPIIICHHI 3aBIaHb MONIYKY pOOOTH. 3aBISKH BHKOPHC-
TaHHIO CY4acHUX TeXHoJori#, Takux sk Kotlin, Koin, Jsoup, apXiTekTypHOro maonoHy
MVVM Ta 6i6miotexu Lottie, Braiocst CTBOpUTH (QyHKIIOHATBHUI JOJATOK 13 3pyUHUM
iHTep(HEHCOM 1 MUPOKUMH MOKITHBOCTSIMH.

[Momanpmia po6oTa HA/I MPOSKTOM CIIPHITUME PO3LIMPEHHIO HOTO (DYHKIIIOHAIEHIX
MOKJIMBOCTEH, MiABUIIEHHIO TOYHOCTI MOIIYKY Ta 3a/I0BOJICHHIO MMOTPEO KOPHUCTYBAUiB,
SIK1 IIYKAarOTh POOOTY B YMOBaxX Cy4acHOTO TUHAMIYHOTO PUHKY ITPAILIi.
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IHOOPMALIMHA CUCTEMA PEKOMEHOAL|IT
KOCMETUYHUX 3ACOBIB MO gorndany 3A WKIPOKO

IMapgpeHeHko KO. B. — kaHOUOam MexHiYHUX Hayk,
doueHm kaghedpu iHghopmauitiHux mexHoroziti CyMcbko20 epxagHo20 yHigepcumemy
ORCID ID: 0000-0003-4377-5132

Iyaau O. A. — cmydeHmka mazicmpamypu thakyibmemy efieKmpoHiKu
ma iHghopmayiliHux mexHornoeiti CyMcbKkoeo 0epkagHo20 yHigepcumemy
ORCID ID: 0009-0004-0097-0311

3pocmanns acopmumenny KocMemMuyHUX 3ac00i8 NO 0021A0Y 30 WKIPOIO 3 AKMUGHUMU KOM-
HOHEHMAMU, a MAKOIC MOJACIUGICING iX npuodanis 6e3 NPUHAYeHHs JKaps-KOCMemono2a, cnpu-
quHAE NPoOIEMY NOABU HE2AMUBHUX HACTIOKIG ix sukopucmanna. 11i06ip kocmemono2iunux 3aco-
0i6 € 3a60anHAM, sKe MOdce OYmu gupiuiene i3 3aCmocy8anHAM Memooie MAWUHHO20 HABYAHHS,
makux Ax Heuponui mepedici. Cmamms npucesuena numantio YOOCKOHAAeHHs THpopmMayiinoeo
3abe3neueHHs niodopy KOCMEMONOSITUHUX 3ACODI6 WISAXOM PO3POOIEHHS PEKOMEHOAYiuHOT iHpop-
mayitinoi cucmemu. [Iposedeno docniodicenusi npedmemnoi oonacmi i 8 AKOCmi Mooei HAOaHHs.
pexomenoayiti 06pano netiponny mepexcy muny FNN. Ilo6yoosaro mooeni HeliponHux mepedsic 0
niobopy HaudiLIbUW NIOXOOAUI020 KOMIOHEHMY KOCMEMOLO2IYHO20 3ACO0Y 3ANENHCHO 810 MUNY WKIPU
ma npoonemu, a maxodtc pekomMeHoayii KocmMemono2iunux 3acodie. Pezynemamu 06uuc1io8a16HUX
eKCcnepumMeHmie nokazau 8UcoKy mounicms mooeneti nonad 90%. Le céiouums npo me, wjo npo-
BA0HCEHHS MAUWUHHOZ0 HABYAHHA 6 NPoYec OPMYBAHHA PeKoMeHOayitl 00360JA€ AKICHO | MOYHO
nidiopamu nompioHULl Kocmemonociunuil 3acio. Pospobneno inmezposany inghopmayitiny cucmemy
HAOAHHA PEKOMEHOAYIl, AKA CKAAOAEMbCS I3 KIIEHMCbKO2O MOOLIbHO20 iHmMep@elicy, a makoxc
NPOSPAMHUX MOOYII8 HAOAHHS PEKOMEHOAYIH, Hanucanux mogow Python. Bzaemoodis midxc komno-
Henmamu ingopmayinnol cucmemu 30iicniocmocs uepez API inmepghetic. Kopucmysau y mo6ino-
HOMY 000amKy MOdce SHeCmu IHGOpMayilo npo mun wKipu, 0epMamonociuni npoonemu ma
ooepaicamu 8I0n0GIOHI pekomeHOayii no 002150y 3a wiKipolo. Buxkopucmanns pospobnenoi inghop-
MayitiHoi cucmemu npu nidbopi 0021800801 KOCMEMUKU 003601UMb YHUKHYMU BUKOPUCTAHHSL
3aco0i8 i3 HeCyMICHUMU KOMIOHEHMAMU [ YHUKHY MU He2amueHUX HacaioKie 0jist 300p08 ‘s WKIpU.

Knrwouosi cnosa: ingopmayitina cucmema, pekomeHOayitiHa cucmemd, HeupoHHa Mmepeicd,
Kaacugixayis, MawunHe Ha84aHHs.

Parfenenko Yu. V., Puhach O. A. Information system for recommendations of cosmetic
skin care products

The growth of the range of skin care cosmetics with active components, as well as the possibility
of their purchase without the appointment of a cosmetologist, causes the problem of the appearance
of negative consequences of their use. The selection of cosmetic products is a task that can be
solved using machine learning methods, such as neural networks. The article is devoted to the
issue of improving the information support for the selection of cosmetic products by developing a
recommendation information system. A study of the subject area was conducted and a FNN neural
network of was chosen as a model for providing recommendations. Neural network models were built
to select the most suitable component of a cosmetic product depending on the skin type and problem,
as well as recommendations for cosmetic products. The results of computational experiments showed
a high accuracy of the models of over 90%. This indicates that the introduction of machine learning
into the process of forming recommendations allows for a high-quality and accurate selection of the
desired cosmetic product. An integrated information system for providing recommendations has been
developed, which consists of a client mobile interface, as well as sofiware modules for providing
recommendations written in Python. The interaction between the components of the information system
is carried out through the API interface. The user in the mobile application can enter information
about skin type, dermatological problems and receive appropriate recommendations for skin care.
Using the developed information system when selecting care cosmetics will allow to avoid the use of
products with incompatible components and avoid negative consequences for skin health.

Key words: information system, recommendation system, neural network, classification,
machine learning.
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Beryn. Cprorofsi y TOPTriBeNbHIM Mepexi HPENCTaBICHO IIHPOKHH aCOPTUMEHT
JIOTJISIZIOBUX 3aC00iB, TAKMX SK KPEMH, CHPOBATKH TOIIO. Pi3HOMaHITHOI mpomykiii
CTajio Jqyxe 0ararto micid MOMynspu3alii caMme a3iarchbKoro puHKY, a 4yepe3 JOCTYII-
HIiCTh iH(OpMaIlil, KOMIaHil BUKOPUCTOBYIOTh arpeCHUBHIII (OPMYNIH i KOMIOHEHTH,
HIXK paHiie. BuTbITicTh KOCMETHYHHX 3aC001B € JIOCTYITHOI y po3JIpiOHii Mepexi 1 He
norpelye peuenty s npundannd. Tomy 3apa3 mocrae mUTaHHS, K MiAiOpaTH AKic-
HUH, KOCMETUYHUH 3aci0 1, SIK MPaBUIIBHO HOTO BUKOPUCTOBYBATH, 11100 HE TPaBMyBaTu
CBOIO NIKIpy Yepes Te, 0 OKPeMi KOMIIOHEHTH HE MIXOIATh KOHKPETHOMY THITY HIKIpH
ab0 € HEeCyMICHHMH Uil OJAHOYACHOTO BHUKOPUCTAaHHSA. BHpoBaykeHHS MAIIMHHOTO
HAaBYaHHS B Tporec GOpMyBaHHsS PEKOMEHIAIH O3BOJISE SAKICHO 1 TOUHO Mimidparn
MOTPIOHNH KOCMETHYHHI 3aci0, MO30aBIsSIOUN KOPUCTYBada HEOOX1IHOCTI aHaTi3yBaTh
BEJIMKY KUIBKICTh iH(popMalii Ipo CKiaj mpoayKIii, CyMICHICTh KOMIIOHEHTIB TOLIO.
Hapas3i icHye Oarato mojeneid MalliMHHOTO HaBUAHHS, SIKi MOYKHA JIOCHITUTH 1 00parn
HAWTOYHINTY y TIPOTHO3YBAaHHI MOJIENb caMe JJIsl peKOMEHIaNifHO1 cucTeMu. MammHae
HaBUAHHS BUKOPUCTOBYETHCS IS AKICHOT 1 IIBUAKOT 0OpOOKH BEIMKOTO 00CATY aHUX.
bazyrounck Ha MUHYIUX BIOJAOOAHHSX KOPUCTYBaya, a TaKoX HOro morpedax, iHdop-
MalliiiHa cucteMa (popmye Habip MPOIYKTIB, SKHHA MOXE 3alliIKaBUTH JUTSI TPUIOAHHS.

IHocTanoBka npoduaemu. [IpenMeToM TOCTIIKEHHS € 3aCTOCYBaHHS MAalIMHHOTO
HaBYaHHS y iH(GOPMAIHHIA CcHCTeMi HAJaHHS PEKOMEHMAIlH, SKe 3a JOIOMOTOIO
00pOOKH BEMKOT KITBKOCTI JaHMX MOXKE CIIPOTHO3YBATH PEAKINIO MIKIpW Ha MMEBHHN
KOCMETHYHUI iHrpefieHT abo k mifibpatu NoTpiOHMIT KocMeTHUHHUM 3acid 6azyro-
YUCh Ha cTaHi mKipu. HaykoBa mpoOnema moJsirae B yI0CKOHaJICHH] iH()OpMAaIiifHOTO
3a0e3mneueHHs HalaHHs PEKOMEH/IAIlii 10 OISy 32 MIKIPOIO 32 PaxyHOK po3po0IeHOT
MOJIelli HaJlaHHS peKOMeH Il Ta ii peanizalii B iHpopMaliiiniii cuctemi.

[Hpopmariiina cucTeMa TIOBUHHA HaJaBaTH PEKOMEHJAIll KOCMETHUYHHUX 3ac00iB,
a TaKOXK IMiJKa3KH peakilii MKipy Ha MEBHI KOMIIOHEHTH 3 BUKOPHUCTAHHSIM METOI0JIO-
rii MalIMHHOTO HaBYaHHA. HalaHHS peKoMeHJalliil Mae 3IiHCHIOBATUCS HEHPOHHOIO
MEPEKEH 13 BHKOPUCTAHHSM IOTICPEIHBO ITIATOTOBJICHOTO HA0OPY BXIJHUX JaHUX.
Habip manmx mis Momyns GopMyBaHHS peKOMEHAAIN Mae CKIagaTUCh 3 iHpopMallii
PO KOCMETHYHHUM 3aci0d (Ha3Ba, CKJIaJ, TUM LIKipH) Ta KOMIIOHEHT (Ha3Ba, peakilis
IIKipW HETaTHBHA 1 TIO3MTHBHA, Yac BHKOPUCTAHHS KOMIIOHEHTY). PeamizyBarn Heii-
POHHY Mepexy Julst 3a/1au Kiaacudikaiii MoykHa 3a jonomororo 6iomiorekn TensorFlow
ta Keras Ha moBi Python.

AHaji3 ocTtaHHiX aocaimkens i my6aikaunii. Bueni Janiesch C., Zschech P,
Heinrich K. BHCBITIIOIOT Cy4acHUI CTaH MAallMHHOTO HABYAHHS Ta TIMOOKOTO HaB-
yaHHA [1]. ¥ crarTi [2] IpONOHY€ETHCS OIS OCHOBHUX AJITOPUTMIB MAallIMHHOTO HAaB-
qyaHHs1. Pobora Morna O OyTH Jy)e KOPUCHOIO I BUOOPY BIJIOBITHOTO aJTOPUTMY
MAaIIMHHOTO HaBYaHHS JUIsl CHCTEMH pEeKOMEHIaIiH, skOu He oOMeKeHa KUIbKICTh PO3-
DJSIHYTHX QJITOPUTMIB.

Inero po3poOku iHPOpMAIIHHOT CHCTEMH HaJaHHS PEKOMEHMIAIid Mae poOoTa,
ormucana y crarti [3]. B Hiil onucyeTbest po3poOka cucTeMH peKOMeHallii, Ska 101o-
Marae CII0)KHMBadaM JICTKO BHOpaTH KOCMETHKY, sIKa BIJIIOBiZae iXHIM yIOT0OaHHSIM.
Y poGori [4] aBTOpamMu CKOMOIHOBAHO Psiji TEXHOJIOTIH, SKi Pa30M CTBOPIOIOTH 1HTEJICK-
TyaJbHY Mmatdopmy, 110 aHaJi3y€e pUCH 00IUYYs Ta 300POB’ S LIKIPH, BAKOPHUCTOBYIOUYH
KOMIT FOTepHE 3ip 1 MalllUHHE HABYAHHS JUIsl HaJaHHS 1HIMBIIYyalbHUX PEKOMEHIAIIN
00 IODIAAY 3a MmKiporo [4]. PexoMennamiifHa cucTeMa KOCMETHKH UIS JONOMOTH
KOpHUCTyBadaM NpUMaTu OOIpyHTOBaHI pillieHHs Py BMOOPI MPOAYKTIB, SKi BiANOBI-
JIAI0Th IXHIM KOHKPETHUM TOTpedam, omucana y poOorti [5]. OnuH i3 MeroniB (inb-
Tpaiii BHKOPUCTOBYETHCS 1 y CTaTTi [6], Jie aBTOpU MPEACTABUIM HOBHH MiAXIJ IO
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PEKOMEHIAITiH 1070 MPOIYKTY, AKHA MOETHYE TPU KIFOUOBI METOH: allTOPUTMH KJIac-
TepH3allii, CIITbHY (UIBTPAIliF0 HAa OCHOBI KOPHCTYBaUiB 1 KOCUHYCHY Mipy MOJIOHOCTI.
VY crarTti [7] npeAcTaBiIeHO CUCTEMY, IKa BUKOPUCTOBY€E IHOOKe HaByaHHs Ta OpenCV
Jutst Kitacugikarii mKipu o0audus K HOpMaibHOT a00 KHUPHOT, 1 HaJla€ 1HAWBITyaIbHI
PEKOMEHIAITIT MO0 JOTISTY 32 MIKIPO Ha OCHOBI Kiach(iKallii.

Heiiponni mepexi Ty CNN BUKOPUCTOBYIOThCS ISl BUPILLIEHb MPOOIEMH PEKO-
MeH/amnii KOCMETHYHHUX MPOIYKTIB Ha OCHOBI 1HAWBIyalbHUX TUIIB MIKipH. Y CTaTTi
[9] CNN BUKOPHCTOBY€ETBCS JUIsl TPOTHO3YBaHHS BIAMOBIIHUX MPOAYKTIB MUISIXOM aHa-
T3y TUMIB LIKIpH, BKIIOYAIOUH CYXY, KHPHY Ta HOpMaibHy wIKipy. [ToniOHuM yrnHOM
y crarTi [10] BuxopucToByeThes anroput™ CNN, HaBueHHH Ha HAOOPi TaHUX PO Pi3Hi
TUTY TIKipH, 00 HaJaBaTH 1HAMBITyalbHI PEKOMEHAAIli 100 3acO0iB OISy 3a
mkiporo. BebopienroBany iH(opMaliiiHy cucteMy HaJaHHS PEKOMEHIAMii 1O AOTIISALY
3a MIKipoIo, siKa 0a3yeThcs HA Mojeni HedponHoi Mepexi Thiry CNN, mpencTaBieHo
B poboTi [11].

3a TeMo10 OISy 3a IIKIPOko OyJI0 HAMMCAHO BEIUKY KITbKICTh 1OCHIHKEHB Ta CTa-
TeH, 10 CBIAYUTH PO aKTyaJIbHICTh MpoOaeMu. AJe OibIa yacTHHA POOIT 3aCHOBaHA
JIMINE HA aHaJTi31 CTaHy IIKIpH Ta ii kiacudikarii. [IpodiemMa xk, siKy TpeOa BUPIIINTH,
MOJISITa€e y aHali3i moTped AOMISAI0BUX 3ac00iB IS MMEBHOTO TUITY LIKIPH Ta, SIK HACII-
JIOK, TiJI00py KOCMETUYHHX 3aCO01B.

MertopoJiorisi HalaHHS pekoMeHaaniii B indopmauiiiHiii cucremi 3 BUKoOpuc-
TAHHSIM HelpOHHHUX Mepe:k. Y naHiit po6oTi Oyno BukopucraHo Feedforward neural
network (FNN) — Mozens HeHPOHHHUX MEpeX, sIKa CKIIAJAeThCS 3 IapiB, MPOXOKEHHS
AKUX BiZOyBAETHCS JIMIIIE B OIHOMY HANPAMKY, TOOTO HEMA€e 3BOPOTHOTO HATIPAMKY. [1
apxiTeKTypa noOy0BaHa TAKUM YHUHOM, L0 MK BXITHUM 1 BUX1THUM LIAPOM € TIPUXO-
BaHi IIapH, sIKi MICTATh HEUPOHH, iX KUIBKICTb, SIK 1 KUIBKICTh CaMHX IIapiB 3a3Hava-
FOTBCST BIIMOBIIHO J0 SIKOCTI JaHMX, O0a)kaHOT TOYHOCTI.. 3aBISIKA MOKJIMBOCTI OIITHMI-
3awii Mozesl PI3HUMH THIIAMU PETYJISLII Ta KUIBKOCTI IapiB € MOXKIMUBICTh OTPUMATH
BHCOKY TOUHICTh Ha CTBOpEHOMY Habopi qanux. Habip manux 1uis HaBUaHHS HEHPOHHOT
Mepexi HaIaHHS PEKOMEH A 0yi10 c(hopMOBaHO 3 Pe3yNbTaTiB JIOCHTIHKEHHS, TIPe/-
craBieHoro y podori [12].

ApxiTeKkTypa HeHpOHHOI Mepexi HaJJaHHs PSKOMCH A} JOTIIJ0BUX 3ac00iB Mpe-
cTaBJeHa Ha pucC. 1.

x, 7YYy 0,
N aa X X
name \\’I’ .‘\\\"”J‘; A\\' ‘l’:‘; | ‘\" component_1 class_1
%2 2700 0 0
N A W) t.'-,a\ (N 4
week O Y AN AN, 4' component_1 class_j

VRN ERA

X3 O o\ 4 0.
\a/INa/N\a /) 1
component_2 / ‘\‘ .‘ﬂu“‘ 4}; 1“ 4” | o .
ﬂ .-"’“ ..-f, M ‘ component_1 class_j
R e i

risk ratio component_1 class_n

BxigHuidwap  Mpuxoeanwia MMpuxosanui MpuxoBaHWiA  BuxioHuia wap
wap 1 wap 2 wap3

Puc. 1. Cxema apximexmypu n’amuwaposoi FNN moodeni
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3HaueHHS BXIMHOTO IIapy HEHPOHHOI Mepeki MaTeMaTHYHO MOXKHA MPEACTaBUTH

y BUIJISIZII MHOYKUHH BX1JHHUX ITapaMeTpiB:
X = [x1,x2,x3, x4] (1)

ne:

x1 = Name — Ha3Ba eeKTy.

x2 = Week — THX/IeHb BUKOPHUCTAHHSI.

x2 = Component 2 — kareropuyHa 03HaKa, 3aK0JJ0BaHa sIK UMCJIOBE 3HAYECHHSI.

x3 = Risk Ratio — koedilieHT pU3HKY.

BuxinHe 3Ha4eHHS KOKHOTO IIPUXOBAHOTO IIAPY OOYHCITIOETHCS SIK:

z= XM wd hP + bPn=12,..520 )

ij
e h(’) — BHXIJ j-TO HEWpoHa Ha /-My miapi, w(]) — Bara 3B’SI3Ky MIX j-M HEHpOHOM

nonepe)mboro mapy / — lta j-uM HEMpOHOM MOTOYHOTO LIapy, b(l) 3cyB (bias) mns
j-To HelipoHa /-To mapy.

h@ =RelU(z),j =1.2,..,n, )

JIe ReLU(z) = max(0,z) — akTUBaIiiiHa QyHKITiS, h(l) BHIX1]I j-TO HeﬁpOHa Ha [-My mapi.
Ha xoKHOMY IPUXOBaHOMY mapl BI/IKOHyeTLCS{ Dropout 3 #imoBipaicTio p = 0.1.
OyHKIIST BUMHUKAE YaCTHHY HEWPOHIB MijJ Yac HaBYaHHS, 10O 3amo0iraru mepeHaB-
YaHHIO MOeNi. Y pe3yibTari Ofep:KyeMo (OpMyIly, ska 3MiHIO€ 3HAYCHHS, TakK, 00
CyMa JaHUX HE 3MiHIOBaJach Micisi BCTAaHOBICHHS 0-T0 3HAYEHHS JESIKUM HeHpOoHaM:

0, 3 iMoBIipHicTIO p,

fl]w = h(l) “4)
E 3 iMoBipHicTI0O 1 — D,

e h}’) — BUIXiJ] j-TO HeHpoHa Ha [-My miapi, p — HMOBIpHICTh BCcTaHOBJIEHHS 0-r0O 3Ha-
YeHHS HeHpoHaM.
3HauCHHS BUXIHOTO IIapy OOYHUCITIOIOTECS SIK:
_ _ exp (z;)

0; = Softmax(oj) = T ew)’
i€ Zj — BXiJJHE 3Ba)KCHE 3HAYCHHS HerOHa j-TO KJIacy y BUXiTHOMY IIapi, 0; - HMOBIp-
HICTb, 10 TIPUKJIA]l HAJIGKHUTH J10 j-ro kinacy Component 1.

Heiiponna mepeska Mae HagaBaTh JIBa pe3yNbTaTH Ui 1BOX 3anad. [lepma 3amaga —
1€ HaJaHHs HaO1IbII MiAXOASIIOr0 KOMIIOHEHTY, a Apyra — 1e eekTt, skuii Oyae oTpu-
MaHO BiJl BUKOPUCTAaHHS KOMIIOHEHTY. OOuaBa pesynasraTd (OpPMYIOTHCS BHACIIIOK
BHUKOHAHHS 3a/1a4i kinacudikarii. 7t oTpuMaHHs IBOX BHIIIB PEKOMEHAIIIN € moTpeda
Yy CTBOPEHHI JIBOX CXOXKUX MOJIeNIei HEUPOHHUX MEpeiK.

Mopenb U HaJlaHHS peKOMEH/1allii KOMIIOHEHTIB Ma€ I’ SITh IapiB:

— pxigamid map (Name, Week, Component_2, Risk Ratio);

— TpH IPUXOBAHMX LIAPH, KUTBKICTh AKHX OyJI0 OOpaHO MIiC/IA eKCIEPUMEHTY s
onTuMizallii HaBYaHHS HEHPOHHOT MEPEXi JJIs TOCATHEHHS O1IbIIOT TOYHOCTI;

Buxigauit map (Component 1).

Bxinuuii map npuiiMae BEKTOp HaOOPy XapaKTEPUCTHK ISl BU3HAYCHHS HMOBIPHO-
cti st xknaciB Component 1. KinbkicTh HEHpOHIB y BXiJHOMY IIapi BiIMNOBITa€ Kib-
KOCTI XapaKTepUCTHK — CTOBIIIIIB, TOOTO MOJIC)Ib MA€ YOTUPH HEHPOHHM, TaK SIK Mepesa-
etncs ymme Name, Week, Component 2 Ta Risk Ratio.

[TpuxoBaHi mapu MaroTh KiJIBKICTh HEHPOHIB 3a3HauCHY, SIK HalKpairy, a came —
520, Ticis eKCIEepUMEHTY 3 BHECEHHSIM PI3HUX MapaMeTpiB [T HaBYaAHHS MOJIEII.

=12,..,n (5)
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BuxinHuii mrap, sKuii cklagaeThes 3 yHIKanbHUX 3HaueHb Component 1 mae, Kiib-
KiCTh HEHPOHIB, SIKa TOPIBHIOE KIIBKOCTI IIMX 3HAYCHb Ta (QYHKIIFO aKTHBAaIlii softmax,
TaK sIK BUKOHY€EThCS 3aBIaHHsI 0ararokiaacoBol kiacudikarrii.

Mopnenb it HamgaHHs eQeKTiB, SKi BIUIMBAIOTh HA CTAH WIKIPH, BiAPI3HAETHCS
JIAHVMH JUTS BXIJTHOTO IIapy 1 BUX1THOTO. Y BXIJIHUH 1map 3amMicTb Name Ma€e BXOTUTH
Component 1, a'y BuxigHomy mapi 3amicte Component 1 mae Oytu Name.

Jly1s cTBOpEHHS MOJIeTIel HalaHHS PEKOMEH Al JJIsl TOCSATHEHHS HalO1TbIIOT TOY-
HOCTI OYyJI0 TIPOBEJICHO OOYHMCITIOBAIbHI EKCIICPUMEHTH, SIK1 ITOJISATANN Y 3MiHI KUTbKOCTI
HEHPOHIB MPUXOBAHOTO LIAPY, KIIBKOCTI CAMHUX MPUXOBAHUX 1IApiB, 3HAUECHHS UMOBIp-
HOCTI y QyHKii dropout Ta KiJIbKiCTi eTox.

[TopiBHSHHS BILIMBY KIJILKOCTI HEWPOHIB HA TOUHICTH KiacHpikaiii 300pakeHO Ha
puc. 2.

Accuracy Comparison

1.0 1

0.8 1

0.6 1

Accuracy

128 Neurons (validation)
=== 128 Neurons (train)
—— 320 Neurons (validation)
=== 320 Neurons (train)
—— 520 Neurons (validation)
I === 520 Neurons (train)

0.4 4

0.2 1

T T T T
0 20 40 60 80 100 120 140 160
Epochs

Puc. 2. I'pagix 3anexncnocmi mounocmi mooeni HetpOHHOL Mepedici 80 KLIbKOCMI HEeUPOHIE

[IpoBeneHo anamiz TOYHOCTI MOJeNIeH Ui KibkocTi HelpoHiB: 128, 320 ta 520.
YV pesynbrari HalO1IbIIA KUTBKICT HEWPOHIB Aa€ HAO1IbIY TOUHICTb.

ITpoBeneHO eKCIIEPUMEHTH i3 BU3HAYCHHSI TOYHOCTI IIPOTHO3YBAaHHS MOJIEII 3aJICKHO
BiJl 3HAYCHHS WMOBIpHOCTI y (PyHKIT dropout 3 pe3yabpTaTiB MOXKHA 3 TOUHICTIO CKa-
3aty, o dropout 31 3Hayennam 0,1 Hagae Kpawuil pe3ynbTar.

Ha puc. 3 300paxeHo 3aeKHICTh TOYHOCTI MO HEHPOHHOT MEepesKi Bil KUTBKOCTI
CTIOX.

V pesynbrari IpoBeJeHUX OOYUCIIOBAJIbHUX €KCIIEPUMEHTIB JJIsi HABYaHHS MOJIe-
Jeil HeMpOHHUX Mepex Oys0 00paHO Taki 3HAYEHHS: KUIBKICTh HEHPOHIB IS KOXKHOTO
npuxoBaHoro mapy = 520, KiJIbKICTh MPUXOBAHUX IIAPIB = 3, 3HAYCHHS HMOBIPHOCTI
y ¢ynkuii dropout = 0,1, kingbKicTs enox = 160. TouHicTh MOIENi 3 BUKOPUCTAHUMHU
napameTrpaMu — 0.9468, 1110 € BUCOKUM 3HAYEHHAM JJIs IIPOTHO3YBaHHsL.

Indopmaniiina cucTeMa HaJaHHS peKOMEH/IAIIii 1O A0TJIsIAY 3a WKipor. [Hpop-
MalliifHa cucTeMa CKJIAJA€TbCs 3 TPbOX KOMIIOHEHTIB: KOPUCTYBALbKUH MOOITbHUI
inTedeiic y Android 3acTOCyHKY, MOJIEIi MAIIMHHOTO HABYAHHSI, PEaTi30BaHi y BUNIISAL
MIpOrpaMHKUX MOJYJTiB MOBOO Python i po3mimeni Ha Python ceprepi. B sikocti cucremun
ynpaBiIiHHA 0a3aMu JaHUX BUKOpUCTaHo Firestore.
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Accuracy Comparison

—— 120 Epochs (validation)
—=- 120 Epochs (train)

0.8 4 —— 160 Epochs (validation)
——- 160 Epochs (train)

0.6 q

Accuracy

0.4 1

0.2 4

T T T T
0 20 40 60 80 100 120 140 160
Epochs

Puc. 3. I'pagix 3anexncrnocmi mounocmi mooeni HetpOHHOT Mepedict 80 KLIbKOCMI enox

Ha puc. 4 300paxkeHo apxiTekTypy iHpopmaniiHOi CUCTEMHU HaJaHHSI PEKOMEH-
Jarii.

Android 33CTOCYHOK
FEirestore CYEN
KOPUCTYBANLHALLEMA Firebase -
e iHTepdeic SDK Firebase Gaza
Tenedoun DaHHx
KopucTyeay 1
HTTRIHTTPS
connection
Eyvthon cepeep

=g

Puc. 4. Apximexmypa ingpopmayitinoi cucmemu HAOAHH:A pekomeHOayill
no 002140y 3a WKIpow

ITepenaua nanux mixk Android 3actocynkom ta Python cepBepom BinOyBaeThCs 3a
JIOTIOMOTOFO0 https 3amuTiB, siki peanizoBaHi 3a jgormomororo Restful API apxitektypu.
3B’s130K 3 6a3010 JaHUX BinOyBaeThes 3a qomomororo Firebase SDK 3 HabopowM iHCTpY-
MEHTIB 7151 poOOoTH 3 623010 JaHKX B peaibHOMY yaci uepe3 WebSocket. Cxema B3aemo-
nii Android 3acTocyHKy 3 MOTyJIeM JIJIsl HAJJTaHHS PEKOMEH/IaIliii 300pakeHO Ha pucC. 5.

GET, POST, DELETE

% REST API

JSONdata

Android sacTocyHok

PekomeHpaLiHHWA
mogynb iHpopmaLifHoT
cucTeMm

Puc. 5. Cxema 63aemo0ii Android 3acmocynky 3 mooyiem 0Jist HAOAHHS PeKOMEeHOayitl
3a 0onomozoio Rest API
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Jis nerkoro Ta IIBUJKOTO JOCTYMY JO CEPBEPHOI YaCTHHU BHKOPHCTOBYBAJach
Restful API apxitektypa. Tox y cepBepHii yactuHi Oyiio Bukopuctano flask mist mooy-
noBu 3anuTiB. lls dactmHa iHpOpMaliiHOT cucTeMHu Oylla OropHyTa KOHTEHHEPOM
Docker qyiss MakcuMajbHO JIETKOTO PO3TOpPTaHHS Ha Oyab-akux rardopmax. Ha cro-
poHi Android 3acTocyHKy Oyi10 miIKIIFoueHo 010;1i0TeKy retrofit, sika Hajae MOXKITUBICTb
noeanaruch 1o API cepsicib.

Inrepdeiic MOOITBHOTO MONATKY MOKa3aHO Ha puc. 6. Ha ronoBHOMy MeHIO MOXHA
MO0AaYNTH CHOTOMHIIIHIO IaTy Ta JTOAATH HOTATKYy IPO BUKOPUCTAHHS MPOIYKTY 3a Iel
JICHb, TAKOXK JONATH CUMITOMH. TakoX 3 TOJOBHOIO €KpaHy BHKIHKAETHCS MEHIO, 32
SIKUM MO)KHA MEPEHTH J0 CTOPIHOK MPOAYKTIB, THITY IIKIPH, TUTaHb, a TAKOXK BHUTH
3 JIO/IaTKYy.

725 9 6 ©

SkinTipsApp

MY PRODUCTS.

MY SKIN

SETTINGS
ADD WOTE
FAQ

GET RECOMMENDATIONS
LOGOUT

VIEW EFFECT

a) 0)
Puc. 6. I'onosnuil expan mobinbHO20 000AMKY Ma MEeHIO

V pasi, K10 noTpiOHO A0AaTH HOTATKH 3a 1HIII JHI, € KHOIKA KaJeHAaps, 3a SKHUM
MOKHA 00paTH JeHb sl BHECEHHS 1H(opMartii.

MeHro0, B IKOMY KOPUCTYBa4Y MOYKE BKa3aTH KOCMETHYHHUX 3aci0, BIJMOBITHO JI0 TIPO-
Onemu 1IKipy, Ha BUPILLIEHHS SIKO1 BiH HALlIJICHUH, [TOKa3aHo Ha puc. 7a. Expan BinoOpa-
’KEHHSI TUITY IIKipH KOPHUCTYBava 13 MOXKIMBICTIO pelaryBaHHS JaHUX MPO THII MIKipH,
a TaKO)K MOXKITUBI HAsIBHI IIKIPHI 3aXBOPIOBAHHS, TaKi K aKHe, 300pakeHo Ha puc. 70.

Komynikauis 3 Android 3actocynkoMm 3milicHroeTbesi yepe3 APl 3anutu. daiin
models.py MiCTHTh MOJIEITI JUTSI HABYAHHS PEKOMEHIAIIIIHOT CUCTEMH, SIKi TIOTIM BHKO-
PHCTOBYIOTCS Y (DYHKITISIX UTSI OTPUMAHHS PEKOMEHIAITiH.
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SkinTipsApp

Puc. 7. Expan 6cmanognenms muny wxipu

VY aitni func.py ¢yHKIIT peKoMeHaIl KOMIIOHEHTIB Ta KOCMETHYHHX 3aCO0iB.
OyHKIlsI peKOMEH/Iallii KOMIOHEHTIB MpHUMAae BEKTOP 3HAYCHb MAHUX IPO IIKipY,
HAMpPUKIAI, THUI )KAUPHUH, aKHE, BUKOPHCTOBYBABCS MPOMYKT 3 PETUHOIOM IMIPOTATOM
YOTUPHOX THXXKHIB. Ha BHxomi (pyHKIIIT MaEMO PEKOMEHAIIII0 I0J0 BIUIUBY BHKOPH-
CTAHOTO MPOJYKTY Ha CTaH INKiPH, HAMPHUKIIAJ, TIOKPAIICHHS 3 BUCHIIAMH 200 MOMITHI
noOiyHi edekrtn y BuUIIsAi 3amaneHHs Iikipu. [loBeprae QyHKIis Habip 3Ha4YeHB,
a och (hopMyBaHHS PECKOMEHIAIIT Y SIKOCTi TIOBHOTO PEYEHHS BiIOyBaeThCs Y (QyHKII
process_effect_info.

Ha puc. 8 300paxkeno ekpan Android 3acTocyHKy 31 ¢(hOpMOBaHWUM BILUTHBOM Ha
HIKIpY.

Jlnist Toro, 100 OTpUMaTH PEKOMEHAIII0 KOCMETUYIHOTO 3ac00y, MPU HATUCKaHHI Ha
KHOTIKY «Get recommendationsy» BHKJIMKaeThes QyHKIs filter product 3 BHeceHHMMHU
JIAaHUMHU TIpO THUT mKipu. ba3yrouuck Ha iHdopMallii Ipo TUT mKipu, BcepeauHi QyHKIIil
Oyzie BUKJIMKAHO (DYHKIIII0 KOMIOHEHTIB AJsI Mig00py HAWKPAIMX KOMIIOHEHTIB, a BXKe
MoTiM 0a3yrounch Iie i Ha MigiopaHuX KOMIIOHEHTax Oyae copMOBaHO pPeKOMEHa-
uii. Ha BUXo/i MaruMeMo CIUCOK 3 T'SITH HaWKpalmX KOCMETHYHHX 3aco0iB. Bimo-
OpaskeHHs 11" SITH PEKOMEHIOBAaHUX KOCMETUYHUX 3aC001B MOKHA 1M00AYUTH Ha puUC. 80.
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a) 0)

Puc. 8. Expanu mobinvno2co 000amxy i3 GU3HAYEHUM GNIUBOM 3ACOOY HA WIKIDY
ma peKoMeHOayier0 KOCMemMOoN02iUHUX 3ac00i6

BucHoBkH. Y pe3ynbraTi oISy METOAIB HaJaHHSI PEKOMEHIAMIN OylIo BHPIIICHO
3actocyBatu FNN HelpoHHI Mepexi MpSIMOTo 3B’SI3Ky ISt PO3POOKH pEeKOMEHAAIiii-
HOTO MOJIYJIO 1H(POPMAIIIHHOI CHCTEMH Yepe3 MOXKIMBICTh PErylsllii mapaMerpaMu
HABYAHHS MEPEKi, IO MPH3BOIUTH JIO MiABUIICHHS TOYHOCTI Mogei. J{yis miBuIeH s
TOYHOCTI MOJIeNI HaJlaHHS PEKOMEHaIii Oyo MpOBECHO EKCIIEPUMEHTH 3 Mi00pOM
Kpalux MmapaMmeTpiB i MOJEI, 32 PaxyHOK YOro JAOCATHYTO TOYHICTh MOJIEI HEw-
pornoi Mepexi 0,94.

ITporpamuo peasnizoBaHo iHpOPMAIHHY CUCTEMY 3 MOAYJIEM HAJAAaHHS PEKOMEHIA-
il Ta KITieHTchkuM iHTepdeiicom y Android 3actocyHKy. IHTerpartist MOIYITIO HaaHHS
pexomenaniii Ha Python npoBenena 3a paxynox Buxkopuctanus API. Jlns 30epiranus
JAHMX KOPHCTyBaya BUKOpHCTaHO Firebase CXOBHIIE TaHUX, IKE IHTEIPYETHCS Y MOO1ITB-
HUH 3aCTOCYHOK, Hanrcanuii MoBoro Kotlin. [Hpopmariiina cucteMa 3a pe3ynbpraraMu
TECTYBaHHS BiNOBia€ BCiM (DYHKILIOHATEHUM BUMOTaM 1 MOYKe BUKOPUCTOBYBATHUCS SIK
KOCMETOJIOTaMH, TaK 1 KOPHCTYBadaMu IPH CaMOCTIHHOMY MiO0pi KOCMETHKH.
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Asmop docniddcye mamemamuuni Memoou MoOent08ants Kanaie 363Ky, wo 6UKopucmo-
sylomo ingpauepsony (I4) mexnonoeiio, 3 memoio niOSUWEHHsL HAOIUHOCME MA eHeKMUBHOCME
nepedaui danux y cucmemax Lasertag. Ingppauepeoni xananu 36'a3kKy npedcmasigaoms cooow
cneyughiunuil Knac 6e30pomogux KOMYHIKayitl, wo 3HAX00SiMb 3ACMOCYS8AHHs 6 DIZHUX ce-
pax, ekauaroyu cucmemu imimayii cmpineyvko2o 60w. A6mop onucye 0CHO8HI MamMeMamuiHi
MoOeli, MaKi Kk MOOeb [0eabHO20 KAHALY, 0e CUSHAT NOBHICMIO 30i2A€mbCsl 3 NepedaHuM, ma
MoOenb KaHany 3 aoumusHum 2aycosum oinum wymom (AWGN), aka epaxosye mennoguil wiym
y cucmemax 36's13xy. Pozensmymi makooic mooeni Petini ma Piui 01 onucy ymoe nepedaui cueHay
3 ypaxyeanuam nassHocmi npsamoi euoumocmi (LOS) ma be3 nei. Y cmammi nasedeni mamema-
muuHa Mooens nepedaui naxemie y cucmemu Lasertag ma pesyibmamu 4ucenvHux ekxcnepumen-
mis, npogedenux 3a donomoeor eunmiseku 3 19-ceimnodiooom TSAL6100. Excnepumenmu npo-
BOOUNUCS. NPU PIZHUX NOMYICHOCIAX MOOVIAYIL C8IMNI00i00a OISt BUHAUEHHS 30HU GNEGHEHO20
npuiiomy cuenany. Pe3ynbmamu nokasanu, wo 30Ha GNe6HeH020 NPUomMy 3pocmac 3i 30inbuieH-
Hsm nomyosicnocmi: npu 100 mBm éona cmanosuna 0o 50 mempie, npu 200 mBm — 0o 65 mempis,
a npu 900 mBm — 0o 125 mempis. Lle ceiouums npo me, wo nioguyeH s ROMYHCHOCIIT MOOYAYIT
3HAYHO NOKPAWYE AKICMb 36 A3KY Ha 8enuKux giocmansx. Kpim mozo, asmop niokpeciuioe sasiciu-
8iCMb BPAXYEAHHS 308HIUHIX NEPEUKOO, MAKUX K COHAUHE C8IMI0 ma (ryopecyenmui 1amnu,
SAKI MOJICYMb ROSIPUWUMU AKICMYb 36 A3KY. ¥ cmammi makoosic 062080p1oemvcs 6naug Kyma po3xo-
OJ#CeHH s NPOMEHIB HA OAbHICMb 383Ky ma cMIlKIcmb 00 nepeukoo. Bucnosku docnioicenns
Modicymb Oymu KOpUcHumu OJisk NOOAIbWol onmumizayii cucmem imimayii cmpineyvkozo 6010
i 600CKOHANIeHHA MeXHON02Il nepedayi OaHUX 8 YMOBAX PedibH020 0010. 3acmocy8ants Mamema-
MUYHUX MOOeJLell 003605€ He TuuLe NOKpAuumu eqpeKmuHicms nepedaui OaHux, aie i 3aoesne-
yumu HaOIUHICMb KOMYHIKAYIU Y CKAAOHUX yMosax imimayii 00tiosux Oiil.

Kniouogi cnoesa: Lasertag, mamemamuuna mooens, iHPpauepeona céasb.

Sgadov S. A. Modeling of infrared signal transmission in firearms combat simulation
systems

The author investigates mathematical methods for modeling communication channels using
infrared (IR) technology to improve the reliability and efficiency of data transmission in military
systems. Infrared communication channels are a specific class of wireless communications that find
applications in various fields, including small arms fire simulation systems. The author describes
the main mathematical models, such as the ideal channel model, where the signal completely
coincides with the transmitted one, and the additive Gaussian white noise (AWGN) channel model,
which takes into account thermal noise in communication systems. The Rayleigh and Ritchie
models are also considered to describe signal transmission conditions with and without line-of-
sight (LOS). The article presents a mathematical model of packet transmission in Lasertag systems
and the results of numerical experiments conducted using a rifle with a TSAL6100 IR LED. The
experiments were conducted at different LED modulation powers to determine the zone of reliable
signal reception. The results showed that the zone of reliable reception increases with increasing
power: at 100 mW it was up to 50 meters, at 200 mW — up to 65 meters, and at 900 mW — up to
125 meters. This indicates that increasing the modulation power significantly improves the quality
of communication at long distances. In addition, the author emphasizes the importance of taking
into account external interference, such as sunlight and fluorescent lamps, which can degrade the
quality of communication. The article also discusses the influence of the angle of divergence of
the rays on the communication range and resistance to interference. The conclusions of the study
may be useful for further optimization of systems for simulating small-arms combat and improving
data transmission technologies in real combat conditions. The use of mathematical models
allows not only to improve the efficiency of data transmission, but also to ensure the reliability of
communications in hard conditions of simulated combat operations.
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Beryn. CywacHi texnounorii imiTamii 30poi Lasertag BimirparoTh BaKJIHBY POJb
y cdepi BilicChKOBOTO Ta IMBIJIBHOTO HABYAHHS, 320€31eUy04H Oe3IeKy Ta e()eKTHBHICTD
TPEeHYBaJbHOTO Tpouecy. TpaauiiiiHi METOOM MiATOTOBKH BifICHKOBOCIYXOOBIIB Ta
MIPABOOXOPOHHUX OPIaHiB YacTO MOB'A3aH1 3 PU3NKAMHU, TIOB'I3aHUMH 3 BUKOPUCTAHHSAM
0o1oBoi 30poi. OMHUM 13 HAUTIEPCIIEKTUBHIIIMX HATIPSMIB Y I1iH TaTy31 € BAKOPUCTAHHS
iH(pauepBOHOTO0 BUIIPOMIHIOBaHHS Ui po3poOKku cucteM imiTauii 30poi [1]. Indpa-
4epBOHi cucTeMH Lasertag 103BOJSIOTH CTBOPIOBATH BUCOKOTOYHI CHMYIISII, SIKi Bif-
TBOPIOKOTH SIK MEXaHI4Hi, 1 aKyCTHYHI XapaKTePUCTUKN peasbHOT 30poi. MaremarnyHi
METO/IM MOJEIIOBAaHHs KaHATIB 3B'I3KY 3 BUKOpUCTaHHSIM iH(ppauepBonoi (1Y) TexHo-
JIOTi1 BiIIrpaloTh KIIFOYOBY POJIb Y 3a0€3MeYCHHI HalIHHOCTI Ta e(DeKTUBHOCTI niepeaadi
JaHux. [HppauepBoHi KaHAJM 3B'SI3Ky € OCOOIMBHI Ki1ac 0€3IPOTOBUX KOMYHIKAIlIHHUX
CUCTEM, SIKi BUKOPUCTOBYIOTh 1H(pauepBOHEe BUIIPOMiHIOBAHHS mepenadi iHpopmarii.
L1i cuctemu 3HaXOAATH 3aCTOCYBAHHS Y PI3HUX Taly3siX, BKIIOYal0UX JIOKaJIbHI MEPEXKi,
MOOIUTBHI IPUCTPOI Ta CHCTEMH aBTOMaTu3alii[2]. MaTeMaTndHe MOIEITIOBAHHS TaKUX
KaHaJiB JO3BOJIAE JOCIIIKYBATH iX XapaKTePUCTUKH, TTepe10a4aTH MOBEIIHKY B PI3HUX
YMOBax Ta ONTHMi3yBaTy apaMeTpH ISl JOCSITHEHHS MAaKCUMAalbHOI IPOyKTUBHOCTI.
[lepeniunMo OCHOBHI MareMaTu4Hi Mojeli [3—8].

Mooens ioeanvrozo xanany. lneanbHU KaHal SBJIsSE COO0I0 TEOPETUUHY MOJEIb,
B SIKil CHTHAJI TIOBHICTIO 301ra€Thes 3 TIepelaHuM. Y MaTeMaTHUYHOMY BHUpa3i 11e MOXKHa

3anucaru sK:
y(®) = x(t)

ne y(t) —Ilpuiinaruii curnan, a x(t) — nepez{aHHM curHain. OnHak y peabHUX yMOBaX
Takuil igeanbHUN KaHal HEMOXKINBUI depe3 pi3Hi (paKTOpH, Taki SK IIyM i 3racaHHs
CHUTHAIY.

Mooenv kanany 3 aoumusHum eaycosum Oinum wymom (AWGN) € onHi€ero 3 Haii-
OUTBII MOIMUPEHUX MOJICIICH JIJISl OI[IHKU MPOJAYKTUBHOCTI CUCTEM 3B'a3Ky. BoHa Bpa-
XOBY€ TEILIOBUI IIIyM, 1110 BUHUKAE SK y IepejaBadi, Tak 1 y npuitmadi. MaTteMaTu4Ho
mozierb AWGN ornncyerbes Tak:

y(®) = x(t) + n(t)
Je n(t) — Iie aANTUBHAN OLTHIA raycciB IIyM 3 HyTbOBUM CEpeIHIM 3HaYEeHHAM Ta 3a/ia-
HOI0 fucnepciero. Ls Mozenb 103BOMs€ aHAII3yBaTy BIUIMB LIyMYy Ha SIKICTb Iepeaadi
JAHMX Ta PO3PaxOBYBATH HMOBIPHICTH TOMHUIIOK.

Mooeni bacamownsixosoeo 3eacanns ( Multipath Fading ). ¥ pealbHUX YMOBax CHUT-
HaJl MOXe JIOCATaTH MpUiiMaua yepes KilbKa IUIAXiB, 10 IPU3BOJUTH 10 iHTephepeHmii
Ta 3racaHHs. Mozeni 6araTomIIXOBOTO 3racaHHs BPaXOBYIOTh Pi3HI 3aTPUMKH Ta aMII-
JITYY CUTHAJIIB, [0 HAIXOATh 3 PI3HUX HANpPsMKIB. TUMYacoBa 3aJI€)KHICTh CUTHATY
Moxe OyTH ONUCaHa HACTYIHUM YHHOM:

N

y(© = Y ap(t =) +n(®)
i=1
e a; — aMIUTITY/Ia i— IO LUISIXY, 7; — 3aTPUMKa i— Io UUixy, a N — 3aranbHa KilbKiCTh
IIISAXIB.

Mooenw Petini ma Piui. JIyist onucy yMOB repeiadi 3 ypaxyBaHHIM HassBHOCTI IPSIMOT
BugumocTi (LOS) Ta 6e3 Hel BUKoprcTOBYIOThCA Moneni Peiini Ta Piui. Mogens Peitni
3aCTOCOBY€ETHCS B YMOBAaX BiJICYTHOCTI IPSIMOi BUANMOCTI, TOAI SIK Moaenb Pidi Bpaxo-
Bye HasiBHICTB sik LOS, Tak 1 NLOS ( non-line of sight ) msixis.
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Mozens Peiini :

K
y(t) = Z A e @rtort)
k=1

ne Ay, — aMIutityaa k-ro KOMIOHEHTa, ¢ — as3a, a Wk — JacToTa.
Mozens Piyi BKitrouae nogarkoBuii komnoHeHT LOS:

Y(O) = Apgsx(D) + ) Aux(t =) +n(t)

Je Apos — aMILTITyAa MPSIMOTO CUTHAITY.

OCHOBHI TapaMeTpH, 110 BILIMBAIOTH HA MPOXYKTUBHICTH iH(PAauECpPBOHOTO 3B'SI3KY,
BKJIFOYAIOTh SIK (Pi3M4HI XapaKTePHCTHKH oOnmasHaHHS, TaK i YMOBH HaBKOJHITHHOTO
cepenosua. Huxue HaBeJeHO KITFOUOBI (haKTOPH, SIKi BU3HAYAIOTH €(hEKTUBHICTD iH(]-
pavepBOHMX CHCTEM IIepeaadi TaHHX.

Cnexmpanvnuti 0iana3ox BU3HAYAE TOBXKHUHY XBUIIb, SIKI MOXKE BUSIBUTH iH(ppadep-
BOHUII feTekTop. Pi3HI cHcTeMM MpalioloTh y pi3HUX Jiana3oHax, TAKUX K OMMKHIN
(NIR), cepenniit (MWIR) Ta nosroxeuiboBuii (LWIR) iH(ppauepBoHUil miana3zoHu.
Henpasmisauii BHOIp Aiania30Hy MOXKE CYTTEBO 3HU3UTH JATBHICTH Ta SIKICTh 3B'SI3KY.

Yymausicms demexmopa BU3HAYa€ HOTO 3AATHICTh MEPETBOPIOBATH iH(pauepBOHE
BUTIPOMIHIOBAHHS B CJIEKTPUYHUHN CHTHAN. BHCOKa 4y TIHBICTH HO3BOJISIE Kpallle BHUSB-
JATH ¢1a0Ki CUTHAJIM, 1110 KPUTUYHO JUI BUCOKOILIBUKICHOT NIepeaayl JaHHX.

Inmencuenicms inghpaueponoeo sunpominio8ants, Mo TCHEPYETHCS IepeaaBaueM,
Mae OyTH JOCTaTHBOIO JUIsl 3a0e3reueHHs HaliiiHoTO 3B's13Ky. [IpoTokoin IrDA BumMarae
MEBHUX PIBHIB IHTEHCUBHOCTI BUIIPOMIHIOBaHHS MiITPUMKH SKOCTI Nepeaadl JaHHX.

Kym po3sxoooicenns npomens BIUINBA€E HA JANBHICTh 3B'3KY Ta CTIiHMKICTh 10 mepe-
IIKOJI. 3aHATO BY3bKHU KYT MOXKE MPHU3BECTH JIO0 BTPATH CHTHAITYy Yepe3 BiOparlii abo
aTMoc(epHi YMOBH, B TOW Yac sIK 3aHAATO IIUPOKUH KyT MOXKE 3HU3UTH €(PEKTHUBHICTh
nepenadi.

Ilone 30py (FOV) BU3HaYae KyT, y SIKOMYy MOXKe €(DEeKTHBHO BUSBIISTH iH(ppadepBOHE
BurpomiHioBaHHA. LLIupoke mose 30py MOXKe MiIBUIIUTH MOMKIJIUBICTh YCIIIIHOTO BUSB-
JICHHSI CUTHAJY, 0COOJIMBO B TUHAMIYHUX YMOBAX.

Bnaue 306niwnix nepewxoo. TadpadepBoHi CUCTEMH TiIIAIOThCS BIUIMBY 30BHIIII-
HiX JpKepes CBITIIa, TAKUX K COHAYHE CBITIIO Ta (pyopecuenTHi tamnu. Lli nepemkoan
MOKYTb TOTIPIIUTH SIKICTH 3B'SI3KY, TOMY BaXKJIIBO BUKOPHUCTOBYBATH (iIBTPH Ta iHII
METOIH MPUAYIICHHS IITyMiB.

JanvHicms eghekmueno2o 36'13ky 3aNeXKUTh BiJ 0aratbox (hakTopiB, BKIHOYAIOUU
MOTY)XHICTh TIeperiaBava, YyTINBICTh MpUiiMada Ta yMOBH cepemoBumia. Ilpm Buco-
KAX IIBHIKOCTSX TIepeiadi JadbHICTh MOXKE CKOPOUIyBaTUCS. TOMY JOMIIBHO MPOBECTH
KOMIT'IOTEpHE MOJICJIIOBAHHS 3aJI€KHOCTI KUIBKOCTI MPUHHATUX 1HPOPMALIHHUX TaKe-
TiB BiJl BIICTaHi PH iMiTallii IPUITIBHOT CTPLIBON B cucTeMax iMiTtarii 6oro Lasertag.

MaremaTuyHa Mojeb. Y OCHOBY MareMaTHYHOI MOJEIN MOKIAJEHO TE IO, IO
copamoBanHs [Y mpuiimada BinOyBaeTbes, KOJMU SCKPABICTh CUTHATY IEPEBHILYE
JnopBT /M 2. CBiTioBuii myuok Mae GpopMy KOHyca 3 KyToM 2 - ¢, 1 Ha Bigcrani L Bin
nepeapava Iiolna CBiTI0BO1 IIIsiMU Oy/ie

n= T[(L ) tg(pCB)z,
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Taxox cJtijJi BpaxyBaru, 1110 IpuitMad Moxke OyTH 3MILIIEHUH BiJ 0C1 CBITIIOBOTO ITy4Ka
Ha ¢p TPAAYCIB i HOBEpHYTHH Ha ¥uy. Lle cTaHeTbesl B TOMY BUIAIKY, KOJH, HAIPUKIIA,
MPULIITIOBaHHS Oyle He TOYHUM (Y TOMY YHCIi TPEMTiHHS cTOBOypa), a LiJb TPOXU
MOBEPHETHCSL HaBKOJIO CBOET oci. LI 1Ba (akTopy BIACHUMH CHJIAMU MOXYTh IPH3BeE-
CTH JIO CTIOTBOPEHHSI TIAKeTa 1 HABITh TIepepUBaHHs Niepeaadi. TakuM YHHOM, e)eKTHBHA
SICKpaBiCTh IepeiaBaya Ha BifgcTaHi L MOXHA YsIBUTH SIK:

Jp = ﬁ ) a((pp) 'ﬁ(‘pu),

ne P.;— edexTHBHA OTYXHICTB CBITIONIONA, a(p,) — KOeQIIiEHT 0cIablIeHHs BUITPOMI-
HIOBAaHHSI CBITJIOJI0/1a TP BIIXHMJICHHI BiJl OCI ITy4Ka Ha @y (miarpama crpsIMOBaHOCTI
3 TEXHIYHUX XapPaKTEPUCTHUK CBITIONIONa), B(p,) — KOeDilieHT OCIabneHHs 1y TIIMBOCTI
npuiiMada IpHu ITOBOPOTI MpuiiMava Ha ¢y (TaKOK OEpeThCsI 3 TEXHITHOI TOKyMEHTAIlii
Ha npuiimay).

[Ipu MonenroBaHHI Tpoliecy mepenadi iHGOPMAIIHHOTO TaKeTa BUXOJUTHMEMO
3 TOTO, IIO MAKEeT CKIagaeThes 3 4 OaiT manux i 4 6aiit koxy kopekuii Pima-ComomoHa,
III0 J1a€ 3MOTY BUIPABUTHU A0 4 OiT ganux. [{nsg koxkHOTO 6iTa MOJEIIOEMO YMOBH TIPH-
ifomy: BBaxkaTumeMo, 0 KyTH #p i ®u nuaBHO 3MIHIOIOTHCS KOKEH MOMEHT dacy 3i
WIBHJIKICTIO i Ui vy, BIMOBIIHO B HEBETUKIX MEXKaX 1 TOMY 00UHCIIMO [, = J,(0p, 94
JUTSE KOKHOTO MOMEHTY Tiepenadi Oita. Skmo nepenaBanacs «1», To He0OXiqHO, 1100
BUKOHYBanacst yMoBa Jp 2 Juop, iHaKiIe OiT Oyze BBaxkaTHcs crioTBopeHnM. HasBHICTh
OLITBIIIE YOTHPHOX CIIOTBOPEHUX OIT 03HAUAE, IO IEH MaKeT BBAXKATUMETHCS HETIPHHHSI-
TuUM. TakuM YMHOM MOKHA ITOpaxyBaTH CKiIbKH MakeTiB N Oyno mpuitHsTO.

Pe3ynbTaTn Ta 00roBopenHs. byio mpoBeneHo HU3KY YHUCETBHAX EKCIIEPHMEHTIB.
YMOBH eKcIIepUMEHTY Taki: IBUHTIBKa ocHaeHa [Y cBitiomionom TSAL6100 (sackpa-
BicTh 1000MBT mpu mikoBomy ctpymi 1A) 6e3 oxycyrouoi miH3M (KyT po3CilOBaHHS
10 rpamyciB) oOCTpiIOBalIa MAIOPYXJIUBY METY, 3a0€3MeUCHY TOJIOBHUMH JTaTYHKAMU
Ha ocHOBi TSOP572. 3niticHroBanocs o 1000 mocTpiniB Ha pi3Hiil BincTaHi Ta Qikcy-
Basacsl KiMbKICTh BIydeHb. [10TIM MOTYXHICTh MOMYJNAIII CBITIONIOAA 3MiHIOBaNacs,
1 cepis JOCHiaiB MoBTOproBanacs. JJiss OpiBHSHHS MPOBOJIMIIMCS TaKi ) caMi eKCIie-
pUMEHTI 3 (OKyCyIouoi JiH3010 (KyT po3citoBaHHA 5 rpaayciB). [lepua cepis ekcre-
PUMEHTIB mpoBoamnacs npu notyxHocti 100MBT. Pesynsrarn naBemeni Ha puc. 1.
3 pe3ynbTaTiB BUAHO, IO 30HAa BICBHEHOTO TPUIOMY CTaHOBHTH 10 50 MeTpiB, a mpu
BKe 75—80 MeTpax npuiioMm NpunuHseTsCs. Jpyra cepisi eKCIepUMEHTIB IPOBOIUIACS
3a motyxHicTio 200MBT. Pesynbratn HaBemeHi Ha puc. 2. 3 pe3yabTaTiB BHIHO, IO
30Ha BIICBHEHOTO MPUHOMY CTaHOBHTH JI0 65 MeTpiB, a moHay 80 METpiB MPUHOM Pi3KO
noripuyetbes. TpeTst cepis eKCIepUMEHTIB MpoBoamiacs 3a NoTyxHicTio 900MBT.
Pesynpratn HaBeneni Ha puc. 3. 3 pe3yabraTiB BUIHO, IO 30HA BIIEBHEHOTO MPUHOMY
3pociia 0 125 metpiB, a monan 190 merpiB mpuiioM pi3ko moriprryeTbes. M Ha mipi
KiHellb, YETBEPTa Cepisi EKCIIEPUMEHTIB MPOBOAMIIACS 32 MaKCHUMAJIbHOIO MOTY)KHICTIO
900MBT. 3po3ymino, 1o 1e eKcTpemMallbHi YMOBH ISl CBITIONIOAA, 1 iX HEe MOTPiOHO
MOCTIMHO BUKOPUCTOBYBATH, SIKIIIO Oa)KaHO MPOJIOBKUTH KHUTTS CBITIOMI0O0BI. Pe3yib-
TaTH HaBeJIeH] Ha puc. 4.
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Puc. 1. I'pagix 3anesxncuicmi Kinokicmi gnyuens 8io giocmani npu nomyosicnocmi 100mBm

—— e

Puc. 2. I'pagix 3anexcuicmi Kinokicmi 8nyuens 8io giocmani npu nomyscrocmi 200mBm

Puc. 4. I'pagix 3anemxncuicmi Kinokicmi enyuens 8i0 giocmani npu nomyosicnocmi 900mBm
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3 pe3ynbTariB BUAHO, IO 30HA BIIEBHEHOTO NpPUHOMY 3pociia MPHOIHU3HO [0
150 metpiB, a moHax 160 MeTpiB MPHUIOM TOTIPIIYETHCS, A€ M MOXKIUBO BIydYaTh
y uijib aech Ha pucraniii 200 meTpis. Lle MakcumanbHO KOM(MOPTHA TUCTAHIIISI MIPHILi-
JIOBAaHHS — 100 HaINHO BiIyyaTu Tpebda peTenabHO npHuigoBaTucs. Jlo pedi — 6inbia
KUTBKICTh BHITAJIKIB BTPAYCHHUX TAKETIB TOB’sA3aHa SK pa3 3 IEepepHBaHHSAM IOTIKa
JAaHUX 3a PaxyHOK TPEMTIHHA CTBoJIa Ta pyxoBi uiii. llle pa3 maromouryemo, mo i
pe3ynbTarty Oy OTpuMaHi 0e3 Oy/ib-sSKUX JIiH3, alie 1Ie He 03HaYae, 110 HUMHU HE BapTo
KOPUCTYBATUCS — CEHC Y TOMY, IO CBITJIOBA IJIsIMA Bij CBITJIOIONa MOXE JTOCSTaTH
6inbm 10 meTpiB Ha Biactani S0 meTpiB. JliH3a 3 KyToM y 2—-3 rpagycu Jae mismy JBa-
TPH METpa y AiaMeTpi. AJie XK € e OAMH acTeKT — II¢ BUKOPUCTAHHS Jla3epTara y mpu-
MIIIEHHSX. SIKIO BIAIITYBATH Ayelib Y criopT3ai, To 10 BiIcOTKIB Moxe OyTH 3a0arato
3a paxyHOK BiIOWTKIB mpomeHii Bix cTiH. ToOTO perynsuis mOTyKHOCTI CBiTIOAI0Aa
€ TOCUTH aKTyaJIbHOIO.

BucnoBku. He3Bakaroun Ha 04eBU/THE 301TBIIICHHS JUCTAHIIIT PH BUKOPUCTAHHI KOJi-
MaToOpHUX JIH3, CJIiJl 3a3HAYUTH, [0 HA BEJIMKIN BIJICTaHI TOUHICTH MPHIILTFOBAHHS PI3KO
nagae. HaBmakwy, 3a iX BiICYyTHOCTI AiaMeTp ITydKa HEMPUIHATHO 3pOCTAE 10 KUTHKOX IECAT-
KiB MeTpiB. BHXOIST9H 3 IFOTO MPOIIOHYETHCSI BAKOPHCTOBYBATH (POKYCYIOUH JIIH3H 3 BUCO-
KOIO arepTyporo Ta HOMipHE MiIBHUIIEHHS e(heKTUBHOI TOTYKHOCTI CBITJIONIONY MPUOIHU3HO
10 500MBT 3 000B'SI3KOBIM BUKOPHUCTAHHSM IITHPOTHO-IMITYJTECHOI MOJTYJISIIIL.
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Y emammi poszensoaemscs eascnusa ponv ingopmayitinux mexronocii (IT) y mpancgop-
mayii STEM-ocsimu, sika € Knowosum Hanpsamom po3sumky cydachoi oceimu. Oxpecieno enius
IT Ha sixicmo, epexkmusnicms ma docmynuicms STEM-Haguanus, a maxodc 0emaibHo NpoaHa-
J3068AHO CMAH BNPOBAOICEHHS YUX MEXHON02I K HA MIJCHAPOOHOMY PIieHi, mak i 6 YKpaini.
OcHosHy yeazcy npuodiieno aHalizy GUKIUKIE | NepCHeKmus, wo UHUKAmy y npoyeci inmespayii
IHHOBAYIUHUX NIOX00I8 00 HABUAHHSL.

Aemopu nazonowyroms Ha GaNCIUBOCTNI GUKOPUCMAHHI XMAPHUX OOUUCTEHb, WIMYUHO20
inmenexmy (L), donosuenoi peanvnocmi (AR) ma eipmyanvhoi peanvrocmi (VR) y nasuans-
HOMY npoyeci. 3azHaueno, wo yi MexHono2li 8IOKpUBAIOMb HOBI MOMCIUBOCIIT OJisl CIMBOPEHHS
IHmMepakmugno2o, adanmueHo20 ma NePcoHANi308aH020 CEPeO0BULYd, AKe He aue CIUMYIIOE
yikagicmov CmyoeHmis, a il 3HAYHO NIOBUWYE eeKMUBHICMb HABYaHH:A. 30KpemMa, XMApHi mex-
Honozil 3a6e3neuyrons 00Cmyn 00 HOMYNICHUX pecypcié i naameopm, makux sk OHIAUH-1A00-
pamopii, wo 0036015A10Mb CMYOEHMAM 1 BUKIA0AYAM NPAYIOEAMU HAO CKAAOHUMU NPOEKMAMU,
He3a1ediCHO 8I0 eeocpadiunozo nonodicenns. LLmyunuil inmenexm donomazae po3poonsimu aoan-
MUBHI OCBIMHI NPOPAMU, WO NIOIAUMOBYIOMbCA NI0 THOUGIOYAILHI NOMPEOU KOHCHO20 CMY-
oenma, a AR i VR cmeopiooms ModcIugoCmi 01 2iubuI020 3aC80EHH MAMepianie uepes 3any-
PDEHHSA Y CUMYTIbOBAHE cepedosuiye.

Ocobnugy ysacy npudiieHo adanmayii MidCHapoOHo2o 00¢eidy enposadxcents IT y STEM-
oceimy 00 ymos Ykpainu. 30kpema, po3ensioaromoscs NUMAaKHA CMeoperHs Yupposux iabopamo-
Pitl, po3poOKU Ma 6NPoBadIICeH s THHOBAYIUHUX OCBIMHIX NAAMPOPM, A MAKONC HEOOXIOHICb
YVOOCKOHANeHHs. cucmeMu hi020moeKu hedazo2ie. Lle exniouac HAGYAHHA GUKNAOAYIE HOGUM
memoouxam euxopucmanus IT y nagyanvromy npoyeci ma 3a0e3nevenus ix cyvyacHumu yugppo-
BUMU THCIPYMEHMAMU.

Y emammi maxooic nioxpecieno sadiciusicms cmpame2iuno2o nioxody 00 NOOONAHHS YUX
BUKIUKIG. Posenanymo npoOnemu, nos’szani 3 obmesxceHicmio pecypcis, wo SNIUBAIOMb HA
docmynnicmo IT-piuienb, ma HU3bKOIW NIO20MOBNEHICMIO OA2AMbOX BUKIAOAYIE 00 BUKOPU-
cmanus yupposux incmpymenmis y pobomi. 3anponoHo8anHo HU3Ky pekomeHoayitl 0 600CKO-
HaneHnHs npoyecy inmezpayii inghopmayiiinux mexvonoeiu y STEM-ocgimy.

Knrwouosi cnosa: STEM-oceima, inghopmayiiini mexnonoeii, XmapHi oOUUCIEHHs, WIMYYHULL
iHmenexm, 8ipmyanbHa peaibHicms, YUPposi 1abopamopii, nepcoHaANi308aHe HAGUAHHSL.

Serdenko T. V., Rejs T. T., Panchenko O. D. Information technologies as a key tool in
STEM education: current state and prospects

The article examines the role of information technologies as a key tool in transforming STEM
education (Science, Technology, Engineering, Mathematics) in the modern world. It analyzes
the current state of IT implementation in STEM education at both the international and national
levels, emphasizing the challenges and prospects for development. The article highlights the
integration of innovative tools such as cloud computing, artificial intelligence (Al), augmented
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and virtual reality (AR/VR), and digital laboratories into the educational process. These
technologies enhance interactivity, personalization, and the overall efficiency of teaching and
learning, ensuring better engagement and understanding among students.

A detailed review of international practices demonstrates how IT tools are successfully
incorporated into STEM education in developed countries. These practices serve as benchmarks for
adapting global experience to local contexts, including Ukrainian education. Particular attention is
given to the potential of adaptive educational platforms powered by Al to analyze student progress,
providing individualized recommendations and fostering self-directed learning. Furthermore,
the study explores the possibilities of AR/VR technologies to create immersive environments for
studying complex scientific phenomena, enabling practical learning without physical constraints.

The article also addresses the key challenges associated with IT integration in STEM
education, including insufficient funding, inadequate teacher training, and uneven access to
digital infrastructure across regions. Overcoming these barriers is essential for achieving the
full potential of IT in transforming the educational landscape. The authors propose strategic
approaches to address these issues, including government support, public-private partnerships,
and international collaboration in the field of education.

The findings highlight the importance of creating a robust information educational
environment that supports innovative teaching and learning practices, ultimately contributing
to the preparation of highly skilled specialists capable of addressing global challenges. By
leveraging the opportunities offered by information technologies, STEM education can be made
more effective, inclusive, and future-ready.

Key words: information technologies, STEM education, cloud computing, artificial
intelligence, augmented reality, virtual reality, digital laboratories, personalized learning,
educational environment.

IMocranoBka nmpodnemu. CydacHu# cBIT TiepeOyBa€e y CTaHi CTPIMKOi ITUPPOBOT
TpaHcdopMmallii, 110 3HAYHO BIUIUBAE HA BC1 aCMEKTH CYCIIIBHOTO KUTTS, 30KpeMa Ha
ocsity. STEM-ocsira (Science, Technology, Engineering, Mathematics) [1], sika cripsi-
MOBaHa Ha PO3BUTOK HAYKOBO-TEXHIYHUX KOMIETEHTHOCTEH, CTa€ OJHHUM i3 KIFOYOBUX
HamnpsIMiB TITOTOBKM MOJIOZIOTO TOKOJIIHHS 710 BUKIMKIB XXI cromiTTs. [HTEerparis
iH(popmariitaux TexHonorii [2] y STEM-ocBiTy BiKprBae HOBI MOKJIMBOCTI AJIS TIi-
BUIICHHS €(PEKTUBHOCTI HABYAILHOTO IPOIIECY, PO3BUTKY KPEATHBHOCTI, KPUTHIHOTO
MUCJICHHS Ta MUKIUCUHUILTIHAPHOTO TiAXO0.Y.

BukopucTaHHS TaKUX TEXHOJIOTIH, SIK IITYYHUH 1HTEJIEKT, JOIIOBHEHA TA BipTyaibHA
PEaBHICTh, XMapHI TUIATGOPMH, 3HAYHO 3MIHIOE TPATHUINMHI MIIXOIU 10 HABYAHHSL.
BoHu 103BOJSAIOTH CTBOPIOBATH 1HTEPAKTUBHI, IEPCOHAI30BaHI Ta MPAKTUYHO Opi€H-
TOBaHi CEPEIOBHUINA, 10 CIPHUSIOTH IMTUOIIOMY PO3YMIHHIO CKITQHUX KOHLCHIIN Y IpH-
POIHUYMX | TEXHIYHUX HaykaxX. BomHouac BIPOBa/DKEHHS IIMX TEXHOJOTIH CYIpPOBO-
JUKYETbCS HU3KOIO BUKITUKIB, 30KpeMa (JiHAHCOBUMHM, TEXHIYHUMHU Ta NearoriYyHUMHU.

Meta pocaigsxenHst. MeToro 1i€i poOOTH € aHalli3 Cy9acHOTO CTaHy BUKOPHUCTAHHS
iH(popMatiitHuX TexHojorii y STEM-0cBiTi, TOCHIHKEHHS MIXXHAPOIHOTO Ta YKpaiH-
CBKOTO JIOCBIiJly, @ TAKO)K BU3HAYEHHS MEPCIIEKTUB PO3BUTKY 1€l chepu. Y crarti pos-
IIIAIAI0THCS SIK TEOPETUYHI ACMIEKTH, TaK 1 MPaKTHIHI IPUKIAAN BIPOBAIKECHHS iHPOP-
MAIifHUX TEXHOJIOTIH, o 0a3yIThCs Ha aHalli31 CYYacHUX JOCIIKEHb Ta PaKTHK.

CraTTs TaKoX aKLIEHTY€E yBary Ha BUKIIMKaX 1 MOXKITUBOCTSX, sIKi CTBOpIOE mHdpoBa
TpaHcOpMAIlist OCBITH, TPOMOHYIOUH PEKOMEH A IO/I0 TTOIANIBIIIOTO BIIPOBAKEHHSI
[T-pimens y STEM-ocBiTy.

AHani3 ocranHix pociaimkensb i myomikauid. STEM-ocsita (Science, Technology,
Engineering, Mathematics) € MDKIUCIMIUTIHAPHUM IT1IXO/IOM JI0 HAaBYaHHS, SKAU 1HTeE-
Tpy€ 3HAHHS 3 TPHPOTHHYMX HAyK, TEXHOJOTIH, IHKEHepii Ta MaTeMaTWKd i BUpI-
IIEHHs peanbHuX npobieM. OcHoBHOIO MeTor0 STEM-0cBiTH € )OpMYBaHHS Y CTyACHTIB
KPUTHYHOTO MHCJICHHS, TBOPYHMX 3M1I0HOCTEH, MPAKTUIHNX HABHUOK 1 3IaTHOCTI TIpAIIfo-
BaTy B KoMaH/1i. ]e# mixi/1 BiAMOBIIa€ BAMOTaM Cy4acHOTO CYCIUIbCTBA, SIKe CTUKAETHCS
3 IOCTIHHUMU TEXHIYHUMHU BUKIIUKAMH Ta IIBUAKUM PO3BUTKOM TEXHONOTIH [3].




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii I 101

B ictopuunomy xoHTekcTi STEM-0CBiTa BUHUKIIA K BIINOBiAbL HA MOTpedy y Mia-
BHIIICHHI KOHKYPEHTOCIIPOMOXKHOCTI B HayIli ¥ TexHili. Bona HaOyma momymsspHOCTI
B cepeaunHi XX CTONITTS, KON Kpainu, Taki sk CLIA, moyanu BIpoBaIKyBaTH OCBITHI
IpOTpaMHu, CIIPSIMOBAHI Ha PO3BUTOK TEXHOJOTIYHHUX 1 HAYKOBUX HAaBHYOK Yy CTY/ICHTIB
[4]. Croromui STEM-ocBiTa cTana mio0aJbHAM TPEHIOM, MIATPUMYBAaHHM MIXKHAPOI-
HUMHU opranizanismu, Bkiatodatoun FOHECKO ta OECD.

STEM-ocBita 0a3y€eThcst Ha JCKIIBKOX KIFOYOBUX MPHHIUNAX. MDKAMCIUILTIHAD-
HICTh Iepeadavae iHTErpalito 3HaHb i3 KUIBKOX JUCIMIUIIH JUIS PO3B’S3aHHS KOMII-
nexcHux npobieM [5]. IIpakTHuHa OpiIEHTOBAHICTh AKLEHTYE yBary Ha HaBYaHHI yepes
MPAKTUYHI 3aBJaHHs, IPOEKTH Ta JOCHTIHKCHHS [6]. BUKOpUCTaHHS Cy4acHUX TEXHO-
JIOT1H, TAaKKX SIK BIPTYyaJbHIi Jaboparopii, CUMYJIAIIT Ta XMapHi miatrGopMu, Tormomarae
3pOOUTH HAaBYAJIBHUN MPOLIEC OLIbII IHHOBALIIMHUM 1 IOCTYITHHUM.

3nauenHs STEM-0CBiTH I CydacHOTO CyCINIBCTBAa € OararorpaHHMM. Bona
CIIPHUSIE TATOTOBIII BUCOKOKBaITI(DiKOBaHUX (DaxiBIliB, sIKi 37[aTHI BIPOBAJKYBATH 1HHO-
Ballil y Takux cdepax, K MEIUIMHA, CHepreTHKa, iHGopMalliifiHi TeXHOJOorii Ta Mpo-
mucioBicTh [7]. STEM-ocBiTa Takox gomomarae po3B’s3yBaTH IoOanbHI Mpodiemu,
BKITIOYAIOYH 3MIHY KIIIMaTy, CTAJIMH pO3BUTOK 1 IIU(POBY TpaHchopmartito [4].

[Tonpu oueBuaHI nepeBaru, BpoBamkeHHs STEM-0cBiTH CyNPOBOIKYETHCS HU3-
KOK BUKJIHKIB. OTHUM 13 HaWOUIBIIMX € HeJocTaTHE (piHAHCYBaHHS, IO YCKIIAIHIOE
3aKyMIBIIO CYy9acHOTO O0JaTHaHHS Ta CTBOPEHHS HU(PPOBHX Jadoparopiit [8]. Ixmoro
MpoOJIEeMOI0 € HeOCTAaTHS MiATOTOBKA IMEAaroriB, AKi He 3aBXKIH MalOTh HEOOXiTHHUN
piBeHb 3HaHb 1 HABHUOK JiIsl peaizamnii STEM-0cBiTHIX mporpam.

BukJian ocHoBHOTO MaTtepiay aociimkenns. B Ykpaini STEM-ocBita nepeOyBae
Ha eTali akTUBHOTO PO3BUTKY. AJIaNTaIlisi Mi»HAPOJHOTO JOCBIAY 10 JOKAJIBHUX YMOB
€ KIIFOYOBUM 3aBJaHHM Jiisi epekruBHOTO BripoBakeHHs: STEM-mporpam. 3okpema,
Ba)XXITHBUM € BIIPOBADKCHHS TH(POPMALIHHUX TEXHOJOTIH, TAaKUX SIK XMapHI CEpBICH,
1 QpoBi IaTGopMH Ta IHTEPAKTUBHI CUMYIIALLT, IKi COPUSIOTH MiIBUILEHHIO JOCTYI-
HOCTI Ta SIKOCTi OCBITH.

[adopmaniiiHi TeXHONOTIT BiIIrpaloTh KIIFOUOBY POJb y PO3BHUTKY Ta BIPOBAKCHHI
STEM-ocBiTH, OCKIJIBKH BOHHU 320€311€4yI0Th HOBI MOJKJIMBOCTI JUIsl IHTEPAaKTUBHOTO Ta
e(peKTHBHOTO HABUAHHS. BUKOPHCTAaHHS Cy4acHHX TEXHOJOTIH TO3BOJISIE CTBOPIOBATH
IHHOBAL[I{H1 OCBITHI CEpelOBHILA, SIKI CHPUSAIOTH PO3BUTKY KPUTUYHOTO MMCIICHHS,
TBOPUOCTI Ta MPAKTUYHUX HABUYOK. I[HTEpaKTHUBHI iHCTPYMEHTH, TaKi K BipTyaJbHa Ta
noroBHeHa peanbHICTh (VR 1 AR), cumyinsatopu, XmMapHi miat¢opmMu Ta udposi j1ado-
paropii, BiAKpHUBaIOTh HOBI TOPU30OHTHU JJIsl BUKJIa1a4uiB 1 CTYJEHTIB, pOOJISYM HABYaAHHS
JOCTYIHIIINM, IIKaBUM 1 MPAKTHYHO OPI€EHTOBAHUM [0].

BipTyasibHi cepeoBHIa Ta JIOMIOBHEHA PEabHICTh JO3BOJISFOTH CTY/ICHTAM B3ae€-
MOJISITH 3 HAyKOBUMH KOHLENILISIMU Yy Bi3yaJIbHO NPUBAOIMBiA 1 AMHAMiYHIA (QopMi.
Hanpuknan, VR-cumynsiii 103BOJSIOTh POBOAUTH €KCIIEPUMEHTH, SIKi B PealbHUX
yMoBax Oyiu 0 Hebe3meuHnMu abo HajaTo goporumu [9, 10]. Taki TexHOIOTIT 0COOIUBO
KOPUCHI /i1 BUBUEHHS! (Di3HMKH, XiMii Ta O10JI0Tii, Je Bi3yasizailisi CKJIaIHUX SIBUIIL BiJTi-
Tpa€e BaXIJIUBY POJIb Y PO3YMiHHI. XMapHi OOYUCIICHHS, Y CBOIO Yepry, 3a0e31euyroTh
CHUIBHY POOOTY CTYJICHTIB 1 BUKJIJa4iB y peabHOMY Yaci, HaJJar0uu JOCTYII JI0 TIOTYX-
HUX aHAJIITUYHUX IHCTPYMEHTIB 1 0a3 AaHuX, SKi MOYKHA BUKOPUCTOBYBATHU JJISl aHAI3Y
BEJIMKKX OOCSTIB JJAHUX Ta MOJICIIOBAHHS CKIIQJHUX CUCTEM.

[epconamizariss HaBJAIFHOTO IIPOIECY € IIe OJHUM BAYKIUBUM AaCIEKTOM, KU
CTa€ MOXJIMBUM 3aBISIKH 1H(QOpPMAIiiHUM TEXHOJOTisIM. BHUKOpUCTaHHA MITy4YHOTO
inTenekty (Al) n103BoiIsie aanTyBaTH HABYAIbHI MaTepialiv 0 iHAWBIyalbHUX MOTPEO
KOXKHOTO CTY/JICHTa, aHATI3YIOUH iXHIH Iporpec 1 NpOMOHYIOYH BIITOBIIHI 3aBIaHHS 115
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MoKpanieHHs pe3yasratis [5]. Lle ocobmuBo akryansHo s STEM-nuciumiiy, e cTy-
JICHTH 9aCTO CTUKAFOTHCS 3 PI3HUMH PIBHSIMH CKJIQIHOCTI MaTepiaib.

[Tonpu 3HauHi mepeBary, BOpPOBaJKeHHs iH(opmariiinux TexHojorii y STEM-
OCBITYy CYNPOBO/UKYETHCSI BUKIMKAMHM, 30KpEMa IOB'SI3aHUMH 3 BHCOKOIO BapTiCTIO
oOyaTHaHHS, HEOOXITHICTIO TIJBHIICHHS KBaliQikalii BUKIaIa4uiB 1 3a0e3MeYCHHIM
JOCTyIly 10 iH(pacTpyKTypH y BianaieHux perionax. [Ipote 3ycumis, cupsMoBaHi Ha
MOONIAHHS IIMX BUKJIMKIB, BUIPABIOBYIOTh ce0e, OCKIIbKH 1H(GOPMAMiiHI TeXHOIOTI]
CHPHUSIOTH MIJTOTOBINI BHUCOKOKBaJi(hiKOBaHWX (haxiBIliB, SKi 37aTHI BiIOBIIATH Ha
BUKITUKU CY4aCHOTO CBITY.

MiXHapoIHUI JOCBiN BHOpOBaDKEHHS iH(popManiitHux TexHoioriii y STEM-ocBity
JIEMOHCTPY€E MIUPOKHN CHEKTP 1HHOBALIWHHUX MIJIXOIB, SKI 3HAYHO 3MIHIOIOTH METOIH
HaBYaHHS Ta B3a€EMOJII{ CTY/ICHTIB 13 HaBYAIbHUM MaTepiajioM. Y 6ararbox KpaiHax, TaKuX
sk CLA, BenmmkoOputanis Ta CiHramyp, BIpoBa/UKeHHS cydacHuX I T-pileHs cTano Bax-
JIMBUM €JIEMEHTOM OCBITHBOI OMITUKH. OITHIM 13 KITFOYOBHX HAIPSIMIB € BUKOPHCTAHHS
XMapHHUX OOYHCIICHb [UIs CTBOPCHHS IHTEPAKTUBHOIO CEpelOBHUINA HaBYaHHS. XMapHi
1aT(hOpMH JTO3BOJISIOTH 3a0€3MEUNTH TOCTYI A0 PECypCiB i CHiIbHOI poOOTH B peaitb-
HOMY Yaci, 110 0COOJIMBO BAKIIMBO JUTS POEKTHOT poboTn y STEM-aucrmmmiinax [5].

[HIIMM Ba)XJIMBUM HaNpsSMOM € 3aCTOCYBaHHs WTy4HOTO iHTeNneKTY (Al) y STEM-o-
cBiTi. Al-TeXHONOTi BUKOPUCTOBYIOTBCS ISl TIEPCOHAII3aIllT HABYaHHS, aHAIII3Y TPO-
rpecy CTYIEHTIB 1 CTBOPCHHS aJaNTHBHHUX OCBITHIX IutaTGopm. Y KpaiHax €Bporw,
30kpema B Hinepnangax ta MinnsHAii, Taki pillIeHHS JO3BOJSIOTH CTYJCHTAM Mpallo-
BaTH y BIIACHOMY TEMIIi, OTPUMYIOUH aBTOMAaTH30BaHI PeKOMEHIALIT IS MOKpAIICHHS
pesynbraris. Lle 3HaqHO migBHITye e(heKTHBHICTh HABYAHHS Ta CIIPHSE PO3BHTKY CaMO-
CTIMHOCTI Y CTY/EHTIB.

3navyHa yBara npuiiseTbest iHTerpanii STEM-ocBiTH B IoOaJbHUN KOHTEKCT
4yepe3 BUKOPUCTAHHS MDKHApOAHUX oHnaiH-ardopm. Hampuknan, Coursera, Khan
Academy Ta Labster HagaioTh JOCTYI 70 KypCiB 1 CUMYJISILIN BiJ MPOBIAHUX YHiBEp-
CHUTETIB, 3a0€3MeUy0ur HaBYaIIbHI MaTepialn BUCOKOI SKOCTi. 1le 0COOIMBO BaXKIMBO
UL KpaiH 13 0OMEKCHUMH pecypcaMu, OCKUIBKH TO3BOJISIE BHKJIANA4aM i CTYICHTaM
BUKOPUCTOBYBaTH nepenosi I T-pimenns 6e3 3HauHNX (iHaHCOBUX BUTpaT [3].

MiXHapOIHUH JOCBIJ BIPOBaDKEHHS iHPopMariiaux TexHosorii y STEM-ocBity
JIEMOHCTpPY€ LIMPOKHM MOTEHIiall Al MOAEpHi3alil HaB4aJbHOro mpouecy. [HHOBa-
Iii{HI pillIeHHs, TaKi K XMapHi 00UUCIICHHS, TOTIOBHEHA PEANIbHICTh, INTYYHUH IHTETIEKT
1 I00abHI TUIATGOPMH, CIIPHUSIOTH IiBUINECHHIO SKOCTI OCBITH, pOOJIATH ii TOCTYIIHI-
IIOIO Ta IHTEPAKTUBHILIOK. BHBYEHHS IHOTO TOCBIY € BAXIIUBUM JIJIs a[lanTallii Haii-
KpaliX MPaKTHK 70 JJOKATbHUX YMOB, 30KpeMa B YKpaiHi, 10 320e31e4nTh ¢(heKTUBHY
inTerpamnito STEM-ocBiTH B I7100aJIbHUI OCBITHIH MPOCTIp.

[lepcniextuBu BrpoBapkeHHs iHMopMmaniiinux texHonorii (IT) y STEM-ocsity
B YKpaiHi € OaraTorpaHHMMH Ta OOILSIOTH 3HAUHHUN MPOTPEC y MiArOTOBI CTYJICHTIB
JIO BUKIIMKIB Cy4acHOTO CBITY. 3Ba)KalOUM Ha 3pOCTArOUy MOTpedy B iIHHOBAIIMHUX ITi/-
xonax 70 HaByaHHA, [T cTaloTh 0CHOBOIO TpaHC(opMallii OCBITHBOTO Mpolecy. YKpa-
iHa Mae yHIKaIbHI MOXJIMBOCTI JUIsl IHTETpalLii mepenoBux TexHonoriit y STEM-ocBiTy,
30KpeMa 4epe3 BUKOPHUCTAHHS XMapHHX IIaT(opM, BIpTyallbHUX JIA00PATOPiH, MITy4-
Horo iHTenekTy (Al) Ta iHmKX HMpPOBUX IHCTPYMEHTIB.

OnHUM 13 KJIIOUOBHX HAIPSIMIB € PO3BUTOK XMApHUX IU1aT(opM U1 CHiTEHOT poOoTH
CTYIICHTIB 1 BUKJIaJa4diB. XMapHi TEXHOJIOTII IO3BOJISIFOTh 1HTETPyBaTH PECYPCH, Hasa-
BaTU JOCTYII JJO HABYAIBHUX MaTepiajiB y pealbHOMY Yaci Ta CHpPOIIYBaTH yIPABIiHHS
HAaBYAJILHUM IIporiecoM. Taki pillieHHs: 0COONMNBO aKTyanbHi IS 3a0€3MeUeHHS TOCTYITY
JI0 SIKICHOT OCBITH Y BIJJIaJICHUX PETiOHAX, IO MOXE 3MEHIIIUTH OCBITHIO HEPIBHICTb.
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Buxopuctanns Al y STEM-ocBiTi 103BoIsIE IEPCOHAIIZyBATH HaBYaIbHHIA TIPOIIEC.
AJanTyBHI OCBITHI IIATGOPMH MOXKYTh aHATI3yBaTH MPOIPEC CTYIACHTIB, BU3HAYATH
iXHI CHJIBHI Ta cjaOKi CTOPOHW U aBTOMATWU4YHO MiAOWpaTH 3aBJaHHS BIAMOBIIHO JI0
iXHBOTO piBHS MiArOTOBKH. L{e cripusie migBUICHHIO e(DeKTUBHOCTI HABUYAHHS Ta JI03BO-
JIsi€ BUKJIQa49aM PUIUTATH OljIbIlle YBard 1HAMBIIyaTbHIM MOTpeOaM CTY/ICHTIB.

e ogHUM Ba)XITUBHM acIEKTOM € PO3BUTOK LU(PPOBHUX JTaA00PATOPIH, SKi MOKYTh
320€3MeYnTH JAOCTYIl IO Cy4acHOTro OONIafHAHHS Ta CUMYIALIN Ui CTYIEHTIB, He3a-
JISKHO BiJ MaTepialbHUX pecypciB HaBYaJIbHHMX 3akiaaiB. B VkpaiHi Bke iCHYIOTBH
IHIIIATUBY MO0 CTBOPEHHS TAaKWUX JIA0OpaTopiid, ane Juis IXHHOrO0 MacOBOTO BITPOBa-
JOKCHHST HeoOX1/1Ha JIepyKaBHA MiATPUMKa Ta MiKHApOHA criBIpars [8].

BaxnmuBuM 3aBHaHHSIM 3aJMINA€THCS MIATOTOBKA BUKJIAJAYiB 10 BUKOPHUCTAHHS
IT y STEM-ocBiti. HeoOxigHO BIpoBa)KyBaTH MPOrpaMu MiABUIIEHHSA KBasigikarii
IIeJIaroriB, Opi€HTOBAHI Ha POOOTY 3 CyYaCHUMH TEXHOJOTISIMH. 30Kpema, CIif MpH-
JUTATH yBary METOJMKaM iHTerpamii mu(poBUX IHCTPYMEHTIB Y HaBYAJIBHUH TIpoIIeC
1 pO3po01Il MPOEKTHO-OPIEHTOBAHOTO TiAX0oay 10 BukiaaanHs STEM-nucuurmiiy.

ITonpn mepcnektusy, BrpoBamkeHHs 1T y STEM-ocBity B YkpaiHi CTHKaeThCs
3 HU3KOK BUKIHKIB. Cepel HUX MOXKHA BHIUIMTH HEAOCTATHE (piHAHCYBaHHS, BiJICYT-
HICTb JIOCTYITy A0 Cy4acHOro oOyafiHaHHA y 0araTbox perioHax, a Tako Opak Miaro-
ToBneHuX (paxiBuis. [IpoTe ycminmHuii OCBi IHITUX KpaiH CBITYUTH, IO I1i TIEPETIKOIM
MOKHA TTO0JIATH 3aBASKH €(PEKTUBHOMY YIIPABIiHHIO, 3 TyYCHHIO MDDKHAPOIHIX MapT-
HEpiB 1 BIPOBA/KEHHIO Jep:KaBHUX MporpaM miarpumku STEM-ocBiTu.

