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bipyx A1 3axuct mpamioouux BiJ BIUIMBY €JIEKTPOMArHiTHUX IIOJIB 13
3aCTOCYBAaHHSM PiIMHHUX €KpaHylouux MatepiaiiB. — KBamdikariitna HayKkoBa mparis
Ha TpaBax PYKOIMHUCY.

Juceprartist Ha 3700y TTS HAYKOBOTO CTyIeHs JOKTopa (inocodii 3 ramysi 3HaHb
26 — «luBinpHa Oe3mnekay, 3a crnemianbHIcTIo 263 — «lluBinpHa Oe3neka» — KuiBchkui
HaIlOHAIBHUM yHIBepcUTeT OyniBHUITBA 1 apxiTekTypu, MOH Vkpainu, Kuis, 2023.

JHuceprariiiina po6oTa NMpUCBAYEHA BUPIMICHHIO HAYKOBO-TIPAKTHYHOI 3ajadi
HiABUILEHHS €JIEKTPOMArHiTHOI O€3MEeKH MPAIlOI0UuX IUISXOM BU3HAYEHHS yMOB, 32
AKUX PIIKI €KpaHy04l MaTepialy MPOSIBIISIIOTH CBOI0O MaKCUMANIbHY €()EeKTUBHICTD, a
TaKOX pO3pOOJIEHHS 1 pealizallii MaTepialiB Ha PIAMHHINA OCHOBI Ta TEXHOJIOTIH, 110
e(eKTUBHO EKPAHYIOTh €JIEKTPOMArHITHI MOJIA B IIUPOKOMY Jiana3oH1 4YacToT.

[IpoananizoBaHO ICHYIOYI METOAM 3a0€3MEUCHHS €JIEKTPOMArHiTHOI Oe3MeKu
npairorounx. BusHaueHo, mo HaiOUIbm €(hEKTUBHUM 3aCO00M 3aXHUCTy JIIOJICH Bin
€JIeKTPOMArHITHUX BIUIMBIB € €KpaHyBaHHS €JEKTPOMArHiTHUX MojiB. ['olloBHUMHU
BUMOTaMH JI0 3aXMCHHUX MaTepialliB € BUCOKI KOE(ILIEHTH 3araIbHOTO0 €KpaHyBaHHS,
Majl KOEQIIIEHTH BIIOUTTS €JIEKTPOMArHITHUX XBUJIb, MPUUHATHI MacorabapHTHI
rnapaMeTpu 1 MPUAATHICTh A0 OOJUIIOBAHHS MOBEPXOHb BEJIMKUX TLJIONI 1 CKIaJHUX
KOH(DIryparii.

Po3pobneno Ta JOCHIIKEHO 3aXUCHI BIIACTUBOCTI PIIMHHUX MaTrepiaiiB s
€KpaHyBaHHS €JEKTPOMArHITHUX TOJIB y IIHPOKOMY YacTOTHOMY [l1ala3oHi.
[TepeBaramu Takux CyMilIe € MOKIJIMBICTh 3a0e3Me4eHHs MOTPIOHUX KOE(IIIEHTIB
NOTJIMHAHHA 1 BIAOUTTA €NeKTPOMArHITHUX XBWIb. Lle 103BONMIO peryiroBaHHAM
CKJIAJy 1 KUIbKICTIO HAHECEHUX IIapiB OTPUMYBATH MapaMeTpH MaTepialiiB, HEOOXIIH1
Yy KOHKPETHIN €JIEKTPOMAarHiTHi 0OCTaHOBII, Ta 3a0e3medyBaTH CTal0lIbHYy POOOTY
3ac001B O€3/IPOTOBOTO 3B’ SI3KY.

[TpoBeneno gociHKEHHS MO0 OOTPYHTYBaHHS PO3POOJICHHS TEXHOJIOT1H.

