Jlexiuga 6

OCHOBbI POCTA U MOP®OJIOI'UHN
KPUCTAJUJIOB

METO/lbl CUHTE3A KPUCTAJIJIOB
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Kpucrajuisl — camblie IPEKPACHbIC TBOPECHUS HEKUBOU NPUPOALI.
Enre ¢ myO0okoi IpeBHOCTH JIFOAW BOCXUINAIUCH YIWBUTEIHLHO
MIPABUJILHOW OTPAHKOU MIPUPOJHBIX KPUCTAIUIOB, IIOPOU KpUCTAJIAM
MIPUITMCHIBAIM MATUYECKYIO CUITY, KOTOPas BBIIIE BO3MOXKHOCTEMN
YEeJIOBEYECKOIO TIO3HAHMUA.









OOpa3oBaHuE KPHUCTAJIOB B
IPUPO/IEC




[ IpyurHBI U YCIOBHUS 00Opa30BaHUS
KPHUCTAJLJIOB

G=U-TS +PV
P4

Kpucmaan

Xuokocmo

dazoBas quarpamMma map — KpuCTayI —
Kujkas ¢aza ¢ rpaHUuIlaMU
METacTaOMIBHOCTH, ITOKa3aHHLIMHU
IITPUXOBBIMH JIMHUSMHU

IIpouecc KpucTaIU3aUK
IHEPreTUYECKH BbITOIEH.

Ha dopmy kpucramia
HaKJIaJAbIBAIOT OTIIEYATOK
M3MCHSIOIINECS YCIOBUS

KpUCTAIIN3aIMH: TEMIIEpaTypa,
IaBJIICHHE, XUMU3M U TMHAMHUKA
CpeIbl U T.1.
Kpucramisl, npucnocadanBasich
K M3MCHSIIOIIMMCS YCIOBHSM U
HCIOJIB3YS BCE BO3MOXKHOCTHU
111 OBICTPOrO POCTA, MEHSIOT
CBOI1 OOJIHK.



OOpa3oBaHuE KPHUCTAJIOB B
IPUPO/IEC

B npupojae kpuctamibl 00pa3yeTcs IMpU Pa3IuIHbIX

r€OJIOTUYECKUX  TPoIeccax U3  PacTBOPOB,
pacIuIaBOB, Ta30BOM WJIM TBEPAOH (ha3bI.

- U3 BOOHBIX PACMEOPOE,

- U3 pacniaea — 02HEHHO-HCUOKOU MAZMbl,

- U3 24308 U napoe,

- NPU NEPEeKPUCMANTUAUUU MEEPObIX GEULECE.



Teopus kpucmanauzayuu
B xonue XIX B. /I:xxozdem I'nédcom, Ilnepom Kiopu u I'eopruem BacuaneBnuem

Byasdhom Ha TepmoamHaMH4YeCKOil ocCHOBe Obl1a paspaborana nepsasi
KOJHYeCTBEHHA TCOPUS 3aPOKIACHHA H POCTa KPHCTANIOB.

B 20-x rn XX B. Hemeuxum ¢uiukom Maxcom
¥ Doasmepom (Max Volmer, 1885-1965 rr.) ObuLIa
W NPELI0KEeHAa TEOPHE CaMONPOM3BOJILHOIO 3aPOKACHHA H
pocTa KPHCTA/LIIOB B  JajbHellleM  pa3BUTas
oonrapckumu yyénbiMu HMpanom Crpanckum (1897 -
1979 rr.) u JIwbomupom Kpeictanossiv (1908 — 1998 rr).

B 1927 r. oanoBpemenHOo CTpaHCKHM H HeMEUKHM (H3HKOM
Baastepom Koccenem (Walther Kossel, 1888 — 1956 rr.) ObLia

NnpeaI0KeHa MOJIEKY/ISIPHO-KHHeTHYeCKasl Teopus pocra
KPHCTA/L10B.

(c) ®poaos K.B. UK PAH



MoJieKyIApHO-KMHETUYECKAs TEOPHUS POCTA

KpPUCTAJIJIOB
T :

PaznuyHble crnocoObl MPUCOSAMHEHUS YACTHUIL K
MMOBEPXHOCTHU PACTYIIETO KPUCTAJIJIa

Bpema 3aposcoenus u 0ocmpoiku HOB8bIX C10€8
onpeoenarom CKoOpocms pocma paHell Kpucmanina.



CrpyKkTypHBIC 1e(eKTHI B KPUCTAJIAX

Tunsl edeKToB KPUCTATIIUYECKUX CTPYKTYP: MOYEUHbLE
neexThl — BakaHcus (A), BHEIpEHHUE aTOMa B
Mexaoysnue (b); runetinvie nePeKkThl — KpaeBas
nuciaokauus (B), sunmosas oucnoxavyus (1))

+ caMa IOBEPXHOCTh KPUCTAJJIA — 2110 08YMEPHBLI OeqheKm



B 1945 r. TlNeopruii I'neboBnu Jlemmaein (1901 — 1963 rr.), padoraBmuii B
Hucruryre kpucraanorpagun AH CCCP, oOnapyxuan cnupanm pocra Ha
MOBEPXHOCTH rPpaHel KPHCTALIOB.

B 1949 r. anrnuiickuii pusnk-reoperuxk @penepux ®paux (Sir Frederick Charles
Frank, 1884 — 1966 rr.) npeaio:xuni TeOpHi0 HECOBEPLICHHOT0 POCTa KPHCTA/LIOB
— pocTa rpaHel Ha OCHOBE NPEACTABJICHHIH 0 BHHTOBBIX JHCIOKANMAX.,

i

(c) ®poJos K.B. UK PAH XX



[ maBHeHImMM  (pakTop, ONPEACIAIONIUN  OTrPpaHKy —
BHYTPEHHEE CTPOCHME KpHCTala, TaK KaK BHEIIHSSA
(hopma KpHCTajja IBISCTCS OTPAXKECHUEM €r0 BHYTPECHHETO
ctpoeHus. HaOmrogeHust 5TOM B3aMMOCBSI3M IIPUBEIH B
Hayane 20-oro Beka k npaesuny Kropu-Bynwgha. HanOoee
PA3BUTHIMHM HA IMMOBEPXHOCTHU KPHCTAJLIA SIBISIOTCS TPAHHU C
HAMMEHBIIMMH CKOPOCTSIMH POCTA

A nuHakouo

a O



DaxkTOpPHI, BAUSIOIIME HA BHEITHUKA OOJIHK

KPHCTAILIOB
R 3akoH bpase:
Z Ny L N
VA 2PaAHU KPUCMALLA PACHY M
T CO CKopocmamu, 00pamuo
P o o NPONOPUUOHATIbHBIMU
7 NAOMHOCMAM UX Y3/106bIX
7~ M ° o CEMOK — PEMUKYIAPHBIM
NAOMHOCMAM ZPAHeil.

CxeMa, WILTIOCTPUPYIOIAs Pa3IMIHbIE
MEXKILIOCKOCTHEIE paccTosaus (d)
B CTPYKTypE KPUCTaLIA

MuHNMAJbHBIMH  CKOPOCTSMH  pocTa  00JagaloT  T'paHH,
napajjieIbHbIC TEM aTOMHBEIM CETKaM B CTPYKType KpHCTallIa,
paccrosgaue (d) MexIy KOTOpHIMH HAHOOJIbIEe, a CJICA0BATCIIHHO,
y3JIOBBIC CETKH CaMble IJIOTHBIE



Paesnosecnas OcPAHKA Kpucmailid

Onpenensercss OTHOWICHUEM  HOBEPXHOCMHBIX — OHep2ull  TPaHEH
PA3JIMYHBIX ITPOCTBIX dbopmM. Ona ABJISIETCS MEpPOU
TEPMOAUHAMHUYECKON CTAOMIBHOCTH TIpaHU Kpuctamia. CTaOuIbHBIC
rPpaHU KpHCTAIa XapaKTEPU3YIOTCA MaJIbIMH  IOJ0XKUTEIbHBIMU
BenrunHaMmu E,_ (He 6ombie HeckombKuX JIsk/m?).

