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Pedepar:

1. Incepraris cnpsiMoBaHa Ha PO3POOKY YAAPOCTINKUX MYJUIITO-KOPi€pUTOBUX CKJIIOKPHCTANIIYHUX MaTePialiB, sKi
XapaKTePU3YIOThCSI KOMIJIEKCOM CIIelia/lbHUAX BJIACTUBOCTEN i BUKOPUCTOBYIOTBCS [1JI51 3aXUCTY JIETKOOPOHbOBAHOI
TexHiku. OGI'PYHTOBAHO [IOLiIbHICTh BUKOPUCTAHHSI MOJIETIIEHUX BUCOKOMILIHUX CKJIOKPUCTaJliYHUX MaTepiais
(CKM) i3 3amanum ¢a3oBUM CKJIQZOM [1J151 JIOKAJIbHOTO 3aXUCTY BiJl BUCOKOMIBUIKICHOTO AMHAMIYHOTO
HABAaHTAXEHHS Ta TENJIOTEXHIYHOTO IPU3Ha4YeHHs. [IpoaHani3oBaHo iCHyI0UYi pO3pOOKU B LIbOMY HAIIPSIMKY Ta
BU3HA4Y€Ha [1epPCIeKTUBHICTb 3acTocyBaHHS CKM 11711 CTBOPEHHS BUCOKOMILIHUX OPOHEEJIEMEHTIB, a TaKOX
3aXMCHUX €JIEMEHTIB TEIJIO-, €JIEKTPO- Ta PafiOTEXHIKM CIIeliaJIbHOTO Npru3HayeHHs. OOIPyHTOBaHO BUOip
HaMpPsIMKIB i METOAUKY [OCIIiIPKEHb NIPOLEeCiB (POPMYyBaHHS Ta BlaCTUBOCTEN po3pobsenux CKM. BusHaueHo
CKJIQI1 MOJI€JIbHUAX MarHili-aJIloOMOCUIIKATHUX CTEKOJI 1J11 PO3POOKU BUCOKOMILIHUX KopaiepuTBMicHux CKM i3

331aHUMU Qi3UKO-XIMIYHUMU, TEXHOJIOTTYHMMU Ta €KCILTyaTallilHUMU XapakTepucTukamu. ONTUMI30BaHO CKJIaT,



