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Ha ocHoBe MeToa rOMOTeHHOTO JiernpoBaHus U3 npekypcopa Nb,Os:4.5 Mon. % Zn n kapboHara JIUTuUsI
cuHTe3npoBaHa ogHodasHas muxta LiNbO;5:4.1 mon. % Zn, n3 xotopoit MeTogoM YoxpasibcKoro BbIpa-
IIeHbI KPUCTAJLIBI HUOOaTa TuTusi. Ha ocHOBaHUM pe3yibTaTOB 9KCIPECC-OILIEHKU ONTUYECKOro KauecTBa
KPUCTAJIJIOB M PACCUNTAHHBIX 3HAYEHU I ITb€30MOILYIISI d333 YCTAHOBIIEHO, YTO MCCIIEyeMble KPUCTAJLTBI Xa-
pPaKTEepU3YyIOTCS BHICOKUM ONTUYECKHUM KauecTBOM. MccnenoBaHus KpUCTALLIOB TOMOTEHHOTO U MIPSIMOTO
JIETUPOBaHMsI B 001acTU KOHLIeHTpaLuii mpuMecu 4.02—5.38 moit. % Zn metogaMu GOTOUMHIYLIUPOBAHHO-
IO paccestHUsI CBeTa U Ja3epHOil KOHOCKOMUU MOATBEPAWIN UX BBICOKYIO ONTUYECKYIO OMHOPOJHOCTh U
CTOMKOCTD K JIJa3epHOMY MOBPEXICHUIO, DOTOPePaKTUBHBIN OTKIMK B KPUCTAJUIaX IMOJHOCTHIO OTCYT-
cTtBoBas. [TomyyeHHbIE pe3yabTaTbl MOTYT OBITh MCITOJIB30BaHbI MPU BhIPAIIIMBAHUN KPYITHOTA0apUTHBIX
kpuctanos LiNbO;:Zn, xapakTepU3yIOIMUXCS HU3KUMU 3HAYEHUAMY KOSPUUTUBHOTO MOJISI U MTPEeCTaB-
JISIIOIIUX OCOOBI MHTEpeC MJIs1 CO3AaHus Mpeodpa3oBaTeieil Ja3epHOro U3yYeHUsT Ha TepUOIUYECKHU M0~
JISPU30BaHHBIX CTPYKTYpax.

KioueBbie cj10Ba: MOHOKPHUCTAJUTBI HUOOATA JIUTHUS, JIETUPOBaHWE, MUKPOIE(MEKThI, CTAaTUYECKUIA TThe30-
MOIY/b, HDOTOMHAYLIMPOBAHHOE paccesiHue CBeTa, JJazepHask KOHOCKOMUS
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BBEJEHUWE

JlerupoBaHHbBIE MOHOKPUCTAJUIBI HUOOATa JINTUS
LiNbO;:M (Mg, Zn, In, Sc u ap.) Ha NPOTSXKEHUU
MHOTUX JIET SIBJISIIOTCS IIPEIMETOM MHTEHCUBHBIX HC-
cienoBaHuii [1—7] u paccMaTpuBaIOTCSI B KA4E€CTBE
ONTUYECKUX MATepUAaJIOB, IIMPOKO MCIOJIb3YEMEIX B
HEJIUHEWHOW, MHTErpajbHONM M MOJSIPU3aLMOHHON
ONTHUKE, a TAKXKE JIA3EPHOM TEXHUKE U OIITO3JICKTPO-
Huke. OgHaKO, HECMOTPSI Ha HOBBIE TEXHOJIOTMIECKIE
pa3paboTKH, 3a1a4ya MOoAyYeHUsT ONTUYECK OTHOPO/I-
HBIX MOHOKPHMCTAJIJIOB OCTaeTCs BEChMa aKTyaJIbHOM.
PaGothb! nccienoBareseil HOCAT MOPO IPOTUBOPEYM-
BBIN XxapakTtep. OTHONM U3 OCHOBHBIX IIPUYUH TaKOTO
pacXoXAeHUS SIBJISIETCS TO, UTO UCCJICIOBAaHUS BbIpa-
1eHHbIX KpucTajioB LiNbO;:M B 60JIbIIMHCTBE pa-
0OT OCYILIECTBJISUIUCH 0€3 ydyeTa UX IIPEIbICTOPUM:
0COOEHHOCTEe ! NCXOIHBIX KOMIIOHEHTOB IIIUXThI, M&-
TOJIa CMHTEe3a IIMXTHI, CIIoco0a JISTUPOBAHUSI MOHO-
Kpucramia, (QU3NKO-XMMHUYECKMX OCOOEHHOCTEH
paciuiaBa U pOCTOBBIX ycJIoBUit. Hanbosee moapoo6-
HO BJIMSIHME CTPYKTYPhI paciulaBa Ha CBOMCTBA KpHU-
CTAJIJIOB HUOOATa JTUTHUS TIPEACTABICHO B paboTax [8,

