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The object of research is the process of monitoring the
filling of garbage tanks of sorted garbage with the help of an
automated system based on IoT solution. The paper analyzes
existing IoT solutions for monitoring and monitoring the level
of fullness of solid waste capacities. The research is important
in light of sorting, storage and processing of garbage. The ToT
model is proposed for monitoring and analyzing the system
of waste recording of solid waste. The IoT solution project
involves the creation of a software and hardware for the auto-
mated system. The interaction of hardware and software and
the implemented root part of the project provide the oppor-
tunity to perform the main task — to obtain an assessment of
the level of filling capacity for solid waste. Hardware is imple-
mented using a device for analyzing the filling of garbage con-
tainers. It is possible to transfer data on the state of the filling
of the container. The position of the lid or the same container
is taken into account when the container will be inverted or
the container lid will be raised. The device itself will be lo-
cated on the lid on the inside of the container. Also, the device
is equipped with a container for burning to prevent potential
accidents and emissions into an atmosphere of harmful waste.
Software implementation contains the level of programming
of tasks for sensors IoT solutions and creates a friendly web-
oriented interface. Software implementation is performed
on the basis of client-server architecture. To operate the end
points of the interaction of local and intermediate servers, the
architectural style of REST with the transmission of informa-
tion in the form of JSON is used. In order to administer an
intermediate server, the client part is written on HTML and
JavaScript. The application of the IoT solution allows to con-
trol the level of filling of containers, optimize routes of garbage
trucks, which, in turn, reduces the cost of export of waste for
regional operators. The scheme of information exchange in the
system of garbage saving is constructed.

Keywords: client-server architecture, system drafting,
monitoring of the filling of garbage tanks, hardware, informa-
tion exchange scheme.
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The object of research is the process of analyzing the
customer churn of telecommunications companies based on
machine learning methods. The existing problem is that, until
recently, the process of customer churn was compensated by
attracting new customers, but in the modern world, growth
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rates are constantly accelerating, the market is filled with
a large number of competitors, which leads to a constant in-
crease in customer requirements for products and services. In
this regard, the process of attracting new customers becomes
more costly and time-consuming, which in turn enhances the
importance of maintaining an existing customer base.

The paper considers problematic aspects related to im-
proving the accuracy of predicting the outflow of a company’s
customers through the use of machine learning methods. The
conducted studies are based on the application of an approach
implemented by combining the methods of decision trees and
nearest neighbors. A positive result cannot be achieved by
ignoring the existing resource constraints and requirements,
which must be determined separately for each research case.

The relevance of the problem of analysis the outflow
of customers for companies with many users is considered.
A model for predicting the outflow of customers based on
a combination of decision tree and nearest neighbor methods,
which is used in the basis of the bagging method, is proposed.
One of the features of this approach is the use of a test sample
of normalized data. Accordingly, systems can use pre-known
information, learn, acquire new knowledge, predict time
series, perform classification, and in addition, they are quite
obvious to the user. The prospect of choosing these methods is
explained by the fact that they were used earlier in data analy-
sis systems and provided sufficiently high-quality results.

The expediency and prospects of applying the proposed
approach in the problem of analysis the outflow of customers
of telecommunications companies are shown, as well as the
design features of information technology and the results of
software implementation.

Keywords: machine learning, decision tree, nearest neigh-
bour method, bagging, data analysis.
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The object of research is the process of processing and
storing data when making decisions on managing the life cycle
of electricity generation and consumption in microgrids with
renewable energy sources. The prospects of the study are due
to the fact that in order to provide a full-fledged decision sup-
port process in the management of microgrids with renewable
energy sources, it is necessary to consolidate and manipulate
multidimensional data in multithreading and online informa-
tion processing. To solve the problem, the theoretical methods
of analysis, abstraction, induction and deduction were used.
To ensure multidimensionality and multithreading of data
processing, it is proposed to develop a data warehouse based on
the snowflake data model. Efficiency of information processing
in real time is provided by an operational database built on the
principle of OLTP. The organization of the joint work of the
data warehouse with the operational database, the consolida-
tion and manipulation of data is provided by triggers.

The result of the work is a data warehouse that will be
used in the decision support system for managing energy
microgrids, which will improve the efficiency of data process-
ing and storage. This is achieved by combining the work of
a centralized data warehouse with an operational database,
as well as the use of a separate data mart for each user of the
system. The practical significance of the work lies in the fact
that the data warehouse will become part of the decision sup-
port system for processing information about the life cycle of
energy in the management of energy infrastructure. Com-
pared to using a single database for a decision support system,
this approach ensures the speed of working with data and al-
lows differentiating between the use of a data warehouse for
analytics and data manipulation operations.

The data warehouse was deployed in a cloud environ-
ment on the Amazon Web Services (AWS) platform and the
Amazon Relational Database Service (Amazon RDS) web
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service. Secure access to client data is implemented using
data marts.

Keywords: data processing and storage, data warehouse,
database, data mart, triggers.
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In this paper, the problems of development of associa-
tions of territorial communities in the tourism direction of
economic development are considered.

The object of research is the improvement of territorial
communities on the example of Ukraine. One of the most
problematic places is the lack of funds for the develop-
ment of existing large tourist complexes and the creation of
new ones.

The study uses the idea that tourism development has
a direct stimulating effect on the development of a number of
important economic sectors. The use of a mathematical ap-
paratus is also considered, which allows to analyze the main
factors influencing the development of the tourism industry
of territorial communities. A comprehensive solution of eco-
nomic, social and environmental issues of sustainable tourism
development is impossible without the development of ma-
thematical models and supporting tools that allow predict-

ing the main indicators of sustainable tourism development.
The paper considers PLS-PM modeling using such internal
consistency criteria as Cronbach’s Alpha coefficient, Dillon-
Goldstein coefficient p, model reliability, mean variance. The
purpose of the PLS-PM model is to obtain estimates of latent
variables for further forecasting procedures for the develop-
ment of the system. The processes taking place in the tour-
ism industry are characterized by a complex interaction of
economic, environmental and social factors. Their influence
should be taken into account for the implementation of the
sustainable tourism development strategy. The analysis of the
model was also carried out with the help of a single coefficient
of quality of the correspondence of the data model, which
characterizes the quality of the internal and external models
of the system.

Thanks to the listed tools, the statement is formed that
the regulation of key factors of the tourism sector of the eco-
nomic sector can have a positive impact on the development
of national culture and economy in the united territorial
communities. The created mathematical model clearly forms
the conclusion that the development of tourism in local com-
munities can become the engine of their sustainable economic
development, given the available regional conditions.