noe

CornacHo ['mbO0Ocy KpucTami, HaXOOSIIMHACS B TEPMOAUHAMUYECKOM
PaBHOBECHHU CO cpelor mMeeT (opMy, OTBEYAIOIIECH MUHUMYMY €20
HOBEPXHOCMHOU IHEPZUU NPU NOCHOAHHOM 00beMe

Pa3zBuB 310 monoxeHue Bynabd BbIBET TEOpemy.: MUHUMYM
NOBEPXHOCMHOU OdHep2uu  Oocmucaemcsi nNpu makom  63aAUMHOM
DACHONIONCEHUU  2PAHell, Ko20a OHU YOAleHbl Om UYeHmpa Hd
paccmosnusl, nponopyuoraivisvle ux E,



Paesnosecnas OcPAHKA Kpucmailid

Jl1s1 onmpeneneHUsT OTpaHKHM HEOOXOAWMO pPacCuuTaTh SHEPIUM BCEX
BO3MOXKHBIX T'PaHEH, KOTOpPbIE MOTYT IMPWHUMAaTh y4acTHE B OIpPaHKE.
JIaBHO M3BECTHO, YTO B OrpaHKE KpHUCTaJJIa IIPUHUMAIOT Y4aCTUE JIWIIIb
rpaHd €  MAaKCHUMaJIbHBIMA  MEXIUIOCKOCTHBIMM  PaCCTOSHUSIMU
(HEOONBITMMH MHACKCHI MUJiepa, ou ewe ne 3naem)

E3 E4 H1:H2:H3 = E1:E2:E3

Te mIoCKOCTH, KOTOpHIE PaCIOIOXKEHBI
onu3ko k 0 00pa3yroT OrpaHKy

E1 o

['pann yAAJICHHBIE JabIIIe HE
MEPECEKATCA ¢ OMWKaWIIMMA W B
E2 OTPAaHKE HE YYACTBYIOT




Paesnosecnas OcPAHKA Kpucmaisila
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Paesnosecnas OcPAHKA Kpucmaivia




Pasnosecnas OcpAHKA Kpucmadaiiid

u-9

A b

0)

—

2)
+ .
3)

Puc.32. I'eomerpuyecknil raburye CHIMKATOB rpynnel rpadara no bpase (A) u ¢ nonpaskamu no Jouneii-Xapkepy (b). reopernuecknii raburye,
OCHOBaHHBIIl HA HCNOIL30BAHKH IHAYEHUIT NOBEPXHOCTHOI Heprun: 1) nupon, 2) anapaguT, 3) rpoccyiap, TeOpeTHYeCKii paBHOBECHBIH raduTyc,
MOJIy4eHHBIH HA OCHOBE «KOMOMHHPOBAHHOIOR MOJX04: a) nupon, §) aHAPaaUT, B) IPOCCYIIAP

B)

—




Pasnosecnas OcpPpAHKA KpucmaJilid

Hupkon Kopduunr

s

B) o E)

a—

2) 6)

B s <

4) 111 | I

Puc.31. Teopernuecknii raburyc, OCHOBaHHEIH HA HCNIO/IL3OBAHNH 3HAYEHHIT NOBEPXHOCTHOI Heprin: A) unctsiil uupkon, B) 5 mon. % USIOy 8 uupkose, B)
10 mon. % USiOs B unpkone, I') 15 mon.% ZrSi104 B kofpuaure, 1) 5 mon. % ZrSi0s g kodpunnre, E) yncrsil kouHuT, TeOpeTHYeckHil paBHOBECHL
rafuTyc, nojiy4eHHelii Ha ocHoBe «koMOMHUpOBaHHOIO» nojaxoaa: 1) ynerslii unpkon, 2) 5 mon. % US04 B unpkose, 3) 10 mon, % USi10y B unpkone, 4) 15
Mm% ZrSi04 B koddunute, 5) 5 mon. % ZrSi04 B koddunute, 6) uneretil kofpdurut




Mopdghonozuueckue ocooennocmu peaibHovlx
Kpucmaiioe

Ha u3MeHeHne BHENIHUX YCIIOBUM KPUCTAJUIBI PEArUPYIOT
HE TOJBKO M3MEHEHHMEM CBOCKH BHEIIHEH (POPMBI, HO H
MOSBJICHUEM Ha TPAaHAX PA3JIUYHBIX OOPA30BAHUM B BHUJIC
CJII0€B, IITPUXOBKH, (DUTYp PACTBOPEHUS (TPABICHHUS) U T.
n. Takas CKyJabITypa MOXKET OTpaXxarb CUMMETPUIO
rPaHU, HA KOTOPOW OHA BO3HHUKJIA, U SBIATHCSI UYyTKUM
UHJIUKATOPOM YCIOBUU KPUCTAJIIA3 AN



DopMBbI poCcTa KPUCTAJLJIOB B IPUPOIE

M3BECTHBIM COBETCKMHA MHUHEPAIOr W TeoxumMuk A.E.
depcmaH mucat:

«Kpucmann HeuzmeHHo Hecem Ha cebe cledvl NPeoblOYUSUX
MOMEHMOB CB0E20 CYULeCmMBOBAHUS, U NO e20 hopme, No
CKYIbnmype e20 2paHeu, Meiouam U Oemanim e2o
NOBEPXHOCMU Mbl MOMCEM YUMANMb €20 NPOULTOE.

Takum oOpa3zom, orpaHka U (hopma peabHBIX KPUCTAIIOB,
XOTS W HapyIIaeT €ro BHYTPEHHIOK HACAIBHYIO KpacorTy,
HO HECET B ce0e MH(OPMAIIHIO O 1IEJI0M PsJI€ BOIIPOCOB, HA
KOTOPBIC UcalbHasi MOJIEIb OTBETUTh HE MOXKET.



Xoponio M3BECTHA ITPUXOBKA Ha rpansx nuputa FeS,. Itpuxwu,
napaielibHble peopam Ky0Oa (MpeacTaBisgronye co0ol (parMeHThI
rpaHEel TMEeHTAroH-A0JIeKad/ipa), YKa3blBalOT HE TOJILKO HAa HWCTUHHYIO

CUMMETPHUIO KPHUCTAJIJIOB IUPUTA HO W HA OBICTPYIO CMEHY YCIIOBUU
KpUCTAJUIM3ALUMU IIPU UX 00pa30BaHUHU
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XapaKTepHasi IITPUXOBKA Ha IPaHAX KPHUCTAJIOB
nuputa FeS, (a) u xkBapma SiO, (0)



MHorna Ha NIOBEPXHOCTH PACTyHIINX TIpaHei oO0pa3yloTcs XoMUKU
pocma, TIOSBICHHE KOTOPBIX OOBACHSAECTCA HAJUUYMEM MEXaHHYECKHX
IIpUMECEH, BBIXOJIOM BHHTOBBIX IHMCIOKAIIUNA M APYTHUMHU (haKTOPaMH.
Takue suyunanvmuvie xonamuku AMEIOT CaMyI0 pa3HOOOpa3HYy0 (opMy
1 OPUCHTAIIHIO




PeallbHYy10 CHMMETPHIO KPHUCTAJIOB MOYKHO BBIIBUTH HE TOJIBKO IO
(durypam pocra, HO U IO ghuzypam pacmeopenus, 00Opa3yrOIIUMCS
o, JACKWCTBHEM IIPUPOAHBIX pacTBOpoB. Kpome Toro, momoOpan
COOTBETCTBYIOIIMM PACTBOPUTEIb ¥ HAHECS €TO KaIlJIM HA Pa3HbIE MO
CAMMETPUM T'paHW KpHUCTaJUla, TMOJYy4YWM, KaK  pe3ynbrar
pPacTBOPEHHUSI TOBEPXHOCTH KpHUCTaLIa, (QUIYpPHl TpaBJICHUS,
OTIMYaroIecs mno (opMe M YKa3bIBAIONIWE HA WX HCTHHHYIO
CHUMMETPHIO

