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BBE/IEHHE

Kprcraminueckne memecrsa, ofnapaomue Cnoco6GHOCTLIO OGMeHHBaTLCH
H30MOPOHEIMH HOHAMH C XHAKMMH K ra3’000pasHBIME 3K TPOMUTaMH (pac-
TBOpaMi, paciyiaBami, HafKpHTHHYecKMMHM (qIonpamu) Gea Pa3pylleHnst KpH-
cTamyeckoi CTPYKTYPBI, 06pa3yioT oSWHMpHyio rpymmy HeopraHHyecKux
HOHOOOMEHHBIX MATEepHANOB, HAEeUHX WIMPOKOe NpHMEHEHHe B HAPOJHOM
xoagficree CCCP. Ciopa Bxomut # Gombiuoe wmeno AOCTATOYHO WHPOKO
PACNPOCTpAHEHHbIX B Mpupofe MuHepanos. [losTomy CHCTEeMATHYeCKOe H3y-
HYeHHe HOHOOOMEHHEBIX CBOHCTR MHHEpAa/IoB NepeMeHHOr'o CocTaBa HMeeT npak-
THYECKOe 3HaueHHe W Gonbwol reomornueckuii HHTepec,

lereporenusie cucremsr Thma: MHHEepall MepeMeHHOr'O COCTAaBa — KH[-—
KocTh (ras) mmeior Baxuoe NeTporeneTuyeckoe 3uavenne. [leficreurennHo,
TaKHe NMpOLecCHl, KaK IpaHHTH3AUHSA, KPHCTANH3AMHS MarMaTHyecKHX paci-
fl8BOB, pervoHanbHbI MeTaMOppH3M, METACOMATH3M, & TaKke NpoLEeCcCH
PHNIepreHesa, KaKk MPaBWIO, NMPOHCXOAST B NPHCYTCTBHU HUAKOH HIH raszo-—
obpastoit passl, PaGoramu [1.C. Kopxunckoro, B,C, CoSonera, A.A. Mapa-
Kywesa, U.[l. PaGunkoBa u ocofenno nocieanmmu uccnenopanusamu J1J1, [ep-
HyKa IOKa3aHO BaXHOEe 3HAYCHHE HIYYCHHS. NPHPOOHBIX MMapareHe3HCcoB
MHHepasos nepeMeHHOro cocrapa. [lpu aToM Ans KommyecTsenof OLIEHKH
busuko-xumuyeckux yC/ioBHil MiHEpanooGpa3oBaHA HeoBXOMNMO pacrosna-
FaTh COOTBETCTBYIOWHMMH SKCNEPHMEHTANLHEIME NAHHBIMI, Onxako ocHob-
Hag Macca 2KCNepHMeHTOB OTHOCHTCH K T'eTepOoreHHBIM CHCTeMaM C MHHe-—
Panamu MocToSHHOrO cocrasa,

Hamu ocroBroe BHHMamme 6puto ofpameHo Ha USYYeHHe HOHOOBMEHHEIX
Peakunit ¢ ysacTuem MHHepaNOB INepeMeHHOro cocTapa B THAPOTePMAbHEIX
M HapKpUTHYECKHX ycnoBasx. [lps aToM yuurThBamuch COBpeMeHHEIe Mpef-
CTaBlleHus O (U3HKO-XHMHYECKHX NapaMeTpax NpOTeKAaHHsi SHAOIeHHBIX Ipo-
lleccos mmHepanooGpasoBanus, passupaempie B,U. CwmupuoBemv, JI,H, Opunn-
HukoBeiM, A.U. Tyrapusosem, B.B. WlepGuno#, ®.K. Wunynuusmm, H.II, Ep-
MaxopbiM, A.A, Beycom, B.A, X.apukossmM, [.J1, Iocnenopsm u ap. Hayue-
HHE HOHOOGMEHHBIX CBOWCTB MHHepanosB B HAKPHTHYECKHX M CHAPOTEepMAallb—
HBIX YC/IOBHSIX B METOAMYECKOM OTHOWEHHH BLu1o NOArOTOBNIEHO JKCIEpH-
MEHTANLHLIMA HCCIeOBaHHAMYU TIpH BBICOKHX TeMIlepaTypax H [aBleHHsX,
MONyYNBWAMYU B NOC/IEAHHE T'OABl [AOCTATOYHO IWIHPOKOe pa3BuTHe y HaAcC B
CTpane Gnaropaps paBoram H.U, Xurapoea, H.A. OcTpoeckoro, ¢.B, Cri-
PoMsaTHuKOBE, A.A, llitepn6epra, W.Il. Upaxosa u ap. [deranvhele xpucram—
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IOXHMHYECKHe H MHHepalora4yeckue pabotel H.B. Benopa, T.Il. Bapcanopa,
AM, Tuna6ypra, A.C. [lopapenHbix, B.A. Ppank-Kamenenxoro, .M. Bophae-
man-Crapsikesnd, M.[l. [loppmana, A.C. Mapbyuuna, E.M. Cemenona,
J/1.C. Bopopuna, 10.A. [laTeHKo u APYrHX MO3BOJIANE CBA3aTh HOHOOOMEHHbIe
cBOHCTBA C OCOBEHHOCTAMM KPHCTANTMHECKOro CTPOSHHMS MHHEpa/ioBp nepe-
MEHHOr'0 cocTapa, B 9TOM HamnpapleHMH Hapsany PEHTTe€HOBCKHMHM MEeTO-
pamu Bce Golnbllee 3HaveHHe nproBpeTaioT COBPEMEHHELIe buanyeckue Mme-
ronbl MAYHEHHS MHHEPA/IOB NePeMEHHOTO COCTaBa (Bapunckuit # ap., 1968;
Maptynun, 1967). [ns noHEMAaHHS KHHETHKH MOHHOIO o6MeHa MHOro HMHTEe-
pecHoro MOMeT [aTh SNeKTPOHHO~MIKPOCKONUIECKOe H3YHeHHe NPOAYKTOB
peaxunit (Jlykpanosud, 1963 ). KpoMe Toro, BaXXHoe 3HaueHHe NpH SKCrepr-
MEHTA/IbHOM H3Y4eHHK HOHOOGMEHHBIX paBHOBE CHil npuobpeTaloT COBpeMeHHbIE
MACCOBBIE H BHICOKOTOYHbIE (USHKO-XMMHYECKHE METOMb! aHATM3A MPOAYKTOB
peakumit.

llinpokoe MCHONBL3OBaHKE MHHEPATOB IepeMeHHOro COCTaBa B KauecTBe
BBICOKOCEIeKTHBHEIX HOHHTOB, yCTONYMBEIX K TEepMHU4YeCKHM BoapefcTBHAM
H PAAMOAKTHBHOMY H3IIYHGHIHIO (Ambrerr, 1966), a Takxe BaxHas Poilb
MOHOOGMEHHEIX peaKiuit TpH THApPOMEeTanIypruiecKoM N3BIeYeHn Tojes—
HBIX KOMIIOHEHTOB H3 DPYAHBIX KOHUEHTPATOR (Mnaxcan, Tarapy, 1964;
Mmowes, 1969) noaponser NOBOPATL O BAXKHOM TeXHONOrHYeCKOM 3Ha4YeHHH
HOHHOTO OGMeHa,

TaxoBsl OCHOBHBIE MPEANOCHLUIKH, ONMpefe/HBluMe Haul AHTEpec K IKCIEe=
PHMEHTAILHOMY H3YUEeHHIO HOHOOBMEHHBIX CBOMCTB MHHEpa/ioB M TéM CTO=
ponam 2Toit npobnembl, KOTOPHIM B panpHefweM GBUIO YAEIEHO ocoboe
BHHMAHHE, '

