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OCOBEHHOCTHU HAYAJIbHOI'O POCTA KPHUCTAJIJIOB
®EPPHTA UTTPHUS B KOMIIJIEKCHOM PACTBOPUTEJIE

A. H. KOH/IAKOB, A. M. KY3bMHH, b. ®. HU®AHTOB

HaoOmo1eHusaMu 3a pOCTOM KPHCTAJIIOB (eppuTa UTTPHUSI B Paciiias-
JIBHHOM pacTBOpe, COCTOsILEM H3 OKHCeH HTTpHs, XKeje3a, CBHHIA H (TO-
pHla CBHHUA yCTaHOBJEHA CYLIeCTBEHHAss 3aBHCHMOCTb (OpPM pocTa U
CKeJIeTHOCTH ~KPHCTAJJIOB OT COOTHOLIEHHA MeXay (PTOPHAOM M OKHChIO
CBHHILA, KOTOPOE CKJIa/1bIBaeTCsl B POLecce PocTa.

Kpucrannnsauus ¢eppura HTTPUS OCYIIECTBJSIACh B OTKPBITHIX THI-
JsiX o0bemom okoJo 40 cm®. Poct KpHCTA/IOB HCCIEIOBAJICS TMPSMbIM BH-
3yaJbHbIM HaOJIOJeHHeM NPH INOMOUIH MUKpocKona. B najbHeiiiiem Bbipa-
IIleHHble KPHCTAJJbl [OABEPTaJHCh MHKPOCKONHUECKOMY H3YYeHHIO H (o-
TorpaupPOBAHHIO B MJIOCKOCTH HX ME€PBOHAYAJBHOTO POCTAa C IIeJbI0 H3yue-
HHs MeXaHu3Ma paspacTaHusi KpucraanoB. B mpomecce HabO/a10g1eHHH Obl-
JIO  YCTAHOBJIEHO, 4YTO 3apOXK/AeHHe KPHCTAJJIOB B NEpPBYIO ouepeb HMeeT
MECTO B MOBePXHOCTHOH MNJIEHKe pacmaaBa, 4To OObSCHSeTCS IpaBUTAIlMOH-
HOH auddepeHuManyeil pacniaBa Mo yaeJqbHOMY Becy B NpeaKpHCTa/IH3a-
UHOHHBIA MepHOA, a TaKKe JOMOJHHTEJIbHBIM I[epechillleHHeM pacTBopa,
BC/JI€JCTBHE HHTEHCHBHOIO HCNAapeHHsi PaCTBOPHTENs M3 MPHMIOBEPXHOCTHOMH
ero 4acTH.

Ha wnayueHHbix Kpuctananax ¢eppura uTTpus HabJa01aduCh ABe (DOP-
Mbl pOCTa: «IMHpaMHU/1aJbHasA» U «JOJ0UKOBasi». PasBuTHe KaxKI0H H3 3THX
(opM 3aBHCeNI0 OT cojep:KaHHUs (PTOPHIA CBUHLA B COCTABE KOMILIEKCHOIO
pacTBOpHTeJIA.

