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THE SELECTION OF TRANSMITTERS USING FUZZY LOGIC
METHOD

Problems. The main issue for solving the problem of the gas flow measurement system and its
commercial accounting is to provide the metrological features required during flow measurement, as well as
to create conditions for obtaining prompt, complete and reliable data.

Methodology. The use of mathematical models of the devices allows to correct the indicators and
dynamic characteristics of the devices, taking into account the changes in the environmental parameters. In
addition to hard processing and control algorithms, one of the ways to increase the efficiency of the system is
to use fuzzy processing algorithms that allow considering all possible options.

Findings. The main aspects of choosing the optimal flowmeter for the data-measuring system for
accounting and distribution of natural gas are considered using methods of solving multi-criteria problems
under conditions of uncertainty. Effective methods of selecting a measuring device depending on technical and
economic indicators of the flow meter are analyzed, taking into account the problems of determining priorities
in terms of fuzziness, subjectivity of information provided by experts on flow meters of different manufacturers,
warranty and service conditions. Provided by the manufacturer, problem-solving opportunities were studied,
the appropriateness of using fuzzy selection methods, fuzzy algorithms, along with deterministic methods, when
choosing devices that ensure the optimal output characteristics of data measurement systems, completeness
and integrity of data, their output signals for processing is displayed.

Originality. Effective methods of selecting a measuring device depending on technical and economic
indicators of the flow meter are analyzed, taking into account the problems of determining priorities in terms
of fuzziness, subjectivity of information provided by experts on flow meters of different manufacturers,
warranty and service conditions.

Practical value. The application of one of the methods of solving multi-criteria problems, i.e.
FTOPSIS, to choose the optimal gas consumption measuring device in terms of satisfying the construction and
operational characteristics presented in the development of the information measurement system, ultimately,
the application of one of the methods of solving one of the alternative solutions to increase the effectiveness of
the decision-making system, which opens up new opportunities in the process of choosing one of the alternative
solutions can lead to simplifying (automating) the procedure of prioritizing decisions.

Keywords: gas consumption; transmitter; information-measurement system; fuzzy logic; selection
criteria.

Introduction. Accurate metering and distribution of natural gas during production and
transportation is critical to optimizing these processes.

Therefore, considering that natural gas is used as the most environmentally friendly fuel and
is an indispensable raw material for the production of chemical products such as urea — a fertilizer for
plants, it has the highest environmental and thermal indicators. the rate of development of the
industry, the amount of gas processing (consumption) of new tools required for measurement.

Currently, flowmeters and counters of various designs and a simple working principle are used
to measure and record gas flow (quantity). The information-measurement systems to which those
tools and devices are connected can be built on the basis of certain concepts. One of the important
problems in the development of these systems is the selection of measuring instruments with optimal
indicators and metrological properties in accordance with the manufacturer's specifications and
technical tasks drawn up for the design of the system. Obviously, such a choice depends on the
working principle, design parameters, metrological indicators (accuracy and error, etc.), data
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reception and transmission, working temperature and pressure, type of output signal and functionality.
Existing criteria and methods for the application of these devices should be based on data.

Studies show that information about devices and devices placed on websites is presented in
an attractive form in most cases. Since this information is promotional in nature, it will not provide
accurate results when used to select devices based on relevant criteria. As a result of the analysis, it
was determined that the deterministic parameters of the devices have a certain uncertainty. These
indicators and parameters include their output signal, fundamental, relative and absolute errors, and
the signal processing algorithms used. On the other hand, it turns out that various manufacturers work
with relevant industry standards, which in most cases focus on the design of devices to attract
customers. For this reason, the use of existing deterministic methods during the selection of
parametric devices that meet the specified requirements does not allow to obtain the desired result in
most cases.

Therefore, improvement and development of existing selection methods based on modern
information technologies is urgent and requires a systematic approach.

Statement of the question. When developing the appropriate information-measurement
system, a device with characteristics that meet the requirements of technical conditions is selected
and integrated into the system, the required characteristics of the system as a whole are obtained and
processed. Also, the results of gas flow measurement and other parameters accompanying the gas
transportation process require special attention.

As mentioned, for the application of algorithms based on the theory of fuzzy sets, which is a
branch of soft computing, the output characteristics of the sensors and transducers used in the
measurement of the relevant parameters, metrological indicators, and the characteristics of the
sensitive element should be studied.

The problem of selecting measuring tools based on appropriate criteria for the creation of
software that ensures the correct functional characteristics and dependencies of devices operating
under the conditions of information uncertainty, as well as the problem of the final conversion of the
measured parameter into an electrical signal and then transferring it to the digital input of the system,
processing and creating the data received in the process of measurement and transformation covers
issues.

To ensure the metrological and technical-economic characteristics of information-
measurement systems, the joint use of deterministic and fuzzy data processing algorithms is more
appropriate and allows using the advantages of both types of algorithms.

The last 25-30 years are characterized by the development and application of various
information-measurement systems using microprocessor-based measuring devices using fuzzy sets
and fuzzy logic, soft computing theories that automate decision-making under uncertainty [1]. The
use of this approach allows obtaining optimal and more efficient results in most cases.

It is known that the natural gas extracted from the fields contains both mechanical impurities
and other aggressive substances, which lead to rapid wear of the devices connected to measure gas
flow directly into the well and at the outlet of the complex gas cleaning and drying unit. This fact
imposes additional constraints on the selection of a suitable cost measure and further increases the
size of the multi-criteria optimal selection problem. Therefore, one of the main issues that must be
solved during the development and improvement of the 10S is the selection of the most suitable
device for measuring the consumption of natural gas with a given composition and minimizing costs.
However, studies show that it is not possible to develop universal gas flowmeters, which, in turn,
allow to improve the scheme of the measuring tract and the system as a whole. These details require
a differential approach to the selection of a consumer and a suitable converter that fully meets the
process requirements and provides the required efficiency and quality indicators of such systems,
depending on the gas composition.
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As with any technical device consisting of many elements and parts and electronic circuits,
the technical and operational characteristics of existing types of flowmeters are different. Therefore,
they should be selected according to technical indicators, advantages and disadvantages. This choice
is also affected by the unique features of the issue and process. In this case, when choosing, it is
necessary to take into account the optimal ratio of price and functionality, which in some cases is
important to minimize the costs of creating and maintaining the system.

Flowmeters provide a direct measurement method based on the formation of Coriolis forces
when the measured flow passes through a specific device. Incorporating a microprocessor-based
transducer with a suitable sensor into the flow meter provides real-time measurement of gas flow,
density, temperature, and volume flow calculation. Coriolis counters have no moving parts. This
ensures high accuracy and reliability of measurement results, as well as low operating costs. In
addition, their installation is simpler than other flow meters, since no special equipment (such as a
membrane) is required.

Despite their high sensitivity to excitation, Vortex flowmeters are widely used in industry to
monitor the flow of various liquids and gases. VVortex meters use special coefficients to reduce and
compensate for effects such as fluctuations in measured flow temperature, changes in pipe diameter,
and flow turbulence to improve accuracy of measurement results.

Modern electromagnetic flowmeters are not used to measure gas consumption, although built-
in microcontrollers allow to reduce the effect of noise and disturbances, and to expand the diagnosis
of faults.

A flowmeter consisting of a differential pressure sensor and a main transducer based on
variable pressure methods is the most versatile measurement method. However, this requires the
installation of a shrink device.

Thus, there are currently a large number of flow meters, which in turn requires selection
criteria for such flow meters.

Problem solving. Studies show that in addition to the analyzed technical and operational
indicators, it is necessary to take into account the availability of the appropriate production base and
service for choosing the optimal measuring device.

The necessity of choosing any decision, in this case a device characterized by a large number
of indicators, requires the identification of contradictions and the search for compromises in the
decision-making process. There are various methods for analyzing and solving this kind of multi-
criteria problem, for example VIKOR, ELECTRE, TOPSIS [2]. The main difference between these
methods is in the evaluation of comparable alternatives.

Since the issue of choosing the most optimal device for measuring gas consumption in terms
of its technical and economic indicators is multi-criteria, a number of multi-criteria methods such as
TOPSIS and FTOPSIS (Fuzzy Technique for Order Preference by Similarity to Ideal Solution), which
allow determining the optimal alternative depending on the evaluation of the distance from the ideal
solution, are used, decision-making method MCDM (Multi-Criteria Decision Making) and
possibilities of algorithms were investigated. The TOPSIS method, based on the calculation of the
distances from the anti-ideal point to the ideal point (solution), determines the impact of uncertainties
in expert assessments, and allows determining the decision-making priorities regarding the choice of
a measuring device for the gas consumption measurement and accounting system. Several advantages
of TOPSIS are: simplicity of the calculation process — it allows easy programming in the form of a
table; the presence of a scalar price that pays both the best and the worst alternatives at the same time
— facilitates evaluation [4].

FTOPSIS, which is a derivative method, is based on fuzzy sets. Using FTOPSIS with fuzzy
logic is considered to be a very effective step to reduce the influence of subjectivity in expert opinions.
At the same time, by setting the priorities of this or that solution, it is possible to evaluate the

11
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proximity of the found solution to the ideal solution. As it is known the membership functions of
fuzzy sets have different forms, but it is appropriate to use the triangular function because it is the
simplest and has the widest application possibilities. At this time, the issue of choosing a device that
meets the requirements for most parameters and indicators will consist of several steps.

The first of these is the selection of an appropriate linguistic variable to express the importance
of the relevant criterion. In this regard, when choosing a flow meter, an analysis of advantages and
disadvantages is carried out after compiling a general table of available flow meters.

The second stage consists of ranking individual types of flowmeters by degrees, applying
degrees depending on the criteria. Currently, the following indicators can be applied as obvious
advantages:

- sufficiently high accuracy;

- measurement stability;

- does not depend on the flow direction;

- ease of installation and maintenance, lack of requirements for straight parts of the pipeline;

- reliability of measurement results during pipeline vibration, temperature and pressure
changes;

- long-term service;

- no periodic calibration required.

In addition to the basic indicators mentioned at this time, we take into account that the
presence of self-diagnostics allows timely detection and elimination of faults, and in some cases their
prevention, which increases the reliability of the system and the integrity of the measurement results.

After adding a large number of other metrological and technical-economic parameters and
indicators to the above list, the final tables are presented to experts. They prioritize based on obvious
advantages and other characteristics necessary to determine the technical and economic indicators of
the selected device according to the characteristics of the technological process.

In the third and fourth steps, the parameters of the membership functions of the corresponding
linguistic variables are determined to construct the fuzzy decision matrix and the normalized fuzzy
decision matrix.

The most difficult but effective step in solving this problem is to build a table of alternative
solutions needed to select the required measuring instrument. For this, at the fifth stage, procedures
for determining fuzzy positive ideal solutions and fuzzy negative ideal solutions come into play.

In the sixth step, the distance from each alternative solution to the positive ideal and negative
ideal solutions is calculated. The seventh step is to determine the similarity score for the selected
devices. The obtained results ensure that the final choice is determined by prioritizing each alternative
solution.

It should be noted that the efficiency of the decision taken in all cases includes both technical
and economic aspects of choosing a suitable and adequate cost meter. Therefore, the indicators
corresponding to these two aspects should be analyzed in advance and reflected separately for each
device in the tabular information presented to specialists for selection. This efficiency is determined
by the efficiency achieved during operation together with the flowmeter data-measuring system, it is
planned and predictive and should not exceed the values given in the technical assignment. It is clear
that in the calculations related to this, the price of the flow meter, the cost of service services,
operating costs, due to the fact that it has better characteristics compared to the current flow meter,
and the effect due to its low error should also be taken into account.

After choosing a measuring device, it is advisable to carry out a simulation using Simulink or
other software products, the results of which will help to evaluate the reliability and integrity of the
received solutions in the future.

12
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Conclusion:

Research shows that

- the application of multi-criteria problem solving methods in the selection of measuring
devices in response to the given requirements allows not only to achieve the highest possible level of
durability and reliability, but also to reduce the costs of using the device as part of the system;

- in addition to all mentioned selection methods, it is advisable to apply a hybrid method
using fuzzy calculation to facilitate the operation process by experts;

- thus, the application of one of the methods of solving multi-criteria problems, i.e.
FTOPSIS, to choose the optimal gas consumption measuring device in terms of satisfying the
construction and operational characteristics presented in the development of the information
measurement system, ultimately, the application of one of the methods of solving one of the
alternative solutions to increase the effectiveness of the decision-making system, which opens up new
opportunities in the process of choosing one of the alternative solutions can lead to simplifying

(automating) the procedure of prioritizing decisions.
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BUBIP IIEPEJABAYIB METOOM HEYITKOI JIOT'TKA

Mema. OcrogHum NUMaHHAM 8UPIUIEHHS NPOOIeMU CUCTeMU BUMIPIOBAHHS BUMPAMU 2a3y ma U020
KoMepyilinoco 00Ky € 3a0e3neyeHHss MemposOcIYHUX XAPAKMEPUCTNUK, HeOOXIOHUX Npu SUMIDIOBAHHI
BUMPAMU, A MAKONC CMBOPEHHSL YMO8 OJis1 OMPUMAHHS ONEPAMUBHOL, NOBHOI Ma 00CMOGIPHOL iHGopmayii.

Memoouxa. Buxopucmanus mamemamuynux mooeuetl npucmpois 00360J18€ KOpU2y8amu NOKA3HUKU
ma OUHAMIYHI XapaKmepucmuKy npucmpois 3 ypaxyeaHHam 3MiHU napamempie HaBKOIUUHb020 cepedosulyd.
OKpim JHCOPCMKUX ANCOPUMMIE 00pOOKU MA Kepy8anHs, OOHUM i3 WLIAXI8 NIOBUWEHHS epeKmusHoCmi
cucmemu € GUKOPUCMAHMA HEYIMKUX aneopummie oOpoOKu, AKI 003601810Mb PO3HAHYMU 6CI MONCIUBE
sapianmu.

Pesynomamu. Posenanymo ocHosHi achekmu 8ubOOpy ORMUMANBLHO20 —SUMPAMOMIpA  O1f
iHopMmayitiHo-6uMipIo6anbHOI cucmemu 00Ky ma po3noodiry APUPOOHO20 2a3y 3a OONOMO2010 MemoOie
supiulenHs 6a2amoKpumepianbHuUx 3a0a4 8 yMosax HesusHavenocmi. Ilpoananizosano eghpexkmugui memoou
B8UOOPY  BUMIPIOBAILHO20 NPULAOY 3ANEHCHO 610 MEXHIKO-eKOHOMIYHUX NOKA3HUKIE SUMpPAmomipa 3
VPAxXye8auHIM NpobieM BUBHAYEHHS Hpiopumemis wodo Hewimkocmi, cyO’ekmusHocmi ingopmayii, wo
HAOAEMbCsl eKCHEPMAMU U000 SUMPAMOMIPI6 PI3HUX GUPOOHUKIE, YMO8 2apanmillHO20 Md Cep8iCHOZ0
obcryeosyeanns.  Jlocniodceno HAOAHI  BUPOOHUKOM — MONCIUBOCMI  GUPIWEHH 3a0a4, OOYLIbHICMb
BUKOPUCMANHI MEMO0I8 HEeYIMKO20 8i000pY, HeUIMKUX AN2OPUMMIS, NOPSO 3 0eMePMIHOBAHUMU MeMOoOdMU,
npu eubopi npucmpois, wo 3abe3neuyioms ONMUMAIbHI BUXIOHI XAPAKMEPUCUKU BUMIPIOGATILHUX CUCTEM
OanUx, NOGHOMY MA YINICHICMb OAHUX, IX GUXIO. BI00OPANCAIOMbCS CUSHARU OJist 0OPOOKUL.

Hayxoea nosusna. l[Ipoananizosano eghexmusni memoou uOOpy UMIpIO8AIbLHO20 NPULAQY 3ANEHCHO
8i0 MEXHIKO-eKOHOMIUHUX NOKAZHUKIE BUMPAMOMIpa 3 YPaxye8aunHam npoodiiem UsHAYeHHSA npiopumemie ujo0o
Heyimkocmi, cy0’ekmusHocmi iHgopmayii, wo HAOAEMbCA eKCNepmAaMu Wooo UMPAMOMIPIE Di3HUX
BUPOOHUKIB, YMOG 2APAHMITIHO20 MA CEPBICHO20 0OCIY208YBANHSL.

IIpakmuuna 3nauumicms. 3acmocy8anus 00HO020 3 MemoOdi8 po38 A3aHHA 0a2amoKpumepiaibHUx
sa0ay — FTOPSIS — 0na subopy onmumanvrhoeo sumiprosaya sumpamu 2azy 3 MOYKU 30PY 3A0080IEHHS
KOHCMPYKMUBHUX ™A eKCHIYAMAYIUHUX XAPAKMEPUCMUK, NPeOCMAasienux y po3pooyi iH@opmayitino-
BUMIPIOBATLHOT cucmeMu, 003605€ NIOGUUNUY e(eKMUSHOCIb CUCIeMU NPULHAMMS PilueHb i npuzéecmu
00 cnpowjenHs (agmomamusayii) npoyedypu npiopumesayii pitieHs.

Knwwuosi cnosa: eumpama 2azy; nepeoasay; iH@OOPMAYIUHO-GUMIPIOGAIbHA CUCTHEMA, HeUimKa
noeika; kpumepii 6ubopy.
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Hayionanonuii mexniynuti  ynigepcumem Yxpainu "Kuiscokuii nonimexiuHuil
incmumym imeni leops Cikopcwvrozo" Kuis, Yrpaina

OCOBJIMBOCTI PO3MI3HABAHHSA 305PA’KEHb HEHPOHUMUA
MEPEXKXAMMU HA ITPUKJIAAI MOBILENETV1 TA MOBILENETV2
B CUCTEMAX HA MIKPOKOHTPOJIEPAX

Mema. /locrioocenns 3anexcnocmi 00’ emy 3a0isAHOI nam sami MIKpOKOHMpPOiepa ma 4acy po3nizHa-
BAHH3L 300padicen st 6i0 muny 320pmKo6oi Helpounoi mepeoici MobileNet V1 abo V2 ma ix einepnapamempis.

Memoouxa. Cmeopenns 6azu 0aHux 300padicerv, HeoOOXIOHUX O/l HABUAHHS HEeUPOHHOI Mepedici 3
BUKOpUCTAHHAM npoepamHuoi niam@popmu Edge Impulse 3 nocaioyouum 3a6anmasicenis Mepesici 6 nam sime
32-x 6imnozo mixpoxonmponepa ESP32 0na npakmuunoi oyinKku Xapaxmepucmux Mepexci.

Pe3ynomamu. Bukonano nopigHAHHA Xapakmepucmux Hetipounux mepedic MobileNetVI ma
MobileNetV2. I[lpogedeno excnepumenmu Os1 BUBHAYEHHS 3ANEHCHOCMI UYACY PO3NIZHABAHHI O0OPAHUX
00’exmis Ha 300padicenHi, 00’ €My SUKOPUCMAHOI onepamusHoi nam’smi ma nam’smi npospam, Ha 0a3i
mikpoxowmponepa ESP-EYE 3 xamepoio, 6 3anedxicnocmi 6i0 Koeghiyienmy wupuHu mepesnci, posmipy
300padCeHHs MA ApXiMeKmypu 320pmKo60i HeUpoHHoi Mepexct. Buznaueno wo wac knacugixayii 300pasicens
ons moodeni mepedici MobileNetV2 3aiimae 8i0 mpbox 00 Oecsimu ceKYHO i binviie, Wo He € NPULHAMHUM 05
3a0ay WeuUoKo2o posnizHasauts. Taxodc ecmanosieHo, wo 01 ananisy 30o6padcens 160 na 160 nixcenis 3
MAKCUMATILHOIO WUpuHoto mepexci mooeni MobileNetV2 ne sucmauae nam’smi npoepam MikpOKOHMpoepa.
Buxopucmanns mepesci MobileNetV1 3abesneuye Oewjo menuty moyHicms pO3NIZHABAHHS, A€ GUMALAE
SHAYHO MeHUe pecypcie MIKpOKOHRMpOepa ma 4acy.

Haykosa noeusna. llepesipeno Ha npaxmuyi 0coOIUBOCHI BUKOPUCMAHHA, MOJNCIUBOCHI MdA
00MediCeH sl HeUPOHHUX Mepedic OJisl PO3NIZHABAHNA 300padiceHDb 6 cucmemax Ha mikpokoumponepax ESP32.
Bcmanoeneno  sanexcnocmi  06’emy  3a0isnoi nam’ami  MIKpOKOHMpoOiepd mMa 4acy PO3NIZHABAHHS
300padicents 8i0 Muny 320pMKOBOI HePOHHOIL 3 Memor 8ubOOPY 000AMKO8UX 3ac00i8 0OPOOKU 300padicetsb
07151 NiOBUUEHHSL AIKOCME PO3NIZHABAHHSL.

Ilpaxmuuna 3nauumicmes. Ompumani pesyasbmamu 003607I0Mb  30IUCHUMU  8UOID HEUPOHHOT
mepesci MobileNetVI1 abo MobileNetV2 6 3anexcnocmi 6i0 KOHKpemHUX 3a0ay pO3NI3HABAHHA 300pAXCEHb
cucmemamu Ha MiKpOKOHMpPOaepax.

Knrouoei cnosa: mixpoxonmponepu, po3nizHA8aHHs 300padicenb, 320pmKosi Heuponti mepedici; Edge
Impulse; MobileNet.

Beryn. Cucremu po3nizHaBaHHA 300pakeHb 13 KOXKHHUM JIHEM 3HaXOJATh Bce Oibine cdep
3aCTOCYBaHHS Ta MOAAIBIIOrO pPO3BUTKY. [Ipu TOMy, IO cHUCTeMH pO3Mi3HABaHHS 300pakeHb
JOCTaTHbO BHOArMBi 10 OOYHMCIIOBAIBHUX PECYpCiB, TEHJCHIIEI0 CHOTOJCHHS € 30UIBIICHHS X
BUKOPHUCTAHHS Y MIKPOKOHTPOJIEPHUX CUCTEMaX. ToMy BUHUKA€E HEOOX1AHICTh aanTallii aJilrOpuTMiB
po3mi3HaBaHHA Ta TMomepenHss oOpoOka 300pakeHb s TOHANBIIOTO 3aBaHTAXEHHSA Yy
MIKpPOKOHTPOJIEp, Ta BUKOPUCTAHHS 3TOPTKOBUX HEHPOHHUX MEPEX Ui BOYIOBAHUX CHCTEM.

3ropTkoBi HeiiponHi Mepesxi (CNN) — ki1ac ruOOKHX ITYYHUX HEHPOHHUX MEpPeX, sKi OyIu
YCHINTHO 3aCTOCOBaHI Il BHpIIMICHHsS TpoOieMm kiacudikailii 300paxxeHb. BoHH MaloTh BHCOKY
TOYHICTH PO3ITi3HABaHHSI, aJie BUMAraioTh BEIUKOro oocsary nmam’sri [ 1-3]. binbmicts Mmoneneit CNN
MICTSITh 3TOPTKOBI IIapH, arperyBajibHI IIapH Ta MOBHO3'€THAHI IIapu. 3TOPTKOBI APy BUMAararoTh
BEJIMKHMX 00YKCIICHb Yepe3 orepallii MHOXKEHHS Ta 1oaaBaHHs. [IoBHO3'e1HaHI IIapy He 3a1eXaTh Bij
rmaMm’siTi, OCKIJIBKM BCl HaBYEHI Barm 30epiraloTbCcsl y BOYIOBaHIM TIaM’sATi, 5K, HaIPUKIA],
peaiizoBaHo B [4].

IlocTranoBka 3aBAaHHsA. MeTOr 1aHOT pOOOTH € aHAII3 BIUIMBY TileprapaMeTpiB 0OpoOKu
300pakeHHS Ta apXiTeKTypu HeHpoHHOi Mepexxki MobileNet Ha 00’eM BUKOPUCTaHHUX pecypciB
MiKpOKOHTposiepa. JlJist 3miiicHeHHsT aHaATI3y HEOOX1THO:
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* CrBoputH 6a3y naHHX 3 300pakeHb, HEOOXITHHUX JUIsl HaBYAHHS MEpEeXi Ta OI[IHUTH
TOYHICTh PO3Mi3HABaHHs 00paHUX KaTeropiid 300pakeHHS;

* BcranoBuTu 3anexHOCTI 00’€My 3aaisiHOI MmaM’sATi MIKPOKOHTpoJiepa Ta dYacy po3-
Mi3HABaHHS BiJ] THITY 3TOPTKOBOT HelipoHHOT Mepexi MobileNet V1 a6o V2 Ta ix rimeprnapameTpis.

Pe3yabTaT monepeaHix aocaiizkenb. OqHIEIO 3 MEPUINX 3TOPTKOBUX HEHPOHHUX MEPEK,
10 MaJia SIKICTh po3Mi3HaBaHHS 00’ €KTiB Ha 300paxkeHHi Buile 80% Oyna mepexa AlexNet. Mepexka
AlexNet MiCTUTB BiCiM IIapiB; MEpIIi M'ATh 3TOPTKOBI 1IapH, 32 JASIKUMHU 3 HUX WUIIUTH arperyBajibHi
mapu 3 MakKCUMaJIbHUM OO'€THAaHHSAM, a OCTaHHI TpW NOBHO3'emaHaHl mapu [5]. B eBomromii
apXITEKTyp THIIOBOIO TEH/ICHIIIEIO € Te, 10 MEPEXkKi CTatoTh TIUOIMMH [6].

J1o ocCHOBHUX TepeBar 3ropTKOBUX HEHPOHHUX MEpPEeXk BITHOCITH MOXKIIUBICTh TIEpeHaBYaHHS
i pi3Hi 3aaa4i [7], MacmTaboBaHICTh MEPEXi 3a IOMOMOTOIO IOAATKOBHX IMapaMETPiB CTHCHEHHS
(3MeHIIIEHHS TIUOWHU MEpEeXi, 3MEHIIEHHS pO3Mipy 300pakeHHs), a TaKO0X MOMJIMBOCTI
BCTaHOBJICHHs Ha MikpokoHTpoJepu, FPGA (Field-Programmable Gate Array) Ta iHIIuX cucremax 3
00MEKEeHOI0 MaM’ ITTIO

CNN 3HaxoJsTh IUPOKE 3aCTOCYBaHHSA Y MIKPOKOHTPOJIEPHUX cHcTeMax. Tak y poOorTi 3
MOPIBHSHHS AJITOPUTMIB ITHOOKOT0 HaBYaHHS Ta 3TOPTKOBUX HEUPOHHUX MEPEK, OYyJIO CTBOPEHO
3TOPTKOBY MEPEXKY Ha po3Ii3HaBaHHS 5 mopia codak i3 TouHicTIo Oibine 90% 11t KoxkHOT 3 HuX [8].
3MeHIIeHHsT pO3MIpIB Ta I1HTErpamiss B MIKPOKOHTPOJIEPHI CHCTEMH 3HAYHO PO3IMIUPIOE chepu
3aCTOCYBaHHS HEUPOHHUX MEPEXK Ta IiJIBUIILYE PIBEHb aBTOMATH3ALlii PI3HUX MPOIIECIB, Y IKHX 3apa3
HEOOX1/IHE JIIOJICbKe BTpydaHHs. B poOoTi [9] mpeacTaBieHo aeTeKTOp XBOpOO pOCIMH Ha OCHOBI
wiatu STM32F746G-disco, sika mae 1 MoOaiiT ¢uenr-nam'sti ta 340 xbaiiT onepaTHBHOI mam'sTi.
AHani3 300pakeHb BHUKOHYBABCSl 3a JOIIOMOIOI HEHPOHHUX Mepex. JlJis BH3HAYEHHS CTYIEHI
3incoBaHOCTI MpoAyKTiB BUKopuctano CNN, poszropuyty Ha miati NodeMCU 3 MiKpOKOHTpOJIEpOM
ESP8266 [10].

BpaxoByroun TeHAEHLII0 Ha 3MEHILIEHHS PO3Mipy HEHPOHHX MEpEeX ISl 3aCTOCYBaHHS Ha
NPUCTPOSIX 3 OOMEXKEHHMH OOYMCIIOBAIBHUMH pecypcamMu Kommadis (Google cTtBopmia kiac
e(heKTUBHUX MOJIENICH 111 MOOLTbHUX, BOYIOBaHUX IIPOrpaM KOMIT toTepHOro 30py MobileNets [11].
Mepexi MobileNets 3acHOBaHI Ha CHpOIIEHIN apXiTEKTypi, SKa BHUKOPHUCTOBYE 3TOPTKH, IIO
PO3IUISAIOTECST O TJIMOWHI, JJIi CTBOPEHHSI TJIMOOKHMX HEUPOHHUX MEPEK MEHIIOTO PO3MIipy.
KomnakTHi po3MipH 10CATaIOThCs BBEJICHHSAM TilleprapaMeTpiB, 10 JO3BOJIAIOTH CTUCHYTH MEPEXKY
710 HEOOX1THUX PO3MIpIB.

B po6ori [12] onucano cucteMmy [Uisi MOHITOPUHTY CHOXHBAaHHA 1K1 y peaJbHOMY 4aci Ha
OCHOBI1 Mojienti HelipoHHOI Mepexi MobileNet. 3anmporronoBana Mmepexa notpedye 762 kbait diermn-
nam’ati Ta 500 kbaiiT oneparuBHOi mam’sATi 1 peanizamii Ha MikpokoHTposiepi STM32H7. Mepexi
noTpioHo B cepenuboMy 300 mc, mo0 BimoOpasutu 3axoruieHe 300paxkeHHss Ha PK-MoniTOpi Ta
MIPOBECTHU aHalli3. 3alpONOHOBAaHA apXITEKTypa A0CATa€E CEpeIHbOI TOUHOCTI po3mizHaBaHHs 0,82 Ha
TECTOBUX 300pakeHHSAX 1 mokasHuka 0,74 mig Yac TECTyBaHHS y peallbHOMY daci. Mojenb
0e3MmiJIOTHOr0 aBTOMOOUTS 3 BUKOpUCTaHHAM MobileNet, sk 3ropTKoBOi Mepexi Ui aHalizy
300pakeHHs, sKE€ IIOCTymae 3 Kamepu, 3ampomoHoBano B [13]. Heiiponna wmepexa wmae
BUKOPHUCTOBYBATHCS Ul BU3HAUCHHSI CMYTH PyXY Ta MPOTHO3YBaHHs MOBOPOTY JIIBOPYY, IPaBOPYY
1 BIIepe ] Ha OCHOBI BX1JTHOTO 300paKEeHHSI.

TakuM 4YMHOM, BUKOPUCTaHHS HEHpOHHMX Mepex MobileNets st posmi3HaBaHHS
iHdopmartii 1, 30kpema, 300paxeHHs, po3MHUPIOe HYHKIIIOHATbHI MOXJIMBOCTI BOYJOBAaHUX CUCTEM
Ha MIKpPOKOHTpOJIEpax MpU HEOOX1THOCTI BpaxyBaHHS OOMEKEHOCTI iX pecypciB.

Jlani HaBeZIeHO OMKC, YMOBU MTPOBEEHHS €KCIIEPUMEHTY Ta BJIacHE HOro pe3yibTaTH.

Ocob1uBocTi mo0ynoBu HeiipoHuux mepe:k MobileNet. Monens MobileNet 6a3yerbes Ha
3TOPTKaX, K1 MOKHA PO3JAUIMTH 10 TIIMOMHI, 10 € GOopMOI0 (DaKTOPU30BAaHUX 3TOPTOK, TOOTO TAKHUX,
AK1 pO3KJIaalOTh CTaHAAPTHY 3rOPTKY Ha 3rOpTKY MO TMUOMHI, Ta 3rOpTKy 1x1, sika Ha3UBA€THCS
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MOTOYKOBOIO 3ropTKot0. [{ns MobileNets rmnOuHHa 3ropTka 3aCTOCOBYE OJUH (iABTP JO KOKHOTO
BXimHOTO KaHany. [IoTiM MOTOYKOBA 3ropTKa 3aCTOCOBYE 3TOPTKY 1X1 st 00’eaHAHHS BUXOIIB
nornu6ieHoi 3roptku. CTannapTHa 3ropTka QUIbTpYeE Ta MOEHY€E BXiIHI JaHi B HOBUH HaOlp BUXO/IIB
3a OJIMH KPOK. 3ropTKa, 10 PO3IUISAETHCS 1O TIHOWHI, PO3/IISE 1€ Ha ABA IIapU: OKPEMHH 11ap Jist
¢inpTpanii Ta okpeMui map a1 KoMOiHyBaHHs. Takuil miaxia 1a€e B pe3ynbTaTi 3HAYHE 3MEHIICHHS
oOuucieHs 1 po3mipy mozemni [11].

A A /_.- 7 A
.‘l] / / | A b 4 / & ,/
y S Py A 4 // 4
/ S / Y/ / /S / / //
S S S e f S S
VAR A / pd ( //_,
D K / / // |/'.-
Dy — N —
a)
1 =
D ﬂ | 1
D K i _‘ 1 —

6)
1 L [
1 ~—N—

B)
Ioicepeno: [11].
Puc. 1. ETanu nepeTBOpeHHs 3rOpTKOBUX (PijILTPiB: a) CTAaHIAPTHA 3rOPTKA,
0) 3ropTKa Mo r’Iu0uHi, B) NOTOYKOBA 3rOPTKa

Ha puc. 1 nokasano, sk cTangapTHa 3ropTKa (a) po3KIaJaeThCs Ha 3TOPTKY Mo rnbuHi (0) 1
MOTOYKOBY 3ropTKy 1%1 (B). CTangapTHHI 3rOPTKOBUH map mpuitMae sk BXinHi AaHi Dr X DF x M
kaptu ¢yHkuii F i ctBoproe 3HaueHHst Dg X Dg % N xaptu Qpynkuiit G, ne Dr — npocTtopoBa mmpuHa
Ta BUCOTA KBaJIpaTHOI BX1IHOI KapTH (PyHKIIHA, M — KIJTBKICTh BXIIHUX KaHaTIB (BXigHA ITMOUHA),
D — npocTopoBa mupHHa Ta BUCOTAa KBaJIpaTHOI BUX1AHOI KapTH 03HAK, a N — HOMEp BHXiJIHOTO
KaHany (BuximHa riuOuHa). CTaHAApTHUA 3TOPTKOBUU IIap MapaMeTpU30BaHO SApPOM 3ropTku K
po3mipom Dk X Dk x M x N, ne Dk — mpocTopoBHii po3Mip sizipa, 1110 BBXKAEThCA KBaApaTHUM, a M
— KUTBKICTh BXIJTHUX KaHATIB, a N — KUIBKICTh BUX1THUX KaHAJIIB, SIK BU3HAYCHO paHiIlle.

CranaapTHi 3rOpTKH MalOTh HACTYIHY OOYHCITIOBAIbHY BapTICTh (TOOTO KUIBKICTh peCypciB,
SIK1 BAKOPUCTOBYE HEMPOHHA Mepeka JiJIsl HaBUYaHHS a0o0 posmizHaBanHs) [11]:

Dk X Dk X M X N x Dg % Dr. 1)

JIe BapTiCTh OOUYMCIICHHS K JOOYTOK 3aJIe)KHUTh BiJl KUTBKOCTI BXiJHUX KaHATiB M, KiTbKOCT1
BUXinHUX KaHaiiB N, po3mipy spa Dk X Dk 1 po3amipy kaptu ¢pyskiiit Dr X Dr. KoxeH 3 iux TepMiHiB
Ta iX B3aEMOJIisl CTOCYIOThCS Mojieni MobileNet. Bona BUKOpHCTOBYE 3ropTKH, 10 PO3ILISIOTHCS 110
ruOuHi, 00 MpUOpaTH 3aJIEKHICTh MIXK KUIBKICTIO BUX1THUX KaHAJIIB 1 pO3MipoOM sIpa.

CranmapTHa omeparisi 3ropTkd Mae eext (iIbTpyoUYnX (YHKLIA Ha OCHOBI 3TOPTKOBHUX
saep 1 KoMOiHyBaHHsA (YHKINIH JJIT CTBOPEHHS HOBOTro mpejactaBieHHs. Etanu QinmpTpamii Ta
00’ €JTHaHHS MO>KHA PO3JIUIMTH HA J[Ba €TAITH 32 IOTIOMOT 010 (PaKTOPU30BaHUX 3TOPTOK JJISl ICTOTHOTO
3HI)KEHHS BUTPAT Ha O0UNCIICHHS.
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3ropTka, 0 PO3AUISIETHCS MO TTIMONHI, CKIAJA€ThCs 3 IBOX IAPiB: 3TOPTKH MO TIUOWHI Ta
3TOPTKH IO TOYKaM. 3ropTKa MO TJIMOWHI BUKOPUCTOBYETHCS, 100 3aCTOCYBATH OJIWH (PUIBTp ISt
KO>KHOTO BXIJHOTO KaHaiy (BximHa rimoOuna). [loToukoBa 3ropTka, mpocrta 3roptka 1x1, mortim
BHUKOPHUCTOBYETHCS JUIsl CTBOPEHHSI JIIHIMHOT KOMOiHaIli pe3ynbTary mapy no rauduni. [Tormubiaena
3ropTKa Ma€ HACTYITHY OOYHMCIIOBAIBbHY BapTIiCTh:

Dk X Dk X M x Df X Dr. 2

[Tornmu6nena 3ropTka Ha3BHUYAHO e(heKTHBHA OPIBHAHO 31 CTAHJAPTHOIO 3rOpTKOI0. O1HAK
BOHA JuIie GUIbTpye BXiIHI KaHAIH, a HE TIOEJHYE 1X JIJI1 CTBOPEHHS HOBHX (pyHKIIiH. OTXe, s
reHepauii nux HOBUX (YyHKIIH MOTpiOeH J0AaTKOBUI 1map, KM OOYMCIIOE JIIHIHHY KOMOiHALII0
pe3yiabTaTy 3TOPTKHU IO TIUOUHI Yepe3 3ropTky 1x1.

KomoGinarist 3ropTku mo riubuHi Ta 3ropTku 1x1 (IOTOYKOBOI) HA3WBAETHCS PO3ALTEHOIO
3rOpPTKOIO 10 TauOuHI. OOUnCcIIOBaHa BapTICTh 3rOPTOK, IO PO3AUISIOTHCS 1O TIIMOWHI:

Dk X Dk X M X D x DE + M x N x Df X Dr. (3)

sKa € CyMOI0 ITHOMHHOT Ta 1 X 1 MOTOYKOBOT 3rOPTOK.

Bupaxaroun 3ropTKy K ABOETAIMHUI mporec GiabTparlii Ta 00’ €THaHHs, MOXHA OTPUMATH
CKOpoueHHs obuuciens [11]:
D.-D,-M-D.-D.+M-N-D_-D. 1 1
N o @)
D,-D,-M-N-D, -D. N D?

MobileNet BUKOpUCTOBYE€ 3ropTKH 3%3 13 pO3AUICHHSIM 1O TJIMOWHI, SIKI BUKOPUCTOBYIOTh Y
8-9 pa3iB MeHIIIe 00UHCIICHb, HIK CTAaHIAPTHI 3TOPTKH, JIUIIIE 3 HEBETUKUM 3HIKEHHSIM TOYHOCTI.

Xova 0a3oBa apxitekTypa MobileNet € HEBenMKOW Ta Ma€ HU3BKY 3aTPUMKY, JUIS I
OLTBIIOTO 3MEHIICHHS 00’ €My Ta MiABHILEHHS IIBUAKOCTI BOJUTHCS MapaMeTp o, SKUHA HA3UBAETHCS
MHOXHUKOM IITUPUHH. POJTh MHOYKHUKA IIUPUHH 0L TIOJIATAE B PIBHOMIPHOMY MPOPIKYBaHHI MEPExKi
Ha KOXHOMY mapi. {7 3a1anoro mapy Ta MHOKHHMKA ITMPUHH 0 KUTBKICTh BX1THUX KaHaliB M cTae
oM, a KUIbKiCTh BUX1AHUX KaHaiB N ctae oN.

OO0uncnoBaibHI BUTPATH 3TOPTKH, IO PO3IAUILETHCS MO MTUOMHI, 3 MHOKHUKOM IIIUPUHU O

[14_11]:
Dk x Dk x aM x Df X D + aM % aN x D X Dr. (5)

ne o € (0, 1] 13 TumoBumMu HanamryBanusmu 1, 0,75, 0,51 0,25. o = 1 — 11e 6a3oBa MobileNet,
a a<l — ckopoueHi MobileNets. MHOXHUK IIMPUHU BIUIMBAE€ HA KBAJApPAaTUYHE 3MEHIICHHS
0OUMCITIOBAILHUX BUTPAT i KUIBKOCTI MapaMeTpiB MpHOIM3HO Ha 0°. MHOXHHUK IIMPMHH MOXHA
3aCTOCYBaTH 10 OyIb-AKOI CTPYKTYpH MOJENi, 00 BH3HAYUTH HOBY MEHIIY MOJENb 13 HOBOIO
TOYHICTIO, 3aTPHUMKOIO Ta po3MipoM. BiH BUKOPHCTOBYETHCS Ul BU3HAYEHHS HOBOI 3MEHIIECHOI
CTPYKTYpPH, SIKY TOTPIOHO HABYUTH 3 HYJIA.

l'onosna BiaminHicT MobileNet V2 — 11e HOBUil MOAyIb Iapy: iHBEPTOBAHUH 3AIUIIKOBUN
0JI0K 13 JIIHIMHUME BY3bKUMH MiciisiMu (bottleneck layers), siki 3MeHITYyIOTh po3Mip BX1THUX JTaHUX.
Lleit Moxynp mpuiiMae sIK BXiJIHI JaHI CTHCHEHE 300pa)XCHHS, K€ CIOYATKY PO3IIMPIOETHCA 10
BEJIUKOTO pPO3MIpy Ta QUIBTPYETHCA 3a JIONMOMOTO 3ropTku mo riauouHi. IloTiM 00’ekTH
MIPOEKTYIOTHCS Ha3al y 300paskeHHs 3 NiHiiiHOIO0 3ropTKoio [14].

Moayne Moxxke OyTH pealli3oBaHUM 3a JOTIOMOTOI) CTaHJAAPTHUX OIMepalid y Oyab-sKoMy
cydacHOMY ppeiMBOpKY. KpiM Toro, 11eif 3ropTKOBUI MOy b OCOOTUBO IMiIXOIUTH JJIsT MOOLTHHIX
MIPOEKTIB, OCKIJIBKH BiH JI03BOJISIE€ 3HAYHO 3MEHIITUTH 0OCST T1aM’sITi, HEOOX1THUM JJIs pO3ITi3HABaHHS.
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Ha puc. 2 nokasano pizHuio Mix apxitekryporo MobileNetV1 i MobileNetV2, ne 3ropTkosi
0JIOKH, 1110 PO3AUTSIFOTHCS MO TIIMOMHI, 1 TOTOYKOBI 3rOpTKOBI mapu o 1i0H1 10 V1. [IpoTte € He3HayHa
3MiHa CTPYKTYpH MIapiB 3ropTku. TyT mepmmii map — 1e 3roptka 1x1 i3 ReLu6 (tun ¢ymkumii
aktuBailii Rectified Linear Units, sika € JiHIHHOIO B J0JaTHOMY BHUMIpi, aj€ IOPIBHIOE HYJIIO B
BiJI’€MHOMY BUMIpi 1 Ma€ 0OMEKEHHS aKTUBAIlli MAKCUMaJIbHUM PO3MipoM 6), a APYTHUil map BUKOHYE
OTIepallifo 3rOPTKHU 10 TIIMOMHI, a TPETIii I1ap BUKOHYE 3ropTKy 1x1 6e3 Oyab-sikoi HemiHiiHOoCTI [15].

