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1. BBEOIEHHE

OpHOl U3 BaKHeHUMX NpoGrieM NeTpOJIOrHH, KOTOpas NpUBIEKaeT BHMMaA-
HHe TeOoJIOroB Ha MPOTSDKEHHH BCEH MCTOPHH Pa3BHTHA re0JIOrHYECKOH HAYKH,
ABNAETCA NMpoGieMa POHCXOXK/ICHHS IPAHHTHBIX MOpo/l. OHa HMEeT He TONbKO
YMCTO TEOpeTHYECKOe 3HaYeHHe, HO W MPaKTHYeCKOe, NOCKOMbKY CBA3aHA C Ipy-
MMM poGNeMHBIMH BOMPOCAMH B Pa3/MuHbIX 0GNIAacTAX reoNOrHYeCcKOoM Hay-
KH: crpaTurpaduu, TEKTOHHKe, MeTamopduame u metasutoreduy. Jlo cux nop
He TIPeKPAILAITCA CTIOPbI MEXJ1Y CTOPOHHHKAMH MarmMaTHYeckoro 1 MeTamop-
¢uyeckoro rexesnca rpaHuTouon. OcobeHHO GypHO MPOHCXOOHNA ,,FPAHHTHAA
mackyccna” B nepuop 30—50-x roziop Tekywero cronerus. Urorn aToH mmc-
KYCCHHM KpaTKo u3noxeHsl B pabore K. MeHepta {125].

MocnenHee ABAAUATHIIETHE XApaKTepH3yeTCH LIMPOKHM pasBuTHEM (u3u-
KO-XMMHUYECKHX WMCCIIEIOBAHMIA B METPOJIOTHH IPaHMTOMIOB, 0COGEHHO mocre
sbixopa B cet paGotsl O. @, Tatna u H. J1. Boyana [286], koropas 3HawiTeNnb-
Ho nokonebana nosuumu ,,MeTramopductos’. Tem He MeHee, HECMOTPA Ha [10-
CTATOUHO [I€TAIBHYI0 H3YYeHHOCTb PAHMTOMIOB pa3NHuHbIX peruoHos Coset-
ckoro Coloza M 3a pyGexoM, JIKCIepHMEHTalIbHbIE MCCIIeJOBAHHA MPOCThIX
rpamuTHbX cucrem (X. Bunknep, B. Jluuneman, H. I'oc, M. Bonc, T. Mapico-
nono, K. Bpuupeiimk, P. Bpeiltapr) , HalmuuHe TEOPETHYECKHX (HHIHKO-XHMUYE-
CKHX Mopieniei Kpucrasym3auun rparuronnos (I1. C. Kopxunckuit, B. C. CoGo-
nes, A. A. Mapaxymes, JI. JI. Ilepuyk, . A. Tapapun, E. H. Kpasuosa, M. H.
Jly6poBckwit) , mpobnema MHHepabHbIX (hauuii rpaHUTOB OCTaeTCA cnabo pas-
paBOTaHHOM, T. €. OCTAlOTCA CMOPHBIMH TPHUYMHBI H YCIIOBHA NOABNIEHHA TOr0
WM MHOTO MMHEepansHOTO BHAA rpaHHTOHAOB. CymecTByloupe MHHEpaNbHbIE
TepMOMeTpbl M GapOMETphl HECOBEPIICHHBI M [AI0T HEYHOBJIETBOPHTE/IbHbIE
3HAYeHMA TeMNepaTypsl W fasneHns. [losBunach HacToATesnbHasA HeoGxomm-
MOCTh CO3MaHMA (H3HKO-XHMHYECKUX Mofened Ha P—T—X OCHOBe, OTpaaio-
IMX XOTA Gbl B MONYKOJMUECTBEHHOH (opMe NPHUMHBI 06pa30OBaHUA TEX HITH
MHBIX MHHEepAJIbHBIX ACCOLMALMH TPAHMTOWMIOB, MOCKOIbBKY HMEKNIMECH K-
CTiepMMeHTaITbHbIe MOJIENH He OMHMCHIBAIOT ACCOUMAUMA C TeMHOIUBETHbIMH MH-
HepanaMH, @ TEOpeTHYECKHe MOJIe/TH OMHCHIBAIOT JIHGO aCCOLMAIHH CATTHUeCKHX
MHHEpasoB, 60 TBepmoQa3oBbie peakuMH W O6NacTH CylECTBOBAHMA, a He
06pa3oBaHHA MarMaTHYeCKMX MHHEPaJIbHbIX aCCOLMALMH .

AKTyanbHBIMH OCTaloTCs Mpo6rieMsl BHIACHEHHA YCIOBHH TEHEpallHd KHC-
JBIX MArM pa3jIMYHOTO METPOXMMHYECKOTO (M FeOXHMHYECKOr0) THIA W BIMA-
HMA BHEILIHMX YCJIOBHH B TIPOLECCe MX KPHCTA/UIM3aIMH HA MMHEDAIIbHBIA CO-
CTaB, TEKCTYpY M CTPYKTypy mopon. OcHosbl Teopuu pactBopos 1. H. MeHnpe-
neepa, paspuThie ero nocnemosarenamu (H. C. Kypnakos, H. B. I'peGenumxon
M Op.), NO3BOJIMIIM MPHMEHHTH (PH3HICO-XHMHUECKHE 3aKOHBI H K MPHPOIHLIM
cucremam (T1. Hurrmu, ©. 10. Jlesuncon-Jleccunr, A. E. Depcman, A. H. 3asa-
puukui, B. C. Cobones, II. C. Kopxu1HCKH#A 1 op.) -

Pa3sBuTHE 3KCIIEPHMEHTAIIBHBIX HCCIIE[IOBAHUH C COBEPIIEHCTBOBAHHEM TeX-
HHKH TIO3BOJIAET M3YYaTh AJIOMOCHITHKATHBIE CHCTEMBI NIPH BBICOKHX P—T yc-
noeusax (H. JI. Boysu, O. ®. Tarra, I'. C. ﬁonep, X. Bunkrnep, don X. IMnaren,
K. 9. Tunm, k. Kennemu, P. T. Bwum, T. X. u [ X. Tpunbi, A. J. Punirsyn,
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M. A. Ocrposckunii, H. H. Xutapos, A. A. Kamuk, E. b. JleGenes, B. A. Wapu-
koB, P. A. M6ynaros, M. B. InensGaym, U. J1. Pabuxos u ap.).

B cBA3M ¢ yCcOBepiIEHCTBOBAHMEM 3K CNIEPUMEHTOB NMOJYHYHIIH JanbHeiliee
Pa3BHTHE M TEOPETHYECKHE MCCIIe[IOBAaHHA B (PHIHKO-XHMHYECKOH MeTPOJIOTHH,
KOTOpbIe B TOH MM MHOM Mepe kacaiorcA rpaHuToB (A. H. 3aBapuuxwmii, B. C.
CoGones, JI. C. KopxwuHckuii, B. A. Hukonaes, B. B. lonuso-lIo6poBonbcku,
B. A. Xapukog, A. A. Mapakymwes, JI. JI. llepuyx, H. ®. lilunkapes, T. bapr,
X. Kyno, ®@. Tepnep, Jix. ®epxyHreH u ap.).

K HacrosiueMy BpeMeHM HAKOIMIICA OTPOMHBIH (PAKTHYECKHH MaTepHal
MO H3YY4eHHI0 IPAHHTOMIOB H, OYEBH/IHO, HACTAJIO BPEMA OCMBICIIHTD €TI0 C e/IH-
HBIX (H3MKO-XMMHYECKHMX NMO3NLMI NMyTeM CO3[aHHA M NMPOBEPKH (DH3HKO-XH-
MMYECKHX MOJeneH, 4To camMo no cebe mpencraBnsAeT MeTo/l NO3HAHAA CYLIHO-
cru senenuna [64]. lpemnaraemas witatemo paboTa ABNAETCA NMEPBBIM OIbI-
TOM No pa3paborke nonmubix P—T—X mopeneid rpaHMTo0Gpa3oBaHHA H IIpOBeEp-
K€ HX Ha IpOoleccax TeHepalMH W KPHCTAJUTH3a1MH KHCIIBIX MarMm.

HccnemoBaHus BHIMONHAIHCE B paMKax pabGoTel 1o TeMaM, NMPOBOAMMBIM
Teonoruveckum uHcTHTYTOM Konbckoro ¢ummana AH CCCP.

OcHOBO# /Ui TEOPETHYECKUX Pa3paboTOK MOCTYXMITH CrefyiolMe HCTOoY-
HMKH (aKTHYeCKOro MaTepHana: a) McciepoBaHMa rpamumTounoB Konmsckoro
MOTYOCTPOBA Pa3/IHYHBIX (GOPMANHOHHBIX THIIOB, BHINOTHEHHBIE aBTOPOM B M€-
puon ¢ 1960 no 1980 r.: aHATEKTHT-MMI MATHTOB MOJBWXXHBIX 30H, IHOPHT-Ipa-
HHTOB H MHTPY3HBHBIX YaPHOKHTOB, JIEHKOKPATOBAIX CyOBY/IKaHMYeCKHX rpa-
HHTOB, [IpHpPa3IOMHBIX METaCOMATHTOB; 6) uccnenoBanHaA coTpymumKkoB 'eo-
noruueckoro uHcTutyTa Konsck. ¢un. AH CCCP M. J1. Batuesoit, U. B. bens-
xoBa, B. P. Berpuna, A. H. Butorpanosa u I'. B. BuHOrpazioBoii 1o oCTasHbIM
dopmMaHoHHBIM THNaM rparuTounos Konsckoro nomyocrposa [12]; B) muo-
' rOWMCIIEHHBIE JIHTEpaTypHble JaHHbIE 110 H3YUeHHIO rpaHMTOB Kak B CoBeTcKoM
Comwo3e, Tak ¥ 33 pyBexoM; r) IKcnepHMeHTATbHbIE HCCIEOBAHNA MO pa3yiny-
HBIM (a30BbIM NPEBPALIECHAAM B YACTHBIX ralIOTPAHHTHBIX CHCTEMAX.

B Xoxe MOAroToBKH M MpoBeleHHA paGoThl aBTOPY GhUIH MONE3HBI 06CYXK-
JEeHHA pas’NMuHBIX NpoGieM rpaHUTOOOPa30BAHHA C PYKOBOIMTENAMH TEMbI
nmoxropamu reon.-muH. Hayk H. J1. Batueroit u U. B. BenbkoBeiM B KoieraMu
no pabGore KaHmupatamu reon.-muH. Hayk A. H. BunorpanoesiM, B. P. Berpu-
HeiM, I'. B. Bunorpapoeoii, 10. . Ilymxapessim, JI. A. ApyTHOHAHOM, KaHJI.
xum. Hayk B. H. CknbGoii, a Taxkke ¢ COTpYITHHKaMM IPYTHX HAYUHBIX H [TPOH3-
BOICTBeHHBIX opranm3aumii: JI. C. BopomuusiM, B. C. [TonossiM, B. E. I'ennge-
pom, JI. C. lilreitnbeprom, I'. B. @epurratepom, J. I1. H3oxom, JI. I1. Ceupn-
Jenxo, A. II. lTonomapesoit, ®. I1. Murpodatorsim, B. K. JIsoBsiM, B. A. u
H. A. Koctuaeivu, B. E. PomanosriM. B noaroropke daxruieckoro matepHana
H oopmIeHHH paGOTHI GONbLIYI0 IOMOI OKa3amu cT. HikeHeps! A. H. Muk-
nseB U A. A. Eropos, naGopant O. H. Cycaposa u c1. maGopanr T. I1. Yepena-
HOBa. ABTOp rnyGOKO MpH3HATENEH BCEM 32 OKA3aHHYH eMy MOMOLb ¥ COJeH-
cTeHe B pabore.

ABTOp BhIpaxaeT GraroJapHOCTh 3a COBETHl M KPHTHYECKHE 3aMedaHHMA
TI0 OCHOBHBIM IONIOXEeHUAM paboTHI, CIOCOBCTBYIONMM €€ YNIyuHIeHHo, WIeH.-
xopp. B. A. Xapuxosy, wieH.-copp. A. A. Mapaxyuiesy, npod. JI. JI. [lepuyky,
noKTopaM reon.-MuH. Hayk M. b. dnemmGaymy, P. H. CoGonesy u M. 10. Ko-
poTacBy.



B paGote MpHHATEI CNIEAYIOIIHME COKPAILCHHA MHHEPAIOB H MHHAJIOB :

A6  — ansbur

AKT — aKTHHONHT
AnNM  — anBMaHIMH
Anc - amscuHT (AlLSIO,)
Amdp — ampubon

AH  — aHOpPTUT

AHp  — ampany3uT
AHT — aHHHT

Am  — menoyrol nojepoft wmar
Bap - Gappyasur
Bn  — GuortHT

BuH -~ BuHuWHT

Bo — BOJUTACTOHHT
I'ac — racrusrcur
Fen — remenGeprur
Tepu — re

I'np - rmaykodau
I'p - rpamar

Cpiod — rpoHEepUT
Ix — mKoCMHTHT
Im  — muoncup
Hen — xempur

Ko ; — xapmeur

Her - wmcroHur

Ke - xBapy

Ku ~ KHaHUT

Knc ~— xanscumur
Kop - kopyHn
Ko3ac — xoscur

Kpn - wxopmuepur
Kpoc — kpoccut
Krp - xarodopur
KyM — KyMHHTITOHHT
Kmu - xanuesbiit monesoft mmar

LR PN b i a1 et T 1)

nefuuT
MYCKOBHT
MOHOKIIMHHBIA IMHpOKceH
Maprapur
HaTpoBbIft cummkar (Na,SiO,)
Hedenun
ONHBHH
OPTONHPOKCEH
OpTOKIa3
Napracut
HPOH
MNarMoKnas
MK POKCeH
NaparoH|T
noneso# wmar
pubeHuT
porosas obmaHka
PHXTEPHT
cHIepodHIHT
CHIUTHMAHHT
CTaBpoOJHT
TapamHuT
TPeMOJIAT
dasnur
tnoronut
PCTEPHT
PPOCHINT
MHHan XamuMoHIa
YepMAKHT
OCHHT
ITH pHH
IHCTATHT
IMUOOT



2. TPAHUTHBIE CUCTEMbl — OCHOBA
®U3UKO-XUMHUYECKOTO0 MOIEJIMPOBAHUSA
OBPA30BAHHMA MMHEPAJIBHBIX ACCOLMAIIMA TPAHMTOB

2.1. Cocrosinme Bompoca (HanmuuHe Mopeneil, HX XapaKTepHCTHKA,
NOCTOHHCTBA M HEJOCTaTKH)

I C. KopxuHcknit ormeuaer [93] : ,,3anaueit aHamu3a napareHe3UCOB MH-
HepanoB (,,fTapareHeTHYeCKOro aHaJM3a™") WITH, TOuHee, PH3MKO-XHMHUECKOTO
aHANH3a MapareHeTHYeCKHX COOTHOILEHWH MUHEpajoB ABJIAETCA H3YUeHHE MpH-
POMHBIX NapareHe3MCOB MUHEpPAJIOB C BBIABJIEHHEM 3aBHCHMOCTH MHHEpajIbHO-
IO COCTaBa FOPHBIX NMOPOA H PYA OT PasiIHYHBIX PUINKO-XHMHYECKHX YCTIOBHH
4X GOPMHPOBAHHA: XHMHUYECKOrO COCTaBa MCXOMHBIX MOPOJ HIIH MAarMBbl, TEM-
nepaTypsl, AABJIEHHS, KOHUEHTPALHH NMOJBHKHBIX KOMIOHEHTOB B BO3JIEHCT-
Bylonmx pacteopax ¥ np.” [c. 1]. JIna peleHus Takoif 3a/iay4 OrpOMHOE 3Ha-
YeHHe MMEIOT (UIMKO-XMMHYECKHE MOJeNnH (IMarpaMmsl), B TOH WIH HHOW
Mepe OTpa<iolye NpHpo/Hble mnpoueccsl. [losToMy paspaGoTka QHUIHKO-XH-
MUYECKHX Mofieiedl 00pa3’oBaHMA MHHepasbHbIX MapareHeTHYeCKHX accolma-
IMit TOPHBIX MOPOJ], ABJIAETCA BAXKHBIM 3TAlNOM B METPONIOTHYECKHX HCCIEIOBa-
Husax. OCHOBOW [UIf MOCTPOEHUA TAKHX MOMENIEH CITYXKaT pe3yJIbTaThl H3YUeHHA
NpUpOAHBIX MHHEpANbHBIX 2CCOUMAIMA M CBOHCTB MHMHEpaNOB, [aHHbIE MO
TUIABNIEHUI0—KPUCTAUTM3AIMH TOPHBIX TMOPOJ M Pe3yNBTaThl 3KCNEPHMEHTOB
HaJ| pa3THYHBIME HCKY CCTBEHHBIMH CHCTEMAMH.

Ha nporsskeHMM Beeil MCTOpMM pa3BHTHA TETPOJIOTHYECKOH HAYKH Mpef-
NPHHUMAJTHCh TIOTIHITKH CMOJEIMPOBATh TOT MJIH MHOW NpPHPOJHBIA Ipouecc.
Ycnexu B 3TOM HanpaBJieHHH ObUIH JOCTHTHYTBI C HCIIONIb30BAHHEM pu3MKo-XH-
MHUYECKOrO anmapata M pe3ynbTaToB MepBbIX JKcmepHmeHTOB. Kparkas ncro-
pHA Pa3BHTHA (H3HKO-XMMHYECKOH METPONIOTHH NpHBefieHa B pabore B. A. Ka-
pukoBa [64]. BrionHe ecrecTBEeHHO, 4TO ¢ HAKOIJIEHHEM 3HAHMH O IPHPOJHBIX
npoueccax, pe3ybTaToB HKCNEPHMEHTOB H C PA3BHTHEM TEOPETHYECKOH NeTpo-
JIOrMM MOJIENTH CTAHOBHJIMCH COBeplileHHee. B HacTosIee Bpems V1A IPAHHTOH-
[OB CYLIECTBYIOT PA3jMuHble TeOpeTHUECKHe M JKCNepHMEHTANIbHBIE MOIENH,
pa3paGoTaHHbIe ¢ YUYETOM TeX WM MHBIX NAPAMETPOB COCTOAHHA CHCTEM, KpaT-
Kas XapaKTepHCTHKA KOTOPBIX NIPHBOIMTCA HHXKE.

2.1.1. Monenn Ha pg o—HNa,0 OCHOBE

OpHO# W3 NEepBBIX (H3IHKO-XMMHMUYECKHX MOJIefedl ABIAETCA IHarpamMma
I1. C. Kopxunckoro [87] orpaxaiouwas 3aBHCHMOCTh H3MEHEHHA NApareHesu- .
COB TPaHHTOMIOB OT XHMHYeCKHX NOTEHUHAIIOB LENOYel KaK BNOJHE MOMIBHX-
HBIX KOMIIOHEHTOB TIpH YCIIOBHHM noctosiHcTea Py T. 3Ta IMarpamMma HacTolb-
KO M3BECTHa, YTO HeT HeOGXOOHMOCTH HeTanbHO ee pa3bupars. Ha paccmatpu-
BAEMOil IMarpaMMe HH B OJIHOM PaBHOBECHH He YWacTBYeT paciias (marma),
T. €. BCe OHH OTpaXalT TBepHodasHbie HOHOOGMeHHbIe peakimy. Tem nie mcree
JI. C. Kopxmsckuii cuntaer [93, c. 204], uTO NpH H3YYEHHH MArMaTHUCCKHX

6



TOpPHBIX TOPOJL MPH TOMOUN HArPAMMBI g —Hy, o »MOXKHO BLIACHHTH BCe

NeTAIM M3MeHEeHH [IEJIOYHOCTH MATMBI B Pa3HBIX ee MACCHBAaX W B damMaAx
¢azax omHoro maccupa’ [93, c. 204] . Ho, kak 310 cfenaTh, HA KOHKPETHBIX
npumepax He MOKaspiBaeT. Huuero He NpOACHAIOT M CCHUIKM Ha paboTHI
B. C. Cobonena [163] u JI.JI. Ilepuyxa [133], Tak KaK u B HHX He JaHO MOsC-
HeHuii Ha 3ToT cuer. HaoGopor, B. C. CoGones [163] Brpicka3sbiBaeT cBOe MHe-
HHe, HecKonbko ormuuHoe oT mHewua JI. C. KopiaHCKOro: ,,Mbl He MOXEM
cornmacursea ¢ 0. C. KopxuHCKUM, YTO TIOABHXXHOCTD IIENIOYEH B MarMe ABJIA-
eTCA HACTONBKO COBEPLIEHHOM, YTO MX KOHUEHTpAlHK NMOMIepXHBAWTCA HA MO-
CTOAHHOM YpOBHe BO BpeMs BCEro Ipolecca KPHCTAUTH3AUMH KaK HaHHOH
NOpo/isl, TAK H CEpHil MOPOI, KaK 3TO MM [OIMyCKAaeTCcs, HaNpHMep, A NOpoa,
TypsuHckux mectopoxaenuii”” (c. 271). C apyroii cTOpOHbI, OH MALIET: ,,IpH-
HATHE JIMILb OTHOCHTENIBHOH MOMBHXXHOCTH 1e/I0Yel H 06A3aTeNIBHOro 3aKOHO-
MEepHOTO M3MEHEHHA WX KOHLEHTPaUMH NPH KPHCTATIM3ALHK MATMbI OTHIOMB
He YManAeT 3HaueHHA NpHBeIeHHOH auarpammel” (c. 271).

J. C. KopxuHCKH# NOCTPOMII JIHIUb OFHH BO3MOJXHBIH MyUOK NAaHHOH CH-
CTeMbl ¥ HAMETHJI MYTH JUIA JaNbHEeHILIero pasBHTHA AMarpammel. Bocmons3so-
Bapumch ero meromom, B. C. CoGones [163] paseun 31y mMarpammy ans
[pYTIHX Ba)HEHLMX MapareHe3ucOB MATMATHYECKHX MHHEpAJIOB Ha OCHOBAaHWH
[aHHBIX 1O TMapareHe3ucam H3BepXeHHbIX nopon. MM nocrpoeto ape Auarpam-
MBI: [ IOPOJ BBICOKOM M CpeJiHeil JKeNIe3UCTOCTH M JUIA MOPOI HU3KOH XKeJte-
3HCTOCTH. JTH IMarpaMMsl OTpaXawT yxe Gombiiee pasHooGpasHe MHHEpaIb-
HBIX aCCONMAIMI KBApICOMEPXKAIMX MOPOJI, BKITHOYAA IPAHUTBI CO IETOYHBIMH
TEMHOIBETHBIMH MHHEpAJaMH, THTIEPCTEHOM H KOD[MEPHTOM, T. €. MOpOMsI
¢ BBICOKO¥, HOpMAJIBHOH M HH3KOi menoyHocTio. K coxanenuio, 311 fuarpam-
mbl,kaK H muarpamma JI. C. KopxuHCKOro, He NOKasbIBAT B3aHMOOTHOLICHHA
TBep/IbIX a3 ¢ paclUIaBOM H MOCTPOeHsI UiA onpefeneHHbix P—T ycnosuit. W3-
meHenue P—T ycrioBMi NpuBesleT K CMeHe MHHEpaJIbHBIX NapareHe3HCOB H CO-
cTapa MHHepaos, uro otMeuanu [I. C. KopxwHckwuii u B. C. CoGones: ,,Bce 31
OTHOIIIEHHA, KOHEYHO, OCITOXHAITCA elle BO3MOXHOCTBI0 HEKOTOPBIX KoJie6a-
HHHl TeMIlepaTyp KPHCTAJUIM3AIMH MArMATHYECKHX MOpO[, B 3ABHCHMOCTH OT
conepxanus B marme Bofsi”’ [163, c. 275]. W, xoHeuHo, Gomblium HepoCTaT-
KOM 3THX H NOJOGHBIX TMarpaMM SBJIAETCA MX KayecTBEHHbIH XapakTep, a ne-
PeXOJ] HA KOJIHYECTBEHHYI0 OCHOBY CBA3aH C OFPOMHBIMH CIIOXKHOCTAMH.

JlanbHeHIUHM 1IArOM B OBJAacTH MOJIENHPOBAaHHA MPHPOJHBIX MPOLECCOB
rpaHuTO06pa30BaHMA ABJACTCA YWeT BIMAHMA JaBJICHHA HAa HX MHHepasibHble
napareHe3Hchl.

2.1.2. Mopenn wa P—u_ . OCHOBE

Mopens Ha OCHOBE [aBNeHHA H XHMHYECKHX INOTEHUMATOB BIOJIHE NOA-
BHOKHBIX KOMIOHeHTOB P—u, GbUtH pa3paGoransl A. A. MapakyleBbiM
¢ xomneramu [119, 122, 172]. OcHoBo# mis pa3paboTKH MOJENEH MOCITYKHII
GONBILONH MAaTepHaN MO IPaHHTOMIAM PAa3TMYHBIX 30H riyGHHHOCTH, MOJTyYeH-
HBIi MpH H3yvyeHHH THXOOKeaHCKOro nosca, B pefieZiax KOTOporo pacrnpocrpa-
HeHbl pas’HooGpa3Hbie reoyoruyeckHe GopMalMH OT MPHIOBEPXHOCTHBIX, CBA-
3aHHBIX C 30HAMH COBPEMEHHOTrO BYJIKaHW3Ma, 10 HanGonee riTyGHHHBIX, CO-
CTABNAIOWMX OCHOBAHHSA [PEBHUX LIMTOB H KPHCTAJUIMYECKHX MaccHBOB. Mmu
NOKa3aHO pa3yiMyHe B MHHEpaJIbHBIX CCOIMAMAX, COCTABE OFTHOMMEHHbIX MH-
HepanoB A NMOpop pa3Hoit dawuu rmyGuHHOCTH. [locne aHanmM3a napareHes-
COB OHM TPHUUTH K BBIBOAY, 4TO (haKTOpaMH, ONpe/e/IAILMMA TOT HIH HHOH
naparcHe3suc, ABIAKTCA obluee MaBreHHe, 3aBHCALIEE, TO-BHAUMOMY, OT IIly-
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GMHHOCTH OpPMHPOBAHHA IPaHHTOBR, TEMIIEPATYpPa M XHMHYECKaA aKTHBHOCT
BIIOJIHE MOJIBHKHBIX KOMIIOHEHTOB (BOJIBI, YITIEKHCIOTHI M iesnioueit) . Cebuia-
Acy Ha akcnepumentst I'. I1. Opnosoii, l'oparcona, O. @. Tartna u H. J1. Boy)-
Ha, A. A. Mapakywes u H. A. Tapapun nenaiot 3aK/moueHue, 4T0 TeMIEpaTypa
KPHCTAJUTH3aIMH H XHMHMYECKHMH MOTEHIHAN BOMbI (”H,O) ABNIAIOTCA B3aHMO-

CBA3aHHBIMM NapaMeTPaMH W, CJIe[IOBATENIbHO, NMpH AHANM3E NAPareHe3UCOB

TPaHHTOH/IOB MOXET YUMTBIBATBCA OMH M3 3THX akTopoB. OHH mocTpounu

P—py o TPOEKIMIO HOH-, MOHO- M [JMBaPHAHTHBIX PABHOBECHI [U1A [PAHHTOH-
2

[IOB HOPMAJIBHOI ILENIOYHOCTH H GeiHbIX KanbuneM (alHa BNoNHE MOIBHXHO-
ro MOBEJEHHS KAHA) H CEPHIO NAapareHETHYeCKUX MArpaMm K Heil TIpH HHepT-
Hom nopefiennn MgO, FeO, Al,0; u nabuitke Si0,. Mpoexmua P_“H,o eCcTh

YacTh 06beMHONM MHATpaMMBI P_‘"H,o““lc,o' Gonee nonHyio pa3peprky KoTo-

poit ocymectewin A. A. Mapakymes, U. A. Tapapun u B. JI. 3amumax [122],
KOTJA OHH MOCTPOWIM MPOEKIMI0 HOH-, MOHO- H [MBAPHAHTHBIX PAaBHOBECHIL
Ha Uy oM, Na),0 TWIOCKOCTb H CEpHI0 NapareHeTHECKHX JAHATPAMM K Hel.

B peaynsrare Gbuta nonyyeHa QUIHKO-XMMHYECKAA MOJIENb NIAPareHe3HCOB Ipa-
HHMTOB,OeHBIX KanbuHeM,B 3aBHCHMOCTH 0T P, HMy,0 ¥ (1¢,Na),0 TPH HHEpT-

Hom nosepennn MgO, FeO, A,O; u uaGuirke Si0;. Kpome Toro, A. A. Mapa-
KywessiM [119] npemnoxkeHa cxema ¢aumii rpaHHTOB ITIHHOIEMHCTO-H3BECT-
KOBOr0 pArA C MOJNAMH YCTOHYHBOCTH POrOBOOGMAHKOBBIX M IHOINCHIOBBIX
CyO11eIOYHBIX IPAHHTOHMIOB B 3aBHCHMOCTH OT XMMHYECKHX TOTEHIMAIOB BO-
Ibl M LeTOYeH.

Takum o6pasoM, pa3paGoTka yKa3aHHBIX TEOPETHUECKHX (PHIHKO-XHMHYe-
CKHX MOJieNied MO3BO/IWIA HAMETHTh MYTH pellieHA Bonpocos obiueii mpo6ne-
Mbl MHHEpaNTbHbIX (allHii rPAHUTOM/IOB : NIPHPOMIHBIE MHHEpaJIbHBIE MapareHe-
3HCBI COMOCTABHTH C TEOPETHYECKWMM KayeCTBEHHbIMH (hauMAMM [IESIOYHOCTH
H rIyOHHHOCTH M TIPeUIOXHTD NOJTYKONMYeCTBEHHbIE MHHEPATIOTHYECKHE KPH-
TEPUH LIENIOYHOCTH (MO0 GHOTHTY) rpaHUTOMMIOR.

B 3aimoyenne HeoGXOMMMO BBICKa3aTh HEKOTOpbIE 3aMEYAHHA OTHOCH-
TEeNbHO MOJENei, pa3paboTaHHbIX HA OCHOBE XMMHYECKHX MOTEHUMANIOB BIIOJHE
MOJBHAHBIX KOMIIOHEHTOB H ABJIAMIMXCA NuUIb npooGpasamu Gonee Crox-
HBIX 18 TOCTpoeHHA Mopiened Ha P—T—X ocHope [64].

1. TlpencTapnserca clpaBeIMBLIM criemyloinee 3ameuarme H. J1. IoGpeuo-
Ba M ap. [44, c. 285]: ,B nepBoHawansHOM BapHaHTeé MHOTONYYKOBBIC JIHa-
rpammbl Henons3oBanuck . C. KopxuHekuM Jmillb OjI8 TeX cy4aes, Korga
NOTEHUMANBI KOMIOHEHTOB, OTKJIa[bIBaéMbIX Ha OCAX, 3a[iaHbI H3BHE, T. €.
[I0Ka3aHa MX MOABWXHOCTs. OHAKO 3TO YC/OBHE He BXOJMT B NPHHLMIMANS-
HYI0 OCHOBY NOCTPOCHHSA [MAarpaMM, H 1O CyTH [iella OHH MOTYT NPHMEHATHCA
WA mobbIX CHCTEM M3 MATH H Golee KOMIIOHEHTOB, PaclUMpAA MPOCTO HALIM
rpadHYecKHe BO3MOXHOCTH .

2. Bce ™M MoenH KauecTBEHHBIE M MEpeXoyl K KOJMYECTBEHHOH OCHOBE
OYeHB 3aTpy/IHHTENIEH.

3. Bce paBHOBeCHA B MOMIENIAX HAa OCHOBE M, . . OTPaXaKT TBEPHOQa3HbIe
PEeaKIHH, H MO CYMECTBY KOPPEKTHOE HX NMpHMeHeHHe BO3MOXHO TONBKO UIA
MeTaMOp(pHYECKHX NOPOA.

2.1.3. Mopemm PH,O—T —X ocHoBe

Mopenu, paspaboTaHHbieé Ha PH O—T—X OCHOBE, MMEIT HEeCOMHEHHbIE
2
1PeHMYIIECTBA Mepell MONENAMH, OCHOBaHHbIMH Ha u, . . Ilpexue Bcero
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B 9THX MOJIEJIIX MCTIONB3YIOTCA He3aBHCHMbIE Mapamerphbl, HEMOCPEACTBCHHO
piMsoLMe Ha (a30Bble MPEBpalIeHHA B CHCTEMAX H ONMpENeNAIOLUME 3HAUCHHA
XHMHYECKHX MOTEHIMAIOB BCEX KOMIOHEHTOB CHCTEMBbI, KOTOPbIE H3MEPAKTCA
HHCTpYMeHTAIbHO. Mcionb3ys 3TH MapaMeTphl, MOXHO JIerko H300pa3uTh Npo-
ecchl BO BCEX THNAX MPHPOJHBIX CHCTEM M MO Mepe HAKOIUIEHWS COOTBETCT-
BYIOIHX JIKCNIEPHMEHTATBHBIX [aHHBIX MepeHTH OT KaueCTBEHHOTO ONMHCAHMA
K KonuuecTBeHHOH MH(opmauyu. [Ins rpaHHTOMIHBIX MOPOJ KPOME H3BECT-
HBIX JKcrepuMeHTanbbix mopeneii O. ®. Tarrna u H. JI. boyana cuctemsl
A6—Op—Ks—H,0 5286] u I'. Bunxnepa cucrempi A6—AH—Op—Ks—H,0
[291, 292, 293, 294] umerTCA MOJIENH, TOCTPOSHHBIE HA TePMOIHHAMHYECKHX
pacueTax ¢ MCMOJMB30BAHHEM JKCIEPHMEHTATBHBIX IAHHBIX MO YACTHBIM CHCTe-
mam. K HHM OTHOCATCA MOJIeNs pocToii rpaHuTHOI cuctemsl AG—Op—Ks—H,;0
J1. J1. Mlepuyka [136], oxBarsiBaioman 3HawiTensHbti wHTepsan P—T ycnosuil
M PalMUYHYI0 CTeNeHb HACBIEHHOCTH IPAHHTHOTO paciUlaBa BOJIOH, MOJeENb
E. W. KpaBuopoit [99] u M. U. lly6posckoro [49, 50] cucrembi AG—An—Op—
—KB—H,0 Takke cO 3HAMMTENBHBIM HHTEPBAIOM YCIOBHA KPHCTAIUIH3ALMH
rpanuToB. OnpeneneHHblii MHTepec INpe[CTABIACT TEODETHUECKAA MOIENb
A. Tomncona u M. Anropa [284] cucremsr KAIQ,—NaAlQ,—Al;,03;—-8i0,—-H,0,
OTpaXkAloLas YCIOBHA IeHEpAlMd W KPHCTA/UTH3AUMH BBICOKOITTHHO3EMHCTBIX
rpanuTHbIX Marm. K 37oii cAcTeme Gbin [0GaBleH KANBIUTH, 1 yke Bonee mon-
Has cucTeMa ommcana B paGore A. Tommcona i P. Tpeiica [285].

Bce Ha3BaHHbIE MOMIENTH OTpaxaloT (a30BbIe B3aHMOOTHOLLIEHHA TONbKO Ca-
JMUeCKHX MHHEpaJIoB rPaHHTOM/OB, TO3TOMY HX ClleflyeT PacCMATPHBATh KaK
yacTHbIe MOJENH, ¥ NMOCKONBKY OHHM GYIyT HamMH HCHONIb30BATHCA MpH pa3pa-
GoTKe MONHBIX CHCTEM, TO Gonee mompobHas MX XapakTepucTHka OypeT HaHa
B COOTBETCTBYIOIIMX pasfeNax.

2.1.4. 3xcnepuMeHTH MO IUIABJICHHI0 —KPHCTA/UTH3AUHH
NPHPOOHBIX IPAHHTOHIOB

B paGorax I1. Jix. Buwuiu u mp. [241, 296] posonsHO MOApOGHO aHATM3H-
PYIOTCA pe3yNbTAThl SKCIEPHMEHTOB MO MIABJIEHHI0 —KPHCTAUIH3AUHH T'PaHH-
TOMIIOB, TIO3TOMY HeT HeoGXOQHMOCTH 3[eCh [AeTAIBHO pa3buparh 3TOT BOMPOC.
JlocTaTouHO BHICKA3aTh HEKOTOpBbIE 3AMEYAHMA OTHOCHTENBHO BBIBOIOB ITHX
aBTOpPOB.

1. AHammaupys pe3ynbTaTsl aKcnepumenTos, I1. Jx. Bum u mp. [296]
NpMIIUTH K BBIBOZY, YTO IpH [IaBJieHHH HuXe 5 k6ap rpanuT Befer cebs Kak
cocTaB, MofOOHBIA IBTEKTHYECKOMY : HHTEPBAJ €r0 MIaBJieHHA Y30K, a IIpH Mo-
BhILIIEHUH JIABJICHHA MHTEPBAN MEXIY JHKBHZYCOM H CONHIYCOM 3HAYMTEIIBHO
PacUMpAETCA 32 CYeT YBEJIHYeHHS NOJsA CyGIHKBHIYCHONH KPHCTAJUTH3ALHH
kBapna (puc. 2.1, a). 370 3aK/oUeHHE, BHITEKAMOLIEE U3 AHATH3A PE3YJIbTaTOB
IKCTIepHMEHTOB HaJ| OTIpe/ie/IeHHBIM IPAHHTHBIM COCTABOM, MOXeT GBITh Herpa-
BIJIBHO MHTEpPNPETHPOBAHO reONIOTaAMH H IKCHepuMeHTaTOpamu. Takoe pacilm-
peHHe JTHKBH/LYC-COTHAYCHO# OG/IACTH CBA3AHO C T€M, YTO COCTAB IPAHUTA B yC-
JIOBMSIX BBHICOKOTO JABJIGHHA CTAHOBMTCH HE KOTEKTHYeCKHM, a oboraumieH
kBapueM. Ecnu e GpaTh KOTEKTHYECKHE COCTaBbl, COOTBETCTBYIOLIME KaKIO-
My 3HAYEHHIO [ABJIEHHS, TO H HHTEPBA JIMKBHAYC-CONMIYCHOM obnactu Gyner
OCTaBaTBCA Y3KHM.

2. I Jix. Bwom u gp. [296] cunraior, YTO 3aKOHOMEPHOCTH TUIaBJICHHA
NMpPUPO/THBIX TPAHUTOB YHOBNIETBOPHTENBHO OGBACHAITCA C MOMOLbIO M-
rpaMM JUIA MCKYCCTBEHHBIX TPAaHHTHBIX cucteM. [1o x MEHeHHio, HoGaBneHue
aHOPTHTOBOTO KOMIIOHEHTA B CHCTEMY A6-0p—Kr—H;0 okaspiBaeT He3Hawi-
TCNbHOE BIMAHHE HA MOJIOXEHHE KOTEKTHYECKHMX JIMHWIA, OJHAKO BbI3bIBACT
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Puc. 2.1. ®a3oBble B3aHMOOTHOIIEHHS LA IpaHWTA ¢ M36BITKOM BOObI (2) W MHTepBAN

KpuCTA/UM3aunH GuotHToBoro rpamuta (6) Kak GYHKUMA CollepaHHA BOMLI NpH
Pogm = 2 K6ap [296]).

liltpuxoBbie MHHIHM — (HA30BEIC TPAHMUBI IPH GNHINTENBHEIE HIH HEHAIEKHEIC, XHPHAR JIH-
HHA — BepXHHH npeden craGuneHocTH GHOTHTA.

CMelleHHe COCTABA HA3KOTEMIEPaTy pHbIX paciuiaBoB K cropoHe Op—Ks B Tpe-
yronsimuke A6—Op—KB 10 CpaBHEHHIO C COCTABOM NOIOGHBIX paciUIaBOB B CH-
creme Ge3 aHOpTHTA. B 3TOM 3aKITIOUEHHH HMeETCA MPOTHBOPEUHE | KAK e MO-
XeT TIPOMCXOIMTh CMeleHHe COCTaBa Ge3 HIMEHEHMS MONIOKEHHA KOTEKTHYE-
ckux nuumi? Tlpu noGasnenuu AH B cucremy A6—Op—Ks mbl momytsaem
HOBYIO CHCTEMY, B KOTOPO#i MOABIIAIOTCA CBOH KOTEKTHKH, I10 COCTABY H MOJIO-
KEHHI0 B TIPOCTPAHCTBE AMATPAMMBI OTIHYAIOIMECHA OT KOTEKTHK CHCTEMBbI
A6-Op—Ks.

3. IopAROK KPUCTAIUIH3ANMH—IUIaB/IEHHA MHHEPANOB B rpaHHTax Ompenie-
NIEHHOTO COCTaBa NMpH 3aJaHHOM P, W PadIHYHOM COMlepHKAHHH BOJbI Byner

W3MEHATHCA B JIPYTMX COCTABAX PACIUIABOB M HOBBIX YCNOBHAX Pogy, PH’O.

TMo>TOMy TaKoii NMOPANOK KPHCTAUITH3ALMA He MOXET GbITh HCTO/NB30BAH MPH
06061EHHBIX METPONIOTHYeCKHX MOCTPOSHHAX.

: 4. Tlo nanmeiv B. Xyanra u I1. Buwum [241] Hameuaercs TemriepaTy pHbli
3KCTpeMyM TpPaHHTHOTO COJMAYCa, HACBILIEHHOIO sopoi: T npu 15 kGap

pasHa 610 °C, a npu 25 kGap — 665 °C. Ho 10T 3KCTpeMyM MAJIO HTO f1aer
TPAHMTHOH NETPOJNIOTHM, MOCKOJIBKY pacnonaraercid B oBnacTH BBICOKHX
JHAueHWH [ABNEHHA, INe NPAKTHYECKH HEe MOTYT CYIIECTBOBaTh TpaHHMTHbIE
MarMbl.

5. xcnepumentamy B. Xyawra u I1. Bwum [241] Takke ycraHOBieHO,
YTO TEMIepaTypa HCUeIHOBEHWA KBAplA ¥ KAJIMIUNATA B 06/1aCTH OJTHOMN XMH[IKO-
CTH Pe3KO YMEHBINAETCA C YBE/IHYCHHEM KOJHYeCTBA BOLLI. Jro ABNAETCA elle
MMM JIOKA3ATENBCTBOM TOTO, ¥TO IpH P g, = CONSt KOTEKTHYECKHE ,,CyXHE”

TPaHHTHbIE MArMbl COMIEPXAT MEHbILE Si0, Mo CpaBHEHHI0 C HACBHIEHHbIMH
Boyoit [49, 50] .
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2.2. CpoiicTBa CHIMKATHBIX H ANMIOMOCH/IHKATHBIX PaciiiaBoB

3neck Mbl OCTAHOBMMCHA Ha TeX CBOMCTBAX AJIIOMOCH/IMKATHBIX paciUlaBos,
koTOpble GYAyT HCIO/IB30BAHBI B MOC/EAYIOLMX MOCTPOCHUAX H pa3paboTtkax.
K HMM OTHOCATCA: CTPYKTypa paciiaBoB, COCOBHOCT HX PaCTBOPATS NETYUHE
¥ H3MeHeHWe CBONCTB paciUlaBoB B CBA3M ¢ pacTBopeHHeM. Haiua 3anaua oGner-
yaeTCs CyLeCTBOBaHMEM paBoT, MOCBALIEHHBIX ITOH Teme [6,61,63,109,111,
174, 199, 200, 202 u #p.] .

2.2.1. CrpykTypa paciuiasos

ABTOpY HeM3BECTHBI paGOTHI MO NMPAMOMY OMNpeleNeHHI0 CTPYKTYPbI allko-
MOCHJIHKATHBIX pacruiaBos. Ilo 3ToMy BOMpOCY BBICKA3bIBAWTCA pa3iHiHbIe
CyKOeHHs W Tpe[NONOKeHHs, OCHOBAHHbIE HA KOCBEHHBIX [AHHBIX (3/1€KTpO-
NPOBOJHOCTH, BA3KOCTh M /AP.) , CTPYKTYpe CTEKO H MPO/IYKTAX KPHCTAIUIH3A-
uuu. Tak, ©. 10. JlepuHcoH-JleccHHr, paccMaTpHBas BONPOCHI O CTPOEHHH Mar-
MaTHYeCKHX paciUiaBos, ewe B 1916 r. [111, c. 99] mucan: ,Kak H3BecTHO,
A ONpeHeNeHHO IpHAEPKUBAIOCh C CAMOrO HAvana Toro B3INAN, HTO B Marme
OKMC/Ibl M KPeMHEKHCIIOTA YXe pacrpefie/ieHbl NpHMEHHTENbHO K HMEIOLMM
BBUIENTHTBCA MMHEpANaM, 4T0 B CBOGOIHOM COCTOSHHM HMEIOTCA JIHLLb T¢ OKHC-
7bl, KOTOpbIe MOTYT ABHTBCHA B BHIE CAMOCTOATENBHBIX MHHEPAJIOB, YTO, Crie-
nosarensHo, mMddepeHnMaunA CcOBeplliaeTcd MNyTeM IMEpeMEIUCHHA LENbIX
KOMIUIEKCOB OKHCIIOB, TO ecTh MuHepasioB”. M manee: ,,Yxe B paciuiaBiieHHOH
Marme Bce OCHOBAaHMA TMOMENMIN MeXIy CODOH KpeMHeKHCIIOTY H CrpyMIHpoO-
BAJIMCh B COEIMHEHMA COTJIACHO CTeMEeHAM MX CPOMCTBA, TAK CKa3aTh, COrMIACHO
cBouM notpebHocTAM” (c. 100) . B 10Ka3aTe/IbCTBO OH MPUBOIMT ClE/LyIOLIMH,
[OBONBHO yGenuTeNnbHblA npuMep: ,llleNouHble MMpPOKCceHbI M amduGOIBI
BCTpevaloTcA B GOTAaThiX WIETOYAMM, B YACTHOCTH HaTpoM, Marmax. Onu oGpa-
3YIOTCHA TaM, rhe OcTaeTcs H3GBITOK Iuenovedl nocie oGpasoBaHHA MOJNEBBIX
WInaToB. XOTA 3TH LUEIOYHbIE MHPOKCEHbI H BBUIENAIOTCA paHblle MONEBBIX
ILMATOB, OJJHAKO 3TH MOC/eHHe yke chOPMHUpPOBAJIHCE B MAarMe, YAepXKHBAIIH
Bce HeobGxomumoe WA MX 06pa3’oBaHMA KOJHYECTBO INIHHO3eMa, KOTOpOe Io-
9TOMy B MMpoOKceHax W amduGonax mano. Eciu Gbl pacnipefienneHue OCHORAHHHA
CIIE[OBAO 32 MOPAAKOM BbIENIEHHA MHHEpAlOB M3 MArmMbl WIH LINO Mapai-
JIENTBHO € HWM, a He MpelieCTBOBAIO eMy, MOXHO ObUIO ObI OXHMIATh B ITHX
nopopax Gonee Gorarbix rNHHO3eMOM mHpokceHos™ [111, c. 100]. Hanshe#-
lIee IKCTepHMEHTATbHOE H3Y4YeHHe PAaciUIABOB M HX CTEKOJI MOATBEPIMIIO Tpefi-
craBnenus @. 10. JlesuncoHa-JleccuHra. ,,Ecnu UITMTENBHO BbIJEPXHBAaTh pac-
IIaB Npu Temmepatype nuiub Ha 20—40° Gonblue, YeM TeMIepaTypa THKBHIY-
ca, a 3aTeM 3aKAIUTh, TO PEHTTEHOrpaMMa MOJyYeHHOro CTeKsa, XoTd  Gemna
JIMHMAMH, HO CXO[JHA C PEHTTeHOTpaMMOH MepBHYHO KPHCTA/UIH3YIOLIeHCH
ha3bl. ITO CBHAETENLCTBYET O MOArOTOBKe O6pa3’oBaHWA B paciUiaBe MpH Ta-
KMX TEMIIepaTypHBIX YC/IOBMAX IPYMI, GM3KHX MO CTPOCHHIO MEpBHYHO KpH-
crammm3ywomeiics dase™ [104, c. 103].

0. A. Ecun u I1. B. Tenspy, [61] mocne onpenieneHus 3eKTponpoBOJHOCTH,
YOeNbHOrO Beca, BA3KOCTH CHIMKATHBIX paclUlaBOB pPAajIHYHOroO COCTaBa —
wictoro Si0, M pacTIaBoB ¢ MOCTENEHHBIM yBeHueHHeM copiepxanusa MeO —
MPHLUTH K CIIEy0IHM BbIBOAAM.

1. Xupxue nuraky (paciiassi) MOJOGHO KPHCTAJUIMYECKHM H CTEKIJIOBHI-
HbIM ABJIAIOTCA NpeX/e BCEr0 COBOKYMHOCTBIO aTOMHBIX WOHOB. JlaHHBIMM
PEHTTEHOCTPYKTYPHOIO aHANMM3a OKCHAHBIX CHCTeM MOATBEPKIEHO, 4TO
B KHIKOCTH COXPaHAIOTCA Te JKe MpOCTbie KATHOHBI H KOMIUIEKCHbIC aHHOHDI,
KOTOpbIe HAGMIONIAKTCA B KPHCTAUTHYECKHX pellieTKax.
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2. TlpeanonaraerTcs, YTo XMIOKHA KpemHe3eM MpefcTaBnfAer cobod mcka-
KCHHYH0 TPEXMEPHYIO CETKY C YaCTHYHO pa3pylLeHHbIMH cBA3AMH Si—0.

3. Ilpu po6Gaenernu 10—-20% (mon.) MeO cerka Si0, ocraercs, HO wcno
Pa3’pbIBOB BbIPACTaeT BMECTe C WMC/IOM BBE/IEHHBIX HOHOB KHCIIOpOa.

4. B nnrepsane KoHueHTpauui ot 10—20 mo 33% MeO B pacrnase oTcyTCT-
Byer ceTka Si0; M NOABNANTCA NUCKPETHBIE KOJIBUEBbIE CHIMKATHbIE AHHOHBI
mna [Siy,04,43]%" W [Sis, 05,441 " He ucKmouaeTcH TakxKe BOIMOX-

HOCTb CYIIECTBOBaHHA OCTPOBKOB — ,,aiicbeproB” u3 cerku Si0;, oTAENeHHbIX
Ipyr OT apyra Gonee MpOCTbIMH CHITHKaTaMH.

5. Ipu konuentpaumu MeO or 33 mo 50% oGpa3syerca cmeck Gonee npo-
CTBIX TIOJTHMEPOB H KOJIBUEBBIX aHHOHOB, Hanpumep Sig03g , Sig0%s , Si,0F; u
Si,05". 3arem B obnactu 50—66% MeO Bo3umkaior koporkue (n<3) uenoy-
xu [Si,03,,,] ?"*?) u coxpanniorcs NpocTeilHe KOMbUEBLIE HOHBI.

6. lpu yBenuueHun copepikanua MeO ceoite 66% NpOMCXOOMT Mporpec-
CHBHOE pa3pylleHHe TIONIHMEPOR [0 NPOCTEALUINX TETPA3APOB Si0%™ u nocrosH-
Has 3aMeHa ux uoHamu 0%,

Cnpasepymeocts BoigofoB O. A. Ecuna u I1. B. T'enbia noaresepxpaerca
NPOAYKTaMH KpPHUCTAJLTH3AIHH NPHPOHbIX MArM-paclliaBoB pasnMYHOro cocra-
Ba, e ponb KoMIUteKcooBpa3oBarens kpome Siurpaior Al u Fe*.

TpencrapnseTca MPpUHUHNKANBHBIM BRIBOA, (6) , NOCKONBKY MHOTHE HCClIe-
nosatemu  [85, 92, 154, 199] nomyckawor Hamuwe woHoB 077 B 0GBIMHBIX
aTIOMOCHTHKATHBIX pacillaBax.

Tak, 1. C. Kopxmuckmit [92], cchinascs Ha paGory O. A. Ecuma u
I1. B. Tenbpa, cudTaeT, YT0 OCHOBHbIE OKHCIIBI NPH HOHW3AUMH [310T KaTHOHLI
METa/JIOB M aHMOHBI KHCJIOPOJA, TOr[a KaK KHCIOTHbIE OKHCIIBI, B YaCTHOCTH
KPEMHEKHCII0Ta, NIPHCOSHHAA aHHOH KHCJIOPO/A, AAKT KOMIUVIEKCHbIE aHHO-
HbI, HATIPHMEP: '

K,0=2K*+0%", Si0, +0?=Si0Z"
Ca0=Ca*"+0?%", 28i0,+0* " =Si,0{ ur.A.

AMCbO‘I'epH]:IC OKHCIIbI B 3aBHCHMOCTH OT OCHOBHOCTH paciulaBa MOryT BECTH
cebA M KaK OCHOBaHHMA, H KaK KHCIIOTa, HallpHMEp:

Al,O,=2AI""+30%", Al,0,+0% =2AI0;.

I. C. KopskHHCKHH Npe[noJaraeT, YT0 aHHOHbI KHCIIOPOAA B CHIIMKATHBIX
pacnnaBax WrpalT TAKYK Xe pOonb, KK M OHHOHBI TH/IPOKCHIA B BOMHBIX
PAcTBOpax 3MEKTPONMTOB, MOITOMY AKTHBHOCTh AHHOHOB KHCIIOpOAA B CHIH-
KATHBIX PacIUIaBax MOXET CYXHTb Mepoil OCHOBHOCTH pacinana. Taxoro xe
mHueHna npuaepxupatorcs U. JI. Pabmixos u JI. H. Korapko [155], B. B. lilep-
GuHa [199, 200] u gp. Ho w3 BbilenpuBe[eHHBIX peaKiii BH/HO, 9T0 MOSB-
NIAIONMHECA B Pe3YNBTaTe JHCCONMAIMH OKHCIIOB OCHOBaHHI AHHOHBI KHCIIOpODA
TYT e ,,3a6HpanTCH” KHCIOTHBIMH OKHCIIAMH C 06pa30BaHHEM KOMIUIEKCHBIX
anuoHOB. OUeBH/IHO, 9T0 B AMOMOCHIHMKATHBIX PACIUIABaX C COOTHOIUCHHAMH
KHCIIOTHBIX H OCHOBHBIX OKHCIIOB, KaKHE BCTPEYAI0TCA B MPHPOJHBIX Marmax,
BPAR JTH MPHCYTCTBYIOT CBOGOMBIC aHMOHM KHCIOposa. Taxoe moxao formy-
CTUTH MO KpaiiHe#l Mepe TONEKO JUIA YNBTPAOCHOBHBIX MAarM, TaK KaK TONBKO
B HMX COOTHOILIEHHe KHMCJIOTHBIX H OCHOBHBIX OKHC/IOB MpHOMDKaeTCA K TaKo-
My 3HaueHHI0, KOrfa, no AaHuHeM O. A. Ecuna u I1. B. l'ensna, BOIMOXHO NOAB-
néiMe B paciuiaBe ceobGomibix O . TipHBENEHHBIC 3aXMOYEHUA HMEIOT MpHH-
LMIMATBHO BAXKHOE 3HA%eHWE, MOCKONbKY Ha NpPHIHAHWH NMPHCYTCTBHA B pac-
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TUiaBe-Marme CBOGOIHBIX aHHOHOB KHCIOPOAa OCHOBAHBI TJIaBHbie MONIOMEHHA
TCOPHH (HIHKO-XMMHH ATIOMOCHIMKATHBIX PAaCIUIABOB: ONpEJieNIeHHe HX KHC-
JIOTHOCTH—OCHOBHOCTH, MEXaHH3M PacTBOPEHHA B HUX BOMbI H IPYTHX NETYWMX,
BIIMAHHE pacTBOPEHHBIX BOABI, CO, M raioreHOB Ha aKTHBHOCTh KOMIIOHEHTOB
PacIiIaBOB H H3IMEHEHHE KOTEKTHYECKHX (3BTEKTHYECKHX) COOTHOLLUEHHIA.
HeoGxoMmo MO pKHY T, UTO AHCCOIMANNA OCHOBHBIX OKHCIIOB M 06pa-
30BaHHe KOMIUTEKCHBIX aHHOHOB MO BBIUIENIPHBENEHHBIM peaKIHAM Ipefnona-
TaeTcA B TOM CITyuae, KOI/ia MOJNYYaloT KaKOH-THGO HCKYCCTBEHHBIH paciuias
M3 OKHCIIOB. B npuponie xe marmsi-pacruiaesl 06pasyioTca B pe3y/braTe mias-
NeHHs MUHEAJIOB-COJIeH PasNHUHBIX KPeMHHEBBIX H ATIOMOKP2MHHEBBIX KHUC-
not. OcTaerca MpoGNeMOi : YTO MPOHCXO[AT ¢ KPHCTAIIaMK B TIPOLIECCE MIaB-
nenun? Ilo kpaiiHeit Mepe, OCHOBBIBAACh Ha COBpPEMEHHBIE 3HAHUA O CBOMRCTBAX
PacIUIaBOB, MOXHO C YBEpPeHHOCTBI0 YTBEPX/ATh, YTO TIpH MNABJIEHHH AJIHOMO-
CHJIHKATHBIX MWHEpanoB-pa3 MPOHCXOINT MX YaCTHYHAR JUCCONHMALMSA HA 3ie-
MeHTapHele HoHBI THNa Na*, K*, Ca?*, Mg?*, Fe?*, AI**, Fe*, CI', F~ u xomm-
nexcHsle ammoHsl: SiO§,, Si0f”, Sig0j;, AlSiO,0;, Si,02", ALSi,0%",
Fe* Si,0f, a Take THTAHOCHIMKATHbIE M LMPKOHOCHITHIATHBIE [199]. Cre-

NeHp OHCCOLMALMM MHHEDAIIOB pa’THyHa, MTO3TOMY HEOIMHAKOBA H AKTHBHOCTD
TeX WIH MHBIX MOHOB. OueBH/IHO, HAMGONBILEH CTENEHbI0 MUCCOUMALMM 06Tana-
o1 NaAlSi;05 u KAiSi;Og, uTo NpHBOIMT K BBICOKO#H aKTUBHOCTH KATHOHOB
LIENIOYHBIX METANNIOB B paciUlaBax M UX ocobOMY MONOXEHHWI0 B MarmaTHye-
CKHX H IPYTHX IIPHPOJHBIX Npolieccax.

Accoumauys KaTHOHOB H AHHOHOB NpH 06Pa30BaHMM ,,MONeKY”, CHOOTAK-
CHYECKHX TDYII ¥ TBepPAbIX (ha3-MHHEepaJIOB MPOHCXOMMUT MO 3aKOHY COUETAHUS
CH/IbHBIX KAaTHOHOB C CHJIBHBIMM aHHOHAMM, a CJ1abbix — co ¢/1abbiMM aHHOHA-
MH, O uem Goriee Mo/IpoGHO u3noxeHo B paborax B. B. lep6uusr [199, 200].

Takum 06Gpazom, MOXHO 3aKIIOYMTH, YTO pPACIUIABBI-MATMBI OGJIAZIAIOT
CTPYKTYpPOH HOHHO-MOJIEKYNAPHBIX JKHIKOCTeH, KOTOpasA B KAKIOM KOHKpeT-
HOM Ciy4Yae 3aBHCHT OT COOTHOLIEHHWSA MpPOCTHIX KAaTHOHOB M KOMIUIEKCHBIX
anuoHoB. O cocTaBe Marm B TOH MIIM HHOH CTENIEHH MOXHO CYIHTb 10 XMMMUYe-
CKOMY COCTaBY MAarmaTHYeCKHX IOPOf, TpHBEIeHHOMY B ()OpMe HOpMaTHB-
HBIX MHHEpAIOB-MHHAIIOB, MOCKOJIBKY -ONpefieNieHHOe COYeTaHHe MOCTEeqHUX
OTpaxaer NeTpOXMMHYECKHH THll Marm. Hanpumep, npucyTcreue B Hopme Ko-
PyHOa (WM aNbCHIIMTA B HacsueHHoin Si0, HOpME) CBHJIETEILCTBYET O nepe-
CHILUCHHOCTE MarMbl aTIOMHHHEM, HA0GOPOT, HATHUME THPHHA (AKMMTa) TOBO-
PHT O NepechILEHHOCTH €€ LUENIOYaMH H TaK Jasiee.

B cBoe Bpema eme @. 10. Jleuncon-JleccHHT oTMeuan, uTO Bee TPaKTyIoT
MarMy Kak pacTsop: ,,Ecnu ewe cnopart 0 ToM NpHMEHHMBI M K MarMe 3aKo-
Hbl, YCTaHOBJ/ICHHbIE [UIH BOIHBIX PacCTBOPOB, €CNIH B [JETANAX MHEHHA pacxo-
RATCA, TO MPH3HAHHE MArMbI PACTBOPOM MOXHO CUMTATh OKOHYATENBHO YKOpe-
HuBummca” [111,c.97].

B 1973—1977 rr. nosewicsa pan crareii B. H. Andunoropa c coasropamu
[5, 6, 9], mOCBAWMEHHBIX CTPOEHHIO CHITMICATHBIX PACIUIABOB M MX JIHKBAIMH.
B HuX copmepXaTcst BaXHBIE ¥ MHTEpECHbIE MONOXEHHUA U1 HEKOTOPBIX TeTpo-
TIOTHYeCKHX Npobiiem.

2.2.2. PacTBOpHMOCTE TNleTy4HX B pacinapax, H3MeHeHHe MX CBOMCTB,
PaBHOBECHe pacIIaB—QoH

B npofieme pacTBOpMMOCTH JIeTyWHX B MarMaTHUeCKHX paciuiaBax Hac
HHTEPECYIOT H3MEHEHHA TePMOOUHAMUUECKHX H GHIUKO-XMMHYECKHX CROMCTE
PACTIaBOB B CBA3K C PACTBOPHUMOCTBIO, 2 TAK)KE PABHOBECHE PaciiaB—(hiioml.
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Ilocne pabor I'opaHcoHa 1o pacTBOPHMOCTH BO/IbI B aBGHTOBOM paciuiase
BONPOCOM pPACTBOPHMOCTH BOIBI M APYTHX JIETYWX B MarmMax 3aHHMAJIHCh
MHOTHe uccnenosartenu [75, 76, 77, 131, 154, 202, 281, 286 u np.] . Heobxo-
IHMble CBE[CHUA 110 HCTOPHH BONPOCA, IMCKYCCHH MO MEXaHH3MY pacTBOpeHMs
M TAK [anee MOXHO HafTH B oGobmaroumx paborax A. A. Kamuka u ap. [77]
u M. B. OnensGayma [202]. 3pech xe Mbl NpHBefieM ITIABHBIE pe3yIIbTATHI H
BbIBO/IbI MO CBOMCTBAM pacilyIaBOB B CBA3H C PaCTBOPHMOCTBIO JIETYUHX.

1. PacTBOpHMOCTD NIETYUHX B paciuIaBe 3aBHCHT OT [JABJICHHA: C YBEJTHYEHH-
€M [IaBJieHHA OHAa YBENMYMBAETCA, TEMIEpaTypa, BepOATHO, OKa3biBaeT o6par-
HOE BJIMAHKE.

2. Ipu MOCTOAHHOM NABNEHHH CYLIECTBYET MpeMell pacCTBOPHMOCTH, 11O J10-
CTHXKEHHH KOTOPOTrO MPOMCXOMT pa3fenicHHe Ha [1Be MMOKOCTH : HACKIILEHHBIA
pacnnas H QoH/ (XKHIKOCT) , HACKILEHHBIH TPOJYKTaMH PacIUlaBa.

3. PactBopuMoOcTe B MarMax (paciUiaBax) TAKHMX IJIABHBIX JIETYUMX, KAK
H,0 u CO,, paamuuna: Tak, Hanpumep, npx P = 1000 Gap B rpaHUTHOM paciuia-
Be pactBopserca 3.3 Bec.% H,0 u 0.2 Bec.% CO,. [Ipuuem npucyTcTBye B napo-
BO# (ase CO, 3HaUMTENBHO CHMXKAET PACTBOPHMOCTE BOJIBI B paciuiaBe.

4. Ilpu pacTBOpeHMH NETYUHX 3HAUMTENIBHO HIMEHAIOTCA (M3HKO-XHMHYE-
CKHME CBOHCTBA pAcIUIABOB, B 4YacTHOCTH T, . Tak, NpH pacTBOpeHMM BOIBI 110

TOJIHOTO HACKILICHHSA C YBETHYEHHEM [ABJIEHHA TeMIIEPaTypa rpaHUTHOTO CONH-
myca ymensiuaerca ot 960 °C npu armocdepHoM maeneHuH 10 640—650 °C
npu Py =Pq, =10 kbap, 8 10 Bpema kak npu Pyg, = 10 x6ap Ges Boap

I,= 1130—1200 °C. Takum 06Gpa3zom, P—T npoeKuus CONMHAYCA TIPAHHTHOM

Marmbl NpH yBeJMueHHH Pg, HMeeT NONOXMTENbHbIA HAKIIOH, a NpH Pug, =

= PH o OTPULATENbHBIH, YTO ABIAETCA OYeHb BAXKHOH OCOGEHHOCTBI0 AJIIOMO-
2

CHJIHKATHBIX CHCTEM JUIA MOABJICHHA WHBAPHAHTHBIX TOYEK C BOJIOCO/Ie pXKallH-
MU MuHepanamu (cM. pasgen 2.4). Jlasnesne CO, HeIHAYMTENILHO MOHMMKAET
TeMmIepaTypy CONWIYCa PAcIVIaBOB Mo cpaBHermio ¢ Pog.  [75, 131],

[IpenpHHHMaNMCh NMOMBITKH MOCTPOMTH CONH/YCHYI0 MOBEPXHOCT TPAHHT-
HOTO paciulaBa MpH pasiIMYHONH HACHILIEHHOCTH BOMOH H B PAa3IHYHLIX KOOpH-
Hatax [49, 50, 136, 154]. HaTepecHoi 0cOGEHHOCTBIO ITOM NMOBEPXHOCTH ABJIA-
eTCA TO, YTO NpH NOCTOAHHOM COfIep)KaHHH BOMBI B pacnnase Ha P—T npoekiuu
MOABNACTCA KONeHOOOpa3Heli neperuG: Npy HU3KHX 3HAYEHMAX ABJICHHA JIH-
HHA CONTM/LYCa HMEET OTPHLATENIbHBIH HAKJIOH, a 3aTeM B TOYKE, COOTBETCTBYIO-
LI€H HACBILIEHHOCTH JAHHBIM KOJIHYECTBOM BO/BI, OHA MEHAET HAKJIOH Ha MOJIo-
suTensHeli  (puc. 2.2). 31a 0COGEHHOCTh HCMONB3YETCH A OObACHEHUS
HHTEpBaNa HHTPY3HH MarMbl OT MeCTa reHepallii B BepXHHe TOPH3OHTHI 3eM-
HOW KOpBI.

5. IKcnepHMEHTaNbHO onpefeneHsl P—T NpoeKuMH €O Ca TpaHMTHOH
MarmMbl Tpy MOIHOM HaceiueHuy ¢monaom cocrasa (H,0+C0;) ¢ pasnmuusbimM
copepxannem CO, [75, 131], a rakxe cocraBa (H,O+HF) ¢ paanuunbiM co-
nepxannem F [33, 84]. [Tocneauue axcmepuMeHTI MOKA3a/IM OTPOMHYI0 (Imo-
CHPYIOLIYIO H 3KCTparupymollyw poib ¢ ropa.

6. JlanHble MO H3MEHEHHI0 COCTAaRA ,,MOKPBIX’’ IPAHHTHBIX KOTEKTHK C YBe-
nuYeHHeM fasneHus [49, 50, 291, 293, 294 u Ap.] MOXHO MCIIONB30BATH [UIA
YCTAaHOBJIEHUS BIIMAHUA PH:0 Ha OCHOBHOCTb—KMCIIOTHOCTh TPaHMTHBLIX pac-

mwiasoB. Ha ocHOBaHMH yMEHBIICHHSA COMePXKAHHA KBAPIA B rPAHATHBIX KOTEK-
THKaX (IBTEKTHKAX) C YBEJHYeHHEM JIaBJIEHHA BOJBI (M ee pPaCTBOPHMOCTH)
cuMTaeTas, Yr0 BOJA YCHIIMBAaeT KHCIOTHOCTS paciuiasa [91,202). Takoe mue-
HHe MPOTHBOPEWMT NMPH3HAHHIO MPUCYTCTBMA B pactuiase 07 . Ecnu 6b1 B rpa-
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Puc. 2.2. P—T npoexuun connpycHeIX (S) ¥ NMMKBMAYCHBIX (L) MMHME IpaHMTHOH cHCTe-
MBI TIPH PasHYHLIX 3HAYCHHAX CONEpXaHMA BOMb! B pACIUIaBe, MOCTPOEHHBIX C YYeTOM
nauneix [49, 77, 202, 286].

HUTHOM paciUlaBe MPUCYTCTBOBATH cBOGomHbie MoHbl 0?7, 10 pacTBOpeHHMe
B HeM BOJbI MpuBeno Obl K o6pasopanmio moHor (OH)™ mno peaxmuu 0% +
+H,0=20H", T. e. ycumunacs Gbl OCHOBHOCTB paciuiaBa, a He KHCIIOTHOCTB.

C npyroii cTOpOHSI, MOTIEBEIE IUNATHI WENTOYeH — aNbBHT U OPTOKIIA3, 3aHH-
majoue 10 50—60% obbema rpaHHTOB, NPU HX IUIABJIEHHH [TMCCOUMHPYIOT Ha
xarnous! Na* u K* u ammon AlSi;05 . Bogmbiii PacTBOp 3THX NPOAYKTOB JHCCO-
UHAUHH HECOMHEHHO GyfieT MMeTh INEeNOYHOH XapakTep, Tak kak Na u K —
CHIIbHbIE OCHOBaHHA, a AlSi3Og — crabbIil KHC/IOTHBIH OCTATOK. O6pa3opanue
Ke METAaKpeMHHEBOH KHCIOTBI B pe3yNnbTare B3auMOJEHcTBHA cBOGOTHOM
Si0,, sanumatowei 25—40% o6bema rpaHHTHOM Marmb! (MOYTH B 2 pas’a MeHb-
lie, YeM TONEBLIX IUNMATOB), C PACTBOPEHHON BOJOH NMpaKTHUECKH He Gyner
BIIMATh Ha KHCIOTHOCTh TAKOTO pacIUlaBa, TaK KaK TakKas Kuciora cnabo muc-
counnpyeTt. IlpuBeneHHbIe paccyXIeHUA NMONTBEpPXOAKTCA H3IMEHEHHEM COOT-
HOLLICHWA KBapla W MONEBbIX LINATOB B KOTEKTHYECKUX COCTABAX NPH H3MEHe-
HiH P, ¥ pasnMuHOl BOMOHACKIEHHOCTH paciuiaBa (IIpH Pa3MuHOM cOiep-

AaHuM BOApI) . Ha M30MIeTHYECKOM CeYeHHHM IMATpaMMBbl COCTOSHHA CHCTEMBI

A6—An—Op—Ks—H;0 [49] (puc. 2.3) xopowo BuAHO, UTO: 2) ¢ YBeMHYEHH-

em P u Py o pacumpsaerca o6nacTh KpUCTA/UTH3AUMM KBApLA, T. €. yCHITHBA-
2
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Puc. 2.3. Kotexuweckoe ceuerte Ks—M? puarpaMMel cocTosHuA cucTeMsl AG—An—Op—
-Ks-H,0 [49]. :

HOTCA KHUCIOTHBIE CBOMCTBA paciuiaBa (TpH [aBJICHHH BbIllE TPHIMMHT-A-KBap-
neBoro mepexoma); 6) KOTEKTHUeCKHMe COCTaBbi, Gonee HachlleHHBIe BOMIOH,
conmepxat Gonsue cBoBomHo# Si0;, T. e. ¢ yBe/MueHHEM PACTBOPEHHOH BOABI
B paciUiaBe pacLUMpAETCA MOJe KPUCTAUTM3AMK MOJIeBbIX LIMATOB, 8 KMEHHO
YCH/IHBAKTCA OCHOBHBIE CBOMCTBA PACIVIaBOB. JTO TAKXKe MOMATBEPXKMCHO IK-
cnepumeHTansHO [36].

TonbKO 3HAUMTENbHBIE KOHIEHTpauuH ¢pTOopa B rPAHMTHOM paciiaBe Cro-
COGHBI [0 HEKOTOpOH CTeNneHH HeHTpalH30BaTh MX LIEIOYHOCTh—OCHOBHOCTH
¢ obpa3oBaHueM cCrenMHIHBIX MOPOJ — OHIOHMTOB H TMATHA-PTOPHCTBIX Tpa-
miToB [84], KOTOpBIE XapaKTepH3YHTCA CMELIEHHEM KOTEKTHYECKHX COCTa-
BOB B CTOpOHY albOHTa.

7. B CBA3M C MpPOLECCOM JIMKBAWH (pasfiesieHus) MepechlleHHOro eTy-
YMMH PACIUIaBa Ha [iBE JKHIKOCTH — paciuiaB—Quiion/i — GONBILOH TeopeTHYe-
CKMil M NpaKTHYECKMHl HHTEpeC MpeJCTaBJIAeT PACHpe/ieieHHe KOMIIOHEHTOB
Mexay pacruiaBom M drionziom [84, 154, 259] . PasHoBecHio TPaHUTHBIH pac-
nnaB—dIoH/ MOCBSAEHa crenyansHas pabora M. [I. Pabuncosa [154].

OnbIT M3yYeHHs TPOAYKTOB B3aHMOJEACTBHA MOCTMATMATHYECKHX hTioH-
JOB KaK ¢ MATEpHHCKUMH IPaHHTaMH, TAK H C BMEIAKIMMA NMOpOAaMH Ha
npumepe Konbckoro momyoctpopa [12], a Takyke aHANH3 JIMTEpaTypHBIX AaH-
HBIX 110 3TOMY BOTpPOCY CBHIETENLCTBYIOT O TOM, YTO COCTaB M CBOHCTBA (iion-
[OB B 3HAUMTENBHOH CTENEHH 3aBHCAT HE TONBKO OT NpPHCYTCTBHMA TAKHX K-
CTParupYIOUMX KHCIOTHBIX KOMIIOHEHTOB, KaK ¢Top H 6Op, HO M OT METPOXH-
MHMYecKoro Ttuma marmbl. Tak, HanpHmep, LUENIOYHBIC TPAaHHTBI H IPaHMTHI
10OBBOAMBCKOro KoMIUlekca Kombckoro monyocrpoBa 0GOramieHs! $ropom.
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Ho ecmu wenowible rpaHHTBI H IaBHBIM 06pa3oM MX 3K30KOHTAKTOBBIE OPEO-
JIbl MOMBEPXKEHBI ILEIOYHOMY METaCOMAaTo3y, TO B IpaHMTaX I0OBBOAHBCKOTO
KOMIUIEKCa KpOMe BBICOKOTEMIIE ATy PHOTO IIEIOYHOTO METACOMAT03a MHTCH-
CHBHO pa3BMTO KHCIIOTHOE BBILENaYMBaHue ¢ 00pa3oBaHueM pa3NMUHBIX I'PCi-
3€HOB.

CBA3b TexX WIH MHBIX MOCTMArMAaTHYECKHX MECTOPOXICHHH MOJIE3HBIX HC-
KOIMaeMBbIX C ONpeHe/IEHHBIMH MHHEPATIOro-NeTPOXHMHYECKHMH TUITAMH TPaHH-
TOB M3BECTHA JaBHO. 3Ty CBA3b, OYEBHIHO, MOXKHO ODBACHHTH TEM, YTO Pa3nuy-
HbIE 110 COCTaBY (pIIIOM/IBI HAXOJMIIHCh B PABHOBECHM C PA3THYHBIMM NETPOXH-
MHYeCKHMH THNamMu wmarM. COOTBETCTBEHHO TeOXHMHYECKMM CBOHCTBAM
peoKHe 3JIeMeHThI B OJHHX YCIIOBHAX pacCeMBANIHCH, B APYTHX HAKAIUTHBAITHCH.
bonee moapoGHo 06 310M roBopurcs B paGore b. ®. Hanerosa [128]. ITocne
aHANH3a TPaHMTHBIX CHCTEM 1 KJacCM(MKALMM TPaHHUTOMIOB 3Ty mpobremy
MOXHO OyHer pelllaTh Ha Gonee BRICOKOM YpOBHE, HO OHa HACTONBKO OBIIMpHa
H CIIOHa, yTO Tpebyer cnenuansHoi paGoTsl.

2.3. Buifop KOMIOHEHTOB M CHCTEM

[Ipn mocTpoeHHH MOMenell OuYeHb BAXNKHO, KAK ITO HEONHOKPATHO MOMYep-
kuBanock B paborax JI. C. Kopxuuckoro [87, 89, 93], npasunsHo BEIGpaTh
CHCTEMY W KOMIOHeHTH. TeopeTHuecky Bce MHHEpabHbIe pa3HOBHIHOCTH rpa-
HHTOM[OB MOTYT ObITh B ympolieHHOM BHfe (6e3 aKieCCOpHBIX MHHEpPAJIOB)
ONMHMCaHBI CHCTEMOMH, cocToAweH 13 cnenyowmx 9 oxkucnos: Na,0, Ca0, K0,
FeO, Fe,05, Mg0, Al;0;, Si0,, H,0, Ho npn aHanu3e Tako# CHCTEMBI NpH-
uiock Gbl paccMaTpUBaTh GONMBILIOE YHCIO XHMHYECKHMX cOoelMHeHHH W da3so-
BBIX MpPEBPALICHHH, KOTOpble BOOGIE He MPOMCXOMAT B IPaHHTHBIX MOPOJAX.
Ilostomy, yuuThIBad JaHHOe OGCTOATENBCTBO, 2 TAKKE CTPOEHHE paciUIaBOB,
IpeniaraeTcd B KayeCTBeé KOMIIOHeHTOB OpaTh HachlleHHbIE KpeMHE3eMOM
HOpMATHBHbIC¢ MHHanbl. Takux mMuHaTOB HaGHpaeTcsa ABeHamuath: A6, Ax, Op,
3H, Oc, Bo([lu, I'ex) , 3r, He, Anc, K u H,0, 1. e. H3 MHOromepHoro mpocr-
PaHCTBa B OKHCHBIX KOOpJMHATaX BbIGHpaeTcs oGNacTh MepechlieHHs K peMHe-
3eMOM, e 3TH MHHAIBI K 00pas’ylTCA KaK XHMHYECKHe COeIMHEHHA OKHCIIOB.

W3 meTpoX¥MMHUH H3BECTHO, UTO Pa3NM4HBIE MHHEPAIOTO-NETPOXMMUAYECKHE
THIbI TPAHHTOB XAPAKTEPHU3YIOTCA OMpefieNieHHbIM cooTHoleHHeM Al u K+Na+
+2Ca (B aT. KON.), MO KOTOPOMY XMHMHMYECKHIl COCTAB NOPOABI B OKHCHOM
¢opme paccuMTHIBAETCA HA COOTBETCTBYIOIUME ACCOUMALMH HOPMATHBHBIX MH-
HaloB [67]. 3TH accomMauyy MMHATIOB MOXHO MCIOJIb30BATh B KAYECTBE MO-
JeNbHBIX CHCTEM [JIA OMMCAHMA COOTBETCTBYIOUIMX METPOXMMMUYECKUX THIIOB
rpaHuTOB. Takum 06Gpa3om, HOpMATHBHEIE MHHAMIbI, C OTHOMN CTOPOHBI, CIIE[lyeT
pacCMATPHBATh KaK 3KBUBAJIEHThI XAPDAaKTepHBIX COOTHOLIEHWH OKHCIIOB, a
C OApYroi — KakK CTPYKTYpHbIe e[MHHIBI MarMaTHYeCKHX paclulaBoOB, U3 KOTO-
PBIX CKNabIBAlOTCA MHHEpanbl-pa3sl nopos. EcrectBeHHO, MOXET BOSHHKHYTh
BOINpPOC: BO3MOMHO JTH BBIPa3HTh COCTAB BCEX MHHEpATOB-pa3 rpaHHTOHIHBIX
MOpO/ BhILIENpUBENeHHBIMH MuHANaMu? [loaTomy npesx/ie yeM MEpeHTH K BbI- -
fopy cucTeM, KpaTKO pacCMOTPMM CBOMCTBA IIABHBIX NMOpOA0OOGpa3symoimx
MHHEPAJIOB IPAHHTOMIOB C 3THX IO3MIMIA.

2.3.1. XapakTepHCTHKA OPHPOIHLIX ¢a3-MHHEPaNoB

[TonHylo XxapakTepHCTHKY NOpOHo0OpasyomuX MHHE B TPAHHTOB
MOMCHO TMOJIYYHTb H3 COOTBETCTBYIOIUMX MHHEPAIOTHYECKHX pYKOBOJCTB,
a 3peck Mbl 0OpaTHM BHHUMAHHE TOJIBKO Ha T€ CBOHCTBA, KOTQPBIE HCIIO/IB3YIOT-
A Npy pa3paborke GH3MKO-XMMHYECKHX MOJerNed. f
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Kak u3BecTHO, GONBUMHCTBO MOPOAOOOPa3yoWMX MHHEPATIOB TPaHHTOR
NpeACTaBIAIOT CODOH TBEpMbIe PacTBOPHI, COCTAB KOTOPbIX 3aBHCHT OT COCTaBA
Marmel 4 TEpMOIMHAMUYECKHX YCIIOBHA KPHCTALIH3ALHH.

K MuHepanam mpocToro cocraBa, OTBEYAKLIMM OHOMY KaKoMY-n6o Hop-
MaTHBHOMY MMHajy, OTHOCATCA KBapl — MuHan KB — M rpymnmna CHImMMaHHTa
(CHIIIMMaHUT, KHaHMT, aHpany3ur) — muHan Anc. OcranbHble MHHEpasibl
YCIIOBHO MOJXKHO pasfielinTh Ha TpH TPYMNNbl: a) TpyNNa MHHEpanos, He copep-
Xalias B CBOEM COCTaBe Bofpl (M [pYTMX JNeTyuHX) M He pa3jaramuiascs
B cyBconmMaycHOM 061acTH : TIOJIeBbIe LUNAThl, THPOKCEHbI H OJIMBHHEI; G) rpym-
a MHHEpAJIOB, KOTOpas TakiKe He CONepiMT BOMbI, HO B cyGconmumy cHon oba-
CTH pasjaraercs Ha Jpyrde MHHepalbl B 3aBHCHMOCTH OT COCTaBa H YCIIOBHH
pa3noXeHHs: KOPIMEPHTHI H IPAHATBI; B) THAPOKCHICONEPXAIAA rpyNNa MH-
HepasioB — CIIIoibl ¥ aMuBONbI, KOTOpbIE B CyOCONMAYCe pa3narawTcs Ha pas-
JIHYHBIE MPOAYKTHI, MpHYeM B HUX 00sA3aTebHO NMPHCYTCTBYIOT BOMA M ApYIHe
NIeTyuHe.

OcraHopumca Gonee mongpoGHO Ha OTHENbHBbIX MOArpYyTNNax MHHEpANoB
¢ yueTom TOro, uto B paGore A.Purmana [149] omicaHel nopomooGpasyiomme
MHHepaJibl H3BEPXKEHHBIX MOPOJ C TOUKH 3peHHS BBIPaXKeHUA HX COCTaBa HaChl-
LIeHHO#H KpeMHe3eMOM HODMOH.

2.3.1.1. lonepsie wmMarsi

[TosieBbie 1INaThl IPAaHHTOB NMpENCTaBJIEHbl KHCIIBIM, peXe CpeIHHM IUIa-
THOK/IA430M M KaynueBBIM IumnaroM. HauGonee noymuble cBelieHHA MO KiaccHdH-
KAalluH, COCTAaBY, CTPYKTYPHOMY COCTOSIHMIO, TApareHeTHYeCKHM accOUMalHAM
TMOJIeBBIX WINATOB NpHBe/eHb! B pabotax A. C. Mappymuna [124] u Y. A. Jlupa
u fp. [43]. He3aBHCHMO OT CTPYKTYPHOTO COCTOAHMA OHM ABJIAKTCA TBEPMbI-
MH pacTBOpaMHM TpexX IJIaBHBIX KOHEYHbIX MMHaNOB: AG — NaAlSi;Og, An —
CaAl;Si;03 u Op — KAISi30g, KOTOpbIe HCMONMB3YIOTCA KaK HOpPMATHBHbIE
muHanbl B amepukanckoin (CJPW) cucreme nepecuera n y A. Putmana. Octans-
HbIMH WIEHAMH IOJIEBOLUNATOBBIX TBEPABIX PACTBOPOB [UIA HALUMX lieel MOX-
HO npeHeGpeyb. B 3aBHCHMOCTH OT COOTHOLUEHHS IIABHBIX KOMIIOHEHTOB H (H-
3MKO-XMMHMYECKHX YCIIOBHH KpPHCTAIIM3alHM OHH MOTYT o6pa3oBbiBaTh NHO0
OJIHY CepHIo TBEpPIbIX pacTBOPOB, IMGO [Be — IUIATHOKIIA3 M Kanuumar. Paso-
Bble OTHOLICHHs TOJIEBBIX LUTMATOB ONMMCHIBAIOTCH AHATPaMMOM COCTOAHHMSA CH-
crembl A6—AH—Op, no3ToMy Nocie aHanmK3a 3TOH cHcTeMbl OyayT Gonee mop-
pOBHO PaccMOTPEHEI HX CTPYKTYPHbIE B3aHMOOTHOLIEHHS H COCTAB.

TepmomMHAMMYECKHEe CBOHCTBA KOHEUHBIX WIEHOB MONEBBIX LINATOB IpH-
BefieHs! B ,,CTipaBOYHHKe (H3HYECKHX KOHCTAHT ropHeix mopon” [167]. Ouu
ycroiiwsbl B P—T ycnoBusax 3emHoi Kopel. C yBemiuenueM P, TEMIEpaTypa

IUIaBJIEHMA X PACTET, T. €. JIWHUA NUKBUAYca Ha P—T NpoeKlHH HMeET MOJIo-
JKUTENIbHBbIH HAKJIOH, HO C YBeIHYeHHEeM PH o OHa HMeeT OTpHILATENIbHBIA Ha-
2

KJIOH, T. €. TeMIepaTypa IUIaBNIeHHA KaK KOHEYHBIX WIEHOB, TAK M MPHPOIHLIX
TOJIEBBIX LINATOB B MPUCYTCTBHM BOABI yMeHswaetca. P-T'n Py —T npoex-
2

LMK JIHHHH JTAMKBHAYCOB KOHEYHLIX WIEHOB MOJIEBbIX ILUMATOB, IO [aHHBIM CY-
LIECTBYIOIMX 3KCNIEPUMEHTOB H TEPMOJMHAMHYECKHX PacyeToOB aBTOpa, NIpHBE-
nensr B pabore [49]. INpu mocTpoeHHH GUIHKO-XMMHYECKHX MOZENIEH MBI He
YUMTBIBAEM CTPYKTYpPHOTO COCTOSIHMA TOJIEBBIX LUMATOB, & TAK)Ke MHKOHIDY-
EHTHOTO IUIaBJIeHHA abBuTa H OPTOKIIAsa, YTO HECKOJIBKO YIIPOIAET AHarpam-
MBI COCTOHHHA COOTBETCTBYIOIIMX CHCTEM.
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2.3.1.2. MupoxceHs! H ONHBHHLI

[MpoKceHbl M ONHBHMHBI ABJIAIOTCA THIOMOPQHBIMH MMHEpallaMH OMnpe/e-
NeHHBIX FPAaHHTOWAHBIX GopManuii. B oTiMuHe OT OCHOBHBIX M CPE[IHWX NOpO/L
B TPAHHTOMJAX Yalle TPHCYTCTBYIOT Gonee Xene3HCTbie MX Pa3HOBHIHOCTH.
Cpepenus no KnaccuduKauuM, cOCTaBy, NMapareHeTHYECKHM aCCOLMALMAM ITH-
pOKCEHOB MOXHO NONYWHTh H3 paGot Y. A. llupa u ap. [41] u H. J1. JloGpeuo-
Ba u ap. [45]. B pa6ore H. JI. Jlo6penora u ap. [45] npusenex rakxe 063op
IKCTIePUMEHTOB B CHCTEMAX, MOJIETMPYIOWMX (Hha30Bbie OTHOLIEHHS ITHpPOKCe-
HOB, HO, K COX2JIeHHI0, B HEH OTCYTCTBYIOT CBE[IEHHA O MHPOKCeHaxX M3 rpaHM-
TOMHBIX TIOPOJI.

[lo HamM JaHHBIM M3yYeHMA MOPOAOO6pa3yIIMX MHPOKCEHOB B FpaHH-
tax Konsckoro momyoctposa [12], a Takke nuTepaTypHbIM JaHHLIM [19, 60,
144, 193 u ap.] YCTaHOBJIEHO, YTO OHH MpEZCTaBJIeHbl KAK OPTOMHPOKCEHAMH —
TMNepCTeHAMM, TAK M MOHOKJHHHBIMM MUpokceHamu. [lputem, ecnu runepere-
HBI Yalle BCTPEYalTCA B HOPMAJIBHBIX LIETOYHO-W3BECTKOBBIX THMAaX rpaHu-
TOB — YapHOKHMTaX, TO MOHOKJIHHHbIE MHPOKCEHbI C LIMPOKHM JHATa30HOM
COCTaBa ¥alle MPUCYTCTBYIOT B CYGLIETOUHBIX H LIETIOYHBIX IPAHHTAX.

Cocrae Ca—Fe—Mg nupoKceHOB MOXeT GbITh BbIpaXeH IMGO TpeMA MHHa-
namu 31 — MgSi0;, ®c — FeSiO; n Bo — CaSi0;, nuGo yeTbIpbMA — IH, Pc,
Iu — CaMgSi,06 u Ten — CaFeSi;0¢. [ocnensye Apa MHHANA B TAKOM CITyyae
SBJIAIOTCA XMMHMUECKMMM cOeuHeHMAMM nepsbix Tpex: llu=3u+Bo, len=
=®c+Bo. I'paguueckn cocTaBbl MHPOKCEHOB MOTYT GbITh NpelcTaBNeHs! GO
B TpEYroJIbHHKE, B BEpIIMHAX KOTOPOrO pacnojaralIci IH, Oc u Bo, mubo
B ueTbipexyronsHuxe ¢ 3H, Oc, u u Ten B Bepuniax [41] . Ilpupostsbie mxpo-
KCeHbI, KaK W MOJeBbie IUMAThl, B 3aBHCHMOCTH OT COOTHOLUEHHSA NMHPOKCEHO-
BBHIX MMHAJIOB M YCIIOBMH KDHCTA/UIH3alMM MOryT o6Gpa3oBbiBath JIMGO OIHY
CepHio TBEPbIX PACTBOPOB — ABTMTHI, MMKOHMTEI, KOO [BE — CATHTBI, THIED-
cTeHBl. B JKesne3MCTBIX cocTaBax (pa3oBble B3aWMOOTHOLUEHHA YCIOXHAKTCA
NOfABJIEHHEM B ,,IIAPOKCEHOBOIH ™ CHCTEéME OJTHBMHOB — rOPTOHOIIHTA H dasnu-
T4, TaK Kak (c CTAHOBMUTCA HeYCTOHYMBBIM H pacmafaeTcs Ha OJIMBHH H KBapLL.

C nOBbILLIEHHEM LIETIOYHOCTH MarmMbl-paciiyiaBa COCTaB MOHOKJIMHHBIX ITH-
POKCEHOB Takoke YCHOXHAETCH, TAK KaK B €ro COCTaBe NMOABJIAETCA ITHPHHO-
BBl MHHAJ, 0Gpasyloumii HelpepbIBHbIE TBep/bIe pacTBOpsI K ¢ Mlu, u ¢ Ten.
Tak, no gaHHeiM U. J1. Batuesoii [11], B noponax hopMalyH WENOYHBIX Tpa-
HMTOB H CHEHHTOB COCT4B MOHOKIIMHHOrO NMHPOKCEHa BapbHpyeT OT aBTHTA
K JTHpUH-aBrHTY M orupuHy. H. C. BapraHoBO# B ME3030HCKHX LIENOYHbIX rpa-
HuTax 3a6aiikanss ONMMCAH HETpepbIBHbIA pAN mipoxceHos [lu—T'en—3r cocra-
Ba [19].

Takum 06pa3oM, B YNMpPOILEHHOM BH[E COCTAB NPHPOMHBIX MHPOKCCHOB
MOXHO TMpefCTABUTh NATbI0 HOPMATHBHBIMH MHMHAIIAMH Iu — MgSi0;, ¢ —
FeSiOs, Jlu — CaMgSi;0¢, Ten — CaFeSi, 06 u r — NaFe’*Si,04 Ge3 yuera
MX CTPYKTYpHOTO cOCTOAHHA. UToGblI He YCIOXHATD (PHIHKO-XHMHUECKHE MO-
OeNH, MOXHO mpeHeOpeus IMPHUCYTCTBHEM B NPHPOJHBIX NMHPOKCEHAX IpYyrHX
MMHANIOB (JKAJIEUTOBOrO, CMOAYMEHOBOIrO, MapraHIUOBBIX, MOJIEKYIIbI Yepma-
ka). [Ipu W3yYeHHH TIOpOJi, B KOTOPBIX MPHCYTCTBYIOT MMPOKCEHSI C npeobna-
[AUMM COJepKAHHEM DEKHX MHHANOB (Hampumep, CTIOAYMEHBI), [UIA HHX
IPUAETCS CTPOUTH CBOM MOJIENH.

Tlpu ompefeneHHbIX YCIOBHAX B BHICOKOXKE/IE3HCTBIX IPAHHTAX COBMECTHO
¢ KBapieM MOXeT COCYHIECTBOBATh ONMBHH, NOCKONbKY ®c Fe-T'un B aTHX
YCTIOBUAX HEYCTOHUMBLI M PACNafAlOICA HA TOPTOHONMT (MiH dasanut) U
kpapiy. COCTaB TAKMX OJIMBHHOB Npe/iaraeTcs H300paxarh TAKXKe HACHILEHHDI-
MM HOPMATHBHBIMH MHMHEpaJlaMH — MMPOKCEHaMH, BbIYMTasd M3 HMX KBapil,
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HO B ()a30BBIX PaBHOBECHAX YWHTBIBATb MPHCYTCTBHe daanmuta jinGo oaxoro,
nnbo copmecTHO ¢ mupokceHoM. Accoumanuu [Ip+0n+Ks BeTpevawrca B npH-
pofie B CHCTeMaXx ¢ Xesle3ucTocTbio >75% [271].

TepMoaMHAMMYECKHE CBOHCTBA MMHMPOKCEHOBBIX MHHAIOB TMpPHBEEHBI
8 ,,CipaBouHHKe (UIMUECKHX KOHCTAHT ropHbix nopon™ [167].

Temneparypa NIaBieHHA MHPOKCEHOBLIX M ONIMBHHOBLIX MWHAJIOB MOBbI-
wwaeTca ¢ yBenuueHneM Pug, M NMOHIKAETCA C yBEIHYCHHEM Pu,o; OHH YCTOH-

wiBbl B P—T ycnoBusx 3eMHOA Kopbl. [IpH MOCTPOEHHH MOJENeH He YUHTbIBA-
eTCA MHKOHT pyeHTHOE IU1aBJIEHHE ITHPOKCEHOB MPH HHIKHX ABNIEHHAX.

2.3.1.3. KopnMepHTsl H rpaHaThl

Kak ¥ MMpPOKCEHbl, KOPAMEPHTBI M PaHaThl ABNAITCA THIOMOPHBIMA
MHHepalaMH OMpeJesieHHbIX NMEeTPOXHMHYECKUX THIOB IPAaHHTOB, NMEpPEChILIEH-
HBIX rnHHO3eMOM. [lepechilieHHOCTh ITTHHO3¢MOM HCXOMIHBIX MarM CBA3LIBAIOT
¢ KOHTAMMHALMei 32 CYeT BMELIAIOUWIMX MOpPOJ, U MOABJ/IEHHE ITHX MHHEpanos
B MAarMaTHYeCKHMX MOpONAX paccMaTpHBAeTCA KaK KceHoreHHoe. Tem He MeHee
NPUBOJATCA [OBONBHO yGemuTesnbible GaKThl KPHCTAUIM3ALUMH HX HEMOCPENCT-
BeHHo M3 paciuiasa. CoBMeCTHOe paccMOTpeHHe KOpPIMEPHTOB H TIpaHaTOB
yIOBHO TeM, ¥TO OHH CMEHAIOT IpYT [IpyTa C H3MeHeHueM NasneHus. Ceenenns
Mo WX KnaccuduKaluu, COCTaBy, CTPYKTYpe M MapareHe3ucam MNpHBENEHbI
B paGore Y. A. Ilupa u np. [40].

KopanepuTbl B YNIPOIIEHHOM BH/IE ABJIAIOTCA TBEP/IbIMH PACTBOPAMH [IBYX
KOHEUHBIX MMHANOB — Mg;Al; [SisAlOy5]) u FejAl;[SisAlOyg]. Cnophbim
OCTaeTCA CTPYKTYpHOE MOJNOXKEHHe BOMIBI B KPHCTAUIHYECKOH pellieTke MHHe-
pana [105]. KopnuepuToBbie MHHAJIbI MOXHO NMpEACTABHTbL KAK XHMHYECKHE
COe/IMHEHUA HOPMATHBHBIX MHHaNOB — 3H, Oc, Anc u Ka:

2MgSi0; + 2AiSi0s + Si0; = Mg, Al; [SisAlO1s] — Kopn,
2FeS 103 + 2AleO, + SIO; o Fe;Al; [SlsAlo 1.] e FC'KOPJI.

B rpaHHTHBIX MOPOMAX /1aXKe C BBICOKOH XKeNe3HCTOCTbI0 KOPAMEPHT B NpH-
CYTCTBHM APYrHX TEMHOLBETHBIX MHHEpPAIOB HMEET HHM3KYI0 JKENe3HCTOCTb,
a rpaHat, Hao60poT, 0BOralAeTCs HENe3UCTEIM KOMIIOHEHTOM H, KaK NpaBHIIo,
npe/iCTABIIEH MMpON-ATbMaHIHHOBOK cepuedt [12], KonuuecTBO ApPYrHX MHHa-
JIOB pellKo MpeBBILIAET AeCATKH mpoueHnta. [loatomy WA MPOCTOTHI NOCTpOE-
HHS MOJieNeil MPHCYTCTBHE APYTHX IPAHATOBBIX MUHAJIOB MBI He GynieM yUHTbI-
Batb. [Ipn HEOBXOMMMOCTH [V BBICOKOMapraHIeBbIX rPaHATOB CNIEAYeT CTpo-
MTh OTHeNIbHbIE MOJEeNH. AJIbMaHOMHOBBIH MHHAJ MOXHO paccMaTpHBaThb KaK
XMMHUecKOe coeauHerne Oc u AJic, a MHPONoBLIi — IH 1 AJc:

3FeSi0;+ Al Si05— Si0,=Fe;Al, [SigO,;] — Anm,
3“55103"’ A];SIOS = Slo; = MggA]; {SigO,;] — "llp

TepMOIMHAMMYECKaA YCTOHYHBOCTh KOPHEPHTOB H IPaHATOB B yCNOBHAX
3¢MHOM KOpBI 3aBHCHT OT MX COCT4Ba: MArHe3HaIbHble Pa3HOBHIHOCTH YCTOM-
wnBbl Mpu Gonbuiem pasieHuy. [0 nocTixeHMio Mpeqena yCTOAMMBOCTH KOp-
nueput pasnaraercA Ha Ip+Anc+Ks. 31a peakums i pasHbIX COCTaBOB H3Y-
yanach MHOTMMM MccnepoBatenamu [106, 191, 197, 212, 213, 230, 231, 269,
282, 283], Ho, K COXaJIeHHI0, NOJTy4eHbl POTHBOPEYMBbIE CBEIEHHA MO MoNo-
xetnio Ha P—T MoBepXHOCTH JHMHMA padnoxeHus. HeonHo3HauHbie NaHHbiE
MMeloTCA W TO peakmuu pasnoxenns accounaunu Kpn+Tun wa Tp+Kas.
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C. I1. Kopukosckum [96] moBomsHO mompoGHO pa3oGpaHbl pa3yHdHbIe Bapu-
aHThl TonoxkeHuA Ha P—T moeepxHocTH nuHMit pasnoxenna Kpn m Kpo+Tun,
B pe3yJIbTaTe Yero OH MpHIle] K BbIBOMAY, YTO 3TH JIMHHH J0JDKHBI HMETh MOJIO-
XKUTeNbHbIA HaknoH. K 3TOMYy BoOmpocy MBI elue BepHEMCH NpH aHamu3e daso-
BBIX MpEBPALIEHHHA C KOPIMEPHTAMH U I'DAHATAMH.

Mo manmouwncnenHsiM ganHeiM [167] u3pectHo, yro Kpno u I'p mnaesrcs
MHKOHTDY3HTHO, TpuieM TBepapie da3el Kpn oboramjarorca amomMuHHEM H
obennsmorca I'p.