Keywords: united territorial community, mathematical
model of the tourist complex, PLS-PM methodology, sustain-
able development.
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The object of research is the system of information pro-
tection of the social network. The article investigates the dy-
namic models of the information protection system in social
networks taking into account the clustering coefficient, and
also analyzes the stability of the protection system. In graph
theory, the clustering factor is a measure of the degree to

which nodes in a graph tend to group together. The available
data suggest that in most real networks, and in particular in
social networks, nodes tend to form closely related groups
with a relatively high density of connections. It is probability
is greater than the average probability of a random connec-
tion between two nodes. There are two variants of this term:
global and local. The global version was created for a general
idea of network clustering, while the local one describes the
nesting of individual nodes. There is a practical interest in
studying the behavior of the system of protection of social
networks from the value of the clustering factor.

Dynamic systems of information protection in social net-
works in the mathematical sense of this term are considered.
A dynamic system is understood as any object or process
for which the concept of state as a set of some quantities at
a given moment of time is unambiguously defined and a given
law is described that describes the change (evolution) of the
initial state over time. This law allows the initial state to
predict the future state of a dynamic system. It is called the
law of evolution.

The study is based on the nonlinearity of the social net-
work protection system. To solve the system of nonlinear
equations used: the method of exceptions, the joint solution
of the corresponding homogeneous characteristic equation.
Since the differential of the protection function has a posi-
tive value in some data domains (the requirement of Lyapu-
nov’s theorem for this domain is not fulfilled), an additional
study of the stability of the protection system within the
operating parameters is required. Phase portraits of the data
protection system in MatLab/Multisim are determined,
which indicate the stability of the protection system in the
operating range of parameters even at the maximum value
of influences.

Keywords: dynamic models, information protection sys-
tem, exception method, homogeneous characteristic equa-
tion, system stability.
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The object of research is the process of skeletal muscle
contraction under the influence of natural electrical im-
pulses of the nervous system or under the conditions of
external electrical stimulation. The subject of research is
models that describe electrical processes in muscles during
contraction. The work is aimed at building an analytical
model of the skeletal muscle electrical signal, which makes
it possible to calculate the spectral density of this signal for
further analysis.

Research methods are methods of mathematical model-
ing, theory of random processes and signals, methods of spec-
tral analysis, methods of mathematical analysis.

The model of the electrical signal of the muscle as the
sum of random impulse signals corresponding to the signals
of motor units is studied in the work. In this regard, a signal
is analyzed, which, in contrast to the Gaussian process, is
formed by summing a limited number of pulse signals. It is
shown that the voltage distribution law of such a signal is ex-
pressed by the sum of Gaussian functions. In the course of the
study, the structure of the electromyographic signal spectrum
was obtained, presented as a sum of periodic pulses shifted
in time relative to each other. The relationship between the
statistical properties of a random phase difference and the
type of signal power spectrum has been analytically estab-
lished. The obtained theoretical relations make it possible
to calculate the spectral density of the electromyographic
signal depending on the number of motor units and vari-
ous phase shifts between them, as well as depending on the
chosen law of distribution of random variables. The results of
a numerical experiment are presented for a different number
of motor units and different ranges of time shifts in the case of
a distribution of gauss of the probability density. The results
obtained can be used in assessing the degree of dysfunction of
skeletal muscles in various injuries (for example, in trauma,
atrophy, etc.), as well as in choosing the optimal individual
parameters of electrical stimulation during rehabilitation
procedures or training processes for increasing muscle mass
in athletes.

Keywords: skeletal muscle, motor unit, mathematical
modeling of an electrical signal, spectral density, electromyo-
graphic signal, electrical stimulation.
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The research object in the work is the printed circuit
boards (PCB) production technological process using the
additive technology of photopolymer 3D printing. The exist-
ing problem is that the manufacturing process of single-sided
and double-sided PCBs, simple in technology, from the third
to the fifth accuracy class, requires the use of a large amount
of consumables and technological equipment. In turn, this
affects the cost of the product. The research subject is models
and methods for manufacturing PCB using photopolymer
3D printing.

In order to reduce the cost of materials: film or aerosol
photoresist, as well as reduce the number of technologi-
cal operations, applying photoresist and for the manufac-
ture of PCBs stencils, it is proposed to use photopolymer
3D printing technologies for the manufacture of PCBs. The
paper analyzes the costs of Plexiwire Resin Basic Orange
Transparen photopolymer resin for the manufacture of
single-sided PCBs and calculates the cost of the consum-
able (resin) compared to the costs of dry film photoresist.
60 % cost of consumables (photopolymer resin) compared
to dry film photoresist for making single-sided PCBs. The
work is aimed at determining the dependence of the geo-
metric dimensions of the PCBs topology and the consump-
tion of photopolymer resin on the technological parameters
of photopolymer exposure. A regression correlation model
of the dependence of resin consumption on exposure pa-
rameters has been developed and correlation coefficients
have been calculated. It has been established that with an
increase in the exposure time of the photopolymer resin, the
consumption of the photopolymer resin increases and the
deviation of the geometric dimensions of the PCBs topology
increases, which in turn negatively affects the quality of the
product. Therefore, using the obtained regression model, it
is possible to calculate the influence of parameters on the
PCB topology and reduce the deviation of conductor sizes
and resin consumption.

Keywords: circuit boards, photolithography, photopoly-
mer exposure, additive technology, DLP, LCD, photo masks.
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The object of research in the work is the process of radia-
tion of electromagnetic waves and the directional properties
of a rectangular horn antenna in a multimode operation. The
existing problem is that in practice when developing and
researching horn antennas, only the single-mode mode of
their operation is taken into account. The fundamental mode
of the rectangular waveguide that feeds this horn antenna is
chosen as the base mode of the emitted electromagnetic wave.
Radiation of higher types of electromagnetic waves is not
taken into account.

To take into account the impact of higher types of electro-
magnetic waves on the directional properties of a rectangular
horn antenna, it is proposed to investigate a multimode mode
consisting of three types of magnetic waves Hyg, Hag, and Hs.
Horn antennas have high-quality wide-range properties and
make it possible to obtain a maximum frequency coverage
ratio of 1.5-1.8. In this paper, the directional properties of
a rectangular horn antenna are determined by the example
of calculating and modeling normalized radiation patterns of
a standard horn-type for a wide frequency range with an aver-
age frequency of 12 GHz and a frequency overlap factor of 1.67.

