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OBINASI XAPAKTEPUCTHKA PABOTBI

AKTYaJIbHOCTB TEMbI

Hnrepec Kk MeToaM CUHTE3d KPHCTAIOB O0YCIOBJIEH BO3PAcTarOIHAMH I10-
TPEOHOCTAMY COBPEeMEHHBIX HAYKH U NPOMBIIIIEHHOCTH B MAaTEPUaiaX ¢ 0COOBI-
Mu QU3UYecKUMH cBoMcTBaMH. IIpuMepaMu Takux CBOWCTB SBJISAIOTCA CHOCO0-
HOCTh I€HePHUPOBATH ONTHIECKOC U3TyUSHHE H BO3MOKHOCTh YIPABJICHHA €0 Xa-
PaKTEPUCTHKAMHM.

K nokaszaTesaM KauecTBa Jia3epHBIX KPUCTAJUIOB OTHOCHT:

® KONMIECTBO NE(EKTOB, UTO ONpeNenseT JHEPTETHUECKUE TTOTEPH B KPUCTATLIE;

* 3HaueHHe KOd(PQHIMEHTa TEIUIONPOBOAHOCTH, YTO ONpEACsifeT CrOCOOHOCTh
MaTepuaia OTBOIUTH HEMUHYEMO BBIICIIAIONICCCS TIPH reHepaliy Ternio, a 3HAUUT,
MAaKCHMATTBHO JIOCTINKHMYIO MOIHOCTH JIA3€PHOTO HATyYeHUA

¢ 3HEPreTHUCCKHI BBIXO] JIFOMMHECHEHIIHH, UTO ABJIAETCA MHTETPATBHBIM MOKA-
3atesieM KadecTBa KPUCTAILIA, UCTIONh3YEMOTO0 B JIa3epHOM TeXHHUKE.

OKCHAHBIE KPUCTAJIIBI CITOCOOHB! paboTaTh B JKECTKHX TEMIIEPATYPHBIX yC-
JIOBUAX W ABAAOTCI HaumOOJCe TMEePCIeKTUBHBIMU JUIL CO3JaHHUs HENpepBIBHBIX
JIa3epOB BHICOKOH MONIHOCTH C HepecTpauBacMoil gactotoil. K rakuM Kpucrai-
JIaM OTHOCAT afeKCAH/PUT U KOPYHI, JIETUPOBAHHBIM THTAHOM.

O6nacTh JIFOMUHECIIEHIIMH TUTAHUCTOTO KOpYHAA (TUTaH-CardyupoBOro Jia-
3epa) — 600-1000 HM. OCHOBHBIM UCTOYHUKOM HpoOIeM MPU CO3JaHUHU Ja3zep-
HBIX CHCTEM Ha KOpYH/]E€ C THTAHOM SABJSIETCA CITOCOOHOCTH HOHOB THTaHA U
COOCTBEHHBIX TOUYCYHBIX ACPEKTOB KOPYHIA CO3/aBarh KOMILIEKCBI, KOTOpBIE
BBI3BIBAIOT TIOTJIOINEHHE B KPacHOH U OJwkHEH HH(pakpacHOU odracTu crnek-
Tpa, T.€. B 001aCTH reHEepalldH MepecTpanBacMoro jlasepa. IT0 MOKET CIIYKUTh
MPUINHONW CYINECTBEHHOTO YMCHBIIEHHS 3HEPIeTHYECKOr0 BHIX0J/a JIFOMUHEC-
LEHLIAH.

Kpuctaminl agekcamipuTa UCTIONB3YIOT B KAUECTBE aKTUBHOU Cpeabl MepecTpau-
BaeMBbIX TBEPIOTEILHBIX J1a3epoB MHpakpacHoro auanazona (715-830 um). briaro-
Japst BRICOKOM TEPMOCTOHKOCTH, HIHPOKOMY CIIEKTPY TOTIOMICHNS ¥ HE3KOMY T0pO-
Iy TEHEpay MOXKHO B PazjINYHbIX PEKUMAaX (MMITyJIbCHOM, YACTOTHOM, HEIIPEPHIB-
HOM) 3 (eKTHBHO MCIONB30BATh JIAMIIOBYI) HAKAUKY H IIOJIYYATh BHICOKYIO MOUI-
HOCTB H3TyUCHUS.

Jlazepnl Ha anexcanjpure HaXOMAT OPUMCHEHME B MEHIIMHE M KOCMETOJIOTUN, B
KauecTBe aTMOC(EPHBIX JUAAPOR, a TAKKe UCHONB3YIOTCA i 00paboTKU MaTepHa-
JIOB. DTH J1a3ephi MEPCHIEKTUBHEI [T 00padOTKH MeAU W aIFOMUHYS, TIOCKOJIBKY Te-
IUIOBBIE M OITHIECKHE CBOIICTRA ITHX METALIOB 3aTPYAHAIOT HCTIOIL30BAHIE I UX
00paboTKH APYrUX THIIOB J1a3epOB. A TAK KaK JUTMHA BOJIHAL JIA3epOB HA AJIEKCAHAPH-
T€ HOMANAeT B II0JOCY IMOIJIOMCHUS KPEMHHS, 3TO J4€T BO3MOKHOCTH 00padoTKu
KPEMHHWEBBIX MIaCTHH. OIHAKO KUCIOAB30BAHUE JIA3EPOB HA AJTEKCAHAPUTE CHIePKH-
BACTCH TEXHOAOIMYECKOH CIIOKHOCTHIO BRIPAIINBAHIS MOHOKPHCTAILIOB.

J14 monyueHHS MOHOKPUCTAIUTOB al€KCAHAPHTA HCIOIB3YIOT METOABI BRIpa-
HIMBAHUS W3 CTEXHOMETPHUECKOTo paciljlaBa H HI/ISKOKOHLIGHTpHpOBaHHblx pac-
TBOPOB, KOTOpPBIE UMEIOT CIEAYIOMIUE HENOCTATKH,
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I'naBHpIM HCTOYHHKOM Mpo0JieM IpW BHIpAMIMBAHWAN AJICKCAHAPUTA U3 pac-
IUTaBa ABJfgeTCA Hanuude (asoBoro mepexona P—o npu temneparype 1853 °C.
HMmenno moj>ToMy Npu BhIPAMIMBAHWM ajJEKCaHAPUTA W3 paciulaBa HEBO3MOXKHO
CTa0MIBHO TI0JIyYaTh HU3KOTEMIIEPATYPHYIO o-(a3sy.

Peanu3auus BBIpAIUBAHUA U3 HU3KOKOHIICHTPUPOBAHHOTO (TIPH TEMIIEPATYPE
oxosio 1300 °C) pacTBOpa ¢ HCIONB3OBAHUEM (LIrOCA HE MOXKET 00€CIICUUTh CKO-
POCTH POCTa BHINIE ACCATHIX A0JCH MIJUIIMETPA B CYTKH.

HMMenno mo3yToMy npodiiemMa pa3paboTKi (GU3NKO-XUMHAICCKHX OCHOB TEXHO-
JTOTHH TONYTICHHUS XPU300CepHUIa U aleKCAaHAPUTA B YCIOBHUAX, MCKIFOYAIOLUIMX
BBICOKOTEMIIEpATypPHBIi ()a30BBIN MEepexol, a Takke 00eCIeTHBAIOMIX CKOPOCTH
pocTa, COrOCTaBUMBIE ¢ pAacIJIABHBIMM METO/IAMH, NPEACTABISETCA BEChMA AKTY-
aJIbHOM.

B naunso#l pabore paccMoTpeHbl (GH3HKO-XMMHWYECKHE OCHOBBI TIOJIydCHHA
MOHOKPHCTAJUIOB XPH300€pwiIa U aJeKCaHIPUTa, peaiuialHs KOTOPHIX I103BO-
TIUT TIOJIHOCTBH) HCKIIOUHTE TIOABJICHHE BBICOKOTEMMEpaTypHoil MoaudHKkanuu
arfoMuHata Ocepuuiud. [IpoBexeHHsle HccienoBaHus Ae(PEKTHON CTPYKTYpHI H
uzMepeHre (pU3MIECKHX TapamMeTpoB Jal0T OCHOBAHWS YTBEPKAATH, UTO ITOJNY-
YeHHBIR MaTepyual NPATOACH A7 H3TOTOBIECHUA aKTUBHBIX 3[IEMEHTOB NAa3epHbIX
CHCTEM BbICOKOH MOMIHOCTH.

Henb padoTtsl

Pazpaborars (hU3MKO-XMMHYECKUE OCHOBBI TEXHOJIOTHH MOJYICHHUA 00DbEeM-
HBIX MOHOKPUCTAJLIIOB Xpu3o0epuiia M aleKCaHAPUTA, a TaKKe MPOBECTH KOM-
TJIEKCHOE MCCIeIOBAaHHE KaueCcTBa MOJyIeHHOTO MaTepHaa.

