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1. Incepraliis cripssMoBaHa Ha PO3POOKY XiMiUHMX i pEYOBMHHUX CKJI[IiB Ta CTBOPEHHS (i3UKO-XiMiYHMX OCHOB
eHeprosbepiraroyoi TexXHOIOTii BUPOGHUIITBA PA/IiONPO30PUX KePAaMiYHUX MaTepiaiB KOPiEpUTOBOTO i
11€JIb31aHOBOTO CKJIZy 3 PETYJIbOBAHOIO MIKPOCTPYKTYPOIO i (Pa30BMM CKJIATIOM, 5IKi BOJIOZiOTh KOMIJIEKCOM
CIIeLiaJIbHUX BJIACTUBOCTEH i BUKOPUCTOBYIOTHCS IJ1s1 BACOKOTOYHOT'O PAKETHOTI'O 030poeHHs. OGIPYHTOBAHO
IOLIbHICTb BUKOPUCTAHHS KOPLi€EPUTOBUX i LI€JIb3iaHOBUX KEPAMIYHUX MaTepiajliB [ BUTOTOBJI€HHS
panionpo3opux BUPOHIB BUCOKOTOUYHOTI'O PAKETHOTO 036po€eHHS. OnrMCcaHO OCHOBHI METOZI BUTOTOBJIEHHS

CKJIOKPUCTaJIIYHUX MaTepiaiB Ta Npouecy inTeHcudikauii crikaHHs i 3MiljHeHHs Kepamiku. OGI'PyHTOBaHO BUOip