It has been established that when emitting three higher
types of waves, it is possible to simultaneously improve
the characteristics and directional properties of a horn an-
tenna by changing the amplitude of each component of the
constituent waves of electromagnetic radiation. The work
aimed to study the normalized radiation patterns of a rect-
angular horn antenna to improve its directional properties.
It was found that with increasing frequency, starting from
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the middle frequency of the operating frequency range, the
radiation pattern of a rectangular horn antenna expanded.
That is, the opening angle increased in the direction of the
main radiation, with a decrease in the radiation amplitude,
the level of the side and rear lobes increased, which leads to
a deterioration in the characteristics of the horn antenna.
For the selected geometric dimensions of the horn antenna in
the frequency range of 12-12.5 GHz in the multimode mode,
it was possible to provide almost the same beam width in the
horizontal and vertical planes at the level of 13.2—13.6°.
Keywords: horn antenna, rectangular horn, frequency
range, electromagnetic wave, multimode, single-mode.
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NMPOEKTYBAHHA I0T-PILUEHHA JUIA MOHITOPHHI'Y TA AHANI3Y CHCTEMH CMITTE3BEPITAHHA TBEPAUX
BIAXOAIB cropiHku 6-10

Teappoecuxuit B. I', Kpasuyenxo 0. B, Becegina C. B.

OG6’eKTOM JIOCIIIKEHHS € MPOLIEC MOHITOPUHTY HAITOBHEHOCTI CMITTEBKX GaKiB COPTOBAHOTO CMITTSI 3a I0IIOMOTOI0 aBTOMATH30BAHOT CHCTEMH
ra ocuoBi 10T pimennst. B po6oti mposeneno anamis iciyiounx [oT pirmeHs /1s1 KOHTPOIIO Ta MOHITOPUHTY PiBHSI HATIOBHEHOCT EMHOCTEH /71T
TBEPANX BiAXO/IB. [[OCIIZKEHHS € BasKIIUBUM Y CBITJI IPOOIEMAaTUKU COPTYBaHHsI, 30epiranHs Ta 1epepoOKU CMITTs. 3arnporoHoBato Moesib [0T
PIlEHHST ISt MOHITOPHMHTY Ta aHAJTI3Y CUCTeMHU eMiTTe3bepirants Teepaux Biaxozis. [Tpoekt IoT pimments nepentadyae CTBOPEHHS IPOrPAMHOI Ta
amapaTHoOl YaCTUHU /ISl aBTOMATH30BAHOI cHcTeMI. B3aeMoiist aapaTHoro Ta IporpaMHoro 3abe3mnedeH s Ta iMIIEMEHTOBaHA KOPEHeBa YacTIHA
IIPOEKTY 3a6e3ueqy10Tb MOJKJIMBICTh BUKOHATH OCHOBHY 3a/1auy — OTPUMATH OI[HKY PiBHSI 3alI0BHEHOCTI EMHOCTI /ISl TBEPANX Bi/IXO/1iB. ATapaTHe
3abe3reder st PeaslizoBaHo 3a JJOMOMOTOIO TIPUCTPOIO JIJIsl aHAJII3Y HATIOBHEHOCTI CMITTEBUX KoHTelHepiB. [Tepenbadena MOKIMBICTD Tiepeaadi
JIAHVX TIPO CTaH HAMTOBHEHOCTI KOHTelHepa. BpaXoBYEThCs TIOIOMKEHHST KPUIKK 200 K CaMOro KOHTeiHepa [UIsk BUIIAKIB, KOJIN KOHTeliHep Oy/e
nepeBepHyTHii abo K KpuIlKa KonTelinepa Oyze miansra. Cam npucTpiii Oyzie po3raimoBaniii Ha KPUIIIL i3 BHYTPIIIHBO] CTOPOHH KOHTEiHEepa.
TakosK pUCTPiil OCHAIEHUI MOJKJIMBICTIO EPEBIPKU KOHTEIHEpa Ha IPEAMET IT/Iasry [JIs 3aro0iraH s OTeHIIHHNX HelllaCHUX BUIAJIKIB Ta BU-
K1y B arMocdepy HIKimBuX Bigxoais. [Iporpamua peastisaitisi MicTiTh piBeHb IPOrpaMyBaHHsT 3a/1a4 Jist laTdnkiB [oT pirienHs ta cTBOpeHHs
JPY;KHBOTO BeG-opienToBaHOTO iHTepdeiicy. [IporpaMia peasisaiiisi BAKOHaHA Ha OCHOBI KJIE€HT-CePBEPHOI apXiTekTypu. JlJist TPOEKTYBAHHST KiH-
LIEBUX TOYOK B3aEMO/Ii1 JIOKATTLHOTO Ta TIPOMIXKHOTO cepBePiB BUKOPHCTaHO apXiTekTypuuii ctuib REST 3 nepenaveto incdopmartii y surssiai JSON.
J171s1 MOXKIIBOCTI @/IMiHICTPYBaHHS TIPOMIBKHOTO cepBepy KJieHTcbka yacTnna Harmmcana #Ha HTML Tta JavaScript. 3actocyBanns IoT pimenns
JI03BOJISIE KOHTPOJIIOBATH PiBEHb 3alI0BHEHHS KOHTEITHEPIB, ONITUMI3yBaTH MapIIpyTH BUI3/IiB CMITTEBO3IB, 1110, B CBOIO YepTY, 3HUKYE COOIBApTICTh
BUBE3€HHS BIAXO/IIB /Uil perioHaMbHUX orepatopis. [To6ya0BaHO cxeMy 0OMiHY iH(MOpPMAIE B cucTeMi CMITTE30epiraHHs TBEPANX BiZXOMIIB.

Kmow4oEi croBa: KITieHT-cepPBEpPHA apXiTEKTYPa, TPOEKTYBAHHS CUCTEMU, MOHITOPUHT HATOBHEHHSI CMITTEBUX OaKiB, amaparie 3abesmeder-
Hsi, cxeMa 0OMiHY iHbopMaIii.

DOI: 10.15587/2706-5448.2022.255861
NMPOEKTYBAHHA IHPOPMALIIHOL TEXHOMOrT AHAM3Y BIATOKY KMIEHTIB TENEKOMYHIKAUTAHO! KOMNIAHIT  cropinku 11-15

Mana A. A, lllemeT E. 0., Aipoeuii A. A., Baxosceka JI. M.

OG6’€KTOM JIOCTIIPKEHHST € MPOIeC aHaAIi3y BIZITOKY KJIIEHTIB TeJIeKOMYHIKAiHHUX KOMITaHiil Ha OCHOBI METO/IB MAlTMHHOTO HABYaHHSI.
IcHyroua mpo6JieMa mosisirae B TOMY, 110 /10 HEIABHBOTO Yacy TPOIIeC BiITOKY KIIEHTIB KOMIIEHCYBABCS 32 PAXyHOK 3aJyY€HHs HOBUX KJIE€HTIB,
ajie B Cy4aCHOMY CBIiTi TEMITH 3POCTaHHSI TOCTIITHO MPHCKOPIOIOTHCS, PUHOK 3aITOBHEHUI BEJTMKOIO KiJIbKICTIO KOHKYPEHTIB, 1110 TPU3BOIUTD /10
MOCTIHHOTO TiABUINEHHS BUMOT KJHEHTIB 10 MPOAYKIIT Ta MOCAYT. Y 3B’SI3Ky 3 I[MM CTa€ OiJIbIIl 3aTPATHUM 1 TPYAOMICTKUM IIPOIIEC 3aMyYeHHs
HOBHUX KJII€HTIB, 1[0 y CBOIO YePry MOCUJIIOE 3HAUYIIICTh YTPUMAHHS BiKe iCHy1040l KIi€HTChKOI 6asn.