Jnisl JOCTUKEHHS MOCTaBICHHOM 1€ OBUTH PEeleHBI CICAYOLIHE 3aAa4H:

1) co3paH 1abopaTopHBIN KOMIUIEKC, COCTOSINMI M3 POCTOBOM MEYH, YCTPOWCTBA
BpAaIlleHHs U BBITATMBAHUA KPUCTAIUIA, JICKTPOHHOIO 000Py/A0BaHHA — DJIOKOB PETy-
JIAPOBAHUA TEMIICPATYPHOTO PEXKIMA, CKOPOCTH BbITATURAHMA M UYACTOThI BPAMICHUS
KpHCTALIA;

2) otpaboTaH COCTaB MMTAIONIETO PacTBOPA, TEMICPATYPHBINA PEXKHUM, CIOcob H
BpeMs 3aTpaBiieHus, pa3Mephl THINIA, TapaHTUPYIOIIHE MOTy4eHHUEe XpHU300epuLIa U
€ro JIETUPOBAHHOI XPOMOM Pa3HOBUIHOCTH ~ alE€KCAHAPHTA;

3) MmoyueHs! NIPUTO/IHBIE /I HCCIIEA0BAHNUS CBOWCTB MOHOKPUCTAILIBI XpH300e-
pULIA U ANeKCAHIPHTA;

4) BBINIOJIHEH KOMILIEKC UCCIICIOBAHUII KAaUECTBEHHBIX XapaKTepHCTUK BhIpallin-
BaeMbIX MOHOKPHCTA/UIOB, BKJIIOYAIOIINH B €05t OPHEHTHPOBAHHYIO Pe3Ky, NITU(OB-
Ky ¥ TIOJIUPOBKY, HCCIIEJ0OBAHUE JE(EKTHOI CTPYKTYpsl (BBIABICHUE AUCIOKALINOH-
HBIX KapTHH) U U3MEpEeHHE (PM3HYECKHX CBOMCTB (JIFOMUHECHGHIMS, TEIUTOIIPOBO/I-
HOCTB).

Hayunas voBu3zHa

1. Ha ocHose aHamm3a auarpamMmsl dhazosoro pasaosecus Al;O:—BeO Brepsbie
NPeJioKeH W PeaTM3OBaH METOJ BBIPAIIMBAHMS MOHOKPHCTALIOB Xpusobepumia U
AlIeKCAHPHUTa U3 pacTBOpa ¢ BBeJCHUEM H30bITKA MM OKCHIAa ATFOMHHMS, WIN OK-
cuaa OepiLIHd OTHOCHTEIBHO CTEXHOMETPUUESCKOIO COCTaBa AOMHHATA OepILns



C TeM, YTOObI BECTU NPOLECC KPUCTAILIM3ALMY [IPH TEMIIEpaType HIDKe NMoamuMopd-
HOTO TIpeBpalieHus —a.

2. BriepBble OIpe/ielIeHbl KOHHEHTPAIMIOHHBIE W TEeMIepaTypHBIC I1apaMeTpEl,
obecriegHBaONIHE MOIyYeHHe MOHOKPHCTAIIIOB XpHU300€epiiLia W aleKCaHapuTa i3
BBICOKOKOHIICHTPUPOBAHHOTO PAcTBOPA, C IUIOTHOCTBIO MHCIOKAIMIl HE BEHIINE
10° cm 7, K03 pUIMEHTOM TETLTONPOBOAHOCTH BIOTb HAMPABJICHUA OCH ¢ HA YPOBHE
29,0 = 1,5 Bt/(M-K) nipu Temnieparype 300 K, KBaHTOBBIM BBIXO/IOM (TyOpeCIIEHINH
10 80%.

3. Brrepesie onpegencusl TPeOOBaHUS K MPOTEKTOPAM, UCKITHOUAIOLIHE TIPEHK/IC-
BpEMEHHOE MO/IUIARICHHE 3aTPABKH NPH TOIBEICHUH €€ K HOBEPXHOCTH BHICOKO-
TEMIIEPaTyPHOLO PAcTBOPA.

4. BriepBble YCTAaHOBIICHA 3aBHCHUMOCTH paclpe/eleHHs XpoMa M0 KpUCTal-
JorpaMIeckuM TIO3ULMAM B pelleTKe aIeKCaHApHTa OT ero oOuielf KOHIeH-
TpaLuH.

IpakTH4YecKas LIEHHOCTH H PeajiH3aliisi Pe3yJIbTaToB padoThl »

1. M3 BEICOKOKOHIIEHTPHPOBAHHOTO PacTBOPa MeToloM KHpomysioca MmosyteHsl
MOHOKPHCTAJUTBI AIITOMHUHATA OepILIHA, NPUFOAHBIC U1 U3TOTOBICHUS ONTHYECKHX
3JIEMEHTOB, TUAMETPOM A0 35, BbICOTOI 10 20 MM 1 BecoM 110 40 1.

2. CrpoeKTHpOBaHA, U3TOTOBJICHA U CMOHTUPOBAHA JKCIICPUMEHTaNbHas POCTO-
Bas YCTAHOBKA, OTIHIUTCIBHBIMU OCOOCHHOCTAMM KOTOPOH SBJASIOTCA MANOE JHEP-
ronotpe6ienre (okoio 2 kBt nmpH TeMueparype TNaBICHUS KOpyHAa B aTMocdepe
aproHa), KOMIIAKTHBIE rafapUTHRIE pasMepsl NPU JOCTATOYHO 00JHINOM HAarpesae-
MOM oObeMe (MaKCUMAaTbHBIN quaMeTp Turig — S50, Beicota — 30 MM, ITO o0ecrneun-
Baio 3arpy3ky 50 r HIMXTHI alekcaHApuTa). YCTaHOBKA MO3ROMIA PEaU30BaTh TH-
rejbHbIe METOJB! BhipamuBaHus (MeToast Ctenadora, Kapomynoca, Hoxpansckoro,
Crokbaprepa-bpurkmeHa).

3. OtpaboTaHa METOMMKA 3aTPABJICHUS CAMHHIHOIO MOHOKPHCTAIUIA, OCHOBaH-
Has Ha UCIMOIB30BAHUM CHETMATIMIMPOBAHHOIO 3aTPaBKOJAEpIKATEIs, a TAKKe Tpo-
TeKTOpa 3aTpaBKé, 970, BO-TIEPBRIX, UCKIFOYACT NMPCKACBPEMEHHOE TMOAIUIABICHHE
3aTPaBKH, a BO-BTOPBIX, 00ECTICYHBAET TeILIO0TRO/, HCOOXOUMBIH U1 cTabMIBHOTO
KpUCTaJU1000pa30BaHNs alleKCaHIPUTA.

Ha 3auury BhIHOCSTCA

1. MeTonuka 3aTpasiieHHs €IMHUYHOTO MOHOKPUCTAILIA.

2. OU3HUKO-XUMUYECKHE OCHOBbI TEXHOIOIMH HOJXYYEHHS OOBEMHBIX MOHOKpU-
CTAUIOB XpH300EpHIIa M aneKCaHIpHTa M3 BBHICOKOKOHLIEHTPUPOBAHHOTO PacTBOpa
amroMyuHata OepUIMA B pacILiaBe OKCHAA ATFOMUHHA H OKCH/Ia OepuLIHA.

3. KoHIIEHTpaMOHHbIE M TeMIIepaTypHble MapaMeTpbl TEXHOJOTUH BBIpAlLIUBa-
HUS MOHOKPHCTAIJIOB, 00eCHeUNBAOIIME IOyUeHHE MOHOKPHCTAILIOB AleKCAHIPH-
Ta ¢ KBAHTOBEIM BBIX0/10M (hiryopecuertmm 10 80%.

4. KoHCTpyKIHMA 3KCTIEpHMEHTATIBHO POCTOBOH YCTAHOBKH.

S. Metoanka NONydeHUs KapTHH pactpefelieHus SMOK JHCIOKAIMiA o0pa3Lios
aNeKCaH/PUTA.

6. Pe3ynsTarsl KOMIUIEKCHOTO HCCIENOBAHMA CTPYKTYPhI M CBOMCTB MOHOKPH-
CTAIIOR.



Jlnunblil BKIaA ABTOPA B NOJTy"4eHHH HAYYHbIX Pe3yJbTaTOB

OCHOBHOI1 00BEM TEOPETHUECKOH W IKCHEPUMEHTANILHOW pabOThI BBITIONHEH Ca-
MOCTOATENBHO. 11pH HENOCPEACTREHHOM YHaCTHH aBTOPa ObUIN OTIPE/IETIEHb] YCIO0BHA
BBIpAIUBaHMS XPU300€pUIa U aJeKCaHAPUTA U3 BBICOKOKOHLIEHTPUPOBAHHOTO Pac-
TBOPA. BBUIM YCTAHOBJICHBI ONTHMAJIbHBIE KOHIEHTPALMOHHBIE H TEMIIEPATYpPHbIE
napamMeTpbl, 00ecleUUBAOIIHe CTa0WIBHOE TOMYYeHHEe MOHOKPHUCTAIIOB XpH300e-
pUILIa U aneKCaHOPUTA.

