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1. 36inbILIEHHS KiJIBKOCTI 11 YIIiJIbHEHHS pO3TallyBaHHS €JIeKTPUYHOTO Ta €JIeKTPOHHOr0 06JIalHaHH Y OYAiBIIsIX i
CIIOPYZax Ta Ha TEPUTOPISIX MA€ HACIJKOM IiAIBUILIEHHS €JIEKTPOMArHiTHOTO (POHY TEXHOTE€HHOI'O IIOXOIKEHHSI.
[TocTynoBuii nepexig MOGiNIBHOTO 3B'13Ky Ha cTaHAApT 5G 36ijblilye YaCTKy €J1eKTPOMArHiTHUX BUITPOMiHIOBaHb
YJIbTPABUCOKUX | BUIIMX YaCTOT Y 3araJIbHOMY €JIEKTPOMAarHiTHOMY HaBaHTa)KEHHI Ha CEPEeNOBUIIE i MOXKe
NiABUIYBaTH €JIEKTPOMarHiTHUM QOH 3a paxyHOK BiIOUTTIB Ta [1€PEBiOMTTIB BUCOKOYACTOTHUX BUIIPOMIiHIOBaHb. Y
TaK/X YMOBAaX y 3Ha4Hil 4acTUHi OyliBeJib i CIOpy[, HEOOXiTHO BXKMBATHU 3aX0! 3i 3HUKEHHSI €JIEKTPOMAarHiTHUX
BIJIMBIB Ha yogeil. Kpim Toro, HeoOXinHUM € MifBuIlleHHS eJIeKTPOMAarHiTHOI CyMiCHOCT] TeXHiYHUX 3aC00iB, TOOTO

CTiMKOCTI [10 30BHIllIHIX €JIeKTPOMAarHiTHUX BIIMBIB. Halbinbl epeKTUBHMUM 3aCO00M 3aXUCTy € eKpaHyBaHHS



