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Sensor node for wireless radiation monitoring network
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The structure of a sensor node for wireless network for environmental radiation monitoring is described in the article. The sensor
node is developed on the base of semiconductor detector, modern microprocessor technology, and a last-generation
telecommunications radio module. A new algorithm for measuring the power of the exposure dose of ionizing radiation has been
investigated in the article. The amount of ionizing radiation energy absorbed by the human body affects the degree of radiation
damage to its functional organs radically. In order to solve this problem we are working on improving the parameters of detectors,
as well as the characteristics of electronic modules of detecting systems and creating software for controlling the detection
process, collecting and processing information digitally, and presenting it properly to users in online mode. A wireless sensor
network (WSN) is a distributed, self-organizing network of multiple sensors (sensors, motors, etc.) containing "Motes" (a specks
of dust), so named because of the tendency to miniaturization and Executive devices combined with each other through the radio
channel. The coverage area of such a network can range from several meters to several kilometers due to the ability to relay
messages from one element to another. The motes usually contain battery-powered autonomous microcomputers (controllers)
and transceivers. That allows the motes to self-organize into specialized networks, communicate with each other and exchange
data. The role of human changes significantly in the model of sensor networks, since their elements — sensor microcomputers —
become much more independent, often anticipating human requests long before they are received. "Homocentric" model of
network computing with a human as a central link belongs to the past — a human moves from the center to the periphery and
concentrates on the process managing, becoming a kind of an intermediary between the real world and computers.

Keywords: radiation monitoring, wireless sensor network, sensor node, microcontroller, algorithm, correction of energy
dependence, charge-sensitive amplifier, radio transceiver.

OnuncaHo CTPYKTYpY CEHCOPHOTO BYy3Ja Juisi 6e3poToBOI Mepexi pamiallifHOro MOHITOPHHTY HAaBKOJHIIHBOTO CEpeIOBHIIA.
CeHCOpHHUI By30J1 pO3po0JeHO Ha 0a3i HaIiBIPOBIIHUKOBOTO IETEKTOPY, CYYacHOI MIKpONPOLECOPHOI TEXHIKM Ta i
TENIEKOMYHIKAIIHHOTO PaioMOIyNIsl OCTAHHBOTO MOKOJIHHS. 3alpONOHOBAHO HOBHH aJTOPHTM BHMIPIOBAHHS IOTY)KHOCTI
€KCIIO3MIIHHOT J03U 10HI3yl04oro BUIpOMiHIOBaHH. CXeMa MiIKITIOYEHHS IETEKTOpY 10 HOIEePEAHBOTO 3apsiio - YyTIMBOTO
migcmmoBava. [lomyk 0uUIAXiB BHpilIeHHA Ii€i mpoOiaeMu #ae B HAmpsAMKy NOMIIMIIEHHS NapaMeTpiB IETEKTOPiB,
YIOCKOHAJICHHS XapaKTEPUCTUK €NEKTPOHHUX MOIYJIB JETEKTYIOUMX CHCTEM i CTBOpEHHs mporpamMHoro 3abesnedenHs (I13)
JUIs yOpaBIiHHSA TPOLECOM JETeKTyBaHHsS, 300poMm iH(opmanii, i nuppoBoi 0oOpoOKHM 1 ageKBaTHOTO NPEICTABICHHS
KopucTyBadaM B on-line pexxumi. Uepes te, mo 0e3ApOTOBI MepekKi MOKYTh PO3TOPTATHCS Y BiAJAJCHUX 1 BAKKOJOCTYITHUX
MiCIIsIX, arlapaTHe, AITOPUTMIYHE Ta MporpamHe 3a0e3reueHHs] MOBHHHE 3a0e3neuyBaTH MaKCHMaIIbHUI yac QyHKI[IOHYBaHHS
BY3JiB, HaJiMHICTh, BiIMOBOCTIHKICTh 1 aBTOMaTH4HEe NepeKoH(irypyBaHHs. KilbKicTh NMOTIMHEHOI eHeprii iOHI3yHUuX
BUIPOMIHIOBAaHb JIIOJACBKHM OpPraHi3MOM paJUKalbHO BIUIMBAE HA CTYMIHb NMPOMEHEBUX YpaXeHb HOro (yHKIIOHAIBHHX
oprauiB. [lonryk nuisixiB BHpilIeHHs i€l nMpo0ieMH e B HaNpsMKy HOJINIICHHS MapaMeTpiB AETEKTOPIB, YAOCKOHAICHHS
XapaKTEPHUCTHK EIEKTPOHHUX MOIYIIB JACTEKTYIOUMX CHCTEM i CTBOpEHHs mporpamHoro 3abesneuenns (I13) mis ynpaBmiHHS
B3a€MOJIii 10HI3yIOWOTO BHIIPOMIHIOBaHHS 3 MarepiataMu 1 00'€eKTaMH, SKi OMPOMIHIOIOTBCSA. CTPYKTypa 1 3ampornoHOBaHi
ITOPUTMH pOOOTH By3JIa JO3BOJSIOTH IPUCBITINTH MPOLIEC BUMIPIOBAHHS MOTYXHOCTI €KCITO3HUIIHOT J03U BUITPOMIHIOBAHHS,
0cOoONMHMBO TIpH BHCOKHX PIBHAX pamialiiiHoro 3a0pynHeHHS. Po3poOka Momysnst € iHHOBAUifHMM METOJOM JTOCTiKEHHS
pajiamiifHOro cTaHOBHIA HE TIJIbKK Ha TepuTopil YKpaiHu, a u 3a 1l MexamH.

