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Pedepar:

1. Inceprauiiina po60Ta CIpSIMOBAaHA Ha PO3BUTOK HAaYKOBUX OCHOB i YSIBJIEHD 1I0A0 OTPUMAHHSI PalioNIPO30PUX
KepamiuyHux MarepiaiiB Ha ocHOBI cuctemu RO - Al203 - SiO2 (RO - SrO, BaO) ta gocnigkeHHs ix
€JIEKTPOJMHAMIYHUX Ta €KCIITyaTaliliHMX BjaacTUBOCTeN. O0’eKT NOCiIKEHHS — IIPOLIECH CITiKaHHS Ta
($Ha30yTBOpPEHHS KepaMiyHUX MaTepiajliB 3 KOMIIJIEKCOM JAieJIeKTPUYHUX BIACTUBOCTEH, 31aTHUX 320€3MeYnTH
MaKCHUMaJIbHE NPONYCKaHH4 €JIEKTPOMAarHiTHUX XBUJIb PAJio4acTOTHOIO Jliara3ony. [IpeameT gocuigkeHHs -
(di3nKo-XiMiuHi 3aKOHOMIPHOCTi (pOpMyBaHHS, BJIACTUBOCTI, a30BUI CKJIAJ i CTPYKTypa pazionpo3opux

KepaMiuyHMX MaTepiasiB Ha OCHOBI komno3uliil cuctemu RO-Al203-Si02; (RO = SrO, BaO) Ta TexHOJIOriYHi