OBUIME MPEACTABJ/IEHWA OB WOHOOBMEHHBIX CBOHCTBAX
MUHEPAJIOB [MTEPEMEHHOIO COCTABA

Onpepenenue MOHATHS “HOHHBIHA ofMeH” TpPHMEHHTENBLHO K Heopranpiec—

| MOHMTAM TPUBOATCHA B paiorax uenoro psiia aBTOpOB ( Barrer,

1962; Tennpepux, 1962, 1968; Marepopa  ap., 1965; Amdmerr,

). Bece onu paccmaTpuBaioT MOHHBI OOMEH Kax crnocoGHOCTH

30 TBeppoit paskl o6MeHHBATLCH HOHAMH C WUAKAME HIIH Taso-—
T1eK’ aTaMu, Ge3a paspylleHHss HCXOAHOT'O HOHHTA, B noHHOM

BaTk b0 uaomopbube, THGO copGupoBaHHbIe HOHBL.
HeOprasMyecKux HOHHTOB, B TOM 4HUCIE H noHoo6-

HauGonbumil MHTepec NMpeacTaBAseT OGMEH A3OMOPHHBIX

sfieM u GymeT yneneHO OCHOBHOe BHHMAaHHe,

ARHAMAYECKOM OTHOLIEHAH feapa3nnyHO KakuM

O MeXaHW3MAa QOCTHIaloTCsi PaBHOBECHBIE COOTHO-
MEHHOT'O cocTapa U pacTBopaMy# B paccMar-

' Onnako ocofennocTi TojomeHus of-

| CTPYKTYpe MMHEpAIOB NepeMeHHOr'o Coc-

PAAMKANOB MCXOMHLIX MHMHEDAIOB HA BCEX
> KHHeTHyecKkne oCofeHHOCTH, BbIpaxeH—

CKOPOCTAX HOHOOOMEHHEIX peaxuuit,




3acTapNfAoT OTBOAUTH HOHOOOMEHHOMY MEXaHH3MY YCTAHOBIEHHS PABHOBE-
CHfl B&XHOE MECTO B NMPHPOAHBLIX Npoleccax MHHepanooSpadopanus., Kpome
Toro, GoNblMe CKOPOCTH HOHOOGMEeHHEIX peaxuuit GnaronpuaTCTBYIOT H3Y-
YEeHHI0 MOHOOOMEHHEBIX paBHOBecHl B 71a60paTOPHLIX YCIIOBHAX,

BenuunHoit, xapaxkTepuayomeii noHoo6MeHHble CBOHCTBA MHHepajos, gp-
asiercs ofMeHHAs eMKOCTb, ONpefeseMas KOMHYECTBOM OBMEHHEX HOHOB,
BLIDAKEHHBIM B MI'-3KB,, NPUXOAAUMXCH Ha I'paMM MuHepana. MakcHmanms-
Hag OOMEHHAS eMKOCTb COOTBETCTBYET NOJHOMY H3OMOPGHOMY 3aMemeHNo
OfHOI'C HOHA Ha ApYro#l B oNpefeleHHON KpHCTANTOXHMHYECKOH TIO3HULIAY ,
BO3MOXHOMY MpH [&HHBIX yCloBHSX. B Tex cnyyaax, xorpma maxcumanbuas
o6MeHHAR eMKOCTh He [OCTHI'aeTCs, CTelleHb oBMeHa MOXeT GbIThb BEIpa-
KEeHa B HOHHBIX MPOUEeHTAax.,

XapakTep pacnpepenesHus oGMeHHBAIOWUXCH HOHOB Mex [y MHHepajioM H
PacTBOPOM OGBIMHO ONpefieNseTcs 3aKOHOM [AeHCTBYIOMMX Macc M B ofmem
ClyHae 3ABHCHT Kax OT CBOWCTB KpHCTamIMyeckoll basbl u pacTeopa, Tak
H OT BHEUWHHX ycnoeu#t (B NepByw oyepeab oT Temneparyprt). Koncranra
HOHOOGMEHHOI'O PaBHOBECHS! ONpefensieT H3GHPATENLHOCTE MHHepana [0
OTHOWEHHIO K HOHAM, Y4aCTBYIOWUM B o6MeHHOH peakuun, Pasnuupasg uaGu—
PAT&/IEHOCTE MO OTHOWEHHIO K HOHAM pPAa3HOT'o Bipa oByClIOBINBAET CNOCOG—
HOCTE MHHEPaNbHLIX HOHHTOB H3BlE€KATh H3 PACTBOPOB ONpefiefleHHbIE HOHDI
OCo6biM BHAOM H3GHPATENLHOCTH SBIFETCH curoBsilt apbexT, obycnosnen-
HBIfl MECTKHMU TpefGoBaHHAMM K pasMepaMm HOHOB, YYACTBYIOUMX B HOHOOG-
MEHHBIX HU30MOpPPHBIX 3amemenusx. [lpumepom momer CIYXHTL pa3pelleHne
Kanusa 0 Ueads Ha KPACTalax J1a3ypuTa 3a CYeT TOrO, MTO KPYMHBI HOH
UeSHS COBEpUIEHHO He CNOCOGeH BXOAMTb B KPHCTALTHYECKYIO PelleTKY STO-
ro munepana (Barrer, 1958), Kpome Toro, nomemenuse MeXAy AByMs
PAcTBOpaMil pPA3HOI'0 COCTABA MHUHEp&bHLIC MOHATHI NMPOMBISIOT CBolCTBA
NONyNpoHHIIaeMbIX MemGpaH,

