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H pacTBOpa, a TaKXe HX MOJIbHBIX COJAEPKAHHH B
MHHepaJax eIuHHIbI 06'beMa MOPOIbI

Mgy Ny, .+, Ny — MOJIbHBIE KOJIHYECTBA KOMIIOHEHTOB
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paJjax, Tak 4 B IOPOBOM PacTBOpe €IHHHIIE 00BeMa
MOPOJLBI

C., Cyy ..., C, — KOHIIEHTPALHH KOMIIOHEHTOB B PacTBOpe

P, Pm, P — JaBJleHHe, JaBJeHHe HAa MHHepaJ, 1aBJleHHe Ha pac-
TBOD

Crs, Cu® — KOHIIEHTpalHusl MHHepaJa B PacTBOPe, KOHIEHTPA-
Iyl HACBILEHUS IPH Pu = Pix

A, B, A,F — muHepaJBl, CJI0XKEHHbIE COOTBETCTBEHHO KOMIOHEH-
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12 — MOPHUCTOCTb NIOPOJLI

3 — 006beM NOPOALI

v — 06'beM IPOCOYHBILIETOCS pacTBOpa
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u — CKOPOCTb TIPOABHIKEHHsT (POHTOB HHOHILTPAUUOH-
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(ra. III)
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aupoysun
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BBEIEHHE

B MeracomaTHyeCKHX TOpHBIX IOPOAAaxX YacTO BHAHa GoJiee HJIH
MeHee NpaBHJIbHas 30HAJbHOCTD C YepeJOBaHHEM 30H Pa3HOrO MHHe-
paJbHOTO cocTaBa. HacTo rpaHHUBl MeX1y 3THMH 30HaMH OBIBAIOT
pe3KHMH. Pe3KoCTb rpaHHI 30H 10 HeJaBHErO BPeMEHH GblJIO NpH-
HATO pacCMaTpHBAThb KakK J0Ka3aTeJbCTBO NPEPBIBHOCTH, MyJbCALHH
MeTacoMaTHueckoro npomecca. Kaxnas 30Ha paccmarpuBajach Kak
pe3ysbTat BO3[eHCTBHSI HOBOH NOPIHH I'HAPOTEPMAJbHBIX paCTBOPOB.
Mexay TteM npaBu/bHAas MOCJEL0BATENbHOCTh METacOMAaTHUECKHX
30H BO MHOTHX CJy4Yasix ONpeJesIeHHO yKa3blBaeT Ha OJHOBpPEMEeH-
HOCTb pa3pacTaHHsl 30H B T€YEHHE OJHOTO MEeTaCOMaTHYeCKOro Ipo-
necca. B 3ToM oTHOUIEHHH HA MeHs GOJIbIIOE BIeYaT/IeHHe IPOH3BEJI0
nposiB/leHHe N1H((Py3HOHHOH METacOMaTHYECKOH 30HAJbHOCTH B (JI0-
FOIMTOBBIX H J1a3yPHTOBBIX MecTOpoxkaeHusix Bocrtounoii Cudupu
[17, 21]. C npyroit cTopoHbl, npuHIKN AH(GEPEHIHATBHON I0ABHK-
HOCTH KOMIOHEHTOB [ 16, 24], cTosb sipKO MpOSABJSIOUIKIACA IPH MeTa-
MOpP(HYECKHX H MeTacOMaTHYeCKHX Npoleccax, CTaBHJ 3alayy pas-
paboTKH JHHAMHYECKOH MOJENH Ipoliecca, OObACHAIIIE YCJIOBHS
nposiBJieHHss AH(pGdepeHIHaNbHON NOABHKHOCTH. B CBA3H ¢ 3THM
MHOIO CTa/li pa3pabaThiBaThbCsl BONPOCH TEOPHH (DUIABTPALHOHHOIO
sdpdexra [22] u nHGUABTPAUHOHHOH MeTacOMaTHYECKOl 30HAJIBHO-
ctu (1951—1953 rr.). B passoe BpeMsi MIOI0 paccMaTpHBAJHCh BO-
npocel Teopuu 6Gumeracomarosa [21, 23], nudpdysHonno# 0KOMOTpE-
IMHHOH 30HaJbHOCTH [20], MeTacomaro3a Npu HaJHyuH TeMIepa-
TypHOTrOo rpanuenta [32], meracomaTo3a npu NPOXOXKIAEHHH MOCTe-
MarmMaTHyeckoi BoJIHBI KucaotHocTH [40]. MHrepecHo, uto B Teue-
HHE psijia JIeT NPeACTaBJeHUs O Pe3KUX (PPOHTAX METaCOMaTHYECKOTO
3aMelleHHs BCTPeyasH pellHTe/JbHble BO3PaXKeHHsI CO CTOPOHBI I'e0-
JIOrOB, yOexK IeHHBIX, YTO METacOMaTO3 MOXKET COBepIIAThCs JIHIIb 32
CUET II0CTENEeHHOr0 H3MEHEHHs] MHHePaJIbHOTO cocTaBa nopoasl. [loJ-
HOe 3aMelleHHe MHHepaJOB Ha pe3KOM (POHTe MHOTHM Ka3aJoCh
JIOTHYECKOH HeJIeNOCThIO.

M3 pannux paboT, pacCMaTpHUBaBIIHX METAaCOMaTHUECKYIO 30-
HaJbBHOCTB, CJIelyeT OTMETHTh paboThl [67, 52, 68, 70].

[Tosnnee, B 70-x rogax, NosiBHJIOCH 6OJbIIOE KOJHYECTBO OCHOBA-
TeJbHBIX PaboT, MOCBSILIEHHLIX 3KCIEPUMEHTaJbHOMY H TeOpeTHue-
CKOMY HCCJEeJOBAHHIO METacOMAaTHYECKOH 30HAaJbHOCTH. OKCHEpH-
MeHTaJIbHble HCC/Ie0BAHHS BEJHCh MPEUMYIIECTBEHHO B Halllef cTpa-
He, H CPeJH HHX 0000 cjaeayeT OTMETHTb PaboThl 04 PYKOBOACTBOM
B. A. )KapukoBa. dkcnepHMeHTa/bHbE HCCAEL0BAHUS MOATBEPAUIH
TeOpeTHYeCKHe BBIBOJAM, B YAaCTHOCTH TEHJAEHLHIO, NPH MEeIJEHHOM
NPOTEKaHHH Ipolecca, K 00pa3oBaHUIO Pe3KHX (DPOHTOB 3aMEUIEHHS.

Ilpu moarortoBke 2-ro H3qaHHsi HAMU BeChb TEKCT Oblj IIepecMoT-
peH U BBeJleH pAJ H3MEHEeHHUH H JONOJHeHHH.
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I'masa I
OBUIUE BOITPOCHI

1. Buap MeTacoMaTHYECKHUX MPOLECCOB
M X TEPMOJAMHAMMYECKHE MapamMeTphl

MeracoMaTHUeCKUMHU Ha3bIBAIOTCA NPOLECCH H3MEHEHHs XHMHUe-
CKOTO COCTaBa MOPOJBI, COBepLIAILIHeCs MOCPEICTBOM 3aMelleHHs
OZHHX MHHEpaJoB APYrHMH. 3aMelleHHe coBepuiaeTcss OOBIYHO TpH
y4acTHH TMOPOBLIX PACTBOPOB, KOTOPbIE PACTBOPSIOT OJJHH MHHEPaJIbl
1 HeMeJJIEHHO OTJIaraloT ApyrHe, Tak 4TO B TeUeHHe 3aMelleHHs I0-
poja B Lle]IOM COXPaHsieT TBEPA0e COCTOSHHE.

Caenyer pasnuuath [Ba KpaHHHX clyyas MeTacomMaroda — AHQ-
(ysuonublii 1 HHGHAbTPauUOHHBIA. [Ipu nuddysnonHom Meracoma-
TO3e NepeHOC BEIeCTBA COBeplLIaeTCs NocpeAcTBOM AH(pY3HH uepes
3acToiiHpie MOpoBbie pacTsopbl. Jdubdysnsa yepes KpucTalIHYecKHe
pelIeTKH MHHepaJoB HJH BJO0Jb OBEPXHOCTHBIX CJ0€B KPHCTAJIHYE-
CKHX 3€peH TOXKe MOXKeT IPHHMMAaTb ydyacTHe, HO, KaK MNOKa3blBaIOT
reoJIOTHYECKHe JaHHble, TOJbKO B MHKPOCKONHYECKHX MacuTabax.
JleficTBUTENHO, CyLIECTBEHHBIe NMpPOsBAeHHs AH((DY3UOHHOTO MeTa-
coMaro3a, pacnpocTpaHSAIOLNeCs Ha PacCTOsiHHEe B HECKOJIbKO MEeT-
pOB, MPOSIBJASIOTCS TOJBLKO JIOKAJbHO, B 30HaX UMPKYJIALHH PacTBO-
pos. HecpaBuenno Gosee aedcTBeHHbl HHQUIbTPALHOHHO-MeTacoOMa-
THYECKHE MPOLECCH, B KOTOPBIX KOMIIOHEHTBI MOPOJ TepeHOCATCA
TeueHHeM MPOCAUYUBABIIUXCSA Yyepe3 MOPbl TOPHBIX NMOPOJ BOAHBIX pac-
TBOpOB. MH(UIBTPALHOHHO-MeTACOMATHYECKHE TIPOLeCCH MOTyT 3a-
XBaTBHIBATh MHOIOKHJIOMETPOBBIE TOJIUIH FOPHBIX MOPOZL.

B neficTBHTEJbHOCTH HH(HUAbTPALHOHHbIE IIPOLECCH BCerjpa coye-
taoTcsi ¢ AU dy3HoHHBIMH. PacTBOpBEl MPOCAuHBAIOTCSA BAOJbL CThI-
KOB 3epeH HJH 00TeKaloT OTAesbHbie OoJsiee MJIOTHbIE y4acCTKH T0-
POJIBI, TOTAa KaK 3aMelleHHe 3THX OTHEJbHbIX 3€PeH HJHM YYacTKOB
MOPOJB IPOHCXOAHT 3a cueT AH(y3un KommnoneHtos. Beaencrsue
nuddY3UM MOMKHBL CMSTY4aThCs Te peskue GPOHTH 3aMellleHHs], KO-
TOpble CO3/1al0TCs HHOUIBTPALHOHHBIM [TOTOKOM PacTBOPOB. Oanako
Mmpexk/ie BCero He06X0JAUMO pa3BHTHe TEOPUU KPaMHUX C/Ay4aeB YHCTO
HH(UIBTPAUHOHHOTO U YHCTO AM((Y3HOHHOTO MPOLECCOB, Ha OCHOBE
Yero aHaJid3 pas3jHYHBIX MX COUETaHMi He MPEACTAaBUT 3aTPYAHEHHH.

U3 cayyaeB coueTaHuss MHPHUIBTPALHMOHHOrO M AH(P(Y3HOHHOTO
NMPOLECCOB 0COGEHHO HHTepPeCHB ABa. [IpH 0KOJOTpemrHHOM (0KO0JIO-
JKHJILHOM) MeTacoMaTo3e pacTBOPBI IPOCAUHBAIOTCA MO TpEllHHE
HJIH TPEUIMHHOH 30HE, BAOJb KOTOPO# Pa3BHBAIOTCS HH?Hﬂb‘TpaHH-
OHHO-MeTacoMaTHYeCKHe SIBJIeHHSs, TOTAa KakK/ B3aHMOJAEHCTBHE ITPO-
cayMBalollerocs pacTBopa ¢ GOKOBBIMH TOPOAAMH MPOHCXOMHMT IO-
cpeacTBOM AH((Y3HH KOMIOHEHTOB Yyepe3 3aCTOMHbIe NOPOBbIE pac-
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tBopbl. [lpn 6HMeTacomaro3e NMPOUCXOAHT AN Y3HOHHOE B3aHMO-
JleficTBHe KOMIIOHEHTOB JBYX CONPHKACAIOUIMXCS H CIIOCOOHBIX pea-

THPOBATh MeXKIy c060i nmoposd. Juddysnus KOMIOHEHTOB NPOUCXOAUT
yepes MOpOBbIe PacTBOPHl, KOTOpPble, KAK MPaBUJI0, HAXOAATCS B JBH-
JKEeHHH, IPOCauynBasich OOBIYHO BAOJIb KOHTaKTa. BeieacTBHe HHPKY-
JIII[MH TIOPOBBIX PACTBOPOB OCYILECTBJSIIOTCS MIPUBHOC H BBIHOC GoJiee
NOABHKHBIX KOMIOHEHTOB, Ecau uHpUAbTpanusi pacTBOPOB HaNpas-
JIeHa TIoNepeK KOHTaKTa peaTHpyIOLIUX MOpoa, To apdexT nuddysun
nepekpbiBaeTcst necTBHeM GoJiee GBICTPOr0 HH(PHALTPAUHOHHOTO Tie-
peHoca KOMIIOHEHTOB M GuMeracoMaTto3 (CyllecTBeHHO AH( Y3HOH-
HBIl TIpOLleCC) MEPeXOAHT B KOHTAKTOBO-DEAKIHOHHbI)I HHpUJIbTpA-
I[MOHHBIH MeTacoMaTo3.

PactBopenre mopoabl ¢ 0o6pa3oBaHHeM IYCTOT H B APYTHX CJay-
yasiX BHINOJTHEHHE MYCTOT MHHepasJaMU yXKe He OTHOCATCS K COOCT-
BEHHO METaCOMAaTHYECKHM IIPOLECCaM, HO OHH 4acCTO CONPOBOXKIAIOT
MEeTacoMaTo3 M B JAaJjbHeHlIeM OyIyT NMPHHATH BO BHHUMAHHE.

JI1060#i MeTacoMaTHYeCKHil MPOIeCC B LeJ0M HeoOpaTHM, HepaB-
HoBeceH. OHAKO 3TO He HCKJIOYaeT COGJIOEHHsI HEKOTOPEIX PaBHO-
BeCHBIX cooTHOIeHui. Ecin ¢uabrpanus pactBopoB uin auddysus
KOMIIOHEHTOB COBeplIaeTCsl JOCTATOYHO MEIJIEHHO CPaBHUTENILHO CO
CKOPOCTBIO YCTAHOBJIEHHS] PABHOBECHS M€Ky NMOPOBHIM PacTBOPOM H
CONpHKaCalOUUMHICI ¢ HUM 3epHaMH MHUHEpaJoB, TO B MeTacoMaTH-
YeCKOH CHCTeMe, B LleJIOM HEPaBHOBECHOH, MOXKeT yCTaHOBUTHCS
«JI0KaJIbHOE paBHOBeCHE» B KaXKAOM OTHEJbHO B3STOM MaJjiOM y4acrT-
Ke. JlokanbHOe paBHOBecHE MOXKET OBITh OINpPeNeJeHO KaK TakKoe,
IIPH KOTOPOM B KaX/JOH TOUKE CHCTEMBI TOJbKO OrpaHHUEHHOE YHCJIO0
napamMeTpoB (YHCJIO KOMIIOHEHTOB ~+2) MOXKET HMeTh He3aBHCHMYIO
BEJIHUHHY, a OCTaJbHBIE BJASIOTCS UX GYHKUUAMH. [1pu nuddysnon-
HOM MeTacomMaro3e NpuOJIHKeHHe K JOKAJIbHOMY PaBHOBECHIO HMEET
MeCTo B KaxAoM yuactke. IIpu HH(HUIBTpALMOHHOM MeTacoMaTo3e
HeoOpaTHMble peakllud COBEpIIAIOTCs Ha pe3KHX (poHTax 3ame-
LIEHHUS, TOTJA KaK MeXAY HUMH DacTBOP HAaXOAMUTCS B PaBHOBECHH
¢ MHHepaJaMHU nopojbl. B 3ToM c/lydae MOKHO FOBOPHTb O «MO3aHy-
HOM» paBHOBECHM KaK YacTHOM CJydae JIOKaJbHOTO paBHO-
BecHs. B oCHOBYy pa3BHBaeMOH JaJjee TEOPHH MeTacOMaTHYeCKOH
30HAJILHOCTH MOJIOXKEHO [IONylleHHe JOKaJbHOro paBHOBecHs. ITo-
* CKOJIbKY B IIPHPOJAHBIX MeTacoMaTHUeCKHX 06pa30BaHHAX CO 3HAuH-
TEJbHBIM MPUOJMKEHHEM OCYLIECTBJSIOTCS TeOPETHYeCKH BBIBEIEH-
Hble 3aKOHOMEPHOCTH CTPOEHHS METacOMaTHYeCKHX KOJIOHOK, TO TeM
CaMBIM J0OKa3bIBaeTcsi MNpHOJUKEHHEe K JOKa/JbHOMY paBHOBECHIO
MPH 3TUX NPHUPOJHBIX Hpoleccax. B oco6eHHOCTH 3T9 JA0Ka3blBaeTCs
o6pa3oBaHHeM pe3KHX (PPOHTOB 3aMelleHHs, XOTs HMHOTAA 3Ta pes-
KOCThb YaCTHYHO 3aTyIIEeBBIBAETCS BJHSHHEM pa3/IMYHOH BeJHYHHBI
3epeH (posib IOBEPXHOCTHOH 3HEPTHH), HepaBHOMEPHOH IIODH-
CTOCTBIO, 3aMe/JIEHHOH KHHETHKOH peakiyi 3aMelleHHs.

[Ipn TepMOAMHAMHYECKOM pABHOBECHH TOJBKO OrpaHHYEHHOE
YHCJO IapaMeTPOB CHCTEMBI MOXKeT HMeTb He3aBHCHMYIO APYr OT
Jpyra BeJIMUHHY, OCTaJbHbe sBJAsIOTCS UX QyHKuusaMH. B HauGosee
IPOCTBHIX CHCTEMAaX HaHMeHbllee YHCJO He3aBHCHMBIX MapaMeTpoB,
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onpeAeAoliX PaBHOBECHOE COCTOSIHHE CHCTeMBI («thaxTOpoB paB-
HOBECHS CHCTEMBI»), NPeBblIIaeT Ha 2 YHCJIO ee KOMIOHEHTOB. Ecan
naBJIeHHE HA OJIHY U3 (a3 (e HalleM ciyuae — Ha NMOPOBHIH PacTBOp
pm) OTJHUAETCS OT AaBJIEHHS Ha OCTaJbHbIE (¢aspl (Ha MUHEpaJbl
pu), TO UHCJIO (AKTOPOB PABHOBECHS YBEJIHUHBACTCH Ha €AMHHLY.

B cBSI3M C OTpaHHYEHHBIM YHCJIOM (DAKTOPOB PaBHOBECHOIro CO-
CTOSIHUS CHCTEMBl BCe €e KOMIOHEHTbl MOryT OBITh pasjiesiedbl Ha
npe rpynnbl. KOMIOHEHTBI, 3KCTEHCHBHBle MapaMeTpbl KOTOPIX
(Macchl HJIH MOJIbHbE KOJIHYeCTBa) SIBISIOTCS GaKTOpaMu COCTOAHHS
CHUCTeMBbl, HAa3biBAIOTC WHEPTHbHIMH. KOMNOHEeHTHl, HHT€HCHBHBIE Ma-
pameTpbl KOTOPHIX (XHMHYECKHE NOTEHIHAIBI, PYTHTHBHOCTH, aKTHB-
HOCTH HJIM KOHIIEHTPAllMid B OXHOH H3 (a3) aABJAAIOTCA (PaKToOpamH
COCTOSIHAS CHCTEMBI, Ha3bIBalOTCsA BIOJHe noABHKHbIMH [16, 35].
[Ipolecch nepexojia U3 HePaBHOBECHOTO COCTOsIHMAs B PaBHOBECHOE
COBEpINAIOTCS MPH MOCTOSAHCTBE (aKTOPOB PaBHOBECHS, T. €. IIPH M0~
CTOSTHCTBE MacC HHEPTHHIX KOMIIOHEHTOB H COOTBETCTBYIOIINX MHTEH-
CHBHBIX I1apaMeTPOB BIOJIHE INOJBHXKHBIX KOMIIOHEHTOB, IIPH BO3-
MOKHOM M3MEHEHHH XMMHYECKHX IIOTEHIHAJJ0B HHEPTHBIX KOMIIOHEH-
TOB M MacC BIIOJIHE NTOJABUXKHEBIX.

Coraacho npasuay (a3 'm66ca, B mpocToii -cucTeMe YHCI0 (a3
¢, UNC/IO KOMIIOHEHTOB £ 1 YHCJIO CTeneHeil cBoGOAb n CBsi3anbl Gop-
MyJIoil ¢p=R+2—n npu obuEeM YHCIe IKCTEHCHBHbIX fex © HHTEH-
CHBHBIX [, (DAKTOPOB PaBHOBECHS, PABHOM fer+fin=F+2. ITpu npo-
WZBOJILHOH (T. €. coyuaiiHoii, BBAHMHO ‘He3aBHCHMOf) BeanunHe (aK-
TOPOB PABHOBECHsI KaX/blfl N3 HHTEHCHBHBIX (PaKTOPOB pPaBHOBECHS
NpeiCTaBJsieT CTeNeHb CBOOOBI CHCTEMBI, T. €. n=fi. Orciona <<
<k+2_f1n 501858 4)<fcx-

[Ipu Bcex MeTacOMaTHUeCKHX TpoleccaX OAHHM H3 (aKTOpOB
paBHOBeCHs sIBJIsieTCst TeMnepaTypa T OKpyxKalollei cpe/bl.

B OTHOLIEHHH JaBJeHHs ¥ oO0beMa BbIAENSIOTCS HECKOJbKO TH-
noB mMeracomaTo3a. OOGBLIYHO METacoMaTo3 MPOUCXOAUT Ge3 H3MeHe-
HHS 06/beMa TMOPOJBI, Ha UTO yKa3biBaeT COXpaHeHHe PeJHKTOB CTPYyK-
Typhl mopoabl u (GopM B ncesgoMopdoszax (mpaBHIO Jlunarpena —
coxpaHenue o6beMa TOPOABI IpH MeTacomarose). B arom cayuae
o6beM mopojsl V cranoButces pakropom pasHosecus. ITpu sTom naB-
JieHHe Ha MHHEpaJbl Py MOXKET IPeBOCXOAHTh JaBJeHHe Ha MOPOBLIH
pacTBOp Ps. DTO BO3MOMKHO, KOHEUHO, JIHLIb B TOM CJyyae, ecai MH-
HepaJibl BBIOJIHSIOT MOYTH Bech 00beM V' 1Oopo/ibl, OCTABJsIsA AJIst 10~
POBOrO pacTBOpa JHLIb cyOMHKpOCKONHUecKue nophl. Eciu Xe B 110-
poze mMeloTcsi GoJiee 3HAYMTeJbHBIE NMYCTOTBI, TO JAaBJE€HHs Ha MH-
HepaJibl H TOPOBHI PACTBOP CPABHUBAIOTCH M UHC/IO (PAKTOPOB paB-
HOBECHSI YMEHBIIAETCS Ha €JHHHILY. _

B apyrux ciayuasix MeTacoMaTo3a 00beM IOPOXBI MOXKET H3Me-
HSITHCS, TOTJA KaK He3aBUCHMBIM (paKTOPOM SABJSETCA [aBJCHHE.
JlaBaeHue Ha MHHepaJbl 3aBHCHT OT HAarpy3KH BbllIeJeXkKallux nopoa
(IUTOCTATHUECKOE JaBJIEHHE), a HHOTJa OT YCJIOBHil TeKTOHHYECKOTO
cxKatusa (cTpecc) H MOXKET NPeBOCXOAHTh AaBJeHHE NIOPOBLIX PaCTBO-
OB, 3aHHMAIONIUX JHUIIb CyOMHKPOCKONHUECKHe NOpH. B aToM CaIy-
yae B YHCJO0 (GAKTOPOB PAaBHOBECHS BXOIAAT T, pr, Px. Ecan xe nas-
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JICHHsI HA MHHEepaJbl U JKUIKOCTb CPAaBHMBAIOTCS, TO OJHO U3 HUX H3
yuciaa HaKkTOpOB BhIagaer.

ITockosibKy 06beM CyOMHKDPOCKONHYECKHX TOD He BJHseT Ha HH-
Tepecylolllie Hac MHHepaJbHble PaBHOBECHS, Mbl 3THM (DaKTOpOM
cocTostHHS 60JIblIel yacThio OyAeM npeHebperars. '

[pu s060M BHAE MeTacoMaTo3a B YHCIO (AaKTOPOB PaBHOBECHs
BXOAAT MacChl WJIH MOJIM MHEPTHBIX KOMIIOHEHTOB Mg, ..., M.. B OT-
HOLIEHHH 6oJiee NMOJABHKHBLIX KOMIOHEHTOB f, ..., k& (BKalouass pac-
tBoputedb H,0) ycaoBus nuddy3HoHHOTO H HHQHIBTPALHOHHOIO
MeracoMarosa pasauyHbl. Jluddysus NpUBOAMT K BBIpAaBHHBAHHIO
XUMHUYECKHX TOTEHIIMAJOB MOABUIKHBIX KOMIOHEHTOB Wy, ..., My KO-
TOpble U SIBJSIOTCS (DaKTOpaMu paBHOBeCHs NMpH AH(PPY3HOHHOM Me-
tacomarose. [Ipy MH(HUIBTPAIHOHHOM MeTacoMaTo3e PaBHOBECHBIE
COCTOSIHUSL 3aBHCAT oT Kouuenrpauuu Cy, ..., C, BTOpramouierocsi B
MOPO/AYy pacTBOpa, TOrAa Kak XHMHYeCKHe NOTeHIHaJbl 3THX KOMIIO-
HEHTOB 3aBHMCAT OT peakiuii pactBopa ¢ mopojoil. Konumentpauuu
3/leChb BBIPAXKAIOTCSl B MaccaX HJIUM MOJSX KOMIIOHEHTa Ha €JHHHIY
o6beMa pacTBoOpa.

Taxum oépasoM, BO3MOXKHBI METaCOMaTHYeCKHe CHCTEMBl CO Clle-

ILYIOIKMH Ha6opaMH (akTOpPOB PaBHOBECHSI:

A. ITupdy3HoHHBIH MeTacoMaTos

I e
pu=prx|Ib T,V

II la T,pp px Mgs vovs Mgy Pgs ooy g
Pu>>pPx| b T,V,py

B. UHuIbTpalHOHHBIH MeTacoMaTos3

I fa LD
Py =Px )| s 501 T

Thisoivos NeoGris vy
11 Ha T,py, px s .

Meracomaruyeckue cucrembl tuna Ala, Alla, Bla, Blla coBep-
IIAI0TCSI [IPU MOCTOSTHHOM [ aBJIEHHH, HO C H3MeHeHHeM o0beMa Mopo-
Ibl, a OCTajibHbie peaKIWH COBepIUAIOTCs MPH HOCTOSHHOM O0Obeme
MOPOJIbl, HO C U3MEHEHHeM JaBJIeHHsI Ha MHHEepaJbl.

[TapamMeTpsl f,, ..., M. Bbllle 0003HAaYalOT COMEpPKAHHUS KOMIIO-
HEHTOB ¥ B MHHepaJjax, i B [IOPOBOM pacTBOpe AaHHOro o0bema IO-
poasl. Ilpu najbHeiiuieM H3JM0XKeHHH Ham OyayT OoJiee TNOJIE3HBI
MOJIbHBIE COAEPKaHHs KOMIOHEHTOB B MHHepaJsaX elHHHIB 06beMa
IOPOJBI, 4TO Mbl GyjaeM 0603HayaTh NPOCTO 4, ..., K. B HEKOTOPBIX
cayyastx Mbl Gyaem NpPHMEHSTh COAepKaHHe KOMIOHEeHTa KakK B MH-
HepajaX, Tak M B [IOPOBOM PacTBOpe eAHHHIBI O0bema MOPOABI i'.
OueBupno, urto i’=i+PC;=n;/V, rne P — NOpHCTOCTb MOPOMILL
B GoJblnHCTBE cjyyaeB MpH MeTacoMaTo3e MOPHCTOCTh MOPOJDI He-
BequKa, Tak uTo npousseaenneM PC; MoxHo Gyner npeHebperars,
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OTOXK/AECTBJSASA i U i°, H TOJNBKO B CIellHaJbHbIX CAydyasix He06X0AHMO
Gy/eT YYHTHIBATb Pa3jnyie 3THX ABYX apaMeTpoB.

®aKTOPOM paBHOBECHs fBJSETCS TaKXKe NOBEPXHOCTHAS SHEPIHsd
KPHCTAJJIOB, KOTOpasi GBICTPO yMEHBLIAETCs C yBeJIHYEHHeM pasMe-
poB KpHCTajinyeckux sepen. Ilepexpucrannnsauus ¢ pacTBOpeHHeM
goJiee MEJKHX, MeHee COBEpPUIEHHBIX MM OoJiee Ae(OpPMHPOBAHHBIX
3epeH C POCTOM 3a MX cyeT GoJsiee KPynHBIX M 6oJjiee COBEpUIEHHBIX
KPHCTAJ/IJIOB CONPOBOXK/AaeTcst OCBOOOXK/IEHHEM SHEPrHH W TMOTOMY
{JeT caMonpou3BoabHO. COOTBETCTBEHHO GoJslee MeJIKHe 3epHa 00Ja-
naioT 6oJbLIeH pacTBOPHMOCTbIO, uem Oosee kpynuble. IIpaBaa, B
HacTOsIee BpeMsi NPUHATO AyMaTh, YTO 3TO PasjiMyHe PacTBOPHMO-
CTH MOKeT CJYXKHTh NPUUHHOH MePeKPHUCTAJNIH3allHH TOJNbKO IipH
KpaiiHe MaJsioi, MHKPOCKONHYeCKO# BequuuHe 3epha. OnHako merpo-
JIOTHUECKHE HaOJIOJeHHsT I0Ka3blBAalOT, YTO IepeKpHCTaJ/JIH3aIHus
yacTO NMPHBOAUT K 06pa3oBaHHI0 BecbMa IPYyOO3€pHHCTHIX MOPOJ C
KPHCTaJJIaMH BEJIHYHHON B HECKOJIbKO CaHTHMETPOB, M TPYAHO 00b-
SCHHTb 3TO SIBJEHHE KaKoi-1u00 Apyroii NpuynHOH. B03MOKHO
JIUIIb, YTO 3/eChb, KpOMe NOBEPXHOCTHOH 3HEPTHH, HMeeT 3HaueHHe
MeHbIlIee COoflepKaHHe NpuMeceil H Je(peKToB B HOBOOOGPA30BaHHBIX
KpUCTAJIaX. : ;

BecbMa MHTEepPECHO siBJI€HHE «pPOCTa KPYINHBIX KPHCTAJ/JIOB Ha
¢ponte ux pactBopenus» [24, 35]. Ha ¢ponte pacTBOpeHHs M@JIKHX
3epeH MUHepa/ia MHOT/Ja HabJi0JaeTcs POCT OT/eNbHBIX Goslee Kpyr-
HBIX KPHUCTAJIJIOB TOTO XK€ MHHepaJia KaKk MeHee PAaCTBOPHMBIX, IpH-
yeM M 3TH KPyNHBle KPHCTaJJbl 0OHAapyXHBalOT NPH3HAKH PacTBO-
penusi. Hexkotopble Apy3Bl KPHCTaJJIOB, I0-BHAMMOMY, BO3HHKAlOT
TakuM o6pasoM. O6pa3oBaHHe OT/AJNbHBIX 6ojiee KPYNMHBIX 3epeH 3a-
Mell[aeMBIX MHHepa/JoB Ha (POHTe HX OOIIero pacTBOPeHHs Hapy-
IaeT pe3KocTb HPOHTOB 3aMEIIeHHs IPH METacoMaTose.

2 KpHCTaJIJIPIBal.lHOHHOC JaBJieHHe MHHEPAJOB

BosbmeMm cuctemy ¢ ¢dakropamu paBHoBecus T, V, Mo, ..., Ma,
T. e. CHCTEMY, B KOTOPO# €IHHCTBEHHBIM 3KCTEHCHBHHIM (aKkTOpoM
paBHOBeCHs sIBJISIeTCsI 00bev, TOrJa KaK BEJHYHHBl XHMHYECKHX
MOTEHIIMAJ0B BCeX KOMIOHEHTOB 3aJal0OTCs BHEMIHUMH YCJIOBHSIMH.
CornacHo mpaBuiy ¢a3, B TaKoi cuCTeMe IPH NPOH3BOJIbHBIX BHEII-
HUX ycJOBHAX 6yaeT ycTofiunBa TOMBKO o/iHa (asa. TepmoanHamuye-
CKuii moTeHnuasa (cBoGomHas 3Heprus) F CHCTeMBl H ee MOJHBIH
nuddepennuan 6yLyT umMeTs caelyomuit sua [24, 35]:

F = —pV; ! (I.1)
dF = — SdT — pdV — S| nidir.. (1.2
a

PaBHOBECHO® COCTOSIHHE XapaKTepH3yeTcss MHHHMaJbHON BeJHYHHOH
CBOGOJHOH 3HEPTHH, a, CJeL0BATEJbHO, NPH MOCTOSHHOM obbeme —
MaKCHMaJbHBIM JaBJeHHeM. YcroiuuBa Oymer Ta (pasza, KoTOopas
NpH JaHHBIX BHEUIHHX YCJIOBHSX, T. €. NPH JaHHBIX T H XHMHUYECKHX
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nmenuuanax KOMIIOHEHTOB, CHOCoOHa pa3BHBAaTH HauboJibllIee 1aB-

JleHHE HA CTEHKH AaHHOTO 0Gbema UJIH, ADYTHMH CJIOBaMH, CIOCOOHA

IIPOTHBOCTOATH HanéonbmeMy JIaBJEHUIO. DTO MOXKET 6bITb JaH60
pacTBop, KHAKHA HIH ra3000pa3Hblii, JHG0 KaKOH-HHOYAL MHHEpAJ.

B nocaiennem ciayyae naBienHe, pasBuBaeMoe MHHepaJsoM (MJIH HC-
NbITBIBAEMOE MHHEPaJioM), HaXOASIIHMCS B PAaBHOBECHH C JaHHBIM

pacTBOpPOM, HABbIBAETCA KPHUCTAJNAHU3AIMOHHBIM JaBJEHHEM MHHE-

paJa.

[Tpun nocrosiHHON Temmeparype  AHddepeHIHAT AaBJEHHUS IS

paCCManHBaeMOI/I CHUCTEMBI BBIPpA3HUTCA TaK:
Z (Op/owy) dps. - (L3
a

ITepekpecrtHoe nuddepeHuupoBanne KO3(DPUIHEHTOB ypaBHEHHS
(I.2) naer BO3MOXKHOCTb NPOM3BECTH 3aMEHY YACTHBIX MPOH3BOAHBIX:

Op/op;=0ni/oV =is (i=a,...,k),

rje i’ — colep:aHHe KOMIOHEHTa i B eAMHUIE o0O0BbeMa NOPOJBHL
IMoxcrasasia 3t cootHowenusi B (1.3), nosyyaem
k :
dp = Z S o (1.4)

a

Ecsin Bech 06beM BBHINOJIHEH XKHAKHM BOJHBIM PacCTBOPOM, TO p MPeA-
CTaBJIsIeT JaBJeHHE XKHIAKOCTH P. IIOCKOJMBKY comepkKaHHe BOIBI
B 3TOM CJyyae IPEeBOCXOJHUT ConepxkKaHHe NPYTHX KOMIOHEHTOB, TO
JlaBJIeHHE ps OOJIbIIE BCErO 3aBHCHT OT fmo. OOPATHO, Wm,o 3aBHCHUT
OT JaBJeHHs Ha pacTBOp. B nanbHefimiem Mpl OyZeM NpPHHHMATL B
KayecTBe (pakKTOpa DaBHOBECHS P, TOTAA KaK Wmo — paccMaTpi-
BaTh KakK IlapaMeTp, 3aBHCALIMH H OT [AaBJIEHHS Ha DacTBOp, U OT
XUMHYECKHX MOTEHIHAJOB PACTBOPEHHBIX KOMIIOHEHTOB.

IToBblIeHHe XMMHYECKHX NOTEHIHaJOB KOMIOHEHTOB MHHepaJsa
B pacTBOpE BBI3BIBAET IOBBILIEHHE €ro KPHCTaJIH3alMOHHOTO JaB-
Jdenusi. Ecam 3T0 faBleHHe MHHepaJia ppr CPABHSJIOCH C JaBJeHHEM
pactBopa Pk, TO COOTBETCTBYIOLIyIO KoHUeHTpauuio Cp MuHepasa
B pacTBOpe Mbl 0003HAYHM KaK KOHLEHTpauuio HachlueHHsa Cy™.
Ecin paBneHHe Ha MHHepaJs NPEBOCXOAHT JAaBJeHHE HAa IOPOBBIH
pacTBop, TO pacTBop sBJjsieTcss nepechilieHHEIM (Cpr>Cnp™) B TOM
cmbicae, 4To (IpH HaJHYHHM INYCTOT) pPacTBOp MAOJIKEH OCaXJAaTh
JlaHHBIA MUHEpaJI.

[TpeneGperasi He3HAYHTEJbHOH CXKHMAeMOCTbIO MHMHEDAJOB, MBI

MOXKeM HHTerpupoBaTth ypaBHeHHe (I.4) u moJyYyuThH

k k {
Pu— px =) i — D) i, : (L5) |
a a

rue p,.-n-—Be.III/I'lPIHa XHMHYECKOro IoTeHlHaJsa KOMIIOHEHTa i MHHE-
pana, HaxojAsllerocs Inoj JAaBJeHHEM IIOPOBOro pacTBopa; w; — TO
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ke JJs MHHepaJsa, HaxOoJsillerocs IOxI U30BITOYHBIM  JaBJEHHEM

P> P
XHUMHYecKHe TIOTeHIHaJbl KOMIOHEHTOB |1; MOTYT GbITh 3aMEHEeHBI

X aKTHBHOCTSIMH y; 110 (hopMyJie
0 %
L= Hi +RT lnvi’
rie w’ MPeACTaB/sieT BeJHUHHY |, NPH JaHHOM TeMmneparype W NpH
aAKTHBHOCTH, NpuHHMaeMoit 3a exununy. IToxcraBass B (1.5), mo-
IYyYUM

A :
pu— px = RT > iln(yi/yi) = RTpm In (Ku/Kj), (1.6)

rage 'Yin——' aKTHBHOCTb KOMIIOHEHTA i MHHEpaJia, HaXOoAsAIlerocsa Imoa
LaBJIeHHeM pacTBOpa Pk, Pm — MOJbHasg IVIOTHOCTHL MHHEpaJa, T. €.
cojepxKaHue €IMHHYHBIX MQJIbHBIX KOJHYECTB MHHEpaJa B €AHHHIIE
ero o6bema; KM‘—HPOI/BBelIeHHe pacTBOpHMOCTH MHHEpaJia, CO-
cTaBJIeHHOE JJs 1 MOJb MHHEpaJa:

Ku = vixs - . vk, g (I.7)

npudyem Kp® — OpH [aBJeHHH Ha MHHepaJs, PaBHOM JaBJEHHIO Ha
pactBop, a Ky — npH H3GEITKe JaBJeHHs Ha MUHEpaJ.

Ecau MuHepas MOXKHO pacCMaTPHBATh KaK OJHOKOMIOHEHTHBIH,
to (1.6) maer

P — Px = RTpxIn (vm/Vh)- (1.8)

B ¢opmynax (1.6), (I1.8) BEIGOp €AMHHYHOTO MOJIBHOrO KOJHYE-
CTBa MMHEpajia MOXKeT OBITh NPOH3BOJIEH, TAK KaK H3MEHeHHe MOJIb-
HOM NJIOTHOCTH, BHI3bIBaeMOe H3MEHEHHeM eJMHHUHOIO MOJIBHOIO
KOJIMYEeCTBa, KOMIEHCHPYETCS H3MeHeHHeM NPOH3BeleHHsl PacTBOpH-
MocTH. JIefiCTBHTENbHO, €CJIH Mbl YKPYNHHM €AMHHYHOE KOJHYECTBO
KOMIIOHEHTa i B A pas, TO

Whi = hpy = Apy + RT Inv} ='ph; -+ RT Inyp;,
OTKyJa :
h, h .
Yot == Yi» : Ky = Kis;
H, CJeJ0BaTeNbHO,
Py — Px = RTPuy In (Yam/Vhm) =
T " H
— BT pus In (oae/ifo = RTpo I (omiih) (1.10)

Vv =V  pau = pu/h, (1.9)

Ecan MOXKHO JONYCTHTh, YTO PacTBOp IPHOJMIKAETCs K HJealb-
HOMY M YTO KOHIIEHTPAl[M{ KOMIIOHEHTOB B HeM IIPONOPIHOHAJbHbI
HX aKTHBHOCTSIM, TO, 3aMeHsis B (1.8) akKTHBHOCTH KOHIEHTPaIUsIMH,
MOJTYUHM:

Pm— px = RTPM In (Cm/Ch) = RTpu Inl, (I.11a)
dpm = RTppmd In Cy, (I.116)
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Tjle OTHOIIEHHE KOHUEHTpauuil /7 mpeicTaBAsieT CTeNeHD mepechile-

Hus pacrtBopa. OgHako Takas 3aMeHa BO3MOXKHA JIHIIb [IPH BIIOJIHE
Oonpe/ieIeHHOM BbIOOpe eIHHKYHOIO MOJBHOTO KOJHYeCTBA MHHepaJia,
CCOTBETCTBYIOILETO JeHCTBATENBHOMY PaCCesHHI0 MHHepasaa B paer-
Bope. J[eACTBHTEIbHO, DU H3MEHEHHH €IMHHYHOTLO MOJBHOIO KOJIH-
HECTBA INPONOPUHOHANBHOCTS KOHUEHTPALMH H aKTHBHOCTH Hapy-
waercd, Tak Kak Chy= (1/h) Cy;, TOr1a KaK yayw=y" [cM. ypaBuenne
(1.9)].

Takum 06pasom, KpHCTANIH3ANHOHHOE 1aBJeHHEe 3aBHCUT OT CTe-
IIEHH TEpEeChIeHAs] pacTBopa M, Hao6OPOT, CTeNeHb MepechillleHHs
3aBHCHT OT BeJIHYHHBI H30BITOYHOTO 1aBJIeHHs] Ha MHHepaJ. [Ipu nan-
HOHM BeJIMYMHE aKTHBHOCTH MOJIEKY/bl MHHepaja B PacTBOpe KpH-
CTaJIIM3allHOHHOE JaBJieHHe TeM 6oJIblle, yeM 60Jblle ero MOJbHAS
IJIOTHOCTD (NIPH 3TOM HaJ0 IOMHHThH 3aBUCHMOCTb KaK AKTHUBHOCTH,

TaK U MOJbHOH IJIOTHOCTH OT BBIGOpA €IHHHYHOTO MOJBHOTO KOJIH-
YecTBa).

3. PuabTpauHOHHDIH 3D PekT

JlaBHO H3BECTHO, YTO NMPH (H/ILTPALHH BOAHBIX PACTBOPOB COJe
uepes KOJJIOAHEBble H ApYrHe OpraHdyeckHe MeMOpaHbl NPOUCXOIHT
sajepiKkKa cosieil MeMOPaHOi ¢ Pe3KHM IOHHKEHHEM KOHIIeHTPaIHH
coJiel B mpocoumBLiedicss Boge. DTOT IPPEKT HA3BIBAIOT «(DHILTPa-
UHOHHBIM 3(dexkToMm» HIH «yabTpaduibTpaunneit». B Hacrosmee
BpeMs opraHHYecKHe MeMOpaHbl IIMPOKO NPHMEHSIOTCS JJIs Olpec-
HEHHsI COJIeHBIX BOA. EcTecTBeHHO, UTO B reoJsIOrMH SIBHJAcCh HAesl O
BO3MOKHOM 3HAa4YeHHH (pUIbTPAUHOHHOTO 3 deKTa npu GHALTPALHH
BOJIHBIX PAaCTBOPOB Yepe3 rOpHbIe MOPOABI HJIH 3aKPHIThie TPELIHHbI
B HHMX [68, 18, 22].

B CCCP B psle HHCTHTYTOB Te0JIOTO-T€OXHMHUYECKOTO NPOdHIS
OBLIM IOCTaBJEeHbl OCHOBATE/bHble 3KCIepHMEHTaJbHble HCCIeN0Ba-
HHS 110 QHIbTPALNU PaCTBOPOB Yepe3 H3MeJIbUeHHbIE HJIH IieJIble Top-
Hble MIOPOJBI U MHHEpaJibl, a TaKxke GoJiee OOIIHE SKCIePHMEHTaJbHbIe
H TEOpETHYECKHe HCCJIeI0OBAHHA IO 3TOH mpobseme [46, 47, 43, 11,
13, 6, 7, 10].

OTH 3KCIEePHMEHTaJbHble HCCAeJOBAHUS JOKa3aJH, YTo XOTS
(GuUIbTPALHs CONPOBOXKAAETCSI COPOIHMOHHBIMH SIBJEHHSMH, HO COG-
CTBEHHO (DPU/IbTPAUHOHHBIH 3((eKT He cBsI3aH ¢ HUMH, DHALTPaLH-
OHHBIA 3()(HeKT NposABAAETCS B COPOUHOHHO-HACHIIEHHBIX QUABTPAX
H B OTJIHUHE OT COPOIMH IIPHUBOAMT K INOBBIIIEHHIO He TOJBKO KOH-
LEeHTPaIMH, HO U XMMHYECKHX IOTEHIHAJIOB 3a1epKHBAEMbIX (DHIb-
TPOM KOMIIOHEHTOB, TaK UTO NPH CHATHH I'PajiieHTa AaBJEHHsS C pac-
TBOpa NPOUCXOAHUT oOpaTHas TUGDY3HS 3a1ePKAHHBIX KOMIOHEHTOB.
[ToaTBepauioch Takke NPEANONOKEHHe O CyIIeCTBOBAHHH «KHCJOT-
HO-(HUIbTPalMOHHOrO 3ddexTa», T. e. Gojee GBICTPOro NpocauHBa-
HHSI KHCJIOTHBIX KOMIIOHEHTOB CPaBHHTEJIbHO C OCHOBAHHSIMH.

Ouenb c0XKHOiH OKaszajach npobjeMa (H3HKO-XHMHUYECKOH IPH-
poanl GUIbTPALHOHHOTO 3 dekra. Hanbosee narasimuo npeacrasie-
HHe O (puabTpalHOHHOM 3 (dekTe Kak «3ddekre cura», Bomaee Kpym-
HBble THAPATHPOBAHHBIE HOHBI NPH (UIBTPALUH HCIOBITHIBAIOT 06OJIbLIE
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5a/epKEK (KTPEHUS») CO CTOPOHBI CTEHOK NMOP U NOTOMY GHABTPY- — —

foTCcsl MeJJieHHee. Pagmep ruipaTHPOBAHHBIX HOHOB TeéM 6oJIblle, YeM
6oJbllle 3apsii HOHA. DTO COrIacyeTcsl C TeM, YTO, I10 FeOJOTHUECKHM
IaHHBIM, MOJBHXHOCTh HOHH3HDPOBAaHHBIX MeTaJUIOB TeM O0OJblile,
yeM MeHbllle MX BaJEHTHOCTb: HauOoJiee NOJABHKHBI IEJOUHbBIE Me-
TaJlJibl, MEHee TMOJBHKHBI LIeJOYHO3eMeJIbHble U HAaHMEHee MO/BHK-
HBl TPeX- W YeThipexBaJieHTHble MeTaJubl. HecomHeHHO 3HaueHHe
3JeKTPOKMHETHYECKHX sIBJIeHHH ¢ oOpasoBaHHeM Ha CTeHKaX IOp
IBOHHOTO 3JEKTPOKHHETHUECKOTo cJ0s. MIMeroTcss CTOPOHHHKH POJIH
6apoanddysun. B 3T0# npobieme erie MHOroO HesCHOTO.

Ha oCHOBaHMH 3KCIEpHMEHTAJbHOTO H3yueHHs (QHIbTPALHMH He-
OpraHMuYecKHX cojiell uepe3 KoslomHeBble MemOpannl b. B. Opuuiep

[55] nan caexyooulylo OCHOBHYI QopMyay (QUIbTPALHOHHOTO
spdexra:
dn,=q.C;dv. (1.12)

31ech 1; — KOJIMYECTBO KOMIIOHEHTA i, MPOCOYHBIIErocs BMeCTe C
0o6beMOM U pacTBOpa uepe3 paccMaTpHBaeMoe CeueHHe (HIBTPA;
C, — KOHIIeHTpPallHsi KOMIIOHEHTd i B pacTBope; ¢;— KOIpPHIHEHT
GuAbTPAUHOHHOTO 3 deKTa, KOTOPBIH MOMKET H3MEHATHCA OT HYJI
(KOMIIOHEHT TIOJIHOCTBIO 3ajlepPXKHBaeTCs (HUIABTPOM) A0 eIHHHIIBI
(KOMMOHEHT GUILTPOM He 3a1epIKUBAETCH).

JLis BHIBOAA OCHOBHBEIX CBOMCTB (H/IBTpAaLHOHHOrO NMOTOKa [22]
MBI IIpHMEM 3a OCHOBY (opmysy Dpiuiepa C AONyUIEHHEM, UTO s
nesaBucumo ot C; (ecau TOJbKO nosbillenHe C; He NPUBOAUT K OCaXK-
[eHHIO MHHEpPAJIOB ¢ 3aKyNMOPKO# Mop).

Ecan w, — CpeiHsisi CKOPOCTh NPOCAYHBaHMs YaCTHI[ PaCTBOpPH-
TeJisl, W; — PAaCTBOPEHHOro BelleCTBa, ¢ — IJIOWIAAb CeYeHHs IO0p
¢uapTpa, To, OYEBUIHO,

dv=quw,dt; (1.13a)
dn;=qw,C.dt. (1.136)
IMoxcraBus 3TH 3Hauenns dv u dn; B ypaBHenne (L.12), moayunm
mocJjie COKpalleHus -
(Pi':wi/wo, (114)
T. e. Ko3bduunent ¢uIbTPaUHOHHOTO 3hdeKTa ¢ TNpelcTaBsieT
OTHOCHTeJILHYIO CKOPOCTb (HAbTPAaLMH PacCTBOPEHHOTO BeIIECTBA.
Taxum 06pa3oM, CyLHOCTb QHIABTPALHOHHOTO b deKTa 3aKM0IaeTCs
B TOM, YTO pasHble KOMIOHEHTHI PacTBOPa HMEIOT Pa3/IHYHYyI0 Cpel-
HIOIO CKOPOCTb [IPOCaYHBaHUS B UIBTPE.
Ilepenucas ypasHenne dpuiiepa (1.12) B BuIe
dni/dU=KPiCi,
nudpdepennupyem o6e yaCTH N0 PACCTOSTHAIO X:
d(dn;/dv) |0x=—q (0C;/0v) =0 (¢:C;) 0%
HITH
g (9C,/0v) +¢;(9Ci/9x) + C;(9¢:/0x) =0. (I.15)
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—— TlpunuMas Bo BHAMaHHe (L.13a), nocnexnee ypaBmenme wmomuo

NIpeACTaBUThL TaK¥kKe B BHJe

(1/wy) (9C/0t) +4(9C./dx) + C, (9 0x) =0, (1.16) -
Ypasuenus (1.15), (I.16) mator Bo3aMOXRHOCTE PaccMoTpeTs yacr- "

HbIE CJyYaH.

1. Tyers @ mocrosHHO BROML Beero motoka (0g:/0x=0). Torxa
(I.16) maer

0C,/dt +q.w, (3C,/dx) =O0. . (1.17)

31ech HMEIOTCS TOMBKO Be He3aBHCHMEE nepeMenHnle: x u £ Ilo-
STOMY /Il CEYeHHS NOTOKA, BBIAENEHHONO 10 MOCTOSIHHON KOHIIEHT-
panuu C; uMeeM

Kom6unupys sto coorromenye ¢ (I.17), noanyyaem
(dx/dt) c;=—(0Cy/0t) : (0Ci/9x) =—w,=w,. (1.18)

Orciona BHJHO, YTO BOJIHBI NOBBIUIEHHOH HJIi NIOHHKEHHOH KOHI[eH-
TPallhi B NOTOKE (QHJIBTPYIOIIHXCS PacTBOPOB IIPH HOCTOSHCTBe II0O-
pPHCTOCTH (M mpH OTCYTCTBHH PeaKUHH pPacTBOpa C ¢buabTPOM) nepe-
MEIIAIOTCA BAOJIL NOTOKA C MOCTOSIHHON CKOPOCTBIO, COXpaHSs IO-
CTOSIHHBIE KOHLIEHTp all}H,

2. Iyers Ko3(phHunueHT ¢: C PACCTOSIHHEM H3MEHSIETCS B CHJIy H3-
MEHEHHS] NMOPHUCTOCTH HJU COCTaBa TIOPOJ, uepe3 KOTOpEIE PacTBOPHI
¢uasrpytores. Ecau B HaYaJIbHBIH MOMEHT KoHUeHTpauuss C; BLOJb
BCEro notoka nocrosiina (0C;/0x=0), 1o ypaBHenue (I.16) paer

0C,/0t=—w,C,(0g,0x), (1.19)

T. € NIpH BCTYIUIEHHH PacTBOPa B TPyAHee NPOHHIAEMbIe IOPObI
(d:i/0x<0) KoHIeHTpaUHsi KOMIOHEHTOR pacteopa Oyzer mo Mepe
POCauHBaHHs paCTBOPA BO3PACTaTh, a MPH BHIXO/e B Goee IPOHH-
Laembre nopoasl (0¢i/0x>0) — nonnxatshes, C TeueHnem BpeMeHH
MOJKHO OBITh [OCTHTHYTO CTalHOHAPHOE COCTOSIHHe ¢ 0C;/ot=0,
Aast kotoporo (1.16) paer

90Ci/0x+Cg,/0x=0;  Cp=const, (1.20)

T. €. IIpH YCTaHOBHBIIEMCA (HJIBTPALHOHHOM IHOTOKe NPOH3BeeHHe
KOHIEHTPAlHH KaXKJ0ro KOMIIOHEHTa Ha ero K03 duuuent ¢uap-
TPALHOHHOTO 3¢ (peKTa HUMeeT MJsT BCEro MOTOKA IIOCTOSHHYIO BeJIH-
unHy. B yuactkax ¢uabrpanuu Uepe3 MeHee NPOHHIAEMbIE NOPOALI
YCTAHOBHTCA GOJiee BBICOKAs KOHUEHTPALHs PacTBopoB, ueM B 6oJee
IIpOHHIaeMbIX nopoaax. Takoe pasauyne KOHLEHTPALUH MOXKET MPH-
BECTH K TOMy, YTO peakUHH OCaxAeHHsS KOMIOHEHTOB Oyayt npu-
YPOUCHEI K Tpy[Hee NPOHHIAEMBIM NOPOAAM, s KOTOPBIX ¢ HMEeT
MEHbUIYIO BeJHYHHY.