Knwuoei cnosa: padiayitinuii MoHimopune, 6€30pomosa CeHCOpHA — Mepedica, CEHCOPHUL 8Y30., MUKPOKOHMPOIep,
aneopumm,KOPeKyisi eHepeemuyHoOl 3a1edHCHOC, 3aps00 - Yymausull RIOCUTIO8ay, mpancugep paoio.

OmncaHa CTPYKTypa CEHCOPHOrO y3ia i OecHpOBOAHOH CEeTH paJHallMOHHOTO MOHUTOPHUHIA OKDYXKAlOMIeH Cpembl.
CeHcopHBIit y3en pa3paboTaH Ha 0a3e MOJIYyHPOBOAHMKOBOTO JICTEKTOPA, COBPEMEHHOH MHKPOINPOLIECCOPHOH TEXHHKH U
TENIEKOMMYHHKAI[HOHHOTO Palo MOAYJS MOCIECJHEro MOKOJEeHUs. [Ipe/sioxkeH HOBBIH alrOPUTM H3MEPEHHs MOIIHOCTH
SKCIIO3UIIMOHHOM 03B HOHHM3UPYIOIIETro m3MydeHHs. CxXema IOJKIIOUeHHS JEeTeKTOpa K MpeabIAymieMy 3apsao -
YyBCTBUTENILHOTO ycunutess. IIouck myTteil pemieHust 3Toif mpoOieMbl MAET B HANpPABICHHU YIYYIICHHS MapaMeTpoB
JICTEKTOPOB, YCOBEPIICHCTBOBAHHE XapPaKTEPUCTHK 3JEKTPOHHBIX MOJYJICH JCTEKTHUPYIONIMX CHUCTEM H CO3JaHHe
nporpammuoro obecrnedenust (I10) mrs ympaBieHms mpomeccoM AETeKTHpPOBaHUS, cOopoMm wnHpopmanuu, ee muppoBOH
00pabOTKM W aJeKBaTHOTO IIPEACTABIEHMS MOJB30BaTelsIM B on-line pexxume. 3a TO, 4TO OECIPOBOAHBIE CETH MOTYT
pa3BoOpauMBaTHCS B OTJAJICHHBIX U TPYAHOJOCTYIHBIX MECTaX, allapaTHOE, alTOPUTMHUYECKOE M POrpaMMHOe obecredeHne
JIOIKHO obecreyrBaTh MaKCHMallbHOE BpeMs (YHKIMOHHUPOBAHUS — Y3JIOB, HAJAEXKHOCTb, OTKAa30yCTOHYHUBOCTh H
aBTOMaTH4YECKOe MepeKoHpurypupoBanue. KosmuecTBO MOIJIOMICHHON 3HEPTUM MOHU3HPYIOLIMX HM3JIYYCHHI YelI0BEUECKUM
OpraHN3MOM PaUKaIBHO BIHSET Ha CTEIEHb JyUeBhIX OPAKEHHUH ero pyHKIHOHAIBHBIX OpraHoB. [Touck myTeii peteHus 3Toi
npo0IeMbl HIET B HANPABJICHUU YIY4YIICHHUS MApaMeTpPOB JIETEKTOPOB, YCOBEPIICHCTBOBAHHE XapPAKTEPUCTHK AIIEKTPOHHBIX
MOAmynell HeTeKTHPYIOIMX CHCTeM U co3jaHme mnporpamMmHoro obecredenns (I1O) mnst ympaBieHus mpomeccoM
JeTeKTUpOBaHMs, cOopoM MHpopManuH, ee mudposoit o6padorku. [Ipn paspadotke I1O HEOOXOIUMO YINTHIBATH OCOOEHHOCTH
B3aMMOJICHCTBUSI HMOHU3MPYIONIETO W3JIYyYeHHsS C MaTepHalaMH U OOBEKTaMH, KOTopele obOmydarorcs. CTpykTypa u
IPEUIOKEHHBIE AITOPUTMBI PabOTHl y371a MO3BOJSIOT YOCAWTH MPOLECC HM3MEPEHHUs MOILIHOCTH HSKCIIO3UIMOHHOM 03B
M3Iy4eHHsl, 0COOCHHO IPU BBICOKMX YPOBHSX paJHallMOHHOTO 3arpsi3HeHus. Pa3paboTka Momysis sIBISIETCS MWHHOBAMOHHBIM