@ 1*1Convolution
Tnput (compression)
1*1Convolution -
(compression) Depthwise =
convolution E
Depthwise Y e
: Depthwise @
convolution pthwi 1*1 convolution| ¥
convolution (expansion)
Y Y
% * 7 1
1*1 _ 1*1 como.lutlon Eltwise
convolution (expansion)
Stride=1 Stride=2
(a)MobileNet-V1 (b)MobileNet-V2

Hoicepeno.: [16].
Puc. 2. Apxitektypu MobileNetV1 ta MobileNetV2

Takum umHOM, mepeBaramMu Mepex MobileNets € 1ocuTh BUCOKa TOYHICTh PO3ITI3HABAHHS
MIPU 3MEHIIEHUX 00’ eMax OOYMCITIOBAIbHUX BUTpAT Ta BUIIINA MIBUIKOCTI PO3Mi3HABAHHS. 3aBIIKH
3MEHIICHHIO HEOOXITHUX TEeXHIYHHUX MOTYXHOCTEeH Mepexxy MobileNets MoxHa 3acTOCOBYBaTH Ha
MPUCTPOSX 3 OOMEKEHHMH pecypcaMu TakuxX MapaMmeTpiB sk mam ath mnporpamu (FLASH),
orepaTtuBHa mam’ it (RAM) npu TOCUTH BUCOKIH TOYHOCTI pO3Mi3HABAHHS.

ExcnepumenTanbHa OlliHKA AAKOCTI PO3MiZHABAHHA VISl PI3HUX Moneseill Mepexi. /(s
OLIHKM BIUIMBY THITy Ta MapaMmeTpiB Mojedi HEHpPOHHOI Mepexi Ha SKICTh 1 yac po3Mi3HaBaHHS
300pakeHb, a TAKOXK Ha 00’€M HEOOXITHHUX YISl IIBOTO PECYpPCiB MIKPOKOHTPOJIEPA MPOBEACHO PSI
eKCTIIEpUMEHTIB 3 BUKOPHCTAaHHIM BOYJOBaHUX 1HCTpYMEHTIB porpamuoi ratdopmu Edge Impulse
[17]. Hanma mmardpopma CTBOpeHa Jyisi IIUPOKOTO 3arajly I1HXKEHEpiB Ta JOCTITHUKIB, IO
BUKOPHUCTOBYIOTh HEWPOHHI Mepexi s pO3Mi3HaBaHHA pI3HOMAHITHUX JaHUX: 300paXKeHb,
3BYKOBUX CHUTHAJIB, CHTHAIIB 3 CEHCOPIB Ta 1HIIMX JIaHUX, IPEACTABICHUX Y BUTJIAI CIEKTPUUHUX
curHaiiB. Ilnatdopma opieHTOBaHAa Ha CTBOPEHHS MOJENEH, NMPU3HAUEHHUX IS BUKOPUCTAHHS Y
BOymoBaHUX a00 y criemiami3oBanux cuctemax. Edge Impulse BukopucroBye dpeiimBopk Keras, 1o
€ iHTepdeiicom mpukinagHoro mporpamyBaHHs (API) Bucokoro piBHA miaargopMu MaIIMHHOTO
HaBuaHHs TensorFlow, po3po06ienoi kommaniero Google. TensorFlow — mporpamna 6i6mioreka 3
BIJKPUTUM KOJIOM Ta HaOOpOoM (YHKILIH Ui MAIIMHHOTO HaBYAHHS HAa OCHOBI HEHPOHHHX MEpEex
rmbuaHOTO HaBuaHHA. OpHiero 3 ckinanoBux TensorFlow e 6i6mioreka Mmoaenelr MobileNet. Edge
Impulse Hamae MOXITUBICTE BUOpATH OJHY 3 JCKUIHKOX HasBHUX Mojeneil MobileNet ta minsTH ii
HaJAIITYBaHHS Il BAKOPUCTAHHS y TIEBHIM BOY/IOBaHI cHCTEMI BUXOJIA4H 3 11 HASBHUX PECYpCiB.
Edge Impulse Hanmae mepemik BOYZOBaHMX CHUCTEM Ta MIKPOKOHTPOJIEPIB, B SKHX MOXHA
BUKOpHUCTOBYBaTH Mojeni MobileNet. s HasBHuUX TUMIB MikpokoHTpoJsiepiB Edge Impulse
00YHCITIOE BUKOPUCTAHHS 11aM’sITi MIPOrpaMH Ta OMEPaTUBHOI MaM’sTi MpoIecopa Ta OPiEHTOBHUN
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yac posmizHaBaHHA. [licns BUOOpy Ta TpeHyBaHHS MoJeNi HEHPOHHOI Mepexi moTpiOHo BUOpaTu
HE0OX1IHY TIaTGopMy pO3pOOKHU Ta 3aBaHTAXKUTH KOJI MMPOTPAMU JI0 ITaM’AT1 MIKPOKOHTPOJIEpa.

J11s mpoBeIeHHS eKCIIEPUMEHTIB 110 po3Ii3HaBaHHIO 300pakeHb Bubpano moayis ESP-EYE,
SIKUW TPEJICTaBIIsie 3 cede MmiaTy po3poOKH Ha OCHOBI 32-po3psigHOTO MiKpokoHTposiepa ESP32 3
MIKTI0OYEHOI0 30BHILIHIO 2-MeramikcenbHoro kameporo [18]. Ha mmari posmimeno uudposuit
MikpodoHn, Ta mikpocxemy RAM emnictio 8 Moaiit. Kpim Toro, mimata Mo)ke MTiATpUMYyBaTH
nepenavdy 300paxeHHs depe3 BOymoBanwii kaHan Wi-Fi. HaBenenuii ¢yHKIioHanm poOWTH IiaTy
OJTHMM 3 HalKpaliuxX BapiaHTiB AJI TOJATKIB, TTOB’I3aHKUX 13 BUSBIICHHSM 1 pO3Ii3HABAHHIM OOJIMYb
Ta po3mizHaBaHHAIM MOBH. MikpokonTposiep ESP32 mae mikpomnpornecopue siapo Tensilica Xtensa
LX6 Big xommnanii Cadence Design Systems. OCHOBHI XapaKTEepUCTUKH TIJIATH:

* Yacrora TakroBoro reseparopa — 240 MI'g

* O06’em mam’siTi mporpam (FLASH) — 4 M6aiit

* O06’em onepatuBHOi mam’siTi (SRAM) — 8 Mo6aiitT

* Po3ginpHa 37aTHICTE KaMepu — 2 MeTaIiKcel

3oBHimHIK Bursn wiatd ESP-EYE 3 migkmrodeHoo kaMeporo HaBeIeHO Ha pucC. 3.

Puc. 3. llnata ESP-EYE 3 kameporo

Jlnis IpoBeZIeHHs eKCIIEPUMEHTY CTBOPEHO JIBi TPy 300pakeHb 3 HazBamu "men", "dogs".
O6uaBi rpynu MicTaTh 1o 30 300pakeHb BIAMOBIIHO JIIO/AEH Ta cobak. [[s 3a0e3neueHHs Kparux
pe3yibTatiB po3nizHaBaHHs 80% 3pa3KiB 3 KOKHOI 3 TPYII JaHUX, TOOTO 24 3pa3ka, BUKOPUCTAHO JUIS
TPEHYBaHHS MOJIeNl HEHPOHHOT MEPEXi, a BIAMOBITHO 6 3pa3kiB (20%) BUKOPUCTAHO ISl IEPEBIPKU.
[Tnarpopma Edge Impulse no3Bomsie BuOpatu Moaens HEHPOHHOT Mepexi 31 CIHUCKY JAOCTYIHHX 1
BUKOHATH i1 TpEeHYyBaHHsA JaHWUMHU KopucTyBaua. Ilicims TpenyBanns mojeni miardopmoro Edge
Impulse 3reHepoBaHO KOA HporpaMy po3Mi3HABAHHS 300pakKeHb AJIS 3aBAaHTAKEHHS B IaM’STb
BHOpaHOTO MiKpOKOHTposiepa. [Iporpama Takok MICTUTh (yHKINi, HEOOXimHI JJIs B3aeMOAIl 3
KoM totepoM uepe3 USB Ta BHBOIY pe3ysbTaTiB pO3Mi3HABAHHSA Y KOMAaHAHOMY PSIKY KOHCOJIL.
3o0pakeHHss 3 kamepu Mmoxayisi ESP-EYE wmokna mepernmsamati y BikHI Opay3epa B Tmpoiieci
pO3Mi3HABaHHS.

PesynpTraTomM po3mi3HaBaHHS € IMOBIPHICTh BH3HAYECHHS MPUHAJICKHOCTI 00’€KTa Ha
300pakeHH1 /10 TPy JaHMX, sKi OyJ0 BUKOPUCTAHO AJs TpeHyBaHHsS Moneni. [Ipu domy cymapHa
IMOBIPHICTb TTPUHAIEKHOCTI 10 000X IpyI AOPIBHIOE 1 1 pO3MOMIIAETHCS MK HUIMHU TIPOIIOPIIIITHO
pe3yiabTaram posmizHaBanHs. Cam mpoliec po3Mni3HaBaHHA € HUKITYHUM: MICIIs 3aBEPIICHHS MIEPIIOro
MOPIBHSHHS pOOUTHCS HOBUH 3HIMOK 1 TOYWHAETHCS HACTYITHE PO3TTi3HABAHHS.

B nepiiomy ekcriepuMeHTI po3TIIsHYTO 3aliexkHICTh 00’ emy Bukopuctanoi FLASH ta RAM
maMm’sATi Bijg Tumy BuUOpaHoi momeni HehipoHHoi Mmepexi. Edge Impulse mictuts aBi mopmeni
MobileNetV1 ta MobileNetV2 3 pi3sHUM po3MipoM MaTpHIli 300pa)XeHHs Ta PI3HUM 3HAYCHHSIM
MHOXHUKA IIUPUHU O, SIKHA 3MIHIOE YUCJIO BX1IHUX Ta BUXIJIHUX KaHATIB HEUpOHHOI Mepexi. [Ipu
BUKOPHUCTAHHI MOJIEII 3 OLIBIIIMM PO3MIpOM MaTpHIli 00 3 OUTBIIINM 3HAYCHHSIM MHOXHUKA MTUPHHU
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06’em Bukopucranoi FLASH ta RAM 3poctae. Tomy 1151 BCiX HasIBHUX MOJIesIel HEHPOHHOT Mepexi
Edge Impulse po3paxoBaHo 3HaUeHHS MMOTPIOHOr0 00’ €My Iam’sTi Ta BUBHAYEHO TS SKMX MOZEIICH
noctatibo FLASH nam’sti mikpokonTposiepa ESP32 ta RAM mikpocxemu, a sKiM MOJIeNsiM am’ ATl
HEZ0CTaTHBO.

Y npyromy eKCHEpHUMEHTI OI[IHEHO BIUIMB 3HAUYEHHS MHOXXHHUKA IIMPUHH O HA TOYHICTH
po3mi3HaBaHHA IS BUOpaHOi Mojeni Mepexi, a came MobileNetV2 160 X 160. Sk BkazaHo BuIlle,
MHOKHUK IIMPHUHU O € BXKJIMBUM YHNHHUKOM JIJIsl 3MEHIIIEHHS PO3Mipy HEHPOHHOT MEepexi, Xoya 1 3a
paxyHOK 3MEHIIEHHS TOYHOCTI po3Mi3HaBaHHSA. EKCIIEpUMEHT BHUKOHAHO JUIsI BCIX JIOCTYITHHUX
BapiaHTIB Mojei, siki MokHa po3mictutu y FLASH mam’sti mikpokoHnTposiepa Ta RAM momyst
ESP-EYE.

Y TpeTrboMy €KCHEepUMEHTI BUKOHAHO TOPIBHSHHS 3a OCHOBHHMH XapaKTEPUCTHUKaAMH
mopeneit MobileNetV1 96 x 96 Ta MobileNetV2 96 X 96 3 pi3sHUMHU 3HAYCHHAMH MHOKHUKA IIUPUHA
0L, @ caMe 3a TOYHICTIO pO3ITi3HABaHHS, Yacy po3Mmi3HaBaHHs, 00’ emy BukopuctaHoi FLASH mam’sari
Ta RAM. MeTa ekcriepuMeHTy — BU3HAUCHHST HalO11bII €PEeKTUBHOT MOJIEITI HEHPOHHOT MEPEXi JJIst
BUKOPUCTaHHA MIKPOKOHTpOJEpaMH 3 OOMEXEHHMMH 00’eMaMH Iam’sTi Mporpam Ta ONepaTHBHOI
nam’siTi.

AHaJni3 pe3ybTaTiB eKciepuMeHTy. B maHoMy po3ini HaBeIeHO pe3yabTaTh MPOBEIEHUX
eKCIIEpUMEHTIB. TOYHICTh PO3Mi3HABaHHS BH3HAYaacsi HA OCHOBI IMOBIPHOCTI MPHUHAJIEKHOCTI
300paxkeHHs rpymi "men”. ToOTo, SKIIO IMOBIPHICTH TOTO, IO 300paKCHHSI HAJICKUTH JIOIMHI
nepesuiryBaia 0,5, TO pe3ynbrar BBaKaBcs MO3UTHBHUM. CepenHe 3HAYCHHS HWMOBIPHOCTI
00unCITIOBaIOCh Ha OCHOBI 30 MOPiBHSHB.

Edge Impulse mictutes Moaem MobileNetV1 Ta MobileNetV2 3 pisHUMH 3Ha4YCHHSIMHU
koedimienta o. B tabnumi 1 HaBeneHi 3nauenHs HeoOXimHoi FLASH ta RAM wmikpokoHTpomepa
ESP32 nnst posropranns miarpuMmyBanux rmiatdopmoro Edge Impulse tumiB moaeneit HeWpOHHUX
Mepek. Takoxkx B TaONHIll HaBEEHO MPAKTUYHUNA Yac, HEOOX1MHUN JJIsi BUKOHAHHS PO3ITi3HABAHHS
moayinem ESP-EYE, Ta Teopermdnuit (tpospax), 1m0 Hamae tuiatrpopma Edge Impulse. Monerni
HeiiponHoi Mepexi MobileNetV1 96 X 96 3aiimators B mam’siti mporpam o 310 xbaiit Tta
notpeOytoTh 10 131 kbaiit oneparuBHOi mam’sti. Mozgenb 3 o = 0.1 mMoxxe OyTH BHKOpHCTaHA B
MIKpPOKOHTpOJIEpax, sKi MaloTh He MeHmIe 128 kbaiit RAM, iHIIi Mojesni 3 MHOKHUKAMH ITUPUHU
o = 0.2 Tao = 0.25 MO>XKHa BUKOPUCTATH B MIKPOKOHTpoJIepax 3 00’eMoM RAM nam’sti B 256 kbaiir.
Takum BUMOTaM 3aTI0BOJIBHSIE BEITMKA KUTBKICTh MIKpOKOHTpOJiepiB 3 simpoM ARM Cortex-M3 ta M4.
Taxkox ciijg MaTH Ha yBasi o po3mip RAM nam’sTi MiKpOKOHTPOJIEPIB B IEKiJIbKa pa3iB MEHIIIE HiXK
po3mip FLASH.

Tabnuys 1
3anexnicTs 00’emy 3aniaHoi FLASH ta RAM nam’sTi Big Tumy
BHOPAaHOI Mo/1eJIi Mepexi Ta TOYHICTH PO3MiZHABAHHS 00PaAHUX MeEpPex

MobileNet a Tounicme FLASH, kb RAM, kB | t pospax, MC t, mc

V1 96x96 0.1 0,52 107,5 66,5 369 150

V1 96x96 0.2 0,56 224,8 106,7 722 440

V1 96x96 0.25 0,59 307,8 130,9 1620 622
V2 96x96 0.05 0,51 158,8 283,4 1140 572
V2 96x96 0.1 0,57 208,8 293,2 1254 633
V2 96x96 0.35 0,67 571,6 346,9 2430 1156
V2 160x160 0.35 0,83 625,5 733,6 11175 3231
V2 160x160 0.5 0,9 949,5 768,7 12796 5167
V2 160x160 0.75 0,95 1600 1400 8740 10725
V2 160x160 1 2500 1500 29193 25154
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Jns BuxopucraHas mozeneir MobileNetV2 96 X 96 3 mHoxHukamu mwmpunu o = 0.05,
a=0.1 Ta a=0.35 "HeoOxigHo mOO6 06’eM RAM MIKpOKOHTpOJIepa CKJIaJaB HE MEHIIE HIX
512 xbaiit. Taky omnepaTtuBHy Mam’aTh MalOTh, HAMPUKIAJ, BHCOKOMPOAYKTHBHI 1 OUIBII JOPOTi
MikpokoHTposiepu Bif kommnanii STMicroelectronics 3 sinpom ARM Cortex-M7. [{ns moneneit
MobileNetV2 96 x 96 3 o = 0.05 ta o = 0.1 HeoOXimuuit po3mip RAM 6inbiire Hix po3mip FLASH.
L{s ocoGuBICcTh MiKpecioe, 1Mo Moaeai MobileNetV2 Oinbin BUMOTIIHMBI 10 pecypciB mam’sTi 1 B
nepmry depry no o0’emy omepatuBHOI mam’ari. Tomy ansi po3mi3HAaBaHHS 300pa)KeHb
BUKOPHUCTOBYETHCS JI01aTKOBA 30BHIIITHS I1aM’SITb.

Bukopucranus mozeni MobileNetV2 3 marpuneto 300paxens 160 X 160 € HaiiOinbIm
pecypcHoMicTkuM. MobileNetV2 160x160 norpebye He menmie Hix 700 kbaiit RAM n1s 3HaueHb
o =0.35 ta a=0.5, HaitOmkye Oinmblne cTaHAapTHE 3HaueHHs po3Mmipy RAM e 1 Mbaiit. s
0=0.75 Tta a. = 1 po3mip onepaTuBHOI mam’aTi Mae cTaHoBUTH 2 MbBaiiT 1 6unbire. Taky onepatuBHy
mamM’sITb MatOTh BUCOKOIIPOJYKTUBHI TPOILIECOPH, MPU3HAYCHI 11 0OpOOKM JaHUX, ajie Ie BXKE HE
KJIaC MIKPOKOHTPOJIEPHUX cucTeM. ToMy BHKOPHCTAaHHS 30BHIIIHBOI ONEpPaTUBHOI HaM siTi, sKa
M JIKJTFOYA€EThCST 32 JOTIOMOTO0 BHUCOKOMIBUAKICHOTO iHTepdeiicy, Hanpukian SPI, € mpoctum i
HenoporuMm pimenHsM. Ha mati ESP-EYE peanizoBano came Takuii BapiaHT, Xo4a Ui MOZeENi
MobileNetV2 160 X 160 3 =1 (B Tabnumi psaok 3i 3HadeHHsMH HeoOXxigHoi FLASH ta RAM
BUJIUJIEHO XMPHUM) Y MIKPOKOHTpOJepa HEe BUCTaumiIo nam’sTi. HeoOXigHO 3ayBauTH, IO Yac
PO3Ii3HABAHHS 3AJICKUTH BIJ MPOAYKTUBHOCTI MIKPOKOHTPOJIEPH 3 BUCOKOIO TAKTOBOIO YaCTOTOIO Ta
CKOPOYECHHM YacOM BHUKOHAHHS OOYHMCIIOBAILHUX OMNEpallii BUKOHYIOTH IFO OIEPAIlI0 IIBH/IIIIE.
Xo4a 1 KOITYIOTh IOPOXKYIE.

700
V1FLASH
500
V2 FLASH
200 V1RAM
E 400 V2 RAM
=
[in]
C
= 300
[
o
o
200
100
0
0 0,1 0,2 0.3 0.4

HoediieHT o

Puc. 4. 3anexkHicTb 00’eMy BUKOPHUCTAHOI TaM’ATi MiKPOKOHTPOJIepa
Bi/l 3HaYeHHs KoediuieHTy O

B tabnuii 1 HaBenmeHi 3HayeHHS TOYHOCTI (200 IMOBIPHOCTI) Ta 4Yac pO3Mi3HABAHHS B
3aJIeKHOCTI BiJl 3HAUEHHS KoedillieHTa o s Mojeli HelpoHHOI Mepexi MobileNetV2 160x160.
PosrasinyTra Mmonens 3abe3neuye TOUHICT po3mizHaBaHHA B Mexax 0,83—-0,95, m1o € ayxe xopormmum
3HAYEeHHSM Ul IEPEBaXKHO1 OIBIIOCTI 3aCTOCYHKIB. OJIHAK yac, SKUi BUTpadaeTbes Moayiem ESP-
EYE 3 takToBoto wactororo B 240 MI'11 1y1st po3mi3HaBaHHS € Ty)Ke JTOBTUM. 30KpeMa JiJIsd 3HAYCHHS
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o = 0.75 yac po3mizHaBaHHs ckianae nmoHay 10c, mo Moxxe OyTH HENPUIHITHUM AJIS IIBHIKOTO
po3mizHaBaHHsA. Takum uynmHOM, Monenb MobileNetV2 160x160 Moxe BHUKOPHUCTOBYBATUCH 3
MIEBHUMHU 00OMEXEHHSIMHU 32-X OITHUMH MIKPOKOHTPOJIEpAMU 3araJIbHOT0 IPU3HAYEHHS Yepe3 HU3bKY
NPOAYKTHUBHICTh HaBITh IPH HAsSBHOCTI JOCTaTHBOIO 00’€My ONepaTHBHOI mNam’ATi. binbi
JOIIUTPHUM B TAKMX YMOBaX € BUKOpUCTaHHA Mojiesieit MobileNet 3 MeHII010 po3/iIbHOO 31aTHICTIO,
a caMme 3 po3MipoM 300paxkeHHs 96x96 mikcens.

TakuMm 4YWHOM, aHai3 HaABEAECHWX B TaONMII JaHUX I[IOKa3ye, IO MOJETh MEpPexKi
MobileNetV2 He mae uiTKO BUpakeHUX niepeBar Haj Moaeuto MobileNetV 1. Monens MobileNetV?2
BUKOPHUCTOBYE B 2—2.5 pa3u OLible OMEpaTHBHOI mam’sTi 1 Mae B JIEKIIbKa pa3iB JOBIIUH dYac
posmizHaBaHHs (B 3aJIe)KHOCTI Bifl 3HaYeHHs koedimienta o) Hibk MobileNetV1, xoua 3abe3neuye
JIENIO Kpally sIKICTh PO3Mi3HaBaHHSA. SIKIIO MOPIBHATH XapaKTepuCTHKU Mojerneit MobileNet V1 Ta
V2 ans o = 0.1, TO MOXKHA TOOAUUTH, 110 TOYHICTH pO3Mi3HABAHHS i Bepcii Mozeni V2 ckianae
0,57 y toit wac sik ans Bepceii V1 € 0,52. OqHak Takuii JOCTaTHO HEBENUKUN MPHUPICT Y TOUHOCTI
00X0MUThCS 30UTBIIEHHAM po3Mipy Mozem mnpaktuyHo y nBivi (FLASH), 36inbmennasm 06’ emy
3aJiTHOT OIlepaTHBHOI aM AT y 4 pa3u Ta 30UIbIICHHS Yacy po3Mi3HaBaHHs Takox y 4 pasu. ['padiku
3JIEKHOCTI 00’ €My BUKOPUCTAHOT ITaM’SITi MIKPOKOHTpOJIEpa Bijl 3HAYCHHS KOS(IIlIEHTY 0 HABEJCHO
Ha puc. 4.

3 puc. 4 MOxXHA 3pOOMTH BHCHOBOK IO, Y Bepcii V2 30inblIeHHS HEOoOXITHUX PEeCcypciB
3pocTae 3Ha4HO cTpimKimie, HixK V1. Tomy Juist 3acTOCYBaHHS Y CUCTEMAaX 3 0OMEKEHUMH PeCcypcaMu
JUTSL aHAUTI3y MalTuX oOpaxkeHb OubIe maxoauth MobileNetV 1.

BucHoBkH. B pesynbraTi eKclepUMEHTAIbHHX JOCHIIKEHb BHUKOPUCTaHHA MoJenei
HelipoHHUX Mepex MobileNetV1 ta MobileNetV2 nnst posmizHaBaHHs 300pakeHb 96x96 mikcenmB
BCTaHOBJICHO, II0 PO3TOpTaHHs 1 poboTa HelpoHHOT Mepexi Ha 32-X OITHUX MIKPOKOHTpoOJepax
MOXJIMBI 32 YMOBHU JIOCTaTHBOTO PO3Mipy BOYJOBAaHWX TaM’ STl MPOTpaM Ta OTMEPATUBHOI Mam’sTi.
Monens MobileNetV1 st o = 0.1 Mmoke OyTH BUKOpUCTaHa Yy MIKpOKOHTpoJiepax 31 poamipom RAM
Bix 96 kbaiit. Monens MobileNetV1 3 iHmMu 3Ha4€HHIMH O TOTPpeOye BUKOPUCTAHHS MIKPOKOHT-
poiiepa 3 256 kbaiT 1 6ib111e BOY10BaHO1 ONEpATUBHOI ITaM’SIT1, 110 HE € MPOOJIEMOTO TS peatizaltii.

[Ipu posmizHaBaHHI 300pa’keHb 3 OUIBIIOI PO3IUIBHOIO 3JaTHICTIO, 30Kpema 160x160
MKCENIB, 32 JOMOMOIor HelpoHHuUX Mepexk MobileNetV2 3poctae 00’em HeoOXigHOI mam’siTi
MIKpOKOHTpOJIEpa, B TepIiry 4epry omeparuBHoi. [Ipobimemy MokHA BHUPIIIUTH BUKOPHUCTaHHSIM
30BHIIIHKOI mam’sTi. Takok 30UIBIIYETHCS Yac pO3IMi3HABAHHS. Y IbOMY BHUIAIKY MOTPIOHO
BUKOPHUCTOBYBaTH OUIBII TMPOJYKTHBHI MIKPOKOHTPOJIEPH, WO 3A0POXKYE BHUPIIICHHS 3ajadi
pO3Ii3HABAHHS.

AHaini3 TOpIBHSHHS XapaKTePUCTUK Mojeneil HeilpoHHux wmepexx MobileNetV1 Ta
MobileNetV2, nmpononoBanux Edge Impulse, mokasye, mo xoua momens Bepcii V2 Mae Buiy
TOYHICTH PO3Mi3HaBaHHA HIX MOeNb Bepcii V1, yac po3mi3HaBaHHA 3HAYHO OUTBIIMNA HIX Y MOJENI
MobileNetV1. Kpim Ttoro 06’emu motpionoi FLASH ta omepaTuBHOI mam’sTi y JeKiJIbKa pa3iB
NEPEeBUIIYIOTh aHAJIOT1uH1 mapameTpu Mozeni Bepcii V1. OTxe cucreMu po3mnizHaBaHHs 300pakeHb
Ha 32-x 6iTHHX MiKpoKoHTposiepax Tuny Tensilica Xtensa LX6 Ta iM aHamoriunux kparie OyayBaTu
Ha Mozeni Mepexi MobileNetV1 3 BuKopucTaHHSIM AOAATKOBOI OMIEpaTHBHOT ITaM’SITi.
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PECULIARITIES OF IMAGE RECOGNITION BY NEURAL NETWORKS
ON THE EXAMPLE OF MOBILENETV1 AND MOBILENETV2
IN MICROCONTROLLER SYSTEMS

Purpose. Research on the dependence of the amount of microcontroller memory used and the image
recognition time on the type of convolutional neural network MobileNet V1 or V2 and their hyperparameters.

Methodology. Creating a database of images necessary for training a neural network using the Edge
Impulse software platform with subsequent loading of the network into the memory of a 32-bit microcontroller
ESP32 for practical evaluation of network characteristics.

Findings. A comparison of the characteristics of MobileNetV1 and MobileNetV2 neural networks was
made. Experiments were conducted to determine the dependence of the recognition time of selected objects on
the image, the amount of used RAM and program memory, based on the ESP-EYE microcontroller with a
camera, depending on the network width ratio, image size and convolutional neural architecture network. It
was determined that the time of image classification for the MobileNetV2 network model takes from three to
ten seconds or more, which is not acceptable for fast recognition tasks. It was also found that the
microcontroller program memory is insufficient to analyze the 160 by 160 pixel images with the maximum
network width of the MobileNetV2 model. Using the MobileNetV1 network provides slightly lower recognition
accuracy, but requires significantly less microcontroller resources and time.

Originality. The peculiarities of the use, possibilities and limitations of neural networks for image
recognition in systems based on ESP32 microcontrollers have been verified in practice. The dependence of the
amount of memory used on the microcontroller and the time of image recognition on the type of convolutional
neuron was established in order to select additional image processing tools to improve the quality of
recognition.

Practical value. The obtained results allow the proper selection of the MobileNetV1 or MobileNetV2
neural network depending on the specific tasks of image recognition by systems on microcontrollers.

Keywords: microcontrollers; image recognition; convolutional neural networks; Edge Impulse;
MobileNet.
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'Haguanvno-nayxosuii incmumym amommnoi ma mennosoi enepeemuxu KITI
im. leopsa Cikopcoroeo, Yrpaina

2 Incmumym mexuiuni mennogpizuxu HAH Yrpainu, Ykpaina

® Incmumym 3azanvhoi enepeemuxu HAH Ypainu, Ypaina

HIABUIMEHHA PIBHSI E®EKTUBHOCTI CIIOXKHUBAHHA
EHEPI'Ii B IUTAYOMY CAJIKY, TA MOT'O BILJIUB HA PIBEHb
TEIVIOBOT'O KOM®OPTY

Bemyn. Jloou nposodsime Oausbko 90% ceoco wacy 6 npumiwjenui, momy Kom@opmue menioge
cepedosulye 8 NPUMIWYEHHI MAE BAXCAUBE 3HAYEHHA OISl BUCOKO20 DIGHA HPOOYKMUBHOCMI 1 2apHO20
camonoyymmsi. OyinKka Menio8o2o Kompopmy 6 NPUMIWEHHT € KII0UOBUM MOMEHMOM NPU NPOEKMYSAHHI 1
eKCnyamayii cucmemu ONANeH s | GeHMUIAYIL, a MaKodic npu Ni0UUeHHI eHepeoehekmusHocmi 6yoises.

Mema. Iliosuwenns enepeoeghexmusnocmi 0ydieenb ma OYiHKa 3MIHU MENI08020 KOM@opmy 07s
BUCOKOYYMIUBUX BEPCME HACENeHHA HA Npukiadi 6i0idysauie Ouma4020 CAOOYKY NpU HOKPAUeHHI
Meni06020 3aXUCT).

Memoouxa. J[ocniodcenuss GUKOHYIOMbCA 3 GUKOPUCMAHHS KOMN TOMEPHO20 MOOENIO8AHHS )
npoepamuomy 3abesneveni DesignBuilder.

Pezynvmamu. 3a 00nomoz010 KOMN 10mepHo2o MOOEI08aAHHS BUSHAYUIU eHep2Onompedy, 000amKo8i
Menosi Ha0X00JCeHHsT ma Menioei empamu 0y0ieni 3 pisHUM PIGHeM MEeNI08020 3aXUCmy ma 3 pisHUMU
pesicumamu pobomu onaneHHss ma eeHmuasayii. JJocriounu 6niue nioguieHHs pieHs eHepeoehexmusHocmi Ha
menniosuti Komgopm.

Haykoea nosusna. /ocniodxcenns eniugy niosuuyeHHs pieHsi eqheKmusHOCmi CnodCueanHs enepeii
0y0ig/i Ha pigeHb MENI08020 KOMPOPMY 3a OONOMO20I0 KOMA TOMEPHO20 MOOETO8ANHSL.

Ilpaxmuuna 3nauumicms. 3a 00NOM02010 KOMN TOMEPHO20 MOOem08anHs nodyodosarno 3D modens i
BU3HAYEHO eHEePeOCNONCUBAHHSA 0)0i6/i 00 Ma Nic/iA NIOBUWEHHs PIGHS eqheKMUBHOCMI CROXCUBAHHS eHepail a
maxoxic enaue MooepHizayii Oyoieni Ha pieeHb Meni08020 KOMPOpmy.

Knwuoei cnoea. enepeozbepesicenns; ymMo8U KOMPOPMHOCHI, KOMN TOMeEPHe MOOeTOBANHS,
OOWIKIbHULL HABYATLHULL 3AKAAO.

Beryn. YV 3B'SI3Ky 3 THM, L0 >KUTENI OyIUHKY BiJIrpaioTh BaXKJIHMBY POJb B €KCILTyaTallii
OymiBiIi 1, OLTBIT TOTO, B MIABUIIICHHI eHeproepeKTUBHOCTI Oy/iBeNb, OIlIHKA TEMJIOBOTO KOM(OPTY
B HUX Ba)XJIMBA HE TUTLKU JJIs1 OyIiBHUIITBA MPOCKTYBAHHS 1 €KCILTyaTallii, a TaKOX JIsI M1 BUIIICHHS
eHeproe(eKTUBHOCTI. CHpUUHATTS JKUTEIIMU OYAMHKY TEMJIOBOr0 KOM(OpPTY B MPUMIIICHHI
3a3BHYail BIIHOCUTHCS A0 IX BIIUYTTS KOM(POPTY B KIMHATI, HAPHUKIIAJ], B KIMHATI )KapKO, XOJIOTHO
a00 HEUTPATTBLHO 1 TaK JaTi, IIe HE SBJISIE€ COOOIO MPSME BIAUYTTS TEMITEpATypPH TOBITPS B MPUMIIIICHHI.
Kpim Toro € BepcTBH HaceNneHHS SKi 0COOIMBO YyTIUBI 10 BUMOT TEIJIOBOTO KOM(OPTY — i€ AITH Ta
JITHI JIFOJIA, TIO-PI3HOMY B OJTHAKOBUX YMOBAaxX MOYYBAIOTh CEOE JKIHKU Ta YOJOBIKH.

Sk mpaBuiIo, HAWOUMBII MOIIMPEHI CTaHJAPTH TEIUIOBOTO KOMGOPTY IPYHTYIOTHCS Ha
aJanTUBHUX a00 CTalllOHApHUX MOJEISIX. bBITbIIICTh aJanTHBHUX MOJCNICH 3aCHOBaHI 3a
pe3yabTaTaMi OJHOYACHOTO 300py MaHMX MpO TEIUIOBHM CTaH JOBKULIS Ta TEIUIOBA PEaKIis
cyO0'eKTiB, 3 BU3HAYCHHSIM IapaMeTPIiB TEIUIOBOTO PEKHUMY B TMPHUMIIIECHHI, IO 3aJI0BOJHHSIOTH
OUYiKyBaHHAM MelKaHIiB. [IpenctaBieHHs aganTUBHOI Mojedl 3a3BUYail  3a0e3MedyloTh
€KCIICpUMEHTAJIbHI CITIBBIHOIIICHHS, B SKHUX TeMIIepaTypa TeIioBoro kKoMdopTy € (QyHKIli€0
Temneparypu 30BHimHbOro moBiTps [1, 2]. Cepex cramioHapHMX Mojenell HalOLIbII 4YacTo
BHUKOPHUCTOBYETHLCS MOJICIb 1HACKCY TerutoBoro koMpopty (PMV), ska 6yna po3podiena danrepom
[3] kimbKa HECATHIITH TOMY, 1 JO IIUX TIp JIGKHUTh B OCHOBI 0aratboX MOCIHIKEHb TEIIOBOTO
koMmdopty [4-9]. Innekc PMV € ¢yHKItiero mectn napameTpis 1, 3rigHo 3 ISO 7726 [10], wotupu 3
HUX — 00’ €KTHBHI TapaMEeTPU HABKOJHUIIHHOTO CEPEIOBUINA (TeMIepaTypa, IMBUIKICTh Ta BOJIOTICTb
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MOBITPS, Cepe/iHs pajialiifHa Temreparypa). J[Ba iHImMX napamerpa € cy0’eKTUBHUMH (pakTopamu,
130J1S1111s1 OZIATY 1 MIBUAKICTIO METaboJ1i3My, iX OIliHKa omucaHa B ctangaptax ISO 9920 [11] 1 8896
[12] BigmoBigHO. B KOHTEKCTI Cy0’€KTMBHUX (AKTOPIB IIBUAKICTH META0OI3My JIIOJUHH €
OCHOBHHM JIJTS1 OIIIHKH TEIJIOBOTO KOM(OPTY, SIK MMOKa3aHO B KUIBKOX JocimkeHHsx [13, 14].

IocTtanoBka 3aBaanHs. [IpoBeeHi AOCTIKEHHS Yy CaI0UKy TOKA3aJH, 0 TiTH (4-5 poKiB)
PO3YMIIOTh KOHIIEMIIII0 KOMMOPTY 1 MOXYTh BU3HAYMTH CBIM YCBIJJOMJIFOBaHHM 1 OaKaHHWI piBEHb
terioBoro komdopty. Kpim Toro, 3po3yminio, mo PMV y nitelt nemo Buiuii, Hix y nopociux [15].
OcobnrBa yBara TPUAUISETHCS IHIWBIAYaIbHUM BHUMOTaM JO TNHUTaHb TEIIOBOTO KOMQOpPTY,
OOyMOBJIGHUX CTaTTIO, BIK TOmO. SIK HACHIIOK Mepexifi BiJl MapajurMH IEHTPasli30BaHOTO
3a0e3MeUeHHS IKOCTI MIKpOKTIMATy 70 TIEPCOHAII30BaHuX cucTeM [16].

Tomy MeTOI0 AOCHIKEHHS € MiABUILEHHS eHeproe(eKTUBHOCTI Oy/IiBeNb Ta OILiHKA 3MiHU
TEIJIOBOTO KOM(OPTY 171l BUCOKOUYTIMBUX BEPCTB HACEJIICHHS HA TIPHUKJIAA1 BIJIBIyBaUiB TUTIIOTO
CaJI0OuKy IPH 3MEHIIIEHHS eHeprocrnokuanHs. OIiHKa BIUIUBY Opi€eHTallii Oy/1iBiIi, piBHS TEIIOBOTO
3aXMCTY B AMHAMIIII HA BIAYYTTS TETIOBOTO KoMdopTy, a came Ha PMV.

Onuc o00’ekTa J0CTIIZKEHHA Ta OCHOBHMX mapaMeTpiB MoaeqwoBaHHs. OO0’exToM
JOCIIJDKEHHS € JOWIKUTbHUN HaB4YaibHUE 3akman Ne 630 (scrma-cafok) SIKMM pO3TalloBaHUU Yy
M. KuiB. HaBuanpuuit 3axman 3acHoBanuil y 1951 poui. Ha puc. 1 300paskeH0 po3TairyBaHHS 3a
CTOpOHaMH CBiTy, 3aranpHuii Burasa mozeni JTH3 Ne630 y Designbuilder. Y JIH3 manwit gac
HaBYaeThbes 84 TUTHHM, SIKi MOALIEHO Ha 4 rpynu no 21 autuHi, mpaitoe 25 ocib mepcoHay.

Puc. 1. Mopaeas oyaisai y Design builder

3aranpHa iHMOopMartis po JIH3 Ne630 naBenena B ta6i. 1. 3oBHimHI cTiHM 3 1-r0 10 2-UH
MOBEPX BKJIFOYHO BUKOHAHI 13 YEPBOHOI LIETNH, KJIaaKa MoABiiiHa, ToBuwHA cTiHk 520 mM. CriHa
CKJIQIIAETHCS 3 KUTBKOX IIapiB: LETIIHA KIagka 3 IEMEHTHUM po3unHoM — 500 MM, mTyKaTypka
BHyTpimHA 20 MMm. Bikna y JIH3 3 moiBiiHUM CKIIIHHSAM y METAJIOIUIACTUKOBUX CKiIonakeTax 4M:i-
16-4M1-16-4M1. NopuiiiHe IEPEeKpUTTS ACPEB’STHE, YTEIUICHO IIapOM KepaM3HUTYy.

Tabnuys 1
3arajbHa iHdopmaltis
3aranpHa mIoMmA OYIiBIi, M2 1299,68 OnaoBaibHa oA, M2 918
BaranpHuit 06°em, M 3517,91 OnaoBaibHUiT 06°€M, M 2599,36
BrcoTa npuMineHHs, M2 3 KinpkicTh moBepxiB 2
[Tnomia irpoBux KiMHAT, M2 297 ITrowma crajbHUX KiMHAT, M2 78,16
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B ymoBax akTyalbHOCTI pO3BUTKY Ta BOPOBAKEHHS KOHIIEMLi OyAiBIs 3 Maibke HYIbOBUM
CIOKMBAHHSAM EHEpPTii, IS aHali3y PiBHS TEIUIOBOTO TEIUIOBOIO KOM(OPTY BHUKOPHUCTOBYETHCS
0a30Buil BapiaHT (TEIUIOTEXHIYHI MapaMeTpu BIAMOBIJAIOTh ICHYIOUMM) Ta BapiaHT Ui SKOTO
nmapamMeTpu OymiBiIl BiAMOBIZalOTH BUMOTaM sKi TpeacTaBisitorbest y I[lIBemii, Bci maHi 1mio/1o0
TEPMIYHOTO OIOpy AJIsi 6a30BOro BapiaHTy Ta BapiaHTY Micis TepMOCaHallii MPeCTaBIeHO Y Ta0u.2.

Tabauys 2
XapakTepuCTHKH OropoKKBaJIbHUX KOHCTPYKUin [IH3 Ne630
3HaueHHs OMOpY TerUIonepeaayl
Bun oropomkyBaibHOT KOHCTPYKIIiT OrOPOMKYBALHOT KOHCTP yKHi.T’ .(MZ'K)/.BT Hnomza A
Icnyroue npuseneHe MiHiMabH1 M
3HAYEHHS suMmoru HIserri
30BHIIIHI CTIHU 1.02 5.84 990
["opuIHI TEPEKPUTTS HEOMATIOBAHUX 113 95 459
TOPUIII
[lepekpuTTs Hax npoizgamu Ta
HEOITATIOBAHUMH I1IBAJIAMA 0.52 1 170
Caitiomnpo3opi oropqufcyBaani 0.52 1 129
KOHCTPYKIIIT
30BHIIIHI ABEPI 0.49 1.05 19.48

OnaneHHst 3AIMCHIOETbCA BiJl 4epe3 TEIJIONYHKTY, SKHH 3HaXOIUTbCA B IiJBAIBHOMY
npumimenHi JIH3, B 6a3oBoMy BapiaHTi 0e3 perysiaroBaHHS OMAJICHHs Ta BEHTHJIALII y HepoOodi
roguHu. BHyTpilmHs TemmepaTypa BcTaHoBineHa Ha 22°C Ta KpaTHiCTh HOBiTps o6Miny 1.5 rox™
BiamoBimHO 10 craHgapty EN 12831 [17].5Ix BapianT eHepro30epexeHHs PpO3TISAaEThCs
MOJKJIMBICTh BHKOPHCTAHHSI PETYIIOBAHHS ONAJCHHS Ta BEHTWIALIl y HepoOoui roaunu. [lpum
3aMpoOBa/DKEHHI YEProBOr0 PEXKHMY OIAJCHHS BHYTPIIIHS TEMIIEpaTypy Yy HepoOoul TOAWHHU
noHmxkena a0 18°C u 3a 2 rogumHu a0 poOouoro wyacy migBuInyerbess 10 22°C, KpaTHICTh
TIOBiTPOOOMiHY B Hepo6oui TouHN cTaHoBUTH 0.75 Tox™l, mo BimobpaxkeHo Ha pHC. 2.
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Puc. 2. JlodboBuii rpadik Temneparypu noBiTpsi Ta KPATHOCTi MOBITPOOOMiHY OymiBJIi
AUTSYOT0 CAI0UYKA
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Jlo6oBuii rpadik MpUCYTHOCTI JIIO/IEH Ta AiTeH y pi3HUX NMPUMIIIEHHIX Oy IiBii BiTOOpaXXKeHO
Ha puc. 3. Y IuTA4OMYy CaJ0uKy Ha KyXHI MPaIoTs 3 7—17 roguHy, BpaxoBaHo, 1110 B IrpOBii JITH
3HaxonAThes 3 9-13 13 17-18, y cnanehi 3 13-16.
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Puc. 3 Jlo6oBuii rpadik npucyTHOCTI Jroaeii y OyaiBJai JUTAYOr0 ca0uKa

Cepen cy0’€KTMBHUX MapaMeTpiB TEIJIOBOTO KOM(OPTY BHAUIAIOTH MeTabonizsMm M Ta
TEePMIYHHUHA omip ofsary MoauHU lclo. 711 po3paxyHKiB 3HauU€HHS M NMPUHHATO PI3HUM U Pi3HUX
KIMHAT, [0 3aJICKUTh BiJi aKTMBHOCTI MPUCYTHIX: irpoBa kiMHata — 180 BT; cTomoBa kimHara —
125 Br; cnanbna kimMHarta — 83 Br; kyxus — 180 Bt; kabinet — 123 Bt. Mera6omnism B DesignBuilder
€ CTAJIOI0 BEIMYMHOIO, sIKa MpUTaMaHHA KUTBKOCTI TEIUIOTH IO BHUAULIE TOPOCITHH YOJIOBIK 13
TUMOBOIO MIOMIE0 HoBepXHi 1,8 M2, OCKiNbKM Yy Caf0uKy MpalioloTh B OCHOBHOMY JKiHKH Ta
3HAXOATHCA JITH, TOMY BUKOPUCTOBYETHCS METa0O0IUHMNA (DAaKTOp KK OyB BCTAHOBJICHIHN Ha PiBHI
0.75 (nna giteit), oKpiM KyXHi Ta KaOiHEeTy B SKMX BCTaHOBiEHO 0.85( 115t )KiHOK).