OKCnepHMeHTaIbHble HCCAeIOBaHHS NOKa3aJ/Ji, YTO OCHOBAHHS
(KaTHOHBI MeTaJJIOB) 3a/lepIKHBAIOTCA MHHEPaJbHBIMH (HILTPaMH,
T. €. s HuX <1 u cnyckaercs go 0,7. KucaoTHble 2Ke KOMIIOHEHThL
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' c BKO
(aHMOHBI) He 3a]epKHUBAIOTCH, U AJ5 HAX @=1 uan gaxe HEeCKOJ ‘
oJIbIIIE. e
. OKa3aJjoch TaKke, 4T0 (pHAbTPALHOHHbIE 3QDEKTHl 1151 Bcgi)(sxoac-
OHEHTOB ocJabeBaloT (¢ mpubAHKAETCS K eﬂ%?{?}fe)mfxiﬁ (;)H [IiO]
‘ KOMIIOHEHTa, TakK U C 1 ;
TaHUEM KOHIIEHTpalUH e
[IOPUCTOCTH Ha INYyTH
CoraacHo [68], ymeHblieHue 1 }
i ocaxKJeHHs
B 4BJISIETCS TJIaBHOH NPUYHHO
CcauMBaIOUIUXCS PacTBOPO i
OPUCTOCTH JOJIKH
KO Takoe yMeHbLIeHHE II : !
et i sl HeDYAHBIX NOPOJO
0oBaThb OCaxKjalouie Ha P
npexje BCero AeHcTB s e
HTOB pacTBopa. Jlas ocaxn ¢
it HCJIOTHOCTH PacTBO-
HHe HMEET H3MEeHEeHHe KI
KaxeTcs, IVIaBHOE 3Haue pestE
s13aHO ¢ (pHUIbTpAIL
B UACTHOCTH, MOXKeT OBITh CB q ;
o i Tpanyeil KUCJAOT CPaBHH
oJiee OBICTPOU (PHIBTP !
s deKToM, UMEHHO ¢ 6 A
YTO BBI3BIBAE€T OTCTaBaH
TeJbHO C OCHOBaHHUSMH, ggaetac
i OTHBIX KOMIIOHEHTOB H
nepexkalolieil BOJHB KHCJI : .
gcag{ﬂeﬂne ocuoBanuii. Ha 3ToM Mbl ocTaHoBuMcs ganee (em. ri. III,

paszen 2).



iy — Fnasall

M30TEPMHUYECKAS
UH®H/IbTPALIMOHHA S ,
METACOMATHUYECKAS 30HAJIbHOCTb

1. BbiBOJ OCHOBHBIX ypaBHEHHi :
HHOHUILTPALHOHHOM METACOMATHYECKOH 30HANBHOCTH

- Pacemorpum kpaitnnii Cayyai YHCTO MHOHJbTPAIHOHHOrO MeTa-
COMAaT03a, KOra KOMIOHEHTHI IepEeMEIIaIoTCs TeYeHHeM DpacTBOpa,
a MHQOY3HOHHBIM IepeMelleHHeM Kak ‘6o/1ee  MEIEHHBIM MOMKHO
npeneGpeus. Cucrema nop, uepes KOTOpble TpOcayHBaeTcst pacTBop,
AOCTAaTOUHO TOHKA, TaK YTO PACTBOPOM OMBIBAETCS KaKoe 3€pHO
noponel. Ilpu stom pacrsop mpocaumpaercs JOCTATOYHO MEAJEHHO
CPABHHTEJIbHO CO CKOPOCTBIO PeaKUHil B3aHMOeHCTBUS MEXKy pac-
TBOPOM M MHHEpaJlaMH MOPOABI, TaK YTO BCIONYy cO6JI0aI0TCs YCaI0-
BHS JIOKaJbHOTO (MO3aHYHOIO) TepMOLHHAMHYECKOTO PaBHOBeCHS.
IMTopucrocts u KO3 QULUHEHTHl YHABTPALHOHHOTO apdeKra A5 KaK-
AOTO KOMIIOHEHTA C PacCTOSIHHEM He H3MEHSIOTCS. MeTacoMaTos co-
BEpIIAeTCsi NPH MOCTOSIHCTBE 06'beMa 3aMellaeMoii NIOPOJHI, T. €. He
COTIPOBOKaeTCsl MeXaHHYECKHMH IepeMelleHHsIMH MuHepaJoB. Ham
HYZXKHO pacCMOTPETh CTPOeHHe «MeTacoOMaTHYeCKol KOJIOHKH», T. €.
NIOCJIEI0BATENBHOCTh METACOMATHUECKHUX IIOPOZ, BO3HHUKUIHX BHOJb
[I0TOKa MPOCaYHBAIOUIMXCS PACTBOPOB.

PaccmoTpuM ceuenne KOMOHKH eXHHHYHO IJIOLa A1, TlepIeH/H-
KyJApHOE NOTOKY pacTBOPOB. DiieMeHTapHOE MOJbHOE KOJIHYECTBO
KOMIIOHEeHTa n;, NepeHeceHHoe ¢ 06beMoM du pacTBopa, NIPOCOYUB-

lUerocs yepes NaHHOe CeyeHHe, COIIACHO (opMy.Jie Opuiepa [55],
PaBHO

dni/d0=(pic,-, (II.I)

TIe @:— KO3 PUUHeHT DHILTPALHOHNOIO apderra; C; — KOHLEHT-
palist KOMIIOHEHTa i B pacTBOpe.

BosbMem wactHEIe npousBoanEe or 06enx uyacTei JLaHHOTO ypaB-
HEHHS 110 PACCTOSHUIO X BIOJIb KOJOHKH:

0 dni 0is oi aCi act_
S8 () ) ) - a2,
ox \ du 0v /x ov /x ov /y ox /o

rae i'=i+PC; — copep:aHHe KOMNOHEHTa i’ B elHHHIe 06beMa Io-
POJIBI, BKJII0Yasi NMOPOBBIA PacTBOp; i — comepxaHHe B MHHepaJax
€AHHHLB 06beMa 1nopoAsl; P — mopHcTOCTh nopoxnrl, AHaslorHuHOe
YPaBHEHHE NOJYUNM JJIsi KaXKJI0TO H3 KOMIIOHEHTOB q, . . . , k IOPOJBI
H pacTBOpa, YTO JaeT CHCTeMy H3 K ypaBHEHHI:

9i o ois aC,
—P— = T =g, L, I1.2
ov > dv ov ? ox ( )
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Kak oTMmeuajioch paHee, NpH HH(HJIbTPALHOHHOM METaCOMaTO3§
¢ coxpaHeHHeM oObeMa (aKTOphl TepMORHHaMIéqe%{OFO paagziii};e
natores paaom T, V, pw, Nay ..., R, Gy, ..., Cy. Tlpu nocg"B e
(UM HeCylIeCTBEHHOM H3MEHeHHH) IepBbIX Tpe)é tdaxTop s
napaMeTpoB 4, ..., e, C;, ..., C, TONbKO k MOTryT OBITH Hesak aB:
4yTO MOXKET OBbITh NPEJCTaBJEHO CylleCTBOBaHHEM CHCTeMb;I' yp
HeHH# (DYHKIMOHAJbHOI CBA3H MEXJy 3THMH NapaMeTpaMHu:

Ca:f(“,---.h); <5 Ch=f(a,...,k)- (II:))k)
aBHenui (I1.2) Bxomsit k+2 nepeMeHHBIX: @, . . ., k,
C B ??CCT‘,iMx}j ZE) KoTOpbie cBs3atbl 2k ypaBHeHusiMu (I1.2) u (113).

TaK 4YTO NIPU 3aJlaHHBIX KpaeBbIX YCJIOBHAX He3aBHUCHMBIE H3MeHeHHe$f
BO3MOXKHBI JIHIIb AJS ABYX MapaMeTPOB, B KaueCTBe KOTOPBIX €cT

CTBEHHO B3SITh X H U. |
Korga mopHCTOCTb NOPOJLI HE3HAUHTENbHA H UJICHOM PC,; moxHO

npene6peun, ypaBHenue (I1.2) ympocrures 10 BHAA -
0i/0v = —q;(0C,/0x). (11.4)
B naabHeiimem 6yneT pacCMaTpPUBAThCsl TMIaBHBIM 00pa3oM HH-

i )54
(GuUABTPALHOHHBIH  MeTacoMaro3, Onpeae/sieMbld YpaBHeHHﬂM
(I1.4), mpu caeAYIOIWHUX NPOCTEHIINX KPAEBbIX YCAOBUSX:

i P v=0, x>0; — 0. upn
g el li=n, b, L R).

i
B 3TOM cayyae JBe IepeMeHHbe X H U MOTYT OBITb 3aMEHeHbl O/IHO
He3aBHCHMO# mepeMeHHo# u=x/v. [leficTBUTEJIbHO,

u=xlv; Ou/dx=1/v; Ouf/0v=—x[v?

(11.5)

i di ou R el B aC; .
_&)_:E-aj___;z_du’ ox du 0% vdu
[MoxcraBass stu npoussoansie B (I11.4), moaydnm
) (IL.6)
uE_ " du
Kpaessie ycioBust (I1.5) Beipassitcst uepe3 HOBYIO NEPEMEHHYIO: 2
i=i, mpu u=o0; C;=C’ mnpu u=0. (11.7)

Pemenue ypasuennii (I1.6) mpu KpaeBHIX YCJHOBHAX (II.7()H6g)11e;
noBIeTBOPATh Takke ypaBHenuam (II.4) IPH yCAOBHAX iII o
iaoéopQT AT0 BHIHO H3 TOTO, YTO MOACTAHOBKOW B ypaBHEHHE 11.4)
u=xfv /I*I'yCJIOBI/Iﬂ (I1.7) wmut cuoBa mnoayunm ypasrenns (II

u ycaosus (11.5). ; s
yCequHe ¢ NaHHOH BeJMYHHOH u oOJajaeT IOCTOSHHOH €

pOCTBIO NPOABHIKEeHHs dx/dv. JIeACTBUTE/IBHO, o

du=d (x/v) = (vdx — xdv) [v*=0;  dx/dv=x[v=u. .8)

i % HOH

TToCKOMBKY # SIBJSIETCS eIHHCTBEHHOH He3aBHCHMOH olfrzpe?é::ylo'r
(npu 3aJaHHBIX KPaeBBHIX YCJOBHSX), TO KaXIOMy 4 €O
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OTpEe/IeIeHHBIA COCTaB NMOPOABI M ONpejeJSeHHas KOHIeHTpalus MOo-
POBOTO PACTBOPA, KOTOPLIC HE U3MEHSIOTCS NPH NMepeMellleHHH 3TOTO
CedeHHs C NIOCTOSHHOM CKOPOCThIO. [IpyrHMH C/I0BaMH, pa3pacranie
MHOQUALTPAIIMOHHON METacoOMaTHYECKOH KOJOHKH He COIIPOBOXK1aeT-
€ H3MEHEHHEM COCTaBa ee Pa3pacTalolluXCs 30H, TIPHYEM KaXK /Bl
(GpOHT 3aMelleHHS NepeMellaeTcsi ¢ MOCTOSHHOIM ckopocteio. Ilo-
aToMy u3 ypasHenus (I1.6) caexyer

Sl e gt - (IL.9)

U= P —_—=
X du du du du v

Vives B BHAY, UTO u SBJISIETCS eIMHCTBEHHO IepPeMEHHOH, MBI
MOXKeM NPEACTaBUThb NOC/IeHee ypaBHEHHEe H TaK:

u=xlv=g,(dC./da) = ... =q,(dC,jdk), (I1.10)

a 110-717{ CprHTOB 3aMeIIeHUsI ¢ IPEepPhIBHBIM H3MEHEeHHEeM KOHIIEHTpa-
IUu " conep}xa}mﬂ KOMIIOHEHTOB

U=qi(AC./Aa) = ... =q,(AC,/AR) = x/v=dx/dv. (I1.11)

Moxer okasaTbCsi NOJIE3HOH M Jpyras ¢popma ypaBuenuit. IIpu
ABYX HE3aBHCHMBIX ITapaMeTpax X H U HMEEeM TOXKIeCTBEHHO

dl S bl
ax + - dv.

Has ceuenns: nocrostuHoro cocraBa di=0. IIpeoGpasys BLIpajKeHHe

Auddepennnana di npu nomouu ypasuenns (11.4), noayuum
dl:—_--—dx_—(pi*idv; a_ = i4:i-

ox ox dv/; o 0%

[Tockosbky MBI paHee NOKasasiu, YTO CEUEHHe C NOCTOSHHBIM i =

=dx/dv coxpaHsieT NOCTOSIHHBI COCTaB B OTHOLIEHHH BCEX KOMIIO-

HEHTOB, TO HMeeM

( dx ) x 0C,  oa 9Ch . ok

== : =...=Qp—: :
dv)a' Vi S “ox " ox Fox " ox

(IL.12)

Beauunna i Bo Bcex mMpeNBIAYIIHX ypaBHEHHSIX MOXKET GBITh 3aMe-
HeHa BeJHuuHOH i*=i+ PC;. YUgen PC; npuobperaer ocoboe 3Haue-
HHE, KOT/la C paCCTOSIHHEM HJIM CO BPeMEHeM Pe3Ko H3MeHSIeTCs pac-
TBOPDUMOCTL KOMIIOHEHTOB B CHJY HAaJIMUHs TpagueHTtoB I, P HJIH
NPOXOKAEHHS BOJTHBl KHCJAOTHOCTH.

Ha nmarpamme x— v nuHuM mocTostHHOro cocrasa HH(HUIbTPA-
LHOHHBIX METaCOMaTHYECKHX 30H U (DPOHTOB 3aMelLIEHHS] BHIPAZATCA
NPAMBIMH JIy4aMH, HCXOAAIIMMH H3 Hayana koopaunat (¢ur. 1).

B nanbueiiiem npH pacCMOTPEHHH TeX cJyuyaeB 30HAJIbHOCTH, KO-
TOpble He O0YCJOBJEHB (UALTPALHOHHBIM 3(QHEKTOM, MBI GyaeM
NPHHAMATD, YTO 3TOT 3 PeKT oTcyTCTBYeT (@=1), H COOTBETCTBEHHO
OnyckaTh 3Ha4oK ¢. CHenano 3To Kak sl yIpoOwleHHs (GopmyJ,
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dur. 1. JIMHAM MOCTOSTHHOIO COCTaBa H ()POHTOB 3aMelleHHS NPH HHOHIBTPALHOH-
HOM MeTacoMaTo3e Ha JHarpaMMe PacCTOsiHHE (X¥)— 00beM IPOCOYHBIIErOCS PacT-

Bopa () '

®ur. 2. 3aBUCHMOCTb KOHUeHTpauu#n C; KOMIOHEHTa B PacTBOpe OT €ro COAepxa-
HUsl [ B e[AMHHIE 06beMa TMOPOAH B BH/E OJAHOKOMIOHEHTHOrO MHHepasa

Tak U JJIs1 TOTO, YTOOB! Y YUTATENs1 He CO3aJ0Ch OLIHO0YHOTO BleyaT-
JIEHHsI, 4TO paccMaTpHBaeMble CBOMCTBA 30HAJIbHOCTH OOYC/IOBJEHbI
(GUABTPALHOHHBIM 3 ()EKTOM.

2. CcHOBHBIE CBOMCTBA HH(OUJIBTPALHOHHOMH
METacOMaTHYECKOH 30HAJIbHOCTH

W3 nosnyuenubix ypaBHenwuii, oco6enno (II.10), MOXKHO BbIBeCTH
OCHOBHBIE CBOHCTBA M30TE€PMHUECKOil MH(UJIBTPAIMOHHOH 30HAJbHO-
CTH TIPH NPUHSATHIX HAMH IPOCTEHIIMX KPaeBbIX YCJIOBHSIX.

a. O6pasosanue peskux @ponros samewenus. Ksorepmuue-
CKHH MEeTacoMaTo3 He MOKeT IIPOTEKaThb MOCPEeLCTBOM IOCTENEeHHO-
ro U3MEeHEHHs KOJHYECTBEHHOrO MHHEpPaJbHOro cocTaBa B 3aMe-
maemoii nopoje. JlefcTBHTeJbHO, H3MeHEHHE KOJHYECTBEHHOTO
COOTHOLIEHHsS] MHHEPAJOB B NOPOJe HE MOXKEeT HM3MEHHTb HX KOH-
UeHTpauuii B PacTBOpe, BCJEACTBHE 4Yero JJisi TaKOTO 3aMelleHHS
CKOPOCTh TPOJBHIKEHHsi (POHTAa 3aMelleHHss Oblia Obl, COTJIACHO
ypasuenuio. (I11.10), pasua nyawo (dC;=0 npu di=0). 3amemenus
C U3MeHeHHeM MHHEpaJioB TMEPEeMEHHOrO CcOCTaBa MOTyT HMETh
JUIIp KpafiHe OTrpaHHYeHHOe 3HAYeHHe, TaK KakK NpH HHHUIbTPA-
IIHOHHOM MeTacoMaTo3e, KaK YBHAHUM JaJjee, MePeMEeHHOCTh COCTaBa
MHHepaJioB OueHb orpannuena. Ilostomy uWHQHIBTPALHOHHOE H30-
TepMHUECKOe 3aMelleHHe JOJKHO BbIPaXKaTbCs B OCHOBHOM B 00-,
pPa30BaHHH PE3KHX (POHTOB 3aMeIIEHHsl OJHHX MHHEpPaJoB JAPYyrH-
mu. Ha aTux ¢poHTax 3aMelleHHs MPOHUCXOAHUT IPEePHIBHOE H3MEHE-
HHe KaK KOHIIEHTPalHii KOMIOHEHTOB B pacTBOpe, TakK H HX
comepxanuii B nopoge. CKOPOCTb NPOJABHKEHHS] TaKHX (QPOHTOB
3aMellleHusl  BBIpa)kaercss IPHBEJCHHBIM  Bbille  ypaBHEHHEM
(Il::khy
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@ur. 4. [IlnarpaMma H3MeHEHHSI KOHIEHT
MHHepasiax IOPOABI C OTHOCHTEJbHBIM
R; mox BosjeficTBHEM HHQHIBT
OTBETCTBHH C ¢ur. 3

paunu C; B pacTBOpe M coiep:Kauus f/a B
PacCTosHHeM X/ NpH 3aMellleHHH MHHepaJia
palMH pacTBopa C HH3KOH KoHHeHTpauueii C; B co-

Dur,
HH(punsl;TPLSMH%HeHHe Konuentpauun C; u comepkanus f/a ¢ paccrosiuueM x/v npH
PAalHOHHOM 3aMeIleHHH MHHepaia P, JHIIeHHOrO KOMIOHEHTa [, MOX BO3-

M pa pa C I f p q)
I
.u/eHCIBHe ( CTBO ) BBICOKOH KOH EHlpaH.HeH C B COOTBETCTBHH C TrpaduKOM

6. Belpasuusanue Oasienus Ha munepasrol. Ecan meracomaros
COBEpLIAETCs NPH NOCTOSIHCTBE O0beMa MOPOMBI, KaK 3TO OOBIUHO
ObIBA€T H KaK Mbl JOMYCTHJIH B PacCMaTPHBAEMBIX HAMIH npoiec-
Cax, TO J14BJICHHE Ha MHHEDAJIBl Py SBJSAETCS 3aBHCHMOI IepeMeH-
HOM H MOXKET NPEBOCXOJHTb NaBJEHHE HAa MHKPONOPOBHI (BIIOHA
px. Paccmorpum ciyuait MonoMuHepaJbHOI nopoasl. IToka mune-
paJ, CJOKEeHHbIH KOMIIOHEHTOM i, He BHIIOJHSET BCEro o6beMa, oc-
TaBJsisi MECTO He TOJBKO MHKPOINOpAaM, HO H Gosiee KPYIHBIM n};cro-
TaM B NOpoOJe, AaBJIeHHE HA MHHepaJ, OYeBHIHO, PABHO AaBJEHHIO
TIOPOBOTO DAaCTBOPA: Py =Pk, a KOHUEHTpauus C; KOMIOHEHTa | B
pacTBope MoxeT ObITb 0603HAYEHA KAK KOHUEHTPAIHS HACHILCHHUS
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C#. Ha nmarpamme colepxkaHHe [ B eIHHHIEe 00BeMa MOPOJIBI —
KoHLeHTpauusi C; B MOpoBOM pactBope (¢ur. 2) mopoie ¢ mycro-
TaMH COOTBETCTBYET rOpH30HTaJbHas npsamas. C HCYe3HOBEHHEM
MyCTOT BO3pacTaHHe COjJep:KaHHs | BbI30BET BC/IEACTBHE OYEHb Ma-
JIOH CXKHMaeMOCTH MHHepaJoB OYeHb OBICTPOe BO3pacTaHHe [aBJe-
HHSI MHHepa/ja M KoHueHTpauuu C; B pacTBOpe, 4TO H300pasuTCH
MOUYTH OTBEeCHOM JuHHed. Eciam B mpejenax 30HB JaHHOTO MHHe-
paJIbHOTO COCTaBa, He CojJeprKalleil MyCTOT, HMEIOTCsS MecTHbie pas-
JIMYUsl JaBJeHHs, TO BbipaBHHBAaHHE 3THX JAaBJEeHHH MpH IpocayH-
BAHHH PAaCTBOPOB JOJUKHO MPOHCXOAHTH BecbMa ObicTpo. CKOPOCTH
BLIPABHHBAHHA JaBiennusi, coraacHo dopmyae (IL11), dx/dv=
—AC,;/Ai TpONOPUHOHAJbHA TAHI€HCY HAKJOHA JIHHHH KOHUEHTpPA- |
LMK HAchlLleHHs Ha auarpamme i—C; (cM. ¢ur. 2), T. e. npH Hon—f
HOM BBINOJHEHHH MHHepasjaMu o0beMa MOPOLBI 3Ta CKOPOCTh Oy-
JeT npubaHKAaTbCs K OGeCKOHeyHOCTH. ITO CBSI3aHO, KOHEYHO, C
HHYTOXKHBIMH KOJIMUECTBAMH BeLIeCTBa, NepeMelleHHe KOTOPOro He-
00XO0JHMO /111 BBIPABHHBAHHUS JaBJICHHS.

C ;pyroit CTOPOHBI, MeXKj]y MeTacOMaTHYeCKHMH 30HaMH pas-
HOTO MHHepaJbHOTO COCTAaBa BO3MOMKHO CYyIIECTBOBAHHE YCTOHYH-
BHIX passuunii gaBieHuii. Ha HeKOTOPBIX (POHTAX 3aMeIleHHs MO-
IyT BO3HHKHYTH IepechillleHHbie PAcTBOPBI C NOBbIUICHHEM JaBie-
dUsl HA MHHepaJnl Blepein (QPOHTA 3aMelleHHs. OTH Pa3JIHYHA
JIaBJICHHS TIO Mepe pa3pacTaHusi KOJOHKH OyAyT COXPaHATHCS.

TaxkuM 06pa3oM, B npejesnax OT/[AeJbHbIX METaCOMaTHYECKHX 30H
JlaBJIeHHs] Ha MHHEpaJ/bl JO/KHBl OBITh BbipABHEHBI, HO B pPas/Hi-
HbIX 30HAX JaBJeHHe MOXKeT ObiThb pasjHuHbIM. Pasjauune JaaBje-
HHH MeX/Jy 30HAMH MOKeT BHIDABHHBATBCS MePEOTJIOKEHHEeM HaH-
6oJiee MOJABHIKHBIX KOMIIOHEHTOB («IOJBHKHBIX MHHEpPAJoB»), a B
HEKOTOPBIX CJyYasix H MeXaHHYEeCKHMH TepeMelleHHsiMH MHHepa-
JIOB, T. €. ©3MeHeHHeM 00beMa MOPOL.

8. OzpanuyeHnas nepemeHHoCTs cocTasa muteparos. Tak kak
Me3K/ly 30HaMH Pa3HOr0 MHHEpPAJbHOrO COCTaBa MpH HHPHUIbTPA-
LWIOHHOM MeTacoMaTo3e 00DasyloTcsi peskue Inepenajbl B KOHIEHT-
palMAX KOMIIOHEHTOB B NOPOBBIX PAcTBOPAxX, TO Te€M CaMBIM JIOJ-
JKHA COKpPAIaThCsl NMEPEeMEHHOCTh COCTaBa MHHEpPasoB B Ipejesnax
OTJeJBHBIX 30H. B KauecTBe TNpHMepa PacCMOTPHM MPOCTEHIIH
cydail KOJIOHKH, CJOMKEHHOH JByXKOMIOHEHTHBIMH ~MHHEpasaMH.
[Ipu 3TOM KOMIIOHEHT @ NyCTb COXPaHAeT WHEPTHOCTH (BcaencTBHE
MaJIoll pPacTBOPHMOCTH) BO BCex 30HAX, a METacoMaro3 3aK/ioda-
eTcsi B BHIHOCE HJIH IPHBHOCE KOMIIOHEHTA f.

[TocTpouM mnpHMepHbI rpadHK 3aBHCHMOCTH KOHIEHTPAIHH [
KOMIIOHeHTa [ B pacTBOpe OT ero cojepXKaHhs B TOpOAe, KOTOPOE
BEHIPAa3UM uepes OTHOLIEHHe colepKaHuil [/a (¢ur. 3). Ilycte B 3a-
BHCHMOCTH OT [/a B CHCTeMe BO3MOXHBHI TPH MHHepasia P, Q, R me-
pementoro cocraBa. C BospacTaHHeM B KaXJOM H3 STHX MHHEpa-
JI0B coflepxanusi [ KoHueHTpauus C, B pacTBope J0JKHA IOBBI-
maTbesi. EcaM Kak MHHepasbl, TaK M PacTBOpP B OTHOLIEHHH KOM-
noHenTa f NpuUOJNIKAIOTCA K HAeabHbIM CMecAM, TO JIHHHH BO3pa-
cranust C, ¢ f/a AAs 3THX MHHePaJOB MPHOIH3ATCA K npsiMbiM. [IpH
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OTCTYNJIEHHH OT HJeaJbHOCTH 3TH JHHHUM MOTyT OBITb KaK BOTHY-
TeiMH (cM. @ur. 3), Tak H BHIIYKJABIMH KpPHBbIMH. [/l AByXMHHe-
paabubix accoumainuit P,+Q, u Q,+R, Beanunnsl C; 11 KpakHHX
cOCTaBOB OGOHMX MHHEPAJIOB JOJIXKHBI OBITH DaBHBI, T. €. IJS JABYX-
MHUHepaJbHBIX cMecell Ha ¢ur. 3 6yJeM HMeTb I'OPH3OHTAJIbHBIE JIH-
Huu C;.

JNuarpamMma Ttuna ¢ur. 3 aeT BO3MOXKHOCTL COCTABHTb MPEA-
CTaBJIEHHE O CTPOEHHH COOTBETCTBYIOUIeHl HH(UJIbTPAILHOHHOH Me-
TacoMaTHuecKoit KoJoHKH. ITosb3ysicb ypaBHeHweM (I1.10) wmam
(II.11), MBI MOXKeM OT JHarpaMMbl ¢Ur. 3 NMepedTH K AHarpaMmam
dur. 4 u 5, B KOTOPHIX MO a6GCIHCCE OTIOKEHO X/U, T. €. OTHOCHTEJIb-
HOe paccTosiHHe BJIOJb KOJIOHKH, a 1o opauHate — C; u f/a.

[lycts, Hanpumep, HCXOAHASI NOpOja CJOXKEeHa OJHMM MHHepa-
JoM R cocrtaBa R, U uepe3 Hee NMPOCayHBaeTCs PACTBOP € HCXOMHOM
HH3KOH KoHueHTpauueid C;' (cM. ¢ur. 3, 4), HaCHIIIEHHBIH B OTHO-
IIeHHH BechbMa MaJIOpacTBOPHMOrO KOMIIOHeHTa a. KoHeuHwlM mpo-
JyKTOM 3aMellleHHsi GyfeT nmopoja, cocrosmias u3 MHHepasaa P co-
craBa P,. IIpoMexyTOuHbE 30HBl MOJKHB ObITb TAKHMH, YTOOH C
BOspacTanueM xjv, B coorBercTBuH ¢ Gopmymoit (I1.10) wam
(I1.11), ornowenue dC;/df wmu AC;/Af HenpephiBHO BO3pacTaljo
HJH 3Ke NPOXOJMJIO uepe3 HeompejeseHHble 3Hauenus 0/0. Otu or-
HOIIeHHs Ha (Hr. 3 MPeICTaB/AIOT TAHTeHCH yIja HaKJOHA o JIH-
HHUH, COeIHHsIOIMEeR (HUTypaTHBHBIE TOYKM JBYX INPHJErajlux
ceuenmi, npoBeJeHHble Ha (ur. 3 mMyHKTHpOM c HUpoH I:

x[v=AC,/Af=tg a.

B paccmaTtpuBaeMoM ciaydyae MHHepana R, Oyler cHauaja oGel-
HSITbCS KOMIIOHEHTOM f, a JIOCTHTHYB cocTaBa R,, OyJleT 3aMellaTs-
cs munepasom Q, u 3arem P,. Ilpm atom muHepaan Q u P GyAyT
BecTH ce6s Kak MHHepaJbl MOCTOSIHHOro coctaBa Q, u P,, Torzaa
KaK HX pPasHocTH, GoJsiee GoraTele f, OKaxyTcs B paccMaTpHBAeMOi
KOJIOHKE HeyCTOHUMBBIMH. DTO OODBSCHSETCS TeM, YTO 3aMelleHHs
R.—Q u Q—P nnasa pasuocrein Q, P, 6osiee 60raThix KOMIOHEHTOM
f, uem Q, u P,, 6yayT mporexaTbh MeJJIeHilee, YeM 3aMelleHHs R,—
—~Q, 1 Q—P,. lnarpamma ¢ur. 4 nosydeHa TpaHchopMannei
¢ur. 3. Vcnonb3ysi MyHKTHPHYIO JHHHIO I ¢ur. 3, MBI [/l KaxJI0TO
(GpoHTa 3aMelneHHs NOJyYaeM H3 HAKJOHA 3TOH JHUHHH abcuuccy
x/v na ¢ur. 4. B xauecrBe opiauHaTH Anas aunud C; ¢ur. 4 B3dra
opaunarta ¢ur. 3, a AJs OpAHHAT JHHHH f/a — abcuucca ¢ur. 3.

PaccMoTpuM Temepb MPOTHBONOJOXKHBIA CJydaid, KOrjla HCXOA-
Has MOpojJa cJoxKeHa MHHepajoMm P cocraBa P, (He colepiKaliero
f) u uepes Hee MPOTEKaeT PacTBOP C BEHICOKOI KoHueHTpauuei Cy.
Tenepb KoHeuHOll cTajueil 3aMmelleHusi Oy/leT NMOpojAa H3 MHHepaja
cocraBa R,. Ycaosuio Bodpactauus AC,/Af BLOJb KOJIOHKH TeNepb
GyaeT oTBeuaTh NMyHKTHpHAs Juuua 2 Ha ¢ur. 3. Hcnoar3yst Ha-
KJOHB 3TOfl JHHHH K OCH aGCuucc JJisi onpejiesieHHs x/v (POHTOB
3aMeleHus], TOaydIuM auarpaMmmbl x/v — C; u x/v—f, (cM. ¢ur. 5).
Ta KOJOHKA CJIOKEHAa MOHOMHHEDAJbHBIMH 30HAMH —>R,|Q,|P|
| P.—, B Heil mepeMeHHOCTh COCTaBa MHEEPAJIOB COBCEM HE IPOsB-
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gsiercsi. Oco6eHHO 3aMeyaTe/bHO, YTO B paccMaTpuBaeMoM cJjydae
pasHocTh P, MuHepana P, He colepkalllasi KOMIOHEHTa [, pe3ko 3a-
MellaeTcss MHHepPanoM P, ¢ MaKCHMaJbHBIM COAEpIKaHHeM [, MHHYS
POMEXKYTOUHBIE 110 COCTaBy PasHOCTH. D710 NPOU30HIAET B TOM CJy-
yae, ecad AJs MHHepaja P COOTBeTCTByiollas KpHBas Ha ¢dur. 3
pumykaa kuusy (1. e. 9°C,/0f*>0). Ecun Obl MBI OPHHAJH Ha
¢ur. 3 Aas muHepanos P u R o6paryio (xBepxy) BBIIYKJIOCTb KpH-
BHIX, TO OOOralleHHe MHHEpasa P KOMIOHEHTOM | MPOHCXOAHJIO OB
[IOCTEIIeHHO, TOTJla Kak B paHee DacCMOTPEHHOM cJaydae yHOca i
MmHHepad R, 3amemaJics Obl HENOCPEACTBEHHO DasHOCTDHIO R;, mu-
Hysl IPOMEKYTOUHBIE COCTABEL.

IIpn npHPOAHBIX HHQHIBTPAUHOHHBIX MPOUECCaX Pe3KHE CKAUKH |
KOHIEHTpAnuii KOMIIOHEHTOB Ha (POHTaxX 3aMelleHHs, KOHEUHO,'
cMsiryatorest AE(@ysuoHHEME Tporeccamu. OfHAKO TaK Kak HH-
(uILTPALHsT PACTBOPOB MOMKET IPOUCXOAHMThL 3HAUHTE/]HLHO ObICT-
pee Aupdysuu, TO N0 Mepe paspacTaHusi UHQHIBTPAUHOHHBIX Me-
TACOMATHUECKHX 30H POJib JHGDYSHOHHBIX SIBJEHHH, CO BPEMEHEM
3aMeLISIONIIXCS, CTAHOBHTCA BCe MeHee 3HauuTenbHOi. IlosTomy
PaCCMOTpPEHHBIE 3/1€Ch 0COGEeHHOCTH HHQUBTPALUHOHHOTO MeTacoMar.
T03a, B YAaCTHOCTH Pe3KOe COKpalleHHe NEePeMEHHOCTH COCTaBa MH-
HEPAJIOB, MOTYT IpOSBJATHCH JOCTATOYHO ONPEIEJNCHHO. JleficTBH-
TeJIbHO, YCTOMYMBOCTb COCTaBa MHHEPAJOB BAOJDb NMOTOKOB PACTBO-
pOB SIBJISIETCS] XaPaKTePHbIM NPH3HAKOM, MO3BOJAIOILHM OTIHIATH
HH(UABTPAIIHOHHBIA MeTacoMaTo3 OT auddysuonHoro. Munepasbl,
KOTOphie TpH AH((YSHOHHOM MeTAcOMaTO3e NPOSBJIOT NEPEMEH-
HOCTH COCTABA B OYEHb IIMPOKHX Npejeax, MpH HHQHILTPALHOH-
HOM MeTacoMaTo3e NepPeMEHHOCTH COCTaBa, KakK MPaBHJO, HE IPO-
SIBJISIIOT. :

2. Jucao 30K 6 MeTACOMATUYeCKUX KOAOHKAX. IIpH NMOCTOAHHBIX
T, V kaxjaas 30HAa MeTacOMaTHYeCKOH KOJIOHKH BHOCHT k He3aBH-
CHMBIX apaMeTpoOB H3 YHCJIA &, ..., k. Oy iy Lenlone G4 C,,,—:
MOJIH Ha eIuHHLy obbema ¢Jionia; cyMMa TaKHX KOHUCHTpALMH
onpejiensier Aaienne ¢uonia). Ilpu unciae 30H 2 HUCIO TAKHX na-
paMeTpoB paBHO zk. MexJy STHMH NapaMeTpamu HMEIOTCH ypas-
wennsi cpsisu, Kaxapifi u3 M MHHEpasOB KOJOHKH JaeT IO ypas-
HEHWI0 PACTBOPHMOCTH, KOTODble CBf3bIBAIOT KOHIEHTPALHH KOM-
MOHEHTOB (JIOH/a, HACBHILIEHHOr0 3THM MHHEPaJ/OM. Kpowme ToTO,
Ha KaxJoM u3 2—| (pOHTOB 3aMemleHHsi JeHCTBHTEJbHDI k—1
ypaBHEHHsI CBSI3H NIapaMeTPOB 3aMEIleHH: THIA (I1.9). Orcrona
YHCJIO  He3aBHCHMBIX  IapaMeTpoB  KOJOHKH  paBHO 7=
=kz—M—(k—1) (2—1) =2+k—M—1. D10 uHCIO H HOKHO
6HITh PAaBHBIM UYHCJIY R HE3aBHCHMBIX KOHIIEHTpaLuii KOMIIOHEHTOB
BO BTeKamwlleM (JIou/ie 1 0TCIo1a

n=k=z+k—M—1; 2=M+1, (I1.13)
T. e. oGIiee YHCJO 30H HH(QHJIbTPALUOHHON KOJOHKM Ha eIHHHIY
peBHIIAeT YHCJIO MUHEPAJOB B Heil W He3aBHCHMO OT 4YHCJa KOM-
noHeHTOB. OTCIOZIa CJIEAYeT, 4TO Ha KaXAOM (poHTe 3aMellaeTcs
[0 OJTHOMY MHHEpaJy.
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Uncso 30H B KOJIOHKE MOZKeT BO3pacTH, €CJU HMEeT MEeCTO XH-

MHY€CKOe B3aHMOJEHCTBHE MeX]y KOMIOHEHTaMH @¢uionaa. 1o

AaeT NOIIOJIHHTEJbHbIE YDaBHEHHS CBSI3HU MEXAY TnapaMeTrpaMH
KOMIIOHEHTOB THIIA: KPHCTAJIJIN3allHOHHOE IaBJIeHHe MHHEpaJia Q

ABJACTCA (YHKUHEH KOHUEHTPALMH He TOJNbKO KOMIMOHEHTa ¢, HO-

H KOMTIOHeHTa a. Kax/1o0e Takoe 10MoNHHTebHOE ypaBHEHHE YMeHb-
LIaeT Ha e[MHHIly YHCJIO CTeneHel cBo6GoAbl n B ypaBuenuu (11.13)
H T03TOMY yBe/HYHBAeT HA €AMHHILy BO3MOXKHOE 4YHcJOo 30H. Tak,
€CJIM MMeeT MECTO TaKasi 3aBHCHMOCTb KPHCTaJJM3alHOHHOTO AaB-
JIeHHsI MHHepasia Q OT KOHLUEHTPAUHH KOMINOHEHTa @, TO BO3MOMKHO
oCpasoBanue KoJIOHOK —)K|Q|A+Q|A4+K—; —F|F+Q|Q+
+XK|A+Q|A+)XK— u 1. 1., B kOTOpHIX 2=M+2 (TaKHe KOJOHKH
C XHMHYECKHM B3aHMOJEHCTBHEM KOMIIOHEHTOB GYAyT paccMoTpe-
HBI flaJiee, cM. ¢ur. 10—17).

BeiBe/leHHOE YHCIIO 30H KOJIOHKH SIBJISIETCS MaKCHMAJbHBIM. [1pu
OMpe/le/IEHHbIX COOTHOIMICHHSIX MeXKAy BeJHYHHAMH IlapaMeTpoB
KOMNIOHEHTOB 4YHCJIO CTeNeHed CBOGOABI KOJMOHKH 7 MOXKET yMEHb-
IIMTBCS M COOTBETCTBEHHO YMEHBLIHTCS YHCJIO 30H. Tak, Hampumep,
MoJiHask TpPexu/JeHHas ~KoJIOHKa 3amemeHuss —F|A+F|A+ K—
MOJKeT MepedTH B KOJMOHKY —F|A—-, ecii B HCXOIHOM TOpPOJE CO-
Alepxanue KOMIOHEHTa @ TAaKOBO, 4TO MHHepas] A Kak pa3 BBINOJ-
HsIeT BCIO 30HY, HE OCTaBJIsAsi MAKPOIOP.

PaccMoTpuM COBOKYNMHOCTb ABYX 30H: 30HH I, B KOTOpO# MH-
HepaJ/IbHbIA COCTaB OnpejesseT 3HAYEeHHsI TapaMeTPOB R KOMIOHEeH-
TOB, U 3aMmemiawoulyio ee 301y II ¢ ee k& mapamerpamu. [las coso-
KYIHOCTH JBYX 30H O0lLlee YHC/IO He3aBHCHMBIX MapaMeTpoB Gyaer
paBHO 2k—(k—1) ypasnennit Tuna (11.9) cBs3u mapamerpoB npH
3aMEIEHNH, T. €. YHCJIO He3aBHCUMBIX NapaMeTpoB n=_2k— (k—1) =
=k+1. OTo o3Hayaer, uTO CBepX kK MapaMeTpoOB, 3aJaBaeMbIX MH-
HepaJbHBIM COCTaBOM 30HBI I, B 3oHe II MoxKeT 6BITH CBOGOLHBIM
TOJIBKO OJMH TapaMeTp, T. €. He3aBHCHMas KOHIEHTPALHUSI TOJbKO
OJIHOTO KOMMOHeHTa. MoXHO cKa3aTh, 4TO Ha KaXJIOM ()poHTe 3a-
MELIeHHsI TOJIbKO OJUH H3 KOMIIOHEHTOB IEPEXOAHT H3 HHEPTHOrO
BO BIOJIHE TIOJIBHXKHOE COCTOSIHHE, T. €. ONpeJeJssieTcsl He HCXOIHBIM
COCTaBOM IOPO/IbI, a KOHLEHTPAlLHeH BTeKalollero pacrBopa.

OTH COOTHOUIEHHSI IO3BOJIAIOT PACCMOTPETh BBISIBJIEHHBIE CJIy-
Yan HHHUIbTPAHOHHEIX KOJOHOK. B mpoctefimeM cjydae NOJHOTO
pacTBOpeHHsi MHOTOMHHEPaJbHOH MOPOJALI HA KaxKAOM ()poHTe pac-
TBOPsIETCS 1O OAHOMY MHHepasy. To ke MPOHCXOAUT TPH 3amele-
HHH MHOTOMHHEDaJbHOW IOPOABI MOJABHKHBIM MHHEpPAJoOM (HAIpH-
Mep, NpH MOJHOM OKBapUeBaHHH MOPOABI). B HEKOTOpPBIX cayuasx
B KOJIOHKE BO3HHKAIOT PeaKLHOHHble MHHEpaJbl, TaK YTO MPHCIO-
cobJieHHe TOPOJbl K KOHIEHTPALHH KOMIOHEHTOB GJIOHIa NPOHC-
XOAUT cTyneHeoOpasno. Hanpumep, npu 3aMelieHud OpTOKJa30BOM
MOPOJLI MOJ BO3JAeHcTBHEM (uoHAa ¢ HU3KOH KoHIeHTpauueidn K,O
PeaKUuHs MOXKET HATH ABYXCTYNEHYATO ¢ 06pa30oBaHHEM CJAEAYIOMIHX
3CH: —-KBapIl — KBapl - &GHJAAJY3UT — KBapl -+ MYCKOBHT — Op-
TOKJ1a3.
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B0o3MOXHBI cJyyaH, Korja (JIoHJ BCTyNaeT B 30HY NOHHIKEH-

HOTO JaBJIEHHs1 H OKa3blBaeTCA I€pPEeChILIEHHbIM 6oJiee ueM OJHHM

MHHEDAJIOM, T. €. OJHH MHHEepaJs MOPOJAbI HJH MyCTOTA 3aMellaercs
pasoM HeCKOJIbKHMH MHHepaJaMH, KOTOPhle 3aTeM I0OYepe]HO pac-
TBOPAIOTCA ¢ 00Pa30BAHHEM THIIOBOH MOHOMHHEDPAJbHOH 30HBI.
Aro He Hapywaer ¢popmyas (11.13).

Hrak, 0OblYHO HHOHILTPALHOHHBIH MeTacoMaTO3 BBIpaXKaeTcs
rooyepeJHbIM 3aMellleHHeM  MHHEepaJioB  HCXOAHOH TOpPOABl ¢
yMeHbIlIEHHEeM YHCJa OJHOBDEMEHHBIX MHHEPAaJioB BIIOTH [0 MO-
HOMHHEpaJbHOH THIJIOBOH 30HBL. OJHAKO BO3MOXKHBI OCJOXKHEHHS C
0o6pasoBaHHeM DPEAaKUHOHHBIX MPOMEXKYTOYHBIX MHHEPAJOB HJIH
ocaxjeHneMm Hu3. ¢uonjga GoJiee OJHOTO MHHepaJa B IPOMEKYTOY- |
Hbl€ 30HHI.

0. Tuner 3ameuwjenuti. TlycTh B HCXOAHOH MOpOAe R KOMIIOHEH-
TOB cJjaraloT k MuHepasnoB A, B, ..., K, ueM MOJHOCTbIO Ompeje-
JieTCsl TaKXkKe M KOHLEHTPALMsS 3THX Rk KOMIIOHEHTOB B MOPOBOM
pactBope. BosneHcTBYIOLIHA pacTBOp MyCcTh HMEET IIPOU3BOJILHYIO
KOHI[EHTPAaIHIO 3THX kK KOMMOHEHTOB. Tak Kak B THIJIOBOH 30HE CO-

‘CTOsIHHE OIIPEAESAETCs] TOJIBKO OJHHM 3KCTE€HCHBHBIM IIapaMeTpoM —

06beMOM, TO, COIJIACHO NMpaBuJy (a3, 3J4ech OyJeT yCTOHYMBA TOJIb-
KO OZiHa (pa3a, T. €. OKOHYATEJbHBIM NPOJYKTOM BO3JEHCTBHS pac-
TBOpa OyJeT MOHOMHHepaJsbHasi IOPOAa JHOO MYCTOTA, BHIMOJHEH-
Hasi pacTBOPOM.

ITpocrefiinm ciaydaem OyAeT pacTBOpeHHe mopoian. PactBope-
HHe KaxKJOro MHHepasa mo cxeMe—JK|A— 6yler NpOHCXOLHThH C
pPasIMuUHO# CKOPOCTBIO, B CHJly yero obpasyercs M ¢dponToB pac-
‘TBOPeHHsI NpH uHcae 30H 2=M+ 1. Ecau HcXoAHBIH pacTBOp mnepe-
CHILleH OJHHM KOMIIOHEHTOM f, TO BMECTO pacTBOpPeHHsi OyaeMm
HMeTb 3aMellleHHe KaXKAOro HCXOJHOT0 MHHepaja 10 CXeMe
—F|A—.

K sromy npocrefilieMy ciyyaio 3aMelleHHS] XOPOIIO TPHMEHH-
MO pasjesieHHe KOMIIOHEHTOB Ha HHEPTHbIE€ H BIIOJIHE MOJBUIKHBIE,
B ucxoaHo# mopojie Bce KOMIIOHEHTHI HHEPTHHI, T. €. (haKTOpaMH CO-
CTOSIHHSI CHCTEMBl SBJAIOTCS 3KCTEHCHBHBIE NapaMeTpbl — COJep-
JKaHHS 3THX KOMIIOHEHTOB B MHHepaJjax mopoiab. Ha kaxjaom
(hpoHTE 3aMelleHHs HJH PACTBOPEHHSI OJHH H3 KOMIIOHEHTOB H3
HHEPTHOTO CTAHOBUTCS BIIOJIHE TOJABHIKHBIM, HOCKOJBKY (haKTOpOM
PaBHOBeCHSI CTAHOBMTCSl KOHIIEHTPAalHsl 3TOrO KOMIIOHEHTa B pac-
TBOpe, 3aJaBaeMasi KOHLEHTpal#el BO3/JeHCTBYIOLUIEr0 pacTBOpa, C
COOTBETCTBYIOLIIHM yMEHbIIEHHEM Ha eIHHHIY YHCJa COCYLIEeCTBY-
IOIIHMX MHHepaJoB. B THIIOBO# 30He, KpoMe oO6beMa, Bce (PaKTOPHI
pPaBHOBeCHS HHTEHCHBHBI, T. €. BCe€ KOMIIOHEHTHI BIIOJIHE MOJBHKHBI.

YMeHblIeHHEe YHCJIa COCYLIECTBYIOUINX MHHEPAJOB C TEHIEHIHEH
K MOHOMHHEPAJbHOCTH SIBJSIETCS XapaKTepHeHlled U HeoOXOAUMOH
4epTOH MeTacOMaTHUECKHX IPOLeCcCOB, YacCTO II03BOJISIONIEH OTJIH-
yaThb MeTacoMaTHYecKHe O0pa30BaHMsI OT MarMaTHUYeCKHX H MeTa-
MopdHyecKHX. DTO yMeHbIIeHHe 4YHCJia MHHEpaJoB 4acTo ObiBaer
BIIOJIHE IIOCTENEHHBIM, OT 30HBI K 30He, KAK B DPACCMOTPEHHOM CJy-
yae. OgHaKO BMeCTe C TeM BO3MOXKHBI CJyyYak (POHTOB 3aMelile-
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HHs, TIPH KOTOPBIX YHCJO MHHEpaJOB He COKpalllaeTcs HJH JAaxke
BO3pacraer.

[Ipu BCTymJIEHHH TEPEeCHIIeHHEIX PACTBOPOB B IYCTOTHI JIOJIXK-
HO NMPOM30MTH COBMECTHOE OCaxKJIeHHe BCeX MHHepaJoB, mepechilia-
OIKX pacTBop, no cxeme —F+ G+ H|K—. Oxun munepas mopo-
Il A MOXKeT 3aMmelaThCsl OJHHUM HJIH HECKOJbKMMH DPeaKIHOHHHI-

MM MHHEpaJaMH Ha OAHOM (poHTe 3aMemleHHs 1o cxeme —-AF|
|AG|A—. Haxkomen, B CHJIy KHCJIOTHO-OCHOBHOTO B3aHMOJAEHCTBHS
KOMIIOHEHTOB B pacTBOpe Ha (DpOHTe pacTBOpeHHs MHuHepasa A
MOKET TPOM3OHTH XHMHYECKOe OCaxKJAeHHe OJHOTO HJIH HEeCKOJb-
KHX MHHepasoB mo cxeme —Q+R|A—. Dtu no6aBouyHble MHHEpa-
Jbl, B CBOIO Ouepellb, MOJABEPraloTCs 3aMelleHHI0 B THUIOBBIX 30-
HaXx.

B npuMeHeHHH K 3THM O0oJjiee CJIOXKHBIM CJaydasiM pasjesieHne
KOMIIOHEHTOB Ha HHEPTHBIE H BIOJIHE INOJBHXKHBIE 4ACTO CTAHOBHT-
cs1 ycaoBHBIM. [ToBBIIeHHEe YHC/IA COCYLIECTBYIOUIMX MHHEpaJjoB MO-
JKEeT pacCMaTpUBAThCS KaK yBeJHYeHHe UYHCJa HMHEPTHHIX KOMIIO-
HEHTOB, T. €. KaK Mepexojl MOJBHKHLIX KOMIIOHEHTOB B HHEDPTHOE
(COCTOSIHHE. DTO MOXKeT ObITh OOBSICHEHO TeM, UYTO (hakKTOpOM, OIpe-
JeJSIOUHM COCTOSIHHE B 30HE 3aMelleHHs, BMeCTO KOHIEHTPalHuH
KOMIIOHEHTOB B MPHUTEKAIOU[EM PACTBOPE CTAHOBHTCSA Pa3HOCTh KOH-
HEeHTpalnuil HJH, Jydlle cKa3aTb, KOJMYECTBO KOMIIOHEHTa, OCaXK-
JaeMoe eIMHHIEH oO6beMa IPOCOYHBIIErocss uepe3 (PPOHT 3amelle-
HHSL pacTBOpa. DTO KOJHYECTBO INPEACTABJACT yKe IKCTEHCHBHBIA
napamerp.