METOJIOM HCCJIEI0BaHNs paJUallMOHHOH 0OCTaHOBKH HE TOJBKO HA TEPPUTOPUU YKPAUHBI, a U 3a €€ MpeieIaMH.
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Knrouesvie cnoea: paouayuonmnwiii MOHUMOpUHE, 6ECNPOBOOHAS CEHCOPHAS Cemb, CEHCOPHbIL YV3el, MUKDOKOHMPOIep,
aneopumm, KOppeKyusi IHepeemuyecKoll 3a8UCUMOCU, 3apsa00-4y8CMEUMENbHbIL YCUTUMENb, MPAHCUBED PAOUO.

Introduction

Wireless sensor networks are the most promising technologies for monitoring large areas. They are a
set of geographically distributed wireless sensor nodes designed to collect and sometimes pre-process
information about environmental parameters, as well as to transmit this information to remote users. They
are useful in applications where it is impossible, complicated, or expensive to operate wired sensors. The
variety of available sensors and actuators makes it possible to use sensor networks in many industries,
for example, in object security systems [3], in environmental monitoring [4], in medical systems for
monitoring the condition of patients [5], in monitoring agricultural land [5, 6], in fire-extinguishing
systems [7], in monitoring systems for complex objects and technical complexes, in automation systems
for scientific research [8], etc.

Wireless sensor networks consist of small independent devices that allow measuring any parameters
such as temperature, pressure, vibration, sound, movement of objects, pollution, and so on. These devices
are called sensor nodes. Each of them is equipped with a microcontroller, a radio transceiver for wireless
communication, and an autonomous power supply, excepting sensory components of sensor nodes -
detectors. Hardware, algorithms, and software must ensure maximum node operation time, reliability,
fault tolerance, and automatic reconfiguration because wireless networks can be deployed in remote and
hard-to-reach locations.

Structure of a sensor node for radiation monitoring
The first figure contains a block diagram of the developed node for wireless network for environmental
radiation monitoring.
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>

Fig. 1. Structure of a sensor node for a wireless radiation monitoring network.