Taxcke ObUIM pazpabOTaHbl CXEMBI AATYHKA BPANCHNA KPUCTAJLIA, CKOJB3ALIEro
KpEIUICHHU 3aTPaBOYHOTO KPHCTAILIA, NPELM3HOHHOIO PEryJIMPOBAHMA HANPHKCHHA
Ha Harpesatesie; OBIIM CIPOSKTUPOBAHB! KOHCTPYKLMH KOPITyCa POCTOBOM II€UH U €€
BHYTPECHHEN OCHACTKH.

Anpobaums pe3yJibTaToB

OCHOBHBI¢ Pe3yJIbTAThl JUCCEPTAHOHHON paldoThl ObLIN NMPEACTABICHBI HA KOH-
¢eperuax: VI MexayHapoaHoil HayuHOH koH(epeHIMH « XUMHUA TBEPIOro Tejia U
COBpEMEHHBIE MUKPO- 1 HaHoTexHonorum» (Kucnoronck, 2006); VII Mexaynapon-
HO# Hayw1HOH KOH(epeHIMr «XUMHUs TBEPAOTO TENa ¥ COBPEMCHHbIC MHKPO- M Ha-
HotexHomorvmy (Kuciaosoack, 2007); Beepoccuiickoi korpepeHimy « XUMHA TBEP-
JI0TO TeNa U (hyHKUHOHAIbLHbIE MaTepuasbDy ( Exatepundypr, 2008); XX MexgyHa-
poaHOH KOH()epEHUMH MOJIOABIX YYSHBIX MO XMMMM M XMMMYECKOH TEXHOJIOrmH
“MKXT-2007" (Mockga, 2007); 7-1 MexyHapoaHOH KOHPEPEHUNH MOJIOABIX yye-
HBIX «AKTyalbHBIE MPOOJIEMBI COBpeMeHHOH Hayku» (Camapa, 2006); 8-B Mexny-
HAapoOIHOU KOH(EPEHIIHU MOJIOABIX YUEHBIX «AKTYaJIbHbIC NPOOJiEMbl COBPEMCHHOM
Hayku» (Camapa, 2007); 1-ii koudepenimn acrupanto HOVYpl'Y (Uensbusck,
2009).

Iy6auxauun

Pe3ynprarsl, MoJIO’KeHHbIE B OCHOBY IUCCEPTAllMHM, OIyOJIHKOBaHbl B 13 neuar-
HBIX padoTax, M3 HUX 3 B KXypHajiax, pekoMeHaoBaHHeIX BAK, no marepnanaM auc-
cepTaluu noiydeH 1 nateHT. CIMCOK OCHOBHBIX MYOJIMKALMH NPHBEAEH B KOHLIE aB-
Topedepara.

CTpykTypa 1 00beM padoThl

Jluccepranys COCTOWUT U3 BBEAGHMHA, ISITH IJIAB, PACKPBIBAOIIUX OCHOBHOE CO-
JepkaHue paboThl, BLIBOJIOB U CHUCKA JIUTEPATYPhI W3 78 HAaMMEHOBaHUIA, H3JI0KEHA
Ha 132 cTpaHnIax MaliMHONMCHOTO TEKCTA U COAEPKUT 61 pHCYHOK 11 7 TabJmIL

OCHOBHOE COJAEP)KAHUE PABOTHI

Bo gsedenuu 060CHOBAHBI aKTYaAIBHOCTD PabOThI U BbIOOP 0OBEKTOB UCCIENOBA-
HHA, CPOPMYIMPOBAHbI 11/ U 3a1a4H MCCIe/IOBAHUA, IOKA3aHa HAYUHAS HOBH3HA U
HpaKTHYECKas 3HAUUMOCTD PaboThL.

B _nepeoii_21age na OCHOBAHHM JINTEPATYPHBIX JAHHLIX MPEICcTaBieH 0030p oc-
HOBHBIX CYIHECTBYIOIMX METOJI0B BBHIpALMBAHUA MOHOKPHUCTAIOB Xpr3obepusiia u
AJIEKCAHAPHUTA, JaHa XapaKTEePHUCTHKA PAa3iHBIX BHAOB JICHEKTOB, KOTOpbie 0bpa-
3YIOTCA KaK B MOMEHT 3aTpaBlieHHS MOHOKDHCTAJUIa, TaK W HPH €ro JanbHeHiem
paspacTaHum.



PaccMoTpeH Mpolece KpUCTAJUIOTeHe3!ca MTOJMKOMIIOHEHTHOTO paciulaBa U poc-
T4 MOHOKPMCTAIIOB XpH30o0epwiia 1 aJICKCAHAPUTA, a TakkKe noimMopdHoe TBep-
nodazHoe TpeBpalleHe AMOMUHATA OCPWUIUA B CBETE MOJCIHHONM KOHLCIIIMH O
BEAyIEH PONH acCOLMATHBHOIO KPHUCTALIO00PA30BAHUSA; NPUBENCHBI Pe3yTbTaTh
PacdeToB U KOMIIBIOTEPHOTO MOAEIAPOBAHUS H30MEPHBIX aCCOIMATHBHBIX KOMITICK-
COB.

B XpoHOMOrn4ecKOM MOPAIKE M3TIMKEHBl PE3yILTATHl MOIYICHN AJeKCaHAPUTA
Pa3IMIHBIMHA CIIOCO0AMHU: B Ia30TPAHCIIOPTHBIX YCIOBUAX, PACTBOPHBIM M PACTLIaB-
HbiM (HOXpanbCKOro, TOPM30HTAIBHOI HANPaBJICHHON KPUCTALIM3AIINN) METO/IAMH.

CHHTE3 aneKCaHAPHTA B Ta30TPAHCIIOPTHBIX YCIOBMAX HE MO3BOJIWI TONYHUTh
CcTa0MIBHBI POCT KPHCTAIUIOB, Y CETOIHA ITOT CIIOCO0 HE HCTIONB3YETCH.

Homyuenue xpu3obepwuia M aleKCaHJPHTA PACIUIABHBIMHM METOJaMH OCIIOXK-
HieTcsd HamuuueM (azoporo mnepexonaa P—o npu temmeparype 1853 °C. Hmen-
HO TI03TOMY TpPYAHO HOJHOCTBE) MWCKJIIOYHTH IOSBJICHHE BHICOKOTEMIIEPATYPHOMH
p-moandukaimu K CTAOUNLHO TONYYaTh MOHOKPUCTALUIBl HM3KOTEMIICPATYypHOM
0-MOIHPHKALMY, ’

Munycom ¢uirocoBOro MeTosa (U3 HU3KOTEMIICPaTypHOTO HITH HU3KOKOHLEHTPH-
POBAaHHOTO PacTBOpPa) ABJIACTCA MAIOE NPEACIBHO HOCTIDKUMOE 3HAYCHHUE CKOPOCTH
pocta MOHOKpHCTAIOB. [Ipy BhIpalIHBaHUU AICKCAHIPUTA C pasMepaMu noneped-
HOro ceueHus 12x18 MM MakCHManbHas CKOPOCTH BBITATHBAHUA HE IPEBBIACT
0,8 MM B cyTKHM. BTOpBIM MHHYCOM 3TOr0 METOJA, KOTOPBIM OTHOCUTCS CKOpee K
TEXHOJOTUTHOCTH TIpollecca, ABJIETCS HEOOXOAMMOCTh MPUMEHEHHS JOPOToCTOs-
THX TUINEH (TIATUHOBBIX ), YCTOMYMBEIX NMPH BBICOKUX TEMIIEpaTypax Ha BO3Iyxe K
JISHCTBHIO arpecCHBHOI cpepl pacTBopa.