3. CxeMbl NpOCTEHIINX KOJOHOK,
CJI0KEHHBIX OTHOKOMITIOHEHTHBIMH MUHEpPaJaMH

3lecb MBI PACCMOTPHM IpOCTeHIINe cJaydad KOJIOHOK, CJIOXKEH-
HBIX OJHOKOMIIOHEHTHBIMH MHHEpaJaMH, KOrJa OTCYTCTBYIOT XH-
MHUECKOe B3aHMOJeHCTBHE KOMIIOHEHTOB B pacTBOpe M TeMmIepa-
TYpPHBIH TPaHeHT.

a. Pacrsoperue nopods. ¢ obpasosanuem nycror. IlycTs Hcxon-
Has TOpoja cJoXKeHa TpeMs MuHepanamu A, B, D (¢ur. 6), a nc-
XOJMHBIH PACTBOpP HEIOCHILEH BCEMH KOMIIOHEHTAaMH, TaK UTO KO-
HEYHBIM pEe3yJbTaTOM BO3/eHCTBHS NMOTOKa OYyAeT IMOJIHOE DPACTBO-
peHye TOPOJBI, MecTo KOTopoit Gyaer 3aHATo pacTBopoM. IIpoca-
ypBaHHE PAcTBOpPa IMpEXK/Je BCero BHI30BET CHSITHe M30LITKA JaBJie-
HHSI Ha MHHepaJbl CPaBHHTENBHO C DAacTBOPOM, TaK Kak 2TO
CBSI3aHO C OuYeHb HE3HAUHUTEJLHBIM PacTBODEHHEM H YHOCOM Berie-
CTBAa MHHEPAJOB M TMOTOMY Oyjer mpoTeKkaTh oueHb OnicTpo. ITocae-
AyIolllee pacTBOPeHHe MHHepaJoB OyJeT COBepLIaThCs B YCJIOBUSX
pPaBHOrO /aBJIeHHs Ha MHHepassl H pactBop. Ilycts amarpamma
i—C; (cMm. ¢ur. 6) Hzo6pazkaeT COOTHOLIEHHS MEKIy COJEpPIKAKHS-
MH OJHOKOMIIOHEHTHHIX MHHepaJjoB A, B, D B mopoje, HX pacTBo-
pumocTsiMH (KOHIIEHTPAUHSIMM HACBILIIEHHS) B PacTBOPE M KOH-
HeHTpalusMH BeTynawollero B nopoay pacrsopa C., G, C°. Torna
"ak/jaoHbl auaui C,'—A U APYrHX AAIOT BO3MOXKHOCTb CYAHUTBb O CKO-
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dur. 6. Tpaduk cojepx anue KOMIOHeHTa i B mopoje — ero kouuentpauusi Ci B
pacTBope JJsi ciydasi HHQUIbTPAIHOHHOTO PAaCTBOPEHHs NOPOABI, CJIOKEHHOM Tpe-
Ms muHepanamu (4, B, D)

®ur, 7. JluarpamMma cofepiKanue B IOpOJe i — KOHIeHTpauus B pactsope Ci s
cllydasi BHIMOJIHEHHs! IYCTOTH NPH BCTYIVIEHHH B HEe pacTBOPA, IMePeCHIeHHOro B
pasuoii crenenn munepanamu F, G, H, c 06pasoBanueM ThLIOBOI MOHOMHHEpPaIbHOH
30HHl F

Ps

f, s
s -
dur. 8. I'padux paccrosHue 6 :
X/v — KpHCTaNIH3AIMOHHOE B | 5
AaBJeHHEe MHHEPANOB pr, PG, Fy ¢ 4 Feg LFg o H Py
pm IAJs TOH e KOJIOHKH BHI- | !
MOJIHEHHsI MYCTOTHI, YTO H Ha Poe ;
Gur. 7. i IV I I 1 %

POCTH pacTBOpEHHsi, KOTopasi Aasi pasubix MuHepasoB A, B, D
okaxkeTcsi pasauuHOi (maa D — maumbosbuied, nas A — HaHMeHb-
weit) . JlefictButenbHo, cornacHo popmyae (I1.11),

xlv=dx/do=AC,[Aa= .. =AC,fAd.

Orciona moJyyaeM KOJOHKY pacrBopenuss Thma —K|XK+A|XK+
+A+B|A+B+D—-.

6. Boinoanenue nycror. JlaBaeHne Ha MHHepaJbl TOPHBIX IIOPOX
MOXKeT IMPeBOCXOAHTh JAaBJeHHe Ha (JIOHJ MHKPOIOP, H MO3TOMY
KOHIIEHTPAllisi MHHEPAJOB B MHKPONOPOBOM (Jiione MOXKeT mpe-
BOCXOJINTh KOHIEHTpauuio HachieHHsd. Koraa rtakue mnepechilleH-
HBlE PAcTBOPHI BCTYINAIOT B OTKPHIThIE TPEIIMHB HJH 30HBI 0CJa0-
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JIEHHBIX AaBJIEHHH, OHH JOJIKHBI OCax/JaTh Iepechlllaiolie HX
koMmnonenTs. [To Mepe 3amOJHEHHs IyCTOTbl MHHepaJaMu JAaBJje-
Qe B HHUX NMOBBILAETCS U TPOJOJIKAIOUIMHA TNPOCAYHBATBhCA UYepes
HEX (JIOHI MOXKeT MPOH3BOJAHTH «aBTOMETAacOMArTo3» CBOMX OCal-
KOB.

[IycTh B XHJBHYIO TPEUIHHY BCTyNaer pacTBoOp, TniepechilleHHbli
B OTHOLIEHHH Tpex MHHepanoB F, G, H, npuueM KpHCTaJJIH3ALHOH~
Hble JaBJIEHHS, COOTBETCTBYIOIIHE CTENEHSIM IepechllleHns, IyCcTh
GYRYT Pr’>>Pc’>>Pu’>pPsm. I1pu BCTYIUIEHHH B TOJOCTH H3 daronga
JIOJIJKHBI BHIIACTh Bce TPH MHHepasja ¢ o6pa3oBaHHeM 30HbBI COCTa-
Ba F+ G+ H. KoHeuHbIM 3Ke pe3yJbTaTOM BO3JIEHCTBHS pPacTBOpa
GyleT 30Ha, CIOXKeHHas MuHepasoM F, pasBHBAIOIIHM B HCXOAHOM
doaonfie HauboJbllee JaBjieHHe, TaK KaK Jpyrne MHHepaJbl, ¢
MEHbLUIHM KPHCTaJIM3ALMOHHBIM JlaBJleHHeM, OylyT B KOHTaKTe C
TAaKHM MHHEPAJOM M TpPH BO3JHCTBHM HCXOJHOro (Quionaa pac-
TBOPATHCA.

Ha mepBBlii B3I/ NMPEACTABJSETCS, YTO NOBbILICHHE AaBJACHHS
B BBHINOJHEHHH JKHJbl M 3aMelleHHe NepBOHAYa/JbHOTO MHOTOMHHE-
pPaJIbHOTO OCaKd MOHOMHHEPaJbHBIM JIOJKHbI MPOHCXOMUTL MOCTE-
nenHo. OnHAKO 3TO HE TaK: NMPH NMPHHATHIX HAMH AONyIIEHHAX 34a-
MellleHHe GyAeT MPHYPOUEHO K ONpe/iesleHHBIM (QPOHTaM, C KOTOPhI-
MH Oy/eT CBsI3aHO H CTyNeHeoOpas3Hoe NOBbilIEHHE NaBJICHH. Heit-
CTBHUTEJIBHO, PAaCCMOTPHM 30HY I€pBOHAUa/bHOrO OCaiKa F+ G+
+H W JONMyCTHM, YTO BJIOJIb Hee B HaNpaB/JeHHH BO3PACTAIOLIErO
X/v TIPOHCXONHT NOHHIKEHHE JaBjeHHs. DTO TPHUBENO Onl K TIOHH-
JKEHHIO KOHIeHTPAIMH BCeX Tpex MHHepa/oB B NOPOBOM ¢Gaouie B
5TOM HAmpaBJeHHH X/U, 4TO HEeOOXOAUMO JOJIZKHO OBITb CBSI3aHO C
OTJIOKEeHHEM 3THX Tpex MHHepaJsoB. BcieacTBue OTCYTCTBHA TyC-
TOT B 3TOi 30He y»K€ HHYTOXKHO MaJjioe OTJOXKeHHe MPHBEJIO OBl K
BBHIPABHHBAHHMIO JAaBJIEHHsI BCeH 3TOl 30HBI, ¢ 4eM Hcyessa Obl MPH-
ypHa KaKUX-JH60 3aMelleHHH B mpejesax 30HbI, B YaCTHOCTH 34-
Melnenusi MuHepanos G u H munepasnom F.

IIpy NpHUHATHIX HAMH YCJOBHsX 3aMellleHHe IOJIKHO MPOHCXO-
AHTb TpepsiBHO. IIpH BCTyINJIEHHH B TPELUHHY H3 Gbaouga ocax-
nalpTcs Bee TpH muHepasia F, G, H, nepechiiawooumine pacTBop, IpH-
yeM cojepiKaHHe KaXXJOro MHHepaja B OCajke IPOMOPUHOHAJILHO
NPEeBBILIEHHI0 ero KOHUEHTPAUUH Hal KOHILEHTpalHell HacChIlleHHs,
T. €. NPOMOPIUOHAJLHO TAJEHHIO ero KOHLEHTPALHH Ha ¢dpoHTe
ocaxpaenusi (I|II, dur. 7). B mycrory BCTynaer pacTBop, HACHILICH-
HbIi BCEMH TPEMs MHHepalaMH TpH AaBJeHHH (PJIoHAa. Ha c¢pon-
te II|II] mpoOMCXOMMT NOJIHOE pacTBOpeHHe MHHEpasa H c ocax-
JeHneM Ha ero Mecte MuHepanoB F u G. IlockosbKy HPOHCXOIHT
ocaxjenne F u G, KOHLEHTPAUHH 3THX MHHEPaJOB BO Gbaouje mo-
HIDKAIOTCS, 4, CJIeJ0BaTeNbHO, KPHCTA/IJIH3aLHOHHOE JaBJeHHE B
sone Il (F+G+H) ycranaBiuBaercs Ha 0ojiee HH3KOM YpOBHE,
yem B 3ome I/ (F+ G). BMecTe c TeM NOCKOJIbKY Ha (ponTe 111
NPOUCXOJHUT PacTBOpeHHEe MHHepaJja H, ero KOHIeHTpalHs, a cJje-
JIOBaTeNbHO, H €ro KPHCTAJJIH3alMOHHOE JaBJeHHe Py MOBLIMIAT-
CSl U py CPABHHUBAETCS C Pr U Po- :
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TouHo Tak ke u Ha ¢poure [I/|IV pacTtBopenne MmuHepasaa G
Oy/JeT CONpOBOXKAATbCSl TOBBIIIEHHEM €ro. KPHUCTAJIJIH3aLHOHHOTO
JaBJeHHs. DTH COOTHOIUEHHS IepejaloTcsd AHarpamMmaMu ¢ur. 7
5§ 8._0Tp603KPI JIUHHH, TpelcTaB/siioniie Ha (ur. 7 U3MEeHeHHe KOH-
IEHTpPalUHHi B PacTBOpe MU COAEpkKaHHil B MOPOJe AJsI Pa3HBIX KOM-
MIOHEHTOB, HO OTHOCSILMECS K OJAHOMY (PPOHTY 3aMeIleHHs, AOJIKHBI
OBITb MapaJijieJbHbl MexXJy c000H, TaK KakK HX HaKJOH INpeACTaB-
JIsleT CKOPOCTb NMPOJBHKEHHs (PPOHTA 3aMelleHHs.

8. 3amewenue nopods.. MeracoMaTo3 3aKJKYaeTcs B pPacTBO-
peHHH OJHHX MHHEpPAaJOB H OTJOXKEHHH Ha HX MecTe Apyrux. Bos-
MOJKHBI CJy4aH, KOrja pacTBOPeHHe MHHEepaJOB HCXOAHOH MOPOJbI
OyZeT mpoTekaThb ObICTpee, YeM OTJOXKEHHe MHHepaJoB H3 pac-
tBopa. Toraa MBI HMeeM COBMelLeHHe B ONHOH KOJIOHKE pacCMOT-
PEHHBIX BhIlle CJyyaeB PacTBOPeHHsI ¢ 0Opa3oBaHHeM MYCTOT H IO-
cJeaylolero BeimoJsHeHUs mnycTtoT. CoBMelleHde cJaydaeB, Hpe-
CTaBJICHHBIX Ha ¢ur. 6, c OLHOH CTOPOHHI, H Ha (Pur. 7 u 8 — ¢ Apy-
roii, acT CJEeAYIOILYI0 KOJOHKY:

—>F|F+G|F+G+H| X|A+ X|A+B+ X|A+B+D—

Ecau pactBopenne muuepasoB A, B u D 3aMeisseTcs B CHJIY
[OBBIILIEHHON MX KOHIIEHTPAIlUH B HCXOJAHOM BO3JEHCTBYIOLIEM pac- .
TBOPE HJIH YMEHbLIEHHS HX DACTBODHMOCTH HJIH K€ YCKOpseTcs
ocaxjaeHne MuHepanoB F, G, H BcileACTBHe yBEJHUEHHS HX KOH-
IEHTpPAlHH B BO3JEHCTBYIOLIEM pacTBOPE, TO 30Hbl PAacTBOPEHHS H
ocaxeHHus COJIMXKAIOTCS ¢ COKpallleHHeM, a 3aTeM C HCUe3HOBEHH-
eM MYyCTOT PacTBOpeHHs. 37eCh, OYEBHIHO, BO3MOXKHBI CJEAYIOIHE

IPOMEXKYTOUHblE cayyan (MOApOGHee pacCMOTPeHHble B  Moed
cratbe [25]):

:;lF+G|F+G+H|A'+F+G+H|A+)K|A+B+)K|A+B +
—

F|F+G+H|A+F|A+G+H|A+B+F+G+H|A+B+
+)X|A+B+D—
—F|F+G|A+F+G|A+B+F+G|A+B+D—~
—~>F|A+F|A+B+F|A+B+D—

[Tpu pacTBopeHHH MOPOABI ¢ 06pa3oBaHHEM IYCTOT, BHINOJHEH-
HBIX PacTBOPOM, JaBJeHHe Ha MHHepaJibl NOHHXKAaeTcs A0 JaBJe-
HHsI pacTBopa. DTO AaeT BO3MOMKHOCTb OCaxAaThCs M3 BTeKaoule-
ro B IyCTOTHl PacTBOpa BCeM TeM KOMIIOHEHTaM, KPHCTaJ/JIH3allM-
OHHOE faBJeHHe KOTOPHIX MpeBBILAeT JaBjaeHHe pacTBopa. I[lpu
cONMMKEHHH (POHTOB PACTBOPEHHS M OCaXK/JEHHsl IyCTOTHl PacTBO-
DeHHsl MCUe3aloT M JaBJieHHe HAa MHHepPaJbl B IIPOMEXYTOUHBIX 30-
Hax Bo3pacTaer. DTO BeleT K TOMY, YTO MHHepaJbl ¢ 60siee HH3KHM
KPHCTAJJIH3ALHOHHBIM JlaBJieHHeM (B HalleM IpHMepe MHHEepPaJbl
G u H) 6osee yxKe He CMOTYT OCa)JaTbCsl, H B KOHI[e KOHLOB Ha
MecTe pPacTBOPsSEMbIX MHHepaJsoB OyAeT OCaxKAaThCsd TOJNbKO OJHH
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munepaa (F), o6majaomuil BO BTEKAIOWEM pacTBOpe HaHOONbLIHM
KPHCTAJIH3ANHOHHBIM JaBICHHEM.

Takum 06pasoM, BCTyIJIEHHE PacTBOPOB B MyCTOTY HJH B TOPO-
ly, B OTHOIIEHHH MHHEPaJOB KOTOpPO#l PacTBOP CHJIBHO HEJOCHILIEH,
6arONPHATCTBYET OTJIOKEHHIO BTOPOCTENCHHBIX KOMIIOHEHTOB pac-

TBOpa. B0o3M0OXHO, 4TO 3TOT Q)aKTOp HUMeeT 3HAueHHe INpH OTJOXKE- .-

HHF HEKOTODBIX PYAHBIX MHHepasoB. Bcien 3a OTJIOXEHHEM 3TH
MHHepasbl TO/ABEPraloTCsi PAacTBOPEHHIO NOTOKOM TeEX KE pacTBo-
POB, KOTOPHIE HX OCa/IHJIH.
PaccMOTPHM TNPOCTEHIIYI0 KOJIOHKY TOr0 Ke THIA (nBa Bapu-
aHTa): :
oI i 1

>F|A+F|A+X|A+B—~ ;
~F|A+F|A+F+G|A+ B~

Ot soust II k 3oue IV naBieHHe HAa MHHEDaJbl BO3PACTACT (prv>
> pur>>Pir) TOM BJIHSHHEM OCaMICHHA. [Tostomy B 30me [/] naB-
Jenne Ha A Buime, yeM B 30He /I, a cie[l0BATE/IBHO, BHIUE H KOH-
nentpanus C, B pacrBope. OTCiofa CaIeLyeT, yto na dponte II1|I1I
JIOJIZKHO TPOMCXOJHTH OCaxJieHHe He TOJbKO munepanos F u G,
HO M MHHepana A C yBeJMUEHHEM ero CoJepiKaHui CpaBHHTENbHO
¢ ucxonHoi mopoaoit A+ B 30HBl [. D710 OAHH W3 TPUMEPOB ABJE-
HUSI, KOTOPOe MOXKeT ObiTb 0GO3HAUEHO KaK «oborallieHue nepemMe-
[IeHHBIM KOMIIOHEHTOM>.

4. KoHUEHTPAUMOHHBIE JHArpaMMbl
METaCOMaTHYECKHUX KOJIOHOK

Jlsist aHanu3a MPOCTEHIINX CJaydaes MeTacoMaTHUeCKHX KOJIOHOK
[OJe3HbE KOHIEHTPAIHMOHHbIE AHATPaMMbl, B KOTOPEIX MO OCSHM KO-
OpAMHAT OTKJAJBIBAIOTCS KOHUEHTPAIUH ABYX KOMIIOHEHTOB. B Ka-
qecTBE KOHIEHTPANHMil 31ech yAoOHee 6path HE MOJAPHOCTH (Ci=
—n,/JK), 2 MOMSNBHOCTH, T. €. OTHOWICHHs CO/ACPKAHNA pacTBOpeH-
HOTO KOMIIOHEHTa i K KOJIHUeCTBY IJIABHOTO pacTBOPUTEJIsi — BOJIbI
(Ci=ni/nuo). TIpu TaKoM sHaueHHHU KOHIGHTpaluil cocTaBbl Ges-
BOJIHBIX MHHEDAJOB H306pasfTcs GECKOHEdHO ylaJeHHbIMA TOYKA-
MH KOHIIEHTPAI[MOHHOW AMarpaMMBl. Ha ¢ur. 9 nas IPOCTEHILHH
BUJ KOHILEHTDPALMOHHOM JHArpaMMbl CHCTEMbI a—f—H,0, B KoTO-
poil ycTOMUHBBI TOJBKO OJIHOKOMIIOHEHTHbIE COCTaBBl MHHEPAJIOB A
u F W uX BOIHBIA pacTBOp, MpHUEM XHMHHUECKOE B3aHMOJieficTBIE
KOMIIOHEHTOB B pacTsope orcyrctByer. CocTaB Ge3BOIHOTO MHHE-
pana A u306pasuTCsi GECKOHEUHO yaaneHHod TOUKOH abCHHCCH, a
cocraB F — opaunatsl. CryomIHbEIe JHHHHE NAIOT pasGUBKy Ha dYe-
THIpe TOJS YCTOHYHBOCTH (K, A+ XK, F+)K, A+F+)K) npu
NaBJEHHH HA MHHEPaJbl Py, PABHOM Pi. EcaH pa=>Ps, TO TOBHI-
IeHHOe [aBJeHHe Ha MHHePaJbl MOBbLIIACT HX pacTBOPUMOCTD, T. €.
pacIIipsieT moJe BOJHOTO pacTBopa ()K), uTo moOKasaHO Ha ¢ur.
NyHKTHPHBIMH JIHHHSMH JUJIsi HEKOTOPOro NaBJEHAS P> Psx- 11pH
5TOM MBI NpEATOJONKHIM, UTO TOYKa ¢ cOCTaBa TepeCHIeHHOTO

a0

dur. 9. KouueHTpanuoHHasi jAuarpaMma
Hzo oz Ca . Cf

ToukHn I—3  COOTBETCTBYIOT  KOHIIEHTpPalHSM |
KOMIIOHEHTOB B 30HaX KOJIOHKH, BO3HHKaouleH |

npH §aMemeHHH TOPOJbI, CNOXKEHHOH MHHEpaJoM F+M0 : //
A c nycroTaMH, NOJ BO3JEeHCTBHEM pacTBOpa, Ie- !
pechIlleHHOro MHHepajoMm F J & L ]

pactBopa, pPaBHOBECHOTO OJHOBpE- 4 0
MeHHO ¢ A u F, HaxoauTCs HA TPO- / ¥
pojxKeHuu npamo# gunuu H,O — TR 38T
touka I. [TocmoTpHuM, B Kakux ciay- e »~
4asgx 9TO IPEANoJOMKEeHHe TMpa- V//
BHUJIBHO. H ;
Kak caexyer us ypa £ Rl 4 %
BHEHHS ¢
(L112) ~F | F+A1A+H—~

Pu—p=RT px In I,

IpH OJHMHAKOBOH CTeNeHH NepechilleHus [ pacTBopa OGOMMH MH-
HepajsaMu A u F uX KPHCTA/UIN3aIHOHHBIE AaBJIeHHs OYIyT PaBHbI
B TOM CJy4yae, eC/i PaBHBI HX MOJIbHBIE NJIOTHOCTH 4= (r, KaK J10-
nyimeHo Ha ¢ur. 9. Eciu e MoJbHbIE IJIOTHOCTH He p,ZIBHbI TO
JJIS paBeHCTBA KPHCTAJJH3ALHOHHBIX JaBJEHHH MHHEpaJoB e

u3 ypaBnenus (I1.7) cienyer yciaoBue ey

HZA »Z‘H;{F’ <

T. €. CTeNeHH IepechlllleHHs [Js ABYyX MHHEepaJoB JOJIKHBl OBITH
pas3auyHbl. B 3TOM ciyyae TOYUKH ¢ COCTaBa IlepechIIeHHBIX pac-
TBOPOB, B KOTOPHIX MHHepaJbl A U F HMeIT OJHHAKOBBIE KPHUCTAJI-
JH3AIHOHHEIE JIaBJIeHHs, PACHONOXKHINCh Obl HAa (Hr. 9 HAa HEKO-
TOPO#i MapaGoJHYeCKOd KPHBOH. CocTaBhbl, TOYKH KOTODBHIX JekKaT
Ha ¢ur. 9 npaBee 3T0#l JMUHUH paBHOro mnepecwiuienuss H,O—g, 06-
gzﬁngA 6o/iee BBICOKHM KPHCTAJJIM3AIHOHHBIM JAaBJIEHHEM MHUHe-
, a Jexamue JieBee — OOJBLIHM KpPHUCTAJ
JIN3aHOH

JlaBJeHueM MuHepaJsa F. E igias

PaccmoTrpuM npu noMomu AuarpaMMbl GHr. 9 Hccael0BaHHBIR

BBIlIE CJydail 3aMelleHHs MHUHepaaa A
- MHHEPAJIOM &
HHEM KOJOHKH: P F ¢ oGpasosa

3 2 1
—~F|A+F|A+ K~

B stom cayuae unciao 3o z=M+ 1. IloBeIIIeHHOE HaB/ieHHEe B 30-
He 2 BBHI3BAaHO IEPECHIEHHOCThIO BTEKAIOIlero pacTBopa MHHEpa-
aoMm F. Ilyctp Touka 3 Ha ¢ur. 9 uzo6paxkaer KOHIEHTPAIHIO pac-
TBOpa B 30HE J; OH IepechillleH MHHepasoM F H HeJOCHIIleH MUHe-
pasom A. B 3one I pacTBOp [M0/IKEeH GHITL HACHIIEH MHHepajom A
IpH Py=PpPm, @ TaKKe U MHHepaJoM F, NOCKOJbKY Ha KOHTAaKTe
30H / U 2 NPOUCXOAMT OCaxKJeHHe MuHepasa F, T. e. KOHIEHTpAIHI
pactBopa OynerT 31ech mHpeicTaBjeHa Toukoi I Ha ¢ur. 9. das
TOTO 4TOOBI KOHUEHTpPALUs pPacTBOpa OT 30HH 3 K 30HE [ u3Menn-
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Jlachb OT TOYKH 3 [0 TOYKH I, enuHHNA KosaumdectBa H,O mOJKHA
pacTBOPHTb MHHepas A B KOJHYeCTBE, NMPOMNOPIHOHAJBHOM OTPE3KY
k—3, a munepan F JOJKEH OCAaJHTbCS B KOJHYECTBE, MPOMOPIHO-
HaJbHOM OTpe3Ky k—I Ha ¢ur. 9. B usoGpaxkennom Ha ¢ur. 9
cjJyyae OKasblBaeTcs, UTO MHHepasa F oTJjaraercs B 60JblIeM KO-
JHYeCTBe, 4eM pactBopsierca MuHepana A (orpesok k—3<k—I1),
Ecan 310 ocraercs cnpaBedJMBBHIM H a5 OOBEMHBIX OTHOIIEHHIT
MHHEpaJIOB, TO NPH 3aMeLleHHH MHHepaja A He TOJbKO BO3HHKAET
30Ha, NOJHOCTbIO BBINOJHEHHass MHHepaJsoM F, HO ocTaHeTcs emie
H30BITOK KOMIIOHEHTa [, Mepechllalollero pacTBOp H MOTOMY CIIO-
COOHOTO BHINMOJHATb MYCTOTH B mopojae A+ K ¢ o6pasoBanueM 30-
Hpl A+ F. JlomycTHM, YTO NPH NPHHATBHIX Ha-AuarpamMme ¢ur. 9 exu-
HHYHBIX KOJIHYECTBAX KOMIOHEHTOB DaBHBIM KOJIHYECTBAM a M [
COOTBETCTBYIOT M paBHble 00beMbl MHHepasoB A u F. Ha ¢dponre
30H 3|2 NMPOHMCXOAHT PaBHOOObEMHOe 3aMellleHHe MHHepaaa A MH-
HepaJsoM [, MpH KOTOPOM KOHIEHTpPalHUsi pacTBopa Ha ¢Gur. 9 aoJ-
JKHA M3MEHsATbCs 110 JHHHH 3—2, HAKJIOHEHHOH K OCSM KOOpJAHHAT
nox yraom 45°. Touky 2, H306pakalollyl0 KOHIEHTPALHI PacTBOPa
B 30He 2, Hafi/leM Ha mepeceueHUH JHHHH 3—2 c¢ aunHeir H,0—I1.
Ha »3T0itl JMHHM B NPEANOJIOKEHHH PaBHBIX MOJBHBIX MJIOTHOCTENI
MHHepasoB F H A HX KDHCTAJIM3ALHOHHbIE NaBJIEHHS CPaBHSIOT-
cd, a, cJelloBaTeJbHO, 3aMelleHHe MuHepasa A mpekpatutcs. Ta-
KM 00pa3oM, MBI NMOJYYHJH TOukH I, 2, 3, uzobpaxkaliHe KOH-
LeHTPAalHH pacTBOpa B COOTBETCTBYIOUIHX 30Hax. [laBjieHHe B 30-
He | pPaBHO p;, B 30He 2 pacTBOp IEpeCHIleH H [aBJeHHE 3]eCh
NOBLIIIEHHOE, B 30He 3 CTeleHb IepecHIllleHHs, 3aflaHHasi COCTaBOM
BTEKalOlllero pacTtBopa, elle Boille. J[efCTBUTENBHO, MJs TOUKH 3
CTeNeHb IepecHIleHHs pacTBOpa MHHepasJoM F paBHA OTHOLIEHHIO
OTPE3KOB

g0 4o HO 2. HO
r—H,0 1 —H,0 1= HO

T. €. 6OJIblIIe CTENEeHH NepechllleHHs1 MHHepaJaoM F B 30He 2.
PacTBOpHMOCTh MHHEPAJIOB MOBBIIAETCS, €CJAM OHH HCHBITHIBA-
I0T U30BITOYHOE JaBJIeHHe CPAaBHUTEJbHO C JaBJEHHEM Ha pacTBOp,
4TO NMPHUBOAUT K pacCLIMPEHHIO INOJsi HEHACHIIIEHHBIX PAacCTBOPOB Ha
KOHIIEHTPAIIMOHHBIX JHarpaMMax. DTO BHOCHT OCJIOXKHEHHE B IOJIb-
30BaHHEe KOHLEHTPALIMOHHBIMH AHAarpaMMaMH B TeX CJydasiX, KOorjaa
peakLUHH 3aMelleHHs] CONMPOBOXKAAIOTCS yBeJHUeHHeM o0ObeMa TBep-
nbix ¢a3. Takue peakiuuu He OYAYT CONPOBOKAATHCA YBeJIHUEHHEM
NlaBJIeHHs], €CIH B 3dMellaeMOH MOpPOJe HMEIOTCs AOCTAaTOYHBIE Iyc-
TOTBI, KOTOPblE MOTYT BBINOJHSTbCS PEaKIHOHHBIMH MHHEpaJaMH.
K BrIpaBHHBaHHIO JaBJIEHHs MHHEPAJIOB BO BCeX 30HAX MOXKET IIpH-
BECTH TaK¥Ke IEepeCHIIIEHHOCTh PacTBOPa XOPOLIO PaCTBOPHMBIM
«BIIOJIHE TIOABHKHBIM MHHEPAJOM», JIETKO PacTBOPSIIOIIHMCS B 30-
HaxX TOBBIIIEHHOTO [aBJieHUS U NepPEeoTNaralolmuMcs B 30HE INOHH-
JKEHHOTO naBJyieHus. [lJis 3TOro «BIOJIHE TIOJBHIKHBIH MHHEpaJ»
JIoJKeH 06JalaTh KaK JIerKOH (HJIbTPYEMOCTbIO (BEJHYMHOH ¢,
6/M3KOIl K eIHHHIE), TaK H 3HAUHTEJbHOH pacTBOpHUMOCTbIO. [lo-
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caennee caenyer u3 ¢opmyast (II.11), ecan B Hee moacraButh cre-
TNIeHb Nepechilllen s pactBopa IT:

dx AC, C;—CF CH1—1)
B, AT bR, | g o B e oo
dv Af Af - Af

Otciona BHAHO, uTO TNIPH AAHHOH CTemeHH NIePeCHIeHHs] PacTBO-
pa Il cKOpOCTb NPOJABHIKEHHS 30HBI OTJIOMKEHHSI KOMIOHEHTA [ Tem
Gouiblite, uem GoJblile €ro ¢, pacrBopumocts C/*. Tlpu npHpoAHBIX
METACOMAaTHYECKUX IIpOLEeccaX TAKUM HaHOOJee MOABHIKHBIM MHHE-
PaJjioM, NepeoT]araloIUMCS H3 30H MOBBLIIIEHHOTO NaBJEHHS B
SOHbLI TIOHHXKEHHOTO M TaKUM 06pPa3oM BbIPaBHHBAIOIIUM AaBJeHHE
B METAacOMaTHYECKOH KOJIOHKE, OYeHb 4YaCTO sIBJSETCS KBapll, B
JAPYTHX CAy4yasix — KaJbIlHT.

Ecnu KoMnoHeHTH a u f, KpOMe OZHOKOMIOHEHTHBIX MHHEPAaJIOB
A u F, o6pasyioT Takxe MHHEpaJ/-cOeANHeHHe, Hampumep A,F
(1. e. MEHepas cocraBa 2a+f), To moJe HEHACHIIeHHOH KHIKOCTH
OTPAHMYHBACTCA TPEMSI JHHHSMH HACHIIEHHS KaXKIbIM H3 3THX MH-
HepaJ/oB, Kak Ha auarpamme ¢ur. 19. CocTaB pacTBOPOB, HAcCHI-
IICHHbIX B OTHOLIEHHH JIByXKOMIIOHEHTHOTO MHHEpasa, BEIPA3HTCH
KpHBOH runepGosnyeckoro tuna. B cayuae, ecam pacrsop npHOGJIH-
Kaercs K HMJeaJbHOMY, ypaBHeHHe 3TOH JIHHHH HACHILEHHS IOJy-
UM M3 YDAaBHeHHs 3akOHa JleficTBHs Macc. Tak, aas wMuHepasa
A,F umeem: A,F=2a+f, C2C;=K, uto u maer YPaBHEHHe JHHHH
HACBIICHHSA HA KOHLUEHTDPANHOHHOH AuarpamMme. B peasbHbIX pac-
TBOpPAx JHHHS HACBILEHHS MOXKET B PA3JHUYHOH CTENeHH OTKJOHSTh-
Csl OT 3TOH HeaJbHOH.

5. Ciyyau XHMHYECKOrO B3aHMOAEHCTBUS
KOMIOHEHTOB B PacTBOpe

a. Ocaxdenue na ¢ponte pacreéopenus. JlanbHeiimee YCJI0K-
HCHHE METACOMAaTHYECKHX KOJIOHOK O0OyC/IOB/JIEHO TeM, uTO pac-
TBOPUMOCTb OJJHOKOMIIOHEHTHBIX MHHEPAJIOB MOIKET B3aBHCEThb OT
KOHICHTPAUUH HE BXOASWIHX B HHX KOMIOHeHTOB. Tak, ecam KoM-
TIOHEHTH @ U b 006/1a71a10T CBOACTBAMH OCHOBAHHE HJIH 063 KHCJIOT-
HBI, TO B CHJIy KHCJIOTHO-OCHOBHOTO B3aHMOJENCTBHS B DacTBOpe
OHH GYyIyT B3aHMHO NOHHIKAaTb PacTBOPHMOCTD apyr- apyra (cm.
¢ur. 13). Ecin e oJMH H3 HHX OCHOBEH, a APYIOi KHCJOTeH H/IH
€C/IH OHH B pacTBOpe 06pasylOT XOPOIIO pPacTBOPHMble KOMILIEK-
Cbl, TO OHH OyIyT B3aHMHO TOBHIUAThL CBOH PACTBOPHMOCTH (cm.
¢ur. 16). Mcxoas u3 o6IHX TepMOAHHAMHYECKHX 3aKOHOMEPHO-
CTedl, MOXKHO yTBEPIKA4Th, UYTO 3TO B3aUMO/IEHCTBHE CHMMETPHYHO,
T. €. €CIM a TNOHHXKaeT (MOBBIIAeT) PacTBOPUMOCTb b, TO M b mo-
HHXKaeT (MOBHIIIAET) PACTBOPHMOCTD al.

1

OTO MOXKHO OKa3aTh XOTS Gl IIepeKPeCTHHIM nu(pdepennupoBanneM Kosdohu-
UHEHTOB B ypaBHeHHH moTeHuuana I'm66ca: dG=podna+psdns+ .. +undng;
(O1a/Ons) n g = (OUs/0Na) ny. YBennuenne (YMeHbIIIEHHE) XHMHYECKOTO MOTEHIH-
a/1d ta KOMIIOHEHTA @ NPH NMOCTOSIHHOM €r0 COAEPKAHHH 03HAYAET yMeHbLICHHe
(ysennuenue) ero pactBopuMocTH. C/le10BATENBHO, eC/IH MOBHILIEHHe KOHIIeHTpa-
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PaccMoTpuM ciydai, KOrjla pacTBopeHne MHHEpasa A BBI3H-
BaeT ocaxKjeHHe MEHepana Q, He uMmelomero ¢ A OGUIMX KOMIIO-
HEHTOB, B CHJIy TNOHHJKEHHs PAcTBOPUMOCTH Q C TOBBILICHHEM KOH-
IleHTPaliHd B PacTBOPE KOMIIOHEHTA 4. ITycts Ha KOHLEHTPAIHOH-
Hoii puarpamMme ¢ur. 10 CIVIOIIHBIMH JIHHUSAMH JAQHBI TIOJIs yCTOM-
ynBoctn K, K+Q, X+A, K+A+Q npu naBieHHH HA MUHEpA~
b, PaBHOM JaBJeHHI0 Xuakoctd. Haxion JIUHMH, TpeiCcTaBJIsO-
IFX COCTaBbl HACHIIEHHBIX PACTBOPOB, OTOGpaXKaer 3aBHCHMOCTH
PACTBOPHMOCTH OJIHOTO KOMIIOHEHT2 OT KOHIEHTDALHH ZPYTOTO.

IlycTs HCXOAHAS TOPOAA CJIOXKeHAa MHHEpaJoM A c HEKOTOPBIM
KOJIHUECTBOM IYCTOT, TAaK UTO P =P, & HCXOJHBIH PAacTBOp HE/0-
CHIIEH 06OMMH KOMIOHEHTaMH a4 H ¢, UTO H300paxaercs TouKoil 4
na ¢ur. 10. B 30He ] HCXOXHON MOPO/ABI PACTBOP JOJIKEH OBITH Ha-
chimen # MunepazoM A, u muHepansoM Q (Tak Kak Ha (bpoHTE 3a-
Mmemenuss A oraaraercs Q), T. €. COCTaB pacTBopa 3/1ECh n3obpa-
skaercsi Toukoli I Ha ¢ur. 10. Jlasg Toro 4TOGHI COCTaB pacTBOpPa
M3MEHHJICSL OT TOUKH 4 0 TOUKH I, JOJKHO IIPOH3OHTH pacTBOpe-
uue MuHepana A B KOJHUECTBE, MPOMOPUUOHATLHOM OTDESKY 1—k,
H ocaxjeHue MHHepajsa Q B KOJHYECTBE, MPOMOPIHOHATLHOM OT-
pesky 4—k (cM. ¢ur. 10). Ecqm mpH TakKOM COOTHOUICHHH 06beM
ocak/1aeMoro MuHepaja Q paBeH HJH MEHbIIE o6beMa pactBopsie-
Moro MuHepajia A, TO BO3HHKHET KOJIOHKA — K| Q+ K|A+ K—.
Eenn ke o6beM ocarxjaiollerocss MuHepana Q npeB3oiieT 00beM
pacTBOPsSieMOro MHHepasna A, TO BO3HHKHET KOJIOHKa —)X|Q|A+
+Q|A+ K—. ®ur. 10 ALTIOCTPHPYET HMEHHO STOT, 6osiee CJI0XK-
HBlfi caydail, Koria Q He TOJBKO BHIIOJHAET MOJHOCTHIO o6beM 3a-
MelaeMoro MHHepasa A, HO IocJie 3TOro B PacTBOPE OCTAGTCs EIE
H3GBITOK TEPECHIIAIIIET0 ero KOMIOHeHTa ¢, TPH OCAXKICHHH KO-
TOPOro GyAyT BHIMONHSATECH MyCTOTHL B HOPOAE. !

[TockoJbKy MHHepan Q mocJe OCaxJeHHs IOJBepraercs pac-
TBOPeHHIO, B 30He Q YCTaHOBHTCS JaBi/eHHE DACTBOPA, a, cJjefo-
BaTe/bHO, KOHIEHTpalusi OyaeT H300paxaTbCs TOUKOi 3 Ha
¢ur. 10. Ha rpanuie 30H 2 m 3 6yAer NMPOHUCXOAHTH 3aMEIICHHE
munepana A muuepanoMm Q. B cury MaJjioii CKHMaeMOCTH MHHepa-
JIOB 5T0 3aMeIeHHAe JOJKHO ObiTh PaBHOOOBEMHBIM. Ecnu mpeamno-
JIOXKUTb, YTO PABHBIM MOJIbHBIM KOJHYECTBAM A u Q COOTBeTCTBY-
' joT paBHBIE HX OOBEMBI, TO Ha AHAarpaMMe ¢ur. 10 n3ameHeHHe KOH-
LeHTPAlMH PAcTBOPA JOJKHO HATH B HANpABJICHHH JuHud 3—2 ¢
nakjonoMm B 45°. CoctaB pacTBopa B 30HE 2 (A+Q) maiizercss Ha
nepeceyeHuy 3TOH JHHHH C JIMHHEeH PaBHBIX KPHCTAJIA3aNHOHHBIX
napienuit (Touka 2). dro Oyner nepechilleH B pacTBop, a, cje-
NOBATEJbHO, AaBienne B 970/ 3oHe A-Q Gyner COOTBETCTBEHHO mo-
BhilenHpM. Ha rpannue 30H I W 2 pacTBOp, OCax/as 06a MHHe-
pana A u Q, TOHH3HT CBOIO KOHIEHTDAILIO no touku I ¢wur. 10.

Ha ¢ur. 11,6 ToT Xe cayyail npeAcTaB]eH Ha auarpaMMme
x/v—ps. B 30He 4 KpHCTaJJIH3aUMOHHbIE JaBJEHHS MUHEPAJIOB Awn

11} KOMIOHEHTa b MoBHIIaeT (NOHHXKAeT) PACTBOPHMOCTb KOMMOHeHTa d, TO 2]

06paTHO — KOMIOHEHT @ MOBHIUIAET (mommKaeT) PaCTBOPHMOCTH KOMIOHEHTA b 8
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11X CBOHMCTBAMH OCHOBAHHH U B3aHMHO TTOHHZKAIOLIUX paCTBOpPIMOCIB IprI‘ ﬂpyra

Touku I—:
H 4 COOTBETCTBYIOT KOHIEHTPAaLHsIM HX B S30HaX ‘KOJOHKH, B KOTOpOfl MuHepan Q
ocaxjaercs Ha ¢GpOHTe pacTBopeHMsi MHHepasaa A

ik H

. & pacCTOHHHeM KpHCTaﬂJlPI?:aIIHOHH X JaBJIeH p B
((bl" 3MEHEHHEe bl JICHHH MHHEpaJo
A H Q HPH OCaxKIaeHHuu Q Ha (I)pOHIe paCIBopeHHﬂ A

a — NpH COXpPaHEHHH BO BCeX 30HA
X NmycToT; 6 — npun o6pa3sOBaHHHM S0HBI I
OBBIIIEHHOT -
Hua A+Q (B cootBercTBHH ¢ ¢ur. 10) Gl

Q HMKe JaBJEHHS XKUAKOCTH. B 30- T
| Q1A+Q1A+HG —

He 3 KDHCTaJJIH3alHOHHOE JaBJie-
HHe (Q CPaBHHBAETCS C P, B 30HE
2 pa=po>Psx, a B 30HE 1 py=po=
=px. Ha ¢ur. 12 Tor ke cayuai
pasobpaH Ha AuarpaMMme COfAepKa-
HHE B IOpPOJe i— KOHUEHTpaUHs B
pactBope C;. Ilpm mnepexome ot
30HH 4 K 30He 8 C, MOBHIIIaeTcs B
CBSI3H C ITIOJIHBIM pacTBopeHueM Q.
IIpu mepexoze or 30HHI 3 K 30HE 2
KoHnuentpauusi C, TOHHKAETCH B i
CBA3U ¢ ocaxjaenueM Q, a KOH

) EeH- [0}
Mr- 212, uar; .

Tpauusa CA IIOBBILIAETCSA B CBA3H C Hue—-‘xoﬂue}ﬁ‘paupnaﬂwtzm c’l(‘);lr?x):e
pacrBopennem A. Ilpu mnepexome cayuas, uro u na dur. 10 u 11, 6
(():T 30}2?1 2 X 30He 1 KOHIEHTpaILHH

A H MOHH K
e, CQ o aloTCs B CBsA3H € ocaxjenneM A u Q B mycroTax mo-
s o B JHHXKCHHEM JaBJCHHS HA MHHepaJbl. Ha ¢ur. 12 aunun

1C'Q* u A*C> “||Q*Q*. UnrepecH Co 3

s e 054 pecHo, uTo C’<<C.® Torma Kak
mqf 4 Q.ﬁ OODBACHACTCA TEM, YTO AKTHBHOCTb ¢ B 30He 2 NOBHI-

aeTcst 6oJiee BbICOKO# 3aech C4. @ur. 11, a uamoctpupyer Gosee
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NPOCTOH CJy4YaH, Korjga B CHJIy MEHbIIEro obbeMa OcCaxKAammerocs -

MHHepasna Q 30Ha MOBHIUEHHOTO NaBJEHHS A+ Q He BO3HHKAET.

B xkosnonke —)XK|Q|A+Q|A+ K— npu AByX MHHEpalax HMe-
joTcst uethipe 30HB: 2=M+2. CuenoBaTesnbHO, KpOMe OCHOBHBIX
nuddepeniuaIbHbIX ypaBHEHHH, MapaMeTphl 30H CBA3AHLL €Ille O~
HHM ycJoBHeM. DTO YCJIOBHE B JAHHOM cJydae CBA3aHO C XHMHHE-
CKUM B3aMMOJEefiCTBHEM KOMIIOHEHTOB B pacTBOpe, NMPHBOJASLIHM K -
MECTHOMY TIOBBILIEHHIO JaBJIeHHs] HA (POHTE 2|3.

Ha ¢pouTe pacTBOpeHHsi MuHepana A XHMHUECKOe B3aHMOJeH-
CTBHE B PacTBOPe MOKET BbI3BAaTh OCaxJEHHE G6ojiee ueM OJHOTO
MuHepasna Q, KOTOpble 3aTeM IOJABEPraloTCs PacTBOPEHHIO HJH KE
3aMelennio APyruMH MuHepasiaMu F, G, mepechlllaioUmHMH BTEKa-
[OLMH pacTBOP, HO B MEHbIIEH CTENeHH pearHpylolliMa B pacTBO-
pe ¢ KOMIIOHEHTAaMH 3aMelllaeMbIX MHHEpaJOB. TakuM 06pa3oM MO-
IyT BO3HHKHYTb KOJIOHKH THINA!

—~F|F+G|X|Q|A+Q|A+ X~
—~F|F+Q|Q+R|Q+R+S|A~
—>F|F+Q|Q+X|Q+R|A+Q+R|A+)K— u 1. L

Ocax/ieHHe BTOPOCTENEHHBIX KOMIIOHEHTOB pacTBopa Ha dhpoH-
 Te 3aMellleHHsi C TOCJEIYIOIIHM PacTBOPEHHEM IIOTOKOM TeX K€
pacTBOPOB HMeeT IIHPOKOe PacnpocTpaHeHHe TNpH THIPOTEPMAJIb-
Hbix mpoueccax. Tak, NPH BTEKaHHH NOCHEMAarMaTHIECKHX pacTBo-
pOB B KapOGoHATHHIE H JApyrHe Gojiee OCHOBHBIE TOPOJBI HEPEIKO
NPOHCXONUT OCazK/eHHe PYAHBIX MHHEPaJOB, KOTOPhIE BCJIE/L 38 TEM
3aMelaloTcsi KBapleM TNOJ BO3/eACTBHEM, IO-BHAMMOMY, TeX iKe
pPacTBOPOB.

6. O6ozaujerue nepemetyertolim KOMNOHEHTOM. Hurepecen cay-
yaii, Korja 3ameliaeMasi MoOpoia CJIOXKeHa MHHepasaMH, B3aHMO-
JeficTBHe KOMIIOHEHTOB KOTOPHIX B pacTBOpe B3aHMHO MOHHKAET
pacTBopHMOCTb (Hampumep, Koria 06a MHHEpaja CHJIbBHO OCHOB-
Hble). B mpocreiileM cayuae MyCTh HCXOAHAs NMOPOJA CJOKEHA MH-
nepasaMi A H B, MOHMKAIOMMMHE PacTBOPHMOCTD YT Apyra, KakK
570 IOKA3aHO HA KOHIEHTPAIHOHHOH JHarpamme ¢ur. 13. Ilycts
touka 4, HaxOAAmAasicsi B NOJe HEIOCHIIEHHOro BOJXHOrO pacrsopa,
mpejicTaBJsIeT HMCXOJHBIA COCTaB BO3/IefiCTBYIOLIEr0  pacTBOpa.
TIycTb COOTHOILUEHHs MEXJy COAEPKAHUAMH A u B B nopoje u pas-
HOCTSIMH KOHIIEHTpPALHUi HX B IOPOBOM H BO3/leficTByIOIEM PacTBO-
pax TaKOBbI, YTO PacTBOpEHHE A wuper OGbicTpee pacTBopeHHs B.
IlosTOoMy BO3HHKHET 30HA 3, cloXeHHass MHHepaloM B, KOHIEHT-
pauusi pactsopa B KOTOpO#l BBIPA3HTCA TOUKOH 3 Ha ¢ur. 13, Tor-
‘7a Kak Brnepeau Oy/Jer pacroJioxeHa 30Ha 2, caoxennas A+ B. Ha
rpanuue 30H 3 U 2 GyAeT MPOHCXOLUTH paBHOOOGBEMHOE 3aMellleHHe
A wmunepanom B. Ecam paBHEIM 0GbeMaM COOTBETCTBYIOT DABHLIE
MoOJbHBIe KoauuecTBa A u B, TO Ha ¢ur. 13 usMeHeHHE COCTaBa
pacTBopa MOf/IeT N0 JHHHA C HAKJIOHOM B 45° ¥ TOuKa cocTaBa pac-
TBOpa B 30He 2 HaHJeTcs Ha NepeceueHH: 3TOM JIMHHH C JIMHHEH
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®ur. 15. Usmenenn
,-19; € C PacCTOSIHHEM X/v colep:KaHHit a, b u Ko i
AJIS TOTO e ciydas, 4To H Ha ¢ur. 13 u 14 : g P

PaBHOTO KPHCTAJIH3AIMOHHOrO JAaBieHus (mpsmas H,0 — [—2)
D10 GyleT PacTBOp MepecHlleH b, T. €. B 30He 2 [ABJeHHe HA MH-
HepaAnl noBbilienHoe. Ilepexox k 3ome I (A+B+)K) Gyner co-
NPOBOXKJATbCS OcaxaeHHeM A u B B mopax HCXOJHOW MOPOAHI.
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SR e ey AnarpaMMmy cojepxaHnue a, b — KOH-
R s nentpauust Ca, Cp, 2 ¢ur. 15— nua-
rpaMMy paccTosiHHe BJOJIb KOJOHKH
x/v — coepkanue a u b B mopoie H
konuentpanust ux C, u C, B pacrso-
o pe. ®ur. 13—15 cor;iacoBanbl MEXLY
co6oii, T. €. B HAX B3ATHl T€ XK€ BEJH-
guan ' @, b, Co C, a pacCCTOSHHA
x/v Ha ¢ur. 15 ‘COOTBETCTBYIOT TaH-
remcaM yIJIOB HaKJOHa JIMHHH Ha
¢ur. 14. Ha o¢ur. 15 xopouo BHAEH
GasiaHC BellecTBa IPH MeTacoMarose.
CpapHuBasi IJIOLA/H, OCHOBAHHEM KO-
TOPHIX sBJseTcs WIMpUHA 30HB Ha
dur. 15, a BpICOTaMH — OP/IHHATEL co-
¢ur. 16. KosnuenTpauunoHHas ILep}KaHHi’I KOMIIOHEHTOB, MO2KHO CIC)?:;
quarpaMma JJs caydas pacTBO-  HHBATb OTHOCHTEJIBHEIE - KOJInue i
peHHsi TMOPOJB, MHHEpalBl KOTO-  peyecTB, NPUBHECCHHBIX H BBHIHECE
poit A n B B3amMHO MHOBHIIAIOT — yyy ppy mpolecce H3MEHEHHS. Taxk,
e o Ny KOJIMUECTBO KoMrmomneHTa b, BbIHECEH-
HOTO M3 30HBI 4, MPEBOCXOAHUT KOJIHYE-
2, 4TO BBI3BAHO TEM, UTO C,* BTEKalo-
[lero B MOPOAY pacTBopa HHXKE, UEM C,' mpoTeKLIero qegez;ggg%
pacrBopa. Ecan 6bl 3TH KOHICHTpaLUH OBIIH PaBHBL, Toaﬂg e
pacTBopa BbI3BAJO Gbl TOJIBKO TIepeoTIOKeHHe MUHED o
KoIJIenueM ero B 3onax 3 u 2 Ges ofuiero NpUBHOCA HJIH e
Ecau mpu Tex 2Ke COOTHOLICHHSX A u B BO3JeHCTBYIOUIHH P

TBOp TepechilleH KaKUM-JIH00 MHHEpaJ
munepasoM G, TO BOSHHKHYT KOJOHKH THIIA

_+F|F+G|B|A+B|A+B+X~

OGorauienne IepeMelleHHbIME KOMIOHEHTaM| TpH H}upmnu;z:
pAlHOHHBIX Tpoleccax AOCTATOUHO 0OBIYHO. Tak, npu rpemsiﬂnoﬂ_
LIHH TIOJIeBOIITIATOBBIX MOPOJ, MPHBOMAIIEH B KOHILE KOHHOﬁee e
HOMY HX OKBApLEBaHHIO, MIHHOSEM pacTBOPSAETCst MeJlJIeH q),ome
GoJsiee CHJIbHBIE OCHOBAHMS NMOPOJEL. IIpu 3TOM Hepeiko Ha pOJIb-
BLILLEIAUNBAHHS 3THX Gojiee CHJIbHBIX OCHOBAHMH nopoja Heck

TJIMHO3€MOM.
g (])368;3gl;:;czpomlaononomrmﬁ caydaii, KOra mopoja cjoxkeHa

MuHepaJaMH, TOBBIIIAIOMHMH PAaCTBOPHMOCTD apyr apyra (onauH

MEHepaJa KHCJIOTHBIH, Jpyro# OCHOBHOI1), KaK 3T0 M300paeHo Ha

gur. 16. ITycTb mopoja CIOXKEHa munepaiamu A u B, :H OTIH]OI_([:I':];
HHH KOTOPbIX BTEKAIOLIMi pPacTBOp (Touka 3) Henocmu;eT. 301{}; :
pacrBopenue A Hier onicTpee, 4eM 1?, TaKk 4TO BOSBHI/IK P o 1»;
cnoskenHas B. PacTBop, HACHIEHHBIH MHHEPAJOM 5 B 30He 2, Tp

CTBO, OTJIOXKEHHOE B 30HAX 3u

OXpaHujach Mpomnop-
! TIpn medaTaHWH MaCUITa0Hl PHCYHKOB GLLIH H3MEeHeHBl, HO COXp p

LLHOHAJBHOCTh OTPE3KOB.
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oM F u B MeHblIei CTENEHH -

BCTyNJIeHUH B 30HY I (A+ B) oxasbiBaeTcsi HeJOCHIIIEHHBIM H J0J-
JXKeH pacTBOpsTh He ToabKOo A, HO u B. Iloatomy conepxkanne B B
30He 2 JIOJI:KHO OBITh HHIKE, 4eM B 30He .