The radiation detector D with the charge-sensitive PA amplifier is connected to the main spectrometric
FA and fast RA amplifiers, the output of which is connected to the spectrometric analog-to-digital
Converter SADC and then to the microcontroller MK STM32F4. Prepared data is transferred to the Tx/Rx
using ESP32-SX1278-Lora module is a new convenient, efficient, and cost-effective solution for working
with network programs. The main chip of the module is Lexin ESP32, dual-core Tensilica LX6 processor
with a clock frequency of 240 MHz, processing power up to 600DMIPS, built-in 520 KB SRAM chip,
802.11 b/g/n HT40 Wi-Fi receiver, base frequency, protocol stack and LWIP, built-in dual-mode
Bluetooth (Bluetooth-standard and Bluetooth with low power consumption).The module also contains
built-in 32MByte Flash memory, Wi-Fi antenna, 0.96-inch blue OLED display, USB interface on CP2102
and supports the Arduino development environment which is convenient for programming the module.
The power supply (PS) is based on lithium-ion batteries with a charger from a solar panel.

The functioning algorithm of the microcontroller dosimeter.

The radiation dose calculation program operates in two modes: the preset exposure time mode or the
preset statistical uncertainty mode. The second figure presents activity diagrams that contain the sequence
of actions required to implement this task.
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Fig. 2. Activity diagram.
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After entering the program module, the exposure time t,, and the number of pulses are set, which
determines the specified statistical error. Then a countdown timer and a counter for the number of pulses
from the detector are activated simultaneously. When the condition for reaching the number of pulses N
set to No is met, the pulse counting stops. The third figure explains behavior of time values t1 and t2.
Data is to be written to the processor memory afterwards. Basing on the similarity of triangles, the
program calculates quantity of impulses during the operation. Accordingly, those are denoted as N4 and
N3. If the number of pulses N does not reach the pre-set value of No during the maximum exposure time
of t,,, the pulse counting stops at t = t,,. In this case, the statistical uncertainty (/N/N) will be
higher.

The next step is implementing the dose calculation module according to one of the proposed
algorithms.
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Fig. 3. The working algorithm of the module for radiation dose measurement and calculation in two modes:
the preset exposure time mode and the preset statistical uncertainty mode.

Block diagram of a microcontroller dosimeter.

In contrast to popular schemes, described in [10], for example, the fourth figure presents a modified
block diagram of the spectrometer-dosimeter, which corresponds to the proposed method for measuring
and calculating the radiation dose. The dose is calculated by using data on the spectral sensitivity of the
detector.
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Fig. 4. Block diagram of the spectrometer-dosimeter.

The block diagram shows connection of the radiation detector to the charge-sensitive amplifier PA,
the spectrometric amplifier FA forming the optimal signal-to-noise ratio and the spectrometric analog-to-
digital converter SADC which are similar to the connection presented in Figure 1. The new channel is a
pulse counting channel with a fast RA amplifier, generating at its output a logical signal for each gamma
quantum registered by the d detector. This signal is sent to the microcontroller system, where hardware
and software instruments solve the problem of counting the number of pulses N during the exposure time
teo ,» OF measuring the time t , during which the number of pulses in the Counter N reaches the value No.

The No number is written from the beginning of the measurement cycle to the code comparison device
CCC No, which issues a command to stop counting. Afterwards, the radiation dose calculation process is
performed. Calculating can be performed by the microprocessor system or by using the cloud service
capabilities. ESP32 module provides a communication function.

The correction of energy dependence of radiation detectors

The amount of absorbed ionizing radiation energy by the human body affects the degree of radiation
damage to its functional organs radically. Therefore, the correct dosimetric measurements and founding
the ways to increase the accuracy or reduce the uncertainty of the measured and calculated dosimetric
values is an urgent problem. In order to solve this problem we are working on improving the parameters
of detectors, as well as the characteristics of electronic modules of detecting systems and creating
software for controlling the detection process, collecting and processing information digitally, and
presenting it properly to users in online mode.

