U3BECTUAIA
TOMCKOI'O OPAEHA TPYJIOBOIrO KPACHOTIO 3HAMEHU MOJUTEXHUYECKOI O
Tom 95 - MHCTHUTYTA mvenn C. M. KHPOBA 1958

K BOMMPOCY O BJAWAHKWHW NEKTUHA HA
KPUCTAJIJIM3ALLUIO XJIOPUCTOIO AMMOHHUA')

H. 4. MEJIMK-TAVIKA3SIH, AO. 4. CAPATOBKHKH, A, I'. KJ/IMCC

Bce BelmecTsa no xapakTepy HX BJMAHHS HA NOBEPXHOCTHO® HATSIXKEHHC
PacCTBOPHUTEJIS JEAATCS HA JBa KJacca: Te, KOTOpble INMOHHUKAIOT IOBCDXHOCT-
HOe HaTsKCHHe, Ha3blBAIOTCH IIOBEPXHOCTHO AKTHBHLIMH; IIOBbIILIAMIOLIHE erc
HOCAT Ha3BaHue MHaKTHBHHIX [1]. Koraa mMbl nMeeM jfeso ¢ poCTOM KPHCTA.I-
Jla U3 pacTBOP4, TO NOBEPXHOCTHO aKTHBHOE BEIIECTBO BbIAEJACTCA Ha TPailif-
lle pasjesa KPUCTANI — PaciBop, T. e. Ha [IOBEPXHOCTH KpHCTa/la (3To 3Ha-
YHTEJLHO H3MEHSIeT CKOPOCTh POCTA PAa3JHUYHBIX I'paHell pacTyllero KpHCTa.i-
aa). Ilo saxony Byswda [2] ckopocTs pocra rpaud MpolOpHHOHAJBHA €e
IIOBEPXHOCTHOMY HAaTSKeHHIO. YTIOMSHYTO® NOHHKEHHE [10BePXHOCTHOTO HATH-
JKeHHst JOJXKHO ObIThb PA3JHYHBIM Y PAa3JMYHBIX TpaHedl kpHcTadada. Orciofa
CJIefyeT, 4TO CKOPOCTH DOCTa TpaHedl JOJIKHBl MEHATbCA T0-DAa3HOMY, YTO H
BelleT K W3MeHCHHUI0 rabuTyca KpHcTaJia.

H3BecTHO TakKe, 4TO KPUCTAMIE 0OBIUHO OIPaHfoTCa HanboJdee Meleli-
HO PacTYUIMMH IpaHAMH. DBICTpO pacTylline rpaHH BHITECHAIOTCR 3THMH Mei-
JIEHHO pacTylIMMH. Eciu 1o Toil uju MHOH TNpUYHHE COOTHOIUEHHE MEXAY
CKOPOCTAMH pOCTa rpaHed H3MeHseTcd, TO H3MeuseTes W rabuUTyc KpHCTaaia,
Ha HeM INOsBJAIOTCA IPaHH, paHee OTCYTCTBOBaBLLUHE.

ITpeanooxuM, 4T0 B OTCVTICTBHH IPUMECH KPHCTAJJ OorpaHsieTcss Tpa-
HsIMH A ¥ Ha HeM Her rpaHeii B mo Toff npuunye, yTO OHU pactyT Gosee OBICT-
po. Ecay B pacTeope NOABUTCS MPHMeCh, KOTOpadA Ha rpaHsax A Moxer ajcop-
GupoBaThCsl, @ HA FPaHsAX B—HeT, TO COOTHOLIEHHE MEXNy CKOPOCTAMH POCtTa
HeMeJJIeHHO H3MeHHTCS 110 CJeAyIollel TpHUHHe: TipuMech, aacopbupylollas-
¢ Ha I'PAHH, He TPENATCTBYET POCTY KpHCTasaa. Tak Kak HOBBIE MOJEKY.IbI
(aTOJ\’IbI HJIH HOHbl) l(pHCTaJLHH:ﬁy}OIHeTOCH BelieCTBa He MOTYT OTJIOXKATHCHA
oM aACOPOMPORABIIHMUCT MOJEKYJAMI TMPUMECH, TO OHH  OTKJIaAbIBAIOTCH
CBEPXY, M MOJEKYJbl aAcopOHPOBAHHON MpPHUMECH OKa3bIBAIOTCS BKJINOUEHHbI-
MU B KpHCTa/a. Tarum o06pasoM, rpaHb, Ha KOTOpOH OyayT ancoplupo-
BATbCS TIPHMECH, CMOXeT GecnpelsTCTBeHHO NPOAOIKATh ¢BOl poct. Haobo-
pOT, Te TPaHH, HA KOTODPHIX aACOPOIMH He NMPOUCXOAHT, OKAXKYTCS NMPHTOPMO-
JKEHHBIMH MPHMECBIO. TAK KakK IpuMech 3Ta OyJeT CKOMIJIATbCA Iepe] IPaHblo
B cJoe pactsopd. [Tocko.bKY HPHTOPMAaKHBaHWE 3aBHCHT OT TOrO, KAK MHO-
ro NpuMecd OKaXkeTCsl B 3TOM CJIOe, HeTPY/AHO IOHSTb, 4To rpauu B neuzbe-
HO JOJDKHBI CHU3HTh CKOPOCTh CBOEIO pPoCTa /0  BCJAWYMHBL  MeHbIUeH, yen
ckOpocThb pacta rpaneft A. Orcyrctnue rpadefl B ozHawaer JHLIIb 70, 470
B COOTBETCTBYIOLIMX MeCTaX KPHCTAANma uMelorcs ua  pebpa  MJIH  MHOTO-