9]. 3nech He TONBKO MTPUBENEHBI TEOPETUYECKUE pac-
YeThl paBHOBECHOTO KO3 duliMeHTa pacrjiaBa HUO-
0ara JIUTHUS C JIETUPYIOLIMM 2JIEMEHTOM, HO U C UC-
MOJIb30BAHUEM METOJIa MUKPOBBITATUBAHUS SKCIIEPU-
MEHTAJIbHO YCTAHOBJIEHA 3JIEKTPOABIMKYILIASI CUJIA, UTO
MO3BOJIWJIO HAWTU ONTUMAbHBINA COCTaB IS pOCTa
KOMITO3UILIMOHHO OIHOPOAHBIX 6e31e(eKTHBIX MO-
HokpucTtauioB LiNbO;:Mg [9]. B 6osbIIMHCTBE Ipy-
rux padoT B JIy4llIeM cy4yae yKa3aHbl JUIIb HEKOTO-
pble TEXHOJIOTUYECKUE MapaMeTpbl pocTa. BiusHue
cnocoba JIerMpoBaHMSI Ha CTPYKTYpy U CBOMCTBa
kpuctamoB LiNbO;:Mg onucano B [10], roe cnenan
BBIBOJ, 4yTO KprcTauibl LiNbO;:Mg ¢ ofuHaKOBbIMU
KOHILIEHTpAlLIMsSIMU ITPUMECH, BbIpallleHHbIE B Pa3HbIX
ycaoBUsIX, 3aMeTHO pasnuvartcs. [Ipu uccienona-
Huu MoHokpucTauioB LiNbO;:Zn aBtopsr [11—13]
MPU MaJjioM 11are JIeTUPOBAHUSI ¢ JOCTATOUHO BBICO-
KOl TOUHOCTBIO BBIACIWUIIM TPU y4acTKa, B Ipeaeiax
KOTOPBIX TTPOUCXOJIUT CKAYKOOOpa3HOe M3MEHEeHUe
CBOICTB BbIpalllMBaeMbIX KpUCTAJUIOB: 1-ii — oT
4.02 no 5.38, 2-i1 — ot 5.38 mo 6.8, 3-it — ot 6.8 1m0
9.0 momn. % Zn.
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170 BUPIOKOBA u ap.

Llenpio HacTodl1Iell paOOTHI SABISIETCS TOJyYeHUE
MoHokpuctaioB LiNbO;:Zn U3 1IKUXTHI, CUHTE3U-
POBaHHOI MeToIoM ToMoreHHoro JierupoBaHus (IJI)
Ha ocHoOBe Mpekypcopa Nb,O5:Zn ¢ KOHLEHTpaluei
Zn, OTHOCSIIIENCS K MEPBOMY KOHIIEHTPALIUOHHOMY
Y4acTKy; U3y4eHUE UX MOHOIOMEHHOCTH, (hoTOope-
(GpaKTUBHBIX CBOMCTB, CTPYKTYPHOII M ONTHUYECKOM
OOHOPOOHOCTH; TIPOBEACHUE CPABHUTEIBHOIO aHa-
JIM3a ¢ KpUCTaJLUIaMU MPSIMOTO JIETUPOBAHMS.

OKCITEPUMEHTAJIbBHAA YACTDb

[Mentaokcun Huo6us Nb,Os:Zn ¢ KOHLIEHTpaLK-
el [Zn] = 4.5 Mon. % nony4aaud B COOTBETCTBUU C
TEXHOJIOTUYECKOM CXeMOoil, MpUBEIEHHON B padoTe
[14]. ITIpumMech Zn BBOOWIM ITyTeM COPOLIMM MOHOB
LIMHKA B BBICOKOYMCTBIN THUAPOKCHUI HUOOMS MPU €T0
CMEIIIMBAHUM C a30THOKUCIBIM pactBopoM Zn(NO;),
(“oc.4.”) 3aaHHOI KOHLIEHTpaluK. [ MIpOKCUIHBII
0CagoK I1ocye orepauuii GUIbTpaluud U IIPOMBIBKHI
cymmau u nipokanupaau npu 1000°C B TeueHue 3 4.