ckJy1a 17151 ogepskaHHsa CKM MyJutiTO-KOpPiepUTOBOTO CKIaZly, PO3pO6JI€HO TEXHOJIOTIYHI TapaMeTpy TePMidHOI
00p0oOKY Ta IocimKeHo npouecy GOpMyBaHHS CTPYKTYPH i pa3oBOTo CKiIamy CUTaiB. BcTaHOBIEHO 0COGIMBOCTI
(hopMyBaHHS TBEPAUX PO3UMHIB IIPU TEPMiuHill 06pOOLIi MarHii-aJoMOCUIIIKaTHUX CTEKOJI, SIKi [1OJISAral0Th Y 3MiHi
iHIeKCy yIOpsIKyBaHHS iX CTPYKTYpH (A) sIK TIOKa3HUKA [Iepepo3Nofiay aToMiB Si Ta Al 3a71€XKHO Bif,
criBBigHOmeEHHS (a3oTBipHUX okcuzis: ayist CKM 3i cniBBigHOmeHHIM MgO:Al203:Si02 = 1,0:2,5:5,0 moyatkose
yrBopenHs ipu T = 850:900 °C nceBrorekcaroHasbHOro 0-Kopzieputy 3aBepuiyerbest mpu T =1050:1100 °C
(OpMyBaHHSIM €BTEKTUYHOI CUCTEMH i3 TBEPIVMU PO3YMHAMU O-KOPHiepUTY, MyJIiTy Ta mmniHesi. [y CKM 3i
crniBBigHOmMeEHHSIM MgO:AI203:Si02 = 1,0:3,3:5,6, crioctepiraetbcs iHTeHcudikalist 3apogKOyTBOPEHHS MyJliTy ipu T
=900 °C, xpucramnizanis amomomarHesianpHoi mninesi npu T = 1050 °C ta popMyBaHHS TBEPAUX PO3YMHIB Ha
ocHOBi 0-kopaiepury nipu T = 1100 °C. 3 BukopucTtanHsM po3pobaeHnx CKM onep>kani KoMI103ulliiiHi Matepiasnu 3
BHICOKOIO YIAaPOCTIMKICTIO Ta PEryJIbOBAaHOIO CBITJIONPOHUKHICTIO, AOCIIIPKEHI MeXaHi3MU iX (POpMyBaHHS Ta
BM3HAYEHI MEeXaHi4Hi XapaKTePUCTUKH i €JIEKTPO(Pi3N4Hi BJIaCTUBOCTI. BCTAHOBJIEHO TEXHOJIOTIYHI NapaMeTpH, SIKi
3a0€e31e4yoTh POPMYBaHHS HAHOCTPYKTYPOBaHUX CTIMKUX [10 IUHAMIYHUX BIIJIMBIB Ta BigkpuToro noiaym’s (E = 350
I['Tla; KCU = 7,0:7,5 xIIxx /M2, KIC = 7,0:7,5 MITa-m1/2 M = 1,4 T'TIa2-M3-kr-1 Ta 0= 13,2 KM /C) KOMIIO3UTIB 3i 3HUKEHOIO
Barolo (o0 = 2800 kr/m3 ) 3a kepamiuHOIO TexHoJorielo: Bapka o T = 1500 °C, o = 6 rog; Bumas 3a TPUCTALIMHUM
peskumoM (I cragis — T = 800 °C, 0 = 2 rog; Il ctagis — T = 980 °C, o = 2 rog; Il ctagis — T = 1100 °C, o = 1 rog); BMicT
dazoTBipHUX OKcuAiB 0o(MgO, Al203, SiO2) = 87,0 mac. %; BMmicT Karasnizaropis kpuctanizauii o(TiO2, ZrO2, CeO2,
P205, Sb205, ZnO) = 8,0 mac. % Ta mogudikyunx 1o6asok o(SrO, CaO, B203) = 5,0 mac. %; BMiCT 3MiIJHIOIOUMX