6. UHDUABTpALIMOHHDBIE KOJOHKH
C MHHEpaJiaMHU-COeIHHEHUSI MU

Ha konunenTpauuonHoii auarpamme ¢ur. 17 npeacrasiexa CHCTe-
Ma H,O—f—g c onnokoMnonenTHeiME MuHepanaMHu F, G u ¢ JBYX-
KOMIIOHEHTHBIM MHHepasoM FG. ITycTb B moJocTh BT€KaeT pacTBop,
NepECHIeHHbIH MHHEepaJoM F M B MeHbIeH CTeNeHH MHUHEPaJOM
FG (toyka 3). Ilocse ocaxJeHHs] NEPECHIAIOMHAX PACTBOD MHHe-
panoB F, FG ocTaTouHBIi PacTBOP HACHILIAETCS 3STHMH MHHepa-
JIAMH TakK, 4TO COCTaB PAacTBOpPa B HEBBINOJHEHHOH YacTH IIOJOCTH
Oyner nsobpaxkaThcsl TOUKo# /. B 30He 3 KpHCTaIH3alHOHHOE JaB-
Jienue MuHepasa F Boime, yeM FG, mostoMy B 30He 3 o06pasyercs
MOHOMHHEpaJbHas 30Ha F, oTAenseMast oT mojoctd (3oda I) 30HOM
2 cosmectHoro ocaxaenus F, FG. Ha rpanuue 3ou 2|3 npoucxonur
paBHOOOBEeMHOe 3aMellenHe FG wmunepasoM F, BCJIEIACTBHE Yero
TOYKH COCTaBa PAaCTBOPOB 3 U 2 JOJIKHB JeXKaTh Ha JHHUH, HAKJO-
HEHHOW K OCAAM KOODAMHAT NOJ, yrJom 45° Tak Kak pacTBop obej-
HSIETCSl KOMIIOHEHTOM [ M coramiaercsi g B 3KBHBAJEHTHHIX KOJIH-
yecTBax. Takum o6pasom Bo3HHKaeT Kosonka —F|F+FG|X|—.

Bosee npocrasi KoJOHKA MOJNYYHTCSI, €CJIM COCTAB BTEKAIOIIEro B
II0JIOCTh TIepPecHIIeHHOT0 pacTtBopa momajgaer B mone JK—FG.
B -atom cayuae, oueBHAHO, BO3HHKaeT KoJaoHKa —FG|X— (cwm.
¢ur. 17).

ITpu pactBopennu Munepasa AB B 3aBHCHMOCTH OT COCTaBa
BO3/I€HCTBYIOIIEr0 pacTBOpa BO3MOXKHBI JBa ciayuas. Ecau cooTHO-
lIeHHe KOMIIOHEHTOB B BO3/€HCTBYIOLIEM pPacTBOPE HE CJMIIKOM OT-
JHYaercss OT TaKOBOro B MHHepaJse AB, ToO BO3MOXKHO IpPOCTOE pac-
Teopenue AB ¢ o6pasoBanuem 30H —K|AB— (¢ur. 18). B mpo-
THBHOM CJydae BO3MOXKHO pPacTBOpPeHHEe C pasJjoxenueM. Tak, ecau
BO3/EHCTBYIOIIHA PacTBOP HMEET COCTAB TOUKH 3, TO NMPH pacTBOpe-
HUH AB (IpH ABHXKEHHH COCTaBa pacTBOpa B CTOPOHY TOYKH k) pac-
TBOD [OCTHTHET HACHIIEHHS MHHEpaJaoM A, KOTOPHIH JO/MKEH 0CaxK-
natecsi Ha (pourte pactBopenuss AB. IloaToMy BO3HHKaeT KOJIOHKA

—K|A+)K|AB— (cm. ¢ur. 18). IIpu BerymieHnu pacTBopa H3 -

30HBI TOJHOTO pactBopenuss B 30Hy 2 (A+)K) xounentpauus C,
B pacTBOpe NOBHILIIAETCS 3a CYeT pacTBopenus A, Toraa kak C, He
usMmensiercs. Ilpu Berynsienun B 30Hy / (AB) NpOHCXOAHT pacTBoO-
peHHe TOJbKO OJHOTO KOMIIOHeHTa b (B paccMaTpHBaeMOM cJiydae
XHMHYECKOe B3aUMOJEHCTBHE KOMIIOHEHTOB B PacTBOpPe OTCYTCTBY-
er), BcaencrBue yero B 30ue 2 (A4 )K) BO3HHKAIOT MYyCTOTHI.

[Tpu BO3aefCTBUH pacTBOpa MOTIYT BO3HHKHYTb «PeaKIHOHHBIE»
MHHEpaJibl, B COCTaB KOTOPHIX BXOJST KaK KOMIIOHEHTHl 3aMelllae-
MOM TIOPOJIBI, TAK U MPUBHOCHMEIE pacTBOpoM. Eciim pacTBOp CHJIBHO
HEJOCHIIIEH KOMIIOHEHTAMH 3aMellaeMofl IOPOJH, TO peaKIHOHHbIe
MHHepaJibl BCJel 3a 06pa3oBaHHEM MOTYT NOABEPTHYTbCS PacTBO-
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®ur. 17. KonueHTpanuoHHAs JAHArpaMma
C;—Cg c oGpa3oBanueM MHHepaJja-coeJHHe-
Husi FG; ciayuau BHIIOJHEHHS NYCTOTH MHHe-
panom FG (I, II) u munepanamn FG u F (30-
HBEl [—3)

Fthy F+

®ur. 18. KonnenrpauuonHas JuarpamMma
Co— Cy nns cayuasi pacTBOpPEHHS] MHHepaJa
AB 6e3 pasnoxenusi (3ouwl I, II) u c paso-
KeHueM (30HBL I—3)

dur. 19. KonueHTpauuoHnHas auarpamma Ajas

/‘L"_::/ 7 ciydasi 3aMellleHHss MHHepasna A  peakIHOH-
e HE +A HBIM MuHepasom AoF ¢ moc/efyomuM pacTBo-
= peHHeM 3TOro COeIMHEeHUs

feg ’ 1
=N AgFIA+AF | A+ —

pennio. ITyctb, nanpumep, B cucreme a—f—H,O ycToluHBBEI MHHE-
panet A, A,F, F u ux Boauwii pactBop JK (¢ur. 19). Paccmorpum
cyuail BO3/IEHCTBHSA Ha IOPOAY, CJOXKEHHYI0 MHHepaloM A, Helo-
CHILIEHHOTO pacTBopa coctaBa ToukH 4. Oboraulenne 3TOro pacrBo-
pa KOMIIOHEHTOM @ TPH PacTBOPEHHH A BEI30BET OCaK/eHHE peak-
nuonnoro munepana A,F. IlpocounBiniics gepe3 KOJOHKY PacTBOP
8 30He A+ )K HCXOAHOH MOPOJEI 0JKEH GBITh HACHIIIEH KaK A, Tak
u A,F, yemy coorBercTByeT Touka I. IIpH HCXOJHOM BO3/€HCTBYIO-
eM pacTBOPe COCTaBa TOYKH 4 H3MeHeHHEe ero KOHIEHTPAaUuH 10
ToukH / GyJeT CONMpOBOXK/IATHCS BhIAEJNEHHEM KoMNoHeHTa F B 60Jib-
meM KosuyecTBe, ueM pactBopsiercs A. [Tosromy mocsie 3aMelleHHs
A—A,F pactBop euie Gyier mnepechilled MuHepanoM A,F u Gyzxer
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€ro ocax<1aTb B MyCTOTax mopoinl A+ K ¢ o6pasoBaHHeM 30HE
A+A,F. TIpu paBHOOGLEMHOM 3aMeIleHHH 3A+ (f) =A,F+ (a),
€CJIH NapunajbHble 0O6bEMbl @ H f B 3THX MHHepajaX OJHHAKOBHI, CO-
CTaB pacTBOpa MO/KE€H H3MEHSATbCS IO JIHHHHM C HAKJOHOM 45° u
TOYKAa 2 KOHUEHTPALMH pacTBOpa HaiZeTcs Ha NepPeceyeHuH 3TOH
JIHHHH C JINHHEH PaBHOTO KPHUCTAJIH3aLHOHHOTO AABJEHHS. DTO 6y-
A€T NEepEeCHIeHHBIl PacTBOP, H, CAEIOBATEJbHO, JaBJeHHE HA MH-
HepaJbl Oy/eT MOBHLIIIEHHEIM.

OTOT ciyyall MOXOAHT Ha Cayyall XHMHUECKOTO OCAMIEHHS MHU-
Hepana Q, nmpeicraBiaenuwit Ha ¢ur. 10, 1 Ha cayuadl oboramenus
€peMelleHHbIM KOMIIOHeHTOM (cM. ¢ur. 13). Bo Bcex sTHX cayyasx
IOABJIACTCA NONMOJIHHTe/IbHAS 30HA; 2=M+2 B CBfI3U ¢ BO3pacTaHH-
€M 1aBJIeHHS Ha QpOHTe 3avemeHus 2|3.

Ha ocroBe atHx mpocrefinnx ciyuaeB MoOXKHO COCTaBHTH npen-
CTaBJ€HHE O COCTaBe KOJIOHOK IPH 3aMeIleHHH MOPOABl NOJ BO3-
IEeACTBAEM PacTBOPOB, NEPECHILEHHBIX HEKOTOPHMH KOMMOHEHTaMH.
Ilpu 3TOM MOryT BO3HHKHYTH, HampHMep, CJEeLYIOIIHEe KOJIOHKH:

~F|AF|AB+AF|AB+X—>
—AF |AF4+AG|A+AF+AG|A+K—
—F|AF|AF4+AG|AB+AF-+AG|AB4X— u 1. 1.

IIpoiins yepes Takyio KOJOHKY, pacTBOp OKAa3HIBAETCS HACHIIEH-
HBIM BCEMH MHHEpa/JlaMH H3MEHseMOH NOPOJbl H TeMH MHHEpaJaMH,
KOTOpLIE OCaJUJHUCh B €e IOpPaxX, TaK YTO OH CTAHOBHTCH CIHOCOGHBIM
pearupoBaTh TOJBKO C MOPOJAAMH CYLIECTBEHHO PAas3/JHYHOTO MHHE-
panbHOro cocraBa. OfHAKO H3MEHEHHE TeMIepaTyphl, AABJIECHHS H
B 0COGEHHOCTH OTCTaBaHHE B CHJY (HJIBTPANHOHHOTO 3ddekTa psana
KOMIIOHEHTOB PacTBOpa NpH (DUIbTPALMH uepe3 MOPOAB BOCCTA-
HaBJIHBAIOT CNOCOGHOCTb PacCTBOPOB pearupoBaTb C INOPOJAAMH.
[lostomy ciyuaii pacTBOpa «IPOM3BOJIBHOTO» COCTABA, KOHEUHBIM
NPOJYKTOM BO3/IEHCTBHSI KOTOPOTO SIBJISIOTCS MOHOMHHEpaJbHbIE Me-
TaCoOMaTHYECKHE MOPOJbI, IOCTATOYHO XapPaKTEPEH.

Teneps nepeiiiem x Gosee CI0KHOMY CIyYal0 KOJOHOK € cepuei
PEeakIHOHHBIX MHHEDPAJIOB.

Kak ™Mbl BHIenH BhILle, IPH HHOHUILTPANHOHHOM METacOMAaTO3e
NEPEMEHHOCTb COCTaBa MHHEPaJIOB, KaK NMPaBHJIO, HE IPOSBJSAETCS
(cM. ¢ur. 3), T. e. H3MEHEHHE COCTaBa OTAEJbHEIX MHHEPAJOB BIOJb
KOJIOHKH He HMeeT mecra. [TostoMy mepBoHauajbHO Mbl GyneMm
HUMeTb B BH/JY TOJIbKO MHHEPaJbl IOCTOSHHOIO COCTaBa, a JIHLIb 3a-
TeM 06paTuMCs K CJAyYal0 MHHEPAJIOB IIEPEMEHHOTO COCTAaBA.

st ynpoulenuss Mel JOMyCKaeM TaKKe, YTO PeaKIHH 3aMelle-
HHSl HE CONPOBOXKJAIOTCS YBEJHYEHHEM JaBJEHHs HAa MHUHEpaJbl.
OTO BO3MOXKHO B TOM CJIydae, €CJH B HCXOAHOH TNOPOJEe HMEJHCh JO-
CTATOYHBIE IYCTOTHI HJIH €CJIH NaBJIeHHe BHIDAaBHHUBAETCsl NEPeoTJIO-
2KeHHeM JI06aBOYHbBIX «BIOJIHE MOJBHXKHEIX MHHEDAJOB». Ilas ympo-
IeHHs HHXKe Mbl He Gy/leM CIenHaJbHO 0603HAaYaTh HaJHUHE MyCTOT
HJId BIIOJIHE TOJBHKHBIX MHHEDAJIOBY.
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®ur. 20. CuMMeTpHYHAS ~ CcCHCTeMa C
cepHell IBYXKOMIIOHEHTHBIX MHHEpaJoB
noctosiHHOro cocraBa A, A3B, AB, ABs,
B (cayuail 3aMellleHHsI IOPOJBI, CJO-
JKeHHOlI MuHepasoM A, MOJA BO3JAEHCT-
BHEM PAacTBOPOB C BLICOKOH KOHIEHTpPa-
IHell KOMIOHeHTa b ¥ HU3KOH — KOMIIO-
HeHTa a ¢ 06pa3oBaHHeM KOJIOHKH C 30-
Hamu [—6)

JMarpamMma coaepxapufi a—b, K 60okaM KOTOpO#
nprcTpoensl aparpammel a—Cgy (cHusy) u b—Cp
(ceBa); ¢ CHMMETPHYHOCTBIO CHCTEMbl CBSI3AHO
Bhinajenye 30H AsB u AB

qu : Eﬂ
Gi0=% 1312 1 66§ 41
= 01518148y AB) |14, 8) 1A ~= 618 A BylA

Paccmorpum cucremy H,O—a—b, B KOTOpO# yCTOHYHBHI MHHe-
paau A, A,B, AB, AB,, B. IlepBoHaya/ibHO JONYyCTHM, YTO KOHIIEH-
TpauHOHHAs AHArPaMMa 3TOH CHCTeMbl HMeeT BIIOJIHE CHMMEeTPHY-
Hblil B oTHOeHuH a u b Bux (dur. 20, a). [Ipu noctpoenun 31oi AH-
arpaMMBbl CJeJaHO JOMyLleHHe, YTO BCEe TOYKH COCTABOB PACTBOPOB,
HACHIIIEHHBIX B OTHOUIEHHH KaXKIbiX JABYX H3 MHHEpaJ/oOB JaHHOH
CEpHH, PACHONOMKEeHBl Ha OAHOA npsiMoii (toukm I—4, ¢ur. 20, a).
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a — pparpamma C,—Cp AJI1 STOTO Caydas; 6—

2710 03HAyaeT, YTO CMellleHHe KaKHX-JHOO ABYX HACHILIEHHBIX pac-
TBOPOB (COCTaBOB, IMPOMEXKYTOUHBIX MeXKJAy Toukamu I/ u 4) jacr
TO2K€ HACHILIEHHBIH PacTBOP.

ITycTh HcxXonHAs MOPOZA CIOXKEeHA OJHHM MHHepaJoM A H Ha Hee
BO3JEHCTBYET PacTBOP C BHICOKOH KOHIEHTpaumued b (HO Bce ke
HEJOCHIIIeHHBI MUHepasoM B) u ¢ BecbMa HH3KOH KOHIIEHTpauueH
koMmmonenta a (touka 6, dur. 20, a). Kak Bugno Ha ¢ur. 20, a,
pacTBOp TOYKH 6 NpPH pacTBOpPEHHH MM MHHepaJsa A, oboramiasch a,
CTaHET INpexKJAe BCEero IepechilleHHHIM MHHepasaoMm AB; ¢ o6paso-
BaHHMEM peaKIHOHHOH 30HBI 3TOTO MHUHepaJsa. B obuieM ciayyae MOXK-
HO MIpeAIoJarath, 4TO MEeXK/Ay 30HON HCXOAHOH mopoAsl A H 30HOH
AB; BO3HHKHYT ellle IIPOMEXKYTOUHble peaKUHOHHble 30HB AB H
A;B. BMecTe ¢ TeM pacTBOpP HCXOJHOTO COCTaBa 6 NpPH PAaCTBOPEHHH
MuHepasa AB; craHeT INpexJe BCero IepechbllleHHBIM MHHEpPaJoM
B, KOTOpBIH JacT AONOJHHTENbHYIO 30HY, NMOJABEpPraloulylcs 3aTeM
pacTBopeHHI0. DTa 30Ha B Oy/[eT OTCyTCTBOBATh, €CJIH TOYKA COCTa-
Ba MCXOJHOTO BO3/I€HCTBYIOLIEro pacTBopa OyAeT pacloJozKeHa Ipa-
Bee NyHKTHPHOH Juuun 4—k (cM. ¢wur. 20, a). HMrak, BO3MOXKHO
BO3HHKHOBEHHE KOJIOHKH C MAKCHMAaJIbHBIM YHCJOM 30H:

6 5 4 3 2 1
— )K|B| ABy| AB| A,B| A—

B kaxoii 30He KOHIEHTPAUHUsl KOMIIOHEHTOB B IOPOBOM DPacTBO-

pe 3aBHCHUT OT pE€aKUuH 3aMelleHHsI Ha THIJIOBOH ee rpaHuIe. TaK,

Ha rpanuie 30H 3 u 4 uper peakuus AB—AB,; ¢ npuBHOCOM b H
pPacTBOpPEHHEM @, B CHJIy KOTOPOTO B 30He AB yCTaHOBHTCs KOHIEH-
Tpauus KOMIIOHEHTOB, OTBeualoiasi paBHoBechio AB ¢ AB; (Touka
3, ¢wur. 20, a), T. e. ¢ MAaKCHMaJabHOH KOHUeHTpauued C, 0 MHHH-
MaJsbHOi#l C,, BO3MOXKHOM Jis1 yCTOHUHBOCTH MuHepaJsa AB. Boobuie,
Kak ofllee MPaBUJO, B MOPOBBIX PACTBOPAX KaxKJ0H 30HBI JOJIKHA
yCTaHABJAHBAThCs KOHIEHTpAIMs, MaKCHMaJbHas [Jisi I[PHBHOCH-
MBIX H MHHHMaJbHAas AJiS PacTBOPSAEMBIX KOMIIOHEHTOB, COBMECTH-
Masi C yCTOHYHBOCTBIO MHHEPAJOB JaHHOH 30HBEL JTO CIEAyeT yixKe
M3 TOro COOGpa)KeHHsi, YTO NPHU INOCTOSHCTBE COCTaBa MHHEPAJIOB
(uau TIpH Y3KHX TpeflesiaX H3MEHSIeMOCTH HX COCTaBOB) IOBBILIEHHE
KOHLEHTPAUUH [PHBHOCHMBIX KOMIOHEHTOB H IOHHKeHHE KOHIIEH-
TPAlMH BHIHOCHMBIX, IIOCKOJIbKY OHO He CONpOBOXkKJaerca (MJH MOY-
TH He CONPOBOXKAAETCS) M3MEHEHHEM COCTaBa TBEPABIX (a3, MOKET
IPOJBUTATBCS C TPeJIeNbHON CKOPOCTHIO: dx/dv=q;(ACi/Ai).

[TepenymMepoBaB 30HBEI OT HCXO/JHOH MOPOALI K 30HE NOJIHOTO pac-
TBOpenns uuppamu or I jo 6, paccTaBUM 3TH UH(PH HA KOHIEH-
TPALMOHHON JAHarpaMMe B TOYKaX, COOTBETCTBYIOLIHX COCTaBYy pac-
TBOpPa B 9THX 30HAX, HMesl B BUJLY TOJIbKO UTO CKa3aHHOE.

Js Toro utoGBl MOCTPOUTH AHATPAMMy COCTaB — KOHLEHTpa-
M5, BOCIOJb3yeMcsl NMEpexXofHOH amarpaMmoii cocraBa a—b (cM.
dur. 20, 6, Bepxusis yactb). IlycTh abcuucca ToukH I H300paxKaer
cojiepKaHHe KOMIOHEHTa 4 B BHJe MHHepana A B eluHHLEe o0beMa
soubl I. ITockosbKy Ha KOHLEHTPAUHOHHOH Auarpamme ¢ur. 20, a

0KA32aHO, YTO NPH Iepexojie OT 30HH 2 K 30He I COCTaB pacTBOpa
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usmensiercss Taxk, uro AC,=—AC, (Tak KakK HaKJOH JHHHH [—2
Ha ¢ur. 20, a —45°), TO B TaKOM K€ COOTHOILUEHHH AOJKHO H3Me-
HATbCS M COJlepKaHHe KOMIIOHEHTOB 4 H b, T. e. HampaBJ/ieHHE OT-
Pe3KOoB MexKJAy TOYKaMu I u 2 Ha 00eux auarpamMmax JOJKHO OBLITh
napaJyieJabHbIM. JleHcTBHTeNbHO, H3 OCHOBHOro ypaBHenus (II.11)
caeayer: AC,/AC,=Aa/Ab. Conepxkanvie KOMIIOHEHTOB B 30HEe 2
OIIpEJeJHTCA NepecedyeHreM 3TOH JHHHH (HAKJIOHEHHOH K ocH abc-
uucc nox yraom 45°) c¢ aunueir A;B na ¢wur. 20, 6, HaKJIOH KOTOPO#H
COOTBETCTBYET COOTHOLIEHHIO COJepKaHHH KOMIIOHEHTOB B MHHepa-
ae A;B (Ans m060fi TOYKH 3TOH MpPsSIMOi OpAHHATA B 3 pa3a MeHb-
1re aGCIMCCEl B COOTBETCTBHH C COOTHOLIEHHEM KOMIIOHEHTOB B MH-
Hepasne A;B). COOTBETCTBEHHO TAaKHM COOOpaXKeHHAM HaXOAHUM
TOYKH COCTaBOB 30H [—6 Ha ¢ur. 20, 6. Tenepp cmpoekTHpyeM
TOYKH [—6 Ha ¢dur. 20, 6 Ha och abCHHUCC ¥ OTCIOLA OTJIOXKHM KHH-
3y OTpPe3KH, IPONOPLUHOHAJbHBE KOHLUEHTpauusaM C, B COOTBETCTBY-
IOIHX 30HAX, HCNOJB3Ys [JIS 3TON0 KOHUEHTPALHOHHYIO JHATPAMMY
¢ur. 20, a (paBHble abcuuccaM 3THX TOYEK HA KOHIEHTPAIHOHHOH
auarpamme ¢ur. 20, a). Touno Tak ke TOYKH I—6 CPOEKTHPOBAHEI
Ha OCb OPJIMHAT H OTCIOZA OTJIOXKEHBI BJIEBO OTPE3KH, paBHbIE OpJHU-
HaTaM 3THX TOYEK HA KOHLEHTPALHOHHOH auarpamme ¢ur. 20, a,
usobpazxkaiomue C, B NOPOBHIX PacTBOPaX COOTBETCTBYIOIIHUX 30H.
TaxuM 06pas3oM, Mbl NOJYYHJIH AHATPAMMBI COCTaB @, b — KOHIIEH-
Tpauusa C,, C, 015 LaHHOH HHPHJIBTPALHOHHON KOJOHKH.

HaksoH npsMmblX, COeIHMHAIOMHUX (QUIypaTHBHbIE TOYKH 30H Ha
auarpammax a—C, u b—C, (cM. dur. 20, 6), B cooTBeTCTBHH C HOp-
myJaoii (II.11) naer ckopocTH MX B3aHMHOTO 3aMelleHHs. ITockouib-
Ky B JIAaHHOM CJydyae TOYKH 2 H J joxkKaTcsl Ha npsmyio I—4, To cko-
POCTH 3aMelleHHUsl 30HB / 30HAMH 2 U 3 NMEPEKPHIBAIOTCS CKOPOCTBHIO
3aMelleHNsl HENOCPEeACTBEHHO 30HOH 4, T. e. LIMPHHA 30H 2 U 3 CTa-
HOBHUTCSI PaBHOH HYJIIO, 3TH 30HBI BHINAJAIOT U KOJOHKA HMEET BHJ

—JK|B|AB,| A~

Ecau Gbl pacTBopuMOCTh MHHEpana AB Oblia GoJblie, TO TOUKH
2 u 3 Ha puarpammax ¢ur. 20, a u 20, 6 oromau 6wl OT npsiMol [—4
B CTOpPOHY 6oJiee BBICOKHX KOHIIEHTpAaLUH, uTO OBLIO OB elle MeHee
6saronpusaTHO A5 o6pa3oBaHus 3THX .30H 2 u 3. HaoGopot, mpu

6osiee HH3KOH pPaCcTBOPUMOCTH MHHepasna AB Touku 2 H 3 OTOLLIH .

66l OT mpsMoil /—4 B cTOpOHY Oo0Jee HHU3KHX KOHLEHTpPalHuH, 4TO
obecrneunsio 66 06pa3oBaHHe IOJHOH KOJOHKH, BKJIOYAIOLIEH 30HBI
21u3d.

Jasi o6paTHOTO mpolecca 3aMelleHHs NOPOJbI, CJI0XKEHHOH MH-
HepaJoM B, pacTBOPOM C BBICOKOH KOHLEHTpalueH a W HH3KOH — b
Mbl BCJIEJICTBHE CHMMETPHUYHOCTH HCXOJHOH KOHIEHTPALHOHHOH M-
arpaMMbl ¢ur. 20, ¢ B OTHOIIEHHH @ H b IOJy4HM aHaJOTHUYHBIA pe-
3yJabTaT BeinajeHus 30H AB u AB; ¢ o6pa3oBaHHeM KOJOHKH

—JK|A|A,B| B~

DTOT MpUMEp HHTEPECeH TeM, YTO 3/eCb M IpPH NPAMOM, H INpH
o6paTHOM mpoIlecce 3aMelleHHs] MHHepaJbl IPOMEekKyTOYHOro Co-
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<€TaBa BBINAJAIOT, B TO BpeMs Kak NpH Juddy3uoHHOM Ipolecce co-
OTBETCTBYIOLIHE HM DEaKIHOHHBIE 30HBI 0053aTEJbHO BO3HUKAIOT.
Hast Toro 4To6bl B HHOHIBTPALUHOHHO-METACOMATHYECKOH KOJIOH-
Ke Oblia NpeJcTaBjeHa BCsS CePHS MHHEDAJIOB NPOMEXKYTOYHOTO CO-
«CTaBa, HEOOGXOJMMO OJHO M3 JBYX YCJOBHi: 1) pacTBOPEMOCTb MH-
HepaJ/ioB IPOMERKYTOYHOIO COCTaBa JOJIKHA OBITh NOHHXKEHA CPaB-
HHTEJIPHO C MHHepaJaMH KpaHHero cocraBa; 2) KOHIEHTPALHOHHAS
AuarpaMma J[0JikHa ObITh PE3KO aCHMMETPHYHOH, ¢ PACTSAHYTHIMH
HHTEPBaJaMH KOHLEHTPAILHH /s MHHEPAaJOB TOJIOBHHIX 30H HH-

DUIbTPALMOHHOA KOJIOHKH H COJHXKEHHBIMH — Il THUIOBBHIX. I1pH-

Mep TaKo¥ KOHLEHTPalHOHHOH AHarpaMMbl AaH Ha ¢wur. 21, a ¢ Temu
2Ke MHHepaJiaMH-COeIMHEeHUsIMH, Kak Ha ¢ur. 20, a, ¥ OTJIHYAIOMIEH-
Csl OT MOCJEAHEeH TOJIbKO aCHMMETpHeH: pacCTOSHHE MEXKAy TOYKa-
Mu 1 ¥ 2 3Jecb CyIIeCTBEHHO 6o0Jblile, YeM MEXAy TOYKaMH 2 H 3,
a mocjeadee 0oAble, yeM MexAy ToukaMu 3 u 4. Ilycte, Kak H pa-
Hee, IIOPOJA, CJOKEHHAs MHHepajoM A, 3aMellaercs MoJ BO3Jei-
CTBHEM pacTBOpa cocTaBa TOukH 6. Mcmoab3ys mepexoinyio Aua-
rpaMmy coctaBoB a—b (cM. ¢ur. 21, 6) 1 IPOU3BOJS Te JKe MOCTPOe-
HHS, YTO M B NpeJAbAylleM IpHMepe, NOJYYHM JHarpaMMy COCTaB
nopoAanl a, b — konuentpauus pacrsopa C, C, (cMm. ¢wur. 21, 8).
Ha sroii qnarpamMe ToukH [—& 151 KOMIIOHEHTa @ PacHOJ0XKAaTCS
Ha JIOMaHOH JIMHHH, HAKJIOH KOTODOH, HaHOOJBLINK 1Jisd QpoHTa 3a-
MellleHusi /—2, AJs THIIOBBIX (DPOHTOB IIOCTENEHHO MaJaer, a cJe-
JIOBATE/NbHO, H CKOPOCTb IPOJBHXKEHHS COOTBETCTBYIOIIHUX (DPOHTOB
NOHHKaeTcsl. DTO, KOHEUHO, IOBTOPSIETCS H MJs1 KOMIIOHEHTa b B
3onax or I no 4. Orcioga cieigyer, 4TO B HH(PHUIBTPALHOHHOH KO-
JIOHKe OyAyT IpPEeJCTaB/JEHB BCE MHHEpAJbl IIPOMEXYTOYHOTO CO-
€TaBa:

TR S R
— ) |B|AB;| AB| A;B| A—

Ecau 6Bl B TOH Ke cHCTeMe, XapaKTepH3yeMOH KOHLEHTDAIHOH-
HOH auarpammoi ¢ur. 21, a, mao ob6paTHoe 3aMellleHHe MHHepaJa
B, 10 6B1710 OBl HEH36E€XKHBIM BbINaJleHHe ABYX IPOMEXKYTOUHBIX 30H
¢ ob6pasoBauneM Kosionku THna —/K|A|A,B|B—. [leACTBHTE/BHO,
npu o6paTHOM 3aMelleHHH B KOJOHKa B cJydae o0pa3oBaHHS BCeX

1 2 3 4
NPOMEKyTOYHBIX 30H umena 6ut Bug — K| K+ A|A,B|AB|AB;| B—.
Bepxune nupsl COOTBETCTBYIOT 3JeChb TOo4kaM Ha ¢ur. 21, a—s,
JAIOIIUM KOHIEHTPAUUH KOMIIOHEHTOB B MHKDOIIODOBOM pacTBOpe
COOTBEeTCTBYIOIIHX 30H. IIpH 3TOM OKa3bBaercs, YTO HAKJOHHI JIH-
Huii 4—3 u 4—2 uwa ¢ur. 21, 6 u 8, Aawlue OTHOCHTEJbHBIE CKO-
poCTH NpoABHKeHHsT (pOHTOB 3aMewenus x/v=ACi/Ai, n1a ¢pou-
TOB 4—3 U 4—2 Menblie, ueM Aas Gponta 4—I1. DT0 O3HAUAET HC-
ye3HOBEHHE IPOMEXKYTOUHBIX 30H AB u AB; ¢ nepexoJoM K KOJIOHKe

K| A+ K| AsB| B—.

OTH COOTHOLIEHHS OCTAIOTCS CIPaBeAJHBBIMH B TOM Cllyyae, €CJH
MaKCHMaJbHOE YHCJO MHHEpaJbHBIX 30H cucreMbl a—b—H,O He
HHJKe yeTbipeX. DTH YeTBIpe MHHepaJa ONpeje/sioT TPH (HKCHPO-
BaHHBIe TOUKH Ha KOHIIEHTPAUHOHHOH AHarpaMMe (THma Touyek /—4
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d>u”r. 21. Cucrema, aHaJOruyH
POH IIpu 3aMEeLIeHHH MHHe
XKYTOYHOIO COCTaBa
A—KOHUEHTPIUHOHHAS JMarpaMMa Cqa—Cp;
’

anaafl cucreMe Ha ¢wur. 20, HO aCHMMETPHIHAS, B KOTO-
P MOTYT BOSHHKHYTb 30HB BCEeX MHHEPAJIOB MpOMe-

Lo e 6— nuarpamma COAePKaHHH a—b C TIPHCTPOEHHON CHH3Y
Ga’ 6—AHMarpamma copiepxanne a,b—KOHIEHTpamys Cgs Cp mast TOro xe cayuyas

Ha
paa?))g;i{ 32 21), oT B3aHMHOTO paclONOKeHHS KOTOPHIX 3aBHCHT 00-
oeal qHIng BBINAJICHHe MHHEPAaJOB IPOMEXKYTOYHOTO COCTABA.
iR :1?14 OMHHHepaJIOB PEaKIHOHHOH CepHH MEeHbIE YeThIpex
Hasl HarpamMma JaeT MeHbIle :
Tpex (UKCHPOBaH-
HEI ;
X TOUeK M 06pasoBaHHe WJIH BHINAJeHHE PeaKIHOHHBIX 30Hp3a13u-

CHUT 7
OT COCTaBa BO3JeHCTBYIOILEro pacTtBoOpa. paCCMOTpI/IM cayyam

;zga;oBzHgﬂAKgJI%HKI/I H3 TPEX DEaKUHOHHBIX MHHEPaJoB, HalpH-
aHllaJl}’ISH;‘ Tl S?SMH MHHEpaJaMH MOTyT GHITh, Hanpumep, A —
ot (KZO%‘QI-i 6 ‘(I/XII/I KAOJHHHAT, NHPODHIIHT 1 1p.), AB —
e (KO-AZI . 628'(.)3 1,05-6Si0,) u-AB — kajueBs# MOJEBOIL
b 2 205-6510,), ectum xommonent a obosnauaer Al,O,, a
Bz NP HAJIMYHH U3OBITOYHOIO KpeMHe3eMa. ’

TaKOI%sMomeIe Cly4au HHQHUIBTPAUMOHHBIX KOJOHOK [JSI CHCTEM

THIA MOTYT GBITb HCTOJIKOBAHBI MPH MOMOLIH KOHIEHTpaIH-
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OHHOH JHarpaMmbl Gur. 22, @ U COOTBETCTBYIOIIHX €i AHAarpaMM co-

craBa a—b u auarpamm a—C, u b—C, (cM. ¢ur. 22, 6), MeTo[ 110-
CTPOEHHsI KOTODBIX paccMOTpeH Bhile. @PurypaTHBHBIE TOYKH C
muppaMu 1—4 cOOTBETCTBYIOT Cjydaio 00pa3oBaHHs KOJIOHKH

Za ] gt 1
> K| AB| A;B| A, nanpuvep:
— JK | K-umat | Myck | And —

Opnako B ciaydyae Gojee HH3KOH KoHUeHTpauud C, B BO3AEHCT-
syiomeM pactBope (Touka 4’) B 3ome AB xkonuentpauus C, NOBBI-
cutcsi (touxka &’ Ha ¢ur. 22, a, 6) u 30Ha MuHepana A;B (MyCKOBH-
Ta) HCYe3HeT, TaK KakK (pOHT 3aMmemenus A—AB Gyaer mpoasu-
ratecsi GbicTpee, ueM (ponT 3amemienus A—-A;B. Ludpe 1—1V
NPEICTAaBSIOT Caydaii 06paTHOro 3aMelleHHsi ¢ 00pasOBaHHEM KO-
JIOHKH :

RN SR R £ I
—>)K|A|AaB|AB—>, HarpuMep:

— K | And + Ke| Miyck + Ke| K-umat —

B stom ciyuae Bhmajenne 30HH A;B (MyCKOBHTa), BO3MOXKHO,
65110 Gbl B TOM CJaydae, ecid Obl Touka /I KOHUEHTPALHOHHOH AHa-
rpaMMbl Jiex)ana npu Gosee BhiCOKOM 3HaueHHH Cp (CM. MPOEKLHIO
b—C, na our. 22, 6).

U3 M3/103KE€HHOr0 BHAHO, YTO NPH YHCTO HHQUIbTPALKHOHHOM Me-
TacoMaTo3e CJyuyail BbIIAJEHHS 30H, CJIOXKEHHBIX peakUHOHHBIMH
MHHEepa/jaMH NPOMEXYTOYHOrO COCTaBa, JOJIKEH OBITh BIIOJIHE
o6bunbiM. Ho Tak Kak peajbHble HHQUIBTPALHMOHHBIE IPOLECCHI
Bceria coueralorcsi ¢ AH(GGOY3HOHHBIM B3aHMOJeEHCTBHEM 30H, TO
STH 30HB POMEXYTOUHOTO COCTaBa BCe ke OylyT HaMmeuaTsCs, OC-
JI0XKHSsT HHQHABTPAUUOHHYIO 30HasibHOCTb. IlpH IOCTOSIHHOH CKO-
pOCTH NPOCAYHBaHHs DPacTBOPOB LIMPHHA MHOQHJIbTPALMOHHBIX 30H
GyJeT yBeqHUHBATHCS MPONOPUHOHAJLHO BPEMEHH, a IMMPUHA nud-
(y3HOHHBIX — NPONOPIUOHAIBHO KOPHIO KBAaJDATHOMY H3 BpEME:H,
T. e. MeJJIeHHee, TaK 4TO 10 Mepe paspacTaHHs KOJOHKH AONOJHH-
TesbHbIe AH(QY3HOHHBEIE 30HB OYAyT CTYLIEBBHIBATHCA.

B cayuae KOJIOHKH C 30HAMH, 0003HAYEHHEIMH uudppamu [—IV
(cM. ¢ur.-22, a, 6), UHTEPECHO C/IEAyIOLILee. Ha munepan AB (ua-
npumep, K-mmat) BosaeficTByeT pacTBOp, B KOTOPOM KOHLEHTpa-
nusi 060HX KOMIIOHEHTOB @ H b (Al,O; u K,O) nuxe, 4yeM B IIOPO-
BOM pactBope MOpoinl AB, Tak 4TO AOJKHO IPOM3OHTH IIOJIHOE
pacrBopeHHe O0OHX KOMIIOHEHTOB. Tem He MeHee, IOCKOJBKY pas-
woctb C,'—C,'V Gosblue, ueM COOTBETCTBYIOIIAsi PAa3HOCTb A/ KOM-
nomenta a, pactBopenne AB NpPHBOIMT K o6pasoBaunio 30H A;B
(myckoBut) H A (aHpamnysur, KAOJHHHT) C MOBBILIEHHBIM COJAepXKa-
HHeM a B Tmopojie (cM. mpoekuuio a—b Ha ¢ur. 22, 6) u C MOBbILIEH-
HOHl ero KOHIleHTpauueid B IIOPOBHIX pacTBOpax. 31ech ONSATH MBI
BHIMM TpHMep OOOralleHHs KOMIOHEHTOM @, IEPEMEIICHHBIM H3
30nbl mosiHoro pactsopennust /V. Tak, npu rpeliseHusaliii moJeBo-
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®ur. 22. Cryuan pactsopeHns ¢ TIPOMEXYTOYHBIM O0pPa30BAHHEM PEaKUHOHHBIX MH-
HEpa/IoB 1 ¢ 06OralleHHeM KOMIOHEHTOM, B OTHOLIGHHH KOTOpOro pacTBOp Hejo-
CHIIeH

B crnygae KkosoHku —IVIK|IIIA|IIA;B|1AB-> PaCTBOPEHHE COMPOBOXKIAETCs 06OrameHHeM B
NPOMEXYTOYHBIX 30Hax Il u II] TNEepeMEeIleHHbIM KOMIOHEHTOM @; B KOJIOHKAX —4|3|2|1- n
—=>4'|3’|1’= npu PacTBopeHuu A NPOHCXOAHT o6oralenne KOMIOHEHTOM b; a — xonnentpanuon-
Hasi nuarpamma; 6 — puarpamma CoxepxaHuit @ —b, K KoTopoii cmpasa NPHCTPOEHA JHa-
rpamma Cp— b, CHH3Y — nuarpamma @ — Cq -

IINMATOBLIX NOPOJ KBapPI-MyCKOBHUTOBHII TpeH3eH YacTo OKa3biBa-
€TCSl OGOrallleHHBIM TJIHHO3EMOM CPaBHUTEJBHO C HCXOJHOH IMOjIe-
BOLINATOBOH MOPOMOH, XOTS KOHEUHOI CTajinedl mpomuecca sIBJsIETCS
06pasoBaHHe MOHOMHHEpAJbHBIX KBapLUEBBIX IOPOJ C MOJHOCTBHIO
BEIHECEHHBIM TIJIHHO3eMOM. [IOBHIIIeHHe KoHuentrpauuu C, B 30HAaX
AsB u A 3p1ech BHI3BaHO 6osiee  GHICTPHIM BHIIIeJIAYHBAHHEM b H
TTOSTOMY MOKET GHITh 0603HAUEHO KAK «MACCHBHOE MOBBIIICHHE KOH-
UCHTPAUHH», OGYC/JOBJEHHOE AKTHBHLIM MOHHIKEHHEM KOHIIEHTpa-
unu C, B BO3/eHACTBYIOMHX pacrBopax.

HcuesnoBenne mnepemennocts cocrasa MHHEPAJIOB B YCJIOBHSIX
HHQUIBTPALMOHHOTO MeTacOMaTO3a Ml YCTaHABIUBAJIH DaHee Ha
PHMEpE MHHEPAJOB CHCTEMBl @ — f MPH YCJOBHH MOCTOSIHHOTO CO-
Aepxkanus a (cM. ¢ur. 3, 4). Atu xe BBEIBO/IEI MOKHO TOJIYYHTh MpH
H3MEHEHHH CO/epPKaHHH O0GCHMX KOMIIOHEHTOB, Tak, na ¢ur. 23,q, 6
MIMEEeTCsl B BUJly CepPHsi MHHEPAJIOB MIePEeMEHHOr0 COCTaBa (A—A,B),
(AsB—A;B;), (A;B,—AB,), (B—AB;). Jnst  KOHIeHTpauHOHHO
AnarpaMMmbl - Qur. 23, @ MBl NpHHSJIH CHMMETPHYHOE CTPOEHHE.
ITyctb mcxonmast mopoga caoxena MHHepasioM A, He comepiKamum
b (Touka I na ¢ur. 23, a, 6), ¥ HA Hee BO3/IefiCTBYeT PacTBOp ¢ HH3-
KOH KoHuentpanueii C,, 6JMH3KHH K HACHIIEHHIO MHHepasoM B (Tou-
Ka 6 na.ur. 23, a, 6). Hcnonbsys nepexoanyio AHarpaMmy cocra-
BOB 0—b, COIMIaCHO H3JI0KEHHOMY BhIlIe METOJy, MBI MOMKEM IIO-
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®ur. 23. Konuentpaunonnas amarpam-
Ma (a) chcrembl a—b ¢ cepueii ABYX- Gy
KOMIIOHEHTHBIX MHHEpPAJIOB IepeMeHHO-
ro COCTaBa; IPOEKUHH COJepIKaHHII
KOMIIOHeHTa @ — b (6) ¢ cooTBeTCTRY-
IOIUMHA npoekuusiMu a — C, (cHusy) u
b— Cp (cneBa) mIs TOW e CHCTEMbI,
4TO H Ha Qur. 23, a (ans ciyyast wH-
(QHIbTPALHOHHOTO 3aMelleHHsT MHHepa-
72 A ¢ 06pa3oBaHUeM CepHH PeaKIHOH-
HBIX MHHEpAJIOB)

W3 npoekuuil ¢wur. 23, 6 BUAHO, YTO B HH-
GHABTPALMOHHOH KOJOHKE NepeMeHHOCTh CO-
CTaBOB MHHEPAJIOB TepsIeTCsi M OCYIIeCTBJIS-
IOTCSl TOJNIBKO KpaffHHe HX COCTaBbl (HeyCTOH- -
YHBbl€ COCTaBBI 0GO3HAueHbl LUBPAMH C HH- H'LU e B g

3
e — 18148, A, 851 4,8, A —

ba

JAyuuTh puarpammel a—C, u b—C, (cm. ¢ur. 23, 6). YcaoBuio mo-
CTENIEHHOTO BHINOJAXKHBAHHSI COEJMHHTEJIbHBIX JHHHN Ha JHArpaM-
me a—C, (a cnenosatenbHo, n Ha auarpamme b—C,) or nepemuo-
BBIX ()POHTOB 3aMEUIEHHS K THLIOBHIM Oy/€T yIOBJETBOPSTH KOJOH-
Ka
e Gl DA

Orpesku npsiMbix 3—38’, 4—4’, 5—5’, IIPOBEJIEHHBIE HA Anarpam-
max a—C, n b—C, (cM. dur. 23, 6) ABOAHBIME JHHHAMH (CIJIOWIHOM
H IYHKTHPHOMH), OTHOCATCS K TeM COCTaBaM NEPeMEeHHBIX MHHEDaJIOB,

KOTOpEIe B YCJIOBHSIX HH(UIbTPAIHOHHOH KOJIOHKH HEYCTOHYHBHI B
CHJly HEeJIOCTaTOYHON CKOPOCTH 3aMeIleHHs HMH MHHEDAJoB Iepei-
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HMX 30H: 06pa3oBaHKe HX HapyIIaso 6B BO3pAacTaHHe CKOPOCTH MpPO-
JBHKEHHS (POHTOB 3aMeIleHHs OT THJIOBHIX K mepeinuM. Uro kaca-
eTcsl 3aMellleHHsl UCXOJHOro MuHepasna A TeM Ke MHHepaJjoM COoCTa-
Ba A,B, TO TOCTENEHHOCTb HJIH TPEPLIBUCTOCTb 3TOr0 3aMelleHHs
3aBHCHT OT (GOPMBI JIHHHH [—2 HACHILEHHBIX 3THM MHHEpPaJoM pac-

TBOPOB Ha KOHIEHTpauHOHHOH auarpamme ¢ur. 23, a. Ecau sra au-

HHS BHIIYKJa B CTOpPOHY najatomed C, na ¢ur. 23, a u 6, TO NpH
3aMeniennu coctaB A usmensiercsi 10 A,B HempephIBHO; €CJH 3Ta
JMHHS [—2 npsMas MJM BHIIYKJas Hampaso Ha ¢ur. 23, a, TO co-
craB A OyleT HEeNoCPeACTBEHHO 3aMellaTbCsi MHHEpAJoOM COCTaBa
A,B ¢ HCuYe3HOBEHHEM IIPOMENKYTOUHBIX COCTABOB.

Takum 06pa3oM, IIPH H3MEHEHHH cOJepiKaHHsi 0OOOHX KOMIOHEH-
TOB MBI OIISITb BHJHM, UTO 8 NPOMENCYTOUHDLX METACOMATUHECKUX 30-
HAX OCTQIOTCA YCTOUUUBLL TOABKO KPaliHie COCTABbL KAdA020 MuHe-
paaa, Hauboree 602aTole NPUBHOCUMbIM KOMNOHEHTOM U HaubGoiee
6edHole soinocumoin. Tak, HanpuMep, €CJIH MPH HHOUIBTPALHOHHOM
npouecce K-mmar 3aMemaercs MyCKOBHTOM, a Jajiee MYCKOBHUT —
anfany3uToM (MM KAONHHHTOM M Mp.), TO MYCKOBHT OyJeT mpel-
craBien pasHocThio ¢ HauGosee HuakuM ornomenueM K,O :AlLO;,
BO3MOKHBIM [/ MYCKOBHTA B JaHHBIX YCJIOBHSIX TeMIlepaTyphl.
HaoGopoT, mpu 3aMelleHHH aHJAanysuTa (MaH KaoJHHHTA H np.)
MyckoBuTOM H 3aTeM K-IIMAaToM MyCKOBHT J0JKeH 00JafaTh Mak-
cimanbapM K;0 : Al,O, npH HeyCTOMYHBOCTH APYTHX €ro pasHOCTEH.
Jlas mpoBepKH 3TOr0 BBHIBOAA HYXKHBI Clel[HaJbHble HCC/IeI0BAHHS.

7. U306apuyeckasi MeTacoMaTHyeCKasi 30HaJbHOCTD

‘B paccMOTpeHHBIX CJIyyasiX MeracoMaTo3a IIPH = IOCTOSHCTBE
o6bemMa NMopojJ B PasHbIX 30HAX MOXKET Pa3BHUBATbCs pasHoe AaBJe-
HHUe HA MuHepasbl. Pa3inune NaBJeHHH MOXKeT IPHUBECTH K MEXaHH-
YeCKHM TepeMellleHHsIM MHHEepaJioB, BBIPABHHBAIOIUM TpPaJHEHTHI
naBjenus. Kpaiiuum GyJer TOT caydail, Koria B pesy/jbTare Mexa-
HHYECKHX TepeMellenuil U NepeoT/oxKenns Oosee NOABUKHBIX MH-
HepaJoB Oy/eT IOJJepPXKHBAThCS IOCTOSHCTBO JaBJEHHS HA MHHE-
pajel BO Bcex 30HaX 3aMenlenusi. IIpu sTOM JaBjeHHe Ha MHHEpa-
JIbl MOJKeT NPeBOCXOJAMTh JaBjeHHe Ha (JIOHA B MHKPONOpax.
B unc/a0 (akTOpoB PAaBHOBECHs TaKOfi CHCTeMBI BMECTO 00beMa Io-
POZB BXOAHWT JaBJeHHe Ha MHUHEPaJbl, IOCTOAHHOE /IS BCeH KOJIOH-
ki, JlaBieHHe KHAKOCTH TaKxkKe ocraercs (akTopoM paBHOBECHS.

3aMeHa 5KCTEHCHBHOro (pakropa o6bema V MOpPOAbI HA HHTEH-
CHBHBIA (DaKTOp AaBJEHHS HA MHHEPAJbl Py BJICUET 32 co60# yMeHb-
lIeHHe MaKCHMAJbHOTO UHCJIA COCYIIECTBYIOIIHX MHHEPAJOoB. ITO
03HAYaeT OTCYTCTBHE «H3OLITOUHBIX BIOJIHE MOJBHKHBIX MHHEpa-
JIOB», MOTYIIMX OCaXAaThCd MO Mepe MajeHus AaB/eHHA B NOPOAE,
MEHepaJjibl KOTOPOiH IIOJBEepraloTcs pacTBOPEHHIO. [Tpu msobapuue-
CKOM Tpolecce yMeHbIIeHHE AaBJeHHs NPH DPAacTBOPEHHH MHHEpa-

JIOB IOPOJABI MJIH IIPH HX 3aMellleHUd MHHEepaJaMu, 3aHUMAIOUIUMH .