HayxoBa HOBH3HA pOOOTH TOJISATAE B TOMY, IIIO:

— enepuie OOIPYHTOBAHO 3aCTOCYBAaHHS 3alli30PYJHOTO KOHIEHTPATy y SIKOCTI
eKpaHyo4oi cyOcTaHIi pIIKUX 3aXUCHUX CyMIIIe Ha OCHOBI CTaHIAPTHHX

nakodap6oBux BupoOiB. lle m03BOMMIO 3 BaroBUM BMICTOM 3aTi30pYIHOTO



koHueHTpary 30-60 % orpumaTu KoedillleHTH €KpaHyBaHHS €JIEKTPOMArHiTHOIO
MOJISI YAIBTPABUCOKOT 9acTOTH Bix 1,3 10 7,9; Mar"HiTHOTO MOJIst MPOMHKCIIOBOT YaCTOTH
10 5,7; €AEeKTPUYHOTO MOJIsl IPOMUCIOBOT YaCTOTH 10 8,6;

— enepuie OOTPYHTOBAHO TEXHOJIOTII0 BUTOTOBJICHHS, OTPUMAHO Ta BUMIPOOYBAHO
3aXUCHI BJIIACTUBOCTI €KpaHyIOUHX MaTepiaiiB rpaJleHTHOTO TUITy Ha OCHOBI P1IKHX
koMmmo3utliil. Lle 103Bonuno oTpuMaT Koedili€eHTH eKpaHyBaHHS €IEKTPOMArHITHOTO
MoJIsl yJIbTPAaBUCOKOI 4acTOTU 6,2—6,3 mis IBOIIApOBOTO MOKpUTTA Ta 11-12 nmis
TPUILAPOBOTO MOKPUTTS;

—  YOOCKOHANeHO METOAOJIOTIUHI Ta TEXHOJOIIYHI 3acagyd CTBOPEHHS PIIKHUX
KoMIo3uIii. JlomaBaHHA [0 3ai30pyAHOrO KOHLEHTpATy JIycKaTtoro rpadity 3
BaroBUM BMICTOM 5 %  103BoJil€E  MIABUUIUTH  KOE(IIIEHTH  EKpaHyBaHHS
€JIEKTPOMArHiTHOTO MOJIsl YIbTPaBUCOKOi yacToTu Ha 48—50 %, enekTpuyHOro mosis
poMHCI0BO1 yacTotu — Ha 38—40 %;

—  HaOyIu nooanbuio2o po3eumky PO3paxyHKOBI METOAM BU3HAUEHHS 3aXHCHHUX
BJIACTUBOCTEN KOMIO3ULIMHUX 3aXMCHUX PIIMHHUX MaTepiamiB, 10 J03BOJISIE
IIPOTHO3YBaTH KOE(DIIIEHTH €KpaHyBaHHS y 3aJIKHOCTI BiJI aMILTITYJHO-4aCTOTHUX
XapaKTepUCTUK EKPAHOBAaHUX EJICKTPOMArHITHUX TIOJIB 3 BaroBUM BMICTOM
€KpaHyI4YOoro HaroOBHIOBAYA y JIIEIEKTPUIHIN MATPHIII.

llpakmuune 3Hauenus odeporcanHux pe3yabmamis MATBEPHKEHO NaTEeHTaMU Ha
KopucHy Mmozenb. [latrent 149126 Ykpaina MIIK 2021.01, G12B 17/00, G12B 17/02
(2006.01) «Cmoci6 BHUTOTOBIICGHHS €JIEKTPOMArHiTHOTO €KpaHa 3 TpagieHTOM
enektpodiznunux BiactuBocTel». Ilarent 153982 Vkpaina MIIK 2023.01, G12B
17/00 G12B 17/02 «Cnoci®O BHrOTOBJICHHS TPAIIEHTHOIO KOMIIO3HUIIIHHOTO
€JIEKTPOMArHiTHOTO €KpaHay.

TecTyBaHHSI pO3pOOJICHUX 3aXMCHUX PIIMHHUX MaTepiaiiB Oysio MPOBEACHO y
ceptudikoBaHiii J1abopatopii 3 BUBYEHHS Ta HOPMYBaHHS (i3MUHUX (HAKTOPIB
BUpoOHMUYOTO cepenoBuia [Hctutyty menuumnau npaui iMei FO. 1. Kynniesa HAMH
VYkpainu. PesynbTaTi TecTyBaHHs 30IraloThCs 3 pe3yJibTaTaMH AUCEPTaLiIMHOIO

TOCTIIKEHHS Y MeXaX MOXUOKU BUMIPIOBAHb.