[Tepcriextuu BupoBamkernHs [T y STEM-ocsity B YkpaiHi 3a1ekarb BiJl aKTHBHOT
y4acTi IeprKaBu, MIXKHAPOIHOTO CIIBPOOITHUIITBA Ta 3yCHJIb OCBITHIX yCTaHOB. [H(OP-
ManiiHi TEXHOIOT1T MOXKYTh CTaTH MOTYKHUM IHCTPYMEHTOM JJIsl MOJEpHi3alii OCBiTH,
10 TiABHUIUTH 11 SIKICTh, JOCTYITHICTh Ta €EKTHBHICTh, BOAHOUYAC 3a0€3MeUy0UH IijI-
TOTOBKY CTYJICHTIB JI0 BUKJIMKIB Cy4acHOTO CBITY.

PosButok indopmarniitnux texnomnorii (IT) y STEM-ocBiTi BiiKpHUBae IIMPOKi MOXK-
JMBOCTI JUIA TpaHc(opMaIlii HaB4aIbHOTO IMPOIECY, aje BOIHOYAC CYNPOBOIKYETHCS
HHU3KOIO BUKJIHKIB, SIKi HEOOX1THO ITOOTATH sl €(PEKTUBHOTO BIIPOBAKCHHS IIUX TEX-
HOJIOTIH.

OnHUM 13 HaWOLIBIIMX BHUKIMKIB € (iHAaHCYBaHHS. Bucoka BapTiCTh Cy4acHOTO
oOnaJHaHHs, MPOTPAMHOTO 3abe3ledeHHs Ta CTBOPEeHHS IudpoBux nadoparopii
YCKJIAJIHIOE X AOCTYIHICTh JJIsS HABYAJbHUX 3aK/IaJiB, OCOOIUBO B perioHax i3 oOme-
JKeHHMH pecypcamu. Kpim Toro, BripoBaikeHHs [T BuMarae 3HauHUX 1HBECTHIIIN Y ITiJI-
TPUMKY 1H(PACTPYKTypH, HAIIPUKIA[, 3a0€3MCUYCHHs] BUCOKOUIBHIKICHOTO 1HTEPHETY
Ta OHOBJICHHS TEXHIYHHUX 3aC00iB.

[HITIM Ba)KITMBUM BUKJIMKOM € HEJOCTATHS IMIATOTOBKA BUKIAIA4iB 10 PoOOTH
3 Cy4acHMMH TEXHOJOTiAMH. BUKIIamadi yacTo HE MAarOTh HEOOXITHUX HABUYOK JUIS
e¢extuBHOrO BuKopuctanus IT y HaB4aapHOMY TpOIECi, IO 3HWXKYE C(HEKTUBHICTH
inTerpamii Texaosnorid y STEM-ocpity. Jlis ogonmanHs i€l npooiaemMu moTpioHi crie-
LiaJIbHI POrpaMu MiABUILEHH KBaTi(iKkallii, cipsMOBaHi Ha PO3BUTOK HUPPOBUX KOM-
MeTeHIii nexaroris [8].

[1le oHUM BUKIIMKOM € HEPIBHOMIPHHI JOCTYII JI0 TEXHOJIOT1H, 3yMOBJICHUH perio-
HaJLHUMHU Ta COIIaIbHUMH BIAMIHHOCTSAMH. Y CUIBCHKUX Ta BiJUIAJICHUX palioHAX CTY-
JICHTH 9aCTO HE MAIOTh JOCTYIy 0 Cy9acHOTO 00IagHaHHs a0o sikicHoTO iHTepHeTY. Lle
CTBOPIOE 3HAYHUH PO3PUB Y MOKIMBOCTSIX HABYAHHS MiXK MICTOM 1 CEJIOM.

Takum unHoM, IT y STEM-0CBITi € HOTY>KHUM 1HCTPYMEHTOM, SIKUI 31aT€H 3MIHUTU
MiAXiX 10 HAaBUAHHS, 3pOOMBINM HOTO OINBII €(PEKTUBHUM, IHTCPAKTHBHUM 1 JOCTYI-
HuM. [Ipote Jutst peamizaliii BChOro MOTEHIIATY UX TEXHOIOT1H HEOOX1THO BUPIIIUTH
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npoOiiemu (piHaHCYBaHHS, 3a0€3MEUCHHS JOCTYILY A0 PECYpPCiB 1 MiATOTOBKH BUKJIAa-
qiB. Jluie 3a yMOBH Nof0JIaHHS [IUX BHKIWKIB [T MOXYTh MOBHOIO MIpPOIO PO3KPUTH
CBOi MOXJIUBOCTI Y po3BUTKY STEM-0CBITH, CIIPHUSIOUN MTiATOTOBIII BHCOKOKBAI(iKO-
BaHMX (DaxiBIIiB AJISI BUPILICHHS IIOOAIBHUX MPOOJIEM CydacHOTO

BucHoBku. [HTerpanis inpopmamiiaux texHomnoriii y STEM-0cBiTy € MOTYXKHUM
IHCTPYMEHTOM, SIKUi TpaHc(opMye TpaauUiiHI MIAXOAM 10 HABYAHHA, POOJSYH iX
O1IBII iIHTCPAKTUBHIMH, IICPCOHATII30BAHIMH Ta MPAKTUIHO OpieHTOBaHMMH. CydacHi
TEXHOJIOTI1, TaKi SIK XMapHi M1athOopMHu, MITYYHUH 1HTEJIEKT, JOMMOBHEHA Ta BipTyalbHA
peaNIbHICTh, TPONOHYIOTh HOBI MOXJIMBOCTI JJISl CTYJIEHTIB 1 BUKJIAAayiB, CIPUSIOUYH
(hopMyBaHHIO KPUTUYHOTO MUCIICHHS, TBOPYOCTI Ta MPAKTUYHUX HABHYOK.

MixHapomaHUN OCBiA CBTUUTH, mo BukopuctanHs [T y STEM-ocBiti no3Bodsie
BUPINITYBATH CKJIQJIHI 3aBJaHHS, IHTETPYBaTH MDKIUCIUILIIHAPHI 3HAHHS Ta ITiJ{BUIILY-
BaTH 3alliKaBICHICTh CTYJCHTIB y HayIli, TCXHOJIOTISX, IHKeHepii Ta MaTeMaTHIi. Y Kpa-
{Hax, sIKi aKTUBHO BIIPOBAJKYIOTH IIi TEXHOJIOTIi, CIIOCTEPIraeThCsl 3pOCTAHHS SKOCTI
OCBITH, OKPAILEHHS pe3y/bTaTiB HaBYaHHsI Ta MiABULIEHHS KOHKYPEHTOCTIPOMOXKHOCTI
BUITYCKHHKIB Ha TII00AJIbHOMY PHHKY TIpaIli.

Bomnouac, BrpoBakerHs [Ty STEM-0CBITYy CTHKA€EThCS 3 HU3KOKO BUKJIUKIB, TAKUX
SK HemocTaTHe (hiHAHCYBaHHS, HEPIBHOMIPHHUI JTOCTYI J0 PECYypCiB, HU3bKUN piBEHb
1hpoBOT MIATOTOBKM BUKJIAAYIB Ta TEXHIUHA iHPpacTpykTypa. Y BHIIAAKy YKpaiHu I
BUKJIUKH € OCOONMBO aKTyaJbHIMH, IPOTE IX MOIOIaHHS MOXIIMBE 3aBISKH JICpIKaBHIN
HiITPUMIL, MI>KHAPOHII CHIBIIpalli Ta 3aJIydeHHIO Oi3HECY A0 OCBITHIX iHILIaTUB.

Pozeutok IT y STEM-0cCBITI BiIKpHUBA€ TIEPCIICKTUBH JUIsSl CTBOPSHHS 1HHOBAIlIHHUX
OCBITHIX MOJIEJIEH, [0 CIIPUSATUMYTH HE JIHIIIE e(heKTHBHOMY 3aCBOECHHIO 3HAHb, e 1 po3-
BUTKY HABHUOK, HEOOXIHUX JUISl BUPIIICHHSI Cy4aCHHUX [NIOOATBHUX BUKIIMKIB. BaskuBumu
KpPOKaMH y ITbOMY HalpsiMi € CTBOPESHHS ITU(PPOBHX JIAO0OPATOPIi, IHTETpaIlis aJIallTHBHUIX
wiatdopM s MEPCOHATI30BAHOTO HABYAHHS, BIPOBAIKECHHSI XMapHHX TEXHOJOTIH IS
JIICTAHIIHOT OCBITH Ta MiJITOTOBKA BUKJIA1a4iB O BUKOPUCTAHHS iIHHOBAIIHHUX PillICHb.

Taxkum unaOM, IT € KimrouoBumM enremenToM STEM-ocBiTH, sIKMil mommomMarae ajar-
TyBatu ii 10 moTped CydacHOTrO CyCHIbCTBA Ta PUHKY mpami. [ peaizamii BChOro
MOTEHITialy WX TEXHOJOTiH HeoOXiTHO 3a0e3MeUnTH CTPATErYHMIA MAXiA 10 iX BIpo-
BaJDKEHHSI, 110 JIO3BOJMTH MIATOTYBATH MOJIOJIE TMOKONIHHS JIO BHKIJIMKIB ITU(MPOBOTO
Maii0yTHBOTO Ta CIIPUATUME PO3BUTKY 1HHOBALIIIHOT €KOHOMIKH.
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Modern multi-component systems are characterized by the interaction of numerous internal
components and external factors, which can exhibit both regular and chaotic behavior. Effective
management of such systems requires tools capable of providing accurate state predictions
under conditions of uncertainty and limited input data. This article explores the use of multi-
output regression models, which enable the consideration of interdependencies among system
components, optimization of the parametric space, and improvement in prediction accuracy.
Multi-output models allow simultaneous forecasting of several aspects of a system's state,
reducing errors and enhancing the generalization ability of the models. The article provides
a detailed examination of methods to improve such models, including minimization of noise
influence, accounting for the temporal scales of component changes, optimization for small
data samples, and increasing the interpretability of predictions. Approaches to addressing data
scarcity are proposed, such as knowledge sharing between tasks and the use of generative models.
Special attention is given to the challenges of applying multi-output models, including the risks
of overfitting, conflicts between optimization objectives, and the impact of correlation biases.
Strategies to mitigate these risks are discussed, including adapting multi-criteria optimization,
parameter regularization, and developing hierarchical models that can account for system
dynamics across different time scales. Ensemble approaches, which integrate the outputs of sub-
models into a unified architecture, are highlighted for their ability to enhance noise robustness,
prediction accuracy, and model adaptability to changing conditions. The approaches proposed
in the article have practical significance for automating decision-making processes in complex
multi-component systems operating under high variability and data limitations. This provides
a comprehensive framework for forecasting, contributing to more effective management of
dynamic systems across various domains. Thus, the article makes a significant contribution to
the development of methodologies for modeling complex systems, expanding the possibilities for
their analysis and management.

Key words: multivariate regression models, multicomponent systems, system state prediction,
ensemble approaches, regularization.

Cumonoe /. L, 3aixa b. 10., Cumonoe €. /]. Mynemueuxioni pezpeciiini mooeni 01sa
YRPAGNIHHA 0a2anOKOMNOHEHMHUMU OUHAMIYHUMU CUCHEMAMU

Cyuacni bazamoKoMnOHeHMHT CUCTEMU BUSHAYAIONBCA B3AEMOOIEI0 YUCTEHHUX GHYMPIlU-
HIX KOMROHEHMI8 [ 308HIWHIX (hPaKkmopis, sKi MOXNCYMb Mamu K pe2yispHull, maxk i Xxaomuu-
Hull xapaxmep. Egpexmusne ynpaeninna maxumu cucmemamu uMazae iHcmpymenmis, 30am-
HUX 3a0e3ne4ygamu moyHe npocHO3VEAHHs CIAKy 3d YMO8 HeGU3HAYEHOCH ma 00MeICeHOCm
BXIOHUX OaHux. VY cmammi 00CniOHCeHO BUKOPUCTIAHHS MYTbIMUBUXIOHUX pecpeciliHux Mooeinel,
wo 003607A10Mb BPAXOBYEAMU 63AEMOIANEHCHOCT MIHNC KOMNOHEHMAMU CUCMEMU, ONMUMI30-
8yeamu napamempuyHuil npocmip i niOGUUY8AMU MOYHICIb NPOSHO3VEAHHS. Mynemusuxioui
Modeni 3a6e3neuyionms 00HOYACHEe NPOSHO3Y8ANHS KITbKOX ACHEeKMI6 CIaHy CUCMeMU, 3HUICY-
oYU NOXUOKU ma NIOSUWYIOYU Y3A2ATbHIOBANbHY 30amHicmb Modenel. Y cmammi 0emanibHO
PO3IAHYMO MemOooU BOOCKOHALEHHS MAKUX MoOenel, ceped AKUX MIHIMI3ayis 6nausy wymy,




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

| 107

BPAXYBAHHS UACOBUX MACUMAOI8 3MIH KOMNOHEHmMI8, onmumizayis Oisi MAnux 6uOipoK OAHUX,
a makooic nIOGUUEHHsT THMEPNPEMOSaHOCMI NPOSHO3i8. 3anpononosano nioxoou 0o pobomu
3 MaN010 KiILKICMIO OaHUX, GKIIOUAIOUU OOMIH 3HAHHAMU MIJIC 3A0a4aMU Ma GUKOPUCTNANHS 2eHe-
pamugnux mooenetl. Ocobaugy ysazy HA0aHO GUKIUKAM, SIKI BUHUKAIONb NPU 3ACMOCY8AHNT MYIb-
MUBUXIOHUX MoOenell, 30KpeMda PU3UKY NepeHABYAHHS, KOHQIIKmam midxc yinaimu onmumizayii
ma enauUy KOpeAyiiuHUX ynepeoxcers. Posensinymo cnocoou MiHIMI3ayii yux pusuxie, 30Kpema
adanmayiio 6a2amokpumepiarbHoi onmumizayii, pecyiapuzayito nNapamempis, a maxoic pos-
POOKY Iepapxiunux mooenei, 30amHux 8paxosyeamu OUHAMIKY CUCMEM HA PI3HUX YACO8UX PI6-
HAX. Buoinsaiomscs ancamonesi nioxoou, siki 003601810mb iHmMe2pysamu pe3yibmamu niomooeneti
Y €Uy apximexmypy 0/ Ni0GUWeHHsL CMIKOCME 00 ULYMY, MOYHOCHE NPOSHO3Y8AHHSL MA A0an-
mueHocmi mooeneu 00 3MIHHUX YMO8. 3anponoroeani y cmammi nioxoou mMarwms npaKmuyHy
3HAUYWICMb 0151 A8MomMamu3ayil npoyecy NPUHAmMms piens y CKIaoHux 6a2amoKoMnoHenm-
HUX cucmemax, wjo QyHKYioHyoms @ ymoeax 6UcoKoi 6apiamueHocmi ma oomMedlcenocmi Oanux.
L]e 3abe3neuye komniekCHUil NiOXi0 00 NPOSHO3YEAHHS, U0 CRPUSIE ePeKMUSHIULOMY YNPABTIHHIO
OUHAMIYHUMY cucmemamu y pisnux eanysax. Taxum uunom, cmamms pooums 3HAYHUL 6HECOK
Y PO36UMOK MemoOO0N02ii MOOENOB8ANHS CKAAOHUX CUCEM | POSULUPIOE MONCTUBOCI IX AHANIZY
ma ynpaeainHs.

Kntouogi cnosa: mynomusuxioni pecpeciiini mooeni, 6a2amokoMnoHenmui cucmemil, npoeHo-
3V6aHHA CMAHY CUCTEM, AHCAMONe8l NiOXo0u, pe2yiapu3ayis.

Introduction. Modern multi-component systems are characterised by a high level
of complexity, dependence on numerous internal and external factors that can be both
regular and chaotic. The study of such systems requires the use of effective modelling
methods that can take into account the interaction of components and predict the behav-
iour of the system under uncertainty and limited data [1, 2].

One of the most promising approaches is the use of multi-output regression mod-
els that provide simultaneous forecasting of several aspects of the system state. These
models allow taking into account correlations between components and aspects of the
state, reduce the parameter space and optimise loss functions, increasing the accuracy
and reliability of forecasts. However, the implementation of such models is complicated
by certain issues, including the presence of anomalies and noise in the data, limited size
of training samples, a variety of temporal changes in components, and the complexity
of interpreting the results [3-5].

Overcoming these problems requires the introduction of innovative approaches
to minimise risks, optimise resources and ensure model stability. Particular attention
should be paid to methods of working with small samples, the use of common parame-
ters, knowledge transfer and generative models. This helps to improve the accuracy and
adaptability of models to uncertainty, which is critical for the management, forecasting
and optimisation of multi-component systems.

The relevance of the study is due to the growing need for modelling complex sys-
tems in such fields as engineering, economics and medicine. Traditional approaches to
modelling are often ineffective due to the neglect of these aspects. The approaches pro-
posed in this article not only improve the accuracy of forecasts, but also provide greater
flexibility and adaptability of models. The study of this topic has significant scientific
and practical potential, contributing to the development of a methodology for modelling
complex systems and algorithms for effective management of multicomponent systems
in modern conditions.

Problem statement. Multicomponent systems are complex objects, the dynamics
of which largely depends on the interaction of internal components X (¢)={x(¢)} and
the influence of external factors U(r). Prediction of the state of such systems is com-
plicated by a high level of noise Z(r), different rates of changes in the state of com-
ponents, limited data sampling of certain aspects of the system state y., which nega-
tively affects the quality and ability to interpret the results of modelling (forecasting),
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respectively, reducing the likelihood of practical implementation of these models to
automate the decision-making process on the functioning of multicomponent systems
in real conditions.

The aim of the study. The purpose of this study is to develop and improve methods
for minimising risks and increasing the accuracy of multi-output regression models for
predicting the state of multi-component systems.

Analysis of recent research and publications. Recent research in the field of fore-
casting the state of multicomponent systems has paid considerable attention to the use
of multi-output regression models that allow for the consideration of interdependencies
between aspects of the system state. In particular, works [4] and [6] demonstrate the
effectiveness of such models in problems with limited data, suggesting the use of com-
mon parameters and multitasking optimisation to improve the accuracy of forecasts.
In addition, study [5] emphasises the importance of regularising model parameters to
reduce the risk of overfitting and improve generalization.

The approaches to noise and uncertainty accounting, which are discussed in publica-
tions [7] and [8], are of considerable interest. These papers propose noise filtering meth-
ods, such as the Kalman filter, as well as adaptive regularisation that takes into account
the signal-to-noise ratio (SNR) in the system components. The research results confirm
that these methods provide a significant reduction in the impact of noise components
and improve the accuracy of forecasting in conditions of high data variability.

Particular attention is drawn to the works devoted to modelling the dynamics of sys-
tems with different time scales. For example, in [9], a network with heterogeneous leaky
integrator neurons was proposed to efficiently model and predict multiscale dynamics
by adaptively selecting time scales during the training process. Other researchers, such
as [10], use wavelet transform methods to extract time trends, which allows taking into
account complex system dynamics at different time levels.

The problem of model interpretability is highlighted in studies [11-13], which focus
on the use of SHAP (SHapley Additive Explanations) and LIME (Local Interpretable
Model Agnostic Explanations) methods to analyse the relationships between system
components. These approaches help to ensure the transparency of forecasts and increase
the credibility of models in practical applications.

Despite significant progress in research, a number of challenges remain unresolved,
including the integration of approaches to working with small samples, ensuring the
adaptability of models to noise and time scales, and developing interpretability in highly
complex systems. This determines the need for further research aimed at improving
existing methods and developing new approaches to modelling multicomponent sys-
tems.

Presentation of the main research material. As noted above, the state of a multi-
component system can largely depend on external and internal chaotic factors that affect
its dynamics. These factors may include irregular changes in input parameters, external
factors, and internal noise inherent in many real systems.

The state formula of a multicomponent system Y(¢) can be represented in a general
form through the state vector of system aspects that describe all important parameters of
the multicomponent system [2, 15]:

f,(xi(t),a)[,t) 1
Y(r)= I:yl (2).3,(2)ss 3, (t),a)j,t:IT I ('x[ (t),a)i,t) ) ( )
Fon(x:(2).00,.7)
where x, () is the vector of the state of the system components at time 7
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o, is the weighting coefficients of the system components 10k

o; is the weighting coefficients of the system aspects tz).

The state vector of a system component x, () at time ¢ can be defined as a system of
iterative equations:

)= 1[50 5 sl (w0200 @

where f is a function describing the evolution of the i-th component of the system;
4, is an element of the influence matrix between components i and j;
(x;(¢).t) is a function describing the influence of component j on i;
(¢ ) is a vector of external factors that affect the state of the system;
(r) is a vector of noise parameters for all components of the system,
(1) = [)1()52() RAGIE

() 1sa random variable.

Since it is intended to predict the state of a dynamic multicomponent system, it is
advisable to consider a random variable & (¢) taking into account time series statistics [16]:

&(t)=0:(1)-6.(1), 3)
where o, (1) is the time modulation of the intensity of changes in the state of the system
component; ¢, (1)~ N(0,1).

Equations (1) and (2) reflect not only the state of individual components, but also
the differences between phase points, which complicates the analysis and forecasting
of the system. Even a slight discrepancy in the input data can significantly affect the
modelling results, especially if the system has lost its equilibrium state. One of the
approaches to improve the quality of forecasting the state of multi-component systems
is the multi-output approach.

The advantages of using the multi-output approach include the following aspects:

1. Taking into account interdependencies between state aspects: a multi-output
approach to predicting the state of a multicomponent system allows simultaneously
taking into account interdependencies between different state aspects, which increases
the accuracy and generalization of the model. For example, if there is a correlation
between aspects, the regression function f;(-) is optimised simultaneously for all output
variables, which reduces the probability of error compared to independent forecasting
of each aspect ;.

If the aspects of the state Y;» 55+, have a correlation p(,.¥, ) j = Lm,j=1mi#j,
then joint forecasting within the framework of a multi-output model allows taking into
account the mutual influence of the aspects and the components x,(¢), through the
model parameters, which positively affects the value of the mean square error (MSE)
of the forecast:

[Il Q°°

m

%Z‘ 5) < iMSEi, )

mult -

where J, is the predicted value of y,.

2. Reducing dimensionality and improving generalization: multi-output models use
a single architecture to predict all aspects of the state, which allows for a reduction in
the number of parameters compared to sequential (independent) models, meaning that
the parameter space d can be reduced:

m

dmu/t = dshared + d.spec < zdl s (5)

i=1
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where d,,,., — the parameters that are similar for all aspects »;;
ds w the parameters that take into account the individual characteristics of each
aspectp Vis

dl. — the model parameters for predicting each aspect ;-

3. Improving prediction with limited data: in problems with a few observations
for each aspect ¥;, a multi-output model allows knowledge to be transferred between
aspects ¥; using common parameters x, (7). This property is especially important when
the state aspects share a similar nature or have similar patterns. In this case, the joint
loss function is minimised:

L(©)=3L(0.X.Y), (6)

i=1
where L(©,X.Y) is the loss function for the i-th aspect;

® is a set of common model parameters that are optimised during training.

This allows aspects . with less data to gain useful information from other aspects
Y;»1# J, by optimising shared parameters © .

4. Support for scenario analysis and decision-making: a multi-output model allows
simulating the behaviour of the system in different scenarios simultaneously, evaluat-
ing the impact of changes in parameters or external factors on several aspects of the
state y,. This approach increases the usefulness of the model in the tasks of managing
a multi-component system. For example, if a system with two state aspects V; (e.g.,
equilibrium state and system stability) is analysed, a multi-output model can evaluate
the trade-off between these aspects when input parameters change [16, 17].

Thus, the use of a multi-output regression model to predict the state of a multicom-
ponent system allows for an integrated approach to forecasting, reducing the forecasting
error, decreasing the dimensionality of the parameter space, and reducing the require-
ments for the size of the input data sample without losing the quality of forecasting.

Despite the numerous advantages of multi-output regression models, their use is
associated with a number of potential risks. These risks can lead to model degradation,
reduced efficiency and forecasting accuracy. The risks of using a multivariate approach
include the following aspects:

1. Model degradation due to conflicting optimisation objectives: when simultane-
ously predicting several aspects of the model's state, several loss functions need to be
optimised. If the state aspects have contradictory dependencies or different natures,
the model may not generalise the data well enough. This occurs when minimising the
loss function for one aspect worsens the forecast accuracy for another, meaning that
the gradients of the loss functions v e'-,-(®) are oriented in different directions, thus
VoL (®)-VoL,(0)<0,3y:i = j. In such cases, parameter optimisation can lead to local
minimums that do not provide high accuracy for all aspects.

2. Excessive complexity of model training (overfitting): a multi-output model may
have a significantly higher number of parameters compared to models that predict a
single aspect. This creates a risk of overfitting, especially if the available data is limited.
In such cases, the model demonstrates good accuracy on the training data, but poor gen-
eralisation on the test data [18].

3. Vulnerability to correlation bias: if there is a high correlation p( Vs y,) between
aspects of state y,, the model may use these dependencies for prediction without taking
into account the fundamental cause and effect relationships. This leads to the construc-
tion of models that show degradation when conditions or data distribution change.

4. Failure to take into account different time scales: if aspects of the state change
with different time scales (e.g., some aspects have fast dynamics and others have slow
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dynamics), the multi-output model may not process them correctly [9, 10]. For example,
if fast changes are described by the temporal modulation of the intensity of changes in
the state of a system component o, (t ) , and slow changes are described by o, (tP, then
modelling the entire system without taking these frequencies into account can lead to
the loss of important information, since the model cannot learn optimally on different
time scales: Y(t+l) =F(X(t),0'1,0'2,t).

5. The influence of the random component: if the noise component =(;) differs signif-
icantly between aspects of the state V;, the model may incorrectly estimate the weight of
different aspects w. . This leads to a decrease in accuracy for aspects with a low signal-to-
noise ratio (SNR) fS].

6. Difficulty in interpreting results: multi-output models can be difficult to interpret,
especially if aspects of the state y, interact through nonlinear dependencies. This makes
it difficult to assess the contribution of individual system components x, (¢) to the fore-
cast . Without appropriate analysis tools, such as SHAP or LIME, it is difficult to
verify the correctness of the results [11-13].

Solving these problems requires appropriate algorithmic and methodological
approaches. Accordingly, to mitigate the risks associated with the use of multi-output
regression models in predicting the state of a multicomponent system, appropriate meth-
odological approaches and algorithmic strategies should be applied. The key recom-
mendations for minimising these risks include the following:

1. Resolving conflicting optimisation objectives: To resolve conflicts between loss
functions, multicriteria optimisation approaches need to be adapted. One method is to
use dynamic weighting of loss functions:

()= Vo]
ZE[V L]

where o; (t) is the weighting factor for the i-th loss function, adapted depending on the
size of the gradient.

This approach allows balancing the influence of loss functions in the learning pro-
cess, especially when combined with methods of sequential parameter optimisation:

O(r+1)= 7]2(0, oL (0(1)), (®)

where @,(¢) is a weighting factor that depends on the stage of training /.

2. Preventing correlation bias: To deal with correlation bias, it is necessary to sepa-
rate correlations between aspects and causal relationships. For this purpose, it is advis-
able to use methods that introduce a penalty for high correlations between forecasts:

Ldecor = Lt(®(t))+ﬂzp(j\}z’j}])9 (9)
i#j
where p is the Pearson's correlation coefficient.

3. Taking into account different time scales: to model systems with different time
scales, it is advisable to use hierarchical recurrent neural networks (HRNN) [19], which
allow modelling dynamics at different levels:

h hz low( )+hzhlgt( ) (10)
where p,,(¢) is the hidden state of the low-level block, #,,, (1) = £,,, (B (1=1), X (1))
B, 1o (1) i the hidden state of the high-level block, 4, .., () = fse (e (1= 1)1, (1)).

(7
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4. Regularisation of model parameters: one of the most effective ways to avoid
overfitting is regularisation, which reduces the complexity of the model by limiting the
values of'its parameters. In the case of multi-output models, regularisation can be applied
to the parameters @ and @ , where @ represents the parameters that are common to all
aspects y and @, represents the parameters that are individual to the aspects »,. The
loss function with additional regularisation components has the form:

L= Zwi 'Li(j}i’yi)
P

where 4,4, are the hyperparameters of regularisation;

||} is the @,-norm of the model parameters;

@, is the weighting factor, which implements the strategy of equality by the variance
of the loss functions, @, =

(1D

Var(L,)

This approach reduces the impact of small samples on model complexity and
improves generalization.

5. Noise regularisation to minimise the impact of noise on the model parameters
0, Ta @, it is advisable to use a specialised regularisation that takes into account the
s1gna1 to-noise ratio (SNR):

n

2
Lo ZL (7.,) +AZ = (12)
X

where 52 — noise variance;
O'>2<,. — variance of the useful signal of the parameter x.( ) for the aspect y,;

S %(yi_yi) vVA=|9i_yi|S5 |

where § — threshold value for abnormal values.

6. Transfer learning: transferring knowledge from similar tasks or aspects can signifi-
cantly improve the quality of the model. In this approach, the model is pre-trained on
a large sample of data for one or more aspects of the state and then adapted for aspects
with a small sample [20]. Accordingly, the adapted model for aspects with a small sam-
ple will have the form:

© =argmin ) L (7,.7,)+ 2 |0 -, (13)
i=l i=1
where ©=argmin) Z,(5,.»;) is the training of the base model.

7. Reducing model complexity: pruning is an effective approach to reduce model
complexity [21], which minimises the risk of overfitting and increases generalisability,
especially for multi-output regression models. The main idea of pruning is to remove
unimportant parameters 0, and ®, , or system components X, (¢) that have a low impact
on the forecasting results.

In a model with parameters ® =[0,0, ], the impact of each parameter on the loss
function [ is analysed. Parameters whose contribution to the reduction L, is insignifi-
cant are removed:

2
o= {@, €0||Vo L(5,.7)> A§—<n} (14)

Xi
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where ¢ is the threshold for determining the significance of the parameter;

7 is the threshold for the noise to signal ratio.

Pruning is an appropriate method for improving the efficiency of multi-output
regression models. Its application allows to reduce the complexity of the model, reduce
the risk of overfitting and increase interpretability, while maintaining the accuracy of
forecasting the state of a multicomponent system.

The generalisation of the considered methods of minimising risks and improving
forecasting accuracy allows developing an ensemble of models that effectively takes
into account the complexity of multicomponent systems. This approach is based on
combining different methodologies into a single architecture to improve forecasting
quality, noise immunity, and interpretability. Ensemble approaches based on a multi-
output structure allow integrating the results of submodels into an ensemble average of
forecasts: 1

yi:W__ZMi(Xi(t)’G)j)’ (15)
i| jeM;
where M ; 1s the set of submodels that take into account the aspect y;.

Integration of risk minimisation methods within the ensemble of models allows
achieving high forecasting accuracy, reducing model complexity and increasing their
resistance to noise factors. The proposed approach provides a comprehensive analysis
of multicomponent systems and meets the modern requirements of scientific research
aimed at modelling complex dynamic objects.

Results of an experimental study. To confirm the effectiveness of the proposed
approaches related to the use of multi-output regression models in predicting the state
of multicomponent dynamic systems, an experimental study was conducted on the open
dataset “Energy Efficiency” [22]. The aim of the study was to empirically assess the
accuracy, noise resistance, generalisability of the models and their interpretability in
conditions of high data variability and different noise

Comparison of prediction accuracy: to demonstrate the improvement in prediction
accuracy using the proposed methods, three multi-output models were trained and com-
pared on the test set: Linear Regression, Ridge Regression (Linear Regression with reg-
ularization), and an ensemble model combining Linear Regression, Ridge Regression
and RandomForestRegressor.

The Mean Squared Errors (MSEs) for two outputs are summarized in Table 1. The
results indicate that applying regularization with Ridge Regression slightly reduces
the prediction error compared to Linear Regression. Furthermore, the ensemble model
achieves a significant reduction in error, showcasing its superior performance.

Figure 1 presents a plot comparing the predicted values to the real values. The
ensemble model's predictions are the closest to the diagonal line, confirming that they
align most closely with the real values. This observation further validates the effective-
ness of the ensemble approach.

Table 1
MSEs of the models for both outputs
Model name MSE Y, MSEY,
Linear Regression 9.7296 10.2100
Ridge Regression 9.2142 9.9373
Ensemble model 43177 5.5751
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Fig. 1. Comparing the predicted values to the real

Noise vulnerability: To evaluate the resilience of the proposed approach to noise,
the same models were trained on datasets with varying levels of added noise. The noise
followed a normal distribution ~(0,52), where o ranged from 0 to 0.6. The average Mean
Squared Errors (MSEs) for both outputs of the trained models are presented in Figure 2.

Noise influence on model accuracy
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Fig. 2. Average MSE of models on datasets with varying noise level

The results demonstrate that, across all levels of noise, the ensemble approach con-
sistently achieved the lowest average MSE. This highlights its robustness, even as the
noise level increased.

Generalization ability: to assess the generalization ability of the proposed approach,
the models were trained using varying portions of the dataset, ranging from 10% to 90%
of the total data. The average Mean Squared Error (MSE) for each model was measured
on test set and is presented in Figure 3.

The results show that the ensemble model consistently achieves the lowest avera-
ge MSE across all training set sizes. While the performance of Linear Regression and
Ridge Regression improves as the training data size increases, their error rates remain
higher compared to the ensemble model. Notably, the ensemble model maintains its
superiority even when trained on smaller portions of the dataset, demonstrating its abil-
ity to generalize effectively to unseen data.
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Influence of train set on model MSE
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Fig. 3. Influence of train set on model MSE

These results indicate that the ensemble approach is not only more accurate but also
more robust when training data is limited. This highlights its potential for achieving
reliable predictions while mitigating the risk of overfitting, regardless of the amount of
training data available.

Model interpretability. SHAP value plots were generated to evaluate the interpreta-
bility of the ensemble model and compare it with other multi-output models, including
Linear Regression and Ridge Regression, for both outputs Y1 and Y2. The results are
displayed in Figure 4 and allow us to understand the importance of features and their
impact on model predictions.
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The SHAP value plots reveal that features X4, X2, and X1 are the most influential
for predicting both outputs Y1 and Y2 across all models. Ridge Regression, compared
to Linear Regression, reduces the magnitude of SHAP values, demonstrating that regu-
larization effectively limits the dominance of individual features and enhances model
stability.

Although the SHAP values for the ensemble model narrower around zero than those
for Linear Regression, they exhibit a wider distribution of feature impacts compared
to Ridge Regression. This emphasizes the role of regularization in improving stability.
Despite its more complex structure, the ensemble model remains as interpretable with
SHAP as the simpler models, making it both powerful and transparent.

Sensitivity to parameters: to evaluate the sensitivity of the ensemble model to its
parameters, a heatmap was constructed to illustrate the influence of A and depth on the
model's Mean Squared Error (MSE), as shown in Figure 5.

Heatmap of the influence of A and depth on MSE for the Ensemble

0.001

100.0 100

1000.0

Depth

Fig. 5. Heatmap of the influence of A and depth on MSE for the Ensemble model

The results demonstrate that the ensemble model maintains a high degree of stability
across a wide range of A and depth values. In most cases, the MSE remains consistently
low, particularly as the depth increases, even when regularization strength (L) varies
significantly. While extreme values of A (e.g., 1000) result in slightly higher MSE, the
performance remains competitive and does not degrade below the levels observed pre-
viously in other models. Overall, the ensemble model achieves robust and stable per-
formance, balancing regularization and complexity effectively. The observed stability
at lower depths confirms that pruning the model is a useful strategy to reduce computa-
tional cost while preserving accuracy.

Conclusions. This study demonstrates the effectiveness of multi-output regression
models for predicting the state of multi-component systems under conditions of lim-
ited data and high variability. The proposed risk minimization methods, such as multi-
objective optimization, parameter regularization, and consideration of different time
scales, contribute to improving model robustness to noise and enhancing prediction
accuracy. The use of ensemble approaches allows for the integration of sub-model
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results, ensuring model adaptability to changing conditions and improving their genera-
lization ability. Key challenges, such as conflicting optimization objectives, the risk of
overfitting, and the complexity of interpretation, have been identified and require further
research and refinement. The presented results have practical significance for the auto-
mation of complex system management across various fields, including engineering,
economics, and medicine.
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Y emammi posensioaromecsi nioxoou ma watmowupeHiug OUCYUnIinu 00CI1y208Y68aH S 305~
60K (anecopummu eubopy 3asexu OJisd 6UOLIeHHs Yacy Ha npoyecopi. Jlano kracugikayito aneo-
pummis nianysanus. Buodineno npiopumemni ma desnpiopumemui oucyuniinu. Ilpeocmasneni
anzopummu 006C1y208y8anHs K 3 00HOIO Uep20oio , max u Kiibkoma yepeamu. Ilokaszano nepesazu
ma HeooniKy NPeoCcmasienux OUCYUNIIH, d MAKodic 0COOAUBOCTI iX 3acmocysants. 3 npedcmas-
JIeHO20 AHATIZY MOICHA 3pOOUMU BUCHOBKU, WO BCI ONUCAHI ANOPUMMU BUKOHYIOMb NAAHYEAHHSL
Y uaci maxk Kaxk OpUeHmupoB8ari Ha 0OUUCTIOBAIbHY cepedy ¢ 00HUM npyecopom. OOHAK HeOOXIOHO
8paxogysamu, wjo CyuacHi 0OYUCTIO8ANbHI cucmemu 0OpodKu ingopmayii maiomes xapaxkmepu-
CMUKU npUmMamanui po3noodinenum cucmemam. Ocobausicmes Cy4acHux cucmem noA2A€e 6 Momy,
wo besnivi 3a60K cepedosuwje GUKOHANHS (0OUUCTIOBANbHI pecypcu) modice Haoagamu Oesny
pecypcie 00HoHaAcHo. B nux ax obuucaosansui pecypcu, max i 3a60anHs po3nooineti y npocmopi.
Taxu ocobnusocmi xapaxkmepui ons enooanvuux GRID ma CLOUD cucmem 0bpodxu ingopma-
yii. Kpim yvo2o 3a60anus ma pecypcu MO’Cyms Mamu Xapaxmepucmuxu 00HOpOOHOCMU U HeOo-
OHOPIOHOCMI. 3a MAKUX Xapakmepucmux OUCYUNLIHU, NPUSHAYEHT O 0OHO NPOYECOPHUX CUC-
mem, He MOJCYMb Oymu GUKOPUCIAHI /5L pO3NOOLIeHUX cucmem 00pooKu ingopmayii. ¥ maxux
cucmemax nAaHy8aIbHUK Mac inghopmayito npo 6e3niu 3as60K, Wo GUMAcaionb 00CIY208Y8alHsl,
K 1y 8I0OMUX cucmemax 00Cy208y8aHHs ma iHgopmayio npo Oe3niy pecypcis, sKi Mawoms
Mooicnugicmy obcyeogysamu 3as6Ku. [Jo ybo2o NAAHYSATLHUK MAE THGopmayilo npo eumoei
KOJICHOI 3as16KU 00 nepedbauysarozo pecypcy. Kpim mozo, nianysanpHux mae inghopmayiro npo
XapaxkmepucmuKu KOHCHO20 pecypcy.

Taka ingopmayis npo 3aa6Ku ma pecypcu Modice 00360IUmu NIaHy8AIbHUKY 3a0e3nequmu
ONMuUMAIbHE PIOPO3NOOLIEHHs 3a5160K HA PECYPCU, 8PAX0BYIOUL OCOONUBOCMT GUMO2 300K Md
xapaxmepucmuk pecypcis. Taxum yuHom y po3noodineniiu cucmemi 06pooku ingopmayii nompi-
Oen Hoguil niOXio 00 NPOEKMY8aHHs HOGUX MUNIE NIAHYBANLHUKIE — MOOMO. NPOCHMOPOBUX NA-
HYBANbHUKIG. VY cmammi nodano meopemuune oOIPYHMYBAHHA HOB020 NiOX00Y OJid 6UOOPY ma
APAKMuKU npoCcmopo6o20 NIAHY8aIbHUKa. Y cmammi nokazano, wo iOHOCUHU 3A68KA-PECYPC
Y PO3NOOINEHUX CUCNEMAX MONCHA YABUMU V U0l 080001bHO20 epagha. A 3a0aua po3nooiny
3Aa56KU HA pecypc 3600UmMbcsi 00 3a0ayi NOULYKY MAKCUMATLHO20 NAPOCNOLYYEHHS ) 36AANCEHOMY
YUl He368AHCEHOMY 08000IbHOMY 2papi.

Knrouosi cnosa: niamysanus, oucnemuepuzayis, CKAAOAHHA PO3KAAOY, PO3NOOLNEHI Cuc-
memu.

Simonenko A. V. Justification for choosing a discipline for servicing requests in distributed
information processing systems

The article examines approaches and the most common application service disciplines
(algorithms for application selection for allocating time on the processor. The classification
of scheduling algorithms is given. Priority and non-priority disciplines are distinguished.
Service algorithms with both one queue and several queues are presented. The advantages and
disadvantages of the presented disciplines, as well as the peculiarities of their application, are
shown. From the presented analysis, it can be concluded that all the described algorithms perform
planning in time, as they are focused on a computing environment with one processor.However,
it is necessary to take into account that modern computing systems of information processing
have characteristics inherent in distributed systems. The peculiarity of modern systems is that
the execution environment (computing resources) can provide many resources simultaneously
for many applications. In them, both computing resources and tasks are distributed in space.
Such features are characteristic of global GRID and CLOUD information processing systems. In
addition, tasks and resources can have characteristics of homogeneity and heterogeneity. With
such characteristics, the disciplines intended for single-processor systems cannot be used for
distributed information processing systems. In such systems, the scheduler has information about
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the number of requests requiring service, as in known service systems, and information about the
number of resources that have the ability to service the requests. Before this, the scheduler has
information about the requirements of each application for the intended resource. In addition, the
scheduler has information about the characteristics of each resource.

Such information about requests and resources can allow the scheduler to provide optimal
re-allocation of requests for resources, taking into account the specifics of the request requirements
and resource characteristics. Thus, a new approach to the design of new types of planners is needed
in a distributed information processing system — that is. spatial planners. The article presents a
theoretical rationale for a new approach to the selection and practice of a spatial planner. The
article shows that application-resource relations in distributed systems can be represented in the
form of a bipartite graph. And the task of distributing the request for a resource is reduced to the
task of finding the maximum pairing in a weighted or unweighted bipartite graph.

Key word: planning, dispatching, scheduling, distributed systems.

Beryn. EdexruBHiCT poOOTH 00YHCIIOBANIBHOT CUCTEMH 3aJI€KUTh HE TUTBKU Bij
BJTACHOI €(PEKTUBHOCTI aITrOpPUTMIB 00poOKH iH(pOpMamii i TEXHIYHUX XapaKTCPUCTUK
OOYHCITIOBAIILHOI CHCTEMH, ajie 1 BiJl MPUHHITHX B CHUCTEMI MMPaBUII BUKOHAHHS POOIT,
puiioMy 1 00poOKH 3alUTiIB KOPUCTYBAYiB.

EdexTuBHICTS METOMIB 00CITyrOBYBaHHS BH3HAYAETHCS MOKIMBICTIO 3aTPUMKH 200
BTPATH 3a5BKU JI0 OOPOOKH, a TAKOK YaCOM 3HAXOIDKEHHS 3asBKH B CHCTEMI. 3aJICIKHO BiJT
THUITY CUCTEMH YTNPABJIHHS 1 IUCTIeTYEepU3allil, 3aTPHMKa 3asIBOK MOYKE BPaXOBYBaTHCH 110
3araJbHOMY CEpeIHBOMY Yacy 3aTPUMKH a00 MO JOMYCTUMOMY Yacy OYiKyBaHHSI.

[Tix yac BUBYCHHS AWCIMILTIH OOCIYTOBYBaHHS 3asBOK MEpen0avacThCs, MO TPO-
LIECH BBEJICHHsI 1 0OCIIyrOByBaHHS € HE3aJeKHUMHU. 3asBKa, SKa MOCTYNAE B CHUCTEMY,
MOYMHAE OOCITYTOBYBATHCS HETalHO, SKINO Y IIed MOMEHT pecypc Ui il 00CITyroBy-
BaHHS BUTBHUH. SIKIIO pecypc 3alHATUN 0OCIyroByBaHHSM IOIEPENHIX 3asBOK, TOJI
3aJIeXKHO Bifl TUITY 3asIBKH, sIKA MOCTYIMIA, 1 IPUXHATOTO B CUCTEMI NMpaBUiIa (JUCIH-
TUTIHK) 0OCITyTOBYBaHHS, 3asBKa, 10 TUTBKH IO MOCTYIHIIA, MOKE YEKAaTH CBOIO Yepry
a0o mepepBaTy 3asiBKY, sSIKa BUKOHYETBCS. Y pasi epepuBaHHs 3asiBKH epe10adacThes,
10 BOHA MTOBEPTAETHCS B YEPTy, Jie BOHA YEKaTHUME MPOJIOBKEHHS ITePEePBAHOr0 00CITy-
roByBaHHs. TpuBaTicTh epeOyBaHHs KOXKHOT 3asBKH Y OOYHMCITIOBAIBHINA CHCTEMI CKJla-
JIAETHCS 3 Yacy OYiKyBaHHS 3asBKH 1 4acy 00CIyroBYBaHHs MalIMHOIO.

Po3zmnoztinn 3as1BOK MiX pecypcamH, sIKi iX BUKOHYIOTh 1 KOTpi € B HasBHOCTI HOCHTh
Ha3BYy NAAHY8AHHA AD0 oucnemuepusayin. OJTHAM 13 METO/IB TUIAHYBAHHS, OPIEHTOBA-
HUX Ha 3aXOIUIEHHS pecypcy, € MeToa uepr. HoBi 3asBKM 3HAXOnATbCA Y BXiAHIN uepsi,
110 YaCTO 3BEThCS YEPrOr0 POOIT — 3aBlaHb (job queune) Ta OUiKyIOTh 3BIIbBHEHHS PECypCy.

AHaJi3 alTOPUTMIB TNIAHYBaHHS Ta BUOOPY 3asBKH HA BUKOHAHHS

Po3pi3HsAI0TH 1Ba TUNK JUCHUIUTIH 00CIYTOBYBaHHS — Oe3 npiopumemui Ta npiopu-
MemHi.

VY pasi muciuInuiia 0e3 MpiopUTETIB 3asSBKH PI3HUX THUIIIB HE MAlOTh HaIepes] BCTa-
HOBJICHHUX MPIOPUTETIB I 0OCIIyTOBYBaHHS 1 BBAKAIOTHCS MPH BXO/I1 B CUCTEMY PIBHO
npioputeTHUMH. [Ipu peamnizamii npiopumemnux IUCIHIUTIH OOCIYTOBYBaHHSI OKpe-
MHM 3a/a4aM HaJIa€ThCs MPUBLICHOBaHE MTPaBO MEPEXOIy B CTaH BUKOHAHHSA. [Ipiopu-
TET IPUCBOEHUN 3a/a4i, MOKe OyTH BEJIMYMHOIO MOCTIHHOI0, 800 MOXKE 3MIHIOBaTHCH
B TIpo1Ieci ii po3B's3aHHs. Y NESKUX CUCTEMaX BBOIATHCS KJIACHU MPIOPUTETIB (YACTKOBO
BITOPSIJIKOBAHI CUCTEMH MpiopuTeTiB). Lle sk mpaBuiio poOUTHCS 3a paxXyHOK OpraHizaiii
JIEKIJIBKOX Yepr sl KOOKHOTO Kiacy. Pecypc Oyne mpencraBieHuid B TepIly 4epry THM
3asBKaM, KOTPi 3HAXOIATHCA B Uep3i (Kimaci) 3 HaOIbII BUCOKUM MPiOPUTETOM.

Bumicnaiouu ma ne sumicHalouu anzopummu oucnemyepusayii

Jucneryepusaniss 6e3 mepepo3mnoiily MPOLECOPHOr0 4Yacy B Yac BHUKOHYBaHHS
3asIBKH 1I€ € He eumicnaloua dazamosaoaunicms (6ionocnuil npiopumem BII) — 1ie
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Takuil croci0 Aucrmerdyepusaliii Ipu SIKOMY aKTUBHHN MPOLeC BUKOHYETHCS 10 THUX Mip
MTOKH BiH caM HE BIIACTh YIPaBIIiHHS JUCTICTUEPY 3a/1ad JJisl BUOOPY 13 YeprH 1HIIOTO
TOTOBOIO /10 BUKOHaHHs mpouecy. Ilpu He BUTICHSAIOUMI Oararo3HayHOCTI MEXaHi3M
PO3MOIITY MPOIECOPHOTO Yacy PO3IMOJUICHUH MK CUCTEMOIO Ta MPHUKJIATHUMU MPO-
rpaMamu. JlucneTdepusanis 3 Mepepo3MoaiioM MPOIECOPHOIO Yacy MK 3aJadyamMu
€ eumicHa104010 dazamoszaoaunicmio (aoconromuuii npiopumem AII) . 1le Takuii cro-
ci0 mpu SIKOMY piIIEHHS PO MEPEKIIOYCHHS MPOIECOPy 3 BUKOHAHHS OHOTO MPOLECY
Ha BUKOHAHHS IHIIOTO MPUHAMAEThCS aucrierdepoM 3anad. [Ipu BUTICHsIOUMIA Oarato
3aJJa4HOCTI MEXaHi3M JUcCleTdepu3alii 3a1a4 LJIKOM 30CepePKEHU B omepariiHii
CHUCTEMI 1 TIPOTpaMicT MOXKE MUCATH CBOE MPOrpaMHe 3a0e3leueHHs He TypOyrodnch
PO Te, SIK BOHO Oye BUKOHYBATHCH Pa3oM 3 iHIMMH 3a1adami. [1pu npomy OC BHKO-
Hy€ HacTynHI (DYyHKI[ii: BU3HAYA€ MOMEHT 3HSTTS 3 BUKOHAHHS TIOTOYHOI 3aja4i, 30epi-
rae i KOHTEKCT; BUOMpAE 3 YepTy TOTOBUX 33/1a4 HACTYIHY i 3amryckae ii Ha BUKOHAHHS
Harepe]] 3aBaHTaKUBIIH 11 KOHTEKCT.

Jl1s OHOTIPOLIECOPHUX, a YacTO U sl 0araTonpoLuecOpHUX CUCTEM BUKOPHCTOBY-
I0ThCS HACTYIHI AUCIUILTIHN:

—  Hepuuit npuiiuios — nepuuit oociyzosyemuca (first IN— first OUT (FIFO) [1].

Anroputm o0cityroByBanHs uepr Firstin, Firstout (FIFO), Takox 3Banuii First Come
First Served € HaltO1TBII TPOCTOIO CTPATETIEIO MIAHYBAHHS ITPOIIECIB 1 MOJISTAE B TOMY,
110 Pecypc NepeIaeThCsi TOMY IPOIIECY, KOTPHIA PaHiIe BCiX 1HIINX 3BEPHYBCS 10 HOTO.
Konu mporuiec morparuisie B 4epry roTOBUX IpoIeciB, process control block npuemmy-
€Thecst 10 xBocTa yepru. CepenHiit yac owikyBanHs ais crparerii FIFO e wacto nocuth
BEJIMKHM 1 3aJICKUTh BiJl MOPSJIKY HAJIXO/DKCHHS MPOIIECIB B Yepr'y TOTOBUX MPOIIECIB.
Crparerii FIFO mpuramanuuii Tak 3BaHUN «e(eKT KOHBOIO». B ToMy BuIaaKy, Koiu
B KOMI'IOTEP1 € OIMH BEJIIMKUHN MPOIIEC Ta JEKiIbKa MAJINX, TO BC1 MPOIECH 30UPArOThCS
Ha MOYaTKy Yepry TOTOBUX MPOIIECIB, a 3TOJIOM B 4ep3i J1o oOnagHaHHs. TakuM YHHOM,
“e(heKT KOHBOIO™ MPU3BOAUTH J0 3HWKEHHS MPOITYCKHOI 3aTHOCTI K MPOLECOpY, TaK
i mepudepiiHOro MPUCTPOIO.

— OOcnyroByBaHHsI B 3BOpOTHOMY HampsMKy 3BeTbes LIFO — (last in — first out)
i Mae. Tix cami Hepouiky sk 1 FIFO [1].

—  Cmpamezia — naiivinous kopomka poooma (SHORTEST JOB FIRST — (SJF)) /2.

SJF — Shortest Job First. OqauM 13 MeTOIIB 60pOTHOU 3 «EPEKTOM KOHBOIO» € CTpa-
Terist, KOTpa J03BOJIA€ 3a5BLI 13 YePTd BUKOHYBATHUCS MIEPLIOIO.

Haiibinpima cknagHicTh y mpakTuyHik peanizamii SJF monsirae B HEMOXIMBOCTI
Harepe BU3HAYUTH BEIWIHHY Yacy HaCTYIMHOTO oOciayroByBanHs. Tomy crpateris SJF
4acTO 3aCTOCOBYETHCS B JJOBFOCTPOKOBUX (CTaTMYHMX) IJIaHYBaJIbHUKAX, 110 00CITYro-
BYIOTb IIAKETHUH PEXKUM.

— Ilpiopumemne oocnyzosysanns uepz (PQ) [3].

L5 cTpareris nepeadayae, 1o KOXKHOMY MPOLECY HATAEThCs MIPIOPUTET, 1110 BU3HA-
Jae yeproBicTh HamaHHs oMy CPU. Hanpuxnan, crpareris FIFO nepenbadvae, 1o Bei
MPOIIECH MalOTh OJHAKOBI TpioputTeTH, a crpareris SJF mepenbauae, mo mpioputer
€ BEJIMYMHA, 3BOPOTHA YacCy HACTYIHOTO OOCIyroByBaHHs. [ OMIOBHMH HENOJIK Mpio-
PUTETHOTO TUIAHYBaHHS TIOJIATAE Y MOKJIMBOCTI OJOKYBaHHS HA HEBU3HAUCHO JOBIHMA
CTPOK HU3BKO MPIOPUTETHUX MTPOIIECIB.

— Ilnanysannsn 3 gukopucmanusam 6azamopisenegoi uepeu. (Multilevel scheduling
queue — MQS). [5]

Ls ctparerist po3po0iieHa AJisi CHCTEM, KOJIU 3asBKA MOXKYTh OyTH JIETKO KIIaCH]iKo-
BaHi Ha JIEKUIbKa TPYI, HAIPUKIA[, YacTO 3asBKU PO3AUISIOTH Ha JAB1 IPYIU: IHTEpaK-
THBHI (MPOLIECH TIEPEIHBOTO TUIaHy) 1 makeTHi (HoHOBI).
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Crparerist 6araTropiBHEBOI 4epru pO3ALIsLE Yepry TOTOBHUX IPOIECIB Ha JEKiIbKa
9epr, B KOXKHIH 3 KOTPUX 3HAXOIATHCS IIPOIECH 3 OTHAKOBIMH BIACTUBOCTSIMH, 1 KOJKCH
i3 KOTPUX MOXe IUIAHYBATHCS 1HIHMBIyalbHOWO cTpareriero, Hanpukian Round Robin
cTpareris s iHTepakTuBHUX npoueciB i FIFO s nakeTHUX mporeciB

— llnanysannsa 3 euKkopucmannam 6azamopienesoi uepu 3 360poOmHUMI 36’°53-
kamu. (MFQS (multilevel feedback queue sheduling) [6].

3BuyaiiHa OaraTopiBHEBa depra HE JOMYCKA€ MEPEMIIICHHs 3agBKH MK deprami.
baratopiBHeBa uepra 3 3BOPOTHHMH 3B'I3KaMH Tependadac, mo 3asBKHU IPH IEBHUX
yMOBaxX MOXYTh IepeMilaTucs MikK uepramu. Po3misHyTa crpareris € HalOUIbII
YHIBEpCaJIbHOIO 1 MOENHYE B COO1 BIACTUBOCTI BCIX PO3MISHYTHUX paHIlIe CTpATETiii:
FIFO,SJF, npioputerna, Round Robin, 6aratopiBaeBa uepra.

—  Anzopumm Kopoamo [7]

BBaxkaeTbes, M0 TPUBAIICTh BHKOHAHHS HPOTpaMH MPHONN3HO NpomopuiiHa ii
JoxuHi. [IprHaiiMHI, Bi JOBKHHHU MPOTPaMU MPSMO 3aTCKUTH 9ac, 0 BUTPAYAETHCS
Ha nepenaudy nporpamu Mixk O3V 1 30BHiHIM 3Y npH i1 akTUBI3aLii.

BusHavyeHHs HOMepa 4epr, B Ky MOCTYIAa€e MporpaMa MpHu MEepBUHHOMY 3aBaHTa-
JKeHHI, 3/IIHCHIOEThCS TI0 allTOpUTMY IUIaHyBaHHS Kop0aTo: mporpama Bipasy mocTy-
nae B uepry 1= [log2 lp/ltk + 1], ne Ip — nosxuna nporpamu B 6aiitax; Itk — uucio Gaiir,
K1 MOXKYTh OyTn nepenani mixk O3V 1 30BHiIMHBOIO Mam'sTTIO 32 yac tk. Lls nucnnmtina
JIO3BOJISIE CKOPOTHTH KUTBKICTh CHCTEMHHUX MEPEMHUKaHb 33 PaxXyHOK TOTO, IO Tporpa-
MaM , [0 BUMAararoTh OUIBIIOTO 4acy pillIeHHs, HaJaBaTUMYThCS YUMalli KBAaHTH 4acy
BKE TIPU NIEPIIOMY 3aHSTTI HUMU PECypCy.

— FBn cucmemu [8]

(Foregraund Backgraund). Anroputm mae N yepr. BXigHuii NOTiK 3asBOK MOCTyMNa€e
B MEpIIy 4epry. [3 4epr 3asBKU MOCTYNAIOTh HA BUKOHAHHS. SIKINO 3asiBKa 3a BijBeze-
HUI KBaHT Yacy HE BCTUIVIA 3aBEPIINTHUCS, TO BOHA ITOBEPTAETHCS B Uepry i+/, ne i —
yepra 3 siKoi 3asiBKa OyJia B3ATa. 3 HalOUIbII BHCOKUM TpioputeToM uepra Ne 1. Uepra
i 00CITYyTOBY€ETBCSI, SIKIIIO TIOPOKHI BCI Yepru KOTpi MeHIi 3a i. KBaHT uacy /s 3asBKH
BHU3HAYAEThCS 1O Gopmyni 2i-1, 3assBKa 3 OCTaHHBOI YEPrd OOCITYTOBYETHCS CTUIBKU
qacy, CKUJIbKH 1i He0OX1HO /10 3aBEpPIICHHS.

—  «Kapycenvna» cmpamezia nnanyeanna (RR-Round Robin) [9].

Round Robin 1ie crparerisi, konu st 00CITyroByBaHHS BHU3HAYAETHCS HEBEITMKHMA
BiJIPi30K yacy, 110 3BeThcs kBaHToM vacy (10..100 mc). Uepra rotoBux 3asiBOK po3IJis-
JA€ThCS K KUTbIEBA. 3asBKU HUKIIYHO MEPEMIIIaloThCs 1Mo 4ep3i, oTpumytoun CPU
Ha JISSIKUI Yac, 1110 PiBHUW OHOMY KBaHTY. HOBHH mporiec 101a€ThCsl y XBICT YEPTH .
SIkiio npoliec He 3aBepIIMBCA B MeKaxX BUIIEHOTO oMy KBaHTY yacy, TO HOro pobora
MPUMYCOBO IIEPEpPUBAETHCS, 1 BiH IMEPEMIIIyeThCS B XBICT yepru._BmactuBocti Round
Robin crparerii gyke 3aexarp Bijl BEIMYHHA 9aCOBOTO KBaHTY (. YuM OUIbIIHIA Yaco-
BUH KBaHT, TUM Oiblie Round Robin ctpareris nadnuxaerscs 1o FIFO crparerii (s
PO3IVISIHYTOTO MPHKIIANy, Ko q>24 mc, To -> FIFO).

—  Anzopumm PSJF [9].

Anroputm PSJF (preemptive SIN -SJN 3 BUTICHEHHSIM) — IOTOYHUI aKTUBHUH IIPO-
1[eC MePEepUBAETHCS, AKIO HOTO Yac, 110 3aJHIITUBCS BUKOHAHHS OlIbIIe, HIXK Y HOBO-
PHUOYIIOTO TIpoIiecy. ANTOPUTM 3a0e3Ieuye I OiIbIIy IepeBary KOpOTKUM MpoiiecaM
nepes 1OBruMu. 30KpeMa, B Hill yCyBa€eTbcs TO 3pOCTaHHA WTpadHUX MOKA3HUKIB 115
HAMKOPOTIINX MPOIECiB, sike Mae micue B SIN

—  Anzopumm RRSJF [9]

Monudikauis anroputMmy RR 3 nepeynopsiourBaHus NpoLeciB B 4ep3i BiIMOBIIHO
JI0 9acoM, II0 3aJIHIIHBCS BUKOHAHHS
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—  Anzopumm HPRN [9]

Anroputm HPRN (highest penalty ratio next — 3 HalOUTBITUM MITpaHUM ITOKAZHU-
KOM -HACTYITHUW) — aNropuT™M 03 BUTICHEHHs, 10 3a0e3rneduye HalKparl MoKa3HUKA
cipaBeuinBOCTI. Lle mocsAraeThes 3a paxyHOK JHMHAMIUYHOTO TEPEBH3HAYCHHS MIpio-
putetiB. Beskwmii pa3 npu 3ButbHeHHI L1 /U1 BCiX TOTOBUX MPOIECIB OOYUCITIOETHCS
MOTOYHE MITpadHe BiTHOLUICHHS

pli]=(w[i]+t[i])/t[i] ne i-HOMep mporiecy; W[i] — yac, BUTpadyeHHU IPOIIECOM Ha 0Yi-
KyBaHHS; t[i]-T 9Yac BUKOHYBaHHS IIpOIIECy, Hamepes 3a1aHa ado mporHozoBaHa. Jlims
oiHO HakoBIIoro rpotecy p[i]=1. LI BigmaeThes mpoliecy, o Mae HalOUTbIIe 3Ha-
yeHHs p[i]. Jusa xoporkux mporeciB HPRN 3abesnedye mpuOau3HO Ti %K MOKa3HUKH
cnpaBenUBOCTi, 110 1 SIN, mns moBrux — Ommkdi go FCFS. Ha Benukomy niama3oni
CepeHbOr0 Yacy BHKOHYBaHHs IMpPOLECIB MOKa3HUKH, sKi 3abesneuyroTbess HPRN,
npeacTaBisioTs cepeane Mk SIN i FCFS i cnabo 3anexars Bij yacy BukoHyBaHHs. [1le
onna nepesara HPRN B ToMmy, 110 B 9aci 04iKyBaHHS MOXKE BPaXOBYBATHCS (3 IESIKIMHA
BaroBUMH Koe(ilieHTaMM) 1 O4iKyBaHHs B 1HIIMX 4Yeprax i, TAKMM YHHOM, 3a0e3reuy-
€Tbes1 OLTbIT TOBHE 3aBaHTaXKeHHS cucteMu. Kpim ToroHPRN B waci odikyBaHHS MOXe
BPaxoBYBaTHCS (3 JICSIKAMH BarOBUMH KOe(IIiEHTaMH) 1 OYiKyBaHHS B 1HIIKMX Yeprax i,
TaKUM YMHOM, BUKOHY€ETHCS OUIBII TIOBHE 3aBAHTAXKEHHS CUCTEM.

—  Anzopumm SRR [10]

AnroputMm SRR (selfish RR — eroictuunmii RR) — Meton 3 BUTICHEHHsM, 0 Ja€
JI0JIATKOBOTO MIE€peBaru npolecam ki BUKOHYIOTbCS, 1110 JO3BOJISIE MiABULIUTH IPOITYC-
KHY 3/1aTHICTb. B¢l mporiecu MoiyisitoThCs Ha JIBI KaTeropii: HOBI 1 Ti [0 BKe MaJln 4ac
nporiecopy (BuOpani) HoBuME BBaXKaroThCs Ti MPOIIECH, SKI HE OTPHMAJIH I KOIHOTO
kBanTa vacy LII, Bci iHmi mpouecu — BuOpani. 1I1pu HagXOmKEHHI B CUCTEMY KOX-
HOMY IIpoIlecy MAeThesl MeBHUI mpiopurer PO, omHakoBHMi Ui BCiX NMPOIECIB, SIKHA
B MMOJIAJIBIIIOMY 3pOCTa€E. B KiHIII KOXKHOTO KBaHTa 4acy MepepaxoBYOThCS MPIOPUTETH
BCIX IPOIECIB, IPUYOMY NPIOPUTETH HOBUX NPOILECIB 3pOCTAIOTh Ha BeNUYUHY dA,
a oOpanux — Ha BennuuHy dB. LI BigmaeTscs mpouecy 3 HalBUITMM MPiOPUTETOM, a 32
PIBHOCTI TIPIOPUTETIB — TOMY, SIKHH paHillie MOCTABICHUH B Yepry.

—  Anzopumm HLRR [11]

Anroputm HLRR ("half-life round-robin"). Aixroput™m HamiBpo3nany € Mogudika-
1iero anroputMy RR. 3 KoXKHHM 1-M ITPOIIECOM ITOB'SI3aHO JISAKUH ITpiopuTeTHE unciio P[1].
YuM BOHO MEHILIE, TUM BHILE ITpiopUTeT Ipouecy. KoxkeH HOBUI Mpoliec OTpUMYE ACSIKHMA
MOYaTKOBE 3HAYCHHS MIpiopuTeTHOTO uncia PO, ogHakoBe i Beix mporecis. Kpim toro,
3 KOXKHHM TIPOIIECOM ITOB'SI3aHUI TTOKa34YUK BHKOPHUCTAHOTO IporiecopHoro dacy U [i]
3 BuxigHuM 3HaueHHsM 0. [Iporec 3 HaliMmeHum 3HaueHHsIM P [1] oTpumye kBaHT gacy Q
(3a ogHAKOBMM 3HAuYCHHAM mpioputeTHHX umcen LI BimmaeTscsa mporecy, skuil me
JIOBIIIE).

3a yac KBaHTa iHTepBaJIbHUN TaliMep BUIA€ KibKa CUTHATIB-TIEPEPUBAHDb 3 iHTEP-
BajioM dT. 3a KO)KHUM TaKUM TMepepuUBaHHS JTUMIbHUK U [i] aKTUBHOTO (TiJIBKU aKTHB-
Horo!) IIpomecy 30unbmryeThest Ha 1. Bukopuctanns 111 nporiecom 3akiHUY€eThCS TIPH
3aKiHYEHH] KBaHTa W MEPEXOJi Mpolecy B cTaH ovikyBaHHS. Ilpu npomy Momudiky-
I0THCS JITYMIIBHUKHN TIPOIIECOPHOTO Yacy BCiX (B TOMY YHCIHI i HEAKTMBHUX) IIPOIIECIB:
U [i] = U [i] / 2 1 jansg BCiX NPOIECIB MEPeOOYHMCITIOITh MPIOPUTETHI YHCIIA:
P [i]=PO0 + U [i] / 2.1 MonudikyeTbcs 4epra O4UMKyBaHHS [IPOLECIB.

Po3ristHyTI HalfOIMBII BiOMI AWCIUMILIIHA OOCITYyTrOBYBAaHHS 3asBOK HE BPaxoBY-
I0Th, IO CyYacHI OOYHCITIOBAIBHI CHCTEMH € 0araTOMalIHHHAMHU PO3MOMITICHUMH CHC-
temamu. 71 TaKuX CHUCTEM MOTPIOEH HOBWIA MiJXiJ J0 CHCTEM TUIaHYBaHHS Ta JIUC-
netuepusarii. [Ipu po3poOIi TUCIHUILTIH 00CIIyTOBYBaHHS MOTPIOHO BPaXxOBYBaTH, 10
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pecypcH Ui pU3HaYeHHs 3asBOK posnoiieHi B mpoctopi (GRID, CLOUD cucremu)
1 9acTO € HEOTHOPITHUMHU.

OOrpyHTYBaHHS Ta MAaTeMATU4YHA MOCTAHOBKA 3a/1a4i po3moaity

B NPOCTOPOBiii Moje.ti 3aB1aHb i pecypciB

YV HeonHopiAHIN po3noaineHiit cuctemi 00podku ganux (HPCO/I), mo cknamaeTbes
3 N pecypcis, Ha naHuil MOMEHT T € N BUIBHHX PECYPCiB Ta M He3aIekKHUX, TOTOBHX
JI0 BUKOHAHHSI 3aBIaHb.

— Cucrema pecypcis 3anana rpadom cucremu G, =(V ,E ,W_ ), ne

— besniv Bepumn V= {R, R,..., R}, KOX€EH €IEMEHT SIKOTO MPEICTABIAE OJIUH 3
N pecypciB cuctemu Ta RieN\ (MHO)KI/IHa HaTtypajibHUX yucen), i=1..N.

— Besniu nyr E.={E,, E,..., E }, KoXeH eleMeHT AKOro MpeJCTaBlse 3B'A30K Mixk
JIBOMa pecypcamu Ei= {R1 Rj}, me R R eV, n0=<d< N2,

— besniu Bar Bepumn W, {WVR WVR » WVR_}, ne WVR={RE, RT}. [lnsa
Vi=1..N, RE.eR" (Gesniu H03I/ITI/IBHI/IX peaJ‘ILHI/IX quCen) € XapaKTepI/ICTI/IKa pecypcy
RT.e{0u SR*} — CTaH pecypcy.

— besmiu Bar nyr W —{WER], WERZ, ., WER } Ie Oe3mivu MOXXHA Y BUDIISAI Jiesi-
koi Matpuri RC=RC[i ,J]EER+ e i=1.Nij=1..N.

— Tlorik M 3aBnans, 3ananuii 6esmiaaro V ={Job,, Job,,..., Job }, koxen enement
SIKOTO MpeJcTaBise oane 3 M 3apnanb Ta Job, ={JN,, JE, JL, JIM,, JP,}, Vi=1..N:

— JN.eN| - € Homep 3aBnanHs,

— JE,eR" — € obcar poboru 3aB1anHs,

- JL {R", ¢),.., Ry, ¢ BRI C R'eV, — € pecypc, 3 KUM Iie 3aBJaHHs BUMArae
0o0MiHy ,Z[aHI/IMI/I ¢ eR* — obesr nepesadi, = 1..q, qeN|,

—IM={0 nim R‘ } — € Macka 3aB1aHHs, 1e R'e V| —HOMEp pecypcy, Ha KoMy OaxkaHo
BI/IKOHyBaTI/I JTaHEe 3aBIAHHS,

- JP, €R" — € mpiopUTETOM IHOTO 3aBJIAHHS.

Busnauenns 1: I' € BinoOpaxenns 6esniui 3anans V,={Job , Job,,.., Job,,} na muo-
xuny pecypeis V. ={R ,R ..., R} rpada cucremu G, =(V_E ,W .. W ), aKio pe3yn-
Tar BinoOpaxenns ['(V,,V,) € kinbka A: A={a, a,,.., a }, ne a=(R', J), R'eV_, JieV,,
i=1..n, neN]|.

[osnaunmo AR={R', R?,.., R"}, AJ={J', J*,.., J"}. Orxe, |A|=|AR|N|AJ|, ARCV,
AlcV,.

Busnauenns 2: BioOpaxenns I € posnozin 3apnanb V, Ha pecypeu V,, SKIIO HOTO
pesynsrar I'(V,V )=A, ne A={(R', J'), (R*, J),.., (R"J")} 3anoBonbHsA€ HaCTymHii
ymoBi: Vi=l..n, Rig AR\R!, 'le AI\J, tme AR={R!, R%,.., R"}, AJ={J', J%,.., J"}. Po3mipom
uporo posnoxiny I'(V,,V,) € uncno n. Tomi ['(V,,V, )—A, n=|A.

Busnauenns 3: pesynbrar po3noiny 3asaanb Ha pecypcax A=I'(V,,V, ) HasuBaeTbes
poskIagoM 11 fanoro posnoiny I ITapa a=(R',J"), i=1..n HasuBaeTbCS npusnauennam
pecypcy VeV, na sasdanna R'eV .

Busnauenns 4: nexau X={A', A%,.., A*}, zeN| — ¢ muoocuna pesyromamie ycix
Modcnusux posnodinie ons beznivi 3asdanv V, ma ona oOesniui pecypcie V.. Tooi
I'(V,,V )=X. Posnodin 3asoans na pecypcax I'(V,V )—>A* ¢ maxcumanorum poznooi-
7Iom 05 danux 6esnivi 3ae0ans V, ma besniui pecypcie V  Axkuo:

1) n*=|A%|;

2) n*=max{A], |A%.... |A7)}.

Busnauenns 5: nexail A € desxa Qynxyia 6io npusnauenns a =R, J¥) (moomo npu-
snauenns 3ae0anns I na pecype R*, R°eV, u J'e V. Tooi Aa )= = a6o O=A(R®, J¥) ma

®=A(a)=A(R}, JV), 0e i=1..n nazéemo saemo npu3ﬂaquHﬂ a, (R‘ I za A

BusnauenHs 6: cymy,Bar ycix npusHayess {al, a2,.., an} Ha3zBeMmo Baroto D(A) po3-

k1axy A. To6to: D/A/=)" Dla].

i=1

9%
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Busnauenns 7. mexaii Xm={A, A,,., A }, meN|, € Ge3niu BCiX MaKCHMalb-
HUX PO3MOJLTIB JuIs Oe3ivi 3aBaanb V| Ta Ui MHOKHHHU pecypci V. Toxi posknan
A*=I'(V,,V,) — onTuManbHui pO3KIaj po3noainy (3aBaanb V) Ha pecypcax V) I' 3a
BUMIpOM A, SKII0 A* 3a0BOJIbHSIE€ HACTYITHUM YMOBaM:

) A*={(R!,JY), (R% J?),.., (R", J")} € pe3yapTaroM MaKCHMAILHOTO PO3IOILTY JaHHX
Oesniyi 3aBanb V, i Gesniui pecypcis V, , 0610 [A*[=max{|A'|, |A%..., |A”} (Busna-
YeHHS 5).

2) Bara posknmany A*={a, a,,.., a } Oyna mMakcumanbHOI 3 Xm={A, A ..., A },
T00TO; '

I ) )

Biitwoza: nonipibno snatimu onmumansie (6aza 3a 3a0anoio yynkyicto A) posxnao
A={[R', T, (R, P),.., (R", I}, neN| maxcumanvrozo posnodiny T (3a eusnavennsim 7)
ona N_sinvnux pecypeis (V) ma M 2omosux 00 eukonanns saéoans (V).

BuznadeHHS ONTUMAIBFHOTO PO3MOALTY

— besniu N _pecypcie V.={R,R,,.., R } 1 M 3aBnanb VJ={J1, Jpesdy, ) MOXKHA TIDETT-
CTaBIATU K Oe3niu BepumnH Aeskoro rpadga G . Tomi 6e3miu HEOPI€HTOBAHUX AYT
E={E,E...., E } Mix Bepmmnamu rpada G Bianosinae 6e3mi4i npu3HaI€Hb 3aBIaHHS J*
Ha pecypci R* (mpuknan rpacda nis 6 pecypeis i 6 3aBnanb Ha puc. 1). Jlyra E ={R,, Jj},
ne ReV, i JjeVJ, k=1..d, 0<d<N xM, mix BepiIMHaMH JJ Ta R, icHye Tinbku TOM, KOJIK
MPU3HAYCHHS 3aBIAHHS J, Ha pecypci R, € «nemoxiuBEM», TOOTO KO Su <34, ne 9,
€ JIesKe 3a/1aHe YuCIo (y IaHOMY TIpuKiat o:=1),

3AJIAYI
N[1]2]3]4]5]6
~[1[3]0o]7]0f6]0
Ol2]of4[2[5[83
>(3[2]5]ofJof7]0
2lala|s[s|e[8[a
~[s[s8]7]o]Jof4]0
6|00 |2]6]0]8

Puc. 1. Bapianmu npeocmasnents 8i0HOWEeHHs 3a0a4i — pecypcu

Toni, BUKOHAHHS JAPYTOTO €TaIly € 3aja4a MpU3HaYeHHs. [CHye Kinbka METOMIB s
BUPIIICHHS 3aBIaHHs MPU3HAYCHHS TSI 3BaYKEHOTO TBOIOJIBHOTO Tpada

G=(V,,V,, E, WE):

ne, V.={R,R,.,R _}iV={,),.. ]},

E={E,E,....E}, E={R*J*},

ne R*eV nJ*eV,  k=1.d, 0<d<N xM.

WE={WE, WE,..., WE }, WE =A(E,), ne k=1..d, 0<d<N xM.

Po3B's3aHHs 3a1a4ui mpu3HaYeHHS 15 rpada po3mipom N xM, ne N #M HaBoauThCs
70 PO3B'A3aHHs 3aj1a4i npu3Ha4eHHs 11 rpada posmipom NxN, ne N=max{N_; M}.
Po3B's3anns 3amaui TpuU3HAYEHHS I 3BaXkeHOTo rpada G MOKHA TPU3BECTH 10 BHUPi-
IICHHS 3aJ1adi MPU3HAYCHHS JIJIs He3BaxkeHoro rpada G' orpumanoro 3 rpada G 3HST-
TSIM Baru BCiX IyT.

3aBmaHHs MpPU3HAYCHHS JUIS JAQHOTO BUIAAKY 3BOAMTHCS IO BHPIMICHHS 3ajadi
MONTYKY MaKCHMAaJIbHOTO apOCIIONyICHHS IS 3BaKCHOTO a00 HE3BAKEHOTO JIBOIOIH-
HOTO Tpada.
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3aBaHHs NPU3HAYCHHS Y TaKil MOCTAHOBII BUPIIIYETHCS Y 0araTb0X MPUKIIATHIX
nporpamax. Ha BuOip cnocoOy Ta anropuTMmy pillleHHS BIUIMBA€ 4acoBa CKJIAJHICTD,
T.K. Yac BHUPIIICHHS 3aBIaHb IUIAHYBaHHS, OCOOIUBO MpPU ,I[I/IHaMquOMy TUTaHYBaHHI,
€ OCHOBHUM KpHUTEpi€M, HaBITh Ha IIKOAY SKOCTI OAEp)KyBaHOTo pimeHHs. Sk Oyio
3a3HaueHo, T.K. OUTBINICTH 3aBOaHb OIEPATHBHOI MUCIIETYEPU3AIll UM AMHAMITHOTO
IUTAaHYBaHHS MOKHA 3BECTH IO 3aBIaHHS IOINYKY MaKCHMaJbHOTO MapOCIIONYYCHHS,
JOITBHO BUKOHAHHS MOPIBHSJIBHOTO aHAJII3Y BIJOMHX aJTOPUTMIB 3 YpaxXyBaHHSIM €11~
HOTro Kputepiro. HalOimbIn NpuiHATHUM KPUTEPIEM € 4acoBa CKIIAJHICTh aJITOPUTMY,
10 JIO3BOJISIE OL[IHUTHU 3MiHY 4acy BUPILICHHS 3aJ]1a4l BiJl PpO3MIPHOCTI, IO € ICTOTHUM
JUTSL TIapasie]IbHUX cucTeM. HaiidacTile BUKOPUCTOBYBaHI MiJAXOAX 10 BUPILICHHS IIi€]
3a1a4i 1e:

— MOIIYK MAaKCUMAIILHOTO MOTOKY B MEPEkKi

— MOIIYK MaKCHMAJIFHOTO MapOCIONyICHHS.

3aBmaHHS PO MAaKCHUMAIBHUHA TOTIK € OJHUM i3 HAWOUTBII (PyHIAMEHTAIBHIX
3aBJaHb y TEOPii NOTOKIB y Mepexkax. Briepiue e 3apnanns 0yno chopmynboBano Da-
kepcoHoM i Jlarnmarom 1955 poky, a anroput™ ii TogHoTO pimeHHs onucanui Gopmom
i @ankepconoM 1956 poky [12], 3 TOMOMOTOI0 1X BiJIOMOTO aJITOPUTMY 301IBIIYIOIIE-
rocs HuIsAXy. 3 TOro 4yacy Oarato AOCTIIHWKIB HaMarajucs 3MEHIIMTH 4acOBY CKJIa[-
HIiCTh 3anporioHoBaHoro ®op1oMm Ta DakepcoHOM aNroOpUTMY 1 3'IBUIIOCS 03114 anro-
PHUTMIB U BUPIIIICHHSI [IHOTO 3aBIaHHS.

3apnaHHs (GoOpMyIOeThCsl HacTymHUM 4uHOM. s 3amanoro rpada G=(V,E)
notpiObHo 3HaiiTH Oe3niu pebep McE makcuManbHOT TOTYKHOCTI, Take, IO KOJHI
nBa pedpa M He MaroTh 3arajibHHUX KiHIIEBUX BeplinH. Take GpopMyITIOBaHHS 3aBIaHHsI
MOUIYKY MaKCHMAaJIbHOTO MAapOCIONyYeHHsS! CIPaBEJIUBE IS HE3BAXKEHOTo rpada.
B iH1mIomy BapiaHTi JaHi TaKOXK Bard pedep 1 MeTOr pO3B'sI3aHHS 3a/1a4i € 3HAXOJKCHHS
MapOCIIONYYEHHs, 0 Mae HaiOuLTbIry cymapHy Bary. OOWIBI 3aBHAaHHS BHUKIHKAIA
BEJIMKHI 1IHTEpeC AOCHITHUKIB OCTaHHI TPU ACCATUIITTA. BoHU nerko hopMymmroroThes,
aneloTh JI0 IHTYINIT Ta MalTh 0araro JOMATKIB. P KHUT, IO MICTITh HAWTIOBHI-
WA BUKJIA]] TUTaHb, IOB'SI3aHUX 13 3aBIaHHM IIPO MApOCIIONydYeHH, Hamucamn: dopn
1 dankepcoH, Bep>1< HaHaILI/IMI/ITplyICTaI/IFJIIH, Koq)MaH JIuncekuii, Xapapl Ope. Sk
y HE3BaXXECHOMY, 1 ¥ 3BaKCHOMY BaplaHTax 3a7aqi MMpo MapoCTONyYSHHS, IIi MTUTaHHS
3HAYHO CIIPOIIYIOTHCS, SIKIO aHANIi30BaHUIl rpad € ABymoabHUM. Bimomi anropurmu
MONIYKY MaKCHMAaJIbHOTO NMApOCIIONyYeHHS 3aCHOBaHi Ha TeopeMi Kenira-Xomia i Teo-
pemi bepxka [13]. BigmosigHo mo Teopii bepka — «mapocnonydenus M y rpagi G
MaKCUMaJIbHO TOJI 1 TUIBKM TOA1, KOJM HE iCHy€ 30UIbLIyEThCS HUIAXY om0 M». Le
MPU3BOAUTH JI0 TOTO, IO BUKYHYIOTHCS 3aiiBi il B TMX BHIIAJKaX, KOJIH Ui SKOTOCh
rpada He iCHY€ JIOCKOHAJIOTO MapOoCHoNyYeHHs. Takui mixi/ 301IbIIY€E YacOBY CKIIaI-
HICTb BUPILIEHHS 33/1a4i 1 HOTpe0ye HOBUX MiIXOIiB.

BucnoBkn.

1. AHaJi3 HaWTIOMUPEHIIIAX JTUCIMILIIH 00CIYTrOBYBaHHS 3asSBOK IOKa3y€e HEMpH-
JIATHICTh iX JI0 BUPILICHHS 3a/ad4i pO3MOALTY 3asiBOK 3a pecypcaMu B PO3MOIIICHUX
cuctemax 00opooku iHpopmartii. Takux sk modansHi GRID I CLOUD cucremu.

2. BUKOHaHO MaTeMaTHYHy ITOCTAHOBKY 3a/adi PO3IIOILTY 3asBOK Ha PECYPCH, KON
Ta 3aBKH Ta PECypCH MPOCTOPOBO PO3MOALIEHI.

3. Tloka3zaHo, IO B PO3MOAUICHHX cHUCTeMax OOpoOku iH(popmariii BiZHOCHHHU
3asBKa-pecypc MOXKHA YSBUTH B BHIVIAII JBOAOJIBHOTO Tpada, a po3B's3aHHS 3agadi
MPU3HAYCHHS 3asBKH Ha PECypc J0 IMOUIYKY MaKCUMAaJIbHOTO MapOCHONyUCHHS Y 3Ba-
KEHOMY a00 He 3Ba)KEHOMY JIBOJIOJIBHOMY Tpadi.
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OcmaHniv yacom cnocmepieaemvpcs nouwlupere SUKOPUCHAHHS NPOMOKONIE 0OMIHY Nosi-
domnenHamu y cyvacHux cucmemax. OOHiew i3 moodeneu 0OMiHYy NOBIOOMICHHAMU, KA CIY-
JHcumu 01 OOMIHY OaHUMU MA BOOHOYAC OEMOHCMPYE eeKMUBHICIb BUKOPUCHIAHHS PeCypCls,
€ Mooens «nyonikayis-nionuckay. [Ipome, cucmemu i3 maxkow MoOei0 MAiomsb NeeHi HeQOiKU
uepes GUKOPUCTNAHHA YeHmPAi308aHoi apximekmypu, 6 AKitl Oani 3 yCix npucmpois 6 mepexci
nepeoaomuvcs yepes yenmpanvbrnozo opoxkepa. I100iona yenmpanizoeana apximexmypHa mooen
00MiHy NOGIOOMIEHHAMU CXUTLHA 00 YeHMPANbHOI mouKku 6iomosu. Kpiv moeo, opeanizayis, saxa
6011001€ OPOKEPOM, Mamume MOXCIUGICmb niopobnosamu oani. Cmamms NOKIUKAHA OOCTIOUMU
ma onucamu pobomy Trinity, wo € po3nodiieHum Opokepom nyOniKayii-nionucKu 3 He3MiHHi-
CMI0 HA OCHOBI DIOKYElHY, d MaKodxic NpeoCmasumuy peanizayito ma ompumary y xo0i 00ci-
Owcenns oyinky cmpykmypu Trinity. Ilpunyun pooomu Trinity nonseac y nowupenni Oanux, sKi
Oy onyoniko8ani 0OHUM 3 GpOKepi6 y Mepedic, ceped yCix IHuUxX OPOKepi6, HAABHUX Y MepediCi.
Taxooic po3nodineni dani 30epicaiomvcsi y HE3MIHHOMY PeECmpl 3 GUKOPUCIAHHAM MEXHON02IT
6noxuetin. Kpim moeo, Trinity 6ukonye cmapm-koHmpaxmu 0Jis nepesipku 0anux nepeo ix 3oepe-
JiceHHaAM y brokuelni. Buxopucmosyiouu mepedicy 6aoxueuny, Trinity mooice capanmysamu cma-
JCMb, YNOPAOKOBAHICMb MA HEIMIHHICIMb 30 Medxcamu 006ipu. Ompumari pezyivmamu 00Cii-
Ooicennst cgiouamo, wo Trinity 6UKOpUCMOBYE MIHIMANbHY KINbKICMb Pecypcis, a UKOPUCTANHSL
CMapmM-KOHMPAKMie 00360JAE 3AIHINEPECOBAHUM CINOPOHAM AGMOMAMU3YEAMU NPOYECU Kepy-
eanns oanumu. Ha niocmasi nposedenoeo docniodcenus modxcha cmeepoxcysamu, wo Trinity
€ nepuLoro NIam@opmor, aKka NOEOHYE KOMNOHEHMU MEXHON02il OJIOKYElHY 3 MOOeLII0 0OMIHY
NOBLOOMAEHHAMU «NYONIKAYIS-NIONUCKAY.

Knrwouosi cnosa: onoxuetin, 6pokep, 6a2amocmopoHHs 63aEMOOIs, 1e0xHcep, CMAPM-KOHMPAKNI.

Tverdokhlib A. O., Antonenko A. V. Features of trinity distributed broker based on
blockchain technology

At a recent time there was a widespread use of messaging protocols in modern systems. One
of the messaging models that serves to exchange data and demonstrate resource efficiency at
the same time is the publish-subscribe model. However, systems with this model have certain
disadvantages due to the use of a centralized architecture, in which data from all devices in
the network is transmitted through a central broker. Such a centralized messaging architectural
model is prone to a centralized point of failure. In addition, the organization that owns the broker
will have the ability to falsify or manipulate the data. This article is intended to describe the
work of Trinity, a distributed blockchain-based publish-subscribe broker, as well as present
an implementation and evaluation of the Trinity platform based on tracking. The principle of
the Trinity robot is based on extensive data published by one of the brokers at the border and
all brokers present at the border. Subdivisions of data are also stored in an immutable registry
using proprietary blockchain technology. In addition, Trinity is creating smart contracts to verify
data before storing it on the blockchain. Based on blockchains, Trinity can guarantee stability,
regularity, and immutability across trust boundaries. The results of the study show that Trinity
uses a minimal amount of resources, and the use of smart contracts allows interested parties to
automate data management processes. At the research stage, it can be confirmed that Trinity
is the first platform that combines blockchain technology components with a publish-subscribe
exchange model.

Key words: blockchain, broker, multi-stakeholder cooperation, ledger, smart contract.
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Beryn. CydvacHi nporpamu 3a3BU4ail BAKOPUCTOBYIOTH MOJIENI OOMiHY ITOBiIOMJICH-
HSMU «ITyOJIKAIiSA-TIMTUCKa» Ta «3alHUT-BIAMOBIILY Il OOMIHY JaHUMH MiXK KiHIIC-
BHUMHU MIPUCTPOSAMHU, IepupepiiHUMU IPUCTPOSIMU Ta cepBepamMmu. Mojienis 0OMiHy MOBi-
JOMJICHHSIMH «3aIUT-BiAMOBIAR» AOOPE MPOTECTOBAHA i CTAHJAPTU30BAHA B KOHTEKCTI
3aCTOCYBaHHsI y Mepeski [HTEpHET, ajie BOHa He 17IealbHO I IXOIUTh JIJISl CHCTEM 3 00Me-
JKEHUMHU Pecypcamu.

ITocranoBka npodaemu. CoAP € mpOTOKOIOM «3alHTY-BiAMOBIII», MPU3HAYCHUM
JUTSL CHCTEM 3 OOMEXCHUMH PecypcaMu, sIKHi CITOKUBae 00MEKEH1 pecypcH, alie Homy
HE BUCTaYa€ MiATPUMKH MacIITabOBAaHOCTI Ta MEPEHOCHMOCTI Ha IIMPOKUNA CHEKTP
wiatdopm [1]. ¥V 3B’53Ky i3 1M, albTCPHATHBOIO BHCTYIA€ MOAETH OOMiHY IOBiTO-
MJICHHSIMHU «ITyOIIKAIisS-TAMACKa depe3 ii HU3bKI BUTPATH Ha 3B’SI30K Ta ¢(EKTHB-
HICTh BUKOPUCTAHHS PECYPCIB.

YV mozeni 0OMiHY TOBIIOMJICHHSMH «ITyOJIKAIlisi-TIIMTUCKa» B3aEMOJIIOTH 3 ele-
MEHTH, a caMme: MyOIiKaToOpH Ta MiAMUCHAKY, III0 B3aEMOIIIOTH depe3 Opokepa. bpokep
€ LIGHTPATII30BaHUM IPOTrPaMHUM 3a0€3MEUCHHSIM, SIKe OpTraHi3ye 3B’ 130K MiXk MmyOmika-
TOpaMH Ta MiANMUCHAKAMH. Taka MoJiesib 0OMiHy ITOBITOMIICHHSIMH HIMPOKO BUKOPHCTO-
BYETBCS B CHCTEMax depe3 ii e()eKTHBHICTh BUKOPUCTAHHS PECypCiB Ta MacIITabOBaHO-
CTi, ajle Ma€ MEeBHUI HENOJIK, AKUW MOJISTaE y 3aIeKHOCTI BiJl HEHTPAIBHOTO Opokepa
U Tepenadi TaHWX MK IyOnikaropaMu Ta mianucHukamu. Came ILeHTpalizoBaHa
apxiTeKTypa poOUTh MOJEIb OOMIHY MOBIOMJICHHIMH «ITyONiKaIlis-IiAMUCKay) Bpas-
JIMBOIO JI0 LEHTPAIBHUX TOYOK 30010 [2]. KpiMm Toro, 116 103BOIsIE€ MyOIiKaTopy Ta Mij-
MMUCHHUKY B3a€MOJIISITH Yepe3 IICHTPAIbHUI cepBep, 110 HAICKUTh OJIHIN opraHi3arlii.

MeTa gocaizkeHHs. Y JaHil cTaTTi ISl BUCBITIICHHS POOOTH PO3MOIITIEHOTO Opo-
kepy Oyno obpano Trinity, mo nmpeacTaBise co000 po3NoAiIeHUN Opokep «IryOrika-
Iii-TIAMTUCKWY 3 HE3MIHHICTIO HA OCHOBI OJIOKYEHHY, IUISIXOM 1HTEerparii OpoKepchKoi
CHCTEMH 31 CTPYKTypOro OloKueiHy. Pa3om i3 THM, BaXKJIMBO 3rajiaTé i Ipo Te, M0
wiatdopma Trinity peanizoBaHa 3 BUKOPUCTaHHAM IutaTtdopmu Onoxueitny MQTT Tta
Tendermint [3]. Meta poOoTu nipoaHaiizyBaTH, siK IIepeBary J0BipH, HaJaHi miardop-
moro Trinity, BIDIMBAIOTh Ha pecypcoe(eKTUBHICTh, 30KpeMa B KOHTEKCTI 3HWKCHHS
HaKJIaIHUX BUTPAT.