HAIOBHIOBaYiB: 5 Mac. % ZrO2, crabinizoBaHoro 3 mac. % Y203, Ta 10 mac. % o-SiC. [Ins ogepskanHs npo3opux CKM
3 0= 2650 Kr/M3 3a CKJISIHOIO TEXHOJIOTi€I0 peKOMEH0BaHi TexHoJoriuni napameTtpu: Bapka 0 T = 1500 °C, o = 6 roz;
BUIMAJ 3a ABocTaaiiHuM peskumom (I cragis — T = 780 °C, o = 5 rog; II cragis - T = 1050 °C, o = 0,5 ron); BMicT
¢dazoTBipHUX OKcuzi o(MgO, Al203, SiO2) = 90,0 mac. %, katasnizatopiB kpuctamidanii o(TiO2, ZrO2, CeO2, P205,
Sb205, ZnO) = 8,0 mac. % Ta Mogudikyrouux nobasok o(SrO, CaO, B203) = 5,0 mac. % 3abe3nedyioTb HACTYIIHI
ekcrutyaTaniiisi Bnactusocti: T = 70 %; HV = 9,6 I'Tla; KIC = 3,55 MIla-m1/2; E = 550 I'Tla; o3r = 300 MIla; M = 0,9
['Tla?-m%kr-1Ta o = 9,4 KM /c. 3aIpPONIOHOBaHA TEXHOJIOTiYHA CXe€Ma OJl€P>KaHHS CKIOKOMITO3ULIMHUX MaTepiaiB 1Js
3aXUCTY CIeLiajIbHOI TEXHIKY Ta 06J1afHAHHS Ta BU3HAY€Hi KOHCTPYKLiHI 0COOJIMBOCTI €7IeMEeHTIB [1J1sI JIETKO]
KOMITIO3ULIiliHOi OPOHi, a TaKOXK palioNpo30pUX €JIEMEHTIB /IJIs1 3aXUCTY eJIEKTPOTeXHIKU i pafioTexHiku. OfepKaHo
yAapOCTilKi KOMIIO3UTH [J1s1 CKJIiHHSI OIJISIIOBUX BiKOH JIETKOOPOHBOBAHOI TEXHIKM 3 BMICTOM 3 OPOHECTINKICTIO,
BorHecriiikicTio (RE 360 (h)), TKJIP o = 57-10-7 rpaz-1 ta pagionposopicTio (tgo = 0,005 ta o = 3,35 npu f = 1010 T'y), a
TaKOX pagiornoranHaoyi 3HeIPO30PeHi KOMIIO3UTH i3 IPaZiieHTHOIO TPUIIApoBOI0 CTPykTypoto (CKM; CKM Tta 10
Mmac. % o-SiC; rpagir) i npozopi CKM i3 marHeTpoHHUM HanuseHHIM 1iBku ZnO (T = 65; tgo = 0,005 Tan=7,5npu f =
1010 I'u). [TpoBeneHa oLiHKa KOHKYPEHTO3JATHOCTI pO3p0o0OOK 10Ka3ana, o MaTepianu Bignosigaiots BCT
01.055.001 - 2021 (01) i MOXXyTb 32CTOCOBYBATHUCH [J151 yIOCKOHAJIEHHSI [IACHBHOTO 3aXUCTY JIETKOOPOHbOBAHUX
BiliICbKOBUX aBTOMOGiIiB. KiTI04OBi Ccy10Ba: MarHifiaatoMOCUIIIKaTHI CTeksa, CKIOKPUCTaTiYHI MaTepianu,
KpHUCTali3allisi, po3IjiaB, TBEPJi pO3YMHU, KOPLIEPUT, MYJIT, (Pa30Be PO3[il€HHS, KOMIIO3UTH, YAAPOCTIMKICTb,
MILHICTb, PafiiONPO30PiCTh.