B TO 3Ke BpeMs [UI peaNm3ailiii BhIPAIIMBAHUA W3 pacIilapa B MHEPTHON aTMo-
cdepe BOIMONKHO NMPUMEHEHHE MONMO/JICHOBBIX (WM BOIB(PaMOBBIX) TUTNEH, UTO
BeJeT K CYIIeCTBEHHOMY YMEHBIICHHUIO 3aTPaT Ha pealr3alyio TexHonorun. Hezagu-
CHUMO OT YCJOBWH BBIPANIUBAHUA BBICOKOTEMIEPATYPHBIX KPUCTAIIOB €/UHCTBECH-
HBIM CHOCOOOM OpraHW3aIliHH NPoLecca ABIAETCA NPHMEHECHHE NPOMBIINIEHHBIX POC-
TOBBIX YCTAHOBOK, OTIMTAIOIHIXCS BEICOKOM MOITHOCTBIO M 3HAYHTEJILHBIMH radapu-
tamy. HanpyMep, MOmHOCTh ycTaHoBKU Kpuctaui-3M nipu temniepartype ILiaBIeHHs
kopyHza (2050 ° C) cocrarmet npuMepHo 30 kBT. O0BeM kKaMepbr €U COCTABIIAET
200 1. D10, ¢ OMHOM CTOPOHEI, A2ET BO3MOKHOCTE CO3/IAaTh OONBINMET TPATUEHT TeM-
repaTyphbl ¥ JOCTHIH OOINBIINX 3HAUEHMH CKOpocTH pocTa Kpuctayinos. Ho ¢ apyroi
CTOPOHBI, 0OTBIIIME radapuThl ¥ MOUTHOCTH HA HAYAJILHOM 3Tane oTpaboTky (husuko-
XAMHYECKUX OCHOB TEXHOJIOIMH ABIAIOTCA CKOpee HEeJOCTATKOM 000pYyA0BaHMA, T.K.
BEIYT K CYMICCTBCHHOMY YREIMUEHUIO BPEMEHU ITOAr0TOBKY IKCTICPUMEHTA, 3 TAKKE
3aTpar JIeKTPOIHEPTUH.

VMeHHO MO3TOMY TIPEICTARIACTCA BEChbMa aKTyalbHBIM, BO-TICPBBIX, BBIABICHHE
QU3UKO-XUMIIECKMX OCHOB TEXHOJIOMMH TIOTYYEHUA MOHOKPUCTAILIOB XPU300epl-
Na ¥ aJIeKCaHIPHUTa W3 BHICOKOKOHIICHTPHUPOBAHHOTO PacTBOpa, UTO HO3BOJIUNO I10M-
HOCTBIO HCKJIFQUMTH KPUCTAUTH3AIMIO BBICOKOTEMIEPATYpHOI [-Moan¢pukaimu
ATIOMHHATA OCSPWIINA B JIOCTHYb 3HAYCHUA CKOPOCTH POCTA, MHOTOKPATHO MpPEBBI-
HIAOLIETO 3TOT HapaMerp B pacTBOPHHIX ((UIOCOBBIX) MeTOaX. Bo-BTOPBIX, co3/a-
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HHE J1a00paTOPHOro KOMIUIEKCA U1 BBIPAIMBAHUS BLICOKOTEMIIEPATYPHBIX MOHO-
KPUCTALIOB, OTBEYAIOIIECTO CICAYIOIMUM TPeGOBAHHMAM: MOMIHOCTh YCTAHOBKM HE
Oonee 5 kBT, nneptHas atMocdepa, TeMneparypa a0 2100 °C, BHy TpeHHHIT 00heMOM
KaMmepsl Ileun He 6onee 3 1.

Bo emopoii znase 1101poGHO OIMCaHA CKOHCTPYHWPOBAHHASN ¥ H3rOTORJICHHAS
IKCIIEPHMEHTANbHad YCTAHOBKA, OWIHYAIOIMIAACA MajibiM IHEPTonoTpedeHneM
(2 xBr npu temmeparype ruiaBieHus KopyHma 2050°C), HeGOasIIAMH pazMepaMu
[Py NOJE3HOM 00bEME, NOCTATOYHOM Ul HarpeBa THIJIA guameTpoM 50 U BRICOTOM
30 MM, 9TO obecneumBano 3arpy3ky 50 T mmxThl UM HOXYYEHHS AICKCAHIPUTA).
IIpencTaBiieHs! KOHCTPYKIIMH BBICOKOTEMIIEpATYPHOI IIEYH U YCTPOHCTBA BpaileHuUs
W BBLITATUBAHUA KPUCTAIUIA, & TAKKE CXEMBI PETYIHPOBAHUA TEMIICPATYPHOTO PEKH-
Ma. IIpuBeeHBI XapakTepUCTHKN YCTPONCTBA BPAMICHI U BHITATMBAHUA KpUCTa/LIa:
X0 KapeTku — 100 MM, CKOpOCTh mepeMenieHus KapeTku — 10 45 MM/4, CKOpocTh
Bpailienys mroka — ot 0,8 5o 10 00/MuH.

B mpemveii 21a6e W3M0KEHDI PE3YIIBTATH SKCTIEPUMEHTAILHON paboThl TI0 orpe-
AEJIEHUI0 KOHIIEHTPALMOHHBIX H TEeMIIEPATypHBIX MapaMeTpoB TEXHOJIOIUH ITOIyde-
HUA XpU300epWLIa U aleKCaHApUTa. Y CTAHOBIECHA BO3MOKHOCTH NOTYIECHHUS MOHO-
KPHCTAUIOB ajlOMUHATa O€PWIIHA H3 BBHICOKOKOHLICHTPHPOBAHHOTO OTHOCHTEIHHO
Xpu300€pHIa PacTBOpa, 4TO 00eCHeunBacT CTabWIBHOE 3aTPaBIeHHe HA3KOTEMIIe-
paTypHO# Moau(HKalH amoMIHaTa OepIILTHSL.

CyTs paspaborauHbIx npeUIoKeHnil MogcHIeTcs puc. |, Ha KOTOPOM NPeNCcTaB-
JIEH (PparMeHT AHarpamMMbl COCTOSHUS 1BOIHOM crucTeMbl BeO-ALO;.

T,°C i i i i
3BeO-ALO; BeO:3A1,0;
BCO'A]203
2000 .
1900 p— s
1800 p o i [ -
G i ! !

1700 | | - p i

60 70 90 100

80
ttrr o
BeO BFC A DE mac.% AlLOs
Puc. 1. ®parmeHT quarpaMmMsl coctossHug cucTeMbl BeO-Al, O,
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Toukoit A (cm. puc. 1) oTMeueH cocTar Xpi300eprilia, rOPU3OHTAIBHON MITPH-
xoBoif nuHMelH obo3HavuCHa Temneparypa (aszoBoro nepexona B—a (1853 °C). Oco-
OCHHOCTHI0 OMUCHIBAEMOIO METOA ABJIAETCS W3MEHEHHE HCXOMHOTO COCTARa MIUXTHI
MyTeM A00aBJICHUS W30BITOYHOTO OTHOCHTENBHO CTEXHOMETPUUECKOr0 COCTaBa
amoMuHaTa OepIDIHA WM OKCHIA OSpHILIHA, HIH OKCHIA AIOMUHUA B KOJTHUECTBE
2 — 5 Mac. % ¢ TeM, UTOOBI 3aTPaBIMBAHME M TOCHEAYIONIMI POCT KPUCTA/LUIA TIPO-
H3BOAMTH B 00J1AaCTH YCTOHMIMBOCTH HHBKOTEMNEPATypHON MOAN(MKAIMK, T.€. HIKE
1853 °C.

Mo:KHO npearorararh, YTo MpH 3aTPaBIHMBAHIN B MHTEpRaIax coctasos BC win
DE oxaxercs oyeHb Mall BLIX0/] TOTHOTO (0OCOOEHHO B ITOC/IEHEM CIIyYae), IIOCKOJIb-
Ky Tp# TeMmIeparype, orBeqaroreil Touke B win E (cMm. pue. 1) napamy ¢ xpuzode-
PWLIOM HauMHACTCS KpUcTaumauug coefurenuit — 3Be0-AlL, O, u BeO-3A1,0,. Ho
HA MpakTHKe OBUTO YCTAHOBIGHO, YTO MPOLECC MOHO(PAIHOW KPUCTAILIM3ALIMK XPU30-
fepwia MOKeT WITH M IPH TEMIIEPATypax HIDKE IBTEKTHUCCKUX — MMPUMEPHO N0
1800 “C kak crpaBa, TaK M CJI€Ba OT CTEXMOMETPHUYECKOTO COCTaBa. ITO MPOUCXO-
JUT 01arofaps CKJIOHHOCTH pacIllaBoOB K Iepexody B METacTaOHIbHOE COCTOsHIHE, B
pe3yanTaTe 4ero A0 OMPENCICHHbIX MPENENTOB HE MPOHCXOAUT HHA TOMOr¢HHOro (B
pacTBOpe), HU TETEPOTeHHOro (Ha UyKEPOJHON MOIUTOxKe) obpaszopanusa 3BcO-
Al,O; mmu BeO -3A1,05 # pacTeT TOJIBKO KPUCTAILI XpH300epiuiia.

JU1s 1OCTIKEHMs MAKCHMAIBHOTO BBIXOJA XPH300CpHLia BRITOIHO BbIpAIIBATH
KPUCTAJUIBI M3 pacTBOpa COCTaBa, CcOOTBETCTBYRoMIEro touke C wm D. Opnako ¢
YUETOM BO3MOXKHBIX (NIYKTYaluil TeMIepaTypsl MOBEPXHOCTH PACILIaBa, MoIbeMa
MEHVICKA IO 3aTpaBke M HEOOXOJUMOCTH €€ YAaCTHUHOIO pacTBOpSHWS Mepel Hava-
JIOM POCTa Cleayet BEIOUpATh COCTaBbl, Jiekanue B untepsaie BC wm DE, Hanpu-
Mep, COCTaB, OTBeYaloLi Touke F.

