CDez[epanLHoe arCHTCTBO II0 06pa30BaHmo

I'ocynapcTBeHHOE 00pa30BaTEIbHOE YUPEKACHUE
BBICIIETO MPO(PECCUOHATLHOTO 00pa30BaHUS
«CunOupckuii rocyiapcTBeHHbIH HHAYCTPHATbHBIN
YHHBEPCHTET»

Kadenpa reonoruu u reone3nu

3APO/K/IEHUE, POCT H
DPOPMA KPUCTAI'IOB

Metoanueckue ykazaHus K JJabOpaToOpHbIM paboTaMm 1o
TUCTIUTLTAHE

«OcHOBBI kpucTamiorpadhuu 1 MUHEPAIOT M.

CrnenuansHocTH: «Metamnyprus ué€pHbix Metamion» (110100),
«Mertamnyprust iBeTHbIX MeTaiioBy (110200),

«JIuTeitHoe TPOM3BOJCTBO YEPHBIX U IIBETHBIX METAJIOB)
(110400),
«XuMuYecKkas TEXHOJIOTHsI HeopraHudeckux BemiectBy» (250200)

HoBoky3Herk

2007

VIIK. 548.1:515.6 (07)

Penienzenr:
[Tpodeccop Cubl'NY, 3aB. kadheapoit METaLTypriuu 4yTyHa,
KaHAnAaT TCXHUYCCKHUX HAYK
B.A. lonuHCKuit

3APOXJIEHUE, POCT U ®OPMA KPUCTAJUJIOB: Merton.
yka3. / Coct.: A.A. Tlepmsiko: CubI'IY. - HoBoky3Henk, 2004. -
40c., nn.15.

[Mukn nabopaTopHbIX pabOT TO3BOJSIET CMOJEITHPOBATH
NpOIeCcChl KPUCTAJUIM3ALMHU, XapaKTEpHbIe Ui MeTaulypruu. B
MHUKpPOCKOTIE ~ HEMOCPEACTBEHHO MOXHO  BHAETh  HPOLECCHI
IUIaBJICHUS, PACTBOPEHUS, 3apOXKIEHHs, pocTa U TMOJIUMOP(HHOTO
NpEeBpaIIeHNsT KPUCTAJUIOB HEOPraHWMYECKHX W OPraHMYECKHX
BEIIECTB. B mpakTHKyMe ONUCaHbl METOJbl HPUTOTOBICHHS
IpenaparoB, IOCIEIOBATEILHOCTh MPOBEACHUS IKCIIEPUMEHTOB U
TpeOOBaHUS K OT4YETYy IO paboTe. DKCIEPHUMEHTHI JOBOJIBHO
OpOCTHl, HO  Ype3BblUAiiHO  HWH(pOpPMAaTHUBHBEL.  PyKoBOICTBO
WITIOCTPUPOBAHO (oTorpadusMu KpUCTAJUIOB B IpOLECCe UX
oOpazoBaHws.

[Ipenna3HaueHbl TUIA CTYJICHTOB CIIENINATILHOCTEN
«Meramnmypruss uépHbix Metamo» (110100), «Meramnyprus
nBeTHbIX MeTaioBy (110200), «JIuteitHoe TIPOU3BOACTBO YEPHBIX
u 1uBeTHeix MetamoB» (110400), «Xumuyeckas TEXHOIOTHS
Heoprannyeckux BemecTBy (250200)



BBEJEHUE

Bce kpucTa/ibl B 0JATONPHUATHBIX YCIOBHAX CHOCOOHBI
pPacTH, MOKPHIBAsACh TPaHAMH € MAKCHMMAJbHO IUIOTHOM
aTOMHOIl YIAaKOBKOIA.

3TO0 CBOWCTBO 00YCIOBICHO 3aKOHOMEPHOW YKIJIQJAKOW aTOMOB
B CTpyKType Kpucramia. HW3meHsieTcss aTOMHas yNakoBKa -
u3MeHsieTcs BHeWHss ¢opma KpuctamioB. C 3TOH TOUYKM 3peHMs
METAJITypruueckue MpoLecchl (arJoMepanuoHHOTO, JIOMEHHOTIO,
CTaJIeIJIaBWJIBHOTO, JIMTEHHOro, IPOKAaTHOIO H TEPMUYECKOTO
MIPOM3BOJCTB) MPEACTABISIIOT Cco00M 1enb HU3MEHEHUH (opm
kpuctamioB. [Iporecchl 3aTBepieBaHUs METANIMUECKUX PacIljlaBOB
- 3TO MPOLIECCHl KPUCTAJUIU3ALMH, T. €. IPOLIECCHl POCTa KPUCTAIIJIOB
OIpeJIeIEHHON TeoMeTpuUYecKor (hOpMBbI M pa3MEPOB B 3aBUCUMOCTH
OT XMMMYECKOI'O COCTaBa paciljlaBa U CKOPOCTU €ro OXJaKICHHUS.
ITporiecchl OKUCIIEHUS, BOCCTAHOBJICHUS M IUIABJIECHUS H3MEHSIOT
NEepBUYHYIO (popMy KpHCTaiuia BIUIOTH JI0 TIOJTHOTO €€ pa3pyIIeHHs.
Tepmuueckas 06paboTKa METAUIOB CONPOBOXKIAETCS U3MEHEHUSAMU
GbopMBI U pa3MEpPOB KPUCTAJUIOB MYTEM HMX MEPEeKPUCTALTU3AINH,
HKCOJIIOLMM U30MOP(HBIX CMECEH U MOIMMOP(HBIX MTPEBPAILIECHUI.

®opma KpUCTAJIJIOB HECET OrPOMHYI0 HH(POpPMALUIO O
npoTekaromux npoueccax. [lpu  uccnenoBaHuax 1o ¢opme
KPUCTAJIJIOB MOXXHO BOCCTAHOBUTH HANpPAaBJIEHUE U KHUHETHKY
IIPOTEKaHUsl  METAUIYPTMYECKMX  IPOLECCOB.  IJTO  IIOKa
€MHCTBEHHBIM CHOCcO0 MOJIY4YUTh JOCTOBEPHYIO HMH(OpPMALHIO O
NPOTEKaHUN METaJTyprUYecKUX MPOLECCOB Ha YPOBHE OTIEILHOTO
KpUCTAJIIMYECKOro uHAuMBMIA. Jlaxke ¢Qusmueckas xumus, ¢ ee
MOIIHBIM ~aHAJUTHUYECKUM allapaToM, MOXKET paccMaTpUBaTh
METAJNIyprUuecKie  IMpPOLECChl  TOJBKO  HA  CTAaTUCTUYECKHU
YCPEAHEHHOM YPOBHE.

®dopma KpUCTAIIJIOB OTPAXKAET KPUCTATINYECKYIO CTPYKTYPY
METaJUIOB, arjioMeparoB, pPyJA, LUIAKOB M MPOYUX MaTEepHaJIOB,
CJIEI0BATENbHO, UX MPOYHOCTHBIE U Apyrue (pU3MUecKre CBONCTBA.
dopma KpUCTAIIIIOB OIpPEEIIAeT 3aKOHOMEPHOCTh PACIIONOKEHHS U
OpUCHTANMIO (U3HYECKUX CBOWCTB B ero obOweme. Tak,
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reKcaj’IpuuecKue rpaHu anMasa B 1,5 paza TBepkKe OKTadAPUUECKUX
rpaHeid, BCIIEACTBUE 3TOTO  CBEPXTBEPIbIM  anMa3  MOXKHO
ndoBaTh U MOJIHPOBATH  aldMa3HbIM — TopomkoMm. Dopma
KPUCTAJIJIOB  OIpPENESeT  ONTUYECKHE, IbE303TIEKTPUUECKUE,
ANIEKTPOMAarHUTHBIE U TPOYUE CBOMCTBa KpucTamuioB. Dopma
WHOT/Ia TPUOOpETaEeT TIaBHYIO POJIb B MPAKTHYECKUX MOTPEOHOCTSIX
YelnoBeKa. DTO MPOSBISETCS B OTpaHKE JAParoleHHBIX KaMHEH, B
KPHUCTAJIOONTHKE, B JIEKTPOHHUKE U T.II.

['maBHas OCOOCHHOCTh METAJLTYPrHUECKUX MPOIECCOB
KPUCTAUTU3AIH 110 CPAaBHEHUIO C MPUPOIAHBIMH T'€OJOTHUYECKUMH
MPOLIECCaMHU - 3TO UX CKOPOTEUHOCTh. B pe3yibTare CKOPOTEYHOCTH
METAJITyPrUuecKUX MpPOLECCOB MHOIME KPHUCTAJUIBI HE YCIIEBAIOT
MPHOOPECTH HOPMAIBHYIO TOJIMAIPHUECKYI0 (OPMY U BBIPACTAIOT B
dopMe  CKENEeTHBIX KPHCTALIOB HANOJO0ME T'e€OMETPUYECKU
MPAaBUJIBHOTO  CKEJETHO-PEOPHCTOTO  KpUCTaaa  (CHEKUHKH).
Arperar TaKUX CKEJIETHBIX KPHUCTAJIOB, MPUYYITUBO
MEPeTICTAIONINXCS CBOMMHU BETBAMHU, HUMEET CHelH(pHUIecKoe
Ha3zBaHMe “‘NeHApuT . JleHapUThI (BETBUCTBIE MOPO3HBIE Y30Pbl) MbI
HaOII0ZaeM 3MMOM Ha CTEKIaX OKOH. B 00beMe JMUTBIX METAIOB,
arJoMepaToB, IIJIAKOB COJEPKAHUE TAKHX CKEJIETHO-IEHAPHUTHBIX
CTpykTyp nocturaer Oomee 30-40 %. B cBsi3u ¢ »TuM B
METAJUTypPrUl aKTyaJlbHO HE TOJBKO ONHMCAaHUE TPaHHOH (HOPMBI
KpUCTaJlJla, HO U ONHMCAHHE BCEX €ro peOepHBIX U BEPIIMHHBIX
CKEJIETHBIX (hopM.

PaboTel MOAEIMpYyIOT OMpeleieHHbIE METaJLTyprudecKkue
nporecchl. A Tak Kak OHHM CKOPOTEYHBI, a BBIPOCHIME KPUCTAJIIBI
MaJjibl, BO3HUKAET OCTpasi HeOOXOJUMOCTh paccMaTpuBaTh UX IO
MHUKpockornoM. Tem Gojee, YTO MOJ MUKPOCKOIIOM BUIHBI MHOTHE
SIBJIGHUS, COITPOBOXK/IAIOIINE POCT KPUCTAILIOB.

YCTPOMCTBO HOJIIPMBALIMOHHOI O MUKPOCKOIIA

HaunGonee TOYHBIM METOJOM [MArHOCTUKHA TPUPOIHBIX U
HCKYCCTBEHHBIX KPUCTAJUIOB SIBJISICTCS METOJ U3Y4YEHHsI MX OITUYECKUX
CBOWCTB M (DOPMBI KPUCTAIIIOB IMPH TOMOIIU MOJSAPU3ALMOHHOTO
MHUKPOCKOIIA.

MHorue Metauibl, TOPHBIE MOPObI U UCKYCCTBEHHO IIOJTyYEHHBIE
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HEOPraHWYEeCKHe MaTepHalibl 4YacTo OONaJaloT  MHKPO3EPHUCTOM
CTPYKTypoi. MHKPOCKOI TIO3BOJISIET HAOMONATh KPUCTAIUTBI  pa3Mepamu
10 1 —2 yxom.

OcHoBHbIE HYacTW MUKpocKoma (pucyHok 1): mratus, TyOyc,
yYBEIMYHUTENbHASL cUcTeMa (OKyJsip U OOBeKTHB), JuH3a beprpana,
MIPEeIMETHBIN CTOJIMK, TMOJISIPU3AIMOHHAs cucTemMa (MOSpPU3aTop U
aHaJIN3aToOp) U OCBETUTENIbHAs CHUCTEMa C KOHJICHCOPHOW JIMH30M
Jlazo.

HITaTuB sBisieTcs HaMOOIee MACCUBHON YaCThIO MUKPOCKOTA U
MPUIAET EMY YCTOHYMBOCTh. OH COCTOUT U3 ABYX YaCTEW: HUXKHEU —
B BHJE pa3IBOCHHOIO YCTOMYMBOIO OCHOBaHUS W BEpPXHEH —
TyOyconepskatens. HikHsIsI 1 BEepXHsIsl YacTH ILITATHBA CKPEIUICHBI
MOJIBMKHO C TOMOIIBIO IIAPHUPA, CHAOKEHHOIO 3aKHUMAOLLM
BUHTOM. OTO J[a€T BO3MOYKHOCTb YCTaHABIMBAaThb MMKPOCKON B
BEPTUKAIBHOM U HAaKJIOHHOM TOJIOKEHUH.

TyOyc - momas wWwIMHApPUYECKas TpyOa, I7i€ MOHTHUPYETCS
YBEJIIMUMUTENBHAS CUCTEMAa MUKpPOCKona. YacTe mraTtuBa, B KOTOPOH
3aKperuisieTcs TyOyC, CHaO)KeHa Hape3KOH, 4YTO T03BOJSIET TIPH
TIOMOIIA MaKPOMETPEHHOT'O ¥ MUKPOMETPEHHOT'O BUHTOB ITOJIHUMATh U
OITYCKaTh TyOYC J71s1 (JOKYCHPOBAHHIS.

MuKpoOMeTpPeHHbII BUHT CITY>KHUT Il TOYHOHM (DOKYCHPOBKH TIPH
pabdore ¢ GonbimMy yBermdeHUsMA. OH CHAOXKEH JCIICHUSIMU, KKI0e
W3 KOTOpPBIX COOTBETCTBYeT 1 wmu 2 mkm. JleneHusi TMO3BOMNSIIOT
OTpENEeNNTh, Ha CKOJBKO ObUI MOJHAT WM OIMyIIeH TyOyc mpu
MoBOpoTe BUHTA. OTCYETHI MPOU3BOAATCS OTHOCUTENHHO CIICIMATBHOMN
PUCKH Ha IITaTHUBE.

YBeanuuTeabHAss CcHCTeMa COCTOMT U3 OOBEKTHBOB U
OKyJIsIpoB. OOBIMHO K MUKPOCKOTIAM TIPHJIAraroTCsl OOBEKTHBBI, JAIOIINE
yBermuenue 37, 8%, 20%, 40" u 60%, u okymsaper — 57, 6°, 8", 12,5%, 17",
Obmee yBenmueHne Mukpockona V=V *V,, rae V| — yBenudeHwue,
naBaeMoe OOBEKTHBOM; V, — YBEIMYEHHE, JaBAEMOE  OKYJIAPOM.
KoMOMHMpYsT OOBEKTUBBI M OKYJISIPHl, MOYKHO TOJNY4YaTh Pa3IdYHbBIC
yBesdenus ot 15 1o 10207,

Ilpu yBemuuennu 1020 BO3MOKHO HAOMIOAATH  YACTHUIIBI
pasmepamu  1—2 mxm. OOBMHO UCCIIEIOBaHUSI IPOBOJSITCA IPH
3HAYUTENIHO MEHBIMX —yBemmueHusx 320—500%, mpu  KOTOpBIX
MOJIHOCTBI0O  MOTYT OBITH  ONpEZEeHbl  ONTHYECKUE CBOMCTBA
kpuctauioB BenuauHoH (0,01—0,02 am). s HaGmroaeHust mporieccoB
pOCTa KPUCTAILIOB J0CTaT0uHO yBemmaeHust 50 - 100%,

OkyJisip npeacTaBisieT CoO0M CHCTEMY JBYX JIMH3, BCTABICHHBIX
B LWIMHApPHYECKYt0 TpyOKy. Ha paccrosiHum sicHOro BHIEHHSI OT
BEpXHEW JIMH3bI OKYJIApa HaXOJATCS JIB€ TOHKHE MMayTHHOBBIE HUTH,
MePEeKPEIMBAIOIIHECS TOJ MPSMBIM YIJIOM B IIEHTPE JIMH3bL JTO TaK
Ha3bIBAEMBIN KpeCT HUTEW. HUTH B OKyJIsipe yKa3bIBarOT HAIIPABICHUE
KOoJIeOaHUI JTydeH, MpOITyCKaeMBbIX MOJISIPU3ALIMOHHON CHCTEMOU
MHKpOCKOIIa — TMOJISIPU3aTOPOM U aHanu3zatopoM. OHM CilyKatT JUIst
MPUBSI3KK U OPUEHTUPOBKHM HM3Y4YaEeMbIX NPEIMETOB B IIOJIE 3PEHUS
MHUKpOCKoOmia. BcTaBiiaTeh OKynsip B BepXHMH KoHell TyOyca
HEOOXOMMO TakK, YTOOBI OJTHA HUTH KpecTa OblIa HalpaBJIeHa CBEPXY
BHU3, a Jpyras — CJIeBa Halpaso.

