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NMPEANCJITIOBHUE

HckyccrBenHoe nosyyexue GOJBIIHX OJHOPOAHHX KPHCTaJ-
JOB M3 BOJHBHIX pacTBOPOB SBJAsieTCS MNpo6JeMoii, BCTaBlIeH
nepeji TEXHHKOH OyKBaJbHO B CaMHe MOcJenHHe rofn. J[o aToro
BPEMEHH BHPAL¥BaHHE TaKHX KPHCTAJJOB BeJOCh JHUIb B Ja-
60paTOpHAX H HMEJO LEJAbI0 NMOJy4YeHHe OOBEKTOB [HJs KpH-
CcTaMI0QH3UYECKHX HCC/eNOBaHuii.

[locaenHue pecsTHJAETHS O3HaMEHOBAJHCh BOBJEUEHHEM
B TEXHHKY MaTe€pHAJOB, paHee He yNoOTPeOJSBUIMXCS, H CO3-
JaHHeM HOBHIX MaTePHaJIOB, N0 CBOMM CBOHCTBaM OT/IHYHBIX OT
IpHMEeHsIBIIMXCA paHee. K uyHcay TakHX MaTepHasOB OTHOCSTCS
"M MOHOKPHCTaJUIHl Da3HHX BEIIECTB, 3aMeyaTeJbHHX CBOHMH
KPUCTaNJIO(PH3HYECKUMH CBOHCTBaMH. B nepByio ouepenpb noay-
YUJH NPHMEeHeHHe NpPHPOJHbIE KPHCTAJNJH — MHHEpaJH. 3aTeM
TeXHHKa CTaJja Ha NyTb HCKYCCTBEHHOTO MOJYYeHHs] KPHCTaJJIOB
TeX BeIeCTB, NMPHPOAHHE KPHCTA/JH KOTOPHIX PEIKH H JLOPOTH,
H TeX, KOTOpHE BOOOIle He BCTPEYAIOTCS CpelH MHHepaJIoB.

[TIpo6sema pa3pabOTKH NPOMBIUIJIEHHHX MeTONOB BHIpALH-
BaHHsl KPHCTAJJIOB H3 COOTBETCTBYIOIHX PACIIaBOB OKa3ajach
CpaBHHTEJBHO NPOCTOH, H €e B HacTosillee BpeMsl MOXHO CYH-
TaTb pemeHHoii. OfHAKO Al O4YeHb GOJBIIOTO YHCJAA XHMH-
YeCKHX COeIMHEHH!, He YCTOHYHBHIX BOJHM3H TeMIepaTypH IJja-
BJIEHHS, KPHCTA/IJIM3alMsl M3 pacljaBa HEBO3MOXHA HJIH COMpS-
XeHa ¢ 60/bLIMMH SKCNIePHMEHTAIbHEIMH TPYAHOCTSMH. K TakuM
OTHOCATCS], B YaCTHOCTH, MHOTHE CO€JHHEHHUs, HMEIOILHE B CBOEM
COCTaBe KPHCTAJJH3aIlMOHHYIO BOAY, H ABOIHHE coJH. Takue
BEIEeCTBa NPHXOAHTCA KPHCTaJNJH30BaTh H3 PacTBOPOB.

M3 yncsna BemecTs, INOJYYalOUHXCs H3 PacTBOPOB, BaxHeMH-
mee 3HayeHHe JJs TeXHHKH HMeeT CErHeToBa CoJb, O6Jsanalo-
masi COBEPINEHHO HCKJIOYHTENBbHHIMH MbE303JIE€KTPHYECKHMH
cBoiictBaMH. CTpeMm/ieHHe K HCIOJNb30BaHHIO 3THX CBOHCTB
H SBHJIOCH TVIaBHBIM CTHMYJIOM K IIOHCKAM IIPOH3BOJACTBEHHHX
METONOB BHIPAIlMBaHHsl KPHCTAJ/IOB H3 PacTBOPOB.

BrnepBne CKOpOCTHas KpHCTAJJIH3allHs CErHeTOBOH COJIH
B IIPOHM3BOACTBEHHHIX MacwTabax OHJa OCylecTB/aeHa B KOHIE
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20-x, HayaJse 30-x ronoB ¢upmoil Brush Development Co u He-
KOTOPHIMH IDYrMMH aMepHKaHCKHMH ¢upMamu. [IpuMeHsemne
HMH MeTOLH H3BEeCTHH JHIIb B cambix o6wux yeprax. B Co-
BerckoM Col03e pa3BHTHE METOAOB NpPOH3BOACTBEHHOIO BHIpa-
IHBaHHsI HAET 6e3 HCIOJb30BaHUS aMEepPHUKAHCKOrO OIHTA.

Metoas KpuCTaJIH3alyH, padpaboTaHHHE /4 Lejed Hayd-
HOTO HCCJ€JOBaHHs, HE MOIJIH OHTb HENOCPEeACTBEHHO IepeHe-
CeHbl B NPOMBIIJIEHHOCTb, TaK KaK He yNOBJAETBOPsIH Tpebo-
BaHHAM, NPELbABISEMBEM IOCAELHEeH B OTHOLIEHHH INPOCTOTH
H HaJleXXHOCTH amlnapaTtypsl, IPOCTOTH TE€XHOJOIHYECKOro Ipo-
necca, BO3MOXHOCTH IIOJYYeHHss OMHOPOJHBLIX KPHUCTaJJIOB
6osbIINX pa3sMepoB H OBICTPOTH pOCTa KpHCTawios. B aTom
MOXHO yOeIHTbCs, MPOCMaTpHBasg XOTA OBl NOBOJBHO MOJHYIO
CBOIKY METOAOB KpHcTajau3anud B kHure A. B. Illy6Hukoma
,Kak pactyTt kpucrams“ [13].

[TepBhiit pasdpa6otansnii B CCCP npombILIeHHBA MeTox
KpHCTa/u3anuu cerierosoit coam (H. H. Lledrans, 1939 r.) He
6B €le CKOPOCTHHM MeToZOM. Kpucrann poc mnpu Majom
NepecHUIeHHH paCTBOpPa M JOCTHra] Beca B 1 k2 B TeueHHe
.40 cyTok. Ha mpoTs:K€HHH TakOro JJHMTEeJbHOrO CPOKa TPYJHO
n36exaTp NepepeiBOB B IIHTAHHMH 3JIEKTDO3HEPrHedl H pPa3HOro
pola MeJKHX aBapHH 3JEKTPOHArpeBaTEJbHOH H TePMOPEryJiH-
pyouie# amnmapaTypsl, YTO BefeT K OTK/JIOHEHHIO OT 3aJaHHOrO
TEeMIEPAaTyPHOrO peXHMa H K NOSBJEHHIO B KpDHCTa/uie Heol-
HOpPOJHOCTeH B BHAe MYTHHX Y4YaCTKOB C BKJIOYEHHSMH Ma-
TOYHOrO0 pacTBOpA.

Haxonusiuiicss B kpucrajanorpaduu SMIHPHYECKHH MaTepH-
aJ H TeopeTHYeCcKkHe NpeICTaBJEHHs O IMPOIecce pocTa KPHCTaJl-
JIOB MaJIO MOIJH NMOMOYb NpPH BHPabOTKE CKOPOCTHHIX METOJLOB
BhIpaniuBaHus. CKopee OHH YKa3HBaJ/JH Ha HEBO3MOXHOCTb TaKHX
meTOnOB. Tak, OHJIO H3BECTHO, YTO CKOPOCTb POCTa 3aBHCHT OT
CTeNeHH MepeCHLIeHHsl pacTBOpa, NpHYeM IpO3payHHIMH, OLHO-
POIHHIMH NOJYYaIOTCA KPHCTAJIH, MeJJ/IeHHO pacTyllue IpH cJa-
60M NepeCHIEeHHH; NP 6OJbIIOM YK€ MEepPEeCHILEeHHH KPHCTaJJIH
pacTyT OHICTpee, HO MYTHHMH. BDHJIO H3BECTHO, YTO NEepeMeNIH-
BaHHE pacTBOPa HJHM BpallleHHe KpPHCTaJJa CHOCOOCTBYET Ipa-
BHJbHOMY pOCTY, HO CYHTaJOCh, YTO HapylllaTb IOKOH pacTBOpa
C pacCTyulHM B HeM KpHCTaJJoOM 6Ge3 pHCKa BhI3BaTb IOSIBJEHHE
J06aBOYHHIX IEHTPOB KPHCTAJJIH3aIlMH MOXKHO ONSITb-TAKH TOJb-
KO TIpPH MaJjiOM MepecCHIIeHHH,

IToHCKH CKOPOCTHHIX METOJOB MOIVIH MPOH3BOIHTHCH JIHIID
NpH YCJOBHH OTXOAa OT 3THX YCTaHOBHBIIHXCS NPENCTaBJEHHH.

B 1938 r. oguum u3 aBTopoB Hacrosme#t pa6otm (O. M.



Anmesec) ObIH OonyOJHKOBaHH HabJIOfEHHsT HaZl POCTOM KpH-
cTanaoB runocyJjpdura. Cpeium Npoynx MM OHJIH MOAMEYEHH
(axThl, BHSICHAIOLIHME ME€XaHH3M O06pa30BaHHs BKJIOUEHHH MaToyY-
HOro pactBopa B pactyuieMm Kpucra/ane. M3 stux HabaiomeHuit
MOXKHO OBIJIO CIeJaTh BHBOJ, YTO 3HEPrHYHOE MepeMelIHBaHHe
pacTBOpa HJH JBHXXEHHE KpPHCTAJJIOB NOJKHO CIIOCOGCTBOBATh
NOJ1YYE€HHUIO OJHOPOAHH X KPHUCTaJJIOB IPH CHJIBHOM NI€ PeCHILeHHH.

[To stomy nyts nomesa A. A. llitepnGepr, nocTaBHBLIHi B
1940—41 r. cooTBeTCTBYIOIIME ONBITH B JJaGopaTOpHH NpH Kadeape
kpHcTassorpadun Jlennurpaackoro 'ocynapCTBEHHOrO YHHBEp-
CHTETa M Cpa3y K€ NOJYYMBIIMH [Jis1 CEerHeTOBOH COJIH BecbMa
[I0JIOXKHTEJbHEE pe3yJbTaThl. Pa3paboTaHHHE HM MeTOX MNO3BO-
JIHJI BBHIDALIMBaTb KPHCTA/JI BecoM B 1 x2 B TeuyeHne 10—12
npueit. Jror meton sBuics B CCCP nepBHIM CKOPOCTHEIM IpO-
MHIIIEHHHM MeToaoM. B Hauasne OrteuecTBeHHON BOMHHBI, Korja
oas HyxJ cBsisu KpacHoit Apmuu Tpe60oBasioch 60JbIIOE KOJH-
YeCcTBO CerHeTOBHX mnbe3o3sementoB, A. A. IllltepuGeproM, mo
3amaHuio JleHcoBera, OBIJIO MOCTaB/IEHO NPOH3BOJACTBO KPHCTAJ-
JIOB CEerHeToBOH COJH B 3aBOACKOM Maciutabe B JleHuHrpaze,
B nexe, pykosomumoMm I'. 5. BosoxoHCKHM.

JanpHeiimas paspaboTka MeTOAOB, OCHOBaHHHIX Ha BpAIlleHHH
KPHCTaJlJia B CHJIbHO NEpeCHIIIEHHOM pacTBope, Beaack B. B.
Tatapckum cHayazsa B JIeHHHrpaackoM [OCynapcTBEHHOM YHH-
BepcHTeTe, a 3ateM B ['ocyapcTBeHHOM COIO3HOM N1POH3BOACTBEH-
HO-3KcrnepumeHTasbHOM HHCTHTYTe HKOIII. IlpnmenuB skciueH-
TPHYHOE BpallleHHe KPHCTaJJa, 3TOT aBTOP LO6HJICSA THHEHHOMH CKO-
POCTH pOCTa KPHCTaJ1a BAOJb OCH ¢, joxoasuleit xo 1,6 — 1,7 cx
B CYTKH B KaXJAyl0 CTOPOHY, H COOTBETCTBEHHO NpPOIOpIH-
OHaJBHOH CKOPOCTH Brosib Apyrux oceil. Meroxm Tarapckoro
JaeT BO3MOXHOCTb MNOJYyYyaTh B KPHCTA/l/H3aTOpe B TEYEHHE
8—9 nHeii OZMH KpHCTAaJJ1 BeCOM B 2 K2 WJHM [Ba KPHCTaJJa
obmuM BecoM B 3 k2, IpHuyeM, KaKk OyJeT NOKa3aHO HHXKe, €CThb
BCE OCHOBaHHMsl M0JIAraTh, YTO M 3Ta BHCOKasg CKOPOCTb eIle He
SIBJIIETCA  [1peJeJIbHOM.

[Ipo6aemMa cKOpOCTHOrO BHIpallHBaHHSA 6OJBIIHX KOJHYECTB
MOHOKDHCTAJIJIOB CErHeTOBOH coJsiHu HMeeT ceHyac O6oabioe
3HaueHHe B CBs3H CO Bce OoJjee U 60Jiee pacIIMPAIOIHMCS ee
NpHMeHEHHEM B anmapatype cBsi3H. Pa3pa6oTaHHOe B HHCTH-
tyre HKI3Il nokpeiTHe MAJs8 CErHETOBHX Mbe303JeMeH-
TOB, MOJIHOCThIO NpeNOXpaHsiionlee HX OT BPEIHOrO BO3MAEH-
CTBHS BJIAXHOCTH, MO3BOJIET Ype3BHYAHHO PaCIIHPHTH IpHME-
HeHHe Nbe303JIeMeHTOB B N0JIEBOH amnapaTtype CBf3dH, a TaKxke
o6ecneynBaeT HX HCNOJb30BaHHE B OHITOBBIX aKyCTHUYECKHX IPH-
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6opax. B cBs3n ¢ 3THM HeH36eXHO B HejaseKoM Oynyuiem
MHOTOKPaTHOe yBe/JHYeHHe NPOH3BOACTBA KPHCTAJJIOB CerHe-
TOBOH COJIH. ’

[Ipno6petraer Goablloe 3HaYEHHE TaKXKe BONPOC CTOMMOCTH
KpHCTaJJ0B.

I[TosToMy MeTOuH BHpallHBaHHA KPHCTaJJOB Ha KPHCTaJ-
JIOHOCILE 3KCIIEHTPHYHOTO BpalleHHs HalTCs 34eCh B JABYX
BapHaHTax, pa3pa6otanHeix B. bB. TarapckuM B HHCTHTyTe
HK3II. INepBHiit H3 3THX BapHAHTOB PaCCYHTaH HAa BhIDALlHBAHHE
KPHCTaJNJOB B CPaBHHTEJbHO HeOOJbIUHX KOJHYECTBax, a BTO-
POl NMPHMEHHM NPH KPYNHOM IPOU3BOACTBE JIO0BIX MacmTaboB.

[1pn paspaboTke 3THX MeTOAOB OblIH BHIBeAEeHH (¢oOp-
MYJIbl, NO3BOJISIIOIIHE PACCYHTHBaTh HEOOXOAHUMHIH TeMIepaTyp-
HBIl peXHM B Ipolecce pPoCTa KPHCTANIOB. ITH QOpPMYJHI
NpUMEHHMH MpH JIO60M MeTOHe BHIpALHBaHHA H JAIOT BO3-
MOXHOCTb JIETKO HaXOAHUTb TeMIepaTypHHH pexHM, COOTBET-
CTBYIOLIHH MaKCHMalbHOH CKOPOCTH pOCTa, AOCTHXKHMOH JHaH-
HHM MeTOa0M. OCHOBHBIE TNPHHLUMIMBI, H3JOXEHHbE INpod.
O. M. Axwmesecom, u ¢opMyJibEl, aHaJOTHYHBIE BHIBEIEHHKIM
B. Bb. TarapckuM p/1s1 CerHeToBOH COJIH, HOJIXKHH JaTh BO3-
MOXHOCTb JIeTKO HaXOJHTb CKOPOCTHEIE METOAH BHIPALIHBaHHS
KPHCTaJVIOB JIO60ro BELIeCTBAa, PaCTBOPHMOCTb KOTOPOrO yBe-
JHUYHBaeTcsd C TeMmnepaTypoil. K Takum BeuectBaM OTHOCATCS,
_Hanpusmep, KBaclilbl, IDHMEHseMble B ONTHYECKOH IPOMBILI/IEH-
HOCTH, H Jpyrue. MOXHO OXHJIaTb, YTO H KDHCTaJIH ILeJOro
psAa APYTHX BelleCTB HaHAyT cebe IpHMEHEHHe, NMOCKOJbKY
MBI 6yJeM paciosiaraTb METOLAMH HX BHIPAlLiHBaHHs. B OCHOBHOM
CTOfIIIMA Ilepes HAayKOH H TeXHHKOH BOINPOC O CKOPOCTHOM
BBHIDAILMBAHHN KPYMHHX OXHOPOJHHX KPHCTAJJIOB MOXHO CYH-
TaTh PELIeHHBIM.

M3noxenHas B HacTosie# pa6ore MeTOAHKA BIepBHE OMy-
6/MKOBaHA B BHAE KPAaTKOrO MNpEeABAPUTEILHOIO COOGLIEHHS
B Yu. 3an. JII'Y, 88, cepusi ecrecTBeHHnXx Hayk, CapaTos,
1943 r., He cuuTas psja raseTHnx 3aMetok ¢ 1941 roga.



T'rasa 1

K TEOPUU CKOPOCTHOIr'O BbIPALIUBAHHUS OJHOPO]-
HbIX KPUCTAJIJIOB

1. ®AKTOPbDI, BJIMSIOIIIUE HA CKOPOCTb POCTA KPHUCTAJIJIOB

Bonpoc o daxkTopax, BJHAOIIHX HA CKOPOCTb pPOCTa KpH-
CTaJJIOB H OTHAEJBbHHEIX HX rpaHef, 6e3 pacCMOTpeHHs BOmpoca
0O COBEpLIEHCTBE KPHCTAJNJIOB, H3y4asCs yKe NaBHO H MHOTHMH
uccaenonatensimi. Haubosee cyuiecTBeHHOfi H3 pabor, IOCBs-
LIeHHBX HAaHHOMY BONpOCy, MH cuHtaeM paboty U. M. Auape-
eBa ,CKopoCTb pocTa H pacTBOpeHHsi Kpucrtaanos“ [1].1 (3zecn
&€ MOXHO HAallTH H CBOLKY BCell mpenmecTBYHOmEeR JHTEpa-
TypH). ['1aBHass 4acTh 3TOil OYeHb OO6GCTOATE/NLHOH H BeChbMa
LeHHOH paGOTH IOCBSLIEHA ONHCAHHIO PAlla TOYHBIX ONBITOB Ca-
MOro aBTOpa IO BONPOCAM O CKOPOCTH pPOCTa H PacTBOPEHHS
KaK BCEro KPHCTaJJa, TaK H OTHeJbHHX €ro rpaHei, a Takixke
palLHOHAJIBHOMY KPHTHYECKOMY pa3bopy Apyrux pa6oT. Bce
BLICKa3aHHBIE aBTOpPOM 6osiee 35 JieT TOMY Ha3aj MOJOXEHHs
OCTAalTCA B CHJe N0 HacTOsimero BpeMeHH. B cpaBHHTE/bHO
He6osbloM yucsae pabor, ony6JHKOBAHHHX NO3)Ke, HUKAKHX
NPUHIHNHAJIbHEIX HM3MEHEHHR H [ONOJHEHHH K pe3yJbTaraM
pa6or M. M. AnnpeeBa He uMeetcs. Pa6oTe nocaenymomux
aBTOPOB NOCBSIIEHH TJ1aBHBEIM 06Pa30M OTHOCHTEJbHEIM CKOPO-
CTAM POCTAa Ppa3JHYHHIX TpaHeil KPHCTAJJIOB OIpeJeseHHOro
CcOCTaBa M H3MEHEHHIO 3THX CKOPOCTER NPH H3MEHEHHH yCJOBHH
KkpucTaJsin3auui. PeayapTaTh paboTH CBeLeHb aBTOPOM B PSf
MOJIOXKEHHH, H3 KOTOPHX JJs Haieid paboTH OCOGEHHO BaXKHH
ABa TepBHe MoJoxeHHsA. [IpHBeneM HX [OCJIOBHO, 4YTOGH
B JaJbpHeiilleM 6GoJiee NOXPOOHO Ha HHX OCTAHOBHTLCS.

»1. CKOpOCTb poCcTa H paCTBOPEHHs MJIOCKOCTEH KpHCTaJIa

Uudpoit B npaMpIx ckobkax o603HaueH MOPSIKOBWE HOMED Tpyla B ne-
peuHe, MPHBEJICHHOM B KOHLE KHHIH.
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NOAYHHSIETCS 3aKOHY, KOTODHIHi MaTeMaTHYeCKH MOXeT OhTb
BHpaxeH ¢opMmyJoi:

d,
o = KF(C—o),

d
rne—dﬁ — KOJIHYeCTBO BellecTBa, BHKPHCTAJ/JH30BaBIIErocs HJIH
1

pPacTBOPHUBILErOCsl € MJIOCKOCTH B €JHHHLY BpeMeHH, F — Be-
JHYHUHA MOBepPXHOCTH, C — KOHUEHTpAlHs NnepecHIleHHOro uan
HEeIOCHIWEHHOTO PacTBOPAa, € — KOHIEHTPAlHs HaCHIIEHHOTO
pacTBopa AJsl NAaHHON MJOCKOCTH (IJs KPHCTalIorpaduHyeckH
Pa3JHYHLIX MJOCKOCTEH ¢ pa3JHYHO, T. €. Pa3/HYHHE IJIOCKO-
CTH HMEIOT Pa3JHYHYI0 paCTBOPHMOCTb), K — NOCTOSIHHAsA, He3a-
BHCHMasi OT XapakTepa IJIOCKOCTH H onpene/sieMass TOH HJIH
HHOH MHTEHCHUBHOCTBHIO IPHTOKA K MJOCKOCTH MHTAaTEJbHOrO
MaTepHaJa, CJaarajpulero KpHCTaJLl. '

2. B cuny pa3nMuHOH pacTBOPHMOCTH Pa3HHIX MJIOCKOCTEH
KPHCTaJJIa OTHOCHTEJIbHasE CKOPOCTb POCTa ABYX KaKHX-HHOYIb
NJ0CKOCTEeN H3MEHsieTCA ¢ KOHIeHTpalHeld. B pacTtBopax oueHb
nepeculleHHHX MJIOCKOCTH pPacTyT ¢ OJHHAKOBOH MOYTH CKO-
pOCTbIO; IO Mepe MPHOAHIKEHHS K ,HaCHIIEHHOMY pacTBOpY“
OIHA MJIOCKOCTb pacTeT Bce OHcTpee H GniCcTpee APYyroi; Ha-
KOHel, MPH JaJjbHeiilieM pa36aBJieHHH MaTOYHOTO pacTBOpA
HacTynaeT MOMEHT, KOrZla OJHa MJOCKOCTb HaYHHaeT pacTBO-
pATbCS, B TO BpeMsl KaK ApYyras NpoaoJikaeT pacTH.“

OcraHoBuMcsi nogpoGHee Ha NpHBeJeHHOA BHIIe Qopmy.e.
dta BaxHas ¢popMyJa, BHpaxamoulas TEOPHIO POCTa H pacTBOpe-
HHsl KPHCTAJJIOB, HMEET CBOIO HCTOpHIO. BrnepBne oHa Ghlaa
BuireneHa Hoflecom u Buthefiem [20] 145 BhIpaXKeHHs 3aKOHa
pacTBopenHsi kpucrtaanoB. JIl. bpvanep u Ct. Touamounxo [15]
u D. bpyuuep [16] noaATBepAHAH 3KCIEPHUMEHTANbHHMH JaHHHIMH
NpaBHJBHOCTb (HOPMYJH AJ5 MHOTHX TBepAHX TeJ. Hepuer [19]
pPacnpoCTPaHU/] NPHMEHEeHHe NaHHOH (OpMYJIbl Ha BCE 3JIEKTPO-
XHMHYEeCKHe B3aHMOJeHCTBHS, COBepuaomuecs 6HCTPO CpaBHH-
TeJbHO C AHDy3ued.

W3 popMyas BHIHO, YTO CKOPOCTb POCTA KPHCTAJ/Ia 3aBHCHT
OT cTeneHH nepecwueHHs pacrBopa (C--c¢). C — B naHHOR
dopMy/le — KOHIEHTPaLUs MNepecHILeHHOro pacTBoOpa H ¢ —
KOHLIeHTpallis HaCHIEHHOro pacTBopa. Ho 3Ta KOHUEHTpanus
He 1JIs BCero KPUCTaJana, a IJsl KaxAOH OTAenbHOH rpaHy (Tod-
Hee — J/I1 HECHMMETPHYHHX TrpaHeH, 1/ rpaHefl pasIHYHBIX
npocteix ¢opm). Mu GyneM Bce e NMOKa, NOJb3YSChb DAHHOH
¢opmyJ0fi, TOBOpHTH O CKOPOCTH pOCTA BCEro KpHCTaJJa.
CKOpOCTb pOCTa BCEro KpHCTajJa 3aBHCHT, KOHEYHO, OT CKOPO-
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CTH HApaCTaHHA €F0 OTAeJbHbIX rpaHefd. Kpome TOro ¢ nas
pa3JHYHLIX TpaHed, a cJelnoBaTe]bHO, H (C — ¢) Masno APYTr OT
apyra otauuaiorcs. Mrtak, ¢ yBeJHYeHHeM CTENeEHH NepecHIue-
HHSl pacTBOpa yBeJHYHBAETCH CKOPOCTb POCTa KPHCTaJJa.

Jlpyrast Be1HYHHa, OT KOTOPOH 3aBHCHT CKOPOCTb poOCTa
KpHCTasaa, 370 F — Be/IHYHHA NOBEPXHOCTH KpucTaa1a. Uewm
6oJb1Ie MOBEPXHOCTh COMPHKOCHOBEHHSI KPHCTAJJa C OKpYKalo-
UM pacTBOPOM, TeM OoJbllice, KOHEYHO, YUCJIO YaCTHI] OTKJIA-
IBIBA€TCA H3 pacTBOpa Ha KpHCTaJ/1, TeM OHCTpee, CJaelOBa-
TeJbHO, pacteT nocnennuil. TakuMm o06pasom, AJas YCKOpeHHs
BHIPALLHBAHHSA NOCTAaTOYHOI'O OObeMa KPHCTAaJJHYECKOH MacCH
eJaTeNbHO HapallHBaThb €€ Ha 3apojn ¢ 6oJbliell MoBepx-
HOCTbI0, BHITHJIHBAs €ro, HallpuMep, B BUJ€ LUIHPOKON MJIaCTHHKH.

TpeTbs BesHuMHA, BXOIAlIAs B BbIIENPHBEJEHHYIO (op-
MyJay, — koHcTaHTa K. OHa onpene/seTcs HHTEHCHBHOCTDIO MPH-
TOKa K KPHCTaJJy MNUTaTeJbHOro Matepuana. PacTBopeHHOe
BEIECTBO OTK/aJbIBAaeTCS Ha PACTYLHi KPHCTALI TOJNBKO H3
TO# YaCTH pacCTBOpPAa, KOTOPass HENOCPEACTBEHHO MPHMBIKAET
K Kpucrtaaay. braronaps aToMy OKOJIO pacTyLlero KpHCTaJsaa
o6pa3yeTcs CA0ii MEHee KOHLIEHTPHPOBAHHOIO pacTBOpPa CpPaBHH-
TEJbHO CO BCEM OCTaJbHBIM pacTBOpOM. JTa 00JaCTh MeEHee
KOHIIEHTPHPOBAHHOrO PacTBOpa BOKPYr pacTymero KPHCTaJJa
0o6bIYHO HA3HIBaeTCA ,ABOPHKOM KpHCTaaaH3anuu“. KoHUeHTpa-
Ms pacTBOpa BHY1pH 3TOr0 ,JBOPHKA“ HE MOCTOSIHHA, TeM 60-
Jiee, YTO OT/IOKEHHE CJI0eB Ha rPaHU NPOHCXOAUT He HeNpephIBHO,
He MOoCTeneHHO, a CKaYKaMH, HJH, BepHee, KaK -Obl BOJHAMH, KaK
[O0Ka3aJH 3TO HAallW HemocpeJcTBeHHble HabJuolenus [2]. B or-
JenbHble MOMEHTbI PAacTBOP, HENOCPEACTBEHHO NPHMbIKAIOIIHI
K NMOBEPXHOCTH rpaHefl KpPHCTaJJa, CTaHOBHTCH HE TOJBKO CJa-
6ee nepechllleHHHIM, HO JHIIb HACHIIEHHHM MO OTHOLIEHHIO
K 3THM TpaHsIM.

[locne oT/IoXEeHHs KaXAOoro cJos AJas JajbHEHIIEro pocra
KpHCTaJ/sia HeoOXOQUM NPHTOK K HEMY CBEXero NepechHleHHOro
pacTBopa. DTO MoOCJefHee OCYIECTBASeTCS JABYMS CHOCOOaMH:
Ju60 NPH IOMOLIH AM(PQY3UH NEePeCHIIEHHOro pacTBopa BHYTPb
»JABOPHKA KPHCTAMLAU3aUMH®, JHOO IIpH NOMOLIH KOHIEHTPAIHOH-
HBIX (MM KOHBEKLHOHHHIX) MOTOKOB.

OueHp 4YacTo BO30OHOBJIEHHE IEpeCHIIEHHOro0 pacTBOpa
BHYTpH ,JBOPHKA KDHCTAJJNH3aLHH“ NPOMCXOIMUT 3HAYHTEJBLHO
MelJIeHHee, YeM OTJIOXKEHHE HOBHX CJIOEB Ha KpHCTaJse. Bo3uuk-
il Ha rpaHH CJOH NOKPHIBAET €e IIOYTH MCHOBEHHO. TakHM 00-
pa3oM, MexJy MOMEHTaMH OTJOXEHHs ABYX IIOCJe10BaTeJbHHX
CJIOEB NMPOXOAHT GOJIBIUHA HJIH MEHbIIHH POMEXYTOK BPEMEHH,
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HeoO6XONUMBIH 1Jis1 BO3OGHOBJIEHHS] IepeChIlleHHOro pacTBoOpa
©0KoJ0 kpucraia. Oco6eHHO MeJJeHHO MNPHTOK K KPHCTAJNJIy
MUTATEJbHOrO0 MaTepHa/]a AOCTHTaeTcsl MpH NoMould AHQPEY3HH.
B KOHeyHOM HTOre 4acTO MOJyYaeTcs TaK, YTO CKOPOCTb pOCTa
KpHCTaJJla ONpene/sieTCs HCKJIIYHTEJIbHO CKOPOCTbIO NPHTOKA
K KPHCTaJJy INHTaTe/JbHOIO MaTepHaja, a He CKOPOCTBbIO OTJO-
KEeHHs YaCTHII Ha KPHUCTAJLI.

EcrecTBeHHO sBHJIaCh MBICJIb YCKOPSTb POCT KPHCTaJJOB
NyTeM HCKYCCTBEHHOIO BO30OHOBJIEHHS [€PECHILEeHHs OKOJIO
pacTyumero Kkpucranaaa, 6oJjee GEHCTPOro, 4eM 3TO NPOHCXOAMT
©CTECTBEHHbIM myTeM. JIOCTHraeTCs 3TO HenpepHBHLIM Ilepe-
MeIUHBaHHEM pacTBOpa HWJAH [ABHXEHHEM B pacTBOpe CaMoro
KpHCTalJla, B 4YacTHOCTH — ero BpameHueM. Onuter M. H.
AnzpeeBa ¢ OPTO-XJOPAHHHTPOOEH30JOM H XJOPHOBAaTOKHCJEIM
HaTpHeM IOKa3aJjH, YTO ,CKOPOCTb POCTa YBEJHYHBAETCS MPO-
MIOPLHOHAJbHO CKOPOCTH BpAllleHHs MeIIaJKH B CTeNeHH Z[;“.

[lepememnBanueM pacTBOpa NpPH BHPALIHBAHUH KPHCTAJJIOB,
WJIH BpalleHHeM B pPacTBOpe CaMOro KpHCTaJlJa, HJH Bpalue-
HueM camoro kpuctasaausatopa (. Byasd [10]) noab3oBannch
H panbmie, jo M. WM. Annpeesa, HO JAe/asoCh 3TO C ApYyro#t
1eJIbI0, He C IeJbI0O YCKOPEeHHsI pocTa kpucraina. [leanio nepe-
MeWHBaHHA PacTBOPA H BPallleHHs] KpPHCTaJJa OHJIO yCTpaHEHHE
BPEJHOTO BJHAHHS KOHIIEHTPALlHOHHBIX NOTOKOB Ha BHEILIHIOKO
¢opmy kpHcTaaaoB. Hannuue KOHL@HTPaLHOHHEIX NOTOKOB fpe-
NATCTBYET PaBHOMEPHOMY MHTAHHIO KPHCTaJl/J1a CO BCEX CTOPOH,
CO3/aeT HCKaXKEeHHYIO BHEIUHIOK (OpMYy KPHCTaJ/la, He OTBEYalo-
myioo ero cuMmeTpHu. OnbITH C NepeMelIMBaHHEM pacTBOpa
¥ BpalleHHeM KPHCTaJIJOB B PACTBOpPE C LeJbIO H3YUEHHS CKO-
POCTH HX POCTd NPH 3THX YCJOBHSIX, HACKOJbKO HaM H3BECTHO,
BrepBble 6blyH nocrasaeHs M. M. AuppeesbiM. OHH faJH, KaK
TOMBKO YTO YKa3aHO, MOJIOXHTEJbHHE pPe3yJ/bTaThl.

2. MEXAHH3M POCTA KPYCTAJIJIOB

Takum o6pa3om, nocae pa6or M. M. Ampgpeesa Bompoc
0 dakTopax, BJHAIOILKX HAa CKOPOCTb pOCTa KpHCTaaIa, H
€noco6ax yCKOpPeHHsl poCTa MOXHO CYHTaTh pelleHHHM. g
YCKOPEHHsI pOCTa HEOOXOIHM CHJABHO NepechleHHHH pacTBOp,
6GosblIasi MOBEPXHOCTb PACTYIIEr0 KPHCTAJNa H BO3MOXHO
OHICTPOE YHHUTOXeHHE ,JBOPHKA KPHCTAJJH3aUMH“ OKOJIO KPH-
CTaJ/lja, YTO NOCTHraeTCsl NepeMellHBaHHEM pacTBOpa HJH ABH-
JX€HHEM CaMOro KpHCTa/sa OTHOCHT@/JbHO pacTBOpa.
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Ho atum pewaercs juwpb yacth 3agaud. Heob6bxoaumo He
TOJIbKO YCKODHTb POCT KPHCTAJJIOB, HO NMPH YCKOPEHHOM pOCTe
MOJIy4aTb OJHOPOJHEHE KPHCTaJJbl, 6€3 BHYTPEHHHX Je(eKTOB.
ITccaennue ke BbIPaaiOTCS BHEIIHE TJIaBHHM 06pa3oM B TOM,
4TO KPHCTAJA JHOO IOJy4YaeTcs LEeJHKOM MYTHBIM, JHOO CO-
JEPXHUT MyTHHE NSTHa H MOJOCH BCJAeACTBHE BKJIIOYEHHH Ma-
TOYHOro pactBopa. Heo6xoaumo OblJIO BHACHHTH IPHYHHEL
HEOJHOPOJHOCTH 6OJBIIHHCTBA KPHUCTAJNJIOB, KaK NMPHPOAHHIX,
TaK H MCKYCCTBEHHEIX, H 3aT€M HaHTH CNOCOOB HX yCTPaHEHHS.

Jlo HacToslero BpeMeHH ONHCHBAJMCH JHIUb HAOJIOLEHHSs,
YKa3blBalollHe Ha BHELIHIOI CBf3b HEOLHOPOAHOCTH KpPHCTaJJa
C pacc/oeHHeM pacTBOpa H C KOHLUEHTPALMOHHBIMH TOTOKAaMH.
ITpuuuna sToOil cBsA3M He BHIsICHA/MaCh. Bompoc o npuunHax
YKa3aHHOH HeO/JHOPOAHOCTH KPHCTAJJIOB M crnocobe ycTpaHe-
HUS 3THX [pPHYHH [0 CHX IMOp, HACKOJbKO HaM H3BECTHO,
JAOCTaTOYHO Tray6oOKO He HccaenoBascs. CBA3b HecoBepLIEH-
CTBAa KPHUCTAMJIOB C MEXaHH3MOM HX pOCTa, C NPOLECCOM OTJIO-
JKEHHS CJ0eB Ha TpaHAX KPUCTA/Ja B peaNbHHX YCJAOBUSX
ero pocra OnJa yCTaHOBJeHa Hamu [2].

CoBpemennas teopusi pocra kpucraaioB (B. Kocceas [18],
M. Crpanckuii [22] u 4p.) npeaycMaTpUBaeT OTI0XKEHHE BELIECTBA
Ha TPaHsX JHIIb MOJIeKYJsipHBIMH cJossMH. Hamm Henocpen-
CTBEHHble HabJIOJIeHHs [OKa3blBalOT, YTO CJOH, OTKJ/aAblBaio-
[Mecs Ha TpaHaX KPHCTaJJa B peajbHEX YC/JIOBHSAX €ro po-
CTa, AOCTHralOT YacTO TOJIIIHHH B HECKOJIbKO COTHIX HOJeH
MHJIEIMETpa, a HHOrja ¥ OoJbiie, T. €. B HECKOJAbKO IECHT-
KOB MJIH COTEH ThICHY MOJIEKYJsSPHBEIX C/I0€B.

Tonmuza OTK/AAABIBAIOIIMXCST HA TPaHAX CJOEB H3Mepsaaach
HaMM Ha kpucrauanax runocyasdura (Na,S5,0;-5H,0) nox mu-
KPOCKOIOM NpH MOMOLIH OKYJIsAp-MHKPOMETpa. DTa TOJILHHA He
ONMHAaKOBAa B pAa3JHYHBIX CiaydasX. OHa 3aCHCHT OT CTENeHH
nepecheHus pacTBOpa, OT CBOHCTB IrpaHk M OT APYrHX MNpH-
4yuH. B cHJIbHO nepecheHHBIX pacTBOPAX H HA OBICTPO Ha-
pacTaloIUX rpaHAX TOJIIHHA OTKJ/AJBIBAIOIHXCA CJOEB O6O0Jb-
me. B c1abo nepecoilleHHEIX paCTBOPax H Ha IpaHsax, MeJJIeHHO
HapacTaoNHX, TOJIHHA HUX HACTOJbKO Maja, 4YTO OTHEJbHHE
CJIOH HEOTJHYHMHBl IIOJ MHKDOCKOIIOM Jax<€ NpH CaMbiX CHJb-
HBIX YBeJHYEHHsX.

Hapacralomue Ha rpadb CJIOH He NOKPHBAOT €€ BCIO Le-
JIHKOM Cpa3y, B OAMH HpHeM. Kax bl CJO# BO3HHKAeT B BHAE
He60J/IbIIOro BHCTYNAa — 3apOAbIIIA CJI0S — B TOM MeCTe paHH,
rje pacTBOD OKa3eBaeTCd HaubGosee NEpecHIUIeHHBIM, Yalle
BCEro y BepuIHH WJH pe6ep Kpucrasia. BECTynH ouyeHb GHCTPO
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paspacralorcd 1o rpaud 6e3 H3MEHEHHs CBOeH TOJIIHHE], MO-
KpHIBas BCIO I'paHb. CKOPOCTb BOSHHKHOBEHHS BHICTYII0B OLHOIO
3a ApyruM HEOJMHAKOBAa M HA KpHCTa/LJax FHNOCyab(HuTa H3-
MepsieTcsl CeKYHIaMH.

Yame Bcero BCe HOBHE H HOBHE BHCTYIW BO3HHKAIOT,
[pexjae 4Yem npefblayuiye LEeJHKOM IOKPOIT BCIO rpaHs. [loay-
4alTCsl CTyNeH4aTHe IPaHd, ¥ 3TH Geryluue, Kak BOJIHH, OJHa
3a NPYrofl CTymeHH MOXKHO HENOCPeACTBEHHO BHAEThb, HabJio-
Zlasi moJ MHKPOCKOMOM pOCT KPHCTAJLIOB THIOCYJAbQHTA.