MEHDIIHI 06beM, BH3bIBAET yMeHblleHiHe 00beMa H3MeHsIeMOH Nopo-
Jibl 32 CYET MEeXaHHUYeCKOro CxKaTusi (MeracoMaTHyecKas «KOHTPaK-
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LHs» HJIH «ycalka»). Meracomaruueckasi ycagka OCOGEHHO IIHPO-
KO pasBHTa B KOpaX BBHIBETPUBAHHs, HaNpUMep NpH 06Pa30OBaHHL
GoraThiXx MapTHTOBRIX pyA KpuBoro Pora. 3ech rumepreHnoe Bbi-
IeJaunBaHie KBapla H3 2Ke/JIe3HCThIX KBapUHTOB IOBJEKJO 3a CO-
6oit ycaaky (cO/MIKeHHEe) MapTHTOBBIX 3€P€H NOPOJbI, CJekKaBIIHX-
Cd B CIVIOIIHYIO PYAHYI0O Maccy. MeracomaTHueckasi KOHTPaKIHS
BCTPEUAETCS W NPHU 3H/OTEHHBIX NPOLECCaX, XOTS 3/leCh OHA HMEeT
MEHbIIMH pa3Max, YeM IpPH TulepreHHbX. TakoBa, HanpHMep, KOH-
TPaKIHs NPH AECHJIHKALUUH IErMaTHTOB H APYTHX MOJIEBOLINATOBBIX
IIOPOJI, 3aJsieralollliX B JOJOMHTAX HJH THINepOas3HTax, NpHBOAsMIASL
K 3HAQUUTEJbHOMY OOOrallleHHIO yCeBIUeHCs MOPOABI OCTATOYHBIM
riauHo3eMoM. Tak, mpH 3aMellleHHH TPAaHHTHBIX IIETMATHTOB, 3aJie-
ralomux B J0JOMHTAX, Ja3yPHTOBLIMH H CPOAHBIMH HM [OPOAAMH,
CO/lep:KaHHe TJIHHO3eMa Ha eAHMHHIY O0beMa B pe3yJbTaTe yCaiKH
AeCHIHGHUHPOBAaHHON NMOPOJABI MOBHIIIAETCS B 2—2,5 pasa HM3-3a CO-
orBeTcTBYMOILEro cxkathsa |21]. KouTpakuuio npu sHIOreHHOH AeCH-
JINKALUH 2KEeJe3UCTOro KBapuura onucan takxke A. A. I'naroses [2].
[Tpu u3oxopHueckoM mpoliecce BeCbMa XapaKTEPeH ciayuai, Kor-
Jla pacTBOPEHHe OJIHMX MHHEDAJ/OB BHI3BIBAET BHIIAJEHHE H3 PACTBO-
pa Apyrux B CHJY OJHOIO NOHHZKEHHSI JAaBJIEHHS HAa MHHEpAJHl MPH
pactBopenuH. Ilpu u306apHueckoM IpoIECcCE 3TO HEBO3MOXKHO, H
3JleCb pacTBOpPeHHE MHHepaJia A MOXKeT BBI3BaThb OCaXK/IEHHE MHHE-
pana Q TOJBKO B TOM CJyyae, ecJH H3MeHeHHe KOHLEHTPAIHH pac-
TBOpa, BEI3BAHHOE pacTBOpeHHeM A, NOHHIKAET PacTBOPUMOCTh MH-
Hepasa Q. TakoMy ciyyalo COOTBETCTBYeT KOHLEHTPAIHOHHAS [Ha-
rpamma ¢ur. 11, 6, paccmorpenHass panee. Ilpu wH30XOpHUECKOM
npouecce, KaKk MBl BHJeJH, MOXKeT BO3HHKHYTb KOJIOHKa —)K|Q|
|A+Q|A+)K— c nopuieHHBIM fAaBjeHHeM B 3oHe A+ Q. IToBbi-
LIEHHOe JaBJieHHe 3Jecb BO3HHKaeT IIOTOMY, YTO INIPH BCTYIJIEHHH
pacTBOopoB B 30Hy A pacTBOPUMOCTb () CHJIBHO NOHUXKaeTcs. Pas-
HOOOBEMHOE 3aMellleHHe A ocTaBJsieT ellle pacTBOP NepechIleHHBIM
MuHepasoM @, BCJEICTBHE YEro OH MOZKET ellle BBIIOJHSATh IMYCTO-
THl B IOpoJe A U NOBHIIATh TAKUM 00pa3om JaBjeHHe B 30He A+ Q.
B wu3o6apuueckux ycjaoBHIX mycTtoT B nopoie A e Oyjaer, a Ha
¢ponte 3amemenus A Gyaer ocaxkaatbesi Bechb H30BITOK Q. Ecaum
o0beM ocaxkjaaemMoro @ Goablue o6bemMa pactBopsieMoro A, TO
IPOU30HAEeT MexaHHYeCcKoe pacuIHpeHHe 30HB MHHepasaa Q. Tax
BO3HHKHET GoJsiee mpocrasi onoHka — K| Q| A— ¢ KOHIEeHTpaLUAMHU
IICPOBOTO PacTBOpa, COOTBETCTBYIOMIUMH ToukaM J u I na dur. 10.
Kak Mbl yBUAUM JaJjiee, IpH AH(PGY3HOHHBIX NpoLeccax XHMMHYe-
CKOe B3aMMOJEHCTBHE KOMMOHEHTOB B PacTBOPE HEe MOXKET BBI3BAaTh
ocaxuennss MuHepasoB. OcaxkeHHe HePeaKIUOHHBIX MHHEDPaJOB
nocpeAcTBOM AHGOY3HH BO3MOXKHO TOJBKO NMPH HAJHYHH TpajiHeH-
Ta JAaBJeHHs], KOTOPHI MOXKeT 0O0yCJOBUTb TPAJHEHT XHMHYECKOTo
noTennuaJsa Kommnonenta. OTciofa BHAHO, 4TO IPH H300apHYECKOM
AubGy3HOHHOM IpoIecce OCaxKJAeHHE MHHePaJoB (B YaCTHOCTH, HM-
IperHauisi PyAHBIMH MHHEPaJaMH) HeBO3MOXKHO. OcTajbHbE CIy-
yay MHQUILTPAUMOHHON H AHGD(OY3HOHHOH METacOMaTHUYECKOH 30-
HaJbHOCTH, IPH KOTOPHIX T'PAJHEHTH AaBJIeHHS He HMEIOT 3HaueHHsd,
OCTAIOTCs B CUJIE U /151 H300aPHUECKUX YCJIOBHH. :
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Fnaa I11

NH®HUJIbTPAHMOHHBIM METACOMATO3
TP HAJIWYHUHU TEMIIEPATYPHOTO
ITPAOAUEHTA

1. UHduabTpanus pacteopa
MOCTOSIHHOTO HCXOAHOTO COCTaBa

Paccmorpum coyua#i, Koria B KOJOHKY NOPOJABI BTeKaeT PacTBOP
TIOCTOSIHHOTO HCXOJHOTO COCTaBa, B HAYaje KOJOHKH PaBHOBECHBIH
€ IOpPOJOH, HO C H3MEHEeHHeM TeMIepaTyphl IO Mepe IPOCayHBaHHUs
HauuHAIOUIMHi pearnpoBaTh ¢ nopopoi. HaubGosee oObiuen cayuaii,
KOrJa 10 Mepe IPOCAuYHUBAHUS M OXJAXKAEHHA PacTBOPA €ro KHCJOT-
Hasi arpecCHBHOCTb BO3pacTaeT (KHCJIOTHOCTb IMOBBILIAGTCS) H 3TO
BHI3LIBAET PSiJl PeakUHuil ¢ 3aMellleHHeM 0oJiee OCHOBHBIX MHHEPaJOB
Menee OCHOBHBIMH. OJHAKO BO3MOXKHBL H JpyrHe CJydaH, HallpH-
Mep ollleaydBaHHe MOPOJ ((EeHHTH3ALHs]) B KOHTAKTE C IIEJOYHbI-
MH MHTMaTHTaMH.

@opMaJbHO aHAJOTMYHBIE IIO COCTABY H CTPOEGHHIO KOJOHKH MO-
TYT BO3HHKHYTb H IO/l BO3JEHCTBHEM TIpajJHeHTa AaBJICHHs, €CJIH
yMeHblIIeHHe [AaBJIeHHs MOXKeT OOyCJOBHTb peakIHH pacTBopa ¢
nopojamu, HanpuMep B cHay yuaeryuuBanusg CO,, 4TO MOHHKAET
KHCJIOTHOCTb PacTBOPOB.

B sT0ii rmaBe Mbl OyaeM HMeThb B BHJIY CaydaH, Koraa: 1) tem-

~mepatypa T u AaBJenne p sBJISIOTCS QYHKUHAMH DAacCTOAHHSA H He
HU3MEHSIOTCSI CO BpPeMEHeM; PacTBOPHMMOCTH MHHEDAJIOB MOPOABI OI-
pepensitorcst T u p, T. €. TaKxkKe ABJAAIOTCS QYHKUHSIMH OJHOTO pac-
CTOSIHHsSI; 2) JOIyCKaeTcs, 4TO PaCTBOPHMOCTb OJHOrO MHHEpaJja He
3aBHCHT OT KOHIIEHTPALHH B PacTBOpe APYTHX MHHEpaJoB; 3) B Ha-
YaJlbAOM CeYeHHH KOJOHKH (X=0) pacTBOp PaBHOBECeH C NOPOAOH
¥ HauMHAeT pearHpoBaTh C HeH JIHIIb II0 Mepe MPOCAYHBAHUSA B CHIY
usmenenus T u p.

CpaBHHTEJbHO C PaHee PACCMOTPEHHBIMH CJyYasMH 3/eCh IpH-
6aBJAIOTCA JBa HOBHIX IapaMerpa— I H p, HO Takxke H JBa HO-
BBIX YpPaBHEHHsI CBSI3H HX C paccTosiHHeM X. [103TOMy HO-IpexkHeMY
B KayecTBe HE3aBHCHMBIX OCTAIOTCA TOJbBKO JiBE IepEeMEHHBIE — X
H v. B oTaMuKe OT paHee PaCCMOTPEHHBIX CjyyaeB, B KOTOPHIX Ipa-
guentaMd T M p MOXKHO ObLIO IpeHeOpeub, 31eCh X U U HeJb3s 3a-
MEHHTb UX OTHOLIEHHEM X/U, TaK KaK pAJ IlapaMeTpPOB 3aBHCHT OT
X, a He OT x/v.

[To mepe mpocaunBaHHs pacTBopa ero I U p H3MEHAIOTCH, a 1O~
TOMY C H3MEHEHHEM X H3MEeHSIOTCs PacTBOPHMOCTH MHHEpPAJIOB, T. €.
JION¥KHO HMETh MECTO MX pacTBOpeHHe HJH ocaxjaenue. Mpl pac-
CMOTPHM [OBEJleHHEe KOMIIOHEHTa i Ha NPOTAXKEeHHH 30HBbl, B KOTO-
poOil OH BXOMHT B COCTaB NOPOJbl B BHJE OTAENBHOrO MHHEpaJa 1.
B stom cayuae C;=Cf=f,=[. npuuem C; u 0C;/0x He 3aBHCAT
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or v. CiaenoBatenbHo, uned pdC;/0v=0 H OCHOBHBEIM YPaBHEHL:M
uH(HIBTPAIHOHHON KosoHKH BMecTo (I1.2) ocraercs ypaBhenHe

0i/0v= —0aC;[0x. (I11.1)

Unrerpupys ypasuenne (III.1) mo v mpu nocTosHHOM X, MOJY-
yiM

i—i’= —v(0C,[0x). (I11.2)
Juddepenupys (I11.2) no x, nonyuum
0i/0x= —uv (0°C;/0x*). (I11.3)

Jlnsi ceueHHsl C TNOCTOSIHHBIM i H3 TOXKJECTBA di= (0i/0x)dx+
+ (0i/0v)dv, npunumas Bo Baumanue (IIL.1) n (IT1.3), umeem

e SR T T (I1L4)
(dx)i ox v oxt  ox

JonycTuM Tenepb, 4TO 3aBHCHMOCTb PaCTBOPHMOCTH O -Or. % =
HelHa:

=K.t K,; 0 aCHax =Ky 6*Ciog® = 0.
Torna, cornacuo dopmyaam (I1L.1), (I11.3) u (111.4),
(0i/0v) ,.=—K; (0i/ox) ,=0; (dv/dx);=0,

T. €. CojJepKaHHe KOMIOHeHTa-MHHepaja [ B NMOPOJE NpH YCJIOBHH
HACHIIIEHHOCTH MM PacTBOpa MO Mepe NMPOCaunBaHHs pacrsopa Oy-
JIeT TOCTeNeHHO yMeHbIaThest (mpu K MOMOXKHTENbHOM) HJIH BO3-
pacrath (npu K, OTpPHIATeNbHOM), MPHYEM B KaxK/Jblil JaHHBIA MO-
MEHT COJepIKaHHEe ero BO BCEX CEUeHHsX KOJOHKH Gy/eT OAMHAKO-
BuiM. COOTBETCTBEHHO HA Auarpamme x—v (¢ur. 24, 6) JHHHH paB-
HOTO COJepKaHHs KOMIOHeHTa i H300pasfiTCs TOPH3OHTA/IBHBIMA
IPAMBIME (HAKJIOH JIMHHH PAaBHOTO COAEPKAHMS HA AHMArpaMme x—u
Jaercs npousBoHOl (dx/dv):=0).

[TycTb, HampuMep, HCXOMHAs IOPOAA CJIOXKEHA TpeMs MHHEpa-
samu A, B, D, B OTHOLIEHHH KOTOPHIX BTEKAIOILHil PacTBOP C CaMo-
ro Haya/ja HachllleH. BcaeicTBHe HaJMuyHMs TpajiieHTa INaAalolux
TemnepaTypsl T M JaBJeHHS p PacTBOPHMOCTb STHX MHHEpPAJOB C
PACCTOSHIEM X M3MEHSeTCs], IOHHKasACh M C," 1 NMOBBIIASACH IS
C;*, Cp* (cM. ¢ur. 24, a). Torpa mo Mepe mpocaunBaHHsA pacTBOpa
munepan A OyJer ocaxKaaTbCs, a MHHEpaJbl B u D — pacTBOpsITb-
csi (cM. dur. 24, 6). IlycTb B pacTBOpe COJAEPIKHUTCS TaKKe MHHE-
pan F, pacTBOPHMOCTb KOTOPOTO C TOHHIKEHHEM T, p majpaer Tak,
yTo Ha H3oTepMme T, PAacTBOD CTAHOBHTCS HACBHIIIEHHbHIM B OTHOIIE-
pun F 1 jaJee JOJKEH ero ocaxaaTb. AHAJIOTHYHO C H30TepMBbI Ts
Hauunaer ocaxaathesa Mumepan G (cm. ¢ur. 24). Cxema ¢ur. 24
9CJIOKHSETCS TEM, YTO IOcJjie 3aMoJHeHHs MyCTOT JaBJeHHE HA MH-
HepaJsibl TOBBILUAETCS H 3TO H3MEHsIeT HX [acTBOPHMOCTH. [Tostomy
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Tt ®ur. 24. VHOUIbTPAUHOHHOE H3MEHEHHE MH-
HepaJbHOrO COCTaBa MOPOJ NPH HAJHYHH TEM-
b [epaTypHOro TrpajyeHTa, H3MeHSIOIIero pacTt-
BOPHUMOCTH KOMIIOHEHTOB

A A+F A+F+6 a — uCXOAHOe nonyuleHHe 06 H3MEHEHHH DPacCTBOPH-

¢ paccrosinuem oT Ty po T4 6 — COOTBETCTBYIOILEE
+

AY +BA [ AV +B4+ FY |AV+ BY +Fy+GY ponyuienuio ¢ur. 24, @ U3MeHeHUe MUHEPaJbHOrO CO-

cTaBa MOpOABI MO Mepe BO3pacTaHusi o6bema Mpo-

COUMBINErOCSl ~ PacTBOPA; CTPEJKH, HampaBJeHHBIE

; AV-BA+ T4 | Ak BA+ I A+ F v | A+ BA+ DA+ Fi+6 KHH3Y, 00603HAualoT Oca)KJeHHe MHHepasja, HampaB-
ey I JIeHHble KBEPXY — pacTBOpPeHHe
JajibHelllee MpOTeKaHHe pacTBOpa
. : PRty MOJKET H3MEeHHTb KOJOHKY —A|A-+
. Z] | G g2 +F|A4+F+G—, mnoka3aHHylO Ha
ﬁ_—::-r [p’l——. o (pHI‘. 24.
by < J1 pasHBIX MHHEpaJoB 3aBHCH-

MOCTh PAaCTBOPHMMOCTH OT JaBJICHHS HA
] | HHX U OT TeMIepaTypel MOXKeT ObITb
T, T, 7 . pPa3JIMYHOH, a MOTOMY B OJHHUX CJyya-
SIX KOHEYHBIM MPOAYKTOM MOXKeT ObITh
MOHOMHHEepaJbHass mnopoxa A pias
BCeX 30H, B JADYTHX BO3MOXKHO 00OpasoBaHHe KOJIOHKH THIA
—A|F— nm —A|F|G—.
IIycts Temeps 3aBHCHMOCTH C;® OT PaCCTOSHHMS X INpPH JaHHBIX
rpaguenTax T, p BHIPa3UTCs ypaBHEHHEM BTOPOH CTENEHH

CE=Kx*+ K,x+ K,. (IT1.5a)
Torna

0C,/0x=2K,x+ K,;  0°C;/0x*=2K; (IT1.56)

0i/0v= —AdC;/0x=2K x+ K,. (I11.5B)

Wurerpupys mocjefnee ypaBHEHHe, HMes B BHJY He3aBHCHMOCTb B
JnanHoM ciaydae 0C;/0x OT v, HOJTyYHM

v=—(i—i")/ (2K x+K,). (I11.6)
Orciona

(0v/0x);=2(i—i’) K,/ (2K x+ K;)?; (I1L.7a)

0*v/ox*= —8(i—i’) K’/ (2K, x+ K5)*. (ITL1.76)

B sasucumocTtH OoT 3HakKoB K, H K, BO3MOXKHBI U€THIPe Ciydas.

1. K,>0; K,>0.

B atoMm cayuae ¢ Bo3pacTaHHEM X PaCTBODHMOCTb MHHEpaJja He-
yknouHo Bospacraer |ypasmenue (I11.5a)] m, cienoBaTenbHO, MPO-
HCXO/IHT €ro pacTBOPEHHE C IOCTENEeHHBIM yMEHbIIeHHeM COJep¥kKa-
Hug i B nopose. Kak Buano u3 ypasuenus (II11.6), nmpu x>0 u v>0
B 3TOM cayuae i<i®. Ha puarpamme x—v (dur. 25, 6) B COOTBETCT-
Bun ¢ ypaBuenusmu (II1.7a) u (II1.76) mocTpoeHbl JIHHHH pPaBHBIX
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conepxanuit i. Yem Gosbiie x, TeM ObICTPee MPOHCXOAHT pacCTBOpeE-
une I, ®ur. 25, a mMOKa3bIBaET COOTBETCTBYIOIlee BO3pacTaHHE pac-
TBOPUMOCTH C;* C PaCCTOSIHHEM X.

2 K1<0; Kz<0

B 3TOM cjyyae ¢ paccTosiiHeM pactBopuMocTb C;* MHHepaja
najaer, 4TO NPHBOAUT K IOCTENEHHOMY OCa</eHHio MuHepana [.
JIMHHHE PaBHBIX COJEP:KaHHH HA JHarpamMMmMe X—?uv B COOTBETCTBHH C
ypaBuenusmu (I11.7a), (I11.76) nmelor Taxkue xe HaNpaBJeHHS, KAK
B npeAblayuiem ciayyae (cM. ¢ur. 25, 6), OAHAKO B ITOM C/yyae Bbl-
mresiexkaliye JHHHH OyAyT COOTBETCTBOBATb 0oJjiee BBICOKHM COJEp-
JKAHUAM [ (I,>>0,>100).

EcJan ¢ paccTosiHHeM X TNOJ BJIHSIHHEM rpaiuedtoB T, p pacTBo-
puMoCTh MHHepasoB B m D mopoisl NOBBIIAETCS, a MHHEpaJa A
MOPOABI H «PyAHBIX» MHHepajoB F u G — NMOHHXKaercd, TO MOryT
BO3HHKHYTb COOTHOUIEHHS THNa MpEJCTaBJeHHBIX Ha JAHarpamme
x—uv (¢ur. 26, a, 6). Ilopona, cio)keHHasi NMepBOHAYaJbHO MHHE-
panamu A+B+D, mnocrenesHo InpeBpallaeTcs B MOHOMHHEpaJb-
HYIO nopoy u3 muHepasia A. ONHOBpeMeHHO B 30HaX Gojiee HHSKHX
7, p B nopoje MOSBJISAETCH BKPAIJIEHHOCTh MHHEpPaJoB F H G, Ko-
Topasi IO Mepe NpocauMBaHWs PacTBOPA CTAHOBHTCS Bce OoJjee ry-
CTOf1, H TIPH JOCTATOYHOM OGbeMe MPOCOUHBIIErocs pacTsopa MOryT
BO3HHKHYTb 30HbI, CJIO2KEHHBIE OJHAMH KHJIbHBIMU HJIH PYyAHBIMH MH-
nepanamu F u G. PactBopenue A B 3THX 30HAaX MOXKET OBITb BbI3Ba-

r Ve g

x A+F |A+F+6
{AHH

A+ BV 1 4 G

\\
LAl + 31 +Fy + 64

AVv+BY+ D4 | Av+ BY+D4+4| A+ Bi+ DA+ FY + Gy

V7 2 .
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Ggl’

z i z

®ur, 25. Cayuait uHOHABTPALUH, NPH KOTOpO#l BCJIeJCTBHE HAJHYHA TeMIepaTyp-
HOTO TpajHeHTa PacTBOPMMOCTb MuHepasia / ¢ pacCTOSHHEM X MOBHIIACTCIH IO 3a-
kony Ci* = Kix2+Kox+Ks npn K; 1 K; MOTOXKHTENBHBIX (a), u U3MeHeHHE COZEp-
JKaHHii KOMIOHEHTA i C PACCTOSIHHEM IIO Mepe MPOCayHBaHMs PacTBOpPa B-NOPOAE,
cozepkaiieii n36erTox Munepana I (0)

dur. 26. Tlox Bo3jelicTBHEM TeMIEPaTYPHOTO DPajHeHTa PACTBOPHMOCTL MHHEpa-
JioB B, D ¢ paccrosiHHeM X NOBBIIIAeTCs, 4 MHHEPAJIOB A, F, G nouuxaercs 1o 3a-
kony C®=K;x?4Kox+Ks, rae K, u Ko— 06a 7160 MOJOKHTEbHEI, JH60 OTPHIA-
TenbHB (a); 6 — H3MEHeHHe MHHEPaJbHOrO COCTaBa IMOPOA HA quarpamMme pac-

cTosiHNE ¥ — 00beM NpOCOYHUBLIEroCs pacTtBopa v
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®ur. 27. C paccTosHHEM PaCTBOPHMOCTD MHHepana / H3MeHsIeTCs 10 3aKOHy CH=
=Kix*+Kox+K; npu K;>0, a K;<0 (a). TIpn mpocaunsanuy uepes MOPOAY C H3-
ObITKOM MuHepasia | ero cojepKanme OyZeT H3MeHSTbCS, KaK NOKAa3aHO Ha JAHa-
rpamme x — v (6), Tae i1 >i3>...> > ...>i_4

®ur. 28. PactBopumMocTb MuHepana | uaMeHseTcs c PacCTosiHHEM TOXA BJMSHHEM
TEMIIEpaTypHOro rpajuenta no sakony C;=C%+4K(1—cos 2nx/l) (a). Juarpam-
Ma ¥ —v (6) HaeT M3MEHEHHe COAEPIKAHHMIl i NIPH NPOCAUHBAHHH pacTBopa uepes
OPOAY C H3GLITKOM KOMIIOHEHTA i, puueM npH x<<[/2 IPOHCXOAHT BHIIIENAUHBA-
HHe i, aTIpu x>[/2 — ero ocaxeHue

HO TIOBBIIEHHEM JaBJIEHHS HAa MHHEpaJsbl, KOTOPOe BHI3BIBAETCS
ocaxjenueM MuHepaJsos F u G.

3 K1>0; K.<O0.

B sToM ciyuae Hampasienne mpouecca 3aBHCHT OT BeJHUHHDI X.
Ipu x< —K,/2K, pacTBopumocTb Mumepasa [ c paccTosiHHeM
ymenbiaercs (0C"/0x=2K,x+ K,<0), T. e. U3 HACHILEHHOrO pac-
TBOpa MpOHCXONUT ero ocaxkiaenue. Ilpm x> —K,/2K, pacrBOpH-
Moctb Ci* ¢ PAaCCTOSHHEM IOBHILIAETCS, T. €. IPOHCXOAHT pacTBope-
uue /. Kak Bunno u3 ypasuenns (II11.58), mnpn 0<<x<< —K,/2K,
0i/dv>0, T. e. c yBeqHUeHHEM U colepzkaumue i Bodpacraer. Ilpu
x> —K,/2K, 0i/0v<<0, 1. e. i yMeHbIIaercss ¢ BO3pPaCTaHHEM 0.
B coorserctsuu ¢ ypasmenasmu (I11.7a), (II1176) ma ¢ur. 27 1ano
HalpasJ/eHue JHHHI PaBHBIX COJAEPIKAHMI [ BJIIOPOJE HA AHATPAMMeE
LS U TIDIYeM 1,50 (i > ol es o

ITOT cayyali — OGpaTHEI NPeAbIAyLIeMy. PacrBopuMocTh MHHE-
pajla mo mMepe TINpOCAayHBaHHS pacTBOpa CHAuaJa MOBBIIIAETCS
(I pactBopsiercst), a 3atem nommxkaerca (/ ocaxpaaercs). Ha anma-
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rpaMMe X—u JUIsl 3TOTrO CJyuasi JIWHHH ~DPaBHOTO COJepKaHHSA i
HMEIOT TaKHe HalpaBJIeHHs, KaK Ha (Hr. 27, TOJIbKO B JIeBOH YaCTH
nuarpaMmbl (<< —K,/2K,) noBbilenHe v NPHBOLHT K MOHHIKEHHIO
i, a B IPaBOH — K IOBHIIIEHHIO.

CMeHy pacTBOpeHHs OCaxK/AeHHEM JIydlile paccMaTpHuBaTh IDPH
TIOMOIIK TPUTOHOMETPHYECKHX (ynkuuit. IlycTh BcaencTBHe rpajiu-
eHTOB T, p 3aBHCHMOCTb DAaCTBOPHMOCTH C;* OT PacCTOSIHHS BHIPA-
XKaercs CJAeAyIUM 06pasoMm:

i =C] +K (l ——cosi—”x). (I111.8)

3necb | — paccrosiHue x 10 H30TEPMBI, Ha KOTOPOf PacTBOPHMOCTF
BO3BpallaeTcs K IepBOHAYAJIbHON Besnuuuue. [lanee

dcs & ;
—L = K2 gin2® (II1.9)
dx 1 1
dazct 2
& (?l) cos (3’1 x)-; ~ (IIL10)
dx? l l
di ac;, 2n 2n
By r koSl
HHTerHpOBaHHe IoCJeHEro YPaBHEHHS 110 v JaeT
=—(i_i0)/(1<21—“sin3;lx). (1L 11)

Huddepennupys no x, nosyuum

(i — i% cos (—QR—x)
(ﬂ) i ! (111.12)
dx ; on i
K sin? <_l x)

Otn ypaBuenus, B ocobennoctu (III.11), KalT BO3MOKHOCTH
TIOCTPOUTD JHHHH DaBHBIX COAEPXKaHHH { HaA JuarpaMme X—ov
(¢dur. 28). B paccmaTpuBaeMoMm cayuae B HHTepBaje 0<x<[/2 pac-
TBOPUMOCTb MHHepaJia C PacCTOsHHEM BO3PAacTaer, 4TO NMPHBOAHMT K
IIOCTEIIEHHOMY YMEHbIICHHIO €ro coJepxKaHus B mopoje (i_;<i_,<
<i_,;<i’), HanboJ/iee HHTEHCHBHOMY B CEUEHHH X =[/4.

B ceuennn x=1[/2 coiepxkaHue i ocTaercs HEM3MEHHBIM. B HH-
TepBasie I/2<x<l cojmep:kaHHe [ IO Mepe BO3PACTaHHS 06BEMa U
NPOCOYHBIIEroCst pacTBOpa IIOCTeNeHHO BO3pacTraer, HauboJjee CHJb-
HO B ceueHHn x=3l/4. Tak kKak KOHIEHTpAUHH PAaCTBOPa B TOUKAX
X=0 ¥ X=/ ofMHAKOBHI, TO JEHCTBHE IIOTOKA pPacTBOPOB B 3TOM
C/y4ae CBOAMTCS K IIEDEOTJIOKEHHIO KOMIIOHEHTA i C BbILeJayHBa-
HHEM ero H3 JIeBO¥ YaCTH KOJIOHKH H OTJIOKEHHEM BCEro pacTBOpEH-
HOTO KOJIHYECTBA B NPABOM YaCTH KOJOHKH.

B cayuae, ecin B ypaBuenun (I11.8) K orpuuarensno, To, Hao60-
POT, B JI€BOH YaCTH KOJIOHKH M3 HACHIIIEHHBIX PaCTBOPOB JOJKHO
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IPOHCXO/UTh OCaXKJeHHe MHHepasa [, a B IPaBoOi YacTH — ero pac-

TBOpenue. HanpaBienus JHHHH paBHOro cofepxanusi (dv/dx) 6y-
YT, COTJACHO NPHBEIEHHHIM (opMysaaM, TaKHMH Ke, Kak H Ha
¢ur. 28, ¢ TeM pasaHuMeM, UTO B JIEBOH YacCTH AHArpaMMbl X—uU
C yBejHueHHeM U MBI OyJeM INepexOoAMTb K JHHHAM C BO3pacralo-
LIHM COJepKAHHEM i, a B NPaBOH YAaCTH — C yOBIBAIOIIHUM.

Cayuait uuBepcHH pacTBOpHUMOCTH (cM. ¢ur. 28) panee paccma-

TpuBaJcsi MHOH [32] moapo6GHO B CBS3H ¢ NpoO6JeMOH THAPOTEp-
MaJbHOH KHCJIOTHO-OCHOBHOH aubdepenunanud. OOBYHYI0 CMEHY
[I0CJEMAarMaTHYECKOTO KHCJOTHOTO BBIIIeJTAaUHBaHUS IOCJEAYIOIHM
OCaxKJIeHHEM OCHOBAHHH TOrJa si MBITAJCS OODBSCHHTb IPEANOJOKe-
HHEM, UTO IIOHMXKEHHe TeMIIepaTyphl BAOJb IIOTOKAa PacTBOPOB MO-
JKeT BBI3BaTh CHAyaJia MOBBILIEHHE KHCJIOTHOCTH PacTBOpa C BHILIE-
JlauMBaHHEM M3 MOPOJbl OCHOBAHHH, a IOTOM IOHHIKEHHE KHCJIOTHO-
CTH PaCTBOPOB NpH JAaJjbHeHlIeM NOHHKEHHH TeMIepaTypbl H COOT-
BETCTBEHHO OCaik/JeHHe H3 PacTBOPOB paHee BBLILIEJOYEHHBIX OCHO-
BaHHH. DTH NPEANOJIOKEHHsT OKa3aJHCb HeJOCTaTOYHBIMH. B jraunb-
HelilieM JJs1 0ObsICHEHHUS] peXKHMa KHCJIOTHOCTH-OCHOBHOCTH IPH IIO-
cJeMarMaTHUeCKHX Tpoleccax MHOiI Oblia BbABHHYTa 0oJiee CJIO0XK-
Hasl THUNOTE3a «Olepexkaiouieil BOJHBI KHCJIOTHOCTH». ITO He HC-
KJII0OUaeT TOro, 4TO B YACTHBIX CJydasX HHBEPCHs DPacTBOPUMOCTH,
BbI3bIBaeMasi TpaJHEHTOM TeMrepatyphl (cayuaum Ha ¢ur. 27 u 28),
TaKxkKe HMeeT 3HaueHHe.

Mgl paccMaTpHBaJsiM 3[leCh TOJMBKO NPOCTEHINMH caydyad, Korjaa
H3MEeHeHHe TeMIIepaTyphl BLI3BIBA€T TOJBKO JHOO pacTBOpeHHe,
au60 ocaxKieHHe OJHOrO H3 MHHEpaJoB Mopoin. Bmecre ¢ Tem mo-
HHKEeHHe PaCTBOPHMOCTH KOMIIOHEHTa PacTBOPa MOXKET BHI3BATh 00-
pasoBaHHe B TMOpOJe PEaKUHOHHEIX MHHEpasoB, Bce GoJee GOraThix
JaHHBIM KOMIIOHEHTOM; 0OpaTHOe NPOUCXOJHUT IPH MOBBILIEHHH pac-
TBOpUMOCTH (T. €. NpH TOHHKEHHH KO3((HUHEHTa aKTHBHOCTH B
pacTtBope).

Kak Mbl BHAeJH BHIIIE, TPH HH(QHUIBTPAIHOHHOM METacoMaTose,
He CBSI3aHHOM C TpajJHeHTaMH TeMIepaTypbl H JAaBJeHHs, 3aMellle-
HHe HJeT Ha Pe3KHX (POHTAX, HA KaXK/JOM H3 KOTOPHIX ONUH H3 MH-
HEPaJOB MCXOIHOMH NOPOJLI 3aMelllaeTcs MOJHOCTbIO. B oTsmuue OT
5TOr0 NpPH 3aMELIEHHH, BHI3BAHHOM HAJHYHeM TpajMeHTOB BJOJb
OTOKA pacTBOpA, OTJOXKEHHEe HJH DPacTBOPEHHe MHHEpajoB Ipo-
ucxoAuT mocrenenHo. Takum 06pa3oM MOKHO OOBSCHHTb HEKOTO-
pHe caydad HMIPerHallid MOPOJ PYAHBIMH HJH JKHJbHBIMH MHHE-
panaMH. B 30Hax MeJJIEHHOTO NPOCAYHBAHHs PAaCTBOPOB MMIIperHa-
1Usi MOJKeT OBIThb BechMa pacCessHHOM, TOrla Kak B 30HAX TPELIHHO-
BATOCTH NPH GOJIBIIOH MOIIHOCTH NOTOKA 3aMelleHHe MOXKeT OBITh
uHTeHCHBHBIM (cM. ¢ur. 24, 6, 26, 6).

2. UHduabTpaLHOHHDIH METACOMATO3
NPH NPOXOKAEHUH BOJIHBI KHCJIOTHBIX KOMIOHEHTOB

Xapakrtepueiillel, yepToli mocjeMarMaTHYeCKHX MPOLECCOB, B
0COGEHHOCTH CBSI3aHHBIX C 6oJee KPeMHEKHC/BIMHU - (TpaHHTOHAHBI-
MH) MarMaMH, sIBJsieTcs 3aKOHOMEpHOe COYeTaHue MPOUECCOB KHC-
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OTHOTO BbIIeIaYHBanusg MOPOA NOJA BO3AEHCTBHEM HOTOKOB hcCje-

MarMaTHieCKHX DACTBOPOB C IOCJEIYIOUIUM OCaKIeHHeM M3 pac-
TBOPOB OCHOBAHMH, YKa3BIBAaIOIIUM Ha BO3PACTAIOUIYI0 OCHOBHOCTH
pactBOpOB. Takasi cMeHa KHCJIOTHO! peaklMH PacTBOPOB Ha OCHOB-
HYIO NDOHCXOAMUT B Ka)KJOM CEUEHHH MOTOKa MOCJeMarMaTHUeCKHX
pactBopoB. IIpu 3TOM B 30HaX, MPHJIEKALIHX K KOHTAKTAM TPAHHTO-
UIHBIX MACCHBOB, B II€JIOM Npeo6JsafaeT KHUCJAOTHOE BhIleJauHBaHHe
NpH NMOJYHHEHHOM MOCJ/eAyIolleM OCa)KIeHHH OCHOBAHHI, TOTAA KaK
C ylaJIeHHEM OT KOHTAKTOB KHCJOTHOE BBHIIlleJauHBaHHe ocaabeBaer,
¥ B YAaJNeHHBIX (TeJeTepMaJbHBIX) MECTOPOK/ICHHSAX OCAKIAECHHE
pesko npeobsiafiaeT Haj NPeALIECTBYIONIMM BhIlleJauHBAHHEM.

Hast obbsicHenust 5THX siBaeHHA Muo# [36] Gblia BHABHHYTA
THIIOTE3a «Ollepexkaruled BOJHBI KHCJIOTHOCTH» B IIOTOKAaX MOCJe-
MarMaTHYecKHX pactBopoB. OHa 3ak.iouaercs B ciaenywoiiem. Ilpu
KDHCTAJ/IJIM3AHH MarMbl OCTATOYHBIE PACTBOPHI 0BOTalalOTCs KHC-
JIOTHBIMH KOMIIOHEHTAMH. B NOTOKE TpaHCMarMaTHYeCKHX, a 3aTeM
nocJeMarMaTHYeCKUX PacTBOPOB 3TH KHCJOTHBIE KOMMOHEHTH (HJIb-
TPYIOTCSI 4epes3 MOpPbl FOPHBEIX MOPOJ U BAOJb 3aKPHITHIX TPEHIHH Obl-
CTpee, YeM OCHOBHBIE KOMIIOHEHTHl PacTBOPa, TaK KakK MAJs KHCJOT-
HBIX KOMIIOHEHTOB (DHJIBTPALHOHHBIA 3(D(EKT He3HAuHTeJed HJH OT-
CyTCTBYeT, TOTJa KakK JJIl 'OCHOBHBIX KOMIIOHEHTOB KO3(DHUIHEHT
¢uabTpannoHHOro 3dexkTa MOMKET 3IHAUMTEJNBHO OTJAHYATHCA OT
€/IHHHUIBI, T. €. OCHOBHBle KOMIOHEHTHI OTCTAIOT NMPH (GHAbTPALUH
pactBopa OT KHCJOTHBIX. II03TOMy HpH KpHCTaJ/MH3alHH MarMbl B
MOTOKe BOCXOJSIIHX PAcCTBOPOB BO3HHKAET «BOJHA» MOBHINIEHHOM
konuentpauuu kucaor (HCI, HF, H,S, H,SO,, CO,, SO, u ap.), Ko-
TOpasi nepeMemniaeTcss BJOJIb NOTOKA PAcCTBOPOB IPHMEPHO CO CKO-
POCTBIO TIPOCAYHBAHHSI PACTBOPHTEJS, ONEpeKasi OCHOBHBIE KOMIIO-
HEHTHl pacTBOpa.

BMmecTte ¢ Tem reosoruyeckue JaHHbIE NMOKAa3bIBAIOT, YTO HHTEH-
CHBHOCTb BO3/I€HCTBHSI BBIAEJNSIOIUXCS TPH KPHCTAJJIH3ALHH Mar-
MBI KHCJIOTHBIX KOMIIOHEHTOB (HX (YTHTHBHOCTH) C Y/IaJ€HHEM OT
TPAHUTOMIHBIX MACCHBOB, a CJIEJ0BATEJbHO, H C OXJAXKIEHHEM Iep-
BOHAYaJbHO BO3pAaCTaeT, a IIOTOM MOHHKaeTcs. DTa obuias 3aKOHO-
MEPHOCTb MOXKeT OBbITb OODBSICHEHAa KOHIEeHCAlHed H YIJIOTHEHHEM
nocjeMarMaTHYeCKuX (JIou/0B.

[ToBrimenne ¢yrutuBHOCTH Jeryyelt kucaorsl HA (tuma HCI,
HF, H,S, CO,) npu KoHJeHcauuud BoAHOTrO Guionja (comepKaliero
TaK)Ke MeHee JieTyude KOMIIOHEHThI) MOXKeT OBIThb IOSICHEHO AHar-
pammoit ¢ur. 29. Ha aroii cxematnyeckoil auarpamme abcuucca
naer conepxkanue (mosbHylo jpoqaio) HA B Boanom dJonne npu
HEKOTOPOM BBICOKOM JaBJieHHH, a opAuHara — Temneparypy.7. Ilpu
BBICOKOH TeMmIepaType pacTtBop npeiacraBieH rasom (G), mpu HU3-
KOW — KHAKOCTBIO (L), a mpu NpoMexkyTOUHOH — OH JAByX(aso-
Bolii (G+L). [TyHKTHPOM HaMeYeHbl JIHHHH PaBHOH (PYyrHTHBHOCTH
f, 7. e. apPeKTHBHOrO MapuHaJbHOTO AABJEHHS JeTyded KHCJOTHI
HA. B rasoBoii ¢ase GyrHTHBHOCTD [, BO3pACTaeT C COAEPKAHHEM
HA, HO 1sa COBeplIeHHOTO ra3a He 3aBHCHT OT TeMIlepaTyphl, T. €.
Ha CXeMe H30JIMHHH [y, BepTHKaJbHB. B aByxdasosoii o6.acTu
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ﬁrT “G+4+L (YyruTHBHOCTH [ma HE 3
OT KOJIHYECTBEHHOI'O  COOTHOUICHHS
Gbas, T. €. H30MHHUH gy TOPH3OHTAJb-
Hbl. BmecTe ¢ TeM IIpH TOHHXKEHHH
Temnepatypsl GyrutuBHocth HA BO3-
pacrTaer TOTOMY, YTO BO3pacTaeTr CoO-

rasoBoil (¢asax. B xuakoir ¢ase L
dyrutuBaoctb HA Bospacraer ¢ co-
nepxaunneM HA, HO manaeT ¢ NoHuzxKe-
HHeM TeMmmepaTypel. TakuM o6pasom,
u3 ¢ur. 29 BUAHO, UTO NPH KOHJEHCa-
I[MH Ta30BOTO pPacTBOpa JeTyuded KHuc-
JIOTH ee (YyrUTUBHOCTb JOJKHA BO3-
pacratb. [locse ucue3sHOBEeHHs raso-
BOH (pa3pl JaJbHedllee OXJaxkK/JIEeHHE
JKHJKOTO pacTBopa CONPOBOXKAAETCH,
gﬁr‘f 29@3%2%%“‘ g’%‘gg::fa corsacHo ¢ur. 29, monuxenuem Qyru-
HA (nymkrup) B sapucumocts ~THBHOCTH  KHCJIOTHBIX ~ KOMIOHEHTOB
or konumentpaumn HA u temme- HA, T. e. monuxenueMm Ko3pHuHeH-
parypst T mpu KOHAEHCAUMH  Top WX AKTHBHOCTH.
‘}jﬂml‘a Fo.Toay O 8 dhsocTy Anasiornunoe TOBbILIEHHE (YyTrU-
THBHOCTH KHCJOTHBIX KOMIIOHEHTOB
JIOJI>KHO TPOUCXOJAHUTb MU IIPH OXJaxK-
JIEHUH PaCTBOPOB, OGJU3KHX K KHIEHHIO, NIOCKOJbKY B HHX HMEIOTCS
MHKPOYYaCTKH (JOMEHHI) XKHIKO- H ra30006pa3Horo cocrosuus. ITpu
OXJIaXKE€HUU TAKHX PacTBOPOB HMMeEEeT MeCTO HX YNJIOTHEHHE C MO-
CTENEHHbIM HCUE3HOBEHHEM YyYacTKOB ra3000pa3HOr0 COCTOSIHHUS, UTO,
COIJIaCHO TNOKa3aHHOMY BBIlE, JOJKHO CONPOBOXKAAThCS IOBBILIE-
HHEM aKTHBHOCTH KHCJOT. IIOCKOJBbKY 3TO NOBBLIIIEHHE AKTHBHOCTH
IPOUCXOJUT NPU INOCTOSIHHOH CyMMapHOH KOHIEHTPAlUH KHCJOT B
TaKOM MHKPOTETePOT€HHOM pacTBOpe, MOXKHO T'OBOPHTb O IIOBBILIE-
HHHU KO3 ()HIHEHTOB aKTHBHOCTH JIETYYHX KHCJOT IPH OXJaXKIeHHH
TaKOTO0 MHKPOTeTEPOreHHOTO PacTBOpa, OJH3KOro K KHIEHHIO.
leosioruuyeckue JaHHbE NPHUBOASIT K 3aKJIOUEHHIO, YTO MaKCH-
MaJjibHasi aKTHBHOCTb BOJIHBI KHCJOTHOCTH JOCTHraeTcs NpH HEKOTO-
PBIX CpPEIHHX TeMIepaTypax, TOrjla Kak JaJbHefilllee MOHHXKEHHE
TEMIEpPaTyphl MPUBOAUT K MOHHKEHHIO AKTHBHOCTH KHCJIOT. Bo3-
MOZKHO, UYTO 3TO BBHI3BIBAE€TCS MOCTENEHHBIM paccessHHeM KHCJIOTHBIX
KOMIIOHEHTOB BOJIHBI B GOKOBBIX Nopofax. Ho Bo3MOXKHO Takike, 4TO
KO3(G()UIHEHTH AKTHBHOCTH KHCJOT B IIPUPOJAHBIX CJIOXKHBIX pac-
TBOpax MOCTHTAlOT MAaKCHMyMa B CpPeJIHETEeMIePaTyPHBIX YCJOBHAX
U JaJibHellllee NMOHHXKEHHE TeMIepaTyphl BBI3bIBAeT HX NMOHHIKEHHE.
[TepBoHaYaJbHO MBI PACCMOTPUM 60Jiee NIPOCTOH Caydal IPOXOK-
JIeHYS] BOJTHBI KHCJIOTHBIX KOMIIOHEHTOB IIPH OTCYTCTBHH TeMIlepaTyp-
HOTO TpajiieHTa WJH IIPH YCJIOBHUH HE3aBHCHMOCTH aKTHBHOCTH KHC-
JIOT OT TeMIIepaTypHl, a 3aTeM OoJiee CIO0XKHBIH CJAydail epeMeHHOro
K03 (duiuenTa aKTHBHOCTH KHCJIOT.

Hy0+B HA
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nepxxanne HA kak B XKHJKOH, TaK U B

~ a. Bo/HG KUCAOTHOCTU NPU NOCTOAHCT8E KOIPHUYUCHTOB AKTUB~—

HoCTu. 3Iech paccMaTpPHBaeTCs CJaydyad, KOrja pacTBOPHMOCTb OC-
HOBHOrO KoMmoHeHTa C 3aBHCHT TOJIBKO OT KOHLEHTPAIHH KHCJOT-
HOrO KOMTOHEHTa [, H3MeHSIOUleHcs B CHJy NPOXOMKACHHS BOJIHBI
KHCJIOTHOCTH.
JlonycTum JJisi OTpe/leJIeHHOCTH, YTO BOJIHA KHCJOTHBIX KOMIIO-
HeHTOB OTpefiessieTcs caeaylollei GopmyJ/I0i:
A

Cr=4(1—cosz)i 2 =j—2[x—k<v—vo)1, (I11.13)

rjie X — PacCTOsIHHE OT HCTOYHHKA BOJIHBI KHCJIOTHOCTH; k=Ax/Av—
CKOPOCTb TPOJBHIKEHHS BOJHBI, MOCTOSIHHAS AJsl JaHHOH KOJIOHKH;
v — 00beM IPOCOYMBLIETOCS PacTBOpa; U, — 00beM pacTBOpa, BMme-
IaIoIero BOJIHY KHCJIOTHOCTH. [Ipn x=Fkv umeeM 2=2m, uTo npea-
CTaBJsieT TepelHHH (GPOHT BOJHBI KHCJIOTHOCTH; MpH X=ZK (v—70,)
nmeeM 2=—0, 4TO mpejAcTaBJseT THI BOJHB. Mb paccmaTpuBaeMm
TOJBLKO OJIHYy BOJIHY, ToJiarasi, 4To npu 2=>2mn u npu 2<<0 TakxKe
C;=0; A — MakcuMaJ/JbHasi KOHIEHTpallUs KHCJIOTH B BOJIHE, T. €.
aMILTHTYy/la BOJIHBI KucjaoTHocTH. Ha anarpamme x—v (¢ur. 30) mo-
Ka3aHO OJIHO M3 TOJIOXKEHHH BOJIHBI KHCJIOTHOCTH IPH U=7U,.

HcxoauMm M3 OCHOBHOTO MOJIOXKEHHS HHPHUIbTPALMOHHOTO MeTa-
comarosa (I1.2):

0i/0v-P (0C,/0v) = —q;(0C/0x).

J1151 KHCJIOTHOrO KOMuuHeHTa f, ciaralolliero BOJIHy KHCJIOTHOCTH, MBI
NPHHEMaeM, 4T0 (UJAbTPaUHOHHBIE dddekT orcyrerByer (p,=1) u
YTO B COCTAaB MHHEPAJOB INOPOABL OH He BXOAHT, TaK uTo O0f/0v=0.
B stoMm cayuae (I1.2) naer:

Pz_ﬁ:ﬁz(—dl)‘zl; o (I11.14)

ox v dx Jc; k P

T. €. CKOPOCTb MPOJBHKEHHS BOJHBI KHCJIOTHOCTH O6paTHa BeJlHuHHE
nopucToctTH (MOHMMAasi CKOPOCTb INPOABHIKEHHsI BOJHBI Kak k=
=.Ax/Av).

PacTBOPHMOCTb OCHOBHOrO KOMIOHEHTa [ JI0JI2KHa BO3pacTaTh C

BO3pACTaHHeM KOHIEHTPALHH KHCIOTHOro KOMMOHeHTa f. B kauecT-
Be HarJIsiJHOTO MpUMepa PacCMOTPHM PeaKIHio

MeO+2HCl=MeCl,+H,0; [MeCL]JH,0)/[MeOJHCI]*=K.
[Ipu ns6biTke MeO B Bujle TBepLOH (a3bl aKTHBHOCTD [MeO] nocro-

anHa. TTOCTOSIHHON MOKHO CUHTaTh M akTHBHOCTL Boabl [H:O], Tak
4TOo

[MeCl,]=K,[HCI]?, -

T. €. C BO3pacTaHHeM aKTHBHOCTH KHCJIOT BO3pacTaeT KOHLEHTpALHs
B pacTBOpe COOTBETCTBYIOIIeH PacTBOPHMOH COJH OCHOBAHHS. Jas
NPOCTOTHL MBI MOXKeM JONYCTHTb JIMHEHHYIO 3aBHCHMOCTb MEXKIY
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~ KOHIEHTPalHUAMH KHCJIOTH W OCHOBaHuS, yuuThiBas (I11.13):

=Ci+q¢C;=C; + (l—cosz) (111.15)

1‘11e4'q~—nocmﬂﬂﬂblﬁ Koatbqbnunem. Huddepenunpys (I11.15), mo-
JTYYHM:

oC; aC;
(—) — AT Gin g, (—) = 9% gna. (II1.16)
X

ox kv, v o

Kom6unupys (I11.14) —(I11.16) ¢ (II1.13), noayunum
; acC, ac
(—al—) = lPi(—‘) ——( ') ~(1—q3,)qAn sin z.
v X

o0/, ox E\ oo v

I/IHTerppreM nocye/lHee ypaBHeHHe, HMesl B BHUAY, UTO NPH 2=
e dn G0 —i

e 1— g,
l—“lo———(l—(Pi);Tq(l—COSZ) = —k%(ci._ C?) =

(l_“ ,')
i T“’ 4C;. (111.17)

U3 ypaBuenus (II1.17) Buano, uto nmpu 2=0 uaun 2=2n i=i,,
T. €. TIOJTHOEe MPOXOXKAEHHE BOJHBI KHCJIOTHOCTH HE H3MEHSIeT Cpel-
Hero cofiepxanusi i B nopogax. Onnako, kak caenyer us (I11.13),
(IT11.17), B KaxkJI0M DAaHHOM CeYeHHH HHOUIBTPALHOHHOrO MOTOKA
(X MOCTOSIHHO) TIO0 Mepe yBeJHueHHst v oT v=x/k 10 v= (x/R+0,/2)
¢ U3MEHEHHeM 2 OT 27t [0 7 COJAEep:KaHHe [ B IOPOJe MOHHIKAETCS OT
i=i, 10 i=i,—(1—q:)Aq/k [ypaBuenne (II1.17)]. Ilpun nanbuefinrem
yBeJuUeHHH v 10 0= (X/R) +v, (npnyeM 2 yMeHbIIAETCsI OT 2= 10
2=0) i Bo3pacTaer 10 HCXOLHOTrO coiep:KaHus i, (cM. dur. 30). Xo-
Ts 06lllee cofeprKaHue i B IOPOJe B pe3yJ/bTaTe MOJHOTO MPOXOXK/e-
HHST BOJIHBI KHCJOTHOCTH COXDaHSIeTCs, OJHaKO 3TO TPOXOXKIeHHE
MOJKET BbI3BaTh «THAPOTEPMAJBHYIO KHCJIOTHO-OCHOBHYIO AH(depeH-
UHAIHIO» B TOPOLAX, TaK KakK KHCJOTHOe BbIllleJaunBaHHe KOMIIO-
HEHTa [ MOJKEeT IPOTeKaTh PaBHOMEpHO. 0 BCell Macce MOPOJBI, TOT-
7la Kak o6paTHOe ocaxKeHHe KOMIIOHEHTa i, CIOCOOCTBYlOllee 3aKy-
nopke 1mop, GyLeT NMPOHUCXOAHTb B TPellHHAX CPeAH NOpoi, T. e. 6o-
Jiee KOHLIEHTPHPOBAHHO.

Kak suano us (II1.17), paBHble conepxaHus i 6yAyT COOTBETCT-
BOBaTh paBHbIM KOHueHTpauusim C; a ciefoBaTeJbHO, H PaBHBIM
snavenusam 2. Vs (II1.14) caenyer, uto JHHHH C PaBHOH KOHIEHTpa-
uueit C; u, Ce0BATE/IbHO, C PAaBHBIM COJlepXKaHHeM [ Ha JAnarpa-
Me X—0 (CM dur. 30) D0MKHBEI UMETh MOCTOSHHBIN HAKJIOH: dv/dx==
=1/k. Ha ¢wur. 30 mokazaHo HECKOJbKO TaKHX H30JIMHHH COJepiKa-
HES, TpUYeM i,>>i_,>>i_,. M2 (II1.17) BuAHO, 4TO H3MEHEHHE COMAEP-
JKaHMsl [ IPH TMPOXOK/IEHHH BOJNHBI OyleT TeM GoJiblie, yeM MeHbIIe
o;, T. €. uem GoJjiee 3aTpyJHeHa (UIbTPAlHs 3TOTO KOMIIOHEHTa.
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dur. 30. [uarpamMma paccros- v

HHe X — 00beM IPOCOYHBIUEro-
csl pacTBopa U JAJs clydas Ipo- i
XOXKJGHHSI ~ BOJHBl  KHCJIOTHBIX s ig
KOMIIOHEHTOB C TIOCTOSIHHOH ~ aK- ip i
THBHOCTBIO B MaKCHMyMe

8

Jluausi 2=21 — GpOHT BOJHBI, 2=0 — EQ
ThlJ BOJHBEL IIpH NPOXOXKJAEHHH BOJI- <
HBl CpeJHee COJep}KaHHEe OCHOBHOTO
KOMIOHeHTa i B MNOPOAaxX CHauana U [S——=r=——mt—_—>a— o
NMOHHXKAeTCs N0 i—p, a 3aTeM BOCCTa-
HaBJHBaeTcs A0 i,. PesayabraToM npo- |
XOMKIEHHS BOJHBI KHCJOTHOCTH MO-
KeT OBbITh cerperanusi OCHOBaHHil B 0
nopoaax 3

3awmernm, 4To cpeinee 38eHo ypasuenns (I11.17)
e (1—g) 0

JIEHCTBHTE/IbHO He TOJILKO IPH JONYILIEHHOH HaMHU JIMHeHHOH 3aBHCH-

- MoctH pactBopumocti C; ot C;, HO U 1pH JIOGOH APYroif HX 3aBUCH-

MOCTH.
ITycTp, Hanpumep,

SPe e G P fﬁ[x—k(v—vo)l,

Yo

rae ® — mo6ast oHO3HAUHAS QYHKIHA 2, T. €. QyHKIHsA OT (pasnl He-
KOTOPOH BOJIHBI JIETKO (DHIbTPYIOLUINXCS KOMIIOHEHTOB,

0y 4D G2 oAb % 2 A
ox  dz ax_a_Tiz—’ v ———z:dz'
Hcnosasayem ocuoBHywo (opmyay (II1.13):
o oC; 106G 2a(1—¢) dp
'07_—(9"0_::—?7_ kv, dz ’
HO
& Ao omaa b D
R e e T T
i B U R K [
k dz k
Wurerpupyem
= o-_L"®c_c)

U NoJy4aeM IPYTHM IIyTeM HCKOMYIO (opMyJly, BhIpazxKalollylo H3Me-
HeHHe coJepiKaHHsl KOMIIOHEHTa B MOPOJie yepe3 H3MeHeHHe ero KOH-
IIEHTPALHH B pacTBOPE.