OO0beKTHB TPEACTABISIET COOOWM  CIOXKHYIO  ONTHYECKYIO
cucteMy. OOBEKTMBBI  OTIMYAIOTCS  (POKYCHBIM  PACCTOSIHHEM,
CIIe/IOBaTeNbHO, YBEMMUeHHeM. KpaTHOCTh YBENMUYEHHS OOBEKTHBA
yKaszaHa Ha ero ompase (3%, 8%, 20%, 40%, 60).

OOBeKTHUB 3aKperuisieTcss Ha HIDKHEM KOHIe TyOyca mpHu
MOMOIIM TPYKUHHBIX 3KUMOB. [Ipy 3TOM KOHIIBI 325KMMOB CKUMAIOT
JICBOM PYKOM, a TIPaBO HAJBUTAIOT OTBEPCTHE OOOMMBI OOBEKTHBA Ha
BBICTYIl TyOyca. 3aTeM MOBOPayMBAIOT OOBEKTHB MPOTUB YacCOBON
CTpENIKH, TOKa IMTHPT 000NMBI OOBEKTHBA HE BOWIECT B TPOPE3b
3aKUMaonMX UMIoB. OOBEKTUB BCTaBJIEH MpPaBHIbHO, €CIH
[EHTPUPOBOYHBIE BHUHTHI Ha 000iME OOBEKTHBA  yCTAHOBSTCS
CUMMETPUYHO OTHOCUTENIHO KOHLIA MPYKUHHBIX 3aKUMOB.

Jlunza bepTpana pacrionokeHa TOI OKYJISIpoM B TyOyce
MHUKpPOCKONAa U CIYXKUT cJa0biM OOBEKTUBOM C OOJIBIIMM MOJEM
3peHus. OHa 3aKiioueHa B CIELUAIbHYIO ONpaBy M MOMKET
BBIJIBUTAThCSI M3 TyOyca, a Takke MEepeMeIIaThCsi BIOJb HEro IMpH
MOMOIIM  KPEeMallbephl, YTO HEOOXOAMMO Tmpu Oojee TOYHOU
¢dokycupoBke. OmnpaBa nuH3bI beprpana cHaOxeHa HUPHUCOBOM
nuapparMoi, MO3BOJISIOIIEH Cy)KMBaTh M PACHIMPATH IMOJIE 3PEHHUSL.
Jlunza beptpana 0OBIYHO TPHUMEHSETCS TIPU HCCIETOBAHUAX
KPHUCTAIJIOB B CXOAAIIEMCSI (KOHOCKOITUYECKOM ) CBETE.

Mexnay nuH30i bepTpana u 00beKTMBOM B TyOyC MHKpPOCKOIA
BCTABJISICTCSl aHATM3ATOp WM BEPXHHUI HUKOJb. AHAIOTMYHO JIMH3E
beptpaHna oH BMOHTHpPOBaH B ONpaBy U MOKET BBIJIBUTaThCS W3
TyOyca, T. €. BHIBOJAUTHCA U3 ONTHYECKOM CHCTEMbI MUKPOCKOTIA.

Han oObexkTMBOM B HWKHEM KOHIIE TyOyca MMEETCSl CKBO3HOM
nmpope3, B  KOTOPbIA  BCTaBISIIOTCS  KommeHcatopsl.  Ilens
pacnoJiokeHa 1o yriaom 45° Kk Kpecty HUTe okyssipa. g 3amuThl
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MHUKPOCKOMA OT MbUIM IIIEb 3aKPBhIBAETCS CHEIMAIBHON KOJIbLIEBOI
3aIBMKKOI.

CTOIMK MHKPOCKOMNA pacrioyaraercsi MoJ TyOycoM U MOXKET
Bpamiarebes. Ha Hem mmeercs ymum6 ¢ aenenusimu (360°). Otcuersl
yIJIOB  TIOBOpPOTAa  CTOJIMKA ~ NPOM3BOAATCS 10 HOHHUYyCaM,
pacronararoMcst cieBa U clipaBa oOT 1TatuBa. Ha HoOHMyc HaHeceH
(B MacmTabe) oaMH Tpagyc, pa3OWTBIA Ha JIECATh YacTeH, T. €. OIHO
JIeJICHUE HOHUYCa paBHO WLIECTHU MHUHYTaM. TOYHOCTH OTCYETOB
cocraBisieT 6 MUHYT. CTONMK MOXHO 3aKPENHUTh B HEMOJBUKHOM
TIOJIO’KEHUH CTOIIOPHBIM BUHTOM. B IIEHTpe cToNMKa MMEETCsl OTBEPCTHE,
KOTOPOE€ MO>KHO PacLIUpATh, BBIHYB BCTABHOE KOJIBIIO.

Hccnenyemblii  mpemapaT  I[IOMELIAETCS HAa  CTOJIMK  HAal
OTBEPCTUEM U 3AKPEIUISETCS C MOMOIIBI0 MPYKUHAIMX KIEMM WIN
«ianok». Ilpy M3yyeHuMH NpoLeccoB poCTa KPUCTAIOB M3 paciuiaBa
I PacTBOpa CTONUK JIOJDKEH HaXOJUThCS B TOPU3OHTATBHOM
MOJIOKECHUH.

OcBeTuTe/IbHAST CHCTEMA  MHKDPOCKOMA DACIONOXKEHA MO
cromukoM. OHa COCTOMT W3 MOJIBMKHOTO 3epKania, KOHJIECHCOpa |
TJIaBHOM WpPUCOBOM amadparmbl. 3epKajio JABYCTOPOHHEE, OJHA €ro
CTOpOHA TIOCKast, Ipyrast BorHyTtad. [Ipu pabore ¢ HCKyCCTBEHHBIMU
HCTOYHUKAMHU CBeTa (OCBETUTENSAMH) MOJIb3YIOTCS BOTHYTBIM 3€pKaioM,
IUIOCKOE 3€PKajio MPUMEHSIOT P JHEBHOM CBETE.

Konnencop ciyxut ms GokycupoBaHHs cBeTa Ha MCCIEIyEeMbIi
00bekT. OOBIYHO OH COCTOHWT W3 JBYyX WIIM TpeX NuH3. HmkHss nuH3a
KOHJIeHCOpa mocTosiHHas. OHa mpeBpalaeT OTPaKeHHBIM OT 3epKaia
CBET B CJa00 CXOJSLIMHCS IMY4YOK, YTO YCHJIMBAET OCBEIIEHHOCTb
oObekTa. BepxHss nuH3a (MOMONHUTENBHBIN KOHIEHCOP) — JIMH3a
Jlaz0, CIyWUT A NOJYYEHHS CXOJSIIErOCsl CBETa M HPUMEHSAETCS
OObIYHO TIpHM OONBIIMX YBeIWYEHUSAX. [Ipu momouM crernuanbHOro
pbruara auH3a Jla3o 1erko OTKUABIBAETCS B CTOPOHY, T. €. BBIBOJUTCS
U3 ONTUYECKON CUCTEMbI MUKPOCKOIIA.

Han xonzmeHcopoM pacmosioxkeHa TiiaBHas upucosas auadparma,
cHaO)KeHHAs PYKOATKOH, TMO3BOJSIONICH pa3ABUraTh U CABUTaTh
maparmy. CyxuBas auadparmy, MOXKHO cIenaTh Myd4OK Jydei
napayiebHbIM. DTOTO K€ MOXKHO JAOOUTHCS M OMYCTUB MPU MOMOILIU
CTIeIMAIFHOM KpeMallbepbl OCBETUTENbHBIN anmnapaT MUKPOCKOTIA.

Mexnay 3epkaloM W KOHICHCOPOM OCBETHTEIBHON CHUCTEMBbI
MOMENIAeTCsl BTOpas MOJSPU3AlMOHHAs TpHU3Ma — MOJSPU3aTOp, WU
HWKHUU HHUKOJb. OH YCTAaHOBJIIEH B ONpaBe, B KOTOPOM MOMKET
cBoOoHO Bpamathes. OnpaBa monspuszaTopa CHaOXeHa IpajyCHBIMU
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JCICHUAMH, a Ha OIpPaBe KOHAECHCOPA MMEETCS PHCKA, OTHOCHUTEIBHO
KOTOpPOM M YYMTBIBAIOTCS YIUIBI IOBOpOTa mojspusaropa. llpu
NPAaBWIBHOM IIOJIOKCHUU MOJSPU3aTOpa HYJIEBOE JEICHUE OIPABbI
HOJIIPU3ATOPA OIKHO OBITH COBMEIIEHO C PUCKOIL.

Pucynok 1 - [longpuzaumonnsiit Mukpockon MII-3:

1 - ocBETUTENBHOE 3€PKAJIO; 2 - KOHJAEHCOP C MOJIIPU3aTOPOM;
3 - pblyar Juisi BBIBEJICHUSI KOHACHCOPA; 4 - pblyar JJis BbIBEJICHUS
nuH3bI J1a30; 5 - Bpamatonuiicst cTonuk; 6 - HOHUyc; 7 - AepKaTeib
nudoB; 8 — 00BEKTHB; 9 - MEHTPUPOBOUYHBIA BUHT; 10 - IIHITIIBI
KperieHust o0bekTHBa; 11 - mpope3p mis Kommencartopa; 12 -
aHanmuzatop; 13 - nun3a beprpana; 14 - BUHT a1 (OKYCHUPOBKH
nuH3bl beptpana; 15 - okymnsap; 16 - MakpOMETpEHHBIM BUHT AJs
rpy0Ooii HaBogku; 17 - MHUKPOMETPEHHBI BHMHT JJS TOYHOM
HaBOJAKM; 18 - HOHMYC JUIs1 OTCUETAa MUKPOMETPEHHOIO JIBUKCHMUS;
19 - KOppeKIIMOHHBIE JTUH3HI.



YCTAHOBKA U ITPOBEPKA MUKPOCKOITIA

OcBemienne. [Ipu MCMonb30BaHUM JTHEBHOTO CBETa CIEHAYET
BBIOMpATh CBET, OTPAKEHHBIN OT IUIOTHOTO O0JakKa, TaK KaK CBET
OT sCHOro HeOa, SBIAACH MOJSIPU3OBAHHBIM, JaeT ciaboe
OCBEIIICHHE.

dokycupoBKa. /{151 Toro, 4to0bl CHOKYCUPOBATH MUKPOCKOIT
Ha 00BEKT, CHauajaa OCTOPOKHO OIMYCKaIT TyOyC MaKpOMETPEHHbBIM
BUHTOM JI0 TIpezienia, cMoTpsi Ha TyOyc cOoky. IIpu 3ToM mpu MajbIx
yBenuueHusx (00bekTuB 3%, 8%) MexIy 0OBEKTHBOM U TPEnapaToM
OCTaeTCs KaKoe-TO PacCTOSHHUE. 3aTreM, Habiogas B MHUKPOCKOIL,
MEIJICHHO TIOAHUMAIOT TYOYC MaKpOMETPEHHBIM BUHTOM (IIPH MaJIbIX
U CpPeJHUX YBEJIHWYEHMSIX) M MHUKPOMETPEHHBIM (Tpu OOJBIINX
YBEJIMYEHUSIX) 10 TMOSIBICHUA B IIOJIE€ 3PEHUS H300paKeHUS.
[Tonyuus n300pakeHue, TOOUBAIOTCS ero YETKOCTHU
MUKPOMETPEHHbIM BHHTOM. BaXHO TOMHUTH, YTO TyOycC
MHUKPOCKOTIa TOJHUMAETCSI TOBOPOTOM BUHTOB K ce€0€ M OITyCKaeTCs
MOBOPOTOM BHHTOB 0T cebs. [Ipu paboTe ¢ MUKPOCKOIIOM clieayeT
nepxaTh 00a Tiia3a OTKPBITBIMHU, T. €. HE 3aKMypHUBaTh TOT rJjas3,
KOTOPBIN HE CMOTPUT B MUKPOCKOI

HentpupoBka. Heobxommmo, 49ToOBI  OCh  BpalieHUs
MPEeIMETHOTO CTOJHMKA COBMAaJaja C ONTHYECKOM ochio TyOyca,
buKcupyeMoil B 1moJie 3peHUsl TOUKOH MepecedeHus: Kpecta HUTEeH
oKyJisipa. B 3ToM ciydae 0ObeKT, TOMEIIEHHBIA Ha KPECT HUTEH TpH
BpAILEHUU CTOJIMKA, OCTAETCsl HA MECTE, HE CMEIIAeTCH.

Ecnu ocp BpallleHusi CTOJMKAa HE COBHAAAET C OMNTHYECKOM
OCbI0 MUKPOCKOIIA, TO TIOMEUICHHBIA Ha KPecT HUTEH OOBEKT MpH
BpalllCHUH CTOJIMKA HE OCTaHETCS Ha MecTe, a OyJleT ONUCHIBATh
OKpY’KHOCTb, LIEHTP KOTOPOH CMEIIEH Ha TO WM UHOE pacCTOSHUE
OT KpecTa HUTEH OKyJisipa. B TakoM citydae MUKpOCKOII HE0OOX0IMMO
LeHTpupoBath. lleHTpupoBKa NpPOMU3BOAMUTCS IpPU  IOMOLIU
CHEUHUABHBIX [IEHTPUPOBOUHBIX BUHTOB, MOHTHPYEMBIX Ha 00oiime
00BEKTUBA, IJI€ OHU pacmoyiokeHsl moa 120° apyr k apyry. Kmoun
K 3TUM BHUHTaM XpPaHATCS OTAEJIbHO W BCTABISIIOTCA BO BpPEMs
neHTpupoBku. Ilpu kaxaol cMeHe OO0BEeKTHBA IEHTPUPOBKA
MIPOU3BOJUTCS 3aHOBO.

YcraHoBKa HHKOJIEH B CKpellleHHOe ToJioskeHne. MHorue
HAOMIOZIEHHsT MO MHKPOCKOIIOM TPOM3BOAATCS TpPU  CKPEIIEHHBIX
HUKOJISIX, TIOATOMY Tepesl HavyaioM paboThl CIEAyeT MPOBEPUTHh MX
CKpelleHHOCThb. JIJig 3Toro, ynaiauB u3 TyOyca OKyJsp U OObEKTHB,
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BBIJIBUIAIOT AHAJIM3aTOP M OCBEIIAIOT I0J€ 3PEHHs TaK, YTOOBI
N300pa’keHne UCTOYHMKA CBETA HAXOAMWJIOCh B LIEHTPE MO 3pEHUA.
3areM  BKJIIOYAIOT aHailu3aTop. llpum CKpeleHHOM MOI0KEHUN
HHKOJICH B IOJIE 3PEHMSI MOSIBIIICTCS TEMHBIN KPECT, BETBH KOTOPOTO
pacrioyiaralotcs  MapajUlellbHO — HAmpaBiCHUsIM  KonebaHuil B
aHamM3arope W nosspusarope. Ecim ke mone 3peHHs OCTaeTcs
CBETIBIM, TO OCTOPOKHO BpAlAlOT TMOJSAPHU3ATOP B  OIPaBE
(Ipe1BapUTENLHO OTKPBIB 3aKPEIUISIOLINI €ro BUHT) A0 MOSBICHUS
KkpecTa. Jlake mpu HE3HAUUTEIBHOM OTKJIOHEHHMM OT CKPEIIEHHOIO
TIOJIOXKEHUSL KPECT UcUe3HET. MOXKHO IIPOU3BECTH YCTAaHOBKY HHUKOJIEH
B CKpELICHHOE MOJOXEeHHe M mpoue. s 3Toro mpu majaom
yBesmueHn (OKyJsip 8", 0ObeKTHB 8) paBHOMEPHO OCBEIIAIOT TOJIE
3peHMsT M BKIIOYAIOT aHaiu3arop. lIpy CKpeleHHOM NOJI0XKEeHUU
HUKOJIEM TIOJN€ JOJDKHO CTaTb TEMHBIM. B IpoTMBHOM ciydae
MIOBOPAaYMBAIOT  NOJSIPU3aTOpP B ONpaBe 10 MaKCUMAaJIbHOTIO
3aTEMHEHUS T10JIS 3pCHHUS.