IIapamMeTpy BUTOTOBJIEHHS 3aXUCHUX KOHCTPYKLiN palioTeXHIYHUX CUCTEM aBiallilHUX 00’eKTiB. [lucepTauito
IIPUCBSIYE€HO BUPIIIEHHIO HAYKOBO-TIPAaKTUYHOI 3a71a4i — CTBOPEHHIO TEXHOJIOTiI BUTOTOBJIEHHSI HOCOBUX OOTIYHUKIB
Ta €JIEMEHTIB 3aXMCHUX KOHCTPYKIIi}l aHTEHHUX CUCTEM aBiallilHUX 00'€KTIB 3 BUKOPUCTAHHSIM PO3PO0JIEHUX
Pazionpo3opux KepaMiyHMX MaTepiasiB, sIKi BOJIOJI0Th KOMILJIEKCOM 33JaHUX (PYHKLIOHAJIBHUX Ta BUCOKUX
eKCIIIyaTaliiiHuX BlacTMBOCTeN. [IpoaHani3oBaHo nepeBary Ta HeJOJiKY iCHYI0YUX Pafionpo30opux Marepiais i
TEXHOJIOTii BUPOOHUIITBA aHTEHHUX OOTIYHMKIB 3 HUX. JleTajlbHO PO3IJISIHYTO CIIOJIYKY, 3[1aTHI 3a06e31eYrTH HU3bKI
[IOKa3HMKU [lieJIEKTPUYHUX BJIACTUBOCTEM, BUCOKY XKapOCTiMKiCTh, TEPMiUHY Ta XiMiYHY CTilKiCcTb. OGI'PYHTOBAHO
BUO6ip OKCUIHUX KOMITO3ULIi 1151 OTPMMaHHS LIeJIb3iaHOBOI Ta CIaBCOHITOBOI Kepamiku. [JoCifiKeHO BIJIVB
nobaBok MgO, Cr203, ZrSiO4, TiO2, CaCO3, B203, MoO3 Ta eBrekTnyHOi kommnoauuii Li20 : SnO2 Ha npouecu
CTPYKTYpO- Ta ()a30yTBOPEHHSI 1]€JIb3iaHOBOI KEpaMiKy 32 YMOBHU 3HIDKEHOI TeMIlepaTypy CUHTe3y. JloBeleHO
e(eKTUBHICTb Jii eBTeKT4HOI 106aBku Li20 : SnO2 Ha yTBOpEHH: Ta CUHTE3 (a3y Lesb3iaHy. BusHaueHo
ONITUMAJIbHi TEXHOJIOTIYHI IapaMeTpy CUHTEe3Y 1ieJIb3iaHy Ta CJIaBCOHITY (TeMIIepaTypa BUIaTy, BATPUMKA 32
MaKCHMaJIbHOI TeMIlepaTypH). BcTaHOBJIEHO pallioHaJIbHY TPUBAJICTb ITIOMEJTY IIPOLLYKTiB CUHTE3Y 32 pe3ybTaTaMu
IOCJiIKeHb 3MiHU JUCIIEPCHOCTI MPOAYKTIB CUHTE3Y IIpU NOJpiOHeHH]. Bu3HaueHo, 1110 HallKpaIyx [10Ka3HUKIB
(i3sMKO-MexaHIYHUX BJIACTUBOCTEN PO3pOOJIeHi KepaMivHi Marepiany HabyBalOTh B YMOBaX i30T€PMIYHOI BUTPUMKHU
BIIPOZIOBX 4 rof 3a Temreparypu sumnainy 1350 °C. BctaHOBJIEHO CTPYKTYpHO-(a30Bi 0COBIMBOCTI OTPUMAHOI
KepaMiku MeToaMu peHTreHo(pa30BOro aHasli3y Ta CKaHy04oi eJIeKTPOHHOI MiKpOCKOIIii: OTpuMaHi KepaMivHi
Marepiany € BUCOKOOJHOPIZHMMY MOHO(A3HMMU LIiTbHOCIIeYeHUMU. KprcTasiyHa (pasa npejcrapiieHa
IOVICIIEPCHUMHU CIIOJIyKaMU LieJib3iaHy ab0 CJIaBCOHITY, 10 3a0€3Me4yI0Th KOMILIEKC 33[JaHMX (QYHKLIOHAIBHUX Ta
eKCIUlyaTaliliHuX BiacTuBocTel. [IpencTaBiaeHo po3pobiieHi TeXHOJIOTI BUTOTOBJIEHHSI HOCOBUX OOTIYHUKIB 117151
3aXMCTy aHTEHHOr0 06J1aiHaHHS aBialliliHuX 00'€KTiB, OTPUMAaHUX i3 po3p0o0JIEHUX PaliOIIPO30PUX KEPAMIYHUX
MaTepiaiB i3 3ajlaHMMU QPYHKIiOHAJIBHUMU Ta BUCOKMMU €KCIyaTalilHUMU BJIACTUBOCTSMU. 3 BUKOPUCTAaHHSIM
TepMOIMHAaMIYHOTO aHasli3y OOIPYHTOBAHO BipOTiHICTh B3aeMOIii po3pobiieHoi KepaMiku 3 KucaoTHuMU (H2S04,
HCI, HNO3) ta ny>xuumu (NaOH, Na2CO3) peareHTaMu Ta €KCIIEpUMEHTAIbHO MiATBEPAKEHO, 110 Paiionpo30pi
KepaMiyHi MaTepiazy Ha OCHOBI LieJIb3iaHy Ta CJIaBCOHITY MAIOTh MiABUIIEHY XiMIYHY CTIMKICTb 0 CTaHAAPTHUX
pozumHiB syr (NaOH, Na2CO3) Ta xJ10pOBOIHEBOi KUCJIOTH. BpaxoByiouu 3HaueHHs eHeprii ['i66ca, mokasaHo, 1o
OinbIl HEraTUBHUM BIIMB Ha KepaMiyHi MaTepiasy BKa3aHOTO CKJIaly Mae HiTpaTHa KucjoTa. [IpoBesieHo
PO3paxyHKU I1apaMeTpiB razofyHaMiKy Ta HaPy>KeHO-1e(POPMOBaHOr0 CTaHy KePaMiuHUX aHTEHHUX OOTiYHUKIB,
Ha OCHOBI PO3pO0JIEHUX CKJIAJiB 11€J1b3iaHOBOI Ta CJIaBCOHITOBOI KEPaMiKM Ta IOKAa3aHO, 10 OOTIYHUK
BUTOTOBJIEHUII 3 KepaMiKu 3a3Ha4eHMX CKJIaZiB iMOBIpHO 36epiraTume LiJliCHICTh B yCiX PO3IJISHYTUX
TeMIIEpaTypHUX pexkumax. EKcriepuMeHTalbHO BCTAHOBJIEHO TEMIIEPaTypy IJIaBleHHS PO3pO6JIeHUX Kepamik
11€J1b31aHOBOT0 Ta CJIABCOHITOBOTO CKIaly. EKClleprUMeHTaIbHO MiATBEPI’KEHO OOLIIBbHICT BUTOTOBJIEHHS BUPOOiB
Ta AeTasell KOHCTPYKLIN [1JI 3aXUCTY PalioeIeKTPOHHOTO O6JIaiHaHHS Y paKeTHiH, aBialiiiHili Ta KOCMIivHIN
rajyssix 3a po3po0JeHIMU TEXHOJIOTIYHMMY [IapaMeTpaMy 3 BUKOPUCTAHHSIM OTPUMAaHUX PaflioNIpo30pUX
KepaMiuyHMX MaTepiaiB i3 cTabiIbHO HU3BKMMU Y MiliMETPOBOMY AianazoHi yactoT 26 — 37,5 I'T1 noka3HuKamu
nienekTpuyHuX (0 = 4,505,3; tgo = 0,00800,015) Ta enekrpoguHamivaux (knep = -5,5...-2,0 b; kein6 = - 1,8 ... - 6,1 1B)
XapaKTEPUCTHK, 110 33JI0BOJIbHSIE BUMOTY OO 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,
CaCO03, B203, MoO3 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, HClI,
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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