CKJIaJIiB CKJIO3B'SI30K [IJIs1 HAIBUCOKOYACTOTHOI pafiionpo30poi Kepamiku Ha OCHOBI KOPZiepUTY i LieJib3iany.
Po3po6sieHo cKkiaay MOPiBHSHO JIETKOIJIABKUX CTEKOJI (TemIiepaTypa BapiHHS He Buiile 1400°C) B IceBIONOTPiRHAX
cucremax Li2O - Al203 - SiO2, MgO - Al203 - SiO2 i BaO - AI203 - SiO2 3 nocrTiitHum BmicTom B203 (10 mac.u.
noHag 100 mac.%) ns1s noganbUoro BUKOPUCTAHHS B SKOCTI KOMIIOHEHTIB IIPU BUTOTOBJIEHH] IIiIbHOCIIEYEHO]
panionpo3opoi Kepamiku KOpLi€pUTOBOTO i 1€J1b31aHOBOIO CKJIAMIB. JJOCIII)KEHO BIIJIUB CKJIA CIIOLYMEHOBOTO
ckiany (LABS) Ha npoliecu crikaHHSI KOPAi€EpUTOBUX i LiesIb3iaHOBUX MaTepiaiB, a TAKOX POPMYBaHHS
KpUCTaliYHUX (a3 0-KOPAiepPUTY i MOHOKJIIHHOTO 1ieJIb3iaHy IIPY 3HIKEHUX TemIepaTrypax. Bcranosseno, mo
BBE[IEHHS CKJIa CIIOIyMEHOBOTO CKJIa/ly CIpUsi€ 3HMKEHHIO TeMIiepaTypu Bumnainy 1o 1300-1350°C, ogHo4acHO
niaBuIy0YM Qi3nKo-TexHiyHi 1oka3Huky. ToOHKoANCIIepCHA KprcTaizauis a3y o-crogymeny 3 BuxinHoro LABS
ckiia cripusie cyTreBoMy 3HMKeHHI0 TKJIP kepamiuHoro marepiany Ha OCHOBi KopziepuTy B Linomy 1o (12,4-17,8)-10-
7 °C-1, a KepaMiqyHOro marepiajy Ha OCHOBI Liesib3iaHy 710 (23,5-24,8)-10-7 °C-11i, mo 3a6e3nedye BUCOKY TEPMIUHY
crilikicte KepaMmiku 7o 950°C i 900°C BignoBinHo. Takox po3pobieHi MaTrepiany BiANOBITAIOTE BUMOTaM 100
IlieJIEKTPUYHUX BJIACTUBOCTEN [1JI51 3aCTOCYBaHHS B YMOBaX HaJJBUCOKOYACTOTHOTO €JIEKTPOMArHiTHOTO I10JI4.
BrBueHO 0c061MBOCTI IEPEOIry peakliii yTBOPEHHs KOPIiepUTY B iHBapiaHTHUX TOYKax cuctemMu MgO - Al203 -
SiO2. €1MHUM IPOAYKTOM peaklii KOMIOHEHTIB cTekos M-11 M-5 3 MmigInXTOBOYHUMY KOMIIOHEHTAMU €
KOpJiepuT. BcTaHOBIEHO B32€MO3B'130K (Di3MKO-TEXHIYHUX BJIACTUBOCTEN KOP/IiEPUTOBOI KEPaMiKU 3
TEXHOJIOTIYHUMU I1apamMeTpaMu ii BUTOTOBJIEHHS (TeMIlepaTypolo Bumainy, BMictom MABS ckia). Busnaueno
HaMOi/IbII PalliOHaJBbHI 3 TOYKY 30PY JOCITHEHHS KOMIIEKCY BUCOKUX TEXHIKO-€KCILIyaTallilHUX [10Ka3HUKIB
PEYOBMHHI CKJIaJiu KOPAiepUTOBOI KEPAMiKH, sIKi MiCTSATh po3pobsiene MABS ckiio M-1y kinbkocTi 30-35 mac.% i
IO3BOJISIIOTh IPOBOJUTH ii BUIas npu HU3bKil Temnepatypi 1300°C. Kommekc BUCOKUX (i3UKO-TEXHIUHUX
IIOKa3HMKIB (HyJIbOBi 3HaY€HHS BOJOIOIJIMHAHHS i BifKpuTOi nopucrocTi, oct = 294-314 MIla, o = 4,3, tgo = 0,001)
I03BOJISIE BUKOPUCTOBYBATH PO3p06JIEHY KOPAi€EpUTOBY KEPaMiKy B SIKOCTi HAJIBUCOKOYACTOTHUX Pa/lioNPO30PUX
MaTepiaiB J1s aBialiiiHOl Ta pakeTHOI TeXHiKM, 30KpeMa HOCOBUX aHTEHHUX OOTIYHUKIB PaliOKEPOBAHUX PAKET.
J7ns1 nenb3iaHOBOI KepaMiku IOCIiI)KEHO YMOBU YTBOPEHHS (pa3y B €BTEKTUYHUX TOUKax cuctemMu BaO - Al203 -
SiO2. BusBneHo, 110 OpToCUIikaT 6apito Hal6iIbII aKTUBHO B3a€MO/II€ 3 MiAITMXTOBOYHUMU KOMIIOHEHTAMU J1JIs
yTBOPEHHS! LieJ1b3iaHoBoi ¢a3u. Beempenns BABS ckia B KinbkocTi 40-50% 103BOJIsIE OTPUMATHU IIiIIBHOCIIEYEHY
CTPYKTYpY Li€JIb3iaHOBOI KepaMiKy IIPU BilHOCHO HU3bKIi1 TemnepaTypi Bumnainy 1400-1450°C. llenb3iaHoBa kepamika
BOJIOJli€ TepMiyHOIO CTiliKicTIo 1o 700°C, BorHeTpuBKicTb f0 1580°C i BiAnoBiae KOMIIIEKCY BUMOT, 110
BUCYBAIOThCS 10 pafiionpo3opux maTepiais (o = 5,5; tgn = (5-6)-10-4) y HaIBUCOKOYACTOTHOMY €JIEKTPOMArHiTHOMY
nozti 1010 I'. 3anpoOnOHOBAaHO TEXHOJIOTIYHY CXEMY Ta 3a3HAYEHO TEXHOJIOTIYHI TapaMETPH OJl€P>KaHHS
KOP[IiEpUTOBOI i 11e1b3i1aHOBOI KepaMiKU [1J1s1 HOCOBUX aHTEHHUX OOTiYHUKIB. HazaHi TeXHOJOTiYHI pekoMeHaarii
IO3BOJISIIOTh BUTOTOBJISITY BUPOOU 3 HIDKYOIO COOIBAPTICTIO 32 PaxyHOK 3HMKEHHS TEMIIEPATyPU BapiHHS CTEKOJI,
IKi BAKOPACTOBYIOTbCSI B SIKOCTi KOMIIOHEHTIB p0O3p0671€HOi Kepamiku, 3HKEHHS TeMIIEPATypy BUINAJY i
CKOPOYEHHS TPUBAJIOCTI IPOLECY BUIAY KEPAMiKH, & TAKOXK CIPUATUME 3MEHIIEHHIO 3aJ1€XKHOCTI BITUN3HSIHUX
HiAnpreMCTB O60POHHOIO KOMILJIEKCY Bif] iMIIOPTHUX KOMILJIEKTYIOUMX MaTepiais. [IpoBesieHO BUpOOHNY]
BUIIPOOYBAHHSI KepaMidHUX MaTepiasiB Ha KOCTSHTUHIBCBKOMY J€p>kKaBHOMY HAyKOBO-BUPOOHUYOMY MiANIPUEMCTBI
«KBapcut» JJK «Ykpo6opoHIIpom». PesyibTaTy BUIIpoOyBaHb MigTBEPAUIIM BillTOBIAHICTh PO3p06IeHO1
KOPZiepUTOBOI Ta 11€J1b31aHOBOI KEPaMiKy BUMOTaM [1JIs1 3aCTOCYBaHHS B aHTEHHUX OOTiUHMKAX pPaflioKepOBaHUX

paker.