ITPABWJIA ITIOJIb30BAHUA MUKPOCKOIIOM

1. TlepeHOCUTH  MHUKPOCKON  CIEAyeT  JOBYMA  pyKamH,
HOAJEPKHUBAs €T0 CHU3Y.

2. VYCTaHOBUTb MHKPOCKOIl TakK, 4YTOObl yAOOHO ObLIO
CMOTpeTh B TyOyc CTOS. OKCIEPUMEHTHI MO POCTY
KPUCTAJIJIa BBINOJHATH INPU TOPU3OHTAIBHOM IOJIOKEHUU
CTOJIMKA.

3. BreixmounTs nuH3y bepTpana u aHanu3aTop, MOJHOCTBHIO

OTKPBITh IJ1aBHYIO AuadparMy U BeIBECTH JHH3Y Jlazo.

BcraBuTh OKyJnsip 1 OOBEKTHUB.

JloOUTHCSl paBHOMEPHOT'O OCBEIICHUS TOJISI 3pEHHSL.

IIpoBepUTh CKPELICHHOCTh HUKOJICH.

Y CTaHOBUTBH KPECT HUTEH OKYJIsIpa Ha ICHOE 3pPEHUE.

YCTaHOBUTh Ha CTOJIMKE MHKpOCKoma HuiMd WM

npenapar.

9. ®oxycupoBaTh MUKPOCKOIN I10 NBIJIMHKAM Ha MPEIMETHOM
crexie. Ilpu BpameHun croauka c(OKycHpOBaHHBIE
IIBUIMHKHA JOJDKHBI BPAIAThCS.

10. Tlpu BKIIFOYEHUH aHAIM3ATOPA TOJI€ 3PEHUS] 3aTEMHSETCS.

N A
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PaboTta 1

N3YYEHUE IVIOCKOT'PAHHOI'O CTYIIEHYATO-
CJIOUCTOI'O POCTA KPUCTAJLJIOB

Heanb padoThI. CmMopenupoBath IJI0CKOTPaHHBIN
MOCTIONHBIN POCT KpHCTalIa B CyOpaBHOBECHBIX YCIOBHUSX.

Kpucrannel 06magaroT CIOCOOHOCTBIO CaMOOTPAHITHCS B
mporecce pocta. B MeTacTaOMIBHBIX — YCJIOBUSIX KPHUCTAJUIBI
CaMOTIPOHM3BOJIFHO 3apOXKAATHCS HE MOTYT, TOTOMY HEOOXOIMMO
BHECTH TOTOBBIE LEHTPBl KpUCTAUIM3ALMU. JlyuymmMu LeHTpamu
KPUCTAJUTU3AINH SBIISIOTCS] KPUCTAIUIBI TOTO XKeE BEIECTBA.

B cyOpaBHOBECHBIX YCIOBUSAX KPUCTAILIBI PACTYT MOCIONWHO,
MyTeM HapacTaHUs HOBBIX CJIOEB HA MOBEPXHOCTH CYLIECTBYIOIINX
rpaeit (¢oro 1). CkopocTb pocTa KpHCTaljga ONpeenseTcs
CKOpPOCTBIO  3apOKICHHS HOBBIX CJIO€B M CKOPOCTBIO HX
TAQHTEeHIMAJIBHOTO pa3pacTaHUsl IO IOBEpXHOCTH TIpaHu. Ha
MOBEPXHOCTH TPaHM BHadaje oO0pa3yercss ABYMEPHBIA 3apObIII
HOBOT'O CJI0Sl. DTOT HOBBIN CJIOM OyZeT OTCTOSTH Aajbllie OT LIEHTpPa
KpHUCTalsla B HANpaBJICHUH, TEPHCHIUKYIIPHOM (HOPMAaJIbHOM) K
MOBEPXHOCTU CYIIECTBYyIomEeH Trpanu. [loaTomMy HampaBiieHHe
3apOXK/ICHUS MM HAPACTAHUS HOBBIX CIIOEB HA3bIBAIOT HOPMAJIbHBIM
HalpaBJlIeHUEM pocTa IpaHu Kpuctaia. CKOpPOCTh 3apOXKICHHS
HOBBIX CJIOEB POCTa SIBJSIETCS HOPMAJIBHON CKOPOCTBIO POCTA IPaHHU.
Tak Kak 3ap0’XJ€HHE HOBBIX CJIOEB BO3MOXKHO TOJBKO B YCJIOBHUSX
NEPEeOXJIXKACHUS paciylaBa WM TEPeCchIIIeHUsT pacTBOpa, TO
HOpMaJlbHasi CKOPOCTb pOCTa B CyOpaBHOBECHBIX YCIIOBHSX OYECHb
Mana, T. K. JIUMUTHPYETCS CKOpPOCThIO au(p(dy3ud YacTull K
pacTyieil rpaHi U CKOPOCTBIO OXJIaXJIEHUS WIM OTBOJA CKPBITOM
TEIUIOTHl  KPUCTAJUIM3ALMHM,  BBIJCIUBIICHCS  NPH  POCTE
npeasIayero ciost. IIoBepXHOCTH 3apoUBIINXCS HOBBIX CJIOEB HE
ObIBAIOT  HMJEAIbHO  TJAaJKUMH, a TPEACTaBIAIOT  c000I0
COBOKYIHOCTb BBICTYNIOB M CTYIEHEK, MHOI/Ia BUAUMBIX MPOCTHIM
IJ1a30M WM B MUKPOCKOII.
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®oro 1 - Ctynenuaro-cioncras CTpyKTypa OBEPXHOCTU
rpaHy MarHeTHTa 3a CUeT HapacTaHHs OKTa3JPUYECKHUX CIIOEB.
DJIEKTPOHHBIA MUKPOCKOIL. YTolbHas permka. Yseir 5000%.

HaGmromaemoe B MHKpPOCKOINE MEIJICHHOE IapauieIbHOE
IepeMellleHue TIpaHd KpUCTaula BO BpeMs €ro pocra B
JNEWCTBUTEIFHOCTH  COTPOBOXKIACTCA  BEChbMa  OXKHUBJICHHBIM
JBIDKEHUEM CTYNEHEK CJI0eB BAONb rpaHd. CKOpPOCTh JABHKEHHS
CTYIICHEK I10 TIOBEPXHOCTH I'PaHU, TaK Ha3bIBa€Masi TAHTCHIIMAIbHAS
CKOpPOCTh, BO MHOT'O pa3 IpeBbIIaeT HopMalibHyl0. Ha pucynke 2
IIPEJICTaBJIECHBI JIEMEHTBI CTYTIEHYaTO-CIIOMCTOI0 MUKpOpenbeda.

4

Z

S

PucyHok 2 - DrnemMeHTBI CTYTIeHYaTO-CIIONCTOTO pesibeha IPaHH:
1 - cTyneHs; 2 - MOBEpXHOCTh TpaHH (cI0s); 3 - TOpel CTYIeHH CIIOs; 4 -
IUIOMIAIKA BRICTYIIA WM YTIIyONeHHsT; 5 - marto; 6 - Teppaca; 7 - moiTy3aMKHYTHIH
IUIOCKHUH BBICTYT; § - IOJTy3aMKHYTOE yTITyOJICHHE.
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Craom myume Bcero oOHapyXMBalOTCA B IpoOIEcCce pocTa.
@dopma pacIoyiOKEHUsI CJIOEBBIX KpPaeB CO3JIaeT XapaKTEpHBI
CTyNEeHYaTblil TpaHHBII MHUKpOpenabed, B MPOEKLUUH Ha TpaHb
NI KapTUHY CJIOEBBIX JIMHUA. B TUNMYHOM CTyNneHYaTOM
MHUKpoOpenbede TrpaHed BBIICNAIOTCA — CIEAYIOLIHE  3JIEMEHTHI
MUKpopenbeda (PUCYHOK 2).

1) eTymeHHM - y4YacTKH CJIOE€B, OOpa3oBaHHbIE BEpPXHEH U
TOPLIEBOM IPaHblO (TOPLIEBbIE TPAHU OOBIYHO Y3KHUE U KPYTHIE);

2) Teppaca — IUIOIIAJKA, PACIIOJIOKEHHAsI MEXKIY BEpXHEH U
HIDKHEHU TPYIIIIaMH CTyIIEHEH;

3) maaTo - BepxHss IpaHb CTYNEHH OOJBIIONW IIOIIAIH,
OrpaHMYEHHAas CTYIIEHYAaTOCThIO TOJIBKO CBEPXY MJIM TOJIBKO CHU3Y;

4) MJIOIAAKM - 3aMKHYTble IIJIOCKHE BBICTYNBI WM
yriyOJeHust Ha IU1aTo WK Teppace;

5) moJy3aMKHYTble BBICTYNIBI MJH  YIJIyOJeHHs,
pacnojoKeHHbIE Ha IJIaTO UIIU Teppace.

Ora cuctemMa onucaHus MOP(OIOTHH  CTYHNEHYaTOro
MUKpopenbeda  OAMHAKOBO  NpPUMEHUMA  JUII  ONHUCAHMS
MOJIOKUTEIBHBIX M OTPULATENbHBIX (OPM, TaK KaK BCE JIEMEHTHI
CTYIIEHYaTOro MuKpopenbeda conpspkeHbl. [lomoxurenbHOCTh U
OTPULIATENILHOCTh €ro  (OopM 3aBUCUT OT YPOBHS HYJIEBOU
TUIOCKOCTH, 32 KOTOPYIO OOBIYHO Oepércsi TMONI0KEeHUE TabuTyCHOM
rpany. TaHreHUualbHOE ABMKEHHE CTYNEHEK MOXHO HaOIoJaTh
MOJl MHKpPOCKOIIOM Ha KpHCTallaX THOCYJb(ara HATPHS
(runocynbduta) NaS,035H,0 wnmu tumona CH3C3;H;C¢H3OH-.
Kpucrannel 3THX BeIIeCTB OTHOCATCS K HHU3LIEH KaTeropuu
CUMMETpPUH, IIO3TOMY SIBJIEHHUE IIOCIOWHOTO POCTa HHTEPECHEE
HaOJI0AaTh B MOISIPU30BAHHOM CBETE.

[Tonoxxute HeOONBIIONH KyCOYEK OJJHOTO U3 ATHUX BEILECTB Ha
IpeIMeTHOE CTekso. JIeTKUM HarpeBaHMEM CTEKJIa Ha CIIMPTOBKE
paciiaBbTe€ BEILECTBO (TemmepaTypa IUIaBIEHUS THOCYJb(haTa
Hatpus 48°, Tumora - 51,5°). HaOmomaiite W ommImmre mporece
iasieHus. He noBoaure 10 KUNEHMs, MHAY€ Ta30BbIE ITy3bIPU
OyAyT MPENsATCTBOBATh POCTY KPUCTAIUIOB. Ha mosydeHHyI0 Karmo
MOJIOKUTE IMOKPOBHOE CTEKJIO, 3TO HEOOXOOUMO Ui IMOJy4YCHHS
TOHKOTO CE€YEeHMsI KpucTajjia. B cedeHuu Baliero kpucrajiia Ciou
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OyAyT BBITISIETh JUHHUSAMH. [lociie OCThIBaHUS TIperapara HIDKE
TeMIepatypbl IiaBieHuss Ha 15-20° B BBICTYHAOUIYHO H3-TIOJ
MTOKPOBHOT'O CTEKJIa MEPEOXJIAXKACHHYIO KMJIKOCTh BBEIUTE HIJION
3apoJIBIIIM  TOTO K€ BellecTBa. BosHuKaromue opu  3TOM
KPUCTAUTBI OBICTPO MPOPACTYT IMOJ MOKPOBHOE CTEKNIO (poTo 2).
Kak npaBuio, CTyneHbKH MOSBISIOTCS BO3JIE BEPIIMH KPUCTAJIIOB,
HO MOTYT BO3HUKHYTb U I'Jle-TM00 B CEpeUHE IPaHUu. DTOMY 4YacTo
CIOCOOCTBYIOT MOCTOPOHHHUE YaCTHIIbI, BCTpEUaeMble I'PaHSIMH BO
BpeMs uXx pocra. [Iporiecc BOSHUKHOBEHUS U 3apacTaHMsl CTyIEHEK
94aCcTO HOCUT SIBHO PUTMHUECKHUI XapakKTep.

®oto 2 - CTyneHYaTo-CIOUCTBIA POCT KPUCTAIIJIOB TUMOJIA.
PEI'EHEPALINA KPUCTAJUJIA

B Meramnmyprum  MMPOKO  PacHpOCTPaHEH  IpPOIEecC
NEPEeKPUCTAUTU3AIME  METAUIOB. [Ipu  mepexpucTa3auu
MIPOUCXOUT YACTUYIHOE OTUTABJICHUE M pEreHepaIlis KPUCTAUIOB.

PereHepanuioo  MOXXHO  paccMaTpuBaTh Kak  4acTHOE
MPOSIBJICHUE CIMOCOOHOCTH KpHUCTaIa camMoOrpaHsThes. OOI0MOK
KpUCTa/lla, B CHWIy TEX WIA WHBIX TMPUYUH TOTEPSABIIMIA
€CTECTBEHHYIO (JOpMY MHOTOTPAaHHMKA, WIH OIJIABJIECHHBIN CO BCEX
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CTOPOH  KpHUCTaZI, B  TEPECHILEHHOM  pacTBOpe WU
MEPEOXJIAXKAECHHOM pacIulaBe OBICTPO BOCCTaHABIUBAECT CBOIO
ecTeCTBEeHHYI0 (popMy. OCOOEHHO XOpPOIIO 3TO SBICHHE MOXHO
HaOMI0JaTh Ha KPUCTAJUIAX THOCYJIb(haTa HATPHUS.

B npoOupky nosioxute HEMHOTO KPUCTANIOB THOCYJb(ara
HaTpus, J00aBbTE OYEHb MaJo€ KOJUYECTBO BOJBI U CIErka
Harpeire mpoOupKy. 3aTeM, 3aKpblB MPOOUPKY, OXJIAUTE €€ 10
KOMHATHOW TeMmImepaTypsl B CTpye BOJAbl IIPU  CHIBHOM
BCTpAXMBaHUM  npoOupku.  HebGomburyro  4acTh  MOKpOM
KPUCTAJJIMYECKON KaIIMIbl MOJOXKUTE JIOKEUKOM Ha MpeaMeTHOe
CTEKJIO. 3aTeM, ClIerKa HarpeB CTEKJO, IOMECTHTE €ro IoJ
MHUKPOCKOII.