B ofmeii rpynne smnenuft, mponcxopAwMx B CHCTEMax THIA KpHCTANIH~
qeckas ¢asa - BOMHEN PACTBOp SMEKTPONATA, MOXET GbITh BblOENeH psf
CaMocToATeNbHbIX Npoueccos, Ecnm He kacareca apienmit pacTBoperus u
PEAKUHOHHOrO pPAa3/IOKEHHs, TO HapAny C HOHHLIM OGMEHOM B TAKHX CHCTe-
Max Moryr HabmopaThbcs saBneHHs (U3MYecKol K MoONexynsapHo#t copbuum.
Puanueckas copbuna nposeagercs B KOHLUEHTpalMH HOHOB ONpefe/leHHOr o
SHaKa, ConepKallMXcs B pacTBOpe, Ha 3apsikeHHON NoBepxHocTH TBepAbIX
Ten, fpneHus, OTHOCHMBIE K MOJIeKyNFpHON copGunu, CBA3AHBI C NPOHHKHO-
BEeHHEeM pacTBOPOB S/1EKTPOMHTOB H MONEKY/IAPHBIX MHAKOCTeld B cBOGOmHBIE
NOMOCTH KPUCTANNIMYECKO! CTPYKTYph! MHHepanoB. Ciofa MOXET GEITH OTHe—
CeHa copOuMsi OpraHMyecKHX XHAKOCTEH LEeOMUTAMH M INIMHHCTBIMH MHHepa-
flami, a Takxe gpleHHe, BBIPDAXEHHOe B ONHOBPEMEHHON M SKBHBAICHTHON
COpOUNH KATHOHOB M AHHOHOB M3 PACTBODPOB SNEeKTPOJINTOB, XapakTepHoe
Alle HEeKOTOPhIX MHHepalIbHBIX HOHHTOR, O6meli 0CO6eHHOCTBIO STUX COpP6UHOH=
HBIX gBJIeHNl CITYKUT BecbMa cllabas CBS3k C TBepHoH baszoit copbupopanHEIx
KOMIIOHEHTOB, KOTOpPble MOI'YT GbITE yHaneHbl KpATKOBPEMEHHbIM TMPOMBIBAHH~
M Wi yleTyMHBAIOTCH NPH NpOKanuBanui, B ornuume oT copbunonubix TIPO=
Leccop, SB/IAIOWMXCS Pe3yILTATOM ClaGOro BaauModelCTBHS copBupyeMbIx
KOMIIOHEHTOB C TBepao# $paaolt, HOHHEI 06MeH OGCY/IOBNeH BXOXISHHEM O6MeH—
HBIX MOHOB B KPHCTAINIMYECKyio CTPYKTYPY MUHEpAa/ia HA MecTo HOHOB, Ne-
pexopawmux B pacTeop. ;
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BaaiMOOTHOWEHHS MEKIY COGCTBEHHO HOHHBIM OGMEHOM H APYIHMH copb-
JMOHHBIMH SB/ICHMSMHM B 3HAYHTEILHON Mepe ONpefensioTCs OCODeHHOCTSi-
Mi KPHCTA/NIHYECKOH CTPYKTYyphi MiHepaion. [Lis GOMbUKMHCTBA MUHEpanos
¢ pocraTouHo “sakpeiToit” cTpykTypoll siBnienus (usuueckolt n Monexy-
ngpHON CopBUMN He3HAYNTEeNbHbl, & WIS OAHOBAIEHTHBEIX KATHOHOB npexeb-
PEKIMO Malbl, 30ech HOHOOGMEHHbIH H3oMopPHU3M NpOSB/IAETCHS B HYHCTOM
pige. Y MHHEpaloB IpYNNbl UEOTATOB HApSAY C MOHHBIM OGMEHOM Gonb-
oG SHAYeHHe MMeeT COpOUMS MOJIeKy/l OpraHHYeCKHX XHAKocTell # ralos,
pXOOSIMX B CBOGOAHBIE TMOMOCTH M KaHalbl AM0MOKPeMHEKHCIIOPOAHOIO
kapkaca, Y psfa MHCTOBBIX CHIMKATOB OTHET/IHBO MpOsB/IeHa apncopbuHoH-
asi CHOCOGHOCTb. B NepByi ouepefb 3TO OTHOCHTCS K MNIMHHCTBIM MHHE-
panam, s KOTOPBIX HapSAY C HOHHBIM OGMEHOM MEeXCMOeBbIX KATHOHOB H
AHNOHOB XapakTeped OOMeH HOHOB, COPOGHPOBAHHBIX H& KPaeBbiX MOBEpX—
HOCTSIX KpucTannoe, Kpome Toro, riMHACTHIE MUHEPANb croco6Hel copbu-
poBaTh MOJEKY/bl MHOTHX OpranH4ecKdax wupkocreft u rasos. [losTomy nna
LLEOMNTOB ¥ OCOGEHHO IVIMHMCTBHIX MMHEpaloB 4YacTO TPYAHO NPOBECTH ped-—
KYI0 TPaHMUY Mexay HOHHBIM OOMEHOM M ABJICHHAMH COpOUHOHHOIO Xapak-—
tepa, B 2TOM ciyuae yCTaHOBNeHWe HOHOOGMEHHOT'O PABHOBECHS ABJIACTCS
pe3yNLTATOM C/IOKHOTO B3aHMOAEHCTBHA MexAYy KpucTamuyeckoil gasoit u
pacTBOPOM, KOrja pasrpaHuyeHue, COGCTBEHHO, HOHHOI'o o6MeHa W APYTHX
COpGLHOHHBIX NPOLECCOB TepdeT CMBICI.

HayuyeHne KHMHETHKM MOHOOOMEHHBIX peakildii NoKa3eiBaeT, 4TO JIHMHTH-
pylomeft crapueit speck apngercs anddysus oOMEHHEIX HOHOB B KpHCTajIA-
yeckoll pemieTke MuHepaaoB. [Ipp 3TOM KaTanMTAYECKas po/lb BOAbI CKa3bl-
BaeTCs B TOM, YTO NpH KaTHOHHOM OOMeHe CHadala NpOMCXOMIT 3amele-
mme na npotow ( Donnay, Wyart, Sabatier, 1859), PeaymbraTel skcme-
PHMEHTANLHOTO ONpeflefleHHsi CKOPOCTEeH HEKOTOphIX HOHOOOMEHHBIX peaklHi
[aloT BecbMa BHICOKHE 3HAueHHs Ansd kospbuunentop aupbysun oOMEeHHBIX
HOHOB. 3HayeHHs BeIMuMH SHepruil aKTHBAUAM VIS TeX Xe peakuuii yxasbi-
BAIOT HA 3aMeTHOE yBeldueHue CKopocTell ofMeHa C pOCTOM TeMIepaTypel
( Barrer, 1958).

T epMonuHaMHYECKHe NapamMeTpbl H3OMOPPHLIX 3amemleHHH, OCYWeCTBs-
embix myTem uonHoro oomena (AZ°, AH®), ), xapaxrepuayiorcs BennuHna-
MM, SHAYATENLHO MEHLUIMMH, YeM [ M3OMOPQHEIX 3ameulennf, oCyumecTB-
ASieMBIX TyTEM PeKpHCTANIA3anun M cHHTe3da. Tak, ans UeonMTOB IpH
xomuaruoft Temneparype AH® cocraensier nepebie efHHHIBI KKan/r-3KBe.,
a AZ° OT mMepBEbIX eAHMHHI AO0 AEeCATHIX kkan/r-okp. ( Barrer,  1958). Ku-
HeTHYeCKHe TapaMeTphl HOHOOGMEHHBIX peakuuil (KOHCTAHTHI CKOPOCTH ;
SHEepPr¥d aKTHRAUMH) TAKXKEe SHAYMTENBLHO OTIHYAITCH OT MpoueccoB obpa-
aoBaHus M30MOPPHEIX CMecelt B peay/ibTaTe CHHTe3a MHHEepaloe. Bricokue
CKOPOCTH M HUGKME SHEPrHM AKTHBALMHM Peakumii MOryT COYXHTbL OAHOH M3
OTNUYHTENLHLIX YepT WOHHOro obiieHa.

[MosToMy B MPHPOAHBIX NMPOLECCAX MOHOOOMEHHbIE paBHOBeCUS YCTaHaB-—
MBAIOTCH SHAYMTENBHO GhiCTpeil IO CpaBHeHHIO C TAKMMH SBICHHAMH Kax
ynopsino4YHBaHue, NepeKpUCTaANIM3auns M ofpasoBanne HOBBIX (aa.
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KPATKMU OYEPK MCTOPHUH M3YYEHUS MUHEPAJ/IbHBIX
HOHHTOB U COBPEMEHHOE COCTOSIHME BOIIPOCA

Eme B KOHue mpowsnoro eeka 6bsuio 3aMeyeHo, 4To NpH obpaboTke nous
pacTBOpPaMil aMMOHHMEBLIX CO/leli MOHLI AMMOHHS BBITECHMIOT H3 TIOYB SKBH—
B&IEHTHOE KOMHYECTBO Kanbuud. B pancHedtmem Swuio NMOKAa3aHo, YTO HOHO-
ofMeHHbe CBOMCTBA NOYB OGYC/HOBIEHH! MPUCYTCTBHEM INIHHACTBIX M HEKO—
TOPEIX [ApYrux amomocumukarHsix mumepanoe ( Kelley, 1948).