s BeipammBaHus kpuctauioB LiNbO;:Zn (T1)
rpaHyJMPOBAHHYIO IIUXTY KOHIPY3HTHOIO COCTaBa
([Li,O]/[Nb,Os] = 0.946), merupoBaHHYIO ITMHKOM,
MOJIyJaJIi METOIOM CUHTE3a-TPaHYISILIUNA U3 CMECU
Li,CO; (“oc. 4.”) u npekypcopa Nb,Os:Zn. Pacuet
HeobOxoauMmoro konuuectBa Li,CO; mpoBoauiu Ha
yuctbiii Nb,Os. [Tociie MexaHOaKTUBAalLIMK PEAr€eHTOB
B TeueHue 24 4 B “IIbIHON O004YKe” cMecCh ITOMEIIAIN
B MJIATUHOBBIN TUTENIb U CJierka MoANpecCOBbIBAIIM.
TepMoo6pPabOTKy IIPOBONMIIM B OTKWTOBOM IICYM
I1BK1.4-25. Harpes g0 1100°C nipoBoauicst Co CKO-
poctbio 200°C/4, mmocne 3-4acoBOMl BBIIEPXKU Ha-
rpeB npoaorKanu co ckopocthbio 100°C /4 no 1243°C
¢ mocJjenyloueit BeIAEPKKOM B TeueHue S 4.

Kpucramist LiNbO;:Zn (IJ1) anamerpom 40 u muiu-
HO# mumuHApMIecKoif acTu 40 MM GBUTH BBIpalle-
HBI B HanpasieHnn [001] meTonom Yoxpaibckoro us
IUIATUHOBBIX TUTJIEI ¢ BHYTPEHHUM AUaMETPOM 75 MM
Ha Bo3nyxe. Mcrob3oBai pocTOBbIe YCTAHOBKHM WH-
TYKITMOHHOTO THUIIA, OCHAIIIEHHBIE CUCTEMOM aBTOMa-
TUYECKOTO KOHTPOJISI AuaMerpa Kpucrauia. CKOpocTb
TepeMeIeHns cocTaBisuia 1.1 MM/4, CKOPOCTb Bpa-
meHus — 14 06./MuH. BennunHa oceBoro rpagueHTa
~1°C/MM. Macca noHoii 3arpy3Ku TUTJISI COCTaBJISI -
na 1150 T, ucrmonb3oBajioch He 6osee 25% pacruiaba.

C 1enplo CHATHS TEPMOYNPYTUX HaIpsDKeHUWH
BbIpalllcHHbIE KPUCTAJUIbI TTOABEPTAIM TEPMUYECKOM
obpabotke npu ¢ = 1200°C B TeueHue 24 4. AHanu3
coliepKaHusl LIMHKa B mpekypcope Nb,Os:Zn, muxre
LiNbO;:Zn u BbIpallleHHbIX KpUCTaJJIaX IPOBOAU-
JIU METOJOM aTOMHO-3MUCCUOHHON CHEeKTPOMET-
pun (criekrpomerp ICPS-9000 ¢upmbl Shimadzu).
INorpenrHocTh OrpeneaeHnss TaHHOTO METOIA COCTaB-
nsma ~2%. Da30BbIi COCTAB IIMXThI, TIaBa aHATA3M-
poBall METOIOM peHTreHodazoBoro aHamusa (PPA)
Ha peHTreHOBCcKOM audpakToMeTpe XRD-6100 (Shi-
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madzu). s maeHTHdMKanu (a3 HUCIOIb30BaIN
0azy ganHbeix JCPDS-1ICDD 2002.

MonHonomeHnuzaimio kpuctamwioB LiNbO;:Zn (I71)
MPOBOAMJIA ITOCPEICTBOM BBICOKOTEMIIEPATYPHOIO
anekTpoauddysnonHoro orxkura (BTDA0) myrem
MIPWIOXEHUSI TOCTOSTHHOTO MOJISIPU3YIOILIETO IIOJIS
IpU OXJIAXKACHUM 00pa3loB co cKopocThio 20°C/u B
TeMIlepaTypHOM MHTepBae oT 1241 no 888°C.

ITo meTonukam, omMcaHHBIM B [15], ocyiiecTBIISI-
JIU KOHTPOJIb CTENEHU MOHOAOMEHHOCTU KpHUCTas-
JioB LiNbO;:Zn nyteM onpeneaeHns1 BEIUYUHbI CTa-
TUYECKOTO Mbe30MOAYIS (ds33) KPUCTALTMYECKON Oy-
JIW; OLIEHKY OINTUYECKOTo KauyecTBa MaTepuayia UCXOs
U3 3HAYEHMIA CPEHETO KOJIMYECTBA LIEHTPOB paccesi-
HUS B EIMHULIE 00bEMa UCCIENYEMBIX KPUCTAIOB.

CTOMKOCTD K Ja3epHOMY MOBPEKICHUIO U OTITH-
YEeCKYI0 OMHOPOTHOCTh MOHOKPUCTAJIOB OTIpeaeIsi-
Ju MetomaMu (OTOUMHAYLIMPOBAHHOIO pacCesTHUS
ceeta (PUPC) u nmazepHOii KOHOCKONUM, KOTOPHIE
noapoOHO U3JIOXeHBI B paboTax [16—19].

