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BOIHIiI Ta 6€3BOIHINT OCHOBI

2. Technologies for obtaining the aquatic- and nonaquatic-based composite coatings for protection against
electromagnetic radiation

Pedepar:

1. Incepraliiio NpUCBSYEHO NPOOIIEMi 3aXUCTY HABKOJIMIIHBOTO CEPENOBUILA Bifl €IeKTPOMarHiTHOro
BUIIPOMIHIOBaHHSI. AKTyasIbHICTb pOOOTH 0OYMOBJIEHA HEOOXiIHICTIO pallioHani3alii TeXxHOJIOrii ofepKaHHSS
e(PEeKTMBHUX TOHKUX MOJIIMEPHUX KOMIIO3UTHUX ITOKPUTTIB J1JIs1 3aXUCTY JIIOJMHU Ta 06JIaJHAaHHS BiJ
€JIEKTPOMarHiTHOro BUIIPOMIHIOBaHHS PaflioyacTOTHOrO Aiana3oHy. JlucepratifiHa po6oTa HalpapjieHa Ha
NiABUILEHHS €(PEKTUBHOCTI €KPaHYIYUX N1OJIIMEPHUAX KOMIIO3ULiH Ta 3HIKEHHS ix cO6iBapTOCTi. MeToI0 poboTH €
YAOCKOHAJIEHHS CKJIay Ta paljioHasi3alis TEXHOJIOTII Oflep>KaHHs MOJIiIMEPHUX KOMIIO3UTHUX ITOKPUTTIB HA OCHOBI
rpadirty Ta iHmMx QyHKIiOHaJIBHUX KOMIIOHEHTIB pi3HOI MopgoJiorii (rpadeny, ByryieneBux HaHOTPYOOK,
rpadiTu3oBaHoOi caxi, HAHO- i MIKPO-MarHeTUTy Ta iH.) 17151 €(PEKTUBHOIO 3aXUCTY JIIOJVHU i €JIEKTPOHHOTO
o6sagHaHHA Bif Aii EMB B mupokoMy 4acToTHOMY AianasoHi (Big 30 MI'ny no 30 I'Th). HaykoBa HOBU3HA pO60OTH

II0JISITA€ Y TEOPETUYHOMY i eKCIIepUMEHTAJIbHOMY OOI PYHTYBaHHI BUOOPY riOpUHUX HAIlIOBHIOBAYiB SIK KOMOiHaILi



MIKpO- 1 HAHOCTPYKTYPOBAaHUX MaTepiasliB, a TAKOX BillIOBiIHUX MOJIIMEPHUX MATPULlb, 3 METOIO0 PO3POOKU
TEXHOJIOTII oZlep>kaHHs KOMITO3ULIMHYX [TIOKPUTTIB Ha BOJHIN Ta 6€3BOAHIN OCHOBI [1JIs1 3aXUCTY Bif
€JIEKTPOMarHiTHOro BUIIPOMiHIOBaHHS. [Ipu LIbOMY BCTaHOBJIEHO: HAasIBHICTb KOpeJislii MK e(eKTUBHICTIO
€KpaHyBaHHs 6araTOKOMIIOHEHTHOTO KOMIIO3UTHOTO MOKPUTTSI i HOr0 IOBEPXHEBOIO €JIEKTPONPOBITHICTIO, SIKA €
HEOO0Xi/IHOI0, ajle He JOCTAaTHbOIO YMOBOIO BUCOKOI €(PEKTUBHOCTI €KpaHYBaHHS; OJATKOBUMU (PaKTOPAMHU € BUCOKA
MAarHiTHa IPOHUKHICTb IOKPUTTS, @ TAKOXX CYTTEBUIM BHECOK CUHEPTreTUYHOI B3a€MO/Iii ByIJIe]€BUX JOMIIIOK Pi3HOI
CTPYKTypH i MOp(oJIorii; OLiNbHICTE BUKOPUCTAHHS JIyCKaTUX rpadiTiB MosiMOpQHOTro ckilany 3 cepenHim
PO3MipOM 4acTUHOK 130 MKM B SIKOCTi €JIEKTPOIPOBiIHOTO HAIIOBHIOBAYA Ha BiIMiHY Bifl Ipi6HOAMCIIEPCHUX
KoJI0inHUX rpadiTiB B iCHYIOUYMX aHaIOrax, o 03BOJIMJIO MiTBUIIUTY e(PEKTUBHICTh eKpaHyBaHHS Ha 63
%;1noKka3aHa e(EeKTUBHICTb BUKOPMCTAaHHSI MAarHETUTY, OTPMMAHOTO IIPUPOAHUM OKMCHEHHAM cTai CT. 3, B IKOCTi
HAIOBHIOBAYa [1JIs MIiIBULLIEHHS PiBHS MOTJIMHAHHY i €KpaHyBaHHS;A0BeleHa €(PEKTUBHICTh BUKOPUCTAHHS
YJIbTPA3BYKY SIK [1JIs1 AUCIEPryBaHHS OKPEMUX KOMIIOHEHTIB 3aXMCHUX IIOKPUTTIB (30KpeMa, caxi, rpadiry,
MarHeTuTY), TaK i Jj1s1 roMoreHisalii cymili nosjiimepa 3 HallOBHIOBayaMU B LiiyioMy. [IpakTu4He 3HaUeHHS
OTPUMAaHUX PE3YJIbTATIB I10JIAra€e y TOMY, 110 PO3POOJIEHO CKIIAAM MOJIIMEPHAX KOMIIO3UTHUX IIOKPUTTIB HA OCHOBI
rpadirty, caxi, rpadeny, ByrjielneBux HaHOTPYOOK, HaHO- i MIKDOMAarHeTUTy Ta iH. Ta BUBHAYEHO cdepy ix
3aCTOCYBaHHS B SIKOCTi €KpaHYIOYMX MaTepiasiB; palioHani30BaHO TEXHOJIOTIYHI CXeMHU i HOpDMU TEXHOJIOTIYHOTO
PEXUMY OZIEP>KaHHSI I0JIIMEPHUX 3aXMCHUX KOMIIO3UTHUX ITOKPUTTIB Ha BOJIHII i HEBO/IHII OCHOBaX; po3p006JeHO
[oJliMEPHE KOMIIO3UTHE [TOKPUTTS HA CIIMPTOBIil OCHOBI [TOBHICTIO 3a0€e3I1euye eJIeKTPOMAarHiTHy CyMiCHOCTb
TEIIOBI3iMHYX MIPUJIAZIB 3 iHIINM €JIeKTPOHHUM O6JIaIHAHHIM, 30KpEMa 3 PaZioCTaHLi€l0, a TAKOX J03BOJISE
YaCTKOBO 3HUBUTU «IIOMITHICTb» O6GJIaIHAHHS B pafiioyaCTOTHOMY [ialla30Hi i BXKe 3HalIIo IpakKTUYHe
3aCTOCYBaHHS [171s1 BUPOOHULITBA Oibll HiXK 3600 KOMIIJIEKTIB TEIJIOBI3iMHUX MOHO- Ta OiHOKYJISIPiB, ONTUYHUX
npuLinis pisHux tunis 6peHny ARCHER Bupo6uuntea TOB «Tepman Bixu TekHosmomxuc» (M. KuiB) niis notpeb
36poiiHux cui Ykpainu, HanionaneHoi reapaii Ykpainu, [IpukopnoHHOI ci1y>k0u Ta iHIINX CUJIOBUX CTPYKTYP;
PO3p06JI€HO IMPOKOCMYTOBUM €KPaHY4UI KOMIIO3ULiTHMI MaTepian y BUrJIsAl Gpapbu Ha OCHOBI BOJHOI eMYJIbCii
II0JIIMEPIB 3 BUKOPUCTAHHSIM KOMIIO3UTHOTO BYIJIELLEBOTO HAHOMAaTepiasly «rpadeH-HaHOTPYOKU», IO MOXe
3a6€31eYnTy BUCOKY €(PEKTUBHICTb €KpaHyBaHH: Ha piBHi -35...-40 [1b B mianasoni yactot Big 30 MI'y 1o
npuHaimhi 30 [T,

