Jlexmus 9. Ilpou3BoacTBO CTEKOJ ¢ 0COOBIME CBOIICTBAMH M BhIpAIMBAHHE KPHCTALIOB
1.IlBeTHBIE ONITHYECKHE CTEKJIA

Bapsar u3 mmxtel ocHoBHOTO Ca-Na, Ca-K-Na crekosn, B cocTaB KOTOPBIX JOMOJTHUTEIHHO
BBOJAT Kpacutenu B koimdectBe 0,2 — 10% mo macce. B kauecTBe OCHOBHBIX MOJIEKYJISIPHBIX
KpacuTesel UCIONB3YIOT COeTUHEHUSI:

1)Co (CoQO) — okpalluBaroT B CHHUM 1IBET;

2)Cu u Fe (CuO u FeO) — okpammBaioT B KpacHBIH IIBET;

3)Ni (NiO) — okpamuBaroT B (UOJIETOBEI IIBET;

4)Cr (Cr,0O, u CrO, ) — okpamuBaroT CTEKIA B 3€JEHBIH, KENTHINA U OpaHKEBbIN 1[BETA;

5)Fe, O, - mornomatot nHppaKpacHbIE N3TYIEHUS — TETIOQUITBTPHL

Kpome koHIleHTpanuu KpacuTeleli Ha OKpacKy CTEKOJ BIHUSIOT TeMIlepaTypHbIE YCIOBUS,
MPOJIOJKUTEIEHOCTh BapKH, OKUCIUTETHHO-BOCTAHOBUTEIILHBIE CBOWCTBA TEYH, COOTHOINECHUE B
COCTaBe OCHOBHOT'O CTEKJIa KHCJIOTHBIX U OCHOBHBIX OKHCJIOB. DTO CBSI3aHO C TE€M, UTO TaKue
kpacurenu kak Cu, Cru Fe nMeroT nepeMeHHyI0 BaJ€HTHOCTh B coeuHEeHUsAX ¢ O, u oOpa3yroT
TIPU OMPENETEHHBIX YCIOBUSX COJIM C PA3IMYHON OKPACKOA.

2. OnTnyecKkue CHTAIbBI

Ontuyeckue CHTAUTBI UMEIOT OCHOBY m3 crekia Li,0,Al,O; -SiO,. Kpucrammmsamus B

CTEKJIC BBI3BIBAECTCSl BBEACHUEM B €ro cocTaB Karanuzaropa 110, u mocieayromeil o0pabOTKOH B
TBEPION (paze. TepmooOpaboTKa TPOUCXOTUT B AIIEKTPOTICUAX 110 PEKUMY, IIPEAyCMATPHBAIOIIEMY
2 creneHu BbLIEPKKH (puc 9.1).
e 1-s Beiaepxkka npu temnepatype T,=1800°C obecnieunBaeT yciaoBue JUisi paBHOMEPHOIO
00pa30BaHMsl MHOXKECTBEHHBIX IIEHTPOB KPUCTAJLTU3AIIUU 10 BCEMY 00BEMY.
e 2-g Bblmepxkka mpu Temmeparype T, =880°C — WMHTEHCHBHBIA POCT KPUCTAJLIOB JIO
3aJJaHHBIX Pa3MEPOB.
OnTHyecKre CUTAUTBI BBITYCKAIOT B 3arOTOBKAaX, UMEIOIUX (OpMy TUCKOB WM JIMCTOB C
HauOOJBIINM pa3MEPOM J0 IOJIYyTOPa METPOB.

