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30UTbIIIEHHsT KUIBKOCTI M YIIUIBHEHHS PpO3TalllyBaHHS EJIEKTPUYHOIO Ta
€JIEKTPOHHOI0 OOJaJHAaHHS y OYJIIBIIAX 1 COOPYAAaX Ta HAa TEPUTOPIAX MA€ HACHIIKOM
MJBUILIEHHS. €JIEKTPOMArHiTHoro (oHy TEXHOTEHHOTO MOXo/pkeHHs. [locTymoBuii
nepexii MOOUTbHOTO 3B’sI3Ky Ha cTaHaapT 5SG 30UIbILIye YacTKy eJIEKTPOMarHiTHUX
BHUIIPOMIHIOBaHb YJIBTPABUCOKHUX 1 BUIIUX YACTOT Yy 3arajJbHOMY €JIEKTPOMAarHiTHOMY
HAaBaHTA)KEHHI Ha CEPEIOBUILIC 1 MOXKE TIABUIIYBATH €JIEKTPOMArHITHUN (POH 32 paxXyHOK
BIIOWTTIB Ta MEPEBIIOUTTIB BUCOKOYACTOTHUX BHUIPOMIHIOBaHb. Y TakKUX YMOBax y
3HAYHIM YacTuHI OyAiBedb 1 CHOpyA HEOOXIAHO BXXKMBATH 3aXOAU 31 3HHKECHHS
€JICKTPOMAarHiTHUX BIUIMBIB Ha mrojied. KpiM TOro, HeEoOXigHUM € IIiJBHINCHHS
€JIEKTPOMAarHiTHOI CYMICHOCTI TEXHIYHMX 3ac001B, TOOTO CTIMKOCTI 10 30BHIIIHIX
€JIEKTPOMArHITHUX BIUTMBIB. HalOiabI1 eeKTUBHIUM 3aCO000M 3aXUCTY € €KpaHyBaHHS
€JIEKTPOMATHITHUX TMOJIB IMPOKOTO YaCTOTHOTO [iana3oHy. ['0JIOBHUM HeHOTiKOM
OUIBIIOCTI ICHYIOUMX 3aXMCHUX MaTepialiB € BHUCOKI KOeQIUIEHTH BIAOUTTA
€JIEKTPOMATHITHUX XBWIb Ta HEMOXJIMBICTh PETYJIIOBATH 3aXWCHI BIIACTUBOCTI Yy
3aJIeKHOCTI Bl MOTpiOHOI edekTuBHOCTI. (OcTaHHe BUMarae po3poOJieHHs ¢
BIIPOBA/DKCHHSI EKPAaHYIOUMX MareplajgiB 1 KOHCTPYKIIH, SKI TOpSA 3 BHCOKOIO
e(eKTUBHICTIO 3a0e3MeuyoTh HajiiHe (YHKIIIOHyBaHHS yCiX 3aco0iB 0e31pOTOBOrO
3B SI3KY.

VY mepmioMy po3auii MpoaHali3oBaHI HOpMAaTWBHA 0a3a 3 €IEKTPOMArHiTHOI
Oe3neKku Ta ICHYHYl MiIXOIu 0 3a0e3MedYeHHS EJICKTPOMAarHiTHOI O€3MeKH JHOJICH.
BusHnaueHo HeloCTaTHE BUKOPUCTAHHSI HEOJHOPITHOCTEH y Oy 1IBeJIbHUX MaTepiaiax Ta

KOHCTPYKLIAX. 30KpeMa YMOBHU 3aCTOCYBaHHs (pepOMArHiTHUX HEOJHOPIAHOCTEH Oe3



3HIDKEHHS (yHKIIOHAy OyAiBeNbHUX MaTepiaiaiB 1 KoHCTpykuid. HemocraTHbo
PO3p00IIEHO 3acay 3aCTOCYBaHHS HEOIHOPITHUX MaTepiajiB 3 HAMOBHIOBAUYaMHU MaJloi
BapTOCTI JIs1 BUPOOJICHHS OOJMIIIOBAIbBHUX MaTepiaiB.

Y napyromy po3mimi pO3TASHYTO METOAM 1 METOAWKH EKCIEPUMEHTATbHHUX
JOCIIIKEHb Ta METOJIM TPOTHO3YBAHHS 3aXMCHUX BJIACTUBOCTEH MaTepiaiB.