IIpencrasieHst pe3yjabTaTel padOT II0 BHIPAIIMBAHHUI) AJICKCAHIPHUTA METOIOM
Crenanosa. ITokazaHo, 4To TpyOuatbie OpMOOOPAZYIOIINE HIEMEHTHI 00ECIIEUHBA-
10T JIydIIee 110 CPABHEHHMIO C KalTWUTAPHBIMY ITepeMelinBanue BOIU3H poHTa KpH-
CTAUIM3AIMA, A pope3u B HOXe GopMO0Opa30BATENS CIIOCOOCTBYIOT OTBOLY pac-
TBOPEHHBIX T'a30B, BRIACTAIOHNIMXCS NPHU KPHCTALIM3ALMH, 9TO 3HAYUTENHLHO YMEHB-
1IaeT IIOTHOCTh MAKPOBKIFOUCHUN.

U370%KeHBI TaKoKe Pe3ylIbTaThl IKCTIEPUMEHTOB TI0 BRIpAABAHMIO MOHOKPUCTATI-
JIoB anmekcanjaputa MetogoMm Kupomymoca. IIpruBeneHsI pesyibTaThl ONTHUMUZALIH
KOHCTPYKIMHA TEIIOBOTO Y374, a Takke (H3NKO-XHMUIECKHE OCHOBHI TE€XHOJOTHH
BhIPALIMBAHNA, 00ECIIEUHBAONIME CTA0WIBHOE 3aTpaslieHHe U pa3palliiBaHue MOHO-
KPHCTAJLIOB HU3KOTEMIICPATYPHOH MOANPHUKALMH XpH300epHuiUia U AIeKCaH/IpHTa.

B Tperpeil miaBe npeacTaBIEHBI PE3YJILTATHI MOACIUPOBAHHUA W3MEHEHHs T'eo-
METPHUECKHX JIapaMeTpoB KpHCTANIA B Mpornecce pocta. Jis sroro Obutd cHcTeMa-
TH3UPOBAHB! PE3YIBTATH IKCIIEPUMEHTATBHOM paboTh: 0TOOpaHbl 27 OIBITOB, MPO-
BEJICHHbIE C WCIIOJIb30BAHUEM OJIHOTO THUIJIA ¢ BHYTpeHHMM jauamerpoMm 40 mm. B
Tabm. | npenacTaBieHsl dKCIIEpHMEHTANbHBIE AAHHBIE: Pajnyc KpHCTALa U BpeMs
pocTa.

bruia moctpoeHa TUHUA TpeHAa (PHC. 2), COOTBETCTRYIOMAS KyOUUECKOMY ypaB-
HEHUIO.



R = 0,0000091707¢* — 0,0042t> + 0,3768t + 8,0291. (b
Tabmma |
Pajuyc xpucTawia v BpeMs pocTa (3KCIIepUMEHTATIbHLIE JAHHLIE)
Bpems | Paguyc kpu- | Bpems | Panuyc kpu- | Bpemsa | Pagmyc xpu-
pocra, u | craiia, MM | pocTa,d | CcTauia, MM | pocTa, CTa/IIa, MM
0.5 6,5 2.3 7,5 24 14
1 5,5 3,5 7,5 26 15
1 7.5 4 11,5 30 15
1 8 4,5 10 32 16,5
1 8 5 10 34 17
1,67 10 7 13,5 36 17,5
1,75 12 20 12 43 16,5
2 12,5 20 13 43 19,5
2,3 6,5 23 14 45 15
AN
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Puc. 2. I'paduk kybuueckoii 3aBMCUMOCTH pajuyca KPUCTALIA OT BPEMEHN

Koaddymment koppensuuu paseH 0,8957.
TToacrasnsas 8 ypagHenue (1) 3HaueHme BpeMenm 30 4acoB IogyuaeM paguyc
15,8 MM, UTO XOpOLIO KOppeaupyer ¢ 3KcnepuMeHToM. CNeAyeT OTMETHTh, 9TO
ypaBHeHHe (1) cipapeUTUBO T BpEMEHH POCTa OT 5 9acoB.
Ha ocHoBaBWH ypaBHEHUs 3aBHCHMOCTH pajMyca OT BPEMEHH HAIUIH ypaBHEHHUE
3aBHCHMOCTH MAccChl 0T BpeMeHu. 1Ipu 310M NMpuHUMaIHA JOHYIIEHHE, 9T0 KPHCTAILT
BO BpeMs pocta uMmeeT (popMy Momyc(epbl, yCEUEHHOIO KOHYCA ¢ COOTHOLIEHHEM
BEPXHEr0 M HIDKHEro paauyca R, = (0,5 — 0,95)R;.
Pacuers! nokasany, uTo Hanbosee NpUOTKEHHBIMU K 3KCIICPUMEHTA/IBHBIM AB-

JUIROTCA  3HAQUCHMA MAaccChl

cTania OT BPEMEHH (1) pocTa UMEeT BUA:

NpPH  COOTHOUICHWM pAJHyCOB YCEUCHHOIO KOHYyca
Ro/R; =0,75 £ 0,05. Jljis 3TOr0 YCI0BUS YpaBHEHME 3aBUCHMMOCTH Macchl () Kpu-
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m = — 0,0004t° + 0,0238t> + 0,6752t + 4,5478. (2)
Fpatpmc 3aBUCUMOCTH MacCChl KpUCTa/UIa OT BpEMEHHU NIPEACTABIICH Ha pUC. 3.

40 ".‘\_a"
o
30
~ &
g 20
101 o
0 tu

0 10 20 30 40
Puc. 3. I'papuk 3aBHCUMOCTH MacChl KPUCTA/LIA OT BPEMEHHU

B uemegepmoii 2n1age npeicTaBieHbl PEe3yNbTaThl UCCIEAOBAHUA OCHOBHBIX [E-
(eKTOB BBIPAILCHHBIX KPUCTAJUIOB AICKCAHAPHTA: paclpelencHus XpoMO(opHbIX
npuMecel, 3axBaTa ra3oBbIX BKJIOUCHUH, JTUCIOKALIHHA.

J1ns omipenesicHAs ONTHUMATBHBIX [[ApaMeTPOB TPABICHHS 00Pa3LIOB ATCKCAHAPH-
Ta ObpUIH  OMpobOBaHBI Cleaylomue pacmiaBel:  Na;B,0,-10H,O, PbO-B,0;,
PbO'VzOs, L120B203

VYcraHoB/eHo, 4To pacruiaB Oopara TuTns odecnieunsaet Haubdonee 3pPeKTUBHOE
TpaBJieHUE MOHOKPUCTAILIOB XpH300epiuiia U anekcanapura. Haubomee yeTkne Kap-
THHBI pacnpeeNcHUs SIMOK AUCTOKALUIA ObUTH NOMYYIeHBI IPU TEMIIEpaType TpaBie-
Hug 950 °C u spemenn 30 cexyHa.

Ha onTrueckoM 4 pacTpOBOM 3IEKTPOHHOM MUKPOCKONAX W3YHalMCh NPOTpaB-
JieHHbIe 00pa3ibl. [1o moay4yeHHBIM KapTHHAM paclipe]elieHAd AUCHOKalUi yCTaHoB-
JIEHO, 9TO MAKCHMaJIbHAS TUIOTHOCTh TMCIOKAIwMi He mpesbmmaeT 10°cm>. Pacmpe-
JIeTICHUE AMOK TPaBJI€HWUS TIPEACTABIICHO HA puc. 4, a. XapakTepHblil BUJ SMKH TPaB-
JIeHus IpeICTaBICH Ha puc. 4, 6.

§

0)
Puc. 4. Buzn aMoOK TpariIeHUs 00pa3ua ajieKCaHapuTa

11



Ha pacTpoBOM 2JTEKTPOHHOM MHKPOCKOIIE HCCIIE0BAHO pacTpeneiieHe XpOMO-
topHsix npumeceit. [ asanusa pacripeneaeHus Cr Ob01 B34T TUiNg 10HOTO TIOTC-
PEUHOTO Cpe3a U3 HIKHEH YaCTH MOHOKPHCTANIA ajleKCaHApuTa AuamMeTpoM 10 Mm,
BBIpAIlleHHOTO 110 MeTony CreranoBa. PesynbTaTel UCCIe/IOBaHUS MPE/ICTABICHBI Ha

puc. 5.