2.3.14. Cmonsi

Cmoppl — HanGonee LMPOKO pacTpoCTpaHeHHbIE MHHEPAJIbl TPAHUTOR, KO-
TOpble BCTPEYaoTCA MpaKTHYECKH BO BCEX MHHEPAO-NETPOXHMHYECKHX THITAX.
Onu npencraBnAT coBOH pa3NHUHbIEe CEPHH TBEPHBIX PACTBOPOB M ABJIAITCA
YYTKHM HHOMKATOpOM (H3HKO-XHMHYECKHX YCIIOBHH MHHepanooGpa3oBaHHi,
YTO MCIONb3YeTcA [UIA pelleHus oGpaTHOH 3ajauM — II0 COCTABY CITIOf Ompefie-
nATh ycnoBuA Kpuctaumhsauud [121]. CeepmeHns mo obuweil rpynme ciof:
KJIaccHpHUKAUMH, CTPYKTYpe, COCTaBY, MapareHeTHYeCKMM acCOLMANUAM IpH-
BefeHsl B pabGore Y. A. Jlupa u gp. [42], a mo GuoTHTAM MAarMaTHieCKHX Io-
pon — B paGore E. H. Ymakosoit [180].

CornacHo cymecTBYmMM [aHHbIM [42], cocTaB NpUpOOHBIX CMION
B YNpOLIEHHOH ¢(OpMe MOXHO BBIPa3HTb CleYIOLMMH KOHEUHBIMH Wie-
HamM MuHepanamu: MyckoBut — KAI;[Si;AlO,0] (OH),, naparomnt —
NaA.l; [Slgmolo] (OH)Q, Maprapur — CaAi: [Si;Algolo] (OH) 2, d)ﬂoro-
mut — KMg3[SizAlOyo] (OH),, anmur — KFe; [SizAlO, ) (OH),, ucronur —
KgMgsAl [SlsAlgOm] (OH)a, CHIIEP()@HIUIHT = K,FeSAJ [SisAl;gOm] (O‘H)4
MyCKOBUT B MpPHPOIHBIX YCIOBHAX HH C OHHM M3 NIPHBEEHHBIX MHHAIOB
He 0Opa3yeT HempepbIBHBIX TBepObIX pacTBOpoB. IIpHpo/Hbie MYCKOBHTHI CO-
Aepxar g0 24% NaparoHNTOBOrO MWHANA, 3 MAParoHMTel — Ao 20% MYyCKOBH-
TOBOrOo MuHana. MckyccTBeHHO npu onpeneneHHbiX P—T ycrioBHAX HOJYYEHBI
HenpephIBHLIE TBEpObie PacTBOpbl 3THX MuHanoe [42]. Kommuectso Mpr
B MYCKOBMTax He mpeBbiuaer 1 mon.%, B To Bpema kak Mpr u Ilpr o6pa3sylor
HenpepbiBHBIE TBEp/ble pacTBOphl. IIpupoatbie GHOTHTBI NpencTaBnAlT coboi
HenpepbIBHBIE TBEPJIBIE PAacTBOPHI, IMABHBIM 06pa3oM vyeThipex MuHamoB: O,
Ant, Her n Cup ¢ HeGonmbUIMMM TPUMECAMH OCTAJIbHBIX MHHAIOB. YCTaHOBNIEHa
3aBHCHMMOCTb COLEPXAHHA TOrO WJIM MHOrO MHHANa B NMpPHpPOIHBIX GHOTHTaX OT
cocTaBa cucTembl-Topoms [180].

C ppyroii CTOpOHBI, BCE CITIOAAHbIE MHHAIbI MOXHO NMpeJCTaBUTh KaK XH-
MHYeCKHE COeIMHEHHA HOPMAaTHBHBIX MHHAJIOB

My=0p+Anc+H,0~-Ks,
KAl [SisAlO,] (OH) ;= KAISi;04 + Al; SiOg + H,0— SiO;;
Mpr=A6+Anc+H,0—Kas,
NaAl; [Si;Al00] (OH) , = NaAlSi;Og + Al,SiOs + H,0—SiO,;
Mpr= An+Anc+H,0—-Ks,
CaAl, [SigAlj,O]o](OH) = CaAlg Slgo 1wt AlgSlOs + Hgo— S iO';;
®n=0p+39u+H,0-3Ks,
KMg3[Si3Al0,0] (OH) ;= KAISi305+ 3MgSiO, + H,0—38i0;;
Anr=0p+3®c+H,;0-3Ks,
KFCg [SlgAlOlo] (OH)2= KAlSi30g+ 3FeSi03+ H20—3Si02;
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Puc. 2.4. B3auMononoxeHue Ha PH=0—T MPOeKIUHH IBTEKTHYCCKHX JIMHHIE YaCTHBIX ramio-
TpaHUTHBIX cucTeM [ 274, 286] W MMHHUR pasnoeHWs CNION H ATBMAHIMHA MO JAHHLIM :
®n' — no [299]; ®n® — no [298]; Ant — no [203]; Anur+Ke — no [203]; My+Ks — no
[221]; Tlpr — mo [39, 71]; Mpr — mo [79,211]; Anm —no [237]; Anm' — npu marke-
THT-DAANUT-KBapUeBOM Gydepe; AnM? — Npu MArHeTHT-BIOCTHTOBOM Gydepe; On+Ks —
HHTepHpeTauus aBTopa.

Her=20p+53u+Anc+2H,0-7Ksg,
KzMgsAl[SISM30m] (OH)qz 2KAIS i303+SMgSi03+Alg Si05+H20““7Si02 5

Cupn=20p+5®c+Anc+2H,0—-7Ks,
KgFesAl[SisAlgolo} (0H)4= 2KA|Si303+5FeSi03+AJQSi05+H20—7Si02.

Kpome toro, Hcr moxkuo momywts u3 62.5 mon.% ®n, 12.5 My u 25 mon.%
Kop (xopyHna) , a Cup — u3 62.5 mon.% Anr, 12.5 My u 25 mon.% Kop.

K Hacrosuemy BpemenH HaKONMMIOCh GONBIIOE KOMHYECTBO IKCIepHMEH-
TIBHOTO MAaTEpHANa MO pA3JIOKEHHI0 H TUIABJIEHHIO—KPUCTAUTH3ALMN MYCKO-
Buta [112, 201, 214, 243, 268 u np.] u Guomura [178, 179, 223, 236, 256,
257 u np.] B paznuumbix ycnopusax. EnuHMuHbIe JaHHBIE UMEIOTCA MO pa3noxe-
Huto naparouuta [39, 71| u maprapura [79, 211]. Hexoropsie 0606ueHHbie
Pe3yJbTaThl IKCNEPHMEHTOB IpHBeE/ieHbl Ha puc. 2.4, I/ie OKa3aHbI IWHHH pa3-
NOXKEeHHs KOHEUHEIX WIEHOB TBEpABIX pacTBOpoB cmiodl. Kak BumHO H3 puc. 2.4,
NOJIOXEeHHE JIMHUIA pPa3noXeHHA Ha P—T NMOBEpPXHOCTH ENE3UCTHIX MHHANOB
3aBHCHT OT Gydepa, a Bcex cOCTAaBOB — OT NpPUCYTCTBHA KBapua. Iocnemuuii
paKTOp CHIXaeT TeMNepaTypy pa3NioXeHHS NpH PH20= const. 310 cBA3aHO

C TeM, YTO KBApLl YYACTBYET B PEaKlMH C NMPOAYKTAMH Pa3NIOKeHHA CII0M, YeM
obneryaer aror mpouecc [118].

Ha puc. 2.4 npuBeieHbI TaKXe CONMIYCHBIE JTHHUM COOTBETCTBYIOLMX CH-
CTeM, YTOOBI MOKA33aTh BO3MOXHOCTD K PHCTAJUIM3ALMH CITI0J H3 MarMaTHYeCKO-
ro pacriaBa. TeopeTHueckn Bce CITIOMIbl MOTYT KPHCTA/UTH30BAThCA M3 PACIUIa-
Ba, UTO OMpefenAeTCA IlepeceYeHHEM HX JIMHHH pa3IOXeHHS CONMIYCHBIMH
NIHHUAMH COOTBETCTBYIOIUMX CHCTEM, 32 HCKJIIOYeHHeM AHT MpH CHIBHO OKHc-
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nawwnx Gydepax. [Ina npHpoAHBIX YCTIOBHH COMHHTE/IbBHA KpPHCTALIM3AUHA

13 pacriasa Mpr u Ilpr, Tak kak n/s aroro TpeGyloTCA OYeHb BBICOKHE 3Haue-

Hust Py o, KOTOpBIE BPA/L JIM IOCTHIAIOTCA B YCIIOBHAX 3¢MHOH KOPBI. IMo aToM
2

e MpHUMHe CIIOpHA BO3MOXHOCTh M KpHCTa/umH3auua My u3 pacnnasa, Ho Wis
ero KpucTam3auuu Heobxomumo P,  mopsjaka 4—5 k6ap, yro Bnomnse gomy-
2

CTHMO, OCOBEHHO NpH KPHCTa/NTM3allMH NMErMaTHTOBBIX pacmnaBoB. B ciyuae
CHH)KEHHA TeMIepaTypbl PAaHHTHOTO CONM/YCA 32 CYET NPHUCYTCTBUA GTOpa HiTH
Gopa A 06pa3oBaHHA MAarMaTHYeCKOro MYCKOBHTA JIOCTATOYHBI M MEHBLIHE
3HaueHua P, , nopaaxa 2.5—3 x6ap. [Ipuyem Heo6Xx0IMMO NOMYEPKHYTH, 4TO

ecii 1A GHOTHTOB HeT OrpaHMueHMii 110 COCTAaBY paciUIaBOB, TO [IJIA MYCKOBH-
1a TpebyeTcs pacIuiaB, 3HAUNTEIbHO 0BOraleHHBIH TTTHHO3eMOM (CM. ONMCcaHHe
cHcTeMbl A) .

2.3.1.5. Amdpubonm

I'pynna amduGonoB ABNAETCA [OBOJIBHO paclpoCTpaHeHHOH cpemy demu-
YECKMX MMHEpAIOB IpaHMTOB. ,,O[HaKO, HeCMOTpA Ha TO, YTO aMpuGonb —
BaOXHeHIIMe MMHEpalTbl H3BEPXKEHHBIX H MeTaMOp(hHYeCKHX MOpOI, MHOTHe
acmeKThl WX XMMM3Ma M NapareHe3uca BCe elle OCTAOTCA HesicHbImMu™ [41,
c. 221]. K aroii uutate crnenyer 106aBMTh, YTO K HACTOAIIEMY BpeMEHH HET
YIOB/IETBOPHTENIBHOM KIacCHHKALMK [laXe KOHEUHBIX aM(pHOOIOBBIX MHHa-
JI0B, KOTOpasA M He MoXeT ObITh BhipaboTaHa 6e3 ACHOrO NMpeICTABIIEHHA O XH-
M#3Me 3TOH IpYNIbl H MPHYMHAX MOABJIEHUA TOTO MIM HHOro amdubona s Toi
WM MHOW MMHepasibHOM accoumaunu. bBea weTkoro npencraBieHHs 0 MUHepae
KakK O TBepHoOi ¢a3e onmpene/eHHOH CHCTeMbl HEBO3MOXHO MPOCEIMTh Pa3BH-
THE 3TOH CHCTeMbI H IOCTPOHTH (PHIMKO-XHUMHYECKYI0 MOMENb KPHCTAITH3ALHH
aCCOLMAlMii TBEpABIX (pa3-MHHEPAIOB.

H3omopdHble 3aMeleHHA KaTHOHOB BO BCEX CTPYKTYPHBIX NO3HUMAX aM-
¢uBonoB 3aTpyAHAIOT pa3paboTKy aHANIMTHYECKOH M IpadHYeCKOH HX KIIaCcCH-
(duxawuu. 3a BCIO HX MCTOPHIO H3YUYeHHA ObIIO MpeJIOKEHO MHOTO BApHAHTOB
KJaccHKalmii, KOTOpble KPaTKO OXapaKTepu30BaHbl B pabore Y. A. Jlupa u
ap- [41]. B Hacrosmee Bpems Gonbile BCEro MCMONb3YETCA KIACCHOHKAIHA
Y. A. Ilupa c coaBTopamu [41], B OCHOBe KOTOpO# MOJONEH XapaKTep mpeob-
NAJAKIIETO HOHA B MONOXeHHH X B CTpyKType ampubonos c obiel dpopmy-
0 x:—;YszBOZZ(OH)z.

Opnako knaccuduxauus Y. A. Jlupa u gp. [4 IH TMOCTENEeHHO BhITECHACTCA
Gonee cosepuienHon knaccuduxauner b. E. Jluka [247], B koTopoit ymTbIBa-
eTCsi pacrpejielieHHe KaTHOHOB B HEeCKOJIBKHX CTPYKTYPHBIX NMO3HIMAX C 06-

weit hopmynoit amdu60108 Ag-1B,Cs 'Ta 05, (OH, F, Cl, 0),. Hecmotpa Ha
KaXKYILYIOCA CTPOTOCTh H KOJIMYECTBEHHbIe KPHTEpHH JienieHua amduGonos no
MOATpyTNaM, 3Ta KnaccHpHKauusa HMeeT He[IOCTATKH, 3aTPYIHAIOLIHE €€ NpH-
MeHEHHE B KOHKPETHBIX MPAKTHYECKHX CITyYasiX.

OpuruHanbHbiH crnoco® n3o6pakeHHA XMMHYECKHX COCTABOB KaJIbLIHEBBIX
U wiesnounbx amdubonos nmpemnoxunu H. M. Yepnbmios u I'. I'. IMurpenko
[189], B ocHOBe KOTOpPOrO MONOXeHs! H3oBaTeHTHbIe cepuu H. Cynmmyca.

PeHTTeHOCTpYKTypHble MCCIeoBaHHA mocnemunx net [113, 226, 227,
229] yTOUHMIM CTPYKTYpPY OTHENBHBIX NpeNcTaBUTeNIed 3TOH MHMHEpabHOH
rpyNbl, YT0 OGOTATHIIO HAIIK 3HAHWA O CTPYKTYpe BCEH I'pyTILI.

IIns pa3pgenenHns aMm¢dubONIOB BHYTPH OTAENbHBIX MOArpynn 66110 Mpeio-
CHO MHOTO BAPHAHTOB HCTIOB30BaHHA PA3/THYHBIX KO3(dHLMEHTOB, MOAIYICH
M T. ., 2 TAK)KE yueTa H30MOpdHU3Ma B TOA HIH HHOH CTPYKTYPHOH MO3HIMH.
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EctecTBenHO, uem Gonblile CTPYKTYpPHBIX TIO3HLMI YUMThIBaeT cnoco6, Tem Go-
nee TPaBHIBHO C €ro MOMOI[BK MOXHO ONpenesyMTh (KnaccHPHUMPOBATH)
KOHKpeTHbIH MMHepaln. B uneane HeoGXoqMMO YyYHTBIBATh BCE NATH CTPYKTYp-
HbIX mosuumii [113, Tabn. 49]. ina toro yro6bl H306pa3HTh B HHX H3OMOpPQ-
Hble 3aMelleHHA, norpebyeTcA OMarpamMma B JIECATHMEPHOM NpPOCTPAaHCTBe,
a MOCKOJBKY MbI OTpaHHYeHbI TPEXMEPHBIM MPOCTPaHCTBOM, TO M3 3TOro Heo6-
XOIMMO M MCXO[MTh, BBIZIENAA [JIaBHbIE CTPYKTYpPHbIE MO3HIMH H THIBI H30-
MopdH3Ma, KOTOphIe BIIMAIOT Ha o6pazoBaHne XoTA Gbi BHAOB. [TonbITKH BbI-
BecTH H3oMopdHbie panbl am¢ubONOB H3 ONHOrO MHHANA-TPEMONIHTA MyTeM
H30MOpPHOro 3aMeleHHA OJHOTO-ABYX KaTHOHOB, He OGBACHHIIH BCEr0 MHO-
roofpasusa XHMMYECKOrO COCTaBa 3TOH rpymmsl. BeickassiBanace meicib [41,
c. 225], uro GeckoHeuHO pa3’HOOOpPa3HBIN XMMHYeCKHil cocTaB amdubonos
MOXHO, IO-BHIMMOMY, BBIPa3UTh HCXO/A H3 COCTABOB HeGONBILIOrO YHCNa KO-
HeYHBIX WIEHOB. 3Ta MBICTb ewe pa3 Gbula mojyepkHyrta B paGore [189].

Ilpu pa3zpaBotke (PUIUKO-XMMHMUECKMX MOJENedl IpaHUTOMIOB Hamu GbLn
BbIGpaH HECKONIBKO MHOH MyTh pelleHHA nmpobnemsl Kinaccudukamuu ambubo-
JIOBBIX MHMHAJIOB H MpPUPOOHBIX MHHepanoB. Uto6el pa3o6paThcA B CIIOXKHOCTH
XHMHYECKOro cocTaBa amM¢puGONoB, Mbl MPOAHANIM3HPOBAIH HX NapareHeTHYe-
CKHE aCCOIMAIMM B Pa3IMYHBIX METPOXMMHYECKHX THMAX IpaHMTOMIOB, Mped-
CTABNAOLHMX NOPOEI, NepechieHnble Si0; u comepxame Gonploe pasHooB-
pa3de MHHEpaJIOB 3TOH IpYNNbI. YCTaHOBMNEHO, YTO MOABJNEHHE B MOPOJE TOrO
HJIH HWHOro ampubona onpefienAeTca COOTHOIIEHHEM B CHCTeMe HOPMATHBHBIX
muHanos: A6, AH, Op, 3H, ®c, Bo, Anc, 3r u Boapl. JleficTBHTENBHO, IKCITEpH-
MEeHTaJIbHbIe [IaHHble MO pa3NOoXKeHUI0 M CHUHTe3y ampubOpOB, NpHBeACHHBIE
B paBote Jlupa u Ap. [4lf'. MOATBEPXHIAKT, 4TO aMPHOONBI ABNAITCA XHMHYE-
CKHMH COeMHeHWAMM (yuWMTbIBaA MepechilieHHOCTh cuctembl Si0;) AH, AG,
Mnp (Ilu, I'ex), 3r, Onp (u+®c) u Boms! (+¢dTop, XI0p) . OGpasopanue am-
¢ubonoB 3a cyeT YKAa3aHHbIX MWHAJIOB TpH ONpe/eleHHOM [IaBJIEHUH H TeMIle-
patype — 3TO peakIMf CMCTEMbl HAa yBelHYeHHE JaBNEeHHA BOJAHOrO mapa,
KOTOpas NMPOUCXOUT BCEr/a ¢ yMeHblleHHeM obbema.

ABTOpPOM pa3paoTaHa pauMOHANbHAA KIACCHM(HKAIMA M METOJ| pacyera
KPHCTAJUIOXMMHYECKHX (opmyn aMpHOOIOB Ha MHHAJIBHBIE H CMOCOD HMX rpa-
¢uueckoro n3o6paxeHns, KOTOpbIE HANOXKEHLI B ,,MeTOIMYECKHX peKOMeH/Ia-
max” [58].

B nuTeparype MMeeTcs MHOTO MaTepHAIOB MO cocTaBy amM¢puGONOR K3 pas-
JIMYHBIX MHHepaJibHBIX accouuanumii. OTMeyaeTca 3aBMCHMOCTB COCTaBa amdwu-
GonoB OT cocTaBa cpefibl (CHCTEMBI), B KOTOpPOi OH o0pa3syeTcs, a TaKke H OT
ycnoBuit Kpucraumsauuu. Hcmons3oBanne HOBOH Kiaccupukauuu amdun6o-
JIOB, OCHOBAHHOH Ha MHHAIBHOM WX COCTaBe, KOTOPbIH B CBOIO OYepe/ib MOXKeT
BbiTh BbipaXkeH HOPMATHBHBIMH MHHANaMH, MO3BOJIHT Dosiee 0BOCHOBAHHO pe-
IIATh 3a/Ja4y 3TOH 3aBHCHMOCTH.

JKChnepHMEHTANBHBIX JAHHBIX MO CHHTEe3Y M pa3noxeHuio ampuboIoB co-
BepLIEHHO HeAOCTaTONHO. JINA MOCTpOeHHs KONMMYeCTBEHHBIX MoJieneil ¢ ampu-
Gonamu HeoGXOAMMO HMMeTh TaKHE [aHHbIC MO BCEM KOHEYHBIM MMHANaM,
a K HACTOMLEMY BpeMEHH Mbl HMeeM MaHHbie Tonbko nmo Tp, Akr, [lap, Pux,
Tng, Pub u Apd (puc. 2.5). Ha puc. 2.5 Takdke MOKa3aHBI CONMMIYCHI YaCTHBIX
CHCTEM, B KOTOpbIX MOryT obpa3oBarbcsi aM(pHOGONBI W TPAaHHTHBIA CONMMAYC.
Cynsa 1o mepeceueHMsM JIHHMH pa3noXkeHus ambuBONOBBIX MHMHANIOB C CONH-
[yCHBIMM JTHHHAMH YaCTHBIX cucTeM, Tonsko Tp, Fe-AkT u Fe-Uep maxe reope-
THYECKH He MOTYT KPHCTAUIH3OBATBCA M3 COOTBETCTBYIOUMX PpACIUIABOB.
M3 rpaHMTHOrO Xe paciulaBa AOMYCK2eTCA BO3MOXHOCTb KpPHCTAIH3AIMH
mobBoro am¢pubona, 3a MCKIIOYeHHEM COCTaBa, MpuOmkalomeroca Kk Fe-Akr,
YTO NMpaKTHYECKH HCKITIOYAeTCH, TAK Kak OymyT nosenarsca ambubons Gonee
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Puc. 2.5. BzaumononoxeHue Ha Pl-l o~ T MPOCKUHH IBTEKTHUECKHX NHHMA YacTHBIX rario-
2

IpaHUTHBIX cHcTem [ 244, 274, 286] u nuHuA pasnoXeHUs amdubonos: [ap — no [206] ;

Fe-Tlap — nio [244]; Pux—Mg-Pux — no [220]; Fe-Pux — mo [210]; I'ng - mo [217];

Tp — no [206]; Pub—Apd — no [218]; Akt — Fe-AKT — 1o [219]; nyHKTHp — HHTep-

npeTaunsA aBTOpa.

CTIOXHOTO COCTaBa, OTBEYAWIIErO COOTHOIUEHHAM HOPMATHBHBIX MWHAIOB
B paciuiaBe.

B 3aKTI0YeHHe HeOOXOMMMO elle pa3 OCTAaHOBHTbCA Ha obumx ocoBeHHo-
CTAX BONOCOJEPAIMX MHHepanoB-(ha3,a TaKke rpaHaTOB H KOPJHEPHTOB, KO-
TOpBIE CIIEMYeT YUHTHIBAT NpH Pa3paGoTKe PUIHKO-XHMHUECKHX MOTIENeH.

1. ®. I'. Cmut ormeuaer [161, c. 253], ,,uT0o MHOrHe BOAHBIE CHIIMKATHI,
KOTOpble OGBIYHO CUMTAIOTCA HU3KOTEMIEPaTypHBIMH, OKa3bIBAKOTCA ycToiuwm-
BbHIMH B TPHCYTCTBHH BOJIHOW (pa3bl Mpu TeMMepaTypax BbIUe TeMIEpaTypbl
MIaBNIeHHA rpaHuTa. K MX WCy OTHOCATCA BpYCHT, XJIOPHT, CMIO[BI, TANBK H
amdu6OIIBI, TeMIepaTypa pasNONKEeHUsA KOTOPbIX B re0TepMOGapHUecKuX yemo-
BMAX TIPEBBILIAET TeMIIEPATYpPY TUIaBIeHHA rpaHuTa. Takum 06pa3oMm, BCE ITH
MHHEpAJIbl MOTYT KPHCTAJUTH30BaThCA HENOCPE/ICTBEHHO M3 MarMel lipy TeMIe-
patypax, GMH3KMX K TOUKE IUIABJICHHSA TPAHKTA, IPH YCIIOBHH, UTO MarMa Hackl-
lieHa B OTHOIICHHH BOMIHO (a3l M COCTAB CHCTEMBI JIEXHT B TIOJE YCTOAYHBO-
CTH JIaHHOTO MHHepana’.

2. Ecnu MMHepan pasnaraeTc Ha NpoAyKTel, Hepocsiuentsie Si0,, TakHe
Kkaxk On, liln, JIu, Hp, Kop, 10 mpu PH=0= const u moGaeneHun K Hemy Ks,
TeMmepaTypa ero paiokeHus chuxaercs. K Takum MuHepanam OTHOCATCH
rpaHarThl, CIiofibl H GOMBILMHCTBO aMpuGOTIOB.

3. Ecnu e MMHepas pa3niaraeTcsi Ha MpOIyKTbl, HacbiwenHble Si0,: Ga+
+Ks, Onp, Mnp, Op, AG, A, Anc u Ks, 10 noGapnenne Kk Hemy KB He cmenaeTt
€ro JIMHHIO pa3fioXNeHMA Ha PH,O_T miockoctd. K TakHM MuHepanam OTHOCAT-
A KOPAMEPHT, aHTOQHIUTHT, KYMMHHITOHHT, Fe-akTHHOMT, TPEMOJIHT, JXKO-
cmuTHT, Ca-porosas o6MaHKa, Al-BHHUWMT, BUHWMT, KPOCCHT, pHOEKHT.
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4. JIuHHA pa3sIoxKeHUs OTHOTO M TOTO ’Ke MHHEepaJia B PasjIMyHBIX CHCTeMax
OyjieT 3aHMMaTh pa3nMuHOe Mosnoxehue Ha Py, —T MIOCKOCTH, TaAK KaK ero
2

COCTaB B pas3iMUYHBIX cHCTeMaX OyderT OTIIMYaThCA MO COCTABY M KOJIMYECTBY

H30MOpPGHBIX MPHMECEH-MHHAJIOB. Hanpumep, nuuuu pa3noxenus My B ac-

commauuax My+Ks, My+Ke+A6, My+Ks+An, My+Ks+A6+An, My+Kpn+

+KB u Tak nanee GyayT 3aHWMaTh pa3MuHoe nonoxedue Ha Py —T miocko-
2

CTH, B CBA3H C YEM M TOYKH NepeceyeHUs ITUX JIMHUA pa3IocKeHHA ¢ CONUYca-
MH COOTBETCTBYIOLUMX CHCTEM TaK)Ke M3MEHAT CBOE MOJIOKeHHe . AHAIOTHYHBIA
3¢dexT oKa3bIBaeT H3MEHeHHe MapUMAIBHOTO JaBJieHHA BOJIbI BO dutoune [44,
c. 81, puc. 516] .
5. B 3aBHCHMMOCTH OT COOTHOLIEHHS JKENE3HCTOr0 ¥ MarHMeBOro MHHaIOB
? MPl]HepaJIe Npolecc pasIokeHUA MOXeT ObiTh PacTAHYT MO TeMIepaType
118].

232, Xapampuc'l:nxa NPHPOIHBIX CHCTEM

[Ipesxkge yeM rOBOPHTH O MPHPOAHBIX CHCTEMAX, HEOBXOAMMO HATIOMHHTH,
KaKHe CHCTeMbI BBIJENAOTCA B (pu3uyeckor xumuu. Kiaccuueckoi ¢usnxo-
xumueii [81] BbIIENANTCA H30IHPOBaHHbBIE, 3aKPbIThIE M OTKPBITHIE CHCTEMBI.
H3onupoBaHHEIMM CHCTEMAMH CUMTAIOTCA TaKHe, KOTOpble He B3aHMO[EHCT-
BYIOT C BHELIHEH CpelloH, T. e. He 0GMEHHBAIOTCA C HeH HM BeLLEeCTBOM, HH JHep-
ruei. 3aKpbiTasd CHCTEMA MOXKeT 0OMEHHBATBCA C OKPY’KAIOIIeH Cpelod TOIbKO
sHeprueil. OTKpBIThIE e CHCTeMbI OOMEHMBAKTCA C OKPYXAIOLWEH cpemoi
BELIECTBOM, H 3Heprued. OueBHAHO, YTO B MpHpOAEe He MOXeT GBITh H3OMHPO-
BaHHBIX CHCTEM, a Yallle BCErO BbIJIEICHHE CHCTEMBI H3 ,,0KpYKaloliei” cpeipI
ABNAETCA IPOCTO MCKYCCTBeHHOH mpouenypoi. [lostoMy ¢ HEKOTOpbIMH Oro-
BOPKAMH [10MYCKaeTCA CYIIECTBOBAHHE 3aKpBITBIX CHCTEM, HO DONBILIHHCTBO
TNPHPOJHBIX CHCTEM OTHOCATCA K OTKPBITBIM.

Kpome toro, no Ha6opy $pakTopoB paBHOBeCHs BBIAEIAIOTCA CIEYIOIMeE
THIBI ckcTeM [89] :

no pakropam S, ¥V, my, ..,my H30XOpPHO-U303HTPOIMHIHBIE
S, P,my, ..,my,  — K300apHO-N303HTPONHIiHBIE,
BV s, i My H30TepMHO-H30XOpHYECKHE,
T, Py, sy H30TepMHO-H3006apHyecKue.

[Ipuponibie Mpouecchl MOTYT PeryMpoBaThcs pa3iiHYHBIM HaBopom dak-
TOpOB paBHOBECHSA, MO3TOMY OHH MOJIENTMPYIOTCA PAa3HBIMH THNIAMH CHCTEM.
Tak, meramopduueckHe NpolecCHl OMHCHIBAIOTCA H30TEPMHO-H306apHYeCKOl
CHCTEMOH, METaCOMATHYECKHE — H30TEpMHO-H30XOPHYECKOH, a4 MarMartuue-
CKHe — H306apHO-H303HT pOMHIAHOM.

I. C. Kopxunckuii [86] mocne aHani3a MyHepabHBIX MAapareHe3uCoOB Me-
TACOMATHYECKHX MOPO[ TpHLIEN K BHIBOMAY, YTO TaKMe 0Opa3oBaHMA MOTYT
GbITh  CMO[IENMPOBAHBI OTKPBITHIMH  H30TEPMHO-H30XOPHBIMH  CHCTEMAaMH
C BNONIHE NMOJBHXHBIMM KOMIIOHeHTaMHU. 3aTeM 3TOT BbIBOJ, ObUT pacmpocTpa-
HEH ¥ Ha MAarMaTHYeCKHe MOpOAbl, B YaCTHOCTH Ha IPaHUTHI, B pe3yJibTaTe 4ero
6bi1a NOCTpO€Ha JHarpamMma Ha OCHOBE BIOJIHE MOOBHXXHOIO MOBECHHUA 1LIEJIO-
veit. Kak muurer cam JI. C. Kopxunckuii [89, c. 4] : ,,3710 pacumpenue merona
NepBOHAYANBHO OBIIO BCTpEYeHO C HeIOBEpHEM, B CHIY LIMPOKO paclpocTpa-
HEHHOr0 Cpefid reojoros owmGoyHoro yGexnenus, yto mpaBwio ¢a3 I'mb6bca
M BooOLIe yYeHHE O XHMHUECKOM PAaBHOBECHHM MPHMEHHMMO TOJIBKO K 3aKpbl-
ThIM, HO He K OTKphIThIM cicTemam’”. JI. C. KopxaHckum BoiBenieHb! Hpdre-
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pCHUMANIbHBIE YPaBHEHMA TepPMOOMHAMMYECKHMX MOTEHLUMAIOB M MpaBHiIO ha3
JUIA CHCTEM C BIMOJIHE TMOMBHXHBIM MOBEEHHEM KOMIMOHEHTOR, 0BOCHORBIH
npuHuMn ouddepeHUManbHOR NOABHXKHOCTH OTKPBITBIX CHCTEM, T. €. MO CYTH
paspaBoTaH HOBBIH pa3fie]l XHMHYECKOH Te PMOIHHAMMKH.

Cnenyer oco6o momuepkHyts, urto B pabore [l. C. Kopxmuckoro [87]
peus uwia o AMd¢y3HOHHOR cnocoBHOCTH .[uefoYed B MarMaTHYeCKOH Kame-
pe, ¥ MX XHMHYeCKHe MOTEeHUMasbl He CYMTATIHCh BHEIUHHMM (aKTOpaMH paB-
HOBECHS, T. €. BECh IPOLECC KPUCTAIM3AUMH PAcCCMATPHBAICA B Marmaruue-
CKOH (M30JIMPOBAHHON) KAMEpe C MBIC/IEHHOH M30JALMEeR COOTBETCTBYIOILIMX
YUYaCTKOB.

M3BecTHO, YTO MarMaTHyecKHe MpOLECChl JIyullle BCErO MOMENHpPYIOTCA
(omichIBalOTCA) paciIaBHBIMM CHCTEMAaMM, XOTA BCe IKCNEPHMEHTbI HaJl 3TH-
MW CHCTEMAaMH NpPOM3BOIMIIMCh B 3aKpPbITHIX YCIIOBHAX. TeM He MeHee Mbl He
OTpHLAEM BO3MOXXHOCTH BO3/IeHCTBHA Ha NpHPOAHYI0 MArMaTHYeCKYH CHCTe-
My ,,TPAHCMATMAaTHYeCKHX'’ PacTBOPOB C BIIOJIHE MOMBHYKHBIM MOBEAEHHEM He-
KOTOPBIX KOMIIOHEHTOB.

BO3MOXHO MONMYCTHTh HECKOJIBKO BAPHAHTOB B3aMMOJIEHCTBHA TpaHCMar-
MAaTH4YeCKHX PacTBOPOB C KPHCTALIH3YIOUMMCA PaciUlaBOM H €ro TBEpbIMH
dazamu (KpUCTANIH3ATOM) .

l# BapuaHT. KpucTannu3auus paclUlaBa HaUMHAeTCA C 3aTyXaHHEM
NOTOKOB TpaHcMarMaTH4eckux pactBopoB [92]. Torpma ponb BnonHe MOABHXK-
HBIX KOMIOHEHTOB [OJDKHA OrpaHHYMTBCA TOJIBKO W3MEHEHMEeM COCTaBa pac-
IUIaBa JI0 ero KpHCTANIH3alKH. B 3TOM BapHaHTe KPHCTA/UIM3aUMA IPOHCXOIUT
B YC/IOBHAX MHEPTHOTO MOBe[eHUA BCeX KOMIIOHEHTOB. 3TOT BAPHAHT MOJEIIH-
pYeTcs paciyiaBHbIMH CHCTEMAMH.

2-it BapuaHT. TpaHcMarmMaTH4YecKHe pacTBOpbI BO3MIEHCTBYIOT Ha KpH-
CTAUTM3YIOLIHIACA paciulaB, HO He BO3[EeHCTBYIOT Ha TBep/ble, TOJILKO YTO BbI-
KpucTayuM3oBaBlMecs ¢asel. B npouecce kpucrannusaumu pacruias Gyner
M3MEHATb CBOI COCTAB He TONBKO 3a CYET BbIJe/IeHHA TBepbIX a3, HO U B pe-
3yJbTaTe B3aHMOMEHCTBHA C TpaHCMarmMaTHyecKMMH pactBopamu. CooTeercrt-
BEHHO 3TOMY M3MeHeHMI0 GyAyT onpefenATbCA MHHEpaJbHBIE ACCOLMAUMH H
coctap muHepasioB. C HEKOTOPBIMM OTpaHHYeHHAMH H 3TOT BApPHAHT MOXHO
OIMMCaTh PacIUIABHBIMH CHCTEMAMH.

34 BapuauT. Bo3jelicTBHe TpaHCMAarMaTHYecKHX PacTBOPOB MCMbI-
THIBAIOT M PacIUIaB, M BbIK PHCTAJUTM30BaBlMecA da3pl. ITOT Clyvail Mpeacras-
nAeTcA HauGolee CIOXKHBIM, MOCKOJBKY BKIIKOYaeT B cebA Kak BTOPOi BapH-
aHT, TAK M MpOLECC MeTacOMATHYeCK Ol NepepaboTkH TBepabiX da3. OueBHaHO,
YTO B [aHHOM BapHaHTeé MHHEpalbHble aCCOLMAUMH H COCTaB MWHepanoB By-
JYT 3aBHCHTB M OT COCTaBa paclulaBa, M OT CTENeHH MeTacOMAaTHYECKOH nepe-
paGoTKH, T. €. OT XHMHYECKMX MOTEHUMANOB BIOJIHE MOABHXHBIX KOMIIO-
HEHTOB.

ITpu3HaHHe BO3MOXHOCTH peayiM3allii B NMPHPOJE [AaXe ITUX TpeX BapHaH-
T0B notpebGyer HeOGXOAMMOCTH B KaX/JOM KOHKPETHOM Cily4ae [0Ka3bIBaTh
BIIMAHHE TeX WIH MHBIX HHTEHCHBHBIX ()aKTOpOB Ha MHHEpalibHbIe NTapareHe3x-
Cbl, OCODEHHO 3TO KacaeTCA XHMMYECKHX MOTEHUHATOB BIIOJIHE MOIABHXXHBIX
KOMIIOHEHTOB, 4 He OrpaHHuMBaTheA cchUikoi Ha paGory ll. C. KopxaHckoro
[87], rme npuBonATCA HOKA3aTENBCTBA BIOJIHE MOLBHXKHOIO MOBEICHHMS lie-
JI0YeH TONBKO TpH 06Gpa3oBaHKH ONpe/ieNieHHOH ranIorpaHu THOH MHHepanbHOH
accoumanuu: In+Kmu+Ks. Ilockonbky rnaBHbIM NMpH3HAKOM BIIOJIHE TOA-
BHXKHOTO TMOBE[EHHA KOMIIOHEHTOB B NMpPHPOMHBIX NpOLiecCcax ABJIAETCA Ma-
JIOMMHEPANIbBHOCTh TOpPHBIX MOPOJ, OTHOCHTENIBHO PpAcYeTHOro KOJIMYECTBa
$a3 no uMcny KOMITOHEHTOB, TO Ha 3TOM BONpOCE Mbl OCTaHOBHMCA Gonee
noypo6Ho.
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2.3.3. ManomuHepanbHOCTh TOPHBIX MOPOI, BMNOJIHE NOABHXHOE
NoBeNleHHe KOMIMOHEHTOB W mpasuno ¢a3

B HacTosiuee BpemMs OBGLIENpPHIHAHO CyLECTBOBAHWE B NMPHPOME MarMaty-
yeckux rpatutos. [loaromy paccmorpum pagory Il. C. Kopxuickoro, nocss-
IICHHYI0 BIOJIHE MOABMAKHOMY MOBE/ICHHI0O KOMMOHEHTOB B MarMaTHYeCKHX
npoueccax [87], ocraBnaa Ge3 BHMMaHMA Gonee paHHIOW €TO CTaThio O MOJ-
BHXXHOM M MHEPTHOM MOBEJCHUM KOMIIOHEHTOB MpH MeTacomarose [86]. Kax
ykasbisaer [l. C. Kopxumuckuit [87, c. 243] : ,Benuwina XxumMuueckoro noreH-
L[HaJIa [UTA MOABHKHBIX KOMMOHEHTOB YCTaHAaBIWBAETCA Ha Y POBHE, TPOU3BOJIb-
HOM B OTHOIUEHMH (HIUKO-XMMHYECKHX CBOMCTB [aHHOH CHCTEMbI, T. €. MO
npasuiy ¢a3 oHa obnanaer creneHbio ceobonpl. [losromy Hanuuke BnonHe noa-
BHXKHBIX KOMIMOHEHTOB, KaK MpaBull0, He YBEIHYMBAeT BO3MOXHOIO WHMCIa
MHHEpANOB, YTO W ABJIAETCA MPHIHAKOM MOABHXKHOIO MOBEACHHA KOMMOHEH-
108”. B IOKa3aTenbcTBO [aHHOrO BHIBOJAA MM MPHBOIMTCA pacueT cTeneHei
cBoBomsl oA cuctembl Si0,—Al;0;—Ca0-K,;0-Na,0: C=K+2-0=5+2-
—3 =4, gpe crenexu cBoBoab! NMpuxonuTca Ha T u P u 1Be Ha BNOJHE TOMABIK-
HOE MOBe/IeHHe KA W HATPHMA, TaK KaK ,,B M3IBEPKEHHBIX Xe NOpoaax BCTpe-
YaloTCH OJHOBPEMEHHO TOJNIBKO MO TPH MMHEpana 3TOH CHCTEMbI, HampHMep
KBapu +oproknas+miarnoknas” [87, c. 253].

IeitcTBUTENBHO, MpH HOPMANBHOM pacuyeTe cTeneHel cBOGOMAB! BbIlLIEYKa-
3aHHOW MATHKOMIOHEHTHOH CHCTEMBI C ABYMA MOJIEBbIMM LUMAaTaMH Win Gonee
MOMHBIX CEMHKOMIMOHEHTHBIX CHCTEM C PasJIMUHbIMH MHHEPATIbHBIMM ACCOLMA-
UMAMH MOJYYaeM MHOTO ,JIMIIHKX'' cTeneHedt cBoGoaw:. Tak, [WiA nonesouma-
TOBBIX accouMaumii umeem: wicno komnoxentos (K) — 5 (Si0,, Al;0;, Ca0,
K;O u Na,0), wmicno a3 (®) — 2 (Mn+Knuw), wcno crenened ceobonwi C =
=K+2-0=5+2-2=5; nse crenedu cBoGomp! npuxonatca Ha P u T, a Tpu,
ecnM mpu3HaTh npasuibHoi mockuTky J1. C. KopxuHCKOro, — Ha BMONHE MOJ-
BHXHOE MOBeJeHMEe Tpex KOMMOHeHTOB. UIA CeMMKOMMOHEHTHOH CHCTEMBI
Na,0—Ca0—K,0-FeO—-Mg0O—Al,0,-Si0,— (H,0) (Bomy MOXHO He yWTsbI-
BaTh, TAK Kak ee HeobGxomumo GyleT BKJIOYATb M B YHCIO KOMIIOHEHTOB, H
B wMcno ¢a3) MpH ueThbIpEXMMHEpPAIbHOW rpaHMTHOH accoumammy Kp+Tn+
+Knu+Bbn umeem: C=K+2-0=7+2—-4=35, npe crenemu cBoGOAbI MpPHUXO-
mutcst Ha T u P, a ocTaBuMecs Tpu opmansHo ciegoBano Gbl OTHECTH K BMO-
He TOHBMXKHOMY TMOBEMEHHIO TpeX KOMMNOHEeHTOB. B pelcTBHTENBHOCTH XKe
B JTOH MMHepanbHOH aCCOLHALMH MOy CKaeTCA HIMeHeHHe COCTaBa IU1arMoKna-
3a (M COOTBETCTBEHHO KATHILNATA), 3 TAKKE XKENE3UCTOCTH H TITHHOIEMHCTO-
cTu GuotHTa (cMm. BBILIE O cocraBe 6uotHTa) . Ha HeoGxomMmoCTs yueTa rimuHo-
semucTocTH GuoTHTA yxassiBanu A. A. Mapakywes u ap. [122] : ,,Cnoxasocts
NMOCTPOeHHA IMArpaMMBl CBA32HA C TeM, YTO B IAHHOM CJlyYae HaJle yWMThIBaTh
nepeMeHHOCTh COCTABA TEMHOUBETHBIX MHHEDANIOB He TONBKO MO XKeJe3HCTo-
CTH, HO H MO ITTHHO3eMMCTOCTH, KOTOPaA CYLIECTBEHHO H3IMEHACTCA C M3MEHe-
HHEM ILETOYHOCTH (XuMmiueckoro moreHumana kanua)™ (c. 7). Taxum oGpa-
30M, JUIA YeThIpeXMHHEpPANbHON rpaHHTHOI accoumaimy ¢ Guornrom (Ks+Iln+
+Knmmu+bu) Her ocHOBaHMii CUMTaTh KaKOH-THGO KOMIMOHEHT BMOJIHE NMOJ-
BHOKHBIM.

Ilnsn cpaBHeHMsi OGpaTHMCA K JKCMEPHMEHTaM, KOTOpbie TpPOBOIMIIHCH
B YCNIOBMAX 3aKpbiToil cucremsl. Hausem ¢ unpoko uasectisix pabor 0. @. Ta-
tia u H. JI. Boysna [286] u B.C. Jlara, P. X. llxanca u O. ®. Tatna [251] no
peaynbratam u3yveHus cucremsl AG—Op—Ks—(H,0), B xoTopoit npu nameHe-
HHH PH,O B cyBGconuyce ycToMUMBbI THGO ABYX(a3opas acconHanua — Amu+

+Ks, nmu6o tpexdazosas — AG+Kmu+Ks. JlanHan cuctema COCTOMT H3 Tpex
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KOMIIOHEHTOB, BbIpaXeHHBIX B MHHaNbHOH ¢opme, MOITOMY IPH OBYXMHIIC-
panbHOi accoumanuy oHa umeetr C=K+2—®=3+2-2 =3, iBe cTeneHH npuxo-
pArcA Ha P u T W ofjHa — Ha M3MeHeHHe cOCTaBa AII; IpH TPEXMHMHEpPalbHON
accompamu C=K+2-0=3+2-3=2, koropsie npuxoparca Ha P u T. [Ipn
, MUHHMAJIBHOM ™’ cOCTaBe AIMI CHCTeMa IMpeBpalliaeTcA B IBYXKOMIOHEHTHYIO
M TpH ABYXMMHepanbHoO#H accoumanuy C=K+2—®=2+2-2=2. 31y XKe CHCTe-
MY MOXHO NpeZICTABATH H B BHAE YeThipex okucnor: Na,0-K,0-Al,05-S8i0,,
TOr[a MpH IByXMuHepanbHoii accoumauun C=K+2—®=4+2-2=4, npu Tpex-
munepanbHod C=4+2-3=3. YuuThiBaA YCNOBHA IKCHEPHMEHTa, pa3NHuMe
KOJIMYeCTBa CTeleHeH CBOGO/bI B NpHBeEIeHHBIX BapuaHTax OGbACHAETCA TONb-
KO BBHIGOPOM UHCIIA HE3aBUCHMBIX KOMIIOHEHTOB.

B kauecTBe BTOpOro MpHMepa BO3bMEM TAK)Ke BaXKHYIO U1 TPAHHTOB CH-
cremy AG—AH—Op—(H,0), da3ossie npeBpaieHUA B JTHKBHIYC-COJTHITY CHOH
ofnacth koropoii GbinK H3yueHn! sxcnepumeHtansHo X. C. Mopepom u np.
[74] u teoperuuecku pa3oBpausl B paborax JI. b. Crioapma u E. X. Pozebyma
[276], E. H. Kpasuosoii {99] u atopa [52], a B cyGeonuaycHoit — K. Bua-
pom [22], Y. T. Huamoii [242] u X. A. Cexom [265—267] . 3ta cucrema B 3a-
BHCHMOCTH OT KOHIEHTPAUHH KOMIIOHEHTOB H [aBJIeHHA B JIMKBHILY C-COMTHAYC-
HO#H 00nacTH XxapaKTepH3yeTca cI0XHbIMH (ha30BbIMH NMPEBPALIEHHAMH C H3Me-
HeHHeM KOMIIOHeHTHOocTH [52], M ecnu 3TOro He ywMTBIBaTh, 3 MpOCTO ¢hop-
ManbHO pacCUMTHIBATL CTeMeHH CBOGOMbI pa3HUHBIX PAaBHOBECHH, TO MOXHO
yCMOTpeTh HecOoOTBeTcTBHe npaBwiy da3. To xe oTHOCHTCA M K cyGcomuayc-
HoH obmacti. Ecim ke B3ATh H30GbITOUHOE KomuuecTBo Si0,, TO B 3TO#H CHCTEME
MOABUTCA eule OIHa (paza — KBapll, ¥ Mbl MOMyuHM (MpH COOTBETCTBYIOLIEM €€
KOJNIHYeCTBE) ramnorpaHuTHyw accoumaumso: IIn+Kmu+Ks. IxcnepumeHTans-
HO TaKas cHcTema M3yuanacs T. Bunknepom u ap. [291, 292, 293, 294], npu-
ueM OHM B KayecTBe KOMIOHeHTOB Gpanu muHamel A6, AH, Op u KB, uem u
onpenenanu crexuomerpuuyHocth Al;O; OTHOCHTENBHO MONEBBIX LIMATOB.
B takom cnyuae umeem C=K+2—®=4+2-3=3, 1. e. NONy4aeTCA TAKOE XKe
KOQIIMYeCTBO CTeneHel cBoGOo/pl, KaK M IJIA MOJIEROINATOBONH CHCTEMBI, KOMIIO-
HEeHTbl KOTOpO#i NMpeACTaB/IeHsl B MUHaNsHOH Gopme. Korpa xe B axcnepumen-
1ax Gpanu u3BbirouHoe KonuuecTBo Al O3 oTHOCHTENbHO cTexuomeTpuu B i,
TO MOABAANACH FMMHO3eMHucTasn (aza {225],aC=K+2-0=4+2-4=2.

B akcnepumeHTe CTeXMOMETPHYHOCTE KAKOro-TMOO KOMITOHEHTa OTHOCH-
TEJIbHO COCTaBa TOM MITH HHOM (pa3bl-MHHEpasla KOHTPONMPYETCA, B IPHPOLAE Xe
crexuometpus Si0; u Al;O; oTHOCHTENTBHO MHHEPATOB rOPHLIX Nopop, cobo-
paetcsa HOBONBHO penxo. [lo muenmo xe J1. C. Kopxmnckoro [87], oHa xapak-
TEPHa /1A TPAaHUTHBIX NOPOJ U 0GYCNOBIHBAETCA BIIOIHE TOJBHKHBIM NOBEE-
Huem wmienoved. Ilo kpaiineii Mepe TaKoe OOBACHEHME MOXHO MPHMEHHTH
TOJIBKO K JIEHKOKpaToBbIM nopopam ¢ accoumaimed [ln+Kmu+Ks. I'panutsl
xe, npeacraBneHHble accouuauwent Iln+Kmu+Ke+bu, kak npasuno, nepechi-
LeHbI TIHHO3EMOM, TAK KaK NMpHPOSHbIH GHOTHT MOXeT cOnepXars H3ObITOY-
Hoe KonmuuectBo Al,O; (mo 12.5 Mon.%) oTHOCHTeNbHO ,,HachineHHbIX" Al; 05
muHanoe — On u AHT. B cnyuae HachlueHHOCTH M HemoHachiieHHoCTH Al; O,
pacriaBa B MOpOAE MOABNAETCA elle OfHa TeMHOLBeTHan ¢a3a — nmbo Mnp,
nu6o Amd, KOTOpEIE MOTYT IPHCYTCTBOBATh H COBMECTHO.

CywectByeT u apyroe obbsacHeHHe crexuomeTpuuHoctd Al,O; B rpaHuT-
HBIX Mopoax, Koropoe npemnoxexo O. ®. Tatnom [173]. Mpexnae Bcero ox
NMPHBOJIMT MepecYHTaHHbIe Ha HOopmMaTHBHbIe MuHane! 1016 aHaTM30B rpaHHTOB
M PMOAMTORB, H3 KOTOpBIX TOJIbKO 189 rpanmuroB M 132 pHonHTa, T. €. MEHbILE
OJIHON TPETH, HE COTEPKAT HOPMATHBHBIX KOPYHAA, IETOYHBIX METACHIHKATOB
i akmura. [Ipuyem XxapaxTepHo, 4TO NpoDbl ¢ HOPMATHBHBIMHU 1IE/IOYHBIMH
MCT4CH/IMKATAMM 4aiie BCTpevaloTcs cpeld puonutoB. [pusepentbie daxtbl
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0. ®. Tatn o6BACHAET TeM, YTO H3GHITOYHbLIE I1ENIOYM B rpaHHTaX MOIJH 0bpa-
30BLIBATH IETIOYHBIE METACHIIMKAThI, HO H3-32 HX HEYCTOHYHBOCTH K BBIBETpH-
BaHuio (ecM OHM M GBUIM MEpPBOHAYATIBHO) B MOPOMAX OHM HE BCTPEYAOTCA.

W3 BBILIECKA3aHHOTO ClIe[yeT, YTO KAK B MpPHPOJHbIX, TAK H B IKCHEpPH-
MEHTATbHBIX IIpHMEpPax BCTPEYAIOTCA CIIYYaH, KOT[IA OCTAIOTCH JIMIIHHE CTeNeHH
cB06O/IbI, HEOOBACHUMBIE YHCIOM (ha3-MUHepasioB, 0COBEHHO KOT/Ia 33 KOMIIO-
HEeHTbI MPHHHMAKTCA OKHCIBI. JTIOCKONBKY [UIA 3aKPHITHIX CHCTEM 3TO HENb3A
OGBACHUTH MOMBHKHEIM MOBEJEHUEM KOMIIOHEHTOB, TO MPHXOMIHUTCA MIPU3HATE,
YTO MpH pacyeTax GbIIO HeMpaBWIBHO BhIGPAHO YMCIIO HE3ABHCHMBIX KOMIIO-
HeHTOB. TaK KaK MHHepaJbl pefCTaBNA0T OGO Bomnee CroXHbIe XMMHYECKHE
BEIIECTBA, KOTOpbIE MOXHO MONYYATb B pe3yJibTaTe XHMHYECKOTO B3aUMOJIeH-
CTBHA OKMCIIOB, TO TIPH pacyeTe YHC/Ia He3aBHCHMBIX KOMIIOHEHTOB HX KOJIHYe-
CTBO HOJDKHO GbITh YMEHBLUEHO HA YMCIIO XMMHYECKHX peaKlHil, CBA3bIBAIOIMX
KOHIEHTPalIHOHHbIE COOTHOLIEHHA OKHCIIOB.

Tpu mMuHaNBHOM criocoBe BbIpaXKeHHA KOMIIOHEHTOB B GOJIBILIMHCTBE CIY-
yasx ,JIHIHEE’ cTemeHH cBOGOJIBI MPaHUTHBIX CHCTEM XOPOLIO OGBACHAKTCA
06pa30BaHHeM TBepIBIX PacTBOPOB pa3NHMyHOro Tuna. Ilpu HamHuMM B CHCTeMe
TBEPABIX PACTBOPOB C pa3phlBOM pacTBOPUMOCTH TOSBIIEHHE BTOPOH (ha3sl
3aBUCHT OT MNpPEe/IBHOr0 COIepXKaHusA KOMIOHeHTa-,,lIpHMECH”’, KOTOPOE OIipe-
HeNfeTcA He TONbKO KOHILEHTpalHed KOMIIOHEHTOB, 06pasyommx TBepbli
pacTBop, HO ¥ P—T YCIIOBUAMH €r0 CYLECTBOBAHMUA.

HeoGxomMmo OTMETHTB, YTO Ha M3MEHEHHE COCTaBa pa3lIMYHbLIX MHMHepa-
NI0B, KaK TBEpPHBIX PacTBOPOB, TIPHXOJMTCA Pa3JTMUHOE KOJIMYECTBO CTereHei
ceoboppl. Tak, Hanmpumep, Ha GHOTHT, eCITM M3 TEMHOIBETHBIX MMHEpAJIOB OH
NPUCYTCTBYET OIMH, MPUXOIUTCA [iBe CTeNeHH CBOGOMb]: OHA — HAa H3MEHEHHEe
XeJe3HCTOCTH, Apyrad — Ha M3MEHeHHe TITMHO3eMHCTOCTH, T. €. YeM CIIOXKHee
COCTaB TBEPHOro pacTBOpa, TeM Gosbllle cTeneHeH cBOGOIbI MPHXOOUTCS Ha H3-
MeHeHHe ero CocTaBa.

l'[pusua}me CYILIECTBOBAHMA CUCTEM C BIIOJIHE MOOBH)XHBIMH KOMITOHEHTA-
mu Tpebyer Bonee yBemuTensHOro MOKAa3aTelbCTBA BIHAHUA ITHX KOMIOHEH-
TOB Ha YMCNO U cocTaB da3.

CucreMsl ¢ BIOJHE TMOOBMXHBIMH KOMIOHEHTAMH — 3TO HHYTO MHOE KakK
[Be B3aHMONEHCTBYIOIIHE CHCTEMbl WJIM B3aHMOJEHCTBHE NAHHOW CHCTEMBbI
¢ BHellHeH cpenoit.. IIpuyeM pa3mMepsl 9TOH BHELIHEH cpe/ibl HACTONBKO GOMbIIe
paccMATPUBAEMOW CHCTEMbI, YTO KOHIEHTPALUMH H XHMHYECKHE MOTEHUHAIIbl
HEKOTOpBIX €€ KOMIIOHEHTOB, HECMOTPA Ha NMepexo/] UX B CHCTEMY B Npouecce
BS&HMO}IC;!CTBHH, OCTalwTCA MOCTOAHHBIMH, 4 3TH KOMIIOHEHTBI 1A CHCTEMBI
ABIIAIOTCA BIONHE TOMABWXHbIMM. B3aumozielicTBMe MarMaTHYecKOH CHCTEMBI
C BHeILHeH cpeJlOi 1A MOMETMPOBaHHA CHCTEMBI C BIOJIHE MOIBHXXHBIMH KOM-
MOHeHTaMH TpefcTaBiuseTca Gonee CIOXHBIM, YeM B METACOMATHYECKOM Ipo-
ecce, TAK KaK MpOUECC KPUCTAUIM3AUMH paciulaBa — 3T0 (a30BbIA Nepexon
BHYTpH OfHOH cucTemsl. [IoaToMYy, IpH3HABaA OTKPHITOCTD MPHPOHBIX CHCTEM
¥ BIIOJIHE NMOJBHXKHOE MOBeJeHHe HEKOTOPBIX KOMIIOHEHTOB He TONBKO Ha CTa-
muM oOpa3oBaHMA MarmMbl, HO M Ha CTa[MH e€e KPHCTAIUIH3alHH, Mbl CUMTaeM,
YTO COCTAaB M WHCIIO (a3 MpH KPHCTAIIM3ALHK ONpe/eNnAlTCA COCTABOM paciuia-
Ba KaK B 3aKpbIThIX, TAK H B OTKPBITBIX CHCTEMAX, 2 (pa30BbIE NpEBpalICHHA
B MarmMaTHYecKOH CHCTeMe JIyvllle BCero MOJeNHpPYIOTCA pacIUlaBHBIMH CHCTE-
MaMH.

C nomouisio JUarpaMM COCTOAHHA PacI/IaBHBIX CHCTEM MOXHO OOBACHHTD
¥ BJIMAHWE BIIOJIHE TOJBIDKHBIX KOMIIOHEHTOB Ha COCTaB paciUlaBa M COOTBET-
CTBEHHO Ha KOJIMYECTBO M COCTaB TBepbix ¢a3. [Ipuyem nmpome cTpouTs MOJIe-
JIM pacIUIaBHbIX CHCTEM C BIIOJIHE NMOJABHXHBIM IIOBENEHHEM KOMITOHEHTOB,
KOIrJa MX peXHM 3a[JaeTCA He XMMMYECKHM MOTEHIMAIOM, 2 KOHLCHTpAUHCH
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B paciulaBe, MOCKONIBKY TeMMepaTypa MpH KPHCTAJUTH3AUMK paciylaBa He ocTa-
cres mocrosaHHo#. Kpome Toro, HeoGxomuMo MMeTh B BHY pa3sHOE BIIMAHMC Ha
(ha3oBble pPaBHOBECHA pA3IMYHBEIX KOMIIOHEHTOB, Ha YTO o6paman BHMMaHHe
I.C. Kopxuscknit [93].

IIpu BHONHE MOABMXKHOM NOBEJEHWH KOMIOHEHTa, KOTOpPBIH He obpa3yer
HETMpEePBIBHBIX TBEP/IBIX PACTBOPOB C HHEPTHBIMH, MaKCHMAJIbHOE YHCIIO TBep-
ApIX ¢a3 KOHEYHBIX MPOAYKTOB KPHCTAJUIH3ALMM He MpPEeBbILAET YHCA HHepT-
HBIX KOMITOHEHTOB. Eciu e BIONHE MONBMKHLIH KOMIIOHEHT 06pa3yeT Hernpe-
PLIBHBIH TBepIbIA PACTBOP ¢ HHEPTHBIM, TO YHCIO (a3 OCTaeTCHA PaBHBIM YHCITY
a3 KOHEYHOH KOTEKTHKH. AHalM3MpoBaTh ¢a30Bble PABHOBECHA IIpH BIOJIHE
MOJBHXHOM TOBEJIEHHH TAKOTrO KOMIOHEHTa HAMHOTO MpPOLLE, €CITH €T0 PEXHM
B paciUlaBe 3a[aBaTh OTHOLIEHHEM ero KOHLEHTPAUMH K KOHIEHTpauuy HHepT-
HOr0 KOMIIOHEHTa, ¢ KOTOpbIM OH 06Gpa3yeT HempephIBHEBIA TBEP/IbIA PacTBOP.
Pons BmonHe MOABMXKHOTO KOMITOHEHTA B TAKOM CIIyuae 3aKJIHUACTCA B TOM,
YyToOBI 3TO OTHOILIEHHEe OCTABAJIOCH MOCTOAHHBIM C YMEHBLUIEHHEM KOJTHYECTBA
pacmnasa (mipu Py, Taxoke NOCTOAHHOM) . COOTBETCTBEHHO JOJIKEH OCTABATHCA

TIOCTOAHHBIM M COCTaB TBEPABIX (a3, B KOTOPBIX YUacTBYeT JaHHaA Mapa KOM-
nonenTos. Ho Bot uro miucan B. C. CoGones [163] no atomy nosony: ,,Jerans-
HbIH aHANTH3 KPHUCTANTH3AIHH OTAE/IBHBIX MOPO H CepHit MOKA3bIBAET, YTO KOH-
IIEHTPAIMA MIENoYeHl COXpPaHAETCA JTHIIb Ha H3BECTHOM 3Tale NMpoLecca, H3me-
HAACH KaK NpH KPUCTAUNLIH3ANMM KaXIOH MOpoabl, TaK M ocoGeHHO cepuii, He
TONBKO B Mpefiesie OQHOTO MOJMA, HO H NMepeceKasn rpaHUIBbI nocienHero. ObueH
TEHOCHIMER ABNAETCA, KOHEYHO, NMOBbIIEHHe KOHUEHTPALUM Miesioueil B Npo-
uecce kpuctannusamu’ (c. 271).

IIpu paccmoTpenHy 0cobGeHHOCTEH MMHEpPATIOTHH H YCNOBHA 00pa3oBaHusA
wesouHsix rpanutos M. A. Tapapun [172], cTOPOHHHK BHOJHE NMOABHXHOIO
MOBEJICHHA 1IeIoYeH TpH KPHCTAJNTM3alHM MarM, TakXe oTBedaer: ,,CiefoBa-
TENbHO, CMEHa MapareHe3UCOB C POCTOM LIENIOYHOCTH (0coGeHHO aKTHBHOCTH
HaTpHA) MOJDKHA NPOMCXOIMTE B HANIPABJICHHH OT JICMMIOME/IAHOBbIX IPAHUTOB
K aMuBONIOBbIM M MMHPOKCEHOBRIM MX pa3HocTAM. [logo6Has nocnemoBarens-
HOCTh (pOPMHPOBAHHA ACCONUMALMA MHHEpanoB Grarodaps pocTy IMETOYHOCTH
06bIYHA B MAaCCHBAX ILENOYHBIX TPaHHTOB” (c. 104).

CTOpOHHMKH BIOJIHE MOJBHXHOIO MOBEMEHNS IeNIovell TIpH K PUCTaH3a-
LMM TPAHMTHBIX MArM He OGBACHAIOT MPUIHHBI MOBBIIUEHAA XHMHYECKHX MOTEH-
LMaJIOB LUENIONueH K TMOCTEIHHM 3TanaM KPHCTAIUTM3alMH, KOrIa Boobiie Jomk-
HBI ,,3aTyXHYTb> TpaHcMarmatudeckue pactBopbl [92]. Takoe nossmnueHue
AKTMBHOCTH INEJIOYEH K KOHIY KPHCTA/UTH3alMH 3aKPHITBIX CHCTeM (MM OT-
KPBITBIX, HO D3 BIOJHE MOJIBHXKHBIX KOMIIOHEHTOB) 3aKOHOMEPHO M [IpeKpac-
HO OOBACHAETCA [MArPAMMAMH COCTOSHHMA TPAHMTHBIX CHCTEM — KOHEYHBIE
KOTEKTHYECKHE COCTaBbl (IpaHMTHble IBTEKTHKH) ITHX CHCTeM 0OOramieHsI
menoyamu. [peacrasnaercs, 4To 310 NMpocToe 0ObACHEHHEe ABNAETCA W Haubo-
nee yGemurensHbiM. W, Ha060poT, NMpH NMPOM3BONBHOM NOBBILECHHH XHMHYE-
CKHX MOTEHUMANOB IUENOYeH KAK BIOJIHE MOJBIDKHBIX KOMIIOHEHTOB COCTaB
paciasa Gyner NOKHOATh KOTEKTHKH H MepeMelaTsci B 06nacTb KpHCTammm-
33IMH MEHBLLEro KOMHYecTBa ¢as.

Tlpy mOCTHXEHHH PaBHOBECHA (TaKOe COCTOSHME OOBIYHO M paccMaTpHBa-
ercd) IPOHCXOIMT BhIPABHHUBAHHE XHMHUYECKMX NMOTeHUMANIOB BNOJTHE MOOBHX-
HBIX KOMITIOHEHTOB B CHCTeMe M B cpefie. Toraa ux KommyecTBo (copepaHue)
CTaHOBHTCA ()aKTOPOM PaBHOBECHA, KAK H COMEpXXaHWA MHEPTHBIX KOMIIOHEH-
TOB. B 3aBHCHMOCTH OT YPOBHA XMMHYECKHX NOTEHIMAIIOB BIIOJIHE MOJBHXHBIX
KOMITOHEHTOB BO3MOXHBI Pa3/IHyYHbie BAPHAHTBI PABHOBECHOTO COCTOAHHA CH-
CTeMbl, B KOTOpOH KOMITOHEHThI 06pa3syloT Te MM MHbIE TBEpAbIE PaCTBOPLI:
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a) NMpM HMU3KMX 3HAYCHMAX XHMHYECKHX MOTEHUMAIOB BIIOJIHE MOJBHXHBIX
KOMIIOHEHTOB OTHOCHTEJIbHO XMMHYeCKUX NOTEHIHATIOB HHePTHBIX paBHOBECHO
MOTYT CYNIECTBOBATh TBepJbleé PacTBOPhI MHEPTHBIX KOMIIOHEHTOB, BIIOJIHE
TIOABHKHbIE KOMIOHEHTH! GyayT BXOOMTh B HX CTPYKTYpPY KaK ,A30MOp¢HbIe
npumeck’; §) NpH cCpeHMX 3HAYEHHAX XHMHUYECKHX MIOTEHIHATIOB BIOIHE NOA-
BHXKHBIX KOMITOHEHTOB MOTYT PaBHOBECHO COCYINECTBOBaTb KaK MHHEpasbl
MHEPTHBIX KOMIIOHEHTOB, TAK M BIIOJIHE MOABIXHBIX; B) MNpH BHICOKHX 3Have-
HHAX XMMHMUeCKHX TIOTEHUMAIOB BIOJIHE MOMBIXHBIX KOMIOHEHTOB 06pa3yioT-
CA MX MMHEpAJbl, 3 WHEPTHbIE KOMITOHEHTEI MPUCYTCTBYIOT B KayecTBe ,H30-
MopdHBIX NpuMecei”.

ManomuHe panbHOCTh MATMaTHYECKHX NMOPOJ, B 3aKPBITBIX cHCTeMax obyc-
JIOBNIEHa CMOCOBHOCTBI0 KOMIIOHEHTOB 06pa30BbIBATh CIOXHbIE XHMHYECKHE
cOoeMHEHHA ¥ TBEpPHbIE PacTBOpPHI, a B CIIy4ae OTKPBITBIX CHCTEM — TaKiKe
BIIOJIHE MOABHXKHEIM NOBEJEHHEM HEKOTOpPBIX KoMIoHeHToB. Kpome Toro, He-
06X0IMMO YUHTHIBaTh, YTO [OBOJBHO YaCTO MHTPY3HBHbIE MAacCHBbI GBIBAIOT
crnoxens! AuddepeHIMPOBAHHLIME CEpHAMH MarMaTHYeCcKHX MOpPOM, OTHENb-
Hble WiEHbI KOTOPBIX ABJIAITCA TMPOAYKTaMH IPOMEXYTOUHBIX 3TalloB KpH-
crammM3auuy  (MepBUYHON, BTOPHYHOM, TPeTHUHOH) CJIOXKHOH MHOrOKOMIIO-
HEHTHO#i cHcTeMbl. MUHEpasIbHBIE ACCOLMAIMH TaKHX NOpoA 6yayT HMeTh JIHIL-
HMe cTeneHH cBOBOBI, KOTOpbIe NpH GOPMaNBbHOM NMOAXOMEe MOXHO NMPHIHCATh
BIIONTHE TONBHXXHOMY TOBEJEHHIO TeX MITH HHBIX KOMIIOHEHTOB, XOTH OHH H 06-
Pa3’0BaJHCh B 32KPBITHIX YCIOBHAX. XapakTepHO, YTO TAKHE NOPOMBI He BCTpe-
yaloTCA OTAENBHO OT MOPOA, ABJAWMHMXCA MPORYKTAMH KOHEUHOH KpPHCTAJLH-
3a1MH, YTO HeoGXOOMMO YUHTHIBATh MIpH BhIACHEHHH TEPMOOHHAMHMYECKOrO No-
Be/ICHHA KOMIIOHEHTOB H XapaKTepa MPHPOSHBIX CHCTEM.

Mockonsky copepxkande (KOHUEHTpaLMA) BMOJHE MOMIBIXHOTO KOMIIO-
HeHTa B CHCTeMe 3aBHCHT OT ero XHMHYeCKOro NOTeHIHala BO BHellHeil cpere,
ypoBeHb KOTOPOTO HE OrOBApHBAETCA, TO BO3MOXNHBI pa3IHYHBIC BAaPHAHTHI
cofiepkanis (KOHLEHTPAUMH) BIOJHE NMOJBIDKHBIX KOMIOHEHTOB B CHCTEME
H, COTTacHO 3THM 3HAYeHHAM COJEpKaHWi, pasHble KONHYECTBEHHbIE M KaYecT-
BEHHbIE COOTHOLUCHUsI (ha3-MMHEPAJIOB BIUIOThH [0 MHCI2 BCEX KOMIOHEHTOB
(uueprHbix ¥ BrmonHe nomBHKHBIX) Ky +Kpq=®. 310 momreepxnaerca

[MArpaMMOR XMMHYECKHX MOTEHUMANIOB LUeNOUeH [JIf rPaHMTOHIHBIX MOPOR
[87], Ha xoTOpO# MpH HeTHIPEX HHEPTHBIX KOMINOHEHTAaX M ABYX BIOJHE MO.-
BHIKHBIX HMEIOTCH ,,MOHOBapHaHTHBIE'® paBHOBECHS C MATHIO da3aMu 1 ,,HOHBA-
pHaHTHOe™ ¢ mecThio. IIpoTHB 3TOro MOXHO BO3pPa3uTh, COC/IABIIMCE Ha TO, UTO
B 3THX PABHOBECHAX ,He TIPOH3BONbHEIE™ 3HAYECHHUA XMMHYECKHX NOTEHIHANOB
wenoveid. Ho ecrM BCIOMHHTb NMOCBUTKH M YCNIOBHA, OFOBapHBaeMble IipH IMO-
CTPOEHHHM [HArpaMMbl, TO CTAHET OYEBH/IHO, YTO ITH ,MOH-" H ,,MOHOBAPHAHT-
Hble” paBHOBECHA He ABJIAKTCH TakoBbiMH. Tak, ,,HOHBApHaHTHaA" accouMa-
s KB+O0p+Ilnas+Bu+Por+Mnp Ha camoM fiene umeeT OOHY CTeneHb cBoGo-
Ibl, KOTOpas NMPHXOMMTCA Ha M3MEHEHHe COCTaBa IUIArHOKJIA3a, B pe3ybrare
Yero H3IMEHHTCA COCTAB MPAKTHYECKH BCEX MHHEpAJIOB C COXpaHEHHeM HX YHC-
na. [IATHMHHepasbHble PABHOBECHS B IEHCTBUTENBHOCTH ABJIANTCH AMBAPHAHT-
HBIMH, TAK KaK B HX MHHEpalkHOM COCTaBeé MOXXHO MEHATh H COCTaB MOJNEBBIX
LINAaTOB, H XENe3HCTOCTh TEMHOUBETHBIX MMHEpAJIOB; YeThIpeXMHHEpalbHbIE
acCOLMALMA HMEIOT TPH CTeNeHH cBOGO/IbI — H3MEHEHHE COCTaBa MOTIEBHIX LNa-
TOB, eJIE3NCTOCTH ¥ TTHHO3EMHCTOCTH TeMHOlBEeTHOro Mutepana. Koneuno,
BEPOATHOCTb PEATH3AHK TOH WIH HHOW aCCOIMAlUH YMEHBLUAETCH C yBemHe-
HHeM wucna ¢a3. TlosTomy ompeleneHHe WHcra HHTEHCHBHBIX H 9K CTEHCHBHBIX
¢axTOpOoB PaBHOBECHA MO XHMHYECKOMY COCTAaBY MOPOJBI, KOMHYECTBY M CO-
craBy a3 npeficTaBNAETCA JOBONBHO CIOXKHO# 3anaueit. Ecyn, Hanpumep, pop-
MaThHO GpaTh 3a WMCNIO KOMIIOHEHTOB OKMCIIBI, ONpENieTIeHHbIe B JaHHOH mar-
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MaTHUYECKOH MOPOJie XWMHUYECKMM aHAJIM30M, TO MBI BCErja Bynem nonyvars
(" -2, llpuyem He BCer/1a JIMUIHKE CTeNeHH CBOBO/IbI CBA3AHBI C BIIOJIHE NOJLIIHK-
HBIM MOBECHHEM KOMMOHEHTOB. Tak, HalpUMep, BO3bMEM CeMb KOMITOHECH 101
(+H,0), npeAcTaBNANMWMX TIIABHbIE OKHCIIbI XMMHUYECKOTO aHaIH3a: Na, 0,
(a0, K,0, FeO, MgO, Al,0,, Si0; (+H,0), KOTOPHIMH MOXKHO ONHUCATH (CMO-
[e/MPOBATh) B YNMpOUIEHHOM Buje GONbINOe pa3HooGpasue NOPOL, H hopmatb-
HO PAacCUMTAEM YMCIO CTeleHeil CBOGOMBI /U1A PasfIMUHBIX TPAHHTHBIX (a30BBIX
acCOUMAIMH CHCTEMbI, HeIOChILIEHHOH a7IlOMUHHEM :

a) In+Op+Mnp+bu+Amp+Onp+Ke+X,C=7+2-8=1;
6) In+Op+Mnpt+bn+Amp+Ke+X, C=7+2-7=2;

B) [n+Op+Mnp+bu+Ks+X, C=7+2-6=3;

r) [n+Op+Mnp+Ke+X, C=7+2-5=4.

[TpoaHanu3upyem, Ha YTO MPHXOAATCA NOJTYYeHHbIE CTENEHH CBOGO/IBI U 1O~
NBITAEMCA YCTAHOBHTH, KAKafl M3 ITHX MHHEpasIbHBIX ACCONMALMH MMEET Hau-
GONBIIYH) BepPOATHOCTh PEANM3AlMM B 3aKPBITBIX YCmoBHAX. HanmomuuM, uto
B MAarMaTHYeCKHX CHMCTeMax TeMIepatypa fBIfeTcA 3aBHCHMBIM (akTopoMm
P4BHOBECHA OT MABJNIEHHA M COCTABA CHUCTEMBI, M TONBKO MOCIE 33BEepUIEHHA
KPHCTaNIM3aUMH, ¢ YMeHbIlIeHHeM YHcia (a3 Ha e[IMHULY, OHA CTAHOBHTCA He-
33BMCHMBIM (aKTOpPOM.

WTaK, eMHCTBEHHAA CTeNeHb CBOGOJIBI ACCOUMAIMH a) NPHXOAMTCA HA He-
3aBHCHMMOE H3MeHeHHe naBnenns. [ coxpaHeHHA paBHOBECHA MpH MOCTOAH-
HOM [1aBJIEHMH HYXHO, 9TOGBI NPH KPHCTALIH3AUNWH COXPAHAIHCh NOCTOAHHbI-
MH M COCTAaB IUIarHOKJIa3a, ¥ COCTAaB MO EJIE3HCTOCTH O/THOTO M3 TeMHOLBeET-
HbIX MMHepanoB. TakHe YCIIOBHA MpH KPUCTA/UIM3AUMH TBEPIBIX PacTBOPOB
CO3/1aTh HeBO3MOXKHO W NMO3TOMY MO KpaiiHed Mepe OflHa 13 (a3 NoKHa HeYes-
HyTb. [Ipemmonoxum, uro TaKoii dasoit Gyner Omp, H TOr/Ia accouMalys a) ne-
peiizier B accomnanuio 6) . B aT0# mocne/iHei accoumauy NOABJIACTCA elle OfHa
creneHs cBOBOMBI, YTO MO3BOJIAET KPHUCTAIIIM30BATHCA OIHOMY TBepAOMY pacT-
BOpY, 2 MX 37leCh HMeeTCA /IBa, MO3TOMY H 3T aCCOLMALMA HE CMOXKET KpUCTal-
JM30BATHCA [I0 TeX MOp, MOKa He Hcue3HeT eule ofHa ¢a3a Wi Npouecc KpH-
cTaum3anun GyneT NpoOMCXOMTh ¢ YMeHBILIEHHeM KOJIMYecTBa TBep/bix a3
B pesynbTate Mbl NlepefiieM K accOlMALMK B) , rjae HMeeTcst (NpH MOCTOAHHOM
[@BeHHK) [IBe CTeneHH CBOOOMBI, YTO MO3BONIAET HE3ABHCHMO KPHCTAIH30-
BaTreCA ABYM TBEPABIM pacTBOpaM: TUIArHOKJIa3aM M NMMpOKCeHaM, a COCTaB
KATMINNATA, [THHO3EMHCTOCTD H JKeJIe3HCTOCTh GHOTHTA By1yT M3IMEHATBCA 3a-
BHCMMO OT COCTaBa IepBhiX. KpucTaimlauua 3aKoHuutca ¢ oOpa3oBaHiem
NATHMHHEpabHO# accouuauun. Pa3zoBas accoumauus r) umeer yxe (rmpu rmo-
CTOSIHHOM [@BJIEHHM) TpPH CTereHH cBODOIbI M TMPH KPHUCTAIIIH3AIMH ee COCTaB
OyHeT CTpeMHThCA K 1lecTH(a3oBOMY paBHOBECHIO B). CnemosatensHo, Mno-
CKOJIBKY BCE DPAacCMOTpeHHBIE PABHOBECHA MNPH KPHCTAIUIM3ALUMH CTPEeMATCH
K 4CCOLMALMH B) , TO OHA JOJKHA OBITh KOHEYHON B 3TOH CEMHKOMIOHEHTHOH
cucreme. TIpoyKThl KPHCTAINIM3AUMH KOHEUHOMH CTaJIiH, MIpefiCTaBJIeHHbIE I1A-
THMHHEpaJIbHON acCOLMALMei, HMeIoT YeThipe cTeneHu cBoGonsl. Ecmm He yuu-
THIBATh BBIIICONMMCAHHBIX OCOGEHHOCTEH MAarMaTHYeCKHX CHCTEM, TO MOXKHO
NpUATH K BBIBOJY, 4TO /IBA KOMIIOHEHTA [I0JKHBI DbITh BIIOJIHE MOABHKHBIMH.
Ha camoM JieJie 3TO CBA3AHO C TeM, YTO W3 CeMH KOMTIOHEHTOB /Be napbi: Na, O
u Ca0, MgO u FeO Bo muoHux azax u3oMOpGHO 3aMemaT Apyr Apyra, u
3TH /IBe CTENEHH CBOBOJIBI MPHXOMATCA HA H3MEHEHHE COCTaBa TBEP/ABIX pacT-
BOPOB.

OcoBoro 3amevenns TpeGyer natudasopoe papHosecue [n+Op+bu+Ke+
+)K, KOTOpoe MOJKeT 3aKaHUMBATh KPUCTAIUIM34LMIO, HE [JOCTHTad KOHEYHOro
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uiecTud)a30BOro paBHOBECHA, MOCKONBKY ABJIACTCA TPAaHMUHBIM MEXILy licpe-
ChIIEHHBIM M He[lOChIIEHHbIM anloMHHKeM. HesaBucHMO OT cocTaBa Jipyrix
MHHEpAJIOB B GHOTHTE KpOME XeJIe3HCTOCTH MOMET H3MEHATHCA H [IHHO3CMH -
crocth. Bce octansHbie nATHdaloBble paBHOBECHA, HecolepXaime GUOTHTA
B 3aKPBITBIX YCJIOBHAX, HE MOIYT 3aKaHUMBATh KPHCTA/UTM3AUMIO YeThIPeXMH-
HepajnbHOH accouuanueit, a oGA3aTeNIbHO [O/IKHBI IOCTHIAaTh LWECTH(HA30BOrO
PaBHOBECHA.

Ecnu oBpatuThCA K pacmpoCTpaHeHHOCTH B MpPUPOJIE MMHEpPATbHBIX acco-
LMAlUMA TONIBKO C OIHHM TEMHOLBETHbIM MHHepanom, TouHee [In+Op+Ks +bu,
10, M0 HAUMM AaHHbiM [12, 13], 3 450 npo6 KONMMYECTBEHHOTO MHHE pAJIBHO-
rO aHaIH3a ToNbKO B 46 mpoGax yCTaHOBJIEH OIMH TeMHOLBETHbIH MMHepa,
uro coctapiser ~10%. [lo panupim A. II. lonomapeboit u B. ®. Hamerosa
[144], n3 320 accoumaumii rpaHHTOUIOB, OXBATHBLUMX TOYTH BCE KPYTHbIE pe-
rvoHbl CCCP, a no Bo3pacty — or gokemMBpus 10 Me30301, B 87 npucyTcTeyior
ObuoruToBble rpaHMThl. [IpHueM aBTOpPBHI NMOAYEpPKMBAKT, YTO TOJNBKO MHOrOA
GHOTHTOBBIE TPAHMUTOMIbI OOpa3ylT cOGCTBEHHBIC KOMIUIEKCHI, B KOTOpBIE
BXOJIAT KaK MOJIHbIA HaGOP MOPOJ OT KBAPLEBbIX JHOPHUTOB [0 YJIBTPAKHCIBIX
rpaHuTOMAOB (KONMGMHCKHA KOMIUIEKC), TaK M TONbKO rpaHuTsl (TouiTy3ek-
ckuii, baneikToKCKHMi MaccuBbl) . Kak npaBuIlo, OHU ABIAIOTCA WIEHAMM Cepuil
[PaHHTOM/OB C [ABYMSA TeMHOLBETHbIMH MHHEpaNaMH, YTO OYeHb BaxHO. buo-
THTOBBIE TPAHHTHI OGBIYHO 3aBepLIAKT aCCOUMAUMH , HAYMHAIMEeCH GHOTHT-pO-
roBOOOMaHKOBBIMH TPaHHTAMH HOPMAlIbHOH WIH NMOBBNUEHHOMN IIETIOYHOCTH;
BXOJAT B COCTaB CIIOXHBIX KOMIUIEKCOB, HauajibHble WieHb! KOTOPbIX Mpefi-
CTaBJjieHbl GHOTHT-POrOBOOGMAaHKOBBIMH FPAHHTAMM, 3 KOHEYHbIE — IPaHHTOH-
JIlaMH C BBICOKOTIJIHHO3€MHCTHIMH MMHEpanamMH (HypaTHHCKaA cepus); u3pef-
Ka OHM CJIAranT paHHWE WieHbl ACCOIMAIHiH, 06pa30BaHHBIX TPaHHTAMH C BBICO-
KOTJIHHO3¢MUCThIMH MHHEPAJIAMH.

A. A. Mapakywes u fp. [122] npHBORAT MpUMepHI IPaHUTOU/IOB, B KOTO-
PhIX Yaile CONEPMXMTCA BA U TPH TeMHOLBETHBIX MUHepana. Tak, rpaHHTOH/IBI
¢ CWUIMMaHUTOM (aHJATy3MTOM) KpOMe KBaplia ¥ MOJIEBbIX LUMATOB cOHepXaT
nmubo KopauepHT, TH60 MYCKOBHT, IHGO BHOTHT; IpaHATORBIE TPAHUTEI, KpOMeE
TOro, COAepXaT GHOTHT; B THIEPCTEHOBBIX IPaHMTaX NpPHCYTCTBYeT BHOTHT,
a TaKKe BCTPEYalTCA Pa3HOBHJHOCTH C [MOINCHOOM H pOroBOH O6MaHKOIi;
OJIMBHHOBbIE TPAHHThI COJEPKAT FPIOHEPHT, PHOEKHT H NIeMUIOMeNIaH; TPaHHThI
PanaKHBH CONEPXAT (hasiIuT, IPIOHEPHT, POroByl0 0OMaHKY M GHOTHT; 1IenoY-
Hble IPaHMTBI, KAaK NPaBHJIO, COJEPXKAT ITHPHH H PUOEKHUT, K KOTOPbIM 10BOJTb-
HO uacTo foGasiserca Jemupaomenad. Hexoropsle MHHepanbl B ,,TeMHOIBET-
HbIX"" ACCONMALMAX ABJIAIOTCA PENIMKTAMH HEMOJNHOCTHIO MPOILEIINX MEPUTEK-
THYECKMX peaKIiyii, HO B OCHOBHOM 3TO paBHOBECHbIE aCCOLHAIIMH.

Takum 06pazom, GONBIIMHCTBO MPHPOJHBIX IPAHHTOMIOB MpeACTaBJieHbI
NATHMHHEPATBHOM accolMalMed M, HA0BOpPOT, peXXe BCTPEYalTCHA YeThIPEXMH-
HepalbHble T'DAHHTEI C GHOTHTOM, W MO3TOMY B GOJNBIIMHCTBE ClIy4aeB pacyeT
creneHed csoGomp! mo npasuny ¢a3 'mb6eca ¢ yyerom 06pa30BaHMA TBEPIIbIX

CTBOPOB He NMOATBEPX/AET BMOJIHE MOMBHXHOIO MOBE/ICHUSA KOMMOHEHTOB.
?ﬁum e[IMHHYHBIe cyyad TpeGyoT BeIOOpa anbTepHATHBHOrO OGBACHEHHA
L, JIMIIHKX"’ cTeneHed cBOGO/IbI.

[TpuponHsie MpHMephbl CBHMIETENBCTBYIOT O TOM, YTO NpOLEcC rpaHuTo0Gpa-
30BaHHA, OCOGEHHO Ha CTaJMM TeHepalMH MAarmbl, MOXKeT NMpPOHCXOOMTh MpH
Pa3THYHON MOABMXKHOCTH KomMmoHenToB. Tak, JI. JI. TTepuyx [136] nocne napa-
reHeTHYECKOro aHaJM3a IPaHHTH3HPOBAHHBIX MOPOJ MpHILEN K BhBOAy : ,,Cle-
MOBATENBHO, e/IMHCTBEHHOH NMPHYMHON IPAaHMTH3AUMM B JAHHOM CITy4yae MOXeT
ABHTHCA JIMLIb MOBBILICHHE PH=0 BO QUIIOHIE, TO eCTh NPHTOK TPAHUTH3HPYIO-
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nx pactsopos. Ilpn 9TOM He BCeraa BBHUIONHACTCA NMPHHIUMA MOABHXKHOCTH
menoven™ (c. 254) .

Hccnepopanuamy aBTopa Ha KonbckoMm MOJyOCTpOBE TAKKE MOATBE PXKAa-
eTcA, YTO MPOLecC MMIMATH3alMH, WiM 06pa3oBaHie AHATEKTHT-TPaAHHTOB MOA-
BHXKHBIX 30H, MIPOHCXOJMII B YCIOBHAX 3aKPBITOCTH CHCTEMbI HE TONIBKO OTHO-
CHTENBHO wIeNioueit, Ho 1 Bombl [12, 47, 57]. C apyroii cTOpOHS!, B CTaGHIIBHBIX
30HAX, HauGONee XapaKTepHBIM MPHMEPOM KOTOPbIX ABnsercs MypmaHCKui
6nok, npouecc rpaHMTO0Gpa3OBaHHA OCYLECTBIANCA MpPH BMNOJIHE NOABHXHOM
nope/ieHMy Kanmusi u Bonsl [12].

2.3.4. Buibop cucrem

[puBeaeHHble BbIlle TPHPOMIHbIE, JKCMEPHMEHTANBHBIE H TEOpETHYECKHE
TNpUMEpbl PasiHuHbIX (Ha30BBIX MpPEeBPALIEHHA H HX HHIMKO-XHMHYECKHH aHa-
M3 30T OCHOBAHHE CUMTATH, YTO MarMaTHYeCKHe MpOLEeCCHl Jyyllie BCero OnH-
CHIBAIOTCA 3aKPHITBIMH WM OTKPBITHIMH CHCTeMaMy Ge3 BMOJTHE NOIBHXKHOTO
NOBeeHHA KOMIOHEHTOB H MOJIe/THPYIOTCH [IHar paMMaMH COCTOSHHMA paciuias-
HeIX cucteMm. Kak yxassisanocs B Hauane pasfena 2.3, Bce MHOrooGpasue rpa-
HUTOMIHBIX TIOPOJ MOXHO B YNPOILEHHOM BHAE (HE YUHMTBIBAIOTCA NPHMeECHBIE
KOMIIOHEHTbI) OIMCATh CHCTEMBI, B KOTOPBIX Y4aCTBYIOT [ABEHA[UATL KOMIIO-
nentos: A6, Ax, Op, 3u, ®c, Ilu, l'en, He, Anc, 9r, K u H,0. U3 st MuHa-
JIOB MOYHO TOJTYYHTb BCE MOponoo6pasyiomme MuHepanbi-<hassl: mubo B BUAE
WCThIX MUHATOB — KB M Acn (CHTMMAHKMT, aHJANY3HT, KHaHKT) , 6o B BHIE
tBepasix pactsopos — I, Kmu, Onp, Mnp, On, 1460 B BHE XMMHYECKHX COe-
muuerwit — T'p, Kp, bu, My 1 Amd. OueBHiHO, 4TO rpaHHTBI, KOTOpbIe GbI CO-
[epKanM BCe Ha3BaHHble NBETHbIE MHHEpasbl, B MPHPOME He BCTpevaloTCA.
Yajie BCEro OHM COMIEpIXKAT [IBA-TpH TEMHOUBETHBIX MHMHepasa, YTo CBA3AHO CO
CBOMCTBAMH KAaTHOHOB M KOMIUIEKCHBIX aHHOHOB H OOGBACHAETCA HX B3aHMO-
peficTBHEM M0 MpaBHITy codeTanuA. IIpn 3TOM Ha MOABJIEHNHE TEX HIIH HHBIX XH-
MHYeCKHX COe[HHeHHH GOJBILYI0 pONb OKa3bIBalT aM(OTEpHbIE 3MEMEHTBI,
KOTOpble MEHAKT CBOH CBOWCTBA B 3aBHCHMOCTH OT XMMHYeCKOH OGCTAHOBKH
WIH OT TIETPOXMMMYECKOTO THNA MArMbl-pacimasa. B pesymbrate oGpasyworcs
B3aMMOMCKITIovatommeca accouuammu [199, 200] . Tak, Hanpumep, B TPaHHTAX,
COMepXalMX BBICOKOTTIHHO3EMHCTbIE MHHEpaibl, OTCYTCTBYIOT KalblHEBbIE
MOHOKJIHHHBbIE IMHPOKCEHbI H HEMOCHILEHHbIe IHHO3eMOM ambubonsI; mopo-
[bi, B KOTOPBIX TPHCYTCTBYeT 3THPHH, IUIArHOKJIA3 MpPEJCTaBJIeH ATBOHTOM H
TaK fanee. [Iopo/ipl ¢ B3aHMOHCKTIOYAIONHMH aCCOLMAUHAMH OTIHYAIOTCA H 1O
NeTPOXMMUYECKHM XapaKTePHCTHKAM, B YACTHOCTH MO CTeNeHH HACBIIEHMA
aMIOMHHHEM KIBIHA | LeJIOYeH 10 MONeBOLUNATOBBIX MHHAIIOB.

AHaNM3 MaTepuana 1o rpaHUTHBIM (opmamam Konbckoro nomyocrposa
[12, 13], a Taxxe mamHbie NpyTHX WécnenoBatenedt [119, 122, 144, 183 u nip.]
o CBA3M MHHEPATBHOTO H XHMHYECKOrO COCT4Ba PAHHTOH/IOB MpHBEN dBTOpA
K BBIBOJIY, YTO Gy/IeT HeCKOBKO TpOIle CO3MIaTh HECKONBKO MOJIENeH, XapaK-
TEPH3YIOLMX ONpefie/ieHHbIE NETPOXHMHYECKHE THUIIbI T'PAHATOB.

U3 obueit rpaHATHON MEracHCTeMbl B OKHCHOH ¢OpMe MOXHO BBIIEHTD
no KpailHed Mepe IIeCTh CHCTEM B MHHANBHOH dopme, OTBeYalOIMX NPHPOJI-
HBIM TETPOXMMHYECKHM THIAM TPAaHMTOMAOB (WM daumuaM 1eNOYHOCTH, MO
knaccuduxammn 1. C. KopxmHckoro u A. A. Mapakyiuesa) :

1) cucrema A — A6—AH—Op—3u—®c—Anc—Kes—H,;0, monensHaa i
rPAaHMTOB, NIEpechIleHHbIX ATIOMHHHEM, C COOTHOlEHHeM (B ar. kon.) Al>
>2Ca+Na+K;

2) cucrema b — A6—Au—Op—3u—®c—Ke—H,;0, monensHas s rpaHy-
TOB, HACKIEHHBIX ATIOMHHHEM, ¢ cooTHOoeHHeM Al =2Ca+Na+K;
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3) cucrema B — A6G—AH—Op- 3u-®c—Bo(Iln, I'en) —-Ks—H,0, monens-
Has JUIA FTPAHUTOB, HEJTOCHILIEHHBIX ANOMHHUEM, ¢ cooTHoleHneM K +Na<Al<

2Ca+Na+K:

4) cucrema I' — A6—-Op-3u—Oc—Bo([u, I'en) —-Ks—H,0, monensHan
IUIA TPAHHTOB, TAKXKE HEOCHILEHHBIX ATIOMHHHEM, ¢ COOTHOLIeHHeM Al=
=Na+K (B Hopme OTCYTCTBYET AH) ;.

5) cucrema 1 — A6-Op—3u—®c—Bo ([, I'en) -3r-Ks—H,0, monens-
Hasd [UIA TPAaHUTOB, CHIIBHO HeJIOCHIILEHHBIX AMIOMHHHEM, C COOTHOLLCHHEM
Al<Na+K (B Hopme nosasnserca 3r) ;

6) cucrema E — A6—Op—3n—®c—Ir—Ks—H,0, monensHas s Geckans-
LMEBBIX TPAHUTOB, TAKKE CHIIBHO HEJIOCHILLEHHBIX AIOMHHHEM.

Cnepyer eme pas noauepKHyTh, YTO Bblle/ieHHe CHCTeM M3 obLuei mMeracu-
CTeMbl [le/IaeTCA TONBKO [UIfi HEKOTOPOTo YNpOLeHHA W obieryeHuA ux Gpusu-
KO-XHMHUYECKOTO aHajK3a, NO3TOMY HYXHO BCErjJa NMOMHHTh O BO3MOXKHOCTH
B MpHpoJIe NepeXoI0B H3 OJHON CHCTEMBI B APYTYH0 [aXe NPH HATHUHH MEXIY
HUMH TemnepaTypHbix DapsepoB. Cucremsl b, I' u E, monenbHbie ina rpaHuy-
HbIX TIETPOXMMHYECKHX THIOB FPAHUTOM/IOB, MOTYT OMMCBIBATHCA OTAEJIBHO, HO
MOryT ObITh BKIJTIOYEHB] B TY HJIH HHYI0 COCEITHHC CHCTEMbI KaK Kpaﬁ!-me CeMH-
KOMIOHEHTHbIE CHCTeMbI MonHbix cietem A, B J1. Ilns ynpouweHns u kpatko-
CTH H3/I0KeHHA CHcTema b 6)'D.ET OITHCaHa OTeJIbHO, CHCTEMA I' — coBmecTHO
€ CeMMKOMIOHEHTHbIMH cHcTemamu B7, cuctema E — coBMeECTHO ¢ ceMHKOM-
NOHeHTHbIMH cucTemamu 17. Kpome TOro, COrj1acHO yCIIOBHIO, Mbl pacCMaTpH-
BaeM rpaHMTHBIE NIOPOJIBI, T. €. OPOJIbI, CHIIBHO MEPEChILLEHHbIE KPEMHE3EMOM,
HO JaHHbIMH CHCTEMAMH MOXHO OMHCATHh BCE NMOPOALI, NEPEChILIEHHbIE KpEeMHE-
3eMOM, HauWHaf OT KBapleBbix rabbpo, HOpUTOB, rabbpo-HOPHTOB, AHOPHTOB
H CHCHHTOB.

HeoGxommo OrOBOPHTH e€lle OIHO YCIOBHE, MO3BOJIAKIIEe COKPAaTHTh
YHCJIO KOMMOHEHTOB Ha €[MHMLY MpH (PHIHKO-XMMHYECKOM aHA/IH3e CHCTeM!:
npeUiaraeTca pacCMaTpPUBATh CHCTEMbI, NMepechillieHHble BOMOH ((ionaom),
MOCKOJIBKY TaKHe YCIIOBHA JOJDKHBI Yallle CO3[1aBaThCA B YCJIOBHAX 3eMHOMH
Kopbl. Takoe 3akioueHHe nonbitaeMca 0GOCHOBaTH CIIEAYIOMMH coOBpaxe-
HHAMH.

B Hacrosuee Bpemsa OGONBUIMHCTBO reONOroB CYMTaeT, Yro crnocobHocTh
MarmM K MepeMelleHHI0 3aBHCHT OT HAChlLEHHOCTH MX ¢mouaom. Bpan m
B NMPHPOJHBIX YCIIOBHAX BO3MOXEH Neperpes /1060 Marmel, BepofiTHee BCero,
yTO Temnepatypa He Oyner Bbille JuKBuAyca. CTeneHb HaCBILEHHA Marmal
doMI0M M ee TeMNepaTypa 3aBHCAT OT COMEpXaHHA JIETYYMX Ha MecTe reHe-
paumM pacriaBa. B ciyvae HepochiuieHHOCTH paciuiaBa (IIOHOOM COJMIYC H
JIHKBHAYC TAKOH CHCTEMBI MMEIT MOJIOXKHTEIBHBIH HAaKJIOH, B pe3ynbpTaTe 4Yero
Marma MoJIy4yaeT BO3MOXHOCTb NMOKMIATh MECTO TeHEepaluMH W MHIPHPOBATh
B BepXHHe ropu3oHTsl 3emiH. Eciu paciuaB umeeT TemiiepaTypy HHXe Temile-
paTypbl IUIaBJIEHHA TPAaHMTOB NpH | aTM, TO OH He CMOXET JIOCTHIHYTh 3eMHOH
nosepxHoctH [207]. Ipenenom ero nogbema ABIAETCA COMMAYC KOHKpPETHOH
CHCTEMBI TTPH MOJTHOM HAChILEHHH (DNIOMIOM COOTBETCTBYIOILUErO COCTaBA, TaK
KaK CONMMAYC TAKHX CHCTEM MMeeT OTpUUATebHblH HakIOH B P—-T koopauHa-
tax (puc. 2.2). Tonbko npu Gonbiiom conepxkanuu CO, Bo dumone conunyc
paciaBoB npuobperaer monoxwuTenbHeii HaknoH [131]. Takum oBpa3dom,
KPHCTAIM3aLHA MarMbl B 3eMHOH Kope HauWHaeTcA TOrfa, KOIrja cocTas pac-
IU1aBa MONajiaeT B YCNOBHA CBOErO JIMKBHAYCA MPH MOJTHOM HACHILUEHHH (ITIOH-
noM. B cBA3M ¢ 3TMM HauGONBIIMA MHTepec NpeACTABNAIT (H3HKO-XHMHUYE-
CKHE MOJEJH, OTPAXKAIOLIME KPHCTAUIM3ALMI0 MATM-PAClUIABOB, HACBIILIEHHBIX
¢nronom. INockonsky npuponHbie GIOHAbBI HMET CIIOXKHBIA COCTAB, H TPH
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OTOM OJIHH KOMIOHEHTb!, IJIaBHBIM 0Opa3zoM BOHOrO (ioMaa, NOBBILANT
TemIepartypy Kpucraumsanuu mMarm (CO,, H;, NH;, CHy), a npyrue — nouu-
sawor (F, B) [131, 192, 295], o MbI paccMoTpuMm BHavarne (a30Bble TIpespa-
WEHUsA C BOOHBIM (DIIOHIOM, a 3aTeM YKaXeM TeHIeHIMI0 CMellleHHA paBHOBe-
CHHl MIpH YCIJIOXKHEHMH €ro COCTaBa.