Benen 3a ycranosnennem MoHOOBMEHHBIX CBOHCTE Y TpPHPOAHBIX HEOTH—
ToB B Hauwane XX B. GLUIM CHHTESHPOBAHEI TUIABICHBIE H reneobpaarie
QMOMOCHINKATEl HaTpus ( NepMyTHTHI), Hawepmume 6naropapa ceoell crocof-
HOCTH HS3BJICKATbL H3 pPACTBOPOB KalbUMil UIMPOKOe NpMMEHEHWe WIS CMSr-
ueHHsl BoAbl, Benen 3a nepmyrutamu MeTopom THAPOTEPMAIILHOTO CHHTe3a
GEUIH TIOMY4YeHbl HEKOTOPBIE LEOMATH], COOTBETCTBYIOMME TIPUPOAHBIM MHHE—
panaMm HIf ABMSIOIMeCcs MX CTPYKTYPHBIME aHanorami. K stomy xe Bpe-
MeHH OTHOCHTCS OGHapyXeHHe CNOCOGHOCTH LEOMMTOB M IVIHHHCTBIX MHHE—
painos COpGHpOBATH OpraHMYecKHe XHAKOCTH, Hamemmed B parbHefmem M-
pOKOe NpHMeHeHHe. - -

Ilocne oTKpeITHS M WHPOKOroC BHeppeHHs B XpoMarorpaduyecKkyio u Tex-
HOMIOTH4ECKYI0 NMPAKTHKY OpPraHMYeCKHX HOHHTOB (HOHOOGMEHHBIX cMon) mc—
CAE[OBAKAS UEONHTOB H APYI'UX HEOPraHMYeCKHX MOHOOBMEHHBIX MaTepHa-
A0B HE YMeNsoCh AOCTATOYHOrO BHHMaHHH. ONHAKO CpPaBHATENLHO HM3Kas
CENeKTHBHOCTDL, paspylieHHe B Npoueccax ofMeHa, a Takke pmeficTeHe pa-—
AHALMM ¥ BBICOKHX TEeMNEpaTyp B 3HAYATENBLHOR Mepe OrpaHHYHIO obnacTu
HCIIO/Ib30OBAHAS OPraHA4eCcKuX HOHHTOB. TpefoBaHHA K HOHOOBMEHHBIM Ma—
TepianaM, NpenwABaseMble TIPOIPECCHBHON BLICOKOTEMNEpaTypHOH TeXHOMO—
THeil ¥ anepHON TexHHKOM, NpHBENN B MocTenHee BpeMd K De3KOMY ° pacuiu-
PEeHHIO HCCNe[oBaHK? B HANpPABIEHHU MOMYYEHHS BEICOKOCEIEKTHBHLIX Heop-—
TaHi4eCKHX HOHHTOB, YCTOWHYHMBEIX K BO3[efCTBHIO BLICOKHX TeMneparyp u
PajHOAKTUBHOI'O H3NyYeHHH. 3HAYATENLHOE HHC/IO TaKMX paboT MNOCBMIMEHO
H3Y4eHHI0 HOHOOGMEHHEIX CBOHCTB LEOJHTOB M [PYTHX CHHTETHYECKHX H
TPHPOMHLIX &INIOMOCHIIHKATOB. 3Oech B NepEYl0 Ouepeab CIeAyeT OTMeTHTH
paGorhl Bappepa (Barrer, 1958, 1962 u mp.).

Hapsiny c uayuenmeM 10HOOGMEHHEIX CBOMCTB alIOMOCHIIMKATOB LIHPOKOe
PasBaTHE TOMY4H/lM paboThl IO CHHTE3Y H oueHKe HOHOOGMEHHBIX CBOHCTE
HEOPraHM4ecKHX HOHHTOB, HE HMEIOMHMX NPUPOMHLIX AHANOTOB, M3 KOTOPBIX
Haubonee WHPOKO MCNONBL3YeTCsl B KaeCTBE HOHOOGMEHHHKA tochopmonns -
mat ammonng ( NH4)_3 [F’M012040]. Hcenepoparel TakXKe HOHOOGMeHHEIE CBOfi—
CTBa hochop—-apce Ho~Kpe MHHHA-MombaaTa i pochop-apceHoO-KNe MEH #—~BONb(H—
PamMara aMMOHHS. YCHELHO HCNONbL3YIOTCH B KAYECTBe HOHOOBMEHHBIX MaTenua-
JIOB TakKe TPYAHOPACTBOPHMEIC COMM HEKOTOPHIX [PYTHX KHCIOPOAHBIX KHC—
10T, HanGonee uayueHn! moHOOGMeHHEIE CBOHCTBA dochara mupkonus, mHo
MPHMEHSIOTCA B KayeCTBe HOHOOOMEHHHKOB M (ochaTs: apyrux MeTallIoBR, a
TaKxe HeKOTOpble apceHaThl i BaHapaThi (Marepopa u ap., 19685; Amdmnerr,

19686), .

lloBoneHO UMPOKO B KayecTBe MOHOOBMEHHEIX MAaTepHanoB HCIOIb3y—
IOTCSl TaKxe OKHCH M THAPOOKHCH HEKOTODHIX METANIoB. XapakTepHo, uTO
amboTepHLle OKHCH & THAPOOKACH B 3aBHCMMOCTH oT pH cpepwr npossnsior
760 KaTHOHOOGMEHHEIS, /G0 AHHOHOOBMEHHLIE ceolicTBa, B TO BpeMs Kak

7



KHC/IOTHBI® OKHCH §IBNAIOTCA KATHOHUTAMH, & OCHOBHBIZ — AHHOHHTaMH
(Patuukoe u ap., 1962, 1964; Marepoea u ap., 1965; Awmdnerr, 1966).

O6HapyxeHbl Takxe ofMeHHbie copiicTBa ¥ papa cynbbupor. [HocraToy-
HO [eTanbHO H3yuyeH OOMGH TMelnblX MeTalloB Ha kybuueckoMm cyinbbuane
KapaMus W HEKOTOPBIX APYT'MX MPOCTHIX Cynbduaax (Patuukos u ap., 1964;
Mareposa u ap., 1965; Amdwerr, 1966; Bonbxus, 1969).

ClennAnbHbe UCCTe0BaHHS MOHOOOMEeHHBIX CBOMCTBE MUHEpaioB OTHO -
CATCS TpeXae BCEro K yxe YNOMHHABWAMCH paboram Mo HOHHOMY obMeHy
Ha UEONMTaX, & TAaKKe HAa HEKOTOpbIX (enbAUNaTOHAAX, CMOAAX H INIMHAX.
B nocnepHde rofabl MOHOOOMEHHBIE peakuud Hayald HCNONb30BATHCS A
SKCMePAMEHTANBHOTO PHINKO-XHMHUYECKOr0 pelends HEeKOTOpbIX NMeTponoru-=
yeckux npobnem. [leppo#t paSoToift B 2TOM HaNpaB/leHHH CleayeT CHHTaTbL
uccnenopanue Buapa n CaGatee (Wyart, Sabatier, 1856), o6paTusumnx
BHUMAHHE HA HOHOOGMEHHYIO MOABHXHOCTb LISOYHbIX METAaioB B KpHCTAl-
nuueckoll CTPYKType MOMeBhIX WIATOB, AHAIOIHYHYIO HOHOOBMEHHBIM CBOM-
crBaM leonuTop. [anpHeiimne paboThl B 9TOM HAalNpabBIeHHH MO3BOMUIH
YTOUHHTL KPUBYIO CONMbBYCA INENOYHBIX MOMEBLIX WIATOB, & TaKie 6 5UTH
HCTIONbA0OBAHE! [1f 9KCNEepMMEeHTanbROro OGOCHOBAHAS ABYNOMEBOWNaTOBOTO
reorepmorerpa Bapra (Orville, 1959, 1960, 1083; liyama, 1966).

. Ye STH efuMHAYHBIe pPaboThl NOKA3ald, YTO IKCIEepHMEHTAalbHOe H3y4e-
HEe HOHOOGMEHHBIX PeaKuHil ¢ y4acTHeM MOpPOAcOOpas3yloWuX K PYAHBIX MH-
Hepaiop B HAAKPHTHYECKHX YC/IOBMSX MO3BO/ISET MO-HOBOMY MOAXOAHTE K
HenoMy psiiy BaXHBIX METPONOrHHECKHX H MHHEepaloriyecKHx npobneM, pe-
{IeHMe KOTOpLIX AO CHX MOp BCTpeuYano 3HaYHTe/bHble METOMHYecKHe TPyA-
HocTu. B nepeyo odepefb @TO OTHOCHTCH K H3Y4EHHMIO obnacTteit cybcomu-
_fiyca cuCTeM C y4acTHeM MHHeparoB NepeMeHHOrc CocTaBa. Kpome Toro,
HanHuMe HOHOOBGMEHHBIX CBOACTB ¥y HENoro psfa BaxHLIX Nopopoobpasyio-
MX MAHEpAIOB NMO3BOMNHET CTABHTL BONPOC O POJH MOHOOOMEHHOT'O XpoMma-
rorpaduueckoro adpdexra, Kak dpakTOopa reoxHMHYECKOH pubbepeHunAannl
3/IeMEHTOB NpH (UIBTPALNE MHHepanooGpaayomux pacTBOPOB Hepes TOJH
nopof.