CTyneH4aToCTh rpaHeii  (,IUTPHXOBATOCTBHY, ,pebpu-
CTOCTb“) — sIBJIEHHE, IIHPOKO PaclpoCTPaHEHHOE B LAPCTBE MH-
HepasoB H HCKYCCTBEHHBIX KPHCTaJNJIOB, H, KaK MpPaBHJIO, OHO
00bAACHAETCA ONHCAHHEIM BhIIIEe INOCJAONHLIM HapacTaHHEM HX
rpaneii [3].

BokoBble CTEHKH CTYINEHEK-CJ0eB 00pa3oBaHB pallHOHaJb-
HBIMH IJIOCKOCTAMH. OHHM BHIPAXKAIOTCS pallHOHAJbHBIMH HHJE-
kcamu. Ho mais 3THX myockocTell XapaKTepHO TO, YTO OHHM JHO6O
COBCEM OTCYTCTBYIOT Hd JAaHHBHIX KPHCTAJIaX, KaK IJIOCKOCTH
orpaHeHusi, JHOO HUrpaldT B OrpaHEeHHH COBCEM BTOPOCTEINEH-
HYI0O pOJb. DTO, CJAe40BaTeJbHO, MJOCKOCTH, KOTOpble IIPH
J4HHBIX YCJOBHIX pOCTd HMEIT OOJbUIYI0 NOBEPXHOCTHYIO
3Hepruio, 60JbIIYIO CKOPOCTb HapacTaHUsl CPaBHUTEJBHO C rpa-
HAMHY, onpene/sIoUHMH 00JHK KpHCTa/Ia. TakOBHMH, HapUMeEp,

SIBJASIIOTCSL IIJOCKOCTH OCTpeimiux pom6o3axpoB {0775} Ha cTy-
NeHsAX CpaHH NpPH3Mbl KBapua MeéctopoxieHus Manb-Xob6eio
(npunoasipHoro Ypana), miaockoctd ky6a {100} Ha cTyneHsx
rpasefi mexkrtaroH-nofnekasiapa |210} nupura u3 mecreuka Kaayc-
taas (Fapn), niockoctu {210}, {110}, {211} Ha cTymeHsx rpa-
Hei Ky6uyeCKHX KpPHCTaJJOB nupuTa U3 [IMTKapaHTH, MJIO-
ckocTu npuaMi {110} Ha cTyneHsx rpaHe# gunupamuin {111}
aHaTasa u np. Bce 3T niockoctu Bcerga o6GpasyloT TYyNHE
BXOJsiIHe yIJIbl € TeMH TIDaHSMH, Ha KOTOPHIX OHH 00pa3yloT
CTYNMEeHH (TyIble YIJbl MeXJAYy CaMHMH IJIOCKOCTSMH, @ He nep-
NeHIUKYJISpaMH K HHUM). YrJabel 3TH Gojlee Tynble, Y€M YroJj
MEXIYy CTyNeHYaTol rpaHbi0 H TOH KOHEYHOH TIpaHbIiO KpH-
cTasaa, C KOTOpPOH OHa Iepecekaercss B pebpe, napa/yielbHOM
CTyneHbKaM. |

. [IpyunHa o6pa3oBaHHs GOKOBHIX CTEHOK CTYNEHEK IJOCKO-
¢TsAMH ¢ 60sbUIOA NMOBEPXHOCTHOH 3Hepruei, a He TeMH ILIO-
CKOCTSIMH, KOTOpHE SIBISIIOTCA Ha KpHCTaJJe HauboJ/ee pasBH-
THIMH, OCTaeTcsl IOKa He BNOJHE sICHOMH. Bce xe Ha/HuyHe 3THX
nJjockocTell ¢ 60JbIIOH NMOBEPXHOCTHOH 3Hepruef jgesaer mno-
HATHBIM OHCTpHIA TAHreHUHAJbHHIH POCT CJOEB, BO3HHKAIOIHX
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Ha TPaHH JHIUb B BHIAE Yy3KHX BHICTYNOB, ObICTPOE pa3pacTaHHe
NOCJEeIHMX NO BCEH MOBEPXHOCTIH TPaHH.

[1pu HabmoneHHH MOJ MHKPOCKONOM Ha GOKOBHIX CTEHKax
CTyneHek 06Hapy <HBaeTCA HHOrJa KpafiHe HHTepecHas CKYJ/bIl-
Typa, ropopsuias o 60JbLIOH CJA0XKHOCTH Ipolecca TaHreHIH-
aJbHOTO pa3pacTaHHs CJOeB 10 TpPaHH H, CJAeL0BaTeJbHO,
CJOXHOCTH MeXaHM3Ma poCTa BCero KpucraJaia. DokoBbie

cTenku {0775} cTymeHeK HAa IpaHsX MPH3Mbl ONHCAHHHX BHILIE
'KpHCTaaI0B KBapua H3 MaHb X006el0 OKa3hBalTCs TaKKe
CTyNeHYaThIMH. [ITpuxOBKa — CTYNMEHYaTOCTb —HAa  3THX

naockoctax {0775] pacnoJiokeHa KOCO OTHOCHTENBHO TJIaBHOR
cTyneHuaToCTH. ExBa /v MOXHO coMHeBaThCsi B TOM, YTO
3Ta CTYNEHYaTOCTb BTOPOro Mnopsaaka o6pa3oBaHa CJOSMH,
HapacTamowuMy Ha maockocTh {0775). BeposiTHee Bcero, uTo

3TH MOCJIeJHHE CJOH HAaYHHAIOT HapacTaThb Ha miaockocThb {0775}
OT BHEIIHHX KOHIOB CTYyNEHH, T. €. OT pebep nepeceyeHus
rpaHeil mpu3MHl, rae pacTBop 6oJiee NepechIlleH, YeM y cepe-
JAUHbl TpaHH. 3aTeM OHH HAaJBHTalOTC K CepelHHe TpaHH.

[Tpu 6o.bLIMX yBeJH4YEHHSX MOXKHO HabGMIONATh HA CTYMEHb-

kax maockoctedl {0775} emwe OmHYy WITPUXOBKY, TaKxke, MOBH-
JHMOMY, CTyMeH4YaTOCTh, HO ropas3go 6osee TOHKYyIO. IDTa
CTYyNeH4YaTOCTh Tperbero Mopsjka NapaJJesabHa HanpabJeHHIO
CTYNeHYaTOCTH MepPBOro NoOpsika, T. €., KaK H Ta, NepNeHlHu-
KyJnsapHa pe6paM mepecedyeHHsi rpaHeH NpPHU3MHL.

Hepenko 6oxoBHe CTeHKHM CTyNneHek IpeCTaBJeHBH Hppa-
IMOHAJBbHHMH MJIOCKOCTMH; CTYNeHbKH HMEIOT Jaxe 3aKpyrJeH-
HHe Kpasi, 4TO BeleT K 06pa30BaHUIO Ha TPaHsix nonobus psbu
W MOPILHH. ITO sBJIeHHE OGBICHAETCH MNEepPeKpHTHEM JApYT
JIpyra BCTPEYHHBIX CJ0€B, PACIPOCTPAHAIOLHUXCA OT NPOTHBOIO-
J0xHHX pebep. Ilono6Hoe nepekpriTue, TeM 60J€e MHOTOKpaT-
HO€, H JOMXKHO BeCTH K OTKJOHEHHIO GOKOBHIX CTEHOK OT
pPalMOHAJbHOTO MOJIOXEHHS M K 3aKPYIJIEHHIO KpaeB CTYyNeHEK.
YKasaHHOe mepeKpHIBaHHE [pPyr APYrOM BCTPEYHHX CJO€B
MOXHO , HEIOCPEeACTBEHHO HabJoJaTh MOJ MHKPOCKONOM Ha
KpHcTaJIax runocyiabdura [2].

3. OBPA30BAHHUE BKJ/IIOYEHUHA MATOYHOIO PACTBOPA
B KPHCTAJJIAX

Oco6eHHO BaXHO /s HacC CJeAyiollee siBJeHHe, CBS3aHHOE
€ MoCJOMHHM HapacTanueM rpaneil kpucraata. OuyeHb YacTo
OKa3HBaeTCs, YTO KaXJAbii HapacTaomMiA CJ0H He npuieraer
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IVIOTHO BCeH CBOEH MOBEPXHOCTHIO K CJOK, OTJIOXHBIIEMYCS
no Hero. HapacTaromue cloH nepeKpHBalOT B CPEIHHX HaCTAX
rpaHd MATOYHHI pPacTBOP, M TAKHM 00pa3OM OHH OKAa3bIBAaIOT-
Cd B 3HAYMTEJbHOH UYacTH OTAEJEHHHIMH JpYyr OT Jpyra
OPOCJOHKAMH MaTOYHOro pacTtBopa. [IpuuMHa 3TOro siBl€HHA,
OYEeBHIHO, JIEXKHUT B TOM, uTO y nepudepuyeckux yacTed rpasd,
B yrJaax H pe6pax KpHCTaJJa, pacTBOp 06oJee MepecHIleH, yeM
B CpPeJHHX 4YacTAX rpaHefl. DTO, €CTECTBEHHO, NOJ/KHO HMEThb
MeCTO, TaK KaK B yIJaax H pebpax BO30OGHOBJEHHE Mepechllle-
HHAl 1OJIXKHO NPOHCXOAMTbL OniCTpee, ueM B CepelHHe rpaHef.
PacTBop B cpejHelt yacTH rpaHH OKa3bIBaeTCs elle Helepechi-
IEeHHBIM, B TO BpeMsl KaK B Kakoi-n1H60 H3 ee nepudepHyeCKHX
yacre#d NOsABAAETCS 3apoAHIN CJ0fA, OHCTPO pa3pacTaloLUACST
TANTeHIHAJbHO N0 TPaHH, MepeKphBas HenepecHLIeHHHH pac-
TBOP. Il10THO, 6€3 NpOMEeKYTKOB CI0U NPUMBIKAIOT APYT K APYTY
JUIIb B NepuepHyeCKHX YacTAX TIpaHel, Y BepIIHH H pebep.

Taxum 06pa3oM, BHYyTPH KPHCTasNJIa OKAa3biBAIOTCA MPOCAOAKH
MATOYHOI'O PacTBOPA, NapaJ/ijie/ibHble HapOCLIHM Ha IPaHb CJAOSM.
Becb kpucTa/i okaspiBaeTcss pa3GHTHIM Ha CEKTOPH — MHPaMHIbL
poCTa — COOTBETCTBEHHO KOJHYECTBY [paHel, Ha KOTOpHE
NPOHCXOJHJIO HAac/JOeHHe BemectBa U3 pactBopa. Ilepudepu-
YeCKHe YacTH 3THX CEeKTOPOB IMpelCTaBJAIOTCA OIHOPOIHBIMH
(naxke npuM pacCMOTPEHHH NOJ MHKDOCKOIIOM), BHYTPEHHHE Xe
YacTH — HeOJHOPOJHHIE, BCJEICTBHE COAepXaHHS MAaTOYHOro
pacteopa. Ilocje BBICHIXaHHSI KDHCTaJJ/a pPacTBOpP B IPOC/OH-
Kax YaCTHYHO 3aKPHUCTAJN/IH3OBHBaeTCs, HO IPH 3TOM OCTAaKTCH
He3alo/NHEeHHHEe NYCTOTH B BHAE ILeJel, N0op, KaHAJASAPOB H Ip.
Baaroaapsi uX HaJM4YHIO KPHCTaJJA OCTAeTCH MYTHBIM, HEOIHO-
POIHEIM.

TonmmuHa HapacTaoIMX Ha rpaHb CJOEB H MPOCJIOEK MaToy-
HOTO pacTBOpPa MeXNy HHMH He oCTaeTcsi NocTosiHHOH. OHa
3aBHCHT OT CTeNeHH nepecHUleHHss pacTtBopa. I[Ipu pocre
KpucraJaJa u3 60Jee nepecHIIEHHOro pacTBopa, CJae0BaTebHO,
npu 6Gosee OHCTPOM poOCTe, KaK HapacCTamlHe CJOH, TakK
H NPOCJOHKH MAaTOYHOrO pacTBOpa TOJILE, YEM IIpH pacTBOpax
MeHee IepecCHIUeHHbX. TakuMm 06pa3oM, KPHCTAJJH, BbIPOCIIHE
3 6osee IepeCHILEHHOrO pacTBOpPa, OKAa3bIBAIOTCS MEHee
ONHOPOAHBIMH H Hao60pOT.

Masno Toro, TOJIIMHA HapacCTalOIIMX CJOEB H INPOCJAOEK
MAaTOYHOrO pacTBOPA MEXJAY HHMH OKa3HBaeTCs HEOJIHHaKOBOMH
JUIA  pas/MYHBIX rpaHed KpHcTaJasaa. [IHpaMHanl pocTa, OTBe-
yamomue G6GoJee OLICTPO HApacCTalOUIUM TPAaHAM, OKa3HBAIOTCH
IDH 3TOM MeHee COBEpPIUEHHBIMH CPaBHHTEJbHO C ITHPaMHJIaMH

14



pocTa, OTBEYAIOUHMH MeJJIEHHO HapacTaloluMm rpanaM. Baaro-
Japs 3TOMY KDHCTa/J YacTO JEJHTCS Ha CeKTOpH (MHpaMHBI
pocTa), M3 KOTOPHIX OJHH fABJAAIOTCA 60Jiee HEOJHOPOJHHMH,
yeM JpyrHe.

[lepexkpriTHE HapacCTalOLUMH CJOSIMH MaTOYHOro pacTBOpa
MH H CYHTaeM OCHOBHOMH IPHUYHHOH BHYTpPEHHEro HECOBEpPILEHCTBA
KPHCTaJ/JIOB, HX HEOJHOPOJHOCTH. HecoBepiieHCTBa, BO3HHKAIO-
LIHe B CBI3H C PacCJO€HHeM pacTBOpa, ¢ KOHIUEHTPAaUHOHHBIMH
TOKaMH H Np.,CBOAATCA, MO HAlleMy MHEHHMIO, K TOMY Xe.
IIpn 3THX OCJIOXKHEHHAX B MpoOlLlecce pocTa KPHCTaJJIOB Iepe-
KPHITHE CJIOMH MaTOYHOTO pacTBOpa NPOHCXOAHMT He o0s3a-
TeJbHO B CPEJHHX YacTaX I'paHefi, a pacrnpeje/ieHHe HEOIHO-
ponmHOCTeH uMeer 6oJiee CJOXKHBIA M IPHXOTJIMBHIA XapakKTep,
yeM 3TO onucaHo Bume. Ho Bce xe OCHOBHOH NIPHYHHOH
BHYTpeHHeH HEOJHOPOJHOCTH PpAacTyLIero KpHcTaJja BO BCEX
cJAyyasix fIBASETCS HEOJAHOPOAHOCTb B OKPYXAWOLEM €ro
pacTBope — 60JiplIasi  NEPEeCHINEHHOCTh pacTBOpa B  ONHHX
y4acTKax y NMOBEPXHOCTH KPHCTaJ/l1a, MEeHbIIasi 1€ peCHILEHHOCTE
K JlaXke TOJbKO HAaChlILEHHOCTb — B JPYTHX, YTO H BhI3HIBAET
nepeKphHTHE MaTOYHOrO pacTBOpa HapacCTaloOUIMMH CJIOSMH. JTa
HEOJHOPOJHOCTh B PaCTBOPE, OKPYKAIOIIEM pacTYLIH# KpPUCTaJLI,
CO3JaeTCsi CaMHM IIPOLECCOM pocTa Kpucraana. He mnpuberas
K HCKYCCTBEHHHIM MepaM, 3Ta HEOJHOPOJHOCTb B pAacTBOpax
MoxeT OHTh ocjabjeHa JHIIb KPHCTa//H3anuedl B CpaBHH-
TeJAbHO €1ab0 mepecheHHOM pacTBOPE. -

Ilpy 3THX YC/JOBHSIX H MNOJy4aJuCh OO CHX mnop O6oJee
OJHOpOAHHE KpHCTaMael. Ho kpucrasiusanusa B caabo mepe-
CHIIEHHBIX  pacTBOpax HIeT KpaHHe MedJeHHo. Kpome
TOro oHa TpebyeTr CJOXHOH H TOYHOH  anmapaTyph
H, B YaCTHOCTH, 0COOBIX CJIOXHBIX TEpPMOPEryJsTOPOB.
HuuToXHO MaJble OTK/IOHEHHs OT 3aJaHHOrO TeMMepaTypHOro
pexHMa, HHAaye TOBOps, HeOOJ/bLIHE CJAYy4YaiHHEe H3MEHEHHS
B KOHUEHTpAIMH pacTBopPa BeAYT K IOpYe pacTylero KpHCTaj-
na. [lpakTuyeckn npH TakoM crnocobe BHpAllMBaHHS MOHOKDH-
CTaJ/IJIOB CPaBHHTEJIbHO PEIKO MOAYYAIOTCA LETHKOM OLHOPOJAHHE
KPYINHHE KPHCTaJIbL. Yaine oHu comepaxaT 60Jbllee HIH MEHbIIee
KOJMYECTBO MYTHHX nATeH. Bo BcsakoMm ciayuae, ecaH CTaBHTb
nepen co60d 3azayy yYCKOPEHHOTO BHPAIIMBAaHHS KPYMHBIX
MOHOKDHCTAJ/IJIOB, IPUXOIHTCS PAaCTHTh HX B CHJIBHO NEPECHILIEH-
HBIX pacTBopax. Heo6xomumo JHmb HaWTH CMOCO6 yCTPaHEHHs
OCHOBHOM TNPHYHHH, BbI3HIBAalOIEH HEOJHOPOAHOCTb TaKHUX
KPHCTaJIJIOB — NePEKPHTHE MJEHOK HelepecCHIIeHHOro pacTBopa
HapacTaollUMH cJosiMH. Jlass 3TOro, OuyeBHIHO, HEO6XOZHMO
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YHHYTOXHTb HJIH, IO KpadHeil Mepe, YyMEeHBIIHTb pa3HHIY
B KOHIEHTPAalMH pacTBopa B pAa3JMYHEIX TOYKAX Yy MOBEPXHO-
CcTH KpHCTa/J1a. Ho npu KpuCTaJIH3alH4 B CHJILHO MepecHleH-
HEIX pacTBOpaX HEOJLHHAKOBas KOHUEHTPALMS pacTBOpa Yy €ro
TIOBEPXHOCTH JOJKHA  CK4a3aTbCsl OCOGEHHO pe3ko. (OcoGeHHO
pe3Ko B 3TOM CJyyae CKa3biBaeTCsl PasJHyHasg CKOPOCTb MpH-
TOKa IepechH[eHHOTO pacTBOpa K Pa3/IHYHLIM TOYKAM KPHCTaJIa.
Uame Bcero 370 BH3bIBaeTcss caMod ¢opmoil KpHCTaaaa
C BHICTYNAIOLIHMH Yr/iaMu H pe6pamu. PasinyHasi KOHUEHTpanus
pacTBOpa Yy PpJ43JHYHHX YYacTKOB IOBEPXHOCTH pPacTYLIEro
KpHCTa/la Heu3bexHa IpH HaJHYHH BOOOIIe BOKPYI KpH-
cranna o006/acTH € TOHHXEHHOH KOHIEeHTpaluell (,ABOpHKA
KPHCTA/ITH3aMH).

Takum 06pa3oM, OXHH H3 BHBOJOB, KOTOPHII MBI ClIeJaeM
OTCIOZIa: OCHOBHAaR NPHYHHA HEOJHOPOJHOCTH KPHUCTAJJIOB Ta XKe,
4YTO M OJHA M3 NPHYHH 3aMelJeHHOro ero pocra. Mb yka3n-
BaJH €e BhIIIE, IPH PAaCCMOTPEHHM KOHCTaHTH K B GopmyJe
W. Y. AugpeeBa. DTo UMEHHO Ha/IH4YHe BOKPYT pacTyIIero KpH-
cTa/ya ,BOPHKA KPHUCTA/VIH3ALMH“ C TMOHHKEHHOH KOHLEHTpa-
uuei.

Jlpyroii BeCbMa BaXHEIH BEIBOJ, KOTOPBHIH TEMepb yie CaM
co6oit HanpawuBaeTcs, caenyowni. Jas nonayyesus OQHOPOL-
HBEIX KPHCTA/JIOB HEOOXOAMMO HCKYCCTBEHHOE YCKOpeHHe MpH-
TOKa IIepeChIIEeHHOTO pacTBoOpa K pacTyuieMy kpucrauany. He
NOJIAaTrasiCh HAa €CTECTBEHHbIH NPUTOK NPH NOMOIH AUDDY3HH HIH
KOHIIEHTPAIHOHHEIX IIOTOKOB, HEOOXOMHMO BO3MOXHO OHICTpee
JUKBHIHMPOBATh ,JBOPHK KDHCTAJ/N43aLHH® O Mepe ero BO3-
HHKHOBeHHsA. Heo6xoauMO, C/1€10BaTeNbHO, KaK pa3 TO Xe
caMoe, YTO M 1/ YCKOopeHHs pocTa KpucTaina. Crnocol JHKBH-
JaIHH ,ABOPHKA KPHCTALIN3ALHH“ yXKe pacCMaTpPHBAJCs BHIIE,
3TO HMEHHO 3HepruyHoe IepeMelIVBaHHE PacTBOpPa HJH C IO-
MOLIBIO MeILaJIOK HJIH JBHXKEHHEM B PacTBOpe CaMOro KpHcTaJ/aa.

STOT BHBOI MNpPH H3YyYeHHH CKOPOCTH POCTa KPHCTANAOB
He 6bla1 caesad. OnbiTH BB PAILMBAHHA KPHCTAJNIOB IPH NepeMe-
LIMBAaHHH PaCTBOPA HJHM INPH BPAlEeHHH KPHUCTaJIa MPOU3BOAH-
JHChb CO CHENMaJbHOKIO IeJbI0 H3YYeHHs CKODOCTH pOCTa
KPHCTAJ/JIOB H OTHE/JbHHX TrpaHeil. BelpaummuBanue KpyNHBIX
KPHUCTaJIJIOB NPH 3TOM HE HMeJOChb B BHAY, H 6J/aronpusATHOE
BJIMSIHHE TMEepPeMeIlHBaHUsl paCTBOPA Ha OJHOPOILHOCTD KpPHCTAJ-
JI0B 3aMeueHo He Obio. He3anaHue MexaHH3Ma pocTa KPHCTaJlJIOB
B PeajbHBIX YCJOBHSX H [VIaBHOTO HCTOYHHMKA HECOBEpLIEHCTBA
KPHCTAJ/JIOB CJAYXKHJIO NMPeNnsTCTBUEM K TOMY, 4TOOH BHHMAaHHE
OnJO HampaB/JeHO Ha 3Ty CTOPOHY JAesa. V3BecTHO JHLIb
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6Ll710, YTO MyThb NOSIBAfETCS B KPHCTaJlJe€ BCHAe[CTBHE ,33aXBa-
THBaHAA“ PacTyIMM KPHCTa/VIOM MaTOYHOrO pactBopa. Ho
ge OLLIO H3BECTHO, YTO 3TO ,3aXBaThlBAHHE® 3aKJIOYaeTcs
B TEpPeKpPHTHH HAapacTAIOUMMH CJOSMH INJIEHOK HelepecHIleH-
HOrO pacTBOpa, KOTODPHI Ha OTAENbHBIX yYaCTKax IPauH He
ycreBaeT 3aMeHSITbCSl INepeCHIEeHHHIM pacTBOpoM 6e3 HCKyC-
CTBEHHOTO yIaJeHHA 3THX MJeHOK. CuHTaloCh, 4TO NpPH OH-
CTPOM pOCT€ KPHCTANJIOB B CHJbHO NMepPeCHILCHHBIX PacTBOpPax
Hen30emHO JNOJKHEI MOJY4YaThCs HEONHOPONHBIE KPHCTAJJBL.
Tak, Hanpumep, B moHorpadpuu A.B. Illy6uukosa ,Kak pactyt
gpucTaanbl“ [13] ykasblBalOTCS METOABI MOJYUYEHHs ,Hjealb-
HO# (POPMH“, T. €. KPHCTaJJIOB € HauboJiee NpaBU/IbEON BHeIHe R
¢opMOil, B KOTOPHIX CHMMETPHYHBIE TpaHH Owlix OB paBHH
apyr apyry (ctp. 96— 98). YkasriBaeTCsl METOX IepeMelIHBaHUs
pacTBOopa, BpalleHHE KpHCTaana u np. Ilpu atom aBTOp numer:
»Ila npakTHKe KPHCTAJMJIE HAEaJbHOH (POPMH MOTYT OBHIThH BHIpa-
1LleHbl TOJbKO H3 CWJIbHO NMepecHWeH X pacTBopos... . ,C npy-
rofi CTOpOHBI, KaK Mbl 3HaeM, IPH CHJIbHOM MepeCHILEeHHH KpH-
C£Ta/l/ BHIpacTaeT MEHEe OJHODOJIHHIM, TaK KaK OH 3aXBaThIBaeT
B 3THX YCJOBHSX BHYTPb Ce6si HEKOTOpPO€ KOJHYECTBO MaTOY-
Horo pacrBopa. TakuM 06pa3oM, OMMCAaHHEIMM METOINAMH He
TIPEeACTaBJASETCS BO3MOXHBIM TNOJYYHTb KPHCTaMJI, KOTOPHIH
OJHOBPEMEeHHO OBl OB JOCTAaTOYHO OXHOPOJAHBLIM H JOCTaTOYHO
0IpaBHJIbHBIM IO BHelIHeH ¢opme. MoxHO nymartb, 4TO 06a
Tpe6oBaHus 6YNYT yILOBJIETBOPEHH], €CJH KPUCTAJJ BHIPAIIUBATD
H3 cJab0 mepecHIEHHOT0 PacTBOpPa MPH OYEHb CHJIbHOM mepe-
mewnBanun“. Bnpouem, Bckope mociae atoro (B 1938 r.)
I1. C. Bamuno [8] Ha ocHoBaHHH HaGJIOJEHHI HAL POCTOM CerHe-
TOBO# COJMH M KBAacCLOB,_ [e/J3aeT BHBOJ, 4YTO ,a0COJNIOTHAsl BeJH-
YyHA KOHIEHTpAalM¥ PacTBOpa H ABHXEHHE B HEM HE BJHSIOT
Ha BHYTPDEHHIOIO, a TaKXe BHEWHIOI OJHOPOIHOCTb PacTy-
mero B HeM KpHCTa/a“ M 4Yyto ,HEOJHOPOXHOCTH SIBJSIIOTCS
CJeCTBHEM pa3jHM4Mi CTeNeHH KOHIEHTpPAlMH pacTBOpa Ha
pPa3IHYHBIX yY4YaCTKaX OOHOH W TOH Ke TrpaHd Kpucramia“, !
H31o0xeHHBIE HAMH BHIIE MpPEACTABJIEHHS] O MEXaHU3Me POCTa
KPHCTAJJIOB H NPHYHHE HX HEOIHOPOAHOCTH JaJiH BO3MOXHOCTH

1 Boabme TOro, CChMafCh Ha OHY H3 NpelslAyIHx cBoux pabor [9], IT. C.
Banuno nuuer, 410 ,IyTeM BpalleHHs KPHCTaljla B pacTBOpe yNaxOCh B IBa
pa3a yBeAHYHTb CKOPOCTb POCTa €ro NpH HEH3MEHHOM (BIIO/MHE COBEpLIEHHOIH)
BHYTDEHHEH OAHOPOAHOCTH kpucraana“. Ho B paGore, Ha KoTopywo aBTOp
CCBIIAETCS, OMHCHIBAETCS METOJ BHIPAIHBAHMA KPHCTANIOB CETHETOBOH COMH
MpH HEMoJBHXKHOM KpHcTanae (u 6e3 mepeMmeluuBaHus pactsopa). Her onuca-
HUS BbHIPalllMBaHHA KPHCTA/MIOB NPH BPALIEHHH M B ADYrHX paboTax aBTOpa.
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CMeJI0 MOHTH N0 NYTH BHPAUHBAHHS KPHCTA/LJIOB M3 CHJIBHO
NnepecHIEeEHHX PaCTBOPOB NIPH 3HEPrHYHOM ABHKEHHH KPHCTAJI-
Ja B pacTBOpe WJH SHEPrHYHOM INEepPeMelIHBAHHH NOCJAENHEro.
¥V mac B Corws3e BnepBele Ha 9TOoT nyThbBcTaa A. A. IllTepHGepr,
NOCTAaBUBIUHUHA PAL CHCTEMAaTHYECKHX ONKITOB IO KPHCTAIH3ALHH
B YKa3aHHHX YCJOBHSIX C Le/Jbl0 pa3pabOTKH METOJHKH CKO-
POCTHOrO BHLIPAIUHBAHHA KPYNMHHX OIHOPOJHHX MOHOKpDHCTAJ-
J0B, Metoj, npennoxennsit A, A. llltepu6beprom u ycoBepuieH-
ctBoBaHHbl B. B. TatapckuM, Kak yBHAUM H3 CJA€LYIOLHX IJIaB,
JlaeT peKopjHHE pEe3yJbTaThl.

Ilpu BHIpallliBaHHH B CHJIBHO MEPECHIIEHHOM pacTBOpe KpH-
CTaJIOB, HAXOAAIMMXCA B ABHXXEHHH OTHOCHTEJBHO pacTBOpa,
HapacTaHHe rpaHed TMPOHCXOAHMT CJOSIMH TaK Xke, KaK M IpH
HEeMOJBHXHHX KpHCTa/aXx. DTO ICHO BHJAHO MO Pe3KO BhHIpa-
JKEHHOHl CTYNeHYaTOCTH BEPTHKAaJbHHX rpaHefl (mapajsenbHHX
OCH ) KPUCTAJIJIOB CerHeTOBOi costd. CTyNneHH CnyCKalTCs OT TeX
pebep kpucTaJia, KOTOpPHE IIPH ero ABHXEHHH HaXonsATcsA B 60-
Jee 6/1aronpHsTHHX YCJAOBHSIX B OTHOLIGHHH OMBIBAaHHSI HX CBe-
UM pacTBOPOM. 31eCh, 04eBHIHO, H 06Pa3yloTCs Te BHCTYHH —
3apOJHILIH CJI0€B, KOTOpHE, TAHI'€HIIHAJBbHO Pa3pacTasich, CO3JAI0T
CJIOH, MOKPHBAIOILHE I'PaHb.

Muorpa nHab/i01aeTcss HEKOTOpPasik BOTHYTOCTb NOBEPXHOCTH
BEPTHKAJbHBX TPaHell B CBSI3H C HAaJHYHEM CTYINEHEeK, CIyCKalo-
LIHXCS OT JABYX INPOTHBOINOJIOXHEIX BePTHKaJbHHX pebep, orpa-
HHYHBAIOIIKX TpaHb. [IpH JOCTaTOYHO GHICTPOM ABHXXEHHH KPH-
cTaJjla epeKPHTHS MaTOYHOTO PacTBOPA HapacCTAaIOLIMMHU CJIOSMH
HE IPOUCXOAHT. O4eBHAHO, IpH 3TOM HeIepPEeCHIIEeHHHHA pacTBOp
OKa3blBAETCH CHSAATHIM C IOBEPXHOCTH I'paHH, NpPekKJAe YeM HOBbIE
CJIOH YCNeBalOT MOKPHTH MOCJENHIOIN0.

Kaxno#i ompejesieHHOH CKOPOCTH ABHXEHHsI KPHCTaJJa OT-
HOCHTEJIbHO pacTBOPA OTBeYaeT ONpelesIeHHHI BepXHHH Npenes
CTEIIEHH MepecHIleHnuds nocjenHero. IIpy NOBHIIEHHH CTENEeHH
NepecHINEeHHsl BHIIE 3TOr0 IMpejesa Ha rpaHAX HeMeJIJeHHO
NOfBJAAIOTCS MYTHHE NSITHA MePEeKPHTOro MaTOYHOrO PacTBOpa.
[laTHa npexnae BCero mnOAB/IAIOTCS Ha TeX TpPaHAX, KOTOPHeE
XyXe JPYruX OMBIBAIOTCS CBEXHM PACTBOPOM, B CBfI3H C OIpe-
Jle/IeHHHM JBHXXEHHEM KDHCTaJsa OTHOCHTEJNbHO PAacTBOPA.

I1pn 0AHHAaKOBOM MOJIOXEHHH rpaHel pa3JHyHHX (OopM OTHO-
CHTEJbHO NPHTOKA NHTATEJIbHOIO BELIECTBA MOXKET IIOJYYHTh
3HauyeHHe pas3/IMYHas CKOpPOCTb HapacTaHus rpaHedl. Tak, KpH-
CTAJIIM3allMA B CHJbHO IlepeCHILEHHOM pacTBOPE C BpalleHHEM
aJIOMOKaJIHeBHX KBAaCLOB AaeT KPHCTaJIH B (opme Ky6o-oKTa-
3JpoB, NpHYeM MNATHA NEPEKPHITOFO MAaTOYHOrO PaCTBOpa MOJY-
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YaloTCAd MCKJIYHTEJbHO Ha rpaHd ky6a. Kak H3BecTHO, CKO-
pPOCTb HapacTaHus rpaHed Kyba 3HauYHTEJbHO 60JbLIE CKOPOCTH
HapacTaHHs TpaHeH OKTasjpa.

OnbTH C KBaCaMH HAaMH He 3akoHYyeHH. Heob6xomumo,
OYeBHHO, YTOOH H30exaTb MOsSBJEHHs NSATEH HA rpaHax Ky6a,
Ju60 yBeJHYHTb CKOPOCTbH ABHKEHHS KPHCTaaja, JHOO yMEHb-
IIHTb KOHUEHTPaLHUIo pacTBOpa. bosbmoe 3Hauenne 6yleT HMETh
B 3THX CJAy4Yasix KPHCTaJJIOHOCeI ABOHHOr o (NJIaHeTapHOro) Bpa-
meHns, npeajtoxeHsuéi B. B, Tarapckum.

KpHCTanau3anuio BHITOJHO, KOHEYHO, BECTH Yy BEDXHErO
npejeJa nepechIleHHs, TaK KaK MPH 3TOM AoCTHraeTcs 66./b1uas
ckopocTts pocta. [To mepe pocta kpucTaia, T.e. 1O Mepe OTJ0-
XEHHsl PaCTBOPEHHOr O BeIeCTBa U3 pPacTBOPA HA KPUCTAJJI, CTe-
NeHb NepechIleHns pacTBOpa NoHHxkaeTcs. BoccranaBaupaercs
CTeneHp MepechHIeHHss CHHXXEHHeM TeMIepaTypnl pacTBopa.
CuuxeHHe TeMmepaTyphl HEO6XOLHMO BECTH OCTOPOXKHO, YTOGHI
Ha KPUCTaJJe He MOSBJAJOCH YKa3aHHHLX BHIIE MYTHHX -
TeH. OHH lle)1al0T KPHCTAJLI, N0 KpaliHeH Mepe YaCTHYHO, HeNpH-
TOJHbIM I/s1 TeXHHYeCKUuX neJseil. [IpH MOABJEHHH CJAEJOB 3THX
HeXeJaTeJbHHX NATeH HeoOXOIUMO HeMeIJEHHO NPEKPATHTh
NOHM)XKEHHe TeMIlepaTyph HJH Ja)e HeCKOJbKO NOBHICHTbH ee.

HimeroTca ApyrHe npH3HakH, KpOMe NOsSIBJ€HHs NATEH, MO
KOTODBIM MOXHO CyIHTb O 6JH30CTH BepXHero mnpenesa nepe-
CHIIIEHHA pPacTBOpA, BHIIIE KOTOPOTO MNPH JAaHHOH CKOPOCTH
JBHXXEHHsl KDHCTaJJ HauuHaeT nopTHThCA. B. B. Tartapckuit
yKa3aJl Ha INpPH3HAKH, MNOSBJSIOLINECH Ma FPaHHLE CONPHKOC-
HOBEHHs HApaCTaloOLlero KPHCTalJa H CTEPXKHA, HA KOTOPOM
J€PKHUTCA KPUCTAJNI H KOTODHH NMOCTENEHHO 3THM KPHCTalJ0M
obpacraer.

Boo6ume, korma pacTywufl KpHCTaNJA NPHXOAHT B COINpH-
KOCHOBEHHe C IIOBEePXHOCTBbIO Kakoro-iu6o Jpyroro TteJa,
pPacmoJIOXKEHHOH  HppalMOHAJBHO OTHOCHTEJBHO  rpaHeH
KpHCTaJJa, 0CO6eHHO C KPHBOH NOBEPXHOCTBIO, 3TA MOCAENHSA
4acTO He CNJOUIL MOKPHIBAETCH pacTylHM KpHcTaanoM. [lo-
BEDXHOCTb KDHCTaljJa OKa3bBAETCS B KOHTAKTE LIEPOXOBATOM
Jlaxxe B TOM CJy4Yae, €CJH OHAa INPHMHKAET K COBEpIIEHHO
rnaiko#l mnosepxHocTH apyroro Teaa. Ilpn OaMxafimem pac-
CMOTDEHHH IPHYHHOH IIEPOXOBATOCTH OKAa3LIBAETCS MeJKas
CTYNEHYaTOCTb JAHHOH NOBEPXHOCTH KpHcTaaa. CTyneHbkH
5TH OTP2aHHYeHBl PALHOHAJBHEIMH TJOCKOCTSMH, 4acTb KOTO-
phX OOLYHO HMeeT 6osee CJAOXKHBE HHAEKCH CPaBHHTEJbHO
C APYTHMH rpansimu Kkpucrtanaaa. [Ipn kpucranausanuu u3 6o-
Jiee NepecHIleHHbHX PaCTBOPOB I0JNyyYaeTcsl CTYNeH4arocTb 60-
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Jee rpy6as, MOBEPXHOCThb KPHCTalJa (oJiee IIepPOXOBaTas; NpH
c1a6o mepecHIeHHbIX PaCTBOPaX NOBEPXHOCTh 6oJiee Ranxasi.
Bor 3Ta-TO ImEPOXOBATOCTb H BHIAEJNSETCA B BHIE CBETJIOH
KalMBl Ha NMOBEPXHOCTH TOM YaCTH CTePxHsl, KoTopas o6pa-
craeT KpucTaaioM. Ecau nepeceiimenne pacTBopa npuoaHKaeTCst
K TOMY npejesny, NpH KOTOPOM HAa KPHCTaJJe MOTYT yxe MOo-
SIBHTLCS MYTHbIE MNATHA, 3Ta CBeT/asi KalimMa BhIIENseTCs OCO-
Geuiio pe3ko. Kpome TOro, npu 3KCHEHTPHYHOM BpalleHHH
KpHCTan1a HaOJMI01aeTCA elle Cielyolee siBJTeHHe Y BepTHKAb-
HOro KOJIeHa KpPHCTaJ/IH3aTopa, o6pacTaeMoro KpHCTaJaJoM.
[1Ipu mpenesbHOM NEPECHIEHHH OT OMHCAHHOH CBETJ/ION KaHMHI
CO CTOpPOHBI, OODAaTHOH HamNpaBJEHHIO NIBHXKEHHs, HAYHHAIOT
OTXOJAUTh BHYTPb KPHCTAN/Ia y3KHE BBIKJHHHBAIOIIHECS 3aJIHB-
ynku (,60pOAKH“) NMEPEeKPHTOro MaTOYHOro pactBopa. [loss-
JIeHHe 3THX 3aJHBYHKOB OODBSCHETCS YC/JOBHAMH, HaHMeHee
6/1arONPHATHBIME B 3THX MeCTax AJsf CMeHB MCTOLEHHOTO
pacTBOpa CBEKHM NEpeCHINEeHHHM PacTBOPOM. YKa3aHHbIE NpHU-
3HaKH rOBOPAT O HEOOXONHMMOCTH NpPEKPAaTHTh Ha HEKOTOpOe
BpEMs CHH)XEHHE TeMIepaTypsl pacTBOpPA HJH AaXe HECKOJbKO
NOBHICHTb €€.