€JIEKTPOMArHiTHUX MOJIiB IMPOKOTO YaCTOTHOTO [1iana3oHy. ['07I0BHUM He[o0JIiKOM OiIbIIOCTi iCHYI0YMX 3aXVCHUX
marepiaiiB € BUCOKi Koe]illieHTH BiIOUTTS €JIeKTPOMAarHiTHUX XBUJIb Ta HEMOSKJIMBICTb PEryJI0BaTH 3aXUCHI
BJIACTMBOCTI y 3aJI€XKHOCTI Bifl NOTPiOHOI epekTrBHOCTI. OCTaHHE BUMarae po3po06JeHHs I BIIPOBaIKEHHS
€KPaHYIOUMX MaTepiasliB i KOHCTPYKLIH, sKi IOPsif, 3 BUCOKOIO €(PEKTUBHICTIO 3a0€3I1e4yI0Th HafliliHe
(PYHKILIOHYBaHHS yCix 3aC06iB 6€3IpOTOBOrO 3B’13KY. Y MepIIoMy pO31iji IpoaHali3oBaHi HOpMAaTUBHA 6a3a 3
€JIEKTPOMarHiTHOI 6e3MeKy Ta iCHYI0Ui NiXoau 10 3abe3ledyeHHs eJIeKTPOMarHiTHOI 6e3neku jonell. BusnaueHo
HeJIOCTaTHE BUKOPUCTAHHS HEOHOPiAHOCTEN y OyiBeJIbHUX MaTepiaiax Ta KOHCTPYKLisIX. 30Kpema yMOBU
3aCTOCYBaHHS (PepOMArHiTHUX HEOJHOPiAHOCTE 6€3 3HIDKEeHHS (PYyHKIiOHay OyiBeJIbHUX MaTepialisb i
KOHCTPYKLi#l. HemocTaTHO po3po6ieHo 3acaiv 3aCTOCYBaHHS HEOHOPIAHUX MaTepiasiB 3 HAallOBHIOBaYaMU MaJioi
BapTOCTI IJ1s1 BUPOOJIEHHS OOJIMII0BAJIbHUX MaTepiasiB. Y IpyroMy po3zii pPO3rissHyTO METOAU i METOAUKYU
€KCIIEPMMEHTAJIbHUX OCIIiI)KEHb Ta METOM IIPOTHO3YBAaHHS 3aXMCHUX BJIACTUBOCTEN MaTepiasiB. Y TPETbOMY
PO37iJi JOCIiIPKEHO 3aXMCHI BIACTUBOCTI OYZiBeJIbHUX MaTepiasliB 3 peryisspHuMy GpepoMarHiTHUMU
HEOJHOPiTHOCTSIMU Ta BU3HAY€Hi TEOPETUYHi 3acany iX pauioHasnizarii. lociimskeHo edeKTUBHICTh MaTepiaiB 3
HEOJHOPIIHOCTSIMU Pi3HUX KOH(irypauiil. BusHaueHo 3aXMCHi BJaCTUBOCTI HEOJHOPIIHUX JlieJIeKTPUYHUX
OyniBesnbHUX Marepianis. [JocmigKeHO 3aXUCHi BJIACTUBOCTI HEOJHOPIGHUX OOGIUIIOBAIbHIUX MaTepiasiB Ha OCHOBI
KapOOHIMIBHOTO 3a71i3a. Y ueTBepTOoMy PO3[Iijli BU3HAUYEHO 3arajbHi 3acaziyi po3po6JieHH i BIIPOBAPKEHHS
HEOJHOPITHMX MaTepiasliB [JIsl eEKpaHyBaHHS €JIEKTPOMAarHiTHUX BUIIPOMIHIOBaHb 1 HAZAHO BiATIOBIIHUI aJITOPUTM.
Po3ryHyTO 3aCTOCYBaHHS €JIEKTPOMArHiTHUX €KpPaHiB y KOMILIEKCI 3aX0iB 3 6e31eKu (isuyHUX PaKTOPiB
TEXHOT€HHOTO IOXOKEHHS | HalaHO IPOIO3ULii 00 BOOCKOHAIEHHS HalliOHAJIbHOI HOPMATHUBHO-TIPABOBOI 6a3u
3 eJIEKTPOMarHiTHoi 6e3nexku. HaykoBa HOBU3HA pOOOTH IOJISITA€ B HACTYITHOMY: Briepiie o Bu3HaueHO e(eKTUBHICTb
€KpaHyBaHH$ €JIEKTPOMarHiTHUX BUIIPOMiHIOBaHb OyZiBeJIbHUMU MaTepiajaMy 3 PEryJyipHO PO3TallOBaHMMU
[IPOBIGHVMM JIIHIMTHUMU CTPYKTYPaMU i BCTAHOBJIEHO, 1[0 iX MOJKHA PO3IJIANATU K €JIEKTPOMArHiTHi KpucTany, 1o
IIO3BOJIMJIO BUBHAYUTU CMYTH IIPO30POCTI i MOTJIMHAHHS BUIIPOMIHIOBAHHS MaTEPialoM 3 BUKOPUCTAaHHSIM
VHiBepcabHOTo [10Ka3HuKa ka /20 (k — XBUIbOBE 4UCIIO, @ — aMIIITYJja €JIeKTPOMAarHiTHOI XBUJIi) CIIPOLIy€ IIPOLieC
0ob6MpaHH4 OyAiBeJbHUX MaTepialiB HEOOXifHOI €(PEKTUBHOCTI, BUXOASYM 3 (PAKTUYHUI aMIUIITyJHO-4aCTOTHHUX
XapaKTEePUCTUK BUIIPOMIHIOBaHHS, sIKe MTOTPedye eKpaHyBaHHS; 0 BU3HAYEHO 3aJIeKHOCTI 3aXUCHUX BJIACTUBOCTEN
HEOJHOPiNHUX OyAiBeJIbHUX MaTepiajliB Ha OCHOBI 1IeMEHTOOEeTOHY (MaTpulisl) i 6a3aIbTOBUX BOJIOKOH (apMarypa)
Ha OCHOBI NTOPiBHAHHS KOedillieHTiB 3aJIOMJIEHHS €JIEKTPOMAarHiTHUX XBUJIb, 110 NO3BOJIMJIO BUBHAUUTHU MiIXOIU IO
nifgBUIeHHS €(eKTUBHOCTI TaKUX MaTepiasliB: HaHECEHHS Ha TTIOBEPXHIO 6a3a7IbTOBMX BOJIOKOH MPOBigHOI
cyb6cTaHLii 703B0IsIE MinBULMTH e(DEeKTUBHICTh eKpaHyBaHHS 1 3aCTOCOBYBATH /1J1sI IPOTHO3YBaHHS KiJIbKICHUX
3HaY€Hb BifOBiIHUX KoeillieHTiB MaTeMaTUYHUI anapat JJj1sl MeTaJIeBUX PEryJsIpHUX CTPYKTYP. Y OCKOHAJIEHO: O
TEXHOJIOTI4HI MigX0a1 4O NPOEKTYBAHHA KOMIIO3ULITHMX MarHiTOAi€JIEKTPUKIB. 3aCTOCYBaHHS Y SIKOCTI
HaIOBHIOBa4Ya KapOOHiNIbHOTO 3aJ1iza y KinbkocTi 14-15 % 32 06’eMoOM i TOBIIMHY MaTepiany 5 MM, I03BOJIMAIIO
oTpuMaTH KoeQillieHT NIPOITyCKaHHS MaTepiajy eJIeKTPOMarHiTHUX BUIIPOMIHIOBaHb YJIbTPaBUCOKUX 4aCTOT He
Bumuii 3a 0,40. KoeilieHT BifOUTTS €J1eKTPOMarHiTHUX XBUIb He nepesuinye 0,25, 0 € KpalM [IOKa3HUKOM Y
MOPiBHSHHI 3 BifoMuMM aHasoramu. 0 Habysiy noganbuioro po3BUTKY pO3paxyHKOBi METOIY TPOTHO3yBaHHS
ePeKTUBHOCTI HEOOHOPITHUX MeTayleBUX 1epOPOBAHUX CTPYKTYP 32 PaXyHOK 3aCTOCYBaHHS MaTeMaTUYHOTO
anapary Teopii xBusneBogiB. Lle 703B0INIO BUSHAYNUTH 4YaCTOTH PE3OHAHCHUX IIOTJIMHAHD | IPOIYCKaHb y

3aJ1€KHOCTI Bif IapaMeTpiB II

2. 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 o 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 /2o (k — 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; o 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: o 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
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