OueBuHO, YTO NpH HATHYMH B CHCTEME CBOBOMHOrO (hiioHIa, KOTOpBIH
AOJKEH MOABNATHCA NPH KPHCTA/UIH3ALHMU HACBIIEHHBIX HM MarMm, ero KoJu-
YeCTBO OMpefeNifeT MaBjieHHe HAa PacIuiaB, H B M30XOPHYECKHX YCIOBHAX OHO
MOXeT GbiTh paBHO uiM Gonbiue auTOCTaTHYeCKOrO [142, 175]. Mostomy npu
pa3paboTke QUIMKO-XMMHYECKHX MOJIeel CleflyeT YuMTbIBATh [aBlicHHE
dmonzaa, a He TMTOCTATHYECKOE, TAK KAK [aBreHue ¢IIoHIA CHIBHO BIHAET Ha
TeMIIepaTypy KpPHCTAUIM3AUMHK H ONpefienseT Bce (a30Bhie U XHMHYECKHE Tpe-
BpaiueHus B cucreme. B TakoM ciyuae HeoGxOQMMO HpPHHUMATH BO BHUMaHHE,
9TO JaBlieHMe (IoHIA He Bcerga OTpakaeT rTyGHHBI GOpMHPOBAHUA TOTO HITH
HHOTO KOMILIEKCa NOpof, (MacCHBOB), M 3TO MMeeT NPHHIMITHATEHOe 3HAYEHHE
ANA MPaBOMOYHOCTH BbIeIeHHA (anwi ,,rmyOHHHOCTH ’ TpaHUTOMIOB.

2.4. T'eomeTpuuecKHi (HIMKO-XHMHYECKHH aHANIH3
TPaHHTHBIX CHCTEM

2.4.1. TeopeTHYecKHe OCHOBBI aHANIH3a

TeopeTuueckue OCHOBBI (PH3UKO-XMMHYECKOTO aHANIM3A [IMArPAMM COCTOA-
HHA [IOBOJIBHO IIOJIHO M3noxeHs! B paborax ®. A. CkpeitHemakepca [160],
H. C. Kypnaxosa [107], B. fl. Anocoga u C. A. Tloromuna [1], 1. C. Kopsarn-
ckoro [87, 93], A. H. 3aBapuuxoro u B. C. CoGonepa [69], B. A. Hukonaesa
u B. B. Jlonuso-Mlo6posonsckoroe [130], 3. Onepca [201], B. 5. Anocosa u
np. [2], B. A. Xapuxosa [64], A. C. Tpysuna [176], A. T. Kpaesoii [100],
B. B. llonmpo-llo6posonsckoro [46] u K. II. Pabuukosa [152]. Ho Tem He me-
Hee HEKOTOpbIE BONPOCHI TEOPHH pacCIUIaBHBIX CHCTEM OCTA/IHCH elle crmabo pas-
paboranHbiMu. Kpome TOro, B nocnepgHee BpeMs B CBA3M C MPOBECHUEM IK-
CIIEPUMEHTOB TpPH OONBIIMX 3HAYEHHAX JAaBJICHUA MOJTy4YeHbl HOBLIE CBEJICHHA
0 (a30BbIX NMPEBPALICHUAX U MIOCTPOEHBI COOTBETCTRYIOLINE AHATPAMMBI, KOTO-
pbI€ ellle He BOLLLTH B TEOPHI0 HH3HYECKOH XMMHH.

[lo BOnHe MOHATHBIM npHYMHaM HH OHA K3 Bblﬁp&HH.be oA MOIOEenupo-
BaHHs MPOLECCOB MPaHUTOOGPa30BaHUA CHCTEM He H3Y4eHa 3KCIePHMEHTAIIBHO
¥ BpAQ M OyneT usyueHa B Gmmkaiime 10—15 ner. K Hacrosmemy Bpemenn
MBI pacrofiaraeM 3KcNepHMEHTATBHBIMU JaHHBIMU MO MHOTMM YacTHBIM CHCTe-
MaM M eCTeCTBEHHO, 4YTO Donee MonHble CBEICHMA HMEIOTCA 110 [ABYX- U Tpex-
KOMITOHEHTHBIM CHCTEMaM, 3HAYMTENTbHO MeHbllle MX MO YeTHIPeXKOMITOHEHT-
HbIM, 4 MO NATH- H LIECTHKOMIIOHEHTHBIM CHCTEMaM HMMEITCA JIMILUbL MTOUCKO-
BbI€ IKCNEPUMEHTHI [JTA OTAEIIBHBIX CHCTEM.

[IpoBenenne GU3NKO-XHMHYECKOTO aHATH3a MOJHLIX CHCTEM C NOMOLIBI
TePMOIMHAMHYECKHX pAacyeTOB NMpPaKTHYeCKH HEBO3MOXHO H3-33 OTCYTCTBHSA
HeOOXOIHMBIX TepMOAMHAMMYECKHX AAHHBIX [UIA PacIUIaBOB CJIOKHOTO COCTa-
Ba, KOTOpBIH K TOMY X€ H3MEHAETCA B KaXK/IblH MOMEHT UX KPHCTAUIM3ALHH.
['lo:nomy Ha COBpPEMEHHOM I3Talle HaLLMX 3HAHUH O BbIJIEJIEHHBIX CHCTEMAX npu-
XO[MTCA OFpaHHYHBATHCA CBEJIEHUAMM NMEPBOro HHHOPMALHOHHOTO Y pOBHA, 110
knaccuduiaunu A. C. Tpynuna [176], — co3maHmem kauecTBeHHBIX (B JIyy-
UICM Cllyyae MOJTYKOJIMYeCTBEHHBIX) CXeM C BBbIABJICHHEM BO3MOXKHBIX ha3o-
BBIX NPCBpALIEHHH U MX aHanu3a. HauGonee adpex THBHBIM METOIOM aHANM3a
Ha JTOM YpOBHe ABJIAETCA FeOMeTPHYeCKHH MeTof. ,,MeTon (u3MKO-XHMHYe-
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CKOrO aHaJlH32a HeH3MEHHO MPHBOMMT K IHArpaMMe — reoMeTpHuecKkomy obpa-
3y OTHOLIECHHH COCTaB—CBOHCTBO cHcTembl. Mccneliosanue reomerpuuecknx
CBA3€H, CONCPHAUMXCA B ITOM TeOMETpHUECKOM 06pa3e, MPUBOMT K BCKPI-
THIO CBA3eH (HIMKO-XMMHYECKHX. IT0 0GCTOATENBCTBO A0 OCHOBaHMe IS
MOAB/NEHAA TEPMHHA ,,FeOMETPHYECKHH METON”, KOTOpHIi paccMaTpHBaeTCs
KaK METO[l, XapaKTepHEIH 1A (HIUKO-XHMHYECKOro aHanu3a™ [2, c. 444].

Ilpn npoBeneHMH (PHIUKO-XHMHYECKOrO aHATM3a T€OMETPHYECKHM METO-
nom TpeGyeTca coGimo/ieHHe Beex NPHHUMIOB M MPaBHN PHUIHYECKOH XMMHH —
Jle-lllatenve, Kypuaxopa, I'n66ca, Cx peitHemakepca, Kopxautckoro, Ban Peiina
(Anmpkemane) u ap. OcoBeHHO BaXHO NpH aHATH3e paclyIaBHbIX CHCTEM B H30-
GapuueCcKHX YCIIOBHAX HCTIONB30BAHHE MPHHIMIIA COBMECTHMOCTH H €r0 CJIefCT-
BHA, HanbolNee YeTKo chopmynupoBaHHeIX B paGore f. T'. Fopomenko [34]:
MPHHUHN COBMECTHMOCTH — moboi HaGOp KOMNOHEHTOB He3aBH-
CHMO OT MX WHC/A H HH3HKO-XHMHYECKHX CBOHCTB MOXET COCTABHTH (DHIHKO-
XMMHYECKYI0 CHCTEMY, CNeNCTBHE — [HarpamMma cOCTOAHHA moboi 06-
IIeH CHCTEMBbI COMEPXHT BCe IMEMEHTHI [HArpaMMbl COCTORHMA YAaCTHBIX CH-
CTeM, M3 KOTOpBIX OHA COCTaBJieHa, B ¢OopMe TpaHCIAUMi B 061acTh cocrapa
obueit cucrembl. O6 31oii ocoBenHocTH muarpamm ropopun eme H. C. Kypa-
koB [107, c. 180]: ,Bcakylo OMarpaMMy MHOTOKOMIIOHEHTHOW CHCTeMBI
MOXHO pacCMaTpPHBaTh KaK 0Dpa3soBaHHYI0 H3 MArPaMMBbI CHCTEMBI C MEHBILIHM
YHCTTOM KOMIIOHEHTOB, YCJIOXHEHHOH BBe/IeHHEM HOBBIX KOMIIOHEHTOB HITH
HHBIX YCTIOBHH DaBHOBECHS, NpHYEM XapaKTepHbie 3JleMeHTh! Gosee TMpocToi
AnHAarpaMMbl He MCYE3al0T, A TONBKO MPHHHMAIOT HHOM reOMeTpHYecKHi 06pa3”.

B nanxom cnyuae, WMest IMarpaMMBbl COCTOSHAA 1A IBYXKOMIOHEHTHBIX
YACTHBIX CHCTeM, MOXHO MOCTPOHTb MarpaMMy COCTOSHHMA MOJHON CHCTEMEI,
NpHYeM 3TO HeoGXOMMO JienaTh MOITANMHO, MOCTENEHHO YBEeJMUMBASA KOMIIO-
HEHTHOCTB CHCTEM.

Tlpu 5T0M HeOGXOAMMO WMETH B BHILY, YTO NMPAKTHYECKH BCE NPHPOJIHBIE
CHCTeMbI SIBNIAIOTCA MyTbTHCHCTEeMamH [64, 93], MeTon aHanm3a KOTOpbIX pas-
paboran 1. C. Kopxutckum [93] . BeneHue 310ro Metosia B MeTposioruio oKa-
32710 OTPOMHOE BIIHAHHE HA Pa3BHTHE (DMIUKO-XHMHUECKOTO aHANH33a MPHPOL-
HpIX napareHe3ucos. Ho xax ormeuaer B. A. Xapukos [64], obwas teopus
MHOTOBapHaHTHBIX MYJBTHCHCTeM pa3paGoTaHa MoKa HEOCTATOYHO, TOuHee
HecucTeMaTHyHO. OcoBGeHHO 3TO 3aMeyaHHWe OTHOCHTCA K PACIUIABHBIM MYJIBTH-
CHCTeMaM, TEOpHA aHA/IM3a KOTOphIX BooGwe eme He paspaGorana. ,,Tem He
MeHee HEKOTOpbIe ITIABHBIE COOTHOLUEHHA [I0CTATOYHO OMpeJielIeHHO HaMeueHbl
H HX 06A3aTENBHO CIe[lyeT YUHTHIBATh NMPH MOCTPOEHHH HATPAMM COCTOSHMA
MHOTOBapHAaHTHBIX MYJIbTHCHCTEM, NMOCKOJBKY OBBIYHO 3TH [HArpaMMBbl BHIBO-
AATCA YHCTO MHTYMTHBHO, YTO YpEBATO cepbe3HbiMM ombkamu’ [64, c. 289].
B. A. Kapuxossim [64] chopmynuposais BaxHble 0cOBEHHOCTH TOMOIOTHH
AMarpamMM COCTOAHHA MynbTHCHCTeM. CrieflyeT mpHBecTH MOACHeHWS K 4 mpa-
BUITy, KacaioleMycsi BapHAHTOB MYNBTHCHCTEM pAa3/IHYHOM BapHAHTHOCTH:
»[10CKONBKY WHCIIO BO3MOXHBIX BAPHAHTOB C YBEJMYEHMEM WHHCIIA BO3MOX-
HbIX (ha3 BO3pAacTaeT B CTENeHHOH 3aBHCHMOCTH, PALIMOHANIBHBIM CNIOCOBOM 10-
CTPOCHHSA CXEM [IMarpaMM COCTOAHMA MHOTOBAPHAHTHBIX MYJIBTHCHCTEM SBIISA-
eTcs, HECOMHEHHO, He (OpPMaITbHBIH, a MeTPOreHe THYECKHUI TIOIXO, IO3BOAN-
LH BBIZIEIATH 33BEIOMO CTaOHIIbHBIE MOHOBAPHAHTHBIE ¥ HOHBAPUAHTHBIE Ma-
pareHesncebl. OTCI0a OYEBHIIHO TO 0cO60E 3HaYeHHe, KOTOPOE MPHIIAETCA BEIAB-
JIEHHI0 OMOPHBIX CTAOMIIBHBIX TMapareHeTHYECKHX ACCONMALMH MHHHMAIIBHOM
BAPHAHTHOCTH IIPH NETPOJIOTHYECKHX H IKCNIEPHMEHTANBHBIX HMCCIEOBAHHAX
[64, c.291].

B CBA3M C BBILIECKA3aHHBIM PACCMOTPHM HEKOTOPBIE BOMPOCHI TCOPHH
4HaIIM3a ABYX-, TPeX- M YeThIPEXKOMIMOHEHTHBIX PACTUTABHBIX CHCTEM.
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2.4.1.1. [IByXKOMIOHEHTHEIE CHCTeMBI

B coBpemenHo# Teopuu ¢(H3Mveckoi xumuu [2, 31, 81] npu aHamuze
MBYXKOMITOHEHTHBIX CHCTEM C XHMHYECKHM COe[IMHeHHeM BBUIEIAIOT Ba THNA
XHMWYECKHX COE[HHEHHN : TUIaBAIUMECA KOHTPYIHTHO M TUIABAIMECH WHKOH-
FPY3HTHO, COOTBETCTBEHHO MMEIOTCA H [Ba THIIA JHATPAMM.

H. U. Hosukop [132] TeopeTHyecky BbiBesl MPOMEXYTOUHBIA Tl [Ha-
TpaMMBl, COTTIACHO KOTOPOH XMMHYECKOE COe/THHeHNe BBIIE/IACTCS H3 paciuiaBa
0e3 peakUHOHHBIX B3auMOOTHOUIeHHH . OH OTMeYas, YTo B JIMTepaType 1O Me-
TA/IOBE/ICHHIO YaCTO BCTpeyaloTcA ¢a3oBbie JHATPAMMEI, B KOTOPBIX OpIMHATA
XHMHYECKOTO COe[JUHEHUHA COBNAAeT C TOUKOiH (MEepUTEKTOHMKON) Ha JIMKBH-
myce (puc. 2.6), 4TO CUMTANIOCH MJIM PE3Y/IBTATOM HEIOCTATOUHOCTH MaciuTaba
uepTexka, WIH 4alle pe3YJIbTATOM HETOYHOCTH 3KCHepHMEHTANBHBIX IAHHBIX
€ MaJIOi YyBCTBHTENIbHOCTBIO METOIOB HCCIIEOBAHMA.

Kak cnepyer u3 muarpammel Ha puc. 2.6, B Touke R npoucxomur ¢azo-
Bas peakuus AB=X. Takoe paBHOBecHe B IBYXKOMMNOHEHTHBIX CHCTEMAX
®. A. CkpeitHemaxepc [160] HasbiBaer BBIDOXKAEHHBIM (MJIM CHHIYJIADHBIM)
¢ uHMbepeHTHBIME (asamu. B nanHoM ciyuae ubmudepeHTHOM ha3oil ABNACT-
ca ¢aza B, n peakipio cienyer 3amucars cieftyloumm o6pazom: AB+B=)K+B,
0 4em Gonee nonpo6Ho Gyaer cka3aHo HiKe.

BeiBesienHyio narpammy W. M. HOBHKOB Mpe/iosa1 Ha3biBaTh AHArpaM-
MOW C COe[MHEHHeM, IUIABAIIEMCA KOHIPYIHTHO B IPOMEXYTOYHOH TOUKe.
B 10 Bpems Takas fHarpamMma cumtanach HeBO3MOXHOH. B. fl. AHOCOB M ap.
[2] yxe momyckaioT BO3MOKHOCTB CYMIECTBOBAHUSA TAKOl THArPAMMBI, HO OHH
He TIPUBOJIAT ee B CBOe# paboTe, OrpaHHYMBAACH JIMIIb ONUCAHHEM,H CUMTANOT,
YTO TaKas [HarpaMma orpaxxaeT ¢a3oBbie NMpeBpalueHus ocoboro THMma coemu-
HeHHA. [lockonbKy B METaJLTypPrHH MPOLECCH IPOMCXOMAT IpH 1 atm M Gons-
WIHHCTBO SKCICPUMEHTOB, MOJEHPYIOIIHX HX,IIPOBOJHIIOCH NPH MOCTOAHHOM
NaBjieHUH, TO, ECTECTBEHHO, B TAKHX CTYYafiX He BO3HHKAJIO MBIC/IEH O TOM, YTO
OIHO H TO X XHMHYEKOe COE[MHEHHEe B 3aBMCHMOCTH OT [aBJIEHHH, MOXET
TUIaBHTBCA U KOHIPY3HTHO, M HHKOHTPY3HTHO. 310 GBUTO YCTAHOBIIEHO B K CIie-
PHMEHTAIIbHOH MeTPONIOTHH NPH M3YYeHWH (Ha30BbIX NEPEXOHOB B GONBIIOM
HHTEpBaJle 3HAYeHWH [1aBJIEeHH.

OcoBeHHO AeTanbHO OMMChIBAEMble IPEBPALIEHHA M3YUYeHBI HA IpUMEpe
cucremsl Hedpenmui—kpemHesem I1. M. Beriom u E. X. Poze6ymom [205],
B KOTOpOH NOABJAETCA elle OfMH HOBBI THII [HArPAMMBI, OTpaXKaromie
HOHBAapHAHTHOE PABHOBECHE B [BYXKOMIOHEHTHOM cucreme (puc. 2.7). Ilo-
CKO/BKY 3T2 JHarpaMma MaJi0 M3BECTHa B METPOJIOTHH, 3 B (HUIHKO-XHMH-
YeCKO#H NHTepaType BOOOGLIE OTCYTCTBYeT, TO CleflyeT HecKONnbko MOApo6-
Hee paccMoTpeTb (a3oBbie NpeBpalleHHA, KOTOpbIe OHA OTPAXKaeT, TaKk Kak
NofloGHble paBHOBECHA [IOBOJIBHO 4acTO BCTPEYAIOTCA B MHOMOKOMIIOHEHT-
HbIX cHcTeMax. XOTA Takas IuarpaMma NpHBourcs B paGote J. Jnepca
[201] u ormeuaercs ee OCOGEHHOCTb, HO B Heil He PacCMATPHBACTCA XapaK-
Tep $a3oBOro NpeBpaIUEHHs, 3 YKa3BIBAETCS TONBKO INPUCYTCTBHE TeX HIH
HHBIX pa3. [loaromy, uToGbl pa3oGpaThcs B ITOM BOMpOCeE, Crle/yeT Mpocie-
AMTh XOJl KPHCTA/IM3AlMH Ha 3TOH AMarpamMme paslIMuHBIX HCXONHBIX CO-
CTaBOB.

Hcxopubiii cocras 1, monagas Ha JTMKBHAYC, GyJdeT BBIJENATH K PHCTaJIIiBl
KOMIIOHeHTa B, Mo Mepe KpHCTa/UIH3aUMKH KOTOPOrO COCTaB paciuiaBa Gymet
H3IMECHATBCA [0 TOYKH J. B Touke J HawHeTcA peakuus B3aHMOJEHCTBHA KpH-
cranios B ¢ pacriarom u o6pazoBaHMeM xumHueckoro coemuHenus (AB) no
NOJHOrO H3pacXofoBaHuA paciiaBa. KoHeuHbie MPOOYKTHI KPHCTAILITH3AIMH H
peaKuuu GyayT npefcTapieHs! Kpuctaamu Bu (AB).
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Puc. 2.6. JlnarpamMma [BYXKOMITO-
8+ e HEHTHOH CHCTeMBI C COCOMHCHHCM,
MIaBANIEMCS KOHIPYIHTHO B POMC-
syTouHo#t Touke, no M. K. HoBuko-
By [132].

[MepBbIi 3Tan KpUCTAIH3a-
(48 + B) LMK COCTaBa 2 TaKOM e, KaK H

cocrtaBa 1, Takxe HauMHaeTCA
peakiM#A B TouKe J, HO pacruiaB
JIOIDKEH H3PacXOMOBATHCHA TOUHO
C HCUe3HOBEHMEM MOCIENHEro
KpucTaZna B; KoHewHbli mpo-
7 (48) §  pykT npenctaBlieH KpHCTAIUIa-
i (AB). IIpH HCXOfHOM cOCTaBe 3 KPHCTANIM3ALMA M PEAKIMA MOYT TaK Xe,
KaK M B NEpBBIX IBYX BapHaHTax, HO TNepBbIMU HCUE3AI0T KPHCTAJIIBI B u no-
CNe[HMiE ITaN MpOIEeCcca XapaKTepU3YeTCA IBTEKTHYECKOH KpUCTAIUTH3AlMed
OCT4BILIETOCA paciUlaBa ¢ BblfieleHHeM KPHCTaIoB A M (AB); KOHeuHbIH npo-
nykt — A+ (AB). CocraB 4 u Bce IpyTHe, NepechIlieHHbIE KOMIIOHEHTOM A, Ha
fioc/ieiHeM aTane GymyT BhIAeNATh 3BTeKTHKY A+(AB).

CyMMHpYs paccMOTpeHHbIe BapHaHTbl KpPHCTAIH3AUMH, WHBADHAHTHOE
paBHOBECHe ClieflyeT MPEACTaBNATL KAK MNEPHTEKTHUECKOE: A+ (AB) =X+B.

MO3HO T0Ka3aTh, 4To 06e OMMCaHHbIe [MArpaMMBl, OTpaXaiolune B #306a-
PHYECKHMX YCIIOBHAX [BYX(ha30BOe CHHTYIAPHOE H yeTbipex$a3opoe MHBADH-
aHTHOe PAaBHOBECHE, HMEIOT CBOE MECTO B Ay AMarpamm (asoBbIX NpeBpaiue-
HHH TIPH pa3TMYHBIX 3HAYEHHAX NaBIICHHA.

B pacruiaBHO# [BYXKOMIIOHEHTHOI cHcTeme A—B ¢ XMMMUUYeCKHM COETIHHE-
nvem AB B COOTBETCTBHMM ¢ NMpaBHIOM (ha3 M KOMOGHHATODHKH JIOJIKHA GBITH
OIHa WHBApMaHTHaA (asosas accomyuauusa J — A+B+AB+K, yersipe MoHOBa-
puantheix: /; (K) A+B+AB; I, (AB) A+B+X; /3 (B) A+AB+I; /4 (A)
B+AB+X u mecTs nupapuaHTHBIX Tonedi: [ — A+B; 2 — A+AB; 3 — A+X;
4 — B+AB; 5 — B+X; 6 — AB+X. Cobniopas npapuna CkpeiHemakepca,
crpoum P—T guarpammy myuxa J — A+B+AB+X, npeanonaras, 4ro komro-
HeHThl A M B 06pa3syloT 3BTEKTHKY, MO COCTABY CMEHIEHHYIO K A, a XHMHYe-
CKOe COefMHeHHe MOABIIAETCH Ha JIMKBHOyCe NMpH ONpeMeNeHHOM AaBJIEHHH
(puc. 2.8). TpueMbl nocTpoeHHs MONOGHBIX AMArpaMM MOAPOGHO H3NOMNEHbI
8 paGote @. A. CkpeitHemakepca [160] , nosromy HeT HeOGXOAMMOCTH HX OTH-
chiBath. CrieflyeT OCTAHOBUTBCA Ha BapHaHTax (a3oBBIX TpeBpaeHuii l; (A)
u /3 (B), KOTOpBIE 3aBHCAT OT MONOXEHHA GUrypaTHBHBIX TOUEK BCeX (a3 Ha
KOHUEHTpaUMOHHOH [HarpaMme.
Ha puc. 2.8 n3o6paXkeH BapHaHT,
KOT[a [BOHHaA 3BTeKTHKAa A+B
cMelLeHa K KOMIOoHeHTY A. B atoMm
cryuae paBHosecue /3 (B) aBns-
eTcs JBTeKTHYeCKHM — A+AB=
=), a paBHoBecue Iy (A) — me-
putekTHueckHM — AB=B+XK,
OTCYTCTBYIOT [MBAapHaHTHbIE IIO-
na 3 u 4. UaobGapuueckoe ceueHue
P? oTpaxaeT WHBapUAHTHOE DPaB- 7+ (48) (15 + 8

A+ (AB)

Puc. 2.7. Ilmarpamma [BYXKOMIIO-
HEHTHON CHCTeMBl, OTpakaiole HOH- 7 (48) A
RAPHAHTHOE pABHOBECHE.
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Puc. 2.8. P—T npoexuus u u3oGapuyecKue paspesbl IUATPAMMbI COCTOSHMS IBYXKOMIIO-
HeHTHOH cHcTeMbl A—B ¢ xuMHueckum coetHeHueM AB, KoTopoe o cocTaBy pacnonara-
eTCA Mexy ApoHHOM 9BTeKTHKON H KOMIIOHEHTOM B.

HOBeCHE, KOTOpOe ABJIAETCA MEpeXONHbIM (MITH TOYHEEe TPaHHUHBIM) MEXLy
IBTEKTHYECKHM TpEBpAICHHEM C pa3fiOXeHHeM XHMHMUYECKOTO COeMHEHHSA
B cybcomuayce H $a30BBIMH NpEeBpAiEHUAMH 3BTEKTHYECKOTO U TIepUTEKTHYE-
CKOTO THIOB.

Ha puc. 2.9 npusepens: P—T nmpoexuus W M306apHyecKHe CEYCHHA IHA-
rpaMMbi COCTOAHMA CHCTeMbl A—B, B koTOpoii 3BTekTHKa A+B cmemeHa
K koMmmoHeHTy B. B atom Bapuante myun (A) u (B) momMeHANHCH MeCTAMH M
COOTBETCTBEHHO M3MEHHJIHCH (pa30BbIe IpeBpalleHHs Ha HUX: 1yu (A) oTpaxa-
eT JBTEeKTHYECKOe NpeBpaiieHue, a ny4 (B) — mepurextuueckoe; 3mech Her
nonei 2 ¥ 5, HO BMECTO HHX MOABHIHCH 0J1A 3 1 4. C yBemMueHHeM IaBleHus
BO3MOXHBI YCIOXHEHHUA pPaCCMOTPEHHBIX BAPMAHTOB [MArpaMMbl COCTOSHHSA
[IaHHOH CHCTEMBI, KOT/Ia IPOHCXOMIAT Npeobpa3oBatus (ha30BbIX MPEB palleHuii.
Kak ormeuaer . A. Ckpeiinemakepc [160], raxue npeo6pasosanus Boanu ot
MHBaPHAHTHOH TOUKH IPOHCXOMAT Yepe3 BHIPOXK/EHHbIE (CHHTYIApHbIE) paB-
HopecHs. [loxaxem 3710 Ha mepBom BapuanTe.

[lpu yBenuueHMM AaBieHHA BO3MOXHO BbIDOXIEHHE paBHOBecHA /3 (A)
AB=J+B B cunrynaproe paBHoBecue AB=)X, xotopoe B uzoBapuueckom
ceveHHH M300paXkaeTcs MepexOHOA THArpaMMOoil Ha puc. 2.6. I'paduuecku 310
paBHOBecHe H300paXcaeTcs TOUKOH NepecedeHUs BETBH KPUBOI JIMKBHIyca
YUHCTOTO KOMIOHEHTA C JIMHHeH KPHCTAIM3ALMH XMMHYECKOTO COEIHHEeHHS
B THCTEKTHYECKOH TouKe. [1oCKONBKY ckopocTs HaMeHeHns T, ¢ yBeluueHu-
€M [1aBJIeHHA pa3jiiuHa 1A YHCTOr0 KOMITOHEHTa H XHMHYeCKOTO COEIMHEHHA,
TO TaKOe B3aHMOMOJIOXKEHHE TMKBH/IYCOB BO3MOJXCHO B JTHOOBIX IBOMHBIX CHCTE-
MaX, HO OHO HACTYMaeT B pa3nuyHbiX uHtepsanax P u 7. Ha P—T npoexuun
puc. 2.10 ator mMomeHT u306pakeH Toukoil S'. [Ipu manbHefNIeM yBelTHYeHHH

41



T
4+ G+ x
A8 é
A+ 48 A5 +§
v A8 V]
/e Y
7 v
A + w A
A ra% SN\ TG ac
Se g+ 46+ Fex
= é
A+ A8
A+48 48 +5 b
A Ab 8 A A8 V4

Puc. 2.9. P—T npoekuns W u3ob6apHyeckHe pa3pe3sl AHArpaMMBI COCTOSHHA [BY XKOMIIO-
HeHTHOH cHcTeMbl A—B ¢ XuMHueCKHM coeliHeHHeM AB, KoTopoe no CoCTaBy pacmnojara-
eTCHS MeXIY [BOHHON 3BTEeKTHKOH H KOMIOHEHTOM A.

[ABTICHMS U3 TOUKM S BBIXOZAT ABe JIWHUM: OfIHA OTpPaXaeT CHHTYIApHOE aB-
nosecue AB =K, npencrasnenHoe Ha n3oBGapuueckom ceveHud P° OTKPBITBIM
MaKCHMYMOM, a BTOpas — NOJIHOe 3BTeKTHYecKoe paBHOBecHe AB+B =K.

Bo3moskeH BapHAHT, KOrOa NpH eute GonblieM NaBIEHHH CTaGHIIBHBIA Ty
cuHrynsipHoro papHopechs AB =) nepeceuercs (coiimerca?) B Touke § " ¢ nu-
HHeil JBTeKTHYecKoro pasHosecus I (B) A+AB=X, xoropoe BeIpOXIaETCA
8 curynapHoe AB=X (P-T npoeximn, puc. 2.10). Ilpu nansueinuem yseny-
YeHHH [IABTICHHSA M3 TOUKH S" BBIXOMMT JIMHHA, NIPEMICTABNIAIONIAA NePHTEKTHYE-
ckoe pasHopeche /5 (B) AB=)K+A, uro oTpaxeHO TaKXKe Ha H306apHueCKuX
cevernax P® u P7 (puc. 2.10). CuHrynspHOe paBHOBECHE CTAHOBHTCH MeTa-
cTabuITBHBIM, M HA H306apHueckoii muarpamme P’ 0HO H306paXkaeTca CKPBITBIM
MaKCHMYMOM.

Ha BaXHOCTH CMeHb! KOHIPYIHTHOTO IUIABJIeHHS HHKOHIPYIHTHBIM MpH
H3MeHeHHH [ABJIeHHS I TPAKTOBKH BONPOCOB MarMooGpa3oBaHHs yKasbiBasl
B. C. CoGones [165]. Hm pa3o6paHo HeCKOIbKO BapHAHTOB H3IMEHEHHA THIA
MIABJICHHA XHMHYECKHX COe[jMHEHWH B [IBYXKOMIIOHEHTHOH CHCTeMe H MOJ-
YepKHYTO, YTO 3TO HIMEHEHHE HBJIACTCH HE YaCTHLIM CITyuaeM, a oGumim mpa-
BHJIOM, X2paKTepH3YIONHM PABHOBECHA ABYX- H MHOTOKOMIIOHEHTHBIX CHCTEM.
B Gonee peoxHX CIydYasx, KOIZiA XHMHUYECKOE COe[MHEHHe MO COCTaBy COBMA-
[aeT ¢ MBOWHOM IBTEKTHKOH, 0Gpasyerca ocoGelii THN (ha3’oBOrO NpeBpaiue-
HMSL — CHHTYNSpHOe MHBapHAHTHOe PAaBHOBECHe C JIBYMsA HHM(epeHTHBIMH
dazamu (puc. 2.11). B 370# TOUKE 3aKaHWMBAETCH JIMHHA IBTEKTHYECKOIO paB-
Hopecua A+B=X, a c yBenuueHHeM [aBNeHHA M3 Hee BBIXONAT TPH JIMHHH,
[B€ W3 KOTOPBIX OTPAXKAOT TMONHbIE IBTEKTHYECKHE NpeBpameHua: A+A B, =
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Puc. 2.10. P-T npoekums H H3oGapHueckHe Pa3pe3bl AHArpaMMbl COCTOAHHA CHCTEMBI
A-B ¢ xuMHYeCKHM coesiHeHHeM AB, B KoTopolt Boanu ot HOHBAPHAHTHO! TOYKH MpPOUC-
XOZAT (pa3opkie Mpeobpa3oBaHHs Yeped CHHTYIADHBIE paBHOBECHS.

=X u B+A,B,,= K, a onHa, ABnsomancs npogoinkeHueM IMHKUH oDpasoBaHus
PA3NOMKEHHA XHMHUECKOTO COeMHeHHA A,B,,= A, +B,,, — cHHIy/NsipHOe paB-
HoBecHe ApB,,=)K. Takoe B3anMONONOKeHHe MOHOBAPHAHTHBIX JIMHUIL He TOJI-
wHAeTcA npasuiy CkpefiHemakepca. 310, BEPOATHO, CBA3AHO C TeM, YTO MO-
Cre/IHee BhIBEEHO JUIA MOJIHOTO WHBAPHAHTHOrO PaBHOBECHSA, 3 MbI B MAHHOM
BApHAHTE HMEEM JIe/IO C BHIPOXICHHBIM (CHHTYJIAPHBIM) . IBTEKTHYECKHE PaB-
HOBECHA TOABNMIOTCA B pe3ynbrare NMpeoGpa3OBaHHA CHHTYJIAPHBIX paBHOBe-
cuit ApBp,tA=X+A u A,B,,+B=)X+B. Takue npeo6pazosanus peanU3yIoTCa
TONBKO BOTM3H HHBAPUAHTHOM TOYICH.

®a3oBbie NPeBPAILEHAS U COOTBETCTBEHHO TOMOJIOTHA OHarpaMm YyCIoXHA-
IOTCA, KOrJia B ABYXKOMIIOHEHTHOH cHcTeMe 0Opa3yrorcs iBa u Gonee xummue-
CKUX COeJIMHEHHH, TeM He MeHee 3TH JMarpamMMel Gy/yT BKMIOUaTh B ceGe 2ie-
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Puc. 2.11. P—T npoekuus  K306apHuecKHe pa3pesbl [AMarpamMmbl COCTOAHHA CHCTEMBI

A-B ¢ XMMHUECKMM COe[HHeHHeM A,B,;, KOTOpoe Mo COCTaBy COBManaeT ¢ OBoAHOR
9BTEKTHKOMH.

MeHTBI MPOCTHIX AMArPaMM, MIpHBeJeHHbIX Ha puc. 2.8—2.11, uro Byaer noka-
3aHO Ha MpUMepe TIPHPOJHBIX CHCTEM.

Tepexoptbie ¢a3oBbie MpPeBpALIEHHUA MPH H3MCHEHHH [ABJIEHHA MOABIIA-
JOTCA M B cHCTeMaX, 0Gpasyloumx Teepabie pacTsopsl. Ha puc. 2.12 mokasaHo
BJIMAHMC NABNeHMs BOObI Ha W3MeHeHMs (ha30BbIX NpEBpAlIeHUd B CHCTEMe,
B KOTOpO# NIpH HU3KKX 3HAYEHHAX PH:0 MMEITCA MUHUMYM C HeOT paHHYe HHOM

pacTBOPHMMOCTBIO (IIPH BBICOKOH Temmeparype) M o6nacTh pacnajia TBEpABIX
pacTBOpoB. YBenuuehue Py, . CHIDK2eT TeMIepaTypy MHHHMATBHBIX TBEPHBIX
2

pacTBOPOB M pacluMpseT 0DIacTh HX pacnaja, YT0 MPHBOMMT K HX CONPHKOCHO-
BEHHIO MIPH P:_l o> 3 3ATEM K B3aHMONPOHUKHOBEHHIO C 06pa3oBaHHeM 0cobbIx
2
3 4
THMOB JHarpaMm (npu PH,O H PH,O) , OTPaXAKWHX CYLIECTBOBAHHE 0COOBIX

tunos TBepnbix pacteopos (VI u VII), koTopbie He pacCMATPUBAIOTCA B Knac-
CHUECKOH (puauveckoii xumuu. [narpamma, Ha KOTOpOii NMOKa3aHbI dazoppie

IpeB palleH| A TpH P;I o BTEpBbie PHBOMMTCA B paGote @. I'. Cmura [161],
2
a npu P}, o — B paGore E. H. Kpasuosoit [98] m pemko MCTIONB3YIOTCA MPH
2
NMeTpONOTHYECKUX TocTpoetuax. HecomuenHo, 0coDbli HHTEpeC NpeACTaBlIAeT
muarpamma npu P}y o, KOTOpas ABNseTCA TNiepeXOfHOM OT MpeBpalieHus ¢ MH-
2

HHMYMOM H TIEPATEKTHKOH K IBTEKTHUECKOMY NPEBPALLEHHIO.
B 3ak/ioueHHe CIeflyeT OTMETHTE, YTO YCIIOXKHEHHSA HarpamMm COCTORHHA
[IBY XKOMIIOHEHTHBIX PACTUIABHBIX CHCTEM CBA3HBI C CYGCONMAYCHBIMM MPEBpa-
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Puc. 2.12. Py o~ T NpoeKiHA 0 u3obapryeckne pa3pe3sl AHArPaMMbl COCTOSHHUSA CHCTEMBI
2

A-B, B KOTOpoOH NpH HH3KOM J1aBjieHHH 06pasyioTcs TBepable pactBopsl 11l THa u B cy6-
CONTHIYCE HMEETCH pa3phiB PaCTBOPHMOCTH TBEP/IbIX PACTBOPOB.

IEHHAMH — MOABJICHHEM HJIM HCYE3HOBEHHEM Ha JIMKBHIYCE Cl)33 XHMHYECKHX
coeMHEHHH. -J1a cBA3b Oonmee mompobHO OymeT paccMOTpeHa Ha MpHMepax
TpEX- U YETBIPEXKOMIIOHCHTHBIX CHCTEM.

2.4.1.2. TpexKOMMOHEHTHbIE CHCTEMBI

B paBorax JI. A. [lerposa [141] u B. fl. AnocoBa u fip. [2] omicaHsr pa3-
JIH4YHbIE BAPHAHTDI (paBOBhIX npespamenﬂﬁ B TPEXKOMIMOHEHTHBIX CHCTEMaX
C XMMHYECKHMH COETHHEHHAMH, HO BCE OHM PacCMAaTPUBANTCA NMpH MOCTOAH-
HOM [1aBJIeHHH U Ge3 B3auMOCBA3U. [InA NOCTpOEHUA e NMeTPONIOTHIECKHX MO-
Jie/ICiH BaXKHO 3HATh M3MeHeHWe (a30BbIX MPEeBpALeHHH B CHCTEME C H3IMEHEHH-
€M /IaBJIEHHA, a TAKHE CBE[ECHHA B HDHINKO-XHMHYECKOH JINTEPATY pe NMpaKTHYE -
CKM OTCYTCTBYIOT H OYeHb MAJIO HX B (PM3UKO-XHMHYECKOi NeTPOIIOTHH.
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Puc. 2.13. Py o~ T npoexuus u H306apuyecKHe pa3pe3bl IHarpaMMbl COCTOSHHA CUCTEMBI
2
A—B—C c 1BoHHBIM XHMHYECKHM CoelluHeHHEM A, B,y

TpexxoMnoOHEHTHAaS CHCTEMAa C [BOHHBIM XHMHYECKHM COEIMHEHHEM.
Paccmorpum nmpocteiiiumii cnydaii, xorga B cucreme A—B—C oGpa3syercs Toms-
KO OfTHO XWMHYecKoe coempHeHne A,B,,, a KOMIIOHEHTHI NMpeAcTaBieHbl cO6-
crBeHHbIMH (hazamu A, B u C. CormacHo npasuiy ¢as, B HOHBADHAHTHOM paB-
HOBECHHM TPeXKOMIOHEHTHOH CHCTEMBI MPHCYTCIBYIOT 5 ¢a3, B MOHOBapHaHT-
HOM — 4 ¢da3pl ¥ AuBapuantTHoM — 3 da3sber. Ina ypoGerBa M MpOCTOTHI MO-
CTpOeHMsA auarpamm OypnemM yuHTHIBATH BIMSAHHME Ha (ha30BbIE MpEBpAIICHAUA
[aBJIEHMA BOABI, He YYacTBYIOIIEH B XMMHYECKHX peakuusax. B cybcomumyce
TAKOH CHCTEMBI HMEETCH OJHO 4YeThIpeX(a30BOe MOHOBapHAHTHOE paBHOBeCHE
C YeThIpbMSA TPeX(a30BbIMH TONIAMH, U MOCKOJIBKY (PMTYpaTHBHbIE TOUKH (a3
A, B u A,B,, pacnonaraiorcs Ha O/IHOM CTOpPOHe (JIMHHH) TpeyroJIbHHKA COCTa-
BOB, TO 3TO paBHOBECHE ABJIAETCA CHHTYJIAPHBIM C OIMHOH HHIHbEepeHTHO (ha-
“s0i C — I (K) A,B,tC=nA+mB+C (puc. 2.13). [Ipn HU3KHX 3HAUCHHAX
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J|aBJIeHH S, KOT[a XMMHYeCKOe COeMHeHHe €Iie He MOXKET MOSABUTHCA Ha JINKBH-
Jiyce, KOMIIOHEHTbI 06pa3yioT IBTEKTUKH Kak Mexnay coboi, TAK H Bce BMeECTe.

C yBenWuYeHHeM [IaBJIEHHsA BOJBI TEMIIEPATYpbl IBOHHBIX 3BTEKTHK Kpa-
HHX CHCTEM M TPOHHOH 3IBTEKTHKH NMOHWXANTCA H Ha PH,O"T TIPOEKIMH OHH

TIpe/ICTaB/IeHb] IMHHAMH C OTPHIATENLHBIM HAKIIOHOM, 4 JIHHUSA Pa3NOXeHHA—
06pa3oBaHUA BOHHOrO XUMHYECKOTO COCMHEHHA B TIPHCYTCTBHH HHIMGepeH-
THO# pazel EMeeT MOJIOXKHTeNbHbIH HakyIoH (puc. 2.13). Tlpu onpeneneHHOM
3HAYEHWH PH,O JIMHHA TPOHHOM 3BTeKTHKH /5 (A,B,) A+B+C=)K nepecexa-

eTcA ¢ JIMHHEH pa3/iokeHHA—0Opa30BaHUs XHMHYECKOTO COeHHECHHA I, (K).
A,B,,+C=nA+mB+C c 06pazoBaHHeM TOUKH, B KOTOPOi IPHCYTCTBYET HH-
BapHaHTHaA naTudalopas accomuamust J — A+B+C+A,B,, +X. M3 aT0H TOUKH
BHIXOJIAT TPH JIMHWH, OTPAXKAKIHE Clefylomme YeTbipexda3onbie MOHOBapH-
anTHble paBHOBecHs: I, (A) B+C+A,B, =X — ssrexmuueckoe, /3 (B) C+
+A,B,, =)XK+A — nepurextuveckoe u Iy (C) A,B,,+X=nA+mB+XK— cuury-
nspHoe. B3amMomonoxeHHe NTHHWHA MOHOBApPHAHTHBIX PaBHOBECHH HA PH,O_T

npoekmu coorsercTByeT mpaBwiy Ckpeitemakepca. Ilpuyem B oTmu'me OT
npunaToro B paborax [46, 64, 302] u3obpaxeHus peaKumii CHHTYIAPHLIX paB-
HOBecHit B pOPMYINIBI peakuuii ClielyeT BKIIIOUaTh HHIMdepeHTHbIE (a3bl, No-
Melas MX CTpaBa U CTeBa OT 3HaKa PaBeHcTBa. IT0 YI0GHO MpH aHAMM3€e MOHO-
BAPHAHTHBIX W [WBAPHAHTHBIX (HA3IOBBIX ACCONMANMH HA MHOTOMYUKOBBIX [IHA-
rpamMmax, Ha uto o6paman sHumanue J. C. Kopxumckui [93]. Tlpn nocrpoe-
HMM W306apHYECKHX [MArpaMM OOA3aTENIBHO CTPOTOe COONIONCHHE ITpaBMia
Anpkemage, a TaK)Ke NPUHUMIOB COOTBETCTBHA, HENPepPhIBHOCTH, COBMECTH-
MOCTH.

H3obapuyeckoe cedeHHe P}‘Lo (TouHee ee mMpoeKIMA Ha KOHUEHTpAIHOH-

HbIil TpeyTONBHHK) IpeficTaBNsfeT COGOH MPOCTYI0 AHATpaMMY C TPOHHOH 3B-

texTHKO# Es ¥ monaMu kpucrannmzammy a3 A, B u C (puc. 2.13) . H3obapa-

yeckoe cevenme Pf; , OTpaxcaeT HHBADHAHTHOE PaBHOBECHE, KOTIA B TpoitHO|
2

IBTEKTHKE MOABJIAETCA XMMHUeCKoe coelHHeHue A, B,,. B 3TOM ceueHUM Hame-
yaercs koHosa C—A,B,,, pasfensiomas OCHOBHO#H TPeyroJbHHK Ha [1Ba, KOTO-
phle MpefICTABNAIT OTAENbHbIE NoAcHcTeMbl: A—A,B,,—C 1 B—A,B,,—C. Ce-
yeHWe P;‘,o oTpaxkaeT (a30BbIe B3aHMOOTHOLIEHHA MOCIe TOr0, KaK HHBapH-

aHTHAA TOUKA ,,paCTPOMNach” ¢ 06pa3oBaHKeM [IBYX NEPHTEKTHYECKHX H OJIHOM
IBTEKTHYECKOH TOYKH, KOTOpble pacmoJiaraloTcsi B BEpIUMHAX TpeyToibHOro
NONA KPHCTATUIH3AUMM [BOAHOTO XMMHYECKOTO COeMMHeHHA Ap,B,,. ITonoxe-
HHE 3THX TOYEK OTHOCHTEJIBHO [PYT [pyra H OCTANIBHBIX 3/IEMEHTOBR [Harpam-
MBI, 2 TAK)KE THIBI (a30BbIX NMpeBpaileHHil Ha MOrpaHHYHBIX JIHHUAX yCTaHaB-
JMBAKTCA B COITIACHHM C TIPHHUMIIOM COOTBETCTBHA M NMpaBwiioM AnbKemare.
Touka, B KOTOpO# CXOATCA Mona Kpuctamm3auym ¢a3 B, Cu A, B, , momiHa
6BITh IBTEKTHYECKOH, TAK KAK OHAa HAXOJIMTCA BHYTPH TPeYTOIBHHKA COCYIIe-
creyoumx ¢a3. IlorpaHuuHbie JHHAM MeXJy NONAMH KPpHCTaJUTH3annu a3
B—A,B,,, C—A,B,, 1 B—C sBisfOTCA BTEKTHKAIAMH (M306paXkeHbI OHOI
CTpenKoii), MOCKONBKY OHH CaMH HITH MX MPOMOJDKEHUSA NMepeceKalnT KOHObI
cocymecTByloumx (a3 M CXONATCA B TpoiHOW JBrexTHKe E; — B+C+
+A,B,, =X.

B Touke P, compukacaloTcs noja Kpucraumsamun das A, C u A, By, HO
OHAa HAXOIMTCH 33 TIpeMeNaMu TUTOIA/ | TPEYTONBHIKA COCYIECTBYIOUMX ha3
W, CIeN0BATENIbHO, MOMKHA GbITh NMEPHTEKTHYECKOl, OTPANAIOIIEH pPeaKLHIo
C+A,B,,=XK+A, Tak KaK (UrypaTHBHbIC TOUKH COCTaBa (ha3, KOTOpbIE yuad-
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CIBYIOT B JTOH PeaKLuH, HAXOJATCA B BEPLUMHAX BBLIYKJIOTO YeThIPEXY O bIIN-
Ka, pacroyiarasch KpecToobpasHo B nosyoenuyu onnosuumyn [160]. Iis onpe-
[ielleHHA THIA MpeBpalleHHs Ha MOTPaHMYHBIX JIMHMAX MeXy MonAMH a3
A—C u A—A,B,, MOXHO MCIO/Ib30BaTh MpaBWIIO KacatenbHo# [1] umu Teope-
my Asnskemape [201]. Tax, eclu NpPOBECTH KacaTenbHY0 K MOTpaHHYHOH JIH-
Huu mexry nonsamu ¢as A u C, To oHa mepeceuer xoHony A—C, uto genaer u
cama NMOrpaHuYHas JIHHKA, CNIEOBATENIBHO, 3Ta JIMHHA ABJIAETCA IBTEKTHKAIIBI.
KacatenpHas K MOrpaHHyHOM TMHUK MexTy nonamu das A u A, B, nepecexaer
NpojoIDKeHHe KOHOAB A—A,B,,, M03TOMY aHHAas NOrpaHUYHAA JIMHHA Byner
nepuTeKTHKATbI0 (M306paxkaeTcA NBYMA cTpenoukamu). Hampasnerue mown-
JKEHMA TeMIIepaTyphl HA 3THX JIMHHAX ONpe/lenAeTcA 0 TeopeMe Arnbkemane —
TeMIepaTypa Ha TMOTPaHMMHON JIMHMM MaJIaeT OT KOHOAB! (JIMHMH Anbkemaye)
cocyuecteyommx das [201].

Touxa P; Ha3pIBaeTCH TOYKOH JBOMHOTO MOJbEMA, TAK KaK OT Hee TemiIe-
paTypa NOBBIUIACTCA MO [IBYM TNOT PaHHYHBIM JIMHUAM. ITO O0BIYHAA NEPHTEKTH-
yeckas Touka. Touka e Py B OTIMUME OT TOUKH P; Ha3bIBaeTCA TOYKO#H [IBOMH-
HOTo cmycka [2] — OT Hee OTXOIAT ABE NMOTPAHHYHbIE JIMHHH C MOHMKAWIIEHCA
Temnepatypoii. B paGore 3. dnepca [201] oHa Ha3pIBaeTCs pacnpefeNUTENbHOM
PEAKIMOHHOM TOUYKOH M eil OCBALIEH CelMaNbHbIA pasfiell, B KOTOPOM [eTallb-
HO pa3GHpaoTcs pa3HuHbIe BADHAHTHI BHICNCHHS B Hell (a3 M X0/ K pHCTAIIH-
33UMH OTZIEJIBHBIX COCTABOB, HO He NMpMBOMMTCA (a30Boil peaxumu. B. f. Ano-
coB u fip. [2] oTmeualoT, 4TO B TOUKE ABOHHOTO CIycKa [iBe $a3bl pacTBOPAIOT-
Cfi, 3 TPeThbA BBIENACTCA, T. €. OHA ABJIACTCA JBKABI HHKOHIPY3HTHOH. 31O
MpOHCXOIMT TOTHA, KOTjJa TpeThA ¢aza HAXOOMTCA BHYTPH TPeyroNbHHKa,
B BeplMHAX KOTOPOrO HaXOMATCH nBe Apyrux asel u XK (pacrnas) . Takoe
nosoXeHHe UrypaTHBHEIX TOYCK COCTaBa (a3 HaspmBaetcs, Mo @. A. Ckpeiine-
MaKepcy, NONOXKeHHEM KOHbIOKIHH.

B paccmarpuBaemom cryyae (puc. 2.13, ceveHue P?{,o) dba3zopas peakuma

ToukM P, OTpaxaeT BHIDOXKIEHHOe (CHHTYNADHOE) PaBHOBECHE, MOCKOIBKY
TpeyronbHuk A—P,—B ¢ IeHTpalsHbIM pacronioXenneM GUIypaTHBHOH TOYKH
¢assr A,B,, BoipomuicA (MPEBPATHIICA) B TPEYTOJBHHK C KPaeBbIM pacmolo-
xeHweM Tpex a3, HaxofAumxcs Ha omHoi nuHmu [160]. 310 paBHOBecHe
MOIDKHO BBITh 3ANMCAHO TAKUM obpazom: A, B, +=nA+mB+X, nockonsky
PACIUIAB B [IAHHOM PaBHOBECHH ABJIAETCA uHIHbe peHTHO (asoi.

Ha ceuenuu P:l,o MOKa3aHo, YTO C YBEJIHYSHHEM JIaBJIEHUA MOJIe KpHCTall-

JM33UMH XMMHUECKOTO COeMHEeHHs paclMpAeTcA H B TOUKe J; MOXOAHT [0
KpaiiHe#l cucTembl A—B, rie 3aKaHuMBaeTCH IMHHA CHHIYJIAPHOTO MOHOBAPH-

- - 5
aHTHOTO paBHOBeCHA TPOHHO# cHcTembl. M3oBapuyeckoe ceueHHe PH,O npen-

crapnser OGBIYHYI0 JIHArPaMMy TPOHHOH CHCTEMBI C JBOHHBIM XMMHUYECKHM
coeguHenneM. C MOABJICHHEM XHMHUYECKHMX COEJMHEHHH B JPYTHX KPAHHHMX CH-
cTeMax (WJIH TPOIHOTO XMMHUYECKOTO COS[MHEHHS) TOMOJIOTHS IHAarpamMMm 3Ha-
YHATEJTBHO YCITOKHUTCA.

TpeXKOMINOHEHTHAA CHCTEMA C JBYMA [BOHHbLIMH XHMHYECKHMH COE[IH-
nemusvu. [lpexme 4eM TPHBOAMTE pe3yNbTaThl MONHOTO aHATH32 CHCTEMBI
¢ IBYMsA XHMWYECKHMH COEJTMHEHMAMM, paCCMOTDHM HECKOJIBKO BapHaHTOB
npeobpa3zoBans (a3oBbIX paBHOBECHH, KOTOpbIe, Kak oTMeuaer . A. Cipeii-
Hemakepc [160], MPOHCXOMAT Ha HEKOTOPOM YNarneHHH OT HHBAPHAHTHOH TOY-
ku. [IpuyeM ¢ uenbi JeMOHCTpaluyu Gonbliero pasHoOOpa3HA AHArpaMM B HHU-
e MPHBOJAMMBIX BAPHAHTaX MOCIIE0BATENIBHOCTH NOABJICHHA XHMHUYECKHX cOC-
JIHHeHWH Ha TMKBUAYce OyaeT MEHAThCA.
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Ha puc. 2.14 npuBeeHa auarpaMMa COCTOAHUA TPOHHOM CHCTEMBI C IBY M
XHMHUCCKHMH COCIHHEHMAMH, KOT/1d BTOpO€ XHMHYECKOE COETHHEHHE TTOARBIIA-
€TCA Ha JIMKBHJYCE Ha ONpeseNIeHHOM YHAleHUM OT MepBOH WHBAPHAHTHOI
TOYKH, H Ha 3TOM MHTEpBasle NPOUCXOIAT NMpeobpa3oBaHuA (Ha30BBIX PABHORE-
CHil HAYMHAsA C [aBiieHns ceverus P4,

3pneck (MrypaTHBHas TOYKAa paclulaBa MOMafaeT HAa JIMHMIO (KOHOY)
A—BC, B pe3synsTaTe Yero NOJNHOE MeEpUTEKTHYeCKOe paBHoBecue I3 (C) A+
+BC=H+B swipoxpaerca B papHoBecHe A+BC =X ¢ unpudepeHrHoi dazoi
B. Korga xe ¢ yBenuueHHeM JaBiieHHsl (JMTypaTHBHAfA TOYKA paciuiaBa foma-
paet B TpeyronsHuk A—B—BC, cuHrynsipHOe paBHOBeCHE CHOBA MpeBpalLaeTcs
B TOJIHOE, HO TeMepb OHO CTAHOBHTCA IBTEKTHYECKHM lo (C) A+B+BC=X u,
KpOMe TOTO, MOABJACTCA CEUIOBMHHas Touka e (Touxa Bau-Peitma) — jpoii-
Hast 3BTeKTHKA cucTembl A—BC (puc. 2.14, ceuenme P5). Ha P—T npoeximu
B3aHMOIIOJIOXKEHHE JIMHUIA ITHX PaBHOBECHH MMeeT aHanoruw ¢ P-T npoexuuei
ABOMHOH cHcTeMbl (puc. 2.10) : JIMHUA NepUTeKTHYECKOTO paBHOBecus /3 (C)
A+BC=7X+B 3akanuBaercs B Touke S — A+BC =K, a u3 Hee BBIXOUT THHUS
IBTEKTHYeCKOTro paBHOBecHH /o (C) A+B+BC =K u nuHuA ceIJIOBUHHON TOY-
kil ¢ — A+BC =K. [leficTBUTENBHO, TeMITePaTy pHBIl MAKCHMYM TNOrPAHUYHO#
mHHMM Mexay noinaMu ¢a3 A u BC npuxoaurcs Ha MepHTEKTHYECKYI0 TOYKY
P; (cesenme P*, puc. 2.14) , KOTOpas paclioNaraeTcs HWKe Mo TemnepaType oT-
HOCHTE/IBHO MeTacTabunbHOH ABOAHON 9BTeKTHKH A—BC, momo6HO cKpbiTOMY
MaKCHMYMY B JIBOWHOM cHcTeme. M ceyioBUHHAA Touka e’ Bcerja HaXOOHTCH
BbIlli¢ MO TéMIepaType OTHOCHTENBHO TPOHHOH 3BTeKTHKH Ep, Tak Xe Kak M
OTKPBITBIi MaKCHMYM B [IBOHHOH cucTeme. JlaXke BHeIUHe ceyeHHe BAOIIb IB-
TeKTHKIeH OT cTopoHbl A—B K cropoHe A—C (uepes touku Ejg v E;) moxoxe
Ha u3obapuueckoe cevenue P° BoiiHo# cuctemsr (puc. 2.10).

B cBA3M c BBIlLIECKA3aHHBIM CIIEIYeT eule pa3 MOUePKHYTh pa3fIMuHe Medx-
ny ¢asoBor accoumanxedl u ¢aszoBbIMH peaKUMAMH JaHHOM accoumanuu. Kak
GbITO MOKa3aHo, OfHA M Ta Xe dazosan accoumauus (C) A+B+BC+XK yuactpy-
eT B ABYX ¢a3oBbix paBHOBecunx: /3 (C) A+BC=X+B u ;4 (C) A+B+BC=
=K. XoTs nuHHM ITHX paBHOBECHH HMEIT OfUHAKOBOe 0603HaueHue (C), Tem
He MeHee OHM He MOTYT CYMTAaThCA JTYYaMU OJHOW JIMHHH, IOCKOJIBKY OTpPaKaT
TIPHHIMITHATIBHO pa3Hbie PaBHOBECHA, TPaHUIIA MeXY KOTOPbIMU NMPOXOJMT I10
BbIPOXIEHHOMY PaBHOBECHI0, H30GpaxkaeMoMy ToukoH Ha P—T npoexuun (He
yTaTh C TOYK O Neperd6a ogHON IMHUH B MaTeMaTHKE) .

C mosiBieHHEM Ha JIMKBHIYCE BTOPOr0 XMMUYECKOrO COEMHEHHA MOHOBA-
pHaHTHOe 4eThipex(a30BOe paBHOBeCHE NMpeBpauiaercA B MATHGA30BOE HOHBA-
puanTHoe. Ha P-T npoeximu 3TOT MOMEHT H306paXkaeTca TOUKOH NMepeceyeHns
MHKBH/YC-COTMIAYCHOH JIHHHM C JTMHMEH pa3/iokeHUsA—oOpa3oBaHHA XHMUYe-
cxkoro cocnuHenusa AB. Ilpu moctpoenun muarpaMmbl reoMeTpuYecKHM MeTO-
AOM MOTYT BO3HMKHYTh 3aTpYJHCHHSA: NepeceueHue ¢ KAKOH JIMKBUIYC-COJIH-
[yCHOHM JIMHHEH J[laeT WHBADHAHTHYI0 TOYKY, NMOCKONBKY Ha P-T mpoexkuuu
TPY[IHO ONpeJIENTHTh KaKHe TMHUM MepeK pelHBalTCA, 2 KaKHe NMepeceKanTca?
JTOMy MOIyT MOMOYH U306apuyecKHe ceyeHHe, KOTOpbIE clleflyeT CTPOMTb Iia-
pannensio ¢ P—T npoekUMAMH, YTO CMOCOGCTBYET B3aHMOKOHTPOJI HUX MO-
CTPOCHHUA.

M3 u3o6apuueckoro cedenusn P° (Hanbonee Gmu3koe K Jy) BHAHO, 4TO MO~
CKOMBKY Mpe/iNonaraeTcsa MOABNeHHE XUMHYecKoro coesiuHenus AB, durypa-
THBHAA TOYKAa KOTOPOro HaXOOMTCA Ha CTOpoHe A—B TpeyrombHHKa A—B—BC,
TO, CJIE[IOBATEJIBHO, ero ($a3a [0JKHA MOABHTHCA B SBTEKTHYECKOH TOYKE 3TOMH
noacucrembl — B Eqq,a Ha P—T npoexuun — Ha nuHuH /; — A+B+BC=X, B pe-
3ynbTare Yero MOoJyYMM HOHBapHaHTHYl accoumaumio J, —A+B+BC+AB+XK.

4 M.N. Jly6poBcKuit ' 49
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Puc. 2.14. P—T npoeKuUHH OHATPAMMEI COCTOAHHSA cHcTeMbl A—B—C ¢ nByms NBOHHBIMM
XMMHYeCKHMH coellMHeHuamMH BC u AC; npencrasmeH cnyuait, Korja mocne MOABCHWUS
Ha nuKBUOyce coenuHerus BC, Ho mo nmosBneHHs coenmHeHMs AB, mpoucxonsT dasosbic
npeoGpa3opaHus Yepe3 CHHTyNApHoe paBHoBecHe S — A+BC=K.
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Vi a p e c & 8 p e ¢
Puc. 2.14. (ITpopomxenue) .

Hpyroii cnoco6 ompeieneHUs NONOXKEHHA HHBAPHAHTHOH TOUKH 3aKITIOYA-
€TCA B COMOCTaB/ICHMM (a30BBIX aCCOUMALMI NPENMONONKUTENBHO NepeceKaio-
wmxcA nuHui. Tlpeqnonoxmm, YTo HHBapHaHTHaA TOuKa GyMeT Ha MepeceyeHH:
muumii o OK) AB+BC=A+B+BC u/; (B) A+C+BC =K. Bormicsisaem Bce dpa-
3bl, MMeOLHMECA Ha 3THX JHHMAX: A+B+AB+BC+C+X, B pesynsrate uero no-
JlyuyaeM 1IecTH(}A30BYI0 aCCONMALMIO, CYILECTBOBAHHE KOTOpPO#H HepeabHO.
Jlanee seimackiBaem dasel nuHMi 1 (K) AB+BC=A+B+BC u o (C) A+B+
+BC =X, nonyuwum J, — A+B+AB+BC+X.

Tun ¢asosoro npespamenns B MHBAPHAHTHOI TOYKE PaCIUIABHOMN CHCTEMBI
ONpenenAeTcs no ee conuaycy. Tak, HoHBapHaHTHas accoumauus J; —A+B+C+
+BC+X Haxomurcs B yrny nons ycroiuMBOCTH cy6CONUAYCHOM accoLManuy
A+C+BC, cnenoBatensHo, ¢$a3oBas peakuus HOHBAPUAHTHON ACCOLMAIMH
AOMKHA GbITh Tako#: A+C+BC=X+B. HousapuantHaa accommamus J, — A+
+B+BC+AB+X Haxogurca B yrny nons ycroMuMBOCTH cybconmuycHo# acco-
unanun A+BC+AB, orciona nonyvaem daszosyio peaxmmio J; — A+BC+AB=
=X+B (ceyenue P°%).

Ipn yBenuueHHy NaBleHHs HOHBapHaHTHOe paBHoBecue J, — A+BC+AB =
=)+B npeobpasyercsa B Tpu MOHOBapuaHTHEIX: [, (B) A+AB+BC =X — 38-
TeKTHYeckoe, /g (A) AB+BC=)X+B — nepurextnueckoe u Iy (BC) AB+XK=
=A+B+X — cunrynspHoe, NOABNAETCA NONE KPUCTAUIH3ALMH XHMHYECKOTO
coenuHeHuA AB u noncncrema B—AB—BC. C panbHeiinmMm yBennyeHHeM [aBiie-
HUA NONE KpUCTaUH3auuu AB pacumpsercs, THHMS CHHTYJIADHOTO paBHOBe-
CHA 3aKaHUMBAETCH B Jo g, OCTAIOTCA TONIBKO TPH JIMHHK COOTBETCTBYIOLMX PaB-

HOBECHH, IPHHAIVIEXAIMX TpeM NofckcremaM (puc. 2.14, ceuenye P7).

Ha puc. 2.15 npepicTapiieH BapHaHT IMarpamMmbl 15 CITy¥ast, KOTAAa BTOpOe
XHMHUECKOE COeHHEeHHEe MOABIIAETCA Ha IKKBUIyce 10 Npeobpa3oBaHus nepu-
TeKTHYECKOro paBHoBecks /3 (C) A+BC=)K+B B aBTeKkTHUYeCKO® (ceueHHe £9,
B 310M cntyuae ¢ noBsiilleHMeM JaBIIeHNs HOHBapHaHTHOE paBHOBecwe J, — A+
+BC+AB=)+B npeoGpasyercsi B TpH MEpUTEKTHYECKHX, IPE/ICTABIIEHHBIX HA
u306apuueckom ceueHun Toukamu P;, Py u Py, u3 KOTOpBIX MEPBBIE 1B ABJIA-
H0TCA ODBIYHBIMM TOUKAMH [BOHHOTO MOJbBEeMa, a TpPeThl — TOUKOMH JABOHHOTO
crmycKa, oryam:oman CHHTYyNApHOe paBHOBecHe lo (BC) AB+XK=A+B+X
(ceverme P*, puc. 2.15). Ilpu mansHeiiiem NOBBIIEHUH aBIIeHHS pacimpser-
A mojyie KpHCTA/UIM3auuH dassl AB BrioTs 10 cropoHsl A—B, rue 3akaHuuBa-
ETCA JINHMSA CHHTYNISApHOTO paBHOBecHs. [Ipu nocnemywomem ynaneHuu ot HHBa-
PMAHTHOH TOUKH J, IIPOMCXOMT MpeoGpas’oBaHKe MePHTEKTHUECKOTO PaBHOBe-
cus I, (B) A+BC=)K+AB uepes cunrynapuoe S — A+BC=X B sBTexTHue-
ckoe ljg (B) A+AB+BC=X. [lpu eme Gonslem JaBieHHH BO3MOXKHO npeot-
pa3OBaHHe MEePUTEKTHUECKOro paBHoBecus /g (A) AB+BC=X+B B s8rexTuuc-
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yalt, Kora coefiMHeHHe AB noABnAeTcs Ha NTMKBUHAYCE B ,,4yxoH " noacucreme.
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Puc. 2.15. (Ilpopomxketue) .

ckoe B+AB+BC =X, xorna Touka Py u3 tpeyronsiuka A—AB—BC uepes cuH-
rynsapHoe paBHoBecie AB+BC=)K mnepemecrurca B ,,CBOR’ TpeyroibHHK
B—AB-BC.

Y, nakoHeu, Ha puc. 2.16 npencrasieH Haubonee MPOCTOH BapHaHT, KOTTia
WHBapHaHTHas TOYKA MOABIAETCA B MOMEHT IIONAaJaHNA MEPUTEKTHKH HA CHH-
ryJifpHyl0 TOUKY NpH MepeXofe B CBOI mopcucTeMy. OueBHIHO, YTO peanu3a-
1WA TAKOTO BapHaHTa MMeeT MAlyl0 BepOATHOCTb, TeM He MeHee [IJIA MpOCTOThI
[IMarpamMm OH Yaiue JpyTHX MCIONb3yeTCA MpH NaNbHEHIIHMX MOCTPOEHHUAX.

[Tocne kpaTkoro 0630pa BO3MOXHBIX BapMaHTOB ¢a30BLIX Npeobpa3opa-
HUH, CBA3AHHBIX C TMOABJIEHHEM Ha JIMKBHAYCe BTOPOTO XMMHYECKOr0 COe/IuHe-
HHA, lpHBe/leM pe3ylbIaThl Goliee NONHOIO reOMETpPHYECKOro aHanu3a dgaso-
BbIX NpeBpaLIeHHH B TPOHHONH pacluIaBHOMH CHCTeMe C ABYMSA [BOHHBIMH XHMH-
YeCKMMH coelHHeHMAMH. B ¢a30BbIX peaklMAX TAKOH CHCTEMbl NMPUHHMAET
yuactue 1uects ¢as: A, B, C, AB, AC u X, otcroma n=3+2—6=—1, 1. e. gan-
Hasi CHCTeMa FABIIAETCA MYJIBTHCHCTEMOH C OJHO# CTeNeHbio CBOGOAbI (MIIM
O/IHOBAapHAHTHAA MYTNBTHCHCTEMA, Mo B. A. Wapukory) . Uucro v cocTas Teope-
THYECKH BO3MOJXKHBIX TOMONOIHYeCKHX 3JIEMEHTOR [HAarpaMmbl COCTOAHHSA CH-
cTeMbl OYIyT cllefyIonme :

" 5
1) wicmo HOHBAapHaHTHBIX NATH(DA30BBIX accoudauuit pasHo Cg=06:

J, (AC) A+B+C+AB+XK; J, (AB) A+B+C+AC+K;
J;(C) A+B+AB+ACHK; J,(B) A+C+AB+AC+X;
Js (A) B+C+AB+ACHK; J, (K) A+B+C+AB+AC;

2) uMCIO MOHOBAPHAHTHBIX YeTbIpex()a30BbIX ACCOLMAIMA PaBHO Ce=15:

I, (AB, AC) A+B+C+X; 1, (C,AC) A+B+AB+X:; I, (B,AC) A+C+AB+X;
I,(A,AC) B+C+AB+X; 1, (C,AB) A+B+AC+X; I (B,AB) A+C+AC+X;
(A, AB) B+C+AC+X; 1,(B,C) A+AB+AC+X; [,(A,C) B+AB+AC+X;
I, (A,B) C+AB+AC+X; 1, OK,AC) A+B+C+AB;  1,, OK,AB) A+B+C+AC;
1, OK,C) A+B+AB+AC; 1, (OK,B) A+C+AB+AC; I,5 (K, A) B+C+AB+AC;

3) uMcno IMBapHAHTHBIX TpeX(da30BbIX MMOJIEH paBHO C:=20:
1 — A+B+K; 2 — A+CHX; 3 - A+ABHK; 4 - A+ACHK; 5 — B+C+XK;
6 — B+AB+XK; 7 — B+AC+X; 8 — C+AB+XK; 9 — C+tAC+HK; 10 — AB+ACHK;

11 — A+B+C; 12 — A+B+AB; 13 — A+C+AB; 14 — B+C+AB; 15 — A+B+AC;
16 - A+C+AC; 17 — B+C+AC; 18 — A+AB+AC; 19 — B+AB+AC; 20 - C+AB+AC.
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Cnenyer oBpaTuTh BHHMaHHe HA TO, 9TO (ha3oBbIE ACCOLMALMH JIMKBHJLYC:
COJIM/TYCHBIX HOHBAPHAHTHBIX TOYEK MOXHO MOMY4HTDb TpuGaBneHueM dasn K
K COOTBETCTBYIOUMMM ()a30BBIM ACCOLMAIMAM CyGCONHMIYCHBIX MOHOBapHaHT-
HBIX JIHHMIA, 3 A30BBIC ACCOLMALMH JIHKBHLYC-COH/LY CHBIX JIMHHH MOJTyYaloTCs
npuGasnennem dasni XK x GazopbiM acconmauuam cyGconUyCHBIX TONeH.

CrnenoparesHo, IJIA NOCTPOEHMA OUArpaMMel COCTOAHHMSA PacIUIaBHOH CH-
cTeMBl, B KOTOpOIl yYaCTBOBaJIH Gbl BCE TEOPETHYECKH BO3MOXKHbIE HHBAPHAHT-
Hble TOYKH B CTAGHIILHOM COCTOSHMH, HEOGXOIMMO TaKoe MoJIoxKeHHe cybcomu-
OyCHBIX TOJied W TMHWA, 9T0Obl OHM MEpeceKaIuCh COJMIYCOM CHCTEMBI, YTO
NpaKTHYECKH HEBO3MOXHO Jiake B TeopeTHueckux mopensx. OuesmmHo, uto-
KOJIMYECTBO JIMKBHIYC-CONMMIYCHBIX HHBAPMAHTHBIX TOYEK M HMX (ha30Bbli CO-
CTaB 3aBHCAT OT B3aMMOMNOJNOXKeHHA Ha P—T mpoeKuuH cyGCONMIYCHBIX M CO-
NUIYCHBIX JIHHHH, TO3TOMY aHANMH3 CHCTeMBI CleflyeT HauMHaTh ¢ cyGconmayc-
HOTO MmyyKa.

CyGconumycHas WHBapHaHTHasA touka J; — A+B+C+AB+AC no pacmosno-
eHH1o (pUrypaTHBHBIX TOYeK cocTaBa da3 (puc. 2.17) Ha KOHIEHTPALUHOHHOM
Tpeyronsauke oThHocHTcA K tHNy III-13, mo xnaccuduxamau B. B. lomupo-
Jo6posonsckoro [46]. B Heli mepecexaloTcA TpH JIHHHW: OJHA JIMHMA Mpe[-
craBnser coGoii monHoe papHoBecue /5 (A) B+AC=AB+C, a nse npyrux —
cuHrynsApHble paBHOBecHd AB=A+B u AC= A+C, kotopsie ABJIAWTCA OABO-
sKoHanpasJieHHsIMH [160] . JIns ueneii Gpu3MKO-XMMMYECKOr0 aHATIM3a ITH [IBe
CHHTYTISIpHBIE JIMHMM clieflyeT H300paxaTh ueTblpbMs, KOTOphIE BynmyT OTpa-
aTb BBILLENPUBEIEHHBIE CHHTYIIApHEIE PABHOBECHA C ABYMSA WHMGeEpEHTHBI-
mu dasamu: [, (AC) AB+C=A+B+Cul;; (C) AB+AC=A+B+AC; /1, (AB)
AC+B=A+C+Bulys (B) AC+tAB=A+C+AB.

B3auMononoxeHHe MOHOBapHaHTHBIX JIMHHA CyGCONMAYCHOIrO Myuka Ha
P—T npoexupy MOXeT HUMeTh HeCKONbKO BapHaHTOB. COOTBETCTBEHHO 3THM Ba-
pHaHTaM B cHcTeMe OYQyT MOABIATHCS PasiuuHbIE JIMKBHIYC-CONMHIYCHbIE (a-
30Bble NpeBpamenns. Hike paccMaTpHBanTCa BapHAaHTh! BIMAHMA HA (a3oBbie
PAaBHOBeCHsi AaBJIEHHs BOMBI, IPH KOTOPOM GONBIIMHCTBO CONMAYCHBIX JIMHHIA
HMEIOT OTPULATENbHBIA HAKIIOH.

Bapuaut la. Pacnonoxum myuok Jg HaPH,O_T MpOEeK MK TAK, 9T0OBI

Ny CHHTYJSpHBIX paBHOBecH# Iy M li4 (muHEH 06pa3oBaHUA—pPa3OKEHHA
XHMHYeCKHX coemuHermit AB u AC) umenu TNONOXMTENbHbIA HAKIIOH H GbUIH
HanpagJeHs! B 0GnacTh GONBUINX 3HAYCHUH PH oH T, a ocTanbHble — B 0611aCTh

2
MEHBLIMX 3HAYeHMH Temmepatypbl (puc. 2.17). Torga Ha onpeeneHHOM yqarne-
HHH OT Jg, B Mosie BoJiee BBICOKHMX 3HAYEHHH PH ol T, paanuuHbie TBeproda-
2

30BbI€ ACCOLMALMH PACCMATPUBAEMON CHCTeMbI HAYHYT IUIABHTBCA H COOTBETCT-

BYIOIIMe accolanuu oOpa30oBbIBaTh MOHOBADHAHTHbIE paBHOBECHA, W306pa-

xaembie Ha P, o~ T NMpOCKIMH THHUAMH. B pesynsrate nepecevyeHHs 3THX JTH-
2

HUT ¢ CyBCONMAYCHBIMH CHHTYIIAPHbIMH NIMHHAMM [y, W [;4 0OpasyloTcs WHBA-
puaHTHble TOuKH. [lepBas HHBapHAHTHAA TOUKA, B KOTOPO# NPHCYTCTBYET NATH-
tdaszopan accommauus J; (AC) A+B+C+AB+X, obpasyercs npu mnepeceyeHHH
I, (AC, X) AB+C=A+B+C c nunmueii 3BTeKTHUECKOro paBHOBecus [/, (AB,
AC) A+B+C=X.

lpn ysemuuermu Py, , HOHBADHAHTHOE pPaBHOBECHE J; npeobpasyercs

B TPH MOHOBAPHAHTHBIX: 114 (A, AC) B+C+AB=X — nomHoe 3BTEKTHYECKOE,

Puc. 2.16. P—T npoexknus U W3obapuyeckue NPOCKUMH [HATPAMMbI COCTOAHHS CHCTEMLI
A - B—C ¢ nByMA NBOMHEIMH XHMHYECKHMH coeMHerHAMH BC -1 AB- npencrasien cnyuait,
KoI7Ia coelMHeHne AB nosBnseTcs Ha JIMKBHAYCE B CHHTYNApHOH Touke S — A+BC =K.
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Puc. 2.17. PH o~ T npoexuHA H H306apuyeckue NPOSKIMH NHATPAMMbI COCTOSHHS CHCTe-
1
Mbl A—B—C ¢ ABYMA NBORHBEIMH XHMHYeCKHMH coenHHeHHAMH AB u AC; papuanrt la.

I3(B, AC) C+AB=)K+A — monHoe nmepurexTHyeckoe u I, (C, AC) AB+X=

=A+B+)X — cuurynapuoe nepurektmueckoe. Ha H300apHYecKOM CeucHUK

P:{ o (prc. 2.17), xOTOpOEe HAXOMMTCA HECKONBKO BBILE MO JABIEHHI0 J
2

AR>
110K a33aHbl TOYKH TOJIBKO MOJIHBIX PaBHOBECHH.

SO



Puc. 2.18. PH,O*T NpoeKUMA | n3o6apudecKHe MPOCKLMH JHArPaMMbl COCTOSHHA CHCTE-
bl A—B—C ¢ IByM#A NBOMHEIME XHMHYeCKHMH coelHeHuAME AB 1 AC; BapuaHT 16.

Bropas uiBaphanTHas touka Jy (B) A+C+AB+AC+X nossnaerca npu me-
peceuetin uHMH /14 (B, )K) AC+AB=A+C+AB c nuHHed NEPHTEKTUIECKOTO
pasHosecus /3 (B, AC) AB+C=X+A. Jina mpocToThl NPHHAMAETCH, YTO ITO
TnepeceyeHe NMPUXOIMTCA HA CHHTYNAPHYIO TOUKY S — C+AB=X (cevenue
P;i,o’ pHc. 2.17), B0 KOTOpOit AOXOAMT NePHTEKTHYECKOE paBHOBeCHe /3 TpH

yBeiusernn Py . U3 TOUWKH J; BBIXOJAT TAKoKe TPH JIMHUH, KOTOpbIE OTpaxa-
2

joT JiBa MONHBIX paBHOBecus: [)g (A, B) C+AB+AC =X — 3BTeKTHYECKOE H
Iy (B, C) AB+AC=X+A — nepuTeKTHYECKOE H OJTHO CHHTYJIAPHOE NMEPHTEKTH-
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seckoe — lg (B, AB) AC+HX=A+C+X. C nossneHneM Ha TMKBHILYCE XMMHUC-
ckoro coeguHennsa AC u3 nopcucrembl A—C—AB o6Gpa3oBanock aBe NoacHcTe-
mbi: A—AB—AC u AB—AC—C 1 Bcero cTajio Tp4 NOJCHCTEMBI, TPH YeThIpexga-
30BbIE TOUKH H MATh NOJIel KPUCTANIN3aIHY (ceyeHne P;-I,O’ puc. 2.17).

Ipn nanbHeiuiem yBenuyeHuu Py  MOTYT NPOU30HTH (asoBeie NpeoGpa-
2

30BaHMA, HO HOBBIX CTAGKUJIbHBIX HHBADHAHTHBIX TOYEK H XMMHUECKHX COEIMHE-
HUi He MOABHTCA.

B 370M BapHaHTe BO3MOMXHO CYIUECTBOBAHHE METACTabMIIbHbIX HHBAPHAHT-
Hbix Touek J (AB) A+B+C+AC+X u J5(C) A+B+AB+AC+XK, nonoxenue
KOTOPBIX ONpefeNAeTcs MNepeceyeHHeM MeTacTaGHIbHBIX Myued JMHMi /5 (K,
AB) AC+B=A+C+B u /; (AB, AC) A+B+C=K, ;5 0K, C) AB+tAC=A+B+
+AC u I3 (B, C) AB¥AC=X+A coorercrBenHo (puc. 2.18). UHBapuaHTHas
touka Js (A) B+C+AB+AC+X MOXeT MOABHTBCA Ha HeONpeJeNeHHOM HHTep-
Bane PH, o

Bce omicanHbie da3oBble NpeBpamIeHHsA MPOMCXOOAT B CHCTEME TPH YCIIO-
BHM, YTO XumMHYecKHe coemHeHHs AB u AC uMerT nepHTeKTHYECKHE B3aHMO-
OTHOILEHHA C KOMIIOHEHTOM A M 3BTeKTHYeckHe — ¢ KommoHeHTamu B u C.
Tun ¢aszoBbix nMpeBpaileHHi ¢ M3MEHEHHEM B3aHMOOTHOLUCHHH XMMHYECKHX
COe[IMHEHMH C HCXOOHBIMH KOMIIOHEHTAMH MOXET HM3MEHHTHCA BO MHOIMX
PaBHOBECHSAX.

BapuaHnrt 16. Ha puc. 2.18 mpusenena guarpamMma COCTOAHMA CHCTe-
MBI, KOI7Ia XHMHMYecKoe coefuHeHHe AB Ha onpelie/ileHHOM HHTEpBAlE [aBiie-
HiA 06pasyer IBTEKTHKY M C KOMIOHEHTOM A, U ¢ KoMnoHeHToM B. ITpenmo-
naraercs, 4ro J; noABnfAercA B cuHrynapHoi Touke C+AB=X, B pesynsrarte
¥ HOHBapHAaHTHAA accolMamuA J; TpeBpallaeTcA B CHHIYJIADHOE PABHOBECHE —
AB+C+X=A+B+C+)X. Torna c ypenuuenuem JaBlieHHsA, KaK ¥ B Nofo6HOM
BapHaHTe [JBYXKOMIIOHEHTHOMN cuctembl (puc. 2.11), 370 CHHTYNsApHOE HOHBa-
pHaHTHOe paBHOBecHe MpeoOpasyercs B [ABa OMHOTHIHBIX IOJHBIX MOHOBApH-
anTHBIX paBHoBecus: [, (A, AC) B+C+AB=X u /5 (B, AC) A+C+AB=X u
opHo cuHrynapuoe — Iy (C, AC) AB+X=A+B+X. W agecs nponcxomur kak
6b1 Hapyluenne npasuna CkpeliHeMakepca, HO YYHThIBaA BbIPQXKIECHHOCTh HOH-
BAPMAHTHOrO PAaBHOBECHS, CIIEAYeT TAKHE CIIy4aH OTHOCHTb K HCKITIOUYEHHIO H3
npaswia. MHBapuanTHoe paBHOBecHe-myuek J; (B) C+AB+AC =K+A mosBna-
eTCsi B CBOEH MOJICHCTEME H XADAKTEPH3YETCA HaJTHaMeM 5u:;ﬁwmmx JIMHHA MO-
HOBapHAaHTHBIX paBHOBecHHA (puc. 2.18, ceveHusn PH,O H PH,O)'

Cnemyer OTMETHTh, YTO (pa30Bbie NMpEBpaLICHHA U TOMOJIOIUA JHArpaMM,
ocobeHHO u300apuueckux ceveHuit puc. 2.17 u 2.18, HMeWT NMOYTH NMOJHYI0
aHATIOTHIO.

Bapuant 1B. Heckonbko uHbie ¢a3oBble MpeBpalIEeHHs MPOHCXOAAT
B CHCTeMe, KOT]da XMMHYeCKoe coemuHenne AB nmeer ¢ komnoneHrom B nepu-
TEKTHYECKHE, 3 C KOMIIOHEHTOM A — 3BTEKTHYECKHE B3aHMOOTHOLLUEHHUS, YTO
OTpa)kaeTcA W Ha TOMONOTrHH AwarpamM (puc. 2.19). Tem He meHee dasoBbie
acCOLMAIMH HOH- H MOHOBApPHAHTHBIX PEAKIMH BO BCEX TpeX CIIYYasiX OCTaloTCA
OJHMMH H TeMM e, MEHAeTCH TOJbKO THII MIpeBpalieH s : 3BTEKTHYECKOE Tpe-
obpa3yeTca B nepuTeKTHYeCKOe H HaoBGopor. Ocraercd HEH3MEHHBIM MOPALOK
TPHaHTYNAUMM H THI HOJCHCTEM, UTO OINPpEJiEIAETCA MOPANKOM MOABJICHHA
XMMHYECKHX COeTMHEHWIl Ha JIHKBHULYCe.

WUrak, BO BCEX Tpex BapHAHTaX M3 MATH CONMAYC-THKBHIYCHBIX HOHBAapH-
aHTHBIX aCCOIMAIMi B (Pa30BBIX PABHOBECHAX NPHHMMAKT YYACTHE TOJIBKO [1Be
crabunbHble accouuanuy J; H Jy ¢ COOTBETCTBYIOIMMH MOHO- H [IHBAPHAHTHBI-
MM aCCOLHMALMAMH.
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Puc. 2.19. Py o—T TpOeKUHA H n306apuuecKHe MPOEKIHH AHarpaMMel COCTOAHHSA CHCTe-
mbi A—B—C c nBymA NBOHHEIMH XHMHMYeCKHMH coequHeHMsAMH AB H AC; BapuasT lB.

Bapuaut Ir. B ommume or Bapuantos la, 16 u 1B B JTOM BapHaHTe
MHHS TIONHOrO MOHOBapHaHTHOTO paBHOBecHA ns (K, A) B+AC=AB+C
MMeeT TOJIOXNHTEIbHBIN HAKIIOH M ee CTabGHIIBHBIA JTy4 HanpaBjieH B obnacts
BONMBLIMX 3HAYCHHH PH,o u T, B pe3y/bTaTe Yero 3Ta JIMHUA MOXET GbITh Nepe-

CeveHa COJMIYCOM CHCTEMBI WITH, HHBIMH CIIOBAMH, PEATH3YeTCA BO3MOXKHOCTD
NOAB/EHUA NAHHOH ACCOLMAIMH HA JIMKBHAyce ¢ 0GpasoBaHHeM HOHBapHaHT-
Hoii accompamuu Js (A) B+C+AB+AC+X (puc. 2.20). Ho mpexue momkHbi
Npou30iiTH ONpe/iesieHHbie Ppa3oBbie NMpeoGpa3oBaHuA.
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Puc. 2.20. ‘PH,O_T npoexuus U H306apHUeCKHe NPOEKUMH AHArPaAMMLI COCTOAHHA CHCTe-
Mbl A—B—C ¢ aBymA IBOAHBIMM XMMHMueCKHMH coenuHenuamu AB u AC; BapuaHT ir.

Ha wu3obapuuyeckoM CeYeHHH P; o (puc. 2.20) (¢pasoseie MpeBpaieHHs
2
[IAHHOTO BapUaHTA [0 CeueHs P},  AHATIOTHWHbI TAKOBbIM BapHaHTa la) Buz-
2

HO, yto mons ¢a3 B u AC, Bxoaaumx B HOHBAPHAHTHYIO ACCOLMALNIO Js, 0TOE-
neHs Apyr oT Apyra. CrefoBaTebHO, ITH (asbl OKaXyTes B Js TOrna, KOr/a
UX ToNA Kpucraumzaumk cOnusaArca. [Ipomecc cOMMKEHHA CIIOXHO NMOKA3aTh
Ha u306apUUECKHMX CeYeHHAX M3-3a MX JUCK PeTHOCTH, HO OH XOpoLIo H306paxa-
ercsA Ha H,O—T NpOeKIH, e MOHOBAapHAHTHbIEC JIMHUM /4 (IBTeKTHYECKASA

touka E; Ha u300apHyecKoM CeueHHH Pf_ho) H lp (9BTEKTHYECKAaA TOUKA

Eio, 2 3aTeéM NePUTEKTHKA Pjy) TMOCTENMEHHO CXOJATCA /10 NepeceyeHHs B TOUKE
Js , K KOTOpO# IOIXO/AT MOHOBAPHAHTHAA THHUA /;5 . ITOT MOMEHT H306paxeH
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TAKKC HAa M306apHYECKOM CeYeHHH P; o (puc. 2.20). Cnenyer oGpaturs BIM-
2

MaH{e Ha OJTHY 0coGeHHOCTB Js, OTpaXKeHHYI0 Ha JTaHHOM CEUYCHHHM, — 3TO COCy-
ecTBOBaHue B HeH a3 ¢ mepeceKaniMMUCA KOHOIAMH, KOTOpBIE B TAKOM
cryuae W306paXaloTca MyHKTHPHBIMA nuHusaMH. [locie 3TOro MOMeHTa TPOKC-

XOIIMT U3MEHeHHe TpHaHrynaumu (cM. ceueHue P), _, puc. 2.20), YTO CBA32HO
pHaHry. H,0° P

¢ u3MeHeHHeM poni a3 xumuyeckux coemuHennd AB u AC B dasosbix mpe-
ppaleHusax cucremsl. Temepb ponmb a3l AC ycununachk: OHa yuacTByeT BO
BCEX TpeX MOHOBAPHAHTHBIX PEaKUHAX, 2 pa3a AB — TonbKO B ABYX.

Ha BO3MOXHOCTb M3MEHEHHA TPHAHTYJIALMH B TPEYrOJIBHHKE COCTaBOB
B CBA3M C M3MeHeHMeM BHEINHMX (akTopos cocrosnua ykassan [I. C. Kop-
suHckui  [93]. OH o6bACHAET 3TO YMeHBIIEHHEM TePMOOMHAMHYECKOTO TIO-
TEHIMANA COOTBETCTBYIOWEH ¢asbl, KOTOpaA pacUMpAeT CBOE MONe KPHCTAIUIH-
3a1MK W HAYMHAET ,,lIPOHUKATL " BO BCE PaBHOBECHA.

HanbHeiiliee M3MEHEHHE PH:O B paccMaTpuBaeMOM HHTepBasc 3HAUCHHH

He TIPUBOJIMT K MOABJICHNI0 HOBBIX (ha30BBIX ACCOUMANMH.

Takum o6pa3zom, B (a30BbIX IPEBPAIICHAAX 3TOr0 BapHaHTa MPHHHMAIOT
Y4acTHe TONBKO TpH CTaGW/IBHBIX HOHBAPHAHTHBIX accoumaiyu: Jy ,Js uJs. na
NOABJICHHA CTaBHIIBHBIX HOHBAPHAHTHBIX accolmanui J, 1 J; TpeGyercsa mepece-
YeHHe CONTHILYCOM CHCTeMBI CTAOMIIBHBIX JTyveldt JIMHHHA [y; U [13.

Bapuaut 2a. Ecmn myuek Jg pacnionoxuts Ha P—T npoexumu TaK, 4ro-
GBI CTaGMIIBHBIE JTyuM JIMHHI /i, ¥ /i3 WMENH TONOXMTEbHBIH HAKIIOH H GbUIH
HarnpasiieHsl B 0B/1acTh Goree BRICOKHX 3HAUCHMI PH10 u T, a myun oCTaIbHBIX

JMHME HanpaBlieHbl B 06JIacTh HU3KHX 3HaueHMd T, TO monyuwim obpaieHHbIR
NMyYeK OTHOCHTeNBHO Myuxa BapHaHTa la (WM 3HaHTHOTpOMHBI mo [302]),
B KOTOpOM JIMHMA pa3foxeHuA—0GpasoBaHUA XMMMueckoro coepuHerus AC
pacrioiaraeTcs HIKe IO JaBJIEHHIO OTHOCHTEbHO JIMHHH XHMHYECKOTO COeMlH-
HeHua AB. Bnaropaps TakoMy MOMOXKEHHIO JTIMHMM 13 1 /{3 XHMHYECKOE COeIH-
Herne AC MOABUTCA HAa NHKBHAYyce paHsiue, yeM AB. I'paduueckn 3TO BIpa3UT-
CA B TOM, YTO 3BTeKTHYeckasa muHus /s (AB, AC) A+B+C =X pansiuie nepece-
yer yMumI0 /;, (K, AB) AC+B = A+C+B c obpazopanuem HOHBAPMAHTHOH acco-
wiamyu J, (AB) A+B+C+AC+XK (puc. 2.21). Moment oGpasoBaHus J, H3o0-
OpakeH Takke Ha H306apHUECKOM CeYeHHH Plz-r,o (puc. 2.21),roe HaMeueHa KO-

Hopma B—AC, pasjie/ifwowas OCHOBHOI TpeyronsHuK cucrembl A—B—C Ha iBa —
nopcucreM A—B—AC u B—AC—C.

Tpu noBbILEHHM [ABJICHHS HOHBapHaHTHOe pasHoBecue J; — B+C+AC=
=)X+A npeoBpasyercd B TpM MOHOBAapHaHTHbIX: /; (A, AB) B+C+AC=X,
Is (C, AB) B+AC=)+A. u cunrynaptoe Is (B, AB) AC+X=A+C+X, none
KPHCTAIUTH3A1MHE XMMHYeCKOro coeHerua AC paciuMpAeTC.

DNanee npu nepecevermy muinu [s u 13 0K, C) AB+AC= A+B+AC noss-
JIAeTCA TOuKa, OTpakaiolas HoHpapuaHTHoe paBHoBecue Ji (C) B+AC+AB=
=¥+A. Ha ceveruu P:{,o (puc. 2.21) noxasaHo, YTO 3TO MepeceveHHe COBIA-

NaeT ¢ cHHrynapHeiM paBHoBecHeM B+AC=JK, B pe3ynbrare HOHBapHaHTHOE
paBHOBecHe Takke Gy/IeT CHHTYIAPHBIM ¢ MHIHepeHTHbIMH dazamu AB u A.
Tem He MeHee IIpU [aJbHeALIEM MOBLILEHHH JaBIeHHA paBHOBecHe J3 Mpeob-
pasyeTcs B TpH MoHoBapuaHTHbIX: Iy (B,C) AB+AC=K+A,ls (A, C) B+AB+
+AC=X u cunrynsaproe I, (AC, C) AB+X=A+B+X, monoxenye JIMHHI KO-
TOpbIX M ()a30Bble PeaKLMH Ha HMX MOUMHsIOTCA mMpaswty CkpeiiHemakepca.
O6uas cucrema Terepb pasjienieHa Ha TPH TIOJICHCTEMBI, YeTbipexda3osbie Tipe-
BPAICHAS KOTOPBIX OTPAXKAKTCA COOTBETCTBYIOLIMMH PABHOBECHAMK: B 1O]1-
cucreme B—AC—C — pasHopecuem E,, B mopcucreme B—AB—AC — pasione-
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Puc. 2.21. Py O—T npoexuuA U n3oBapuueckue MPOSKUMH AMATPAMMEI COCTOTHHA CHCTE-
2
mbl A—B—C ¢ OByMsA ABOHHBIMM XMMHYeCKHMH coenuHeHnsmH AB u AC; papuauT 2a.

62



Puc. 222, PH,O'T NpOeKUMA H H300apuuecKHe NPOEKIMH AHATPAMMBI COCTOSHHA CHCTC-
Ml A—B—C ¢ 1Bym#A OBOHHEIMH XMMHUYECKHMH COCOMHEHHAMH AB H AC; Bapuaur 26.
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cieM Eg u B nopcucreme A—AB—AC — pasHoBecnem Py. Ha untepsane nasne-
HusA, H306paXkeHHOro Ha puc. 2.21, yke He mpowcxoaAT ¢a3osbie npeobpazosa-
HHs W TeM Bonee He MOTYT NMOABUTLCA CTaGHITbHBIE HOHBAPWAHTHBIE PaBHO-
BECHSA.

Bapuaut 26 (puc. 2.22). B 3TOM BapHaHTe, KaK U B BapHaHTe 1T, Jid-
HMA MOHOBapuaHTHOro papHopecus lis (0K, A) AB+C=AC+B umeer nonoxm-
TeNbHBIH HAaKJIOH M ee CTaGHIbHBIA Jyy HanpaBneH B 06nactb 6olee BbICOKHX
3HaYeHUH PH,O u 7. Bnaropgaps 3TOMy NpH ONpe/ieleHHOM PH,O OHa nepece-

KaeTcs CONMMAYcoM cucTeMsl ¢ obpasosannem Js (A) B+C+AB+AC+X. Ho no
3TOro MOMEHTa, YTo6bl B J5 MOTJIH CONPHKACATBCA MOJIA KPHCTAIUTH3AIMY YKa-
3aHHBIX B accoumanmuy ¢a3, B cucTeMe JOMDKHBI NPOM30ATH (asopbie npeobpa-
30BaHHA, CXO[HBIE C ONMMCaHHbIMM B BapuaHrte Ir (puc. 2.20) : MOHOBapHaHT-
Hoe IBTeKTHYeckoe paBHoBecHe /g (A, C) B+AB+AC =K uepe3 cuHrynspHoe
B+AC =X npeobpa3syercs B neputexTHieckoe B+AC =K +AB un 3arem ero nu-
mia cBmkaercs ¢ nuHMed I, nepecekanch B Touke Js. M3obapuueckoe ceueHue
P:{,o Ha puc 2.22, KOTOpOE OTPaXaeT 3T0T MOMEHT, [0 TOTOJIOTHH aHATOTHYHO

n306apHYecKOMY CeYeHHIo P:ﬂo Ha puc. 2.20 (BapuaHT 1r), KaK aHaIOTHYHBI
[MarpaMmsbl CeYeHHA P:{ o Ha puc. 2.22 u ceyeHns P;’_l o Ha puc. 2.20, cevenns
2 2

P? _ Ha puc. 2.22 u ceveHua P>, _ Ha puc. 2.20.
H,0 H,0

B paHHOM BapHaHTe C yBelMHYeHHeM [aBJIeHWA Tocie Mpeobpa3oBaHus Js
B MOHOBapuUaHTHbIe PABHOBECHSA H H3MEHEHMA TPHAHTYJIAUHH NPOJOIDKAIOT pac-
WMPATHCA NONA KpHUcTauM3aumn $a3 AB u C, u ¢ fnanbHedlMM yBe/HYeHHeM
[aBJIEHHA BO3MOXHbI (a3opble Mpeobpa3oBaHMA, HO MOABIIEHHE CTaBHIIBHBIX
HOHBapHAHTHBIX paBHOBecHH J; u J; HCKIllouaeTcs.

TpeXKOMIOHEHTHAA CHCTEMA C [BOHHBIMH XHMHUYECKHMH COETHHEHHSMH
B KpaWHHX cHcreMax. B ¢a3oBbIX peakIMsX TAKOH CHCTEMbI YUYaCTBYIOT CEMb
da3: A, B, C, AB, AC, BC u X, orcionia wncrnio cTenieHedl cBobopbl cocTas-
nseTr — 2, 1. €. [JAHHAs CHCTeMa SBIIAETCHA MYJIBTHCHCTEMOH C IBYMA OTpHIA-
TeNBHBIMH CTEMEHAMM cBOGOIB! (MM JIMBapHaHTHOH MyNBTHcHCTeMoO#). Bee
BO3MOXHBIE TOMOJIOTHYECKHE IJTEMEHThl [HATpaMMbl COCTOAHUA OymyT cie-
OYyoLHe :

1) uMcnO HOHBApHMAHTHBIX MATH(A3OBBIX accomMammii pasHo C5 =21
(tabn. 2.1);

2) uMCIO MOHOBApPHAHTHBIX YeThIPEX(a3OBbIX acCOLMALMA PaBHO Ci=35
(1abn. 2.2);

3) umcno MMBapHaHTHBIX TpexazoBbIX noneii pasHo C3 = 35:

1 - A+B+XK; 2 — A+C+X; 3 — A+AB+X; 4 — A+ACHX;

5 — A+BC+X; 6 — B+C+X; 7 — B+AB+X; 8 — B+AC+X;

9 — B+BC+X; 10 — C+AB+XK; 11 — C+AC+X; 12 — C+BC+X;
13 — AB+AC+HXK; 14 — AB+BC+X; 15 — AC+BC+X; 16 — A+B+C;
17 — A+B+AB; 18 — A+B+AC; 19 — A+B+BC; 20 — A+C+AB;
21 — A+C+AC; 22 — A+C+BC; 23 — A+AB+AG; 24 — A+AB+BC;
25 — A+AC+BC; 26 — B+C+AB; 27 — B+C+AC; 28 — B+C+BC;
29 — B+AB+AC; 30 — B+AB+BC; 31 — B+AC+BC; 32 — C+AB+AC;
33 — C+AB+BC; 34 — C+AC+BC; 35 — AB+AC+BC.

