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1. TexHoJorii Oflep>KaHHA KOMIIO3ULIIMTHMX ITOKPUTTIB 11718 3aXUCTY Bifj €JIEKTPOMArHiTHOIO BUIIPOMIHIOBaHHS Ha
BOJHiI1 Ta 6€3BOIHIl1 OCHOBI

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

Pedepar:

1. Incepraiio IpUCBsY€HO NPoOIeMi 3aXMCTy HABKOJIMIIHBOTO CEPELOBHUINA Bifl €7IEKTPOMArHiTHOrO
BUIIPOMIHIOBAaHHS. AKTYaJIbHICTh pOOOTH 0OYMOBJIEHA HEOOXiHICTIO palioHasi3allii TexHoJIorii ofepKaHHs
€(EeKTUBHUX TOHKUX MOJIIMEPHUX KOMIIO3UTHUX IIOKPUTTIB [JIs1 3aXUCTY JIIOAVHU Ta 00JIaffHAHHS Bif,
€JIEKTPOMarHiTHOTO BUIIPOMiHIOBaHHS PafiioyacTOTHOTrO Jiana3oHy. JlucepraliiiHa po6oTa HalpaBjieHa Ha
nigBuIeHHs e(PEeKTUBHOCTI eKPaHYIUMX ITOJIIMEPHUX KOMITO3ULiH Ta 3HWKEHHS! ix cobiBapToCTi. MeToo po6oTH €
YAOCKOHAJIEHH CKJIaly Ta paljioHai3alisd TEXHOJIOTII Oflep>KaHHS MMOJIiIMEPHUX KOMIIO3UTHUX IIOKPUTTIB HA OCHOBI

rpagiry Ta iHmMx QyHKIiOHAJIBHAX KOMIIOHEHTIB pPi3HOI Mop@oJiorii (rpadeny, ByryieneBrux HaHOTPYOOK,