ITpu ucxomnom copepxKanuu (GTOpHIa CBHHIA B KOMIWIEKCHOM PacTBO-
purtese, paBHoM 42 moa. Y, Habaronanach NpeMMYLIECTBEHHO CKeJIeTHO-TIH-
pamunaabHas ¢opma pocra (puc. 1). Pocr Kpucranna, Kak npasBu/ao, Ha-
YHHAJCS C MOSIBJIGHHs MOYTH HIeaJbHOr0 KPHUCTANIHKa B BHAe PoMOOIO-
JAeKasapa ¢ pasamepom pedpa oxomo 0,05 mm, KOTOpLIH OOHAapPyKHUBAJICS B
LeHTpe J060ro M3 H3yYeHHbIX KpHcTaaaoB. Pa3pactaHue 3apo/bllieBOrO
pombojlofieKasapa IO MPEHMYIIECTBeHHO B HanpaBJeHHH pebep ¢ 006paso-
BaHHEM B KOHEYHOM HTOore pebGepHOro pomOoaoAeKasapa. Iyybokue 1oJio-
cry, 3ameHstome rpann (110), B Buae oTpHIlaTeJbHBIX CTYINEHYATBIX Yce-
YeHHbIX POMOHMYECKHX MHPaMU/ HJIH UX (parMeHTOB MPHUAAIOT PE3KO BbIpa-
JKEHHYIO CKeJIeTHOCTb KpucrasasnaM. Ha noBepXHOCTH 3aKpHCTaJVIH30BAHHO-
ro pacmyiaBa pebepHbli pOMOOAOLEKA3/Ap BBICTYNAeT B BH/IE «IIHDaMHIKH»,
pyYeM TIOJIOCTH B BEPXHEH ee 4aCTH He CO/epKaT BKJIIOUEHHH PacTBOPH-
tensi. IlocienHee yKas3biBaeT Ha TO, UTO KPHUCTAJJI B Mpollecce ero pocTa
RCI/IBIBAET, OTPbIBAsiCh OT 06JACTH NUTaHUsA, Ojarojapsi 4yeMy pasBUBAIOT-
cs1, coriacHo Tepmunosoruun Y. W. lladpanosckoro [4], BHyTpeHHHEe OT-
KpbiTble peGepHble GOPMBI CKeJIeTOB.
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B pactsopuresie, cofepxaiem 50 moa. Y ¢TopucTOro cBHHIIA, aHaJi0-
THUHO KPHCTAJJIH3allii B BbILIENPHBEJIEHHOM pPacTBOPHTENE, POCT KPHCTAJ-
Ja HauUMHAeTCs ¢ MOSABJAEHHS NPaABUIBHOIO POMOOIO0IeKA3IPHUECKOr0 KpH-
CTa/I/IMKA, OJHAKO pa3dpdcTaHHe IToCJeNHEro OocylecTBadeTcda ¢ MeHee Bbl-
pPaKeHHbIM HJIH MPAKTHYECKH OTCYTCTBYIOIIMM BHYTPEHHHM peGepHbIM po-
cToM (puc. 2). Pa3BuBasicb OT/1eJIbHBIMH CTYMeHSIMHU, apaJslJieJlbHbIMI BepX-
Hell rpaHu pom0Oj0/1eKa’apa, U O/JHOBPEMEHHO BCIMJbLIBAS Ha/l [OBEPXHO-
TbIO pachnJaBa, BepPXHSs YacTh KPHCTasIa NPHOOpeTaer JOKHYIO CTyIeH-
yaTo-nupaMuiansHylo  (GopMy pocTa, HHODJA  yCJAOXKHEeHHYI0 pebGepHOM
IITPHXOBKOH. B 3aBepuramoulyio crajguio pocTa KpHUCTa/dla HMeeT MecTo

Puc. 1. ®opmbl pocta KpHCTaaw1oB (eppH- Puc. 2. ®opybl pocra kpucraanos dep-
Ta HTTPHS B 1HOBEPXHOCTHOIT TiJleHKe pac- pUTa HTTPHSI B IOBEPXHOCTHOI IJIeHKE
I;1aBa 1pH  coAepzKaHHu B HCXOJHOM pacnJaBa IpH COACPIKAHHH B HCXOLHOM
cocTaBe pacTBOPHTEsI (PTOPHCTOrO CBHHIA cocTaBe pacTBopHuTesNss  (TOPHCTOrO
50% wmou. ¥B. 20% cBHHIA 429 mous. YB. 20%

copMHpOBaHNE BHELIHEro 3aMKHYTOrOo pedepHOro BOPOHYATOrO CKeJera ¢
3aMeHoil BepxHeil rpaHu pomM0010J€Kas’Apa BOMHYTOH pOMOHYECKOH mnupa-
mi1oil. CoeroBaTenbHO, B Ipolecce pocTa BepXHEH 4acTH KPHUCTaJsia Ipo-
ICXOIM/IO BbIPABHHBAHHE CHJIBI BBITAJKHBAHUS KDHCTAJIa €ro BecoM, i
KPHCTAJL1 HEKOTOpOe BpeMsi poC B MOBEPXHOCTHOMH iJIeHKe pacijaBa B BH-
e {110}.