Heo6X0OMMO OTMETHTb, YTO UHCIIO paBHOBECHH (peaKumi), B KOTOphIX
yyacTBYeT paciuiaB Kak ¢a3a MepeMEHHOro coCTaBa, MOXKeT GBITh GOmbllle HHC-
Jla BO3MOXKHBIX (pa30BIX accouHaLui, TAK KaK B POLECCE CYLIeCTROBAHHA CH-
CTeMbl C M3MeHeHHEM 3HaueHHH (aKTOpOB paBHOBECHs (B HAHHOM Ciy'ac
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Tatbnuma 2.1

HoHBapuaHTHbIE TOYKH JHBAPHAHTHOR MynbTHCHCTEMBI A—B—C

Homepa MOHOBapHaHTHbBIX

0O60o3HayeHHun HoHBapuaHTHas d

TOUKH accofmalu{a numm,npgﬁz:cl;nmx ke
J; (AC,BC) A,B,C, AB, X 1,2,5,11,21
J, (AB, BC) A,B,C,AC, X 1,3,6,12,722
J3 (AB, AC) A,B,C,BC, X 1,4,7,13. 23
Ja (C,BC) A,B, AB, AC, X 2,3,8,14,24
Js (C, AC) A, B, AB, BC, X 2,4,9,15,25
Js (C, AB) A,B,AC,BC, X 3,4,10, 16,26
J1 (B, BC) A,C,AB,AC, X 5:6,8,17,21
Js (B, AC) A, C, AB, BC, X 5,7,9,18,28
Jy (B, AB) A,C,AC,BC, X 6,7,10,19,29
Jiwo! (B, C) A, AB, AC, BC, X 8,9,10,20,30
Ji (A, BC) B,C, AB, AC, X 11,125 14, 17,31
Jia (A, AC) B,C, AB,BC, X 11,13, 15,18:32
Jis (A, AB) B,C, AC,BC, X 12,13, 16; 19,33
Jia (A, C) B, AB, AC, BC, X 14,15, 16, 20, 34
Jis (A, B) C, AB, AC, BC, X 17,18, 19.70.35
Jis (BC, X) A,B,C,AB, A 21,22,24; 27,31
Ji7 (AC, X) A, B, C, AB, BC 21,23,25,28,32
Jiz (AB, X) A,B,C, AC,BC 22,.23,26,29,33
Jig (C,XK) A, B, AB, AC,BC 24, 25,26,30,34
Jao (B, X) A,C, AB, AC,BC 27, 28,29, 30,35
D51 (A, XK) B,C, AB, AC, BC 31,32,33,34,35

P u T) mpoucxopaT $a3oBble peakIMH C yyacTHeM OJHOH M TOH e ¢a3oBoi
4CCOLMALMH, KaK 3T0 6bUIO MOKA3aHO B MpeBIIyIHX IpHMEpaXx.

ITockonbKy TOABIIEHHE HHBAPHAHTHBIX TOYEK C PACIUIABOM CBA34HO C IO-
ABJIEHHEM HA JIMKBHYce MOHOBApHAHTHBIX CyBCONMOYCHBIX ACCOUMALMH, TO
npesxae CeayeT pacCMOTPEeTh CyBeonHaycHble (pa3oBbie NpeBpameHus.

B TBepmoca3oBhIX peakumax yyactsyer wects das: A, B,C, AB, ACu BC,
ACCOLMALMI0 KOTOPBIX MOXHO CUMTATh KakK CAMOCTOATENbHYI0 OJHOBApHAHT-
HYI0 MYnbTHCHCTeMy. JlMarpaMma coCTOAHMA TAKOM CHCTEMBbI BYIIET COMEPKATh
BCE BBILENpPHBENEHHbIE TONOMIOTHYECKHE 3NIEMEHTHI, He COepiKalHe pacluiaBa
(K) : uHBapHaHTHbIE TOYKH OT Jig MO J3;, BCETO ILIECTh; MOHOBAPDHAHTHBIE JIH-
HHH OT I5; 1o I35, Bcero 15; puBapuaHTHBIe MonA oT 16 mo 35, Beero 20. Tax
Kak Bce cyBConmMaycHble ¢ha3sl HME0T IOCTOAHHBINA COCTAaB, TO KOJIMYeCTBO ¢a-
30BhIX accoumanuii 6yner COOTBETCTBOBATh WACTY (ha30BbIX peaKIHi.

Mocrpoenue P—T puarnamMm MyNbsTHCHCTeM obGnervaercA Gnaropmaps pabo-
tam [I. C. Kopxusckoro [93] u B. A. Kapukosa [62, 64] , B xOTOpBIX H3/1ara-
I0TCSI OCHOBBI TEOPHH MOCTPOEHMA OHATPAMM COCTOAHHA MYJIBTHCHCTEM, & TaK-
e CHCTeMAaTH3alMH HHBAPHAHTHBIX ]panuosecnﬁ, semonHeHHoi @. A. Cxpeiite-

makepcom [160], On-3enom [302

1 B. B. Homuso-lloGpoeonsckum [46] .

B. A. Xapuxos [62] u Iu-3en [303,304] paccMorpenu pa3/iHyHbie BapHAHTHI

5 M.U. lly6poBcxHit
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Ta6nuua 2.2

MoHoBapHaHTHbIE JTHHHH JHBApHAHTHOH MyNbTHCHCTEMBI A—B—C

Homepa Touek, uepes

OBo3HaueHue MoHoBapuaHTHBIE Xapakre
JTHHHH accouF;lam-m Kompl;::“?"l;o m pa.Bll':I)OBeCIi:ﬁ

I; (AB, AC, BC) A,B,C, K 1233 [onHoe

1, (C, AC, BC) A, B, AB, X 1,4,5,; CuHrynspHoe

1 (C, AB, BC) A,B,AC, X 2,4,6 [MonHoe

Iy (C, AB, AC) A,B,BC, X 3.5,6 &

Is (B, AC, BC) A,C,AB, X 1,7,8 "

I (B, AB, BC) A,C,AC, X 2759 CuHrynsapHoe

1; (B, AB, AC) A,C,BC, X 3,8,9 TMomHoe

Is (B,C,BC) A, AB, AC, X 4,7,10 o

Iy (B,C, AC) A, AB, BC, X 5,8,10 o

I (B,C, AB) A, AC,BC, X 6,9,10 "

li; (A, AC, BC) B,C, AB, X 111512 "

11 (A, AB, BC) B,C,AC, X 2, 11,13 g

133 (A, AB, AC) B, C, BC, X 3,12.13 CuHrynspHoe

La (A,C,BC) B, AB, AC, X 4,11,14 IMonHoe

15 (A, G, AC) B, AB, BC, X 5,12,14 3

lis (A, C, AB) B, AC, BC, X 6,13,14 "

I, (A,B,BC) C,AB,AC, X 755 8 g ] i

55 (A, B, AC) C, AB, BC, X 8,12,15 %

Lis (A, B, AB) C,AC,BC, X 9,13;15 ”

I (A,B,C) AB, AC, BC, X 10, 14,15 Y

I;1 (AC, BC,X) A,B,C,AB 1,16,17 CuHrynspHoe

I3 (AB, BC, X) A, B,C,AC 2,16,18 ki

l,3 (AB, AC, X) A,B,C,BC 3. 1798 *

I (C,BC, X) A, B, AB, AC 4,16,19 =

Is (C, AC, X) A, B, AB, BC 517,19 =

Iy (C, AB, X) A, B, AC, BC 6,18,19 Tonxoe

1, (B, BC, X) A, C, AB, AC 7,16,20 CHHrynspHoe

ls (B, AC, X) A, C, AB, BC 8,17,20 IMonxoe

13 (B, AB, X) A,C, AC,BC 9,18,20 CuHrynsapHoe

Iy (B,C,X) A, AB, AC, BC 10, 19,20 IMonnoe

I3 (A, BC,X) B,C, AB, AC 11; 16, 21 3

I3 (A, AC, X) B,C, AB, BC 12,1721 CuHrynapHoe

I3 (A, AB, X) B,C,AC,BC 13:18: 21 "

Iy (A, C,X) B, AB, AC, BC 14,19, 21 ITonHoe

I35 (A, B,X) C, AB, AC, BC 15,20, 21 %
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Puc. 2.23. Knaccuduxauma cyGCconmiaycHbIX HHBAPHAHTHBIX TOYEK CHCTEMbI A-B-C
C NBOHHBLIMH XHMHYECKHMH COEMHEHUAMY B KPaHHUX CHCTeMaX.

crpoennsa P—T fuarpamMM MYJIBTHCHCTEM C n=—1, He COIEpPXKalMX CHHTYNAp-
Hble pABHOBECHA.

Kak ormeuaer JI. C. Kopxutckuit [93, c. 233], s moCTpOEHUA AMarpam-
MBI COCTOSIHMA CHCTEMBI C OTPHUATENBHBIM YMCIIOM cTeneHel cBoGOo/bI 11 AOCTa-
TOUHO PaccUMTaTh |—1 MyYKOB, OCTA/IbHbIE HOHBAPHAHTHbIE TOYKH H MOHOBAPH-
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Puc. 2.24. P-T npoexkiuus NMarpaMMbl COCTOSAHHA AMBapHAHTHOH MYNBETHCHCTEMEI
A-B-C; Bapuasnr 1.

CrabuibHble 3MeMEeHThl MOKA3aHbl CIUTOUIHBIMH, 3 MeTacTabuNbHbIE — MYHKTHPHBIMH JIH-
HHAMH W TONBIMM TOUKAMH, 3AIITPHXOBAHEI TPEYTONBHMKH XapaKTEPUCTHUECKHX - acco-
[MALIHH.

aHTHBIE JIMHMM [MATPAMMBI HAHJIyTCA YHCTO TeOMETPHUYECKHMH METOIAMH. Tox,
nyuxom I1. C. KopxuHekwii, kak u B. A. )apukos [64], moHMMaeT HOHBapH-
AHTHYI0 TOUKY M TpHHAJUIeXawue ed MOHOBAapHAHTHBIC JIHHHH, TOrga Kak
®. A. Cxpeitnemaxepc [160] mywiom HaspiBaeT CTaGWIIbHbIE (wm meracra-
OUNBbHBIE) JIyYH JIMHWH, HE pasjeneHHbIE MeTacTaGHIbHBIMA (HITH CTaBGHIIBHBI-
MH) JIyYaMH, BBIXOIAUIHMH H3 OIHOM HOHBAPHAHTHOH TOYKH, T. €. OJIHOM TOU-
Ke MOTyT MPHHAUIEKATh HECKOIIBKO ITyYKOB nuHuMii. B njaHHo#R paGoTe Bemea 3a
. C. Kopu1HCKHM TOJI MyUKOM NOHUMAETCA HHBapHAHTHAA TOYKA C el 1mpH-
HaJUTe)XalMMH MOHOBapHaHTHBIMH JIHHHAMH . :

Ipesxe YeM yCTaHABJIMBATD IIOJIOXKEHHE Ha P—T puarpamme OBYX ITyYKOB,
HeoBXOMUMBIX [UIA NOCTPOEHHA TIONHOM JHATPaMMbl COCTOAHHA BhIfleNeHHOH
CHCTEMBI, CTIEIyeT BHAuaje OIlpefelTMTh THIIbl HHBAPHAHTHLIX TOYEK M0 KIIACCH-
¢uxammu B. B. Jlonuso-IloGpoBonbcKoro [46], uro OGnerwAT pelleHHe Mo-
crapienHoii 3apau. ITo pacronoxenuio (GUrypaTHBHBIX TOUEK COCTaBa ¢as,
TIPHCYTCTBYIOIMX B HOHBADMAaHTHBIX ACCOUMAUMAX, TPH WHBAPHAHTHDIE TOYKH
otHocares K tamy 11113, a tpu — x Ty III-5 (puc. 2.23). Ilna ynobersa BbI-
Gopa BApMAaHTOB Ha PHC. 2.23 MpPHBEACHDI 06e ,,pHaHTHOTpOMHbIE” (0BpamieH-
Hele) (opmbl MyukoB. Kak H3BeCTHO W3 TEOPHH MYJIBTHCHCTEM [64, 93], mpu

=_] kaxgas MOHOBAPUAHTHAS JIMHHA [OJKHA NPHHAIUIEXKAT IBYM HHBApH-
aHTHBIM TouKaM. [ocne conocTaByeHHA BCexX MyYKOB 0Ka3anoch, YT0 Haubornee
pALMOHAJIPHOE PACTIONOXKEeHHe BCEX TOYeK Ha P—T puarpamme Oymer TOraa,
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Puc. 2.25. P-Tmpoexums NHArpamMmmbl COCTORHHA [MBADMAHTHOM MYNBTHCHCTEMBI
A—-B-C; BapuaHT 2.

YcnoBHble 0603HAYEHHA Te Xe, YTO M Ha puc. 2.24.

KOr[a [ABe TOYKH pa3HbIX THUIOB GyNyT coemMHeHbl THHUAMH IOJHBIX PABHOBE-
CHii, MOCKONbKY TaKOE COEe[HHEHWe ABNAETCA eOUHCTBEHHLIM BAPHAHTOM —
MHBapHaHTHble ToukH THNa I11-13 MMerT TONBKO OOHY NHHMIO MONIHOrO paBHO-
Becus. Ha puc. 2.23 yuHBapHaHTHble TOUKH PAa3HBIX THIOB PACIONIOXEHBI HMEH-
HO TaK, KaK OHH MOTYT COeIHHATBHCA COOTBETCTBYIOLIMMHM JTHHHAMH.

YuuthiBas, 4TO ONA CHCTEMB! C n=—1 HMEWTCA TONBKO [BA BapHaHTA
B3aHMHOIO pacroliokeHHA NBYX MyYkos ¢ obuie#r nunwmeii, 1. C. KopxuHckuit
[93] mpuien x BbIBOTY O BO3MOXHOCTH CYLIECTBOBAHHS TONBKO BYX BapH-
AHTOB [IMarpaMMbl COCTOAHHA TaKo# cHcTemsl. Ho ecnu yuecTh HanWuie Tpex
nap TaKux myukoB (puc. 2.23) ¥ BO3MOXHOCTH PEanM3aliM¥ TPeX BapHAHTOB
HX pacrnoloXeHHA Ha KaXIbIA BApHaHT B3aHMOMNOJICKEHHA JIBYX NMYyYKOB, TO
TIOJTy4aeTcda, 4YTo obuiee KONHYECTBO OCHOBHBIX BAPHAHTUB [JMirpaMMBbl COCTOA-
HiA ByneT paBHO wectH. Tak, B paGore B. A. Wapukosa [62] npuBeneHo cemb
BAapHAHTOR [IHarPaMMBbl COCTOAHUA TPEXKOMIIOHEHTHO# CHCTeMBI ¢ n = —1. Oue-
BHOHO, Gonee MpabunsHoe 3akimiouenHe npupomurca J. C. KopiuHckum Ha
[93] c. 237:,,Boo6iue mia KakIOH HaHHOM COBOKYITHOCTH a3 YMCIIO BO3IMOXK-
HbIX OCHOBHBIX (BbIAeneHo aBropom — M. M. H.) BapuaHTOoB mMarpammsl co-
CTOAHMA paBHO 27" (rme n — oTpHuaTeNBHOE WMCIIO CreneHed cobom cH-
cTemsi) ™.

Ins paccmatpuBaeMoit cHcTeMbl B CyGconmmaycHoit o6nacT# mocTpoeHo
TpH BapHaHTAa MOJIHOH AMArpamMMbl COCTOAHMA, NPENCTABlIeHHbIX Ha pHC. 2.24—
2.26. OcHOBO¥ [UTA MOCTPOEHHA JHArpaMM Gpaiich Maphl pa3sHOTHIOBBIX MyY-
k0B (puc. 2.23) : B Bapuante 1 —Jyg H Jyo, B Bapuante 2 — Jy4 nJy;, B BapHaH-
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Puc. 2.26. P—T npoekuus [OWATPAMMBI COCTOSHWS [MBapHaHTHOH MYJLTHCHCTEMEL
A—B-C; papuaur 3.

Ycnosssle 0603HaYeHHA Te XKe, YTO M Ha pHC. 2.24.

1e 3 — Ji7 H Jyg. OcTanbHele HOHBapHAHTHBIE TOUKH H MOHOB2PHAHTHBIE JIMHHH
Haxomunuch rpaguvecku. [IpHueM, yUMTBIBas MOCTOAHCIBO COCTaBa TBEPABIX
a3, Ha P—T npoeximy JONMycKaercs 1306pakeHHe MOHOBAPHAHTHLIX paBHOBE-
CHil TIPAMBIMH JIMHHAMH. B K@XIOM BapHaHTe HMeETCA MO TPH CTAaGHIBHBIX
Tpu MeTacTaGunbHeX Myuxa. OcoGeHHOCTbI0 IMATPaMMBI COCTOSIHHA paccmar-
pHBAEMO#i CHCTEMBI ABJIACTCA HAJIMMME TPEX JIHHMI CHHIYNIAPHBIX PABHOBECHH :
A+B=AB, A+C=AC u B+C=BC ¢ coorBeTcTBYIOUMMU HHIMDEPEHTHBIMH
¢dasamu, a OTNIMYHE BAPHAHTOB [HATPAMMBI CBA3AHO C MOC/IENOBATENIBHOCTDIO
MOABNEHHA B CUCTEME XMMHMYECKHX COEOMHEHHH NpH YBelWYeHUM [aBJIeHMA.

JluBapHaHTHBIC ACCOLMALMHM CHCTEMBI IOKa3aHbl Ha IHarpaMMe B MapareHe-
THYECKMX TpPEYTONIbHMKAX, TpHYeM TPeyTOJIbHHKH XapaKTepHCTHYECKHMX acco-
IMALMA KDKOOTO MONA 3alUTpuXxoBaHel. CreldyeT OTMETHTb, YTO HEKOTOpbIE
NONA MyJIbTHCHCTEM OTIIHYAIOTCA HAIMUMEM [BYX XapaKTepPHCTHYECKHX dCCO-
wiaipi. Ha 31y 0coBGeHHOCTh MYJNbTHCMCTEM BriepBble O6paTwi BHHMaHHe
B. A. Xapukor [64].

MOXHO TOCTPOMTbH €Il TpH BApHAHTA [HATPAMMbI COCTOSHHA [AHHOH
MYIIbTHCHCTEMBI, COOTBETICTBYIOLIHE OOpalieHHOMY MONIOKEHHI0 NYYKOB, HO
1A MeTOIMYECKHX liefeil JOCTaTOYHO TpeX NMpHBefdeHHbIX. Ha mpumepe 3THX
TpeX BAapHAHTOB MOKAKEM BO3MOXHOCTh TMOABJIEHHA TeX WIM WHBIX CTAGHIB-
HbIX M MeTacTaGHIbHBIX MHBApPHAHTHBIX PABHOBECHI C PACIUIaBOM NpH pasnuy-
HBIX peXaMax (aKTOpOB paBHOBECHA, T. €. AOCTPOHM [HArpaMmy COCTOAHHA
B ee NMKBHIYC-CONMMAYCHOH 0BnacTH, NMOCKONBKY ¢ MOABNEHHEM B CHCTEME
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ewle OHOH (ha3pl-paciUlaBa OHA MPEeBpPaIUAeTCA B IMBAPHAHTHYIO MYTbTHCHCTE-
My. OcoBGeHHOCTH TAKHX CHCTEM H NMPHEMBI NIOCTPOEHHA MX [IHATPAMM COCTOS-
HuA onHcaHsl B pabotax [64, 93].

B nmanHom cnyuae mis MpOCTOTHI NPHHUMAETCH, TO Ha (pa3oBbie Mpespaie-
HHA BITHACT [aB/ieHHe QIIIOMIaA, MPH KOTOPOM JIHHHH MOHOBAPHAHTHBIX PABHO-
BECHH C YYaCTHeM DAaclUlaBa MMeEIOT OTPHIATENBHBIH HAKIOH M HEMpepbIBHO
H3MEHAOIMACA TAHTeHC YTJIa HAKJIOHA.

JUiA MOCTPOGHHA MarpaMMel JHBaPHAHTHOH MYJIBTHCHCTEMBI HEOGXOIHM
ele O/IHH OTIOPHBIA HOHBAPUAHTHBIH MyY0K. 32 TAKOH OMOPHBIN MyYOK MPHHATA
TOYKA MepeceyeHusA IBTEKTHYECKOH NMuHMM [, — A+B+C=X ¢ moHoBapuaHt-
HOH JHHHeH OGpa3oBaHMA MepBOr0 XHMHYECKOrO COe[MHEHHA: B BapHaHTe |
3TO NHHUA 06Pa30BaHUA XUMHUECKOTO coenuHeHHsa AB B npucyrcreun dass C,
B BapuaHTe 2 — XMMHMYeCKOro coenuHenus BC B npucyTcTeuu dasmi A, B Bapu-
aHte 3 — xummyeckoro coemuneHHsa AC B mpucytcTBHM ¢a3st B. OcransHbre
NYYKH HAXOOATCA rpaduuecKuM MyTeM, YUMTBIBAA, YTO B (ha30BIX peaklUAX
yyacTByer ¢asa nepeMeHHOro cocTaBa — pacruias. Ha puc. 2.24—2.26 mna muk-
BHIYC-CONM/IY CHOH OBNIacTH MOKa3aHb! TONbKO cTaGHIBHBIE TyYKH, @ B KAYecT-
Be MpHMepa Ha puc, 2.27 A BapuanTa 1 npusenena P—T MpoeKUMsA THKBHILY C-
CONMMAYCHOH OBNAacTH CHCTEMBI CO BCEMM CTAGMIIBHBIMM M MeTacTaGHIBHBIMH
WHBAPHAHTHBIMM TOuKamu. YtoGel He 3arpyxarth AuarpaMmy Ha puc. 2.27,
OKOJNIO MeTAacTabHIIbHBIX TOUEK MOKAa3aHbl He BCe MOHOBAPHAHTHBIE JIMHWH, &
TONBKO Te, 10 KOTOPBIM 3TH TOYKH Haxomuawch. OcTanbHble JIMHHM JIEFKO MO-
ryT ObITh HOCTpOEHbI rpadMuecKH ¢ YHeTOM NpPHHAUIE)XHOCTH TOH WIH HHOI
JTHHUM K COOTBETCTBYIomeMy nyuky (tabn. 2.1 1 2.2).

B BapuanTax 2 M 3 MeTacTaGHiIbHble WHBADHAHTHBbIE TOUKH OMNpEENATCA
nepeceyeHHeM MeTacTabMIbHBIX JTyuel clelyHLIHX JIHHUA: B BapHaHTe 2:J; —
bwly; o —lpuly; Jy —lauly; Jg — s ula; Jo —lag uiig; Jio — lag 1 bg;
Ju =l wln; iz — I3 ulys; Jy3 — lay u lyo; B Bapuante 3:J; — Iy u Iy
Ss—lbanuly; Jog —lbauly, Jy —ly nlg; Jyg —lag nly; Jo —lag ulyg; Jyy —
Iy uli; Jia =l mlis; Jia —lag milz.

Takum o6pasom, Kaxublii BapHaHT MONHOM AWATPAMMEBI COCTOSHHMA pac-
CMaTpHBaeMOM CHCTEMBI COMIEPKHT 8 cTabGWIBHBIX HHBApHAHTHBIX TOYeK, 12 —
MeTacTabuIIbHBIX, OJJHA TOYKA HepeanbHam, MOCKOJbKY OfHA CyGCOMMIYyCHas
MOHOBapHaHTHAA JIHHHA He MOXeT ObITh NepeceyeHa COJIMAYCOM CHCTEMBI.
B Bapuante 1 Takoii nuHueil ABnAeTcA nuHus /3 — A+BC=AB+AC, B Bapuan-
1e 2 — l33 — B+tAC=AB+BC u B Bapuanre 3 — /33 — C+AB=AC+BC.
B. A. XapuxoB [64] HepeanbHble TOUKH CUMTAeT y[IaNeHHBIMM B GecKOHey-
HOCTb.

B MynbTHCHCTeMe WMeeTCA 12 CHHTYNApHBIX MOHOBapHAaHTHBIX paBHOBe-
CHii, KOTOpbIE Npe/ICTAB/IEHbl TPeMS CHHIYNAPHBIMHM JTHHUAMH: NepBas lgr =
=l =l =la=ls ¢ peakumeit A+B=AB(X, C, AC, BC); Bropas lga =lg=
=lp=Il1=1l c peakumeir A+C=AC(K, B, AB, BC); tperss lgs =/;3=1Ip3=
=13 =133 c peakumert B+C=BC (K, A, AB, AC).

Ha puc. 2.28—2.30 npuBeeHb! pe3ybTaThl GHIHKO-XHMHYECKOTO aHANTH3a
CTABHIIBHBIX JIMK BHILY C-CONTM/IYCHBIX PaBHOBECHH B TpeX BAapHaHTaX [AMArpaM-
MBI COCTOAHKA. Ha npuemax mocTpoeHHs JHAarpaMm Her HEOGXOIMMOCTH OCTa-
HaBJIMBAThCH, NOCKOJIBKY OHH GBUTH M3JIOXKEHBI BhILLE.

[IpuBeneHHble BapHaHThI [MArpaMM OTIHYAKTCA JPYT OT JAPYTa TONBKO
NOC/Ie/I0BATENBHOCTBIO MOAB/ICHHA HA TMKBHAYCE XHMHYECKHX COEIMHEHHH TIpH
YBETHYEHHH [ABJICHUA.

Tum asosbix MpeBpamieHuii H COOTBETCTBYIOIIAA TOMOMOTHA AHArPAMM
OTBEYaeT NMPHHATOMY [HOMYIUEHHIO, YTO XMMHuYecKHe coeguHeHus AB u AC
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Puc. 2.27. P-T npoeKuMsA MMKBHAYC-COMMAYCHON o6NacTH HarpaMmbl COCTOAHHA HBA-
pHaHTHO! MynbTHcHCTeMBI A —B —C BapHanTa 1.

YenopHsie 0Go3HaYeHUS Te Xe, YTO U Ha pHC. 2.24.

MMEIOT TIePUTEKTHYECKHE B3aHMOOTHONIEHHS ¢ KOMIIOHEHTOM A, 2 XHMHYeCKOoe
coemprHense BC — ¢ xommoHentom B. TIpi opyrux BapuaHTax JONYEHHA THI
ha30BBIX TPEBpPAILEHHH H3MEHHTCA, HO (a30BbIe ACCOUHANMHM OCTAHYTCA NPEXK-
HHMH, YTO GBUTIO 0KAa3aHO BhIIe (cM. BaphaHTsl 16 1 1B, puc. 2.18-2.19).
HM3o6apuueckue cevermsa puc. 2.28—2.30 HarnApHO HIUTIOCTPHPYIOT, KaK
nepeoe TMOSBIEHHEe HA JTMKBH/YCE TOTO HIIH MHOTO XMMMYECKOTO COEIMHEHHS
BIHAET HA TPHAHTYALMIO W TOMOJNOTHI0 Auarpamm. KomuuecTso cTaGHITBHBIX
WHBAapMAHTHBIX PABHOBECHH C pPaclnaBoM B OJIHOM BapHAHTE COOTBETCTBYET
KOJTHYeCTBY MOABMBIIMXCA HA THKBU/IYCe CTAGMIIBHBIX MOHOBAPHAHTHBIX ACCO-
mmanmii. Tpaduuecky MaKCHMATBHO BO3MOXHOE KOJHYECTBO CTAGHITBHBIX HH-
BAPHAHTHBIX TOYEK B OHOM BADHAHTE OMNpe/leNifAETCA WHCIOM IepeceyeHnit

72



cTaOHNBbHBIX JTIYUeH CyGCONMWOYCHBIX JIMHUH CONMIYCOM CHCTEMBI [IPH 3aJaHHBIX
ycnoBusx fAasieHus. Kak BHIHO H3 gMarpamm, B paCCMOTDEHHBIX BapHAHTAaX
OHO paBHO 5 U3 15 TEOPETHYECKH BO3MOXKHBIX.

Taxum o6pazoM, Te ocofeHHOCTH NOABIIEHHA HHBAPHAHTHBIX (Ha30BbIX ac-
COLMALMA C paciUlaBOM, KOTOpbie ObUTH YCTAHOBNEHBI TMPH aHATTH3E CHCTEMBI
¢ IBYMA XHMHYECKHMH COeMHEHHAMH, eile pa3 6oree 0BOCHOBAHHO MONTBED-
IMITHCH HA TIPHMEpE C TPeMsI XHUMHYECKHMH COeIMHeHHAMH , TOCKOIIbKY B TAKOH
CHCTeME BO3MOXHA peaTnsauusa GOJBLIOrO WHC/a BapHaHTOB PACMOJIONKEHHA
Cy6CONMMOY CHBIX JIMHHH M COOTBETCTBEHHO INOSBJICHHA WHBapHAHTHBIX TOYEK.

Kpome Toro, cnefyer OTMeTHTh elle OGHY OCOGEHHOCTh HOHBAPHAHTHBIX
($a3oBbIX accouMalyii ¢ pacwIaBOM-(pa3ol NepeMeHHOTO COCTaBa — 3TO MHOIO-
BAapHAHTHOCTh HX paBHOBECHﬁ, KOTOpasa yBeNWUMBaEeTCH C NMOABIIEHHEM HOBBIX
XHMHMYECKHMX COCIMHEHMH M COOTBETCTBYIOLIMX NOMCHCTEM. JTa OCODEHHOCTBH
3aBMCHT OT paszmuuns ¢a30BIX NPEBPAILEHHA B KPaHHUX CHCTEMAX H pacroso-
KeHUA (DUIYPATUBHOR TOUKM COCTaBA paclIaBa OTHOCHTENbHO (HUIYPATHBHBIX
TOYeK TBEpAbIX (a3, KOTOphie- B [IAHHOM CIyuae MMERT NOCTOAHHBIA COCTaB.
Tax, HHBApUAHTHAA TOYKA IiePBOTO XHMHYECKOTO COe/TMHEHHA HMeeT TPH BapH-
aHTa PAacCIONOXeHUA: B IUIOLIATH JABYX MOACUCTEM H Ha HX IpaHHIE; HHBApH-
AHTHAA TOUKA, CBA3aHHAA C MOABJIEHHEM Ha JMKBHAYCE BTOPOTO XHMHUYECKOTO
COe[MHEHMs, YK€ MMEET TATh BAPHAHTOB PACIIONIOMKEHHSA : OHA MOXET pacrona-
rareCs B Tpex IOJCKCTeMax H Ha IBYX rpaHMLaxX Mexy HUMH H, HAKOHEI, cre-
Ayomas WHBAPHAHTHAA TOYK2 MOXET pacrlojiaraThCsi B YeThipeX IMOACHCTEMAx
M Ha Tpex rpaHuuax. Kaxipiii BApHaHT paclonoKeHHA HHBAPHAHTHON TOUKH Xa-
paKTepH3yeTCsl CBOMM DAaclo/IoKEeHHeM MOHOBAPHAHTHBIX JIMHMI Y THIIOM pe-
aKIMI HA HMX, H COOTBETCTBEHHO TONOJIOrMeH JuarpaMm. B paHHo# pabore He
TIpeICTABNAETCA BO3MOXKHBIM IIPHBO/THTh BCE BAPHAHTBI, BAXKHO GbUTO MOKa3aTh
npyeMb]l NCCTPOEHHA OHarpaMm COCTOAHHA pacIUTlaBHbIX CHC’ICM Ha OOHOM IIpH-
Mepe, OCBOHUB KOTOpBIE, YHTATENL CMOXET CTPOUTH [IHATpAMMBI [UTA Pa3JIHYHbIX
BapHaHTOR.

TpeXKOMNOHEHTHAsA CHCTEMA ¢ TPOHHBIM H NBOHHBIM XHMHYECKHMH COe-
muHenuaAMH. [TogoBHsIE CHCTEMBI JOBOJIBHO YaCTO BCTPEYAKOTCA CPefiM MpHpos-
HBIX CHCTeM, MIOITOMY Ha Heil ClielyeT OCTaHOBHThCs Gornee moapoGHo. B paH-
HOIT cHCTeMe paccMOTpuM (a3oBbie NpEBPALISHHS LB 1A JIHKBHLY C-CONH-
ycHO# OBNTacTH Mpy YCIOBHH, YTO CONMIYCOM CHCTeMSI Tipu P=P .  mepecexa-
JOTCA TONBEKO CT2OHIbHBIE MMHMM OGpa3oBaHHA XMMHMYECKHX coemuHeHuH Il =
=A,B,C, u BC, npuyem nepBeIM Ha TMKBHJYCe MOABIACTCA TPOHHOE COEMM-
HEHHE.

Ha puc. 2.31 npusenenbl P—T npoexuuu W n306apHyeckue CeueHHA uar-
paMMBbI COCTOAHMA 3T0i obnactu. [leppas mHBapuaHTHas Touka/; — A+B+C+
+J1+)X MOABNAETCA NpH NEpPeCceUeHHH JIMHHH 06Pa30BaHHA—DPA3NONKEHHA TPO-
Horo xummueckoro coemuuerus /; (OK) 1= A+B+C c 3BTeKTHYeCKOH THHUEH
Is () A+B+C=X. Cnenyer 06paTuTh BHUMaHKe Ha TO, YTO B TPOHHO# CHCTe-
Me paBHoBecHe () sABJIAETCA TMONHBIM B OTIHYME OT paBHOBeCcHA 0Opa3opa-
HUe —pa3NoXKeHHe JBOMHBIX XHMHYECKMX COeIMHEHMI, TaK Kak Bce (asbl pas-
HOBECHS YYACTBYIOT B PEAKILMH, TOT/A KaK [I/IA YeTBEPHOH CHCTEMbI 3TO PABHO-
Becue OyZleT CHHIYIAPHBIM.

C nosBNeHMeM HA JIMKBHAYCEe XHMHYecKoro coennHenus Jl u HOHBapHaHT-
HOro paBHoBecusi cucrema A—B—C pennrcst Ha Tpu mopcucremsi: A—B-]I,
A—II—C u I-B—C (cMm. ceuenme P* Ha puc. 2.31) U COOTBETCTBEHHO C YBelHYe-
HMeM JaBJIeHHA B CHCTeMe MNOMABJAKTCA TPM MOHOBAapHAHTHBIX PaBHOBECHH:
I, (B) A+C+0=X — asrextuueckoe, /3 (A) I+C=)K+B — nepurekTHueCcKOE
(B H306apHyeCKOM CEYeHHH TOYKA ABOHHOro mombema) M/, (C) I=A+B+XK —
TAaKKe MepUTEKTHYECKOe (B H306apHYeCKOM CeueHHH TOUKA JBOMHOTO CIycKa),
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Puc. 2.28. Py, — T NpOeKIHA K H306apHyecKie NPOEKIMH cTaGHIIBHEIX (aloBbIX Nperpallie-
HUH JMKBHAYC-COMMAYCHONH o6nacTH NMBApUaHTHON MymbTHCHCTeMbl A—B—C; BapuauT 1.
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Puc. 2.28. (ITponomxkenue) .
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Puc. 2.29. Pg, ~T npoeKuns i H306apuieckue NPOEKIHH cTabuNbHBIX (a30BBIX Mpenpaile-
HUil TMKBHAYC-CONMMAYCHOH 06acTH NHBApHAHTHON MYIIBTHCHCTEMBI A-B-C; Bapnaur 2.
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Puc. 2.29. (IlpopomkeHue) .
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2g=AB*A0= A+ ¢

P " 2ap- A8~ A0+ 80 = 3

b e 2 b V3 z
Puc. 2.30. Py ,—T npoeKuMA i H306apuiecKkHe NpoeKIMH cTabuneHbIX (a3oBbIX Mpes paue-
HHit TMKBHAYC-CONMAYCHOM obnacTi NUBapHaHTHOR mynbrHcHcrembl A—B—C; BapuanT 3.
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Puc. 2.30. (TlponomxeHue) .
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Puc. 2.31. P-T npoexuus H H306apHyeCKHe NPOCKLHN AHATPAMMBbI COCTOAHHA CHCTEMBI
A—B—C c Tpotinsim (1= A,B,,C;) 1 nBofiHEIM (BC) XMMHYeCKHMHA COCIMHCHHAMH.
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8
Puc. 2.31. (Ilpononxenue) .

KOTOpOe, KaK u I; (), ABNACTCA NMOMHBIM B OTIIHYME OT CXOHBYX PABHOBECHH
C IBOMHBIM XHMMYECKHM coeluHeHMeM. HampaeneHue nafeHHs Temrieparypsl
M TUI $a30BBIX NpPeBpallieHuil HA MOTPAHMYHBIX JIMHHAX H COOTBETCTBEHHO THIT
$a308bIX NpeBpaiieHHit B TOYKAX M306apHYeCKUX CCUCHMHt OMpeleNANHCh 10
TpaBHITy ANTbKeMare.

Tlpu nansHeiieM NOBBIIIEHHH NAB/ICHAA C PACUIMPEHHEM MONA KPHCTAIUTH-
saunn aser I, HO M0 NMOABITEHWA Ha MMKBHAYCE JBOHHOTO XHMHYECKOTO cOe-
IMHEHHS, B CHCTeMe MPOMCXONAT ompefeneHHble ¢$a30Bble NpeobpasoBaHuA.
MonogapuantHoe pasHoBecke /3 (A) J1+C=)K+B u3 nepurexTHUCCKOrO Yepe3
cuHrynspHoe S; — JI+C+B=)K+B npeBpamaercsa B 3BTexTHUecKOe — B+C+
+1=)XK, a pasnosecue /4 (C) 1= A+B+X u3 1Bax/ib1 HHKOHT PyIHTHOTO Yepe3
HHKOHTpy3HTHOE CHHIy ApHOe [I+A=)K+B+A (Tpu nepeceyeHuu NpoaoOIKe HUA
koHoapt B—/1) BHavane npeBpamaerca B uHkoHrpysutHoe /5 (C) J+A=X+B
H 3aTeM B KOHTPY3HTHOE /g (CSJ A+B+]J1=XK uepe3 cuHrynsapHoe S; — A+I+B=
=)X+B (cm. P—T npoeximo u usoBapuueckue cevenns P* u P° Ha puc. 2.31).

Ipu nepeceuenuy CyBCONMMIY CHOM NMHMH CHHIYIISIPHOTO paBHOBecHs l; (K)
BC+]l=B+C+]1 ssTextHyeckoi yuHued /y; (A) B+C+] =K obpasyerca Tou-
Ka ¢ HOHBADHAHTHOH accoumauuei J, — B+C+J1+BC+X, dasopan peakuus xo-
TOpO# JoikHa ObiTh mepuTekTHUeckoil; C+J1+BC=)X+B. Takoii nyuox yxe
BCTpEYasICcs B Bbillie pa30bpaHHBIX NPHMEPAX M MOITOMY HET HEOBXOIHMOCTH
B JIaNbHeHIMX MONPOGHBIX MOACHEHUAX.

B pesynerare Bcex (a3oBBIX npeoOpa3oBaHMil ¢ YBeNWYEHHEM NABIICHHA
M3 MPOCTOH CHCTEMBI C TPOWHOH 3BTeKTHUKOH (M30Gapuueckoe ceuenme P' Ha
puc. 2.31) momywHnach CIOXHAA CHCTEMA C YeThIpbMS MOICHCTEMAMM, YeThIph-
M MOHOBAPHAHTHEIMH DABHOBECHAMH H COOTBETCTBYIOLIMMH OHBAPHAHTHEIMH
TOJIAMM.
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YACHHB OCOGEHHOCTH MOCTPOCHHS O[IHOTO BAPHAHTA [MArPAMMBI COCTOA-
HWA CHCTEMBI C TPOHHBIM XMMHUECKHM COEMHEHHEM, MOXKHO JIETKO MOCTPOMTH
HarpaMMy COCTOAHHA M JPYTMX BapHAHTOB 3TOH M MOMOGHBIX CHCTEM, BKIIIO-
4af H BO3MOXKHOCTD NOABIIEHHA JPYTHX XHMHUYECKHX COETHHEHMIT.

Cucrema ¢ TPOHHBIM M IBOHHBIM XHMHYECKHMH COEIMHEHHSIMH, obpa3syio-
MK Mexay coboit TBepasie pacTeophl. Takas cucTeMa mpencrapiser coGoit
OmpenieNIeHHy0 pa3sHOBHIHOCTh TOJIBKO YTO PacCMOTPEHHOMH M NO3TOMY JIO [1aB-
NIEHHSA, COOTBETCTBYIOILIETO CEUEHHIO P‘;{ o TOTIOJNIOTHSA OHarpaMM 3THX CHCTeM

2

cxomia (cM. puc. 2.31 u 2.32). Paanuuns HawMHAWTCA TOCTE CHHIYJIAPHOTO
paBHOBecHA § — J1+C+B=)+B, koraa noje KpuCTANTH3AUMA XUMHMYECKOTO
coeminernus J1=A, B, C, nepecexaer koHomy II-C u pacnpocTpaHserca Ha
nocucremy B—JI—C, rae oHO ¢ IBOIHBIM XHMHYeCKHM coeluHeHHeM BC o6pa-
3yeT HenpepbIBHbIA TBEP/bIA pacTBOp . B peaynsrate Bcex npespawenuit B cu-
cTeme 0Opa3oBaIOCh YeThIpe NMONCHCTEMBI, KOTOphIE N0 THNAM (a3 (MOCTOAH-
HOTO M NMEPeMEHHOTO COCTaBa) M (ha30BbIM MPeBpalLeHUAM MONAPHO O6beIMHA-
WTCA B [Be rpynmsl. B nepayio rpynmy Bxopar nogcucrems: A—JI—B u A—JI—C,
B KOTOpBIX (pa3bl HMEIOT MOCTOAHHBIA COCTAB M X B3aHMOOTHOIUEHHE ONpeie-
TAETCA TONIOXKEHHEM Ha [OMarpaMme [BYX MOHOBAPHAHTHBIX pPABHOBECHN :
;(B) A+C+1=X u /s (C) A+J1=)X+B. Bropas rpynna — 310 NojcucTeMsl
1-B—BC u 1-BC—C, B kotopsix ¢a3ni [l u BC o6pasyior HenpepbiBHbIi TBEp-
Mblii PacTBOp 7y, MMEILMI NEPUTEKTHYECKHE B3AMMOOTHOLIEHHS ¢ (a3oit B u
IBTEKTHYECKHE — C a30ii C. JlanbHeliee yBennueHHe JaBIeHHA MOXKET MpHBe-
CTH K pacll peHHI0 MOJieH KPHCTAIUTH3aIHH OTHUX (a3 M YMEHBLICHHIO IPYTHX,
npeobpa3oBaHiio (Ha30BBIX peakiMi W MOABJIEHHIO HOBBIX XHMHUECKHX COe-
OHHEHHH.

CucreMa ¢ 3BTEKTHKOH H XHMHYECKHMH COCMHEHHSIMH B IBYX KpaHHHX
CHCTEMAaX H TBepILIMH PACTBOPAMH C Pa3phIBOM PACTBOPHMOCTH M NEPHTEKTH-
Ko# B TpeTheH. Takoi THN CHCTEMBI, KaK YacTHO#H Gosee OBUIMX MPHPOITHBIX
CHCTEM, BCTPEYaeTCA JOBOJIBHO YacTO M NMOITOMY NMOHHMaHHe (Ha30BBIX MpeBpa-
WEHHH, IPOUCXOMAUMX B Hell C H3MEHeHHeM [aBleHHs, IPe/ICTABNACTCH OUeHb
BOXHBIM. B (ha30BbIx peakumMax NaHHON CHCTEMBI MPHHUMAIOT YYAaCTHe NATH
¢a3: a — pacrsop xommnouenta C B A, § — pactBop KomnqHenta A B C,y —
TBEp/IbIi PAaCTBOpP JBOIHBIX XHMHYECKHX COe[HHeHHmi, B — ¢a3a kommoHeHTa
B, ) — pacruras. Otciona TOMONOrMYecK e 3/MEMEHTHI IHArPAMMBI COCTOAHUS
JOIDKHBI GbITH NMpeACTaB/IeHbl OHON HHBAPHAHTHOM Toukok J — a+f+y+B+XK,
TATBI0 CHHIYNAPHBIMM MOHOBapPHAHTHBIMU JIMHKAMA: [, (v) B+B=X+a; I, (B)
1+B=X+a; I3 (B) B+a=X+y; I (a) B+B=X+y u Is K) y+B=a+f3 u ne-
CATbIO IMBAPHAHTHBIMH MONAMHU: | — a+f+y; 2 — a+f+B; 3 — a+f+XK; 4 —
aty+B; 5 —aty+)kK; 6 — atf+XK; 7 — f+y+B; 8 — f+y+)K; 9 — f+B+XK;
10 — y+B+XK.

P—T mpoexuuy v H306apHYeCKHe CeYeHNs, OTpaXaolme $azoBbie peB pa-
WIEHHA B 3TOH CHCTEMe, NpHBEJEHbI Ha puc. 2.33 (He NMOKa3aHO PaBHOBECHS
Is (K)). Tlpn HM3KHX 3HAYEHWAX [IABNICHMA, KOTNA XHMHYECKHE COeTMHEHMS
OTCYTCTBYIOT B JIMKBH/YC-COTIMIYCHOH OGNACTH, HA JIMKBUIYCHOM OBEPXHOCTH
HMEETCH TI0JIe KPHCTAJUTH3AUMH TBEPIBIX PACTBOPOB: @ U 3, pasfie/IeHHbIX TepH-
TeKTHYECKOH TpaHHIEH, W Mojile KPHCTAIUM3auMH (a3pl KOMIIOHeHTa B, KOTO-
pas KaK ¢ ¢asamMu KOMNOHeHTOB A M C, TaK H C HX paCTBOPAMH HMEeT IBTEK-
THYECKHE B3aMMOOTHOWeHHA. Tonbko B TOuKe P] MPOMCXOOMT MepHTEKTHYE-

Puc. 2.32. PH o~ T NpoéKIHA H H3o6apHueckue NPOSKIMH AHATPAMMEI COCTORHHA CHCTe-

Mbl A—B—-C cz'rpommm (1= ApB,;;Cp) u neoftaeiM (BC) XMMHYECKHMH COelMHEHHAMH,
obpasywoummMy Mexny coGolt TRepable pacTBOpPEL.
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Puc. 2.33. PH o~ T npoeximaA ¥ H306apHYecKHe NPOEKUHH AHAPAMMBI COCTOAHHA CHCTe-

2
Mbl A—B-—C, xorna B onHolt 3 IBOHHBIX cHcTeM o6pa3yloTcs TBephbie pacTsopsl IV Tina,
4 ee KOMIIOHEHTEI C TPETEMM [1A10T XMMHYeCKHe COelMHEHu .

cKas peakuua no cxeme B+f=J)K+a. C yBenuueHuem MaBjieHHs CHHXKAETCA
TEMIIEPaTypa BCeX JIMKBHIYC-COMMIYCHBIX PAsHOBECHH, a Temneparypa cy6co-
TH1yCHOTO PasyiOXKeHHs XHMHYECKHX COEMHEeHHH KpalHHHX CHCTEM yBenuuMBa-
ercdA. Ilpu P;,o TMPOMCXOOHT TNepeceyeHne JIMKBHAYCa 3BTeKTHKH A+B ¢ nu-

HHel pa3fIoKeHUs XMMHYeCKoro coenuHenusa (A,B, ) u nossnserca Ji, Jtor
CIIyYaH yiKe pacCMOTpPEH B [ABYXKOMITOHEHTHbIX CHCTeMaX H He TpeByeT moscHe-
HMA. YCJI0XKHEHHA HACTYNAOT C [anbHeHIIMM yBelTHUEHHEeM [aBlleHHs, KOTr/Ia
MOABJIACTCA NOJe KPHCTAIH3AUHH TBEPAOro pacTBOpa Y, KOTOpPbIH IpeCcTaB-
nseT coboM XHMHYECKOE COeIHHeHHe TBepJOro pacTBOpPa @ M KOMIIOHeHTa B,
a xumuueckoe coeuHenne (A, B, ) ABNAETCA KOHEUHBIM WIEHOM 3TOTO TBEp-
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poro pactopa. Ilpu yBenMueHHM NaBJIEHHA NOJie KPHCTAIM3ALMH TBEP/OTO
PacTBOpa pacUMpPAETCA H JOXOMHMT 10 TOYKH P}, KOTOpasA C NOAB/IEHHEM JIHIL-
Heil ¢a3bl NpeBpallaeTcA B HHBAPHAHTHYIO TOUKY J? B+ =X+y+a. lanbnei-
ulee yBelHueHMe OaBJIeHMA MPHBOOMT K ewe GonbuieMy paclMpeHMIo nons
KPUCTATUIM3ALMH TBEpIOro pacTsopa 7, H KOrja npH P‘I‘_llo OHO AOHOeT 10

[BOIHOM IBTEKTHKH, B chcTeMe B—C MOABHTCA HHBapHAHTHAA touxa J3. Touka
P2, koropas cmenser P?, npencrasnsier coboit MepUTEKTHUECKOE paBHOBECHE
yeThipex pacTBopoB: y+f=K+a.

W, HakoHel, Ha CeYeHHH P;!Q nokasaHsl a3oBbie MpeBpalleHus (B3aHMO-

OTHOLLICHHA) TBEPHBIX PACTBOPOB KOMIIOHEHTOB A H C c TBepObIMH pacTBOpa-
MH Xumuueckux coemuHermi (A,B,,) u (C,B,,) 1 mocnegHuX — C KOMIOHEH-
ToM B.

Takum 06pa3oM, MOCKOJIbKY MOABJIEHHE Pa3NIMYHBIX CcTaGHIIBHbIX HOHBApH-
AHTHBIX JTMKBHIYC-COMHAYCHBIX PaBHOBECH! 3aBHCHT OT MOABJIEHHA HA JIMKBH-
[lyce CHCTEMBI XHMHUECKMX COe[IMHEHHH JIHKBH/LY CHBIX a3 WwiIK COOTBETCTBYIO-
11X CyBCONMAYCHBIX MOHOBAPHAHTHBIX (a30BbIX accoumalmi, yto Tpebyer Hx
ycroiiuMBocTd J0 P—T yCIOBHiH JIMKBHIYCA, TO, ClIEI0BATE/BHO, 1A OJHOTO
BapHaHTa PacToNOXKeHHA CyO6COMMAY CHBIX TIMHHI HEBO3MOMHO MOCTPOMTS MOJ-
HyI0 [MarpaMMmy COCTOSHHMSA A JIMKBUIYC-CONMIYCHOM OBNACTH KOHKPETHOM
CHCTEMBI, T. €. TAKYI0 JMarpamMMy, B KOTOpO# y4acTBOBaIH Gbl BCe TEOpETHYE-
CKH BO3MOJKHbIe (ha30Bbie ACCOLMAUMH ¢ pacTUIaBOM. B KaXIOM BapHaHTe [tHa-
rpaMMbl COCTORHHS YUACTBYET TOJIBKO 4acTh CTabHIIBHBIX JIMKBHIYC-CONUAYC-
HBIX accoumaumil. KomuuecTBeHHBIH ¥ Ka4eCTBEeHHbIH COCTaB TAKHX accouMaluH
3aBHCHT OT B3aHMOTNONoXeHuA B P—T—X mpocTpaHCTBe CYGCOMHIYCHBIX M JIMK-
BH/LYC-CONM/IYCHBIX FPaHHI CYIECTBOBAHHA ONpeNeNeHHbIX ¢a30BBIX aCCOIMA-
umii. Orciolla cieflyeT BaXKHbIH BBIBOJ, YTO [UIA TMOCTPOCHHA AHArpaMMBbl CO-
CTOSHMA JIMKBWLYC-COMMAYCHOI OBNAcTH COBEpLIEHHO He 0GA3aTeNLHO MMETH
MONHYI0 [MAIPaMMY COCTOSHMS CYGCONMAYCHOW OGNAcTH, AOCTATOUHO 3HATH,
KaKue MOHOBAPHAHTHBIE JIWHHH 3TOI [AMArpaMMbl JIOXOIAT [0 JINKBHAYCA [1aH-
HO# CHCTEMBI.

Kpome Toro, cefyeT o6paTuTh BHUMaHHe Ha yCIIOBHOCTD AC/ICHUA CHCTEM
Ha TBeprodasHble W pacrasHsie. [IpaBuibHee rOBOPHTb O cyBCOnHIy CHOH U
NHKBHOYC-COMUAYCHOH 0BnacTax CyueCTBOBaHHA OHOH M TOH e CHCTEMBI.
Ipuyem, KaK MOKa3an NPOBE[EHHbIH aHATIM3 TEOPETHUECKHX CHCTEM, B JIMKBH-
LYC-CONMMMIYCHOM OBNIaCTH KONMHUeCTBO (Ha3oBbIX TMpeBpalEHHi 3HAMMTENIBHO
Gonblle, YeM B COJTMOYCHOM, YTO CBA3AHO C TIOABJICHHEM 3/IECh EILE opHoi# da-
3bl — PAcIUIaBa, T. €. POMCXOMMT yBe/MueHHe INIEMEHTOB MHOXCECTBA TIpH no-
CTOSHCTBE MX B COYETaHMH, B pe3yJIbTaTe Yero yBelIHUHBAETCA MHCIIO0 COYETaHHH.

2.4.1.3. YeTsipeXKOMIOHEHTHbIE CHCTEMbI

Tpu paccmoTpeHuH $a3oBbIX IpeBpalleHHii B Y€ ThIPEXKOMIOHEHTHbIX CH-
cTeMax OOBIYHO OrpaHHUMBAIOTCA MPHMEPOM, B KOTOpOM KpaiiHHe TPOHHBIE
CHCTEMBI HMEIOT BTEKTHKY 0e3 XMMHMYeCKHX COeHHEHHH, YTO, BEPOATHO, CBA-
33HO €O CIIOKHOCTBI0O TeOMeTpHueckoro ofpasa, orpaxaiiero $hasoBsie Ipe-
BpAIlEHNs B MHOTOKOMIIOHEHTHO# CHCTEME. Ina usobpaxeHua Gpa3oBbIX Npe-
BpAlleHHil UETBIPEXKOMMOHEHTHBIX CHCTEM MpH H300apHUeCKHX YCIOBHAX
uame BCETO MpHMEHAETCS NPaBHIIBHbIH TeTpasnip. EcTecTBeHHO, 4TO TaKo#H 06b-
eMHBIi TreoMeTpHuYecKHit o0pas, NpeCcTaB/ieHHBIH HA IUIOCKOCTH, ABNAETCA
GoJlee CIIOXHBIM, YeM TpeyTONBHUK. Kpome Toro, npi GOJILLIOM WHCIIE KOMILO-
HEHTOB B CHCTeMe NOABNAETCA BO3MOXHOCTB peanu3auyu Gonee pasHooGpa3-
HpIX (a3oBbIX B3aWMOOTHOWeHW#. Tem He meHee IPH MOCTPOCHHH [OHarpamMm
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COCTOAHHA YeTHIPEXKOMIIOHEHTHBIX PACIUIABHBIX CHCTEM (TOUHee JIMKBHMYC-
CONMMAYCHOM 06NacTH JaHHOM cHCTeMbl) COGMIONAIOTCA Te XKe MpHeMbl H NPaBH-
712, KOTOpbIe NPUMEHATHCH TIPH aHATH3e TPEXKOMIOHEHTHBIX cHeTeM. [loaromy
[OCTATOMHO PAacCMOTPETh OIMH TPHMEP YeTHIPEXKOMIIOHEHTHOH CHCTEeMbI
¢ ABYMA OBOHHBIMM XMMHYECKHMH COeTMHEHHAMH.

B pa3NMuHBIX NpeBpameHUAX TAKOW CHCTEMBI YHACTBYWOT ceMb da3: A, B,
C, I, AB, AC u X, oTciofia YHCIIO g'renenei& coboasl paBHO —1, T. €. /JaHHAA CH-
cTema MBJIAETCA OJHOBADHAHTHOW MYNBTHCHCTEMOH, H MOCKONBKY, COITIACHO
npasiiy $a3, B YeTHIPEXKOMIOHEHTHBIX CHCTeMaX HOHBapHAHTHbIE aCCOLMALMH
comepxat 6 a3, MOHOBADHAHTHEIE — 5 M [MBAPHAHTHBIE — 4, TO UX KONHYECT-
BO ¥ cOCTaB ByAyT CleayoMMH !

1) WHCIO HOHBAPHAHTHBIX IIECTH(HAZOBBIX ACCOUMAIMIA PABHO cs=1:

J, (AC) A+B+C+II+AB+XK; J,(AB) A+B+C+I+ACHK; J,(1D A+B+C+AB+AC+X;
J,(C) A+B+I+AB+AC+K; J,(B) A+C+I+AB+ACHK; J (A) B+C+I+AB+AC+X;
J,0K) A+B+C+I+AB+AC;

2) WHCIIO MOHOBAPHAHTHBLIX NMATH(HA30BBIX ACCOUMALHH PABHO Ci=21:

1, (AC,AB) A+B+C+[I+X; L(AC,J) A+B+C+AB+X; 1, (AC,C) A+B+II+AB+XK;
I,(AC,B) A+C+I+AB+X;  I,(AC,A) B+C+I+AB+K;  I,(AB,I) A+B+C+AC+K;
1,(AB,C) A+B+I+AC+K; I,(AB,B) A+C+I+AC+K; 1,(AB,A) B+C+II+ACHX;
1,,([L,C) A+B+AB+ACHK; [, (I,B) A+C+AB+AC+X; 1,,(1I,A) B+C+AB+ACHK
1,,(C,B) A+I+AB+AC+K; 1,(C, A) B+I+AB+AC+K; [,.(B,A) C+IO+AB+AC+X;
‘I‘ m.AC) A+B+C+R+AB; ln (x!AB) A+B+C+.u+AC; ’1‘ OK-H} A+B+C+AB+AC;
1,,0K,C) A+B+I+AB+AC; I,(K, B) A+C+I+AB+AC; 1, (K, A) B+C+I+AB+AC;

3) uHCNO IMBAPHAHTHBIX UeThIPeX(pa3OBBIX ACCOUMAI paBHo C7=35:

1 — A+B+C+X; 2 - A+B+1+XK; 3 - A+B+AB+XK; 4 — A+BHAC+XK;
5 —A+C+O+X; 6 — A+C+AB+X; 7 — A+C+AC+HXK; 8 — A+II+AB+X;
9 — A+JI+AC+X; 10 — A+AB+AC+X; 11 —B+C+I+X; 12 - B+C+AB+X;

13 —B+C+AC+X; 14 — B+II+AB+X; 15 —B+A+AC+X; 16 — B+AB+AC+X;
17 - C+0+AB+X; 18 — C+I+AC+X; 19 — C+AB+AC+X; 20— [I+AB+AC+XK;
21 - A+B+C+]; 22 — A+B+C+AB; 23 - A+B+C+AC; 24 - A+B+1+AB;
25 — A+B+JI+AC; 26 — A+B+AB+AC; 27 — A+C+]I+AB; 28 — A+C+II+AC;
29 — A+C+AB+AC; 30 — A+II+AB+AC; 31 — B+C+]JI+AB; 32 - B+C+II+AC;
33 — B+C+AB+AC; 34 —B+JI+AB+AC; 35 - C+I+AB+AC.

Jns npubnuKeHHA K pearbHbIM CHCTeMaM MPHHHMAEeTCHA, YTO B pacCMAaTpH-
Baemoii cucreMe Kak ¢assl KOMNOHeHTOB A, BH C, TaKk ¥ HX XMMHYECKHe COoe-
muserus AB u AC MoOryT cofiepxars onpeJieNIeHHOE KONHYeCTBO H30MOPQHBIX
MpHMECEH, T. €. HX COCTaB HeMOCTOSHHBIH.

Kak ¥ B cHCTEMaX MeHbllleli KOMIOHEHTHOCTH, aHAJIH3 HayHeM C Cy6Conu-
IyCHBIX PaBHOBECHH, KOTOpPbIE MPefICTaBIIeHbI OTHHM ITYyYKOM J, (K) A+B+C+
+J1+AB+AC. [lo pacnonoxeHH0 GUrypaTHBHBIX TOYEK COCTaBa KOMIMOHEHTOB
OTHOCHTENIBHO J7IEMEHTOB TeTpadjpa Touka J; oTHocHTCA Kk THmy IV—63, mo
knaccuduxamun B. B. Jlomuso-JloGposorbcioro [46]. 10T THN HHBapHAHT-
HbIX ToueK (puc. 2.34) MMeeT [IBa BH/IA CHHTY/IAPHBIX PABHOBECHH: /1B PABHO-
BECHs, MeJICTAB/IEHHBIX UYeTHIPbMSA MOHOBADHAHTHBIMH JHHMAMA (IBOAKOHA-
NpaBNIeHHbIX C TPEMA WHIH(pEepeHTHbIMH (a3amu), lig H /19 paBHOBECHA AB=
=A+B ¢ uwmndepenthbivu ¢asamu C, Il u AC; Iy5 ¥ Iy paHOBecHa AC=
=A+C c unnudepentnbivMu pasamu B, 1l u AB u onHo paBHOBece AB+C=
= B+AC, n306paxaeMoe IByMs MOHOBapHAHTHBIMH O[HOHANPABIIEHHBIMH JIH-
wnAMH lig ¥ [y ¢ MHIMGbepeHTHBIMA dasamu A u [l AHanu3aupoBatbca GynyT
TONBKO CTabHIIbHbIE pABHOBECHA.
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P-T nuarpamma myuka J, (K) umeer Tako# e BMM, KaK ¥ QHarpamMma
1A TPOHHOH CHCTEMBI C ABYMA HOBOHHBIMH XHMHYeCKHMH COENMHEHWAMH
(puc. 2.17), TONBKO B paBHOBECHAX YeTHIPEXKOMIIOHEHTHOH CHCTeMbl 106aB-
nserca ¢asa JI, KOTOpyl0 B CHHIYNApPHBIX paBHOBecHAX AB=A+B u AC=
= A+C MOXHO CUMTaTh NOJMHOCTHI0 HHMbepeHTHOI. [lockoneky P—T muarpam-
Ma cyGconmuay cHOl OGIacTH UMeeT IBe ,,3HaHTHOTpOMHBIE'’ (OpMBI, TO WIdA CO-
NHOYC-TMKBHOYCHOH 00nacTH NpHAETCs paccMarpuBaTh [Ba BapHaHTa [Ha-
rpamm coctosauus. Kpome T0ro, B OJJHOM BapHaHTE MOXHO I0-pa3sHOMY pacro-
naraTth OHHOHANpaBJIeHHbIE JTWHWHH MOHOBapHAHTHOrO CHHTYJIAPHOrO paBHOBe-
cuft — lyg ¥ la;.

BapuanTt la. Ha puc. 2.34 npusenenn! P—T nmpoekuun H u306apHue-
CKHe ceueHMa myuka J; IUIS cIyuas, KOr[a MOHOBApHAHTHbIE JIMHHH lig H [y
HMEIT TOJIOKHUTEIbHbIH HAKJIOH M MX CTaGHIIBHBIE JTyYH MPOMAOIDKANTCA B 06-
nacTe Gonee BBICOKHX PH,O u T [0 TMKBHAYC-COJMAYCHBIX YCIIOBHH, 2 Ty'H

OCTAJIBHBIX JIMHHA — B CTOPOHY HH3KOH TeMIEpaTy phl.

Ilpx MOCTpOEHHH AHATPAMM YUHTHIBANach NepeMEHHOCTh COCTaBa (a3 CHH-
ryJsipHBIX paBHOBECHH, CONEPXAalMX ABe WHOH(epeHTHbIE (a3bl, OHA U3 KO-
TOpBIX MpeJCTapjieHa paciUlaBoM. ITo MapHble paBHoBecH:A: [ ([1) AB+C+XK=
=A+B+C+X u 55 (C) AB+O+X=A+B+I+X; /5 () AC+AB+XK=A+C+
+AB+X u Ij; (AB) AC+I+X=A+C+[+X. ®. A. Ckpeitnemakep¢ [160],
pa3Gupas CHHTYNfApHbie pPaBHOBeCHS C NepeMeHHbIMH (asam, OTMeyan
(c. 185) : ,,Ecnu M nepeMeHHOCHHTYNIAPHOE, TO TPH CHHTYJIADHbIE KPHUBbIE YKe
He MOTYyT coBmacts”. B paccmarpHBaeMom npumepe Nyuxu Jy u Js comepxar
[BOAKOHANpaBlieHHble CHHTYNApHbIE TWHMM, OTpa¥awliue paBHoBecHa AB=
=A+B u AC = A+C c Tpems nnmepenTHeimu dasamu: C, I n K u AB, Iu XK
cootBeTcTBeHHO. [lockonbKy GbUIO MPHHATO YCIOBHE, YTO B Npouecce ¢a3o-
BbIX TpPEBpAIEHHH cOcTaB (a3 u3MeHAeTCA (XOTA H He3HAUHTENBHO) , TO JIMHUH
CHHrynapHeix pasHosecHit [ (K), I, (0I) u /3 (C) myuka J, He copnmajawt
¢ IBOAKOHANpAaBNIEHHOW IMHMEH CHHIryNApHOro pasHoBecha AB=A+B (Ha
IMarpamMMe He MOKa3aHa) , KaK W OJHOHanpasneHHsie mubnu [, (M) u /3 (C) ne
coBnafanT Mmexay coboi. TouHO Tak e BeOyT ceOf H JIHHHM CHHIYJIAPHBIX
paBHoBecHit myuka Js: Iy (K), I (AB) u [;; (J1) OTHOCHTENBHO JTHHHH CHHTY-
napsoro pasHoBecus AC = A+C (TaKoKe He TIOKA3aHHOM Ha Mar paMmax) .

Kax sunHo u3 P-T npoexuyn puc. 2.34, c NOBbILLIEHWEM [1aBJIEHHA HOHBA-
puanTHoe pasHoBecue J; (AC) A+B+C+[1+AB+X npeoGpasyercs B ueTbipe MO-
HOBAPHAHTHBIX — M3 TOYKH J; BBIXOJAT YeThIpe MOHOBADHAHTHBIX JIHHWH, NOpA-
JIOK pacrofoxeHus KOTOPIX NOAuHHAETCA npaBuny Ckpeiinemaxepca. Ha u3o-
GapuueckoM ceueHuu (puc. 2.34, ceveHue P';'_{,o) 37O BhipaxaeTcA B 06pa3oBa-

HUM BHYTpH TeTpas[pa 06beMa KPHCTAJUTM3aIHH (32 cueT 06BbeMOB KPHCTANUIH-
3anuMKM Opyrux ¢a3) XuMHYeCKOTo coefHeHHA AB, Hmelomero takxe gpopmy
TeTpas’apa, BepIIHHAMH KOTOPOrO FABIIAITCA TOUKH M306apHUECKOro ceyeHHs
MOHOBApMaHTHBIX PaBHOBECHH, a pebpamu — H306apHYeCKHEe CeUYeHHA IHBAPH-
AHTHBIX paBHOBeCHH (TIOTrpaHHYHBIE JIHHHMH MEXIY 00beMaMH KPHCTAUIN3aLHH
Tpex ¢a3). Tun ¢a3oBbix NpeBpaieHHi B TOUKaX H3006apHUeCKUX CeueHHil fer-
KO YCTaHaBJIHBaeTCA ¢ ydyeToMm P—T npoexkuud COOTBETCTBYIOIMX paBHOBec-
HbIX accoumauuii. Heckonpko coxkHee onmpedenAOTCA THN paBHOBECHA Ha MO-
rpaHHYHBIX JIMHWAX W HanpaBlieHue TafieHusA TeMmepaTypbl Ha Hux. [lorpanuy-
Hble JIMHUM, CXOfAIMecs B Touke Eg, MOIKHBI GbITh, KaK MpPaBUIIO, IBTEKTHYE-
CKUMM M TeMMepaTypa Ha HMX Oyner magare K TOUKe E‘;.Xapaxrep OCTATBHBbIX
JIMHHH YCTAHABJIMBAETCA C MIOMOLIBI0 MOJEDHUHPOBAHHBIX UIA UYETHIPEXKOM-
MOHEHTHBIX CHCTEM TpaBun Anbkemage: 1) MakcHMaNbHas TemIlepatypa
HA MOTPaHMYHOM JIMHMM TIPUXOOHMTCA HA IpaHb TETPajnipa, B Yrimax KOTOpOi
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Puc. 2.34. PH o~ T MpOeKUHUA H u3o6apuyecKue NPOAYKIUMH AHATPAMMEI COCTOSHHS CHCTe-
2
mbl A—B—C—]I ¢ nBymMA NBOHHBIMH XHMHMYeCKHMH coenHHeHHAMH AB n AC; BapuaHT la.
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Puc. 2.34. (IIpopormkeHue) .

paCTIONaralTcsA (UrypaTHBHBEIE TOYKH COCTABA COCYLIECTBYIOIIMX HA ITOH JIM-
HuM a3; 2) eciu NOTPAHHVHAA JTMHAS WK ee TPOAOJDKEHHE MpOTBIKAI0T rpaHb
cocymecTyoumx ¢a3, T0 OHH OTPOKAKT IBTEKTHUECKHE B3aHMOOTHOLLIEHUA
3THX (a3, a €CJIH HET, TO HA HHX MPOMCXOMMT MEPHTEKTHUECKARA peaxims. Tak,
NOTpaHMYHbIE JTHHUH, BRIXOIALINE K3 TpOMHBIX 3BTEKTHK B 0GBbeM TETpadapa,
LIPOTHIKAKT ’ [PaHH TeTPaspa, B BEPLIMHAX KOTOPBIX pacnionaraircs QUry-
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Puc. 2.34. (Tlponomkerue) .

PATHBHbIE TOUKH COCTABA (a3, COCYIIECTBYIOUMX Ha COOTBETCTBYIOLMX NIOTpa-
HUYHBIX JIMHHAX, 3 TeMMNEpaTypa Ha JIHHHAX NaflaeT OT rpaHeii. ITUMM CBONCTBA-
M OGnajialoT W BhileyKa3aHHble JHHAH, CXORAUMeEc B Touke E3: Ei—P3,
E3—P; u E3-P%, 015 OHY 1 He MMeI0T OBILIMX TOYEK CO CBOMMH TPaHAMH; Mpo-
HoiDkeHHe MMHWM E3—P; mpotbixaer rpams AB—B—C; mpomomkemme mnHuu
E¢-P; — rpams AB—B—]I, a npomo/keRMe HHWH E¢—P} — rpans AB—JI-C,
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Puc. 2.34. (TlponosmkeHue) .

KOTOpas [elMT OCHOBHOH TeTpasAp Ha nOBe mopacucTembl: A—AB—JI-C u
AB-JI-C-B.

Ocraerca npoBepUTh MPaBHIBHOCTH ONpE/eNieHHA MaleHHsA TeMIepaTypbl
Ha TpeX NOTpaHMYHBIX NMHMAX: P3—P§, P3—P} u P3—P3, KoTophie TaKXe He
HMelT OBUMX TOYEK CO ,,CBOMMM® TpaHamu. Ha norpanwyHoi muumu P3—Pj
cocyuecrByior ¢a3el A, C 1 AB, mo3tomy temneparypa Ha JIMHHHM [OJDKHA Ma-
IaTh OT 3TOH IpaHM, HO NMPOMO/KEHHe JIHHHK He MpoThikaer rpaHs A—C—AB,
cleoBaTenbHO, OHa OOJIXKHa OBITH NEPUTEKTHKAJIbIO ("-1'1'0 MOKa3aHoO [OByMA
crpenkamu) . TlorpaHuunas nuius P3—P§ oTpenser 0GbeMblfKpHCTaTUTM3aIHH
¢da3 AB, A u ]I, HO ee mpofo/keHHe He MpoOThIKaeT rpaHb A—JI—AB, noatomy
OHa [OJDKHA GBITh TaK)KE MEPHUTEKTHKAIBIO C MAJIEHHEM TEMIIEPAaTyPhl OT 3TOH
T'paHH.

Bo3HHKal0T 3aTpyJHEHHA C OMpeMeNeHHeM HallpaBJleHHA MaJeHHA TemIepa-
TYPBI M THNa (a30BOro NpeppaleHHA Ha JTMHHH qupg, COeIHHAIONIEH TOUKH,
KOTOpbie OTPaXal0T CHHIYJIApHbIE PABHOBECHA C ABYMA HHIMepeHTHBIMH da-
3aMH. JTa JHMHMA ABJIAETCA NOTPAHMYHOH MEXIy 00beMaMH KpHCTAIUTH3AUHMH
a3, purypaTueHble TOYKH COCTABAa KOTOpBIX paclosyiaraiorca Ha pebpe Terpa-
3[pa, MO3TOMY B JAHHOM CTyYae TIpaBMJIO AnbKeMasie He MPHMEHHMO.

Kak yka3siBajioch BbIille, NIPpY NOCTOSAHHBIX cOCTaBax a3 nuHuM I, u I3
CHHTYNADHBIX paBHOBecHH Ha P—T mpoekimMu MOJKHBI coBmapate. Torpga Ha
M306apHYeCKOM CeYeHMH TOUKH P3 u P3 3THX JHHMWA MMeNnH 6bl ONUHAKOBYIO
TeMInepaTypy, a COe[MHAIOLIAA MX JIMHHA Npefcraeisana Obl u3orepmy. Ho
B ClTydae NepeMeHHOro COCTaBa (a3 CHHTYNApHBIX paBHOBECHH HeoOXomumo
3HATh B3aMMOOTHOLIEHHE HX JIMHHI Ha P—T npoekiuyy, M TOTHA N1eTKO ONpefe-
TMTCA HATpAaBJIeHHe NafIeHHA TEeMIepaTypbl Ha NOrpaHUYHOH HHUK. XapakTep
¢$a30BOro NpeBpaieHHs Ha 3TOH JIMHMM JIOIDKeH GbiTh NMEPHTEKTHYECKHH —
o6Gpa3oBaHHe XMMHYECKOro coeqMHEHUA AB B pesynbraTe peakuHud KOMIIOHEH-
T0B A ¥ B, B npucyrcteuu pacrnasa. C yBenuueHWeM [aBjieHMA 06bem KpH-
CTA/UTH3aLHK XWMHYECKOro coefuHeHus AB pacumpsercs BIJIOTh [0 rpaHei
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Puc. 2.35. Py o~ T npoexuus 1 n3obapuyecKue MPOSKIMHM IHATPaMMBbl COCTOAHHA CHCTeE-
2
mil A—B—C—]I ¢ aByM#s JBOHHBIMH XHMHYeCKHMH coefuHeHHAMH AB n AC; sapuanr 16.

A—B—C u A—B—]l, rie 3aKaHUMBAIOTCSA NUHHH CHHTYJIAPHBIX PABHOBECHH /3 U
3 4 5
I3 (cM. puc. 2.34, ceueHHs PHlo H PH,O)‘ Ipu PHZO NOABIIAETCA HHBAPHAHT-

Has touka Js (B) A+C+I+AB+AC+X kak pesyibTaT nepeceyeHus JIMHHI
Iy 0K, B) AC+I1+AB=A+C+[1+AB u I (B, AC) C+II+AB=)K+A B cuHTY-
napHoit Touke C+JI+AB=7K, T. e. B MOMEHT NONajaHUA GHUIYypaTHBHON TOUKH
pacmuiasa Ha rpais C—J1—-AB.

[py panbHeiiiieM YBelIHYeHWH [aBIICHHA IPOUCXOMHT npeoGpa3oBanie
HOHBAPMAHTHOTO PABHOBECHS, CXOTHOE ¢ ONMMCAHHBIM BBILLEC DK aHATIH3¢ Mydka
Ji, B pe3ynibTare MOJIYYHM TaKoe COCTOAHHE CHCTEMBI, KOTOpOe u306paxaerca
[MarpaMMoOM C TpeMs IATH(HA30BBIMH pABHOBECHAMH, [IECATHIO — yeThipexda-
30BBIMH ¥ LIECTbI0 — BYX(ha30BbIMH 06beMaMH KpHCTALIM3AUNK (pPHC. 2.34,
cevenme P3, ).

2

Wrak, B JaHHOM BapHaHTe NMPUHUMAKT YYacTHE TOJIBKO [(Ba CcTabUIIBHBIX
JMKBHIYC-COMMIYCHBIX My4iKa H3 LIECTH TeOPeTHYeCKH BO3MOXKHBIX.

Bapuant 16 (puc.2.35). Ecnu NUHHA CHHIy/IAPHOTO paBHOBECHA I (K,
A) B+AC+1=C+AB+]l 6ynet HMeTh TONOXUTEIbHBIM HAKITOH, TO NIPH ollpee-
JIEHHOM 3HAYEHHH [ABJICHHA MOABUTCA BO3MOXHOCTb MEPECeUEHHA cTabWIIBHOTO
JTyua 3TOH JMHWM JTMKBHIIYCOM CHCTEMBI ¢ O6pa3oBaHMEM HHBAPHAHTHOTO paB-
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Puc. 2.35. (ITpoponxenue) .

Hopecus Jg (A) B+C+I+AB+AC+XK. Ho mo 3Toro MOMeHTa B CHCTEME [1OJIXKHBI
NpOM30iiTH (a3oBbie MPpeo6pasoBaHus: Mpy AABICHHH, COOTBETCTBYIOIIEM Ceve-
HHIO P;{ o IBTEKTHYECKOE PABHOBECHE l;5(B,A) C+1+AB+AC=X uepe3 cun-

2
rynapHoe § — C+J1+AB=)KnpeBpaiaercs B NepUTIEKTHYeCKOE / 1s(A,B) C+lI+
+AB+X+AC # nepememaerca u3 oGbema noacucrembl A—AB—C—]1 B o6pem
noacuctemsl B—AB—C—]I. Tonsko mocne 3T0ro ¥3 MOHOBapHAHTHBIX aCCOLMA-
wait s, I3y ¥ [s oBpasyerca HoHBapuaHTHas — Jg. [IpH yBeJTHUeHHH NABIICHHA
BOIM3H TOUKH Jg HE NOABIIAETCA HOBBIX ha3, a MPOHCXONAT ONpe[e/IeHHbIE Mpe-
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Puc. 2.35. (TlpopomxeHne) .

06pa3oBaHKs X COOTBETCTBEHHO NEPECTPOMKA TOMOIOTHH MATPAMMBI C H3MeHe-

HHEM pa3MepoB 06BEMOB KPHCTAIUTHIAIMH $a3: pacLMpAETCA 0OBeM KpPHCT-

masauun dasvt AC 3a cier o6bema daswi AB (puc. 2.35, ceverma Py u PLY ).
2 2

B aToM BapuaHTe BO3MOXKHO NOABIIEHHe J3 (1) A+B+C+AB+AC+X, ecnn
BMECTO [y MCNONB30OBATh JMHHIO paBHOBecHs /yg (d) B+AC+A=C+AB+A
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Puc. 2.36. Py o~ T MpOeKIMA NHAarpaMMEI COCTOAHHA cHeTeMbl A —B—C—]I ¢ nByms aBoit-
2
HBIMH XMMHMYeCKHMH coelMHeHHAMH AB u AC; papuaHr 2a.

H HanpaBHTh €€ TaK, YTo0bl OHA MepeceKanach ¢ JMHMeH paBHOBecus Iy, (1)
AC+AB+)X=A+C+AB+X, Ho TOrna He CMOET OABHUTHCH accoupauus Jg .
Bapuanrt 2a (puc. 2.36).B srom BapuanTe ucrnonsayercs obpaiiueHHan
OTHOCHTENIBHO BapHaHTa | dopma myuka J;. 3pecs B 06nacTh GONbIIMX 3HAYE-
HHH TeMIepaTypbl U [IaBIEHHS HATIPABJICHb! CTAGHITbHbIC JTYYH THHHNA /17 | [y,
OTpaXkalluHe CHHTYNApHBbIE paBHOBECHA O6GpPa3’0BaHMA ABOMHBIX XUMHUECKHX
CoelMHCHMI B mocnenoBarensHOCTH AC M AB. CraGuibHbIe NyYM OCTATIBHBIX
JNIHHHKI NyYKa HATIPABJIeHbl B CTOPOHY MeHBIMX 3HaUeHHUH Temneparypsl. brnaro-
Aaps TaKOMY MOJIOXEHHIO JIMHHI B JIMKBHAYC-CONMAYCHOI o6nactu 6ynyt cy-
WIECTBOBATh [IBe CTaDHIIbHbIE HOHBAPHAHTHBIE accOMAIyH: J, (AB) A+B+C+
+I0+AC+X u J, (C) A+B+[1+AB+AC+X. Ha puc. 2.36 npuBefeHa TOnbKO
PH,O—T MpPOEKIUA [HarpaMMbl COCTOAHHMA, KOTOpaA MO TOMOJNOTUH MMeEeT

CXOICTBO C MpOeKUMei pHC. 2.34, CIeIOBATENBHO, M THIIB! (ha30BBIX NpeBpae-
HHH [aHHOTO BAapHAaHTA HNOJDKHBI OBITH CXOJHBI C TAKOBBLIMH BapvaHTa 1, HO
TOJIBKO C Y4YaCTHEM HEKOTOPBIX JPYTHX da3.

Bapuanrt 26 (puc. 2.37) oTnHuaeTca OT BapHaHTa 2a TeM, YTO JIHHMA
CHHTYJIADHOTO paBHOBecHA [y (A) AB+C+]Jl=B+AC+]] uHMeeT MOMOXMTED-
HblH HAKJIOH M €€ CTAaGMIBHBIM J1yu HAMpaBieH B OGNAcTh BBHICOKMX 3HAYCHMI
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Puc. 2.37. PH o~ T MpOeKITHA IHArPAMMBbI COCTORHH S CHCTEMbI A-B—C-]I c nBy™mA nBoOit-
2
HBIMHM XHMHYeCKHMU coefnHennsamu AB u AC; BapuaHT 26.

PH o u T, rae peamM3yeTcA BO3IMOXHOCTb NOABIIEHHUA HA JIMKBHILYCE 3TOH acco-
2

mpamuy ¥ o6pa3oBaHMs HOHBapHaHTHOH TOuKH Jg (A) B+C+I+AB+AC+XK.
Ecm, xak u B BapuaHTe 16, BMecTO Iy, ucnonb3osars muhnio [ig (II) C+AB+
+A=B+AC+A, xoropyw pacrnonoxurs Ha P—T mpoexuuu Takum 06pasom,
uT06bI OHa Tepecexnach ¢ /o (1) AC+AB+X = A+C+AB+X, 1o Ha ruarpamme
obpa3yerca TouKka ¢ HOHMBapHaHTHOH (a3oBoif accoumaumed J; (1) A+B+C+
+AB+AC+XK, Ho TOorga He CMOXeT MOABUTHCA Jg.

Takum 06pa3om, ¥ B (a30BBIX NpEeBpaNIeHUAX BapuaHTa 20 NPUHHMANOT
YYACTHE TONBKO TPH MHBAPHAHTHBIX ACCOLMALMH C pacruiaBom: ubo Ja, Jy u Jg,
HHGOJ;,Jq ﬂJ3.

Paccmorpenne ¢$a30Bbix NpeBpallieHHH BCeX BAPUAHTOB JTMAarpaMMel CO-
CTOSHUS UETHIPEXKOMIOHEHTHOH CHCTEMBI C ABYMSA [BOHHbIMH XHMHYECKHMH
COeJIMHEHHAMM ellle pa3 MOJTBEPXKAaeT BIBOM, YTO B OJIHOM BapHaHTe pacrlosio-
JEeHUS JIMHMHA CyOGCONMIYCHBIX PABHOBECHH CTabHIIbHble MHBAPDMAHTHBIE acco-
MAIMH ¢ PACIUIABOM MOABIAKTCA TOJIBKO TOT/IA, KOT/Ia HMeeTCA BO3MOXKHOCTh
nepeceyeHus WX CTAGHIBHBIX JTyyeil CONHUIYCOM CHCTEMbI, T. €. KOT/a CTaGHIIb-
HaA ¢a3opasg accoumalusa cyGCONMAYCHOro MOHOBAapHaHTHOTO pPaBHOBECHA
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NonajaeT B JMKCHAyC-conuaycHble ycnoeua. Ilockonbky, cOrnacHo TeopHu
[46, 160, 302], myukH ¢ OQHOHANpaB/IEHHBIMM JIyYaMH CYLUECTBOBATh HE MO-
TYT, TO HEBO3MOXHO MOCTPOHTH AHArpamMmy, BKIIIOUAKOLIYIO BCE TEOPeTHYECKH
BO3MOXHbIE TONOJIOTHYECKHE 3IEMEHTEI B CTaOHIIBHOM COCTOAHHH.

ITHM NMPUMEPOM [HATPAMMBI COCTOAHHA YeThIPEXKOMIOHEHTHOM CHCTEMBI
MOXHO 3aKOHWMTh PAacCMOTPEHME TeOpPEeTHYECKHUX BOMPOCOB Te€OMETPHYECKOTO
(H3HKO-XHMHYECKOTO aHajIM3a paciuIaBHBIX CHCTEM, YACHEHHEe KOTOPBIX IO-
3BOJIMT pa3obpathcsi M B Goniee CIIOXKHBIX, MHOTOKOMITOHEHTHBIX ITpHPOIHBIX
CHCTeMax.

OueBHOHO, 4TO IHArpaMMBbl e YeThIPeXKOMIIOHEHTHBIX CHCTEM TEpSIOT
M3-32 CBOEH CIIOXHOCTH ITIABHOE NPEMMYILECTBO TeOMETPHUeCKOro u3o6paxe-
HHA QU3NKO-XMMHMYECKOro MNpoliecca — HarnamHocTs. [Toatomy uid cokpaue-
HHA MEPHOCTH [MarpaMM MHOTOKOMIIOHEHTHBIX CHCTEM IPH FEOMETpPHYECKOM
aHAJIH3€e MOXHO HCIOJIB30BATh MOJIHTEpMHUYECKHe NpoeKLuH (pa3pe3si) H306a-
PHYECKHX ceveHMH, Kak 310 npemtaraiT A. C. Tpymun u A. C. KocMbIHHH
[177] B cBOeM MpOEKLMOHHO-TEPMOrpaHIECKOM METONE HCCIIEMIOBAHUA MHO-
FOKOMIIOHEHTHBIX CcHCTeM. MMM [0Ka3aHa NpaBOMEPHOCTh OTOXKIAECTBIEHHA
[MArpaMMBbl COCTOSIHHMA TOJIMTEPMHYECKOTO pa3pe3a ¢ HeHTpanbHOM npoexuueit
YacTH (pa30BOro KOMIIEKCAa CHCTeMBbI HAa IDIOCKOCTh pa3pe3a. 3TO CBA3AHO
C TeM, YTO HaNpaBJieHHWe NpOeUMpYOLIMX Nydeil COBMafaeT ¢ HalpaBlIeHHEM
KPHCTATTH3ALMH NIepBHYHO Bhifenswomenca ¢a3sl. A. C. Tpynun u A. C. Koc-
MbIHMH Npe/yIaraiT NpH BeIGOpe MOUTEPMHYECKHX Pa3pe30B MpHIePXHBATHCA
Cre/TyIOLMX paBHIl :

1) monMTepMHYECKHH paspe3 IOJDKeH GBITH NapasuiesieH OfHOM M3 CHCTEM
OTpaHMYeHHS ‘M He [JOJDKEH IepeceKaTh MOJIICa KPHCTAIH3AMH HCXOTHBIX
KOMIIOHEHTOB H 06pa3yIoNMXCsa CoeIHHEHHI; '

2) NONMMTEpMHYECKHH pa3pe3 MepHOCThIo GONBINE eNMHMIBI OJDKEH Je-
’aTh B 06beMe KPHCTAIIM3ALHH O/IHOrO H3 KOMIIOHEHTOB CHCTEMBI;

3) nomurepmuuecKkuil paspe3 MOJDKeH NepeceKaTh BCE CHMIUIEKCHBIE 3jie-
MEHTBI, BHIABJIEHHBIE TIPEIBAPHTETBHON TPHAHTYIIALHEH.

O6ocroBanne BbIGOpa MONHTEPMHYECKHX Pa3pe30B-NpoeKiHii Gyner maHo
OT[IENIBHO B KaXX[IOM KOHKPETHOM CiTy4ae, 3[iech Xe Heobxoaumo 06OCHOBATh
BLIGOp MONMMTEPMHYECKHX pa3pe30B OOLIMX 1A BCEX IPaHHTHBIX CHCTEM, YUH-
ThIBas HX XapaKTepHYH OCOGEHHOCTh — IEpPECHIIEHHOCTh KPeMHEe3eMOM HITH
komnoHenToM KB, H npuHATOE YCNIOBHE — NepechlmeHHOCTh Bomoi. Tak Kak
KBapll CO BCEMH OCTalbHBIMH KOMIIOHEHTAMH TIDAaHHUTHBIX CHCTeM 0Bpa3syer
IBTEKTHKH, TO aHANH3 (a30BbIX NpPEBPAIIEHHI B CHCTEME TI0OOH KOMIOHEHT-
HOCTH MOXXHO BECTH HA NOJTHTEpPMHYECKOH MPOEKUMH, KOTOPasA paclonaraeTca
B 06GNACTH KPHCTATH3aUMA KBapla, T. €. JAHHBIA KOMITOHEHT MOXET GBITh BbI-
HEeCeH 3a IHarpamMmy, HO €ro TMPHCYTCTBHE MOJDKHO YUMTHIBATHCA BO BCEX paB-
HoBecuAX. [TomoGHbIH croco6 yMeHBIEeHHA YHCIIA KOMIIOHEHTOB MHOTOKOMIIO-
HeHTHbIX cucTeM ucnons3dyerca I, C. Kopxauncxum [87, 89, 93] mpu ananuse
MHHEPaJIbHBIX MMAapareHe3HCOB T'PaHMTOM/OB, KOIHA KBapll OTHOCHTCA K H306bI-
TOYHBIM KOMIIOHEHTaM H BBIHOCHTCA 33 JMarpaMMy COBMECTHO C BIOJIHE NOf-
BH)KHBIMH KOMIIOHEHTaMH.

Bopa mpu ycnoBHM nepechlleHHA KpoMe NPHCYTCTBHA €€ B paCTBOPeHHOM
BHIe 06pasyer caMOCTOATENbHYI0 (a3y — (ioHa, AaBlIeHHe KOTOPOTO ONpene-
JIfeT CTENEeHb paCTBOPHMOCTH BOZBI B paciUlaBe, TeMIIEpaTypy ero KpHCTailIH-
3allMH, OKa3blBaeT OTPOMHOE BIIMAHMe Ha (pa30BLIe NpeBpAIEHHA B CHCTEME H
B [JaHHOM CJly4ae CTAHOBHTCA BHELIHWM (aKTopoM paBHoBecHA. OHO Moxer
ObITh paBHO M GOJNBLIE JTHTOCTATHYECKOrO [ABJIEHMA, KOTOpOE IpH 3afaHHBIX
YCTOBHAX TNpaKTHYECKH HE OKa3pIBAET HHKAKOIO BIMAHWA Ha (pa3oBbie Npe-
BPAILEHHUA.
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IpunATHe paBneHus BogHOro ¢moMna 3a BHEIIHMHA (aKTOp pPaBHOBECHSA
CHHXAeT KOMIIOHEHTHOCTh CHCTEMBI Ha eIMHMIY HIIH Ipe[OCTaBIIAET CHCTEME
OHY JIMILIHIOK cTeneHb cBoGops!. [IpucyTcTBie BoIb! BO BeeX (a30BhIX paBHO-
BECHAX IOflpa3yMeBaeTcs, HO HMIZle He ykaswiBaercd. Cka3aHHOe O BOJTHOM
dbmouae rpapuUuecKH MOXHO TpPECTaBUTh KAK MOJIHTEPMHYECKYI0 TPOEKLMIO
M3 BOJHO# BepUIMHbI KOHIEHTPAllMOHHON (hUTYBI.

B pesynerate BeIGOpa MONMHTEPMHYECKOTO pa3pe3a ABOHHBIM NMPOEKTHPO-
paHueM (u3 BepumH KB u H,0) nns aHanmi3a KOHKpeTHOH CHCTeMBI B M306apH-
YeCKHX YCTOBHAX MOXHO Oparb (Mrypbl Ha [IBa NMOpAJKAa MEHBIIEH CII0XHO-
CTH: TAK [JIA YeThIPEXKOMIIOHEHTHOIH CHCTEMBI MOXHO HCHOJNIb30BaTh FeOMeT-
pudeckue (QHUrypsl, KOTOpble IPHMEHAIOTCA MPH aHANTH3e [IBYXKOMIOHEHTHBIX
CHCTEM, JUIA NATHKOMIOHEHTHBIX CHCTEM [OCTaTOYeH KOHUEHTPalHOHHbIA
TPeYTONBHUK, 1A LIeCTH — TeTpasap, HO OJIA ceMH M Gosbluel KOMIOHEHTHO-
CTH CHCTEM NPHAETCA OrPAHHYMTBCA TONBKO PH,O_T NpOeKLMAMH HOH- U MO-

HOBapHAHTHBIX PaBHOBECHH, MOCKOJIBKY [JIA H300apHYECKHX CEYEHHH TaKHX
CHCTEM HeoOXOIMMBI CIIOMHBIE TeOMeTpHYecKHe (DUTY Pbl.

Ilepen omicaHMeM MpPHPOJHBIX PACIUIABHBIX CHCTEM HEOOXOIHMO IPHBECTH
HEKOTOpbI€ 3aMeYaHHMA, KOTOpPbIE€ OTHOCATCA KO BCEMY nocnegymwiemMy H3jo-
JKeHHI0 MaTepHasa II0 CHCTeMaM.

a. B panHo# paGoTe He MpeCTaBNIACTCA BO3MOXHBIM JeTaNbHO pa3buparh
KXyl vYacTHyw cucremy. OHu Oymyr oGbeMHATBCA B TpYMIBI, KOTOpbIE
HMEIOT CXOHble (pa30Bble MpeBpALIEHHA U COOTBETCTBEHHO OIMHAKOBYIO TOMO-
JIOTHIO Marpamm, ¢ HeGONMbIIMMY KOMMEHTapHAMH MO OTAENbHBIM CHCTEMaM,
YTO KOMIIEHCHPYETCA [OHarpaMmamMi -— BGonee HarjiAaHbIM IeOMETpPHYECKHM
u3006paxeHueM (a30BLIX PaBHOBeCHH, YeM omicaHHeM. Kpome Toro, Her Heob-
XOOMMOCTH B MOJIHOM aHanM3e KaXKJIOH CHCTeMbI, BKIIOUAA W cyBcoymaycHble
(ha3oBbie paBHOBECHHA, H Tem DOllee B pacCMOTpPEHHM TEOPETHYECKH BO3MOXK-
HbIX BApUAHTOB BCEX BBIENIEHHBIX CHCTEM. BpiOOp BapHaHTOB CylieCTBOBaHHSA
CHCTeM JIJIfl aHAJTH3a OTIpe/IeNIAeTCA M3BECTHBIMH K CIIEPHMEHTA/IbHBIMHU [TaHHbI-
MH MO TOJIOXEHHIO JINHKA 06pa30BaHUA—PA3II0NKEHHA XHMHYSCKHX COSHHEHHH
B KaXMI0il KOHKpeTHO#H cucTeme (cM. puc. 2.4 u 2.5), a TaKOKe JaHHBIMH 1O Mo-
NoXeHHI0 Ha P—T MpoexIyM TMHUA KPHTHYECKHX PeaKiMi MeTamMOpgHUYeCKHX
caumii, TIpuBefeHHbIX B paborax [23, 44, 96, 117 u np.] . Kak 6bu1o noka3saHo
Ha NIPHMepax TEOPeTHYECKHX CUCTEM, IS aHAIIM3a JIMKBH/IYC-CONMIYCHBIX (ha-
30BBIX MPEBpALIEHHH JOCTATOYHO 3HATh, KAKHE XMMHYECKHE COeIMHEHH S TIOAB-
JIATCA HA JIAKBHAYCE H B KAKOMH MMOCNeI0BATEIBHOCTH.

6. Bo Bcex ciyuasix aBTOp CTPEMHICA K YTIPOILEHHI0 HarpaMM M MeHbLIEH
MX 3arpy>XeHHOCTH: Ha HHX MOKAa3aHbI ITIaBHbIe (h)a30BEIe NpeBpaIeHus, H3 KO-
TOPBIX MOXHO YSICHHTH OCHOBHYIO CYWIHOCTh MM ocoBeHHOCTh cucTembl. Ha
PH10—T NMpOeKIMAX He Be3fle NpuUBeIeHbl PABHOBECHA YACTHBIX CHCTEM, He

BIMAIIMX HA XapakTep ¢a30BbIX MpeBpallieHUil ¥ B KOTOpPhIX He oGpa3yroTcs
XHMHYeCKHe coeuHeHHA. Ha monurepMiyecKuX MPOEKIMAX He MOKAa3aHbI KPH-
Bble MEpeceYeHus IUIOCKOCTH NMPOeKIMH M JIMKBU/IYCHOH MOBEPXHOCTH BbI/EJIe-
HUA KOMIIOHeHTa, B OGNACTH KOTOPOrO pacmojIaraeTcs MIOCKOCTh IMPOEKIHH.

B. Bo Bcex cucremax He paccMaTpuBalwTCA paBHoBecHa Ges KB m H,0,
a B CEMH- B BOCBMHKOMIIOHEHTHBIX — H Oe3 )K; He yunThIBaoTCA NOMUMOpPGd-
Hele TpeBpameHusa ¢a3 ¥ BO3MOXKHbIE JTMKBAMOHHEIE ABJICHNSA,

r. Ilpn aHanu3e cucrem ¢ ®c (wm ¢ FeO) mpenmnonaraercs, 9To TaKHe CH-
cTeMbl OydepupylTCA MarHeTUT-PasIIMT-KBapUEBbIM HIH MAarHETHTOBLIM Oy-
¢bepom 1 pomyckaerca npucyrcreue Mt ¢dassr.

p. Jnsa KpaTKOCTH NpHHATA ONpeneneHHas 'HMHAeKcamua cucrem. Ha-
npumep, A4.5: A — NMETPOXMMMYECKHH THI CHCTEMBI, 4 — HYETBHIPEXKOMIIO-
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lF'abnwuwua 23

YacTHele CHCTEMBI, COCTABIIAIOIIME OBULYIO CUCTEMY
A A6—AH—Op—3u—®c—Anc—Ks—H; 0, npH ycnoBHH nepechileHHOCTH |
Al,05, Si0; u H,0

Mupexc KommnoneHTHbI#H cocTaB £
CHCTEMBI CHCTEM K paiie CHETEMM
TpexKOMNOHEHTHBIE CHCTEMBI
A3.1 A6-Ks—H;0
A3.2 Au—Ks—H,0
A33 Op—Ke—H,0
A34 9u—Ks-H,0
A3.5 ®c—-Ke—H,0
A3.6 Anc—Ks—H,0
YeTnIpexicOMIMOHEHTHBIE CHCTEMBI
Ad.1 A6—As—KB—H,0 A3.1,A3.2
A42 A6—-Op—Ke-H,0 A3.1,A33
Ad3 AB6-3n—Ks—H,0 A3.1,A34
Ad44 A6—dPc—Ks—H,0 A3.1,A35
A4.5 A6-Anc-Ke—H,0 A3.1,A3.6
Ad.6 An—Op—Ks-H,0 A3.2,A33
A47 An—-31—Ks—H,0 A3.2,A34
A4.8 An—O®c—Ks—H,0 A3.2,A35
A49 An—Anc—Ks-H,0 A3.2,A36
A4.10 ‘Op—3u-Ks—H,0 A33,A34
Ad.11 Op—®c—Ks—H,0 A3.3,A35
A4.12 Op—Anc—Ks—H,0 A3.3,A3.6
A4.13 Iu—Pc—Ke—H,0 A34,A35
A4.14 Iu—Anc—Ke—H,0 A34,A36
A4.15 ®c—Anc—Ke—H,0 A3.5,A36
[1ATHKOMMNOHEHTHBIE CHCTEMBbI

A5.1 A6-An—-Op—Ks—H,0 A4.1,A4.2,Ad6
AS5.2 A6—AH—3IH—KB-H,0 A4.1,A4.3,A4.7
AS53 A6—An—Oc—Ke—H,0 A4.1,A44,A48
AS5.4 A6—An—Anc—Ke—H,0 A4.1,A4.5,A49
AS.5 A6—Op—31—Ks—H,0 A4.2,A43,A4.10
A5.6 A6—-0Op—®c—Ks—H;0 Ad4.2,A44,A4.11
A5.7 AB6—Op—Anc—Ks—H,0 A4.2,A4.5,A4.12
A5.8 A6—3n—®c—KB—-H,0 A43,A44,A4.13
AS59 A6—3n—-Anc—Ks—H,0 A43,A45,A4.14
A5 H A6—®c—Anc—Ks—H, 0 Ad44,A45,A4.15
AS5.11 An—Op—3u—Ks—H,0 A4.6,A4.7,A4.10
A5.12 An—QOp—®c—Ks—-H,0 Ad4.6,A48,A4.11
A5.13 An—Op—Anc—Ks—H,0 A4.6,A49, A4.12
AS5.14 Au—3H—Oc—Ks—H,0 A4.7,A4.8,A4.13
AS5.15 An—3u-Anc-Ks—-H,0 A4.7,A49,A4.14
A5.16 An—®c—Anc—Ks—H,0 A4.8,A49, A4.15




Ta6Gnuua 2.3 (mpomomkeHHe)

eKc KoMmnoHeHTHEIH cocTaB -
c":";‘l:em e Kpaiiiye cucrembt

A5.17 Op—3u—Pc—Ks—H,0 A4.10,A4.11,A4.13

A5.18 Op—3u—Anc—Ke—-H,0 A4.10,A4.12,A4.14

A5.19 Op—®c -Anc—Ks—-H,0 Ad.11,A4.12, A4.15

A5.20 Iu—Pc—Anc—Ks—H,0 Ad.13, A4.14, A4.15

lllecTHKOMITOHEHTHEIE CHCTEMBI
A6.1 A6—An—Op—Anc—Ks—-H,0 A5.1,A54,A5.7,A5.13
LA6.2 AB6—An—3H—Anc—Ks—H,0 A5.2,A54,A59,A5.15
A6.3 A6—AH—Oc—Anc—Ks—-H,0 A5.3,A54,A5.10,A5.16
Ab4 A6—0Op—3u—Anc—Ks-H,0 A5.5,A5.7,A59,A5.18
A6.5 A6—Op—®c—Anc—Ks—H,0 A5.6,A5.7,A5.10,A5.19
A6.6 A6—-3H—Oc—Anc—-Ks—H,0 A5.8,A59,A5.10,A5.20
A6.7 Au—0p—3u—-Anc—Ks—-H,0 A5.11,A5.13, A5.15,A5.18
A6.8 An—Op—®c—Anc—-Ks—H,0 AS5.12, A5.13, A5.16, A5.19
A6.9 An—3H—0c—Anc—Ks—H,0 A5.14,A5.15, A5.16,A5.20
A6.10 Op—31—®c—Anc—Ks—H;0 AS5.17,A5.18, A5.19,A5.20
CeMMKOMITOHEHTHBIE CHCTEMBI

A7 A6—AE—Op—38—Anc—Ks—H,0 A64,A6.7,A6.1,A6.2,b6.1
A7.2 A6—An—Op—®c—Anc—Ks—H,0 A6.5,A6.8,A6.3,A6.1,56.2
A73 A6—Au—3H—Oc—Anc—Ks-H,0 A6.6,A69,A6.2,A6.3,b6.3
AT4 A6—Op—3H—®c—Anc—Ks—H,0 A6.4,A6.5,A6.6,A6.10,664
A7.5 As—0p—3u—Dc—Anc—Ks—H,0 A6.7,A6.8, A69,A6.10,B6.5

HEHTHafg, 5 — HOMEp CHCTeMBl, KOMIOHEHTHBIH COCTaB KOTOPOH TNpHBeneH
B Tabn. 2.3.

e. AHanu3 ¢a3oBBIX NpeBpaIeHHH BO BCEX CHCTEMAaX NPOH3BOHIICH TOJIb-
KO B MHTepBane gaBneHus 0—10 k6ap (32 HeKOTOPBIM MCKITIOUEHUEM : ACCOLMA-
MM C MAPONOM) , MOCKONbKY Bbiie 10 k6ap BpAn i BO3MOXHO (HOpMHpPOBa-
HHe TpaHHTHBIX nmopof. I[loaTromy mpH XapakTepHCTHKE H3YyYeHHOCTH CHCTEM
OynmyT ynoMHHAThCA INIABHBIM 06pa3oM 3K cNepHMeHTaNbHbIE paboThI, KOTOpLIE
NPOBOIMITHCH B YKa3aHHOM MHTepBase ABJIeHHA.