2. The thesis is devoted to the problem of environmental protection against electromagnetic radiation. The
timeliness of the work is determined by the need to optimize the technology of obtaining effective thin polymer
composite coatings to protect people and equipment from electromagnetic radiation within the radio frequency
range. The thesis is aimed at increasing the efficiency of shielding polymer compositions and reducing their cost.
The thesis aims to improve the composition and optimize the technology of obtaining polymer composite coatings
based on graphite and other functional components of different morphology (graphene, carbon nanotubes,
graphitized carbon black, nano- and micromagnetite, etc.) for the effective protection of human and electronic
equipment from EMR within the VHF frequency range (from 30 MHz to 30 GHz). The scientific novelty of the
thesis lies in the theoretical and experimental grounding of choosing the hybrid fillers as a combination of micro-
and nanostructured materials, as well as appropriate polymer matrices to develop technology for water-based and
anhydrous composite coatings for protection against electromagnetic radiation. The following have been
established: the correlation between the shielding efficiency of the multi-component composite coating and its
surface conductivity, which is a necessary but not sufficient condition for high shielding efficiency; additional
factors are the high magnetic permeability of the coating, as well as a significant contribution to the synergistic
interaction of carbon impurities of different structure and morphology; the feasibility of using scaly graphite of
polymorphic composition with an average particle size of 130 um as an electrically conductive filler in contrast to
fine colloidal graphite in existing analogues, which increased the shielding efficiency by 63%; the efficiency of
using magnetite obtained by natural oxidation of steel St3, as a filler to increase the level of absorption and
shielding; the efficiency of using ultrasound both for dispersion of individual components of protective coatings (in
particular, carbon black, graphite, magnetite) and for homogenization of a mixture of polymer with fillers as a
whole. The practical significance refers to: the compositions of polymer composite coatings based on graphite,



carbon black, graphene, carbon nanotubes, nano- and micro-magnetite, etc. have been developed, and the scope
of their application as shielding materials has been determined; the technological schemes and norms of a
technological regime of obtaining polymeric protective composite water-based coatings and anhydrous polymer-
based coatings have been streamlined; the developed polymer composite coating based on alcohol fully ensures
electromagnetic compatibility of thermal imagers with other electronic equipment, in particular with the radio
station, and also allows to partially reduce the "visibility" of equipment in the radio frequency range and has
already found a practical application for producing more than 3600 sets of thermal imaging binoculars, optical
sights of different types by ARCHER brand manufactured by Thermal Vision Technologies LLC (Kyiv) for the needs
of the Armed Forces of Ukraine, the National Guard of Ukraine, the Border Guard Service and other law
enforcement agencies; a broadband shielding composite material in the form of paint based on an aqueous
emulsion of polymers has been developed with the use of the composite carbon nanomaterial "graphene
nanotube", which can provide high shielding efficiency at -35... -40 dB in the frequency range from 30 MHz to at
least 30 GHz.
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