PE3VYJILTATBI U OBCYXIEHHUE

Hns nonydenust kpuctauioB LiNbO;:Zn (IJ1), ot-
HOCSIIIIUXCA K 1-My KOHIEHTPAllMOHHOMY YYacTKY,
ObLJTa CHHTE3MpOBaHa IIMXTa C KOHLIEHTpalluei [InH-
ka 4.1 mon. %. Ilo JaHHBIM XMMUYECKOTO aHa/IM3a,
colepXaHue B IMxTe Huoobwus (62.3 mac. %) u tuTus
(4.36 mac. %) COOTBETCTBYET COCTABy KOHTPYIHTHO-
ro miasieHus. MHauBumyalbHOE comepskaHue KaTu-
OHHBIX MUKPOIIPUMECEN B HEMA, OMPENECICHHOE Ha TPU-
6ope JIDC-13, cocrapnseT (Mac. %): Pb, Ni, Cr, Co, V,
Ti, Fe, A1<2 x 1074 Ca, Si<1x 1073 Ta< 1 x 1072,
YTO MO3BOJISIET OTHECTH ee K “BbICOKOUHUCTOI”. Tlo
JaHHbIM P®A, 1mmxTta npeacrtabiasgeT co00Oil OgHO-
¢da3HbIil TPOIYKT.

Metonom YoxpallbCKOrO U3 CHUHTE3UPOBAHHOI
IIMXTHl ObLIM BBIpAIllEHbI BAa MOHOKpHUCTanaa: I u3
mXThI ¢ [Zn] = 4.10 mon. % w 2 — [Zn] = 4.15 mon. %.
Kpucrann 2 nomyyanu myreM 1o6aBIeHUSI UCXOTHOMN
LIMXTHI K TIaBy KpUcTajia 1.

PesynbraThl 00pabOTKM 3KCIEPUMEHTAIBHBIX JaH-
HBIX 1711 BbIpalleHHbIX KpuctauioB LiNbO;:Zn (IJ1)
(Tabs. 1) MOKa3pIBAIOT MPAKTUYECKHA HEM3MEHHYIO
KOHIIEHTPAIMIO [IUHKA BIOJIb OCU POCTA, TMTOCKOJIBKY
Pa3HULIA KOHLIEHTPALUM B KOHYCHOM M TOPLIEBOM Ya-
CTSIX OJM3Ka K IOTPEIIHOCTA METOJA OMpeaesICHUS
KoHUeHTpauuu HuHka (£0.1 mon. %). Ilomo6Hoe
pacrpeneieHre IPpUMECH CBUACTEIBCTBYET O BBICO-
KOl XMMHWYEeCKON OTHOPOTHOCTH 00pa3lioB, XapaK-
TEPHOM [UIs1 yCIIOBUIA BhIpaluBaHus ¢ K,y = 1, B 10
BpeMsI KaK ISl UCCIeAyeMbIX MOHOKPHCTAJIOB KO-
apurment pacnpenenenus K., < 1. OnHoponHoe
pacnpeaeneHe npumecu B kpuctaax LiNbO;:Zn
HabI101aeTCsl U B CUCTEME pacIljlaB—KpUCTAI—IIPU-
MECh B CJIydae MCHOJIb30BaHUS METOAa IIPSIMOTO JIie-
ruposanus (IIJI) [12], koroa mpuMech B BUIe OKCHIA
Ne 2
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Ta6mua 1. KonueHnrpanus uuHka B paciuiase (C,), konyce (C,) u topue (C,) KkpuctaaioB U KoadhbULKUEHT pacrpene-
nenus (K,q = Cy/C,) nMHKa B Kpucrasiax /, 2 (Fﬁ) u 3, 4 (I1JD)

Kpucramn Cp, Mo % C, Moi. % C,, Mmon1. % AC=C,— C,, mon. % K,
1 4.10 3.87 3.76 0.11 0.944
2 4.15 3.85 3.78 0.07 0.928
3 4.02 3.43 3.53 0.1 0.853
4 5.38 3.95 3.86 0.09 0.734

ZnO BBOIUTCS B IIMXTY Mepel HAIJIABJICHUEM TUTJIS
(ta6a. 1, kpucrauiel 3 u 4). OnHako BenuunHa K,y
MpU BbIpaliuBaHUM MOHOKpHUCTaU1oB LiNbO;:Zn (I71)
BBIILIE. YCTAaHOBJICHO, YTO UCHOAb30BaHue IJI-IIMXThI
C KOHILIEHTpalMsIMMI IIMHKA B 00J1aCTU 1-T0 KOHIIEH-
TPallMOHHOTO IT0pOora Mo3BOoJISIET NOoIydyaTh KpUCTaI-
JIBI ¢ OONIBIINM cofepKaHueM IMHKa Ha ~10%. Bepo-
satHo, npu [1JI kpucraiioB HrIOOATa JIUTHUS MBI IMEEM
KayeCTBEHHO HHYIO CTPYKTYpy paciuiaBa, KOTopasi
oOyciaBIMBaeT MEHbIIME 3HAYeHUST KO3 PUIImeH-
TOB pacHpeneeHUsI IPUMECH BO BCEM HCCIICIyEMOM
Jiuara3oHe.