Kak u3BeCTHO, BHYTPEHHHe HECOBepPIIEHCTBA KPHCTAJJIOB
CBsI3aHHl HE TOJIbKO CO BKJIYEHHSMH B HHX MaTOYHOTO pacTBO-
pa, XOTs MOCJe JHHE H HIPaIOT NePBEHCTBYIOILYIO poJb. OXHOPOA-
HOCTb KPHCTAJ/IJIOB HAPyLIalOT, KOHEYHO, H BKJIIOUYEHHS OCTOPOH-
HUX BEIIeCTB, MONajalolie B HUX U3 PaCTBOpPA, €CJH 3TH Belle-
CTBAa HAXOAATCA B PAacTBOpPE B BHIE pPAaCTBOPEHHHIX NpuMmecei
WM B BHIE MyTH BO B3BCIICHHOM COCTOSIHHH. B TOM H npyrom
cJyyYae OHHM MOMAAa0T B KPHCTAJLJI COBMECTHO C MaTOYHHIM pac-
TBOPOM H 3aKJIOYEeHbl TJaBHHM 06pa3oM B MPOCJAOHKax MmOCJexn-
Hero, B cpegHHX uyacTtaX nupamupg pocra. (O Heo6XOAMMOCTH
CKOMNJIEHHs] NpPHMeced B CpPeNHHX uYacTAX rpaHedl mpH pocTe
KpHCTa/lJa H MNePeKPHITHH 3THX CKOMNJEHHH HapacTaoIUMH
caossmu cM. CapatoBkuH [12].) BblpamnBaHHe KPHCTAJJIOB NpH
JBHXXEHHH TPENATCTBYeT YKa3aHHOMY NePeKpHITAI0 INpuHMeceil
HApacTaloIMMH Ha IPaHb CJOSMH, AeJaeT MHHHMAJbHBIMH BKJIO-
YeHHs B KPHCTAJJ NMOCTOPOHHHUX npumeceil. Tak, HaMH HeOQHO-
KpaTHO MNOJyYyaJHCh NPEKPACHHIE KPHCTaJJbl, 6€3 KaKHX-aHOO
BHEUIHHX [PH3HAKOB MOCTOPOHHHX BKJIIOUEHMH H3 pPacTBOPOB,
NOYTH HEMPO3PAYHHIX OT B3BEIIEHHON MYTH.

KpomMe HEOZHODOAHOCTH, CO34aBaeMON BKJIOYECHHSMH Ma-
TOYHOrO PacTBOpa H NOCTOPOHHHX IIpHMecel, B KpHCTalJaXx,
BHIpPalleHHBIX OOBLIYHEIM MYyTEM, HMET MeCTO HeOJHOPOJHOCTH
Jpyroro xapakrepa. 9TO HMEHHO HeNapaJJeJbHOCTb B pacmo-
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JIOXKEHHH OTJe/JbHEX YacTed W 0COoOEHHO — HenapanneJbHOCTb
JIpYyr APYry OTKJAambIBAIOLIMXCA Ha rpaHsax caoeB (cq. O. M.
Anwenec [4], [5], [7)]- OcobGerHo pe3ko sTa HemapaJJeqbHOCTHb
CKa3LBaeTCsi NpPH KPHCTA/VIH3AIHH B CHJABHO INepeCHIIEHHbIX
pacTBOpax. Bri3aBaHHOe 3TOH HenapaJJe/bHOCTBIO OTKJOHEHHE
rpaiedl OT CBOEro HJA€aJbHOro MOJOXEHHs  JOCTHraer
HHOra JEeCATKOB MHHYT, peIKO — OJHOTO rpaayca, elle pexe—
HECKOJIbKHX IPagycoB. DTOT pPOX BHYTPEHHHX HECOBEPIUEHCTB
KDHCTa/UIOB CBSI3aH 4YaCTO C TNOCTOPOHHHMH  BKJIOYEHHSIMH
B KPHCTaMJe H BO3MOXHO TaK¥e C BK/IIOYEHHSMH MAaTOYHOTO
pactBopa. Hacro GaMxafillMe HX IPHYHHB OCTAIOTCA OO CHX
nop HesicHbIMH. VIMeloT /M MeCTO nOXOGHBIE HEOAHOPOLHOCTH
B KPHCTaJ/U1ax, BHPAllEHHHX Da3pabOTaHHHIMH HAMH CKOPOCT-
HEIMH METOJaMM, — IIOKa He BHIsICHeHO. Bo BCskoM cayuyae Ha
3THX KpHCTaJ/Max YKa3aHHHE OTKJOHEHHs He OHJIH 3aMeyeHBbl
H He OOHapyXuJau ce6s NpH TEXHHYECKOM HCNOJb30BaHHH. He
BJHMSET Ha TEeXHHYECKHe CBOHCTBa KPHCTA/LIOB CErHETOBOH COJIH
u onucuBaemas A.B. llly6sukoBbiM [13] ,Lenast cepust MyTHHX
HUTEH M TIJIOCKOCTEH“, KOTOpHIE MOABAAIOTCA BHYTPH KPHCTaJ-
JIOB uepe3 HEeCKOJIbKO IHel Moc/je TOro, Kak OHH BHIHYTH H3
pactBopa. Ham mnpexcraBasercss HauGoJiee BepPOSTHBIM O6bscC-
HeHHe 3TOro ,3arafloyHoro“ sBJeHHsi, npepjaraemoe B.b. Ta-
TapCKUM. Mbl CKJIOHHH CYHTaTh, YTO HCTOYHHKOM 3TOroO sBJe-
HHUSl CJYXHT HEKOTOpPOE OTKJOHEHHe YaCTHI[ OT MOJIHOH mapaj-
JaejbHOCTH. Henonnas napa/iesbHOCTh CBsidaHa ¢ 6osee pHIX-
JBIM CJOXEeHHEM H yYMeHbIIeHHOH mIOoTHocTblo. C TeyeHHeM
BPEMEHH B3aUMOAEHCTBUE YaCTHL MPHMBOJHT K YaCTHYHOMY H3-
MEHEHHMIO HX ODHEHTHDOBKH, K 6oJiee yNmopsilO4eHHOMY CTpoe-
HUIO M YIJIOTHEHHIO BellecTBa (,ycaake“). Pe3ysprarom ynJjor-
HEHHS H sBJsEeTCA NOSBJIEHME NYCTOT B BHJE YNOMAHYTHX
BLIIIE CHCTEM HHTeH H mJaocKocTed. FIaMeHeHHe OPHEHTHPOBKH
MOJIeKyJ TpebyeT H3BECTHOrO BpeMeHH, ueM H O0ObsCHseTCs,
[0 HalleMy MHEHHIO, TO, YTO 3TO sIBJeHHe CTAHOBHUTCS 3aMETHHIM
JHIIb Yepe3 OMNpenes€HHBIH IPOMEXYTOK BPEMEHH II0OCJe OKOH-
YaHUSA KPUCTAJJIH3ALHH.

4. BOSHHKHOB EHHE MAPA3UTHYECKHX LEEHTPOB KPHUCTAJI-
JIM3ALIMH

ITpu BHIpamMBaHHM KPYNHHX MOMOKDHCTAJJIOB NPHXOIHUTCA
BecTH 60pnOy C nosiBJEHHEM B pacTBOpe TaK Ha3HBAEMBIX
NapasuTHYECKHX KPHCTAJMNJIOB, T. €. JPYrHX KPHCTANJIOB TOrO Xe
BelleCTBa, NOABJSIOMHMXCA YaCTO B 6OJbUIOM KOJIHYECTEE B pac-
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TBOpe. BBuay TOro 4To yacTb HM30HITKA BelecTBa B IEpPECH-
LIEHHOM pacTBope, WHOrjga O6oJbliasi €ro 4aCTb, HAET B 3TOM
cJy4yae Ha MUTaHHe MapasHTHYECKHX KPHCTAJNAOB, POCT OCHOB-
HOTO KPHCTaJlJ1a CHJIBbHO 3aMensiercs. [lapasutuueckue xkpucran-
Jibl MOTYT BO3HHKHYTb U3 3apoJbillieft, HEBHAHMBEIX HEBOOPY KEH-
HBIM TJ1a30M H HaXONMBIIHXCA B KPHCTAJJIH3aTOpE N0 HauaJa
ONLITa H/IM BHeceHHBbIX H3BHe. Ho B mepechienHoM pactsope,
0COGEHHO B CHJIBHO NEPeCHII[eHHOM, BO3MOXHO CaMONPOU3BOJIb-
HOe BO3HHKHOBEHHe Napa3uTHYeCKHX 3apoawmiuei. Kak nmoxasw-
paeT psa Habmonenu#t (O. M. Anmesnec [6]), oco6enno 6aaro-
NPHATHHE YCIOBHA A5 3apOXKIEHH CyOMHKPOCKOIHMYECKHX
3apo/biiel CO31aI0TCs B HEMOCPeACTBEeHHOH 6JH30CTH OT pac-
TYINEero KpHCTaJj/a, MOBHIMMOMY Y IDaHHIBI ,, AIBOPHKA KPHUCTAJ-
Ju3aluu® ¢ oxkpyxawmowuMm pactBopoMm. (Teoperuueckoe 06b-
sICHEHHE 3TOTO SIBJI€HHS MOXHO HaiTH B pa6ore [1. B. I'pyw-
Buukoro [11].) [Toka aT# yacTHIB HAXOAATCS BOJH3H PacTylUero
KPHCTaJ/1a, OHH MPHHUMAIOT Yy4acTHE B NMOCTPOEHHH OTKJIaIH-
BAIOILIHXCsl Ha KpHCTaJne cjoeB. Ho OHM MoryrokasaTbes yna-
JIEHHBIMH OT KPHCTaJlJla M TOr/[a OHM HAYHHAIOT PaCTH CaMOCTO-
SITeNbHO H ABJIAIOTCA 3apOAKHIIAMH IaPa3HTHY€CKHX KPHCTA/IOB.

Kpucrannnyeckue 3apojbllld, BO3HHKIIHE OKOJIO PaCTYLIEro
KpHCTaJJa, MOryT OHThH yHaJeHH OT Hero CTPysIMH pacTBOpa,
JIBHXXYLIErocst OTHOCHTENbHO KpHcTanaa. TakuM o6pa3om, Ka3sa-
JoCh OBl, 4TO IBHXEHHE KDHCTa/Jla OTHOCHTEJIbHO pacTBOpa
MJIH NepeMelIMBAHHE PacTBOpPA ABJSAETCS HENONMYCTHMBIM, TaK
KaK TO H Apyroe MOXeT BHI3BaTh NOSIBJEHHE Mapa3sHTHYECKHX
kpHcTaaaoB. OAHAKO HAalIM ONHTH I0Ka3aJH, 4TO IJAaBHOE
JBH)KEeHHE KPHCTA/IVIOB B epeCchlieHHOM pacTBoOpe, Naxe TaKoe,
KaK BpalleHHe CO CKOpocThio 120 06/MHH, He BH3LIBAa€T NMOSAB-
JIeHHSl Napa3HTOB, €CJH He NepeiifileH ONpeJeJeHHHA npeneJ
nepechimedHs. OHH BO3HHKAIOT JHIIb NPH ABHXEHHAX, CONPO-
BOXJaeMblX TOJYKAMH, GHEHHAMH H NPp.



Trasa 11

CKOPOCTHOE BbIPAILMBAHUE KPHUCTAJIJIOB
0 METOAY A. A. ITEPHBEPTA

3mech OMMCHIBAIOTCA METOJHMKA W amnmapatypa, NpHMEHsB-
wnecss A. A.llltepu6eprom B 1940—41 rr. OnuTi [lITepuGepra
SIBHJIHCH NE€PBHIM NOATBEPKAEHHEM NMPaBUIbHOCTH IPHHIHIIHAMb-
HBIX npeanoculok O. M. AHuweJeca W OCHOBOH IJsi M3J0-
xenHoro BrJase III metrona, paspa6oransoro B.b. Tatapckum.

5. ATIMAPATYPA

TepmocTaTOM BO BCE€X OMBITAX CJAYXHJA LHJIHHIPHYCCKHH
CTeKJSHHBIH COCy., 3anoJHeHHHH BoxoH. McTouHukom TenJaa
fAABJAJACH 3JEKTpPOHarpeBaTeJbHash CHHpa/db, NOMELIeHHas B
KOJb1Ie06Pa3HYIO CTEKJASAHHYIO TPYOKY, J€xKalUlyIo Ha IHEe CoCY a.
Bo n36exaHue nomnajgaHus B 3Ty TPYOKY BOJH, €€ KOHUB 3arHy-
Thl KBEpXY H BHIBEIeHH Hajx 60pToM cocyna. TepmoperyJsTop,
CJAYXaIlHA A9 NOAAepKaHHA TeMIlepaTypH HAa HYKHOM YPOBHe,
fIOMeIlaJICsl HenocpeACTBEHHO Ha HarpesaTteJse. Takoe pacmoJo-
JKEHHe TepMOpery/asaTopa CoOKpallaeT MepHOAH HarpeBaHHs
H YyMeHbLIaeT aMIVIHTYyLy KoJeOaHHH TeMnepaTyph BOXHI
TepmocTata. TepMOMeTp pacnoJarajcsi Mexay 3arHy ThiMH BBEPX
KOHIIAMH CTEKJSHHOA TPYOKH, 3aKJI0yYalollel sJeKTpoHarpeBa-
TENbHYIO CIHpasb. B 3TOM MecTe OH 3aluIleH OT BO3AEHCTBHS
KOHBEKLIHOHHLIX TOKOB, NMOJAHHMAIOLIMXCS OT HarpeBarteJs, Koria
IOCJEeIHHA BKJIOYEH H TOKAa3bIBA€T CPEJHIO TeMIepaTypy
cocypna. Kone6anust TeMnepatypsl TepMOCTaTa He [PEBHIIATH
== 0,1° oko/0 3anaHHOH TOYKH. B HaxonseMmcss BAyTPH T€pPMO-
€TaTa KPHMCTA/JIH3aTOpe aMIINTyZAa KoJebGaHuil TeMIepaTyphi
Oblja erle MeHbllue. [IpuHUMasl BO BHHMaHHe, YTO BhIpAlllHBaHHE
KPHCTAJJIOB MPOH3BOAHJIOCH B PaCTBOpE, MEePEOXJaxK AEHHOM Ha
1—3° HMOCTHrHYTYyIO CTeleHb MOCTOSHCTBAa TeMNEpaTypHl HaAO
CYHTATh BIOJIHE JNOCTATOYHOH.

[ToxBHXHEBI KOHTAKT TePMOPEryaaTOpa — TOHKHI CTaJbHOM
CTEPXKEHb — 3aMBHIKa/1 TOK HH3KOTO HaNpsXKEHHs, NPHBOASILUA
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B JCHCTBHE 3/JeKTPOMarHUTHOe peJie, KOTOpOe INepHOJHYECKH
BKJIIOYAJIO M BHIKJIIOYAJ0 HarpeBaTe/b. 2Kesaemoe H3MeHeHHE
TeMNepaTypH AOCTHUraJoCh NepeMelleHHeM MOIBHXHOI0 KOH-
TaKTa Ha HOBHI ypoBeHb. [lepemeleHHe KOHTaKTa NPOH3BOIH-
J10Ch TH6O OT PYKH 4epe3 ONpejiesIeHHB e MPOMEXYTKH BPEMEHH,
JH60 aBTOMATHYECKH, HENIPEPHIBHO, IO 3apaHee DACCYHTAHHOMY
rpaduKy CHHXEHHMs TeMIepaTypsl NpH NOMOLIM OCO50ro MNpH-
cnocobeHus.

INpucnoco6J/ienne 1711 aBTOMaTHYECKOTO CHHIKEHUS TeMIepa-
TypH OHIO BHNOJHEHO caenyomum o6pa3om. Ha ock yacoBoro
MeXaHH3Ma, Jawllero gsa 060poTa B CyTKH, HAaCaXeH KOHYC
C UIEPOXOBAaTOH MNOBEPXHOCTbIO, BHITOYCHHHIH H3 IJIOTHOrC
nepeBa. Ha aToT xoHyc HamoraHa HHTb. IlpenBapHTe/]bHO Ha
3Ty HHTb TYWIbIO HAaHOCATCS TOYKH, Ha PacCTOSIHHH OJHAa OT
JIIPYyrof, COOTBETCTBYIOIIEM CYTOYHOMY CHajay TeMIepaTyphl
B Fpazycax, yMHOXEHHOMY Ha IOCTOSHHYIO TepMOperyJstopa.
Ilocnenuss paBHa 8—12 mm Ha 1° B pasauuHbIX npubopax.
HuTe HamaTelBaeTCs Ha KOHIe TakuM o6pa3oM, YTOOH BCe
TOYKH CYTOYHOrO crnaza GuJM pacnoJioxeHH Ha OfHON o6pa3sy-
I0lEed KOHYC yepe3 ONHH BHTOK (COOTBETCTBEHHO IBYM 060-
poTaM KOHyca B CyTkH). K cBOGOJHOMY KOHIly BHTH IOJBEILH-
BaeTCs NMOIBHXKHOH KOHTAaKT TEPMOPEryJasiTopa, yCTaHOBJEHHDIMH
Ha HYXHYI0 BHCOTy. C TeueHHeM BPeMeHH, 10 Mepe BpalleHUs
KOHYCa, HUTb Pa3MaTBLIBAETCSA U MOABHXKHOH KOHTAKT OIyCKaeTCs,
NPOU3BOJS COOTBETCTBYIOIEE CHHXEHHE TeMmmepaTypel. ITo
BeCbMa NpoCTOe INpHCHocobJeHHe MO3BOJfAET 33a4aBaTb CKOJb
YroaHoO IpPOJOJ/KHTENbHEI CNajl TeMmIepaTypsl B Ipene/ax OT
0,2 1o 7° B cyTku.

OnbiTH KPHCTaNJIH3aLHH MPOM3BOAHJIHCL B TPeX BapHaHTax:

1. INepememnBanne pacTBOpa Haj PacTyIIUM Ha JAHE KpH-
CTaJIJIOM. '

2. llepememnBaHne pacTBOpa NOCPEACTBOM BpalleHHS ca-
MOTO KpHCTaJIa.

3. Bpamesue kpucrtaJna npu ONHOBPEMEHHOM Bpamemm
KpHCTaJsMH3aTopa (KPHCTA/VIM3aTOP ABOMHOrO BpAIIEHHS).

B nepBomM M BTOpPOM BapHaHTax KPHCTAJJH3aTOPOM CJYXKHJ
LHIHHIPHYECKHH CTeKJSHHHH CcoCyJ eMKOCTbIO 4 ., yCTaHO-
BJEHHHIE B TepMocTaTe Ha 360oHHTOBOH mnoxactaske. Ilia nep-
BOro BapHaHTa (BhHIpAalMBaHHE KDHCTaJJa Ha JHE COCYyHa) Ha
JHE KPHCTaJJu3aTopa OblJIO BLICBEDPJEHO yrJay6JeHHEe HHaMeT-
pom 12— 15 mm u Takoil xe ray6uHH. B yray6aenue BcTaB-
JAJaCh KOPKOBass nMpo6ka ¢ OTBEPCTHEM B CepeliHHe, B KOTO-
poil M moMewasncs KPHCTaJNHYECKHA 3apoAbiLl, BHTOYEHHHA
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B BUJe CTOJI6HKA N0 OCH ¢. KpHCTaanu3aTop NOKPLEIBaICs MaCCHB~
HbIM TNPHILJHGPOBAHHEIM CTEKJISAHHBIM JHCKOM C OTBEpPCTHEM
B LleHTpe. B oTBepCTHe HA pe3HHOBON MPOKJIaJKe BCTaBJSJICS Ja-
TYHHBIH NAaTpPOH, SIBJASIOUIHACH HanpaB/fIOIIMM NOALIHIMTHAKOM
OCH MellajkH. MemasKo# CHYXHJ ABYX- HJIH YETHIPEXJOMacT-
HHH npomneJiep auamerpoM 60—100 aa. [locsnennemy coo6iua-
JIOCb BpaileHHe co ckopocTbio 120—150 06/MHH. nocpencTBOM
HHUTSIHOR mepefay#l HA IIKMB OT CHHXPOHHOIO BEHTHJSATOP-
Horo aJektpoMoropa. Ilpu Bpamenuu Memask#H XKHAKOCTH
HHTEHCHBHO yCTPEMJSIeTCS BHH3, CHJIbHO OMBLIBasi IpH 3TOM BepX-
HIOIO TPaHb ¢ pacCTyLIero KPHUCTaaJaa, U NMOJHHMAeTCsd KBEPXY,
coBepluass BHHTOBOE ABHXEHHE BHOJb CTEHOK COCYJHa.

Jas BTOporo BaphaHTra (BpalleHHe CaMOro KpHCTaJsa) Me-
aJKy CHHMAalOT M Ha BEDPTHKAJbHYIO OCb, KaK ee IpPOLOJKe-
HHE, HAaCaXHBAaIOT CTEKJAHHYIO TpyOKy nuametpom 6—7 wma
B PE3HMHOBOM uexJe, MOCPeACTBOM KOTOpPOrO OHa H CKpe-
nasieTcs ¢ ochlo. Ha HyakHeM KOHIle pe3uHa 3aru6aeTcs BHYTpPb
CTEeKJSHHOH TPYOKH, U B HEE BCTABJAIOT Ha TPEHHHM KPHCTaJ]-
JIMYEeCKHH 3apojnll, BHPE3aHHHH B BHAE CTOJOHKA, YAJHHEH-
HOTO IO OCH ¢. BepTukajibHas OCb MOCPEICTBOM KOPOTKOTO
ru6KOro Bajla COeNHHAETCH C OCblo MOTOpa Yopp€Ha, Aarwlile-
ro 60 o6/muH.

Kak nokasbiBaeT HabJlofeHHe 33 MeJKHMH NBJIHHKaMH,
B3BeIIEHHHMH B pacTBOpe, B NMOCJelHeM, BCJEACTBHE Bpaillle-
HHUS KPHCTaJJa, BO3HHKAIOT pa3HOoOpa3Hue ABHxeHHs. ['saB-
HeHIlIHe U3 HHUX CJedYIoIHEe:

1. Bpamenune (packpyuuBanue) pacTtBopa. O6beM H Cko-
DOCTb 3aXBaUeHHOH 3THM ABHXXEHHEM XHAKOCTH BO3pacTaioT No
Mepe ysejuueHuss kpuctaana. OnHAKO CKOPOCTb BpalleHHSA
pacTBOpa MeHblle, YyeM KPHCTaJlJa, YTO, BepOSATHO, 06 bACHAETCH
TOPMO3SILUUM AeHCTBHEM CTEHOK H JHa KPHCTAJJH3aTopa.

2. Bocxonsimuuii TOK XHIKOCTH B IEHTPE KPHCTAMAJIH3aTOpa,
OMHBAIOIIHil KPHUCTAJAJ CHH3y BBepX, H, €CTECTBEHHO, HHC-
XOJslee ABHXEHHE XXUIKOCTH BJO0JIb CTEHOK KPHCTaJJN3aTopa.
Jlerko BHIeTb, YTO COBOKYMNHOCTb 3THX JIBHXEHHH cO31aeT
I/ HHXHelt U OOKOBBLIX rpaHed KpHCTaJJa JyullHe YCJIOBHS
OMHIBaHHs, YeM Ajas BepxHed. OkoJ0 mnociaenHel, BO-NEPBHX,
crabee, yeM y OGOKOBHIX TIpaHeH, CKasblBaeTCAd TOpPMO3sLlee
JeHCTBHE CTEHOK KpPHCTAJJIH33aTOpa, a BO-BTOPHIX, BOCXO/f-
wHfik TOK pacTBOpa, NPOXOASA BAOJb OOKOBBIX TrpaHeHd, HCTO-
IaeTCcs U He Moxer obecneynTh He0OXOJHMOE NHTAHHE BCel
nosepxsocTH BepxHeR rpaHd. [locaennee 06GCTOATEALCTBO
HMeeT 0CO6eHHO BaXHO€ 3HaueHHe AJs1 6OJBIUHX KPHCTAaJJIOB,

2%



Y KOTOPHX MpH OLICTPOM pOCTE€ Ha BepXHeil IpaHd IOABJIsA-
10TCs e eKTH, BHHYKAAOLHE CHHXATb CKOPOCTb pocta. [las
Toro 4yToOHl yJY4YWIHUTh OMBIBaHHe BepxHeil rpaHH KpHCTaJJa,
K KDHIIIKEe KPHCTa/JJH3aTOpa CcrelHaJbHOH 3aMa3koH (cMechb
BOCKa, KaHH(POJH U MeJa) NPHKJIEHBAIOT CTEKJSHHYK Nepero-
poaky, Bxoxsmylo B pactBop Ha 10— 15 u# u mpensTCTBYyIO-
LYI0 PaCKpY4YHBaHHIO ero B BepXxHell 4acCTH.

KpoMe onucaHHBIX ABYX BapHaHTOB KPHCTaJ/IH3aTOpa, OBIA
CKOHCTPYHPOBaH H ONpob6OBaH KPHCTAIH3aTOp Ne3, B KOTOPOM
KPHCTa/MI, MeJJEHHO BpallasCh BMeCTe C KPHCTAJJIH3aTOPOM,
HHTEHCHBHO OMBHIBAJICS KOCO HAalpaBJeHHOH CTpye# pacTBopa.
INpennosnaranoch, 4YTO TaKOH KPHCTAAIH3aTOP MOXET HMETb
TIPEUMYIIECTBO NMepel ONMHCAHHEIMH BHINE, TaK KaK B HEM Cpe-
HASL M KPaeBble YacTH IPaHH ¢ OMHBAIOTCA OIMHAKOBO HHTEH-
CHBHO. YKa3aHHOe JABH)KEHHe KDHCTa/la H pacTBOpa JAOCTHra-
Jochb caenyomuM ob6pasom. KpucraminsatopoM CuyxKHJa TOJNCTO-
CTEeHHHH Iapoo6pa3Hblil CTEKJ/ISSHHHIH COCYM C LIHPOKUM TOpJIOM,
€MKOCTbIO 4 2. KO mHY cocyjla NMpHKJEHBaJH KOPKOBYIO NPOOKY
€O BCTaBJCHHEIM B Hee 3apojbiuieM. B kpHCTaIMH3aTOp HaJHBaJH
“TaKOe KOJHYeCTBO pacTBOpa, YTOOH OH IJaBajJ B TEPMOCTare,
NMOTpy3HBIIMCh A0 ropJa. I'opso cocyna 3akpeBajgd TOJICTOH
KOPKOBOH NpPOOKOH, B KOTOPYIO IIJIOTHO BCTaBJ€Ha JaTyHHas
Tpy6ka. CkBO3b mocsenHol cro6oxHO, HO 6e3 3asopa, mpomy-
LleHa CTeKJsHHas TpyOka. drta Tpy6GKa CJOYKHT OCbIO BPaLIeHHS
KpHCTa/sIH3aTopa. BepxHss yacTh ee HJIOTHO 3a)kaTa B LITATHB;
HHUXKHfASI, HaXOASILAsCs BHYTPH KPHCTAJ/IH3aTOPa, HECKOJbKO
u3orHyTa. CKBO3b CTEKJ/SAHHYIO TPYOKy NpPOXOAMT rHOKuHl BaJt
fiponeJsyiepa, pacnoNOXKEHHOr0 KOCO OTHOCHTEJBHO KPHCTaJJa.
Ilponeanepy coobmaetcssi BpauieHne co ckopocteio 300 —
600 o6/mun. CTpys pacTBOpa OT Iponesaepa yCTpeMJsercs
HaHCKOCh CBePXY Ha KPDUCTaJ/IJ H JaJjblle JABHXETCS BLOMb CTEHOK
€ocyla, coo6was eMy BCJAeICTBHE TPEHHS MeNJIeHHOE BPalleHHe.

6. PE3YJIbTATBI OIIBITOB

JKcnepuMeHTaJbHass paboTa € KPHCTANIH3AaTOPAaMH Tpex
ONHCAHHHIX THNOB JaJja CJedyloliye pe3yJbTaThl.

B kpucraanusatope Nel (c Mewmankofl; KpUCTalJ HeNOABH-
JeH) mpejesbHas CKOPOCTb POCTa MO OCH ¢ COCTaBjsieT 8 —
10 mx B cyTkH. JIN1a JOCTHXKEeHHA 3TOH CKOPOCTH HEOOXOIHMO
mepeoxJiaxaeHne pactBopa Ha 2,0 —2,6° Huxe TeMmmepaTypsl
Haceiuenus. [Ipu 6oJ/bLIefi ckopocTH pocta — 60JbLIEM Tepe-
OXJIaXJE€HUH PacTBOpa — HA IPaHfX BEPTHKAJbHOro Mosica OT
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HEeJOCTATOYHOTO OMHEIBaHHS HX DacTBOPOM MOSIBJISIOTCS Bep-
THKaJbHHE MYTHBIE TOJOCH. IDTO siBJEHHE YCHJIHBaeTCs MO
Mepe pOCTa KpHCTaJl/Ja BCACACTBHE YyBeJHYEHHS TYyGHHHI
M COKpallleHHs MIMPHHB NPOCTPAHCTBAa MEXIAY KPHCTAJJIOM
M cTeHKamu cocyna. [loatoMmy, mo Mepe yBeJHYEHHS KpH-
cTa/lziia, CKOPOCTb POCTa NPHXOILHTCS COK|allaTh.

ITpu Bpawenun xpucranna B pacteope (kpucraaiusarop Ne 2)
TmpenesbHas CKOPOCTb POCTA MO BEPTHKAJbHOH OCH COCTARJSAET
5—7 MM B CyTKM B OHy CTOpoHy. [lepeoxsaxneHue pacTBopa
JJIg 3TOrO He INOMXHO npeBwimarth 1,5 —2,0°. B atom Mertone
KPHCTa/LJ1 pacTeT IO BepPTHKAJIbHOH OCH B 06e CTOPOHH, U CyM-
MapHasi CKOPOCTb pOCTa MO 3TOMY HAnpaB/JeHHIO OKa3hBAaeTCs
10—14 mm B cyTKH. ['paHd BepTUKAJbHOTO 1105ICa B 3TOM METOJZE
HAXOJATCSA B JYYIIUX YCJOBHSIX OMBIBAHHS, YeM B MPEeILHIAYIIEM.
BeposiTHO 9THM OGBSCHAETCH TO O6CTONTEABCTBO, UTO CKOPOCTD
HX pOCTa, HeCMOTpPS Ha MeHblIee TMepecHIIeHHe, OCTaeTCs
TIpEUMEPHO TOH XKe, H OOJHK KPHCTA/JIOB OKAa3blBAaeTCs TAaKHM XKe,
KaK Yy BbIpPallleHHHX MepBhlM MeTONOM (JHHeAHble pa3Mephi
ax~c 8=~15 ¢).

B Tperbem mertone (IBOHHOro BpalleHHS) MyTH Ha TpaHAX
KpHCTaJJ1a He HalbJ/0JajJoCh, CKOJIb CHILHO HH IepeoxJax ascs
pactBop. OJHAaKO MPaKTHYECKH NPH 3TOM METONe He YyIaBa-
JIOCb BECTH KPHCTAMJIH3ALMIO INPH MEepPeoXJaXXIeHHH GOosblueM,
yem 2—3° HHXKe TeMmepaTyps HachiuleHus. BcaenctBue GHCT-
pOro BpauleHHs MpOMNe/sIepa W HHTEHCH3HOIO OMHBIBAHHS KpH-
CTasja [IPH NMepeoxJsaxAeHuH OoJblieM, YeM yKa3aHHOe, B pac-
TBOpe BO3HHKaeT MacCa LEHTPOB KDHCTa/VIH3aUHH, YTO 3a-
cTaB/sieT HeMeJJIEeHHO MPEKPAaTUTh ONHT. MHTEeHCHBHOE OMBIBa-
HHE KDHCTaJ/1a CO BCeX CTOPOH obecrneydBaeT POCT KPHCTaJia
€0 ckopocTbio nopsaka 10—15 xu B cyTkd. OnHako HaHHHY
KPHCTAJIU3aTOP OKasaJcs MaJo yAOOHBIM HAa NPaKTHke BCJEN-
CTBHE KOHCIPYKTHBHHIX HEIOCTAaTKOB H Mas03(PeKTHBHOrO
HMCMOJb30BaHUs 06b€Ma KPHUCTAN/IH3aTOPA.

CpaBHHBasi Mex Ay COOOH MNEpBEIH M BTOPOH BAapHAHTHI, OT-
MeTHM clenywomiee. HavanpHasg ckopocTb pocta B OGOHX Me-
Tomax oJuHakopa. OMHAKO, KaK YKa3wBaJoCh BHIIE, B EPBOM
MeTOJie OHAa JOMKHA OBITh 3HAYHTEJbHO COKpalleHa, KOoraa KpH-
CTasJ1 NOCTHTHeT Beca oko0Jsi0 600—700 2. Heyno6ctBoM kpucTal-
su3atopa Ne 1 siBjisieTcst TakKe€ M TO, YTO 3aPOABIII B HEM MOH-
THpyeTcsi Ha nHe. [T03TOMy pacTBOp B KPHCTAJNJAM3ATOP MPHXO-
JHTCS HaNIHBaThb AOBOJbLHO csnabo mNeperpeTHM, BO H30exaHHE
3HAYUTENbHOI'O HJH Jaxke IOJHOrO pJACTBOPEHHs 3apOJHILA.
3apsanka H cOOpKa KPHCTaJJIH3aTOpa NpH caaboM meperpese
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pacTBOpa He BCErja MOTyT NPeNOXPaHHTb OT BO3HHKHOBEHUS
napasuTHYECKBX KPHCTAJJIOB; MEXJy TeM B JAHHOM MeToJe
KPHCTaJVIbl-TAPA3HTHl COBEPUIEHHO HEJONYCTHMH, TaK KaK OHH,
J0Xach Ha nepudepuH AHA COCYHNa, OKasbBAOTCA B JyuylleM
MOJIOXKEHUH OTHOCHTEJbHO OMBIBAHHSI pPaCTBODOM, €M OCHOB-
HOH KpHCTaN.

Kpucrannuszatop Ne 2 jumeHn 3THX HexoctaTtkoB. PacTtsop
MOXeT OLITb HaJUT B HEro 3HAaYHTEJbHO NEperpeThM, H JHIIb
10 JOCTH)XEHHH HYXHOH TeMmmepaTyps, Ha 4—5° BHIIe TeM-
nepaTypH HachIUEHHS, B HErO BBOJAMTCH 3apOJHILI Yepe3 He-
6Gosplloe OTBepcTHe B KpHIIKe. B nmepBme 3—4 aHsA pocCTa,
KOrja pasmep KPHCTa/la HeBeJHK, OH He IepeMellMBaeT Bechb
pacTBOp, U NMapa3HTH, €CJHH OHH H IOSBJAIOTCH, CIIOKOHHO Oce-
JalT Ha JHO KpHCTa/A/NU3aTopa, Iie MeLJEHHO pPa3BHBAIOTCHA
B MenoABuHXHOU cpeze. Korga xe mnojpocmiMii KpHCTadJa Ha-
YHHAaeT pa3MelINBaTh BeCb pPAaCTBOP, MAapa3WTH OKAa3HBAIOTCS
HAaCTOJbKO NMPOYHO NMPHPOCHIHMH KO JHY, YTO HE YBJEKAITCH
CTPYSIMH DacTBOpa.

7. TIPOU3BOJACTBEHHOE BbIPAIIUBAHHUE KPHCTAJIJIOB

YKasaHHBIE nNpeHMyHecTBa KpHCTaJJH3aTopa C Bpaluaio-
IIMMCS B PacTBOPe KPHCTAJJIOM JaJH OCHOBaHHE OCTAHOBHTHCH
Ha 5TOM cnoco6e BHpaLIMBaHHA NPH OPraHH3allMHM B aBrycTe
1941 r. cnenuajapHOro unexa, no 3aaanuio Cektopa O6GOpOHH
Jlenunrpaackoro ropoackoro CoBeTa JenyTaTOB TPYASILHXCH,
Nnpou3BoAuTebHOCThIO 100 — 150 X2 MOHOKPHCTAJIIOB CErHeTo-
BOii comu B Mecsll. [ BEINOJHEHHSI 3TOTO 3ajaHusl, YUYHTHBAsA
BO3MOX(HHE HenosaakH, 6uJ0 u3rotosaeHo ceuimie 100 kpuctan-
sau3atopoB. Kpucramnmsatops OHJAH O6beJuHEeHbH B TPYNNH
no 14 mTyk, NoMeuaBmuxcsd B OJHH o6muA Tepmocrar. Tepmo-
CTaTaMH CJYXKHJH CIeNHaJbHO HM3rOTOBJIEHHHIE BaHHH H3 TOJ-
CTOrO 3epKaNbHOro CTekJaa, JauHoi 105 cx, mmpuHoit 60 cu
H BeicoToit 30 cu. Bcero 6biIO M3rOTOBJEHO 4 CTEKJSHHHX
H 4 natyHHHX BaHHH. IlocienHue, XOT H HMeJIH CTeKJSHHHE
OKHa JJs1 HabJIofleHHsl 3a KPHCTaJJaMH BO BPeMS HX POCTa, HO
HE JaBaJM BO3MOXHOCTH OCMaTpHBaTh BC€ KPHCTAaJJIH H OKasa-
JINCh 3HAYHTEJIbHO MeHee yNOoOHHMH. HarpeBanHe BaHH H peryiu-
poOBaHHe TeMNepaTyph NPOH3BOAMJIOCH TAaK K€, KaK H B HHIU-~
BHAYaJbHBIX TEpPMOCTATaX, ONHMCAaHHHX Bhle. BpalleHne KpH-
CTa/NJIOB BO BCeX BAHHAX OCYIUECTBJAS/IOCH NOCPEACTBOM HHUTs-
HHX IIKHBOB OT OOLIero BaJa, HeNpepbBHO BPAIlaBIIErocs
B TeueHHe Bcero nepuora paborel. TpexcTynmeHuaThe IIKHBH,
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Haca)keHHBle HAa BaJ, J&BaJH BO3MOXHOCTH H3MEHSITb CKOPOCTh
BpaweHusi kpucTaaioB oT 40 go 100 o6/mun. OT 3toro xe
BaJja INPUBOJAMJAHCb B JIBHXKEHHE MeIUaJKH, CJyXauue Ias
BEIDAaBHHUBaHHS TeMIlepaTypsl BOAH B BaHHax. Bo u3GexaHue
CMEIIEHHs] KPHIIEK KPHUCTaJJU3aTOPOB ONHOCTOPOHHHM HaTsXKe-
HHEM LIKMBOB, KDHIUKH ObIJIM BHpE3aHH H3 CTekaa B dopme
TPaBUJBHBEIX HIECTHYrOJIbHHKOB. [losoKeHHHE Ha KpucTaJj-
JIN3aTOPH, OHU 6€3 NMPOMEXYTKOB MNPHMBIKAAH IPYr K IPYTY.
Ha Bpems BHpalmZBaHpsi KPHUCTAJJIOB KPBIIIKH COEIHHSJIHCH
Mexay co60i M ¢ 6opTaMHM BaHHH 3aMa3kofi u3 KaHHGOIH
€ BOCKOM,

Paobora nporekasna no 3apaHee HaMeueHHOMY rpadHKy Ta-
kUM 00pa3oM, YTO exelHEBHO OJHA M3 BaHH pa3pskKanacb H
BHOBb yCTaHaBJHMBAa/JIaCb Ha POCT KPHCTaJJIa.

BripamuBanne napTMH KpPHCTaJNJIOB B KaXJOH BaHHe pacma-
JaeTcd Ha CJejyIoniue OIlepamuH:

1) noaroTroBka pacTBOpa;

2) nomroTroBka 3apoinliuei;

3) NOAroTOBKA BaHHH H KPHCTaJ/IH3aTOPOB;

4) 3apsigKa BaHHBI;

5 ompenesieHne KOHLEHTPAaIMH PacTBOPa;

6) NMycK KpHCTaJJIH3aTOPOB;

7) pacyeT cnaja TeMIepaTyphl;

8) Ha6aoneHHe 3a POCTOM KPHCTAJ/LIOB;

9) cbeM KPHCTAaJIOB.

Yrto6 ONHOBpPEMEHHO 3amoJHHTh 14 KpPHCTALIH3aTOPOB,
o6beMOM 3 4 Kax b, TPUXOAHIOCH 3arOTaB/JIHBaTh 45 £ pac-
TBOpa. B0 m36exaHue pasHUIH B KOHIEHTpAalHsAX pPaCTBOPOB
B Pa3HBIX KPHCTA/VIH3aTOPaxX, FOTOBHH OT(HHAbBTPOBAHHBIA pac-
TBOD CJ#BaeTCss B OJHH COCyA H TILATEJBHO IepeMeIlnBaeTcs.
PactBop, meperperniit 10 60 — 70°, passuBaeTcsi IOCPEACTBOM
cudoOHa B KPHCTANJIH3AaTOPH, YCTAaHOBJIEHHHE B TepMOCTaTe.
KpucTanausatopsl cpasy ke HaKpHBAalOT CTEKJIAHHBIMH KpPHIII-
KaMH BO H30exaHHe HCIapeHHs BOJAHI M H3MeHeHHs KOHIEHTpa-
1ui pacTBopa. OQHOBpEMEHHO C pas3JMBKOH IO KPHUCTaJIH3a-
TOpaM YacTb TOrO K€ pacTBOpPa HAJHBAIOT B INPSIMOYTOJLHHH
CTEKJITHHBIH COCYJ IJIsl ONpejeJieHHs TeMIepaTyprl HAaCHIIEHHUS.