RN ERN

m3m 23 432 m3 43m

@urypsl TpaBJICHHUS Ha TPaHAX KyOa pa3IMYHON CUMMETPUH




AHH3OTPONHUS CKOPOCTEHM pPOCTa IpaHEM KpHUCTaia HPUBOAUT K
00pa30BaHUIO BBIMYKJIBIX MHOTOTPAHHUKOB, TOTJIa KAK aHU30TPOIIHS
CKOPOCTEM pacTBOPEHHUS — K 00pa30BaHUIO OTPULIATEIBHBIX (PopM —
MHOTOTPAHHBIX YIIYOICHUN — (huzyp pacmeopenus

Ecnu kpucTtant 1eIruKoM IMOMECTUTh B HEHACBINIEHHBIN PacTBOpP, OH
Cpa3dy Ha4yHET pacTBOPATHCSA, MOPUYEM B IIEPBYIO OYEpEb
pacTBOpATBCA OyayT HaWOoJIee BBICTYNAIOIMIME €ro 4YacTh —
BEpIIMHBI W pedpa, BCICACTBHE 4YEro KPHUCTALUI MNPUOOPETAET

OKpPYIIIYEO (hOpMy

Kpucrann,
[MIOMEINICHHEBIN B
IIEPECHIIICHHYIO CPENy,
HAYMHaCT
BOCCTAHAaBJIMBAaTh CBOIO

(hopMy — «3aJICUUBATHY

OUrypsl paCTBOPEHUS HA IPaHAX aaMasa NCKaXXCHUA,
pezenepauus.



[Ipr3HaKy, yKa3bIBaIOIINE HA UICTOPUIO PA3BUTHS
KpUCTAJIa, HA3bIBAIOTCS MUNOMOPPHBIMU
npusHakamu (OHmMo2eHus).

[Tupamuasl pocrta rpaseu
B KPUCTAJLIIE

I'paHn  pa3HBIX  IPOCTHIX  (popm
3aXBaThIBAlOT IPUMECH H3 MAaTOYHOIO
pacTBOpa B Pa3IMUYHBIX KOJIW4YecTBax. B
pe3yJbTare€  KPUCTAUI  OKa3bIBAECTCS
ne(eKTHbIM, KakKk Obl pa3OUTBIM Ha

CEKTOPBI - nupamudsl  pocma,
OCHOBAaHHUEM KOTOPBIX CJIY>KaTr TI'pPaHu
KpHUCTaJZIa, a BEpIIMHAMM — TOYKa,
COBIIAIAOIIAS C HA4YaJIOM
KPUCTAJIU3ALIMH. HepaBHOMEpPHOE
paCIIPECIICHUE IIpUMeECEMN 1§ (0)

nupaMyiaM  pocTa  OPUBOAUT K
CEKMOPUAbHOMY CHPOCHUIO



[Ipy3HaKu, yka3bIBarOIIUE HA UCTOPHUIO PA3BUTHSA
KPUCTAJLJ1A, HA3bIBAKOTCSI MUNOMODPHBIMU
NPUSHAKAMU.

Eciu ycioBusa pocra MEHSIOTCS IEPUOJUYECKHU, TO KPUCTAJLI
NpUOOPETAET 30HANbHOE CmpoeHue, B OCHOBHOM SIBJISIFOIIEECS
CJIEJICTBUEM HEPABHOMEPHOTO PACHPEACICHUS B PAa3HBIX CJOSAX
pocTa TOYEYHBIX HACPEKTOB. 30HBI POCTAa MOIYT OTIAYATHCS

OKPAaCKOM, MPO3PAYHOCTHIO, HAJTUYHMEM BKIFOUECHHUM.
®

T Tnn
= i /B_/C@«WSB

CxemMa 30HaJIbHOTO CTPOCHUS
KpHUCTAJLIA

Fe,SiO, Mg,SiO,



DopMbI pocTa KPUCTAILIIOB

1) MOHOKpPHCTAINIMYECKHUE COBEPIICHHBIC TPaHHBIC (DOPMBI
(yCaoBHUsL ~ NPUOIMKCHHBIE K HJACAIBHBIM.  MallbIC
IIEPECHIIICHUS, IIOCTOSTHHBIN IIPUTOK pacTBopa,
IIOCTOSIHHBIN TEMIIEPaTypPHBIN I'PAUCHT)

2) CKEICTHBIC MOHOKPHUCTAIBHBIC (DOPMEI

3) peOepHBIC M BEPIIMHHBIC MOHOKPHUCTAIIBHBIC (POPMBI
4) HUTEBUIHBIC MOHOKPHUCTAIBHEBIC (POPMEI

5) ICHAPUTHBIC MOJUKPUCTATIbHBIC (DOPMBI

6) pacIierIeHHbIE MOHOKPHUCTAIIIHI - C(PEPOIUTHI



MoHo-
KpUcTannuyeckume
thopmbl BblaeneHns

L= LN Crenertbee,
PacwenneHHbie

pebepHble,
KpUCTannuThbl BEpLUMHHbIE
(cheponuTbl) bOPMbI
A
CoBepLueHHble HuTeBnaHble
MHOIOrpaHHbIe obpasoBaHus
dopmbl
PacwenneHHble v
KpMCTanJ‘IMTbI ,D,eH,D,pVITHble
(ccheponuTel) % Monu- d? nonMKpucTanbl
KpucTannuyeckue
¢dopmMbI BblaeneHus

SUTEOT ) Lo S [A—
CPOCTKU

[BOVHMKM, Apysebl
TPOWHUKHK "
Lk LLIETKM

NMceBaomopd o3kl

u napamopdgo3bl




2) CHE)XMHKH — IPUMEP CKEIECTHBIX (POPM KPHUCTAIIOB

Kpucramni, ctpeMsach HaBCTpeuy
IATATEJILHOU Cpejie, OBICTPO
HApAIIMBAET MACCY LIEHOU UCKAXKECHUSI

(OpPMBI.

CkeneTHble  KPUCTAJLIBI
PAa3BUBAIOTCS 8 VCI0BUAX
Ovicmpo2o _pocma  u
8bLCOKOU cmenenu
nepecovluienus. l11aBHOU
IPUYMHON O00pa30BaHUSA
Takux (HOpM SBIISIETCA
TO, YTO K BBICTYHAIOIIUM
4acTsAM KpucTajuia —
BEpIIMHAM W pedpaM —

IIOATOK [IUTAIOILIETO
BEIIECTBA ooJiee
WHTECHCUBEH, YeM K
OCTaJIbHBIM I'PaHsIM,

KOTOpbIE B pe3ylbTaTre
OTCTarOT B POCTE.



Tak, ckenemnvle W OeHOpumHble KPUCTAUIBI PA3BHUBAKOTCA B  YCIOBHUIX
UCKJIIOUUTEIHLHO OBICTPOTO pOCTAa W HAJW4YMsl HM30BITKA MUTAIOLIETO BEIIECTBA, W3
KOTOPOTO «CTPOUTCS» KpUCTa1. [7aBHONW NpUYMHOW 0O0pa3oBaHUs Takux G(opM
ABJISIETCA TO, YTO K BBICTYIAIOIIMM YacTSIM KpUCTalla — BEpIIMHAM U pedpam —
MOATOK MHUTAIOLIET0 BeEIIeCTBA 0o0Jee HMHTEHCUBEH, Ye€M K TIpaHsIM, KOTOphIE B
pe3yabTare OTCTaroT B pocTe. 11oaToMy KpuCTaa ObICTPO HApAIUMBAET CBOIO MAcCy
[IEHOW MCKaXXEHUSI CBOCU UACaIbHON (POPMHEI.



AN 4 Y

Mbl Ha 3emne




YPAH

Ypan u HenryH cozepaxar B CBOMX
HEJpax «IKCTPEMaTbHbBIC» MOIU(MUKAIINN
JbJ1a, YCTOMYUBBIC TIPU BBICOKUX
JABJICHUSX U TEMIIEpaTypax.