PesynbraTtel uccinemoBaHuii MetogoM P®A
maaBoB kpuctayuioB / u 2 (I'JT) cBuaeTeIbCTBYIOT O
TOM, YTO MX BBhIpalllUBaHUE MPOU3BOJIUTCS U3 OJl-
Ho(da3HbIX paciiaBoB, conepxaiux dasy LiNbO;
[20] (xapTouka 88-0289). B To ke Bpemss PDA Top-
1eBoii yactu Oynu kpuctayuioB 3 u 4 (I1JI) monTBep-
XKIaeT Hanruuure B Hel nByx da3: LiNbO; u LisNbO,
(xkapTtouka 75-0902), yTo co3maeT HeOOXOAUMOCTb OT-
OpaKOBKHU YaCTHU KPUCTAJIMIECKOM OYIIH.

PesynbTaThl 3KCnpecc-oleHKM ONTUYECKOro Ka-
yecTBa nojiydeHHbIx o6pasuoB LiNbO;:Zn (IJT) BbI-
SIBUJIV TIOJTHOE OTCYTCTBME B HUX KaK MPOTSKEHHBIX
Ie(eKToB, TaK U LIEHTPOB pacCestHUsI, YTO CBUIACTEb-
CTBYET O BBICOKOI ONITMUECKOM YMCTOTEe MaTepraJa.

Ha puc. 1 npencraBneHsl 3aBucuMoctu Q,, = f(F)
JIJISI ICCJIEYEeMbIX KPUCTAJIJIOB 0 U MOCJe Impoliecca
MoHonoMmeHuzauuu. Ha obpasuax LiNbO;:Zn (IJI)
MpOBEAEeHBI TPU ATarla UBMEPEHUN C BhIAEPKKOM 00-
pa3loB B KOPOTKO3aMKHYTOM COCTOSIHUU 1 4 MeXy
atanamMu. s mocTpoeHus: rpaMKoB MCIOJIb30Ba-
Hbl ycpenHeHHble 3HayeHus. U3 puc. 1 BUIHO, 4TO
BBbIpalllEeHHbIE KPUCTAJIBI B UCXOAHOM COCTOSIHUM
MPakKTUYECKU He 00JaJalT IMbe303JIEKTPUUECKUM
addexkToM, HaOIIOTAETCS NI CJIadas IMHeitHasT 3a-
Bucumoctb Q, = fF), d;3; < 1. B pesynsrare BTO10
MOHOKPUCTAJJIOB MyTeM MPUJIOKEHUSI TOCTOSIHHOTO
MOJISIPU3YIONIETO TIOJS TIPU OXJaXKIEHUU 00pas3loB
co ckopoctbio 20°C/4 B TeMIIepaTypHOM MHTEpBaJje
oT 1241 no 888°C HabmogaeTcs OTYETIIMBBIN TThe30-
anekTpudeckuii apdexrt (puc. 1, 3aBucumoctu 1', 2')
BCJIEICTBUE IOSIBJIEHUS YCTOMUYMBOM YHUIIOJSIPHO-
CTH UCCIIeIyEMbIX KPUCTAJLJIOB.

B pesynbrare mpoBeAeHHBIX PACUETOB TTOTYUYEHBI
3HAUYEHUS Tb€30MOAYJS d335 IS KaXIOTO U3 00pas-
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1OB: dy3; = 10.7 x 10712 Kii/H (xpucramn 1) v dy33 =
= 8.5 x 1072 Kui/H (xpucramn 2). HecMoTps Ha 10-
CTaTOYHO BBICOKHE 3HAUYEHUS MbE30MOMYJsI UCCIIe-
IyeMbIX KPUCTAJIIOB, OJM3KHWe K CIIPABOYHBIM JTaH-
HBIM (ds33> 8 X 10712 Kii/H) [21], Ha rpaduke O, = A F)
(3aBMCUMOCTD 2') BUIEH HE3HAUYUTEIbHBINM CKAYOK IT0-
JIIPU3ALIMOHHOTO 3apsina O, U, KaK CIeACTBUE, OTKIIO-
HeHue rpaduka OT JMHEHHOCTU. DTO CBUIETEIbCTBYET
0 BJIMSTHUHY CO3IaBaeMOT0 Harpy3Koii ITOJIsl Ha OCTaTOd-
HBIE TOMEHBI W HeypaBHOBEIIICHHBIE 3apsIIbl, BEPO-
SITHO, OCTaBIIHECs MOCJIe MTPOXOXKASHUS MPOLIEcca MO-
HomoMeHm3anuu. Kpucramn / xapakrepusyercs: 6oiree
BBICOKMM 3HaYEHUEM IThe30MOIYJIS, 3aBUCUMOCTD O, =
= f(F) n1st Hero UMeeT JTMHEIHbBIN XapakTep.

