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Pedepar:

1. Incepranjifina po60Ta CIIpsSIMOBaHa HA PO3BUTOK HAYKOBUX OCHOB i YSIBJIEHD II0J0 OTPUMAHHS Pafiolpo30pux
KepamiuyHux marepiainiB Ha ocHOBI cuctemu RO - Al203 - SiO2 (RO - SrO, BaO) ta gocnimKeHHs ix
€JIEKTPOJMHAMIYHUX Ta eKCIITyaTaliliHKX BjaacTuBocTel. O6’eKT NOCTiIKEeHHSs — IIPOLleCH CIiKaHHS Ta
(a30yTBOPEHHS KEpPaMiuyHUX MaTepiajliB 3 KOMIJIEKCOM [ieJIeKTPUYHUX BJIaCTUBOCTEH, 31aTHUX 3a0€3[1eYUTH
MaKCHMMaJIbHE MIPOIYCKAHHS €JIEKTPOMAarHiTHUX XBWIb Paiio4acTOTHOrO Aiana3ony. [IpeiMeT HOoCiiKeHHs —
di3uKo-ximMiuHi 3aKOHOMIPHOCTi (pOpMyBaHHS, BIaCTUBOCTI, Pa30BUM CKJIAL i CTPYKTypa pamionpo3opux
KepaMiuyHuxX MaTepiasiB Ha 0OCHOBI komno3uiil cuctemu RO-Al203-Si02; (RO = SrO, BaO) Ta TexHOJIOriYHi
IlapaMeTpy BUTOTOBJIEHHS 3aXMCHUX KOHCTPYKLiN pafioTEXHIYHNX CUCTEM aBialliltHMX 00’eKTiB. Jluceprariiio
IIPUCBSIYEHO BUPIIIEHHIO HAYKOBO-TIPAKTUYHOI 331a4i — CTBOPEHHIO TEXHOJIOTii BUTOTOBJIEHHSI HOCOBUX OOTIiYHUKIB