BHELWHAA aTMocdepa
BepXHUI cnoi obnakoe

aTmocdpepa (razoobpasHbie
BOAOpPOA, renui, MeTaH)

MaHTHA (Boﬂa, aMmMHnak, T! Cj ) T, K
MeTaHOBLIe nbﬂbl} 120 1 B 400
801 L Fae0
b ] 1L
(cunukatbi; Fe-Ni) 40 - : - 320
0 X[ 580
] LT
-40 : [ 240
YpaH 80 ] * | 200
] L 160
B Ypane moxer 1207 .
160 - L 120
Cyme CTBOBaTB -200 : : 80
o i - 40
2404
Kyouueckuu n1eo VIl u _ PrMaf
001 01 1 10 100

mempazonanvholi 1eo VIl



JlenaputHBIe GOPMBI POCTA: @ — XJIOPUCTOTO aMMOHHS, 6 — OKCHJIOB MapraHiia, 6
— CaMOPOJHOTrO 30j10Ta ((POTO M3 KOUISKIUH My3esl M. DepcMaHa), 2 — Jibaa

['paHniia Mexay TEPMUHAMH «CKEJIETHBIC» U <«JICHIAPUTHBIC» (POPMBI JTOCTATOYHO
yCJIOBHA, OJIHAKO, Yallle CKEJIECTHBIMU (POpMaMM MPHUHSITO HA3bIBATh MOHOKPHUCTAJLIBI,
a JCHJIPUTHBIMHA ()OPMAMHU - TTOJTUKPUCTATUTMYECKUE 00Pa30BAHUS



3) PeGepHbIe 1 BEpIIUHHBIE ()OPMBI

IIpu ObICTpOM pocTe pedep M BEpPIIMH Ha HEKOTOPBIX TIpaHIX
O00Opa3yroTCsi BHYTPEHHHUE IOJOCTH — B PE3YJIbTAaTe BO3HUKAIOT
BOPOHKOOOPa3HbIE KPUCTAJIJIbI

a G g

PebepHbie 1 BEpIIMHHBIE (POPMBI KPUCTAIIOB:

ranuta NaCl (a), nupura FeS, (6) u menu Cu (g)



4) HuteBugabie (h)OPMBI

MOHOKpHUCTAIIBI, CEUCHHE KOTOPHIX B COTHH pa3 MEHBIIE HX
miuHbpl. OOpa3yroTcs Torja, Korjla ¢ HampaBlICHHMEM HauOoee
WHTCHCUBHBIX CHJI CBS3M B CTPYKType KpHCTajljla COIacyeTcs
CUMMETpHUS OKpyXKaroleir cpeabl. OCOOCHHOCTHIO HHTECBUIHBIX
KPUCTAJIJIOB SBISECTCSI HX BBICOKAasS MOPOYHOCTH, BO MHOIO pa3
IIPEBHIIIAIONIAS IIPOYHOCTh OOBIYHBIX KPUCTAIIOB TEX K€ BEIICCTB,
U XUMHUYEeCKas CTOHMKOCThb. IlpuumHa »TOro — HWX HU3Kag
1e(EKTHOCTb.

HuteBuaHbIE KpUCTAIIIbBI
pyTHIIA B KBApIIE




6) Paouanvno-ayuucmele azpezamai

Cxema paclierieHUs KpyucTaia BO BpeMsi pocTa ¢ 00pa3oBaHUEM

chepokpucTamia (a-6); chepoaur (2)

Mesoaut (n3oMopdHas CMECh HaTPOJIUTA U
ckonenuTa). Chepomut. 12 cMm.

N3 komutexkimn MuHepanoruiaeckoro My3est UM.
A.E.®epcmana




K HE3aKOHOMEpHBIM CpPOCTKAM MOKHO OTHECTH Opy3bl (HECKOJIBKO
WHJIWBHUJIOB, PACTYIINX B pa3HbIX HAIPABJICHUSIX U3 OJHOTO IIEHTpa |
wiemku (TPynIbl KPUCTAJUIOB, HAPOCIIMX OAHUM KOHIIOM Ha oOIiee
ocHOoBaHue. OYEBHUIHO, YTO MEXKAY OSTUMHM TEPMHUHAMM TpAHUIA
TOCTATOYHO YCJIOBHAA (paBHO KaK M MEXY APY30U U CHEPOIUTOM).



Cpacranusi KpMCTAJLIOB

I[lomuMo pocTa MOHOKPUCTAIIOB, NIMPOKO pPa3BUTA,
OCOOEHHO B MPUPOJE, MACCOBAST KPUCTAIINA3ALHS.

Kpucrannnueckue oOpa3zoBaHMs HEPEAKO BCTPEYAIOTCS B
BUJIC CPOCTKOB (arperaroB) — He3AKOHOMEPHBbIX (CO
CIIyYaHOHW  OPMEHTALIMEN  OTACIBHBIX  HWHAWBHUIOB
OTHOCHUTEJIBHO JPYT JApPYyTa) U 3aKOHOMEPHBIX, B KOTOPHIX
COCTABIISIIOIIME  HMHAWBHUIBI  PACHOJ0XKEHBI  BIOJHE
onpeaciieHHO. OCOOHSIKOM CTOSIT HCe800MOPPO3bl



Ilceeoomopgho3ni

oOpa3zyeTcs B pe3yJbTaTe 3aMENIEHHS OJJHOTO MUHEPAJa JPYTHUM C
COXPaHECHUEM BHEIIHUX (POPM UCXOJIHBIX KPUCTAIUIOB (0OBEKTOB) WIIH IIPHU
MOCJEAYIOIEM 3aM0JIHEHUU MYCTOT, 00Pa30BABIINXCA IMPU PACTBOPEHUU
MUHEpaJIa

AparonnT I1I0 IBETKY PO3bI HA CHUHHU BUBHAHUT YaCTUYHO
METAJNJINYECKOM IIPOBOJIOKE. 3aMeIacT CTBOPKHA PAKOBHUHBLI .
N3 konnekunn MuHepaaoruyeckoro N3 konneknnun MuHepaaorudeckoro

Mmy3es uM. A.E.@epcmana Mmy3es uM. A.E.@epcmana



Hapamopgho3ot

4aCTHBIN citydalt riceBaomopdo3. [Ipoucxoaut nepectporika
KPUCTAJIIMYECKON CTPYKTYPbl MUHEpaja 0€3 U3MEHEHUS €TI0
XUMHYECKOT0 COCTaBa 1 BHEIIHEW ()OPMBI KPUCTAILIOB

Ionepe4yHbiid CKOJI BepeTéH000pa3Hoil mapaMop(o3bl KHAHUTA M0 AHTATY3UTY.
[http://www.catalogmineralov.ru]



He3aKkoHOMEpHBbIE CPACTAHNA KPHUCTAJLJIIOB

K HE3aKOHOMEPHBIM CPOCTKAM MOXKHO OTHECTH:

Jpy35l —p l1leTkn
(HECKOJIBKO MHJIMBH/IOB, (rpynIibl KPUCTAIIOB,
pacTyIIUX B pa3HBIX HapOCIHIMX OJHUM

HampaBICHUIX U3 OJJHOIO KOHIIOM Ha 00I111ee

[EHTPA) OCHOBAHHE)




['opHBIU XpycTamb, aApy3a






\ §/=r‘,f;’<.~. |

[ IpenmyIiieCTBEHHOE
PA3BUTHUE MOJTYYaAOT
JIAIIb T€ KPUCTAJLIBI,
HAIIPABJICHUE
MaKCHUMaJIbHOMN
CKOPOCTH POCTA
KOTOPBIX OKa3bIBACTCS
EePIICHIUKYISIPHBIM
noanoxke (I1I).
OnucaHHbBIN OpoIleCC,
Ha3BaHHBIM A. B.
[ITyOHUKOBBIM
2eOMempuiuecKum
omoopom.



3akoHOMEpHBbIE CPACTAHUS KPUCTAJLJIOB

1) ITapannenbHble CTPOCTKHU: (OQUHAKOBO OPHUECHTUPOBAHHBIC
WHIUBUIBI)

IlapannenabHbIN CPOCTOK [TapannenbHbIA CPOCTOK

KpucTasioB Oapura KPUCTAJIOB KaJIbIIUTA



2) JNUTAKCHYECKHUE CPACTAHUA KPUCTAJLIIOB
dnumaxcust — 3mMo 3aKOHOMEPHO OPUEHMUPOBAHHOE
Hapacmanue Kpucmaniio8 00H020 MUHEPaId Ha
NOBEPXHOCMb OPY2020.