HactymHuit moka3HUK TEmI0Boro KoMmpopTy — TEPMIUHIHN OIip OSITY, SKUW BCTAHOBJICHIN Ha
piBHi 1(clo) B 3umoBHii yac, B niTHUN cTaHOBUTH 0.5. Y cnanbHi JaHWI mapaMeTp YCTaHOBJICHO HA
piBHi 3.5, 110 BUBHAYAETHCA TEPMIYHUM OTIOPOM KOBIIPH.

PesyabtaTn mopemwoBanb y Design Builder. Ha ocHOBI mpoBeneHHMX MOETIOBaHb
BH3HAYEHO 3HAYEHHS CHEPromnoTpeOu, J0JaTKOBI TEIUIOBI HAAXOHKCHHS Ta TEIJIOBl BTpaTH OymiBIIi
3 PI3HUM piBHEM TEIUIOBOTO 3aXUCTY Ta 3 PI3HUMU peXUMaMH POOOTH OMAaJCHHS Ta BEHTUJISLIL.
ba3oBuii BapiaHT BIJNOBiJIa€ ICHYIOYOMY PIBHIO TEPMIYHOTO OTOPY OTOPOJKEHb, TaKOX
po3risgaeTbess 0a30BHi BapiaHT i 3 MEPEPUBUACTUM OIMAJICHHHSM Ta BEHTUJISIIEIO, M€ OJUH —
OTOpOIKEHHS BiAnoBigaroTh HopMam llIBertii, Ta ayis HopM [1IBenii qo1aHo IepepuBYACTE OMMAICHHS.
[TigBHILIEHHS TEPMIYHOTO OMOPY BiJ 0a30BOro BapiaHTy 10 HopM LlIBerii 3HIKY€E eHepronoTpedy Ha
32% y mopiBHSAHHI 3 0a30BUM BapiaHTOM. BrpoBagkeHHS MepepuBYACTOrO OMaJIEHHS 00YMOBIIIOE
3HIKEHHs eHepronorpedu Ha 14% Juid cajouky BiANOBITHO y MOPIBHSAHHI 3 0a30BHM BapiaHTOM.
[lepepuBuacte omajieHHS Ta BEHTWJIALIS Ta MiABUINEHHS TEIUIOBOTO 3axucTy Ao Hopm IlIBemii
JI03BOJISIE OTPUMATH 3HIKEHHS eHepronmorpedu Ha 42%, mo mnpexncraBieHo Ha puc. 4. Byno
JOCITIKEHO OajlaHC JOIaTKOBUX TEINIOBUX HAJIXO/KEHB Ta TETJIOBUX BTPAT JIJIsl 0a30BOTO BapiaHTy
AKiH mepecTaBiIeHO Ha pUC. 5. Ta puc. 6 BIAMOBITHO Ui OMATIOBAIBHOTO ce30HY (06a30Biii BapiaHT).
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Haii6inb1ii 1o1aTKOBI TETTIOB1 HAIXOMKEHHS 10 OyAiBIII HAAXOAATH Bi JIojIeH 1 ckinaaarTs 50% Bixa
3arajJpHOTO TOKa3HWKA, a HaWOLIbIl BTpaTd BiAOyBalOThCSA uepe3 1HQIIBTpaIlito, MOPIBHO 3
OyaiBISIMHU 1HIIOTO MPU3HAYEHHS CKJIAJ0Ba TEIJIOBUX BTPATH 3 MOBITPS OOMIHY 3HAYHO OLUIbIII,
BpPaxoBYIOYi 0COOJIUBOCTI YMOB KOM(DOPTHOCTI TOMIKUTBHUAX 3aKJIaliB.
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JuHamika 10O0BOTO TEIJIOBOTO CIIOKHMBAHHS B ITPOBIH Ta CHalbHIA KIMHATI B CaZO4Ky 3
PI3HUM PIBHEM TEIJIOBOTO 3aXHUCTY Ta 3 PISHUMH PEKUMaMU POOOTH OTMAJICHHsI Ta BEHTHILAIT 3a
JIOTHH TPEACTaBICHO Ha puc. 7. BcTaHOBIEHO 10 MakcHMallbHE 3HAYEHHS J000BOTO TEIJIOBOTO
CIIOKMBAHHS 711 0a30BOT0O BapiaHTy 3a JIOTUH cTaHoBUTH 0.55 kB1/M3 Ta 0.67 kB1/M3 nmist irpoBoi
Ta CHabHOT KIMHATI BIAMOBIIHO, 3aCTOCYBAaHHS NIEPEPUBYACTOTO OIMAICHHS Ta BEHTHIIALII 3HIKYE
1o BenuuuHy Ha 21%, migBUIIEHHS TepMidyHOTo omnopy Ha 23% B irpoBiil kimMHatu, Ta 31% s
CHaJibHi, CyMICHHIA BIUTMB LIUX 3aXO/1B 3HWXKYH TeIioBe HaBaHTakeHHS Ha 37% Ta 46% B TepMiUHUI
OTip OropoKeHb BiAmoBigae HopMmam [lIBemii + nepepuBUacTe onajaeHHs Ta BEHTHIIAIIA.
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==== —@anrep 6a3oBoro Bapianty, “=***=* — ®@anrep oropomxeHHs IllBemii + mepepuByacTe oOmaneHHS Ta
BEHTHIALLIS, — pagmiariiiHa TemIiepaTypa 6a30BOro BapiaHTy, — pagiamifiHa TeMIepatypa OTOpOJ-

xenHs IBetii + mepepuByacTe omanseHHs Ta BEHTHIIIIISA
Puc. 8. BnimBy nigBuineHHs piBHA eHeproegeKTUBHOCTI Ha TEIJIOBIIUYTTA AiTel Ta
3HAYEHHS cepelHbOI paaianiiiHoi TeMnepaTypu
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JIJist OIIHKY BIUIMBY ITiJIBUIIEHHS PIBHS €HEproe(eKTUBHOCTI HAa TEIUIOBIMYYTTS NiTeH Ha
puc. 8, mpencraBiieHo aAuHaMiKy 3MiHM PMV Ta paaiariiinoi Temneparypu sik OCHOBHOTO (hakTopy
BIUIMBY Ha 3MiHy PMV, ans irpoBoi kiMHaTé aisi 0a30BOTO BapiaHTy Ta BapiaHTy Yy SKOMY
OTOpOJIKEHHS BiJMOBiAaI0Th HopMaMm IlIBewii Ta BUKOPUCTOBYETHCS NEpepUBYACTE OMNAICHHS Ta
BeHTW AL, Ha mouaTky i BKiHII onaitoBajgbHOro nepiony PMV cyTTeBO mepeBuILye TOMYyCTUMI
3HaveHHs B -0.5 — 0.5 1 mocsirae 1, miABUIIICHHS TEPMIYHOTO OMOPY IIE ITiIBHUINYE 111 3HaYCHHs. Take
MiABUILEHHS TOBOPHUTH PO MOXJIMBICTH 3HMKEHHS TEMIIEpaTypu MOBITPS y MPHUMILIEHHI, 0
CYTT€EBO MOKPAIIUTD TETUIOBITUYTTS AIT€H, TOOTO iM HE Oy/Ie )KapKO, a TAKOK 3MEHIITUTh CTTOKUBAHHS
eHeprii Ha onayieHHs. OCKUIbKM 3HIKEHHS TEeMIIEpaTypy B MPHUMILICHHI MPUBEAE 1 A0 3HUKCHHS
CEpeHbOI pajlialiifHOl TeMIepaTypu Iie BUMaraTuMe JIOAATKOBUX IOCIHIKeHb. [[ins 6azoBoro
BapiaHTy HaiiHWK4i 3HaYeHHs PMV -0.5, ans yremnenoro -0.3.

Bucnosku. [lokasaHo, 1110, 3acTOCYBaHHS [IEPEPHUBYACTOrO OMAJIEHHS Ta BEHTHIIALIT 3HUXKYE
3HA4YEeHHs TEIUIOBOTO HaBaHTa)KeHHsS Ha 14%, miABMIEHHA TepMiuHOTo omopy Ha 32% cymicHMI
BILUIUB Ha 42%.

Hocnigunu nuHamiky 3MiHu PMV s giteit y mpuMmilieHHSX uisi 0a30BOr0 BapHaHTa Ta
BapiaHTy y IKOMY OTOpPOKEHHS BiAMOB11at0Th HopMam LlIBerrii Ta BUKOpHUCTOBYETHCS MTepEepPUBUYACTE
OTIaJICHHS Ta BEHTWJIALIS. 3 HaBEJEHUX PE3yNbTaTiB 0a4uMO 1110 3 MiABUIICHHIM TEPMIYHOTO OTIOPY
OTOpPOJIPKEHHSI HE JIMIIE 3MEHIIYEThCS €HEProCHOXUBAHHS a 1 MOJIMIIYETHCS PIBEHb TEIMIOBOTO
KOM(OPTY B IPUMIILICHHSX.

B nomanemomy 3amigaHoBaHO KOMIUIEKCHUHM aHaJi3 WX MapaMeTpiB, IO JO03BOJIUTH 00paTh
ONTUMAJBHIN PEXUM OTAICHHS Ta I1I¢ 3MEHIITUTH TEIJIOBE HABAHTAXKCHHS Ha OYIIBIIIO.
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INCREASING THE LEVEL OF ENERGY CONSUMPTION EFFICIENCY IN
KINDERGARTEN AND ITS IMPACT ON THE LEVEL OF THERMAL COMFORT

Introduction. People spend about 90% of their time indoors, so a comfortable indoor thermal
environment is essential for high levels of productivity and well-being. Assessment of indoor thermal comfort
is a key point in the design and operation of heating and ventilation systems, as well as in improving the energy
efficiency of buildings.

Purpose. To improve the energy efficiency of buildings and assess the change in thermal comfort for
highly sensitive groups of the population on the example of kindergarten visitors with improved thermal
protection.

Methodology. The research is carried out using computer modeling in the DesignBuilder software.

Findings. Using computer modeling, we determined the energy demand, additional heat gain and heat
loss of a building with different levels of thermal protection and different modes of heating and ventilation.
The impact of increasing the level of energy efficiency on thermal comfort was investigated.

Originality. To study the impact of increasing the level of energy efficiency of a building on the level
of thermal comfort using computer modeling.

Practical value. Using computer modeling, a 3D model was built and the energy consumption of the
building was determined before and after increasing the level of energy efficiency, as well as the impact of
building modernization on the level of thermal comfort.

Keywords: energy saving; comfort conditions; computer modeling; preschool educational institution.
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YK 534.6 KO3AK A. B., KOPXKXUK O. B.

Hayionanonuii mexuiunuu ynieepcumem Yrpainu «Kuiscokuii nonimexniunuti
incmumym imeni leops Cikopcbko2on

YAOCKOHAJIEHHA CUCTEM IIYMOIIEJIEHI'YBAHHS BIIJTA
3 BUKOPUCTAHHSAM BEKTOPHO-®A30BUX METO/IB TA
HA/THAIIPABJIEHOCTI

Mema. Illiosuwennss O0anbHOCMI BUABNEHHA CUCEM UWIYMONENEH2Y8AHHA 34 PAXYHOK HAOAHHA
akycmuunitl aumeni eracmugocmeti w000 3abe3neuenns peecmpayii AK CKAIAPHUX, MAK [ 6EKMOPHUX
Xapaxmepucmux aKyCmuiHo20 noJis.

Memoouxa. 3acmocysanns 6eKmopHo-pazosux Mmemodis, AKi 3abe3neuyiomv  HOpMYBAHHS
Xapaxkmepucmuxu HanpasieHoCcmi 8 00IACMI HUNCHIX 4acmom.

Pesynomamu. Busnaueno, wo 3aCMOCYSaHHS GEKMOPHO-(DA308UX NPULMAYIE NPU3EOOUMb 00
Popmysants XapaKmepucmuKky Hanpasilenocmi OUCKpemHux inmepgepenyitinux anmen 6 00IACMI HUNCHIX
Yacmom ma 0ac MOAICIUBICMb OMPUMAMU 0OHOHANpaAsieny aunmeny 0e3 3minu xowcmpykyii. [lpu yvomy
BUSHAYEHO, WO OCHOBHUMU XAPAKMEPUCIUKAMU AKYCMUYHO20 NOJS, WO (QOPMYE aHmeHa, €. MUCK, ma
KOMUBATbHA WEUOKICMb. Busnaueno meopemuyHti 3acadu nooyoosu cucmem wiymonenenzysants. Pospobneno
MYTbMUKOMIOHEHMHY 8eKIMOPHY aKYCHMUYHY aHmMeH) NPUCMPOI8 8UABNICHHS MA NeIeH2Y8aAHHS.

Haykosa Hoeuszna. Bcmanoeneno mooicaugicms  YOOCKOHANEHHS CUCMEM  NOBIMPAHO20 Md
2I0pOaKyCmMuUYHO20 WYMONENeH2YBAHHS 3d PAXYHOK GUKOPUCTHAHHS eqheKmi8 HAOHANPAeHOCMI A 6eKMOPHO-
Gazogux memodis. 3anponoHOBaHO MYTbMUKOMHOHEHMHY GeKMOPHY aKyCMU4Hy aHmeHy Npucmpois
8UsIGNIeH sl Ma neleney8ants. Busnaueno, wo 6nposadicents 6eKmopHo-ghazoeux memooia npu3eooums 0o
moeo, wo anmena 30epicac abo NOKPAuye BiIOHOUIEHHSL CUSHAL/WYM Y 3a0a4ax NPULOMY aKyCIUYHUX CUSHANIB
y nosimpi. Taxkum uuHom 3a6e3neuyecmvcsi NOECOHAHHS OUCKDEMHUX [HmMep@epeHyiinux aHmeH, SKi
peECcmpyioms He MilbKU nojle MUCKY, ajle Ul noJie KOIUBANbHOI WUEUOKOCHII.

IIpakmuuna 3nauumicms. 3anponorHosani meopemuyti NOJONCEHHS MONCYMb OVMU BUKOPUCTAHHI
0Jis1 pO3POOKU WYMONENeH2ZAMOPHUX AKYCIMUYHUX KOMWAEKCI8 K NOGIMPAHO20, MaK i 2i0poaKycmuiHo2o
npusHaienHs. 3anponoHo8aHa MyJIbMUKOMNOHEHMHA 8EKMOPHA AKYCMUYHA AHMEHA NPUCTPOi8 BUABNIEHHS
ma NeneHey8aHHs, WO peanizye NOGHUl KOMWIEKC 3aX00i8 w000 GUABILEHH MA GUSHAYEHHS KYMOBUX
KOOpOUHam Yiii ma Modice 3aCmoco8y8amucs y WyMOoneieHeamopHux aKyCmudHux KOMNieKcax.

Knwwuosi cnosa. axycmuune none; 6eKmopHo-azosi Memoou, HAOHANPAGIEHICMb, aKYCMUYHA
anmena, BIIJIA; neneneyganns, aKycmuyHi wymu.

Beryn. B peanisix ChOTOAHINIHBOTO JHS MpoOjeMa TMOBITPSHOTO UIYMOIIEIEHTYBAaHHS
0o0yMOBJIECHA MAaCOBHM BHKOPHUCTAaHHSM 1 HIBUIKMUMH TEMIIAMU PO3BHUTKY MapKy O€3MUTIOTHUX
mitanpaux anaparis (BITJIA). Ile 3MiHIO€ cricTeMy 0XOpOHHU 1 6e31eKn OyIb-IKOro 00'€KTa, y 3B 3Ky
3 4UM 1 3pocTae morpeda y po3poOili Ta yIOCKOHAICHI CHCTEM aKyCTHYHOTO ITYMOTICIICHTYBaHHS
BIUTA.

AHaJi3 cTaHy iCHYIOYMX pillleHb 00 AKYCTHYHHUX 3ac00iB mrymomnesjdeHryBanHs. Ha
JaHWWA 4Yac, ICHYIOTb pIi3HI CHCTEMH IIIyMOINENEHTYBaHHSA, Cepell HUX BiJoMa MO3uliiiHa
IIyMoOIleJIeHTaTopHa CcTaHIig [1], mo Mae y ckiaai TiAPOaKyCTHYHUN MOJYJNb, SIKHH MICTHTh
KOMOIHOBaHMH aKyCTHYHUH TMpHiiMad y BUTJSAAI MOEJHAHHS NpHiiMaya THUCKY P Ta IpuifMadiB
CKJIQZIOBOT Vx 1 CKJIaJIOBOT Vy KOJIMBAIBHOT MBUIKOCTI. HeommikoMm € Te, 1110 3a BiJICYTHOCTI puiiMava
CKJIQJIOBOT V; KOJHMBAJIBHOI IIBUAKOCTI BHUSBISIETBCS HEMOXIIMBHM TOYHE BUMIPIOBAHHS
IHTEHCUBHOCTI aKyCTHYHOTO TIOJIS, CTBOPEHOTO IIIJUII0, IO MPU3BOAUTH O 3HAYHOI MOXHOKH i
BUSIBIICHHS.

TakoXx € TppOX KOOPJAWHATHUMA KPOC-IUIOIBHUN aKyCTUYHWUN MacuB [2], IO MICTUTh TpHU
JiHIMHI AUCKPETHI aKyCTHYHI aHTEHH, SIKi CKJIA[aloThCs 3 MpUKMadiB THCKY, pO3MIIIEHI B3a€EMHO
OpPTOTOHAJILHO, MAaIOTh OJHAKOBI pO3MipH 0a3 1 CUIbHUNA (Ha30BUI LIEHTP, Y IKOMY BCTAHOBJICHO
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npuiiMad TUCKY. J{0 He0MiKiB aKyCTHYHOTO MaCUBY BITHOCHTHCS OOMEKEHHS Y BUKOPHUCTaHHI JIUIIIE
OJTHOTO CITOCOOY TEICHTYBaHHS, 10 3HWXKYE (DYHKITIOHAIBHICTh IPUCTPOIO Ta TOTPEOy€E BBEACHHS y
CKJIaJ] aKyCTUYHHX KOMIUIEKCIB, JI¢ BiH BUKOPUCTOBYETHCSI, I01aTKOBOT'O IIPUCTPOIO JJIs1 BU3HAYCHHS
MPUCYTHOCTI TILJII.

CyuacHa TeHICHIIS TeXHIYHOI aKyCTUKHU LI0JI0 MOIIUPEHHS poOOUNX YACTOTHHX Jiara3oHiB
Ha 00JIaCTh HWXKHIX YacTOT Ta PO3POOKH HOBHUX MiJXOJIB Ta METOMIB OOPOOKH TiIpOaKyCTUYHOT
iHpopMalii B mepury 4epry HOUIMPIOETHCS HA METOAMKHU BUSBICHHS MOBITPIHUX a00 IMiJBOTHHUX
aBTOHOMHUX amnapariB. OCHOBHUMH XapaKTEPUCTHKAMU TaKUX 00’ €KTIB €: TUCK [, TPAJi€HT THCKY

grad p, KxomuBajbHA MIBHAKICTH V 1 IHTEHCHBHICTh 3BYKY J, BH3HA4€HHS SKHX BEJIOCS

TpaguIiiHUMK 1HTepdepeHitHIMU MeTonaMu. [IpoTe, chOroaHI BHHHMKA€E HEOOXITHICTH TOSBU
MIPUCTPOIB MEPETBOPEHHS 3BYKOBOI €HEPrii 3 BUCOKMMH IMOKA3HUKAaMU KOe(illieHTiB KOHIIEHTpaIlii Ta
0JIHOYaCHO BHCOKHMX — HAINPAaBJICHUX SIKOCTEH. BimoBial0Th TAKMM BUMOTaM B JIOCTATHIM CTEIEeHI —
TaK 3BaHHI JaTYUKH BEKTOPHO-(A30BOI IPUPOIH.

Biamosigao m0 poOit [3, 4], BekTOpHO-(ha30B1 METOIM BBAKAIOTh TAKWMH, 11O JO3BOJISIIOTH
PO3B’sA3aHHS PIBHSHb AKyCTUKHM 3 METOIO BiJHOBJICHHS AaKyCTHYHOIO MOJII B TO4YIl poOOUYOro
MPOCTOPY TO pe3yNbTaTax OJHOYACHOI peecTpaiii B Hid CKaIApHUX (TUCKY [P ) 1 BEKTOPHUX

(xonmuBanbHOT WBKMAKOCTI V) 3 BpaxyBaHHAM ()a30BMX CIIIBBiTHOIIEHD MiK HUMH.

[Ipu poMy, mepexia Bi TpaAULIHHUX METO/IB PEECTpallil TUCKY IO BEKTOPHOI CTPYKTYpH
MOJKE BiI0yBaTUCS B HACTYITHUX BUIAJIKAX:

® TMPHUCYTHI JesAKi OOMEXEHHs po3MipiB pobouoi obOmacti mpoctopy abo rabapuTiB
MIPUCTPOIO;

e 3HAYHA HEBIAMOBITHICTH BIHOBICHHS aKyCTHYHOTO IOJIS 3a pe3yJbTaTaMU PEECTparrii
JIUIIIE 3HAYEHHS 3BYKOBOT'O TUCKY B TOYIII;

e HE BHUKOHYETHCS YMOBAa TIPO HAsSBHICTh BHXOPOBUX CKJIAQJIOBUX TIIOBHOTO TOJIS
IHTEHCUBHOCTI.

[Ipu oMy B cydacHid T1IpOAKyCTHIll KOJMBAIbHI CUCTEMH MEPETBOPIOBAYIB B OCHOBHOMY
BHUKOHYIOTBCS 3 IT'€30KEepaMiKy Ta MPEJCTaBICHI TUTacTUHAMU (quckamu) [S], uuninapamu [6, 7] Ta
chepamu [8]. 3ayBaKMMO TaKOX, 110 B JACIKHX MpHUMadax, OPIEHTOBAHMX Ha 1H(PPa3BYKOBUU Ta
HU3BKOYACTOTHUH 3BYKOBUH Aiama3oH (5—150) ' .

[Ipuiinaro BBaxatu [9], mo0 MoOX¥JIMBa OaraTOKaHAJIbHICTh OJMHOYHUX KOMOIHOBAaHHX
MPUIUMATEHUX BEKTOPHHUX MPUCTPOIB Ma€ HEIOJIK, MOB'I3aHUH 13 B3a€EMOJII€I0 MOJIOBUX CKJIQIOBUX
okpemux mnpuitmauiB. [lomiOumii edekr, 6e3yMOBHO, HeOakaHWi, a HOTO TPOSB y BUTJIANI HE
1IGHTUYHOCTI aMIUTITYTHO- Ta (p)a30-4aCTOTHUX 3AJICKHOCTEH KaHATIB MeJCHTYBaHHS 00yMOBICHUN
SIK TIOB'sI3aHICTIO (JOPM KOJIMBaHBL IMEPETBOPIOBAUIB IMpHUiMaya, Tak 1 OCOOJMBOCTAMH TMOOYIOBH
TUTMIOBUX MPUUMANTBHHUX TPAKTIB. Y PO3MISIHYTHX JDKEperax 3a BEKTOPHO-(Pa30BUMH METOJAMHU HE
BHSIBJICHO MOJIeJIeH pOOOUYNX PEKUMIB Ta aJTOPUTMIB, 1110 I03BOJISTIOTH OMUCATH CTYITIHb MOYKJIUBOTO
BIUIMBY KaHAJiB 3 JOIOMOIOI0 TMOB'si3aHOCTI KojuBaHb. CydyacHe 3acTOCYBaHHS METOJIIB
Ha/IHAIPaBJICHOCTI B aKyCTHIII IIPeACTaBIeHo B podorax [10-12].

TakuM YWHOM, JONIUIBHO PO3IJISIHYTH THUIOBI CHUTYaIlli MOXIJIMBOCTI OJHOYACHOTO
MOJIIMIIEHHS. TPOCTOPOBO EHEPreTUYHUX XapaKTePUCTHK IEPEeTBOPIOBAUiB 13 BUKOPHUCTAHHAM
MOJIO’KEHb BEKTOPHUX 1 CKAIPHUX METOJIB.

IloctanoBKa 3aBAaHHA. YJIOCKOHAJEHHS CHUCTEM IIYMOIIECJIECHTYBaHHS IIOB’S3aHO 3
MIBUIIICHHSIM JAJILHOCT1 BUSIBIICHHS 32 PaXxyHOK HaJaHHS aKyCTUYHIN aHTEHI BIACTUBOCTEH IIOJ0
3a0e3neyueHHs] peecTpauii sIK CKaJsIpHUX, TaK 1 BEKTOPHUX XapaKTEPUCTUK aKyCTUYHOTO TIOJIS.
CporosHi BUHHMKAa€ HEOOXIJHICTb MOSBU MPUCTPOIB MEPETBOPEHHS 3BYKOBOI €HEPrii 3 BUCOKMMHU
MMOKAa3HUKAaMH KOE(QIII€EHTIB KOHIICHTpAIlli Ta OJHOYACHO BHCOKHX HaIpPaBJIECHUX SKOCTEH.
BinmoBigaroTh TakKMM BHMOTaM — TaK 3BaHHI JAaTYMKH BEKTOPHO-(a30oBoi mpupomu. llpu mnpomy
KOHIICTIIISl BEKTOPHO-()a30BUX METOJIIB CIHUPAETHCA Ha HEOOXITHICTh OJHOYACHOI peecTparii
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3BYKOBOI'O THCKy Ta Xo4ya O Ie OfHi€i BEKTOPHOI XapaKTEpUCTUKH aKyCTUYHOTO moysd. Tomy
BUKOPHUCTAHHIM BEKTOPHO-(a30BHX METO/I1B MOXKeE 3a0e311euyBaTH BUPIIICHHS 3a/1a4 MeJICHTyBaHHS.

MeTa: niBUIICHHS AaJbHOCTI BUSBICHHS CUCTEM IIYMOIICJICHTYBAaHHS 32 paXyHOK HaJlaHHS
aKyCTUYHIN aHTEHI BJACTUBOCTEH 110710 3a0€3MeUYeHHs peecTpallii K CKAISIPHHUX, TaK 1 BEKTOPHUX
XapaKTePUCTHK aKyCTHYHOTO TOJISL.

OTxe, 3aBJaHHAMH CTaTTI €:

- BU3HAYMTH, 1110 3aCTOCYBAaHHs BEKTOPHO-()a30BUX MpHIIMadiB MPU3BOAUTH 10 POPMYBaHHS
XapaKTEPUCTUKU HAMIPABICHOCT] TUCKPETHUX 1HTEP(PEPEHIIITHUX aHTEH B 00J1aCT1 HIDKHIX 4acTOT Ta
Jla€ MOXJIMBICTh OTPUMATH OJTHOHAIIPABIICHY aHTEHY 0€3 3MIHM KOHCTPYKIIii;

- BU3HAUUTHU TEOPETHYHI 3acaJy MOOYAOBH CUCTEM IIIyMOIIEICHTyBaHHS;

- CTBOPUTH CTPYKTYPHY CXE€MYy TpakTiB BHUSBJICHHS, IEJNCHTYBaHHS, Ta BHMIPIOBaHHS
€HepreTUYHUX XapaKTePUCTUK aKyCTHUYHOTO MOJIS.

- PO3pOOUTH MYJIBTUKOMIIOHEHTHY BEKTOPHY aKyCTHUHY aHTEHY HPUCTPOIB BHUSABICHHS Ta
TMIEJICHTyBaHHS.

- BIIPOBAJUTH, B TOJAIBIIOMY, METOAOJIOTIi CTBOPEHHS MPOCTOPOBOI BHOIPKOBOCTI
OUCKPETHUX AaHTEH B MPAKTUKY PO3POOKH 1 MOJENIOBAaHHS AaKyCTUYHHX KaHaliB IMPUCTPOIB
MOBITPSHOTO IIYMOTIEJICHT YBaHHS.

OCHOBHI pe3yJIbTaTH J0CTi/IKEHb.

BekTopHo-¢a3oBi mMeroan. BukopucroByroun mosoxkeHHs poOotu [3] Big3HauMMo, IO
BIIHOBJICHHS TIOJISI 3 BUKOPUCTAHHSM BEKTOPHO-(a30BHMX METOIB 3a0e3redye TakoX BHUPIIICHHS
3ajad meneHryBaHHA. IlpW IbOMy KOHIENIis BEKTOPHO-()a30BUX METOIB CIHPAETHCS Ha
HEOOXITHICTh OJHOYACHOI peecTpallii 3BYKOBOIO THCKYy Ta Xoda O 1€ OfHI€l BEKTOPHOI
XapaKTePUCTUKU aKyCTHYHOTO MoJid. Bu3HaueHHS BEKTOPHOI XapaKTEPUCTUKH MOKE BinOyBaTHCA
[IIIXOM BUMIPIOBAHHS 3BYKOBOTO THCKY Y B3aEMHO PO3HECEHUX TOUKAX. BH3HauEHHS KOJMBAIBHOI

. . . . .. |
IIBUJKOCT1 IIPU LbOMY MOXKE Bl,Z[6yBaTI/IC$I BI1AIMOBIAHO OO0 CIIIBBIJAHOIIICHHS: V:—Vp , e V. —
wp
p1 B pz

KOMIIOHEHTa KOJIMBAJIbHOI IIBUJKOCTI; @ — Kpyrosa yactora, Vp=———=%=grad (p) — rpamiesr

TUCKY, a Pp, P, — 3HaYeHHS aMIUTITYA THUCKIB, 110 BUMIPSHI B TOYKaX IMPOCTOPY, PO3HECEHUX Ha

BIJICTaHb d.

TakuM YWHOM, 3a3HAYCHWH BUIIEC HANPSMOK TIependadac CTBOPEHHS MEPETBOPIOIOYHX
OpUCTPOiB abo iX cucTeM, IO pearyloTh Ha 3MIHY CKaJlspHOTO Ta BEKTOPHHUX IapaMeTpiB
aKyCTUYHOTO TMOJIs: aKycTHyHoro Ttucky p(r,t), rpamienty Tucky grad p(r,t), xomuBanabHOT
mBuakocTi V(r,t), npuckopenns a(r,t), smimenns £(r,t) (r —paaiyc Bekrop; t —vac), a TAKOX Ha
3MiHy KOMOiHaIlii BKa3aHuX mapaMeTpiB (koMOiHOBaHI mpuiimaui) [16].

B ocHOBY ifeonorii peecTpallii BEKTOPHUX XapaKTEPUCTUK aKyCTHYHOTO IOJIs y pobodomMy
CEPENIOBHUIIl TOKJIAEHO BUMOTY MPO IOBTOPIOBAHICTh MEXAHIYHOIO CHCTEMOIO PEECTPYHOYOTO
MEPETBOPIOIOYOT0 IMPUCTPOIO KOJIMBAJIBHUX PYXiB 4aCTOK cepenoBuiia. Jlocsraerbes 1e:

e CTBOpEHHSM JaTYMKIB MEBHOI (Pi3MUHOI MIPUPOIH, SKI MEPEBAKHO pPearyloTh Ha MEBHUN
rapaMeTp aKyCTUYHOro mojs [17].

e CTBOpPeHHSIM YMOB pyXy IMpHiiMadya sK €IMHOTO LIJIOr0 3 YaCTMHKAMU CEpeOBHIIA
(mpuiiMadi iHepIiHHOTO TUITY, pHC. la.

o CTBOpPEHHSIM YMOB CITiBKOJMBAaHb YAaCTHHOK CEPEIOBHUINA Ta EJIEMEHTIB NpuiiMaua
(mpuiimaui cuioBoro Ty, puc. 16). Ilpu npomy po3risiHyTa cuiia 3yMOBJIIOE KOJIMBAaHHS €JIEMEHTIB
1 BUKJIMKAETHCS TUQPPAKITIE€I0 3BYKOBOI XBHWJII Ha MpuitMadi. Po3Mip 3a3Ha4eHOI CHIIN 3aJICKUTh Bij
XapakTepy GpoHTY aKyCTHUHOI XBHJII Ta XBUJIHOBUX PO3MIpIB MpHUiiMaya, a Jiara3oH 3MiHU CUJIH Tij
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gac pobotu B moxi cdepuunoi xBuii ckianae [8] mo 0-20 ab Ta 0-15 ab mpu poboti B momi
HAJITHIPUIHOT XBHUJI.

Hpumimku: 1 — xopnyc nputivaua; 2 — nepemaoprogay CKAIAPHOL Xapakmepucmuxuy nous, 3 — nepemaoprosay 8eKmopHoi
Xapaxkmepucmuxu nojs.

Puc. 1. 3aranpHi KOHCTPYKTHBHI CXeMH BUKOHAHHSI KOMOIHOBAHMX NPUIMaYiB:
(a) — inepuiitHoro Tumy, (0) — CHJII0BOT0 THILY

VY 1upoMy BHUIAJKYy €JIEKTPUYHI CHUTHAJIM Ha BUXOJl MEPETBOPIOBaYa IMPOTMOPIIIHHI 3MiHi
rpajaienTa THCKy grad p(r, t) 1 B ineanpHiil cuTyanii (3a yMOBH NaJAiHHA Ha NMPUIMaY JIUIIE TIOCKOT

XBHJI1) 3CYyHYTI 1O (hasi 90" 110 BigHOWEHHIO 10 CHrHAIB 3 BUXOJly IEPETBOPEHHS IIEPETBOPIOBAYA
TUCKY P(T, t). [IlepeTBOpeHHs aKyCTHYHOT €Heprii IpH IIbOMY BIAMOBIIHO 10 poboTH [9], BinOyBaeThCs
B JIBa CTAIH:

e AKycTO-MEXaHIYHE MEePETBOPEHHS — EPETBOPEHHS XapaKTEPUCTHK aKyCTHUYHOTO IOJIS B
PYX MEXaHIYHOi KOJIMBAIBHOI CUCTEMH MIEPETBOPIOBAYA.

e MexaHO-C€IeKTPUYHE TEPETBOPCHHA-TIEPETBOPEHHS €HEprii MeXaHIYHOl KOJWUBaJIbHOT
CHCTEMH B CJICKTPUYHY.

Peectpartist BeKTOPHOI XapaKTEepUCTHKH, MOKE€ BUKOHAHA SK Ha MEPIIOMY, TaK 1 Ha IpyromMy
erami. [le 3abe3nmeuyeTbcst a0 CTBOPEHHSM MEXaHIYHOI CHCTEMH TNEpEeTBOpIOBava, IO pearye Ha
MEBHY XapaKTEPUCTUKY aKyCTHYHOTO TOJIs1, a00 NUISIXOM BUKOHAHHS aJIMTUBHUX OMNeEpalliii 3 BUXO1y
npuiiMava Ha eTari MeXaHO-CJICKTPUIHOTO ITEPETBOPEHHS.

TakuM 4YHHOM, OCHOBHUMH IPHHUMIAMHM MOOYJOBM KOMOIHOBaHMX MpHUiiMayiB, sKi
3a0€31evyr0Th IPUHANMHI YaCTKOBE BUPIIIECHHS MTPOOJIEMHU TPOCTOPOBOI BUOIPKOBOCTI €:

e ManorabapuTHICTh, OaraTOKaHaJIbHICTh NpUiiMaya (TpH KOOPJMHATH) Ta aBTOHOMHICTh
KaHaJIiB;

® HAasSBHICTH OTIOPHOTO HEHAIPABJICHOTO KaHATy, TOOTO KaHalTy BHUMIPIOBAHHS 3BYKOBOTO
TtucKy Pp(r,t) Ta exuHOTO (ha30BOrO MEHTPY IS BCIX KaHAIB;

e MiHIMI3aIisA  aMIUIITyIHO-(a30BUX  BIAMIHHOCTEH Ta  B3a€EMOBIUIMBY  KaHAIIB
NEepEeTBOPIOBAYA OJIUH HA OJTHOTO;

e 00Jik 6araTOMOJIOBOCTI MEPETBOPIOIOUNX MPUHMAIBHUX KOJIUBATBHUX CUCTEM.

3ayBakuMo, 10  (OpPMYBaHHS  XapaKTEPUCTHKH  HAMpPaBJICHOCTI  aKyCTUYHOI
iHTepdepeHIifHOT aHTEeHH Ha OCHOBI TaKWX MpUKMayiB BUMarae BHOOPY (ha30BOro ILEHTPY 3
ypaxyBaHHsM 3arajbHUX IiIXOMAIB 10 CHHTE3y aKyCTUYHUX aHTeH [4, 18]. Ilpu 11boMy BiTHOBICHHS
moJisl B JaibHINA 00macTi BimOyBa€eThCs HAWOUIBII TMOBHO MPH MOOYIOBI CBOEPIAHOI JUCKPETHOT
CHCTEMH, B sIKii MpHiiMadi po3MILIYIOTh Ha BijicTaHi iHTepBainy HelikBicTa OJ1H BiJ OIHOTO, a BUOIp
BIICTaHI MK MpuiiMayaMu Habarato MEHIIUM A, JO3BOJSE€ 3alOBHUTH BTpaTH iH(opMaIlii,
00yMOBJICHI BUKOPHCTAHHSM JIUIIIC JaHUX MPO CKAIApHI XapaktepucTtuku nois [3]. [Ipu pomy, sk
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BiIOMO [4], pO3MillleHHS eNEeMEHTIB CHUCTeMHM 3 IiHTepBaioM He#kBicTa 103BOJIsIE YHUKHYTH
MMOMMJIKOBOCTI TIEJIGHTa 3a paxyHOK BHUKJIIOYEHHS OJWHUYHUX MAKCUMYMIB Yy KIIACHYHIN
3BYKOITPO30Piil MPSAMOIiHIHHIA TUCKPETHIN aHTEHi.

[IpoctopoBa BUOIPKOBICTH KOMOIHOBaHMX MpUHMaYiB 3a0€3MEUye€ThCSI BUMOTAMH IOJ0
XBUJIBOBHUX CITIBBIJHOIICHb, 3aJaHuX y BUIAAl HepiBHocTi: D/A1<0,3-0,4, ne D -

MaKCUMaJbHUH rabaput npuiimMada; A — JIOBXKMHA XBWII B cepefoBulli. 30y/KeHHs MpuiiMaya
B1I0YBA€ETHCS 3a paxXyHOK BCEOIYHOTO TMHAMIYHOTO OOTHCKaHHS (HyJIh0Ba (opMa), 1 3 JOMOMOTOIO
BUHUKHEHHSI CEPEeJHBOrO TpajiieHTa TUCKY Ha raldapuTi IepeTBOpIOBadYa, BIANOBIAHOMY HOTO
niametpy (mepma dopma). [lpu 11boMy MOXKIHBI THIH €JIEKTPOAYBAHHS Ta CIOCOOM KOMYTaIlil
€IIEKTPO/IIB TIEPETBOPIOBAYIB TMOBHHHI 3a0€3MEUUTH MAaKCHUMI3AII0 EIeKTPUYHUX CHUTHAIIB
BiZNOBiTHOI ()OpPMH KOJIMBAaHb €IEKTPHYHUX BUXOJaX MpuiiMava. B maHuWil yac BUKOPHUCTOBYETHCS
KOMOIHaIlil HEHANpaBJICHOI XapakTepuCTHKH BHIy R(@)=1 Ta HampaBJIeHHX BHIY
R(¢) =cos(¢), R(¢) =sin(¢) (puc. 2), nist ssKUX curHai nponopuiiauii 1+ cos(¢) . ko npuitmay
OaraTokaHaJbHUI, a IEpPEeTBOPIOBAYl BUKOHAHI Y BUTJISAAI €MHOT KOJMBAJIBHOI CUCTEMU CHIIOBOTO

tumry (puc. 10), To ana 3abe3neyeHHs OJHOYACHOTO (OPMYBaHHsI BCIX MPOCTOPOBUX KaHATIB
HEOOXiTHO BUKOPUCTOBYBATH PO3B's3aHI IO BXOY €NEKTPUYHHUX MPUIHMATIBHUX TPAKTIB.

R(@)=00s (@) Y

A

\ @ of

Ri@)=sin(g)
RN .
L] 1 -
Y " 7

R(@) = cos(2¢)

Puc. 2. CrnpoieHi mnpocTopoBi XapaKTepUCTHKU NPUMAYiB, peajli30BaHUX 32 CXeMOI0
cusioBoro Tumy (1-5) Ta Ha ocHOBi acuH(pa3HUX MoHOMOJIiB (6—10)

HagnanpasJjieHicTh B 3aa4ax akycTHKH. Sk 3a3Ha4anocs Buile, mpobdiema 3abe3nedeHHs
MIPOCTOPOBOI BUOIPKOBOCTI aHTEHHHUX CHCTEM IIiJ] 4Yac POoOOTH y IIMPOKHX YAaCTOTHHUX Jlama3oHax
MOB'SI3YETHCS 13 MIJBUILEHHIM €(EeKTUBHOCTI MajorabapuTHUX aHTeH. HHWHI MOXIJIMBOCTI Takoro
IIJIBUIICHHS Ay»Ke oOmexeHi. [IpsMe BiTHOIICHHS 10 BUPINIEHHS 3a3HAYCHOI MPOOJIEMH Ma€ Tak
3BaHa «HA/IHAMIPABJICHICTH.

TepMiHOJIOTIYHO TOHATTS «HAIHAIPABJICHICTH» 3aM03WYCHE aKyCTHKAaMHU 3 TEOpii CHHTE3y
pamioanteH [17], a 3amydeHHs 1AeoNorii KJIACHYHOI HAJHAMPABICHOCTI 1O 3aBJaHb aKyCTUKH
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craBUThCs 10 50-60-X pOKiB MHHYIJIOTO CTONITTS, Hanpukiaa, podoti P. [Ipuuapaa [20] 3ayBaxkumo,
10 IIUPOKOTO 3aCTOCYBAaHHS B aKyCTHIIl METOMOJIOTIS KJIACHMYHOI HAaTHAINPaBICHOCTI TaK 1 HE
orpumaia [19]. IloB's3aH0 1€ 3 TUM, IO HaHAMNPABICHOCTI MPUTAMaHHI TaKi YMCICHHI HEIOJIKH,
0 CaM TEPMiH IOB'A3YBaBCS 3 HEMOJMJIUBICTIO CTBOPEHHS AaKyCTHYHHMX AaHTCH 3 TaKUMH
BrnactuBocTssMU. OHAK, K 3a3Hadanocs: B po6oTi [20], CyTTEBI CKIAIHOIII BUHUKAIOTH JIUIIE IS
aHTEH, 10 BOJIOAIIOTH BHCOKHMM CTYIEHEM HaJHampaBieHOCT. HeBucoka 3k CTYIIIHb
HAJHAMPaBICHOCTI (TaK 3BaHA «IOMipHA HAJHAMPABJICHICTH») BUSBISETHCS IIJTKOM TEXHIYHO
peanizoBaHoIo.

