Jlekuis 9. BupoOHHITBO cKJa 3 0COOJMBMMH BJIACTHBOCTSMH |

BHPOIIYBAHHSI KPUCTAJIB

1. KoibopoBe onTHYHE CKJIO

Bapsts i3 mmxtu ocHoBHOTO Ca-Na, Ca-K-Na crekor, 10 ckiaay sSKuX JOJaTKOBO BBOJSTH
O6apBauku B KimbkocTi 0,2 — 10% mo maci. Y sKOCTI OCHOBHHMX MOJEKYJSIpHUX OapBHUKIB
BHKOPHCTOBYIOTh 3'€THAHHS:

1)Co (CoO) — dapOyroTh y cHHii KOJTIp;

2)CuiFe (Cui Fe)— dapOyroTs y uepBOHMIA KOITip;

3)Ni (Ni) — odap6toroTh y (hi0sIeTOBUHI KOJIIp;

4)Cr (Cr,0, uCrO; ) — odapOIrO0Th CKJIO B 3€JI€HUM, )KOBTUH 1 )KOBTOrapsIuil KOJIbOPU;

5)Fe, O, - nornuHaOTH iH(padepBOHE BUIIPOMiIHIOBAaHHS — TEIUIO(IIBTPH.

KpiM koHIeHTparlii 6apBHUKIB Ha KOJip CKJIa BILTUBAIOTH TeMIIEpaTypHi YMOBHU, TPHBAIICTh
BapiHHS, OKHCHO-BITHOBHI BIACTHBOCTI TIi€Yi, CHIBBIJHOIIEHHS B CKJaJi OCHOBHOTO CKJa

KHCIIOTHHX 1 OCHOBHUX OKcHIiB. Ile 3B's3aH0 3 TM, 1o Taki OapBHHKH sk Cu, Cru Fe MaroTh

HEepEMiHHY BJIICHTHICTb Yy 3'elHaHHAX 3 O, 1 yTBOPIOIOTH 3a IEBHUX YMOB COJIi 3 PI3HUM KOJILOPOM.

2. OnTiuHi cutaan

Ontnyni cutamm MaroTh OCHOBY 31 ckma Li,O,Al,O; -SiO,. Kpucramizamiss B cximi

BUKJIMKAETHCS BBEJCHHAM Yy Horo cnoiyky kataiizaropa TiO, i1 HacTymHOIO 0OpoOKOIO y TBepAii
¢azi. TepmooOpoOka BiAOyBaeThCSI B eNEKTpoleuvax MO peXuMy, IO mependadae 2 cTymeHs
BUTpUMKH (puc 9.1).

e 1-a Butpumka npu Temmeparypi T,=1800°C 3abe3medye ymoBYy sl piBHOMIpPHOIO
YTBOPEHHSI MHOKHHHUX IIEHTPIB KPHCTAIII3AIli TT0 BChOMY 00'eMi.

e 2-a putpumKa npu Temmeparypi T, =880°C — iHTeHCHBHe 3pOCTaHHsS KPHUCTANIB JIO
3aJIaHuX PO3MipiB.

OntuyHi CWTaNM BUITYCKAIOTH Yy 3aroTOBKa, IIO MalOTh (OpPMY IHUCKIB ab0 apKymIiB 3

HaHOLIBIIUM PO3MipOM JI0 HIBTOpa METPIB.