24.2. Cucrema A — A6—An—Op—3u—®c—Anc—Ke-H,0

KommoHeHTHBIH cOCTaB YaCTHBIX CHCTeM NpubelieH B Tabn. 2.3. [Ipu ompe-
JEJIEHHH KOJHYeCTBA TpPEX-, YeThIpeX- ¥ MATHKOMMNOHEHTHBIX CHCTEM PaCCUMTHI-
BaJIOCh YHCIIO COYETAHUH U3 6 KOMIOHEHTOB (AG—AH—Op—3H—Dc—Anc) no 1,
2u3:Cl=6,C2=15u C2=20 ¢ yuerom Toro, uro K u H,O npucyrcreyror
BO Beex coueTanuax. [Ipu pacuere wucra MIECTH- M CEMHKOMITOHEHTHBIX CHCTEM
OTpefensyId YMCNno coueTaHuit U3 5 (A6—AH—Op—3H—Dc) Mo TpH W YeThIpe
xommonenta C2=10 n C{=5, k xoropeim fobasnsmmcs Anc, Ks n H,0.

OcoBeHHOCTBI0 CHCTEM, MEpeCHIEHHBIX TITTMHO3eMOM, ABIAETCA BIOJIHE
€CTeCTBEHHOE NOSBNEHHEe B HUX BHICOKOTTHHO3eMHCTBIX MHHEPAJIOB : IPAHATOB,
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KOpD/IMHCPHTOB, CHIIMMAHUTa (KHaHWTa, aHOAI1Y3HTa), MYCKOBMT2, DMOTHTOB
¢ GOMBLIHM COJepKAHHEM HMCTOHHTOBOIO M CHAEPOGHILUIMTOBOTO MHHAIOB M
TEOPETHYECKH BO3MOJXKHO NMpHCYTCTBHE aM(pHBOIIOB, HACKILIEHHBIX ATIOMHHUEM
I'ng—Yep pana. B ony6nukosanHoii paGote aBropa [56], noceAmeHHo# npes-
BapHTE/IbHOH XapaKTePHCTHKE CHCTEMBI A, aCCOLMALMH ¢ aMHBONaMH He pac-
cMaTpuBanuch. IlosereHne TOM WM MHOH MHMHEpANBHOW aCCOLMALMM 3ABMCHT
OT CTeNeHH MEepechIeHHs ATIOMHHHEM M JKENe3UCTOCTH CHCTeMBI, 4 TAKXKe OT
fmaBnenus monna. Ilocie ONMCaHUA CHCTEMBI A MbI BepHEMCSA K 3TOMY BOTIpO-
Cy M pacCMOTpHM ero Gonee mompoGHo.

Hanwue GonsiIoro wMciia XuMUYECKHX COeMMHEHHMI, C OHOIM CTOpPOHBI, H
HeBOMIBIIIOE YHCIIO IKCMEPHMEHTANBHBIX IaHHBIX N0 HX YCTOHUMBOCTH — C ApY-
TOM, CHJIbHO 3aTPYAHAIOT NMpoBeeHHe GH3HKO-XMMHUECKOTO aHATH3a dasosbix
NpeBpaleHHit B 3THX cucTemax. [I03TOMY 1A MHOTMX CHCTEM CTPOMIIHCH pas-
7IMYHBIE BAPHAHTBI, KOTOPBIE MOCTIE COMOCTABJIEHHA C TIPHPOJHBIMH MHMHEpaJIh-
HbIMH aCCOLMAUMAMH JTHOO OTBEPraMch, THOO UCMONB30BANMCE B NANTBHEHILIMX
MOCTPOEHUAX.

2.4.2.1. TpeXKOMNOHEHTHbIE CHCTEMBI

M3 WecTH TpeXKOMITOHEHTHBIX CHCTEM TPH CHCTEMBI M3Y4YeHBI 3K CTIepHMeH-
TansHo A3.1 [286, 287], A3.2 [274, 275], A3.3 [270, 286].

Cucrema A3.4 — 3u—Ks—H,0 kax KpaiHasa cucrembl Po—JIn—Ks—H,0
usyvena Kymmpo [245] npu PH=0= 20 xbap. B oTnmuwe or (a3oBbIX NpeBpa-

merni mpu P =1 atm [245], xorna HaGnionaercs paccnauBanue paciuiaBa Ha
IBe XHIKOCTH, IPH PH o = 20 k6ap MbI yxe HMeeM OBBIYHYI0 THATPAMMY C 3B-
2

TEKTHIECKMMH B3aHMOOTHOLUeHUAMH JH 1 KB. Ha xakom uHTepBane mapnenus
BOBI MPOMCXONMT CMEHa XapakTepa ¢a30BBIX NMpeBpalleHuil B 3TOH CHCTeME,
MOKa He H3BECTHO, MO3TOMY 1A MPOCTOTHI MIPHHUMAETCA, YTO B runabuccans-
HBIX YCIIOBHAX 3TH KOMIIOHEHTBI TAKoKe 06Pa3yI0T 3BTEKTHKY.

B cucreme A3.5 — ®c—Kp—H,0 nukeuayc-coMmmycHble paBHOBECHA IK-
CNIEpHMEHTANBHO He H3yueHbl. CyGcomumycHasa oGnmacts mayvanacs ®uiuepom
[222] xak wacre oBmei cucremsr MgO—FeO—Si0,—H,0—0, (c coorerct-
Byloumimu Gycdepamu) . Uspectro [167, dur. 13—12], yro ®c npu HM3KHX 3Ha-
YEHUAX [1aBJicHHA pa3jaraercd Ha ®a u Ke. 310 monrBepxnaercs MpHCYTCTBH-
eM B THNabHCCANBHbIX rPaHHUTaX JKENe3HCTOrO ONIMBHHA F122, 159], xots u3Be-
cTHbI cnyvau [41] npucyTcreus 3BmuTa B OBOrameHHBIX Xene3om aHaba3ax.
IIpuuem, BONPEKH MHEHHIO, YTO [UIS O6PA30BAHMA aCCOLHMALMI ¢ OJIMBUHOM He-
00XO[MMa BRICOKAA TeMIepaTypa u cyxas marma [172, 195, 196], takue acco-
LHAUMH MOTYT KpPHCTAJUTH30BaThCA NMpH GOmnblueil BOJOHACHINIEHHOCTH H MEHb-
lled TemIrepatype, 9eM fAaxe Bu—Amd acconmmanum B MarHe3WaTBHBIX COCTA-
BaX, TAK KaK MojA cyuwecrsopaius Fe—bu u Fe-Amd pacmnosararwrca B o6na-
cTd MeHpIHX T n Gonbumx P (puc. 2.4 u 2.5).

Cherema A3.6 — Anc—Ks—H,0 sABIfeTcH YacTbi0 CHCTEMBI Al,O; —
Si0,—H,0, xoTopas u3yuagack MHOTHMH HCCIELOBATEAMM JKCIepHMeHTalb-
HO M TEOPETHYeCKH (TepMONHMHAMMYECKHMH DacueTamH) C HEebi0 yCTaHOBHTH
»TpoiiHy10”  Touky AHg—Ku—Cun. [Ipaktuueckn He H3yweHbI IMKBHILY C-COJH-
MycHble (a3oBble B3aMMOOTHOLUCHHSA, €CTH He CUMTATh JKCIEPHMEHTOB IpH
1 atm [127, dur. 337-384], KoTOpble MaJIO YTO AT A7 MPHPOTHOTO MHHe-
panoobpasopanus. B 3THX ycnmoBusx obpasyercA XHMHUECKOe COeIHHEHHE
Myt — 3Al,0; - 28i0,, xotopoe no omHum manHbM [127, dur. 377,379 u
382] mmaBHTCA MHKOHIpPYIHTHO, a Mo Apyram [127, ¢ur. 378, 380, 383 u
384] — xonrpysutHo. C KBaplieM 3T0 cOelMHeHUe 0GpasyeT IBTEKTHKY. Cyns
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[0 MPHPOOHBIM ACCOLUMALMAM, €CTh OCHOBAHMA NpPE/NONATraTh, UTO C YBeJHye-
HHEM J1aBJIEHHA MYJUTHT CMEHAETCA CHIITHMAHUTOM, KOTOPBIH C KBAapUEM TaK-
e 0bpa3yer IBTEKTHKY.

Bce paccMOTpeHHble CHCTEMBI NIPHHMMAIOT YYAacTHE B CTPOEHHM YeTbipex-
KOMIOHEHTHBIX CHCTeM KaK KpaHHWE CHCTeMBbI.

2.4.2.2. YeTbipeXKOMIOHEHTHbIE CHCTEMbI

Ilo xapakTepy a30BBIX NpeBpalLECHHH YeTHIPEXKOMIOHEHTHBIE - CHCTEMBI
YCIIOBHO [ENIATCA Ha LIECTh HEPaBHO3HAYHBIX TpyIIL.

Cucrema A4.1 — A6—An—Ks—H,0 sBNAeTCA eIMHCTBEHHON M3 BCeX ue-
TBIPEXKOMIMOHEHTHBIX CHCTEM, B KOTOPOH [iBa KoMIOHeHTa (A6 u AH) o6pa-
3ytoT TBepabie pacTBOpbI | THNa. JTa cHcTeMa H3yueHa 3K CNIEPHMEHTANBHO NpH
PH:0=5 x6ap [74, 253], korna ¢asosrie npeBpauieHus 06yCNIOBTHBAOTCH

HAIMuMeM B cHCTeMe TPeX(aloBoi KOTEKTHYECKOH NOBEPXHOCTH KPHCTAIH3a-
uan  (Mn+Ks) accoumauuu. BepostHo, Takue dha3omble B3aMMOOTHOLIEHHS
COXpaHATCA [10 BBICOKMX 3HaUeHWH [aBleHHA, Moka AO He HayHeT IUIaBMTCA
HHKOHTpy3HTHO [147, 148].

Cucrema A4.2 — A6—Op—Ks—H,0 HacTonbko M3BeCTHa M XOPOLIO H3yue-
Ha JKcnepumenTansHo [251, 286), uro Her HeoGxomumocTH YTO-THEGO [O6aB-
nars. [Ipusenem PH,o"T NpOeKLHI0, H306apHYECKHE CeUeHHA H MONHTepMHYe-

CKHE pa3pe3bl 5THX CeYeHHH, OTpaXkalollHe Ipe/ICTABNIEHHA aBTOpa 0 $hasoBBIX
TpEBPAlIEHHAX CHCTeMBI, KOTOphle OCHOBAHBI Ha JKcrmepumeHTax [251, 286]
¥ TEOPETHYECKOM aHaIH3e KpaiHUX cucteM (mpun. I, puc. 1.1). TpeGyrorcsa no-
SICHEHHA  OTHOCHTENIBHO MOHOBAPHAHTHOTO paBHOBecHA mq—M; (mpum. I,
puc. 1.1), Tak Ha3pIBaeMOro TemrnepaTypHOro ,,Tpora”, MOCKONBKY HMEKTCH
Pa3HOTTIACHA MO ero MOJIOKEHHI0 W $Ha30BBIM NPEB PALLIEHHAM, TPOHCXOIALMM
BO/IM3M Hero W Ha Hem. TemnepatypHsiii ,,Tpor” B 3TO# CHCTeMe GbUT YCTaHOB-
neH IKkcnepumeHTansHo O. Tamnom u H. Boysnom [286], Ho u3 ux paGots!
OCTA/IHCh HESICHBIMH IIPHYMHBI H3OTHYTOCTH W HANPAaBJICHHS MYJBIBI ,,Tpora’,
¢e nepeceyeHusa ¢ norpaHuuHoil Ke-Iln numwedl npM gasneHMm Bomwl 11O
3.5 kbap. B. C. Cobonen [164] Bbicka3biBan COMHEHMA O MPABHIBHOCTH MOJIO-
KeHHA ,,TPOHHOro” MuHMMyMa Ha Ks-Ili koTexTHKe NMpH HM3KHX 3HAYEHHAX
PH,O' ITockonbKy IKCIEPUMEHTATBHO €TO MOJIOKEHHe ONpefeuTh NOBOJIBHO

TPYIHO M3-32 GONBLUOKH BA3KOCTH KMC/IBIX paciiapos. B. C. Cobones npemia-
raj HaxOOKWTh MHHHMYM nepecevendeM KB-ITw kotexTuku nunuedi, coemuHaio-
uiel KBapueByio BepuiuHy ¢ AG-Op MHHHMYMOM IIpH COOTBETCTBYIOLIEM PH1 o

CrnemoBarensHo, OH NpHAEPXKHBAETCA MHEHHA, YTo noGasrenue KB B cucremy
A6—Op He H3MeHsAET COOTHOWICHHA ee KOMMNOHeHTOB. B 1963 r. U. Kapmaiik-
nom 1 B. Makkensn [208] skcrepumeHTanbHO ONpefieneHo MONOXEHHE ,,TPOii-
HOro MHHHMYyMa” B cucreme A6—Op—Ks npu Pn,o= 1000 x6ap, kotopoe

3HAYMTENbHO OoTMHYaeTcA oT AaHHbiX Q. Tatna u H. BoyaHa n npakTHYeCKH mo-
MafaeT B TOYKY TNepecevyeHMA KOTeKTHKH JuHued Ke—m. Takum oBpasom,
HMeeTCA Goibllle OCHOBAHMA CUMTATH NMPOEKIMI0 HA KOHUEHTpPAUMOHHBIN Tpe-
YTONBHHK MYINBObI ,,TpOTa’” NMPAMOH JIHHHEH ¢ MOCTOAHHBIM COOTHOLIEHHEM
A6 :Op; paBHBIM HX COOTHOIUEHHIO B MHHHMYME CHCTEMBI A6—0p npu coot-
BETCTBYIOILEM [aBJeHHH ([0 MOABJEHHWA B 3TOH cHcTeMe 3BTeKTHKH). Ilo-
ckonbky A6—Op MHHMMAIIBHBIA COCTaB BelleT ceBf Kak OMHOKOMITOHEHTHAS
CHCTEME, TO BEPTHKAIbHOE MOJIMTEPMHYECKOE CedeHHe 10 HamnpasneHuio m—Ks
H MOBEJICHHE CHCTeMBI B HEM aHAJIOTHYHbI [IBY KOMIIOHEHTHOM CHCTEMe C 3BTEK-
tHKO#. Tlo3TOoMy HenpapuibHO Ha3pIBaTh ITY TOUKY ,,TPOHHOH MMHMMYM,
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€c ClelyeT Ha3piBaTh YCIIOBHO [ABOWHONH IBTEKTHKOH, TAK KAK B ITOH TOYKe
HMEET MeCTo Tpex¢asopoe paBHoBecHe: Amu+Ks =), a B MUHHMAaNbHO# TOY-
Ke W3 MoBOoro uMcna KOMITOHEHTOB [OMKHO GbITh BYX(pasoBoe paBHOBECHE :
M =K. Ha mynsne ,,rpora”, KOTOpy10 NpaBuIIbHEE HA3bIBATH MHHUMAITBHON JIH-
HHe#, MPOHCXONMT AByX(daszosoe mpespainenue: Amw=X, coctan pacrnasa
TIpH 3TOM H3MEHAETCA B CTOPOHY yBenuyerus conepxanus Ks, Ho A6 : Op o1-
HOLUEHHE OCTAeTCA NOCTOAHHBIM.

Cucrema A4.6 — An—Op—Ks—H,0 Takxe xopoLio n3yuena K CNe pUMEH-
Tansko [74, 291, 292, 293, 294], cornacHo KOTOpPbIM Ha BCEM M3YYEHHOM MH-
TepBane PH10=2000—700{) KBap COXpaHAIOTCA IBTEKTHYECKHE OTHOLUEHHA

KOMITOHEHTOB.

Cucrems A4.3, Ad.4, A4.5, A4.7, A48, A49, A4.10, Ad.11 u A4.12
XapaKTePH3YHTCA 3BTEKTHYECKHMH OTHOLUEHHAMH KOMIIOHEHTOB TIpH HH3KHX
3HAYEHHAX PH,O H MOABJIEHHEM XHMHMYECKOTO COENMHEHMA C YBEIMYEHHEM

Py o+ »AJIBGHTOBbIE™ CHCTEMBI XyJKe OCTANBHBIX H3YUeHbI IKCEPHMEHTANIBHO *
2

B cucTeMax A4.3 W A4.5 uayueHs $pajoBbie NpeBpaleHua cyGconuaycHol 06-
JIACTH B CBA3H C yCTAHOBJIEHHEM YCTOHUMBOCTH rnayiodana [217] u naparomu-
1a [39, 71]. ,,AHopTHTOBBIE" CHCTeMBI ¢ IH u De JIyyllie H3yYeHbl B TMKBH/LYC-
conMaycHoi oGnactu [244, 245],a ¢ Anc — B cyBeonuaycHoii [79] B cBasm
C YCTORYMBOCTBIO MaprapuTa. ,,OpTokia3oBsie” cHCTeMBI ¢ 9H U AJIC HeTaNBHO
M3YYCHDI ¥ B JIMKBHIYC-COMMIYCHOH o6nacTH, u B cyBcomunycHoin [65, 246,
250, 298, 299] B cBA3M C yCTOMWMBOCTBIO (DIIOTONMTOBBIX M MYCKOBHTOBBIX
accouHaumi, a cucrema A4.11 — Op—®c—Ks—H,0 — Tonbko B cyBconunycHo
obnactu [178, 179, 203] B CBA3M C YCTOWYMBOCTBIO AHHWTA TNpH pasfMyYHBIX
Gydepax.

Cucrema A4.3 ABNAETCA YACTBIO CHCTEMBI ©®o—-A6—Ks—-H,0 (puc. 2.38),
CXeMaTHYeCKan PH,O_T MpOeKUMA ¥ H300apuueckue paspesbl Ga3oRbIX Mpe-

BPALICHHII KOTOPO#H NOCTPOEHBI ¢ YYeTOM 3K CIIe pHMEHTAITBHBIX NAaHHbIX B. IpH-
cra [217]. U3 puc. 2.38 BuaHO, 410 '/ ABIAETCA XMMUYECKHM COMHHEHHEM
®o, AG u K (+H;0) u ero durypaTHBHAasA TOYKA HAXOMMTCA B MOMICHCTEME
©o—3IH—AB, T. €. HENOCHILEHHOA KpeMHe3eMOM. [IelCTBHTENBHO, eCTH COCTAB
- I'nd BeIpaxkath HOPMATHBHBIMH MMHANTAMM, HACHILLEHHBIMH KpemHe3eMoM (cm.
pasmen 2.3.1.5), T0 B peakuuH NMOABIAETCA orpuuarensHeii Ke: 2A6+32H+
+H,0—KB =I'nd. Tem He menee I'nd nospnsercs B 3TekTHKe AG+IH+KB +
+X, xorga c yeenuyeHHem PH,o OHa JOCTHraeT 0byIacTH YCTOHYHMBOCTH acco-

naimn 'ng +Ks. pauuecku 310 nokazaHo Ha Py, o—T npoexunn mepeceve-
2

HHEM IBTEKTHUCCKOH JHHMM /s — AG+JH+Ks+)XK nunueil pasnoxenus I'nd

B npucyrctein Ke (/;) ¢ oGpasoBanuem uHBapuaHTHO! Toukn J; — A6+ +

+3u+KB +XK. [Ipu yeennueHun P, o W3 MHBAaDUAHTHON TOMKH BHIXOAAT TPH JIH-
2

HUH, OTpaxawime cnefyoume dasoppie papnosecun: I, (3n) A6+Indp+Ke =
=X; I3 (A6) I'ndp+Ks =X+3H; I, (KB) ['nd =XK+3Iu+A6. ocnenuns muus
3dKAaHYMBACTCA B DECKBapLeBOH HHBADHAHTHON TouKe J, — AG+Ind +3u+Po+
+XK, B Kxotopoit kpome l3=I;, (Do) cxonsrcs ewe uerbipe nuHHU: ls (K)
Ing =®o+3u+A6; [;(A6) Inp=X+Do+3In; I (3m) I'nd =K+Po+A6;
Iy (Tnd) A6+3u=XK+do.

Hns Toro uro6bl NpH QU3HKO-XHMHYECKOM AHAJIM3e CHCTEM, CoepXKaLHX
KOMTIOHEHTbI CHCTEMbI A4.3, MCKITIOUHTD H3 PacCMOTPEHHA 6eckBapueBble pas-
HOBECHA M COKPATHTb MEPHOCTD JHATPAMM, MOXHO HCNOJIB30BATH TIONHTE PMH-
4eCKHe TPOEKUMH H306apHyecKuX IuarpamM pic. 2.38. IlnockocTs s mpoek-
UMH Haubonee ymoGHO pacronarath B 06nacTu kpuctamnu3sauud Ke napan-
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Tabnunoa 24

®a3opbie peakuuu B cucreme ®o—A6—Ke—H,0

(x puc. 2.38)
pa];l:g;;(gua (dazoBble peakliu [Mpumeyanue

Jy A6+Ind+Ke=X+3H

5 (K) I'ng+Ks=A6+3H

L, (3n) A6+I'np+Ke=X

I3 (AG) I'ngp+Ke=X+3H

Iy (KB) Tnp=X+A6+3n B ceuenun Touka
IBOHHOTrO CIyCcKa

Is (Tnd) A6+2u+KB=XK

Jy A6+3u+Do+Ind +K

Is (K) I'ng=A6+3u+do

I, (AG) I'nd +3u=XK+do

Is (9n) I'np=A6+®o+XK B ceueHuu TOUKA
JIBOMHOTO CIyCcKa

ly (Tnd) A6+3u=X+Do

1o (®o) I'np=X+A6+3H Jummsa Iy (Ks)

AenbHO noBepxHocTH IH—AG (cM. puc. 2.38). B npun. I Ha puc. [.2 nokasans
yke MONMMTepMHMYecKHe MpPOeKIMH W3 Bepumubl KB u3oBapuuecknx ceyeHui
P;-[,O’ P;,o H P?-I,O Ha puc. 2.38, MOCKONBKY MOMUTEPMHYECKHE MPOSKIHH

H300apuYecKHX CeveHHH PH‘ o ¥ P:I o OYHyT aHANOTHYHBI [OJIM Te pMHYECKOH
2 2
MpOeKIMH H306apHYecKOTro CceyeHHs P?_I o TAK K2K MPOEKTHPYITICA TONBKO
2
Te 3/IeMeHThl THATPaMMBI, KOTOpbIe , BH/IHbI " W3 BeplIHHbI KB. Py o—T mpoex-
2

MM B TAKOM CITy4ae CTPOMTCA COTJIACHO NONMTEPMHYECKHM NPOECKIHMAM, T. €.
Ha Hejl Moka3aHsl pasHoBecHsa Ges Ks.

[IpenmnonaraeTcs, Yr0 aHAJOTHuHble (A30Bbie MPERPALIEHAA W COOTBETCT-
BeHHO muarpamMmsl 6ymyT s cicremst Ad4.4, A4.7 (mpun. I, puc. 1.4) u A48
C HEKOTOPBIMH YCIIOXXHEHMAMM, CBA3AHHBIMH C pas3ioKeHHeM ®c Ha ®a u Kp
¥ TIOABJNICHHEM OKHCJIOB Xeresa.

Cucrema A4.10 — —3u—Ks—H,;0 sABnsAeTca YACTBI CHCTEMBI
®o (Mg, Si0,) —Knc (KAISiO4)—Ka (Si0,)—H,0, u3yueHHO# 3KCnepHMeH-
TansHo B. C. Jlatom [249]. Ha puc. 2.39 (1a6n.2.5) npuBeNIeHb! CXeMaTHUECKHE
PH,o'"T npoeKUUsA H H306apuuecKHe paspesbl, OTPAKAIIIKE OCHOBHBIC daso-

pbie npeBpawenus B cucreMe ®o—Knc—Ks—H;0, KoTOphIe MOCTPOEHDI C ye-
TOM 3KCTIePHMEHTANIBHBIX faHHbIX [249]. U3 puc. 2.39 BUAHO, YTO AHArpaMMbl
37O CHCTeMBI M0 TOIOJIOTHH HMEIOT CXOJICTBO C AMarpamMmamu cucrembl Po—
—~A6—Ka—H,0 (puc. 2.38) u COOTBETCTBEHHO CXOAHBI 0COGEHHOCTH HX daso-
BBIX [IpeBpAILEHHH, YT0 0CBOOOXK/IaeT aBTOpa OT nogpoGHBIX KOMMEHTApHEeB
no mosopy pic. 2.39. [ina nanbheiiero GUIHKO-XHMHYECKOTO aHATH3a CHCTEM,
BKJIIOYAIOUMX KOMIOHeHThl cHcTeMbl A4.10, OyayT HMCTONB30BaThCA YTPO-
LLIeHHBIE PH30—~T npoexHH (ha30BHIX MpeBpalleHnH, H300paKeHHbIE Ha MOJH-

TePMHYECKMX NPOEKIHAX H306apHUeCKUX CEYeHHH CHCTEMbI ®o—Kinc—Ke—H,0
(npun. 1, puc. 1.6).
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Do

Puc. 2.38. Py o~ T npoekuns 1 u3obapuueckue TIpOEKUHH IHArPAMMBI COCTOSHHA CHCTe-
2

mel Qo (Mg, Si0,) —A6-Ka-H,0, nocrpoenssie ABTOPOM C YHETOM AaHHLIX [ 217]; cazo-

BBIE PEAKIHH NpHBeeHs! B Tabn. 2.4.
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TaGnuua 2.5
(dasosble peakimy B cicteMe ®o—Knc—Ka—-H,0

(x puc. 2.39)
pal::l%l:'::“ - (a3oBble peaKiMy Ipumeuanne
A Op+®n+Ke=3X+3n
I, (K) On+Ks=0p+3u
1, (3n) Op+On+Ke=X
I3 (Op) On+Kp=X+3H
1y (KB) ®n=X+3u+0p B ceueHun TOUKA
IBOHHOrO CMycKa
Is (Dn) Op+3u+Ke=X
Ja Op+3ut+Qo+Dn=X
ls (K) ®n+3u=0p+do
I; (Op) u+On=X+Do
Ig (3H) On=X+0o+0p B ceyeHMM TOUKA
OBOHHOTO CHyCKa
Iy (On) Op+3u=X+®o
A Op+®n=X+®o+JIy
Lo (K) Op+®n==0o+JIu
l;; (Do) Op+®n=X+JIu
l1z (Op) On=X+®o+JIu B cevyeHun TOYKa
OBOMHOIO ciycKa
113 (@H) 0p+¢0=}l(+nn
Js Ju+Knc+®n=X+®o
l|4 ()K) On=JIu+Knc+®o
IIS (@0) Hu+l(nc+0n=)l(
I|5 (KJ]C) JIu+®n=X+0o
ly7 (J1u) On=X+®o+Knc B ceueHnu ToUKa
BBOHHOTO CIYCKa
I;; (@H) ﬂn"’KﬂC"‘@O:x
Jg Op+3u+JIu+Po+XK
(Op+3u=Jlu+do)
119 (%) Op+3n=)l(+ﬂn
l20 (Op) Iu+JIu=X+do
J1 ‘bﬂ"‘ﬂﬂ"'%“'*
(On+JIu=X+do)



{777 e Kae Do e Koo

P 4 Kne o € Kare

@o e Kre @a V4 Kanc
Puc. 2.39. Py o~ T 0poeKuMa 1 H306apHYecKHe TPOCKIHH AHATPAMMBI COCTOAHHS CHCTe-

2
mut Do (Mg, Si0,) —Knc (KAISIO,) ~-Ks—H,0, noctpoeHHble aBTOPOM € YYETOM OaHHLIX
[ 249, 299] ; ¢azoBble peakiiin MpHBeeHL! B Tabn. 2.5.






TabGnuuoma 2.6

(dasossle peakuuu B cucreme Kop—Ke—Kne—H,0

(x puc. 2.40)
p:gg::inx (®a3oBbIe peaKinH [Ipumeuanue
J Op+My+KB=X+Anc
I, (K) My +Ks=0p+Auc
Iy (Anc) Op+My+Ke=X
I3 (Op) My+Ks=X+Anc
1; (KB) My=X+Op+Ainc B ceveHnn TOYKa
OBOHHOIO CIyCKa
Is (My) Opt+Anc+Ks=X
S My+O0p+Anc=X+Kop
ls (XK) My t+ Anc=Kop+0Op+Anc|Cunrynsapnoe
1, (Op) My +Anc=X+Kop
Iy (Anc) My +X=0p+Kop+X CuHrynsapHoe
ly (My) Op+Anc=X+Kop
5 Op+JTu+My=X+Kop
Lo (OK) My+Jlu=0p+Kop+Jly |Cunrynapsoe
I;1 (Kop) Op+Jlu+My=X
Lz (JIu) Op+My=X+Kop
L3 (Op) My +JIu=X+Kop
lia (My) Op+ﬂll+[(0p=)l(
! Op+My=X+Kop

TpennonaraeTcs, YT0 OMarpaMMbl, OTpaXawline ($a3oBblie NMPeBpaNIeHH
B cucreme A4.11 — Op—®c—KB—H,0, no cBoeit TOMONOIHH aHANOTHYHBI KA~
rpammam cucremsl A4.10 (mpun. 1, puc. 1.6), ¢ HeKOTOPBIMH YCIIOKHEHHAMH,
CBA3AHHBIMH C pa3nioxeHneM (D¢ U MOABNEHHEM OKHCHBIX OPM XKeresa.

Cucrema A4.12 — Op—Anc—Ks—H,0 sBnsercA uacTblo CHCTEMBI
Kop(Al;03)—Knc(KAISiO4)—Ks (8i0,)—H, 0, xoTopas H3ydeHa TOIBKO IMpH
HH3KHX 3HaueHusX pasneHus [167, dur. 13—7], Ho oTHeNBbHBIE €€ YaCTH B CBA-
3H ¢ YCTOHUHBOCTBIO MYCKOBMTA H3yueHB! GOllee METaNbHO M MpH Pa3iHYHBIX
masneHHAX Bombl (cM. pasgen 2.3.1.4). Cucrema KAlO,—Al;0,-Si0,—H,0,
xotopas (axkTuyecku sBnAerca cucremoii Op—Anc—Ks—H,0, peramsHo
pasobpana TeopeTHuecku B paGote [284]. Ha puc. 2.40 npuseleHs! cxemMaTuye-
CKHe PH,O_T MpoeKIUA ¥ H306apHuecKHe pa3pe3sl (azoBhIX NpEBpauieHH

B cucreme Jlu—Anc—Ke—H;0, koropas aenserca vactsio cucrembl Kop—Knc—
—K8—H,0, Ho Tem He MeHee BKmiowaoman cucreMy Op—Anc—Ks—H,0. Ilo
TomonoruM puarpammel puc. 2.40 noxoxm Ha guarpammel cucrem $Po—A6—
—K8—H;0 u ®o—Knc—Ks—H,0, nosromy Her Heobxomumoctu B Gonee fe-
TaNbHBIX NosAcHeHMaAX. [InAa panmsHeHIMX MOCTPOeHHH GYOYT HCIONB30OBATHCA

Puc. 2.40. P; o~ T npoexinA i H3oGapHueCKHe MPOSKIHA YaCTH AHATPAMMEI COCTOSHUA

cucrems! Kop zAl,Oa)—I(n ~Ke (KAISiO, ) —H, 0, nocrpoeHHbIe aBTOPOM C HCIIONIb30BaHH-
eM naHHeIX [ 167]; ¢alosnle peakuuy npuBeneHsl 8 Tabn. 2.6.
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ynpowentas P, o7 NpoeKuns H MIOMUIATHYECKHE MPOSKLMH H3o0bapHYecKux
2

paspeson cuctemst Jlu—Anc—Ke—H,0 (mpun. I, puc. 1.7).

[lpeanonaraeTcs, YT0 CXOMHBIE (a30BBIC MPEBPALLEHUA IPOUCXOMAT H B CH-
cremax A4.5 — A6—Anc—Ks—H,0 u A4.9 — Ani—Anc—Ke—H,0, Tonsko mns
MOABJIEHHA B ITHX CHCTEMAX CJIIO[ HeOBXOIMMBI BHICOKHE 3HAYEHHA ‘PH,O’ KO-

TOpbIe BPAJL JIM IOCTHTalOTCA B 3eMHOM Kope (mpw. I, puc. 1.3 u 1.5) . [lostomy
accompamuu, copepxauwe [pr 1 Mpr, npeacrasnanT coboi Gonee TeopeTHYe-
CKHil HHTEPeC, YeM MpPaK THYE CICHI.

Cucrema A4.13 — Ou—®c—-Ks—H,0 smnserca uacTbi0 CHCTEMBI
®o (Mg, Si0,)—®a (Fe;Si04)—Ks (Si0,)—H, 0, n3yueHHO! NpH HU3KHX 3HAYE-
nuax masnenus H. Boyaxom u JI. leiipepom [167, dur. 13—12] (mpun. I,
puc. 1.8). ITockonbKy MbI HMeeM JIeN0 ¢ NOPOJAMH, TIEPECHILLEHHBIMH K peMHe-
3eMOM, TO Hac MHTEpecylT (a3oBble NMpespaleHus B nofacucreme IH—Oc—Ks,
VIS Yero B AATbHEHIUIMX MOCTPOEHMAX MOXHO HCINOJIB30BATh MPOEKUMIO 3Me-
MEHTOB [MarpamMMmsel Ha juHHIO JH—DC H3 KBapUEBOH BepIIHHbI, HA KOTOPOH
IH—P' oTpe3ok OTpaxaer acCOUMALMI0 KBAplUa ¢ OPTOMHPOKCEHAMH, a OTpe-
3ok P'-®c¢ — kBapua c Xelne3ucThIMH OJIMBHHAMH, COOTBETCTBEHHO TPaHCIIH-
pyloummsica B 6onee MHOTOKOMIOHEHTHBIE CHCTEMBI.

HamHoro xyse no cpaBHeHHi0 ¢ ambuBONamMH U CITIOJAMH H3YYeHbl pABHO-
BECHA C YYACTHEM TPAaHATOB W KOPOMEPHTOB, 4 MMEILLHECH JaHHbIE TOBOIBHO
NPOTHBOPEYHBBI M OTHOCATCSA TONBKO K cyGconmaycHoi oGnactu [105, 106,
230, 231, 269, 282, 283 u np.] . C. 1. Kopuxopcxum [96] pazoGpaHbr pasnuu-
Hble BAPHAHTBI NMOJIOXKEHHA MTHHUA Ha P—T npoexkuWn MOHOBAapHAHTHBIX peak-
wii: Kpn=Tp+Cuan+Ke u Kpa+Tun=Tp+Ks. [N nonoiuTenbHOro mnono-
EeHUA JIMHMH yka3aHHbIX peakumit B npun. | Ha puc. 1.9 npuBepeH BapuaHT
PH!O—T NpOeKUMH M MONHTEPMHYECKHX MpOeKuMil M3006apHUSCKHX CeueHHH

cucremst A4.14 — Iu—Anc—Ks—H,0, nocrpoeHHsiii aBTOpoM r1aBHBIM 06pa-
30M Ha OCHOBE TEOPETHUECKHX COOGPAXKEHHH C HCTIONIb30BAHHEM MAJIOUHCTIEH-
HbIX JIAHHBIX N0 Wiasnernio Kpau Tp [127, dur. 1167 n 1488; 197]. Mpeano-
NaraeTcs , YTO AHATOrMYHbIE JHAarpaMmsl 6ymyT u ans cucremsl A4.15 — Oc—
—Anc—Ks—H,0, TonbKO nepexof 0T KOpIHEPHTOBBIX aCCOLMALMA K IpaHaTo-
BbIM B 3TOji CHCTEME 3HAUATEITHHO CMELLAETCA BHH3 M0 AaB/IEHHI0.

B pabore [56] npuHMMAanoch OTpHIUATEIBHOE NOJIOXKEHHE ITHX JIHHHH.

2.4.2.3. NATMKOMNOHEHTHBIE CHCTEMBI

[IATHKOMIIOHEHTHbIE CHCTEMBI MONYYalOTCA H3 YeTHIPEXKOMIOHEHTHBIX
noceoBare)bHbIM NpUGapieHHeM K HHM OCTaIbHBIX KOMIIOHEHTOB CHCTEMBI
A (tabn. 2.3).

Bce ¢a3opble paBHOBECHA B HHX MOJXKHO PacCMaTpPHBaTh HA TPEYTOJIBHOH
MpOEKIMY W3 KBAPUEBOH BEpUIMHBI MU Py o —p Y3 peex 20 cucrem Toms-

ko mars (AS.1, A5.7, A5.13, A5.14 u A5.20) B TO# MM UHOH Mepe H3yYeHBI
3K CTIePHMEHTAITBHO.

Mo Ty (a30BBIX NMpeBpaIIeHHi, XapaKTepy XMMHYECKHMX COS[UHEHHH U
COOTBETCTBEHHO TOMOJIOTHH [MArpaMM NMATHKOMIOHEHTHbIE CHCTeMBbI AENATCA
Ha 1LECTh He pABHO3HAUHBIX TPYIIL.

Cucrema AS5.1 — A6—An—Op—Ke—H,;0 — u3pecTHas ramiorpaHMTHas
CHCTeMa, e[MHCTBEHHAsA CHCTEMA M3 MATHKOMIIOHEHTHBIX, B KOTOpPOH He 0Gpa-
3yI0TCA XHMHueckHe coeuHenns. [loce oBobuwawomeii paborsr apropa [49]
3Ta CHCTeMa W3YYalach JKCTIepHMEHTANBHO U TeopeThuecku [52, 99, 215, 235,
272,273,291, 292, 293, 294] . ®a3oBbie NpeBpAILEHHUS B ITOH CHCTEMe Onpe/ie-
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JIAKTCA IMABHBIM 06pa30M B3aHMOOTHOLIEHMAMM TpeX KOMIOHEHTOB: AD, AH
u Op [52, 215]. B npun. | Ha puc. 1.10 npuseneHbl cxemaruveckue Py, T
2

NpOeKUMA M TMOJHTEPMHYECKHE TPOEKLUMM H300apHUECKHX CEYEHUH CHCTEMBI
A5.1, nocTpoeHHble ¢ yueTOM JKcnepHmeHTOB [74, 186] u TeopeTHyeckux pas-
pabotok [52, 215,99, 276].

Cucrembl AS5.2 — A6—AH—3u—-KB—-H,0 u A5.4 — A6—An—Anc—Ks—H,0
OT/IMYAKTCA YT OT ApPYra TONIBKO COMAEPHKaHHEM [BYX KOMIIOHEHTOB — JH M
AnC ¥ COOTBETCTBEHHO pa3NHuMe NMpPOABJIAETCA B THMNE XHMMYECKMX COEIMHe-
HHH: B cHcTeMe AS.2 obpa3syercs TBepliblit pacTBOp aM¢pHBOTOBbIX MHHAJIOB —
I'ng—Uep, a B cucteme AS5.4 — TRep/bli pacTBOp CMIOAAHBIX MHHANOB — [Ipr—
—Mpr. Tem He MeHee TOMONOTMA AMArPaMM ITHX CHCTEM HMeET MHOTO CXOf-
HpiX yepT (mpun. I, puc. 1.11 u 1.12). lpennonaraercs, 4to cuctema AS.3 —
Ab6—An—Oc—Ke—H,0 ananornyna cucreme AS.2 no tuny ¢a3oBbixX NpespalLe-
HHH ¥ TOINONOIHM [MArpamm, TOJBKO 3mech 0Gpa3yeTca W3oMopdHbIH pAd
xeneauctoix [n u Yep.

Cucremnl A5.5 — A6—Op—3u-Ke—H,;0, A5.6 — A6—Op—®c—Ks-H,0,
A5.11 — Au—Op—3u—Ks—H,0 u A5.12 — An—Op—®c—Ks—H;0 otpaxaior
(a3oBbic pABHOBECHA B MPOCTEHIUMX anbOMTOBBIX W AHOPTHTOBBIX ramIorpa-
HHTHBIX CHCTEMaX, K KOTOpbIM fobasnawTca IH ik c. C nobaBneHneM 3Tux
KOMIIOHEHTOB B PacCMaTpUBAEMbIX CHCTEMax IIPH COOTBETCTBYHOILMX 3HAYEHH-
AX PH,O 06pa3yloTca XMMHYeCKHe COeTHHeHMA: cmiofbl H ampubonel. B 3apu-

CHMOCTH OT B3aHMOMNO/IOKEHHUS JIMHUH pasnoxennsa Ha P, —T npoexumu u3s-
2

MeHsAeTCA OBNacTh KPHCTANITM3AUMH XHMHYECKHX COeMHeHWH. B MarHeauasns-
HBIX CHCTeMaX, Kak mnpasuno, ®n nossnserca paHsie ampudono (I'nd u
Yep) u uMeer umpokyio obnacts kpuctammsauud (npwr. I, puc. 1.13 u 1.20).
B3aumononoxeHue MHHHH pa3iokeHHA XKenesucTeiX amopubonos — Fe-I'nd u
Fe-Yep u AHT TOYHO HEM3BECTHO, O3TOMY UIA CHCTEMBbI AS.6 TOCTPOEH OIMH
M3 BO3MOXHBIX BapHaHTOB nuarpamMmel (mpun. I, puc. 1.14), a accoumauus
Fe-Yep—Ks, BeposaTHO, He MOXKeT 06pa3oBaThCcs U3 MarMaTHYecKoro paciuia-
Ba — HA NMONMTEPMHYECKHX MPOEKUMAX H306apHYECKHX CEYEHHH OTCYTCTBYIOT
none KpHcTanusauun Fe-Uep mace nmpu Gonbimx 3HAYEHHAX Py o (mpun. I,
puc. 1.20). :

Cucremei A5.7 — A6—Op—Anc—Ke—H,0 u A5-13 — Au—Op—Anc—Ks—
—H,0 npencraBnaAT coGoi ranyorpaHUTHBIE CHCTEMBI, I peChILEHHbIE TITHHO-
3¢eMOM. B HHX NpM COOTBETCIBYIOLIMX 3IHAUECHMAX PH,o JOIKHBI MOABUTHCA

»,0enbie” CIIo[bl: MYCKOBHT, MaPATOHMT ¥ MAapraput. 3TH CHCTEMBI WMEKOT
OnpeJieTIeHHBIH MPaK THYECKHA HHTEpEC B CBA3M C Mpo6GIeMOoit MarMaTH4eckoro
MYCKOBHTa U MYCKOBHTOBBIX NEerMaTHTOB, MO3TOMY OHH INOCTOAHHO MpHBIIE-
KalT BHHMaHWE TE0JIOTOB H JKCIepHMeHTaTopoB. bosnbliloe 3HaueHHe [nA mo-
HMMaHHA Ha3BaHHbIX mpobnem umeer paGota A. B. Tommncona u [Ixk. P. Anropa
[284] mo TeopeTHueckOMy M3yueHHIO (Pa30BBIX peaKuMil JMKBHIYC-CONMMIYC-
Ho# obnactu B cucreme KAIO,—NaAlO,—Al,03;—Si0,—H,0 ¢ npusnevenuem
IKCTIEpHMEHTATIBHBIX JAHHBIX MO JTOM cucTreme. B cucreme AS.13 m3ayuena
TONIBKO YCTOHYMBOCTD Maprapura ¥ MYCKOBHMTa B cybBcomipmycHoi obnactu
[278, 279]. B mpun. I Ha puc. 1.15 noka3ansl k3MeHeHHsA (a30BbIX peBpaLe-
Huit B cicTeme AS5.7 ¢ yBenmuueHHeM PH,O' Ina xpucrawm3sauuu Ipr B atoi

CHCTEME rpeﬁye'rca MAOBOJIBHO BBICOKOEC 3HaUY€HHE PH o’ KOTOpO€ BpAJl JIK A0~
2

CIMraeTCa B YCIIOBHAX 3eMHOH KOpbI; OH MOXET INpPHCYTCTBOBATbh B Ka4yeCcTBE
H3omopdHoii npuMecu B My.

Cucremnr AS5.8, A5.14, A5.17 u A5.20 o6pa3oBaHsl u3 cuctemsr Ad.13 —
9u-®c—Ke—H,0 nocnemoparensubim npubapieHneM K Heit A6, An, Op u Anc.
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B pe3ynbrate 3TOr0 MONYYHIIMCh CHCTEMBI, OTPAXKAIOLIHE II0ABIICHHE H3OMOpD-
Hpix pagos: ng—Fe-I'ng, Yep—Fe-Yep, ®n—Aut, Kpan—Fe-Kpa, Mup—Anm
(npun. I, puc. L16, 1.21, 1.24, 1.27). YcnoxHenns $a30Bbix NpespalieHuit
B JTHX CHCTeMax CBA3aHbI C HATHYHEM B cocTaBe A4.13 ONMBHH-MHPOKCEHOBOM
NEpHTEKTHKH, @ B cHcTeMe AS.20, kpome TOro, ¢ obpa3oBaHHeM NpH pa3iny-
HOH riuHO3eMHCTOCTH M Py, nu6o Kpn, mmbo Tp.

2

Cucremer A59, A5.10, AS5.15, A5.16, AS5.18, A5.19 o6pa3oBanbl U3 cOOT-
BETCTBYIOLUHX MarHesuanbHo Ad4.14 w enesuctoi A4.15 Kpa-T'p cucrem
nocnefoBatenbHeIM MpubasneHHem k HuM AG, An u Op. B pesynsrate Kpome
Kpa u I'p B Hux obpasytorca ampubonsl (B anbBHTOBbIX M AHOPTHTOBBIX CH-
cTemMax) M crioabl (B OPTOKNA30BbIX cHcTeMax). Bo BceX MarHMeBbIX cHcTe-
Max MHHMH pasdnoxenua Kpa+Tun u Kpn no cpapHenuio ¢ nHHMAMM pasnoxe-
HHA AMd, bu 1 My cMeuleHbl B 0671aCTh BBICOKMX 3HaYeHHH PH,o' NMoITOMY

Kpa MOXeT BCTpevaThci B aCCOUMAUMAX CO BCEMM MHHEPAIAMH CHCTEMbI
(npun. I, puc. 1.17, 1.22, 1.25). Ina xene3ucTbix CHCTEM B3aMMOIOJIOKEHHE
JMHHHA pas/iOeHHA BCEX XMMHYECKHMX COEJMHEHHWH TOYHO He W3BecTHo. Hamm
NOCTPOEHb! paxIMyHbie BapHaHTbl M BbIGpaHbl HauGonee BeposTHbie (mpun. I,
puc. 1.18, 1.23, 1.26) . B cucteme A5.16 — Au—®c—Anc—Ks—H,0, peponthee
Bcero, uto Fe-Yep He MOXeT KPHCTAIIM30BATHCA M3 PACIUIABa, NOITOMY Bbi-
GpaH BapHaHT, B KOTOpPOM JIMHEA pasnoxeHus Fe-Uep+Ks He mepecexaer ym-
HUH paBHOBecua ¢ pacrinasom (nmpun. I, puc. 1.23). ®aszoBbie npeBpatieHUs
B JTOH CHCTEME OTPAHHYHBAIOTCA NIHILL CMEHOH KOpIMEpPHTOBBIX ACCOLMALMIl
rPaHaTOBBIMH.

2.4.2.4. llecTMKOMNOHEHTHbIE CHCTEMBbI

M3 Beex [1eCATH LIECTHKOMIIOHEHTHBIX CHCTEM HH OfIHA He M3YyeHa JKclle-
pumeHTanbHO. MmeroTca pesynsTaThl 3KCHEPUMEHTANbLHOIO MCCNENOBAHUA OT-
AenbHBIX ceueHMit cuctembl A6.10 [103, 232, 233, 269]. Mo tuny dasopbix
NpeBpaleHUiH U COOTBETCTBEHHO MO TOMONIOTHH THATPAMM, OTPAKAKIMX ITH
($a30Bble PaBHOBECHS, IIECTHKOMITOHEHTHbIE CHCTEMBI [IEJIATCA Ha WECTh IPYTIT.

Cucrema A6.1 — A6—An—Op—Anc—Ks—H,0 npegcrasnser co6oit rnas-
HYI0 TaiyiorpaHMTHYI0 CHCTeMy, K KoTopod mo6aeneH Anc. A. B. TommcoH u
P. Jlx. Tpeiic [285] teopetnyecku paccMOTpenH ¢a3oBble paBHOBECHA B TO-
pobHo# cucreme : CaO—KAIO,—~NaAlO,—Al,0;—Si0,—H;0. Ho noyemy-To om
He YYMTBIBAIOT TEOPETHYECKOH BO3MOXHOCTH MOABJIEHHA B 3TOH cHcreme [lpr u
Mpr, a BMeCTO HHX Npy BBICOKHX 3HAYEHHAX [ABJIEHHA BOMBI pa3bHpaloT MOHO-
BapHAHTHbIe accouMaumH C uousntoMm: L3+My+Ks = Au+Knu+H,0, [I3+My+
+KB+H,0 = Au+X, l3+Kua+X= Au+H,0, koropbie HameueHbl CXEMaTHYHO
Ge3 ykasaHusa Ha oOpa3oBaHMe Y3NOBbIX HOHBAPHAHTHBIX TOYEK C LOHIHTOM.
Hamu npennaraercAa BapuaHT ¢a30BBIX B3aMMOOTHOLICHHA B 3TOH CHcTeme
C yyacTHeM NaparoHMTa M mapraputa (mpun. |, puc. 1.28), Ho 6Ge3 Hou3uTa, TaK
KaK TOYHO He M3BECTHO MONOXEHHE ero JIMHMH paianoxeHus. C nonyueHuem
TAKHX [aHHBIX MOXHO Oyner mepecTpouTh AMarpammel B npun. I Ha puc. 115,
KOTOpbIe €CTECTBEHHO YCIIOXHATCA, HO KAK Y)e OTMeYanoch, pABHOBECHA, Tpe-
Bylouiue BBICOKOTO PH,O’ Mpe[CTABJIAKT YHCTO TEOPETHYECKHH MHTEpeC, H MOo-

3TOMY BpAM M NOABHTCA HEOOXOIHMOCTb B TAKHX JMarpaMmax.

Cucrema A6.2 — AG—AH—JH—Anc—Ke—H,0 xapakrtepHayercsi Tem, 4TO
napa KOMIIOHEHTOB A6 W AH oGpa3yer TBep/ibie pacTBOphI | THIA M COOTBETCT-
BEHHO WX XHMHYecKue coefHeHus — ' u Yep — obpa3sywot Takike Haomopd-
HbIi DA, KOTOpbIA MpH HM3KMX 3HAYEHMAX MABIEHWA BOMBl ACCOUMMDYET
¢ Kpn, a npu Beicokux — ¢ [Tup. PH,O_T MpOEKIMA ITOH CHCTEMBI CTPOUNACH
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kombuHaumeit P, —7 mnpoeKuwi OBYX KpaiHHX cHcreM AS.9 u AS.15

(mpun. I, puc. l.293 , B pe3ysnbTaTte BHYTpH CHCTeMbl A6.2 NOABNIANTCA MOHOBA-
PHaHTHBIE PaBHOBECHA, B KOTOpbIE NpeB pallialoTCA HHBAPMAHTHEIE TOYKH CHCTe-
Mbl AS5.9 TpH foGaBneHud K Hum AH. He paccmarpuBarotcs accommaruu ¢ [Ipr
u Mpr.

Cucrema A6.3 — AG—AE—O®c—Anc—Ks—H,0 ormmMuaeTca OT CHCTEMsI
A6.2 teM, yto muHMM pasnoxenus Fe-Kpn+®c u Fe-Kpn cMemensr mo masse-
HHI0 HWKe NuHMA pasnoxenua Fe-I'ng u Fe-Uep, n3-3a vero B 3t0il cucTeme
orcyTcTBYIOT accouuaunu Kpn c ampubonamu (npui. I, puc. 1.30).

Cucremnt A6.4 — A6—Op—3u—Anc—Ke—H,0 u A6.7 — AR—Op—3u—
—Anc—KB—H,0 ommuaitcs 1eM, YTO HX KOMIIOHEHTbI He 06pasyioT TBepMbIX
pacteopoB | Tma, HO 3aT0 BO BCeX KpaHHHX MMATHKOMIOHEHTHBIX CHCTeMaX 06-
pa3syloTcA MO [IBa XMMHUECKHX COeTMHEHHW:A, YTO 3HAUYUTENIBHO YCIIOKHAET [IHa-
rpammel coctoanma (npun. I, puc. 1.31, 1.34) . Kak u B npesiaymmx cHcremMax,
3[leCh He paccMaTpuBaloTcs (aszoBble paBHoBecus ¢ [lpr u Mpr. lns cucremsr
A6.7 He NMOKa3aHbl MOJMTEPMHYECKHE MPOEKIMH U306apHuecKUX CceyeHmil, To-
CKOJIBKY NpeAlnonaraeTcs, YT0 OHH OyAYT aHAIOTHYHbI TAKOBBIM CHCTEMBbI A6.4.

Cucremsr A6.5 — A6—Op—®c—Anc—Ke—H,0 u A6.8 — An—Op—tc—
—Anc—~Ks—H,0 MOXHO NMpeACTaBHTb KaK XeJle3ucTble PASHOBMIHOCTH CHCTEM
A6.4 u A6.7. PaanuuMe 3THX CHCTEM OTpE/IENACTCA CMEILIEHHEM JIHHMI pa3no-
wenus Fe-Kpn+®c u Fe-Kpa 8 ofnacts HM3KKX 3HaueHuit Py o B pe3ynbrare

3[ieCh OTCYTCTBYIOT accounanuu ampubonos u cmozn ¢ Kpa (upznn. I, puc. 1.32).
B cucteme A6.8 OTCYTCTBYIOT NMKBHIYC-CONHAYCHBIE ACCOLMALMM C Fe-Uep
(mpun. I, puc. 1.35).

Cucremsr A6.6 — AG—Iu—Pc—Anc—Ks—H,0, A6.9 — AH—3IH—Dc—Anc—
—Ks—H;0 u A6.10 — Op—3u—®c—-Anc—Ks—H,0 orpaxaior hasossie papHO-
Becusi Kpa—T'p cucrembr AS.20, Kk KOTOpO# MO OT/IeNBHOCTH NMpUOABNAIOTCA
AG, AH u Op. EcrecTBenHo, B Kax/Ioi cucteme Kpome Kpn u I'p nossnsiores
H3omopoHbie pansi: I'ng—Fe-T'nd, Yep—Fe-Yep u ®n—AHT; Kpome TOro, B CH-
cTeMe A6.10 noABNAKTICA accouManuu ¢ MycKoBuTOM (Tpwo. I, puc. .33, 1.36 u
1.37). K cucreme A6.9 He OCTpOEHBI MOTUTEPMHYECKHE TTPOSKIMH H30Gapuye-
CKHX CeYeHMH, MOCKOJBKY MpeIonaraeTcs, YTo OHH [OJKHBEI GbITh aHAIOTHY-
HBIMHM TaKOBBIM CHCTEMBI A6.6, TONBKO CMeLeHHbIE 10 PH,O_T MpOEKIMH.

B 3axnioueHMe ceayeT OTMETUTB, YTO HECMOTPA HA MHOTOKOMIIOHEHT-
HOCTb ¥ pa3sHoo6pa3ne (a3oBbix MpeBpaueHuii B IECTHKOMIIOHEHTHEIX CHCTE-
Max, OHH He MOTYT CIIY>XXHTb MOJe/NAMH 00pa3’0oBaHMA e€CTECTBEHHBIX TOpPHBIX
nopoJ, Tak Kak nobas ropHas nopoaa uMeeT Goree CIIOKHBIH KOMIOHEHTHbIH
COCTaB, Ia)Ke eC/¥ He YUMTHIBAThH ,,IpAMECHbIE " KOMIIOHEHTBI.

2.4.2.5. CeMHKOMIIOHEHTHbIE CHCTEMBI

(®a3oBble B3aHMOOTHOLUGHHS B CEMHKOMIIOHEHTHBIX CHCTEMAaX ONpefess-
HTCA YXe NATbI0 KOMINOHEHTAMM, 1A H300pakeHHA KOTOPhIX Ha H306apHue-
CKHX AHarpammax norpebyercs uyeThipexmepHoe MPOCTPAHCTBO MITM TEHTATOMN-
Hble MpoeKuuH u3 BepwmH KB u H,O cenrarona, uro B o6mem-to aBnserca
TPYAHO pellaemMOH 3ajaued. B cBA3M ¢ 3THM B rpaduueckoM u3o6paxkeHun ba-
30BbIX MpEBpaLIeHHH CeMHKOMIOHEHTHbIX CHCTEM MbI OTpaAHHYMMCH TOIBKO
PH,O_T NpoeKLHMAMH.

B cTpoeHMH CeMMKOMITOHEHTHBIX CHCTEM TIPHHHMAIOT YUYacTHe 110 5 1uecTH-
KOMIIOHEHTHBIX CHCTEM, HO HE BCE [IHarPAMMBbl 3THX CHCTEM IPEe[ICTABIIAIT HH-
Tepec [UIA NOHMMaHMA (a3oBbIX NMpeBpaleHHil B CEMHKOMIOHEHTHBIX CHCTe-
Max, a TOJIbKO Te, KOTOpbi¢ OTpaxkaloT Haubonsliee pasHoobpasue (a3oBbix
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npespauienyii. [loatomy, urobs1 He 3arpyxats P, —7 NpoeKiu, Ha HUX Oy-
2

AyT ToKa3aHel Haubornee BaXKHbie (a30Bbie MPEBPALICHHA, IO KOTOPbIM MOXHO
cymuTh 06 o61iem XapaKTepe CHCTEMbI.

Cucrema A7.1 — A6—An—Op—3u—Anc—Ks—H,;0 copepxur asa KoMmo-
HeHTa — AG M AH, KOTOpbIE 0GPa3yI0T HelpepbIBHEIE TBep/ible pacTBOPLI | THIA.
PH,O—T TNPOEKIHI0 ITOH CHCTEMBI MOXHO MONIYYHTh H3 PH,O—T MPOEKIHH CH-

crembl A6.4 nepeMelieHHEM BCeX MIEMEHTOB 3TOH MpoeKiyH B 06nacTh Gomb-

LUMX 3HAYeHWH PH o ¥ T, BbI3BaHHBIM [106GaBNeHHEM B CHCTEMY A6.4 AH u
2

yMeHbleHHeM cofepxanusa A6 (npun. I, puc. 1.38). B peaynbrare nepemerue-
HHA MOHOBAPHAHTHBIX JIMHWA MOABJAITCA NONA KPHCTAUIH3AUHH COOTBETCT-
ByIOUMX (a30BbIX ACCOLMALMH, a NepeMeleHHe HHBAPHAHTHBIX TOUEK NMPHBO-
[MT K 0Opa3oBaHKI0 MOHOBAPUAHTHBIX TMHHH, OTPAKAIOIIHX MEePHTEKTHYECKHE
peaKiMy HHBAPUAHTHBIX TOYEK C J0GaBneHHeM K HWM AH. HHBapHaHTHbIE paB-
HOBecHA BHYTpH cuctembl A7.1 orcyrcrByior. IlonuTepMuyeckue MpOCKIHH
H300apHYeCKHX CeYeHHH cHCTeMbl A7.1 MOXHO NpeJCTABHTh MBICTIEHHO H3 MO-
JINTEPMHYECKHX MpoeKumii cuctemsl A6.4 yBenUYeHHEM HX MEPHOCTH Ha efH-
HHLLY.

Cneayet eule pa3 TOI4ePKHYTh, YTO B CHCTEMAX, MepeCHIeHHbIX ITTHHO3e-
moMm, I'nd-Yep ambuboibl MOTYT NOABHTHCA TONBKO B Y3KOM MHTepBasie 3Ha-
yeHHil COLEpHAHHA KOMIIOHEHTOB — HEBBICOKAA CTENEHD [IepechIlEHHA [TTHHO-
3eMOM, BHICOKAA XKeNe3ucToCTh W Hu3Koe copepxanue Op — u korpa amdubon
HAYMHAET KpPHUCTAIUTM30BATLCH NEpBbIM. ITH OTpaHHueHMs CBA3AHbI C TEM, 4TO
NpHpOIHble GHOTHTHI B 3aBUCHMOCTH OT Puio_T ycnosuid 06pasyT He On-AHT

u3oMopdHbIil pal, a Gonee ClOXKHOE H3oMOpdHOE ,,MHOXKECTBO™ U3 HEThIpEX
KOHeuHbiX MuHaNOB ®n—AuT—Her—Cup. ITosTomy npH paHHed KpHCTAIUIH3a-
min Bu oH ,,326MpaeT” aTIOMHHHH M COCTaB pacIuiaBa, ciabo MmepechieHHOro
ATIOMHHMEM, CTAHOBHMTCS HeOCHILLIEHHBIM MM, 4 y)Ke H3 TAKOr0 paciiaBa KpH-
crannmasyerca ampubon, ,HeJOCHINEHHBIH " ATOMHHHEM.

Cucrema A7.2 — A6—Au—Op—®c—Anc—Ks—H;0 moxer ObiTh NomyueHa
W3 [BYX Kpaitiux cuctem A6.5 u A6.8 u cootBeTcTBeHHO ee Py, —T npoek-

s — copmererneM Py, —T npoexumil 3THX CHCTEM (npu. 1, pu’c. 139).

Cucrema A7.3 — A6—An—3a—Oc—Anc—Ke—-H,;0, xak u npe mpeapiay-
lMe, MOCTPOEHA H3 [BYX KpaiHuX cHcTeM A6.6 H A6.9, OTIHUAIOILIMXCA TONBKO
COCTABOM IUIarMOKNAa30BbiX MuHanos (mpun. I, puc. 1.40). B pesynbrare
BHYTPH CHCTEMbI OABIIAITCA TPH MOHOBaPHAHTHBIX PABHOBECHS — Mepemeine-
HMs TPeX HHBAPHAHTHBIX TOYEK cHcTeMbl A6.6 ¢ moOaBiieHHeM K HUM AH.

Cucrema A7.4 — A6—0p—3u—®c—Anc—Kp—H,0 HauGonee nosiHo orpa-
aeT (a3oBbie B3aHMOOTHOLIEHHA PAaHHTOMAOB, EPECHILUEHHBIX ITHHO3EMOM.
[losToMy NOHATEH HHTepec K HEH CO CTOPOHBI JKCIIEPHMEHTATOPOB — TOJIBKO
B ITOH CHCTeMe M3yuYeH M3OIIeTHuYeCKHii paspea [233, 234]. B nannoit pabore
npeiaraercad Gomnee MOJHbIA BapHaHT PH,O—T MpOeKIMH HEKOTOPbIX HHBA-

PHAHTHBIX ¥ MOHOBAPHaHTHBIX peaKiyit cHcTembl A7.4, yUHTHIBAIOIMMH H3ME-

HEHMA €€ Kee3UCTOCTH, @ TAK)Ke BOIMOXKHbIE BapHaHTH! peakimit ¢ My u Ind

(npun. 1, puc. 1.41) . Ita npoexums Gbina nonyvena u3 Py, —T npoexiumit (ByX
2

KpaiiHux cucteM A6.5 H A6.4 nepeMellleHHEM BCEX IEMEHTOB HArpamMM CH-
crembl A6.5 B oBnactb Gonee Bbicokux 3HaveHud T ¢ mo6GaBlieHMeM K Heil JH.
YenoxHeHHs 3[ech CBA3AHBI C Pa3NUYHBIM NiepeMeleHHeM HHBAPHAHTHBIX TO-
YeK 10 [aBJIEHWI0 BOMbI: KOPIMEePHT-TPAHATOBAA H MYCKOBHTOBAs TOUYKH Nepe-
MewaTcsa B 061acTh BHICOKHX 3HaYeHHH PH,O’ a ampubonosas u GHOTHTORAA
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TouKH — B OGNACTb HH3KMX 3HaueHud Py .. B pesynbrate nepeceueHHA THX
2

MOHOBAPHAHTHBIX JIHHHI BHYTpH CHCTEMBbI NOABNATCA WECTh HHBAPUAHTHDIX
TOueK. JT1a OCOGEHHOCTH PACCMATPHBAEMOii CHCTEMbI OOBACHAET pa3Hoobpas-
Hble B3aHMOOTHOLUECHHSA FPAHATOB, KOPJMEPHUTOB, DMOTHTOB M MYCKOBHTA, Ha-
GmioacMble B TpaHMTAX JAHHOTO meTpoxmmuueckoro mima [12, 122, 172].
Yuactie Tndp B 3710i cHcTeMe HmeeT B 0611eM-T0 GObILIE TEOPETHIECKOE 3HAYE-
HHME H €ro MoABJIEHHe Or pAHHYMBAETCH onpenenemibmm YCIIOBHAMM, O UYeM ro-
BOPHJIOCH BbilliE.

Cucrema A7.5 — AR—Op—3u—®c—Anc—Ke—H,0 npuHUMIHAIBHO HHYEM
He oTIMYaeTcA oT cucreMmbl A7.4 (mpun. I, puc. 1.42), Tonbko BCE ce peakuyy
cMemeHs! B o6nacTh GOnbLMX 3HAYCHHH Temmeparypst M Py . 312 cHcTema

2

[UTA TPaKTHKH MMeeT MeHbllee 3HAYCHHE, YEM CHCTEMA A7.4, TaK KaK B BBICO-
KOTNMHHO3eMHCTBIX [‘paHHTOHHaX pe}.'lKO HPHCYTCTBYQI OCHOBHOﬁ IUTarHoKas.

2.4.2.6. MonHas cHcreMa A W HM30IUIETHYECKHE CEYeHH:

Monuas cucrema A — A6—AH—Op—3H—Oc—Anc—Ks—H,0 apnserca Mo-
JIENIBHOI JIA BBICOKOITIMHO3EMHCTBIX I'PAHMTOB . JKCIIepHMEHTATRHO N0Ka3aHa
BO3MOXHOCTh 0Bpa30BaHHA AHATEKCHCOM BBICOKOTTMHO3EMUCTBIX TPAHHTHBIX
pACIIaBOB 33 CYET ITMHMCTHIX M TEJIHTOBBIX IPOAYKTOB [225, 289, 290] . I1pu
nocneyoiell KpUCTAUIM3AUME TaKux pacmiasos (P, ,=2000 Gap) GpuH

MONyYeHsl KOP/HEPUTOBbIE H MYCKOBHTOBbIE ACCOIMAIHH [225].

Py o—T mpoexims NONHOH CHCTEMDI A nocrpoena u3 P, —T NpoeKimn
2 2

cucteM A7.4 u A7.5 (upwn. I, puc. [.43). D1a IpoeKUysA OTPaX@ET KPACTAIIIH-
3aMI0—TUTABNIEHHE TIPAKTHYECKH BCEX BO3MOJKHBIX MMHE paIbHBIX (ha3oBsix)
ACCOLMAUMI TPAHMTHBIX MOPO/-MArM, IlepeChIlEHHBIX [THHO3eMOM. B oTinume
ot PH,O_T MpOEKIMH 3TOH K€ CHCTeMbl, PACCMOTpEHHOH B paGote aBTOpa

[56], nocnennas Gonee CIOXHAA B CBA3M C TeM, YTO YUTEHbI pEAKLIH C aMou-
Gonamu. Kpome T0ro, u3-3a H3MeHeHHA HAKIIOHa JMHUH pasnoxenns Kpa+Onp
u Kpji ¢ OTpHUATENBHOIO HA MOJIOXKHTENbHBIH B PEAKIHOHHBIX B3aHMOOTHOLIE-
HEAX noMeHsuch Mectamu Kpn u I'p: Teneps Bo Beex peakuuax I'p obpasyer-
cs 3a cuet peaxiuu Kpn ¢ XK (pacnnaBom) .

Cnepyer ocobo MOJYEPKHYTh, YTO BCE PEAKLMM B WHBAPHAHTHBIX TOUKAX
¥ HA MOHOBAPHMAHTHBIX THHHAX CEMHKOMIIOHEHTHBIX CHCTEM M MOJHON CHCTe-
Mbl SBJIAIOTCA NePUTEKTHYECKHMH, IIpHYeM cOCTaB a3 B HHBAPHAHTHBIX TOU-
K4X CTpPOro (pMKCHPOBAHHBIH, 3 HA MOHOBAPUAHTHOM JINHHH OCTAETCA MOCTOAH-
HbIM JTHGO COCTaB IUIAarHOKJIA30B, MHOO0 Xene3uCToCTh TeMHOLBETHBIX MHHEpa-
70B. XapaKTepHO, YTO MPOJYKThl PABHOBECHOH KPHCTALIM3AUMH 3THX peaxiui
TIpeCTAB/EHbI Yalle BCero MATH(A3HOM accouManted, Kak u IPOIYKThI KOTeK-
THYECKOH IOBEPXHOCTH KPUCTAJUIH3ALHH .

Ins peleHHsi KOHKPETHBIX METPOJIOTHYECKHMX 3a[iaY yloGHee MPHMEHATH
M30IUTeTHYeCKHe CEYeHMA IOJTHOH OMArpaMMbl, COOTBETCTBYIOLHE HOPMATHB-
HBIM COCTABAM IUTATHOKIIA30B M NMHPOKCEHOB M3YYaeMoOi MOpO[bl, KaK 3TO
npemnaraercid Bb. P. Jlnmauom [248]. Ilpu 3TOoM HeoGXoaMMO MMeTb B BHAY,
yTo B M0GOM CTyyae, HOCKOJNIBKY M TUIarHOKJ1a3bl, H BCe XKele30MarHe3HanbHbIe
MHHepasibl ABJIATCA TBEP/ILIMH PACTBOPaMH, (a30Bbie MPEBPAILEHH YCIOBHO
u306paxaloTcsl Ha [AHHOM CeYeHHH, a HA CAaMOM JieNle OHM NPOMCXOMAT Nepef
ceyeHrem M 3a HEM. Ha puc. 2.41 mpHBeieH BapHaHT TAKOro CEUYeHHA, COOTBET-
CTBYIOLLETO [BAALATOMY HOMepy IIaruoknasa u 60% dene3ucTOCTH MMpOKCe-
na, a B Tabn. 2.7 JaHBl PeAKLMM WHTEPECYIOUMX HAC paBHOBECHIl. ITO ceveHue
ABNAETCA OJHAM M3 BapHAHTOR [MArpaMMBbl COCTOAHMA CHCTEMBI A, KOrJa
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A

Puc. 2.41. Py o~ T TPOEKUMA H MOMHTEPMHYECCKHE NMPOEKIMH HM30GapHUeCKHX pa3pezoB
2

M3OMIeTHYeCKHX cedehmit (In°, Omp®’) AmarpamMMmel cOCTOAHMA cHcTembl A — AG—AH—
—Op—3u~®c—Anc—Ks—H,0; ¢alossie peakiH NpuBeieHs! B Ta6N. 2.7.

accommanys Kpa+Onp u Kpn pasnaraiorca wa Ip+Ks u Ip+Anc+Ks paubie,
uem accomuauua Kpn+Op paanaraerca Ha Bu+Cun+Kg, uto 3aBHCHT OT ere-
3HCTOCTH CHCTeMBl. M3-3a 3TOr0 B KpaiHUX MarHe3WanbHBIX H KENMe3UCTHIX CO-
CTaBax OTCYTCTBYET BOIMOXKHOCTb PABHOBECHOTO CYLIECTBOBAHHS HA JTHKBHIY-
ce GHOTHTOB C MYCKOBHTOM, TIOCKOIBKY JIHKBHJIYChI TAKHX COCTABOB He Iepe-
CeKalT NONA CyIecTBOBaHKA accouuamuy bu+Cun+Ks [117, puc. 100]. Ho
€CJIH Ke B3ATH COCTaB IPOMEXYTOYHOH JKeJIe3HCTOCTH, TO NOC/IEH0BATEIBHOCTD
PA3MOXNEHUA YKA3AHHBIX ACCOLMALMA MIMEHHTCA: paHblle TIPOH3OHIET passio-
#eHue accoumamu Kpa+Op Ha Bu+Cun+Ks [96], wem Kpa+Omp u Kpn
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Tabnuua 2.7

(Da3oBbie peaKlni HIOMNeTHYECKHX coveTanmii [n**—Onp®’

# [In**—Onp® cucremnt A (k puc. 2.41 1 2.42)

O6o3HaveHHe Xapakre
paBHOBECHA G e pangoaecsn
K puc. 2.41

Jy [In+0p+Kpa+bu+Ks=X+Onp

5 (K) MNn+Kpa+bu+Ke=]ln+0p+O0np+Kpa+Ks| Cunryasptoe
I, (Omp) Mn+0p+Kpa+bu+Ke=X

13 (Op) [n+Kpn+bu+Ke=X+0np

ls (bu) Mn+0p+Kpa+Onp+Ks=K

Jy [In+Kpn+bu+p+Ke=X+0np

Is (K) In+bu+Ip+Ke=Iln+bu+Kpn+Onp+Ks | CunrynsapHoe
ls (Onp) [n+Kpn+bu+Ke=X+Tp

I (Kpm) Mn+Bu+Ip+Ks=X+0np

Js MntOp+bu+I'p+Ke=X+Kpa

ls (Kpn) Mn+0p+bu+lp+Ke=X

Iy (bu) [In+O0p+I'p+Kpa+Ka=K

Js n+0p+Ip+Anc+Ks=X+Kpn

lo (K) m+_(_)2+Fp+Anc+Kn=E+_O_E+Kpn+Ka CunrynsapHoe
1y (Kpn) Mn+0p+Ip+Anc+Ke=X

ha (Tp) Mn+O0p+Kpn+Ks=X+Anc

Js In+0p+I'p+My+Ks=X+Anc

Ly (K) IMn+Tp+My+Ke=[n+Op+Ip+Anc+Ks CuurynsapHoe
Lia (Anc) Mn+0p+Ip+My+Ke=X

Lis (Op) Mn+Ip+My+Ks=X+Anc

Kpuc. 242

5y Mn+0p+Kpn+bu+Ks=X+0np

Iy (X) @+§_EE+BH+KB=@+§P£+OP+OH;:+KB CunrynsapHoe
I (Onp) In+Op+Kpa+bu+Ke=X

1 (Op) Mn+Kpn+Bbu+Ks=X+0np

Iy (Kpm) T +Bu+Ks+X=IIn+#+Onp+0p CuHrynapHoe
Is (bu) [n+0p+O0np+Kpn+Ke =X

A Mn+0p+bu+Anc+Ks=X+Kpn

ls (K) Mn+Bu+Anc+Ks=IIn+0p+Kpn+Ks CunrynapHoe
1; (Kpn) Mn+0p+Bu+Anc+Ks=X

1 (Op) [In+bu+Anc+Ks=X+Kpn

ls (Bu) Mn+0p+Kpa+Ke=¥XK+Anc

J; [In+Bbu+Kpn+I'p+Ke=X+0np

1o (K) Mn+bu+Tp+Ke=[n+bu+Kpa+Onp+Ks | CuurynapHoe
1y (Omp) Mn+Bu+Kpn+Ke=XK+Tp

hLa (Kpn) [n+Bu+Tp+Ke=X+O0np

13 (Bu) ITn+Tp+Ke+X=In+X+Onp+Kpa CuHrynapHoe
Ja Mn+Bu+Ip+Anc+Ke=X+Kpn

ha (K) [n+Bu+Tp+Anc+Ke=[In+Bu+Kpn+Ks | Cunrynsaphoe
lis (Kpﬂ) "JT"’BH"’FP"‘AHC"‘KB:)K

Lie (Bu) In+Tp+Anc+KsHK=X+Kpa+Iln CuHrynapHoe

117



Ta6nuna 2.7 (npopomxeHue)

3HaYeHH XapakTe
%Sgnonemae (Pa30Bble peaKiuH pang it cf m
Js [In+Op+bu+My+Ks=X+Anc
117 0K) In+Bbu+My+K=IIn+Bu+O0p+Anc+Ks | Cunrynapsoe
Lz (Anc) [n+O0p+bu+My+Ks=X
Iis (Op) [In+Bu+My+Ks=X+Anc
o (bu) In+My+Ks+X=Iln+X+Op+Anc CuHrynsapHoe

Ha I'p+Ks u I'p+Anc+KB cooTBEeTCTBEHHO, YTO IPHUBEET K BO3MOXKHOCTH COB-

MECTHOrO NMOABJICHHA HA JMKBHAYCe GHOTHTOB C CH/UTMMAHHTOM M MYCKOBH-

tom. Ha puc. 2.42 npuseperbl cxematuueckue (xauecrsentsie) Py, —7 npo-
2

EKIMA M MNOJIMTEPMHYECKHE NpPOSKIMHM H300apHYeCKHX CeYeHMH THMarpaMMbI
COCTOAHHA CHCTeMbI A JUIA Cliyuas, KOTZa B cucTeme mpucyrcrsyer Onp™.
[lpuBeneHHble [HATPAMMbBI CYLUIECTBEHHO OTAMYAOTCA OT [MarpamMM Ha
puc. 2.41. 3gech mocne MOABJIEHHA Ha MWKBHAYce Bu K MO cMeHbI KOpIMepuTa
rpaHaToM NPOHCXOAAT oNpeleneHHbie ¢ascnbie MpeobGpa30BaHKA: NPH Nepece-
YeHHH CyOconmmuycHOW CHHTYNAPHOH MOHOBapMaHTHOH (YCIOBHO) IMHMM
Is (OK), aTexmiueckoi smuuu [, (Onp) # neputextryeckor lo (Bu) obGpasy-
eTcsi HOHBapHaHTHas (ycrmoBHO) TouKa ./,. C moABNeHHEM 3TOH TOUKM mepe-
CTPaHBaTCA H306apHYECKHE THATPAMMEI, MEHACTCA TPUAHTYIALNMSI U 06pa3y-
I0TCH HOBbIE TOJICHCTEMBI, B KOTOPBIX IIPH NaIbHeHILEM YBeTMYEHUH TABIICHUA
MOIYT COCYMIECTBOBATh GHOTHT, CHIUIMMARWT ¥ MYCKOBHT (CeueHMs PH,O H

12
PHp).

B HacTosniee BpemMA HaM HEH3BECTHBI 3HAYCHHSA (PHUIMKO-XHMHYECKHX Nlapa-
METpOB ,MHBapHaHTHbIX Touek™ ¢ Kppa u I'p. [MpubnusurensHO ONpesieneHs! H
KOOpJMHATHI ,AHBAPHAHTHOH TOYKH™ ¢ MYCKOBHTOM, B pe3yJIbTaTe 4ero mosmy-
YeHHBIE PH!O—T CEUEHHA CUMTAIOTCA MONYKONHYECTBEHHBIMH H MOTYT NpHMe-

HATBCA TONBKO IA OUEHKH YCIOBHH KPHCTAUUIM3ALUMH TeX WM WHBIX MHHe-
PaIBHBIX accoLHAuui rpaHuToMaoB. [TonmuTepMuyecKue MpoeKUMH H30BapHye-
CKHX pa3pe30B, IIOCTpOeHHbIe Be3 yyera accolmmauuii ¢ ampubonoM, ABIAIOTCA
KaueCTBEHHBIMH M OTPaXkaioT PHHIMITHAIBHO BO3MOXHbIE (ha30Bble IMKBHIYC-
CONMAYCHbIE B3aHMOOTHOIICHHA AAHHOH CHCTEMBI, H3-32 YETO HE MOTYT IIpHMe-
HATHCA IS MPOCNIENHUBAHHA XONa KPHCTAIUIM3AUMM KOHKPETHBIX Marmariue-
CKHX pacrnaBoB. Tem He meHee momapanHe (PMHIYpaTHBHBIX TOYEK COCTABOB
B TOT MJIM HHOH TPEYTONBHKK H COMOCTABIIEHHE MHHEPAJIbHBIX ACCOIMALMIT U3Y-
4aeMo¥i MOPOMIBl ¢ MOZIENIbHBIMK MOXHO HCIIOJIB30BATH I BbI6Opa H306a pHye-
CKOTO CeYeHWA, T. €. (PAKTHUYeCKH MPOH3BOIMTE OPHEHTHPOBOYHYIO OLEHKY
PH,O_T YCIIOBH# KPHCTAUTH3aIUHA NOPOJIBI.

Kpome 1oro, mpu cpaBHeHHH HOPMATHEHOTO MHHAJIBHOTO COCTABA C BHPTY-

aNbHBIM MHHEDAJIBHBIM, CIIe[lyeT YYHTBIBATH CTeNeHb MepechblmeHMs NaHHOK
CHCTEMbl AIIOMHHWEM, KOTOpas BIHMAET HA MOABJICHME TOH WM MHOH MHHe-
PanbHOH acCOUMAUMH M ONpeNeNsAeTCA MO COOTHOWeHHio Asc ¢ (Iu+dc)
(B Mon.xon.):a) 7Anc<(Ju+dc) — cnaboe mepechllleHHe, COBMECTHO ¢ Bu
MoxeT o6pa3osarsca Por, ,,HegockinenHan” amoMuimem; 6) (31 -HDc) <7Auc,
o Anc<(3u+®c) — cpennee nepecbnueHue, obpasyerca Kpa-T'p-Bu accouma-
s, B) Anc>(Iu+dc) — cursHoe mepechiuekue, obpasyiorca Kpa-Tp-My u
Bbu-My accommamum.
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8 nr20 * k8,12

T TR ¥ opE sy p ¢ o

Puc. 2.42. CxemarnyecKas PH o~ T MPOCKUNS H NONHTEPMHYECKHX npoekuuit u3obapude-
CKHX pa3pe3oB HIOIUeTHUecKHX cevennit (Tn*°, Onp**).
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A Are

Inpts bu p & ap
Are

g
ef: 2

* 48, M40

Onp#¥ bu o @ a0

Ong% bu F & g
Puc. 2.42. (Tlpononxenre) .

24.3. Cucrema b — A6—Au—-Op—3u—®c—Ks—H,0

Cucrema b sBnsieTcs mepexomHOM MeXAy CHCTEMOI A, MepechieHHOM
ATIOMHHHEM, H CHCTeMO# B, HeochiLeHHOH amoMHHHeM. B ee cTpoeHum u3
TpeX-, YeTbIpeX- U NMATUKOMIIOHEHTHBIX YACTHBIX CHCTEM YYACTBYIOT BCe YacT-
Hble cHCTeMbl A, Hecomepxauie Anc. OTIHYMA HAYMHAIOTCA C MIECTHKOMIIO-
HEHTHBIX CHCTEM, KOJIHYECTBG KOTOPBIX B cucTeMe B ompepenserca covyeraHu-
eM H3 IATH KOMIIOHEHTOB IO YeTbipe, yuHThIBasA, 4To KB M H,0 npucyrcrayior
BO BCeX CHMCTEMax M YYacTBYWT BO BceX ¢ha3oBbIX paBHOBECHAX (TOuHee,
HAMH pacCMaTPHBAIOTCA TOJNbKO Takue paBHOBecHa); Ci=S5. I cuctemsi
cnenywoume: 56.1 — A6—Au—Op-3u—-Ks—H,0, B6.2 — A6—An—-Op—®c—
-Ke—-H,0, B6-3 — A6-An—3n—®c—Ks-H,0, B64 — A6—Op—Iu—Dc—
—KB-H,0, B6-5 — AH—Op—3u—®c—Ks—H,0. Hu ogHa u3 HUX He u3yueHa
JKCNIePUMEHTAIIBHO .
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2.4.3.1. llecTMKOMNOHEHTHBIE CHCTEMBI

Cucrema Bb6.1 — A6—A—Op—3u—KB—H;0 npeacrasnser co6oit ranno-
rpaHuTHylo cucteMy AS.1, k xoTopoit noGaBneH JH. B ee cTpoeHHu npHHUMaloT
YuacTHe ueTblpe KpaHHHX MATHKOMIOHEHTHBIX cHcTeMbl: AS5.1, A5.2, AS.5 u
AS5.11. PH;O—T MpPOEKLMI0 ITOH CHCTEMBI MOXHO MOCTPOHTH W3 PH,O_T npo-

eKLHH KpaHHUX cuctem AS.5 u AS5.11 (mpun. I, puc. 11.1), 1ak Kak B 3THX cH-
cTeMax MpOMCXOAAT YCIoKHeHHA (a30BbIX MpeBpalleHHil B CBA3M ¢ NMOABIEHH-
€M B HAX XMMHUeCKHX coemuHennii: [, Yep u ®n. B pesynvrate va P, ~T
NpoeKUHH cHcTeMbl B6.1 MoABNAOTCA ABe THHHHM, OTpaXalolMe MOHoaap;taHT-
Hble PABHOBECHMHA, KOTOpbIE IMPOMCXOAAT B WHBADHAHTHBIX TOYKAX KPAHHHX
cucrem. [lpeBpalieHue HHBAPMAHTHBIX PaBHOBECHH B MOHOBAPHAHTHBIE PABHO-
BECHA CB#3aHO C [0baBIeHHEM B OJHOM cryyae AH K AD, a B Apyrom AB k AH
u obpazoBaHMeM ux TBeproro pacresopa Iln. Ilpu mocTpoeHHH TOJHTEpMHYe-
CKHX NpoeKiHi H3obapuueckux cevyeHHH (mpun. I, puc. 11.1) npunnmamics 8o
BHHMaHHe (ha30BbIe NMpeBpalieHua cucteMbl A5.2. Jlna npocToThl MocTpoeHus
HE YUMTbIBanMCh (a3oBble NPeBpalleHHA, MPOMCXOaAlMe B cucTeme AG—AH—
—Op—Ks—H,0 npu HU3KUX IaBJIEHUAX.

Cucrema b6.2 — A6—AH—Op—®c—Ke—H,0 nocrpoena ¢ yuactuem K paii-
HUX cucTem: AS.1, A5.3, A5.6 u A5.12. Pasnuumsa JaHHON CHCTEMBI C BbILLEOIH-
CaHHOM 3aKJIIYalTCA B TOM, YTO JMHMA pasnoxenus Fe-I'nd pacnonaraercs
HMXKe MO [aBJIEHHI0 JIKHHK painoxeHuAa AHT+KB npu ®o-M1-Ke 6ydepe, kak
3TO OBUIO NPUHATO HAaMM TIPH PacCMOTPEHMHM cucTeMbl AS5.6, M, Kpome TOro,
B cucreme AS5.12 B NMKBHAOYycC-COMMAYCHOH obrnactu He oGpa3syetcs Fe-Yep.
B pesynsrate atoro na PH]O—T npoekuud cuctemsr 66.2 (npun. I, puc. 11.2)

NOABNAETCH MHBAPHAHTHAA TOYKA, B KOTOPOH MPOMCXOIMT CIEAYHIasn TepH-
TekTHYecKasd peakuya: [In+Op+Anr+Fe-Am¢p+Ks =¥ +®Da. [Tpu nocrpoernn
MOJTMTEPMHUECKHX TIPOEKUHH H306apHYeCKHX CEeYeHWH YUMTBIBAIMCH (a3oBble
NpeBpalleH|s, NpoOUCXosmue B cucremax A5.3, A5.6 u A5.12 (npun. II,
puc. [1.2).

Cucrema B6.3 — AG—An—3u—@®c—Ke—H,0 MOXET Cny»uTh MOENbIO
IUIArHOKJIa30BbIX [PAHMTOMMOR, HACBHIIEHHBIX ATIOMHHHEM. B ee crpoexun
NPHHUMAIOT YYacTHe cliefyloluMe KpaiHue cuctemsl: A5.2, A5.3, A5.8 u A5.14.
XapakTepHoil ocoGeHHOCTBIO cucTeMbl B6.3 ABJIAETCA TO, YTO B Hel MPHUCYTCT-
BYIOT YeTblpe KOMIIOHEHTa, MONapHo obpa3yroume TBepable pacTBopbl | THna:
ABG+AH u Ju+®c. B 10 Xe BpemMaA OHM OGPa3ylT XMMHUYECKOE COSIHHEHHE —
AMd, TakKe Mpe[CcTaBNANMMNH coGoil TBepabiil pacTBOp, HO YXKe YeTbIpex Ko-
HeyHpIX wieHoB: [ +Fe-I'nd +Uep+Fe-Uep. Py, 7 npoexuus u nonutepmu-

2

YeCKHe TIpOeKIIMH H306apHyeckHx ceveHMH cuctembl B6.3 nocTpoeHsl ¢ yyetom
¢a3oBbIX NMpeBpalieHHH BceX YeThipex KpaWHMX cucrem (mpwi. II, puc. 11.3).
BHyTpH cHcTeMbl MOABIAETCA MOHOBAPHAHTHOE MEPHUTEKTHYECKOE pPAaBHOBE-
CHe — MepeMelleHHe HHBAPHAHTHOH TOYKH cHcTeMbl AS.8 B 06NacTb BbICOKHX
3HaYeHHH PH,O H T ¢ pobaBnennem AH: AMp+0n+Ks = X+IIn+Onp. B satom

PaBHOBECHM OIHOBPEMEHHO ¢ OCHOBHOCTBbIO IUIATHOKJIa3a M B COOTBETCTBHH
C Hell H3MeHAeTCA 1wenouHocth Amd (win uamenserca Ind:Uep), xenesu-
CTOCTb aM(ub0Ia OIKHA OCTABATHCA TIOCTOAHHOI.

B cBs3u c obpasoBaHMeM B 3TOH CHCTEME TBEP/IbIX PaCTBOPOB ClieayeT 06-
PATHTH BHUMaHHE Ha TOINOJOrMIO €e JHarpamMM IMONMMTepMHYECKHX MpOeKUMil
u3obapuyeckux cevenuit (npun. II, puc. 11.3). Ilpu mManom 3HaueHuw PH:0

BHYTPH CHCTeMbl HMeeTca YeThipexdasopaa (+H,0) mosepxHOCTh KpHCTAIIIH-
3alMM, pasfieNieHHas MOHOBADHAHTHOH MNepPUTeKTHYECKOH NHMHHEH, KoTopas
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CBA3ANA C NEPUTCKTUKOH B cucteme Po—Da—Ks (npun. I, puc. 1.8) . Ha oot
110NIOBHHE NOBCPXHOCTH B MArHC3HAIBHBIX COCTABAN KpHCTLIM3YoTes Oup+
+1n+Ks (+H,0), a na sropoit — On+ILi+Ks (+H,0) . [pu BbicOKHX 3HaucHu-
ax P o nosenserca obnacts KpHCTAUIM3AUMH AM], OrpalMucHHAn TaKke

YeTbIpeX(a3oBbIMH MOBEPXHOCTAMH Kpuctaummsaunn: Tn+Amd+Ks, Amd+
+Onp+Ks u Amc +On+Ks. MOHOBaPHAHTHBIC THHHK NPE/ICTABNAIT NePUTCK-
THYECKHE PEAKLMH, MPOYKThl KOTOPbIX Takxke OYIAYT TpeXMHHEpanbHbIc.

Ecnu dopmanbHo paccumtath creneHH cBOBOJIbI TPeXMHHEPAIBHLIX 3CCO-
LHALMI, TO NPH MUHATLHOM BbIPOKEHHN KOMIOHEHTOB aHHOI cHeTeMbl Byniem
umers C=5+2-3=4, nBe cTeneHH NpuXOAATCA Ha Pn,o u T, 1Be — Ha H3MeHe-

Hue coctasos In u Onp (unu On, uim AMG) ; TPH OKMCHOM BBIPaXKEHHH KOM-

MOHEHTOB MX uHcno 6yner paBino 6 — Na,O, CaO, Me0, FeO. Al;0,,

510, (+H,0), torma C=6+2-3=35, e npuxoaaTca Ha PyonT, nee — na
2

H3meHeHHe cocTaBoB [ln M TeMHOLBETHOrO MHHEpaa U OfIHA OCTaeTcs He 06b-
ACHHMOH, KOTOpas B MUNAIBHOH (OpMe NPUXOJMTCA HA CTEXHOMETPHIO llio-
MHHHA OTHOCHTENbHO TN, 310 CBOMCTBO MaHHOM CHCTEMbI, COTJIACHO CNEMCT-
BHIO NPHHUKIA COBMECTHMOCTH, Gy/leT TPAHCIMPOBATBCA M B CHCTEMBI GO BLIIEH
KOMIIOHEHTHOCTH, B KOTOpbIX cHcTema B6.3 GypneT nmpeactaBnAaTh KpaiiHiokwn
CHCTEMY . ;

Cucrema B6.4 — A6—Op—3u—®c—Ks—H,0 spnsercs ynpoweHHo#i mo-
AEnbi0 TPAHHTOB, HACBHILUEHHBIX AIIOMHMHHEM. B ee cTpoeHMM yvacTBYOT cine-
AywouMe KpaiiHde cucTembi: AS5.5, AS5.6, AS.8 u AS.17. PH]OfT NPOeKMI0

HEKOTOpbIX (a30BbIX paBHOBecHH cucTembl B6.4 MOXHO MOTYuHTh U3 P o-T
2

MpoeKuMi cuctem AS.5 u AS.6. B papuante b6.4 (npun. 11, puc. 11.4) cucrema
A5.6 Npe/iCTaBNIeHA BAPHAHTOM, KOT/A JMHHA pa3NioXeHus AHWT pacronara-
eTCA Bblllie MO [1aBJIeHHI0 NHHHK pa3noxenus Fe-I'nd, B peaynsrate rpaHMiubi
nonelt ycroiumsoctd bu n I'nd pazmuuHoOi Xene3nCToCTH nepeceKanTcs ¢ 06-
pa3joBaHMeM HHBapHaHTHOH ToukH. Kpome Toro, ofie 3mM rpaHuupl nepecexa-
I0TCH NMePHTEKTHYECKOM NIMHMEN Mepexoa 0T OJIMBMHOBLIX aCCOLMAUMA B Kpaii-
HHX JKENIe3MCTBIX COCTaBaX K OPTONHPOKCEHOBBIM B COCTABAX CPe/lHEH M HM3-
KOH XeNe3uCTOCTH ¢ 06pa3oBaHueM elue IBYX HHBAPUAHTHBIX TOYEK. YCIIOKHE-
HHA (a30BbIX NpeBpallieHyil B CBA3H C ITHMH HHBaPHAHTHBIMU TOYKAMM TOKa-
3aHbl HA MOJIMTEPMHYECKUX MPOSKUHAX H306apHYeCKUX CeYeHHUid, Tpe/ICTaBIieH-
Heix B mpwi. 11 Ha puc. 11.4.

Cucrema 565 — An—Op—3u—®c—Ks—H,0 nocrpoeHa ¢ yuactem crie-
AyoumMX KpaiHux cucrem: AS.11, A5.12, A5.14 u A5.17. I1a cuctema no da-
30BbIM B3aMMOOTHOLIEHHAM H COOTBETCTBEHHO MO TOMOJIOrHH PH=0-T npoek-

UHH H TIONUTEPMHYECKHUX NMPOEKIMI H30DapHYeCKMX CeueHMH MOX0XKa Ha CUCTe-
my b6.4, TonbKo Bce ee paBHOBEeCHA cMelleHbl B 06nacTs Gonee BHICOKHX 3Ha-
senmit 7'w P, o u k Op sepumne, a ampuGon npencrapnen Yep (mpun. I,

puc. I1.5).

2.4.3.2. Nonnaa cucrema B7

PH,O_T NMPOEKUAI0 OCHOBHBIX (ha30BbIX NpEBpALLEHHH MOTHONH CHCTEMbI
b7 moxHO monyuuTs M3 Py o~ T mpoexumii ueTbipex LIECTHKOMIOHEHTHBIX
2

cucrem: b6.1,56.2, 66.4 u 56.5 (npun. 1, puc. 11.6) . Buyrpu cucremsl 57 no-
ABJIAETCA MHBAPHAHTHAA TOYKA B CBA3M C HEOAWHAKOBBLIM B3aHMOIMOJIOXKEHHEM
JHHMHA pasnoxerua AHT, O, I'ng u Yep B kpaitHUX CHCTeMaXx.



Tabnuoma 2.8

YacTHbIE CHCTEMBI, COCTaBIAIIIHNE O0LYI0 CHCTEMY
B — A6—AH—Op—3u--®c—Bo—Ke—H, O npH ycnosum nepecsiuieHHOCTH

Si0, n H,0
cﬂzf::::l KOMIOHeHTHBIH COCTAR CHCTEM Kpaitiue cHcrembl
TpexKOMITOHEHTHbIE CHCTeMbl'
B3.1 Tu—Ke—H,0
B3.2 Fen—Ks—-H,0
YeThIpe XKOMIOHEHTHBIE CHCTEMbI®
B4.1 A6—IIn-Ks—H,0 A3.1,B3.1
B4.2 A6-Ten—Ks—H,0 A3.1,B3.2
B4.3 An—Jlu—Ks—-H,0 A3.2,B3.1
B4.4 Au-Tep—Ks—H,0 A3.2,B3.2
B4.5 Op—lla—Ks—H,0 A3.3,B3.1
B4.6 Op—Ten—Ks—H,0 A3.3,B32
B4.7 Iu—Jn—Ks—-H,0 A4.3,B3.1
B4.8 ®c—Ten—Ks—H,0 A35,B3.2
B4.9 Iu—Ien—Ks—H,0 B3.1,B3.2
B4.10 Iu—Ten—Ks—H,0 A34,B3.2
B4.11 ®c—Iu—Ks—H,0 A3.5,B3.1
TIATHICOMITOHEHTHBIE CHCTEMBI®
B5.1 A6—An—]JIn—Ks—H,0 A4.1,B4.1,B4.3
B5.2 A6—-An—T'en—Ks—H,0 A4.1,B4.2,B44
B5.3 A6-Op—In—Ke—H,0 A4.2,B4.1,B4.5
B5.4 A6-Op-Tep—Ks—H,0 A4.2,B4.2,B4.6
BS.5 A6-3u—[lu—Ks—H,0 A4.3,B4.1,B4.7
B5.6 A6-3u—Ten—Ke—H,0 A4.3,B4.2,B4.10
B5.7 A6—Oc—/In-Ks—H,0 A44,B4.1,B4.11
B5.8 A6—Dc--Ten—Ks—-H,0 A44,B4.2,B48
B5.9 A6—Jln—Ten—Ke—H;0 B4.1,B4.2,B4.9
B5.10 An—Op—Jln—Ks—H,0 A4.6,B4.3,B45
B5.11 An—Qp-Ten—Ks—H,0 A4.6,B4.4,B4.6
B5.12 An—2Jn—[ln—Ks—H,0 A4.7,B4.3,B4.7
B5.13 An—3u—Ten—Kn—H,0 A47,B44,B4.10
B5.14 An—0c—JIn-Ks-H,0 A4.8,B4.3,B4.11
BS.15 AH-Oc—Tep—Ks—H,0 A4.8,B4.4,B4.8
B5.16 An—JIn—Ten—Ks—H,0 B4.3,B4.4,B4.9
B5.17 Op-3u—/lu—Ks—H,0 A4.10,B4.5,B4.7
B5.18 Op—3u-Ten—Ks—H,0 A4.10,B4.6,B4.10
B5.19 Op—®c—JIn—Ks-H,0 A4.11,B4.5,B4.11
B5.20 Op—®c—I'en-Ks—H;0 A4.11,B4.6; B4.8
B5.21 Op—Iln—Ten—Kp—H,0 B4.5, B4.6, B4.9

! OcraseHble NATH cucTem : A3.1,A3.2, A3.3, A3.4,A35.

2 QOcranpibie necATh cuctem: Ad.l, Ad4.2, A43, Ad4, Ad6, A4T, A48, A4.10,

A4.11, A4.13.

Y Ocranbhbie AecaTh cucTeM: AS.1, AS.2, A5.3, A5.5, AS.6, A58, AS.11. A532;

14, A5.17.