AHaJi3 ocTaHHiX gocaikensb i mybaikaniid. Ha ceoromuimHii geHb icHye O6araro
JOKEpeI, sIKi MPUCBSYCHI TeMi BUKOPUCTaHHsI O10k4ueiitH. OCTaHHI IOCTIIKEHHS Ta CTaTTI
JIAIOTh 3arajbHy KapTHHY TOTO, K OJOKYCHH JomoMarae BHPIIIyBaTH pi3Hi MpoOieMu
B IIPOMHKCJIOBOCTI Ta 1HIIUX cepax. 3HAYHUN BHECOK y BHPIIICHHS QyHIaMEHTAILHUX
nuTaHb y chepi O0KUelHyY € TOCTiKEHHS BITUM3HAHUX Ta 3apyOikHUX BueHHX [1-12].

BukJiag ocHoBHOro marepiany pociinxenns. [lnardgopma Trinity noegnye B codi
TEXHOJIOTII0 OJIOKYCHHA 3 MOJICJIIF0 OOMIHY TTOBIIOMIICHHSIMH «ITyOIKAIIisI-TTiIITHCKaY,
sAKa € OJHIEI0 3 Mojeneil 0OOMiHYy NOBIIOMJIEHHSAMH, IO IIUPOKO BUKOPUCTOBYIOTHCH,
IIPU pPO3TOPTaHHI JOJATKIB.

Kiro9oBUMH KOMITOHEHTAMHE MexHOn02Ii OloKYelina €: aneopumm KOHCEHCYCY, PO3-
noodinenuti peccmp ma Kpunmozpaghis 3 giokpumum katouem. 1i KOMITOHEHTH B3a€MO/Ti-
I0Th MIX cO00I0 1 KOOPANHYIOTH CBOI IIii Y PO3MOAITICHIN Mepexki MPUCTPOIB, 110 Hajle-
JKaTh KiJIbKOM OpraHi3alfisiM Ta 00CIIyTOBYOThCS HUMH.

Mogens koMyHiKalii «nyoaikayis-nionuckay 3a3BU4ai CKJIAJA€ThCS 3 TPhOX KOMIIO-
HEHTIB: Opokep, MmyOmiKaTop Ta MAMUCHUK. []yonikamopu B CUCTEMI HAJICUIIAIOTh JIaHi
OpoKepy BIAMOBITHO IO KOHIIEHINT TEMH, a MIAMUCHUK SIKUH TMIAIHCABCS HA II0 TEMY,
OTpUMYE MOBiOMIICHHS Big Opokepa. Tema, sika MOXKe MaTH KilbKa PiBHIB, 3a3BUYal
BIJTHOCHUTBCS JI0 METa/IaHuX, SIKI OMUCYIOTh iH(OpMaIlio Mpo JaHi y paakoBomy (op-
Marti [4].
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[Tnardopma Trinity moeanye Opokepa «myOmiKaii-miamucKuy 3 KOMIIOHEHTaMH TeX-
HoJIOT11 OIOKYeliHa, TAKMMH K PO3IOIIJICHHN PEECTP 1 AITOPUTM KOHCEHCYCY. Y CBOIO
Yyepry, TP OCHOBHI KOMIIOHEHTH cucTeMu Trinity, 1110 po3MoAiJIeH] 10 Mepexi, BKIo4a-
I0Th: O10KUeliH-Mepedrcy, Opokepa, nyoniKamopie-niOnuUCHUKIS.

Bpokep Trinity 3abe3nedye MATPUMKY CMapT-KOHTPAKTIB Ta HE3MIHHOTO PEECTPY
y dopmi Onokueiiny. CydacHi Opokepu NaHUX TMEPeCcHIaloTh OMyOIiKOBaHI JJaHi BCIM
mianucHuKaM 0e3 OyIb-SKoi mepeBipKH, Toai K mardopma Trinity mepesipsie Ta 3amu-
Cy€ TPaH3aKIIiIo JI0 PEECTPY Mepe/l BIAMPABKOI 1HPOPMAITIT T AMTUCHUKAM.

Tak, OrokueiiH-Mepeka Ma€e BUpILIaibHe 3HAYEHHS JUTs peIUTiKallii CTaHy Ta epeBipKu
nanux. [Inmardopma Trinity Hagae HaOip API a1 B3aemorii i3 Mepexero ONOKUeiHiB, a Ipu-
MipHHK Opokepa Trinity MmiIKIFOYaeThCs IO Mepexi OokueiiHa 3a joromororo API.

API DeliverTransaction BiJlIOBiIa€ 3a PEIUIKAIII0 CTaHY, KOHCEHCYC Ta TPOILIEC CTBO-
penns 6mokiB. [Ipumipank 6pokepa Trinity Haxcunae iHdopMmartiro, o MmiyIsrae nepesipii,
3a pormoMororo API DeliverTransaction pazoM 3 HEOOXITHUMH METaJIAHUMH €K3eMILIPA,
TaKUMHU SIK iIeHTU(DIKaTOpH BY3JIB Ta CUCTEMHa iH(pOpMaltis, 10 6a30BOi CTPYKTypH OI0K-
yeiiHy. Meperka OnokdeiiHa perutikye JaHi MK ex3eMiuiipamu Trinity, i KOJKeH y Mepexi
BUKOHYE CMapT-KOHTPAKT Ta aJITOPUTM KOHCEHCYCY TIepe/T BBEICHHSM JaHNX Y OJOK [5].

[Tnardopmu OoKUEiiHY, Y CBOIO Uepry, 3a3BHYail CKIAJAIOThCs 3 MPOTOKOIY KOH-
CeHcycy, 102IKU CMBOPeHHsL ONIOKI8, PO3NOOIIEHO20 peecmpy ma Kpunmozpagii 3 6io-
kpumum kurouem [6]. Ihnatpopma Trinity He 3aJ€KUTh BiJl KOHKPETHOT CTPYKTYpH abo
MIPOTOKOJIB OJIOKYEHHY, OCKUIBKH OpOKEp B3aeMOJIIE 31 CTPYKTYpOIO OloKueiiHa yepes
HaOip API-inTepdeiiciB st ynpaBimiHHS (QyHKIISIME, TIOB’S3aHUMH 3 OJOKYCHHOM.
Tum He MeHII, KokeH exk3eMIusap Trinity mae API mis 3anmuty Mepexi Onokueriny. API
GetCurrentBlockHeight() no3Bonse exzemmuspy Trinity oTpuMyBaTH HOTOUHY BHCOTY
Omoky 3 mepexi Onokueiina. AHanoriuHo API GetBlock(BlockHeight) moBeprae Bech
050K Ha BHCOTI, To3Ha4eHid aprymeHToMm BlockHeight. Xoua ex3emuisapu Opokepa
Trinity i3ompoBaHi Bif (yHKIiN OmoxdeliHy, 6a3oBa CTpyKTypa OMOK4eliHa MOBHHHA
MaTH TaKi KOMIIOHEHTH, 1100 TapaHTyBaTH HE3MIHHICTb.

Aneopumm xoncencycy. Ilnarpopma Trinity mpamroe y po3momiuieHii Mepexi, 1o
HAJIOKUTh KUJIBKOM OpraHi3amisM. Yci aBTOPH30BaHI yYaCHUKU TOBHHHI IEPEBIpSATH
MOB1IOMJICHHSI, oTpuMani Opokepom Trinity. Lle# mporiec nepeBipku IpyHTYEThCS Ha
MIPOTOKOII KOHCEHCycy. CTaH cHUCTeMU, 10 CHPUHMAETHCA OJHUM OPOKEpOM y MEpexi,
Mae OyTH perIikoBaHuil Ha iHII ek3eMIuLipu Trinity, a TpaH3aKIlisl Mae OyTH CXBaJiCHA
OuTBIITICTIO IPUCTPOIB Y Mepeski. Cructema Trinity MoXe MpaIfoBaTH 3 KOHCEHCYCHUMU
npoTokoiaMu, TakuMu sik Proof-of-Work, Proof-of-Stake abo iHmmmu mpoToxomamu
3 KaTeropii BizaHTilichkoi cTiMkocTi 10 BigmoBu (BFT), takumu sik Tendermint [7],
1 MPOTOKOJIAMK Ha OCHOBI JTifiepiB, TakuMu sk Raft [8]. Takox BapTo 3BepHYTH yBary,
10 CIIOKMBAHHS PECYpPCiB Ta 3JaTHICTh BUTPUMYBATH 3001 MPUCTPOIO 3aliekKaTh came
BiJl IPOTOKOIY KOHCEHCYCY.

Posnooinenuii peecmp. CydacHa CTpyKTypa OJOKYCHHA 3alUCye€ TpaH3aKIil
B HE3MIHHUN PEECTP Ha YCIX MPUCTPOSIX, 10 ITepedyBaroTh y rpoiieci koncencycy. 11100
JOCATTH e(hEeKTUBHOCTI Y BUKOPUCTAHHI PEeCypCiB Ta HM3bKHX BUTpAT HA KEPyBaHHS
B pamKkax OJIOKUeiiHy BHKOpPUCTOBYE€Thcs JlepeBo Mepkia abo xemi-mgepeBo. Trinity
oTpiOeH MeXaHi3M peecTpy, Takuil sik JlepeBo Mepkia, aiist Oe3reuHoro 30epiranHs
Tpan3akiiii [9].

I{punmoepaqbi;z 3 giokpumum xkuovem. Ilmarpopma 6mokueiina BHKOPHCTOBYE KpHII-
Torpa(buo 3 BIIKPUTUM KIFOUEM ISl 3aXUCTY TpaHBaKHlI/I Ta ydacTi y npouec1 nepe-
Bipku [10]. Koxxen YHaCHUK MepesKi CTBOPIOE Mapy KJTIOYIB 1 Iepesae CBiil BiAKpUTHI
KITFOY IO MEPEKi IS y4acTi y MPOoIeci CTBOPEHHS OJIOKY Ta KOHCEHCYCY.
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Bapro Takox 3ragaT Ipo Taki MPUCTPOI SK BasliAaTOpPH, IO YIIOBHOBAXKEHI BUKO-
HYBaTH CMapT-KOHTPAKTH, OpaTH y4acTh y MPOIeci KOHCEHCYCY Ta CTBOPIOBATH OJIOKH
[11]. ¥V pa3i no3Bonenoro OnokueiiHa TUTBKK MEBHUN HaOip MPUCTPOIB MOXKE BHUCTY-
IaTH SIK BaJIIATOP, y TOH Yac K OyIb-IKUii 3MaTHUH NPUCTPil MOXKEe BUKOHYBATH Iepe-
BIPKY Y 3araJlbHOJIOCTYITHUX OJIOKUeiHax, Takux sk Bitcoin Ta Ethereum [10]. Moxna
CTBEPKyBaTH, 110 tiatdopma Trinity Kpaie migxoauTh A J03BOJIEHUX OJOKYEHHIB,
OCKIJIBKU CTOPOHH, SKi OepyTh YIaCTh Y TPAH3aKI[isIX, BIIOMI CHCTEMI, i KOXKEH Tepe-
TUTATHUK IOBUHEH Oy/ie 3apeecTpyBaTh CBil 1HTEpeC mepe/l OTPUMAaHHIM JaHHX.

Otxe, mnardopma Trinity Mae 3aBaaHHs, sKi crienudivHi Ui ONOKYEHHY, 1 BOHH
MAaroTh May MpsMy 3aJISKHICTh BiJ] KOHKPETHOI IismbHOCTI Opokepa. IIpu npomy B3a-
€MOJIisI MK OpOKEepOM Ta OJOKYCHH-MEpEeKero 3/MIHCHIOETHCS 3a JOMOMOTO Habopy
API. LlinkoM MOXIJIHBO, IO LI apXITEKTypa MaTUMe BIUIMB Ha PO3POOKY JOAATKIB IIJIs-
XOM BHECCHHS 3aMiH Y MOJIEJIb 3B SI3KY «ITyONiKaIlis-IIiAMNCKay» 1HITMMHU IPOTOKOJIAMH
IUTSL CTBOPCHHST HOBHX 1H(PACTPYKTYp HA OCHOBI OJOKUYCHHY.

Peanizayia Trinity. Y pocnimxenti miargopmy Trinity peani3oBaHO 3 BUKOPUCTaH-
HaM mnatdopmu Mosquitto (MQTT) Broker ta Tendermint Blockchain.

[Tnardopma Ookueriny Tendermint ckiagaeTbes 3 HAOOPY IHCTPYMEHTIB JIJIS IOCST-
HEHHsI KOHCEHCYCy B PO3MOALICHIM Mepexki, BUKOHAHHS CMapT-KOHTPAaKTIB Ta CTBO-
penns 610kiB. Kpim Toro, uratdopma Tendermint i3051r0€ pyHKITIOHATBHI MOXIIUBOCTI,
sIK1 TIOB’s13aH1 3 OJIOKYEHHOM, BiJ (YHKIIH, 10 € criennpiyHuMy i nporpamu. Lle
03Hauae, 1110 Ha 0cHOBI naTdopmu Tendermint MoxkHa po3po0sATH OyAb-SKi IPOTrpaMHu,
MTOYMHAIOYH BiJl KPUIITOBAIIOT 1 3aKIHYYIOUYH CEPBEPOM PO3IOILICHOTO Yaty. Takox 1ist
peauizamii mwardopmu Trinity Bukopucrano ABCI st 06’exnanns nporpamu MQTT
3 argopmoro 61okueiiny. [lnarpopma Tendermint BUKOPHUCTOBY€E KOHCEHCYCHUIT IIPO-
tTokon Byzantine Fault Tolerance (BFT), 3a momomororo sixoi 2/3 mpucTpoiB y Mepexi
MaroTh CXBaFOBaTH TpaH3akiii [12]. Koy OLIBIIICTE TPUCTPOIB Y MEPEXKI CXBATIOIOTH
TpaH3ak1iio, miardopma Tendermint nogae TpaH3axiioo 10 OIOKY.

Hanawmysanns oyinxu. Ilnarpopma Trinity ormiHrOBasacs 3 BAKOpUCTaHHAM 20-By3-
noBoi Mepexi Raspberry Pi 3. Raspberry Pi (Bepcis 3) ocHaleHUd 4OTHPHUSAACPHUM
npouecopom ARM Cortex-A53 ta 1 I'b onepatuBroi mam’siti. s oriHKu Oy10 BHKO-
puctano OC Hypriot. Yci mpucTpoi Oyiu IiAKIIIOYEHI Yepes JIOKaIbHY Mepexy. Koxna
TOYKA JaHUX y pe3yJbrarax OIiHKH 30upanacs nunixoM nyomikamii 1000 moBigomMiieHb
oqHoMy 3 6pokepiB MQTT y mepexi. [licnst oTpuMaHHS OBIIOMIICHHS OpoKep Mir abo
NepeIaTH MOB1IOMIICHHS T AMMMCHUKAM, SIK Y CYYacHUX CHCTEMaX IyOiKarii-ITi A CKH,
a00 JI0CTaBUTH MOBIIOMJICHHS y CTPYKTYPY OlOKUelHa JUIsl IePEeBIPKH.

Ominka npoBoguiacs Ha 5, 10, 15 Ta 20 By3nax i MOPIBHSHHS NPOXYKTUBHOCTI
Mepexi Ta HACKPI3HOT 3aTPUMKH 3 MacTaboM. Pa3oM i3 THM, BUKOPHCTOBYBAJIACH KOH-
(irypauis wiardopmu Tendermint 3a yMOBUaHHSIM.

Hacxkpisna 3ampumxa. Ha Bigminy Bix Tpaauniiaux Opokepis, 6pokep Trinity nepe-
Bipsie OMyOJIIKOBaHE MOBIIOMIICHHS 3a JIOMIOMOTOK) CMapT-KOHTPAKTYy B paMKax OJOK-
YeiiHy 1 3alucye TpaH3aKiii 10 pO3MOAIIEHOr0 HE3MIHHOTO peecTpy. Lle cBimuuTh mnpo
Te, 10 MEPEAIUIaTHUKN Opokepa Trinity OTpUMYIOTH 3alMcaHi Ta MepeBipeHi TpaH3akK-
1ii. [Iporiec meperipku Joa€e 3aTPUMKY, OCKUTBKH Bautigatopu Trinity MaroTh BUKOHATH
CMapT-KOHTPAKT, aJIFOPUTM KOHCEHCYCY Ta MPOTOKOIU CTBOpeHHs OnokiB. [lepenmnnar-
HHUK OTPUMY€ OITyOJIiKOBaHi JaHi MiciIs 3aTPUMKH Yepe3 HAKJIaHiI BUTPATH Ha 00pOOKyY
MPOTOKOJTY KOHCEHCYCY, BAKOHAHHS CMapT-KOHTPAKTY Ta CTBOpeHH: Ooky. Ha puc. 112
MoKa3aHi TUMYacoBi BUTpaTH tuiaTgopmu Trinity npu myOmikamii Ta minucii Ha OHOTO
Opoxkepa, a TakoX MyOiKarlii Ha oOgHOMY OpoKepi Ta MiAMKCII HA OHY 1 Ty X HepeBi-
pEeHy TeMy BiJI IHIIIOTO OpoKepa BiAMOBIIHO.




Taspiliceknit HaykoBHi BicHHK Ne 6

134 I

5 TPS (nepesipeni)

- 1 TPS (nepesipeti)
-+ 1 TPS (380poTHi)
& 2 TPS (nepegipei)
-+ 2 TPS (3sopoTHi)
= 5 TPS (nepesipaHi)
' & 5 TPS (320poTHI)

Satpuma (c)
o

2 TPS (3sopoTHi) 1 TPS (asopoTHi) 5 TPS (3sopoTHi)

L] & A in 12 14 16 18 20
KinbkicTs eyanis
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Puc. 2. Bumpamu npu nyonixayii ma nionucyi na piznux 6poxepie

Mu BI/IMipS[J'II/I HaCKpi3Hy 3aTPUMKY, KOJTH my0OIiKaTop BiAmpasisiB JaHi koxHi 0,2 c,
0,5 ci 1 ¢, oo Bigmosigae 5 TpaH3aI<u1H 3a CEKYHIY (TPS) 2 TPS ta 1 TPS BixmosigHo.
Hackpizna 3aTPUMKa 361J‘ILH.Iy€TBC$[ 31 30UTBIICHHSAM KUTBKOCTI TMPUCTPOIB Y Mepexi
yepe3 301IbIICHHS KiNbKOCTI BaliIaToOpiB, sIKi OEpyTh y4acTh y MPOLECi KOHCEHCYCY.
[Tnardopma Trinity mommproe niepeBipeHi 1aHi BciM Opokepam y Mepexi. Bei Opokepn
OyyTh MaTH NIEpEBIPEHI aHi MicyIs JoIaBaHHs JaHUX 70 He3MIHHOTO peecTpy. Ha puc. 1
MOKa3aHi TUMYAcOBi BUTPATH NpH IMyOikalii Ta NiANUCHI Ha OJJHOTO 1 TOTO X Opokepa.
MakcumManbHa 3aTpUMKa CTAHOBUTH MpUOIH3HO 3,5 ¢ auist 20 By3imiB 3 5 TPS, a 3arpumka
IUTSL TPAH3aKIIii 3BOPOTHOTO 3B’s13Ky He3HawHa (Omm3bko 90 mimicekynn). [pu migmuci
Ha MepeBipeHi AaHi 3 HIIoro Opokepa MakCHMalbHA 3aTPUMKa 301IbIIyeThCS 3 3,5 ¢ 10
3,7 ¢. 3 puc. 112 BUIHO, 1110 HE3MIHHICTH Ta IEPEBipKa HA OCHOBI OJIOKYEHHA 301TbIITY-
I0Th HACKPI3HY 3aTPHMKY, aJlé MU BBa)Ka€MO, IO Ii BUTPATH MEPEBAKAIOTH IIEPEBAru
JoBipH Ta O6e3nexu [13-16].

Haxnaoni eumpamu mepeoici. [lnardpopma Trinity BUKOPUCTOBYE CTPYKTYpy OJOK-
YeifHa IS PeIuTiKaIlil cTaHy, BAKOHAHHS IIPOTOKOTY KOHCEHCYCY Ta CTBOPCHHS OJIOKIB.
Beci mi z1ii focAraroThes 3a paxyHOK KOOpANHAILT Ta CIiBIpalli BCiX MPUCTPOIB Y MEpexi
Trinity. Takok maHuil Iporiec TeHepye MepexkeBuid Tpadik. Ha puc. 3 mokasani mepe-
»keBi BuTparu miaardopmu Trinity. Cnif 3BepHYTH yBary Ha Te, 10 peamizauis Trinity
3nicHIOBaacs moBepx gppeiimBopky Tendermint. MepeskeBi pe3ynbTaTy, IpecTaBIcHi
puc. 3, BiTOMBaIOTh HAKIIAIHI BUTpATH miardopmu Tendermint.
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Mepe:xeBi Butpatu miatdopmu Trinity 30UIBIIYIOTECS Pa30M 13 KUTBKICTIO IPUCTPOIB
y Mepexi. MoXHa 3ayBaKUTH, 10 YAM MEHIIMM € OOCST TPaH3aKIiii B CEKYHIY, THM
BUIIMMH € HAKJIaJIHI BUTPATU MEPEXi, 1110 MOB’SI3aHO 31 CTBOPEHHSIM BEJIHMKOI KUTHKOCTI
6mokiB. Bummuit TPS 3a3Buuaii mpru3BoAnTb 10 3aMKCY ACKIIBKOX TPAH3aKIil B OJHOMY
Omorti, Toi sik HYokaui TPS pu3BoanTh 110 3a1micy OTHOTO OJIOKY Ha TpaH3akiiro [17-19].

350
300
250
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- 27TPS
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KinskicTs ayanie

Puc. 3. 3acanvui mepedxcesi eumpamu niamgpopmu

Y  TWiACyMKy, MakCUMallbHi MEpeKeBI BUTPaTH, II0 CTAHOBITH TPUOIU3HO
300 MB/1000 cexyrz mist 20 puctpois 3 omaumM TPS, He3HaUHI TOPIBHSHO 3 TIepeBaraMu, 1o
MPOTIOHYIOTHCS iH(PpacTpykTyporo Trinity. ArperyBaHHs KUTbKOX TpaH3aKIlii MOXKE 3HU3UTH
MEpEKHI BUTPATH, aJle I1e MOYKE CTATHCS 38 PaXyHOK BUCOKOT HACKPI3HOI 3arpumMku [20, 21].

Buxopucmanus L[II ma O3Y. Ha puc. 4, 5 noka3ano Bukopuctanus L1 miardop-
Mmoto Trinity.

- 1TP5
- 2TPS
= 5TPS

KinesicTn myania

Puc. 4. Buxopucmanus L[l ons Koncencycy ma cmeopents 610Ky

Ha mnnardopmi Raspberry Pi 3 ¢peiimBopk Trinity BUKOPHCTOBYE HPUOIU3HO
85% pecypcis UII mpu myOmikamii 1000 tpanzakmiit 31 mBunkictio 1 TPS y mepexi
3 20 By31iB, OCKITBEKH (hpeHMBOPK KOKHY CEKYHITy BUKOHYE CMapT-KOHTPAKT, aITOPUTM
KOHCEHCYCY Ta MPOTOKOJ CTBOPEHHS OJIOKiB.

AHaJIOriyHO, MaKCHUMallbHE BUKOPHCTAHHS OIEPATHUBHOI IaM’sITi BUMIPIOETHCS
B Mepexi 3 20 By3niB mijx yac myosmikarii 1000 Tpan3akmiid 31 mBuakictio 1 TPS 3a
15-xBunuHHUH iHTepBan yacy. Butpatu pecypciB miargopmu Trinity 30ibLIyI0TbCS
pa3oM i3 KUTbKICTIO OJIOKIB, & TOMY, JTOJIAF0YH KiJIbKa TPAaH3aKINi B OJMH OJIOK, MOYXKHA
MiHIMIi3yBaTH HaBaHTaKCHHS Ha IIPOLIECOP Ta ITaM’STh.
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Puc. 5. Buxopucmannsa O3V 01 koHceHcycy ma cmeopenHs 010Ky

BucHoBku. TexHosorist 6J0K4eliH CyTTEBO BIUIMHYNA HA CBIT KpUNTOBAMIOT. bysmi-
BEJIbHI OJIOKW TEXHOJIOTIi OJIOKYEHH, TaKi SK MPOTOKOJ KOHCEHCYCY Ta PO3MOIIICHUN
peecTp, € MEepPCHEeKTHUBHUMH JJisl IOJAaTKiB, LI0 BUXOJSATHh 32 PAMKH KPUIITOBAJIOT.
VYV maHomy nociijpkeHHi OyJ10 mpuiijieHo ocoonuBy yBary Trinity, Opokepy myOumikarii
Ta MIAMUCKU 3 HE3MIHIOBaHICTIO Ha OCHOBI OnokueitHy. [Tnardopma Trinity migsumiye
JIOBIpY NPY BUKOHAHHI TPaH3aKIiH y 1oJaTKaX 3a y4acTio KiIbKOX 3al[iKaBIEHUX CTOPiH,
TaKHX K MOHITOPHHT JIAHITFO)KKA MTOCTa4aHHs IPOIyKTiB Xap4yBaHHs Ta pO3yMHi MicCTa.
[Tnardopma Trinity BigokpeMuiia 3aBiaanHs, cenudivdi s OnokdeiiHa, Bix QyHKIIIH,
cnenudiuHuX U1 OpoKepa, TUM CaMUM JIO3BOJISIFOYM PO3POOHMKAM JTOJATKIB I AKITIO-
4JaTh CBOIX OpokepiB 10 Oyab-saKkux miardopm Onoxyeiiny. OyHKIIS cMapT-KOHTPAKTIB
Trinity aBroMaTH3ye MpoIeC MEPEBIPKHA JaHUX IIiJI Yac BUKOHAHHS KOHQIACHIIHHUX
TpaH3akUiil B 1HPPACTPyKTypi, 110 HAJEKUTh KIJIBKOM oOprasizaimisM. Peanmizamis ta
oninka margopmu Trinity 3 BukopuctanasM MQTT Tta Tendermint moka3yioTs, 1o
III0 CTPYKTYpPY MOYKHA MTPAaKTHYHO peayi3yBaTH Ha CydacHOMY OpoKepi Ta Imartdopmax
Onokueitny. Hapemi, pe3ynbratu ouiHku TecToBoi Mepexi Raspberry Pi 3 3 20 By3-
JIaMH TIOKa3YI0Th, 110 miardopma Trinity 30imblrye HacCKpi3HY 3aTPUMKY MPUOIH3HO Ha
3 CeKyH[H, CTIOKUBAIOYH CMYTY TIPOITyCKAaHHS i OOUMCITIOBANBHI pecypc. Y MiICYMKY
MOKHA CTBEP/UKYBATH, L0 MepeBard AoBipu Bix miaardopmu Trinity mepeBakaroTh
HAKJIAJHI BUTPATH.
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YV pobomi pozenamymo akmyanvhy npobnemy 3acmocy8aHHs OesiKux nioxooie wodo onmu-
Mi3ayii 8 YMOBAX HEBUZHAYEHOCMI ) PO3PI3L O0CHIOMNCeHb CKAAOHUX cucmem i3 bazamvma 83a-
EMOOTIOUUMY (hakmopamu, OUHAMIYHUMU 3MIHHUMU A Henepeodady8aHumMu 3068HIUHIMU YUH-
Huxamu. Becmanosneno ocHogni napamempu, wjo 6nau6ar0ms Ha GOpMySaHHs MaAMeMamuiHoi
mooeni 3adaui. Hamu eusnaueno OesKi nouamkoei napamempu cucmemu, Xapakxmepucmuxu
36'3Ki6 MidiC i1 KOMnOHeHmamu, a makoxc cneyugika yinbogoi Gyuxyii. 11io uac docnioxcenHs
0y10 NPOAHANIZ08AHO €ONIOYII0 CIMAHIE cucmeMu npu ONMuMI3ayii O Pi3HUX 3HAYeHb KIo-
YOBUX NApamempis, Mmakux Kk MoOYib CUHANMUYHUX 36 A3KI6 Mda 306HIUHI 3MIUeHHs, 0OTPYH-
MOBAHO NIOXIO 00 3MEeHWeHHs UMOBIPHOCMI 8UHUKHEHHS Hee(eKMUsHUX cmauig cucmemu. 3 's-
Co8aHo, AK Yi napamempu 6NaAUSAIMs HA GOPMYSAHHS TOKATLHO CMADIIGHUX CMAHIE, WO He
8I0N0BIOAIOMb 2100ANLHOMY ONMUMYMY 3a0a4i, d MAKONC OYIHEHO IX 8NAUE HA AKICMb PilleHb,
NPUTIHAMUX Y Makux ymosax. Pozpobneno ancopumm onmumizayii, AKutl 6paxo8ye ocoorusocmi
CKIAOHUX cucmem i 0a3yemvcsi Ha NOCAIO08HOMY (POPMYBAHHI NOYAMKOBUX OaHUX, bazamoeman-
HOMY imepayitiHoMy npoyeci 00CIIONCYBAHOI cucmemu ma ii nepexodi 00 ONMUMANLHO2O CIAH)Y.
3anpononosano memoouKy ONMUMAILHO20 HALAWINYBAHHS NAPAMEMPIe MOOel, AKA 8 YMO6AaX
HesU3HaAUeHoCmi 3abe3neyye aoanmueHiCmy ai2opummy ma nio8UUYe UMOBIPHICMb O0CACHEHHS
21100aIbHO20 eKCmpemyMy Yinbosoi ynkyii. Busnaueno deskuil nioxio 00 cmpykmypusayii ymos
HeBU3HAYUEHOCTI CUCTNeMU WLIAXOM PAMIICYBAHHS Kpumepiie penesanmuocmi, wo 0ac MOICIU-
8ICTb 6PAX0GY6AMU OA2AMOKPUMEPIATLHUL XaPAKmep 3a0aui ma niosuuyeamu eqexmueHicmy
npoyecy npuuinamms piuiens. Po3pobneno npakmuuni pexomenoayii wjo0o 6ubopy onmumans-
HUX 3HAYEHb 8A206UX KOCPIYIEHMIB, HANAWMYBAHHS NAPAMEMPI8 MOOY/IS 38 A3Ki6 ma adanmayii
ANOPUMMY 3ATEHCHO 80 CKAAOHOCMI 3a0ayi ma cneyugpiku il pieHs HeU3HAUeHOCHI.

Kntouoei cnoea: onmumizayis, Hegusnadenicms, CUHANMUYHI 36 'S3KU, imepayiuna peraxkca-
yis, adanmayis aneopummy, 6azamoxpumepianbHicmy, 2100aIbHULL eKCIPEMYM.
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Stroieva V. O., Puzik A. O. Study of optimization problems of complex systems under
conditions of uncertainty

The paper considers the actual problem of applying some approaches to optimization under
conditions of uncertainty in the context of research of complex systems with many interacting factors,
dynamic variables and unpredictable external factors. The main factors affecting the formation of
the mathematical model of the problem are established, in particular, the attention is focused on the
initial parameters of the system, the characteristics of the connections between its components, as
well as the specificity of the optimization function. During the study, the evolution of system states
during optimization for different values of key parameters, such as the module of synaptic connections
and external displacements, was analyzed, and an approach to reducing the probability of inefficient
states was substantiated. It was found out how these parameters affect the formation of locally
stable states that do not correspond to the global optimum of the problem, and their influence on
the quality of decisions made in such conditions was also evaluated. An optimization algorithm has
been developed that takes into account the features of complex systems and is based on the sequential
formation of initial data, the multi-stage iterative process of the studied system and its transition to the
optimal state. The method of optimal setting of the model parameters is proposed, which ensures the
adaptability of the algorithm in conditions of uncertainty and increases the probability of reaching the
global extreme of the objective function. An approach to the structuring of the uncertainty conditions
of the system by ranking the relevance criteria is defined, which makes it possible to take into account
the multi-criteria nature of the problem and increase the efficiency of the decision-making process.
Practical recommendations have been developed for choosing the optimal values of the weighting
factors, setting the parameters of the connection module, and adapting the algorithm depending on
the complexity of the task and the level of uncertainty.

Key words: optimization, uncertainty, synaptic connections, iterative relaxation, algorithm
adaptation, multi-criteria, global extreme.

Beryn. B ymMoBax cy4acHOTO JWHAMIYHOTO CEPENIOBHINA, IO XapaKTePH3YEThCS
HECTaOUTBHICTIO COMIaTbHO-CKOHOMIYHUX TPOIECIB Ta MOCTIHHUMH 3MiHAMM, JOCITI-
JOKCHHST ONTHMI3AI[iifHUX 3a/1a4 B YMOBaX HEBU3HAYCHOCTI CTA€ HAJ3BHYANHO BaXKIIU-
BUM HAaIpsSIMOM HayKOBOI HisTIbHOCTI. CTpIMKHH PO3BHUTOK TEXHOJIOTIH, riobaizamis
SKOHOMIYHHX MPOIIECiB, 3POCTAHHS E€KOJOTIYHUX BHKIHKIB Ta BUHHKHECHHS COIliajIb-
HO-CKOHOMIYHUX KPH3 CTBOPIOIOTH HOBI 3aBIAHHS JUIS HAyKOBIIiB-TIPAKTHKIB, 3MYIILY-
IOYM 1X NIyKaTh eQeKTHBHI MiAXOAW JO MOOYIOBH MOJENEH MPUHHATTS PillleHb, 110
3MOXXYTh IMPAIOBaTH B YMOBax 0OOMexeHOI iH(opMallii Ta HenepeadauyBaHUX 3MiH
MEBHUX cUCTeM. HeBU3HAYCHICTD, sSIka BUHUKAE Yepe3 Opak JOCTOBIPHHUX JaHHX, TPYI-
HOII Y MPOTHO3yBaHHI a00 HECTaOUTBHICTD ICHYIOUHMX TEHJICHIIIH, 3HAUHO YCKIIAIHIO-
FOTB MPOIIEC OIITHMIi3allil CKIIQIHUX CHCTEM, OCOOIUBO Y TAKHX KPUTHIHHX C(bepax SIK
YIPaBIiHHS PECYPCaMH, CTpaTerque [UTAaHYBaHHS Ta PO3POOKA MEPCICKTUBHUX PIllICHb
It 6i3Hecy 1 JIEPIKABHOTO yr[paBmHH;I TOIIO. Y 3B’SI3KY 3 IIMM BUHHUKA€ HEOOX1THICTH
y MOIIYKY HOBHX ITiIXO/iB, SIKi MOXKYTh aJIaIITyBaTUCS 10 CKJIaJHUX YMOB 1 3a0e3medy-
BaTH e(hekTUBHE (PYHKI[IOHYBAHHS CUCTEM Yy HerependadyyBaHUX OOCTaBHHAX.

Haii6inb1ro1 akTya bHOCTI 11l TUTaHHS HaOyBarOTh Y KOHTEKCTI Cy4acHOT IUQPOBi-
3amii pisHOMaHITHOI iH(popMarii. Pa3oM 3 UM, BUKOPUCTAHHS BEIHKHX 00CATIB TaHUX
Ta aJTOPUTMIB MITYYHOTO iHTENEKTY Ja€ MOKIMBICTh BUPIIIYBATH CKJIAAHI ONTHUMIi3a-
i HI 321241, OTHAK, BUMarae iHTerpallii IHHOBAI[IHHUX ITiXOAIB Y TPaIUIiiiHI METOIH.
Hanpuxiaz, 3acTocyBaHHS HEHPOHHUX MEPEX Ta IHIIUX CyYacHUX TEXHOJOTIi 103BO-
JISIFOTH QANTyBAaTH YMOBU HEBU3HAUEHOCTI 10 TPOLIECiB ONTHMI3allii. BuBueHHs Ta po3-
poOKka yHiBepcaJIbHUX METOIB ONTHUMI3allil, CIPSIMOBaHI Ha MIHIMI3aIlil0 PU3UKIB Ta
3a0e3MeueHHs CTIHKOCTI CKITAIHAX CHCTEM; Ha JTOCIIIKCHHS HAI3BHYAHHO aKTyaIbHUX
MUTaHb TEOPii 1 MPAKTUKU NPUHHATHX PILICHB, SIKICTh SKHUX 3a0e3neuye e(eKTUBHICTh
JUSUTBHOCTI IMiIIPUEMCTB, OpTaHi3allii, JepKaBHUX CTPYKTYpP, & TaKOXK ITiJIBHICHHS
PiBHS aJalITUBHOCTI Ta CTIMKOCTI YIPaBIIHCHKHUX PILlIEHb JI0 CYYaCHUX YMOB.

AHauni3 ocTaHHIX Joc/TiKeHb i myOuikaniid. JlocmimkeHHs onTHMi3aiiHIX 3a1a4
B YMOBaX HEBU3HAUCHOCTI HAOy/IM MIMPOKOTO 3aCTOCYBAHHS y HAYKOBHX JOCIIIDKCHHSX
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3aBIISIKH 1X BOXKJIMBOCTI y 0aratbox cepax rocrogapebkoi aisubHoCTi. Tak, y podoti bep-
mimac /1., Maprapitic I [1], TocmimpKyOTECS METOIM AWMHAMIYHOTO TIPOTpaMyBaHHs, sKi
CTaJI1 OCHOBOIO JJIsI 0araTboX Cy4acHUX MiJXOIB O BUPILIEHHS TaKHUX 3aad. SIK BiOMO,
ie P. bermvan HaromnonryBaB Ha BAYKIIMBOCTI TOOY/IOBH MOJIEIICH, 3MaTHUX a Il TyBaTUCS 10
3MIHH YMOB Y TIpOIIeCi po3B’si3aHHs 331a4i. Cy4acHi IOCHIPKeHHsI, 30KpeMa pOOOTH 3 BUKO-
pucTtanHs croxacTudHoro nporpamysanss (Pakumr I1., Konap A., Bxoymik IT., Tocsami 1.,
Jac C., Harap A. K., Jlxanapranan P. [2]), mponoHyoTb MOZEIT, 1110 BPAXOBYIOTh HIMOBIp-
HICHUIA XapaKTep 3MIHHHX Y 33]adax onTuMizarlii. CTOXacTUYHI METO/H JIO3BOJISIFOTH MOJIE-
JIFOBaTH HEBU3HAYCHICTD IIIIXOM BBEJICHHS BUITAIKOBHX ITAPAMETPIB, IO 3HAYHO ITiBUIIYE
TOYHICTh MPOTHO3YBAHHS Ta SIKICTh MPUHHSTTS PIIICHb Y TAKUX YMOBAX.

[HIIOFO BaXIJTMBOKO TPYIIOKO MiJIXOJIB € METOJU ONTHUMI3allii Ha OCHOBI HEMPOHHUX
Mmepex. Hanpukian, podoru Apkerri K., Karapyuua /1., I'y B., Ox’e M., Cemer @. [3],
Merenenxo H. I'., KoBanenko O. B., Makenon B., Mepxuncskuii 0. K., Pynuu A. L.
[4], 3ammponionyBany izmei, SKi BUKOPHCTOBYIOTHCS Y CYYaCHHX alTOPHTMAX IITYIHOTO
IHTENeKTY JJIs PO3B’si3aHHS KOMOIHATOPHUX ONTHUMI3aliiHUX 3afa4. Y cdepi Oararo-
KpUTEpiaNbHOT onTUMi3allil 3HauHuii BHecok 3pobwmmu [Himan I, Tapr M., Harap A.,
Kymap B., [lerani M. [5], siki po3p0o0IsitOTh MOZIEITi KOMITPOMICHOTO IPUHHSTTS PIIICHb.
3okpema, Taki MOZAEI 3HaXOASATh NIMPOKE 3aCTOCYBAHHS y 3aJladyaxX CTPaTEeri4HOTO Ij1a-
HYBaHHSI B YMOBaX OOMEXEHHX pecypciB. OKkpeMo MOTpiOHO BHIITUTH JOCIIIKCHHS,
MPUCBSIYCHI BUKOPUCTAHHIO AJTOPUTMIB €BOJIOIIHHOTO MPOrpaMyBaHHS, [I¢ HayKOBa
pobora Himan I., Ciarx K. K., Coni M., Harap A., Jlerani M. [6] ITokazani HUMH
METOJIH IEMOHCTPYIOTh BHCOKY e(beKTHBchTb y BHpIIICHH] 3a7a4 i3 BEJIMKOIO KilTbKi-
CTIO BaplaHTlB plIJ.[eHL Jie KJIaCUYHI ITiIX0II MOXYTh Oyt MaJ‘IOG(I)eKTI/IBHI/IMI/I Iure-
rpailisi TaKuX MiIXO/IB Y MPOIeC ONTUMI3allil BiIKPUBA€E HOBI MEPCIICKTHBU ISl BUPi-
IICHHS 3aJ1a4 PI3HOTO PiBHS CKIaHOCTI. OTXKE, MPUBEIECHHUH OTJIsIT HAYKOBHX 37100y TKIB
MIATBEPIKYE, 110 CydacHI METOIU ONTHUMI3allii B yMOBaX HEBU3HAYEHOCTI aKTHBHO PO3-
BUBAIOTHCS Ta ()OPMYIOTH MO>KIIMBOCTI YIOCKOHAJICHHS ICHYIOUHMX MOJICTICH JJIs i BH-
IICHHS 1X aJanTUBHOCTI 1 €()EKTUBHOCTI, & TAKOXK CTBOPIOKOTH HOBI IiJIXOU, OPIEHTO-
BaHi Ha BUPIMICHHS aKTyaJIbHUX TEOPCTUYHUX Ta MPAKTHYHHX 33]a4.

Meta pociigxeHHs. MeTor MPEACTaBICHOTO AOCHIKCHHS € YIOCKOHAJICHHS
ICHYIOUMX TIIXOMIB JI0 BUPIMICHHS ONTHMI3AIIMHUAX 3a/1a4, 0 BHHUKAIOTh B YMO-
BaX HEBH3HAYCHOCTI, IUITXOM BpaxXyBaHHS BIUTUBY ITOYATKOBHX MapaMETPIB CUCTEMH,
cner(iKi HEBU3HAUEHOCTI Ta B3a€EMOJIIN MK €JIeMEHTaMHU CHUCTEMH, 110 3a0e3reuye
aJIanTaIliio JI0 CKIAIHUX YMOB 1 IiIBHINY€E ¢(PEKTHBHICTh PO3B'S3aHHS.

Buksian ocHOBHOro marepiajty JocCTizKeHHs. Y 3ajjauax ONTHUMi3allii B yMOBax
HEBU3HAYEHOCTI MMOYATKOBI MapaMeTpy CUCTEMH 3a/Ial0ThCSl BEKTOPOM, SIKHW BH3HAYa€
MOYATKOBHUU CTaH YCiX ii KOMIIOHEHTIB. Y IMpoIeci BUPIIICHHS 3a/1a4i KOXKEH SJIEMECHT
CHCTEMH, OOUPAETHCS BUIIAJKOBIM YHHOM ISl OHOBJICHHsI CBOTO craHy. Llei exeMeHT
OTPUMYE CUTHAIIH, 3BaKEHI BIJIIOBITHO /10 3B’SI3KIB 3 IHIIUMH €JIEMEHTAMH, 1 aJantye
CBIll CTaH 3TiJHO 3 OTpUMaHOI iH(popMalliero. Jlai mporec MOBTOPIOETHCS 3 IHITHMHU
eJIeMEHTaMH, MOKH CHCTEMa He JO0CATHE CTaOlIbHOTO CTaHy, 3a SIKOTO JKOJECH KOMIIO-
HEHT OUIbIIe He 3MIHIOE CBOTO CTaHy IIiCIIsSi OHOBIICHHS.

Ocraroynuii cTaOUTbHUI CTaH CHCTEMH, Mo3HaueHu sk U*, GhopMyeThes 3a1exHo
BiJ mouarkoBoro crany U° Ta ocoOnMBOCTEH BUAYy YMOB ONTHMI3allii B yMOBaX HEBH-
3HaYEeHOCTI, Bu3HaueHoro ¢yskiiewo E(U,T 1), axa BpaxoBye MpocTip cTaxis. [ crpo-
IICHHS 3aJ1a4i, BUDISA QYHKIT OnTHMi3arii 06yMOBn10€TLC;{ napaMeTpaMy CHHAITHY-
HUX 3B’s13KiB 7' Ta MATPUIICIO TIEBHOL HpOIlyKTI/IBHOCTI {r, 3.

3a yMOBM MHOKMHH BapiaHTiB 3HAYCHb MaTPHII HpOL[yKTI/IBHOCTl Ta JOBLIBHOTO
PiBHS MO 3B’SA3KIB, CUCTEMa MOXKE HE JOCSTTH INIO0ATBHOTO EKCTPEMYyMY II1JIHOBOT




Taspiliceknit HaykoBHi BicHHK Ne 6

142 I

¢yHK1ii. binbIe Toro, MonBe (POpMyBaHHS JIOKAJIBHO CTA0UIBHUX CTAHIB, SIKi HE Bif-
MOB1Ial0Th ONTUMAIILHOMY pillleHHIO 3ajadvi. [|Jis yHHKHEHHS] TaKUX CUTYyaIlii 3acTo-
COBYETBHCS JJOAATKOBE Y3TOKEHHS MIX 3HAUYEHHSIMM MOJIYJIS 3B'A3KIB Ta 30BHIMIHIMU
nmapamMeTpaMi CHCTEMH IIUIIXOM MaciuTaOyBaHHS OCTaHHIX. Bubip BinmoBigHOTO KOe-
(inienTa MacmTabyBaHHs 30BHIIIHIX TaHUX 0a3y€eThCs Ha JIOCIIIKCHH] BILTHBY MOIYJIS
3B’a3KiB T Ha BuA (yHKUii £ 1715 KOHKPETHOT MaTpuli MpoayKTUBHOCTI. Lle no3Bosse
3a0e3meunTH O1TbII e(PEKTUBHIN MTEPEXi] CHCTEMH JI0 CTaHy, SKUi BiIIOBiIa€ TI00ab-
HOMY €KTpeMyMy IIbOBOT (DYHKIIIT.

Po3smiisineMo MozaenbHMI BapiaHT 3ajadi 3 MarTpUICl0 MPOXYKTHUBHOCTI BHIY:
;= (1 2). KoxHoMy BHXinHOMY cTaHy Mepexi U mocTaBUMO y BiINOBIAHICTh YOTH-
PHOX PO3pSIMHUI OIHAPHMI KO, SKUU IMPEICTaBIIsse€ COOOK PO3TOPHYTY MO PsIKax
MaTpPHIIO {uﬁ}, Ta J0CIIIMMO NOBEIIHKY LIb0BOI (DyHKLIT Ta 11 CKJIa0BUX B 3aJI€KHO-
CTi BiJ] CTAaHy MEpEeXi.

1
Ey = T 4j=1 Z?:l Zﬁ:l Zg=1 Tji;wuji Uy (D)
30kpeMa BriacHa ckianoBa (1) He3aJeKHO BiJ 3HAYCHHS MOIYJS 3B'A3KiB IpUiMae
HYJIbOBE 3HAYCHHS Ha TBOX CTaHaX, € XapaKTepU3yIOThCS HASBHICTIO HE OLITBIIIE OHOTO

KOMITOHEHTa HEBU3HAYEHOCTI. 3HAU€HHs BUMYIICHOI CKJIaJ0BOi QyHKIIl onTuMizawii
E; = =Y}, X1y Iji uj;, BUBHAYAETHCS 30BHILIHIMH.
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Puc. 1. I'pagix yinvosoi ¢ynryii ma ii ck1ado8ux 6 3a1eAcHocmi 6i0 CMAHy Mepexici

3MileHHSIMH BiJIOBITHO IO MAaTpHIl MPOAYKTHBHOCTEH Ta HE 3aJICKHUTh BiJl 3HA-
YEeHHSI MOIYJIS 3B'SI3KiB, a MUTbOBA (DYHKIISI BU3HAYAETHCA, SIK E = E, + E,. SIK BUAHO
3 MPOBEACHOrO aHaJI3y MPEICTABICHUX PE3YIbTaTiB, MPH JAOCHTh MAaIUX 3HAYCHHSX
MOJTYJISI 3B'sI3KiB BUTYISLT (DYHKINIT OIITHMI3aIii CKIIaIHu# 1 6araToexkcTpeManbHuii. Hespa-
JKarouH Ha Te, 10 B JAHOMY BapiaHTi YOTUPUBUMIPHHN MPOCTIP CTaHIB Mepexki BijoOpa-
JKCHO HA I[IIOYHCENIbHY BiCh, HABITh TAKe CIPOINEHE 300pa’keHHS J03BOJISIE 3pOOUTH
BHCHOBOK IIPO T€, IO 31 301bIIeHHSIM 3HaueHHs 7" BuJ (QyHKIIT onTuMi3allii crae Bce
OUTBII MIAJKKM, 3MEHINYETHCS YHUCIIO JIOKATBHUX EKCTPEMYMIB 1 BUILISIETHCS T100ab-
HUH. BiJbIT KOHCTPYKTHBHI BUCHOBKH MOXKHA 3pOOMTH 3a pe3yNbTaTaMU J0CHiKCHHS
SIKOCT1 PO3B’sI3aHHS 3aJ1adi PO MPU3HAYCHHS IPU PI3HUX 3HAUCHHAX MOLJIs 3B'SI3KIB.

6497

JIist HOTO PO3IITHEMO 3aj1ady ONTHMI3AIii 3 MaTpuIero: \ £559 . Beroro B manomy
BUIIAJIKY iCHY€ 24 MOXJIMBMX IUTAHH MPH3HAYCHb KPUTEPIiB OIIHIOBAHHS 3HAHICHUX
YMOB HEBH3HAUEHOCTI CUCTEMH, Ha SIKUX 3HauUeHHs (DyHKLIT BapTOCTi Jexarh B Jiamna-
30H1 Bix 10 10 30 mo3uiiii. OcTaHHE 3HAYCHHS BIAMOBIAA€ ONTHMAIBLHOMY PIllICHHIO,
sIKE € €JIMHUM. 3a1aMO CiM 10 TOYaTKOBHX cTaHiB Mepexi U™, kojkeH 3 SKHX CKJIa1aeThCst
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3 OZIHOTO KOMIIOHEHTA HEBU3HAYEHOCTI 1 30y/KeHHX Beix iHmuX. [lepedupatoun, Takum
YUHOM, ITOCIIIJOBHO BC1 KOMITOHEHTH, MPOBEACMO CEpi0 3 NICTHAALATH peai3arii
CBOJFOLIHHHUX MPOIECIB MEPEXKi 3 Pi3HUX IMOYATKOBUX CTaHIB 3 BUIIE 00paHOi MaTpH-
IICI0 TTPOAYKTUBHOCTEH 1 KOHKPETHUM 3HA4YeHHSIM Moxyns 3Bi3KkiB 7. Ha pucynky 2
MIPEJICTABIICHO PE3yJbTaTH PO3B’sI3aHO 3a/a4i IO MECTH CepisiX, sSKi BiIOBIIAIOTh 3HA-
YEHHSIM MOJYJIA 3B's3KiB BiJ 5 10 10.

[Tpu Benmukux 3HaYeHHAX 7, OMU3BKUX O MAKCUMAILHOTO €JIEMEHTY MaTpHIli Ipo-
JTYKTUBHOCTEH 7, 3 IIICTHA/IUATH PIllICHb B CEPIi MIICTh PE3yNbTaTiB 1aK0Th ONITHMATb-
HUl M1aH npu3HadeHb. [Ipy 1boMy JecsATh IHIIMX PillieHb cepil BiANOBIAAIOTh JTOKaIb-
HUM eKCTpeMyMaM, 3HaueHHsA (yHKIIi BapTocTi, B sSKuX He MeHme 28. Takuil ctan
30epira€Tbcs 1 MPHU TOAAJTBIIOMY 30UTBIIIEHH] MOIYJS 3B'S3KIB. 3MCHIICHHS MOJYJIS
3B'SI3KIB JI0 3HAYEHHS, OJM3BKOTO IO CEPEIHBOrO 3a BCiMa €JIeMEHTaMU MaTpuLli Mpo-
JYKTUBHOCTEH, 10 MPU3BOAUTH IO 3POCTaHHS YKCIa CTPOrO ONTUMAIBHUX PIllICHb,
3MEHIIICHHS YMCJIa JIOKAITBHO ONITUMAIBHUX PIlICHb 1 TIOSIBU CTIHKWX CTaHiB, SKi HE Bifl-
MOB1IAIOTH IJIaHAM MTPU3HAYEHB, YUCIIO SKUX 3POCTAE .
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Puc. 2. Peanizayis egontoyitinux npoyecia 8 3a1excHocmi 8i0 Mooyis 36'a3Kie

3a HaBeICHUMHU pe3yIbTaTaMH MOJKHA 3pOONTH JIesIKi pakTH4YHI pekomenaarii. [1pu
PO3B’si3aHHI 3aj7a4l MPO MPU3HAUCHHS, 32 JIOMIOMOTOK (opMyBaHHs (YHKIT OIIHKH
piBHSI HEBU3HAUYEHOCTI, 3HAYCHHA MOAYJS CHHANTUYHMUX 3B'SI3KIB Ma€ HayeXaTu [ia-
MA30HY BiJl CEPEIHBOTO IO MAKCHUMAIBHOTO €JIEMEHTA MATpPHIl TPOJYKTUBHOCTEH [7].
Ha npakTtwii, Koy 3MiHa 3HAYCHb MOYJISl CHHANITUYHUX 3B'S3KIB ITPEICTABISE COOO0
HENPOCTY TEXHOJIOTIYHY MpoOieMy, L0 PEKOMEHJAlil0 JAOLIIIBHO peali3oByBaTu
IIISTXOM MacIiTaOyBaHHS BUXIJHUX 3HAYCHb MPOIYKTHBHOCTEH, Mepes] BBEICHHIM X
B MEPEXY, y BUDIISAI 3MillleHb TTapaMeTpiB QYHKIIIT Tpy 3aianoMy 3HaueHH1 7. BaroBuii
KOeillieHT km O6I/Ipa€I_BC$I 3 Jiara3ony k,, € [T'"Td ;T'"Tﬂ], a CUrHajd 3MIIIEHb BU3HAYa-
I0ThCA Y BUIVIAL [ = k—i; j,i =1,..,n. OcTaTo4HMI BUOIP 3AIHCHIOETHCS y KOKHOMY KOH-
KPETHOMY BHIIJIKy B 3aJIC)KHOCTI BiJl HEOOXiHOI sikocTi pinieHHs [8]. Skmo gocrar-
HBO OTPUMATH JOCUTH HAOJIMKEHUN PO3B’A30K 3a/1adi, BAroBUH koedilieHT 00uparoTh
ONU3BKUM 110 ki, = M[JIIXOM OJ(HOTO 3BEPHEHHS JI0 Mepexi. SIKImo X HeoOXiaHO
OTPUMATH CTPOTO ONTHMAJILHE PIIIEHHS 1 € MOXKIIMBICTh KiIbKA Pa3iB 3BEPHYTHCS 0
Mepexi, koedilieHT o0upaeTbes OMU3BKUM 0 k,, = r’”T“‘ OTpuMyeThCs cepisi pillieHb
JUISL pi3HUX MOYATKOBHUX CTAaHIB MEPEXi 1 ceperl 3HalACHHX TUIaHIB 00MPAETHCS KPALIHA.
Ha pucyHKy 3 HaBelieHO 3arajibHy OJ0K-CXeMY PO3pOOJIEHOTO aJrOpUTMYy ONTHUMI3aIlii
B YMOBaX HE3BU3HAUEHOCTI IPU BEKTOPHOMY KPHUTEPii pEIeBaHTHOCTI.

Ha nepmmux Tppox eTamax (pOpMyIOThCS BUXITHI JAaHI aJTOPUTMY, 3a0a€ThCS Killb-
KIiCTh 3aIyCKiB penakcariii mijpoBol GpyHkii [9]. Ha HacTynHOMY eTari, Ha OCHOBI CTa-
TUCTUYHUX, JUHAMIYHUX BHYTPIIIHIX 1 JUHAMIYHUX 30BHIIIHIX (akTOpiB GOPMYETHCS
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BEKTOP KPUTEPIiB PENEBAHTHOCTI YMOB HEBU3HAYEHOCTI CUCTeMU: Vv, i= [,...,N. Tak sk
KPHTEPIiB v, — Ha MOPSIOK OLIBIIE HIK YMOB HEBU3HAYCHOCTI CHCTEMH d, TO KPHTEPIi
KOMOIHATOPHO TPYIIYIOTHCS 32 BCiMa MOXKIIMBAMHE ITOE€JHAHHIMU 0€3 MMOBTOPIB 1 KOXKHE
YIPYIIOBaHHS IPUHAMAETHCS 32 OUHUITIO MPU3HAYCHHS.

[ S;art ]
] == | - |
] = vii=1,..N

v
III > | djyjjl,...,M |
X =[x,
zw:x <lLi=LLN
ji =1 s IV,
| [:
zx,,Sl,]'zl,M’
i=1
X,,G{O,l},j:l,M, i=l,N
v

) [ N
Il

T, =-46,1-8,)-B8,(1-5,)~-C+Gs,5, 4

Jiny it iuCi
=) =-45, - BS, +(A+B+G)5,6, - C,

I, =—Cn—Fr”,j,/1,vem

'}
VII :E> u,’:l =f@.,1,.T,) |

I
|::,'>| uf' = (R, =1, Z |

NO YES

' >| Rz’—max(f;>_r—1,,..,;|
[ End ]

Puc. 3. Brox-cxema aneopummy onmumizayii 8 yMo8ax HesUsHa4eHoCmi
npu 6eKMOPHOMY KpUumepii penesanmHocmi

[Ipy BHKOHAHHI TPETHOTO €Taly OOMPAETbCS HEBIOPSAJKOBAHA YaCTHHA MHO-
KUHHM 3HAWJICHUX yMOB HEBHM3HAYCHOCTI CHUCTEMH, IO MiJJIATaE pPaHKUPYBaHHIO:
dj, Jj=1,..,.M. Ha upomy erami OymayeTbcst TaOmuus X = ||x;;|| BiAnoBiaHoCTi MEHOXHHK D
3HaWJICHUX YMOB HEBU3HAYEHOCTI CHCTEMHU MHOKUHH V KpuTepiiB 3Ha4yIocTi. Tabnuis
BU3HAYa€ BUXIJHI JIaHi /Ui pO3B’si3aHHS 3aBlIaHHS PAaH)KUPYBaHHS B MeXax KOMOiHa-
TOPHOI 3aj1a4i MPo Npu3HaueHHs. [1'9TuHii eTan BU3HAYa€ CTPYKTYPY LIJTbOBOI (DYHKIIIT —
BUA (YHKIT aKTUBAILT f(’), 4nCII0 TapaMeTpiB (yHKIIIT, sSIKe 3a1€XKUTh BiJl pO3MIPHOCTI
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BEKTOPiB BUX1AHUX JaHUX 1 pSKUMY (QyHKIIOHYBaHHS (aanxpOHHI/H‘/'I pe>1<1/1M) Ha HOMY
erarii 3a popMysaMu 00UUCIIOIOTHCS KOeDILI€HTH 3B'I3KIB Tjiy,, 1 3MIlIEHHS 1, , MoJiei
Mepexi Xor[q)m}:[a niboBo1 QyHKUIT u=f(u,,T), ne u — BUXOOU BULY HeBmHaquocn
I — Benmu4uMHY 3MilleHb, 7 — Koe(DillieHTH CHHANTUYHUX 3B'13KiB. HacTymHmit etan pea-
Ji3ye iHimiami3amio 3a1adi BUIIaIKOBUM BXIJIHAM BEKTOPOM u’, Ha SIKOMY iTepariiiHuM
IPOLIECOM BCTAHOBIIOETHCS PIBHOBOKHUN cTaH cucreMu ubt = f(ut,I,, Ty) [10]. Ha
Mepe0CTaHHBOMY eTarli 31CHIOETHCS OTHO3HAYHA IHTepIpEeTallisl BUXITHUX CUTHAJIIB
napamMeTpiB QyHKIII.

[aTepnperatis pe3yabrariB HUTbOBOI (DYHKINT TO3BOJISIE OTPUMATH Oa’kaHy IOCIi-
JIOBHICTb 1HJICKCIB YMOB HEBHU3HAUEHOCTI CUCTEMHM BIJAIOBIJHO JO 3aJaHOi MHOKUHH
KpUTepiiB PesIeBaHTHOCTI i CyMapHe 3HaYeHHs PEJIeBAHTHOCTI Ry Ha r-My Kpoui. Etanu
3 CbOMOTO M0 JIeB'ATUIl BUKOHYIOTHCS 10 TOCSITHEHHS 3a/1aHO0i KUIBKOCTI OOYMCIECHHS
¢yukuii (#>7). Ha 3axmo4HoMy eTari oOMpaeThCs Ta MOCIIAOBHICTh MOAAHHS YMOB
HEBU3HAUCHOCTI CHCTEMH, CyMapHE 3HAUCHHS PEJICBAHTHOCTI, SKOi € MaKCHMaJbHUM
R;: = max(RE),r =1,..,Z.

BucHoBKkM i mepcreKTHBU NMOJAJIBIIUX JOCTIIZKeHb. 3a pe3ynbTaraMu MpOBe-
JIEHOI'0 NOCIIIKEHHSI BAU3HAYEHO JEsAKl MIAXOIM OO0 OITUMI3amil CKIAIHUX CUCTEM
B yMOBax HeBH3HaueHOCTi. [loka3aHo, 110 CTaOUILHUIA CTaH CUCTEMH 3aJEKUTh BiJ
MOYATKOBHUX IAapaMeTPiB CHUCTEMH, XapaKTEPUCTUK 3B'S3KIB MK ii KOMIIOHECHTAMH,
a Takoxk crenuiku MTboBOT PyHKIIIT. JlOCITIIKEHO BIUTHB MOIYJISl CHHAIITHYHUX 3B’ 513-
KiB Ha (hOpMyBaHHS ONTHUMI3allil, 10 JO3BOJIMIO BUSBUTH 3aKOHOMIPHOCTI 3MEHIICHHS
KIJIBKOCTI JIOKAJIBHUX €KCTPEMYMIB Ta BUAIICHHS MIO0AJBHOTO EKCTPEMyMy 3 ITiJBH-
IICHHSAM 3Ha4eHHS MoayJis. OLIHEHO SKICTh PO3B’SI3aHHS 3aj1a4i PO MPU3HAYCHHS 32
JIOTIOMOTOF0 ITO0Y10BH (DYHKIIIT onTUMI3allii, sika 3a0e31euye BiIOBIIHICTh YMOB HEBH-
3HAYEHOCT1 CUCTEMH 3aJ]aHUM KPHUTEPIsIM PEIICBAHTHOCTI Ta IOBEJICHO, 110 301TbIICHHS
MOJTYJIS 3B'SI3KIB CIIPHSIE 301IBIIIEHHIO KIJTBKOCTI ONTUMAIBHUX pillleHb. OOrpyHTOBAHO
JIOLIJIbHICTh BUKOPUCTAHHS MacIITaOyBaHHS BUX1THUX MapaMeTpiB QyHKIIT onTumi3a-
111 4711 CIIPOILEHHS MTPOIIeCy i1 HaMaImTyBaHHS Ta 3a0€3M1EUCHHS JJOCATHECHHS ONITUMAIIb-
HOTO PO3B’s3KY 33J1a4i B yMOBaX HEBU3HAYCHOCTI. PO3pO0IIEHO ajropuT™ ONTHMI3allii,
KU 6a3yeTbc;1 Ha M10ETanHOMY q)opMyBaHHl BUXIJTHUX JIaHUX, BAKOPHCTAHHI BUIIAIKO-
BUX BXIJIHUX BEKTOPIB i HOCTyHOBlI/I penaxcaun Ip0BOT (DYHKIIIT O eKCTPEMAaIbHOTO
CTaHy. AJITOPUTM BPaXOBYe SIK 30BHIIIHI, TaK 1 BHYTPIIIHI (paKTOpH, 0 BILTMBAIOTH HA
pesynbratu. Po3po0neHo 0510K-cxeMy po3poOIeHOro aaropuTMy, SIKUil 103BOJIsE edek-
THUBHO peasli3yBaTH eTanu 300py, 00pOoOKHM TaHWUX i paH)KyBaHHS yMOB HEBH3HAUYCHOCT,
3a0e3Meuyoud HaJiHICTh OTPUMAaHUX PE3YJIbTATIB.
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Y emammi cucmemamuzosano gumozcu 0o 3acodis 3axucny pyk 0si Cucmemu «3Hapsoos ma
3acobu npayi-mexanik-npoghecitine cepedosuuye» 3 02na0y cmpimxoi yugposizayii npogheciii-
Hol distibHocmi. [Ipobnema akmyanoHa 6 2any3i MexXaHiuHoi iHJceHepil, de 3p0Cmae KOMNILEKC
3a60aHb 6i0 eCcKi3y KOMN HOMepHOi Mooelni 00 20mo6o2o npodyKny, 0e NOCMIliHO 8i00Y8AEMbCs
63AE€MOOISL MIJC KOMN TOMEPHOIO GIPMYAIbHOIO PEAbHICIIO Ma MAmepianizosano (napaieis-
HOI0) peanbHicmio, Wo 3a2aioM HOGUHHO CNPUAMU NIOUUeHHIO MOYHOCI 3a20MiGKU/MexXHOIN0-
2iyHol onepayii ma skocmi 20mogoi npooyKyii.

IIpogedeno cucmemnuti ananiz HOMEHKIAMYPU NOKAZHUKIG AKOCHI 3aco0i6 3axucny pyK 3 6pa-
XYBAHHAM 1T I€pAPXIUHOL CIpYKMypu ma CUCEMHUX 3a6 3Ki6. AHani3 30iliCHeHO 3a pe3yibma-
mamu iHmepe 106anHs ma auKemHo2o onumyeanHs ¢haxisyie «@unexcmponike T30By» 3 inozem-
HUMU THGeCMUYISIMU, 0e NPIOPUMENHUMU € THHOBAYIIIHI, 6e3610X00H], «uucmi mexHono2iiy. ¥ xooi
00CI0HCEHHSA BUKOPUCTNOBYBAIUCH MEMOOU ONMUYHO20 MAKPOAHANI3Y MA KACMOMI3AYisl 3aXUCHUX
PYKABUUOK HA PI3HUX CIMAOIAX NPOMUCT08020 BUPOOHUYMEA. Bcmanoeneno, wo kpumepiil 6e3nexu
0714 3aC00i6 3aXuUcny pyK, 6 CY4ACHUX YMOBAX, Npu poOOMI 3 BUCOKO BUCOKOMEXHONOSIYHUMU 30CO-
bamu npayi cuio posenaoamu Ha SAKICHO UWOMY DIBHI 3 021510, K Oe3NeKu NepcoHay, b6esnexu
00p0208APMICHO20 OONAOHAHHSL, NEPEOOCMOPOS W00 He2aMUBHO20 BNIUBY HA AKICMb 3A20MIBKU
Ha emanax eupoOHUYmMeda, max i OCeiueHOCmI, KOMNemeHmHoCmi (axisyie uooo 6ion0GiOHUX
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MEXHONOSIUHUX NpoYyecie 2any3i MexaHiuHoi iHocenepii. Tomy npu eubopi 3acobie 3axucniy pyK
nOMPIOHO 8pPAX08Y6aAMIU, SIK 3AXUCHI 61ACMUBOCMI PYKABUHOK, MAK | HE3PYUHOCH (0OMeNCeHH S
pyxie Kucmi pyk KiHecmemuuHi 8i0uymms, NOSIPUEHHs MAKMUIbHUX 8i04ymmis), wo 00ymos-
JIHHI 36UMHOI0 (DIZI0N02IUHOI0 NOMPe6OI0, NO8 A3AHOI0 3 NOMIHHAM WIKIPU OONIOHL MA NATLYLE PYK.
Lli numanHa moxcyms Oymu eupiuieni wiaxom kacmomizayii, sax 0iesoi hopmu 83a€MO0Ii Midic
00 ’ckmom ma cy6 eKmom MmogapHux ma GUPOOHUYUX BIOHOCUH, WO CHPSMOBAHA HA NOKPAUJCHHSL
cnooicuguux enacmugeocmeit mosapy. Konkpemmnuil ghaxiseys eany3i Modice GUCHIYRAMU RApmMHepom
w000 GUPIUEHHS. NePCNEeKMUBHUX 3A60aHb OJisl BUPOOHUKA, SKULL 6E3n0CepeOHbo 8PAX08YE GiONO-
BIOHY OYMKY CNOJMCUBAYA HA 6CIX emAanax JHCUMMeEE020 YUKLY moseapy.

Knrouogi cnosa: indicenepna mexawnixa, yugposi mexnonoeii, CeHCOpHi mexHono2ii, 3Hapsoos
npayi, 3acobu 3axucmy pyk, besnexa.

Fordzyun Yu. I, Zhiguts Yu. Yu., Kabatsii V. M., Proc L. A., Brodovych Yu. R.,
Maksyutova O. V. Problems of forming the functionality and safety of hand protective equipment
in the system “work tools-mechanics-mechanical engineering”

The article systematizes the requirements for hand protection for the system «tools and means
of work-mechanic-professional environmenty in view of the rapid digitalization of professional
activity. The problem is relevant in the field of mechanical engineering, where the complex of
tasks from the sketch of a computer model to the finished product is growing, where there is
constant interaction between computer virtual reality and materialized (parallel) reality, which
in general should contribute to increasing the accuracy of the workpiece/technological operation
and the quality of the finished product.

A systematic analysis of the nomenclature of quality indicators for hand protection equipment
was conducted, taking into account its hierarchical structure and systemic connections. The
analysis was carried out based on the results of interviews and a questionnaire survey of specialists
of Flextronics LLC, where innovative, waste-free, “clean technologies” are prioritized. The
study used methods of macroanalysis and customization of protective gloves at various stages of
industrial production. It was established that the safety criterion for hand protection equipment,
in modern conditions, when working with high-tech work equipment, must be considered at
a qualitatively higher level in terms of both personnel safety, safety of expensive equipment,
prevention of negative impact on the quality of the workpiece at the stages of production,
and education and competence of specialists in the relevant technological processes of the
mechanical engineering industry. Therefore, when choosing hand protection, it is necessary to
take into account both the protective properties of gloves and the inconveniences (restriction of
hand movements, kinesthetic sensations, deterioration of tactile sensations) caused by the usual
physiological need associated with sweating of the skin of the palm and fingers. These issues can
be resolved through customization, as an effective form of interaction between the object and the
subject of commodity and production relations, aimed at improving the consumer properties of
the product. A specific industry specialist can act as a partner in solving promising tasks for the
manufacturer, who directly takes into account the relevant opinion of the consumer at all stages
of the product life cycle.

Key words: engineering mechanics, digital technologies, sensor technologies, work tools,
hand protection, safety.

IMocranoBka mpodaemu. OcoOIUBICTIO CydacHOI TIOOATBEHOI CBITOBOI €KOHOMIKH
€ Te, 1110 TIPOMHCIIOBA MPOAYKIiSl 3aJIUIIAETHCS 3aTPeOyBaHOIO HA CIIOKUBUOMY PHHKY,
MOKH Ha 3MiHY 1i TIpuiijie SKiCHO HOBa, Kpalla 3a CIIOKHBYMMH ITOKa3HUKAMH (TEXHIY-
HUMM, eKCIUTyaTaliiHUMU Ta 1H.). 3aKOHOMIpHO, 1110 IHHOBaLlli{HA MIPOAYKLS € Pe3yib-
TaTOM PO3BUTKY JAOCSTHCHb HAyKH Ta TEXHIKH Ta BiAMOBiAaTUME TII00ANbHIN cTpaTerii
CTAJIOTO BHPOOHUIITBA, CIIOKUBAHHS Ta PO3BUTKY. MK BUPOOHHKaMH TOBApHOI MPO-
JOyKIii Ha PUHKY TOBapiB Ta MOCIYT AOMIHYIOTh 1HTEpeCH «BHUOArIMBOTO 3aMOBHHKA
CIITBHOTH CTAJIOTO PO3BUTKY» 3 IIOTOYHUMH, IPOTHO30BAHUMH Ta MailOyTHIMHU TTOTpe-
bamu [1, 2].

CporoaHi Ha erarni opranizaiii BApOOHHIITBAa HOBOT IPOIYKIIil IUPOKO BUKOPUCTO-
BYIOTBCS IU(POBI TEXHOJIOT1{, KOTPi CyTTEBO CKOPOUYIOTb, SIK Yac MiArOTOBKN BUPOOHH-
IITBA, TaK 1 MATOMI BUTPATH MarepialibHUX pecypciB [3]. 3okpema 3D mozentoBaHHs Aa€e
3MOTY aBTOMAaTHU3yBaTH CKJIaHI iH)KEHEpH1 PO3paxyHKH, sIKi € YACTHHOIO €TaIly MPOeK-
TYBaHHS €JICMEHTIB, By3/IiB MailOyTHROI Mozelni BUpoOy. KoM roTepHe MoaeToBaHHS
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Ha/1a€ MOXKJIMBICTh IIBUIKO MPEJCTABUTH KOHCTPYKTOPCHKY Ta TEXHOJIOTIYHY IOKYMEH-
TaIlito, HeoOXiTHY ISl BUPOOHHIITBA BUPOOYy KoMIuieke BUXITHUX MaHUX (CKIIanaibHi
KpECIJIeHHS, pO3MIpH, BIIXHJIEHHS, IIOPCTKICTh IOBEPXOHB, JIOMYCKH, MOCAAKH TOILO)
BH3HAYalOTh BUMOTH J0 BUPOOYy Ta Horo vacTul (crenudikaiii , aeramisamii To1mo),
TOOTO BCIO HEOOXIJHY JOKyMeHTarliro. [{udpoBizarisi KOHCTPYKTOPCHKOI Ta TEXHOJIO-
riYHOT IOKyMEHTalii crpuse MBUAKIM opraHizaiii BUpOOHHUIITBA Yepe3 MOXKIIHUBICTH
nepenayi BiAmoBiIHOI iH(popMaIlii Ha BiINOBIHE yCTAaTKyBaHHS, 001 JHAHHS, BEPCTATH
3 UIIK.

AKTyajbHicTb TeMH AociigxeHHs. IlepiioueproBe 3aBmaHHS Ui Oy[b SIKOTO
HiAIPUEMCTBA, IO IparHe 3apeKOMEHAYBAaTH ce0¢ B KOHKYPCHTO3IaTHOMY CEpeso-
BHUII — 3a0e3MeueH sl PiBHS SIKOCTI Ta eeKTUBHOCTI BUpOOHHUIITBA. [lepiimM KpokoM
JUTSE 3MIHH KpUTEPiiB KOHKYPEHTHOTO CepeJOBHUIIA MiAMTPUEMCTB YKpainu Oy0 3ampoBa-
JUKEHHS €Bporeiichkux cranaaptiB ISO cepii 9000, mo pernmaMeHTyIoTh €IUHI BUMOTH
IO MEHEDKMEHTY 3 TOUKH 30py 3a0€3IeUeHHS SIKOCTI MPOAYKIIii, IKOCTI MEHEIKMEHTY,
MapKeTUHTY Ta 1HIIWX CHCTEM Oprasizamii BUpOOHMITBA, YNPABIiHHA Ta AiISIIBHOCTI
mianpuemcrsa [1, 3].

B nipodeciitniii TissIbHOCTI 1HKCHEpa-MeXaHiKa CIIOCTePIraeThCsl JOMIHYBaHHS IIPO-
rpaMHOrO 3a0e3MeueHHs] Ha BCiX eTamax >KUTTEBOrO LUKIY BiJ KOHCTPYKIii, BHUOOPY
MarepiaiiB Ta po3paxyHKy Ha MIIHICTb O BUPOOHHIITBA, CEPBICY Ta OOCIYTOBYBaHHS,
SK BHPOOHHYOTo OOJagHAHHS Tak 1 mpomykmii Taka B3aeMomis 3HAYHO PO3IIMPIOE
oOcsIr 3aBJjaHb Ta 33]a4 iH)KEHepa-MEeXaHiKa 3 OISy CUCTEMHU «3Hapsas Ta 3acobu
npaii-MexaHik-npodeciiiHe cepeoBUIe». AKTYaAIbHUM 3aJIMIIAEThCS MUTAHHS (Qop-
MYBaHHSI BUMOT JIO 3aC0O0IB 3aXHCTy PYK B JiaHii chepi B yMOBax MiJIBUIICHUX BHMOT
II0/I0 SIKOCT1 MPOAYKIIii.

st mpoGiema 0coOIMBO aKTyalbHA B Tally31 MEXaHIYHOI iIHXKEHEDii, e 3p0ocTae KOMII-
JIEKC 3aBIaHb BiJ €CKi3y KOMIT IOTEpPHOI MOJEIi A0 TOTOBOTO MPOAYKTY, II¢ MOCTIHHO
BiZIOYBa€THCS B3a€EMOJISI MIXK BIPTYaJIbHOIO (KOMIT IOTEPHOI0) PEaTbHICTIO Ta MaTepi-
aJ1130BaHO0 (TIApaJIeTIbHOI0) PEATBHICTIO, IO 3arajioM CIPHUSE ITiIBUIIEHHIO TOYHOCTI
3aroTiBKM TEXHOJIOTTUHOT oreparlii Ta IKOCTi TOTOBOT IPOYKIIIT.

AHaji3 ocraHHix aocdimkens i myOaikauniii. 3aBasku BTieHHIO 1HMQpOBi3a-
i ¥ 1HQOpPMAIIHHIX TEXHOJIOTIH y MPOMHUCIOBOCTI CIOCTEPIrarOThCs SKICHI 3MiHU
MIPOLYKTUBHUX CHJI, TOCHIIIOETHCS B3a€MOJISl Ta B3a€MO3AJIEKHICTh BCIX €TamiB Ta
(a3 BUPOOHHMIITBA, CIIOCTEPITa€ThCS BIPOBAHKCHHS HOBUX TEXHOJOTIYHHUX pillIeHb
B BUpOOHWYI TiporiecH. [lompu migBuineHHs e()EeKTUBHOCTI TEXHOJIOTIYHHX IMPOIECIB
3aBJSIKH BUKOPUCTAHHIO CYYaCHUX BHCOKOTEXHOJIOTTUHHMX 3aCO0IB Tpalli, TPaaMIiiHI
YMOBH TIpalli Ta HEOE3MEeKH B CHUCTEMI «3acO0H/3HApAIA Mpalli-MeXaHiK-MaiuHoO0Y-
JTyBaHHS 3QJIMIIAIOTHCSA. YacTKa pydHOI Ipalli, 3BiCHO, 3aJIUIIAETHCS IOMIHYHOUOK0 Ha
eTarax KOHTPOJIIO HEe TUBIITYHNCH Ha 3HAYHY aBTOMATH3AaLlil0 Cy4acCHOTO BUPOOHHIITBA Ta
BUKOPUCTAHHS poOOTIiB, MaHIMyNATOPIB [4, 5].

€BpONCHCHKUMH CTaHAApPTAMH PEIIIaMEHTOBAHI HACTYITHI BUIM 3aXUCHHUX PyKaBH-
yok: EN 388-3axuct Bij MexaHIYHUX PU3HKIB ( cCTUpaHHs / 10pi3 / po3puB / mpokon); EN
374-3axuct BiJ XiMIYHHX pedoBHUH i1 MikpoopranizmiB; EN 420 — 3aranbHi BUMOTH 10
PYKaBHYOK BKJIFOYAFOTh PO3MIPH Ta HU3KY acIeKTiB 30poB’s Ta Oe3mneku; EN 60903 —
VYpaxkenus enekrpuanuM crpymom; EN 407 — Tepmocriiikicts; EN 511 — Mopo3zocriii-
kicth; EN 1149 — Antucrarnunuii; EN 10819 — AurusiOpauiiini pykaBuuku [8].

[TpakTHUHUX pEKOMEHMALIN, SIK 1 CHUCTEMHHX MOCHI/DKCHb, OB’ S3aHUX 3 BHOO-
pPOM 3aXMCHUX PYKaBHYOK JUIsI CHCTEMH «MEXaHIK-3aCOOM IisUTbHOCTI-IM(pOBi3alis
npodeciifHOro cepefoBuIlay, K MOKazye aHali3 JITEpaTypHUX NaHUX, HEOCTATHBO.
VY B3aemonii «MexaHiK-3aco0n TisUTBHOCTI-II(POBI3aLlis MPoQeciHfHOro CepeIoBUIIIA
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PYKaBHUKH, K 3aCO0H 3aXHUCTy PyK, TOBUHHI BOJIOAITH KOMIUIEKCOM BiIOBIAHUX CIIO-
JKUBUMX BJIACTUBOCTEH Ta (DyHKITIH.

[Monpu TpaauuiliHi €pProHOMIYHI, €CTETHUYHI, 3aXHCHI BJIACTHBOCTI PYyKaBUYKH
MOBMHHI, TAaKOXX 3a0e3MeuyBaTi BUCOKY KyNbTypy ¥ oprasizaiito BUpoOHUITBa [7-9].
VY po6ori [10, 11] cucTemMaTH30BaHO BUMOTH JIO 3aCO01B 3aXHCTY PYK B YMOBax mpode-
ClifHOTO cepeloBullla, po3po0IeHO HOMEHKIIATYPy MOKa3HUKIB SKOCTI 3aC001B 3aXUCTY
PYK Ta IIpeaCTaBIeHO ii iepapXiuHy cTpykTypy. Kpurepiit 6e3mexn 1 3ac00iB 3aXUCTy
PYK B CY4acHUX yMOBax MpH poOOTi 3 BUCOKOTEXHOJOTTYHUMH 3aCO0aMHM Mparli CIij
PO3MIIAAATH Ha SKICHO BHUILIOMY PiBHI 3 OIJISAY, SIK Oe3MEKH MepcoHaiy, Oe3MeKH 10po-
TOBapTICHOTO OOJIAJIHAHHS, TaK 1 OCBIYE€HOCTI, KOMIIETEHTHOCTI (axiBIIiB MO0 BiJIO-
BiJTHMX TIEPECTOPOT.

IHocranoBKa mpodaeMu. 3pOCTaHHs 3HAUYIOCTI BUCOKOKBaNI(hiKOBAaHUX POOITHUKIB
(3D ckanyBaHHS, ONTHYHI TEXHOJIOT11, CCHCOPHI TEXHOJIOT1, pOOOTH3AIIiS, INTYYHHI iHTe-
JICKT Ta iH.), MIJIBUIICHHS 1X OCBITHBOTO PiBHS, 00YMOBITIOIOTH HEOOXITHICTh 3MIHH YMOB
parti, 3aco0iB 3aXUCTY PYyK JAJIsl EprOHOMIYHOTO Ta KOM(OPTHOTO BUKOHAHHS TOCTAaBJIe-
HUX 3aBJaHb. KyapTypa BUpOOHHIITBA CHCTEMH «3HAPSIUIA Ta 3aCO0U Iparli-MeXaHiK-11po-
(heciitHe cepeoBuIe» OTPeOye NIEPEX0y Ha SKICHO HOBUH piBEHb B3a€EMOJIIT 3 OIVISTY
CTPIMKOTO PO3BUTKY LU(PPOBI30BAHUX 3aC001B BUPOOHUUOT AiSTIBHOCTI.

Meta pocaimkenns. OCHOBHa MeTa poOOTH — JOCIHI/DKEHHS CTaHy B3a€MOJIIi 3aco-
01B 3aXHCTY PYK CHCTEMH «3HAPSIIS Tpalli-MeXaHIK-1IpodeciifHe cepeoBHIIE) 3 OISy
1 poBizaLii BUpOOHNYOT AiSIBHOCTI Ta MiJBUIIEHUX BUMOT JI0 SIKOCTI MPOAYKIIii.

Bukian ocHoBHOro Mmarepiaay nociaigxeHHsi. s oOrpyHTYBaHHS KpUTEpiiB
BaroMocCTi 3ac00iB 3aXUCTy PYK CHCTEMH «3HapsJIs Npalii-oanHa (mpodecis)-cepe-
JIOBHIIIE» TPOAHAI30BaHO MOKA3HUKH MPOo(deciiHOrO cepeoBuIla, OB’ a3aHi 3 podo-
guMm MictieM. Jlo yBarm Opasioch cydacHe MiANPHEMCTBO KoMTMaHii «DIEKCTpOHIKC
T30B» (y mogansiomy «@Diekc») 3 epeTOBIMHU TEXHOJIOTISIMH, Ha STKOMY BCTaHOBJICHI
MiABUILEH] BAMOTH LIO0 OXOPOHU Mpalli, Ta JIi€ CUCTeMa €KOJIOTTYHOTO MEHEKMEHTY
JUTsE BUOOPY, TEXHOJIOT1H, YIPaBIiHHS BIIXOJaMHU, YTHIII3allii POIYKTIB BUPOOHHUIITRA,
YIpaBIiHHSA HeOC3MeYHUMH PEUOBHHAMH BiAMOBIIHO 10 cTanaapTie ISO 14001, 9000.

BpaxoByBanuch BeCh KOMIUIEKC 3arajlbHUX €PrOHOMIYHHMX TMOKa3HUKIB SKOCTI Mif-
CUCTEMH «MEXaHIK-poOode miciie» (Tadin. 1), BU3HaYaIach 3HAYYIIICTh 3aCO0IB 3aXH-
CTYy PyK ais migcucteMu. Jlo 1HTepB’rOBaHHS JOMy4YaluCh 1HXKEHEPHO-TEXHIUHI Ipa-
[[IBHUKW BIJAIOBiaJbHI 3a opranizaiito mpami. KilbkicTh pEeCIOHICHTIB MiJICUCTEMHU
«MEXaHiK-po0ove Miclie» cTaHoBmIIA 15 0ci0, BIIMOBIIHO. IHKEHEPHO-TEXHIYHHUX Pec-
MOHJEHTIB — § 0ci0.

Tabmuus 1
HoMeHnkiaTypa eproHOMiYHHX MOKA3HUKIB SKOCTI
Couianbni Ilcuxosmoriuni Diziosoriuni AHTPOHOT Tirieniuni
METPUYHI
Bignosiguicts | BigmosigHicTh BianosigHicTts Bignosiggictes | OcBITIEHICTD,
KOHCTPYKIIT MAIuHHA MaIHHH: MAIlIUHH, MTYJIBTY | BeHTUIISIIIS, TEMIICpaTypa,
MaIIHHH i MOXITUBOCTSIM 1 | CHJIOBHM, KepyBaHHS, BOJIOTICTb, TUCK,
opranizarii OCOOJIMBOCTSM: | INBUJIKICHHM, bopmu HAIpyTa eeKTPUIHOTO
poboUuX Micllb, | CIIPHIMaHHS, CHEPTETHYHUM, | 3aTOTiBKH: 1 MArHiTHOI'O IIOJIB,
Xapakxrepy, mam’siTi, 30POBHM, po3Mipam i 3aIIeHICTb,
1 CTyHeHIo MHCJICHHS, CITyXOBHUM, ¢opwmi Tina, TOKCHUYHICTB, IIyM,
rpymoBoi HaBUYKaM Tpalli | TAKTUIBHUM posmoniny Baru | BiOparis, rpasirtariiine
B3aEMOIi| MOXKITHBOCTSIM MpariBHAKA TepEeBAHTAKCHHSI,
TIPUCKOPEHHST
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ABTOpaMH TakoX po3po0JIeHa aHKeTa JJIS OAIBIIOT0 OIMUTYBAHHS PECIIOH/ICHTIB
ITi]] KOHKPETHI YMOBH Ta IMOTpedu mianpreMcTBa (Tadm. 2).

PecnionieHTaM poIroHyBaIoChk MPH aHKETHOMY ONUTYBAaHHI BHOpaTH HaliBaroMinii
MOKAa3HUKH 338 METOJMKOIO B SIKiM «JIecATh» (HalBUIIMKA 0ai) MPUCBOIOBABCS HAWBaro-
MINIIOMY TIOKa3HHKY, HACTYITHOMY, BIIIIOBIHO, «JIEB’ATh» 1 TaK JaJi.

Pesynbratii aHKETHOTO ONHWTYBaHHS OOPOOJSUIUCH 3a JOIOMOIOI0 IIPOrpaMu
«RANG». Bys10 BCTaHOBIIEHO, 110 3HAYY MU [TOKA3HUKAMU B yMOBaxX BUOipKHu Oymu X

Tabmuws 2
Homenknarypa nokasHMKiB sikocTi (iepapxiyHa cTPyKTypa) pyKaBUIlb CHCTEMH
«3HapsIAs npaui-MexaHik-ymoBu npaui(npodeciiine cepenoBuie)»

Ne
3/m
mupp

IMoka3Huk sikocTi 110
norpedye KOHTPOJII0
Ta perJIaMeHTy

I'pyna
NMOKa3HHUKIB

Y3arajibHeHa
XapaKTepucTuKa

IIpumirka
(ocoduBi
KpHuTepii)

CTUPAHHS(CTUCHEHHSI )

mopi3

TTPOKOJT

ynap (BiOpartisi)

Jlist MexaHIuHa

Opyn

abpasuB

CTpYKKa

Jist
MEXaHIYHUX
YaCTUHOK

TCILIO

XOJION

CJICKTPUYHHI CTPYM

10HI3yI0Ue IPOMIHHS

dizuuna nis

3axucHi QyHKIii
npaiiBHUKA

TTPOHUKHEHHS

TaKTWJIbHI BITYYTTS

KIHECTeTHYHI BiTIyTTA

DyHKIII0-
HaJIBHICTH

[Ipodeciiina
(YHKIIOHATIBHICTD
(KIHYMKH TaJTBIIIB,
(hamaHTH TANBIIIB,
KHCTI PyK)

BEpXHIl Ta
HYDKHIN opir
Yy TINBOCTI

Ppo3MipHi
XapaKTEPUCTUKH

riricHivysi
XapaKTCPUCTUKU

rcuxo-Qizionoriyae
CIIPUNHATTSA

CYMICHICTB IIIOJI0
(hizionorii MTHIHHSL

Epronomiu-
HICTB

Komdoprhicts

JIOCJIIIHA HOCKA

30BHIIIHINA BUIVIALL

Ecretnynicts

KOJIIp

Ecrernuni

MapKicTh

0e3MeYHICTh Ha
eTanax BUpOOHUIITBO/
YTHITI3aITis

Exonoriunicts

Exonoriuna 6e3nexa

MarepiasiB

3HOCOCTIHKICTB
NaKeTy MaTepiaiiB

JIOBroBiYHICTH

Haniiinicts

MarepiaiiB

BapTICTB/B KOLITOPHCI
BUTpAT

3aXUCT OOJIaHAHHS

Besneunicts

ExonoMivuHiBUTpaTH
Ha 3co0un
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(3axmcT B MexaHiuHOI Jii; X, (3aXMCT BiJl YaCTUHOK CepenoBuIna), X, (€proHOMivHi
nokasHuku). [lokasauk X (3axuct 00maHanus), K i MOKasHUK X, (3aKyTiBeabHa Bap-
TICTB) 6yJ1H HaiiMeHII BaroMuMH. J{OCIIIDKCHHS MOKa3aj0 TaKOXK MAaUid Koeq)iuiCHT
koHKopaawii W= 0,4212. Lleii koe(ilieHT XapaKkTepHu3ye CTyHle y3roz[>1<eHOCT1 JTyMOK
PECTIOH/ICHTIB, Y TAaHOMY KOHKPETHOMY BUIIAKy CKCIIEPTiB, IOAO0 JOCTIHKYyBaHOI TIPO-
OnemMatuku.

Pesynerat OCHIIKEHD MOKA3yIOTh MOTPeOy B ORI AETAanbHOMY BHBUCHHI BCiX
napaMeTpiB, (aKTOpiB MPOOIEMH B3a€EMOJIIH 3aCO0IB 3aXHCTY PYK CHCTEMU «3HAPSIJIS
npaui-noauHa (mpodecis) — cepenopuuie». JeranpHime BUBYEHHS (izionorii podotu
PYK MexaHika, 0OyMOBJICHOI HOTIHHSM IIKIpH PYK B MiJCHCTEMaX «IOJOHS-ICTATbY,
«JIOTHK-KOHTAKT) 13 3ac00aMH Ta 3HAPSIISIMHE TTPAIIi.

