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Bsenenue
Metamasl 1 METaUIMYECKUE CIIaBbl B OOJIBIIMHCTBE CJIy4YaeB IMOJy4aroT
MyTeM KPUCTAJUTM3AINK WA, B HEKOTOPBIX CIydasx, OBICTPOTO OXJIKICHUS W3
JKUJIKOTO COCTOSIHHS.
[ToaTOMy CTIOCO0 OXJTAXKACHHS U JKUIKOTO COCTOSIHUS OMPEACIIACT CTPYKTYPY
JINTOTO METasljia.
[TepBruHas KpuCTALUIU3ALMS — 3TO MPOIIECC NEPEX0a METAIIA U3 KUJIKOTO

COCTOSIHHSI B TBEpPI0€ C 00OpPa30BaHUEM KPUCTAITUIECKON CTPYKTYPHI.
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PucyHok 1 — 3aBUCHMOCTB TEMITEPATYPBI TBEPAOIO TEJIA U KUJIKOTO OT
YPOBHS CBOOOHOM SHEPTUH

Touka mnepecedyeHUss KPUBBIX COOTBETCTBYET PAaBHOBECHOM TEMIIEpAType
KPUCTAJUIA3ALUN — TEMIIEPATYPE TUIABJIEHUS METAILIA.

IIponiece kpuctauIM3anuy U3 KUAKOTO COCTOSIHUS MOXXET HAa4yaTbCs JIMIIb
IIPU YCIIOBUH TEPEOXJIAKICHNSI HUKE PABHOBECHOM TEMIIEPATyphl IUIABICHUS Ha
HEKOTOPYIO BEJIMYMHY, MPU KOTOPOHl YpPOBEHb CBOOOJHOW SHEPrUU TBEPIOTO
MeETaJlJIa YMEHBIIAETCS] OTHOCUTENIBHO JKUJIKOCTH.

Crenenp nepeoxXyaxIAeHUs — 3TO PA3HOCTh MEXKAY TEOPETUYECKOW U
dakThyeckoil TemmepaTypaMu —KpuUCTaIuM3auumud. YeMm cuiibHEe CTENeHb
NEepPeoXIaKICHU, TeM OO0JbIlIEe Pa3HOCTh B YPOBHSAX CBOOOJHON 3HEPTUHU, TEM C

OO0JIBIIEH CKOPOCTHIO OYAET MPOXOAUTH KPUCTAILITU3ALIMSL.



XapaKTCpI/ICTI/IKOfI mponecca KpucTtain3anuu SABJIIAIOTCA KPHUBLIC

OXJIAXKACHUA B KOOPAWHATAX KTCMIICpATypPa — BPEMI».
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Pucynok 2 — KpuBas oxyaxaeHus

OHM NOKa3bIBAIOT, YTO IIPHU ONPEIEICHHON TEMIIEpAType KpUCTAIUIN3aUU HA
KPHUBBIX OTMEYAETCS TOPU30HTaIbHasA Iuiomaaka. OHa yKa3bIBa€T Ha BHYTPEHHEE
BBIJICJICHUE TEIUIa B MPOLECCE KPUCTALIA3ALNNA, KOTOPOE KOMIICHCUPYET IOTEpU
TEIlIa BO BHEIIHIOIO CpERy.

JIeHapuTHas KPUCTAUIM3aLMs — 3TO KPUCTALIM3ALUsA C POCTOM 3€pPEH IO
JIPEBOBUIHON CXeMe, 3aBHUCSIIAsl IJIaBHBIM 00pa3oM OT HallpaBJICHUS OTBOJAA

TCINIOTBI 1 aHU30TPOIINU CBOMCTB KpHUCTAJIIIOB.