Takum 06pa3oM, NPOXOK/IeHHEe OCAeMarMaTHYeCKo# BOJHBI KHC-
JIOTHBIX KOMIIOHEHTOB BBI3BIBAET SiBJIE€HHS] KHCJOTHOTO BblllleJauyyBa-
HHSI W MOCJIelYIONIero ocaXieHHss OCHOBAHHUH B TeX 3Ke CEeUeHHAX Io-

I+ 63



pox. Kak BunHo us ¢ur. 30, MmoxHO pasnuyaTh npu 3TOM  CJeAylo-
1lMe cTaAuu: 4

1) «paHHIOI0 IIeNOUHYIO CTaLHIO>, NPH KOTOPOH KHCJOTHOCTH BO3-
JIeACTBYIOINX PACTBOPOB ellle He OGHapYKHBAeT CyIIeCTBEHHOTO 110-
‘BbIILIEHUS; Y

2) <KHCJOTHYIO CTaJHIO», IIPH KOTOPOH KHCJOTHOCTD PacTBOpOB
BO3pacTaer, BbI3bIBAsI SIBJEHHS KHCJIOTHOTO BBILIEJAaYHBAHHS MOPOJ;

3) «NO3IHIOK LIEJNOYHYIO CTaLHIO», IPH KOTOPOH KHCJIOTHOCTh
PacCTBOPOB MOHHIKAETCS, C OCAXK/EHHEM DaHee BHIIEJIOYCHHBIX OCHO-
‘BaHHH.

6. Boana KUcAOTHOCTU ¢ usmersOUuMUCA Koapppuyuenramu ak-
TusnocTu. Tenepb paccMoTpuM GoJiee CI0KHBIE c/Iyya#, Koria mnaje-
HHE TeMNepaTyphl BAOJb HHPHIBTPAIHOHHOIO TOTOKA ¢ BOJIHON KHC-
~JIOTHBIX KOMIIOHEHTOB NPHBOAHT K H3MEHEHHIO KO3()(DHIHEHTOB aK-
THBHOCTH KHCJIOT.

ITycTh KOHIEHTpauus KHCAOTHOTO KOMIOHEHTa B npeesaax BOJ- -
HbI TIO-NIPEXKHEMY BhIpaxkaeTcsi hopMyJIoi

C; = L;.(] —C082); z=-—[x—k({v—u,)],

TIpHYeM 2 paccMaTpuBaeTCs TOMbKO B npelenax 0<z<2m, u npu
2<<0, Kak u npu z>2mx, nonaraem G0

Hanee MBI momyckaeM, uTo KO3((HULUHEHT aKTHBHOCTH KHCJOT
Ys C PaCCTOSIHHEM IO/ BJIHSHHEM IaJleHHsi TeMIePaTyPhl H3MEHSETCS
CHayaja TOBBIIAETCS, Ha PACCTOsSHUH X=I[/2 JOoCTHraer MaKCHMY-
‘Ma, a 3aTeM NOHHXKAaeTCs, OMyCKasCh 10 MEePBOHAYAJBHOH BeJHIHHBI
Ys=0 Ha paccrosiuuu x=1 corsiacHo bopmy.ie

2n
Vr— 1——cosTx,
H, C/le/l0BaTe/bHO, aKTHBHOCTb @; KHCJOTHI BBIpaxaercs (opMyJIoi

a = 9iC; = 4 (1— cos2) (1_cos2—l“x). (IIL.18)

JonyckaeMoe HaMH TOHHKEHHe aKTHBHOCTH KMCJIOT C TeMIepa-
"TYpOJ#i B 06/1aCTH HEBLICOKHX TeMIIePaTyp MOXKET GbiTh BBI3BaHO KaK
paccesiHieM KHCJIOTHBIX KOMIOHEHTOB B GOKOBBIX MOPOJAX, TaK H
JIefiCTBHTE/IbHBIM TIOHHKEHHeM HX K03((HIHEHTOB aKTHBHOCTH. Bo-
IIPOC 3TOT HEsICeH, OHAKO caMO JAONYLIeHHEe O JOCTHXKEHHH KHCJOTa-
MH MaKCHMaJIbHOH aKTHBHOCTH NPH CPeJHHX TeMIepaTypax IOcJje-
‘MarMaTHYeCKHX MPOIECCOB JO0CTATOUYHO yOeAUTENbHO IIOAKPEIJISET-
Cs1 T€0JIOTHYECKUMH HaG6JII0eHUSIMH.

[TycTb OcHOBHOMI KOMIIOHEHT i HAXOAUTCS B MOPOJAe B H3GBITKEe B
Bujle MuHepaJsa / u ero pactBopuMocTh C;* cBsI3aHa ¢ aKTHBHOCTBIO
KHCJIOTHI JINHEHHO# CBSI3BIO:

Cl=C + ga = C +%(1 — cos 2) (1— cos2Tn x), (I1.19)
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MpHYEM MBI JONyCKaeM MOCTOSHCTBO KO3(ounuenta ¢ (B cayuae,
€C/TH H3MCHEHHE COAepIKaHui [ B MOPOJAE CONPOBOKAANOCL Obl H3Me-
HCHHEM €€ MHHEPaJIbHOrO COCTaBa, KO3(OHIHEHT ¢ ObLI 6Gbl, KOHEY-
HO, IePEMEHHBIM) . :

Hupoepennuposanne (111.19) naer

oC; A 2 :
(a_::) = £9% (l—cosTn x) sinz 4+ Aq—n(l—cosz)sin2—’fx;
v

ko, l i
(I11.20)
oc;\ Agn ( 2n :
(. v )x_- R 1— cos—l- x) sin z. (II1.21)

Kom6unnpys ypasuenns (I11.13) ¢ (I11.20), (I11.21), nonyunwm

at ac, ac, P
(&)=~ e LT (g 2
0v/y ox k ov kv,

2n $
1 — cos i X sine=—

Agn

— @ =% (1—cos 2)sin 2T“x. (I11.22)

‘Hnterpupyewm, umes B BHAY, 4TO IIDH 2=2x i=1i,:

l—io——‘—-(l—q)i)i;%(l — coszl—nx)(l—cosz)—
—cp;églﬂ(Qn—z+sinz)sin—211'x:

= el ehp T,

Aqu, ) P ? . 21
7 (2n — 2z + sin 2) sin T
(I11.23)

Moryt GHITb NOJIE3HBIMP YaCTHEIE NPOH3BOAHBIE OT (I11.23) mo
NepeMeHHbIM X H 2 (BMeCTO X H U):

(a).-

{5 o B Vs
—(1—q) 5o (1 cosl x)smz—i—

L% AQ"I"" (1 — cosz)sin 21—“ % (I11.24)
B O o B
(ax)z_ (1— ) =25 (1 — cos 2)sin =% x

— o A‘z% (2n — 2z -+ sin 2) cos 2l—nx. (I11.25)

OTH ypaBHeHHsl JalOT BO3MOXKHOCTb MOCTPOMTh TpadHKH X—0
JJIsl Pa3/IHYHBIX CJIy4aeB NPOXOMKIEHHs BOJHBI KHCJOTHOCTH. [Tepen-
HHA (POHT BOJIHBI JaeTcsi HAKJIOHHOW MpsMoii X=kv; 2=2n. Thla
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dur. 31. JuarpaMma X — U mpo-
XOKJeHHsT BOJHBl  KHCJIOTHBIX
KOMIIOHEHTOB, aKTHBHOCTb KOTO-
pbIX JOCTHTaeT MakCHMyMa B

z=0 ceuennn x=1/2

1= JluHusi 2=27 — (HPOHT BOJHBE], 2=0 —
THII BOJHBI. HaHeCeHBI H30JHHHH CO-

1=15% JlepIKAHUII B MOPOLE OCHOBHOTO KOM-
moHeHTa i, KOTODBIH COBEPLIEHHO HE
yBaekaercsi pactBopoM (¢; =0), a

TOJLKO PacTBOPSIETCS MOPOBBIM pace
TBOPOM MNpPH NOBBILIEHHH KHCJIOTHOCTH
NOCJIEIHEr0 M oca)KzJaercsi o6paTHO

I (4acThi0o — B TpelHHAaX TMOPOA) MpwW
MOHHXEHHH KHCJOTHOCTH pacTBopa

BN TR B e ey B i 3

-] =2 °-3"°-3 =9 = +] 443 43 4 47
S Y ®ur. 32. To xe, uro Ha ur. 31,
HO JJIs1 ApPYroil KpaHHOCTH, KO-
Ja KOMIIOHEHT i COBEpPILIEHHO HE
3ajgepxkuBaercs  GuiIbTpoMm, a
IOJIHOCTbIO yBJIEKaeTCsi pacTBO-
pom (@i=1)

Kak mnokaszaHo H30JHHHSIMH COJepXKa-
HUH KOMIOHEHTa I, B CeYeHHAX C
x<0,5/ NMPOUCXOAMT TOJBKO Bbllea~
YHBaHHE KOMIIOHEHTa i, MakKCHMaJjb-
HOoe B ceueHnn x=0,25/, a B CeUeHHAX
¢ x>0,5/ — Tonbko  ocaxkaeHune i,
MakcuMajbHOe B ceueHusix x=0,75/

BOJIHBL 2=0 H3006pasUTCs lapaJjeNbHOH el HAKJIOHHOH TNpsMOR
(¢ur. 31—33). ' :

Paccmorpum cHauana fBa KpaHHX caydass QUIALTPYEMOCTH KOM-
nonenra i. Ilyets @;=0, T. e. i coBeplIeHHO He yBJIEKAETCsT PacTBO-
poM, HOJIHOCTBIO 3ajep:KuBaercsi ¢uabTpoMm. Jlasg 3Toro caydast
(I11.23) nmaer :

i—i0=——‘;—k‘f—(l—cos2l—n x)(l——cosz)= (C'—C)P,

OTKyJda BHJHO, yTo npu 2=0 uiau 2=2n i=.i,, T. €. IOJHOe IIPOXOK-
JleHHe BOJHBEI KHCJIOTHOCTH He H3MEHSIeT CPeJHEero cocTaBa MOPOJLL.
[Ipu x naHHOM i CTaHOBHTCS MHHHMAaJbHBIM Npu 2=m. [lajee BHJ-
HO, UTO IPH 2=m MHHHMYM i JOCTHTaercs npu x=1[/2. droT cayyai
npencraBiaen guarpaMmoi Ha ¢ur. 31. CteneHb NepeoTJOXKEHHI KOM-
TICHEHTa { 3JleCh BO3pacTaeT C MOPHUCTOCTEI0O P H H3MEHEHHEM pacT-
Bopumocta (C;"—C;) TpH NPOXOKIEHHH BOJHBI KHCJIOTHOCTH.
Hpyro#i kpaiiHuii caydaii —Korja @;=I1, T. e. KOMIOHEHT i CO-
BepILIEHHO He 3aflep:KHBaeTcsd NpH (QHUIbTPAllMK U IEPEHOCHTCS CO
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dur, 33. HuarpaMma x — v NPOXOXKJEHHS BOJHBI KHCJOTHBIX KOMIIOHEHTOB uepes
MOPO/Y, OCHOBHOH KOMIIOHEHT i KOTOPOH NIpPH (UIBTPALHH OTCTAET OT PACTBOpHTE-
JIsl BOABI M KHCJIOTHBIX KOMINOHeHTOB (0<@;<C1). JaHHI H30JHMHHH COAepIKaHHH
KOMIIOHEHTA B MOpoAe (it3>..>ip>...>i_3)

CKOpOCThIO camoro pactsopurens. Torga (I11.22) paer

0i A e
(——L) s, ST (l—cosz)smgix.
ov /, l l

Orciofa BUAHO, 4YTO MPH X=1I/2 He3aBHUCUMO OT Z NPOH3BOLHAS
0i/0v=0, T. e. NPOXOK/JAEHHe BOJHB KHCJOTHOCTH He H3MEHSieT i
Ilpu x<1/2 HesaBucumo oT z mpoussonHas 0i/0v<<0, T. e. mpu mpo-
XOX/ICHHH BOJIHBI KHCJIOTHOCTH IPOHCXOJAHT TOJIBKO BbllllellauHBaHue
i 6e3 mocsenyioulero ero ocaxaenus. Hao6opor, npu x>1/2 ne3aBu-
CHMO OT 2 NpPOHU3BOJAHAast 0i/0v>0, T. e. BHIeJAauHBaHHe [ BOBCE He
HMeeT MeCTa, a HAET TOJIbKO €ro OoTJoKeHHe. MakcumasbHoe pac-
TBOPEHHE U OCaxK/JeHHe HMEIOT MeCTO NpH X=1[/4 u x=23/4l cooTBeT-
CTBEHHO. OTH COOTHOIIEHHSI NPEACTABJEHB Ha aAuarpamMe (cM.
¢ur. 32). Kak Buano u3 BTOporo wiena ypasuenus (II11.23), usme-
HeHHEe CoJlepKaHusi i—i, BO3pacTaeT ¢ 06beMOM U, PacTBOpPa, HECY-
11ero BOJHY KHCJIOTHOCTH,

B obmem caydae npu 0<¢;<1 numarpamma x—v 6Gyder HMeThb
BUA (ur. 33, mpoMeKyTOUHOH mexnay ¢ur. 31 u 32. B mo6om ceye-
HHH TIOTOKA PaCTBOPOB IPH BCTYIVIEHHH BOJHBI KHCJIOTHOCTH B IO-
POy B Heil NepBOHaYa/bHO Oy/JeT NPOHCXOAHTL PAaCTBOPeHHe OCHO-
BaHUg i, a MOTOM ero ocaxkJeHue. CMeHa pacTBOPeHHs OCaXKICHHEM,
CBAI3aHHAs C WHBEPCHeHdl KHCJIOTHOCTH PacTBOpa, NpHypoueHa K He-
KOTOPO# JIMHMM MHBEPCHH, YPaBHEHHe KOTOPOH MOJYYHM, NpHPABHH-
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Basi K HYJIIO 9i/0v=0 B ypaBHennn (I11.22):

sin E X
9ifow = 0 npu—SnE_ — _Fi ko ¢
1 —cosz 1 — l 2
: i 1— cos-l—n x

_ Hcnoabsys obuyio popmyny Tpuronomerpun tg 2/2= (1—cos z)/
/sin 2, mocsieiHee ypaBHeHHe NPUBOAUM K BHLY

P; kv(,t 2

nragg o (I11.26)

‘tg_ﬂ_x.:
l

W3 3Toro ypaBHeHHS! JIMHHH HHBEPCHH KHCJOTHOCTH BHJHO, YTO
€CJIH X, YMEHbIIAsiCh, NPHUO/IHKAETCS K HYJIO, TO H 2, TOXKe yMeHb-
masice, npubaukaercs K Hymo. Ecau e x, Bo3pacrasi, npubuKa-
ercsl K I, To u 2, Toxe Bo3pacTas, npuGIiKaeTcss K 2m. [lpy x=
=1/2 z=m, T. e. UHBEPCHsI HMEET MECTO NMPH TNPOXOXKIECHHH FPeCHS
BOJIHBl KHCJIOTHBIX KOMIIOHEHTOB. JIMHHSI MHBepCHM TNpeACTaBJSsIET,
TakuM 06pa3oM, KPHBYIO, IPOXOASAILYIO Uepe3 yKadaHHble TOUKH. Hu-
JKe 3TO¥ KPHBOJ} 10 Mepe MPOCAYHBAHHSI PACTBOPOB IPOUCXOAUT KHC-
JIOTHOE BHILIeJaYHBaHHe, a BhIIIE — OCaXKJAeHHe OCHOBAHH.

B th1y BOAHBEI KHCJIOTHOCTH npu 2=0 dopmyaa (I11.23) naer
Agugmt . 2m

i—ig=—q; smT X, (111.27)
Orcrofia BHIHO, YTO B pe3yJbTaTe MPOXOKAEHHSI BOJHBI KHCIOTHOCTH
(t. e. mpu 2<<0) obuiee cofiep:KaHHe [ B MOPOJe U3MEHHTCS, H TeM
Goublire, ueM GoJsblIe i, T. €. YeM Jierde KOMIOHEHT YBJEKaeTcs Mo-
ToKOM pacTBopoB. C Bo3pacranuem x or 0 1o /4 coiep:kauue i mo-
cJie TPOXOXKAEeHUS BOJHBI OyJeT YMEHbIIEHHBIM H JIOCTUrHET MHHH-
myma npu x==I/4. Tlpu nanbHeiilleM YBeJHUYEHHH X OHO GYAeT BO3-
pacraTh H JIOCTHTHET MaKCHMyMa npu x=3/4l, a 3aTeM cHoBa GyJeT
yMeHbIIaTbCs A0 i=1i, NIpH X=I[, KOrJa MPOHCXOMMUT MOJHOE 3aTyXa-
HH€ BOJIHBEI KHCJOTHOCTH. DTH COAEPIKAHUS yiKe He OYAyT H3MEHSATh-
csl NIPH JaJbHeHIIeM mpocauyWBaHHM pacTBopos (coraacuo (I11.22),
npu 2=0 0i/0v=0). IloaTomy B THUIOBOH YaCTH BOJHBE H30JHHHH
cojepxKaHuil 6y1yT BepTHKAJbHBIMU NpAMBIME (cMm. ¢ur. 32, 33).

Cxema ¢ur. 33 naer npeicraB/ieHne o6 o6LIeM CJaydyae MPOXOXK-
JeHHsl BOJIHBI KHCJOTHOCTH. BO Bcex ceueHHSIX TOTOKa INPOXOXKJIe-
HYe BOJIHBI KHCJOTHBIX KOMIIOHEHTOB BBI3bIBAeT CHauasa KHUCJIOTHOE
BhIIleJIaUUBAaHKe, a 3aTeM OCaxkJeHHe C COOTBETCTBYIOIIEl KOHIEHT-
pauuell BBHIIIEJOYEHHBIX OCHOBHBIX KOMIIOHEHTOB B TpPEIIHHHBIX 30-
Hax. MakcumaJsbHOe BBIIIENaUYHBaHHE OCYIIECTBJSETCS MEXAy cede-
HUsIME [[4<x<I[2, a mMaKcuMa/JbHOe OCa)KJeHHE — B CEUEHHH X=
=3/4L

C nomombio cxeM ¢ur. 31—33 MOXKHO COCTaBHTh NpeJCTaBleHHE
0 BO3JE€HCTBHH BOJIHBI KHCJOTHOCTH Ha MHOTOKOMIOHEHTHYIO MOPO-
ny. Pasznuynble KOMOOHEHTH NMOPOABI OYAyT BeCTH cebGs pasiH4YHO B
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32aBHCHMOCTH OT Tpex (akKTopoB: 1) OTHOCHTENbHONH OCHOBHOCTH JaH-
HOTO KOMIIOHEHTa; 2) BeJIMYMHBI ero (HJIbTPalHOHHOrO 3(deKTa;
3) OTHOCHTEJBLHOTO €ro COoAeprKaHus B MOPOJIE.

Uem OCHOBHee KOMIIOHEHT, TeM CHJIbHee BO3pacTaeT ero pacTBO-
PHMOCTb C NOBBIIIEHHEM KHCJOTHOCTH pacTBopa. [loatomy B 30Hax
HanOoJiee MHTEHCHBHOTO KHCJOTHOIO BbIIleJaunBaHHg 00Jiee OCHOB-
Hble KOMIIOHEHTBl GBIBAIOT NMOJIHOCTBIO BBILIEJNOYEHBl H MOTYT OCTa-
BAThCS JIMIIb HauboJsee caabrle OCHOBaHHs, Takue, Kak Al,O;, TiO,.
Ha mecTe BHILIEJOYEHHBIX OCHOBAHHH OGBIYHO OCAaXKAaeTcss KHCJOT-
Hblfl okucea SiO,. ITocsie nHBepCHH KHCJIOTHOCTH B pacTBOpax HauH-
HAIOT OCaxKJAaThCs OCHOBaHHS B OOPaTHOM TOPsiiKe BO3pacTalouled
kucaotHocTH. Haubosiee cuiibHBle OCHOBAaHHS CMOTYT 0CaKAaThCs
JHIIb B 30HaX HauboJbllero NOHHKEHHs KHCJIOTHOCTH (Ha ¢ur. 32,
33 3T0 30HBI HaHOOJIbIIEr0 OCaXK/ACHHs [ NIPH X, GIH3KOM K x=3/4l).
Takoe coOoTHOLIeHHe MEXKJy OCHOBHOCTHIO H MOCJI€L0BATENbHOCTHIO
pPacTBOPEHHsI M OCaXK/JeHHsi MOXKET OTYACTH 3aTyLIeBBIBATHCS BJIHS-
HHEeM KOJHMYEeCTBEHHOT'O COJep:KaHHUsl, TaK KaK MaJioe COJep:KaHHe
KOMIIOHEHTa yCKOPSeT ero MOJIHOe BhllleJauiBaHHe U3 MOPOJbI H 3a-
MeJJIeT INoc/eAyiollee ocaXkieHHe, oOpaTHOe AJIs KOMHOHEHTOB C
BBICOKHM COJlepXKaHHeM B IOPOJax.

JL7151 KOMIIOHEHTOB C OJHHAKOBOH CIOCOGHOCTBHIO (DHUIBTPOBATHCS
(1. e. ¢ paBHBIM KO3((DHUIHEHTOM @), HO C Pa3JHYHOH OCHOBHOCTBIO
nuarpamMma x—v (cm. ¢wur. 33) GyfeT UMeTb CXOAHBIH BHA, ¢ TeM
JIUIIb OTJAHYHEM, 4TO JJIst 6ojiee OCHOBHBIX KOMIIOHEHTOB KaK BhILIe-
JlauuBaHHe, TaK U MOCJeylollee OCcaxAeHHe OYAyT BblpaKeHbl CHJIb-
Hee, T. €. H30JIMHUH cOJepxkaHui Ha ¢ur. 33 OyAyT GoJjiee CTyLleHbI.
OpnHako JJis KOMIOHEHTOB C Pa3/JHYHON (PUABLTPYEMOCTbIO (C pasyiuy-
HOHl BEJHYHHOH () HM3MEHHUTCs THN AHarpaMmbl. [yl KOMIOHEHTOB,
BecbMa MeNJieHHO ¢uabTpylomuxcs (¢ 6ausko k 0), JguHarpamma
X—uv Oyzaer npubauKatbcsd K Tumy ¢ur. 31. IIpoxoxaeHHe BOJHBI
KHCJIOTHOCTH B OTHOLIEHHH TAaKHX KOMIIOHEHTOB BBI30BET JIHIIb KHC-
JIOTHO-OCHOBHYIO THAPOTEpMAaJbHYIO «JaTepajbHylo JAHDdepeHnHa-
[HIO», T. €. BBIIeJauNBaHHe MX H3 Macc HOPOJ H NocJeldylollee Ie-
PeoTJIOKEHHE B TPEIHHAX CPeH TeX 2Ke BHIIeJOYeHHBIX NOPOJ, TaK
YTO BaJIOBOE COJEepXKaHUE HX B AAHHOH BepPTHKAJbHOH 30He MOYTH HE
H3MEHHUTCS: BhillleJlauiBaHHe KOMIEHCHPYETCs IOCJAeLyIOLUM OTJIO-
xkeireMm. C Apyrofl CTOPOHHI, JJis KOMIOHEHTOB, JIerkKo (HJILTPYIO-
muxcs (¢ NpuOIHKAeTCs K eHHHIE), AHarpaMMa ¥—u NPHOJIHKA-
ercst K tuny ¢ur. 32. [l TaKEX KOMIOHEHTOB B 30HAX Bhlllles1ayH-
BaHHsl (HMKHHX 30HAX) MOCJeLylolllee OCaXKAeHHe IOYTH OTCYTCTBY-
er. HaoGopoT, B yJdaJeHHbIX OT MarMaTHYeCKOro HCTOYHHKa 30HaX
MOYTH OTCYTCTBYET BHIILEJAaYHBaHHE H NPOMCXOJHUT TOJbKO OCaxK/e-
HHE TaKHX JIETKO (DUIbTPYIOLINXCS OCHOBaHHH. 37eCb pe3Ko IpPOsiB-
JISIeTCsl «BePTHKAJIbHAsI KHCJIOTHO-IIeI0UHasl THAPoTepMasbHas Aud-

- hepenIHALUA». :

B macrosiiiiee BpeMsi S5KCIepHMEHTANbHBIX JAaHHBIX MO KO3 HUIIH-
edTaM (HUIBTPALHOHHOTO 3ddeKkTa AJas PasIHYHBIX KOMIIOHEHTOB
ellle HeJOCTATOYHO JJisi OTpeJeJIeHHBIX BEIBOJOB. ['eosiornyeckue xKe
JlaHHble yKa3biBAalOT Ha TO, YTO B NePBOM NPHOJHKEHHH GoJee OC-
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HOBHbIE KOMIIOHEHTE BMeCTe C TeM H Jerde puiabTpyiores. Haumenee
TIONBHIKHBIMH, T. €. MEJIEHHO (DHJIbTPYIOLUMHCS, SIBJASIOTCS COELH-
HEHHsI MHOTOBAaJIeHTHBIX: MeranioB: Al, Ti, Zr, W, Sn, Mo, Nb, Ta,
peaKHX 3eMesib. MUHEpaJbl 3THX 3JE€MEHTOB KOHIEHTPUPYIOTCS B JKH-
Jax CpelH 30H Mpeo6safalollero KHCJAOTHOTO BbIILeJaYHBaHUS —

CPelln TPeii3eHOB, IHAPOTePMaJbHbIX KBAaPIUTOB, aNorpaHuTos, Kak.

OBLJIO MIOKA3aHO PSIIOM aBTOPOB, GOKOBbIE MJIH HEMoCPeACTBEHHO IO/~
CTHNAIOINE TOPOJABl TAaKHX JKHJI YaCTO OGHADYKHBAIOT O6elHEHHE
JAQHHBIMH METaJllaMH, T. €. IIPH 06Pa30BaHHU 3THX JKHJ HMeJSa Me-
CTO «JaTepa/bHass CEKPELHs» HJIH JaTepaibHass AudbepeHIHans,
paccmoTpenHasi Bbilie. C JAPyroii CTOPOHBI, COeAHHEHHS OAHO- H
AEyXBaJeHTHEIX MerasnoB {Ca, Mg, Ba, Ag, Cu, Hg, Pb, Zn) npu
NOC/IeMarMaTHYeCKUX TNpoLeccax MPOSB/ISIOT 3HAYHTENbHYIO I10-
ABHXKHOCTD (JIETKYI0 (DHJIBTIPYEMOCTb), BMECTE C TeM SIBJISSACH Gosee
OCHOBHBIMH. KOHLEHTPHPOBaHHOE OTJIOXKeHHe MHHEpAJOB 3THX 3Je-
MEHTOB THIHYHO AJIsI TeJeTepMaJbHBIX KHJ. KHCJIOTHOe BHIIEIaYH-
BaHHE OKOJIO TAKHX JKHJ CJab0 H/IH COBEPIIEHHO OTCYTCTBYeT. BMme-
CTO OpEOJIOB BBIIIEJNaYUBAHUS DPYAHBIE CKOIVIEHHS 3THX 3JeMeHTOB
CONMPOBOKAIOTCS OPEONAMH pacCesiHusl, KaK 3TO GBIIO MOKA3aHO po-
AOM HCC/IeJIOBAHHA NEPBHYHBIX OPEOJIOB PACCesiHHS B  Pa3/IHUHBIX
PyAHbIX paiioHax. C TOYKH 3peHH: THIOTE3H BOJIHBI KHCJIOTHOCTH W
AJIst STHX MECTOPOXKJIEHHH Ha IVlyOHHe JOJKHBI CyIeCTBOBATh 30HBI
KHCJIOTHOTO BBII@JIaYNBAHHS, U3 BBILEJOYEHHBIX NIOPOJ KOTOPBIX MO-
TYT NPOHCXOAHTL METaJIbl TeJEeTePMAaJbHEIX JKHJ, 10 CXeMe BepTH-
KaJIbHOH THAPOTePMaJbHOH KHCJIOTHO-OCHOBHOM auddepeHIHaHH,
OTHM, KOHEUHO, He HCKJIOYaeTCs BO3MOXKHOCTh MarMAaTOTeHHOrO HC-
TOYHHKA HEKOTOPBIX METaJlJIOB.

B GynymeM, BeposiTHO, BBIACHHTCS, UTO PAL (QUABTPYEMOCTH H
PAL OCHOBHOCTH JIJIs1 Pa3HBIX METAJIJIOB He BIIOJIHE COBIIAAAlOT, U 3TO,
OBITb MOJKET, JlacT BO3MOMKHOCTh NPH TIOMOIIH Pa3BHBAeMOil 3/ech
CXeMbl 0GBACHHTH OCOGEHHOCTH TMOBE/IeHHS! HeKOTOPLIX METAJJIOB [PH
nocjaeMarMaTHYeCKHX Ipolleccax.

Hame ncxonnoe ynpomamomiee onymenne, uto C; He3aBHCHMO
OT CO/epIKaHUs B MOPOAE i, CHPaBENJIHBO MJsi Caydasi, KOTAA i NpH-
CYTCTBYET B NOPOJe B H30bITKe B BHJe ocoGoro muuepasa /. B atom
caydae mocje NpOXOXK/JeHHs BOJHBI KHCJIOTHOCTH PacTBOPBI, HMEIO-
e MOCTOSHHYIO KHCJOTHOCTb, yXe He GYAyT H3MeHSTh cofepika-
HHE i; XOTsl OHH B CJyYasiX, MOKa3aHHBIX Ha ¢ur. 32, 33, mpocaunpa-
IOTCsT Yepe3 30HB C Pa3HBIM COJEPXKAHHEM i, Ha YTO yKa3biBaeT Bep-
THKAJbHOCTb M30JMHUH coaep:kaHus i. ONHAKo eClIH ¢ H3MEeHEHHEeM
[ H3MeHsIeTC H MHHEPaJIbHbI COCTaB OPOJLI, TO JOJNKHA H3MEHSATh-
¢ ¥ KoHuentpauus C; B pactBope. B aTom ciyyae nocse npoxozxjie-
HHS BOJIHBI KHCJIOTHOCTH pacTBOPHl (6oJiee HIn MeHee HEHTpaJsbHble),
TPOCa4YHBasACh Yepe3 30Hbl ¢ PA3JHYHBIM COAEPIKAHHEM i, MOTYT MPO-
H3BOJHTh HEKOTOpPOe MX m3MeHeHHe. [ToaToMy K Tpem cTaausim moC-
JieMarMaTHYeCcKOro W3MeHeHHs], YIOMAHYTHIM Bbillle (paHHss MIeJ0Y-
Has — KHCJIOTHAsl — TO3/(HSIsl LeJJOYHAsI), MOXKET NPHOAaBUTbCS U 3a-
KJIIOUHTe/NbHAsT HeHTpaJbHast CTaAusi BO3LEHCTBHS PacTBOPOB.

Ha ¢ur. 34 npencraBiena cxema H3MEHeHHsI KUCJIOTHOCTH PacTBO-
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¢ur. 34. Cxema H3MEHEHHS KHC- 7 4
JIOTHOCTH DPacTBOPOB B IPOH3- fg~ T

BOJIbHOM CEYeHHH IIOTOKa IIocJe- [CH1 |
MarMaTHYeCKHX  PacTBOPOB C T
omepexKallell BOJHOH KHCJIOT- T
HBIX 'KOMIIOHEHTOB IO Mepe IpO-
cayMBaHHs

J—IV — cragun u3MeHsiOUeHCH KHC-
noTHOCTH: I — paHHsIS Ies0YHAs cTa- 0
nusi, II — cTagust KHUCIOTHOrO BBillle-
nayuBaHus (nmeGasudukauuu), [11 —
no3AHAS LiesoyHast cTagus (Gasudu-
kanuu), IV — sakiaouutensHass Heli-
TpaJbHasi CTafus

v

POB IpH NPOXOK/AEHHH BOJHBI KHCJIOTHOCTH JJIsl ONpPeAeJeHHOrO ce-
YeHHs NOTOKA NMOCJeMarMaTHYeCKHX PacTBOPOB (v Bo3pacTaeT mpH
NOCTOSIHHOM x). B KauecTBe NOKasaTesst KHCJIOTHOCTH MOIKHO B3STh
Benuuny 1g([H*]/[OH-]), paBuyio mymo aas HeHTpaJbHBEIX BOJI-
HBIX PacTBOPOB, NMOJIOKHTEJbHYIO [JIsl KHCJIBIX PAaCTBOPOB H OTPHIA-
TEJbHYIO JJIs I@JNOYHBIX. DTa BeJHYHHA MMEeT Hepe] OGBIYHBIM I0-
KasaTeseM pH To mpenmymecTso, uTo AJsi HeATpPaJbHEIX PacTBOPOB
IpH JIOGLIX TeMIepaTypax COXpaHseT HyJeBoe 3HaueHHe, TOTAa KaK
pH HefTpanbHBIX PacTBOPOB ¢ H3MEHEHHEeM TeMIepaTyphl H3MeHseT-
cd. Ha ¢ur. 34 nokasansl ciefyomye cTaainn TpoOXOKACHHS BOJHBI
KHCJIOTHOCTH: [ — paHHAs lenouHas cTaaus, I/ — cTafusi KHCJOT-
HOTO BblllesnaynBanus (Aebasubukauuu), I1] — no3auss mienounas
crajust (Gasudukaunn), IV — 3akmountesbHas HeliTpaibHas CTa-
Ius.

B npyrom mecre muoit [41] paccmaTpuBadcs cayuaii HHGUIBTPa-
IIIOHHOTO METacoMaTo3a C TeMIepaTypPHbIM TeJEeCKONHPOBaHHEM, T. €.
IPH HAaJUYHH He TOJILKO TeMIepaTypHOTo TpajHeHTa, HO U C NOHH-
J)Kalollledicsl TemMnepaTypol. 31ech TOT caydail He pacCMaTpHBAETCH
KaK HeJl0OCTaTOUYHO 3HAUHTEJbHBIH.



TnaBa 1A%

JUDPDPY3INOHHAJS
METACOMATHYECKASI 30HAJIBHOCTb

1. BriBOJL OCHOBHBIX ypaBHEHHI
AU y3HOHHON METacOMaTHYECKOH 30HAJbHOCTH

HMwmeercss B BHAy Npeje/ibHblll cydyai, Korjla KOMIOHEHTHl Tepe-
mematorea Aubdysueil yepes NOpPoBbie PACTBOPHI TOJNLKO B OLHOM
u 00paTHOM eMy HanpaBJeHHH (T. e. DPOHTH 3aMelleHHs IJIOCKHE),
IpHYeM TeuYeHHe MOPOBHIX PaCTBOPOB OTCYTCTBYeT (3aCTOlHBIE MOPO-
Bble PaCTBOPHI) HJIH K€ COBEpLIAeTCsi TOJIbKO B HalpaBJeHHH, MOIe-
peyHOM K HamnpaBieHuio AupQysun. KomnonenTsl aAupdyHIHpYIOT
He3aBHCUMO Apyr oT Jpyra. Co6JIofaloTCs yCAOBHS JIOKAJbHOTO
TEPMOJIHHAMHUYECKOro paBHoBecHs. CHcTeMa IOp TOHKA M paBHOMEp-
Ha, a o0beM IOp He3HauuTeseH. 3aMellleHHe HAET ¢ COXpaHeHHEM
o6beMa. I'pajnenT TeMnepaTypel HeCylleCTBEH.

‘CorstacHo nmepBoMmy 3akoHy Puka, KOJHYECTBO 1; KOMNOHEHTa i,
Auddynaupyollee yepe3 eAMHHIy IUIOLIAAH INONEPEYHOTO CEeYeHHs
B €IMHHIly BPEMEHH f, paBHO

on,Jot=—D,(8Ci/dx), (IV.1)

rae D; — kospduunenT quddysnu KOMNOHEHTa i yepe3 AaHHYIO 1O-
puctyio cpeay; 0C;/0x —rpaaueHT KoHueHTpauuu C; KOMIOHeHTa i
B IIOPOBOM pPacTBOpE.

Hns nepexoaa kKo BTopoMy 3akoHy PHka GepeM YacCTHYIO IPOHU3-
BOJHYIO 1O PacCTOsHHIO OT ob6eMx yacTeidl ypaBHenus, (IV.1)

) ( on; ) ois 9%C;
0x

ot

ot Poxe b
3nech i*=i+PC; npeacTaBisieT CyMMy COJAepKaHHH KOMIOHEHTa i
B MuHepaJax (i) u B mopoBoM pactBope (PC;) eauHuIs o6beMa no-
ponsl (P — nopucrocth). IIpn He3HAYHTEJNBHOI MOPHCTOCTH BTOPHIM
claraeMbBIM MBI MOXKeM IpeHeOpeub. /st cHCTeMBI ¢ # KOMIOHEHTa-
MH MBI [IOJIy4aeM CHCTeMY M3 R ypaBHeHHI:

di 0°C; ¢
R Al Wil £ =a,...,k). IV.3)
T e s ) (
B cucreMe 3THX ypaBHeHHH HMeeTcss 2k+2 mepeMeHHBIX 4, ...k,
C,, ..., Cy, x, t. OTu TepeMeHHble CBsi3aHbl 2 ypaBHeHusmu (II1.3)

¥ k ypaBHeHHSIMH (DYHKIHOHAJbHOH CBf3H MEXIy COJepiKaHHSIMH
KOMIIOHEHTOB B IOPOJe H MX KOHIEHTPALHUSIMH B IIOPOBOM pPacTBOpe
(vpu mocrosuubix I, V, px, P) THna

Rt k) Ge=hild . k) (IV.4)
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Bcero CBsi3aHbl 2R ypaBHeHuAMH. Cllef0OBaTeJbHO, MPH ONpeie/eH-
HbIX KPAeBbIX YCJOBHSX TOJBKO JBa NapaMeTpa MOTYT H3MEHSTbCS
He3aBHCHMO. B KauecTBe He3aBHCHMBIX NapaMeTPOB MBI, eCTECTBEH-
1O, paccMaTpuBaeM x H.f.

Paccmorpum mpocreiinive cayuan aub@y3HOHHOrO MeTacoMaTo-
32, a HMEHHO OKOJIOTPELIHHHOTO MeTacoMaTo3a, Korja KpaeBble ycC-
JIOBHS 3aJaIOTCS TaK:

i=iy mpppt=10,x30; C;=C] mput=>0,x=0, (IV.5)
HJIM e c/lydau GHMeTacoMaTo3a ¢ KpaeBbIMH yCJIOBUSIMH:
i=1i mpu t=0,x>0; i=iy npu £t =0,x<<0
(e 0 k). (IV.6)

Jlnst aTHX CJIyuaeB JBe He3aBHCHMble IepEeMeHHBIE X U t YpaBHEHHS

(IV.3) Moryr GuITb 3aMeHeHbl He3aBHCHMO# mepeMenHoll w=x/}Z.
HeiicTBUTE/IbHO, YacTHBIE NPOU3BOJAHEIE ypaBHenus (IV.3) Bbpassart-
Csl Yepes HOBYIO IlepeMeHHYIO CJIEIYIOIUM 06pasoMm: 0

w= % (a_‘”):_ - (O_W):__l_
vi 't \e), ayr \al T

-

(Z)=fm)___= 4,
ot ), dw at)x 2% YT dw’
(6 L-) __dc; (5w) 1 dCy eC, 1 4
0¥/t dw 6xt_}/t_ dw ’ ox® ¢ dw?

IToxcranoBka npous3BoAHbIX B (IV.3) maer

% R S (1V.7)

Kpaesble ycioBuS 1751 OKOJOTPEIIHHHON AN(PGY3HU BHIpa3aTCs Tak:

I — iy IpH @ = oo} C;=C; MR W=D (=g, "8
(IV.8)
U JJs 6uMeTacoMaTro3a:
i=i Ipud W == -+ oo; i=if,I IpU @ = — 20 B=ias k)
(IV.9)

Pemenne ypasuenuit (IV.7), yroBaeTBopsiolliee KpaeBriM yCJ0-
usim (IV.8), (IV.9), Gyxer yaoOB/IeTBOPAThL TaKXke ypaBHEHHSIM
(IV.3) c ux kpaeBbiMu ycaoBusimu (I1V.5), (IV.6), mockonbKy o6part-
HoOil 3ameHOll w=ux/}{ ypaBuenus (IV.7) npeBpamaioTcs B ypaBHe-
Hust (IV.3).

4 . C. KopKHHCKHH i : 73



B cucreme ypasuenuit (IV.7) npu ykasaHHBIX KpaeBblX yCJOBH- |

X U NPHHHMAas BO BHHMaHHe ypaBHeHus cBsisu (1V.4) umeercs Toap-
KO OJiHa He3aBHCHMas nepemenHast. Clel0BaTebHO, KaK W NPH HH-

(GUIbTPALIHIOHHOM MeTacoMmaTo3e, npHu AU Hy3HOHHOM MeTacoMaTo-
3¢ B MHOTOKOMIIOHEHTHOH CHCTeMe pa3pacTaHHe MeTacoMaTHUYeCKHX

30H NPOHCXOAUT Ge3 H3MEHEHHs HX COCTaBa, YTO MOMKET GHITb Npet-

CTaBJIeHO B (popMe CHCTEMBl ypaBHEHHH
a@?C, da
e ) ity IV.10
¢ due dw . dw? dw ( )

Hpyryo ¢opmy 3THX ypaBHEHHH NOJYYHM, NPUPABHHBAA K Hyawo di
u uMesi B Buay ypasHenus (IV.3) u JokasaHHOe MOCTOSIHCTBO cocTa-
Ba pa3pacTalolliuXcs 30H:

w— - 20)

Al i i 0%C;
% e — = — ; i=0;
a axdx._*_ atd axdx+D‘ axﬂd
ﬂ) T e el i FCy ok B
<dt e Da R ROE Dr ax  ox (¥ 1R

OTo ypaBHeHHe JaeT CKOPOCTb IepeMellleHHs] B AHPQY3HOHHOH Me-
TaCOMaTHYECKOH KOJIOHKe CeUeHHMH, BbIIeJeHHbIX 10 MOCTOSTHHOMY CO-

CTaBy.
J71s1 ceueHHsl ¢ MOCTOSIHHBIM ©@ (COXpaHSIONIEro MOCTOSTHHBIH CO-

CTaB) UMeeM :

d d( < ) SEONE

YT T ey

(d_x) PR S L r=wVt, (IV.12)
B A ayy e :

T. €. CKOPOCTb NIPO/JBHIKEHHSI KaxKA0ro (ppoHTa 3aMelleHus npu AHD-
(y3HOHHOM MeTacoMaro3e 00paTHO NMPONOPIHOHAJbHA KOPHIO KBal-
paTHOMY U3 BPeMEHH H PacCTOSIHHIO.

Hanst dponTta ¢ npepuiBHBIM H3MeHeHHeM Ai u3z dopmyasr (IV.7)
nosyyaem

dc,
w dw
s IV.13
2 T ( )

2. O6uue 0COGEHHOCTH
A dy3noHHON MeTacoOMaTHUECKOH 30HAJIbHOCTH

IudpdysnonHble MeTacOMaTHYeCKHe KOJOHKH B psifie OTHOLIeHHH
CXOJIHBI ¢ HH(DHUIBTPAIHOHHBIMH, HO HMEIOTCSl M CYILeCTBEeHHble OT-
JIUYHS.

3awmellenne MHHepasoB npu AUDPY3HH, KaK M NPH HHYHILTPA-
WY, IPH NPHHATHIX YIPOLIAIOUINX AONMYyLUIeHHAX MPOHCXOAHT Ha Pes-
KuX ppoHTax. DTO CBS3AHO C T€M, YTO HA NMPOTAKEHHH AHDDY3HOHHO-
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ro nepeMelleHusi KOMIIOHEHTa ero KOHLUEHTPalHlsi B [IOPOBOM pPacTBO-
pe LOJIKHA C PacCTOsIHHEM HeNpephiBHO NOHHIKATbCS HJIH  Hempe-
pblBHO moBBIIAThesA. Ilycts BenencTBHe nuddysHoHHOro mnpuBHOCA
komnonenTa f (C; ¢ paccrosiHueM w TOHHKaeTcs) H BhiHoca a (C,
¢ pacCTOsiHHeM W MOBBIIAaeTcA) MHHepasa A 3amellaeTcs MHHepa-
som F. PaBHoBecue peakuun A+ (f) =F+ (a) Bo3MOXKHO JIHLIL NPH
nocTosiHHOM oTHomeHHH C,/C;=K, uTo BCJEICTBHe HENPepbIBHOCTH
N3MEHEHHs] KOHUEHTPalHi ¢ pacCTOSIHHEM BO3MOXKHO JIMIIb Ha ONpe-
JAeneHHOM (poHTe 3amelleHusi. CieloBaTebHO, NpH AUPDY3HOHHOM
MeTacoMaTo3e, KaK U NpH HH(QUIBTPALHOHHOM, 00pa3yioTCcsi pe3KHe
¢poHTH 3amellenusi. B o6liem ciayyae Ha KakIoM (pPOHTe MOJHO-
CTBbIO 3aMellaeTcsl OJAMH U3 MHUHEPAaJIOB, MOCKOJIbKY CKOPOCTh NMPO/ABH-
>KEeHHsI PPOHTOB 3aMellleHHsI Pa3HBIX MHHEPAJIOB PA3JIHUHA.

I'1aBHOe oTaHuHe AHDPY3HOHHOTO METacOMAaTO3a OT nHHUIbTpPA-
LUHOHHOTO 3aK/I04aercsi B TOM, YTO NPH AH(GPY3HH He NPOHCXOLHT
XHMHYECKOE OcazKjenHe MHuitepasios. Ilpu umHOHAbTPAUUH BHIpaBHH-
BAalOTCSl KOHUEHTPallid KOMIIOHEHTOB B ITIOPOBBIX pPacTBOpPaX, TOT/a
KaK HX aKTHBHOCTH IIPH NPOHHKHOBEHHH B MOPOJBLI MOTYT BO3PACTaTh,
IIOCKOJIbKY XHMHYECKOe B3aHMOAEHCTBHE B PacTBOPE NPHUBHOCHMBIX H
MEeCTHbIX KOMIIOHEHTOB MOXKET BBI3BAaTh IOBBIIeHHe KO3(p(HUIHEH-
TOB HX aKTHBHOCTH (NPEHMYIIECTBEHHO B CHJIY KHCJOTHO-OCHOBHOTO
B3anmozeiictust). Ilpu 1uddysnn aKTHBHOCTH KOMIOHEHTOB BHIPAB-
HHBalOTCs. [lnddysus Moxker OGbTh HampaB/ieHa TONLKO B CTOPOHY
YMEHbIIAIOUIEHCs] aKTHBHOCTH KOMIIOHEHTa, W NO3TOMY AH((PY3HOH-
HBIHl NIPHBHOC KOMIIOHEHTA il MOKET BBI3EaTh 06Pa30BaHHE 30HbI €I'0
NOBBILIEHHOH aKTHBHOCTH. Bemencrsue atoro npu anddysun HeBos-
MOXKEeH cJydai, Korjia Ha (pOHTe pacTBOpeHHs MuHepasja A ocax-
naetcst MuHepasa Q ¢ AHQOY3HOHHBIM NMPHBHOCOM ¢ H3 HCTOUHHKA, B
KOTOPOM pacTBOP OblJ HeAOCHILIeH 3THUM KOMIoHeHTOM ¢. HeBosMmo-
JKeH M CJyuyaid «o0orallleHHs NepeMelleHHbIM KOMIOHEHTOM», pac-
CMaTpHBABLIMICS Ccpelu HHOHIbTPAIHOHHBIX IPOIECCOB, KOIJAa MO-
JKeT BO3HUKHYTb KOJIOHKA ->/K | B|A+ B+ K—, uTo ToxKe CBsi3aHO C
NOBbIlIeHHEM KO3 QHIHEeHTa aKTHBHOCTH b NpH BTeKaHHM pacTBOpa
B 30Hy, cojepxaiiyio munepan A. C Apyroii cTopoHsl, npu Luddy-
3HOHHOM MeTacoMarose ¢ 00pasoBaHHEM PEeaKIHOHHBIX MHHEPaJOB
(7. e. coaepallkX KOMIOHEHTH H 3aMelllaeMOil NMOPOAB, H NPHBHO-
CHMbl€ B Hee) BO3MOXKHO, KaK U NMpU HHPHIbTPAIMH, MECTHOE TOBbI-
IIeHHe JaBJEeHHs HAa MHHEPAJBl C NMOBBIIIEHHEM KOHUEHTPALHH B IO-
POBOM pacTBOpe KOMIIOHEHTOB, BHIHOCHMBIX H3 MOpojbl. Meer mecTo |
TaKXke IOBbIIIeHHe AKTHMBHOCTH KOMIIOHEHTOB, BXOJSIIIHX B COCTaB
MHHepaJoB-COe{MHEH I, Ha QPOHTe HX PA3JIOKEHHs C YHOCOM YacCTH
KOMMOHEHTOB. Tak, npu An(p(Oy3HOHHOM pa3JIOKEHHH IOJEBBIX LIa-
T0B ¢ yHocom K.O, Na,O, CaO H0/MKHO TIPOHCXOAHTH MOBBIILIEHHE
AKTHBHOCTH OCTAlOLIErocsl M3-3a MeHbIeHd NOABHMKHOCTH IJIHHO3eMa.

Jpyrum BaxKHBIM OT/IHYHEM JH(PPY3HOHHBIX KOJOHOK OT HH(HIb-
TPAIlHOHHBIX SIBJISIETCS TO, YTO NpH AHG(Y3UH BO3MOKHO IOJHOE
NpPOsiBJIEHHE IIE€PEMEHHOCTH COCTaBa MHHEPAJIOB, MOCKOJBKY BJOJb
3THX KOJIOHOK NPOHCXOJHUT HeNpepEIBHOEe H3MeHeHHe B IIOPOBLIX pac-
TBOpPaxX KOHLUEHTPAIlMH NIPUBHOCHMBIX M BBIHOCHMBIX KOMIOHEHTOB.
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Ilpu I/IEI(bHJIpraHHOHHbIX nporeccax, Kak Mbl BHAEIH, B npelesax
KaKJloM 30HBI KOHUEHTPAlHH KOMIOHEHTOB B IOPOBBIX pPacTBOPax
OOBIYHO IOCTOSIHHBI, H NOTOMY NEPeMEHHOCTh COCTaBa MHHEpPaJIOB
MOYTH HE NPOSIBJISETCS.

IIpu nHduAbTPalUK NaBIeHHe HA MHHEDAJIb B Iipefiesiax OTAeNb-
HBIX 30H JIOJIKHO OBITh BEIDABHEHHBIM, TOra Kak NpH AUD(Y3uu n3
30H TEPECHIEHHBIX PACTBOPOB BO3MOXKHO CyIIECTBOBaHHE I'paHeH-
Ta JaBJeHUs Ha MHHepasbl. B Takux s0Hax NpOHCXOAHT HeKOTOpoe
H3MEHEHHE KOJHMYeCTBEHHOr0 COOTHOUICHHS MHHEPAJOB C PacCTOsi-
HHEM, 4TO HEBO3MOXKHO NpPH HHPHILTPAIHOHHBIX MPOLECCaX.

B orHomenun uncia 30 AHPDY3HOHHBIE KOJIOHKHM He OTIHUAIOT-
¢Sl OT HHQHIBTPAUHOHHBIX. [IJIst ONpefesIeHHOCTH GyleM HMeTh B BH-
Ay OKOJIOTPellHHHEIH IH(Y3HOHHBIH MeTacomartos. Ecam mnporou-
HbIil PaCTBOP TPELIMHBI HEOCHIIEH, TO Ha KaXAoM (POHTe 3aMela-
€TCs 10 OAHOMY MHHepaJy HCXOLHOH MOPOABI MJH N0 OZHOMY IIpO-
MEKYTOUHOMY METacOMaTHYECKOMY MHHepaJy BIJIOTh 10 06pa3oBa-
HHSL IYCTOTBL pacTBopeHHs. B atom cayuae umeno ¢pontos 6Gyer,
OYEBH/IHO, PABHO YHCJY MHHEPAJOB KOJOHKH, a YHCJO 30H Ha edHU-
Huly Gouabuie (2=AM+1). IIpn TpelHHHOM PacTBOpe, mepeCHIIeH-
HOM B HauGoJibllefi CTeneHW OAHMM MHHepasjoM F, THIIOBas 30Ha
NOJHOTO PAaCTBOPEHHst Oy/eT OTCYTCTBOBAThb, 3aTO BO3MOXKHA INepe-
Z0Basi 30Ha BBLINOJIHEHHsI MyCTOT B HCXOAHOH TOPoJe MHHepasaMH,
MepeCchAI0M UMK PacTBOP, T. €. YHCJIO 30H OCTaeTcs TeMm xKe. Ecawu
NpH HEJOCHIIIEHHOCTH TPELUIHHHOrO pacTBOPa BO3HHKAIOT 30HBI peak-
ITHOHHBIX MHHEPAJIOB C NOBBIIIEHHEM [aBJeHHs Ha MHHepaJbl, TO Ha-
PANY ¢ THLIOBO# 30HOM MOJHOrO PaCTBOPEHHs] MOXKET BO3HHKHYTH Ie-
peoBasl 30HA BBINOJIHEHHSI MyCTOT B HCXOJAHOH mopoje. B atom cay-
Jae YHCJIO0 30H BO3pacTaeT Ha ofHy (z=M+2).