OtnenbHBIE  KPUCTAJUIBI,  HArpeBacMble  TEIJIOM  OT
MPEeIMETHOTO CTEKJIa, CHayasa OIIaBsATCs MO BEPIIMHAM U pedpam,
3areM yMeHblaTcs. Haumbonee Menkue KpHUCTaIbl COBCEM
ucuesHyT. Jlamee BBl yBHAWUTE, Kak JApyrue, Ooyee KpyMHbBIE
KPHCTaJIbl, HE YCIEBIIME PACTBOPUTHCA A0 KOHIIA MPYU HArPEBAHUU
pacTBOpa, HA4HYT pacTU MPU €ro OXJAKICHUU. 3aKpyIJICHHbIE
KYCOUYKH KPHUCTAJLUIOB OYAYT OJIEBAThCS TUIOCKUMHU TpaHsMU. YuCio
IUIOCKUX TpaHeill OyAeT yMEHbBIIAThCA MO Mepe TOro, Kak OBICTPO
pacTymuye rpaHd CTaHyT HMCY€3aTh 33 CUET YBEJIWYEHHUS ILUIOIIAAN
MEJIJIEHHO pacTyIIHMX I'PaHEM.

MO»XHO HECKOJIBKO pa3 MOBTOPSTH OMBIT IO PETrCHEpALUU
KPUCTAIIJIOB THOCYJNb(aTa HATPUs C OJHOM W TOM Ke Karei
pacTBOpa M 3aCTaBUTh pPAacTU W PACTBOPATHCS OJHU M TE XKE
KPUCTAJIIBI MHOTO pa3. OTH MOBTOPHBIE OMBITHl OOBIKHOBEHHO
YIOAIOTCSA JIydllle, YEM OIHUCAHHBIA BBINIE TIEPBBIA OMNBIT C
KPUCTAJUIMYECKOM KalmMIed, TaK Kak B IOBTOPHBIX OIbITAX
MPUXOAUTCSA UMETh JIEJI0 HE CO MHOTMMH MEJIKUMHU KPHUCTAJNIAMH, a
C HeOOJBIIMM KONWYECTBOM Ooyiee KpPYMHBIX KpPUCTAIJIOB,
BBIPOCIIIMX 3a CUeT MEIKUX. B mporecce pocra Kpuctamisl OyayT
MPUHUMATH MTOCTETIEHHO CBOWCTBEHHYIO IM MHOTOTPaHHYIO (popMYy.
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TpeGoBanus k oT4eTy
[Tocne HaOnroseHus 3a IUIABJICHUEM M POCTOM KPHUCTAJIOB
HE00XOIMMO 3apUCOBATh THIMYHBIE (POPMBI PACTYIIUX CTYIIEHYATO-
CJIOMCTBIX KPUCTAJUIOB B Hayajleé pocTa U B MOMEHT HauOOJIbILEro
ux pa3BuTHi. Ha puUCYHKe CTpenkamMH TIOKa3aTh HaIPaBICHHS
HOPMAJIbHOTO Y TaHTEHIMAJbHOIO pPOCTa CIOEB. 3apUCOBKHU C
yKa3aHUEM WCIIOJIHUTENeH, AaThl M Ha3BaHUEM pPaOOTHI CIEAYET
nokasatb npemnojaBaTento. OTBEThTE Ha CIIEAYIOIINE BOIPOCHL:
1. Vxaxwure, kakvie (aKTOppl BIVSIOT HA 3apPOXICHUE W POCT
KPHCTAILIOB.
2. VYkaxute U 00BSCHUTE MECTO 3apOKICHUS HOBBIX CIIOEB Ha
KpucTayie (Ha BepiInHe, pedpe WK B LIEHTPE TPaHu).
3. OOmBscHUTE, MOYEMY KPUCTAUIBI B TIOJSPH30BAHHOM CBETE
UMEIOT UHTEP(EPEHIIMOHHYIO OKPACKY .
4. Omnpenenure 00K PACTyIIUX KPUCTAILIOB.
VYKkaxure, KaKk OTpa)kaeTcsi MOCIONHBIA MEXaHM3M pocTa B
aHATOMHHU KPHCTAILJIOB.
6. OmnpenenuTe BUIAUMYIO CUMMETPHIO U BEPIIMHHO-peOEpHbIE
(OpMBI BBIPOCHINX KPUCTAILIOB.
7. Uro Takoe pereHeparysi KpUCTaaIoB?
8. Bo3MoOXHa 1M pereHepanusi KpUCTAUIOB B MeTaliaX, U B
KaKMX METaJIypru4ecKux mpoieccax?
9. Moxer aM CJIOUCTO-CTyHEHYaThli pPOCT (QOpPMHUPOBATH
OJIOKOBYIO CTPYKTYpy MOHOKpHCTaIa?
10. MoxeT M CIOUCTO-CTyNEHUYaThld pPOCT (QOpMHUPOBATH
30HAJIbHYIO CTPYKTYPY MOHOKpHUCTasuia?
11. Kak popmupyeTcst ceKTopaibHOE CTPOCHNE KPUCTAILIIOB?
12. MoryTt b7 npu CJIOMCTO-CTYTIEHYaTOM pocte
00pa3oBBIBATHCS 1e(DEKTHI B KPUCTAIIE, U KaKUM 00pazom?

9]
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PaGora 2
CKEJIETHO-AEHIPUTHAS
KPUCTAJIUIN3ALIASL.

ens paboThI:

1. CmomenupoBaTb M H3y4YMTh MEXaHM3M 0Opa3oBaHUS
CKEJIETHO-/IEHPUTHBIX CTPYKTYp B CIIMTKaX CTaJIH.

2. W3yunTtp MexXaHM3M CaMOIIPOU3BOJBHOTO  3apOXKICHUS
KPHUCTAJIJIOB U3 NMEPECHILIEHHOIO pacTBOpa.

3. M3yunTp MexaHM3M  3apOXKIEHUS  KPUCTAJUIOB  IOJ
NENCTBUEM BIEKTPUUYECKOTO WJIM MAarHUTHOTO TIOJISL.

4. M3yunTh MexaHM3M paclaja CKEJIETHBIX KPHUCTAJLUIOB M HMX
MEPEKPUCTATIIN3ALNIO C YKPYIHEHHUEM KpPUCTANINYECKOTO
UHIUBUAA.

Merannypruueckue IIPOLIECCHI OTJINYAIOTCS oT
re0JOrMYECKUX CKOpOTeYHOCThIO. [loaTOMy B MeTaimiax, HUIakax,
arjoMepatax MHOTHE KpPUCTaJUTBI HE YCIeBalOT 00pa3oBaTh
MOJTHOTPaHHbIE COBEPLICHHbIE (OPMBI M BBIPACTAIOT B (opme
peOepHBIX IyYKOB, HAIOMHHAOIMMUX CKeyleTel (doto 3) wim
KyCTHCThle  JpeBoBUAHBIE  (opmbl.  CoaepxkaHue  TakKux
HECOBEPUICHHBIX KPHUCTAJUIOB B CTPYKTypE JIUTBIX METaJJIOB
cocraBuser 30-40 %.

B METaJULy prudecKou MIPAKTUKE JIPEBOBU/IHBIC
"Heopa3BUTHIE" KPUCTAIBI M KPUCTANIMYECKHE arperatbl OOBIYHO
Ha3bIBAIOT JCHApUTAMH. B  KpHCTaIoMOp(OIIOTHH  TOHATHA
“CKeNeTHBIN KpucTamul” U “AeHapuT’ 0003HAYaI0T MOP(POIOTUIECKI
pa3IMyYHble KPUCTANINYECKUE TENa.
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®orto 3 - CeueHue CKeNETHbIX KPUCTAJIIOB MarHeTUTa
B JopMe KOMOWHAIINYU TETPAroHAIBEHOTO peOEepHO MydKa
C TeTparoHaJIBHOUN peOepHOIt paMKku Ha (OHE.
OrpaxkeHHblii cBeT. YBen. 750"

Ckeaer [0oT rped. OKEAETOE BBICOXIIEE TEJIO, OCTOB]
NPEJCTaBISET OCTOB MOHOKPHUCTAJUIA, 00pa30BaHHBINA peOEpPHBIMU U
BEPIIMHHBIMHU (hOpMaMU MPU MOJTHOM WM YACTHUYHOM OTCYTCTBUH
rpaHHbIX (GopMm. PebGepHble (GOpMBI MpencTaBieHbl HapalienbHO
OpPUEHTHUPOBAHHBIMU, MHOTOKPATHO TPaHCIUPYEMBIMH peOEpHBIMU
nyykamMd W KapkacamMu. OHH HUMEIOT OJHY KpPUCTAJUIMYECKYIO
CTPYKTYpy B Ipejaenax OJHOPOIHOCTH pealbHOro kpucramia. B
CKEJICTHOM KpPHUCTAJUIE CIEAYET ONpPEAeIUTh CHMMETPHIO U OIHCATh
ero pebepHple u BepmmHHBIE (QopMbl. [lpum  3apacranun
IPOMEKYTKOB MEXay peOpaMu CKeJleTa MOXKET BO3HUKHYTH
OOBIYHBIH ~ MHOTOTPAHHBIA  KPUCTAUL. THUIHWYHBIM  CKEJIETOM
ABIISIIOTCSL  3Be3/1000pa3Hble CHEXMHKHU. [Iporecc oOpazoBaHus
CKEJIETHOT'O KPUCTAaJlIla Ha3bIBAETCS CKEJIETHBIM POCTOM.

Jdenaput [oT rped. OevOPOV IEepeBO]| — 3TO CKOIUICHHE
MHOX€ECTBa CKEJIETHBIX KpPHUCTAJIIOB, Oecrops109HO
OPUEHTHPOBAHHBIX U BETBALIUXCA B pasHble CTOPOHHI ((poro 4).
Bo3nukarmue npu  Takodl KpUCTAUIM3AlMM  TOHKHE pedpa
U3TUOAIOTCS U BETBATCA B KaKJIOM WHIMBUAE MO HEOMPEIEICHHBIM
KpUcTaIorpadeckuM 3aKOHaM, TaK YTO B COBOKYITHOM arperare
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3TO BETBJIEHHE OecnopsaouHoe. B pesynbraTe KpucTamimdeckas
CTPYKTYypa JeHpUTa XapaKkTepu3yercs Oecrops104HO
OpPHEHTUPOBKOH. OmpenensTh CHMMETPHIO W BEpPIIMHHO-peOEpHBIC
(bopMBI B IeHAPUTE OECCMBICIEHHO.

®oT0 4 - JleHaApuTHI BOKPYT UCXOTHOM KaIllu pacTBOpa
[Ipoxonsaumii ceer. YBen. 10.

[IpumepamMu  IEHAPUTOB  MOTYT  OBITh  TIPUUY]THBO
BETBUCTBHIE JIEASHBIE Y30pbl Ha MOpPO3HBIX crTeknax. Ilpouecc
oOpa3oBaHMsI  JEHAPWUTA HA3BIBACTCS  JCHIPUTHBIM  POCTOM.
CkeneTHO-IEHAPUTHBIE arperatbl XapakTepHbl Ui YCaIOYHBIX
PaKoOBUH B JIIOOOM MeTaUTHUeCKOM ciuTke. ColepikaHue CKeIeTHO-
NEHAPUTHBIX CTPYKTYp B ciauTkax uHoraa pocturaet 40%. OHu
OTUETIMBO BHJHBI B Cpe€3axX CIUTKOB, HE MOJBEPIIIUXCS
Tepmuyeckor obpaborke. [Ipu 3apacTaHuM TMPOMEKYTKOB MEXKITY
BEeTBSMH JICHAPUTA MOXKET BO3HUKHYTH arperatr OeclopsI0YHO
OpPUEHTHPOBAHHBIX 3€PHUCTBIX KpPUCTAIJIOB. B MeTamtyprum 3ToT
MIPOILIECC COBEPIIACTCS MPH TEPMHUUECKON 00padoTKe.

UtoObl MoOJenupoBaHWE OBUIO aJCKBAaTHBIM CKEJIETHO-
IeHOpUTHOMY pocTy ¢eppura o-Fe, wumeromero o0beMHO-
[IEHTPUPOBAHHYI0 KyOWYECKYI0 KPUCTATMYCCKYIO PEIIETKY, B
pabore mpemioxkeH Hamatelpp  NH4Cl C TakoM ke
KPUCTAJUTMYECKOM pelIeTKON U BHENTHEH (hOPMO KpUCTAIIJIOB.

Jlnis Toro 4toObl HaOMIOAATH POCT CKENETHBIX KPUCTAIIOB,
clleqyeT MOMECTUTh Ha NMPEAMETHOE CTEKJIO KaIlll0 HACBIIIEHHOTO
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pactBopa NH4Cl. Ctexno noyoxuTh BMECTE ¢ Karulei pacTBOpa Ha
CTOJIMK MHKpockona. Yepe3 HeOOJbLION NPOMEXYTOK BpEMEHHU
(oxonmo 1 MMH.) Ha Kparo KallUld, IJIe OHa BBICHIXaeT ObICTpee, U
pacTBop CTaHOBUTCSA MIEPECHIIICHHBIM, HAuYMHACTCS
KpHucTayun3ays. ToIbKO YTO BO3HHKIINE HEOOBIINE KPHCTAJUIUKU
00pa3yloT IO KpasM KaIuli CIUIOMIHYI0 HEMpPO3PavyHyl0 KOPKY,
KOTOpasi B MPOXOJAIIEM CBETe KaxkeTcsi TeMHOH. Ha camom nene B
3TOM KOpKE IPOUCXOTUT MACCOBOE 3apOXICHHE OecropsiouHO
OPMEHTHPOBAHHBIX KpHCTaUIOB. [locTemeHHO W3 3TOH Macchl
KPHCTAJUIOB B TIPOIECCE TIEOMETPUYECKOro OTOOpa HAYHYT
BBICTYIaTh HANpaBJICHHbIC BHYTPh KalUIM, OTICIBbHBIC OCTpBIC
BEPIIMHBI MHIUBUAYAIBHBIX KPHCTAIJIOB, KOTOPHIE, pa3pacTasch,
00pa3yroT cKeleTHbIe KpUucTaiibl (hoto 5).

®oto 5 - CkeneTHbIN KpUcTal XJIOPUCTOrO aMMOHHUS
[Ipoxoasmmii ceet. YBen. §0.

OOpatuTe BHHMAaHHE, HOBBIC IEHTPHI KPHUCTAJUIM3AIMHU B
CBOOOJHOM OT CKEJIETOB TIPOCTPAHCTBE BHYTPH KalUld, Kak
MpPaBUJIO, CaMOIPOU3BOJIILHO HE BO3HUKAIOT. Yepe3 HEKOTOpoe
BpEMs BCC II0JIC 3PCHHUA 3allOJIHACTCA CKCJICTHBIMU KpUCTAJUIaMHU
XJIOPUCTOTO ~ aMMOHHUS, M  KPHUCTALIM3AIMS  MPAKTUYCCKH
3akaH4yuBaeTcs. Ha camoM jene mporecc pocta He 3aKaHUYMBACTCA,
HO KapTUHa ero wu3MeHsercs. [IpoucxomuT mepepacnpesciicHHe
KPUCTAJNTMYIECKOTO BEIIECTBA 10 AJIEMEHTaM (DOPMBI U JJasKe pacraj
CKEJICTHBIX KPHCTAIJIOB, IPHYEM BBDKUBAIOT U YKPYITHSIOTCS OoJiee
TOJICTHIE BETBH, a Oosiee TOHKHE pacnaaarTcs (hoTo 6).
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®oto 6. Pacmaz ckeneTHBIX KPUCTAIIIOB.
[Ipoxonsaumii ceer. YBen. 80.

3apucyiite Tpu cTaguu GOpMUPOBAHHS KPUCTAIIIOB!

B MoMeHT 3aporkieHus, TT0Ka OHH €I1Ie MaJbl.