When developing software, it is necessary to consider the interaction of ionizing radiation with
materials and objects being irradiated. In particular, their heterogeneity and the energy dependence of the
detector sensitivity in a wide range of energy and radiation intensity should be accounted for, which is a
non-trivial task.

One of the possible ways to correct the energy dependence, for example, of CdTe and CdZnTe
detectors is to consider a hardware spectrum appropriate to the energy spectrum of real radiation. To
study those detectors software should be developed. To perform it, the dosimetric equipment includes a
multi-channel amplitude analyzer, which feeds the number of pulses and their amplitude distribution
during the exposure time to the digital signal processor where it is processed in real-time by the separate
program. The DEXP exposure dose is programmatically calculated with the formulas [1, 2]:

Dexp = N;(M Eph + 0) 1)
Eph = {[Zk kN(k)]/Nt}Eadc (2)

where N, is the total number of pulses during exposure in the selected energy range, M and C are
constants determined during detector calibration, E,j, is the energy equivalent of the average pulse

amplitude, N (k) is the number of impulses in channel k, and E ;. is energy channel width of a multi-
channel amplitude analyzer.
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The calculated exposure dose value is transmitted via a wireless interface to a dosimetry system
computer or a cloud server.

Conclusions

The sensor node for a wireless network for environmental radiation monitoring has been developed.
The structure and the algorithms of the node allow us to simplify the process of measuring the power of
the radiation exposure dose, especially at high levels of radiation pollution. In order to reduce
measurement uncertainty, the hardware-software correction of the results including a spectrometric
analog-to-digital converter and a microcontroller system for pre-processing data has been presented. The
software has been developed. The network exchange protocol has been selected and justified. A working
laboratory layout of the sensor node has been developed and tested. The work has been carried out with
partial financial support from the UNTC Foundation, project No. 9903.

JITEPATYPA

1. Applications  of  wireless sensor  networks, URL:  http://wireless.ictp.it/  wp-
content/uploads/2012/02/WSN-Applications.pdf (Last accessed: 20.01.2020).

2. NI Wireless Sensor Network (WSN) Application Areas, National Instruments, URL:
http://www.ni.com/wsn/applications(Last accessed: 20.01.2020)

3. G. Vellidis. Wireless Sensor Network Applications in Agriculture, TransAtlantic Precision
Agriculture Consortium, URL.:http://agri-sensing.
technion.ac.il/Lectures%20PDF/PA/Vellidis%20Wednesday.pdf (Last accessed: 20.01.2020)

4. K. Sha, W. Shi, O. Watkins. Using Wireless Sensor Networks for Fire Rescue applications:
Requirements and  Challenges, URL: http://www.cs.wayne.edu/~weisong/papers/sha06-
firenet.pdf(Last accessed: 20.01.2020)

5. becnpoBomHO# MPOMBIIUIEHHBII MOHUTOPHUHT. VHTENIEKTya bHbIE CHCTEMBI Ha 0a3e CEHCOPHBIX
cereit, URL.: http://www.ipmce.ru/img/ release/is_sensor.pdf . (Last accessed: 20.01.2020)

6. bamzak O. B. MeTomsl ¥ CHCTEMBI CHEKTPOMETPHUH HOHM3HUPYIOIINX H3ITYYCHHH W KOHTPOJS
paHHaHHOHHOﬁ 0€30I1aCHOCTH Ha OCHOBE IMNOJIYIPOBOAHUKOBBIX ACTECKTOPOB HOBOT'O ITOKOJICHHA.
JuccepTaiys Ha COMCKaHUE HAYYHOM CTENCHH JOKTOpa TeXHUYeckux Hayk. Omeca, 2016. ¢28-31.

7. 3axapuyenko A.A. MojenupoBaHue TO3UMETPUYECKUX CBOICTB JETEKTOPOB raMMa M3JIyYeHHUS Ha
OCHOBC BBICOKOOMHBIX IIOJYIIPOBOJHUKOB. I[PICCGpTaLII/IH Ha COHCKAHUC KaHA. (1)1/13. — MaT. HayK.
XapbkoB, 2009.563c.