W3 asanu3a H3y4eHHOCTH HOHOOGMEHHBIX CBOMCTB MHHepaloB NepeMeH-
Horo cocrapa (Tabn. 1) oueBMAgHO, YTO A0 CHX NOP 3TOMY BOMNPOCY He yne-
N10Ch AOCTATOYHOrO BHUMAaHMS, OCOGEHHO 3TO OTHOCUTCSH K HOHOOOMEH -
HBIM peakuMaM NpH BLICOKHX TeMIlepaTrypax i AaBleHHsx. [ToaTomy, HauHHAS
c 1963 r., HamMu MPOBOAMIOCH CHCTEMAaTHYeCKOe HayueHie HOHOOOMEHHBEIX
cpolicTe pafa mopopooGpasdyomux H DYAHBIX MHHEpanos, a TaKKe KHHeTHKH
HOHOOGMEHHBIX peakuuil B THOpoTepMANLHEIX H HAOKPHTHYECKHX YCIOBHAX C
IIMPOKAM HMCTONL30BAHHEM COBPEMEHHBIX METOOB H3YYeHHS XUMHUHEeCKOro
cocTaza fpoaykToB peakumit (doromerpus NnameHH, aTOMHAH abcopbuua u
Ap.), & TaKxKe ONTHYeCKHX, PEHTI'eHOCTPYKTYPHBIX H 3/IEKTPOHHOMHKPOCKO-
MYeCKHX METONOB M3yueHHs KpuCTammyeckux das. B rupporepManbHbIX H
HAOKPHTHYECKHX YCIOBHMAX, & Takxe B pacmiaBax conelt nay4yeHbl HOHOOG-
MeHHBle CBOMCTBA MmMEeNOYHBIX MOJIeBBIX WNATOB, B TOM 4HC/Ie HACTHYHO HIIA
MOMHOCTBIO YNOPSNOYEeHHBIX, HOHOOOMeHHbIe CBOHCTBA KOTOPBIX A0 CHX TOP
He W3y4amuchk, HedenuHa, MOMIYynATa, PB-CNOAYMEHa, KIMHONTHIONHTA, MYC-—
KOBHTA, BGHOTHTA M HEKOTOPHIX APYTHX AMOMOCHIMKATOB, & TaKKe HEeKOTO-
PHIX THTAHOCHNMKATOB (AaCTPOWIAT), MMPKOHOCH/IAKATOB (xaramient),



\

H3y4eHHOCTD HOHOOBGMEHHEIX CHCTEM C y4acTHeM MHHepanos
fepemeHHoro cocrapa (aureparypusie panmse)

Tabnuua 1

Ycnoena onerra

Ag*

Manepan Ob6menHble HOHEL Herounnx
e P, Gap
Cannpus K*, Na* 400, 500 1000 Orville, 1960;
600, 700 2000  Yiyama, 1963;
3eipaHos, 1969
Hedennu Nat, K* 400, 500 1000 Debron, 1965;
850, 700 3eipsnoe, 1969
JlefiuaT K*, Nat 300 85 @o 1000 Debron, 1965
500 1000
Copanut Na*, K*, Lit 25, 85 - Barrer, 1958,
Rb*, Ag™ 1962
Kankpusnt Na*, Caz’f, Li* 25, B85 > Barrer, 1958,
; K*, TI*, Ba2*, Pp2+ 1962
Yaerpamapun  Nat, Lit, NH'Z 25, 85 - Barrer, 1958,
K*, Rb*, TI*, Ag* i
Asaneium Nat; Lit, NHj 25, 85 = Barrer, 1958,
K*, Rb*, TI*, Agt 1982
LeonnTe L NH‘; ; Na.*’, 25, 30, 45, = Barrer, 1858,
’ K TIF Agh 50, 78, 85, 1962; Barrer
(Cs*), Ca2*; 95 a. oth, 1959;
’ ’ T -
Pb2+, TR3+ 15';2 a‘ﬁqﬁeﬁ.
1965; Ames,
1960, 1967,
Breck, 1971;
Scherry, 1989,
. " 1971
Myckosur K, . Nat, Cs*, 25 - Ambuierr, 1966;
Balt 500-800 1000 Yiyama, 1964
Bepmmkynr  Mg2t, Li*, NH, 25, 80, 85 Amdwerr, 1966
Na*, K*, Rb*, Cs* 300
Morrmopun-  Na*, Li K*, Cs*, 30, 50, 75 . Amiuierr, 1966
il $r2¢, TR3*+
Mpocrae Zn?*, Cd2*, Ni2t, o5 _ Phillips et al.,
Cynbhu s Cu2*, Pb2+, Hg2*,

1963; BonbxuH
# gp., 1968 u
1970




WNoHOOGMeHHBIE CHCTEMBl C y4aCTHeM MHHEpanoB NepeMEeHHOro

cocTapa, M3y4yeHHbIE B pe3yibTare Haumx Uccnepopanui

TaGauna 2

Ycnoeus onsiTa

Munepan OGMeHHEIe HOHBI
T,9C: | P, kr/cM®
MakcHMansHbik K*, Li*; Na*; Rb*; Cs*° 500 1000
MHKPOKIIHH 870 1000
TpoMeKyTOuHbIE K*; Na*; Rb*; Cs* 400 1000
MHKpOKmuHE! (peHTr, 500 1000
TPHKITHHHOCTE:
0,97; 0,78;0,33; 0,17) 600 1000
Hebemnn Na*, Kt 600 1000
870 1000
Moyt Cs?t, Li*; Nat; 250 40
K*, Rb* 350 150
500 1000
p —criopymeH Nat; K*; Rb*; 250 40
CS+' .Li+‘i 350 150
1 500 - 1000
Ksmunonrwionut Nat; K*; Rb*; Cs*; 22 i
Ag', Ca2*, 512, Ba2*,
Pb2*; Cd2*; Znl*; TR3*
Buotur K0, Cat 500 1000
! 600 1000
MycKOBHT K*: Rb; Cs*- 500 1000
600 1000
Actpotmnnut Na*; K*; Rb*; Cs* 400 1000
; 500 1000
, 600 1000
Karamnenat Na*, Ca2* 22 i
Anatit Ca2*; Na*, Sr2%; La3*; - 500 1000
Y3+ 600 1000
AMB/HTOHHT Li*; Na* 400 1000
500 1000
600 1000
TMupoxsop Na*; Ca2*, La3*, Y3+ 500 1000
5 600 1000
Chanepur Zn2*, Fe2*, Cd2+ 500 1000
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aroB (anaTHT, amOIMrOHMT), TAHTAIO-HHOBATOB (nupoxsop), cynwbhu-
poB (chaneput) B HeKOTOPHIX APYIHX MHHEPAIOB MepeMEeHHOro COCTAaBA
tﬂﬁu 2). Ocofoe BHHMaHWe YAeNsoOCh BONPOCAM KHHETHKH HOHOOBMEH—
mpix peakunii, Kpome Toro, mayueHn HekoTopnie MOHOOGMEHHBIE peakuuu B
AHHAMHYECKHX yciopnsax. Hapsny ¢, co6eTBelHO, HOHOOBMERHEIME peaKuuaMu
H3Y4EHbl TAKXKe HeKOTOpLIe COINYTCTBYIOUME UM Peakuun 0GMeHHOrO paanoxe—
AUS ¥ BHYTPUKPHCTANIHYECKOTO YNOPAAOUEHHS, DTH NAHHBIE NOSBOMITIOT MO=HO=