Bimomo [18], mo cepen 3amad cuHTE3y aKyCTHUHUX aHTEHHUX CHCTEM HAaWOUIBINNN 1HTEpecC
CTaHOBJISTB!

® 3aBJAHHS CHHTE3Y aHTEH 13 XapaKTepPUCTUKAMH HAIPaBJICHOCTI 3aaH0i (OopMH;

® 3aBJAaHHS KEPyBaHHS 3MIHEHHSIM IapaMeTPiB OTPUMAHOI XapaKTePUCTUKN HAIIPABJICHOCTI;

e 3aBJaHHA MakcuMmizamii koedilieHTa KOHIEHTpaUii MpU MalUX 3aJaHUX pPO3MIpax
AHTEHHOTO MPUCTPOIO.

[Ipu BupimeHHI 3a3HAYCHUX 3aBJaHb MOXe OyTH BUKOPHUCTAHWUW TEPMIH «HAJIHAINpaBIIEHI
aQHTCHW» — CTOCOBHO aHTEHH, 110 MAlOTh 3JAaTHICTb MaTH OUIBII BHCOKI HAIPaBJICHI SKOCTI B
MOPIBHSAHHI 31 3BUYalHUMH aHTeHaMH (CHH(A3HUMU 3 PIBHOMIPHUM aMIUTITYJHUM PO3IMOIIIOM
YYyTJIIMBOCTI) B YMOBaxX 3HI)KEHHS YacTOTH IpPH HE3MIHHOCTI TabapHTiB Ta poOOYMX 4YacToT.
Hanbanus 3BMYaiilHUMU aHTEHAMH HAJIHAMPABICHUX SKOCTEH Yy YacTHHI: 30UIbIIEHHS KoedilieHTa
KOHIIGHTpALlli, 3aroCTPEHHs TOJOBHOTO MAaKCHUMyMYy, 3HIDKEHHS pIiBHS OIYHMX TEIIOCTOK,
BUKJTIOUCHHS OJMHUYHHX TIETIOCTOK 1 3MEHIICHHS OPEOJIy XapaKTepHCTUKU HANpaBJICHOCTI MOXe
OyTH JOCATHYTO IIJISXOM BBEIECHHS aMILTITYAHO-()a30BUX PO3MOALIIB YyTINBOCTI €IEMEHTIB, 3MiHU
1HTEepBaJIy MiX IMEpPETBOPIOBAYaMM Ta ONTHUMI3aIlli HAMPSAMKY OIISAIY. 3a3HAUYUMO, IO BaKIIMBA
MO>KJIMBICTh KOHIIEHTpAILii eHeprii B CKUIbKM 3aBrOJHO MaJlOMy TiJIECCHOMY KYyTi HaBiTh Mija Yac
poOOTH TOYKOBOTO JKepesna 0yio BigzHadeHo 1ie 1922 poky Ozenom [22].

Binomo [23], mo XxapakTepuCTHKa HAIpPaBIEHOCTI YMOBHO MO OyTH Ipe/cTaBlieHa 010

MOTYKHOCTI P(H), CTBOPIOBAHOI aHTEHOIO cucTeMolo 3 N eneMeHTIB B JesKoMy HampsiMKy 6 y
m=(N-1)

Burisini:  P(6) = Z (N-Dp,o00-06,), ne 60-6,)=0, 0#6, . Takumii 3anuc ¢opmaiizye
m=-(N-1)

YSIBJIIGHHS MPO MiHIMi3alil0 OIYHOrO IMOJII aHTEHH Ta MOXe OyTH BiJHECEeHa J0 YMOB CHHTE3Y

ONTUMAJIbHUX aHTEH.

BesnepepBHe 1 MOHOTOHHE 30UIBLICHHSI 3HAUYEHHS Koe(illieHTa KOHIEHTpalii Moxe OyTu
JOCSATHYTO ILUIAXOM BHUKJIIOYEHHS OJMHUYHUX MakCUMyMIB [4], mo 3abe3neuyeTbcsi BUOOpPOM
BIICTaHI MDK €JIEeMEHTaMH aHTCHHM, MeHIIUM HiX iHTepBanm HeiikBicta d =A/2. [lpu upomy
BBAXAIOTh, 1[0 aHTEHA, SKa peaizye HaOUIbIIMKI Koe]ilieHT KOHIEHTpalii, € B I[bOMY CEHCI
ONTUMAJIHHOIO 1 Ma€ HATHAMPABIICHICTD.

ImocTpariero onTUMi3alii XapakKTepUCTUK HAIpaBICHOCTI B TiIPOAKYCTHULI CIiJ BBaXaTH
mupoke 3actocyBadHs Jlonpd-UeOumeBchbkux aHTeH [4], B IKUX MIHIMI3YETHCS PO3KPHUB TOJIOBHOTO
MaKCUMYMY TPH 3aJaHOMY OJTHAKOBOMY PiBH1 O14YHUX MaKCUMYMIiB XapaKTePUCTUKU HAIIPABICHOCTI.
MoskiiiBa TakoX 3BOPOTHA CHUTYaIlis MiHIMI3amii piBHS OIYHMX MaKCHUMYMIB 3a 3aJaHOi IUPUHHU
rosioBHoro. Pemritku Jlonbda B 11bOMY CEHC1 JyXe YyTIUBI O HE3HAYHUX HETOYHOCTEH PO3MOALTY
gyTauBOCTI [18]. 3ayBakuMo Takok, IO KPUTEPid oNTHUMaNbHOCTI, BBeneHui Jlombhom [24], HE
enuumnil. Tak, Hanpukian, Moxe Oyt BUKopucTaHui kputepiii B.I'. SImmnonscekoro [25], no'a3anuit
3 MIHIMI3AIIEID PO3KPHUTTS TOJIOBHOIO MaKCUMyMy TIpu (PIKCOBaHOMY cepeaHbOMYy abo
CepeIHbOKBAAPATHYHOMY PiBHI OIYHMX METIOCTOK.

TakuMm 4YMHOM, HAJHAMPABICHICTh TMOB'SI3YETHCA 3 TOYHICTIO peaiizamii KoedilieHTiB
aMIUTITYAHO-(a30BUX PO3MOLIIB UYTIUBOCTI EPETBOPIOBAUIB (€IEMEHTIB) aHTEHHOI CUCTEMH, SIK

41



Inghopmaniinni mexnonocii, enexmponika,
MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,
mechanical and electrical engineering

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inycunipune, No 2(13), 2023

IUISL PeXKUMY NIPUIOMY, TaK 1 Ui peXKUMY BUIIpOMiHIOBaHHS. [IpH 1IbOMY IPUYMHM, 3 IKUX TEXHIYHA
peaizailis moIi0HUX aHTeH YCKJIaJHEeHa, HACTYITHI:

e AHTeHa YyTJIMBAa JI0 HEBIJMOBIIHOCTI PO3PAaXYHKOBHX 1 pealbHO BBEACHUX aMILTITYIHO-
(ha30BHUX PO3MOILTIB, 10 MOXKE IPU3BOAUTH /10 MIPAKTHYHO MOBHOT BTPATH HANPaBIECHOCTI [26];

e 3pocTaHHs PiBHS ITyMiB Ha BUXOJi aHTEHU Y TIOPIBHSHHI 3 OJITMHOYHUM TEPETBOPIOBAYEM
[26, 27].

o 3umwxkenHs 3HayeHHs KK/ antenu nopiuasiHo 3 KKJ[ onuHO4HOTO NIepeTBoproBaya [28].

e 3pocTaHHs JOOPOTHOCTI Ta BiJINOBITHO 3BY)KEHHSI CMYTH IIPOIYCKAaHHS aHTCHH.

e 3HauyHU{ BIUIMB B3a€MOJii €JIEMEHTIB AHTEHH AaKyCTUYHOTO TMOJII Ha pE3YJIbTYIOUy
XapaKTEPUCTUKY HANPABJIEHOCTI.

Peaizariist moMipHOT HaJHATTPABICHOCTI B aKYCTHUIII MOKE MPOBOAUTHUCH PI3HUMH CITOCOOAMHU.
Hacammiepen 1e moB's3yloTh 13 HEOOXIJHICTIO BHKOHAHHS aJWTHUBHHUX OINEpaliil B €JIEKTPHYHHX
TpakTax MPUUMAIbHUX (BUIPOMIHIOIOYMX) aHTEH. Tak, BIAMOBiZHO 10 poOit [18, 26, 28], mus
PEeKUMY BUIIPOMIHIOBAaHHS B yMOBaX JETEPMIHOBAHOCTI CUTHANIB BHPA3 Ul 3ByKOBOTO IOJISI MOXKE
OyTH HaBEICHUH Y BUTJISII:

p(u)= Z Py (U) ZZ A, Py (u)= Zaq riei('r“I )

q

ne P,(U) THCK, M0 pO3BHHYTO 0 -M €IEMEHTOM PELIITKH;
n=1,2;...;q;..., N — 9uCJIO €JIEMEHTIB PEIIiTKH;
Iy — BigcTani BiJ (pa30BUX LEHTPIB €JIEMEHTIB PELIITKHU 10 TOUKU CIIOCTEPEKEHHS;

|A\1| — HOMIHAJIbHUH KOEQIIiEHT aMILTITYAHOTO 30yI)KEeHHS €IIEMEHTIB aHTCHH;

0., — HOMIHaIbHUH Koe(ilieHT (a30BOro 30yIKEHHS.

3BaKMMO, 110 BHECEHHS aMILTITYIHO-(a30BOr0 PO3MOALTY 30YIKEHHsS €JIeMEHTIB aHTEHU
3a0e3meuyeThCsl aBTOHOMHA ISl KOXKHOTO 13 ( KaHaJiB NPHUCTPOSMHU aMILTITYIHO-()a30BOTO

posnoxiny Takox ciiJl 3a3HAYUTH, MO 31 3POCTAHHAM CTYIEHS HAIHANPABICHOCTI 3MEHIIYETHCS
koedirienT kKopucHoi nii. ToMy eeKTHBHICTh BUITPOMIHIOIOUHMX HAHAIIPABICHUX aHTCH HEBEIIUKA.

Kpim Toro, monoxeHHsI MpoO 3BYKOMPO30PICTh AHTEHHUX PELITOK 1 MOJENbHI YSBICHHS
AKyCTUYHUX ITOJIB TIPH TIpUiiomi 3ByKY [4, 18] BUKOPHCTOBYIOTH MPUITYIIICHHS PO MaIICTh (1 HABITh
PO BiJICYTHICTB) B3a€MO/Iii €JIEMEHTIB aHTEH M0 aKyCTUYHOMY MOJI0. Taki MPUITYLICHHS MOXYTb
MIPU3BOJIUTH JI0 3HAYHOI HEBIAMOBIAHOCTI MiX PO3PaXyHKOBUMH Ta €KCTICPUMEHTATLHUMH JaHUMHU.
Taka po301KHICTh TUM ICTOTHIIIA, YAM OJMKYE TOCITIPKyBaHa YacTOTHA 00JacTh O PE30HAHCHOT
00J1acTi TMEepeTBOPIOBAUIB CUCTEMH. TakMM YHHOM, BHUIIPOMIHIOIOYI aHTEHU e OUIBII HIXK
npuiManbHi KPUTHUYHI 10 CUTYAIlll B3a€MOJIii €IEMEHTIB MK c00010. Y 3B'A3Ky 3 HEOOXIIHICTIO
BUKOPUCTAHHS IIMPOKUX YaCTOTHUX JIialla30HIB POOOTH HA/IHAPABICHUX aHTCH MUTAHHS aKyCTHYHOI
B3a€MOJIIi B 4YacTWHI BHMBUCHHS B3a€MHHUX OIOpIB BHUIIPOMIHIOBAHHS II€PETBOPIOBAYiB, a0o
B3a€EMOBIUIMBY I10 TIOJIFO THCKY MOBHHHI OyTH 3a0e3MeueHi CydaCHUMHU MOJICIbHUMH ITOCTaHOBKaMHU.
He BapTo HeXTyBaTH ¥ 3araJbHUMU CIIPOIIEHUMHU CHTYAI[ISIMU Ta PEKOMEHJAIlIIMU. 3Ba)Kal0uH Ha
T€, 0 MpH MOOYA0BI MPUHUMATBHUX PEHIITOK YacTO MParHyTh JAO YaCTOTHOI 00JaCTi, MO JICKHUTh
Habarato HIK4e pe3oHaHCHOI. [ToBHMIA BTacHUI omip mpUiiMadiB JUIsl TAKMX CUTYAaIlli cTae JOCUTH
BEJIMKUM Yy TTOPIBHSIHHI 3 B3aEMHHUM OITOPOM BUIIPOMIHIOBAHHS, SIKMIl MOYKHA HE BPaXOBYBAaTH HaBITh
TOJI1, KOJIM aHTEHA € HaHAPABICHOIO.

[Ipu poGoTi mepeTBOPIOBaUiB Ha PE30HAHCI 3MiHA XapaKTEPUCTUKHU HAIPaBICHOCTI 3a 3a
pPaxyHOK CHIBCTaBJICHHsI TTOBHUX OIOPIB MEPETBOPIOBAYIB 1 B3aEMHUX OTOPIB BUIPOMIHIOBAHHS —
MOke OyTH 3HAa4YHUM. TakuM YWHOM, TMPOEKTYBAaHHS BUIIPOMIHIOIOYMX CHCTEM BUMAarae
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NOrIUOJIEHOT0 BUBUEHHS MPOIleciB (POPMYBAaHHS aKyCTUYHHX IOJIIB B PEKHMAaX BUITPOMIHIOBAaHHS Ta
MpUHOMY JUIsl TIPAaBWJIBHOI OIIIHKM Ta OOJIKY XapakKTepy B3a€MOIi €JIEMEHTIB PENIiTKA IO
aKyCTUYHOMY momo. 3ayBaxkuMmo (pobora [20]), mo0 edexTHBHICTH MajorabapuTHUX
HaJHAIPaBJICHUX aHTCH B PEKMMI BUIIPOMIHIOBAHHSI MaJia HaBiTh YaCTOTI PE30HAHCY.

Jongamo, 110 30UIbIIEHHS HAJHAMPABICHUX SKOCTEH IMCKPETHHX AaHTEH MPU3BOIUTH 0
3BY)KCHHSI YaCTOTHOTO J1ialma3oHy, B IKOMY Il SIKOCT1 BUsABIst0ThCS. [IpoTe, me M.I. KaproBchbkum y
1940 p. y po6ori [29] 3a3HaueHO, 110 31 CTBOPEHHSAM YaCTOTHO HE3aJIC)KHUX aMIUTITYIHO-(a30BUX
PO3MOALTIB MOKHA PO3UITUPHUTH YaCTOTHUH Jiana3oH HaIHAIIPABICHOI aHTCHH.

Takum YUHOM, MOABIMHICTH CUTYalii Y BUTJISIII CHIPHOTO BUTPALIY B HAIPABJICHUX SIKOCTSX,
HIMPOKOCMYTOBOCTI Ta OYIKYBAHOTO IMPOrpamly B €HEPreTMYHUX XapaKTepUCTHKaX, — 3MYIIYE
IIYKaTH KOMIIPOMIC Yy 4YacTUHI OTpHMaHHS '"MOMIPHOi HaJHAMpPaBIeHOCTI" Ta MakcuMizaii
KoeirieHTa KOHIIEHTpaIlii B 3aIaHIX YMOBaX.

MyJbTHKOMIOHEHTHA BEKTOPHA AaKYCTHYHA AaHTEeHA NPHCTPOIB BHSBJEHHS TAa
nejieHryBaHHA. BrnpoBa/ykeHHs BEKTOPHO-(PA30BHX METOMAIB B aKYCTHKY J1a€ MOKJIHMBICTh
BUKOPHUCTOBYBAaTH CHPSMOBaHI BJIACTUBOCTI aHTEHU. TaKUM UYMHOM 3a0€3MEUyeThCS MOETHAHHS
JTUCKPETHUX 1HTEP(EPEHIINHUX aHTEH, SKI PEECTPYIOTh HE TUIBKM TIOJIE THUCKY, ajle W TIoJe
KOJMBAJIBbHOI MBHUIKOCTI (PV). Lle no3Bosisie BU3HAYaTH 3MiHU IHTEHCUBHOCTI 3BYKOBOTO TIOJISI TIPH
poOOTI B CKJIaJIl JETEKTOpA MOTYKHOCTI [ 14, 15].

Metoauka po3paxyHKy JaJIbHOCTI BUSIBJICHHS, MPOLEAYpa MPHUBEICHHS OTOYYIOUHX IIYMiB
710 BXOJy aKyCTHYHOT aHTEHH 1 caM pO3paxyHOK JaJIbHOCTI MpeacTaBlIcHHI aBTopamu B pobori [30].
B naniit po6oTi y sxocTi mpuioMHOI cMcTeMu oOpaHa rpyrna MpUiiMadviB, IO peani3ye pv-30HT 1
BUKOHAHA y BUTJISAL JIIHIMHOT TUCKPETHOI aKyCTUYHOI aHTEHH, BEKTOPHO-(a30B1 BIACTUBOCTI SKOT
JT03BOJISIIOTh BU3HAYNTHU JANBHICTH il aHTeHU. B pe3ysibTaTi po3paxyHKy JaIbHOCTI BUSIBICHHS JIJIS
BIUJIA Tuny Kpujio 3 ypaxXyBaHHSAM IIyMY HaBKOJHUIIHBOTO CEPEOBHUINA 1 PO3TISHYTOI aHTEHU Ha
OCHOBI pV-30HI0B, OyJI0 BU3HAYEHO, 10 JaIbHICTH B 1000 M € 10CSHKHOTO.

Ha ocHOBiI BM3Ha4YeHUX BHIIE TEOPETUYHUX 3acajgaxX Ta PO3PaxXyHKY AaJIbHOCTI BUSBJICHHS
OyJI0 CTBOPEHO CTPYKTYPHY CXE€MY IPHUCTPOIO BUSBIECHHS Ta IIYMOIIEJICHTYBaHHS 1 SIK pe3yibTat
PO3pO0IICHO MAaTEHT Ha KOPUCHY MOJIENb aKyCTUYHOI aHTeHu [13].

Peanizaniss mpocTOpOBUX SKOCTEH Takoi aHTEHUM BU3HAYAETHCA NUIIXOM BHUKOPUCTAHHS
aJIMTUBHUX METOJIB 00poOKHM iH(opMallii. AHTEHa MOXKE MPAIIOBaTH SIK MPHUCTPIii, 1m0 3a0e3neuye
PEECTpAIIiIO K CKaJISIPHUX, TaK 1 BEKTOPHUX XapPaKTEPUCTHK.

Jlana MyJIbTHKOMITOHEHTHA aHTEHA MICTHTh TPH JIHIMHI TUCKPETHI aKyCTHYHI aHTEHH, SIKi
CKJIAZIAIOTHCSI 3 MPUMMaYiB TUCKY, PO3MIIIEHI B3aEMHO OPTOTOHAJIBHO, MalOTh OJTHAKOBI po3Mipu 0a3
1 criiibHUI (ha30BHI LIEHTP, Y SKOMY BCTAaHOBIICHO TIpUiiMad THCKY (puc. 3).

[IepeBaroro 1 yJOCKOHAJIEHHSM € Te, 1110 Y OJHY 3 JIHIHHUX JUCKPETHUX aKyCTUYHUX aHTEH
31 30UIBIIEHOI0 0a3010 J0/IaTKOBO BCTAHOBIJICHO WIE JBa MpHiiMadi TUCKY CHMETPHUYHO BiJHOCHO
¢dazoBoro neHTpy. JloJaTKOBO BCTAHOBJICHI MpUiMadi TUCKY 30UIBIIYIOTH KUIBKICTH CIOCOOIB
BUSIBJICHHS Ta IIE€JICHIYBaHHS, AKi MOXYThb OyTHM peaii3oBaHi 3a JOMOMOIOI0 MPHUCTPOIO, IO
3a0e3nevye MOKpAIIeHHS HOTO (YHKIIOHATBHUX XapaKTEPUCTHK Yy CKJIaAl NTyMOIEIEHTaTOPHUX
aAKyCTMYHUX KOMIUICKCIB 1 IMiIBUIIYy€ TOYHICTh BUSBIICHHS Ta MEJICHTYBaHHS ITieid. Cii 3ayBaXkuTH,
110 1151 aHT€HA B CUJTY BUKOPUCTaHHS JOJIATKOBUX IIPHIIMaviB MOKe OyTH BiJHECEHOIO 5K 10 00J1acTi
MOBITPSIHOI, TaK 1 10 00JIACTI T1IPOAKYCTUKH.

MynbTUKOMIOHEHTHA BEKTOPHA aKyCTUYHA aHTEHA MPUCTPOIB BUSBJICHHS Ta MEJIEHT'YBaHHS
CKIamaeTbesi 3 mpuiiMauiB Tucky 0, x1-x2, yl-y4, z1-z2 (puc.3), Tpakty GopMyBaHHS
xapakTepucTuk crpsmoBaHocTi (TO®XC) 1 y cknaai cymaropa 2, BigHiMaya 3 AUMOJBHOTO KaHATY
X, BigHiMaua 4 IUIOJILHOTO KaHay Y, BiIHIMaua 5 AUIOIBHOTO KaHay Z, GJIOKY POCTYyXOBYBaHHS
(BIT) 6 y ckmani TpakTy mpociyxoByBaHHs HeHanpasieHoro (TTIHH) 7, Tpakty nmpociayxoByBaHHS
nanpasienoro (TITH) 8, 6moxy BusiBnenns (bB) 9 y cknazi Tpakty Busiienns 3a crexkrpom (TBC)
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10, TpakTy BusBIeHHs 3a iHTeHcUBHICTIO (TBI) 11, TpakTy BUSBIEHHS 32 B3a€EMHUM CIIEKTPOM
(TBBC) 12 Ta 6moky nenenrysanus (bIT) 13 y cknani Tpakty xopesnsiiitHoro nenenryBanus (TKIT)
14, Tpakty (azoBoro nenenryBanus (T®II) 15, Tpakry neneHryBanHsa crnocod6oM piBHOCUTHABHUX

30H (TTIP3) 16 (puc. 4).
Z

A

Puc. 3. MyJbTHKOMIIOHEHTHA BEKTOPHA aKYCTHYHA AHTEHA NMPUCTPOIB
BUSIBJICHHSI TA MeJICHTYBAHHS

|
| I, e === = = = bl
y
"2 ~
| = |
10, s I
I y2 I
|_"4 11TBI | 9BB |
ILP |
| |
| X1 I3 [
) COS ¢
:le 12 TBBC :
| 1 - - - - - - - =
iy _————— ==
y2 sin @ ‘
== 14 TKTI |
|
|
|
'Zl : 9 15 TdIL |
|Zz COS v 13}3“‘
I A :
16 TIP3 !
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|

Puc. 4. CTpykTypHa cxeMa MyJbTHKOMIIOHEHTHOI BEKTOPHOI AKYCTHYHOI AHTEHU
NPUCTPOIB BUSIBJICHHS Ta MEJCHIYBAHHSHA

[IpucTpiit mpairoe HACTYIMTHUM YMHOM: TIPH HAJXOJPKEHHI aKyCTHYHOI XBWJI, IO CTBOPEHA
LULTIO, 70 MYJIbTUKOMIIOHEHTHOI BEKTOPHOI AaKyCTMYHOI AaHTEHH MPUCTPOIB BUABICHHI Ta
MeJIeHTyBaHHs npuiiMadamu TUCKy 0, x1-X2, y1-y4, z1-72 peecTpyrOThCsl TIEBHI BETUYUHU THUCKY.
EnexTpruunuil curhain, mo reHepyerbest npuiimauem tucky 0, BukopucroByerbes y TIIHH 7 nna
HEHAIPaBJICHOTO MPOCITYXOBYBaHHS MICIIEBOCTI OIIEPATOPOM, a CICKTPUIHHI CUTHAI, CHOPMOBAHUI
cymatopoMm 2, BukopuctoByeTbcs y TIIH 8 ans HampaBieHOTo NHpOCIyXOBYBaHHS MiCLEBOCTI
OIIEpaTOPOM.
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OpnHOYacHO eNEeKTPUYHMN CcUTrHan i3 cymaropa 2 HaaxomuTh g0 TBC 10, y sxomy
peani3yeThCsl CIIeKTpalibHa 00poOKa MPOCTOPOBO BiA(PIIHTPOBAHOTO aKyCTHYHOTO TOJIS 1T Ta 3a
JIOTIOMOTOI0  TIOPOTOBOTO TIPUCTPOI0 BU3HAYAETHCS HASBHICTH a00 BiACYTHiCTh Iiimi. [licms
HAJXO/DKEHHSI aKyCTHYHHMX XBHWJIb JO Map MNpuiiMadiB TUCKY Xx1-X2, yl-y2, z1-z2, cdopmoBaHi
BigHIMayamMu 3—5 eJeKTPUYHI CUTHAIM 3 KaHATIB JUMOJBHOTO npuiiomy X, Y, Z Ta eNeKTpUIHUN
curHasn 3 npuitmMada Tucky 0 Haaxomsate mo TBI 11, y skoMy 3IiHCHIOETBCS OOYMCIICHHS
IHTEHCUBHOCTI aKyCTUYHOTO TOJIS Y PI3HUX YaCTOTHHX Jianma3oHax Ta BU3HAYAETHCS 32 JJOMTOMOTOI0
MMOPOTOBOTO TPUCTPOIO HASBHICTh UM BIACYTHICTh Iim. OIHOYACHO €JEKTPUYHI CHUTHAIN 3
npuiiMauiB TUCKY y3—y4 Hanxoasath 10 TBBC 12, ne mpoBoauThCst 00YHCICHHS B3aEMHOTO CIIEKTPY
Ta MO0 OOpPaHOMY KPHUTEPII0 BHUSBJICHHS BHU3HAYAETHCS HASBHICTh YW BIACYTHICTH 1ii. [Ipu mpomy
pe3yabTaT BUMIPIOBaHb YCiX TPhOX TPAKTIB aHAI3YIOThCS ONEpaTOpOM, SIKUI MpuiiMae ocTaToYHe
pIIICHHS.

3reHepoBaHi npuitMadaMu TUCKY y1—y2 enektpuuni curnanu Haaxoaats 10 TKII 14, y skomy
3MIMCHIOETHCA 1X KOpelsiiitHa 00poOKka Ta 00UMCITIOEThCS TIECHT Ha 1. OJTHOYACHO €IEKTPHUYHI
CUTHaJIM 3 mpuitMauiB TUCKY y1-y2 Hagxomsats no TOII 15, y sskomy pearnizoBaHo (a30BUi c11ociO
MEJICHTyBaHHs, [0 Ma€ HEAONIK, BUKIMKAHUN HEOJHO3HAYHICTIO BHM3HAUYEHHS KBaJpaHTY
3HAXOJDKEHHS I[UTI MPU TMEBHUX XBUJIHOBHUX CIIBBIJHOIIEHHSX MIX CIEKTPATBHUMH CKIIAJOBHMH
AKYCTHYHOTO TTOJIS 11T Ta pO3MipoM 0a3u JHIHHOT TUCKPETHOI aKyCTHYHOI aHTEeHH, 1110 peajli3oBaHa
npuiiMauamu TUCKy yl-y2. Lleit nempomik ycyBaetbest y TIIP3 16, Ha sikuil HaIXOAATh €NEKTPUUHI
CUTHAJIM 3 TpuiiMada Tucky 0 Ta 3 kaHamiB aunoiasHoTo Tpuitomy X, Y. Y TIIP3 16 peanizoBaHo
Croci0 piBHOCHUTHAILHUX 30H, 3@ JIOIOMOTOIO SIKOTO BU3HAYAETHCS KBAAPAHT 3HAXOJHKCHHS LM, a
TaKOXX KYT TeJIeHTY. Pe3ynpTaT BHMIpIOBaHb MEJICHTY Ha IIIb IUMH CIOCOOAMHU aHaJi3yIOThCS
OTIEPaTOPOM, KU TIPUIMAE OCTATOYHE PIIIICHHS.

Takum 4nHOM, 3aITPOMIOHOBAHA MYJIFTUKOMIIOHEHTHA BEKTOPHA aKyCTHYHA aHTEHA ITPUCTPOIB
BUSBIICHHS Ta MEJICHTYBaHHS pealli3ye MOBHUN KOMIUIEKC 3aXO0/IiB II0J0 BUSIBJICHHS Ta BU3HAYCHHS
KYTOBUX KOOpPJHMHAT IIiJi Ta MOXE 3aCTOCOBYBAaTHCh Yy IIyMOIEJICHTaTOPHUX AaKyCTHUYHUX
KOMILJIEKCaX.

ABropamu B pobGoti [31] mpencraBieHi po3paXyHKH NalbHOCTI Ta EKCIEPHUMEHTANIbHI
nociipkeHHs 3 BusBieHHs BIIJIA Tumy xBajmpakomnTep 3 BUKOPHCTAHHS CIPOIICHOTO MPOTOTHUITY
KOPUCHOI MOJIeJTi — aKyCTUYHA aHTEHA, 110 CKJIaaach 3 JIEKUIbKOX aKyCTHYHUX MEPETBOPIOBAYIB.

B mnopanbmiomy, MaioTh NPOBOJWUTUCH EKCIIEPUMEHTANbHI  JIOCHIIKEHHS BXKE 3
BUKOPUCTaHHSAM MaKeTy MPUCTPOIO HA OCHOBI JAHOTO MATEHTY 1 PE3YNbTaTIB PO3PAXYHKY JaIbHOCTI
BUSBIIEHHSA. METOAO0JOrIsl BHUMIPIOBAHHS TPOCTOPOBUX XapaKTEPUCTHK, IO [0 MOCTAHOBKU
eKCIIEpUMEHTY B YaCTHHI OTPUMaHHS XapaKTepUCTHKH HampasieHocTi (XH) maroTh BigmoBigatu
CTaHJIapTHUM MeTojiaM BuMiptoBaHHs XH B Mexax po6o4oro Aiama3oHy aKkyCTHYHOI aHTeHU. [Ipu
BOMY Ul Ja0OpaTOPHUX YMOB BHMIPIOBaHHS MAlOTh MPOBOIMTUCH B CHUTYallli KOJM OTOUYIOUi
mymu HIDk41 15 1b. O6opka pe3yabTaTiB BUMIPIOBaHHS Ma€ BU3HAYATHCS B JOBIPUOMY IHTEPBATY 3
imoBipHicTio 0,95.

BucnoBku. BusnadueHo, 1m0 3acTocyBaHHsI BEKTOPHO-(Pa30BUX MPUMAaUiB MPU3BOJUTH 0
(dbopMyBaHHSI XapaKTEPUCTHUKU HAIMPABICHOCTI JUCKPETHHX iHTep(epeHUiiHUX aHTeH B 00jacTi
HIDKHIX YacTOT Ta Ja€ MOXJIMBICTh OTPUMATH OJHOHAIPABIIEHY aHTeHY 0€3 3MiHM KOHCTPYKITii. [Tpu
IIbOMY BU3HAYE€HO, [0 OCHOBHUMH XapaKTEPUCTUKAMHU aKyCTHUYHOTO MOJI, 0 (opMye aHTEHa, €:
THCK, Ta KOJMBaJbHA IIBUAKICTb. BH3HA4YeHO TEOpeTHYHI 3acaad TMOOYIOBH CHCTEM
nrymorneneHryBanis. CTBOPEHO CTPYKTYpPHY CXEMy TpAaKTiB BUSBJICHHSA, II€JICHTYBaHHS, Ta
BHUMIPIOBAHHS €HEPTEeTUYHUX XapaKTEPUCTHK aKyCTUYHOTO 1oJisl. PO3po0aeHO MyIbTHKOMIIOHEHTHY
BEKTOPHY aKyCTHUHY aHTEHY MPHCTPOIB BHUSBICHHS Ta MeJeHryBaHHS. Po3pobieHa aHTeHa MOXe
MpaIoBaTH K TMPUCTPIM, M0 3a0e3mnedye peecTpamiio SK CKaIIpHUX, TaK 1 BEKTOPHUX
xapakTepucTuk. Ha ocHOBI BKa3aHOT aHTEHHU MOKa3aHO 3aCTOCYBAaHHS aAMTHUBHUX OIeEpalii, 1Mo 10
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MO>KJIMBOCTI (pOPMYBaHHS XapaKTEPUCTHK HampaBiIeHOCTI pi3HUX TumiB. Cria 3ayBaKHTH, L0 LS
aHTEHA B CHJIy BHUKOPHCTAHHS JOJATKOBHX IpHIIMadiB MO)Ke OyTH BIJTHECEHOIO SK 10 00JacTi
MOBITPSHOI, TaK 1 10 001aCTi TAPOAKYCTHKH. B moganpiomMy HampsiMKH JOCIIJDKEHHS 1 po3po0Ku
cucteM BusBieHHS BIIJIA mae OyTu crnpsiMoBaHe Ha YIOCKOHAJICHHsS TPAKTIB BHUSBJICHHS Ta
BUMIPIOBaHHS OCHOBHHUX XapPaKTEPUCTUK aKyCTUYHOTO TOJsI B YMOBax JIa0OpaTOpHUX Ta HATYPHHUX

€KCIICpUMEHTIB.
References

1. Pavlyuk, O. E., Lypovetska, G. D., Karpenko, E. V.,
Solovei, V. Yu., Kotsyuba, V. S., Smidovych, O. V.,
Zatserkovskyi, R. O., Nyzhnyk, O. I., Gurin, O. S,
Melenko, Yu. Ya., Bilous, V. V. (2016). Utility model
patent No. 105308, 01.03.2016. Ukraine. Positional noise
direction finding station [in Ukrainian].

2. Lucas, C., Heard, G.,, Flemming, R., Pelavas, N.
(2013). A robust phase gradient bearing estimation
algorithm for a tri-axis cross-dipole acoustic array, with
application to a long range autonomous underwater
vehicle homing and tracking system. Acoustical Society
of America, Ne 14.

3. Didkovskyi, V. S., Leiko, O. H., Kandrachuk, I. V.
(2009). Osoblyvosti formuvannia poliv kryvoliniinymy
akustychnymy antenamy, utvorenymy z kruhovykh
tsylindrychnykh piezokeramichnykh pryimachiv zvuku
[Peculiarities of forming floor curvilinear acoustic
antennas formed from circular cylindrical piezoceramic
sound]. Sci. news NTUU “KPI” Sci. Tech. journal,
No. 4 (66), P.34-42. URL: https://ela.kpi.ua/handle/
123456789/36074 [in Ukrainian].

4. Gordienko, V. A. (2007). Vektorno-fazovyye metody
v akustike [Vector-phase methods in acoustics].
Moscow: FIZMATLIT, 2007. 480 p. [in Russian].

5. Andebura, V. A., Skrebnev, G. K. (1979). Ob akustiko-
mekhanicheskikh  kharakteristikakh  plastinchatykh
precbrazovateley pervogo poryadka [On the acoustic-
mechanical characteristics of first-order plate]. Akust.
Zhurnal, Vol. 25, No. 3, P. 346-351 [in Russian].

6. Aronov, B. S. (1988). O raschete
pyezokeramicheskikh tsilindricheskikh  priyemnikov
pervogo poryadka [On the calculation of piezoceramic
cylindrical receivers of the first order]. Akust. Zhurnal,
Vol. 34, No. 5. P. 804-811 [in Russian].

7. Ehrlich, S. L., Frelich, P. D. (1965). Patent
US3176262A, 1965-03-30, United States. Directional
Sonar System. URL: https://patents.google.com/patent/
US3176262A/en.

8. Andebura, V. A. (1976). Ob akustiko-
mekhanicheskikh  kharakteristikakh  sferoidalnykh
izluchateley i rasseivateley [On the acoustic-mechanical
characteristics of spheroidal radiators and diffusers].
Akust. Zhurnal, Vol. 22, No. 4, P. 487-486 [in Russian].

46

JlirepaTypa

1. MaBmok O. €., Jlumosenpka I'. JI., Kapnen-
ko €. B., Conosgeii B. 10., Koito6a B. C., Cmigo-
Buu O. B., 3anepkoscbkuii P. O., Hmwxnuk O. 1,

I'ypin O. C., Memnenko 1O. 5.,  Binoyc B. B.
[Tarerr Ha kopucHy wmomenb  Nel05308,
01.03.2016. Vkpaina. [Mo3uriiina

ITYMOIICJICHIaTOpHA CT. aHLliﬂ.

2. Lucas C., Heard G., Flemming R., Pelavas N. A
robust phase gradient bearing estimation algorithm
for a tri-axis cross-dipole acoustic array, with
application to a long range autonomous
underwater vehicle homing and tracking system.
Acoustical Society of America. 2013. Ne 14,

3. Minkosewkwmii B. C.,  Jleitko O. T, Kannpa-
gyk [. B.  OcoOauBocti  ¢GopMyBaHHS  IIOJIiB
KPUBOJIHIMHAMHA  aKyCTUYHUMH  aHTCHAMH,
YTBOPEHHMMH 3  KPYrOBUX  LMJIIHAPUYHUX
I’ €30KepaMiuHuX npuiiMaviB 3BYyKy. Hayxosi
sicmi HTYY «KIIl». 2009. Ne 4 (66). C. 34-42.
URL: https://ela.kpi.ua/handle/123456789/ 36074.

4. T'opnuenko B. A. BekTopHo-(ha3oBbie METO/IBI
B akycTtuke. M.: DUSMATIINT, 2007. 480 c.

5. Aanebypa B. A., Ckpebnes I'. K. O6 akycTuko-
MEXaHMYECKUX XapaKTePUCTHKAX IUIACTHHYATHIX

npeoOpa3oBaTesieil IepBOro MOpsAaKa. AKycm. .
1979. T. 25, Ne 3. C. 346-351.

6. Aponos b. C. O pacueTe nbe30KepaMHUYECKHX
LHWINHAPUYECKUX IPUEMHHUKOB IIEPBOT0 MOPSIKA.
Axyem. oc. 1988. T. 34, Ne 5. C. 804-811.

7. Ehrlich S. L., Frelich P. D. Directional Sonar
System. Patent US3176262A, 1965-03-30, United
States. URL: https://patents.google.com/
patent/US3176262A/en.

8. Auzebypa B. A. O0 aKyCTHKO-MEXaHHYECKHX
XapaKTCpUCTHUKAX C(l)epOI/I,I[aJ'H:HBIX I/I3J'Iy‘laTeJlCI71
u pacceuBateneit. Akycm. oc. 1976. T.22, Ne 4,
C. 481-486.



https://ela.kpi.ua/handle/%20123456789/36074
https://ela.kpi.ua/handle/%20123456789/36074
https://patents.google.com/patent/%20US3176262A/en
https://patents.google.com/patent/%20US3176262A/en
https://ela.kpi.ua/handle/123456789/%2036074
https://patents.google.com/%20patent/US3176262A/en
https://patents.google.com/%20patent/US3176262A/en

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inycunipune, No 2(13), 2023

Inghopmaniinni mexnonocii, enexmponika,
MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,
mechanical and electrical engineering

9. Skrebnev, G. K. (1997). Kombinirovannyye
gidroakusticheskiye priyemniki [Combined hydroacoustic
receivers]. St. Petersburg: ELMOR. 200 p. [in Russian].
10. Bitzer, J., Simmer, K. U. (2001). Superdirective
Microphone Arrays. P. 19-38. DOI: 10.1007/978-3-662-
04619-7_2.

11. Madhu, N., Masiero, B., Kuno, Y. (2019). A Neural
Network Approach to Broadband Beamforming.

12. Mabande, E., Schad, A., Kellermann, W. (2009).
Robust superdirectional beamforming for hands-free
speech capture in cars.

13. Kostiuk, R., Korzhyk, O., Kozeruk, S., Kozak, A.,
Larin, P. (2018). Multykomponentna vektorna
akustychna  antena  prystroiv  vyiavlennia ta
pelenhuvannia [Multicomponent vector acoustic antenna
of direction finding and detection devices]. Application
number u201809649, 26.09.2018. URL:
https://base.uipv.org/searchINV/getdocument.php?claim

9. Ckpebner I'. K. KomOuHupoBaHHBIE THAPO-
akycruueckue mnpuemaukn. Cankt-IlerepOypr:
DJIMOP, 1997. 200 c.

10. Bitzer J., Simmer K. U. Superdirective
Microphone Arrays. 2001. P.19-38. DOI:
10.1007/978-3-662-04619-7_2.

11. Madhu N., Masiero B., KunoY. A Neural
Network Approach to Broadband Beamforming.
2019.

12. Mabande E., Schad A., Kellermann W. Robust
superdirectional beamforming for hands-free
speech capture in cars. Jan. 2009.

13. Koctiok P. 10O., Kopxuk O. B., Kozepyk C. O.,
Kozak A. B., Jlapia I1. M. MyJIbTHKOMIIOHEHTHA
BEKTOpPHA  aKyCTHM4YHAa  aHTEHAa  IIPUCTPOIB
BHABJICHHSA Ta IICJIICHI'YBAHHA. HOMCp 3asiBKHN
u201809649, 26.09.2018, URL: https://base.
uipv.org/searchINV/getdocument.php?claimnum
ber=u201809649&doctype=ou.

number=u201809649&doctype=ou [in Ukrainian].

14. Korzhyk, O. V., Kozak, A. V., Larin, Ph. M.,
Kostiuk, R. Yu. (2018). Imitatsiine modeliuvannia
vymiriuvacha intensyvnosti zvuku v zadachakh
shumopelenhuvannia [Designing of sound intensity
measuring simulator for bearing tasks]. Elektronna ta
Akustychna Inzheneriia = Electronic and Acoustic
Engineering, Vol. 1, No. 1, P. 27-33. URL.: https://ela.
kpi.ua/handle/123456789/33618 [in Ukrainian].

15. Kozak, A.V. (2021). Udoskonalena systema
shumopelenhuvannia bezpilotnykh litalnykh aparativ
[Improved Unmanned Aerial Vehicle Noise Direction
Finding System]. Elektronna ta Akustychna Inzheneriia
= Electronic and Acoustic Engineering, Vol. 4, No. 1,
228902-1. DOI: 10.20535/2617-0965.eae.228902 [in
Ukrainian].

16. Strutt, J. W. (Lord Rayleigh) (1955). Teoriya zvuka:
v 2-kh t. [Theory of sound: in 2 vols.]. Moscow:
Gostekhizdat. Vol. 2 [in Russian].

17. Leslie, C. B., Kendall, J. M., Jones, J. L. (1956).
Hydrophone for Measuring Particle Velocity. J. Acoust.
Soc. Am., Vol. 28, No. 4, P. 711-715. DOI: 10.1121/1.
1908455.

18. Smaryshev, M. D., Dobrovolskiy, Yu. Yu. (1984).
Spravochnik po raschetu napravlennykh svoystv
gidroakusticheskikh  antenn  [Handbook on the
calculation of the directional properties of hydroacoustic
antennas]. Leningrad: Sudostroenie. 304 p. [in Russian].
19. Balyan, R. Kh., Batanogov, E. V., Bogorodsky, A. V.
(1989). Terminologicheskiy slovar — spravochnik po
gidroakustike [Terminological dictionary — reference
book on hydroacoustics]. Leningrad: Sudostroenie.
368 p. [in Russian].