PoOiTHUK roj010 JOMOHEI0 MOXKE 3aJIMIIATH Ha TOBEPXHi JeTaneil BiIOWTKH, 110
€ HeOKaHUMU B JICIKHX BUTAJIKAX, K 3 €CTCTUYHOI, TaK 1 TIFEHIYHOI TOYKH 30pY IS
roToBoi npoaykiii. OcoOIMBO Iie OTPIOHO BPaxOBYBaTH NMPH HAHECCHHI 3a TO/allb-
IIOI0 TEXHOJIOTi€I0 BUTOTOBIICHHS Ha TIEBHI MOBEPXHI JAeTajeil pi3HUX BHUJIB 3aXHC-
HUX NOKPHTH, (papOneHHs], JTaKyBaHHS a00 MPH 3aCTOCYBaHHI MOJiPOBAHIX MOBEPXOHb
y MeaunuHi Tomo. Hamu 3 qonoMororo ¢ororpadii 3a10KyMEHTOBaHO BIAOUTOK JIOJIOHI
pykH, sika nepeOyBaja B KOHTaKTi 3 MaTOBUM CKJIOM (puc. 1, a), Ta penbed moBepxHi
IIKipH, A€ JiTKO MPOCTEKYIOTHCS MOTOBI 3amo3u (puc. 1, 6).

a)
Puc. 1. [ntocmpyeanns 8i06umkie wikipu.: a) 8i006UmMoK KOHMAaKmy OO0NOHI,

WO NIMHIE 3 MAMOBUM CKILOM, RONEPEOHBO OXONOONCCHUM
6) MIKPOCKONIsL NOBEPXHI WKIPU OONOHI THOOUHU

MiKpOCKOIiYHE JOCIIHKEHHS MOBEPXHI MKipH (haJlaHTiB MaibLiB JIONUHU (puUc. 1, 0)
JIaJIo 3MOTY PO3paxyHKOBUM METOJIOM BU3HAUHUTH IUIOILY, Ha SIKY IPUTIAAAE OJJHA EKPHHOBA
noroBa 3ao3a — 0,5 mm? (00’ exT MaciTabyBaHHs: Ha KBaapar IUIOIICIO 4 MM IIPHUIIafae
8 eKpUHOBHUX MOTOBHX 3ai103, T00TO 500 3a103 Ha 1 CcM?, IO IIJIKOM KOPEITOE 3 MOKa3-
HukoM 200—400 3am03 Ha 1 cM?, HaBegeHUM Y poooTi [12]). OCKiIbKU eKpUHOBA TIOTOBA
3aJ103a TIPEJICTABIISIE COOOK TPyOUaCTy pyKaBHY IMPOTOKY, sIKa B INIMOWHI JIEPMHU Mae Gopmy
KiIyOKa, TO JOBXKHHA 11 OLTbINA 32 TOBIIMHY LIKIPH 33 PaxXyHOK cITipaenonionoi hopmu ta
CTAHOBHTH Bif 2 10 5 MM.

[TiTHIHHS IKIpY JTFOIWHY Ta IOJIOHEH € CKJIQTHUH IPUPOIHUH O10JIOTUHIIA peIieKTop-
HUIA TIPOLIEC TEIUIOBOT PEryJIsLii JIIoNMHU. IHTEHCUBHICTD MITHIHHS MOXKE CYTTEBO 3MiHIO-
BATHCh BiJl MAJOMOMITHOTO — Y BUIJISIII ITAPH, /10 PSICHOTO — Y BUNISII Kpameib. Cekpertist
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MOTY Y BUIVISIII TApH Ta Kpamesb 3M1HCHIOETECS pe(hIeKTOPHO BUBITHUMH IPOTOKAMU MiK-
POTIOpaM¥ €KPHHOBHX MOTOBHUX 3aJI03, IIUTBHO PO3MIMICHUMHE Ha MKipi. [IponyKTHBHICT
MOTOBUIUICHHS 3aJI03U BU3HAYA€THCA J1aMETPOM IPOTOKH, sIKa Ha TOBEPXHI LIKIPH Bifl-
KPUBA€ETHCS IOpoto JiamerpoM 60—80 mxm [12].

[kipa J0JNOHI JIFOAMHN PEPISKTOPHO MITHIE 3aBISIKH €KPUHOBUM ITOTOBHM 3aJI0-
3aM, CeKpeLis AKUX Y BUINISAL MOTYy BUKOHYE TEPMOPETYISLIHHY (DYHKIIIO Ta BUALTBHY
(byHKIIiO, IIT0 B OCHOBHOMY TIPOSIBIISIETHCS TIPH BUKOHAHHI (hiznunux aiit. [lo miit mpu-
YUHI MaTepial 3aXUCHUX PYKaBHYOK MOBHHEH MaTH BUCOKI Tiri€HIYHI BJIACTHBOCTI,
J00pe MOTIMHATH Ta MPOITYCKaTH MIT JIOIUHH.

BukopucTaHHS pyKaBHUOK 3aBKIH BUKINKAE MEBHI OOMEXKEHHS y BIIUYTTIX (hak-
TYpH, B pycl pyKH Ta najbiiiB. L{e 00yMOBIeHO (i310JI0TI€rO IKIPH JIFOAUHHY, 11 perienTop-
HUMH QYHKIISMHU Ta QYHKIISIMHE pyXy M’sI31B KHCTI pyK. 3 1HIIOTO OOKY 3aXMCHI pyKa-
BUYKH ITOBUHHI OyTH TaKUMH, 1100 HE NOTIPIIUTH Yy TIUBICTE 1 BIPABHICTH MaJbLiB PYK
JUTSI BUKOHAHHS BIIMTOBITHAX TEXHOJOTIYHUX A Ta PYXiB.

TaxkTuiabHI BIIUYTTS — 1€ BITUYTTA JOTUKY Ta THCKY (puc. 2, a). Tinbis Melicaepa,
TaKTHJIBHI PEIETITOPH — YyTIMBI PEIENTOPH, SIKi 3HAXOAITHCS y COCOYKOBOMY IIapi
nepmu (puc. 2, 6). CTBOPIOIOTH BITYYTTS JOTHKY, X04a HE € €IUHUMH IOTHKOBUMH
peuenTopamu. Lli penentopu Ha3BaHI Ha 4YeCTh HiMENBKOTO aHaroma [eopra Meiicc-
Hepa. BaxnmBo BigMITHUTH Te, IO caMe HIDKHIN Ta BEPXHIM MOPIr YyTIHBOCTI B KOH-
KPETHUX yMOBaX BHPOOHMIITBA BiJIIrPAIOTh TOJIOBHY POJIb HA YMOBH Ta O€3MeKy mpaili
pOOITHHKA.

Puc. 2. Taxmunoui ¢iouymms O0IOHI pyKu: @) OOMUKY ma mucky,
0) MexaHopeyenmopu coCouK08020 Wapy 0epmu, 8) KinecmemuyHi i0uymms KUcmi pyKu
neenoi npogheciiinoi onepayii

bimbrr TOBCTI pyKaBHYKH MOXYTh OOMEXKHTH CIPHTHICTh, 3IaTHICTH Ta CIPO-
MOXKHICTB JPIOHOT MOTOPHKH , SIK TAKTHJIBHI BiTUyTTS , TaK 1 KIHECTCTUYHI BIAIYTTS
(puc. 2, B).

OjiepkaHi 3a CyKYITHICTIO Pe3yJIbTaTH Bidyauliallii MKipy JOJI0H1 JIFoauHU (puc. 3),
a TaKoX aHaJli3 IPOBEICHUX paHille TOCiHKeHb [ 12], cTanu migcTaBoro i HOAAIBIION0
PO3BHUTKY TCOPETUYHHX YSIBICHH CTOCOBHO 00’ €KTY JOCIIDKCHHSI TOTHK/KOHTAKT .

VY pes3ynbTari IpoBeIcHOT HAYKOBO-JIOCITITHOT pOOOTH pO3B’SI3aHO HU3KY 33134 IIIJIs-
XOM EKCIIEPTHOTO OIUTYBAHHS 110 3a0€3IICUCHHIO:

— MaKCHMaIbHOI €(peKTUBHOCTI MPOQeCciiHOi AISITBHOCTI;

— MaKCUMaJIbHOI OE3TEeKH Ta ONTUMI3allil YMOB TPYIOBOI MisTTbHOCTI;

— KOM(OPTHOCTI TPYAOBOI TiSIIBHOCTI.
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Puc. 3. Mixpoghomoepaii nogepxni wikipu exasienozo nanvys mexanirxa (x10) eepcmamy
0/151 NIOCKOT WiNighosKU cmaneil: a) HOpMaIbHA WKIPa 6e3 306HIUHLO20 GNIUBY,
0) wWKipa wo KOHMAKMy8aNa 3 MAWUHHUM MACTIOM;
8) WKIpa, Wo KOHMaxKmyeand

3 1i€i TOYKK 30py MIATOTOBKA MOBEPXHI /10 HAHECEHHS OpraHidyHoro abo Heopra-
HIYHOTO TMOKPHUTTS € HAMOUIBII TPYAOMICTKOIO OIEpaIli€ro, BiJ SKOi 3aJIC)KHUTh SKICTh
oTpuMaHux aetaneil. [Ipy npucyTHOCTI Ha MOBEPXHi JieTalell HaBiTh HE3HAYHOI TOHKOT
JKUPOBOT 200 OKCHTHOT TUTIBKH MTOKPUTTS Oy/ie HESKICHUM, 3 MiXypamu a00 HaiJacTimie
3 3ayTTsiM. OcoOmmBo HeOe3nmeyHi opraHiuHi 3a0pyaHeHHs. TakuM YMHOM, KOPCTKI
BUMOTH JI0 KOHTPOJIIO MTOBEPXOHb IOB’sI3aHi HE TUIBKU 3 BCTAHOBJICHHSIM HOPMATUBIB
JI0 IOPCTKOCTI TOBEPXOHb, MIOPUCTOCTI MaTepiay MOBEPXHIi JeTali, aje i BiJ HasB-
HOCTI OpTraHIYHUX 3a0py/JIHEHb MMOBEPXHI Ta BUOOPY METOMY I OUMCTKH AeTaii. Tur
3a0pyIHEHHS, HASIBHICTD, HATIPUKIIA, MAIIMHHOT OJIMBH, BU3HAYAIOTh METOJI OUUILICHHS
MOBEPXHI Ta B KIHIIEBOMY T1ICYyMKY BIUIMBAIOTh Ha SIKICTh 1 cO0iBapTicTh BUPOOY.

1 IbOTO BHKOPHCTOBYIOTH Pi3HI TEXHOJOTIi 3HE)KHPEHHsI IMOBEPXHI MeTalry abo
CILIaBY: MEXaHI4HE OYHUIIEHHsI, a0pa3uBHE OUUILICHHS, OYHMIIEHHS TPAaBICHHAM, ocha-
TYBaHHSM, XpOMaTyBaHHIM, ITACHBYBAHHSM TOIIIO.

IlocraBieHi 3aBIaHHS MEBHOIO MipOI0 KOPEIIOIOTHCS 3 HEHM[OAABHIMH JIOCIiKEH-
HSIMH [TPOBEICHUMH aBTOPAMHU Ta MOB’I3aHUMH 3 BILTHBOM TUITY 3a0pYIHECHHS IIOBEPXHI
mKipu (puc. 3). Beranosneno, mo Big 60 1o 70% Bcix nedeKTiB, BUSIBICHUX HAa BUPOO-
HUITBI, IPsIMO ab0 MOCEPEIHBO BITHOCATHCS IO IOMIJIOK, IOMYNICHHUX Ha TaKUX
IUIHKAaX, SIK MPOCKTYBAaHHs, TEXHOJOTIYHA MiJATOTOBKA BHPOOHUIITBA Ta 3aKyIiBJIsI
MarepiasiB. BapTo HaroJocuTu Bce Xk, IO MaiKe BCI TIEPEBIPKHU Ta il 3 yIpaBITiHHS
SIKICTIO BCE-TaKH CIIPSIMOBaHI Ha BUPOOHUYY TUTHHHITIO.

BucHoBKH. B yMOBax cTpiMKOTO pOCTy JIOCATHEHb HayKOBO-TEXHIYHOTO MPOrpecy
Ta IHTerparlii CBITOBOi €EKOHOMIKH CHCTEMa «JTFOMHA-MaIuHA-CEPEIOBHIIE) SBOIIOITI-
OHYE, PO3BHBAETHCS TA YIOCKOHAMIOETECS. Lle 3a0e3medyeThesi rapMOHI3alli€ero eproHo-
MIYHHUX BIACTUBOCTEH MiXK JIFOJIMHOIO Ta MAIIMHOIO, SIKI HAlPaBJICH] Ha:

— MAakCUMallbHy e()eKTHUBHICTh MPOeCiiHOT AISITLHOCTI;

— 0e3neKy Ta ONTHMI3AIl0 YMOB TPYJAOBOT isIIbHOCTI;

— 3abe3nedeHHs KOM(QOPTHOCTI TPYIOBOI AiSUIBHOCTI.

HanpanpoBani kputepii MOXXyTh 3a0e3MeYUTH OUTBIN Ji€EBY B3a€MOJIIO MO JIiHI{
«IIOCTAYATBHUK 3aXUCHUX PYKAaBUUOK — KOHKPETHHI CIIOKUBAY 3aCO0IB 3aXUCTY PYK»,
3 BpaxyBaHHSM, SIK 1HUB1TyalbHUX MOTPeO MpaliBHUKA, TaK 1 BUMOT BUPOOHHIITBA.

[Tpu popmyBaHHI BUMOT 70 3ac00iB 3aXUCTy PYK JIJIsI KOHKPETHUX YMOB Ipodeciii-
HOT isTTbHOCTI TOTPIOHO BPaxOBYBATH, SIK 3aXUCHI BIACTHBOCTI PYKaBUYOK, TaK 1 HE3-
py4HOCTI (OOMEXKEHHsI pyXiB KUCTI PyK KIHECTETUUHI BiAUYyTTs, NOTIPIIEHHS TaKTUIIb-
HUX BIJYYTTiB), 110 OOYMOBJICHHI 3BUYHOIO (Di310JIOTIYHOK MOTPEeOO0, MOB’SI3aHOI0
3 MOTIHHAM MIKIPH JOJIOHI Ta MajblliB pyK. [li MUTaHHS MOXYTh OyTH BUPIIICHI IIJIs-
XOM KacToMi3allii, Sk 1i€Boi (pOPMHU B3aeMOAIl MK 00 €KTOM Ta CyO’ €KTOM TOBAPHUX
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Ta BUPOOHWYMX BITHOCHH, 1[0 CTIPSIMOBAHA HA TIOKPAIIEHHS CIOKUBUUX BIACTUBOCTEH
ToBapy. KoHkpeTHUit (haxiBelb raiy3i MOKe BHCTYIIATH TAPTHEPOM IIOJIO0 BUPIMICHHS
MEPCIEKTUBHUX 3aBIaHb U BUPOOHHKA, SIKHI O€3[0CEepPEeIHbO BPAXOBYE BiIIOBIIHY
JIyMKY CIIO’KMBaya Ha BCiX eTarax XUTTEBOTO UKy TOBapy.
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XAPYOBI TEXHOAOTI
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®EPMEHTALIA AK KJOY A0 NIABUUWEHHA XAPYOBOI
UIHHOCTI: AOCNIAXEHHA BNJNIMBY HA UOTYPTU
TA KBALLEHI OBOMI

BoeHigeHko J1. 1. — kaHOudam ciflbCbK020Ccrno0apChKUX HayK,
douyeHm Kaghedpu xap4o8ux mexHornoait
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Y emammi demanvuo posensoacmuvcs npoyec gepmenmayii tiocypmy ma KeauleHux 080uis,
AKYEHMYIouU €010 YAy Ha MIKpODIONOIUHUX NPOYecax, Wo 1excams 8 OCHOSI Yb02o Npoyecy,
a maxodic Ha PaKmopax, AKi 6NAUSAIOMb HA AKICMb MA CMPYKIYPY 2008020 NPooyKmy. Ananizy-
HOUU POTIb MOTOYHOKUCTUX Oakmepitl y ghepmenmayii iocypmy, ix 33;11’[1—11'01’)1!) 00 p03ma()§) naKmo3u
ma ymeopenHs MONOUHOI KUCIOMU, HA0AE NPOOYKMY XapakmepHy KOHCUCHeHYilo ma cmak. Boo-
HOuac 0cobausa yeaza npuoiisicmvcst MeMnepamypl, 60J1020CMI MA PiGHIO KUCIOMHOCMIE HA eeK-
MUBHICIMb hepmenmayil, wo € 8a3CIUeUM Oist OOCISHEHHS. CMAOLIbHOCMI Ma be3neKu NPOOyKmy.

Taxooic 00CniOHceHO 3HAUEHHs NPObIOMUYHUX Dakmepiil, SIKI Ymeopomscs nio wac gep-
MeHmayii tiocypmy ma KeauleHHs 08048, ma IXHIll NO3UMUBHUL 6NIUE HA 300P08 s THOOUHU.
3okpema, 3aznauero, wo npobiomMuKY CNpUAmMb HOpMALI3ayii MiKpogIopU KuweuHuka, 3miy-
HeHHIO IMYHHOI cucmemu ma nokpaujennio mpasiens. OKpim moeo, nio uac npoyecy gepmen-
mayii 08oui 36epicaioms 6 codi 6Micm GIMAMIHIE, AHMUOKCUOAHMIE MA THULL KOPUCHT OI0AKMUBHI
CNOMYKU, WO NOKPAWYIOMb XAPYO8Y YIHHICTG 3MIYHIONUU 300P06 "5 TTOOUHU.

Taxum uunom, ghepmenmayis tio2ypmy ma KEAUWLEHUX 080UI6 € BAICTUBUM EXHONOTYHUM
npoyecom, AKUll He MiNbKU NOKPAUYE XAPHOBY YIHHICMb NPOOYKMI8, a Ul MAE GeluUKe 3HAYEHHS
0715 300p08 51 TOOUHIL.

B mamepiani onucyemuvcs yinHicmos nOJICUBHUX PEHOBUH, WO MICMAMbCA. 8 Oypayi (Hasae-
HICIO OeMANAHIHY — NOMYNCHUX AHMUOKCUOAHMIB, SIKI HeUmpanizyloms LIbHI pAOUKaiu ma
00nOMA2aloMyb 3HUACYBAMU PiBEHb CMpecy).

Tap6ysi (6ucoxutl micm KapomuHoioie, cepeod SAKUX 8axNCIUse Micye 3aumae Oema-KapomuH.
L[5 peuosuna ukomye ponb aHMUOKCUOAHMY i € nonepeOHuKom gimaminy A, sikuti HeoOXiOHul 01
RIOMPUMKU 300pP08 5 30pY, (DYHKYIOHYBAHHS IMYHHOL CuCmeMy ma niOMpUumMKU CMAany wKipu).
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Bpoxonni (cyrvpopaghan, saxuii micmumscs y OGHOMY 0804l € NOMYHCHUM AHMUOKCUOAHMOM,
WO aKmueye 3axucHi ghepmenmu 6 op2amizmi, 0onomazaouyu 6OPOMuUCs 3 GLIbHUMU PAOUKATAMU
ma moKCuHamu,).

Knwwuogi crosa: epmenmayis, iiocypm, MiKpoopeamizmu, 6iomexHono2ii, KeaueHi 08oui,
Xapuosa YiHHICMb, 30epedceHHs npoOyKMIis, eKoN02iuHa CIMItKICIb, KUCIOMONIOYHA NPOOYKYIA,
npobiomuxu.

Vohnivenko L. P, Sherman A. A., Lanevych L. I. Fermentation as a key to enhancing
nutritional value: a study of its impact on yogurts and fermented vegetables

The article discusses in detail the process of fermentation of yogurt and sauerkraut, focusing
on the microbiological processes underlying this process, as well as the factors that affect the
quality and structure of the finished product. Analyzing the role of lactic acid bacteria in the
fermentation of yogurt, their ability to break down lactose and produce lactic acid, which gives
the product its characteristic texture and taste. At the same time, special attention is paid to the
effect of temperature, humidity, and acidity on fermentation efficiency, which is important for
achieving product stability and safety.

The importance of probiotic bacteria formed during the fermentation of yogurt and sauerkraut
and their positive impact on human health is also investigated. In particular, it is noted that
probiotics contribute to the normalization of intestinal microflora, strengthening the immune
system and improving digestion. In addition, during the fermentation process, vegetables retain
the content of vitamins, antioxidants and other beneficial bioactive compounds that improve
nutritional value and strengthen human health.

Thus, the fermentation of yogurt and sauerkraut is an important technological process that not
only improves the nutritional value of products, but is also of great importance for human health.

The material describes the value of nutrients contained in: beets (the presence of betaalanine —
powerful antioxidants that neutralize free radicals and help reduce stress levels).

Pumpkin (high content of carotenoids, among which beta-carotene occupies an important
place. This substance acts as an antioxidant and is a precursor to vitamin A, which is necessary
for maintaining healthy vision, functioning of the immune system and maintaining skin condition)

Broccoli (sulforaphane, which is contained in this vegetable, is a powerful antioxidant that
activates protective enzymes in the body, helping to fight free radicals and toxins).

Key words: fermentation, yogurt, microorganisms, biotechnology, sauerkraut, nutritional
value, food preservation, environmental sustainability, fermented dairy products, probiotics.

Beryn. depMmenTartist € oIHAM i3 HAWTABHIMINX IPOLECIB 00pOOKU MPOMYKTIB, IKAN
BUKOPUCTOBYETBCS JIIOACTBOM MPOTSATOM THUCSUONITh. Lle mMeTox m03BONSB HAIIMM
IpeKaM He JIMIIe 30epiraTi 1Ky MpOTSIroM TPUBAJIOTO Yacy, a i MOKpallyBaTy ii xap-
YOBY IIHHICTh Ta CMaKOBi BIacTUBOCTI. ChOromHI (hepMEHTAIlis BiAIrpae BaXKIUBY POJIb
y Xap4oBiil MPOMHCIOBOCTI, a iHTepec 10 (pepMEHTOBAHUX MTPOIYKTIB 3pOCTAE Y 3B SI3KY
31 30UIBIICHHSAM ITOTIUTY Ha 3J0pOBe XapuyBaHHs. dDepMEHTOBaHI MPOJYKTH, TaKi K
HOT'YpTH Ta KBAIICHI OBOYi, CTAIU MOy IIPHUMU HE JIUIIE Yepe3 CBil MPUEMHUI CMaK,
a 1 3aBKN O6araToMy MOKHBHOMY CKJIAAY, 10 BKJIIOYA€ MPOOIOTHKHY, BiTaMiHU, aHTH-
OKCHIAaHTH Ta aMiHOKHCIIOTH.

CyuacHi JOCHiKEHHS MiATBEPIKYIOTh, L0 peryjspHe BKUBaHHA (epMEHTOBA-
HHUX IPOAYKTIB MAa€ MO3UTUBHUN BIUIMB Ha 30POB’SI JIIOAWHU. BOHM cpusioTh MoKpa-
IICHHIO IMYHITETY, HOpMalli3allii TPaBJICHHS, & TaKOXX 3HIKCHHIO PU3UKY PO3BUTKY
pi3HHx 3aXBOPIOBaHb. [IpOOIOTHKH, MO MICTATHCSA Y TaKUX MPOAYKTaX, JOIMOMAraroTh
HiATpUMYBaTH OaIaHC KOPHCHIIX OakTepiil y IUTyHKOBO- KHIIKOBOMY TPAKTI, III0 € BaX-
JIMBHM JJISI 3araJibHOTO 310pOB’ . OKpiM, TOTO, aHTUOKCHIIAHTH, SIKi YTBOPIOIOTHCS ITif
gac (pepMeHTallii, 3aXUIAI0Th KIITHHA OPraHi3My BiJl YIIKOIKEHb [1].

AKTyajbHicTh TeMH. 3 OIIsAAy Ha Bce OIIBIIC 3aHCTIOKOEHHS TPO SIKICTH Ta
KOPHCTh MPOAYKTIB XapuyBaHHS, (DepMEHTOBaHI MPOIYKTH CTAIOTh BAXKIMBOIO CKJIa-
JIOBOIO pallioHy 0araTboX CIOXHBadiB. BOHN MO€AHYIOTh y COO1 BUCOKY XapyOBY LiiH-
HICTB, IPUEMHUI CMaK Ta KOPHUCTH JJIS 37I0POB’A, IO POOHTH X MOMYITIPHUMH Cepe
MPUXUIBHUKIB 370pOBOTO criocoOy *)UTTsA. [Iporiec (epmeHTallii Hajgae MOXKIHBOCTI
CTBOPIOBATU MPOAYKTH 3 HOBUMH OPraHOJENTHUYHUMHU XapaKTEPUCTUKAMM, OaraTUMU
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Ha 610JI0T1YHO-aKTUBHI PEYOBHHH, SIKi TO3UTUBHO BIIMBAIOTH HA (pi3ioNorivHi nporecu
B OpTaHi3MI.

BpaxoByroun cyuacHi TeHAEHLIT A0 310pOBOTO Xap4uyBaHHs Ta 3pOCTaHHS MOMYJIAP-
HOCTI HaTypaJIbHUX IPOAYKTIB, (PEPMEHTALLiS CTA€ HE3aMiHHUM METOJIOM 00pOOKH Mpo-
JyKTIiB, IO JIO3BOJIsIE 30€perTH 1X MOXKHMBHI BIACTHBOCTI Ta TIOJIMIIUTH iXHIA CKIIa.
Takox, cripusie CTBOPEHHIO MIPOIYKTIB 13 BUCOKOIO XapyOBOIO IIHHICTIO, SIKi BiAMOBiAa-
I0Th BUMOTaM CY4YacHOTO CIIOXKHMBa4a MIO0 SKOCT1, OE3MEKH Ta KOPHUCTI IS 3710POB’sL.

TakuM YWHOM, JOCIIJKCHHS BIUIMBY (PepMEHTAIll Ha HOTYpTH Ta KBaIlIeHI OBOYI
€ aKTyaJbHUM THUTaHHSAM, L0 JIO3BOJISIE 3PO3YMITH, SIK caMe Lied Mpolec MOKpailye
SKICTh MIPOXYKTIB Ta iXHI (PYyHKIIOHATBHI BIACTHBOCTI.

IMocTanoBka npodnemu. CydyacHa Xap4yoBa MPOMHCIIOBICTh CTHKAETHCS 3 0€3JI1Y4I0
po0JeM, OJHIEI0 3 HAUTOJIOBHINIMX 3 AKHUX € 3a0e3MeUeHHs TOKUBHUMHU MTPOLYKTaMH,
III0 CTIPHSIOTH 3MIITHEHHIO 3/I0POB’SI 1 3aralbHOTO O1aromoyust CIIOKUBAYiB. Y 3B’ SI3KY
31 3pOCTaHHSAM KITBKOCTI 3aXBOPIOBAHbB, ITOB’S3aHUX 13 HEMPABIIIFHIM XapdyBaHHSM,
TaKHUX SIK OKUPIHHA, Aia0eT, cepleBO-CYIMHHI Ta IITYHKOBO-KHILIKOBI 3aXBOPIOBAHHS.
CrioxmBaui Jefaji yacTille HIyKaroTh MPOAYKTH, SKi HE TUIBKH 33J0BONBHSIOTH iXHI
0COOMCTI MOTpeOH, a i 3a0e3MeuyroTh JOJATKOBI MepeBaru Jiis 3710poB’s. BomHouac
Oarato TpaauLiMHUX NPOXYKTIB XapuyBaHHS He 3a0e3MeuyloTh HEOOXiTHOro piBHS
MOKUBHHUX PEYOBHH 1 MIKPOECJIEMEHTIB, HEOOX1THUX JIJIsl TOBHOIIIHHOTO OJIaronoyvust
OpTraHi3My JIIOIIHU.

®DepMeHTallig — OJIMH 3 HAWCTApIlIMX METO/IB 0OPOOKHU MPOIYKTIB XapuyBaHHS, 1110
JIa€ 3MOTY 3HAYHO TIJIBHIUTH Xap4yoOBY I[IHHICTh, IPOTE MUTAHHS 11 BIUIMBY Ha SKICTh
1 YHKIIOHAJIBHI BIACTUBOCTI MPOAYKTY 3aJIMIIAEThCS akTyanbHuM. Jleski Buau dep-
MEHTOBAHHX MIPOJYKTIB YK€ MAIOTh JOBEJICHY KOPHUCTH JUIs 3A0pPOB s, aje mpouec ¢ep-
MEHTAIIIi CHIIPHO BapifOETHCS 3aJIEKHO BiJl yMOB, BAKOPUCTOBYBaHUX MIKPOOPTaHI3MiB
i Tumy cupoBHHU. HeoOXiIHO BHBYATH BIUTHB IUX (DAKTOPIB, 100 ONTHUMI3yBaTH MpO-
nec ¢pepMeHTalii A7 OTpUMaHHs MaKCUMaJIbHOT KOPUCTI JUIsl OpraHi3My JIOnuHHM [2].

[lle omHiero mpoOieMor0 € Opak 3HaHb MPO OIOXIMIYHI 3MiHH, IO BiJIOYBarOTHCS
B MIPOJyKTax i gac (bepMeHTaui'l' 1 TIpo Te, K Ii 3MiHH BIUIMBAIOTH HA IXHIO XapyoBy
IIHHICTb. HaanKnan, #orypr i (pepMeHTOBam 0BOYI MOXKYTh MICTHUTH Pi3HY KiJIbKICTh
npoOiOTHKIB, BITaMiHIB 1 aHTHOKCHIAHTIB 3aJIC)KHO Bij TpI/IBaJIOCTl ¢depmenTamii Ta
THUITy BUKOPHCTAHHUX MiKpoopraHizmiB. Takok HEOOXiqHI NOCTIHKEHHS TOTO, SIK (ep-
MEHTOBAHI MPOAYKTH MOXYTb CHPHITH 3MIIHEHHIO IMyHHOI CHCTEMH, MOJIMIICHHIO
POOOTH IUTYHKOBO-KHIITKOBOTO TPAKTY 1 3HIKEHHIO PH3HUKY XPOHIYHUX 3aXBOPIOBAHb.

MeTta gocaimkennst MeTor TaHOTO JOCTIHKEHHS € OILiHKA BIUTUBY pouecy dhep-
MEHTAIIil Ha MiJBHUIICHHS Xap40oBOi LIHHOCTI MPOAYKTIB, 30KpeMa HOrypTiB Ta KBaie-
HUX OBOUIB. Y paMKax poOOTH JIOCIIIKY€ETHCS 3MiHA BMICTY KOPUCHHUX PEUOBHH, TAKUX
SK BITaMiHH, MTPOOIOTUKHM, aHTUOKCUIAHTH Ta aMiHOKHUCIIOTH, i/l BILTUBOM (hepMeHTa-
1ii. Takoxx aHanizyeThCs BIUTUB (DepMEHTAIli] Ha CMAaKOBi Ta OPraHOJICITHYHI BIaCTHBO-
CTI MPOAYKTIB.

AHaJi3 ocTaHHix gociaigkenb Ta myouaikauniii. epMmenTanis npuBepHyia 3HaUHY
yBary BUCHHUX 3aBJSKA CBOEMY BIUIMBY Ha TIiJIBUIICHHS IMOKUBHOI IIIHHOCTI TPOIYKTY.
HenmaBHi JochiDKeHHS TOKa3ad, 10 (epMEeHTallis MOXe 3HAYHO 30UIBIIATH BMICT
MO’KMBHUX PEYOBHH B 1K1 Ta MOJIMIIUTH 11 CMAKOBi sIKOCTi. OJJHUM 3 BaXXJIMBUX aCIEK-
TiB TaKUX JAOCIHIPKCHD € aHaNi3 BIUIUBY (pepMEHTallii Ha KUTBKICTh MPOOIOTHKIB, aHTH-
OKCH/JIAHTIB, BITAMIHIB Ta IHIIKX O10JIOTIYHO AKTUBHUX PEYOBHH.

Boiiko H. P. y cBoiif mocnigHunbkiii podoTi mpencTaBuB HayKoBE OOIPYHTYBaHHS
W MpaKTUYHY pealtizailiio TEXHOJIOTii BUpOOHUIITBA (PYHKI[IOHAIBHOTO HOTypTy, 30ara-
YEeHOTO IIope 3 cenepu. JlocimKeHHs moKa3ainy, mo gonaBanus 25-30% mope 3 cenepu
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3MEHIITye Jac (hepMeHTalii Ha 1 roauHy, Mo MigBHILYE €(EKTUBHICTH BUPOOHUYOTO
nporiecy. Kpim Toro, BBeICHHS celiepy TIO3UTHBHO BIUIMBAE HA CTA0LIBHICTH TOTOBOTO
MIPOLYKTY, 3HHXKYIOUH piBeHb cuHepesucy B 3—4 pasu [3].

YV nayxkoBi# po6oTi «IIpobioTuku i IX posib y BUPOOHHIITBI KUCIOMOJIOYHUX MTPOTYK-
TIB CIIENiajbHOTO TIpU3HAYeHHs», aBropu CoiomoH A. M. Ta [ToneBoma FO. A. nocmi-
JIWITA BaXKITUBICTh BUKOPUCTAHHS MPOOIOTHYHUX KYJIBTYP Y BUPOOHHUIITBI KUCIOMOJIOY-
HHUX TPOAYKTIB, OPIEHTOBAHMUX HA CICI[iaJIbHE MPU3HAYCHHS. Y CTaTTi PO3MIAAAETHCS
BILIMB MPOOIOTHKIB HA MOJIMIICHHS (DYHKIIIOHATBHUX BIACTUBOCTEH TAKHX MPOJYKTIB,
30KpeMa, Ha 3HW)KEHHS BMICTY JIAKTO3H, 110 POOUTH iX TOCTYITHUMHU JUIs JTFOJEH 3 Here-
peHoCHMICTIO TakTo3u. OKpiM TOTO, OyII0 3a3HAYCHO, 110 POOIOTHYHI KYJIBTypH 3aTHI
CUHTE3yBaTH BiTaMiHU TpynH B, a Takox iHII 0i0JIOTTYHO aKTHBHI CITOJYKH, SIK1 CITPH-
SIFOTh 3MIITHEHHIO IMyHHOI CHCTEMH, TOKPAILCHHIO TPABICHHS Ta 3arajbHOMY 03/J0POB-
JICHHIO OpraHi3my [4, 6].

VY kBamidikaniitaiii po6oti «J{ociipkeHHS BIUIMBY HATUBHHUX €K30METa0OITIB Ha
PO3BUTOK NakToOakrepiity BragucnaB OnompieHko Ta kepiBHUK Haramis JBiHCHKHX
JOCTITUIIN POJIb €K30MEeTa0OMITIB Y PO3BUTKY JIAaKTOOAKTEpii, 30KpeMa iX BIUIUB Ha
picT Ta MeTaboIiyHi iporiecy. B naniit po6oTi Oyiio JT0BeIeHO, 110 IPUPOJIHI CK30MeTa-
60u1iTH, BUALICHI 3 O10JOTTYHUX CUCTEM, MAIOTh 3/1aTHICTh CTUMYJIIOBATH PIiCT 1 aKTHB-
HICTh MOJIOUHOKHCIIMX OAaKTepii i MOXKYTh MOKpaNIyBaTy iX pepMeHTaTHBHY (YHKIIIIO,
30KpemMa (hepMEeHTAIlII0 1 CHHTE3 OPraHiYHUX KUCIIOT [5].

TakuM 4MHOM, aHaNi3 OCTAHHIX JIOCIIKEHb CBIIYUTH PO 3HAYHUI MOTEHIiaN dep-
MEHTAIIi1 y OKpAIleHHI SKOCTI POAYKTIB XapuyBaHHs. DepMEeHTOBaHI IPOIYKTH MAtOTh
MiJIBUIIICHUH BMICT BITaMiHIB, POOIOTHKIB Ta 1HIIMX PEYOBUH, POOJIATH iX KOPHCHUMHU
JUIs 300poB’st monuuu. [IpoTte, He3Ba)xKarou Ha YHCIICHHI JTOCIIIKSHHS, ICHY€e HEOOXi -
HICTh y TIOJIAJILIIIOMY BHBYEHHI TPOIECIB ()epMEHTAIl Ui BU3HAYCHHS ONTHMATBHUX
YMOB, SIKi T03BOJISATH OTPHMATH ITPOAYKTU 3 MAKCHMAITLHUMH KOPUCHUMU BIIACTHBOCTSIMHU.

Buxknax ocHoBHOro marepiajy. OCKiTbKU (pepMEHTaLlist MOXKE CYyTTEBO 3MiHIOBaTH
XIMIYHUH CKJIaJ] MPOAYKTIB, IOCIIHPKEHHS IIBOTO MPOIECY B KOHTEKCTI HOr'ypTy Ta OBO-
YiB BUMAarae peTesIbHUX aHaji3iB Ta JOCIIIKCHB, Yepe3 HOBI YSABICHHS PO MOKIIMBOCTI
X BUKOPHCTAHHS B paulom 3I0POBOTO XapuyBaHHSI.

B JlaHOMy JTOCITIJPKEHHI JJ1s1 TPOBE/ICHHS EKCIIEPUMEHTIB O0yi10 00paHo hepMeHTallis
TPBHOX BUJIB 0BOYiB (OypsiK, rapOy3 Ta OpOKoIIi), a TAKOK MOJIOYHUIN MPOJYKT — HOTYPT.
OCHOBHOIO METOIO € BUBUCHHSI BIUIUBY (pepMEHTALlii HAa XapuoBY I[iHHICTH I[UX MPOTYK-
TiB, 30KpeMa Ha BMICT BiTaMiHIB, aHTHOKCHIAHTHHUX CIIOJIYK Ta NPOOIOTHYHKUX OaKTe-
piif, @ TAaKOXK OI[IHKA OPTaHOJICHTUYHUX XapaKTCPUCTHUK.

Bypsixk € ogHNM i3 HaHIIHHIIINX OBOYIB 3aBJISKH CBOIM XapUOBHUM BIIACTHBOCTSM
i HaCHYEHOMY CKIIajy MOKHBHHX PedOBHH. MOro sICKpaBo-uepBOHmii Komtip 06yMoBITe-
HUIl HasABHICTIO OeTajaHiHy — TIOTYKHHX AQHTHOKCUJIAHTIB, SKi HeﬁTpani3yme BUTBHI
paguKaIy Ta JOIOMAaraloTh 3HHKYBAaTH PiBCHb crpecy B opraH13M1 OKle TOrO, OypsIK
Oaratmii Ha (bomeBy KHCIIOTY, IO CHpHs€ HOpMali3almii mporeciB KpOBOTBOPEHHS,
a TaKOXK MICTUTH KJIITKOBUHY, SIKa IIITPUMYE 300POBY POOOTY TPABHOTO TPAKTY.

I'apOy3 € oqHUM 3 HAMMOMYJISPHIMINX OCIHHIX OBOYIB, 1 HE apMa: BiH Oararuii Ha
MOXKUBHI PEUOBHMHH, SIKI CHPHUSIOTH 3MIIHEHHIO 3710pOB’s. SICKpaBHi moMapaH4YeBHI
KoJIip rapOy3a CBiIYUTh PO BUCOKHIA BMICT KQpOTHUHOIIB, CEpel IKMX BaXKJIUBE Miclie
3aiimae OeTa-KapoTHH. Ll peyoBHHA BUKOHY€E POJIb aHTHOKCHIAHTY 1 € MOTIEPEAHUKOM
BiTaMiHy A, KM HEOOXiTHUH IS MIATPUMKH 3710pOB’ S 30py, QYHKIIIOHYBaHHS IMYyH-
HO{ CUCTEMH Ta MIATPUMKHU CTaHy LIKipH [7].

Bpokoni — 11e o/iMH i3 HAWIIHHIIIKX OBOYIB 3aBJISKH CBOIM YHIKAJIbHUM XapuOBHM
BiacTUBOCTSIM. OCOOJIUBY yBary 3aciyroBye cyibhopadaH, SKHH MiCTUTBCS Y OpOKOJTI
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B 3HAUHUX KIJIBKOCTAX. Ll pedoBHHA € TOTYXKHMM aHTHOKCHJIAHTOM, IO aKTHUBYE
3aXUCHI (DepMEHTH B OpraHi3mi, JOMOMaratodu OOPOTHCS 3 BITbHHUMHU PaHKaIaMHu Ta
TOKCHHAMU. Takox BOHHU € YyZOBUM JUKEPEIIOM XapYOBHX BOJIOKOH, SIK1 TOTIOMAararoTh
HopMamsyBaTH TpaBIICHHsI Ta MATPUMYIOTh 3I0POBHI PIBEHb 1yKpy B KpPOBI.

st oriHKH BILTHBY (bepMeHTauu 6yJ10 BUKOPUCTAHO HACTYITHI METOIH:

1. AHaui3 Xap4oBiil HiIHHOCTI 10 Ta Micis GpepMeHTalii.

2. BuMiproBaHHS aHTHOKCHAAHTHOT aKTUBHOCTI Ta 0100CTYIHOCTI HYTPi€HTIB.

3. Bu3HaueHHS KUTBKOCTI MPOOIOTHKIB Ta IXHBOI aKTUBHOCTI B TIPOYKTI.

4. OpraHojienTu4Ha OLiHKa eKCIIEPUMEHTaIbHUX 3Pa3KiB.

AHani3 xapuosiii uinHocti 10 Ta micas ¢epmenrtanii. {11 BU3HAYEHHS 3MiH
y CKJIaJll MaKkpo- Ta MIKpPOHYTPIEHTIB OBOYIB OyJIO MPOBEICHO XIMIYHUE aHaI3 JIO Ta
micnst pepmenranii. BusHaueHo piBeHb OLIKIB, )KUPIB, BYIVICBOIB, BiTAMIHIB Ta MiHe-
pauiB. [TopiBHSHHS CKJIay OBOYIB JI0 1 micist pepMeHTallii mokas3ano 301bIIeHHS KOH-
neHTpaii Bitaminy C, a TakoX T1IBUIICHHS PIBHS JACIKHX aHTHOKCHUIAHTHHX CIIONYK.
JleTanbHO 03HAHOMHTHCS MOXKHA B TaOnuIi 1.

Tabmung 1
Bnaus ¢epmenTaiiii Ha BMicT MOKMBHUX PEYOBHH
Maxpoesementu r/100 r Bwmicr BiTaminiB mr/100 r
Excnepumen- - .
! Ho Hicas Ho icas
TaJbHUH 3pa3oK
(epmenTanii | depmenranii | depmenrTanii | ¢epmenTamii
binku: 1,5 binku: 1,6 . .
Bypsx Kupu: 0,1 Kupu: 0,2 B2C.:.0§03 B2C..0§05
ByreBoau: 9,6 | Byrnesomu: 8,5 ) ’
binku: 1,1 binkwu: 1,2 ) .
Tapby3 Kupwu: 0,2 Kupu: 0,3 Aé.320 A(.}420
ByrneBoau: 6,5 | Byrnesomu: 5,8 ) ’
Bbinkwu: 2,8 N
. Kupu: 0,3 Biman: 3,0 B2: 0,05 B2: 0,08
Bpoxori . Kupu: 0,4 ) ;
Byrmesomu: 6.0 C: 89 C: 110
9,67.1 Byresoau: 6,

3 aHauizy TabIuIll MOXKHA 3pOOUTH HACTYIHI BUCHOBKH, 1110 Micis (epMeHTauii Bij-
Oynocst momiTHe 30inbIIeHHs BiTaMiHy C y BCIX OBOYAX, IO € HACIIAKOM PO3KIaTy
KIITUHHAX CTIHOK ITiJT Ii€X0 (DepPMEHTIB.

BumiproBaHHs AaHTHMOKCUJAAHTHOI AKTHMBHOCTI Ta 0i0g0CTYNHOCTI HYTPi€HTIB.
depmMeHTallis TAKOXK BILIMBAE HA aHTHOKCHIAHTHY aKTUBHICTh OBOYIB. AHTHOKCHIAHTH
3JIaTHI HEUTPAJi3yBaTH BIJIbHI PAUKAINA B OPTaHi3Mi JIFOMUHHU, THM CAMUM 3HIKYHOUH
PU3UK BUHUKHEHHS 0ararb0oX 3aXBOPIOBaHb, 30KpEMa CepLeBO-CYIUHHUX XBOPOO 1 paKy.
Pesysnbraru g0CiiKeHHS IPeACTaBICHH] B TaOmuIli 2.

Tabmnug 2
Bnius ¢pepmenTallii HAa AHTHOKCHIAHTHY AKTUBHICTH
Ta 0i0AKTUBHI KOMIIOHEHTH

Excncpmen- | oSNNS | osigenoa writoo | Kaporauetin
TATLHIN 3pa3oK Ho Micas Ho Micas Ho Micas
Bypsik 65 90 20 35 — —
[ap0y3 50 72 — — 300 450
Bpoxori 45 68 — — — —
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Pesynpratu mokazanw, mo ¢pepMeHTallis 3Ha9HO ITiJIBUIILY€E PIBEHb aHTHOKCHIaHTHOT
AKTUBHOCTI Ta KUTbKICTh moutiheHomiB y OypsKy Ta iHIKX oBodax. Lle cBiAuuTh Mpo Te,
IO Tporec GpepMeHTanii Moxke OyTH €(PEKTUBHIM JUIsl TOKPALICHHS aHTHOKCHIAHTHOT
AKTUBHOCTI OBOYIB.

Buznauennsi kijibkocTi Mpo0ioTUKIB Ta IXHBOI aKTUBHOCTI B MPOAYKTi. bymno
MIPOBEJICHO MIKPOOIOIOTIUHI JOCIIHKSHHSI JIJIsl OIIHKU KUTBKOCTI TIPOOIOTHUYHUX Oak-
Tepiid. Jlns mbOro BUKOPUCTOBYBABCS METOJ OOYMCIICHHS KOJOHIEYTBOPIOIOYHX OJU-
HHUIb Ta BU3HAYWINA IXHIO JKHTTE3MATHICTh. Pe3ymnbTaTe HOCHIIKEHHS MPEICTaBICHO
B Tabmumi 3.

Tabmuns 3
BwmicT npo6ioTukiB Ta iX aKTHBHICTh B eKCIIEPUMEHTAJBHUX 3pa3Kax
A0 Ta nicast pepMeHTALIT

Excnepumen- KinbkicTs npodioTukis KinbkicTs npodioTnkis
TaJbHUI 3pa30K 10 ¢pepmeHTaNil nicys pepmeHTail
Bypsix 1,2x103 8,5x105
I"apOy3 1,0x103 6,2x105
Bpoxouri 1,4x103 7,0x105

3 aHami3y TabIHIli CTa€e 3pO3yMLIIO, IO PE3YIBTATH IO CIiHKSHHS IIPOKA3aIn 3HATHE
301IBIIEHHS KUTBKOCTI MPOOioTHYHMX OakTepii B ycix oBodax micis (epMeHTartii, mo
MIATBEPIKYE €PEKTHBHICTD I[HOTO MPOIIECY JUIS MOKPAIICHHS MIKPOO1OTH KHIIICYHHKA.

OpraHosienTuyHa OLiHKa eKCIIepUMEHTaIbHUX 3paskiB. [Ipu nocnimkeHHi opraHo-
JNENTUYHHUX TTOKA3HUKIB OyJIO OI[IHEHO SIKICTh CMaKy, 3araxy, TEeKCTypH Ta 30BHIIIIHbOTO
BUTJISITY TIPOAYKTIB JIO Ta Ticis GpepMmenTaiii. Jst OIiHKM MOKa3HUKIB B3STO METOIN
OILIIHKU CTaHJAPTHHMH IIKAJIAMH Ta CKCIICPUMEHTAIBHHUX OIIHOK. /leTaqpHO 03HAl0-
MUTHCS MOXKHA B a0l 4 Ta radurd 5.

Tabnuis 4
OpraHosienTHYHA OIIHKA eKCIIePUMEHTAJIbHUX 3pa3KkiB 10 ¢pepMeHTaNil
Excnepumen- Hacuue- | Kucaor- | Cosion- | 3araabna
TaJIbHUI Cmak Apomar | Tekcrypa| HicTh HicTh KicTh ouiHKa
3pa3ok KOJILOPY 1-5) 1-5) SAIKOCTI
Bypsik Cononxuit Hen{““’v Teepna | UepBoHuit 1 4 Cepenus
3eMIISTHU I
Excnepumen- Hacuue- | Kucnor- | Comon- | 3aransHa
TaJbHUI Cmax Apomar | Tekcrypa HICTH HICTB KicTh OLliHKa
3pa3oK KOJIbOPY (1-5) (1-5) SIKOCTI
Tap6y3 Cononxuit HerKHH’V [linpHa CBITHO: 1 5 Cepenns
MIPUEMHUT JKOBTHIA
Bpoxoi Heiirp Va ] Her}< HH’v [inpHa CBITHO: 1 2 Husbka
JIbHUU TpaB AHUH 3CJICHUU
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Tabmuis 5
OpraHosienTHYHA OLIHKA eKCNePUMEHTAaJbLHUX 3pa3KiB micjisi pepmenTanii
Excnepumen- Hacunuye- | Kucaor-| Conon- | 3aranbHa
TaJILHMI Cmaxk Apomar | Texcrypa HicTh HicTh | KicThb oliHKa
3pa3oK KOJIbOPY (1-5) (1-5) SIKOCTI
binbm
Kucno- . R Hacuueno-
Bypsik . IHTEH- M’ska . 3 3 Bucoka
CONOIKHI . YEepPBOHUH
CHUBHHH
Meruu Jlerkuit SckpaBo
IapOy3 COJIONKUH 3 . . M’ska p N 2 3 Bucoka
HDKHHAN JKOBTHH
KHCITHHKOIO
. Jlerka CubHUH, Binbm SckpaBo-
Bbpoxkoni L . P . 4 1 Bucoxa
KHCIIMHKA | TpaB’siHUH | HDKHA 3eJIeHHuiI

OpraHojienTHYHa OIiHKa EKCIICPUMEHTAIbHHUX 3pa3KiB Micis (hepMeHTallil moka-
3a]¥ 3HAYH1 3MiHM B TIOPIBHSHHI 3 X mepBicHUM cTaHOM. OBOYi CTaly M’ SKIIIMMH,
3’sBUIIacs OULTBII BHpaXKeHa KHUCIMHKA, a TAKOX MMOCHJIMJIMCH CMAKOBI Ta apoOMaTHUHI
BIIACTHBOCTI. YCi IPOAYKTH OTPUMAJIH BUCOKI OIIHKY 38 CMaKOBUMH BIIACTUBOCTSIMH Ta
3arajbHOIO AKICTIO.

Takox po3nIsTHEMO OUIBIT JeTalbHO (DEPMEHTAII0 SIK KJIF0Y JI0 TiABHINCHHS Xap-
YOBOT IIHHOCTI: TOCII/PKEHHS BIUTMBY Ha Horyptu. depMeHTallis MOoXe 3Ha4HO 301/1b-
IIUTH BMICT KOPUCHHUX OakTepiil (MpoOiOTHKIB), 110 MO3UTHBHO BILIMBAE HA 30POB'S
KAIICYHHUKA, & TAKOXK TOKPAIIUTH 3aCBOEHHS TOKUBHHUX PEUOBHH. JoCTiKEeHHS B il
rajxy3i MOXyTbh 30CEpe/UKYBaTHCs Ha ONTHUMI3allli MporeciB GepMeHTarlii A 10Csr-
HEHHsI KpalluX OPraHoJCNTHYHUX XapaKTePUCTHK Ta TIOKUBHOT LIIHHOCTI MIPOAYKTY.

Cxema miporiecy GpepMeHTallii Horypry:

Mornoxo [Mactepu3zaris OxonomkeHHs 10 Temueparypu (42—45°C)

JlonaBaHHS CTapTOBUX KYNBTYp (JaKTOOAKTEpii, CTPEITOKOKN)

®epmenrartis (6—12 roauH, MiaTPUMKa TEMIIEPATYPH)

Oxonomkenns (110 4°C)

T'otoBuit mpoaykT (Horypt)

Omnuc eraniB nporuecy GepMeHTallii Horypry:

1. Monoko (niozomoeka cupogunu):

— BUKOPUCTOBYIOTH MOJIOKO Pi3HOT JKUPHOCTI (BiJ 3HEKHUPEHOTO JI0 KHUPHOTO), SKE
€ OCHOBOIO JIJIsI BUPOOHHUITBA HOTYPTY.

— Mosoko Moxe OyTH KOPOB'SSYMM, KO3SYHUM 200 OBEYHM B 3aJIC)KHOCTI BIJT BUIY
Horypry.

2. Ilacmepus3zauyis:

— Moroko HarpiBaroTh jJ0 Temmeparypu 85-90°C, mo0 3HHIIUTH BCl MaTOTCHHI
OaxTepii Ta MIKpOOPraHi3MH, 110 MOXKYTh OyTH IIPUCYTHI B CUPOMY MOJIOLI].

3. Oxonooorcenns:

— Ilicns macrepum3allii MOJOKO OXOJIOJDKYIOTH 110 Temmeparypu 42—45°C, mo6
3aIlyCTUTH Mpolec (pepMeHTalii, OCKIIbKUA caMe 15l TeMIIepaTypa € ONTHUMAaIbHOIO IS
PO3BHUTKY 3aKBaCOK.

— OxonomkeHHs 3a0e3nedye KOHTPOIbOBaHI YMOBH JUIS TIPABHIBHOTO PO3BHUTKY
OaxTepiil.

4. looasanns cmapmosux Kyibmyp:

— B 1ei eranm BBOIATH cHemialibHI MPOOIOTHYHI KyIBTYypH OakTepii (3a3BHuait
Lactobacillus bulgaricus i Streptococcus thermophilus).
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— CrapToBi KyJIbTYpH € HEOOX1THIUMH JUIsI TOYATKY IpoIecy pepMeHTallii, OCKIIbKU
BOHH PO3IICTUIIOIOTE JIAKTO3Y Ha MOJIOUHY KHCIIOTY, SIKa i 3a0e31euye XapakTepHy KOH-
CUCTEHLIII0 HOTYPTY.

5. ®epmenmauia:

— Mornoko, 3 TOJaHUMH KYJIBTypaMH, 3aJIHIIAI0Th B TEPMOCTATI MIPU TEMIIepaTypi
42-45°C na 612 rogud.

— B mpoueci ¢epmenTanii 6axkTepii po3KIanarTh JIAKTO3y HA MOJIOYHY KHCIIOTY,
IO CIPHSIE 3TYIMIEHHIO MOJIOKA Ta YTBOPEHHIO XapaKTePHOT KOHCHCTEHIIIT HOTYPTY.

— TpuBanicts epMeHTAIIT BIUTHBAE HA KUCIOTHICTH HOT'YPTY — UMM JIOBILIE TPUBAE
(bepMmeHTAIlisT, TUM OLTBII KUCIUM Oyze HOTypT.

6. Oxonooicennsn (3ynunka npouyecy pepmenmauii):

— Ilicns 3aBepiueHHs hepMeHTALil MPOAYKT OXOJIOKYIOTH 110 TeMieparypu 4°C,
1100 IPUMHUHUTH MOJANBIINHN picT 6akTepiil Ta cTabiIi3yBaTu MPOAYKT.

—  OXO0IIOJDKEHHS JTO3BOJISIE 30€pETrTH CMAaKOBI SIKOCTI MOTYpPTY Ta TapaHTye HOro
Oe3neyHe 30epiraHHs.

7. Fomosuii npodykm (Hozypm):

— Ilicns oXonomKeHHs HOTyPT TOTOBHH /10 CIIOYKMBAHHS.

— B pesynbrari dgepmenranii Horypt HaOyBae XapaKTEpHOI TEKCTypH, KHCJIOTO
CMaKy 1 KOPUCHHX BJIACTUBOCTEH 3aBISKU MPOOIOTUIHIM OaKTEPisiM.

®depMmeHTallis Ta Xap4oBa MiHHICTh HOTYPTY:

— Ilokpawenns 3aceocnns kanvyilo: Jlakrobakrepii B mporeci (pepMeHTaIlii BUPO-
ONSIOTH OPraHiyHI KUCJIOTH, IO JOMOMAaraloTh PO3UMHATH Kalbllid Yy MOJIOII i MOKpa-
IIYIOTh HOTO 3aCBOEHHS B OPTaHi3MI.

—  Binvw necke 3aceoreanns raxkmosu. 3aBIsKU GpepMeHTalii HorypT crae MeHII
JKUPHUM 1 OUTBII JIETKO 3aCBOIOBAHUM JIS JIFOJICH, SIKi HE MIEPEHOCATH JIAKTO3Y.

—  Bimaminu ma minepanu: depMeHTaIlisl TIABUIIYE PIBEHb JCSIKHX BITaMIiHIB
rpymu B (B,, B, B|,), a Tako iHIIMX BaXKJIMBUX HYTPIEHTIB.

DepMeHTallis € KIIIOYOBUM €TArloM Y BUPOOHMIITBI HOTYpPTY, OCKIJIbKYM BOHA BH3HAYAE
HE TIJIbKM CMaKOBI Ta TEKCTYPHI XapaKTEPUCTHKHU MTPOIYKTY, aJie i HOTo Xap4oBy I[IHHICTb.
ITporec depmenTanii 3iHCHIOETECS 3aBIASKH OAaKTEpisM, IO MEPETBOPIOIOTH JIAKTO3Y
MOJIOKa B MOJIOUHY KHCIOTY. Lleit mponec crpusie 3rymieHHIo MONOKa i Hajae Horypry
XapakTepHuil kucimii cMak. Kpim toro, depMeHTaltiss Mae 3HauHWMIA BIUIMB Ha 370pPOB'S
JIIOMHY, 3aBAAKH YTBOPEHHIO MPOOIOTUYHUX OakTepii, sKi CHOPUSAIOTH MOJIMILIEHHIO
MIKpO(IIOpH KHIIIEYHHKA, TIOKPANTYIOTh TPABJICHHS 1 3MIIHIOIOTH IMyHHY CHCTEMY. 3aB-
JIIKA (pepMeHTallii Horypt HaOyBae TaKHMX KOPUCHHX BIIACTUBOCTEH, SK 3HM)KEHA Killb-
KICTb JIAKTO3H, 1110 POOUTH NPOAYKT JOCTYITHUM JJIsl JIFOJEH 3 HEIEPEHOCUMICTIO JTAKTO3H.

[Mponiec hepmeHTaIlil TaKOX MiJBUILYE OI0MOCTYIMHICTh KAJBIIO Ta IHIIMX MiHe-
patiB, 110 MO3WTHBHO BIUIMBAE HA 37I0pPOB's KicTOK. ONTHMaJIbHI YMOBH (epMeHTAII
(npaBunbHa Temmneparypa (42—45°C) ta yac (6—12 roauH)) € BaKIMBUMHU AJISL TOCST-
HEeHHS 0akaHOi KOHCHCTEHIII HOrypTy Ta 30epeKeHHS BCIX KOPHCHUX BIACTHBOCTEH.
ToMmy KOHTpOIB 3a mporecoM (epMeHTaIlil € HeOOXiTHUM IS BUPOOHHUIITBA BUCOKOSI-
KICHOTO HOTYpTY, sIKHii Oy/ie He JIUIIE CMadHUM, aje i KOPUCHUM AT 30POB'S.

OTxe, pepMeHTALST € OCHOBOIO TSI BUPOOHHIITBA HOTYPTY 3 BUCOKUMH XapuOBHMHU
Ta (PYHKIIOHATFHAMH BJIACTHBOCTSIMU, IO POOUTH IIEH MPOIYKT KOPUCHUM JIOTIOBHEH-
HSIM JIO pallioHy 310pOBOi JTIOAUHH.

BucHoBku. ®epmenTanis HOrypTy Ta KBAaIlICHHX OBOUIB € BAKIMBHMHU 0i0TEXHO-
JIOTIYHAMHU TPOIIECAMH, IO MOKPAIIYIOTh XapyoBY IIHHICThH Ta 30epiranHs MpOayKTiB,
30aradyroTh iX KOPUCHUMH MIiKpoOopraHisaMamu (mpoOioTHKamMM) i MiBUILYIOTh 3aCBO-
IOBaHICTh MOXXUBHUX PEUOBHH. L{i MPOXYyKTH MalOTh BaXKIIMBE 3HAYCHHS VIS 310POB'S
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JOIMHY, TIOKpallytoud (YHKIIIOHYBaHHS TPaBHOI CHCTEMH, 3MII[HIOIOYM IMYHITET
1 CIIPUSIOYH 3aralibHOMY 3MIITHEHHIO 3/10pOB'st. OCKIIBKY MPOIecH (pepMeHTallii € pH-
POAHMMU 1 Oe3MeYHUMHM, BOHM JIO3BOJISIIOTH CTBOPIOBATH 310POBi, CMa4yHi Ta KOPUCHI
MIPOLYKTH JUISI IOBCAKIEHHOTO BKUBAHHSL.
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B cmammi nposedeno O0ocnioxcenHs CaHimapHo-cici€HiYHUX 6UMO2 00 Xap4Oo8UX Nionpu-
emcme 6 Yxpaini ma 6 kpainax €C. Canimaprno-eicieHiuni umozu 00 niONPUEMCME Xap1o8oi
NPOMUCTIOBOCTI € 8ANCIUBUM ACNEKMOM 3abe3neueHHs. Oe3neUHoCmi Xapio8ux NpooyKmie ma
saxucny 300po8's cnoocusauie. B ymosax enobanizayii ma inmezpayii 6 MidcHaApOOHY eKOHO-
MIUHY CIMPYKMYpY RUMAHHSA CIMAHOApMIie AKOCmi ma Oe3neku Xapuosux npodykmis Habysae oco-
61116020 3HAUEHHs 0151 OA2ambox Kpaix, 8 momy yucii i 011 Ykpainu.

Esponeticokuti Coros e 0a8HO 3aNpo8aAOUE KOMNIEKCHI 3aX00U 01 3a0e3nedeHHs. BUCOKUX
cmanoapmie Oe3neuHoCmi Xapuosux npooyKmie, siKi € OCHOBOI HAYIOHANIbHUX CUCMEM ) Kpai-
nax-unenax €C. O0Hax 6 Yxpaini eicicniuni ma caHimapHi 6umocu 00 niONpuUEMCme Xapiogoi
NPOMUCTOB0CT 3MIHIOIOMbCS 3 NEPEXOOOM HA €EPONEUCHKI CManoapmu ma npueedeHHAM 3aKo-
HoOdascmea y 6ionogionicms 0o sumoz €C. Boonouac, 3a6e3neuents HAIelcHo20 KOHMpOoo ma
OOMPUMAHHS YUX BUMO2 MAE De3n0CepeOHE GIOHOWEHHS He uuie 00 300P08's HACENeHHs, ale
1l 00 KOHKYPEHMOCHPOMONCHOCT YKPAIHCOKUX XAPUOBUX NPOOYKMIB HA MIHCHAPOOHOMY PUHKY.
Bcemanosneno cunvui ma cnabki cmoporu icHyouoi 8 Ykpaini 3akonooasuoi cucmemu 6 cghepi
CaHIMApPHO-2I2IEHIUHUX 8UMO2 00 Xapuoeux nionpuemcms. [Ipedcmasneni HOpmMamusHo-mex-
HIUHI OOKYMEHMU 34 AKUMU 301UICHIOEMbCS KOHMPOTb 34 0E3NeUHICMIO UPOOHUYMEA XAPUOBUX
NPOOYKMIB, A MAKONC OCHOBHI GUMO2U OO XAPHOBUX NIONPUEMCINE.

Bionogiono 00 nposedernozo 00CHioNceHHA CaHIMAapHO-2I2IEHIYHUX BUMO2 00 XAPYOBUX NiO-
NPUEMCME, MOJICHA 3pOOUMU BUCHOBOK, W0 YKpaina nompebye 600CKOHANEHHS CUCHeM YNPas-
JIIHHSA MA MOHIMOPUHEY, 0COONUBO HA MYHIYUNALLHOMY DI6HI, 015 3a0e3neuerts Oinbul epekmus-
HO20 6NPOBAVINCEHHSL CAHIMAPHO-CI2IEHIUHUX 6UMO2. HeobXiOHo nidsuwysamu keanigikayito ma
ocHawjenHs niOnpuemMcmes, moomo CmeopO8aAmU CHPUAMAUBT YMOBU Ol MATUX NIONPUEMCING
0711 n06ro2o enposadicenisi cucmemu HACCP ma 3a6e3neuenns 6UCOKUX CAHIMAPHO-2I2IEHIY-
HUX cmanoapmie. BuznaueHo, wo OCHOBHA GIOMIHHICMb MIdC CAHIMAPHO-2I2IEHIUHUMU BUMO-
eamu Yrkpainu ma €C nonseac 6 momy, wo 6 €C oitoms 6ibUL HCOPCMKI NPABULA MA KOHMPOJTb,
o 3abe3neuye 6UCOKULL pieeHb 6e3neuHOCmi Xapuoeux npooykmis. Ykpaina mae nomenyian ois
600CKOHANEHHS BIIACHOL cucmemu Ha 0cHogi docsidy €C. Bumoeu 0o OezneuHocmi Xapuosux
npooykmis 6 Yxpaini ma €C cxooxci, ane €C mae Oinbui cysopy ma YyeHmpaiizoeany cucmemy
KOHMPOIO, a MeXHIYHI peciameHmu € 0Libl 0emanizo8aHuMy ma cmaHoapmu3oeanumu. Yxpa-
iHa nOBUHHA 60OCKOHAAUMIU C80I cucmemMu KOHMPONO ma NIOSUwumu nio3gimuicms i npo3o-
picmb Ha 6Cix emanax 6UupoOHUYMBEA ma 30epiecanHs Xapuosux npooyKmie, wob 6 noeuii Mipi
8I0N0BIOAMU €6PONEUCHKUM CMAHOAPMAM AKOCTI.

Knrwwuosi cnosa: canimapro-cicieHiuni 8UMO2U, npooosobud Oe3nexd, KOHmMpOib, SKiCmb,
HOPMAMUEHO-MexXHiYHi OOKYMEHMU, Xapuo8a NPOMUCTOGICHb.

Horach O. O. Research of sanitary and hygiene requirements for food enterprises in
Ukraine and in EU countries

Setting objectives. The article studies sanitary and hygienic requirements for food enterprises
in Ukraine and in the EU countries. Sanitary and hygienic requirements for food industry
enterprises are an important aspect of ensuring food safety and protecting consumer health.
In the context of globalization and integration into the international economic structure, the
issue of food quality and safety standards is gaining special importance for many countries,
including Ukraine. The European Union has long introduced comprehensive measures to ensure
high standards of food safety, which are the basis of national systems in the EU member states.
However, in Ukraine, hygienic and sanitary requirements for food industry enterprises are
changing with the transition to European standards and bringing legislation into line with EU
requirements. At the same time, ensuring proper control and compliance with these requirements
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is directly related not only to public health, but also to the competitiveness of Ukrainian food
products in international markets. The strengths and weaknesses of the existing Ukrainian
legislative system in the field of sanitary and hygienic requirements for food enterprises are
identified. The regulatory and technical documents that control the safety of food production are
presented, as well as the main requirements for food enterprises.

Research results. According to the conducted study of sanitary and hygienic requirements for
food enterprises, it can be concluded that Ukraine needs to improve management and monitoring
systems, especially at the municipal level, to ensure more effective implementation of hygiene
requirements. It is necessary to improve the qualifications and equipment of enterprises, that is,
to create favorable conditions for small enterprises to fully implement the HACCP system and
ensure high standards of hygiene and sanitation. Thus, the main difference between the sanitary
and hygienic requirements of Ukraine and the EU is that the EU has stricter rules and control,
which ensures a high level of food safety.

Conclusions. Ukraine has the potential to improve its own system based on the experience
of the EU. Food safety requirements in Ukraine and the EU are similar, but the EU has a stricter
and centralized control system, and technical regulations are more detailed and standardized.

Ukraine must improve its control systems and increase accountability and transparency at all
stages of food production and storage to fully comply with European quality standards.

Key words: sanitary and hygienic requirements, food industry, food safety, control, quality,
regulatory and technical documents.

IMocTranoBka mpodjemu. Ha choromHimHii 1eHb €KCHOPT BITYM3HSHUX XapuyOBHX
MPOMYKTIB 10 €BPONEHUCHKHUX KpaiH MoTpeOye WiTKOI BiIITOBIIHOCTI CTaHIApTaM SKOCTi
€C mono 6e3MmevHoOCTi, BUKIAJICHUM Y BiJINIOBIIHUX HOPMaTUBHO-TIPaBoBHX akTax €C.
Bumoru 710 excriopToBaHOT MPOIYKINi MOXKYTh BiJIPI3HSATHCS B Pi3HUX perioHax. Tomy,
eI HK eKCIIOPTYBATH YKPATHCHKY arpapHy MPOIYKIIO Ta IPOIYKTH XapuyBaHHS, BBi-
TYM3HSHUM BUPOOHHUKAM CITiJI TIPOBECTH JIOCIIKCHHS PHHKY JUISl TIONIYKY TOMAIBIINX
napTHepiB B €C 1 BCTAHOBHUTH CIC(DIYHI BUMOTH JI0 KOHKPETHOTO TPOAYKTY [1-4].

Excropt mpomykrtiB xapuyBaHHs 3 YKpainu B €Bpomy morpedye MOTpUMAaHHS
3arajJpHMUX caHiTapHO-TirieHiyHuX HOpM Permament €C Ne 852/2004, 1m0 0XOIUTIOIOTH
30KpeMa TaKi IMOJIOKESHHS: 000B'SI3KH OTIepaTopiB 1010 MOHITOPHHTY O€3MEYHOCTI IPo-
JyKIi Ta MpoLeciB; 3arajibHi CaHITapHO-TIT1€HIYHI TPaBUiIa Ta BUMOTH 10 IEPBUHHOTO
BUPOOHHIITBA; ACTANBHI BUMOTH 10 BCiX €TaliB BUPOOHUIITBA, IEPEPOOKH Ta AUCTPH-
Oy11i1; po3po0Ka oreparopaMyl pUHKY BIJITOBITHHX TPOIEAYP, 3aCHOBAHNUX HA TPUHITH-
nax aHalli3y pU3UKiB Ta KOHTpoJto KpuTnyHux To4ok HACCP; migroroska xap4oBuX
MPOIYKTiB; 3arajbHi YMOBH, YMOBH IiJTOTOBKH Xap4OBUX MPOAYKTIiB BiATOBIIHO 10
Jupextusu 89/108/€C npo mBHIKE 3aMOPOXKYBaHHS, CIICI[iaIbHI YMOBH IiJATOTOBKH
Xap4yoBUX MPOAYKTiB [5—8]. TakuM yuHOM, IpH IUIAHYBaHHI €KCIIOPTY CLIbCHKOTOCIIO-
JIApChKO1 MPOAYKIIIT Ta MPOILYKTIB XapuyBaHHS HEOOX1THO MIEPEKOHATHUCS, 1110 CTAHIAPTH
Ha 3a3Ha4YeHy MPOAYKIIIO BiIIIOBIIAIOTh pEerIaMEHTaM Ta HaJaTH ITaKeT JTOKYMEHTIB,
10 MiATBEP/HKYIOTH BiAMOBIAHICTE [9—14].

CaHiTapHO-TITi€HIYHI BUMOTH 10 Xap4YOBHUX MiNPHEMCTB € BaKIMBUM aCIIEKTOM
3a0e3medeHHs] 0e3MeYHOCTI XapuyoOBUX MPOJAYKTIB Ta 3aXHCTY 3IO0POB'S CIOXKHBAYiB.
B ymoBax moGanizanii Ta iHTerpaii B Mi>XHapOJ{Hy €KOHOMIUHY CTPYKTYpy HMHTaHHSI
CTaHNIAPTIB SKOCTI Ta OE3MEYHOCTI XapuOBHX MPOAYKTIB HA0OYBaE 0COOIUBOTO 3HAYCHHS
JUTs 6araTboX KpaiH, B TOMY YHCII 1 1)1 YKpaiHu.

Oco06:11BO BaXXJIMBUM € TIOPIBHSHHS Tiri€HIYHUX Ta CaHITApHUX BUMOT MIX pi3-
HUMH pETioHaMH CBiTy, 0coOIMBO Mix €Bponeiicbkim Corozom (€C) ta Ykpainoro, e
ICHYIOTB YiTKi Ta CTaHJAPTH30BaHI CUCTEMH YIPABIIHHS SKICTIO Xap4OBUX MPOAYKTIB.
B €sponeiicbkkomy Cor03i BXe JaBHO AIFOTh KOMIUIEKCHI 3aXOfH Ui 3a0e3MeUeHHS
BHCOKHX CTaHJApTIiB OE3MEUHOCTI XapuOBHX MPOIYKTIB, SIKi € OCHOBOFO JIJIsl HAI[IOHAb-
HUX cucTeM y kpaiHax-wienax €C. Omgnak B YKpaiHi TirieHiuHi Ta caHiTapHI BUMOTH
JI0 TIJIPUEMCTB XapyoBOi MPOMHUCIOBOCTI PO3BUBAIOTHCS B KOHTEKCTI MEpEXony Ha
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€BPONEHCHKI CTaHAapTH Ta ajanTalii 3akoHogaBcTBa 10 BuMor €C. BogaHodac 3a6e3-
MICYCHHS HAJISKHOTO KOHTPOITIO Ta TOTPUMAHHS IINX BIMOT € INTaHHAM, sIke Oe3rmoce-
pEeNHBO BIIMBAE HE JUILE Ha 3;[0p013'51 HaceJIeHHS], a  Ha KOHKYPEHTOCIIPOMOXKHICTh
YKPiHCHKHX XapUyOBHX nponyKnB Ha MDKHapOIHOMY PHHKY. 3 OLJIATY HA 1€, BAXITUBO
HOplBH}ITI/I CaHlTapHO ririeHivai BUMorn Ykpainu ta €C i mpoaHaiizyBaTd BiIMiHHO-
CTi B iXHIX migxojax 10 0e3MeYyHOCTI XapyoBUX MPOAYKTIB. Lle momomoxke BU3HAYUTH
CHIIBHI Ta cyabKi CTOPOHM iCHYIOUOI B YKpaiHi CHCTEMHU Ta BUSBUTH MOKJIHMBOCTI JUIs
MOKPAIICHHS YIIPABIIHHSI CaHITApI€IO Ta TIFIEHOI0 B KPaiHi, O € BAXKIUBUM KPOKOM JI0
iHTerpauii y cBiTOBy €KOHOMIKY Ta 3a0e3Ie4eHHs 310POB's CIIOKHBaYiB.

®opMya0OBaHHS Hijiel cTaTTi. MeTOrO CTaTTi € TOCHIHKEHHS CaHITapHO-TIri€HIY-
HUX BUMOT JIO Xap4yoOBUX MiANMPHUEMCTB B YKpaiHi Ta B kpaiHax €C.

BukJian ocHoBHoro marepiamay. Po3mmpeHHS TOProBeibHO-€KOHOMIYHUX 3B'S3-
KiB YKpaiHu i3 3apyODKHUMHU KpaiHAM{ HPU3BENIO 0 3HAYHOTO 30UIBIICHHS IMIOPTY
XapuoBUX MPOAYKTIB XapuayBaHHS 3-3a KOopHoHY. OmHAK IOCTa9albHUKU HE 3aBXKIH
JOTPUMYIOTBCSI CBOIX KOHTPAKTHHX 3000B'13aHb 1010 3a0€3MEUEHHS IKOCTI XapuOBUX
MPOIYKTIB, II0 TOCTABISIOTHCSA, IO POOUTH MPOOIEMY KOHTPOJIIIO SKOCTI iIMITOPTOBAHOT
MPOIYKIIiT 0coONMMBO HEOOXiTHOO [6—10].

JlepxaBHUM caHITapHUN HArIsL] 3a IMIIOPTOBAHOIO MPOAOBOJIEYOI0 CHPOBHUHOIO
1 Xap4OBUMH MPOTYKTAMH 3/1IHCHIOETHCS 3 METOIO 3a0€3MeueHHs X SKOCTi Ta Oe3meKn
MPU BHKOPUCTAHHI B HAIIOHAJLHOMY MPOJOBOJBIOMY 3a0e3MeueHH] 1 MPOBOAMTHCS
CaHITapHO-EMi/IEMIOJIOTIUHOI0 CITyk0010, HE3alIeXHO Bifl ()OPM BIIACHOCTI, B OpraHax,
10 3M1MCHIOIOTH TIOCEPETHUIIBKY JisUTbHICTD.

3aBIaHHsIM JICPKABHOTO CAHITAPHOTO HAIVISTY B il cepi € KOHTPOJIb BIAMOBIAHO-
CT1 IMIOPTOBAHOI MPOAYKIIil BCTAHOBJICHUM Tiri€HIYHUM MTOKA3HUKAM SKOCTI Ta BU3HA-
YeHHSI MOXIIMBOCTI ii BUKOPHUCTAHHS B SIKOCTI Xap4oBUX NPOMAYyKTiB. Jlo caHiTapHUX
MOKa3HUKIB, IO IMiUIATal0Th KOHTPOITI0, HAIEKATh 3aJUIIKU MMECTHLIUAIB Ta iX MeTa-
00IiTiB, TOKCUHH TUTICHABH, BaXKKi METaIM, MIKpPOOPTraHi3MU, aHTUO10THKH, TOPMOHH,
HITpATH, PaiOHYKIIi TN, 320pyTHEHHS IHIIMMH TOKCHYHUMH XIMIYHUMHU PEUOBHHAMH Ta
010JIOTIYHUMH CIIOyKaMU, BMICT Xap4oBHX 100aBok [10-14].

JlocmipKyrodan ifoui caHiTapHO-Tiri€HiYHI BUMOTH B YKpaiHi MOTPiOHO 3a3HAYNTH,
10 OCHOBHOIO 3aKOHOJIABYO0 0a30%0 ISl TIFEHIYHUX BUMOT JI0 I ITPUEMCTB XapuoBOi
MIPOMUCIIOBOCTI B YKpaiHi €: 3akoH Ykpainu «IIpo Oe3nedHicTh Ta SKICTh XapuOBUX
nponykTiB» (2013 p.); irieniuni npasuna ta Hopmu (A CanlliH) perysroroTs ririeHiuHi
BHAMOTH JI0 BUPOOHHUIITBA, 30epiraHHs, TPAaHCIIOPTYBaHHS Ta peai3allil XapdoBUX TPO-
OykTiB. Lle CyKynHICTh HOPMaTHBHO-TIIPABOBHUX aKTiB, 10 PEIVIAMEHTYIOTh CaHiTapHi
BHUMOTH JI0 BUPOOHMIITBA, 30epiraHHs, TPAaHCIIOPTYBAaHHS Ta peaizamii XapdoBUX Mpo-
JTKTIB.

TexHI4HI perIaMeHTH Ta CTaHAAPTH — BUMOTH JI0 0€3MeYHOCT] XapuOBUX MPOIYKTIB,
mo 0a3yroThCs Ha MDKHApORHHX cTaHiaprax. OCHOBHI BUMOTH JI0 XapuoBoro Oi3Hecy
B YkpaiHi €: cucrema HACCP — ii 3acTocyBaHHsI € 000B'SI3KOBHM JIJIsl BCIX XapYOBHX ITifI-
MIPUEMCTB, 110 3aMarOTHCSl BUPOOHUIITBOM Ta PO3MOBCIO/DKEHHAM XapuOBHX MTPOIYKTIB.

YMOBU Tipami — MEAWYHI OIVISIM, CaHITapHI KIMHATH, poOOUnil ONAT, TOTPUMaHHS
BHMOT Tirl€HH TIPAIliBHUKIB.

['irieniuHi 30HM — 4iTKe 30HYBaHHS Ha MiJIPUEMCTBI: MPUTOTYBaHHS, MaKyBaHH:,
30epiraHHsl.

TexHiyHi 3aco0u Ta 00NaIHAHHSA — BUMOI'UA IO YHUCTOTH OOJIaQHAHHS Ta TEXHIYHUX
MIPOLIECiB, SIKi HE BIUIMBAIOTh HETATUBHO HA SIKICTh Ta O€3MeKy MPOIYKIIii.

BinmoBinanpHICTh 32 HEIOTPUMAHHS — Ccepilo3Hi mTpadu a00 HABITH 3aKPUTTA Mij-
MIPUEMCTBA y pa3i TOPYIICHHS TiT€EHIYHUX BUMOT.
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CamnitapHo-TirieHiuHi BUMOru B kpainax €C 0a3yroTbcst Ha CIUIBHINM MOMITHI 00
0e31eKu XapuoBUX MPOIYKTIB, IO TiependaJae:

1. 3aranpHi npuHIMIH Oe3mexu XxapuoBux mpoayktie (Permament (EC) Ne 178/2002):
3a0e3Me4YeHHs] BUCOKOTO PIBHS 3aXHCTY 3IIOPOB'S CIIOKMBAYiB. YCi yYaCHHKH Xap4OBOTO
JIAHITFOTa 3000B's13aH1 JOTPUMYBATHCSI BUMOT O€3IIeKH Xap4OBHUX TPOIYKTIB.

2. Cucrema HACCP BoHa € 000B'SI3k0BOIO ISl BCIX MIANPHEMCTB, IO MPALFOIOTh
3 Xap4oBUMH MpoaykTamu. B kpainax €C 0coOnmBo € OIiHKa PU3UKIB 1 MOHITOPUHT
0e31eKu XapaoBOi MPOYKITIi.

3. €BponeichbKuii areHTCTBO 3 Oe3neku xapuoBux mpoaykTiB (EFSA) — 3abesneuye
HE3aJIe)KHY HayKOBY MIATPUMKY B OLIHII PU3MKIB XapIOBUX MPOAYKTIB.

4. Hopwmmu ririean xapuoux npoayktiB (Permament (EC) Ne 852/2004) — Bu3sHa-
YEHHsI BUMOT JI0 Tiri€HM Ha BCIX €Tanax XapuoBOro JIAHLIOra, 30KpeMa IiJ 4ac BUPOO-
HUIITBA, nepep061<1/1 TMAKyBAHHs Ta TPAHCTIOPTYBAHHS. OOOB'SA3KOBUM € TIPOBEICHHS
MEIUYHUX ONNIAIB MPAI[iBHUKIB XapIOBUX ITiIPHEMCTB, HasIBHICTh CaHITApHUX IPH-
MIIIEHB 1 3ac00iB JIJ1s1 0OPOOKHU PYK.

5. T'eHepasbHi NPUHIUIM Tiri€HH Ta TEXHIUHI periaMeHTH. OOO0B'SI3KOBI CTaHIAPTH
YUCTOTH O0JIaTHAHHS, IHBEHTAPIO, 30H BUPOOHUIITBA. TeXHIUYHI BUMOTH 111010 BEHTHIIS-
1ii, OCBITJICHHS, TEMIIEPATYPHUX PEKUMIB 1 IKOCTI BOAH.

AHai3yroun MpeCTaBICHI CaHITapHO-TITi€HIYHI BUMOTH JI0 Xap4OBUX IMiAMPUEMCTB
B YKkpaiHi Ta kpaiHax €C MOKHA 3pOOUTH BHCHOBOK, III0 B YKpaiHi CHCTEMa KOHTPOITO
3a caHiTapHO -Tiri€HIYHUMH BUMOTaMHU PO3BUHEHA, aje e HOTpe6y€ BIIOCKOHAJICHHS
B YaCTHHI MOHITOpI/IHFy Ta npo3op00T1 HopmaruBHO-TexHIUHI JOKYMEHTH KpalH €C
MAroTh OLTBII IICHTPAJII30BaHY 1 KOPCTKY CHCTEMY KOHTPOJIO Yepes €Bp01'[€I/ICBK1 Opranu
(EFSA, DG SANTE), o 3a0e3neuye BUCOKUI piBeHb NOTpUMaHHS cTaHnapTis [15-17].

B Vkpaini cuctema HACCP € 000B'SI3k0BOI0 TSI TIIATIPHEMCTB, IO 3IiHCHIOIOTH
BUPOOHHMIITBO XapUYOBUX MPOIYKTIB, aJie IeAKI MaJi MMiAMPUEMCTBA MOXKYTh MaTh TPY/I-
Holi 3 i1 BOpoBaJKeHHAM, TOM1 K B kKpaiHax €C Bumora 1o BrnpoBamkeHHss HACCP
CTOCY€ETBCS BCIX MIANMPUEMCTB 0€3 BUHATKY, & KOHTPOJb 32 BUKOHAHHSM ITMX BHMOT
3IIACHIOETBCS Ha BCIX PIBHAX B1Jl MICIIEBOTO JI0 HAI[IOHAIBHOTO.

B Vxpaini He 3aBxau 3a0e31e4eHo Hale)KHUH piBEHb CaHITAPHO-TIT1€EHIYHUX BUMOT
Ha mianpueMcTBax. B kpainax €C KOHTPOTIOETHCS KOXKCH €Tall BAPOOHUIITBA Ta Tiri€HN
MPAIiBHAUKIB 3 CYBOPHMHU BIMOTaMH JIO CAaHITAPHUX YMOB.

B €C nitoth Oiibll AeTanbHI Ta CyBOP1 TEXHIYHI CTaHAAPTH, OCOOIMBO B YaCTHHI
BHUMOT JI0 TEMIIEPATYPHUX PEIKUMIB, YMOB TPAHCIIOPTYBAHHS Ta 30€piraHHs XapuoBHX
MIPOTYKTIB.

BaxnmuBo 3a3HaunTH, 110 B YKpaiHi € BiAMOBINAIBHICTh 32 MOPYIICHHS CaHITapHO-
TirieHIYHUX BUMOT BUPOOHHMIITBA, aJIe PiBEHh KOHTPOITIO 1 TOKapaHHSI 32 MOPYIICHHS MOXKE
OyTH MEHIII )KOPCTKUM, HiK B €C, Jie € 4iTKO BU3HAUYEHA cHcTeMa ITpadiB 1 CAHKIIH.

B Tabx. 1 mpencraieHo NOPiBHAHHSI OCHOBHUX TEXHIYHUX BUMOT JI0 XapUOBHX ITiJI-
TIPUEMCTB.

AHaJi3yI0uH JaHi MpeacTaBicHi B Ta0l. 1 MOXHa 3pOOUTH BUCHOBOK, 1[0 OCKLIBKH
VYkpaina Mae Ha MeTi iHTerpatito B €C, cl1if MOCTYIIOBO aJaNTyBaTH 3aKOHOJABCTBO Ta
CTaHJIAPTH JI0 €BPONEHCHKIX HOPM, IO MIBHIIUTH SKICTh 1 KOHKYPEHTOCIIPOMOXKHICTh
YKpaiHCHKHUX XapuOBUX MIANIPUEMCTB Ha MI>KHAPOJTHOMY PHHKY.

B Ta0i. 2 npeacraBieHO HOPMATUBHO-TEXHIUHI JOKYMEHTH, 32 SIKUMH 3/11HCHIOETHCS
KOHTPOJIb 32 SIKICTIO Ta OE3IEKO0 XapuoBHX MPOAYKTIB B YKpaiHi Ta kpainax €C.

AHani3yroun 1aHi IpeacTaBiIcHi B Ta0l. 2 MOKHA 3pOOUTH BHCHOBOK, III0 CaHITAPHO-
Tiri€HIYHI BUMOTH 10 Xap4yoBHX MIANPUEMCTB B YKpaiHi Ta €Bpomneiickkomy Corosi
MArOTh JICSKI CITIJIbHI aCTIeKTH, aJie TAaKOK BiIMOBITAFOTH CIICIM(DIYHIM OCOOIUBOCTSIM,
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Tabmums 1
OcHoBHi TexHiYHi BUMOTH /10 Xap40BHUX MiANPUEMCTB
ITapameTtp Ykpaina €C
TemneparypHi | Perymrororses CanlliH, oxpemi Permament (EC) No 852/2004,
PEeXUMHI HOPMH JUIS KOOKHOTO BULY JIeTalbHI TeMIepaTypHi BUMOTH IS
TIPOIYKIIT KOKHOTO eTaIry BUpOOHHIITBA
Yucrora Bcranosieni BUMOr# st KOoKHOTO | BuMorn momo uncrorn
obnasHaHHS | BUJy 0OJa{HAHHS o0JaTHaHHSL, 1110 3aCTOCOBYETHCS Ha
BCIX eTarnax BUPOOHUIITBA
Bentmsis | O60B's13k0Ba 111 BUPOOHUIHX CyBopi BUMOTH 70 BEHTHIISIIIT
MIPUMIILIEHb Ta SIKOCTI TOBITPS B KOXKHOMY
BHPOOHHYOMY TIPUMITICHH]
Ocsimiiennss | Bumoru 1o npuponHoro ta JeranizoBaHi BAMOTH JI0 PiBHS
MITYYHOTO OCBITIICHHS] BUPOOHWYHX | OCBITIICHOCTI JUISI KOXKHOTO BULY
MIPUMIIIICHB poboTtu
Tabmnurs 2
KonTpoJis sikocTi Ta 0e3meKku Xap4oBUX NPOAYKTIB
ITapameTtp Ykpaina €C
KonTpois sikocTi | OniepaTHBHUI KOHTPOIB, JiepkaBHa | KOHTposb Ha piBHI BCHOTO
TIPOIYKIIi1 CaHITapHO-eIiIeMiONOTiYHa CITyK0a | TaHITIOTa TOCTauaHHs,
HaIioHaibHI opranu Ta EFSA
[Tnan miit npu Mtpadu, monepemxenns, 3akputta | Ltpadu, caHKii, MOXKIHBICTH
MOPYIIEHHSIX HIAMPUEMCTBA BIJIKJIMKAHHSI TPOJIYKTIB 3
PUHKY
3abe3neueHHs | Bu3sHa4eHHS KPUTHIHUX TOUYOK [MocrTiifHNiI MOHITOPHHT Ta
Oe3nexu 1 KOHTPOIIb 32 PU3MKAMHU Yepe3 BITPOBAJPKEHHSI 3MiH Y pasi
cucremy HACCP BUSIBIICHHSI HEOE3IEK

K1 BIIPI3HAIOTHCS 3aJI€KHO BiJl 3aKOHOAABCTBA. Pi3HUIIA Ta IepeBary moJisirae B TOMY, 110
B KpaHax €C icHye OiTBII )KOPCTKA CTPYKTypa KOHTpoumio. B Ykpaini motpibHO nocsrtu
TIEBHOTO PIBHSI BIJIMOBIHOCTI MIXXHAPOJHUM CTaHJApTaM, XO4a aKTHBHO BiJIOyBa€ThCS
rapMoHi3allis HopMaTuBHOI 0a3u. baxkaHo /Ui XapyoBUX MIANPUEMCTB, SIKi BUPOOJISIOTH
Xap4oBi IPOAYKTH B YKPAiHi PEryIsIpHO OHOBIIOBATH 3HAHHS BIIIOBIIHO 0 Cy4acHHX
BUMOT; BIIPOBA/DKYBAaTH CUCTEMH YIIPABIIIHHS; IHBECTYBAaTH B HABUYAHHS HIEPCOHAITY IS
YCHILIHOIO BIPOBA/KEHHS CaHITAPHO-TIMEHIYHUX BUMOT Ha MiANPUEMCTBAX.

BucHoBku. Ha oCcHOBI IpoBe/IeHUX JOCHIKCHD CaHITAPHO-TITi€HIYHUX BUMOT IO
XapuoBUX MIANPHEMCTB MOKHA 3pOOUTH BHCHOBOK, IO B YKpaiHi MOTPiOHO BIOCKO-
HAJIIOBATH CUCTEMY KOHTPOJIIO Ta MOHITOPHMHTY, 30KpeMa Ha PiBHI MICIEBUX OpraHiB,
Jutst 3a0e3medeH s OLTbIT e(heKTHBHOTO BUKOHAHHS CaHITApHO-TIiTi€HIYHUX BUMOT. [1i-
BHIIyBaTH KBami(ikamii Ta OCHAIICHHS IMiIIPUEMCTB, & CaME CTBOPIOBATH CIPUSATINBI
YMOB JIJIsl MQJIMX MiJIPUEMCTB I TOBHOIIIHHOTO BripoBakeHHs cucremu HACCP ta
3a0e3edeHHs] BUCOKUX CaHITapHO-TITI€HIYHUX CTAHAAPTIB.