3. OnTuueckoe KBapueBo€ CTEKJIO.

OnTuyeckoe KBaplEBOE CTEKJIO BapsT U3 MPUPOJHOTO TOPHOTO KBapla, IpeABapUTEIbHO
MTOJIBEPTAIOIIErOCs TIMATEFHOW COPTHPOBKE, KOMIUIEKCHOMY OOOTAIEHWIO M TIOMOJY Ha KpPYILy
pazmepoMm 3éper o 0,1 mm. JlomycTuMoe coaepkaHHE IOCTOPOHHUX IPUMECEH HE JIOJKHO
npesbmath 3-107* %. OgHEM U3 OCHOBHBIX METO/IOB BAPKM KBapIEBOTO CTEKJIA SBIISETCS BAKYYM
— KOMIIpecCHOHHBIH. J[imst 3Toro KBapueByro TpyOKy 3arpykailoT B THIEJb BaKyyMHO-
KOMIIPECCHOHHON TIe€Yd W HarpeBaloT I0JI BaKyyMOM JI0 pACIUIaBICHUS MpH TeMIepaType
T=1800+1850°C. nmoce 3TOro B 1eub MoJ| AaBICHUEM MOAAETCS Ta3: a30T, AprOH WJIU YTIEKHUCIOTa.
BakyyMHBIE MEXKYCKOBBIE ITyCTOTHI CTEKJa IOJ JaBJICHHEM ra3a pacIpecCOBBIBAIOT U CTEKIIO
nocjie OXJaXICHUs MoiiydaeTrcss Oe3my3bIpHbIM. Oco00 YHMCTOEe ONTHYECKOe KBapIIEBOE CTEKIIO
MOJTy4aroT B TUTAMEHH BOJIOPOAa U KUCIIOPO/Ia ¢ TOMOIIBIO0 YCTAaHOBKH, TOKa3aHHOM Ha puc. 9.2.

B mnpomecce Bapku HIMXTY MOAAIOT uepe3 dieKTpuueckuit mydenr 4 B kxamepy 3, rae
YACTUYKH IIUXTHI ITOJIXBATHIBAIOTCS TUTAMEHEM TOPEJIKU S W, pacIlIaBisisich Ha JIeTy, TOMaaaloT Ha
paszorpeTyro NoUI0KKy 1, KoTopasi, MeJUIEHHO Bpallasich, OTBOJUTCS 110 Mepe HaIUIaBKu My ders 2.



4. BeckncjopoaHblie CTEKIA

Beckucnopoanble cTEKIA BapsAT U3 MAaTepHAIOB, HE UMEIOMIUX B CBOEM COCTaBe KHCIOPO/a.
OCHOBHBIM KOMIIOHEHTOM SIBJISIETCSI aypUIIMIMEHT — IIPUPOAHBIN MUHEpal, conepxkamui 10 50%
MBIIIbsIKA. beckucnoposnnbple cTéKIa BapsAT B 3alasHHBIX KBapIEBBIX aMIylax, M3 KOTOPBIX
MpeJIBApUTEIHHO OTKAYMBAIOT BO3AyX 10 AaBieHus 0,1 Ila. AMITyspl mOMemarT B AJIEKTPUUYECKUE
neun u HarpeBaroT a0 600°C. B mporecce Bapku JUisl pasMEIIMBAHMSI CTEKJIOMACChl €YU C
amMIyJaMd COBEpINAIOT KayaTelnbHble JABMKeHHs. (CBapeHHas crekjiomacca OOXHUraercs
HENOCPECTBEHHO B ammyiax. OCTHIBIIME aMIyJIbl pa30UBAalOT U M3BJIEKAIOT CTEKIO. DTU CTEKIA
OUeHb SIIOBUTHI H3-3a cojiepkaHusi B HuX Mblmbika! Ilostomy Hano paGotaTth ¢ HUMH B
CHEeMATBbHOM 0/1eK/1e TN BBITSDKHBIX IKadax.

5. MeToab! BIpalIMBAHUSI KPHCTAJJIOB U3 PACTBOPA HJIH paciuiaBa

OO0pa3oBaHue U POCT KpHUCTAIa — 3TO CIOXKHBIA (PU3UKO-XUMUYECKUH MpoIiece, CBI3aHHbBIN
CO CKauKoOOpa3HbIM MEePEX0I0OM U3 HEYIOPSJOUEHHOTO COCTOSIHUS BellecTBa (paciijiaBa, pacTBopa,
mapa) B Kpuctauimueckyro ¢(azy. Ilepexon B KpucCTaTM4ecKoe COCTOSIHHE MPOUCXOJUT MpH
CTpOTO OIpeAeNEHHON i1 KaXKIAOro BellecTBa TeMIilepaType Kpucramuimzanuu. HeoOxomumoe
yCIIOBHE Haualda KpUCTAUTM3AllMd — HapylleHHWe paBHOBECHS cHCTeMBl. Hampumep mnyTéMm
MepeoxJIaXACHUsI WK nepeHachienus. [Iponecc KpucTamm3aiui COCTOUT U3 JBYX 3TAIOB:

1)O0pa3oBanuie KpUCTAIUTMYECKOTO 3apOAbIIIa;

2)Poct 3apoppima B KpucTasie.