B po6ori posriisiiyTo mpobJaeMHi aclieKTH, OB I3aHi i3 MiIBUIIEHHAM TOYHOCTI TPOrHO3YBAHHST BIATOKY KJIIEHTIB KOMITaHi1 32 I0TIOMOTOIO
BUKOPHMCTAHHSI METO/IB MAIIMHHOTO HaBYaHHs. [IpoBeseHi nociiKenns 6a3yioThes Ha 3aCTOCYBAaHHI MIAXO/LY, AKUii peanisyeThes 3a A010-
MOr0I0 KOMOIHYBAHHSI METO/IB [epeB pillleHb Ta HaiibamoKkaux cyciniB. [T03UTUBHOTO pe3yJIbraTy HEMOXKJIMBO JLOCIITH iITHOPYIOUHN iCHYIOUI
pecypcHi 0OMeKeHHsI Ta BUMOTH, sIKi MOTPIGHO BI3HAYATU OKPEMO IS KOKHOTO BUTIAIKY JAOCJIIZKEHHSI.

PO3IJISIHYTO TIEPCIEKTUBHICTD MTPOGJIEMATHKI MTPOrHO3YBAHHST BIAITOKY KJIEHTIB /I KOMITaHIH i3 BEJIMKOIO KiJIBKICTIO KOPHCTYBadiB.
3anporoHoBaHO MOJIE/Ib POTHO3YBAHHS BIATOKY KJIEHTIB HAa OCHOBI KOMOGIHYBaHHsI JepeB PillleHb Ta METOAY HaiOMMKYMX CYCiAiB, 110
BUKOPUCTOBYETLCSI B OCHOBI METOZLY 6erriﬁry. Opuielo i3 ocobmuBocTeil Takoro MiZIXOZy € BUKOPUCTAHHS TECTOBOL BUGIPKN HOpMai30BaHuX
HMaHux. BimosinHo, cucteMu MOKYTh BAKOPUCTOBYBATH 3a3/IJIETi/Ib BiZIOMY iH(hOpPMAaILio, HaBYaTics, 3/100yBaTH HOBI 3HAHHS, TPOTHO3YBATH
YacoBi pA/IM, BUKOHYBaTH KJIacuDikalliio, i KpiM [[bOro, BOHK € I[IIKOM HAOYHUMU /LI KoprcTyBaya. [lepcrieKTUBHICTh BUOOPY aHUX METO/IB
MOSICHIOETBCST TUM, 1110 BOHU paHiliie BAKOPUCTOBYBAJIKCS B CUCTEMAX aHAJIi3y JaHUX Ta 3a06e3MeYNIIN JJOCUTD SIKICHI Pe3yJIbTaTi.

[Tokasano f0MiNbHICTD Ta HEPCIIeKTUBHICTD 3aCTOCYBAHHA 3aITPOTIOHOBAHOTO Ii/IXO/TY B 33/1a4i TPOTHO3YBAHHS BI/ITOKY KITi€EHTIB TeJeKO-
MyHIKaIiiiHMX KOMIIaHil, a TAKOK HABEICHO 0COOIMBOCTI IIPOEKTYBaHHS iH(DOPMAIIHOT TEXHOIOTIT Ta PE3yJIbTaT MPOrpaMHOI peastiartii.

Kmouosi crosa: ManinHHe HABYAHHS, JIEPEBO PillleHb, METO/ HAWOIMIKYKMX CyCi/liB, OrTiHT, aHal3 TaHuX.
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ATPETALIA BATATOBHMIPHMX JIAHMX J/IA NMPOLECY NIATPHMKK NPHAHATTA PIEHD NPH YIPABNIHHI
MIKPOMEPEMAMH 3 BITHOBMIOBANLHUMMU IRKEPENIAMU EHEPTIi  cropinku 16-20

Wenapux B. B., Maphenenxo H. B, Boiiko 0. B., lWenapuk C. 0., Benka A. C.

OO0’ eKTOM J0CTIKEHHST € TIpotiec 0OPOOKH Ta 30epesKeHHsT IAHNX TIPU TIPUIHSTTI PIEHb MO0 YIIPABIIHHS JKUTTEBUM IIUKJIOM BUPOOJICHHST
Ta CIIOJKUBAHHS eJIEKTPOEHEPTil Y MiKpoMeperkax 3 BiZIHOBIIOBAILHIMHU JPKepeaMu eHeprii. [lepcrieKTHBHICTD OCTiIPKEeHHST 3yMOBJICHA THM, 110
JUIsT 320€311CYCHHST TIOBHOIIHHOTO MTPOIECY MIATPUMKH MPUAHSTTS PIllleHb [P YIPABIiHHI MIKPOMEPEKaMU 3 BiZIHOBJIIOBAJIbHUMH JKEPEIaMu
eHeprii J0BOAMTHCS KOHCOJIYBATH Ta MaHIIy IIOBaTH 6araTOBMMIPHUMU JQHUMHU Y PEKUMI 6araTolmoToYHOCTI Ta orepaTuBHOT 06po6KHu iH(Op-
Maitii. /luig BupinieHHs nocraBieHoi 3aaadi 6yJ10 BUKOPUCTAHO TEOPETUUHI METOM aHAI3Y, aberpakiti, inaykuii Ta geaykuii. Jlas 3a6e311eueHHs
6araTOBIMIPHOCTI Ta 6GAraTOMOTOYHOCTI OOPOOKN [TaHUX 3alPOMOHOBAHO PO3POOUTH CXOBHUINE TAHUX Ha OCHOBI MOJENI MaHUX <«CHIKHMHKA».
OneparuBHicTb 06poOKH iHdopMallii y pexknmi peanbHOro yacy 3abesneuye onepatubHa 6asa jganux, nodynosana 3a npuninomM OLTP. Opra-
Hi3allis CIiIbHOT POOOTH CXOBMINA JaHUX 3 OTIEPATHBHOIO (3010 TAHNX, KOHCOJIIAIlis Ta MAHIMy IIOBAaHHS TaHUMU 3a0e31eUy€EThCsT TPUTEPAMU.