TaGnuua 28 (npouo:keHne)

Cl':’:f:;; KOMMOHEHTHBIA COCTAB CHCTEM Kpaitiue cucremsl
BS5:22 IH-O¢—llu-Ks-H,0 n
s —0c—Ten—Ka—H,0 apcspaluawrc:: B CHCTEMY:
B5.24 -l len—Ks-H,0 s
B5. 25 ®c—J—I'ea—Ks- H,0 A4.13.B4.7,B4.8
lilecTHKOMMOHEHTHDBIE CHCTeMBI?
B6.la AB6—AH-Op-Jllu—Kp-H,0 AS5.1,B5.1,B5.3,B5.10
B6.16 AB6-AH—-Op—Ten—-Ks—H,0 AS.1,B5.2.B5.4,B5.11
B6.2 A6—-An-3n—lu—-Ks—H,0 AS5.2,B5.1,B5.5,B5.12
B§.3 AB-AH-®c—Ten—-Kp-H,0 A5.3.B5.2, B5 %,BS5.15
B6.4 A6-Op-3u-Iln—Ks-H,0 AS5.5,B5.3.B55.B5.17
B6.5 A6-Op—Oc—-[en—Ks—H,0 A5.6,B54,B5.8, B5.20
B6.6 AB-3H- ®c-Bo-Ks—H,0 A5.8,B5.5,B5.8,B5.22
B6.7 AH-Op-3u—Jlu-Ks-H,0 AS.11,B5.10,B5.12,B5.17
B6.8 AH—-Op-®c—-Ten-Kp—H,0 AS5.12,B5.11,B5.15, B5.20
B6.9 AH-3H—Dc—Bo—-Ks—-H,0 AS5.14,B5.12, B5.15,B5.22
B6.10 Op-3u—®¢c-Bo-Ks—H,0 AS.I?,BS.]?.BS.ZO.BS.?_S
B6.11 A6—-AH-Ilu—Ten—Ks-H,0 B5.1,B5.2.B59,B5.16
B6.12 A6-Op-Ilu--Ten—Ks—H,0 B5.3,B5.4,B59,B5.21
B6.13 Au-Op-ln—Tlen—Ks—H,0 B5.10,B5.11, B5.16, B5.21
CeMMKOMIOHEHTHDBIE CHCTEMBI®
B7.1 A6-AH-Op—/ln—31-Ks—H,0 | B6.4,B6.7, 6.1, B6.1a, B6.2
B7.2 AB—An-Op-Ten—®c-Ks-H,0 | B6.5, B6.8, be.2, B6.16, B6.3
B7.3 A6-AH-3H-Bo-®c—Ks-H,0 | B6.6,B6.9,56.3, B6.2, B6.3
B7.4(I") A6-Op-3u—Bo—-®c-Ks-H,0 | B6.6, B6.10, B6.4, B6.5, B6.4
B7.5 AH—Op—3H-Bo-®c—Kp—-H,0 B6.9,B6.10, B6.7, B6.8, b6.5
B7.6 AB6—-AH-Op—Ten—[lu—Ks—H,0 | B6.1a, B6.1 6,B6.11,B6.12, B6.13

: Ocranshble nats cucrem: B6.1, 66.2, 56.3, 66.4, B6.5.
* Euwe onHa cucrema — B7.

B 3axmoueHHe HeoGXOIMMO OTMETHTD, YTO 9Ta CHCTeMa uMeet Bosnblie Teo-
peTHYECKHIA HHTEpeC, YeM MpPaK THUeCKHil, TAK KaK MPH KPHCTAUTH3ALHH 6uorH-
Ta, oTMuaKwerocs or AHT-On coctaBa, u ambubona, oTmuaowerocs ot ig-
Yep cocTapa, COCTABR paciulaBa MOMEHTATBHO ,»TIepeckoyuT”’ Tubo B CUCTEMY,
HEIOCBHIIIEHHYI0 ATIOMUHHEM, THOO B NMEPECHILUEHHYI0 HM.

24.4. Cucrema B — A6—An—Op—3In—®c—Bo(u, len) -Kn—H,0

CocCTaB YacTHBIX CHCTEM OT TpeX- [0 CEMHKOMIIOHEHTHbIX MpHBEICH
B Tabn. 2.8. [Ipu pacueTe uMcra YACTHBIX CHCTEM YUHTBIBANMCh OCOGECHHOCTH
KOMIIOHeHTOB 0OIel CHCTEMBI, KOTOpbIE 3aKIII0Y2I0TCA B TOM, YTO COYETaHUA
Bo u JH wu ®c (WM COBMECTHO C [IByMsi) NPUBOMIAT K MOABIICHUIO XHMHYE-
ckux coeguHenmit [y win [efl, TpUHMMAEMbIX 32 CAMOCTOATEIIbHbIE KOMIIOHEH-
1. Tlo3TOMY TIpH pacueTe KONHYECTBA TPEX-, YeTHIPEX- ¥ MATHKOMIIOHEHTHBIX
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cucrem BMecto omHoro Bo ywnrtbiBanu Jlu u I'en, T. e. pacCuMTBIBaIM YMCIO
coveratuii u3 7 (AG—AH—Op—3H—O®c—Iu—-Ten) no 1, 2 n 3 KOMIOHEHTaM:
Ci=7, C3=21 u C3=35, npubasnas K KOKIOMY MONMYYEHHOMY COYETAHHIO
xomnoseHToB KB u H,0. IIpu pacuete uMcnia LiecT- ¥ CEMHKOMIOHEHTHBIX
CHCTEM 332 MCXOJIHOE YHCIIO MpHHMMAIM TONbKO 5 (A6—AH—Op-—-3IH—Dc) KoM-
NOHEHTOB, 4 COYETAHMH COOTBETCTBEHHO 1o 3 i 4 kommonenta: C3=10,Ci=5,
K KoTopbiM fobaBnamu Bo, KB u H,0. Tpuuem, ecnu B coueTanuy GbumH JH 1
®c no opHomy, 10 Bo 3amensuica coorBercTBeHHO Iu mnm Iep (tabn. 2.8).
Kpome TOro, K MIECTHKOMNOHEHTHBIM CHCTEMaM MpPHIUIOCh MPHOABUTH elue
TpH CHCTeMbI, B KOTOpbIX OTCyTcTBYI0T JH M ®c, a umerorca Hu u Teg nubo
BMecTe, JTHG6o mopo3Hs: B6.16, B6.11, B6.12 u B6.13, a K ceMHKOMIIOHEHT-
HbiM — B7.6 1 B7.

B cocTaBe YAacTHBIX CHCTEM HMEIOTCA TaKHe, KOTOpbIe YXKEe BCTPEYasTHCh
B cictemax A u b, o ueM umerorcs ccbuiku B Tabn. 2.8. Tloatomy mpu mocre-
OYIOUWMX MOCTPOEHUAX C YYaCTHEM TaKHX CHCTEM 3JIEMEHTHI MX AMarpamm obo-
3HAYal0TCA COOTBETCTBYIOLIMM UHIEKCOM.

OcoBeHHOCTbH CHCTEM, HEOCHIILEHHBIX ANOMWHMEM, ABIACTCA TO, YIO
B HMX NOABNAIOTCA pa3nuyHblie aMpubONBI Kak XHMHYecKHe coefuHenns Onp,
Mnp, Iln 1 H,0, Ho, k coxaneHHio, Mbl pacnoiaraemM OrpaHHYEHHbIMH [aHHBI-
MH [0 YCTOMYMBOCTH 3THX MHHepanoB (cM. pasgen 2.3.1), yTo 3aTpynHsaeT
TpOBe/ieHHe aHANM3a JaHHbIX cucTeM. Ha MHOruX quarpaMmax B3aUMOIIOJIONE-
HHE MX THHHH PasnoXKEeHHA [0 CpaBHEHHIO C JPYIrHMH MHHEpanaMH OCTaeTCHa
TIpeANOJIOKH TETTBHBIM.

2.4.4.1. TpexKOMNOHEHTHBIE CHCTEMBI

M3 ceMH TpeXKOMIIOHEHTHbIX CHCTeM Tonbko fBe: B3.1 — Iu—Ks—H,0 u
B3.2 — l'en—K8—H,0 He Bcrpevanucs B cucreme A. B cucreme Iu—Ks—H,0
NpH HH3KMX 3Havemmsax P ., cornacHo sxcnepumertam H. JI. Boysna [127,

2

¢ur. 581], mexay K u [Iu cyliecTBYIOT IBTEKTHYECKFE COOTHOLIEHHS, YCIOX-

HeHHbIe TONIMMOPGHBIMH NpEeBpAleHHAMH KpeMHe3emMa M pACMagoM Ha [Be

suaxocti. Ho mpu Py, =20 k6ap, no naunsim U. Kyumpo [244, 245], ume-
2

erca tonbko KB-/lu 3BrekTHKa Ge3 pacmaja Ha gBe xupKoctd. Ilo cucreme
B3.2 — l'en—KB—H,0 sxcnepumMeHTanbHble QaHHblE aBTOPY HEHM3BECTHBI, HO,
cyasa mo ¢a3oBbIM B3AHMOOTHOLIEHHAM B cucTeme Bo—®c [127, ¢ur. 559],
3[eCh TAKKE CIIEAYeT OXHIATh IBTEK THMECKHMX B3aMMOOTHOUIeHHH mexny [en
1 KB, ycnoxHeHHBIX pacnaJioM Ha XHAKOCTH ¥ 00pa3oBaHMEeM OKHCHBIX MHHe-
pasioB »ene3a. JUta MpocTOThI JATbHEHIIMX MOCTPOSHHH 3TH YCITOXHEHUA MOJX-
HO He YYMThIBATh.

2.4.4.2. YeThlpeXKOMNOHEHTHbIE CHCTEMbI

[lo xapaktepy ¢a3oBbIX NMpeBpaleHHil YeThIPEXKOMIIOHEHTHBIE CHCTEMBI
B4.1-B4.11 penAtcA Ha YeThIpe rpyIibi.

Cucremsr B4.1, B4.2, B4.3, B4.4, B4.5 u B4.6 npu nasnennu Bomsi ot 0 10
20 xbap NpeaNONOXUTENBHO (HM OJHA CHCTEMa He H3y4eHa 3KCIE PUMEHTAITb-
HO) XapaKTepH3YIOTCA OJHHM THIIOM [MpeBpalleHuii — IBTEKTHYECKHM. ITO
[peinonoXeHHe OCHOBAHO HAa YCTAHOB/IEHMH JBTEKTHK B K paHHX OBYXKOM-
MOHeHTHbIX cucremax (+H,0) [262, 297, 300, 301 u gp.]. B aTom xe uHTE p-
BaJie PH,O B HUX He 00pasylTcA xMMHYecKHe coeauHenus. MmerwoTcs Hecopmna-

JIeHHA JKCTIEPUMEHTANBHBIX JAHHBIX 1O 3TOMY BOMPOCY TONBKO [UIA CHCTEMbI
B4.5 u kpaiineii ee cuctembl Ju—Op—H,0. X. C.mn. Honepu B.T'. Anton [301]
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u3yuasu (asoBbie NpeBpalieHHA B JIMKBH/LYC-COIMAYCHOH 06IacTH CHCTeMbl
Ji—Op—H,0 npu 5 1 10 x6ap u He OGHAPYKHIIH XHMHUYECKHX COEIMHEHMI IPH
otux ycnosuax. A JI. M. Pynmok u II. JI. Xamunsron [262] B cucreme JIu—
—u—KBs—H,0 npu 4 x6ap ycraHOBHIM MOABNEHHE NONA KpUCTarUIH3amuy Or.
Bpan mu Ha mosenenve On okasan BIMAHMe KBapll, MPHYHHA, BEPOATHO, 3/1ECh
bonee cnoxHas.

Cucremst B4.7 u B4.8 B tukBUaYC-CONMMIYCHON 06IACTH HMEIOT 3BTEKTH-
YeCKHe B3AHMOOTHOLICHHA ¢ HEKOTOPBIMH YCITOHEHHAMH, CBA3aHHBIMH C pas-
noxennem Oc B cucreme B4.8 Ha ®a u KB. B cybconumycHoi o6nactu B Hux
06pasyloTca XHMHYECKHe COeNHMHEHHA: TPeMONHT H Fe-akTMHONMMT cooTsercr-
BEHHO, HO OHM pa3NaralpTci HAa KOMIOHEHTbl CHCTEMBI [0 MX IUIABJIEHHS
(mpun. I, puc. IIL.1, 111.2), T. e. TMHAM Pa3IOKEHHA XHMHUYECKHX COSIMHEHHI
HEe NepeceKaiT JNHKBHIAYCHbIC JIMHMM CHCTEM, 1O KpaiiHeil mepe mo 10 kGap
PH,O [219, 245, 288].

Cucrema B4.9 — [lu—Ten—Ks—H,0) B mepBom npubmuxkeHHu MpejcTaB-
nser coboit cucTemMy ¢ TBepabIMH pacTBopamu | tuna [lu—Ten, HaxopsumMmHcs
€ KBapleM B 3BTEKTHYECKHX COOTHOIUEHHAX, XOTA [OCTOBEPHBIX K CIle pHMEH-
TOB I10 3TOH CHCTEME HeT.

Cucrembl B4.10 u B4.11 npespamarortcs B cucreMy IH—Oc—Jlu—Ten—
—KB—H,0, nockoneky 3u ¢ T'en, a ®c ¢ [l He MOTYT CYILIECTBOBATH NIONAPHO,
a MpOHCXOOMT OOMeHHAs peakuuAa Mexay HMMM ¢ obpazoBammem @c u Jlu
E nepBoM ciyyae ¥ JH ¢ I'enl Bo BTOpOM. 3Ty 1LECTHKOMITOHEHTHYI0 CHCTEMY
MOJHO paccMaTpHBAaTh KaK KPaHHIOW IPDAHUTHBIX CHCTEM.

2.4.4.3. [IATHKOMIOOHEHTHBIE CHCTEMBI

W3 35 namMkommoHeHTHbIX cuctem 10 BCTpevanuch B CHCTEME A H B TOM
WIIH MHOH Mepe OXapaKTepH30BaHBI B pasfene 2.4.2.3. U3 ocraBumxcs 25 cu-
CTeM NpaKTHYECKH HM OfIHA HE H3YYeHa IKCNePHMEHTANILHO, I0ITOMY XapaKTep
(a30BbIX NpeBpalieHHH B HUX YCTAHABIMBAICA TPaHC/IAUMEH (Ha30BbIX NpeBpa-
LeHHH COOTBETCTBYIOUIMX KpaiHHHX cHeTeM. [1o THIY ycTaHOB/IEHHBIX (ha3oBbIX
TIPEeB PAILIEHHH CHCTEMBI JIEJIATCA HA YeThIpe TPYIIIEI.

Cucremst B5.3, B5.4, B5.10 u B5.11 xapakTepu3ylTcsl IBTeKTHYE CKHMH
B3aHMOOTHOLUEHHAMH H OTCYTCTBHEM XHMHUYECKHX COEIMHEHHH.

Cucrems! B5.1, B5.2, B5.9, B5.16 u B5.21 nmerot no ofiHo# nape KOMMO-
HEHTOB, KOTOpbIe 06pa3yioT TBepable pacTBOpbI I THNA, B pe3yNbTaTe 4ero B CH-
creme noAsnsercs uersipexdgasopas (+H,0) koTekTHKa; XUMHUECKHE COeM-
HeHHA TAKXKe OTCYTCTBYIOT.

Cucreme B5.6, B5.7, B5.13, B5.14, B5.18, B5.19, B5.22, B5.23, B5.24 u
B5.25 copepxar xommonents! (3H-I'eq u Iu-dc) , KOTOpBIE HE MOTYT cOCYyILe-
CTBOBATh COBMECTHO, M3-3a2 Yero cucremsl oT B5.6 mo B5.19 npespamawtca
B CEMHKOMIIOHEHTHBIE CHCTEMBI, OCTANIbHbIE — B IIECTHKOMIIOHEHTHbIE, KOTO-
pbl€ pACCMATPHBAIOTCA B COOTBETCTBYIOLIMX pa3fiernax.

Cucremsl B5.5, B5.8, B5.12, B5.15, B5.17 u B5.20 otnuuawTca Tem, 4TO
MX KOMIIOHEHTbI 06pasyioT XMMHUYecKHe coeniuHeHnA (amdubonsl u GuoTHTDI) ,
obnacTh CyIecTBOBAHMA KOTOPBIX JIOCTHTaeT JIMKBH/LYC-CONMLYCHBIX TpeBpa-
LUEHHIL, YTO MPHBOIMT K MOABJIEHHIO HHBAPHAHTHBIX PABHOBECHH U 3HAYHTENBHO
ycnoxHseT (a3oBbie B3aMOOTHOWEeHHA. PaccMoTpelre (aHanu3) cuctem ciie-
AyeT BecTH Mo mapam: B5.5 u BS.8, B5.12 u B5.15, B5.17 u B5.20, Tak kak 3t
Napbl OTAMYAITCA TOMBKO XKEJIe3HCTOCThI0—MAarHe3HaJIbHOCThIO0 I POK CEHOBbIX
KOMIMOHEHTOB H HMEIOT CXOIHYI0 TOMONOIHIO [IHAT PAMM.

* Cucrempr B5.5 — A6—3u—Iu—Ks—H,0 u B5.8 — A6—Oc—Ten—Ks—H,0
XdpaKTEPH3YIOTCA TEM, YTO B UX ABYX KPaHHHX CHCTEMAX HMEIOTCH XHMHYECKHE
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coenunerna I'ng u Tp, Fe-I'nd u Fe-AkT cOOTBETCTBEHHO M, KpOMe TOrO,
BHYTpH cHcTeMbl 0Gpa3yercs Tpoiiloe (+H,0) xummueckoe coequHeHHe [e-
uut ¥ Fe-apenut. Mpuyem Tp u Fe-AKT He NOABNANTCA B JIHKBH/IYC-COJTHIYC-
HOH 06nacTH, B TO BpeM#A KaK OCTa/IbHble XHMHYECKHE COeIMHEHU ST MOTYT KPH-
CTANNIM30BaThCA M3 paciuraa. Kak yxe oTMeyanocs, MOABIEHHE TOH HITH MHOM
MHBapHaHTHOW TOYKM M CMeH2 MHHepanbHBIX ((a30BBIX) accOUMAlMil 3aBUCAT
OT B3aUMONOJIOKEHHA TIMHAH Pa3NOXKeHUA XMMHYECKUX COeTHHeHUI Ha PHIO—T

npoekunn. Jna Tp, Fe-Axr, I'ng u Fe-I'nd mumiu pasnoxeHus OINpeeseHbl
JKcnepuMeHTapHO (cM. puc. 2.5), a mna 37 3KCNepHMeHTaNbHble [JaHHbIE
OTCYTCTBYIOT. YuuThIBasA ONpefeneHHoe ero cxonctso c Ilap, npeanonaraercs,
YTO M MX JIKIHMH pa3JIOKeHHA MOJDKHBI paclloiaraTbCA Ha PH,O"T MpOeK LMK

BGnMan apyr ot apyra. B mpwi. 111, Ha puc. 1113 u I11.4 npusepens: Py —T
2

MPOEKIMH M MOJHTCPMHUECKHE TTPOSKIHH H30GapHyecKUX CEeYeHHH paccMatpH-
BAaeMbIX CHCTEM, KOTOpPbI¢ CTPOMJIMCH C TMPHHATBHIM YCIIOBHEM DPAacCHOJIOXEHHA
nuHuM panoxeHus 30 u Fe-On.

Cucremnr B5.12 — An—3u—JIu—Ke—H,0 u B5.15 — AH—Oc—Ten—Ke-
—~H,0 umeroT MHOrO 0611Iero ¢ npeabAyIMMH CHCTeMaMH MO TONMOIOTHH [THa-
rpamMMm H COOTBETCTBEHHO 1O THIY ()a30BbIX NpeBpauleHuii H 06pa3oBaHUA XH-
MHYECKHMX COelMHeHHA. Pa3nuuna MMEIOTCA B PacloIOKeHHH Ha PI-I,O_T npo-

eKuMAX Beex (a30BbIX paBHOBECH B CBA3M co cMeHoi A6 Ha An. Kpome Toro,
apech o6pasywrca Yep Bmecto Iid u Por Bmecto 31, MonoXeHHe ITMHKI pas-
JIOXKEHHA KOTOPBIX TAKXKC OTIHYAeTCA OT TakoBbix ['nd u 3. B cBA3M ¢ 3THM
nHHMA pasnoxenns Uep mepecexaer ymKkBuayc cucrteMbl AH—IH—KB—H,0
B TOYKE C KOOpIMHATAMM : PH,O ~ 10 xbap, T~ 800°C (npun. I, puc. 1.4), a

muHus pa3noxeHusa Fe-Uep BooBine He nepecekaeT JIMKBHAYC COOTBETCTBYIO-
meii cucremsl. Cyms mo kpuctannoxumudeckoil ¢opmyne Por B cpaBHeHHH
¢ Uep, no Bcell BEpOATHOCTH, €€ JIMHAA Pa3NIOXNeHHsA NOJKHA HAXOIMThCA 3HAUH-
TEJIBHO HWXKE 1O JABJICHHI0, TAK KAK OHAa COMIEPXHMT B [1Ba pa3a MEHbLIE OKTA3-
PUYECKOrO ATOMHHMA. B COOTBETCTBMHM C MPUHATHLIMH MOJTOKEHUAMH NHHHH
paznoxerus ampubonos B npun. Il #a puc. II1.5 u I11.6 npuseneHs! PH,O_T

NpOeKUMH M MNONMTEPMHYECKHE MPOEKIHH H300apHuecKMX CEYeHHH CHCTeM
B5.12u BS.15.

Cucrembl B5.17 — Op—3u—JIn- Ke—H,0 u B5.20 — Op—®c—Ten—Ks—
—H,0 no TOonmonoruM CBOMX AWAarpaMm aHAJIOTHYHBI MpebIdyIdM CHCTeMaM,
ocobenno B5.5 u B5.8, Ho da30Bbie MpeBpalleHHs OTpaXawT papHopecks ¢ On
u AHT coorsercTeenno (npun. I, puc. 111.7 u 111.8) , 06 ycToHuMBOCTH KOTO-
PBIX TOBOPUIIOCH IIPH AHAIIM3€ CHCTEMBI A.

2.4.4.4. llecTHKOMNOHEHTHBIE CHCTEMBI

lilecTHKOMIIOHEHTHBIC CHCTEMBI YX€ MOTYT HCIOJIb30BAThCA B KayecTBe
YIPOWIEHHBIX MOJIENieli TPaHHTOMIOB, He[OCBILEHHBIX amoMuHueM. U3 14 ca-
CcTeM TOJIBKO OfHA cucTema B6.2 mayuanachk jKcliepiMEHTANbHO C IENbI0 yCTa-
HOBJIEHHA XHMHYECKHX YCIIOBHH CyliecTBOBaHUA amdubona npu PH: o =3 Kbap

[209]. OcranbpHble CcHCTEMBbl AHAJIH3UPOBATIHCH TEOMETPUYECKHM METOIOM
C HCTIONb30BAHMEM CBefleHMi 10 (Pa30BbLIM MpPEBpAILEHUAM b KpPaHHUX MATH-
KOMIIOHEHTHBIX CHCTEMaX, KOTOpble yKa3aHel B 1a0i. 2.8. 1o xapaktepy ¢a3so-
BBIX NPEBpalieHHH M CXOACTBY TONMOJIOTHM [THATPAMM CHCTeMbl OOBEAMHEHBI

B 6 rpymnm.
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Cucrems: B6.1a, B6.16, B6.12 u B6.13 xapakTepH3YHTCA TeM, YTO B HHX
WMeeTCs TNapa KOMMOHEHTOB, 06pa3yloluX TBepaple pacTBopsl I THNA, H OTCYT-
CTBYIOT XMMHYecKue coemuHerms. B mpun. 111 wa puc. 111.9, 111.10 w 111. 20 npu-
BeJieHbl PH,O_T NPOEKIMHK IBTEKTHYECKHX NIMHHI IBYX KpPaHHUX CUCTEM, B KO-

TOpBIX OTCYTCTBYIOT TBEpAible PACTBODAI, H 110 O[IHOH TIO/IMTEPMUUYECKOH NpOeK-
MM W306APHYECKOTO CeYeHHs, IIOCKOIBKY C M3MeHeHHEM Py,  He IPOUCXO[HUT
2

YCTOXKHeHUs (pa30BbIX NPEBpALLEHHIT, H3MEHAETCA TONBKO TeMIlepaTypa paBHo-

Becuil. BHyTpu cucTembl MeeTcA nATHa3opan (+H,0) xorextnka, KoTopas

¢ u3MeHenueM P,  TIpeBpaLiaeTca B MOBEPXHOCT, OrpaHHUCHHYI0 MO TemIle-
2

paType 9BTeKTHUYECKHMH JTMHUAMHA KDaiHHX CHCTEM. Py, o—T npoexuus u u3o-
2

GapHyecKHe ceueHus CHCTeMbl B6.13 aHaJIOTHYHBI TAKOBbIM CHCTEMBI B6.12,
II0ITOMY OHHM He TIpHBEleH:s! B pabore.

Cucrema B6.2, KaK M TpefbIdyLile, HMeeT 1Ba KOMIIOHEHTa, 00pa3yommx
TBeplible PacTBOphI | THIA, HO, KpOME TOro, B TpeX KpaiHHX CHCTeMaX MOAB-
nsorcsa ampubons: Tng-Yep (AS5.2), 3n (B5.5) u Por (BS5.12), uro 3Haun-
TeNbHO yCIOXHAET ha3oBble MpeBpaLUeHHA i Tononorkio muarpamm (npu. 111,
puc. 111.11), Npx MOCTPOEHHH KOTOpPBIX ObUIM YUTEHBI JKCIEPUMEHTDI P. Kay-
topHa [209]. J1a cHCTeMa ABNAETCA YNPOIUEHHOH MOMIENIbIO /A MTArHOKIA30-
BhIX MOpOM, HAUMHAA OT KBaplieBoro rabopo-HOpUTa M KOHYas IUIarHorpa-
HHTAMH.

Cucremsl B6.4 1 B6.7 MOryT ClyXHTh YNIPOIIEHHBIMH MOJIENIAMM KPHCTAN-
JIM3AUMM MATHE3HANbHbIX [PAHUTOMIOB, HEJOCHILLEHHbIX ATIOMHHHEM, COOTBET-
CTBEHHO anbOMTOBBIX W AHOPTUTOBLIX, YTO M ONpedenAeT HX Pa3THUHE HE TOJB-
KO 10 TONEeBhIM LINATaM, HO K 1o amdubony: B cucreme B6.4 OH npeficTaBneH
Tnd-In, a B cucreme B6.7 — UYep-Por. IIpuHATOE B3aHMONONOXKEHHE JTHHHA
paanoxenus B NepBom cmyuae @n u 31, Bo BropomM — ®n u Por npuBOHT
K paHHeMY NOABINIEHHI0 (IIpH YBeJIHYEHHH Pu,o) B cHcTeMax @ M paclIMpeHHIo

o6beMa ero KpHcTannM3auuy. B pesynbrate B TAKMX MarHesdanbHbIX COCTABAX
vame 6ymyt Bcrpevatsca I[In+Op+bu accomuamuu, uem Iln+Amd+bu
(npw. I, puc. L.12 u 111.15) .

Cucremsl B6.5 u B6.8 sBnawTcA YNpOMEHHBIME MOMIENAMHA KpPHCTAILIA3A-
MM KeNeIUCTBIX TPAHMTOMMIOB, HEJOCHIIEHHbIX amomutueM. [Ipn aHanuse
3THX CHCTEM BO3HHKJIH TPYJHOCTH M3-3a OTCYTCTBHMA 9KCNEPHMEHTANbHBIX [AaH-
HbIX TO B3aMMOIIONIOKEHHI0 TMHMI pa3noxenua accoumanmin (AHT+KB)—
—(Fe-3n+Ks) n (Aur+Ks)—(Fe-Por+Ks) (mpun. I1I, puc. I11.13 u II1.17).
B cnywae panHero mosiBnieHns Fe-AMd ¢ mocTeneHHbIM yBeTHUEHHEM [IABIIEHUA
3HAUMTENIBHO PaclUMpsAETCs ero o6IacTh KpHCTALTM3ALHH , 0COGEHHO B ansbuTO-
BOIi CHCTEME, 4TO MpefomnpenenseT GONbIIyl0 BepOATHOCTh OBGPa30BANMA B Ke- .
ne3ucThIX cocTapax accomuauuu Iln+Op+Fe-Amd, yvem Op+Fe-Amd+Fe-Bu,
T. €. yanie 37ech OYIYT BCTpeyaThCsA acCOUHAHMK ¢ 06paTHbIM COYETAHHEM TMOJIe-
BBIX LUMA4TOB M TEMHOLBETHLIX MUHEPAIOB 10 CPAaBHEHHIO C MArHE3HAIbHbIMH.

Cucrembl B6.6, B6.9 n B6.10 oTpaxaior ¢a3osbie peBpalleHud B ,,IHpO-
KCEeHOBOH Tpamemuu™ ¢ HoGaBreHMem K Heil AG, AH u Op. CooTBeTCTBEHHO
B Kax70i cHcTeMe o6pasyloTcs XuMuueckue coemuerns: Ing—Fe-I'np—3n—
—Fe-3n1, Yep—Fe-Yep—Por—Fe-Por, ®n—AHnr. [lepBoHauanbHO M3-32 OTCYTCT-
BHA [J0CTOBEPHBIX JAHHBIX 1O B3AHMOIIOTIOKEHHIO JIMHUA Pa3noXeHHsA aM¢puGo-
noB ans cucrem B6.6 u B6.9 Guutu pa3pabGoTaHsl MO [IBa BApMaHTa [HArpamMm,
HO TIOCTIE COMOCTABJIEHMA C APYTUMM CHCTEMAaMH H NIPHPOIHBIMH aCCOLMALMAMH
Bapuantel B6.6a n B6.9a ObuM OTBeprHYThl H OCTaBJIEHbI BapHAHTEI B6.6 u
B6.9 (npun. I1I, puc. 111.14 u 111.17) . dna cucremsl B6.10 B3aumononoxetne
nuHmit pasnoxenusa On+Ke u Ant+Ks ycranoBneHo Gojlee HITH MeHee 10CTO-
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BEpHO, U 1M03TOMY a3oBble MpeBpalleHHs, OTpaXkaeMble QHATPAMMAMH JTOH
cHcTeMBI, HaHGosIee COOTBETCTBYIOT NpuponHeiM (ripun. 111, puc. 111.18) .
Cucrema B6.11 xapakTepuayerca TeM, 4TO B €€ COCTaBe MPHCYTCTBYIOT
YeThipe KOMIIOHEHTa, KOTOpBIe TIONapHo 06pa3yioT TBepibie pacTBoph! | Tvma:
A6+An u [In+Ten. Ona MOXeT CIy>XHTb YIPOILIEHHOH MOJIENbo 06pasoBaHus
1aTHOK/IA30BbIX TOPOJ, HAUMHaA OT rabbpo 10 MHPOKCEHOBOTO IUIArMOT paHH-
Ta. PH=O—T NpoeKIMA ¥ MONMTepMHYecKas MpOeKIMA W3006apHuecKoro ceve-

HHS 3TOH cHCTeMsl mpesctarnensl B npun. Il Ha puc. I11.19. BHyTpH nuarpam-
MBI, OTpakaiolliedl paBHOBECHBIA NMpOIeCC KPUCTANIM3AUMK B NAHHOH CHCTeMe
npu u306apuUeCKHX YCIOBHAX, MMeeTca udeTbipexdazomas (+H,0) mosepx-
HocTh Kpuctammuiamuu [Tn+Mnp+Ks (+H,0) accoumauuu. [lpu ¢popmansHom
pacuere cremeHei cBOGO/IBI 3TOM accommaiuyu umeeM: C=5+2—-3 = 4, iBe npu-
XOJIMTCA Ha PH!0 u T, nBe — Ha u3meHeHue coctapos IIn u Mmp, 4o HeoBGxOIH-

MO YUMTBIBATh TIpH pacueTe cTemeHedl cBoGompl mnA Gonee CIOXKHBIX CHCTEM,
B KOTOpble GY/IyT BXOJMTh KOMIOHEHTBI JAHHOH CHCTEMBI.

2.4.4.5. CeMHKOMNOHEHTHBIE CHCTEMBI

Kak yxe OTMeuanocs, s NOCTPOeHUs M300apHYECKUX CEYEHHH MHOro-
KOMIIOHEHTHBIX CHCTeM HeODXOIMMBI CIIOXHBIE TEOMETpHUYECKHME (HIYpBI
(MHOTOBEPIIMHHWKH) , HO, yuMThiBad, yro Mnp, kak u KB, umeer co Bcemu
KOMIIOHEHTAMH CHCTEM H HMX XWMHYECKHMH COEJMHeHMSMH 3BTEKTHUECKHE
B3aUMOOTHOLIIEHHs, TO aHAMH3 (a30BbIX NpeBpPANIEHHH BO BCEX CEMHKOMIIO-
HEHTHBIX CHCTEMaX cHcTeMBI B MoXHO NpOBOOHTH B MOJTHTEPMHYCCKOM obbeme
TPOHHOro MpoeKTHpOBaHusA: U3 Bepilmtbl H, O, u3 Bepumnbl KB u U3 BepliMHbI
Bo ([u unu Tex). B Takom ciyyae nonurepmMuyeckas Npoekumsa Oyner mpen-
cTaBiATh cobOH TeTpassp, B BepLIMHAX KOTOPOro PacloNOXkaTCA OCTalbHbIe
YeThIpe KOMIOHEHTA.

Cucrema B7.1 — A6—An—Op—3n—In—Ke—H,0 nonyuena u3 nByx kpaii-
Hux cucrem B6.4 n B6.7, coBMeCTHO COOEpXKaLUMX BCE KOMIIOHEHTBI CHCTEMBI
B7.1. B peaynerate BHYTpH 3TOH CHCTeMBl NOABNAITICA MOHOBAPHAHTHbIE paB-
HOBECHA, CBA3AHHLIE C MepeMelcHHeM HHBAPHAHTHBIX TOYEK KPaHHMX CHCTEM
nobasjeHHeM K HAM AH K cucteme B6.4 unu AG k cucreme B6.7 (mpun. III,
puc. I[11.21).

Terpasppuueckue (AG6—AH—-Op—3H) monMTepMHYecKHe MPOEKIHH H300a-
PHMUYECKHMX CEYeHMH 3TOH CHCTEMbI IO CBOEH TOMGIOTHM GYAYT aHAJIOrHYHbI Ta-
KoBbIM cHcTeMbl B6.1 (mpun. II, puc. I1.1), Tonsko Bmecto ' B paccmatpu-
Baemoi cucteme obpa3syercsa I, a Bmecto Yep—Por, [Iu npi 2T0M BBIHOCHTCA
3a mHarpamMmy cosmectHo ¢ KB u H,0.

Cucrema B7.2 — A6—An—Op—@c—Ten—Ks—H,0 aHanmu3upoBanack ¢ yde-
TOM (ha30BBIX NpeBpameHuii B ABYX KpaHHHX cucTemax B6.5 n B6.8 (mpuun. 111,
puc. 111.22) .

Terpasppuueckne (A6—AH—Op—®c) monuTepMHuecKye NpoeKkuuu u306a-
PUYECKUX CeveHMil cucTembl B7.2 OyoyT aHAIOrMYHBI TAKOBBIM CHCTeMbl 56.2
(mpwn. 11, puc. 11.2), onate Bmecto Fe-I'md B paccmaTprBaeMbIX BapHaHTax
cucremsl B7.2 o6pa3syerca Fe-3n, a Bmecto Fe-Uep — Fe-Por, a I'en coBmecTHO
¢ KB u H;0 BBIHOCHTCH 3a IMar paMMBl.

Cucrema B7.3 — A6—AH—3JH—®c—Bo—Ks—H,0 aBnsercsa NOBOJIBHO MOJI-
HOli Mofienbio 06pa3oBatusa (KPHCTA/UIM3alMK) TUIATHOKIIa30BbIX MOPOM, HAYM-
Has OT rab6po-HOpUTOB M KOHYAA MJIaTHOTPAHHTAMH. PH,O_T NpOEeKIMA CH-

crembi B7.3 (mpun. ITI, puc. 111.23) nocrpoeHa ¢ ucrons3osauwem P, —T
npoekuMil KpaiiHux cucreM: B6.6 — A6—3n—®c—Bo—Ks—H,0 (npun. III,
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puc. 111.14) u B6.9 — Au—3u—®c—Bo—Ke—H,0 (nmpun. III, puc. I11.17) . Bna-
rofiaps OJMHAKOBOMY B3aHMOINOJOXEHHIO TMHUH pa3noXeHHA Marie 3HaIbHbIX
H Kene3ucTbiXx aMpubonos B cucremax B6.6 u B6.9 B obweit cucreme B7.3 ue
NPOMCXOIMT YCIOXHeHHA (Pa30BbIX NpeBpalleH i, a NOABIAETCH TOJIBKO MOHO-
BapHaHTHOe ceMH(a3oBOe NMEPHTEKTHYECKOE paBHOBECHe, OTpacaioliee M3me-
HEHMe COCTaBa IUIarMOKJIa3a M COOTBETCTBYIOLIEe H3MEHEHHE LIEJIOYHOCTH aM-
¢ubona (nmpH MOCTOAHHOM XKeNe3UCTOCTH) OT MHBAPHAHTHON TOUKH B CHCTEMe
B6.6 k HHBapMaHTHOMH TouKe cHcTeMbl B6.9.

Terpasppuveckue (A6—AH—IH—Dc) NonuTepMHYeCKHe NPOEKIMH H306a-
PHYECKHX ceueHWHt cHcTemsl B7.3 GyayT aHANMOrHYHEI TAKOBBIM CHCTeMsl B6.3,
Toneko Bmecto Fe-I'md u I'nd, Fe-Uep u Uep 3mecs obpasyrwrca Fe-3n u I,
Fe-Por u Por, a Bo, KB u H,0 BbiHOCATCA 3a IMarpamMMmBl.

Cucrema B7.4(I'7) — A6—Op—3u—®c—Bo—Ke—H,0 aBnaerca mopmens-
HOM| /N1 rpaHHYHOTO MeTPOXMMHYECKOro THNa rpaHuToB ¢ Al =Na+K. PH,O“T

MPOEKLMI0 CHCTEMBI MOXHO MOMYYHTh COBMELIEHHEM PHZO—Tnpoexmu"l Kpai-

HHX cHcTeM B6.4 u B6.5. M3-3a pa3anuyHOro B3aMMOMOIOKEHHA JIMHMI pasno-
xeHuA ampubona H GHOTHTA B ITMX cCHCTeMax BHYTpH cucteMsl B7.4 mpoucxo-
IAT YCIOXHeHHA (a3oBBIX TpeBpalleHHil ¢ MOABIEHHEM TPeX WHBAPHAHTHBIX
touex (mpun. III, puc. II1.24), orpaxcarommx BochMH(a30Bble NepHTEKTHYE-
CKHe paBHOBECHA.

Terpasnpuueckne (A6—Op—Iu—Dc) monuTepMHYecKHe MPOEKUMH H306a-
pHYECKMX ceueHMil cHcTembl B7.4 GynyT aHanoOruuHel TaKoBbIM cHcTemsbl B6.4
(npun. 1I, puc. 11.4), Ho BMecTo I'nd u Fe-I'nd B cucreme B7.4 6ymyr obpaso-
BbiBaTbeA 30 u Fe-31, a Bo, KB u H,O BbiHOCATCA 33 AMarpamMmsl.

Cucrema B7.5 — An—Op—3u—®c—Bo-Ks—H,0 ananusupopanace ¢ yue-
TOM (a30BbIX NpeBpalleHHil B KpaiHux cucremax B6.7 u B6.8 (mpumn. III,
puc. I11.25) . Jluarpamma cuctemsr B7.5 no romonoruu aHaioruuHa guarpamme
cucrembl B7.4 (mpun. III, puc. I11.24), Tonbko Bee ¢azoBbie paBHOBECHA CH-
crembl B7.5 cMeweHs! B o6nacts 6omee BBICOKHX 3HaueHHH PH,O uT.

Terpasppuyeckne (AH—Op—3H—Dc) monurepMUuecKHe MpPOEKUMH H306a-
PHYECKHX ceueHMH cHcTembl B7.5 GyayT aHaIOrHYHBI TAKOBBIM cHcTeMbl B6.5
(npun. II, puc. 11.5), Tonsko Bmecto Yep u Fe-Uep cucrenynr B6.5 B cucreme
B7.5 6ynyt obpa3zoseiBateca Por u Fe-Por, a Bo, K8 u H,0 BeiHOCATCA 33 IHa-
rPaMMBbI.

Cucrema B7.6 — AO0—-Ar—Op—du—Ten—Ks—H,;0 cnyxut mopenbHoil
CXeMO#H [UTA rPaHUTOB C MOHOKITMHHBIM MHPOKCEHOM H (pa3oBbie IpeB paleHHA
B 9TOH CHCTEME MOXHO MpE[CTaBHTh ralUIOrPaHHTHOMH cHcTemol AS5.1 — AG—
—Au-0p-KB—H,0, k xoTopoii mpucoenuHAerca MIp, H NOCKONBKY MOCINeN-
HHii ABNACTCA TBEP[bIM PacTBOPOM, TO YeThipeX(a30Basfd KOTEKTHKA CHCTEMbI
AS5.1 npespamaerca B NATH()A3OBYI NOBEPXHOCTh KpucTam3auuu [In+0p+
+Mnp+Ks (+H,0) accoumauwuu. Ha PH,O—T MpOeKIMH Ta MOBEPXHOCTH OTpa-

HHYHBAeTCA 3BTEKTHUYCCKHMHM INMHHAMHM cuctemsl B5.4 u BS5.10 (mpm. III,
puc. I11.26). Teopetnuecku 3nech He JOJDKHbI 0Gpa3oBLIBATBCA XMMHYECKHE
COe/IHHEHHs, TOITOMY C H3MeHeHHeM Py,  He Gy/eT IPOMCXOLMTL YC/IOKHEH)A

(a30BbIX NpeB palICHAH.

2.4.4.6. lNonuas cucrema B M H30OMNeTHYeCKHE CeYeHHS
B cTpoeHuu monHoO#M cucTeMbl B MPHHHMAIOT yuacTHe BCe BBILIEONMCAHHbIE

YacTHEIE cHCTeMbl. KpaliHUMH cHCTeMaMM ABJIAKTCA MATH CEMHKOMITOHEHTHBIX
cucreM B7 u onsa b7. naBnylo cywHocTs ¢a3oBbIX NMpeBpalueHuil TONHOM
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Puc. 2.43. PH:'O—T NpoeKUMA M MONHTepMHYECKHEe NMPOEKUHH H3o6apHyeckux pa3pe3os
n3omeTHyeckux cevernit (Tn’°, Onp®®) nuarpammer coctosnus cucremsr B — An—Op-—
—3n—®c—Bo (I, Men) —Ks—H, 0.

CHCTEMBI MOJKHO NpeICTABUTH HA PH,O_T MPOEKIHMH, HCMIONb30BAB [UIA ee Mo-
CTpOEHUA PH,O_T NpOeKIMHK ABYX KpaiHux cucrem: B7.4— AG6—Op—3u—®c—
—Bo—Ks-H,0 u B7.5 — Au—Op—3n—®c—Bo—Ks—H,0. Moctpoena PH‘O—T
NpoeKuus 1A nonHoi cuctems! B8 (mpun. II1, puc. 111.27), xotopas nmonyua-
eTCA MepemelleHHeM Ha PH,O_T NOBEPXHOCTH BCEX JIEMEHTOB nHarpamm B7.4
B obnacTp Gomnee BhICOKHX 3HAYE HMIl PH oH T ¢ poGaBnennem K HAM AH. B pe-

3yNbTaTe BHYTPH CcHCTeMbl B8 NoABNAETCS TPH MOHOBapHaHTHBIX PaBHOBECHHA,
B KOTOpblé NMpeBpallaloTCA HHBAPHAHTHBIE PaBHOBECHA COOTBETCTBYIOIIHX CH-
cTemM c JobaBileHHEM K HHM AH.

HU3obapuyeckue ceueHMs M MIaXe TONMTEPMHYECKHE MPOEKIMM 3THX Cceue-
HHH [1J1A TOHOM CHCTEMBI He MpeCTaBNIAeTCA BO3MOXKHBIM H306pasuTh B TpeX-
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Puc. 2.44. J"H o~ T TIpOEKUMA H MONHTEPMHYECKHE NMPOSKIHH u3obapHueckHX pa3pe3os
2

u3omnerndeckux cevenmit (In”°, Onp®®) nmarpamMmel COCTOAHHA cHCTeMbl B — AG—AH—

—Op—3u—-®c—Bo ([ln, 'en) —-Ks—H,0.

Iy (Tn) Op+Mnp+Amdp+Ks = X+Onp; i (Amd) In+Op+Mnp+Onp+Ks = XK; I, (Op)

Mnp+Amd+Bu+Ks = X+Onp.

MEpPHOM MpocTpaHcTBe. MX MOXHO MpefcTaBUTh U3 TMOTMTEPMHYECKHX TIPOEK-
uMH cucreMsl B7.4 yBenuueHueM MepPHOCTH Ha eJHHMILY, CBA32HHY0 ¢ fobase-
HHEM K HHM AH.

Kax ormeuanocs B pa6orte [56], s pelueHus KOHKpPETHBIX METPOJIOTHYe-
CKHX 3a/1ay ynobHee NMPHMEHATh H30IUIETHYECKHE CEYEHHS MOJHbIX JAHATPaMM,
OTBEY4KLHEe HOPMATHBHBIM COCTaBaM IUIATHOKJIA30B H IIMPOKCEHOB H3Yuae-
MOW MOPO/Ibl.

Ha puc. 2.43 u 2.44 npuBesieHbl ABA BAPHAHTA TAKHMX CEYEHHWH, COOTBETCT-
sytoupix [1n*°, Ho pasnuuarommxcs o xeneaucroctd Onp (u Mnp) . Kak BuiHO
M3 puc. 2.43 u 2.44, pasnuuMA ITHX CeYeHHMH CBA3aHBI ¢ 0BpaTHbIM B3aKMOTIO-
NOKeHHEM JIMHHH pa3nokeHHAs OHOTMTOB M amMQuOONOB B MarHe3HalbHbIX
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Puc. 2.45. Monurepmuyeckue MpoeKuMH U306apHYECKHX Pa3pe3oB MIOIUIETHYECKHUX Ceve-
HHHA COBMELICHHBIX NHATPAMM COCTOAHHA cucTemM A, B u B.

H XKeJIe3MCTBIX COCTaBaX 3TOH cHcTeMb!. JlaHHOM 0cOBEHHOCTBIO CHCTEMBI B 06b-
ACHAKTCH pa3HooOpa3Hble B3aumMooTHoweHnA b u Amd, o uem Gonee nompo6-
Ho ByneT cka3aHo B pasgene 4.3.
B 3akiiouenue onucaHMs CHCTEM HOPMATBHOMN ILETOMHOCTH MOXHO IpHBE-
CTH COBMEllIEHHbIE IOJIMTEePMHYECKHE MPOEKUMH K306apHYECKUX CeYeHMH CH-
creM A, b ¥ B IpH HW3KHX H BBICOKHX 3HaYeHMAX PH o V1A H30IUIETHYECKHX
2

cevermit Tln*®, Omp* u Omp® (puc. 2.45), Noka3biBaILMe HX B3AHMOCBA3b.
133



TaGnuua 2.9

YacTHbie CHCTEMBI, COCTaBNANIME OBLIYI0 CHCTEMY
11 — A6—Op—3u—®c—Bo (Ilu, l'en) —3r-Ks—H,0,

npH ycrnoBu# nepeckbieHHoctH Si0; u H,0

cl‘:ucf.ee:; Komol;:g::‘m CcOCTaB Kpaiiiue cHCTeMb1

TpeXKOMIOHEHTHbIE CHCTeMBI'

3.1 Ir—-Ks—H,0

YeThIpeXKOMIOHEHTHBIE CHCTEMbI®

4.1 A6-3r-Ks—-H,0 A3.1,03.1

4.2 Op-3r-Ks—H,0 A33,113.1

4.3 Iu-Ir-Ks—-H,0 A34,13.1

4.4 ®c—3r—Ks—H;0 A3S;H3.]

4.5 JIn—-3r—-Ks—H,0 B3.1, 3.1

4.6 Ten—3r—-Ke—H,0 B3.2, 13.1
[ATHKOMINOHEHTHBIE CHCTEMBI®

as.1 A6—-0p-3r-Ke-H,0 A4.2,114.1, 14.2

5.2 A6-3u-3r-Ks—-H,0 A43,014.1,114.3

ns3 A6—®c—-3r—-Ks—H,0 Ad44,114.1, 144

5.4 A6—In-3r—Ks-H,0 B4.1,114.1, 14.5

ns.5 A6-Ten—3r—Ks—H,0 B4.2,14.1, 14.6

115.6 Op—3u-3r—Ks—H,0 A4.10,14.2, 14.3

ns.7 Op—®c—-3r-Ke—H,0 A4.11,104.2, 144

5.8 Op—Iu—3r—Ks—H,0 B4.5,14.2, 114.5

ns.9 Op-Ten—3r—Ks—H,0 B4.6, 14.2, l14.6

J5.10 Iu—Oc—3Ir—Kn—-H,0 A4.13,114.3, 1144

ns.11 Iu—u—3r—-Ks—H,0 B4.7,114.3, 14.5

as.12 Iu—-Ten—3r—Ks—H,0 B4.10,14.3, 14.6

15.13 Oc—u—-3r—Ks—H,0 B4.11,14.4, 14.5

5.14 ®c—Ten—3r—Ks—H,0 B4.8, 144, 14.6

as.15 Jn-Ten—3r—-Ks—H,0 B4.9,14.5, [14.6
lileCTHK OMNOHEHTHbIE CHCTEMBI®

J16.1 A6—Op-3u—3r—-Ks—H,0 A5.5,15.1,05.2,105.6

6.2 A6—-0Op—®c—-3r—Ks—H,0 AS5.6,15.1,15.3,115.7

116.3 A6-0Op—In—3r—Ks-H,0 B5.3,15.1,154,05.8

6.4 A6-0Op-Ten—3r—-Ks—H,0 BS4,05.1, 055,059

6.5 AG-3H—-Pc-3r—Ks—H,0 A5.8,15.2,15.3, 15.10

6.6 A6-3u—[In—3r—Ks—H,0 B5.5,15.2,115.4,15.11

6.7 A6—®c—-Ten—3r—-Ks—H,0 B5.8,115.3, 15.5,115.14

6.8 A6—Iu—Ten—3r—Ks—H,0 B5.9,1154, 15.5,115.14

! Ocransnsie wects cucrem: A3.1, A3.3, A3.4, A3.5, B3.1,B3.2.
? Ocranpuble naTHaguats cucrem: Ad.2, A4.3, Ad4, A4.10,A4.11,A4.13,
84.1.i B4.2,B4.5,B4.6,B4.7, B4.8,B4.9,54.10, B4.11.
OcransHbie aBaauath cucrem: AS5.5, A5.6, A5.8,A5.17,B5.3,B5.4, B5.5,
BS.6‘ B5.7,B5.8,B5.9,B5.17, B5.18, B5.19, B5.20, B5.21, B5.22, B5.24.
OcransHelie nats cuctem: 66.4, B6.4, B6.5, B6.6, B6.10.
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Ta6nuua 29 (npomomkeue)

Hupekc KomnoHeHTHbIHA cocTap Kpait

CHCTeMBI CHCTEM paHHHe CHCTEMBI

6.9 Op—3u—®c—3r-Ks—-H,0 A5.17, 5.6, 5.7, 15.10
16.10 Op—-3u—Iu—3r-Ks—H,0 B5.17, I15.6, 115.8, I15.11
n6.11 Op—®c—-T'en—3r-Ke—-H,0 B5.20,15.7. 159, 15.14
16.12 Op—Iu—Ten—3r—Kas—H,0 B5.21,15.8, 15.9, 115.15
16.13 3H—Dc—Bo—3r—Ks-H,0 B5.22,15.10, 05.11, O5.15

CeMHKOMIOHEHTHBIE CHCTEMBI®

O7.1(E)| A6—Op—3u—dc—3r-Ks—-H,0 | b6.4,16.1,16.2, 116.5, 16.9
7.2 A6—Op—3u—[lu—3r-Ke—H,0 | B6.4,16.1, 16.3, 116.6, [16.10
o713 A6—Op—®c—Ten—3r—Ke—H,0 | B6.5, [16.2, 116.4, 16.7, 116.11
7.4 A6-Op—IIn—Ten—3r-Ks-H,0 | B6.12, ]16.3, 1164, 16.8, 116.12
7.5 A6-3H—®c—Bo-3r—-Ks—-H,0 | B6.6, [16.5, 116.6, 16.7, 116.13
7.6 Op—3u—®c—Bo-3r—Ks-H,0 | B610, 16.9,16.10, 6.11, 116.13

$ FEuwe ogHa cuctema — B7 4.

JIna npocrotel B cHcTeMax A u b He npuBenens! ¢asosble npespawerua ¢ g
u Yep, KOTOpble MpaKTHYECKH He BCTPEYaloTCA B MPHUPOIHBIX MMHEpANbHBIX
accolMalMAX T'PaHMTOMIOB, MEpechIlleHHbIX TMMHOo3eMoM. Yame cocraB pac-
nnaBa, cnabo MepechllieHHOTO TJIMHO3eMOM, MpH KpHCTAJINU3auuu OHOTHTA,
bonee o6oraieHHOro rIHHO3€MOM MO cpaBHeHMI0 ¢ AHT+®n, ,nepeckaku-
Baer”’ B cucremy B, rpe kpucrannusyerca ambubon In—Ilap—Por psana.

24.5. Cucrema I — A6—Op—3u—®c—Bo (du, len) —-3r—Ks—H,0

CocTaB vacTHBIX OT TpeX- [0 CEMHUKOMIOHEHTHBIX CHCTEM IpHBe[leH
B 1abn. 2.9. [lpu pacyete MX YMCcNa yuMTBIBaNMCh Te Xe ocobeHHOCTH 0Opa3oBa-
HHSA XMMHYECKHX COeIMHEHHH Mexxy Bo, 31 u ®c, 0 KOTOpbIX TOBOPHIOCH MIPH
xapakTepucTuke cucrembl B. Iloatomy mpu pacuere konmuecTBa Tpex-, YeThbl-
pex- U NMATHKOMIOHEHTHBIX CHCTeM NPHHUMAIMCh BO BHUMaHHE COYETAHMSA U3
7 xommnoHeHTOB (A6—Op—3H—®c—u—Ten—3r) mo 1,2 u 3 (+Ke u H,0):
C3=7,Ci=21 u C3=35. Ilpu pacyeTe KONMMYECTBA LUECTH- H CEMUKOMIIOHEHT-
HBIX CHCTEM 33 HCXO/IHOe wicno Gpanu 6 koMmoHeHTOB (A6—Op—3H—Pc—Bo—
—3r) nmo 4 U 5 coyeTaHMii: C:= 15 C§= 6, Kk kotopeiM poGasnanu Ks u H,0,
npuyeM K 15 LIeCTHKOMIOHEHTHBIM cHCTeMaM NpubGaBunu cucremst ¢ i u Fen
(coBmecTtHO ¥ mopo3Hs) : J16.4, [16.8 u [16.12; B coyetanuu ¢ IH u Oc, korna
OHM NPUCYTCTBOBATH IO OJIHOMY, HCONb30BaNK He Bo, a cootBercTtBeHHO U M
I'en. K ceMukoMnoHeHTHbIM cucTemam npuGaBunace ofHa cucrema JI7.4, co-
nepxawas Tonbko Ju u Ten, 6e3 31 u Pc. B cocTaBe YacTHBIX CHCTEM HMEIOTCA
yacTHele cMcTeMbl U3 A, b u B cucrem (1a6n. 2.9), mostomy, Kak H B ciyuae
¢ cucremMoil B, anemeHTBI HX AMarpamMm 0603HAYAKTCA COOTBETCTBYIOLIMMM HH-
nexkcamu. HeoGxomgumMo OTMeTHTB, 4TO cHcTeMa [l MMeeT 0YeHbh MHOTO CXOOHBIX
YepT ¢ cucTeMoii B, uTo B 06lUEeM-TO ONpe/ienAeTCA X MPUHAIIEHKHOCTBIO K 06-
LeMYy MeTPOXHMHYECKOMY THITY, He[IOChILIEHHOMY ITIHHO3eMOM. OT/IHUAA 3THX
CHCTEM OOYCNOBNMBAKOTCA DPAa3IMYHONH CTeNEeHbI0 HENOCHILEHHOCTH TIIHHO3e-
MOM, PaHHLA MEXAY KOTOpPbIMH NpoxoauT no cucteme B7.4 (wm I') , B koTo-
poi yxe HeT AH, HO ellle He MOABHICA Ir. ITO pa3nIHyMe NPOABIAETCA B COCTa-
Be NOJIeBbIX IUNATOB, KOTOpbie B cHcTeMe [| MmpefcTaBieHb! TOMBKO Amil —
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HarpoBbiM (A6<10), HATPHEBO-KATHEBBIM H KAJTMEBBIM, H 111e7I0YHOCTH aMH-
607108, HaMeHAwLeAcs oT 66 no 100%. Tpu NpoBe/ieHHH AHANH3a CHCTEMbI Ji
TAKOKE OUIYIANCA HeJOCTATOK JKCIEepHMEHTAIBHBIX AaHHBIX 110 YCTOHYMBOCTH
1eIo4HbIX aMpHBOI0B, MOITOMY MHOTHE [MarpaMmbl CIIE[lyeT pacCMaTpHBATL
KaK BO3MOJXHbIE BAPHAHTBI.

2.4.5.1. TpeXKOMMNOHEHTHbIE CHCTEMBI

M3 ceMHM CHCTEM TONBKO OJHa chcrema J13.1 — Ir—Ks—H;0 He BcTpeva-
nach B cMcteMax A u B. Cornacko skcnepumeHTanbHbiM AaHHbiM J1. K. beinu
u Ibk. ®. llepepa [14], srupHH ¢ KBapleM HAXONATCA B IBTEKTHUYECKHX COOT-
HOLUEHUAX , €CITH NpeHeGpeyb HEKOTOPBIMU YCIOXKHEHHAMH, CBA3AHHBIMH C HH-
KOHTPYIHTHBIM TUIABJIEHHEM JTHPHHA MPH HU3KHX 3HAYEHHAX PH,O 1 obpa3so-

BaHHeM OKHCHbIX (a3 xenesa.

2.4.5.2. YeThipeXKOMNOHEHTHbIE CHCTEMBI

lllecTs cCHCTEM, KOTOpbIE He BCTPEHANMCh B cHcTemax A i B, mo tumy ¢aso-
BbIX NpeBpaiieHuil IENATCA Ha TpH rpymisl (10 ape CHCTEMBI) .

Cucremst [14.1 — A6—3r—Ks—H,0 u 14.2 — Op—3r—Ks—H,0 xapaxTe-
PH3YIOTCS IBTEKTHYECKMMH B3aHMOOTHOLIEHHAMH KOMIIOHEHTOB 6e3 obpa3so-
BAHHA XMMHYECKHX COelMHeHMi: [uif-cucteMbl J14.1 310 [0Ka3aHO JKCNEPH-
meHTanbHO npu 1 at [14], a wna cuctempr 116.2 — no HaGniofeHMAM Haf TIpH-
POIHBIMM B3AUMOOTHOIICHHAMH KAMIUNATA W JTHPHHA B LIENOYHBIX IPARMTAX
Konsckoro nonyoctposa [11].

Cucrembr [i4.3 — Iu—3r—Ke—H,0 u [14.4 — ®c—r—Ks—H,0 sxcnepu-
MEHTAIILHO HE M3YHYaHCh, HO, CY[IA TIO IPOAYKTAM pasnoxkeHHs pubeiuTa (cm.
paspen 2.3.1), nocyeIHHH B JAHHbIX CHCTEMAX JIOMKEH ObITh XHMHYECKHM COE-
muHeHneM. B npun. IV, Ha puc. 1V.1 npuBeneHsl PH‘O—T [POeKIMA H MOJIHTE -

MHUECKHe TPOeKUMH H306apHIeCKHX CeueHni (GasoBbix paBHOBECHH B CHCTEME
I14.3 ¢ ¥CroNIb30BAHHEM CKYIHBIX J@HHBIX MO padIOXKeHHI0 Mg-Pub u Habmione-
HHil HaJl IPHPOHBIMH accouuauusMu. [l MpOCTOTHI HE YYTEHO TIPUCYTCTBUE
OKHCHBIX (a3 xenesa. [Tpennonaraercs, 4T0 aHANOTHYHbIE B3aHMOOTHOLUCHHA
¢a3 6yayT u B cucteme [14.4, TONbKO 3[1eCh BMECTO ®c BGyner MpUCYTCTBOBATh
®a+Ks accoumauns.

Cucremnt 4.5 — Iu—3r—Ks—H,0 u J14.6 — l'en—3r—Ks—H,0 xapakrte-
PHU3YIOTCA TeM, YTO iBA X KOMIIOHEHTa obpa3ywT TBep/ibie pacTBOpb! | THNA
¥ B HMX OTCYTCTBYIOT XMMHuYecKHe coemuHerus. [To Tomonoruu PH,O_T npo-

exuMA W M300apUUCCKHE CEYeHHA ITHX CHcTeM OyayT aHATOTHUHbI TAKOBBIM
cuctembl AG—AH—KB.

2.4.53. [I9THKOMNOHEHTHBIE CHCTEMbI

W3 35 MATHKOMIIOHEHTHBIX CUCTEM TONBKO 15 He BCTPEUAMCh B CHCTEMAX
A u B. [To xapaxTepy ¢a30BbIX NpeBpaleHHH OHH oObeaMHEHbI B 1IECTh IPyI.
ABTOpY HEH3BECTHbl 3KCIIepHMEHTAJIbHbIE paGOTH!I HH MO OJIHOH W3 15 cHCTeM,
[103TOMY BCE TOCTpOEHHbIE JMArPaMMBbl B TOH HIJIH HHOH Mepe ABJIAKTCA ruIo-
TeTHUeCKHMH, OCHOBARHHBIMM TJIABHBIM 00pa30oM Ha reOMETpHYECKOM METO/E
(HH3MKO-XMMHMYECKOTO aHAIH3A.

Cucrema JI5.1 — A6—Op—3r—Ks—H;0 ommiuaeTcA OT BCEX OCTAbHBIX
JBTEKTHYECKMMH B3aUMOOTHOLIEHHAMM KOMIOHEHTOB H OTCYTCTBHEM XHMH-
YeCKMX COeJIHHEeHHI .
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Cucremsr J15.2, 15.3, 115.6 u JI5.7 xapakTepu3yloTcs TeM, YTO HX KOMIIO-
HCHTbI He 06PA3YIT TBEP/BIX PACTBOPOB H IIPU HH3KHX 3HAYCHUSX Py o UMeIOT
2

IBTEKTHUCCKHE B3aHMOOTHOLIEHHS, a NIIpH GompumMx 06pa3yioT BOJOCO/epXKa-
LHe XHMHYECKHE coeMHenus. B cucreme JI5.2 — A6—3u—3r—Ke—H, 0 noss-
naeTcA Kpoc kak npomexyTouHbli wieH u3omopdHoro pana Mg-Pu6-T'ng,
Kpaiiliie WieHbl KOTOporo obpasylotcs B cuctemax J14.1 u I14.3. B PY3ynbTare
N0y HIach OPUTHHANIBHAA HAarpamMma coctosmmua (mpun. IV, puc. IV.2) . Mo-
KET OBITb MpH €€ MOCTPOSHHH HAMHM [OMYINEHA KAKaA-TO olnbxa, HO COOTBET-
CTBEHHO ()a30BbIM NMPEBPALUEHHAM B KpPailHUX CHCTEMAaX OCTANTBHBIE BApHAHTBI
Obuti oTBeprHyTH. BeposiTHO, paBHOBecHe E, QOMKHO MpeIcTaBnATh ¢a3osoe
PABHOBECHE, B KOTOPOM YYaCTBYeT MUHMMAIIBHBIA TBepasIi pacteop Mg-Pu6—
—I'ng, A6, 3r u Ke (+H,0) . [Ipeanonaraercs, uto aHamOrHYHbIE $asossie npe-
BpALUCHHA MPOMCXOAAT U B cHcTeme J15.3 — AG6—®c—3r—Ks—H,0, tombko
BMeCTO JH 3pech npucyrcryer ®a, smecto Mg-Pué — Pu6, a BMecto I'ngp —
Fe-I'nd.

B cucremax J15.6 — Op—3u—3r—Ke—H,0u JI5.7 — Op—®c—3r—Ks—H,0
0Bpa3ytorcsi puBexkuThi, QJIOrONMT W AHHMT. Pa3MUMA TUX CHCTEM CBSA3AHBI
C HEOJIMHAKOBBIM B3aHMONONOKEHHEM JIHHHH pasnoxedus aMpUBONa U cilto-
mel. B cucteme J15.6 O NOABIISAETCH NPH HU3KUX 3HAYEHHAX PH,O H C yBeJuvye-

HUeM P, | €ro NoNe KpHCTAJUM3alyH 3HAYHTENLHO pacumpserca (npun. IV,
2

puc. 1IV.3), B pesynsrare wero B taKux cocraBax Op He JoJKeH BCTpeYaThCA

E accoumaiyy ¢ Pub. B cucreme xe JI5.7, HaoGopor, paHslile NOABALTCA pHbe-

KHT M C yBenuvenneM P, | pacluMpAeTcs MoJe ero KpUCTA/LTH3aIHK (mpun. IV,
]

puc. IV.4), B pesynsrate uero B KenesucThiX cocTaBax Ir He IOJIKEH BCTpe-
YaTbCA B CCOUMAIMH C XeJIe3HCThIM BHOTHTOM.

Cucremu 154, [15.5, J15.8 n [15.9. 3r ¢ Jlu u Test B 9THX CHCTEMAX Xapak-
TepU3yloTcs 00pa3oBaHHEeM TBEPIBIX PACcTBOPOB | THNA M OTCYTCTBHEM XUMH-
YECKHX COe[MHeHHH. Pa3oBble MPEBpALUeHHs OTPAHUYMBAIOTCS B HUX HATMYUEM
ue ThIpeX(ha30BbIX KOTEKTHK, U3 KOTOPBIX COOTBETCTBEHHO KPUCTANIIIH3YHTCA :
AG+ (lu—3r)+Ks, AG+(Ten—3r)+Ks, Op+(llu—3r)+Ks u Op+ (Ten—
—3r)+Ks=.

Cucremsr [05.10, [15.11 u [O5.14 otnuvarnoTcs TEM, YTO IBa HX KOMIIOHEHTA
obpa3syior TBep/pie pactops! I THma (c ycnoxHeHueM B cicteme J15.10 — onmH-
BHH-TMPOKCEHOBAA NEPHTEKTHKA) M B [IBYX KPaHHMX CHCTeMax 06Gpasylorcs
XMMHUYECKHE COCAMHEHMA — aM(uOONIbl, KOTOpble B CBOI0 OYepe/b ABJIAIOTCS
KpaHHHMY WIeHaMH H30MOPGHBIX pAnos. Cucrema J15.10 — Iu—Bc—Ir—Kp—
~H,0 Moxer cnyxaTs ynpolueHHOH Moenbio 06pa3oBaHuA H30MOpPHHOro
pama Mg-Pu6—Pu6 (mpun. IV, puc. IV.5), cucrema J15.11 — 3u—Jlu—3r—Ke—
—H,0 — mnenonnoro psma Tp—Mg-Pu6 (mpwr. IV, puc. IV.6), a cucrema
115.14 — @c—Ten—3r—Ks—H,0 — tarcke Hemonxoro pana Fe-AxkT—Pu6 (sepo-
ATHO, aHamoruAa puc. IV.6).

Cucrembr 15.12 — 3u—Ten—3r—Ks—H,0 u J15.13 — ®c—Jln—3r—Kg—
—H;0 wu3-3a HeBO3MOXKHOCTH cocymecTBoBanusa Iu ¢ len, a ®c ¢ Jlu npeBpa-
waiorca B cuctemy J16.13 — 9u—®c—Bo—Ir—Ks—H,0.

Cucrema J15.15 — [Ou—Ten—3r—Ks—H,0 oTnHuaeTcs OT OCTANBHBIX TEM,
“TO TPH €¢ KOMIIOHeHTa 00pa3yioT TBep/biid pacTop | Tuna, B pesynsrare dpa-
30BbIC MPEBPALIEHHA B ITOH CHCTEME OTPaHHYMBAIOTCA TONMBKO KpPHCTAITH3A-
uMel 1Byx$asosoit accompuauuu Mnp+Ks (+H,0) na Tpexda3oBoH KOTeKTHYe-
CKOH MOBEPXHOCTH.
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2.4.5.4. lleCTHKOMNOHEHTHBIE CHCTEMBI

lllecTHKOMINOHEHTHBIE CHCTEMBI TIO XapaKTepy (a3oBbiX NpeB palleHnit ne-
JIATCA Ha 6 rpymm.

Cucremsr J16.3 u [16.4 HMeloT NMapsl KOMIOHEHTOB, KoTOpble 06pa3yior
TBepAble PacTBOPbl | TMNAa H B HMX OTCYTICTBYIOT XMMMYECKHE COEIMHEHHA.
B npun. IV ua puc. IV.9 npusenensi PH,O_T MPOEKLHH IBTEK THYECKHX JIMHUI

TpeX KpaiiHUX CHCTEM, B KOTOPBIX KOMIOHEHTb! He 06Pa3yloT TBep/IbIX PacTBO-
POB, NpHYeM O/1Ha M3 HUX ABNAercA obweii — J15.1. omare pvuyeckue npoex-
IMH H306apHYeCKOTO CeYeHHA 3THX CHCTEM AHATOTHYHBI M HE H3MEHAITCH
C yBeIHYeHHEM PH,O (npun. IV, puc. IV.9).

Cucremsr J16.8 n J16.12 xapakTepu3yloTcA HaTHuHEM TpeX KOMIIOHEeH-
T0B, 06Gpasywoumx TBepable pactsops! | tuna (du—Ten—3r), u orcyTcrBueM
XHMHUYECKHX coeluHeHuWil. Hx PH=O—T NpOeKLMH M MONMTepMHYeCKHe

NMpOEKUHH H30GApHYECKOro CeueHMA NMpupeneHsl B npun. IV ma puc. 1V.13
ulIv.17.

Cucremsi [16.1 u J16.2 NpeAcTaBnsioT yNpoOIeHHBIE MOMNETH MarHe3Hab-
HBIX M JKEJIE3HCTBIX LEIOYHbIX IPAHHTOB. [IpH HH3KHX 3HAYEHHAX PH, o OHHM Xa-

PAKTEPU3YIOTCA IBTEKTHYECKHMH COOTHOIIEHHAMH KOMMNOHEHTOB. C yBemiye-
HHEM PH,o B HHX MOABJIAIOTCA XHMHYECKHE COIHHEHNA — aM(UBOITBI H CITIOBL

Kax u B cucremax JI5.6 u JI5.7, pasnuwume cucrem J16.1 u J16.2 cBA3aHO ¢ He-
OIMHAKOBBIM B3aHMOMIONIOXEHHeM JTHHMIA pa3noxenns Kpoc u ®n, Fe-Kpoc u
Aut (npun. IV, puc. IV.7 u IV.8), B peaynsrare B ,,Marte3uansHoit” cucTeme
Goneuiyio o6nacTs KpHCTAUM3auMK HMeeT i1, a B , )Kene3ucToi’ — Kpoc, Aut
NOABJIAETCA TONBKO B KpaiHei cucteme AS.6.

Cucrembl J16.5 n [16.9 conepxar nmo nea xomnonenta (3u u Oc), o6pa-
3YlOUMX HEMONHbIA pAf TBepAbIX pacTBopos | Tuna. IMpu HM3KMX 3HAYEHHAX
Pu,o TOTIONOTHS [AMArpaMM ITHX CHCTeM OfMHakoBas (mpwi. IV, puc. IV.10

u IV.14). YcnoxHenMa M pasnuwisd HAUHHAIOTCA C NOABIEHUA XHMHYECKHX
coemuneHuii: B cucreme J16.5 — A6-3u—®c—3r-Ke—H,0 — obpasyerca
MOYTH MonHbA HaGop wenounbix amduGonos: Mg-Pu6-Pu6 u Fe-I'np—
—Ing — B xpaiimmx cucremax, a Fe-Kpoc—Kvoc — BHyTpH cuctemsi 16.5;
B cucteme J16.9 — Op—38—@®c—3r—Ks—H,0 — Mg-Pu6—Pu6 u ®n—Ant
PANEI.

Cuacremsr [16.6, 116.7, [16.10 1 J16.11 B OT/MuHe OT NpeBIIYIMX copepxar
[0 mape KOMMOHEeHTOB, ofpasylommx TBepabie pactBopsl Mnp. IIpn HH3KHX
3HAYCHHAX 1"._[20 TOMOJIOTHA HATPaMM BCEX CHCTEM OIHHAKOBAs, OTpaXaloias

nATH(A3OBOE KOTeKTHYECKOe paBHoBecue. [lna cucrem J16.6 u J16.7 npeanona-
raerci CXOAcTBO ()a30BhIX NpeBpAIEHHWH W [UIA BLICOKHX 3HAYeHMH PH.O

(mpun. IV, puc. 1V.11 u IV.12), npn xotopsix noasnserca obumpHas obnacts
KpHCTAUH3anMH ampuGona Pu6-3n pana. B cucremax J16.10 u J16.11 kpome
pubexuroBoro ampubona oGpasywrces coorserctBeHHo On M AHT. Pazmwums
MEX/LYy ITHMH CHCTEMAMH OMNATH XK€ CBA3AHBI C HEOAMHAKOBEIM B3aHMOMONOMe-
HMEM JTMHMH pa3noxeHHs ampuGONa u GHOTHTA B MArHE3WANBHBIX H JKeTe3H-
cTbix coctaBax (npmin. IV, puc. IV.15 1 IV.16).

Cucremsi 116.13 — In—®c—Bo—3r—Kp—H,0 orpaxaer ¢asosnie npespa-
ILEHHA ,,IAPOKCEHOBOM Tpanenyu’’ npu mobGaenenun K Heit 3r. C ypenmyeHHeM
PH,O (a3oBbie paBHOBECHA YCIOKHSIOTCA, TAK KAK NOABNAETCA 06N1ACTh KpH-

cTaM3aumMl ampubona Mg-Pu6—Pub paga (npun. IV, puc. IV.18).
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2.4.5.5. CeMHKOMMOHEHTHbIE CHCTEMBI

H3 ceMM ceMHKOMITOHEHTHBIX CHCTeM TOJIBKO OfiHa cucteMa B7.4 omucana
B pa3sgene 2.4.4.5. AHaNK3 OCTaBLIMXCA CHCTEM CBA3AH C TPYAHOCTAMM, O KOTO-
phIX yXe ropopunocs Baiule. [lonuTepMuyeckue MpoeKIMH H300apHYECKHX Ce-
YEHHH 3THX CHCTEM MOXXHO CTPOMTH MPOEKTHPOBAHMEM 3JIEMEHTOB [AHArpamMm
u3 sepumH K8, H,0 u 3r. 3nech BO3HMKAIT HEKOTOpPBIE CIIONHOCTH B CBA3M
¢ TemM, yto Ir ¢ JIu u 'en, mpHCyTCTBYIOLIMMH BO MHOTHX CHCTeMaXx, oGpasyer
TBepAble pacTBOpsI I THIA.

Cucrema I7.1 (E) — AG—Op—3u—®c—3r—Ke—H,0 sBnaerca MOIenso
o6pasopaHus Ge3KanbUMeBhIX LIENOYHBIX rpaHuTOB. Ee ympouleHHyI0 PHlO—T

NpOEKILMI0 MOXHO MOJIYYMTh KOMOHHAIUEH PH O—T MpOEKIHI ABYX KpaHHHUX
2

cucreM: J16.1 u [16.2 (mpun. IV, puc. IV.19).

Terpasppuueckue (A6—Op—3H—Dc) MomurepMHYeCKHe MPOEKIMH H300a-
PHYECKHX CeYeHWH 3TOH cHcTembl GynyT MO TONMONOTHH aHAJIOTHYHBI TAKOBBIM
cucremsl B6.4, Tonsko Bmecto I'md B cucreme J17.1 o6pasyerca Kpoc u Fe-
Kpoc kak npomexyrtounbie ampubons: Mg-Pu6—I'np u Pub—Fe-I'nd panos,
a Jr comectHo ¢ KB u H,0 BbiHOCHTCA 32 IHAarpaMmel.

Cucrema J17.2 — A6—Op—3n—Iu—3r—Ke—H,0 anamusuposanace ¢ uc-
MONTb30BaHHEM PH,O_T npoeKuMi KpaitHux cucreM J16.1 u B6.4, B peaynstare

BHYTPH CHCTeMbl TIOABJIAIOTCA MOHOBapHAHTHbIE PABHOBECHA, B KOTOpBIE Npe-
BpalIaloTCA MHBApHAHTHLIE paBHOBecHA cucTembl J16.1 mpu moGaBieHHH K HUM
Hu (npun. IV, puc. IV.20).

IonurepMmuyeckue NpoeKIMH H300apHYeCKHX CeYeHWH TaHHOH CHCTeMBI
MOXHO TOJYYMTh H3 MONMTEPMMYECKUX Npoekuui cucrems: B6.4 (mpun. IlI,
puc. 111.12) yBenmuyeHHEM MEPHOCTH BCeX MIEMEHTOB JHArpaMMbl Ha eTMHMUILY
B CBA3M c 06pasoBaHuem TBeproro pactsopa ([In—3r).

Cucrema [17.3 — A6—Op—®c—Ten—3r—Ks—H,0 aBnserca ympolLeHHOMH
MOJIENIBI0 LIENIOYHBIX IPAHHUTOB. PH,O_T MpPOeKI}MA OCHOBHBIX (a30BBIX Mpe-

Bpawenuii cuctembl [17.3 nomyyena u3 Py —T NpoeKuyi IBYX KpPaHHUX CH-

crem J16.2 u B6.5 (mpun. IV, puc. IV.21). [Tomutepmuyeckue Npoekuuu u3o6a-
pHYECKMX CeYeHMil 3TOH CHCTeMbI MOXKHO NpEICTaBHTh M3 NOJIHTE PMHYECKHX
NpoeKIMi cucTemsl B6.5 yBennueHHeM MEpPHOCTH BCEX 3NIEMEHTOB [IMar paMMbl
Ha eJMHMLY , TocKonbKy Ir ¢ e o6pa3yiot TBepapiit pacteop I THna.

Cucrema J17.4 — A6—Op—du—Ten—3r—Ks—H,0) xapaktepusyercd Tem,
YTO TpH NMHPOKCEHOBBIX KOMIIOHEHTa 00pa3yloT TpOHHONM TBEp/bIH pacTBOp
I Tma ¥ B Hell OTCYTCTBYIOT XHMHYECKHe coefuHeHHA. Bnaropaps atomy daso-
Bbie MNpEBpALICHUA B 3TOH CHCTeME OrpaHHYMBAIOTCA KPHCTALIM3aLHEH acco-
miaman A6+0p+Amnp+Ks Ha natugasosoii (+H,0) xortekTHYeckoil HOBEpX-
Hoctu. Ha PH,O_T NpOeKIMH KOTEKTHYECKAA IMOBEPXHOCTh HAXOOUTCH MEXAY

3IBTEKTHYSCKHMH JIMHUAMHA 4acTHbIX cucrem JIS.1 — A6—Op—3r-Ks—H,0 u
B 5.3 — A6—Op—Iu—Ks—H,0 (mpun. IV, puc. IV.22).

Cucrema J17.5 — A6—3H—®c—Bo—3r—Ke—H,0 ananuaupoBanach C Hc-
TIOJIb30BaHAEM PH,O*T npoeKHid ABYX Kpaiimux cucrem J16.5 n B6.6. B pe-

3yNbTaTe BHYTPH CHCTEMbI MOABJIAETCA MOHOBapHaHTHOE pPaBHOBECHE, B KOTO-
poe MpeBpalaeTci WHBAapUaHTHOe paBHOBecHe cucTemsl 1I6.5 ¢ mob6aBneHHeM
Bo (mpun. IV, puc. 1V.23). IonurepMudecKue MpOEKIHMH H306apHUECKHUX ce-
yeHud cHcteMbl JI7.5 MOXHO MpeACTaBHTh M3 MNOMHTEPMHUYECKHX NpOeKIMH
cHcTeMbl B6.6 yBenMueHHEM MEDHOCTH Ha egWHHLY, Tak Kak OJr c lu u len
o6pa3yer TBepapie pacTeops! I THna.
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W3OMNeTHYeCKOTO cedenrs (Onp’®) mmarpammbl cocTosuma cuctemst [17.1 (E7) — AG—
—Op-m—®c—3r-Ks—H,0.

I, (AG) Op+3r+Kpoc+Ks = XK+O0np; I, (Kpoc) AG+Op+3r+Omp+Ke=X; i, (Onp)
Op+3r+Kpoc+Bu+Ks = X; I; (Op) Ir+Kpoc+Bu+Ks = X+0mnp.
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Cucrema 7.6 — Op—én—wc—Bo—Br—Kn—Hgo aHANM3MPOBAIACH C yue-
TOM PH,O'"T npoexuui ABYX Kpaiuux cuctem J16.9 u B6.10 (mpun. IV,

puc. [V.24) . U3-3a pa3nuwif TONONOTHH NPOEKLMi KPAHHHX CHCTEM, CBA3aHHO-
ro ¢ HepaBHO3HAYHOCTbIO 3aMeHbl Bo Ha Ir (MOCKONBKY B NEHCTBHTENBHOCTH
sameHstorca Ju+Ten Ha 3r), MpOMCXOOAT ycnoxkHeHMA ¢a30BbiX MpeBpalie-
HHil C TOABNEHMEM HHBapuaHTHOro Bocbmudaszoporo (+H,0) pasHoBecus.
MonuTepMHYeCKHe MPOEKILMH H306apHuecKux ceueHui cucremsl [17.6 He umeroT
nono6ua HH B OHOM cHcTeMe. Mx MoXHO monyuuTh KOMOGHHHpPOBaHHEM MONTH-
TepMHuYecKuXx Npoexuuit cucrem J16.9 u B6.10 ¢ yBenuueHHeM MX MEPHOCTH
Ha eJHHHLLY.

2.4.5.6. MNonuas cucrema [1 H H30IUIETHYECKHE CeYeHHA

OcHoBHble (ha30BbIe MpeBpaleHHs MONHOH cHcTeMs! | MpefcTaBieHs! Ha
PH,o_T NpOeKIMH, IS MOCTPOSHHA KOTOPOH ObULIM HCMONB30BAHBI PH,o_T

npoexuuu aByx kpaiuux cucrem: J17.1 — A6—Op—3u—®c—3r—Ke—H,0
B7.4 — A6—0Op—3u—®c—Bo—Ks—H,0 (mpun. IV, puc. IV.25). B peaynbrare
BHYTpH cucTeMsl [l MOABNAIICA TPH MOHOBApHAHTHBIX PAaBHOBECHA, B KOTO-
pbie peBpalAloTCA HHBAPHAHTHBIE paBHOBecHs cuctemst [17.1 ¢ noGaBnenuem
K Hum Bo (Iu+Ten).

Terpasnpuueckue (A6—Op—In—Dc) momurepMHYeCKHe MPOEKIMH CHCTe-
Mbi JI MO TOMONOrMH [OJDKHBI ObITh MOXO0XH Ha TaKoBble cuctembl 56.4. [lna
peLUEHHA KOHKPETHBIX MeTPONOrHYeCKHuX 3afay NOCTPOEHbI PH,O_T MpOeKUMA

¥ TONHTEPMHYECKHE NPOSKUMM M300apHyeCKHX pa3pe30oB M30MJIETHYECKOTO
ceverus Onp™ (puc. 2.46) , NOCKONBKY NPHPOJIHBIE 1IETIOYHbIE IPAHUTHI Yalle
BCETrO MpeJICTABIIEHBI XKeJIe3UCThIMH Pa3HOBHAHOCTAMH.

B paspene 2.4.4.6 6bu1a MOKa3aHa cBA3b cucTeM A M B uepes rpaHMuHYy1w0
cucremy b. Ha puc. 2.47 npuBeieHs! COBMeELIEHHbIE PH,O_T [pPOEKLMH CHCTEM

E u J. IloctpoeHue TaKoil obiuell MpoeKiyy, OTpaxaroiei BaxHedme ¢a3so-
Bbie TpPEBPALLIEHHA B ITHX CHCTEMAX, OKa3anoch MPOCTOH 3aauel, MOCKONBKY
cTpoenuu cucreM B u ]| yuactyer rpamuuHas cuctema I' (B7.4), uem ewe
pa3 MOATBEpPXKAETCA MPHHAUIEKHOCTh BCEX PACCMOTDPEHHBIX CHCTEM K e[MHOM
rpaHuTHON Meracucreme. M3 puc. 2.47 BHIHA YeTKasA B3aMMOCBA3b (Ha30BLIX
MpPeBPAIEHHH 3THX CHCTEM: C M3MEHEHHEM IIETOYHOCTH MPOHCXOOHT H3MEHe-
HHe COCTaBa IUTATHOKJ/43a H TeMHOUBETHbIX MHHEDAIOB. 3TO XOPOLUO OTpaXxe-
HO peakUMAMH Ha MOHOBAPHAHTHBIX JIMHMAX, COEMMHAMOLIMX WHBapHAaHTHbIE
TOYKH COCEIHHX CHCTEM.

OrpauuyeHHOCTs 06bema pabGoTel He Mo3Bonser Gonee MOOPOGHO OCTAHO-
BHTBCA Ha cMeHe (a30BbIX NMPEBPALIEHHH ¢ H3MEHEHHEM COCTaBa pacluiaBa M
Pu,o' 0OBACHAIMMX MHOTHE 3aKOHOMEPHOCTH aCCOLMAIMKA MOPOJI, MHHE palb-

HBIX MApareHe3UCOB M B3aMMOOTHOLIEHHH OTAeNbHbIX MHHepanos. ITpumepsi
MCTIONIb30BAHMsI MOCTPOEHHBIX MOJeNeH [/f pellieHHA HEKOTOPhIX MeTPONIOTH-
YeCKHX BONpOCOB GyNyT NMpHBE/EHBI B I7aBe 4, 2 KOTEKTHYECKHE TEOPETHYe-
CKHE COCTaBbI — NPU KNACCHQUKAIMU TPAHUTOB.

[TocKONBKY COCTaB MCXOIHOrO paciviaBa ABJIAETCA BaXHbIM dakTopoMm,
onmpefensioumM 06pa3’oBaHKEe TOW WM WHOM MMHEPAIBHOW ACCOUMAIMH, TO
cleyer Kparko pacCMOTpeTb YC/IOBUS IeHepalMH pa3iMYHbIX MeTPOXHMHYe-
CKHX THIIOB KHCJIBIX Marm.
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3. TEHEPALIUA TPAHHUTHBIX MATM

CywecTtBoBaHHe B MPUPOOE pa3HOOGpPAa3HbIX MHHEpPAOro-NeTpoOXHMHYE-
CKHX THIIOB TPaHHTOB, Y4YaCTBYIOIUHX B 0GPa30BaHHH pa3niHuHbIX (OPMALHOH-
HBIX THMOB, NIPHBOIMT K MBICIIH, YTO [OMIXKHBI ObITh H Pa3NMyHbIE MEXAHH3MBI
reHepalid Marm, NpoayLMpYyloliHe pa3HooOpa3Hbie MeTPOXMMHYECKHE THIbI
pacnnaBoB. Bpanm nu ceiuac HaMayTCA CTOPOHHMKH YHHBEpPCAIbHOCTH HIIEH
BoyaHa o ponoHavanbHo#i 6a3a/ibTOBOH Marme [UIA BCeX THNOB MarMaTHYeCKHX
nopoa, HO NMOABHIIMCE CTOPOHHMKM ApYyrod KpaiHe# ToukH 3peHus o6 o6paso-
BaHWM TPaHMTHBIX Marm TONBKO MyTeM aHaTeKCcHca MOPOM CHATMYECKOH YacTH
3eMHOi#i Kopsl [140].

JluuHbli OMBIT U3yueHUA TpaHMTHBIX dopmaumit Konsckoro nonyocrposa,
oTnMyaowMxcA Gonbimm pa3HooGpaznem [12], aHanu3 nurtepaTypHbIX Marte-
PHIOB 1O MeTPONIOTHH IPaHUTOMAOB H JKCNEPHMEHTANBHBIX JaHHbIX MO IU1aB-
JIEHMIO pa3/IH4HbIX OCA[OUHBIX H Me'ramopcbuuecxux Nnopoz NpuBesiM K BbIBOAY,
YTO B TIpHpoae peanu3yercs HeGONbIIOE KOMHYECTBO MEXAHH3MOB IeHEpPaLMH
TPaHHTHBIX Marm, a MecTO reHepalWH OrpaHHUMBaeTCA KOPOBBIM H MOAKOPO-
BbIM MarmooGpa3oBanHem. [IpHyeM HeOGXOOMMO YETKO pa3NMuyaTh MPOLECCHI
reHepalnd MarmMbl — MarMoo6pa3oBaHHe — H MPOLECCHl €¢ KPHCTATH3AUNH —
noponoobpazoBaHue, YTO B OOlIEM [IeNIaeTCA He BO BCeX METPOIOTHYECKHX MO-
CTPOEHHSAX M 3a4acTYI0 MPUBOJMT K NMyTaHMLIE.

3.1. KopoBoe oGpa3oBaHHe IpaHHTHBIX Marm

I[lon xopoBbiM MarmMooGpa3oBaHMeM Mbl NOHMMaeM reHepalMio paciua-
BOB, B YaCTHOCTH rpaHHTHbIX, B P—T yCIIOBHAX 3¢MHOH KOpBI.

C onpeneneHHo# [OonNeH BepOATHOCTH BHIENAITCA CNEYIOLHE MEXAHH3-
Mbl F€HEpalMM TFPaHWTHOH Marmbl, KOTOpBIE MOTYT PeallM30BaThCA B 3eMHOH
Kope: 1) ouddepeHunauua Gonee OCHOBHOH Marmsi, B HOpMe KOTOpoi Byner
MpHCYTCTBOBATh KBapll; 2) aHATEKCHC — pacIUlaBleHMe nopop, GIM3KHX no
COCTaBy K IDaHHTOMJaM, B YCIOBMAX, ONM3KHMX K 3aKpbIThIM; 3) aHaTEKCHC
€ METaCOMATHYeCKOH NMOArOTOBKOH MOpPON, pa3lIniHOro COCTaBa.

3.1.1. ObpazoBanue rpaHuTHBIX Marm OuddepeHuManmedn
Gonee OCHOBHBIX

CyuiecTBOBaHHe B NPHPOJE HeNpepbIBHbIX rab6po-rpaHUTHBIX CepHii, rpa-
Hoguposbix rabbpo u nMabazos Mcnonb3yercA WUIA NoKa3aTenbcTBa obGpa3opa-
HMA ONpefeNeHHbIX THIIOB IPaHHTOB 33 CYeT KPHCTA/TM3aUMOHHONH OH(depeH-
uxauun OGomee ocHOBHbIX Marm. [Ipumepom Takoil nuddepeHIHpOBaHHOM
cepud Ha KonmbckoM monyocTpoBe ABNAETCA APBaBapCKHi KOMIUIEKC, B COCTa-
BE& KOTOpOro HaxopArcs rabbpo-HOpHTbI, HOPUTO-IMOPHTBI, IPAHOOHOPHTHI M
rpaiutel [12]. B reonoruyeckoi nurepaType MOXHO Haiith GONBbLIOE KOIHYE-
CTBO MpuMepoB nopobHeIx cepuii. M3 nocneguux pabot, B KOTOpbix HauGonee
yGeauTeNIbHO [10Ka3bIBAETCHA NPOHCXOXNIEHHE OIpe/IeNIEHHBIX TPAHMTHBIX KOMII-
nexcoB Ypana 3a cuetr ouddepeHimannu 6a3anbToBbBIX MarM, cneayer Ha3BaTh
moHorpaduio I'. B. ®epwrarepa n H. C. Boponmnoii [183].
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[lpoTuBHUKOM 06pa3oBaHusi rabopo-TPaHUTHBIX CePHH e peHumManyen
eMuoit Marmpl sensercs J. I1. Usox [72] . TnaBHbiM moBonoM NpOTHE fHpde-
peHIMALMKM OH CUHTAET: Pe3KHe NMepexo/ibl MeXIY PasMYHbIMH THIAMH NOPOLL,
a Hepe/IKO M MHTPY3HBHbIE KOHTAKTBI MexX/1y HUMH. [JoAB/IeHHE rOMOIPOMHO-
ro pAMia NMOPOS OH OGBACHAET MepeMelIeHHeM O4aroB MarmooGpa3oBaHus u3
MAHTHHM [0 CHAJIMYECKOH YaCTH 3eMHOH KOpPbI H MOCIeNOBaTeIbBHOH HHTPY3HEH
MarmM B BepXHHe TOPH3OHTbI 3eMHONH Kopbl. HecomHeHHO, B MOCTpOEHMAX
3. I1. M30xa umeeTcsa Onpe/erieHHas JIOTHKA, HO TeM He MeHee OCTAaeTCH HETo-
HATHBIM TPHYMHA POCTPAHCTBEHHOTO COBMaJIeHUsA MecTa (POPMHPOBAHHMA pas-
JMYHBIX THIOB MOpOL, T. €. IOYeMYy MAarmbl pasjHuHOIO COCTaBa ¥ BOJIOHACHI-
ILEHHOCTH, PA3NIMUHON TEMIEpPAaTypbl H BA3KOCTH OCTAHABJIHBAIMCH HA OTHOM
YpOBHe [y CBOEH KpHCTATH3aLuK?

JKCnepuMEHTATIBHO-TEOPETHYECKOe 10K a3aTeIhCTBO BO3MOKHOCTH mdde-
peHuMpoBaHKs 6a3a/bTOBOM Marmbl B MpoUecce KPHCTAUTM3ALMHU A0 KUCIBIX
COCTABOB M3BECTHO co BpemeH Boyana. [locnenyioume sk criepHMEHTbI [36, 37,
187, 188] u TeopeTHyecKHe IIOCTPOEHHA HA OCHOBe DoIiee CITOXKHbIX CHCTEM He
OMpOBEPI/IH TAKOH BO3MOXHOCTH, a, HaoGopoT, mamu Gomee ybenuTeNbHbIE
JIOKa3aTeIIbCTBA.

PaccMOTpHUM BO3MOXHOCTD MH(pepeHImaLyn 1 06pasoBaHuA cepuii Mopof
¢ MCTONB30BAHHEM [MArpaMM COCTOSHHS CHCTEMBI An—Po—/Iu—Ks, ¢ nomo-
1b10 KOTOPBIX MOXHO B YIPOLICHHOM BH[E MOJE/IMpPOBaTh 0Opa3oBaHKe MO~
POJ OT ONHBHHATOB /IO IUIATHOKJIA30BBIX TPAHMTOR. M3BECTHbI ABE THAT pPAMMBI
COCTOAHHA ITOH CHCTEMbI, KOTOpbie OTpakaloT (pasoBble NpeBPALEHHUA MpH
nu3kom (10 4.5 KGap) u BeicokoM (>4.5 kGap) masnewwu (puc.3.1au 3.10).

McxopHbie cOCTaRsl, Nonafawomme B terpasnp Po—Iu—llu—AH, NpH HU3-
KOM [JaBJIEHMM M PABHOBECHOH KPHCTAlIH3aluK OY/1yT 3AKaHYMBATH CBOIO KPH-
CTAJUTM3AIMIO B TOYKE P, A COCTaBbl TeTpasfpa AH—OH—[lu—KB — B TOUKE Jot
COOTBETCTBYIOLIEH MO COCTABY MOJEJIbHbIM aHOPTHTOBBIM FpakuTam. B cryuae
KPHCTAJUM3IMH ¢ (PaKUMOHMPOBAHHEM, KOTOpas uauie BCEro MpOMCXOIMT
B TpHpoQe, /T1060i cOCTaB OBIIEH CHCTEMbI MOXET [IOWTH /10 TOUKH E*. Komuve-
CTBO IBTEKTHYECKOIO COCTABA 3aBMCHT OT MCXOMQHOIO COCTaBa paciulaBa H CTe-
neHH $paKIMOHMPOBAHHA PaHHUX a3, 0cobeHHO (opeTepuTa.

IloKa3aTe/IbCTBOM BO3MOXKHOCTH Takoi mHQdeperupaumu cyxar Habio-
nenun I1. Meiiepa u X. Caiirapacona [254] : B unTepcTHiyu ToNentoBoro 6a-
3aybTa Mcnanmu MMy 0GHapYXEHO KHMCI0€ CTeKIIO.

Tlpi BHICOKMX 3HAUEHWAX JaBieHus (>4.5 kbGap) B 310H cuCTEME MOABIIA-
eTCH TaK Ha3bIBAaeMblil ,, M POKCEHOBBIH Dapbep”, H CHCTEMA YeTKO JEHTCA Ha
nBe nopcuctemsl: AH—IH—Jln—®o u An—3H—[lu—KB ¢ COOTBETCTBYIOIMMH
JBTEKTHKAMH. COCTaBbI, TOMajalolMe B NepBYI0 MOACHCTEMY, NMpH J0ObIX
YCNOBHAX KPUCTAUIM3AUMHM HE JafyT PacluiaBoB, MepechilUeHHBIX KpemHese-
MOM: KOHEUHbI MPOMYKT KPHCTA//M3aimuu GyneT mpeAcTaBieH popcrepure-
BbIM rabbpo. CocTaBbl BTOpOH MOACHCTEMbI OBA3ATENLHO OynyT 3aKaHYMBaTh
KPHCTAIIH3ALMI0 B IBTEKTHKE E; (puc. 3.2). B 33aBHCHMOCTH OT HCXOJIHOTO
COCT2aBa ITOH TOACHCTEMBI M YCIOBHMH KPHCTAIUTH3aLMH MOTYT obpa3zoBarsca
pa3nuyHble pAibl rOpHbIX nopop. Tak, Hanpumep, eciu MCXOMHBIH COCTaB pac-
N71aBa NonazaeT B 06beM KPHCTAIIH3AIKK JHCTaTHTa (pHc. 3.2), TO MpH CHMXE-
HMM TeMIiepaTypbl OH By[leT BbIIENATHCA U3 paciiaBa. PpaKuHOHHPOBaHHE ero
KPHCTA/UIOB M HAKOIJIEHHE B ONpeHeNeHHbIX YacTAX MarmMaTHyecKoi Kamepbl
npuBefyT K 0b6pa3oBaHHI0 OPTOINMPOKCEHUTOB — NMPOYKTOB repBHYHOI KpH-
cramym3auui. CocTaB paciuiaBa nmpy ToM OYOET NepeMeilarses K IMOBEpXHO-
CTH, pasfiensiouieii 06beMbl KPHCTALIA3AUMHM IHCTATHTA M AMOICH/IA, 1 KOT/a
OH JIOCTHTHET TOil TIOBEPXHOCTH, COBMECTHO C JHCTATHTOM HAYHET KpPUCTAIIIH-
30BaThcA auoncua. ONATh-TAKH B 3aBHCHMOCTH OT YCIIOBHH HAKOTUIEHHA Mpo-
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Puc. 3.1. M3oBapuyeckne pa3pesbl AMArpaMMbl COCTOAHMA cHeTeMsl AH—[In—~®o—Ks, no-
CTpOEHHBIE 4BTOPOM C Y4eTOM AaHHEIX | 167] .

OYKTOB 3TOH (BTOPHYHOM) KPHCTA/NTM3AIMK FPAHKALA MEXIY OTPONMHPOKCEHH-
TAMH U BeBGCTepHTAMH MOXKET ObITh MOCTENEHHOM H PE3KOH.

Coctas pacraBa NpH BTOPHYHOH KpHCTannmu3auuu Oyzer nepemeiarscs
K TPOHHOH KOTeKTHKe AH—JH—/IM, M0 NOCTHKEHHHM KOTOPOH HayHeT KpHCTal-
JIM30BAaTHCH COOTBETCTBYIOIIAA aCCOUMAUMA MHUHEpAIOB, Npe/cTaBAluan rab-
Opo-HOpPHT — MPOAYKT TPeTHYHOH KpucTamnu3anuu. Korpa pacnnas, nepeme-
wasch Mo AH—IH--JIM KOTeKTHKe, JOCTHTHET YeTBEPHOH IBTEKTHKH, K ITHM
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Puc. 3.2. U3obapuyeckuit paspe3 (P>4.5 k6ap) nHarpaMmmsl COCTOAHUA MOACHCTeMEI AH—
—2u—JIn—K=.
1] — ucxonHuifl coctaB paciuapa; /—2 — M3MEHeHWe COCTABA PACIUIABA [IpH NepBHYHON
KpucTAH3aimMy; 2—3 — H3MeHeHHe COCTaBa paciUlaBa MpH BTOPHYHON KPHCTA/IH3AlMH;
3—4 — W3MeHeHHe COCTaBa PacIUIaBa NPH TPETHYHOH KPHCTA/UIH3ALMN; 4 — 3BTeKTHYeCKHH
COCTZB pacIulaBa.