Ta €JIEMEHTIB 3aXMCHUX KOHCTPYKIIi} aHTEHHUX CUCTEM aBiallilHUX 00'€KTIB 3 BUKOPUCTAHHSIM PO3PO06JIEHUX



paziionpo3opux KepamiuHUX MaTepialiB, sIKi BOJIOAII0OTh KOMIIJIEKCOM 33/1aHUX (PYHKIIOHATbHUX Ta BUCOKUX
€KCIIJIyaTaliliHuX BJIaCcTUBOCTEN. [IpoaHasni3oBaHo NepeBaru Ta HeNOJIKY iCHYI0UMX Pafionpo30pux MaTepiais i
TEXHOJIOTii BUPOOHUIITBA aHTEHHUX OOTIYHMKIB 3 HUX. JleTajlbHO PO3IJISIHYTO CIOJIYKY, 3[1aTHI 3a0€311eYnTH HU3bKI
[IOKa3HMKU [1ieJIEKTPUYHUX BJIACTUBOCTEH, BUCOKY XKapOCTiMKiCTb, TEPMiUHY Ta XiMi4HY CTilKiCTb. OGI'PYHTOBAHO
BUOip OKCHUIHUX KOMITO3ULIi 1151 OTPMMaHHS LIeJIb3iaHOBOI Ta CIaBCOHITOBOI Kepamiku. JJoCIiikKeHO BIJINB
nobaBok MgO, Cr203, ZrSiO4, TiO2, CaCO3, B203, MoO3 Ta eBTekTryHOi komnoauuii Li2O : SnO2 Ha npouecu
CTPYKTYpO- Ta (pa30yTBOPEHHSI 11€J1b3iaHOBOI KEPaMiKy 32 YMOBHU 3HIDKEHOI TEMIIEpaTypy CUHTe3yY. JloBeeHO
edexTuBHICTb Aii eBTeKTU4YHOi f06aBku Li20 : SnO2 Ha yTBOpPEHHS Ta CMHTe3 a3y Liesb3iaHy. BusHaueHo
ONTUMAJIbHI TEXHOJIOTIYHI IapaMeTpy CUHTe3Y 1ieJIb3iaHy Ta CJIaBCOHITY (TeMIlepaTypa BUIlaly, BATPUMKA 32
MaKCHMaJIbHOI TeMIlepaTypu). BcTaHOBIEHO pallioHabHY TPUBAJICTb [IOMEJy IPOAYKTIB CUHTE3Y 3a pe3yJibTaTaMu
IOCJiIKeHb 3MiHU JUCIIEPCHOCTI MPOAYKTIB CUHTE3y NP NOpibHeHH]. Bu3HaueHo, 110 HallKpallyxX [10Ka3HUKIB
(i3rKO-MexXaHIYHUX BJIACTUBOCTEN PO3pO6JIEeHI KepaMiyHi MaTepiasiu HabyBalOTh B yMOBaX i30T€PMiUHOI BUTPUMKU
BIIPOZIOBX 4 rof 3a Temreparypu sunainy 1350 °C. BcTaHOBJIEHO CTPYKTYpHO-(a30Bi 0COOIMBOCTI OTPUMAHOI
KepaMiKu MeToaMu PEHTreHO(pa30BOro aHasli3y Ta CKaHy040i eJ1eKTPOHHOI MIKpOCKOIIii: OTpMMaHi KepaMivHi
Marepianu € BUCOKOOJHOPIZHMMY MOHO(A3HMMU HIiTbHOCIIEYeHMMU. KprcTasiyHa (pasa npencrapieHa
IVCIIEPCHUMU CIIOJIyKaMU LieJib3iaHy abo CJIaBCOHITY, 110 3a6e31e4yi0Th KOMILJIEKC 334aHNX QYHKI[iOHAJIbHUX Ta
eKCIulyaTaliliHuX BaacTuBocTel. [IpefcraBiaeHo po3pobJieHi TeXHOJIOTI BUTOTOBJIEHHSI HOCOBUX OOTIYHUKIB 117151
3aXMCTy aHTEHHOTO 06J1aiHaHHS aBialiiHUX 00'€KTiB, OTPUMAaHUX i3 pO3p0O0JIEHUX PAliONIPO30PUX KEPAMIYHUX
marepiaJiB i3 3aaHUMN QYHKLIOHATBHUMY Ta BUCOKMMU €KCIUIyaTalliilHUMU BJIACTUBOCTSIMU. 3 BUKOPHUCTAHHIM
TepMOJVHaMIYHOT'O aHasli3y OOIPYHTOBAHO BipOriHICTh B3aeMo[Iii po3pobiieHoi KepaMiku 3 KucaoTHuMU (H2S04,
HCI, HNO3) ta ny>xunmu (NaOH, Na2CO3) peareHTamMu Ta €KCIIEPUMEHTAIbHO MiATBEPAKEHO, 110 Paiionpo30pi
KepaMiyHi MaTepiasy Ha OCHOBI LieJIb3iaHy Ta CJIaBCOHITY MAIOTh IiBUILIEHY XiMiYHY CTIAKICTb 4O CTaHAAPTHUX
pozunHiB syr (NaOH, Na2CO3) Ta xJ10pOBOIHEBOi KUCJIOTH. BpaxoByiouu 3HaueHHs eHeprii ['i66ca, mokasaHo, 110
6inbI HEraTUBHUM BIIMB Ha KepaMiyHi MaTepiasy BKa3aHOTO CKJIaly Mae HiTpaTHa KucjoTa. [IposeneHo
PO3paxyHKu I1apaMeTpiB razofHaMIiK/ Ta HaIPY>KeHO-1e(pOPMOBAaHOr'0 CTaHy KePaMiuHUX aHTEHHUX OOTiYHUKIB,
Ha OCHOBIi PO3PO0JIEHNX CKJIaJIiB I1eJIb3iaHOBOI Ta CIAaBCOHITOBOI KEpaMiKy Ta [10Ka3aHo, 0 OOTIYHUK
BUTOTOBJIEHUII 3 KepaMiku 3a3Ha4eHUX CKJIaZiB iMOBIpHO 36epiraTvme LiJliCHICTb B yCiX PO3IJISHYTUX
TeMIIEpaTypHUX pexkumax. EKcriepuMeHTalbHO BCTAHOBJIEHO TEMIIEPATYPY IJIaBJI€HHS PO3pO0JIE€HUX KepaMik
1L1eJ1b3iaHOBOTO Ta CJIABCOHITOBOTO CKJafly. EXCriepuMeHTaIbHO MigTBEPAXKEHO NOLIMbHICTD BUTOTOBJIEHHS BUPOOGIB
Ta AeTajell KOHCTPYKLIH [1JIs 3aXMCTY PalioeIeKTPOHHOT0 O6JIaiHaHHS Y paKeTHiH, aBialiiiHil Ta KOCMIYHIN
rajyssix 3a po3po0JeHUMU TEXHOJIOTIYHMMY [IapaMeTpaMy 3 BUKOPUCTAHHSIM OTPUMAaHUX PafiioNIpo30pPUX
KepaMiuyHMX MaTepiaiB i3 CTabibHO HU3BKMMU Y MiliMeTPOBOMY AianasoHi yactoT 26 — 37,5 I'T1 noka3zHuKamu
nienekTpryHuX (0 = 4,505,3; tgo = 0,00800,015) Ta enekrpoguHamivaux (knep = -5,5...-2,0 ob; kBind = - 1,8 ... - 6,1 1b)
XapaKTEePUCTHK, 110 3a8JI0BOJIbHSIE BUMOTH OO0 iX QYHKIIOHANBHOCTI.