47

14. Kozak A. B., Jlapia II. M., KocTiok P. 1O.,
Kopxwuk O. B. Imitariiine MonaeiaroBaHHS BHMi-
proBaya iHTEHCHBHOCTI 3BYKY B 3ajadaxX IIyMO-
NeJICHTYBaHHs.  Enexmponna ma Axycmuuna
Tnorcenepin. 2018. T.1, Nel. C.27-33. URL:
https://ela.kpi.ua/handle/123456789/33618.

15. Kozak A. B. VnockonaieHna cHCTEMAa
LIYMOTIENICHTyBaHHSI ~ O€3MUIOTHUX — JiTAIBHUX
amaparis. Enexmponna ma  Axycmuuna
Inocenepin. 2021. Vol. 4, No. 1. 228902-1. DOI:
10.20535/2617-0965.eae.228902.

16. Crpart x. B. (Jlopa Paneit). Teopus 3Byka: B
2-x T. M.: Tocrexmsaar, 1955. T. 2. 475 c.

17. Leslie C. B., Kendall J. M., Jones J. L.
Hydrophone for Measuring Particle Velocity. J.
Acoust. Soc. Am. 1956. Vol. 28, No. 4. P. 711-715.
DOI: 10.1121/1.1908455.

18. Cmapeimes M. JI.,  JJo6poBonbckwii HO. FO.
CripaBOYHHK 1O pacyeTy HampaBJICHHBIX CBOWCTB

ruapoakycTrdecknx anteHH. JI.: Cymoctpoenue,
1984. 304 c.

19. banesn P. X., Baranoros 3. B., boroposc-
kuil A. B. u ap. TepmMuHOnoruueckuii cioBapb —
CTIPaBOYHUK o THIPOAKYCTHKE. JI.:
Cynoctpoenue, 1989. 368 c.


https://base.uipv.org/searchINV/getdocument.php?claimnumber=u201809649&doctype=ou
https://base.uipv.org/searchINV/getdocument.php?claimnumber=u201809649&doctype=ou
https://ela.kpi.ua/handle/123456789/33618

Inghopmaniinni mexnonocii, enexmponika,
MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,
mechanical and electrical engineering

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inycunipune, No 2(13), 2023

20. Pritchard, R. L. (1954). Maximum Directivity Index
of a Linear Point Array. J. Acoust. Soc. Am., Vol. 26,
No. 6, P. 1034-1039. DOI: 10.1121/1.1907444.

21. Tokarev, V. 1., Didkovskiy, V. S., Akimenko, V.
Ya., Zaporozhets, O. I., Savin, V. G. (2001). Osnovy
akustychnoi ekolohii [Fundamentals of acoustic
ecology]. Kirovograd: Imeks Ltd. 520 p. [in Ukrainian].

22. Mayatsky, V. I. (1967). 0 sinteze
sverkhnapravlennykh antenn so  spetsialnymi
diagrammami napravlennosti [On the synthesis of
superdirectional antennas with special radiation

patterns]. Voprosy special'noj gidroakustiki Issues
Spec. hydroacoustics, No. 4, P. 31-39 [in Russian].

23. Taylor,J. D.  (2018).  Ultra-wideband  Radar
Technology.

24. Dolph, C. L. (1946). A Current Distribution for
Broadside Arrays Which Optimizes the Relationship
between Beam Width and Side-Lobe Level. Proc. IRE,
Vol. 34, No.6. P.335-348. DOI: 10.1109/JRPROC.
1946.225956.

25. Yampolsky, V. G. (1965). Lineynyye antenny s
nizkim urovnem bokovykh lepestkov [Linear antennas
with a low level of side lobes]. Electrosvyaz =
Telecommunications, No. 4, P. 26-36 [in Russian].

26. Mayatsky, V. . (1964). O pomekhoustoychivosti
diskretnykh sverkhnapravlennykh antenn po otnosheniyu
k sobstvennym shumam ikh elementov [On the noise
immunity of discrete superdirectional antennas in
relation to the intrinsic noise of their elements]. Voprosy
special'noj radiojelektroniki XVII. Gidroakustika =
Quest. Spec. radio Electron. XVII. Hydroacoustics,
No. 12, P. 33-39 [in Russian].

27. Tucker, D. Y. (1958). Signal/noise performance of
super directive arrays. Acoustic, Vol. 8, No. 1, P. 48-54.

28. Mayatsky, V. 1. (1966). O pomekhoustoychivosti
diskretnykh sverkhnapravlennykh antenn po otnosheniyu
k sobstvennym shumam ikh elementov [On the issue of
maximizing the mechanoacoustic efficiency of a group
of point radiators]. Akust. Zhurnal, Vol.12, No. 2,
P. 137-142 [in Russian].

29. Karnovsky, M. I. (1940). Napravlennyye svoystva
sfericheskikh izluchateley [Directional properties of
spherical emitters]. Zhurnal tehnicheskoj fiziki = Journal
of Technical Physics, Vol. 10, No.12, P.13-22 [in
Russian].

30. Kabushka, Y. V., Zotko, A.S., Kandrachuk, I. V.,
Korzhyk, O. V. (2018). Dalnost obnaruzheniya malyih
vozdushnyih ob'ektov nazemnoy sistemoy
shumopelengovaniya [Range of Detection of Small Air
Objects by the Grounding Noise Receivers System].

48

20. Pritchard R. L. Maximum Directivity Index of
a Linear Point Array. J. Acoust. Soc. Am. 1954.
Vol. 26, No.6. P.  1034-1039. DOl:
10.1121/1.1907444.

21. Higxoscwkuii B. C., Axummenko B. 5., 3amo-
poxers O. 1., Casin B. I'., Tokapes B. I. OcHoBu
AKyCTUYHOI €KOJOTii: HaBY. TMOCIOH. IJIT CTYII.
Bui. HaB4. 3aki. Kipoorpam: I1BI] TOB "Imexc
JItn", 2001. 520 c.

22. Masukuii B. 1. O cuHTe3e cBepXHaIpaBjicH-
HBIX AHTEHH CO CIICHUANbHBIMH JHarpaMMaMH
HaIPaBJICHHOCTH. Bonpocut cneyuanbHou
euopoaxycmuxu. K., 1967. Ne 4. C. 31-39.

23. Taylor J. D.
Technology. 2018.
24. Dolph C.L. A Current Distribution for
Broadside Arrays Which Optimizes the
Relationship between Beam Width and Side-Lobe
Level. Proc. IRE. 1946. Vol. 34, No. 6. P. 335-
348. DOI: 10.1109/JRPROC.1946. 225956.

25. Simmonsckuii B. I'.  JIunciiHble aHTEHHBI C
HU3KUM YPOBHEM OOKOBBIX JICTICCTKOB.
Onexmpocesnzv. 1965. Ne 4. C. 26-36.

Ultra-wideband Radar

26. Masukuii B. 1. O moMexoycToHYuBOCTH
JVCKPETHBIX CBEPXHAIPABICHHBIX AaHTEHH TI0
OTHOIICHHWI0 K COOCTBEHHBIM IIyMaM WX
3JIEMEHTOB. Bonpocwi cneyuanvbHou
paouosrekmpornurku XVIIL. I'uopoaxycmuxa. 1964,
Bem. 12. C. 33-39.

27. Tucker D. Y. Signal/noise performance of
super directive arrays. Acoustic. 1958. Vol. 8,
No. 1. P. 48-54.

28. Masukuii B. . K Bommpocy 0 MakCHMH3aIHUU
MCXAaHOAKYCTHUYCCKOI'0 KIIA TPYHIIbI TOYCYHBIX
m3nyuareneit. Axycem. oc. 1966. T. XII, Ne 2.
C. 137-142.

29. Kapuorckuii M. Y. HampapiieHHBIE CBOWMCTBA
chepuueckux usaydareneit. JKypuan mexuu-
yeckou ghuzuxu. 1940. T. X, Ne 12. C. 13-22.

30. Kabymka A. B.,, 3oteko A. C., Kanapauyk
L. B, Kopxuk O. B. JlanbHiCTh BUSBICHHS MaJlX
TIOBITPSHUX  OO’E€KTIB  HA3€MHOIO0  CHCTEMOIO
IIyMOTIeNIeHTyBaHHs. Mikpocucm., Enekmpon. ma
Axyem. 2018, T.23, Bum. 5. C.48-56. DOI:



ISSN 2786-5371 print Ingpopmauiiini mexunonocii, erexkmponika,
ISSN 2786-538XF())nIine MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,

Texnonozii ma inycunipune, No 2(13), 2023 . - : .
mechanical and electrical engineering

Mikrosist., Elektron. ta Akust. = Microsystems, |https://doi.org/10.20535/2523-4455.2018.23.5.
Electronics and Acoustics., Vol. 23, No. 5, P.48-56.|131483.

DOL: https://doi.org/10.20535/2523-4455.2018.23.5.
131483 [in Russian]

31. Korzhyk, O., Kozak, A., Didkovskyi, V., Naida, S.|31. Korzhyk O., Kozak A., Didkovskyi V.,
(2020). Construction the Device of Acoustic Noise Air|Naida S. Construction the Device of Acoustic
Bearing. 2020 IEEE 40th International Conference on|Noise Air Bearing. 2020 IEEE 40th International
Electronics and Nanotechnology (ELNANO), Kyiv,|Conference on Electronics and Nanotechnology
Ukraine, P.683-687, doi: 10.1109/ELNANO50318.|(ELNANO), Kyiv, Ukraine. 2020. P.683-687.

2020.9088899. DOI: 10.1109/ELNANO 50318.2020.9088899.
KOZAK ANDRII KORZHYK OLEKSII
Department of Acoustic and Multimedia Electronic Dr.Sc.(Eng.), Professor
Systems, National Technical University of Ukraine "lgor Department of Acoustic and Multimedia Electronic
Sikorsky Kyiv Polytechnic Institute”, Ukraine  Systems, National Technical University of Ukraine "Igor
https://orcid.org/0000-0002-4756-7931 Sikorsky Kyiv Polytechnic Institute”, Ukraine
Scopus Author ID: 57214137197 https://orcid.org/0000-0001-6793-1676
E-mail: andrekakal996@gmail.com E-mail: ov.korjik@aae.kpi.ua

KOZAK A. V., KORZHYK O. V.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Ukraine
IMPROVEMENT OF UAV NOISE DIRECTION FINDING SYSTEMS
USING VECTOR-PHASE METHODS AND SUPERDIRECTION

Purpose. Increasing the detection range of noise direction finding systems by providing the acoustic
antenna with properties to ensure the registration of both scalar and vector characteristics of the acoustic
field.

Methodology. The use of vector-phase methods that ensure the formation of directivity characteristics
in the area of lower frequencies.

Findings. It was determined that the use of vector-phase receivers leads to the formation of the
directivity characteristics of discrete interference antennas in the region of lower frequencies and makes it
possible to obtain a unidirectional antenna without changing the design. At the same time, it was determined
that the main characteristics of the acoustic field formed by the antenna are: pressure and oscillating speed.
The theoretical foundations of the construction of noise direction finding systems have been defined. A multi-
component vector acoustic antenna for detection and direction finding devices has been developed.

Originality. The possibility of improving the systems of air and hydroacoustic noise direction finding
due to the use of superdirectionality effects and vector-phase methods has been established. A multi-component
vector acoustic antenna for detection and direction finding devices is proposed. It was determined that the
implementation of vector-phase methods leads to the fact that the antenna maintains or improves the signal-
to-noise ratio in the tasks of receiving acoustic signals in the air. In this way, a combination of discrete
interference antennas is provided, which register not only the pressure field, but also the oscillating velocity
field.

Practical value. The proposed theoretical propositions can be used for the development of sound
direction finding acoustic complexes for both air and hydroacoustic purposes. The proposed multi-component
vector acoustic antenna of detection and direction finding devices implements a full set of measures for
detecting and determining the angular coordinates of the target and can be used in noise direction finding
acoustic complexes.

Keywords: acoustic field; vector-phase methods; superdirectionality; acoustic antenna; UAV;
direction finding; acoustic noises.
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681.3 Kuiscokuil nayionanonuti ynieepcumem imeni Tapaca [lleguenxa, Yxpaina

PO3IIMPEHHSI ®YHKUIOHAJY OHJAMH KOMYHIKALI
MEJUYHOI IH®GOPMAIIMHOI CUCTEMI HELSI

Mema. Ha ocnosi nopisnsnvroeo ananizy osox nonyaapuux CYBI MongoDB ma Redis suznawumu
Kpawy 0as poswupents Qynxyionany ichyiouoi. Cmeopumu Hosull cepgic 0isi 3abe3neyents KOMyHiKayii 6
peanbHoMy Yaci uepes gebcokem 3’ €OHanHs 071 meouunoi inghopmayitinoi cucmemu HELSI. Ilpu cmeopenni
Oa3u OaHUX 8PAXY8AMU MONCIUBICID BUCOKO20 HABAHMANCEHHS MA HEOOXIOHICIb 000amu a2pezy8aHHs OAHUX
6 HACMYNHUX Imepayinx QyHKYIOHATY.

Memoouxka. Ilpu peanizayii ¢pynxyionany suxopucmosysanaco mosa C# 10.0, ¢ppeiimeopx ASP.NET
Core 6.0, i 6aza oanux MongoDB.

Pesynvmamu. I[lposedeno ananimuune oocniodcennsn i nopisuanus CYB/] MongoDB ma Redis 3a
Xapakmepucmukamy HnpoOyKMUSHOCmi, 6esneyHocmi, mMunom cucmemu 30epicaHHa OaHUx I 6UOOM
BHYMPIUHBLOI MOGU. 3anpononosano euxopucmarus komoinayii oioriomexu SignalR Core ons nramgopmu
.NET 6 pazom 3 CYB/] MongoDB 0ns 3a6e3neuenns ynpasiints niokaouenHamu no npomokony Websocket y
BUCOKOHABAHMANCEHITE MEOUUHIN THOOPMAYIUNIL cucmemi npu NPoeeoeHi OHAAUH Yamy Midc NAYiEHMOoM i
nixapem. Pospobneno nosuil cepsic 0ns 3aOe3neuenus KOMyHIKAyii @ peanvHOMy uaci yepes @ebCoKem
3’€OHanma 0na meouunoi ingpopmayitinoi cucmemu HELSI.

Haykoea nosusna. Po3pobneno meopemuuni ma mMemoodonociuni nioxoou 00 NopieHsANbHOI OyiHKU
xapaxmepucmux cyuachux NoSQL CYBJ] i sacmocysanni 2ibpuonux nioxooié no€OHAHHSI MEXHON02IU, SKI
BUKOPUCMOBYIOMb NPU PO3PODNIEHHS NPUKIAOHO20 NPOSPAMHO20 3abe3neueHHs npu nooyo0osi npoSpamMHUx
cucmem.

Ilpakmuuna 3nauumicme. 3a donomozoio mosu npoepamysarus C# 10.0 ma nnamgpopmu .NET 6 i
baszu oanux MongoDB poswupeno @yuxyionan icHyouoi npukiadnoi meouyHoi ingopmayitinoi cucmemu
HELSI moorcnusicmio yamy migic nikapem i nayicumom ni yac onaaiin nputiomis. Ccnpoexmosano 6a3y 0aHux
o5t 30epieanns inpopmayii nos ’s3anoi 3 danum @ynxyionanom. Iliocomosnerno cynymmio OOKymeHmayiio 0s
PO3pobKU IHmep@elicy Wooo CMBOPEHO20 PYHKYIOHATY.

Kntouoei cnoea: uam; owiaiin nputiom, Kli€eHm-cep8epHa apXimekmypa, meouyHa iHgopmayitna
cucmema, azpezy8aHHsa OaHUX.

Beryn. OnHiero 3 HaWBOKITUBINIMX HAMPSMIB JTiSUTBHOCTI JIEpP)KaBH € OXOPOHA 37I0poB’s €. B
CY4aCHOMY XHTTI B cepa OXOPOHH 37I0POB’SI aKTUBHO BIPOBAKYIOTHCS iH(OpMaIliifHi TEXHOIOT1H.

[adopmariitni Mear4HI cucTeMH 3a0€3MeYyI0Th BUCOKY €(PeKTUBHICTH OOpOOKH 1 30epiraHHs
MeIUYHOI iHpopMallii Ta BeAeHHs JOKyMeHTooOiIry [ 1-3].

32018 poxy B Ykpaini po3nodaro peopmMy CHCTEMU OXOPOHHU 3/I0POB'st B YKpaiHi, CTBOPEHO
«Hamionaneny ciyx0y 310poB's Ykpaian» (HC3Y). Bona 3a0e3neuye dynkuionyBanns eHealth —
CHUCTEMHU OXOPOHHU 310poB's [3, 4]. s GyHKIIIOHYBAaHHS JEP>KaBHOTO IEHTPATLHOTO KOMITOHEHTY
eHealth crBopeno mennuni indopmaniiini cuctemu. Cepen sxux cucrema HELSI e onnieto 3
HalOLTRIINX B YKpaiHi [4, 5]. Uepes cuctemy BiKe yKIIaieHO 24 MITbHOHU EKJIapaliiid MiX JIiKapsIMu
ta naienramu. logus vepe3 Helsi Ha mpuitomu 1o nikapiB 3amucyrotbess Outbmie 230 Tucsy
MAIl€HTIB.

B cucremi Helsi BUKOpUCTOBYIOTHCS HACTYITHI IPOTrpaMHi pitieHHs [5]:

Reform.helsi.me — cucrema mnst peectparii Ta poOOTH MEAUYHHMX 3aKJIAMIB 3 MiHIMAIbLHO
HeoOXigHuM (yHkiionanom. He no3Bomnsie npamtoartu 3 helsi.me.

Helsi.me — cuctema mms peectparii MaiieHTIB Ta 3amucy Ha MpUAOMHU. TakoX A03BOJISIE
OTPUMYBATH JIIKH, NEPEBIPITH PELENTH, OTPUMYBATH CTPAxXyBaHHS Ta MEpErisaaTtd iHQOopMariio
1010 CEPBICY.
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Apt.helsi.me — cucrema mnst poOOTH anTeYHUX 3aKiafiB Ta IX NpaliBHUKIB. J[03Bose
MPOBiI30paM MEPEBIPATH CTaH PELETITIB, MOTAIIATH iX JJIs poOOTH 3 MporpaMoro «JlocTymH1 JTiKu».

Helsi.pro — cucrema s poOOTH MEIUYHHMX 3aKJIaAiB Ta IX MNPAIiBHUKIB 3 MOBHHM
¢dbynakmionanom. J[03Bossie MPOBOAUTH MPUHOMH, JIarHOCTHUKY, MPOIETYPH, CTBOPIOBATH MEIMYHI
BUCHOBKH, TNEPEBIpATH iHPOpMALIIO 1100 MHUHYJIUX NPUHOMIB TMalli€HTa, YKJIagaTd JeKjaparii,
3aMoBHIOBATH 1H(OPMAIIIO TPO 3aKJad I BimoOpakeHHS Ha helsi.me, 3amoBHIOBaTH rpadiku
npUHOMY JIIKapiB TOILO.

Mobinbanit gomatoxk Helsi anms marieHTiB — 103BOJIsSE pOOWTH BCe T€ K, IO W Ha BeO-
wiargpopmi, ane goxae (QyHKIIOHAN IUTAaHYBaHHSA TNPUHOMY JIIKiB, OHJAHMH-PUHOMIB Ta B
MalOyTHROMY — IIBUAKWX OHJIAWH-KOHCYIIbTAITIH.

AHaJi3 nonepeaHix qocaiazkensb. PUHOK mporpamMHoro 3a0e3rneueHHs: Ma€ BEIUKY KUTbKICTh
pI3HOOIYHUX TIO CBOIM (PYHKI[IOHATHPHUM MOXMJIMBOCTSIM KOMEPIIMHMX CHCTEM ympaBiiHHS BJ]
3araJbHOTO MPU3HAUEHHS, a TAKOXK 3ac00aMU iX OTOYSHHS MPAKTUYHO JJIS BCIX MOJENEH MaIuH i
Uit pizHux onepamiHux cucteMm. CydacHi CYBJl BosnozitoTe 3acobamu 3a0e3nedeHHs IITICHOCTI
TaHUX 1 HaIHHOT Oe3MeKH, 110 JTa€ MOXKIUBICTh pO3POOHUKAM T'apaHTyBaTH BEJHKY O€3MEeKy JaHUX
MIPY MEHIIUX 3aTpaTax CHJI Ha HU3bKOPIBHEBE MPOTPaMyBaHHS.

Redis — me miardopma 3 BIAKpUTUM BUXIJHUM KOIOM, JjineH3oBaHa Berkeley Software
Distribution (BSD) [6-8]. Bin ciyxuth pimeHHsIM s 30epiraHHs CTPYKTYpPH JaHUX IaM’sTi Ta
4acTO BUKOPUCTOBYEThCS sIK 0Oa3za JaHUX, Kem-mam’sitb 1 Opokep moBimomiieHb. Redis moxe
MIITPUMYBATH CTPYKTYPH JaHUX, BKIIIOYAIOYM TaKi €JIEMEHTH, SIK PSAKH, XelIl, BiJICOPTOBaHI
Habopu, 3amMMUTH Jiana3oHiB, PACTPOBI 300pa)KEHHS, TiMEPJIOTH, F€ONPOCTOPOBI 1HIEKCH, CIUCKH,
Habopu Ta moToku. Redis Takox miaATpUMYye TOTOBY peruiikaiito, cieHapii Lua, Tpan3akiii Ta pizHi
piBHI 30epekeHHs qucKa. BiH Takok Moke 3a0€3MmeYnTH BUCOKY JOCTYITHICTh 3a Jonomoroio Redis
Sentinel, a Takox aBTOMaTHuHE po3aiIeHHS 3a gomnomororo Redis Cluster. KopucryBaui MOXYTbH
BUKOHYBAaTH aToOMapHi omneparlii Haj Tunamu Redis, Taki sk mogaBaHHS 10 psAaka abo 301IbIICHHS
3HAUEHHS B XEIlli, a TaKOX OOYHUCIICHHS TEepeTHHY HAOOpy Ta OTPUMAHHS 4YiIeHA 3 HAWBUIINM
3arajJbHUM PaHTOM Y BijcopToBaHoMmy HaOopi. I1[o6 mocsrtu HaitBumoi mpoaykTuBHOCTI, Redis
mpamroe  0e3rnmocepeTHb0 3 HA0OpOM JaHUX MMaM’siTi. 3aJeKHO BiJf KOHKPETHOTO BHUMAJKY
BUKOPHUCTAHHS KOPHUCTyBaya, HOro MOXxHa 30€perTd, NepioJUYHO CTBOPIOIOYH JaMIl HAbopy JaHUX
Ha TOJIOBHUH TUCK, 200 T0/1at0uu KOKHY OKpeMY KOMaH/Iy 10 HOBOTO XypHAITY. Y IESIKUX BUTAIKAX
KOpPHCTyBa4yaM IMPOCTO MOTpiOHa OGararodyHKI[IOHAIbHA MepekeBa cucTema kemry nam’siti. Komm
BUHUKAE TaKa CUTyalis, QyHKIIiI0 30epexkeHHs] MO>kHAa BUMKHYTHU. [HIm ¢yHkii Redis Bkto4aoTh
MOXJIMBICTB IMATPUMYBATH CIIPOIICHY ACHHXPOHHY peIUIiKaIlito, TpaH3akiiii, pub i sub, cenapii Lua,
BUKOPUCTaHHS KJIF0UiB 3 oOMexkeHuM TTL (gac xxwurts), LRU (HaiimeHIie )xuBuii), BUAATICHHS Pi3HUX
KJIFOYiB, aBTOMATHYHE BIJHOBJICHHS IIiCIs BiAMOBM Ta Oarato iHmoro. KopucTyBadi MOXYTh
noeaHaty Redis 3 GUIBLIICTIO MOB NPOTpaMyBaHHS, IKi BAKOPHCTOBYIOTHCSI CbOTO/IHI.

MongoDB — 1ie nokymMeHTo-opieHTOBaHa 0asa JaHuX, sika Ma€ MacIITabOBaHICTh 1 THYUYKICTb,
SK1 KOPUCTYBayi BBOXKaTUMYTh IPUBAOIUBUMH Ul 3aIUTIB Ta iHJeKCyBaHHS [6—9]. MongoDB mae
MOXJIMBICTB 30€piraT Jani B 3MiHHUX JOKYMEHTAaX, 1110 03HAYAE, 110 MOJISI MOXKYTh BIIPI3HATHUCS Bif
JOKYMEHTa 10 JOKYMEHTa, a CTPYKTYpY HaHHX MOXHA 3MiHIOBaTH 3 yacoM. MongoDB 3naTtHa
HaJaBaTU PIMICHHS IS HAI3BUYANHO CKIAQTHUX MPOOJEeM 1 MOXKE KEpyBaTH BEIUKHUMHU O0OCSTaMHU
iHpopmanii. MongoDB 36epirae, 00pobsisie Ta BUKOHYE JIaH1 y JBIHKOBii (hopMi Ta BUKOPUCTOBYE
Jy’Ke 3pyYHE TPEACTaBICHHS MOKyMeHTIB y (opmati JSON 1yis BBEJCHHSI Ta BUBEACHHS JIaHUX.
@OyHKIIOHAT KOMaHIHOTO psaka MongoDB Takox JOCUTHh MPOCTUH Y BUKOPUCTaHHI. Tumnu paHux
miei mIaThopMHu TOCUTh CTaHAAPTHI Ta CXOXI HAa MOBH INMPOTPaAMyBaHHS 31 CTPOTMMH THIIAMH,
Hanpukian Java abo C++. KopucryBaui MOXKYTh MEperyisiiaTH i THIX AaHUX Y BUTIISAI PAAKIB Yy
BianmoBimHux (ainax JSON. MongoDB mpaiiioe 3 OBIMKOBUM TPEACTABICHHIM, Y SIKOMY KOXEH
koHkpeTHU TN BSON mpencTtaBieHO UMM YUCIOM Ta PSAAKOBUMH iMeHTH(IKATOpaMU IS
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KO>KHOTO TUIy OKpeMoro 3HadyeHHs. MongoDB — 1ie, o cyTi, po3nozineHa 6a3a nanux. Yepes e
HaJ3BUYAHO BHCOKA JOCTYMHICTh, KOPHUCHE TOPU3OHTAJIbHE MaciTaOyBaHHS Ta TeorpadiuHmit
PO3MOLT € YaCTUHOIO OCHOBHOI (yHKLIT TIaTdopMu, a cama miaTgopma IpocTa y BUKOPHCTAHHI.
Mopens nmokymenta MongoDB mpocra y BHBYEHHI Ta BIpPOBA/DKEHHI KOPUCTyBayaMu, aje MpH
1bOMY 3a0e31euye BCi pi3HOMaHITHI MOKJIMBOCTI, HEOOX1H1 JJIsI CTBOPSHHS HAMCKIIATHIIIHNX PIIIICHb
CKJIAITHUX MPO0OJIeM OyIb-SIKOTO MacIiTady.

IMocranoBka 3aBaanHsi. OCHOBHOIO 33J]a4€i0 pOOOTH € HA OCHOBI MOPIBHSJIBLHOTO aHATI3Y
neox nonysipaux CYBJl MongoDB ta Redis Bu3HaunTu kpamy Uit po3IIUpEeHHsT (YHKITIOHATY
icHyrouoi. CTBOPHUTH HOBUI cepBIC TSl 3a0€3MEUCHHS KOMYHIKAIIii B pealbHOMY 4yaci 4yepe3 BeOCOKeT
3’eqHaHHs Uil MenuuHoi 1HGopmariitHoi cuctemu HELSI. Tlpu cTBopenHi 6a3u qaHUX BpaxyBaTH
MO>KJIMBICTh BUCOKOTO HAaBaHTa)KEHHsS Ta HEOOXIAHICTh MOJATH arperyBaHHS JaHUX B HACTYIHHX
iTeparisax GyHKIIOHATY.

PesyabraTn nocaimkenns. [lopiBHsIbHA XapakTepucTrKa 0a3 1anux Redis i MongoDB [6—
9

36epicanns oanux. Mongodb 36epirae nani y popmi qokymentiB JSON. 3 iHmoro 6oky, redis
30epirae maHi B mam’sTi K mapy Kirod-3HadeHHs. Redis mpairoe myxe moope, Koiau AaHi IMIBUIAKO
3MIHIOIOTBCSI T2 MOXKYTh IIOMICTHTHUCS B IaM siTh. Hikde nmokaszana (puc. 1) imocTpartist 30epiranus
nanux y Redis 3 MOKIMBUMH THITaMU JaHuX [7].

P ~ "Fma Plain Text String!"
. /,.-;l - 0011010101 l.D[}.I-I .11-30]-.01'31{]10
/" i » {23334]-{11-23;1.5-.5-6-9-}-{-?56-51-35-3-}’{5.151'45_1;
- {..t'k: :‘fnn", B: “bar”, C: “baz" }
T [ASBESC32DE]
T O
i T— e e
N | o { hﬂl B GJ C mD n 133? } ...................
1 {A:(51.5,0.12), B: (32.1, 34.7)  }
. 00110101 11001110 10101010

Puc. 1. Ctpykrypa 30epiranns nanux y Redis

st MongoDB BifICyTHICTh CXEMH O3HA4ae, 110 JIBa TOKYMEHTA B CTPYKTYpi naHnux NoSQL
HE MOBUHHI MaTH OJHAKOBI MOJIA 1 MOXYTh 30epiratu naHi pisHuX TumiB. OCh, HAIPUKIIAJA, MacUB
00'eKTiB, HAOIP MOIB AKUX HE 301raeThCA.

{ Model: "BMW", Color: "Red", Manufactured: 2016 },

{ Model: "Mercedes", Type: "Coupe", Color: "Black", Manufactured: "1-1-2017"}

Mosa. Y Bunaaky koxxHoi NoSQL 6a3u nanux MoBa Bizpi3HseTbes, 11 Redis 11e ckpunrosa
MoBa Lua, s MongoDB 1ie moaudikoBana Bepcis Javascript.

besnexa. Y Redis Hemae BOymoBaHOrO KOHTPOJIO JOCTymy Ha ocHOBI poieit (RBAC).
KopucryBaui MoxyTh orpumaru goctyn a0 b/l 3a momomoror mpocTUX iMEH KOPHCTYBadiB 1
MapoJIiB, 110 HE € JyXe 0e3MEeUHUM CIIOCOO0M JIOCTYITY 10 JaHHX.
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Y MongoDB € kinbka BapiaHTiB AOCTymy 10 OOOJIOHKH. BU Mo)keTe BHKOPUCTOBYBATH
MpocTe 1M’s1 KOPUCTYBaya Ta Mmapoiib, ado iHmI iHCTpyMeHTH, Taki sk RBAC ta LDAP, BoHu nerko

iHTerpyroThes 3 MongoDB.

Mawmabysanns. Redis mpomonye peruikaiiito master-slave, mo o3Havae, mo MOXKHa
OHOBJIIOBATH OJMH a00 Kinbka slave-cepBepiB. BukopucroByioun Redis Enterprise, Bu Moxere Matu
MEHEDKEP KJIACTepiB 1 apXITEKTypy Kjactepa 0e3 cmisibHOro aoctymy. Redis Takoxx miaTpumye
IIAPAMHT 1 TOBTOPHUI IAPAMHT, IPONOHYIOUM BUCOKY JOCTYITHICTH 1 peIUTiKaIlito B Tam sITi

[Ilo crocyeThest MongoDB, To BoHa Tpoxu rHyukima. MongoDB mae perutikaiiiro 3 oHAM
master i BOy10BaHUM aBTO-BuOOpoM. Lle o3Hauae, 1m0 BM MOXKETE HAJAIITYBAaTH ApYyry 0azy AaHuX,

Ky MOKHa BUOpaTH aBTOMAaTUYHO, SIKILO TOYAaTKOBA 0a3a JaHUX HEIOCTYITHA.
Ilpooyxmusnicmb. MongoDB € 0e3cxeMHO0, 10 O3HAuYa€, MO MOXHA BCTABJIATH JaHi 3

pI3HOIO CTPYKTYpOro. BoHa He mepeBipsie cxeMy mepes BCTaBIESHHSM, 10 pOOUTh HOTO HAA3BHYAHO
mBHIKol0. Ane Redis mpaioe B omepaTuBHIA mam’sATi TOMYy MpH poOOTI ¢ HE IyK€ BEIUKUMHU

3HAYCHHSIMU KJTIOUIB BiH MOke OyTH mBuamuM 3a MongoDB.
«YCSB workloads» [10].

[IpoxaykTuBHICTH Oyne NPOIEMOHCTPOBaHA Ha TNPHUKIAIL
TectyBaHHs MPOAYKTUBHOCTI MpoBeaeHo Ha 10 Minmbiionax 3anwuciB. [lnmardopma mis TecTyBaHHS —

cepBep 3 32 rirabaiitamMmu onepaTUBHOI maM’sATi Ta 16 sapamu HeHTpasibHOTO mporecopy. leprmii
TECT 1€ YUTaHHS TI0 OCHOBHOMY KIIFOUY, SIK BHIHO 13 rpadiky Ha (puc. 2). Redis mokazas npubau3zHo

Ha 8000 omepauiii 3a cekyHay Oiibie Hixk MongoDB.
Yuranuaa 10M zanucis
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Puc. 2. Untanua 10 minbiioHiB 3anucis

VY TecTi OHOBIEHHA JaHUX TakoX mnepemarae Redis (puc. 3). Ilim dwac 1mporo TecTy
BUKOHYBAJIMCh OTEpallii MOIIyKy i OHOBJICHHA. BapTo BigmiTUTH, 110 Tpr oHOBIEHI B Redis nmpocTo
B11I0yBa€eThHCS 3aMiHA 3HAYEHHS KJTfo4a, a B MongoDB ¢ yukiis update mpu3BoauTh 10 TOCUTH BaXKKOT

oreparii 3cyBy Ha JUCKY.
OcraHHIi TECT 1€ YMTaHHS OCTAaHHBOTO J0JaHOTO 3anucy (puc. 4) i Tyt Bnepme MongoDB
BUSBIIIETHCS MBUIIOK 32 Redis. L{e merko MokHa MOSICHUTH TUM IO € paHHIX Bepciid MongoDB

MICTUTh BOYZOBaHY CHCTEMY PO3YMHOTO KEUIyBaHHS 3alMCIB, TOMY JUIS YacTO IOBTOPIOBaHHX
3anmuTiB ab0 s HEIOJaBHO JOJaHMUX JOKYMEHTIB Oyle BHMKOHYBAaTHUCh BHOIpKa 3 Kelly B

OTepaTUBHIN aM’sTi, a He 3 (PI3UYHOTO JIUCKY.
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Puc. 4. YnTaHHA OCTAHHBOTO J0IAHOT0 3AMUCY

Ilepesacu MongoDB. MongoDB — nie G6iibIn «TpaauiiiiHay 3BU4aifHa 0aza JaHUX, sIKa Ma€
posmupeHi QyHkiii 06poOku nanux. 3pyuHicts B ynpasiiHHi: CYBJ] He morpeOye okpemomy
aaMmiHicTpaTopa 0a3W MaHUX. 3aBISIKA JOCTATHIA 3pyYHOCTI y BUKOPHUCTaHHI, il JIETKO MOXYTh
KOPUCTYBATHUCS K pO3pOOHUKH, TaK 1 CUCTeMH1 aamiHicTparopu. MongoDB mae po3mupeny MoBy
3anuTiB. MongoDB npomnonye 6aratromoxkymentHi ACID tpanzakiii 3 Bepcii 4.0. PiBeHb 3axuiieHnx
cokertiB (SSL), koHTposb nocTyny Ha ocHOBI poieit (RBAC) i mactaOyBaHHs — Bee 1€ BOYyIOBaHO

B OCHOBY IJIaTHOpPMHU.

JuHamivHa cxeMma: sik 3raayBaiiocs suine, st CYB/] 103Bomsie THYYKO MpaIfoBaTH 31 CXEMOO
naHux 0e3 HeoOX1THOCTI 3MIHIOBATH caMi JlaHi. SIKIIo KOpUCTyBay yke BUKoprucToBye MongoDB sik
CBOE OCHOBHE DIillIeHHs g 0a3 JAaHWX, TO WOTO ONepalliiiHi BUTpAaTH Ta BUTPATH HA PO3POOKY
CTaHYTh JJOCUTh HU3bKUMH, OCKIJIbKA KOPUCTYBaUi MaTUMYTh JIUIIIE OJTHY OCHOBHY 0a3y MaHUX Jis

BHBYCHHS Ta KEPYBaHHS, a HE KiJbKa 0a3 manux MongoDB.

IlepeBarn Redis: Ham3BHYailHO NMPOCTO HAIAIITYBATH 3 «KOPOOKH»; AYXE€ NPOCTUH Y
BUKOPHCTAHHI Ta Ma€ BITHOCHO HEBEJIMKY KPUBY HAaBUaHHS, 3a0€3Meuye MOKIIMBICTh 30€piraHHs Ha
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JIUCK, SIKY KOPUCTYBa4i MOKYTh HAJAIITYBaTH, 1, SIK HACIIOK, JIETKO BIIOPATHCS 3 CTBOPEHHSIM KEITy
3aHOBO Yy pa3i 30010 CUCTEMHU; I1€ OJHE 3 KPAIIUX PIlIEHHB I KeITyBaHHS, IKe T00pe BUKOHYE CBOIO
porb. BiH Takok Mae po3LIMpeHi CTPYKTYpH AAaHUX, SKi JO3BOJIAIOTH BUKOPHUCTOBYBATH Oararto
MOTY)KHUX 1 KOPUCHUX CIOCOOIB 30€peKeHHS Ta 3alHuTy JaHUX, SKI HEMOXXJIMBO 3pOOUTH 3a
J0MIOMOT 010 0230BOTO KEIIy KII0Y-3HAuCHHS.

Ilpakmuuna peanizayis yamy. Po3poOka yaty nmodanack 3 Bubopy CYB/I, B mpoekTi Bxke
BukopuctoBytoThes Takii CYB/] sx: MongoDB, MySQL, PostgreSQL ta Redis. BukopucroByBaru
pemsiiny CYBJ] B pamkax po3poOku 11010 (YHKIIIOHATY HE JOIUIBHO, TOMY 1110 O13HEC BUMOTH
OIMCaHi JIMIIE JUIs TepIoi Bepcii 1 Hagalli MOXKYTh CUIBHO 3MIHUTHUCH, @ TO/1 TOTPiOHO Oyie MiHATH
ctpyktypy bJl. Takox HeMae ceHCy y BUKOPHUCTaHHI PEISLIMHOI CTPYKTYPH TOMY IO 32 BUMOTaMH
9yaT He Ma€ 3aB’s3KiB 3 MEIUYHUMH JAaHUMU MAli€HTIB sKi 30epiratoThest B PostgreSQL. Ha Bubip
saymmuauck 181 NoSQL CYB/] Redis Ta MongoDB, xoua B Tectax mBuakoxaii Redis Tpoxu o6iioB
MongoDB, BOoHa KOMIIEHCY€E II€ CBO€IO THYYKICTIO Ta (YHKITIOHATBHICTIO. OTXe U1 pO3poOKH
¢dbynkmionany 0ymno obpano CYBJl MongoDB, Takox 3actocoByBasuchk TexHosorii .NET 6.0 Ta
oi6moTeka SignalR Core mis po6oTH 3 BeOcokeT miakmodennsmu [11, 12, 13].

WebSocket — 3abe3neuye nBOHAMpaBICHUI MOBHOAYIUICKCHUI KaHAJ 3B'I3Ky Yepe3 OJUH
TCP-cokert. Bin Moke BUKOPUCTOBYBATHCh OyIb-sIKUM KIIIEHT-CEPBEPHUM 3acTOoCyHKOM. WebSocket
0yB cranmaptuszoBanuiit W3C, nmporokon WebSocket crannapruzoanuii IETF sk RFC 6455.