3.0 1
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5 1,0 | 1{; ¥ . ‘,J
g 05, : |
= |

0,0 —

0 3000 6000 9000

IIuprHa o6pazla, MKM

Puc. 5. PactipeieneHue XpoMa B NIOTIEPEYHOM cpese o0pasiia ajleKcaHIpuTa

H3 puc. 5 BHAHO, 4TO APKO BRIPHKCHHOH THKBALIMK XpoMa B 0bpasie He o6Hapy- |
#eHo. Pazdpoc Touek 00yClOBNIEH MaTOW KOHLEHTPALUEH XpoMa B MaTepHae. ’

B rnaBe Tarke M310KEHBI PE3YJIBTATHI HCCIEAOBAHMA (PU3NIECKUX CBOIICTB KpHU-
crayuioB. C OMOIBIO  0HONYYeBOro crexkrpodoromerpa SPEKOL 20 mnonyden
CTIEKTp MPOYCKAHUA AIEKCAHApUTa (pHC. 6).

Koo urment mponyckauus %

100

80

60

40

20

0

LI N O I A N B B SO A O B A B 4

T LIRS 0 B S S D S B B B

320 370 420 470 520 570 620 670 720 770 820

JlavHa BOJTHBI, HM
Puc. 6. CriekTp ApoIycKkaHus aleKcaHIpuTa

B onTrdeckoM criekTpe ayleKCaHIpHTa HAOMIOJAI0T 1Ba OKHA», XapaKTepHBIX
JUIL XPOMCOJEPKAIMUX COSANHEHMI — B CUHe-3elleH0H (460-530 HM) u KpacHo# (0T
620 HM 10 TPaHUIIBI BUANMOTO CIIEKTPa) YacTAX CHEKTpa. B ITHX «OKHAX» BeNHIHHA
KO3()pHULIMEHTA NPOITYCKAHUS Y TIOJIOKEHHNE €M0 MAaKCHMYMa pa3IddHbl ISl KPHCTaI-

12



Jorpauteckux HampasiieHHH a, b ¥ ¢, HO KpacHBIe JIyqd BCeT[a MPOXOAAT Iyuiie
cuHe-3eneHbix. CooTHomeHHe KOX(PUIIMEHTOB MMPOIyCKAHAA B YKa3aHHBIX 00JIaCTAX
CHEKTpa TAKOBO, YTO B THEBHOM CBETE, 00raToM CHHE-3eICHBIMY JydaMH, KPHACTaILT
KaXKeTCd 3€lIEHBIM, a B CBETE JIAMI1 HAKAJIMBAHUS, 3HAYUTEIHLHO 00€/THEHHOM ITHMH
JydaMH, — KpacHbIM.

Crpykrypa XpH3oOepwina 01HM3Ka K CIpyKType mimHend. Ee ocHoBa npeacTas-
nsier coboil OIM3KYI0 K TeKCArOHANBHOM IUIOTHEHIIylo ynakoBky. [lonoBuHa wHe-
CKOJIbKO MCK@/KEHHBIX OKTA3/IPHIECKHX IYCTOT 3aHATAa KaTHoHamu Al*", eme onsa
BOCBMaf 3THX I1IyCTOT — KaTHoHamu Be®'. CymectByer 1Ba copra KpHcTautorpadu-
YECKHM HEIKBUBAICHTHAIX aTOMOB Al: MOJNOBHHA WX HAXOAWUTCA B [IEHTPaX UHBEPCHH
(Al), ocTansHEIe B TUIOCKOCTAX civMMeTpuut (Aly). [puuaro cuutats, uro wonst Cr'’
MoryT m3oMopdHO 3amemats B AlL,BeO, nomnt A" obonx thnos: Al; (B uenTpax
uHBepcun) U Aljj (B INIOCKOCTAX CHMMETPHH).

Ha wmmysiscHOM katojonoMuHecieHTHOM cniekrporpade KJIABW nomydensi
CHEKTPBI KATOJOJIOMUHECIICHIIMU. XapakTepHbIe CIEKTPBl KaTONOIFOMUHECHEHLIAN

MPEACTABIICHB] HA pUC. 7.
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Puc. 7. XapakrepHsle CIEKTPbI KATOAOJFOMHHECLICHIMY aJICKCaHAPUTA

JauTensHOCTh MMITyJbCa 3JIEKTPOHOB  COCTAaBLAIA 2 HC, CPEAHAA SHEPIHA —
130-140 3B, TOoK mexTpoHHoro myuyka — 0,6 KA, 9acToTa CIcIOBaHW HMITYJIbCOB
0-10 T'u. ITapameTps ¢oroperucrpaTtopa Ha I[13C-nuHelike: 001aCTh PETHCTPALIM —
350-850 num, oOparHas juHeiiHas aucriepcus — 11 HM/MM, MHpHUHA anmapaTHOH
¢dyHKIMI Ha noxyseicoTe — MeHee 0,6 HM, IMHAMHYECKHH IUANa30H H3MEPEHN UH-
TeHcuBHOCTH — 107, BpeMs perucIpalim crieKTpa — okoso 30 cexyH/I.

CriexTphl UMITYJILCHOH KaTonomomunecueHiu (MKJI) cHumanu Ha BO3ayxe mpu
KOMHaTHO# Temieparype. KonuiecTBo UMILJIbCOB BO BCell cepUU W3MEpEHUi ObLIO
MOCTOSIHHBIM U cocTtapiano 32. 3To obecrneumio cTa0MIbHOCTh aMIUIMTY/HBIX na-

pameTpoB He Xyxe 98%.
Jlna cpaBHeHMs CIIEKTPOB 00pa3LOB C pa3HOH KOHIEHTpalwel XpoMa ObLIH BbI-
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OpaHBl TPH JUHHN ¢ HAUOOJBIITAMU MHTEHCUBHOCTAMH, COOTBETCTBOBABIIHE Cr3+1,
3+ 3t~ 3 NI PP 1 3+
Cr' u(Cr—Cr ) u paccunTansl oTHomeHusa uaTencusHocreit Cr' /Cr u (Cr -

cr” Y ' CoOOTBETCTBYIOMIFC JJAHHBIC NPEICTARTICHB! B Ta0I. 2.

Tabmiua 2
OTHOIIECHHS MHTEHCHBHOCTEH CHEKTPAJILHBIX JIMHHI
Homep obpasua | Cr,0s, Mac.% CryCry (Cr=Cr )y Cr' g
i 0,240 0,280 0,343
2 0,320 0,306 0,387
3 0,480 0,353 0,464
4 0.950 0,385 0,484

YcTaHOBICHO, 9TO paclpeAeIeHHe XpoMa TI0 TIO3ULUAM 3aBUCUT OT O0IIEro co-
JlepskaHg XpoMa, KOTOpoe paBHO CyMMe KOHHEHTpAlfit aroMoB B nojioxenusx I u
I, a Tarkke XpoM-XpOMOBBIMU napaMu (I1apa — 3TO /1Ba B3aHMMOACHCTBYIOIMINX, pac-
TIOJIOKEHHBIX B COCEHUX CTPYKTYPHBIX MO3UIIMAX MOHA).

M3 1a0aHIbI BUAHO, UTO YBEJIMYIEHNC KOHIEHTPAIMU XpOMa B KPHUCTAILIE HIPHUBO-
JUAIO K €70 TIepepacnpeNeeH IO TI0 HO3MIMAM — K yBeJTHIeH o 10/ Xpoma Cr''y 1
(Cr'—Cr’"). Veenumenve conepxanns Cr' | oTHocHTenbHO Cr’*)) PUBOAUT K CABHTY
IIBETOBOTO TOHa 00pa3ua B [UTMHHOBOJHOBYIO OOJACTh CIIGKTpA. YUWUTHIBAA 7TO,
MOHO CUHTATH, 4T0 HOHbI Cr' | OTRETCTREHHBI 32 3€/EHbIH 1BET ANCKCAHAPHTA, TO-
rma kak Cr''; — 3a kpacesiii. CyMMapHBId 3(QEKT onpeaensercs OTHOUICHHEM *
CrHI/Cr}*H.

JU1s onpenesieHis Pa3sIiiii B CTPYKTYPE METOAOM PEHITEHOCTPYKTYPHOTO aHa-
m3a OpIIH oToOpaHbl TeThIpe 00pa3ifa: JBa o0pa3na aleKkcaHpHTa ¢ COAePKAHUEM
okcuga xpoma 0,24 mac. % u aBa o0pasna METKOKpHUCTAILIMICCKOro arperara, rpe-
TepIeBIINX TBepaodasHeli f—a nepexon (puc. §).
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Puc. 8. Tudpaxiorpamma amoMHRaTa 6epHILTHSA
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CoeMKa TpoBefeHa B auanasone 20 ot 10° go 70°, [ing o6paboTku [aHHLIX OB
HCTIOJIb30BAH MAKET MPOIPaMM, MOCTaBILEMBI ¢ PEHTTEHOBCKHM AH(PAKTOMETPOM
«STOEp». ITonroe coBnagenune pudpakrorpaMm BCeX HETBIPEX 00pa3LOB MEXKAY CO-
00i1, a TakKe C 3TATIOHHBIMU JAHHBIMHU IOJATBEPAIO TOT (JAKT, UTO MEIKOKPUCTAI-
JIMMECKUI arperar, YacTblii Opak IpH BHIpAIMBAHWM M3 PaciulaBa CTEXUOMETpHYC-
CKOTO COCTaBa, €CTb HM3KOTEMIICPAaTypHas MOAN(HKAIMA ATFOMHHATA OCPHILIHA.
daza, kKoTopasg 0Opa3OBBLIBANACE B BUJIE BHICOKOTEMNEPaTypHOH [B-momudukaiin,
TipeTepIesa TeepAo(hasHeIA f—0o nepexo/] Npy NOHMKEHUI TEMIEPATYPBL.