2. The dissertation aims to develop impact-resistant mullite-cordierite glass-crystalline materials, which are
characterized by a complex of unique properties and are used to protect lightly armored vehicles. The feasibility of
using lightweight, high-strength glass-crystalline materials (GCM) with a given phase composition for local
protection against high-speed dynamic loading and thermal purposes is substantiated. The existing developments
in this direction were analyzed, and the prospects for using GCM to create high-strength armor elements and
protective elements for electrical and radio engineering for special purposes were determined. The choice of
directions and methods for studying the processes of formation and properties of the developed GCM was
justified. The compositions of model magnesium-aluminosilicate glasses were determined to create high-strength
cordierite-containing GCM with specified physicochemical, technological, and operational characteristics. The
composition of the glass for storing GCM of cordierite-mullite composition was optimized, technological
parameters of heat treatment were developed, and the processes of formation of the structure and phase
composition of the sitalls were investigated. The peculiarities of the formation of solid solutions during the heat



treatment of magnesium-aluminosilicate glasses were established, which consist of a change in the ordering index
of their structure (A) as an indicator of the redistribution of Si and Al atoms depending on the composition of the
phase-forming oxides: for GCM with the composition MgO:Al203:SiO02 =~ 1.0:2.5:5.0 the initial formation at T =
850:900 °C of pseudo hexagonal o-cordierite is completed at T =1050:1100 °C with the formation of a eutectic
system with solid solutions of o-cordierite, mullite and spinel. For GCMs with the ratio of MgO:AI203:Si02 =
1.0:3.3:5.6, intensification of mullite nucleation is observed at T = 900 °C, crystallization of aluminum-magnesium
spinel at T = 1050 °C, and formation of solid solutions based on o-cordierite at T = 1100 °C. Using the developed
GCMs, composite materials with high impact resistance and adjustable light transmittance were obtained, the
mechanisms of their formation were investigated, and mechanical characteristics and electro-physical properties
were determined. Technological parameters have been established that ensure the formation of nanostructured
composites resistant to dynamic influences and open flame (E = 350 GPa; KCU = 7.0:7.5 kJ/m2, K1C = 7.0:7.5
MPa'm1/2; M = 1.4 GPa2-m3-kg-1 and o= 13.2 km/s) with reduced weight (o = 2800 kg/m3) using ceramic technology:
melting at T = 1500 °C, o = 6 h; firing in a three-stage mode (stage I - T = 800 °C, 0= 2 h; stage II - T =980 °C,0=2 h;
stage III - T = 1100 °C, o = 1 h); content of phase-forming oxides o(MgO, Al203, SiO2) = 87.0 wt. %; content of
crystallization catalysts 0(TiO2, ZrO2, CeO2, P205, Sb205, ZnO) = 8.0 wt. % and modifying additives o(SrO, CaO,
B203) = 5.0 wt. %; content of reinforcing fillers: 5 wt. % ZrO2, stabilized with 3 wt. % Y203, and 10 wt. % o-SiC. To
obtain transparent SCMs with o = 2650 kg/m3 using glass technology, the following technological parameters are
recommended: melting at T = 1500 °C, o = 6 h; firing in a two-stage mode (stage I - T = 780 °C,n =5 h; stage Il - T =
1050 °C, o = 0.5 h); the content of phase-forming oxides o(MgO, Al203, SiO2) = 90.0 wt. %, crystallization catalysts
o(TiO2, ZrO2, CeO2, P205, Sb205, ZnO) = 8.0 wt. % and modifying additives o(SrO, CaO, B203) = 5.0 wt. % provide
the following operational properties: T = 70 %; HV = 9.6 GPa; KIC = 3.55 MPa-m1/2; E = 550 GPa; nbend = 300 MPa;
M = 0.9 GPa2'm3-kg-1and o = 9.4 km/s. A technological scheme for obtaining glass composite materials for the
protection of special equipment and equipment is proposed, and the design features of light composite armor
elements, as well as radio-transparent and radio-absorbing elements for radio-technical protection, are
determined. Impact-resistant composites for glazing inspection windows of lightly armored vehicles are
characterized by armor resistance, fire resistance (RE 360 (h)), TKLR = 57-10-7 1 /K, and radio-transparency (tgo =
0.005 and o = 3.35 at f = 1010 Hz). The radio-absorbing opaque composites with a gradient three-layer structure
(SCM; SCM and 10 wt. % o-SiC; graphite) and transparent SCM with magnetron sputtering of ZnO films (T = 65; tgn =
0.005 and o = 7.5 at f = 1010 Hz) were obtained. The conducted assessment of the competitiveness of the
developments showed that the materials meet the requirements of VST 01.055.001 - 2021 (01) and can be used to
improve the passive protection of lightly armored military equipment. Keywords: magnesium aluminosilicate
glasses, glass-ceramic materials, crystallization, melt, solid solutions, cordierite, mullite, phase separation,
composites, impact resistance, strength, radio transparency.
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2. Nataliia V. Zhdaniuk

KBasigikamis: . . 1., gou., 05.17.11
Inentudikarop ORCID ID: 0000-0003-3771-5045
JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. TapanenkoBa Bikropis BirasniiBHa

2. Viktoriia V. Taranenkova

KBasigikanis: 1. 1. u., nou., 05.17.11
ImenTudikarop ORCID ID: 0000-0003-4929-1593
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micuesnaxomxeunﬂ: ByJ1. Kupnn4osa, 6yz. 2, Xapkis, XapKiBCcbKuil p-H., 61002, YkpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. bBopuceHko OkcaHa MukosaiBHa

2. Oksana M. Borysenko

KBasigikamis: n. 1. u., npodecop, 05.17.11

InenTudikarop ORCID ID: 0000-0002-2746-6797



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOM: HauioHanbHuii TexHIYHMIA yHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Koz 3a €JIPIIOY: 02071180

Micuesnaxo,r.perHﬂ: ByJ1. Kupnnuoga, 6yz. 2, Xapkis, XapKiBcbKuil p-H., 61002, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
rOJIOBYIOYOTO Ha 3aCiflaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

[IlabanoBa 'asinHa MukoJiaiBHa

[lTabanoBa 'asiHa MuKoJsiaiBHa

3axapoB ApreM BsauyeciaBoBud

VKpIHTEI

FOpuenko TeTsHa AHaTosiiBHA