2. The dissertation is aimed at the development of scientific foundations and concepts for obtaining radio-
transparent ceramic materials based on the RO - Al203 - SiO2 (RO - SrO, BaO) system and researching their
electrodynamic and operational properties. The object of the study - the processes of sintering and phase
formation of ceramic materials with a complex of dielectric properties capable of ensuring maximum transmission
of electromagnetic waves in the radio frequency range. The subject of the study - the physicochemical regularities
of formation, properties, phase composition and structure of radiotransparent ceramic materials based on
compositions of the RO-AI203-SiO2 system (RO = SrO, BaO) and technological parameters of manufacturing
protective structures of radio engineering systems of aviation facilities. The dissertation is dedicated to the
solution of a scientific and practical problem - the creation of a technology for manufacturing nose fairings and
elements of protective structures of antenna systems of aviation objects using developed radio-transparent
ceramic materials that possess a set of specified functional and high operational properties. The advantages and
disadvantages of existing radio-transparent materials and the technology of manufacturing antenna fairings from
them are analyzed. The most promising compounds capable of providing low dielectric properties, high heat
resistance, thermal and chemical resistance are considered in detail. Substantiates the choice of oxide



compositions for obtaining celsian and slawsonite ceramics. The influence of additives MgO, Cr203, ZrSiO4, TiO2,
CaC03, B203, M003 and the eutectic composition Li2O : SnO2 on the processes of structure and phase formation
of celsian ceramics under conditions of reduced synthesis temperature was studied. The effectiveness of the
eutectic additive Li2O : SnO2 on the formation and synthesis of the celsian phase in the studied temperature range
has been proven. Optimal technological parameters for the synthesis of celsian and slawsonite (firing temperature,
exposure at the maximum temperature) were determined. The rational duration of grinding synthesis products
was established based on the results of research on the change in the dispersion of synthesis products during
grinding. It was determined that the best indicators of physical and mechanical properties of the developed
ceramic materials are obtained in conditions of isothermal aging for 4 hours at a firing temperature of 1350 °C. The
structural and phase features of the obtained ceramics were established by the methods of X-ray phase analysis
and scanning electron microscopy: the obtained ceramic materials are highly homogeneous monophase densely
sintered. The crystalline phase is represented by dispersed compounds of celsian or slawsonite, which provides a
set of specified functional and operational properties. The developed technologies for the production of nose
fairings for the protection of aerial equipment of aviation facilities, obtained radio-transparent ceramic materials
based on celsian and slawsonite with specified functional and high operational properties are presented. Using
thermodynamic analysis, the probability of the interaction of the developed ceramics with acidic (H2SO4, HCI,
HNO3) and alkaline (NaOH, Na2CO3) reagents is substantiated, and it is experimentally confirmed that radio-
transparent ceramic materials based on celsian and slawsonite have increased chemical resistance to standard
alkali solutions (NaOH, Na2CO3) and hydrochloric acid. Taking into account the value of the Gibbs energy, it is
shown that nitric acid has a more negative effect on ceramic materials of the specified composition. Calculations
of the parameters of gas dynamics and the stress-strain state of fairings were carried out, based on the developed
compositions of celsian and slavsonite ceramics, and it was shown that the fairing made of ceramics of the
specified compositions will maintain its integrity in all considered temperature regimes. The melting temperature
of the developed ceramics of celsian and slawsonite composition was determined experimentally. The expediency
of manufacturing parts of protective structures of radio-electronic equipment in the missile and aerospace
industries according to the developed technological parameters using the obtained radio-transparent ceramic
materials with consistently low dielectric and electrodynamic characteristics in the millimeter frequency range of
26-37.5 GHz has been experimentally confirmed.
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