PesynsraToM pobOTH € CXOBHINE TAHUX, sike Gyie BUKOPICTOBYBATHCS B CHCTEMI MATPUMKHI MPUITHSATTS PillleHb PH yIPaBIiHHI eHep-
FeTUYHUMU MIKPOMEPEKaMH, 110 J03BOJUTH MABUIINTH eheKTUBHICTD 00poOKH i 36epeskenns ganux. Lle mocaracTbes 3aBAAKN TTOCAHAHHIO
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POGOTH HEHTPAII30BAaHOrO CXOBUIIA TaHUX 3 ONEPATUBHOI 0A3010 JAHWX, a TAKOK BUKOPHCTAHHs OKPEMOI BITPHHU JAHUX [ KOKHOTO
KOpHCTYBaua crcTeMil. [IpakTidne 3Hadentsi poGOTH TIOJSITAE Y TOMY, IO CXOBHIIE AAHUX CTaHe YaCTUHOIO CUCTEMH THATPUMKH TIPUITHATTS
pitens st 06po6KH iHdopMariii Mpo KUTTEBUI IIUKJI €HepPril IPU YIIPaBJIiHHI eHePreTUYHOI0 iHGPaCTPYKTYPOoIo. Y HOPIBHIAHHI 3 BUKOPUC-
TaHHSAM €IMHOT 6a3M JIAHUX JIUIST CUCTEMU TITPUMKH TPUIHATTS PillleHb TAKUiT TMi/Xij 3a0e31edye MBUAKOIII0 POOOTH 3 TAHUMU Ta 03BOJISIE
PO3MesKyBaTH BUKOPHCTAHHS CXOBUINA JAHUX /7T aHAJIITUKY Ta BUKOHAHHS OTlepalliil MaHiITyII0BaHHS JaHIMU.

PosropranHs CXOBHUIIA JAHUX BUKOHAHO Y XMapHOMY cepeosulii Ha mmardopmi Amazon Web Services (AWS) ta Be6-cepsici Amazon
Relational Database Service (Amazon RDS). Besneunuii gocTyn 10 KIEHTCHKUX AaHUX Peasi3oBaHO 3a JOTIOMOTOIO BITPUH JaHKX.

Kmouosi cnosa: 06po6Ka Ta 30epeskeH s JaHnX, CXOBHUIIE JaHnX, 6a3a JaHuX, BITPUHA JaHKUX, TPUTEPU.

SYSTEMS AND CONTROL PROCESSES
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MATEMATHYHE MOJENOBAHHA POSBUTKY TYPH3MY Y TEPUTOPIANIbHUX TPOMAIAX cropinku 21-30

Biryu P. P, liureuu B. B., Onexcis H. T.

B naniii po6oTi po3rasiHyTo Ipo6aEMN PO3BUTKY 06 €THAHNX TEPUTOPIaTbHUX TPOMA/l B TYPUCTUYHOMY HATIPSIMI €KOHOMIYHOTO PO3BUTKY.

OG6’exTOM JOCIKeHHS € 61aroycTpiil TepuTopiaibHUX TpoMajl Ha pukaaai Yrpainu. OaHum 3 HalGiabi mpobJeMHUX MicIlb € BiACYT-
HICTb KOIITIB /U151 pO30y/10BH ICHYIOUMX BEJIMKHUX TYPUCTHYHNX KOMILIEKCIB Ta /ISl CTBOPEHHST HOBUX.

B xoxmi mocipkenns BUKOPUCTOBYETBCS i/Iest TOTO, 1[0 PO3BUTOK TYPU3MY Ma€ MPSMUIT CTUMYJTIOI0UNI BIUINB Ha PO3BUTOK Py BaKJIMBIX
€KOHOMIUHMX CEeKTOPiB. TaKoK PO3IJIAAETHCS BUKOPUCTAHHS MaTeMaTUYHOTO arapaty, SIKHii 03BOJISIE TPOBOIUTI aHAJII3 OCHOBHUX (haKTOPIiB
BILJIMBY Ha PO3BUTOK TYPUCTUYHOI rasry3i TeputopiaibHuX rpoMas;. KomiurekcHe BupilieHHsI eKOHOMIYHIX, COTIATbHIX Ta €KOJOTIYHIX TUTAHb
CTaJIOTO PO3BUTKY TYPH3MY HEMOXKINBO 6€3 PO3POOKI MaTEMATHYHITX MOJIENIEN Ta ATPUMYIOUNX IHCTPYMEHTAIbHUX 3aC0O01B, 10 03BOJSIOTH
[POTHO3YBATH OCHOBHI MOKA3HUKU CUCTEMU CTAJIOTO PO3BUTKY TYpusMmy. Y poGorti posrisigaetbest PLS-PM MojenioBatHst 3 BUKOPUCTAHHSIIM
TaKMX KPUTEPIiB BHYTPIIIHBOI y3romkeHocTi, sik: Koedinient Aumbpa Kponbaxa, koedimient p lisuona-Tonpaurreiina, HagiiHicTs Mo,
cepenns auctepcis. Meroto PLS-PM mozesti € oTpiMaHHST OLIHOK JIATEHTHUX 3MiHHUX JIUIS TTOJQJIBIINX [IPOLIE/LYP ITPOTHO3YBAHHS PO3BUTKY
cuctemu. IIportecn, 1110 MPOTIKAIOTH y TYPUCTHUHIT TaTy3i, XapaKTepH3yIOThCS CKJIA/IHOIO B3AEMO/IIEI0 €KOHOMIYHIX, €KOJIOTIYHUX 1 COIIaTbHUX
cakropis. Ix BB HEobXiAHO BpaXoByBaTH 7151 peaisarii cTpaTerii ctamoro po3BuTKy TypuaMy. Takox IIpoBeIeHo aHasi3 MoJieJIi 3a 010~
MOTOIO €IMHOTO KoedillieHTa SKOCTI BI/IIIOBIZIHOCTI MOJIesI JaHUX, KNI XapaKTepH3ye sIKICTb BHYTPINIHBOI Ta 30BHIIIHBOI MOJIEJ CUCTEMHU.

3aBgKU MepesiueHM iHCTpyMeHTaM (hOPMYETLCST TBEP/IKEHHS, IO PETYMOBAHHS KIIOYOBUX (DAKTOPIB TYPUCTHYHOI JJAHKUA €KOHOMIiY-
HOTO CEKTOPY MOJKE MO3UTUBHO BIIMHYTH HAa PO3BUTOK HAI[OHAILHOI KyJBTYPH Ta €KOHOMIKHM B 00'€[IHAHMX TEPUTOPIAJIbHUX TPOMAjIaXx.
CrBopena MaTeMaTUYHA MOJIENb YiTKO (hOPMYE BICHOBOK IIPO Te, IO PO3BUTOK TYPU3MY B MiCI[EBUX TPOMa/[aX MOJKE CTATH PYIIiEM IX CTAI0TO
€KOHOMIYHOI'O PO3BUTKY, 3Ba’Kat0u Ha JOCTYIIHI perioHabHi yMOBH.