B mpomecce MakCHMMandbHOTO  pa3BUTHS  CKEJIETHOTO

KpHCTaJUIa, KOT/Aa OT CTBOJIA CKEJIeTa OTPACTAIOT BETBH 1-TO

MOps/IKa, PACHOJIOKEHHbIE NEePIEHINKYJISIPHO CTBONY, a OT

HHUX - BETBU 2-TO MOPSAIKA;

3. B 3axmounTenbHyIO CTanuio, 3a(uKCcUpyiTe yTONIIECHUE U
cpacTaHHe BETBEH, a TAK)KE UX pacra.

N —

JeiicTBHe MATHUTHOI'0 WJIH 3JIEKTPUYECKOT0 MOJIS
HA 3apOKAeHHEe KPUCTAJLIA

Heab.  CMoaenupoBaTh  BO3MOXHOCTb  YIIPABJICHUS
CTPYKTYpPOI CIIMTKA CTaJId HA CTAJUU 3aPOKJICHUS KPUCTAIIJIOB.

Kaxk B mpeapIayieM onbITe, BO3bMUTE KAaIUIKO HACHIIIEHHOTO
pacTBOpa HaIIaThIps, IOMECTUTE €€ Ha MIPEIMETHOE CTEKJIO U CHOBA
HaOMolalTe  CaMONPOM3BOJBHO  3apOXKAAIOIIMECS  CKEJICTHbBIE
KpUCTAJUIbl Ha Kparo Karu. Ecnu Tenmepb MOAHECTH K Karuie
MOJIKOBOOOPA3HbIi MarHUT WM HAdJIEKTPU30BAHHYIO O BOJIOCHI
pacyecky, TO Ha CepeuHE MOBEPXHOCTHU KaIlJld BO3HUKAIOT HOBBHIE
CKEJIETHBIE KPUCTAJUIBI B JOPME KPECTUKOB.

[lognecuTe k mpemapary uepe3 HEKOTOpPOE BpeMsi MarHUT
WM 3apsOKEHHYI0 pacdyecKy BTOPOM pa3, Bbl YBHAMWTE, 4YTO
MOSIBIISIETCSL  BTOpasi TeHepalusi TaKuX KpPUCTALIOB B  ¢opme
KpecTukoB (¢oto 7).
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3apOKJIEHUI0 KPUCTAIJIOB CIOCOOCTBYET YIOPSAJ0UYEHHOE
pacmojoXeHHe YacTUI[ B pacTBOPE IO MarHUTHBIM  WIIH
SJICKTPHYCCKUM CHJIOBBIM JIMHUAM, a TaKXE 3ap0m)11116171

®oto 7 - Tpu reHepanuu 3apOKICHUSI U POCTa KPUCTAILIIOB:
1-51 o mepudepun Karum 3a C4eT MepechIeHHs PacTBOpa 00pa3yeT yIIMHEHHbIE
CKeNeThl; 2-51 B CepeJiHEe KaIUIM 3a CYeT MAarHUTHOTO TOJIsi 00pa3yer KpyrHbie
W30METPUYHBIE TETparoHalbHble peOepHble IyukW; 3-s1 B IIEHTPE Karuld MOJ
JIEHCTBHEM DJIEKTPHYECKOTO I0JIsl 00pa3yeT TakHue ’Ke CKEJIEThI TOJIbKO MEHBIIIEro
pasmepa. [Ipoxoasimuii ceet. YBen. 100.

3aponplllIeBble KPECTUKH BO3HMKAIOT HE  TOJIBKO IIpH
OpUOJIMKEHUH K PpacTBOPY CTEKJISHHOW MalouKH, 3apsKEHHOM
HOJIOKUTENBHO. EciaM 3apskeHHOE Telo MOMECTUTh HaJl Karieu
pacTBOopa B CaMOM Haudaje OIbITa, HOSABICHHE KPECTHUKOB
HAYMHACTCS TOJIBKO IOce 00pa30BaHUs KPUCTAIIITMYECKOTO 0001Ka
BOKPYT BBICBIXAIOLIEH KaIlM, T. €. KOTJa BO3HUKACT MEPECHILCHUE
pactBopa. IIoBEpXHOCTh KaIulM IMOKPOETCS MHUKPOCKONUYECKUMU
kpecTukamu. OOpaTuUTe BHUMaHHE, YTO CHUMMETpPHUS KPHUCTAJJIOB
3apOJMBIIMXCS B LEHTPE Kalid BbIIIE, 4YEM KpPHUCTaJUIOB,
3apoauBIIUXcid Ha ee mnepudepuun. IlocrapaiiTech omnpeneauTsb
MIPUYUHY 3TOTO SIBJICHUS.

JInst ydiiero npoTeKaHus OMbITa MOKHO “‘3apa3uTh’ BO3YX
KOMHAaThl BO3TOHKOW XJIOPHUCTOTO aMMOHHS IIyTEM HarpeBaHHs
KPYIUHKHU 3TOTO BEIIECTBA B IJIAMEHU CIIMPTOBKH.

3apucyiiTe U ONHUIIUTE 00pa3yroIuecs: KPUCTAIIB Ha TPeX
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cTanusax ux pa3Butus. Ha ocHoBaHMM HaOMIOAEHUN U MOIYYEHHBIX
PUCYHKOB JIOKQ)XMTE€, 4YTO CKEJIETHbIE KPHUCTAUIbl MpHUHAJIEekKAT
KyOM4eCKON CUHTOHHH.

Pacnan u nepekpucTa/NIN3anus CKeJeTHBIX KPUCTAJIIOB
B COOCTBEHHOM BO/IHOM pacTBOpe

Heas. CMonennpoBath MpoLece NEPEKPUCTAIIN3ALUN CKEJIETHO-
JNEHIPUTHOTO KPUCTAJIMYECKOIO arperara B CIMTKE CTadd B
mporecce ero TepMuueckoil obOpabotku. Ilpomecc pacnana wu
MIEPEKPUCTAIUIM3ALUN CKEJIETHOIO KPUCTAJLUIA MOXET aHaJOTMYHO
COBEpLIATHCS KaK IOJ JECHCTBUEM MOBBILIEHHBIX TEMIIEPATYP, TaK U
MOJ ACMCTBUEM PACTBOPHUTEIIA.

Ha arperat ckeneTHbIX KpUCTAJJIOB, TIOJIYYEHHBIX B
NpEIbIIyIIEM OMNbITE,  IOMECTUTE KaIUII0 HACBIIIEHHOIO IpHU
KOMHAaTHOW TeMIieparype pactsopa xjopuctoro ammonuss NH4CI.
Karuro HakpoiTe MOKPOBHBIM CTEKJIOM. BBICTYNmaroniyro mpu 3ToM
3a TMpenenbl IOKPOBHOTO CTEKJIAa 4YacThb JKUAKOCTH yOepute
¢GwIbTpoBaNbHOW  OyMaroi, a HaxXONAUIYIOCS TIOJ CTEKIOM
KHUJIKOCTb TE€PMETHYECKH  3aKJIEUBAIOT  IUIACTUIMHOM 1o
nepudepun MOKPOBHOTO cTekja. Bo Bpems Bcelt 3Tol mporieypbl
U3 HAXOJAILIETOoCs MOJ MOKPOBHBIM CTEKJIOM arperara NpoHCXOIUT
YaCTUYHOE PpACTBOPEHHUE CYILECTBYIOIIMX CKEIETOB, a 3aTeM
KPUCTAJIJIN3ALMs HOBBIX CKEJIETHBIX KPUCTAJUIOB. JTOT IIpenapatT co
CKEJIETHO-ICHPUTHBIM arperaToM cjieayeT ciierka nogorperb. Ot
CKEJIETHBIX KPHUCTAJIOB CHadana OyJIyT OTHENATbCS TOHKHE, a
3aTeM Bce Oosiee U 0oJiee TOJICTbIE BETBH, NMPUYEM TOHKHE KYCKHU
BETBEU OYIYT «IOKHUPATHCS» TOICTHIME (CM. GoTO 6).

Bbr MoxeTe 3auKcHpoBaTh YeThIpe U 00JIee CTaui BUIOU3MEHEHUS
CKEJIETHBIX KPHCTAIVIOB HAIIATHIPS B COOCTBEHHOM BOJIHOM PacTBOpE:

1. BETBH CKEJIETHBIX KPUCTAJIJIOB YAJIUHAIOTCA, YUCIIO BETBEH

YBEIHMYNBACTCS;

2. TepechIlCHWE  PacTBOpPa  YMCHBIIACTCS,  PacTBOP
CTaHOBUTCS HACHIIIEHHBIM, U POCT CKEJIETHBIX KPHCTAJLIOB
HPEKpaIaeTcs;
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3. BETBU CKEJETHBIX KPUCTAJIOB OTAEINAIOTCS APYr OT Apyra
(mepekpucTaIN3aKs ¢ YMEHBIIEHHEM KPUCTAJIA);

4. OTACJIUBIINCCA BCTBU CKCJICTHBIX KpuUCTaJlJIOB
YTOJIIAIOTCA, u ux YHCII0 YMEHBIIIACTCS
(TIepexpucTaIUIM3aNuUs C YKPYITHCHHAEM ).

[Mpouecc «moxupanus» 0Oojiee MENKHX KPHCTAJUIOB Ooiee
KPYIIHBIMU B JalibHEHIIeM Bce OoJiee u Oosee 3ameyisiercsi. MOKHO
NPEANONIOKHUT, YTO 3TOT MPOLECC MOXKET 3aBEPIIMTHCS TE€M, UTO
OCTAaHYTCA BCCIro CAMHUIIBI KPYITHBIX KPUCTAJJIOB.

TpebGoBanus Kk oT4yeTy

HeoOxomumo 3apucoBaTh THUIUYHBIE (DOPMBI  pacTyIIux
KPHCTAJUIOB B Hadale pOCTa M B MOMEHT HaMOOJBIIETO0 HX
pasBuTHi. Ha puHCcyHKe cCTpelkaMu TI0Ka3aTh HAaINpaBICHHS
HOpPMAJIbHOTO M TaHTE€HIMaIbHOrO pocTta cioeB. OTBeThTe Ha
CIIETyIOIIIIE BOIIPOCHI:

1. VYkaxure GakTopbl, BIMSIONME HA 3apOXKIACHHE M POCT
KPHCTAJLIOB.

2. OObsiCHUTE, TIOYEMY B TIOJISPU30BAHHOM CBETE HCCIICIyEMbIC
KPUCTAJUTBI HE UMEIOT HHTEP(EPEHIIMOHHYTO OKPACKY.

3. Ompegenute 0ONHK paCTYIIUX KPUCTAILIIOB.
4. Kak oTpaxkaeTcsi MEXaHH3M POCTa B aHATOMHH KPHCTAIIOB?
5. Ompegenute  BUAUMYI0  CHMMETPUIO U IIJIOCKHE

BEpILMHHBIE U peOepHbIe (OPMBI BBIPOCUINX KPUCTAIIIOB.

6. Kak Bamser »NeKTpUYeCcKOe W MAarHUTHOE TIoJie Ha
3apOXKJACHUE KPUCTAILIIOB?

7. Kak ocymiecTBisieTcsi NepeKpUCTAIIU3aIUS KPUCTAIIIIOB?

8. Moer 71U CKeJIeTHBI pocT (PopMUPOBATH OJIOKOBOE,
30HANBHOE, CEKTOPAIbHOE CTPOCHNE MOHOKpHUCTAIIA?

9. Moryr 1M TpU CKEIETHOM pocTe 00pa30BBIBATHCS
nedeKThl B MOHOKpHCTaie?

10. Onumute KOH(MUTYpAIMIO TEIJIOBOTO IOJISI PACTYIIETO
CKEJIETHOTO KpHUCTaJlia.

11. Kak ocyImecTBisieTcst TETUI000MEH TIPH KPUCTAITA3AIN?

12. Kak hopmMupyroTCs IeHAPUTHBIC arperarhl?

13. Yem oTnuaaercs ckeneT oT AeHapurta?
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Pabora 3

MHNPOBJIEMbBI KPUCTAJJIM3AIIUU CJIMTKA CTAJIN
(Ha mpuMepe KPUCTAIM3AIUN €AJI10J1a)

CymHocTh  mpo0JieMbl  KPUCTAVIM3AUMH  CJIUTKA
3aKJIK0YACTCS B BBISBICHUM YCIOBHM, INPH KOTOPBIX MOXHO
MONyYUTh CIUTOK O€3 YCaJOuHBIX PAaKOBHMH, My3bIpEl W TMOp C
pPaBHOMEpHBIM paclpeieliecHueM MpUMece Mo BceMy 00beMy U
OJTHOPOJHOM KPUCTAUIMYECKON CTPYKTYPOMl M TEKCTYpPOM CIIUTKA.

easb: cmonmenupoBaTh SBICHUSA, MPOUCXOIAIIUE IIPH
KPUCTAJJIM3ALUU CIUTKA U OOBACHUTH UX C MO3ULUU TEOPUH POCTA
KpUCTAIOB. V3yuuTh AWHAMHKY H3MEHEHHUS (DOPMBI KPHCTAIJIOB
BO BPEMEHHU U B 3aBUCHMOCTH OT YCJIOBUN KPUCTAILIU3AIUH.

PocT npaBUIbHBIX POMOOBH/IHBIX KPUCTALIOB
13 ¢J1200 NMepeoxJIaKIeHHOr0 paciiaBa

Bo3emure Hemuoro camona (HOC¢H4COOC¢Hs) wu
MIOMECTHTE €ro Ha mpeaMeTHoe crekio. [lopomok camonma mmeer
OeJblii IBET, HO IO MHUKPOCKOIIOM OH Ka)KeTCs YepHBIM Onaromapsi
CBOeH Hempo3payHOCTH. llpeaMeTHOEe CTEKJIO ¢  CajlojoM
MOJOTpeliTe Ha CIHUPTOBKE. BemiecTBo HaYHET IUIaBUTHCS, 00pasys
KaIuIio JKUJIKOCTH (TeMrieparypa IuiaBjieHust canona pasHa 42°C).
I'oTOBBIN HpenapaT MOJOXKHUTE Ha CTOJIMK MUKpOCKOMA. 3apasure
CaJIOJIOM WIITy, KOCHYBIIHCH €10 HarpeTOW Karlli paciiiaBa MM €ro
nopomka. Korma canom, Haxonmsfmuiics Ha KOHYHMKE HIJIBI,
3aKpUCTAJUTN3YETCS HA BO3/IyXe, HAYHHUTE CIIETKa OECTIOKOUTH HUTIION
KaIlullo  c1a00 TMEepeoXJIAXKJICHHOTO paciulaBa, KacasCh TOJBKO
MOBEPXHOCTH Karuii. Kpucraumsanusi NOKHA HAdaThCs IIPH
OXJIKIEHUH Karum Hmke +42°, TIpexae 4yeM BHOCUTH 3apO/IbIliv B
KaIUII0 paciylaBa ‘“‘3apaXeHHON WIJIOW, HAJ0 IpeaBapUTEIIbHO
ClleTKa TIPOBECTH €€ KOHYMKOM II0 KaKOMY-JIMOO LIepOXOBaTOMY
npeaMeTy, HampuMep, MO MEJNIKO3EpHHUCTOMY KaMHIO WIH TIO
HaKIa4HOM Oymare, 4ToOBI pa3pyIInuTh KOPKY.

B MOMeHT Hauasa KpHCTAJLTH3AIMKA Ha TOBEPXHOCTH KaILIH
JOJDKHO TOSIBUTHCS MHOTO KPHCTAJUIOB, UMEIOMIKUX (GopMy pomba
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(doto 8) m Onenrymux BCEMHU LBETAMH PAIyTH B MOJSIPU30BAHHOM
CBETC TMPHU CKPCIICHHBIX HHUKOJSAX. B OOBIKHOBEHHOM CBETE
KPUCTAUIBI ~ Cajiojla COBEPIIEHHO TMpO3pauyHbl H  OECIBETHEI.
3apucyiite oOpa3yromuecs KpUCTAIIbI, OMUIINTE X CUMMETPHUIO U
dopmy. OOpaTuTe BHUMaHUE HA XapaKTep MX JBWKCHHS B IpoIecce
3apOKICHUS M POCTa. 3apHCYHTE TPACKTOPUIO UX JBIDKEHUS U
O6’I)$ICHI/IT€ IMPUYKUHY 3TOI'0 ABUKCHHA.

doto 8 - PoMOOBHAHBIC KPUCTAIIIBI CaJIoJIa
ITpoxonsamuii nosnsgpu30BaHHbIN cBeT. YBei. 80.