1) Hokaal, TPOYHTAHHLI HA MEKBV30BCKOH KOH(QePeHUHH IO JH3JEeKTPHKAM H [0Jy-
nposognukam 6 deppaast 1958 r. B 1. Tomcke.
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rpauusle yrasl. M te 1 apyrne MoxHO paccMmaTpuBaTk Kak IpaHH ¢ GeckKo-
HeYHO MAaJLIMH NOBEPXHOCTSIIMH. B cavaae yMeHRhIIIeHHsd CKOPOCTH pOCTa 3THX
rpanefl 10 BeJIMUMHBI, MeHblel YeM CKOpPOCThL pocTa Tpaieil A, ¥ yriw HIu
pefpa OKazblBaiOTCA CPE3AHNBIMM  DaHee OTCYICTBORABIIMMH rpaHamu B.
Jlanbredmu pocr XpHCTadna Hen3GexHO JOJXKeH IIPURECTH K OTPaHEHHIO
ero TOJbKO TpaHaMH B, Kak pactyuiumu Gojiee MelJ1€HHO, UEM IpaHu A.

Caoeayet o6paTuTe ocoboe BHUMAHUE HA TO, UTO B 3TOM CJIyyae KPUCTaJa
TIPUHUMAET TaKylo OrPaHKy, IIPH KOTOPOH HCYe3al0T I'PaHM, MOTYILHMe aacop-
6upoBaTh Ha cebe TNpHUMeECh, H, HAOGOPOT, MIOABISIOTCA Te PPaHH, HA KOTOPBIX
ajncop6uus He mpoucxoaut. Tax kKak ajgcopOUUs Ha IPaHSAX pacTyllero KpH-
CTaJssla BeleT K IIONJIOIIeHHIO MPHMECH KPHCTAJJIOM, & OrpaHeHue KpPUCTaJ-
Ja TPaHsMH, He ajcopOUpYIOILUMH INIpUMeChb, BeJIeT K OTTECHEHHIO IIpHMeCH
B CAOH DacTBOpa, OKPYKAIOUIEro KpHCTa/LI, TO MOXKHO C(HOpMYyJaUpOBaTh
CJICIYIONLYIO 3aKOHOMEPHOCTD.

KpHCTa/a OrpaHsieTcss TAKHME TPaHAMH, TIPH KOTOPBIX OH HMEET BO3-
MOMKHOCTb OTTeCHSITh 3arpsAsHsiiomiue ero npuvecd. [loxomur nHa 10, uTO
KpHCTaN1 kak Obl cTapaercss NpUHHMAaTh Takylo (OpMy, IPH KOTOpPOH OH
CMOKeT PACTH OYHIIEHHBIM OT IPHMECH.