Pucynok 3 — CxemMa cTpoeHus IeHapuTa



[IpoBeaeHne HayyHOTO OMbITA

HemnocpencrsenHoe  HaOmiojieHMe 32  KpUCTaUIM3aled  METaJlIOB
HEBO3MOXKHO, TOCKOJBKY  OHH  SABISIIOTCS  HempospauHbiMH.  [Iporecc
KPUCTAJUTM3AIMU MOXKHO CMOJIEIMPOBATH HA BOJHBIX PACTBOPAX COJIEH, MOCKOIBKY
B 000MX Cllydasx MPOLECCHl KPUCTAILTU3AIMU PUHLIUIINAIBHO HE OTJIMYAIOTCS U
MOTYMHSIIOTCS OAHUM U TE€M K€ 3aKoHaM. B To ke Bpems KpUCTaJUIU3aIHI0 COJIeh
U3 UX BOJHBIX PACTBOPOB JIETKO ClIeTaTh JOCTYITHOM /Jisi HAOIIOACHUS C TOMOIIBIO
MPOCTHIX OUOJIOTUYECKUX MUKPOCKOTIOB.

SIBneHue, aHaJOTUYHOE MPOLECCY KPUCTAIUIM3ALUNA METAINIOB, UMEET MECTO
U B BOJHBIX pPAcCTBOpax COJICH: TOBBIIICHUE KOHIIGHTPALIMU pacTBOpa MpH
WCIIAPEHUU BOJIbI MPUBOJUT HAa OMPEICICHHON CTaauM K 0O0pa30BaHHIO TBEPAOH
(da3bl — BBIICJICHUIO KPUCTAJIJIOB PACTBOPEHHOM COJIH.

MpI paccMOTpUM KPUCTAIUIM3AIMIO HA MPUMEpPE TPEeX COJIeH: XJIOPHCTOTO
ammonus (NH,CI), natpuepoii comu (NaCl) u xpomosoii cmecu (K2Cr,07).

[lepenq wHavamom paboOThl MBI MOATOTOBWIM MHUKpockom. [lpumanu
MHUKPOCKOITy Takoe TMOJOXXEHHE Ha CTOJE, KOTOpble OOECHeumsio XOopollee Hu
PaBHOMEPHOE OCBEIICHUE 3€pKajla UCKYCCTBEHHBIM UCTOUHUKOM CBETA.

[Tanoukot MBI HaHecnu Ha 4YamKky lleTpu kamao pacTBOpa XJIOPUCTOrO
ammonus (NH,CI). 3arem momecTwiu dYaiiky Ha TPEIMETHBIA CTOJUK IO
oOwekTuB. Yamiky IleTpu npeaBapuTenbHO MPOMBUINA U MIPOTEPIH, YTOO OHA ObLIa
COBEPILIEHHO YUCTOM.

Onyctiin TyOyc Tak, 4yToObI MEXIy OOBEKTUBOM M paccMaTpuBaeMou
Kariel octasica Hebousbloi 3a3op. [locae 3Toro, rasas B OKyJsSlp MHKPOCKOIA,
MEJIEHHO TOJHUMaIu TyOyC IO MOMEHTa, KOTJla B TIOJIE€ 3pPEHHUsl TOSBHUIACH
paccmaTpuBaeMas Karuis. Yepe3 HECKOIbKO MUHYT IOCJIE€ HAHECEHHUs Karlld Ha
TUTACTUHKY BCJIEICTBUE MCTIAPEHUS BOJIbI, KOHIIEHTPAIIMS PacTBOpa YBEITUIMIACh U
HAYaJIOCh BBIMAJICHUE M30BITOUYHBIX KPUCTAUIOB COJM. Tak Kak Karis Ha CTEKIIe
uMeTa BBRIMYyKIIYI0 (opMy, KpucTaum3alus Hadaiach Ha nepudepuu, riae Mbl U

COCPpCOOTOYNIN CBOC BHUMAHUC.



Mgl npoBenu HabmoaeHue U caenand Qgotorpadur HECKOJbKUX CTaTui
KPUCTAJUIM3aLAN: HAYaJIbHOU, IPOMEKYTOUHON U KOHEYHOM.

