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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PYyOPHK: 47.13

Tema gucepranii:
1. TexHoJIOrii OTPMMaHHS MOHOKPHUCTaJIiB 60PaTiB, BAHAATiB, BOJIb(pamaTiB Ta MOJIiOIATIB 1711 aKTUBHUX

eJIeMEeHTIB y1a3epiB 3 moBXkuHamu xBuib 1,06 i 1,5 MKM

2. Tecnologies of borate, vanadate, tungstate and molybdate single crystal production for active elements of lasers
operating at 1,06 and 1,5 om

Pedepar:

1. Po3po6sieHa HOBa TEXHOJIOTiSI BUPOILYBaHHSI MOHOKPUCTAJiB oABiiHuX opTrodopaTtiB Ca3RE2(BO3)4 (RE =Y, Gd),
B OCHOBI $IKill JIEXKUTb CTYMiHYaTi! TBepAodasHuil cuHTes npu Temneparypax 110-140°C, 210-230°C, 450-500°C,
730-750°C TpuBasicTio 10-12 ronuH 17151 KOKHOTO TEMIIepaTypHOTro iHTepBaly, 10 3abe3neyye OTpUMAaHHS IUXTU
CTEXiOMETPUYHOTO cKiany. [IposeMoHCTpOoBaHa MOKJIMBICTh BUPOLIYBaHHS METOIOM Y0XpasibCbKOTO YACTUX Ta
aktuBoBaHux ioHamu P3E (Nd, Yb, Er) MoHOKpuCTasiB 6€3 JOMIIIKOBUX (a3 3 BAKOPUCTAHHIM Pt abo Ir Turiis i
KpucTanisanii o 70% posniasy. Briepiue 3ziicHEHO ITOBHE 3aMillieHHSs pigKicHOo3eme npHOro katioHa (Y abo Gd) B
kpuctanax Ca3RE2(BO3)4 na Nd. BupomeHno HoBuit MoHOKpucTan Ca3Nd2(BO3)4, posmudpoBaHa ioro
KpUCTaJliyHa CTPYKTypa. Briepie oTpuMana jiadepHa reHepatlis Ha JOBXVHI XBrJli 1,06 MKM IIPY BUKOPUCTAHHI
aKTMBHUX ejleMeHTiB Kpucrana Ca3Y2(BO3)4:Nd npu s1aMrnoBoMy HakadyBaHHi, & TP BUKOPUCTAHHI aKTUBHUX
esnieMeHTiB kpucTana Ca3Gd2(BO3)4:Nd - 3 napameTpamy, 110 3HAYHO [1ePEBUILYIOTh ONy0JIiKOBaHi B jiTeparypi