3. OnTu4He KBapoBe CKJI0

OnTryHe KBapIlOBE CKIO BapsATh 13 MPHUPOJHOTO TipCHKOTO KBapIly, IO TOMEPETHBO
MiJTa€EThCS PETEITHHOMY COPTYBaHHIO, KOMILIEKCHOMY 30aradeHHIO i oMerlry Ha KpYIy po3MipoM
3epeH n0 0,1 mwm. [lpumyctumuii 3MIiCT CTOPOHHIX JOMIINIOK HE TOBHHHHN TEPEBHIYBATH
3.107" %. OHEM 3 OCHOBHHX METOJIiB BapiHHS KBAapIIOBOTO CKIIA € BAKYyyM — KOMIpeciiamii. J{ys
IIOTO KBApIIOBY TPYOKY 3aBaHTaXXKYIOTh y THUTENIb BaKYyMHO-KOMIIPECIHOI TIedi 1 HarpiBarOTh ITiJT
BaKyyMOM JI0 po3IuiaBitoBanHs mpu temieparypi T=1800°-1850°C. micns nporo B mid miJ THCKOM
MTOJTAETHCS Ta3: a30T, aproH abo BYIUIEKHCIIOTa. BakyymHI MiXKIIMATKOBI IMOPOXHEUl CKJIa IIiJT
THUCKOM Ta3y pPO3IPECOBYIOTH 1 CKJIO TIC/Is OXOJIOJKEHHS BUXOAUTH Oe3my3upHUM. OcoOauBo
YHCTe ONTHYHE KBApIIOBE CKJIO OJEPXKYIOTh Y MOJXYM'T BOJHIO 1 KHCHIO 3a JIOIIOMOTOI0 YCTaHOBKH,
MoKaszaHoi Ha Mai. 9.2.

Y mporeci BapiHHS IMUXTY IOJAIOTH depe3 elleKTpudHmii Myderns 4 y kamepy 3, e
YACTOYKU IIMXTH HiAXOIUTIOIOTHCS MOIyM'sIM MaJbHUKA S 1, pO3IJIABIISIIOUM Ha JIETY, MONaJaloTh Ha

po3irpity miakiaaaky 1, ska moBiIbHO 00epTaroyM, BiABOAUTHCS B Mipy HaIUIaBICHHS My (e 2.

4. Be3kucHeBe CKJI0

be3kucHeBe CKIl0 BapsATh 3 MarepialiB, 0 HE MAIOTh Y CBOEMY CKJIadi KUCHIO. OCHOBHUM
KOMIIOHEHTOM € aypUIIrMEHT — MPHUPOJHUHA MiHepas, o MICTUTh 10 50% mum'sky. beskucuese
CKJIO BapsATh y 3alassHUX KBapLOBHX aMIIyJaX, 3 SIKUX MONEPEIHbO BIIKAYYIOTh MOBITPS 10 THCKY
0,1 ITa. AMmynu momiImaroTh B eEeKTpHuHi meui 1 HarpiBaioTh g0 600°C. ¥V mpomeci BapiHHS 1S
pO3MIITyBaHHS CKJIOMAacH TIe4i 3 aMITyJlaMd poOJIATh KOJMBAIBHI pyXH. 3BapeHa cKiomaca
obnikaeTbes Oe3nocepelHbo B amiynax. OCcTUrii aMnyiau po30MBaiOTh 1 BUTATalOTh ckio. Lle ckio
JyXe oTpyiiHe yepe3 BMICT y HUX MUII'AKy! ToMmy Tpeba mpaitoBatu 3 HUMH B CIIEIiaIbHOMY OJ[s131

ab0 BUTSHKHUX Iadax.

5. MeTroan BHpOIIyBaHHS KPHCTAJIB 3 PO3YHHY 200 pO3ILIaBy

YTBOpeHHS 1 picT KpucTada — I€ CKIQIHHHA (i3HKO-XIMIYHHN TIporiec, 3B'S3aHHMA 31
CTPUOKOTIOIIOHUM TEPEX0JIOM 3 HEYMOPSIKOBAHOTO CTaHY PEUYOBHUHU (PO3IJIaBy, pO3UHHY, IAPH) Y
Kpuctaimiuny ¢aszy. llepexin y KpHucTamiuHU# cTaH BiOYBa€Thcs MPU CTPOTO BU3HAYEHIN JUIs

KOXXHOI pPEYOBHMHHU TeMmIeparypi Kpucramzarii. HeoOXimHa ymoBa MOYaTKy KpucTamizarii —



MOPYIICHHST PIBHOBaru CHCTeMH. Hampukia, HUITXOM IEePeOXOJIOKeHHsS ab0 MepeHacHUeHHS.
[Iponec kpucTanizaiii ckJIagaeTbes 3 IBOX €TaIliB:

1)YTBOpeHHS KpUCTAIIYHOTO 3apOJIKa;

2)Pict 3apojika B KpHCTATi.