Ha HauvanpHOW cTamuu MBI HaOMIOJAIM HAYaao OOpa30BaHUS MEIKHX
kpuctauioB (Pucynox 4) (NH,CI). Ha nmpomexyTo4HO#H CTaguui Mbl yBHIICIH
VJIMHCHHBIE JICHIPUTHBIC KPUCTAILIBI — ocu miepBoro nopsinka (PucyHok 5).
Ha xoneuHoii ctaguy Mpl HaOMIOMAIM 32 YUIMHCHHEM OCEH MEepBOTO TOPSAKA H
3apOXkKJACHUEM, U POCTOM Ha UX pedpax MepHeHANKYISIPHbIX BETBEH — oceit

BTOpOro nopsika (Pucynok 6).

Pucynok 6 — Koneunast ctagus Kpuctayuin3anuu



3areM MBI PACCMOTPENH TPOLECC KPHUCTALIU3AIMH XPOMOBOH CMECH
(K2Cr207), xoTopas KpHCTaLIU3yeTCs B JACHAPUTHOW (opMe, TakkKe Kak |

xsopucthii ammonuuit (NH4CI).

Pucynoxk 8 — [IpomexxyTouHasi cTaaust KpUCTaUTH3AITUN

PI/ICYHOI( 9 — Koneunas CTaauAa KpUCTaJNIM3alluH

Jlanee mo TOMy e MPUHIIUITY MBI PACCMOTPENH TMPOIECC KPUCTAILTA3ZAINT
nHatpuesoit conu (NaCl). B otinuune ot xnopuctoro ammonus (NH,Cl) Hatpuesast
COJIb KPUCTAJTU3YETCS HE B JCHAPUTHOM dhopme, a B KyOUUECKOM.

Ha navanpHON cTaguu Mbl HAOMIOJANM Hayalo OOpa3oBaHUS MEJIKHX
kpucramioB (Pucynok 10). Ha mpoMexyTOYHOM CTaauu MBI YBUACIA KyOMYECKUE

KPUCTAILIBI ¢ HeOOoabIMHU oTKIIOHeHUsIMH (Pucynok 11). Ha koneuHoit ctaauu Mbl



Ha6J'IIO,IIaJII/I 3a OOJIBIIIMM KOJIMYSCTBOM KBaJAPaTHUKOB U IPAMOYI'OJIbHHUKOB, KOTOPEBIC

IOCTEINIEHHO cpacTanuch (PucyHok 12).

O

Pucynok 10 — HauanbHast cTagust KpuCTaUTU3aIHH
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Pucynox 11 — IIpoMexxyTouHasi CTaausi KpUCTAIIA3AIUN

Pucynok 12 — KoHeuHast cTaausi KpUCTaJIU3aIluy

Bo BTOpOM 3Tarne Haiero HayqdHOTo SKCIIEPUMEHTa Mbl pacCMaTPUBATN
KpUCTaUIM3aIuio qudeHniiaMruHa U napaguHa.

Mpe1 Harpenu nudenunaMud 10 Temmeparypsl 66 °C (Pucynok 13) u uepe3
paBHBIE IPOMEKYTKH BpeMeHH (1 MUHYyTa) 3aMepsIi TeMIIEPaTypy MOCTEIICHHO

KpUCTAJUIN3YIOIICTOCA BCIICCTBA. 3aTeM MBI MMOCTPOUJIN KPUBYIO OXJIAKIICHUA.



Pucynok 13 — HarpeBanue nudenniamMuna
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Pucynoxk 14 — KpuBas oxyiaxxaeHus
Ha xpuBoii oxnaxaeHusi Mbl BUAUM, YTO MPHU TEMIIEPATYPE KPUCTAILIIU3AIUN
48 °C Ha KpHWBOW OTMEYacTCs TOpH3OHTaJbHAas Iomanka. OHa yka3plBaeT Ha
BHYTPEHHEE BBIIEJIEHUE TEIla B NPOLECCEe KPUCTAUIM3aLUUU, KOTOpPOE

KOMIIEHCUPYET MOTEPH TEIJIa BO BHEUIHIOKO CPELy.