BOMY OLECHHTH MHHEpAIOro-re0XMMHYECKOe I TeXHO/IOrHYeCKoe 3HAYEeHHEe HOH—
woro o6MeHa,



Faasa I

HOHOOBMEHHBIE PABHOBECHA MUHEPAJIOR
INEPEMEHHOT'O0 COCTABA

Wayuenne moHOOGMEHHBIX paBHOBecHil NpepfcTaensieT coboil OAHY M3 OC-
HOBHBIX 3apa4y NMpH XapakTepHCTHKEe HOHOOOMEHHEIX CBOHCTB MHHepaioB Ie-
peMeHHOr0o cocrapa, [Ipexpe uyem nepeiiTd XK pacCMOTpPeHHIO Pe3ynbTATOB
SKCINEepUMEHTA/ILHOI'O M3Y4yeHHUs HOHOOOMEHHBIX peakuHil, OCTAHOBHMCH Ha
HEKOTOPLIX OOIMX BOMpOCax TeopHH HOHOOGMEHHBIX paBHOBecHil,

HEKOTOPLIE BOINPOCH!I TEOPHH MOHOOBMEHHLIX PABHOBECUM

Kak yxe oTMmeyanochb, XxapakTep HOHOOOMEHHBIX paBHOBecHil onpepens-
eTcd LelbM PAAOM (akTOpoB, OCHOBHLIMH H3 KOTOPBIX SBISIOTCS BHeIUHHE
ycnoeus (Temneparypa, namiexde), a Tawke CBOHCTBA MHHEpaIOB H pac-
TBOPOB, Y4ACTBYIOWHKX B HOHOOOMeHHbIX peakuusx, O4eBHAHO, YTO B TepMoO-
AMHAMHYECKOM OTHOWEHHH Ge3pasinu4yHo, KAKOB MEeXaHH3M YCTaHOBIIEHHS
papHopecust. OpHako pacCMOTpeHHe TepMOAHHAMHYEeCKHX ocobeHHocTell re-
TEepOreHHBIX CHCTEeM, B KOTOPBIX MOTYT NPOMCXOAMTH HOHOOGMEHHEIE peak-—
umMy, npeactasisierT Gonbwol MHTepec [ NMOHMMAaHHS OOWKX 3aKOHOMep-
HoCTel, onpepgensomMX XapakTep pacnpefeleHHs KOMIOHEHTOB Mex[ay CO-
cymecTBylomaMa basamu,

SKCnepuMeHTallbHOe U3YYeHHe HOHOOOMEHHBIX peakuuil MOKa3bIBAeT, 4TO
KaK NpaBW/io, HOHOOOMEHHEIE PABHOBECHUS NMOAYHHHAIOTCH 3aKOHY AelCcTBYyio-
wux Macc. [losroMy BOMpOCH! NMpHIOXeHHs 3aKoHa AefiCTBYOMMX MAacc K
HOHOOGMEHHEIM DABHOBECHSIM C YYeTOM KPHCTANIOXMMHYECKHX CBOHCTB
TBepablx $a3 u cBONCTB pacTBOpoB, OGYCMNOBIEHHEIX (OPMaMH HaxOX[e-
HUS B HHX OOMEHHBLIX HOHOB, 3aC/yXHBAIOT HECOMHeHHOro BHMMaHud. Oco-
GeHHO 9TO OTHOCHTCH K SIBIEHHSM KOMIUIeKkcooGpas3oBaHHsi B pacTBOpax.,

TepMoonHaMuKa HOHOOOMEHHBIX PABHOBECHH B CHCTeMax THIA:
MHHepal NepeMeHHOr'o cocTapa - pacTeop (ras)

B ofbmem cnyyae noHOOOMEHHEBIE peakuuMu MOTI'YT NPOHCXOOMTE C yyac-
THEM HEeCKONBKAX KpPHCTA/TMYECKHX, XUAKMX M rasoobpasHeix das, mexpay
KOTOpPEIMH B pe3y/bTaTe HOHHOro obmeHa GyAyT PaclpefelsiThbCH HecKOolb-

KO KOMIIOHEHTOB. XapakTep pachpefefeHds KOMIOHEHTOB MEexAy AaByms
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(MuHepan — pacTBOp, MHHepal — MiHepaj) He 3aBHCHT OT MpH-
pasi TpeThell daarnl, [loaToMy NpH OMHCAHHH HOHOOOMEHHBIX paBHOBE-
. MOMHO OrpaHvuAThbCH AByXxhasHo# cucTemod. Yro KacaeTrcs uHcia
AIOHEHTOB, Y4acTBYOWHX B o6MeHe, TO B SKCIEPHMEHTAIbHBIX YC/IOBH-
0 HCKYCCTBEHHO MOXeT BHITb BrOpaHo paBHbM ABYyM (o6Men mByx
yBOHOHOB). B NpHpOAHBIX yCNOBHAX B GONLUHHCTBE Cly4aes (xorpa
HAeT O MAKpPOKOMIIOHEHTAaX) Takxe B OOMeHe YHaCTBYIOT ABa KOMIO-
ra. [loaToMy MpH pPACCMOTPEHHH TEepMOAHMHAMHMKH MOHOOOMEHHBIX paBHO-

cHit MOXMHO OFpaHMYHTLCS OHHAapHLIME AByXpasHemMu cuctemamu. ITo
o6HO cCpenaTh Ha OCHOBE TEpMO[MHAMUYecKoll Teopu# ABYyX(a3HeIX rere-
ﬁwennmx cucteMm (B wacTHOM ciyuae GHHApHBIX), OIS KOTOPBIX HapsAy C
femMnepaTypoil i faBieHEeM MHTEHCHBHBIMA NapaMeTpamMy COCTOSHHS SB/s-
JOTCH COCTaBLl cocymecTsyomux a3 (I'u66c, 1950; Croponkun, 1967;
Kopxunckuit, 1958, 1963).

TepMonMHAMUYECKHE ACTEKTH SBMEHHs YNOPSAOYeHNA H3OMOPQHBIX MpA-—
meceil moppoB6Ho paccMoTpersl B psape pabor (Bammo, Marcyn, 1969; fpo-
wesckuii, 1970), 1 Ha 3TOM BONpOCe MBI OCTAHABIHBATECH He OypeM, CuH-
Tasg, 4TO OOMEHHLIe HOHBI pachpefe/leHkl MO CTPYKTYPHbIM NMOSHIMAM MHHE—
panoB paBHOBECHO,

[ns cucTeM, B KayeCTBe MHTEHCHBHbIX Nl@DAMETPOB KOTOPHIX BbIGpaHbI
TeMnepaTypa, AapleHHe H KOHIEHTpauus KOMIOHEHTOB, XapakTepHCTHYeC—
Kot byHKumei# 6yper H306apHO-H3OTEPMHYECKHH NOTeHUHAaN

Z=f(T, P,Nj, No, o voa Np),

CBE3aHHEIl C [PYTMMH XapaKTEepPHCTHYECKHMH GYHKIMAMH COOTHOLIEHHEM
f Z=H_TS, rae H{ - SHTanbmus;
S - 3HTponHus;
T - abcomoTHas Temmneparypa.
DNubbepenunpys 9Ty $yHKUMIO, Nolyyaem YpaBHEHHE COCTOSHHH a3kl

il 7 A

dZ - —SAT + VdP + £ ——) dNy, (1)
k=1 \oN
obies S 77

rpe YV - obwem; Nk - ypcno monelt komnoxenra k ; P. - pnaenensme.

aZ

Mponasopnas (-——) =W} - XEMHYECKHH MOTEeHIHAl KOMIIOHEeHTa

aNk T,p,Ni

=k, = #‘;(+RT In Ny, (roe p_‘.’k - CTaH[apTHOe 3HauYeHHe XHMHYeC—
Xoro noreHumana xomnoHenta k).
Ecni BLIDA3HTL KOHUEHTPAIMHM KOMIOHEHTOB B MOJBHBEIX AONAX,