Kme4osi cnosa: 00’c/iHaHa TepUTOpiajibHA TPOMa/IA, MATeMATHYHA MOJIE/Ib TYPUCTHYHOTO KOMILIEKCY, MeTonka PLS-PM, craiuii po3BUTOK.
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PO3POEKA METOAY PO3PAXYHKY 3AXHCTY IHPOPMALIE BIf KOEPIIEHTA KIACTEPH3ALI TA NOTOKY IHPOPMALIL
Y COUIANTBHUX MEPEMAX cropinku 31-37

Axpamosunu B. M.

O06’eKTOM JOCIDKEHHS € cucTeMa 3axucTy indopmaltii corianabHoi Mepeski. Y podoTi Z0CTiKYIOThCST IMHAMIYHI MOJIEJI CHCTEMU 3aXHUCTY
iHdopmaltii B comiaJbHUX MepekaxX 3 ypaxyBaHHIM KoedillieHTa KJIacTepusallii, a TaKoXK aHali3yeThCs CTaOIIbHICTh CHCTEMHU 3aXUCTY.
¥ reopii rpadis koeditienT k1acrepusaltii € Mipoio Toro, K By3Ju B rpadi MaroTh TeHJIeHILi0 j10 TpynyBanHs. HasBHi gaHi cBijgyaTs 1po Te, 110
B GLIBIIIOCTI pealibHIX MEPEsK, i 30KPeMa B COIIAIBHIX MEPesKax, BY3JIH, SIK TIPABUIIO, YTBOPIOIOTH TiCHO TOB’sI3aHi IPYIN 3 BIZIHOCHO BUCOKOIO
MTbHICTIO 3B’13KiB. Ll fiMoBipHicTD GisbIna, HiXK cepeas HMOBIPHICTh BUTIAAKOBOTO 3’€IHAHHS MIK IBOMa By3JlaMu. [CHYE JBa BapiaHTH 110~
o TepMiHa: robatbHuil i mokaabHMiL. [To6anbHa Bepeis CTBOPEHA VIS 3arajbHOI i/1el KacTepusarli Mepexi, a JJOKaJbHa ONUCYE BKJIAICHHS
OKpeMUX BY3JIiB. [cHy€e MpakTIHIHwil iHTepec Y BUBUEHHI MOBEIIHKHI CHCTEMHU 3aXICTY COTaThHIX MEPEXK Bijl 3HaUeHHs (haKTopa KJIacTepu3altii.

PosrisiHyTo IHaMiuHi cucTeMu 3axucTy iH(MOpMAaILil B COliaIbHUX MEPekaxX y MaTeMaTHUYHOMY PO3yMiHHI 11boro Tepmina. [Tix qunamiy-
HOTO CHCTEMOIO PO3YMIIOTh OyIb-sIKHi 00’€KT ab0 TPOIIeC, VIS SIKOTO MOHSITTST CTAHY SIK CYKYIHOCTI A€SIKMX BEJINYNH Y TAHUH MOMEHT Yacy
0/[HO3HAYHO BU3HAYCHO Ta OMMCAHO 33/IaHUIl 3aKOH, 1110 OIICYE 3MiHYy (€BOJIIOIII0) TOYaTKOBOTO CTaHy B 4aci. Ileil 3akoH 1103B0JIsIE TOYATKO-
BOMY CTaHy nepeaGaunTi MaiibyTHiil cran quHamiunoi cuctemu. Mloro HasuBaioTh 3aKOHOM €BOJIOII.

Jlocaipkenns 6asy€eThest Ha HeIHITHOCTI CHCTEMU 3aXUCTY COIaIbHIUX Mepesk. [lisi po3B’ I3y BaHH st CUCTEMU HeJIHIHUX PIBHAHD BUKOPUCTO-
BYIOTBCSI: METOJI BUHSITKIB, CITIJIBHUN PO3B’SI30K BI/IIOBIZHOIO OHOPIZHOTO XapaKTEPUCTUUHOTO PiBHSAHHS. OCKIIBKU B IESIKUX 0OIACTSIX TaHUX
mmdepenrttian GyHKIT 3aXUCTy Ma€e ojlaTHe 3HaderHs (Bumora Teopemu JIsSmyHoBa st 1tiei 06acti He BAKOHYETHCS ), HeoOXiIHe I0aTKOBE /10~
CIKEHHS CTIAKOCTI CHCTEeMU 3aX1CTy B MeskaX poOourx mapamerpis. BustaueHo ¢pasosi moprperu cucremu 3axucty ganux y MatLab/Multisim,
SIKi CBITIATh PO CTabIIBHICTD CHCTEMN 3aXHUCTY B pOOOYOMY [lialla3oHi apaMeTpiB, HABITH IPU MAKCUMAIBHOMY 3HAYEHHI BILUTHBIB.

Kmowvosi cmoBa: quHaMiyHi Mojesi, cucreMa 3axucTy ingopmaiiii, MeTos BUHSTKIB, OJHODPi/[HE XapaKTePUCTUYHE PiBHSIHHSI, CTiii-
KiCTb CHCTEMU.
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MOJENHBAHHA ENEKTPHYHOr0 CHrHANY M'A3IB JINA OTPHMAHHA CNEKTPA ENEXTPOMIOCUIHANY cropinkn 38-43

Epowenxo 0. A, lpacon 1. B.

OG’'e€KTOM JIOCTIIZKEHHSI € TIPOIIeC CKOPOUYEHHSI CKEJIETHOTO M’si3a T1ijl BIUIMBOM TIPHPOAHUX €JIEeKTPUYHUX IMITYJIbCiB HEPBOBOI CHCTEMHU
a0 3a yMOBaMM 30BHIIIHBOI €JEKTPOCTUMYJISIIL. TIpeaMeT HOCHIIKEHHST — MOJIEII, O OMUCYIOTh EJCKTPUYHI MPOIECH Y M's13aX IiJ Yac
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cKOpoueHHs1. Po60Ta HalpaB/ieHa Ha MOOYA0BY QHATITHYHOT MOJIEJT €IEKTPUYHOTO CUTHATY CKEJIETHOTO M’s133, 110 JA€ MOKJIUBICTH PO3pa-
XyBaT! CIeKTPaIbHy IJIBHICTD I[bOTO CUTHAIY JIJIS TO/IAJIBIIOTO aHAJIi3Y.

Mertoau TOCIIPKEHHS — METO/I MaTeMAaTHYHOTO MO/IEJIIOBAHHS, TEOPis BUIIAJIKOBUX IIPOIECiB Ta CUTHAJIIB, METO/IU CIIEKTPATIbHOTO aHa-
J1i3y, METO/IM MATEMATHYHOTO aHAJI3Y.