rpadiTu3oBaHOi Caxi, HAHO- i MIKDO-MarHeTUTY Ta iH.) 17151 €(PEKTUBHOIO 3aXUCTY JIIOJVHU i €JIEKTPOHHOTO
obnagHaHH4 Big 1ii EMB B mupokomy yacToTHOMY fianasodi (Big 30 MI'n no 30 ITr). HaykoBa HOBU3HA po6oTU
II0JISITA€ Y TEOPETUYHOMY i €KCIIepUMEHTAJIbHOMY OOI PYHTYBaHHI BUOOPY riOpUHUX HAIlOBHIOBAYiB K KOMOiHalLi
MIKpO- i HAHOCTPYKTYPOBaHMX MaTepiaJiB, a TAKOX BiJ[TOBiAHUX MOJIIMEPHUX MATPULlb, 3 METOI0 PO3POOKU
TEXHOJIOTi ofiep>kaHHs KOMITO3ULIMHNX [TIOKPUTTIB Ha BOJHIN Ta 6€3BOAHIN OCHOBI 117151 3aXUCTY Bif
€JIEKTPOMarHiTHOro BUIIPOMIHIOBaHHS. [Ipu LIbOMY BCTaHOBJIEHO: HAsIBHICTb KOpeJisilii MK e(eKTUBHICTIO
€KpaHyBaHHs 6araTOKOMIIOHEHTHOTO KOMIIO3UTHOTO MOKPUTTSI i 1IOr0 IIOBEPXHEBOIO €JIEKTPONPOBITHICTIO, SIKA €
HEOOXIiJIHOI0, ajie He JOCTaTHbOK YMOBOIO BUCOKOi €(PEKTUBHOCTI €KpaHyBaHHS; NOAATKOBUMU (PAaKTOPAMU € BUCOKA
MarHiTHa NPOHUKHICTb MOKPHUTTS], & TAKOXK CYTTEBUI BHECOK CUHEPTE€TUYHOI B3a€MOii ByIJIEL€BUX JOMIIIOK Pi3HOI
CTPYKTypH i MOpoJiorii; AoLiNbHICTE BUKOPUCTAHHS JIyCKaTUX rpadiTiB nosiMop@HOro ckiany 3 cepenHim
PO3MipOM 4acTUHOK 130 MKM B SIKOCTi €JIEKTPONPOBiJHOTO HAIIOBHIOBAYa Ha BiIMiHY Bif Ipi6HOAMCIIEPCHUX
KoJI0inHUX rpadiTiB B icHYI0UMX aHAIOrax, Mo LO3BOJIMJIO MigBUIIUTY e(PEKTUBHICTh eKpaHyBaHHS Ha 63
%;110Ka3aHa e(PeKTHBHICTh BUKOPUCTAHHS MarHeTUTY, OTPMMAHOr0 IPUPOJHUM OKUCHEHHSIM cTaii CT. 3, B SIKOCTi
HAIOBHIOBAyYa J1J1s1 IiIBUILLIEHHS PiBHS NOTJIMHAHHS i €KpaHyBaHHS;l0BeleHa €(PEKTUBHICTh BUKOPUCTAHHS
YJIBTPA3BYKY SIK IJIs1 AUCIIEPTyBaHHS OKPEMHUX KOMIIOHEHTIB 3aXMCHUX ITOKPUTTIB (30KpeMa, caxi, rpagiry,
MarHeTHUTy), TaK i [1J11 rOMOTreHi3alii cyminli nosimMepa 3 HarlOBHIOBaYaMU B IiisioMy. [IpakTHYHe 3HaYeHHS
OTPUMAaHUX Pe3yJIbTATIB I10JIIra€e y TOMY, 110 pO3pO0JIE€HO CKJIaAM MOJIIMEPHUX KOMIIO3UTHUX IIOKPUTTIB HA OCHOBI
rpagiry, caxi, rpageny, ByrjieLeBrux HaHOTPYOOK, HAHO- i MIKpOMAarHeTUTy Ta iH. Ta BU3HA4YEHO cepy ix
3aCTOCYBaHH B IKOCTi EKpaHYIO4YMX MaTepiais; palioHani30BaHO TEXHOJIOTIYHI CXeMU i HODMM TEXHOJIOTTYHOTO
PEKUMY Oflep>KaHHS IOJIIMEPHUX 3aXMCHUX KOMIIO3UTHYX ITOKPUTTIB Ha BOJIHII i HEBO/IHII OCHOBAX; po3p06JieHO
[I0JliMEPHE KOMIIO3UTHE [TOKPUTTS HA CIIMPTOBIil OCHOBI [TOBHICTIO 3a0€e3I1euye e1IeKTPOMAarHiTHy CyMiCHOCTb
TeMJIOBi3iNHUX NPUJALiB 3 iHIINM €JIEKTPOHHUM 00JIaIHAHHSM, 30KpeMa 3 PaJioCTaHLi€l0, a TAKOX JT03BOJISIE
YaCTKOBO 3HUBUTU «IIOMITHICTb» OGJIaHAHHS B pafiioyaCTOTHOMY [1ialla30Hi i BxKe 3HalII0 IPakKTUYHe
3aCTOCYBAHHS 7151 BUPOOHULITBA Oiblll HiXK 3600 KOMIIJIEKTIB TEMJIOBI3iIMHUX MOHO- Ta GiHOKYJISIPiB, ONTUYHUX
npuinis pisHux tunis 6peHny ARCHER Bupo6uuntea TOB «Tepman Bixu TekHosmomxuc» (M. KuiB) niis notpeo
36poiiHux cun YKpainu, HauionanpHoi reapaii Ykpainu, IIpuKkopioHHOI ci1yK6u Ta iHIKUX CUJIOBUX CTPYKTYP;
PO3p006JIEHO NPOKOCMYTOBUM €KPaHYUUI KOMIIO3ULIHMI MaTepian y BUIJISAi Gpapbu Ha OCHOBI BOJIHOI eMYyJIbCii
II0J1iIMEPIB 3 BUKOPUCTAHHSIM KOMIIO3UTHOTO BYIJIELIEBOTO HAaHOMaTepiay «rpadeH-HaHOTPYOKU», 110 MOXKe
3a6€e31eYnTy BUCOKY e(DEeKTUBHICTb eKpaHyBaHH: Ha piBHi -35...-40 [Ib B mianasoni yactot Big 30 MI'y no

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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