2. The dissertation is aimed at developing chemical and material compositions and creating the physicochemical
foundations of energy-saving technology for producing radio-transparent ceramic materials of cordierite and
celsian composition with controlled microstructure and phase composition, which possess a set of special
properties and are used for high-precision missile weapons. The expediency of using cordierite and celsian
ceramic materials for the production of radio-transparent products for high-precision missile weaponry has been
substantiated. The main methods of producing glass-ceramic materials and the processes of intensifying sintering
and strengthening ceramics have been described. The choice of glass binders for ultra-high-frequency radio-
transparent ceramics based on cordierite and celsian has been substantiated. Compositions of relatively low-
melting glasses (melting temperature not higher than 1400°C) have been developed in the pseudo-ternary systems



Li20 - Al203 - Si02, MgO - Al203 - SiO2 and BaO - Al203 - SiO2 with a constant B203 content (10 wt. parts over
100 wt. %) for subsequent use as components in the production of densely sintered radio-transparent ceramics of
cordierite and celsian compositions. The influence of spodumene glass composition (LABS) on the sintering
processes of cordierite and celsian materials, as well as the formation of crystalline phases of o-cordierite and
monoclinic celsian at reduced temperatures, has been investigated. It has been established that the introduction of
spodumene glass composition contributes to a decrease in the sintering temperature to 1300-1350°C, while
simultaneously increasing the physicotechnical indicators. Fine-grained crystallization of the o-spodumene phase
from the initial LABS glass contributes to a significant decrease in the coefficient of linear thermal expansion
(CLTE) of the cordierite-based ceramic material as a whole to (12.4-17.8)-10-7 °C-1, and the celsian-based ceramic
material to (23.5-24.8)-10-7 °C-1, which ensures high thermal stability of the ceramics up to 950°C and 900°C,
respectively. The developed materials also meet the requirements for dielectric properties for use in ultra-high
frequency electromagnetic fields. The features of the reactions of cordierite formation at invariant points of the
MgO - Al203 - SiO2 system have been studied. The only product of the reaction of the components of glasses M-1
and M-5 with sublayer components is cordierite. The correlation between the physical and technical properties of
cordierite ceramics and the technological parameters of its production (sintering temperature, content of MABS
glass) is established. The most rational compositions of cordierite ceramics, from the viewpoint of achieving a set
of high technical and operational characteristics, are determined. These compositions contain the developed
MABS glass M-1in the amount of 30-35 wt.% and allow sintering at a low temperature of 1300°C. The combination
of high physical and technical properties (zero water absorption and open porosity, obd = 294-314 MPa, o = 4,3, tgo =
0,001) makes the developed cordierite ceramics suitable for use as ultra-high-frequency radio-transparent
materials for aviation and missile technology, particularly for nose antenna fairings of radio-controlled missiles.
For celsian ceramics, the conditions for the formation of the phase at the eutectic points of the BaO - Al203 -
SiO2 system have been studied. It has been found that barium orthosilicate interacts most actively with sublayer
components to form the celsian phase. The introduction of BABS glass in an amount of 40-50% allows obtaining a
dense sintered structure of celsian ceramics at a relatively low sintering temperature of 1400-1450°C. Celsian
ceramics have thermal stability up to 700°C, refractoriness index up to 1580°C, and meets a complex of
requirements imposed on radio-transparent materials (o = 5,5; tgo = (5-6):10-4) in an ultra-high frequency
electromagnetic field of 1010 Hz. A technological scheme has been proposed and the technological parameters for
obtaining cordierite and celsian ceramics for nose antenna fairings have been indicated. The provided
technological recommendations allow the production of products at a lower cost due to a decrease in the melting
temperature of the glasses used as components of the developed ceramics, a decrease in the sintering
temperature and a reduction in the duration of the ceramics sintering process and will also contribute to reducing
the dependence of domestic defense industry enterprises on imported component materials. Production tests of
ceramic materials were carried out at the Konstantinovsky State Scientific and Production Enterprise "Kvartsit" of
the State Concern "Ukroboronprom". The test results confirmed the compliance of the developed cordierite and

celsian ceramics with the requirements for use in radome fairings of radio-controlled missiles.
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TOJIOBYIOYOTO Ha 3acCimaHHi

BignoBizasibHHI 32 Hi,I;I‘OTOBKy Kamnimenko Ousis PycnaHiBHa

00JIiIKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