OG6HIYHO 1151 mesedl KPHCTAMIH3AIHH OMNpPeje/soT KOHLEH-
TpalMIO PacTBOpa, NMPHYEM [/ STOrO NOJb3YIOTCS KOCBEHHHIMH
MEeTOJaMH, HalpHMep H3MepeHHEM Y/EeJbHOro Beca HJIM MOKa3a-
Tess npejoMJseHus pactBopa. M3mepuB mokasaresab npesomJe-
HHS WJIH YJIeJBbHHI BeC PacTBOPa, HAXOXAT N0 COOTBETCTBYIOUIHM
Ta6/MIaM KOHUEHTPALHMIO pacTBOPa, a 3aTeM IO rpaQuky HJIH
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TabauIe PacTBOPUMOCTH CMOTPSIT, NPH KaKOH TeMmepaTtype pa-
CTBOD JaHHOH KOHLEHTPAUHH sIBJSAETCS HachlleHHEM. OueBHjHO,
YTO TaKoOe OIlpeseseHHe NPHHIHIHAIbHO HE MOXeT NpeTeH10BaTh
Ha 6OJBLIYIO TOYHOCTb, TaK KAK KOHUEHTpALMH pacTBOPOB, CO-
OTBeTCTBYIOIIlHE TOMY HJH HHOMY YJ€JbHOMY BeCy HJH IOKa-
3aTes0 IpPEeJOMJEeHHs], OObIYHO H3BECTHH C BeCbMa OTHOCHTEJIb-
HOH TOYHO.Thi0. HeTouHO H3BeCTHa TakxKe W Temneparypa, Npu
KOTOpOfl pacTBOP JaHHOH KOHLEHTpaIHH SIBJSETCS HaCHIIeHHHM.
IMosToMy MH B cBOe# pa6oTe BCTaJH Ha NyTh HENOCPEICTBEHHOTO
HaXOX/JEHHS TeMItPaTypbl HACHILEHHMS PacTBOpA, KaK BEJHYHHH,
TOYHOE OIpeJeseHue KOTOpOoH Hanbo/aee HeOOXOAHMO A4 1eseld
BHIPAIlUBAHHSl KPHUCTAJJIOB.

Js HaXxOXAeHHs TeMnepaTyps HACHILIEHHS MH HCIO0Jb30-
Ba/JH sIBJ€HHE KOHUEHTPALHOHHHX NOTOKOB. [locsenuue B mepe-
CHIIIEHHOM pacTBOPE [OJHUMAIOTCS OT KPHCTaJJa BBEDX, B HEHa-
CHILIEHHOM — OIYCKAIOTCs, a B HACHIIEHHOM — HCYe3aloT (COO0T-
BETCTBYIOLIAs MeTOAMKA ONpeje/eHHst NOJAPOGHO ONHCAHA HHXKE
Ha cTp 51—53). Habsione ‘He HaJ KOHIIEHTPALHOHHHMH [IOTOKAMH
NO3BOJISI€T ONpPeAEJHTh TEMNEPATYPy HACHIIEHHS pacTBOPA C TOY-
Hocthio 10 0,1°.

llpu pabore B mexe KpHCTAANH3ALMH, BCAEJICTBHE HeEJO-
CTaTKa CHPbfl, IPHXOAHJIOCH I0Jb30BAaTbCS PACTBOPAMH HEINO-
CTOSIHHOIO XHMHMYECKOI'0 COCTaBa, 3arpsi3HeHHHIMH NOCTOPOHHUMH
npyuMecsyHd. 110 OTHOIIEHHIO K TaKHM pacTBOpaM I0/1b30BaThCsk
KOCBEHHHIMH METOJaMH OnpejieseHHs] KOHUEHTpPalHH BooO6lle
HEBO3MOXHO, H METOJ HENOCpeACTBEHHOrO ONpe/eNeHHs TeMne-
PaTy| Bl HACHIUIEHHS fBJASETCA €IHHCTBEHHO MPHEMJIEMHIM.

Ilocre Toro xak pasorpeTeil pacTBOp, Pa3JUTHi MO KpH-
CTa/UIH3aTOpaM, NPHMET TeMnepaTypy Ha 4—5° Bhle TeMnepa-
TypHl HacCHIECHHS, B KPHCTaMJIH3aropsl MOTYT OLITh ONYIUEHB
3apoAbilH. 3apo/ibiIIaMi, KaK OfHCAaHO BHIUIE, CJAYXAT BHTO-
YeHHHE 110 OCH ¢ KpPHCTalJH4eckue CTOJOHKH, BCTaBJEHHHE
B THE3JI0 HAa BH)XKHEM KOHIe KpHcTaJsioHocua. Oka3alock paluo-
HaJbHBIM 33apOJbilL, BCTAaBJEHHH B KpHCTaMJIOHOCEL, A0 MOrpy-
XEHUS] B CKODOCTHOH KPHCTaJJH3aTOp, NpeIBapHTEJIbHO Hapa-
IIMBaTh B HeIOJBHXHOH cpese, NOBOAS €ro pa3Mep MO OCH €
10 8—10 M. DTO no3BOJIsIeT OTOGpPaTh XOPOLIO pereHepHpo-
BaBIlIHE HeTPEILINHOBATHE 33apOJABIIIH H COKpallaeT BPeMs Bhlpa-
ILHBAHHS KDHCTAJNJOB B BaHHe.

INlcaroros/acHHbIE 3apoAbiH ObHICTPO ONOJACKMBAIOTCH TEM-
JIOH BOJAOU H BBOIATCA B KPHCTAJIH3aTOPHl 4Yepe3 OTBEPCTHS
B KpHIIKaxX. Bo u3bexanne pacTpeCKHBAaHHSI OT IIOrpYyXEHHs
B pacTBOp, HMemui Temnepatypy 42—45° 3apoAHILIH HEKO-
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TOpOe BpeMs BEHIIEPKHBAIOTCS B BO3AYIIHOM NPOCTPAaHCTBE NOJ,
KPBIIKOH KPHCTa/VIH3aTOpa M ONYCKAIOTCS B PACTBOP JHIIb
nocJje TOro, Kak INPUMYT COOTBETCTBYIOILYIO TEMIEpaTypy.

B kpucTannusatTopax B TEYeHHE NEpPBhiX OAHOTO-ABYX
YacOB KPHCTA/JIH HCIHTHBAIOT PACTBOPEHHE H OKPYIJAIOTCS,
a 3aTeM, KOrfa pacTBOp OXJNAIHUTCs HUXE TeMIepaTypH Hachi-
LIeHHs, HAYHHAIOT pereHepHpoBatb. Kak TOJBKO NpeKpaTHTCSH
pacTBOpeHHe (YTO BHAHO IO HCYE3HOBEHHIO KOHLEHTPALHOHHOrO
NOTOKA, HAYIIEro BHH3 OT KPHCTaJ/a1a), KPHCTANIb NPHBOJSATCS
BO BpamieHue. Bo Bpems pereHepamuH KpHCTaJJIOB B BaHHE
JOJXKHA NoJuep)uBaThbcs TeMnepatypa Ha 0,3—0,5° HHXKe TOYKH
HachllleHus, YacoB uyepe3 12 nocje Hayasa poCTa KPHCTANJIBI
NOJHOCTbIO MOKPHIBAIOTCS TPAHSIMH HE CJHIIKOM CJOXHBIX CHM-
BOJIOB, T. €. NIpHHUMAKT (opmy, Oau3kylo K o6wuHO. [locie
3TOrO TeMmIllepaTypa CHHXaercs eme Ha 1,4—1,6°. B naasb-
HeflIeM CHHXEHHe TeMIepaTypH BeleTCs COIJIaCHO pacyeTry ¢
nonpaBkaMH, OOYC/JIOBJAMBaEMLIMH [IOBEJI€HHEM KpHCTA/VIOB B
npouecce pocra.



Taasa 111

CKOPOCTHOE BbIPAUIUBAHHUE KPUCTAJJIOB METOIOM
9KCUEHTPUYHOI'O BPAIUEHUS (B. b. Tatapckoro)

8. OCOBEHHOCTH METOJA 3XCUEHTPHYHOI'O BPALIEHHS

JlanpHeiinee pa3BHTHE METOLHKH CKOPOCTHOTO BHIPALIMBAHHSA
wpucranioB Besocb B. B. Tartapckum. Ilepsrie onuThl GblaH
mnpoBeneHH B JleHHHrpaackom I'ocynapcTBeHHOM yHMBepCHTETE,
a sareMm pa6Gora 6mna nepeHeceHa B MuctutyT HK3II. OTnpas-
HBIMH MYHKTaMH Pa6oOThbl SIBJISAJIHCH H3/0XEHHBe B NMpeAbILYIIHX
rJ1aBax MPeACTaBJEHHs O MEXaHH3Me POCTa KPHCTAJNIOB H 06pa-
30BaHHSl B HHX HEOIHOPOAHOCTEH, BBITEKABIIHE U3 HAGJI0 JEHH I
npod. O. M. AHuweJeca, ¥ pe3yabtaThl pa6otsl A. A. llltepn-
Gepra.

MHOrouYHc/leHHbBle 3KCMEePUMEHThl IOKa3aJH, YTO IJs MeToha
NOCJEeNHErO ABJAIOTCS NpelesbHHMH CKOPOCTH pPOCTa, yKa3aH-
Hbie B pasgene 6. YBeanueHHe uuciIa OGOPOTOB KpPHCTalaa 10
100—120 B MHHYTY HECKOJbKO YCKOpPSieT ero POCT, HO JIeJjiaeT
COCTOsSIHHE pacTBOPAa BECbMa HEYCTOHYHBEIM, NPHBOIS YaCTO
K TOSIBJIEHHI0O MHOTOYHCJEHHEIX LEHTPOB KpHCcTaJau3auuu. Jlas
NpeJoTBPALEHHS 3TOrO0 NPHUXOAUTCA CHHXATb CTENeHb Mnepe-
CHIILIEHHsT pacTBOpa, YTO CHIAbHO 3aMmennser poctT. Ecuu, Ha-
060pOT, He yBeJHYHBAThb CKOPOCTH BpalleHHs, a MOBHLIATH
B HeGOJBbIIUX MpeleJsaXx CTeNeHb NepecHIeHHst pacTBopa, TO
CKOPOCTbh POCTAa KPHCTaj/a yBeJIHYUBAETCs, HO NPH 3TOM Tro-
pusoHTanbHasg rpawp {001] pacreT MYTHO#, C BKJIOYEHHIMH
MaToyHoro pacreopa. Ilpun fajbHeiilleM yBeAHYEHHH MNEPECH -
IEHUA aHaJOTHYHble Je(eKTh MNOSBJAITCS H HAa BEPTHKAMbHHX
rpassx.

B pa6oTe no yckopeHHIO POCTa MH ONHpPAaJHCh Ha Cleay-
OII[HE MOJIOXKEHHS:

1. CxopocTp pocta KpHCTamia TeM 6oJblle, YeM BHLIE CTe-
flIeHb MepecHIeHHs1 PacTBOpa.
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2. JIBnxeHHe KPHCTaaJa OTHOCHTEJBbHO pacTBOPa MO3BOJsET
[OJyu4aTh OZHOPOXHBIE KPUCTaMIb NpH 6oJiee BHICOKMX IIepe-
CHIIEHUSAX, YeM CTAaTHYECKHE METO[HI.

3. TNoBblIeHHE NepecHIeHHsl CBepX A0NYCKaeMOro MeToa0M

IlItepuGepra BhI3BIBaeT MYTb B MEPRYI0 oOyepelb Ha TpaHAX
001}.
{ Ha nocnenHem o06CcTOATENBCTBE CJEAYeT HECKOJBKO OCTa-
nHoBuTbcs. I'panu {001} mpu BpaleHHH KpPHCTaala BOKPYr €ro
BEDTHKANTbHOH OCH He HMMCIOT MOCTYNaTeJbHOrO MABHXKEHHA H
0co6eHHO y GOJbIIHX KPHUCTaJJIOB HAaXOHATCH B XyQIUHX YCJO-
BUSIX OMBEIBAaHHSI pPacTBOPOM, yeMm OCTa/JbHHE rpand. Ecam oce
¢ He COBNAaJaeT C OCbI0 BpalleHHs KPHCTalla, a pacroJoxeHa
HAKJOHHO HMJH TOPH3OHTAJBHO, Pe3y/abTAaThl NOJYYaAITCH XYKe,
yeM NpH BEPTHKaJbHOM MOJIOXKeHHH 3ToH ocu. ['pann {001}
pacTyT C MyTbIO B TaKHX VCJIOBHSAX, B KaKHX MPH BepPTHUKa/b-
HOM MOJIOXEHHH OCH € OHH HOJYYaloTCs YHCTHIMH.

dopma {001} 3anumaer ocoboe mnoJoxeHu#e cpenn ¢opm,
HOPMAJIFHO NMPHCYTCTBYIOMIHX Ha KPHCTa/JaX CETHETOBOH COJIH.
CkopocTh ee HapactaHus 6GoJblue, yeMm Apyrux ¢opm, orpansa-
IOLIMX KpPHCTa/uI npu OoJapliux mnepechiulenusix (¢popm Bep-
THKAJbHOTO I0SiCa; KOChHle rpaHd otcyrtcTBywoT). I'panu {001},
nepecekasicb JHUIIb C BEPTHKAJbHBIMH T'DaHSAMH, 10 Mepe pocTa
KpPHCTaJJla He 3apacCTaioT, 4 YBEJHUYHMBAIOT CBOIO  MIOBEPXHOCTb
3a CYeT HApacCTaHUs BEePTHKAaAbHHIX rpaHei, HecMoTps HA 60Jb-
HIyI0 CPaBHHTE/BHO C MOCJE€IHUMH CKOPOCTb Hapacranud. Hacto
miaowanb kaxnoit rpanu {001} Goapmie, yem J1060H Hpyroi
rpaHd. BoicOkast NOBEPXHOCTHAs SHEPTHsl 3THX TpaHei “CayXHT
NPHYHHOH 06pa3oBaHHS CTPYKTYPbl TECOYHBIX 4acOB B KpH-
CTa/ax, BHPALIEHHHIX B CTATHYECKHX YCJOBHAX NPH CHJIBHOM
nepecuiiuedud. [1Ipy HanmMuum B pacTBOpe XOTA OB HHYTOXHBIX
CJIe[OB KpacuTesed, CnoCOGHBIX aACcOPOHMpPOBATECA KPHCTANIAMH,
OHH TaK¥xe COCPeIOTOYMBAIOTCA B MHPAMHAAX pOCTa rpaHeH
{001}, naxe mpM OTCYTCTBHH MYTH M BKJIOYEHHMH MaTO4YHOro
pacTBoOpa.

3 Bcero ckas3aHHOro ciaemyeT, YyTO IJs MNOJYYEHHs OIHO-
pOIHBIX KpHCTa/aoB rpanu {001} momKHBI OBLITH NOCTaBJEHH
B OCOGEHHO XOpOIIHE YCJOBHSI OMBIBaHHS.

Uro6H ynyuwnTh omuiBanue rpadeii {001} Ges ymep6a mis
OCTaJbHBIX TpaHeH KpHCTaJsia, Mbl NPHAATH KDHCTaLly Bpa-
LIeHHe BOKPYr OCH, He NMpoxojsulell yepe3 ero LeHTP (3KCLEH-
TPHYHOe BpameHue). B psine oneITOB OHIO HCABITAHO HECKOJb-
KO BapHMaHTOB KOHCTPYKLHMH KDHCTA/JIOHOCUA M ODHEHTHPOBKH
KPHUCTA/IJIMYECKOrO 3apoAniua. B pesysnbrate HauboJsee neseco-
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06pa3HbIMH OKAa3aJHCb OPHEHTHPOBKA 3apObIILA OCBIO ¢ BBEPX
(mapannenbHO OCH BPAILEHHS) H KPHCTANIOHOCEL MNpOCTelimeli
KOHCTDYKIMH, H300pak€HHOH Ha pHc. 1. Ha HuxHeM KoHLEe
KPHCTaJIOHOCLIAa MMeeTcs yray6/aeHne, B KOTOPOe MOHTHPYeTCs
3apoabiml. JIBoiHOM KpHCTana0OHOCeL, H300paxkeHHHH Ha puc. 6 6.
CAYXUT A8 OJHOBPEMEHHOIO MOJYYCHHSI B OJNHOM KpHCTa/-
JIu3aTope IBYX KPHCTAJJIOB.

JlelicTBHTENLHOCTh Onpasiaina oxunannAs. Okasa/loch, YTO
3KCLEHTPHYHOE BpalleHHe NO03BOJfeT IoJy4aTh 6e3nedexTHble
KPHCTA/JIBl NPH NepechbllieHHH (epeox/axIeHHH pacTBOpa) OT
1,5 no 4,0°, B 3aBucHMOCTH OT TemmepaTypnl pocta. CKOpoCTh
pOCTa KpUCTaJJ1a MPH 3TOM JLOCTHTaeT 3 ¢4 B CYTKH BIOJb OCH C.
a B HayajJe pocCTa KpHCTanaa MoxceT OnTh eiue Boie. Okasa-
JIOCb BO3MOXKHBIM IOJYy4aTh B TeueHHe 8—9 CyTOK Ha OAHHap-
HOM KpHCTaJ/IOHOCLEe coBepweHHO Oe3nedeKTHHIA KpUCTAN
BECOM [0 2 K2, a Ha IBOHHOM KpPHCTAJIJIOHOCIIE — JIBa KPUCTANIa
Oo6LIHM BecoOM 3 Ke.

Paspaborka Merons Ha nepBHX MOpax Oblja 3aTPy/HEHA TEM.
YTO ONTHMAJbHBIH pexXHUM pocTa TpeGyeT mepecHLIeHHs, 61H3-
KOro K IpenejbHOMYy, IONYyCTHMOMY IIPH JaHHHIX YCJIOBHSX.
HenocraTouHoe CHH)KeHHe TeMmepaTypel B IpolLecce pocTa
KpHCTaJJa 3aMmelaseT CKOPOCTb €ro pocTa H CHHxaeT addek-
THBHOCTb MeTOJa, @8 H3OLITOYHOE CHH)KEHHe JIerKO NPHBOIAHT
K MacCCOBOH KPHCTaJJH3auuH B pacTBOpe. [IONHTKH BHI'HCIATH
3apaHee TeMIepaTypHLIH pexXUM poCTa, UCXOMAA H3 HONYyLIEHHS.
YTO JIMHEHHast CKOPOCTb pOCTa BCe BpeMs HOJKH3 OCTaBaThCHA
NOCTOSIHHOH, KaK JHesnaJd aBTOPH APYrHX METOAOB, NPHBENH
K OTpUUATeNbHBHIM pe3yabTataM. OKasanocp, UTO Te€ MAaKCH-
MajJbHEIE CKOPOCTH JIMHEHHOrOo POCTa, KakHe MH MOJydaeM,
He MOrYT OCT&BaThCfl NOCTOSIHHHIMH B TEYeHHe BCEro nepHoia
pocta. ¥ OOJbLIMX KPHCTA/JIOB JIHHEHHBIE CKOPOCTH pOCTa
rpane#i MoCTeneHHO yMeHbLIAIOTCA, W CyTOYHHIH BECOBOH NpH-
pOCT, LOCTHIHYB HEKOTOPOro npepeJsa, B JajbHelleM OCTaeTcs
MOYTH HAa OXHOM ypOBHe. BesnuuHa 3TOro mnpenena pasiHuHA
B Pa3HBIX YCJIOBHSX KPHCTANIH3aNMH. MakcHManbHBIHA NPUPOCT,
nosyyaeMblii B HAalIMX YCJIOBHfX, cCocTaBasieT Okoso 400 2
B CYTKH I ONMHOYHOIO KpHuCTanna. [ToneTkH (opcrpoBaTk
poct nytem 6oJjiee 3HEPrHYHOTO CHHX<EHHS TeMIepaTyph He
poctHraoT nead. M36bITOk BelecTBa He yCBaMBAaeTCs KPHCTaJ-
JIOM, a OCTaeTcs B pacTBOpe, GHICTPO AOBOAA €ro Mepechile-
HHE OO ONacHOH BEJIHYHMHEL.

B cuay usnoxeHnHoro okasanocb Heo6x01mM}>1M 3MNHPHYECKH
HaliTH ONTHMAaJbHBIH TeMNepaTypHHH pexuM pocta, a IMas
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STOro noTpe6boBaioch, BO-MEPBHIX, TOUHO 3HATb HCXOAHYIO KOH-
LeHTPaLMIO PaCTBOPA, a BO-BTOPHX, UMETb BO3MOXHOCTb B MpPO-
Lecce pocrta u3MepATh pa3Mepel M TEMI POCTa KpHCTaaa
H CJIeIUTb 33 M3MEHEeHHSIMH KOHLEHTPAHH (TeMIepaTypH HacH-
neHus1) pactBopa. TOuHOe ompeje/ieHHe HCXOILHON KOHUEHTpa-
uuu pactBopa gan crnoco6 lllrepu6epra. Iasi Toro ke, 4ToOn
C1eUTh 332 H3MEeHEHHEM pPa3MepOB KPHCTANJIOB M KOHIIEHTPaLKHU
pacTBopa B Ipolecce pocTa, Mbl paspaboTaju KOCBEHHHIH Me-
TOJ PacyeToB, BHIBeASl I/ 3TOr0 psiJ MPOCTEHX (OPMYJI.

9. MPUBOP JJis1 KPHCTAJUIM3ALUH

Oduee onucanue mnpudbopa (puc. 1)

PocT kpHCTa/NJa NPOHUCXOAHT B KPHCTANIH3ATOPE 3 — UHJIHH-
JPHYECKOM CTeKJSHHOM COCyZe, HanoJHEHHOM O HEKOTOPOro

YPOBHs PacTBOPOM CErHeTOoBO# cOaH. KpucTannusaTop 3aKpHIT
CTeKJSHHOH e KPHIIKOH, HMewllefA B LEHTPe OTBEPCTHE I
KPHCTaJIOHOCLA.

3apofbl KPUCTA/L1a MOHTHPYETCS Ha HMXKHEM KOHLE KpH-
CTa/JIOHOCLIa, TOTPY>KEeHHOM B PacTBOP.
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BepxHsaa yaCTh KPHCTAMJIOHOCUA (HAXA KPHIUKOH KPHCTANIH-
3aTopa) HeceT Ha ce6e IIKMB. KpHCTa/loOHOCEn NPHBOAUTCH
B PaBHOMEepHOE BpPalll€HHE MMOCPEACTBOM NEepeJayH Ha STOT IIKHB
OT BaJla TPAaHCMHCCHH.

Kpucranansatop Ha oco6oit noactaBke 2 yCTaHOBJEH BHYT-
PH BOLSIHOTO TepmocraTa / — 06'beMHCTOTO CTEKJ/ISIHHOTrO Ga-
Ka, HamnoJIHeHHOro BOZOH. Boxa TepmocTaTa HarpeBaeTcs aJek-
TPOHarpeBaTe/neM, PAacnoJOXEHHHM Ha nepudepHH JHA TepMO-
cTara.

Jnsi momnepixaHHsl TIOCTOSHHON TeMmepaTypsl BOABl Te€pMO-
CTaTa, a CJefOBaTeNbHO, U KPHCTA/I/NH3aTOPa CJAYXKHT MOIpYy-
JK€HHBIH B BOAY PTYTHO-TOJYOJIOBHIH HJH PTYTHO-CIHPTOBHIA
TepMOperyasaTop 4, KOTOPHI 4Yepes MNOCPeACTBO peJe
BKJIOYaeT M BHIK/JIIOYAeT 3JeKTPOHAarpeBaTe b — B 3aBUCHMOCTH
oT KosebaHHit TemnepaTypH. UToOn KoJie6aHHS TeMmnepaTypH
CKa3bIBa/lHCh Ha TepmoperynasTope Haubosee pe3ko, 6aJiOH
1I0C/IeIHer0 CBOMM XHOM YCTAHAaBJHMBaeTCs MOYTH HemnocpencT-
BEHHO Ha 3JIeKTpPOHarpemartese, a 60KOM KacaeTcsl CTEHKH Tep-
MocTara. ’

M3meHeHHe TeMmnepaTyphl B IpoOLEcCe pocTa KpHCTa/lia
NMPOU3BOAHTCS TMyTeM H3MEHEeHHs MOJO0XKEHHS MOJBHXHOIO KOH-
TdKTa TepMOperyasropa.

Onucanye OTAeJbHBIX yacTell npubopa

1. KpucTtaanusaTop —LUWIMHIPHYECKHHA CTEKJ/ISTHHbIK
cocyn. KpucrannnsaTopoM MOXKET CJ1yKHTb N1abopaTOpHbIH CTe-
KASHHBIA KoOJNak uid o6pe3aHHas OYTHIb MOAXOAALIMX pa3Me-
pos. HamH ynoTpeGJasiiuch KPHCTaJNH3aTOPH 06bEMOM OKOJO
5 2 u 10 2. B nepsue 3amuBanoch 3,5—4,5 . pacrsopa, BO
Bropuie —7,5 —8,5 «. Kak Gyner MNOKa3aHO HHxe, BTOPOH
pasMep GoJsee BHroleH A1A Npou3BoAcTBa. CHapyxH KpHCTal-
JM3aTOpa, Ha €ro BepXHeH MOJIOBHHE, 1OMKHH OHTbH HaHECEHBI
TOHKHE FOPH30HTa/bHHIE KDYroBHE JIMHHH, COOTBETCTBYIOLHE
06be€MaM KHAKOCTH, HAYMHAS OT HEKOTOPOH BEJHYHHH, yepes
kaxaele 0,5 4. DTH JHHUH MO3BOJSIOT CyIHTh 06 O6beMe pac-
TBOpPAa B KPHCTA/JJH3aTOpe, YTO HEOOXOAMMO /s PacyeToB BO
BpeMsl POCTa KpHCTaJa.

Bepxuuii Kpail KpUCTaJJIH3aTOpPa AOMKEH GHITb MPUULINPO-
BaH, 4TOGH KpBHIIIKA NJIOTHO MpHJEraia K HeMmy.

Ha nepudepun BepxHero kpas CHapyXH KeJdTEIbHO YTOJ-
meHue aas ynoGCTBa 3axBaTa pyKaMH NpPH NMEPEHOCKe HamoJ-
HEHHOrO KPHCTaJAJIu3aTopa.
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2. Kpumka npeacraBasier co6oil CTEKAAHHYIO NJAaCTHHKY
KpyrJaoii, 8- uau 6-yronoHo# Gopmer. JluaMeTp KpbILIKY Ha 3—4 et
6o.bpLIe BHEUIHEro JAHaMeTpa KPHCTANIM3AaTOpa, 4YTOOH ee
MOXHO OBLIO HECKOJBKO CMEIATh B FOPH3OHTAJbHOH MJOCKO-
CTH.

B ueHTpe KpHIUKH HMeeTCsl Kpyrjioe OTBEpPCTHE, dYepes
KOTOpPO€ IPOXOIHT KpHCTasloHOCen. [Tommunuuk ocu Kpucras-
JIOHOCUA TJIGTHO NPHAKAT K KPBILIKE NPH MOMOLIK Taifik¥, Haxo-
Ageiics Moj KPHIIKOM.

3. KpuctannoHocell H3TOTOBIsETCS M3 IIPYTKOBO
aatyau. PopMa ero mokasaHa Ha puc. 1: @ — oCb BpalleHusi
KPHCTAJJIOHOCHA, b — ropH30HTAJbHOE KOJIEHO, ¢ — BepTHKa/b-
Hoe KoseHo. Jlnamerp nocaenHero — 6 mm. Ha KOHIe — 3€HKOB-
ka ray6unoit 7 — 10 maM, Kyna MOHTHpyeTcss 3apoinir. Ha
BEPTHAKJBHOE KOJIEHO BO BCIO €ro AJUHY HATATHBAeTCs pe3H-
HoBasg TpyOka. JliMHA 3TOro KoJieHa onpenessieTCsl BHICOTOH
o6bEMa pacTBOPa B KpHUCTaMIu3arope. Ecin onycTHTb KpHCTal10-
HOCell TaK, YTOOH rOPH30HTAJbHOE KOJIEHO NPHULIOCH Ha 1—2 ci
HHXKE YDOBHA pacTBOPa, TO HHKHHH KOHel HOJXKEeH HaXo-
AUTBCA B cepenuHe o6beMa pacTBopa. [0OpH30OHTaJbHOE KOJIEHO
CMeLIaeT BEPTHKaJbHOE KOJEHO OTHOCHTEJBbHO OCH BpaleHHs
B MaJHIX KpHCTa/qIu3aTopax Ha 2,5—3 cx, B GOJbIIMX — HA

—5cm. OCb @ KPHCTAJIOHOCLA MPONETa CKBO3b NOMILHIHHK,
MOHTHDOBAHHEI Ha KpHIIKE KPHCTaJIH3aTOpa.

Ha aTy ocb Hajx NOALIMNHHMKOM HaJeT WIKKB, HA KOTOPHIH
MjeT mepenaua oT Basa. UYuciao 060pOTOB KPHCTAJIOHOCIA BO
BpeMsi pocTa KpHcraJaa — 60 B MHHYTY.

Ocp KpHCTA/IJIOHOCIA MOXET PEryJHpPOBaThCs MO BHICOTE OT
KPaiiHEr0 BEPXHEro MOJIOKeHHUs (I‘ODH3OHTaJIbHOE KOJIGHO NOJX
KPBILIKO# KPHCTAJIN3aTOPa) IO KPaHero HHXHero (HHXKHHH KO-
Hel KpHUCTa/aMoHocHa HAa 3—5 c¢M BHIIE JHA KPHCTAAIH-
3aropa).

Ocp KpHCTA/MIOHOCLA NOJIKHA BPAlIATbCs B TMOJUHIHUKE
6e3 JrodTa. B npoTHBHOM C1yyae KpHCTaJJOHOCeI NpU Bpaue-
HHH BHOPHPYET, 4TO OOHIYHO BeJeT K MOSBJIEHHIO B PacCTBOpe
MOBHIX IEHTPOB KPHCTaJJIH3aLHH.

4. bak TepMOCTAaTa— LHIHHAPDHYECKHH HJIH qameoﬁpas-
HHIl CTeKJSHHBI COCYJ, HamoJHsAEeMHi BOJOA IJs CO3LaHHSA
tenqoBoit HHepuuu. EroBuicota Ha 10 — 15 cx Gosblue BBHICOTH
kpuctajaausatopa. lllupuna nomxHa OHTH BO BCAKOM clyyae
TaKOBa, YTOOH MpPH BCTAaBJEHHOM M 3aKPHTOM KpPHIUIKOA KpH-
CTaJJM3aTOpPe MOKHO OBIJIO HM3BJ€KaTh M3 6aka M BCTaBJATh
06paTHO TEPMOpEryJasiTOp H 3JEKTPOHArpeBaTelb.

37



5. [TogcTaBKa INOJHHMAaeT KPHCTAAIU3aTOP HACTOJbKO,
4yTOGH ero BepXHHMH Kpali OblJ Ha yPOBHG BEPXHEro Kpasi Tep-
moctata. HaunGosee yno6Ha nuauHApHYECKas NOACTABKA U3 JIUC-
TOBOH JIATYHH C MPOPE3dHHBIMH B HEH OKHAMH, MO3BOJSIOIIUMHU
BOl€, HaXONslleicss MOoJ IHOM KDPHCTAAJAH3aTOpa, COOOMIAThCS
C ocTasJbHOH BOJO# TepmMocTaTa. BepxHHil u HMKHUN Kpasd MOA-
CTaBKHM OOLIMTH MJIOTHOII MaTepueli, BO H30eiaHne CKOJAbXEHUs
OTHOCHTE/NBHO J(HA TepMOCTaTa M KpHUCTasausaTopa. Ecau anek-
TpOHarpeBateJb HaXOIHTCS HENOCPEICTBEHHO B BOJE, TO cJe-
nyeT OoOLINTb MaTepyed M MeTa/ul CTEHOK MOACTaBKH, BO H30e-
JKanue KOPOTKOrO 3aMbIKaHHSl yepes Hee.

6. DdaekTpoHarpeBaTeab. Ecan HarpeBareneM CJayKUT
HHXPOMOBasi CIHpaJb, OHa pacCnojaraeTcs no nepudepuu AHA
6axa TepmocTtara. Eciu kenaTtesbHO o6eclnedyuTb ee COXpaH-
HOCTb Ha MPOJOJIKHTEJbHOE BPEMs, TO NOMEINAIOT €e B H30THY-
TYI0 KOJIBIIOM CTeKJSHHYI0 TPyOKY, KOHIE KOTODOH 3arHyTH
BBEpPX M BbIBeJEHHl HaJ NMOBEPXHOCTHIO BOJAL B 6ake.

Kax mnokasaau Hamy ONHTH, HAaZEXKHEEC M 3KOHOMHUHEe
NOJIb30BaTbCsl HArpeBareJseM, COCTOSILIMM H3 ABYX 3JEKTPOLOB,
ONYIIEHHHX B BOAY. Temlo moJyyaercss MPH 3TOM BCJIeACTBHE
CONPOTHRJEHHST BOAB TPOXoxsiueMy uepe3 Hee TOKY. Ilpume-
HSBIIHMECS] HAMH 3JIEKTPOIbl NpeAcTaBasioT co6oil mBa oTpe3ka
MenHoro mpoBona, auametpom 0,5 — 0,8 ax, B x0myaTobymax-
Hoil usoaauuu. [IpoBoga atu onyIeHH No 60KOBO# cTeHke 6aka
Ha IHO, Ha pacCTOSIHHH OKOJO 5 cM HIpyr oT Apyra, a 3aTeM
pacxomaTcs no nepudepun nHa 6aka M 3aKaHYMBAIOTCS Ha JHa-
MeTpaJbHO NPOTHBOIMOJCHKHOM KOHIE JIHA, He HOXOIs A0 CONpH-
KOCHOBEHHsl IpYyr C ApyroM Ha 3—05 cu.

MoULIHOCTh TAKOro HarpeBaTeJs HENOCTOSIHHA H JOJKHA
BpeMsl OT BpPeMeHH MpoBepsTbCA ammepMeTpoM. Cpenu mpounx
Ha Hee BJHAIOT CJAeAyioliHe (aKTOPH: COJH, PACTBOPEHHHIE
B BoJe (4eM uYHIle BOZA, TeM MEHbLIE CHJAa NPOXOASUIEro yepes
Hee TOKa M TeM cjaabee Harpes), MJOIaAb 3JAeKTPOJAOB (IpH-
MEHSs1 3JIeKTPOIH, COCTOSIIIME W3 IBYX NPOBOLOB, BMECTO OXH-
HapHBIX, MOXHO YBEJHMYHTb CHJAY TOKa) M XapakTep NoBepx-
HOCTH 3JeKkTponxoB. [locnenHss ¢ TeyeHneM BpPEMEHH MOKpH-
BAeTCAd MNPOIYKTAaMH 3JIEKTDOJNH3a M OKHCJEHHS MEIH, W CHJIa
TOKa ocnaGeBaeT. [IpumMepHO pa3 B JBe HeAeNH 31EKTPOLH
IO/KHBl OHITh 3aMeHeHH HOBHMH. ONTHMajabHass CHJIA TOKA
B HarpesaTesje — okosi0 1 A npu 220 V, nonmycTHMBle npeaeJsl
kosne6anuit — ot 0,5 mo 2,5 A.

7. TepMoperyasTop COBMECTHO C BOISIHOM pyOGaumkoit
TepMocTaTa 06ecCneyyBaeT MOCTOSHCTBO TeMIepaTypsl BHYTPH
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wpuctamiuzatopa B npezpenax == 0,05°. Mcnpob6osaB p#a1 KOH-
CTPYKLUHMH, MBI OCTAHOBHJHCh Ha u300paxeHHOH Ha puc. 2.
31ecb a— 6aJIoH ¢ ToAyoJoM (MM CIIUPTOM), b — TOJICTOCTEH-
Hasi CTekJsiHHasg TpyOKa C JAMaMeTPOM KaHaJja OKOJOo 1 s,
J0oxoidmas MoyYTH nOo JAHa OajsioHa. HukHsas yacte 6ajioHa

d TPYyOKM 3aloJHEHa pTYTbIO, ¢ — CTEKJISHHAs

Tpy6Ka ¢ 3anasHHEIM KOHLOM. CkBO3p Hee mpo- € o
XOLMT MNJATHHOBasi INPOBOJIOKA. d
B cayyae HexocTaTka MJATHHEL MNPOBOJOKA  F\

4yacTH4YHO MOXeT OBIThb 3aMeHeHa MeXHOIl; 06s3a-
TeJbHO IJAaTHHOBHIM JOJDKEH ObITb KOHell, Omy-
LIeHHBIl B PTYTh, U YYacTOK NPOBOJIOKH B MeCTe
Bmasi B cTeka0. [IpoBosora d siBASIETCSl HEMOABH-
JKHBIM KOHTAKTOM. JIpyroi, mo 1 B U X H bl i, KOH-
TaKT HDpelcTaBJsieT co60il TOHKHI CTa/lbHOM CTEp-
XeHb € C HamasHHBIM MJIATHHOBHIM KOHLOM.DTOT
CTep)KeHb BCTaBJ€H HAa TPEHHH B pPE3HHOBYIO
npo6ky f. OH BBOZMTCS B KanHU/ISPHYIO TpPYyO-
Ky b 10 xenaeMoro ypoBHsS, KOTODHIH (pmccu-
pyeTcst npoOKo# f, Moxauielcsi Ha BEPXHUH Kpal
TPYOKH.

[Npu HarpeBaHuH TOJYOJ (CIHPT) pacIIHApsieTCA
M JaBHT HA PTYTb, KOTOpas, NOAHMMAACH N0 Tpy6- ¢
Ke, KacaeTcsl MOJBUXKHOrO KOHTAKTa M 3aMhuIKaer
yenb pene, OTKJIOyamoUero Harpesarenas. [lpu’
OCTBHIBaHHH, HA060DPOT, TOJYOJ CHKUMAETCS, PTYTh
ONYCKaeTcsl, PasMBIKAGTCA LENb peJe U BKJIO-
qaeTCsl 3JeKTpPOHArpeBaTeb.

MecTo TepmoperyasTopa B 6ake TepMOCTaTa-—

TaM, rue kKoJjeGaHHS TeMImepaTypel NPH BKJIIOUE- Prc. 2.
HHHI H BHIKJIIOYEHHH HarpesaTegnsl MaKCHMaJbHH.
B cayvae HMXPOMOBONO HArpeBaTesss TEPMOPEryJasTOp Cra-
BHTCSl HeNMOCPeACTBeHHO Ha Hero. [Ipw Harpesatese, paGo-
TAIOLEM 3a CYeT CONPOTHMBJEHHSI BOJEl, TEPMOPEryJasaTOp
noMellaeTcss HajJ TeM Y4YaCTKOM 3JeKTpoJa, Fle HarpeB OCo-
GenHo cused. OOBIYHO 3TO TOT YYaCTOK, OT KOTOPOrO IIpH
BKJIOUEHHOM HarpeBe OTHAeNseTcss HauGoJsbllee KOJHYeCTBO
ny3HpPpKOB rasa. B To xe BpeMs,, 4TOGH TepMOpPEryJsaTOp
ObICTpPee OT3HIBAJICA HA OXJax<IeHHe, ONHHUM CBOHM GOKOM OH
JIOJXKEH KacaTbCsl CTEHKHM 6aka TepMocCTaTa.

Insi u3MEHEHHsl TeMIeparyphl TepMoCTaTa HAaNO I[OAHATh
HId ONYCTHTh MOJABHXXKHHH KOHTaKT B KANWJIAPHOH TpyOKe
TEPMOPEry/aTOpa, COOTBETCTBEHHO MEPEIBHHYB DE3HHOBYIO
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npoOKy f, HalleTylo Ha CTepXKeHb MOJBHIKHOTO KoHTakTa., O6beM
6a/vioHa U JAMaMeTp KanWspHOH TPYOKH TakKOBH, 4YTO H3Me-
HEHHIO TemMnepaTypH Ha 1° COOTBETCTBYeT H3MEHEHHE YPOBHS
pTyTH B Kanumaspe (b)) Ha 1—2 cxu. Iaa ymo6¢TBa mnojb30Ba-
HUSI TEPMOPEry/JsiTOPOM BeJMYHHA 3TOrO COOTHOUIEHHS HOJIKHA
6HTb onpenesneHa H4 NMPaKTHKe.