Jly’ke 4acTo IEHTPOM KpHUCTaJi3aIlii € He MOWHO MHMOBIJIBHO YTBOPEHHI 3apOJIOK, a
CTOPOHHI YacTKH (TIOPOIIUHH, TOMIIIIKH, CTIHKYA OCyIuHH). L{e sBuIlle MUPOKO BUKOPUCTOBYETHCS
B TEXHOJIOTIi BUPOIIYBaHHSI KPUCTAIIIB, KOJIM B PO3YMH a00 PO3ILIaB BBOJIUTHCS KPUCTATUK-3amall 3i
CTPOTO BH3HAYEHOIO KpUCTATOTpadidHor0 opieHTamiero. [Ticis mosBr KpucTana-3apojka (BBeIeHHS
3anany B piaky ¢a3y) MOUYMHAETHhCS CIIOHTAHHE BiIKJIaJICHHS HA HbOMY PEUOBHHH, IO YTBOPHUTH
OaraTorpaHHUN KpUCTal. BUpOINyBaHHS KPHCTANIB 3IIHCHIOETHCS KPUCTATI3AIE0 3 PO3YUHY,

po3muiaBy abo ra30Boi (asm.

5.1 Bupowysanus kpucmaris 3 po3uuny

OnepXyloTh KpPHUCTAIM PEYOBHH, IO YTBOPATH ITIEPECHUYCHI pO3YMHH. PO3UMHHMKAMH
CIIy’KaTh BOJA, alleTOH, TOJYOJ 1 JIy>)KHI pPO3YMHU. YMOBH NEPEHACHUSHHSI PO3UHHY CTBOPIOIOTH 3a
paxXyHOK BUMApy pO3YMHHHKA, 3HUKECHHS TEMIIEpaTypu ad0 CTBOPEHHS TEMIIEPATyPHOTO TPAIi€HTa;
JUTSI BUPOIIYBaHHS, 3BUYAlHO BUKOPHUCTOBYIOTH 3aTPaBOYHI KpUCTAIH. Y MPOIeci POCTy KpUCTaia
po3uuH mepeMimyioTh. Lle#l crmocid mpocTwii, HE BHMarae CKJIQJHOTO YCTaTKyBaHHS, ajie s
BHPOIIYBaHHS ONTHYHUX KPHCTAIIB 3aCTOCOBYETHCS PIKO. BiIBIN JOCKOHAIHMM € TiApoTepMaTbHAN
CHHTE3, 1110 peallizyeThes 3a JIOTIOMOT0I0 YCTaHOBKH, ITOKa3aHoi Ha Mail. 9.3.

3a J0mMoMOror0 i€l ycTaHOBKM BHPOINYIOTh KpUCTaIXd KBapily. B aBTokiaB 1 3acumaroTh
pO3ApiOHEHWI MPUPOIHHUA KBapil 4, IMOTIM 3aMOBHIOIOTH JYXHHUM PO3YMHHHKOM 1 ITOMIIIAIOTh
ycepeauHy paMmKy 2 i3 3aTpaBOYHMMH KpucTaiamd. [licias IhOro aBTOKIAB 3aKPHUBAIOTH 1

BCTaHOBJIOIOTh B €JEKTPHUUHY Hid, g€ po3uuH HarpiBaioTh J0 400°C. Ilig niero temmnepaTypu

ycepeqnHi aBTOKTaBa yTBOpHThcs THCK 3-10°TTa. Ilpum mmx ymoBax KBapll iHTEHCHBHO
PO3UMHSIETHCS B JIy3l 1 YTBOPIOE HAaCHUYEHUH po3unH. Temreparypy y BepXHill 4acTHHI aBTOKJIaBa
niaTpumytoTh Ha 20°C HIKYe, HK Y HUXKHIH, TOMY TaM yTBOPIOETHCS 30HA KpHcTatizalii. 3aBJIsKu
TEMIEPaTypHOMY TpajieHTy 1 mnepdopamiitauM rpataMm 3 CTBOPIOIOTHCS KOHBEKIIIHHI MOTOKH
po3uuHy, Mo 3a0e3Medyl0Th HOT0o MepeMilTyBaHHs 1 MoJavy CBIKOTO IMEPEHACHUYEHOTO PO3UYHHY Y
BEpPXHIO KpHCTaJli3alliifHy 30HY aBToKJIaBa. IIIBHAKICTH pocTy KpucTamiB jgocsrae 1 MM y 100y.