IIpU aHaJIOTiYHOMY TecTyBaHHi. Ha ocHoBi MoHOKpucTaniB Ca3RE2(BO3)4:Yb,Er (RE =Y, Gd) cTBOpEHi HOBI aKTUBHI
eJIEeMEHTH 1715 JIa3epiB 3 JOBXKUHOIO XBUJIi 1,53 MKM Ta CyMiCHO 3 BislopycbkuM Hal[iOHaJIbHUM TeXHIYHUM
VHIBEPCUTETOM PO3pO06JIeHI MaKeTH Jla3epiB 3 IapaMeTpaMu: oBXUHa xBui 1,53 MkM, nudepenuiansHuil KKII 13%,
BUXiIHa OTYXHicTb 10 0,5 BT B pexxumi 6e3nepepBHoi reHepaliii. Briepie po3po6seHa TeXHOJIOTisi BUPOLyBaHHS
KpUCTAaJIiB OABIMHUX OPTOBAHAAATIB, AKi HE MICTATh LIEHTPIB PO3Cil0BaHHA. Briepiie npu BUKOPUCTAaHHI aKTUBHUX
eneMmeHTiB Ca9La(VO4)7:Nd Ta CalOLi(VO4)7:Nd npu s1amrnoBoMy HakauyBaHHi OTpUMaHa Jla3epHa reHepallist Ha
noBxuHi xBuii 1,06 MM 3 nudepenniansHum KK 0,99% ta 0,87% B peskumi BiibHOI reHepatiii, BiinoBinHo.
Briepie oTpumMaHi HOBi HelleHTpocuMeTpudHi MOHOKpUcTanu Ca9Nd(VO4)7, CalOM(VO4)7 (M - Li, Na, K) ta
Cal0,5-xPbx(VO4)7 (x=1,8; 3,5; 4,9), sIKi po31IKPI0I0Th HOMEHKJIATYPY JIa3ePHUX Ta HEJiHIHHO-ONTUYHNX MaTepiaJiB.
JIns xpucrana eepporo posunny Ca9Y(VO4)3(PO4)4 He 3adikcoBaHo ¢pazosoro nepexony R ¢ o R3¢, oTpumana
BHCOKOTEMIIEpPaTypHa LieHTPOocUMeTpru4Ha Mogu@ikanis R ¢, sika 36epiraerbcs B iHTepBaii Temmneparyp Trin-Tk,
BM3HAYEHi NapaMeTpu esleMeHTapHOoi KoMipku 1iiei mogudikarii. BupomeHi, Bnepiue gociimkeHi Ta ineHTrdikosaHi
n1iHii B cniekTpax KP MOHOKpuCTasliB TBEpAUX PO3UMHiB BosibdpaMaTy-mosibnaTy cBuHLo PbW0,5M00,504. [ing
Mx Kpucrais i kpucranis StW04, CaMoO4 orpumano BKP BUIIpOMiHIOBaHHS NE€PUIOi, IPYTroi i TPETBOI CTOKCOBUX

KOMIIOHEHT.

2. The new crystal growth technology of binary borate Ca3RE2(BO3)4 (RE =Y, Gd) has been developed. The
technology is based on solid state synthesis at 110-140°C, 210-230°C, 450-500°C, 730-750°C for 10-12 hours for
every temperature interval. These conditions supply synthesis of stoichiometric charge. The growth of pure and
Nd, Yb, Er - doped crystals free of impurity phases by the Czochralski method with the use of Pt or Ir crusibles and
crystallization up to 70% melt has been demonstrated. Full substitution of rare earth cations (Y or Gd) by Nd has
been done and new Ca3Nd2(BO3)4 single crystal has been grown for the first time. Its crystal structure was
identified. Laser operation at 1.06 om for the active element of Ca3Y2(BO3)4:Nd crystal under flash lamp pumping in
free running mode has been demonstrated for the first time. Parameters of laser operation for the active element
of Ca3Gd2(BO3)4:Nd crystal were better than published erlier and obtained under the same conditions. New active
elements of Ca3RE2(BO3)4:Yb,Er (RE =Y, Gd) single crystals for 1.53 om lasers have been produced. The working
model of laser operating at 1.53 om under diode pumping has been developed together with Belarusian National
Technical University. The parameters of working model of laser: wavelength - 1.53 om, slope efficiency - 13%,
output power - up to 0.5 W, contnious wave operation. The crystal growth technology of binary vanadates free of
scattering centers has been developed. Laser operation at 1.06 om for the active elements of Ca9La(VO4)7:Nd and
CalOLi(VO4)7:Nd crystals under flash lamp pumping in free running mode with slope efficiencies of 0.99% and
0.87%, respectively has been demonstrated for the first time. New single crystals Ca9Nd(VO4)7, CalOM(VO4)7 (M -
Li, Na, K) and Cal0.5-xPbx(VO4)7 (x=1.8; 3.5; 4.9) with non-symmetrical crystal structure have been grown for the
first time. These crystals extend the range of non-linear optic materials. The R coR3c phase trasition was not
observed for Ca9Y(VO4)3(PO4)4 crystal. High temperature structure modification R c has been obtained at room
temperature and its unit sell parameters have been studied. The lead tungstate molybdate solid solution, STWO4
and CaMoO4 crystals have been grown. Raman spectra of the crystals have been studied and peaks identified. For
PbW0,5M00,504, SrtWO4 and CaMoO4 crystals 1Ind, 2nd and 3rd Stokes have been observed.
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