8. TepmowmeTp. TemnepaTypa BOAE TEPMOCTATA H3MEPSIETCS
OOBIYHHIM HOPMAaJbHHIM XMMHYECKHM TePMOMETPOM, HMEIOL[HM
nenenust uepe3 0,1° u mkany ot 0° mo 50—60°. Tepmomerp
CTAaBUTCH B TAaKOM MeCTe TepMoCTaTta, rae KoJeGaHus TeMmre-
paTyphl, BHI3HIBdeMbleé NEPHOAHYECKHM BKJIIOUEHHEM H BHIKJIO-
yeHHeM HarpeBaTeJisi, HemoCPeACTBEHHO He CKa3wlBaooTcs. Ecin
HarpeBaTeseM CJYXHT HHXpPOMOBas Cnupajb, 3aKJOYEHHast
B KOJIbLIe06Pa3HYIO CTEK/ISSHHYIO TPYOKY, TAKUM MECTOM SIBJISIeTCS
NPOMEXYTOK MEeXAY 3arHyTHIMH BBepPX KOHLAMH TPYyOKH.
Ecnu HarpeBaresb COCTOHT M3 ABYX NPOBOMOYHBIX 3JEKTPOLOB,
TEPMOMETP pacnoJaraercss MexIy KOHLAMH 3THX 3JeKTPOIOB.

30HaJMBHOCTh pacnpejneseHuss Temneparyp B Gaxe (TpagueHT
B cpenHell yactH 6aka jpoxomut A0 0,1° Ha 1 c¢# no BHCOTE)
Tpe6GyeT, 4yTOOb 6aJJIOH TepMOMeTpa BCerjJa HAaXOXMJCS Ha
KaKOM-TO OIpeJeJeHHOM ypoBHe. Llesecoo6pa3Ho ero pacnoJia-
rath Ha yYpoBHe JHa Kpucrtasaiau3atopa. Hakownew, 6anson Tep-
MOMeTpa JOJKeH KacaThCsl KPHCTA/I/NH3aTOpa HWJAM ero Tom-
CTaBKH, HO He CTeHKH 6aka TepMOCTaTa, TeMIepaTypa OKOJO
KOTOPOH Ha HECKOJIbKO HecATHX Ipafyca HHXKE, 4YeM BHYTpH
TEPMOCTaTa, U MEHSieTCs B 3aBHCHUMOCTH OT TEMIIepaTyphl OK-
pyxarmei cpejbl.

10. HOPMAJIbHASl ®OPMA KPHUCTAJIJIOB

Kpucraannl, BHpaleHHBle B YHCTOM pacTBOPE CErHETOBOMH
COJIM, NMPH BpalleHHH BOKPYr BEPTHKAJBLHOH OCH H NpPH BEPTH-
KaJbHOM TOJIOXKEHHH OCH ¢ HMelT (OopMy, NOKA3aHHYIO Ha
puc. 3. PaaMepn KpucTanja no ociM b M ¢ nmOYTH PaBHH, MO
ocH a — MmeHnbuie, cocrapafis 0,6 — 0,7 oT BeJHUHHBI MO OCH b.
W3 rpaneit Hauboabiuyro Bearuuny nociae {001} umerot {110},
satem {210}u {100}. Pe6po rpanu {100}, mapanienbHoe ocu b,
coctasaser 0,1 —0,2 ot niuEH 3TOH OcH. I'panu {010} umeroT
OGLIYHO HeCKOJbKO MeHbUyI BeanunHy. ONHCaHHBIHA OO6JHK
KpHCTa/oB 6yleM Ha3uBaTb HOpMaJabHBIM. Ilpu pocra-
TOYHOM IIepeCHIIEHHH pPacTBOpa HHKaKHe TrpaHH CBeEpX mepe-
YHUCJEeHHBIX HE NMOSBJSAIOTCA HA KPHCTAJIE.

[1pu ,3KCUEHTPUYHOM® BPALEHHH pa3HBle YaCTH KPHCTaNIa
HaXOAATCS B Pa3HOM MOJIOXKEHHH OTHOCHTEJBbHO pacTBOpa.
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Kpucrann uMmeeT nepenHuil KOHel, OOpALUEHHHI B CTOPOHY
BpAILEHHsl, U 33JHHUI, BHEILIHIOI CTOPOHY, BPAIIAOUIYIOCH MO
OKPYXHOCTH 6OJIbIIEr0 JHaMeTPa, ¥ BHyTPEHHIOH, HMEIIYI0
MEHbIIMH paguyc BpauleHus. IDTH YaCTH HAXOAATCA B Pa3HHIX
YC/IOBHSIX OMBIBAHHSI, YTO HECKOJbKO CKa3bIBA€TCsl HA BHEIHEM
o6snuke kpucrauaaa. [lepeanuit KoHel KpHCTaJlId pacTeT OBICT-
pee, uyeMm 3agHu#i, MU BHEIIHHH OBICTPEe, YeM BHYTPEHHHH.
[TostoMy oTBepcTHe OT TPYOKH KPHCTANIOHOCLA HEMHOI'O
CIBHHYTO Hasaa M BHYTpb. llepemuss rpanp ¢opmu {010}
HMeeT MeHbILHE pa3Mephl, YeM 3aHsIs, U Ha OOJbIINX KPHCTANIAX
OOLIYHO COBepileHHO 8apacTaet. O BHellHel (opMe KPUCTaMIOB
MOXHO CYIMTb 1O pHC. 3a u b u puc. 4.

Ecnn pactBop mMeeT M3GHITOK BHHHOKHC/JIOIO HAaTPHs CBEPX
KOJINYeCTBAa SKBHMOJIEKYJSIPHOrO C BHHHOKHCJBLIM KaJHeM, KDH-
CTaJl/Ibl MOJMYYaloTCsl CHIBHO YKOPOYEHHBHIMH no ocu ¢. OgHo-
BpEeMEeHHO HCYe33aIoT WJM CHJIBbHO YMEHBIIAIOTCS B pa3Mepax
rpagn {010}, Bc/IeACTBHE 4Y€ro KPHUCTAJI MOJNYyYa€TCsl 3a0CTPEH-
HBHIM N0 ocu b. H306nTOK BHHHOKHCJOrO Kajus, HaoGOpOT,
BLI3LIBAET yAJHHEHHEe KPHCTaJJa IO OCH ¢ 33 CYeT pa3BHUTHSA
no ocsiMm a u b. KonuduecTBeHHble MHAHHBHIE O BJAHAHHH 3THX
npHMecell Moka OTCYTCTBYIOT.

[TpennaraeMblii HMXKE peXHM POCTAa PACCUMTAH MPEUMYLIECT-
BEHHO Ha KPHUCTAJJIH HOPMaJbHOro 06/JHKA. YKOpPOYEHHHIE IO
OCH ¢ KPHCTaJ/VIB, MNOJy4YamllHecs NpH npeob.JafaHHH HATPO-
BOr'O KOMIIOHEHTA, He BBIIEPAKHBAIOT 33aBAEMOM 3THM DPEXHMOM
CKOpoCTH pocra (npubGaBiaeHHs B Bece). BumsHue kanaueBoro
KOMIIOHEHTd Ha CKODOCTb POCTa HE HCCJAe0BaHO.

11. PACTBOPUMOCTb CETCHETOBOHM COJIU U ®OPMYJIbI
JJId PACHETOB

CerseToBa conb XOpOIIO PacTBOPSiETCs B BOJE, NMPHYEM &€
pacTBOpPUMOCTb OHICTPO pacTeT ¢ Temmnepatypoi. Llugppwm pas-
JIHYHHIX aBTOPOB, XdpaKTEPH3YIOIIHe PACTBOPHMOCTb CErHETO-
BOM COJIM, CPABHHUTEALHO MaJO PaCXOAATCA Mexnay coboii.

Mu B cBoelt pab6ore moJab3oBaiuch manHeimu P. JI. Hlyib-
Bac-Copoxuno#i [14], koTopast mpuBoauT 60.JblIE NPSMHIX ONpe-
JleJI€HHH, YeM IpYyrue u3pecTHble HaM aBTOpHL. [lo psny Touek
IynsBac-CopOKrHHA CTPOUT 3MMUPHYECKYI0 KPHBYIO PacTBOPH-
MOCTH CETHETOBOH COJIH, KOTOPAas MMEeT BHA napabo/bl U BHI-
paxaeTcsi ypaBHEHHEM:

v =42041,2 -

31ech 7, — KOJHYECTBO KPHCTAJIHYECKOH CersHeToBOil COJIH

(B rpaMmax), Hacuwa@mouee 1 2 BOAH 1puU Temneparype f.
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ABTOp cuurtaer 3Ty (GOpPMYysy ROCTATOYHO TOYHOH B Mpe-
Jenax 40 —20° u paomelf OTKJIOHeHHs mopsiaka 12°/, Mexay
20° n 0°.

Hama npakruka mokasasna, YTO LH(GPH pPACTBOPHMOCTH,
BHuKcaeHHbie no ¢opmy.ae LlyasBac-Copokunoi, Becbma 6/u3-
KH K HCTHHHRIM M BIOJHE MOTYT OHTb MOJOXEHH B OCHOBY
pacueroB. B Ta6s. 1 npuBogUM BHYHC/AEHHBHEe LHQPH pacTBO-
PHMOCTH /1S TeMIepaTypHOro MHTepBasna 15 —42° yepes3 Kax-
aue 0,5°

CuibHOE TOBHIfEHHE  pPacTBOPUMOCTH CErHETOBOH COJIH
C pOCTOM TeMIepaType OO6yC/JOBIHBaeT BO3MOXKHOCTb BbIpaIIly-
BaHMsl KPHUCTANIOB NPH TMOCTENEHHOM MOEHXKEHHH TeMIeparypHl.
Kpucraniuueckuil 3apoabill NoMellaeTcsi B pacTBOP, HAaCHIILEH-
HGLI NPH BHICOKOH TeMmepaType. 3aTeM TeMIepaTypy CHHXKAIOT.
PacTBOop CTaHOBUTCA MEPECHIIEHHHM M KpHCTaM1 pacTeT 3a
CYeT BelecTBa, HaXOALIerocs B paCTBOpPE CBEpX NepecHINeHHs.
ITo mepe pocTa KpucTald/ia NPOH3BOAAT HalbHellIee CHHXKeHHe
TeMIepaTy phl, NOAAEpPKHBAdA TeM CAMBIM PacTBOp B IlepecHIIleH-
HOM COCTOSIHIH.

Ta6auna 1
PacTBOopHMOCThL cersetoBoif conu B Bonel
S —Bec (2), V — o6bem (ca3) conn Ha 1 2 ag
t s|lv|] ¢« |s v | ¢ |S v

15° 690 390 24° 1111} 628 33° 1727 | 976
15,5° 708 | 400 24,5 1140; 644 33,5 1767 998
16° 727 411 25° 1170 661 34° ' 1807 | 1021
16,5° 747 422 25,5 1200| 678 34,5° 11848 [ 1044
17° 767 433 26° 1231{ 695 35° © 1890 | 1068
17,5 787 445 26,5 1262} 713 35,5 1932 | 1092
18 809 457 | 27° 1295f 732 36° 1975 | 1116
18,5° 831 469 27,5° 13271 750 36,5 ,2019| 1140
19° 853 482 28° 1361 769 37° 2063 | 1165
19,5° 876 495 28,5 1395( 788 37,5° 2107 | 1190
20° 900 508 29° I 1429| 807 38° 2153 | 1216
20,5° 924 522 29,5" 1464 827 38,5° 2199 | 1242
21° 949 536 30° 1500| 847 39 12245 | 1268
21,5° 975 550 30,5° 1536 868 39,5° 2292 [ 1295
22° 1001 565 31° 1573| 889 40° . 2340 | 1322
22,5 1027 580 31,5° 1611} 910 405 2388 | 1349
23° 1055 596 32° 1649 932 41° | 2437 ! 1377
23,5 1083 612 32,5° 16871 954 415" | 2487 | 1405
- 42° i 2537 | 1433

1 ina pacueroB 1eflecoo6pa3no MONB30BaTBCS HC CaMoii  Tabauuei,

a rpa@HKOM, H3TOTOBIEHHHIM HA €€ OCHOBE B KPYMHOM Maclitabe,
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OnpeneieHre KOJu4YeCTBa BOJAbI
B JaHHOM o0beme pacTBOpa

31ech MOApPa3yMeBae€TCsl BOJA, Ha KOTOPOH IPUTOTOBJAEH
pactBop, 6e3 KpHCTAaJ/IH3aLHOHHOH BOJAKL, BHOCHMOH B pacTBOp
H BBUIEJNAIOLICHCS H3 HEero BMecTe C COJbI0. DTa BeJIHYHHA,
o6o3Hauyaemas HaMH V,, BXONMT B Psi JHatbHEHIIHX (OpMY.JI.
Ona peako ObiBaeT M3BeCTHa 3apaHee, TeM 6oJee, 4YTO pac-
TBOD B IIpOLeCC€ €ro IpPHTOTOBJIEHHSI H NOCJAELYyIOLEro (GHu.b-
TPOBAHHA JOBOJbHO CHJ/BHO YNAapHBAaeTCsi, a 4YacTb €ro Te-
psercs.

V,, onpenensiercss u3 o6bema pacrsopa (V,) u ero temme-
paTypbl HachlmeHus: (fuac). B Tabi1. 1 Haxomum o6beM COJH,
Haceaomeil 1 2 BOJOH NpPH JaHHOH TeMIeparype. ﬂpn6aBJmeM
K oroMy vuucay 1C00 u pmenuM Ha Hero o6beM pacTBOpa
(B MHJVIMJIMTPAX), ONpelesseMblil 110 BHICOTE yPOBHSI PacTBOpa

B KpHCcTaJiu3aTope. [losyyaeM HCKOMOE KOJHYECTBO BOJL
B JIHTpax:

V 3
Ve = V¥ico (A)

IMpumep. V,=4,5 4; ¢, =37,2°. B 1aba. 1 (cToaben V),
muTepnoaupys mexny 37,0 u 37,5, Haxogum 1175:

4500

Vg = 2175

=2,07 2 BOAHI.

KoanuecTBO pacTBOPEHHOro BeLleCTBa, OCBOOOKAAIOIIETOCH
npH NOHWIKEHHH Temnepartypni Ha 1° u (,1°

KosnnuecTBo BewecTsa, OCBOOOXKIAIOMIErOCs NPH CHHXXEHHM
TeMIlepaTypH Ha 1°, moayyaeTcss Kak IepBasi NpPOHM3BOJAHAsE OT
YPaBHEHHs PacTBOPHMOCTH, yMHOXeHHas Ha V. [las cerue-
TOBOH COJIH:

=420+ 1,2 £5 =24 ¢ V,nW=24V,t  (B)

rie {—cpenHss TeMnepaTypa H3 ABYX MaHHHX, OTJIHYAIOLIHXCH
Xpyr oT gpyra Ha 1°
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IMpumep. V,,=2,07 2. Onpenenuts KOJHYECTBO BELLECTBAs
OCBOGOXKAAIOMEr0Cs IpH CHHXEHHH TeMIepaTyps pacTBOpa
c 34,4° no 33,4°. Cpennsia TeMmmeparypa Mexnay JAByMs JaH-
HBIMHA paBHa 33,9°:

Vo' =2,4-2,07-33,9=168 z.
Yucno V

., W mpomsseseHue 2,4 V, =S mnaxomarcs
H 3aMMCHIBAIOTCS I/ Ka}JA0r0 KPHCTAJN/JIH3aTopa NPH €ero mocra-
HOBKEe TIIOCJe ONpeleseHdsi TeMIepaTyphl HAaCHIEHHs Haxo-
ASIIEerocsi B HEM pacTBopa.

KosnuectBo BemecTBa, OCBOGOKAAIOIEIOCS NPH CHUXKEHHU
TeMnepatypn Ha 0,1°, ectb

0,1V, m =015t (BY)

rje f{—HavyajibHas WJIH KOHeYHasi TeMIeparypa NaHHOTO HHTep-
Basa B 0,1° (6e3pa3niyHo, BBHAY HE3HAYHTEJIbHOH BEJHUYHHH
TEMIIepaTypPHOTO HHTEpBaJa).

ITpumep: B Tom ke pactBope (V,, =2,07 4; §'=24V, =
=4,97) Temnepatypa CHHxaeTcsi ¢ 34, 4o o 34, 3°
0,18 =0,1-4,97-34,4 = 17,1 .

dopmyabl AJs pacyeTa BeCa KpHCTalia, KOTOPHIfA
MOXHO MOJYYHTb M3 JIaHHOrO PacTBOpa NMPU CHHIKEHHH
Temnepatyps or ¢ 10 £,

* t u t—o6GHYHO HaYa/JbHass ¥ KOHEYHasl TeMleparypH poOCTa.
STUMH (HOPMYJIAMH MOXHO MO/Ib30BaThCA MJs IpenBapHTe/b-
HOTO pacyeTa BO3MOXXHOIO MaKCUMaJbHOTO BeCa KpHCTaaaa,
€CJH MMeeTCsi ONpeJieIeHHOE KOJHMYeCTBO TOTOBOrO pacTBOpa
M3BECTHOH KOHIIEHTpanmuH. Mbl jnaeM Tpu BapHaHta (opmyJinl.
B 3aBHCHMOCTH OT MMEIOIIMXCS NMOJ PYKOH MOCOOHH A/ BHYH-
cJeHdl, ya06HO MOJb30BaThCAd TEM HJH APYTHM H3 3THX BapHu-
AHTOB.

O6Go3HayYyeHHUs:

Py, —Bec Kpucrania;

PS —BeC COJH B DAacTBOpe INpH TeMrepatype Z;
So - » » » » 0

S —KOJHYEeCTBO COJH, Hachmamwomei 1 £ BOLH

1pH TeMneparype ¢;



S, — TO ke npH TeMmneparype £;
V, — o6bem pacrtBopa;
V! — o6mewm BOJH;

aq
V,—o6beM cosu, HachHawumed 1 2 BoAbl IpPH

N
Temneparype ¢

a) Py=P,—P, =(S—S,) V. V. Vy

¢ = 1000V,
OTKY Jia:
(5 =S8) V, C
P"P—’lomvj, ' (€

Bxojsitune B aTy ¢dopmyay Besmuuns S, S, u V, Gepyrcs
u3 Taé6a. 1.

[Tpumep. B kpucrasnusarope 4,52 pacTBOpa, HaCHIIEHHOrO
npu 38°. KomuarHas temneparypa 22° Kakoe ko/JuyecTBO Be-

LIeCTBA MOXET BBLIGJHUTBCA NPHU OXJNAXKIEHHH pacTBopa JO
KOMHaTHOH TeMIlepaTypHl:

V,=4,5 x, t = 38 t, = 22°.
ITo Tabaune HaxomuM:
S, =2183 2; §,,, =1001 ¢; Vigo = 1216 ma.

3t
(2153 — 1001)-4,5
2216

Pyp= =2339 2.

b) Ecsin usBecren V,, u umeTCs TabAMUbl KBaJAPaTOB M-
ces, /s pacyetra MOXeT CJAYXHTb apyras ¢opmysa:

Pxp=Ps_Pso=(420+1J2 tz) (420+1 2 tz) ag>

OTKYJa
Py=12 V, (?*—t}). (Cg)

[Tpumep. PacrtBop, nmpuroTtoBleHHH Ha JBYyX JHTpax
BOJH, HacHuleH npu 38°. Kakoe K0/HMYECTBO COJH BHIAEJHTCHA
NpH oxJaxJaeHud no 22°%:

Vo, =2 4; £=238° ({2—1444); #,=22° (£2= 484);
Prp=1,2-2(1444—484) = 2304 2.

0) P S (t— to) (t--1p) (CC)
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PacueT KOJHYeCTB BOAB U COJH, HEOOXONHUMBIX
JJsi MOJy4YeHusi KPUCTalJia )KeJlaeMoro Beca

Ha mnpakTHke uyacto BCTpeuaeTcs HeO6XOJHUMOCTb pacCcyH-
TaTh PELENTYPY PacTBOPa, MO3BOJSIOLEr0 NPH 6JaronpUsTHEX
YCAOBHAX POCTa MOJYYHTb KPHCTA/1 OMNPEILENEHHOro Beca.
HicxoaHBIMH JaHHEIMH 3[€Ch SIBJSIOTCSI: JKeJaeMbli BeC KpH-
CTaJsa, KOJHYeCTBO pacTBOpa, onpejesseMoe 06beMOM KpH-
CTaJIJIN3aTOpa, H PaCTBOPMMOCTH COJIH IPH TeMmepaType, HHKE
KOTOPOH HeJ/b3si BECTH OXJAXIEHHE pacTBopa.

OGo3HaueHnusda. V—o6beM: p— pactBopa; S—COJIH;
Qg — BOJa; Kp — KPHCTa/Ja; po — PACTBOPA 3a BHIYETOM 06bema

kpucraana (V. =V — V ), T.e. 06beM pacTBOpa IPH KOHEYHOH
Po P Kp

TeMmepaType pocrta; p’o— pacTBopa, NMPUTOTOBJIEHHOrOo W3 1 £
BOJBI, HAaCHILIEHHOTO IIpH KOHEYHOH TeMmepaTtype; S',— COJH.
Hacolmatoniei 1 2 Bogs IpH KOHeyHo# TeMneparype; P— Bec; d—
yaeabHbH Bec cerHetoBoit coau (1,77).

BumBonI:
Ps = ‘/S' d; Vs= Vp - Vaq;
» vV
— _Peo. - —
V= v V,=V,— V.
P
V, =1000-- V, Tloncrasass B nepBoe BHPaXeHHe 3HAYEHHS,
HailjeHHblE H3 NOCJeLYIINHX, HMEEM:
v, _ P
d

P = d. (D)

Ve -
P 10004V,
Beanunua V|, Haxoputcs mo Ta6u. 1. Ilpu oTcyTCTBHH CuET-

HHIX NpHOGOPOB yMHOXeHHe H nenenue Ha d (1,77) obaeruaercs
caeayionefi TabJIMUKON Yucesa, KpaTHHX 177:

1—177 6 — 1062

2— 354 7—1239 -
3—531 8 —1416

4 —708 9—1593

5— 885

BeiBenennas QopmyJia faer He TOJIbKO HCKOMOe KOJHYECTBO
COJH, KaK KaXeTCsi C IMepBOro B3IJ/IAAd, HO H NOTpeOHOE KOJIH-
yectBO BOAH. [locaennee BuipaxkaeTcs Apo6BIO, 3aK/IIOYEHHOH
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B cxobkax. B camom mene. peas obe wacta ¢opmysabs Ha d,
HMeeM:

4
Vp— 0
Vs= Vp_ 1_0667—1—1‘7/8" ; B TO Xe BpEMH VS == V, —_ Vaq. cJaenoBa-
p
V,— ;"
TeapHo: V= ——— -,
1000 4 VS’0

[Tpumep. O6bem kpucraaiusaropa 4,5 4. Tpebyercs npu-
TOTOBMTb PacTBOp, 06eCNEeYHBAOUHA NIPH OXJAXIEHHH X0 22°
BHIIe/IeHHe 2 Kz BeniecTBa.

B Tabs. 1 B cronbue V maxomum ans 22° V' =565;

P_=2000 z; 2 —1130,
Kp d
Orcrona:
j 45—?"’0—01”3—0) 1,77
s ( ’ 1565 T
Ipo6b H0O—-130 _ 2,153 naet (B JMTpPax) KOJHYECTBO BOJHI,

1565

HYXHOE [1si IPHrOTOBJIeHHst pacTBopa. P, = (4,5 —2,153) 1,77 =
=4,154 &,

Otser: P,=4154 ¢; V,,=2133 ma.

[Tpumeuanue. [lpu BuBOme moc/TeHell H MpPeABIAYLIHX
¢$OpMyJ He NMPHHATH BO BHUMaHHE, KaK HECYIIECTBEHHHE, TeM-
nepaTypHoe CxkaTHe M pacliHpeHHe PpacTBOpa H H3MeHeHue
o6beMa NpH PAaCTBOPEHHH W KPHCTANIM3auUu. [oCaeHsisi BeTH-
YHHA JJs1 KOHUEHTDHPOBAHHBIX PAacTBOPOB COCTAaBIs€T OKOJO
0,5°/, (J. N. Rakshit [21] gur. mo Gmelin [17] cTp. 1219), uTO
MEHbIIe IOrPEelIHOCTH ypaBHeHHsI pacTBOPHUMOCTH.

dopmysna Mds pacyeTa HOBOH TeMmepaTypbl HacChlllEHHS
pacTBOpa nocje nojy4YeHus B HeM KPUCTajlla ONpeiesieHHOro
Beca

Ora BecbMa BaxkHasi (HoOpMyJa MO3BOJSIET CJAEIHTh 3a H3Me-
HEHHEM CTENEeHH IepecCHIleHHss pacTBOpa B IIpOIecCe pocTa
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KpPHCTaJyla H COOTBETCTBEHHO 33J]aBaTbh PEXHM CHHXXEHHS TeMe-
paTypH.

HcxoqHEIMH NaHHEIMH SIBASIOTCA HayaJbHasi TeMIlepaTypa Ha-
ChILIEHHsI £ ¥ 06beM PAcTBOPa, U3 KOTOPHX BHuUHCAseTCs V.
OTeICKHBAeTCS HOBasi TeMIepaTypa HaCHIIeHHs — ;.

O6o3naunM: P,—nepBoHayaabHbIH BeC COJIH B pacTBope; P,,—
BeC COJIH, OCTaBUIefiCs B pacTBOpe MOCJe BHIEJEHHS H3 HEero
Kpucramia Beca P, .

P,=P—P,=12V,(—t? (Cb)
P
L2V, t>=12V tz—PK s =10 -2 N
q-1 aq p 1 1r2vaq
OTKYyAa:

—p—
tl=l/ frm ¥ _. (E)

12V

2 s
2 u 1,2Vaq=? HaXOJATCS M 3aNHCHIBAIOTCA IPH IOCTaHOBKE

KPHCTaJ/IM3aTOpA.

12. IPUTOTOBJIEHHUE PACTBOPA. ONIPEJIEJIEHUE TEMIIEPATYPbI
HACBIIIEHHUS

KosnnuecTBO BOAK H COJMH B PaCTBOpE ONpeenseTcs xKeJsae-
MbIM BECOM KpHCTanaa, 06beMOM KPHCTA/MIH3aTOpa H KOHeY-
HOH TemMnepaTypofi pocCTa, KOTOpas AOJXHa OhITh rpajyca Ha
2 BhHIIE TeMIepaTypH MOMeIleHHs,, B KOTOPOM INPOH3BOAHTCSA
BhIpamuBaHue. Bec kpucraaia B CBOIO oyepeib OrpaHHYeH ra-
6apuTamMu  KpHCTaajau3atopa. Kpucramausatop, HAHaMETpOM
18—20 c¢u, ¢ KPHCTA1JI0HOCLEM, HMEIOIIUM SKCHEHTPHUCHTET
3 cm, TO3BOJSIET NOJYyYaTh KPHUCTaLJIbl Becom B 1,5 ke,

[TockosbKy B yCJOBHAX NPOHM3BOACTBA GYLyT MPHMEHATHCS
KPHCTaNIH3aTOPH OJHHAKOBOro obmbema, a TeMmepatypy nome-
LIEHHS MOXKHO CUMTaThb 0OJiee HWJIH MeHee NOCTOSIHHOH, ClIefyeT
TIPUAEPIKUBATLCS BLIYHCJIEHHOH pa3 HaBCerja peunentypel pac-
TBOpa. Beluncienne mpoussoautcs no ¢opmyae D (ctp. 47).

Jnsi npuroToBJIeHHs PacTBOPA AOJKHA NPHUMEHATbCH AHCTHJ-
aupoBaHHas soxa. CoJsp pacTBopsieTcsi B BOAE IPH Harpesa-
HUH B 3aKpbHITOM 6auke. bayok Jy4nie npuMEeHsiTh 3MaJHPOBAH-
HBIHl, MOXHO a/IOMHHHEeBHIH. UTOGE COKPATHTb IO BO3MOXHOCTH
Bpems npeGbiBaHMs pacTBOpa B 6auke M CBECTH K MHHHMYyMY.
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B3aMMOAEHCTBHE MEXAY pPacTBOPOM H CTeHKaMH 6ayka, Hano
CHayaJa pasorpeth B 6ayKe NMOYTH JO KHIEHHS BOAY, a 3aTeM
BCHIIATh B Hee COJb, KOTOpasi He JOJKHa CONEePIKATh KYCKOB
kpynHee 1—1,5 cu B nuamerpe. Coxepxumoe 6auka Bpems OT
BpPEMEHM Da3MellHBaeTCs IO MOJHOrO PacTBOpPEHHS.

PactBop u3 6auka OTQUAbTPOBLIBAETCS B KPHCTANIH3ATOP
npu Temnepartype 60 — 55° (4TO6B KPHCTaANH3aTOP He JIOMHYJ
OT BBICOKO} TeMmepaTyphul). B kauecTBe QuabTPa NPHMEHSETCSH
TOHKasi MaTepusi 6e3 BOpCa, CJOXKEHHAasi B HECKOJIbKO CJOeB
M HAaTsAHyTas Ha OONBIIYI0 BOPOHKY. MOXHO HAaWMTh MaTepHIO
Ha METaJJMHYEeCKHH 06pydY JHaMeTpa HeCKOJbKO OOJBbIIEro, ueM
AHaMeTp KpHCTaaau3atopa. Takod QUIbTP HAKJIaABIBAETCSH
HENOCPEeACTBEHHO Ha KpucTaJiusatop. [lepennBaTte pacTBOp H3
6auka Ha GHJABTD YAOOHO NpH IMOMOIIH CH(dOHA — PE3HHOBOrO
IIJIaHra, IMaMeTPOM OKOJO 1 €M CO CTEKJSHHBIM MYHILITYKOM.
Ecnu pacTBop NpUroTOBJASiETC B 60AbLIOM 6ake OXHOBpEMEH-
HO /151 HEeCKOJbKHX KPHCTAJJIH3aTOPOB, OH NPH (HUABTPOBAHHH
JIOMKEH TIATENbHO [epeMellnBaThCs, YTOOH KOHUEHTpaLHs pac-
TBOPa BO BCeX KPHUCTAJMH3aTOpax Gblla IO BO3MOXHOCTH OJHA
H Ta Xe.

INpy ¢uabTPOBaHMM HAZO CAEAMTb, YTOOH KAaIJH PacTBOpA
He NONajiajy Ha BePXHHH Kpa# KPHCTAJIM3aTOPA U HA €r0 CTEHKH
BHIIIE OKOHYATEeJbHOTO YypOBHS pacTBOopa. Kpucrasaiusarop,
HaIOJIHEHHBIH NPHMEPHO Ha JiB€ TPETH, CJIeLlyeT OCTOPOXKHO Iepe-
HEeCTH MIIOCTABUTb B TePMOCTAaT, B KOTOPOM BOJa HMEeT TeMIIepa-
Typy Ha 1 —2° BHIIe MpeanosaraeMod TeMIepaTypsl Hachllie-
HMs pacTBopa. B TepmocraTe KpHCTa/aIM3aTOp HAAO AOJIHTb pa-
CTBOPOM IO HYXHOro ypoBHsi (Ha 5-—6 c# HHXKe BepXHero
Kpasi) M HaKpHTb CTEK/JIAHHOH KPBIIIKOM.

CkopocTHOe BhpaLiHBaHHE Tpe6yeT, YTOOH OblIa TOYHO H3-
BECTHA TeMIepaTypa, IPH KOTOPOH pacTBOp AB/IAETCSA HaCHIIEH-
HeM. MMesi ypaBHeHHe HJ/IM KpPHBYIO pacTBOPHMOCTH M 3Has pe-
HeNnTypy pacTBOpa, MOXHO HMeTb NPHMEPHOE CYXJIEHHE O ero
TeMnepaTtype HacoilleHHs. OAHAKO 3TO cyxAeHue OyJeT He-
JOCTATOYHO TOYHHIM. Ha pe3ysbTaT OKa3bBalOT BJHSHHE MO-
TPEIIHOCTH NpPH B3siTHH HABEeCKH COJHM H OTMEpHBAaHMH BOIHI,
66/bluasl MM MEHbIIAS BJIAXHOCTb COJIH, NOTEPs BOAH IyTeM
HCIapeHHs] NPH H3roTOB/IeHHH pacTBopa. CyluecTBEHHYIO pO.JIb
TaKxe, BepPOSITHO, MTPAaeT PaCXOxAEHHe Mexay (PaKkTHYeCKOH
pacTBOPHMOCTBIO NMPH JaHHOH TeMmmepaType H PacTBOPHMOCTHIO,
HafileHHOH M3 ypaBHEHHS WM KPHBOML.

Ecnu peunentypa pacTBOpa HeHM3BeCTHA HJH H3BECTHa He-
TOYHO, KOHIIEHTPAUHs MOXeT OBITh ONpeJeseHa IO I0Ka3aTeJIo
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pe/OMJIeHHsl PaCTBOpa IPH NOMOILH PedPaKTOMETPA HIH IO ero
yZe/bHOMY BeCy NpH momoiid apeomerpa. Hamu Taxue ompene-
JIEHHsI He NPOHM3BOIMJIHCH, HO MOXKHO JyMaTb, YTO OOLIUHBIH
pedpaktomerp A66e-ITypdpuxa ¢ pasbeMHOH NMPHU3MOH He MO-
xer obecneyutb TpebyeMoH HauluM METOAOM BHIPAINHBAHHSA
TOYHOCTH: IpH paboTe € 3THM pepPaKTOMETPOM HEH3OENKHH I10-
rPeIIHOCTH OT HeOAHOPOAHOCTH pacTsopa (Ha pedpakTomeTp Ge-
percst OfHA Kamas OT 6oJblIOro o6beMa pacTBOpa) M OT HCHa-
peHHsl Kal/id NIpH ee MepeHoce Ha pedpakrtomeTp. bosee npu-
FOJHLIMH JJIs HAallUX LeJel JOJKHB OHTh NOrpyiKaemble pe-
pakTOMETpHI.

BeposiTho, Han6oJiee y 106HBIMH Ha NPAKTHKE JI/1s1 ON e AeJIEHUS
KOHLEHTPanuH OYAyT CHeLHaJbHO HM3TOTOBJIEHHBIE aPDEOMETPHI.

Mbl B CBO€Il NpaKTHKE ONpele/siJi He KOHIEHTPaluio pac-
TBOPa, @ HElOCPEACTBEHHO €r0 TeMNepaTypy HacCHIIEHHS [0
METOAY, BIEpPBHE MNpeNJOXEHHOMY H npuMeHeHHOMY A. A.
HitepubepromM (c HEKOTOPHIMH H3MEHeHHsiMH). B atoMm merone
HCIOJNbL3YIOTCS KOHLUEHTPALHOHHbWIE NOTOKH, HabJjojaeMble B
npouecce pocTa ¥ pacTBOpeHHs KpHcTaansa. KssecTHo, uyTo
KPUCTaJJ, NOABEIIEHHHH B EEHACHILIEHHOM PacTBOPE, PacTBO-
paerca. PacTtBop, HemocpencTBEeHHO MpMJAeralWMi K KpH-
CTa/sy, CTAaHOBHUTCA O6oJiee KOHLEHTDHPOBAHHHIM, a CJ€10Ba-
TEJbHO, U 60JIc€ TSAXKENBIM, YeM OCTajJbHasi Macca pacTBOpa, H
ONyCKaeTCs OT KPUCTa/lia BHH3 HENpepPBIBHHIMH TOHKHMH CTPYH-
kamu. Ecsin, Hao60pOT, KpHCTaan nojBeuieH B IepeCHILEH-
HOM pacTBOPE, TO OH pACTeT; NpPHJeramolluii K HeMy PacTBOp
HCTOLIAETCS, CTAHOBUTCA GoJjiee JIETKMM H TaKHMH Xe CTpy#H-
KaMH TOJHHMMAETCsl BBEPX. B HACHIIEHHOM pacTBOpE 3TH CTPyii-
KH — KOHLEHTPALHOHHbIE NOTOKH — HE3AMETHHI.

OnpeneneHne TemnepaTyphl HaCHILIEHHS pacTBOpa MO KOH-
LHEHTPAallHOHHHIM [OTOKAM NPOU3BOJAHMTCS CJEAYIOIHM 06pasom.
TepmocraT, B KOTODOM HaXOAMTCH KPHCTAJAM3aTOP C PacTBO-
DOM, AOBOJHMTCA AO TeMnepaTtyps Ha 2,5—3° Bhllue NmpearnoJa-
raeMo#l TeMnepaTtypsl HacChlLIEHHS.!

1 [Ipuctynas x TOYHOMY ONpENENEHHIO TEMIIEPATYPbl HACHILEHHS, 10JIE3HG
3apaHee 3HaTb MOPSAOX 3TOH BeJHYMHBL. [[1 HaxoxJaeHHs ee MAeJHM KOJH-

Ps

4eCTBO COJH (B rpaMMax) Ha KOJAMYECTBO Boabl (B JHTPax) = S. Tony-

a
YyaeM YHCIO TIPaMMOB COJH, NpPHXOAAINEeCS HAa ONHH JAUTP Boguﬂ pacTBOpH-
teas. [lo r1abn. 1 HaxoauM, mpM Kakof TeMmepaType HaHHEIH PacTBOp
ABIAETCH HacbleHHbIM. Beps, nanpumep, Py = 4154 2, V= 2,153 2, nony-
qaeM S=1929 2¢/2. B T1abn. 1 B rpage S uHaxonuM, kak Omixadwee K
3TOMY, uHC10 1932 2/, oTBevaomee Temnepatype Hachiuenus 35,5°.
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OnHOBPEMEHHO KDHCTANIM3aTOpP HAKPBIBAETCS KPHIIKOH
C MOHTHPOBAHHOH B Hell Memankoil, H pacTBOp pa3MELIHBaeTcCs.
PasmemnBanHe HEO6XOAHMO He TOJBKO IJsi TOTO, YTOGH pac-
TBOp CKOpee NPHHSAJ TEMIEpPaTypy TepMOCTaTa, HO H s TOrO,
4TOOH JIMKBHIHPOBATb BO3MOXHOE paccjJauBaHHE PacTBOpA.

JloBens TeMnepaTypy pactTBopa A0 HYXHOTO ypPOBHS, KPHILIKY
C MeWaJKOH 3aMEHAIOT KPHIIIKOA C OTBEPCTHEM B IEHTpE.
Ha nponyuieHHo# uepe3 OTBepCTHE HHUTKe MOJBELIEH MOHO-
KPHCTa/NI HJIH KYCOK KDHCTa/sla CErHeTOBOH COJIH pa3MepoM
okono 2XX1X1 cu. Kpuctaan ator, BO usbexaHue ero Bemame-
HHS NPH HEKOTOPOM PAacTBOPEHHH, IJIOTHO OOBf3aH HHTKOH IO
CJIeJJAHHOMY Ha €ro MNoBepXHOCTH xesnoOky. Kpucrann omny-
CKaIoT B PaCTBOP MO YPOBHs, HAa KOTOPOM JOJKE€H HaXOXHThCS
KoHell TPYOKH KpHCTa/lJIoHOcLA ¢ 3apoxbimeM. OnHOBpEMEHHO
B OTBEpPCTHE KPBIIIKH BCTABJASIIOT HOPMAJbHHHA TepMOMeTp
(nenenus: yepe3 0,1°) ¢ HameTOH HA Hero UIHPOKOH NpPOOKOM.
Ilpo6ka 3akpeiBaeT CBEpXy OTBepPCTHE KpHIIKH. PesepByap
C PTYThIO TE€pMOMETpPAa JOJXXeH HaxXOoAWThCA B pPacTBOpe ps-
JOM C KPHCTa/VIOM, Ha OXHOM C HHM YpOBHE.