Kpucramiusanus 0JJ0KOBBIX KPUCTAJLIOB €aJ10J1a
B (hopMe JI0J0UYEK U3 CUIBLHO NMEPeO0XJIAKIEHHOT 0
pacmjaBa

Jlns Toro, 4toObl MOKa3aTh KaK OJHO M TOXE BEIIECTBO
MOXKET KpPUCTAJUIM30BaTbCsl B pa3HbIX (QopMmMax Jaxe MpH
OJIMHAKOBOM BHYTPEHHEM CTPOEHMM [JAaHHOTO BELIECTBA, CIENYET
IIOBTOPUTH TOT K€ OINBIT KPUCTAUIM3ALUMU B  HECKOJIBKO
MU3MEHEHHBIX YCIIOBUSX. Harpetlite TOJIBKO 4TO
3aKpPUCTAJUIM30BABIIYIOCS Karulro canoisa. [lomecture npemnapar Ha
XOJIOJHBIA TIPEAMET MM XOJOJHYHO 4YacTh CTOJMKA MHKPOCKOIIA,
IIPEAOCTABIIA KaIlle pacIljlaBa OXJIAJAUTHCS I'PalyCOB Ha JBAALATH
HVDKE TOYKH IUIABJICHUS Cajoia.

Korzna kamins CuIbHO NEPEOXJIATUTCS, CIEAYET BKIIOYMTH
MOJIIPU30BaHHBIA CBET IIPU CKPEILEHHBIX HMKOJAX. Ecim 3atem
IIPUKOCHYTBCS K NIOBEPXHOCTHU KaIlIM UITION, 3apaKEHHOM TBEPIBbIM
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cajJojioM, HEMEJICHHO Ha4YyHyT o0Opa30BBIBATHCS KPUCTAJIIBL,
KOTOpBIC OTTaJKUBAIOTCS Jpyr OT JApyra, pasoerarrcs o
MOBEPXHOCTH KUAKOCTH. OOpasyronecss TpU STOM KPHUCTaJLIbI
JOJDKHBI UIMETh HEe opMy poMOOB, a hopmy jo109eK (poTo 9).

. X
®oto 9 - MaccuBHO-CKeNIeTHBIC KPUCTAILIBI canona B popme
KPUCTAJUTMYECKUX BOPOHOK WIIH JIOJOYEK
ITpoxoasamuii nosnspu3oBaHHbIN cBeT. YBei. 80.
K KoHI1y orbITa JOI0UKH MPEeBpaIatoTesl B paHaibHO-0I0KOBbIE
WM 30HATBHO-OJIOKOBBIE KPUCTALIBL. BHYTpeHHssI CTpyKTypa U Bce
¢r3uyecKre CBOIMCTBA MOMYyYaeMbIX KPUCTAUIOB CAloja, HE3aBUCUMO OT
uX (hOpMBI, OCTAIOTCS HEW3MEHHBIMU. TEHIEHIMS K IPEBPAILCHUIO
POMOOB (TTOTHOIPAHHBIX KPHUCTAILIOB) B JIOIOYKHU (CKEJICTHBIC KPUCTAILIHI)
BbI3bIBACTCSL  BBIIEJICHUEM B  IIPOLECCE  KPUCTALIM3ALMM  TeIUa,
TIOBBIIIAIOIIETO TeMIIepaTypy paciuiaBa. Kaxmoii Temmieparype (CTerneHn
MIEPEOXJIKICHHS) PacIlaBa CBOMCTBEHHA CBOSI ()OpMa BBIIEIISIOIMXCS U3
Hero KpuctawioB. KpoMe Toro, korjja KpUCTal1 CTAHOBUTCS OOJBIINM, OH
pacraiaeTcs Ha paJuaIbHO-CEKTOPUANIbHBIE OJIOKHU. 3apHCyiiTe U ONUILIITE
3TU KPUCTAJUTBL.

I'eomeTpnyecknii 0T0OpP M OPTOTPONU3M NPH (POPMHUPOBAHUH
CIUTKA

Poct KpHUCTAJIJIOB B OJIHOM HampaBJIeHUH,
NEPIEHANKYIIPHOM K  TIOBEPXHOCTH, Ha  KOTOpOH  OHH
3apOKIAIOTCS, HA3bIBACTCSI OPTOTPOINU3MOM. SIBJIEHHE 3TO IIUPOKO
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pachpoCTpaHEHO KaK B MPHUPOAHBIX YCIOBUAX TpU 0Opa3oBaHUU
MUHEPAJIOB B JK€0JaX W JKWIAaX, TaKk M B TEXHHUKE: IpHU
MPUTOTOBJICHUU JbJa B KOHTEHHEpax KBAJgpPAaTHOIO CEYEHMS,
KpUCTAJIM3allMU METaJUla B W3JIOKHULAX,  3apacTaHUU TpyO
CJIOSIMHM B XUMHUYECKHUX IMPOU3BOJCTBAX U T.[I.

SIBneHune OpTOTPOIM3MA MOYKHO NIPOAEMOHCTPUPOBATh Ha
npuMepe KpHucTaum3anuu canoia. Hebomblnoe KOITu4ecTBO 3TOTO
BEIIECTBA IMOMECTUTE Ha MPEIMETHOE CTEKJIO M pacIulaBbTe€ Ha
mamMeHu cnupToBkd. Kamumro pacmiiaBa 3akpodTe MOKPOBHBIM
CTEKJIOM  INPAMOYTOJIbHOMN ¢dopmbl.  Ilpm 3TOM  HacTh
pacCIUIaBJICHHOIO BEIIECTBA BBICTYNHT 3a MPEAeibl MOKPOBHOTO
crekna. Ilocme Toro, xak mpemapaT OXJAAMTCA /0 KOMHATHOM
TEeMIIEPaTyphl, ClieAyeT ObICTPO 0OBECTH BCE CTOPOHBI MMOKPOBHOTO
CTEKJIa WTJION, 3apaKCHHOM TBEPJBIM CaJOJIOM. 3apOKIAIOIIHecs
IpU 3TOM OECHOpSAIOYHO OPHUEHTHUPOBAHHBIE KPUCTAUIBI cajojia
pacTyT  gajee TMOJA CTEKJIO BHYTPh Ipemapara. 3apOJblIlIH,
BO3HMKIIME Ha KpasX MOKPOBHOI'O CTEKJIA, MOTYT PacTU B CTOPOHBI
TOJIBKO JI0 TE€X IOp, MTOKa pa3pacTaloLIUecs] KPUCTAIUIBI HE IPUIYT B
COMPUKOCHOBEHUE Apyr ¢ apyroM. OOBbsACHsAETCS ATO SIBICHUE
reoMeTpuYeckuM OoTOOpoM B Ipouecce pocta. B mponecce

F€OMETPUYECKOIO or6opa BBDKUBAIOT KpHUCTaJLIbI,
OPHUEHTHPOBAHHBIE MEPIEHAUKYIISIPHO K CTOpOHaM
IIPSAMOYTOJIBHOTO nepumeTpa IIOKPOBHOT'O CTEKJIa u

cyOmapamiensHo Apyr K apyry. Kaxaeii kpuctamn —mpu
napajuielbHOM CTECHEHHOM pOCTE MPUHUMAET CTONO0YaTyro WIIH,
JydIie cKaszarh, HWIrioo0pasHyio ¢opmy. JlampHeWmuii ux poct
OyZeT BO3MOXXEH TONBKO BIEpEe, T. €. MEePIEHAMKYISPHO Kpasm
IIOKPOBHOTO CTekJa. Pacmonarasce napauieapbHO Apyr Jpyry M
NEPHNEHAUKYISIPHO CTOPOHAM IMOKPOBHOTO CTEKJIA, 3TH MIJIbI
00pa3yroT CBOCOOPA3HYIO TEKCTYpYy, MO (opMe HATIOMUHAIOIIYIO
koHBepT (doTo 10).

28



®orto 10 - KonBeprooOpas3Has TEKCTypa CIUTKA.
[TonapuzoBaHHbIl cBET. YBeIl. 4.

[Ipn HEaKKypaTHOM 3apOKIEHUU CTPYKTypa
KPUCTAJUTMYECKOT0 arperara B (GopMe KOHBEpPTa MOXET OBITh
HCKa)XKEeHa, B HEHl MOTyT 00pa3oBaThCs yCaJ04Hble paKOBHHBI. J[is
CIIUTKOB CTaJIM 3TH TEKCTYPbl TUITHYHBI.

B NOJIIPU30BAHHOM CBCTC IIPpU CKPCHICHHBIX HHUKOJIAX
KX KPUCTAJT UIII000pa3Hoil GopMbl MMEeT, TaKk Ha3bIBAEMOE,
npsMoe IOoracaHue, I03TOMY OOpPa30BaBIIMUCS KOHBEPT IpH
BpAIICHUH CTOJIMKAa MHKPOCKOIA YEThIPE pa3a TEeMHEET M YEThIpe
pasa cBeTjeeT Ipu NOJIHOM obopote. PaccmarpuBast mpemnapar mnpu
KOCOM OCBEIIICHUH B €CTECTBEHHOM CBETE, MOXHO YBUJIETh, UTO /1BA
MPOTHBOIOJIOXKHO PACIIONOKEHHBIX KBaJpaHTa Ipenapara KaxyTcs
CBETJIBIMH, JIBA IPyTHUE - TEMHBIMH.

Orta paboTa MOAETHPYET MeXaHu3M (HOPMHUPOBAHUA
CTPYKTYPBI CJIMTKA M CIIOCO0 MOTYYEHUS MOISPOUIHBIX MIICHOK.

Crnenyer 3apucoBaThb BeCh HpenapaT MaKpOCKOIHUYECKH,
30Hy  TIeOMETpHYecKkoro  orbopa W 30HYy  CpacTaHUsS
Pa3HOOPHUEHTHPOBAHHBIX CEKTOPOB 10T MHKPOCKOTIOM.

Purmuyunasi KpUCTAJJIN3alus

MHorouncieHHble (HaKTOpbl CBUIETEIBCTBYIOT O TOM, UTO
KpUCTAJUTM3alUs SIBJISIETCS MPOLIECCOM PUTMUYECKUM. BemiecTBo
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OpU poCcTe, KaK OJUHOYHBIX KPHCTAJIOB, TaK M C(EPOIUTOB,
OTKJIaJIbIBAETCS HA UX MOBEPXHOCTH cOAMU. CIIOH 3TH MOTYT OBIThH
OYCHb TOHKMMH, HEJOCTYNHBIMH JUISI  HEMOCPEACTBEHHOTO
HaOI0IeHUs, M TOCTATOYHO TOJICTBIMU, BUTUMBIMU B MUKPOCKOI U
Jake HEBOOPYXKEHHbIM ria3zoM. C PUTMHUYHOCTHIO 0Opa3oBaHUs
paauaIbHO-TYYUCTBIX CTPYKTYP MOXKHO TO3HAKOMHUTBCS B ONBITE C
KPUCTAJUIM3aLUEH CajIoa.

Ecnu kammo pacruiaBlieHHOTO cajlojia HAaHECTH TOHKUM
CJIOEM Ha MOBEPXHOCTh MAaTOBOTO CTEKJIa M BO30YIUTh B HEM
UTJION KpHUCTAJUIM3allMio, TO 3aTBepJeBaHUE paciiaBa OyJler
NPOUCXOIUTh  PUTMHYECKHU. B pesymbrate = momy4urTcs
KPUCTAJIMYECKHUI arperar, COCTOSIIIMM U3 MHOXKECTBa MaJCHbKUX
KPUCTAJITUKOB, 00pa3yromuX psi KOHIEHTPHUUECKUX BaJIOB, KakK OBl
3aMOpOkeHHBIX BOJH (oTto 11). 3apucyiiTe momydeHHBIN arperar.
W3mepbTe MMUpUHY NOJYYEHHBIX BajioB. I3mepeHuss o0ObIYHO
MOKA3bIBAIOT, YTO TOJIMHA 3TUX BAJIOB 3HAYUTEIHHO MPEBOCXOIUT
TOJIIIMHY B3ATOTO CJIOSI KHJIKOCTH, a TOJIIMHA CJIOSI BO BIAJMHAX
BOJIH 3HAYUTENBHO MEHBIIE TOJIIMHBI CJOS JKHJIKOCTH. OTO
CBHJIETEIILCTBYET O TOM, YTO IPH POCTE KPUCTAJUIOB MUTAIOIIAs MX
KHUAKOCTh ~ TOJHUMAeTCss MO  KpPUCTaJlIaM. Purmuunas
KPUCTATU3AIMsI MOXKET BBI3BIBATHCS JIPYTMMU TpPUYMHAMH, B
YaCTHOCTH TaK Ha3bIBA€MbIMH BUHTOBBIMH JUCIOKALIUSIMHU.

OMnbIT, WLTIOCTPUPYIOMIUNA PUTMUYECKYIO KPUCTAJUTM3ALINIO
cajojia, MOXeET ObITh TIOBTOpeH B cuenytomieir ¢dopme. Ilo
MOBEPXHOCTH TOHKO MAaTHPOBAHHOIO M CJIETKA MOJIOTPETOTO CTEKIIa
MpOBOIAT perchenepom, mpeaBapuTeILHO HAOpaB B HETr0 HEMHOTO
pacIjiaBIeHHOTO cajiojia, JIBe Inepecekaroniecs jauHuu. [lomorpes
CTEKJIO elle pa3 BO H30ekaHuEe MPOU3BOJBHOM KPUCTAJIM3ALUN
cayona, Jal0T eMy OXJaTUThCs 10 KOMHATHOW TeMrepaTypsl. OmbIT
HAaYMHAETCI C TOro, YTO B OJAHOM M3 YEThIPEX KOHIIOB
NEPECEKAIOMIMXCS JIMHUN BO30YXKIAIOT KPUCTAJUIM3ALMUIO HIJIOM.
Kak u B npeapIayIIeM ombITe, POCT KPUCTAIUIOB Caojia MPOUCXOIUT
purMudecku. @poOHT BOJIH B MECTE MEPECeUEHUs TMHUN n3rubdaercs
U OKa3bIBAa€TCSl PACMOJOXKEHHBIM HOPMAJIbHO BO BCEX YETHIPEX
BETBSIX 3TUX JIMHUM.
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o

@®oro 11 - PutMuuHas kpucramumsanus caaoa.
[Ipoxonsmmii ceet. YBen.40.

TpeOGoBaHus K 0TYETY
[Tocne HaOmromeHWsT 32 POCTOM KpPUCTAUIOB HEOOXOAMMO
3aprcoBaTh THIWYHBIC (OPMBI PACTYIIUX KPHCTAIJIOB B Hadaje
pocTa WU B MOMEHT HamOompmero ux pas3putusi. OTBEThTE Ha
CJICYIOIIHE BOTIPOCHI:

I. Vkaxure MEXaHU3M 3apOKIAECHUS KPUCTAIIIIOB.

2. OObscHUTE TPUYUHY HUHTEPPEPEHIIMOHHONH  OKpacKu
UCCJIETyEMbIX KPUCTAJJIOB B MOJSIPU30BAHHOM CBETE.
OrmmTe MexaHM (OPMHUPOBAHKEST CEKTOPOB B KPUCTAILIE.
Onumure BUANMYIO CHMMETPUIO U (JOPMBI KPUCTAILIOB.
KakxoB MexaHH3M reOMeTprUUecKoro 0T00pa KPUCTAILIOB?

Kak ¢opmupyetcst 6710k0Basi CTpyKTypa MOHOKpUCTAILIA?
O6pa3oBanue AeQeKTOB B KpHUCTaIe IpU OJIOKOBOM pocTte?
OO0bsicHUTE TPUYUHY PUTMHUYHOMN KpUCTAIN3ALINH.
Bo3MoxkHa 11 pUTMUYHAS CTPYKTYpa B TEKCType CIUTKA?