Ha pudpakrorpaMme kpome NHHHA aJeKCaHAPUTA HUMEITHCh IOMOIHHTEILHBIE
NUKY kapouaa Bomb(pama. VX mosBieHUue 00YCIIOBJICHO CTajMed TOATOTOBKU 00-
pa3loB — pa3MOIOM B MEIBHULE C IIapaMy kapduzia Bosbgipama.

PaccuuTansl TapameTphl sdeiiku obpasuos: 9,385+0,001A, 5,465+0,0014,
4,418+0,001A. Jurepatyprsie nannbie: 9,407 A | 54781 A | 4,4285 A coorsetct-
BEHHO. TeopeTI/mecmn M DKCIICpUMEHTAIBHBIN 06LeM SAYECHKH coCTaBun 226, 5696 A’
1 228,2116 A’ coorsercraeno. ITtorHoCTb 3,72 1/eM’.

IKCHEPHUMEHTANBHO METOJOM [IPOIOIBEHOTO TEILIOBOTO IOTOKA OTIPEIE/IEHa TEll-
JIOTIPOBOJHOCTE AleKCAaHIPUTA. BBUIO MOATOTOBIICHO [Ba 00pasia ¢ pasMepamu
3x3x20 mM. [InuHHas ock 00pa3loB COBNAJAa C KPUCTALIONPAQUUECKON OCBIO C.
TorpeiHocTh onpeeneHis BeUIUHBL TEIUIONPOBOIHOCTH HE IpeBocxoamna = 5 %.
TemniepatypHblil [uanazon usMepeHuii coctarssut 50-300 K.

PesyneraTsl H3MepeHunii npecTaBieHsl Ha puc. 9 B BUlie TPaUKOBR TeMIIEparyp-
HO¥ 3aBUCUMOCTH Ko3(¢utmenTa Terwionposoanocty A =f(T).

\ |
1060
\ —6.73% Cr0s

s00 1) e .95% Cr,0;
600 \

400 \ »

200 \

2. K Br/(w-K)

\NM
0 T T.K
50 160 130 206 250 300
Puc. 9. TemnepatypHas 3aBUCMMOCTh KOS((HIMEHTa TCIUVIONPOBOAHOCTH AIEKCAH/-
pura

XapakTep MOMYUYCHHBIX KPUBBIX SBJISETCS THITHUHBIM UM JTUIIEKTPUYECKHUX MO-
HOKPHCTAJUIOB C MAJIBIM CO[EPKaHHEM CTPYKTYPHBIX ac(eKToB. 3HaueHue Kodipu-
IMeHTa TeIUIONPOBOJHOCTH YMEHBIUASTCA ¢ POCTOM TeMmIeparyphl. B obaactu ca-
MBIX HM3KUX HMCCIICIOBAHHBIX TEMIIEpaTyp HaOJIOJany [PUIHAKH ITOABIEHUS HUA3KO-
TemneparypHoro Makcumyma A = {(T). Bo BceM HCCiIeN0BAHHOM HHTEPBANE TEMIIE-
patyp kpuras A = f(T) ns kpucTawia ¢ GOIBIINM COACPKAHUEM JIETUPYIONIEH NpH-
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MECH JIeKalla HIDKE COOTBETCTBYFOIICH KpHBOi 1T Goitee ynuctoro obpasma. Makch-
MalLHOE paszMyie B 3HaueHWAX A, npeBocxoausuiee 10 %, HaOmogaercs mpu
T=350K. Ilpu xoMHATHOH e TeMIepaType pa3jindue TETUIONPOBOIHOCTEN He Mpe-
BOCXO/JWIO O0BIMHBIEC I NPUMEHAEMBIX YCTAHOBKH U METOAUKH M3MEpEHUit pere-
Jibl BOCHIPOM3BOAUMOCTH PE3yIRTATOR + 3%, ompefendBiliie BO3MOXKHOCTh CpaBHE-
HUA 00pa3oB. Takas 3aBHCHMOCTh KOI(QHIMEHTA TEILIONPOBOAHOCTH OT TEMIICpa-
TYPhI COOTBETCTBYET OOIICIPUHATHIM TMONOKEHUAM TEOPHH TEIUIOTIPOBOJHOCTH MO-
HOKPHCTALIOB C Pa3iMdHBIM COJICPKaHUEM TOUESUHBIX J1e(EKTOB.

TIpu 300 K Benmausa koddduimenTa TerUIONPOBOIHOCTH cocrapwia 29,0 + 1,5
n 28,2 + 1.4 Br/(m'K) nms o6pasios, conepxamux 0,75 1 0,95 mac. % Cr'” coor-
BETCTBEHHO. DTO JaeT OCHOBAHHE YTBEPIKIATh, UTO PElIEHUE NPodaeMbl OTBOAA Te-
ILIA OpH UCTIOJIB30BAHKH TIOTYYEHHBIX KPHCTATIOB B KAYECTBE aKTUBHBIX XJIEMEHTOB
JIA3EPHBIX CTEPKHEH OYyIET B 3HAUHTENBHOMN CTEIIEHH YIIPOIIEHO.

B getBeproit ri1aBe npeacTaBieHsl COCKTPLI PIIyopeceHIHK 00pa3LoB ¢ pa3HOH
KOHUEHTpanHel xpoMa. XapakTepHbiil BHA OCHWLIOrpaMMbl CHIHAA (uIyopecreH-
UMH [IpeACTaBiIeH Ha prc. 10. B kauecTBe MCTOMHHKA HAKAMKH HUCIIOIL30BATH JIa3ep
Ha ATIOMOUTTPHEBOM TPaHaTe ¢ HEOMMOM C MOIy el J0OpOTHOCTH 1 BHYTpHpE-
30HATOPHBIM y/IBOEHHEM 9acToThL. Jlazep reHepupoBaT UMITYJIBCHl H3JydeHHs C [UIH-
HOM BOJHBI A, = 532 HM, ANMUTENBHOCTHIO T = 25 HC ¢ 9acToToi moBroperns 10 It
OHeprug B uMILylece cocTapiiwia 7—-10 M lx. Beixox UsiIydeHus C JUIMHOH BOJHBI |
1064 uM O6BUT Meree 1 MJTK.
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Puc. 10. OcrwwmnorpaMma curdana (uiyOpeCcHeHIH

Mzmyuenne Hakauky (OKycHpoBasId B 00pa3stie JuH30H ¢ OKYCHBIM PACCTOSHHU-
eM 65 MM. B kageciBe neTekTopa unl M3MepeHuii cniana (hIyopecLISHIH UCIIOh30-
By oronnon PJI-21 (nocrosunas Bpemenut 100 He) B ToKoBOM peskume. M3myde-
HHE HaKauke OTQUALTPOBLIBANN cBeTouisTpom u3 crekia KC-10 TommuHoM
5,11 Mm.

B kavectBe meTekTopa I M3MepeHWMI BbhIXOHa (PIyOpeCHEHIH HCTIOIb30BATH
TMPOIIEKTPHICCKIN M3MEPUTENbs MONIHOCTH JIA3epHOTO M3IMYdCHU C OOnbIuoii

16



IUIOMA/IBI0 TyBCTBUTENbHOMN noBepxHocTH OPHIR-PES(-SH-V2 (oueHeHHEBIH TETec-
HBI yron oxsara oT oOpasua 1o geTekropa ~2m). IlponyckaHue obpa3siia Ha [UiHE
BOJIHEL 532 HM m3Mepstd ¢ omorsio aetektopa OPHIR-PES0-DIF-ER-V2.

Kospgumment ¢peHenesckoro OTPAKEHWA HA TIPAHMIE pa3iena BO3/YX-
aJIEKCaHIPUT COCTaBIAeT p = (n — D+ 1) = 0,071 (rze n — moxazarenp npesoM-
neHr). IornomenHyro B 00pasLie S3HEPTHIO PACCUUTHIBAH 110 dopmyie

E= th(l - P) - EBLIX‘(I + p)’ (3)

rae  E, — sneprud, M3smepeHHas KalopUMeETpPOM R TIpsAMOM Jyde 0e3 oOpasla
(3Heprus Tiepes BXoA0M B oOpasell), E,, — dHEPIMA, u3MepeHHas KaJopAMETpOM B
NPAMOM JTyHe TIOCIIE IPOX0KIESHIA 00pasLa.