B ucxonnoit mopofie ¢ MakCHMaJbHBIM YHMCJIOM MHHEPaJOB KOH-
[eHTPalUK BCeX KOMIIOHEHTOB B IIOPOBOM pacTBope (hHKCHPOBAHBI
HX 3aBHCHMOCTBIO OT MHHEPAaJbHOTO COCTaBa, TaK 4YTO Ha MPOTSKe-
HHH TaKo# Mopoibl n1u(pPy3HsT He MOKeT HMeTb Mecta. MOkKHO CKa-
3aTh, UTO BCe KOMIIOHEHTHI 3/eCh MHePTHH. B TpemuHHOM pacTBope
BCe KOHIIEHTPAllMM 3aJaloTCs BHEIIHUMH TNpoueccamMu (Bce KOMIIO-
HEHTHl BIIOJIHE MOJABHIKHBI), H MOTOMY B 06llleM cJyuae 3/1eCh yCTOi-
uuB He GoJsiee yeM onuH MuHepaJs. IIpu auddysnoHHOM MeTacomMaTo-
3e MPOHMCXOAMT BEIDAaBHUBAHHE COCTaBa MOPOBOI'O PacTBOPA, UTO BO3-
MOKHO JIMIIb NOCPEACTBOM yMEHbLIEHHs OT 30HBl K 30He 4HCJaa CO-
CyLIeCTBYIOIIHX MHHepaJoB (C NEPexofoM MO OJHOMY KOMIIOHEHTY
U3 MHEPTHOrO B IOJBHKHOE COCTOSIHHE) BIJIOTh /IO THLJIOBOH MOHO-
MHHEpaJbHOH 30HBI WJIM 30HBI IOJHOTO pacTBopeHus. Ha kaxaom
(poHTe MOJHOCTBIO 3aMelllaeTcsl 0 OAHOMY MHHepaay. OfHaKo Ha-
pany c 6osee XapaKTepHBIMH CJAy4asiMH, KOTJa B pe3yJbTaTe 3aMe-
IIeHHS YHCJIO COCYIIECTBYIOIIMX MHHEPaJOB YMeHbIIaeTCs Ha elH-
HHIY H COOTBETCTBEHHO OJAMH U3 MHEPTHBIX KOMIIOHEHTOB CTaHOBHUTCS
NOABUKHBIM, MOTYT BO3HHUKHYTH (PPOHTH 3aMellleHHs, rlle YHCJI0 MH-
HEpaJioB OCTAeTCsl MPEeXKHHM HJH Ja)e Bo3pacTaeT. DTO BO3MOXKHO

KakK IpHu 3alO0JHEHHH MyCTOT, TaK U MPH o6,pa3013a}mn peaKIHOHHBIX

MuHepaJsoB. [Ipu mepechleHHOCTH TPEIHHHOTO PacTBOpa MyCTOTH!
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MOPOJbI MOTYT BEINOJHATBCS B pe3ysabTaTe OAHOBPEMEHHOrO BHITa-
JleHHs BCEX MHHEpPaJOB, NEPECHIAIONHX PacTBOp TpemiuHsl. I1pu
peakuuH MHHepaJga MOPOAbl C KOMNOHEHTAMH PacTBOpPa BO3MOIKHO
3aMellleHHe ero ¢ Bo3pacTaHHeM 4Hcaa MHHepaJsoB. [lo mepe aaJb-
Heitmedt 1n¢dysun su 106aBOUHbIE MUHEDAJIbI, B CBOIO Ouepe/b, Oy-
NyT 3aMellaTbCsl C yMEHbIIeHHeM HX YHCJa BIVIOTH O MOHOMHHE-
paJbHOCTH.

3. OkosoTpemuHHas 1uy3MOHHAA 30HATBHOCTD
C OIHOKOMIIOHEHTHbIMH MHHEPAJaMHU

PaccvmoTpum cayuait, korja pacTBOp, nmpoTeKalouuil o TpeninHe,
B3aHMOJIEICTBYeT ¢ GOKOBBIMH TOPOJZAMH MNOCPEACTBOM AHD(Y3HH
KOMIIOHEHTOB Yepe3 3aCTOiHble MOPOBBIE PACTBOPH, MPHYEM COCTAB
pacTBopa B TpellHHEe TMOAAEPKHBAETCH IIOCTOSIHHBIM BCJEACTBHE ero
MOCTOSIHHOH cMeHbl. MimeeTcst B BHAY Ipoliecc MpH NMOCTOSIHHON TeM-
neparype, MOCTOSIHHOM JaBJEHHH PAacTBOPA M HeH3MEHHOCTH O6be-
Ma MOPOABI MpH 3aMmelleHHH (mocTostHCTBO T, pux, V). Has 3Toro
cly4yas JAeHCTBUTEeNIbHA, KaK MBI BHAEJNH, cHcTeMa ypaBHenui (I1V.7):

waUtre): @,
2 dw s

B KOTOPOH €IMHCTBEHHOH HEe3aBHCHMOH NepeMeHHOH SABJseTCs W=
=yt

[Tycts mcxomnast mopoja cioxkeHa MHHepaJom A, B OTHOLICHHH
KOTOPOTO PacTBOP TPeUlMHE HelochilleH. [Toka B mopojie mpucyTCT-
ByeT MuHepas A, ero KOHIEHTpallHsi B MOPOBOM PacTBOpe MOCTOsiH-
Ha, a noromy dC,/dw=0, #*C,/dw*=0, a cjefoBaTeNbHO, COIIACHO
(IV.7), u da/dw=0, T. e. cofepKaHue @ He MOMKET HIMEHSAThCS MO-
crenenHo. JIo/I2KeH BOSHHKHYTb Pe3KHH (POHT MOJHOro pacTBOPeHHS
MuHepasa A 6e3 mpeJBapHUTENbHOTO M3MEHEHHSI ero CoJAep:KaHus
(¢wur. 35).

lns 30HBI mosHOrO pactBopeHust ypaBHeHue (IV.7) mepeiifier B
caeayiomiee (MOCKoJbKy 31eck a=0, P=1):

0 daxc

a a
A = —D ;
2 dw ? dw?

(IV.14)

Tak kak B paccmartpuBaemom caydae dC,/dw >0, to d*C,/dw*<0,
T. €. IHHUS KOHUEHTPAUHH Ha (ur. 35 B 3TOil 30HE BLINyKJIa KBEPXY.
Hasa ¢ponta npepeiBHOrO 3amemlenus ¢opmyaa (IV.7) naer

e,
W= = Ot Af (IV.14a)
dw

J1s1 ¢ppoHTa MOJSHOrO pacTBOpPeHHsT A MOMKHO MPHOIHIKEHHO TO-
JIOKUTh
dc ct —C°
a a a
A = — ¢

dw w
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H, ciegoBatensHto, (IV.13) pact
ci—C?

al

w? == 2D, ; : (IV.15)

rie a' — cojilep:KaHue @ B 30He MUHepaJa A.

.Ecan ncxoanas nopona ciokeHa HeCKOJbKMMH 0JHOKOMIOHEHT-
HBIMH MHHEpa/iaMH, B OTHOLIEHHH KOTOPHIX PACTBOP HeAOCHIIIEeH, TO
W st QPOHTOB pacTBOpeHMsd, JaBaeMblii dopmyJoir (IV.15), aas
Ka)K10ro MuHepaJsia Oy/leT pasJiHueH, W MOTOMY BO3HHKHeT KOJIOHKa
pactBopenusi ¢ sonamu 4/K|K+A|)X+A+B|A+B+D.

ITycTh Tenepnb XuJABLHBIA pacTBOp mepechilllen MuHepasom F, T. e.
KPHCTAIJIH3alMOHHOe /aBJeHHe 3TOro MOTeHIHAJbHOTO ~MHHepaja
NPEBOCXOJHUT JlaBJieHHe PAaCTBOPA Psk, HO HE JHOCTHUTAET JaBJIECHHUS Py
Ha MHHepaJibl B TeX NOPOJax, yepe3 KOTOpble 0 3TOrO PacTBOP MPo-
caunBajcs (px<pr<pm). Takoii MHHepas npexje BCero GyaeT Bbi-
NOJIHATh BCE NYyCTOTHI B XKHUJBbHOI TpelinHe. [Tocje BHINOJHEHHS STHX

IyCTOT MOJIeKyJa MHHepasa MoxkKeT AU(PGYHAHPOBATH B GOKOBBIE.

MOPOJbI, OCa)kjaasCh TaM B MeCTax NMOHHXKEHHOro JaBJieHHs. ITO
npexje Bcero GyAyT MeCTa PacTBOPsieMbIX MHHEPAaJOB HJIH BOOOILILE
MyCTOTHI B NMOPOJE, KOTOPble MOTYT BHIMOJHATLCS TeMH MHHepaJaMu,
KOTOPLIMH PacTBOp IepechIleH.

[Tyctp nexoanast mopoixa A-4)K caomxena MHHepaJoM A u co-
AGPKHT NMYCTOTHI, a JKHIbHbIi PACTBOpP NepecHIlleH KaK MHHEPAJOM
F, rak u A. Torna kommnoHeHt | 6yaer anbdyHIHPOBATHL B IOPOAY H
BBITOJIHATD €€ MyCTOTHl (BMeCTe ¢ HEKOTOPBIM KOJHYECTBOM KOMIIO-
HeHTa a). BosHHKHeT peskuil GPOHT ocakAeHHUs, AJMsi KOTOPOro W,
anasornyno (IV.15) Beipasurcsa popmy.ioi

) H
wi =~ QDfu :
f”

rae f'' — cogepxanue f B 3one A+ F.

Ha ¢poute ocax/enns 1aB/ieHne Ha MUHepPaIbl PaBHO AaBJICHHIO
KUAKOCTH (Py==psx), a C NPUOIHKEHHEM K KHJIbHOMH TpellnHe OHO
MOJIZKHO TOBBIIATBCST BMECTE C yBeJHYEHHEM CTENeHH NepechillleH-
HOCTH PacTBOPa KOMIOHEHTOM [ (M @) BIVIOTb JO JOCTHKEHHS y Tpe-
IIMHBl J{aBJeHHs], COOTBETCTBYIOIIEr0 CTENEeHH MePechIleH s KHJb-
Horo pacraopa (¢ur. 36).

Ecuin Tpemmunblil pacTBOp nepechillleH HECKOJLKAMH MHHepaJa-
mu, Hanpumep F u G, To oHx 06a GyAyT BHIIOJHATH MyCTOTH B MO-
pose A+ K. B Bosuukuieii sone A+ F+ G naBieHde Ha MHHEPAJBI C
npuG/IHKEeHHeM K TPelliHe GyAeT BO3pacTaTh H AOJKHO JOCTHFHYTh
npejena, Npu KOTOPOM OJHH U3 MHHEPAJIOB, MeHee Iepechllaolui
TPELlUHHBIA PacTBOP, HAYHET PACTBOPSITHCH ¢ 0Opa3oBaHHEM KOJOH-
ki {tA4-F|A4-F4G|A4)K (¢pur. 37). [Lns ynpomenns Mel JOMYCTH-
JIH COXpaHeHHe B ThIJIOBOH 30He MHHepaJa A. B obuiem ciayuae oH B
CaMoO¥ THIJIOBOH 30He MOXKET 3aMelllaThbCsi OAHHM M3 MHHEPAJIOB ¢ 06-
pasoBanueMm KosioHKH 41 F|A+4F|A+F+G|A+ K.
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AtF | A+a

1

®ur. 35. /IlnarpamMa npHBeJeHHOE PAcCTOsIHHE W==x/|/{ — KOHIeHTPALUsI PacTBO-
pa Co nns cayuyasi AupQy3HOHHOTO OKOJOTPELUIHHHOTO PAaCTBOPEHHSI OIHOKOMIIO-
HEHTHOTO MHHepana A

®ur. 36. To xe, yro Ha ¢ur. 35, naa cayyas AHPPY3HOHHOTO OCAKIAEHHS B NYCTO-
Tax mopoasl A MuHepasa F, KOTOPHIM MepeCHIlleH TPELHHHBIA PacTBOp -

b
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®ur. 37. [Tudpdysnonnoe BhMONHEHHE TyCTOT MOpoas A munepanamu F u G, nepe-
CBIIAIOUIIMH PACTBOP TpemuHbl (G mepechlllaer B MeHbIUefi cremenH, dem F)

Pur. 38. luddysuonnoe BHIIONHEHHE MYCTOT B nopone A OXHOBPEMEHHO TpeMst
munepanamu F, G, H, oTHOCHTe/bHEe KOJHYECTBA KOTOPHIX 3aBHCAT OT CTEINEHH
NMEePEChHIeHHs HMH TPeLIHHHOro pPacTBopa :

Ecan ncxopnast moposa cioxkena munepanamu A+ B, npuyemM
TPEIIHHHBIA pacTBOp CHJIbHO HeJochileH B u caaGee A, Ho nepechl-
weH Munepanamu F' u G, To MyCTOTHI OT PacTBOPeHHst B MOryT Bbi-
noaHATbCA F 1 G ¢ 06pasoBanneM Kononku 4F|A+F|A4+F4G|A+
+B.

B sone n3MeHsomerocst AaBieHHs KOJHUYECTBEHHBIe COOTHOIIe-
HHSI MHHEPAaJoB BAOJb 30HBl MOTYT OCTABAThCSl MOCTOSTHHBIMH HJIH
HECKOJIbKO H3MEHSIThCS.
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ITocMOTpHM, B KaKMX OTHOCHTENbHBIX KOJNHYECTBAX GYAyT OT/IA-
raTbCs B MyCTOTaX MHHEpaJbl, ePechlllalollHe PpacTBOP B TPelIHHe.
Ha ¢ponte ocaxaenns @ 6yleT HMETb MeCTO NpepLIBHOE H3MEHEHHE
rpajiveHTa KOHIEHTPAlUH U COAEPIKAHHUS, U I KaXkKI0Tr0 KOMIOHEH-
Ta MBI oJIy4yuM (opmyay suaa (1V.15)

YTo NPH OJAHOBPEMEHHOM OcaxKJeHun MHHepanoB F, G, H (¢ur. 38)
JlacT CUCTEeMY ypaBHEHHH
w? Gl Cls et cp—C”
=pj1—L-p, 2 ¢_p, ",
2 f g h

OTC}OlIa OTHOUIEHHE KOJHYECTB OTJararoluxCss MHHepaJoB

PG H=f:g:h=Di(C}—C}) = D, (C3 = C3) =Dy (C} — L8
: (IV.17)

T. €. 3TH KOJIMYEeCTBa NMPONOPLUHOHANbHE KO3 hunrneHTaM AU Dy3un
U TePeCHIIleHHOCTH TPEeIIMHHOTO PacTBOPA COOTBETCTBYIOLIUMH MH-
HepaJaMH.

Ocaxienne MuHepasoB npu AudOY3HOHHOM nporecce Hecpas-
HEHHO 0o0Jiee OrpaHHYEHHO, YeM IIPH HH(UIBTPAIHH, JBHKyIIEH cu-
JIOH TepeMellleHHsl MUHepala OoCPeCTBOM NHBDY3HU ero KOMIoHeH-
TOB J0JIKHa OBITh Pa3HOCTb XHMHUYECKHX MOTeHLHAJNOB, KOTOPAsl npu
NOCTOSIHHOH TeMnepaType MOKeT GbIThb CO3[aHa TOJNBKO IPaIHEHTOM
AaByeHus.. MecTHOe NOBBILIEHHE TEKTOHHUECKOTO JaBJEHHSI JIErKO
MOJKET CO3AaTbCsi B OTAGJNBbHBIX 30HAX NMOPoA, u Anddysus OGynaer
Cnoco6CTBOBaTh (Ha MaJsbIX PAaCCTOSIHHSIX) €ro BHPABHHBAHMIO TO-
CPEICTBOM TNEPEeOTNOXKEeHUsI MOPOA006Pa3yIOINX MHHEPAJOB H3 30H
bosiee cxKaThIX MOPOA. IIpH JKHIBLHBIX TpoLECCax JKHIbHBIE MHHEPa-
JIbI, KOTOPBIMH TNIepechlllleH THAPOTePMaJIbHBIH PAaCcTBOP, GYAYT MPeK-
A€ BCEro OTJIaraThCsl B MyCTOTaX TPELIHHHOH 30HB HHOHJIBTPALHOH-
HbIM nyTeM. [lust 1uddYSHOHHOrO MepPeoT/IOKEHHS] MHHEPAJOB H3
TPELIHHHON 30HbI B GOKOBHIE NOPOJLI HEOOXOAHUMO, YTOGH JaBJeHHE
OKOJIO TPellMHbI GBblJIO BHIIE, YeM B GOKOBHIX nopoxax. Takoii cay-
Yaii BO3MOXKEH, HO MaJioBePOsTEH, TaK KaK /s TPEIHHHBLIX 30H Xa-
pakTepHO ocsabieHHoe JaBienue. JIas ocaxIeHHs] IPH HHPHUALTPA-
LUOHHBIX Ipolleccax 0oJiblIOe 3HAUeHHe MMEET XHMHUeCKOe B3aHMO-
AedcTBHE KOMIIOHEHTOB B PAacCTBOPE, .COBEPIIEHHO OTNajaiollee Kak
daxrop muddysun (cm. ra. IV, pasgen 2), a Takxke rpaiHeHTH TeM-
nepaTyphl, TOXKe He Urpalollue CyllecCTBeHHOH poJu npu Auddy3u-
OHHBIX mponeccax. [losToMy Takue siBleHHS, KaK MMIperHamusi Io-
PO PYAHBIMH MUHepasaMH, AJs AHGD(DY3HOHHBIX NMPOLECCOB He Xa-
pakrepubl. Ho, xoneuno, nu¢dysnoHHble mpoueccsl MOryT NPUBECTH
K OCa)X/IeHHIO PYAHBIX KOMIIOHEHTOB THAPOTEepPMaJbHHIX PacTBOPOB
B COCTaBe peaKUHOHHBIX MHHepaJoB (Hanmpumep, npu AHGHy3HOHHOM
B3aHMOJICHCTBHH TPEILIMHHOTO PacTBOpa ¢ GOKOBBIMH IIOPOAAMH ITH-
PHUT TOCJAEHAX MOXKET IOIVIOIATh MeJAb PacTBOPOB C 06pa3oBaHHEM
XaJbKOMUPUTA).
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(IV.16)

4. Iuppysnonnbie KOJOHKH C MHHEPATAMH-COETUHEHHSMH

Cilyyan mpocTOro pacTBOPeHHs MOPOAHI, CI0KEHHON MHHepaJia-
MH-COGJIHHEHHSIMH (C 06pa3oBaHHEM NYCTOT HJIH C 3aMEIIEHHEM nX
ApYTHMH MHHEpajlaMu, He HMeIOIUMH OGIIHX KOMIOHEHTOB C pac-
TBOPAECMBIMH), HJIH BBIOJHEHHsS MYCTOT MHHEpaJaMH-COeTHHEHHS-
MH HE TIpEACTABJSIOT KaKHX-JHOO O0COOEHHOCTEH CpaBHHTENBHO o
PacCMOTPEHHBIMH BBIIIE CAYYassMH KOJOHOK C OLHOKOMIIOHEHTHBIMH
MHHEpasaMH. ITO BHIHO yKe H3 TOTO, YTO B ITHX CJyYasix KasKabli
MHHEpAJ/I-COe/IHHEHHE MBI MOXKEM paccMaTpHBaTh KaK CaMOCTOfA-
TeJbHBIH KOMNOHeHT. Tak, HanmpuMmep, NpH HaJIHUAH MHHepaJioB A
u AB ¢ KOMINOHEHTaMHu @ U b Mbl MOKeM paccMaTpuBaTh B KauecTBe
KOMIOHEHTOB a u ab. Takum 06pasoM, MOTyT BO3HHKHYTb KOJOHKH
THIA

{F|A+F|A+F+G|A+AB+F+G|A+AB+BC
AFG|A+FG|A+FG+GH|A+ABur. .

l'opasno cioxuee ciyuyam, Korjia npu B3auMOLeHCTBHH HOPOABI
¢ AHQQPYHANPYIOIUMMHE H3 TPEUIHHHOTO pPacTBOPAa KOMIOHEHTAMH
BOSHHKAIOT peaKUMOHHbIe MHHepaJbl. Tak Kak ypaBHeHHs AJas AH-
(Gy3HOHHO!I 30HAJBHOCTH CJOXKHEe, yeM MIJs HMH(UIBTPALHOHHOH, TO
MBI HE CMOXEM 3/leCh yrJyOJ/siThbCsl B BOSHHKAIOLIHE YaCTHbIE Npo6-
JeMbl. MHe mpeicTaB/seTcs, YTO 9TH YaCTHBIE MPOGJIEMBl B HACTOS-
aiee BpeMsi HeJOCTAaTOYHO aKTyaJ bHbI, YTOOB YAEAATh UM CJAHIIKOM

MHOTO BHHMaHHS, IIO3TOMY YaCTHbIE€ CJyYau MBI pacCMOTPpUM TOJlb-

KO OYeHb CXEMaTHYHO.

IIpexkze Bcero HamOMHHM, 4TO B O6ILUEM CJydae OTCYTCTBHSI B
nopojie GoJiee KPYNHBIX IYCTOT MBI JOMYCTHJH He3HAUHTEJIbHOCTh
o6beMa INOPOBBIX PaCTBOPOB CPABHHTEJBHO C OGBEMOM IOPOJIHL.
Besesersue 310oro ckopocts AH(QOY3HOHHOTO BHIPABHHBAHHS KOH-
UEHTPALMH B pacTBOpPe AJs KOMIOHEHTOB, He y4acCTBYIOUIUX B pe-
aKIHSAX C MOPOJOH, HECpaBHEHHO 6OJbINe, YeM JJisi KOMIOHEHTOB,
OCaXKJaIOMNXCsl MM BBIAGNSAIOMNXCS NMPH PeakKUHH ¢ MOPOJOH, Tak
KaK B NepBOM CJyYae [Jis BRIDABHHBAHHSI KOHIEHTPAUHH NMOPOBOro
pacTBopa JOCTaTOYHO IepeMelleHHs] HHYTOXKHBIX KOJHYECTB Be-
IECTBA, a BO BTOPOM — GOJIbLIIMX KOJHYECTB.

Paccmotpum Teneps cucreMy a—f ¢ Toii jKe KOHUEHTpaIHOHHORN

Aunarpammoi (¢dur. 39, a), kak Ha dur. 19, paccmaTpuBaBlIefics B -

CBA3H ¢ MHOUJbTPAUHOHHBIMH TpoueccaMu. ITycTs ucxoinas mopo-
na A+ )K cnoxena munepasom A ¢ mycroramu. Kak mokasaHo Ha
¢ur. 39, a, NOPOBBI pPacTBOP cOCTaBa TOUKH / HACHILEH B OTHOLIE-
HuE A u A,F 0lHOBpPeMEHHO, T. €. HMeeT Npe/eJbHyi0 A NopoAs A
KoHueHTpauuo C;. Ecau TpelnHHBI pacTBOp HMeeT 60Jiee BHICO-
Kylo KoHuenrpaunuio C,°, uem B Touke I, To He3aBucuMo oT C,° J10J-
JKHa BO3HHKHYTb 30Ha A,F. B camom pnene, ecau 6w 3oHa A,F He
BO3HMKJIA, TO BCJEJACTBHE GeClpensTCTBEHHOro, a 3Ha4uT, 6oJjiee Gbl-
CTporo BbipaBHHBaHHS C; B IOPOBBIX pacTBOpax MOpoinl A ycraHo-
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®ur. 39. Konnentpanuonsas auarpaMma (@) s cHCTEME muHepasnoB A, AyF, F
(TOukH /—4 COOTBETCTBYIOT 30HAM, BO3HUKAIOIIHM npu 1UGDY3HOHHOM BBHIIOJHE-
HHH IyCTOT ¢ 00pa3soBaHHeM PEaKIHOHHOTO MuHepana AF i ¢ MOBHIIeHHEM 1aBJIe-
HHsL HAa MHHEpAJLl Ha (poHTe 3aMellenus MuHepana A munepanom A.F); usmene-
HHE KOHUEHTPAUHil B PACTBOPE U COZEPIKAHHII B NIOPO/ie KOMIIOHEHTOB a H | ¢ npH-
BEACHHLIM pACCTOSIHHEM @ BAOJIb AH((YSHOHHOH KOJIOHKH (6) JAJs TOTO Ke CJy-
uasi, 4TO M Ha ¢ur. 39, a

BHJIaCh OBl KOHUEHTpauus, 6/iu3kas K C,°, T. e. IpeBOCXOAALLAS npe-
AeJIbHYIO ISt MHHepaJsa A.

IIpn nocratouno BeicOKO# KoHuenTpauun C,° B TPEIIHHHOM pac-
TBOpe 00beM 0CazK/IaloLIerocsi peakKLUHOHHOTO MuHepata A,F MoxKer
IpeB30HTH 06beM 3aMemiaeMoro Munepasa A. B atom clydyae MH-
Hepan A,F nHa ¢ponTe 3aMeniennss A MOKeT BHIIOJHHTbL BCe yCTO-
Thl MOPOJBI M ellle pa3BHTh NOBLILIEHHOE KPHUCTAJJIH3AIHOHHOE [aB-
JIEHHE C COOTBETCTBYIOLIMM INOBbIIICHHEM KOHUEHTpaluii 060HX KOM-
NOHEHTOB Ha (hponTe 3aMelleHus. OTcio/la 3aMenlaeMbiii KOMIOHEHT
a Gyzer uddyHaAHpOBATL HE TOJIBKO B CTOPOHY TPEIIHHBI, HO H B
CTOPOHY HCXOAHOH Mmopoisl A+ JK, Tak 4TO mycTOTH ee GyAyT BHI-
NOJHATBCS HE TOJbKO PEaKUHOHHBIM MuHepasoMm A,F, HO u n00a-
BOUHLIM KOJHYeCTBOM MuHepasa A. Ilosromy Bo3uukHer 30Ha A+
+A,F, o6orauieHnasi cpaBHHTENbHO C HCXOLHOM nopoaoi A+ K ne

TOJIbKO KOMIIOHEHTOM [, HO M KOMIOHEHTOM a. Ecau TpeuluHHBIH

pacTBop HeJochilleH (Touka 4 Ha ¢ur. 39, a), To OKOJO TpPeI[HHBI

A,F monBepruercst pacTBopennio. TakuM 06pa3oM, BO3HHKHET KO-

JIOHKa

4 3 ¥ 1
MK AF | A+ AF| A+ K

B 1o Bpems Kak B HHOHJIBTPALMOHHONH KOJOHKE KaK/I0H 30HE GbiIa |
CBOFICTBEHHA Ompe/le/ieHHas KOHUEHTPALUs MOPOBBIX PacTBOPOB, 4@ -
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Ha TPaHUle 30H NPOHCXOAHJIO NPephIBHOE H3MEHEHHe KOHIEHTPalHil
pacTBopa, B XH(PQY3HOHHOH KOJIOHKE ONpejeseHHass KOHLEHTPalus
CBOHCTBEHHA TPaHHLAM 30H, a Ha MPOTSKEHHH 30H MPOMCXOAHT IIO-
CTENEHHOe H3MEeHeHHe cocTaBa pacTBopa. IlosToMy B audpdysnon-
HBIX KOJIOHKax yJno0Hee NepeHyMepoBaTh He 30HBI, KAK Mbl JeJaJH
A1l HHQUIbTPALUHOHHBIX KOJOHOK, a HX I'paHHIbl. PaccMOTpeHHbIH
clydaidl  HMJJIIOCTPUPYETC KOHUEHTPALMOHHOH amarpaMmoii (cM.
¢ur. 39, a) u AHarpaMMoil OTHOCHTEJbHOE PACCTOAHHE @ — KOHUEH-
tpauus C; u comepxkanue i komnonentos (cm. ¢ur. 39, 6). Ha mo-
cJIe/lHell AnarpaMMe BH/HBI MUK KoHueHTpauuu C, Ha QpoHTe 3aMe-
menuss A—>A,F u NoBblllIeHHe COAEPKaHHS @ B 30HE BHIIOJHEHHBIX
nyctoT /—2. B To BpeMss KaK KOHLEHTPalHH KOMIOHEHTOB B pac-
TBOPE H3MEHSIOTCS BJOJb KOJOHKHM IOCTENEHHO, COAEPKAaHHS KOM-
IIOHEHTOB OCTAIOTCS IOCTOSHHBIMH = B IpejesiaX KaxKJIOi 30HBE, HO
IPEPBIBHO H3MEHSIOTCS Ha (poHTax 3aMelnenus. KosoHKa oka3sa-
JlaCh Be€ChbMa CXOJHOH C HH(DRIbTPALHOHHOHN.

[TaccuBHOe nOBLIIEHHE KOHIEHTPALMH H COAEPIKAHHS OLHOTO M3
KOMIIOHEHTOB MOXKeT NPOHUCXOJAHTh H 6€3 MECTHOrO IOBBLIIIEHHS aB-
JIEHHs, a HMEHHO B CJy4yae «pacTBOPEHHs C pasjoxkeHueM», ITycTs
HEJIOCHIEHHBI TPELIWHHBIA pacTBOP BHI3bIBaeT AHPQY3HOHHOE
pacrBopeHue MuHepana A,B (¢ur. 40). B mpocreiimem ciyuae pac-
TBOpeHHs1 6e3 pasJioKeHHs MoJyunTcsi KoaoHka 1|)K|A,B. B atom
caydae u npu pasenctse D,=D, Ha KOHIEHTPAILMOHHOK Juarpamme
Co—C, (cm. ¢ur. 40) cocraBel TpeuuuHoro pacrsopa (II) u nopo-
BOTO pactBopa 30HBI A,B (I) [d0JKHBH JeXaTb Ha NMPSIMOH JIMHHH,
napaJJieIbHOH KOHHOAaM coelluHeHusi A,B, nuMeoliell TaHTeHC yriaa
HaKJIOHa K ocu abcuuce, paBHBI 1/2, COOTBETCTBEHHO COOTHOLIEHHIO
comepxkanuii @ u b B MmunepaJse A,B. 3ITo BBHITEKaeT U3 CJeLYIOUIHX
coobpaxkenuii. B 3oHe A,B rpaJiueHTH KOHIUEHTPAlUHWH KOMIOHEHTOB
paBHbl Hym0. ITosToMy auas ¢ponTa pacTBopenusi A,B CTaHOBHTCA
NPUMEHUMBIM yIpolleHHoe ypaBHeHue (IV.15) '
cy—CY Ligh Cy — C! o AG By
W bl AC, oDy

Orciojia BhHITeKaeT, 4TO pacTBOpeHHe Ge3 pasioxkeHus (IpH pa-
BeHcTBe D,=D,) BO3MOXKHO JIHIIb B TOM CJydYae, €CJH COCTaB Tpe-
IMHHOTO pacTBopa I/ Ha KOHUEHTPAUMOHHOH AmarpamMme ¢ur. 40
JIEXKHT Ha II0JI0ce MeXJy NPOJOJKEHHSIMH JABYX KpaHHHX KOHHOJ
MuHepana A,B, T. e. MeXAy JUHUSAMH [—k u m—IL

Ecan cocraB TpemHHHOro pacTBopa JIEXKHT BbIlIE JUHHH R—]
(cm. ¢wur. 40), To mpu pacTBopeHnH A,B BO3HHKHET MOPOBHIH pac-
TBOp, YCTOHYMBBIA B OTHOIIeHHH AB,, T. e. mpu pacrBopeHnu A,B
OyAeT BO3HHKATh U3OBITOK KOMIOHEHTa b ¢ oépasoB?Huel\;[ MHHepa-

mﬁ:: 2D,

3
na AB,. B atoM cayuae GyseMm uMetbh KJIOHKY 1 |K|AB;|A,B (cMm.
¢ur. 40).
s ¢poura pacrBopenuss AB, ymnpomennas ¢opmyaa (IV.15)
HeNpUMeHHMa, TaK Kak I'DaJiieHT KOHUEHTpAllHH B 30HE pacTBOpse-
mMoro muHepasia AB, 3jech He paBeH HyJio [npumenuma ¢opMynaa
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®ur. 40. Konuenrpanuonnas Auarpamma Cq — Cp, Ha KOTOpO#H TOUKH /—3 naior
KOHUCHTpAUHA PACTBOPA HA TPAHHLAX 30H B cIyyae Au(bY3HOHHOrO pPacTBOpeHHs
muHepana A;B ¢ pasnoxeHHeM W BHIIeseHHeMm IIPOMEXKYTOUHOro MHHepasna ABj;
I u Il — 1o xe, ans PacTBOpeHust 6e3 pasyioKeHHs

@ur. 41. IMpoekuus MIOBEPXHOCTH KOHIEHTPALMII HACHILEHHBIX pactBopoB C, —
Cs — Cg¢ Ha miockocts Cy — Cq

I—4 — KoHUeHTpanuu pactBopa Ha ¢poHTax auddysHOHHOrO saMeuleHnsl (MHHepaJ HCXOXHOMH
noponsl A 3ameutaercs OAHOBpPEMEHHO NByMsi muHepanamu AF u AG)

(IV.14) 1. Ho Bo Bcsikom CJlyyae IIPH PAaCHOJIOKEHHH TOYKH 3 KOH-
LIEHTpalMKu pacTBOPa BbIlIEe JHHUH k—] Touka 2 KOHIIEHTpaIluu pac-
TBOpa Ha (poHTe pacTBopenns AB, pacloNOKHTCS Bbillle TOUKH 3
(MOCKOJIBKY MPOHCXOMHT 06K BBHIHOC KOMIIOHeHTa b) u BHILIE TOY-
Ku 1 (tak kak A,B 3nech yxke Heycroiuus). ITockouabky C, 3mech
OyJleT BEILIE, 4eM B HCXOAHON IIOpojle A.B, nuddysus KoMnoHeHnTa
b Gyner HampaBieHa He TOMBLKO B TPELIUHHBIA pacTBOpP, HO M K
¢pouty 3amemennss A,B—AB,. Takum 06pa3oM, peakUHOHHAst 30Ha
AB, Gymer 061anath He TOJBKO MOBHIIEHHON KOHIleHTpalue# b, HO
M’ HNOBLINEHHLIM COAEPKAHHEM b CPABHHTENBHO C HCXOMHOH IOPO-
01, HECMOTPSI Ha O6UIMIT BLIHOC KOMIOHeHTa b.

Jns ynpolleHus: Mbl IOMyCKaJH, Y4To TPELIHHHBI PACTBOP HeJ0-

CBhILIIeH BCEMH KOMIIOHEHTaMH, " IIOSTOMY caMas THIJIOBasi 30HA BbI- |

HoJHeHa oXHUM pactBopoM. Ho B o6biuHOM cayuae TpemmuHE pac-
TBOp HECKOJIbKO TNEPEeCHIlleH, i II03TOMY THIJIOBasi 30HA BHIIOJHSIET-
Csl OCakKJIEHHEM TOTO W3 KOMIIOHEHTOB DacTBOPa, KOTOPHIM OH Iepe-
CBILIEH B HaHGOJbIUEH CTeNeHH, ¢ 06pa3oBaHHEM KOJOHOK 3aMelle-
Husi Tuna 4 F|AB,|A,B u np.

Ha ¢ponre samemenns oxnoro Munepana moxer BO3HHKHYTb 60-

JICE OLHOTO peaKLUHOHHOrO MHHepaJsa. PaccMoTpum TpexKoMHOHEHT-
Hyl0 CHCTeMy a—f—g. ITOBepXHOCTb KOHNEHTpAlHHi HACHIIEHHBIX

PacTBOPOB H306pa3HTCs HEKOTOPOH IOBEPXHOCTBIO HA MPOCTPAHCT- 3
BEHHOl MoJenu ¢ ocsiMH Koopaunat C,—C,—C,; Ha ¢ur. 41 nana

84

NPOEKUHsl STOH MOBEPXHOCTH Ha maockocTs C,—C,. KaxkaoMy MuHe-
pa/ay COOTBETCTBYeT HEKOTOpas 4acCTb ITOH MOBEPXHOCTH HACHILIEH-
HBIX PACTBOPOB, KaK 3TO nomeuyeHo Ha ¢ur. 41. ITons Mumepanos,
HE COJlepzKallHX KOMIOHEHTa a, T. €. MHHepasoB F u G, mpoeKkTupy-
10TCsl Ha (ur. 41 B Bu/Je NpAMBIX JHHHI. [ToBepXHOCTh HaCHILEHHBIX
pacTBopoB GyaeT NedOPMHPOBATBLCS, €CIH AaBJeHHe Ha MHHEepaJbl
B pasHbIX 30Hax OyZer pasamunbiM. Ho Mbl ags ympomenus JO11y-
CKaeM, uTo 3Ta JAe(opMalHs HeCylleCTBeHHa.

Hyctb ncxonnas 3aMeliaeMasi mopoJa C/I0KeHa OLHHM MHHepa-
JIOM A, a TPEelIHHHBIH PaCTBOP NEPEChIlleH MUHepaioM F, HMeeT Bhi-
COKYIO KOHUEHTPAaIHI0 KOMIOHEHTa g H HH3KYI0 — KOMIIOHEHTa d.
Toraa, xak nokasauo Ha ¢wur. 41, Moxer BO3HUKHYTb AH(DDY3HOH-
Hasl KOJIOHKa

e 5 : 2 =]
| F| AF, + AG,| AF + AG,| AF + AG | A

Brnoue sr0it komonku C; u C, 6yAyT HenpephBHO yMeHbIIAaTbCs OT
TPELIHHHOr0 pacTBopa A0 (poHTa 3aMelleHHst A, KaK cJjefyeT H3
¢ur. 41, a xounentpauust C, — HenpepeBHO Bo3pacTaThk. Ecaiu Bee
MuHEepaJ/ibl MMEIOT NOCTOSIHHBIA COCTaB, TO M3MEHEHHs COJAep¥KaHHil
KOMIIOHEHTOB B MHHepaJlaX MeTaCOMaTHYeCKHX 30H GyIyT MPOHMCXO-
ZHTb TOJIbKO NMPEPBIBHO, HAa (PPOHTAX 3aMeIeHHs ONHHX MHHepa-
si0B pyruMu. Ilpu sTom munepan A 3aMelnaercsi OJHOBPEMEHHO
JIByMsl peaKLHOHHBIMH MHHEPaJaMH.

O6partnMcst Tenepb K CaIy4aio CHCTEMB a—b, B KOTOPOii YCTOM-
YHMBa CepHsi MHHEPAJIOB IepeMeHHOro cocTaBa. JlJs HaTJSAHOTO CO-
NOCTABJEHHS C MHQHUJIbTPALHOHHBIM IPOLECCOM BO3bMEM KOHIICH-
Tpauuonnyio auarpammy C,—C, (¢ur. 42, a), TOXKIeCTBEHHYIO C pa-
Hee paccMOTpeHHO# ¢ur. 23, a. IlycTs, Kak U paHee, HCXOJHAS IO-
pola cioxeHa MuHepasoM A, a TPEUIHHHBIA PacTBOP HMeET IOBBI-
IeHHylo KoHueHTpauuio C, n nounmkennyio C,, n306paxkaeMyio TOU-
KOH 5 Ha ¢ur. 42, a, TOYHO COOTBETCTBYIOLLYIO TOuKe 6 Ha ¢ur. 23, a.
JonyctuM Ans yOpOUeHHs, YTO 30HB IOBHILEHHOrO JIaBJEHHS He
BO3HHKAIOT H3-3a HAJHYHs B MIOPOJe PE3ePBHBIX IMyCTOT HJH MPUCYT-
CTBHsl JIONOJIHHTEJIBHOTO JIErKO TlepeoT/JiaraeMoro MuHepaJa. Tak
Kak npH AnddysHu KOHLUEHTpaUHsi pacTBOpPa BJOJb KOJOHKH H3Me-
HSIETCs HENPEePBIBHO, TO BhINa/leHHEe 30H NPOMEKYTOYHOTO COCTaBa,
CTOJIb XapaKTepHOoe /il WHQHAbTPALHOHHBIX NPOLECCOB, NPH AH(-
($ysuoHHOM MeTacoMaTo3e HeBO3MOKHO. C mpuO/HKEHHEM K Tpe-
LIHHE KOHIEHTpallhs IOPOBOrO PAacTBOPAa H3MEHSIETCsl HeIpepbiBHO,
JBHrasch uepe3 Touku I, 2, 3, 4 (cM. ¢ur. 42, a), a COOTBETCTBEHHO
OyJleT u3MeHATbCS COCTAB H3MEHSeMOH MOPOJLI C HENPePBIBHEIM H3-
MEHEHHEeM COCTaBa MHHEpaJa B Npelesax KaxKIOH 30HB H C Tpe-
PHIBHBIM H3MEHEHHEM Ha TpaHHIAX 30H ¢ 0o0pa3oBaHHeM B JaHHOM
cJlyyae KOJIOHKH

5 4 3 2 1
A| K| AsB;| A:B; — AsB| AB— A| A

B ornnune o MHQUIBTPaUHOHHOH KOMOHKH (cM. ¢wur. 23, a) npu
Judpdysnn koHueHTpauus C, B NOPOBBIX PACTBOPax NMOPOJ KOJOHKH
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®ur. 42, KoHUeHTpaluOHHAS AHAT- 6
pamma Cq — Cp nast cucteMsl @ — b 4

(a), B KOTOPOH BOBHHKAIOT HECKOJb- a.f
?

i
KO JBYXKOMIIOHEHTHHIX MHHEPaJ0OB a¢

nepeMeHHoro cocraBa (Toukuy I[—

4 — KOHIlEHTpauWs. pacTBOpa  Ha O\T_ﬂ
¢poHTax 3aMellleHHs MuHepana A -

HCXOAHOH IOPOALI CepHell  peakily-

OHHBIX MHHEPAJIOB C MOJHBIM HX PAacTBOPEHHEM B THIIOBOH 30He); H3MEHEHHE KOH-
uentpaunii Co, 1 Cp B pacTBOpe ¢ NpUBEIEHHBIM PACcCTOSIHHEM W BJOJb AHDQY3H-
OHHOI1 KOJIOHKH (6) /IS TOTO XKe cJIydasi, 4TO M Ha (ur. 42, a; U3MeHeHHe ConepxKa-
HHHl KOMIIOHEHTOB @ i b C IPHBEJEHHBIM PacCTOSIHHEM BLOJb KOJOHKH @ (8) Aas

TOrO Ke cJayyasi, 4To U Ha ¢ur. 42, a, 6

HE MOXKET JOCTHYb M TeM GoJiee NpeB3oHTH KoHUeHTpauuio C,° B
TPEUIHHHOH 30HE, €CJM NpoIecc B IIEJOM HJET C IPHBHOCOM KOMIIO-
HeHTa b. IlosTomy B 1n(pdY3HOHHON KOJOHKE He MOTYT BO3HHKHYT
Takue HauboJsee Gorarble KOMIOHEHTOM b MHUHepaJabl, Kak B—AB,,
KOTOpble BO3HHKJIM Obl IPH HMH(HIbTPALHOHHOM Ipomecce (cM.
¢ur. 23, a). )

Ha nnarpamme w—C,, (cM. ¢ur. 42, 6) nokasaHo H3MeHEHHE
KOHLEHTPALMA KOMIIOHEHTOB @ U b ¢ pacCTOSHHEM @ B COOTBETCT-
BHH ¢ ¢ur. 42, a. XapakTepHO yBeJHUeHHE LIHDHHLH MeTacoMaTHUe-
CKHMX 30H C yJaJ/IeHHEM OT JKHJbHOH TPeUIMHbI, THIHYHOE AJs AH(-
¢ysuonHO# 30HanbHOCTH. [IpHCTPOEHHAS CHH3Y AMarpaMMa w—a, b
(cM. ¢ur. 42, 8) nokasbiBaeT U3MEHEHHE COJAEPIKAHHA KOMIOHEHTOB
@ ¥ b c OTHOCHTEJNbHBIM PAaCCTOSIHHEM @ OT TpewuHsl. Ha ¢poHTax
3aMelleHHsI CO/lepKaHHe H3MEHSeTCs NPEepBIBHO IPH HENPEephIBHOM
H3MEHEHHH KOHLEHTpalUuu pacTBopa. IIpu cocraBjeHHH 3TOH aHa-
IpaMMBbl PHHATO, YTO MepeJoBasi 30Ha CJIOXKeHa OJHHM MHHEpPaJoM
A ¥ 4TO NPH H3MEHEHHH COCTaBa @ U b MMEIOT paBHBIE NaplUHAJb-
Hble 06bEMBI.

B 3aBHCHMOCTH OT CTPOeHHsi KOHLEHTPALMOHHOH AuarpaMMbl H
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KOHIEHTPAUWH BO3JEHCTBYIOUIErO TPEUIHHHOTO pacTBOpa peaKIHu
3aMellleHHsi MOTYT CONPOBOXKIAThCS KaK yMeHbIIeHHeM o0beMa MHU-
HepaJoB ¢ 00pa3oBaHHEM MYCTOT, TaK W yBeJuueHHeM. B mocierHem
cJyyae BO3HHKAIOT 30HBI MOBBILIEHHOTO [AaBJIEHHS, B KOTOPBIX KOH-
LHEeHTPalul HEKOTOPBIX KOMIIOHEHTOB pPacTBOpa MOTYT JOCTHTHYTh
MaKCHUMyMa, KakK mokasaHo Ha ¢ur. 39, a u 6 nas C, Ilpu 3Haun-
TeJbHOM pa3/UudH JaBJIEHHH OHO MOXKeT pa3pszKaTbCsi MeXaHHUe-
CKHM IepeMellleHHeM MHHepaJsioB, T. €. U3MeHeHHeM oObeMa.

5. buMeracomaTnyeckas 30HaJbHOCTb Nnpu NJa0CKOM
W U30THYTOM KOHTAKTax

Ha koHTakTe [AByX XMMHYECKH HEPaBHOBECHBIX IIOPOJA MOZKET
MPOMCXOJHUTh MX B3aMMOJAEHCTBHe ¢ 00pa30oBaHHEM pa3JesioUluX
HX peaKUHOHHBIX «OHMeTacoMaTHUecKHX» 30H. Heo6xoauMeM yciio-
BHEM TaKOH peaKIHH SIBJISETCS MPONHTAHHOCTb KOHTAKTOBOH 30HBI
MOPOJ, BOAHBIMH pPacTBOPaMH, TaK KaK B IPHPOJAHBIX yCJOBHAX TaKHe
peakiu COBeplIaloTCsi MOCPeACTBOM AH(P(Y3HH KOMIIOHEHTOB IIO-
pox uepe3 mopoBble pacTBOpH. JlocTaTouHasi HACBILEHHOCTb IOP
pacTBopaMH OOBIYHO MMeeT MeCTO JHUIb B 30HaX LUPKYJ/SLHH pac-
TBOPOB, H II03TOMYy OHMeTacoMaTHYeCKHe peakUuH ¢ oOMeHOM Me-
Hee NOJBHXKHBIMH KOMIIOHEHTaMH, Kak IPaBHJO, COBeplIaloTCs B
yCJIOBHSIX MH(UIBTPALHOHHOTO NPHUBHOCA M BbIHOCA HamboJee MOA-
BUKHBIX KOMIIOHEHTOB.

[Ipy NJIOCKOM KOHTaKTe pearupyomux nopoi anddysuoHHas
fuMeTacoMaTHyecKasl 30HAJbHOCTb JOJKHA NOAYHHATHCS OCHOB-
HeiM ypaBhenusam (IV.10) nud¢ysmonHoro meracomarosa:

aC. g &C, dr

w
2 He o & k Tdur  dw

NIPH KPaeBBIX YCJIOBHSIX:
& o X .0 3
i=i npuw= +o0; i=i MPAW=—o00 (i=a,...,k)

KOHTaKTy HCXOAHBIX MOPoji coorBercTByeT @w=0. Ecan no Tpe-
LIHHEe BJOJb KOHTaKTa IHPKYJIHPYIOT PAcTBOPHI C IMOCTOSIHHOH KOH-
LeHTpalueii 6oJee MOABHIKHOTO KOMIOHEHTa f, TO JJIsi 3TOrO KOM-
noHeHTa jAaeTcst rpaHnuHoe ycaosue: C;=C," mpu w=0. Ecan xe
pacTBOPH C NMOCTOSIHHOH KOHUEHTpalluedl 3TOro KOMIOHeHTa Ipoca-
YHBAIOTCSL TIO BCell 30He pearupylOIIHX IOPOA, TO HMeeM YCJIOoBHE
C,=C,° 15 Bceil KOJOHKH (IIPH BCAKOM W).

[TocKoJIbKY, KaK Mbl BU/IeJIH B yPaBHEHHAX (IV.lO),unpu MOJTHOM -
3a/laHHH  KPaeBbiX YCJIOBHH @ ABJSETCS €ANHCTBEHHOH HE3aBHCH-
MOl IepeMeHHoii, To JI60oMy @, B YacTHOCTH 1 W=0, COOTBETCTBY-
follleMy HCXOJHOMY KOHTAKTy IIOPOJ, OTBeYaeT IOCTOSHHBIH COCTaB
MeTacoMaTHUECKOH TOPO/BI, a TaKXKe IOCTOSIHHBIA COCTaB pacTBOpaA,
npuuem d*C,/dw?*=0 1is Bcex KOMIOHEHTOB. BcielcTBuE MOCTOSH-
CTBa KOHIEHTpauUHii KOMIIOHEHTOB B PacTBOpax y HCXOAHOIO KOH:
TaKTa H3MEHeHHs] 06enx MOPOJA CXOAHBI C H3MEHEHHSMH IPH OKOJO-
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TPEIlHHHOM MeTacoMaTo3e. BO3HHKaeT KoJOHKA MeTacoMaTHYECKHX
30H C HauMOOJBUIMM H3MEHEHHEM OKOJIO HCXOJHOTO KOHTAKTa, e
OOBIYHO Pa3BHBAETCS MOHOMHHEpaJbHas MOPOa.

Beusencrsue pasnnunoii ckopoctn auddysnn Pa3HBIX KOMIIOHEH-

TOB TIpH 6uMeracoMarTose IIDOHCXOJASAT IIpaBUJIbHBIE HU3MEHEHHS CO-

OTHOLIGHHH MEKJy COAep:KaHHAMH KOMIIOHEHTOB C Pa3JHYHOH MOJ-.

BHKHOCTBIO. OCcO6eHHO XapaKTepHO siBJIeHHe NeCHJIHKALHH, NOJ KO-
TOPOH NOHHMAETCs] BO3PACTAHHE OTHOLIEHHS TJIHHO3eMa K KPEeMHe-
3€My B nopojie. B KOHTaKTe moJIeBOIINATOBLIX MOPOJ ¢ KapGOHATHDI-
MH HJIH C THepGa3UTOBBIME KpeMHe3eM AuG(YHIAHPYET H3 MOJeBO-
IIMaTOBOH MOPOJBl 3HAYHTEJNbHO GBHICTPee TVIHHO3eMa, UTO W BHI3HI-
BaeT JNECHIMKAlHUIO HCXOMHOH NMOJIEBOMNaTOBON NopoAsl. [Tpu mioc-
KOM KOHT4KT€ M PaBHOMEDHOH. NMPONHTAHHOCTH MOPOA pacTBOPaMH
CTeNeHb IECUIMKALHUH B KaXKA0H 30HE IOCTOSHHA.

Pacemorpum Teneps ciayuam, xoria mudoysns HalpaBJeHa Mo
papuycaM cQepHuYeCKHX HJH LUHIHHAPHYECKHX MOBEPXHOCTEH.

Ilpu anddysun B npocrpancTse ypasuenue (IV.3) 101KHO GHITH
3aMelIeHO CJAEAYIOUIHM: ¢

di (626} i1 0°C, s 0201).
0x? d0y? 022

Ecan nudpdysus nanpasiena mo paamycam chepsl, To paccros-
HHe

P Vi oy g

HpOHSBO}IHTCH 3aMeéHa NepeMeHHBIX:

e L R N S
ox r 0y P e
iCi_ aC; or e B0y 9°C, x2 0°C; 1 %2\ 0C;
o0x Diar g 0x? n or? (7_ —rT) or

H aHaJIOTHYHO NS NPOM3BOAHBIX MO y H 2. IloAcTaBisis 3T mpous-
BOJIHbIE B ypaBHEeHHe MPOCTPaHCTBEHHON AH(QY3HuH, MOJAYUaOT H3-
BECTHYIO Gopmyny mupdysuu no paguycam chepn:
oi (azct 2 aci)
ot '\ o2 A e

(IV.18)

Hast pudpdysun no paamycaM UHJIHHAPHUECKOH IOBEPXHOCTH
r=7x*+y* aHAJOTHYHBIM METOJOM MOJYYAIOT
oi (aﬂci 1 6Cl->
D, 45 ;

ot or? r 7 (IV. 19)

B ypaBnenun (IV.18) u (IV.19) umeioTcs 1Be He3aBHCHMBIE Ie-
peMeHHBIe r M {. ITH ypaBHEHHS CaMH IO cebe JIONMYyCKAalOT 3aMeHy

oCeux NepeMeHHLIX OJHOH MepeMeHHOH w==r/}{, aHaJoruYHO 3aMe-
He npu BbiBoJle ypaBHeHHs (IV.7). Taxkas 3aMeHa B ypaBHEHHH
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(IV.19) maer

; da:c dc
LB AN Di( L +_‘). (IV.20)

dw? wdw

KpaeBrble yciioBusi MOTYT ObITh BBIPAXKEHHl Yepe3 W ypaBHEHHs
(IV.20) TospKO B ciedyolleM MPOCTEHIIEM cjydyae METacoMaTo3a.
[TycTh MO ocHM LHUJIHHApPA LUPKYJHPYET PacTBOpP C NMOCTOSHHOH KOH-
IeHTpalyeldl Bcex KOMIIOHEHTOB, H OTCI0Ja KOMIOHEHTH AudPyHAH-
pYIOT IO pajAWycaM LHJIHHApPAa B OKpy2Kalollie IOPOJbI, IPOU3BOAS
UX 3aMellleHHe. B 3ToM cJayyae KpaeBBe YCJOBHSI MOTYT OBITh BbI-
paxKeHBl uepe3 eIHHCTBeHHYyI0 nepeMeHHy0 @; C;=C; npu w=0;
i=i’ npu w=o0 (i=a, ..., k). D10 NOKa3BIBaET, YTO B YKa3aHHOM
cayyae paspacTaHue IHMJAHHAPHYECKHX (MaH chepHueckux) 30H Oy-
JIeT NPOHCXOJUTh 6e3 H3MeHeHHsi uX cocTaBa co BpeMeHeM. OaHaKO
B cayyae OuMeracoMaTo3a ¢ pajuaJnbHoil AuDdy3Hell KpaeBbe yc-
JIOBHSI He MOT'YT OBITh BbIpaXKeHbI uepe3 eJAHHCTBEHHYIO IlepeMeHHYI0
w=r/[yt, Tak KaK 3/1eCcb HECOXOAUMBIM NapaMeTPOM SBJISETCA r—TI,
(roe r, — paamyc moBepXHOCTH KoHTakTa). OHH MOIJIH OBl OBITH BHI-

paxKeHBl uepes IepeMeHHyl0 W= (r—r1,)/J{, HO Takoii nepeMeHHOMH
3aMeHUTh 06e mepeMennbie r u { B ypaBHeHusix (IV.18), (IV.19) ne
yraetcs. HeBO3MOXKHOCTb CBECTH 3TH YpaBHEHHs K OJHOH NepeMeH-
HOM BHJIHA M M3 TOTO, 4TO KOTJa 3aMellleHHe JAOCTUTHeT IleHTpa ce-
pul uau nuanbApa (r=0), To oJlHa H3 HCXOAHBIX PeaTHPYIOIIUX IO-
pox GyAeT TMOJHOCTbIO HCUeplaHa, TOrjAa Kak JApyras COXpaHHTCH,
4TO, KOHEUHO, BHI30BET KaueCTBEHHOe H3MeHEHHe B Ipoliecce OuMe-
tacomato3a. OrcioJla BHIHO, UYTO IPH H30THYTOM KOHTaKTe OHMeTa-
coMaTHuecKasi KOJIOHKa uMeeT JBa He3aBHCHMBIX ITapaMeTpa — pac-
CTOSIHHE r—7, U BpeMs £, T. e. I0 Mepe pa3pacTaHHus KOJOHKa J0JI-
JKHA IpPETeprneBaTh KaueCTBEHHbIE H3MEHeHHS.