Kpucrann ocsemaercs napaaie/sbHBIM nydkoMm cBeta. s
3TOr0 NOJb3YIOTCS KO/VIMMATOPOM HJIH IPOCTO NOMEIAIOT dJeK-
TPHYECKYIO JAMIOYKYy Ha YypPOBHE KDHCTajJa Ha pacCTOSHHH
1—1,5 x# ot Hero. KOHIEHTpalMOHHEIE IOTOKH PaCCMaTPHBAIOT
B [1POXOJSAILEM CBETE, T. €. I/1a3 HabaonaTe s pacrnoJjaraercs Tax,
YTOGH KPHCTANI HAXOAHJACS MEXAY HHM H HCTOYHHKOM CBeTa.

BcTtaBuB B KDHCTA/J/IH3aTOP TEPMOMETP H KPHCTaMI, BHI-
kmouaT HarpeB. Yepes 1—2 MuHyTH mOC/Je TOro, KaK KpH-
CTaJJ OMylUleH B pPacTBOp, CTAHOBATCS 3aMETHHIMH KOHIEHTpa-
HOHHEE NOTOKH. OHH HMEIT BHA OAHOA HJM HECKOJbKHX
TOHKHX MNpPSIMBIX CTPYyeK, CTeKalluxXx ¢ HauGosee HH3KO pac-
T10JIOXKEHHBIX TOYeK KPHCTaJia. Ecau aTH MOTOKH HHTEGHCHBHHI,
HMeIOT GOJbIIYI0 TOJIIIHHY H CTEKAalT CO 3HAUHTEJIbHHIX yya-
CTKOB HH)XHeH# MOBEPXHOCTH KpHCTasja, 3TO CBHAETEIbCTBYET
O 3HaYHTeJNbHOM HENOCHILEHHH pacTBopa. B atom ciyyae, BO
n36exaHHe H3JHUIHErO PAaCTBOPEHHs KPHCTAJJa, €ro BHITATH-
BAlOT 3@ HUTKY M OCTaBJAIOT BHCETb Hal NMOBEPXHOCThIO pac-
TBOpA, NIOKa TEMIepaTypa He OnycTHTcs Ha 1—2°, mocJe yero
CHOBa MOTPYyXalOT Ha INpEXHK raybuny. [lo mepe moHMxe-
HUSl TE€MIepaTypH NMOTOKH YMEHbLIAIOTCS B 4HcJe (OGBIYHO OC-
TAaeTCsl OJHH, CTEKAIIIMHA C caMOM HHXKHeH TOYKM KDHUCTaJJIa),
CTaHOBSTCA BCE TOHbIE M, HaKOHEl, COBCEM HCYe3alT. B Mo-
MEHT HCYe3HOBEHHS NMOTOKOB, HAyYIWHX BHH3, 6e-
PYT OTCYeT NO TepPMOMETPY.
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Ilpy nmasnbHeilimeM MOHHXEHHH TEMMNEPAaTypPH B HEKOTOPHH
MOMEHT CTAHOBSITCsI 3aMeTHHMH NMOTOKH, HAyumHe BBepX. O6HU-
HO 3TO GBIBaeT, Korja TteMnepatypa nmagaet eme Ha 0,5—1°
3aMeTHB 3TH INOTOKH, BKJIOUAIOT HarpeB TepMmocTarta. [lepsoe
BpeMsi MOCJe 3TOro TeMmmepatypa BHYTPH KpPHCTa/VIH3aTOpPA
UPOJOJKAeT MOHHXKATBCS H NOTOKH CTAaHOBATCS 6oJjee 3aMeT-
HeiMH. OHH NOAHHMAIOTCS OT BEPUIHH H BHICTYNOB BepxHei
NOBEPXHOCTH KpHCTaJsa. [IpH NMOAHATHH TeMnepaTyps 3TH IO-
TOKM ocsaa6eBalOT H, HaKOHel, Hcye3aloT. B momedT ue-
YEe3HOBEHHSI NOTOKOB, HMAYIHX BBeDX, 6€pPYyT BTO-
poif OTCyeT MO TEPMOMETDPY.

TemnepatrypaHacHU€EHHS eCTbCpegHEe apH]-
METHYEeCKOEe MeXJAy TeMnepaTtrypaMHy HCUE3HOBE-
HHS NOTOKOB, HAYUIHX BHH3 H BBepX.

Onpenesnesne MOXHO CYHTaThb INpPaBHJbHBIM, €CIH 06a MO-
MEHTa HMCYE3HOBEHHSi MOTOKOB 3a(HKCHPOBAHB JOCTATOYHO
YeTKO M PAa3HOCTb MEXJy COOTBETCTBYIOLIMMH HM TeMIleparTy-
pamu He npesniaer 0,2—0,3°. Ilpy HeKOTOPOM HABHIKE 3Ty
pa3HoOCTh MOXHO cBecTH K 0,1°

OnpepenuB TeMnepatypy HAachHIIeHHs, CHOBa 33aKPHIBAIOT
KPHCTAJ/IH3aTOP KPHIIKOH € MeLIaJKOH, MOAHMUMAIOT TemIlepa-
Typy TepMocTata Ha 6—8° Bhle TeMmepaTyphl HAaCHIIEHHS
H PasMelIHBAIOT PacTBOpP B TeyeHHe 3—4 yacoB. DTa onepa-
uus HeoGXOZMMAa IJsi YHHUTOXEHHS KPHCTAJJIHYECKHX 3apo-
AbllIedl, KOTOPHE MOrJMH O06pa3oBaTbCs, KOrjJa TeMMeparypa
pactBopa 6GHJa HHXE TEMNepaTypH HACHIEeHHs.

[Tocne aToro TemMnepatypy TepMOCTaTa CHHXAIOT HACTOJBKO,
4TO6GH OHa 6HlIa HAa 2,5—3° BhILE TeMmepaTypbl HaCHILIEHHS,
H KPHCTanJu3aTop roToB K mycky. JoJro ocTaBasiTb KpucTalj-
AU3aTop ,Noj mapamMu“ 6e3 3apojbilia He CJeIyeT, TaK Kak
NpH JJHTEIbHOM CTOSIHHH KOHII€HTpAllHsl PaCTBOPA HECKOJBKO
NOBHIIIAETCS 338 CYET HCIApEHHS.

13, MPUTOTOBJIEHUE U MOHTUPOBKA 3APOJbIIIA

"yﬂ( Kpuctajnusaropa. HUsBjeyeHue roroBoro KpHCTaJaaa

3apoaHul mpeacTaBaseT cO60H BeIpE3aHHHIH H3 MOHOKDH-
cTanna CTOJGHK (MJIM LeNblfi KPHCTA/IHK MOAXOIALIMX pasme-
pOB), YAJHHEHHHHA MO OCH ¢. Ero BcTaBasioT B yray6aenue
Ha KOHLle KDHCTAa/JJIOHOCIA, H3 KOTOPOr0 OH BHICTYNaeT Ha
1—2 mm. Ocp a 3apoxsia 10/MXKHA OHTH PACNOJOXKEHa BAOJb
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pajgdyca BpallleHHsi KpHCTaJIoHOcua (Mo pagHycy KPHCTaJJIH-
3aTopa), ocb b— nepneHAUKyJsipHO paauycy (pHc. 4).

3aroToBKHM IJs 3apojnilled BHPE3alT H3 OTXO0AOB 60Jb-
IIOr0 KPHCTaJ/Ja; OHH MMEIT (GOPMy NPSIMOYroJIbHOIO mNapaJ-
Jenenunesa ¢ peGpami, napajJeJbHbIMH IVIABHBIM OCSIM KpPH-
craJgJa.

|

/'l e
{

-/

Puc. 4.

]

Ilpumepnse pasmeps: ¢ — 1,2—1,0 ¢v; b — 0,6 cu;a—0,4—
0,5 cm. BokoBHE rpaHH 3aroTOBKH OOTAaYHBAIOTCH C MOMOIIBIO
TPANOYKH, YB/IAXHEHHOH BOJOH (/Ayylle TENJAOH) HacTOJbKO,
4TOGH 3apOAHII CBOGOAHO BXOAMJI B TPYOKY KPHCTAJJIOHOCIA.
Ilpn sToM pebpa 3aroTOBKH 3aKpyIJAKTCA, H NMOMEPEYHOe ce-
yeHHe ee moJy4aeT (GopMy NpSMOYroJbHHKa C 3akpyrJeH-
HBIMH yrJaMH HJIH oBaJa. HeobxoguMo caennTh, 4YTOGH IPH
06TauHBaHHKM He Hapywajachb ODHEHTHPOBKA, T. €. YTOGH OCH
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b ¥ a nmompexHeMy coBnafaad ¢ GOJABIIHM M MEHbIIMM JIHa-
METPaMU IIONePeYHOro CeyeHHsi 3apOoAHIlIa.

INepen MOHTHPOBKOH 3apOiHIIA PE3HHOBYK TPYOKYy CHH-
MawT C KPHCTaJJOHOCLA MJH OTTHOAIOT Has3al OT €ro KOHIa.

MounTupyercs 3apopbin Ha Kamudosu. Jlas 3Toro Tpy6Ky
KpHCTaJJIOHOCLA pa3orpesBaroT A0 55—60° M NpH NOMOIUM NH-
MeTKH 3aJMBAIOT MOYTH [0 BepXa pacnJaB/J€HHOH, HO He Tro-
psauedl kanudoanio. Hemennenno Besen 3a sTuM (npexie uem
KaHU(OJb 3aCTHHET) 3apOoAHII BCTABASAIOT B TPYOKY W BAaB-
JUBAIOT B KaHH(OJb MOYTH A0 AHA. BCTaB/iATh 3apOAWII HALO
cpa3y B Tpe6yeMOH OpHEHTHpPOBKE, T. €. YTOOb KOPOTKas OCh
ero OHlJia MmapaJJeNbHa TOPH3OHTAJbHOMY KOJEHY KPHCTaJIo-
HoCcud.

Kanudonae, BhaBieHHass 3apoxbimeM u3 TPyOKH, OCTO-
POXHO CHHMAETCsl MOCJe 3aTBepAeBaHHUs.

Onucdusel cnoco6 onaced B TOM OTHOLIEHHH, YTO Paso-
rperas KaHu(OJb MOXET OTYAaCTH MOAIVIABHTb KPHCTaJ. Bhi-
IaBJIeHHHH M3 TPyOKM pacniaB CErHeTOBOH COJIH MOXeT
ABUThCA HCTOYHHKOM INapasHTHHIX KpHCTaMaoB. ['opasno yno6-
Hee MOJb30BATbCA CHENHAJbHO H3rOTOBJEHHHM IJsS 3TOH LeJH
MaJIeHbKHM LHJAHHADHYECKHM 3JEKTpOHAarpesaTeseM. Takoi
HarpeBaTeJb HaJ€BaeTCsd Ha KOHeI TPyOKH KPHCTAJJIOHOCLA,
npelBapHTE/IbHO HANOJHEHHOH mopomkoM kaHudouau. Koraa
KaHH(OJb PACMIaBASETCs, BHIKJAIOYAIOT HarpeB H BCTaBJAIOT
3apOAbI, KaK yKa33aHO BHILIE.

Topuamuit U3 TpyO6KH KOHEN 3apoAblla OO6TayHBAIOT MOK-
po# TPAMOYKOH nO BBHICOTH 1—2 mm Han TpyOkoil. Pe6pa ero
NpH 3TOM cJerka 3akpyraswoTtca. [locje 3TOro KpHCTa JIOHO-
cel THATeJbHO OOMBEIBAIOT TEIVIOH WM ropsyei (He Builie 60°)
Bonoii. OOMbBIBaHHE MDOH3BOLSAT, AepXa KPHCTAJNJIOHOCEL 3a-
ponwieM BBepX. Hano caenutb, uto6el 6Bl OOMBIT IO BO3-
MOXHOCTH BeChb KPHCTAJJIOHOCEL, HO HH OJHa Kam./si BOAb HE
nonasa Ha Kpucra/aa. Jlyume Bcero NnpocTO NOCTaBHTb KpPH-
CTaJ/UIOHOCel, KPHCTAJ/IOM BBEDX Ha HEKOTOpPOe BpeMs B Tell-
ayio Bony (He cBuie 45°) tak, uToGel Boja Ha 1—0,5 mam He
JNOXOAMJA A0 KPHCTAJIa.

Ha oOMEITHE KpPHCTaNJOHOCEl, HATATHBAIOT PE3HHOBYIO
TpyOKy, TaKxe TLIAaTeJbHO BEIMHITYIO B ropsiueit Bome. Ecam
oHa He GHlJIa CHSTA, a TOJbBKO OTOrHYTa WJH OTTAHYTa C KOH-
1a Tpy6KH KPUCTANJIOHOCLA, €€ PaCHpaBAsAlOT H MPUBOIAT B HY K-
HOe moJoxeHHe (KoHel| pe3HHOBOH TpPyOKH Ha ypOBHe KOHLA
TpyOKH KpHCTadloHOCHa). M B TOM W B ApPYrom cjayyae KpH-
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CTaJVIOHOCel] C HajgeTol pe3HMHOBOH TPYyOKOH CHOBA TLIATEJbHO
06MBIBAIOT.

KpucrannoHocen ¢ MOHTHPOBAaHHBIM 3apOJHIIEM B OXHAA-
HHH 3apsAI0KH KpPHCTaJ/JH3aTOpPa IOMEINAIOT B 3aKPHTHIH OT
neing mkad. KpucrasnoHocern craBAT KpHCTalJNOM BBEPX B XH-
MHYECKHA CTAaKaH HJIH CTOHKY I/ NPOOHPOK TaK, YTOOH KpH-
CTaJJ He KacaJacd CTeHOK mkada.

UTto6H NYyCTHTb KPHUCTAJJIH3ATOP B XOI, Ha0 HAKPHTH €ro
KPHIILIKOH C MOHTMPOBaHHBIM B Hefl KPHCTAJIIOHOCLEM C 3apo-
JbllIeM, ONYyCTHTh TEMNEpaTypy pacTBOpa AO HAYaJbHOH TeM-
nepaTypsl poCTa, LOXAATbCA NMOJHOH pereHepamud 3apoibiiia
H BKJIOYHTH BpalleHHe.

KpucrannoHnoceu, nOArOTOBJNEHHKH, KaK yKa3aHO B NpenH-
LyILEM paszfese, BCTABJAIOT BO BTYJKY, YCTaHOBJEHHYIO Ha
CTekJsiHHOM Kphimke. Ha HapyXHH CTepXeHb KPHCTAJIO-
HOCLIA HAAEBAIOT WIKHB W 33aKPeNJsiioT Ha TaKOH BHCOTE, YTOOH
Npu MNOTPYXEHHUH KPHCTANJIOHOCLA B pPaCTBOP rOPU3OHTAJbHOE
KoJeHO HaxoxuJsaoch Ha 0,6—1,0 cx HHxe YPOBHSI pacTBOpa.

Jepxa KprILIKYy C KPHCTalAJOHOCHEM KDHCTaJJOM BBEpX,
06/MHMBAIOT €e U KPHCTAaJJOHOCel TeIJIOH BOHOH, CTapasch He
3aMOYMTh KPHCTaMJI. 3aTeM IepPeBOPayYHBAIOT KPHIIKY H Ha
1—2 cexyHIB MOrpyxalnT KPHCTaAJl B TeIVyl0 BOAy. BHHYB,
CTPAXUBAIOT C KPHCTAJIA KamJio BOAH H Cpa3dy, CHB C KpH-
CTaJJH3aTOPa BPEMEHHYIO KPHILIKY, HAKPHIBAIOT €ro KPHIIKOi
¢ KpuctaajoHocuem. Temneparypa pacTBOpa NpPH 3TOM HOJIKHA
6bITh Ha 2,5--3,0° Bhillie TeMIepaTypH HaCHIIIEHHS.

3apsanuB TakuM 006pa3oM KPHCTANJIH3ATOP, BHIKJIOYAIOT Ha-
rpeB H JAIOT TEMNepaType TE€PMOCTaTa MEIJEHHO ONyCTHTbCS
0 HayaJbHO# TemmepaTtypsl pocta —Ha 1,0—1,7° unxe TeM-
mepaTyps HacChIIIeHHS.

OctriBaHue mpopomxkaercs 1—1,5 yaca. JlocTuruyB 3Toil
TeMIepaTypsl, yCTaHABJIHBAIOT Ha Hee TEpPMOCTaT, CHOBA BKJIO-
YYB HarpeB H HM3MEHHB COOTBETCTBEHHO BHICOTY IOJBHXHOIO
KOHTaKTa TepMOperyastopa.

3apoabill, ONYyIEHHHH B PacTBOp, CHAuaJa pacTBOPSETCH.
PacTBopenre nponoJ/xkaercs HEKOTOpoe BpeMs H IOCJEe CHH-
JKEHHS TeMIepaTypsl TEPMOCTATA A0 TeMIlepaTyphl HACHIieHHS,
TaK KaK BHYTPb KPHCTAJJIH3aTOPA, NPH OTCYTCTBHH pa3MelIH-
BaHMs, BHEUIHSAsl TeMnepatrypa nepejaercs ¢ onosganuem. [lpu-
MEepHO yepe3 4ac NOCJe YCTAHOBJEHHS TePMOCTaTa Ha TeMIe-
paTypy pocCTa 3apOoJHIU MyTHeeT C MOBEPXHOCTH M HAYHHAETCH
ero pocr.
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O6pacTanve MyTHHM BEIECTBOM C BKJIOUEHHEM MAaTOYHOrO
pacTBopa NMpoAOJIXKAETCS JO NOJHOrO 3aJeYyHBaHHA PacTBOpeH-
HOH NMOBEPXHOCTH KpPHCTAaJJa.

[Tocse Toro kak KpHCTaNJ NMOKPOETCSH PANMOHAJbHBHIMHM Ipa-
HSIMH, OH pacTeT NPO3payHHIM H 6e3 BkJwoueHHH. Hepe3 4 yaca
[IOCJ€ HayaJna pocTa HA IIKHB KPUCTAJJIOHOCLA HaleBAaIOT INpH-
BOJOK M BKJIOYalOT BpallleHHe.

H3Bjeuyende Kpuctajja. Ma3pieyeHune 3 KpHCTAJNJIH3aTOpPa
rOTOBOTO BHIPOCIIEr0 KpHCTaJ/1a TpeGyeT NPHHATHS HEKOTO-
DHIX Mep NPefOCTOPOKHOCTH, TaK KaK KPYNMHHIE BJaXXHble KPH-
CTaJasMbl KpafiHe 4YyBCTBHTEJbHH K IepeMeHe TeMhepaTyphl.
JlocTaTOYHO pa3HHUBI TemMmepatyp B 2—3° MexAy KPHCTaJlJu-
3aTOPOM M NOMeIleHHeM, YTOGhl Ha BHIHYTOM KpHCTaJJje mos-
BHJIOCh HECKOJIBKO TPeLIHH.

H3Breuenne kpucTasia MPOH3BOAUTCA CJeLyIOLIMM 06pa3oM:
OCTaHOBHMB BpalleHHe, YAAJSAIT NPH NOMOLIM ILIJaHra-cHpoHa
HEMHOrO Bojabl M3 6aka TepMocrara. JTO JAeJ]aeTcs AJs TOro,
4TOGH NPH NOCAEAYIOIIHMX Oonepanusx OOJeryeHHoll KpHCTaJ-
JU3aTOp He BCIIBJ. 3aT€M NMOIHHMAIOT KPHCTAJNJIOHOCEI] C KpH-
CTaJJOM B KpaliHee BepXHee IOJOXeHHe, IPeJBapHTEJbHO
ocsabuB BHHT 1mkHBa. ONyCTHB IIKUB H 3aKPeOHB €ro BHHTOM,
(buKCHPYIOT HOBOE NOJIOXKEeHHe KpHCTa/oHocua. Hemuoro npu-
NONHHUMAIOT C OJHOH CTOPOHH KpBIIKY KPHCTaJdJIH3aTopa
4 B 006pa3oBaBIIYIOCs INeJb BHOyCKaloT IaaHr-cugod. Hanmo
cJeJHTh, YTOOB KPHUCTaA OblJ IO BO3MOXHOCTH yHaJ€H OT
1meJad ¥ 4TOOH IIJIAHT He KOCHYJcs KpuctaaJaa. Ilpun nomoiu
ulJaHra CJAHBAIOT 4aCTh PAaCTBOP4 HACTOJNBKO, YTOOH KPHCTAJJ
oKasaJcsi Haj, €ro NOBEPXHOCThIO.

BEIHYB 1IMaHr M3 KPHCTaJAJIM3aTOpPa, BHKJ/IIOYAIOT Harpes
H OCTaBJAIOT TEePMOCTAaT MENJEHHO OCTHBATb JO KOMHAaTHOM
teMnepatypbl. [locse oXxsaXJeHHST TepMOCTaTa CHHMAIOT
KPHILKY KPHCTA/JIH3aTOPa € KPHCTA/JIOHOCUEM H KPHCTAJJIOM.
BricTpO OOTHPAIOT KPHUCTaNJd KYCKOM MaTtepHH M 3aKyTHIBAIOT
ero. 3areM, NpUaepxHBasi OLHOH PYKOH KpHIIIKY CHH3Yy y ee
UeHTpa, KJaAyT Najblkl APYrofi PyKH Ha BePXHIOIO IpaHb KpH-
CcTajna TakK, YTOOB OCh KDHCTQNJIOHOCHA OKAa3aJaCh MeEXIy
HHMH, H OCTODOXHO CTSTHBAIOT KPHCTAJJI C OCH (€CJH KPHCTAJLI
6osbiuoii, Heo6X0AHMa noMoulb BTOpOro Juua). CHATHIH KpH-
CTaJJ1 CHOBa OGTHPAIOT H OCTABJSIOT JIeXaTh HEKOTOPOE BpeMs
3aBEPHYTHIM B TKaHb.

HenocTaTok onucaHHOTO MeTOJa — INOTEKH H HAIVILIBH HA
rpaHsx, obpasymoomuecs NpPH BHICHIXaHHH Ha HHUX pacTBoOpa.
Ecan KpHCTann noskeH ObITh COXpaHEH KaK My3eHHHI, MOXET
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ObITE [IPHMEHEH APYroi crnoco6, a HMEHHO: B CBOOGONHOM Tep-
MOCTaTe YCTaHaBJHBAIOT COCYJ C KEDOCHHOM, TeMmepaTypy
KOTOPOro JIOBOAAT AO TeMnepatypsl Kpucrtasaaudaropa. Kpu-
CTaJs1 GBICTPO MEPEHOCAT B KEPOCHH, CTHPAIOT OCTAaTKH pac-
TBOPa M OCTaBJAIOT B KEPOCHHE A0 OCTHIBaHHS. DTOT CIOCOG
NpPHMEHYM TOJbKO NPH HeOOJbLIOH pasHHIlEe B TeMIepaTypax
KPHCTAJ/MH3aTOPa H MOMEIleHHs.

14. ONPEJEJIEHUE PASMEPOB PACTYIIEO KPUCTAJIJIA

[Ipy BHpamHBaHHM KPHCTANJOB Ha HHAMBHAYAJIBHOM TEM-
nepaTypHOM peXHMe INPH HAXOXIEHHH ONTHMAJbHOTO PEeXKHMA,
COOTBETCTBYIOLIETO T€M HJIH HHBIM YCJOBHfIM KPHCTAJJH3aLHUH,
a Takxe B pse HHBIX CJAYYaeB HAaLO HMETb BO3MOXXHOCTh H3-
MepsATbh pa3MepH KpHCTaJJa B Npollecce €ro pocra. JTO HeOO-
XOIMMO KaK IJs TOTO, 4TOOGH CJEeIUTh 32 JHHEHHBIM INPHPOC-
TOM KPHCTaJJa MO Pa3HBIM HaNnpaBJEHHAM, 32 M3MEHEHHEM ero
¢opMH O Mepe poCTa W mp., TaK H JJs TOro, 4robkl, HCXOns
K3 Beca KPHCTaJaJa, YYHTHIBATH H3MEeHEHHe CTEelNeHH INepech-
UI€HHs pacTBOpPa H KOMIIEHCHPOBAaTh €ro COOTBETCTBYIOIIHM
CHH)KEHKEM TeMOepaTyphl.

U3mepeHune pa3mepoB KpHCTaMja MmO OCH ¢. IDTO H3Mepe-
Hue MPOM3BOAHUTCA NYyTEM CPaBHEHUS H3MEPSACMOH BeJHUYHHBI
C JJHHOH BEPTHKAJbHOTO KOJIEHA KPHUCTaNJIOHOCIA, KOTOpas
#3BecTHa 3apaHee. [las 3TOro, OCTaHOBUB BpalleHHe KPHCTAJNIA,
NPHUKIALLIBAIOT K CTeHKe 06aka TepMOCTaTa B BEPTHKAJBLHOM
NOJIOXEHUH JIHHEHKY ¢ JesaeHussMd. HabuaiogaTenb, Npu Henox-
BHXKHOM IIOJIOXKEHHH TOJIOBB, OTCUHUTBHIBAET YHCJIO JOEJEeHHH JIH-
HeHKH, NPHXOAAWHKXCA HA BEPTUKAJbHOE KOJIeHO KPHCTaNJ0HOCHa,
H YHCJO JAeJieHHH, NPUXONSIIUXCA Ha KPUCTA/ BIOJb OCH ¢

(puc. 5).
K c K
W13 nponopuuu PPy HaXOAHUM c__Knl ;.

31ecb, COOTBETCTBEHHO, ¢ M C€;— MCTHHHAs M KaXyIasacs
BEJHYHHA OCH €; K U K,— aHAJOTHYHBIE BEJHUYMHBl AJ BepTH-
KaJbHOrO KOJIeHa KPHCTaMIoOHOocua. Jlis yMmeHblueHds MOrpel-
HOCTH TJ1a3 AOJXKeH GbITH 110 BO3MOXHOCTH YyAaJe€H OT KPHCTaJ-
JH3aTOPa W PacnoJIOXKeH Ha CpenHell JHHMM H3MEpPSeMoro
IHanasoHa BHICOT. Ilpy GOJIBIIOH BesHuYMHE KpHCTaJdiaa ¢; Mpo-
MepsieTCs He M0 NepeiHeMy Kpaw ero, a mo JHHHHM, COeNHHs-
louleil cepeMHbBl OCHOBaHHH.

AunanornuHo B cJayyae HaNOGHOCTH MOTYT OBHITh M3MEPEHH
BHICOTH BepXHeill M HHXHeH YacTed KpHCTaJ/Ja B OTIEJbHOCTH.
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HN3MepeHne BeJIMYHHBI KpHCTaJlJa BOOJb OCH a. Bennyn-
HaMH, C KOTODHIMH CPaBHHBAIOTCs Pa3Mepbl KPHCTaJlJa MO OCH
a, ABJAAIOTCA BHEIIHH{l nuaMeTp TPYOKH KpHCTA/MIOHOCHLA (C Ha-
neToil pe3nHOBOH TpPYyOKOH) H JJHHA FOPH3OHTAaJbHOrO KOJIEHA
KpucTa/oHocua. O6e 5TH BEJTHYHHH JOJIKHH GHITH IPOMEPEHb
3apaHee.

OcTaHOBHB BpalleHHe, MOBOPAYHBAIOT KPHCTaNJ TaK, YTOGHI
OoChb a 6Hhja napasaesnbHa HabJogareno. ['OpH3OHTAaIBHOE KO-
JIEHO KPHCTaJJOHOCHA NpPH 3TOM Takxke OyneT napasieabHO
Habsonareio (eC/H 3apoAbII GBI MPaBHJABHO OPHEHTHPOBAH).

[n1a3 pacnoJiaraloT Ha CpenHeil JHHHH MEXIYy OPH30HTAJbHBIM
|

Puc. 5.

KOJIEHOM KDHCTaJJIOHOCIA M BepXHeH rpaHbio Kpucrasasa. Jlu-
HefiKy MNpHKJANBIBAIOT K CTeHKe 06aka TepMOCTaTa TrOPH30H-
TaJbHO —CHAyaJa TakHM 006pa3oM, YyTOOH OHAa COBMNazaJja C ro-
PH30HTAJBHEIM KOJEHOM KPHCTAJJOHOCLA, a 3aTeéM—C HANpaB-
JIeHHEM OCH 4 Ha BepXHeH rpaHu xpHcrtaJia. [sa3 jas yno6crBa
pacyeToB MOMeELIAeTCss HAa TAKOM PAacCTOSHHH OT KPHCTaJJIH3a-
TOpa, 4TOGH KaXyLascsi AJHHA TOPH30HTAJbHOTO KOJIEHa
KPHUCTaMJIOHOCHA OBlJa paBHA HCTHHHOH (YTO BO3MOXHO, Tak
KaK UWIHHApDHYecKass CTeHKa KPHCTaNJH3aTOPa YBEJHYHUBAeT
rOPH30HTAJMbHbIE pasMephl mpeaMeTos). B sToM ciayuyae oTcuer
no JuHelKe [/ OCH @ HeNOCPeACTBEHHO MNAEeT BeJHYHHY
3TOH oOCH.

Korma kpucranan waJz, 6osee TOYHHIE - pe3yJAbTaTH JaeT
CpaBHeHHE C JDHaMeTpoM TPYOKH KPHCTAJ/NIOHOCLA. JTOT JHa-
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METp NpPOMEDSIIOT HENOCPEACTBEHHO HaJl BepXHeHl TPAHbIO KpH-
cTaana (HO He BHYTPH KPHCTa/Ia).

U3mepeHne KpHcTasia BLOJb OCH b NPOH3BOAHMTCS OyTeM
CpaBHeHHsl pasMepa MO OCH b ¢ puameTpoM TPYOKH KpHCTaJ-
JoHocua. [losyyeHHbIi pe3yabTaT MOXET KOHTPOJHMPOBATHCH
BEJMYMHOH OCH @, TaK KaK COOTHOILIEHHE pa3MepoB MO 3THM
0CsIM TPHG/IH3HTENBHO H3BECTHO.

Y KpHCTannos, 3a0CTPEHHHX MO OCH b (OTCYTCTBYIOT IpaHH
{010}), omomenne—gnemm B npeznenax 1,565—1,80, o6bIYHO cO-

crapasia 1,66—1,70. Ono TeM GoJbile, yeM CHJIbHEE Ppa3BHThi
rpauu {100}. dns xpucraanoB, y Kotopux rpanu {010} umewor

3aMeTHYI0O IIHPHHY, OTHOULIEHHE ;b HHXKE, COCTaBasii OOHIYHO
1,46—1,50. T[lpakTHYeCKM MOXHO CYHTaTh JJis KPHCTAaJJIOB
NepBOH KaTeropuu %=1,7 H BTOPOH KaTeropuH %-—- 1,5.
Onpeneaenue o6bemMa U Beca Kpuctauia. O6beM KpUCTaLIa
B NePBOM NPHOIHKEHHH HAXOLHUTCA N0 dhopmye: V'-_—_‘-zgf. [Tony-

yaeMasa BeJHYHHA BCerla 3HAYHTENbHO HHXXE HCTHHHOH, TakK
KaK faHHas (opmysa nmpeanosaraeT, YTo OCHOBaHHe KDHCTaJJja
umeetr ¢opMmy pomba C QHAroHaJAMH, PaBHbHIMH a u b. Jlas
NpHOMHKEHHs] K HMCTHHHOH BEJHYHHE IIOJyYeHHOEe 3HayeHHe
JOJ/OKHO OBITh YMHOXEHO Ha IONpaBOYHHHA ko3aduuueHt Vi,
KOTOpPHIHf TeM BhIlle, YeM CHJbHee pa3BHTH rpanu {100} u {010}.

Jas KPHCTANJIO0B, 3a0CTPEHHHIX MO O6EHM TOPH30HTaJBHLIM
ociAM @ H b (uyto GhiBaeT pelko), sToT ko3duuuest V,=1,16.
Ec/ax KpHCTanga 3a0CTpeH TOMBKO MO b, TO B 3aBHCHMOCTH OT pas-
BUTHA rpaHeil {100} koaduuueHnT xose6aetcs mexay 1,24—1,30.
[lpakTHdecku ero MOXHO NpPHHATHL paBHeIM 1,251 ¥ Kpu-
CTa/JJMOB, NPUTYIUVIEHHHX MO obeum ociMm a H b, V, nexur
mexny 1,30—1,42. Ilpaktuyeckn moxHO cunrtate V,=1,30.

Bec kpucranna (P) nonyuaercs yMHOXeHHeM ero ob6bema
Ha yJne/bHbII Bec cerHeroBoit coau (1,77); P=1,77 VV,, unu

1 Koaduunenr 6epercsi y HHXHEIO Npelesa CBOeH BO3MOXHOH BENHYHHHI,
NOTOMY uYTO He6oibllas OWHMOKA B CTOPOHY YMEHbIUEHHE BBLIYHCIEHHOTO
Beca He BJeyeT 3a co6oil BpeIHHIX noCHeACTBHH. Bec KpucTanga ciayxut
HCXOJIHOH BEJMYMHOH NMpH pacyeTe CHHXEHHA Temmepatypsl. Ecau BEUMCHEH-
Hblfi BecC 3aBHILEH MPOTHB HCTHHHOTO, TO COOTBETCTBYIKOLIEE €My CHHKEHHE
TEMIEPaTyphl MOXET OKa3aThCsi YPE3IMEPHBLIM H MoBJeyeT 3a €o6oif mopuy
KPHCTania HIH NMOsABJIEHHE NAPa3HTOB.
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abc
P=177 Vl.—Q—. [TepemHoxasi BCce NMOCTOSIHHbIE KO3()HUHEHTHI,

umeeM: ecan V;=1,25, to P=1,11 abc, a ecan V,=1,3, 10
P=1,15 abc.

15. MIPENEJ CKOPOCTH HAPACTAHUSA. HEJIECOOBPA3SHOCTD
MPUMEHEHHS BOJIbIIUX KPUCTAJ/IJIM3ATOPOB

[To mepe pocTta KpHCTaana KOHLUEHTPALHA PACTBOPA YMEHb-
maeTcsi, NMOHHXKAETCs CTeNeHb MNepecHIeHHs H 3aMelsieTcs
CKOpocTb ero pocrta. YUrobbl mnompepxaTh 3Ty CKOPOCTh Ha
JOCTaTOYHOII BHCOTe, HEOOXOAHMO MO Mepe pocTa KpHCTa/iaa
MOHIKATh TeMmnepaTtypy pactBopa. OTBHICKaHHE NPaBHJIBHOIO
rpaduka CHHXEHHA TeMnepaTypbl SBJseTCd 3anayeil nepBo-
CTENneHHOH BaXXHOCTH, OCOGEHHO B YCJIOBHAX CKOPOCTHOIrO BHIpa-
wuBanus. HenocraTtoyHoe M 3ano3znajnoe CHHXEHHE TeMmmepa-
Typhl 6e3 HyxXIbl 3aMenJseT CKOPOCTb pOCTa KpucTanaaa. Upes-
MepHOe CHHXKEeHHe TeMNepaTypH BHI3HIBAET MOPUYy KPHCTAJIa —
nosiBJleHHe B HEM BKJIOUEHHH MaTOYHOrO PacTBOPA, a NPH CKO-
POCTHOM BHIDALIMBAHHH OOGBLIYHO BEJET K NOSIBJEHHIO Napa3suTOB
B pacTBOpEe H 3aCTaBjseT NPEKPaTHThb OIMNHIT.

ABTOpHI METOIOB BPALLEHHS, KaK PAaBHJIO, JAIOT CTaHAAPTHHIH
rpa¢uK CHHXEHHSI TeMIepaTyph Ha BeCb NepHOJ POCTa KpH-
cTaana uau ¢GopMyJay, N0 KOTOPOH MOXKHO 3TOT Ipa(HK BHICUH-
taTb. OCHOBHOH NPEINOCHJKOH AN NOAOOHBIX pPacyeToB iB-
JAsieTCs1 JONyIleHHe, YTO CKODOCTb POCTa rpaHell Mo HOpMaaAM B
TeyeHHe BCEero nepHoma pocTa OocTaercs mocrosHHoH. Omnpene-
JIMB CKOPOCTb POCTa, XapaKTepH3YyIOLlyI0 A3HHHHA METOJ BHIpA-
IIMBAHHA, BBIYHCJ/AIOT BO3MOXHBIH BEC KDHCTa/lJa Ha KaXxAWH
JeHb POCTa M PACCYHTHIBAIOT CHHXEHHE TEeMIepPaTypHl, IIPH
KOTOPDOM KOJIHYeCTBO BElIeCTBA, 0CBOOOXKAAIOIIETOCS H3 PACTBO-
pa, KOMIIEHCHPOBA/O OH BEUIECTBO, OT/JIOXKHBILEECH Ha KPHCTAJ,
4TOGH MNEepechIlleHHe pacTBOpa, BHIPAXKEHHOe B rpaMMmax hepe-
CHIIIAIOUIErO BelleCcTBa, OCTaBaJOCh HEH3MEHHBIM.

JlonylieHHe O UOCTOSHCTBE CKOPOCTH pOCTa IPaHH MNpH
NOCTOSHHOM INEepecHIIeHHH B CBOIO Ouyepelb OMHpaeTcCs HAa pAl
N1a60pPaTOPHLIX HCCJAENOBAHHI BTOPOM INOJIOBHHH MPOILIOTO
H Hayana Tekymer0o Beka. OIHAKO YCJIOBHSI NPOMBILIIEHHOTO
BHIPAIIMBAHHS CYIIECTBEHHO OTJHYAIOTCA OT YCJOBHH YMOMSHY-
THIX Ja6OpPaTOPHEIX ONHTOB. B mOCIeIHHX BbIpaLIHBaJIHCh
CPaBHHTENbHO He6OJIbLINE KPHCTAMAB H3 OTHOCHTEJIBHO 60.Ib-
IHX 06'beMOB pacTBOpa, H JJIsI COXPAaHEHHs MNepechlleHHs He
Tpe60BaJOCh CKOJbKO-HHOYIb 3HAYHTEJbHO CHHXXATh TEMIepa-
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TYpy B npoluecce pocTa. B NMpoOMHIIIEHHOCTH k€ Bec MNoJayya-
eMblX KpHCTaanoB cocraBaseT 0,5—1,5 k2 u BeIe npu Ha-
yaJqbHOM o6beMme pactBopa 2—4,5 4. B mponecce pocra umeer
MECTO MOHHKEHHe TeMmmepaTtypnl mnopsiaka 10—12°. Ilepenoc
B 9TH YCJIOBHSI pe3yJbTAaTOB ONMKITOB He SIBJASIETCS ONPaBJAHHKIM.
Hao6opot, a priori MOXHO OXHIaThb, 4YTO CKOPOCTb pOCTa
rpaHeii NpH OAHHAKOBHX NePeCHLEHHsSX, HO IPH PA3HBIX TEMIle-
patypax 6GyneT pa3JH4YHOM.

[Ipy nosb30BaHHM MeNJIEHHBIMH CTAaTHYECKHMH METOJaMH,
XapaKTepPU3YIOUWUMHCS JHHERHOH CKOPOCTbIO HAapaCTaHHA Trpa-
Hell MopsiiKa HECKOJbKHX MHU/JHMMETPOB B CYTKH M 3HAYHTEJb-
HbIM HayaJbHHIM NEpecHIIeHHEM, 3T0 06CTOATENbCTBO He 06pa-
mano Ha ce6si BHMMaHus. [IpaBna, Ha NMpakTHKE BHIYHCJIEHHHIH
TeMInepaTypHbI pexXuM OOGBIYHO OKAa3HIBaJCs NPHIOAHEIM JHIIb
Ha MepBBIX CTagusix pocTa Kpuctaana. Ilo mepe yBennyenus
pa3MepoB KPHCTaJ/Ja B HEM TNOSIBASJIHCH Ae(eKThl, nas1 n3bexa-
HUSI KOTODHIX B BHIYHCJEHHBIH rpa¢uK NPUXOAHJIOCH BHOCHTH
KOPPEeKTHBH B CTOPOHY ero 3amensesus. OIOHAaKO NPHYHHE
3TOrO $IBJIeHHs He BHISICHSAJAUCH.! TIpH CKOpOCTHOM BHIpaUIMBa-
HMHM LHMKJ pOCTa CXAaT BO BPEMEHH, H H3MEHeHHEe CKOPOCTH
HapaCTaHWs IpaHedl Mo Mepe YBEJHYEHHS KDHCTaJJa, eClH OHO
HMEET MeCTO, AOMKHO MPOSBJSATBCA 3HAYHUTENbHO pexe. Yxe
B MeTtofe Illltrepubepra npuMeHeHHe BHYHCJEHHOTo rpaduka
0Ka3aJ0Chb BO3MOXHHIM TOJILKO B nepBne JHu pocta. Koraa
*e KPHCTaJJ1 IOCTUIaeT HM3BECTHOH Be/JMYHHBI, BBHIYHCJEHHOE
CHHXCHHEe TeMIepaTyph OKAa3biBaeTCsl I/ HEero 4Ype3MepHHIM,
H BO u3bexaHHe MNOpPYH TIpaHeH MNPHUXOAUTCA 3aMEMJSTh TEMI
CHHXEHHSl 110 CPaBHEHHIO C rpa)MKOM M COOTBETCTBEHHO YMEHbB-
aTh CKOPOCTh pOCTa.