TpeM MUHepanaM NpHCOeNMHHTCA KBapl. IIpH KpHCTAIIM3aUMM YeTBEpHOH
3BTEKTHKH 00pasyeTcs OBYMHPOKCEHOBBIH aHOPTHTOBbIA rPaHHT — INPOAYKT
yeTBEepTHYHOH (KOHEYHOI) CTafMH KpHCTanIM3aluK. B peaynbTarte Beex 3TanoB
KPUCTAUTH3ALMHA MBI TIOTYUMM JUCKPETHBIH PAM MO POJL: OPTONMHMPOKCEHUT—BE6-
cTepuT—Ta66pO-HOPHT—TPaHAT, KONMHYECTBEHHBIE COOTHOIIEHHA KOTOphIX Oy-
[YT 3aBMCHTh OT MCXOJHOTO COCTaBa pacruiaBa. Ecru mcxopHslii cocTas paciua-
Ba momnajaeT B o6beM KpHcTaimu3anuu AH uiH [Iu, To 6ymyT 06pa3oBbiBaThCA
OpyrHe pAfbl TOPOM, HO KOHEYHbIH WIEH 3THX PANOB OCTAHETCA MpPEXHHM —
T PaHHUT.

Ecnu He Gyper ycnoBuil (pakUMOHHPOBAHMA M HAKOIUIEHHA KPHCTAILIIOB
PaHHMX CTajMil KpHCTA/M3anuH, TO oGpa3syercA OJHOpO[HAsA nopopa — nubo
KBapuesoe rab6po, mubo Kpapuensiit fuopuT. [IpHieM B 3aBHCHMOCTH OT YCJI0-
BHMH MOTryT 0DOpa3oBaThcd pa3nMuHble CTPYKTYpHblE Pa3sHOBHAHOCTH IOCIien-
HHUX: THITHIHOMOPQHO3E PHHCTBIE HIIH C HHTEPCTHIMATBHBIM IpaHO(HPOM.

B nuTepatype MMEIOTCA MpHMEpbI BCEX PACCMOTPEHHbIX BAPHAHIOB KpH-
CTaJNIM3alliH, HO OCOBEHHO [eTanbHO OHM M3N0XeHsI B pabore I'. B. ®epuirate-
pa u H. C. Bopommnoii [183].

Crietyet o6patTh BHHMaHie Ha 0coGeHHOCT mopcHcTeMbl AH—IH—[IH—
—Kz (puc. 3.2), 06bACHAIONIYIO0 JABHO H3BECTHY 0 IMITHPHYECKYI0 3aKOHOMEp-
HOCTh — [BYMOJENbHOE PpAcHpoOCTpaHeHWe MOpPOA B MpHpode ¢ rabGpoBbiM
(nua6a30BbIM) M IPAHATHBIM MAKCHMYMaMH: O[IHA ee KpaHHAA cHcTeMa AH—
—3H—[ln ABNAETCA YNpOWEHHOH ,rabbpo-HopuToBo#’’; nBe — AH—IH—KB H
Au—Jln—KB — ynpolneHHbIMM ,,TpaHUTHBIMH ' ¥ OfiHa cucTema IH—JIn—Ks —
YTIpOLLeHHbIM KBapleBbIiM BeGeTeputoM. COOTBETCTBEHHO BHYTPH MOACHCTEMBI
An-9n—Jln—KB umeworca omHa ,ra66po-HoputoBan” xorextuka Ej—£*;
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mee — ,rpaHuTHbIX” E3—E* u E3—E* u omHa — ,KBapueBbix BeGCTEpHTOB”,
NpHYeM BCE COCTaBbI ITOH MOACHCTEMBbI MpH KPHCTAUTH3AUHH CTPEMATCH
K ,,[paHHTHOH "’ 3BTexTHKE £*.

Ipuponneie mpouecchl MopenmupyloTca Gonee CIOXKHBIMM CHCTEMAMM, Ta-
KMMH, Hampumep, Kak cucrema B7.3 — AG6—AH-IH—Oc—In—Ten—Ks—H,0,
TeM He MeHee, COTJIACHO CECTBMI0 MPHHUMIIA COBMECTHMOCTH, OCOGEHHOCTH
cuctemMbl AH—3H—]JIn—KB Kak yacTHOM cHcTeMsl yYHacnenywoTca obueit cucre-
moit B7.3. [Ipu 3TOM, KaK YKa3bIBanoch Bhiille, B cucTeme B7.3 He npoucxomut
yBeMHueHHsA yMcna a3 mo cpaBHeHMIo ¢ cucteMoi AH—3H—Jlu—Ks, a yBenuwm-
BaeTCA ee¢ BapHaHTHOCTh. Tak, raGbpo-HOpHTOBaA KOHTeKTHKa AH—[lM—3H
NpeBpaTHTCA B KOTEKTHYECKHH ueTbipeXMepHblii 00beM KpPHCTAIUTH3AUMH
TBepabix pactBopoB IIn(A6+Axn)+Onp (3n+®dc) +Mnp (Iu+Ten). Kpucrammu-
3auMA B 3T0M 0O6beMe NpH PpaKIHOHHPOBAHHH €€ MPOLYKTOB DyHeT npoHcxo-
OMTh C M3MEHEeHHeM COOTHOILEHWH M COCTaBa MHHEpAIOB B CTOPOHY YyBeJIHYe-
HMA COOepXKaHMA IUIATMOKIIA3a M ero pPacKHCIIEHMA, KOJMYECTBO MHPOKCEHOB
OymeT yMeHBIUATBCH, 4 MX JKEIe3MCTOCTh yBesHuMBaTheA. [IpomyKThl TakoH
Kpucranau3amuy GynyT MpecTaB/ATH Helpe phIBHBIH pAn OT rabbpo-HopHuTa Ao
mHopuTa. 1o JOCTHXEHHI0 KOTEKTHYECKOro TpeXMepHOro o6beMa KpHCTaIlIH-
3aUMM [PAHUTHOH MHHEDAJIBHOH aCCOLMAUMH, B KOTOPBIA NPEBPaTHTCA ,,F PAHHT-
Haa” aBrexTHKa E* B cucteme B7.3, HACTYNHUT PE3KHil CKAYOK B COCTaBe MO-
PO — HAYHYT K PUCTAITHIOBATHCA TPAHHTHI.

Ilo mepe kpucTa/UM3anuy Ge3BOAHBIX (a3 B MarMaTHYECKOH Kamepe mpo-
HCXO[MT HakomneHwe ¢rioupa u yBenuYeHue ero pgaeneHusa. Ha 31o cucrema
npopearupyer obpa3oBanMeM ampubona, koTophii GyneT KpHCTAIM30BaThCA
Bmecto Onp (cM. muarpamMmy cocToanus cucremsl B6.2). Ilpu Gomsiuom co-
IEpXKaHMM JIETYYMX B MCXOIHOM paciUlaBe aM(pHOON MOXET MOABMTRCA HA Ca-
MbIX paHHHX 3TanaX KpHCTANIH3AIMM — B ra66po-HOpUTOBOM accoLManyu, rae
OH ByneT MpefiCcTaBJIeH BbICOKOKAIBIMEBOH H BBICOKOMATHE3HATTBHOR POrOBOi
0oGMaHKOH, a 3aTeM MO Mepe KPHCTA/UIH3AlMM pacIUlaBa U M3MEHEHHA ero co-
craBa OymeT u3MeHAThCA M cocTaB amguGona mo Ip—Ilap—Tac porosoii 06-
MaHKM B IPaHMTHBIX accoumanusx. JlobaBnenne B cucremy B7.3 oproknasa ne
HM3MEHHT CYIECTBEHHO O6LIell KAPTHHEL, A NUIIE ee HeCKONBKO YCIOXKHUT, TAK
KaK NOABATCA KAIMeBO-IONeBOIUNaToBas ¢a3a u GHOTHT (cM. (asoBbie paBHO-
Becwsi cuctemsl B7.3 u B8).

OnucaHHbIHA IPOLECC TeHepalMK FPAHUTHBIX MarM BO3MOJXEH [10 [aBIeHUA
10—12 xbap, 1. e. B Npepenax 3eMHoi Kopsl. [Ipi Gonbumx 3HAYEeHHAX IaBTe-
HHA NONe KPHCTATTH3AIMHM KBapla pacllMpAeTCA HACTOJNBKO, YTO KBaplcogep-
*aue KOTEKTHKH MO COCTaBY OTBEYal0T BHayajie IpaHOAHOPHTAM—IaliTaM,
a 3aTeM KBapLeBbiM JMopuTam—aHfe3uTaM. CyluecTBOBaHHE aHOE3MTOBOTO
MHMHHMYMa TIpH GOMbLIOM [aBlieHMM [OKa3aHa skcnepumeHTansHo T. X. I'pu-
Hom M A. 3. Punrsynom [37] u B. A. Xapukoseim u ap. [66].

OueBM[IHO, YTO KOJNMYECTBO KHCNOH (IpaHMTHOM) mMarmel, 06pa3oBaHHOK
TAKMM MEXAHH3MOM, H ee obGocobnenue ¢ (OpMHpPOBAHMEM TPAHMTHBIX Tenl
3aBHCHMT OT COCT4Ba POLOHAYANLHON MarMel. TeopeTHYeCKHe pacueThl H MPHPO-
Hble TPMMEpBI CBHAETENBCTBYIOT O TOM, YTO NIPH KpHCTALTH3AMK 6a3aibTOBOR
Marmel ocTaercs Bcero 6—7 06.% kucio#i Marmel. Takoe KOMMYECTBO pacilnasa
JIOBONBHO CNIOXKHO 060cO6HTH B eIMHBIH 06beM Naxe MPH HIeaNbHOM () paKIHo-
HMpOBAHMM, ¥ Yalle BCErO KHC/IBIA paciUIaB OCTaeTCA B MHTEPCTHIMAX paHee
BBIJIENIMBIIMXCA KPHUCTA/UIOB ¢ 0Opa30BaHHeM TPAHMTHBIX WIM IpaHOGHpPOBBIX
TAKCHTOB.

[IpepcTaBnseTcs, YTO NOCTATOYHO Gonbioe (25 06.%) KOMMYECTBO KHC-
noro paciasa, cmocoBHoro oBocoburbca M (HOPMHPOBATH TPAHUTHBIE Tena
(MaccuBbl), MOXeT 06pa30BaThCA 3a CYET aH/Ie3HUT-5a3a/IbTOBBIX M aHAE3UTOBBIX
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marm. TIpu paKiuMOHHON KPHCTANNHM3AMMK TaKKX MarMm 6yyT 06pa3oBsIBaTh-
csl cOM3MepHMble KONMYecTBa rab6po—rabbpo-HOpHTOB, IHOPDHTOB H TpaHH-
TOB; TepeXOMHBIX MOPOJ, — KBApIEBbIX THOPHTOB H IPAHOMMOPHTOB — B TAKMX
CepHAX, KaK [IPABUIIO, COMIEPKUTCA 3HAYMTENBHO MEHbILE.

B CBA3M ¢ BHICKA3aHHBIM MpenonoxeHHeM 06 HCXONHOM COCTaBe pPOJOHA-
YabHOH Marmbl OuGGepeHIMPOBAHHBIX CEpPHil Cle[lyeT NPHBECTH 3amMedaHHe
T. B. ®epuratrepa u H. C. Boponunoii [184] mo moBomy reHeTHYeCKO#H CBA3M
ra66po u rpaHMTOB: ,,TaKkuM 06pa3oM MOXHO 3aKJIIOUHMTb, YTO TPAHMTOHMIIbI
aCCOUMMPOBAHEI He C NMioGeiMu THIAMK rabbpo, a ¢ pasHOCTAMHM, 00NaJaoIHMH
onpeneneHHBIME OCODEHHOCTAMH XMMHUYECKOTO COCTaBa, bBnu3KHMH K 6a3ans-
tam. Bonee ocHOBHBbIE IO cocTaBy rabbpo He MawT 3aMETHBIX KONMYECTB rpa-
HUTOHAHbIX MM(depeHIMaTOB, YTO MOXET CHYXXHTh APryMeHTOM B TNONB3Y
reHeTHYECKON CBA3M ra66po ¥ rpaHUTOMOOB B COOTBETCTBYIOIMX CEpHAX’
{c. 48) . Kak BHIMM, aBTOpBI JaHHOH IMTATh! MPUULTH K BBIBOMAY, YTO CyLIeCT-
Byl0T ,,rab6po” u ,,ra66po”. lepeoe rabbpo obpa3yeT caMoCTOATENbHbIE MaC-
CHBbI C He3HAUHTENbHBIM YYacTHEM [PYTHX TOpof, (Yaiue Gonee OCHOBHBIX) M
ABJIAETCA MPOLYKTOM KPHCTA/UIM3AUMK 6a3anbToBOH Marmel, BTopoe ra66po
yuacTByer B CTPOEHHH CIIOXKHBIX MACCHBOB, CIIOXEHHBIX CepHeil Tmopop ot rab-
6po mo rpaumTa. Eciu rab6po stoit cepuu yske uMeeT 623aNbTOBBIH COCTaB, TO
naxe rpyObIi pacyeT cocTaBa MCXOMHOH Marmbl TAKHMX CepHH He mact Gazamb-
TOBOTO COCTABa, @ B 3aBMCHMOCTH OT KONIMYecTBa Gonee xHcnbiX mHpdepeH-
1MaToB 3710 ByneT nMubo aHIe3uT-623aTIbTOBLIN, NUOO AHNE3UTOBBIH COCTAB.

Wrak, npobnema reHepalliy MarMbl IPaHATOB, ABNIANUIMXCA WIEHAMH rab-
GpO-TPAHHTHBIX CEpUil, CBOIMTCA K MpoGlieMe aHIOE3NTOBBIX MarM [29, 66,
156, 157, 216, 255]. B cBaA3u c pazpeileHueM Npo6iieMbl HCXOIHOH Marmbl
s ra56po-rpaHUTHBIX CEpHH CTAHOBHTCH NMOHATHHIM H HECOOTBETCTBHE pac-
IIPOCTPAHEHHOCTH AHJAC3UTOBBIX COCTABOB B BYJIKAHHUYECKOH H IUTYTOHHYECKOH
¢amiax, Ha KoTOpYlo eme pa3 oGpatun BHuMamue A. A. Mapakymen [120]:
HIITYTOHMYeCKHEe CepHHM CKIIA[YaThiX MOACOB MPENCTaBJIEHBI PANOM MOPOA:
ra66po—rab6po-aMopHThI—THOPHTEI—TPAHOMOPHTEI—TpaHuTEL. B 3TOM pAmy
OHOPUTS] M KBapLEBbIE THOPHTHI, COOTBETCTBYIOUIKE IO COCTABY AHAEIHTAM,
MONB3YITCA OrpaHWYeHHBIM pa3BHTHEM, TOrNA KAk NpeobnajaoT TpaHWTH™
(c. 81). A cpemm 3¢ y3uBOB IpeobragaT aHAe3UTEL. ITO U3MEHEHHE KOJIHYe-
CTBEHHBIX COOTHOIIEHMH BYIKaHMYeCKHX M IUTYTOHWYeCKHX TOpOJ aHHE3HTO-
BOTO COCTaBa cCBA3bIBaeTCA A. A. MapaKyllleBBIM C BITMAHHEM JIETYYHX KOMIIO-
nentos (H,O u mp.), ,,BO3pacTaHusA JaBleHHA KOTOPBIX CMELIAeT TeMIepaTtyp-
Hblii MHHMMYM IDIaBJICHMA B KHCIYl0 OOITacTh OT aH[E3MTOB-K TIpaHHTam’
[120 ¢, 8]. Ham npencraBnsercs, 4ro 310 OGBACHEHHE HE COBCEM TOUHOE.
B [eiicTBHTENBHOCTH MpUUMHA 3aKJIIOYAETCA B TOM, YTO AHMIE3MTOBBIA COCTaB
KaK KOTEKTHYeCKHN Tipu Gonbiuom gasneuu (C>15 kbap) B TepmopMHamMHye-
CKHX YCIOBMAX BEPXHMX FOPH30OHTOB 3eMHO# KOpbI (THe BeTpevaroresa audde-
PEHIMpPOBAHHbIE CEPUM NMOPOM) CTAHOBHTCA CHIBHO HeloceiueHHbM Si0, oT-
HOCHTEJILHO paBHOBECHH /18l 3THX YCIOBHI I'PAHHTHOH KOTEKTHKH H Tie peHAChI-
MIEHHEIM TAKHMH KOMITOHEHTaMH, Kak JH, Oc, Iy, I'en, AH. [ToaTtomy nipu ero
KPUCTAJUIH3AIMK ¢ PpaKIMOHKpOBaHHeM Beerna GymyT 06pa3oBbIBATECH PAMIBI
nopox HauMHAadA oT rab6po (rab6po-Hoputa, rabbpo-THOPHTA) H KOHYAA IpaHH-
tom. IIpn 3TOM, KaK yKas3hIBANIOCH BbIllE, MEPEXOMHBIX NMOPOA (KBapUEBBIX
OHOPHTOB H TPaHONMOPHTOB) B 3TOM pAfy OymeT 3HAUMTENIBHO MeHBbIlE, YeM
ra66bpo u rpaHHTOB, TAK KaK JUTA HX KPHCTATIM3AUMH HET MECTa Ha uarpaMme
COCTOAHHA (CM. ONACAHWE MATPAMMBI COCTOAHMA cucTembl AH—JH—JIn—K=).

HamHoro crnoxHee pelliaTh BOOpOC 00 MCXOJHOM Marme TOrjia, Korja no
T€M WIH MHBIM MpPHYHHAM MpPOH30MOET OT/ENCHHE OCTATOYHBIX KMCNBIX Marm
1 oBpa3oBaHHe CaMOCTOATENBHLIX FPAHHTHBIX MACCHBOB 0e3 BHIMMOH CBA3M
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¢ Donee OCHOBHBIMM MOpPONAaMM. B Takux cnyyasx NMpPUMEHANTCA KOCBEHHbIC
METOJbl M aHAIOTHH (TMeTPOXHMHSA, KOMHYECTBEHHbIH H KaYeCTBEHHBIH COCTaB,
NOPAAOK KPHCTAUTM3AUMH MHHEpANIOB, W30TONHbIE OTHOLUEHMA H T. 1.), HO-
Ka3bIBaKLIHE CXOACTBO WIM pATHYHE C TPaHHTOMOAMH raGGpo-rpaHMTHBIX
CepHH.

OmucaHHBIM MEXaHH3MOM Yalle BCETO TeHEPHPYIOTCA KHCIBIE MArMBI,
HeJIOChILEHHbIE TTHHO3EMOM.

3.1.2. AmarexcHC B YCNOBHAX, ONH3KHX K 3aKphITBIM

B coBpemeHHOM IeTponorun HauGornee BEPOATHHIM MEXaHM3MOM reHepa-
LHM KHMCJIBIX MAarM CUMTaeTcs BBINJIABJICHHE (AHATEKCHC) IPaHUTHBIX COCTABOB
M3 PasiMHYHBIX MOPOQ IpH HX MeTamopgu3Me Ha ONpeeNeHHbIX TaNax paspH-
THA NOABHKHBIX obnacteil (reocuHKuHanei) . [Ind MOKa3aTeNbCTBA ero peau-
3alMH B TpHpode GONblyio TEOPETHYECKYIO H 3KCNepPHMEHTaNbHYI0 paboTy
npopesany ¢oH Ilnaten u I'. Bunxnep [23, 289, 290] . Ilo ux sKcrepuMeHTab-
HbIM [3HHbIM, IUIaBJIEHHE Pa3/THYHBIX THEHCOB B MPUCYTCTBHH H3BBITKA BOJBI
HamHaeTca or 645 °C npu P =2 k6ap o 690 °C npu P = 10 x6ap, npu 310M
COCT4B pAcCIUIaBa COOTBETCTBYET KBApL-IONEBOLUNATOBOH KOTEKTHKE [UIA 3a-
parHoro nasneHus. C yBennyeHueM TemmepaTypbl Ha 30° ,,meuTOBBIE™ THel-
Chbl, XMMHYECKHH COCTAB KOTOPBIX CXOJieH C IJIMHUCTBIMH CIIAaHIAMM, PacIUIaB-
nAMHCh 10 75%, T. €. IPaKTHYECKH BBITUIABIIANACE BCS KBapl-IO/IeBOLIIATORANA
cocTapnsAwoIan rHeicos. Ocratounbie (PeCcTHTOBBIE) MMHEpPANBI TMPH HH3KOM
[aBIIEHWH [pefcTaBleHbl kKopaueputom (20004000 6ap), mpu cpenHem
(7000 6ap) — xOpmHepuTOM, ANTBMAHIHHOM, CHIUTUMAHATOM M KBapleMm, MpH
BbicokoM (10 000 6ap) — anbMaHOMHOM, CHIUTHMAHUTOM, KBapIEM.

IlepeHecenue THX pe3y/bTaTOB Ha MPHPOMIHbIE OGBEKTHI BCTPEYAETCA C OII-
pefeNieHHBIMH TPYIHOCTAMH M HecooTBeTCTBHAMH. Tak, Hanpumep, P-T ycro-
BHA MeTamopdusma Gombliero oGbema KONbCKOH U GenoMOpPCKO# cepHit mo-
pon Konbckoro momyocTpoBa GbUIM ONTHMANBHBIMH 718 MOABJEHHA B HHX
COOTBETCTBYIOLETO COCTABA FPAHMTHLIX PACINIABOB, @ MHOTHE NIOPOMIBI HOKHEI
6bITH MONMHOCTBIO PACIUIABMTBCA. B [eliCTBMTENBHOCTH ke MbI Habmionaem He
TaK Y MHOTO MOpPOJI TPaHUTHOT'O COCTaBa (OPMAIIHH aHATEK THF-TPAHHTOB MOJ-
BHXKHBIX 30H, KOTOphIE KPHCTAJUTH30BATHCh H3 aHATEKTHYECKHX paclUIaBoB,
T. €. YCTaHaBIIMBAETCA SBHOE HECOOTBETCTBHE KONHYECTBA OBIBIUMX pacIUTABOB
(mo o6beMHOMY pPacpOCTPaHEHHIO AHATEKTHT-TPAHMTOB) 1O CPABHEHUIO C OXH-
[aeMbIM, COTTIACHO 3IKCNEPHMEHTAIBHBIM AaHHBIM. K Tomy ke ¢ mepexomom
B Gonee BeicOKOTEMmNEpaTypHble dauun meramopdu3Ma (B TpaHyIHTOBYIO)
Pe3K0 YMeHBIIAeTCA KOIHYeCTBO TPAHUTOB, 06pa30BaHHbIX U3 aHATEKTHUECKHX
paciuiaBos. ITo Beeli BepOATHOCTH, NIPONECC aHATEKCHCA TIMMHTHPOBAIICH COMIEp-
KaHHeM BOfbI, KOJIHYECTBO KOTOpOH B mMopoaax 3mipoT-amdubonnToBoil da-
MM MeTamMop¢u3Ma KpaliHe orpaHMyYeHHoe. [laxke TakHe MOPOJIbI, KK NeTUTHI,
NPOXOfA CTallHH MeTaMopdHyecKoro npeoGpa3oBaHus, ipH MOAXOME K IMHOOT-
ampubonuToBOH amuM NMOYTH NONHOCTBIO TepAwT Boay. OHE Moryr copep-
xkatb ee He Dombie 2—3 06.%: 0.5—1.0 cBA3anHHOMH B cimopax (TpH conepXKaHHH
cmopsl ~30%) u 2-2.5 B mopax. [l HachNIEHHA e ITPAHUTHBIX PacIUIABOB
npH nasnennu ambuGonmurosoro meramopguama (4—10 xGap) HeoBxomumo
10—-17 Bec.% Bopel. CnenoBaTenbHO, NPH CONEPKAHHK BOOsl ~3% B YCIOBHAX
ampubonMTOBOH (hauuu MOTyT paciiaBuThCA He Gonbiue 1/3 maxe ,,MHHAMATb-
HBIX” COCTaBOB, IIPH 3TOM IIPOMCXOMMT MOJTHOE ,,BHICYIIHBaHUE "’ nopon. Jlanee
TUIABIIEHHE NPEK PATHTCA, XOTA TEMIEPaTypa MOXET H TOBBILLIATBCA, IOCKONBKY
TeMIiepaTypa IUIaBNeHHA ,,Cyxux’’ mopon Ha 250—300° Buiue TemmepaTyphi
IJIaBJIEHHA ,,MOKpBIX™ nopop. JIoka3aTe/sCTBOM TOTOQ, UTO B OMUCHIBAEMBIX
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YCNIOBHAX BOMA He MOCTYMANA H3BHE, CIYXHT HaJMuKe MOPO[ BhICOKO#H dammu
meTtamMopdu3ma Ge3 3aMeTHBIX NMPHIHAKOB IUIABJIEHMA — KHCIBIX FPaHY/IMTOB.

AHANOrMyHOe MHEHWE OTHOCHTEJIBHO 3aKPBITOCTH CHCTEMBbI NpH oOpa3opa-
HHM aHATEKTHUT-TpaHHTOB Bbicka3siBanmu B. C. CoBones u ap. [166]. Bee uccrne-
JIOBATe M AHATEKTHT-TPAHUTOB MNOJYEe PKHBAKOT YeTKYI0 3aBUCHMOCTb HX COCTaBa
OT COCTaBa ,,MaTepHHCKHX "’ mopof,. PazHoobpasue MeTpoXHMHYECKHX THIIOB MO-
POA B pa3spe3ax reOCHHKITHHANBHBIX TOJILI ONpefienseT pa3ioobpasue NeTpoxH-
MHYECKHX THIIOB Marm, BBIIUIABNIAEMbIX M3 ITHX MOPOJ, H MHHEpaIOro-feTpo-
XMMHUYECKHX FpaHMuTOMAOB, 06pa3oBaHHbiXx M3 3THX MarM [12]. Ho HauGonee
IIMPOKHM pa3BHTHEM Cpe[H HMX MONb3YKTCA T'PaHMTOHMbI, NEpechIlieHHbIE
ATIOMHMHHEM, TAK KaK OHM 06pa3yloTcs 3a cyeT ,,JIeIMTOBBIX ™ MOpOM, 3aHHMal0-
KX AOBOJIBHO BGONbLLUOH 06beM reOCHHKIIMHANBLHBIX Pa3pe30B M ABJIANLMXCA
Haubornee GaroNpUATHLIMH MOPOJAMH [UIA AHATEKCHCA B 3aKPbITBIX YCIIOBHAX.

3.1.3. AHaTeKcHC C MeTaCOMATHYECKO#l NMOATroTOBKOM

[lpu3HaBas BO3MOXHOCTh 0Gpa’oBaHMA MarM NyTeM IUIABNIEHHA NMOpPON,
3eMHOH KOpBI, Fé0JIOTH PacXOHATCA B OUEHKH POJIH BHIIUIABIIEHHA PAHMTHBIX
Marm 3 MOpoJl Pas3/MYHOrO COCTAaBa M IUTAB/IEHHA MOPOL MO COCTaBy, BIM3KHX
K rpaHUTHbIM KOoTeKTHKaM. [Ipu 0OBACHeHHH reHe3nca rpaHUTHOR Marmel IHd-
¢depeHLUMaNBHBIM IUIAB/ICHHEM CMELLAHHBIX MOPOJ KOHTHHEHTAIBHOTO OCHOBA-
HMA ,He BCerga NMpHHHMAaeTcA BO BHHMaHHE, YTO MaKCHMAJIbHOE KOJHYECTBO
rpaHMTa MJIM TPaHOJMOPHTA, KOTOpPOe MOXeT 06pa3oBaThcs NMPH YACTHUHOM
INIaBJIeHHH, ONPENeNANTCA TeM KOMIOHEHTOM, KOTOpbIH MPUCYTCTBYET B Mep-
BuuHo# nopoze™ {80, c. 239] . PaccMatpuBas pe3ynbTaThl IKCIIEPHMEHTATBHBIX
MCCIIe[IOBaHHA MO IUIABJIEHHI0 PadnMyHbIX mopon, b. K. Kunr fSO] oTMeuaer,
4TO ,,He IUTABJIEHME Be[eT K 0Bpa3oBaHMIo NOPOJ rPAHUTHOTO COCTAaBa, IUIABAT-
sl MOpOMbI, YoKe NOCTHTIUME COCTaBa rpaHHTOB” (cTp. 241). M peficTBHTENBHO,
B YCNOBMAX 3aKpPbITOCTH IpH MeTaMopdu3Me IUIaBATCA He BCe MOPOMBI, UTO,
OUEBM/IHO, CBA32HO C MX COCTABOM M KOJIHYECTBOM IIPHCYTCTBYIOLICH B MOpax
BOfbI, B pe3ynbraTe 4Yero obGpasylTcs CMeLIaHHble MOpPOMbI — MHIMATHTBI.
Kpome Toro, B npupofie CyLeCTBYeT onpefeneHHbli (OpPMaHOHHBIH THI rpa-
HHMTOB, KOTOpBIH HAXOOMTCA B TECHOH acCOLMALMM C KBapL-NOJIeBOLIaTOBbIMH
MEeTacOMATHTAMU. YUMTBIBAA 3Ty CBA3b, HCCIIENOBATENM NMPHXOOAT K BHIBOAY,
YTO B NMOArOTOBKE MOPOJ, IPaHUTHOTO COCTaBa GONBIIYIO POJib HTPAET LIEJIOU-
HOH MeTacoMaTo3 (MM MpPOLECChl TPaHMTH3ALMY ) .

I. C. KopxuHckuii [88], Bo Bcex fetansax pa3paGoraBILmMii 3T0T Mexa-
HH3M reHepalMy rPAHUTHON MATMBI, B OTIIHYME OT MPHHATOrO NOHMMAHHUA ,,rpa-
HUTH3ALMH® KaK MeTACOMATHYECKOro IMpolecca 3TOT TePpMHH MOHMMaeT KaK
mMarmatuueckoe 3amelnenme. OH cuMTaeT, YTO TPaHHUTBI He MOTYT ObITh MeTaco-
MAaTHYeCKOrO [eHe3HCa, O YeM CBHJETENIbCTBYIOT CIEAYIolHe HX 0CODeHHOCTH!
MHOTOMHHe paIbHOCTD, BoMee WM MeHee MOCTOAHHBIH KOJIMYeCTBE HHO-MHHEpa-
NOrMYECKHH COCTaB, y3Kas obnacTs coctaBos. [locnentee MoxeT GbITh 0GBACHE -
Ho, mo MHeHuIo J1. C. KopxmHCKOro, ToNbko 3BTEK THYHOCTBIO HITH KOTEK THUHO-
CTBIO MX COCTaBa. B T0 e Bpems OH oTMeuaeT: ,, I paHMTH3alMA, CIEIOBATENBHO,
He Mpe[cTaBifeT coBOM MPOCTO paciyiaBiieHMe, HO COMpOBOXIAETCA M3MEHe-
HMEM XHMHYECKOIO COCTaBa, TaK uTO GOKOBBIE MOPOMLI 3aMELIAKTCA MarMOi,
COCTaB KOTOpOH MpubmokaeTcs K 3BTeKTHYeckoMy” (c. 58) . 10. A. Kysnenos
[101] mo atomy MOBOOY rOBOPHUT Cliefyiolliee: ,,IPOLECCHI LIEIOYHOrO MeTa-
COMATO3a H3MEHAIT COCTAB 3aMeLNae MOl MOPO/bl B CTOPOHY NMpHOIKEHHA ero
K COCTABY IPaHUTHO# 3BTEKTHKH H [IeJIal0T BO3MOXHBIM IUIaBJIEHHe ODOraieH-
HBIX ILEJIOYAMH YYaCTKOB IIpH TeMIlepaType perHOHANBHOTO MeTamopdu3sma’
(c. 348) . Ta xe mbicib Boicka3ssiBaerca u C. I1. KopuxoBckum [95].
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C ppyro# CTOpOHbI, ILHPOKOe pa3BHTHE B NMPUPOAE NMPOLYKTOB IENIOYHOTO
METACOMaT03a — KBapl-NONEBOLUNATOBbIX METAaCOMATHTOB, NOp¢HpobnacTHye-
CKHX THeHCOB, FPAHHTO-THEHCOB, KOTOpbIE MO COCTaBY YacTO COOTBETCTBYIOT
IPAHHTHLIM KOTEKTHKAM, CBHOETENIbCTBYET O TOM, YTO He BCera Mnpouecc pac-
NIaBleHus cledyeT 3a MeTACOMATO30M. JTO 3aBHCHT OT TEPMOAHHAMMYECKHMX
YCIIOBMH NpoLecca. :

Kpome T1Oro, HeOOXOOMMO YTOYHMTh TNMOHATHE ,[PAHMTHAA JBTEKTHKaA’,
NpHMeHAEMOe B Bbllle NpHBeeHHbIX IMTaTaX. Kak 6b110 NOKa3aHo MpH aHAIH-
3¢ TPaHMTHBIX CHCTEM, BCE OHH HMEIOT B CBOEM COCTaBeé KOMIOHEHTBI, KOTOpbIE
o6pa3yioT TBepfble PacTBOPhI, B pe3ysbTaTe Yero B HUX MPOHCXOOHT KOTEKTH-
YecKad KpPHCTAUIH3aLUMA B ONpefeNeHHOM TeMIlepaTy pHOM MHTepBane ¢ H3Me-
HEHMEM COCTAaBAa paciliaBa M COOTBETCTBYIOLIMX TBepObIX (pa3. B rpaHMTHBIX CH-
cTemax, KOTOpbIE OT/IMYAIOTCA KOHLEHTPalMOHHbIMH COOTHOIIEHHAMH HaTpHA,
KanblMA, KalHA H aTIOMHHMA, B 3aBUCHMOCTH OT PH,o YCTaHOBJIEHO HasTHuMe

HeCKOJIBKHX KOTEKTHK, YeM INOATBEPXIeHO 3aKioYeHHe (TeOpeTHYECKHH BbI-
Box) 1. C. Kopi®MHCKOro 0 3aBHCHMOCTH ,,0BTEKTHYECKOr0’’ cOCTaBa rpaHH-
TOB OT KOHUEHTpAlUH LIENOYHbIX MeTAUIOB B Marme. [loatomy coctas Marmbl
NpPH paccMaTpHBaeMOM MeXaHM3Me ee FeHEpalMH 3aBHCHT OT TOTO, A0 KaKoH
TPAaHATHOH KOTEKTHKH [OHIET Npouecc MeTaCOMAaTHYeCKOH NMpopaboOTKH Hc-
XOMOHBIX MOPOM, YTO B CBOK0 OYepe/b ONpefenseTci MHOTHMH GaKTOpaMH: co-
CTABOM HCXOJHBIX MOpOJ, COCTABOM ,,TPaHCMarmMaTH4ecKuX’’ pacTBOpOB, Tep-
MOIMHAMMYECKHMH YCIIOBHAMH (TeMIlepaTypa M I'pafMeHT [aBIeHHA) MpoUec-
ca M CTeNeHbi0 METACOMATHYECKOH MpopaGOTKH KAK MCXOMHBIX MOpOM, TaK H
camoii MarMel. PeaibHOCTh TAKOTO MEXaHH3Ma reHepallMH Marmel HOKa3biBaeT-
CA reoJIOTHYECKHMH (DaKTaMH — CYLIECTBOBaHHEM MarMaTHYECKHX IpaHHMTOB
B acCOMMAUMM C MOPOJAAMH B Pa3NIHYHON CTENEHH TPAHMTH3MPOBaHHbIMH. OHH
HMEIOT pasiiMyHbIi BO3pacT U MONb3YIOTCA IIHPOKHM Pa3BHTHEM KaK Ha TeppH-
topun Coserckoro Colo3a, Tak u 3a pybexom. Ha Konsckom nonyocrpose Ta-
KHe TpaHMTbl MMET BepxXHeapxeHCKHH BO3pacT H pa3BHThl HAa TepPPHTODHH
Mypmanckoro 6noka [12], npuypouwBasce KO BTOPHYHOIN aKTHBH3alUMH CTa-
OHIM3MPOBAHHON MNOABHXKHOH o6GnacTH. B palioHax pacnpocTpaHeHMs TaKHX
IPaHHTOB YeTKO [OKa3pIBAETCA PerHOHATbHBIA NpuBHOC KaymA [12, 114, 115]
¢ o6pa3oBaHHeM pa3TUUHBIX METACOMATHTOR, HAYHHAA OT Nopdupobnact Kamu-
umarta ¥ KOHYasg KBapu-loneBOLUNAaTOBbIMH METACOMATHTaMH, GIIH3KHMM MO
COCTaBY K IpaHHTaM.

IIpoBnemoit ocTaeTcsa MECTO reHepallHH pacTBOPOB, HecC X Kanui H 1npo-
H3BOMANMX [IenouHoH Metacomato3. J1. C. KopxuHckui [’éuz-‘r Npenronaraer,
YTO TpPAHCMArMaTHYeCKHe PacTBOpBI 33pPOXAANTCA B BepxHedl maHTHH. Tem He
MeHee ocTajicsi Ge3 oTBeTa BONpPOC: MOYEMY € pacTBOPHI, NIEPBOHAYANIBHO Ha-
ChillieHHble B OTHOLIEHHH BeChbMa OCHOBHbIX IOpPOJ HIH PacTBOPOB, IPOH3BO-
OAT TpH TpaHMTH3anuH NeGasupuxaumio ocanouHeix mopon? Bonee monHo
CBOHCTBA2 TPAHCMarMaTHYeCKHX PacTBOPOB OmMMcaHbl B paGote A. A. Mapaky-
wepa ¥ JI. I1. Tlepuyka [123].

H. M. Bonoxos [27] Beicka3san uaei oGpa3oBaHMA pa3NMUHBIX MarM pas-
pacTaHWeM MarMaTHYeCKO# KOJIOHHBI CHH3y B CBA3M C BO3[Je/iCTBHEM HHTpa-
TeJUTYpHYECKMX CKBO3BMAarMaTHYeCKHMX PacTBOPOB, KOTOpOE OTOXIECTBIIAETCA
¢ mpoueccoM MHTpy3uu. COrnacHo 3TOH KOHUEMUMM, B NPHPOME CYLUECTBYIOT
TOJIBKO ,,MOKpbie’’ MAarmel, ciocoGHble AKTHBHO MepeMeLIaThcs B BEpXHHe ro-
pusonTel. [IpuBonATCA (aKThl KPHCTAJUIM3AUMK NMOPOJ M3 TAKHX ,,MOKDBIX™
Marm, 410 B O6LIEeM-TO OATBEPXKOAET HALM NOCKUTKH H MOCTPOeHUA. PajmHuna
3aKJIIOYAlOTCA B TOM, YTO [UIA MEpeMelleHHbIX HA 3HAYHTENbHOE PaccTOAHHE
Marm C ONpefeNeHHBIM KONIMYECTBOM JIETYHMHX MBI [IONTYCKaeM HAChIILEHHE HMH
HE HM3HayalbHO, a2 B CBA3H CO CHM)XCHHEM [aBJICHMA B IPOLECCE HMHTPY3HHM
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H yMeHbLIEHHeM MX PaCTBOPHMMOCTH B CHJIMKATHbIX paciuiaBax. OcHoBaHueMm
/1A TAKOTO BIBO/A ABMAITCA ClEAYyomMe 0CO6eHHOCTH DH3UKO-XHMHM CyIIle-
CTBOBaHMA Marm: 1) B NPUPOJHBIX YCJIOBHAX IIPH FeHEpAalHM MArmbl TPYIHO
OXHIATh €¢ NeperpeBa OTHOCHTENbHO JTIMKBH/AYCA JAHHOIO COCTaBa (33 HCKIIIO-
YEHHWEM CIIYYAEB BBICYIUWBAHHA OK DY KaOIIMX NOPOJ) , MOCKOBKY C HOCTYTIe-
HHEM Temia GyjeT yBeMHUMBATbCA KOJNMYECTBO PACIUIaBa ¢ M3MEHEHHEM ero
COCTaBa, T. €. ECIH U Dy/eT pacTd TemmepaTtypa, 10 ,,CKONb3#’’ MO JIHKBHIYCY
COOTBEICTBYIOUIErO COCTaBA; 2) JIMKBHIAYCHI H COMHIYCHI HACHILEHHBIX BOIOM
(1 Apyramu neTywMMM) paciUIABOB MMEIOT OTpHUATENIbHbIH HAKJIOH Ha P—T
TMpOEKIMH, H TIOITOMY, HAXOMACH HA JIMKBHLYCE, KOHKPETHBIH PAacIllaB MOXKeET
NePEMECTHTBCA HA MHTEPBAN, COOTBETCTBYIOLIMA NMONANAHUI0 €r0 Ha CONMM/YC,
IpHYeM NpH [POXOXMEHHH 3TOTO MHTEpBala OH HACTONBKO 3aKpHCTAJUIM3YeT-
CA, YTO [anbHEHLUee ero MPOBHXEHHE B BepPXHHe TOPH3OHTBI 3eMHOH KOpPHI
CTaHET HEBO3MOJXKHBIM.

HMmeroTca U Apble MPOTHBHMKH CYLUECTBOBAHUA ,,TPaHCMATMATHUECKHX'’
pacteopos [139, 140, 145]. Tak, B. I1. Ierpo [139, 140], ccbuiasch Ha 3k-
cnepumenTs! [I. Kentem, KoTopble MOKa3anH HeOr paHMYeHHYI0 PaCTBOPHMOCT
'BOJIBI B paciiaBe KpemHesema npu P>9.8 kGap, cuuTaeT HEBO3MOXKHBIM CYILE-
CTBOBaHMe CBODoAHOro ¢monma B MecTaX reHepalMd Marm. B CBA3M ¢ 3TUM
»MPENICTABMASAECTCA BO3IMOXKHBIM KBaTMUIMpPOBaTh KpHTHKY B. I1. Ilerpoma
B a/IpeC KOHUEMIMH TPAHCMarMaTHYeCKHX PAacTBOPOB KaK HECOCTOATENbHY,
HaXO[ALYICA B NPOTHBOPEUMH C MCHOIb3YEMBIMH KPHTHKOM 3KCIIepHMEH-
TaIbHbIMKH [IaHHBIMH. BOIla B CHUIMKATHbIX paciulaBax pacTBOPAETCA XOTH M
B 3HAYHTE/IBHBIX KOJH4YeCcTBaX, HO, BonpekHu B. II. [lerposy, He GecnpepensHo,
a BCerf/la OrpaHHYeHHO, YTO M HAXOIMTCA B [IOCTATOYHO XOPOILUEM COOTBETCTBHH
¢ OCHOBHBIMH MONIOXKEHMAMH KPHTHKYEMOH MM KoHuemumuu” [27, c. 66].
Cnpaseriusocts Bo3paxesuii B. Il. TleTpoBa MOXeT OTHOCHTBCA TOJBKO
K ONpe/ieNieHHbIM (GOpMaUHOHHBIM THIAM IOpPOJ, HO BOOGLIE OTPULATh BO3-
MOXXHOCTb T€HEPAMH MarM IOJ, BO3[EHCTBHEM ,,TPaHCMArMaTHYECKHX ™ pact-
BOPOB 3TO ONATb-TAKH OpocaThes U3 OHOMH KpPaHHOCTH B IPYTYI0, IPHIHCEIBAS
YHHBEPCA/IbHOCTD KAKOMY-TO OOHOMY MeXaHH3MY [€Hepalyu MarMsl.

3.2. Ipobnembl MaHTHHHOrO OGPA30BAHMS KHCIBIX MAarm

Tlpi OMMCAHHM rPaHATHBIX CHCTeM 0GpalATOoch BHHMaHHE HA paciumpeHHe
00beMa KpHCTAIUIH3aIMH KBAapLA C yBeJIHYeHHEM KaK 0BIIero JaBieHus, TaK u
¢monasoro. IpenensupivMi 3HAYCHHAMH JABNEHAA /1A MUHHMAJIBHOTO COMIEp-
KAHHA KBapla B IpaHMTHBIX KOTeKTHKax (~20%) asnsercs 10 x6ap, a ana
BofiHOrO (umoHaa — 12—13 kBap, uro cooTBercTBYeT rNy6HHe 30—40 KM, T. €.
3Ta O0CODEHHOCTb IPAHHTHBIX CHCTEM OTPHIAET BO3MOXHOCTb CYIIECTBOBAHUA
FOMOTEHHBIX PDAHHUTHBIX PACIUIaBOB Ha Gonbiuei rirybuHe — B MaHTHM. Mcxonsa
M3 CYWECTBYIOINErO0 MHEHMA O COCTaBe MAHTHM, TPY[HO IIpE/ICTAaBHTh reHepa-
LUMIO M3 Hee He TOJIBKO I'PaHWUTHOM, a JaXKe NAUMTOBOH M AHIE3WTOBOI MArMBI.
Tax, 0. A. Ky3ueuos u A. J1. fimuun [102] kareropuyecku OTPUIAIOT MAHTHI-
HOE TPOHCXOXEHHEe TPAHMTHBIX MATM: ,HH [UIfi OJJHOTO IPAHATOMIHOTO IUTY-
TOHA HENb3A [0KAa3aTh MOJAKOPOBOE MM MAHTHHHOE MPOHMCXOXKIEeHHe 06pa3o-
BaBllei ero marmbr” (c. 72). KocBeHHbIMH 10Ka3aTe/IbCTBAMH BHYTPHKOPO-
BOrO [POHCXOXK[EHHSA FPaHUTOB, MO HX MHEHHIO, ABJAIOTCA: 1) B rpaHMTax He
BCTPEYAIOTCHA KCEHOMUTBI ITYOHMHHBIX MOpOM; 2) rpaHMThI OTCYTCTBYIOT Ha 06-
UIHPHBIX TUIOMAAX 3eMHOH KOpBI C OKEaHMYeCKHM THNOM. TeM He MeHee
MMEJOTCA BIOJIHE JOCTOBEpHBIE (haKThl MOCTYIUIEHMS KHCIIBIX PACIUIABOB M3
MaHHTHH HIH MO KpaHHeH mepe M3 Ga3abTOBOH OKeaHWueckol xopbl [116]
H, KpPOME TOrO, CYLIECTBYIOT KOCBEHHbIE KPHTEPHH MAHTHHHOTO MPOMCXOXKIE-
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HHUA Marm onpeaeeHHbIX CbOpMaIDIOH'HHX TUIIOB I'PAHMTOB : H30TONHBIE OTHO-
[LIeHHs ¥ FeOXHMHYECKHe OTHOLIEHHS XAPAKTEePHBIX ,,MAHTHHHBIX™ IeMEHTOB
[16]. CocTaB TAaKHMX MarmM H3MEHAETCA OT PHOJIMTOB /10 NAIMTOB. B. U. I'epacu-
moBckuit ¥ zp. [32] npueopsT mpumep oBpazoBanuA KHCBIX Nae (¢ Si0,>
>73%) Ha o-Be MicrmaHpus, pacloo)KeHHOM HA CEBEPHOM OKOHYAHWH Cpe[MH-
Horo Atnantuyeckoro xpe61a. KomuuecTBo KHCIbIX MOPOJ B pa3pese BYJIKAHH-
toB Mcnanmmu oueHp He3HAUMTENBHO — TepBbIe MIPOLEHTHI. ITO TO KOJHMUYECTBO,
KOTOpoe MOXeT obGpa3oBaTscs NpH MaddepeHIMaINH KBAPU-HOPMATHBHBIX ba-
32JIbTORBIX Marm.

3. W. Nononuros u 0. I1. Bonemen [146] npusonat yGenurenbHbie GaKTo!
IOIKOPOBOrO TPOHCXOXMIEHUA KHCIBIX MAarM (JAIMTOBBIX, aHE3UT-NAUTO-
BBIX, QHIE3UTOBBIX) OCTPOBHBIX AYT.

TIpuMepOM TUTYTOHHYECKHX TMOPOJL, MarMy KOTOPbIX CUMTAI0T MaHTHAHOTO
NPOMCXOXEHAA, ABJAIOTCA IeouHble rpaHuTel Kombckoro monyocTposa
EI l]i panaKkuBM W YAPHOKHMTEI CEBEPO-BOCTOUHOH wacTH bBanruiickoro mmura

159].

IlpennonaraioTcA /B2 MEXaHW3Ma TeHEpAUHH MOJKOPOBBIX IPAHATHBIX
marm: 1) KpUCTaUM3auMOHHAA MH(QepeHIManua MAHTHHHBIX PaclUiaBoB B
YCIIOBHAX MAHTHH; 2) CeNIEKTHBHOE BbIIUIABIIEHHE H3 MOPOJl MAHTHH .

Croponnnkamy 06pa3oBaHHA NMOMKOPOBBIX KMCIIBIX MArM MyTeM KpHCTai-
IM3AMMOHHON MM depeHIMaIMK MAHTHIRHBIX paciiaBos asnstorca H. M. Xura-
pos u ap. [188]. Onn nomyckaiot, uto Ha ruyGuse 70 KM mpouecc oud depeH-
UMaMH NPUBOJAT K 06Pa30BaHHI0 OCTATOUHBIX KHCIIBIX MAarM B KOJIHUECTBE [10
10%. Taxoe MpenmnoyioKeHHe MNPOTHBOPEUAT 3KCIEPHMEHTAIBHBIM NaHHBIM
(cM. BBILLE) W TIOITOMY MpPeHCTABIIAETCA MAJIOBEPOATHBIM.

HauGosree HeTansHO B TEOpETHYECKOM M IKCIEPHMEHTAIBHOM IUIaHE pas-
paboTaH BTOpOi MeXaHH3M reHepaliy IOJKOPOBBIX KHCIbIX MarmM — CelieK-
THBHOE MUIaBJIeHHe MAHTHHHBIX TOPOJI, TOYHEE KBapLEBBIX IKJIOrHTOB [36, 37}.
Ho 51a Mopens, BepOATHO, KAK H IlepBas, BCTPEUaeTCH ¢ TPYITHOCTAMH M3-3a
Npe/MONaraeMoro yibTpaoCHOBHOTO cOCTaBa MaHTHH. B mocneyiHee Bpems Bce
yale TOABJIAKTCA BbICKA3bIBAHMA O GONee KMCIIOM COCTaBE BEpXHEH MaHTHH

[108]. OnHum u3 nepBbIX, KTO HA¥as MOXHMMATH 3TOT BONpOC, Gout I'. . Ada-
Hacke [8]. I'pasumy Moxo oH 0BGbACHAI He H3MEHeHHEM XHMHUECKOTro COCTa-
Ba, a W3MeHeHueM (aszoBoro cocraBa GasansToB (ra66po) wm naxe Gonee
kucneix mopop. ITo ceficMHMECKMM JIaHHBIM YCTaHOBJIEHO, YTO MepBHIHbIE
OYArH 3apOXEHHsA Ga3aTbTOBBIX MArM pACNONOXEHb! Ha IIyOHHAX, MpeBbI-
1LIAIOLMX MOLTHOCTb KOPBI, T. €. B TIpefiesiax BepXHeii ManTuu [28].

B paGote B. A. Xapukosa u fp. [66] mpennaraercA OpUrHHATIBHBIA MEXa-
HU3M TeHepal¥ B MAHTHM IUENOYHO-U3BECTKOBbIX Marm. O6pazoBaHMe MaH-
THIHBIX pACIUIABOB, COHEPXALIMX CBOGOIHBbIH KpeMHE3eM, OHH CBA3bIBAIOT
¢ MeTacoMaTHuYeCKHM MpeobpazoBaHieM GecKBapleBBIX KIIHHOIHPOKCEHHTOB
M 9KJOTHTOB C BBIHOCOM ILeNodYedl (roMmamMH M BbiIeneHHeM CBOGOOHOTO
KpeMHe3eMa, COTJIACHO Cleflytouiei cxeme:

INaAISi;0¢+2 (Ca, Mg) o 5 AlSi, O+ (Ca, Mg) Si0;= 2(Ca, Mg) A, S 0g+
+78 i02+ Nago.

IosBnenue cBOGOMHOrO KpeMHe3eMa NMPHBOIMT K CYLUECTBEHHOMY MOHH-
KEHHI0 TeMIlepaTypbl IUIABJIEHWA TAKOH CHCTEMBI, YTO M BbI3bIBAET BBIIUIABIIC-
HHE M3BECTKOBO-ILIENIOUYHBIX MArMm MpH COOTBETCTBYKIUMX TeMIIEpaType H [1aB-
neruu. IlpepmonaraeMble MarmMaTHYeCKHe OYard, MOpPOXAOUHE H3BECTKOBO-
LLeJIOYHYI0 CepHIO, PACIIONAraiTcA B GONBLIOM WHTEpBaIE IIYGMH, IpUYeM He
0BHapYXHBaeTCA ABHON 3aBMCHMOCTH COCTaBa MarM OT I1yGHHHOCTH.
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Kacascy BimAHMA BOpbI Ha paBHOBeCHe IUIaBJIeHME —KpHCTAIUTH3ALMA,
B. A. Xapukos # ap. [66] co cchuTKO# HA CBOM 3KCNIEPUMEHTBI H K CTie pHMEH-
o1 JI. X. I'puna, A. E. Puursyna, K. P. lilrepna, P. Yaiim, U. B. Jlambepra u
JHInepa MpUUUIM K BHIBOZY, KOTOpbIH aBTOPOM HacToAmieit paGoTsl GbUT Bbi-
ckasaH ewe B 1971 r. [49, 50], uro yBe/nmueHHe colepXaHus B paciuiaBe BOIbI
(mpu mocrosiHHOM o6lueM [aBNeHHH) MPUBOIMT K MepeMeleHHI0 KOTeKTHYe-
CKOro MHHMMYMa B 0G/IaCTh KPEMHEKHCIIBIX COCTaBOB. Kpome TOro, oHM 0TMe-
HaloT, YTO YBEJMYEHHE COMNEpXaHUsA BOMBI B PacIUIaBaX BCJE/ICTBHE H3MEHEHUA
TeMINepaTyp IUIABJIEHHs, COCTAaBA pAcIUlaBa M KHCIOTHO—OCHOBHOTO B3aHMO-
ACHCTBMA KOMIIOHEHTOB NPHBOIMT K H3MEHEHWI0 (ha30BbIX COOTHOIUEHHl,
YeMy TOCBALIEHO OCHOBHOE CO[Ep)KaHHe MaHHOW paboThI, NOATBEPXIAMLIee
BbICKa3aHHOe 3axitioueHHe. [IpHueM akueHT B 3TOM 3aKyIHOYeHMM HeOGXOIHMO
CAeNaTh Ha TO, YTO H3MeHeHHe (a30BbIX ACCOIMALMIA — 3TO peaKI|A CHCTEMBI HA
YBE/IHYeHHe 1aBJIeHHA BOJBI, OCKONIBKY MOABNIAETCA GOJee IUTOTHAA ACCONMA-
w4 pas-muHepanos. Tak, Hanpumep, 06pas’oBanue (IOTONMHTA MPOMCXOMMT
C yMeHbllieHMeM 06bema Ha 24.4%: Op+33u+H,0 = ®n+3Ks, AV=59.74 cm>;
myckoBHTa Ha 10.5%: Op+Anc+H,0=My+Ks, AV=—19.25 cm®.

A. H. Bunorpaziossim u M. H. Ily6posckum [25, 26] npemnoxena Mozens
TeHEpAHH NMOAKOPOBBIX IPAHUTHBIX MAarM IIpH KpPHCTA/IM3ALUHOHHON audide-
peHLMaUMK TONEeHT-6a3abTOBBIX PaciUIaBOB B YCIIOBUAX MaHTHH. OCHOBOI Iia

3paboTku mopienu nocnyxwm skcnepumentsl T. X. Tpuna u A. E. Punrsyna
%6, 37], O. X. T'puna u M. B. Jlambepra [35], JI. X. Kosma, K. H10 u
Iox. Kennemu [97] u H. H. Xuraposa u ap. [187, 188] no miaeneHuio 6a3ans-
TOB H KPUCTANIM3ALUMH OCHOBHOH Marmbl, a TAK)Ke KpHCTAUTH3aIMH Ge3BOIHO-
IO IpaHHTA TpH BBICOKHMX 3HAYEHHAX [IaBIIEHUA H Temmepatypsl. Kak npasuno,
TIPH HHTE PIPETALMK ITHX JAHHBIX C LEJIBI0 CO3[IAHMA MOJEIIH [eHe ALK MAarMbl
MpeMonaraeTcs, YT0 YCIOBHA M HANpaBJIeHHOCTh (PAKIMOHMPOBAHHA HA BCEX
CTaJ{AX KPUCTA/UIH3ALMK MCXOQHOIO paciulaBa OIMHAKOBbI. 31O YCIIOBHeE Meii-
CTBHTENBHO cOGMIoNiaeTCA B uHTepBane or 1 o 9 k6ap, KOraa Bce paHHHE TBEp-
Aple (a3pl OKa3bIBAOTCA GONee IUIOTHBIMH M MeHee KPEMHEKHCIIBIMH, YeM
OCTaTOUHbIH paciuiae. OpaKuMOHMpPOBaHHE TBEPABIX (a3 B TAKOM Clydae MpH-
BOJMT K 06pa30BaHMI0 OCTATOYHBIX PACIUIABOB IPAHMTHOTO COCTABA.

C mosbliieHueM NaBeHHA NMpH KPUCTAIUTH3AUMH PACIUIABOB CpefHeil oc-
HOBHOCTH NPOHCXOIHT NPHHUMNHANBHOE M3MEHEHHE B COOTHOIUEHHH XMMM3Ma
TBEP/IbIX H KHUOKHX (a3: HAWMHAET BBINENATHCA KBApl — ¢a3a, Gonee KpemHe-
KHCITOTHAA, YeM OCTATOYHbIH paciuias, B Mape ¢ GoJee IIOTHOM M MEHee Kpem-
HEKHCIIOTHOH (a3oii — rpaHarom. CornacHo skcmepumentam T. X. Tpuna u
A.E. Punrsyna [37] n B. A. Xapukosa u p. [66], npu nanesmu >12 6ap
(rnyGxe 50 KM) KpPHCTAUTH3AUMOHHO-TPaBHTALMOHHAA MudpdepeHmamys To-
NeHT-5a3aNbTOBBIX MArM Be[eT K MOABJIEHHIO aHE3MTOBOTO ,,pacilIaB-MHHH-
Myma”. [IpH KpUCTaNM3aIMM TAKOTO PaciiiaBa B YKA3aHHBIX YCTIOBHAX B 06-
nact cyGnukBHIyca TBepabie (assl MpeCTaB/eHbI PaHATAME, THPOKCEHAMH,
LIMHHENAMH, KBaplUeM M KaJMHATPOBBIM IONI€BBIM IUMIATOM. YYHTBIBAg, 4TO
IUTOTHOCTb aHJE3HTOBOTO PACIyiaBa NMpH GONBLIOM [aBJIeHMH CTAHOBHTCA GOIIb-
lle IUIOTHOCTH KBapua u caHumuHa (mpH 20 xGap oHa papHa 2.7-2.8 r/cm?),
MOXHO OXMIaTh 3p(eKTHBHOrO paseneHHA TBepabiX ¢a3: dpemuueckue Mu-
Hepanbl OyyT OCaXJATCA HA [HO MArMaTHYECKOH KaMepbl, 3 KBADI| M CaHH-
AuH - (WM aHOPTOKNIa3) BCIUTBIBATH K ee KpoBne. B pesynsrate B amuKanbHol
YacTH Kamepbl 0bpa3yerca reTepodpa3Has CHCTEMa — MHTMa, BATOBBIH COCTAB
KOTOpO# NMpH AOCTATOYHO /JIHTENIBHOM MpOLEecce KPHCTA/LTH3AMMH MpHEHKa-
€TCH K TPaHHTaM.

B uutepsane nasnenua 18—25 k6ap (rny6usa 60—80 kM) NpH HHTEHCHB-
HOM BBIIJICHHH TpaHaTa, COONEpPXKALEM IpOCCYNAPOBYI MONeKyny (pacmias
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obeprAeTca AH), T. e. o peakman A6—>XKn+Ks, moryr oGpaszopaTbcs mienoy-
HO-TPaHUTHbIE MMT'MBI, a TipH GonbllleM JaBNeHMH, Koraa Bmecto A6 obpasyet-
ca Xpn, Ho mo 35 k6Gap, 1. e. go peakmuu aKe—+Ko3c — xamMeBo-rpaHUTHbIE
murmel. Ilpy mombeme 3THX MHIM B BepXHHEe TOPH3OHTHI KOPbl HMEETCHA BO3-
MOXKHOCTb peanu3auuy ABYX BAPMaHTOB MX Npeobpa3opamua: 1) 3akamka pac-
mwiasa B 3bdy3nBHO# daumum ¢ o6pazoBaHuem nopdHpoBsIX Mopon; 2) o6paso-
BaHHe TOMOTeHHOH KHCIIOH Marmbl 3a CYeT BTOPHYHOTO paciUIaBJIeHHsA HHTpa-
TEJUTYPHYECKHX BBIIENIeHHil pH MeJIeHHOM MOJbéMe MHIMbI H COOTBETCTBEH-
HOM CHWDKEHWH [aBJIeHMs. 30Ha BO3HMKHOBEHHS KHCIIBIX MHI'M CHH3Y O paHH-
yeHa P =35 x6ap, MpH KOTOPOM KBapll NMEpeXOOMT B KO3CHT H BCIUIBIBAHHE
BLICOKOK peMHHeBO#H ¢ha3bl mpexpamaerca. CoxpaHAlIAACA Ha 3TOM YpOBHe
BO3MOKHOCTb BCIUIBIBAHMA CAHH[IMHA MOXET NMPHBOIHTH K NMOABNECHHIO CHEHH-
TOBBIX H/IH MOHIOHHTO-IHOPHTOBBIX MHIM.

3.3. Cmeunnnoe o0pa3oBaHHe KHCIBIX Marm

Mon cmewlmHHLIM MarmMooOpa3zoBaHMeM Mbl NOHHMAaeM Tako# Mpomecc,
KOI[a B HEM YYaCTBYeT MaHTHiiHOe u KOpoBoe Beiectso. [lpennonaraerca, 9ro
MaHTHHHaA mMarma GaszansToBOro Wwin Gonlee KHMCIOTO cOCTaBa, MOMAJAA B 3eM-
HYI0 KOpY, cocofHa acCHMHIMpPOBATh €€ HOpOAbI H M3MEHATh CBOH COCTAB
BIUIOTH 0 KHCHBIX PAaciUIaBOB, NMHGO pacnnaBiATh UX M 33TeM CMELIMBATBLCA
¢ 3tMMH paciviaBami. IlpocToii pacyeT cocTaBa NPOAYKTOB aCCHMMIALMH (HITH
CMeILieHHA) IMOKA3BIBAET, YTO TAKOH MeXaHH3M reHepalMH IpaHHTHBIX MarM
(Si0,>69%) MOXeT peaIA30BATHCA NHILD B HCKITIOUMTENBHBIX YCIIOBHAX, MO-
CKONBKY MOMKOPOBas AAKE AHOEIHT-HAUMTOBas marma (HamGonee KHcnas)
TIPH MaKCHMANbHOH ACCHMHIALMM MOPOJ, MO COCTABY OTBEYAIOLMX eHKOKpa-
TOBBIM TDAHMTAaM, He GymeT rpamuTHOH Marmoii. Ho, ¢ npyroii cTopoHsl, npu
K PHCTAJTM3a0MOHHOH MuddepeHIManyy  Takux MarM OynyT ¢opmupoBaThca
CepHH OHOPHT-TPAHMTHBIX MOPOX CO 3HAUMTENbHbIM O6BEMOM IpaHHTOB, a Ta-
KOH MeXaHW3M TeHepalMH IPAHMTHBIX MarM Mbl Yoke pa3Gupanu BhIlLe, He pac-
cMaTpHBas npobneMy MpOHCXOX[EHMA marm Gonee OCHOBHOIO COCTaBa, YeM
TpaHHTHBIE.

K cmemaHHOMYy THNY MarmM cliefyeT OTHOCHTb H Marmy, obpa3oBaHHyw0
B 3¢MHOi KOpe B pe3yNbTaTe ,,MArMaTH4eCKOr0 3aMeLleHHA’’ O BO3[IEHCTBH-
eM MaHTHHHBIX ,,TpaHCMarmaTHueckux” ¢miomnoB. Takol MeXxaHH3M reHepa-
UMM MarM, KaK yKassiBAJIOCh BBILIE, MOTYT JaTh FPAHHTHBIE MAIMbI pa3THYHO-
IO COCTaBa.

Teonornyeckre aKThl CMELIEHHA MArM pa3NMYHOIO COCTaBa NpHBOOATCA
B pabore A. I'. Annepcona [204] . ITo ero MHeHHI0, JaHHbIE O MAATHAHOM Mpo-
HCXOXOEHMH MAarM aHe3HTOB M HecKONbKO Gonee KUCIbIX OO HENOCTOBEP-
Hbl. McXolHbie MAarMel 3THX MoOpof, Kak cuntaeT A. I'. AHnepcoH, o6pa3ywrca
npH ManornyGHHHOM CMEIIMBAHHH KHCITBIX PaciUIaBoOB CYIIECTBEHHO KOpOBO-
T0 MPOHCXOXIEHHA ¢ HeGOMBILIMMM MOPUHAMMU ITyOHHHBIX Ga3aIbTOB.

IIx. C. Jituenbeprepom [216] Ha mpumepe oGpasuos u3 Aup, KackamHeix
rop, Maibix AHTHIBCKHX OCTPaBOB NOKAa3aHO, YTO aHME3UTHI YACTO COMEpPXNKAT
HepaBHOMEpHBIE 10 OTHOLICHHI0 K MX 0obeMy XHMH3MY a3bl, THII H COCTaB
KOTOpbIX ONpeeNAnT NpHHANEKHOCTb ITHX (a3 Ga3anbTOBLIM MM PHONHTO-
BBIM Marmam, Ha OCHOB2HHH YEr0 aHAE3HMTHI PACCMATPHBANIOTCA KAK MPOAYKTEI
KPHCTAJUTM3alMK Marmbl, 0Gpa3oBaHHOH CMeLIEHHEM pacIUIaBOB M3 BepXHei
MaHTHH W HHXKHHX YacTei KOHTHHEHTAIbHOH KOpBI.

WU. II. Pabmkos u ap. [156, 157] npemioxin Mofiens, IO KOTOpOit reHe-
pauus GONBIIOro KONMMYECTBA aHMIE3MTONONOGHBIX paciulaBoB 3a CYeT IiTyOuH-
HBIX MEXaHW3MOB NPOMCXOIMIA TONBKO HA PaHHHX CTAgMAX MCTOPHHM 3eMIIH.
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B panpHeiilieM I3TH MEXaHH3Mbl CMEHHJIMCh KOMIUIEKCHBIMH MpPOLECCAMH,
BKJIIOYAIOLMMH ACCHMMITAIIMIO OCAIOYHOTO BHICOKOTIMHO3eMHCTOr0 MaTepHasa
¢ nocnenywowei AuddepeHMaHei rHOPHAHBIX paciUlaBoB. Tako#l MexaHH3M
06pa3oBaHMA MCXOIHBIX MarM Uis JMIKO-aparyGekoro Komiulekca nopon
Konbckoro monmyoctpoa npennonarani B. P. Berpun u A. H. Bunorpaznos
[21)-

Takum 06pa3oM, cMellieHHeM TMOIKOPOBBIX MarM C MOPOJAMH HIIH Mar-
MaMH 3eMHOH KOpbl He MOTYT 06pa30BarThCsi TPAHHTHbIE MarMbl, TEM HE MeHee
3TOT MpOLECC BEJET K OGPa30BaHHMI0 aHIE3MTOBBIX, BOIMOXHO, H Bonee KuC-
JIBIX Marm, NPH K pUCTA/UTH3AUMOHHOM [ (e peHIHAlHK KOTOPbIX oBpa3ylorca
CepHM MOpOJ, TN FPaHUTHI 3aHHMAK0T He TOCHeAHee MECTO.
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4. KPUCTAJUIH3ALUHUA KHMCIIBIX MAT'M

+B Bompocax mpHpoObl MAarM-pacIUIaBOB M MX KpHCTA/UmM3auuu Gonbluas
3acnyra npuHamexut O. 10. Jlesuncony-Jleccuury. Bot uro oH mican B 1916 r.
[111]: 4B cpoeit kuure ,HccnegoBanus Mo TeopeTHUecKoil merporpaduu’ 1
BNOJIHE OINpe[e/IeHHO MPOBOAMJI B3IJIAM HA MarMy KakK Ha pacTBOp, KOTODBIH
JOJDKeH MOMYMHATHCA MpaBUITy a3 H BooOLIe 3aKOHAM KPHCTAIH3ALMH PacT-
BopoB » (c. 98). U manee (c. 99) : ,,Ho ecrm 3BTeK THKA, OBITH MOXKET, H HE fB-
NAeTCA e[MHCTBEHHOH BO3MOXHOH CXeMOH KpPHCTAJUTH3ALHH MarMhl, eClTH BO3-
MOXHBI B OTHENBHBIX CIIyYasAX HHbIE CXeMbl, TO BO BCAKOM CiIyyae TOJNBKO
C yNpOYeHHEM B3IJIAA HA MArMy KaK Ha pacTBop GbLI MOCTaBJIEH Ha MPaBHIIb-
Hy10 TIOYBY BOIIPOC O MOCNENOBATeNIbHOCTH KPUCTA/UTH3AUMH (PACTBOPHMOCTS)
H ABHIIACh BOSMOXHOCTh YKa3aTh Ha NPHMEHHMOCTh K MarmMam HeKOTOpBIX
3aKOHOB O pacTBOpax, Kak 3T0 ObUIO YKa3aHO MHOI0, a TAKXKe MyTeM K pHTHYe-
CKOTo. pa360opa MMEILEroca aHAMMTHYECKOTO H TePMHMYECKOTO MaTepHana M
OTYACTH JKCIepHMEHTa HeNOCpPe[ICTBEHHO [10Ka3aTh BIMAHUE 3THX 3aKOHOB Ha
KPHCTA/UTH3alMI0 MarMbl, KaK cjenan B uenom page pabor ®orr”. ¥Yxe B 10
'BPEMA HM BBICKAa3bIBAITACh MBICIIH, KOTOpbIE H CeHYAC OCTalOTCA COBpPeMEHHbI-
mu (c. 99) : ,,Haum npencraBneHus o NpHYMHAX TOH MM HHOM MOCEI0OBATENb-
HOCTH BbIIeNIeHHs MMHEpAJIOB H3 Marmel, 0 Xode mpouecca muddepeHIHaIMH,
0 BO3MOXHOCTH HJIM HEBO3MOXHOCTH 06pa30BaHMA TeX WM MHBIX MHHEpAJIOB
M3 Marmbl B 3HAUMTENBHOH CTeNeHH 3aBMCAT OT HAILEro B3rJIAAA Ha MPHPOLY
Marmsl 4, B YaCTHOCTH, ONIpe/Ie/TANTCA HALMMH PeJCTaBIEHMAMH O UCCOLMA-
UMK Marmbl M JOMyNIEHWH CYINeCTBOBAHMA B Hel GIM3KO OT TeMIlepaTyphl 3a-
CTHIBAHHA W3BECTHOH aCCOUMALMH OCHOBAHMI M KPEMHEKHCIOTHI .

HansHefiiee pasBHTHE METPONOTHH W3BEPXKEHHBIX TIOPOJ], HECOMHEHHO CBi-
3aHO C ycrmexamH 3KCIepHMeHTanbHOH metporpadum, a'B 3toit 06nacT Gob-
was 3acnyra npuHamiexMt H. J1. BoysHy u ero mkone. CxeMa KpucTaiiM3anu-
OoHHOM TM(depeHumManuy 623aTbTOBOH MarMel B COOTBETCTBMH C PEAKIMOHHBI-
MH pafamu BoysHa mpuBoaMTCA BO Beex yuebHukax nerporpaduu. Haubonee
00OCHOBaHHAaA CXeMa KPHCTAUIM3alMH MarmMbi omucaHa B pabore @. 10. JleBuH-
con-Jleccunra [110, ¢. 130—163], roe oH oTMeyaeT, 4TO CXeMa, OCHOBaHHAaA Ha
peaKIMOHHbIX psAfax boy3sHa, He MOXeT ObITh YHMBEpCAIbHOM, TAK KaK B 3aBH-
CHMOCTH OT P4CTBOPHMOCTH H W3MEHEHHA OTHOCHTEIBHOH PacTBOPHMOCTH OT
TEMIIEpaTyphbl, [JaBJICHWA M MpHMecedl MOC/IeOBATENbHOCTh KPHCIAIIH3ALMH
MOXeT MeHATbCA. OH Mo[ue pKHUBa, YTO TeMIIEpaTypa H COCTAB IBTEKTHKH NOJ,
[aBJIEHHEM CMeInalTcA. TeM He MeHee M B COBPEeMEHHOMN reojIoruYecko auTe-
paType MOXHO BCTPETHTh BBIPXKEHHE, YTO TPAHUThI ABJIANTCA IBTEKTHYECKH-
MH (MM aHXM3BTEKTHYECKMMH) NOPOHaMH H II03TOMY HOJDKHBI HMETh OTpesie-
TIEHHBIH COCTaB.

Ilo coBpeMeHHBIM B3INIANAM, TPAHUTHBIE MArMBbI-PACIUIABbI MIPEICTABIIAIOT
c000# MHOrOKOMIIOHEHTHbIE CITOXHbIE PACTBOPBI C HEOJHOPO/IHBIM CTPOSHHEM.
B HMX MMEHTCA YYaCTKM KPHCTA/UIMYECKHX CTPYKTYp Pa3lIHUHbIX MMHEpaoB
(cuborakcucer) , IaBalLIKe CpPe/iM JHCCOUMHPOBAHHBIX HEMEHTOB THX pelle-
TOK: KOMIUIEKCHBIE ATIOMOKPeMHHEBO-KHCIOPOAHbIE aHHOHBI M KaTHOHBI Na*©,
Ca™, K', Fe*, Mg®* u ap. OueBunHo, uto o6Gpa3oBaHue ONpe/IeIEHHbIX THTIOB
KOMIUIEKCHBIX aHHOHOB H COOTBETCTBYIOLIMX COeIMHEHMH 3aBHCHT OT KOJIHYE-
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CTBEHHOTO COOTHOLUEHMA JNIEMEHTOB KOMIUIEKcOooGpaloBareneit (KpemHHA W
ATIOMMHHA) M IEMEHTOB MPOCTHIX HOHOB, T. €. 06pa30BaHHe TOr0 WIH HHOTO
MHHEpasna 3aBHCHT INIaBHBIM 06pa3omM OT COCTaBa paciuiaBa, M 3T 3aBHCHMOCTb
NOJYMHAETCA M3BECTHOMY B XMMHH NpaBWIY MONAPHOCTH COMETAHHA aHHOHOB
M KaTHOHOB. Mcnons3opaHue 3TOro NpaBuia NMO3BOJNAET ONPENENATh KUCIOTHO-
OCHOBHBIE CBOMCTBA OJJHUX HOHOB MO H3BECTHhIM CBOHCTBAM [PYTHX HOHOB,
BHICTPaHBas MX B PAbI. ITH PAMIbI HOHOB MO KMCIOTHO-OCHOBHBIM CBOHCTBAM
HCTIONB3Y10T IA 0bbAcHeHMs 06pPa30BaHHA MHHEPABHBIX acCOUManui, 06MeH-
HBIX peaKiMil, TMKBaluK K T. . [85, 241].

[ockonbKy rpaHMTHBIE paciuiaBbl HMelT obiylo 0coGeHHOCTh — Mepech-
ILIeHHOCTb OHHM KOMIeKco06pa3oparenem, a HMEHHO KpeMHe3eMOM (B Tipe-
penax 25—40 sec.%) , TO HX paliMyHe 3aBHCHT OT COOTHOLLEHHA OPYroro Komil-
nexcoo6pa3oBarelia — AMOMHHUA C HATPHEM, KAIBUMEM M KaTHEM, KOTOpOE
onmpenenseT METPOXMMHYECKHH THN pacrasa. B meTpoxummueckux Tunax,
TiepechIleHHbIX ATIOMHHKEM, NOCEHHH BeleT ce6A M KaK KoMIuiexcoobpaso-
BaTenb, H KaK MpOCTOi MOH, B YeM MpOABNIAITICA ero amdoTepHbie CBOACTBA.
Jpyrum BOKHbIM NETPOXMMHYECKHM COOTHOLUCHHEM ABIIAETCHA XEJe3HCTOCTh
cHCTeMBI, KOTOpas, KaK GbUJIO MOKa3aHO NMpH AHANM3€ CHCTEM, CHIIBHO BITHAET
Ha MOfABJIEHHE TOH HITH HHOH MHHE paIbHOH acCOLMALMH.

Kak yxe momyepKUBanoch, Mpolece KPHCTAUIM3AUMH MarmMbl HauMHaeTCA
TOr/a, KOTZA OHA ,.MepeceyeT” TUKBHAYC JaHHOH CHCTeMbI MpH ee HAChIIEHUH
MeTyYWMM, T. €. TpefieNl BHe[peHHA paciUlaBa B BepXHHe FOpPH3OHTbI 3¢MHOH
KOpbI PerynHpyeTcs ero TeMIEpaTypol, XapaKTepoM M KOJIHYeCTBOM pacTBoO-
PEeHHBIX B HEM JIETYuMX, OCOGEHHO BOMIbI H yrnekucnorsl. [loatomy ewe pa3
OTMETHM, YTO [UIA HaC HauGonee BaXKHbl IHArpaMMbl COCTOAHKA TPAHUTHBIX CH-
CTEM MpH YCTIOBMM MOJHOrO HACHIIEHHA PacIviaBa JIETYMMMH, B MpOCTeHlleM
cnyyae Bopod. Ho mpu Hcrmon»3oBaHMM OMarpaMM COCTOAHHA HYXHO MMETH
B BHJL, YTO IIPH MA/biX CONIEPXKAHUAX BOABI (HM3KOM 3HaYeHHH Py ) H BbICO-
KOl TeMIepaType KpHCTAIHYECKHE CTPYKTYphl MHHepanoB obnagawt Goib-
umMm u3omopduamom. Tak, Hanpumep, AG 1 Op npu HeBoONBLIOM cOJie pXKaHHH
AH B cucteme obpa3yioT HempepblBHbIE TBepfble pacTBopbl, I'mn u Can (can-
JMT) — IHXKOHMTBI M aBTHTHI, 31, Cam u T'un — IrHpHH-aBIUTH K T. 1. H3omop-
¢u3M cmon ¥ amMbuGONOB He OrpaHWYMBAETCA MMHANIAMM, HCIIOb30BaHHbIMH
npu paspaboTie (GHIMKO-XHMHYECKHX MOJlenei, MOCKONbKY GHOTHTBI, Kpome
©®n u AHT, CONEPAT HCTOHWT M CHEPODWIIHT, a mpHpoaHble amMbHEONbL! CO-
CTOAT MMHHMYM H3 YeThIPpEX MHHAJIOB.

TMockonsky GONbIMHCTBO OHATPAMM COCTOAHMA, OCOGEHHO MONKTEPMH'E-
CKHe TIpOEKIMH H306apHYeCKHMX CeYeHHil, ABIANTCA KaueCTBEHHbIMH, TO MX
HeIb35 UCIOJIb30BaTh 1A NMPOC/eXHBaHUA X0Ma KPHCTAUIH3AUMH KOHKpPeTHO-
ro pacmapa. TeM He MeHee ¢ MOMOILUBIO 3THX IMArpaMMm MpH NONAJaHHK COCTa-
Ba B TOT WJIM MHOM TeTpasap (WM TPeYTONIBHHK) MOXHO Mpe[cKa3aTb TEOpeTH-
YeCKHil MMHEpaIbHBIA COCTaB M CONMOCTABHMTH €r0 ¢ haKTHYECKHM, YeM OINpeNie-
JMThb YCIOBHA KPUCTAUIM3AUMH XOTA Obl OTHOCHTENIBHO Y3/IOBbIX HHBAapHaHT-
HBIX TOYEK.

Hcxons M3 TeOpHM KPHCTATUTM3ALMH PacTBOPOB M TOMONOTHH HHIHKO-XH-
MHMUYECKHX [MArpamMM, 3TANbl MarMaTHYeCKOH DAaBHOBECHOHW KPHCTAIUIH3ALMH
CBA3aHBI C NMEPBHYHON KpHCTA/UTM3aupell (KpPHCTaNIM3auMa B 0ONMacTH OHOH
da3bi), BTOpUYHOH (KPHCTAITM3ALMA HA NBOMHOM KOTEKTHKE), TPETUYHOH H
TaK panee [0 KOHeUHOH KOTeKTHKH. [IpexpaineHHe KPHCTAUIH3ALWMM OOHHX
MUHEpPaTioB W HaYano APYTMX CBA3AHO CO CMEHOH (H3IUKO-XHMHMYECKOH 0GCTa-
HOBKH KpHcTanu3amyu. OcoGeHHO BaXKHBIM 3TANOM SBJIAETCA pa3fieNieHHe ro-
MOTEHHOTO pacllaBa Ha fiBe XKHIUKOCTH: ANIOMOCHIMKATHBIH paciuiaB, Hacki-
LLIEHHBIH JIETYYHMH, U (IIIOH, HACHILIEHHbIH KOMIIOHEHTaMH paciiaBa. Jlukpa-
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Tabnuua 4.1

KotekTHYeCKHe cOCTaBbl TPAaHHTHBIX CHCTCM B 3aBHCHMOCTH
OT XeJIe3HCTOCTH CHCTEMb] U [1aBJICHHA (bIIIOHD.ﬂ

MarHe3uanbHble COCTaBbI

Xene3ucrbie COCTABHI

(Fe'<50%) (Fe'>70%)
Cucrema A — A6—AH-Op—3IH—DPc—Anc—Ks—-H,0
Tn+0p+Kpn+Onp+Kse [n+0p+Kpn+On +Ks
Mn+Op+Kpn+bu+Ks Mn+O0p+T'p+Kpn+Ks
Mn+Kpn+but+Amd+Ks Mn+0p+Tpt+Anct+Ks
Mn+0p+Kpn+My+Ks Mn+0p+IptAmp+Ka
Mn+Op+T'p+bu+Ks Op+l'ptAmMdp+bu+Ks
Mn+Tp+bu+Amd+Ks [In+0p+Ip+My+Ks
Cucrema b — A6—AH—Op—3u-®c—Ks—H,0
[n+0p+O0np+Ks Mn+O0p+0n+Ks
Mn+O0p+bu+Ks Mn+0p+Amdp +Ks
Mn+bu+Amdp+Ks Opt+bu+Amd +Ks
Cucrema B — A6—Au—Op—31—®c—Bo—Ks—H,0
[n+0p+Mnp+Onp+Ks Mn+Op+Mnp+0n+Ks
[n+Op+Mnp+bu+Ks Mn+Op+Mnp+Amd +Ks
Mn+Mnp+bu+Amdp+Ks Op+Mnp+butAmd+Ks
Cucrema I' — A6—Op—3H—®c—Bo-Kr—H,0
A6+0p+Mnp+Onp+Ks A6+0Op+Mnp+On+Ks
A6+0p+Mnp+bu+Ks A6+Op+Mnp+Amp+Ks
A6+Mnp+bu+Amd+Ks Op+Mnp+Bbu+Amd+Ks

Cucrema J1 — A6—Op—3
A6+0p+(3r—Mnp)+Onp+Ks
A6+0p+(3r—Mnp)+Bbu+Ks
AG6+(3r—Mnp) + but+Amdp +Kn

H—0c—Bo-3r—-Ks—H,0
A6+0p+(3r—Mnp) +On+Ks
A6+0p+(3r—Mnp) +Amp+Ks
Op+(3r—Mnp) +bu+Amd+Ks

Cucrema E — A6—Op—3n—®c—3r-Ks—H,0

A6+0p+3r+Onp+Ks
A6+0p+3r+bu+Ks
AG+3r+bu+Pu6+Ks

A6+0p+3r+0n+Ks
AG+0p+3r+Pu6+Ks
AG+0p+Pu6+bu+Kn

NMpumevauue. B cucteme A mpu cpefHei Keme3ncro-

CTH, KpOMeé TOro, BO3MOXHbI

CHeNyolMe KOTEKTHYECKHE CO-

craspi: [In+0p+bu+Anc+Ks, [In+bu+Ip+Anc+Ks, Mn+Op+
+Bu+My+Ks; B cucreme B — [In+Op+bu+Amd+Ks; B cucre-
me I — A6+Op+Bu+Amdp+Ke; B cucreme 1 — A6+Op+bu+
+Amb+Ks; B cucreme E — Op+3r+Pu6+bu+Ks.
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UMA KHCIIOrO paciulaBa Ha [Ba manosepositHa. Takum obpa3zom, B paBHOBec-
HBIX YCIIOBHAX HA TeMIEpPaTypy W MPOAYKTHI KpPHCTA/LIH3AMHA MATMbI BIIMAIOT
ee HMCXOOHEIH COCTaB H [aBJieHHe (IIIOWIA, YTO H OTPaXKaiT B YIPOIIEHHOM
BHJIE TEOpeTHYECKHE (PH3HKO-XMMuueckue monenu. B 1abn. 4.1, xoropas co-
CTapjieHa mo JaHHeIM Tabnuu mpuinox. 1-1V, npuBejeHs! NPOAYKTHI KOTEKTH-
YeCKOH KPHCTAIUIH3alMH TPAHHTHBIX CHCTEM B 3ABMCHMOCTH OT MX JKeJIE3UCTO-
CTH M faBneHMA Bombl. Kak Buano n3 1abn. 4.1, HaBupaercs Gonsille copoka
KOTEKTHYeCKHX TIDAHUTHBIX COCTaBOB, NPECTABJIEHHBIX IJIABHbIM 06pa3z’om
NATHMHHE DATTBHBIMK accoumamuAMK. Tonsko LecTs accoumMauui cuctemesr b
COCTOAT H3 YeTbipex MHHepanoB. Takue yeThIpeXMHHE paJibHBIE PHPOIHBIE AC-
couxauun ¢ GuoTHTOM DYnyT 06pPa30BBIBATECA W3 MArMbl, NiepechilIEHHON alio-
MHHHEM, HO [1e HACTONBKO, 4To6b1 noaswics Kpa umu [p, a cocTaBsi, HaChILIEH-
Hble ATIOMHHHEM H [daxe c1abo mepechiiieHHbIE MM, IPH KPHCTAM3AHK OHo-
THTA ,,niepeckakuBanT’ B cuctemy B (I') mnu J1 (E).

B cucreme JI He yuTeHBl accouMauMM ¢ JHMrmMateiom — SFeSiOj-
Na;Si03  TiO; — ocobeiit THI TpukAMHHOro MMpokceda (?). On Moxer mo-
ABHTBCA OIMH HITH COBMECTHO C JTMpPHMHOM, KOr[a CTeNeHb OKHCIIEHHA XKejie3a
HeBbICOKasA H B Hopme BynyT He u @c, 1. e. He Gyner XBaTaTh TpeXBaJICHTHOTO
xene3a i obpasopanus Jr.

B npHpO/HBIX YCIIOBHAX pPaBHOBECHAA KPUCTAIUIH3ALKA YCIOKHACTCA M Ha-
pywaeTcs GOLIMM [3BJIEHHEM , H3IMEHEHHEM CKOPOCTH OTBOMA Tema, pakuuo-
HHpOBaHMEM TBEPAbIX (a3, HAKOIUIEHHEM H MOTepeH JIeTYUHX, OKHC/IHTEIIBHO-
BOCCTAHOBMTE/IbHBIMM  NpOUECCAMH, ,,TPAHCMATMaTHYeCKHMH ™  dIIioMIamMu.
B npoayxTax KpHCTa/IM3alMH NIPH TAKHX YCIIOBHAX COBMECTHO C pABHOBECHDI-
MH (pa30BLIMH ACCOLMAUMAMM MOTYT NpPHCYTCTBOBATH (ha3pl OT HENOIMHOCTBIO
MPOLIEATHX MEPHTEKTUYECKUX PEAKUMH C COOTBETCTBYIOLMMH CTPYKTYpPaMH,
H obiee uncio a3 MONET JIOXOIUTH 10 7, 4 YMCIIO ACCOUMALHMN C PeaKITHOHHBDI-
MH MHHepanamH — 10 200 (cM. MepHTEKTHYECKHE PeaKlMH B 1LECTH-, CEMH- H
BOCBbMHKOMITOHEHTHBIX CHCTCM&X) .

PaccmoTpum BrIMsAHME OTHEbHBIX (AKTOPOB HA KPHCTAIUIM3AUHI0 TPAHUT-
HBIX Marm IMpH YCJIOBHM NOCTOAHCTBA HITH OTCYTCTBHA BIHAHUA APYTHX.

4.1. BruAHHe HCXOIHOIO COCTABA MarMhl Ha TeMIepaTypy
KPHCTA/UTH3aLHH (thp} H cnocobel ee onpeneneHus
(Tepmomerpus)

Kak u3pectHo [64, 89, 93], remnepatypa MarmMaTH4eCKuX CHCTEM ABIIAET-
CA BHYTpEHHMM (aKkTOpOM pDaBHOBECHS, 3aBHCHLUMM OT crieflyiomero HaGopa
napametpoB: P, S, m,_ ; p; i TeopeTHueckue OCHOBBI 3aBHCHMOCTH TeMIepa-
TYpbl KPHCTANTM3ALMK OT KOHUEHTPAUMH pacTBOpa (paciiaBa) MHOTOKOMIIO-
HEHTHBIX CHCTEM H3noXeHbl B paborax A. B. Croponkuna [168, 169, 170].
Temnepatypy KpHCTANIM3aUHKM KOTEKTHYECKMX COCTABOB MOXHO pPACCYMTDI-
BaTh, €C/TH HMETh B PACTIOPAXEHHH BCe TEPMOIMHAMHYECKHE KOHCTaHTBI TBep-
ApIX (a3 ¥ paciaBa, H3MEHMIOINErO CBOH COCTAB NMpH KpHcTamm3amuu. K co-
KaJIEHHI0, B HacTOsAILCe BpeMA MbI He paclloyiaraeM TAKHMH IaHHLIMH B He MO-
KeM NPOM3IBOAMTH TAKHE PAacyeThl JaXke NMpH HAIHMYMM COBPEMEHHOH BBIYMCITH-
TeNIbHOH TeXHHKH. [103TOMY HpPHXOIMTLCA OrpaHHMUMBATBECA JKCIePUMEHTAlb-
HbIMH [IAHHbIMH, HO H MMEIOLIHECA pPe3yNbTaThl MIABIEHUA—K PHCTALUIH3ALAN
[296] saBnAlTCA MONMYKONMYECTBEHHBIMH, TAK KaK He COHEpXKAaT CBEeHMi 1O
CooTHOWEHHI0 (a3. KonuuecTBeHHbIE JaHHbIE UMEIOTCA TONMBKO [UIfA CHCTEMbI
A6-An—Op—Ks—H,0 [49, 292, 293, 294] . U3 skcnepumenTos [Ix. lileitpepa
u H. Boyana [263, 264], M. b. Quensbayma [202] u3sectHo, uro fo6asneHue
K KBapu-TONeBOLIATOBbIM KOTEKTHKAM jKeJe30-, MarHui- 1 alnioMHHMICOep-
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KalMX KOMINOHEHTOB HE3HAUMTENBHO CMEIAeT HX KaK II0 TeMIlepaType, TaK U
N0 KOHUCHTPALMH, YTO COOTBETCTBYET W MPUPOIHBIM HabBIIOHeHHAM: Ha 80—
90% rpamutel coctoAT W3 Ke+Iln+Kmu. [Tostomy mis N pHOIMXKEHHOH Olle HKH
TeMINepaTypbl KPUCTAIUIH3AIMH KOTEKTHK BIOJIHE MOXHO HCIONIB30BAaTh [aH-
Hple o cucTeMe A6—AH—Op—KB—H,0, 06o6iieHHbie B paGoTe aBTopa [49].
Bce xorexTHueckHe COCTaBbI HMEKOT TeMIEPATYpPHbIA MHTEPBAJ KPHCTAIIIH3A-
MM, BeTMYMHA KOTOPOTo Haxomutces B Mpenenax S0 °C ¥ 3aBHCHT OT HCXOIHOTO
COCTaBa KOTEKTHKH, B JaHHOM clTyyae oT oTHouleHHA AG : AH. C oTKIIOHEHHEM
COCTaBa pacIUiaBa OT KOTEKTHYECKOIO TeMIepaTy pHbIH UHTePBAJl KpPHCTA/LTH3a-
MK OypeT yBeNHUYMBATHCA, M 4eM Goibiie GYIeT 3TO OTKIIOHEHHE , Tem Bosiblie
Dynet M MHTEpB&N KpPHUCTANIM3AUMH. MHHMMAIbHAA COJMIYCHAA TeMIEpaTypa
IPaHATOB NPHONU3UTENBHO OTPAHMYMBAETCA CONMAYCHOH TEMIIEPATYpPOH CHCTe-
Mbl AG—Op—KB NpH MONHOM HACBIIIEHHH BOMOH, 3HAaYeHHe KOTOPOH HAXOIUT-
ca B npepenax 640—960 °C B 3aBHCHMOCTH OT PH?O. JIume HekoTOpBIE COCTA-

Bbl MMEIOT CONTHAYC HMXKE ITHX 3HAYEHMH TeMIepaTypbl, 3TO TAK Ha3bIBaeMble
OHTOHMTBI, MOPOIbI, CHIIBHO OBOraieHHble TAKHMH (III0CaMH, Kak (GTOp U Gop
[84]. Bepxmmii TemnepatypHblii mpeen ,,CyXuX'’ KOTEKTHYUECKHX TPaHUTHBIX
cocTaBoB orpaHuyeH 1100—1150°C.

B HacTosimee BpeMA CylIeCTBYeT HECKOIIBKO CIOCOGOB ONpemeeHUs TeM-
Nepatypbl KPUCTANIH3AUMK: 1) MO pacmpeneneHHIo KOMIOHEHTOB (3/eMeH-
TOB) MeX/1y COCYLIECTBYIOIHMN (ha3aMH-MHHEPANaMH; 2) MO rOMOTeHH3aLHH
PaCKpHCTAIIM30BAHHBIX BKNIOUYEHHA B MHHepanax; 3) TMO MONYKOJIHYECTBEH-
HBIM PH,Oﬁ T —X pH3MKO-XHMHYECKHM MOMENAM ([MarpaMmamM) ¢ MCIOJb30-

BaHMEM MWHEDANbHbIX ACCOMMAIMH W XMMHYECKOrO cOCTaBa mopojsl. [Tpuuem
1pu onpefesneHun T, TPHPOIHBIX IPAHUTOB CIEAYeT BCETA HOMHHTD O BhILLE-
MPUBEACHHBIX HHTCPBANAX KPHCTA/UIM3ALUMH CHHTETHYECKHMX TaIUTOrpaHMTHBIX
PacmiuaBoB, MOCTOBEPHOCTb KOTOPBIX MOJTBEPXAEHA MHOTHMH 3KCIEpHMEH-
TaAMH.

4.1.1. Cnocof onpenenenus Tcp TPAHHTOB MO paclpeleNeHHI0
KOMITIOHEHTOBE (37IEMEHTOB) MeXIY COCYIeCTBYIOLMMH
thazamu-MHHEpanamMu

Hpes mcnonbs3oBaHua pacnpe/eneHus KOMIOHEHTOB MeXILY COCYILECTBYIO-
WMMH  (asaMu-MUHEpAIaMH 15 onpefenenna Ty, BO3HMKIA TOI/A, KOTHA
CTAJI0 H3BECTHO, YTO MPHPO/IHbIE MUHE PNl ABJIAITCA TBEPABIMH PacTBOPAMH.
Kpatkas ucropus storo sonpoca uanoxena B pabote JI. JI. [lepuyka [134].
TeopeTHyeckoi OCHOBOH 3TOrO €MOCOBA CITYXKHUT 3aKoH pacripenenehus Hepera,
KOTOpbI# BbLI OTKPBIT NIPH H3YYeHHH PACTBOPMMOCTH KOMIIOHEHTA B IBYX He-
CMELIMBAIOIMXCA XKHAKOCTAX. [IpameHenne 3T0Oro 3aKoHa K NpHpOIHBIM TBEp-
AbIM pacTBOpam TpebyeT ompefie/ieHHbIX AonyweHni. Bonbiuas pa6ora no teo-
PETHUECKOMY 0DOCHOBaHHIO H IPaKTHYECKO#H pa3paBoTike MHOTHX MHHE PaJIOTH-
YecKMX ,,TepMomeTpoB” mponenana JI. JI. Ilepuyxom [134] u C. CakceHoil
[158]. Bonee yem [ecATHIETHHI OMBIT PUMEHEHHS ITHX »T€PMOMETpPOB "’ A
Pa3TMYHBIX MHHEPANbHBIX ACCOUMANMI MOKA3aJl MepCHeK THBHOCT ITOFO CIOCO-
6a u HeoOxOaMMOCTb anbHEHIIEro ero ycoseplueHcTBoBaHuA. Kak cnemyer us
pabotel JI. JI. Ilepuyka, rpanyMpoBka BceX TEPMOMETPOB IIPOM3BO/IMIACH Ha
OCHOBe [BYINOJIEBOLINATOBOTO TepMoMeTpa bapra, ycoBepllueHCTBOBaHHOrO
W. Il. Paduukoseim [151, 153] u JI. JI. Tlepuykom [134] mo pmamubiM paHHMX
sxkcnepimMerToB B. MaAmpl. C mosBneHHeM 3Kclie pUMEHTanbHbIX maHHbIX X. Ce-
Kka [265, 266, 267] JI. JI. [lepuyk u A. J1. Anexcanapos [137] eme pa3 nepe-
CTpauBalH [BYNONEBOIINATOBbIA Tepmomerp. B 1975 r. Ilx. Cropmepom
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Puc. 4.1. IIpynonesommaroBsift TepmoBapomerp. M3oTepmul # M306apel B KOOpAMHATAX
AGT_ppKMm 5 HHTepBane BoAHOro naBneHnd 4—10 kbap [53].

[277] mpeanoxeH ABYNONEBOLINATOBIA TePMOMETD, AHATIOTHYHBIH TepMOMET-
py JI. JI. Tlepuayka u A. JI. AnexcaHgposa.

Hns rpaHMTHEIX TMOPOJ, KOTOphIe OBNAHaKT WMPOKHM CNEKTPOM MHHE-
PANBHLIX aCCOLMANMI, MOXHO HCIIONB30BATh GONBIIMHCTBO TepMOMETPOa, pas-
paborauasx JI. JI. Tlepuyicom, 3a HCKITIOUEHHEM TeX, T/l TIpHMEHATCA Hede-
JH. YWATBIBaA, YTO NMONEBbie LUNAThI ABNATCA NpeobrafaniMMy MIHE pasna-
MH TPaHHTOB, Npe/AnoyYTeHHe HeOGXOOMMO OTHATh ABYTONEBOLIMATOBOMY Tep-
MOMeTpY.-

ComnocraBnenme a3oBbix nmpeBpauieHuii B cucteMe A6—An—Op Ha THKBH-
ayce u B cyBconumycHoi oBnacT NMpu u3MeHeHHH PH,O u T mpUBENO K MBICITH

0 BO3MOXHOCTH CO3[aHMA ABYTONEBOILNATOBOIO TEPMOMETPA IUIA MarmMaTHye-
ckux nopon [53]. INocTpoeHs! ABe AHArpaMMbl, KOTOpPbIe MOXHO Ha3BaTh MO-
NeBOILNATOBBIMA reoTepmobapomerpamu (puc. 4.1 u 4.2) . 'padukn paccumTa-
HEl JIA ONpeeNieHHsA COMMIAYCHON TeMIepaTypbl M BOJHOIO JaBJIeHHA cOoCylLe-
CTBYWILMX MOJNEBbIX WIMATOB B cHcTeme AG—AH—Op, MOCKONBbKY B MPHPOAHBIX
YCNOBHAX paBHOBECHE MMOJIEBBIX LIIATOB JOCTHTaeTCH HA KOHEUHbIX CTAIMAX
KPHCTATH3AIHH PacIUIaBOB, KOTJa OHM MpPaKTHYECKH BCETa HACHIIIAKTCA BO-
noit. Jins DoNmeBBIX LIMATOB H3 eCTECTBEHHBIX TOPHBIX MOPOM, COMEpPXAlMX
IpyTHe KOMIIOHEHTbI, IPaBHIIBHO ONpeJieiAeTCA TOJIBKO TeMIepaTypa, Ha KOTo-
PYI0 BIHACT He TOJILKO BOJIHOE JABJIEHHE , HO  IPUCYTCTBYIOLIME KOMIIOHEHTHI.
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Puc. 4.2. Jlpynonesolunaropsit TepmoGapometp. HM3obapsr B koopnMHaTax Ae_p_
—AGKIm 5 HHTepBase BOOHOro nasnenns 0.5—4 xGap [53].

Mosromy nomyuaemoe mo rpaduxy naBneHue ABAAeTCA YCIIOBHBIM BOJIHBIM
HOaBneHHeM, KoTopoe OyneT Bcerga Golblie MCTHHHOTO Py, o Ha BemMuMHy,
NPONOPUHOHAJILHYI0 COMEPHAaHHIO ,A30bITOYHBIX " KOMIIOHEHTOB OTHOCHTENIBHO
»UMCTOH’ cHcTeMbl AG—AH—Op. McTHHHOE MaBlleHHe BOMBI onpefenAeTca no
HOMOTpamMMe Ha pHcC. 4.3, IOCTPOEHHOH MHTEPNOJIAIHMEH H3MEHEHHS [aBlIeHUs
BOJBI OT ,,YHCTOH” cucTeMbl AG—AH—Op 0 KOTEKTHYECKHX COCTABOB CHCTe-
mbl AG—AH—Op—KB npu NocTOAHHO#M CONMMIYCHOI TemMmepaType.