TakuM YUHOM, OCHOBHI BiIMIHHOCTI Mi>K CAHITAPHO-TITIEHIYHUMH BUMOT'aMH B YKpa-
i Ta €C monArarTh y OUIBII CyBOpil periaMeHTalil Ta KoHTponi B kpaiHax €C, mo
3a0e31euye BUCOKHI PIBEHb OC3IEKN XapyoBUX MPOMYKTIB. YKpaiHa Ma€ IMOTEHINA JUIst
BIOCKOHAJICHHSI BJIACHOI CHCTEMH, OpieHTyIouuch Ha nocBig €C. Xova B Ykpaini ra €C
ICHYIOTh CXOXI1 BUMOTHU IIOAO 3a0e3MeueHHsT Oe3MeKH XapdoBHX MPOLYKTIB, €Bporneii-
cekuit Coro3 Mae OLIbII JKOPCTKY, IICHTPATi30BaHy CUCTEMY KOHTPOJIIO, & TAKOXK JICTalb-
HIII Ta CTAaHIAPTH30BaHI TEXHIUHI peIJIaMeHTH. YKpaiHi BapTO BIOCKOHAIUTH MEXaHI3MH
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KOHTPOJTIO, MiJABUIIUTH BilNOBiIAJBHICTh Ta MPO30PICTh HAa BCIX eTamax BHPOOHHUIITBA
1 30epiraHHs XapuyoBUX MPOJYKTIB JUIS TOCSITHEHHS PIBHS €BPOIICHCHKUX CTaHIAPTIB.
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Cmamms npucesiuena O0CTIOHNCEHHIO MOBAPO3HABHO-MEXHONOLIYHUX XAPAKMEPUCTIUK XAPHOBUX
2apbysie pizHUX copmie ma ix enué Ha KyliHapue npusHauenHs. 1apOys — yiHHA ce30HHA K)bmypd,
AKA 30aMHa 3a0e3ne4UumiL CnOHCUBAUA HCUMMEBO-HEOOXIOHUMU KOMNOHEHMAMU Ma CHpUsE NPoyecam
mpaeienns. Bukopucmanus 2ap6ysa sik Xapuoeoi 006agku 00 20mogoi npoOyKYii 00yMoseHe no3umue-
HUM BIAUBOM HA OP2AHI3M IOOUHU. B 11020 XiMiunomy cKaadi Micmamucs 8UcoKa KitbKicmy 0ionoiuno—
AKMUBHUX PEUOBUH, SIKi HeOOXIOHI 05t npoyecy HcummeoisuiHocmi opearizmy. [lpome He 36adicarouu
Ha 1020 bazamuti XIMIYHULL CKIAO, BIH He AGIAEMbCA NOUWUPEHUM TH2PEOIEHMOM ) KOHOUMEPCLKOMY
BUPOOHUYMEBIL. BiOnosioHo, 6adciueo 0ocaioumu 8UOU Xapioso2o 2apoy3a, NPOaHaizyeamu iXHiu Xivii-
HULL CK1A0 Ma USYUMU HAUONMUMATbHIW COpMuU 051 BUKOPUCTNAHHSL ) XAPHOBILL NPOMUCTOBOCIIL.

TIpeomemamu 0ocnioxHcenHs OYau Mpu OCHOBHUX 2PYRU XAPUOBO2O 2apOy3a, ye MYCKAmMHUL,
8eIUKONAIOHUI | moecmokoputl (3euuatinuii). Ceped HUX HAUKPAWUMU CROHCUBYUMU 81ACHUBOC-
mamu 6IOSHAUANUCs copmu Myckamuoi epynu. Myckamui copmu 2apbysa 60100i0mb 2apHuMu
Op2aHONenMUYHUMU NOKAZHUKAMY ma 0obpe 30epieaiomb Céitl apomam, Kouip i cmpykmypy npu
mepmiuHiti 00pobYi, a ye 03HAUAE Wo it 14y0060 NiOX0OUMb Ol Xapuoeoi npomuciosocmi. 11opis-
HABWIU PI3HI COPMU BUABTEHO, WO 30 XIMIUHUM CKIAOOM MA OP2AHONeNMUYHUMU XAPAKIMEPUCTNU-
Kamu Hatikpawum eusieuscs copm Apabamcokuil. ITi0 uac 00CIiONCEHHSA BUSHAYEHO HAOLTbULUL
emicm [f-kapomumy nopieHAHO 3 iHwumu 2apoysamu yiei epynu. Bucokuii emicm kapomunoidie
HAO0AE NI00AM 2apHO20 MA ACKPABO20 KONbOPY I GNIUSAE HA 3MIYHeHHs iMyHimemy moounu. Tomy,
Oauuil copm NPONOHYEMbCS GUKOPUCOBY8AMU K O NPOMUCTIO80T nepepobKu (xapuosi nopo-
WKY, YYKAmu, moujo) max i 0151 GUKOPUCMAHHS 8 AIKOCHT OCHOBHO20 A 000AMKOB020 THEPeJicHnty
6 KVIIHAPHUX Cmpagax ma eupodax. 3a80aKu GUCOKOMY 6MICI eCeHYIUHUX PEeUOBUH, 8 MOMY YUCTT
i NeKMuHOBUX pewosun Ma HU3LKI KAlOpiluHOCMI 2apOy3 MOJICHA peKoMeHdy8amu OJid MOOeio-
8amHs cmMpag JICMU4H020 Ma JiKy8aIbHO-NPOPIIAKMUUHO0 NPUSHAYEHHS.

Kniouogi cnosa: eapdys, copmu, Ximiunuii cknao, KyliHapHe npusHaueHnHs, moeaposHasud
Xapaxmepucmuxa.

Dzyundzya O. V., Velnechuk O. O. Research of different pumpkin varieties for use in the
food industry

The article is devoted to the study of the commodity-technological characteristics of edible
pumpkins of different varieties and their influence on culinary purposes. Pumpkin is a valuable
seasonal crop that is able to provide the consumer with vital components and promotes digestive
processes. The use of pumpkin as a food additive to finished products is due to its positive effect
on the human body. Its chemical composition contains a high number of biologically active
substances that are necessary for the process of the body's vital activity. However, despite its rich
chemical composition, it is not a common ingredient in confectionery production. Accordingly, it
is important to study the types of edible pumpkin, analyze their chemical composition and study
the most optimal varieties for use in the food industry.

The subjects of the study were three main groups of edible pumpkins, these are nutmeg, large-
fruited and thick-skinned (ordinary). Among them, the varieties of the nutmeg group were noted for
the best consumer properties. Muscat pumpkin varieties have good organoleptic characteristics and
retain their aroma, color and structure well during heat treatment, which means that it is excellent
for the food industry. Comparing different varieties, it was found that the Arabatsky variety was the
best in terms of chemical composition and organoleptic characteristics. During the study, the highest
content of [f-carotene was determined compared to other pumpkins of this group. The high content
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of carotenoids gives the fiuits a beautiful and bright color and affects the strengthening of human
immunity. Therefore, this variety is proposed to be used both for industrial processing (food powders,
candied fruits, etc.) and for use as the main and additional ingredient in culinary dishes and products.
Due to the high content of essential substances, including pectin substances and low calorie content,
pumpkin can be recommended for modeling dishes for dietary and therapeutic purposes.

Key words: pumpkin, varieties, chemical composition, culinary purpose, commodity
characteristics.

Beryn. Ce3oHHa Mmiiof0BO-OBOYEBA CHPOBMHA BiJirpae BaXJIMBY poib y 3abeslie-
YEeHHI CIIOKUBAYa )KUTTEBO HEOOX1THUMH KOMITOHEHTAMH 1 CIIPHSIE MIPOIIeCcaM TPABJICHHS.
BuHsATKOBE MicIie B pallioHi YKpaiHI 3aiMaroTh OalllTaHHI KYJIBTYPH, 30KpeMa rapoys.
B fioro xiMiyHOMY CKJIaJi MICTATHCS BUCOKA KiJIbKICTh O10I0TTYHO—aKTUBHUX PEUOBUH,
SIKI HEOOXITHI ISl TIPOIECY JKUTTEMISUTEHOCTI opraHismy. [IpoTe He 3Bakaroun Ha HOro
Oaratuii XIMIYHHI CKJIa]I, BiH HE SIBJISIETHCS ITOIIUPEHUM THTPEIEHTOM Y KOHITUTEPCHKOMY
BUPOOHUITBI. BinnoBigHo BHHUKAE moTpeda JOCTIHKEHHS MOKIMBOCTI BUKOPUCTaHHS
rapOy3a ik OCHOBHOTO KOMIIOHEHTY Y KOHJIUTEPChKii pOMHUCIOBOCTi [1].

IMocTanoBka mpodaemu. Ha chOrofHimiHIN JIeHb CHOCTEPIraeThes 301TBIICHHS
y palioHi XxapuyBaHHs JIOIUHU POCTUX BYIJIEBOAIB T )KUPIB TBAPUHHOTO MOXO/XKCHHS,
IO CIIPUYUHSE Pi3Ke 30UTBIICHHS Pi3HUX XPOHIYHUX 3aXBOPIOBAHb, BOJHOYAC 3 SIBIISI-
€ThCsI ACPIIMTHAM BXXHBAHHS O1JIKIB, MAKPO— Ta MiKPOEJIIEMEHTIB, BITAMIHIB, XapUuOBUX
BOJIOKOH 1 1HIIMX 010JIOT1YHO aKTUBHUX PEUOBHH. [IepCrIeKTUBHUM BHUPIIICHHAM JaHO]
MpoOJIeMH € BUKOPUCTaHHS HETPAJIUIIHOI Ce30HHOI CHPOBHUHU, Y pO3poO0Ili iHHOBA-
IITHAX CTpaB, SKa € aIalTOBAHOIO A0 panioHy JonuHd [2]. OMHEM i3 TOJOBHHUX Xap-
JOBUX MPOAYKTIB, SIK JUKEPETO BAXIUBHUX JCHIIUTHUX HYTPIEHTIB Ta (PyHKIIOHATBHUX
BJIACTUBOCTEH 1 SIKOCTEH € rapOy3.

Merta gocaimkennsi. MeToro poOOTH € JOCHIIUTH BUAM Xap4oBOro rapOysa, mpo-
aHaJIi3yBaTu iXHil XIMIYHUI CKJIaJ Ta BUBYUTH HAHONTHMAIBHINI COPTH ATl BUKOPH-
CTaHHS y Xap4OBiil MPOMHUCIIOBOCTI.

AHaJTi3 OCHOBHHX JIOCJII/IKeHb i my0QJtikaiiii. BUBUEHHIO MEPCTIEKTUBHOCTI BUKO-
PHCTaHHS Pi3HUX COPTiB rapOy3iB Ta IXHBOTO XIMIYHOTO CKJIAAy HMPUCBSIUYCHO Mpali sIK
BITYM3HIHHX TaK 1 3aKOpTIOHHKUX HayKoBIIiB [ 1-11].30kpema Xapeba B. B., Kokoiiko B. B.
[4] BucBiTIMIM y cBofii mpani 61010TiYHI 0COOMUBOCTI BUPOILYBAaHHS, XapuoBe 3Ha-
YEeHHS Ta MEPCHEKTHBHI NUIIXHM MEepepoOKH rapOy3iB BENMKOIUTIAHUX Ta MYCKAaTHHX
copTiB. 3a3Ha4yeHO, IO rapOy3 IIe He JIUIIe KOPM [UISI TOAYBaHHS TBAPHH, a i MEPCIeK-
TUBHA CHPOBUHA JJIS1 XapuOBOT raiysi.

Hayxosui [{y6mina A., Jleryna T., Tomamesceka P. [5] mpoBenn KOMIUIEKCHE OITiHIO-
BaHHS SIKOCT1 rapOy3iB BUPOIICHNUX Ha XapKiBIIuHI. [IopiBHSIBHOO XapaKTEPUCTHKOIO
PI3HUX TOCIOAAPCHKO-O00TaHIYHUX COPTIB BUSABJIIEHO, IO cOpTH Apabarcbkuii Ta Crna-
ByTa MarOTh HaWKpallli TOKa3HUKH SIKOCTi. BcTaHOBIIEHO, 110 3aB/ISIKH BUCOKOMY BMICTY
HYTPI€HTIB Ta TAPHUM CIIOXKHBYHM XapaKTEPUCTUKAM iX MOKHA PEKOMEHIYBAaTH IIPH
CTBOPEHHI PaI[iOHIB IUTAYIOT0 XapuyBaHHs. OJHAK, HE BUBYCHUM IMHTAHHSIM 3aJIHIIH-
Jocst KyJTiHapHe NPU3HAUCHHS JJAaHUX COPTIB rapOy3a, a caMme JUIs IPUTOTYBaHHS SKUX
CTpaB MOXKHA X PEKOMCHIyBaTH.

[Maminyak O. B., 3aBepramok B. @. [6] mocmiKyBanu MOKIMBOCTI-PO3LIMPEHHS
BUKOPUCTAHHS KYJIBTYPH rapOy3a B xapuyBaHHi. B ixHiii npaui Oyno npoaHantizoBaHO
CeJIeKIIIiHI HAMPSIMKH BUPOIITYBAHHS rapOy3iB JUIs CIIOKUBaHHSI JIFOAUHOKO. Takox Oyiro
Z[OCJ'II,Z[)KCHO XIMIYHHA CKJIAJI TUTOIB, IXHIO 3arajibHy XapaKTepPHCTHKY. Byno BusiBieHoO,
10 y M’SKOTi rapOy3a MiCTUTbCA BEJIUKa KUJIbKICTh BiTaMiHy D, sIkMi IpHCKOPIOE picT
y JiTel Ta MiJICHIIOE KUTTE3MaTHICTh. OJHAK, HE BUBYCHUMH 3aIUIIWIACS BaXKIJIUBI
MUTAHHS, @ CaMe TEXHOJIOTTYHI BIACTHBOCTI HE OYJIM PO3KPHUTTI.
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Tox, aHamizyroun JiTepaTypHi pkepena Oyno BHUSBICHO, IO rapOy3 € I[IKaBOIO
1 KOPHCHOIO CIUITbCHKO-TOCITOJAPCHKOI0 KYJIBTYPOIO JUIS Xap4oBOi MPOMHCIIOBOCTI.
OpHak, 611bLIICTh POOIT HANPaBJICHO caMe Ha BUBYEHHS 1 TOPIBHSAHHS XIMIYHOTO CKJIaTy
rapOy3iB, a MUTaHHS TEXHOJOTTUHHUX BIACTUBOCTEH 1 B3a€MO3B’SI30K XIMIYHOTO CKIIaTy
3 KyJIIHAPHHUM MPU3HAYCHHSIM JTOCJIIPKEHUME He Oyir. BilmoBiiHO, MOPIBHSHHS Pi3HUX
COpTIB rapOy3a 3 BU3HAYCHHSM X TEXHOJOTIYHOTO MPU3HAYCHHS € aKTYaIbHIMH.

Buxknajx ocHoBHOro Matepiajty aociizkeHHsl. CIOXXUBAHHS CE30HHUX MPOIYKTIB
CTa€ TPEHJIOM Y BChOMY CBITI. AHAJI3 JTepaTypHUX JUKEepesl BKa3aB Ha 301IbIICHHS
MONUTY HA BUKOPHCTaHHS rapOy3a sk cynep-pyay y 6ararbox 3akiaiax pecTOpaHHOTO
rocriogapcTsa [7]. OnHak, 3a TOBAPO3HABUUMHM XapaKTEPUCTHKAMH, TapOy3 Ma€ MEBHY
KJacu(iKali Ta Ma€ pi3HI TEXHOJOTIYHI BIacTHBOCTI. OTKE, BUHUKAE HEOOXIIHICTh
BHU3HAUYEHHS HAaWOUIbII MEPCIEeKTUBHUX COPTIB BIANOBIIHO A0 KYTIHAPHOTO IMpH3HA-
YEeHHS, 30KpeMa 1 TSI MOJIOUHOI Tamysi.

VY xap4oBidi MPOMHUCIIOBOCTI TapOy3 MOCiIa€ BEJIMKE 3HAUCHHS, TaK SK BiH sIBIIS-
€TbCS JDKEPEIIOM AaHTHOKCHUAAHTHUX 1 KOPUCHHMX O10JIOTiYHHMX BiacTuBocTeld. Hay-
KOBII [8] peKOMEHAYIOTh BKUBATH rapOy3 B SIKOCTi 010JIOTIYHO aKTHBHOI T00aBKH 10
cTpaB. BusBieHo, 1m0 BiH Ma€ aHTHOKCHIAHTHI BIACTUBOCTI 338 PaXyHOK IPUCYTHOCTI
Yy HBOMY Xap4yoBUX (i310I0TTYHO (PYHKIIIOHAIBHUX 1HTPEIIEHTIB, Y TOMY YHCII Xap4o-
BUX BOJIOKOH Ta BiTamiHiB (A, C, E, D). BaxkiuBor € poilb XapuoBUX BOJIOKOH rapOy-
3iB y 60pOTHOI MPOTH 3aXBOPIOBAHb IIITYHKOBO-KHIIIKOBOTO TPAKTy. BilMoBiIHO, OKpiM
6araroro XiMi4HOTO CKJIQIy JaHa KyJIbTypa MA€ 1 JIiKyBaJbHi BIACTHBOCTI, TOMY MOXeE
BHUKOPUCTOBYBATHUCS K B JIIKyBaJIbHO-IPODUIAKTUYHOMY TaK 1 JIETHYHOMY XapuyBaHHI.
CrpaBu 3 rapOy3a BiIMIHHO MITIHIYTh JIOISIM 3 MPOOIEMOIO CEpIICBO-CYIUHHOI CHC-
TEMH, IIUTyHKOBO-KUIIKOBOTO TPAKTy Ta 3 HEPBOBUMHU PO3JIaJAaMH.

Le gymoBuil Xap4oBUI MPOMYKT, SKHI MOXKe OyTH XOPOILIUM JOITOBHEHHSM, SIK IO
OCHOBHHX CTpaB, Tak 1 J0 JecepTiB. SKIIo po3rmisaatd (izionoriydi motpebu opra-
Hi3MY, TO KiJIbKICTh CBIXKMX OBOYiB IOBUHHA CTAHOBUTH ONMU3bKO 134 KT Ha pik, a 23 kr
3 HUX MPHUNaIaTh Ha TapOy3 [9]. Tomy, po3misiHeMo KiacH}iKaIlito 3 METOK BU3HA-
YCeHHS KyJIIHAPHOTO MPU3HAYCHHS.

OT1xe, rapOy3 po3auIA0Th Ha Tpu rpynu [9, 10]:

1. CTOJIOBI — BUKOPUCTOBYIOTHCS JJIsl IPUTOTYBAHHS CTPaB;

2. KOpPMOBI — JIJIsl TOMYBaHHS TBAPHH;

3. JeKOpaTHBHI.

B cBOMO 4epry cTonoBi cOpTH NMOAUIATHCS HA PI3HOBUAN: MYCKAaTHUN, BETHUKOILII -
HUM, 3BUYaiiHA a00 TOBCTOKOPHH.

Jlo mommpeHux MyCKaTHHUX Pi3HOBUIIB rapOy3a BimHOCATH: ApaOarcbkuii, ['ines,
Hosunka ta Pyx Bid [’etamm. Lli copTH SIBISIOTHCS HAMCOIOAIIMMY 3 TOMIXK 1HIINX,
BOHH 4y/IOBO 30epiraroThest (0 6 wmic.). JlaHuit copT BUPOIIYIOTh came y MiBJICHHUX
IMPOTaX, TaK K [IbOMY By HEOOX1IHO JOCUTh BEIHMKA KIIbKICTh TEIJIOTH Ta IOMIPHO
BOJIOTHH KJTiMart. 3 IOMiXK 1HIIWX BUAIB BiH Hal4acTillle BUKOPUCTOBYIOThCS Y KyJIiHa-
pii, a came JiJIsl IPUTOTYBAHHS COKIB Ta quTsunX 1m'tope [10, 11] . JletanbHuii po3misia
XIMIYHOTO CKJIa/ly MyCKaTHUX BUIB rapOy3a HaBeJeHO HibK4e y Tadmumi 1.

Binomo, 1110 KapOTHHOIM BiAIrparoTh BAKIINBY POJIb U MIATPUMAHHS IMyHITETY Ta Bifl-
HOBJICHHSI OpraHi3My, TOMY 3BaKarouM Ha JiaHi TaOn. 1, HalIOIIbHIIIE BUKOPHCTOBYBATH
rapOy3 copTy «Apabarcbkuii», sIKUX MICTUTb BUCOKUI BMICT B-KapoTuHy Ta BitamiHy C. 3a
TOBAPO3HABIMMH XapaKTCPHCTUKAMH JaHHUN TrapOy3 Mae TapHi TEXHOJIOTIUHI BIACTHBOCTI,
Io0pe pO3BapIOETHCS, TMIOPE XaPAKTEPH3YETHCSI TAPHOIO CTPYKTYporo. OTKe, BpaxoByIOUi
BUILICHABE/ICHI J1aH1 COpT ApabarcChKuil peKOMEHTyeEMO BUKOPUCTOBYBATH /ISl IPUTOTYBAHHS
mopenoaiOHnx HariBhaOpHKaTiB, IOPE, KPEM-CYIIIB, COKIB, XapIOBHX OapBHHUKIB TOIIO.
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Inma rpyna rapOy3iB, sIKi BXOASTH J0 CKJIAAy XapyoBHX — BeNUKOILTiaHi. Haii-
OuTbII KypTHBOBaHUME € copTh: CiaByta, XepcoHchkuil Ta CtodynToBHiA. Lli coptn
€ TaKOX JIOCUTh COJIOAKMMH Ta MAarOTh HE BEJIMKY KUIbKICTb cOKy. [laHuii Buj € Haii-
MEHIIIe BUOATIIMBUM 32 MOTIEPEAHIH, TOMY HOTO BUPOIIYIOTh Y BCiX KJIIMAaTHYHUX 30HAX
VYkpaiau. BUKOPHCTOBY€EThCS MEPEBAYKHO JIJISI IPUTOTYBAHHS CYITB Ta Kaml. XiMIYHHN
CKJIaJl BEJIUKOILIIIHMX rapOy3iB HaBeIeHO y Ta0mui 2.

V tabnuii 2 nokazaHo, 110 HaWOUIBIINA BMICT KApOTHHY 3HAXOAUThes y copti Cria-
BYyTa, Ha BIIMIHHY BiJl COPTy XEPCOHCHKUH, SIKMI Ma€ HAWHMKINHA MOKa3HUK KapOTHHY.
Hu3zpkuit BMiCT KapOTHHOIIIB BILTMBAE HA KOMIP M’ SKOTI, SIKa Ma€ MEHII BUPAKEHE JKOBTE
3a0apBiIeHHS. 3a TOBAPO3HABIMMH XapaKTEPUCTHKAMH JaHI COPTH MAIOTh OUTBII IIITBHY
CTPYKTYPY , OJIHAK ITi/]9ac TePMidYHOT 0OpOOKH BOJIOKHA BTPAYarOTh CBOIO IMIUTBHICTh. Bif-
TMIOBIJTHO, BPAaXOBYIOYH Pi3HI CIIOCOOU TEPMiHOT o6po61<n JlaHi COPTU MOYKHA BUKOPHUCTO-
BYBATH SIK I BUPOOHUIITBA KyNTiHAPHOI MPOAYyKIii (Kari, canarH, r[epun CTpaBH, TO]J_IO)
TaK 1 st TPOMHCIIOBOT IIepepoOKH 3 METOI0 BHpO6HI/IHTBa p13HOMaH1TH01 npoz[yKun
B TOMY YHCJI1 1 Xap40BOro OOpOIIIHA Ta MOPOLIKIB. BiAmoBiIHO, TOPIBHABIIN J0CHTIHKY-
BaHi 3pa3Ky, HAlKpanM 3a BCiMa XapaKTepUCTUKaMH BUSIBUBCS copT CiaByTa.

Jlo TtoBcTokOpHX TapOy3iB BigHOCATH Mo3somiiBebkuid, Xnana, Jlenp ta Ykpain-
ChKUM OararomiinHuil. BoHH XapakTepu3ylOThCs YEpBOHO-IIOMAPAHYEBUM KOJILOPOM,

Tab6muns 1
XimiuHmii ckiaa myckarHux rapoysis (Pik Bupomysanus 2024)
Bwmict, %
= Iykpis Biraminis, mr/100
F S e =
=
= g = 3 = =
Copr S E| E|§ ¢
= 2 2, a = Z C ~
= = 5 Z e E B-xaporuny
2 | E| & = | & | 3
> s 3] 58 =
< « =3
Apabarcbkuii 12,0 | 5,3 | 2,76 2,54 1,79 | 0,31 | 8,2 18,5
Tinest 9,4 14,10 2,19 | 3,25 1,01 | 0,27 | 6,6 6,7
Py Bid JI’erammn 7,78 | 43| 2,776 | 244 | 2,01 | 042 | 5,6 12,4
Hosuaka 9,6 |67 357 | 2,86 1,67 1 0,29 | 64 11,4
Tabmnurs 2
Ximiunuii ckiag Besmkontizaux rapoysis (Pik Bupomysanns 2024)
Bwict, %
= Tykpi Biraminis,
= yKpIB mr/100 r
S "
= e =
Copr 2 E E £ | Kpoxmamo | Knitkosnuu
£ 2l gz C | p-xaporun
w4 ] » >
> [ 8 =
Q s &
CnaByta 7,26 | 5,6 |4,01|247 1,05 1,04 2.3 14,1
Xepconewkmit | 11,31 | 5,2 [2,54 ] 3,16 1,36 0,85 12,4 4,3
CrodynroBuii | 8,4 | 49 | 2,6 | 2,5 1,56 0,98 6,6 8,7
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BCIIMKUM HaClHHHM Ta TOBCTOKO M HKOTTIO BIJ'H)HIICTL 3 IUX COpTlB € HOCYXOCTII/IKI/IMI/I
1O 4yA0BO mnxon;m, 0 cTenoBoi 30HM YKpainu. [X BUKOPHCTOBYIOTH IS HPHUIOTY-
BaHHS COKIB, IT'IOPE Ta OBOYEBHX YMIICIB. XIMIUHUI CKJIa/l TOBCTOKOPHX rapOy3iB HaBe-
JIeHO y Tabmmii 3.

Tabmuns 3
Ximiunuii ckiaa ToBcrokopux rapoysis (Pik Bupomysanns 2024)
Bwicrt, %
z HyxpiB Biraminis, mr/100r
=
2 - > e =
= = = = =
CopT s S ) = s 2
S5 2B § | &
w = & 2 g £ | C | p-xaporuny
= 2| 8 | &g| & | Z
. S o ) = =
Q =%
Mos3omiiseskuii | 7,04 | 3,33 1,62 | 1,84 1,32 1,03 [2,62 8,34
Knana 6,58 | 531 | 2,91 | 2,5 123 | 092 ]19 92
Jlennb 9,1 4,6 2,06 | 2,02 1,2 1,12 | 3,3 3,3
nga‘HC"FHH | 864 | 42 | 265 | 23 | 146 | 19 |32 10,1
araTorIl IHunu

3 nmaHoi TabnuIli 3 BUJIHO, IO HAWOUIBIINI MMOKa3HUK KApOTHUHY € y COpPTy YKpaiH-
cpkuil Oararorutimauid. Jlanuit rapOy3 Mae BENWKi IUIONH, SIKi TyXKe CONOAKI Ta MaioTh
SCKPABO-TIOMAPAHUYEBUN KOJMip. 3a TEXHOJOTIYHMMH XapaKTEPUCTUKAMHU JaHi COPTH
HaOJVH)KEHHI JI0 BEJIMKOIUTIIHUX, BIIOBIIHO 1 KyJiHApHE MPU3HAYCHHS Y HUX 301raeThCsl.

TakuMm YUHOM, BCi IUTOM Pi3HUX COPTIB MAIOTh Pi3HI SIKICHI XapakTepucTUKU. Dop-
MYBaHHS SIKOCTI ILIOTY 663H00€pe}lHLO 3aJIeKHUTh BiJ COpTY Ta YMOB BHPOUIYBAHHS.
3a maHUMU Pi3HUX AOCIHIIKEHb OyJI0 BHABICHO, IO HABITH IPU HECTIPHATITMBHX yMO-
Bax, GOPMYETHCS AKICHUI Bponcan Y MyCKaTHHX COpTlB rapOysa. [xuiif ximiunuit cknan
3JIMIIAETHCS Maike HE3MIHHHMM, BiAMOBIHO 1 KyJliHApHE PU3HAYEHHS TEK.

[IpoananizyBaBIy XIMIYHUE CKJIJ PI3HUX BHJIIB rapOy3a OyJ0 BCTAHOBJICHO, IO
HaAlOLIbII ONTUMAJIBHUM 1 YHIBEpCaJbHUM COPTOM Ui BUKOPUCTAHHSA Y MOJIOYHIN
rays3i BJSIEThCS MyCKaTHUM rap0y3 — ApaOaTchkuid. Y CBO€E CKIIaJli JaHUH BUJ MICTHTh
HaANOIIbINY KUTBKICTh - KapOTHHY, sika cTaHOBHTH 19,7 Mr/100r BiINmOBiIHO, & TAKOXK
Mmictuth Bitamiau rpynu B, C, A, E, D, K, PP, i Hu3ky makpoeneMeHTiB, a came 3aji3a,
MarHito, (hocdopy, TUHKY Ta KIITKOBHHH. 3aBJSKA BHUCOKOMY BMICTYy KapOTHWHOI[IB
MIOpe OTpUMaHe 3 TapOy3a Mae sICKpaBO BUPaXKCHUH MOMapaHYeBHU KoJip. BiamoBigHo
Yy MOJIOYHUX BHPOOAX MiJBHIIYETHCS HyTPIEHTHUN CKIIAJ Ta IPOAYKILisl OTPHUMYE HACH-
4yeHe 3a0apBIICHHS.

[poBiBmH psiI TOCTIKEHb BUSBICHO, IO TrapOy3 copTy ApabaTchKuil micis Tep-
MI4HOT 00poOku 100pe TpuMmae (GopMmy, Mae MPUEMHUI 3amax Ta HE BTpadae CBOTO
Konbopy. ToMy, maHnii copt rapOy3a 3aBASKH TapHUM OPTAHOJICHTHYHHAM Ta TEXHOJO-
TIYHAM BIIACTHBOCTSIM BIJIMIHHO MiJiHzeE, SIK JIOMATKOBE JKEPEIO €CEHIIHHUX pedo-
BUH, IIPU BUPOOHUIITBI X11000yI0UHIX, KOHIUTEPCHKUX BUPOOIB (LyKaTH, IyKEepHa Ha
HaTypaJbHIA OCHOBI 3 IOJaBaHHSM TOPIiXiB) Ta I BUPOOHHUIITBA MOJIOYHOI MPOIYKIIii
(fiorypriB, MOpPO3HBa).

BucunoBku i npono3uuii. [IlpoananizyBaBiiy HalOUIbII KyITETHBOBaHI COPTH rapOy-
3iB B YKpaiHi, BU3HAYCHO, 1110 HAHKPAIIIM JJ151 BAKOPUCTAHHS XapYOBOIO TPOMHCIIOBICTIO
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€ MYyCKaTHI COpTH, 30Kpema, ApaOarchkuid. JlaHWI BHUJ XapaKTepu3yeThCs BUCOKUM
BMICTOM [J-KapOTHHY, Ma€ HIXKHY CTPYKTYPY, JIETKO MIIA€ThCA TEXHOIOTIYHIi 00pOoOIIi.
BpaxoBytoun TOBapo3HaBYl BIACTUBOCTI 1 YyHIBEpPCAIbHICTh y BHUKOPUCTAHHI NAHHM
COPT MOKHA BUKOPHUCTOBYBATH JJIs1 BUPOOHUIITBA Pi3HOMAHITHUX XapUOBUX NPOAYKTIB,
30KpeMa 1 KOHIUTePChKUX BUPOOiB. [lepcriekTHBaMK MOJATBIIHIX AOCTIKSHD € OUTBII
JieTallbHe JTOCIIPKEHHS XIMIYHOTO CKJIaly Ta MOJAEIIOBAHHS MPOAYKLIl crielialbHOTOo
MIPU3HAYCHHS Ha OCHOBI rapOy3a.
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Cvoco0enns 6 Vkpaini xapaxmepuszyemocs 8i0poO0NCEHHAM MPAOUYill MeO0BAPIHHS Mma Po3-
BUMKOM GUPOOHUYMEA ABMEHMUYHO20 Me008020 8UHA. Benuxux npomuciosux macuimaodie noku
HeMac ma OCHOGHUMU SUPOOHUKAMU Me008020 8UHA 8 YKpaini ¢ Hegenuxi Kpagmogsi supoonu-
ymea, oKpemi pecmopanu, OpiEHMOBAHI HA JIOKANbHI NPOOYKMU MA HAYIOHANbHY VKPAIHCHKY
KyxHi0. € Oexinbka cepmu@iko8anux yKpaincokux eupoonuxie medosyxu (T30B « Vkpaincoki
meoosapuy, TOB «Meoosuii Cnacy). Medogi 6una Ha 0CHOBI HAMYPAIbHO20 Medy MAOMb OUGHIO
icmopito ma supobisiromscs bazamoma Kpainamu ceimy. Ilokazano, wjo 8i0poONCeHHs NONYISAP-
HOCMI Med08YXU 8I00Y8AEMbCA 3a805AKU PYXY KpAmoso2o nuea ma inmepecy 00 iCMOpPUYHUX
Hanois. B ymosax cocmpoi KOHKYpeHmHOL 60pombOU HA PUHKY XAPHOBUX NPOOYKMIE BANCIUBO
BUPOONAMU MOBAPU, AKI NOGHICTIO 3A0060NLHIAMb CHONICUGYI OYIKYBAHHAM Ma 6YOYmb 60J10-
Oimu BUCOKUMU CMAKOBUMU SKOCMAMU. B cyuacrhomy ceimi cencopuuil ananiz 6usHaHo Heooxio-
HUM THCMpYMeHmom OI3Hecy ma Xapioeux GUPOOHUYME, OCKINbKU 3d 11020 00NOMO2010 MOICHA
ONepamuBHO HAOAMuU NEePEUHHY OYIHKY SAKOCMI He MINbKU KiHYe8oi npodyKyii, are il 003680/5€
CBOECUACHO nonepeoumu YmeopeHHio 0eh)ekmis Xapuoeux npoOyKmie ma YCYHeHHIO NOPYULeHb
MEXHONOSTUHUX PeNHCUMIB | 3anobiemu eunycKy HedoOpOSKICHOI 2omogoi npodykyii. ¥ cmammi
HABe0eHO OCHOBHI ICMOPUYHI emany po36UMKY md NPUHUHU 3aHenacdy Meoo8apinHs 6 YKpa-
iHi, 00 AKUX BIOHOCAMb CKIAOHICHb, PeCyPCOEMHICIb, MPUBATICIb MEXHON02IT MeO0BUX GUH.
Mema Oocnidxcenns noaieac y cmeopeHHi CeHCOPHUX Npoqhinie Medosux 6uH, iOnosioHo 00




| Taspiliceknit HaykoBui BicHHK Ne 5

182 |

BUMO2 MIJICHAPOOHUX CIMAHOAPMIE 3 CEHCOPHO20 aHanizy. [ia 00CuiodiceHb 3acmoco8yeau
Memoo 6anoeoi oyinku 3a mixchapoonoio 100-6an06010 WKAL0I0 Ma OeCKPUNMOPHO-NPOPIiTbHULL
Memoo. Jlocnioxcennio niodasanucs medosi euna « Cikepay. Pezynomamu 6anogoi oyinku c6io-
Yams, WO BUHA BUCOKOT AKOCHI Ma NOCEPeOni, 36UNAiHi, MOJICIUGO, 3 desKumu Hedonikamu. [Ipo-
QDinbHO-0eCKPUNMUBHULL MEMOO AHANI3Y 00360JUE BUABUMU, 3d AKUMU ampuOymamu 8i00Y10cs
BIOXUNLEHHS AKICHUX NOKA3HUKIG ME008020 UHA, WO CEIOUUMb NPO ICHYBANHS NEGHUX NpoOIeM
Y 00OMPUMAaHHi MEXHON02IYHO20 PenaMeHmy GUPOOHUYMBA MEOOBUX GUH.

B nodanvuiux 00cniodncennsx cuio 00Caioumu CRONCUSYUL NONUN A CMEOPUMU [0ealbHULL
npoghine Med06020 BUHA.

Kntouogi cnosa: medosi suna, mexnonoeis 6una, Memooonozis, CeHCOPHUL AHAI3, CCHCOPHULL
npoghins, deckpunmop.

Kameneva N. V., Manoli T. A., Barysheva O. O., Skliar V. Yu., Nikitina Ya. S. Methodology
of sensory analysis in improving the technology of honey wines

Today, Ukraine is characterised by the revival of honey-making traditions and the development
of authentic honey wine production. There are no large-scale industrial producers yet, and the main
producers of honey wine in Ukraine are small craft producers and individual restaurants focused
on local products and national Ukrainian cuisine. There are several certified Ukrainian producers
of mead (Ukrainian Medovary LLC and Medovyi Spas LLC). Honey wines based on natural honey
have a long history and are produced in many countries around the world. It is shown that the
revival of the popularity of mead is due to the craft beer movement and interest in historical drinks.
In a highly competitive food market, it is important to produce products that fully meet consumer
expectations and have high taste. In today's world, sensory analysis is recognised as an essential
tool for business and food production, as it can be used to promptly provide an initial assessment
of the quality of not only the final product, but also to prevent the formation of food defects and
eliminate violations of technological regimes and prevent the release of substandard finished
products. The article presents the main historical stages of development and reasons for the decline
of honey production in Ukraine, which include the complexity, resource intensity, and duration of
honey wine technology. The purpose of the study is to create sensory profiles of honey wines in
accordance with the requirements of international standards for sensory analysis. The method of
scoring on an international 100-point scale and the descriptor-profile method were used for the
study. Sikera honey wines were subjected to the study. The results of the scoring method indicate that
the wines are of high quality and mediocre, ordinary, possibly with some shortcomings. The profile-
descriptive method of analysis allowed us to identify the attributes that caused the deviation of the
quality indicators of honey wine, which indicates the existence of certain problems in compliance
with the technological regulations for the production of honey wines.

Further research should investigate consumer demand and create an ideal profile of honey wine.

Key words: honey wines, wine technology, methodology, sensory analysis, sensory profile,
descriptor.

Haroi Ha OCHOBi HaTypaJBHOTO My € HAWJABHIIINMH HA 3€MIIi. IX BHTOTOBISIIH
e 3a 4aciB mymepcbkoi nuBimizanii [1-5]. B Ykpaini BigpoIKytOThCs aBHI Tpaju-
1ii MEeIOBapiHHS Ta PO3BUBAETHCS BUPOOHHIITBO aBTCHTUYHOTO MEIOBOTO Haroro. Ha
CHOTOJIHINIHIN JIeHh MEJIOBI BUHA B YKpaiHi BUTOTOBJISIIOTH TITBKU JICSKI MMACIYHUKU,
MOOJMHOKI LIHUTENI I[bOTO CTAPOABHHOIO MEIOBOTO HAMOIO Ta OKPEMi PECTOPAHH, SIKi
OPIEHTYIOTHCS HA HAIlIOHATBLHY YKPATHChKY KyXHIO. BUPOOHHIITBO MEIOBYXH B ITPOMHC-
noBux Maciirabax HamaromkeHo Ha T30B «Ykpainceki menoBapu» 1a TOB «MenoBuii
Cracy, siki B YkpaiHi € cepTU(IKOBAHUMH Ta JiLEH31THIMI BUPOOHUKAMH HAMOIB [6].
[I{o0 BCHOTO CBITY, TO MEIOBE BUHO BHPOOJISIOTH Y TPUALATH KpaiHax, a came: [1iB-
nenna Kopest, Kocra-Pika, CILIA, Kanana, SInonis, ABcrpanisi, Hoa 3enanmis, Kenis,
Himeuunna, ®pannisg, @iansuaig, Ykpaina, [Tonbina, Xopsaris, CioBeHis Ta i [7].

MenoBe BUHO — 1€ TaKHUi JK€ OPHUTIHAILHUI HAIllOHAJIBHHUN HaIlil, K 1 Bicki B [1loT-
nauAii, cake B SmoHii abo Tekisia B Mekcuili, IO BOJOJIE CBOEIO SICKPABOIO 0COOIH-
BICTIO — MEJIOM, 3aBJISIKH SIKOMY MEJIOByXa HaOyBa€ HENEepeBEPIICHUX OPTraHOJICTITHY-
HHX BJIaCTUBOCTEH [8].

CborojHi, 3a yMOBH 3p0OCTar0401 KOHKYPEHLIii, HEZIOCTATHHO TiNbKH BUITYCKaTH MIPO-
JlyKTH BHCOKO1 SIKOCTi. BaykiBo, 11100 MPOAYKT BiJIOBIIaB OYIKYBaHHSM CIIOKHBAYiB,
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OCKIJIBKM CMAKOBi SIKOCTi MPOIYKTY MOCLAAIOTH APYTe Miclie Micis HOro IiHU mifJ 4ac
MpUUMaHHSI PIIIEHHS PO HOTO KYTIIBIIIO.

MeTo0510Tisl CEHCOPHOTO aHali3y y BHU3HAYEHHI SKOCTI Xap4OBUX MPOAYKTIB Mae
Ba)KJIMBE 3HAYCHHS SIK JJIS CIIOXKHBAUiB, TaK 1 JUII BUPOOHHUKIB Xap4OBUX HPOAYKTIB,
OCKIJIBKH 32 HOTO JIOTIOMOTO0 MO>KHA OIEPATUBHO HAJIATH ITIEPBUHHY OIIHKY SKOCTI HE
TiJIBKU KIHLEBOI IPOYKIIii, ajie i J03BOJII€ CBOEYACHO MOTIEPETUTH YTBOPEHHIO Ae(eK-
TiB Xap4yoBHX NPOAYKTIB Ta YCYHECHHIO NMOPYIIEHb TEXHOJOTIYHMX PEKHMIB 1 3aro-
OIrTH BUITYCKY HelmoOposikicHOT roToBoi mpoaykiii [9]. Tomy nmpoBeneHHsI CEHCOPHUX
JIOCITIIPKEHb 13 CTBOPEHHS CEHCOPHOTO MPO]iII0 CydacHUX MEIOBUX BUH YKPAiHCHKOTO
BUPOOHHMIITBA € aKTyaTbHHUM.

AHaJii3 ocTaHHIX JOCTiUKeHb i my6aikaniid. AJKOroJjbpHI HaNoi Ha OCHOBI MeIy
BiJIOMi 3J1aBHA 1 3yCTpidaaucs y OUIbIIOCTI HalJaBHIIMX HApoAiB €Bpomu — y AaB-
HiX CJIOB'STH, CKaH/IMHABIB, T€PMaHIIiB, TPEKiB, JIUTOBIIIB, MIKTiB, BAJUIIHIIB, BipMEH Ta
iHmwmx. B Ykpaini MmenoBapiaHs 0ys10 MOMUPEHO B KO3AIbKi YacH — B €ITOXY I'eThMaHary.
3HAYHOTO PO3BUTKY BOHO HAOYJIO B YACH MOJIBCHKO-TUTOBCHKOTO MaHYBaHHS. Y MiBJCH-
HUX KpaiHax InepeBa)kasio BUHOTPaJHe BUHOPOOCTBO, & B KpaiHaX MOMIPHOTO TOSCY —
B YkpaiHi, [Tonbmr, JTutei, HiMeudnHi — Oyio mommpeHe MeI0BapiHHS.

YV XVII cromitti MegoBapinHs B YKpaiHi mo4asno 3aHenagatu. Y HeBHIH Mipi HbOMY
CTPUSIIO BUHANICHHSI TOPUIKH 1 3aHera ] O/pKibHUITBA. [Tik 3aHenay MeoBapiHHs JOCT
y XVIII cromitri. [Tiniiom 6pkinpHUITBA BigMideHo y yacu HEITy (1924-1929 poku. VY Ti
Yacu BiAOyI0Cs EpeBUPOOHHIITBO MLy, TOMY IMACIYHUKH TOYAIN HAIIUIIOK METy Tiepe-
pOOISITH HAa MENIOBI Haroi. AJjie COIlialibHI TOTPSICIHHS MOKJIAIM Kpail THM cripodam. 3a
PaJSTHCHKHX YaciB MEJOBAPIHHS HE OTPUMAIIO PO3BHTKY [6].

[le omHi€r0 3 MPUYKMH 3aHENaay € CKJIaJHa, PECYpCOEMHA, TpPHBaja TEXHOJOTis
MEIIOBHX BUH.

YV XVII-XVII cTomitrax 3’SBUIHCA «MEIN», «MEAKH» 1 «MEIOBYXH», TIHIILIH
JIOHUHI, TEXHOJIOTII Ta pelenTypHu SKUX MAIOTh MO CHIIBHOTO i3 KIACUYHUMH MEO0-
BHMH HAIIOSIMHU, TIPOTE HUHI IPUTOTYBAHHS MEJIOBUX HAIOIB BiTHOBJICHO [6].

CporozieHHs MEIOBHX HAIOIB B YKpaiHi, Ha JKallb, HE XapaKTEPU3YEThCSI 3HAUHHUMHU
TeMnamu pocTy. Jlo MpU4KH HaleXaTh: BiZICyTHICTh OKPEMOI KaTeropii «MeJ0Bi Hamoi»
B [lomarkoBomy konekci Ykpainu ta 3akoHi Ykpainu «IIpo MurtHuit Tapud Ykpainm»;
3a00poHa JJii MaJUX BUPOOHHUKIB MEIOBUX HAIOiB BUIOTOBJIEHHS HAIOiB 3 KyILjie-
HHUX IUIOAIB, STiJ, BUHOTPaay, MeIy; BeJIUKi (hiHAHCOBI BUTpATU HA aAMiHICTpYBaHHS
MapoK aKIM3HOTO TO/IAaTKY; BIICYTHICTh JIeP’)KaBHUX CTaHIApPTIB BUPOOHHIITBA MEIOBUX
HATOIB Ta KO/ 3T1IHO 3 KJIacH(iKaIli€to BUIIB CKOHOMIYHOT TisIIbHOCTI.

Bupimenns npobnemu MeioBapu Ykpainu 0auats uepe3 CKacyBaHHS aKIIM3HOT MapKu
JUTSE MEJIOBHX HAITO1B, BUTOTOBIICHUX 0€3 JIOJAaBaHHS CHUPTY, (PaKTHYHA MIITHICTD SIKUX
He BHLIA 32 15% 00’€eMHUX OIUHHIB €THIIOBOTO CIUPTY; PO3POOKY Ta 3aTBEPIKECHHS
MeToauKy BU3HAYCHHS CTABKU aKIU3HOTO TIOAATKY JUIS MEIOBUX HAIOIB B 3aJICKHOCTI
BiJl MIITHOCTI HAIor abo BiJIOKpEMJICHHSI Kareropii «MmenoBi Hamoi» B [lomarkoBomy
KoZieKci YKpaiHM; J03BOJII MaJIUM MeJoBapaM BUPOOHMIITBA MEJOBHUX HAIOiB i3 Biac-
HOTO CyCJIa, IIUIIXOM BHECEHHS 3MiH J10 3aKOHY PO BUPOOHHIITBO CIIUPTY; PO3POOKY Ta
3aTBEP/UKCHHS JICP’)KaBHUX CTaHIIAPTIB BUPOOHHUIITBA Me0BUX HaroiB [10].

CbOroJHi NonynispHICTh MEOBYXHU BIPOKYETHCA 3aBISKU PyXy KpadTOBOro nuBa
Ta IHTepecy A0 iICTOPUYHUX HATOIB i TeNep e aCOPTUMEHT ITOYHHAE 3’ SIBIISITUCS y 3BU-
YJaifHUX TOPTOBEIHHUX MEPEKaX.

Bigmosiguo m0 KJI YV 00011050-15.94.10-2:2008 «IIpaBuia BupoOHMIITBA Ta 30€-
piraHHsl TUIOJOBO-ATIAHUX BHH 1 cuupy» [11] MenoBi BHHa MOAUISIOTH Ha CTO-JIOBI,
COJIOZIKI, IECEPTHI 1 JIIKEPHI.
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MenoBuil Hamiil — 11e MPOAYKT, BUTOTOBICHUH B PE3yNIbTaTi MOBHOTO ab0 HEMOB-
HOTO CITMPTOBOTO OPOMIHHS MEIOBOTO Cyclia, 3 HACHUEHHSIM a00 0e3 HACHUEHHS J[BO-
OKHCOM BYIJICIO, 3 JONABaHHSIM abo 0e3 JomaBaHHS PEKTU(IKOBAHOTO ETHIOBOIO
CIIUPTY 3 XapyoBOi CUPOBHHH, npoz[yKTna 3 BMICTOM IIYKPY, OKPEMHX YaCTHH POCIHH
Ta/abo 1X HACTOIB Ta/a0o 1X JAMCTWIIATIB, 1 Ma€ MEepPeBaKAIOUNN apoMar Ta CMakK MeJy.
IIpu BUpOOHULITBI MEIOBUX HAIOIB JIOMYCKAEThCS BUKOPUCTOBYBaTH 10 30% ¢pykKTo-
BUX (IIOOBUX) Cycel, 30pO/KEHHX, 30POAKEHO CIMPTOBAHUX (DPYKTOBHX (TIOTOBHX )
BHHOMATEpialliB, CIUPTOBAHUX (PPYKTOBHX (ILIOOBUX) COKIB a00 pi3Hi MOETHAHHS ITUX
npoAyKTiB BuHOMaTepianu st MeIOBUX BUH BUPOOJISIOTH 3 JOAABAHHAM I[yKPOBMIC-
HUX MaTepiaiiB, B SkuX He MeHII 50 % ckianae Mel HaTypaibHUNA. MenoBi BUHA CTO-
JIOB1 BUPOOJISIOTH 30POPKYBaHHSM TT1ICOJIO/PKEHOTO MEJIOM TUTIOJIOBO-SITITHOTO COKY.

3a OpraHOJICNTUYHUMH MMOKa3HUKAMU MEJOBI BHHA TIOBHHHI 32 CMAKOM Ta apoma-
TOM BiJINOBITAaTH MEBHOMY THILY, 32 KOJILOPOM OyTH BiJl CBITIIO-COJIOM STHOTO 710 TEMHO-
YepBOHOTO 200 TEMHO SIHTAPHOTO, IO 3aJIEKHUTH BiJI COPTY MEAY, IUTOIB 1 ST, 3 IKHX
BUTOTOBJIAIOTH BUHO; BUHA MTOBUHHI OyTH MPO30PUMH, 3 OIUCKOM, 03 ocaay i CTOpOH-
HiX BKJIFOYCHb.

DopMyITIOBaHHS METH CTaTTi. BpaxoByroun Oarary icTopiro MeIoBapiHHs B YKpaiHi,
HAsIBHICTh CUPOBHHHUX JKEPEII, PO3BUTOK BUPOOHHIITBA MEIOBHUX BHH B HaIllii KpaiHi
€ TICPCIICKTUBHUM HaNpsMKOM. MeTa OCIiPKEeHHsI TIOJIATaE Y CTBOPSHHI CEHCOPHUX
podiTiB MEJIOBUX BHH, BIAMOBIIHO JI0 BUMOT MIXXHAPOJHHUX CTAHIAPTIB 3 CECHCOPHOTO
aHaizy.

[Ipenmerom nocnipkeHHs € niHilika MeoBux BuH «Cikepa» (TOB Menoswuii criac):
MeJIOBE BHHO Ha O0CHOBI JumoBoro meay Cikepa «Memnosa 3os10ta» 2021 poky; MeaoBo-
ATilHE BMHO Ha OCHOBI JumnoBoro meny Tta arpycy Cikepa «Menosa OcoOnuBay
2020 poKy; MeIOBO-ILIOA0BO-ATIIHE BHHO Ha OCHOBI JIMIIOBOTO MEJY, COKIB YepPBOHOI
Ta YOPHOI CMOPOIHMHU, OXKHHY, si0myka Cikepa «Menosa Poxxesay 2020 poky; MemnoBo-
IUIOJIOBO-SITI/THE BUHO HAa OCHOBI MEAY, COKY sIONyK, YOPHOILIITHOI TOPOOMHY, BUIIIHI
Cikepa «Menoa Yepona» 2021 poky.

MenoBapus «Memosuii Criac» (M. bpoBapu KuiBcbkoi obnacti, Ykpaina) — me omgHa
3 IEPIINX TEXHOJIOTTYHUX MEAOBAPiHb MPOMUCIOBHX MacIiTabiB B Ykpaini. HarypamibHi
HAroi 3 Melly — OS3IIHHUK Jap, SIKUil 3aJUIIUBCS y CMIAJIOK BiJl HAIIUX MPEIKIB.

Jlnst mocnipkeHs 3acTocoByBanu Metos 6anoBoi orinku [SO 6658:2017 «Sensory
analysis — Methodology — General guidance Ta mpodinsamii Meton ¢ueidopy ISO
6564:1985 Sensory analysis —Methology — Flavour profile methods.

Pesynbraru ceHCOpHOTO MOCIHIKEHHS, 0OopMIIeH] y BUIIIsIAI TTpodisorpam, npej-
CTaBJLSIIOTh HAOYHY iH(OpMaIlito, sika HeoOXimHa I PO3pOOKHM HOBHUX MPOAYKTIB Ta
YIOCKOHAJICHHSI ICHYFOUHMX TEXHOJIOT1H.

Bukian ocHoBHoro marepiany. OIiHIOBaHHA MENOBUX BHH 3AIHCHIOBAIM 32
100-6anoBooro mkanorw MOBB;

95-100 — xyracu4Hi, BUHSATKOBI BHHA;

90-94 — BuaTHE BUHO 3 OCOOJIMBHUM YYIOBUM XapaKTEpOM Ta CTUIIEM;

85—89 — myxe xopoiili BUHA BUCOKOT SIKOCTI;

80—84 — xopo1ili BUHA BUCOKOT SIKOCTI;

7579 — nocepenHi, 3BUUaliHi BUHA, MOXJIMBO, 3 JCSIKUMU HEAOIIKAMU;

50-74 — He peKOMEH/IOBaHI BUHA.

PesymeraTn mokaszainm, o MeJ0Be BUHO Ha OCHOBI TumoBoro Meny Cikepa «Memosa
3omnota» 2021 poky 3a CepeAHbOI0 OLIHKOIO eKcrepTiB orpumaio 81 Gan. Memoso-
ATiIHE BMHO HAa OCHOBI JUmoBoro meny Tta arpycy Cikepa «Menosa OcoOnnBay
2020 poky orpumainio 77 GaiiB. MemoBO-TUIOIOBO-SITiTHE BUHO HAa OCHOBI JIMITOBOTO
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MeJ1y, COKiB YepBOHOT Ta YOPHOT CMOPOJIMHH, OKUHHU, 5101yKa Cikepa «Menosa PoxkeBay
2020 poky orpumaino 78 6aniB. MeIoBO-TIOJOBO-STIHE BUHO HA OCHOBI MEY, COKY
A0IIyK, YOpHOIUTiAHOT ropoounu, BuiHI Cikepa «Menosa YepBona» 2021 poky orpu-
Mano 82 Gamu. lle xapakrepusye iX sk BHHa BUCOKOI SIKOCTI Ta MOCEPE/Hi, 3BUYAliHI,
MOKJIFIBO, 3 AESIKUMH HEIOTIKaMH.

JleCKpUNTUBHUI METOJ aHaJi3y IO3BOJIUB BHUSBUTH, 32 SKUMHU aTpuOyTamu BimOy-
JIOCS BIIXWIEHHS SIKICHUX ITOKAa3HHUKIB MEJOBOI0 BUHA.

PesysnbpraTi ceHCOPHOI OILIHKH MEIOBUX BHH 3a NMPO(MIIBHHUM METOJOM (aeHBop
HaBeJIeH1 Ha puc. 1.

B —Cikepa "3om0Ta"
KsiTkoBWit

TpuBanicTb cMaky, 6 Tpas'aHucTuin

oBoYeBMit Cikepa
"Ocobmnusa"

Conopakicte

KucnotHicte DpyKTOBUI

——Cikep "PoxeBa"

IHTEHCMBHICTb CMaKy CmopoauHa

\ .
\ —Cikepa "Ueppona"
Meposuit

Jnnosuii

Arpyc

YopHonnoaHa
ropobuHa
OxunHa BuwHesmit
A6nyko

Puc. 1. Ilpoginoepama cmaxy ma apomamy medosux eun Cikepa

3 mpodinorpamu menoBoro BuHa Cikepa «30510Ta» BUIHO, M0 HAHOLIBIITY OI[IHKY
cepes apoMaTiB Mae MokasHUK MezoBuii (5,3 6ann), Takoxk CIiJl BiA3HAYUTH, 10 BUHO
TpHBaJe 3a cMakoM (6 OajiB) Ta Ma€e JJOCUTh IHTCHCUBHUN cMaK (6 OaiiB).

Ha mpodinorpami menosoro Buna Cikepa «OcoOmuBa» BHIHO, M0 HasBHUN OBO-
YeBHid AECKpUINTOp B apomari (3,7 GaiiB), [0 HETATMBHO BILUIMHYB Ha 0allOBY OIIHKY
IILOTO 3paska. ['apHo BiuyBaeThcst MenoBuii apomar (4,9 6aitiB), mpote apoMar Arpycy
He iHTeHcuBHU (1,4 6anm). BUHO XapakTepu3yeThes JOBIOO TpuBaiicTio (4,3 6ann) Ta
IHTEHCHBHICTh CMaKy (4,3 Oamm).

[lomo cencopuoro mpodinto Cikepu «PokeBoi», TO B JaHOMY MEIOBOMY BHHI CMO-
pPOIMHA € OJHUM 3 OCHOBHHX JTOOABJICHHUX COKIB, ajie¢ B apoMari BHHA JKOICH 3 JETy-
CTaTopiB HE BiUyB Horo. ToMy iIHTEHCHBHICTH IIOTO JIECKPUITOPA Ma€ IHTEHCHBHICTh
0 OaxiB. /lane BuHO Mae BupakeHuit ®pykroBuii (3,9 GamiB) Ta MemoBuii apomar
(3,7 GaniB), mae Huzbky Conoaxicts (2,8 6anu), micisacmak Tpusaiuii (3,9 6aniB) Ta
CMakK IHTeHCUBHHUU (4 Oanm).

[Tpodine Buna Cikepa «UepBoHa» BIMOBIIAE 3a IECKPUIITOPAMH CKIIATOBUM BHHA;
OpyxkToBuii (4,4 6ann) Ta Bumnesuii apomar (4,1 6anu). [HTEHCUBHICTD 1€CKpUIITOPa
Sonyko cknanae 0,8 6anu, YopHorutigHa ropoduna 2 6amu. Buno mae Huzbky Conon-
KicTh (2,4 6anu) Ta BUCOKHN TTOKa3HUK Ma€ IHTEHCHUBHOCTI cMaKy (4,9 6anm).

BucnoBkn. TakuM YUHOM, MOCITIIKEHHS ITOKA3aly, IO YKPaiHChKi MEIOBI BHHA
BiJINIOBIJIAIOTH TOCHTh BUCOKIH AKOCTI 32 MixkHapoaHoto 100-6anoBoro mkasoto. [Ipore
JIBA 3pa3KH BIJHECEHI JI0 KaTeropii BUH 3 ACSIKHUMH HeOTiKaMH. JIeCKpUIITUBHUN METO
JIO3BOJIMB BHUSIBUTH HEBIIACTHBI aTpUOyTH, HAsBHICTb SKHUX CBIIYMTH MPO iCHYBaHHS
MEBHUX MPOOJIEM y TOTPUMaHHI TEXHOJOTIYHOTO pPEeTIaMEHTy BHPOOHHUIITBA MEIOBUX
BHH. BUSBIICHI JaHi 10JI0 HETaTUBHHUX aTpUOYyTIB MEIOBHUX BHH CIIPHSIOTH PO3pPOOI
HOBUX IIISIXIB MIOKPAIICHHS SIKOCTi MEIOBHUX BHH.
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B YMOBAX KNIMATUYHUX 3MIH
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B x00i docnidoicenvb npoananizosano 6naue KAMAmMuyHuX 3MiH HA (POPMYBAHHSL CEHCOPHO20
npo@into OIUX CMONOBUX 8UH MA, 30Kpemd, 6uH 3 suHocpady copmy Puciine Peiincokuil. Memoro
00CTIOJCEeHHs € AHANi3 CYYACHO20 OP2AHONENTNUYHO20 NPOQINI0 8ul 3 guHOSPady copmy Pucnine
Petincoruii 6 Yxpaini ma y ceimu, 6upodneHo2o 6 ymo8ax KiiMamudHux 3miH ma NOpIeHAIbHA iX
xapaxmepucmuxa. Mamepiaramu 6yni cyxi cmonogi euna 3 unoepady copmy Puciine Peiincokutl
3 pisHux kpain €sponu (Opanyis, Hiveuuuna, Imania, Yxpaina), 2019-2020 poxis ypoocais. I1io-
20moeena de2ycmayitiiy nameins 3 epynu excnepmi 32iono JJCTY ISO 8586:2019. Cmamucmuuna
00poOKa pe3ynIbmamis OOCHIOHCEH A 3d OYIHKOIO poOOMU eKCnepmie npedcmasiend npoitbHum
MEmoOoM N0 KOJICHOMY OECKPUNMOPY OKPeMO 3 3ACMOCYBAHHAM 008ipuoco inmepsany. Oyinku
0ecKpunmopie cmaxy matiswce He GIOPI3HAIOMbCA 3A1eHCHO 6i0 eunpobysaya. 3a apomMamuidHuMu
OecKkpunmopamu pisHuys 3a excnepmamu 0yna Oiibul NOMImHa, ye Cmocyemuvcs 0eCKpUnmopia
Yumpycosux, KeImkogux ma mpae auux Hom. Cmamucmuuna oopooka pobomu 0e2ycmayitiHor
naueni noKkazana 00CManmHb0 BUCOKULL Pi6eHb NIO20MOBKU Ma 0DI3HAHOCMI eKCnepmis.

Cmeopeno cmaxo-apomamudni npoghini YKpaincokux ma HiMeybKux U 3 GUHOZPAOY copmy
Pucnine Peiincokuil. Buna 3 eunoepady copmy Pucnine Petincokutl, supoujenoeo ¢ Hiveuuuri,
CHpUUMANUCY OiNbu CEIdCTUUMU 3 DLIbUL ACKPABO BUPAJICEHOIO YUMPYCOBOIO HOMOIO. YKPaiHCbKI
suna 3azeuuail manu Oinvw 3pini ma poseuneni apomamu. Huzvkuil emicm eintornoz2o SO, neea-
MUBHO NIUBAE HA CEHCOPHY OYIHKY YKPAIHCObKUX 6UH 3 6uHO2pady copmy Puciine PeiincoKuil.

IIposedeHo nopisHsIbHA XAPAKMEPUCTIUKA CEHCOPHUX NPOQINI6 6UH PI3HUX KPAIH 3 GUHO-
epady copmy Pucnine Petincokuil 3a 00nomo2o10 Memooié CeHCOpHO20 aHanizy, 30Kpemd po3-
pobrenoi agmopcwroi memoouxu Haocnin. 3’sicoeano, wo yKpaincoki 6UHA 3 UHOSPAOY COPMY
Pucnineu marome cencopruii npoine, KUl 3HAUHO GIOPIZHAEMBCA BI0 €BPONEUCHKUX AHANOZIE,
BIH MAE 3HAYHO MEHULY IHMEHCUBHICTb NEPEUHHUX APOMAMIE M HA MeNCT 8IOCYMHOCMI OesKi
Knacmepu, sKi € 6 €8PONELCbKUX ANAN02aX, KPIM MO20 60HU MAIOMb MEHULY CKIAOHICMb, KOPOM-
wiudl nicasicmaxk ma 2ipuwiuii 6anrauc. JJeckpunmopu 0711 8UH, U20MmoeieHux 6 Kpain €eponi kope-
J0I0Mb Mide co0010, IM npumamanHi matixce 00Hi munosi oaa Pucnineie deckpunmopu. Cen-
COpHa oyiHKa 6uH 3 uHoepady copmy Pucnine Petincoxuil 3a 100 6anogoio wkanow nokaszaua,
WO OYIHKU €BPONEUCLKUX 3PA3KIE BIOPIZHAIOMbCA 6I0 YKPAIHCOKUX 3DA3KIB, 8 CePeOHbOMY HA
10 6anie. 3a pieHamu skocmi 8i0NOBIOHO GUHA, SIKI 8UCOMOGILEH] 8 YKpaiHu Mawoms pigeHb 8i0
cepeoHb020 00 OyaHce 2apHO20, a €6PONELCHKI BUHA — 8I0 8UOAMHUX 8UH OO BUHAMKOBUX.

Kniouogi cnoea: sunocpad, euno, opeaHoienmuyHull, K1iMamuuni 3uinu, npo@inb, cmax,
deckpunmop, banamuc.
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Kameneva N. V., Verechuk O. A., Afanasieva T. M. Analysis of the modern organoleptic
profile of wine from the grape variety of Riesling Reynsky, produced in conditions of climate
change

The study analyzed the impact of climate change on the sensory profile formation of white
table wines, particularly those from the Riesling variety. The purpose of the research is to analyze
the current organoleptic profile of wines from the Riesling variety in Ukraine and worldwide,
produced under conditions of climate change, and to compare their characteristics. The materials
included dry table wines from Riesling grapes from different countries (France, Germany,
Italy, Ukraine), 2019-2020 vintages. A tasting panel was prepared from a group of experts in
accordance with DSTU ISO 8586.:2019. Statistical processing of the research results based on
the expert evaluations was presented using the profile method for each descriptor separately,
applying a confidence interval. Taste descriptor ratings showed minimal variation depending on
the tester. However, there was more noticeable variation among experts for aromatic descriptors,
particularly for citrus, floral, and herbal notes. The statistical processing of the tasting panel s
work demonstrated a sufficiently high level of preparation and expertise among the experts.

Flavor-aromatic profiles were created for Ukrainian and German wines from the Riesling variety.
Wines from Riesling grapes grown in Germany were perceived as fresher with more pronounced citrus
notes. Ukrainian wines generally had more mature and developed aromas. A low free SO, content
negatively affected the sensory evaluation of Ukrainian wines from the Riesling variety.

A comparative characteristic of the sensory profiles of wines from different countries from
the Riesling variety was conducted using sensory analysis methods, particularly the author-
developed "Naoslip" method. It was found that Ukrainian Riesling wines have a sensory profile
that significantly differs from their European counterparts, with much lower intensity of primary
aromas and near absence of certain clusters present in European counterparts. Additionally, they
have lower complexity, shorter aftertaste, and poorer balance. Descriptors for wines produced
in European countries correlate with each other, with nearly all typical Riesling descriptors
present. The sensory evaluation of wines from the Riesling variety on a 100-point scale showed
that the scores for European samples differ from Ukrainian samples by an average of 10 points.
In terms of quality levels, wines produced in Ukraine have ratings ranging from average to very
good, while European wines range from excellent to outstanding.

Key words: grape, wine, organoleptic, climate change, profile, taste, descriptor, balance.

ITocranoBka mpodaemu. [mobanbHe MOTEIUTIHHA 3MIHMTH Jialla3oH TeMIICpaTyp
y OLIBIIOCTI BUHOTPAIAPChKUX PAMOHIB 1 Oe3MocepelHhO BIUTMHE Ha AKICTh BUHOTPAJIa
1 BuHa. [ToTeniHHs KiIiMaTy MOXKe 31aBaTHCA He MOTaHol0, a YacOM HaBiTh Oa)XXaHOIO
MOJIEr0. 3UMH CTAIOTh M’ SKIIUMHU, JIITO 11e TernmuM. OHaK, HACTIPaB/i, BXKe 3MiHIO-
IOThCS 1 HaJlami OyayTh 3MIHIOBATHCS KJIIMATHYHI YMOBH, SIKi 3IaBAJIUCS HETTOPYITHUMH,
npo TpaHc(OpMAIlilo SKUX HEIIOJABHO HaBiTh He aymanu. Hampuknan, eBporeifii
MEepIINMH BiUyNn 3MiHy KJIiMaTy Ha 0OyTOBOMY piBHI, aJukKe (paHIly3bKi BHHA, SKi
CTOJIITTSIMHU BBaXKAJIMCsl €TAJIOHHUMH, CTPIMKO 3MIiHIOIOTh CBOI BJIACTHBOCTI Ta SIKICTh
Pa3oM 31 3MiHOIO KJIiMary.

3MiHa KJIIMaTy 1€ TPSH/I0B1 3MiHHU TEeMIIepaTypH MOBEPXHI IJIAHETH Ta 1HIIHNX KIliMa-
TUYHUX (aKTopiB. BoHu BigOyBanucs yIpogoBK BChOTO iCHYBaHHS 3€MITi, OTHAK HiKOJIH
He OyaHM TaKUMM CTPIMKHMH, SIK 3a ocTaHHI 30 pokiB. JI0CTOBIpHO BCTAHOBJIEHO, IO
TeMIepaTypa MoBITPsI MiABHUIIYETHCS B YCIX YaCTHHAX CBiTY. BHACIIIOK IIHOTO B aTMOC-
(epi BigOyBaeThCs mepedynoBa NI00AIEHIX IPOLECIB IIEPEHECCHHS TeIlIa 1 BOJIOTH Ha
BCiX KOHTHHEHTax. Ha chorofHimHii 1eHb icHye 0u3bko 20 MPOTHOCTUYHUX MOJIEIer
3MIHM KJIIMaTy Ha II00aJIbHOMY PiBHI. BCi BOHM BKa3yrOTh Ha MOJAIIBIINE TOTEILTIHHSL.
3rifiHO 3 PO3paxyHKOM IUX Mojenel y 21 cTopiudi Ha Beiil Tepuropil YipaiHu odiky-
€ThCSI TiABHIIEHHS Temreparypu monan 1,2 °C, mo Bxe 3adikcoBano 3a 30 ocraHHIX
pokiB. IMOBipHO 10 10 KiHIA CTONITTS migBumenHs craHosutume 2—4°C. 3a po3pa-
XYHKaMH KJIIMaToJIOTiB, CEpeIHs IBUKICTh MOTEIUTIHHS B YKpaiHi CTAHOBUTH OJIM3BKO
0,4 °C 3a 10 pokis

3apa3 kimiMaT YKpaiHu y TpeH i TII00aIbHOTO MOTETUIIHHS, BOHO OXOITHJIO BCIO TEPH-
TOpII0 HAIIOI KpaiHW, a MIBHIKICTh MIABHINECHHS TEMIIEpaTypH MOBITPS HABIThH JCIIO
BUIIEPEKAE CEPETHBOCBITOBY [1].
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3riiHO JOCHIPKEHb TOJOBHOIO XapaKTCPHCTHKH 3MIiHH KIIMaTy, a caMe cepea-
HBOI PIYHOKO TEMIIEpaTypH TOBITPS HIKHBOTO IMapy arMocdepu Ha BUCOTI 1 MeTp
HAJl MOBEPXHEI0, CYYaCHHWH KIiMaT YKpaiHU XapaKTepU3YEThbCs HEPIBHOMIPHUM IO
TEpUTOPii MOTCIUIIHHAM, SICKPAaBO BUPAKCHUM Y 3HMOBI Ta JIITHI Micsli. 3a OCTaHHI
30 pokiB cepeaHs piuHa TemIieparypa MoBiTpsS B YKpaiHH IMiABUINMIACS OUIbIIe, HIK
Ha 1 °C. [lizBuILEHHS TeMIepaTypu Y X0JoAHUN niepio] (JucTonaa-0epe3eHp) ckiangae
B cepenubomy 1,3° C, y Terunit (kBiTeHb-K0BTeHb) — 1,1 °C. Sk cBim4arh AaHi, MOYH-
Harouu 13 1991 poky KOKHE HACTYIHE NECATUPIYYs OyJIO TEIUTIIIUM MOMePeTHBOTO:
1991-2000 — wa 0,5 °C, 2001-2010 — na 1,2 °C, 2011-2019 — na 1,7 °C [2].

B miBgenHux perioHax XepcoHcbkoi, MukonaiBcbkoi, Omecbkoi’ Ta 3amopi3pKoi
obmacTsax 3’sBWJIACSA TepMiuHa 30Ha i3 cyMor0 Temmeparyp Oimbme 3400-3700 °C.
Oxkpim Toro, Temino3abesneueHHs: Binnwuibkoi, [TonTaBchkoi, XapkiBcskoi, Kiposo-
rpajchKoi 00macTsax Oyno TakuM, sk B XepCOHCHKOI 001aCTi y MOMEPeHE ACCATHPITHSL.
To6To0, obnacrti [TiBHiwHOTO cTemy 1 [liBneHHOTO JicocTeny YkpaiHu Hapa3si BKe MalOTh
ymoBH [1iBJ€HHOTO cTely Ta MaloTh XapaKTEPHOIO OCOOIUBICTIO TO, 110 Y IIUX 001acTIX
3pOCTaHHS KUIBKOCTI Teruia Oinbi cTpimke [3].

AHaJIi3 ocTaHHIX JoCTiKeHb i myoumikauwiii. B 2019-2022 pp Oynmu npoBejieHi ceH-
COPHMX JOCII/PKEHb, JI€ PO3IISAAINCH OPraHOJENTHYHI TOKa3HUKK BUH 3 BUHOTPaIy COPTY
Pucninar €Bpormm Ta YkpaiHu 3 pi3HMX KIIMaTHYHHX 30H Ta 3pOOJICHMX 32 PI3HUMH TEXHO-
JIOTIsIMH, TIPOBEJICHO iX TIOPIBHSUTHHUIA aHAI3. B pe3ynbrari OTpUMaHnX JIAaHUX 3'SCYBaJIOCh,
110 Pucninru Ykpainu MatoTb CeHCOpHUI POQiIb, SIKUi 3HAYHO BIAPI3HSIETHCA Bijl €BPOIIEH-
CBHKHUX aHAJIOTIB, a CaMe 3pa3Ky MaJIM MEHIITy iHTCHCHUBHICTh MEPBHHHUX apoMaTiB, BiCYT-
HICTB JISSIKMX KJIACTEPIB, sSIKi € B €BPOICHCHKHUX aHAJIOrax, Ta BUCOKY IHTCHCHBHICTh OKHC-
JeHuX apomariB. YacTUHA UX BIAMIHHOCTEH JISKWUTH B IUIOLIMHI Tepyapy BUHOTPAJHUKIB
YkpaiHu Ta KIOHIB BUHOTPAy, SKi BUKOPHUCTOBYIOTh BUHOPOOH. Pa3oM 3 THM iHIIA yacTHHA
3aJICKUTB BiJ] TEXHOJIOTTi BAPOOHHMIITBA, TOMY BHBUCHHS BILTHBY TEXHOJIOTTYHHX IPHHOMIB Ha
(hopMyBaHHS OPraHONENTUYHOTO POQLITIO BUH 3 BUHOTpaia copTy Puciinris Yipainu [4-7].

TakuM YHHOM, TCHJCHINSI 3MIHM KJIIMaTy Ta TIONEpeHi HAyKoBI poOOTH IIONO
BUBUCHHS OPTaHOJNCNTHIHNX ITOKA3HUKIB OLTMX BUH ITOKAa3yIOTh HEOOXITHICT YIOCKO-
HaJICHHS TEXHOJIOTi1 BUH, BUPOOJIEHHUX 3 BUHOTpaay copTy Puciinr PeliHcbkuii, BUpo-
IIEHOTO B YKpaiHi B Cy4YaCHHUX YMOBaX, OCKUIBKH caMe Ha BUHOPOOHI MOXXHA YHUKHYTH
a00 3armo0irTH OUTBIIOCTI HEJOMIKIB, SKi HEraTUBHO BIUTMBAKOTH HA (POPMYyBaHHS CCH-
copaoro npodino [8; 9].

MeTor0 AOCITiIZKeHHSI € aHaji3 CyYaCHOTO OPTaHOJCNTUYHOTO NPO(MiTI0 BHH
3 BUHOTpajay copty Pucminr PeliHchkuit B YKpaiHi Ta y CBITH, BAPOOJICHOTO B yMOBaxX
KJIIMaTHYHUX 3MiH Ta MOPIBHSUIbHA iX XapaKTEePUCTUKA.

B 3aja4i mocmijpkeHb BXOIWIIO: MPOaHANI3yBaTH HAayKOBi JDKepela MO0 BIUIUBY
KIIIMaTHYHUX 3MiH Ha (OpPMYyBaHHS CEHCOPHOTO MpOo(diI0 OUIMX CTOJOBHX BHH Ta,
30KpeMa, BUH 3 BHHOrpaay copty Pucninr Peifncekuii; copmyBatu Ta miarotrysaru
JIeTyCTaliiHy maHens 3 Tpymnu ekcriepti 3rigao JJCTY ISO 8586:2019 [10]; ctBopuTH
CMaKo-apoMaTH4Hi mpodisii yKpaiHChKUX Ta HIMEI[bKUX BHH 3 BAHOTPa1y COpPTy Puciinr
PeitHchKuil; MPOBECTH MOPIBHSIBHY XapaKTEPUCTUKY CEHCOPHUX NMPOGisliB BUH PI3HUX
KpaiH 3 BUHOTpay copTy Puciinr PeiHChKHIA 32 TOTIOMOTOFO METO/IiB CEHCOPHOTO aHa-
Ti3y; 3p00UTH MaTeMaTH4YHy 00p0oOKa OTPUMAHUX PE3YIIBTATIB.

Marepianamu Oy cyxi CTOJIOBI BUHA 3 BUHOTpaxy copTy Pucminr PeHcbkuil 3 pi3-
HUX KpaiH (Opanmis, Himeuuuna, Itanis, Ykpaina), 2019-2020 pokiB ypoxais, 61 3pa3ok.

VY Xoil NpOBEIEHHI EKCNIEPUMEHTY 3aCTOCYBald METOJHM CEHCOPHOIO aHalizy,
a caMe JICCKpUNTOpHO-TIpo¢inbHui Ta 6anosuit metoau [11]. {ng aeckpuntopHo-mpo-
(dinpHOTO MeToma po3pobieHa 10-tubanpHa mkama (Merox Haocmim), mis GamoBoro
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Mmetony Bukopucrana 100-0anpHa cucTeMa OIIHOK 3TiAHO 3 MiKHApOAHOI opraHizamii
OIV. Mertonosorist Haociin po3po6iena aBropom (Bepeuyk Onena) B 2019-2021 pp.,
OCHOBaHa Ha ICHYIOUMX CTaHaapTax Ta Ouibil HiX 20-TH piuHOMY JIOCBiAy aBTOpa
B poOOTi 3 BUHAMH, A€ MOXIHMBICTh JETATHHO PO3MISTHYTH OPTraHOJCHTHYHI SIKOCTI
BHHA 1 3p0OWTH BHCHOBKH, 3B)KAIOYM HA BCI aCTEKTH sSKOCTi BuHA. Ha 6asi meTony OyB
po3poOiieHa HaBYajbHA METOJUYKA, KM 3aXUIICHUN aBTOPCHKUM CBigouTBOM [12].
Mertononoris Bkirouae B cebe aBi 6anosi mkanu. [lepira 6anosa mkana (Bix 1 mgo 10),
OIHCY€ HASIBHICTD 1 IHTEHCHBHICTh KJIACTEPIB Ta ACCKPUIITOPIB IEPBUHHUX, BTOPUHHUX
Ta TPETUHHHUX apOMarTiB, 1 MapaMeTpiB apoMary Ta CMaKy BHHa (KHUCIOTHICTh, IIYKOD,
AJIKOTOJIb, TAHIHHU, IHTCHCUBHICTh apOMaTy Ta CMaKy, OIliHKa TiJla BUHa, iioro 6anaHc Ta
micisicMak). SIKicHe MpocTe BUHO MA€ J0 TPhOX KJIACTEPIB TUIBKH TIEPBUHHKUX apOMarTiB,
BHHO SIKICHE CEpEJHbOI CKJIATHOCTI Ma€ MaTu BiJ 4-X J0 5-TU KJIACTEPIB NMEPBUHHUX
apoMariB, a CKJIaJJHEe TepyapHe BUHO — Bijl 6-TH KJIACTEPiB TUTbKU MEPBUHHUX apOMaTiB.
Jpyra mkana mae aiteHns Bix 1 1o 100 Ta onmcye 3aranbHui 0ajl BAHA Ta € OCHOBHUM
IMOKA3HUKOM sIKOCTi. PiBHI stkocTi 3a 100-0aipHOIO MIKAI0I0: 10 59 — moraHe BUHO,
60—69 — nocepeane BUHO, 70—79 — cepenns siKicTh BUHa, 80—89 — Bix BHIIE CEPETHHOTO
JI0 yxe rapHoro, 90-95 — BuymatHi BuHA, 96—100 — BUHATKOBI BUHA.

JocnimkeHHs MPOBeACHO BiAiOpaHOIO Ta BiAKamiOpOBAaHOIO JETYCTAIIHHOIO KOMi-
Ci€r0 Y KUTBKOCTI 9 eKcIepTiB 3rifiHo 3 MixkHapogHux BUMOT [10]. [l cknaganHs ceH-
COpPHOTO TPOdiI0 OyI0 BUKOPHUCTAHO YHMHHY TEPMIHOJIOTIIO Ta ETAJIOHHI 3pa3KH, IO
JIO3BOJIMJIO HAM BHKOPUCTOBYBATH HAaKOIIMYEHUH JIOCBiJ €KCIIEPTiB.

3a octanHi 20 pOKIB CEHCOPHHUI aHaIIi3 3a3HAB AKTUBHOTO PO3BUTKY, SIK B PO3IIH-
PEHHI IHCTPYMEHTIB Ta METOIMKH JOCIIKCHHS, TAK 1 B CTAHIapTHU3alliil iX Ha MIKHAPO/I-
HOMY piBHI. CbOTO/IHI B CEHCOPHOMY aHaJli31 BUKOPUCTOBYIOTHCSI CTATUCTUUHI METOAU
00pOOKHM pe3yNbTariB JOCTIKCHb Y BUIVISAL CIEIialli3oBaHUX Nporpam. Pesymbrarn
JIOCITI/PKEHb CTAaTHCTHYHO 00po0IieHi 3a mormomoroto nporpamu PanelCheck V1.4.2.

Buknax ocHOBHOro Marepiajy. BUBUeHHS OpraHONIENTUYHUX OCOONIMBOCTEI BUH
3 BUHOTpay copty Pucninr PeiitHchkuid, BUpolieHoro B Ykpaini modascst B 2011 poki
SK CIUTBHUH mpoekT YHiBepcutety [aitsenxaiim Ta Omecbkoro HamionameHoro Tex-
HoJoriyHOro YHiBepcuTeTy (Ha Toi vac Opecbka HalliOHaJbHA aKaJeMis Xap4oBUX
TexHouorii). Pesynprar podotu OyB mpencraBneHuit Ha koHgpepeniis OENO IVAS
2017 B bopao [13]. HocnikeHHs: oKa3aio, 0 B BUHAX, BUPOOJIEHHUX 3 BUHOIPAILY
copty Pucninr Pelinchkui, BUpoIeHoro B Ykpaini, 3aransuuii BMicT SO, 3a3Buuaii Oy
awkde 100-120 mr/am?. CopToBHii apOMaTHUHHIA CKIIa]] AEAKUX YKPATHCHKUX BUH BPO-
kaiB 2016-2017 pp. MaB OUIBIINN BMICT TEpPIICHIB Y TIOPIBHIHHI 3 IHIIUMHU 3pa3KaMH
BHH, BKJIIOYAIOYM HiMelbKi puciinru. Burpumani 3pasku Bun 2012-2014 pokiB manu
i IBUIICHUH piBeHb BiTicmipany (10 65 Mxr/nm?) i 1,1,6-rpumernn-1,2-nurinponadra-
niny (TDN). Buna 3 BuHOTpamy copty Pucininr PeitHcbkuii, BupomeHoro B HiMeuuuHi,
CHPUHMAIINUCH CIIOKUBaYaMM OUTBII CBUKIIIUMHU 3 OUIBII SICKPABO BUPAKEHOIO LUTPY-
COBOIO HOTOIO. YKpAaiHCHKiI BHHA 3a3BHYail Manu OifbII 3piii Ta PO3BHHEHI apoMarH.
Huspkuii BMicT BinmbHOro SO, HETaTMBHO BIUIMBAB HA CEHCOPHY OLIHKY YKPaiHCBKHMX
BUH 3 BUHOTpany copty Pucninr PeliHcbkuii, 0COOIMBO HA CTApUX YPOIKAIX.

3a Mmertozonorieto Haocwin B 2022 p. mpoBEIEHO MOCIiIKEHHS MO0 3pa3KiB BHH
3 BUHOTpaaa copty Puciinr PeiiHcbkuit €Bponu Ta Ykpainu, Bintaxis 2019-2020 pp.
(tabn. 1-2, puc. 1-2). Po3migganuce TUTbKY NEPBUHHI apOMaTH, OCKIIbKH BUHA MOJIOJI
1 He Mamu vacy Ui TOSIBH TPEeTHHHHUX. Bci meckpunropu chopMoBaHi B KilacTepu
apomariB (KiCTOYKOBI (PPYKTH, IIUTPYCOBI BPYKTH, TPOMIUHI (PPYKTH, KBITH Ta TPABH,
crenii Ta mpsHouli, MiHepaibHicTh). KoxkeH mapamerp Mae cBili koe(illi€eHT SKOCTI,
OCKIJIBKY YaCTHUHA 3 HUX 3QJICXKHUTh BiJl COPTY BHHOTPALy Ta TEXHOJIOTIi BUPOOHUIITBA.
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Tabmuis 1
CencopHa ouiHka BiH, BUpPoO1eHuX 3 copTy Puciinr PeiiHcbkuid,
BUPOILIEHOI0 B Kpainax €Bponu, 3a 100 -0a,10B010 IKAJI0I0
Ne Kpai- Perion, nassa Bupoouux Ouinka C,TaHHaPTHe Jucnepcis
Ha BUHOI'PATHUKA BUIXHJIEHHHA
| Alsace, Altenberg Domaine Frédéric 91,2 3,59 12,9444
Mochel
2 Alsace, Engelberg Domaine Pfister 89,6 2,35 5,5278
3 Alsace, Geisberg Domaine André 88,1 2,71 73611
Kientzler
4 Alsace, Grafenreben Domaine Bott-Geyl 90,4 2,45 6,0278
5 5 | Alsace, Kastelberg Domaine Marc 90,3 2,34 5,5000
g Kreydenweiss
< R B
6 | & |Alsace, Muchlforst Domaine Mittnacht 93,7 2,34 5,5000
Fréres
7 Alsace, Clos Saint-Urbain | DOmaine Zind- 92,6 1,87 3,5278
Humbrecht
8 Alsace, Rosacker Mittnacht 91,2 2,38 5,6944
9 Alsace, Schlossberg Domaine Weinbach 95,1 1,05 1,1111
10 Alsace, Sommerberg Domaine Albert 90,4 3,65 7,0278
Boxler
T Rheingau, Berg Weingut Georg 937 122 15000
Schlossberg Breuer
12 Pfalz, Biirgergarten Weingut Miiller- 89,2 1,78 3,1944
Catoir
. Peter Jakob
13 Rheingau, Doosberg Kiihn 90,5 2,01 4,0278
14 Rheinhessen, Frauenberg Welng ut Battenfeld 89,1 2,52 6,3611
Spanier
15 Nahe, Frithling-splitzchen | ¢ngut Emrich- 92,3 1,87 3,5000
Schonleber
16 Pfalz, Goldberg Weingut Lingenfelder 91,5 1,98 3,9444
17 Rheingau, Gréfenberg Weingut Robert Weil 89,8 1,98 3,9444
18 g Nahe, Hermannshohle Weingut H. Dénnhoff 94,2 1,09 1,1944
= -
5 . Weingut
19 GE Pfalz, 1dig A Christmann 91,6 3,59 12,9444
20 T Nahe, Karthduser Weingut Tesch 92.4 2,74 7,5278
21 Pfalz, Kastanienbusch Weingut 96,2 1,20 1,4444
” | Okonomierat Rebholz ’ ’ ’
. Weingut Clemens
22 Mosel, Marienburg 91,4 3,04 9,2778
Busch
23 Rheinhessen, Morstein Weingut Wittmann 95,3 1,58 2,5000
24 Rheinhessen, Pettenthal | "o ngut Kilhling- 91,7 1,73 3,0000
Gillot
25 Nahe, Rheingrafenberg Weingut Hexamer 91,6 2,06 4,2778
26 Pfalz, Saumagen Weingut Koehler- 92,3 2,34 5,5000

Ruprecht
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27 Wachau, Achleiten Weingut Prager 89,5 2,06 42778
28 Wachau, Bruck Peter Veyder-Malberg 88,3 1,58 2,5000
29 Wachau, Kellerberg Weingut F.X. Pichler 90,2 2,16 4,6944
30 Wachau, Kirchweg Weingut Rudi Pichler 92,8 1,48 2,1944
31 Wachau, Schiitt gjj}?ﬁ‘“ Emmerich 93,4 1,51 2,2778
32 Wachau, Steinertal Weingut Leo Alzinger 90,2 2,17 4,6944
33 = Kremstal, Ehrenfels Weingut Proidl 90,1 2,84 8,1111
34 g Traisental, Engelreich :;’s:;f“t Markus 89,4 1.81 32778
35 Kamptal, Gaisberg Schloss Gobelsburg 90,6 1,56 3,2778
36 Kremstal, Grillenparz Weingut Stadt Krems 89,2 1,73 2,4444
37 Kamptal, Heiligenstein Weingut Briindlmayer 90,7 1,69 3,0000
38 Kremstal, Mosburgerin Weingut Buchegger 92,1 1,33 2,8611
39 Kremstal, Pellingen Weingut Nigl 91,4 1,00 1,7778
40 Kremstal, Silberbichl Weingut Malat 92,7 1,64 1,0000
41 Kamptal, Steinmassl Weingut Loimer 91,8 1,33 2,6944
42 Alto Adige, Kaiton Weingut Kuen Hof 93,2 1,39 1,9444
8 § Alto Adige, Unterortl Zf:;%‘};g;temm 94,6 1,51 22778
44 Alto Adige, Untersteiner Weingut Niedrist 90,3 1,58 2,5000

HaiiBaxmuBimumu mapamerpamu € 0ajaHC BHHA Ta MICIKICMAaK, caMe IIi ITapaMeTpH,
a TaKOXX KUIBKICTh KJIACTEPIB 3 MEPBUHHUX, BTOPUHHUX Ta TPETHHHHUX apOMariB BILIH-
BalOTh Ha BU3HAUCHHS OaiB JUIsSL PYTOi HIKAJIH.

[lepBuHHI KITacTepw apoMaTiB, SKi XapaKTepHI Ul BHH 3 BHHOTPAAY COPTY
Pucninr Peiinchkuii, 617p11 IpUTaMaHHI BUHAM €BPOTIEHChKUX 3pa3kiB. HailOinpury
IHTEHCUBHICTH TOKa3yIOTh KJIACTEPH KICTOUKOBUX (PYKTIB, IUTPYCOBHX Ta MiHE-
pajdbHUU KJIacTep, sIKi € JOMIHYIOUMMH MaiKe y BCiX MOCTITHUX 3pa3kax. KBiTu Ta
TpaBU Jal0Th BUCOKY iIHTEHCUBHICTh B BUHAX 3 MiBHOUI ITaunii Ta ABCTpii Ta Halikpa-
mux 3paskax Himedunnu (Burax GG). Bci BuHa MarTh BUCOKY KHUCJIOTHICTH, IO
TaKOX € TUIIOBHM JUIsl BUH 3 BUHOTpany copty Pucminr Pefincekuii (puc. 1) 3a pin-
KHMM BUKJIIOUEHHS, PuciiHru €Bponi € SKiCHUMH BUHAMU 3 IPEMiaJIbHOTO CETMEHTY,
OinpnricTh o1iHOK BHIne 90 OaliB MOKa3yrOTh, 10 BUHA MAalOTh TapHHUH OallaHC Ta
JIOBTIH MicJsiIcMaK, KpiM TOTO BOHU MAarOTh BEJIMKHH MOTCHIAN (3aBASKH BHCOKIH
KHCJIOTHOCTI Ta KiJIbKOCT1 J€CKPUITOPIB) ISl PO3BUTKY, 1 MOKJIMBO 3 YaCOM, KOJIU
MEPBUHHI apOMaTH OyIyTh MOCTYIIOBO MEPEXOJUTH B TPETHHHI, OaJIH MOXKYTh OyTH
Bumii (tadn. 1, puc. 2).