Clieayer, o1HAKO, 3aMeTHTb, YTO KPHUCTAJJIBI, COBEpIleHHO cBOBOAHBIE OT
IIPHMeCH, MOTYT ObITh MOJYUYEHEl JHIIb B TOM CJyYae, eCJIH CKOPOCTb KPHCTAJ-
JM3aUMH OvieT JOCTATOUHO MaJjJoiH H He 6yaeT MpeBHINAThL HEKOTOPOTO KPH-
THUCCKOTO 3HAYEHUS], 3aBUCAIIIEro OT YCJAOBUH OTBOAA OT MOBEPXHOCTH pacry-
[ero Kpucrtaaga memaloueii ero pocty npumecu. OTBOA 3TOT MOMKeT ocylle-
CTBAATHCA KaK Au(dy3Hell NpuMecH OT KPUCTAN1a, TAK W KOHIEHTPAUHOHHBI-
MH NMoToKamu. B cayuae ycnopuit, Tpe6yioniux GbICTPON KPUCTAJIH3ALHH, HE
ofecnieynBaeMoll JUPPY3HeR ¥ KOHIEHTPAUMOHHKIMH IOTOKAMH, KPHCTAJLI
HAUYHHAET PACTH B CKEJIeTHOH WM Ja)Ke JEeHIPHUTHOH (opMme, 3aXBaThHBAad
BHYTPb cefs YYacTKH pacTRopa ¢ TMOBBIIUEHHOH KOHILEHTpAHHel IIPUMECH.
B stoM ciyuae, KOHEUHO, HHKAKOTO OYHIIEHHST KPHUCTAJLIA OT IIPHMECH He
[IDOHUCXO/IHT.

Bolipoc 0 KpHCTAJANHBAIMK XJOPUCTOTO AMMOHHS NpHBJeKaeT K cebe
BHHMaHHe MHOIMX #CCJejoBaTesedl o psiy NPHUHH,

Bo-nepeeix, XJTOpPHCTEII aMMOHHH COBCeM He JaeT M3 BOAHBIX PacTBOPOD
Xopomo CHOPMHPOBAHHEIX, KPYNHBIX KPHCTaJsJIoB, a 0Opasyer phIXJble I€H-
JPHTH; B TO BpeMsl KaK KDYNHbIe KPHCTAMJIbl €ro HYXKHB AJS  PasJdyHbIX
TeXHHYeCKHX HanoOHocTel [5]. BO-BTOpHIX, NMEHAPUTH XJOPUCTOrO AMMOHHS
N0 BHEINHEMY BHAY M [0 MHOTHM CBOHM CBOHCTBAM AHAJOTHUHBI AEHJIPUTAM,
1a0/1101aeMbIM B CTAJbHBIX CJAHTKAX. DTO Ja€T BO3MOXKHOCTH MOJETHPOBATH
Ha HHX psij ABJeHUi, HaOMIOAAIOUIUXCH NpH KpHcras/mu3auun [6]. Hakonern,
Ha TpHMepe MX VAOOHO pellaTh BOMPOCH! O XHMHUECKOM BO3JIEHCTBUH C TIPH-
MeCDh!0, NMOCKOAbKY HMEETCs MHOTO BellleCTB, XUMHUYECKOe B3aUMOJeHCTBHe
KOTOPBIX ¢ XJIOPUCTBIM dMMOHHEM XOpouo u3BecTHo [6].

Jpaux {4] Hawe1, YTO XJOPHCTHIE aMMOHHI B IPHCYTCTBHH MEKTHHA
KPHACTALIH3YeTCS TIPH MeTEHHOM OXJaXJIeHHH B BUIe GOJBbLINX [IPO3payHbIX
KPUCTANNOB; NpKH GoJee GLICTPOM OXJIaXKAECHHH 0OPa3yloTest NJWHHBIE HIOJb-
yaTble KpHCTaMabl, [Ipu 3TOM OH 3aMeTH., YTO NpH NMEPEeKPHCTAIH3AIMH T10-
JIYUEHHOrO TAKHUM IyTeM XJODHUCTOrO0 aMMOHMS, M3 PAcTBOpa B UYUCTOH BOjE,
vKe ez npuMecu NEKTHHA, ONATH BHIPACTAIOT TAKHe 3Ke KpHcTain, Takoi
pe3yJabpTaT MOXeT OHTh JHMIIE B TOM CJydae, €CJaH HEoGXOMUMOe KOAHYCCTBO
MeKTHHA OKa3a/10Ch BKJIOUCHHBEIM B KPHUCTAJJIBL.