DIUTAKCUYECKOE HApACTAaHUE
XaJIbKOIIUPUTA HA TETPASAPHUT (a)
¥ KBaplia Ha IoJIeBO 1mmat (0)



3) ABTOANMUTAKCHYECKHE CPACTAHUS KPUCTALIOB
Aemosnumaxcus — 5mo 3aKOHOMEPHO
OPUEHMUPOBAHHOE HAPACMAHUE KPUCALI08 00OHO20
U MOo20 JHce Murepad.

v/

CKUIIETPOBUIHBIC KPUCTAIIBI
kBapia SiO,




DIIUTAKCUTBHI

U T‘bI

CKHUIIETPOBUIHBIN aMETHUCT



4) [1IBONHUKOBbIE CpaCTaHUA KpUCTansoB

J[60UIHUKOM  Ha3bleaemcs  3AKOHOMEPHBLIL  CPOCHIOK — 068YX
KPUCMAIN08 00HO020 MUHEPANbHO20 6U0A, 8 KOMOPOM HJIOCKOCHIb
CPACMAHUA O KaAXHCO020 U3 HUX Upaem O0OHY U MYy dHce
Kpucmannozpaguueckyo poib, m.e. HNPUHAOIEHCUM __ 000UM
UHOUBUOAM OOHOBPEMEHHO.

Ecnu B mapajiiesibHBIX CPOCTKax CTPYKTYpbl OOOMX WHIVBH]IOB
OpOAOJDKAIOT JAPYr Jpyra 10 00€ CTOPOHBI MOBEPXHOCTH
cpacTaHus, T.€. MOT'YT OBITh CBSI3aHbI MAPAUICIBHBIM MIEPEHOCOM,
TO B JBOMHHUKAX OHHU CBSA3AaHbI OJTHOW W3 YABAUBAIOIIMX OIEpaIldi
cuMMeTpuM: 1moBopoToM Ha 180°, oTpakeHHUEM B IJIOCKOCTH WIIH
UHBEPCUEHU

JIBOMHUKYIOIINE AJIEMEHThI CHMMETPHUHM HE HOJKHBI COBIIAJATh C
YK€ HMEIOIIMMUCS SJIEMEHTAaMH CUMMETPUH WHIAWBHUIAOB, MHAYE
OyZIET UMETh MECTO TapaIeIbHBIA CPOCTOK.



CxeMa 00pa3oBaHus JBOMHUKA CPACTaAHMS:

AA’— BO3MOXKHAas INIOCKOCTh JBOMHUKOBAHMS
BB’n CC’— peanbHble IIIOCKOCTA CUMMETPUU CTPYKTYPhI —
HE MOTYT CJIY>KUTh JBOMHUKYIOIIUMU JIEMEHTAMU



Haubomee pacnpocTpaHeHHbIC JBOMHMKH HEKOTOPHIX KPUCTAIIJIOB: d — IBOMHMK
TUIICA «JIACTOYKMH XBOCTY»; O — KapJICOaJICKUM JBOMHMK MOJIEBOTO IIIIaTa; 6 —
JIBOMHUK MUPUTA «KEJIC3HBIA KPECT»; 2 - JBOMHUK (PiIroopuTa 1o
«IIMTAHETICBOMY 3aKOHY»; 0 — IBOMHUK IJIardOKJIa3a; € — KOJICHYaThIi TPOMHUK
pYyTHUIIA; ofc — APArOHUTOBBIKM TPOWMHUK; 3 — U — JBOMHUKU CTABPOJIUTA; K —
no(uHENCKUM JBOMHMK KBaplia; /1 — Opa3uiIbCKUM JBOMHUK KBapla; M —
SAIIOHCKWUM TBOMHUK KBapilia



[1BOMHUKN cpacTaHuA

Oprokna3



[1BOMHUKN cpacTaHunA

I'nric, «1aCTOYKMH XBOCT



[1BOMHUKN cpacTaHunA

WO e Gy

I'nric, «1aCTOYKMH XBOCTY



[1BOMHUKN cpacTaHunA

KBap1, sIIOHCKUM JTIBOMHUK



[1BOMHUKM npopacTaHug

MuKpoKIrH, KapiacOaaCKuid JBOMHUK



[1BOMHUKM npopacTaHug

JIBOMHMK (DIIFOOpUTA MO IIITUHEJIIEBOMY 3aKOHY



[1BOMHUKM npopacTaHug

JIBOMHUK IIMPUTA MO IIITUHEIEBOMY 3aKOHY



[1BOMHUKM npopacTaHug

Crasponut FeAl,[Si10,],0,(0OH),



TPOMHUMKN NpopacTaHng

CTtaBpOoJIuT



2 Matalya Pekova

TpoliHUK CTaBpOJUTa B BUJIC IIECTUIIY4eBOM 3Be3bI (9.5 cM) B
MYCKOBHUTOBOM CJIaAHIIC.
N3 koiutekunn Munepanornaeckoro mysest um. A.E.depcmana



CumMMeTpus IBOMHUKOB

B 1957 r. B.A.MokueBCKUM ObLlIa BbIABUHYTA UES UCIIOJIb30BaHMS
rpynn antucuMmerpun [yOHrkoBa (IBYXIIBETHOM, WJIKM YEPHO-0€I01
CUMMETPHHM) JJI1 ONKMCAHUS CAMMETPHUM JBOMHUKOB KPUCTALIOB
(cymiecTByeT 58 TOUYEYHBIX TPyl aHTUCUMMETPHH )

/ E N\ / Y /"’ | ™\ Cepsim userom Ha
| [ \ / \ | \ e , "L PHUCYHKAX
} | y - ‘\ O = L] BBIIEIICHBI
\ | ) \ | ) \ | /
\\/ <.__l.:>2, , \ <Tf1}2, i / x\ "T’” 2! y AJICMCHTBI
S Nl s T AHTHCUMMETPHUH
a 0 6

Ornpenenenue TPyIbl CAMMETPUN JBOMHUKA: @ — TPYIa CUMMETPUH
MOHOKpHCTAIUIA 422 1 IO3ULKSL IBOMHHUKYIOWIEH 0CH 2 1101 (¢ = 90°, p = 45°);
6 — cTepeorpaMma COXpaHUBIIEHCS TOATPYIIbI — 222;

8 — rpyIina CAMMETPHUH JIBOMHUKA — 422



B nOpupoaHBIX  yCIOBHSX JJIS BBIpAIUBAHMSA
WJICAIIBHBIX  KPUCTAUIOB  BCE€  OKAa3bIBACTCA
AOCTATOYHO HEIPUATHO: CHMMETPHUS HEWU30€KHO
NOHMKACTCS, XOTS Obl MHOA JACMCTBHEM 3aKOHA
BCEMHUPHOTO TATOTCHUS.

Kpucramn pacTeT UCKIIFOUUTENBHO MEIJIEHHO W 3a
BpEMSI ~ €r0  poCTa  YCJIOBUS  MEHSIOTCA
HEOIHOKPATHO. HeynuBureabHO, 4yTO
CYIIIECTBEHHOE BPEMS Ha OPOUTE MEKITYHAPOITHBIX
KOCMMYECKHX CTAHIMM KOCMOHABTBI MPOBOMAT 3a
BBIPAIIMBAHUEM  KPHUCTAJUIOB B  «TEIUJIMYHBIX
YCIIOBHSIX).




Kpucrannuszanus B KocMoce

Kpucranansauus B ycJ10BHAX HEBECOMOCTH H MUKPOrpaBuTanum /151 H3y4YeHHU
NPOLECCOB, ONpeaeIsiIHX MUKPOOAHOPOAHOCTL H CBOHCTBA BhIPallIHBACMbIX
BbICOKOCOBEPIIEHHbIX KPUCTAJIOB.