Od4eHp YacTO IEHTPOM KPUCTALIM3AIUHU SBISETCS HE CaMOMPOU3BOIHHO 00pa3oBaBIIHUIiCS
3apOJIbIIll, & WHOPOJHBIE YaCTHIbl (IBUIMHKU, MPUMECH, CTEHKH COCyJa). DTO SIBICHHE IIHPOKO
WCIIOJIB3YETCSl B TEXHOJIOTUU BBIpAIIMBAHUS KPHUCTAIOB, KOTJ]a B PACTBOP WM PACIIaB BBOJUTCS
KPUCTAJUTAK-3aTpaBKa CO CTPOTO OMPEISIIEHHON KpucTamtorpadudeckoii opueHtanueir. Ilocie
MOSIBJICHHSI KPUCTAlIa-3apo/iblia (BBeJICHUE 3aTPaBKU B KHUJKYIO (a3zy) HAUMHAETCS CIIOHTAHHOE
OTJIO)KEHHWE Ha HEM BellecTBa, OOpa3yloIlero MHOTOIpaHHBI Kpuctail. BelpamuBanue
KPHUCTAJUIOB OCYIIECTBIISIETCS] KpUCTAITM3alMel U3 pacTBOpa, pacIuiaBa Win Ta30Boi (azbl.

5.1 BelpamuBaHHe KPUCTAJVIOB U3 pacTBOpa

[Tony4aroT KpuCTaUTBI BEIIECTB, OOpa3yIOIIUX TepechIlleHHbIe pacTBOphl. B KkadecTBe
pacTBopuTeNlell TPUMEHSIOT BOXY, AalleTOH, TOJNYOJ W MICNOYHBIE pPACTBOPHL Y CIIOBHS
MIePEHACHIINEHUS PACTBOpa CO3/IAI0T 3a CUET UCHApPEHUs] PACTBOPHUTENS, IOHIKEHUSI TeMIIepaTyphl
WM CO3JIAaHHS TEMITEPAaTypPHOTO TPAJMEHTa; IS BRIPAIMUBAHMS OOBIYHO HCIIOJB3YIOT 3aTPaBOYHBIC
KpucTaUTbl. B mporecce pocTa KpucTalla pacTBOp TEPEMENIHMBAIOT. DTOT CHoco0 IMpOCT, He
TpeOyeT CII0)KHOTO 00OpYAOBaHUSI, HO JIJISl BBIPAITUBAHUS ONTHYECKUX KPUCTALIOB MPUMEHSIETCS
penko. bBoree coBepmieHHBIM SBISIETCS THIPOTEPMAIBHBIA CHHTE3, KOTOPBIA pealm3yercs c
MIOMOIIBIO YCTAaHOBKH, TTOKa3aHHOM Ha puc. 9.3.

C moMOIIBI0 3TOW YCTAaHOBKH BBIPANIMBAIOT KPUCTAJUTBI KBapra. B aBTokmaB 1 3achmaroT
pa3MeTbuUEHHBIN MPUPOIHBIN KBapIl 4, TOTOM 3aIMOJIHSIOT IEJI0YHBIM PACTBOPUTENIEM U MOMEINAIOT
BHYTPh paMKy 2 C 3aTpaBOYHBIMH KpHcTauiamu. [locie 3TOro aBTOKJIAB 3aKpHIBAIOT H
YCTaHaBIUBAIOT B DJIEKTPUUECKYIO Teub, Ine pactBop HarpeBaioT a0 400°C. Ilon nelictBuem

TeMIepaTypsl BHYTPH aBTOKITaBa obpasyercss masinenme 3-10°Ta. Ilpm >Tmx ycnoBHax KBapi
WHTEHCUBHO PacTBOpSETCs] B MIENOYM, 00pa3ysl HACHIMIEHHBIM pacTBOp. TemmepaTypy B BepxXHe
YacTH aBTOKJIaBa mojjiepxkuBatoT Ha 20°C HmKe, 4eM B HIDKHEH, MO3TOMY TaM oOpa3yeTcsl 30Ha
KpUcCTau3alui. braromaps TeMrmepaTypHOMY TpaaueHTy u mnepdopaluoHHONH peméTke 3
CO3JIAIOTCSl KOHBEKITMOHHBIE ITOTOKK pacTBOpa, 0OECTeUnBAIONINE €ro TepeMelInBaHne U oy



CBEXKEro IEepPEeHACHIIIEHHOIO pacTBOpa B BEPXHIO KPUCTAUIM3AIMOHHYIO 30HY aBTOKJIaBa.
CKOpoCTh pocTa KpUCTAJUIOB IOCTUTaeT 1MM B cyTkH. BripammBaroT kpuctaiuisl Maccoid 10 800 rp.