A; n-1
B =  X=1- % Ny
k=1

BHEHHMe COCTOsIHHS Xaxno# $a3bl MOXHO 3amHcaTk B BHAe




n—1
dZ =—8dT + VdP +* X pp dxp.! (2)
k=1

B rakoil 3andcH 4HCIO CliaraeMelX B TPeTheM wieHe NpapBoif yacTH ypae-
HeHus cocrosiuss yMeHpumrtcs Ha 1. TNosTomy nna GunapHofi dasbl MOXHO
6yAeT OrpaHMuYMTLCH MOJLHOf Aoseil /oGoro ONHOroC H3 ABYX KOMIOHEHTOB.
B paesosecunx ycnouax (dZ=0 ) ypapuennme cocrosmus daswl Gyper
HMeTbE BH[
n-1
_..SdT +'VdP + fl ukd XK =-0. ! (3)

Ecin B KagecTBe NApaMeTpoOB COCTOSHHS BBHICTYNAIT He KOHIEHTpauuu, a
XHMHYeCKMe MOTeHuMa b KOMIIOHEHTOB, ypaBHeHHe papHoBecHs (assr Moxer
6uTh 3amicano B eupe ('m66c, 1950)

n-]

—S8dT +VdP — X Xydug=-0 (4)
k=1

3rti gpa cnocoba 3aNUMCH KOHUEHTPALUMOHHOI'O WieHa B YPABHEHHH COCTOf-
Hust dasnl nomomeHel 1.C. KopHHCKHM B OCHOBY TepMOAMHAMHMYECKOH Te-
opuH cucTeM C AH{pepeHNHaNBHOH MOABHXHOCTEI KOMIOHEHTOB (Kopwxun—
ckuit, 1957).

PaccmorpaM geyxbasnyno OHHApHY0 CHCTeMYy, BKIIIOHAIOMYO XHAOKYO
(napoByw) dasy, comepikakie B KOTOpO#l OAHOrO M3 KOMIOHEHTOB oboaHa-
ypM uyepe3 X, H TeBepaywo $asy (mMuHepan nepeMeHHOIo cocrasa), copep-
aHHe B KOTOpOM TOTro Xe KOMIOHeHTa OGO3HAYHM depe3 y . YcioBus
paBHOBeCHA B Tako# cCHCTeMe MOryT ObITh 3alHCaHbl B BH[E:

f =-Ty, Sy +:Sy_=rS =.const, |
¥ =-Py, Ny +"Vy =V =-const,

k. =p ., Lo +Z, =Z=-const,:
e G (5)
d”x ='d"y’ dZ, +-dZy-=.rdZ =.0. ]

Us ypaphennit (2-4) c ucnonb3oBaHHeM YC/IOBHH DaBHOBECHS VIS OBYX-
thasHoll GuHapHOl CHCTEMBI MOXEM 3alHCaTbh ypPABHEHMA COCTOSHHS PaBHO-
pecus B nepemennbix xuaxo# ( x ) u TBeppoit (y ) das B cnenywomem Bape:

SR e, - oL
T,P TP (g

xdP — (y—x) (jT“). dx = 0. -
T,P
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‘ _

1; - [Sx-S (x-y) ( 3 ) 1dT +: —-V —(X—Y) ( ) ] dP_(x_y)a
] ¥

¢ TIP T,P (6)

(%) a-0

B TP

Oti ypaBHeHHs NMpeacTaBnsioT coboil dyrpamenransHsie muddepeHunanbubie
ypaeHenusi, BoiBefennsie Ban-pep-Baanecom mis ayxdasmpix GunapHbix
cncreM (Ban-pep-Baanwc, Koxcram, 1936).

 PaccMorpiM usmueckuii cmpicn koabbuumentos npu  dTu dP B ypas-
HeHHSX (6) npUMeHHTeNbHO K MOHOOBGMEeHHBIM pPaBHOBECHSM,

Gt 0D) x5 ()

T,P Y rp
XapaxKTepH3yIoT H3MeHeHH#A DHTPONHH CHCTEeMEl B H30TepMO—H3068pH'{9CKHX
ycnoeusx 3a cyer HOHOOOMEHHOIo nepepacnpepfeleHis KOMIIOHEHTOB Mexny

cocyuecTeyourME basamu, BKmouas SBISHHS HabyxaHnsi H PACTBOPEeHHS
HOHOOGMEHHOT'O Mnuepana

V ~Vi—(y—x) —) " Vx-_‘V (x-.y)( )
T,P

XapaKTepH3YIOT H3MEHeHNs ofbeMa CHCTeMb! 3a CyeT uouooﬁmenuoro nepe-
pacrpefeneHis KOMIOHEHTOB MexAy CocyuecTByomaMa dasamMu B Tex xe
yonousix. [lpn atom koadduumentst npu dT u dP,  Boipamennbe B me—
PEMEHHBIX XHAKOH H TBepnoii basax, B obmeM ciayyae He GyAyT paBHBI Mex-—
my coboif, Tak Kak NpoUecCH HOHHOTO OSMeHA M TeM Jolee HaGyXaHHs uim
PaCTBOpeHHs HOHOOGMEHHOTO MHHEpala MOIYT He SBIATLCS O6PATHMBIMH.
3apiacuMocTs cocrapa TBeppoll u xamkoi#t (napoeoft) daser or Temne-

PATYPEl i naBlleHuss B PABHOBECHBIX YCTIOBUAX BHIPASHTCS CIEAYIOUMME YacT—
HBIMH TIPOM3BOAHBIME?

. oy (&
(6‘}’ - Wy ‘tp 9x o 1B
‘Za‘T’)P"-(?E)—’— : "_T)p:__"__#_)— (1)
: T,P T,
v Q_s_
2y =‘————ay . G )T.P \ (&)
aPT(_a_# aTP_“(‘a_p:_d—' . .
ay T,P ax TP

Hs ycnoena xputepues ycToitynsocTH, c¢opmynnponaﬂubxx I'n66com (1950),
Chienyet

) (3;' >0 " (ff—) >0,  nosromy
i % TP (9)
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ay as 4
ﬁ)P>O npn(aYTp Y1 SY<O’
ax asS
(=) 0 upu (—) Sxy = 5%, < 0,
aT'p ax T.p 1
ay av .
(E)T> 0 npu o )T P= ‘Jyl - VY2 > 0.
gx av _ (9)
('_") *8 " upn (_) N = Vg Bl
P T ax T.p 1 . 2

rae Syls SYQ’ ler Sx ) le' VY2s vxl' T napuHanbHble
MOJIbHEIe SHTPONHM M 0bbeMbl KOMMoHeHTOB 1 u 2 B TBeppo#t M xHAKOH
base,

TakuM o6pa3oM, XapakTep 3aBHCHMOCTH COCTABOB (a3 OT Temmnepary-
pEl M OAaBIeHds ONpenelseTcs 3HaKam# pasHoCcTel MONBLHBLIX SHTPOIHH H
06’beMOB, OGMEHHBAIOIMXCA KOMIOHEHTOB., DTO OTHOCHTCS M K H30MOPPHEIV
3aMelmeHnaM B MUHepanax nepemensoro cocraea (Psatunkos, lllepbuna,
1965; Kupxunckuit, Apowesckuii, 1967),

Ypaenemns (7) n (8) ompepensioT Takxe 3aBHCHMOCTb COCTaBa TBEp-—

noit dasrl oT cocTaBa XHMOKOCTH
S 9, aV L O
(‘g) 5 ("5*:() (g) (a_i-)T 5 (10)

(ﬂ) Tl Tlp 3Y TIP ]
o _(fi) (2 Gy ST
Ep g ep Yop

B cucremax THna TBepnas pasa - pacreop (map) 6ymyr cobmoparbca He-
paBeHCTBa

E as av av
(E)T,p *(E';)T’P” 0 (F{)T,p i .

[losTromy u3 ypeeHenus 10 cnepyer
d (11)
(%) >0 u(—j—i—) >0.
P T .