Bupomyrots kpuctanu macoro 10 800 rp.



5.2 Bupowysanus kpucmarie 3 po3niagy

Memoo Yoxponvckoco peanizyloTh 3a JOIMOMOTOIO YCTaHOBKH, TMOKa3aHoi Ha Mai. 9.4;
3aCTOCOBYIOTH /IS ojiepkaHHs KpuctaiiB Ge, Si, GaAs, InAs UISIXOM BUTSTYBAaHHS iX 3 PO3ILIABY.
B tpoxu meperpituii po3miaB 4, HOMILIEHUH y TUTEIb S, OMyCKalOTh MOHOKpHCTAIbHUHN 3anai 1,
0 Mae€ 3aJaHy Kpucraiorpadiuny opieHTarito. OIIaBIsiOTh MOBEPXHIO 3aTPAaBOYHOTO KpHCTala
JUTSL BUJTAICHHS JIE(EKTIB MMOBEPXHEBOTO IIAPY 1, PETYIIIOI0YHN MOTY)KHICTh HarpiBava 6, mocTymoBo
3HIDKYIOTH TeMIleparypy posiiaBy. [loTiM 3aTpaBodHWi KpHCTa TOBUIBHO IMiIHIMAIOTH HAropy,
OJIHOYAcHO obOepTarounm Horo 3 dactoToro 60 00/XB, IO BUKIWKAE MEPEMINIyBaHHS PO3ILIABY 1
3MEHITIICHHSI BIUTMBY HEPIBHOMIPHOTO PO3MOJALTY TeMmIlepaTypu B po3iiai. ObOeprarounch 3amai
3axOIUTIOE 32 cOOOI0 CTOBIYHUK PO3IUIABY, IO, IiJHSBIINCH HAJ MOBEPXHEIO, NOTPAILISIE B 30HY
3HIKEHUX TeMIleparyp, e 1 BigOyBaeTbes KpHcTadizalis. BiacyTHicTh KOHTakTy Kpuctana 3i
CTIHKaMH THUTJISl, MOYKITUBICTH CITOCTEPEKESHHS 3a MPOIECOM POCTY KpHCTaia, podoTa ITiJl BAKyyMOM
ab0 B 3aXHINECHOMY CEpPEJIOBHIII JTO3BOJIIE OJICPKYyBaTH BEJIHKI, JOCKOHATI 3a (POPMOIO KPUCTAIIH,
Macoro J10 4 KT.

Memoo Kiponynoca. BupoinytoTh JTyKHOTOJOIMHI KpHUCTaIW 3 pO3IUIABY KpPEMHIIO.
YcraHoBKa MmokazaHa Ha Mall. 9.5. BiaMiHHICTE Bif MeTory HOXpOJBCKOTo: (GpoHT KpHCTasi3amii
pO3TallOBaHUM TijJ J3epKaJioM po3IUIaBy. BHXigHa KpHCTalidyHa CiTb 2 pO3IUIABISIETHCS B
NATIHAPAIHOMY THTJII 4 1 HarpiBaeTbes Jo Temmeparypu, Ha 100°C Oinbime TeMIreparypH
m1aBNeHHs. Ha MOBepXHIO Meperpitoro pos3IiaBy OIMYCKAIOTh 3aKpiINICHUMH Ha OXOJOKYBaHOMY
CTPHKHI 6 3aTpaBOYHMI KpHCTal 1 MOBUIBHO 3HWXKYIOTh TeMIepaTypy. Y BHU3HAUCHHH MOMEHT Ha
IpaHUIll po3JiTy "KpUCTal — po3IUIaB " 3a paXyHOK BiJJBOJY TeIljla yepe3 CTPUIKEHb CTBOPIOETHCS
MIEPEeOXOJIOJKEHHS, 1 Ha 3amalii MMOYMHAE POCTH MOHOKpHCTald 1 y pajaiaJbHOMY HAIpPSIMKY Bij
3amnaiy J0 CTIHOK THTJIS, HE MOMIMPIOIOYNCH B TIuOMHY. Koy miameTp KpucTania gocsrae po3Mipis,
OJIM3BKUX 70 PO3MIpIB BHYTPIIIHBOTO JiaMeTpa THIJISA, CTPHIKEHB 31 3pOCTAIOUUM KPHCTAJIOM
MOYMHAIOTh MOBUIBHO MiJHIMATH, CTEXa4yd 3a TUM, 00 (POHT KpHCcTamizalii 3HAXOAMBCS i
MOBepXHEI0 po3miaBy. llpu BuUpoIIyBaHHI BeTMKHAX KPHUCTATIB HEOOXITHICTH MigioMy
BHPOIIYBAHOTO KpHCTajda Biamazae, TOMY IMO piB€Hb pO3IUIABY 3HIDKYETHCS 3a paXyHOK
CKOpoYeHHsI Horo o0'emy mpu kpucrtamizamii (1017%). [{ns 3amobiranHs BuMapiB 1 yTBOpEHHS
OKHCIIIB HaJl OBEPXHEIO PO3ILIABY, yCePEeIUHI repMEeTHYHOI KBapI[OBOI MOCYINHU S MiITPUMYIOTh
aTMoc(epHUil THCK iHEepTHOTo raszy. 3arotoBka abo po3IUlaB 0O0epTAETHCS 3 YacTOTOIO 2 00/XB, a

