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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pob6ka kepaMivHOTO KOMOIHOBaHOTO aKTUBHOTO cepenoBuia YAG:Nd3+/YAG:Sm3+ a1 na3zepHUX CUCTEM

CHeHiaJIbHOFO I[NIPpU3HAYE€HHA

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of ceramic composite active medium YAG:Nd3+/YAG:Sm3+ for special purpose laser systems

Pedepat yKpaiHCBKOIO:

Y po6oTi cucTeMaTU4HO JOCTIIKEHO BIUIMB SIKICHOTO CKJIaZy (PYHKI[iOHAJIbHUX JOMILIOK Ha ONTUMAJIbHi
TeMIIepaTypHi yMOBU KOHCOJIiIaLlii Mpo30poi Kepamiky Ha OCHOBI iTpili-aIIoMiHi€BOrO rpaHarTy, JIETOBAaHOI'O i0HAMU
Heogumy (YAG:Nd®no) Ta camapito (YAG:Sm?®n). [TokazaHo, 110 MiKPOCTPYKTYPHi XapaKTE€PUCTUKHU Ta ONTHUYHI
BJIaCTMBOCTI Kepamiku YAG:Nd3n, MoauiKoBaHOi KOMIIJIEKCHOIO AOMIIKOO (Si‘n + Mg?n), € 3HaYHO MEHII Yy TJIMBUMU
IO 3MiH TeMIlepaTypu KOHCOJIifallii y IOPiBHSAHHI 3 aHAJIOTIYHOI0 KEPaMiKOI0, JIETOBAHOIO JIUIIE i0HAMU KPEMHIIO.
Ha ocHOBi oOTpuMaHUX pe3yJIbTaTiB i3 BUKOPUCTAHHSIM KOMILJIEKCHOI JOMIlIKY 6YJIM BU3HAY€HI ONTUMAaJIbHi
TEXHOJIOTiYHI MapIIPYTX BUTOTOBJIEHHS ONTUYHOI Kepamiku YAG:Nd3o ta YAG:Sm?®n 3a ileHTMYHYX TeMIIepaTypHO-
4YaCOBUX PEXMMIB CIliKaHHS. Takui Migxig CTBOPIOE MOKJIIUBICT OJHOYACHOTO BUTOTOBJIEHHS PiI3HUX
dyHKIiOHATBHUX LIaPiB 200 €JIeMEHTIB y MeXKaxX OJJHOI'0 TEXHOJIOTIYHOr0 IMKIY. JJoCligkeHo 0CObINBOCTI
3aCTOCYBaHHS METOLy AU(Y3ilHOr0 3'€HAHHS 3 BUKOPUCTAHHIM IIPOMIXKHOTO apy 1151 GOPMYyBaHHS
KOMOIHOBAaHUX ONTUYHUX €JIEMEHTIB i3 po3opoi kepamiku YAG:Nd®no/YAG:Sm®n. BcTaHOBIIEHO, O 3[iiCHEHHS
I1(y3iiHOro 3pollyBaHHS MIJIIXOM BUCOKOTEMIIEPATYPHOTO Bifjlaly y BaKyyMi MO>XKe CyIIpOBOKyBAaTUCS
30iIbIIEHHSIM 06'€MHOI YaCTKY 3aJIMIIKOBOI TOPUCTOCTI B KepaMilli. Lle siBuile nos’s3aHe 3 BiAHOBIIOBATIbHUMU
YMOBaMM BaKyyMy, SIKi CIIDUSAIOTh 3pDOCTAaHHIO PiBHOBa)KHOI KOHLIEHTPALlil BAKAHCI y KPUCTaIIYHIN I'paTLi rpaHary,
110, CBO€IO YEProlo, aKTUBi3ye piCT Ta CTabili3allilo 3a/IMIIKOBUX NOP. 3 METOIO YCYHEHHS! 3a3Ha4Y€HUX HeJlO0MiKiB
3aIPOIIOHOBAHO Ta €KCIIEPMMEHTAJIbHO allpo60BaHO MoavdikoBaHMH Hiaxin 1o AudysiliHOro 3'eAHaHHS,
aJarTOBaHMM [J1s1 3ACTOCYBaHHSI [10 €JIEMEHTIB i3 Tpo3opoi kepamiku YAG, sikuil nepedbavyae NpoBeieHHs Bianany B
aTMocdepi NoBiTps. Y pe3ysbTarti JOCTiIKeHb BUSHAYEHO ONTUMAaJIbHI TEMIIEpAaTyPHO-4aCOBi IapaMeTPU TaKOTo
3pOILyBaHHS, M0 3a6€3Me4yI0Th (POPMYBAHHS MOHOJIITHUX KOMIIO3UTHUX ONTUYHUX €JIEMEHTIB 6€3 30i1bLIIeHHS

3aJIMIIKOBO] MOPUCTOCTI Ta 30€pE>KEHHSI BUCOKOTO PiBHSI ONITUYHOI SIKOCTI MaTepiaiy.

Pedepar aHIJIiHCBKOIO:

The present study investigates the influence of the qualitative composition of functional additives on the optimal
consolidation temperature of transparent ceramics YAG:Nd®no and YAG:Sm?®n. It has been established that the
microstructural characteristics and optical properties of YAG:Nd®no ceramics modified with a complex additive
(Si*o+Mg?n) exhibit substantially reduced sensitivity to variations in consolidation temperature compared to ceramics
doped with silicon ions alone. Based on the obtained results, optimal technological processing routes were
determined for the fabrication of YAG:Nd®no and YAG:Sm?®n optical ceramics using identical temperature-time
sintering regimes when employing the complex additive. This approach enables the simultaneous production of
different functional layers or elements within a single technological cycle. Issues related to diffusion bonding
techniques employing an intermediate layer for the fabrication of combined optical elements based on transparent
YAG:Nd*o/YAG:Sm?o ceramics were investigated. It was found that diffusion bonding carried out via high-
temperature annealing under vacuum conditions may be accompanied by an increase in the volume fraction of
residual porosity within the ceramic material. This effect is attributed to the reducing environment of vacuum
annealing, which promotes an increase in the equilibrium concentration of vacancies in the garnet crystal lattice,
thereby facilitating the growth and stabilization of residual pores. To address these limitations, a modified
diffusion bonding approach was proposed, specifically adapted for application to transparent YAG ceramic
elements. This method involves annealing in an air atmosphere rather than under vacuum conditions. As a result,



optimal temperature-time parameters for diffusion bonding in air were identified, ensuring the formation of
monolithic composite optical elements without an increase in residual porosity and with preservation of high
optical quality.
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