Hepapenctsa (11) sBnMOTCH 4acTHEIM Ciy4aeM TPETBEro sakoha Kono-
panopa (CropoHku, 1967) nns cucTeM TBepaoe BEUECTBO = KHAKOCTL
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nap) ¥ TNOKAa3LIBAIOT, YTO C yBenuueHHeM (yMeHbllennem) coaepxanue
HHOTI'O KOMIIOHEHTa B JKHAKOCTH yBelnumumpaeTcs (yMeHbllaeTcs) ero KoH—
gTpauus B TBepao# dase.

Hs ypasuennit (9), (10), (11) cnenmyer, uto

By
*.
et t

(%) >0 npn y>x, (-glp) >0 npu x>y,
P T ' (12)

(%)P >0 npu x>y, (-%-)T> Onmpu y>x.

Hepasenctsa (12) nokaspiBaioT, 4TO [Uisi GHHADHBIX CHCTEM THANA TBEpAOe
BellleCTBO — XHAKOCTh (map), ynomleTeopsiomHx ycioBHO Y > X (X>¥)
BO BCeM HHTepBalle KOHIEHTpauuil, xapakTep 3aBHCHMOCTH cocTaBa (a3 ot
TeMIlepaTypel H [aBlleHH# Ha AHarpaMmax i xly A = —xly fyaer Bel-
paxaTbcst MOHOTOHHO Bo3pacTaomumu (yGeBaomuMu) KpHBEIME,

3aBHCHMOCTE COCTABOB COCYyWeCTBYoumMX $as mna GHHaApHBIX CHCTEM
ypobHo n3obpakaTb HA YeTHPEXYIONBHBIX AMarpamMmax X—y, TIAe No oa-
HOlL cropoHe kBagpara ( X) oTK/iapgelBaeTCd COCTaB pacTBoOpa, a 1o Apy—
roi - (y ) = cocram cocymecrByomeit ¢ HEM TBeppao#l paskl, BhIpaMeHHBIE
B MONBHBIX [O/IGX OQHOI'O H3 KOMIIOHEHTOB.

XapaxTep QyHKIHOHANBHOR 3ABHCHMOCTH y = f(x) Anf HOHOOBMeHHLIX
paBHOBecHil omnpefenseTcs 3aKOHOM pelcTByomux Macc. [lna GuHapHO#
cMecH npi# ofMeHe HOHOB OAHHAKOBOI'O 3apsfga 3Ta 3aBHCHMOCTE HMeeT
BHO

.
- 1+ (K-Dx’ (18)
=

rge K - xoHcranTa MOHOOGMEHHOIO pABHOBECHS.

" [lpu ycnoeus, ytro K He asammcat or ¥, pasenctso (13) npepcrasms-
eT coboil ypaBHeHume runepboibl. [losToMy pig CHCTeM, B KOTOPBIX Hepa—
BeHCTBO y > X (X> ¥) ydoneTeopseTcs BO BCEM HHTepBale KOHIEHT—
panuif, xpusBble pacnpefe/eHds KOMIOHEHTOB MexAY COCYLEeCTBYouAME da—
8amu Ha guarpamMax X—y Oyayt npencTtaenatk cobolf runepGonbl, ne-
MIHKOM Jle)kamye NO OAHY CTOPOHY OT JHaroHai¥ X=y . [Ipg y < x 9TH
KpuBrle 6yOyT NexAaTh HHXe OHaroHald X=Y , B 0BlacTd, COOTBETCTBY-—
ome# snavennsM K <1 . OuepupHo, wro mpn x=1y , K=1 . Ilpr y>x
KpuBLIe pacnpepfenelns 6yQyT fexarTb Bbllle QMAaroHald X=y B o0aacTH,
CooTeercTRylome# 3navennsM K>'1 (¢ur. 1). Takum obpa3domM, KOHCTaH-
Ta pasHoBecnss K xapakrepuayer uabupaTenbHOCTBH Kaxpoi ua das mo
OTHOWEHHI0 K KOMIIOHEHTAaM, Y4YacTBYIOUHM B HOHOOOMEHHLIX peakuusdx,

B pane peanbHbix cHCTeM XapakTep KpHBLIX pacnpepeneHHs npabmmxa- Ka-

eTcs x runepSomiuecKoMy. [IpHMEpPOM MOKET CIIyXHTh H30TepMa OOMEHa

NawLi pns copnanwra npm temneparype 85°C (Barrer, 1962) %‘"\‘2)
[o cux mop Mel paccMaTpHBaii HAealbHble CMECH # B xaqq&@g Hepe-

MeHHOll cocTaBa NONL3OBAIMCH KOHIEHTpau#el KOMIOHeHTOB (1; Jné):bﬂm

Ronsix). [ns peanbHeIXx CMecell B TepMOAHMHaAMHUYEeCKHE coo-mwrémlﬁ Brﬁec-}

- - W\T

$




TO KDHHEHTPBHH“ clieayeT BRECTH AKTHBHOCTH KOMIIOHEHTOB
%% Yye (14)

rge ap - aKTHBHOCTb KOMIMOHEHTa K; B - KooOPUUHEHT aKTHBHOCTH,
Torpa ypaBHeHHe paBHOBECHS [VIA pealbHON CMeCH 3aldueTcs B ClIeAyio-
weM BHAe :
n-1
=T +'VdP - RT % X od]nkak =0
k=1 (15)

Briunraa u3 ypapHenns (15) ypaBHeHns paBHOBecHs s MiealbHOH cMmecH,
MNONMYYHM 3HA4YEeHH: H3OBITOYHBIX BEHYMH SKCTEHCHBHLIX NApamMeTpoB

T n-1 (16)
~(5-8,dT +(V=V,)dP —RT = xdlnyj =0
kel

AHg,,
i

ch - DHTANBIMA U 00beM Haeas-HOf CMecH, S 'Vu — SHTpOMHUA H
ofbeM CMelleHHS, XapaKkTepuaylollie CTeNeHb OTKIOHEHHA CMecH oT Hae-
anbHolt (oBpa3oBaHne HpOealbHBIX CMeceill He CONPOBOXAAETCH TEIUIOBBIM H
obbeMHBEIM sddekTamMn), MOIYUUM
A AV n-1
HCM dT + s dP = = xgdinyy.
RT2 RT k=1 (17)

Beeps ofo3HayeHus S_Su= H VoV, =AV,y . rae AHOM u

H3briToynble BeMMYMHLl SKCTEHCHBHLIX NAPAMETPOB MMET BAKHOE 3Ha-
yeHHe [/18 OLeHKH ocoGeHHocTeli m3aomopdusMa B MHHepaiax IepeMeHHOIro
cocrapa (Kupkunckuit, Hpowesckuit, 1967), B yacTHOCTH, MpH KOMHYECT-
BeHHO! oueHKe KoDPUIMEHTOB AKTHBHOCTH KOMIIOHEHTOB B CMELAaHHBIX
kpucrannax (Ps6uukos, 1965a,6; [lepuyx, 1965, 1968, 1970).

[ns GunapHoii cMmecn B TBepaoi dase ypashennme (17) npumer sup

gy - Ay

=vyd G
RT2 RT ! 'nYYI' (18)

Ecnu npausTe, uTo xuaKkas (napopas) dasa sienserca maeanbHol, To 3a-
BHCHMOCTE COCTaBa TBepaoil Pasel oT cocTaBa XUAKOCTH MOXET GHITh Bbl-
paxeHa ypapHeHHeM 3aKoHa AeHCTBYIOmMUX Macc L

{
¥ L2 ' (19)
=-__-T-_—' §
1+(K—1x -
rae K'--K_Zl (K' - Kaxymascs KOHCTaHTa WOHOOOMEHHOI'O paBHOBeCcHS,

Y
Y], =Yo -%coadui)nnuemu AKTHBHOCTH KommnoHeHToB 1 u 2).
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