Jami po3risiHeMO CYTHOCTI 30epiraHHsl JaHUX 1 OCHOBHI METOIU Imapy Oi3HEC JIOTiKH.
OCHOBHOIO CYTHICTIO € 4YaT, y Hporo € 3B's30k 3 mpuiiomom(Contextld) B pamax sikoro BiH
Bi/I0yBaeThCs. Takok B CYyTHOCTI 4aTy 3HAXOJUTHCS 3MIHHA 3arajibHOI KUTBKOCTI MOBIAOMIICHD IS
MOJAJIBIIIOTO PO3PAXYHKY KUTBKOCTI HEMPOYUTAHUX MTOBIIOMJICHb yYaCHUKA!
[BsonlgnoreExtraElements, Table("rtc_chats")]
public class ChatEntity

o
[Bsonld, BsonRepresentation(BsonType.String)]

public Guid Id { get; set; }

[BsonElement(*“cid")]
public string Contextld { get; set; }

[BsonElement("ct™)]
public byte ContextType { get; set; }

[BsonElement("p™)]
public IEnumerable<ExtendedParticipantEntity> Participants { get; set; }

[BsonElement(*mc")]
public long MessagesCount { get; set; } = 0;

[BsonElement(*“cat™)]
public DateTime CreatedAt { get; set; }

[BsonElement("uat™)]
public DateTime UpdatedAt { get; set; }

¥

VYV KOXXHOTO YaTy € y4aCHUKH, B TIEPIii iTeparlii PyHKI[IOHATY yYaCHUKIB MOXKE OyTH TpH:
JiKap, MalieHT 1 MOB’s3aHa 0co0a MalieHTa sSKa Mae€ TOCTYH 0 MpUioMY(HANpUKIIA] MATH IS
HETIOBHOJIITHROTO TmarienTa). Jlns omumcy ydacHuka € kiacu ExtendedParticipantEntity 1
ParticipantEntity:
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[BsonlgnoreExtraElements]
public class ParticipantEntity

{
[BsonElement("uid™)]

public string Userld { get; set; }

[BsonElement(*'rid")]
public string Resourceld { get; set; }

[BsonElement(*'r™)]
public byte Role { get; set; }
i
Kmac ExtendedParticipantEntity oxpiM imeHTH(]IKaTOpiB y4acHHMKAa MICTHUTh IIe 3MIiHHI
KUTBKOCTI BiJIPABJICHUX MTOB1IOMJICHB, BIIIPABICHUX BKJIAJICHb Ta IPOYUTAHUX MOBIIOMJICHb:
[BsonlgnoreExtraElements]
public class ExtendedParticipantEntity : ParticipantEntity
il
[BsonElement("smc")]
public int SentMessagesCount { get; set; }

[BsonElement("sac™)]
public int SentAttachmentsCount { get; set; }

[BsonElement("rmc")]
public int ReadMessagesCount { get; set; }

¥

Knac MessageEntity onucye cyTHICTb TOBIZOMIICHHS Y YaTi, BiH MiCTUTD IIOCHJIAHHS HA YaT, MACHUB BKJIJICHb,
Ta iHQOpPMAIIiIO PO YYACHUKIB SIKi MPOYUTANH 1I€ TIOBIJOMIICHHS:

[BsonlgnoreExtraElements, Table(*'rtc_messages™)]

public class MessageEntity

[Bsonld, BsonRepresentation(BsonType.String)]
public Guid Id { get; set; } = Guid.NewGuid();

[BsonElement(*“cid"), BsonRepresentation(BsonType.String)]
public Guid Chatld { get; set; }

[BsonElement("t")]
public string Text { get; set; }

[BsonElement("a")]
public IEnumerable<AttachmentEntity> Attachments { get; set; }

[BsonElement("rby™)]
public HashSet<string> ReadBy { get; set; }

[BsonElement("cby")]
public ParticipantEntity CreatedBy { get; set; }

[BsonElement("cat")]
public DateTime CreatedAt { get; set; }

[BsonElement("uat")]
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public DateTime UpdatedAt { get; set; }
li

B xnaci ChatsService € Tpu ocHOBHI MeToau. [lepmuii 11e oTpuMaTu 4aT 1o npuiioMmy ado
CTBOPHTH YaTH SIKIIO TAKOTO YaTy IIle He icHye. B cepeanni MeTony BiIOyBarOThCS IEPEBIPKHU UM Ma€e
KOPUCTYBa4 JIOCTYN JI0 I[bOTO TMPUHOMY, a TAaKOX BiIOyBalOTHCS 3allUT Ha IHIIWKA CEpBIC IS
OTPUMAaHHS JeTajiell 1Mo MPUHOMY, SKIIO YaTy IIe He icHye Oyae CTBOPEHWN HOBUH 1 JOJAHO
YYaCHUKIB 10 HOTO:
public async ValueTask<ServiceResponse<ChatModel, ValidationResult>> GetOrCreateChatAsync(string
eventld, ParticipantModel requester)

|
if (string.IsNullOrEmpty(eventld))

{

return new ServiceResponse<ChatModel, ValidationResult>(

new ValidationResult()

{Errors = {new ValidationFailure("eventld", _localizer.Localize(ValidationMessages.Required))}},
ServiceResponseStatuses.ValidationFailed);

}

var chat = await _chatsRepository.GetOneEventChatAsync(eventld);

if (chat is not null)

{

if (Ichat.Participants.Select(s => s.RelativeUserld).Contains(requester.RelativeUserld))

{

return new ServiceResponse<ChatModel, ValidationResult>(

new ValidationResult()

{Errors = {new ValidationFailure("", _localizer.Localize(ValidationMessages.AccessDenied))}},
ServiceResponseStatuses.Forbidden);

¥

return new ServiceResponse<ChatModel, ValidationResult>(chat);

¥

var eventRequest = await _eventsServiceProvider.GetOneAsync(eventld);

if (leventRequest.IsSuccess)

{

return new ServiceResponse<ChatModel, ValidationResult>(eventRequest.Errors,
eventRequest.Status);

¥

if (eventRequest.Result.PatientCreator != requester.RelativeUserld &&
eventRequest.Result.Patientld !'= requester.RelativeUserld &&

eventRequest.Result.Resourceld = requester.RelativeUserld)

{

return new ServiceResponse<ChatModel, ValidationResult>(

new ValidationResult()

{Errors = {new ValidationFailure("", _localizer.Localize(ValidationMessages.AccessDenied))}},
ServiceResponseStatuses.Forbidden);

¥

var participants = new List<ExtendedParticipantModel>()
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{

new()

{

Resourceld = eventRequest.Result.Resourceld,
Userld = eventRequest.Result.ResourceUserld,
Role = Roles.Doctor

2

new()

{

Userld = eventRequest.Result.Patientld,
Role = Roles.Patient

3

b

if (Istring.IsNullOrEmpty(eventRequest.Result.PatientCreator) &&
eventRequest.Result.Patientld != eventRequest.Result.PatientCreator)

{
participants.Add(new ExtendedParticipantModel

{

Userld = eventRequest.Result.PatientCreator,
Role = Roles.LinkedPatient

b

¥

chat = new ChatModel

{

ContextType = ContextTypes.Event,

Contextld = eventld,

CreatedAt = DateTime.Now,

UpdatedAt = DateTime.Now,

Participants = participants,

MessagesCount = 0

¥

await _chatsRepository.CreateChatAsync(chat);

return new ServiceResponse<ChatModel, ValidationResult>(chat);
fi

Merton SaveMessageAsync BiimoBigae 3a 30epeskeHHs HOBOTO TOBIIOMJICHHS HAIICIIAHOTO
1o 4yaty. B cepenuni BimOyBaroThCs MEPEBIPKU HA BaJIIHICTh MOJIEJI TIOBIJJOMJICHHS 1 B pa3i SIKIIO
Bce J100pe MoBiAOMIICHHS 30epiraerbes y 0a3y JaHMUX 1 CTBOPIOIOTHCS (POHOBI 3ajaui Ha BIANPABKY
CHOBIIIEHB 1HITUM yYaCHUKAM 4Yary:
public async ValueTask<ServiceResponse<MessageModel, ValidationResult>>
SaveMessageAsync(SaveMessageRequest request)
o
var validationResult = new SaveMessageRequestValidator(_localizer).Validate(request);
if ('validationResult.IsValid)
{
return new ServiceResponse<MessageModel, ValidationResult>(validationResult,
ServiceResponseStatuses.ValidationFailed);

¥

var chat = await _chatsRepository.GetOneChatAsync(request.Chatld);
if (chat is null)
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{

return new ServiceResponse<MessageModel, ValidationResult>(
new ValidationResult() {Errors = {new ValidationFailure("chat",
_localizer.Localize(ValidationMessages.EntityNotFound))}},
ServiceResponseStatuses.NotFound);

¥

var eventRequest = await _eventsServiceProvider.GetOneAsync(chat.Contextld);

if (leventRequest.IsSuccess)

{

return new ServiceResponse<MessageModel, ValidationResult>(eventRequest.Errors,
eventRequest.Status);

¥

if (DateTime. TryParse(eventRequest.Result.DateBegin, out var eventDate) && eventDate.Date <
DateTime. Today)

{

return new ServiceResponse<MessageModel, ValidationResult>(

new ValidationResult()

{Errors = {new ValidationFailure("", _localizer.Localize(ValidationMessages.AccessDenied))}},
ServiceResponseStatuses.Forbidden);

¥

var requestHasAttachments = request.Attachments?.Any() ?? false;
var creatorParticipant =
chat.Participants.FirstOrDefault(x => x.RelativeUserld == request.CreatedBy.RelativeUserld);

if (creatorParticipant is null)

{

return new ServiceResponse<MessageModel, ValidationResult>(
new ValidationResult() {Errors = {new ValidationFailure("",
_localizer.Localize(ValidationMessages.AccessDenied)) }},
ServiceResponseStatuses.Forbidden);

}

if (creatorParticipant.SentMessagesCount >= 1000)

{

return new ServiceResponse<MessageModel, ValidationResult>(
new ValidationResult()

{

Errors =

new ValidationFailure("",
_localizer.Localize(ValidationMessages.MaxMessagesCountExceeded)
.Replace(ValidationMessages.LocalizationComparisonAttribute, "1000"))

by
2

ServiceResponseStatuses.ValidationFailed);

¥

if (requestHasAttachments && creatorParticipant.SentAttachmentsCount >= 15)
{

return new ServiceResponse<MessageModel, ValidationResult>(
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new ValidationResult()

{

Errors =

{

new ValidationFailure("",
_localizer.Localize(ValidationMessages.MaxAttachmentsCountExceeded)
.Replace(ValidationMessages.LocalizationComparisonAttribute, "15"))

¥

b o
ServiceResponseStatuses.ValidationFailed);

}

var message = new MessageModel()

{

Attachments = request.Attachments,

CreatedAt = DateTime.Now,

UpdatedAt = DateTime.Now,

CreatedBy = request.CreatedBy,

ReadBy = new HashSet<string>() {request.CreatedBy.RelativeUserld},
Text = request.Text,

Chatld = chat.ld

}

await _chatsRepository.SaveMessageAsync(message);

await _chatsRepository.IncrementCountersAsync(chat.ld, creatorParticipant, true, true,
requestHasAttachments);

foreach (var participant in chat.Participants.Where(x => x.RelativeUserld !=
creatorParticipant.RelativeUserld))

{

await _notificationQueue.CreateAsync(new ChatNotificationTask(message.ld, chat.ld,
participant.RelativeUserld,

(byte) participant.Role, chat.Contextld));

}
/ITODO transaction

return new ServiceResponse<MessageModel, ValidationResult>(message);
}

Merton MarkAsRead BigmoBizae 3a BiAMITKY MOBIIOMJIEHHS SIK MpOYMTaHOTrO. B cepenuni
BiIOYBaIOThCS MEPEBIPKM HA BATIIHICTh MOJIENI MOBIIOMIICHHS 1 B pasi SKIIO Bce JoOpe y Mozeni
MOBIIOMJICHHS 30€piraeThCs BiIMITKA 110 YYACHUK HOTO MPOYHTAB:
public async ValueTask<ServiceResponse<MessageModel, ValidationResult>>
MarkAsReadAsync(MarkAsReadRequest request)

/I ReSharper disable once MethodHasAsyncOverload

var validationResult = new MarkAsReadRequestValidator(_localizer).Validate(request);
if ('validationResult.IsValid)

{

return new ServiceResponse<MessageModel, ValidationResult>(validationResult,
ServiceResponseStatuses.ValidationFailed);

¥

var message = await _chatsRepository.GetOneMessageAsync(request.Messageld);

if (message is null)
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{

return new ServiceResponse<MessageModel, ValidationResult>(new ValidationResult()
{Errors = {new ValidationFailure("message", _localizer.Localize(ValidationMessages.EntityNotFound))}},
ServiceResponseStatuses.NotFound);

¥

if (message.ReadBy.Contains(request.ReadBy.RelativeUserld))

{

await _notificationQueue.CompleteForMessageAsync(message.ld, request.ReadBy.RelativeUserld);
message.IsReadByRequester = true;

return new ServiceResponse<MessageModel, ValidationResult>(message);

¥

message.ReadBy.Add(request.ReadBy.RelativeUserld);
await _chatsRepository.UpdateMessageAsync(message);
await _chatsRepository.IncrementCountersAsync(request.Chatld, request.ReadBy, false, true, false);
await _notificationQueue.CompleteForMessageAsync(message.ld, request.ReadBy.RelativeUserld);
message.IsReadByRequester = true;
return new ServiceResponse<MessageModel, ValidationResult>(message);
}
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Puc. 5. Intepdeiic yaty y cucremi helsi.pro
3a nmonomoroio Bukopuctanus CYBJl MongoDB i ii nuHamiuHOi CTPYKTYpH AaHUX AJs

HaKOMHMYCHHS 1 arperaiiii BIajgocs MIiHIMI3yBaTH KIJBKICTh JIOTIKA TO (POPMYBAaHHIO BEJIHMKHX
3B’SI3aHUX CYTHOCTEH Y KOJIi.
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Puc. 6. Intepeiic yaty y MobinbHoMy 1oaaTky helsi.me

BuchHoBku. [IpoBeneno ananituune pociikenss i nopisasiaag CYBJ] MongoDB Ta Redis
3a XapaKTePUCTUKAMHU MPOJTYKTUBHOCTI, O€3MEYHOCTI, TUTIOM CHCTEMH 30epiraHHs JaHUX 1 BUIIOM
BHYTPIIIHBOI MOBHU. 3allpONOHOBAaHO BUKOPUCTaHHsA KoMOiHawii Oibmioreknu SignalR Core ms
mnatdopmu NET 6 pazom 3 CYBJl MongoDB mist 3a6e3nedeHHs yrpaBaiHHS T1IKITIOUYSHHSIMH 10
npotokony Websocket y BucokonaBaHTakeHi MeanuHiil iHpoOpMaIiiiHiil cucTeMi mpu MpoBeAeHi
OHJIAMH YaTy MDXK TIAIlIEHTOM 1 JlikapeM. Po3po06iieHo HOBui cepBic aiist 3a0e31eUeHHs] KOMYHIKaIlii B
peanbHOMY Yaci yepe3 BeOCOKET 3’ € AHaHHs 1yl MeauuHoi iHdopMartiitnoi cuctemu HELSI..

Po3po6iieHo TeopeTHdHI Ta METOI0JIOTTUHI IMiIX0IU A0 TOPIBHSIBHOT OI[IHKH XapaKTEPUCTHK
cydachux NoSQL CVYBJl i1 3actocyBaHHI TiOpUIHMX MiJIXOAIB IOE€JHAHHSA TEXHOJOTIH, SKi
BUKOPHUCTOBYIOTh TPU PO3POOJICHHS MPHUKIATHOTO TMPOrPAaMHOrO 3a0e3leueHHs Mpu MoOyaoBi
MIPOTPAMHUX CHUCTEM.

3a normomororo MoBu nporpamyBanns C# 10.0 ta mnardopmu .NET 6 1 6a3u nanux MongoDB
po3mmpeHo (yHKIIOHANT iCHYIouoi mNpukiaaHoi MenuyHoi iH(opmamiitnoi cucremu HELSI
MOMIMBICTIO YaTy MiX JIIKapeM 1 MarieHTOM ITi 4ac oHJaitH nmpuiiomiB. CCIpOEKTOBaHO 0a3y JaHUX
s 30epiranHs  iHdopmarii moB’s3aHOi 3 JaHUM (QyHKUIOHaTIOM. IliArOTOBIEHO CYMYyTHIO
JOKYMEHTAITII0 JIJIs1 PO3pOOKHU iHTepdelcy MO0 CTBOPEHOTO (YHKITIOHAITY.
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PANASIUK O. I, PLESKACH V. L., MOLCHANOV B. S.
Taras Shevchenko National University of Kyiv, Ukraine
EXPANDING THE ONLINE COMMUNICATION FUNCTIONALITY
OF THE HELSI MEDICAL INFORMATION SYSTEM

Purpose. Based on a comparative analysis of the two popular DBMS MongoDB and Redis, determine
the best one for expanding the functionality of the existing applied information system. Create a new service
to provide real-time communication via a websocket connection for the HELSI medical information system.
When creating a database, take into account the possibility of high load and the need to add data aggregation
in subsequent iterations of the functionality.

Methodology. The functionality was implemented using the C# 10.0 language, the ASP.NET Core 6.0
framework, and the MongoDB database.

Findings. An analytical study and comparison of the MongoDB and Redis DBMSs was carried out in
terms of performance, security, type of data storage system and type of internal language. It is proposed to use
a combination of the SignalR Core library for the .NET 6 platform together with the MongoDB DBMS to
provide management of connections using the Websocket protocol in a highly loaded medical information
system during an online chat between a patient and a doctor. A new service has been developed to provide
real-time communication through a websocket connection for the medical information system HELSI.

Originality. Theoretical and methodological approaches to the comparative assessment of the
characteristics of modern NoSQL DBMS and the application of hybrid approaches to the combination of
technologies, which are used in the development of application software in the construction of software
systems, have been developed.

Practical value. Using the C# 10.0 programming language and the .NET 6 platform and the MongoDB
database, the functionality of the existing applied medical information system HELSI has been expanded with
the possibility of a chat between the doctor and the patient during online appointments. A database has been
designed to store information related to this functionality. Accompanying documentation for the development
of the interface for the created functionality has been prepared.

Keywords: chat; online reception; client-server architecture; medical information system; data
aggregation.
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SOFTWARE SOLUTIONS FOR EFFICIENT FINANCIAL
MANAGEMENT AND BUSINESS METRICS TRACKING

Purpose. This paper presents the development of a software system for business metrics tracking. The
purpose of this research is to provide business owners with a tool to keep track of their business metrics,
allowing them to make data-driven decisions.

Methodology. The methodology of this research includes an analysis of the problem area,
identification of key business metrics, and examination of existing software solutions.

Findings. This research reveal the importance of defining key business metrics for marketing, business
modeling, financial planning, and other aspects. Analysis of existing software solutions identified their
advantages and disadvantages, which helped to define the requirements for the software system. The software
system was designed to provide the user with the ability to track and manage business metrics, collaborate
with partners, and work remotely.

Originality. This research lies in the development of a software system that provides clear instructions
for use, data security, and online support. The practical value of the software system is that it provides a user-
friendly interface for tracking business metrics, making data-driven decisions, and improving business
performance.

Practical value. This research provides a comprehensive analysis of the development of a software
system for business metrics tracking, with a focus on practicality and usefulness for business owners. The
software system can be used in various fields and industries, providing an effective tool for managing business
metrics.

Keywords: business metrics; software system; data-driven decisions; key performance indicators;
existing software solutions; financial planning.

Introduction. Top companies offer a number of metrics that help make business better and
its advertising more successful. Constant control of these indicators determines the final success.

There are numerous research dedicated to the problem of tracking business metrics. One
example in [1] is conducted by the Gartner Research Institute that compares various software systems
for tracking business metrics. The research examined systems such as Tableau, QlikView, Microsoft
Power BI, SAP Lumira, IBM Cognos Analytics, and others, and conducted a comparative analysis
based on several parameters, including functionality, ease of use, data reliability, and security.

Another research [2] worth noting was conducted by Ohio State University, in which the
authors proposed a methodology for evaluating the effectiveness of using business metrics to manage
business operations. The study examined the use of business metrics in various industries such as
retail, manufacturing, and financial services.

In general, the paper [3] provides an overview of predictive analytics methods and examines
their application in the context of information systems research. In [4] authors analyze the functional
capabilities, quality, and reliability of products, company strategies, as well as user reviews and
experience. As a result, they create a chart known as the “Magic Quadrant”, where market-leading
companies are placed in one of four quadrants depending on their ability to meet user needs and
innovative strategy. This report helps organizations choose the most suitable platform for their
analytics and business intelligence needs, as well as orient themselves in the current market situation
and compare different products. It can also help platform developers and suppliers identify their
strengths and weaknesses and improve their products for a competitive market. The paper [5] provides
a comprehensive review of big data analytics in the context of business and government. The authors
discuss the challenges and opportunities of big data analytics, the various techniques and tools used
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in big data analytics, and the potential applications of big data analytics in different fields such as
healthcare, transportation, and finance.

In addition to foreign researchers, there are many Ukrainian authors who also researched this
problem. In [6] discusses the challenges and prospects of implementing business analytics systems in
Ukraine, analyzes the state of the art of business analytics in the country and suggests ways to
overcome the obstacles to its adoption. In [7] describes the development of a business analytics
system that enables managers to make informed decisions based on real-time data from a production
enterprise. In paper discusses the key features of the system and its benefits for the enterprise. The
paper [8] presents methodological approaches to implementing a business analytics system in
enterprises, describes the key components of the system and discusses the benefits of its
implementation. Business analytics system that is based on open-source software is presented in [9].
In [10] provides an overview of the theoretical foundations of business analytics systems and
discusses their practical application in trade and service enterprises and presents the key features of
the systems and their benefits for the enterprises. In general, these papers provide insights into the
challenges, prospects, and benefits of implementing business analytics systems in Ukrainian
enterprises, as well as methodological approaches and practical applications of such systems.

However, despite the numerous studies in this field, there are still some unresolved issues that
need to be addressed to improve software systems for tracking business metrics. For example, not all
existing systems provide sufficient data security and user support. Additionally, many of them do not
provide usage instructions and lack the necessary flexibility and scalability for managing businesses
in different industries.

The aim of this paper is to create a software system for tracking business metrics for business
owners, to assist in finding partners for business and simplifying decision-making for multiple
business owners.

Business metrics. In order for a business to constantly grow and expand, experts in the field
of business management have identified certain business metrics. It is important to know where you
are going and to be able to forecast your trajectory.

Business metrics serve several functions:

— numerical representation of business processes. You know exactly how many people are
interested in your product, what the conversion rate is at each stage, and how stable the situation is
after n months;

— timely response to negative changes. Step-by-step analysis of indicators allows you to
quickly identify a decrease in audience interest and identify the cause of such a situation;

— determining the peak seasonality. With the help of metrics, it is easy to determine the
growth and decline of demand for a product in different periods;

— results of sales and marketing departments. The dynamics of changes in each period
determines the effectiveness of advertising and the quality of the product itself.

Business metrics are calculated in a certain sequence. They can be represented in the form of
a pyramid, where the top peak is the main indicator. At the second level are the indicators on which
the main metric depends, at the third level are those on which the metrics of the second level depend,
and so on.

Calculating all indicators provides a complete picture of the state of the business in a given
period. Low conversion rates do not always mean poor results. On the other hand, high metrics do
not always indicate positive dynamics. To identify the reasons for a decrease in demand or a decrease
in profit, it is recommended to analyze the interrelation of different metrics.

There are many online business systems for managing general business, each with its own
advantages and disadvantages, and the choice of a specific system depends on the company's needs
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and specifics. However, the use of business metrics for business control is a necessary tool for
effectively managing a company and achieving its goals. Below is an overview of some of them:

The “Balance Online” business control system [11] is one way for business owners to obtain
accurate information about the financial state of their enterprise and monitor their business. Initially,
the system creates a "financial snapshot” of all the company's business processes using zones of
material responsibility. Automation of the system and implementation of the audit function then
follow. The process of providing reliable information has been actively developing over the past three
years, and now the consulting group Metrika offers turnkey control of “Balance Online” business.
Market analysis has revealed that there are applications and websites that are used for finding people
and communication with the goal of starting a business or seeking funding, as well as applications
for tracking personal expenses and income. An example for a finance manager is the “Money
Manager” [12]. When making purchases, a photo of the receipt can be attached to each item and its
category can be determined. Statistics will then be generated by category. The software system allows
for searching by month and exporting reports to Excel. There is also the ability to specify spending
plans, and “Money Manager” will monitor them and notify about exceeding the limit, as well as
including a calculator and calendar.

The main disadvantages of the “Money Manager” software system are:

— inconvenient and difficult to understand interface;

— to accurately calculate the financial flow, it is necessary to indicate insignificant,
sometimes unnecessary details of expenses;

— presence of unnecessary fields to fill in;

— lack of synchronization between devices.

Additionally, there are websites for establishing business contacts. An example of a software
system for searching for goods, services, suppliers, clients, and experts in narrow areas, renting and
selling commercial real estate, transportation of goods, and seeking investments is “BYITSMART”.
For the reliability of the software system and the accuracy of all data available on the site, the software
system verifies the official documents of potential partners. The software system provides the ability
to work without intermediaries and conduct business online.

The disadvantages of the “BYITSMART” software system are as follows:

— absence of localization;

— absence of the ability to authorize through social networks.

The reviewed software systems have a wide range of functions, but they do not combine both
business contact establishment and direct control and project management at the same time. The
uniqueness of the software system is the ability to conduct business and track all its indicators with
partners.

Designing a software system to track business metrics. After conducting a market analysis
of software systems for tracking business metrics, conclusions were drawn regarding the design of a
software system to make it competitive and address the issues of existing software systems. The
software system should allow owners and partners to collaborate on issues and participate in voting
on the future direction of the business. The software system should ensure the accuracy, sensitivity,
and precision of the information obtained from analyzing the indicators displayed on graphs and
charts. To ensure full functionality, the software system should consist of several parts: a server and
a client. The client part should provide a user-friendly and easy-to-use interface [14, 15]. The server
part should interact with the client part of the project, providing up-to-date and complete information
from the database. Since it is important to protect the data and prevent loss due to server crashes or
other issues, the database will be hosted in cloud storage.
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Architecture and software design.

The detailed user interaction capabilities with the system are described in the use case diagram
in Fig. 1. A registered system user can register new projects, edit them, join existing ones, engage in
discussions, and participate in voting on project-related issues (if the user is a member of the project).

Service to conduct joint business )

ComeTogether System

Laginflogout :
N

Registration /
e Authorization

<<extend>>
<<extend>> Editing data \

N
Y

F Creation of R
| projects - _<<extend>> \
; ~ <<include>> b - oy
g<includess \ G i
View business 1 ' '
vy metrics !
Uset L "._\ <<gxtend=> __.-/ :-53.'5['3”',.\
Joining ; A
projects
\ <<gxlend>= 4

c<extends>

Fig. 1. Use case diagram of service to conduct joint business

The state diagram shown in Fig. 2 demonstrates the process of creating a project, making
changes to it, participating in discussions, and voting on important issues. Only authorized users can
create projects, while only members of the project can edit project information or view private data
and metrics. VVoting or creating surveys is also only available to project participants.

The project architecture is divided into three levels (presentation, business logic, and data
access). The outermost levels cannot interact with each other directly, meaning the presentation layer
cannot directly access the database or even the data access level, but only through the business logic
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level. The components should be loosely coupled, so dependencies between components are
implemented in the project.

Create Project View details and project work
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Fig. 2. State diagram of service to conduct joint business

The data access level is independent of the other levels, the business logic level depends on
the data access level, and the presentation layer depends on the business logic level.

Presentation layer: This is the layer that directly interacts with the user. It includes components
for the user interface, the mechanism for receiving input from the user. The presentation layer
contains views and all the components that make up the user interface (styles, static HTML pages,
JavaScript), as well as view models, controllers, and request context objects.

Business layer: It contains a set of components that handle the data received from the
presentation layer, implements all the necessary application logic, all computations, interacts with the
database, and passes the processing results to the presentation layer.

Data Access layer: It stores models that describe the entities used, and also houses specific
classes for working with different data access technologies, such as the Entity Framework data
context class. Repositories are also stored here, through which the business logic layer interacts with
the database. Creating a storage class for each entity type can lead to a large amount of redundant
code and partial updates.

Fig. 3. show the deployment diagram of the software system — the scheme of connections and
dependencies between the project parts, the project infrastructure.

One of the ways to minimize redundant code is to use a shared repository, and one way to
ensure that all repositories use the same database context (and therefore coordinate all updates) is to
use a unit of work. To ensure this functionality and code cleanliness, the UnitOfWork pattern was
used. The UnitOfWork class provides access to repositories through separate properties and defines
a common context for both repositories.
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Fig. 3. Diagram of the software system

The business collaboration software system includes functionality for core scenarios for user
roles such as regular users (businessmen, entrepreneurs, analysts, sponsors) and administrators or
moderators. The administrator has the ability to make edits to articles published by users, check for
plagiarism, and so on. Regular users are divided among themselves into owners, partners, and
employees in order to provide proper access to information regarding a specific business, to
differentiate access levels to business metrics for different positions in the business.

UI/UX Design. The client-side of the application is developed using HTML, CSS, JavaScript,
Angular 7, and Bootstrap 4. To localize strings, the 1ViewLocalizer service is used, which works
similarly to the IStringLocalizer service of the system. The built-in implementation of this interface
is the ViewLocalizer class, which tries to find the required resource file depending on the path of the
client page. SignalR Core is used for implementing chat between users. SignalR Core is a library that
enables real-time communication in applications. SignalR uses bidirectional communication to
exchange messages between the client and the server, allowing the server to send real-time data to all
clients. The project includes the signalr.min.js file in the wwwroot folder for storing static files.

The server hub sends two values to the clients — the username and their message, so in the
client-side function registered in the hubConnection method, we can obtain both values. Standard
authentication and authorization mechanisms are used to create group chats where only the members
of the chat can send and receive messages. The client-side of the software system is designed for use
by both administrators and regular users. Upon logging into the portal, the user is presented with the
main page of the software system. The software system has functionality for configuring the page
themes (light and dark).

The user can view all projects registered on the website and find the one they want to join.
The page for viewing all projects is shown in Fig. 4 (light theme). Entrepreneurs who have already
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logged in to the website can register their own idea or project and post it on the website to find
partners. The page for creating a project is shown in Fig. 5. When registering, it is desirable to provide

as detailed and extensive information as possible to reduce the number of clarifying questions from
other users and attract more attention from other entrepreneurs.
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Fig. 4. The page for viewing all projects
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or creatihg a project

Users who already have projects or are partners in projects have access to creating and
participating in votes regarding further actions related to the business. The process of creating a vote
is shown in Fig. 6, 7. The poll creator can enable partners to add their own answer options (Fig. 7). It
is assumed that questions can be put up for a vote in various ways. The first option is a single-choice,
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the second is multiple-choice, the third is to react to each answer option, and the fourth is to rate each
answer option on a scale set by the poll creator.

+ New Project

+ New Article + Poll

Poll Question

What do you want to ask?

Buy new wood table for cafe?

Yes x
No ®
My epban *

iotars may add chaces

Fig. 6. The poll creator

+ Mew Project + New Aricle

+ Pail

EXPIRY

INVITATIONS

Poll Style
o

Basic

COMFIRM

©

Multi Up/Down Points

v Each voler may vole on exactly one choice
" Each vole 15 givan equal Wisghhng with everybody slse’s vobe
v Vibters may decxda to not vobe for any option

] woters must give a name to vote

Fig. 7. The creator of own answer options

Experiment and results. To conduct research with specific software business metrics, the

following steps were taken:
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— Defined key performance indicators (KPI) related to the software. These include user
acquisition, retention, conversion rate, number of active users, revenue and customer satisfaction.

— Collected data on selected KPIs for a certain period of time (one month).

— Analyzed data to identify trends and patterns in user behavior and software usage. This
involves the use of tools such as data visualization or statistical analysis.

— Software performance is compared to industry benchmarks or previous performance to
assess how well the software meets its objectives.

The information obtained from the analysis can be used to make informed decisions about
how to improve the software and its performance. This may include changes to the user interface,
marketing strategies or business processes. Overall, the goal of this research is to better understand
how the software works and identify opportunities for improvement. By focusing on specific business
metrics, research can provide actionable insights that can be used to optimize software and increase
its value to users.

The final research proposed in Tab. 1 for the business metrics of the software system is as
follows:

Table 1
Research result for the business metrics of the software system
Metric Metric Description Success Criteria | Current Value | Target Delta
DAU Number ofdr;ilw users per +10% 500 550 50
MAU | Number of new users per +15% 15 1725 | 0.225
month
Percentage of users who
Retention continue to use the +5% 50% 59 506 25
rate software system after the
first visit
Session Average_ time spent by the _ _
time user in the softV\_/are +10% 5 minutes 5.5 minutes| 0.5
system per session
Percentage of users who
Conversion | became partners or created +3% 20% 23% 3
a new project
Percentage of users who
Churn rate |stopped using the software +2% 15% 13% 2
system

Based on the results of the experiment, we can conclude that the software system met the
users' needs by providing accurate information and protecting data. It also provided a platform for
users to find partners for their projects or join existing ones, and enabled owners and partners to
collaborate and make decisions through voting.

The analysis of business metrics showed that the software product was interesting to the target
audience and the project was growing and developing. However, there were some areas for
improvement, such as the need to increase the number of active users and to enhance data accuracy
by encouraging users to provide complete and reliable information.

Overall, the software system has the potential to simplify and automate the decision-making
process for the business and help in the search for partners. The data gathered from the research can
be used to inform future development and marketing strategies.
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Conclusions. Effective analytics provides information for making decisions about further
steps. By tracking and analyzing business metrics, it is possible to understand that the product is
interesting to the target audience and to determine that the project is growing and developing. It is
necessary to monitor a number of important metrics and make decisions based on the data obtained
to simplify this process and automate it.

The success of a business also depends on choosing the right business partner. Undoubtedly,
a company can achieve success when a team of entrepreneurs and investors is created, where each
participant has their own responsibilities and area of responsibility. Therefore, when considering the
option of creating a joint business, it is necessary to carefully consider who to found it with, who to
take into partnership, and to make decisions regarding business development.

Similar financial management and business metrics systems were analyzed in the paper. An
introduced software system that provides the user with the ability to manage their business metrics
can be used to remotely control the business according to the needs and conditions identified
analytically for a new product, taking into account the requirements of different users. A set of
requirements for the ownership, quality, and functions of the software system to be developed was
formed. The detailed architectural design of the system and the individual architectural structure of
each component were specified.
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XPUCTOBA A. P.,30CIMOB B. B., BYJI'AKOBA O. C.
Kuiscokuii nayionanvnuti ynisepcumem imeni Tapaca lllesuenka, Yrpaina
MNMPOI'PAMHI PILNEHHA JJISA EGEKTUBHOI'O YITPABJIIHHA ®IHAHCAMUA
TA BIACTEXEHHS BIBHEC-IIOKA3HUKIB

Mema. ¥ yiti cmammi npedcmasneno po3pooxy npocpamuoi cucmemu 0Jisl 8i0CIIOK08Y8anHs DizHec-
mempuk. Memoiw 0ano20 00CHiONCeH s € HAOAHHA BIACHUKAM Oi3Hecy THCmpYyMeHmy OJisi GIOCMENCeHHS ix
Oi3Hec-Mempux, wo 00360.J15€ NPUUMAMU PIUEHHS HA OCHOB] OAHUX.

Memoouxa. Memooonoeiss 00cniodceHHs 6KIOYAE ananiz npobremHoi obaacmi, i0eHmu@ikayio
KI0Y08UX OI3HeC-Mempux ma 00CHiONCEHHs ICHYIOYUX NPOSPAMHUX PileHb.

Pesynomamu. Jocniodcenns po3Kpuedae Gajdciusicmsv GU3HAYEHHS KIIOUYOBUX OI3HeC-Mempux Ol
Mapxemuney, 0Oi3Hec-MOOeN08ants, QIHAHCO8020 NAAHYBAHHA MA IHWUX achnekmis. Auani3 iCHYHOYUX
NPOSPaAMHUX PilleHb BUSHAYUB X nepesdsu ma HeOONiKU, Wo OONOMONIU BUSHAYUMU BUMOU 00 NPOSPAMHOL
cucmemu. Ilpoecpamna cucmema 0Oyra po3podieHa 3 Memow HAOAHHSA KOPUCTYBAYE8i MONCIUBOCTI
gidcmedcyeamu ma Kepysamu OI3HeC-MempuKamuy, CRI6Npayoeamy 3 NAPMHEPAMU Mad Npayoeamu
giodaeno.

Haykoea noeusna. Hosusna oocniodcenns nonseac 'y pospooyi npocpamuoi cucmemu, Axa Haodae
YyimKi HCMPYKYil Wo0o SUKOPUCMAHHA, 3AXUCMY OAHUX Ma OHJAAUH-niOmpumku. Llinnicms npoepammuoi
cucmemu nojsicae 6 Momy, W0 60HA HAOAE 3pYyYHUU iHmepghelc Onsi iocmediceHHs: OI3HeC-Mempux,
NPULIHAMMSL PitleHb Ha OCHOBE OAHUX MA NOKPAUEHHS Pe3YTbMamueHocmi 0isHecy.

IIpakmuuna 3nauumicms. J{ocniodiceHHs HA0AE KOMNAEKCHUL AHAI3 PO3POOKU RPOSPAMHOL cucmemu
0711 giocmedicentss DisHec-Mempux, 3 (OKYCoM HA NPAKMUYHICMb MA KOPUCHICMb O/ GIACHUKIE OI3HECY.
Ilpoepamna cucmema Mmodce BUKOPUCMOBYBAMUCA 8 PI3HUX 2aNYy3AX mMA 2aNy38X HPOMUCIO80CHII,
3abe3neyyroyu egheKmusHULl iIHCMpYyMeHm YAPAGIiHHA DI3HeC-MempPUKaAMU.

Knrouoei cnosa: 6iznec-mempuku, RpOSPAMHA CUCMEMA; NPUUHAMMSA DilleHb HA OCHO8I OAHUX,
KII0408I NOKA3HUKU eQeKmUsHOCmI, ICHYIOUI npo2pamHi pilueHHS, (DIHAHCO8e NIAHY8AHHSL.
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Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

https://doi.org/10.30857/2786-5371.2023.2.7

YK 678: BIJIOYCOBA A. O.
620.168.3 Hayionanvnuii mexniunuii ynieepcumem Yxpainu « Kuiscoxuii nonimexuiunui incmumym
imeni lzopsa Cikopcvkoeoy, Ykpaina

BIIJINB CBITJIOCTABLJII3ATOPIB TA HAHOPO3MIPHHUX
YACTHHOK JIOKCHUAY KPEMHIIO HA HIBUAKICTb JECTPYKIIII
INOJIMEPHUX ITIOKPUTTIB IIIJI AI€IO Y®-BUITPOMIHIOBAHHA

Mema. Jlocniodcennsi 6nausy 66e0eHHs 00 CKAAdy MOHKOWAPOBUX NOKPUMMIE HAHOPOIMIDHUX
006asok ma yrempaghioiemosux cmadinizamopis na npoyecu ix oecmpykyii nio dicio yabmpagpionremosozo
BUNPOMIHIOBAHHL.

Memoouka. B Oaniii pobomi 8 siKOCMI NONIMEPHO20 38 SA3YHOY020 BUKOPUCHIOBYBABCS CMUPOIL-
akpunosuii  cnignonimep. Ak noenunay ynebmpagionemosozo SURPOMIHIOBAHHA OVIO  BUKOPUCIMAHO
ceimaocmaobinizamop ocuoéHozo ympyonenozo aminy (HALS). Kpemnesem suxopucmo8ysascs K HanoeHio8ay
ma azenm 018 OnoKyeanHs Y@D-eunpominiosanus. lloxpummsa 6y10 HaneceHO HA NONIPOBAHT ANIOMIHIESI
niokaaoxku cnaagy 6063 ma na KBr ckio memooom nHeeMamuino2o po3nuieHHs. HocniodncenHs XiMiyHux
nepemeopeHs y ckiadi nokpumms 6yino 30iticheno 3a donomozoro 19 cnekmpomempii. J{na xapakmepucmuxu
cmynens Oezpadayii noaimepy 0yI0 SUKOPUCMAHO KApOOHINbHUL [HOeKC. Xapakmepucmuxa XiMidHux
nepemeopeHs Ha N0GepxXHi OVia 30ilICHeRa 3a 00NOMO2010 BUMIPIOBAHHS KYMA 3MOYUYBAHHSL.

Pesynomamu. B pobomi nokazano, wo Hanoposmipui uacmunxu npu emicmi 30 mac. %
NPUCKOPIOIOMb OKUCAEHHS OCHO8HO020 nonimepy. Ipu yvomy emicm nanouacmunok 30-50 mac. % cnoginvhioe
empamy macu i moswuru nokpumms Ha nioxnaoyi ¢ 2,5-3 pasu. Iloxkazano, wjo niieku Ha OCHOBI YUCMO20
CMUPOIOYMUIMEMAKPULAMA 3 GUXIOHUM KYMOM 3MOYY8aHHA 600010 88° 3a 200uHy excnozuyii 3HAYHO
niOUWYIOMb 2IOPOPINbHICHb. KYM 3MOUYSAHHS 3HUNCYEMbCsL 00 40°.

Haykoea nosusna. Y pezynomami podbomu 6CmaH081eHO CIMYNiHb 8NIUBY HAHOUACTHUHOK KDEMHE3eMY
Ha Qi3UKO-XIMIUHI 61ACTMUGOCMI NOKPUMMSL 68 CUCMEMI NIIBKOYMBOPI08aY — HeOP2aHIYHUL HANOGHIO8AY 3
0odasanusim Y@ cmabinizamopa.

Ilpakmuuna 3unauumicms. Buseneni 3axonomipHocmi noxazanu, wjo HAHOPO3MIPHI UACMUHKU
KpemMHe3eMy — Gnaueaoms  Ha  Xi0  omodecmpyKyii  MOHKOWAPOBUX  NOKPUMMIE HA  OCHO8I
CMUPOAOYMUIMEMAKPUIAMHO20 — NIIBKOYMEOpiosaua. 3  mouku 30py  3abesneueHus CcmabitbHOCM
680008I0UIMOBXYBAHHS OJIS1 CUCIEM, AKI NPUSHAYEHHT 00 BUKOPUCMAHHI 8 AMMOCHEPHUX YMOBAX, Yell 8NIUS €
nHecamusHum. [lumanus niosuwerHs cmabiibHoOCcmi nompedye noo0aIbU020 O0CHIONHCEHHSL.

Knrouoei crosa: mepmonnacmuuni nonimepu,; CMupoa-aKkpulamuuil CRinoaimep, 0ioKcud KpemHiro,
Y®-cmitixicms, homodezpadayis nonimepis; 2iopogobricme.

Beryn. Bigomo, 1o kapOosIaHIIOTOBI MOMIMEPH € JOCTAaTHbO HECTIMKUMM O BiIHOIICHHIO
no nii yaeTpadioneroBoro BumpoMiHioBaHHS [1]. Ilig #oro miero 3 MaKpOMOJEKYJISIPHUMH
JAHILIOTaMH BiOYBA€THCS Psii XIMIYHUX NIEPETBOPEHbD, SIKi BITHOCATHCS 710 OKUCIICHHS 3 YTBOPEHHIM
MEPOKCUIIB 1 TIIPOMEPOKCUIIB, 3HUKEHHS MOJICKYJISIPHOI MacH 3a pPaxyHOK peakIii
nenonimMepu3arii 1 kpekinry, tomo [2]. [Ipupona mux nmepeTBOpPEeHb 3alCKHUTh SK BiJ] XIMIYHOTO
CKJIay 1 CTPYKTYpH CamMoro MmojiiMepy, Tak 1 BiJl yMOB IPOXODKCHHS MPOIECy, HAINPUKIAJ, B
MPUCYTHOCTI BOJIM Y BUTJISA1 aTMOC(hEpHOi BOJIOTH 200 KOHJCHCATY.

KinneBumu npoaykramu pOTOAECTPYKINT € HU3bKOMOJIEKYIISIPHI Ta30MO10H1 peYOBUHH, 32
pPaxyHOK BHJAJICHHS SKUX CIIOCTEpIraeTbcs aluALis IMOBEPXHEBOTO Iapy MaTepialy, Mo
CYNPOBOKYETHCS BTPATOI0 MOT0 MacH Ta 3MiHOW penb’edy mosepxHi [3]. Llei mporec 3a cBo€ro
CYTTIO CXOKMH Ha METOJUKY O30HOBOTO TPABJICHHS, SIKUH 3aCTOCOBYETHCS B TOMY YMCHI 1 AJs
BH3HAYCHHS XapaKTepy HAIMOJICKYJIIPHUX YTBOPEHB, OCHOBOIO SIKOTO € PI3HUIIA B CTIMKOCTI 10 il
OKHMCHUKIB KpUCTaliyHoi 1 amopdHoi ¢a3u nmomimepiB. Came 1ieit GpakTop 3yMoBioe hopMyBaHHS
penb’edy moBepxHi mij 9ac yabTpadioeTOBOTO OMPOMiIHEHHS.

doTonecTpyKlig NOJIMEpIB 3a3BUYall  PO3IISAAAETHCS K HETaTUBHUK (akTop, SKUH
MPU3BOJUTH J0 BTPATH EKCIUTyaTalllHHUX Ta CIMOYKHWBAIBKUX BJIACTHBOCTEH MPOMYKTIB: MIITHOCTI,
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BOJIOBIAIITOBXYBAIBHOCTI, KOJIbOPY, 3HOCOCTIMKOCTi, TOIIO. AJe, OKpiM IIbOrO, BOHa MOXeE
3YMOBITIOBAaTH ()OPMYBAHHS IIEBHHUX ITOBEPXHEBHUX TEKCTYp Ta 3a0e3meuyBaTH BU3HAUCHY IIBHIKICTD
abmsanii  marepiany [4]. Lle Moxe OyTH BUKOPHCTAaHO TP TPOCKTYBaHHI, HANPUKIA,
BOJIOBIIITOBXYIOUMX TOKPUTTIB 31 3JaTHICTIO J0 CaMOBITHOBJIEHHS 3a PaxXyHOK JACCTPYKIIil
30BHIIIHBOTO 1mapy. [Ipu 1ipoMy, B sikocTi popMyrounx riapodoOHi BIaCTUBOCTI €IEMEHTIB TEKCTYpHU
MOXXYTh BUKOPHUCTOBYBATHCS HAIOBHIOBaYi, (DYHKITIOHAII30BaH1 AUCTICPCHI YACTUHKU SKUX OYIyTh
MOCTYIIOBO BUBLJIBHATUCS 3 TIOBEPXHI.

IlocranoBka 3aBaaHHs. He quBIsYKMCh HA 3HAYHY KITBKICTH JAOCTIHKEHb (POTOAECTPYKITIT
CTPYKTYPHO HEOJHOPIAHUX MOJIIMEPiB, MUTAHHS MPO BIUIMB HA KIHETHUKY JIECTPYKIIii HAlTOBHIOBAYIB,
B TOMY YHCIi HAHOYACTHUHOK, IOCIHiPKEHE HemocTaTHhO. [l po3poOKM cHCTeM, 3[aTHHX [0
CaMOBIJHOBJICHHSI 32 paxyHOK (OTOAONALINHOI BTpaTH 30BHIMIHBOTO IIapy HEOOXiaHE OLIbII
rIMOOKE PO3yMIHHS IIHOTO BIUIMBY, a TAKOX HASBHICTH 3aCO0IB pEryaiOBaHHS MIBUIKOCTI IIPOIIECY
AecTpykuii. 30kpeMa, HOBUHEH OyTH BU3HAUEHHH BIUTUB BMICTY HAHOYACTHHOK Ha IIBUAKICTb BTpaTh
MacH IUTIBKOYTBOPIOKOYOTO MaTepially, HOro OKMCHEHHS B IIPOIIECI ONMPOMIHEHHS, KIHETUKY 3MIHU
3MOYYBaHOCTI BOJ010. BuKopucTaHHS ynabTpadioleTOBUX CTabLIi3aTOpiB HA OCHOBI IPOCTOPOBO
OJIOKOBaHMX aMiHIB MOX€ OyTH pO3TIASHYTO SK €()EKTUBHHM METON 3HUKEHHS IIBHUIKOCTI
¢doTonecTpyKIIii TEPMOIIACTUYHUX aKPUIATHUX MOJIIMEPIB.