Pucninrn Ykpainu MaroTe CEHCOpHMH Tpodinb, SKUl 3HAYHO BiPI3HAETHCS BiX
€BPOTICHCHKUX aHAIOTiB. BiH Mae 3HaYHO MEHIITy iIHTEHCHBHICTh IIEPBUHHHIX apOMariB
Ta Ha MEXI1 BIJICYTHOCTI JIesIKI KJIACTEPH, SIKI € B €BPONEHChKUX aHasiorax. PesynsraTu
JOCITIJDKEHb MOKa3yoTh 3MEHIIEHHs KiTBKOCTI JAECKPUNTOPIB B YKPAaiHCHKMX BHHaX
B MTOPIBHIHHI 3 BUHAMH, SIKi BUTOTOBIICHI B €BPOIIi, a caMe JeCKPUNTOPi KiCTOUKOBUX
Ta TpaB, TAKOXK BiMiUeHE HA0AraTo MEHIIE IIUTPYCOBUX Ta MAJIO JCCKPHIITOPIB MiHe-
panbHHX TOHIB (puc. 1).
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Tabnurs 2
CencopHa olliHKa BUH, BUP0O0JIeHUX 3 BUHOrpaay copty Puciinr Peiincbknid,
BHPOLIEHOI0 B YKpaiHi, 3a 100-6a,10B010 111KaJ1010

Ne Perion HasBa, Bupo0Huk | Oninka C.Taﬂz[ap rue Jucnepcis
3pa3ka BiIXHJIEHHSI

I |Xepcow |Pucminr dry .| 853 85,3 2,0000
Pettackuii, TpyOerkoit

2 Muxonai | Riesling dry, Beykush 82,1 82,1 7,3611

3 |Opeca  |Ricslingdry, Villa 80,6 80,6 1,778
Tinta
Riesling Reserve semi-

4 Opneca dry, Shabo 81,4 81,4 1,5278
HagmainpsiHceke

5 Mukonais | TpyOerikoro, 81,7 81,7 2,2500
Tpy6enkoii

6 |Muxomaip |FICHIHr cyxui, 81,6 81,6 22778
T'onuapna ['opa

7 MuxonaiB | Riesling dry, Chmil 80,3 80,3 1,7778
Riesling Reserve dry,

8 Opeca Shabo 81,5 81,5 1,0278

9 3akapnarti | Riesling dry, Chizay 79,2 79,2 2,4444
Riesling Brut,

10 | Opneca Frumushika-Nova 81,4 81,4 1,5278
Pucninr cyxuit ['pang

11 Opeca Bane, Grand Valle 80,6 80,6 1,4444
Riesling dry,

12 |Opneca Nicodeme 79,3 79,3 1,2778

13 Opneca Riesling dry, Wineidea | 81,8 81,8 0,7500

14 Opneca Riesling dry, Bezzub 79,0 79,0 2,6111

15 Opneca Pucninr cyxwuii, GIGI 81,4 81,4 1,5278

16 |Opeca |Pmcminr cyxui, 78.5 78.5 1,0278
Vinopion
Riesling dry,

17  |Opneca Malanchuk 79,2 79,2 1,2778

18 |3axapmarrs | Riesling acewine, 85,4 85,4 1,4444
Chizay

19 MuxonaiB | Riesling dry, Falko 82,6 82,6 1,0000

20 Oneca Riesling dry , Narovilo| 83,3 83,3 1,9444

3a 100-0anoBoro ImIKajow, cepefHiii Oam ykpaiHcbkux BUH 81 0Oan, 1m0 Kaxe
PO PIBEHB SKOCTI BHH, SIKHH XapaKTepHHU JUisd 0a30BOTO BHHA, 0€3 MOTCHIIATY s
BUTPHUMKH, X0Ua KHCJIIOTHICTB FapHa i BIiJINOBIIa€ MIXKHAPOTHOMY CEHCOPHOMY MPOdiITIO
BUH 3 cOpTy Pucminr peiHchkuil. Pemta 1ecKpUnTOpiB HE € MOKAa30BOIO JUIA JAaHHOTO
COPTY, IIe 0COOIMBO BaXJIMBO, 00 PHciHT PeiiHChKHUI IIHUTBCS TIEPIT 32 BCE CBOIMHU
BUIaTHUMH BUHAMHU 1 MOTCHIIAIOM JJIsl BUTPUMKH (Tabi. 2, puc. 1-2).
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Puc. 1. Iopisuanvnuii ananiz Puc. 2. Iopisuanvnuii ananiz oyinox
CEHCOPHUX XapaKmepucmux uH, 3a 100-6anvroro wikanoio 0us
supobnenux 3 copmy Pucnine 8UH, 8UpoOIeHUx 3 copmy Pucnine
Petincokuil, supowenux 8 Yrpaini Petincoxuil, supowenux 8 Ypaini
ma kpainax €eponu ma xkpainax €eponu

Pe3yneraTi OCHIKECHD TOPIBHSIBHOIO XapaKTEPUCTUKH YKPATHCHKHUN BHH Ta €BPO-
neicekuit qocToBipHi ipu 95% piBHI mocToBipHOCTI F KpuTmune > F (Tadm. 3).

Tab6mursa 3
PesyabraTn qucnepciiiHoro oqHo()aKTOPHOIo aHaTi3y
Jxepesio Bapiauii SS df MS F P-3nauennsi | F kpuruune
Mix rpynamu 14766,93 | 63 | 234,39 | 65,66 | 1,8055E-206 1,33
Beepenuni rpym 1827,55 512 3,56
Bcerworo 16594,49 | 575

Ilepex npoBeaeHHs CEHCOPHOTO NOCTIHKESHHS 3 BU3HAYCHHS CEHCOPHHX MPOQiliB
BUH 3 BUHOTPAay COpTy PHCHIHT pi3HHX KpaiH Oyno NpoBEACHO TECTYBaHHS Ta KaIiopy-
BaHHS €KCIIEPTIB MIOJI0 ASCKPUTITOPIB CTOCOBHO BHH 3 BUHOTPAy COpTY PHCHIHT 3TiqHO
JACTY ISO 8586:2019 [10].

TTII0]
FETERESETS

Puc. 3. Cmamucmuuna obpodka pesyibmamie MOHIMopunzy pobomu excnepmis
Oe deckpunmopu : A -Kicmouxogi ¢ppykmu; B -Llumpycosi ppykmu; C — Tponiuni ppyxmu;
D -Kgimu ma Tpasu, E — Cneyii'ma [Ipanowi; F — Minepanvuuii; G — Kucromuicms,
H — ITicasacmax; I — Bananc
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B nocnimpxenHs npuitmanu yuacts 9 ekcrepriB. CraTucTuyHa 00poOKa pe3ynbra-
TIB JIOCJIJIKCHHS 32 OIIHKOIO POOOTH SKCIIEPTiB MpeACTaBIeHa MPOQIIEHUM METOIOM
M0 KO)KHOMY JECKPUIITOPY OKPEMO 3 3aCTOCYBAaHHSM JIOBIpYOro iHTepBaly p (UMM BiH
OinpIe, TUM TOYHIIII pe3yNnbTaTH). [ KOXKHOTO JECKPUNTOpA Pi3SHUMH KOIbOpaMHU
300paxeHi 1o oci X — paHKyBaHHS 3pa3KiB, a 10 Y — OI[IHIOBaHHSI, BiJl KOXKHOTO BUIIPO-
OyBaua. Ha miarpamax mpodisiiB >KUPHOIO YOPHOIO JIIHI€IO0 MO3HAYEHHH KOHCEHCYC.
BinnoBinHO 710 1[bOTO, OIIHKU JIECKPUITOPIB CMaKy, a caMe KUCIIOTHICTbh, MICIICMaK,
OaslaHC Ta JICCKPHUIITOPY MIHEPAIBHICTh CMaKy MaiKe He BIJPIZHSIOTHCS 3aJICKHO BiJl
BUITPOOyBa4a, TOMY MOXKHA BIIMITUTH BUCOKUH PIBEHb IMiJJTOTOBKU €KCIIEPTIB 3a LIUMU
nokazHukamH. 11[0710 apoMaTHYHUX JECKPUIITOPIB PI3HMIIA 32 eKCIiepTaMu OyJia OiIbIl
MOMITHA, II€ CTOCYEThCS JECKpHUNTOpiB B-1utpycosi Ta D- kBiTH Ta TpaBu. AJie Bce
OILIIHKH 3HAXOAATHCS B CIPOIO 30HI NS, TOMY MOXKHA 3pOOMTH BUCHOBOK IO €KCIIEPTH
MaloTh JOCTaTHHO BUCOKHI PiBeHb 00i3HAHOCTI (puC. 3).

Principal component analysis (PCA) — aHasi3 0CHOBHHX KOMIIOHEHTIB Ta JI03BOJISIE
BUSIBUTH KOPEJISLIIO IECKPUIITOPIB PI3HUX 3pa3KiB Ta BIACHE JECKPUIITOPIB (puc. 4).

Y s

Puc. 4. PCA-xapma 00cniodcysanux 3paskie un 3 copmy euHozpady , ki 6U0moeieHi
6 kpainax €eponu ma Ykpainu.
0e A — Kicmouxosi ¢ppykmu; B — Lumpycosi ppyxmu,; C — Tponiuni ¢ppyxmu,
D — Keéimu ma Tpasu, E — Cneyii'ma Ipanowi ; F — Minepanvnuil;, G — Kuciomuicmo;
H — Iicnacmax, [ — bananc
spazxu 3 kpainu: S101-S110 @panyisa; S202-S216 Himeuuuna; S301-S314 Aecmpis;
S401-S403 Imanis,; S501, S601-S605, S701-S13, S 801-802 — Vkpaina

PCA-xaprta cknanana s 44 3paskiB BUH 3 COPTYy BHHOTPAIY , SIKi BUTOTOBIEHI
B kpainax €Bpormu (10 3paskiB @paniiis, 16 3paskis 3 Himeuunnu, 15 3paskis 3 ABCTpii,
3 3paska 3 Itamnii) ta 20 3paskiB BuH 3 Ykpainu (Opeca, MukonaiB, XepcoH, 3axap-
marTst), 9 JeCKPUNTOPIB: KiCTOUKOBI (DPYKTH; OUTPYCOBI (pPyKTH; TpomiuHi GpyKTH;
KBITH Ta TpaBH; CIICIii Ta MPSHOIIl;,; MiIHEpAIbHUI; KACIOTHICTD; MiCIsICMaK; OaiaHc
(puc. 4).

Pucninrn YkpaiHn MaroTh CEHCOPHHUH MpoQinb, SKUH 3HAYHO BiAPI3HIETHCS Bif
€BPONCHCHKIX aHAIOTIB. BiH Mae 3HaYHO MEHINY 1HTEHCUBHICTh TICPBUHHKUX apoOMaTiB
Ta Ha MEXI1 BIICYTHOCTI A€sKi KIAaCTepH, SIKi € B €BPONEHChKUX aHanorax (puc. 4).

PCA-kapra nokasye, 1o JeCKpUITopy KpaiH €Bporti KOPEITOTh MK cO00F0, M MpUTa-
MaHHI Maike OJTHI JSCKPHUIITOPHU. A 3pa3Ku YKPAiHCHKHI BUH BiZIPI3HSETHCS BiJl CTHIIFO 3pa3-
KiB BUH 3 €Bporti. OKpeMo Mixk CO000 MO3UTHBHO KOPETIOIOTh TPYMH AecKpunTopis: A, F, H,
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Ta J (KICTOUKOBI (PPYKTH; KBITH Ta TPABH; MiHEPAILHMIA Ta MTiCIACMAK), BOHA HAHOLIBII TIPH-
TaMaHHI 3pa3Kam, siKi BUrotorseHi B Himeuunan ta @pamirii. Came B BUHAX IMX KpaiH BiqMi-
YeHO XapaKTepHi JECKPUIITOPH TIepCHKa, MiHEpalIbHICTh Ta TapHUi OanaHc. [ pyna peckpui-
TopiB B Ta C (uutpycoBi Ta TporiuHi (hpyKTH) XapakTepi OUbI it BUH 3 ABCTpii Ta ITaii.
I'pyna neckpunropiB J Ta G (KHCIIOTHICTB Ta OallaHC) 3HAXOMATHCS Ha OCH , IO MIATBEPIIKYE
Y BUH, BUTOTOBJICHHX B KpaiHax €BpoInu rapHy KUCIOTHICTh Ta OasiaHe (puc. 4).

BucHoBkH. B xoai nocmipkeHs MpoaHali3oBaHi HAyKOBi JPKEpena MO0 BIUIUBY
KIIIMaTHYHUX 3MiH Ha (OpPMyBaHHS CEHCOPHOTO MpOo(UI0 OUIMX CTOJOBHX BUH Ta,
30KpemMa, BUH 3 BUHOTpay copTy Pucninr PeiiHCbKHiA.

[ligrotoBnena JnerycramiiiHy TaHedb 3 Trpynu ekcreprtiB  3rigHo  JCTY
ISO 8586:2019 [10]. CraructnuHa oOpoOKa pe3yJbTaTiB JAOCTIKCHHS 32 OI[IHKOIO
poOOTH eKCcHepTiB NpeAcTaBieHa MpOQiIbHUM METOAOM IO KOXHOMY IECKPHUIITOPY
OKpPEMO 3 3aCTOCYBAHHSM JOBIpyOTo iHTEpBay. OIiHKH ASCKPHUITOPIB CMaKy, a came
KHCJIOTHICTB, MiCIsICMaK, OallaHC Ta JIECKPUIITOPY MIHEPAJBHICTh CMAaKy MaiKe He Bij-
PI3HSAIOTHCS 3aJIeXKHO BijJ BUIIPOOyBava, TOMY MOXKHA BiIMITUTH BHCOKHUH piBEHb Mif-
TOTOBKM €KCIEPTIiB 32 IMMU MOKAa3HMKAMHU. 32 apOMATHUYHUMH JICCKPHUIITOPA PI3HULIS
3a ekcreprtamu Oyjia OUTBIN TMOMITHA, 1€ CTOCYEThCS JNECKPHUNTOPIB B-IUTpycoBi Ta
D- kBiTH Ta TpaBU. AJie BCE OIIHKHM 3HAXOIATHCS B CIPOIO 30HI NS, TOMY MOYKHA 3pOOUTH
BHCHOBOK III0 €KCIIEPTH MAKOTh JOCTATHHO BUCOKUH PiBEHb 0013HAHOCTI.

CTBOpEHO cMakoapoMaTHYHI MPOQiTI YKPATHCHKUX Ta HIMELIBKHX BUH 3 BUHOTPATY
copty Pucuninr Peiincbkuii. Buna 3 BuHorpaay copty Pucninr PeliHCbkuit, BUPOIIIEHOTO
B HiMeuuwmHi, cipuiiManich OUTBII CBUKINIMMH 3 OUIBII SCKPABO BUPAKEHOIO ITUTPY-
COBOIO HOTOK. YKpalHChKi BHHA 3a3BMYail Maju OULTBIN 3piJii Ta PO3BUHEHI apOMAaTH.
Husbkuit BMicT BiibHOTO SO, HETATUBHO BILIMBAB HA CEHCOPHY OLIHKY YKPAiHCHKHX
BUH 3 BUHOTpaxy copty Puciinr PeitHcbkuii.

[IpoBesieHO MOPIBHSJIBHA XapaKTEPUCTHKA CEHCOPHUX MPO(MITiB BUH PI3HUX KpaiH
3 BUHOrpagy copry Puciinr PeliHChKHI 3a TOMOMOrOI METOIB CEHCOPHOIO aHai3y.
3’scOBaHO, 110 YKPATHCHKI BUHA 3 BUHOTPAAy COPTY PHCIIHIM MalOTh CEHCOPHUIA MPO-
(hinb, SKU 3HAYHO BIAPI3HAETHCS BiJI €BPONCHCHKMX aHAJIOTIB, BIH Ma€ 3HAYHO MEHIITY
IHTEHCHUBHICTh MEPBUHHUX apoMaTiB Ta Ha MeXI BIJICYTHOCTI J€AKi KJacTepH, sKi
€ B €BPONEHCHKUX aHAJIOTax, KpiM TOTO BOHH MalOTh MEHINY CKJIaIHICTh, KOPOTIIMN
micJsicMak Ta Tipimid 6ananc. Jleckpunropu sl BUH, BUTOTOBJICHUX B KpaiH €Bporti
KOPEIIOI0Th MK c00010, iM TIpUTaMaHH1 Maiike OllH1 IeCKPUITOPH.

CeHcopHa OIiHKA BHH 3 BHHOTpaxy copTy Pucminr Pelincpkmit 3a 100 GamoBoro
IIKAJIOK ITOKa3aJja, 0 OLIHKKA €BPONCHCHKHX 3Pa3KiB BiPI3HIOTHCS BiJl YKPATHCHKUX
3pa3kiB, B cepesiHboMy Ha 10 6amniB. YkpaiHChKi 3pa3ku, MaroTh Oaini Bix 79,0 no 85,4;
€BPONEHCHKI, BiIMOBIIHO Bix 86,9 10 96,2 GainiB. 3a piBHAMHU SKOCTI BiAMOBIIHO BUHA,
SIKI BUTOTOBJICHI B YKpaiHH MalOTh PiBEHb BiJI CEPEIHBOTO JI0 TyKE FApHOTO, 8 €BPOIICH-
CBhKi BHHA — BiJl BUIATHUX BHH JI0 BUHSITKOBHX.
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AJANTALIA TEXHONON CTAPOOABHIX KOHONTEPCbKUX
BUPOBIB Y PECTOPAHHOMY roOCrnogAPCTBI

JTaaxoeuwy I1. C. — 3006ysauka suujoi oceimu (bakanasp)
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HaujoHanbHO20 yHigepcumemy xap4o8ux mexHosoait
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mexHorsoeii pecmopaHHOI | atopeeduyHoI PodyKuil
HauioHanbHo20 yHigepcumemy xap4ogux mexHoroeil
ORCID ID: 0000-0003-2519-043X

HakoHe4Ha A. C. — kaHOuOam mexHiYHUX Hayk, doueHm Kagedpu
mexHorsoaii pecmopaHHOI | atopeeduyHoI nPodyKuil
HauioHanbHo20 yHigepcumemy xap4o8ux mexHorogil

ORCID ID: 0000-0003-3494-9540

Myp3iH A. B. — cmapwul suknadady kaghedpu mexHonoeii pecrmopaHHoi
i aropeeduyHoi npodykuyii HauioHanbHO20 yHigepcumemy xap4o8ux mexHornoeit
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CmapooasHi KOHOUMEPCHKI BUPOOU 3AUMAIOMb 0COONUBE MiCYe 8 VKPATHCHKIL KYIIHAPHIL Cnao-
wuni. Biomeopenna peyenmypu wiynux y peCmopaHHomy 20Cn00apcmei € GadiCIUGUM 3A60AHHSM.
Y emammi npeocmasneno docuiodicertst icmopii, mexHoN02 ma KyibnypHO2O 3HAYEHHS ULYIUKIG,
a MaKodic ix GNPOBAOIHCEHHS 8 CYUACHT YMOBU, WO MAE 8AXHCIUBE SHAUCHHS 0I5l 2IUOOKO20 PO3YMIHHSL
VKPAIHCKOL KVITHAPHOT CRAOWUHY MA 300A2A4€eHH s CYUACHOT 2ACMPOHOMIYHOT KAPMUHIU.

Excnepumenmanbhi 00CniodceHHs: NPYHCHOCMI, AKMUBHOI KUCIOMHOCMI Mda MIKPOCKONIs
micma 00360JUNU 3 NPOSHO3YEAMU BNIUE [HEPEOIEHMIE HA CMAK, NOPUCTICMb MA AKICIb 20MO-
8ux eupobie. IIlposedeno nopieHANbHY Xapakmepucmuky Xapio6oi yinnocmi, 6ono2ocmi ma opea-
HONeNnMU4HUX NOKA3HUKIE WLYIUKIE.

Buxopucmanns cyvacnux inepedienmie ma memooie 00poOKu 003601Ul0 30epecmu agneH-
MUYHULL CMAK Ma NIOSUWUMU XaP108Y YIHHICMb 6upobie. B pezynomami excnepumenmis po3po-
Oneno Hosi peyenmypu, AKi YCRIWHO NOEOHYIOMb mpaouyii ma cyuacui mexvonoeii. Ilokazano
6NIUG [HEPEOIEHMIB, SIKI NOZUMUBHO BNIUBAIOMb HA NOKAZHUKU KIILbKICHO20 Ma AKICHO20 CKAADY,
pobnAuY upodu Oinbut 30ANAHCOBAHUMY A NONCUSHUMU 3a HYMPIEHMHUM CK1adoM. Excnepu-
MEHMAIbHI OaHi c8I0UAMb NPO NONINULEHHS. MEKCIMYPU Md KOHCUCMEHYIT WYIUKIG.

Jlna cmeopennsn ool peyenmypu wiynuxie, 0o micma 06yio 000aHo Kepoob, IbOH, NUeHUYHI
BUCIBKIL, TNAKOIC CMBOPEHO CMAKOBY 2APMOHIIO 30 PAXYHOK 030001eHH PISHUMU KPEMAMU: Kapa-
MENbHO-3a8aPHUM, 8EPUIKOBO-CUPHUM, TUMOHHUM KYPOOM.
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Bnpoeadoicennss HOBUX POCIUHHUX [HePedi€Hmie Ma YOOCKOHANEHHSA MEXHONO02Il UCOMO8-
JIeHHSL WYIUKIE 00360AUMb NIOGUWUMU IX NPUBAOIUBICMb Ceped CYHACHUX CHONCUBAYIS, 30epi-
2aryu npu ybomy mpaouyitiHi KOMNOHEHMU ma cmaku. 3MiHU y peyenmypi ma 308HiUHbOMY
6UIA0I pOONAMb WYIUKU OLTbUL AKMYATLHUMU MA YIKAGUMU 0711 HOB020 NOKOMIHH, CRPUSAIOUU
BIOPOOINCEHHIO ABMEHMUUHUX YKPATHCOKUX CIMPAB Y CYUACHIU KYIiHapii.

Kntouogi cnosa: asmenmuunicmo, HympieHmu, KOHOUMeEPCbKi 6UPOOU, WYUK, Kepob, TbOH,
NUWEHUYHI BUCIBKU, IHHOBAYISL.

Liakhovych P. S., Niemirich O. V., Kuzmin O. V., Mamchenko L. Ye., Nakonechna A. S.,
Murzin A. V. Aptation of technology of ancient confectionery products in the restaurant industry

Ancient confectionery products occupy a special place in the Ukrainian culinary heritage.
Reproducing the recipe of shulyky in the restaurant industry is an important task. The article
presents a study of the history, technology and cultural significance of shulyky, as well as their
implementation in modern conditions, which is of great importance for a deep understanding of
the Ukrainian culinary heritage and the enrichment of the modern gastronomic picture.

Experimental studies of elasticity, active acidity and microscopy of the dough made it possible
to predict the influence of ingredients on the taste, porosity and quality of finished products.
A comparative characteristic of the nutritional value, moisture and organoleptic indicators of
shulyky was carried out.

The use of modern ingredients and processing methods made it possible to preserve the
authentic taste and increase the nutritional value of the products. As a result of the experiments,
new recipes were developed that successfully combine traditions and modern technologies.
The influence of ingredients that positively affect the indicators of quantitative and qualitative
composition, making the products more balanced and nutritious in terms of nutrient composition,
is shown. Experimental data indicate an improvement in the texture and consistency of shulyky.

To create a new shulyky recipe, carob, flax, and wheat bran were added to the dough, and
flavor harmony was also created by decorating with various creams: caramel-custard, cream-
cheese, and lemon curd.

The introduction of new plant ingredients and improved shulyky manufacturing technologies
will increase their appeal among modern consumers, while preserving traditional components
and flavors. Changes in the recipe and appearance make shulyky more relevant and interesting for
the new generation, contributing to the revival of authentic Ukrainian dishes in modern cooking.

Key words: authenticity, nutrients, confectionery, shulyky, carob, flaxseed, wheat bran,
innovation.

Beryn. Onniero 3 AKTYaJIbHUX TEM ChOTO/ICHHST € BIPOBA/DKCHHS YKpaTHCBKOT KyXHi
3 3aCTOCYBAHHAM CTHIYHHX pralHCLKHx CTpaB B TOMY YHCT | KOHAUTEPCHKUX BUPOOIB.
BinpmricTs miAnpueMIIiB 3aIliKaBICHH] y BIPOBAKCHHI aBTEHTHYHOT YKPATHCHKOI KYJIb-
TYPH Ta TPaIMILii, Bce OUIBIIE JIFOCH OXOIIIIOIOTH TPEH BITHOBICHHS aBTCHTHIHHX
CTpaB Ta BUPOOiB, BIPOBAIKCHHS JIOKATBHAX YKPATHCHKHUX MPOMYKTIB, IIKABISITHCS Ta
MOTTUOMIOIOTH 3HAHHS 3 PI3HOBUIIB YKpaiHChKUX cynepdyaiB. Tomy Tema om0 yao-
CKOHAJICHHSI TEXHOJIOT1i CTapoJIaBHIX YKPaiHChKUX KOHJIUTEPCHKUX BHPOOIB, a 0CO-
OJIMBO BIIPOBAKEHHS iX y CYYaCHUX YMOBAX € JOCHTbH aKTyaJbHOIO.

ABTCHTHYHI YKpaiHChKi KOHIUTEPChKI BUPOOU Majo BiIOMi Ha HAIIOMY PHHKY, aje
BOHH HAIIOBHEHI ICTOPIE0, TPAJMINISIMA Ta HEHMOBIpHUMH cMakaMu. OIHHUM i3 TaKuX
BUJIATHUX JICCEPTIB, 1110 3aiiMae 0COOIUBE MicIle B YKPATHCHKIM KyliHApHINA CHaIIIHHI,
€ IIYNHKH, 116 aBTCHTHYHUN YKPaTHCHbKUN KOHAWTEPCHKUN BUPIO, SIKMH HEIOOIIHEHO
3a0yTHH.

AHaJIi3 ocTaHHIX A0CTiIKeHb i myGJikaniii. YkpaiHcbKka KyXHs Ma€ JIaBHI TpaJu-
1i1, sIKi CbOTO/HI BiOOpaXeH1 B KyNiHApHUX MPaKTUKAX Ta yI0OIeHuX cMakax. Jlroan
XO0UyTh CIIOKMBATH HATypallbHy 1 cMauHy TKy. B ocTaHHI pOKM MOMITHUH CTPIMKHIMA
iHTEepeC IO «CBOTO». 3pOCTA€ IIKABICTh JO CTAPHX PELEINTIB i 3pOCTA€ YHCENBHICTh
MPUXUIBHUKIB KyJIiHAPHOT CIIAAIIUHHL.

VkpalHCcbKka KyXHs Oarara Ha perernTH, sSKi MPUHIDIN 10 Hac KPi3b BIKH Ta MOKO-
ninHs. Ham o0oB’S30K — IJIeKaTH 4YyAOBI TPAIMINI Ta 3HAXOIUTH IM 3aCTOCYBAaHHS
y HOBOMY 4aci [1].
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SIk BizoMo, iHOMI OfIHA 1 Ta 3K CTpaBa HAPOIHOI KyXHi Ma€ ICCATKH BapiaHTIB IPHUIOTY-
BaHHS 1 KUJIbKa MapalieIbHuX Ha3B. Maudnuky, BapanUni (UepHiBerbka 001acTh), NTyJIAKY,
namanui — (KuiBumHa), — HacnpaB/i Lie Pi3HI Ha3BH JIETKOi AECEPTHOI CTpaBH, KOTpa Ha
Makogest HaOyBae 00psIIOBOI poIi, a B 1HIII AHI — II€ TPOCTO CMaYHO. [ OTYIOTH HIYITNKH 1 HA
KOJICKTHBHI TOJIOKH (KJIAKH), B JISSIKHMX CEJax IF0 CTPaBY JIAFOTh 32 ITOMaHy. 3Taly€eThCs Iisl
CTpaBa cepell Ko3allbKUX YacTyBaHb, y 3HaMeHuTil «Eneini» [Bana Komsipescekoro [2—4].

AKTYaJIbHOI0 TE€MOIO ChOTOJICHHSI € BIPOBAIKCHHS BCHOIO YKpAiHCHKOTO. Bib-
IIICTh MAMPUEMIIIB 3alliKaBICHHI Y BIIPOBA/KCHHI aBTCHTUYHOT YKPATHCHKOT KYJIbTYpH
Ta TpaaMLii, Bce OLIBIIE JIIOICH OXOILTIOIOTh TPCH ] BITHOBICHHS ABTCHTHYHUX CTPAB
Ta BUpOOiB, BIPOBAHKCHHS JIOKATBHUX YKPAiHCHKHUX MPOIYKTIB, IIIKABIISTHCS Ta OIIIU-
OJTIOIOTh 3HAHHS 3 PI3HOBH/IIB YKPATHCHKUX CYNepdy/IiB.

MeTo10 po00TH € YIOCKOHAICHHS TEXHOJIOTII CTapOJaBHIX YKpaiHChKUX KOHIUTEP-
CHKHX BUPOOIB Ta BIIPOBAKEHHS 1X y Cyd4acHHX yMOBAaX, IIJISIXOM JO/IaBaHHS JIO TicTa
KepoOy, TbOHY, MIICHHYHNX BUCIBOK. | CTBOPEHHS CMaKOBOi rapMOHIi IUITXOM J0/a-
BaHHS PI3HUX KPEMIB: KapaMeJIbHO-3aBaAPHOT0, BEPIIKOBO-CHPHOTO KPEMIB Ta JTUMOH-
HOTO Kypay.

Marepiann i MeToau HocaimKeHHs. Y JOCIIDKCHHSIX BHKOPHUCTOBYBAIH KepoO
Valyen (Icnanis), nuennuni BuciBku Elovena (DinnstHis) Ta HACIHHS JILOHY 310POBO
(Vkpaina).

MacoBy 4acTKy BOJIOTH BHITEUEHOTO HamiBpaOpukary — KOpxkiB OyB 3[iHiCHEHUH 32
JIOTIOMOTO0 Tipriiaay YmkoBoi. AKTUBHY KHCIIOTHICTBH TicTa 3a gonomMoror pH-me-
Tpa Mapku MI150. Mikpockorito TicTa NIyJUKIB OyJIO JOCHIHKEHO 3a JOMOMOTOO
mikpockorra KERN OBE-134. BusHaueHHsI IpyKHOCTI KJICHKOBUHH TicTa OyIo 3ikic-
HEeHO 3a gonomoroto npuiany BAK-7, mo 6a3yeThcst Ha PEONIOTIYHOMY aHalli3i CTHC-
KaHHA KyJTbKH KICHKOBHHH. OpraHoJeNTHYHI MMOKA3HUKH TOTOBUX 3Pa3KiB IIYIIHKIB
oriHeHo 3a 10-tu 0aIBbHOIO LIKAJIOK).

Buxknajx ocHoBHoro marepiamy. Ha nepmmii momisg Hemae Hiuoro ocoOiMBOroO,
IIYJIUKA — [I€ MPOCTUN MICHUH KOPXKHK, SIKHH JIaMaroTh HA IIIMATOYKH 1 TOJAFOThH 13
3aJIMBKOIO 3 MaKy Ta MeJy, alie IOIPH BCIO IMPOCTOTY, 3a LIYIHNKAMHU 30epiraeTbcs HE
TIJIBKY MEBHI 00psiiu, a i HeWMOBIpHUH cMak [3, 6].

[NeprroueproBo, HIyIMKH, SBISIOTH COOOI0 IMICHY CTpaBy, aje Tak SIK ISl CTpaBa
JIOCHUTB JIeTKa 1 He BUOAITIMBa B IPUTOTYBAaHHI Ta IHIpeli€HTAX, ii TOTYBaTH MOYKHA IIPO-
CTO, sIK JIACOIIli Ha KO’KEeH JICHb, OJIaBATH B TICTO MOJIOKO a00 Keip, cMETaHy, BEpIIKOBE
Maclio, TaK sK I[e pOOUTh BUITIYKY OUIBII HIXKHIIIOK [6].

[Mynuku noTpeOyloTh MOJIMIIEHHS Ui MiJBUIICHHS X NpUBaOIMBOCTI cepen
Cy4YacHHX CIIO)KMBauiB, 301JIbIIEHHS 1X MI3HABAHOCTI Ta iHTEpecy 10 HuX. Lle BKirovae
BJIOCKOHAJICHHS PELENTYPH Ta 3MIHM Y 30BHIIIHLOMY BHIVISII BUPOOY, IO JTO3BOJIHTH
30epertu TpaaulliiiHi KOMIIOHEHTH (KOpK 1 Mak) i BOAHOYAC 3POOUTH IIYAMKH OibII
MIPUBAOIUBUMH TSI HOBOTO TMOKOJTiHHSI.

Byno mpoBemeHO psiI eKCIIEPUMEHTIB, 30KpeMa BHUKOPHUCTAHHS CYYacHHX iHTpe-
JIEHTIB Ta METOJIIB OOPOOKHU, IO JIO3BOJIMJIO 30€perTH aBTCHTHMYHUN CMak Ta IIiJIBH-
IIWTH XapuoBy LIHHICTH BUPOOiB. B pe3ynsraTi ekcriepuMeHTiB Oya0 po3poOieHo HOBI
pEIeNTH, K1 YCHIITHO MOETHYIOTh TPAIHUIIIT Ta CydacHi TexHoorii (puc. 1):

— [NireHnyHi BUCIBKH T0JJaHI B KOPXK Y MOEHAHHI MyCY 3 MAKOM Ta TUMOHHUH KYP/I.

— Kepo0, nomanuii B TicTo, 00’ €THANN 3 KapaMeJIbHUM KPEMOM Ta MAaKOBHUM COYCOM;

— Merenunii TbOH TOJANH B TICTO, Y TIOETHAHHI 3 BEPIIKOBO-CHPHUM KPEMOM, MaKO-
BOIO HAYMHKOIO Ta JINMOHHHUM KYPJIOM;

— Kepo0 sikuii tojanu B TicTo, 00’ €THAIH HOT0 3 KapaMelIbHUM KPEMOM Ta MaKOBUM
COyCOM.
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Puc. 1. Innosayitini eupobu

JIboH — 1€ cripaBkHIN yKpalHCEKUHN cynepdym, Tak sSK BiH HGAOPOTHIA, TOCTYITHHN
JUTSI BCbOTO HACEJICHHS, 1 HAMTOOBHIIIe, KOPHCHUH Ta IIIHHUHK NPOAYKT. JIbOH AOHa€eThCS
JIO TiCTa, TaK SIK € JUKEPEIIOM OMera JKUPIB 1 aHTHOKCHJIAHTIB, SBISETHCS HATypallb-
HUM COPOCHTOM, SIKHI BHBOIHUTBH PAliOHYKIIIIN 3 OPTraHi3My, CTadilizye piBeHb LKPY
B KpoBi. JlogaBanu bOH came TMepeMeNeHnM, Tak SK 00O0JOHKa HOTo JyXke TBepaa,
a JIIONCHKHUH NITYHOK HE B 3MO3i IIEPETPABUTH HOTO TOBHICTIO, 110 3HIKYE OTPUMaHHS
Ta 3acBoeHHss Omera-3 [7, 8].

BuciBku — ne mo6idanii MpoxyKT OOPOITHOMENBEHOTO BUPOOHHUITBA, SIKi OTPUMaHI
IiJ] Yac JIYIIEHHS 3epHa, TOOTO 30BHINIHIN, TBepauil map 3epHa. [ImeHnYHI BUCIBKA
JIOJIAIOTHCS JIO TICTa TaK SIK MICTSTh BEIIMKY KUIBKICTh OLNKIB Ta BiTaminy B, € mkepe-
JIOM KJIITKOBHHHM, MiHEepaJiB, BITaMiHiB Ta aHTHOKCUAAHTIB [9, 10].

Kepob — 1ie anpTepHaTMBa Kakao, Ma€ HU3bKY KaJIOPIHHICTh, COJNIOJKUI CMaK, IO
JI03BOJIsIE HE BUKOPHUCTOBYBATH I[YKOP, BiH € TMOBHICTIO TiMOAJIEPTeHHUA Ta Y HbOMY
MICTUTBCS BEIHMKA KITbKICTh TIO)KMBHUX PEUOBHH, Ma€ BIACTUBOCTI copOeHTy. Jlo TicTa
JIOJIA€THCS KepoO 3 METOO: 30araueHHs BUpoOy HyTpieHTaMu (BiTamiHamMu A, D, MiHe-
pajlaMu Ta KJIITKOBHHOIO), 3MEHILICHHS BMICTY XHPY Ta HaJaHHS BUPOOY MPUEMHOTO
MIPSTHO-IIIOKOJIaTHOTO cMaKy [11].

BusHadeHO TPYXHICTh KJICHKOBHUHH TIiCTa, IO JTO3BOJISE OLIHUTH SKICTh KIICHKO-
BUHHM Ta ii 3/1aTHICTH 3a0e3neuyBaTu CTPYKTYpy Ticta. OTpuMaHi pe3ynbTaTH JEMOH-
CTPYIOTh PI3HUINIO Y MPY>KHOCTI KICHKOBHHN KOHTPOJIBHOTO 3pa3Ka Ta 3pa3KiB 3 Jo/a-
BaHHSM IMIIICHHYHUX BUCIBOK, JIbOHY Ta KepoOy (puc. 2).
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KOHTpONbHUIA 3pa3ok LWynunkn 3 LWynnku 3 nboHom  Lyankum 3 kepobom

NWeHNYHUMK
BUCIBKaMM

Puc. 2. Ilpysicnicms Kietikosunu 00CIiONCYBAHUX 3PAZKIE MICMA WYIUKIS, V.0.
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[TpyxHicTh KIEHKOBUHH KOHTPOJIBHOTO 3pa3Ka IIyJIHKiB CTAHOBUTH 58 Y.0., IO CBijI-
YUTh TIPO CEPEAHIN PIBEHB IKOCTI KICUKOBUHU (pHcC. 2). [IpyKHICTh KIICHKOBUHH 3pa3Ka
IIVJHMKIB 3 MIICHUYHUMH BHCIBKAMH 52 V.0., IO BKa3y€ Ha JESKE 3HIKCHHS SIKOCTI
KJICHKOBUHH MOPIBHSIHO 3 KOHTPOJBHUM 3pa3zkoM. Lle Moxe OyTH MOB’S3aHO 3 BIUIH-
BOM BHCIBOK Ha CTPYKTYpYy TicTa. BHCIBKH JeII0 MOTIPIIYIOTh 3/IaTHICTh KICHKOBHHU
YTPUMYBATH CTPYKTYpY TicTa. BOHM BHKOHYIOTH pOJb HATIOBHIOBAYA, SIKHI PO3PHBAE
KJICHKOBUHHY CITKY, II[0 3HIDKY€ €IaCTHUHICTB 1 MPY>KHICTH TICTA.

[TeHnYHI BUCIBKY MalOTh BHCOKY 3/1aTHICTB JI0 BOJOTIOTIMHAHHS, 10 MOYKE BILIH-
BaTH Ha TiJpaTaliio KJIeHKOBUHHUX OiNKiB. Lle Moke mpU3BECTH 10 YTBOPEHHS OiIbIl
BITBHOI 1 MEHII 3B’S13aHOI CTPYKTYpH TicTa. Y AESKHX BHUIMAAKAX II€ MOXKE CHPHUSITH
MOKPAIICHHIO TEKCTYpPH 1 30UIBIIICHHIO 00’ €My BHITIYKH, aji¢ BOJHOYAC MPHU3BECTH 0
3MEHIICHHS MIIIHOCTI KJIEHKOBHHHU.

Xoya MIeHNYHI BUCIBKH MOXYTh 3HW)KYBATH MPY)KHICTh KICHKOBUHH, BOHU 3HAYHO
I IBUIIIYOTH XapUOBY IIHHICTB TICTA 32 paXyHOK JIOJIATKOBUX XapuOBUX BOJIOKOH, BiTaMi-
HiB 1 MiHepadiB. Lle poOuTh BUpoOu OLIbILI KOPUCHUMH TSI 3I0POB s, X04a 1 MOYKE BUMa-
raTv KOPUTYBAHHS PEIETITYPH JUTS 30epeKeHHS OaKaHUX TEKCTYPHHUX XapaKTEePUCTHK.

3rifHO 3 pe3ynpTaTaMu JOCIIIKCHHS, NOAaBaHHS MEJICHOTO JHOHY JO TiCTa MpH-
3BEJIO JI0 MiJBHUIIEHHS MPY>KHOCTI KJIECHKOBUHM 1 CTaHOBUTH 62 y.0. Lle cBiguuTh mpo
Te, M0 JHOH MOXE CIPHUSTH 3MIITHCHHIO KJICHKOBHHHOI CITKH, pOOJISYH TICTO OUIBII
NPYXHAM Ta eIACTUYHUM. MeNeHHH JTh0H Ma€ BUCOKY 3IATHICTH O BOMOIOTIHHAHHS
3aBJSIKM BMICTY CIIM3IB Ta KIIITKOBUHH. Lle MoXke cnpusaTH Kpaluii rigpatamii Kiei-
KOBHHHHUX O1JIKiB, IO ITOKPAIIy€ 3B’S3HICTh 1 €IaCTUYHICTh TicTa. bkl rigparoBaHi
OUIKM Kpallle yTPUMYIOTh ra3, o CIPHSE 301IbIICHHI0 00’ €My BUITIUKH.

HaiiBumia npyxHicTh KJIIGHKOBUHU Yy TIiCTI 3 I0IaBaHHAM KepoOy — 68 y.0., 110 BKa3ye
Ha 3HAYHE MIJIBUICHHS SIKOCT1 KIeWKOBUHHU. JlomaBaHHs KepoOy HaHOUIBII ITO3UTHBHO
BILJIMBA€E HA MPY>KHICTh KICHKOBUHY Cepel YCIX JOCTIIKSHUX 3pa3KiB. Lle cBiquuTh Mpo
Te, 0 KepoO MOXKE CIPHUATH 3MIIHEHHIO KIEHKOBUHHOI CITKH, pOOJISAYH TICTO OUIBII
MIPY>KHUM Ta €JaCTUYHAM. BiH MMO3UTUBHO BIUIMBAE HA MIUIBHICTh, IIAJIKICTh 1 BOJOIIO-
DIMHAIBHY TicTa (3MIHIOIOYH CITOCi0 rifparamnii KITeHKOBUHHUX OLIKIB) , IO MOXE Oy TH
Oa)XKaHUM JIJIs IEBHUX BU/IIB BUITIYKH.

TakuM YWHOM, pPe3yJbTaTH MOKA3ykOTh, IO JOAaBaHHS PI3HUX IHTPEIIEHTIB MO-Pi3-
HOMY BIDIMBA€ Ha MPYKHICTh KIICHKOBHHU TicTa. 3pa30K 3 MIICHUYHUMH BUCIBKAMU Ma€
HalMEHIITY MPY>KHICTh, [0 MOXKE CBITYUTH MPO MOTIPIIEHHS CTPYKTYypHU TicTa. 3pa3ok
3 JHOHOM JEMOHCTPY€ TTOKPAIIEHHS SKOCTI KICHKOBHHH, IO MOXKE TIO3UTHBHO BILIH-
HYTH Ha TEKCTypY KiHIIEBOrO MpOAyKTy. HaliBuIa mpyKHICTh KICHKOBUHH CIIOCTEPi-
raeThesl y 3pasKy 3 KepoOoM, IO BKa3ye Ha HAHOLIbIIC MOKPAIIEHHS CTPYKTYpHU TiCTa
cepel yCixX JOCIIKCHUX 3pa3KiB.

MIiKpOCKOTIYHI JOCIIJKSHHSI JIO3BOJIIIOTh OTPUMATH JIETalbHY iH(OpMALIIIO PO
CTPYKTYpPY Ta CKJaJ TiCTa IICJIs BUINYKH, [0 MOXKEe OyTH Mi3HABAaJBHUM JUIS MOKpa-
IICHHS TEXHOJIOT1YHOTO TMPOIECY BUPOOHMIITBA Ta SKOCTI rOTOBOI mpoaykiii. doto
MIKPOCKOTIYHUX JIOCIIPKEHb TIPEJICTABICHO HA PUCYHKY 3.

3a pe3ynbTaTé MIKPOCKOMIYHHUX JOCIiIKEHh KOpXKa 3 MIICHUYHUMH BHCIBKAMH
(puc. 3, a) criocTepiraroThCs JKOBTYBATI Ta OUTyBaTi 00JNACTi, SIKI € MUISHKaMHU CKYTI-
YeHHs BUCIBOK a00 1HIIUX 1HrpeieHTiB. [TieHnyHi BUCIBKU J0Ope pO3MOAiIeH] o BCil
CTPYKTYpi KOp>Ka, 110 3a0e31euye HOro 3epHUCTY TEKCTYPY Ta MiABUIIECHUN BMICT KIIIT-
KOBHHHU. HasiBHICTB IPIOHNX YaCTHHOK BHCIBOK JIOJIA€ KOPIKY OCOOJHMBHI CMaK 1 ITiIBH-
LIEHY XapyuoBY LIHHICTh. BUANMI YaCTMHKM KJICHKOBHHH, SKi 3’€AHYIOTh 1HTPEI€HTH,
3a0e3MeuyIOTh IUTICHICTh 1 CTaOIBHICTE CTPYKTYpH Kopa. HasBHICTh MIICHUIHHX
BHCIBOK 301JTBIIY€E KUTBKICTB 3B’ I3YFOUMX BOJIOKOH, IO POOUTH KOPK OLTBII IIITHHUM.
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Puc. 3. @omo mikpockoniunux docnioxcens (30inbwerno y 100 paszis) suneuenux
Hanigghabpukamis 3 BUKOPUCTNAHHAM IHHOBAYILIHOT CUPOBUHUL!
a) Kopotc 3 NUEeHUIHUMU BUCIBKAMU; 6) KOPIHC 3 TbOHOM, 8) KOPIHC 3 KepOOOM

Ha ¢oto mikpockomii xopxka 3 kepodoMm (puc. 3, B) MOXKHA NOOAYUTH LIUIBHY Ta
3EpHUCTY CTPYKTYPY, SIKA CBITYMTH PO BUKOPUCTAHHS IIUTBHUX Ta JUCTICPCHUX iHTpE-
JIEHTIB, TAKHUX, SIK KepoO. BifCyTHICTh BEJIMKHX MOP CBIMYHUTH MPO MEHIIY TOBITPS-
HICTb MOPIBHSAHO 3 IHITMMH BUJAMH KOPKiB, IO POOUTH TEKCTYPY OUIBII KOMIAKTHOIO.
3epHHUCTICTH Ta MIOPCTKICTh MOBEPXHI HAJAIOTh KOP)KY XapaKTEPHUH BUTIIAM 1 TEKCTYPY.
Kouip i MiKpOCKOIIOM 3MIHIOETHCS BT TEMHO-KOPHYHEBOTO JIO CBITIIIIOTO KOPHYHE-
BOTO, 1110 BiZJ0Opaxa€e piBHOMIpHE PO3IMOIICHHS KepoOy Ta IHIIUX 1HIPEIEHTIB Y TiCTI.
Bugumi yacTHHKN KIIGHKOBHUHU, IO 320€3Me4yI0Th 3B'SI30K MK 1HTpelli€eHTaMHu, Haja-
FOUM KOPXKY IUTICHICTH 1 popMy. BiZICYyTHICT BEIMKHX MOBITPSHUX TOP CBITYUTH MPO
HITBHY TEKCTYPY TiCTa.

Mixkpockorrist Kopka 3 T-0HOM (puc. 3, 0): KOpK Mae MOPUCTY, HEPIBHOMIPHY CTPYK-
Typy, 110 BKa3ye Ha HOTo MOBITPSHICTh Ta JIETKiCTh. Buaumi apiOHI Ta BEJIUKI MOPH,
YTBOPEHI MiJ] 4ac BUIIKaHH:, 3a0€3Meuy0Th TEKCTYpY, sKa CIpHse X0opoIiid adcopo-
Iii PiIKMX KOMITOHEHTIB, TaKUX SK cOyc a0o kpeM. [ToBepXHs Kopa BUIISIAE 3ep-
HHCTOIO Ta IMIOPCTKOIO, 3 TIOMITHUMH KPYITUHKAMHU Ta BOJOKHAMH JIOHY. 3€pHHCTICTh
3a0e3rneuye JOAATKOBY TEKCTYpY, IO JoJa€ MpUEMHUM XpycT mia vac ixi. Konip min
MIKPOCKOTIOM 3MIHIOETHCS Bijl CBITIO-30JI0TUCTOTO JIO TEMHO-KOPHUYHEBOTO, 3AJICKHO
BiJl CTYICHS IPOCMaKyBaHHS Ta PO3TAIyBaHHS OKPEMHX YaCTHHOK JHOHY. JIbOH WiTKO
BUAIISIFOTHCS 3aB/SIKM CBOTM BOJOKHHCTIN CTPYKTypi Ta OUIBII HACHUCHOMY KOJIBODY.
Takox MOkHA MMOOAUUTH KPAITMHKH KHUPY Ta 1HII YaCTHHKH IHTPEII€HTIB, 10 Haja-
I0Th KOP)KY TOIATKOBOTO CMaKy Ta IMOKUBHUX BIACTHBOCTCH. BUIUMI YaCTUHKY KIICH-
KOBHHH, 110 320€3MeUyI0Th 3B'SI30K MIXK 1HIIUMU 1HTPEIIEHTaMH, HAJJAF0UU KOPXKY HOTO
CTPYKTYypy Ta (opmy.

3a nomomororo pH-mMeTpa BUMIipsUTH KOHIICHTpAIlif0 BOMHHX i0HIB H' (akTHBHY KHC-
JIOTHICTB) y PO3UMHI TOCHITHUX 3pa3KiB 3 TicTa, 110 BigoOpakaeThcs Ha mkaii pH-me-
Tpa (puc. 4).

OtpuMani JaHi (puc. 4) cBigUaTh NMpo Te, MO JOJABAHHS PI3HUX IHTPEIIEHTIB
BIUIMBA€ HA PIBEHb aKTMBHOI KMCJIOTHOCTI BUIleYeHOTro HamniBpadpukary. Haitbinpmmii
BIUIMB Ha ITiJIKACIICHHS CEPENIOBHINA Ma€ JOJaBaHHsS JIbOHY, II0 MOXKE BIUTUBATH Ha
CMAaKOBI BJIACTHBOCTI Ta MIKpOOIOJIOTIYHY CTaOUIBHICTh KIHIICBOTO MPOIYKTY. 3pa3oK
3 MIIEHUYHUMH BUCIBKAMHU Ma€ KUCIOTHICTb, OU3bKY 10 HEUTPAJIBHOI, 110 BKA3y€e Ha
MiHIMaJbHUH BIUIMB BUCIBOK Ha pH. 3pa3ok 3 kepoOOM TakOX MOKA3ye IiIKUCICHHS
CepeIOBHIIA, IIPOTE MEHII BUPAXEHE, HIK Y BUIIAKY 3 IbOHOM.
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KoHTponbHWIA 3pa3ok Ticto3n Ticto 3 NbOHOM TicTo 3 Kepobom
BUCiBKaMM

Puc. 4. Axmusna xucromnicmo (6eruuuna pH) micma wynuxise

OpraHonenTu4Huil KOHTPOIb (Tabi. 1) Jae MOXKIIMBICTD Mi3HATH Ta 3PO3YMITH, L0
KOHTPOJBHUIH 3pa30K, TOPIBHSIHO 3 IHHOBAI[ITHUMH, BIJOKPEMITIOETHCS 110 BCIM Iapame-
TpaM. 30BHIIIHIM BUIVIS IHHOBAIIHHAX 3Pa3KiB € OUTBIIT NPUBAOIMBUHN JJIs1 CY4acHOTO
CHOXKHMBa4a, CMAKOB1 Ta apOMaTHYHI SKOCTI — I[iKaBill Ta pi3HOMaHiTHiIIi. ToMy mopiB-
HIOIOYM MO)KHA 3pOOMTH BUCHOBOK, III0 1HHOBAIIi}HI BUpoOH, Kpallie CIpHHMaTUMyThCs
CITO;KMBAYaMH, sIK 3a 30BHIMIHIM BUIVISIIOM TaK 1 3a IIKaBICTIO Ta IMOEAHAHHSIM CMaKiB.

Tabmums 1
IopiBHsUIBHA XapaKTePUCTHKA NOKA3HUKIB Xap4yoBoi HiHHOCTI
KOHTPOJIbHOI'0 T2 iIHHOBALliHHUX IIYJINKIB

. . XapuoBa uinHictp, r/100 r Eneprernuna
HaiimenyBanHs 3pa3kiB P . . o .
BinkiB | Kupis | ByrineBogiB | WIHHICTH, KKaJ
KonuTposns (mennune 6opomHo) | 7,73 3,22 52,77 271
3pasok 1 (71p0H) 10,03 | 24,56 34,96 401
3pasok 2 (IeHYHi BUCIBKH) 7,27 12,15 28 250
3pasok 3 ( kepob) 10,35 9,11 28,39 237

[TpopaxoBaHO Xap4oOBY I[IHHICTH KOHTPOJIBHOTO Ta IHHOBAIIMHUX 3pa3KiB HIYJIHKIB
(tabmung 1). TakuM YWHOM, KOXKEH 3 1HHOBAIIMHUX 3pa3KiB Ma€e CBOI yHIKaJIbHI Xap-
4yoBi nepesard. [logaBaHHs JIbOHY 3HAUHO MiJBUILYE €HEPreTUYHY I[IHHICTH Ta BMICT
O1IIKIB 1 JKUPIB, 110 POOUTH MPOAYKT OLTBIT KAIOPIHHNM 1 MOTECHIIHHO OiTBII HACHUe-
HUM; MMIICHWYH] BUCIBKY 3a0€3MEUyIOTh OUTBIIT 30aJlaHCOBaHE CITIBBIIHOMICHHS KHPIB
1 ByIJIEBOJIB, 1I€H 3pa30K € MEHII KaJopiiiHuM, aje Oibll 30a1aHCOBAHUM 332 BMICTOM
MaKpOEJIEMEHTIB; a KepoO poOUTH MPOAYKT OiIbII OLMKOBMM 1 MeHII KaiopidHuM. Lli
IHHOBAIIHHI IIYJIMKH MOXXYTh 3a2JIOBOJIBHUTH PIi3HI JIETWYHI MOTPEOH Ta BIOAOOAHHS
CIOXKHMBAYiB, PO3LIUPIOIOYN MOYKIMBOCTI /11 BAKOPUCTAHHS aBTEHTHYHUX YKPATHCHKUX
KOHJUTEPCHKHUX BUPOOIB y CYJaCHHUX YMOBAX.

40,0 n
BOPOLLIHO NiIEHUYHe Bucisku Kepob, 35,65%
35,0 32,07% nweHnyHi, 32,38%

30,0
25,0
20,0
15,0
10,0
5,0
0

JlboH, 21,81%

Puc. 5. Macoea yacmxa onoeu gunevenux wynuxis, %
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MeTon BU3HAUEHHSI MACOBOI YaCTKM BOJIOTH BHIIEYCHOTO HamiB(haOpHUKaTy — KOpKiB OyB
3IIHCHEHHUH 3a JIOTIOMOTO0 TprIIaay YKOBOi, SIKUIA TIOJIATAE B 3BKYBAaHHI 3pa3KiB JI0 Ta
TTCIIS BUCYIIYBAHHS JI0 IIOCTIHHOT MacH BITPOIOBK 5 XBIIIMH 3a Temrieparypu 160°C (puc. 5).

=8 KoHTpons LWyankn 3 kepoGom

=@ LLyNKM 3 NbOHOM @ LLIy/MIKY 3 NLIEHUHIAMY BUCIBKAMN

3oHiwkil Burang,
0

Puc. 6. IIpoginoepama opearnonenmuunoi OyiHKu KOHOUMEPCHKUX 8UPODI8 3 IHHOBAYIUHOKW
CUPOBUHOIO NOPIBHAHO 3 KOHMPOTIEM

OTpuMaHi JaHi CBi4aTh MPO Te, IO JOJAaBaHHS PI3HUX IHTPENI€HTIB BIUIMBAE HA
BOJIOTICTh KiHIIEBOTO MpOAyKTy. LIymnKw 3 IbOHOM MalOTh HAWHMKIHI BMICT BOJIOTH,
10 MOXKE MOKpAIlyBaTH X 30epiraHHs Ta XpycTKicTb. HaBmaku, IIynuku 3 KepoOoM
MAaroTh HAWBUIIUH BMICT BOJIOTH, III0 MOKE 3pOOHTH X OLTBIT M’ SIKUMHU Ta IPUEMHUMHA
Ha cMak. lllynnku 3 MIeHnYHIMY BICIBKAMU MalOTh BMICT BOJIOTH, OJM3BKUIT 1O KOH-
TPOJIHOTO 3pa3Ka, 10 CBLAYUTH NPO MiHIMAIbHUI BIUIMB BUCIBOK HA I MOKa3HUK.

3nifiCHEHO OpPTAaHONECNTHYHY OLIHKY 1HHOBAIlIMHMX 3pa3KiB, MOPIBHIOIOYH 3 KOHTP-
oJeM, sika omiHeHa 3a 10-Tn 6aipHOIO MIKaNo0. Pe3ynsTaTn OpraHoNeNTHYHOT OIIIHKI
HaBeJIeH1 Ha puc. 6.

a) «llynuxuy (mpaouyiiina 6) «lLlynuxu 3 nuenuynumu

peyenmypa, KOHmpOIbHUll 3pa30K) BuUCIBKAMUY

8) «LLlynuxu 3 meneHuM 1bOHOM» 2) «Illynuxu 3 kepobom»

Puc. 7. Ceimaunu nooaui wiynuxis
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OTxe, 3rilHO 3 opraHojenTUYHUMHU olfiHkamu, «lllymuku 3 kepodom» (puc. 7)
OTpUMAaJIM HaWBUIII Oally 3a JCKUIBKOMA MapaMeTpaMH 1 MaloTh HAaWBHUIILY CEPEIHIO
OLIIHKY, 1110 CBIJYUTH PO IXHIO HAllKpally 3arajbHy SKICTh cepell pO3IISHYTHUX 3pa3KiB.
«1lynuky 3 ThbOHOM» TEX MOKA3aJu JIy’Ke BUCOKI Pe3yJIbTaTH, CIiIyF04uH 3a HUMU. KoH-
TPOJBHUH 3Pa30K, X04a 1 Ma€ rapHi MOKA3HUKH, TOCTYIAETHCS 1HITHUM 3pa3kaM B cepe/l-
HpoMy Ha 0,4 Ganu.

BucHoBku. BiockoHaneHHs Ta ajganrallis TPaaWIiHHUX YKpaiHChKUX KOHIUTEP-
ChKHX BHPOOIB JI0 CyYyaCHHX BHMOT CIIO)KHBAadiB € Ba)XJIMBUM 3aBJIaHHS. AHai3 iCTO-
pii Ta pO3BUTKY YKpaiHCHKMX KOHAMTEPCHKUX BHPOOIB, 30KpeMa IIYJIUKiB, TO3BOIHIO
BUSIBUTH IXHIO YHIKAJIBHICTh Ta BaKIMBICTh y KYJIBTYypHIH crmammiuHi Ykpainu. Pos-
poOJIEeHO HOBI pelenTypH MIYJIMKIB, IO BIAMOBIIAOTH CYy4aCHUM BHMOTaM SKOCTI Ta
cMmaky. /logaBaHHS TaKUX IHTPEI€HTIB, SIK KepoO, MEJIeHUH JIbOH Ta MIIEHUYH] BUCIBKH,
JIO3BOJIHJIO 30araTUTH BUPOOU MTOXKMBHUMH PEYOBHHAMHM Ta TIOKPAIIUATH X OpraHoJIen-
THUYHI BIaCTHUBOCTI. PO3poOKa HOBHX TEXHOJOTIH Ta PElenTyp CIPHATUME IOMyISIpH-
3awii TpaJuIifHUX YKpaTHChKUX JeCEepTiB cepesl CyuyacHHX CoKuBauiB. Lle nomomoxke
MiBUIIUTH 1HTEPEC 10 HAIlIOHATIBHOT KyJIIHAPHOI CHIAIIMHA Ta BIIPOBA/KCHHS aBTCH-
TUYHUX CTPaB y MEHIO CYyJacHHX 3aKJIaJiB TPOMAJCHKOTO XapayBaHHSI. BUKOpHCTaHHS
CY4YaCHHX 1HTPEIIEHTIB Ta METO/IB JI03BOJISIE HE JIUILE 30eperTi aBTeHTUYHICTh CTapo-
JIAaBHIX peIeNnTiB, alie i 3poOUTH 1X OiIbII MPUBAOIUBUMU JJIsi CyYaCHHUX CIIOKHBAYiB.
Le cripusTiMe momysipu3anii YKpaiHChbKOT KyJbTypH Ta KyJliHapii, 30aradeHHI0 acop-
TUMEHTY HalllOHAJIBHUX CTPaB Ta MiJIBUIIEHHIO iX KOHKYPEHTOCIPOMOKHOCT] Ha PUHKY.

[HTerparis TpaaMIiHHUX TEXHOJIOT1H 3 HOBITHIMH METOIaMH MOJKE TIPUBECTH JI0 CTBO-
PCHHS TIPOJYKTIB, SIKi MOEAHYIOTh y cO0l aBTEHTUYHICTh Ta 1HHOBALIl, CIIPHUSIOYH PO3-
BUTKY HAI[IOHAJIBbHOI FTACTPOHOMIYHOI KyJIbTYpH Ta MiIBUIIEHHIO SIKOCTi JKUTTSI TPOMAJISH.
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1Iposoounocy 00CnioxHcenHs 3 GUSHAYEHHs 8NIUBY NOPOWIKY 3 MOPKEU CION060I CyuleHoi Ha
SAKICMb X1i0a 3 60POUWHA NUEHUYHO20 8UIj020 2amyHKY. X6 13 60pouHa NueHUYHo20 X1ibone-
KapCcvbKo2o U020 2amyHKy Oe3 000asaHHs NOPOWKY 3 MOPKEU CION060I CYueHOi Xapakmepusy-
6ABC51 PIBHOI NOBEPXHEIO MA CEPEOHLO — CEPEOHLOONYKIO0I0 (POPMOIO KIPKUL, KOMIP KIPKU — CEINILO-
Kopuunesuil. @opma Kipku y xniba 3 60powHa NUEHUYHO20 GUUL020 2amyHKY 0e3 3aCmocy8anHs
ma i3 3acmocyBanHaM NOPOWIKY 3 MOPKEU CMON0B0i cyutenoi y Kinvkocmi 2 ma 4% 6i0 macu
bopowina Oyna cepednvo-eunykaa (4 oanu), a y xnioa 3 emicmom 6, 8 ma 10% nopowky 3 mopkeu
cmonogoi cyuienoi — onykaa (5 6anie). Ilosepxrsa Kipku x1ida 3 OOPOWHA NUEHUUHOZO BULO2O
2aMyHKY 6UpoOIeH020 6e3 000ABAHHS NOPOUIKY 3 MOPKEU CIOI0G0L CYIUEHOT ma I3 3aCIOCY8aAHHAM
danoi 0obasku y Kinekocmi 2% 6i0 macu 6opowina Oyna pieHor. Xii6, eupobreHuti 3 000A8AHHAM
NOPOWIKY 3 CMON0B0T MOPKEU cyuenol 6 kinbkocmi 4, 6, 8 i 10% 6i0 macu 60opowna mas enaoky
nogepxuro Kipxku. Konip kipxku 3a eéapianmamu 00Ciidy 3aneicHo 6i0 3ACMOCY8aAHHS KiIbKOCMI
NOPOWKY 3 MOPK&U CIMON0BOL CYULCHOL 3MIHIOBABCSL 8IO CEIMILO-KOPUYHE8020 (4 banu) 0o KopuuHe-
6020 3 pYM'STHUM GIOMIHKOM Y X1i06a 3 OOPOWIHA NUEHUUHO20 BUU020 2AMYHKY 13 3ACOCYBAHHAM
NOPOWIKY 3 CMON0B0I MOPKEU cyutenolo 8 Kinbkocmi 6, 8 ma 10% 6i0 macu 6opowna (5 6anis).
3acmocysanns nopowKy 3 MOpKeU CHoa080i CYUEeHol Maio icmomHULl 6NAUE HA XAPAKMEPUCTIUKY
M'Kywi Xxai6a 3 60pOUHA NUEHUYHO20 XTIDONEKAPCbKO20 6unj020 2amynky. Tax, xib, uneuenutl i3
OOPOUIHA NULEHUYHORO BUWO20 TAMYHKY MA8 Oinutl Konip m'akywa (5 banis). Xni6 i3 6opowna nute-
HUYHO20 Xnibonexapcvioeo 3 000aganusim 2 i 4% nopowxy 3 MOpKeu cmonogoi cyueHoi mae 6iiuil
3 IC08MY8AMUM BIOMIHKOM KOMip M'aKkiwy (5 6anis). Ilpu 30inbuenti 006asKu, Wo 6HOCUMbCS 0O
6 ... 10% comosuii npodykm nabyeas xonip 6i0 scosmyeamozo (5 6anie) 00 nomapanyeozo
(4 6anu). Kucnomuicmo xniba 3 O0pouwiHa NueHUYHO20 X1iDONEKapCcbKo20 3HAXOOUNACS 8 MeXHCaAX
HOpMU Ma 3a 8apianmamu 00ciidy cmanosuna 2,4...3 epadycu. Pekomen0osano npu supooHuymesi
X76a 3acmocogysamu nNOpoOuLoK 3 MOPKEU. 10anbHi cyuteHol y Kinbkocmi 4...8% 6i0 macu bopowna
npu 6e3o0napHomy cnocooi micmosnagcmaa.

Kniouogi cnoea: xnio, nopouiox, Mmopkea cyuiena, OOpouiHo nuleHuyne, SAKicms.

Prylipko T. M., Kostash V. B., Tkach L. V. Use of carrot powder in bread production

A study was conducted to determine the effect of dried carrot powder on the quality of bread
made from premium wheat flour. Bread made from premium wheat flour without the addition of
dried carrot powder was characterized by a flat surface and a medium-medium convex crust
shape, the crust color was light brown. The crust shape of bread made from premium wheat flour
without the use of dried carrot powder in an amount of 2 and 4% of the flour mass was medium-
convex (4 points), and bread with a content of 6, 8 and 10% of dried carrot powder was convex
(5 points). The crust surface of bread made from premium wheat flour produced without the
addition of dried carrot powder and with the use of this additive in an amount of 2% of the
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flour mass was flat. Bread made with the addition of dried table carrot powder in the amount of
4, 6, 8 and 10% of the flour mass had a smooth crust surface. The crust color according to the
experiment variants, depending on the amount of dried table carrot powder used, changed from
light brown (4 points) to brown with a ruddy tint in bread made from premium wheat flour with
the use of dried table carrot powder in the amount of 6, 8 and 10% of the flour mass (5 points).
The use of dried table carrot powder had a significant effect on the crumb characteristics of
bread made from premium wheat flour. Thus, bread baked from premium wheat flour had a white
crumb color (5 points). Bread made from wheat flour with the addition of 2 and 4% of dried
carrot powder had a white with a yellowish tinge, softer color (5 points). When the additive
added to 6 ... 10% was increased, the finished product acquired a color from yellowish (5 points)
to orange (4 points). The acidity of bread made from wheat flour was within the normal range and
according to the experiment options was 2.4 ... 3 degrees. It is recommended to use dried carrot
powder in the production of bread in the amount of 4 ... 8% of the flour mass with a non-mixed
dough method.
Key words: bread, powder, dried carrots, wheat flour, quality.

IMocranoBka npodaemu. Xm0 3aBxau OyB CUMBOJIOM KUTTS — 1 OCHOBHMM IIPO-
JIYKTOM XapuyBaHHs. Alle € HOro y BUINISJI 3BUYAHUX CMaXKEHUX KOPXKIB HIBHJIKO
HaOpummo. XmiOHe TicTo movanu 30aragyBard. CrioyaTky HOro Hamarajiwcs IpOCTO
apoMaTU3yBaTH — JIOAAI0YH PI3HOMAaHITHI TpaBH, HACIHHSA, OJi1 Ta PPYKTH 3 TPUEMHUM
3armaxoM. [loekcriepuMeHTyBaBIIHN 3 ApOMATOM 1 CMaKOM, B3sUIHCS 3a XJIIOHY CYTHICTB:
3a IIOIIOMOTOI0 Pi3HMX 100aBOK CIpoOyBasld 3pOOHUTH HOTO MAaKCHMAIEHO KOPHCHUM
[3,c.32,5,c. 186].

AHaJii3 ocTaHHIX HocaiaKeHb | myomikamiii. Y pisHUX KpaiHax CIIOKHWBaHHS XJi0a
craHoBuTh 90—400 rpamiB Ha 100y, 200 32—146 KijorpamiB Ha PiK, 3aJEKHO Bl €KOHO-
MIYHUX (pakTOpiB, Xapakrepy poOOTH, HALIOHANBHUX 0COOMMBOCTEH. ChOTOHI PUHOK
xJmiba 1 Xmi000yI0YHNX BUPOOIBHAIOBHEHUH TPOIYKINEI BiJl Pi3HUX BHPOOHUKIB Ta
B IIIMPOKOMY acOPTHMEHTI. PO3BUTOK XJTiOoneKkapchkoi cripaBu B 21 cTOMITTI 6a3yeThes
Ha BIPOBAKEHH1 HOBUX TEXHOJIOT1H Ta oOnagHanHs [6, ¢. 3].

OpnHuM 13 HanpsAMiB MPO(DITAKTHKY 3aXBOPIOBaHb, TIOB'I3aHUX 3 JAedinnuToM Makpo-
Ta MIKpOHYTPI€HTIB, € 30araueHHs IIPOAYKTIB XapayBaHHSI MAaCOBOTO CIIO’KUBAHHS BiTa-
MiHaMu Ta MIKpOHyTpieHTamH [§, c. 185].

[Tpu BEpOOHUITBI XJ1i0a JTIKYBaTBHO-PODITAKTHYHOTO IPU3HAYEHHS BUCOKOT SIKO-
cTi 3 0OpOILIHA MIIEHUYHOTO BUIIOTO I'aTyHKY PEKOMEHAYEThCS 3aCTOCOBYBATH Xap4OBY
0iKOBY 100aBKYy Ha OCHOBI OOpOINIHA 13 3epHA MIIEHUII M'SKOi, SIMEHIO Ta Impoca 30a-
TavyeHoro MIIeJieM MeUepuIli ABOCIIOPOBOI, IPH IIHOMY 3aMiHIOI0YH MYKY. 3%. 3acTo-
CYBaHHJ 1i€1 100aBKYU CIPHSE MiABUIICHHIO BMICTY OiJIKa B TOTOBOMY MpOnyKTi. [1pu-
TOTOBJICHUI y Takuil croci6 X110 Mae MpHEMHUI CMak Ta apoMat, HOpMaJIbHUI 00'eM
Ta IMMOPUCTICTh. XapyoBa O1IKOBA JT0OABKa HA OCHOBI OOPOIITHA 13 3epHA IMIIICHHMIII M'SKOT,
SIUMEHIO Ta IMpoca 30araueHoro MilenieM MeuepuIll JBOCIOPOBOI MPOCTa B 3aCTOCY-
BaHHi [1, c. 147].

Cylika OBOUIB — Il HaWIermui crocio 30epeXeHHs BiTaMiHIB, MIKpOEJIECMEHTIB
1 BCIX KOPUCHHX BJIACTUBOCTEH, a TAKOXK HATYPaJIbHOTO KOJIILOPY, CMAKY 1 3araxy BUpPO-
IIEHUX OBOYiB. MOPKBSHUI MOPOIIOK BUTOTOBISIOTH 13 MOPKBH CTOJIOBUX COPTIB, IO
MaroTh HEBEJIMKE CEpICBHHY Ta TEMHO-TIOMapaHdeBe 3a0apBieHHs. MopkBa Oarara
KapOTHHOM, SIKUH B OpraHi3Mi epeTBOPIOETHCS Ha BiTaMiH A, 710 pedi 3aCBOEHHS Kapo-
TUHY OyJie BUIINM, SIKIIO 11 3aIpaBIsSTH POCIUHHAMHE OJlisiMH [4, ¢. 123].

AKTyalbHICTh POOOTH MOJIATAE y MOIIYKY KOMIIOHEHTIB XJ1i0a, siki O BH3HaYasM
Horo JiKyBaJbHO-NPO(DITAKTUYHE MPU3HAYCHHS Ta PO3IMIMPHIN aCOPTUMEHT XJiba.
BuB4eHHs1 0cOONMMBOCTEH BHECEHHS TIOPOIIKY 3 MOPKBH iIalibHI CYIICHOT PH BUPOO-
HUITBI XJ1i0a 3 OOPOIIHA MIICHHYHOTO BHUIOTO TaTyHKY Ma€ MPaKTHYHUH iHTepec, Ta
eKCIIepUMEHTAIIbHI TOCII/PKEHHS 00 BIUIMBY Ili€ J00aBKM HA SIKICTh PI3HUX BHIIIB
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xJ11000ym04HMX BUPOOiB Mae BUpoOHHUE 3Ha4eHHS. [Ioku 1mo Takuii xJ1ib Majo mpea-
CTABJICHUI Ha TOJMISAX MAaraswHIB, ajie XJIOHWH PHUHOK 3POCTA€ Ta PO3BHUBAETHCA.
I MaiibyTHe came 3a KOPUCHUMHU Ta LIHHUMH XJ1i0amu [2, c. 60, 7, c. 438].

IMocTanoBka 3aBraHHsA. MeTa poOOTH — BU3HAYUTH BIUIUB TIOPOIIKY 3 MOPKBH CTO-
JIOBOT CYIICHOT Ha SIKICTh XJ1i0a 3 OOpoITHa MIIEHHYHOTO BUIIOTO TaTyHKY. s nocsr-
HCHHS IIOCTABJICHOI METH OYyJI0 BU3HAYCHO TaKi 3aBIAHHS:

— BUBUUTH MOXKIIMBOCTI 3aCTOCYBaHHS IMOPOIIKY 3 MOPKBH IalIbHEIO CYIICHOIO PU
BUPOOHHMIITBI XJ110a;

— BU3HAYUTH SIKICTh OOPOIIHA MIIICHUYHOTO BHUIIOTO TaTYHKY Ta MOPOIIKY 3 MOPKBH
CTOJIOBOI CYIIIEHOT,

— BH3HAUUTH BIUIMB MOPOIIKY 3 MOPKBU CTOJIOBOI CYIICHOI HA OPTaHONECNTHYHI Ta
(hi3uKO-XiMI4HI TOKa3HUKH SKOCTI XJ110a 3 OOpOLIHA MIIEHUYHOTO BULIOTO IaTYHKY;

— PO3pPOOHUTH TEXHOJIOTIF0 BHPOOHHUIITBA XJi0a 3 OOPOIIHA MIIEHUYHOTO BHIIOTO
TaTyHKY 13 3aCTOCYBaHHSM ITOPOIIKY 3 MOPKBH IMANBHI CYIICHOIO.

Buknax ocHOBHOro Martepiagy mociimkeHHs. J{OCITiDKCHHS MO0 BU3HAYCHHS
BILIMBY IOPOIIKY 3 MOPKBH CTOJIOBOi CyIIEHOI Ha SIKICTh Xi1i0a 3 OOpOIIHA MIICHNY-
HOTO BHIIOTO TaTyHKY IPOBOIUINCS B YMOBaX Kaeapu XapIoBUX TEXHOIOTIH BHPOO-
HUIITBA Ta CTaHAaPTHU3Allil XapIOBUX MPOAYKTIB 32 3arajJbHONPHUUHATHMHU METOIUKAMU
[9, c. 30].

V nocniax BUKOPUCTOBYBaBCS Oe30MapHUid criocid BUpOOHHUIITBA XJ1iba 3 GopolTHa
MIIEHUYHOTO XJT100MEeKapChKOTO BUILIOTO raTyHKY, TEMIIEpaTypa BOIU IPHU 3aMici CTaHO-
Brita 350C. Ilicns 3amicy Ticto momimmanu y GpapdopoBy Yaimiky i CTaBHJIA TEPMOCTAT
Ha OpominHs npu Temreparypi 320C Ha 60 xBumuH. Jlaii 3nificHIOBaIN 0OMUHKY TiCTO-
BUX 3arOTOBOK, MOTIM CTAaBWJIM Ha IMOMEPEIHE BUCTOIOBAHHS TpuBamicTioO 60 XBUIMH
nipu Temreparypi 32°C. Tlicis nonepeaHboro BUCTOIOBAHHS TICTO IHTEHCHBHO OOMH-
HAJIM BPY4YHY, OKPYIVISUTM 1 BUKJIAIANH B 3MalleHi oiiero ¢popmu. OCTaTouHe BUCTOO-
BaHHS MPOBOJAMIM B TepMocTari npu Temneparypi 320C npotsirom 50 xBuiuH. Bumiuka
MpoBOJIMIIACS Ha JTaboparopHiil xmibomnekapebkiit meui P3 — XJIIT npotsrom 8...12 xBu-
muH npu temneparypi 220...2400C. 3a pe3ynsraraMu nMpoOHOI BHIIYKK OyiIo 0OpaHo
HalKpai BapiaHTH XJ1i0a 3 OOpOIIIHA MIIEHUYHOTO BUIIIOTO TaTyHKY 13 3aCTOCYBAaHHAM
MIOPOIIKY 3 MOPKBH iJalbHEIO CyIIeHOK. [IOpOIIOK 3 MOPKBH CTOJIOBOI CYIIEHOI BHO-
CWJIM Y KiTbKOCTI 2, 4, 6, 8 Ta 10% Bix Macu 60poIiHa.

30BHINIHIN BUMIAA XJi0a 3 OOpOIIHA MIIEHHYHOTO BHUIIOTO TaTyHKY i3 3aCTOCY-
BaHHSIM TIOPOIIKY 3 MOPKBH CTOJIOBOI CYIICHOI 3aJIeKHO BiJI KUIBKOCTI JIOOABKH, IO

Tabmuis 1
IMoka3HuKH SIKOCTi MOPOUIKY i3 MOPKBH CTOJOBOI CyIIIeHOT
HajiMenyBaHHS NOKA3HHKA 3HayeHHs MOKA3HHUKA
30BHINIHIA BAIAI Ta KOHCUCTEHIIIS OpHopigHa cuITyda Maca, He pO3YMHHA Y BOJI

TwurmoBuit UIs IHOTO BUITy CUPOBUHH, 03
CTOPOHHBOTO MTPUCMAKY Ta 3araxy

CwMmak Ta 3amax

Kounip [Tomapan4eBuit
MacoBa yacTKa CUpOro nporeiny, % 0,55
MacoBa yactka cupoi KJIITKOBUHH, %o 1,68
MacoBa yacTka CUpOro Xkupy, % 0,022
Macosa gacTka mykpy, % 9,92

I'irposmara, % 8,59
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3aCTOCOBYETHCS, 3@ BapiaHTaMU JIOCBiAY JIEIIO BiIpi3HABCs. Xm0 i3 OopolrHa MieHn-
HOTO XJIIOOIIEKapChKOTO BHIIOTO TaTYHKY O€3 JOJaBaHHS IOPOIIKY 3 MOPKBH CTOJIO-
BOT CyIIEHOI XapaKTepHU3yBaBCs PIBHOIO TTOBEPXHEIO Ta CEPEIHBO — CEPEIHBOOITYKIIOI0
(hopMoIO KipKH, KOJTip KipKH — CBITIIO-KOPUIHEBHIL.

®dopma Kipkn y xiiba 3 OOpOIIHA MIICHWYHOTO BHUIIOTO TaTyHKY 0e3 3aCTOCYBaHHS
Ta 13 3aCTOCYBaHHSM IOPOLIKY 3 MOPKBH CTOJIOBOI CYIIEHOI y KinbkocTi 2 Ta 4% Bix
Macu 6oportrHa Oyna cepeHbo-BHITyKIIa (4 6anm), a y xiida 3 BMicToM 6, 8 Ta 10% mopo-
Ky 3 MOPKBH CTOJIOBOT cylieHoi — ormykiia (5 6aiiB). [ToBepxHs Kipku xJ1ida 3 6opolHa
MIIEHUYHOTO BUILOTO TaTyHKY BUPOOIEHOTro 0e3 J10aBaHHs MOPOILIKY 3 MOPKBU CTOJIO-
BOi CYIICHOI Ta i3 3aCTOCYBaHHIM JaHOi JOOaBKH y KiTbKocTi 2% Bix Macu OoporrHa
Oyna piBHO. X110, BUPOOIEHHI 3 TOJaBaHHIM TOPOIIKY 3 CTOJIOBOT MOPKBH CYIIEHOT
B KibKOCTI 4, 6, 8 1 10% Bix Macu OopolIHa MaB [MIaJKy MOBEepXHIO Kipku. Komip kipku
3a BapiaHTaMH JOCIIily 3aJISKHO BiJ] 3aCTOCYBaHHS KUTBKOCTI MTOPOIIKY 3 MOPKBH CTOJIO-
BOi CYIICHOT 3MIHIOBAaBCSI BiJl CBITIIO-KOPHIHEBOTO (4 Oaiti) 10 KOPUIHEBOTO 3 PYM'STHIM
BIATIHKOM Y XJ1i06a 3 OOpOIIHA MITEHMYHOTO BUILIOTO TaTYHKY 13 3aCTOCYBAHHSIM ITOPOILIKY
3 CTOJIOBOI MOPKBH CYIIECHOIO B KUTBKOCTI 6, 8 Ta 10% Bix Macu OopomrHa (5 6amiB).

TakuM YMHOM, TTPH 30UTBIIEHHI KUTBKOCTI IMTOPOIIIKY, 1[0 BHOCUTHCS 3 MOPKBH CTOJIO-
BO{ CYIIEHOT KOJIip KipKH 3a BapiaHTaMH JOCBiTy HaOyBaB KOPUUHEBHUI KOJIIp 3 pyM'THUM
BiATIHKOM. 3aCTOCYBAaHHSI TIOPOIIKY 3 MOPKBH CTOJIOBO{ CYIICHOi MAJIO iCTOTHHH BITINB
Ha XapaKTepUCTUKY M'AKyIIl XJ1i0a 3 OOpOIIHA MIIIEHHYHOTO XJTi00MEKapChKOro BUIIIOTO
ratyHky. Tak, xn1i0, BumeueHuil i3 OOpOIIHA MIIEHUYHOTO BUIIOTO TATyHKY MaB Oinumii
komip M'sikytra (5 6amis). X6 13 OOpoIIHA MIIEHWYHOTO XJIIOOTEKapChKOTO 3 JI0aBaH-
HsM 2 1 4% TOpOIIKY 3 MOPKBHU CTOJIOBOI CYIIEHO MaB OUTHI 3 )KOBTYBaTUM BiJTiHKOM
komip M'skinry (5 6amiB). [Tpu 30inbIIeHH] J00aBKH, 110 BHOCUTHCSA 110 6 ... 10% rotouii
MIPOIYKT HaOyBaB KOJIip BiJI )KOBTyBaroro (5 6ajiB) o moMapaHdeBoro (4 6aim).

X6 3 OopoIIHA MIICHUYHOTO BHIIOTO TAaTyHKY SIK 0€3 3aCTOCYBAaHHS MOPOIIKY
3 MOPKBHU CTOJIOBOi CYIICHOI, TaK i i3 3aCTOCYBaHHSM JaHO1 JOOaBKH B KiIBKOCTI 2,
4 Ta 6% Bix Macu OopoIIHA MasTk ApiOHY, AXXypHY, PIBHOMIpHY, TOHKOCTIHHY CTPYKTYPY
M'sKinry (56amiB). A 3acTOCYBaHHS HOPOIIKY 3 MOPKBH iallbHI CYIIEHOi y KiJTBKOCTI
6 1 8% Big Macu OGOpONIHA CIPUUUHUIIO YTBOPEHHS ApiOHOI, TOHKOCTIHHOI, HEPIBHO-
MIpHOT CTPYKTypu M'sikimty (4 Oanm). EmactuuHicTh M'sKyIn ximida 3 OOpoIIHa mie-
HUYHOTO XJIIOOTIEKapCHKOTO Ta XJ1i0a BUIIEUEHOTo 3 [oAaBaHHsM 2, 4, 6 1 8% mopomiky
3 MOPKBHU CTOJIOBOT CYIIEHOI BiJf MacH OOpOIITHA MIIIEHHYHOTO XT100MeKapchKoro Oyma
HI)KHOIO, IIOBKOBHCTOXO, IPH HATUCKAHHI TAJIBIIEM JIETKO BiTHOBIIIOE TIEPBICHY CTPYK-
Typy (5 6aniB). ['oToBHI MPOAYKT 3 OOPOIIHA MIIEHUYHOTO XJI100NeKapChKoro 3 10/a-
BaHHSIM TIOPOIIKY 3 MOPKBHU CTOJIOBOi cymieHoi B KijbkocTi 10% Bin Macu OCHOBHOI
CUPOBUHM MaB M'SIKU HDKHUH M'sKy1I (4 Oamm).

Cwmaxk xJ116a 3 60poITHA MIIIEHUIHOTO XJ1100MeKapChKOTO Ta XJ1i0a BUTIEYEHOTO 3 10/1a-
BaHHSM IOPOIIKY 3 MOPKBH CTOJIOBOI CYIIEHOI y KiJIbKOCTi 2% Bifg Macu OoporiHa OyB
HOpMaJIbHUI, BIACTUBUHN JaHOMY BUIY XJi0a (5 6ainiB). X6 3 OOpoIlHa MIIEHHYHOTO
XJ1100TEeKapChKOTO 13 3aCTOCYBAaHHAM IMOPOIIKY 3 MOPKBH CTOJIOBOI CYIIEHO Y KIIBKOCTI
1,5 12,0% Bix Macu GOpoOIIIHA MalT HOPMAJIbHUH, BIACTUBUH XJ1i0y 3 BIIJAJICHUM ITPH-
CMaKoM MOPKBH (5 0aJtiB) Ta mpu 301UTBIICHHI KUTLKOCTI 3aCTOCOBYBAHO1 JIOOABKH CMaK
nponyKkTy OyB BJIaCTUBUM IS XJ1i0a 13 MPUCMaKOM MOPKBH (4 Oamu).

CepenHs xiibonekapchbka OIiHKa SKOCTI XJiba 3 OOpoIlHa MIIEHUYHOTO XJIi0ore-
KapceKoro cranoBmia 4,57 GamiB. HaiOumemmm cepeaHiM OaloM XapaKTepH3yBaBCs
XJ1i0, BUNIeYeHUH 3 OOPOIIHA MIIEHUYHOTO XJ1100MeKapChbKOTO 3 J0AaBaHHAIM MOPOUIKY
3 MOPKBH CTOJIOBOT CYNICHOT y KijbKOCTi 4, 6 Ta 8% Bin Macu OoporiHa — 4,86; 4,86 Ta
4,71 GamiB BimmoigHo. O0'eMHUI BUXij Xmi0a 3a BapiaHTaMH JOCIITy CTAHOBHUB Bij
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460 1o 540 cm’. TTopucticth xmi0a 3 GOPOIIHA MIIEHMYHOTO XJI100MEKapChKOro 6e3
3aCTOCYBaHHS TTOPOIUIKY 3 MOPKBH CTOJIOBOI CyIIeHOi craHoBmia 71,1%, mopuCTicCTh
x110a 3 OOpOoIIHA MIIIEHHYHOTO XJII0OTMEKapChKOTO 13 3aCTOCYBAHHSIM MOPOIIKY 3 MOP-
KBH CTOJIOBOKO CyIIeHO 30ibiryBanacs Ha 1,8...7,8%. KucnoTricts x71i6a 3 6oporiHa
MIICHUYHOTO XJIIOOTIEKApChKOTO 3HAXOIWIacs B MeKax HOPMH Ta 3a BapiaHTaMu
nociiny cranoBmia 2,4...3 rpamycu.

[IpomoHOBaHA TEXHONOTiST BUPOOHHUITBA XJiOa 3 OOpOINHA MIIEHUYHOTO XJIi00-
MEKapCHKOTO 13 3aCTOCYBAHHSAM ITOPOIIKY 3 MOPKBH CTOJIOBOI CYIICHOI CKIIaIaeThCs
3 HACTYIHHUX €TaliB: MpHUiiom, 30epiraHHs Ta MiArOTOBKA CUPOBUHM J0 BUPOOHHUIITBA,
MPUTOTYBAHHS TiCTa 3 TOJaBaHHIM MOPOIIKY 3 MOPKBHU CTOJIOBOI CymeHoi 4...8% Mmacu
Oopomina. [lorepeHe BHCTOIOBaHHS TICTOBHUX 3aroTOBOK, 00poOka Ta (opMyBaHHs
TICTa HA NIMATKH, OCTaTOYHE BHCTOIOBAHHS TECTOBHX 3arOTOBOK, BHITIKAHHS, OXOJO-
JUKCHHS Ta YIIAaKOBKA TOTOBUX BHPOOIB.

BucHoBku. [Ipy BUpOOHUIITBI XJ1i0a BHCOKOI SIKOCTI 3 OOpOIIHA MIIEHUYHOTO XJIi-
0oreKkapchKOro peKOMEHIYEMO 3aCTOCOBYBATH IMOPOIIOK 3 MOPKBH iHalibHI CyIIEHOT
B KitbKoCTi 4...8% Bia Macu OopolTHa rmpu 0e30MapHOMY Croco0i TICTO3HABCTBA.
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HAMPAMU CTBOPEHHA KOMBIHOBAHUX NMPOAYKTIB
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Monoko ma MONOUHI NPOOYKMU € He8i) EMHOI0 CKIAO080K0 PAYIOHY KONCHOL T0OUHU. Ane
OCMAHHIM Yacom eupoOHUYMEo ma peanizayis 0amoi npodykyii 6 Ykpaini cymmeso 3meHuty-
emvcs. Lle cnpuyunaemvcs 6enuKolo KilbKicmio akmopis: 3MeHueHHAM No2oie s Kopie ma
CUPOBUHHOIO NPOOIEMOIO, PI3KUM NIOBUWEHHAM YIH HA MOIOKO Ma MOLOYHI NPOOYKMU, 8I0CYM-
Hicmio iHeecmuyii. Takodc cb0200HI ICHYE npobiema 6uxo0y GIMUUHAHUX NIONPUEMCINGE HA
€8ponecyKull puHoK. Bupobrnuymeo cupy — mpusanuii npoyec, AKuil 3a1excums He miibKu i0
BUPOOHUYUX MONCIUBOCME, A Tl 810 CIMAHY eKOHOMIUHO20 PO3GUMKY KPAIHLL.

3uauny pone y payionansnomy xapuyeanui nacenenns Yxpainu naoynu éucoxkobinkoei nempa-
QUYItiHI Xapuo6i NPOOYKMuU Ha OCHOGL coi. 3a wucieHHuMu OIOXIMIYHUMU | MEOUUHUMU OAHUMU
B0HU € CNPUAMIUBUMU O SMIYHEHHS 300P08's HeMOBIAM, dimell, OOPOCIUX, 00l NOXULO20
BIKY, X60pUX 3 0C1AONEHOI0 IMYHHOIO CUCIEMOIO MA IHWI0T0 NAMON02IEI0. Addice BOHU 3HUNCYIOMD
PUBUK BUHUKHEHHS POY 3AX60PIOGAHD.

Ha oymky Hayrosyie, came maxuil ehexm 6azamo 6 4OMy 3a1exrcumv 6i0 Memooie nepe-
POOKU HaciHHA coi Ha Xapuosi npodykmu. [Ipome 6 pobomax, npucesyeHux 00CIiOHCeHHIO 6NIUBY
BOICUBAHHA COEBUX NPOOYKIMIG HA CMAH 300P08'S1 MI0OOUHU, Matdice Hemac OaHux npo YMOGu
odepoicanns maxkux npooykmie. B Vkpaini eupobu i3 coi ma 0006agku 00 xap4oeux npooyKmis
(monoka, m'acHux, X1i600y10UHUX, KOHOUMEPCHOKUX 8UPOOI8) NPEOCMABIEeHO NePEeGANCHO NPOOYK-
mamu 3 iMROPMHOI CUPOBUHU, WPOMI6, DOPOUHA, DIIKOBUX KOHYEHMPAMIs, USOMOBNIEHUX 3d
MEXHONOIAMU, SAKI 3HAYHO 3MEHULYIOMb 6MICI OI0N0CITYHO AKMUBHUX PEYOBUH BIOHOCHO CKIADY
Hacinus coi. Bupobnuymeo nanisgpabpuxamis i kopmie y npogionux kpainax 3axooy 6io nouamxy
bazyseanocs Ha OugepeHyitiosanii nepepodyi HACIHHA COl Ol OMPUMAHHS ONlil, DIIKOBUX 130715~
mig i KOHyeHmpamie, iMaminie, OION02IYHO AKMUBHUX 00DABOK 3 GUKOPUCTIAHHAM bazamopa-
308UX npoyecie 00poOKU, 0OPOOKU OpeaHiuHUMU po3uuHHUKamu. Lle npuzeooums 00 pyuHayii
yacmunu OI0N02IUHO AKMUSHUX PEUOBUH, 00 HeOOXIOHOCTI KOHCMPYIO8AMU OKPEeMI 6UOU NPOJYK-
Mi6 Ha OCHOBI COEB020 OINKA D00ABAHHAM HCUPIB, 8Y21€800i8, BIMAMIHIB, POZUUHHOT KIITMKOBUHU,
apomamuzamopi.

Knrwwuosi cnosa: kombinosani npodykmu, npooiomuxu, MOIOYHO — COEBL NPOOYKMU, M'SKi
cupu, 6ioN02IUHO AKMUBHI PEUOBUHU, (DYHKYIOHANbHI RPOOYKMU.