ITonHas sueprus ¢yopecleHIMA paBHa

Emon,nonn. = 2'Emom.mr\r ( I+ P)/T7 (4)
rae T - MpoITycKaHue cBeTo(mibTpa Ha jJuHe BOHEI 700 BM (90 %), ko3dduueHT
“2” TOJIY'YeH W3 OTHOIICHMA IOJIIHOTO TEIECHOIO yria (41) K yIIy oxBara 06pasua
JIETEKTOPOM (~2T).

B pe3yssrate NPOBEAEHHBIX HCCIC/AOBAHUN YCTAHOBJICHO, 9TO JJFOMUHECTICHTHOE
BpEMSs JKH3HK BO30YIKIEHHOTO COCTOSHHS XpOMa B INpPEACTABIEHHBIX 00pa3lax co-
CTaBnAIo ~250 MKC ¢ HEKOTOPBIMU BapHalUMaAMU OT o0pasia K oOpasiy. DHepreTH-
YyeCKHU BBIX0/ JroMuiHeciieHIH coctapisul 30-60% (ksauToBsIi BRIXOX 10 80%).

Hatfimena 3aBUCHMOCTH SHEPTETHUECKOTO BBIXOA JIIOMHHECLCHIIHH OT COICpIKa-
HuA XpoMa B Kpuctamie (puc. 11). W3 rpaguka BUIHO, 4TO ¢ POCTOM KOHLICHTPALAHN
XpoMa HPOUCXOAUT POCT IHEPreTUISCKOTo BBHIXOJA JIMINb KO HEKOTOPOTO MAKCHMY-
Ma, TIOCIIC KOTOPOro YBEJIHYEHHE WHC/IA MOHOB-AaKTUBATOPOB BEJIET K YBEIHICHUIO
TOTEPH B KPUCTAILIE, YTO YMEHBITAET SHEPIeTHHECKHH BhIX0/. KOHUEHTpama Xpo-
Ma, IPH KOTOpPOH HaOIoAaeTCs MAKCUMATBHBIN BBIX0J, coctasia 0,153 mac.%.
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Puc. 11. 3aBUCHMOCTD JHEPTETHIESCKOTO BEIXOA OT COAEPKAHMSA XpoMa

TexHnuyeckHe XapaKTepHCTHKH BbIPALICHHbIX KpHCTaJ]JIOB.

1) IIOTHOCTE AMCIOKAIMHIA He ripeBsinaet 107 cm ™

2) TEIUIOTIPOBOIHOCTH BIOJIb HALIPABICHUA C paBHa 29,0 + 1,5 Br/(m'K) nipu tem-
nepatype 300 K;

3) BpeMs KHU3HU BO30YKICHHOTO COCTOSHUS XPOMa COCTaBIIO 250 MKC;

4) KBaHTOBBIH BHIX0/ (UTyopecleHIMH TocThracT 80%.
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OCHOBHDBIE PE3YJILTATHI ¥ BbIBO/1bl

1. BriepBbie pa3padoraHsl (MR3MKO-XAMHUYECKHE OCHOBBI TEXHOJIOTHH TOTyICHHA
00BEMHBIX MOHOKPHUCTAJLUIOB XPH300epWIa U ACKCAaHAPUTA U3 BBICOKOKOHUEHTpH-
POBAaHHOIO PACTBOpA AJIOMUHATA OEpHILIMA B OKCHIHOM DACIUIaBE OKCHJA AIIOMH-
HUSA H OKCHAZ OEpPIUINA, 4TO MOJIHOCTHIO MCKTIOYaeT MOSBICHHE BBICOKOTEMITEpPa-
TypHOo#i  (-mogmdmkaip  amomuHata Oepwiiusi. llomyden Ilarenr PP
Ha U300 peTEHUE.

2. CrpoeKTHPOBaHa, M3rOTOBJIEHAa X CMOHTHPOBaHA JKCIEPHMEHTAIBHAA POCTO-
Basi YCTAHOBKA, TO3BOJLIIONIAA PEAM30BAThL THUTCNLHBIC METOABI BHIPAIIMBAHNUA
(Crenanosa, Kuponynoca, Yoxpansckoro, Ctokbaprepa-bpumkmena). Konctpyxuus
YCTAHOBKH I10Ka3aIa CBOXO paboToCrocoOHOCTs M NPUrOJHOCTD JUIS BBIPANIMBAHUA
OKCHIHBIX MOHOKPHCTAIIMIECKMX MaTepuaioB (Takux, KaK JETHPOBAHHbBIE XPOMOM,
TUTAHOM, BaHaJHEM KOPYH/IbI, XPH300EepUILI, aJICKCAHIPUT).

3. CrpoeKTHpOBaHbI, U3rOTORJICHB W CMOHTHPOBAHBI CKOJB3AIIEE KpEIUICHHE
KPHCTAIA, CKIIF0UAIOMee Pa3spyIIcCHE MEXaHN3Ma BpallcHUs H BBITATUBaHNA KpH-
craia (WM 3aTpaBOYHOIO KPHCTALIA) MPY OCTAHOBKE INTOKA, JAaTYMK BPAINCHHUS
KpHcTaia, 00ecneIrBaONIMil KOHTPOIB 3a [POLIECCOM POCTa KPHCTAILIA.

4. BriepBbI€ npeIoKeHa METOAUKA 3ATPABJCHHA CAMHUTHOIO MOHOKPHCTAITA,
OCHOBAHHAsA HA MCITON30BAHUN CICIHATI3HPOBAHHOTO 3aTPAaBKOJEPKATENA, a TAKKe
[POTEKTOpA 3ATPABKH, KOTOPHIE, BO-NEPBbIX, MCKMOUAOT NPEAICBPEMEHHOE 110~ |
[UIABJICHHE 3aTPAaBKH, @ BO-BTOPHIX, ODECIICUHBAIOT TCIVIOOTBOH, HEOOXOIMMbLIH U
JOCTaTOUHBIHA 11 CTa0WIBHOTO KPUCTATIIO00Pa30BaHMS ATEKCAaHIPHTA.

5. Co3aHa KOHCTPYKIMA TEIUIOBOrO Y3/1d, KOTOpas B COBOKYIIHOCTH C OITHUMU-
3UPOBAHHBIMK KOHICHTPAIMOHHBIMUA M TEMIIEPATypPHbIMHA [ApaMeTPaMu MO3BOJIACT
TIOTY9aTh MOHOKPHCTANTH! ¢ IVIOTHOCTHIO JMC/IOKAINit He Boime 10° eM, Terwo-
MIPOBOJIHOCTHIO B0 HampasieHus ¢ 29,0 £ 1,5 Br/(m’K) npu temneparype 300 K,
BPEMEHEM JKU3HHI BEPXHEro ypoBHA XxpoMa 250 MKC, KBAHTOBBIM BBIXOJ0M (MTyopec-
teHIM 10 80%, 9T0 CBHAETENBCTBYET O BBHICOKOM KauyeCTBE CTPYKTYpPhI BBIpAIICH-
HBIX MOHOKPHCTAJLIOB 1 00 UX MPUTOTHOCTH AL H3TOTOBJIEHNA Na3€PHBIX YCTPOHCTR
BBICOKOU MOLIHOCTH.

6. IlpoBenieH KOMILIEKC HCCIIEIOBAHMN KAYECTBCHHBIX XapaKTEPHCTHK, BKITIO-
qaromuil B ceOst viccnenoBanue Je(eKTHOH CTPYKTYpH! (BBISBJICHHE AMCIOKALMOH-
HBIX KapTHH METOMOM TPaBIIEHMS) H U3MepCHHe (PHU3MUECKHX CBOWCTR (KaTOROIMIO-
MUHECIEHIMY, (IIyOpECIIEHIIMH, TETLIONPOBOHOCTH).

7. Brepssie nogobpano coeuHeHue, ofecnednparoniee 3PPEKTUBHOE TpaBICHHE
MOHOKpPHCTAILIOB XpH300epIlia U ajleKCaHpyTa, — paciula bopata nutus; otpabo-
TaH PeKAM TPABISHUI: TEMIEPATypa ¥ BpemMs Ipolecca.

8. Pa3paboTaHpl TEXHOIOTHUECKHE PEKOMCHAALMN IS PEAIN3ALU BBIpalIUBa-
HPSL MACCHBHBIX MOHOKPHCTAILIOB Xpu3zo0epiuula ¥ ajleKCaHIPHTa C MpHMEHECHHEM
TIPOMBIIIIIEHHOTO POCTOBOT0 000pyJOBaHHS.
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