8. 3axapuenko A.A. MopnenupoBaHue SHEPreTHUECKONW 3aBUCHUMOCTH uyBcTBUTENbHOCTH CdTe
(CdZnTe) nerexkropoB ramma-u3inydenus A.A. 3axapuenko, JI.B. Hakoneunsrii, U1.H. Hlnsixos, A.B.
Peidbka, B.E. Kytauii, M.A. XaxmypanoB TexHONOTHS W KOHCTPYHPOBAaHWE B DIIEKTPOHHOM
anmapatype. — 2007. — Ne 1. — C. 28-31.

REFERENCES

1. Applications  of  wireless  sensor  networks, URL:  http://wireless.ictp.it/  wp-
content/uploads/2012/02/WSN-Applications.pdf(Last accessed: 20.01.2020)

2. NI Wireless Sensor Network (WSN) Application Areas, National Instruments, URL:
http://www.ni.com/wsn/applications/(Last accessed: 20.01.2020)

3. G. Vellidis. Wireless Sensor Network Applications in Agriculture, TransAtlantic Precision
Agriculture Consortium, URL: http://agri-sensing.
technion.ac.il/Lectures%20PDF/PA/Vellidis%20Wednesday.pdf (Last accessed: 20.01.2020)

4. K. Sha, W. Shi, O. Watkins. Using Wireless Sensor Networks for Fire Rescue applications:
Requirements and Challenges, URL: http://www.cs.wayne.edu/~weisong/papers/sha06-firenet.pdf
(Last accessed: 20.01.2020)

5. Wireless industrial monitoring. Smart systems based on sensor networks, URL:
http://www.ipmce.ru/img/ release/is_sensor.pdf . (Last accessed: 20.01.2020) [in Russia]

6. Benzac O. V. Methods and system for spectrometry of ionizing radiation and radiation safety
monitoring based on semiconductor detectors of the new generation. The dissertation on competition
of a scientific degree of doctor of technical Sciences. Odessa, 2016. 28-31p.[in Russia]



BicHuk XapkiBcbkoro HauioHanbHoro yHisepcuteTy imeHi B.H. KapasiHa, 201 9 93

7. Zakharchenko A. A. Modeling of dosimetric properties of gamma radiation detectors based on high-
resistance semiconductors. Dissertation for the Cand. Phys. - Mat. sciences. Kharkiv, 2009 563p.
[in Russia]

8. Zakharchenko A. A. Modeling of the energy dependence of the sensitivity Of CdTe (CdZnTe) gamma
radiation detectors A. A. Zakharchenko, D. V. Nakonechny, I. N. Shlyakhov, A.V. Rybka,
V.E. kutniy, M. A. Khazhmuradov Technology and design in electronic equipment. - 2007. - No. 1.
- Pp. 28-31. [in Russia]

Terokhin Vitaliy L. - Aspirant of the Department of electronics and control systems, V. N. Karazin
Kharkiv national University, 6 Svobody square, Kharkiv-22, Ukraine, 61022; e-mail: kbs-
com@karazin.ua ORCID: 0000-0001-7653-4488.

Stervoyedov Nikolay G. - PhD (Technology), associate Professor; Head of the Department of
electronics and control systems, V. N. Karazin Kharkiv national University, 6 Svobody square, Kharkiv-
22, Ukraine, 61022; e-mail: styervoyedov@yahoo.com; ORCID: 0000-0003-0136-6437.

Fomin Sergey P. - PhD (Technology), of physical and mathematical Sciences, senior researcher of
the Department of nuclear and medical physics of the faculty of physics and technology, V. N. Karazin
Kharkiv national University, 6 Svobody square, Kharkiv-22, Ukraine, 61022; e-mail:
Fomin@nas.gov.ua; ORCID: 0000-0002-4714-6141.

Ridozub Oleh V. - 4th year student of the faculty of Computer science, V. N. Karazin Kharkiv national
University, 6 Svobody square, Kharkiv-22, Ukraine, 61022; e-mail: ridozub@gmail.com; ORCID: 0000-
0003-0136-6437.