Onupasicb Ha BBbIIIENpPHBEJEHHEIC PACCYKIEHHS, Mbl NPUILIH K BbIBOLY,
YTO B 3THX ONBITaX OPJuXa MeKTHH O0Kas3ajcs BKJIOUEHHBIM HJIH MEXKAY
KpHCTAJIJIaMH B KPHCTA/IJIHYECKHX JPY3ax HJH B KPHCTaJJIaX BMECTe ¢ MaTou-
HBIM PACTBOPOM, 3aXBaueHHbIM 6Jarogapst ckedeTHoit xpucrasnusuuu. [Ipu
AtelTTeHHON KpPHCTaMIM3alnue, ofecleunBalolielil BO3MOXKHOCTb OTBOAA NpHMe-

373



cefi or KpucTa/mioB Gnarogaps AHPOY3HH U KOHIEHTPAUMOHHBIM I110TOKAM,
MOKHO OXUAATL MOSIBJEHHSE KPHCTAJI0B, cBOOoanbix oT npumeceil. Tlepe-
KPHCTAJAMU3alHsl TAKHX KPHCTAJJ0B, KOHEUHO, JO0JKHA Aartb TO ¥Ke, 4To I
KPHCTALJIH3AUMS YHCTOIO XJOPHCTOrC aMMOHHS.

Mbl MOBTOPHIH ONBITHI DPAHXA M MNOJYUHIM KPUCTAJIbl BHELIHE TOUHG
TaKHe Ke, Kakhe TOJYyYus OH. DTH KPHCTAJJbi NpHBejeHH Ha (oTorpadusx
¢dur. 1 u 2 B HaTypasibHyl0 BeJMHUHHY. MeTodnKa BBIpAUMBAHUSA KPHCTALIOB
o4eHb fpocTa. PacTBop XJOpPHCTOTO aMMOHHSA, HaCHILIEHHBIH IIpU TeMneparype
70°, ¢ npumeckio mekruHa 0,01% mo Becy, Hanusaercs B cocyn [wapa, KOTo-
pHIf, B CBOIO Ouepesb, MOMENIAETCS B TAKHe YCJIOBHS, KakHe MOryT olecie-
YUTh TIOHHXKEHHE B HEM TeMMepaTyphbl A0.KOMHATHOH JHIIb yepe3 HEeCKOJIbKO
JAHefl. Mbf mMomelllann ero B BaHHY C ropsided BOZOI, TaKiKe CO BCeX CTOPOH
yTelJerHyi0. Dbiin noayueHsl ¥ Apy3bl KpucTasuios (dur. 3) (npu yseduge-
HHH KOHuUeHTpauuu npumecn no 0,1%), coxepxkauipe oTae/AbHble KPHCTAJMID!
¢ GOoabWIHM KOJIHYECTBOM YeTKO BbIpaxCHHBIX rpaiell M peGep. Brenmde atit
KPHCTAJIBI OYeHb MOXOJST Ha KPHUCTAMIBl ropHoro xpycrans. Baarogapsa ux
X¥OporieHl Mpo3pauyHOCTH OBLJIO BHAHO, YTO HMKAKHX 6o0jee HJIH MeHee 3ameT-
HBIX ITPOCJOEK C MaTOYHLIM paC’I‘BOpOM, 3axBaYeHHBIM B fpollecce CKEJEeTHOTO
pPoOCT4, B HHX HeET. HECKO‘JIbKO TAKHX KPHECTaJIJIO‘B, BbIJ@JIEeHHBIX H3, ApY3bl H
OYHIIEHHBIX CHAYa/la MeXaHHYeCKH, 4 3aTeM OOMBITHIX JHCTHIIHPOBAHHOK BO.-
jao#, 6sL10 pacTBopeHo 6e3 pobGapaenusi nexkTHHa, [IpH  KpucTadIu3alHu U3
TAKOI'0 PACTBOPA, XJOPHUCTLII aMMOHHI Bbla.] B BUAE OOBIUHBIX ACHAPHTOS,
T. € TakK, Kak OH BLIKpHCTAJLIU30BhIEAeTCH 0e3 MpuMecH IMeKTHHA.