Wrak, npu paaunanbHoil AHU(PGY3HH NPOHCXOAUT IPOrPECCHBHOE
H3MeHEeHHe cOoCTaBa OMMeTacoOMaTHUYeCKHX 30H II0 Mepe HX paspa-
cTaHus, He CBOWCTBEeHHOe JHHeHHOMy GuMeTacomaTody. B ocoGeH-
HOCTH XapaKTepHO sIBJE€HHEe NMPOIPecCHBHOH Jecuaukauuu. bosee
MeJJjeHHas Au@dy3uss rJIUHO3eMa CPaBHHUTENBHO C KpPeMHe3eMOM
NMpPUBOAUT K TOMY, YTO IIPH PEaKIMH IOJIEBOLINATOBBIX IMOPOJ C Kap-
6OHATHBLIMH HJH THNepOa3UTOBBIMH IOPOJAAMH OTHOLIEHHE TJIHHO3Ee-
Ma K KpeMHe3eMy B IepBbix Bo3pacraeT. [Ipu miockom KOHTaKTe
paspacTaHne OHMeTacOMaTHYECKHX 30H He CONPOBOXKAAeTCs H3Me-
HEHHEM CTeleHH AeCHJHKAUMH B HHX, TOI/la Kak ec/H MOoJeBOlla-
TOBas NMOPOJa HAXOAUTCS CO CTOPOHBI BOTHYTOH 4acTH KOHTaKTa, TO
B Hell 0 Mepe pa3pacTaHus O6HMeTacOMaTHYECKHX 30H JIOJIKHA MNPO-
rpeccHBHO BO3pacTaTh CTeNeHb NeCHIMKAUUH (IOJ CTENMEHBIO JeCH-
auKauuu noHuMaercs otHomenne (Al,0;/Si0,)™ : (Al,O,/Si0,)", rie
I oTHOCHTCS K HCXO/HOf nopo/e, a 11 — K NPoJAyKTy ee 3aMelleHHs).
CTeneHp JeCHJHKAIMH Ha BBIIYKJIOH CTOpPOHE KOHTakKTa IO Mepe
pa3pacTaHus 30H J0JIKHA, HA000pPOT, YMEeHbIIAThCs. AHAJOTHYHBIE
BBIBO/bI GBLTH MOJYYeHB MHOf paHee HECKOJbKO ApyruMm myTem [23,
c. 106—110].
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ITporpeccuBHas aecunKalHus HMeET MECTO Takxke B TexX Cjyda-
s1X, KOrJla IOJIEBOIUNATOBAas NOPOAA U3PACXOAYETCs MJH BHIALET H3
And ysHOHHOTO B3aUMOJCHCTBHSI PaHbllle, YeM peardpyrpolnas ¢ Hei
HeJloChlllleHHasi KpeMHe3eMoM nopojda. Tak, B dalKaX, 3aJieraroiiux
cpein KapOOHATHBIX NMOPOJA HJM I'MIepOa3HTOB, MPOTrpPecCHBHAN Jle-

CHJIHKalMsl HaUHHAeTCs IocJe 3aMellleHHs] HCXOMHOH 6oJjiee 6oraTtod .

KpeMHe3eMOM CpeJIHHHOH uyacTu Aaiiku. [IporpeccuBHas decHJMKA-
sl TakKe INPOHCXOAUT NPH HEPAaBHOMEPHBIX U YMEHbIIAIIIHXCSA C
YyAaJieHHeM OT KOHTaKTa IOPHCTOCTH M TPEIIMHOBATOCTH CHJHKAT-
HOW nopoanl. B 3TOM c/yuae mo mepe pa3pacTaHusi GHMeTacOMaTH-
YEeCKHX 30H HMCXOJHasl NOpPOJa BCe MEHblIE NMPHHUMAET yyacTHE BO
B3aUMOJICHCTBHH, KaK U NPH pafHaJbHON nudPy3ud.

6. CooTHomeHus: ckopocteil Tuddy3uu BemecTsa
U TEMNJONPOBOAHOCTH B FOPHbIX MOPOAAX

Kak nokaspiBaloT reosiornueckune HabuiofeHusi, Audy3uOHHbIH
NEePEeHOC BellecTBAa PaCHpOCTPaHSJ/ICS JHULIb HA OYeHb OTPaHHUYEHHBIE
paccrosgHusa. Tak, MOIIHOCTh peaKIHOHHBIX GHMETacOMaTHUECKHX

30H MeXKAy XHMHYECKH HEpaBHOBECHBIMH NOpPOJAaMH (CKaprI, ou-

MeTacoMaTH4eCKHe OTOPOYKH MEerMaTHTOBBIX KHJ B Trunepbas3uTax)
OOBIYHO H3MepsieTCsl BCero HEeCKOJbKHMH MeTpaMu. HMHoraa 3ra
MOIIHOCTB AocTuraeT 10—15 M, HO, NO-BUAKNMOMY, B TaKHX KpaHHHX
cJyyasix CKa3blBaeTCsl ydyacTHe ykKe W HHQUIbTPAaIHOHHBIX NpOLec-

coB. O6 3TOM CBH/ETEJNbCTBYET TO, YTO, KaK OBbLIO YCTAHOBJIEHO pPsi- .

J0M aBTOPOB, NpPH OOJBIION MOLIHOCTH PEaKUHOHHBIX ' CKapHOBBIX
30H B HMX yCTaHaBJIMBaeTCs SIBHBIA NMPHUBHOC KpeMHe3eMa H JAPYTHX
KOMIIOHEHTOB, IPEBOCXOASLIHA KOJHYECTBO, KOTOPOE MOIJO Mepe-
MelaTbess AU(POY3UOHHBIM NyTeM 3a CUET peaKLUHH MeXK1y KOHTaK-
THPYIOLIUMH nopOfaMH. TOYHO Tak Ke M MOLIHOCTb Au((Y3HOHHO-
ro Meracomato3a B 00OKax TPEIUHHHBIX KHJ He IPEBOCXOJHT He-
CKOJIBKHX METPOB. DTH JaHHBIE MOKa3bIBAlOT, uTo Au(y3us Bellle-
CTBa uepe3 rOpPHbIE NOPOJBI COBEpIIaeTcsi OYeHb MeIJIeHHO CPaBHHU-
TeJBHO CO CKOPOCTbIO HH(HJIBTPALHOHHBIX METAaCOMaTHYECKHX IIPO-
L[eCCOB, KOTOpPHIE pPAaCIpPOCTPAHSIOTCS Ha KHJIOMETPOBbLIE TOJIIH
MOPO/L.

B uHQUIBTpAaUMOHHBIX MeTacoMaTHUECKHX Ipolleccax, 0COOEHHO
COBepIIAIOIINXCS B TPEUIMHHBIX 30HaX, O0oJblIoe 3HaYeHHE HMeeT
rpaaueHT TeMnepaTypbl. B nncd@y3HOHHBIX MeTacoOMaTHYeCKHX IIPO-
Heccax BJHSHHME IpajlieHTa TeMIlepaTyphl MOKa C JOCTOBEPHOCTBHIO
He OBLIO 3aMeueHO0. DTO, KOHEYHO, CBSI3aHO C MeAJEHHOCTbIO AHQ-
¢ysun BelllecTBa yepe3 TOPHble MOPOJBI CPABHHTENBHO C TEIJIONPO-
BOJIHOCTBIO MOCJENHHX, TaK UTO Ha TeX PACCTOSIHUSX, Ha KOTOpbIE
3a JlaHHOE BpEeMsi pacmpocTpaHsercs Auddysus, TeMuepaTypsl rop-
HBIX IIOPOJ y2Ke YCIeBalOT MOYTH BHIPABHATbCA. XOTA 3TH 3aKJ/KOYe-
HHS JOCTAaTOYHO MOAKPEIJISIOTCS Te0JIOTHUeCKUMH HabJIoeHHIMH,
HHTEPECHO BCE K€ HJIIIOCTPHPOBATh HX MPOCTEHIIHMH pacuyeTaMH,
omupasich Ha SKCINepUMeHTabHbIe JaHHbIE.
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Kosdpunuentsr aupdysun D 3/71€KTPOJHTOB H HX HOHOB B BOJ-
HBIX pacTBOpax HUMelT pasmepHocTs 10~° cm*-c~!. Taxk, npu 25°C
koappumuent audodysnn D nmeer snauennss (10-° em®.c~!): a4
K*-—1,96, Na* —1,33; Ca** —0,79; Cl-—2,03 [62], ans Pb*+ —
0,9 [42].

BecbMa orpannuensl AaHHble mo Au(dy3un uepes mopsl BOAOHA-
CBILIEHHBIX TOPHBIX MOPOA. MHTepecHB 3KCHepHMEHTaJIbHble JaHHbIe
A. C. JlanyxoBa [42], KoTophlil onpeneasii KoddduuuenTs 1udhy-
3HM JJs1 a30THOKHUcJoro cBuHma Pb(NO,), uepes pasnuunble BOAO-
HaChillleHHbIe TOPHbIe IMOPOJABl — aJIeBPOJIMT, KBapll-CepHUIHUTOBLIN
CJIaHell, paccyaHIOBaHHBI KBapleBhli KepaTodup, MeTaMopduso-
BaHHBIH Anaba3oBbiil nopdupur. ITpu mopucroctu nopox ot 0,24 1o
2,00% u xomHaTHO# TeMnepaType D sexan B npenenax ot 1,3-10-°
1o 7,6-10=° cm®-c7!, T. e. 6611 B 10—10 000 pas HuXKe, ueM B CIJIOLI-
HOM BOJHOM pacTBOpe.

C noBuiueHneM TeMmnepatypsl D Bospacraer. [das BOAHBIX pac-
TBOPOB 3aBHCHMOCTb D) OT TeMIepaTypbl pacCUHTHIBaeTcsi 1O (op-
MyJe : .

D= RT -,

Lo

rie R —rasoBas nocrosHuasg; T — abcosioTHast TeMmepaTtypa; A —
3JIEKTPONPOBOAHOCTb HOHOB NpH JAaHHO# TeMIepaType; n; — BaJeHT-
HocTh noHa. Corsacuo pacueram A. C. JlanyxoBa no 3To#t popmy.e,
npu u3MeHeHuu temnepatypsl oT 0 xo 250° BeauunHa D Bo3pacTaer
npumepno B 20 pas. Tax, naa K* xoadduuuent D Bospacraer or 1,0
1o 16,8-10—° cm?-c'. :

st skeTpanossiuuu A0 6ojee BEICOKHX TeMIepaTyp MOXKHO IPH-
neHuTh 6oJsiee 0oOLIyI0 (opMyJy, AEHCTBUTEJbHYI0 KaK MJs KHAKO-
cTei, Tak u AJid ra3oB [53, c. 622]:

D=D,exp(—E/RT), (IV.21)

1ne E — sHeprusi aktuBauuu. JlJs HCIONBb30BaHHSA 3TOH (OPMYJIbL
dalo omupaThcs Ha BeJHUYHHBl D, onpelesieHHble 10 KpalHeil Mepe
A7 AByX TeMIepaTyp, 4ToObl BHIUHCAUT D, u E, KOTOpble /151 KaXK-
HOTO BellecTBa B MEPBOM NPUOJHKEHHH MOXKHO MPHHATH NOCTOSIH-
upiMu. Crenaem pacuer aas K*, mas xoroporo nmpu 5°C D=1,16-
-15-%, a npu 55° D=3,49-10° cm*-c~* [62, c. 2—194]. U3 dopmy-
abl (IV.21) caenyer

g RUTs gt (IV.22)
SR Dt

[Moacrasasisa ciofia 3HaueHHss D mpu OByX TeMIepaTypax, NOJYYHM
Ex+ = 4000 xaa/r-atoM. W panee BwuucaseM D, = 1625-
-10-° cm?.¢c'=1,62-10"* cm*-c~'. TlonyueHble 3HaueHuss E u D,
YKJaABIBAIOTCSI B CepeiiHy OOBIYHBIX [JIsl XKUAKOCTEH NMpPeaesoB, KaK
onu gaiorcs B [53]: nas E — or 1000 no 10000 xaa/r-aTtoM, a AJas
D —or 10~* go 1 ecm®-c™".

91



[Tonyuyennnle 3Hauenus: Aast £ u D, 1al0T BO3MOMKHOCTb MO (Hhop-
mysae (IV.21) Beumcauts BennunHy Dyg+ npu JM060#l TeMmepatype.
OrpannunMcs temnepatypoit 500° C, coOTBETCTBYIOIIEH BBICOKOTEM-
nepaTypHbBIM METacOMAaTHYECKHM IPOIEeccam:

In Dg+==1In D,—E/RT=1n 1625—4000/1,99-773=4,69,
Dg+=109:10-%cMm?-c.

Hcxonst u3 npusefennbix fanueix A. C. Jlanyxosa, npu audhy-
3HH Yepes NMOpbl BOMOHACHIIEHHBIX MOPOJA NPH MOpHUCTOCTH 0 29
Ko puunent D yMeHbluTcss 1mo KpaiiHeii Mepe B 10 pas. IToaTomy
Kak HanGoubllyio Beauunny Dg+ 1ist 1uddysun uepes mopsl TOPHBIX
nopoa npu 500° C met mpumeM Dyg+=11-10-° cm?.c~*.

Paccuutaem teneps ckopocTh autdysuu agas cayyasi, Koria pac-
TBOp C MOCTOSIHHON KOHUeHTpauueir C, mona K* mporekaer no tpe-
muHe u orciona K* nupdynaupyer B 60koBble mopoisl mo cucreme
0P BOJOHACHIEHHBIX MOPOA. OrpannuuMcst HauboJsee GaaronpusT-
HBIM JI71s1 11 (y3un caydaeM, KOTla PacTBOp He pPearHPYeT ¢ Mopo-
namu, T. e. K* He morsomaercss umu. [la1a 3THX YCJIOBHH AeHCTBH-
TeJbHa (hopMyJia

C,—C %

Ghe—Cs i 2V Dt ?

rle X — pacCTOsiHHE OT TpelluHHl; ! — BpeMs; erf — uHTerpas Be-
positHocTH; C, — KOHIEHTpallusi pacTBopa B TpemuHe; C — HCKO-
Masi KOHLUEHTpalusl Ha PacCTOSHUHM x B MOMeHT {; C, — nepBoHa-
YaJbHasi KOHUEHTPalUsl paccMaTPUBAeMOr0 KOMIIOHEHTa B MOPOBBIX
pactBopax. [Has K* npu Temneparype 500°C, npunsis Dyx+=11:
-10~° cm®*-c™' m moab3ysch TabJHIAMH HHTerpajia BepOSTHOCTH.
HaiifieM, uTo KoHleHTpauuss K* cpaBusercs nHa 50% [(C,—C)/
[(Co—C,)=0,5] na paccrosuuu 10 m uepes 317 Jser, Ha paccTosi-
uuu 12,5 m — yepes 500 seT, Ha paccTostHuu 20 M —uepes 1270 Jer,
Ha paccrosiiun 125 M —uepe3 50000 ser. Ha nuarpamme ¢ur. 43
NOKa3aHa 3aBHCHMOCTh KOHLEHTpALMH OT paccTosiHusi vepes 500
JIET. ;

PaccuutanHasi Takum 06pa3oM CKOpPOCTb AH(D(DY3UOHHOTO BHI-
pPaBHHBAHUS KOHLEHTPALUH NPeACTaBJ/SETCS HEOXKHIAHHO GOJBIION.
[Tpn meTacoMaTo3e 3Ta CKOPOCTb 3HAUHTENBHO COKpalllaercs, Tak
KaK KOHUEHTPAlHs INPHUBHOCHMBIX KOMIOHEHTOB CTaOUJIH3UPYETCS
peakuusMH IOTJIOLIeHHs HX IPH MeTacoMaTHYECKHX peaKIHsX.
Bo3MoKHO TaKiKe, 4TO cJeloBaJso B3siTh GoJsee Hu3KHe D anasa Aud-
(hy3uu uepe3 BOJOHACHIIIEHHbIE TOPHBIE TOPOJIHL.

Tenepp o6paTuMcsi K pacueTy BBIpaBHHBAaHUSI TeMIepaTyp B rop-
HBIX Topofax. BospMeMm Kko3dpduiueHT TensaonpoBogHOCTH K=
=7,8-10° kan-cMm~*-c~!-rpan~! mas rpauura [63, c. 461]. aa
BOJIOHACHIUIEHHBIX IIOPOJ TEIJIONPOBOLHOCTh YyBEJIHUYHBAETCS TIPH-
mepHo Ha 109% [Tam ke, c. 471]. [ToBbillleHHe TeMIepaTyphl MOHH-
J)KaeT TeIJONPOBOAHOCTh TOPHBEIX NMOPOA. Tak, moBHILIEHHE TeMIle-
paryps Ha 300°C monuxaer K rpanuta npumepHo Ha 30Y%, Toraa
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(1V.23)

KaK 15 ra66po u 1ua6asa NOBbHILIEHHE TeMIepaTyphbl faxe Ha 400°
He MeHseT 3aMeTHO TeIlJIonpoBoiHocTH [TaM e, ¢. 468—469]. ITpa-
MeM MOHHKeHHe K s TpaHHTa NPH TOBBHILIEHHH TeMnepaTypsl ¢ 20
10 500° Ha 35%.

Jlast pacueTa HaM HyKeH KO3(QQHIHEHT TeMIepaTypOomnpOBOAHO-
ctu a=K/pC,, rie p — MI0THOCTH MOPOALL; Cp — ee Ten0eMKOCTb.

dur., 43. VismeHeHne ¢ paccTOSHHEM
TeMmepaTypsl TOPHBIX IOPOA (KpH-
Bas O)) W KOHIEHTPAUUM KOMIIOHEH-
Ta B NMOPOBHIX pacTBopax (KpuBas
D) 0xos0 HCTOYHHKA C NOCTOSHHDI-
MH TeMIepaTypoil u KOHIEHTpaluen
KOMIIOHEHTa pacTBOPOB [JisA BpeMe-
uu =500 Jer

JIas xosddunueHTa TeMIepaTyponpoBOA-
HOCTH mOpHHATO 0.=7,8-10—3 cm?-c~!, mas
kosddunuenta auddysuu - D=11,0-10-° 1 1 | e
eme-ct 0 10 20 30m

_

Ilpunss ais rpanuta p=2,66 n ana 500°C C,=0,27 xaa/r-rpaj
[1, c. 223], nonyunm Ass rpanuTa npu 500° C

7,8-103-1,1.0,65 — 7,8.1073 M. ¢7L.
2,65 2 0)27

[IycTh B TpellnHEe TeyeHHEeM PacTBOpa IMOJAJEpIKHBAeTCsi MOCTO-
suHasi TeMnepatypa T, u OTCIOfa TeIo pacnpocTpaHsercs AH(DY-
3HOHHO B OKpY’KalOUlHe TOpHBIE MOPOJbl, HMeOllHe NepBOHayallb-
Hyio TeMmnepatypy T,. YpaBHeHHe TENJIONPOBOJAHOCTH B 3TOM clydae
aHaJIOTHYHO ypaBHEHHUIO AUDDY3HHU: : R

Salas puti (IV.24)

rae T — TemmepaTypa B CeYeHHH C TapaMeTpaMu X H f.

Has cevennt ¢ (To—T)/(To—T,)=0,5 (TemmepaTypa BbIpaBHS-
nach Ha 50%) umeem x/2)Yat=0,477. Ilpunas a=7,8-10"° cMEeT
nas paccrostnus 10 M mosyunm ¢=4,4 roga (Toria xak JJst aHaJo-
THYHOTO BHIpaBHHBaHHs KOHUEHTpauuil Mbl noiyunau 317 ger). He-
pes 317 ser B ceuennn x=10 M (rae KoHUeHTpauus Oy/LeT BbipaBHe-
Ha Ha 50%) Temmeparypa Gyner BupaBHeHa yxke Ha 94% [(T—T)/
/(Ty—T,)=0,06]. Ecan npu atom T,=500°C, a T,=—=1002G; 70 8
370T MoMenT (=317 xer; x=10 u; (C,—C)/(C—C,) =0,5) rpa-
JIMEeHT TeMIlepaTypsl GyaeT Bcero 2,4 rpaji/m.

Takum 0o6pa3oM, B 30HaX, Ha NPOTSKEHUH KOTOPHIX COBEpIIaer-
csi qubdysusi 1mopoAoo6pasyloulux KOMIIOHEHTOB, TeMIlepaTypHbIe
rpajlieHThl He3HAUHTeJbHbl M BPsAJ JH MOTYT JaTh OULyTHMbIE Tep-
mMoaud dpysnoHHEE 3DDEKTHL. ]

Pacuer no ¢opmyae (IV.24) nokaswiBaer, 4To TeMIepaTypa Ha
‘paccrosHuE 1 KM OT HCTOUHHKa Temsa BeipaBHseTcs Ha 50% uepes
44 000 jer. OmHako B 30HaX MeTaMop(uaMa CyLIeCTBYIOT BOCXOJf-
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IIHe NMOTOKHU IPOCAUYHBAIOLIUXCH pacTBOpOB, KOTOp&hIe, NO-BHAHMOMY,.

CHJILHO YCKOPSIIOT NIPOrpeBaHHe TOJIIL IOPOI,

Ha c¢ur. 43 gana AnarpaMMa pacnpeaeseHus TeMIIepaTypsl n
KOHIEHTPALMH KOMIOHEHTA C PacCTOSHHEM uepe3 500 seT nmocJe Ha-

qana JuPy3noHHbIX TPOLECCOB NPH NPHHATHIX HAMH KO3(bHUIHEeH-
Tax D=11-10"" cM*.c~' y ¢ =7,8-10-% cm?. o,

75 KyJ'leHHallHﬁ KOMIIOHEHTOB B ME€TaCOMATHYECKUX
KOJIOHKax

Kax npwu HHQHJIbTPAUUOHHEIX, TaK H npH 1HGPY3HOHHBIX MPO-

neccax OOBIYHBI CJIyYaWm, KOTJa MaKCHMaJbHble COJlepIKaHUsI HEeKO-
TOPBIX KOMIIOHEHTOB OCYILECTBJISIOTCS B IIPOMEXKYTOYHBIX 30HAX Me-
TaCcoOMaTHYeCKHX KOJIOHOK. B merposornueckoii JIUTEpaType 3TO 5B-
JiEHHE OblJIO HAa3BaHO <«Ie0YHMHYECKOMH KyJapMuHanued» [69]. Takas
KyJbMHHalUHs1 OLIBaeT OCOOGEHHO 3HAYHTENbHOLN IIPH MHQHUIBTPALH-
OHHOM MEeTacoMaTo3e CO 3HAYHTEJbHBIM TeMIlepaTypHBIM T'paiHeH-

TOM, KOIJla IO Mepe IpocauuBaHUA H OXJIazK1€HU ST pacTtBopa ero-

KHCJOTHOCTb CHaYaJa MNOBHIIAETCS, a 3aTeM MOHHIKAeTCs (cM.
ra. II1). Ho kyasmunanus o6buna u IpH H30TePMHYECKOH HHHIb-
Tpauuu. TakoBbl caelylomune paccMOTpeHHble Bpille caydan:
1) ocaxnenne BropocTeneHHBIX KOMIOHEHTOB pacTBopa B mpoMexKy-
TOUHBIX 30HaX IPH BBINOJHEHHH INYCTOT B KOJOHKAX THIA —F|F+
+ G| K— (cm. ra. 11, pasgen 30); 2) xHMHUYeCKOe OCazK/IeHHe OJHAX
KOMIIOHEHTOB Ha ()POHTE DaCTBOPEHHS ADYTHX B HHQUIBTPALHOH-
HBIX KOMOHKAX THNa —F|Q|A— (cm. ra. 11, pasmen 5a); 3) obora-
HIEHHE NEDEMEINEHHBIM ~KOMIOHeHTOM Tuna —F|B|A+B— (cwm.
ra. 11, pasnen 56); 4) ocaxienue B cocTaBe COEJIHHEHHUsI C PacTBO-
PAEMbIM KOMMOHenToM Thna —F|AG|A— (cw. ra. 11, pasgen 6);
5). oboralieHHe OCTATOYHBIMH KOMIIOHEHTAMH IIpH MeTacoMaTHye-
CKOH ycajike (yMeHblleHHH 06beMa), BHI3BAHHON MeXaHHYECKHMHU
HaNpPsIKEeHHAMH NIPH 3aMeleHuH,

Bo Bcex sTux ciyuasx mmmepasbl, BosHEKalOmIMe B IPOMEXKYTOY-
HBIX 30HAX, MOTYT H30HpATe/bHO yAepKHBaTh B CBOEM COCTABE psin
KOMIIOHEHTOB (HJbTPYIOIIHXCS pacTBOpoB. Tak, HalpuMep, INpH
IPefi3eHH3aluN TO/IeBOIINATOBbE TOPOLbI TIOJIBEPTalOTCST  OCJI0je-
HEHHIO H 3aTeM OKBapLeBaHHIO ¢ 06pa3oBaHHEM KOJIOHOK THIIA
—-KBapll | c/II0/bl + KBapIl | TOJIEBBIE IITATHI—>. ITpu 3atom B cawgax
MOZKET KyJbMHHHPOBAThL DA/ 3J€MEHTOB, NPHBHOCHMBIX PacTBOPOM,
Hanpumep K, Li, Mg, F u np. .

Ilpn nuddysuonnbix nmpomeccax TeMIIepaTypPHBIIl TPaJHEeHT, KaK
Mbl BUAE/IH, He MOXKET HMeTh CYLIECTBEHHOTO 3HAUEHHS! H TIOTOMY He
MOZKET CJHYXKHTb NPUYHHOH KyJbMHHAILMH 3JeMeHTOB. TOYHO Tak ke
OTNaZlaeT BO3MOXKHOCTb XHMHYECKOTO OCAXKAEHHS OJHHX KOMIIOHEH-
TOB Ha (POHTE paCTBODEHHs APYrHX. B MH(DY3HOHHBIX KOJOHKAX
BOSMOZKHBI CJI€/lylollHe THIIbI KYJbMHHAIHH KOMIIOHEHTOB: 1) 0caik-
ACHHE HEKOTOPBIX KOMMOHEHTOB B NPOMEXKYTOYHBIX 30HAX IIPH BbI-
TIOJHeHHH NyCTOT B KoJdOHKax THna 1A+F|A+F+G|)X (cm.
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¢ur. 37); 2) ocaxeHue B COCTaBe peaKIHOHHBIX ypéﬂepgnos BEHKI/IOe-
goukax tuna $G|A+F|A (cm. ra. IV, pasnen 4); ) oboraii et
OCTATOUHBIMH KOMIIOHEHTAMH IIPH MeTacoMaTHUYECKOH yce}m(:,cmn_
npumep oboralleHHe IJIHHO3eMOM B 30HaX nporpe{)c)c'nzglog neaxun-
Kaluu npu 6umeracomarose (cM. ra. IV, pasgen 9); K JI:bMI/IHa-
OHHBIX MHHepaJjiax 6GUMeTacoMaTHUYeCKMX 30H BO3MOXKHa Ky i
IMS] HEKOTOPBIX K3 BTOPOCTENEHHbIX KOMIIOHEHTOB pea;i%yuMeeT
MOpPOJ, YTO COOTBETCTBYET CJy4alo 2. Ho rnaBHOe 3Ha;1§B S N
3/lech KyJbMHHALlHs B PEaKLUHOHHBIX 30HaX KOMIOHEH O};Ta}I{)TOBOﬁ
CHMBIX TeMH PacTBOpPaMH, KOTOpble IPOCAYMBAIOTCA B Kq) taiie
30He M MPHUCYTCTBHE KOTOPHIX HEOOXOAHMO s nug ynssecmo-
| i o s e e el o

HOBBIX 30HaX psJ NPUBHO )
lz(;;fé{;gao? Mapragell, MpaI‘HI/Iﬁ U 1p.) KYJbMHHHPYIOT B IHPOKCEH-Tpa

HAaTOBOH peaKIMOHHOH 30HE.



Inasa V :
F'EOJIOTMYECKUE BBIBO I bl

BOSHHKHOBGHI/IE IIPaBHJIBHONH 30HAJbHOCTH npu MeTacoMaTuue-

CKHX 3aMeUIeHHsIX [aBHO ONMHCHIBAJOCH MHOTHMH aBTopaMu. C Ha-
Yasa 20-x roJioB Halllero CTOJIETHS 0COGEHHOe BHUMaHHe IpHBJIEKa-
/1 NpaBHJILHBIE METacOMAaTHYECKHE OTOPOYKH Ha KOHTAKTAX IerMa-
THTOB ¢ runep6asuraMmu. OHH paccMaTpHBaHCh Kak pesyabTaT 06-
MEHHBIX peaKUHii MeXKLy MerMaTHTOBOH MarMoil H GOKOBOf NIOPOLOH
[52]. IMosanee B m3BecTHOH cTaThe A. @uunaunca u I'. Tecca [68]
aHaJIOTHIHBIE OTOPOYKH OblIH GOJIee NPaBHILHO O6DbICHEHE KAK pe-
8y/IbTaT AH(P(PY3HOHHOTO B3aUMOAEHCTBHS KPHUCTAJ/IINYECKUX THIep-
04a3HTOB C KPHCTALIHYECKHMH NOJEBOIIIATOBbIMH NOpoJlaMH  TIpH
YCJIOBHH HAJIHYMA THAPOTEPMAJbHBIX PacTBOPOB, DTOT npolecc pac-
CMaTPHBAJICI HMH KaK «MeTaMopduuecKas Audpdepennuanus», He
CONPOBOK/AABIIASCS NMPUBHOCOM HJIH YHOCOM BeIeCTBA THAPOTEp-
MaJ/IbHBIMH pacTBOopaMu. Ha mpuMepe ¢uioronutoseix u JIa3ypHTO-
BLIX, @ 3aTe€M M CKapHOBBIX MECTOPOXKAEHHH MHOH GbLIa pasBuTa
Teopusi GHMeTacoMaTo3a, COTJIaCHO KOTopoit o6pasoBanne aupdy-
SHOHHBIX DEAKIHOHHBIX OTOPOYEK MeXKy NOPOAAMH NPOHCXOAHT B
YCJIOBHAX  «BIIOJIHE IIOJIBHXKHOTO». IOBeJeHHs psifia KOMIIOHEHTOB,
NPHUBHOCHMBIX HJIH YHOCHMBIX IOTOKOM THIPOTEPMAJbHBEIX PacTBO-
poB [19, 21, 23]. MHo#i 6BlTa TakKe paccMoTpeHa (PHU3HKO-XHMHUE-
CKasl cXeMa paspacTaHus AHGYYSHOHHOH OKONOTPeIIHHHONH 30HAJb-
roetd [20]. Anasiornunoe TOJKOBAaHHE 30HANBHOCTH OKOJIOKHUJIbHO-
I'G H3MeHeHHsI OblIo pa3Buto Takke P. Cefinc u U. Meiiep [70].

Bo Bcex ymomsiHyTHIX paGorax NPHHUMAJIOCh OJHOBpPEMEHHOe
paspacTaHne HECKOJbKHX MeTacoMaTHYeCKHX 30H. OIHAKO BIJIOTH
A0 HEaBHEro BPEMEHH TaKoe TOJKOBaHHe LIJIO B pa3pe3 ¢ MHEHHEM
OOJIBIIMHCTBA aBTOPOB, NPUHHMABIIKX, YTO MeTACOMATHUECKHE 30-
HBI Pa3HOro cocTaBa 06pa3oBasHCh He OJXHOBDEMEHHO, 4 MOJ BO3-
AEHCTBHEM DAa3JMHYHBIX IOCTENOBATENbHO CMEHABIIHX JApyr Jpyra
PacTBOPOB PAa3HOrO HCXOAHOIO COCTaBa, HO CJeLOBABUIMX IO TEM IKe
TpeulnHaM (runoTesa «mysbcauun»). Takoro poja IyJIbCallUOHHBIE
PE/CTaB/ICHHs] Pa3BHBAJIACh, HANPHMeEp, B H3BECTHOH MOHOTpaduu
T. JlaBpuura [66].

CMeHa BO3/IEHCTBYIOIHX PacTBOPOB B OTAeNbHBIX caydasx, Ko-
HEYHO, MOxKeT HMeTb MecTo. Ho cymecTBenHo To, 4To, Kak MOKa3kl-
BA€T TEOPHS METAaCOMaTHYECKOH 30HAJbHOCTH, B oOuIeM cJaydae
B3aUMO/ICHCTBHSI THAPOTEPMAJbHBIX PacTBOPOB C TOPHBIMH MOPOJa-
MH JOJIZKHO IIPOMCXOJAHTb OJAHOBPEMEHHOE pa3pacTaHHE HeCKOJbKHX
METaCOMAaTHYECKHX 30H. JTO AeHCTBHTENLHO Kak AJs AU (DY3HOH-
HBIX, TaK H [/ HHQUIBTPALHOHHBIX MPOLECCOB.
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HurepecHbiM BBIBOLOM M3 TEOPHH SIBJISAETCS TeHIEHLHs K obpa-
BOBAHHIO PE3KHUX (POHTOB 3aMellleHHs, HA KaXKJIOM M3 KOTOPBIX OJHH
H3 MHHEPAaJIOB IOPOJBI MOJNHOCTBIO 3aMellaeTcsi. DTOT BBIBOJ aBTO-
pa mepBOHAYaJbHO IIOJIBEpPraJics BeCbMa pe3KOH KPUTHKE H JdaxKe
paccMaTpHBaJICs KaK HeJeNbid, JOrHYeCKH HEeBO3MOXKHBIH. - Mexay
TeM TaKHe pes3kHe QPOHTHI 3aMelleHHs JeHCTBUTEIbHO 4acTo HabJio-
JlaloTCss B MeTacOMaTHUeCKHMX IMOpPOJaX H paHee paccMaTpPUBAJUCh
KaK JI0KasaTe/JbCTBO HaJ/HYHMs HECKOJbKHX CTaJMH MeTacoMarosa,
pasesieHHBIX IEePepHIBOM BO BPEMEHH M MOCTYIJIEeHHEeM HOBBHIX pac-
TBOPOB. BMecTe ¢ TeM pe3KocTb (POHTOB 3aMEIIEHHSI YaCTO CMST-
YaeTcs BJHSHHEM HepaBHOMEPHOH MOPHCTOCTH HJHM NOBEPXHOCTHOMH
SHEPTHM KPHCTAJJIOB, KOTZa OKO0JIO (DPOHTA 3aMelleHHsI COXPaHSAIT- |
Csl PeJIHKTHl He3aMelleHHBIX MHHepaJsoB HJau (mpu mpeobJajaromieM
MOJIHOM 3aMelleHHH MeJKHX KPHCTaJ/JIOB MHHepasja) HapacTaloT
oT/JeJibHBIe 60Jiee KPYIHBIE U COBEpIUIEHHbIE KPUCTAJJIBLI TOTO XK€ MH-
Hepasna. MHQUIbTpaLMOHHEII MeTacoMaTo3 NMPH HaJHYHH TeMIlepa-
TYPHOTO TpajiueHTa, KpoMe o0pa3oBaHHs Pe3KUX (POHTOB 3aMelle-
HHsI, MOXKET BBIpaKaTbCd TaKiKe B IOCTEIEHHOM H3MEHEHHH KOJIH-
YeCTBeHHBIX COOTHOLIEHUH MHHEpaJIOB. ; y54

Teopernueckuit BBIBOJ O MOCTOSIHCTBE COCTaBa HHGHJIBTPALHOH-
HBIX H XHQQY3HOHHBIX 30H NPH HX Pa3PacTaHHH BIOJHE COOTBETCT-
ByeT Ha0J/1l0flaeMOMY B IIPHPOJE OTCYTCTBHIO 3aBHCHMOCTH COCTaBa
METacOMaTHYECKHX 30H OT MOLIHOCTH MNPOSIBJIEHHS MeTacoMaTo3a.
Hcknouennem sABIAIOTCS  HEKOTOpble CJAydad GHMeTacoMaTo3a ¢
IPOTPECCHBHOM JIeCH/IMKalUHell MOJeBOMINAaTOBbIX NOPOJI, pearHpylo-
KX ¢ runep6asuTaMu HJIH KapOOHATHBIMH mopoiaMu. [Tox mecuin-
Kalueil MOHMMAaeTcsl NMOBBIIEHHE OTHOLIECHHS COAEPKAHHS TJIHHO3E-
Ma K KpeMHeseMy 10 Mepe paspacTaHusi Au(pysnoHHBIX 30H. [Ipo-
IpeCCHBHAs JIECHJIHKALHUsl JOJKHAa HACTYIIMTh, €CJH II0JeBOIINAaTO-
Basl OPOJa HaXOJHUTCS BO BHYTPEHHEH CTOPOHE M30THYTOrO KOHTAaK-
Ta (T. €. CO CTOPOHBI LEHTPa KPHBH3HBI), KAK GbLJIO MOKa3aHO BHI-
e. AHaJIOTHYHBIE YCJOBHS HACTYNalOT, €CJH MCXO/JHAs IOJEBOINa-
TOBas IOPOAA H3pacxoldyercs paHee, ueM THIep6a3uTOBass HJIH
KapOoHaTHAsl, HJIH K€ eCJIH 3TO yCTPaHeHHe HCXOMHOH IOJeBOIINa-
TOBOH NOPOJBI BbI3BAHO €€ HepaBHOMEPHOH IOPHCTOCTHIO M TPellH-
HOBaTOCTbIO. IIpH HMHOHUIBTPALMOHHOM MeTacoMaTo3e HeT OCHOBa-
HHH sl IPOTPECCHBHEIX M3MEHEHHil COCTaBa pa3pacTaloIUXCs 30H,
€C/IH TOJbKO BJIHSHHE I'DaJHEHTOB TeMIepaTyPhl H JaBJEHHS HeCys
I1eCTBEHHO.

Bazxueiium CBOHCTBOM MeTacOMaTHYECKHX NPOLECCOB sIBJSETCS
TEHAEHLHS K YMEHBIUIEHHIO UYHCJA COCYLIECTBYIOUHX MHHEpPaJoB.
OtzenbHble 3aMelleHHsi C BO3PaCTaHHEM YHCJIa MHHEPAJOB TOXKe
BO3MOZKHBI, HO OCHOBHO# yepTOil 3aMellleHUs SIBJSIETCs Mepexo/ KOM-
NIOHEHTOB B IIOJIBUXKHOE COCTOSIHHE C COOTBETCTBYIOUIMM yMeHblile-
HHEM YHCjla COCYUIECTBYIOUIMX MHHEpPAJIOB BIIOTb [0 MOHOMHHE-

paJbHOH IOPOJbl KaK OKOHUATEJbHOTO NMPOAYKTa BO3AEHCTBHS pac-
TBOpPa IIPOM3BOJIBHOTO cocTaBa. Eciau 3aMelllenne He TOXOAHT 10
KOHIIa U B moCJeAHeH (TBIOBOH) 30He ocraercs 6oJee OJXHOTO OJHO-
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~ BPEMEHHOI'O MHHepaJla, TO KOJINYE€CTBEHHOE COOTHOIIEHHEe MexXKIy

STHMH MHHEpaJaMH 3aBHCHT OT COOTHOIIEHHS ONPENENCHHBIX HAH-
6oJlee MHEPTHBIX KOMIIOHEHTOB HCXOHON 3aMelleHHOf NOPOJIEL

OTH 0COGEHHOCTH HMEIOT BaXKHOE 3HAYECHHs st OTJIMYHUST MeTa-
COMaTHYeCKHX 00pasoBaHHii OT MarMaTHYECKHX H MeTaMop(uue-
CKHX. Il MarMaTHYEeCKHX TIOPOJX XapakTepHa O/[HOBpeMeHHasl KpH-
CTaJlIN3allisl HECKOJBKHX MHHEPAJIOB, KOJHYECTBEHHOE COOTHOLIe-
HHE KOTOPBIX ONpeesgeTcss KOTeKTHYECKUMH H 3BTEeKTHUECKHMH CO-
CTaBaMH MAarmbl, BCJIE/CTBHE Yero MM CBOHCTBEH G6oJiee HJIH MEHee
OZIHOPOJIHBIA KOJIHUECTBEeHHbIH MHHepasbHBli cocTaB. Tak, npu rpa-
HHUTH3ALHA PA3/JHYHBIX MOPOJ BO3HHKAIOT TPAHHTH JOBOJBHO MOCTO-
FAAHHOTO KOJIHYECTBEHHOrO MHHEPAJbHOTO COCTaBa, KOTOPHI He MoO-
JKeT OHITh OOBbSICHEH HacJel0BaHHEM CO/lep:KaHUH Haubosee HHEPT-
HBIX KOMINIOHEHTOB IIPH METacOMaTHYECKOM 3aMEIIeHHH HCXOMHBIX
nopoi. OTciofla BHAHA OWIHMGOYHOCTH NPEICTABACHHI TpaHchopMu-
CTOB O MeTacoMaTHYeCKOM IPOMCXOXK/JEHHH TPaHHTOB. BMecre ¢
TEM TpaHHTH3aUNs, HECOMHEHHO, SBJSETCS 3aMelLleHHeM, PH KOTO-
POM HaCTHUHO COXpaHAIOTCs Haubosiee rpyGEe YepTH TeKCTYPH rpa-
HUTH3HPOBAHHBIX MOPoA. OTCIOfa BO3HHKIO NpejACTaBJeHHE O rpa-
HHTH3aUHH KaK MarMaTHYECKOM 3aMeIleHHH NOJ BJAHSHHEM MOTOKOB
BOCXOASIIHX «TPAaHCMarMaTHYeCKHX» HJH <«CKBO3bMAarMaTHUECKHX>
pactBopoB [30].

Teopusi naerT Bo3aMOKHOCTB ycTaHOBHTDH KDHTEPHH pa3JHuUs
AB(GOYSHOHHBIX H HHOUABTPAUHOHHBIX METacoMaTHYECKHX obpaso-
BaHui. HanGosee BaXKHBIM NMPH3HAKOM SIBJSIeTCS MOBHIICHHE AK-
THBHOCTH TPHBHOCHMBIX KOMIIOHEHTOB B XOJ€ MeTacoMaTro3a, BO3-
MOZKHO€ TOJIbKO NpH HH(DHIBTPANHOHHOM, HO He npu aupysuon-
HOM MeTacoMmarose. Ocoboe 3HaueHHe HMeeT B3aHMHOE yCHJIeHHE
AKTHBHOCTH OCHOBAHHH B CHJIy KHCJOTHO-OCHOBHOTO B3aMMOJEHCT-
BHs B pactBope [34]. IIpu BTekaHuu pacTBOpoB B HOPOJBI OCHOBHO-
ro cocraBa (kapGoHaTHBIe, PHIEPGA3UTHI U NIP.) B HHUX YCHJIUBAETCS
AKTHBHOCTb BCEX OCHOBAHHH, 4TO MOXKET IPHBECTH K OCAXKACHHIO
PYAHBIX MHHEPAJIOB M K MOBBIIIEHHUIO aKTHBHOCTH IIEJOUYHBIX METaJI-
70B. Beaenctsue sHaunTespHOM MudQY3HOHHON cMOCOGHOCTH ie-
JIGYHBIX METAJIOB (KaJIHs, 1aTPUsi) BOKPYI Y4AaCTKOB OCHOBHBIX IO-
POX, TOABEpPraioUHXCcs HHYUIBTPAIHOHHOMY 3aMelleHHIO, BO3HHKA-
fOT OpeOJIBl MOBBILIEHHOH <«OTDPaKEHHOH WIeN0YHOCTH». [IpuMeps Ta-
KOTo polla WIHPOKO pacnpocTpaHensl. Tak, Nnpu nponHaHTH3aLHH,
NpH KOTOPO# KaJiMeBEIe IOJIeBble WNAThl Ha GOJBIINX MJOMIALSX
MOJBEPraioTCs aJb0HTH3ALUH, OKOJO H3BECTHSKOB OCTAeTCs YCTOM-
QHBBIM KaJMeBblil moyieBoi wnat. Ilpn pernoHaJbHOM MeTaMOp(u3-
Me B KOHTaKTaX JI0JIOMHTOB HepelKo 06pasyloTcsl LIeJ0UHble aM(H-
60JIbl B MHPOKCEHBI, Jaxke HedeJHH H APYTHE LIeJ0UHbe MHHEpaJIbl,
TOTla KaK B OKPYXKaIOIIHUX THeHCaxX M cJaHIaX Pa3BHBAIOTCSI acco-
[HalKHyl HOPMaJIbHO¥ LIeJIOYHOCTH. B CBSI3M ¢ mMOBBbILIeHHEM IIeJ0Y-
HOCTH B TaKHX CJyyasix NOBHIIIAETCS TaKKe aKTHBHOCTb KHCJIOPO-
Aa. HaoGopor, npu MeTaMopduaMe IKeCHHIHTOB MOBHIIEHHOE CO-
A€piKaHHe B HHX KHC/IOpoJa (0cBOGOXKIaeMOro NpH NpeBpalleHHH
FeéMaTHTa B MarHETHT) NPHBOAMT K IOBBIIEHHIO LIEJOYHOCTH pac-
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“TBOPOB C Pa3BUTHEM B 30HaX MHQUIBTPALHH PacTBOPOB IIEJOYHBIX
-aMpu60os0B 1 nupokceHoB [38]. DTH c/ayuaum NOBBIIEHHS AKTHBHO-
‘CTH KOMIIOHEHTOB MPOSABJAIOTCS TOJIbKO B 30HAaX 6oJiee HHTEHCHBHOI
UHPKYJ/IAIHH TOPOBBIX PAcTBOPOB M HEBO3MQKHBI IPH AH(PPY3HOH-
HBIX Tpoleccax, Tak Kak AH(P(Dy3us BeleT K BLIDABHHBAHHIO aKTHB-

HOCTH KOMIIOHeHTOB. [IImpokoe pacnmpocTpaHeHHe Takoro poja sib-

JIeHHI TpH MeTaMopdusaMe J0Ka3blBaeT HHGHIbTPALMOHHLIA €ro
xapakTep. BbickasbiBalonliecsi BpeMsi OT BpeMeHH Ipe/CTaBJAeHHS O
A dysHoHHOM XapakTepe MeTaMopdu3Ma M O JAaJbHell AHDDY3H-
OHHOH MHUTpalli¥ KOMIIOHEHTOB B 3eMHOH Kope, 06e3yCJOBHO, OUIH-
OOUHBI.

JlpyrumM npH3HAaKOM pa3JiHuHsl SIBJSETCsl BecbMa OTpaHMYEHHAS
WK Ja)kKe Hcyesaollas NepeMeHHOCTh COCTaBa MHHEPaJoB B HH-

-(i)PIJIpraLlI/IOHHbIX ME€TaCOMaTHYECKHX KOJIOHKax NPH IOJHOM MpO-

SIBJICHHH IIEPEMEHHOCTH COCTaBa MHHepaJoB B Au(GOY3HOHHBIX KO-
Jionkax. Tak, HanmpuMep, B pa3pe3ax OHMeTacOMAaTHYECKHX CKapHO-
BbIX 30H COCTaBbl MHPOKCEHAa M I'paHaTa MOTYT IOCTEIEHHO H3Me-
HATbCA OT JHOICH/A M I'poccyspa B SHAOCKAapHAaxX /0 caJuTa u aH[-
pajauTa B 3K30CKapHaXx, TOrZa Kak B HH(GUIbTPALUOHHBIX CKaPHOBHIX
Tpy6ax COCTaBH NMHPOKCEHa H rpaHaTa OTJIHYAIOTCST 3HAYHTEJbHBIM
MOCTOSTHCTBOM,

SIBJIeHHSI TPOTPECCHBHON JeCHAMKALMH CBOHCTBEHHB TOJBKO
AH(PY3HOHHBIM MpoOLECCaM.

BceaenctBre GHICTPOro yMeHbIUEHHS CKOPOCTH audpdysun ¢ pac-
CTOSIHHEM TPaJHEHTHl TEMIIEPATypPEl HE MOTYT HMeTh CYIeCTBEHHOTO
SHAYeHHs TNpH AU(QY3HOHHBIX NpoueccaX, a rpajHeHTH AaBJICHUS
MOTyT HMETb JIHIIb MECTHOE 3HaueHHe NpHU AHu(GPY3HOHHOM MeXaHH3-
Me BhIpaBHHBAHHS HEPAaBHOMEDHBIX TEKTOHHUECKHX HalNpSizKeHHH B
noposax. Ho npn uHQuIBTPauHOHHBIX NpoOlEccax, NOCKOJIBKY OHH
PacmpocTpaHAloTCst Ha OOJbLIHE PaccTOSHHA, TPaJHEHTH TeMmepa-
TYPHl U AaBJIEHHS, KOHEYHO, HMEIOT OueHb G0JiblIoe 3HaueHHe. C HHU-
MH, HECOMHEHHO, CBsi3aHa BepTHKaJbHas 30HAJbHOCThL IOCJIeMarMa-
THYECKHX MeTacoOMaTHYECKHX IIPOLECCOB.

3akoHOMepHasl CMeHa sIBJEHHH KHCJIOTHOTO BbIlleJaYdBaHKs
(Hanpumep, rpefiseHH3alHH) OKOJO KOHTAKTOB I'PAHHTOH/IHBIX MacC-
CHBOB mpeo6Jia/lalolluM OCaXK/1eHHEM OCHOBAaHMH Ha yHaJeHHH OT
HHX HaBOJAHT Ha MbIC/b, YTO C NOHHKEHHEM TeMIIepaTyphl KHCJOT-
HOCTpb IOC/JIeMarMaTHYeCKHX PacTBOPOB CHayaJsa IOBHIIAETCS, a IO-
ToM noHuxaercs [32]. OnHako Takoe oObsICHEHHE He SIBJISETCS J0-
CTaTOYHBIM, TaK KakK CMeHa KHCJOTHOTO BHIIIEJAYUBAHUSA OCaKJle-
HHEM OCHOBAHHH He NPHypOYeHa K KaKOH-1u60 H30TepMe, a IPOsiB-
JISI€TCSl BJIOJIb MOYTH BCEH KOJOHHBI BOCXOJSIIMX IIOCJeMarMaTude-
CKHX pacTBOpoB. Bojiee nosnoe o6bsicHeHHe faeT THIOTe3a «ONepe-
JKalollel BOJIHBI KHCJIOTHOCTH», H3JIOXKEeHHass B 3Toi pabGore. OmHa
00BsICHACT TaKKe SIBJEHHE THAPOTEPMAJbHOR KHCJIOTHO-OCHOBHOM
Audpdepernuanun» ¢ MOOHIH3alMeH METaJ/OB, PaCCesiHHBIX B TOP-
HBIX TMOPO/lax Ha MyTH NPOCAYMBAHHS PACTBOPOB, H C HX KOHLUEHTPH-
POBaHHBIM OCaXK/IeHHEM B JKH/JIaX H BO3HHKHOBEHHEM B OJHHX CJy-
4asgX «OpeoJsiOB pacCessHHSA» OKOJIO PYAHBIX TeJ (NMPEeHMYIIECTBEHHO B
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~—TeJleTepManbHONH 06/1acTH), a B JAPYTHX — <OPEOJIOB BhILeJaunBa-
Husl» (OPEHMYIIECTBEHHO B NMPHUKOHTAKTOBHIX 30HAX aKTHBHBIX Mac-
CHBOB).

O6pasoBaHHeu BOJIHBl KHCJIOTHOCTH HENOCPEeACTBEHHO CBS3aHO C
KpUCTaJIu3alnneii MarMbl. B mporpeccuBHyio cralnio MeTaMopdus-
Ma TpPOsIBJeHHS] KaKOH-TH60 BOJHBI KHCJIOTHBIX KOMIIOHEHTOB He Ha-
6monaiorcs. [TosToMy mposBIE€HHST BOJHBI KHCJIOTHOCTH MOTYT pac-
CMaTpPHBATbCSl KaK J0Ka3aTeJbCTBA CBSI3H COOTBETCTBYIOLUIMX IIPO-
LecCoB ¢ MarMaTHYeCKHMH IlpolleccaMH. BeposiTHO, 3TOT KpuTepHi
MOXeT GbITb HCNIONB30BAH JIIs PA3NHYEHHS MHHEDAJbHBIX MeCTO-
POXKJEHHUH: ¢ OJHOH CTOPOHBI — MarMaTOTeHHBIX, ¢ Apyroil — o6pa-
30BaHHBIX LUPKYJSUHEHl MOJA3eMHBIX BoJ 0e3 ydyacTHsi MarMaTHue-
CKHX MPOIECCOB.
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