Meta po6oTH — BU3HAYCHHS BIUIMBY BBEJICHHS 1O CKJIaqy TOHKOIIAPOBHX IOKPHTTIB
HAaHOPO3MIPHHUX JJ00ABOK Ta yIbTpadioseToBUX CcTaOLII3aTOPIB HA MPOLECH iX ASCTPYKIIT M Ai€i0
yIIbTPadioIeTOBOTO BUIPOMIHIOBAHHS.

Marepiaim i Meroau JochigkeHHsa. B SKOCTI  MOJIMEPHOTO  3B’SI3YIOYOTO
BukopuctoByBascs Pliolite AC-80, mo3nauenuii sk AC-80. Bubip cTupor-akpuiioBoOTo CIiBIoJIiMepy
OyB OOIpyHTOBaHMI HOTO 31aTHOCTI /O IUIIBKOYTBOPEHHS, CTIHKOCTI 0 BUCOKHMX TEMIIEpaTryp i
koposii [5, 6] TINUVIN 5151 (BASF), mosnauenuii sk Tinuvin, € 2-(2-rigpokcudenin)-
OEH30Tpia30JI0M, KUK BUKOPUCTOBYBABCS SK IOTJIMHAY YIbTPadioneToBOro BUIPOMIHIOBAHHS B
cBiTiocTabimizaTopi ocHoBHOTO yrpyaHeHoro aminy (HALS). Aepocun R972 (Evonik), sxuii €
MipOreHHUM TIOKCHJIOM KPEMHIiI0, 00pOOJICHUM AMMETHIIIUXJIOPCUIAHOM, TTo3HauYeHu sk R972,
BHUKOPHCTOBYBABCS SIK HAITOBHIOBAY Ta areHT ISl O10KyBaHHS Y O-BUMPOMiHIOBaHHS.

Penentypuuii ckiiag KOMIO3HILINH HACTYITHU:

1. 100 mac. u. AC-80.

2. 100 mac. u. AC-80; 30 mac. 4. R972.

3. 100 mac. u. AC-80; 50 mac. u. R972.

4. 100 mac. u. AC-80; 30 mac. u. R972; 6 mac. 1. Tinuvin.
5. 100 mac. 4. AC-80; 50 mac. 4. R972; 6 mac. 4. Tinuvin.
6. 100 mac. u. AC-80; 80 mac. 4. R972.

[TokpuTTss HAHOCWJIM Ha TIOJIPOBAHI aOMIHIEBI MiAKIaAKd cmiaBy 6063 po3mipom
30 x 30 mm 1 Ha KBr ckno, miamerpom 40 MM Ta ToBmmHOKO 3 MM. KBr ckio Oyno crmpecoBaHo 3
moApiOHEHOT0 TMOPOIIKY 3a JOTIOMOTO0 mpecy. B pe3ynbrari oTpumano Tabietku macorw 0,5 T, Ha
AK1 B TIOAAJBIIOMY 1 HAHOCHJIOCS TIOKPHUTTs. HaHeceHHs! MPOBOANIM TOBITPSIHUM PO3MHJICHHSM, 32
JOTIOMOT0r0  TTyJibBepu3aTopa (mueBmorrictoier 80-898, MIOL, xommpecop 81-120, MIOL) na
Bifcrani 20 cM BiJI 3pa3ka TpbOMa IIapamu, 3 nay3oto B 30 ¢ A1t piIBHOMIPHOTO pO3MOIIEHHS TUTiBKH.
B sxocti Hocis BukopuctoByBayim o-kcwmiton (Merck). Ilicias HaneceHHsI 3pa3Ku CYIIMJIW B TIedi
npotsirom 15-20 xB. 3HaueHHsS TOBILIMHHU MOKPUTTS OyJI0 pO3paxoBaHO Ha OCHOBI BUMIPIOBAHHS
IJIOIIWHM TAKIAAKW, Bard Ta NIUTBHOCTI HAHECEHOTO MOKPUTTA. BunpoOoByBaHHS Ha CTIAKICTh 110
Y®-unpomiHioBaHHS ~ npoBogwiiocs 3rigHo  cranmapty ASTM D 4329, Jlns  Ttecty
BHKOPHUCTOBYBajacsl jJtoMiHecrieHTHa yamna 340 Y®-A mnotyxknictio 400 Br. JlianazoHn g0BXHH
XBWIb Y D-BUMPOMIHIOBAHHS CKJIAJa€ BiJl CEPEIHBOTO A0 KOPOTKOro Y.

3HaueHHS CTATUYHOIO KyTa 3MOYYBAaHHS 3 BOJIOIO OYJI0 BU3HAYEHO METOJOM CHASUOT Kparwi.
JUist KOXKHOTO 3pa3Ky BUMIPIOBaHHS MPOBOAMIN MIHIMYM y II'SITW TOYKAX Ta PO3PaxOBAaHO CEPEaHE
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3Ha4YeHHs. BuMipIoBaHHS KyTy 3MOYyBaHHS OyJ0 NPOBEAECHO 3 BUKOPUCTAHHSAM ONTHYHOTO
Mikpockomy, 1mdpoBoi kamepu Delta Optical HCDE-50 Ta BigmoBiZHOTO MPOTrpamMHOTO
3abe3neueHHs ScopeTek View.

st orpumanns [Y cnektpiB BukopuctoByBaym ¢yp'e-cnekrpodoromerp Nicolet 4700 IR.
IY-criexTp otpumano B fiarmazoni 4000 — 400 cm™* MeTO0M TIPOITyCKaHHS.

JI1st XapaKTEepUCTUKHU CTYIICHS JAeTpajallii moaiMepy BUKOPUCTOBYBAIA KapOOHUTBHHM 1HIEKC
(K.L). IcHytoTh pi3Hi METOIM BUIIIEHHS IHAUKATUBHUX CMYT, SIKi MAIOTh Pi3HY TOUHICTh PE3y/IbTATIB
[7]. K.I. po3paxoByBaju SIK BiJHOIIEHHS TOTJIMHAHHSA KapOoHiNbHOT cMyrn mpu 1780—-1750 e Ta
KOHTPOIBHOI cMyrH 1ipy noraunansi 700 cm™! Ha ocHoBI miaxozis, onucanux y [8-11].

PesyabTatn npochaimkeHHsi. Ilpu  excrmoswiii  akpuiaoBOro IUTIBKOYTBOpIOBada B
yIbTPadioIeTOBOMY CBITJII CIIOCTEPIraeThCs SIK 3arajlbHe 3MEHIICHHS IHTEHCUBHOCTI CIIEKTPY, L0
MOKe OyTH OB’ s3aHe 31 3MEHIIICHHSIM KiJIbKOCTI peYOBUHH, 30KpEMa, TOBIIWHHU TUTIBKH MOJIIMEpY Ha
MOBEPXHI JIOCITITHOTO 3pa3Ky, TaK i 3MiHa CIIEKTpalbHOro marepHy (puc. 1). 3o0kpema Bxke micis
2 TOMWH E€KCTO3UIli y OCHOBHOTO TIKy BaJCHTHUX KOJMBaHb KapOOKCHJIBHOI TPYNMU B CKIai
6OKOBOTO 3aMicHHKA 3 KoopauHaTamu 1712 cm™ 3’sBnsteThes miiede 3 koopaunatamu 1735 eml, sxe
BianoBigae popmyBanHio C = O BMICHUX NMPOAYKTIB OKMCHEHHs [12]. [HTEHCHUBHICTh BOTO TICYA
3poctae Bif 2 10 6 rogun 3 40% 1o 70% mno BigHomenHto 10 C = O ecrepHoro kapookcuiy. [pu
IIbOMY TTOSIBU CMYT TIOTJIMHAHHS, SIK1 BiAmoBiganu 6 popmyBanHto gonatkosux OH rpym Ha moBepxHi
noJiiMepy He BiI0OYBa€ThC 1 B IIIIOMY CIIEKTPaJIbHUI MaTEPH 3aIUIIAE€THCS CTAINM.

[Ticns 4 ronua Y@ ekcrmo3uIlii CoCcTepiraeThes CyTTEBE 3MEHIIICHHS IHTEHCUBHOCTI ITIKIB Ha
4 cnektpi. 30KkpeMa, 3HMKEHHS IHTEHCHBHOCTI IIiKiB, sIKI BIANOBIZAIOTh ACUMETPUYHUM Ta
CHMETPUYHHUM KonmBaHHAM 3B’ 3Ky C-H mpu xBunponx uncnax Bix 2850 1o 3000 e, 3HmkenHs
IHTEHCUBHOCTI IIbOT'O MIKY BiI0YyBA€THCS pa30M 31 3HWKEHHSIM IHTEHCUBHOCTI MIKY, SKUH BiAMOBiIa€e
C = O, 1m0 CBIAYMTH MPO 3arajibHy BTPATy MaTepially 3 IMiIKJIaIKH.

0 rox
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2
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>
=
=)
o,
=
4 Tox
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T I T T T I T I T I T I T T

| | |
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Puc. 1. 3mina ximiuHoro ckJj1aay mojiMmepHoi komno3uiii Ha ocHoBi AC-80
B x01i Y® onpomiHeHHsI
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OckiTbKH 3MiHA IHTEHCUBHOCTI CMYTHU TOTJIMHAHHS BaJIGHTHUX KoymBaHb rpynu C = O, sika
dbopmyeTbes 3a paxyHOK JECTPYKINi € JOCTaTHHO BHPA3HOK XapaKTEPUCTHUKOKO MPOIECy, Oy
BUPIIIEHO BUKOPUCTOBYBATH KapOOHIUIBHUM 1HJEKC, SAKHHA SBJIsiE COOOI0  CITIBBITHOIICHHS
IHTEHCUBHOCTEH CMyr mnorauHaHHA 1735 cMt g0 700 cm. Ocranust BimmoBimae CkegeTHHM
konuBaHHAM C-C MakpOMOJIEKYIH 1 € CTa01IbHOIO i/l YaC OKMCHEHHS.

3HaveHHS KapOOHUIBHOTO 1HJIEKCY MTOKPUTTIB 3aKOHOMIPHO 3pOCTae i yac ekcno3uiii Y d-
BUNpoMiHiOBaHHIO (puc. 2). Ilpm upomy HasBHicT 30 Mac. % HaHOYaCTUHOK 0OpOOJIEHOTO
TUMETHIIINXJIOPCUIIAHOM aepOCHITy MOMITHO NPHUIIBUAIIYE IMpoLieCH OKHUCIeHHS. B Toil ke uac
MiIBUIICHHS Hioro BMIicTy 10 50 mMac. % IpU3BOAUTH 10 3MEHIIEHHS I[LOTO edekTy. Lle Moxe OyTu
MOSICHEHE JII€0 IBOX KOHKYPYIOUUX (DAaKTOPIB: O TIEpIIIe, 3 BBEICHHSIM HAaHOYaCTUHOK IT1IBUIITYE€ThCS
IIOPCTKICTh MOBEPXHI, sIK Oyno moka3zaHo B pobortax [13, 14], ToOTo muTOoMa IUIOIIA TMOBEPXHI
eKCIIOHOBaHa ynbTpadionery 3pocrae. [lo-apyre, 4acCTHHKHA aepoOCHITY JIUIIIE YaCTKOBO MPO30Pi 1O
BimHOMmIEHHIO 10 Y® npomeniB [15, 16] i neBHUM YMHOM €KpaHyIOTh IIapH nojimepy. BiporigHo, B
niana3oHi BMicTy HaHoyacTHHOK 30—-50 mac. % 1i (hakTopu ypiBHOBaXYIOThCSI.

3BepTae Ha ce0e yBary miJIBUIICHHS KapOOHIIBHOTO 1HIEKCY IpH BBelleHH] Y D-cTabinizaropa
B cuctemy. Lle mosicHioeThCs, B iepiry yepry yrBopeHHsMm C=O rpymn B camomy crtabimizaropi [17] 1
€ CKOpilI apTe(akToM METOy.

*0 ] Ac-g0

0,45 - [ AC-80 + 30% R972

- I AC-80 + 50% R972

1 AC-80 + 30% R972 + 6% Tinuvin

2 0354 I AC-80 + 50% R972 + 6% Tinuvin
= 4
R 0,30 -
= ]
=
T 0,25-
E ]
T 0,20
% i
S 0,157

0,10 H

0,05

0,00  — |

1
0,0 0,5 1,0

Yac Y@ ekcnosuilii, ToI.
Puc. 2. 3anexkHicTb KapOOHUIBHOIO IHAEKCY MaTepiadiB Bil TpuBaJocTi YP-onpoMiHeHHS

Jnst nocmipkeHHsT a0l MaTepiainy MOKpUTTS B X0l (GoroaecTpykiiii Oyino 3aCTOCOBaHO
rpaBiMeTpuuHuil Metox (puc. 3). SIk BUIHO, IUIIBKM YUCTOTO MoJiMepy BTpayatoTh 50% Bix CBOET
TOBIIWHY 3a 3 TOJMHHN €KCIO3HUILi1, J0AaBaHHSI HAHOYACTHHOK 3HAYHO TabMye el mpouec. Tak, s
30% HanOBHEHHS a€POCHIIOM Ticis 3 TOAMH BTpavyaeThes Bxke 20% BiJ TOBIIMHY IUTIBKH. BiporinHo,
1€ 3YMOBIIOETHCS HEBPA3JMBICTIO IIi€] MIHEPATbHOI YAaCTUHHM TOKPUTTSA 110 (POTOAECTPYKIIIi.
HonaBanus Y D-crabinizaropa 1e B OLIbIIIN Mipi CIIOBUIBHIOE BTPATy MacH MOKPUTTIB.
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Yac Y D-exkcmoHyBaHHS, TO/I.
Puc. 3. 3mina TOBIIMHU MOKPHUTTIB B X01i Y P-onpomMiHeHHS

3MmiHa KyTiB 3MOYyBaHHS MIOBEPXOHB B X0/l (POTOACCTPYKIIIi MOTIMEPIB BIIOYBAETHCS K 3a
paxyHOK BUJAJICHHS YaCTUHU MOJIIMEPY, TaK 1 3a paXyHOK HOro OKHCIEHHS, IO y CBOIO 4epry
CTBOPIOE T1ApO(dUIBbHI TPYNH Ha MOBEpXHi. Buximuuii moaiMep 3 KyToM 3MO4yBaHHS BOJI010 88 + 2°
(tabmn. 1) € 6au3bkuM 10 TiAPoHOOHOTO, TOOTO MAE CEPEAHIO MOJSAPHICTh. B X0Mi OKHCICHHS 3a
paxyHok ¢opMyBaHHsI Ha oro moBepxHi C = O rpym, 3MO4yBaHICTh 3pocTae. BapTo 3ayBaxutu 1mo
KYT 3MOYYBaHHS € OUIBII YyTIMBHUM JI0 MPOLECIB JecTpyKuii HixK HaHi [Y-cnekTpockorii, OCKITbKU
3/1aTeH 11IeHTU(IKyBaTH 3MIHU B MTOJSIPHOCTI TOBEPXHEBOTO MIapy Bke micis 0,5 roja. onmpoMiHEHHS.

Tabnuysa 1
3MouyBaHicTh ILUIIBOK B X0Ai Y ®-onpomMiHeHHs
3pa3ok Kyt 3M0ouyBaHHs BOJ0IO
0 ron. 0,5 rog. 1 ron. 1,5 rogx.

AC-80 88 85 40 35
AC-80 + 30% R972 143 123 95 0
AC-80 + 50% R972 148 144 98 0
AC-80 +30% R972 + 6% Tinuvin 135 111 48 0
AC-80 +50% R972 + 6% Tinuvin 137 136 89 0
AC-80 + 80% R972 142 124 0 0

BuxigHa riapo@oOHICTF KOMIO3UII HAMOBHEHHMX HAHOYACTUHKAMHU JIOCSTAETHCS K 3a
paxyHOK BHKOPHUCTaHHS BITHOCHO HEMOJISIPHOTO TMOJIMEPY, TaK 1 3a paXyHOK TEKCTYpH MOBEPXHI,
30kpemMa ¢opMyBaHHsS cTany 3MouyBaHHs Kaci. Kommosut 3 50 mac. % aepocuity € OJIHU3BKUAM 0
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cyneprigpododroro. Ane Bxke micas 30 XBHIMH OMPOMIHEHHS 3HIDKEHHS 3MOYYBAHOCTI CTa€ JTyxKe
BimuyTHUM. Ilicna oxaniel romuuu omnpomiHneHHs cuctema 3 80 mac. % aepocuily MOBHICTIO
3MOYYETHCS BOJIOIO (32 paxyHOK KamiisipHoOro edekty). Taka mBHIKa 3MiHa 3MOYYBAaHOCTI MOXKeE
OyTH MOsSICHEHA 3HM)KCHOIO TOBIIMHOIO TIJTIBKH TUTIBKOYTBOPIOBaYa B I[bOMY BUMAAKY Y TIOPIBHSHHI 3
TUMH CHUCTEMaMH J¢ HallOBHEHHA HIK4e. Yepe3 MIBTOPH TOAMHU BUIIPOOYBAHHS BCi MOBEpPXHI
MOBHICTIO T1ApOQ1Ti3yIOThCS.

HonaBanns Y@ crabinizaTopa 3HHXKYE KyT 3MOUyBaHHS BoJ1010, Ha 8° Ta 11° st 30% ta 50%
aepOCHITy BIJIMOBITHO, IO CBIAYUTH PO 3MiHY NMOJIAPHOCTI moBepxHi. Takox, 3acTocyBanHs Tinuvin
HE JIoTIoMarae JoBIIe 30eperTd BUCOKI KyTH 3MouyBaHHS 1 micist 30 XB. HOKPUTTS BTpAydyae CBOIO

riapodoOHICTS.
BucHoBku. Iloka3zaHo 110 HAHOPO3MIpHI YAaCTMHKM 3HAYHO BIUIMBAIOTH Ha Xif
dboTomecTpyKIlli  TOHKOIIAPOBUX  IMOKPUTTIB HAa  OCHOBI  CTHPOJIOYTHIMETAKPUIATHOTO

IUTIBKOYTBOpPIOBayda. 3okpema, npu BmicTi 30 mac. % BOHHM MPHCKOPIOIOTH OKUCIIEHHS OCHOBHOTO
MOJTIMEPY, IO MATBEPKYETHCS TBOKPATHUM 3POCTAaHHSAM KapOOHWIBHOTO iHHAEKCY. [Ipu mpomy,
BMicT HaHOYacTHHOK 30-50 Mac. % CHOBUTHHIOE BTPATy MacH 1 TOBIIMHU MOKPUTTS HA MIAKIA/I B
2,5-3 pa3u 3a paxyHOK eeKTy eKpaHyBaHHS ILTIBKOYTBOPIOBayda Bij Jii ynbTpadionery.

[ToxazaHo 1m0 riApodiIBHICTD AOCHIHKYBAaHUX TOKPUTTIB MPU ONPOMIHEHH] 3HAUYHO 3POCTAE.
[111BKM HA OCHOBI YKCTOTO CTUPOJIOYTHIIMETaKpHIIaTa 3 BUXITHUM KyTOM 3MOUYyBaHHsI BOJI010 88° 3a
TOAMHY €KCIO3UIii 3HaYHO MHiABUIIYIOTH T1IPOQUIbHICTE: KYT 3MOYYBaHHS 3HMXKYeTbcs 10 40°.
HasBHiCTP HAaHOPO3MIPHOTO HAMOBHIOBaYa 3HAYHO 3arOCTPIOE 3MIHU IBOTO TIOKA3HHWKA: BUXIIHI
MOKPUTTSI 32 paXxyHOK TEKCTYpH 1 peaizalii crany 3MouyBaHHs Kaci XapakTepu3yloTbcsi BUCOKHMHU
KyTaMH 3MOUYyBaHHS — B aiana3oni 135-148°. Ilicis roauHu OMpOMIHEHHS 332 PaXyHOK OKHCIICHHS
BJIACHE MOJIIMEPHOTO IIapy BiOYBAEThCS 3HIKEHHS ITUX KyTiB 10 48-95°, a micns 1,5 roauH — nmoBHa
rigpodimizaris mapy.

TakuM 4YMHOM, TIOKa3aHO IO HAasSBHICTh HAHOYACTMHOK B CHCTEMi, 3 OJHOTO OOKY,
MPUIIBUIIIYE TiIpodiTizaiito MOBEPXHEBUX IIapiB MOKPHUTTS, a 3 IHIIOTO — YIOBUIBHIOE HOTO
abmsmiro. Lle siBUIe € HEraTUBHUM 3 TOUKHU 30py 3a0e3nedeHHs CTablIbHOCTI BOAOBIIITOBX yBAHHS
mokpuTTiB B cTtadi Kaci, oco0nuBO Takux, SKi MPU3HAYEHHI JO0 BUKOPUCTaHHS B aTMOC(hEepHUX
yMmoBax. [IutanHs miBUIIEHHS X CTa0lIbHOCTI HOTPEOYE MOAATBIIOTO JOCITIKEHHS.
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THE INFLUENCE OF LIGHT STABILIZERS AND NANOSIZED PARTICLES
OF SILICA ON THE RATE OF DESTRUCTION OF POLYMER COATINGS
UNDER THE UV RADIATION

Purpose. Research of the influence of adding nanosized additives and ultraviolet stabilizers to thin-
layer coatings on their destruction under the action of ultraviolet radiation.

Methodology. In the work, a styrene-acrylic copolymer was used as a polymeric binder. A light
stabilizer of basic hindered amine (HALS) was used as a UV absorber. Silica was used as a filler and UV
blocking agent. The coating was applied to polished 6063 aluminum substrates and KBr glass by pneumatic
spraying. The chemical transformations in the coating composition were studied using infrared spectrometry.
The carbonyl index was used to characterize the degree of polymer degradation. The characterization of
chemical transformations on the surface was carried out by measuring the wetting angle

Findings. The work shows that nanosized particles at a content of 30 wt. % accelerate the oxidation
of the base polymer. At the same time, the content of nanoparticles of 30-50 wt. % slows down the loss of mass
and thickness of the coating on the substrate by 2,5-3 times. It has been shown that films based on pure styrene-
butyl methacrylate with an initial water wetting angle of 88° during an hour of exposure significantly increase
hydrophilicity: the wetting angle decreases to 40°.

Originality. As a result of the work, the degree of influence of silica nanoparticles on the physical and
chemical properties of the coating in the system film-forming agent — inorganic filler with the addition of a
UV stabilizer was determined.

Practical value. The revealed regularities showed that nanosized silica particles affect the
photodegradation of thin-layer coatings based on styrene-butyl methacrylate film-forming agent. From the
point of view of ensuring the stability of water repellency for systems intended for use in atmospheric
conditions, this effect is negative. The issue of increasing stability requires further research.

Keywords: thermoplastic polymers; styrene-acrylate copolymer; silica;
photodegradation of polymers; hydrophobicity.
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YK 678.7: IBAXITOBA JI. M., 'TAPAH H. A., 'TKOPOTKIX M. I.,

661.1:615.4 2BAXITOB P. A., 1?2 BECCAPABOB B. 1., 'TIOIIOB A. ®.
Y Inemumym ¢hizuxo-opeaniunoi ximii ma eyeneximii in. JI.M. Jlumeunenka HAH
Ykpainu, Kuis, Ykpaina
2 Kuigcokutl HayionanbHull yHigepcumem mexHonoziii ma ouszaiiny, Yepaina

OKHMCJIIOBAJIbHO-HYKJIEO®UIBHI ~ CUCTEMM ]IS
PO3KJAJIAHHSI  OTPYMHHX PEYOBHH  IIKIPHO-
HAPHUBHOI TA HEPBOBO-TIAPAJITUYHOI JIIi

Mema. /[ocniodxcenns KinemuKu HYK1e0QinibHO20 pO3KIA0AHHA NePOKCUO-AHIOHOM NAPAOKCOHY Md
OKUCHEHHS NEPOKCUOOM BOOHIO MeMUNDEHIICYIb@IOy 6 cucmemax 600a/cnupm, 600a/cnupm/oemepenm ma
MIKPOEMYAbCIL muny «oaisi y 6001y y npucymuocmi 6ikapOoHamy amouiro ma OOpHoi Kuciomu.

Memoouxa. 3a modenvhi cucmemu 00paHO pearyii HYKICOPIIbHO2O 3aMIWEHHS NAPAOKCOHY
NepoKCUO-AHIOHOM MA AKMUBOBAHO20 OKUCHEHHS MemulpeHincyivbgioy nepokcuoom 600HI0 Y B00HO-
Op2aHiYHUX cucmemax (8ooa/cnupm, 800a/cnupm/oemepaenm, MIKpOeMyabCis «onis y 600i»). llapaokcon i
MemunpeHincynbhio euxopucmani Ax imimamopu OOUOBUX OMPYUHUX PEHOBUH HEPBOBO-NAPANIMUYHOI ma
WKIpHO-HapueHoi 0Oii. [{na ymeopeHHsA OemepeeHmHUX CcyMiuelu ma MIiKpoeMyabCil UKOPUCTNOBY8AIU
Odemepeenmu mpboxX Munie: KAamioHHULL — YeMUANIPUOUHItl XA10PUO, AHIOHHUU — 000eYUICYyIbham Hampiio ma
HeumpanibHull - 4-(1,1,3,3-mempamemunoymui)-heHimnoniemuieHeaiKob. Ak akmusamopu
suUKopucmogysanu oikapoonam amoniio ma 6opuy xuciomy. Koumponv 3a HyKneo@irbHum 3amiujeHHsIM 8
napaoxcoui 30iCHI08AU CReKMpoGomomempunto npu A=405 um 3a 3MiHoI0 noeaunanus 4-uimpogenonsam-
iony 6 xkonyewmpayiunux ymosax [HOO] >> [napaokcon]. OKxuchueHHs KOHMPONIOBANU 30 3MEHULEHHM
noanunanus memuagenincynivgioy npu A =250 um 3a ymosu [Ho0;] >> [memunghenincynoghio].

Pezynomamu. BusnaueHo KiHemuyHi napamempu HyK1eo@QinbHo2o po3KIA0aHHA NePOKCUO-AHIOHOM
napaoxcony ma aKkmugOBAHO20 OKUCHEHHSI NePOKCUOOM BOOHIO MEMUNPEHINCYTbPI0y 8 MIKpoeMyavCii muny
«onist y 800i» y npucymuocmi 6ikapoonamy amoniio ma OopHoi kuciomu. Bemanognerno, wjo 6 mikpoemyascii
cKknady  8ooa.emunenanikonw  (4:1)/cnupm/eexcan/Oemepeenm  KOHCmMawma  36'13y8aHHs  cyocmpamie
niosuwyemocs 6 3—5 pasie 6 NOPIGHAHHI 3 AHANOSTUHON BEIUYUHOIO Y BOOHO-CHUPIOBUX 0eMePeHmMHUX A
MiyensipHux pozuunax. Ilpoeedeno nopieHanHA peaxyilinoi 30amHoCmi nepoKcudy 800HI0 K OKUCTIOBAYA Y
HeUmpanvHitl Gopmi ma 5K HYKIeoQiibHo2o peazenmy y 6ueiisioi NepoKCUO-AHIOHY V NPUCYIMHOCMI ma
siocymmnocmi bikapbonamy amoniio ma 6opnoi kuciomu. Bcmarnoeneno, ujo y 600H0-cnupmosomy cepedosuiyi
WBUOKICb HYKAEODiNbH020 3aMIUjeHHs 8 NAPAOKCOHI MA OKUCHEHHS MemUipeHincyibioy 3HUNICYEMbCS,
He3anexcHo 6i0 obpanozo cnupmy. [lodasanns OemepeeHmie y BOOHO-CNUPMOBE cepedoguuje NiOSUUYE
WBUOKICIb KAMATI308AHO20 PO3KAAOAHHS, MEMUAPDEHIICYTbPIOY 3a OKUCTIOBATLHUM MEXAHIZMOM Matiice 8
10 pasie y npucymuocmi KamioHH020 YemuanipuOuHit Xiopudy ma y 5 pasie y npucymuocmi HeumpaibHo20
4-(1,1,3,3-mempamemunbymun)-gpeninnoniemuien2nikono ma awinno2o dooeyuicyivgpamy mampiio. Ilpu
YboMy CHOCMEPIcAEmbCs NPUCKOPEHHS  HYKIEOMIIbHO20 PO3KAAOAHHSA NAPAOKCOHY, WO  00360J5€
KOHCMAamy8amu npo nooGitiHy OKUCTIOBATbHO-HYKAEODITbHY NPUPOOy RePOKCOKAPOOHAM- A NePOKCoOOpam-
amionis. IIpodemoHcmposano UCOKy peakyiliny 30amHICb AHIOHI8 Ma OKUCTI08AYIE 8 MIKPOEMYIbCIAX, WO
PA30M 31 3HAUEHHSIMU KOHCMAHM 38'A3Y8aHHSL 000X cyOCmpamis 003604510Mb PO32IA0AMU MIKPOEMYAbCIUHI
cepedosuya 0bpanoi peyenmypu sk epexmusni oecazamopu ma conodiizamopu 2iopopodoHUXx OmpyUHUX
peyosun. Ompumani pe3yromamu 00380J510Mb KOHCMAMY8AMU, WO MIKPOEMYAbCIl, AKI MICMAMb NEPOKCUO
B00HI0, KAMIOHHULL OemepeeHm ma aKkmusamop MONCYMb PO32AA0AMUCS K NePCHEeKMUBHI CKIA008I 3ac00ie
OdexoHmaminayii 0 pytiHy8aHHs. eKOMOKCUYHUX CHOIYK 30 OKUCTIOBANbHO-HYKACODITbHUM MEXAHIZMOM.

Haykosa Hoeuzna. Po3pobneno peyenmypy MiKpoemynvbCiliHo20 peakyiiHo2o cepedosuua 3
BUCOKUMU CONFOOLIIZYIOUUMU 8IACIMUBOCMAMU 0151 OOHOUACHO20 HYKIEOMINIbHO20 PO3KIAOAHHS NEePOKCUO-
AHIOHOM NAPAOKCOHY MA OKUCHEHHS. NePOKCUOOM 80OHIO MEMUNPEHINCYTbPIOY 3 BUCOKUMU UBUOKOCHISMU.

Ilpakmuuna 3nauumicme. Jocniodcena MIKpoemynvCis Moodice OYmMu GUKOPUCMAHA 5K OCHO8A
OeKOHMAMIHAYIUHUX peyenmyp 3 YCYHEHHS HACAIOKI8 3ApPAdNCEeHHS KOMNOHEHMAamMu XIMiyHOI 30poi wKipHo-
HApueHoi ma Hepeoeo-napalimuyHoi Oii.

Knrouoei cnosa: dexonmaminayitina cucmema; nepokcuo 800HI0; NAPAOKCOH; MEMULPEHINCyTbhio;
OKUCHEHHS, HYKeopibHe 3aMiujeHHs.
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Beryn. 3 MOMEHTy mepiioro 3acTOCyBaHHSI 0OMOBUX OTPYWHHMX pedoBWH min 4yac Ilepmioi
CBITOBOI BIMHM JOCII/DKEHHS €()EKTUBHUX INIIAXIB JE3aKTHBAIlli JJIsI HETAafHOTO 3aCTOCYBaHHS, a
TaKOX JIJIsl 3HUIIEHHS 3amaciB XiMI4HOI 30poi € aKTyalbHUM Ta HEOOX1IHUM 3aBIaHHSIM Cy4acHOL
Haykd 3 XimiuHoi Oesmeku [1,2]. 3rigao 3 nmexnapariero «Ilomituka HATO momo ximiuHOTO,
010JI0TIYHOTO, PAAIOIOTIYHOTO Ta SIIEPHOTO 3aXHCTY» [2] CBIT CTUKAETHCSA 3 IMIUPOKHM CIEKTPOM
XIMIYHUX 3arpo3 Bil TPaAMIIHHO TNPUHHATUX XIMIYHMX OTPYHHUX MarepiajaiB 10 HEPBOBO-
NapaliTUYHUX pedoBUH THIy «HOBayok», a TaKOX EKOTOKCHKAHTIB 3 MOTCHUIMHUM MOIBIHHUM
MPHU3HAYCHHSM, SIKI MOKYTh OYTH 3aCTOCOBaHi B XimiuHiit 30poi [3, 4]. IIpu BupimieHHi mpobdiem,
MOB'I3aHUX 3 TPOLEAYpPaMH 3HE3apaKEHHS OTPYWHHX PEUOBHH, OCOOJIHMBA yBara MPUIUTSIETHCS
nerasartii IKipHUX TOKPUBIB JIIOJIMHU Ta TBAPUH, 110 TOTPeOy€e pO3POOKHU MIBUAKOAIIOUUX PEIETITYP,
M’SIKHX 32 XapaKTepoM Jii Ha OpraHi3M JIFOJUHU Ta €KOJOTIYHO Oe3MeYHHX sl JOBKULIS [4, 5].

Mertonu 3He3apaXeHHsS KOMITOHEHTIB XiIMIUYHOI 30poi HEpBOBO-MAPATITUYHOTO THITY
(pochopopraniuni cionyku (POC) VX, GB, GD-tumy) Ta mkipHo-aapusHoi aii (HD) € npenqmerom
CydyaCHHX HAyKOBHX JOCIHI/DKEHb 3 MpoOJeM yTuii3amii Ta JeKOHTamiHallli OOMOBHX OTPYHHHX
peuoBun [1,5]. Tpamumiiinum numsxom poskiagands POC e HykacodilbHE 3aMIMICHHS OIS
enexrtodineHoro aromy Qocdopy — riapoiis, mepriapomis, aminoiis, Tomo [4, 6], oKuCHEHHS
TiMOXJIOPUTOM HATpito [7], aJKOroiiz MOHOETaHOJaMiHOM uM OyTwiarom kamioo [8, 9],
OKHCITIOBAIBHO-HYKJICO(1TbHE PO3KIaaHHS CYMIIIIIIO TiOXJIOPUTIB Ta JyriB [10].

B cBoto uepry, cipuanuii input (HD), Gic-(2-xs1opeTii)cynnbdil, € peYOBHHOIO 3 TPUBAIOK)
XIMIYHOIO CTIMKICTIO, IIO QY€ YCKIIAIHIOE #oro me3aktuBaitito [3, 11]. Jlns meiiTpamizamii inputy
Ta QAHAIOTIB BHKOPHCTOBYIOTH HYKJICO(UIbHE 3aMillleHHS XJOpY 13 3acCTOCYBaHHSM aMiHiB,
anKokcuiB, GenonsaTiB [12], rigpomi3, OKUCHEHHs Ta JerigporanorenyBaHHs [13, 14]. Meronu 3
BUKOPHUCTaHHAM pEaKIlii TiApoii3zy MaloTh 3HA4YHI OOMEXKEHHsS uepe3 BHCOKY TiApoQoOHICTh
cipuncroro imputy. MexaHi3M Aerpajariii 3a JTOMOMOTOI0 JETiIPOTaJOTeHYBaHH € HEIOCTaTHBO
BUBYCHHUM, a TaKOXX MalOe(EeKTUBHUM JJs pealbHUX 3acTocyBaHb [12]. IlommpeHuMm meTonom
pO3KJIaJlaHHs IMpUTy € OKHCHeHHs [15,16] mepokcucynbharamMu, a30THOIO KHCIIOTOIO,
rinoxyiopuroMm, nepokcugamu [12, 17]. OmHak OKHCIIOBallbHA JErpajallis IIKipHO-HAPUBHUX
cyOcTpaTiB € NOIIIBHOI TPH YMOBI OKHCHEHHS 10 BIAMOBIIHUX CYIb(OKCHAIB, 00 MOJanbIIe
OKHCHEHHS TPU3BOAUTH J0 YTBOPEHHS CYJIb(QOHY, TOKCHUYHICTh SIKOTO CIIBMIpHA 13 OTPYHHUMH
BJIACTUBOCTSAMH BHXIJHOrO cipuactoro inputy [12, 19, 20].

3araJpHUMH HEJIOJIKaMH HAaBEJACHUX CIIOCOOIB XIMIYHOI JIETOKCHKAIlli CITOJYK HEPBOBO-
MapaJTiTUYHOI Ta MIKIPHO-HAPUBHOI i1 €, TIEPII 32 BCE, TOKCUYHICTh Ta arpECUBHICTh OKUCITIOBAJILHO-
HYKJICO(DITbHUX J€3aKTUBATOPIB, 1[0 YHEMOXKIIUBIIIOE 1X 3aCTOCYBaHHS B CHCTEMaX 1HMBIAyaTbHOTO
XIMIYHOTO 3aXUCTy. 30UTBIIMTH MBHUJKICTh PO3KJIAJaHHSI OTPYWHUX PEYOBHH IIKIPHO-HAPUBHOI Ta
HEPBOBO-TIAPATITHYHOT Ail MOXJIMBO IIISXOM 3aCTOCYBaHHs O—HyKiIeodimB [21-23], TunoBum
MPEACTAaBHUKOM SIKUX € mepokcut anioH HOO™ Ta #ioro moxiHi — IepOKCOAHIOHH, K1 € TTPOTYKTOM
OikapOoHATHOT UM OopaTHOI akTuBarii [4, 12, 19].

[Tepokcu BOJHIO € €KOJIOTIYHO 0€3/10raHHUM, YHIBEPCATHbHUM JI€3aKTUBYIOYHM ar¢HTOM, 1110
nependadae ogHouacHe poskinaganas peuosud VX, GB, GD ta HD: y Burnsai HeittpansHoi hopmu
H202 nposiBiisie okucmoBanbHy akTHBHICTB [12, 19, 20], a B my»kHHX cepeoBHINax TpaHCHOPMY€ETHCS
B mepokcun anion HOO', mio € mnoryxHuUM o-Hykieodinom [21, 22]. Tlepokcua BOIHIO €
KOMITOHEHTOM JIEKOHTaMIHAIIHHUX TaKeTiB i XiMigHoro 3axucty Decon Green, M291, DS2, DF-
200 [24], skuMU OCHAIIICHI BilicbKOBI Ta psATyBayibHI koManau HATO. 1li 3acobu 3acTOCOBYIOThCS
MPOTSITOM TPUBAJIOTO Yacy Ta 3apEKOMEHIyBaIM ceOe K e(heKTUBHI JIETa3aTOPH 32 OKUCITIOBAJILHO-
HYKJICO(QITbHUM MeXaHi3MoM. THM He MEHI, 3a JaHUMH JOCHi/DKeHHS [4] icHyroui
JIEKOHTaMIHAIIIHI PIIICHHS TOTPEOYIOTh YIOCKOHAJEHHS, K 3 OOKYy IJBUINCHHS PO3YMHCHHS
rizpogoOHUX CyOCTpaTiB Ta MIBUAKOCTI IX PO3KJIATaHHS, TaK 1 3a HAMPSIMKOM 3MEHIICHHS
€KOJIOTIYHUX PU3HKIB, SIKI MOKYTb 3aMOIISITH CKJIaJ0B1 IEGKOHTaMIHAI[IHHOT CUCTEMH.
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[lepciekTUBHUM HaAmpsiMOM I PIlICHHS 3aBIaHb JU3aiiHY EKOJIOTIYHO YHCTUX
Jiera3aliiHuX CUCTEM € BUKOPUCTAHHS OKUCITIOBAIbHO-HYKJICO(IBHOT 31aTHOCTI MEPOKCHTY BOTHIO
B OpPTraHi30BaHUX BOJHUX HAHOPO3MIPHUX CUCTEMAaX — MILIETSAPHUX PO3YMHAX Ta MIKPOEMYIbCIsX [9,
12, 25, 26], ne BinOyBaeThcs KOHIIEHTPYBaHHS peareHTIB HA MEXI MOy MiX MIIEIIPHOIO (a3oro
(0iTHOIO KpaIUIet0) Ta BOJIOKO, a TAKOK CTBOPIOIOTHCS CIIPUSITIUBI YMOBH ISl HYKJI€O(D1TEHOT aTaku
Ha eNeKTpodiIbHI IEHTPU CyOCTPaTiB-eKOTOKCUKAHTIB. KpiM TOTO, B MIKPOEMYJILCISX THITY «OJis y
BOMI» 3HAYHO MIJBHUIIYETbCS PO3ZYMHHICTH TiApodoOHUX pEeYoBHH O€3 BTpaTH PO3UYMHHOCTI
rigpodinbHUX ne3akTuBaTopiB. OpHAK, CYTTEBUM HEIOJIIKOM 3aCTOCYBaHHS MIKPOEMYJbCIH, SK
PEaKIifHOTO CEPEIOBHINA, € 3HAYHE 3HMKEHHS IIBUIKOCTI K HYKJICO(D1THHIX, TaK 1 OKHCIIOBATLHUX
peakiiii [25]. Tomy po3po0JIeHHsI TEXHOJOTIUYHUX PIIICHB 3 MABUIIEHHS €(PEKTUBHOCTI PO3KIAACHHS
CTHIONYK HEPBOBO-MAPATITHYHOI Mii Ta TIPYUYHHUX areHTIB IIKIPHO-HAPHBHOIO CIEKTPYy Mae OyTu
CIpsIMOBaHE HA TONIYK €KOJOTIYHO Oe3MeYHMX KATATITHYHMX CHCTEM IIBHUJIKOI JEKOHTaMiHAIi 3
YIOCKOHAJIIGHUMU COJFO01TI3allifHUMU BIIACTUBOCTSIMHU.

IlocTanoBka 3aBaaHHsA. /71 IIBUICHHS €KOJIOTIYHMX BIACTUBOCTEH JeKOHTaMIHAI[IMHIX
cucTeM 0e3 BTpaTH iX peakIiiHO1 Ta COF001TI3aIiiHOT 3JaTHOCTI HEOOX1THI HAYKOBI JOCIIIKEHHS 3
YIOCKOHAJICHHSI 3aC001B JCKOHTaMIHAIII1 32 TAKUMH HaIIPSIMKaMH: 3MEHIIIEHHS BpaKatounX (GaKkTopiB
Ha 370pOB'S JIIOJAMHHM 33 PaXyHOK BUKOPHUCTaHHS CIIONYK 3€JCHOI XiMii; MOIIYK EKOJOTIYHUX
pEaKIiiHUX CEepPelIOBHIN JUII MaKCHUMAaJIBHOTO PO3YMHEHHS TiapodoOHuX cyOcTpaTiB Ta
riApodUIBHUX J1e3aKTUBATOPIB;, IMIABHUINCHHS PEAKIIMHOI 3JaTHOCTI M'SKMX OKHCIIIOBAa4iB Ta
HYKJIE0(1JTIB IIUISIXOM 3aCTOCYBAaHHS KaTATITHYHUX T1XOIB JIJIs1 yTBOPEHHS MTEPOKCOAHIOHIB.

MeTor0 JaHOrO JOCTI/KEHHS € BHUBYEHHS KIHETMKH HYKJICO(UIFHOTO pO3KIAIaHHS
nepokcua-anionom (HOO) 4-uitpodeninoBoro ectepy mietundochopHoi kucaotu (mapaokcos, PO)
Ta OKHMCHEHHsS TIepoKcuaoM BomHio MeTwidenincynbdiny (MPhS) B cucremax Boma/cnmpr,
BOJIa/CIIUPT/AETEPTEHT Ta MIKPOEMYIBCisl TUITY «OJIisl Y BOJI» Y MPUCYTHOCTI OikapOOHATYy aMOHIIO
(NH4HCO3) Ta 60pHoi kucimotu B(OH)z.