IlepBble J3KcmepuMeHTHI ObLIIM NpPOBeJeHbl AMEPHKAHUAMH Ha CTaHUUH
«Crainmbd» B 1973 — 1974 rr. Meroaom bpumxmena B amnyJiax ObLIH MOJY4Y€HbI
kpucramabl InSh(Te) ¢ 0oaee BBICOKOH OJHOPOAHOCTHBI) H C MEHbINEH
IJIOTHOCTLEIO JHCIOKANMI, YeM Y HX Ha3eMHbIX aHAI0roB. OQHAaK0 B KpHCTaJLIAX
Ge(Ga) no pacnpeneIeHHI0 YAeJIbHOI0 CONPOTHBRJICHH A ObLl1a 3aMeTHA HE TOJbKO
NpPOa0JiLHAs, HO H NONEPeYHasi HCOAHOPOIHOCTh. InSh(Te




1975 r.

Ha komnaexce «Coro3 — Anoion» npoBeaeHbl
| JKCNEPUMEHTHI MO  BbLIPAIUHBAHHI0 METOA0M
HANPABICHHOH KPHCTAIH3AUMH KPHCTALIOB
TBepaoro pacrsopa Ge-Si-Sh (MuctuTyT
metaanyprun  AH CCCP) m Ge-Ga
(Maccauycerckuili TeXHOJIOrHYe€CKHH HHCTHTYT,
CHIA). Bee kpucramibl NOJYYHIANCH XViKE, YeM
BhIPALLICHHBbIC HA 3eM/1¢ AHAJIOTH.

Hauboaee HECOBEPIICHHBLIMHI 0Ka3a/IuCh
o0pa3uml, NOJY4eHHbIE rOPH3OHTAILHOM
KpHCTa/IH3anueii, a Hanbdosiee coBepiieHHbLIMH
— MOJIYYCHHbIC BCPTHKAJILHON KPHCTAJIH3ALCH
| ¢ nonaueii Tenaa cBepxy.

Ve i ] T e I ey T i 1 —
PHC. 1. Cxema PacioTodeHA }EIHBC}?LE‘L]I:EIE’?:II [MeEYH B CTHI Bblpame]_l HAa
KOBOYHOM  MOOMWIC CTAHIHN LCows—Anomon™: ] — KOPIYC
CTBIROROYMHOTD MOJIVIIH, 2 — YHHECPCATbHAA TTeHb. J — AMITYITA 3EMHE

e (]GI}«'I'_!IEE‘]HH CIUTaBOR, 4 — iy — :lr'l'.llilltilﬂ Cﬁ(ﬁ(]ﬁ'l'h I‘.’(ZI.'IL‘G-'J.HHITI

momys sokpyr ocn x [6]. (€) @PposoB K.B. UK PAH MA-150-18 MA-150-17 MA-150-16 MA-150-07



«OmHOTrO ATOr0 30JI0Ta TOCTATOYHO
OBLIIO OBI JJISI TOTO, YTOOBI CIKEUD
?:pkammsapm Y @ Bac Ha KocTpe! — 3aBOITII OH. —
s - (EVER 3TO AbIBOIBCKOE 30JI0TO!
TPVﬂHO A\ / s Yenoseueckue pyKu He 8 Cuiax
BbiTbhb BOIOM

U320MOBUMb MEMAJlll MAKoOU YUcCmombi!




UmMuTanusa NPpUPOIHbIX MPOIECCOB
B 3¢MHBIX J1a00OpaATOPHUAX

K nauvany 21-oro Beka
pa3pabOTaHbl MHOTOYHUCICHHBIE METO/IbI OTYYECHUS
KPUCTAJJIOB.

OCHOBHBIMHU METOAAMHU MOIYYCHHUS COBEPIICHHBIX
KPUCTAIIOB OOJIBIIOrO pa3Mepa CUUTAKTCS
TEXHOJIOTHH BEIpAIIMBAHUS
13 paciuiaBa,

13 PacTBOPOB,

13 ra3oBou (¢asbl.



Poct u3 pacTBopa (BoaHOrO0)

Poct KpucTanioB M3 BOAHBIX pPacTBOPOB MNPOHMCXOAHT NPH JOCTHKCHHH
KOHLUCHTPAUMN NEPeChIlCHNN, NPH 3TOM H3 PacTBOpa 0CAaKAACTCH PACTBOPEHHOE
pemecrso. Konuenrpauus nepecbllieHHs JOCTHraercss TpeMs OCHOBHBIMH
nyramu: (1) cHmenme Temmeparypbl BOAHBIX pacTBOpoB; (2) ucnapenue
pacTeopuTeas; (3) TenjoBas KOHBeKIMR PACTBOPA (rHAPOTEPMAJIbHBII METOR).

Cxema KpHCTALIM3AHOHHOH KaMephl A1l BbIPAIIHBAHHUA 1

KPHCTAJLJIOB U3 BOJAHLIX PACTBOPOB CHHKCHHEM TeMIIepaTypbi: 2
1 — Konmakmmueotit mepmomemp, 2 — epawiaiouiee ycmpoucmeo; o 5 _
3 — Kpucmannuzamop; 4 — mewanka; 5 — Hazpegames. 2 |




CxeMa KpuCTaAJNIM3ALMOHHOW KaMEPhI JJIs
BBIpAIIIMBAHHUSI KPUCTAIIOB U3 PACTBOPOB:
1 — KOHTAKTHBIA TEPMOMETD,

2 — Bpalllamolllee yCTPOMCTRO;

3 — KpUCTALIM3aTop; 4 — MelllajKa;

D — HarpeBareb;

CIIpaBa — TMTAHTCKHE TEXHUYECKHU
BakHBIC Kpructasl KJIP (KH,PO,)
BBIPAIIICHHBIC U3 PACTBOPA




I'naporepMalibHbIH METOJ
boia pa3sur B Hauane 1960-x rr. aMepHKAHCKHM XHMHKOM JaMT
®aaneren (Edith Marie Flanigen, 1929 r.p.) nas noay4enus
CHHTETHYECKHX M3ympyaos (Be,ALSi0,5).
B CCCP pabGorel B 3T1OM HanpasjaeHun Beaucb B Mockse
(Muacruryr Kpucraanorpapuu AH CCCP) u B HoBocudupcexe
(Mucruryr I'eonornn u I'eopnsuxkn CO AH CCCP).

IIpounece pocra KpHCTA/L10B B IHAPOTEPMANBHBIX YC/I0BHAX
MPOHCXOAMT MNPH BbICOKHX Temneparypax (a0 600°C) wu
nasaenusx (ae 1500 arm). Ilesromy mnpoumecc Beayr B
CHEeHHAABHBIX TOJCTOCTEHHBIX COCyAaX — aBTOKJABAX,
H3rOTOBJIEHHBbIX M3  BbICOKONPOYHOH KOPPO3HOHHO- H
AKAPONPOYHOH CTAH,

Kopnye

(c) ®poaos K.B. UK PAH

Jarpaskn

Hnatpparma

IuxTra

Iunkut ZnO

25x300 mm



BbipawimBaHme n CUHTE3 KpUCTaNsMoB U3
rmgpotepmMarnbHbIX pacTBOpPOB

(

(Cxema yCTaHOBKY THAPOTEPMATIBHOU
KPUCTAJUIM3AlUU — ABTOKJIaBa
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Kamepa
25x300 mMm



Ksapr 510,

i

L/_{

Kopnye

1“!

Jarpaskn

Jnadparsa

HmxTa

Kamepa
250300 nam

JIJ1s1 BRIpaIyBaHus MO JABJICHUEM M IIPU BEICOKOW TeMIepaType

HCIIOJIB3YIOT aémoKJjiaébl — TOJICTOCTCHHBIC CTAJIBHBIC IUJIMHIPLI C

IrcpMCTHYCCKHUM 3aIlIOPOM, BBIICPKUBATHL OJHOBPCMCHHO BBICOKHUC
TCMIICPATYPbI U JaBJICHUA B TCHCHHUC JJIMTCIIBHOI'O BPCMCHMU.



A
BHUUCHUMC

¥

OO1muii BeC KpUCTAJIJIOB,
BBIpAIIIMBAEMBIX B OJTHOM
IPOMBIIIJICHHOM ITPOIIECCE, MOXKET
JOCTUTaTh HECKOJIbKUX TOHH.