B pob6orti gocmiizkeHo MoAesb eJIEKTPUYHOTO CUTHALY M's132a sIK CyMa IMITYJIbCHUX BUIIAJIKOBUX CUTHAJIIB, BITIOBIAHIX CUTHAIAM PYXOBHUX
OfMHUII. Y 3B'3KY 3 MM aHAI3YEThCS CUTHAL, SIKUH, HA BIIMIHY Bijl TayCIBCHKOTO TIPOIECY, YTBOPEHO MiZICYMOBYBAHHSAM OOMEKEHOI Kislb-
KOCTi iMITy/IbCHUX cUTHAJIB. [lokazano, Mo 3akoH po3MojIily HAPYTH TaAKOTO CUTHATY BHpakaeThesl cymoro dyukiiil Tayca. B xoxi pocai-
JUKEHHSI OTPUMAHO CTPYKTYPY CIIEKTPa eJIeKTPOMiorpad)iuHOro CUTHAILY, SKUIl IIPEJICTABICHO Y BUMVIS/I CyMHU 3MIIIEHUX 3@ YaCOM BiJITHOCHO
O/INH OJTHOTO MEPIOAMYHUX IMITYJIBCIB. AHAJITHYHO BCTAHOBJIEHO 3B’SI30K Mi’K CTATHCTUIHIMH BJIACTHBOCTSIMHU BUTIQIKOBOI Pi3HUII (a3 Ta BU-
JIOM CIIeKTPa HOTY’KHOCTI cUTHAJIY. TeopeTnyHi CIiBBiZIHOIIEHHS, 1[0 OTPUMAHi, I03BOJIAIOTh PO3PaXyBaTH CIIEKTPAIbHY IIIJIBHICTD €J1eKTPO-
MiorpahiuHOro CUTHAY B 3aJI€5KHOCTI Bi/l KIIBKOCTI PYyXOBHUX OMHUILH Ta PisHNX (a30BUX 3PYHIEHb MisK HUMH, a TAKOXK 3aJIEKHO Bifl 06pa-
HOTO 3aKOHY PO3MNO/ITY BUIAJKOBUX BesqnunH. HaBezeHo pesysibraTit 4NMCeIbHOTO eKCIIePUMENTY /IS PI3HOTO YMCJIa PYyXOBUX OANHUIID Ta
PI3HUX /lialla30HiB YACOBUX 3PYIIEHD Y Pasi rayCiBChbKOTO PO3MOALTY HJIbHOCTI iMOBipHOCTI. OTpUMaHI pe3yJIbTaTii MOKYTh OYTH BUKOPUCTA-
Hi TIPH OIIIHIIi CTYTIEHS MOPYIIeHHs (DYHKI[IOHYBAHHS CKEJIETHUX M 5I31B TIPU PI3HUX YIIKOPKEHHAX (HAIPUKIIA, TP TPaBMax, aTpodii Ta in.),
a TaKoK y pasi BUOOPY ONTUMAILHUX IHAWBIya bHUX TTAPAMETPIB €JIEKTPOCTUMYJIALIT i yac peabimiTaiiHux mpoieayp abo TpeHyBagbHUX
MPOIECiB HAPOIIYBAHHS M'SI30BOi MacH y CIIOPTCMEHIB.

Kmo4osi cnoBa: ckesieTHUI M 513, pyX0Ba OJIMHUILS, MAaTEeMaTHYHe MOJICJIOBAHHS eJIEKTPUYHOTO CUTHAJLY, CIEKTPAJIbHA MIITBHICTD, €JIEKTPO-
MiorpadiuHmii CUTHAI, e1eKTPOCTUMYJISILIS.
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OLIHKA BUTPAT ®OTONOMIMEPHOI CMONYK NPH 3D EKCNIOHYBAHHI IPYKOBAHKX INAT  cropinku 43-49

Hesmopos 1. lll., Pasymos-®Ppuziok E. A., Escees B. B, HixiTin JI. 0., Brmamox [I. C., CTpineys P. E.

OG6’ekTOM AOCIIKEHHS Y POOOTI € TeXHOJOTIYHUI MTPOIeC BUTOTOBJIEHHS ApyKoBarux miat (/I11) 3a 10moMoroio afuTHBHUX TEXHOJIOT
dorononimeproro 3D apyky. [cHytoua 1pobaema mosisAra€ B TOMY, 10 IPOIEC BUTOTOBJIEHHS MPOCTHX 34 TEXHOJOTIEK OIHOCTOPOHHIX Ta
nBoctoponHix /11, 3 TpeThoro 1Mo mwATHil KJ1ac TOYHOCTI, BUMAarae 3acTOCYBAaHHS BEJINKOI KiJTBKOCTI BUTPATHNUX MATEPiaJliB Ta TEXHOJIOTIIHOTO
obuanHanHs. e, y CBOIO 4epry, CYyTTEBO BILIMBAE Ha cOGIBAPTICTH rOTOBOrO BIPOOY. [IpeMeTOM [MOCII/IKEHHS € MOJIEJI Ta METO/[M BIUTOTOB-
sennst /{11 3a nonomororo oronosnimeproro 3D apyxky.