Pucynok 15 — Kpucrammzanus nudeHunamMuna

Pucynok 16 — Kpucrammmzanus napapuna
TpeTbrM 3TaromM Mbl pacCCMOTPENIH KPUCTATU3AIIUIO CBUHIIA.
C momoIIpI0 TOPENIKH MBI HarpeJIu CBUHEI B TUIIIC. Bo BpeMs mepexona w3
TBEPAOTO COCTOSHHSI B JKHJIKOE Ha IMOBEPXHOCTH 00pa3oBajach KOPOUYKa, 3TO
IpUMeECh, KOTOpas cofiepkaiach B JaHHOM MeTauie. M3-3a pa3HHIIbI TeMIIepaTyphbl

OHa OTACINIIACH.

Pucynoxk 17 — Harpes ctanu



Kak ToapKO CBHHEI pacIlIaBUJICS, MEPEIHIIA €r0 B OTKPHITYIO (popMy uist
TOro, 4toObl TOTOM OBbLIO Jerde ero wu3Bieub. Jlajee HabmomaIM MpoIece

KpUCTaJlJIN3al1H.

Pucynox 18 — Kpucranmmzarus CBUHITA W31ajIeKa | BOJIN3H

Mpb1 BUAMM, YTO 30HA, IPHWJIETAIONIas K CTEHKaM, BCIIEJCTBHE OOJIBIION
CKOPOCTH OXJIQXKJCHHS 3aTBEPJICBACT B BUAEC MEJKO3EPHUCTOM KOpKH. Jlaimee BO
BpeMs OXJAXJICHHWsS CHapyXu oOpazoBajlach KOpKa, B JaJbHEHIIEM TMpHU
3aTBEP/ICBAaHUM BO BHYTPEHHHMX 30HAX IMOJ KOPKOW 0Opasyercs MycToTa, KoTopas
Ha3bIBACTCS ycaJ0uHas paKkoBHUHA. Takyke MbI HaOII0aeM 00pa30BaHKE TTMHHBIX
CTOJIOYATBHIX KPHUCTAUIOB, HamOoiee OJarompusTHO OPHUEHTHPOBAHHBIX II0
HAalpaBJICHUIO OTBOJA TEIUIa. [peTbsi 30HAa - PABHOOCHBIX 3€pPEH CIyYalHOU

OPHUEHTAIUHY.

1 obpazen — Kycouek CBUHIIA, 2 — OTIMBKA, 3 — MPUMECH HE pacIlyIaBUBILASCS
Pucynoxk 18 — CBuHen 10 m1aBJIeHUS U MOCIIE

Teneps npoBeaeM Nporecc KPUCTALIM3ALNT BOCKA.



PucyHnok 21 — TBepnoe coctosiHHE BOCKa

[Tocme 3anuBKM >KMAKOTO BOcka B (OpMy TIpOIlECC 3aTBEpPIEBaHUS
HAOII0aJICs MEIJIEHHO, TaK KaK TeMIepaTypa IIaBjIeHus cocTasisgeT okoso 70°C.
Ecnu narpets 10 200°C Bock roput. ITapadus oTiM4aeTcs oT BOCKA TEM, 9TO B HEM
COJZlepKaTcsl MPUMECH, B BOCKE MX HET, TEM CaMbIM OH TEYeT MpH IJIaBJICHUU.
CHauajna KpUCTAITU3YETCS BOCK y JTHA U Kpasi (OPMBI, a TaKKe 1O TTOBEPXHOCTH.
Taxk kak 31€ch CKOPOCTh OXJIAXKIACHHSI BBICOKAs, 00pa3yeTcsl TOBEPXHOCTHAs KOPKA.

Jlanee xpuctamibl pactyT, BeiTsAruBaroTcs (Pucynok 20). Ilpu nHempepsiBHOM



3ayiuBKe (hopma OTIUBKH Oosiee OJJHOPOAHAS KaK MO JUIMHE, TaK U M0 ONEepEeYyHOMY

ceyenuto (Pucynok 22).

Pucynok 22 — OTnmBKa Bocka
BoeiBoa: TakuM 00pa3oM MHpU MPOBEACHUM HAYYHOTO OMbITA, PACCMOTPENH

BJIIMSTHUC KPUCTAJUIN3AIIUN HA CTPYKTYPY U CBOMCTBA MeTaJlja.
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