0N LW
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PaGora 4
COEPOJIUTHI U ITPOBJIEMBI TIOJIYYEHUSA
KOBKOI'O YYT'YHA

Cdeponutsl TPEnCTaBISIIOT COOON paguabHO-TyYHUCTHIH
NI KOHHGHTqueCKH-3OHaHBHBIﬁ arperar KpHUCTaJlJIOB C
mapoooOpa3Hoi, chepuueckoi BHEIIHEH GopMoii.

Kpucrannel He Bcerna oOpasyrorcss B (opMe MpaBHIBHBIX
MHOTOTPAaHHHKOB. B pe3yibrare KpUCTaUIM3allMM BEIIECTB C
BBICOKOH DHTPONHMEH IUIABICHUS BO3HUKAIOT CQEpPOIUTHI —
panuanbHO-TyYHCThIC HOJUKPHUCTAIUINIECKUE o0pazoBaHus,
COCTOSIIME W3 BEChbMa TOHKUX HIJI000pa3HBIX KPHUCTAIIOB,
PAacIoNIOKEHHBIX 10 paxuycam cdepsl (Goto 12).

®oto 12 - PagnansHo-yurcTsie cheponuThl rpaduTa B KOBKOM
ayryne. OTpasKeHHBII MONAPU30BAHHEI cBeT. YBer. 900™

[Tpumepom BemiecTB, 00pa3yIONIMX MPH KPUCTATUTH3AINH
cheponutel, MoxkeT ciayxuth MeHTon CioH;9OH. PacmnaBbte
(Temmepatypa mnaBieHus +42,5°) HeOONbIIOE KOJIUYECTBO STOTO
BEILIECTBA MEXKIY MPEAMETHBIM U TTOKPOBHBIM cTeksiamu. [Ipenapar
OXJIaIUTE 10 KOMHATHOHM TemmepaTypsl. [lomecTuTe ero Ha CTONMK
MHUKpOcKoma. Yepe3 HEKOTOpoe BpeMsi B TMOJSPU30BAHHOM CBETE
MOKHO YBUJETH MOsIBJICHHE C(HEepoauTOB. B 3aBUCHUMOCTH OT cBOEi
TOJNIIMHBI TIOCIIEIHWE MOTYT B OTHUX YCIOBHUSAX NPUHUMATh
pas3nuuHyl0 UHTep(EepeHIIMOHHYI0 OKpacky. UYepHble KpecThl,
KOTOpBIC BUIHBI BHYTPH KaXKIOTO CQEPOIHTA, IMOSBISIOTCS I10
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YUCTO ONTHYECKUM MPUUMHAM. IJTO CIEAYeT U3 TOr0, YTO BETBU
KPECTOB B Pa3HBIX CHEPONHUTAX PACIONOKEHBI MapajuieNbHO JIPYT
JpYyTy U MPU BPALLEHUH CTOJIMKA 3Ta NapalieIbHOCTh COXPAHAETCS.

Cdeponutsl OBIBAIOT HECKOJIBKUX THUIMOB. OOBIKHOBEHHBIN
ChEpONTUT COCTOUT W3 OTACIBHBIX YJUTMHCHHBIX KPUCTALIOB HIIU
XOPOIIIO pa3IMUYUMBIX MOHOKPHCTAIbHBIX BOJIOKOH,
PACIIOJIOKEHHBIX PaJUaIbHO BOKPYT OAHOTO IieHTpa. OAMHOYHBIN
cheponuT HEe BBINVIIUT TMOJ MHUKPOCKOTIOM TOYHBIM KPYTOM:
nepudepuss €ro COCTOMT U3 3yOILIOB, SBIISIIONIUXCS TPaHIMHU
YAJIMHEHHBIX KPUCTAIIOB, cocTaBisomux cdeponut. Chdeponur,
COCTOAIIMNA M3 OYCHb TOHKUX BOJIOKOH, pa3/elbHO HEBHUJIUMBIX B
MUKPOCKOII, TPUHSITO HA3bIBATh «CPEPOKPHUCTATIIOMY, KOTOPBIH MO
MHUKpPOCKOIIOM BBITJIIIUT HACAIbHBIM KpyroM. OjHako Bceraa
clieqyeT TMOMHUTh, 4YTO W OTOT «C(HEpOKpUCTAD» SBISETCS
MOJIMKPUCTAIIINYECKUM arperaToM.

Cdeponutsl MoOryT OBITH O00pa30oBaHbl W3 ONTHYECKU
OJTHOOCHBIX WJIM ONTHYECKH JBYOCHBIX KPHUCTAJUIOB, YTO MOXKET
ObITh YCTAHOBJIICHO KPHUCTAUIOONTHUYECKUMU HCCIEIOBAHUSMHU.
Bonokna cdeponutoB MoryT ObITh 3akpyueHbl. Eciu onrtuueckas
OCh KPHCTAJUIOB HE COBIIAJAeT C HaNpaBlIEHHEM BOJIOKOH, TO B
MOJISIPU30BAHHOM CBETE IPHU CKPEIICHHBIX HUKOJAX B ceponute
MOKHO BHJETh HWHTep(EepeHIMOHHbIE KoNblla. B  AByOCHBIX
ceponuTax MHTEPPEPEHIMOHHBIE KOJbIIA CABOCHBI B TOM CIydYae,
€CJIM HU OJTHA M3 ONTHUYECKUX OCE HE COBMAJAET C HaIpaBICHUEM
BOJIOKOH. Bompoc o0 Bo3MokHOCTH 00pa3oBaHusl CGEpOIUTOB
KyOMYeCKHX KpUCTANIOB JO HACTOSIIET0 BPEMEHH OCTAeTCs
OTKPBITHIM.

[Tomo6HO a30THOKUCIOMY AaMMOHHUIO MEHTOJ o0nagaer
CBOMCTBOM mojuMopdusMa. Y MEHTOJa U y Keje3a M3BECTHh 4
nonuMopdueie Moaudukanuu. Haumbonee ycroiluMBas W3 HHUX
UMEeT paBHOBECHyI0 Temmneparypy +42,5°. Tpu ngpyrue
MeTacTaOuiIbHbBIE TOMUMOP(HBIE MPEBpAIleHUsT MPOUCXOMAT TMPHU
temneparype + 35,5, +33,5, +31,5°. Co BpemeHeM Bce
HEYCTONYMBBIE MOIU(MUKALUKA MEHTOJA MEPEXOASIT B YCTOWYUBYIO
Moaudukanyo. MOXHO TMONYYUTh YCTOWYMBYIO MOJH(HUKAIHIO,
MUHYS HEYCTOWYHMBYIO, ClenyrommMm obOpazom. Hamo B3sTh
3aKpUCTAJNIM30BABIIMIICS MIpenapaT MEHTOJa, HarpeTh €ro ¢ OJIHOTO
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Kpast TakuM 0Opa3oM, 4TOoOBbl C APYroro Kpas 4acThb BelIeCTBa
OCTajach HEPACIUIABIICHHOW, M 3aT€M IIOJOXHUTh IIpernapar Ha
CTOJMK  MHKpockoma. HepacninaBieHHbIE — KPUCTaJUIbI  IIpU
OXJIAXKJEHUM HAuHYT pacTu, oOpa3ysl NEPUCThIE CPEPOIUTHI SIBHO

APYToi IPUPOAIBI.

JABYJIHCTHUKH JHPEeHUIAMHHA

Hudennnamun  (CeHs),NH B HavaJdbHOW CTaguH
KpUCTATM3AMU  00pa3yeT ¢ TPHUMEChI0 CMOJIBI paauaIbHO-
JYYUCTBIC KPUCTAIMYECKHE OOpa30BaHUs SIBHO HechepHuuecKon
(OpMBI, KOTOPBIE B TaJTbHEHUIIIEM PaCTyT KaK TUIMHUYHBIE CHEPOTUTHI
(potro 13). [Ilpuumna HechepUUIHOCTH HOTUX OOpa30BaHUU
3aKJIFOYAETCsl B TOM, YTO OHU BO3HUKAIOT B PE3yJIbTATE BETBICHUS
CTOJI0YATBIX MOHOKPHCTAIBHBIX 3apOJBIIICH C TOSBICHHEM TaK
HA3BIBAEMBIX JIBYJTUCTHHKOB.

®ot1013 - [IBynrCTHUK eUHIIIAMIHA
[Ipoxoasmumii monsipuzoBaHHbIN cBET. YBen. 40.

TexHuka moJiyyeHus IBYJMCTHHKOB O4Y€Hb mpocta. Hamo
B35Th pacTBOp nudeHmnIamMuHa B O€H30ie, KyJa MOIMEIIaHO
HEOOJBIIIOE KOJUYECTBO PACTBOPUMON B OCH30JIE CMOJBI, U
MOMECTUTh Ha TMPEAMETHOE CTEKJIO HEOOMBIIYI0 KAIllI0 3TOTO
pactBopa. CTeKkiO  MpEeNBApUTETBLHO  CIEAYEeT  NIPOTEPETh
TPAMOYKOM, CMOYEHHOMH YUCTBIM OEH30JI0M, JUISl TOTO YTOOBI Karuis
TU(pEHWIaMAHA MOTJIa PACHpPESIUTECS TI0 CTEKJIYy TOHYAWIITUM
cinoeM. beH3onm OBICTpO HCHapUTCs, W KPUCTAJUIM3AIMS HAYHETCS
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gepe3 10-60 cexyHI B 3aBUCHMOCTH OT KOJHMYECTBA JOOABJICHHOM
CMOJBI, KOTOpas 3aMe;seT Kpucramnusanuwoo. [lossisrorcs
3apOJIBIIINA OJIMHOYHBIX KPUCTAJUIOB CTOJIOUATON (hOPMBI, KOTOpHIE,
Pa3BETBISSACH BeepooOpa3HO, OOpa3yrOT [BYJIUCTHUK U Jajee
pacTyT Kak OOBIKHOBEHHBIE CPEPOITUTHI.

OueBUAHO, 4YTO NPU POCTE TAKOrOo KPHUCTALIMYECKOTO

MH/IMBUJA €r0 HeC(PEepUUHOCTh JOJDKHA MOCTENIEHHO YMEHBIIATHCS.
JlocratouyHo  OOJBIION  WHIWBHIA  JOKEH HMETh  (opmy,
NpaKTUYeCKH  sBIstonrytocss  cepuyeckoil. Tompko — Takue
KPUCTANINYECKUE HWHIUBUABI CIEAyeT MMEHOBAaTh IPOCTHIMU
cepomuTamMu, KOTOpble 00pa3yroTcs U3 MHOTUX KPUCTAUTMYECKUX
3apoblIIe, paCON0KEHHBIX OIM3KO APYT K APYTY.
XapakTepHOH OCOOCHHOCTBIO  JIBYJIMCTHHKOB Ju(eHUIaMUHA
ABJISIETCA TO, YTO B HMX 4YacTO MOXHO HaOII0aTh CBOEOOpPa3HbIE
crnupaid. BO3HUKHOBEHUE 3TUX CIUPAJIEH, OUEBUIHO, CBS3aHO HE C
JMCIIOKALUSAMH, a C paclleINIEHUEM KPHCTaIJIOB.

TpeOoBanus k oTuery.

[Tocne  HabmiofeHHs 32 MpoLeccoM  OOpa3oBaHMA
c(epoIUTOB HEOOXOJUMO 3apUCOBATH M ONMHUCAThb WX TUIHYHBIC
bopmsl, onucarhb [I0CJIE0BATENBHOCTD MOJITUMOP(HBIX
MpEBpaIICHH 10 WM3MEHCHHIO WHTEPPEPECHIIMOHHOW OKpPACKH
CyOMHIUBHUIOB c(peposnTa B MPOLIECCe OCTHIBAaHUSA Mperapara.

OTBeTbTE HA CIENYIOLINE BOIPOCHI:
1. VYkaxure (GaKTopbl 3aposKICHIUS U POCTa KPUCTATUIOB B CHEPOITUTE.
Omnpenenure 00K pacTyIIUX KPUCTAIIIOB.
3. Yro Takoe  cdeponut?  MOHOKpHCTAI WU
MOJTUKPUCTAUIMYECKUN arperaT?
4. Onumure MeXaHU3M 00pa30BaHus CPEPOTUTOB.
5. Kak (hopmupyercst pamuabHO-TydrcTast CTpyKTypa cepornmra?
6. Kak Bimser obpazoBanue chepounanbHoro rpadura Ha
KOBKOCTb UyryHa?

7. OOBbsCHUTE TPUUYMHY W MEXaHM3M OOpa3oBaHMSl PUTMUYHOM
KOHIIEHTPUYECKOH 30HATIBHOCTH C(HEPOITUTOB.

8. Bo3MoxHa 1M pUTMHYECKass CTPYKTypa B TEKCType
CIIUTKa 4yryHa?

35

Pabora 5
SIMUTAKCUSA

Hcxons u3 TeopeTUYecKuX MPEANnOChUIOK, POCT KPUCTAIIIIOB
JOJKEH OCYIIECTBIISIThCS TIIABHBIM 00pa3oM MyTeM MPUCOCTUHEHUS
MOJIEKYJ K aKTHBHBIM MECTaM IOBEPXHOCTH KpHcTauia. Takumu
MECTaMH JOJDKHBI ~ OBITh  BXOASIIME YIUIB, OOpa3oBaHHbBIE
CTYINEHbKAMH, HEPOBHOCTSIMH U JPYTHUMHU JedeKTaMu MOBEPXHOCTH
Kpuctayma. YacTo KpHCTaUIbl OJHOTO BEIIECTBA MPOJOIIKAIOT
pacTu B pacTBOpE JIPYroro BEIIECTBA, KaK B CBOEM COOCTBEHHOM
pacTBOpe, HO, KOHEYHO, 3a CYET OTJOXKEHUS CII0E€B JPYroro
BeniecTBa. [IpoucxoauT 3To B CHily CXOACTBa BHEWIHEH (Qopmbl U
CTPYKTyphl OOoMX BemiecTB. Takue JBa BEIIECTBA HA3BIBAIOTCS
M30MOpPGHBIMHU, TPUYEM CTEMEeHb COBEPIICHCTBA H30MOpPQHU3IMa
3aBUCHUT OT BEJIMUMHBI 3TOT'O CXOJICTBA.

[IpuBeneM HECKOIBKO Ciy4aeB H30MoOpdu3Ma, HAYMHAS C
MOYTH MACAIBHOTO M KOHYas TaKUMHU CIydasMH, KOT/a
CYILIECTBOBaHHE M30MOP(PHU3Ma MOXKET OCHApUBATHCA M €r0 MOKHO
HAa3BaTh JPYTHM TEPMHUHOM.

[Tomectum (UONETOBBIA KPUCTAIT XPOMOBBIX KBAacCI[OB
(K2S0O4 * Cry(SO4); ~ 24H,0) B pacTBOp aliOMHHHMEBBIX KBACIIOB
(K2SO4 - Alx(SO4)s - 24H,0). Uepe3 HekOoTOpOE BpeMsi Mbl 3aMETHM,
9TO0 Ha (HUOJCTOBOM KpUCTAUIE HAYMHACT OTKJIQJIBIBATHCS
OecCLIBETHOE BEIIECTBO AIIOMHHHMEBBIX KBACI[OB TaK K€, KaK OHO
OTKJIAJBIBAJIOCH OBl Ha KPHCTAUIC AQFOMHHUEBBIX KBAaCIOB.
PaccmarpuBasi Takoi NBOMHOW KpUCTaJUl, Mbl Cpa3y YBHAHM, YTO
TpaHd  HAXOMSIIETOCs  BHYTpU  (HUOJETOBOTO  KpHUCTaJIa
MPAKTUYECKH MapajyielbHbl BHEUTHUM TPaHSAM MOKPBIBAIOILIEH €ro
MPO3payHON KOpPBL. DTO MPHUMEP COBEPIICHHOTO H30MOPQU3MA.
W3yyass BHYTPEHHIOIO CTPYKTYypy OOOHMX BELIECTB, COCTABJISIOIINX
TBOWHOW KPHCTAJLI, MOKHO YOEIHUTHCS, UTO MApaMETPhl UX PEIIETOK
HEMHOT0 OTJINYAIOTCS APYT OT ApyTa.