3 MeTOIO 3MEeHIIeHHsT BUTPAT Ha MaTePiai, a TAKOK 3MEHTIEHHS KiJTbKOCTI TeXHOJIOTITHHUX oTepartiii 3 Burotosenns Tpadapetis /{11 ta
HaHeCceHHst (POTOPE3UCTA, TIPOIIOHYETHCS. BUKOPUCTOBYBATH TeXHOJIOTIT hoTonosimeproro 3D apyky. B poGoti npoanastizosasi Butpatu hoto-
nosrimepHoi cmosm «Plexiwire Resin Basic Orange Transparen» jist BUurotossierns ognoctopornix JIT1 Ta pospaxoBana IiiHa BATPATHOTO Ma-
Tepiany (CMOJIN) y MOPIBHSIHHI 3 BUTPATAMU HA CyXUil ITiBKOBHIT (hoTopesuct. BetanosiieHo, 1o npu BUKOPUCTAHHI TeXHOJIOTi (hoTonosimep-
HOTO 3D-IPYKY MOSKJIMBO 3a0I1a/UKyBaTh Oiteit HiX 60 % Bix BapTocTi BUTpaTHHX MaTepiamiB (HOTOMOMIMEPHOT CMOJIN) Y TTOPIBHSIHI 3 CyXUM
MJIIBKOBUM (hOTOPE3MCTOM JIst BUTOTOBJIEHHsT oaHocToponHix [IT1. Po6Gora HanpasieHa Ha BUSHAYCHHS 3aJI€KHOCTI TEOMETPUYHIX PO3MIpIB
tonosiorii JITT Ta Butpar GoTONOTIMEPHOI CMOJIH B/l TEXHOMOTIYHUX MapaMeTpiB (OTOMOMIMEPHOTO €KCIIOHYBaHHs. Po3pobiieHa perpeciiina
KOpeJISIiifHA MOJIENTh 3a7Ie’KHOCTI BUTPAT CMOJIN BiJl TapaMeTpPiB eKCIIOHYBaHH: Ta po3paxoBaHi koedillieHTn KopeJsiii. Bctanosieno, mo npu
30LIbLICHH] Yacy eKCIIOHYBaHHs (DOTOMOIIMEPHOT CMOJIH 301IBIIYIOTHCS BUTPATH (POTOMOIIMEPHOT CMOJIK Ta 30LIbLIYETHCA BIIXUICHHS I€0-
METPUYHIX PO3MipiB Tomostorii JIT1, o B CBOKO 4epry HeraTMBHO BJIMBAE Ha SKiCTh BUPoOY. ToMy 3a TOTIOMOTOI0 OTPUMAHOI perpeciitHol MozeJTi
MOJKJIIBO PO3PaxyBaTH BIUIUB MapamMeTpiB Ha Torosiorio /{11 Ta 3MeHInTH BiZIXUIeHHsT PO3MipiB MPOBITHUKIB Ta BUTPAT CMOJIN.

Kmouosi cnoea: jpykoBani nuaty, doromitorpadis, dorornosimMepre excrionyBanHs, aquTusHi trexxosorii, DLP, LCD, ¢oto-mackn.
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O06’eKTOM JOCIIIZKEHHS Y POOOTI € MPOTIeC BUIPOMIHIOBAHHS €JIEKTPOMATHITHUX XBUJIb i CIIPSIMOBAHI BJAACTUBOCTI IPSAMOKYTHOI PYIIOPHOT
aHTeHN B 6araToMOZI0BOMY PeskuMi podoTi. IcHyioua mpobiieMa MoJisiTae B TOMY, IO Ha MPAKTHII IPH PO3POOIIi Ta AOCIIKEHI PYTTOPHIX aH-
TEH BPAXOBYIOTb JIUIIIE OHAHOMOIOBUI PEKUM X poboTH. 32 6a30By MOLY BUITPOMIHIOBAHOI €JIEKTPOMArHITHOI XBIJI 0OUPAIOTh OCHOBHY MOZLY
TIPSIMOKYTHOTO XBUJICBOAY, SIKHI JKUBUTH 1110 PYTIOPHY aHTEeHY. BUIIPOMIHIOBaHHS BHUIIUX THUINB €JIEKTPOMArHiTHUX XBUJIb HE BPAXOBYIOTb.

Jo1s BpaxyBaHHS BIUTMBY BUIINX THIIIB eJIeKTPOMArHITHUX XBIJIb Ha CHPSIMOBAHI BJIACTUBOCTI IPMOKYTHOI PYIIOPHOI aHTEHH IIPOIIOHY€Th-
¢ I0CI T GAraTOMOIOBHUIT PESKUM, IO CKJIQJAETHCS 3 TPHOX TUITB MATHITHUX XBUJIb Hyg, Hog i Hso. PynopHi antenn BoJOAIIOTh SAKICHUMI
MIMPOKOIATIA30HHUMH BJIACTUBOCTSIMU Ta JI03BOJISIIOTH OTPUMATH MaKCUMaJIbHUI KoediienT rnepekpurtst o yacrtori 1,5-1,8. B pobori cripsi-
MOBaHIi BJIACTUBOCTI IIPAMOKYTHOI PYNOPHOi aHTEHU BU3HAYEHO HA [PUKJIAJL PO3PAXyHKY Ta MOJIEIIOBAHHS HOPMOBAHUX JliarpaM CIIpsIMOBa-
HOCTI CTaH[apPTHOTO TUILY PYTIOpa Uit MIMPOKOTO Aialla30Hy 4acToT i3 ceperboio yactoToro 12 I'Tir i koedirienTom nepexputts mo yactori 1,67.

Bceranossieno, 1110 1mpu BUIIPOMIHIOBAHHI TPHOX BUIINX TUIIB XBUJIb OJJHOYACHO MTOKPAIUTH XapaKTEPUCTUKHU Ta CIIPSIMOBAHI BJIACTHBOCTI
PYIOPHOI AHTEHI MOYKHA 3 JOIIOMOT0I0 3MIHI aMILIITY/IN KOJKHOI KOMIIOHEHTH CKJI/[0BUX XBUJIb €JIEKTPOMArHiTHOTO BHIIPOMiHIOBaHHS. Po6o-
Ta OyJia HampaBJIeHa Ha TOCIKEHHS HOPMOBAHUX JIiarpaM CIIPSIMOBAHOCTI MPSIMOKYTHOT PYTOPHOT aHTEHH /7IsT TIOKPAIIAHHS 1l CIIPSIMOBAHIX
BJacTuBocTell. BeranossieHo, o 1pu 301/IbIIEHH] 4aCTOTH, OYMHAIOUK Bijl CePEAHbOI YacTOTH POOOUOTO Jlialla3oHy 4acToT, Jiarpama cIipsi-
MOBAHOCT] TIPSIMOKYTHOI PYTIOPHOI aHTEHH PO3NINPIOBAIach. ToOTO 301TbITYBABCS KYT PO3KPUBY B HAMPSIMKY OCHOBHOTO BUITPOMIiHIOBAHIS,
[IpY 3MEHITEHHI aMILIITY/ I BUIIPOMIHIOBAHHS 3POCTAB PiBeHb GOKOBHX Ta 3aJIHIX MEMOCTOK, 10 MPU3BOAUTD JI0 TIOTIPIIEHHS XapaKTePUCTUK
pynopuoi anten. JIjist 0GpaHuX reOMETPUYHUX PO3MIPiB pynopHoi anTenn B Aianazoni yactor 12—12,5 TTi y 6araToMo10BOMY PesKIMi B0~
cs1 3a0€3MeYNTH TIPAKTHYHO OJHAKOBY IMUPHUHY JiarpaMu CIPAMOBAHOCTI B TOPU3OHTAIbHII Ta BepTUKAIbHIi MuonHax Ha piui 13,2—13,6°.

Mmovosi cnosa: pyriopHa aHTEHA, IPSIMOKYTHUIN PYTIOP, IANA30H YACTOT, eJICKTPOMATHITHA XBHJIsI, OAaraTOMOIOBUIT PEIKIIM, OTHOMOJIOBUIA PEJKIIM.

__ 66 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/2(64), 2022