Y TpeThoMy pO3ALTi TOCTIIKEHO 3aXHCHI BIIACTUBOCTI OyAiBEIbHUX MaTepialliB 3
peryasipHuMu GepOMarHiTHIMHA HEOAHOPITHOCTSIMH Ta BU3HAYCHI TEOPETHUIHI 3acCaad iX
pamionam3zaiii. JlociaimkeHo edeKTUBHICT, MaTepiaiiB 3 HEOJHOPITHOCTSIMHU PI3HUX
KOH(irypaiiii. Bu3HaueHO 3axHCHI BJACTUBOCTI HEOJHOPIAHUX J1€JIEKTPUUHHUX
OynmiBedbHUX  MaTepiamiB. JIOCHIJPKEHO 3axXHMCHI  BJIACTHBOCTI  HEOJHOPITHUX
OOJUITIOBAIBHUX MaTepiaiiB Ha OCHOBI KapOOHIIHHOTO 3ai3a.

VY deTrBepTOMY PO3/11i BA3HAYEHO 3arajibHi 3acajy po3pOOIEHHS 1 BOPOBAKEHHS
HEOJIHOPIIHUX MaTepialliB JUIsl €KpaHyBaHHS EJIEKTPOMArHITHUX BHUIIPOMIHIOBaHb M
HAJaHO BIJIMOBIIHUN aITOPUTM. PO3IIIIHYTO 3aCTOCYBaHHS €JIEKTPOMArHiTHUX €KpaHiB
y KOMIUIEKCI 3aX0oiB 3 Oe3neku (Pi3uyHuX (PaKTOPiB TEXHOTEHHOTO MOXOMKEHHS 1
HaJaHO TPOIIO3HUIIIT 11010 BAOCKOHAJIEHHS HAIllOHAIIBHOI HOPMATHUBHO-TIPABOBO1 0a3u 3
€JIEKTPOMAarHiTHOI O€3MeKH.

HaykoBa HOBH3HA poOOTH MOJIATAE B HACTYITHOMY:

Bnepuwe

— 6u3HaueHo €(PEKTUBHICTh E€KpaHYBaHHS EJIEKTPOMArHITHUX BHUIPOMIHIOBAHb
OyIiBeIbHUMH MaTepiajlaMd 3 PETYJISIPHO PO3TANIOBAaHUMHU MPOBIAHUMH JTIHIHHUMU
CTPYKTYpaMH 1 BCTAHOBJICHO, 110 iX MOHA PO3TJIAATH K €IEKTPOMATrHITHI KPUCTaIH,
M0 JIO3BOJWJIO BHU3HAYUTH CMYTH TPO30POCTI 1 TNOTJMHAHHS BUIIPOMIHIOBAHHS
MarepiajgoM 3 BUKOPUCTAHHIM yHIBEPCAIBHOTO TIOKa3HUKA ka/27 (k — XBUIHLOBE YHUCIIO,
a — aMIUIITy/la eJIEKTPOMAarHiTHOI XBWJI) CHPOIIY€E MPOIEC OOMUpaHHsS OyaiBEITbHUX
MaTepiaiiB HeoOXiTHOT €()eKTUBHOCTI, BUXOAAYN 3 (DAKTUUHUMA aMIUTITyJHO-4aCTOTHUX
XapaKTepUCTHUK BUIIPOMIHIOBAHHS, sIKE MOTpeOy€e eKpaHyBaHHS;

—  BU3HAYeHO 3AJIKHOCTI 3aXMCHUX BIJIACTUBOCTEH HEOMHOPITHUX OyIiBEIIbHUX

MaTepiaiiB Ha OCHOBI IIEMEHTOOETOHY (MaTpuIlsi) 1 6a3a1bTOBUX BOJIOKOH (apMaTrypa) Ha



OCHOBI IOPIBHAHHA KO€(IIIEHTIB 3aJIOMJICHHS €IEKTPOMArHiTHUX XBUJIb, 1110 T03BOJIUIIO
BU3HAYUTH MIIXOAU 10 IMiJBUINEHHS €(PEKTUBHOCTI TaKUX MarepiajiB: HAaHECEHHS Ha
MOBEPXHIO 0a3aJbTOBMX BOJOKOH TMPOBIJHOI CyOCTaHIi JO3BOJISE ITiIBUIIUTH
e(eKTUBHICTh €KpaHyBaHHS M 3aCTOCOBYBATH /ISl IPOTHO3YBaHHS KUIbKICHUX 3HA4Y€Hb
BIJIMOBIAHUX KOS(DIIIEHTIB MaTEMaTUYHUH arapar JjIsl METaJIeBUX PETYIIPHUX CTPYKTYP.
Yoockonaneno:

— TEXHOJIOT14HI MIIXO0JU 10 MPOEKTYBAHHS KOMITO3UIIIMHUX MAarHiTO/I1CIeKTPHKIB.
3acTocyBaHHA Y SIKOCTI HaloOBHIOBa4Ya KapOOHUIBHOTO 3aii3a y KuibkocTi 14—15 % 3a
00’€MOM 1 TOBIIMHU Matepiaidy 5 MM, JI03BOJUIO OTPUMATH KOEPIIIEHT MPOMyCKaHHS
MaTepialy eIeKTPOMAarHiTHUX BUIIPOMIHIOBAHb YJIBTPABHUCOKHX YacTOT HE BUIIMHA 3a
0,40. KoeditieHT B1IOUTTS €IEKTPOMArHiTHUX XBWJIb He niepeBuiiye 0,25, 110 € Kpammm
MMOKa3HUKOM Y MOPIBHSAHHI 3 BIIOMUMU aHAJIOTaMHU.

- Habynu nooanvwoco po3sumxy pO3paxyHKOBI METOAM IMPOTHO3YBAHHS
€(EeKTUBHOCTI HEOJHOPITHUX METaIeBUX NepPOPOBAHUX CTPYKTYp 3a PaxyHOK
3aCTOCYBAaHHS MAaT€MaTUYHOIO amapaTy Teopii xBuieBoiB. Lle 103BommMI0 BU3HAYUTU
YacTOTH PE30HAHCHHUX TMOIMVIMHAHb 1 MPOMYCKaHb Yy 3aJIEKHOCTI BiJ MapaMmeTpiB
neppopoBaHOT CTPYKTYPH.

lIpakmuune 3nauenHs 00epocanux pe3ynomamis:

— OJepXaHl pe3yJbTaTH [IO03BOJSIOTh MIABUIIUTH €()EKTUBHICTh E€KpaHyBaHHS
€JIEKTPOMArHITHUX BUIPOMIHIOBAHb OY/IBETbHUMHU Ta OOJIUIIOBAJILHUMU MaTepiajiaMu
0e3 3HIKEHHSI 1X OCHOBHOTO (DYHKIIIOHAaly — MacorabapuTHHUX PO3MIPIB, MPY>KHUX
MOJYJIiB TOIIIO;

— 3aCTOCYBaHHS J1€JEKTPUUYHUX HEOJHOPITHOCTEHN y AKOCTI EKPaHYIOUUX €JIEMEHTIB
JI03BOJISIE 3HU3UTH Bary mMaTepialiiB, HOKPUTTSI HEOJHOPIAHOCTI MPOBIIHUM MaTepiajoM
3aXUIIAE aApMATYPy BiJl JTy>KHOTO CEPEIOBHIIA IIEMEHTOOECTOHIB;

— 3aCTOCYBaHHS PO3PaxXyHKOBOTO arapary Ha OCHOBI TE€OPil XBUJIEBOIIB J03BOJISE 3
MIHIMaJbHUMHM TOXHOKaMH TIPOTHO3YBAaTH 3axXMCHI BJIACTUBOCTI TMepdOpoBaHUX

CTPYKTYp Ha MPUHIUIAX PO3YMHOI JOCTaTHOCTI;



— 3aCTOCYBaHHS KapOOHUIHHOTO 3ajli3a BEJIMKOI JUCIEPCHOCTI 1 HU3bKOI BapTOCTI
JI03BOJISIE 3aCTOCOBYBATH MOTO y SIKOCTI HAMOBHIOBAaYa OOJMITIOBAILHUX MaTepialliB 3
MaJuMH Koe(ilieHTaMHd BIAOUTTS €JIEKTPOMArHiTHUX XBWUJIb, 110 YHEMOKIIUBIIIOE
HeOakaHUH Tepepo3NOALT MOTOKIB €EKTPOMArHiTHOI €Heprii.

KiarouoBi cjoBa: enekTpoMarHiTHa Oe3neka, €IEKTPOMArHiTHUNA —€KpaH,
OynmiBedbHI MaTepiaii, HEOJHOPIAHI MaTepiaii, eKpaHyBaHHS, JlieTIeKTPUYHI

BJIACTUBOCTI, KOMITO3HUIIIHI MaTepiaiy.

ABSTRACT

Klymchuk, A.V. Protection of the population and workers from the effects of man-
made electromagnetic fields using non-homogeneous cladding materials. — Qualification
thesis in the form of a manuscript.

Thesis for the degree of Doctor of Philosophy in the field of knowledge 26 — ‘Civil
Safety’, specialisation 263 — ‘Civil Safety’ — Kyiv National University of Construction
and Architecture, Ministry of Education and Science of Ukraine, Kyiv, 2026.