Jlns MeTona 3KCLEHTPHYHOro BpALIEeHHs MOJOGHHE pacyeThl
OKa3aJHCh COBEPIIEHHO HEeNpHMEHUMsIMH. Ec/aH BBIYHCAATH
BO3MOXHBIH BeC KPHCTalJa, 3KCTPANOJAHPYs HayaJbHHIE BHICO-
KHe CKOPDOCTH pOCTa TpaHell Ha HECKOJbKO JHel Bmepes, MOJY-
yapTcs UHbpH mopsika 2 k2 Ha nAThie CyTku pocta U 9—10 xe
Ha BOoCbMHE CyTKH. OnHaKO Takue CKOPOCTH Ha IpaKTHKe
peasn3oBaTh He yhaercs. BrisicHuJIOCH, 4TO JIMHEHHasg CKOPOCThb
HapacTaHHMA rpaHefl No Mepe yBeJHYEHHS KPHCTaJsla 3aMel-
JsieTcsd, a CYyTOYHHN BeCOBOH IPHPOCT KPHCTaJaJa HMEET HEKO-

1 Onwoit M3 NpHYHH ABJsAETCA 3HAYHTENbHOE YBeJHYEHHE CTENeHH INepe-
CHIUEHHA PacTBOPa NPH CHHXEHHH TeMIepaTyphkl MO 3apaHee BLIYHCIEHHOMY
TpaQuKy, BCJeJCTBHE NMOCTOSHHOrO OTCTaBaHHs (aKTHIECKOH CKOPOCTH pOCTa
OT pacyeTHOH. )
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Tophili mpenesn. Ecau BecTH CHHXEHHE TeMmMmepaTyphl, He CYH-
TasiCb C CyUIeCTBOBaHHEM 3TOr0 mpejxesa, TO H36BITOK
0CBOGOK 1a€MOr0 BelleCcTBa He YCBaHBAeTCs KPUCTANIOM, a OCTa-
eTcs B pacTBOpe, yBeJHYHMBAas ero nepecHuieHHe, H OLICTPO
BeJeT K MacCOBOMY BO3HHKHOBEHHIO LIEHTPOB KPHCTaIIH3ALMH
B pacTBope.

Kakumu npuuynHaMH 06yCJIOBJEHO CYILEeCTBOBaHHE HpeIelb-
HOr0 CyTOYHOro BECOBOrO IPHPOCTa, €lle He sICHO. YCTaHOB-
JIeHO JMIb, YTO OH Pa3/jHYeH B Pa3HbBIX yCJOBUSIX KPHUCTaJIH-
sauun. Tak, B kpucraniusatope, comepxaiem 4—4,5 2 pac-
TBOPA, MAKCHMAaJNbHbI IPHPOCT, KOTOPHIH MOXHO BHIIEPKHBATH
HeCKOJNbKO nHeft 6e3 NOsiBJeHHs NapasHTOB B pacTBOpe, COCTa-
BaseT 220—270 e B cyTiH. B KpUcTanansaTope xe, CogepxauieM
7,56—9,0 2 pactBopa, nerko HOCTHrHYTb npupocra B 300—400 2
B cyTkd. Opanako 06e3 CHeLHaJbHHIX ONBTOB (NOCTaBHTH
KOTODHE MHl MOKAa HE HMEJH BO3MOXHOCTH) HeJb3sl PeLIHTh,
KakHe (axkToOphl 3[¢Ch SABASIOTCHA CYILECTBEHHHMH. BHTbH MOXeT
31ecb Hrpaet poJb CaMO KOJHYECTBO DacTBOpAa, pa3MeLIHBae-
MOTO KPHCTaJJICM, HJIH IJIaBHOE 3HaYeHHE HMeeT TeMIepaTypa,
NPH KOTOPOH HAET pocCT (OAMHAKOBOE NepechleH’e NPHU HH3-
KUX TeMuepaTypaX [JaeT MEHbIIYI CKOPOCTb pOCTa, YeM IpH
BLICOKHX ).

YBeJsuyeHHe MaKCHMaJbHOIO CyTOYHOrO MPHPOCTA C YBeNH-
yeHueM ob6beMa pacTBopa 0O6yC/OBAHBaeT ILeeco06pa3HOCTh
npuMeHeHus 60ablIHX KpHcTannusaTtopoB. Ilpu paspaborke Me-
TOJHKH MHl IOJb30BAJUCh KPHCTANIM3aTOPAMH, COLEPIKAILHMH
4,0—4,5 2 pacTBOpa, HO B Ha/ibHeillIeM nepeiiy Ha 8—9-aIuTpo-
Bble. [locnenuue MBI M CYHTaeM palMOHAJbHHIM PEKOMEHIOBATh
npousBoaCcTBy. KpoMe yka3aHHO! NMPHYHHH, IJs 3TOTO HMeeTCs
psAlL Ipyrux, He MeHee BaxHHX. Tak, MakCUMa/lbHHHA BeC KpH-
CTa/NJa, KOTOPH MOXHO IOJYyYHTb B E€PBOM KPHCTaNJIH3aTOpE,
cocTamasieT okoJo 1,7 k2, a BO BTOPOM — OKOJIO 3,5 K2. Belpalu-
BaHHe 60JbIIMX KPUCTA/VIOB 3HAYHTENbHO BHITOAHee, YyeM MeJl-
KHX, TaK KaK BpeMsl Ha MOJArOTOBHTEeNbHbIE PaGoTh (OKOJO Cy-
TOK) ¥ NepHojJ, B TeyeHHe KOTOPOro BEeCOBOH NPHPOCT Mai
(nepBbie 3,0—3,5 cyTok pocTa), B 060HX Cnyyasx OJHHM H Te XKe.
OpHoBpeMeHHOE BHIpAaUIMBAHHE IBYX KPHUCTA/JJOB Ha JBOMHOM
KPUCTAJJIOHOCLE, O KOTOPDOM MH OyJlieM TOBODHTb HHXKE, 0CO-
6eHHO Leseco06pa3Ho B GOMBIIMX KpHCTaliu3aTopax. Hakoren,
yeM 6oJbiie 06beM pacTBOPa, TEM MeHbIE MOXeT CKa3aTbCs
B nporuecce pocTa BpelHO€ BJHSHHE HeH30eXHHX IOrPEeIIHo-
CcTel B OmpejJe/eHdH TEeMIepaTypbl HACHIIEHHS H BbIYHUCIEHHH
Veg v S'. Tlpuunna 3pech Ta, 4TO [/ MOJYYEHHS] KPHCTaNJIOB
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OJHOTO H TOrO e BeCa B MaJOM H 6OJBLIOM KPHCTaJJIH33ATO"
pe — B MepBOM INPHXOAMUTCS NPOH3BOLHTH ropa3fo GoJbliee
CHHXKEHHe TeMIeparypel, 4yeM BO BTOpOM. Hanpumep, HMmes
COOTBETCTBEHHO 4 H 8 .4 pacTBOpa, HACHIIEHHOro npu 37°,
4yTOOHl NMOJYYHTb KPHCTaAJ1 BecoM B 1,0 K2, Hamo B IepBOM
cJIydyae CHHM3HTh Temmeparypy Ha 10,7°, a BO BTOPOM — TOJbKO
Ha 4,9°. Ecau BHuHC/IeHHasd BeauuynHa V,, 3aHHKEHa 1O CpaB-
HEHHIO C HCTHHHOH, TO, 10 MEPe CHHXXEHHS# TeMIepaTypHl, B pac-
TBOpE CO31aeTcs Hey4yHThHBaeMOe H3GHITOYHOE IepeCHILIEHHE,
KOTOpPO€ MOXET NPHBECTH K HApYLIEHHI0 PaBHOBECHs pPacTBOpa.
9To nepechilleHHe, BHPaXeHHOe B Tpaiycax, B MepBOM cjyyae
6yner GoJblue, YeM BO BTOPOM.

16. TEMIIEPATYPHBIA PEXXMM POCTA

W3 ckasaHHOro B mpejbiAylleM pa3jnene cJenyeT, 4To IpH
BHIPa6OTKE TEMIEpAaTypHOrO PeXHMa CKOPOCTHOTO BHpallMBa-
HHSl HENb3s HCXOIHMTb TOJBKO M3 CKOPOCTEH HapacCTaHHs rpa-
Hell, cunuTas HMX HeH3MeHHBIMH. [IpDHXOOUTCS YYHTHIBaTHL Hai-
IEeHHOEe M3 OMbiTa 3aMelJieHNe CKOPOCTH pOcCTa rpaHefi H cyiie-
CTBOBaHHE MNpefesa CYyTOYHOrO BECOBOTO MPHPOCTA.

Bynem pasnuuath MHAMBHAYaJabHbIH DEXHM pOCTa, IpyMmo-
BOH M CTaHIAPTHBIA.

ITon nuauBUAyanbHB M pexHMOM OyleM NMOHUMATD
TaKOH, KOTOPHH Mbl YCTAaHaBAHBaJH IJs HAHHOTO KpHCTaJ/1a
B NpOIleCCe pOCTa, HUCXOAS M3 TeMmnoB ero pocrta. CHHxEHue
TeMnepaTypel NPOHM3BOAMTCA MO pPACNHCAHHIO, BHIYHCJIEHHOMY
Ha KaXJIbBd JeHb C YYeTOM BECOBOrO NPHPOCTA 3a HCTEKIIHE
CYTKHM H OXHJAAeMOIr'0 NPHPOCTa Ha NPEACTOALIME CYTKH.

'pynnoBo#i pexHuM Tako#t, NPy KOTOPOM BHpPaIHBaHHE
BEJeTCs] OJHOBPEMEHHO B [pynmne KpPHCTAaJJH33TOPOB, coldep-
JAWUX PaBHEIE KOMMYECTBa pACTBOPA OJMHAKOBOrO COCTAaBa.
DTH KPHCTANJIH3aTOPH HAXOAATCHA B OOILEM BOASHOM HJH BO3-
LymwHoM Tepmoctare. CHH)XXeHHE TeMmepaTypH BHYHCISETCS
KaK NpU HHAUBHAYaNbHOM BHPAUIUBaHHH, HO HCXOMHLIE NAHHEIE
I/ BHIYHCJIeHHH (NPUPOCT KPHCTa/a, MOHHXEHHe TeMmnepary-
PH HaCHIEHHS PAacTBOpA) MOAyYaioT U3 HabaoIeHHH 32 pOCTOM
KpHCTa/MJa B KaKOM-IM60 OJHOM KpHCTa/JIH3aTOpe H3 4HCJa
BXOJSIIMX B NAHHYIO Tpynmy.

CTaHgapTHHHA peXHM BHYHCIASETCS 3apaHee, HCXOXs
H3 06beMa HMMEIILHXCS KPHCTaJAH3aTOPOB, HEKOTOPOH ompe-
JIeJIEHHOH TeMmIepaTyps HACHIIEHHS] pacTBOPa H 3MIHPHYECKH
HaAJIeHHEIX TEMIIOB pOcTa KpucTanja. CHHXeHHe TeMnepatyphl
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NPOM3BOLUTCA N0 pPa3 HaBCerha YCTaHOBJEHHOMY Trpaduky,
6e3 o6mepa KPHCTAJJIOB B MPOLECCE POCTA H CBsI3aHHHX C 3THM
BBHIYHCJICHHU .

UHauBHAYyaNdbHBIA peXum

BripaniyBanne KpHCTa/JJIOB HAa HHIMBHIyalbHOM TeMIlepa-
TYPHOM pexiMe BejeTcsl MPH HCCJAeJ0BAaTEeNbCKHX W IIPOH3BOA-
CTBEHHO-3KCNepPUMEeHTaNbHHX paboTax. MHAMBHAYaNbHBEIA peXUM
ABJSETCA OCHOBOH IrpynmoBOro W cTaHmaptHoro. [losromy Ha
HeM OCTaHOBHMCSl MOAPOOHO.

HMuauBuayaneHE peXMM MOXeT OHTb CNOKOHHHBH H
popcupoBaHHH . [IpH CHNOKOAHOM pexuMe CHHXKeHHe
TeMIepaTypH B TeYeHHE CYTOK NPOM3BOAUTCH TakK, YTOOH KOM-
MEeHCHPOBAaTh MUHHXEHHe IepecChIleHHsd, MoJyyuBIIeecs 3a
Hcrekmne cyTku. [IpH 3TOM He npHHHMaeTcss BO BHHMaHHE,
YTO POCT KPHCTa/J/Aa MPOJOJIKAETCSH M MepecHILeHHe NpOLOJ-
*kaeT naznatb. [Ipu ¢opcupOBaHHOM pexHMe YUYHTHBAeTCs He
TOJMILKO MaJieHHEe NepecHINeHus, (PaKTHUECKH MMelolee MeCTo
K OuepeJHOMY MOMEHTY NPOH3BOJACTBA pacyera, HO H TO, KOTOpoe
MoxeT OHTh B TeueHue O6suxafimux cytok. Jlis aToro menaercs
JONyIIeHHe O BO3MOXHOM JIHHEHHOM TNPHPOCTE KPHCTaala IO
OCSIM H BBIYHCJSIETCS OXHJAAeMBHIHl BeC KPHCTaJJja.

[lpu cnoxo#iHoM pexuMe mnepecHIeHHe K KOHIY KawIHX
CYTOK pOCTa HHXe, YeM B HayaJe poCTa; NpH (HOPCHPOBAHHOM
OHO OOBIYHO NOYTH PAaBHO HayaJbHOMY M MOXeT ObTb Jaxe BH-
nre, ecad (akTHYeCKHH pPOCT KPHCTa/lsa OTCTaeT OT OXKHAAeMOo-
ro. HeocropoxHnoe ¢opcrpoBaHHe pocTa MOXKET NPUBECTH K Upes-
MEpHOMY MNOBHILICHHIO NEPECHILEHNs W MOSBJEHHIO NMapasHuTOB
B pacTtBope. CIOKOHHBIH peXuM TapaHTHPYeT OT 9TOH OINacHO-
ctu. OJHaKO BeCTH BbIpAllMBaHHE HA CIIOKOHHOM pexHME J0
KOHIA Henesecoo0pasHo, Tak KaKk poCT KPHCTalia, KOrga OH JO-
CTHraeT KPYNHHIX pa3MepoB, 3HAYHTENbHO 3aMeNJseTCsl IPH 3TOM
NpOTHB BO3MOXHOro. CyIllecTBEHHYI0O pOJIb HrpaeT TaKke TO
O6GCTOSITENILCTBO, YTO ONHOH W TOH Ke BeJHYHHE IepechllleHHs
(B rpamycax) mpH HHU3KHX TeMIlepaTypax OTBeyaeT MeHbluas
CKOpPOCTb pOCTa, 4Y€M IIpH BHICOKHX. Uem OGosblie o6beM pac-
TBOpA, TeM OJHXKe ONTHMAJbHBIH peXHM pOCTa K CIOKOHHOMY.

HayanbHas cKopoCcTh pocTa KPHCTa/1a OY€Hb CHABHO 3aBHCHT
OT creneHu nepecnieHnss. CoOOTBeTCTBYIOLMEe IH(PH HaMH
ompeje/eHs JHIIb Npu6anu3uTesbHo. bBosee TouHoe ompepesne-
HUe TpeGyeT IPEIHU3HOHHOH ammapaTypbl H YCTAHOBJEHHs TEM-
nepatypbl HacCHIIEHHS, MO KpaiiHe# mepe, po 0,05°.

66

5 Anwenec



INpuBoauM faHHBIE O CYTOYHOH CKOPOCTH pOCTa KpHCTaasla
BAOJMb OCH b (B 0oGe CTOPOHH) IpPH pasHBHIX IE€pecHIUIeHHAX.

lepecwmenne B rpamycax CkopocTh pocTa
(nepeoxnaxneHue) (cM/cyTKH)
1,0 1,0
1,2 1,5
1,3 1,8
1,4 2,0
1,5 2,2
1,7 24
2,0 3,0

-

Atn nudpH OTHOCATCA K HEOOJBIIMM KPHCTaJ/1aM, PACTYL[HM
npu Temneparype 36—37° B yC/IOBHSIX HAlIero Merona. lem-
nepatypaM Ha 5° HHXKe COOTBETCTBYIOT CKOpPOCTH B 1,6—2 pa3sa
MeHbIIHe.

CkopocTb pocra 1o ocu b B3sTa B KayecTBE CpaBHHUBaeMOM
BEJIMYHHE NOTOMY, YTO OHA MEHbIIEe IPYTHX 3aBHCHT OT OOJHKa
KpHucTai1ia. M B BHTAHYTHIX, W B YIVIOWIEHHHX KPHUCTALJIAX
CKOpOCTb POCTa MO b mpH AAHHOM MEepecHIeHHH OJHA M Ta XKe.
[TosaTomy, Mexay MNpoYyHM, BHFOLHO CTPEMHTbCS K IOJyde-
HHIO YJJIMHEHHBIX KPHCTaJJIOB, NAIOLIMX PEKOpPAHbIE CKOPOCTH
pocta (B BECOBOM BHPaXXEHHH).

OnTiManbHBEIME  HAa4yajJbHBIMH YCJIOBHSIMH CJIEIyeT CUHTAaTh
TeMmnepatypy HacHINEHHs pacTBopa okono 37—38° M nepecH-
niesue onosio 1,5—1,7°. Eciu TeMnepatypa HachlleHUs onpe-
JeJleHa NPaBUJIBHO H, CJ€A0BaTeJbHO, 33laHHO€ IepeCcHILeHHE
AMeeT YKasaHHYlo BeJIHYHHY, TO KPHCTa/lJ C CaMOro HadaJa
HMeeT XOpOWYy CKOPOCTb pPOCTa, H €ro MOXKHO BeCTH Ha CIO-
KO/ HOM pexXHMe, noka OH He JOCTHrHeT 6O/JbIIHX pa3MepoB.
Ecnn nepechilleHHe HHXE YKa3aHHOTO, TO POCT MPHXOJHTCS
¢opcupoB>Th ¢ camoro Hadasna. CKOpoCTh POCTa HANO yBeJH-
YUBAaTh MOCTENEeHHO, OCTOPOXHO. HakoHel, ype3sMepHO BHCOKOE
HayaJbHOE NenectillieHde OOBIYHO BeJeT K CPHIBY ONbITA BCJEN-
CTBYE NOsBJIEHHS [apa3uTOB.

[To mepe yBesnueHHs KDHUCTa/sla U TOHHXKEHHs TeMIepary-
phl pOCTa MDHXOAHUTCH HECKOJBKO INOBHILIATH MepeChileAne BO
n3bexaHne upe3mMepHOro 3amepsienus pocra. [1pu 30° pactBop
BBIEPKHBAET MepechuleHne mopsaka 2,3°% npu 27° — mopsiaka
3° u npu 22°— nopsnka 4,0—4,5°. CkopocTh pocTa NPH 3TOM,
HECMOTpPSl Ha BEHICOKOE IlepechllleHHe, HHKe HayaJbHOH.

Pacuer temiiepaTypHOro pexuma npu QopcupOBaHHOM PO-
CTe HJJIIOCTPHPYEM IPHMEDPOM.
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Kpuctana Ne 47

HUcxonHbe faHHHE: bao=237,3% V, =7,550 4.
BruuC/AeHHH I COCTaB pacTBOpa: Boax — 3,46 ; cer-
HETOBOH COMH — 7,24 ke.
Jauuwe aas pacuyerTa: 2=1391; &’ =38,31;
L,2V,,=4,16.
9/VIl1 1943 r. 6% — nocraBJsex 3apom=1m pH TeMneparype
pacteopa 40,5°.
9% — ycTaHOBH/IACH HaMeyeHHas  TeMmepa-
Typa pocta 35,5° (mepecwenue 1,8°).
1490 — £=235,5° BKJIIOUEHO BpalIEHHE.
Hauvasno pocra

10/VII 1943 r. 9%, ¢£=235,5°. Pa3MepH KpHCTaaJa:
¢=2,0 cx (BHHU3 OT ype3a TpybOKkH KpHCTaJ-
goHocua— 1,3 cu); b=2,2 cm; a=1,8 cx.
11)VII 1943 r. 9%. £=35,5% ¢ =4,1 cm; b=45 cu; a=
=3,2 cm; P, =66 2.' Tlpupoct 3a cyTku:
c—2,1 em; b—2,3 cm; a— 1,4 cu.
HoBas TeMnepatypa HacCHILEHHd pacTBopa (BHIYHCASETCS
no ¢dopmyae E, ctp. 49): £, =37,1°. Ilepecrhiuienne — 1,6°.
PocT Ha cnokofiHOM pexume Mb 6yJIeM HMETb, €CIH CHH-
3uM TeMnepatypy Ha 0,2°, moBens, Takum o6pa3omM, mnepechie-
HHe n0 npexHed Beanmunusl 1,8. XKenas ¢o cuposath pocr,
MBI BEIUHCJISi€M Pa3Mephi, KOTOPHE 6yeT HMeTh KPHCTAJLI K KOH-
ny cyrok (12/VII, 9%), u cooTBeTCTBYWOLIYIO TeMmnepaTypy
HachleHus1 pactBopa. CuMTasi, 4TO NP 1POCT mO oOcsAM 6yner
TaKkol ke, KaK 3a HCTeKIIHe CYTKH, OXuiaeM CJeLyiouwde
pasmepe: ¢—6,2cm; b—68 cxm; a—4,6 cu Pl’25= 215 ¢
tya. — 36,6°. UTOOH nepecHIeHHe COXPaHUAO0 NepBOHAYaI HYIO

Beanyuny (1,8°), Hao K KOHIy PaCUETHBIX CYTOK CHH3HTb TeMme-
patypy 1o 36,6 —1,8=234,8° T.e. na 33,5—34,8=0,7°. Cuu-
XeHHe TPOU3BOJMM B HECKOJbKO TIPHUEMOB, Yepe3 paBHHE
HHTeDBaJbl BpeMeHH, Kaxjawi pas Ha 0,2—0,1°
12/VIL. 9%, — f=234,5° ¢=6,5 cu; b=6,7 cmu; a=4,5 cx;
P, y=217 ¢;¢,,=36,6" nepecnimenne 1,8° Ilpu-
pOCT 3a CyTKH: ¢— 2,4 cm; b—2,2 cm; a— 1,3 cu;
P—152 2.

1 Pja5 — BeC KPUCTalJIa, BBHYHCIEHHHH No dopmyne: P o5 = 1,11 abc
(ctp. 61).
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Yro6H BECTH B JajJbHellIeM pOCT CHOKOHHO, Hanxo 6.u-
Jkaliiiie CYTKH BO3JEPXKHUBATBHCA OT CHHXEHHA TeMIepaTypH
WM MOHH3UTh ee Ha 0,2—0,3° yudUTHIBasA, YTO NMPH MOHHKEHHH
TEMINepPaTypH poCTa MNepecHIleHHe MOXeT OHTh HEeCKOJIbKO
[OBHIIIEHO.

Yrto6nl BeCTH pocT (opcHpOBaHHO, CHOBA NmpubaBiaseM K pa3-
MepaM KpHCTaJIa Mo ocsM (aKTHYECKHIH NPHPOCT 33 HCTEKIIHe
CYTKH H nNoBTOpsieM BbuHCJeHHe. Oxupaercs yepes CYTKH
(13/VIL 9%): ¢ —8,9 cm; b—8,9 cm; a— 5,8 cu; P ,,—506 2;

t,..=35,6°. Hapo cuusuTh Temmepatypy 10 35 6—1,8=33,8°,

T. e. Ha 34,8 — 33,8 =1,0°. CHHxXeHHe NPOU3BOAHM IsThb pas
B TE€YEHHEe CYTOK: Kamnuﬁ pa3s Ha 0,2°

13/VIL. 9%: £=233,8% c¢=8,2cm; b=87Tcm; a=>5,6cn;
P, =443 ¢; t,,=35,8% nepecnimenne —2,0°. Tlpupoct 3a
cytku: ¢ — 1,7 cn; b—2,0 cu; a—1,1 cm; P—226 e.

Kax Buoum, nepechlneHde pacTBOPa IOBHCHJIOCH BCJE[-
CTBHE OTCTaBaHHS (AKTHYECKOH CKOPOCTH pPOCTa OT MJAHHPY-
emoil. Takoe MOBHILIEHHE NEpecHIIeHHs, €Cld OHO AOCTHUraer
60/b1ION BEeNHUYHHB, NMPEACTaBJAseT ONAaCHOCTb, KOTOPOMH cJje-
JYyeT OCTeperaThCs NpH BeA€HUH KPHUCTANIU3aUMH HAa (QOPCHPO-
BaHHOM pexHme.

Hanpuie BeneM pacueT aHaJOrH4yHo npexmnaymemy. Oxu-
naem Ha 14/VIL.9%: ¢ —9,9cm; b—10,7cm; a—6,7cm; P, —

1,25

—7852;t —34,7°. CHusurb no 34,7 —1,8=232,9°, T. e. Ha

33,8 — 32%-0,9". CuuxaeMm B naATb npuemoB Ha 0,1°, 0,29
0,2°, 0,2°, 0,2°
14/VII. 9%: ¢t =32,9°; ¢ —9,8 cu; b—10,5 cu; a—6,6 cu.
P, — 755 2. Hac—34 8° [Tepecumenne —1,9°. Tlpupocr
3a CYTKH: c—l 6 cm; b—18 cm; a—1,0 cm; P—
—312 2. Ox(pmaeM Ha 15/VIL.9%: ¢ —11,4 cm; b— 12,3 cm; a—
—7,6 cm; P, ,,—1180 2; £, — 33,3°. CumxaeMm Temneparypy

pocra mo 33,3—1,8=31,5° . e. na 32,9°—31,56=1,4°. Cuu-
xaeM B 5—7 npuemos: Ha 0,2—0,3° kaxauil pas.

15/VIL. 9%: ¢=31,5% ¢— 10,7 cu; b— 12,6 cmy;a—7,5 cm.
Fi.— 1120 2; ¢,,=335"; nepecnuenune 2,0°. [lpupoct 3a
cytku: ¢—0,9 cm; b—2,1 em; a—0,9 cm; P— 3652 Oxu-
naem Ha 16/VII. 9% ¢—11,6 cm; b— 14,7 cm; a—8,4 cn;
P, — 1590 ¢ ¢, =31,8". Cuamxaem gpo 31,8—1,8=230,0°
T. e Ha 31,5—30,0=1,5°. CHuxkeHHe NPOHU3BOAHUM B 5—7
npuemos: no 0,3—0,2°
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16/VIL. 9%: £ =30,0% ¢—11,6 cm; b—13,9 cm; a—8,1 cu;
P, ,—1450 2 ¢,=323 [lepecnmenue —2,3". Ipupoct
3a cytku: ¢ —0,9 em; b—1,3 em; a—0,6 cu; P— 330 e.

OueBH/HO, JAOCTHUTHYT Ipeines CyTOYHOrO BeCOBOrO MpPHPO-
cTa. M36LITOK BellecTBa OCTAaeTCs B paCcTBOpPe H YBEJIHYHBAET
nepechieHne. Pexum pocTa Ha c/eAyIOlUHe JHH HAJO 3a/1aBaTh,
HCXOJs He M3 JHHEHHOro MPHPOCTA IO OCAM, a HeOCPEACTBEHHO
M3 BECOBOTO IIPHPOCTA, NPUHKMas nocaeHu# paBHbimM 330—350 2.
B CyTKH H MOAJEP}KHBasi NepechIleHHe MPUMePHO Ha OJHOM
ypOBHe.

B nensx skcnepHMeHTa MH NMHTAJIHCh H Jajblie ¢opcupo-
BaThb POCT AaHHOTO Kpuctamta. Oxugaem Ha 17/VIL 9%
c—12,5 cu; b—15,2 cm; a—8,7 cm; P, — 1830 2; ¢, —30,8°%.
VeenuuuBaeM nepechiienne 10 2,5°. Jlns 3TOro Haao CHH3HTh
temnepatypy no 30,8 —2,5°=28,3", T. e. Ha 30,0° — 28,3"=

1
17/VIL. 8%: npu £=28,3° B pacTBOpe MOSABHIHCL MHOTO-
ypcaeHHble MeakHe Kpuctalanku. OTKayuBaeM pacTBOp H H3-
BlekaeM KpucTaml. HenocpelACTBeHHBIE HM3MEpEHHs JNAIOT IO
ocam: c¢=12,4 cu; b=149 cu; a=38,6 cs. BHuHCIEeHHHE
P, ,,—1760 ¢; ¢, =311% nepecuiienne —2,8°.  smepenHoe
P—=1848 2, oTkyna t, = 30,8 u mepecimenne —2,4°,

I'pynnoBoil pexum

B npou3BOACTBEHHHX YCJAOBHSIX, KOTZa OJHOBDEMEHHO BHI-
pamMBaeTCsl HECKOJbKO JeCATKOB, a MOXeT OHTb H COTHH
KPHCTA/NI0B, Helesnecoo6pa3HO BeCTH BLIpaluMBaHHE B HMHIH-
BUIYaJbHBIX TE€PMOCTATaX, KaXIBH M3 KOTOPLIX NOMKEH GHITh
060py/l0BaH CBOEI HarpeBaTeabHOMN, TepMOperyanpyouen u us-
MepuTeabHOH anmapaTypoil. OJHoBpeMeHHOe HabJIneHHe 3a
60/bUWHM KOJHYECTBOM NPUOOPOB 3aTPYyIHHTEJNbHO, a pacuer
TeMnepaTypHOro pexuma JJs KaxJoro npu6opa B OTAENbHOCTH
BOOOIE HEBO3MOXEH, TakK Kak OH 3aHuMaeT 30—45 MHUHYT
B JleHb Ha KaXIHi KpucTtaaiusatop. B ycnoBusix kpynHomac-
mTabHOTrO NMPOU3BOACTBA, KAK 3TO NPHHATO M ceidyac Ha COOT-
BETCTBYIOIIHX 3aBOJAX, BhpallliBaHHe JOMKHO BECTHCh B Fpynie
KPHCTa/NIH3aTOPOB, HAXOJSILIMXCS B ONHOM O6llleM TepMOCTaTe—
BONSSHOM HJH Jyduie BO3AYIUHOM (,KOMHAaTa-TepMoCTaT“) Ha
o6mem TeMnepatypHoMm pexume. Heob6xonumeiM TpeGoBanueM
NPH 3TOM SBJSETCS NO BO3MOXHOCTH NOJIHAs TOXJECTBEHHOCTb
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yCnOBHA poOCTa BO BCeX KpHCTaianusaTopax. [ng 3Toro Bce
Nyd4KTbl KOMHATBEl T€PMOCTaTd, B KOTOPHIX IOMEUIAIOTCHA KpH-
CTaJ/IH3aTOPhl, [JO/KHH HMETh OLHHAKOBYIO TeMIeparypy.
PactBop pmJas BceX KpHUCTaNIU3aTOPOB TCTOBHTCS B OJHOM
obuieli RaHHe H TLIATEJbH) MEpPEMEIIHBAETCsi, YTOOH HOCTHI-
HYTb IIOJHOH OJHOpOOHOCTH. BO Bce kpucTaniusatopn 3aJu-
BalOTCA PaBHble mopuuu pactsopa. KoHuenTpauus au6o onpene-
JsieTcsl B OTAeNbHOH 1pode, JHOO NpenBapHTENbHO HOBOLUTCS
JO0 KeJaeMOH BeJHYMHBI INyTeM [AJHTEJbHOTO BBHIMEUIHBAHHUS
pacTBopa C NyApOH CEerHeToOBOH COJIM NMPH 3aJAHHOH TeMmIepa-
Type. 3apoAbliiH B KPHCTAVIOHOCHAX AONKHB GoiTh BO3MOKHO
ONMHAKOBBLIMH MO BeJHuuHE U (popme H T. 1.

Ecsu Bce 3TH Tpe6oBaHHs BbllIOJIHE IBl, IPEACTaBASETCA BO3-
MOXHHIM BeCTH POCT BCeX KpPHCTAa/JIOB Ha OOLeM TeMneparyp-
HoM pexume OIHAaKO M B 3TOM CJydYae POCT BCeX KPHCTAJIOB
He OyJleT B TOYHOCTH OJHHAKOBHIM. BcienctBue pasHuX cay-
YafHbIX MPHYHH OTHHA KPACTAJJIBl PAacTyT HECKOJIbKO ObiCTpee,
Ipyrve — me1yeHHee. PexHM pocTa BHIUHCASETCS TEM XKE MEeTO-
IOM. K)TOPbIH OMHCaH BbILIE NJ19 HHAMRH IYyaJbHOrO0 KPHCTAIH3a-
Topa. JlaHHble [Jsi BbIYMCJEHHS pexuMa MOJYyalTcs NyTeM
HabJionenHii U 3aMepoB HA KaKOM JIMOO OJHOM KpucTaaie B ka-
4ecTse TAKOTO KPHCTadsia Hag0 BHIOMUPATb OAMH H3 TeX, KOTO-
pHie pacTyT MeJJieHHee APYIHX. DTOT pexHM OylneT HeCKOJbKO
(He3HauyuTeNbHO) 3aMeNJNIATh POCT TeX KpPiCTaNIOB, KOTroOphHe
noyeMmy au60 umesd 6oJiee BBHICOKYH HAayaJbHyl0 CKOPOCTh
pocTa.

Ecad, Hao60poT, BHUHC/ASTL pPeXUM IO OLHOMY H3 GoJsee
6HICTPO PaCTyWHX KPHCTAMJIOB, TO B 4aCTH KPHCTA/N/IH3AaTODOB
BeUleCTBO, OCBOOOXKAAI0IleeCs MOHWKEHHEM TeMmnepaTypul, He
6yneT 110 IHOCTbIO yCBaWBATLCA KpUCTaJIOM. PesysbtatoM Mo-
WKEeT SBHTbCS 4pPE3MEpPHOEe YBE/JHUYCHHE MEepPeChILeHHs H Ipex-
JEeBpEMEHHbIH OOPbIB POCTAa HEKOTOPbLIX KPHCTAJJIOB.

CtaHgapTHBI pEXUM

[Ipn npaBUALHO Hanaxk 'HHOM TEXHOJOTHYECKOM INpoIecce
IpeNCTaBAsieTCd BO3MOXHEIM BoOOUIe H30€XaTb BHIYHC/IEHHH
BO BpeMsi pOCTa KPHCTA/A10B H BECTH CHH)XEHHE TeMeparyphl
IO COCTaBJEHHOMY pa3 Hascerja pacnucadHio. HeobxonumbM
TPeOOBAHHEM IIPU 3TOM fBASETCS HE TOJAbKO TOXIArCTBEHHOCTb
YCJIOBHI PpoOCTa KpPUCTALJOB B Mpefenax OUHOA NapTHH (Kak
NpH TPYUNOBOM BHIPAlIHBaHWH), HO M IOJHAasg HI HTHYHOCTD
pPacTBOPOB pasHbIX MNapTHii B OTHOIUEHHH COCTaBa M KOHLEHT-
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pauuu. 2KenareapHO COJb, NPHMEHAIOUIYIOCH IJsi NPHIOTOBJE-
HHS pacTBOPOB, MOJBEPraTh NpeaBapHTEJbHON OYHCTKE mepe-
KpucTanau3daudeil. M IeHTHYHOCTEP pacTBOPOB B OTHOLUIEHUH
KOHIIEHTPAIlHH JOCTUraeTCs AJHUTEeJbHBIM BHIACDXKHUBAHHEM KakK-
JOH mapTHH pacTBOpPAa B TEPMOCTaTe NPH HeNpEpPHIBHOM pasme-
LIHBAHHH U MHOTOKPAaTHOM JOO6aBJIEHHH NYJPHl CEIHETOBOH COJIH,
4TOOBl yAAJUTH H3 PacTBOpPA BelecTBO, H36BHITOYHOE CBEpX Ha-
CHULIEHHSl NIDH NaHHOA TeMmeparype.

OnrtumanbHas HCXOAHAA TEMNepPaTypa HaCHUIEHUS OIS CTaH-
JapTHOTO pexuMa JexHuT okono 37 — 37,5°. Uto6ul BrIpaboTaTh
TaKOH PeXUM, HAJO0 NPOBECTH HECKOJBKO ONBITOB HHAMBHAYaJb~
HOTO H TCpYNmoBOr0 BHIPAUIMBAaHHA B KPHCTAJIM3aTOPAaX CO-
oTBeTCTBYIOLEro o6bema. CTaHLapTHHI peXXUM He MOXeT OHTb
peXHMMOM MaKCHMaJbHOU MM O/MH3KOH K MAKCHUManbHOH CKOPO-
ctu pocra. IlepecuieHue npu HeM He NOKHO MPHOIHKATHCA
K NpeneabHOl BeJaudyuHe, YTOOH BO3MOXKHBIE CAyyaiHEE KOJe-
6aHHs He NMPHBOAMJHM K BHINANEHHIO KPHUCTA/NIHYECKOH MeNIOoYH
H K OoOpHIBY poCTa KpHCTasjla.

[lpuBonuM OAMH H3 BO3MOXHBIX BAPHAHTOB peXHUMa A
CleNyloUMX YCAOBHH KpHCTaaauzaunuu: £, = 37,5% o6bem pac-
TBOpAa B KawJOM Kpucrannusatope: V =7 4; ropusouTanbHoe

KOJIEHO KPHUCTANJIOHOCUA D CM; YHCJI0 060pOTOB B MHHYTY—G60.
Hauanbuass Temneparypa pocra 36,0°. CHHxeHHe TeMnepaTypul
B TeyeHHe KaXABX CYTOK pocta: l-e cytku — 0% 2-e cyTKH—
0,2°; 3-u cyrku —0,3% 4-e cyrku —0,5°; 5-e cyrtku—0,7°
6-e cyrku —0,7% 7-e cyrtku — 1,0°; 8-e cyrkun — 1,0°; 9-e cy-
Tk — 1,0°; 10-e cytku —1,2°; 11-cytku — 1,2°; 12-e cyTku —
1,2°. O6mee cHUKeHHe TeMmmepatypsl B TeuyeHHe 12 CyTok
cocraBaser 9°; KpHCTaMJT 32 3TO Bpems NOCTHraeT Beca 2 Ke.
DTOT pexHuM He ABJSETCS ONTHMAaJbHBIM. [IoBUIMMOMY, BO3-
MoxeH 6e30NacHHi POCT KPUCTA/IOB U Ha 6o/iee MECTKHX pe-
XHUMax, AamouwHx 6o/see BBHICOKHE CKOPOCTH pocra. MH He cra-
BH/IH cebe 3ajnaueil pa3paboOTKy TaKHX PEXHMOB, HMEIOILHX CO-
BEpUIEHHO YacTHOe 3HaueHHe. B KanoM KOHKPeTHOM cJyuae,
HCXOAsl U3 06beMa HMMEIUIHXCH KPHCTANIM3ATOPOB M JAPYLHX
YCIOBHH, Jerko nogobparb COOTBETCTBYIOILHH PEXHM.

17. IBOMHOM KPUCTAJIJIOHOCEILL

MeTOA 3KCUEHTPHYHOTO BpAIIEHHs, IPH KOTOPOM KPHUCTaJJ
BHHECEH B CTOPOHY OT OCH BpalleHHs, MO3BOJSET NOMECTHTh
Ha OJHOM KpHCTaJJIOHOCLE [Ba MJAH Jaxe 60/blle 3apoAblliei
c TeMm, YToOn B KPHCTAJ/MH3aTOpe OAHOBPEMEHHO pPOCIH He-

71



CKOJILKO KPHCTaNN0B. 3aKOHYHB Pa3paboTKy METOa B TOM BHIE,
KaK OH M3JI0XKEH BHIIE, Mbl MEPELUlIH K OIbITaM C JBOHHHEIM
KPHCTAJVIOHOCIIEM, H306paxceHHhIM Ha pHc. 6,6. IlepBhie xe
ONBITH NJKa3anH, YTO KAXKIAHA M3 KPHCTAJJIOB NpH 3TOM pac-
TeT TaK, KaK eCJH OBl OH HAXOAMJCH OJHH B KPHCTaJJH3aTOpE.
JIBOiHOM KPHCTANIOHOCEL NMO3BOJSET 3HAUHTEJbHO YBEJHYHTH
NoJyYyaeMylo H3 KPHCTaJ/MH3aTOpa NPOAYKIMIO KDPHCTA/NJIOB B
BECOBOM BHIPAXEHHH.