[TocTaBnena meTa nependadae BUPIMICHHS TAKUX 3aBIaHb:

— pO3pOOUTH CKJIIaJl MIKPOEMYJIIBCIT «OJisl y BOI» 3 MiBUILEHUMHU ITOKa3HUKaMHU PO3ZYUHHOCTI
PO ta MPhS;

— nocaiautu BruuB NH4HCO3 1 B(OH)3 Ha mBuakicTs HyKiIeodinbHOro po3kinaganua PO ta
okrcHeHHss MPhS B cuctemi nmepokcu BOTHIO/MIKPOEMYJITbCisl.

Bukopucranus crpapxHiX OOHOBMX OTPYHHHMX pEYOBMH B 3BHYAHHUX XIMIYHHX
JabopaTopisiX TMOB’s3aHE 3 BHCOKHUM PH3WKOM, a TaKOX 13 3a00pOHOI0 poOoTH 3 HUMHU. Tomy
MapaokCoH 1 MeTHI(QEHUICYIb(ia BUKOPUCTOBYIOThCS JOCIHITHUKAMHM SK I1MITaTopu OOHOBHX
OTPYHHUX PEYOBHH JUIsi BUBYCHHS iX PEAKIIHHOI 37aTHOCTI B OKHCIIOBAJIbHO-HYKJICO(DIITHBHUX
peakiisx. [TapaokcoH € aHajorom necTHUUAIB pocopopraniuHoi IPUPOAH Ta OTPYHHHUX PEUOBHH
GB 1 VX-tuny [25, 27], a metundenuicynbdia mogiOHUN A0 IMPUTY 3a PEaKIiiHOI0 3AaTHICTIO 1
rizpodoOHuMH BracTUBOCTSIMH [28, 29].

Marepiaau i mMeroam naociaifzkeHHsl. /[ TpoOBENEHHS TOCHTIIKEHb BHKOPHCTOBYBAIU
peakTuBH 0€3 T0JJATKOBOT'O OUYHUIIEHHS: MAapaOKCOH, METUI(QEeHIICYnb(ia, Joaenuacynbdar HaTpito
(SDS), 4-(1,1,3,3-terpametusiOyTii)-heHinmomieTracHrmkob (X-100), mpuabani B Sigma-Aldrich,
Inc., Himewyunna; nerunnipuaunii xnopug (CPCl) BupobnuurBa Dishman Pharmaceuticals and
Chemicals, Iamis. st mpuroTyBaHHsS PO3YMHIB BHKOPHCTOBYBAJIM BHUCOKOYHCTY BOay 1 Kiacy.
[Tepoxcun BoaHO («uma») y Buriaai 33% BOAHOTO pO34YMHY MONEPEAHBO MEPEraHsivd B BaKyyMi
(5 MM pr. c1.). Konnenrpamiro H2O2 B po3urHax KOHTPOIIOBAIU IEPMAHTaHATOMETPHYHUM
TuTpyBaHHAM. [3ompomninoBuii ciupt (iPrOH), erunenrnikons (EG), H-6yranon (BuOH) ta rekcan
(Hex) ountyBanu 3a 3araTbHONPUUHIATHME MeToaukamu. HeoOximgHe 3HadueHHs: pH BcTaHOBIIOBAIH
npu 25 °C nogaBaHHIM MalluX KiTbKoCcTel KoHLeHTpoBaHuX po3unHiB KOH a6o HCI [25].
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BoaHo-cniupToBi pO34KHU rOTYBAIH 3JIMBAaHHAM HEOOX1THUX KIJIBKOCTEH CIIUPTY Ta BOAHOTO
PO3YHMHY pEareHTiB 3 TOYHO BCTAHOBJICHUMH KOHICHTpalisMu Ta 3HaueHHAMHU pH. KonmenTpariiro
peareHTiB y CyMmilli po3paxoByBaJld Ha CyMapHY Macy BOAHO-CIIUPTOBOI CyMiIIIi.

CyMimri criupT/BoJa/IeTEPreHT MPpH Pi3HOMY CITIBBITHOIICHH]I peareHTIB TOTYBAIU IUIIXOM
3MIIITyBaHHS BCiX KOMIIOHEHTIB JI0 OTPUMaHHS MPo30poro po3unny. Mikpoemyiscii (ME) roryBanum
3MIITYBaHHAM IHTPEAIEHTIB Y MOPSIKY: BOJHUM PO3UHH PEareHTIB 33/1aH01 KOHIICHTPAIIii, ACTEPreHT,
CIHUPT, OpraHiyHUi po3unHHUK. Ilicnms 3mimryBaHHs peareHTiB mpo3zopa ME yTBoproerbes mnpu
CTpyIIyBaHHI CyMimi mpotsroM He Ounbine 1 xB. Bogna dasza sisna coboro pozunn KOH (mns
BUBYCHHS KIHETUKHU peakii JyxHoro rigpoinizy) ado po3und KOH i H2O2 (114 BUBUEHHS KIHETUKU
peakiiii  Jy)KHOTO TiApoji3y, Meprigpoiizy abo OKHWCHEHHS) 3 TOYHO BCTAHOBJICHUMU
KOHIIGHTpAaLiIMU 000X peareHTiB. BapitoBaHHs KOHIIEHTpallii IeTEPreHTiB B peakiiHUX po3unHaxX
NPOBOAMIM IUIIXOM PO3BENCHHS BHXIJHOTO PO3YMHY PO3YMHOM, IO MICTHTHh KOMIIOHEHTH,
KOHIIEHTPALlIS IKUX 3aJIUIIaiacs MOCTIHHOO B il cepii TOCIiIiB.

[Tepokcua-6ikapOboHaTHI Ta TEPOKCUA-O0pATHI POZYMHHN BUTPUMYBAIH HE MeHIe 30 XB s
BCTAaHOBJICHHS pIBHOBaru W HAKONMHMYEHHA MepoKcoaHioHiB. KoHueHTpamiitHi yMOBH st
KiHeTHYHOro ekcriepuMenTy Oynu Takumu: [H202]o = 1 M, [NH4HCO3] = [(B(OH)3] = 0,5 M. 3a
3MIHU CIiBBIJHOILICHb NMEPOKCUAY BOJHIO Ta aKTUBAaTOPY UIBUJAKICTH MPOLECIB HYKJICO(ITHHOTO
3aMIIICHHS Ta OKUCHEHHS TeX Oy/e 3MIHIOBATHUCS.

Cxutagu TOCTiHKEHUX PeakIiiHuX CepeIOBHII — IeKOHTaMiHaliiHuX cucteM (DS) HaBeaeHo
y Tabm. 1.

Tabnuys 1
Ckaan peakuiiiHux cepenosuin (Mac. %)

Hazpa Boga | iPrOH BuOH EG Hex CPCI X-100 SDS
- 100 - - - - -
Bona/cniupt
DS1 75 25 - - - - - -
DS2 75 - 25 - - - - -
DS3 75 - - 25 - - - -
Bona/criupt/nereprent
DS4 70 25 - - - 5 - -
DS5 70 25 - - - - S) -
DS6 70 25 - - - - - 5
MikpoemyJbCist

DS7 [12] 88 5 - - 2 5% - -
DS8 64 10 - 16 4 6 - -
DS9 64 10 - 16 4 - 6 -
DS10 64 10 - 16 4 - - 6

) ME MicTUTb IIETHITPHMETHIAMOHIH XJTOPH.

Busnauenns posuunnocmi ma xoncmamwm 38'a3ysamnns cyocmpamise (PO ma MPhS). B
tepmoctaToBany npu 25 °C mpoOipky nomimanu 0,05 r PO uu 0,1 r MPhS Ta nomaBamu 10 mn
BIJIMOBITHOTO peakIliitHoro cepenonuiia (po3unH 1). Cymimn peTebHO CTPYITyBaIN Ta OTPUMYBATH
Henpo3opy piauny. [lotiM B cymimn qogaBanu po3unH 1 y KigbKocTi 1 Mil, Ta 3HOBY CTPYUIYBaIH.
JlonaBanHs po34rHy | MPOMOBKYBaIU O OTPUMAHHS MPO30POi PIAUHM, MO (IKCYBaIH SK MOBHE
PO3UMHEHHA cyOCcTpaTy. 3Ha4eHHs 00°€eMy TOJJAHOTO PO3YMHY | BUKOPHCTOBYBAIM JUIsl BU3HAUCHHS
KOHIICHTpAIlli PO3YMHEHOTO CYOCTpaTy y BIAMOBIAHOMY peakiifHOMY cepenoBul [S]m, M.
Po3paxyHOK KOHCTAHT 3B'si3yBaHHs CyOCTpaTiB MPOBOIMIIN 32 (OPMYIIOLO:
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1
[S].,[D]

ne [S]w (M) — po3unHHICTB (KOHIIEHTpAIIis1) CYOCTpaTy y BOJII BIAMOBIIHO;
[D] (M) — KOHIIEHTpAIllis ACTEPTCHTY Y CHCTEMI.

1)

3a manumu PubChem posumnHicTs PO y Bomi ckianae 1,3:10° M, a po3uunHicth MPhS —
4,0-10° M.

Memoouka xinemuunux eumipiosans. KoHTpoab 3a HykieodinbHUM 3aminmieHHAM PO Ta
okucHeHHsIM MPhS 3xiiicHIoBanmM cekTpooOTOMETPUYHO, SIK ONKCAaHO B poboTax [25, 29].

PesyabTaTtn nociaimkenns. Ilapaokcon B poszumni HoO—HO™ posknamaerbest 3a nBoMa
HampsiMKamMu — B3aemoist 3 renepoanuM HOO"anionom (H202 + HO® === H;O + HOO") Ta
nyxHUA Tinponiz HO-anionom:

HOO"
E0_ ) E0_ )
>P—0 NO, SP—OH + O- NO, (2)
EtO HO- EtO

Panime Oyno mokazano [25], moO BHECOK ri;[poni3y y mpucytHocti HOOaHioHy €
MiHIMaJbHUM Ta HE TEpEBHIIyE 1-5% Bix 3arajibHOT MIBUAKOCTI BUTpayaHHA cyOcTpary. Bennunna
Ki — KOHCTaHTa ioRi3artii MepoKCHTy BOTHIO T0piBHIOE 2,5 10° 12 M1, o nmepen6auae HaKOMUYEHHS
amiony HOO™ y BiguyTHUX KIJIBKOCTSAX HpW 3HaYeHHIX pH > 10 Jlisi BU3HAY€HHs KOHCTaHTU
UIBMIKOCTI MCEBOMNEPIIOro MOpsAAKY po3kinaganHs napaokcony K., (ct) B cucremi Ho0—HO-

BUKOPHUCTOBYBAJIN PiBHAHHS:

- K.
knu = kHOO[HOO ]o = kHOO TZIW[HZOZ]O’ (3)
ne [HOO7]o — KoHIEHTpAIlisl TiApONepOKCHA—aHIOHy B CHCTeMi MpH IOYaTKOBIi

KOHIIeHTpaIii nepokcumy Boauto [H202]o;
Kioo (M™c™) — komcranTa mBuakocTi apyroro mopsaky HyKIeo(pilbHOTO 3aMillCHHS B

MapaoKCOHi;
Ka — KOHCTaHTa KUCIIOTHO-OCHOBHOI 10HI13arii H20».

Metonom ra3oBoi xpomatorpadii [29] BCTaHOBIEHO, IO TMEPEBAKHUM MPOAYKTOM
okucHenuss MPhS B amamoriunmx ymoBax 3a 4Yac KIHETHYHHX BHUMIpDIOBaHb € MeETHII(EHII-
cynbdokcua:

H 1 (
e . R{ R _ N
(I) S —  S=0 H,O (4)
- R R
. ) K, 4
IBHSHHS I PO3PAaXyHKY CIIOCTEPEXYBAHOI KOHCTAHTH IIBUIKOCTI (c™) OKHMCHEHHs

MPhS nepokcuaom BoH:O it ymoB pH < 10 (Ka << [H']) mae Burmsz:
Ko =K,0,[H202]5, (5)

e kHzoz (M*tc1) — KkoHcraHTa mMBHAKOCTI Ipyroro TopsaKy okucHeHHs MPhS
HENTPAITBLHOK (POPMOIO TIEPOKCHUILY BOIHIO;
[H,0,], M) — nouarkosa konuenrparis H2O2 y peakiiiHoMy cepeToBHIIIi.
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B Onm3pkux 110 HEHUTpaJbHUX yMOBaX aKTHBAIlisA MEPOKCHUIY BOJHIO TiIpoKapOOHATHUM
anionom HCOs3™ B okucieHHi cynbdiaiB nepebirae yepe3 yrBopeHHst y cucremi HoO2/NH4HCO3
nepokcurigpokapoonat-aniony HCO4', sikuii HaiijieHo OIbII BUCOKOIO OKHCITIOBAIBHOIO 3/1aTHICTIO
nopiBasHO 3 H202. B cucremi HoO2/B(OH)3 B intepBani pH 6—14 yTBOpIOIOTHCS MEPOKCOAHIOHH:
MoHomnepokcobopar — B(OH)3(OOH)™ ra nunepokcodopat — B(OH)2(OOH),".

B Tabn. 2 npencraBneHi KiHeTUYHI AaHi 3 HykJIeodinpHOro 3amimeHHs y PO Tta okucHeHHs
MPhS B cucremax DS1-DS12, mo mictars H202-HO™ B mpucyTHOCTI Ta BiAICYyTHOCTI aKTHBATOPIB.

KoucranTu wmBuakoctTi apyroro mopsiaky Koo Ta Ky o € nosipuumu penuuunamu. Bomu

po3paxoBadi i3 piBH. (3) Ta (5), BuxoAs4H i3 3aranbHuX KoHIeHTpaiit HOO™ aniony Ta H202, mo
3HAaXOIAThCA y cucteMi B 3anexHocTi Bix pH. Ilpu TakoMy migxonai HE BpaXxOBYETHCS PO3MOILI
HyKJIeo(iTiB Mixk nceBaodaszamu (y Milledi IeTepre’Ty Yd Kparmli «oJii») Ta BKJIaAu MapuIpyTiB 3a
Y4acTIO YTBOPEHHUX MEPOKCOAHIOHIB. Bu3HaueHHs KoHCTaHTH 3B'si3yBaHHs Ks (3a piBH. 1) mo3Bodisie
OI[IHUTH  CONIOOLTI3aIiifHI  BJIACTUBOCTI  CEepeoBHUINA 10 TiApodoOHMX CyOCTpariB, M0

Inu

JOCIIDKYIOThCS. Y Tabi1. 2 HaBeeHi Takox BigHocHI Benmmunan [™ Ta 1%, mo e BigHomenusam Ko

Ta kHzO2 JUTSL BCIX JIOCIIDKEHUX CHUCTEM JI0 BiAMOBITHOI KOHCTAHTH IIBUIAKOCTI y Bofl. 11 3HaUeHHs

€ MIpOIO IPUCKOPEHHS PeakIliii Mpu Mepexo/ii BiJl BOIU IO BOAHO-CIIHUPTOBUX Ta MIKPOEMYIIbCIHHIX
cepenouil. B cBoro uepry mHOxeHHs [=I™ - 1° MOXKyYTh OyTH KiIBKICHOIO OI[IHKOIO €()eKTHBHOCTI
YHIBEpCaIbHOI CUCTEMH TIPU OJHOYACHOMY Tepebiry mporieciB okucHeHHs MPhS Tta poskiamanss
PO. Otpumani pesynbratu (Tabm. 2), a Takox ix rpadiuHe BimoOpakeHHs (puc. 1) HO3BOJAIOTH
3pOOUTH /€Ki BHUCHOBKHM IIIOJI0 3aKOHOMIPHOCTEH BIUIMBY CEpEeIOBHINA Ha HYKJICOo(inpHY Ta
OKHCIIIOBAJIbHY peakliifHy 3/1aTHICTh OCHOBHUX aKTHBHMX areHTiB: y BiacyTHocTi (H202, HOO") ta
y npucytHocti (H202, HOO", HCO4, B(OH)3(OOH)Ta B(OH)2(OOH)2") akTuBaropiB, sk s
HyKJIeodiIpHOTO po3kiamaands PO, Tak i st okucHeHHss MPhS.

Hageneni y Tabmn. 2 3Ha4eHHs KOHCTAaHT 3'BA3YBaHHs cyOctpartiB Ks CBiguaTh PO BHUCOKY
coroOuTi3aiiiHy 31aTHICTE po3pobieHux Mmikpoemysbciii DS8-DS10 mo BimHomeHHIO 10 000X
cyoctpariB (PO ta MPhS). Skmo mnopiBHioBaty 3HaueHHS Ks B 1ux ME 31 3nauenHsm Ks mns
kinacuynoi ME DS7 [25], To cmocTepiraeTbCs 3pOCTaHHS PO3YMHHOCTI CyOCTpaTiB, IO
JOCITIKYIOTHCSA, B 2-3 pa3u B 3aJIC)KHOCTI Bl BAKOPUCTAHOTO JieTeprenTy. Haiibinpma po3unHHICT
PO ta MPhS cnioctepiraerbes st ME DS10, sika MicTUTh ToaenniIcynb@aT HATPilo.

Pesynbraru KiHeTnuHux BuMiproBab (Koo, kHZOZ ), IpeaCcTaBieHl y Taba. 2, AEMOHCTPY-

I0Th, IO TPHU TEPEHECEHHI peakiiii 3 BOAU 10 BOIHO-CIIMPTOBOTO CEPEOBHINA IIBUIKICTH
HykaeodinpHOTO 3amimieHHss B PO Ta okucHenHs MPhS 3HWXKyeThCs, HE3aIEKHO Bl 0OpaHOTO
cnupty. BigcyTHs y JOCHDKEHHX CyMiliax BOJA/CHMPT W BHCOKA peakiliifHa 3[aTHICTh
MIEPOKCOAHIOHIB 10 BigHOIIEHHO 10 PO.

Ha Bigminy BiJl mpuCcKOpeHb Yy BO/I, K1 crioctepiraroTbes y mpucytHocTi NH4HCO3 (B 2 pasn)
yu B(OH)s (B 3 pa3u), y BOJHO-CIIUPTOBHUX CEPEIOBHUIIAX CIOCTEPIraloThCsl HE3HAYH1 KOJIMBAHHS
3HaueHb Ko, KartamizoBanux mporecis (DS1-DS3, tabu. 2), siki BiAPi3HSIIOTHCS Bl BiAMOBiIHOT

KOHCTaHTH HEKaTalli30BaHOTO HYKICO(UIBHOTO 3aMillleHHs He Oimblle, YUM Ha TPETHHY. Y pasi
okucHeHHst MPhS curyanis nemo 3mintoerbest (DS1-DS3, Ta6u. 2). [IpuckopeHHst peakiiil y Boai y
4 pazu (NH4HCO:3) ta y 8 pasis (B(OH)3), a y cymimax Boga/ciimpt npubiausto y 2 pasu (NHsHCO3)
ta y 3 pasu (B(OH)3) € moka3zom yuacti yrBopenux mepokcuanioniB HCOs, B(OH)3(OOH)Ta
B(OH)2(OOH)?) B okucnenni MPhS.
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Tabauys 2
Kinernuni mapamerpu HykJjeodiabHoro 3amimenns B PO ta okucuennss MPhS
Hyxneodinsue
I}-::MiH_I(EHHH OxuCHEHHS Ks, M.
HaszBa | AkTuBaTop Kioo 102, N kHzoz 10% o I
M1 ML PO MPhS
- 55,3 1,0 22,3 1,0 1,0 - -
Boga | NH4HCOs3 102 1,8 96,1 4.3 7,7 - -
B(OH)s3 174 3,1 179 8 24,8 - -
Bona/cniupt
- 50,1 0,9 17,2 0,8 0,7 - -
DS1 | NH4HCO3 48,4 0,9 23,6 1,1 1,0 - -
B(OH)s3 66,4 1,2 36,2 1,6 1,9 - -
- 40,3 0,7 4,62 0,2 0,1 - -
DS2 | NH4HCO3 38 0,7 24,1 1,1 0,8 - -
B(OH)s3 99,1 1,1 29,9 1,3 1,4 - -
- 35,6 0,6 13,6 0,6 0,4 - -
DS3 | NH4HCO3 40,1 0,7 48,1 2,2 1,5 - -
B(OH)s3 50,7 0,9 59,3 2,7 2,4 - -
Bona/cniupr/nereprent
- 30,5 0,6 12,1 0,5 0,3 50 200
DS4 | NH4HCO3 240 4.3 92,6 4,2 18,1 70 150
B(OH)3 402 7,3 101 4,5 32,9 90 200
- 53,6 1 17,1 0,8 0,8 100 220
DS5 | NH4HCO3 181 3,3 76,5 3,4 11,2 120 200
B(OH)3 356 6,4 68,4 3,1 19,8 100 210
- 42,1 0,8 14,2 0,6 0,5 50 150
DS6 | NH4HCO3 170 3,1 58,4 2,6 8,1 70 180
B(OH)3 276 5 67,2 3 15 50 200
MikpoemyJbcist
DS7 - 74,1 1,3 47,2 2,1 2,7 250 300
[25] NH4sHCOs3 31,2 0,6 62,3 2,8 1,7 270 340
B(OH)3 2,01 0 46,8 2,1 0,8 300 320
- 143 2,6 48,1 2,2 57 570 650
DS8 | NH4HCO3 136 2,5 234 10,5 26,3 650 730
B(OH)3 204 3,7 225 10,1 37,4 700 750
- 119 2,2 37,4 1,7 3,7 720 930
DS9 | NH4HCO3 203 3,7 201 9 33,3 820 950
B(OH)3 227 41 196 8,9 36,5 900 920
- 76,3 14 30,0 1,3 1,8 950 1100
DS10 | NH4HCOs3 140 2,5 197 8,8 22,0 950 1000
B(OH)3 191 3,5 208 9,3 32,6 900 1050
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Puc. 1. 3HaueHHs1 KOHCTAHT MIBHAKOCTI Apyroro mopsiaky K., ta Ky,0, ¥ PI3HHX peakuiiiHux

cepenoBumax: ckjaaa DS Binnosinae Tad.a. 1 Ta tadu. 2

JlomaBaHHsT JIETEPTeHTIB y BOAHO-CIIMPTOBE CEPEAOBHINE MiABUIIYE IIBHAKICTH
KaranizoBaHoro poskinanaHHs MPhS 3a oxucmioBanbHMM MexaHi3MmiB Maibxke B 10 pa3iB y
npucytHocti katioHHoro CPCl ta y 5 pasiB y npucyrHocTi HeliTpanbHoro X-100 i aninaoro SDS
(DS4-DS6, tabmn. 2). Jlemmo HEOYIKyBaHUMHU € pe3ysibTaTH 3 HyKJIeo(diIbHOrO poskianaanus PO y
IbOMY JK CEpPEIOBHINI y NPHUCYTHOCTI akTuBaTopiB (DS4-DS6, Tabn. 2). €1MHUM TOSCHEHHSIM
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MPUCKOPEHHS aKTMBOBAHOTO HYKJICO(DIIHLHOTO TpOILECy, € MposBa HYKICO(UIbHOI 37aTHOCTI
MEPOKCUAaHIOHIB, IO J03BOJISIE KOHCTATYBAaTHU MOJBIHHY OKHUCIIOBAIHHO-HYKICODIIBEHY MPUPOIY
MEepOKCUKapOOHaT- Ta MepokcobopaT-aHioHIB. Llei ¢akT cTBOpIOE AOAATKOBI MpiopUTETH (KpiM
€KOHOMIYHUX Ta €KOJOTIYHUX) JJIi BUKOPHCTaHHS OikapOOHATHOTO Ta OOpPATHOTO KaTalli3y MpH
KOHCTPYIOBaHHI YHIBEpCATbHUX CUCTEM JIEKOHTaMIHAIIil.

SIK110 MOpIBHIOBATH CHCTEMH BOJA/CIIUPT Ta BOJA/CIIUPT/IETEPTEHT, TO OAHO3HAYHO CIIif
BIJKHHYTH BOJIHO-CIIUPTOBI CyMillli, IK OCHOBY JI€KOHTaMiHaLlIHHUX CHCTEM YHiBepcalbHOI 1ii. 3
1HIIOTO OOKY MOPIBHSHHS PEAKIIMHOI 3JaTHOCTI aHIOHIB Ta OKHCIIIOBAYiB B IETEPTCHTHUX BOJIHO-
CIHMPTOBUX CyMiIlIaX 3 AHAJOTIYHUMHU XapPaKTEPUCTUKAMU MIKPOEMYJbCIH CBIIYMTH MPO OUIBIIY
Jera3ariiHy 37aTHICTh ocTaHHIX. [Ipy oMy ciig mpuiiMaTH 10 yBard W BU3HAYCHI KOHCTaHTH
3B'sI3yBaHHs 000X cyOctpariB Ks (Tadim. 2), ki MarOTh MaKCUMaJbHI 3HAUYEHHS B MIKPOEMYIbCIsX
DS8-DS10. Lei#t pakt Mae ogHe 3 BUpiMIaTbHUX 3HAYEHB MTPU BUOOP1 TEKOHTAMIHAIIHHOT CHCTEMH,
00, sIK IpaBmII0, 00KMOB1 OTPYITHI PEYOBUHU € CHIOTYKaMH MiABHIIEHOI IiApodoOHOCTI, 0 MTPAKTUYHO
HE PO3YMHSAIOTHCS Y BOJHUX PO3YMHAX. Tak, HAMPUKIAA, IJIs IMiABUIICHHS CTIHKOCTI J0 XIMIYHOT
JIe3aKTUBAIlI] IMPUT YacTo 3TYHIYIOTh HUIIXOM JoMimku 5—10% moxiMepHOro 3arycHuka, o 3HauHO
00MEeXy€e MOXIJIHMBICTh ACKOHTaMIHAIl BOJHUMHU po3urnHaMH. KpiM TOro, BaroMmuMm apryMeHTOM Ha
KOPUCTh IPOBEICHHS peakilii OKUCHEHHs aHajioriB inputy B ME € HayKoBi I0Ka3u Mpo nepeBakHe
YTBOPEHHS caM€ Y MIKpPOEMYJIbCIHHOMY CEPEIOBHINI HETOKCHUYHOTO TPOAYKTY peakiii -—
cynbdokeuny [14, 19]. [Tonanbiie OKUCHEHHS CyIb(OKCHY B TOKCUYHHH CylIb(hoH 0OMExeHe uepes
CTPYKTYPHY OpraHi3ailito peakiiiiHoro cepe1oBUINa, 3aBASKH SKii OUTbII TiApodUTEHAM CYIh()OKCHT
TPaHCHOPTYETbCs y Oe3nepepBHY BOAHY (a3y, uuM 1 3amobirae€rbcsi MOro MepeTBOPEHHS [0
cynbdony.

3a OTpUMaHUMU 3HAYCHHIMHU KIHETUYHUX NapameTpiB po3kiananHs PO ta MPhS (3Hauenns
I, Tabn. 2, puc. 1) BuUOyIOBYy€eTbCSI peUTHHT €(PEKTUBHHUX JEKOHTAMIHAIIIMHUX CHUCTEM Yy HAMPSMKY
3MEHIIICHHS YHIBepCAJIbHOI OKHUCIIOBaJIbHO-HYKIeo(hinbHOI edekruBHocTi: DS9 > DS8 > DS10 >
DS4 > DSS5. Came 11i cuctemMu 3a0€3MeuyioTh OJJHOYACHY peai3alliio HyKJIeo(UTLHOTO 3aMilIeHHS
PO Ta oxucHenHs MPhS 3 MOMITHUMH MIBUAKOCTSIMH, OCOOJMBO Y NPHUCYTHOCTI aKTHBATOPIB
NHsHCOs um B(OH)s. OckilbKM HE CIOCTEPIraeThCs KPUTHYHA PISHHUIT OKHCIIOBAIBHO-
HykineodinsHoi aktuBHOCTI aHioHiB HCO4, B(OH)3(OOH)Ta B(OH)2(OOH)2", TO cmin Bimgatu
nepeBary OikapOoHaT-KaTami30BaHUM cucTeMaM. OKpiM €KOHOMIYHHX Ta €KOJOTIYHUX IepeBar,
NH4HCOs3 € 6inpin po3unHHO0O peuoBuHO0 y Boi (9,59 1/100 r Boam), anixk B(OH)3 (2,66 /100 T
BOJIH), 110 3HAYHO CIIPOIIY€ MPUTOTYBaHHS JEKOHTAMIHAIIIMHUX PO3YMHIB Y MOJLOBHUX YMOBAX.

[IpoBeneHi ekcriepuMEHTaNbHI JOCHIHKEHHS 3 BH3HAUCHHS PO3YMHHOCTI Ta peakLiiHOi
3IATHOCTi IMIiTATOPiB OOMOBHX OTPYHHUX PEYOBHH B MIKpoeMysbCii ckiamay BogHa (asza (80%),
ciupt (10%), opraniunuii po3unHHUK (4%), nerepredT (6%) AO3BONSIOTH BHU3HAYUTH TEpPEeBaru
po3po0seHOT CHUCTEMH JCKOHTaMiHalli B TOPIBHAHHI 3 BIJOMHMH  MIIEISIPHUMH Ta
MIKpOeMYJIbCITHUME po3unHamu [4, 24, 25]: 30inbineHHst po3unHHOCTI cyocTpariB PO Ta MPhS y
2-3 pa3u; yHIBEpCaIbHHUM XapakTep o0OpaHoi cucTeMu JeKoHTaMiHarlii 10 cnonyk VX, GB, GD-tuny,
(nykneodinbHUN MexaHi3M) Ta 10 cyoctpariB HD (okuciioBanbHHI MEXaHi3M); BUCOKA MIBHJIKICTh
KaramizoBaHoro poskiamanas PO mepokcua-anionom HOO™ (t12 < 10 ¢) Ta okucuenns MPhS
nepokcoanionamu HCO4, B(OH)3(OOH) ta B(OH)2(OOH).) (112 < 35 ¢) 3aieKHO Bil PUPOIH
JETEPTreHTHOI CKJIaJ0BOI MIKpOEMYJIbCii; 3aCTOCYBaHHS B PEIENTYypl JNEKOHTAMIHAIIHHOI CHCTEMH
PEUOBHMH 3 KJIacOM HeOE3NeKH He HIDKYEe 3-0T0; BiJACYTHICTH OCOOJIMBHX yMOB 30epiraHHst Ta
3aCTOCYBaHHS.

OTtpumaHni pe3ynbTaTH JEeMOHCTPYIOTh, IO MIKPOEMYJbCii, SIKi MICTATh MEPOKCH]] BOJAHIO,
KaTIOHHHWH JIETEPTeHT Ta aKTHUBATOp, 3a0€3MeUyr0Th BUCOKUM PiBEHb CONtOOLm3aIii cydocTpaTiB —
imMiTaTopiB OOHOBHUX OTPYHHHX pPEUYOBUH, MiJABUIIYIOTh pEaKIiiiHy 34aTHICTb OKHCIIOBAiB 1
HyKJIeo(1TiB (B TOPIBHAHHI 3 BOJHUMH PO3YMHAMH), TPOCTI B TMPUTOTYBAaHHI Ta E€KOJOTIYHI.
[epeniueHi 06cTaBUHM JAOTh MiJCTaBU PO3IIIAIATH IIi CEPEIOBHIIA SK ITEPCIIEKTUBHI CKIIa0B1 IPU
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KOHCTPYIOBaHHI JEKOHTaMIHAIlIHHUX 3aco0iB s pPyHHYBaHHS EKOTOKCHMYHHMX CIOJYK 32
OKHCITIOBAIBHO-HYKJICO(P1TbHUM MEXaHI3MOM.

BucHoBkM. Bu3HaueHO KiHETHYHI MapamMeTpH HYKICO(DITBHOTO pPO3KIAJaHHS MEPOKCH-
aHIOHOM TaPAaOKCOHY Ta OKHUCHEHHS TMEPOKCHIIOM BOJHIO METHI(DEHUICYNb(iay B MIKPOEMYIbCii
THUITY «OJIifl y BO/I» Y IPUCYTHOCTI OikapOoHATy aMOHiI0 Ta OOPHOT KHCIIOTH.

JlocmikeHO BIIMB BOJIHO-CIIUPTOBHX PO3YMHIB Ta MIKPOEMYJbCIH Ha COMIOOLIIZAINIO0
cyOCTpaTiB y HPUCYTHOCTI JECTEPreHTIiB Pi3HOI MPUPOAU: KATIOHHOTO LETHWIMIPUIUHIN XJI0puny,
HEUTPATBHOTO 4-(1,1,3,3-reTpamMeTHAO Y THII )-(h EH IO THIICHTTIKOJTEO Ta aQHIHHOTO
noxeunscynbdarty HaTpito. BcTaHoBIEeHO, 10 B MIKpoeMyIbeii ckiany BoAHa (haza/crnupt/rekcan/
JIETEPreHT KOHCTAHTa 3B'A3yBaHHSA CYOCTpAaTiB MiABUIIYETHCS B 3—5 pa3iB B TOPIBHSHHI 3
AHAJIOT1YHOIO BETMYMHOIO Y BOAHO-CIIUPTOBUX JAETEPIreHTHUX Ta MILETSPHUX POZUHHAX.

[ToxazaHo, 1m0 JOJaBaHHS NIETEPTCHTIB y peEakIliiHe CEPeIOBHUINE MIIBUIINYE MIBHAKICTH
KaTaJli30BaHOTO PO3KJIAJaHHA MeTHWI(eHUICYnb(hiqy 32 OKHCIIOBAJBHUM MEXaHi3MOM Maibke B
10 pa3iB y MNpHCYTHOCTI UCTHIMPUAMHIA XJIopuay Ta y 5 pasiB y mnpucyrsocti 4-(1,1,3,3-
TETPaMEeTHIOYTHII)-(EeHUIOMIeTUIICHTITIKOIIO Y1 TOISIHIICYIb(ary HaTpito.

[IponemoHcTpoBaHO BHCOKY peakmiiiHy 3aatHicTh aHioHiB HCO4, B(OH)3(OOH)Ta
B(OH)2(OOH)," B 0KHCITIOBaTIbHO-HYKJICO(DUIBHUX MPOLECcax, 0 NepediraloTh y 3anporoHOBaHUX
MIKPOEMYIBCISIX: B 3aJIEKHOCTI BiJ] MPUPOJIU NETEPreHTY NPHUCKOPEHHS AaKTUBOBAHUX pEaKIIii
cknanaTh 30-40 pasis.

OTpumaHi pe3ynbTaTH 31 MIBUIKOCTI JEKOHTaMiHAIl Ta XapaKTEPUCTUKH PO3UYUHHOCTI
MapaoKCOHy Ta MeTHI(EHUICYIb(iay A03BOISIOTh PEKOMEHYBAaTH JOCIHIHKEHI MIKpOEMYIbCIT K
MEPCIEKTHBHI PEaKINiHI cepeloBUINa Il PO3POOKH JEKOHTAMIHAIIMHUX PEIENnTyp 3 YCYHECHHS

HACIIKIB 3apaykKeHHs] KOMIIOHEHTaMH XiMi4HOi 30poi HIKipHO-HAPHBHOI Ta HEPBOBO-MAPATITHYHOI
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OXIDATIVE-NUCLEOPHILIC SYSTEMS FOR
DECOMPOSITION OF TOXIC SUBSTANCES

Purpose. To investigate the kinetics of nucleophilic decomposition of paraoxone by peroxide anion
and oxidation of methylphenyl sulfide by hydrogen peroxide in water/alcohol, water/alcohol/detergent and
“oil-in-water”” microemulsions in the presence of ammonium bicarbonate and boric acid.

Methodology. The reactions of nucleophilic substitution of paraoxone and oxidation of methylphenyl
sulfide with hydrogen peroxide in nanoscale aqueous-organic systems (water-alcohol, water-alcohol-
detergent, “oil-in-water”> microemulsion) were chosen as model systems. Paraoxon and methylphenyl sulfide
are used as imitators of warfare agents with nerve and blistering effects. Three types of detergents were used
to form detergent mixtures and microemulsions: cationic — cetylpyridinium chloride, anionic — sodium dodecy!
sulfate, and neutral — 4-(1,1,3,3-tetramethylbutyl)-phenylpolyethylene glycol. Ammonium bicarbonate and
boric acid were used as activators. The nucleophilic substitution of paraoxone was monitored
spectrophotometrically at 2 = 405 nm by the change in the absorbance of 4-nitrophenolate ion over time in
the concentration conditions [HOO™ ]>>[paraoxone]. Oxidation was monitored by the decrease in
methylphenyl sulfide absorbance over time at ). = 250 nm. under the condition [H202]>>[ methylphenyl
sulfide].
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Findings. The kinetic parameters of the nucleophilic decomposition of paraoxone by hydrogen
peroxide anion and the activated oxidation of methylphenyl sulfide by hydrogen peroxide in an ““oil-in-water™
microemulsion in the presence of ammonium bicarbonate and boric acid have been determined. It was found
that in the microemulsion of water:ethylene glycol (4:1)/alcohol/hexane/detergent composition, the substrate
binding constant increases 3-5 times compared to the same value in water-alcohol detergent and micellar
solutions. The reactivity of hydrogen peroxide as an oxidant in its neutral form and as a nucleophilic reagent
in the form of peroxide anion in the presence and absence of ammonium hydrogen carbonate and boric acid
was compared. It was found that the rate of nucleophilic substitution in paraoxone and oxidation of
methylphenyl sulfide decreases in an aqueous-alcohol medium, regardless of the alcohol chosen. The addition
of detergents to the water-alcohol medium increases the rate of catalysed decomposition of methylphenyl
sulfide by oxidative mechanisms by almost 10 times in the presence of cationic cetylpyridinium chloride and
5 times in the presence of neutral 4-(1,1,3,3-tetramethylbutyl)-phenylpolyethylene glycol and anine sodium
dodecyl sulfate. At the same time, the acceleration of nucleophilic decomposition of paraoxone was observed,
which suggests the dual oxidative-nucleophilic nature of peroxycarbonate and peroxoborate anions. The high
reactivity of anions and oxidants in microemulsions has been demonstrated, which, together with the values
of the binding constants of both substrates, allows us to consider microemulsion media of the selected
formulation as effective degassers and solubilisers of hydrophobic poisonous substances. The results obtained
allow us to state that microemulsions containing hydrogen peroxide, cationic detergent and activator can be
considered as promising components of decontamination agents for the destruction of ecotoxic compounds by
the oxidative-nucleophilic mechanism. The results obtained allow us to state that microemulsions containing
hydrogen peroxide, cationic detergent and activator can be considered as promising components of
decontamination agents for the destruction of ecotoxic compounds by the oxidative-nucleophilic mechanism.

Originality. The formulation of a microemulsion reaction medium with high solubilizing properties
was developed for the simultaneous nucleophilic decomposition of paraoxon by peroxide anion and oxidation
of methylphenyl sulfid by hydrogen peroxide at high rates.

Practical value. The investigated microemulsion can be used as a basis for decontamination
formulations to remediate the effects of contamination with chemical weapons components of blistering and
nerve effects.

Keywords: decontamination system; hydrogen peroxide; paraoxone; methylphenyl sulfide; oxidation;
nucleophilic substitution.
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SAITPOIIYEMO J0 CIIIBPOBITHUIITBA

KwuiBchkuii HalioHATFHUHN YHIBEPCUTET TEXHOJOTIT Ta au3ainy 3 19.04.2021 p. Bunae
nepioguyHe HaykoBe BuUIaHHS «TexHomorii Ta iHXHHIPHHT», SIK€ € MPAaBOHACTYIHHKOM
BuAaHHA «BicHuk KHiBChKOIo HalllOHAILHOTO YHIBEPCUTETY TEXHOJIOTIHN Ta AU3aiHY», SKUN
y CBOIO uepry OyB NpaBOHACTYNHUKOM BHUAaHHSA «V3BecTHs BBICIINX y4EOHBIX 3aBelICHUIL.
TexHonorust JIETKOM MPOMBIIUIEHHOCTH», SKHM BuAaBaBcsi 3 Oepe3Hs 1958 poky y
KuiBCchbKOMY TEXHOJIOTIUHOMY IHCTUTYTI Jierkoi npomucioBocTi (CPCP).

IIporpamui wini xxypHany «TexHOOTIi Ta IHKUHIPUHT»: MyOiKaIlisl OpUTiHATBHUX
CTaTei, BUCBITJIICHHS PE3yJIbTaTiB HOBITHIX OCII/PKEHb Ta aKTYaJIbHUX JAOCSATHEHb Y ramysi
TEXHIYHUX HaYK.

BunanHs opieHTOBaHE Ha HAyKOBI[IB, BHUKJIa/adiB, aCIipaHTIB, CTYJCHTIB, a TaKOX
HAyKOBO-TIPAKTUYHUX MPAIiBHUKIB 1 ()axXiBI[iB BIAMOBITHUX TAITy3€d MPOMHCIOBOCTI.

KypHaJu BXoauTh /10 nepetiky HaykoBux ¢paxoBux Buaanb Ykpainu. Hakaz MOH
VYxpainu Bix 29.06.2021 Ne735 (nomatok 3). Kareropis b. Texniuni Hayku. CrierniaabHOCTI:
122,131, 133, 151, 161, 132, 182, 141, 144, 171 (2018, 2020).

TemaTuuyHa cnpsiMoBaHicTh KypHany « TeXHONOrI Ta IHKUHIPUHTY:

e IH®OPMAIIMHI TEXHOJIOITI, EJEKTPOHIKA, MEXAHIYHA TA
EJEKTPUYHA IH)KEHEPIS.

e MATEPIAJIO3BHABCTBO IHJAYCTPIi MOJH, TEXHOJIOI'TA
BUPOBHUITBA TEKCTUJIIO, OAATY TA B3YTTHAI.

e XIMIYHI TA BIO®APMAIIEBTUYHI TEXHO.IOI'II.

[lepionnunicTs BHmaHHa — 6 pa3 Ha pik. JKypHanm BUAAETbCS YKPATHCHKOIO,
aHTJIMCHKOI0 MOBAaMHM, aHOTAllll — YKpaiHCHKOIO 1 aHTJIIHCHhKOIO MoBamH. Marepianu, 1o
HAJXOAATH [ MyOumiKaIii B )KypHalli, TPOXOIATh PEIIeH3yBaHHs 3 OOKY YJIEHIB penaKiiitHol
KOJIeT1i, po3IJIAIaloThCsl Ta PEKOMEHAYIOThcst BueHoro pamoro KuiBChbKOTO HalllOHAIBHOTO
YHIBEPCUTETY TEXHOJIOTII Ta IU3aiiHy 0 JPYKY.

AJIPECA PEJAKIII: 01011, m. Kuie-11, Byn. Mana IllustHoBChKa, 2,
kopir. Nel, kim. 1-0347, (044) 256-21-39

CratTi npuiiMalThCsl Ha MOYTOBY CKPUHBKY: Vistnuk@knutd.edu.ua.

BankiBcbki pekBisuTH BHAaHHA «TexHoJoOrii Ta 1HXUHIPUHI» JUIA TepepaxyBaHHS
on1aTH 3a my0JIikanio HaykoBoi cTaTTi (BapTicTh 1 cTop. dopmarty A4 komrye 60 rpH):
OnepxyBau: KuiBchkuii HallioHaIbHUAN YHIBEPCUTET TEXHOJIOTIN Ta qU3aHHY

Kon €IPTIOY otpumysaua: 02070890

bank otpumysauva: JIKCY y m. Kuesi

Kon 6anky orpumyBaga: 820172

Po3zpaxynkosuii paxynok: UA038201720313251003202003551

Ipusnavenus miaarexy: [1.I.b. (aBropa (-iB) myOGmikarii) — TexHIYHI HAYKH.
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