5.2 BeipamuBaHue KPUCTAJJIOB U3 paciuiaBa

Memoo UYHoxponbckoeo peanus3yloT € TOMOINbIO YCTaHOBKH, IOKa3aHHOW Ha puc.9.4;
MPUMEHSIOT JUTs rorydeHust KpuctaiwioB Ge, Si, GaAs, InAs myTéM BBITSTHBAaHUS WX U3 paciljiaBa.
Crerka neperpeTslii paciiiaB 4, HTOMEIIEHHBIA B THUTeNb S, OIyCKAaIOT MOHOKPHCTAIBHYIO 3aTPaBKY
1, uMeIyo 3aJaHHYI0  KpUCTAUIOTpaguuecKyto oOpHeHTarwio. OIUIaBIsSIOT TTOBEPXHOCTH
3aTPaBOYHOTO KpHUCTAJIa Uil yAaJeHUs 1e()eKTOB MOBEPXHOCTHOTO CIIOSI ¥, PETYJIHUPYsl MOIIHOCTh
HarpeBaressl 6, MOCTENEHHO IMOHMKAIOT TEMIIEpaTypy paciuiaBa. 3aTeM 3aTpaBOYHBIA KpPUCTAILT
MEJICHHO TIOJJHUMAIOT BBEPX, OJJHOBPEMEHHO Bpalllas ero ¢ 4actoroil 60 o6/MHUH, YTO BBI3BIBAET
nepeMeliMBaHle paciljlaBa M yMEHbIIEHHE BJIMSHUS HEPAaBHOMEPHOI'O  paclpeieieHUs
TeMIlepaTypbl B paciuiaBe. Bpamaromasicss 3aTpaBKa YBIeKaeT 3a co0OH CTOJOWK paciiiaBa,
KOTOPBIA, MOAHSBIINCH HAJl TOBEPXHOCTHIO, MOMAaeT B 30HY MOHUKEHHBIX TeMIlepaTyp, TAe H
MPOUCXOIUT KpucTanTH3anust. OTCyTCTBHE KOHTAKTa KPUCTAUIA CO CTEHKAMH THUTJISl, BO3MOYKHOCTD
HaOJIOZICHUs 3a MPOILIECCOM pocTa KpHcTasla, padoTa Mo BaKyyMOM MM B 3alIMIIEHHON cpene
MO3BOJISIET MOJTy4YaTh KPYITHBIE, COBEPIICHHBIE TT0 (hOpMe KPUCTAILIBI, MACCOU 10 4 KT.