Puc. 6.

[TponsBoacTBeHHb# 3(pPeKT OT ABOHHOrO KPHCTAJJIOHOCHA
reM Bhle, yeM 6oJblie 06beM HCnoJab3yemoro pactBopa. [lo-
SICHHM CKa3aHHOe mnpHmepoMm. M3 ueTwlpex JHMTPOB pacTBOpa
MOXHO HM3BJeuYb CHHXXEHHEM TeMnepaTyph Ha 12° okoso 1,7 kr
cerHeToBOil cosiH. OJMHOUYHBIH KDHCTAa/lJ TaKOro Beca NOJy-
yaeTcs B TeueHHe 9 CyTOK pocTa ILIIOC OJHH CYTKHM Ha IOLTrO-
TOBUTe/NbHBIE omnepauud, Bcero B 10 cytox. [IlosoBunuoro
Beca — 850 2 — Taxofi KpHCTaJ/1 JOCTHraeT 3a 5 CyTOK pocCTa
IpH CHH)XXEHHH TeMnepatypw Ha 5,5°. Ha nBoitnom xpucrtamio-
HOCIle B TOM K€ pacTBOpe CHHXXeHHe TemnepaTypsl Ha 12° maer
aBa kpucrasna no 850 2, HO 3TH K[HCTalJbl BHPACTAIOT He 3a
5, a 32 6 CyTOK pocTa, TaK KaK 4YaCTb BPEMCHH OHH PacTyT
upd 6oJee HH3KOH TeMmIepatype, 4YeM OJHHOYHHH KpH-
craas Toro xe Beca. C IOArOTOBHTE/]bHBLIMH ONepanusIMH
uMeem 7 cyrtok, npotuB 10 cyTox A/ OZHMHOYHOrO KpH-
cTajna.
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Ecan xpucTanansaTop ComepxHUT 8 4 pacTBOpa, TO H3 HEro
MOXKHO [IONYYUTb IIPH TOM K€ CHHXEHHH TeMIlepaTyphl 10 3,5 K2
cerHeToBOH coad. Kpucraan takoro Beca MOXET BHIPAaCTH 3a
15 cytok pocta (HaMH KDHCTalJb TaKHX pa3MepoB He BHIpa-
LIHBAJHCh; MB MOJAY4YHJH 10 2,4 k2 B TeueHue 10 cyTok pocta),
C MOJArOTOBHTENbHHIMH OnepaunusiMu — 16 cyTok. IlosoBuHHOrO
Beca — 1750 2 — Takoii KpucTaan pocturaer 3a 8 cytok. Ha nBoii-
HOM KpPHCTaJIJIOHOCHE JABa KpHcTaJJa no 1750 2 noayuarorcs
(cuuTass C TOATOTOBHTENBHBIMM omepaudsiMud) 3a 10 cyTok,
npotuB 16 CyTOK I/ ONHHOYHOI'O KPHCTa/jIa.

TexHosornyeckuii npouecc BHPAIUMBAHHA KPHCTAJJIOB Ha
JBOHHOM KDHCTAaJJIOHOCI€ NOYTH He OTJHYaeTCsl OT OObIYHOrO.
O6a 3aponHila AOMKHH ObITh OZMHAKOBH M0 BeJUY#HE H OJH-
HAaKOBO NPABH/IbHO OPHEHTHPOBAHH. IJKCUEHTPHCHTET KPHCTaJ=-
JIOHOCIA, PaBHHH 5 (M JpaeT MeXAy IEHTPaMH KPHCTaJJNOB
paccrosinme B 10 c#. Ilpu npaBH/ILHON OPHEHTHPOBKE 3apObILIEi
3TO pPacCTOsIHHE MNOCTATOYHO I/ TOro, YTOOH Ha KPHCTAJJIO-
HOCLIE MOIJIH IIOMECTHTbCS,, He Mewas Jgpyr Apyry, ABa KpH-
crtajsna BecoMm mo 2,0 — 2,2 Kz Kaxahii.

Kak mnpaBuso, o6a KpucTanna— ,06JH3HEIB“ — OKa3LIBAIOT-
cd TOYTH OJMHAaKOBEIMH Kak IO pa3Mepam, Tak MU 1O OOGJHKY.
OpnHako 3Ta 6JM30CTb He CTOJIb COBEPUICHHA, KAK 3TO MOXHO
6bl10 Ob OxHpaTh. Pasuuua B 0,5—1,0 c# B JHHEHHBIX pas-
mepax 1 B 100 — 150 2 no Becy — ob6niyna. Huorpma 6e3 Bunu-
MHIX IPHYHH OJHH KPHCTaJJ BCE BpeMsl pacTeT MeJJeHHee Ipy-
roro. Oco6eHHO pe3KO 3TO MpOSABJAETCS y KPHCTAaJJIOB, BHIPa-
LIEHHBIX MeJJIeHHO NPH MaJjoM nepechilieHHH. Hanpumep, nBa
HeGosbwuX KpHcTansa Ne 48 A u B uepe3 CyTku moc/e Ha-
yaJa pOCTa HMMeJH B Npeje/ax TOYHOCTH H3MepeHHs OIHHAKO-
Bole pasmepn: ¢ =10 cm; b=18 cmu; a=1,2 cm. [as
KaX</blX MOCJEAYIOIMX CYTOK NPHBOAHM pasMepbl CYTOYHOr'O
NpHpPOCTa IO OCAM JJs1 KaxXJOro KpHCTa/Jla B OTHAEJNBbHOCTH.

Bropuie cytku. Kpucrann A: ¢—0,8 cu; b — 0,7 em; a — 0,6 cu.

” B:¢c—09 , b—12 |, a—0,6 ,
Tperbu cyTku ” Arc—14 , b—16 , a—0,8 ,
» B:c—22 , b—2,4 , a—1,0 ,
UeTrBepThie CYyTKH Are—12 , b—14 , a—1,2 ,
" B:c—1,6 , b—18 , a—15 ,
[lsaTHE CYyTKH ” Aice—20 , b—15 , a—04 ,
» B:e—1,7 , b—19 , a—0,7 ,
llecThe cyTkH » A:c—10 , b—18 , a—1,1 ,
. B:ic—10 , 6—14 , a—06 ,



OxoHuaTenpHEe (HENOCPEJCTBEHHO H3MEDEHHHE) pa3MepH
KDPHCTaJI/IOB:

A: ¢=745 cu; b= 9,0 cm; a=5,35 cm; Bec430 e,
B: ¢=85 , b=101 , a=6,15 Bec 634 2.

[TpumeHnsBwHiCS KpHCTANIOHOCEL B APYTHX ONBITaX AaBaJ
fIONAPHO OJUHAKOBHE KPHCTAJJIBL.

Boiuncaenue TeMminepaTypHOro pexHMa JIJsi ABYX KpHCTaJ-
JIOB NOYTH Tak XKe NPOCTO, KaK U JJ1d ONHOro. Pasmepun mno
oCsIM, MPHPOCT M BEC ompejgensiercs AJs Kax[AOro KpHCTajaa
B OTNenbHOCTH. 3arem Beca 00OMX KPHITANIOB CKJAAHIBAKTCH
.H 10 o0lieMy Becy HaXOINT TeMIepaTypy HAacCHILEeHHs pac-
TBOpa. II.1s1 npuMepa npHBefeM BHIHCKY H3 IHEBHHKA KpHCTaJ/la
Ne 50 A u B.

Hcxonnue pannme: V, =835 4 £, =37,6% £* =1413,76°
12V, =4,76 2.

Bpameune BkaoueHo 20/VIIl. 0°°. Hauasnbhas Ttemnepatypa
pocia ¢ =36,1° 23/VIIl. 9°°. ¢=233,5°

A: ¢—86 cm; b—8,0 cm; a—>5,2 cm; Py ay==397 .

Ipupoct ¢—1,6 cu; b—1,5 em; a—1,2 cm; P oy =197 2.

B: ¢—92 cm; b6—9,0 cu; a—5,2 cm; P,y —476 2,

[Mpupoct ¢— 2,2 em; b—2,0 em; a— 1,0 cu; P—248 e.
EP=873 2; o6wunit cyrounnli npupoct AXP =445 ¢,
t . = 35,0°; nepecnienne — 1,0°.

Owxunaerca Ha 24 VI 9°%

A ¢—10,2 cu; b--9,4 cm; a—6,4 cmy; Py —688 2,

B: ¢—10,8 cu; b—10,5 cu; a—6,4 cx.

(04 1aeMbIfl JIHHEHHBIH NPUPOCT I/ OOGOMX KPHCTANNOB NpH-
HUMaeM OAMH H TOT JXKe, DaBHHH NpupocTy 60/1€e MeNNeHHO
pactyumero kpucra.aaa): Py ,, — 780 2; £P—1468 2; £, — 33,0°,
Cuusut temnepatypy no 33,0 —1,6=31,5, T. e. Ha 33,6 —
=31,0=2,0".

leometpuueckas (¢GopMa KpPHCTA/JIOB CErHETOBOH  COJH
JeNaeT BO3MOXHLIM MNPHMEHEHHEe TaK Ke TPOHHOro KpHCTaJ-
JIOHOCLA, y KOTOPOrO0 TOPH30HTaJbHble KOJeda HalpasJeHH
nox yraom 120° ppyr x gpyry. Ecau 3apoisiuid OPHEHTHPOsaHH
npaBu1bHO (OCh @ MO HANPABNEHHIO FOPH3OHTAJILHOTO KOJEHA),
TO KPHCTANABI MOFYT JOCTHTHYTb 6O/IbLIHX Pa3mMepoB, HE INPH-
X0 B COMPHKOCHUBEHHE Jpyr C APYroM. Hamu TPOHHOH KpH-
CTaNJIOHOCEI] HCOBITaH JHWb B HEGOAbLIOM YHC/IE ONbITOB.
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KpucraanoHocel, Ha yeTHpe M GoJsbll€e YHCJAO 3apOAHILEH
BO3MOXEH JHUb NPH YIJHHEHHBIX NPOTHB HOPMAa/AbHOTO TODH-
30HTaNbHHIX KOJIEHAX, YTO 110 PSLY COOGPaKEHHH HE sIBJIAETCS
KeJaTeNbHbIM.

18. BO3BMOXHBIE HCTOYHWKH ,ITIAPA3BUTOB¢ H MEPbI BOPbLBbI
C HUMH

[TepechiuicHHBIA pacTBOP, B KOTOPOM BeIeTCs BhIpalllHBaHHE,
HaXOAHUTCS B HEYCTOHYHBOM COCTOSAHHH. MHUKpOCKONHUYECKHE
KpHCTaJJH4YeCKHe 4YaCTHUB CEerHeTOBOH COJH, IONagaiouye
B 3TOT pPacTBOP H3BHE HJH BO3HUKAIOUIHE B CHJY TEX HWJIH MHBIX
NPHYHUH B HEM CaMOM, MMEIOT BC€ BO3MOXHOCTH IJISl JasbHeH-
wero pocta. EciM He NPHHHMATb CHelLHaJbHbBIX Mep NPeaoCTOo-
POXKHOCTH, B KPHCTaNJIH3aTOpe BCeraa OyneT HaxoIuTbcH,
IIOMHMO OCHOBHOrO KpHCTaJsJja, 60/1bllI0e YHCIO TaKHX N06aBOY-
HBIX KPHUCTaJJOB—Iapa3fTOB, JeXaIUX Ha JHE WM HOCSALIMXCS
B pactBope. EcJH 3TH KpHCTa/Jbl HE NPHPOCAH KO IHY, OHH
yBJEKalOTCsI ABHXKeHHeM pacTtBopa. IIpH TpeHMH HX O QHO
H CTEHKH COCY/Ja U NPHU CTOIKHOBEHHH Mexny co60# BO3HHKAIOT
HOBHE IIeHTpbl KpPHCTa/MH3anuH. Takum o6pazom mpouecc Haer
JaBHHOOOpAa3HO, B TeYeHHE KOPOTKOro BpeMeHH (HEeCKOJbLKO
YacoB) pAacTBOP OKa3biBaeTCs IMepenoJHEeHHBIM MNapasuTaMH,
H POCT OCHOBHOI'O KPHCTaJjna B 3TOM CJyyae NPUXOLUTCS npe-
Kpawarb, TaK KaK MWKDPOCKONHYECKHe KPHCTAMIHKH, JIOXKAaCh
Ha Hero B MNapajjie/lbHOM TO/I0XEHHH, NpUpacTalT H AAIOT
HayaJo cJosiM 6oJiee TOJCTHIM, YyeM OOblUHbBIEe, H COJdePHK UM
BKJIOYEHHsI MATOYHOr 0 pacTBopa. [laxe OAHHOYHLIE, MTPHPOCLIHE
KO JHY MapasuTel KpailHe He KeJsaTeJbHbl, TeK Kak OHH 3iMef-
JISIIOT POCT OCHOBHOIO KPHCTaJa/a NpH 3aaHHOM TeMIepaTtypHOM
pexcume, a J0pacTass A0 Hero 3acTaB/dIT IPeKpaTHTb Bblpa-
IMBAHHE paHblIe BpEMEHH.

[IpenoxpaneHue pacTBOopa OT MNOMAajaHHA 3apoJblIlIa H3BHE
JOCTHraeTcsi METONOM acenTHKH H aHTHCENTHKH. Ha Bcex cra-
IHMSX Npoilecca JOAXKHa cO6/1104aThCs NOAHas yucToTa. PacTBOphl
JIOMKHB OBITh TAPaHTHPOBAHBEI OT IIONAJAaHUSl B HHUX Jaxe eIH-
HHYHBIX MHKPOCKONHYEeCKHX NBIJIHHOK CETHETOBOH COJd M3 BO3-
nyxa. [losToMy B momemieHwH, rje NpOM3BOAMTCS BHIPAlLKBA-
HHe, He JOoNyCKaloTCsd HUKAaKHe ONepaluHd C CerHeTOBO# CO/bI0
HJI# OTKPHITHIMH pacTBopamH (NepekpHCTaAzu3auus, GUAbTPO-
Banue). Hano umerh Takxke B BHIY, YTO MeJKHE YaCTHUH
[NOCTOPOHHMX TBEPAHX BEIUECTB TaKXe HexesaTeJbHH B pac-
TBOPE, TAK KaK OHM CBOHMM IIPHCYTCTBHEM MOHHXKAIOT Npene/
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EONYCTHMOrO MNEPECHILEHHs] H CHNOCO6CTBYIOT 06pPa30BaHHIO
3apoxbiuieli B pactsope. KpHcTaaausaTophl, KPHUCTaAJOHOCI(BI
H KpHIIIKM HEMEJJIEHHO I0CJe OCBOOOXIEHHs OT pacTBOpa
JOJKHB TIIATEIbHO OOMBIBATHCS GOJNBLUIHM KOJHYECTBOM rOpsi-
4yeil BOAB M XPaHHTBCA B 3aKpHITOM BHIe. OOMbIPaHHE CJepyeT
NOBTOPATh HECKOJBKO Pa3 nepe MOCTAHOBKOH KPHCTANIH3aTOPaA.
®unp1pel mocae ynorpebseHHs] HamO NMPOMOJACKHBATh M TaKKe
npeacxpansaTe ot Nuad. Ilpu ¢uabTpoBaHHM (GHUABTP HOJIKEH
66lTb Bcerna o6paiieH K KPHUCTANIH3aTOPY C (QUABTPATOM OA-
HO# U TO¥ e CTOPOHO.

Kpucrannusatop 0Co6€HHO TINATENbHO NOJKEH NPOMBIBATHCH
ropsiyeil BOJOi nepej 3aJHBKOH PacTBOPOM, €CJH BHYTPH €ro
HAa JHE HJH B CTEHKaX HMEIOTCS H3BsHBl, TaK KaK KPHUCTAaJJH-
YecKue 3apOlbIIIH, HAXOASIIHeCs B yray6J/eHHsX, O4eHb TPY JHO
pacTBOPHTH A0 KOHUA. Boo6iie KPUCTAJ/IH3aTOpP C H3bSHAMH
HJIH LapaniHaMH BHYTPH AOJUKEH OBLITh IPH NEPBOH BO3MOXHOCTH
3aMeHeH JpYruM, TaK Kak BOOOIIe HaJHYHe OCTPHIX KpaeB
H BHICTYNOB o6Jieruaet 06pasoBaHHe 3apO/bIlIEeBbIX KPHCTAJIOB
H CHHXaeT Ipejes AOMYyCTHMOrO IepecChlleHHs.

3aMeHa KPBILKH C MEIIAJKOH KPHIIKOH C KPHCTaJJOHOCIEM
JOJMKAA MPOHU3BOAHTBHCS BO3MOXKHO OLICTpEe, O0COOEHHO ecaH
KOHLUEHTPaLHUsl pacTBOPa BHLICOKA M TeMIepaTypa NOMelleHHs
3HaUMTEJBHO HHXE TeMIepaTyph pacTBopa. XOTs TeMmeparypa
pacTBOpa B 1leJIOM NpPH 3TOM BHILIE TEeMNEPaTyps HACHIIEHHS,
HO OTKPBIBaHHE BLI3BIBAET MECTHOE OXJaXJEeHHE Ha IOBEPXHO-
cTd pactBopa. Ecau mpu 3TOM B pacTBOp NOMNAaAyT 3apOAbIIIH
H3 BO3ayxa MJaH OyIyT BHECEHH C KpPHCTaJJOHOCUEM, OHH
MOTyT JaTh Hayajao napasuraMm. [locaennue OymyT cHauyaxa
naaBaTh Ha TNOBEPXHOCTH pacTBOpa, a NO JOCTHXKeHHH Oosee
KPYNIHBIX Pa3MepoB ONYCTSATCSH Ha JHO.

3aponHil KpPHCTal1a, BBOJIHUMBLII B pacTBOp, CaM MOXeT
SIBUThCS MCTOYHMKOM IapasutoB. Boobuie, OIHO mpuUCyTCTBHE
B pacTBoOpe pacTYIero KPHCTa/Ja CHJIbHO YMEHbIIAeT MNpefesnl
IONYyCTHMOro mnepechuenus. Ecaun KpucTtana HenmomsuKeH
H pacTBOp He pasMeLIHBaeTCsl, TO NPH CHJIbHOM INepeChIL€HHH
BOCXO/sIUIHE KOHUEHTPALHOHHBIE MOTOKH YBJEKAT C Cob6oi
CyGMHKPOCKOMHYECKHE 3apOAHLIM, BO3HHKAKOLIHEe B HENoCpes-
CTBEeHHON OJH30CTH OT KPHCTAaNI3, H MOCJAENHHE IOJAYYaloT
CaMOCTOsITeNbHO® CcyliecTBoBaHHe. CIUIIKOM GLICTPOE ABHIKEHHE
KPHCTaJJa NPH BHICOKOM IEPECHIEHHH MPHBOAHT K aHAJOTH-
YHHIM pe3yJibTaTaM.

3apojull BBOAHUTCHA B PacTBOP, KOrja MOCAeAHHIl meperper
BHIIE TeMmnepaTypsl HaceileHus. [lepBoe Bpems OH pacTBO-
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psetrcda. Ecan 3apoamin mnpeacraeiseT cO60ii Npu3My, BHpe-
3aHHYI0 3 GOJBIIOrO KPHCTa/lla H He MOJBEPrHYTYIO JaJbHed-
mell o6paboTke, TO e€ro pacTBOPeHHe UAET OCOOEHHO HHTEH-
cuBHO. HaburoneHue mokasano, 4TO NpPH 3TOM OT pebep 3apo-
OBIIIa HHOrJIA OTHEJSIOTCA TOHKHE KPHCTaNJHYECKHE HIJIH,
KOTOPHE ONYCKAalOTCS Ha JHO H HAIOT TaM HayaJo Napas’HTam,
NeXaluuM KaK pa3 noj Kpucraianom. TakHe napa3uThl HHKOTZAA
He 06pa3yloTcs, eCqH B KayecTBe 3apojbliua 6epyT ecTecTBeH-
HH{ KPHUCTA/VIMK C HeNOBPEXIEeHHHMH TpaHfMH, HJIH €eCJH
O6GblYHHIl 33pOABII, MOHWTHPOBAHHBIH Ha KPHCTAJNJIOHOCLE,
npeaBaPHTE]bHO HAPAIHBAETCS B OTAEJbHOM KDHCTaJANH3aTOPE
IO Tex nmop, MOKa OH He NMOKPOeTcsl OOHYHBIM MAJ51 CerHeTOBOH
COJIH KOMIIJIEKCOM TpaHel.

OnHaKo NOSIBJEHHSI Napa3HTOB, O0OPa3ylONIHXCS YKa3aHHHM
nyTeM, MOXHO u36exarb H 6oJee MNPOCTHM Cnoco6om,
a HIMEHHO—3apOJHII, NMOCJ€e TOr0 KaKk OH 3aMOHTHPOBaH B KPH-
CTaJNOHOCEL, CJaerka oGTayMBAaIOT Ha MOKPOM Tpsinouke Tak,
uyTo6H pe6pa ero 3aKpyrJiHJIHCh H HEPOBHOCTH Ha IpaHsixX H3rJja-
IHJANCh. 3apojnil, o6paboTaHHWH TakHM crnocoboM, HMeeT Ha
CBOeii MOBSPXHOCTH TOHKYIO KPHCTAJIHYECKYI0 NHJb, 0J5 yaa-
JIEHHI KOTOPOH €ro HelOCPeACTBEHHO nepejl MNOorpyXeHHeM
B pPacTBOP Ha MTHOBEHHEe ONYCKAalT B TEMJVIO BOLY.

Eciu B noMemeswH XOJ0IHO, TeMmmepatypa pacTBopa
BHICOK3, a 3apOAKII HMeeT 3HaYMTe/JbHble pasmepe, TO NpH
NMOTpy>KEHHH €ero B pPacTBOp BO3MOXHO TNOSIBJIEHHe TpELIHH.
PacTpeckHBaHHIO BCerja CONYTCTBYeT OTPHIB MHKPOCKOMHYE-
CKHX YAaCTHI H yepe3 HECKOJbKO YacOB NOSsIBJEHHE Napa3uTOB.
ITosToMy npH yka3aHHBIX yCJOBHSX CJlelyeT NpOrpeBarb 3apo-
IBIUH B TENJIOM BO3[yXe OO TeMIepaTyphbl KPHCTAN/NH3aTOpa,
an60 yMeHbIIATh pa3Mephl 3apojnila, npuaasas emy ¢opmy
MOJIOTOTO Kynoaa, CJerxka BHCTYNAIoLIEero Hal HHXHUM KOHLIOM
KpHcTasicHocua. [locaenHee, 0 1HaKO, HEBBLITOJHO, TaK KaK YyJIH-
HsieT oOIuiA CPOK pocTa KpHCTaJJja.

bopn6a Cc nosBJASHHEM Napa3sUTOB 3HAYHTEJIbHO YNPOILAeTCs,
ec/IM KDHCTaJJIH3alHsA BeneTcs B ,KOMHATe-TepMocTaTte“. Psn
(pakTOpPOB, CNOCOOCTBYIOIIHX HX BO3HHKHOBEHHIO, IIPH 3TOM OT-
nanaer. Hanpemep, ycrpaHfieTcs BO3MOXKHOCTh 0O6pPa3nBaHHS
3apo/ibllIeil Ha NOBePXHOCTH PACTBOPA NpPH BBEAEHHH KPHCTAJ-
JIOHOCLIA, TaK KaK B 3TO BpeMs BO3AyX B KOMHAaTe, KaK H pac-
TBOp, HarpeT BHILIE TeMNepaTypH HACHIHIEHHS MOCJaemaHero.
Taxkxe HCKJII0YaeTCS BO3MOXHOCTb PacTPECKHBAHHS 3apOXAHIIA
NpH IOrPYXXEHHH B pacTBop, OOyCJOBJEHHas pasHuLedl TemIe-
paryp. Ilocnexnnee 06CTOsITEILCTBO I03BOJSIET NPHMEHSTH
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B ,KOMHaTe-TepMocTare* 6oJjiee KpynHble 3apOJHIIH, 4TO YCKO-
psieT CPOKH TOJy4eHHs GOJNbLIMX KPHCTaJlJOB.
PacTpeckuBaHHe, CONPOBOXKJaloUleeCs MOSABJICHHEM MapasH-
TOB, MOXXET MMeTb MeCTO H B Npolecce PocTa KpPHCTanna.
OnJiaBJeHHbI PaCTBOPEHHEM 3apOJHILI B HayaJe pereHepantu
NOKPHIBAETCST MYTHHM BelleCTBOM CO BK/IOYEHHSIMH MaTOYHOrO
pactBopa. ToJabko KOraza KpHCTaAa NpHMeT (opMy MHOTrOrpaH-
HHKa C OOBYHHKMH /51 NAHHBIX YCJOBHH TpaHAMH, OH HAaYyHWHAET
NMOKpPHIBaThCA ONHOPOJAHHWM HNpO3pauHbiM BemecTBoM. Ha rpa-
HHLAX MYTHOTO M TNPO3pPayHOrO BEMIECTBA CO31aIOTCS MEXaHH-
yecKkue HanpsxKeHWs, KOTOopble NpH JAa/jbHEAIIeM pOCTe KpH-
CTaJJia peany3yloTCs B BHJAE TPEIIHH, HAYHHAIOWHXCS OT My THOH
YacTH KPHCTaAJa H HAYIIHX K ero MOBepPXHOCTH. TpelHHb
MOTYT NOSBHTHCS He Cpa3dy, a KOrla KpHCTaaJ NOCTHFHET He-
KOTOPO#H BeJHYMHH, NpHMepHO, yepe3 10—12 yacoB nocse Ha-
yama pocra. UToO6H H36exaTh NOSBJEHHS 3THX TPELIHH, HAJO
BHJEpPXAaTbh KPHCTaA1 6e3 BpallleHHsl, NIOKAa He 3aKOHYHTCH pe-
reHepanusi M KPHCTall He NMOKPOETCs CJ0eM MpPO3payHoOro Be-
HIECTBA TOJIIHHOH OKOJMO 1 sMam. OGBHIYHO ]S 3TOrO JOCTATOYHO
3—4 yacoB, cyHMTas OT TOTO MOMEHTa, KOrJa B KPHCTAJUIH3a-
TOpe yCTaHOBHTCH TemIeparypa pocra. Uem 6oJblle pa3mepsl
3apoJHIlIa M 4YeM BbIllIE nepechiuleHHe, tem O6o.Jiee TOJCTHH
CJ0f NpO3payHOro BeLIeCTBa HAJ0 HApacTHTb HA KPHCTaJJe,
NmpexJe 4YeM BKJIOYaThb BpalleHHe.
Ecan snatynnas TpybOKa KpHCTaJJOHOCLA He 3aKJI0ueHa
B PE3WHOBYIO H KDHCTaJJ HEMOCPeACTBEHHO obpacTaeT MeTanl,
TPeUIMHH MOTYT TIIOSIBUTHCS Ha MOCAEJHHX 3Tamax poOCTa,
KOrjga TeMNepaTypa B KpDHCTaJaau3atope OyneT CHHKEHa Ha
HECKOJIbKO TrpanycoB. B maHHOM ciyuyae DpHUYMHOH MOsIBAEHHS
TPEeLLHH ABJAETCH PAa3HOCTb TeMNEPATYPHEIX KO3(H IHEHTOB pac-
IUHpeHHs] CETHeTOROH COJAM M MeTanana TPyOku. Huxuufi KoHer
Pe3HHOBOH TPy6KH MNOJXEH OHTb TOYHO HA YDOBHE HUXKHEroO
KOHIIA BEPTHKAaJbHOrO KOJIeHa KPHCTAJJOHOCUA HJH Ha HOJH
MHAJMMeTpa HHXe ero. Kpal pesuHoBo# Tpy6kHM Hano jJenaThb
COBEpPIIEHHO POBHHIM, B NPOTHBHOM CJyuae TPELIHHH B KPH-
CTajje MOTryT NMOSIBUTHCA NPpH 006pacTaHHH UM TPYOKH.
IlnaBHOe Bpamesyue KpucTajlna B pacTBOpe, BPEMEHHOE
BHIK/JIOUEHHE BpAalleHHA M YCKODEHHE €ro B HEKOTOPHX mpe-
Jenax He mnpejcrasaser omnacHoctH. Caenyet oOcCTeperaTbCs
JHWb BHOpAaLMH KPHCTANIOHOCHA BO BpeMsi BpaieHus. Kpu-
CTaJJIOHOCEL, MOXeT BHODHPOBAaTb NpH HAJMYHH 3aMETHOrQ
aodta B nogwunuuke. CuJbHasi BuGpalus BbI3HBaeT pa3bpa-
CHIBAHHE OT KpuCTa/na CyOMHKPOCKONHYECKHX 3apoAniuiei,
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BO3HHMKAIOLUIHX OKOJO Hero. MaccoBoe NOsBJeHHE II€HTPOB
KDHCTAJ/UIH3alMH B PacTBOPE uyepe3 HEeCKOJbKO 4YacoB IocJje
Hayasa BHOpanuH Hen3OexHO.

B 3aksioueHHe ykaxkeMm, 4TO AJSl MPHUTOTOBJEHHUS DacTBOPOB
Hag0 MNpHUMEHSTH YWUCTYI0 COJb H JAHCTH/VIHDOBAHHYIO BOLY
no TOH MpHYHHE, 4YTO IPUMECH B pacTBOPe, KaK IPaBHJIO,
CHHXKAIOT TIpeneJs BO3MOXHOIO NepecHeHHs pacTBopa u obJer-
YalOT BO3HHKHOBEHHE YCTONYHBHX IEHTPOB KPHCTAaJJIH3aLHH.

KpomMe ToOro, kak NMOKa3HBalOT ONKTH, NPHMECH crnoco0-
CTBYIOT 06pa30BaHHI0 TPELIMH B KPHCTaAJax.

19. PABPABOTKA CKOPOCTHBIX METOJ0B KPHCTAJUIN3ALIUH
JPYIHX BELIECTB

B ocHoBe u3/0%EeHHOrO 31€Chb MeTONa CKOPOCTHOH KpH-
CTaJIJIM3aMH CErHeTOBOH COJIH JexaT o6lHe NpeacTarJeHHs
O XapakTepe pOCTa KpPHCTaJJOB H MeXaHH3Me OO6pa3oBaHHS
B HHX BKJIOYEHHH MaTOYHOrO pacTBOpa. DTH NpPENCTaBJEHHS
pa3BuTel O. M. AnueJsiecoM, HaGJIOJAaBLIHM NOA MHKPOCKOIIOM
pPOCT KPHCTAJJOB FHNOCY/b(GHTA H H3yYaBUIHM IUTPHXOBAaTOCTh
rpaHeil psiia NPUPOAHHIX H Ja00OpaTOPHBIX KPHCTAJJIO0B. DTH
NpeACTaBJIEHHs He OTHOCSATCS CIIEIIHaNbHO K KAKOMY-TH60 OHOMY
BelecTBy, a, NOBHAWMOMY, HMeIOT 06muii xapakrep. Mx cmpa-
BeJJIMBOCTb IOATBEPXIAETCH YCNEIHBMH pe3yJbTaTaMHu, NoJay-
YeHHBIMH JJIfl CerHeToBOH cOJ/IH. EcTh BCe OCHOBaHMS OXHIATH,
YUTO NPHEMH, C MOMOIILIO KOTOPHX B KpaTuadlIWH CPOK HHpa-
IIMBJIOT KPYNHHEE OJHONOJHHIE KPHCTAJJBE C€lHeTOBOH COJIH,
JanyT aHaJoruyeeii addekT, ecau HX NPUMEHHTb K IPyruMm
BeIlleCTB:M, PACTBOPHMOCTD KOTOPHIX iBJsS€TCH QYHKLIHEH TeM-
nepaTypsol H pacTBOPH KOTOPHX MOIYT BHIAEPXHBAThb 3HAYH-
TeJbHOE MepecHIleHHe.

Hekotopoe pasauune B YC/JI0BHA KPHCTANJIW3ALHH pas-
HBIX BellleCrB BHOCHUT (poDMa KPHCTAJIOB. ¥ KPHCTAJMd. B CerHe-
TOBOH cosiv rpanb ¢ {001} siBnsiercs onHo#t u3 Hanbosee GHICTPO
HapacTaOIIMX I'paHell U3 YHCJia NPHCYTCT+YIOIHUX HA KPHCTAJJIE.
B To xe BpeMss nO npHuYHHAM, YKa3aHHHM Ha cTp. 33, 3Ta
rpaHb He 3apacTaerT, a, HA060POT, HECMOTPSl HA 3HAUHTEJbHYIO
CKOPOCThb POCTA, fIBJAAETCHA CaMOH KPYNHOH rpaHbi0 KPHCTAJIa.
BricTphiit pocT npu 60/b1II0# NJIOLL.JH TPAHH BJeYET 33 coOOi
B OOBIUHBIX YCJOBHAIX KPHCT«JJMH3aLHH obGelHeHHe pacTBOpa
y CpPeIHHX YacTeld rpaHd M, KaKk CJEJCTBHE, BKJIOYEHHd MAaToy-
HOTO pacTBOpa B KpHCTaJne. [103TOMY-TO KpHCTaJaJH CerHe-
TOBOH COJIH, 6BHICTPO BHpAIeHHHE B CTATHYECKHX YCJIOBHSAX,
KaK TpaBHJIO, OOHapyXHBAalOT CTPYKTYpy NECOYHHX 4YacoB,
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06yCJ/I0B/IEHHY IO BKJIOYEHHSIMH B mHpaMuie pocta ¢opmu {001}.
Bpamenne KpuCTaJ/a BOKPYI €IO BE€PTHKaJbHON OCH (METOX
Hltepubepra), Kak ME BHJEJH, HE BHOCHT PAaJHKaJbHOTO YyJYyy-
meHus1 B ycsoBHs nutanus rpaHd (001). To/ibko sKCIEHTpHYHOE
BpallleHHe, 3acTaB/sisg 9Ty IpaHb CKOJb3HTh B PacTBOpe, CO3-
IaeT IJs Hee YCJOBHs 3HEPrHYHOTrO OMBIBAHHS H OOYCJIOBJIH-
BaeT OTCYTCTBHE BKJIOYEHHH NpH OGeiICTpOM pocre. CerHetoBa
COJIb IBH/IACh OCOGEHHO 6/1arOflapHEIM OOBEKTOM IAJIsl JaHHOTO
METOAa eIle W TOTOMY, 4YTO €e KDHCTaLJIH HMeiT o06-
TeKaeMHH KOHTYp BepTHKAJBHOrO mosica. BciaemcTBue 3TOro
KaK nepejHHe, TaK H 3alHHE I'PAaHM STOro IMOsICA HAXOAATCSH
B NOYTH OJHHAKOBHIX OGJArONPHATHHIX YCJOBHSIX OMbIBaHHSA
pacTBOPOM MpPH MOCTYNaTeJIbHOM B3KCLEHTPHYHOM JBVKEHHH.

Jlns KpUCTaN/IOB APYTrHX BeLIeCTB BO3MOXHHI IPYTrHe CO-
oTHoweHusi. Tak, B onsitax [lltrepu6epra nmo BHpan{MBaHHIO
KBacIlOB NpH BpaieHuHH Bokpyr ocu {001}, mocse NOCTHIKEHHs
KPUCTAaJJOM ONpefeJeHHoH BeJHUYHHB MOfBJIA/IACH MYTh Ha
rpaisax ky0a, Jexamux B BepTHKaJbHOM Tosice. ONLITH C BHI-
panMBaHHeM KBaCI[0B METOLOM 9KCIIEHTPHYHOI0 BpaleHHs HAMH
ele He nposoauauchb. HeCcoMHEHHO, 3KCLEHTpPHYHOe BpalleHHe
MO3BOJIUT YBEJHUYHTh CKOPOCTb HX POCTa, HO, BEpPOSTHO, NpPH
3TOM OrpaHHYHUBATH CKOPOCTb poOcTa Ge3nedeKkTHHIX KPHCTAJ-
JOoB OyLyT 3aiHHe TIpaHH, OMBIBAHHE KOTOPHIX, BCJEJICTBHE
H30MeTpHUEeCKOH (POPMH KPHCTAJIIOB KBAacCLOB, 6yneT MPOHCXO-
JHTh XY¥xe, ueM nepeauux. Ilisi TakMX KPHCTaJlJ0B, BO3MOXHO,
OynetT mesecoo6pasHO NPHMEHHTb CKOHCTDYHPOBaHHHH HaMH
KPHCTaJJIOHOCEeI, MJaHeTapPHOro BPAlLeHHS, HA KOTOPOM KpH-
CTaJJ, JBHrasCh BOKPYT OCH KPHCTAJJIOHOCLA, B TO XK€ BpeMs
BpamaeTcsi BOKPYr cO6CTBEHHOH BepPTHKaJIbHOH OCH TaKkuM obpa-
30M, YTO pa3HHE ero YyacTH NONepeMeHHO 3aHUMAalT pa3Hoe
MOJIOXEHHE OTHOCHTEeJBHO ABHKeHHS. [l KPHCTaJIOB CerHeTo-
BOH COJIM RCJeNCTBHME HX OOTexkaemoil (D)OPMH, NPHMEHEHHE Ta-
KOro KDHCTAJ/IJIOHOCLA OK23aJ0Ch H3JHIIHEHMM, TaK KaK yXe IpH
3KCIEHTPHYHOM BpAILEHHH NPAKTHYECKHH Npenes MOBHIILEHHIO
NepeCH1IEHHs H, CJIeJl0BaTe/bHO, CKOPOCTH BblpAILHBaHHS CTABUT
He mosiBNeHHe HedeKTOB HAa rpaHsx, a obpasoBaHue A006aBOY-
HBIX IEHTPOB KDHCTAaJJIH3aLHH.

JI/19 kKa)XXK 10T0 HOBOI'O BellleCTBa MPH pa3paboTKe CKOPOCTHOTO
MeTo[a KPHCTaJIM3alMH CaenyeT NOOHBAaThCA TaKOro MoJOxe-
HHs, 4TOOHI IIPH MAKCHMa/JbHOM NE€PECHIIEHHH, Bblle KOTOPOro
HAauMHAeTCsl CaMONPOM3BOJIbHAS KPHCTAJIH3alUMs, KPHCTaJJbl
pocau Ge3 pedexrtoB. JlOCTHXKHMAas NPH 5TOM CKOPOCTb POCTa
6yneT npeleabHOR A/ METOJOB BpalleHust Boob1e. Jlanbheinee

80



yCKOpeHHE pOCTa €CJAY H BO3MOXHO, TO TOJBKO KaKHM-JH60
NPUHIHUIHNAJbHO HHBIM NYTEM.

[Tocko/JBKY CKOpOCTHOE BHIpAallMBaHHE BeneTcsi BOJIU3H
npejesa nepechliieHns, He06X0IUMO ISl HAXOXAEHHS ONTHMAJb-
HOro TeMNepaTypHOro pexdmMa IPHMEHATb CHCTEeMY pacyeTos,
nono6Hy10 pa3paboTaHHOH HAaMH AJ8 cerHeroBol cosu. Kak
H /151 MOCJIeAHEeH, HaJlo HAHTH CBfI3b MEXAY JIHHEHHRIMH pa3me-
paMH KpHCTaJJa, 3aMepsieMbiMH BO BpeMs pOCT3, H ero BecOM.
M3 ypaBHeHHs PacTBOPHMOCTH HaLO BHIBECTH (GOPMYJbI, 103BO—
JSIOIIKHE BHIYHCJAATH TeMIIepaTypy HacHIleHHs] pacTBOpa, H3Me-
HAWOLLYIOCS [0 Mepe pocTa KPHUCTamna, H Apyrue QopMya,
NOLOOGHHE BHIBEJIEHHEHIM HAMH I/ CETHETOBOH COJH.

[Ipn Hanuuuu tako#t cucrembl GopMyJ ONTHMAMbHEIA TeMIe-
paTypHeld pexHM, COOTBETCTBYIOIUHMA MAaKCHMaJbHON mpakK-
THYECKH HOCTHXHMOH CKOPOCTH POCTa, MOXHO HailTH, IOCTaBHE
HE3HaYuTeJbHOE KOJNHYECTBO OMNBITOB.
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Penaktop O. M. Anwenec Texu. pepaxtop JI. I'. JlesoHesckasn
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