[Ipu conepxxanuu ¢ropuia CBHHIA B KOMIVIGKCHOM pacTBOpHTeNE B
KoanuectBe 56 MoJa. 9% B KpHCTaJJe HAa MecTe PpaHH pomMOOJ0jAeKasapa B
MOBEPXHOCTHOH TIJIEHKe pacmiaaBa (opMmupoBanach TayoOoKass BOTHYTast
yceyeHHas pomOuyeckass mupamuaa (puc. 3). B koHeunom uTOre oOpalleH-
Hasi KBepXy 4acTh KpHcTa/dna npuobperaer OOJUMK BHEIIHErO0 3aMKHYTOTO
pebepHoro ckesnera. OObIYHO LiEeHTpaJbHas 3apojblllieBas YacTb TIOCHe/He-
ro pacno/jaraercss HHxe YpPOBHSI pacijaBa, TOIJa KaK BHEIUHsIsI BepXHsis
paMKa CKeJieTa BBICTYIAeT HaJ MOBePXHOCTbIO pacmiaaBa. OTMeueHHas 0OCO-
6eHHOCTb CTPOeHHsI KPUCTAJJIOB yKa3biBaeT Ha TO, UTO INOC/AeAHHE PACTyT
AHAJOMHYHO POCTY M3BECTHBIX KPHCTAJNJIHYECKHX JIOJ0YeK XJIOPHCTOTrO
HaTpUS.

M3 u3/10kKeHHOro CJaeayer, 4YTO <«JOJA0UYKOBAs» H «IHPAMHLAJbHAA»
(opmMBl poCTa KpHCTANJIOB (eppuTa UTTPUS B IOBEPXHOCTHOH YacTH pac-
MmJ1aBa BbI3bIBAIOTCA H3MEHeHHeM IJIOTHOCTH OKPYzKalolllero MHTaiolLlero
pacTtBopa, CBS3aHHOH C H3MeHeHHeM COOTHOIUEeHHS JIETKONO H TSAKeJOro
KOMIIOHEHTOB KOMIIJIEKCHOTO pacTBOpHTeNsl. B pesy/abrate KpHCTAJJbI JIiH-
60 BCIJIBIBAIOT Ha/Jl MOBEPXHOCTBIO paclyaBa, OTPbiBAsCh OT MHTAIOLLEH
cpebl, MO0 TOHYT, Mporudas NOBePXHCCTHYIO IJIEHKY paciiaBa ¢ 06paso-
BaHUEM J10/10UeK.

Kax usBecTHO, pacmiaB/eHHble PacTBOPbI HCIBITHIBAIOT rpameaIlHOH-
Hyio auddepeHnuanuio 1o yaeapHoMy Becy. B wactHocTH, dakt audde-
peHUMalUy PacTBOpPA YCTAHOBJEH H /ISl CHCTEM, HCHOJb3YeMbIX /s MOJy-
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JeHHsl KpUCTaAIoB Qepputa HTTPUs B paciiasienHom pactsope [3]. Kax
OBLIO MOKa3aHo HaMH paHee B JokJade Ha Il coBemannu no MuHepasoru-
yeckoil kpuctajiaorpaduu (r. CBepanoBcK), BeanyuHa aupdepeHiuanny
MHOTOKOMIIOHEHTHBIX pPACTBOPOB B TI'PABUTALMOHHOM TiOJie B MPEIKPUCTAJ-
JH3ALHOHHBIA [1epHOj JOCTHraeT 3HAYHTEJIbHBIX BeJHUHH, 00YCJIaBJIHBas
KOHYCHYIO CHMMETPHIO Cpejbl KpHcTa/anroodpazoBanns. B cBssu ¢ 31muM Obi-
Ja uayueHa JAuddepeHnHalUs KOMIJIEKCHOIO PACTBOPUTENS, CO/AepzKallero
paBHble MOJISIDHblE J0JAM OKHCH M (DTOpHJAA CBHHIA, TaK KaK HMMEHHO IpH
YKa3aHHOM MCXOJHOM COOTHOLIEHHH KOMIIOHEHTOB PAaCTBOPHTE/sl 3SKCIepH-
MEHTaJbHO YCTAHOBJIEH HauMeHee BbIpAXKEeHHbIHl CKeJeTHBIH pOCT BepXHei
yacTH KpucTasia. ‘