The increase in the number and density of electrical and electronic equipment in
buildings, structures and outdoor areas results in a rise in man-made electromagnetic
background radiation. The gradual transition of mobile communications to the 5G
standard increases the proportion of ultra-high and higher frequency electromagnetic
radiation in the overall electromagnetic load on the environment and may increase the
electromagnetic background due to reflections and re-reflections of high-frequency
radiation. Under such conditions, measures must be taken in a significant proportion of
buildings and structures to reduce electromagnetic exposure to people. Furthermore, it is
necessary to improve the electromagnetic compatibility of technical equipment, i.e. its
resistance to external electromagnetic influences. The most effective means of protection
is the shielding of electromagnetic fields across a wide frequency range. The main
drawback of most existing shielding materials is their high electromagnetic wave
reflection coefficients and the inability to adjust their shielding properties according to

the required level of effectiveness. The latter necessitates the development and



implementation of shielding materials and structures which, alongside high effectiveness,
ensure the reliable operation of all wireless communication devices.

The first chapter analyses the regulatory framework for electromagnetic safety and
existing approaches to ensuring the electromagnetic safety of people. It identifies the
insufficient use of inhomogeneities in building materials and structures. In particular, it
examines the conditions for the application of ferromagnetic inhomogeneities without
compromising the functionality of building materials and structures. The principles for
the use of heterogeneous materials with low-cost fillers in the production of cladding
materials have not been sufficiently developed.

The second chapter examines the methods and techniques of experimental research
and methods for predicting the protective properties of materials.

The third chapter investigates the protective properties of building materials with
regular ferromagnetic inhomogeneities and establishes the theoretical foundations for
their optimisation. The effectiveness of materials with inhomogeneities of various
configurations is investigated. The protective properties of heterogeneous dielectric
building materials are determined. The protective properties of heterogeneous cladding
materials based on carbonyl iron have been investigated.

The fourth chapter defines the general principles for the development and
implementation of heterogeneous materials for shielding electromagnetic radiation and
provides a corresponding algorithm. The use of electromagnetic screens within a
comprehensive set of measures for the safety of man-made physical factors is considered,
and proposals are made for improving the national regulatory framework for
electromagnetic safety.

The scientific novelty of this work lies in the following:

For the first time

— The effectiveness of electromagnetic radiation shielding by building materials with
regularly arranged conductive linear structures has been determined, and it has
been established that these can be regarded as electromagnetic crystals; this has

made it possible to determine the bands of transparency and absorption of radiation



by the material using the universal index ka/2m (kK — wave number, a — amplitude
of the electromagnetic wave), which simplifies the process of selecting building
materials of the required effectiveness based on the actual amplitude-frequency
characteristics of the radiation requiring shielding;

— The dependencies of the protective properties of heterogeneous building materials
based on cement concrete (matrix) and basalt fibres (reinforcement) have been
determined by comparing the refractive indices of electromagnetic waves, which
has enabled the identification of approaches to improving the effectiveness of such
materials: applying a conductive substance to the surface of basalt fibres improves
shielding efficiency and allows the use of a mathematical framework for metallic
regular structures to predict the quantitative values of the relevant coefficients.
Improvements.

— Technological approaches to the design of composite magnetodielectrics. The use
of carbonyl iron as a filler in an amount of 14—15% by volume and a material
thickness of 5 mm has made it possible to achieve an electromagnetic wave
transmission coefficient for ultra-high frequencies of no more than 0.40. The
electromagnetic wave reflection coefficient does not exceed 0.25, which is a better
indicator compared to known analogues.

— Calculation methods for predicting the effectiveness of heterogeneous perforated
metal structures were further developed through the application of the
mathematical apparatus of waveguide theory. This has made it possible to
determine the frequencies of resonant absorption and transmission depending on
the parameters of the perforated structure.

Practical significance of the results obtained:

— the results obtained make it possible to improve the effectiveness of
electromagnetic radiation shielding using building and cladding materials without
compromising their primary functional characteristics — mass, dimensions, elastic

moduli, etc.;



— the use of dielectric inhomogeneities as shielding elements allows the weight of
materials to be reduced; coating the inhomogeneities with a conductive material
protects the reinforcement from the alkaline environment of cement-concrete;

— the use of a calculation method based on waveguide theory allows the protective
properties of perforated structures to be predicted with minimal error, based on the
principle of reasonable sufficiency;

— The use of highly dispersed, low-cost carbonyl iron allows it to be used as a filler
in cladding materials with low electromagnetic wave reflection coefficients, thereby
preventing the undesirable redistribution of electromagnetic energy flows.

Keywords: electromagnetic safety, electromagnetic shielding, building materials,

heterogeneous materials, shielding, dielectric properties, composite materials.
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