Bo BHUMCHUMCe 0O5n11a pa3zpadboraHa
YHUKaJIbHAs TEXHOJOIHUsl CUHTE3a
MbE30KBAPIIA
IPOJIOJDKUTEIBHOCTHIO 600 CyTOK
B aBTOKJIABaX EMKOCTBIO 4 M3
Bec kax10ro MOHOKpuUcCTalia
cocTasiisir OoT 15 1o 18 kr




PocT M3 pacmiiasa v pacTBop-paciiaBa

PocT M3 BOAHOI'O pacTBOpa

Kpucrajuimsauus U3 naposoi (razosou) assl
AZIMTHBHBbIE TEXHOJIOTHH H CaMOCOOpKa

PocT M3 paciuiaBa @

MeToa Bepneiinsa
B 1817 r. yaanochs cni1aBuThH BMECTE 1Ba NPUPOAHBIX pyOuHa.
B 1837 r. HexkTo Mapxk I'yaen noayuni nepsbie MUKPOCKONUYECKHE PYOUHBI 13
pacnjaBa OKCHAA AJTIOMUHHS.
B 1877 r. ppanny3ckuii xumuk Iamon ®pevn (Edmond Frémy,
1814 — 1894 rr.) pazpadoran meToa H3roTOB/JICHHS PYOHHOB U3
pacnjaBsa H €031aJ1 nNepBbleé KAMHH HBEJIHPHOI0 Ka4ecTBa.

PadoraBmuii ¢ ®pemu xumuk Orioct Bepuenas (Auguste Victor Louis
Verneuil, 1856 — 1913 rr.) no3:xe paspadoran HOBBIH CHnocod
NoJy4YeHHsl KaMHeH M3 pacniaasa MHKpoaucnepcubix AL0, n Cr,0, B
£ naamenu BbIcOKoTemneparypuoi (2200 °C) BoaopoaHoH ropeaku
i  (meun Bepueiinn) u onydauxosas ero B 1902 — 1904 rr.) oposos K.B. UK PAH
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furnace
flame

boule
rad

(c) ®poiios K.B. UK PAH
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E B o— = % C.K. [Tonor
%. B 1932 r. B rpynne Kpucrajaaorpagpuu
ﬂ“ Bl npu Munepajgorn4yeckom mysee AH
L \ | CCCP meToa 0bL1 CYHIECTBEHHO
\! " ycoBepmiencTBoBan C.K. [Tonosnim.
A B 1950 r. C.K. Ilonosy u
A.B. lllyOuukoBy 0b11a npucy:RaeHa
[N'ocynapcrBenHas npeMus 3a pa3padoTky
rotation METOJ10B BbIPAlIUBAHNHA KPHCTALJIOB
KOPYH/JAa U OPraHU3aluI0 ux
pulling NPOMBINLJIEHHOIO NPOM3BOACTBA.




Metoa Hoxpaanckoro
MeToa BBITATHBAHMST H3 pacmiasa OTKPLIT H pa3padoran

NOJALCKUM XUMHKOM Huom YHoxpanwckum (Jan Czochralski, 1885 —
1953 rr.) B 1916 - 1918 1.

ToHKHI 3aTPaBOUHBII KPHCTANN NOrpyKawT B pacnias, CTtonduxk
pacnjaasa (pOpMHpPYET MEHHCK MEKAY NOBEPXHOCTHLIO pacillaBa H
PacTyIUHM KPHCTA/LUIOM, 3aTPABKa MEAJICHHO BbLITAIHBAETCH H3
pacniasa.

[IpeumymecTe0 Meroaa — KpPHCTaA/I pacTér B CBO0OAHOM mnpocTpaHcTBe 0e3
KOHTAKTa €0 CTeHKamu THrAs. B Hacrosimee BpeMsi Tak BbIPallUBAKOT
0O0IBIIMHCTBO NOJYNPOBOAHHKOBBIX M JAHYIEKTPHYECKHX  MaTepHa/IoB,
CHHTETHYECKHX KPHCTA/LIOB 1PArOLeHHbIX KaMHEH.

_ —_— s —_— —_ — — —— L —
- _—

! pulling
s — seed rod

rotation
crucible
heating coil

_—

"y
‘H.._________,.r"

[Mnannenne Bregenae Havano Brurarasanmne Burpamennui

NOMHEPHCTANTHYECKOrD 3ATPABEH B PALHESHAA EPHCTANNA MHOEPHCTANT
MEFHIBAHHEOD EPHCTANNA H OCTATOR
EPeMHHE € pacrTana

(c) ®poaos K.B. UK PAH



Meton Odpenmona - lllyoHukoBa

B 1924 r. B Jlenunrpaackom @Ou3uKo-TeXHHYEeCKOM HHCTHTYTe HWBanom
BacuabeBnuem OoOpenmosbim (1894 — 1981 rr.) m JleBom BacuianeBnuem
LlyonuxoBniv (1901 — 1945 rr.) Ob11 c033aH MeTOA BePTHKAJILHON HANIPABJICHHOH
KPHCTA/LIH3ALNHE /151 OJY4YeHHS MOHOKPHCTA/L10B AuamerpoMm ot 1 10 300 MM u
aauHoH 70 30 cM MeTalI0B: 010Ba, BUCMYTA, KaJAMHH, CYPbMbl, AJIOMHHHS,
MAarHus, MeaH. r .. | -

Pocr KpucTa/mia npoHCXoam/1 B BEePTHKAJIALHOM
UH/IHHAPHYECKOM  KOHTEHHepe, OXJazk1aeMOM
CHH3Y CTpyeH c:kartoro Bo3ayxa. /lHo KoHTelHepa
BBINOJHAIOCE B BHAE KOHYCa, 4YTO CO3JaeT
YC/I0BHS /I KOHKYPEHTHOrO pocra, Koraa M3
MHOKECTBAa 3apOKJALIIHXCH B CaMOM Hauaje
Npouecca KPUCTALIMKOB «EblMCHEaem ULt 00UH,
Haubonee Ovicmpoe  pacmywuit  Kpucmaim», | |
KPHCTA/LI0rpa-(puyecKas OpPHEHTHPOBKA KOTOPOro
H onpeneasieT OPHEHTHPOBKY BbIPALIHMBAEMOro
MOHOKpHCTA/IA.

1 — Konmeitnep, 2 — neus, 3 — MeOHbBI YUAUHOD, ,
i

4 — onopa, 5 — conno oxnaxcoenua, 7

6 — anekmpooomomka, 7 — men10u3IoONAYUA.
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Metoa Kuponyioca

B 1926 r. uemeuxkmii ¢usuk Cnupo Kuponynoc (Spyro
Kyropoulos, 1887 — 1967 rr.), npeaao:xu. cnocod BLIpalMBaHus |
KPYNHbIX HIEJI0OYHOrAJIOMAHBIX MOHOKPHCTA/LJIOB, §
HCMOJb3YEMbIX B ONTHYECKHX mnpudopax. OH 3amMeHus .
ONEpPalHi0 BbITATHBaHHS KpPHCTANIOB H3 paciiiaBa Ha Sy o

CHH/KeHHS ero TeMneparypsbl.
HluxTa pacniaBiasiercsi B THIVIE H HATPEBACTCH BhILIC TeMNEPATYPHI MJIABJICHHI,

B pacnaas BBOAMTCH oXJaaaeman 3aTpaBka (xonoamiabHuk). Pacnias measienHo
OXJIAK1A€eTCH M 3aTeM 3aTpPaBKa NPoayBaeTcs X0JI0AHbIM razoM. B pesyasrare Ha
KOHHAX OXJIAXKAAaeMOH 3aTPaBKH HAa4YHHACTCH KPUCTAJUIHM3Aauuf, KoTopast
NPOMCXOAHT B PaciiaBe, HO MOHOKPHCTALI MEAJICHHO M3 HEro BBITATHBAKT IO
Mepe YMeHbUIeHus o0nema pacniaasa. Ceroansi Takum MeToA0M pacTaT 0oabmine
YHCThIEe MOHOKPHCTAMLIEI candupa.
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Lower Oven |

Metoa bpuakmena - Croxkbdaprepa

IMépen Bpuaxven (Percy Williams Bridgman, 1882 — 1961 rr.),
aMepHKaHCKuH (Qu3uk, adaypear HoleneBckoit npemun no pusnke
1946 r. 3a padorel B o00JacTH (QH3IMKH BBLICOKHX JAaBJICHHH.
bpiaxmven npeanoxua csoii Meroa pocra B 1925 r. Ilodxe meron
ObLl1  YCOBEPLICHCTBOBAH [PYIHM  aMEpPHKAHCKHM  (QH3HKOM
Honansaom Croxbaprepom (Donald C. Stockbarger, 1895 — 1952 rr.).
Uepe3 neub ¢ HepaBHOMEPHBLIM paclipexejieHHe MTeMIepaTypbl mo JJIHHe,
NMpoOTATHBAcTCA amMiIy./a (C JA0CTPEHHBIM KOHUOM OJiId HCK/IHWYCHHH
oOpa3oBaHus 00/1LIION0 YHCIA 3apoAbllliei) ¢ MATEePHAIOM.