B skcniepumentax no ®UPC (puc. 2) BeKTop Ha-
MPSKEHHOCTU E 3JIEKTPUUYECKOTO TIO0JIS JIa3€pHOTO
W3JIy4EHUs MapajuiesieH MOJISIpHOM ocH Z KpucTallia,
JIa3epHBII JTyd HampasyieH BOOJAb ocu X. s oboux
HUCCIIeIOBAaHHBIX KpUCTALIOB (oTopedpakTUBHBIN
OTKJIUK OTCYTCTBYyeT, uHaukatpruca ®UPC He pac-
KpbIBaeTcs, a HAOJI0JaeTcsl TOJbKO KpyroBOe pacce-
SIHM€ Ha CTaTUYECKUX CTPYKTYPHbBIX Aedekrax. KapTu-
Ha paccesiHUsI He U3MEHSIETCS BO BPEMEHU U COXpaHsIeT
¢opMy Ha MPOTSKEHUU BCEro aKcIepruMeHTa. B To ke
BpeMst, KaptuHbl @UPC kpucranna 2 (puc. 2r—2e)
MMEIOT 4yTh 00Jiee pa3MbIThIi XxapakTep, YTO yKa3bl-
BaeT Ha HECKOJIbKO OOJIbIIYI0 pacCenBaIOIIYIO CIO-
COOHOCTb 3TOr0 KpucTajla 10 CPaBHEHUIO C KpU-
CTaJlJIOM I, YTO MOXKET OBITh CBSI3aHO C MEHbIIIEH CTe-
MEeHbI0O MOHOJIOMEHHOCTU KpUcTalja 2.

HMccnenoBaHbl KOHOCKOITMYECKUE KAPTUHBI KPU-
crajuioB LiNbOs:Zn (IJT) /u 2 (puc. 3 u 4). [1pu cka-
HUPOBaHUU IO TIJIOCKOCTH BXOAHOM IpaHU OHU PasJiv-
yarotcs ((pparMeHTHI a, 6, U B, T). M3 puc. 3a, 3B, 4a, 4B
BUIHO, YTO KOHOCKOITMYECKNE KAPTUHBI TIpaKTUYE-
CKM uaeajbHble, COOTBETCTBYIOT KapTUHAM OIHOOC-
HOT'0 KPUCTAJIJIa XOPOIIEro ONTHYECKOro KadyecTBa.
Konockonnyeckue KapTuHBI Ha puc. 30, 3r, 40, 4r
UMEIOT cJIabble MPU3HAKU aHOMAaJIbHOM ONTUYECKOit
JIByOCHOCTHU, TIPOSIBIISIIOIMECS B HE3HAYUTEIbHOM BhI-
TATUBAHUU “MalbTUICKOTO” KpecTa 10 BEpPTUKAIH
OT LIEHTPa K COOTBETCTBYIOIIEMY HAIlpaBJICHUIO Je-
dopMalM ONTUYECKOM MHAMKATPUCHI KpHUCTajlia.
PaspriBa “manbTHiicKOro” Kpecra B LIEHTpEe He Ha-
omonaercsi. I30XpoMbl COXPaHSIIOT KPYTOBYIO CUM-
MmeTpuio. [TosiBieHe aHOMAaJIbHOM ONTUYECKOM IBY-
OCHOCTM Ha KOHOCKOMUWYECKUX KapTUHAX MOXKET
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0, 107 Kn

w | dy33=0.69x 1072 Kn/H
0.7 L® 2 d333=0.92x 1072 Ki/H
& [' dy33=10.7 x 1072 Ki/H
® 2" dy33=8.5x 1072 Kin/H

0.6

0.5

0.4

0.3

0.2

0.1

o

F,H

Puc. 1. 3aBucumoctu QO =A(F) nns kpuctawios / n 2 1o u nocye MoHonomeHusauuu (I', 2') (O — BeIMYnHa NoJsIpu3allioH-

Horo 3apsina, F' — npuiaraemasi cuia).