Solomon A. N. Directions of creation of combined products in cheese makers

Milk and dairy products are an integral part of every person's diet. But recently, the
production and sale of these products in Ukraine has been significantly reduced. This is caused
by a large number of factors: a decrease in the number of cows and a raw materials problem, a
sharp increase in prices for milk and dairy products, and a lack of investment. Also today, there
is a problem with the entry of domestic enterprises into the European market. Cheese production
is a long process that depends not only on production capabilities, but also on the state of the
country's economic development.

High-protein non-traditional soy-based food products have acquired a significant role in the
rational nutrition of the population of Ukraine. According to numerous biochemical and medical
data, they are beneficial for strengthening the health of infants, children, adults, the elderly,
patients with weakened immune systems and other pathologies. After all, they reduce the risk of
a number of diseases.

According to scientists, this effect largely depends on the methods of processing soybeans into
food products. However, in works devoted to the study of the effect of soybean consumption on
human health, there is almost no data on the conditions for obtaining such products. In Ukraine,
soy products and food additives (milk, meat, bakery, confectionery) are represented mainly by
products from imported raw materials, meals, flour, protein concentrates, manufactured using
technologies that significantly reduce the content of biologically active substances relative to
the composition of soybean seeds. The production of semi-finished products and feed in leading
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Western countries was initially based on differentiated processing of soybean seeds to obtain
vegetable oils, protein isolates and concentrates, vitamins, biologically active additives using
multiple processing processes, processing with organic solvents. This leads to the destruction of
some biologically active substances, to the need to design individual types of products based on
soy protein by adding fats, carbohydrates, vitamins, soluble fiber, flavoring.

Key words: combination products, probiotics, dairy soy products, soft cheeses, biologically
active substances, functional products.

IHocTanoBka npodiemu. ParioHanbHe XapuyBaHHs € BaXKIMBOIO CKJIAJOBOIO 3/10-
poBoro crocoOy XHUTTA. BoHO Mae 3a0e3medyBaT OpraHi3M JIFOIMHU BCiMa HE0OXif-
HUMH PEUOBHHAMH ONTHMAIBHUX CITiBBiTHOIICHHSX.

[Ipote, ocTaHHIME poKamMu y YKpaiHi ClIOCTEpIiraeThCst HecTada CIoKUBaHH O1JIKiB,
AK 1 KUTBKICHOMY, 1 y SIKICHOMY BiTHOIIEHHI, BHACTIJOK HEJOCTAaTHOCTI Y XapuyBaHHI
Jonieit O1JIKOM TBAPHHHOTO TIOXO/DKEHHS [2].

OnHUM 13 NUISIXIB BUPILICHHS I[i€] MPOOIEMH € TOIIYK Ta BUKOPUCTAHHS HETPAIU-
IHHUX JpKepen OUTka, y TOMY YHCII POCIMHHOTO TTOXO/DKEHHS, Ta pO3p0o0Ka TEXHOIIO-
riff KOMOIHOBaHHX MPOAYKTIB. Jly’Ke MEPCIEKTUBHUMH LIONO IIOTO € COS 1 MPOIYKTH
ii mepepoOku. Bmict 6inka B coi konuBaeTsest He Oimbine 37-44%. Kpim toro, BoHa
€ JDKepeIioM HEeOoOX1IHUX OpraHizMy MOJIHEHACUYCHUX KUPHHUX KHCIIOT, MiHEPaJIbHUX
PCUYOBHH, BITAMiHIB Ta KJIITKOBUHH.

30ara4eHHs1 MOJIOYHUX MPOAYKTIB COEBUMH OiKamMu J0Ope BiJOME 1 TOCUTH MOIIH-
peHe y CBITOBIH MpakTHI. Y 3B'SA3KYy 3 IMM HE MEHIII MEPCIEKTUBHUMH € PiJKi Mpo-
IYKTH ITepepoOKH IUTICHOTO COEBOTO HACIHHS (COEBE MOJIOKO).

Ha ocHOBi KOMOiHYBaHHS KOPOB'SIYOTO Ta COEBOIO MOJIOKA CTBOPIOIOTHCS TEXHOJIOT 1]
BUPOOHHMIITBA PI3HUX MPOAYKTIB, Y TOMY YncCi cupis [1].

YV BUpOOHMLTBI OUIBLIOCTI CUPIB 3a3BUYail 3aCTOCOBYIOTHCS CHUUYKHE 1 KHCIOTHE
3ropraHHs O1KiB Mosioka. OJJHaK, He MEHIIIO1 YBar 3aciyrOBy€e BUCOKOTEMIIEpaTypHE
3TOPTaHHS OUIKIB MOJIOKa, 3aCHOBaHE Ha CIUIBHIN Koaryssimii BCiX (Gpakiiiii MOJIOUHUX
OUIKIB IpU CHUIBHOMY BIUIMBI BUCOKO1 Temreparypu. [Ipu 1ibomMy 3011bIIy€ThCS BUX1]
MIPOYKTY, MiJIBUIIYETCS HOTO 010JIOTIYHA LIHHICTh T4 BUKIIOUAETHCS BUKOPUCTAHHS
CUYY)KHOTO (DepPMEHTY.

Taxum YMHOM, IPOBEIEHHS AOCIIKEHDb 3 KOMIUIEKCHOTO BUBYEHHS ITPOLIECY BUPOO-
HHUIITBA M'SIKMX HU3BKO KUPHUX KOMOIHOBAaHMX CHPIB Ha OCHOBI 3HE)KHPEHOTO MOJIOKA
Ta COEBOTO KOMITOHEHTA € JOCUTH aKTYaJbHUM 3aBIaHHSIM CHOTO/ICHHS.

®opmyBaHHs 11isiell ctarti. MeToro JaHoi poOOTH € JOCIiIKeHHS HAyKOBUX OCHOB
TEXHOJNOTIi M'IKHX KOMOIHOBAaHMX CHPIB 13 CyMillli 3HEKHPEHOTO KOPOB'TIOTO MOJIOKA
Ta COEBOTO HAIOK, MO JACTh 3MOTY MiABHIIUTH OIOJOTIYHY I[IHHICTH, PO3IIMPUTH
ACOPTUMEHT MPOIYKIIii Ta 3a7Ty4YUTH BITYU3HSIHY POCIHHHY CHPOBUHY.

Buxknan ocHoBHOro Marepiasy. CroroHi Big0yBaroTECS 3HAUHI 3MiHH B HAYII ITPO
XapuyBaHHS Ta XapIOBHUX TEXHOJIOTiAX. L{e TOB's13aH0 3 BHHHKHEHHSIM HOBOTO HAIIPSIMKY
B Xap4OBill MPOMHUCIIOBOCTI, OPIEHTOBAHUM Ha BUPOOHHULITBO (DYHKIIOHAIEHUX MPOIYK-
TiB Xap4yBaHHS, K1 CIPHUATINBO BILUTMBAIOTh HA 37I0POB’S JIFOJIMHU MTPH IXHHOMY pery-
JSIPHOMY BKUBaHHI B e(DeKTHBHUX H03aX. KpiM MOKUBHHX XapyOBUX PEUYOBHH, BOHH
MICTSTh (DYHKIIOHAJIbHI 1HTPEIIEHTH, SIKi 3A1MCHIOIOTH 010JIOTTYHO 3HAYUMHMA TO3UTHUB-
HUI BIUIMB Ha OPraHi3M IIFOIWHU, 110 JIOTIOMAarae ajanTyBaTHCS J0 BIUIUBY 30BHIIII-
HBOTO CEPEIOBHIIA, 3aII00ITTH BUHHKHEHHIO 3aXBOPIOBAHD 1 MOMIEPEANTH TIepeIIacHe
crapinus [3].

CyudacHi MiaXoau J0 3I0pPOBOTO XapuyBaHHS BHUMAararoTh, 1100 HOBI KOMOiIHOBaHi
MPOMYKTH OyJIr OUTBII 30aaHCOBaHI 3a CKJIaIOM aMiHOKHCIIOT, )KMPHUX KHCJIOT, MiHe-
paniB Ta BiTaMiHIB y MOPIBHSHHI 3 TPAAULIMHUMH MPOAYKTaMM, a TaKOXK BOJIOALIH
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KOPUCHUMH BJIAaCTUBOCTAMHU. OCOONMBY yBary ChOTOJICHHSI MPUBEPTAIOTH MPOIYKTH,
10 TIOETHYIOTh MOJIOKO 3 POCIIMHHUMH KOMITOHEHTaMH, 30KpeMa COeBUM HaroeM. [1pu
[[bOMY Ba)KJIBHM 3aJIMIIAETHCS 3aBIAHHS MAKCHMAIIbHO 30€perTH CIIOKUBYI XapaKTe-
PHUCTHUKH TPaAMLIiHUX aHaoriB [9].

JIJ1s IbOTO MTPOBOIMIIM 3TOPTAHHS COEBOTO HATIOKO, IO Ma€ XapaKTePUCTHKH, ITPe/I-
crapieni B tabmumi 1 cuposarkoro 130-140°T, mpu Temnepatypi 3cimanus 95°C. Sk
KOHTPOJIb CITYXKHJIO 3HEXKUPEHE MOJIOKO 3 XapaKTEPUCTUKAMH, HABEJICHUMH B TaOIUII 2.
OTpHMaHi 3ryCTKH OIIHIOBAJIM 32 OPraHOJCITUYHUMU Ta (PI3UKO-XIMIYHHMHU MTOKa3HH-
KaMH, TIpeJICTaBIeHUMH B Ta0nuisix 3.3 Ta 3.4.

Tabmuis 1
@izuko-xiMiuHi MOKA3HUKH COEBOI0 HAMOIKO

IloxkazHuKH 3HavYeHHs MOKA3HUKIB
Macosa yactka, %:
CYXHX PEUOBHH 6,7
OlKa 2,88
JKUPY 1,5
Kucnorricts THTpOBaHa, T 13,5
{inbHiCTH, KT/M? 1012

Tabmuns 2
®Di3uK0-XiMiuHI MOKA3HUKHU 3HEKUPEHOTO MOJIOKA

IMokazHukn | 3HaueHHs MOKA3HHKIB

Macosa gactka, %:
CYXHX PEUYOBHH 8,85
OlIKa 0,05
KAPY 3,2
JIAKTO3H 4.8
Kwucnorricts TuTpoBana, °T 17,2
inbHiCTH, KT/M? 1030

Tabnuis 3

OprazosenTHYHi NOKAa3HUKH 3TyCTKIB
Hoka3Huku
cMaK 3amax KOJIp | KOHCHCTEHIiA

3TyCTOK 3 COEBOTO N . N N VN R
MOJIOKA YUCTUH, COEBUN YUCTUU, COEBHUU KpPEMOBHHU | M sKa
3rycrok 3
3HEKUPEHOTO YUCTHN, MOJIOYHHH | YUCTUI, MOIOYHUH | O1IMiA LIiJabHA
MOJIOKa

Tabnurs 4

OcHoBHI (i3uKo-XiMiYHi MOKa3HUKH 3TyCTKIB

MacoBa yacTKa BoJioru, %

AKTHBHA KHCJI0THicTh, pH

3rycToK 3 COEBOTO MOJIOKA

68,0

4,7

3Fy0TOK 3 3HCKUPCHOI'O
MOJIOKa

64,0

5,6
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TakuM YMHOM, BCTAHOBJICHO, 1110 COEB1 3TYCTKHA MArOTh MaJONPUBAOINBI JJIs CIIO-
JKHBa4a OPTaHONENTHYHI MOKa3HUKU. KpiM IIbOTO CO€BI 3TyCTKH MAaroTh BUCOKY BOJIO-
TiCTh Ta KUCJIOTHICTh MOPIBHIHO 31 3TYCTKAMH 13 3HEKHPEHOTO MOJIOKA.

V 3B'SI3KY 3 MM BHHUKAE TTUTAHHS PO BUBYCHHS MOYKJIMBOCTI OTPUMAHHS 3TYCTKIB
13 CyMillli 3HS)KUPEHOTO MOJIOKA Ta COEBOTO HATIOK Ta BCTAHOBJICHHS HAMOLIBII paItio-
HaJbHHUX iX CIIBBIIHOIIEHSD [5].

Jlis  BU3HAYCHHS palllOHAJIBHOTO CITIBBIHOMICHHS 3HEKHPEHOTO KOPOB'STYOTO
MOJIOKa Ta COEBOTO HAIOK MPH BUPOOJICHHI M'TKOTO KOMOIHOBAHOTO CHUPY JOCIIIKY-
BAJIM CYMIIIli 3 Pi3HUM CITiBBIIHOIICHHSM 3HEKHPEHOTO MOJIOKA Ta COEBOTO HATIOIO.

3ropraHHs MiATOTOBICHUX CYMIIICH MPOBOAMIM CHPOBATKOIO, KUCIOTHICTH CHPO-
BaTkH ctaHoBuia 140°T mpu 95°C. OTpumani 3ryCTKU OL[IHIOBAJIM HacaMIIepe]] 3a cMa-
KOM, 3aI1ax0M, KOJIbOPOM Ta KOHCUCTEHIIIETO.

TakuM YMHOM, y3arajbHIOIOYM JIaHi 1O OPraHOJENTHYHUX Ta (i3UKO-XIMIYHUX
MOKA3HUKAX 3TYCTKiB, MOXKHA 3pOOUTH BUCHOBOK, 1[0 HAWKPAIIUM CIIiBBiTHOIICHHIM
3HEXHUPEHOTO MOJIOKA Ta COEBOTO HAMOIO MPU BUPOOJICHHI M'SIKOT0 KOMOIHOBaHOTO CHUPY
€ ciBBinHOmEHHS 4:1. ToO6TO YacTKa COEBOT0O HATIOIO B CYMiIlli HE TOBUHHA IIEPEBHUIILY-
Batu 20% Macu cyMili.

HaiibGipinie 3HaueHHST Ma€e TeMITepaTypa 3ropTaHHs MOJIOYHO-COEBOI cyMitti. [Tpu minsu-
IIeHH1 Temrieparypu 3ciiansst 10 90°C BOHH IOCSATa0Th MakCHMyMy. HaiiOibIne 3pocTanHs
BUXOJIy CUPY B IAHOMY JTiaria30Hi TEMIIEPaTyp CIIOCTEPIrayiocsl y pasi KUCJIOTHOCTI CHPOBATKU
110°T — 15,08 %, a Haiimentwid 13,28%, ipu kuciaotHOCTI cupoBarku 150°T.

[Tpu mopanmpiroMy MiIBUINEHHI TeMneparypu 3roptanas 3 90°C mo 95°C BinOysa-
€TBCSI 3HIDKCHHSI BUXOMYy CHPY Ta CyXUX pedoBHH 10 46,17%. HaitOinbIne 3HWKEHHS
CIIOCTEpIraeThesl y pasi kuciotHocTi cupoBarku 150°T wa 1,58%, a HaiimeHiie Ha
0,98% mpu kucnoTaocti cuposatku 110°T.

KucnoTHiCTh CHPOBaTKY MEHIII iCTOTHO BIUTMBAE HA BUXIJ CHPY IO CYXUX PEYOBHH,
HDK TeMIeparypa CyMiii.

MiHiManbHi 3Ha4YEHHS BUXOAY CHpPY 3a(ikCOBaHI NPH KHUCIOTHOCTI CHPOBATKU
110°T. Sk i y BUIIaAKy BUXOY CHpPY II0 CyXUX PECUOBHH 1 TEMIIEpaTypa 3TOPTaHHS 1 KUC-
JIOTHICTh CHPOBATKH iCTOTHO BIUTMBAIOTH HAa BMICT BOJIOTH B CHPI.

KHCI0THICT CHPOBATKM TaKOXK ICTOTHO BIIMBA€ HA MACOBY YacCTKY BOJIOTH B CHPI.
Haii6inpIre 3HIKEHHS MAaCOBOI YaCTKH BOJIOTH Ha 9,56% crocTepiraeThses 3a TeMmnepa-
Typu 3ropranHs 75°C Haiimene 2,96%, 3a HopMasibHOI Temrieparypu 3roprants 90°C.

OpHak OiMbINMH BIUIMB Mae TeMIleparypa 3rOpTaHHs cymimni. HalBuIuid BmicT
CYXHX PEUOBHH y CHPOBATIII CIIOCTEPIraeThCsl BCIM 3HAYCHB KUCIOTHOCTI CHPOBATKH
npu 75°C. Ilpu migBumieHHi Temieparypu 3roptadss 3 75 mo 90°C BinOyBaeTbes 3HU-
JKEHHS MacOBO1 YaCTKU CyXHUX pedoBUH y cuposarii Ha 0,41%. [Tpu noganpuiomy mif-
BUIICHHI TeMIiepaTypH 3cianus 10 95 °C crnocTepiraeThbes MiJBUILIEHHS BMICTY CyXUX
pedoBuH y cupoarii Ha 0,08%.

KucaoTHicTh cHpOBaTKH, 110 BHOCHTHCS, TAKOXK ICTOTHO BIUIMBA€ Ha JIOCIHIIKY-
BaHMH KpuTepiil. Tak, 11 BCiX TeMmeparyp 3ropTaHHS CyMillli MaKCHMAJIbHUH BMICT
CYXMX PEUYOBHH y CUPOBATIII BiI3HAYCHO Y pa3i KUCIOTHOCTI CUPOBATKH, 1110 BHOCHThCS
110°T, a miniMasbHe TIpH KucoTHOCTI cupoBaTku 140°T. KoHcucTeHist 61IKOBHUX Mpo-
JIYKTIB € CIIOKWBYOI KAaTETOPIEr0 B OIIHIN SKOCTI MPOAYKTY. BoHa BKIIFOYae HacamIie-
pen opraHoJenTHYHI BactuBocTi [10].

Ha dopMyBaHHS KOHCHCTEHIIIT M'SKHX KOMOIHOBAaHMX CHPIB BILUTUBAIOTH SIK TEMIIC-
partypa 3ropTaHHs, TaK i KHCIOTHICTh CHPOBAaTKH, 10 BHOCHUTHCS.

J171s1 BCiX 3HaYCHBb KUCIIOTHOCTI CHPOBATKH, IO BHOCHUTHCSI, 31 30UTBIIICHHSIM TEMITCPaTypH
sropranHs 3 75 10 90°C mominryeTsest 1 KOHCUCTEHLIist TpoxyKTy. [1pu nopanbiomy 3011b-
IIIEHHI Temrieparypu 3roptaHsi 10 95°C Bi0yBa€eThCs MOTIPIICHHS KOHCHCTEHITIT CHPIB.
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Ha ¢opMyBaHHS KOHCHCTEHIIi1 CUPIB iCTOTHO BITUBAE 1 KUCIOTHICTh CHPOBATKH, 110
BHOCHUTBCA. Tak, 31 30UIBIICHHSIM KHUCIOTHOCTI CHPOBATKH, IO BHOCHTHCS, TTOKPAIILY-
€TbCSI 1 KOHCUCTEHLIIS.

Jis oOrpyHTYBaHHS palliOHAIBHUX PEKUMIB BUPOOJICHHS M'SKUX KOMOIHOBaHHX
CHUPIB BPaxOBYBAaJ X BIUTUB HA €()eKTUBHICTh BUKOPUCTAHHS CKJIAJJOBUX KOMIIOHCHTIB
MOJIOYHO-COEBOI CyMillli Ta SIKICHI OKA3HUKU CHPY

BinnoBinHO /10 TPOBEACHUX JOCIIIKEHD KPAIIOTO BUXOY MPOAYKTY 3 CYXHX pedo-
BHH 1 MiIHIMAJIBHOTO BMICTY CyXHUX PEYOBHH Y CHPOBATII MOYXHA JOCSTTH MIPH TeMITepa-
Typi 3ropranus 95°C ta kuciaotHocTi cuposatku 130—-140°T.

TakuM YUHOM, HAHOIIBII CHPUATIMBHMHU JUIS OTPUMAHHS M'SKHX KOMOiIHOBAaHHMX
CHUPIB TapHOT SKOCTI Ta TAKUMH, 1110 3a0€3MeYyI0Th OUTBII TTOBHUHN MEpeXiJl CKIaJI0BUX
KOMITOHEHTIB MOJIOYHO-CO€BOI CyMillli B MPOAYKT € TaKi yMOBH:

— JI03a CO€BOTO HAmo0 y cywmimi He Oimbire 20%, Temmeparypa Koarymsmii Ta
00po0Oka cymimri 90°C; KACIOTHICTb CHPOBATKH, IO BHOCUTHCS 140°T.

OpHak, py BUPOOHUITBI M'AKMX KOMOIHOBAaHUX CHPIB, KPIM MPAaBUIBLHO OOpaHUX
PESKUMIB 3rOPTaHHS CHPOBHHH, BEIHUYC3HY POJIb BiAIrparoTh HACTYIHI TEXHOJOTIYHI
oriepartii, Taki SK COJIHHs CHPiB, BHECEHHS HAITOBHIOBAYIB, (POpPMyBaHHS, camMmoIiepecy-
BaHHs Ta 30epiranHs cupis [7].

ComniHHA BiAirpae BaXIUBY POk IPH BUPOOHHIITBI CHPY.

lonoBHa MeTa HajgaTH MPOJYKTY IMEBHOIO CHENU(BIYHOTO CMaKy 1 MIKAHTHOCTI.
B nanomy Bunazaky Oyiao oOpaHe COIiHHS B 3€pHI, TOMY 1110 BOHA 3a0e31euye piBHOMIp-
HUH PO3MOJILI COJIi TIO BCii Maci KOMOIHOBAHOTO M'SIKOTO CHpY Oe3 JI03piBaHHS.

VY CBOIO dWepry, BHECEHHsI HAIIOBHIOBAYiB J[03BOJISIE MOKPAIIUTH OPraHOJCITHYHI
MOKA3HUKH CHPIB HA MOJIOYHO-CO€Bii OCHOBI, MACKYIOUU IPUTAMAHHUI iM CO€BUI NIPpH-
CMaK 1 3amax, HaJIlaTH iM TIEBHOTO Cenru(IYHOTO CMaKy 1 3poOHTH iX OB PUBAOITH-
BUMH JJIS CIIO)KHBAYiB, & TAKOXK PO3IIMPUTH ACOPTUMEHT CHPIB, IO BUITYCKAIOTHCS [8].

V¥ 3B'3Ky 3 UM OyJI0 IPOBEACHO JOCIIIKECHHS, II[O10 BU3HAUYCHHS JO3U BHECCHHS
KyXOHHO{ COJIi TIpH BUPOOHUIITBI M'SIKMX KOMOIHOBaHUX CHPIB.

[ IBOTO CYMIII 3HEXKHPEHOTO MOJIOKA Ta COEBOTO HAIOKO Y CIIBBITHOMICHHI 4:1
sropranu npu temmeparypi 90° C KUciorw cupoBaTKOK, KUCIOTHICTh CUPOBATKHA CTaHO-
Brita 140°T abo npu Temmieparypi 95° C XI0pHI0M KaJIbIli0. 3MUBAIN OiIbITY YaCTHHY
CUPOBATKU Ta MPOBOJWIN COJIIHHSA Y 3epHi. Jl03a KyxoHHOI comi konuBanacs Big 1 1o
2 kr Ha 100 Kr cymimmi.

AHaNI3ylouH eKCIIepUMEHTaJIbHI JaHi, 3'CyBajy, 110 HAHKpail 3a CMaKOM CHPH
Oynu OTpUMaHi pu 1031 BHECEHHs KyXoHHO1 coni 1,5 kr Ha 100 kr cymimn. Y pa3i BHe-
cenHs 1 kxr comi Ha 100 kr cyminri 6y10 OTPUMaHO MaJIOCOJIBHI CUPH, a Pa3i BHECCHHS
2 kr comi Ha 100 Xr cyminri HaIMIpHO COJIOHI CHPH.

3MiHIOBasacs TaKoXK KOHCUCTeHLis cupiB. Tak, skuio mpu BHeceHHi 1 abo 1,5 kr
com Ha 100 Kr cy™mimi OTpUMaHi 3TyCTKH B Mipy IIiUIBHOI KOHCHUCTEHII1, TO TIPH BHE-
ceHHi 2 kr comi Ha 100 Kr cyMmilii 3ryCTKH MaJii OijIbI M'SIKY KOHCHUCTEHIIIFO.

[Tpu 30inbLIEHH] 03U COJIi, 10 BHOCUTHCS, 301JIBIIYETHCS BMICT BOJIOTH B CHUpax,
JIEIIO 3HIKYETHCS 3HaYeHHS pH, a BUXiJ CUpPY 1O CyXHUX PEUYOBHH HE 3MIHIOETHCSI.

TakuMm 49wHOM, 7032 COJI, IO BHOCHUTHCS, HE TIOBHHHA IEPEBUINYBaTH 1,5 Kr Ha
100 kr cymii.

SIk cMakoBi HamoOBHIOBaY OyB 0OpaHWil Kpim i Oynu MpoBeACHI TOCIiHKESHHS 100
BH3HAYCHHS JTO3U 1X BHECEHHSI B M'sIKi KOMOTHOBaHI CHPH.

DopmyBaHHS Ta caMOIIEPECYBaHHS CUPY € BaXKJIMBUMHU Ta HEBII'€MHUMH YaCTHHAMU
TEXHOJIOTTYHOTO MPOIeCy BUPOOHUITBA M'IKOTO CHpy. BoHM 103BOIISIIOTE HagaTH oMy
HEOoO0XiTHOT (POPMH, JJOCATTH ONTUMAJIBHOT KOHCUCTEHIIIT CHPY Ta BMICTY BOJIOTH B HHOMY.
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Bynu nocnimxkeHi cupH, 0 BUPOOISIOTHCA 13 CyMillli 3HEKHPEHOTO MOJIOKA Ta CO€E-
BOTO HAIOI Y CITiBBiIHOMEHHI 4:1, K KOHTPOJIbHUI 3pa3ok OyB oOpaHWid CHp, IO
BUPOOJISIETHCS 3 3HEKUPEHOTO KOPOB'STYOr0 MOJIOKA.

DopMyBaHHSI CHPY TIPOBOATH Bipa3y MicCIs IPECYBAHHS CHPY Ta BUIATICHHS 3aJIUIIKIB
CHPOBATKH Y TapsIoMy BUTIIsIL. [ 0TOBE 3epHO PO3IUBAIOTH 32 (hOPMaMH 1 JJIs KPaIoro Bijl-
JIJIeHHS] CHPOBATKH 1 HaJlaHHs ()OPMH TOJIOBKAM, CUPHY Macy (hOpMYIOTb 1 371erka yTpamOo-
BytoTh. Uepe3 10—15 XBUIIMH rOJIOBKH CHPY NEPEBEPTAIOTH 1 3HOBY TPOXU YTPaMOOBYIOT.

JIy1is BU3HAYCHHS palliOHAIBHUX PEXKHUMIB CaMOTIepeCyBaHHs BUPOOIISIIA KOHTPOJIbHI
Ta JOCIIIHI CHPH Ta MiAgaBaiu iX caMoIlepecyBaHHIO MPOTATOM 6 TOJMH MPH TeMIle-
parypi 17°C nepiognyromy nepeBepranHi. [IpoTsaroMm mporiecy KOHTPOJIOBa M Taki
MOKAa3HUKH, SK BMICT BOJIOTH y cupi, pH CHpHOi Macu Ta KOHCHUCTEHIIIIO CHPY HaIlpH-
KiHIl camoriepecyBanssi [10].

AmHarnizyoun OTpHMaHi JaHi MOXXKHA JIWTH BHCHOBKY, IO TEpPEBakKHA OiIBIIICTH
CUPOBATKH BUAAIAETHCS y Tpolieci (GopMyBaHHS 1 Biipa3y Micls HbOTro. Y mporeci
CaMOIEpPECyBAHHS 3HMKEHHSI BMICTY BOJIOTM B CHpax cTaHOBWIO Onu3bko 1%. Ilpu
IIbOMY TIPAKTUIHO HE 3MiHIOBaIUCS 3HaueHHs pH cupHoi mach.

Curi 3a3HaYUTH, 110, HE3BAKAIOYH Ha OLTBII BUCOKUI BMICT BOJIOTH B KOHTPOJIEHOMY
3pa3Ky MOPIBHSIHO 3 JOCHIAHUMU, BIH MaB LIUTBHIMLY 1 KPUXKY KOHCHUCTeHLi0. KomOiHo-
BaHI CUPU MaJIM HWYKYHMIA BMICT BOJIOTH 1, BOJJHOUYAC, OLIBII TUIACTUYHY, M'SKY KOHCHUCTEH-
IO, 110, MOYKJIMBO, MOSICHIOETHCS OCOOTMBUMH BJIACTHBOCTSIMU COEBHX OLIKIB.

TakuM UHHOM, 4ac caMOIIPeCyBaHHs M'IKUX KOMOIHOBaHUX CHPIB HA MOJIOYHO-CO€-
Bilf OCHOBI B CEpeIHLOMY CTaHOBJISITH 5 roauH. Jl0 KiHIIS caMoTiepecyBaHHS CHpH Ha0y-
BalOTh HEOOXITHOT (hOPMH, SKE TICTO CTAE JOCHTH MOHOJITHHM.

ITpu po3poOI11i TeXHOMOTIT I[LOT0 BUIY CUPY, CUP BUPOOIATUMEThCS 0€3 JO3piBaHHS
1 peai3oByBaTUMEThCS y CBIKOMY BHTJISIII.

VY 3B13Ky 3 UM OyIa mepeBipeHa MOXKIIMBICT 30epiraHHs cupiB mpoTsaroM 12 mid
npu Temmneparypax 6+2°C ta BigHOCHi# Bonorocti noitpsa 80+5%. [1ix uac 36epiranus
CHUPIB CIIOCTEpirayim 3a 3MiHO0 pH cupy Ta MacoBOi YacTKH BOJIOTH B HbOMY, & TAKOXK
3MiHOIO HOTO OPraHONENTHIHUX MOKA3HUKIB.

ITpu 30epiranni koMOiHOBaHMX cupiB Hpu 6+2°C moOTipHIeHHS iX OpPraHOJCHTHY-
HUX MMOKa3HUKIB BiOyBasiocst Ha 7 100y. OHOYACHO TOTIPIICHHSM OPTaHOJIEITHYHUX
MOKa3HMKIB CIIOCTepirajay 3MeHIIeHHs 3Ha4eHb pH.

3rigHo 3 maHUMH, matoreHHi mikpoopranizmu, BI'KII Ta St. aureus Gyau BicyTHi
B 000X 3paskax mpotsroM 12 mi6 30epiranusi.

TakuM YMHOM, CJiJ1 peKOMEHyBaTH 30epiraTu M'ski KOMOIHOBaH1 CUPH MPH TeMIIe-
parypi 6+2°C mpotsirom 6 0.

JlocmipkeHl CUpH, MarOTh HU3BKY JKHUPHICTH, IO CYTTEBO 3HUKYE IXHIO KaJlOpii-
HICTb y MOPIBHAHHI 3 TpaguLiiiHuMu [9].

Ha BigMiHy BiJi KOHTPOJIBHOTO, TOCTIHI CHPH MICTSTh y CBOEMY CKJIa (i TAaKUI BaXK-
JMBHUN KOMITOHEHT Xap4yBaHHS, K KJIITKOBHUHA.

KniTkoBHHA, 1110 BIAHOCUTHCS 0 XapUOBUX BOJOKOH, CTBOPIOE CIPUSITINBI YMOBU
JUTSL IPOCYBAHHS TKi IIUTYHKOBO-KHUIIIKOBHM TPAKTOM, HOPMAai3y€e TisUTbHICTh KOPUCHOT
KHITKOBOT MIKpO(MIIOpH, CIIpHsie BUBEJICHHIO 3 OpTraHi3My XoJiecTepuHy. Hemomik kiiT-
KOBMHHU B JII€T1 CIIPUSIE PO3BUTKY OXKUPIHHS, )KOBYHOKAM'STHOT XBOPOOH, CEPLIEBO-CYIMH-
HHX 3aXBOPIOBAHb, ITOSBI 3aII0PiB, paKy TOBCTOTO KHIIICYHNKA T HIITNX 3aXBOPIOBAHb.

OHi€0 3 HAUBKIIMBIMINX CKJIAJIOBUX SKOCTI Xap4OBUX MPOAYKTIB, Y TOMY YHCII
M'SIKUX KOMOIHOBaHUX CHUPIB, € TXHs MiKpoOionoriyHa 6e3mneka.

T'oToBi cupwm 36epiraroTs mpu Temmeparypi 6+2°C Ta BiZTHOCHIH BOJIOTOCTI MOBITPS
80+5% mpoTsirom 6 1i0.
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OpraHoJenTHYHI MTOKA3HUKU M'SKUX CHPIB OI[iHIOIOTh 3@ HACTYITHOIO CHCTEMOIO:

— CMax Ta 3amax 15 6amis

— xoHcucreHuis 10 G6aiis

— xouip Tecty 3 Oanu

— 30BHILIHIA BUILAA 2 Oanu

Bceboro 30 6anis.

BucnoBku. OfHak, He3Ba)KalOUM Ha 3HAYHUM [IONMT, aCOPTUMEHT TAKUX IPOIYK-
TIB PUHOK YKpaiHW HEIOCTAaTHBO MpeACTaBlIcHUNA. ToMy, IEpCIICKTUBHUM € po3poOKa
HOBHX MPOJYKTIB Xap4yBaHHs 30KpeMa M'IKUX KOMOIHOBAHUX CHUPIB 13 CyMillli 3HEKH-
PEHOTO KOPOB'SSYOT0 MOJIOKA Ta COEBOTO HAIOI0, IO JAaCTh 3MOTY IiJBUIIUTH 010J10-
TiYHY [IHHICTb.
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AxmyanvHoto npoonemoro € 3abesneueHHs be3nexu ma QyHKYIOHATbHOCMI Xap4oeoi ma
xocmemuunoi npodykyii. Oonum i3 nepcnekmugHUX WLsXie it eupiuents € po3pooKka ma euKopu-
CcmanHs 0e3neuHUX HamyparbHux Xapuoeux 6apeHuxis. Lli cnonyku, okpim Ha0aHHs npooyKmam
3abapenennsl, € odcepenamu 0iono2iuHO AKMUBHUX PEHOGUH, WO 3YMOGTIOE MOJICIUGICIL POpMY-
6aHHs DYHKYIOHATLHUX 61ACTNUBOCHIEL KIHYEeBUX NPOOYKMIE.

Memoro daroi pobomu € oyiHka 6i0OMeEXHONOLITUHO20 NOMEHYIANY AHMOYIAHIE, eKCmpa2o6a-
HUX 3 8UYABOK 8uHO2pady copmy O0ecvKuil YOpHUIL.

Oyinka anmoyianosux 6apenuxie 30iicHiosanacs 6ionosiono do eumoe JCTY-H CODEX
STAN 192:2014.

Jna ioenmucpikayii anmoyianie 3acmocosano memoo 149-cnexkmpockonii 3 6ukopucmanHam
cnekmpogomomempa IRTracer-100 (Shimadzu, Hnonis). Excmpaxm 6yno niooano xpomamo-
epaghiunomy po3oinentro 3a oonomozorr cucmemu Agilent 1200 Series HPLC-DAD. Ioenmu-
Gikayito KOMNOHeHmMi6 eKCmpaxkny aHmoyianie nposoounu 3a oonomozor Agilent 6500 Series
Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) LC/MS QLC/TOF MS. [locniocenns
AHMUPAOUKATLHOT AKMUBHOCMI AHMOYIAHIE MA KOMNIEKCY AHMOYIAHI8 3 AHIOHHUMU nolicaxapu-
oamu nposoounu memooom DPPH (2,2-oucpenin-1-nikpunziopazun). ocnioxceno sanexcHicme
emicmy anmoyianie y po3uumi 6io uacy excmpazy8anHs npu pisHux cnocobax eunydenns. /locui-
02ICEHO 61ACMUBOCT AHMOYIAHOB020 OAPEHUKA, OMPUMANO20 3 UHABOK GuHOpady. Becmanos-
JI€HO YIMKY MAMEMAMUYHY 3AeHCHICNb 6MICMY AHMOYIAHI8 Yy POZYUHT 8i0 4aCy eKCMPAZy8aHHs
npuU pizHUX CNOCcoOAXx 11020 UIYYeHHs. Busnayeno, wo excmpaxmu anmoyianie 3 u4asox eUHO-
epady copmy OdecvKuil YOpHULL NPOSABTAIOMb AHMUPAOUKATLHY akmusHicmb. Oyinka biomexHo-
JI02TUHO20 NOMeHYiany aHmoyianis, UOLNEHUX i3 6UNABOK 6uUHO2pady copny OQoecbKull YopHUl,
NOKA3AAA, WO eKCMPAaKmu aHmoyianis Modcyms Oymu GUKOPUCMAHI K OApeHUKU ma odicepend
0Ii0N02TYHO AKMUBHUX PEUOBUH Y 8UPOOHUYMET XAPUOBUX NPOOYKMIB | KOCMEeMUUHUX 8UPOo0I6.

Knrwowuogi cnosa: excmpakxmu anmoyianis, eunocpaoui euuasku, OQoecbKuil YopHuil, Hamy-
PanbHi 6apeHuKu, OI0N02IYHO AKMUBHI CNOYKIU.

Sumska O. P, Polishchuk B. S., Ishchenko O. V. Evaluation of the biotechnological
potential of anthocyans of grape raw material of the odesskiy chorny variety

One of the actual problems is ensuring the safety and functionality of food and cosmetic
products. One of the promising ways to solve it is the development and use of safe natural food
dyes. These compounds, in addition to giving products color, are sources of biologically active
substances, which makes it possible to form functional properties of final products.
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The purpose of this work is to assess the biotechnological potential of anthocyanins extracted
from the pomace of the Odesa Black grapes.

The assessment of anthocyanin dyes was carried out in accordance with the requirements of
DSTU-N CODEX STAN 192:2014.

To identify anthocyanins, the IR spectroscopy method was used using an IRTracer-100
spectrophotometer (Shimadzu, Japan). The extract was subjected to chromatographic separation
using the Agilent 1200 Series HPLC-DAD system. Identification of anthocyanin extract
components was performed using Agilent 6500 Series Accurate-Mass Quadrupole Time-of-
Flight (Q-TOF) LC/MS QLC/TOF MS. The antiradical activity of anthocyanins and anthocyanin
complexes with anionic polysaccharides was studied using the DPPH (2,2-diphenyl-1-
picrylhydrazyl) method. The dependence of the anthocyanin content in the solution on the
extraction time was studied using different extraction methods. The properties of anthocyanin dye
obtained from grape pomace were studied. A clear mathematical dependence of the anthocyanin
content in the solution on the extraction time was established using different extraction methods.
1t was determined that anthocyanin extracts from the pomace of the Odesa Black grapes exhibit
antiradical activity. Assessment of the biotechnological potential of anthocyanins isolated from
the pomace of the Odesa Black grapes showed that anthocyanin extracts can be used as dyes
and sources of biologically active substances in the production of food products and cosmetics.

Key words: anthocyanin extracts, grape pomace, Odesa Black, natural dyes, biologically
active compounds.

IMocranoBka mpodaemu. B yMoBax cy4acHOTO CyCIHiJbCTBAa 3a PaxyHOK TpPaiH-
LIAHOrO XapyyBaHHS HE BJAETHCA JIKBIAYBaTH Ae(IUUT HYTPIEHTIB, HEOOXITHUX IJIsi
HOPMANBHOI >KUTTEAISIIBHOCTI JIIOMUHUA. 3 METOI0 KOPEKIii CTPYKTypH XapuyyBaHHS
HACEJICHHS B TEIMEPIIIHINA Yac XapuoBa 1HIyCTPisl OPIEHTYETHCS HA BUPOOHHUIITBO 03]10-
POBYHX MPOAYKTIB XapuyBaHHS Ta JIETUIHUX TOOABOK 3 BUPAKECHUMU (i310TOTIIHUMHE
edekramu.

OJHUM 13 IUTAXIB BUPIIIEHHS MPOOJIeMH BUPOOHUIITBA OE31TeUHOI Ta (DYHKIIIOHAIBEHOT
Xap4oBO1 IIPOIYKIIT € CTBOPEHHS Ta BUKOPUCTAHHS Y TEXHOJIOT1i BUPOOHHUIITBA MIPOIYKTIB
XapuyBaHHS OC3MEUHNX HATypaJbHNIX XapuoBUX OapBHUKIB, SIKi € (raBoHOIIAMH.

Kpim cydacHUX MpojyKTiB XapuyBaHHS, 1 Cy4acHa KOCMETUYHA TIPOIYKITisl TOBUHHA
HAJIaBaTH MIBHIKUIA BUIUMHN e(eKT, MaTh MPUBAOIHUBUI 30BHINIHIA BUIVISI, & TAKOX
MICTUTH y CBOEMY CKJIaJi Oi10JOT1YHO aKTHUBHI PEYOBHHH, Oa’KaHO MPHPOAHOTO ITOXO-
JOKEHHSI, SIKI CTUMYJTFOFOTh OOMIHHI IPOIIECH Ta perapaTuBHi QyHKINT IMIKIpH.

OpHi€ro0 3 HAWOUIBLIT YUCIIEHHUX IPYT POCIUHHUX MeTa00MITIB € priaBoHOinN. OKpiM
OCHOBHOI TIOTYKHOT aHTHOKCHIaHTHOI aKTUBHOCTI, IIi CIIOIyKH AEMOHCTPYIOThH LITHPO-
KHU CIIEKTp Oi0JOTiYHUX (DYHKIIH, 3MCHINYIOTh 3aXBOPIOBAHHS, ITOB’SI3aH1 3 OKUCITIO-
BaJIbHUM CTPECOM.

30inpIIeHHs iHTEpecy BUPOOHHKIB MPOAYKTIB XapuyBaHHS 1 KOCMETHYHHUX BHPO-
OIB 710 HATYpaJbHUX IHIPEHIEHTIB MOB'SI3aHO SIK 3 JKOPCTKOK PEIVIAMEHTAIIIEK BHKO-
PHUCTaHHS CHHTCTUYHUX CIIONYK, TaK 1 3 MparHeHHsSIM BHPOOHHUKIB HAJATH MPOIYKTaM
CTaTyC HaTypaJbHUX, CIOKUBAHHS SIKMX ITOCTIHHO 3pOCTae.

V ¢BITI crocTepiraeTbess TEHACHIIS 30UIBIICHHS MOMUTY HA YEPBOHI aHTOIIAHOBI
HIrMEHTH, 110 MaroTh 010JOTiYHY aKTHUBHICTb, OCKUJIBKH y CBOEMY CKJaJi, KpiM OapB-
HUKIB BOHHM MICTSTh KOPUCHI O10JIOT1YHO aKTHBHI pe4oBWHH. JIkeperamMu OTpUMAaHHS
HATypaJbHUX YEePBOHHX OAapPBHHKIB aHTOLIAHOBOI NPHPOAN € POCIHHHA CHpPOBHHA.
OpHak CKIIaJu KOJNBOPIiB HA OCHOBI aHTOILIaHIB MarOTh Jesiki oOMexxeHHs. Kpim Toro,
4yepe3 IXHIO MMOTaHy CTaOlIbHICTh, He 3B/ JIETKO iX 3aCTOCOBYBATH B TIPOMHUCIIOBUX
Mmacmradax. OgHUM 3 HaAWNEPCIIEKTHBHIMINX JHKEPET MPUPOIHUX OApPBHUKIB € BHHO-
rpaj, 10 MICTHTh KiJIbKa KJIaciB MONi()EeHOJNIB: aHTOIiaHU, (DEHOIOKHCIOTH, (raBo-
HOJIH, JICWKOIIIaHIJMHH, KaTeX1HU Ta TX OJIroMepy MpOaHTOIIaHIIMHH, 3BaH] TaHIHAMH.

Arpodipma «biT03epChKUit» CHOTOMHI — ONUH 3 HAHOUTHIINX B YKpaiHi BUPOOHU-
KiB Npoxykmii BUHOrpaaapcTBa. TepyapHicTs CTaHICIaBCHKOI Kpydi, BOJIOTE HOBITPS
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JlumaHy Ta TEIUIO MiBCHHOTO COHIS CTBOPIOIOTH YHIKAIBHUM MIKPOKIIMAT JUIS BUPO-
IIyBaHHS BUHOTPAJY.

[TinnpuemctBo npatroe 3 OAeCbKUM THCTUTYTOM BHHOTPAJapcTBa 1 BUHOPOOCTBA iM.
TaipoBa, MeniTOMONBCHKIM 1HCTHTYTOM 3pOIIYBAIBHOTO caliBHULTBA. [lepeiimae iHO3eM-
HUI JTOCBIJT 3aBJISIKA CITIBPOOITHHIITBY 3 MIPOBIIHUMHU KoMTaHisiMu [ py3it, ITanii, [Tonpmi.

Opnecbkuii yopHUil a00 anibepHe — yKpaiHCbKUNA TeXHIYHUNA COPT YEPBOHOTO BHHO-
rpany. CopT OyB CTBOpEHMH IMIJISIXOM CXpENlyBaHHS copTiB AmikaHT byme Ta Kabepne
COBIHBIOH y HaIlIOHAJbHOMY HAyKOBOMY IIEHTP1 «IHCTUTYT BUHOTPAIapCTBa i BUHO-
pob6ctBa iM. B.€.TaipoBa». Cepenns maca 100 srig 140 r. [kipouka MinHa, M'SIKOTb
coxoBuTa. Cik iHTeHCHBHO 3a0apBieHuil B pyoiHoBuUi Komip. Tomy orinka 6ioTexHOIIO-
TIYHOTO TIOTEHITIATy aHTOIlIaHiB BHHOTPAIHOT CHPOBHHH COPTY OJIEChKUN YOPHUH, yIO0-
CKOHAJICHHS TEXHOJIOT1H BUJIIJICHHS aHTOL1aHIB 3 POCIIMHHOI CHPOBHHH, iX cTabiizawis
Ta MOXKJIMBICTH 1X BUKOPHCTAHHS JJI1 CTBOPEHHS €KOJIOTIUHO 0e31euHOi (DyHKI[IOHAIb-
HOT XapuoBOi MPOJIYKIIIT € aKTyaJIbHUM.

AHTOIIaHU — TIIIKO3W/H, [0 HAJEeXKaTh JI0 (aBoHOINIB. HeByrieBoHEBI YacTHHH
MOXYTh OyTH TNpEACTaBICHI TiAPOKCH— Ta METOKCH3AMIIICHUMH COJSIMH (hIaBifiro.
VY JesikuX aHTOINaHIB TiIPOKCHIIN alleTHIILOBaHI. [HTEHCHBHICTh Ta THI 3a0apBICHHS,
SIKI JTal0Th QHTOI[IaHW, BU3HAYAETHCS OYJOBOIO iX MOJIEKYJIH, TOOTO KUIBKICTIO Tij-
POKCHJIBHUX Ta METOKCHJIBHHUX TpyIl. UuM Oinbllle B MOJEKYII METOKCHIBHHX TPYII,
THM O1JTbIIIE ITePEeBAYKAE YEPBOHE 3a0aPBIICHHS, BEJIMKA KIJTBKICTh T1IPOKCHIILHUX TPy
Y MOJIEKYJIi 3yMOBIIIO€ TEMHO-CUHE 3a6aaneHHs{

Hespaxxarouu Ha TaKy p13HOMaHlTHICTI> CTPYKTYP, BC1 aHTOIIIaHU BiI0yBAFOTHCS MIPH-
omm3uo Bix 30 p13HI/IX AHTOLIAHITUHIB, OUTBIIICTP 3 SIKUX € IMOXITHIMU 6 OCHOBHHX IIE
MEeNAPTOHIINH, HiaHiTUH, ek iHIIUH, TICOHIIIH, METYHITUH Ta MaiBiauH. JlaHi aHTo-
I[iaHIJMHN TIePEBaXKAIOTh Y PI3HUX OpPraHax POCIHH, OCOOJHMBO B KBIiTKaX, IUIOJAx Ta
OynrOoBiit wactuHi. [IpodimoBanus LC-MS BUSBHIIO PyTHH, KeMII(epos, KBepICTHH
Ta IX MOXIHI K KJIFOYOB1 (PJIaBOHOITHI KOMIIOHEHTH, MOPS 3 IiaHiAMHOM 1 Jenb(iHiii-
HOM SIK IGPBUHHUMHY aHTOIIaHOBUMHU criorykam# [1].

Bin KiJgbKOCTI TiAPOKCHIBHUX TPy Y B-Kijblli aHTOIIAHIIWHU BHSBISIOTH Pi3HI
KOMipHi BiATiHKY. BiHindeHOoNbHI MipaHOAHTOLIAHY 3a3BUYail YTBOPIOIOTHCS MPHU KOH-
JieHcarlii BUTbHUX T1IPOKCUKOPUYHHMX KHCJIOT 1 aHTOIiaHIB mix 4ac (epMeHTarii Ta
BUTPHMIII YEPBOHOTO BUHA [2]. Ixus migBumena crabinbHicTs i cTilKicT 10 BinGimo-
BanHs SO, CpusuM 30UIBLIEHHIO TIOMUTY JI0 X JAPYTOPSAHUX NPOIYKTIB, OCKUIbKH
MIEPEeTBOPEHHSI aHTOIIaHI1B Ha MTiPaHOAHTOLIaHHU MIPU3BOIMUTD JO MOIMIIEHHS CMaKOBUX
SIKOCTEW BUH Ta MIABUIIEHHS iX aHTUPATUKAIBHUX BlIacTUBOCTEH [3].

YV niTeparypHuX JiKepenax € JIOCHTh MOBHHM omuc OiocMHTE3y aHTouiaHiB [4].
AHTONIaHN HecTaOlIbHI Ta MIBUIKO PYHHYIOTHCS. [TiKO3MITIOBAHHS MiABUIIYE PO3UHUH-
HICTh aHTOIIIaHITUHIB Y BOJII Ta iX CTPYKTYPHY CTaOUIbHICTh. AHTOIIIaHN PO3YHHSFOTHCS
y BOJi, Y PO3BEACHUX KHUCIIOTax, Jyrax Ta COHpPTax (METaHOJ, €TaHOJ) 1 HEPO3UYMHHI
B HETOJIIPHUX PO3UYMHHUKAX [4, 5].

[Ti7 BIUIMBOM KHCHIO TIOBITPSI, TEMIIEPATypH, MPSIMUX COHSYHUX MPOMEHIB Ta dep-
MEHTIB aHTOL[IaH! OKUCIIOIOTHCS 3 YTBOPEHHSAM IOJIIMEPHUX MITMEHTIB, IPOAHTOIiaHi-
JIUHIB Ta IPORyKTiB nerpaaaiii [5]. [Ipu oMy Bi1OyBa€eThCS TIOCTYIIOBE PO3KIAJaHHS
aHTOIliaHIB Ha 0e30apBHI Ta KOPHYHERB] PEUOBHHH [5, 6].

CralinbHICTh aHTOLIAHIB 3aJeKUTh BiA psAAy (akTopiB, Takux SK (EpPMEHTH Ta
CYIMYTHI KOMIIOHCHTH POCIMHHOTO MAaTpPUKCY, KOHIICHTpAIlis aHTOLIaHIAMHIB Ta IX
CTPYKTYpa, pO3UMHHUK, pH, TeMneparypa, KHCeHB, CBITJIO, IIPHCYTHICTH METaiB [7].

AHTOLIaHU y BOJHOMY CEpENOBHILI MiJAal0ThC OOOPOTHUM CTPYKTYPHHM TpaH-
cthopmartisiv. Y BomHOMY po3umHi mpu pizHEX pH (Bix 1 mo 8) aHTOIiaHM MOXKYTh
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YTBOPIOBATHU I'SAITH (hOPM, 10 B3a€EMHO NTEPETBOPIOIOTHCS. 3anexxHo Bix pH cepenosuma
aHTOIliaHH, HA0yBAOUHM PI3HUX KOJHOPIB, MOXKYTh BUCTyNATH K pH-1HaMKaTOpH: Yep-
BOHI IIPU HU3BKKX 3HaYeHHIX pH, CHHBO-(i0IETOBI IPU HEUTPANTBHUX 1 CIIA00IYKHUX
3HAUYCHHSX, 1 Oe30apBHI Nmpu BHUCOKUX 3HaucHHsAX pH. ABTopu [8] BHKOHamM mpouec
eKCTPAaKIIii Ta OYMIIEHHS aHTOLIAHy 3 BUHOTPAIHUX BUYABOK 3a JOIIOMOTOIO IIPOTOH-
HO{ 10HHOI PiIMHU. Y LBOMY JOCIHIDKEHHI TBEpAO-piAKa €KCTpakKiis Mmokasaja, Lo
BUOIp HAWKpAIIUX YMOB MPOLIECY HA OCHOBI CETICKTUBHOCTI (CITIBBIHOIICHHS Mi’K KOH-
IIEHTPAIIEF0 aHTOIIaHIB 1 3arajibHUX (DEHOJBHUX CIOJYK) JTO3BOJMB 30UIBIIMTH KOE-
(hinient oumienHs ao 2,21 paza (S/L = 55 mr. M -1; [PIL] = 12,5%) 1 16,36 pa3siB
(S/L =55 mrmn). -1; 35 °C; [PIL] = 12,5%).

Merta pobotu [9] nossirana y mociipkeHHi BiumuBy pH i Temrmieparypu Ha 610aKTHB-
HicTh wianiguH-3— O -mmoko3uay (C3G) 1 ynsrpaedektuBHOT piguHHOT Xpomartorpadii
3 MarpuIero QOoTomio/NiB, 10HI3alll 3 eNeKTPOPO3MUIICHHAM, KBAJAPYIIOIbHOI 4Yacompo-
nitTHoi Mac-criekrpometpii ( UPLC-PDA-ESI-Q-TOF-MS) 1 teopist ¢hyHKIIOHAITY TyC-
tuHU (DFT) Oynu BUKOpUCTaHI Ui MOSICHEHHS. MEXaHI3MYy CTPYKTYPHI EPETBOPEHHS
C3G, mo BruMBae Ha iX 010aKTUBHICTh Ha MOJICKYJIsipHOMY piBHi. [Ipu 3HaueHHsx pH
BiJl 3 710 6 BiIOYyBAa€ThCS IIBHJKA Ta MPAKTHYHO TMOBHA Tijparallis KaTioHy (raBiiio
3a nonoxeHHs M C2 3 yTBOpeHHsIM 0e30apBHOTO KapOiHOMY. 3pemToro KapoiHom nepe-
TBOPIOETHCS HA BIKPUTY POPMY — XaJKOH (TeX Oe30apBHUI) 1 AOCATAETHCSA XIMIYHE
piBHOBary [9].

TpuBaiicTh HarpiBaHHS Ta TEMIIEpaTypa CyTTEBO BIUIMBAE HA CTAOUIBHICTD aHTOLII-
aHiB. HarpiBaHHA pO3YMHIB AHTOLIAHIB IMPOTATOM 3 TOAMH MPHU3BOAUTH 10 50% ix
BTpaTH. Y pasi MiJIBUIICHHS TEMIEpaTypy MIBUAKICTH JErpajallii aHTOIIaHIB 3pOCTae.
Bucoxi Temneparypu (95 © C nonaa 3 XB) NpU3BOAATH A0 BTPATHU aHTOLIaHOBOTO OapB-
uuka Ha 43%. [Ipn narpisansi 10 50° C aKTHBI3yIOTECS OKHUCHI (PEPMEHTH, IO BUKIIH-
KaloTh pyHHYBaHHS aHToIiaHiB. [Ipy moganbmioMy MmiJBUINEHH] TEMIIEpaTypH Bi0OyBa-
€TBCsI TEPMIYHA JIerpaanis (epMEHTIB, IO MPU3BOAUTH 0 CTa0UII3aIlii AaHTOLIAHOBUX
MIrMEHTIB, TEPMiYHa JIerpaiallisi aHTOIiaHiB 11e He BijnOyBaeTbes [10].

[Migeumenns remmneparypu (Butie 70°C) npu pH 2,0-4,0 mpu3BoIuTh 10 YacTKO-
BOTO TipOJIi3y IIIKO3MIHOTO 3B'SI3KYy Ta BTpAaTH MIIKO3MIHOTO 3ayiuuiky. Ha mepruiid
CTajii TepMiYHOTO pYIHYBaHHS aHTOIIaHIB BUIBHUI amIiKOH MIBUIKO 3HEOAPBIIOETHCS,
nepexosiun y popmy xankony. Ha kiHIieBOMY eTarmi TepMidYHOTO pyWHYBaHHS aHTOIlia-
HiB YTBOPIOIOTHCS KOPUYHEB] MPOAYKTH Jlerpajaalii, 0cOONUBO y MPUCYTHOCTI KUCHIO.

3HIKEHHS TeMIIepaTypH MO3UTHBHO BIUIMBAE€ HA BMICT aHTOIIAaHOBUX IITMEHTIB.
Tak 30epiranHs ToaiB nmpu temneparypi 0—15 °C npu3BOAUTH 10 HEBEIHKOTO 30111b-
LIEHHS IXHBOT KIJIBKOCTI.

JlocTynm KUCHIO CIpuisie pyHHYBaHHIO aHTOIliaHiB, 0cOOJMBO TpH 3HaueHHsX pH
Oimpin 5,0. HeraruBHA [ist KHCHIO MPOSIBISIETHCS Y TPSIMOMY YU HETIPSIMOMY OKHICJICHHI,
IIpU SKOMY OKHMCIJICHI IPOMDKHI ()OPMH pearyroTh 3 aHTOI[laHaMH, 110 Befe 10 3011b-
LICHHS YTBOPEHHSA 6e36apBH1/1x Ta KOPUIHEBHX HpOJZ[YKTlB nerpanmarii [10].

YTBOpeHHsI KOMIDIEKCIB 3 KaTiOHaMH METaTiB TaKOoXX BIUIMBAE€ Ha 3a0apBIICHHI.
Komruiekcn aHTOIiaHIB 3 i0HAMH aJlOMiHiIO, 3ai3a, MarHio, MoJioaeHy, Boib(ppamy
HA3WBAIOTh METAJOAHTOIIaHaMHU. SIK MpaBWIIO, B3a€MOJIiSl 3 OIHOBAJICHTHUMH KaTio-
HAMH [TPU3BOIHUTS JI0 IOCUIICHHS YSPBOHOTO 3a0apBIICHHS, @ 3 ABOBAJICHTHIMH — CHHIM.
OpHoBasieHTHHI KatioH K' 1ae mypnypoBi KOMIUIEKCH 3 aHTOLlaHaMH, JBOBaJICHTHI
Mg?* i Ca*" — cuHi, BUKJIMKAIOYH OKMCIICHHS anTomianis [11].

[Torana TepmiuHa Ta KUCJIOTHA CTAOUIBHICTh AHTOIlIaHIB 3HAYHO OOMEXYE TX TIPOMHC-
JIOBE 3aCTOCYBaHHS K (DYHKLIOHAIBHUX XapuOBUX 1HIpeieHTiB. Y podori [12] mocmimxy-
BaJIM 3JaTHICTh HPOAyKTiB peaknii Maitsipa (MRP) i3omsitiB cupoBarkoBoro Oinka Ta
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DIIIOKO3M ITi/IBUIITYBaTH TEPMIYHY CTaOLIbHICTh aHToIiaHiB y aiamasoni pH 2,0-7,0. ITomin-
IIEHHS CTa0UTHHOCTI KOJIbOPY Ta aHTHOKCHIAHTHOT 3aTHOCTI JIUCIIEPCii aHTOITIaHIB BKa3ye
Ha Te, 1m0 MRP nomiTHO npHTHiYye Aerpananiro antomiani. Pesynsratu duryopecieHTHO
CIIEKTPOCKOMIi CBiT4aTh Mpo Te, 1o anTonianu Ta MRP yTBOPrOIOTH KOMITIIEKCH Yepe3 Tif-
podo6Hi B3aemoii. 11i koMIuiekcH e(h)eKTUBHO MOCTA0IOBAIH JIeTpaIallifo aHTOIIaHIB i1
gac TepMoo0poOku ripu pH 6,0. Pozmipu uactuHok MRP okpemo abo B KOMITIIEKCI 3 aHTOITi-
aHaM¥ 3aJTUIIAIIICS He3MIHHUMU TTicIisl HarpiBaHHs. HoBa cucteMa gocTaBKu Oijka, 3armpo-
MOHOBAHA B IIbOMY JIOCIIJDKSHHI, PO3IIMPIOE 3aCTOCYBAHHSI aHTOIIIAHIB SIK KHCJIOTO- Ta Tep-
MOCTa0UTbHUX (PYHKIIOHAJIBHUX Xap4OBUX 1HIpeieHTiB [12].

B nanwmii gac Bce O1IbIIMI iHTEpEC CIIOXKMBAUi MPOSBISIOTH A0 XapuoBOi MPOIYKIIIi,
[0 MAa€ y CBOEMY CKJIaJli HATypaJbHI IHIPEII€HTH, BKIIFOYAI0UM OApBHUKH, SKI Haja-
I0Th TOTOBUM TIPOAYKTaM MPHUBAOIMBUIN BUIIIS, IPUPOIHINA apoMaT, CMaK, I0IATKOBY
XapyoBY IIHHICTb, 1 B IIJIOMY CIIPpUHMAIOTHCS SIK 30POBi Ta Oe3MedHi, OCKUIBKN 0araro
XTO 3 HUX € HyTPHUIICBTHKAMHU. €BPOTEHCHKE areHTCTBO 3 OE3MEKN XapuOBUX IPOIYK-
TiB (EFSA) 3 2008 poky neperisiHy0 nuTaHHs O0e3MeKH BCIX CHHTETHYHUX OapBHUKIB
1 nmepernsHyno 3HadeHHs ADI. Bei mi 00cTaBHHM BIUTMHYIW Ha TIPOJOBOJIIUIA CEKTOP.
[Tomyk ampTepHATUBHUX HATYpaJbHUX MITMEHTIB JJIs 3aMiHH CHHTCTHYHHUX OapBHHKIB
€ aKTYaJIbHOIO TeHJICHIIIE€I0 Ha PUHKY, OCOOIUBO Y ITPEeMiaJIbHUX MPOLYKTaX XapuyBaHHs
1 B IPOAYKTH, Mpu3HaueHuX st fiteit [13]. UepBoHi Ta KOBTi OapBHUKH CTaHOBIATH
npuOIM3HO 61r3bk0 90% Bij 3araibHOT KITBKOCTI OApBHUKIB, IO JTOJAKOTHCS JI0 1XKi.

HarypanbHi XapuoBi 6apBHUKH KOPUCTYIOThCSI IOMUTOM 1 CTalOTh BCE OUIBII MOIMY-
JSIPHAMU CepeJl CTIOKHUBAYiB Y BChOMY CBITI; IXHs Oe3meka, (yHKIIOHAIbHUH Ta 61010-
TIYHUIA TOTEHIIiall, BIUTHB Ha 3J0POB’s, @ TAKOXK 3araJIbHUH BIUIUB Y KOPOTKOCTPOKOBIH
Ta JOBFOCTPOKOBIN MEPCIEKTUBAX BCE IIl€ MPOJOBKYIOTh BUKOPHCTOBYBATHUCS, 1 OyIo
3a3HAYCHO IMOMITHI IMepeBard ix criokuBaHHs. [IOpIBHAHO 3 CHHTETHYHUMH OapBHU-
KaMH, sIKi CIIPUIMaroTh HeOaXaHi Ta IIKiUTHBI eheKTH, HaTypasibHI OapBHUKH, K Ipa-
BUJIO, CIIPUMMAIOTHCS CIIOKUBaYaMH sk Oe3neuHii [14].

ToMy icHye BeNMKHU iHTepec 10 OLIBIIOI JIOCTYIMHOCTI HATypajlbHHX YEPBOHHUX
0apBHHKIB, sSIKi MalOTh ITJBHUIICHY CTa0UIBHICTh B XapUOBUX MATPHILIX depe3 oOMme-
JKEHHS iX CHHTEeTUYHHX aHaJIOTiB.

AHayi3 HayKOBHX Ipallb 3a HANPSIMOM JIOCHIKeHb JI0O3BOJHB CHOpPMYyBaTH METY,
3aJ1a4i JOCIIJDKEHb Ta METO/U 1X peati3aliii.

®opmynoBaHHs 1ijei crarTi. MeToro 1aHoi poOOoTH € OlliHKa 010TEXHOIOTIYHOTO
MOTEHITIaTy aHTOIIaHIB BUYABOK BUHOTPAITY COPTY OJICCHKUI YOPHHIA.

00’exTu Ta MeTOAH AOCTiMKeHHsI. O0'€KTaMU EKCIIEPUMEHTAIIBHUX JIOCIIKEHb
Oyra Ky/lbTHBOBaHA BUHOTPaIHA CHPOBHHA bino3epchkoro paitoHy XepcoHChkoi 00macTi
(puc. 1), a came BHUaBKH CBIXHX STi BUHOTpaxy copTy Onechkuii 4opHuii abo ami-
OepHe (BTOPHHHI BiAXOAM NIEPEPOOKH AT1THOT CHPOBHHH).

ExcTpakTu aHTOIiaHIB, BUICHI 3 BAHOTPAIHUX BUYaBOK.

Oninka aHToliaHOBMX OapBHHKIB mpoBommiacs 3a JJCTY-H CODEX STAN
192:2014 [16].

BucyiieHi ekcTpakTu aHTOLiaHIB Ta IUIIBKM Ha OCHOBI arap-arapy 3 J0IaBaHHIM
aHTOIliaHIB aHaNi3yBaiu MeTonoM [Y-criekTpockorii 3 BUKOPUCTaHHSIM CIIEKTPO(dOTO-
Mmetpa [IRTracer-100 (Shimadzu, Snowist).

ExcTpakt migmaBanu XpomaTorpagiduHoMy pO3IUICHHIO 32 JIOTIOMOTOI0 CHCTEMH
Agilent 1200 Series HPLC-DAD, BUKOPHCTOBYIOYH KOJOHKY Ui Xpomarorpadii
3 obepHeHo ¢a3or (Zorbax 300 Extended-C18, 4,6x150 MM, 5 mm). st ineHTH-
(hikawii KOMIIOHEHTIB €KCTpaKkTy aHToLiaHiB BUKopucToByBaimu Agilent 6500 Series
Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) LC/MS QLC/TOF MS.
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Puc. 1. Bunozpao — Odecvkuii uopHuii abo anibepte

JlocmipkeHHsT aHTHPAINKaIbHOI aKTHBHOCTI aHTOIIAHIB Ta KOMIUIEKCY aHTOIIiaHiB
Ta aHIOHHHUX TOJTicaxapuiB nmpoBoamircs 3a MmerogqoM DPPH (2,2-mudenin-1-mikpui-
rigpasuin) [17]. Metox 3acHOBaHMIA Ha B3a€MO/Iii @aHTHOKCHIAHTIB 13 CTa0LIBHUM XPO-
moreH-pagukaioM. Cranmaptanii posuna DPPH (5x10* M) B etaHouti, miAKHCICHOMY
OILITOBOIO KHCIJIOTOKO, €TAHOJOM PO3BOAWIM Y CiBBigHOImIEHHI 1:10 mist oTpuMaHHS
poboyoro pozuuny. Jo 5 cm® pobouoro poszunny DPPH nonmasaiu 50 cm® mociipKyBa-
HUX €KCTPAKTIB, MEPEMIITYBaIH 1 PEECTPYBAIM KIHETHKY 3MEHIIEHHS ONTHYHOI IIiJTh-
HOCTI po3umHy Ha crekrpodoromerpi «SHIMADZU UV-1800» (Smowist) mpoTsroM
30 xB mpu 10BXkMHI XBWIL 517 HM. SIK KOHTPONBHUI 3pa3Ka BUKOPUCTOBYBAIH POIUHHU
Trolox (6-rizpokcu-2,5,7,8-TeTpaMeTHIIXpOMaH-2-KapOOHOBA KUCIIOTA) B PI3HIA KOH-
HeHTpallii.

Buxknajx ocHoBHOro MatepiaJy. 3a niteparypHuMu g1anuMH [ 15] Oymo BuB4eHO 6io-
XIMIYHUHN CKJIaJl IIUTBHOT SITOJM BHHOTPAy Ta il OKpeMHX YacTHH. Pe3ynbraTd 1mboro
JOCIIDKEHHS IPEICTaBICHI y Tao. 1.

Tabmuns 1
Bioximiunmii ckyiajg sironu BuHorpany [15]
Iloka3HuKHU M'saxym Ilkipka Kicrouxkn | Hinicui aroan
Cyxi pedoBuHH, %o 12,0+0,18 17,0£0,94 | 64,2+0,98 24,44+0,17
bimox, mr/cM' 2,50+0,05 6,44+0,03 | 26,8+0,04 11,73+0,03
3araapbHUI a30T, Mr/cM' 0,40+0,03 1,03+0,04 | 4,28+0,08 1,88+0,03
TutrpoBaHa KUCIOTHICTB, % | 9,90+0,12 | 14,35+0,16 | 5,2+0,01 9,50+0,12
Teminenronosa, % 85,0£1,52 6,00+0,09 11,3+0,10 19,23+0,15
Bitamin C, mr/100 r 15,0+0,15 5,00£0,15 | 2,39+0,18 1,76+0,14
Jliruin, % He BusiBneno | 0,10+£0,03 | 23,21+0,15 11,73+0,12
Penyxyroui caxapa, % 21,8+0,12 11,0+0,09 Crigun 15,35+0,09
ITexrin, % 0,22+0,04 | 0,30+0,15 | 0,5140,09 0,27+0,03
®dnaBoHOIIH, % 0,69+0,07 1,50+0,07 | 2,93+0,09 1,24+0,11
AmnTomianu, % Criau 1,10+£0,08 | 0,83+0,05 0,76+0,04
@deHoNbHI peY4OBUHU B
nepepaxyHKy 0,52+0,51 1,85+0,09 | 3,17+0,11 1,71+0,08
Ha rajioBy KUCIOTY, MI/cM>
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3BepTarouu yBary Ha JiaHi, HaBejieHi B Ta0i. | 1 miTepaTypHi JaHi 3 cocobiB oaep-
JKaHHS aHTOLIAHIB IIUISIXOM E€KCTParyBaHHA iX i3 POCIMHHOI CHPOBHHH €KCTParcHTaMH
PI3HOT XIMIYHOT IPUPOIH OYII0 PO3POOIICHO TEXHOIOTIYHY CXeMY OTPUMAaHHs KOHIICH-
TPOBAHOTO AHTOI[IAHOBOTO OApBHHUKA.

3alekHICTh BUXO/y aHTOIIaHIB 3 BUUABKIB BUHOTPAIY BiJl TEMIIEpaTypH eKCTpary-
BaHHJ IIPEICTaBJICHA Ha pUC. 2.

—%— Ekcrpaxiiss BOJHUM

2’; / pozunnom 30 xB

=#— ExcTpakuis
15 eranoioM 30 xB

25 45 65 85 100
Temmneparypa, °C

C, mr/cm3

Puc. 2. 3anexcricmo uxody anmoyianise 3 BUHOZPAOHUX BUYABOK 8I0 memnepamypu
excmpazy8ans ma memooy eudiieHHs

3 pe3ynbTaTiB, NPEACTABIECHUX HA PUC. 2 BUAHO, L0 TEMIIEpaTypa i METoJ eKCTpa-
TYBaHHS BU3HAYAIOTh BUXiJ] aHTOIIaHIB 3 BUHOTPAIHOI CHPOBUHU. BB eTanomy npu
Temneparypi 25°C cripusie 36iIbIIeHHIO BUXOY aHTOIiaHiB. X BMIiCT y eKCTpakTi 3po-
crae Ha 22%. VIMOBIpHO, 11¢ OACHIOETHCS THM, 110 BiOyBA€ThCS JIETIIHI TOCTYII PO3-
YHHHUKA 70 POCTHHHOI KITITHHH.

[oxanpie miBUICHHS TeMIepaTypH ekcTparyBaHHs 10 65—70 °C npu3BOAUTH 110
3HAYHOTO 301MbIICHHS BUXOAY aHToliaHiB. [Ipu gaHiii TeMneparypi KilbKiCTb aHTOLIaHIB,
EKCTParoBaHWX BOJHUM PO3YMHOM, CTAaHOBUTH 2,99 Mr/cm®. Buxin mirMeHTy, ekcrparosa-
HOTO BOIHHMM PO34YHHOM IIpH Temreparypi 85-100°C, cranoButs 3,14-3,19 mr/cm?’.

3 METOI0 BU3HAYECHHS ONTUMAIbHUX YMOB BUALUICHHS OyJ0 BHUBUCHO 3aJIECKHICTh
BUXO/y aHTOIIaHIB BiJl 9aCy €KCTparyBaHHs, OCKUIBKH TPUBAIICTh CEKCTPAKIii MoOXe
CYTTE€BO BIUITMBATH HAa IX BHIUICHHS.

Jl11 HAOYHOTO OIHUCY 3aJICKHOCTI BUXOJY aHTOLIAHIB Oy MPEACTaBICHI pPe3yib-
TaTy y BUDISAL PIBHSHB, SIKi UTIOCTPYIOTH BIUIMB CIIOCO0Y BHIIYYEHHS, 9acy (X) Ta TeM-
neparypu (y) eKCTparyBaHHs BHIUICHHS aHTOIIaHIB 3 BHHOTPAJHUX BUYaBOK. PiBHSIHHS
perpecii MalOTh HACTYITHUH BUIIISA:

a) B, = 1,6549+0,0159x-0,0086y+0,0001x*— 0,0013xy+0,0019y"

B, — BMICT aHTONLiaHiB B PO34HUHI IIPH X €KCTparyBaHHs BOJOIO, MI/CM’.

6) B,= 0,4541-0,0586x+0,1949y-0,0004x>+0,0025xy— 0,0041y?,

B, — BMICT aHTOMiaHiB B PO34HMHI IIPH €KCTPAryBaHHi €TaHOJIOM, MI/CM’.

OnTrMansHUMH PeKUMaMU JIJIsI BIJTYICHHSI aHTOIIIaHIB € TX eKCTparyBaHHS €TaHO-
1oM mpu Temneparypi 25°C npotsirom 30 XB, 1 BUWUIyUSHHSI BOAHUM PO3UUHOM IIPU TEM-
neparypi 70°C mpotsrom 30 xB.

Perpeciiina ctaructika MoJieNi HaBeIeHa B Ta0. 2.

Tabnur 2
Perpeciiina crarucruka

R-kBaapar 0,957767781
CranpapTHa IOMUIIKA 2,663454318
CriocrepeskeHHs 15
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R-xBazmpar abo xoedimieHT aeTepMiHaIii (MOKa3HUK SIKOCTI MOJEIi) O3HAJae, II0
PO3paxyHKOBI TapaMeTpu Mozeni Ha 95,8% MOSCHIOIOTH 3aJEeKHICTH MDK IapamMe-
TpamH, 110 BUBYAIOTHCSA. B 1aHomy Bumnaaky koedimieHT aerepminauii gopistioe 0,96,
1110 MOKE TOBOPUTH NP0 MPUHHATHICTH MOJIEII sl KOHKPETHOTO 3aBaaHHs. [lepeBipka
koedimieHTa perpecii 3a kpurepisimu CthroneHTa Ta dinrepa npeacrasieHi y Tadm. 3.
Busenenns koedilieHTiB perpecii npeacrasieHo y Tadi. 4.

Tabmuug 3
Ilepenipka xoedinienra perpecii mo xkpurepiam Crbiogenra (SS) i ®@imepa (F)
df SS MS F 3naunmictp F

Perpecis 3 1769,699455 | 589,8998185 | 83,15488314 7,65078-10 — 8
3amumiok | 11 78,03387796 | 7,093988906
Pazom 14 1847,733333

TakuM YMHOM, OTPUMAHO YiTKy MaTeMaTHYHY 3aJI€KHICTh BMICTY aHTOLIIaHiB y po3-
YUHI TIPU PI3HHUX CMOCO0ax WOro BHIIyUEHHS BiJl yacy eKkcTparyBaHHs. OTpuMaHi cTa-
TUCTHYHI JaHi (Ta0. 3). BKa3yrOTh Ha Te, 0 eKCIICPUMEHTAIbHI 3HAYCHHS OJIU3bKI 110
MPOTHO30BAHUX.

ITokazaHo, 110 MPUPOJHA CHPOBHHA MIBAHSA YKpaiHU MOKe OyTH MOTYXXHUM JDKEpe-
JIOM JIJIs1 OJIep>KaHHs aHTOIIIaHIB, SKi JIe/1aTi 3HAXOIATh O1JIbIIe 3ACTOCYBAaHHS Y XapUuoBii
MIPOMHCIIOBOCTI, (papMaKoIIorii Ta KocMeToJIorii. Y mKipii BUHOTpasy copty — Onech-
KUl 9opHHUA abo amiOepHe, kWil Oyino BUpoIeHO Ha ruiomax Arpodipmu «bimosep-
cekuii» B 2023 p., BUSBICHO BUCOKHI BMICT aHTOIlIaHIB.

BusiBneHo, 1o etanon OyB e(heKTUBHIIIKMM, HIXK BOJIA, Y BITHOBJICHHI aHTOLIaHIB 13
BHUHOTPATHUX BUYABOK.

OCKIiJIbKH CITOCIO BUIUICHHS BU3HAYA€ BUXiJ 010JIOTIYHO aKTUBHUX PEYOBHH 13 pOC-
JUHHOT CUPOBHMHHU B PO34YWH, Y poOO0Ti OyB BU3HAYEHUH BMICT aHTOLIaHiB, BUIIICHUX
3 BUYAaBKHM BUHOTPAJa MPH EKCTPaKIlii BOAOIO i eTaHoioM. Pe3ymsrarn mpencTaBieHo
B Ta0i1.4 B MpoIieci eKCTpakilii, mpu Temmneparypax 25 1 65°C npotsrom 5-30 XB.

3 maHux Tabi. 4 BUJHO, IO €KCTPAKIlis €TAHOJIOM CIPHUSE BUITYYCHHIO aHTOI[IaHIB
3 BUYaBKiB BUHOTpaxy. BMmicT aHTOIIaHiB, SKi MEpeHIIM B pO3YHH 32 TaHUX YMOB €KC-
TparyBaHHs. cTaHOBUTH 1,32 1 1,48 mr/cm® BiamoBigHo. OTprMaHi [aHi y3roIKyOThCS
3 poOOTOIO aBTOPIB [7], 1€ TAaKOX MOKa3aHO CKOPOUYCHHS Yacy BUJIUICHHS aHTOI[IaHIB ITi]T
4ac BUKOPUCTAHHS €KCTPAKIIii €TAaHOIOM.

OTpuMaHUH METOIOM KOHIICHTPYBAHHS aHTOLIAHOBUI OapBHUK Ma€ TEMHO-YEpPBO-
HUI KOMip Ta 3amax BUHOrpany. KoHIEHTpOBaHHI aHTOIIaHOBHH OAPBHUK Ma€ TyCTY
CHPOIIONOi0HY KOHCHCTEHITIIO.

Ta6munsa 4
BMicT anToniaHiB, BUJIEHHX 3 BUYABKIB BUHOIpaay copty Onecbkuii 4opHUii
Yac excTparyBaHHs, BwmicT anTouianis B BH4aBKax BHHOTpajy, Mr/cm
XB EkcTpakiisi Booro Excrpakiuisi eraHo10M
5 0,68+0,12 0,78+0,22
10 0,88+0,18 0,89+0,15
15 1,11£0,17 1,34+0,13
20 1,24+0,21 1,48+0,19
25 1,32+0,16 1,13+0,16
30 1,31+0,13 1,08+0,12
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KoHIIeHTpOBaHUH aHTOIIaHOBUH OApPBHUK PEKOMEHIy€ThCs 30epiraTi 3a TeMIepa-
Typu 20 °C He Ounbine 6 Mic, ad6o 0-5 °C He Outbe 12 Mic B HEBIIKPUTHX EMHOCTSIX.

Y®-crekTpy po34rHiB aHTOLIaH1B, BUIIIEHUX 13 BUHOTPAIHUX BUYABOK ITPU TEMIIe-
parypax 25 1 65 °C mpotsirom 30 XB npeacTaBieHi Ha puc. 3.

4388 T T

Onrtuyna rycTiHa, D

0352 L i
200.00 400.00 €00.00 E00.00

JIoBXKHHA XBHITI, HM

Puc. 3. YD-cnexmpu pozuunie anmoyianis, 8UOLEHUX 3 BUHOSPAOHUX BUYABOK
npu memnepamypax : 1-25°C ma 2—-65°C

3 OTpUMaHUX PEe3yNbTaTiB BUAHO, IO CHEKTPU PO3UMHIB AHTOLIAHIB BUHOTPAJHUX
BAYAaBOK MAarOTh MaKCHMyM TIOIIMHAHHS NPH JOBXKHHI XBWI 515 HM. 3 JTOBIIKOBHX
JIAaHUX B1JIOMO, 110 MAKCUMYM IOTVIMHAHHS aHTOIIaHIB CIIOCTEPIra€ThCs MPHU JOBXKHHI
XBUI 515 HM.

3 puc. 3 BHJIHO, 110 HAKO1IbIIE TOBHE EKCTPATYBAHHS aHTOI[IaHIB BiI0YyBA€THCS MTPH
temrepatypi 25°C nporsrom 30 xB. 301TbIICHHS TEMIIEPATYPH eKCTparyBaHHs 10 65°C
MPU3BOJNTE 10 3HIDKCHHS BUJIYYCHHS IITMEHTY 3 BUHOTPAIHHX BUYABOK, MaOyTh, 1€
MIOSICHIOETHCS OTO YaCTKOBUM PYHHYBAaHHSIM IIPH BUCOKHUX TEMIIEPATYpax i TPHBAIHM
4acoM eKcTparyBaHHsA. Tomy, B MOAAIbIINX JOCTIIKEHHAX Il OLIHKK 010TeXHOJIOT Y-
HOTO MOTEHIIaTy aHTOI[iaHiB BUHOTPAIHOI CHPOBUHM COPTY OJICCHKUI YOPHUI SIK KOH-
TPOJBHUHN 3Pa30K BUKOPHCTOBYBAJIM PO3YMH AHTOI[IaHIB, BUAUICHUHA TIPU TeMIIepaTypi
25 °C mpotsrom 30 xB.

BcranoBneHo, 1o BMIiCT aHTOLIAHIHIB B €KCTPAKTi 3 BUHOTPaLy OnechKuil YopHUit
Takui: miaHiaiH-3-qunmoko3ua — 89,30+0.3 MKMOJIB/T eKCTpPaKTY, IiaHiIiH-3-TITF0KO-
3u — 118,26+0.94 MKMOITB/T €KCTpaKTy, 3aranom 6,81 Mr/cm® aHToIiaHIB.

Buspnenns Oi1b110CTi BUIiB 010JI0TTYHOT aKTUBHOCTI — aHTUMIKPOOHOT, TPOTHTPUO-
KOBOT, TPOTHITYXJIMHHOT — OTPEOy€E MPOBEICHHS EKCIICPUMEHTY Ha 010JI0T19HUX 00’ €K-
Tax: KyIsTypax 0akrepiil, TpuOiB, POCIMHHAX Ta TBAPUHHHUX KIITHH TOMIO I MOXITHUBE
JMIIE Y CTeliali30BaHuX JIa0opaTopisix, 110 BUMArae Koonepanii XiMiKiB — CHHTETHKIB
3 HayKOBHMH 3aKJIaIaMU 010JIOTIYHOTO UM MEAMYHOTO TIPOQIITIO.

OpHax JesKi BUIU NOTCHIIIITHOTO BIUIMBY Ha XHBHI OpPTaHi3M MOXXYTh OyTH BHSIB-
JIeH] 13 3aCTOCYBaHHAM TPAJUIIHHUX JJ1s XiMii MeTO/IB. []o TaKuX HalleXKHThb, 30KpeMa,
AQHTHOKCH/IaHTHA aKTHBHICTh — TEMAaTHKa, 110 aKTUBHO BHBYAETHCS IOTSATOM OCTaHHIX
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JecsTupid. Y cydacHi JiTepaTypi aHTHOKCHIAHTHA aKTUBHICTb ITOB’ A3y€ThCSI, TIEPEy-
ciM, 31 3IaTHICTIO PEYOBUHU NOTJIMHATH BUTbHI paINKaIH. AHTHPAIUKAILHY 0 3pYYHO
BUBYATH, 3aCTOCOBYIOYM CTaO1IbHI BUIbHI PaAMKald, J0 SKUX HAJIEKHUTh, 30KpeMa,
DPPH -2 Z—z[H(I)eHm 1- nncpnnrlz[pamn panukan.

[Tpu BuKOHAHHI POOOTH JOCHTIKYBAIH B3aEMOII0 €KCTPAKTY 3 BUHOTPATHUX BUYA-
Bok 3 DPPH.

BcraHoBneHo, 0 €KCTPAKT 3 BUHOTPAJHUX BUYABOK MA€ aHTUPATUKAIbHY aKTHB-
HicTh — 1,76 MM Trolox exBiBajeHT.

BucHoBku i npono3unii. OqHUM 13 HIIAXiB BUPILIEHHS MPOOJIeMH BUPOOHUIITBA
Oe3meunoi Ta (DYHKIIOHAJIBHOI Xap4oBOi MPOAYKIIi € CTBOPEHHS Ta BHKOPHCTAHHS
y TEXHOJIOT1i BUPOOHUIITBA NIPOYKTIB XapuyBaHHs OS3MEUHUX HATYyPaTbHUX Xap4OBUX
OapBHUKIB, OCKUIbKH B JIONIOBHEHHS J10 KOJILOPY BOHHU € JKepenaMu 010JI0TTYHO aKTHB-
HUX CHOJYK 1 MOXKYTh HaJJaBaTH MPOIYKTaM (byHKulOHaan BJIACTHUBOCTI.

OTpI/IMaHO AHTOLIaHOBUIA 6apBHI/IK 10 MIiCTHTh KOMIDIEKC Oi0JIOTIYHO aKTUBHHX
CHOJYK 1 siBJIsIE COO0I0 B'SI3KY PiIIMHY TEMHO-YE€PBOHOTO KOJBOPY 13 3allaXxoM 1 CMakoM
BuHOTpany. HaBeneHo 4iTKy MareMaTH4Hy 3aJIe)KHICTh BMICTY aHTOIIaHIB y PO3YHHI
NP Pi3HUX CIIOCO0aX HOTO BHITYYEHHS Bifl Yacy eKCTparyBaHHI.

BusHaveHo, 1110 eKCTPaKTH aHTOLIaHiB 3 BAYABOK BUHOTpaLy copTy OmechKuii 4op-
HUI MalOTh aHTUPAIUKAIBHY aKTUBHICTb.

[Toka3zano, 110 BUYaBKH 3 BUHOTpaLy copTy OfechbKuil YopHUH a00 amidepHe € Mpo-
JIyKTUBHUM J{KeperioM anToiianiB. O1iHka 010TeXHOJIOTIYHOTO ITOTEHIIiaTy aHTOIIaHIB,
BUAIJICHUX 13 BUYaBOK BUHOTpany copTy Oneckuii uopHuii abo anidepHe, moxasana, o
EKCTPaKTH aHTOIIaHIB MOXXYTh OyTH BUKOPHCTAaHI K OapBHUKH Ta JuKeperna 010JI0T19HO
AKTUBHHUX PEUOBUH MPH BUPOOHUIITBI XapuoBUX OAPHUKIB 1 KOCMETUYHHUX BHUPOOIB.
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Today, the scale of the formation and accumulation of various wastes, in particular sewage
sludge (SS) at sewage treatment plants in settlements, continues to grow. This situation leads to
the alienation of productive agricultural lands by sludge and environmental pollution, which
requires their immediate processing and disposal. One of the effective ways to process SS
can be to produce granulated biofuel from it. The paper considers the issue of utilizing SS by
producing biofuel pellets from them. For experiments on the production of pellets, samples of
sewage sludge from the treatment facilities of regional municipal production enterprise "Dnipro-
Kirovograd” in the city of Kropyvnytskyi after centrifugation with 75-80% humidity of two
types: raw sediment and excess activated sludge. The experiments were carried out according
to the developed research methodology on a specially designed laboratory press device. Due to
the high humidity of the sludge sediment samples (75-78%), before making pellets from them,
their preliminary preparation was carried out by thermal (drying) and mechanical (grinding)
treatment. From the prepared sludge sediments with a humidity of 12—15%, when compressed
to final pressures of 130.5...217.5 MPa in a press device with a vertical punch and a closed
matrix, pellet samples with a high-quality texture and a density of 1150—1260 kg/m’ are formed,
which meets the requirements of European standards p >1.0 g/cm3. The determined ash content
of the manufactured samples of biofuel pellets on dry weight was 24—41%, and the calorific
value calculated by the D. Mendeleev formula was 16-20 MJ/kg, which is comparable to the
calorific value of briquettes made of wood waste, brown coal, and peat. The obtained results of
the conducted experimental studies can be considered as estimative. In general, they confirm the
prospect of further research and development in the direction of technologies and equipment for
the production of biofuel pellets from sewage sludge and their further utilization through use in
thermal power plants.

Key words: sewage sludge, utilization, experimental press installation, biofuel, density, heat
of combustion, ash content.
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Kpasuenxo B. I, Kpasuenxo B. Il. /locnidsicennn mennomexnHivHux XapaxKmepucmuk
ZPanYIb08AHO20 NANUGA, GUZONOGTIEHO20 3 0CAOIE CHIIUHUX 600

Ha cvoeooni npodosoicyroms 3pocmamu macumadu ymeopenus, ma HAKONU4eHHs pPi3Ho-
Manimuux 6i0xo0ig, 30kpema ocadie cmiunux 600 (OCB) Ha KaHani3ayiiHux O4UCHUX CHOpPY-
dax Hacenenux nywxmie. Taxutl cman npuzeo0ums 00 GIOYYHCEHHS 0Cadamu NpoOYKMUGHUX
CIbCbKO2OCNOOAPCLKUX 3eMelb Md 3a0pYOHeHHs O0BKIIA, Wo nompeoye ix He2auHol 0OpoOKu
ma ymunizayii. Oonum i3 eghpexmusnux cnocob6ie nepepooku OCB moodice 6ymu 6ucomoeieHHs
3 Hb02O 2panynLo6ano2o bionanuea. B pobomi posenanymo numanns ymunizayii OCB winaxom
BULOMOGIEHHSA 3 HUX Oionanugnux neiem. /s excnepumenmie 3 GUeOmMosienis neiem GUKOpUc-
MOBYBANUCA 3pA3KU MYN068UX ocadie 3 ouucHux cnopyd OKBII «/[ninpo-Kiposoepao» y m. Kpo-
nUGHUYbKULL nicas yeumpughyeysanusa eonocicmio 75-80% 06ox eudis: cupuii ocad ma Haoauw-
Koeutl akmugHutl Myn. Excnepumenmu 30iticHI08AUCA 3G PO3POONIEHOI MEMOOUKOIO OOCTIOHCEHD
Ha cneyianvbHo po3pobnenomy nabopamopHomy npecosomy npucmpoi. Hepesz 6ucoxy eono-
eicmy 3paskie mynosux ocadie (75—78%), neped ucomosieHHAM 3 HUX neiem 30iUCHIOBANACH
nonepeoHs ix ni02omosKa wiisxom mepmiuHoi (niocyuly8ants) ma MexaniuHoi (noopioHemHs)
00pobKu. 3 nioeomoenenux Mynogux ocaoie eonozicmio 12—15% npu cmuckysanni 0o Kinyegux
muckie 130,5...217,5 Mlla y npecogomy npucmpoi 3 6epmuKaibHUM NYAHCOHOM I 3aKPUMOIO
Mampuyeio ymeopiolomsCsi 3paskiu neiem 3 skichoio gaxmypoio i eycmunoio 1150—1260 xe/m,
Wo 6ionogioae sumozam esponeicokux cmanoapmie p >1,0 o/cym®. Busnauena 30nvnicmo 6uo-
MOBNEHUX 3pA3KI8 OIONANUBHUX nellem Ha cyXy macy ckradana 24—41%, a pospaxosana 3a ¢ghop-
mynoio /. Menoeneesa mennoma 3eopsauns cxnaoana 16—20 Mic/ke, wo nopiusino 3 menio-
MO0 320pAHHA OpuKemis 3 depes AHuUX 8i0xX00i8, Oypoeo syeinis, mop@y. Ompumani pesyromamu
NPOBEOCHUX eKCNEPUMEHMATbHUX 00CIONCEHb MOJCHA PO32IA0AMU K OYIHOYHI. 3aeanom 60Hu
nIOMEEPOHCYIONb NEPCNEKMUBY NOOANLULUX OOCNIONHCEHb | PO3POOOK 8 HANPAMKY MEXHON02il
i obnaonants 015 GUCOMOGNEHHs DIONATUBHUX Nelem 3 0Cadi6 CIIYHUX 800 MdA NOOANLUOL iX
VMUni3ayii wisaxom GUKOPUCIAHHA 6 MeNI0eHeP2emuyHUX YCMaHo8Kax.