[IpumepoM MeHee COBEpIICHHOTO H30MOp(H3Ma MOXKET
CIIY)KUTh cpacTaHue KpucTaioB AByX cojeit: ZnK,(SOs), 6H,0 n
NiK,(SO4)2 6H,O. Kpucrann omHOTro BemiecTBa OISThH pacTeT B
pacTBope Jpyroro, rpaHd K€ OOOMX KpUCTAIJIOB COXPAHSIOT
B3aMIMHYIO TapajlIeIbHOCTh TOJIBKO MPUONHM3UTENHHO, TaK Kak
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COOTBETCTBEHHbIE YIJIbl UX HE BIIOJIHE paBHBI Apyr apyry. Tak,
OJIMH M3 YTJIOB MPU3MBI IIEPBOIO BellecTBa paBeH 71°14 , a BToporo
- 70°58.

B o06oux mnpuBeneHHBIX BBIIIE NpUMepax H30MopdpHU3Ma
BELIECTBA IIOXOKM Jpyr Ha Jpyra HE TOJbKO 10 Qopme
KPHUCTAJIJIOB, HO U 110 KPUCTAJUIOXUMHUUYECKOM CTPYKTYPE.

beiBatoT, onHaKo, M Takue ciay4yau, Korja OJM30CTh IIO
XMMHYECKOMY COCTaBy BBIP@)KEHA MEHEE CHJIBHO WIM JaXe
MIOJIHOCTBIO OTCYTCTBYET, a KPUCTAJUIOXUMUYECKHE CTPYKTYPBI
nofo0Hbl. Takue KpUCTAJUIMYECKHE BEIIECTBA  HAa3bIBAIOTCS
M30CTPYKTypHbIMUA. Hampumep, KpucTamul a30THOKHCIOIO HaTpHs
(NaNO3) Tak Ha3plBaeMOW YMIMHCKOW CEJUTPbI MOXET PACTH Ha
kpuctayuie  kanpiura  CaCOs;.  3akoHOMEpHOE  cpacTaHue
A30THOKHCJIIOTO HaTpHUs u KaJIbLIuTa OYEHb JIETKO
MPOJAEMOHCTPHUPOBATEH ClieAyIomM o0pa3oM. Ha cBexeBBIOUTYIO
[0 CHAHOCTM TIpaHb KaJbLUTa HAJAO0 IOMECTUTHh KaIlI
HACBIIICHHOTO0 PacTBOpa a30THOKMCIOro Harpus. IIpu ucnapenuun
KallId ~ MEJIKHE  KPUCTAJUIMKM  a30THOKUCJIOIO  HaTpHs,
BBIJICJSIIOIMECS W3 PACTBOpPA, pPACIHOJIOKATCS HA KaJIbLWUTE B
MapajlyIeIbHOM TOJIOKECHHH.

OTOT BU MEHEE COBEPUICHHOTO H30MOp(hHU3Ma B HACTOSIIEE
BpeMsi HOCHT Ha3BaHWe snuTakcud. Haubonee TUNHMYHBIM
IIPUMEPOM  DJIIUTAKCUU  SBISETCA  3aKOHOMEPHOE  CpacTaHUe
nonucroro kamust (KJ) m ciroppl. Y 3TuUX NBYX BEIIECTB JIHIIb
HEKOTOPBIE MapaMeTpPbl KPUCTAIMYECKONM PELIETKH SBISIOTCS
OJM3KKMMHU 110 BEJTMYMHE.

OnpIT IPOM3BOJIUTCS CIAEAYIOIUM 00pa3oM: Ha TOJIBKO UTO
OTJIEJICHHYIO 10 CHAaHHOCTHU IIACTHHKY CIIIOJbI MIOMEIIAOT KaIlIo
HACBIIICHHOIO pacTBOpa HOAMCTOro Kamus. Yepe3 HEKOTOpoe
BpEMs, paccCMaTpUBas MpenapaT B MUKPOCKOII, MOXHO YBUAETb, UYTO
U3 pacTBOpa BBIACIWIACH KpUCTAIUTBL. OHU U3 HUX UMEIOT hopMy
KBaJIpaTUKOB U B 3MIUTAKCHU HE y4aCTBYIOT, T.€. HE CPACTAlOTCs CO
CIIO/ION, JApyTrHe BBINIAIAT B MPOEKUHUU TPEYrOJbHUKAMU U
HIECTUYTOJbHUKaMU. M TpeyroibHHMKHM, M MIECTHYTOJIbHUKHU
SIBJSIFOTCA TPAHSAMHU OKTa’Apa KPUCTAJUIOB HOAUCTOro Kanus. B
OTCYTCTBHUM CJIOJIbI IPAaHU OKTa3/pa BOOOLIE MPHU KPHUCTAIIU3ALNH
WOAMCTOrO0 Kajlvs HE BO3HUKAIOT. Ha MOBEpXHOCTH CHIOABI 3TH
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rpaHd o0pa3yroTCsS M CPACTAOTCS CO CIIOJON B MapaieIbHOM U
AHTUTIAPAIIIECITFHOM TIOJIOKCHHH.
TpeOoBaHusi K 0TUETY
[Tocne HabmomeHMsT 3a MPOIIECCOM SIMHUTAKCUU HEOOXOIMMO
3apucoBaTh W ONKMCaTh TUOUYHBIE (OPMBI M OIHUCATh
MOCJIEIOBATEILHOCTh AMUTAKCUANIbHBIX HapacTaHuil. OTBEThTE Ha
CJIETYFOIIHE BOIPOCHI:

1. Vkaxutre ¢akTopbl, BIMAIOIIMNE Ha SINUTAKCHAIbHOE
3apOKICHHE U POCT KPUCTAILIIOB.

Kakne muHepasbl Ha3bIBalOTCS U30CTPYKTYPHBIMH?
VYKaxuTe MEXaHU3M 3apOKICHUSI KPUCTAILIOB.

Omnpenenure 0OJUK U OTPAHKY PACTYIIUX KPUCTAJUIOB.
Onumure MeXaHn3M SIUTAKCUAIBHBIX CpaCTaHHﬁ.

vk L

PaGora 6

W3YYEHUE SIBJJEHUI TOJITUMOP®U3IMA

CrocoOHOCTH ~ OMHOTO M TOTO  JKE€  BeIecTBa
KPUCTANIU30BaTbCs B PA3HBIX CTPYKTYPHBIX MOAM(DUKALUAX HIH
U3MEHATh CBOE KPHCTAUIMYECKOEC CTPOSHHWE IIPH HM3MEHEHHUH
TEPMOJMHAMHUYECKUX YCIOBUN HA3bIBACTCS MOJIUMOP(PUIMOM.

DTO MHUPOKO PacIpOCTpaHEHHOE SBJICHHE HAaOIIOmaeTcst y
NPOCTBIX M CJHOXKHBIX BemiecTB. Cpenum TPOCTHIX  BELIECTB
MOTMMOP(MHBIMU SIBIISIIOTCS: JKeJIe30, yIiiepoa, KpemHuu, docdop,
0JI0BO, KOOAJIbT, cepa, ceneH u Jp. Pa3Hble Moaudukanum o1HOTO U
TOTO JK€ BEIECTBa OOJIAAAIOT PA3IMYHBIMH ONTHYCCKHUMU H
MEXaHUYECKUMHU CBOHCTBAMHU.

Yraepon BCTpEYaeTCst B TIBYX MOTMMOP(HBIX
MomuduKanmsax: anma3 u rpadur. CpoiicTBa anmmasza u rpadura
pe3KO OTIAMYAIOTCS. AJIMa3 TPUHAUICKHUT K HauOoiee TBEpAbIM
KpUcTaiiam, rpaduT jxe oOiiaaeT BechbMa Majod TBEPAOCTHIO.
I'padut umeeT yepHy10 OKpacky, aama3 OECIIBETEH.

Jlrobass monumopdHas Moau(pUKALUS OAHOTO U TOTO XKe
BEIIECTBA MOXKET HAXOIUThCSI B YCTOMYMBOM M HEYCTOHYHMBOM
coctosHuu. KaxmoMy ©3 OSTHX COCTOSHHM  COOTBETCTBYET
ompesneiaeHHas o0imacTe TeMmmeparyp ©  jaaBieHuid. OOBIYHO
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OOJIBIIMHCTBO KPHUCTAJIOB CTPEMHUTCSI HAXOIUTHCS B YCTOMYMBOM
COCTOSIHMM M, KaK MPaBHJIO, MEPEXOIUT B YCTOMUMBOE COCTOSHHE
camoIpou3BojibHO.  OJHAKO  CyIIECTBYIOT  IOpa3UTENIbHbIE
UCKIIIOYEHHs] U3 OTOro mpaBuia. AsMas, Hampumep, MpU
KOMHATHOW TeMmIepaType W OOBIYHOM JaBJICHUM HAaXOIHUTCS B
HEYCTONYHMBOM COCTOSTHUM M MOXET OCTaBaThCS B 3TOM COCTOSTHUM
B TEUEHUE HEOTPaHMYEHHOro BpeMeHH. OJHAaKO NpHU HarpeBaHUU
anma3za A0 +80°C OH MOCTENEHHO NEPEXOAUT B YCTOMUMBOE
COCTOsIHME, T.€. mpeBpamaercss B rpadgur. Ilpu Oonee cuibHOM
HarpeBaHUU alMa3 CropaeT Ha BO3AyXe, 00pa3ys YTJIEKUCIOTY, U3
KOTOPOM B CBOIO OUEPEh JIETKO MOXHO MOJYYUTh YIIIepoa B hopme
rpadwura (caxmu).

OnoBo, Tak ke, KaKk M aliMa3, UMeeT JBE MOIU(DUKAIINN:
Oemoe 010BO U cepoe. beroe 0I0BO HAXOAUTCS B YCTOMYHUBOM
COCTOSIHMM Tpu Temmeparype Bbime - 13,2° C ¥ HOpMallbHOM
naBineHud. llpu HeOONBIIOM TOHIKEHUU TeMIepaTypsl Oenoe
0JIOBO MEPEXOJUT B HEYCTOWYMBOE COCTOSIHUE M B 3TOM COCTOSTHUM
MOXKET HaXOAWThbCS JUIMTEeNbHOEe BpeMms. Ilpu manbHelinem
MOHWKEHUU TEMIIEpaTypbl O€oe 0JIOBO HAYMHAET NEPEXOJIUTh B
IpYTyi0 MOIU(UKAIHUIO - CEPOe OJOBO - C Pa3HOM CKOPOCTHIO B
3aBHUCHMOCTH OT CTCNCHH TepeoxiaxaeHus. OcoOeHHO OBICTPO
TakoW TMepexoJ  HacTymaeT TMpu  3apaXeHuu, T.e. TpuU
COIIPUKOCHOBEHUH YacTHUI] ceporo oyioBa ¢ OenbiM. [lomumopdHoe
MpeBpalieHrue Oenoro ojloBa B CEPOE MPUBOAUT K Pa3pyLICHHUIO
OJIOBSIHHBIX M37eNui (OJIOBSIHHOM UyMe).

JIén (H,O) wumeer He MeHee CeMU MOIUMOPQPHBIX
MOIUGUKAIHA, OTIMYAIONINXCS IPyr OT JApyra IUIOTHOCTBIO H
KPUCTAJUIMYECKOU CTPYKTYPOH.

[MomumopdHble TpeBpamieHuss XOpomio HabmoAaTe B
A30THOKHCIIOM aMMOHUH. BO3bMHUTE HECKOJIBKO KPYMHUHOK 3TOTO
BEILIECTBA M IOMECTHTE HMX MEXIY MPEAMETHBIM U TOKPOBHBIM
crexinamu. OCTOPOKHBIM HarpeBaHUEM pacIliaBbTE BEIIECTBO, U
MPUTOTOBIICHHBIN TaKUM 00pa30M Iperapar MOJIOKUTE Ha CTOJHK
MHUKPOCKOTIA, TIOJJIOKHB MPEABAPUTEIHHO MO MPEIMETHOE CTEKIIO
IBE CHOMYKA BO  M30eKaHWE  PACTPECKUBAHUS  €ro  OT
CONPUKOCHOBEHUS C XOJOJHBIM METaJIOM cTonuka. Torma B
€CTECTBEHHOM 0O€JIOM CBETE MOYKHO YBHJETb MEXAY CTEKIaMHU
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TOHKUH CIIOM JKMIKOCTH, COAepXkamuidé B cede HEKOTopoe
KOJMYECTBO BO3AYIIHBIX ITy3bIPHKOB.

ITocne monmxeHus Temmeparypsl npenapata a0 +169,6°C
WIM HEMHOTO0 HHWXE, JKUIKOCTh 3aKpHUCTaUIU3YyeTcs, U B
MOJIIPU30BAaHHOM CBETE IMPH CKPEIICHHBIX HUKOJIAX IOJIE 3PEHHS
3aTeMHUTCS. DTO CBUAETEILCTBYET O TOM, YTO OOpa30BaBILIHECS
KPUCTAILIBI IPUHAJICKAT KyOMUECKON CHHTOHUU.

UYepes HEKOTOpoe BpeMs, KOI/Ja TeMIlepaTrypa Ipernapara
camsurea 10 +125°C, mpousoiaér noiauMopdHoe IMpeBpaleHue
KyOndyeckoi  mMoauduKamuu  a30THOKHCIOIO  aMMOHHUSA B
reKkcaroHanbHyto. HoBble KpHCTaulbl B TOJISPU30BAHHOM CBETE
IPU  CKPELIEHHBIX HUKOJIAX OyIyT OKpalleHbl B  spKue
uHTepdepeHIonHbIe 1BeTa. KpucTtamnsl HOBOW MoauduKaiuu
o0nanaT ApyruMu (U3NYECKUMU CBOMCTBAMM, YE€M KPHUCTAILIBI
KyOndeckoi Mmoaudukanuu.

[Tpu temneparype +85°C M HEMHOIO HMIKE KPUCTAILILI
reKcaroHajabHOM MOJAU(HUKAINU EpedayT B poMOruecKyro. UToObt
YCKOpUTh  OXJIXJECHHWE T[penapara M  TOSABJIEHUE  HOBOM
MoU(UKAIIH, MOKHO OXJIQJUTh Mpenapar BO3AYXOM C MTOMOIIBIO
pe3uHoBol rpymu. [Ipu nanpHelieM OXJaXISHUU mpernapara 10
+35°C u HIWKE MOXHO TMOJYYHTh €M OJHY MOAU(HUKAIIIO
KPUCTAJITMYECKOT0 a30THOKHUCIIOTO aMMOHHUSI.

TpebOoBanus K oTuerTy.

ITocne wHabmiomeHHWss 3a  TPOILECCOM  MOTUMOP(HBIX
MpeBpalieHui HEeOOXOMMMO 3apHCOBaTh M OMHUCATh TUITUYHBIC
dbopMbl M omucarb  IOCJIENOBATENBHOCTh  MOJIMMOPQPHBIX
npeBpateHnii. OTBEThTE Ha CJIEAYIOIINE BOTIPOCHL:

1. Yto Takoe momumopduzm?

2. Vkaxwure (akTopbl, BIHSIOIIFE HA TTOMMMOPQHBIE TPEBpAITICHHS.

3. Ykaxwure, M0 KaKOMy MEXaHH3MY IPOUCXOIUT 3apOKIACHUE
HOBOH nosimmMopHON Moar(UKaLINN.
Pons monmumopduszMa B MeTautypruu.

5. Ilo kakoMy TmpH3HAKy MOXHO OIPEICIUTh IPOLECC
MOJTMMOP(HBIX MpeBpalieHnii?
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[TepmsakoB ApHOIb ApKaabeBUY

3APOXKJAEHUE, POCT
N ®OPMA KPUCTAJLJIOB
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