Memoo Kuponynoca. BelpaliuBaroT EI0YHOIOJUIONAHBIE KPUCTAJLIBI U3 pacIulaBa KPEMHHSL.
VYcranoBka mokazana Ha puc. 9.5. Otimune ot mMetona Yoxpoiabekoro: (poOHT KpUCTALTA3AINH
pacIoyio’)keH MOoJI 3epKajioM paciuiaBa. VcxonHas KpucTauidyeckas Coiib 2 pacIlIaBiIsieTCsl B
IUJIAHPAYECKOM THTJIE 4 U HarpeBaeTcs 10 TemiepaTyphl, Ha 100°C npeBpimaroineii TemmnepaTypy
1aBineHus. Ha moBepXHOCTh MEperpeToro pacijiaBa OMyCKaroT 3aKpelIEHHBIH Ha OXJIaXJ1aeMOM
CTep)kHE 6 3aTpaBOYHBIA KPUCTAUT M MEJICHHO IIOHIDKAIOT TeMIeparypy. B ompenenéHHBIN
MOMEHT Ha TpaHMIle pazjesia "KpUCTaul — paciulaB " 3a Cu€T OTBOJA TeIUla 4Yepe3 CTepXKEHb
co3aéTes MepeoxJakKAeHWe, W Ha 3aTpaBKe HAUMHAET pacTH MOHOKpHCTaT 1 B paaualbHOM
HalpaBJICHAU OT 3aTPaBKH K CTEHKaM THTJIS, HE paclpocTpaHssch B riyomny. Korma amamerp
KpHUCTaJUIa JIOCTUTAET pa3MepoB, OIM3KUX K pa3MepaM BHYTPEHHErO JAUaMeTpa TULJIS, CTEPKEHb C
pacTymuM KpHUCTAUIOM HAYMHAIOT MEUIEHHO TIIOJHWAMATh, CIels 3a TeM, 4YToObl (pPOHT
KPUCTAJUIM3AIMN  HAaXOJWICS I0Jl MOBEPXHOCTHIO paciuiaBa. llpum BbIpaliuBaHUM KPYIHBIX
KPUCTAJUTOB HEOOXOJUMOCTh MOJIBbEMA BBIPANMBAEMOT0 KpHCTAIa OTMAAaeT, T. K. YpOBEHb
paciuiaBa MOHMXKAeTCsl 3a CUET COKpalleHuss ero o0béMa mnpu Kpuctawuzanuu (1017%). Jns
MPEOTBPAICHHs] UCIIAPDSHU W O00pa30BaHMs OKHCIOB HaJ TOBEPXHOCTHIO paciuiaBa, BHYTPH
TrepMETUYHOTO KBapILEBOTO COCyla S MOIEpPKUBAIOT atMoc(epHOe aBjlIeHHWE MHEPTHOrO rasa.
3aroToBKa WM pacIylaB BpaIaeTcs C 4YacTOTOW 200/MWUH, a B TE€UEHHWE CYTOK BBIPAIMBAIOT
KpHUCTAJII Maccoi 70 2 KT.

[lo memooy Bepmeiins BpIpallMBalOT IUIAMEHHOW IIJIaBKOH KPHUCTAUIBI C TEMIIEpaTypoit
miaBnenus 1500 + 2500°C (kopyHIbl, TUTaHATHl Oapus, CTPOHIIMN), TPUMEHSS YCTAaHOBKY
MOKa3aHHYIO Ha puc. 9.6. Jns BeIpauBaHus KPUCTAIUIOB B XUMUYECKU YHCTYIO OKUCH AJUTIOMUHUS
Al,O, ¢ pob6askoit Cr,0, 3arpyxaforT B OyHKep 2, IpeIBapUTEIHHO HM3MEIbYHMB 0 YaCTHII

pasmepom 1 — 20 mxm. Ilox neiicTBHeM BCTPSXHBAIOIIETO YCTPOHCTBA MOPOIIOK Yepe3 CeTdaToe
HO OyHKepa nomnazaaer B crpyro miaMmeHd H, - O, ropenku 3. CHu3y depe3 mydenb 6 BBoguTcs
OpUEHTUPOBAHHBIA 3aTPaBOYHBIA KpucTail 5. biarogaps MaiabiM pa3MepaMm, YacTUIBl IIMXTHI
pacIUIaBIsIOTCS HA JIETY W, onajas Ha 3aTPaBOYHBIA KpHCTalll, 00pa3yloT paciijaBlieHHBIN cloi 4.
3arpaBKa, MEIJEHHO Bpallasch, OMYCKAaeTCs M, MO Mepe OXJAXICHUS paciljlaBa IPOUCXOAUT
KpUCTATU3Allds W POCT KpucTauioB. [lodyueHHBIE KPUCTAIBI OTKUTAIOT BO H30exkaHHe
o0pa30BaHMsl TPEIIMH U CHATHS BHYTPEHHETO HaIPSKEHHUSL.



.
|
A v 7 )« ./ 5
L 7

\ / vy

e =T =l
by
Puc.9.2 VYcranoska

Puc.9.1 I'padpux TepmMooOpabOTKH CHTAILIIOB

HaIlJIaBKH KBApHEBOTO CTCKIIA

SETEI I LTI TSI
N \Q\ﬂ

rL

Puc.9.3 YcranoBka ruiporepMaibHOM

KpUCTAJITN3alliu KBapIia o Meroay HYoxpanbckoro

Puc.9.4 BeipamuyBanue KpucTaIoB U3 paciuiaBa
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Puc.9.6 BeipamuBanue kpuctaioB MeToioM BepHeitis