PesynbTaTu gocnimkeHHs Oyiu BOpoBakeH1 y HaBuanbHuit nporec y KHYBA
npu HaBYaHHI (I3UKK CTYJIEHTIB cremianbHocTi 192 «byaiBHUIITBO Ta LMBiIbHA
1H)KeHepis» Ta MiArOTOBIIl acIipaHTiB 31 cremianbHocTi 263 «{uBibHA 6e3meKay.

Kiaw4yoBi cjoBa: enekTpoMarHiTHE TI0Jie, €KpaHyBaHHS, KOEQIIIEHT
€KpaHyBaHHS, KOCQIIIEHT BIAOWTTS, 3aXUCT MPAIIOIOYHX, PIAUHHI KOMIIO3UIIIHAHI

Marepialii, eJeKTpoMarHiTHa Oe3reka.

ABSTRACT

Biruk Y.I. Protection of workers from exposure to electromagnetic fields using
liquid shielding materials.

Dissertation for the degree of Doctor of Philosophy in the field of knowledge
26 — "Civil Security", specialty 263 — "Civil Security" Kyiv National University of
Civil Engineering and Architecture, Kyiv, 2023.

The dissertation work is dedicated to solving the scientific and practical task of
improving the electromagnetic safety of workers by determining the conditions under
which liquid shielding materials show their maximum effectiveness, as well as the
development and implementation of liquid-based materials and technologies that
effectively shield electromagnetic fields in a wide range of frequencies.

The existing methods of ensuring the electromagnetic safety of workers are
analyzed. It was determined that the most effective means of protecting people from
electromagnetic influences is electromagnetic field shielding. The main requirements
for protective materials are high coefficients of general shielding, low coefficients of
reflection of electromagnetic waves, acceptable mass-dimensional parameters and
suitability for facing surfaces of large areas and complex configurations.

The protective properties of liquid materials against the influence of
electromagnetic fields in a wide frequency range have been developed and
investigated. The advantages of such mixtures are the ability to provide the necessary
coefficients of absorption and reflection of electromagnetic waves. This made it
possible to adjust the composition and number of layers to obtain the material
parameters necessary in a specific electromagnetic environment to ensure stable

operation of wireless communication devices.



A study was conducted on the justification of the development of technologies.

The scientific novelty of the work is that:

— for the first time, the use of iron ore concentrate as a shielding substance of liquid
protective mixtures based on standard paint products was substantiated. This made it
possible to obtain ultrahigh-frequency electromagnetic field shielding coefficients
from 1.3 to 7.9 with a weight content of iron ore concentrate of 30—60%; industrial
frequency magnetic field up to 5.7; industrial frequency electric field up to 8.6;

— for the first time, the manufacturing technology was substantiated, the protective
properties of shielding materials of the gradient type based on liquid compositions were
obtained and tested. This made it possible to obtain ultra-high frequency
electromagnetic field shielding coefficients of 6.2—6.3 for a two-layer coating and
11-12 for a three-layer coating;

— the methodological and technological principles of creating liquid compositions
have been improved. Adding flaky graphite with a weight content of 5% to the iron ore
concentrate allows to increase the shielding coefficients of the ultra-high frequency
electromagnetic field by 48-50%, the industrial frequency electric field by 38-40%;

— calculation methods for determining the protective properties of composite
protective liquid materials have gained further development, which allows predicting
the shielding coefficients depending on the amplitude-frequency characteristics of the
shielded electromagnetic fields with the weight content of the shielding filler in the
dielectric matrix.

The practical significance of the obtained results is confirmed by patents for a
useful model. Patent 149126 Ukraine IPC 2021.01, G12B 17/00, G12B 17/02
(2006.01). The method of manufacturing an electromagnetic screen with a gradient of
electrophysical properties. Patent 153982 Ukraine IPC 2023.01, G12B 17/00 G12B
17/02. The method of manufacturing a gradient composite electromagnetic screen.

The testing of the developed liquid materials was carried out in the certified
laboratory for the study and standardization of physical factors of the production
environment of the State Institution «Kundiiev Institute of Occupational Health of the
National Academy of Medical Sciences of Ukraine». The test results coincide with the

results of the dissertation research within the measurement error.



The results of the research were implemented in the educational process at
KNUCA in the teaching of physics to students of the specialty 192 "Construction and
civil engineering” and the training of graduate students in the specialty 263 "Civil
safety".

Keywords: electromagnetic field, shielding, shielding coefficient, reflection

coefficient, worker protection, liquid composite materials, electromagnetic safety.
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