Yr1o6bl MO AOCTOMHCTBY OIEHHTb 3TOT (MAKT, CJeJlyeT 3aMEeTHTh, UTO YXKe
0,00003% nekTuHa AOCTATOYHO AJSA MEPEBOAA OKTAAPHUYECKOU OTPAHKH JCH-
JiDUTOB XJODHCTOFO aMMoHHs B Kyb6uueckyio. {lepBasi xapakrepHa meplieHmi-
KyJApPHBIM paclofoxeHHeM BeTBeH AeHAPHTOB IPYT JAPYrYy, & BTOpasi mosisie-
HHeMm yrjos npubmuzurensHo 70° T. e. paBHRIX YLy MeXXIy IHArOHAISMi
Ky6a. Ecsin cpaBuuTh AEHAPHTH YHCTOTO XJIODUCTOTO aMMOHHS, [IPEACTaB./IeH-
Hble Ha ¢wur. 4, ¢ JeHjpHTAMH, HOJYYeHHBIMH H3 pacTBopa € HOPHMECHIO
scero 0,00003% nexktuna (dur. 6), To BHAHO, YTO AaxKe TaKOe HHUTONKIIO
MaJjloe KOJIMUECTBO [IPHMECH YXKe H3MeHseT XapakTep IeHIPHTHOH KpHCTa.-
JH3alMH, Bb3bIBAA MOSIBJAEHHE YIVIOB, oTJHYHBIX OoT 90°. 1 BOT Korma pacrso-
PSIIOTCST KPUCTAJIIBI, noJyueHible U3 pacteopa, conepskaiero 0,19% mnekrtuua,
TO U3 BHOBBb [IOJIYUEHHOrOo pacTBOPA PACTYT KPUCTAJIBI TaKue, XaKue MOXKHO
NOJYUYHTD JHUIL [IPH OTCYTCTBHH AAXKE ITHX TPeX CTOTHICAYHBIX JOJel MeKTH-
Ha. Ha ¢ur. 5 nana mugpodororpadus TaKux IXeHIAPHTOB.

Bonpoc o ToM, KaKMMHU HMEHHO TPAaHSIMH MOKPHLIBAIOTCS KPUCTAJMIbI, He
cojepIKallide MeKTHH, HO pacTyillie H3 pacTBOpa ¢ MPHMECHIO €ro, HaXOJHUTCH
B CTaAMH Aa/JbHCHIIEro H3YYEHHS. SAeCh HMeeTCss GOoJbIIOe  KOJHUYECTBO
MEJKHX IpaHeli, NPelACTaBAsIOUIHX CO00IC KOMOWHALIMI0 HECKOJBKUX TPOCTBIX

dopm.

BriBoabl

Ha ocHoBaHHMM ONEBITOB C [epPEKPUCTAJIIH3ALHEN XJOPHCTOrO aMMOHHUSH,
MOJIYYEHHOrO B BUJIe KPYIHBIX NPO3PAYHBIX KPHCTAJIOB H3 PACTBOPOB, COAEp-
PKAUIHY NPHMeCH NEeKTHHA, MOXKHO C/1e/]aTh 3aK/Ji0ueHHe O TOM, YTO KPUCTaJLi
orpaHsiercsi TaKMMH TDAHSAMH, KaKWe IMO3BOJSIOT €My OTTECHSTb 3arpsasisio-
niue ero npumecH. [losiBeHue Tex MM MEBIX rpaneil HA pPacTyIieM KPHCTa.i-
Je, TIPH HaJMYHH NPHUMeCH B PAaCTBOPe, OMpeJe/seTcsi PazJiHuueM B afcopl- .
LU1 [IPEMECH HA TPAaHAX C PAa3HbIMH HHJEKCAMH.

B cayuae, ecau  weGosbmmass a06aBKa TpHMECH crocoblla  H3MCHATD
OKTa[pHYECKYI0 OrpaHKy ACHAPHUTOR XJOPHCTOTO aMMOHHS Ha KyOHUecKyio, .
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Qur. . KpHeTanabl xJAOpPUCTOrO aMMOMHS, BBIPALICHHBIE 53 BOIHOTO
pacrsopa B npucyrersuy 0,01% nextnna. Bec 10—20 v

<$ur, 2, KpHerajisl XJ0PHCTOrO  4MMOHHS, BBIDALLCHHBlE 113 BOAHOTY
pacteopa B npucytcrhy 0,01% nextrHa
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®ur. 3. Jlpysol XpHCTa/JIOB XJODHCTOTO 4MMOWMA, BHpalfeHuplc W3
BOJIHOIO pacTropa B npucyrernun 0,19 nexTuna

Dnr. 4. JeHApHTH YHCTOTO XJOPHCTO- Dur. 5. HeHApHTH XJOPHCTOFO aMMO-
ro ammonusa. X 32 HHsI, BbIpOCIOHE [IPH HepeKpHCTa IH-
3al0MH  KPHUCTaMJI0B, H306pa’KCHHBIX

na ¢ur. 3. X 32
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HaJauyHe OOBIYHOH, OKTAa3JPHUECKOil OrpaHKH JEeHADHUTOB MOXKET CJYXKUTh
HaJeKHbIM NIPHU3HAKOM OTCYTCTBHS AAHHO NMPHMECH .

Dur. 6. Jenpputol XAOPHCTOrO aMMo-
HHA, BHIpOCUIHe B OPHCYTCTBHH
0,00003% npuMecH NeKTHHA
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