B pacniaBe ¢ yKa3aHHbIM HCXOAHBIM COOTHOIIEHHEM KOMMOHEHTOB C
MOMOILbI0 pazpaboTaHHOTO B TOMCKOM MOJHTEXHHYECKOM HHCTHTYTE MEeTO-

Puc. 3. dopmbl  pocTa  KPHCTALI0DB
GeppuTa HTTPHS B TIOBEPXHOCTHOMH
IJIEHKE paciiasa  TpH  CONeprKaHuu
B HMCXOIHOM  COCTaBe PacTBODUTEs
¢propucroro csuxua 56% wmoua. VB, 20%.

J1a MpsIMOTo OnpejeseHdsl KOHUEeHTPAalluid KOMIIOHEHTOB B pacTBOpe-paciiaa-
Be TyTeM raMma-npocBeunBaHHsl YCTAHOBJEHO, YTO B H3yYEHHOM CJoe pac-
wiaBa TOJULHHON OKOJIO 25 ma @ipd Temneparype, OJH3KOH K KPHUCTAJJI03a-
poxaeHuio ¢eppura, (GIIOKTYallHOHHO H3MEHSIOUAsAcs KOHLeHTpPalud
¢ropnia CBUHI@ B BepxHeHd uyacTu pacmiaaBa gocruraer 70—80 wmoa. 9%,
TOrjJa Kak B HUKHeH uyacTH pacmiaBa (TOPUJ] CBHHILA NPAKTHYECKU He CO-
nepxutca. Takum oGpasoM, HENOCPEICTBOHHO B 30HE CIOHTAHHOH KPHCTAaJI-
JAH3aUUM B pe3yJabTaTe [1eHCTBHS I'PABUTALUOHHOrO (akTopa B PaCTBOPH-
Tese, oOeCrneuyuBalolleM ONTHMaJbHble YCJAOBHS [/ HECKeJeTHOro pocTa
KPHCTAJJIOB, YCTAHABJMBAETCS 3HAUUTEJNbHBIH M3O0LITOK (PTOpHIA CBHHIA,
CIIOCOOCTBYIOUHH oOnepexamwolleMy pocTy IMJIOCKOCTeH pebdep, HOPMaJbHbIX
K rpansim {211}, u 3a cuer 3TOrO0 OrpaHeHHI0 KPUCTAJNIA TPAHAMH POMOO-
a1oaekasapa [1, 3]. )

M3 u3noKeHHOro ciaejyer, 4To MpH BbIOOPE COOTHOIIEHHSI KOMIIOHEHTOB
KOMIIJIEKCHOTO PaCTBOPUTENS HEOOXOJHMO PYKOBOJACTBOBATHLCSI HE TOJBKO
VCJOBHEM  YJIyUlIeHHS PACTBOPUMOCTH IM0Je3HOH (a3bl M CHUMKEHUS TeM-
nepaTtypbl  ee KPHCTAJJIO3apOXkK/IEeHHUs, HO M CKJIaJAblBAalOUleHCs K Hauvaldy
KPHCTAJJIH3AIHH TJIOTHOCTbIO MaToOyHOro pactBopa. OcoOeHHO BaXXHO (CO-
OJ101aTh  3TO YCJOBHE TPH BBIOOPE CHCTEM /sl BBIpAIMBAHUS MOHOKDH-
CTaJbHBIX MJIEHOK Ha MOBEPXHOCTH pacm/jaBjeHHoro pacrsopa. Ilpu stom
cjle/lyeT MMeTb B BHIY, YTO KOMIJIGKCHbIH pPaCTBOPUTE]Ib HCHLITHIBAET CY-
LleCTBeHHYIO U depeHlHanUI0 M0 Y/AeJbHOMY BeCy, YTO 'Pe3KO H3MeHdeT
NepBHYHOE COOTHOLIEHHE KOMIIOHeHTOB pAaCTBOPHUTEJNS B 30HE KPHCTAJIU-
3alHH M, CJEJ0BATEJbHO, MOXKET CYILeCTBEHHO H3MEHHTb I'PAHHVIO MOP(O-
JIOTHIO BbIpalllMBa€MbIX KPHCTAJJIOB.
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