Kniouogi cnosa: ocaou cmiunux 800, ymunizayis, eKCHepUMEHMAIbHA NPecosa YCmanosKda,
Oionanueo, wWinbHiCMb, MeNI0Ma 320PAHHS, 301bHICIDb.

Introduction. Among the current environmental problems in Ukraine and around
the world, the disposal of industrial waste stands out, which, in particular, is related to
the issues of sewage treatment plant waste. Waste in the form of sewage sludge, consis-
ting of household, industrial and storm water, is discharged into the sewer and is a
source of pollution of urban areas.

To treat large volumes of wastewater, treatment systems are used that are based on
the formation of sludge, which remains in sludge ponds for years [1]. The use of such
sites for the disposal of SS is a traditional, but outdated and irrational method of sed-
iment management, as it takes significant areas of land out of circulation and leads to
pollution of air, soil, and groundwater with toxic components that are part of the sedi-
ments [2, 3].

Currently, stricter EU rules regarding the management of local sewage sludge, as well
as the Law of Ukraine "On Water Disposal and Wastewater Treatment" of January 12,
2023, pose new challenges for the country, one of which is to find areas of effective
technologies and methods of their utilization.

Analysis of recent research and publications. The feasibility of using a certain
technology for the utilization of wastewater depends on several factors: the producti-
vity of the wastewater treatment plant, the composition and methods of wastewater and
sludge treatment, the efficiency of treatment facilities, etc. [4]. Thus, in Germany, Great
Britain, Sweden and Finland, silt sediments are used for land reclamation and reclama-
tion of lands disturbed by industrial developments, as well as for combustion to obtain
thermal energy and ash, which is a valuable product for the production of building
materials [5]. In France, 50-60% of SS is used as organic fertilizer; 20-25% is taken to
solid waste landfills; and 15-20% is burned in incinerators [6].

In Ukraine, the use of SS as fertilizer is limited to 5% due to a number of circum-
stances, including the presence of bacterial contamination, toxic compounds, and a high
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content of trace elements, which have a negative impact on plants and the quality of
agricultural products. Therefore, the burial of SS is the main method of their storage for
decades [5].

One of the methods of disposal that is guaranteed to eliminate harmful organic sub-
stances and significantly reduce the volume of sludge waste is incineration [6]. The heat
of combustion of SS per dry mass is 14.5-16.0 MJ/kg [7] and is not inferior to wood,
peat and brown coal.

However, the process of spreading the method of burning sludge in Ukraine and
the world is primarily hindered by their high humidity, which is not less than 70% [2].
Studies have shown that it is advisable to use them in the energy combustion process
only after they reach a moisture content of 10% [8].

For preliminary drying of SS before incineration, efficient drying equipment can be
used, which will ensure the preparation of raw materials for thermochemical processing
with an initial humidity of 60-70% [2]. At the same time, after treatment of SS in sewa-
ge treatment plants, they are also characterized by variability in composition, size and
shape, which worsens the process of their incineration [1]. Therefore, it is more expedi-
ent to use SS as fuel in the form of pellets, which will also make it possible to increase
the efficiency of energy use.

The aim of the study. The aim of the work is the experimental testing of pilot
samples of biofuel pellets made from wastewater sludge of the “Dnipro-Kirovograd”
Wastewater Treatment Plant.

Presenting main material. The collection of formed sludge from wastewater, as
well as their neutralization and preparation for disposal, takes place in a complex of
engineering structures used in treatment plants using biological treatment technology
in aeration tanks. The technological scheme for the treatment and processing of waste-
water sludge is given in [1]. This technological process is currently one of the easiest to
implement, basic in Ukraine, used at most existing treatment plants and allows for the
removal of organic pollutants by 95-97%.

In experimental studies on the production of pellets, samples of sludge from the treat-
ment facilities of the regional municipal production enterprise "Dnipro-Kirovograd" in
Kropyvnytskyi were used. Samples of two types were provided after centrifugation with
a humidity of 75-80%: raw sludge (SS-1) and excess activated sludge (SS-2). Since
the provided samples of sewage sludge had high humidity, before making fuel from
them, they were prepared by thermal and mechanical treatment. After treatment, the
samples were destroyed with the formation of individual particles, of which the majority
(60-70%) had dimensions of 3—5 mm and humidity of 16%.

To produce pellets from sludge SS in a closed matrix, an experimental press installa-
tion was used, the scheme of which is shown in Fig. 1a, and a press device with a mold
and a punch d = 16 mm, the general view of which is shown in Fig. 1b.

For fractographic study of the surface structure of biofuel granules made from sludge
SS, an optical-digital unit was used, consisting of: a stereoscopic microscope model
MBC-9, a Web camera and a laptop.

The ash content was assessed using a muffle furnace. The crucible with the installed
sample was placed in a muffle furnace and ashed with subsequent holding in it at a tem-
perature of 800 °C for 1 hour (until the carbon was completely burned out).
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Fig. 1. Working part of the YBM-50 machine with installed press device (a),
press device (b)

The results of experimental studies are given in Table 1.

Table 1
Main results of experimental studies
Bulk Pellet density, g/cm® Heat of
Raw density, Pressure )F]’rgessu re combustion, Ash c(;ntent,
g/cm’ 130.5 MPa | 217.5 MPa MJ/kg °
SS-1 0.42 1.18 1.26 16.54 41.0
SS-2 0.413 1.15 1.22 20.15 24.5

The general appearance of pellets made from samples SS-1 and SS-2 is shown in

Figure 2.

Pellet samples made from sewage sludge had a sufficiently smooth surface (Fig. 2a, 2b)
and a high density: 1.15...1.26 g/cm3 (Table 1), which meets the requirements of Euro-
pean standards p >1.0 g/cm? [9].

The nature of the surface structure of the pellets and the density of the gaps between
the particles of the raw material after pressing are shown in Figure 3.

Fig. 2. General view of pellets and their ash residues after combustion made from:
a —raw sludge SS-1; b — activated sludge SS-2




| Taspiliceknit HaykoBHi BicHHK Ne 6

Fig. 3. Character of the surface structure of pellets and the density of gaps
between the particles of raw material after pressing:
a — outer surface of the SS-1 sample with a final pressure of 130.5 MPa,
b — the same with a final pressure of 217.5 MPa

The results of fractographic studies showed that with increasing pellet density
(at final pressures of 130.5 and 217.5 MPa), the distance between particles on the sur-
face decreases from 0.075 mm (Fig. 3 a) to 0.02 mm (Fig. 3 b).

To determine the higher heat of combustion of sewage sludge per dry mass, which
was carried out based on the average values of the elemental composition of the raw
material, D. Mendeleev's formula was used to calculate the higher heat of combustion
per working mass [10]:

Q7 =4,187(81C? + 300H? — 26(0O” - S)),
where CP, HP, OP, SP — elemental composition of fuel per working mass.

Recalculation of the higher heat of combustion from the working mass to the dry
mass was carried out according to the expression:

4= Qy 100

100-WP
where W7 is the moisture content of sludge before pressing.

The values of the higher calorific value per dry mass of the manufactured pellet
samples are given in Table 1.

The obtained values of the heat of combustion of pellets from sewage sludge
(16.54...20.15 MJ/kg) are in satisfactory agreement with the average values of the heat
of combustion: 16.8...27.4 MJ/kg, given in [11] for domestic sewage sludge.

The general appearance of ash residues after burning pellets made from sewage sludge
is shown in Figure 2. The ash residue per dry mass of SS-1 almost twice exceeded the value
of SS-2 and was 46.0 and 24.5%, respectively. Significantly different quantitative data of the
obtained ash content values of pellets from sludge waste SS-1 and SS-2 may be due to their
slightly different initial compositions. At the same time, it should be noted that, in general, the
results obtained on ash content are in satisfactory agreement with the data given in works [12].

Conclusions. 1. The paper deals with the issue of disposal of sewage sludge by
making biofuel pellets from it.

2. A research methodology and a press device have been developed for experimental
testing of the production of pilot samples of biofuel pellets from sewage sludge of the
“Dnipro-Kirovograd” Wastewater Treatment Plant.

3. It has been determined that the production of pellets from sewage sludge, due
to their high humidity (75-80%), requires their preliminary preparation by thermal
(drying) and mechanical (grinding) treatment.
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4. From the prepared sewage sludge with a humidity of 12—15%, when compressed to
final pressures of 130.5...217.5 MPa in a press device with a vertical punch and a closed
matrix, pellet samples with a high-quality texture and a density of 1150-1260 kg/m?
are formed, which meets the requirements of European standards p >1.0 g/cm?

5. The determined ash content of the manufactured samples of pellets from sewa-
ge sludge was 24-41%, and the calculated heat of combustion per dry mass was
16-20 MJ/kg, which is comparable to the heat of combustion of briquettes from wood
waste, brown coal, and peat.

6. The obtained quantitative results of the conducted experimental studies can be
considered as evaluative, taking into account the wide range of initial characteristics of
sewage sludge and the provision of methods for their preliminary preparation for the
press production of biofuel pellets.

7. In general, the results obtained confirm the prospects for further research and develo-
pment in the direction of technologies and equipment for the production of biofuel pellets
from sewage sludge for the purpose of their utilization by use in thermal power plants.
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Haoitinicms mopcvkux 2iopomexHiunux cnopyo 6a2amo 6 omy 3a1excums 6i0 HaoitiHoCmi
ix npoexmis, npu po3poodyi AKUX BPAXOBYIOMbCSA NPUPOOHO-KIIIMAMUYHI YMOBU PALlOHIE OVOi6-
HUYymaa, ix inghpacmpykmypa, Has8Hicmov Micyesux OyOigenbHUX Mamepianie ma 6azamo iHWUX
gaxkmopis. Mopcoki ciopomexniuni cnopyou nio uac excniyamayii niooaromscs 6nauey mpbox
OCHOBHUX NPUPOOHUX cUll. []0 HUX BIOHOCAMbCA: WMOPMOGI 6IMPOSI Xeuni; Opeldhyioui 16000861
YMBOPEHHSA Y GUeNAOT PIBHUX KPUICAHUX NOTIG, OOUHOUHUX TOPOCI8 Ma NOJI6 MOPOWENHS, celic-
MiyHI Hasanmadicenns. O6'ekmueHutl 0ONIK yux Gaxmopie npu NPOEKMYSAHHI € HAUBANCIUBI-
WOK CKNA0080K HAOTUHOCI MALOYMHIX 00'€KmMi6 3a pO3PAXYHKOBULL Nepiod iIXHbO2O MepMiHy
cayocou. Toynicmov oyinKu CUN08020 6NAUBY NPUPOOHUX CUL 3ANEACUMb 8I0 OOCHIOBIPHOC
BUXIOHUX OAHUX ™A OOCKOHAIOCMI MeMOOi8 8IONOBIOHUX PO3PAXYHKIE, BMINEHUX Y PEKOMEHOA-
yisax HopmamusHux Ooxymermis. Cunogi 6NauUsU YMOouHAIOMbCA YCIM CMAOIAX NPOEKMYSAHHS
MOPCHKUX CROPYO, 30Kpema il y npoyeci HayKogo2o cynpogooy.

Haoitinicmbs MopcoKkux cnopyo Hacamnepeo 3aiexcumv 6i0 HAOIHOCMI IXHIX NpoeKkmis.
Hkicmb ciopomexniunux pobim ma 0yoieenbHUX Mamepianie, wo UKOPUCMOBYIOMbCS 8 NPpoyeci
oyoisHuymea cenepanbHumMu NiOPAOHUKAMU, KOHMPOTIOIOMbCS 3AMOGHUKAMU A A6MOPAMU
npoexmis. IIpoexmyeanis, 6y0iGHUYMEO, NPUIMAHHA MA NOOANbULA eKCNIYAMAYis MOPCLKUX
Cnopyo nOGUHHI 30IUCHIOBAMUCS Y CYBOPILL GIONOGIOHOCH 00 BUMO2 HOPMAMUBHUX OOKYMEH-
mis. Tomy eoice 6 npoyeci ix npoexmy8aHHs NUMAHHAM HAOTUHOCMI NPUOLTIAEMbCS NEPUOPIOHE
sHauenHs. O0'€ekmusHa OYIHKA CUNLOBUX BNIUBIE 3AJLEHCUMb CBOEI0 UeP2ol0 8I0 OOCMOBIPHOCHII
BUXIOHUX OAHUX, WO GUIHAUAIOMBCA 3 YPAXYBAHHAM AHANIZY PE3VIbMAMIE IHICEHEPHUX NOWYKIE,
BUKOHYBAHUX ) BIONOBIOHICHb 00 UMOSAMU HOPMAMUBHUX OOKYMEHMIE.

YV yiti pobomi nasedeno ananiz OCHOBHUX NPUYUH, WO BNAUBAIOMb HA HAOILIHICIb NPOEKMis
MOPCLKUX 2I0POMEXHIUHUX CROPYO.

Knrwowuoei cnosa: mopcoki 2iopomextiuni cnopyou, 8imposi xeuli, 1b0008i YMEOPeHHs, U0
opeuighyioms, CEUCMIUHI HABAHMANCEHHS, HAOIIIHICMb NPOEKMIE.

Litvinenko V. V., Andreyevska G. M., Mironenko I. M. Determination of reliability of
offshore hydraulic structures at the design stage

The reliability of offshore hydraulic structures largely depends on the reliability of their
designs, the development of which takes into account the natural and climatic conditions of
the construction regions, their infrastructure, the availability of local building materials and
many other factors. Marine hydraulic structures during exploitation are exposed to three main
natural forces. These include. storm wind waves, drifting ice formations in the form of level ice,
single hummocks and hummock fields, seismic loads. Objective consideration of these factors
during design is the most important component of the reliability of future structures over the
estimated period of their service. The accuracy of assessing the force influence of natural forces
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depends on the reliability of the initial data and the perfection of the methods of corresponding
calculations embodied in the recommendations of regulatory documents. The values of natural
loads and impacts are clarified at all stages of the design of offshore structures, including during
the process of scientific support.

The reliability of offshore structures primarily depends on the reliability of their designs. The
quality of hydraulic engineering works and construction materials used by general contractors
in the construction process is controlled by customers and project authors. The design,
construction, acceptance and subsequent operation of offShore structures must be carried out in
strict compliance with the requirements of regulatory documents. Therefore, reliability issues are
of paramount importance already in the process of their design. An objective assessment of force
impacts depends, in turn, on the reliability of the initial data, which is determined based on the
analysis of the results of engineering surveys performed in accordance with the requirements of
regulatory documents.

In this paper, an analysis of the reasons affecting the reliability of sea hydraulic structures
projects is carried out.

Key words: offshore hydraulic structures, wind waves, drifting ice formations, seismic loads,
reliability of projects.

Beryn. Koxna rimpoTexHidHa cropyaa, B CHIY MPHPOAHO-KITIMATUYHUX YMOB
paiioHiB OyIiBHMIITBA, ii TEXHIYHMX XapaKTEPUCTUK Ta MICIS PO3TAIIyBAHHS € CaMO
o co0i yHiKajgpHOI. TOMy B TpoIeci MPOCKTYBaHHS BPAaXOBYETHCS Ta YTOUHIETHCS
LIJTUH KOMIUIEKC IMHUTaHb SIK TIPU PO3pOOIl TEXHIYHUX 3aBJlaHb, TaK 1 HA BCIX CTaJIisIX
MIPOCKTYBAHHS.

[mKeHepHUH TOCBII MPOSKTYBAHHS MOPCHKHX MOKA3aB, M0 HAWOUIBII TOUITEHUM
€ TPHOX CTaINHICTh I[LOTO MPOIIECY (TEXHIKO-EKOHOMIUHE OOTPYHTYBAaHHS, TEXHIUHUN
IpOeKT, poboumii mpoekT). [IpuckopeHHs mporecy MPOEKTYBaHHS, 3 METOI0 CKOpPO-
YeHHs Yacy Ta (PIHAHCIB, € OCHOBHOI MPHYUHOI MPUHHSATTS HEBIPHUX PIllICHb, IO
MPU3BOJATE 3PEINTOI0 0 aBapiif CHOpyA iHOMAI HaBiTH IIE Ha CTafil HE3aBEPLICHOIO
Oy/IiBHUIITBA.

AHaJi3 ocTaHHIX J0CHiKeHb i myosmikamiii. Yci rijpoTexHiYHi Cropyau, BiAmo-
BigHO 1o Bumor JIBH B.2.4-3: 2010 [1], HanexxaTh 10 TOTO 4M 1HIIOTO KJIACy BiJIIOBi-
JATBHOCTI 3 ypaxyBaHHSM HACIIJIKiB y pa3i X pyiHyBaHb ITiJ] yac ekcruryaraiii. Tak
JI0O HaWBHIIOTO KJacy BiamoBimanbHOCTI Ha Mopi CC3 BITHOCATBHCS OrOPOKYBaJbHI
Ta MOPCHKi HA(TOra30MPOMHUCIIOBI T1IPOTEXHIUHI CIIOPYAH, SIKI MiJNAIOTHCS MPSIMOMY
BILIMBY HABEJICHUX BUIIE MPUPOTHUX (PaKTOPiB. ABapii TAKHX CIIOPYIH Y MPOIECi eKc-
TPEMabHHX TPHPOIHUX BIUIUBIB Ha HUX MaTUMYTb KaTaCTpO(bqui Haciigku. Tak,
HAaBiTh YaCTKOBE pyI/IHyBaHHH OTOPOJKYBAJBHUX CHOPYA y Mepiof Aii IHTOleB pinkic-
HOi ITOBTOPIOBAHOCTI, MOXKE MPU3BECTH /10 3HAYHHX TOMIKOIKCHD MpUYaIiB i TpHUII-
BapTOBAHUX 10 HUX CYJCH, a TAaKOX IHIIMX THUIMIB MOPTOBUX CHOPYA, IO 3arpOXYy€
BEJINYE3HUMH ()IHAHCOBUMHM BTpaTaMu. ABapil MOPCHKHX Ha(TOra30mpOMHCIOBUX
TIAPOTEXHIYHHUX CIIOPYI MOKYTh IIPU3BECTH J0 EKOJIOTTYHUX KaTacTpod MopiB (aBapis
aBy4doi OypoBoi ycranoBku Deepwater Horizon, mo nanexana “British Petroleum”,
y Mexkcukancekiit 3atori 20 kBitHs 2010 poky). Ilpu mpomy i3 126 ocib, axi nepeOy-
BaJM Ha OopTy, 11 3arunynu, 17 noctpaxnanu. Hadra horTanyBana 3i CBepIJIOBUHU 710
19 BepecHsi. 3a 1eit yac y Boau 3aToku norpanuio oiausbko 780 000M® cupoi HadTH.
TakuMm YMHOM, BUXIJ 3 JIaJy MOPCHKHX TiIPOTEXHIYHHUX CIOPYI BHUIIOTO KJIACy BiATO-
BiZJATIBHOCT] B MPUHIHUII € HENPUIyCTUMHUM. HaniffHicTh Takux CIOpyR HacamIiepen
3aJIC)KHUTh BiJ HATIMHOCTI iXHIX MPOEKTIB. SIKiCTh TiAPOTEXHIYHUX POOIT Ta Oy/IiBeIhb-
HHUX MarepialiB, 10 BUKOPHCTOBYIOThCS B Npoleci OyJiBHUITBA Te€HEPATbHUMMU Mif-
PSIHUKaMHU, KOHTPOJIOIOTHCS 3aMOBHHKAMH Ta aBTOpaMu MPOekTiB. [IpoexTyBanHs,
OymiBHUIITBO, MpPUAMAaHHS Ta TONANbBIIA EKCIUTyaTallisi MOPCHKHX CIIOPYH IOBHHHI
371MCHIOBATHCS y CYBOpiil BiIMOBITHOCTI O BUMOT HOPMAaTUBHUX JOKyMEHTIB. Tomy
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B)KE B IIpoIeci X MPOEKTYBaHHS MUTAHHSIM HAIIHOCTI MPUIAETHCS MEPIIOPSIIHE 3HA-
yeHHs1. O0'€KTHBHA OIIHKA CHJIOBHUX BILUIMBIB 3aJIC)KUTh CBOEFO YEPTOO BiJl TIOCTOBIPHO-
CTi BHXITHUX JaHHX, [0 BU3HAYAIOTHCS 3 YpaxyBaHHIM aHAJI3y Pe3ysbTaTiB iHKeHep-
HUX TOIIYKiB, BUKOHYBAHUX Yy BIATIOBIIHICTH 10 BUMOTaMH HOPMATHBHUX JOKYMEHTIB.

VY miif poboTi MpoaHalli30BaHO OCHOBHI (DakTOpH, IO BIUIMBAIOTH HA HAIIHHICTH
MPOCKTIB MOPCHKUX TiIPOTEXHIYHUX CIIOPYI 3 YPaXyBaHHIM JOCBIMY IX IMPOCKTYBaHHS
Ta Oy/IIBHHIITBA.

MeTta Ta 3aB1aHHs. MeToro 11i€T poOOTH € aHaJli3 OCHOBHUX (haKTOPIB, 10 BILIMBA-
I0Th Ha AKICTh Ta HAJIMHICTh MPOEKTIB MOPCHKUX TiApoTeXHIYHUX cropyad. [locrasie-
HO{ MeTH OyJIO JJOCATHYTO:

— aHaJI30M MPOIECY NPOCKTYBAHHS TAKHUX CIIOPYI;

— aHaJi3 aBapii MOPCHKUX T1IPOTEXHIYHUX CHIOPYL.

Buxknax ocHoBHOro matepiajy aociaimxkennsi. [IpuckopeHHs mporiecy IpoeKTy-
BaHHS, 3 METOK) CKOPOYCHHS 4acy Ta (piHAHCIB, € OCHOBHOI NMPHYUHOI TPUHHSTTS
HEBIPHUX pillIeHb, 0 MPU3BOAATD, 3PEIUTOI0, 10 aBapiil cropys, iHOMAI HaBIThH LIE Ha
craii OyJiBHUIITBA.

Amnaui3 aBapiif MOPCHKHX TIAPOTEXHIYHHUX CIIOPY ITOKA3aB, 10 OCHOBHUMH iX IIPH-
YuHaMu OyJH: HEeoO'€eKTMBHA iH(OpMAaLlis MpO iHKEHEPHO-TeONOTiYHi, TipOoJOTivHi,
MPUPOTHO-KIIMATHYHI Ta IHIII MPUPOIHI (PAaKTOPH B paiioHax MailOyTHHOTO OymiBHHUII-
TBa, HA MIJCTaBI IKUX BU3HAYAJIMCS BHUXIJIHI JIaHI /IS MPOCKTYBAHHS; HEJIOCKOHAIICTh
METO/iB po3paxyHKiB MPUPOTHUX HABAaHTAXKEHb Ta CTIMKOCTI CIOPYH Ha IPYHTOBIH
OCHOBI BiJf iX BIUIHUBY; HeraBI/IHLHI/II/I BHOip HaHOITBII HEBUTITHOTO TOETHAHHS €KC-
TPEMabHHX 3HAYCH 30BHIIIHIX Ta TEXHOJOTIYHIX HABAHTa)KCHB; Bu:[cyTchTL HaJIeXK-
HOI SIKOCTI peKOMEHAAILiH, po3poOneHNX Ha MiACTaBl aHaNi3y pe3yNIbTaTiB JOCTIIKEHb,
BUKOHAHUX y MPOIIECi HAyKOBOTO CYIIPOBOTY HAYKOBISIMH 3 BiATIOBITHIX TATy3¢H 3HAHB.

SIckpaBUM MPUKIIAOM TaKOI aBapii, sika cranacs Ha erari OyIiBHHAITBA — e XBIJIC-
JIOM /7151 HOBOTO KOHTEHHEpHOro TepMiHairy B Ozieci, 4acTHHA SIKOTO 3aTOHYJIA B PE3YIlb-

TaTi pO3MHBY IPYHTY.

Puc. 1. Xeunenom ona nogozco konmetinepnoeo mepminany 6 Odeci

Sk mpukiag MO)KHa Iie HaBecTH aBapito mony B HadToBid rasani lllecxapic
y Llemeckkiii OyxTi Yoproro Mopst y 1966 pori. [1pu omiHIi #oro cTidkocTi Ha IpyHTO-
Bilf OCHOBI y po3paxyHKax OyJIM BUKOPUCTaHI 3aBHILCHI 3HAUYCHHS (Pi3UKO-MEXaHIUHUX
XapaKTEePUCTUK IPYHTIB, 10 3aISTAI0Th Ha MiACTaBi CIIOPY/IH.

Ha movatky HHUHINIHBOTO CTOJNITTS NPH MPOEKTYBaHHI MOJNY B MOPTY, HadTomepe-
pobGHoro 3aBoxy B nposiHIii Kyanrarait y B'ernami, B Oyxti Kyanraii, Ha y30epesxoki
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ITiBnenno-Kuraiicbkoro Mopsi, B pe3yiabTaTi HE3aA0BUIBHOI SKOCTI 1HKEHEPHO-TE0II0-
TYHUX BHITYKYBaHb 10 BCiH JOBXKHHI CTBOPY CIIOPY/IH, Oyiia MPHIHATA, HEBIIOBITHA,
KOHCTPYKITiS Y BUIIAAI KaM'ssHOT CTPYKTYpH. Y TIpolieci OyTiBHHIITBA, IPH YTOYHCHHI
1HKEHEPHO-TEOJIOTTYHIX YMOB, BUSIBUIIOCS, 1110 PO3IVISTHYTE Y IPOEKTI €IMHE KOHCTPYK-
TUBHE pillIeHHs OyJI0 NPUHHATHE TIIBKH AJS1 KOPEHEBOI YACTHHU MOJTY, OCKUIBKH MiX
KOPEHEM 1 TOJIOBOIO MOJTY TIiJI IBOMETPOBHM IIIAPOM ITICKY OYIJI0 BUSBICHO 12-MeTpoBHIA
IIap MyJIHCTOTO TpyHTY. Peamizalist mpoeKTy mpu3Bela 10 CyTTEBOTO 301TbIICHHS Bap-
TOCTI CHIOPYZIH, TEPMiHIB OyAIBHHUIITBA Ta, BIIIOBITHO, OKYITHOCTI.

Jo MarepianiB 1oCnipkeHb HaNIEXKaTh AaHi 1o: Tornorpadii T0HHOT TOBEPXHi B Mic-
51X Oy/IiBHUIITBA CIIOPY/; IIBUAKOCTSIM Ta HANpsIMKaM BITPiB y paiioHax MailOyTHHOTO
OyMiBHUIITBA; TUIIAM JILOJJOBUX YTBOPEHB, iX METPUYHUM Ta MIITHIM XapaKTCPHCTHKAM
y CyBOPI 3UMHU PiAKICHOI TOBTOPIOBAHOCTI; celiCMiuHe pallOHyBaHHS; 1H)KEHEPHO-T€0-
JIOT1YHUM YMOBaM; KOJIMBaHb PIBHS BOJH; TEMIIEPATYPHUN PEKHM.

Jlani 3a BiTpoM Ta Tororpadieto qHa B MicIsiX OyIiBHUIITBA CIIOPYI JO3BOJISIOTH, 32
pexomenarisimu bBHill 2.06.04-82* [2], 3 10CTaTHHOKO TOUHICTIO BU3HAYATH PO3PAXYH-
KOBI apaMeTpH BITPOBHUX XBWJIb Bl PI3HUX U1 MaiflOyTHIX criOpya XBUIIeHEOe3MeUHUX
HAIpsIMKIB 3 ypaxyBaHHAM 1XHbOT TpaHchopMmarii Ta pedpakiii. Maroun po3paxyHKOBi
napaMeTpy BITPOBUX XBWIJIb, MOXKHA PO3PaXOBYBaTH 3HAUCHHs XBWJIBOBUX HaBaHTa-
JKCHHSI Pi3HI KOHCTPYKTHBHI BapiaHTH NMPOCKTOBAHHUX CIIOPYJ, BUKOPHCTOBYIOUH TOH
camuii BHilIl [2]. OpgHak y npoekTHil MpakTUIl Oyiy BHUIIAJKH, KOJH B HOPMAaTHBHUX
JIOKYMEHTax BiJICYyTHI pEeKOMEHJallii MION0 PO3paxyHKy XBUJIbOBUX HAaBaHTAKEHb,
HAMpPUKIIAJ, Ha CIIOPYKEHHS cKIagHux ¢opM. Toxi, B mporieci HayKoBOTO CYIPOBOITY
BIAFOTHCS JI0 (DI3MYHOTO MOJEIIOBAHHS HA IIOCKHX a00 MPOCTOPOBUX MOJIEISAX, a00
y TIIPOXBUIILOBHX JOTKAX, 00 y BOTHHX OaceiHax.

AHAJIOTYHUM YMHOM, Ha Mi/ICTaBi 00'€KTMBHUX BUXIJHUX JaHUX 3iHCHIOIOTHCS PO3pa-
XYHKH JIbOJIOBHX BIUIMBIB Ha MpoekToBaHi 00'ekTH. [Ipn mboMy 0coOmiBe 3HAYCHHS MAIOTh
MIITHICHI Ta METpHYHI XapaKTEPUCTHKM PO3PAXYHKOBHX JIKOTIOBHX YTBOPEHb, OTPHMAHHX
y npouec1 TIONTBOBHX TIOLIYKIB y paiioHax MaiiOy THEOTO 6ymBHHuTBa Crin 3a3Ha9UTH, IO
JIbOZIOBI HABAHTA)KEHHSI 3HAYHO MTEPEBHUILYIOTh XBHIJIbOBI. Jl0 HUX BiTHOCATHCS HABAHTAXKEHHS
BiJT pIBHUX KPIYKAHUX TTOMIB, OAMHOYHUX TOPOCIB 1 OB POIICHHS,  TAKOX JIOKAIBHHH JIHO-
JIOBUM THCK, SIKW TIPOSIBIISIETHCST B ITOYATKOBU MOMEHT KOHTAKTY JIbOIOBUX YTBOPEHB, 1110
npetidyrots, i3 criopynamu. [1pr IboMy Ha MaJTHX 3a IDTOIICIO KOHTAKTaX Peai3yroThCs eKe-
TpeMaJibHI 3HAYEHHS JIOKAIBbHUX TUCKIB, SIKI MOXKHA PO3PAXyBaTH BIMOBIIHO 10 PEKOMEH-
Jartiid BimoMurx HopM [3]. 3a JOMOMOTOr0 OOUHCIICHUX MaKCUMAIIBHUX 3HAYCHb JIOKAJTbHHUX
JIBOJZIOBUX THCKIB MOKHA OOTPYHTOBAHO MpH3HauaTn a00 MapKy OeToHY, a00 iHIHX Oy/1iBeb-
HHX MaTepiaiB, 10 BUKOPUCTOBYIOTECS B CIIOPYZIaX B 30HAX 3MIHHOTO piBHs Boau. He MeHI
BQKIIMBUM € TaKOXK OOJIK BIUTMBY Jpeli(hyrounMH JIbOAOBUMHU YTBOPEHHIMH MaTepiajiiB KOH-
CTPYKIIili CIIOPY/ B 30Hi X KOHTaKTy 3 T1IPOTEXHIYHUMH CIIOPYAaMHL.

BuximHi maHi mon0 cefcMivHOCTI palioHy OYIIBHUIITBA JO3BOJISSIOTH CIIPOTHO3Y-
BaTU TOBEAIHKY NPOEKTOBAHUX CIIOPY 3 ypaxXyBaHHSAM iX KOHCTPYKIIiH, TPUETHAHOT
MacH BOAM Ta 1HKEHEPHO-TEOJOr YHUX YMOB OCHOB [5]. ToMy 0coOnuBy 3HaYMMiCTh
MaroTh BUXIHI JaHi, SIKi OTPUMYIOTh y IIPOIeCi IH)KEHEPHO-TEOJIOTIUHIX BUIYKYBaHb
10 CTBOpPAX, IO BiAMOBIAAOTH TNIAHOBOMY ITOJIOKEHHIO MTPOEKTOBaHUX 00'ekTiB. Tou-
HICTh IIUX JIAHUX 3QJIC)KHUTh BIJI: KITBKOCTI Ta TIIHOUHH TIPOOYPEHHUX CBEP/IOBHH; STKOCTI
BiIOOpPY 3pa3KiB IPYHTIB 3a IIMOMHOIO CBEPIIOBUH Ta JAOOPAaTOPHUX JOCIHIKEHb 1X
XapaKTePUCTHK. 3PEIITOI0, Ha TOYHICTh BUXITHUX 1HKEHEPHO-TEOJIOTTYHUX YMOB BILIH-
Bae KBai(ikalis Ta MPaKTHYHHUIA JOCBIJ 1HKEHEPHO-TEXHIYHOTO TIEPCOHANTY, 8 TaKOXK
JIOCKOHAJTICTh PEKOMEH/IAI[Ii HOPMATUBHUX JJOKYMEHTIB [6], BIAMOBIIHO 10 SKHX BHKO-
HYIOTbCS TIepeiueHi poOoTH.

SIx BioMO, BUXIJTHI JaHI MPU3HAYAOTHCS HA ITiJICTaBi aHAII3Y PE3YJIbTATiB KOMITICK-
CHHX IH)KEHEPHHX BHUINYKYBaHB, IO MPOBOMATHCS 32 3aBIaHHIM TOJIOBHOTO iH)KCHEpa
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CHOPYIIH, IO MPOEKTyeThcs. KokeH BHJ JOCHIIKEHb MPOBOAMTHCS BIAMOBIIHO 0
BHAMOT BiJITIOBITHUX HOPMATUBHUX JIOKYMEHTIB, MIOPYIICHHS IKUX MPU3BOIUTH JI0 0€3-
TIepevHO HETOYHUX BUXiJHMX JAHUX. IX BUKOPHCTAHHS HE J03BOIUTH MPUHHATH ONTH-
MaJIbHy KOHCTPYKIIIIO Ti€l UM 1HIIOT CIIOPY/H, 10 MPOEKTY€ETHCA, 3 YCIMa HACIiAKaMH,
1[0 BUIUIMBAIOTH HAJAJII.

Haityacrimmmu moxubkamu, y IUiaHi BUPOOHHIITBA 1HKEHEPHO-TCONIOTIYHUX TOCITi-
JDKEHb, € OypiHHS HEJOCTaTHBOI KITBKOCTI CBEP/TIOBHH TI0 CTBOPAX IMPOESKTOBAHUX CIIO-
pya. SIk HACIIIOK Takoi eKOHOMIT KOIITIB, € IOMWJIKH Y BUXIJTHUX JaHUX 3 TE€OJOTTIHOT
OyZ0BHU I'PYHTIB Ha MiACTaBl MaOyTHIX CHOPYI, @ TAKOK HETOYHOCTI I0AO iX (i3HuKo-
MEXaHIYHUX XapaKTCPUCTHUK.

Puc. 2. Ilpoyec 6ypinns c6epOonosutu nio 4ac iHiCeHepHO-2e0N02IUHUX SUULYKYBAHb
na Yopromy mopi

HenmockonamicTs METOIB pO3paxyHKiB 30BHIIIHIX 3aBaHTAXEHb HA MPOEKTHI CIIO-
PyIOu MPpU3BOIUTE a00 N0 1X 3aBUINEHHS, a00 10 3aHIKeHHs. [lepine BUKITNKae iCTOTHE
301/IbIIEHHS X BApTOCTI, a ApyTe 301IbIIye PU3UK aBapiil Ipu eKCTpeMaIbHUX IPUPO-
HUX BIUTHBAaX. be3 HAyKOBOTO CympOBOIY MPOEKTIB HEMOKIIMBO OTPHUMATH BiATIOBIII HA
HU3KY TUTaHb, SKi BUHUKAIOTh Yy pasi Bi,Z[CYTHOCTi B HOpMax HEOOXIHUX PO3paxyH-
KOBHX cueHapnB ToMmy 1py MPOEKTYBaHHI MOPCHKHX TiJAPOTEXHIYHHX CIOPYJ BHUKO-
PHUCTOBYIOTH Pi3HI BUAN MOJICIIOBAHHS HA (I)ISI/I‘IHI/IX 1 Ha MaTemMaTnuHUX Moaeisix. [Ipn
IIbOMY BPaxOBYIOTBCSI BCI MIPUPOTHO-KIIMATHYHI Ta 1HIII YMOBH paiioHy OyniBHUIITBA,
PO3MipHU CHOPYA, AKi MIPOEKTYIOTHCS a TAKOXK PO3INIAJAIOTHCS B IPOEKTI B SIKOCTI aJIbTep-
HATUBHUX KOHCTPYKTHBHHX BapiaHTiB. Ha mijicTaBi aHami3y pe3ynbTaTiB TaKUX JOCIi-
IDKEHB PO3POOIIIOTHCS PEKOMEH AT TSI KOYKHOTO KOHKPETHOTO TIPOCKTY.

JlocBia MpoeKTyBaHHS MOPCHKHX TiAPOTEXHIUYHMX CIIOPYJ MOKAa3aB, IO Halledek-
TUBHINIMM € PO3po0OKa MPOEKTIiB y TpH cTamii. [IpudomMy KOXKHOT 3 HUX BHPOOJISETHCS
YTOYHEHH:I BCIiX BHUXIJIHUX JaHUX, BIAMOBIIHO, 1 po3paxyHKiB. Ha MamoHKy mpeacTas-
JICHO CXEeMYy, IO BioOpaxkae CTajil MPOCKTyBAHHSI MOPCHKHX TiPOTEXHIUHUX CHOPYA
3 ypaxyBaHHSIM HAyKOBOTO CYIIPOBOJLY, sIKa alpoOOBaHa B MPOSKTHIM MPaKTHIIL.

Matoun HeoOXinHHi HaOip BUXIJHUX JaHUX, IPOEKTYBAJIBHUKH MOXKYTh PO3IOYH-
HATH PO3IISA KUTBKOX KOHCTPYKTHBHHX BapiaHTiB IPOEKTOBAHOTO CIIOPYIH 3 YpaxXyBaH-
HSIM BCIX IPUPOJTHUX YMHHUKIB, BIACTHBHUX pailoHy MailOyTHhOTO OymiBHAIITBA. KokeH
i3 BapiaHTIB MPOEKTOBAHOI CIIOPYM Ha CTAJil TEXHIYHOTO MPOEKTY PO3PAXOBYETHCS HA
30BHIIIHI HABAaHTAKCHHSI, a MOTIM, 3 ypaxyBaHHSM BJACHOI Baru, BU3HAYAETHCS TXHS
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CTIMKiCTh Ha IPYHTOBiH O0CHOBI. TOUHICTH TAaKUX PO3pPaxXyHKiB MOBHICTIO 3aJICKUTH BiJ
JIOCKOHAJIOCTI BIIMOBIIHUX METOJIB PO3PaxXyHKIB, Kl K PEKOMEHAIi BKJIFOYCHI 10
HOPMAaTUBHUX JOKYMEHTIB. Y pa3i BIACYTHOCTI B HOpMax TOTO YM IHIIOIO PO3pPaxyH-
KOBOTO ClieHapito, BiamoBigHo 1o Bumor JIBH B.2.4-3:2010, HeoOxigHO 31ilCHIOBATH
HAyKOBHH CYIIPOBIJI MTPOEKTIB CIIEIialliCTaMH BUIIOT KBai(iKallii, SIKi MPeICTaBISIIOTh
aKaJeMiyHi Ta rajy3eBi IHCTUTYTH, a Takox BH3.

‘ TIPOEKTHPOBAHUE MOPCKUX THAPOTEXHUYECKIX COOPY KEHUI ‘

TEXHIYECKOE 3AIAHIIE HA
TTPOFK TUPORAHWE
T30 cpok | oPmEnTHPOBO cpoK

A OKYTIAEMOCTH
CTOUMOCTH

MPUPOAHO-

KIAMATUHECKHME TEXH. ITPOEKT BLIEOP OCHOBHOTO
yenoena BAPVAHTA COOPYIKEHMA
LN

7 |
P / /l PABOYHIA [IPOEKT HOPMATUBHAR 6AZA ‘
e /
/
pr— /
conPoBOKaEHE
/

/
¥ \ /
MATEMATYHECKOE
MOAE/MPOBAHUE
l /
/
/
PEKOMEHALMK K NPOEKTUPOBAHMIO ’/

PUMECKOE
MOAE/MPOBAHME

Puc. 3. Cxema mpbox cmaditino2o npoexmy8amHs MOPCbKUX 2iOPOMEXHIYHUX CHOPYO

HapniiiHicTp pekoMeHAalil 100 MPOEKTYBaHHS Yy MPOILECi HAYKOBOIO CYIPOBOIY
3aJISKUTDH BiJl HAyKOBO-TEXHIYHOI 0a3M Ta TOYHOCTI BUMIpPIOBAJIBFHOI amapaTrypy Hay-
KOBOTO Mipo3/iTy. BakiuBe 3HaYCHHS Ma€ TaKoXK JOCBiJ 1 KBamiikamis HayKOBO-
TEXHIYHOTO MEePCOHATY.

Ha cragii TexHIYHOTO TPOEKTY IPOBOAUTHCS BHUOIpP OCHOBHOTO BapiaHTa KOH-
CTPYKIIi CHOPYIOH, IO MPOEKTYEThCS, 3 YpaxXyBaHHAIM IH(QPACTPYKTypH paroHy Maii-
OyTHBHOTO OyHIBHHLITBA Ta HASBHOCTI MICHEBHUX OyIiBEIbHUX MarepialliB, SIKi MOXYTb
BUKOPUCTOBYBATHCS TPH peaizallii mpoekry. Bubip onTuManbHOTO BapiaHTa CHOPYIN
3MIHCHIOETBCS, BUXO/SIUM 3 OO BapTOCTI, TEPMiHY OyIiBHUIITBA, OKYITHOCTI Ta HaJii-
HOCTI CIIOPYJM y MPOIIECi PO3PaxyHKOBOTO TEPMiHY eKCILTyaTalii Ha MiICTaBl TEXHIKO-
E€KOHOMIYHOTO TIOpPiBHSAHHS. KpiM 11b0T0 Ha OCTAaTOUHMIA BHOIp BIUTMBAIOTH 1 HU3KA Cy0'€K-
THUBHHX (DAKTOPIB, MOB'SI3aHUX 13 JIOCBIIOM Ta KBaJTi(hiKaIli€r0, MPOCKTYBAIbHHUKIB.

ITicnst 3aBepiIeHHS pOOOYOT0 MPOEKTY BiH MOBUHEH MilaBaTHCA BceOiuHil excrep-
TH31, SIKICTh SIKOT TAKOXK 3aJICKHTh BiJ KBaTi(DiKaIlii Ta MPaKTHYHOTO JTOCBIAY SKCIIEPTIiB
3 pi3HUX HayKOBHUX ramy3eid. [Ticnms ycyHeHHs BCiX 3ayBaskeHb CKCIEPTiB, po0OUi Mpo-
eKTH (po0o4i KPECIIeHHS ) MPOXOSATh 000B'I3KOBY MPOLIEAYPY 3aTBEPHKECHHS.

BucHoBku.

1. HaziifHicTh MOPCHKUX T1IPOTEXHIYHUX CIIOPY/ 3aJISKUTh BiJ HaAIMHOCTI 1X mpo-
eKTiB, KOHTPOJIIO 32 SIKICTIO TIAPOTEXHIUYHUX POOIT 1 OyaiBeNbHMX MaTepiaiiB IpH iX
3BEJICHHI, & TAKOXK JIOTPUMAHHS MIPAaBHJI EKCIUTyarallii B TIPoIeci TEPMIiHY CITYKOH.

2. AHani3 aBapiii MOPCHKUX TiAPOTEXHIYHUX CHOPYI BHUIIOIO KJIacy BiAIOBiaaib-
HOCTI MMOKa3ye, 110 B PO3paxyHKax IXHbOI CTIHKOCTI OyJaM BUKOPHUCTaHI HEOO'€KTHBHI
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BUXifHi qaHi. Hacammepen 1ie crocyeThes (i3nKo-MeXaHIYHUX XapaKTEPUCTHK IPYHTIB
OCHOB.

3. JlocBiJ NpOEKTyBaHHA MOPCHKUX TiAPOTEXHIYHUX CIIOPYA JIOBIB, IO HAHOIIbIL
HAJIHUM € TPHU CTaJiiHE MPOEKTYBaHHS, B SKOMY BHOIp OCHOBHOTO KOHCTPYKTHBHOTO
BapiaHTy BiJOyBa€ThCS Ha MIJICTABI TEXHIKO-CKOHOMIYHOTO TOPIBHSIHHS, PO3IVISHYTHX
Yy TEXHIYHOMY MPOEKTI KOHCTPYKIIiH Ta IX IIaHOBOT'O PO3TAIlyBaHHS.

4. [TopymieHHs 1aHOT CTaIiIHHOCTI 3 METOI0 €KOHOMIT KOIITIB Ta Yacy Ha MPOCKTH, K
MOKa3ye MPaKTUYHUH JTOCBiM, HEMUHYYE TIPU3BOAUTH 0 aBapiil COpyA IIe 10 3aBep-
IICHHS X Oy/[IBHUIITBA.

5. BignoBigHO 10 pekOMEHAaNii HOPM, MPOEKTYBAHHS BCIX THIIIB TiAPOTCXHIYHHUX
CTIOpY/, Y TOMY YHCIi i MOPCHKHX, TOBUHHO 3/1iHCHIOBATHCS 32 HAJIEKHOTO HAYKOBOTO
cyrnpoBoay (haxiBIsIMH BULIOT KBadi(iKkarii.

6. Buxozstan 31 cBITOBOTO JJOCBIY IIPOCKTYBAaHH Ta Oy/IiBHUIITBA MOPCHKIX HA(TO-
ra30MpOMHUCIIOBHAX TIAPOTEXHIYHUX CIIOPYH, BAPTICTh IPOSKTHHX POOIT CTaHOBUTH
npubnuzno 10+12% Bix ixHpoi BaprocTi. [Ipu 1boMy Ha HAYKOBHIA CympOBiJl IPOEKTIB
BUTPAYaroTh Mpuoam3Ho 2—3% Bif 3araiabpHOI BapToCTi. CIijt 3a3HAYNTH, IO 3arajbHa
BapTICTh TAKUX CIIOPY/, 3aJICKHO BiJI ITTHOMHU BOJH B MiCIIi BCTAHOBJICHHSI, MOYKE KOJIH-
BaTHUCS BiJ] OHOTO JI0 KUTbKOX MUTbsipAiB Aonapis CIIA.

7. VIOCKOHAJICHHS METOJIIB PO3PaxXyHKIB, SIKI SIK pEeKOMEHaIlii BKIFOUYAIOTHCS 0
HOPMATHBHUX JTOKYMEHTIB, HEMOXIIUBE Oe3 IiJeCpsIMOBAaHOI Aep:KaBHOI (iHAHCOBOT
MiATPUMKH.
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MATEMATWUYHI MOAENI OEAKUX 3AOAY CYOHOTIJIABCTBA
TATIAPOTEXHIYHOIO bYAIBHULITBA

Cokonoscbka I. B. — cmapuwiuli sukriadady kagheOpu Mamemamuku, i3uKu ma acmpoHOMIl
OdecbKko20 HaujoHarIbHO20 MOPCLKO20 yHigepcumemy
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IIpoyecu, wo 6iddysaromvcs y c8imosiil eKOHOMIYI, 30KpemMa NOOOPONHCUAHHS eHePEOHOCIT8,
akmyanizayis npoonem exonoeii, akmugizyroms NOULYK HAUeGHeKMUSHIUUX CROCO0i8 d0CMABKU
sanmagicig. Y ybomy cenci MOpcoKuti mpancnopm mac 6azamo nepeeae i € dyoce nepcneKkmus-
HUM. YV cyOHONIa6HIll 2ay3i akmyaibHOKW € 3a0a4a ONMUMI3ayii Mapupymis, wod Minimizyeamu
MPAHCNOPMHI BUMPAMU MA 3MEHWUMU Yac Ha 00CmaeKy eanmaoicie. He menw eadcnusumu
¥V 36 A3KY 3 YUM € npodaemMu Ynpagaint 600HUMU Pecypcamul, OYOIGHUYmMEa Nopmie ma npoxkia-
OaHHS BOOHUX ULTAXIB, OYOIBHUYMBA OEPe20BUX, NOPMOBUX MA MOPCLKUX CIOPOMEXHIYHUX CNOPYO.
OCHOBHUMU 3A80AHHAMU 2IOPOMEXHIYHO20 OYOI6HUYMEBA € NIOBUWLCHHS MIYHOCTI KOHCMPYKYIlL
ma onmumizayis gumpam Ha ix cnopyoscenns. Mamemamuuni memoou ma mooeni idieparoms
NPOGIOHY poJib Y IHJCeHePHUX docriodcennsx. [lobyoosa mamemamuunoi mooeni nepeddauae
BUOLNIEHHS OCHOBHUX YUHHUKIE Q0CTIONCY8aH020 npoyecy (8ubip 1io2o napamempie ma xapax-
MEPUCMUK), 8UsHauenHs 36 A3Ky mioic numu. CmeopenHs Mamemamuynoi MoOeni 3a6eputycmocs
MuM, WO BKA3AHI 36 S3KU 3aNUCYIOMbCA 8 aHanimuuniu gopmi. Ompumana yinbosa yHKYis
PA3oM 3 000AMKOBUMU YMOBAMU (DIBHAHHAMU MA HEPIBHOCIAMU) OOCTIONCYEMbCI MEemodamu
MamemMamuyHo2o amanizy, 30Kkpema meopii ougepenyianonux pisHuans. Baowcnueum emanom
PO36 S13Y8AHH 3A0aUl € AHALI3 OMPUMAHUX Pe3YTIbIMAmis.

B pobomi posensioaromscs desiki 3a0aui 2iopomexHiuHo2o 6YOieHUYMBA: NUMAHHS NPO MUCK
600U Ha 2pebito abo Wilo3 Ma 3a0a4d npo PO3MAULY8AHHSL IPYHMOBUX 600 Y OPEHANCHIT CUCMEMI.
Posenanymo makooic 3a0a4i, wjo cmocyomovcs pyxy ma Mamespy8ants cyoeH, 30Kkpema numanms
HOULYKY NIOBOOHO20 YOBHA 3a OONOMO20I0 MOPCLKO20 OPOHA, 3A0ayd NPo pyx 080X KOpaoie 8io-
HOCHO 00UH 00H020. 3a0aua npo XUmasuylo CyOHa € 0OHUM 3 NUMAaHb meopii kopaoaa. [{nsa kodc-
HOI 3 Yux 3a0au CMeopeHo i 00CHIONCEHO 8IONOGIOHY Mamemamuyry modens. Pozenad exasanux
3a0ay y Kypci 6UWOI MamemMamury CHpUsE Kpauwomy pO3yMIiHHIO 36 13Ky MAmMeMamuyHoi meopii
3 NPAKMUKOI MA 1T 3HAUEHHsL Y OOCIIONCEHHI QI3UUHUX Npoyecié ma iHJCeHepii.

Knrouosi cnosa: pynxyis, ougepenyiaroha mooens, onmuMarbHul Mapupym, 2iopomex-
HIYHA cnopyoa.

Sokolovska H. V. Mathematical models of some problems of shipping and hydraulic
engineering construction

The processes taking place in the global economy, including rising energy prices and
environmental issues, are intensifying the search for the most efficient ways to deliver goods.
In this sense, maritime transport has many advantages and is very promising. In the shipping
industry, the task of optimizing routes to minimize transportation costs and reduce the time for
cargo delivery is a pressing one. Equally important in this regard are the problems of water
resources management, port construction and waterways, construction of coastal, port and
marine hydraulic structures. The main tasks of hydraulic engineering construction are to
increase the strength of structures and optimize the cost of their construction. Mathematical
methods and models play a leading role in engineering research. Building a mathematical model
involves identifying the main factors of the process under study (selecting its parameters and
characteristics) and determining the relationship between them. The creation of a mathematical
model is completed by writing these relationships in an analytical form. The resulting objective
function, together with additional conditions (equations and inequalities), is investigated by
methods of mathematical analysis, in particular the theory of differential equations. An important
stage in solving the problem is the analysis of the resullts.

The paper considers some problems of hydraulic engineering construction: the problem of
water pressure on a dam or a sluice and the problem of the location of groundwater in the drainage
system. The paper also considers problems related to the movement and maneuvering of ships,
in particular, the problem of searching for a submarine using a marine drone, the problem of the
movement of two ships relative to each other. The ship pitching problem is one of the questions
of ship theory. For each of these problems, a corresponding mathematical model was created
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and studied. The consideration of these problems in a higher mathematics course contributes
to a better understanding of the connection between mathematical theory and practice and its
importance in the study of physical processes and engineering.

Key words: function, differential model, optimal route, hydraulic structure.

IMocTanoBka mpodjemu. MopchKi TeXHOJIOTIT Ta BOJHA 1HXKEHEpis 3 JaBHIX
JlaBeH HEePO3PHUBHO IOB’s3aH1 3 MaTeMaTukor. MatemaruuHi meroau [1] € Heza-
MIHHMM iHCTPYMEHTOM Y 1H)KEHEPHUX PO3paxyHKaX. MaTeMaTH4YHE MOJCIIOBAHHS
3aCTOCOBYETHCS IS PO3B’sI3yBaHHS 0ararbox 3ajlad MEXaHIKH PiJMH Ta Ta3iB [2].
VY TeXHIYHOMY YHIBEPCHUTETI MaTeMaTH4Ha OCBiTa € He Julle 0a30BUM €JIeMEHTOM
npodeciiiHoi OCBiTH, BOHA CIPHUSiE€ PO3BUTKY MUCICHHS, OTPUMAHHIO HEOOX1THHUX
HAaBUYOK Ta KOMIETEHTHOCTEH. JOCIITHUKN METOAUKH BUKJIAJAaHHS MaTeMaTHKH
[3] migkpecnooTh HEOOX1IHICTh HaJJaHHS MAaTeMaTHUYHIM OCBITI y TEXHIYHOMY yHiBep-
cureTi 61101 podeciitHoT CPsSMOBAHOCTI 32 YMOB 30€pEKCHHS IOCTaTHROTO HAYKO-
BOTO PiBHS BUKJIAIAaHHS. Y 3B’5I3KY 3 IIIM BHHHUKAE [TOTpeda y CTBOPEHHI MaTeMAaTHIHUX
MoJieNiell TaKuX MPUKJIaIHUX 337134, 1[0 He BUMAraroTh BiJl CTyJeHTa cepilo3Hol (haxoBoi
HiATOTOBKY 1 MOXKYTh OYTH BKIIIOUCHI B KypC BHIIIOI MATEMaTHKH.

AHaJii3 ocTaHHIX AocaigkeHb i myOJaikamiid. JlocnmiJUKeHHS TUCKPETHUX Ta
HeMepepBHUX MaTeMaTHMYHHUX MoJeliel, mpoBeaeHe B MoHorpadii [4], xapakrepu-
3y€THCSI IIMPOTOI0 OXOIICHHS TE€M, PO3MAITTAM NPHKIAAIB MOYMHAIOYH BiJl IpoOIeM
€KOHOMIKH Ta MOJEJICH OOMOBUX il 0 MUTaHb MEIUIMHHU Ta mcuxojorii. Podora [5]
MIPUCBAYEHA MOJAETSAM ONTHUMI3aLii T1APOINHAMIYHOTO MPOEKTYBaHHA (OPMH KOPILYCY
cynHa. Y ctarTi [6] po3DISIHYTO 3aCTOCYBaHHSI MATEMAaTUYHUX METOIB B 33a4ax apXi-
TEKTypH Ta OyIiBHUIITBA.

Mera i 3aaa4i gocaizzkeHHs. MeTo0 TOCTiKEHHS € MaTeMaTHYHEe MOJICTIOBaHHS
3a7ad, TiAPOTEXHIYHOTO OyAiBHUIITBA Ta CYAHOIIABCTBA U BUKOPHCTAHHS iX B Kypci
BUIIIOT MATEMATHKH.

Buxknajx ocHoBHOro Marepiajy. HaifGinbIne MOXIMBOCTEH y CKIIQAaHHI MPHUKIIAI-
HUX 3a/1a4 a00 TIEpEOCMHUCIICHHI BXKe BIIOMUX Hajae nudepeHIliaibHe Ta IHTerpaibHe
YHCJICHHS, Teopis udepeHIianbHUX piBHAHG [7]. Po3missHeMo HU3KY 3amad4, Mo Hajua-
I0Th IIPAKTHYHOTO 3MICTYy JESIKMM MUTAaHHAM AU(EPEHILIaNbHOTO YHCICHHS.

3amaua 1. J[Ba cyaHa pyXarOThCs Y3IO0BK IPSIMHUX, KyT MK SKAMH jgopiBHIoe 60°.
Oj1He 3HaXOMUTHCS Ha BiZICTaH1 12 KM BiJ] TOYKH IIEPETHHY NPSIMUX 1 pyXaeThes J10 Hel 31
mBuaKicTio 40 KM/Tof, Apyre — Ha BigcTaHi 11 KM 1 BiIIans€ThCs Bifl TOUKH MEPETHHY 31
mBHUIKicTIO 10 KM/Toa. 3 KOO MIBUAKICTIO Y Iei MOMEHT KOpadili HaOmmkaroThes abo
BITAJIAFOTHCS OOMH BiJ OMHOI0?

[osnauumo yepes | Touky nepetuny npsimux. Hexaii 0 Ta Z — BigcTaHi nepmoro ta
JpyTroro KopabiiB BiAMOBIAHO Bif i€l ToUkH (pHc. 1).

Bincranp Mix cyqHaMH £ MOYKHA 3HAWTH 32 TEOPEMOIO KOCHHYCIB:

22 =x7+ % = 2xpcos60%s OTHKE 7= [x + y? —xy-

Tomi MIBUAKICTE, 3 IKOIO 3MIHIOETHCS Ii BiJACTaHb
BiJI CKJIAJICHOT (PyHKITIT:

dz_@zdx+8zdy_ 2x—y dx+ 2y—x dy
dt oxdt dydt 2\/xz 42—y dt 2\/x2 —
JUist BKa3aHOTO MOMEHTY 4acy ¢, MaeMo: 5(t0) =12, y(to) =11, mBHaKOCTI KOpaOIIiB:

, & 0OUHCITIOETHCS SIK TIOXiHA
d

@ =40, Q =10 — craji. Otxe,

dt dt
den 2L 202 20
di” o122 112 -12-11 W22 411 12-11 V133
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Taxkum ‘{I/IHOM y BKa3aHUH MOMEHT t, (I)YHKI_IIFI z( ) criagae (Kopa6ni 36J'II/I)Ky}OTLCSI)

31 MIBUJIKICTIO ﬁ KM/TO/I. 3ayBa>KI/IMO IIIO € MOMCHT 4Yacy, KOJI1 1<0pa6n1 He HaOnmxa-
I0ThCS 1 HE BI,Z[IIaJI}IIOTI)CH O/TUH BII[ OJIHOTIO, Yy el MOMEHT Ma€eMO: %:0. ]_I}I plBHlCTL
—(2x-)40+(2y-x)10 _

24x% + 7~y

BUKOHaAHA IIpU -0 TOOTO -36+26=0, SJKI10 Terep MOYaTKOBUM MOMEHTOM

pyXy KopabiliB BBaXXaTH f,, TO 3aKOH PyXy IIEPIIOTO Cy/IHA Ma€ BHIVISAL: 6=12-40¢, Ipy-
roro: 6=11+10r, Orxke t=1240x_ 1’0”, 10 O3HAYaE: 6+46=>56. TOMy 3aJIMIIACTLCS PO3B’s-

. . |-30+26=0, 0 e~ s1_ 0] : 6
3aTu CUCTEMY PI1BHAHb!: x4y =56, ACPAKUMO: 6=8, 6=12. UTKE, MICIIsI 6 XBUIIMH PYXY,

KOJIH Hepmpm KOpabeITb 3HAXOMUTUMEThCS Ha BiICTaHi 8 KM Bij Toukw 1 , a Apyruii — Ha
BijicTaHi 12 kM, KopaOili He HAOIMKAKOTBCS U He BiaaanstoThes. [1icist Iboro MOMEHTY
Kopalii TOYMHAIOTh BiJANSATHCA OAMH Bix oxHoro. lle BUMJMBae 3 BIACTUBOCTEH
(GYHKINT TBOX 3MIHHUX z=4/x>+y*—xy 400 OIHIET 3MIHHOT ¢: z=+2100¢*-420¢+133, SIKy MU
OJICPXKYEMO, MMIJICTABUBIIN §=12-40¢ Ta 6=11+10:, B Hei € yuIie ojHa KPUTHYHA TOYKA,
ajoKe 11 moxijgHa 9z _ 2100210 Ma€ TiTbKU OIUH HYIb ;:% rox (6 xB) i mpu t>%
€ JIOIaTHOIO. dt - \2100£> — 420t +133

OcobnuBe Miclie y MPUKIAIHUX 3ajadax IMOCIIaloTh TaK 3BaHi JudepeHIiaTbHi
MoJIelli TOOTO MaTeMaTH4HI MOJIei, 1110 3BOASTHCA 710 AOCHIIKEHHS qudepeHIiaTbHIX
PiBHSHB.

3anmaua 2. Hexall y jeskuii MOMEHT 4acy IiJIBOJHHHA YOBEH MMOMIUCHO Ha BiJCTaHi
TPbOX MMJIb BiJl MOPCHKOTO ApoHa. YoBEH ofpa3y 3aHYpHBCS 1 MILIOB y HEBIAOMOMY
HanpsMKy. [ToTpiOHO BU3HAYUTH TaKy TPAEKTOPIIO PYXY JPOHA, 00 y MeBHUH Yac BiH
00O0B’SI3KOBO ONMMHHUBCS HAJ YOBHOM. Bimomo, 110 MBUAKICTH APOHA YIBIYi OibIa 3a
MIBHIKICTH YOBHA 7.

BBenemo nossipHi KOOpAWHATH r T4 ¢ TaKUM YMHOM, 100 moroc T 30iraBcs 3 To4-
KO¥0, Jie OyJI0 MOMIYeHO YOBHA, MOJIIPHA BiCh MPOXOIUTH Yepe3 TOUKY, JIe Y [Ied MOMEHT
3HaxoauBCs ApoH. Crepiry IpoH Mae 3aliHATH TaKy MO3HIIi0, 100 BiH Ta YOBEH 3Ha-
XOIMJIMCS Ha OJHIM BiJICTaHi BiJl IMOJItOCA, a TIOTIM HOMY TOTPIOHO pyXaTHCs HaBKOJIO
MOJTFOCA Y3JIOBK TaKOi TPAEKTOPIi, 00 PIBHOBIIAJICHICTS HOTO Ta YOBHA BiJI MOJIFOCA
30epiranack. Y 1bOMY BHUMAJKy IPOH 00OB’A3KOBO Mpoiae Haj yoBHOM. OTxe, CIo-
9arKy HOTpi6H0 fTH IPAMEM KypCOM JI0 TOUKH |, HOKH JIPOH He ONMUHHUTHLCS Ha Tiﬁ xKe
BijCTaHl x Bif TOIOCa, 1O it woBeH. L[jo BiJICTAHb MOXHA 3HAWTH 3 PiBHAHHA * =%
a0o0 3 piBHSIHHS 773 . OTxe, 1 BiICTaHb JOPIBHIOE a0 OnHIM 200 TPHOM MHTSIM.
Tenep, sKII0 «3yCTp1q» HE Blz[6ynac;1 JIPOH Ma€e o6epTaTHc;1 (y Oynb-siKOMY HaIpsimi)
HAaBKOJIO MOJIIOCA 7, BIIIAJISIOYUCEH Bl HHOTO 31 IIBUAKICTIO ITIIBOAHOTO YOBHA .

Po3knanemMo BeKTOp MIBUAKOCTI IpOHA 2v Ha JIB1 CKIIAJOBI: pajiajbHy v, (Hampsm-
JIeHy BiJl TI0JII0Ca JI0 IPOHA) Ta TaHIeHIlialbHY 7y (1onepeyny) (puc. 2).
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dr
Pazuam)Ha CKJIagoBa — 1I€ HIBI/II[KICTI) 3 KOO Z[pOH Bl[[Z[aHHGTLCSI BlI[ moJIroca =g

TOOTO v,-=5 TaHTeHIiabHA MIBHIKICTD — II¢ JiHIHHA IBUAKICTE 0OCpTaHHS z[pOHa

HaBKOJIO nomoca 110, SIK BIZIOMO, € JOOYTKOM KyTOBOi IIBHKOCTI Ta MOJSIPHOTO pai-

yca: vo_rZ Ockinpky v, =v, TO 32 TEOPEMOI0 [Tiharopa Maemo: v = ,f(2v)* =v2 =3v.
OTpumMaHy cucTEMY zmq)epeHmaanHx plBHHHI)

ar var— fv

dr
dr do
3BOAUMO 10 O,Z[HOFO plBH?[HHf[ 3 Bl,Z[OerMJ'IeHI/IMI/I 3MIHHUMH *773 HOIIIXOM BUKIIIO-

uenHs 3MinHOI [ . oro 3araibHuii po3B’ 130K Mae BUIVIS r= ce/f ne N— JIoBiIbHA cTaNa.
Temnep, BpaxoByO4H, 1110 IPOH MOYMHAE 00EPTATHCS HABKOJIO MOJII0CA 3 TOYKH ¢ =0, 7 =1
a00 ¢=7,r=3, MAaEMO JIBa BUJIM MIOYATKOBUX YMOB, IO JIAl0Th BIJIMOBITHO TaKi 3HAYCHHS
cTanoi: (=1 Ta N-= 3977 5. Omxke, JUIT BUKOHAHHS OOHOBOI 3aj1a4i MaeMo oOpatu OfHYy
3 JIBOX CTpaTeriii:

1) CrIoYaTKy nponm OpSMUM KypcoM 10 Miclisl, e OyJ0 IOMIiYeHO ITiBOTHOTO
4OBHA, 2 MUJI a IIOTIM PyXaTHCS Y3/10BXK CHipai . /f MIOKH MOPCHKUH IPOH HE OIH-
HUTBHCS HaJ ITiIBOJHUM YOBHOM;

2) IpOITH IPSIMUAM KypcoM 6 MHJTb a MTOTIM PyXaTHCS Y3IIOBXK CITipai r=3e

3anaua 3. Kopabenb 3ynuHUBCS y TUX1H BOJIi, HAKPEHUBIIUCH HA KYT (Y , TICJI 4OTO
M0YaB PiBHOMIPHO MOXHUTYBATUCH 110 iHepii. [Ipu 1ipoMy BiOMO, IO HIBUAKICTH 3MIHA
KyTa BIJIXWUJICHHSI KOPalIisi ¢ Bijl CTaHy PIBHOBArd 3MIiHIOETHCS 32 3aKOHOM v=-2¢ - ¢’ .
Busnauntu ¢(t). do

3 MeXaHI4HOro 3MicTy MOXigHOi BummMBae, mo V=, . Tomi mykana QyHk-
nis ¢(r) 3amoBONBHAE AM(epeHLiaabHe PIBHIHHS a0 _ 2¢p-¢*, O € PIBHAHHAIM

(¢-7)

V3

3 BIJIOKpEMJIIOBAHMMHU 3MIHHMMH. 3HAHIEMO HOTo 3aralibHUN PO3B’SI30K: zi(p:fdt
& [—L—=—fde -2 ‘——HC abo 2 __Re ot
- - —fe
(+1) -1 2 2 o+2

(N— noBinbHa crama). BpaxoByrouu I0YaTKOBY YMOBY @=a Tpd (=0, Maemo:
. +2:Ne°. Po3B’sa30k 3amaui Kommi: " Z:ﬁe’z'. Bupazusim ¢ 3 OCTaHHBOTO piB-
HAHH, OJEPXKHUMO ABHY 3AIEKHICTL KyTa HAXHIY Bifl 9aCy: = - Sk 6aunmo,
@ —> 0 SIKIIO ! —+%, OT)KS XUTABUIIS 3 YACOM BII[YXAE.

VY apxiTekTypi Ta OyIIBHUITBI TaKOXX IIUPOKO BHKOPUCTOBYIOTHCS MaTeMaTHYHI
metonu. JIociikeHHs TPYHTOBHX BOJI, 1[0 BIUIMBAIOTH HA (DYHIAMEHTHI KOHCTPYKIII,
€ OJIHI€I0 3 HAHBAKIINBIIINX 3a/1a4 T1IPOTEXHIYHOTO OymiBHUITBA. J{JIst 3HIKCHHS PiBHS
IPYHTOBUX BOJ OyIyHOTh JPEHaXKHI KOJOAs3l. MareMaTuyHy OCHOBY JUISl IIMX JOCITi-
JOKCHb CTAHOBUTH BEKTOPHUU aHai3, Teopis momst. OqHaK, JesKi HECKIa H] MUTaHHS
MOKHA 3aIIPOTIOHYBATH CTYJCHTAM, SIKi HE 3HAHOMI MOKH IO 3 TEOPI€IO MOIS.

3anava 4. Bu3HAUMTH PIBHSHHS KPUBOI, B3Z0BXK SKOI MPOXOAUTH PiBEHb I'PYHTO-
BUX BOJ| MOOJNM3Y KPYIVIOrO KOJOAS3S 3 HENPOHUKHUM ILIAPOM IPYyHTY Ha JHi (puc. 3).
Binomo, mo mBHIKICTH — Tedil BOAM y ToUli P (QUIBTPYIOUOro Iapy MpomopiiiiHa
HaXWly IIyKaHOI KPUBOI y TOYLI B, PO3TAIIOBAHOI Ha OJHIN Beprukani 3 P. Jliamerp
KOJIOJI35 IOPIBHIOE 2, BUCOTA BOAU Y HBOMY — h .

Ha pucynky 3: AB — moBepxHs 3eMli, CD — PIBCHb BOAOHEIPOHUKHOTO IIapy,
EF —piBeHb BOJIU B KOJIOAs131, FN Ta FN —KpHWBi piBHS IPYHTOBHX BOJI 32 HASIBHOCTI KOJIO-
11351, [loBepXHs piBHSI IPYHTOBHUX BOJ] € IOBEPXHEIO 00epTaHHs KpUBOi FN (200 ME)
naskono oci / 6. Illykarumemo pisHsHHs ¥ =Y(X) kpuBoi FN. KyTom Haxuiy kpu-
BOT JIO 0C1 a0CIHC HA3MBAIOTh KyT HAXWITY 11 JOTHYHOI JIO TIOJJATHOTO HAMpsAMY oci T &
(TaHreHc UBOrO KyTa AOPIBHIOE Zl).

X
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3a yMOBOIO V= k;l ¥ — xoedinient nponopuitinocti. Posmianemo nutinap, yreope-
Huii 00EPTAHHAM MPSAMOKYTHHKA OKRF; HABKOIO OCi I 6. Yepes iioro 6iuny mOBEpXHIO
npoTiKae Taka KiTbKiCTb BOH: =S,y (BOHa Ha3MBAETHCA BUTPATOIO TOTOKY). 3Haii-
Z1eMo GitHy MOBEPXHIO LHITIHApA: S5, = 2703y . Maemo andpepeHLiabHe piBHAHHA 3 Bizio-
KPEMITIOBAHUMH 3MIHHUMHU BiIHOCHO y(x):

2700 Q=Q'
X

Po3B’skeMo Horo: 27T5€5/€Q—Q < ddy = gk & <:>_|‘ ody =2 J.* 3aranbHui iHTe-
Ipal PIBHSAHHSA: ¥ =2nx+C.C— JIOBiIbHE AilicHE qlcIIO. 3BepH1M0 yBary Ha Te, 10 IpH
G=r Maemo: y=h. CKOPHCTAIIMOCS LHM SIK MOYATKOBOK YMOBOK: f —— Inr+ (s
3Bigku C=#* - L. OTKe, IIyKaHe PIBHAHHS KPUBOI FN Ma€ BHIVISL

7 X
& =gln6—glnr+h2 abo y? =—_In=+ 4%
7k rk zk r

e oqHa BaykKJIMBE MUTAHHS T1APOTEXHIYHOTO OY/IiBHUAIITBA MOXKE OyTH 3aIpOIIOHO-
BaHEe B KypCi BUIIOi MATEMaTHKU — 1€ 33/1a4a TOCIIKEHHsI THCKY BOIHU Ha rpediIro.

3anmaga 5. ['pebinst Mae hopMy IPSIMOKYTHHKA, OJJHA 31 CTOPIH SKOTO ¢ = 30 M JISKHUTh
Ha MOBEPXHi BOAHM, JOBKHWHA BEPTHUKAIBbHOI CTOPOHU b =5M. Ha skiif muOuHi moTpiOHO
PO3IUTATH el MPSIMOKYTHUK TOPU30HTAIILHOIO TIPSMOKO Ha JIBi YaCTHHU TakK, 00 CHIIa
TUCKY BOJIM Ha HUX Oyyia OJIHAKOBA.

BBememo cucremMy KOOpAMHAT Tak, 100 Bick 18 MpoXomwia y3MOBXK BIIBHOT
MOBEPXHI BOAU, a BiCh /¢ Oyna HampsiMJICHA MEPHEHIUKYISPHO 10 Hei yrmuld BOIU.
3rigHo 3 3axoHOM Ilackams, cuma THCKY BOJM Ha BY3CHBKY CMYXKKY IIHPHHH dy, PO3-
TalIOBaHy HA DIHOWHI x, MPOMOpIliiHa [106yT1<y X Ta IUIONI I[€l CMYXKHU 30dx:
dF =30pgxdx (p TYCTHHA BOIH, & — IPUCKOPEHHS BITLHOTO mafinus). Cuya THCKY BOJH
Ha BEPXHIO BIIHOCHO FOPH30HTAILHOI IPAMOT IdF 4acTHHY rpediti BUPaKAEThCsl BU3HA-
YCHUM IHTETPATIOM [ dF | 3 HA HUKHIO — iHTETpasoM J ar- OTKe x TIOTPIOHO BMOPATH TaK,
100 BUKOHYBAJIACh PiBHICTE: 5

Xo 5 5%
30ng. xdx =30pgj xdx abo %
0 X, 0

X0

3 SKOT 3HAMIEMO: Xg: Xo = 25— Xg <> 2xg =25 < xp = ﬂ

L . 5\2
OTxe, IIyKaHy JIIHIIO CJIiJ] MPOBECTH Ha ITHUOUHI —— M.
VYekimaJHIMO 3a/1ady TaKUM YHHOM: Ha SIKUX TIHOMHAX MOTPIOHO pO3MITUTH TPeOITo
Ha 51 CMY)KOK TakK, 00 CHJIa TUCKY BOJAU Ha YCi CMYXKKH OyJa OJHaKOBa?
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Hexait X, k=1,2,..,n, — mykani riu6uun (x, nopisuroe BucOTi rpebmi b),
D myKaHi TUCKH (P, =Py == Py Pyt Pyt P, =D ne P — cuia TUCKY BOJU Ha

rpefiio). 3ayBaXUMO, WO p, + p, +...+ p, ko , TOMY Ma€eMo:
n

x X X b X, b
kp k H
dex+ _[xdx+...+ I xdx:—p:f‘.‘xdx abo dex =£J‘xdx .
0 n o n n
X, Xi_y 0 0 0
: b
2k 2=k Ly
Tom 2 X T2 - OcCTaro4yHo OfCpPKHUMO: X — . Takum 49uHOM, JIHIT TOAITY
1 k
MatoTh OyTH MPOBE/ICHI HA TAKUX IHOMHAX | _ \/% b k=12,.m.

BucHoBku. Po3BuTok YKpaiHU sSIK MOPCHKOI JiepKaBU Tependadae BIOCKOHA-
JICHHS TEXHOJIOT1H Ta MiIBUIIIEHHS AKOCT1 MATOTOBKY (PaxXiBIliB y MOPCHKIii Tamy3i.
3MiCT MaTeMaTUYHO{ OCBITH B TEXHIUHOMY YHIBEPCHUTETI 3a3HA€ CYTTEBUX 3MiH,
OB’ s13aHUX 3 HOBUMH OCBITHIMHM CTaHJapTaMH, [0 BUMAararoTh Bij Hei O1IbIIOT
npodeciiHOi CIpPsSIMOBaHOCTI. PosrisiHyTi 3aa4i NPUKIagHOTO XapakTepy A0mo-
MararoTh C(i)OpMyBaTI/I y CTYACHTIB OadeHHs TOTO, K BOHU MOXYTb 3aCTOCYBATH
MaTeMaTHYHI 3HaHHS Y CBOif MaiOyTHIH npocbecmmn TiSITBHOCTI.
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The improvement of building structures, development of alternative methods of prestressing,
expansion of the boundaries of technological approaches create opportunities for the rational use
of construction materials, contribute to increasing efficiency in construction. Such methods are
based on physical laws, provisions of theoretical and building mechanics, resistance of materials
and take into account the properties of building materials and the practice and experience of
manufacturing and operating building structures.

Prestressed concrete structures are usually manufactured according to post-or pretensioning
technology. There are a great number of proposals as to the application of these technologies.
The majority of them are well studied, and some of the best ones find their practical use. Almost
all these suggestions can be united according to the principle of the steel prestressing transfer,
namely onto the strong hardened concrete. The possibilities of manufacturing more effective
prestressed reinforced concrete structures in the limited frames of the single principle are in
many respects exhausted. Many specialists think it is the reason for slowing down progress in
this direction. We need here qualitative transition to new concepts in the sphere of prestressed
concrete to have precedents for rapid flourishing of ideas and developments.

The author has proposed and put into practice the principle of prestressing transfer onto the
freshly placed concrete mix of structures. In this case prestressing is transferred already at the
stage of cement concrete mix.

The new production technology has led us to the possibility of increasing concrete strength
in prestressed structures up to 50-70 per cent. It is achieved due to the compressing of unset
concrete mix during the operation of steel tensioning. A wide range of research and practical
studies has shown that the given technology provides necessary steel pretensioning and uniform
or predetermined concrete mix compaction as well as further hardening of concrete in a structure.

Taking the experimental research data as a basis, we can state that the self-organization of
concrete structure at the stage of mix prestressing, effective bond between concrete and steel,
preservation of the force of prestressing — all this becomes a guarantee for high strength and
quality of the concrete elements proposed. Industrial application of prefabricated bridge elements
with prestressing onto the concrete mix has proved the expediency of the method developed.

Key words: prestressed concrete, beam, column, compressed mix, pretension, during-
tensioning, posttension, formwork.

Yexanosuu M. I. Ilonepeone nanpysycenns 3anizo6emonnux KOHCMPYKYIll 3a Memooom
Ha Gemouny cymiut

Yoockonanenns 6yoieenvHux KOHCmMpYKYill, po3poodKa ANbMePHAMUSHUX Memodie none-
PEOHbO2O HANPYIHCEHHS, POSUUPEHHS SPAHUYL MEXHONOIUHUX NIOX00I68 CINEOPIOIONb MOJCIUBOCTE
0715 PAYIOHALHO20 BUKOPUCHIAHHSL O)OIBEIbHUX MAMEPIANie, CNpUsoms NiOSUUEHHIO eeKmue-
Hocmi 8 Oyoienuymei. Taxi memoou 6a3yiomuscst Ha QI3ULHUX 3AKOHAX, NOLONACEHHSIX MeOPEeMUUHOT
1 6y0isenbHOT MEXAHIKU, ONOPY MAMEPIANi6 Md 8PAXO8YIOMb G1ACMUBOCI OYOi6elbHUX Mamepiaie
i npaxmuxy 1 00c6i0 8ULOMOGIEHHA Ma eKCnyamayii 0y0ieelbHUX KOHCMPYKYILL.

Honepedﬁbo Hanpysiceri 3a1i300emoHHI KOHCMPYKYIT 6U2OMOBIAIOMb, K NPABUNO0, 3d MeX-
HONOZIEI0 NONEPEOHbLO20 HAMS2Y ApMamypu Ha ynopu abo na sameepoinuti 6emon. Icnye éenuxa
KinbKicmb nponosuyiti wooo peanizayii yux mexwonociu. Binvwicmo i3 nux oobpe eusueni,
a 0esiKi 3 Kpaujux 3HaxXo00my C80€ NPpaKmuyHe 3acmocyeanns. Maudice 6ci yi npono3uyii ModcHa
00'€0namu 3a npUHYUNOM nepeodadi nonepeoHbO20 HANPYICEHHS CIMAll came HA 3ameepoiiull
MiyHuti bemon. Mooicnueocmi gueomosnentst Oiibul eqheKmusHUX NONEPEeOHbO HANPYICEHUX 3Ai-
300€MOHHUX KOHCMPYKYILl 8 OOMEIICCHUX PAMKAX EOUHO2O0 NPUHYUNY 0A2AMO 8 HOMY GUUEPNAHI.
bacamo gaxisyis esadicarome ye npuuunor ynogiibHeHHs npoepecy 8 ybomy Hanpsamxy. Tym
nompiben aKicHuil nepexio 00 HOBUX KOHYeNnyill y chepi nonepeoHbo HanpyHceHo20 bemony, uoo
Mamu npeyeodenmu weuUoKo20 po3Keinty ioei ma po3pooox.
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Asmopom 3anpononosano ma peanizogaHo NPUHYUn nepeoavi NoONepeoHbO20 HANPYHCeHHs
HA CEINCOYKAAOeHY Oemonny cymiul KOHCMPYKyil. Y ybomy 6unaoky nonepeone HanpyiiceHms
nepeoaemscs Ha cmaoii YyemeHmobemounHoi cymiuii.

Hosa mexnonoeis 6upodnuymea npueena Hac 00 MONCIUBOCHI NIOBUUCHHS MIYHOCME OemMOHY
6 NONEPeOHbO HANPYICeHUX KOHcmpyKyiax 0o 50-70 siocomkis. e docsieaembcs 3a paxyHoK
CMUCHEHHS HeCXONeHOl 6emoHHol cymiwi nio uac onepayii namsey cmani. Hlupoxuii cnexmp
00CNIONCEHb | NPAKMUYHUX 3ACMOCYBAHb NOKA3AIU, WO OAHA MEXHON02is 3a0e3neuye Heoo-
XIOHE NONePeOHE HANPYHCeH . CMAJL Md PIBHOMIPHE a0 3a0ane YujiibHeHHs. OemMOHHOL CyMIiI,
a makodic Hacmynue meepoinus 6emony 6 KOHCMPYKYii.

Bzaswu 3a ocnogy Oami excnepumenmanvHux OOCHIONCEHb, MOJICHA CMEEPOACYBAMU, WO
camoopearizayis cmpykmypu Oemony Ha emani NONEPeOHbO20 HANPYHCeHHS CyMiuti, AKICHA
aozesis 6emony 3i cmannio, 30epedicents Cuiu NONePeoHbo20 HANPYICEHHs — 6Ce Ye CAE 3ano-
PYKOIO 8UCOKOI Miynocmi ma sAKOCMI 3anponoHosanux OemoHHux enemenmis. IIpomucnoge
3aCmocy8anHs 30IpHUX MOCIOBUX eleMEeHmI6 3 NONEPEOHIM HANPYICCHHAM HA OeMOHHY CyMilu
006€e10 0OYIbHICMb 3aNPONOHOBAHO20 MEMOD).

Kntouosi cnosa: nonepeonvo nanpyoscenuti 6emon, 6aixa, KoIOHA, NPecoganda cymiul, none-
PEOHE HANPYIICEHHS HaA YNOPU, NONEPeOHE HANPYICEHH HA GeMONHY CYMIiW, NONEepeone Hanpy-
JICeHHS Ha bemoH, onanyoKa.

Introduction. The improvement of construction structures, development of alterna-
tive methods of prestressing, expansion of the boundaries of technological approaches
create opportunities for the rational use of construction materials, contribute to increasing
efficiency in construction. Such methods are based on physical laws, provisions of
theoretical and building mechanics, resistance of materials and take into account the
properties of building materials and the practice and experience of manufacturing and
operating building structures [ 1-3]. The new methodology of prestressing structures has
led us to the possibility of increasing the strength of concrete in prestressed structures
up to 50-70 percent.

Analysis of recent research and publications. Prestressed concrete structures
are usually made according to the pre-tensioning or post-tensioning technology [1-5].
There have been developed a great number of proposals as to the realization of these
methodologies. The majority of them are well studied, and some of the best ones find
their practical application. Almost all these suggestions can be united according to the
principle of the steel prestressing transfer, namely onto the strong hardened concrete.
The possibilities of manufacturing more effective prestressed reinforced concrete struc-
tures in the limited frames of the single principle are in many respects exhausted. Many
specialists think it is the reason for slowing down progress in this direction [2—6]. We
need here qualitative transition to new concepts in the sphere of prestressed concrete to
have precedents for rapid flourishing of methods and developments.

Statement of the problem. Traditional methods of prestressing reinforced con-
crete structures do not significantly affect the strength of the structures. The strength of
the structures remains a reserve for improving efficiency in construction. It is time to
develop and research new methods of prestressing reinforced concrete structures that
significantly increase their strength.

The purpose of the research. The purpose of the scientific research is to develop
and investigate a new method of prestressing reinforced concrete structures that signifi-
cantly increases the strength of structures through technological solutions.

Presentation of the main research material. New technology. The author has pro-
posed and put into practice the principle of prestressing transfer onto the freshly placed
concrete mix of structures (Fig. 1). In this case prestressing is transferred at the stage of
the mix of cement concrete components.

After vibrodynamic compaction, the placed unset mix is under compression of the
steel prestressing force, and it hardens under the pressure. All this leads to the concrete
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mix compaction, the removal of water excess and air from the mix, to eliminating macro-
and partly microdefects of the concrete structure, and to restraining destructive (degra-
dation) processes during concrete hardening.

Concrete
Pretension During-tensioning * Posttension
Effect off steel
Mechanical Thermal Chemical

and combined

Ways  of prastressing  transfer

Onto the hardened Onto the compressed
concrete concrete mix*

Fastening of steel bars due to

adhesion with anchoring
concrete

Fig. 1. Extended scheme of methods of carrying out prestressing
in reinforced concrete structures

Steel prestressing is preserved, for after the compaction of the specially proportioned
concrete mix, rather a strong and rigid skeleton of solid ingredients is formed, and the
stressed steel is then fixed onto this skeleton (Fig. 1). It is also possible to partially trans-
fer steel prestressing onto the concrete mix. The implimentation of the new technology
method of concrete mix prestressing became possible after the author had invented origi-
nal movable forms and devices for a full or partial prestress transfer [6, 7].

Experimental results. According to the presstressing method proposed there
have been made experimental beams with rectangular cross section and dimen-
sions of 100x200x2000mm and columns with round cross section with a diameter of
250 mm and length of 1500 mm. For comparison, under all equal conditions there were
also produced traditional prestressed elements and usual reinforced concrete ones. The
results of beam and column tests are graphically presented on Fig. 2. For the experimen-
tal beams with u=2.2 per cent we have reached an increase in carrying capacity up to
25-34 per cent due to the compression according to the new method. The effect of car-
rying capacity increase in columns amounted to 75 per cent. It is illustrated graphically
on Fig. 3, where K is the ratio of the carrying capacity of a reinforced concrete element
compressed according to the "during-tensioning" method to the regular one.




INnporexHiune OyIIBHUIITBO, BOJHA iHXKEHEPIsl Ta BOJIHI TEXHOJIOTIT |

| 257

The analysis of the results shows that the losses of steel prestressing caused by defor-
mations due to shrinkage and concrete creep are less than in traditional structures. The
prism strength of concrete after the compression increased up to 2.2 times compared to
the initial one. The most intensive strength growth was marked under the pressure value
up to 6 MPa. The values of elasticity modulus E_and relative deformations ¢ , increased
by 40-50 per cent.

M, C
K M Lo
sk
“ 7
—
/ Z 3
30 %
20 /
10
10 20 30 40 50 60 % x10°,
cmt

Fig. 2. Typical "M — »" relationship for the beams with u =2.2% when P=5 MPa — 1,
P=2.5 MPa — 2 and P=0 -3
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Fig. 3 Diagram "K— P" I-for columns, 2 — for the beams with i =2.2% and P = 10MPa;
3 — for the beams with u =2.2% and P = SMPa; 4 — for the beams with u=0.6%
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Theoretical analysis. According to the research data obtained by the author, to pre-
serve the force of steel prestressing we should use in the structures proposed concrete
with contacting location of grains of strong coarse aggregate. Here the greater part of
the prestressing force is transferred contactingly through thin mortar membranes in a
grain-to-grain way (Fig. 4).

IR EEREREREE

| S U N N N N

Fig. 4. Scheme of loading coarse aggregate grains

To get a strength formula for prestressed reinforced concrete of a matrix-carcass
structure the author has suggested that one should proceed (besides the well-known
premises) from the fact that the value of failure loading depends on the crushability of
grain mix of coarse aggregate as an integral characteristic of its strength. The influence
of precompression on the concrete mix is revealed in additional loading of the skeleton
of coarse aggregate grains.

Taking into account the above mentioned and proceeding from the well-known
premises, there has been obtained the following formula of the strength of prestressed
concrete (using the during-tensioning method) with a matrix-carcass structure:

f :(K 9K, KKy K Ty o —CO J-{l—K r] (1
c Nk 12t T Ret T Im, ct N . \

or 1-Kgn
where
K. =1+ a1ln9,8p, 2)
Ke. =1+ a2In9,8p, 3)
n=-. Em , (4)
E.
Ky.=1-0.027 p %4, (%)
roVn (6)
V

Here K — index reflecting the change in the structure of coarse aggregate under
cmshablhty (0.2-0.36); q- value of standard loading while determining the crushability
of coarse aggregate grains (11.32 MPa); K — crushability index of coarse aggregate
grains placed as in concrete, i.e. it may be filling, vibrocompaction, dynamic effect with
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loading; K, K,; and K|, — corresponding indices of form (1.27-1.55), relief (1.18-1.40)
and microrelief (1-1.41) of aggregate grains; p — value of pressure action on the cement-
sand mortar; f, — tensile strength of the usual uncompressed mortar; co, — value of
pressure acting on the coarse aggregate; E and E  — elastisity modulus of mortar
(matrix) and aggregate material; K — compaction index of the mortar, a,= 0.18 and
a,= 0.10 for concrete and mortar.

According to the given formula it is possible to calculate concrete strength under a
full or partial transfer of prestressing o, on the concrete mix. If prestressing is relieved
after compaction, and it doesn’t further load the carcass of coarse aggregate, the value C
is to equate with 0. Besides, in this formula the value of the P parameter for the usual
uncompressed concrete with a carcass arrangement of coarse aggregate grains equals 0.

R
K* =n_: ‘ _2F

2,21 7
2,04 ~ 2 ==
1,8 s
1,6 /

1,44 ¥ =

1‘2- P e g b

Oyn. MPa

¢

Fig. 5. Diagram “k-o *
------------------ — experimental; — — — — — — — — ——— theoretical
I-compressed under dynamic influence and its further relieving, 2 — the same operation,
under preserving the stress of compression, 3 — compression without dynamic influence
with its further relieving,; 4 — the same operation under preserving the stress
of precompression

In Fig. 5. there are typical plots showing dependence of the index of concrete strength
increase on the value of prestressing and the mode of its application. The comparison
of analysis dependences with experiments testify to their being in agreement. The given
formula shows satisfactory results in practical application. It takes into account the
transfer of prestressing onto concrete mix both in cases of its preserving and relieving.

Production implementation. The level of research includes production implemen-
tation. Large 30-ton bridge elements of prestressed concrete made by compressing the
unset concrete mix with the force of steel tensioning are successfully used in Ukraine

(Fig. 6).
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Fig. 6. Scheme of compressing the pillar in the formwork according to the “during-
tensioning” method 1 — frame, 2 — tensioning device, 3 — tie-rods, 4 — section formwork,
5 — functional joint, 6 — concrete mix, 7 — reinforced bar, 8§ — movable end of the formwork,
9 — concrete cube sampling form, 9 — deformation seams

Favoring practical application of the above mentioned elements was the device
invented by the author, which provides reliable control over the quality of the com-
pressed concrete directly in the product (Fig. 6) [7]. Service observations of the
reinforced concrete pillars made according to the technology offered in the pillars
of the trestle part of a large bridge over the river Dnipro in the town of Kamianske
(Ukraine) confirmed high quality of the structures compressed according to the “during-
tensioning” method.

Conclusions and suggestions. Based on the research findings, we can state that
self-organization of concrete structure at the stage of mix prestressing, effective adhe-
sion between concrete and steel, preservation of the force of prestressing — all this
becomes a guarantee for high strength and quality of the concrete elements offered.
Industrial application of prefabricated bridge elements with prestressing onto the con-
crete mix has proved the expediency of the method proposed.

The current level of the method development allows recommending for the lot pro-
duction the following reinforced concrete structures: columns and pillars, piers, bulky
foundation elements, some beams, thick slabs for bridges, airfields and motorroads,
curbstones, railway sleepers.

We expect that further experimental research and perfection of the during-tensioning
method will make it possible to broaden the list of economically expedient compressed
reinforced structures. The lot production of the structures compressed according to the
during — tensioning method, and tested in practice, will hopefully contribute to the pro-
gress in construction.
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