Tepvoxin Bimaniit Jleonioosuu - acnipanm kageopu ereKmpoHIKU MA YAPAGIAYUUX CUCHEM
Xapkiscvkoeo Hayionanvroeo yuisepcumemy imeni B. H. Kapaszina, ni. Ceoboou, 6, Xapkie-22, Yrpaiua,
61022; e-mail: kbs-com@karazin.ua ORCID: 0000-0001-7653-4488.

Cmepeoecooe Muxona I'puzoposuu - xanouoam mexwiyHUX HAYK, OOyeHm, 3asidyeau Kageopu
eNeKMpOHIKU ma  YApaenaiouux cucmem XapKiBCbKo2o HAYIOHANbHO2O YHigepcumemy  iMeHi
B.H. Kapasina, ni. Ceoboou, 6, Xapxis-22, Vkpaina, 61022; e-mail: styervoyedov@yahoo.com; ORCID:
0000-0003-0136-6437.

@omin Cepein Ilemposuu - kanouoam Qizuxo-mamemamuyHux HAYK, CMApWULl HAYKOUll
cnigpobimuuk xagedpu s0eproi ma meduyHoi ¢izuxu ghizuxo-mexniynozo axyromemy Xapxiecokozo
HayionanbHo2o yHieepcumemy imeni B. H. Kapasina, ni. Ceoboou, 6, Xapxkie-22, Ykpaina, 61022; e-
mail: Fomin@nas.gov.ua; ORCID: 0000-0002-4714-6141.

Pioo3y6 Onez Bonooumuposuu-cmyoenm 4 kypcy gaxynvmemy Komn 1omeprux Hayk XapKiecbko2o
HayionanvHoeo yuisepcumemy imeni B. H. Kapaszina, ni. Ceoboou, 6, Xapxie-22, Vxpaina, 61022;
e-mail: ridozub@gmail.com; ORCID: 0000-0003-0136-6437.

Tepexun Bumanuii Jleonuooeuy - acnupanm kageopvl 1eKMpPOHUKU U YNPAGIAIOWUX CUCTIEM
Xapvrosckozo nayuonanvioco yHugepcumema umenu B. H. Kapasuna, na. Ceo600vl, 6, Xapvkog-22,
Vkpauna, 61022 e-mail: kbs-com@karazin.ua ORCID: 0000-0001-7653-4488.

Cmepeoeooe Huxonaii Ipuzopvesuu - xanouoam mexHuueckux HayK, Ooyenm, 3a8edyioujuil
Kageopbl INeKMPOHUKYU U YAPABTAIOWUX cucmem XapbKo8CKO20 HAYUOHATLHO20 YHUBEPCUMemA UMEHU
B. H. Kapasuna, ni. Ceoboowl, 6, Xapvros-22, Ykpauna, 61022 e-mail: styervoyedov@yahoo.com;
ORCID: 0000-0003-0136-6437.

Domun Cepeeni Ilemposuu - xanouoam @u3UKO-MAMeMAMU4eCcKux HAYK, CMApWUll HAYYHbIl
compyoHux Kagheopvl S0epHOl U  MEOUYUHCKOU (DUUKU  U3UKO-MEXHUYECK020 DaKyibmema
Xapvrosckozo nayuonanvio2o yHugepcumema umenu B. H. Kapasuna, na. Ceoboouvl, 6, Xapvkog-22,
Vrpauna, 61022 e-mail: Fomin@nas.gov.ua; ORCID: 0000-0002-4714-6141.

Puoozy6 Onez Bnaoumuposeuu - cmyoenm 4 Kypca ¢hakyiomema KOMNbIOMEPHLIX HAYK
Xapvrosckozo nayuonanvio2o yHugepcumema umenu B. H. Kapasuna, ni. Ceoboouvl, 6, Xapvkog-22,
Yrpauna, 61022 e-mail: ridozub@gmail.com;

Haginwna - 01.12.2019.


mailto:ridozub@gmail.com