(r)

lc 1 MmuH

(1) (e

6 MUH

Puc. 2. Kapruust @UPC kpucrawios LiNbO3:Zn 1 (a—B), 2 (r—e) (A = 532 M, P = 160 mBT).

OBITb CBSI3aHO C HEOTHOPOMIHBIM BXOXKIEHUEM TIPUME-
CU B CTPYKTYpY Kpuctasuia. [Tpu yBeTndeHMN MOILIIHO-
CTU J1a3epHOro uairydeHus 10 90 MBT 1oImoTHUTEIBHBIX
MCKaXXeHUI KOHOCKOIIMYECKOM KapTUHbI HEe HA0II01a-
etcst. TakuMm 06pa3oM, KOHOCKOMMYECKNE KAPTUHBI U
uccinegoBanuss @UPC o00oux KpUCTaaI0B MOKAa3bI-

HEOPTAHUYECKHWE MATEPHUAJIbI

BalOT OTCYTCTBHE (hOTOpe(PaKTUBHOIO OTKIMKA U
YKa3bIBaIOT HA VX IOCTATOYHO BBICOKYIO OTITUYECKYIO
OIHOPOJIHOCTb.

IIpoBeneHbl NOMOJIHUTEIbHBIE HCCAEIOBAHUS
DUPC n xoHOCKOTIMM KprcTauia LiNbO;:Zn (T1J1),
BbIpallleHHOro u3 pacmiasa ¢ C, = 5.38 mon. % Zn
Ne 2
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1 MBT

90 mBT

Puc. 3. KoHockonuueckue KapTUHbI KpUcTalia / (I1acTMHA TONIUMHOM 3 MM, A = 532 uM, P =1 u 90 MmBr).

1 MBT

90 MBT

Puc. 4. KoHockonuyeckye KapTUHbI KpUcTalia 2 (IIacTUHA TONIMHOMN 3 MM, A = 532 uM, P =1 1 90 MBr).

(kpuctann 4). Pesynbratet ®UPC 1 KoHOCKONUU
MpeacTaBlIeHbI Ha puc. 5, 6.

Hdna wucciaemoBaHHOTO KpucTauia ¢oropedpak-
TUBHBII OTKJIMK OTCYTCTBYET, MHAMKaTpuca ®UPC
He pacKpbIBaeTcsl, a HabJII0aeTCsl TOJBKO KPYroBoe

HEOPTAHUYECKUWE MATEPUAJIBI  tom 59  Ne 2

paccesiHe Ha CTaTUYECKMX CTPYKTYPHBIX neeKTax.
KapTtuna paccestHus1 HE3HAUUTEIBHO M3MEHSIETCI B
TEYECHUE NEPBOU MUHYTHI, JaJie€ BO BDEMEHU HE U3-
MEHSIETCSI, COXPaHsSIET POPMY Ha MPOTSKEHUU 6 MUH.
Heob6xonmMo OTMETUTH OTCYTCTBME Ha KapTUHAaX

2023
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(@)

1 MuH

(8)

6 MUH

Puc. 5. Kaprunst ®UPC kpucramuia LiNbO53:Zn (I1JT) (C, = 5.38 mor. % Zn) (1m1acTuHa TOMILMHON 3 MM, A = 532 HM,

P =160 mBr).

DOUPC ueHTpaJIbHOIO CJIOSI, OTBEYAIOLIETO CEYEHUIO
JIa3epHOIO JIyya, 4TO YKa3bIBaeT Ha AUCCUIIALINIO SHEP-
UM JIa3€PHOTO JIy4ya Ha JeeKTaX CTPYKTYpPbl KPUCTAI-
JIa. DTO TakKkKe ITOATBEPKOACTCSI YMEHBIICHUEM Ora-
MeTpa KapTUHBI pacCcestHUS B TeYSHME IIEPBOM MHYTHI.

I1pu ckanMpoBaHWU MO TUIOCKOCTU BXOIHOM Ipa-
HU KPUCTaJjla MOJIyYeHbl HE3HAUYNTEJIbHO OTJIMYAlO-
LIMeCsT KOHOCKOIMUYECKHUE KapTUHLI (puc. 6, hparMeH-
THI a, 0 1 B, T). 3a(pMKCUPOBAHO CJIA00E IPOCBETIICHNE
B 00JIACTH JIEBOIT BepXHEil BETBU “MaJIbTUICKOTO” Kpe-
cTa, Ha KOHOCKOIIMYECKIX KapTUHaX Ha puc. 60, 6r Ha-
OromaeTcsi He3HAYUTEJIbHOE BBITSITMBAHUE ‘‘Majlb-
TUMCKOro” KpecTa B BEpPTUKAJIbHOM HampaBJICHUM,

1 MBT 90 mBT

Puc. 6. KoHockonmueckue kKaptuHsl Kpuctauia LiNbOz:Zn
(ITD) (€, =5.38 Mo % Zn) (T1acTUHA TOMIIMHOMN 3 MM,
A=1532uM, P=1190 MBr).