MPOTATOM JJOOU BHPOITYIOTH KPUCTAT Macoro JI0 2 KT.



[To memooy Bepmueiinsa BUPONIIYIOTH MOJIYM'SHOIO IUIABKOIO KPUCTAIU 3 TEMIEPATypOrO
mnaBnenHs 1500 + 2500°C (kopyHnau, TUTaHATH Oapito, CTPOHINiH), 3aCTOCOBYIOUHM YCTAaHOBKY

nokazaHy Ha Mai. 9.6. Jlyig BUpOIyBaHHS KPUCTAIIB Y XIMIYHO YMCTUH OKHC amoMiHio Al, O; 3
nob6askoro Cr,O; 3aBaHTaXylOTh y OyHKep 2, IONEpeJHbO MOAPIOHUBIIN 10 YaCTOK po3MipoM 1 —

20 Mxm. Ilix miero cTpymIyrodoro MPUCTPOIO MOPOIIOK Yepe3 ciTdacTe JTHO OyHKepa TOIaaae B
ctpyMinb noaym's H, - O, nansHukm 3. 3Hu3y uepe3 Mmydenb 6 BBOAMTHCS OpPIEHTOBAHWH

3aTpaBOYHMN KpHUCTal S. 3aBISKM MaluM pO3MipaM, YacTKH MIMXTH PO3IUIABISIOTHCS Ha JIETy i,
MOTPAIUISIFOYN Ha 3aTPaBOYHUN KPHUCTAJN, YTBOPIOIOTH pO3IUIaBieHHi mmap 4. 3amaji, MOBIIBHO
00epTaro4nCh, OMyCKAEThCS 1, Y MIpY OXOJIOJDKEHHSI PO3ILIaBy BiOYBaeTbCs KpUCTAJI3allis 1 picT
KpuctaiiB. OTpuMaHi KpPUCTAJIM BIANAIIOIOTh, OO0 YHUKHYTH YTBOPEHHS TpPIIIUH 1 3HATTA

BHYTPIIIHBOTO HANPY>KEHHSI.
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Puc. 9.1 I'padix TepMooOpoOku cutamiB ~ Puc. 9.2 YcraHoBka HaruiaBJIeHHS KBapIIOBOTO CKJIa
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Puc. 9.3 YcranoBka rigporepMaibHOT Puc. 9.4 BuponryBaHHs KpUCTaJIiB 3 pO3ILIABY

KpHCTai3alii KBapIry 110 Meroay HYoxpoiabCcKoro
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Puc. 9.5 YcranoBka Juist BUPOIIyBaHHS KPUCTATIB JIYKHO-TOJIOITHUX COJIeH



Puc. 9.6 BupomryBanus kpuctaiiB MeTogoM BepHeitns