JABa pe:xnma kpucraaaniaunm: 1 — nepemelieHne KOHTeliHepa ¢ BelleCTBOM
YEpE3 30HY pacijiaBJICHHSA, 2 - INTABHOE CHHACHHE TEMIICpaTyYpbl B
VCIAOBHAX MOCTOSHHOTO TpaJHeHTa TemmeparypHoro mojas. Cxema MoxeT
OBLITh BEPTHRKA/IbLHaA H NpH30HTA/IbHaNH. Bo3moxHa CNOHTaAHHan
KPHCTA/LTH3AUHA HJIH KPHCTAJTH3AlIIHAE Ha 3aTpaBKY.

Lowering Mechanism

- Temperature Sensor

Upper Oven

- Melt

Thermal Insulation

- Crystal
- Crucible

- Heater




B 1960-x rr. B Mucturyre kpucraanorpadguun AH CCCP coBerckuii
¢u3uk Xavaryp Caaxosuu barnacapos (1929 - 2013 rr) pazsua u
YCOBEPIIECHCTBOBA NOPH30OHTAABLHYIO CXeMy MeToaa bpuaxmena no
CXe€Mbl FOPH30HTAJbHONH HANPaB/ICHHOH KPHCTAIH3ALHH,

B xonreiinep-noa0uxy (4) sarpy:karot wuxTy (2) (B BUAE NOPOLIKa,
KPHCTANIHYECKOr0 0081 MM KepaMHKH), pacnjaaBIfalT eé Hu
3aKPHCTAVIN30BLIBAIOT, IepeMellas KOHTelHep ¢ pacnaasoM (3)
CKBO3b 30HY Harpesa (5). /lis moay4yeHHsi CTPOro OPpHEHTHPOBAHHOI0 KPHCTAMLIA
B BEePUIHHY JIOA0YKH YCTAHABJMBAKT 3aTpaBky (1) u BH3yajibHO HA0JIH0IAKOT H
KOHTPOJIMPYIOT KaK MOMEHTOM 3aTpaBjieHuHsi, Tak H ¢opmy ¢ponTa
KPHCTALTH3AHH. 2
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MeTo1 30HHOU TIJIaBKU
(METOJ1 JIOJOYKH )
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Cxema ropu30HTANBHON HANPABIEHHON KPHCTAUIHIALNH B «JI0J0UKEN !
| = Harpesarelsb, 2 - KOHTEHHEP-10104Ka, 3 — paciias,
4 - pactyimii kpucraw, T, < T;



MeToa 30HHOH IVIABKH (NEPEeKPHCTAIH3AINN)
N B 1952 r. meron ObL1 mNpeacTaB/ieH H Pa3BHT
. Yuabsamom llpannom (William Gardner Pfann, 1917 —
1982 rr.) B Bell Labs (CHIA), Ho npeanoikeH ObLa
panee /I:xxouwom bepuanom (John Desmond Bernal,
: 1901 — 1971 rr.), MpJAaHACKHM Y4€HbIM, NMHOHEPOM £

/ PEHTTeHOBCKOH KPHCTA/LIOrpad@HH B MOJIEKYJASPHOH O0MOJIOTHH.

Metoa ouncTkn TBEPALIX BeWECTB, OCHOBAHHBIA HA PAa3jIMYHON PACTBOPHMOCTH
npuMeceii B TBépAoH M Kuakon ¢asax. Hsasercs Pas’HOBHAHOCTHIO
HANPABJACHHON KPHCTANIH3AUMM, HO OTJIHYAETCH TeM, YTO B KaKAblH MOMEHT
BPEeMEHH pAaCIIaBJACHHON NBARETCH HeKoTOopam HelOoabwas 4acTek odpasua.
Pacnnasaennas 30Ha nepeasuraercss no  odpasuy, 4TO0 NPHBOAMT K
nepepacnpenenennto  npumeceii. Ilo  cpaBHeHMl ¢ HanpasJIeHHOI
KPHCTA/VIM3alHeH MeTOA 30HHOM I1aBKH odaanaer foabiueit YQPEeKTHBHOCTLIO,

polyerystalline

single crystalline

ingot translation (C) (I)I)OJIOB K.B. UK PAH



Poct u3 razosou ¢asel (Chemical Vapor Deposition — CVD)

BelpamnBanue KpHCTANI0B H3 Tra3oBoil (a3sl MOKET OCYWECTBJISATHLCH C
NOMOIIBLI0 CJeAYVIOUIHX NpPoueccoB: cydumMauuu-konaencauuu (1), xumuueckoro
Tpancnopra (peakuuH nepeHoca) (2), XMMH4YECKHX peaxuuil (pa3iokKeHHs H/IH
BOCCTAHOBJICHHSI Tra3000pa3sHbIX XHMHYECKHX coeauHeHHil) (3) — TOJABKO
NpPOTO4YHAs CXeMa.

(1)
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Iloa pykoBoacreom Esrenuns Husuesnua ['uBapruiosa
(1934 r.p.) B Uucturyre kpucraanorpapuu AH CCCP Bo
BTOpOii nosoBune 1970-x rr. pazpadoran cnocod CVD
BblpaliuBanug OPHEHTHPOBAHHBIX HHTEBH/IHbIX
KPHCTA/LIIOB, B IEPBYIO 04epealb 10JYIIPOBOAHHKOB.
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ArmapaTypa IJIg pocTa KPHACTAJLIIOB
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Pocmosasn 6blCOKOmMmemnepamypHas;t yCmaHo6Ka ¢
MPEX3OHHBIM HAZPDEBOM U Mextmusauueﬁ
nepemeuienus Kpucmaia

T. nnurensHOrO Harpera = 1200 rpamycos
B03MOXHOCTB yIIPaBIATh TEMIIEPATY PHBIM
IPAEHTOM U CO3JaHUs 3-€X YIPABIIEMBIX 30H C
Pa3JIMYHOM TEMIIEPATYPOI



uKpMCTanbHOE AENEBo 3HaHMIM

BcepoccHACKMA KOHRYDC NO BbIPALUBAHUIO KPUCTANNOB
NPUINaiaeT yYacTHUKOB!

o oTuer
. saimy3m IIIIITIIIIB'I'II|||||. ero sa
10.12.2023 }

onpepeneHne IIIIGBAH'I'IH'IBH UIIHMI'IIHI ;

N0 Pe3YALTATAM O4HOTO BLICTYANGHHA
noGeanTenei Becenxero W OceHHern aTanos

€ NPE3EHTAUMAMM 0 DO ASNAHHOM IKENEUMEHTE
MNH MOKA32 HX NPE3BHTALWA H BHABD =t
W OTEETOB HA BONPOCH! SIODY NO BUACOCEAZM, ‘} -
©CIN (IHHANHCTRI He MOTYT v
MPHCYTCTBOBATH B MOCKEE HA OUHOM TYpE, ey,

Harpamxaenve nobeauTenen llnmnuan'

Buonekta Wanuua, kyparop Onumnuaabe: crystal_msu@mailru / viccom/violetta_shanina.
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