HEOPTAHUYECKHWE MATEPHUAJIbI

COOTBETCTBYIOIIIEM HarpaBJIeHUIO 1ehOpMaIliK ONTHU-
YeCKOM MHINKATPUCHI KpUcTaila. Pa3pbIBa “ManbThii-
CKOTO” KpecTa He HabJTIomaeTcsT, U30XPOMBI COXPAHSIOT
KpyroByto cummeTpuio. [TogooHast aepopmariyist KOHO-
CKOITMYECKMX KapTHH OOYCJIOBJIEHa HEOONBIIION aHO-
MaJTbHOM OTITIYIECKOI TBYOCHOCTBIO MCCIIETOBAHHOTO
KpucTasia.

[IpoBemeHHBIEC MICCIEMOBAaHUS YKA3bIBAIOT HA BBI-
COKYIO OIITUYECKYIO OMHOPOMIHOCTD UCCIEIOBAHHOTO
KpUCTaJljia, CPAaBHUMYIO C XapaKTepUCTUKAMU KpU-
crayuioB LiNbO;:Zn (IJT) 1 u 2.

3AKJIFTOYUEHHME

BripamieHbl MOHOKpUCTAIIBI HUOOATA TUTHUS U3
muxThl LiNbO5:4.1 Mmon. % Zn, cCMHTEe3MpOBaHHO
MmeTonom IJI ¢ wucnojb3oBaHUEM IIpeKypcopa
Nb,O5:4.5 Moi1. % Zn. YcTaHOBIEHO, YTO B KOHIIEHTpa-
HMOHHOM nuarna3oHe 4.02—5.38 mon. % Zn I'JI-kpu-
crajuiel cogepxat Ha ~10% GoJibliie IpUMeCH LIMHKA
no cpaBHeHuo ¢ IIJI-kpucrtamiaMmu 1 uMeroT 6oJiee
BBICOKME 3HaueHUS 3 PeKTUBHOrO Ko3ddunneHra
pacnpeaeneHuss. MoHokpuctauibl LiNbO5:Zn (TJI)
BhIpaIlMBalOTCsI U3 ogHOG(a3HOIo pacIjiaBa U He
MMEIOT OTPaHNYCHMS B 10JIe 3aKPHCTAJUIM30BaBIIETOCS
pacIuiaBa, IIpy KOTOPOi BO3MOXHO MOJIYYEHHE IIPO-
3payHOl MOHOKPUCTAJLIMYECKOI Oyiau 0e3 BKIIIoYe-
HUI Ipyrux ¢as.

OKCIIpecCc-OLEHKA ONTUYECKOIO KayecTBa KpU-
CTaJUTOB MTOKa3aJla MOJIHOE OTCYTCTBUE B HUX MUKPO-
nedekToB U LeHTPoB paccesHus. [Ibe3oakycTuue-
CKMM METOIOM MOATBEPXKIEHA UX MOHOJOMEHHOCTD.
3HavyeHUs Tbe30MOYJIS LIS UCCIIELYEMbIX KPUCTAILUTOB
coctaBwin: ds3; = 10.7 x 1072 Kin/H (kpucramn ) u
dy33 = 8.5 x 10712 Ki1/H (2). UccnenoBaHus KpUCTal-
JoB LiNbO;:Zn metonamu @M PC u n1azepHoit KOHO-
CKOIUY MOATBEPAUIIY BBICOKYIO CTETIEHb UX OTNITUYE-
CKOM OITHOPOITHOCTH 1 OTCYTCTBHE (DOTOpE(PPAKTUBHO-
Ne 2

TOM 59 2023
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TO OTKJIMKA, YTO yKa3bIBaeT HA CTOMKOCTh MaTepuasa K
JIa3epHOMY MOBPEXACHUIO.

Kpucramisl LiNbO;:Zn aHalormyHoOro kadecTBa
MoOryT OBITh BeIpanieHbl 13 [1JI-pacmiaBa ¢ [Zn] = 4.02
i 5.38 Moi. %, HO U3-3a BKITIOYEHUI IpyruX a3 mux
rabaputhbl (IJTMHA UJIMHIPUYECKOMN YacTh) orpaHuye-
HBI. TakuM 00pa3oM, BEIOOP TEXHOJIOTMM BhIpaIIBa-
HUSI KPYITHOrabapuTHbIX MOHOKpUCTaLioB LiNbO;5:Zn
IUISI MacCOBOTO TMPOM3BOACTBA OyIET OMNpenessiTbCs
pacdeToM ee PKOHOMMNYECKO 3(P(PEeKTUBHOCTH.
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