Tpumenerme mpemaraeMoro rTepMoGapoMeTpa I MarMaTHyecKux nopop,
BIOJTHE NPaBOMOYHO, MOCKONBKY CYIECTBOBAHHE MAarMaTHYeCKHX CTPYKTYp,
30HANIBHBIX KPHCTAIIIOB IUIATHOKIIA30B, MUK POKJIHH-IEPTHTOB CBHETENIBCTRBY-
€T O TOM, YTO NOC/Ee KPHCTA/UIM3ALMH H3 MArMaTHYeCKOro PaciyiaBa MopoIsl
Yawe BCEro He HCNBITHIBAKT IepPeKpHCTALIH3AIMH. MOoXKeT MpOHCXOmUTh yTo-
PAOYEHHE CTPYKTYpbI, IBOHHHKOBAHKE KPHCTAIIIOB MOJIEBBIX WMATOB, pachal
Ha MEPTUTBI H AHTHNIEPTHTBI, HO MOJIHOTO 060cobNe A pasmHyHbIX (a3 ¢ o6pa-
30BAHHEM CaMOCTOATENIBHBIX KPUCTAJUIOB, KaK NpaBWwio, He HaGmopaeTcH.
MHorja Ha rpanMue ¢ MHKPOKIMHOM Ha TUTaTHOKJIA30BBIX KPHCTAIUIAX obpa-
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Puc. 4.3. HomorpamMma s onpejeneHus HCTHH-
HOrO PH o Mo YCnoBHOMY PH o CHHMAEMOMY
2

o pHC. a.l H 4.2, H u36LITOYHOMY KOJIHYECTBY
KOMIIOHEHTOB OTHOCHTE/IBHO UMCTOR CHCTeMbl
A6-AH—Op, paccuThiBaeMoMy M0 ¢dopmyne:
100 — (A6+AH+Op)H°p, unu 100 = IIn+
+KIw) py pr-

IMonpaska TeMNEpaTyphl B Cllydae NPUCYTCTBHA
Bo (moune CO, nenaercd ¢ y4eTOM [aHHBIX
[156] : Ha xaiasie 0.1 Mo nomx CO, Temnepa-
Typa yBennuMBaerca Ha 20 .

3y10TcA anbOMTOBBIE KaeMOYKH, KOTOpbIE
MOTYT CIYXHTh GakTom cyBconmmMmycHOR
NepeK PUCTANTH3ALMH, HO HX 06beM OTHO-
CHTENTbHO OCTAJIBHOI Macchl MOJIEBbIX LUMa-
TOB HACTONBKO MaJl, YTO HE MOXeT 3Ha4YH-
TENbHO BJIMATH HAa [JaHHbIC pacnpen;enem«m
ansbura. [TocTMarmaTHuecKHe NPOLECCHI,
nerko GUKCHpyeMble NeTporpaduyecku-
MH METO[aMH, ¥alle BCero pa3sBUBAKTCA
He 110 BCEMY TeoJIOTHYeCKOMY Tely, a Mo
olnpenesieHHbIM 30HaM U yuacTkam. Ectect-

fec.” BEHHO, [TIOJIEBBIE LWIMATbI H3 TAKHX YYaCTKOB
7 2 30 1 % ec.% He MOIDKHBI MCTIONB3OBATBCA [UIA ONpeie-

NIEHHS MarMaTHYeCKHX TeMIIeparyp.

TepmoGapomeTp NpoBepAICA HA MHOTHX Napax MOJIEBbIX LINATOB M3 IO-
POfi, BKIIIOUAIOLMX [PAHMTHI PA3NAYHOM ,,FIYOHHHOCTH™, CHEHHTBI, FPAHOCHE-
HUTbI, PHONIHTBI M TPAXMTbI, H ObLIH MONYYeHbI BIOJIHE peaibHble K PbI COMH-
[LyCHOH TeMIlepaTyphbl U JaBJIEHHUA.

CneflyeT NOMMEPKHYTh, YTO MOCKOJIBKY Tpe/yaraemelii repmobapomerp
PACCUMTAH [UIA JIMKBH/IYC-COIMIYCHOTO IOJIEBOILUNATOBOTO PaBHOBECHA, TO OH
MOJXKET TIPEMEHATHCA TONMBKO JUIA MarMaTHYecKHX II0poJl, B TO BpeMA Kak Mo
muarpammawm JI. J1. Tlepuyka u A. JI. AnexcaHapoBa [137] moxHO onpenenATh
TeMmNeparypy mobbix (B TOM UMCIIe H MATMATHYECKHX) PABHOBECHBIX MOJIEBO-
IIMAaTOBBIX NAp MPH YCIOBHH NMPaBWIBHOTO ONpeJeNieHHA [aBJIeHHA IO APYTHM
reobapomeTpam.

g,zagm,xo'ap

4.1.2. Cnocob onpenenenust T, , MO roMOreHH3AIHH
,,paciinaBHbIX "’ BKIIOYEHHI B MHHEpanax

06 MCTOpMH 3TOTO MeTOAa, ero 0GOCHOBAHWH, Pa3BUTHH M NPHMEHEHUH
roBOpHTCA B 0GoGuaomyx pabotax T. H0. basaposoit u ap. [9], H. IT. Epma-
koBa u 10.A. IJonroea [59]. lna oGocHoBaHMA MeTOAA IPOBOIMIIMCH IKCIIEPH-
MEHTbI 10 BBIPAIIMBAHMI0 KPHCTAIIOB MPH H3BECTHBIX YCTOBUAX, a 33TEM
(ompenensnacsy Temmeparypa romMoreHu3auuu Bmioueruii. M. T. bakymenko u
np. |10] npuBOnAT pe3ynbraThi onmpeseneHus 1., CTEKIIOBATHIX BKJTIOYEHHH
B JHONCH[E, BHIPALIEHHOM IIpH 3a/IAHHBIX YCITOBHMAX H3 HIBECTHBIX PACIUIABOB.
Tonyyentsie 3HaueHua T, Omm3ko cosnamatwr ¢ 7, .

Heobxomumo oBpaturs BHHMaHWE HAa TO, YTO BKIIIOYEHMA B 3KCHEPHMEH-
TaNbHO BbIPALIEHHOM AMONCHe ObUIH CTEKJIOBAThIE, 3 B MPHPOJHBIX KpHCTAN-
nax OHM OBIBAIOT M CTEKJIOBAThle, M PACKPHCTA/UIM30BaHHbie. CebUafch Ha 3Ty
paGory [10], T.10.Basapoa u nap. [9] ormeuator: , Tepmomerpuueckue
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HCCTIC/IOBAHKA MIPHPOSHBIX PACKPHCTATUIA30BAHHBIX BKITIOYCHUH NPHHIMITHAI b-
HO HMYeM He OTINHYAITCHA OT UCCIEeJOBAHUMA CTEKJIOBATHIX BKMIOUeHUH” . C 3THM
BPAJL JIH MOXHO COFNACUTBCA, TIOCKONBKY CTEeKIIOBAThIe ¥ PACK PHCTAIUIH30BAH-
HbIE BKIIOYEHHA HMENT, MO HalleMy MHEHHIo, IPHHUKIMAIBHOE pasHuKe.
CrexnoBarbie BKMOYCHHSA [EHCTBUTENBHO HECYT HH(OPMAIMIO O COCTaBe pac-
IU1aBd, H3 KOTOPOTO KPHCTAIVIH3OBAIICA MMHEpAN-XO3SMH, M, BEPOATHO, MX
T .. COOTBETCTBYET T, p pacinaBa. PackpHcTa/uIH30BaHHble e BKIOYEHHS,
KOTOpble MO HAee MOIKHbI ObITh Yalle BCEro IpeACTaBIeHbl MHHEpPATBHBIM
arperatoM 6e3 KpHCTA/UIHKOB MHWHEPana-Xo3sMHA, NMOCKONBKY MpPH PacKpH-
CTAJIM3AlMH CTEKJIA €r0 KOMIIOHEHTHI OYIYT OTKJIA[bIBATHCA HA CTEHKE Kame-
Pbl BKJIIOYEHHA, OHM HE OTBEYAIOT COCTABY paciUlaBa, 3aXBAaTHIBAEMOMY MpH
KPHCTAIH3ALMMA .

CreioatesnibHO, IPH TOMOTEHU3AUMM PACK PHCTATIM30BAHHBIX BKITIOYEHUi
ux 7., He MOXET COOTBETCTBOBAThH T, pacmnasa. BeposTHO, TAKOBOH JOIK-
Ha BbiTh T, TOCKONBKY B MOABHBIIEMCSA PACIUIARE YYACTBYIOT BCe KOMIOHEH-
Tl HCXOIQHOTO pacmiaBa. Korja mieHka paciuiaea OTAENSAeT MHHEpAT-XO3AHH
OT BKITIOYEHMSA, TO KaK Obl CO3[aeTCA CAMOCTOATENIbHAA CHCTEMa: MCXOMIHbIH
PacTUIaB —H30BITOYHbIE KPHCTAIIBI €3 MMHepana-xo3suHa. BrnonHe ecrecTBen-
HO, 4TOGBI PAacIUIABHTb ITH KPUCTAJUIBI HYXHa GONee BHICOKAA TeMMepaTypa,
4eM TKp paciiaBa. JTa pasHHIA 3HAYeHWH TeMIepatypbl OymeT ewe GonbLie,
korza onpenenserca T, u T, panmux ¢a3s. [loatomy ans nerponmoruueckux
MOCTPOEHHH Mpe/yIaraeTcs UCMob30BaTh T, , KOTOPYIO MOXKHO NMPUHMMATH 33
conuayc u3yvaemor cucremsl. Havansryio Temnepatypy pacnnasa onpenmenmuts
CIIOXHO ¥ NpHHMMATb ee paBHOH T, ciieflyeT ¢ GOMBIHMHU OoroBopKamu. Jleii-
CTBHTENBHO, €CNH CPaBHMTh [aHHbie 7)., NONYYeHHBIE IO pacIUIaBHbIM (pac-
KPHCTUTH30BAHHBIM) BKIIOUEHHAM [UTA IPAHUTOMIIOB, C Pe3yNbTATAMH JKClle-
PHMEHTOB MO HeNOCPEICTBEHHON K PHCTA/UTH3AIMH —TUIABNIEHHIO KHCIIBIX TIOPOJI,
TO YBUITUM ABHOE MX HecoBmnagewwe. Yawe T 3aBBIILIEHBI, ECTTH K TOMY XKe
YHeCTh, 4TO OGBIHO GOMbIIE BCEro JAaHHBIX IO BKIIYEHHAM M3 KBapla, KOTO-
bl B rPaHHTOM/IAX MO BCeM IIPH3HAKAM HAUMHAET KPHCTANUIH30BATECH TTOCHIE]I-
HHM H3 BCEX KOTEKTHYECKMX MHMHEpAliOB, B TOM UMCIe GHOTHTOB H ambu-
6onos.

Tax, Hanpumep, & paGore T. 0. Basaposoit u np. [9] npusopurea T,
BKJIIOYEHHH B KBAaple U3 rPaHOCHEHHTOB XapUTOHOBCKOrO MACCHBA (KyHaneii-
CKMH KOMILIeKC) , koTopas pasHa 950—880°C. Ilpu Takoii Temmeparype KpH-
CTAM3YI0TCA PAacIUIABBI C MalbiM COAEPHKAHHEM BOMBI NPH HU3KOM P,
KOrja He MOI/M Obl KPHCTA/IA30BaThCA HH OHOTHT, HH amdubon, mpucyTct-
BYIOLIME B aCCOLMAIMK C KBapueM. B a1oit xe pabore co ccpuikoii Ha @. T, Peii-
¢a npuseneHa Toone KB+My acconmanuu, Kotopasi pasHa 830-900°C, uto
ABHO MPOTHBOPEYUT NAHHBIM ycToHuMBOCTH My+KB naxe B ciyvae momHoro
HACBIIEHHA CHCTEMBI BOJIOH, TAK KAK MAaKCHMANTbHAS TEMIIEPATYPA YCTOHMBO-
CTH MYCKOBUTA B INPHUCYTCTBMM KBapua He mnpepbiiaer 800°C, no kpaiHei
mepe 10 10 kbap PH,O‘ fABHO 3aBbIlIeHa TKp KepamMHUeCKHX 1IerMaTHTOB, KO-

TOpbi€, IO JaHHBIM IOMOTE€HM3al[WM, KPUCTAJUIM30BAIHCh U3 ,,lIeTMAaTHTOBOM’
Marmsl, NEPeChIIIEHHON JIeTY MU .

Eciu npu3HaTh NpaBHIBHBIMH OIpe/ene HUA TKp IPAHUTOKJIOB TIO PACK PH-
CTAJUTM30BAaHHBIM BKIIIOYEHHAM, TOrJa HeoBXOOMMO CTaBUTH MO COMHEHHEM
HAHHbIE 3KCIIEPUMEHTOB MO Pa3JIOKEHHIO- -K PUCTAIUIH3AUMH BOLOCO/E PHKAIIMX
MHHEAJIOB M KCIEPHMEHTBI [0 KPUCTAJUTH3ALNH —IUIABTIEHHIO OO,

BeposrHo, BGonee HafexHO I!"Kp OnpenenseTca Mo roMOTreHH3alMH CTeKJII0-
BATBIX BKIIHYEHUH, KOTOpbIE Yalle BCEro BCTPEYAITCA B KPUCTANIaX 3 BYJIKa-
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HUTOB. B CBA3M C 3THM cneyet oDpatuTh BHMMaHue Ha T, KBapua BYJKaHH-
108 (DAUMTOB M NMMapuT-JaUMTOB) MO AaHHeiM T. 10. bazaposoit u op. [9,
c. 52]: ,,Bo MHOTMX CIy4asx B KBapue ObUTH MONMYYEHbl HACTONBKO BBICOKHE
TeMIlepaTypbl FOMOTEHH3alHMH BKJIIOYEHUH (1200-1300°C u BbILIE) , YTO WIA
€ro MepBHYHON KPHCTA/IH3ANMKM B BUME reKCaksapla, 2 He reKcarpuiHMUTa
wnn Ky6okpucroGanura, HeoGxomumo, uTo6bl Obliee [aBNeHHE MPEBbILIANIO
ONHy WnM Heckonbko KwioGap. Takue u nake Gonmee HM3KHE TeMnepatypbl
CBUIETENBCTBYIOT O TNYOMHHOH KPHUCTANIM3aUMH BKPAIUIEHHHKOB IeKCcaKBap-
12, TAK KaK Tocie W3THAHMA pAclUlaBa Ha MOBEPXHOCTh MPOHCXOMHT pe3KHi
c6poc maBneHus”. ITH GaKTbl ¥ BbIBOIbI MOATBEPXKIANT HALLy HIEIKO 06 obpa-
30BaHMH KHC/IBIX MUI'M BCIUTBIBAHMEM KBaplia H CAHWOMHA NP KPHCTAIIITH 3aLH-
oHHOM MbdepeHumauyy 6a3aNbTOBbIX H aHE3UT-HA3ANBTOBBIX MAIM B yCIIO-
BUAX BONBILOro HaBneHus (cM. paszen 3.2). .

B 3aK:TioueHMe [aHHOTO pasjena ymecTHo npupect 3amevanme B. C. CoGo-
nesa [9, c. 199]: ,Becbma BaxKHOW Bexoil Ha ITOM NYTH ABNACTCA U3YHEHHE
NMepBHYHBIX M BTOPUYHbIX BKJTIOYEHMH PAcIUIaBOB W PacTBOPOB B MHHEpdrax
MarmMaTHYeCKHX MOpol. XOTA NOoMyueHHbIe ITHM MyTeM Pe3yNIbTaThl TOXKE fane-
KO He BCErja elue WMeiT ONHO3HAYHOEe TOJIKOBaHHE H MHOrO elle MpeCTOUT
CHenaTh KaK B OTHOLUEHMH HAKOIUIEHUSA [HHBIX, TAK M B MX HHTEpPIpPETalLMH .

4.1.3. Cnoco6 ouenku T, , MO MONYKONHYECTBEHHLIM
PH3UKO-XHMHUECKHM [HArpaMMaM C HCNONB30BaHHEM
XHMMYECKOTO COCTABA MOPOJ H MHHEPATbHBIX acCOUMAalMH

OueHKa TepMOOMHAMHMYECKHX YCIOBHMH KPHCTA/UIM3AUMM TPAHHTOB C MC-
nonp3opaiuem Py —T—X muarpamMm NONY4Hsia UIMPOKOE pacnpocTpaHeHHe
2

¢ nossnenrem ussectHoit paborsl O. ®. Tamna u H. J1. Boyana [286] . C pa3pa-
GOTKO# IMarpamMM, OTpaxamlMx $asloBble NPeBpaIleHH Bonee CIOXHBIX CH-
CTEM M OXBATBIBAIOLMX 3HauuTenbHble P—T MHTEpBalibl, OLEHKA TePMOJHHAMM-
YeCKHX YCTIOBMil KPUCTAIUIM3ALMM CTAHOBHTCA Gonee JOCTOBEpHOH. ITOT CNO-
cof MOXHO YCIOBHO MOApa3JeNuTh Ha /1Ba BapuaHta. K mepsomy BapHaHTy
OTHOCHTCH TaKoil crocof, korpa IO HOPMATHBHOMY COCTaBy MOpO[bl HaA
P—T—X muarpamMmy HAHOCHTCA (UIYpATUBHAA TOYKE H C [MArpaMMbl CHHMAKT-
Al TepMOJIMHAMHYECKHE TTapaMeTphbl, IPHYeM OJMH H3 HHX [IOJDKEH OTpeleNATE-
cA [IPYTMMH MeTOIAMH NTHOO AONDKHBI YUHTBIBATECA OMPEIE/IeHHbIC MTOChUIKH
pomymeHusA. B cBoux paboTax mpu OnpeneneHMK ycnoBui 00pa30BaHUA I'PaAHH-
TOB MBI JOMYCKAIH, YTO MX KPHUCTAUIA3ALUA MPOUCXOMHIIA NPH MOTHOM HACHI-
wenuy pacruiaBa Bogoi [12]. Ilpu 3TOM BapHaHTe MCMOJB3YETCA AMarpaMma
cocrosumsa cuctembl A6—AH—Op—Ke—H,O u He yunTbIBaeTCA BIHAHUE TEMHO-
1BeTHBIX MuHepanoB. Haubonee KOppeKTHOE NpHUMEHEHHE 9TOH CHCTEMBI U1A
obbACHeHMA obpa3oBaHusA cepHil mopop GaromuTa Cueppa-HeBana Hauuio B pa-
Gore [261].

Ilpy BTOpOM BapHaHTe OMHCHIBAEMOTO CroCo6a MCMONb3YIOTCA CBOMCTBa
OTHEeNbHBIX MHHepaoB (0coGeHHO MOJEBBIX LUMATOB H H6HOTHTOR) THOO MHHe-
panbHbIX accommamyit. Tak, cocymecTBOBaHHE In v Ko viM OpUCYTCTBHE
B NOpOZiE OHOTO AMuI CIYXaT KIacCHPUKAUMOHHBIM NMPH3IHAKOM IpaHUTOB,
KOTOPpbIE JENATCH Ha CyGCONBYCHBIE H IHIIEPCOIIBY CHBIE [286].

A. A. Mapakywes u U. A. Tapapun [121] mpejvraraioT HCONIB30BATH CO-
cTaB GMOTHMTA 1A OTpeleNieHUA KHCITOTHO-IIENOYHbIX ycroBuit MuHepanoobpa-
sopanusA. B. P. Berpun [20] mo accompaumsm GuoTHTa M amdubona c xkeneso-
THTAHOOKMCHBIMH M Pe[IKO3eMETIbHbIMH MHHEpPAIAMH BBIACIWI TEMIICPATY PHbIE
M TeOXMMHYECKHe THIMbI rpaHuToujoB. ComocTaBnafa H3YUEHHYI0 aCCOLMALMIO
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MHHEPAJIOB C 3TATOHHOH, MOXHO ONpEHeNHTh reOXHMHYECKHH THII IPAHMTOB
H UX OTHOCHTEIIbHY 10 TEMIIEPATYPY KPHUCTANTH3ALMH .

HanGorbLueit 10CTOBEPHOCTH OLEHKA TepMOIMHAMHYECKHX YCIIOBHIL dop-
MHPOBAHHA TPAaHHTOHMOHBLIX KOMMJIEKCOB OOCTUraeTcCA [pH COYETAHHH pa3jIuy-
HbIX CNOCOBOB, NPUMEPbI KOTOPBIX NpHBedeHsl B pabotax [18, 122,129, 138,
171, 172, 183 u np.]. Bumonxenue Takoit 3ajauM oBNErYMTCA C MepeBoIOM
Npe/1araeMbIX B HacToswed pabote GHIHKO-XHMHYECKHMX [IMArPaMM Ha Mony-
KOJIHYECTBEHHYIO M KOJIHYeCTBEHHYIO OCHOBY.

4.2. Brusine P; M Py, Ha KpHCTAIIH3AUMIO
FPAHHTHBIX Marm

llaBjieHue ABNAETCH INABHBIM BHELIHUM (AKTOPOM PABHOBECHA MArMaTH-
YeCKHMX CHcTeM. Ero BimsAHue Ha cMeHY MMHepanbHbiX ((a3oBbiX) paBHOBecH#
OrpOMHO H HEOIHOKPAaTHO MOMYEPKUBANOCH NPH aHaNK3e HHIHKO-XHMHYECKHX
Mojeneli. JlaBnieHHe Cly>KMT BaHBIM K PHTEPHEM JIENEHHA MATrMaTHUECKHX 110~
PO Ha BYJIKaHHYeCKHe H TUIyTOHuYeckue. [TocnenHue, B cBO ovepeln, endT-
CA Ha cyOBYNKaHMYecKHe, runmabuccanbHbie M abuccanbHbie. JIOBONBHO yacTo
OTOXIECTBIIAIOTCA TaKue MOHATHA, KaK ,,AaBneHue” u ,,rny6GUHHOCTD", NpPOTHB
yero BeicTymaior H. J1. Jlobpeuos u ap. [44] u ¢ yem Henb3s He COTNIACUTBCA.
XapaKTepHBIM NPHMEPOM TCTO, K YeMY TMPHBOIMT 3T0 OTOXKECTBIIEHHe,, ABJIA-
erca pabora ypanbckux reonoroe [198]. B paborte npusonstca NpPOTHBOPEYH-
BbIE [IaHHbIC ONpCAeNeHHs rIyGHHHOCTH rpaHuTOB Ypana — dopmauuu rnyGuH-
HeIX (,,6aTonuToBRIX’’) rpaHMToB. MO MHeHMIO 3THX aBTOpOB, OHH 0b6pa3oBa-
JIMCb IIpH PH,O =3000-5000 6ap, 1. e. Ha rmyGuHe He MeHee 10—15 kM. B 10 e

BpeMiA MOICHEThI NMOKa3bIBAIOT, YTO HaJ TPaHHTAMH, IPOPBIBAIOIMMH HUXKHUI
KapboH, BO BpeM#A HX GOPMHPOBAHHA HAXOMITHCh TONBKO OTIIOKEHHS CpEJIHE -
TO H BepXHero KapGoHa, CyMMapHasA MOLIHOCTb KOTOPBIX BPALL MK MOCTHraNa
10—15 xm. Ha ocHoBamuu 3mix nopcuetor M. JI. CoGoner cuuraet, 4To rny6u-
Ha (POPMUPOBaHUA ,,6aTONIHTOBBIX ' FPAHUTOB He Npesbilana 2 km. 1. C. litei-
Gepr, I'. b. ®epuwrratep u B. I'. GOMMHBIX NpeaNonaraloT, 410 NePBHYHAA MOLL-
HOCTb OCajIOYHbIX TOMW ObUTa B HECKOJIBKO pa3 yBelMYeHa HMHTEHCHBHOH ge-
dopmammei M CKIAHATOCTBIO, COMPAKEHHOMN M MpeJIlIecTByiowei BHE[IPEHHIO
rpaHuTOB. OHM NPUBOAAT akThl QaumansHoro obnuia (TeKcTypa, CTPYKTY-
Pa) ¥ MHHEDAJIBHOTO COCTAaBA, CBHAETENCTBYIONIME O ,,ryGHHHOM” obpa3oBa-
HHH ITOH popmaiyu rpauToB. [lpyras dhopmaiys runabUCCanbHBIX TPaHHTOB
YETKO OT/IMYACTCA MO (pauHaILHOMY OGNHKY OT ,,rmyGHHHBIX” H HMeeT 2hdy-
SHBHbIE AHATIOTH, K TOMY Xe: ,,['e0noruyeckue 1aHHble — pecTaBpalyA MOK Phl-
BAaWLMX TOMU B MOMEHT (QOPMHMPOBAHUA M (DUIUKO-XHMHYECKHE aHHbIE
O [aBNeHMH BONAHOIO Mapa B MOMEHT KPHCTA/UIH3ALUMH TOBOPAT O riyGuHe
($OpMHMPOBaHHA MOpAAKa 1—2 KM MIH HECKONbKO Gombiie’ [198, c. 388],
T. €. IOJTy4aeTCA Takad ke rnyGuHa, KoTopyi nmomcuntan M. J{. CoBoner ansa
»IyOHHHBIX " rpaHnTOB. OueBMAHO, YTO ompeneneHue ray6utbl dopmupoBa-
HHA NOpPOJ Npe/ICTaBNAeTCA TPYOHOMN 3amayeil.

B cBA3M ¢ TpyarocThio ompelieneHHA rnyGMHbI HOPMMpOBAHHS TOPHBIX
NopoA CelyeT OCTAHOBHTBCA Ha [JOBONBHO CIIOXHOM BONPOCE COOTHOLLUEHHS
P g (wmu P, — nuTOCTaTHYECKOe) M Pyn M MX PONM NpH KPHCTANITH3ALMHK
marmbl. B pasjiene 2.2.2 ykasbiBanocs, 4TO 10 MOJHOTO HACHIEHHA paciiaBa
NeTyYMMHU OH MCTIBITBIBAET TONIBKO AaBNIeHMe HAarpy3kH. C moAsnexuem dmious-
HOH (a3bl paciaB yske GyOeT HCTIBITHIBATD €€ JaBJIEHHE, KOTOpOE€ B NepBbIi MO-
MEHT pPaBHO [ABJICHMI0 HATPY3KHM, HO C MOCTENEHHbIM OTHENEeHHEM M HaKoIUIe-
HHeM IIeTyYHX B Kamepe B CBA3H C KPHCTA/UTM3alUMeH paciUiaBa [aBiieHHe
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Puc. 4.4. B3anmomnoJjioKeHHe CONMMAYCHBIX JIMHHA rpaHMTHON CHCTeMbl TPH pPa3MHYHOM

GIIOHITHOM pPeXHMe H IHHKA pasnoxeHHH B TOM xke cHcTeMe 6uotnTa, ampubona, Mycko-

BHTA M KOPAMEPHTA DK Py . o nanubiM [ 156] Ha kaxasi 0.1 Mon. noma CO, dmionna
2

TEMINEpPaTypa IMKBHAYC-CONMNYCHBIX PABHOBECHA YBelUUMBAETCA Ha 20°.

1 2 = 2 1
CH,O H CH,O KOHIEHTPALHH BOAL! B paciulase, NpHtieM CH=0>CH20.

¢dmonna GyneT YBeIHYHBATHCA H NpPEBHILUIATE [ABJIeHHE HAT DY3KH. ITpenen poc-
Ta nionaa onpesieAeTCA MCXOIHbIM KOMYECTBOM JIETYUHX B paciliase, TeM-
mepaTypoit W M30JHPOBAHHOCTBIO Kamepbl WM (H3HYECKOH MPOUHOCTLIO MO-
KPBILIKH TOPHBIX MOPO/L. B 3aBHCHMOCTH OT IPOHHM1IAEMOCTH OK PYXKAILIMX 110-
poHl fAaBneHue (IIOMIA B TPONECCe KPUCTALIHIAUMM MOKET MEHATHCA mbo
OCTaBaThCA HA MOCTOSHHOM YPOBHe, YTO Gy/eT BIMATH Ha (a3oBbie NpeBpaiie-
HHA CHCTEMBI.

B ciyuae npucyrcteus CO; B cocTaBe BOJHOTO (h1ioHAa, NIpH TOTTHOM Ha-
ChILLIEHMH MM paciUlaBa, BCE WHBAPHAHTHbIE TOYKH H MOHOBADHAHTHBIE JIHHHH
¢}a30BLIX PaBHOBECHH TPAHUTHBIX CHCTEM CMECTATCA B obnacrTs GoNbIMX 3HA-
yeHHH [ABNEHHA W TeMIepaTypbl, COITIACHO JKCIIEpUMEHTATLHBIM [IAHHBIM 1O
[U1aB/eHHIO TPAHMTHBIX cucTem B cmech H,0—CO, [131, 192] 1 maTepuanam
A. B. Tomncona u [x. P. Anropa [284, c. 265]. 3HaunTenbHbIe CONCPKAHAA
CO, BO (moMIe ¥ HEOCHILIEHHOCTb PaciUiaBoB (UIHAOM MOTYT CMECTHTD CO-
NMAYC FPAHMTHBIX CHCTEM B 061acTs GONBUIMX 3HAYeHHI TEMIIEpaTyphl HACTOMb-
KO, 4TO MCYe3HET BO3MOXKHOCTD NepeceyeHHA ero TMHUAMH pasnoxerus (mpH
TeX XKe YC/IOBMAX) BONOCOAEPXAWMX MiHepanos (puc. 4.4). [lpu Takux ycmo-
BUAX B XOjleé MAarmMaTHYeCKOH KpHCTannu3auun Oyayt oBpa3oBbIBATHCA acco-
UMALMHK C TMpOKceHamu (M GpasnMToM) , KOpIME pUTAMH, TpaHATAMH M AJIbCH-
UTOM (CHJUTHMAaHMTOM) .

B 3aBMCMMOCTM OT cojepKaHus BO QIiouae ApYrHX JETYyuHX (F, Cl, B)
MOKET TIPOHCXOMMTL THB0 KommeHcHpoBatue BuAusa CO; TaK, ¥TO yCIOBHA
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OyILyT COOTBETCTBOBATH Pd'm:PH,o’ 7Mb0O Bee paBHOBECUA CMECTATCA B 0O-

TIACTh HU3KUX 3HAYEHWH [IABIICHHA W TeMIIepaTyphl.

H3-3a cmewenust COMMY C-THKBHIYCHOMH 0BIACTH NIPH HACHIMIEHUH pacrula-
Ba dmongamu pasnoro cocraBa (puc. 4.4) B IPHPOMIE MOXET PEATM30BATHCA
(4, BepOATHO, peaM3yercsi) TaKOH BapHaHT, KOI[la Marmsl GYIyT KPHCTALIH-
30BAThCH HA OJHOH IMyOHMHe, T. ¢. IPH OIMHAKOBOM 3HaueHuu P, HO NpH pas-
HOH Temmepatype. B Takom ciyyae fjaxe IIpH CXOIHOM IETPOXMMUYECKOM THIIE
pacmiaBa Mbl ByIeM MMEThb pa3nKuyHble MPOMYKThI KPHUCTAUIM3ALMM — MMHHe-
pasibHble accoumauuu. Tax, HanpumMep, ecnu Gbl Mpu P BBILLIE HHBAPHAHTHOR
TOYKH ¢ BHOTHTOM (TOYKaA MepeceyeHHA JTHHHM PA3NIONKeHHA HUHOTUTA C CONMIY-
com mipu Pog, =Py, ) KPHCTAUTH3OBAICA paciuias cuctems! B, To npu Boa-

HoM ¢TroMae MBI Bbr nonywnd accounauuio In+Op+Mnp+bu+Ks, a npu
Pypn=XPy o*¥Pcp, — IMn+Op+Mnp+Onp+Ks, npuuem cocraBel moneBbIX
2

LINMATOB ¥ MOHOK/IMHHBIX NMUPOKCEHOB 3THX accoLMalMi Taxxke GyoyT oTiH-
yaTbcs. He 3HASM MCXOIHOMN NMOCBUIKM, Mbl, ECTECTBEHHO, OTHECITH GBI 3TH acco-
UMalHK K pasHOryOMHHbiM oGpa3somanusM. Ho, okaswiBaetcs, NpaBuIIbHEE
B TAKOM C/1y4ae FOBOPHTb O Pa3HOM [IABJICHHH BO/IbI M pasHOk T, : [ MepBoi
accouMauyi OHO MOXeT ObITh OLECHEHO KakK cpeflHee WM BLICOKOE, T. €. 3TO
abuccanbHasg HU3KOTEMIICPATYPHAA ACCOLMALNA, & A BTOPOH — Majioe [qaBie-
HHME BO/bl H Gonee BhICOKaA Txp, X074 obluee fapnenMe (IaBlieHUe HATPY3KH)
H rny6uHa GOpMHPOBAHMA y HHX ObIIM OMHAKOBBIE. PasnHuMe MHHEpanbHbIX
aCCOUMALMH YCHITUTCS, €CITH UCXO/IHble PACIUTABEI BY/IYT NPUHAIIEKATD PAZHBIM
NeTPOXHMHYeCKMM Tullam. [loaTomy BrmsmMe GnOMIOB pasHOro cocrasa Ha
0COBEHHOCTH KPUCTAINIM3ALMA MarM HeoOXOIMMO BCerIia YYMTBIBATh, KOTOa
pelIaeTcs BOMpPOC O ,,ry6GHHHOCTH' I'PAHHTHBIX KOMILJIEKCOB, Pa3BHTHIX B OfI-
HOM paiiOHe M pa3zopBaHHbIX HeGOINBIINM HHTEPBAIIOM BpEMEHH, B TeUeHHE KO-
TOPOTO TpPYAHO cebe NpEe[CTABHTh 3HAYMTENBHYIO 3PO3MI0 IEPEK PhIBAOIIMX
HOpoJ.

ITOT NpUMEP IOCTATOYHO HATJISAMHO TIOATBEPXKIAET MBICIE O TOM, 410 Go-
nee NpaBUITEHO ClTeflyeT TOBOPUTh O HABJIEHMM (DITIOMIA M JABICHUM BOBI, YeM
00 P, W ,rnyGuHe” GopMHPOBaHHA MOPOX, MOCKONbKY KPUTEPHH ,,TITYBUHHO-
CTH”, ONpeJieNsieMble 1O MHHEDATBHBIM ACCOLMALMAM, CTPAZA0T MANIOH HalexK-
HOCTBIO; OHM JIYYILI® Pa3jIMyYanTcA MO TeMNEpaType Kpucrannusauun. CxoHsle
MbICiH BoickasbiBamce I'. b. ®epurratepom u H. C. Bopomunoit [183,¢.171]:
»Kak Byner noapoGHO paccMOTpeHO Huxke, BONBINAA YaCTh (hAIMANBHBIX OCO-
GeHHOCTElH IPaHUTOM/IOB 34BMCHT ITTABHBIM 0BpPa30M OT TeMIlepaTypsl 0Gpa3o-
BaHKA HA MarMaTHYeCKOH M MOCTMArMaTHYecKoH cTaguu. B cBsA3M ¢ atum mpa-
BHJbHee ObIo Obl 33 OCHOBY cauManbHON KnaccHdUKAUMM B3ATh He Bapo-, a
Tepmodanun ™.

Taxum ofipaszom, ¢ ycioxHeHHeM cocTaBa GIIOMIa M U3MEHEHHEM ero [IaB-
JIEHMA BO BpeMs KpPUCTA/UIM3AUMK, YKa3aHHbIe B Tabn. 4.1 MuHepanbHbIe acco-
UMaUMH MOTYT W3MEHATHCA, @ B3aMMOOTHOLLUEHHE OTHENBHBIX MHHEpATOB
yenoxHATbeA. CkopocTbio H3MeHeHMA NaBienns ¢iouna o6bACHeHO 06pa3o-
BaHHE CTPYKTYpb! [PAHUTOB panakuey [54].

4.3. Pony ¢pakuHOHMPORAHMS NMpPH KPUCTANTH3AMHH
IPaHHTHBIX Marm

Ilpu paccmoTtpernu npoGnemsl reHepalMy TPpaHUTHBIX Marm (ri. 3) 6bira
NOKa3aHa ponb (PPaKUMOHUPOBAHKA TBepbIX (a3 NMpu 06pPA3OBAHHH KHCIIBIX
Marm 3a cueT Gosnee OCHOBHBIX. CUMTAETCA, YTO MO IOCTHIKEHMM TPAHUTHBIX CO-
CTaBOB MPOIECC KPUCTAIUIMIAUMOHHON MU depeHIMauuy IpaK THYECKH MpeK pa-
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maeTca, MOCKOIbKY M3 ,,TPAHUTHONH 3BTeKTHKH W BbIAENAIOTCA BCE MHHEpPAIbl
rpaiurta. Jonyckaetca ouddepeHIMaUMA NpH IPaBUTALMOHHON OTCAIKH MUHe-
PanoB Mo MX yAeIsHOMY BeCy, HO H 3TOT Mpouece Masio a¢peK THBEH H3-3a [10-
CTaTOYHO GONBILIOR BA3KOCTM IPaHUTHBLIX MarMm. MayueHwe rpaHHTHBIX MOpPOL,
pasuuHbIX (OPMALMOHHBIX THNOB Konbckoro monyocTpoBa [12], a Takxke
aHANIM3 MMEIOIIErOca MaTepHana B JIMTEpaType CBMAETENLCTBYIOT, YTO TOMBKO
BeCbMa OTpaHHYEHHOE UHCIIO PA3HOBHMHOCTEH I'DAHMTOB ABIIAETCA MO CBOEMY
COCTaBY ,,dBTeKTHUeCKHMH . Yame Bcero Takoi OIM3KHH K ,,IBTEKTHKE™ CO-
CTaB MMEIOT HellepeMeleHHbIe aHATeKTHYeCKHe TPAHUTHl MUTMAaTHTOBBIX KOMII-
7IEKCOB M HAMHOTO peXe KOHEeYHble WICHbI IPAHHTOMIHBIX PAMNOB CIIOXKHOMO-
CTPOEHHBIX MACCHBOB. BONBLIMHCTBO e TPAHATOB MMEIOT COCTaB, B TOH WK
MHOH Mepe OTJMUHBLA OT ,,PPAHMTHON IBTEKTHKH, TOYHEE OT KOTEKTHUECKHX
cocraBos Fy, —T ycnosuit GpopmupoBanus. CrenyeT NOAYepKHYTh, UTO 3TO HE
CIyuaiHOe OTKIIOHeHHe, a 0ObeKTHBHAA 3aKOHOMEPHOCTD, CBA3AHHAA C OTIIMYH-
eM yCIOBHMil TeHepaluy M KpUCTAUIM3aUMK MarM. [pu n060M MexaHu3Me re-
HepalMH TPAHHTHBIX MArM MPOLECC CTPEMUTCA K pABHOBECHOMY COOTBETCTBHIO
COCTaBa IPAHMTHOTO paciuiasa yCnoBuaM Fy —T' reHepauuu W coCTaBy Gonee
OCHOBHOM Marmsl Wi cybeTparta, 3 KOTOpPOTo BhlIiaBnAeTca marma. Ilpu uH-
TPY3HM 3TO paBHOBECHe HADYIIAeTCA B Pe3yJbTaTe H3MEHCHHA NABJICHUA M CTe-
MeHM HACBINIEHHOCTH NeTyudMH. Kak npasuiio, lepeMellieHHbIe MarMel He[I0ChI-
11IeHbl KBapLeM OTHOCHTENIbHO HOBBIX YCTOBMIL, T. €. OHH HE ABJIAKTCA IPAaHHT-
HbIMH MHHMMAIIBHBIMH pacIUIaBaMH, YTO IpeJloN pefieNAeT NocIe10BaTeIbHOCT
KPHCTAIUTH3AIMH MHUHEPAJIOB, HX (paKIMOHMPOBaHUE U IH(p pepeHImaIHIo.

Bpems ¥ MOpANOK KPHCTATIIH3AUMM TEMHOLBETHbIX MHHEPATIOB 3aBHCAT
OT MCXOZIHOTO COCTABAa paciuiaBa. PaHHee UM COBMECTHOE C IUTArMHOKNA30M HX
BhIJIEJIEHHE XApaKTePHO [UIA GONbIUMHCTBA TPAHMTHBIX MOPO/, MOCKONIbKY Tpa-
HUTHBbIE KOTEKTHKH BO BCeX TETPOXHMHYECKHX THIAX CHCTEM CHIIBHO CMELIEHEI
k BepumHaM AG u Op. [lo3nHee BhIMeieHMe TeMHOUBETHBIX MHHEPAIOB BO3-
MOJHO U1 JIEHKOK PaTOBBIX aHATEKTHUECKHUX COCTABOB.

IMopamok e Bbljie/IeHHA TEMHOIBETHBIX MHUHEPATIOB B KaX[0H NMETPOXH-
MMYECKOH CHCTeMe ONpefeNfAeTca HaBjieHMeM (IIIOMIA H COOTHOLUICHHEM JKeJle-
332 ¥ MarH{#, YTO CJIE[YeT M3 aHAIM3a JAHarpaMM COCTOSHMA CHCTEMBI, B KOTO-
pbIX Yy4YacTBYIOT OfHOBpemeHHO JH W ®c. CTaHOBATCA MOHATHBIMH MHOTHE
CIIOXKHBbIE BOTPOCHI O MOPAIKE BbIfIC/IEHHsA W B3aUMOOTHOLICHHA TAKMX LIKPO-
KO pacHpocTpaHeHHBIX MHHEDAIIOB, KaK GMOTHTHI M aM(uGOIILL.

B pany peakumoHHOH cepun Boyssa Bu cnemyet 3a AMd, 1. e. HMeeTCH
B BHIY, 4T0 GHOTHT [0JKeH 0Opa3oBbIBATLCA B pe3ynbTate peakuyuu amopubona
¢ paciiaBoM. JlefCTBUTENBHO, NPH ONMMCAHMM B3aMMOOTHOLICHHH GHOTHTA M
ampub0ona OBONBHO YaCTO YKa3biBAeTCA, YT0 GHOTHT pa3BuBaeTcs o amgubo-
7y, HO TeM He MeHee TAKJKe YaCcTO OTMeuaeTcs GaKT pABHOBECHOTO HX COCYLLE-
CTBOBAHMA M [1axe OBpaTHBIE PeaKUMOHHbie B3aHMOOTHOLUEHUA — amdubon
pa3suBaetca no Guotuty. I'. B. ®epwratep u ap. [182] ykasbiBanmu Ha H3MeHe-
HHe TMOpAAKa KPHCTAIM3auny Guoruta ¥ am¢pubONa B rpaHUTOMNIAX B 3aBUCH-
MOCTH OT XKeJIe3UCTOCTH Mopofbl. [IpH 3TOM B COOTBETCTBHH C XKENE3HCTOCTHIO
3THX MHHepanos NOABJIAETCHA 3KCTPEeMYM, H2 KOTOpEIH BllepBble 0GpaTHI BHHU-
maHue A. A. Mapaxymes [117]. Cnenyer oTMeTHTh elue OHY OCOBEHHOCTDH
B COOTHOLUEHMH )ETe3MCTOCTH H B3aHMOOTHOLUeHMH GHOTHTa M amdubona.
B Gojee MarHe3ManbHbIX CHCTeMax, Korga amdubon 3amemaercd GHOTHTOM,
Jene3ucTocTs aMpubosia MeHbLUe jeNne3HcTocTH BHOTHTA, U, HaoBopoT, B XKene-
IUCTBIX CHCTEMaX MpH 3aMelueHUH GHOTHTa aMpuGONOM Kere3ucTocTe GuoTHTa
MeHbllUe skeneanctocTd amdubona. Orciofia MOXkHO Obino GbI coeNnaTh TAKOH
BBIBOJ, YTO JKEJIE3MCTOCTh MEHbILE Y TOTO MUHEpasia, KOTOPbIH KpPHCTaNIM30-
pasica paHbiue. JInA paBHOBECHOTO COCYLIECTBOBaHUA am¢pubona u bHOTUTA
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A. A. Mapakymes [117] npuBomT o6paTHsie COOTHOUIEHHSA UX HKEE3HCTOCTH,
T. €. B MAarHesdajbHbIX cucTemMax Gonee enesucrbi ampubom u HaoGOpPOT.
YI0BNETBOPUTENBHOTO OGBACHEHHA B3AMMOOTHOLIEHMAM 3THX MMHEpAJIOB
B TeOJIOTHYECKOH JIWTepaType MOKa HeT, M0 KpaiHell Mepe OHO He M3BECTHO
astopy. Tak, I b. ®epmratep i ap. [182] mocne aHanu3a cBoero daxTHye-
CKOro MaTepHasla M JIMTEPATYPHBIX [AHHBIX, [ENaT CIeOYIWMA BhIBOJI
(c. 1073): ,,mpu xenesucroctu f<50% peaxumus Bu' =Po/ npu momnrenun
TeMIepaTypbl CABHIaeTCA BIpPaBo, a npHu f>50% Bnepo. CrenoBarenbHo, peak-
LMOHHbIH pAl boysHa npuMeHHTENLHO K pOroBoi oGMaHKe ¥ GHOTHTY clelyeT
TpaHcdopmuporats. [Tpu xenesucrocty Mensie 50% Gosee BBICOKOE NONOXKe-
HHE B 3TOM pANY [0JDKHA 3aHUMaTh porosas o6maHka, a mpu GOMbLIeH KKeesH-
croctH — GuotnT”. B pabote He maeTcs OGBACHEHMA, C YeM CBA3AHA 3T CMEHa
PeaKLMOHHbIX B3aMMOOTHOILEHHH paccMaTpuBaeMOH Hapbl W MOYEMY COOTHO-
LUCHHE XKEeNe3UCTOCTH OCTAETCA TAKHM Ke H IIPH HX PaBHOBECHBIX B3aMMOOTHO-
IIEHHAX.

AHanu3 H30MNETHYECKHMX CeveHHil cuctembl B (puc. 2.43,2.44) u PH‘O—T

npoekuui cucrem B7.4 u B7.5 (npun. I11, puc. 111.24 u 111.25) noasonser ¢ Toit
HIIH HHOH KODPEKTHOCTBI0 ([OCTOBEPHOCTBIO) OGBACHHUTH 3TH OCOBGEHHOCTH
AaHHbIX MUHepanos. Ho nmpexie Heo6Xx0[MMO HAMOMHHMTE, KAKHE MUHAIBI Y4a-
cTBy1T B 06pa3oBaHuu GuoTHTOB M ambubonos (cM. pasgen 2.3.1) . Buotur —
3T0 XuMmuyeckoe coenunenne Onp+Op+Anc+H,0, a amdubon — Mnp+Onp+
+IIn+H;0, 1. e. u3 namm musatop (+H,0) tomsko omun Onp aABnAeTCA 06-
IMM, TIOITOMY BEpOATHEE BCEr0 OHM JIOMKHBI 0Gpa30BbIBATHCA HE3aBHCHMO
Apyr ot Apyra 6e3 peaKIMOHHBIX B3aUMOOTHOLIEHMI, YTO M HaGmioaeTca mo-
BOJIBHO 4acTO B IIPHPOOHBIX MMHEpaybHbIX accoumaumax [12]. PeaxumoHHsbie
B3aHMOOTHOLUEHHA MOTYT Habmiomatscs 6uotuta ¢ Omp, Op 1 Anc,a amdubo-
na — ¢ Mnp, Onp u Iln. Kak BHIHO W3 NMpHBE[EHHBIX peaKiMil, XKee3HCTOCTh
OuoTHTa OlpefensAeTCA XenmeaucTocTeio Omnp, a ampubona — Onp u Mnp. ITo-
JTOMY NpH paBHOBECHOH KPHCTAIINTM3AlMH DPa3/iMUMe B XKeJIe3HCTOCTH MHHAIIOB
Onp u Mnp pacrnasa ABNAETCA INaBHOI NPUYHOM, OTIpeIeNAIIMIEeH COOTHOLIE-
HHe XKeJe3ucTOCTH DHOTUTOB 1 amMpuBonoB.

ITo umerommMMes B THTepaType DaHHbIM [45], COOTHOLIEHHE KeIe3UCTOCTH
Mnp u Onp u3ameHseTcs o o6LIeH KeNe3UCTOCTH Cpedbl MX o6pasopanus. B 06-
7IaCTH MAarHe3WanbHbIX COCTAaBOB pacmpenenenue Fe?* n Mg no cocymecrsyio-
umM Mrp u Onp npubnukaercs K egMHHIE, HO IO Mepe YBETHUeHHS KeNe3H-
CTOCTH CHMCTeMbl JKene3ucrocTs Omp cTaHOBMTCA 3ameTHO Gonbileii. Otciona,
€CTeCTBEeHHO, CellyeT OXM/IaTh, YTO B MarHe3MambHbIX COCTAaBAX IIpH paBHOBEC-
HOH KPHCTAJUTH3AUMH JKENe3UCTOCTh GHOTHTOB M aMdUBONIOB MOMKHA GBITH -
ONH3KOH, a8 B JKEIe3HCTBIX COCTaBaX JXeJe3HuCTOCTh GHOTHTA GyHeT Bbiile, YeM
y ampubona. [Tockonsky Miip He GbiBaeT Gonee xkese3UcTbIM, Yem Onp, To mpu
PaBHOBECHOM KPHCTATIH3AUMM HE JIOJDKHO GbITh 3KCTPEMYMA JKeNe3UCTOCTH
cocyluecTBYIOIMX OHOTHTa M amdubona. [Ipu pa3sHOBpeMeHHOH KpHCTANH3a-
UMM M (paKIHOHHPOBAHHH paHee BbIAEMBILErOCA MUHEPAIA 3TO COOTHOLIEHHE
MOKEeT H3MEHUTBCA.

Kak BuaHo U3 puc. 2.43 u 2.44, npu M3MEHEHHH JKENE3MCTOCTH CHCTEMBI
H3MEHAOTCA MONA KPHCTAJUTH3aLUMK ampubona u GHOTHTA: MPH HU3KOM Xeme-
3UCTOCTH GHOTHT MMeeT GoNbLIyI0 O6NACTh NEPBHYHON KPHCTAIUTH3AIMH, & TIPH
BBICOKOH — amdubon. IMoaTomy, cormacHo Teophu BepOATHOCTH, B fIepBOM
cny4ae paHslie Oy/eT BBIAENATHCA GUOTHT, 2 HPaKUHOHHPOBAHUE ero KpHCTa-
710B WM HEIIOITHOe MPOXOXKIeHHE peakuuM TBepabix a3 W pacmnasa c o6pa3o-
BaHMeM 30HaJIbHBIX KPHMCTAIUIOB YBEJIMYMT JKeNe3UCTOCTh pacinasa. Korpa xe
K OMOTHTY NpPHCOENMHHTCA aM(uUOON, TO €ro paBHOBECHAA XeIe3HCTOCTh
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C BHCUIHMMH 30HAMH BHOTHTOBBIX KPHUCTAIIIOB (MIIM OT/IE/TBHO K PUCTaNTM3Y10-
ILHMHCHA Ha 3TOM 3Tane) Oyner Boile obLIei XKe/le3MCTOCTH BHOTHTOBBIX KPH-
CTajlJIOB, OTOMpaeMblX Ha ananu3. [Ipu Mansix conepiaHHAX B cucTeMe HOpMa-
THBHOro Op M 1A MAarHe3ManbHBIX COCTABOB BO3MOJNHA obpatHas KapruHa,
KOT/Ia HCXO[IHbIH COCTAB BHAvase NMONA/IaeT B MOJIE KPHCTAUTA3ALNN ampubona.
Ero panmee Bhinenenne npuBesieT Kk 06OTaLEHHI0 MarHHEM 10 CpaBHeHHI0 ¢ Bo-
Jiee MO34HUM BHOTHTOM.

Bo BTOpoM cnyuae — Ipu BbICOKOI KENE3NCTOCTH CHCTEMBI — COOTHOLLE -
HHA OyayT obGpaTHBIMH, T. €. B paciuiaBaX OGbIYHOIO COCTABA nepebiM Oynger
KPHCTA/IH30BaThcA aMHGON M 0BOTAIaThCA MATHHEM, a B PAcIUIaBAX, CHIIBHO
oborawenHbix Op, NepBLIM MOXKET HAYaTh K PUCTAIM30BATHCH GHOTHT, U COOT-
HOLUEHHE HENE3MCTOCTH pacCMATPHBAEMOH Mapbl By/IeT Takoe ke, KAK U B nep-
BOM CITyuae.

Tlpu ompenenennoit skenesncroctd (=~50%) Bo3MOXKHa O[IHOBpeMeHHas
KpuCTanau3auns amopubona u 6uotuTa B Cemmupa3oBOM paBHOBECHH, HO 10-
CKOJIBKY OHM ABJATCA TBEP/bIMH pDACTBOPaMH M MepBble WX KPHCTAILThI
AOJKHDBI BbITh GOnee MarHe3daibHble MO CPABHEHHIO C PACIUTABOM, TO €ro CO-
CTdB C HAYaIOM KPHCTALIM3AUMH CMECTHTCA B Xelie3ucTyio obnacts. C atoro
MOMEHTA GHOTHT NPEKPATUT KPUCTALTH3OBATECS, M MBI TIONYUHM BTOpOii ciy-
Yai M3 pacCMOTpeHHBIX BhILIE. B mpupone Bo3MOoxeH BAapHAHT, KOTOPLIH B rpa-
HHTHBIX CHCTEMAX [OJKEH BCTDPEUAThCH value, YeM B JIPYTHX CHCTeMax, KOrga
COCT4B pacIUIaBa IpH KPHCTA/UIM3AIMA IIepeXOUT U3 MArHe 3HABHOMN 06/1acTH,
TAe BbUACTANICA GUOTHT, B HKEJIE3UCTYIO C PacLUMpeHHEM MONA K PHCTA/UTH3ALMK
am¢ubona. B pesynprare 310r0 nepexona GHOTHT B HOBBIX YCIIOBUAX COCTaBa
PaCIUIaBa CTAHOBMICA HEYCTOHWMBBIM M HAYHHAeT pacTBOPAThCA. Amdubon
B 3THX yC/IOBHAX KPHCTA/UTM3YETCHA HE 32 CYET PeAKUMH pacTBOpeHusA GHOTHTA,
4 KaK paBHOBECHAA KOHTPY3IHTHaA (a3a, MOTOMY YTO COCTAB paciuiaBa MoOMaJl
B [lofIe ero nepBMYHOH KpHcTaim3auuu. Ho ol MOXeT Hcnonb3osath pacTeo-
PAIOIIHECH KPHUCTAUTbI GHOTHTA B KaYeCTBe UCHTPOB KPHCTA/UTM3AIMH H NPEIo-
XpaHATE HMX OT MOJHOIO pacTBOPEHMA, a OOBIYHO TakHe B3AMMOOTHOLICHHA
TPaKTYHTCH KaK peaKIHOHHbIE.

B3aumooTHOWE U, NOXOXHe MO MOpdonoruK Ha PeaKklMoHHbIe, BymyT
06pa3oBbIBaTECA U B CIIyYae KPHCTAUTH3AIUMHE GHOTHTA U amdubona Ha rpaHuue
nonei X yCTOWMMBOCTH (puc. 4.5) . ITH rpaHMIb! H3-3a Pas3jIMYHOTrO B3aHMOTIO-
NOXeHHA JIMHMA DPaaNoXXeHUA HKEJIE3UCTBIX M MAaTHe3HANBHBIX Pa3HOBHIHOCTEH
GuotHTOB M amdubonos nepecexaiorcs rae-To okono 50% HKeJIe3HCTOCTH CHCTe-
Mbl, YTO M BBI3BAIO MOABJIEHHE TIPH ITOH XKEJIE3UCTOCTH MHBAPHAHTHOH TOUKH

Ha rpaHHuAX MOTeRl CyllecTBOBaHHA GHOTHTA M am¢mubona (puc. 4.5, JB74).
ITpu KpucTanm3amum 6GHOTHTA HIKe J'? 74 no maenenuio PH’O, a 9TO BO3MOXHO

B MarHe3HaIbHbIX COCTaBax, Geaubix Op, ¢ NOHMXEHHEM TeMnepaTyps (MyTs A,
pHC. 4.5) paciulaB BHauane mepeceyeT IpaHMILY MO YCTOHYMBOCTH am¢ubBona,
a 3aTEM MOXET Nepece'ib M IpaHMILy NOJIs YCTORUMBOCTH GHOTHTA. B cryuae pas-
HOBECHOH KpuCTaM3auun ampubon u GHOTUT OMKHBI PACTBOPHTBCA M BMe-
CTO HHX BBIIEJIATCA MHPOKCEHDI, IVIATHOKNA3bl M KaKumar. OpakunMoHHpoBa-
HHMe M ,,0poHMpoBanne” am¢pubona GHOTHTOM, a 3aTeM GHOTHTA OpTOINHpOKCe-
HOM COXPaHAKT HepaBHOBeCHble (a3bl ¢ 0OGpaloBaHHEM MOPHONOTHYECKHX
B3aHMOOTHOLIEHHA DHOTHTA H amdubona, KJacCHPHIMPYEeMBIX KaK peaKuHOH-
Hble. B xenesuctbix cocrapax, Gorateix Op, Bhime JP74 (nyrs B, puc. 4.5)
pacIuiaB BHauane Inepecevyer rpaHMIy MonsA GuoTHTa, a 3aTem — am¢ubona, no-

ITOMY B3aMMOOTHOLIEHHA 371ech GyayT oGpatHbie, T. e. ampnGon Gyner obpac-
TaTh GHOTHT, NPENOXPAHAR €ro OT PACTBOPEHUA.
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Au b — nymu KpucTayuiM3aund GuoruTa u amdubona.

Taxum obpa3zom, COOTHOLIEHHE Kene3ucTocTH OHoTHTa W amduborna 3aBu-
CHT OT TIOC/IE[IOBATE/IbHOCTH MX BbIJIENIEHHs, a NOPAOK BblJIE/IEHHA OMNpe/ess-
€TCA MCXOJIHbIM COCTaBOM pacilaBa He TONBKO MO oTHolIeHHwo JH : Oc, HO U
AG : AH. OcoBeHHOCTH CHCTEM Da3HOI JeJe3UCTOCTH ¥ BO3MOXHOCTh paciliaBa
nepeceKars rpaHUIbl MONeH YCTOMYMBOCTH JJAHHBIX MHHEpPaJIOB B CBA3M C H3Me-
HEHHEM II0JIOXKEHHSA ITHX TPaHML, MPUBOMAT NpH (paKUHMOHHOH KpHCTAIIIU3a-
UMM K B3aMMOOTHOLUEHMAM GHOTHTA U ambubona, MOpdOIOrHYeCKH NOXOXNKHM
HA peakIMOHHble. PeakIMOHHbIe B3aHMOOTHOILEHUA ITHX MHHEPAJIOB AOIYyCKa-
10TCA BOJIM3M MHBApHaHTHOH TOYKH COBMECTHOTO HX COCYILECTBOBAHMA C MOHO-
KIIHHHBIM ITHPOK CEHOM.

(DpaxkuMoHMpOBaHME OKa3biBaeT ONpefelieHHOe BIMAHWE M Ha Mpouecc
KPHCTAINM3aUMK MMOJIEBBIX LUNMATOB ¢ 06pa3oBaHMEM 30HANIBHBIX KPHCTAIIJIOB
H CTPYKTYp aHTHpalaKHBH pasjM4YHbIX MOpdoioruyeckux tunos. OcoBeHHO-
CTH KpPHCTAJIM3aLUMM TOJIEBBIX LUMATOB ONPEENANTCA MCXOIHBIM COCTaBOM
paciuiaBa no cooTHoLleHH0 AG, AH u Op U XapaKTepHbIMH CBOHCTBAMH CHCTe-
Mbl MIPH Pa3IMYHbIX 3HAYEHMAX PH,O’ OTpa)KEHHBIMM Ha [IMarpaMMax cOoCTOs-

HusA cuctembl A6—AH—Op—KB—H,0 (mpun. I, puc. 1.10) u cucrembr AG—AH—
—Op [52]. Mpouecc auddepenupannn (Xors ObI ¢ YACTHYHBIM ¢ paKIHOHHPO-
BAHHEM) MOXET HATH B O[ITHOM CyYae C yBelHueHHeM OTHOLUeHUA AG : AH Npu
paHHe#l KPHUCTAJUIM3aUMM TUIaTMOKJIa3a, B APYTOM — C YMEHbLIEHHEM OTHOLUE-
HUsi AG:AH NpH paHHEH KpPUCTAUIH3alMM KaJMHATPOBOrO INOJIEBOrO LIIATA.

UroObl nyullle MOHATH JHArpaMMbl B CMBICIE OTpaXeHMA UMM (ha30BbIX
npeBpalieHui, HeoOXOOMMO MpOCIeOMTh NYTH KPHCTANIIM3AIMM Pa3iTHYHbIX
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Puc. 4.6. Kpucrannusauua paciuiapa X, GUrypaTMBHas TOYKA KOTOPOIo Hd KOHUEHTpPalu-
OHHOM TPeVYTOJIBHHKE MoNanacT Ha TpaHULY Mexny Pa3HOTHUINOBLIMH [1PEB paAlICHUAMH .

4 — TIPOeKIIHA Ha KOHUEHTPaUMOHHLIR TpeYTONBHHK; € — NONHTEPMHYECKOE CeueHHe
no Iln,,—M.
M

MCXOIHBIX PACIUIABOB, MOMA/AKIUKX B pa3MyHbie 06nacTh asoBbIX NpeBpa-
LIeHHH, TIPH TOCTOSTHHOM [IaBJIEHMH BOJIbl U npubnu3uTensHo pasHom 1000 Gap.

Kpucrannusauusa paciUlaBoB B 06J1aCTH 3BTEKTHYECKMX MpEeB paleHuH pac-
CMaTpUBaeTCA B Y4eOHBIX MOCODHAX MO HU3MYECKOH XMMHH, I0ITOMY HET He-
obxomumocTtH ee 3jech pa3bupars. CriegyeT NMUIb yKa3aTh Ha OCODEHHOCTb
KPUCTAJUTH3alMH PaciylaBoOB, KOTOpble monaayT B Touky M. M3 taxux pacmna-
BOB Byner KpHCTALUIM30BAThCA TBEpPHAbIH PacTBOP KaIbIMHCOMEPHKAILETO LNe-
JIOYHOTO TIOJIEBOTO IIMATA TOTO e COCTABa, B Pe3yJIbTATe Yero paciuias, KOTo-
pbIH HaxomurcA B oGnacT 3BTEKTMYECKHX TpEBpAaLUCHHH MpH paBHOBECHOH
KPUCTAJUIM3ALMH, He CMOJKET MepeTH TPaHMYHYI0 JIMHUI0O MeXIy THIIaMH Tpe-
B palileHHH W MOMacTh B 06/1acTh EPUTEK THYECKOH KPUCTAIIIIH3AIMH.

1. Kpucrannn3auua pacruiaBoB, (pMIypaTHBHbIE TOYKH KOTOPbIX Ha KOH-
UEHTPAUMOHHOM TpeyroNbHMKe NomagawT Ha suwkHio M-TIn, (puec. 4.6).
IIpu pocTHXeHUH pacIUIaBOM JIMKBHIYCHOH NMOBEPXHOCTH B TOuKe X, mepBbiM
HAaUHeT KPUCTA/UIM30BATHCA MUIarkoknas cocrasa ITn;.! B npouecce kpucrasniu-
3amMM COCTAB paciulaBa W3MmeHsietca 1o kpuBoH K,—XK,;—XK, B HampaBneHuH
K Touke M, a cocraB miaruokJiasa — mo xpusoit [ln;—IIn,~Iln,, ¢ nocrenex-
HbIM YBeJIMYeHHEM B er0 COCTaBe OPTOKJIa30BOH monexyinbl. Korpa pacnnae
JOCTHTHET Touku M, a coctas miarvoknasa — Iy, KpHCTAUIH3AIKA MIATHO-
Kjia3a [peKpaTHTCA, 2 HayHeT KPUCTAIUIM30BATbCA LUEJIOYHOH TOJEBOM Lmart
cocraBa M.

B cryuae onpepeneHHoro (ppakuHOHHPOBAaHHA H HEKOTOPOTO M3MEHEHHA
YCJIOBHi BO BpeMsA KPUCTALIIM3ALMH, YTO XapaKTepHO A MPUPOAHBIX NpoLec-
coB, BynyT o6pa3oBbIBaThCA 30HAIbHBIE KPHCTAJI/IbI TUIATHOKIIa3a H H3MEHATH-
€A COCTAB 1LEJIOYHOTO TOJIEBOTO WIMATa B CBA3M C W3MEHEHWeM IONOXEHHA
touku M. [lpu 3HaumTenbHOM ¢paKkUMOHMPOBAHHH TBEpIbIX (ha3 paciuas Mo-
KET MOMACTh B 0OIACTh Ne PUTEKTHYECKOH KPHUCTAJTH3A1MH .

[IpupoaHbiii MpHMEp 3TOTO TUMA KPHCTAJTH3ALHH JOJDKEH ObITh Mpe/ICTaB-
NeH TUIHAMOMOPGHOH CTPYKTYpOH € YeTKO BbIPAXEHHBIM HAHOMODP(PHIMOM

! HeoBxopmmo uMeTs B BHAY, YTO He BCe COCTaBEI (a3 HaXOOATCA B IUTOCKOCTH Bep-
THMKAIBHOTO pa3pesa, YacTh H3 HHX CpOeKTHPOBaHbI Ha Hee. JlaHHOe 3aMeuaHHe OTHOCHTCH
KO BCeM IOCTIeNYIOLMM BePTHKAJIbHBIM pa3pes3aM.
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Puc. 4.7. Kpucrannm3sauua pacnnasa V, ¢ury-
PAaTHBHAS TOYKA KOTOPOTO NnomnajaeT B o6nacts
MePUTEKTHYECKHX NPEeB pallieHHRt, OrpaHHYeH-
HYI0 Ha npoexkuuu nuHuert [y, —M 1 conuayc-
HOR JTMHHKeH.

4 — MpOeKUHA NMepBHYHON KPHCTAIIH3ALHM Ha
KOHUEHTPAUHOHHBIR TPEYIrOJIbHHK; 6 — Nonu-
TepMHYeckoe ceyeHue no In,—1,; 8 — npoek-
UHHA BTOPHYHOW KPHCTAIM3AUMH Ha KOHUEHT-

PaUHOHHBLIR TPeyTro/IbHHK.

TNarMOK/1a3a M KCEHOMOP(OH3MOM LLETOYHOTO N0/IEBOTO LiNaTa Ge3 peakunoH-
HBIX  (pe30pBUMOHHDbIX) B3aHMOOTHOWIEHHH. Takoi mpumep CTPYK TY pHBIX
B32MMOOTHOLLIGHHH MOJIEBbIX LNaToB omicad M. U. Posusoseim [150], koTo-
pbie OH Habmionan B cueHuTax OCHMHOBCKOM HHTPY3uH 3anagHoro 3abaikanss.
Ilo nauupiv HaGmopennit M. U. Po3nHOBa, NPOMCXOMAT Kak Gbi obpacranue
TLTaArHOKIa3a 1IeTOYHBIM MOJIEBBIM LUMIATOM C HCTIOJIb30BAHHEM €TI0 KPHCTAILIO-
rpaMyecKoi OPHEHTHPOBKH, HO rpaHMuA MEXy HHUMM BCerja YeTkas W nps-
MonHHe#ta. [1arnoknas OTIMYaeTCA Helpe pbIBHOH HaNpaBIeHHOM 30HANBHO-
CTbio: B ueHTpe OH HMeeT N° 40—45, Ha nepucepun N° 25-28,a copepxanme op-
TOKJIa30BOH MOjIeKyIbl NocTHraet 1 2—16%. CocTas 1ie/104HOro NOMeBOro Lina-
Ta, COINIACHO PEHTIEHOCTPYKTYPHbIM [aHHbIM, H3MeHAETCA OT Opso (AG+AH)s,
10 Op3s(A6+AH)es, cofepkaHne aHOPTHTA B HEM OLEHUBAETCH B 5%. OmMMCcaH-
HbIE B3AMMOOTHOLLIEHHA MOJNEBLIX L.NaToB M. U. Po3uHOB Ha3biBaeT CTpyKTy-
POii ,,aHTMpPANaKuUBH™, YTO He COBCEM MPAaBUIILHO, MOCKOABKY M B CTPYKTYype
PANaKHBH,H B CTPYKTYpE ,,aHTHPANAKHBH * AZIPO MMEET OTUIABIIEHHO-OK PYTIYi0
dopMmy (OBOMABI), CBHACTENBCTBYIOUIYI0 O peAKUMM DaHee BbIJETHBLIMXCA
KPHCTAJLIOB-AJIEp ¢ paciU1aBoOM.

B cnyyae npucyrctena B cucteme coGomHoi Si0O; BO3MONHO obpa3opa-
HHE OpTOKJIA3-KBapUEBOro rpaHopupa, B KOTOpoM OYMIYT ,,l1aBath’ KpUCTA-
/bl TNaruoknasa. Takue CTpYKTypbl OmMcaHm B pa6ore . B. ®eplutatepa u
H. C. Bopomuoi [183] u HaGmionanack Hamu B TpaHOAMOPHTAX APBABAPCKOro
KomIiekca Ha Konbckom nonyoctpose [12].

2. KpHCTa/umMsauus pacniaBoB, nomajalwMx B 06nacTs MepHTeKTHYe-
CKHX NpEBpPAIIEHHH, KOTOpas Ha NMPOEKUMH orpaHuyeHa muuued In,—M u
conumycHo# nunnen (puc. 4.7). Ilpn [OCTHXEHMH PAacIUIaBOM MOBEPXHOCTH
JIMKBHIYC M3 HEro HauMHaeT KpPHCTA/UIM30BAThCA IUIATHOKNA3 cocrtasa IDn;.

175



X +n

- T TH ot
”J_g .

T L
N A Al W\ Alw

Mg Puc. 4.8. Kpucraymaauua pacrinasa Z, ury-
74 paTHBHAS TOYKA KOTOpOro nonaaaet 8 oGnacte
s TMEepPUTEKTHYECKHX TMpespaueHyi, orpaHHyeH-
HYK Ha APOCKIMH COJMAYCHOR nmmHMe#, nepu-

e TEKTHKANLK H JTHHHEH KSﬁP.

Aneu @ — NpoeKUHA NEPBHYHOH KPUCTAJUTH3ALMH Ha

KOHIEHTPAUMOHHLIA TpeyrojsHuK; & — nonu-

TepmHyeckoe ceyerue no [n,—I;; 6 — npoek-

Ps 1A Ha KOHUSHTPAUMOHHBIA TPeyTO/IBHHK BTO-
p-3 PHYHOH KPHCTA/UIHIALNH.

C nmoHW)XeHMEM TeMIepaTyphl TUIArHOKJa3 Oy[eT NMpo/ionkaTh KpPHCTA/LUTH30-
BATHCA, M3MEHAA cocTaB No Kpusoii [y, —Iln,—Ilng, coctas paciuiaBa npu 310M
6yner uamenarbca no KpuBoi XK;—XK,—)X;. Koraa miarmoknas gocturser co-
BYCHO# TIOBEPXHOCTH (CONMIYCHOH JIMHMM Ha IUIaHe), a paciulaB — MEPUTEKTH-
KaJTH, HAayHeTCHA MepHTEKTHYeCKOe IpeBpaileHHe : MIarHoknas bymer pearupo-
BaTh C pacIUIaBOM, [1aBafA UieJIOYHON nmoneBoi wmat. CocTaBbi MIarHoknasa u
1LeIOYHOro MOJIEBOrQ LuMara ByLyT M3MEHATHCA MO CONMMAYCHOH NHHWH B Ha-
npasnenuu ToukH Kg ot Ilns no Ins u ot Allu; go Allis; coctas paciuiaBa
npu 3T0M OyZeT mepemMewarbca Mo nepuTeKTHKAMH oT Xj 10 XK. Koraa koHo-
na TBepabiX a3 MomagaeT Ha TOUKY MCXOJHOTO cocTaBa paciuiapa (¢a3oBbii
TpeyronbHMK M—Tlns—Alluis), Bech pacmnaB HM3pacxofyeTcA M OCTaHYTCH
TRepasie daspl — [lng 1 Allws. B cnyvae ppakuMOHMpOBAHHA M HEMOJIHOTO
pAacIUIaBlieHHA [UIarHOKJIa3a HM3-32 OpPOHHPOBaHHA €ro IUE/IOYHBIM MOJIEBLIM
LUMIaTOM MOryT oﬁpaaonarhcx B3aUMOOTHOLUEHHA MOJIEBLIX ILUNATOB, KOTOpPbIE
Ha3bIBAKTCA ,,aHTHpanakuBu”. [IpHpOJHbIC NPHMEpPbl TAKOH CTPYKTYPbl MOX-
HO HaWTH B OGLUMPHOH I€ONIOTHYECKOH JINTEPATY pe, Iie ONMMCHIBAITCA rHnabuc-
canbHble TPAHHTOMIbI. CChUTKH HA NUTepaTypy uMeloTcd B paborax 0. ®. Tatna
u H.J1. Boyana [286], . B. ®epuurarepa u H. C. Bopommuoit [183].

B npuponme peanusyerca W [IpYrod MexaHW3m oOpa3oBaHWs CTPYKTYphI
aHTHpaNaKHBH, KOTOpBIH CBA3aH ¢ 06pa30BaHUeM CTPYKTYpbI pamakusu [54].

3. Kpucrajum3auus pacniaBos, monajaowmx B obnacrts nepurekTHue-
CKMX mNpeBpalleHHd, KOTOpas HA TOPH3OHTANIBHOH MNPOEKUMH OrpaHHYeHa
COMMIYCHOW JIMHHel, MepuTeKTHKANLK W nunuedl Kg—P (puc. 4.8). B stom
cliyyae mMepBble [1Ba JTana KPUCTAJUIM3ALMM CXOQHBI C MpPEIbiAYLIHMM Cly4aeMm,
TONBKO BTOPOH 3Tan 3[ech 3aKAHUMBAETCA MCYEIHOBEHWEM IUlaruokasa (da-
30BbIA TpeyronbHUK Ms—Ilns—Allums). Ha tpethem aTame M3 pacniaBa KpH-
CTA/UIM3YETCA LUEJOYHOH TMOJIEBOH LUMAT, M3MEHAIOWMA COCTAaB [0 JIMHWUH
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Puc. 4.9. Kpucrammmsanus pacnnapa ¥, QUIypaTMBHas TOYKAa KOTOPOTO Ha MPOEKUMH TO-
nanaeT Ha uEH0 Kg—P.

g — NPOEKIMA HA KOHISHTPAlMOHHBIH TPEYrONEHHK; 6 — MONMTEPMHYECKOE CeueHHe Mo
Kg—P.

Alluwis—Alluw, [0 (UrypaTHBHOH TOYKM MCXOJHOIO PpaciuiaBa, paciuiag NpH
3TOM CXOJMT ¢ NEPHTEKTHKANM ¥ MEHfeT CBOM cocTaB Nmo yMHMM Xs—X; 1o
TIOJIHOTO HCYe3HOBEH!s, HO He ZIOXOMA IO ,,TeMIlepaTypHOro Tpora’.

[Ipn paBHOBECHOH KPHCTAIUTM3AUMH C (paKUMOHAPOBAHHEM H HENOJIHBIM
MPOXOXKICHHEM peaKiyy TBepoil $a3pi ¢ paciiaBom BO3MOXKHO obpa3oBanue
30HANBHBIX KPHCTAUIOB M [@Xe CTPYKTyp THHa aHtHpanakusu. [Ipuposmsie
NpUMMepPb! TAKOTO TUNA KPUCTAJUIM3AUMH [0IDKHBI GbITh NPECTaBNEHbI OHOTIO-
NIEBOUIMATOBBIMH PAHMTOMIAMH, 4 B YYacTKax HepaBHOBECHOH KpHMCTAJUIM3a-
miH GyoyT HabNIoHAaThCA B3aHMOOTHOLIEHHA MOJEBLIX LMATOB, KIacCHQHUIM-
pyeMble KaK CTPYKTYpa aHTHPANlaKMBH U 00A32TeNBHO C YeTKHMH I'DaHMIAMH
MeXJ1y IUIArHOKIIa30BbIM SIPOM M LIETOYHONIOJIEBOLINATOBOH KAaHMOH.

4. Kpucrannu3aius pacnyiaBoB, NONAfalIMX Ha N'OPH3OHTANbHOH Mpo-
exkiumn Ha nuHMio Kg—P (puc. 4.9). KpucTamimsauusa H3 TaKHX paclUiaBoB
HauMHaeTcs Iuiarmoknasom cocrasa Iln,. [Ipu cHDkeHUH TemIlepaTy pbl IUTarHo-
Kia3 Oymer NpoJO/KaTh KPHCTANIM3OBATLCH, MOCTENEHHO MEHAA COCTaB
BILTOTH [0 LIEIOYHOTO MONIeBOTO ILMATA COCTABA MCXONHOTO pacliaBa (KpHuBas
Iln,—Allus). CocTap pacniasa IpH KPUCTAIUTH3AINMHA H3MEHAETCH MO KPHBOH
K,—Xs, Ho He moxomut no nmuuMH M—m. Teepnas ¢dasa u paciiaB NpoxXonsAT
(xak Bbl MPOCKATB3BIBAIOT) COOTBETCTBEHHO TouKy K¢ M TOUKy P Ge3 uamene-
HUA TMIIA NIpEBpalLeHUA.

[Ipy paBHOBeCHOH KpucTanmM3auuu OyayT oOpas’oBbIBAaTHCA 30HAIbHbIE
KPHCTAUIbL C PATHYHBIM THIIOM MEPEXOJIOB MEX/Y 30HAMH B 3aBHCHMOCTH OT
YCIIOBMH KpHCTAUM3auuK. [Ipupo/iHble NpUMepbl pe3yNibTATOB TaKOro THMNA
KPHCTAIUTM3aUMM omucanpl B pabote I'. b. ®epuwratepa [181] xax nepsbii
MO ONOrHuecKHii THI 30HANILHOCTH C HEPE3KOH IPAHHLEH MeX/ly IUTarHOKIa-
30BBIM ANPOM M KaiMO#H KaJMii-HATPOBOTO NMOJIEBOTO LIATa, & TAKXKe B paboTe
E.Il. I'yposa u E. I1. l'ypoBoit [38].

AHaTOTHYHBIH X0 KPUCTAUIH3aUuKM OYIyT MMeTh paclUIaBsl, MOMAJaolLHe
B 06nacTe TBepIBIX PAacTBOPOB IOJEBBIX IUMATOB Mexay juHued Kg—P u
A6—Op CTOpOHO# KOHUEHTPAUMOHHOIO TpeyroybHuka cucremsl A6—AH—Op.

Kpucranm3auus pacIuiaBoB M3 0GNacTM TBepAbIX pacTBOpoB, obora-
LIEHHBIX KAJMEBBIM TIONEBBIM ILUTIATOM, OyHeT NpeACTaBlATh 3epKaTbHOE
u3006paxeHke NMOCTIETHETO CIYYad, T. €. NepBbIM HAYHeT BBIJENATHCA Kanue-
Bbiil MONeBOH winat, GemHbIH aNbGUTOBBIM KOMIOHEHTOM, KOTOpBIH MO Mepe
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KpHCTAINH3aLMK GyseT MM oBoramatscs 0 MCXOAHOTO COCTABA PAacIUIABA.
B pesyinbrate TaKoH KPHCTAIUIM3ALMM OJKHBI 06Pa30BBIBATECH OXHONONEBO-
LUNATOBbIe MOPOJIBI KATHEBOTO pATIA.

4.4. OxuHcrieHHe —BOCCTAHOBIIEHHE JKeJle3a
NpH KPHCTAJUIM3AIMH Marmbl

TlockonbKky cooTHOUIEHHe HOPMaTHBHbIX JH 1 OC B pacinaBe TpU MOCTo-
AHHOM P, | onpefenser 0Opa3soBaHHe TOH MM HHOH ACCOMMALMM TeMHOLBET-
2

HBIX MHMHEDAIOB, TO OKHCJIEHME —BOCCTAHOBJICHHE )EJIe33, W3MEHSKILEE ITO
OTHOLUEHHE, TAKNKE BJIMACT HA MOABJIEHHE COOTBETCTBYIOIHX MHHEPATTBEBIX ac-
COUHALMH H COBMECTHO C ABJICHUAMH ()PAKUMOHHPOBAHUA MU3MEHSET NOPALOK
KPHCTAITH3AUMH MHHEPAIOB M Hanpasnenne auddepeHumanyu. bonsioe BHu-
M3HHE JTOMY BOIpOCY yrieneHo B paborax I'. b. Gepmrarepa u ap. [183, 185],
B KOTOPBIX MNPE/UIAaracTCsA BBINENATH Aaxe (peppodaluu rpaHHToUnoB. B 3mHX
paboTax NOqUepKMBAETCA PA3/iMyMe B CTETIEHM OKHCIICHMS JKeJle3a H COOTBeTCT-
BCHHO B COMIEPXAHMH MAarHETHTA aGHCCANBbHBIX M MHIABHCCATTBHBIX TPAHHTOH/I-
HbIX KOMIUTEKCOB Ypana: B aBMCCANBHBIX TPAHUTAX CTENEeHb OKUCTEHUS HeBbI-
COKas M collepsKaHUE MArHeTHTa HeGOJIBIIOE, @ B TMMAGMCCANTBHBIX — CTeleHb
OKHCIIeHHA BBICOKASA W COJlepXaHHe MarHeTHTa TAKKe BBICOKOe.

Ha Konbckom nonyoctpose Bbicokoit CTeNeHbI0 OKHCTEHHA XKere3a | Bbi-
COKHM CO/IepXKaHHEM MArHETHTa OTIIMYAITCA MOPOMAb! GOpPMAIMit TPaHOIHO-
PHT—TPARHUTOB H LIENIOYHBIX TPAHUTOB M cHeHUTOB [15]. Cpeau mocnemHux Bbi-
ACNAIOTCA [aXKe MATHETHTOBBIC PA3HOBUIHOCTH, KOTOPBIE HE COLEPXKAT APYIHX
TEMHOLUBETHBIX MHHEDANIOB, XOTA OHM H HE OTHOCATCH K THNAGHCCATBHBIM
00pasoBaHHAM. JTa 0COBEHHOCTh TMMAGMCCANBHBIX M LIEJIOYHBIX TPaHHTOB
AABHO M3BECTHBIH IMITMPHYeCKHMIl GaKT, HO 0K He TOJIYUHBIUHI HAYYHO 060C-
HOBaHHOTO 0bvAcHenns. Tak, I'. b. ®epmritep u H. C. Bopomuna [183] ma-
wyT, ur0: ,,ONHOMi U3 NPUYMH TIOBBILIEHHOTO COMEPXKAHUA MATHETHTA B IpaHu-
TOMIAX MAJIBIX M yMepPEHHBIX INTYGHH MOXET GbiTh yBENMUCHHE NAPUHATILHOIO
naeneHuaA kucnopopa’ (c. 191-192). Ho omm He 0GBACHAIT, 33 CUET KAKHUX
TIPOLIECCOB MPOHCXOUT YBETHYEHHE NapUHANBHONO [aBIIEHHS KHCIOPO/IA.

A. C. Kopxwutckuit [94], pasbupas BONpPOC 3aBHCHMOCTH CTENEHH OKUCIIE-
HHA JKeJIe3d B MarMe OT LUENIOYHOCTH, BBIBET CIE/IYIOLIee Y PaBHEHHE ;

dln [Cgezoa/(cg o)’ 1/8In [07] = 2Bre0=3Bre, 0,

S - i T
raue Qe,O,’CFeO Banopas KoHu Hrpauusa; [O*" ] — nokazatens OCHOBHOCTH

pacmmapa; (3 — creneHs moHM3auuyn okucna. Ho u 310 ypasHeHue He 06bsacHseT,
32 CYET KAKOTO MpOLEecca M BENIECTBA I0JIYYaeTCH TO MIIH HHOE COOTHOLIEHHE
KOHIEHTPAIMil OKHCIIOB Keje3a.

Huxe npemtaraercs OQHO M3 BO3MOXHBIX OOBACHEHMH BBHICOKOI CTeMeHH
OKMCIEeHHs jKejle3a runabucCcanbHbIX (MITH BHICOKOTEMIIEpATYPHBIX) H IIENIOU-
HBIX TPAHHTOMOOB.

JleHCTBUTENBHO, TTOCKONBKY B THNAGHCCAIbHBIX TPAHMTAX BBILIE CTEMEHb
OKHCTEHHA K DOTbIlle MATHETHTA, TO HAlPAIUMBAETCA E[MHCTBEHHO I1PABHITLHBIH
BBIBOJ, K KoTOpomy npuuum I'. B. ®epurarep u H. C. BopomuHa, 4to B cucre-
Me, $hopMHMpoBaBlIeH rMNaGHCCAIBHBIE [PAHMTHI, IOJDKHO OBINO BBHITH Bhile
TapUHanbHOE [aBJIeHHE KHCIIOPO/a MO CPABHEHUIO C aGHCCAIBHBIMM ['PAHHTAMH,
HO OHH He OOBACHWIIM NMPHUMHBI ITOrO MOBBILEHWA M HE YKa3aJli BELIECTBO
NOCTaBIMKA KHCopona. [To Hamlemy MHeHuI0, H3 BCEX KOMIIOHEHTOR pacria-
B2 TAKHM BEILIECTBOM MOXET ObITh TONBKO BOMA, TAK KAK OCTA/IbHBIE KOMIIO-
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HEHTHI, TJIABHBIM ODpasoM KpeMHMH M ATIOMHHHMH, HMEIT HAMHOTO CHJIbHee
CBH3b C KMCTIOPOAOM, YeM BOROpOH. Kak M3BeCTHO K3 XUMHHM, CTENEHb OHCCO-
UMAHKM BOObl HA BOAOPO H KHCIOPOJ 3aBHCHT OT TeMIIEPaTypbl M [ABJIEHHA
C yMeHbllIEHHeM [ABIICHUA H YBENHYeHHeM TeMIIepaTypbl CTelleHb JUCCOLMALMH
pacrer. PasHuua ycnoBuil KPHCTAINHM3AUWH TMNAabHCCANbHBIX M abHCcCaTbHBIX
rpasmToB (0 MaBneHMio mopsAnka 3—4 kbap u mo temmneparype 150—170°)
ONpefenseT pa3iume CTENeHH IMCCOUMAlMM BOOb! HA HECKONBKO MOPANKOB,
UTO H TIpUBOIHMT K DPa3IHYHI0 B CTETIEHH OKHCIIEHHMA JKENe3a 3THX IPAHMTHBIX
Komnnexkcos. Konuuectso *e BOMbI M B TeX M Apyrux pacrnaBax (2—4 u
8—10 Bec.%) BHONHE AOCTATOYHO [JIA OKHMCIEHHA XOTH Obl YaCTH OT HMEIOLLE-
rOCs B TPAHMTHOM DaciUIaBe Xejie3a OT OKMCHO#H /10 3aKHCHO# hopMsl.

B 1wenoyHeIX rpaHMTaxX, KOTOpbIE NO YCIOBHAM (OPMHPOBAHUA MOTYT
GbiTe Kak runabuccanbHeie, TaK W abuccanpHbie, JOBOJIBHO YaCTO YCTAHABIIMBA-
€TCA BBICOKAs CTeHeHb OKHCIEHHA xene3a [11], moatomy Beile ommcaHHoOe
obbACHeHNe yBENMHYEHHA NapUHaTsHOIO NaBIeHHA KUCIOPOAa K HAM He BCeraa
npumeHumo. B 3Tom cryuae, kak ykassisan 1. C. Kopuamnckuin [94], orpom-
HYX0 pOJib HTpaeT LIeJIOYHOCTh paciliaBa—pacTBOPA, TAK KAK W3-32 HeJIOCHIILEH-
HOCTH pacljiaBa aNiOMHHHEM BO3MOXEH HellpepbiBHbIH Mepexon OoT pacliaBa
K pacTBopy. B Takmx cucremax o6pasylorc CHIMKAThI IENIOYEH, KOTOPKIE AB-
NANTCA CHIBHBIMM 37EKTPOJIMTaMK, OO/TafalolHMHK BBICOKOH CTENEHbI0 [MC-
COIMALMH B PacTBOpaXx.

[ipu B3ayMoOnEHCTBHY B PacTBOpe —paciliaBe BOMBI H CHIMKATOB 1EJIOYeH,
KaK COJIeH CHIIbHBIX OCHOBaHMHA M ciaboH KMCTOTHI, IPOMCXOMHT THIPOJIM3 MO
amnony: Na,SiO;+2HOH=H,Si03+2Na’ +2(OH)” ¢ oBpazoBamuem cnabo-
[IMCCOLMMPYIOILEH METaK PEMHHEBOH KHCIIOTHI W MPaKTHYECKH TIOJTHOCTBIO [AMC-
COUMHPOBAHHOA wwenow. B pesynbrate pac1Bop—pacinas GyjeT HMeTh BbICO-
KYI0 WIEN0YHOCTh, IPM KOTOPOIi JIerye MPOHCXONAT OKHCIMTEIbHO-BOCCTAHOBH-
TEJIbHbIE peaKlMu: ,,Eci B pe3ynbraTe peakiuu Bo3pacTaer uMciio atomos O,
CBA3AHHBIX C aTOMOM BOCCTAHOBHTENEM (aHMOH GeCKHCIODOJHOH KHCIIOTHI
NpeBpaliaeTcsi B 4HHOH KHMCITOPOJIHOH KHCIOThI, aHHOH C MEHBIUHM UYHCIIOM
atomoB O mpeBpauaeTcs B aHMOH ¢ Gomnblumm uucinoM atomoB O, KatHoOH
¢ HeDONBLIMM 3apAJOM NpPEBpAINACTCA B aHHOH M T. [1.), TO Cpejia BIMAET Ha
BOCCTaHOBHTENbHBIE CBOHCTBa. B mopoOHbix cryuasx mpoumecc obnerdaercs
B 1UEJIOYHOH cpefle, Tak Kak nocraBumkom O asnsworca mons: OH™ [78,
¢. 99]. Hrak, OKMCNeHMe XKees3a NMpH KPHUCTAJUTM3ALMM TDAHUTOMOOB (MIH
B Marme fio €e KPUCTaJUTM3alMH) IPOMCXOMMT 3a CYET MPUCYTCTBYIOLIEH B CH-
cTemMe BOMbl. B HeHTpanbHbIX cpeljax OKHCIIEHHE OCYIUECTBIISIETCS 3a CueT
TEPMHYECKOH [MCCOUMAIMH BOJbI, NO3TOMY CTeNeHb OKHCIEHHA 3aBMCHT OT
TeMIlepaTyphbl: YeM Oojiee BbICOKOTEMITEpaTypHble GbUIH YCIOBHMA KPHCTAIIIH-
32LHMH TPaHHTOB, TEM BBl B HHUX CTelle:db OKMCIIEHHA, B ILEJIOYHBIX Cpelax —
3a cuer amuoHoB (OH)™. IIpH JOCTATOYHO BBICOKOM COLEPXKAHWH B CHCTEME
F, Ci, J u Br BO3MOXHO OKHCIIEHHE KeJ1e3a 33 CYeT BbICBOGOXOEHHA KHMCIIO-
pona mo peakimu 2H,0+2F,= 0,+4H"+4F~, B pesynsrate xoTOpoil ycHiH-
BaeTCA KHCIOTHOCTb Cpe/ibl, HO TEM He MeHee NMPOMUCXOINT HHTEHCHBHOE OKHC-
nenue sxene3a. IIpuMepoM MOpOJ, MepeCHILEHHBIX ATIOMHHHEM H C BBICOKO-
OKHCIIEHHBIM JKENE30M, ABNANTICA Pa3HOBUIHOCTH TPAHHTOB H0OBBOAHBCKOIO
KoMIUIeKca, oGoraiuenHsie pTopom [47].

Kax BHOHO M3 NpHBE[eHHBIX BAPHAHTOB NPOXOXKIEHUA OKMCITUTEIIBHO-BOC-
CTAaHOBHTENbHBIX PeaKLMil, HEMOCPECTBEHHOE YYaCTHE B HHX IPMHAMAET BOJA.
[Ipuyem, B 3aBHCHMOCTH OT METPOXMMHUYECKOIO THIIA paciUIaBa M CTENEHH ero
HACBILEHHOCTH JIETYUMMM Ha Pa3NMyYHbIX ITaNax KPHCTAINMM3ALUMY peaTu3yoTCc
Omnpe/iesieHHble peaklMH BbICBOBOXIEHMA KHciopopa. B pacmnasax u3sectko-
BO-ILIEJIOYHOTO THIA Yalle BCEro 3TOT IPOIECC YCHIIMBAETCA K CPEIHHM 3Talam
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KPUCTAIIM3alMH, KOrJda HAKAIUTMBAEeTCA 0OCTATOYHOE KOJIMYECTRBO BOJIbI H ellle
BBICOKAs TeMIepaTypa. M B wienouHbix pacnnaBax Npolecc OKHCIEHUS XKele3d
HaUMHACTCA TOT[d, KOT[a HAKAIUTMBAaeTCA BOJA, YTO MOATBEpPXKIAeTCs Caboil
OKHCIIEHHOCTBIO e€JIe3a TeMHOULBETHBIX MHHE paJiOB paHHHX CTaJMH KpPHUCTaJIJIH-
3aumu. [lo mannbim M. J1. Batuesoii [11], rpamatbl ¢ sHUrMaTHTOM 06pasywT-
CA Ha PAHHWX ITanax KpHCTAIIM3alUKM MarMbl U UMEOT GoNlee HH3KYIO CTeTeHb
OKMCIIEHHA MO CPaBHCHWIO C ITHPHH-ap(BeICOHMTOBBIMU TPaHMTAMH 6e3 JHM-
IM4THTa. JHMTMATHT, COTJIaCHO Ero KpHCTAIIOXMMUYecKO#l dopmyne —
NagFe oTiz [04(Si;06) |, Grmrke Bcero croMT K NMpoKCceHam M €ro MOXKHO pac-
CMaTpHBaTh KaK XHMHYECKOE COeIHHEHME Tpex MHHanoB: 2Na,SiO;+
+10FeSi03+2Ti0,, 1. e. oH oGpasyerca B ycrnoBHAX cnaGoil OKHCIEHHOCTH
xenes3a. O6pasopaHye TaKOro MMHepaila M3 LIEITOYHOTrPAHHTHOH MarmMbl ONpo-
BEPracT MHEHHC, UTO OKHCIIEHHE JieNe3a TpPOMCXOOMT 3a CYeT KHCIopopaa
pacnasa.

Takum 06pa3om, OKHCrIeHHe JKeme3a NIpH KPHCTAUIH3AIHA paciUIaBoB OKa-
3piBaeT DONbIIOE BIIMAHME HA MOABJIEHHE TOH MJIM MHOH MMHEpPATBHOM acCOMMa-
UMK ¥ TIOPANOK KPUCTAUIM3AUMM TEMHOLBETHBIX MUHEDAIOB, 4 TAKXke aKLEC-
COPHBIX: HIIbMEHNTA, MAarHeTHTA, remMatura M Op. OKucIieHMe TPOKCXOMAT B OJ1-
HUX CIYYaAX aTOMapHbIM KHCIOPOOOM, MOJyYeHHbIM T€pMHUYECKOH JMCcouMa-
LMel W BOCCTAHOBIIEHHEM BOJIbl rajioreHamu, B Apyrux — uowom (OH)™, o6pa-
30BaHHBIM B NIpOLECCEe TMPONN3a CHITHKATOB LIeIoYeii IO aHHOHY .

4.5. BusiHMe BMOJIHE MOMBHXHBIX KOMIOHEHTOB
Ha TMpONecc KPHCTAJUIM3ALHH Marm

B paspene 2.3.3 yxa3spIBanoch, YTO MOJENHPOBAHME PACIUIABHBIX CHCTEM
C BMOJIHE TIOJIBY)KHBIM NOBENCHHEM KOMIIOHCHTOB IpOIIE OCYILECTBNATh, KO-
ra MX WHTEHCHBHBIM BHELIHMM TIapaMeTpOM DaBHOBECHA ABIIAETCH He XMMH-
YeCKHH MOTeHUMAN, 3 KOHUEHTpaluKA B paciUiaBe, YTO He IPOTHBOPEYHT ONpefie-
JIEHHI0 BIIONIHE MOMRMXHOTO KommoHeHrta, mo I. C. Kopimuckomy [93].
B atoM ciyvae 3ajaua cBOOMTCA K BBIACHEHHIO BIMAHWA Ha (ha30BBIe paBHOBe-
CHMS KOHUIEHTPAllMH B PACIyiaBe KaKOTO-TO KOMIIOHEHTA TP MOCTOAHCTBE MAacC
HIIH 3aBHCHMMOCTH KOHUEHTpaUWH [pYrHX KOMIIOHEHTOB OT KOHUEHTpaluH
BIOJIHE TMOABMXKHOTO. [TockoNmbKy MOMTHBIE MMArpaMMBl COCTOSHUA TPaHUTHBIX
CHCTEM OTPaXKal0T 3aBHCMMOCTb (ha30BbIX paBHOBecH# oT P—T—X nmapameTpos,
TOYHEee 3aBUCHMMOCTb TEMIIEPATYPhl KPUCTAUIM3ALMH OT Py, M KOHIEHTpAlMH
BCEX KOMIIOHEHTOB, TO YACTHBIE CEYEeHHA ITHX AHATPAMM, OTPAXKAIOLIHE TeMIle-
PaTypHy10 3aBHCHMOCTb H3MeHeHHA ()a30BbIX MpEBpalleHHH OT KOHIEHTpalHH
KaKOro-TO O[JHOTO KOMIIOHEHTA IIpH OCTOAHCTBE Py, M MAcc OCTANIbHBIX KOM-
MOHEHTOB, M OYIYT MpeACcTaBNATh MOJEIIH CUCTEM C BIIOJIHE NOJBHKHBIM TIOBE-
[¢HHEM KOMIIOHEHTOB.

Ilpu paspaGoTke Mogeneil ¢ BIOMHEe NOBMAHBIM IOBeIeHUEM KOMIIOHEH-
TOB HC HMEET 3HAYeHHWA B KAKOM BHME CJIe[lyeT TpencTaBiIATh KOMIIOHEHTHI
37IEMEHTHOM, OKHCHOM MJIM MHHA/IBHOM. BakHO ywMThIBATE MX PHIMKO-XUMH-
YECKME CBOMCTBA, B YACTHOCTH CNIOCOGHOCTE 0Gpa3oBhIBATE MeXAY cobom He-
IpepbiBHbIE TBEP/bIE PACTBOPHI, MOCKONIBKY 3Ta OCODEHHOCTh CHIIBHO BITMAET
Ha KOJIHYeCTBO M cOCTaB (a3 paBHOBEcHi, uro Obu1o mokasaHo J1. C. KopiwuH-
ckuM [93]. BoNBUIMHCTBO MHHANIOB, KOTOpPBIE HCTIONB30BAIIHCH TIPH pa3paboT-
ke P—T—X mopeneii, o6pa3yioT HelpepbiBHbIE TBepble pacTBopbl: AG c AH,
34 ¢ Oc, u ¢ len, Iu u I'eq ¢ Ir, Qo ¢ Pa, ¥ NOITOMY Mepexoa KAKOro-mbo
M3 HMX BO BIOJIHE MOIBH)KHOE COCTOAHME He [O/DKEH OKa3blBaTb BIMAHWA Ha
YMcio (a3 KOHeYHbIX MPOAYKTOB KPHCTAIUIM3alMH. JTO OBUIO MOKA3aHO Ha
OpUMepe H3OIUIETHYECKHX CEYeHWH MO MOCTOAHHOMY COCTaBY HOPMATHUBHBIX
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NJarHoiuias’a W opronupoxceHa (cm. puc. 2.41, 2.42, 2.43, 2.44, 245, 2.406),
KOTOpbIe MOKHO paccMaTpHBaTh KaK MOJIE/IM C BIONTHe MOABMAKHBIM MOBejle-
HMEM KOMIIOHEHTOB, I[le¢ PeXHM BIMOIHE NMOOBHKHOTO TOBEIEHHA 3adBANCH
NOCTOAHCTBOM KOHUEHTPaUMH B OHON u3 ¢a3. Uncrno ¢a3 KOHEUHON KpPUCTal-
NTM3ALMH B TAKUX CEYEHHAX COBMNAMAET ¢ YMCIIOM (a3 KOHeUHbIX KOTeKTHK I0J1-
HBIX [MarpamMM COCTOAHMA, HO (Ha30Bble ACCOLUMALMM U COCTAB OT/IE/IBHBIX (a3
GyayT U3MEHATHCH B COOTBETCTBMHU C MONOXEHMEM H3OIUTETHYECKOrO CeYeHHH
Ha monHo# guarpamme. Takas ocoGeHHOCTh KOMIOHEHTOB 3aTpylHAeT pelue-
H{e ODPAaTHOW 3473yl : OlpelieIeHHe peXHMA [0Be/IeHHA KOMITOHEHTOB IO YHC-
ny das.

[lpuHuunuansHo orimyaercs pons Op (kamusa) B GazoBbIX paBHOBECHAX
NpH Mepexo/ie ero BO BIOJHE TOIBHXHOE cocToshue. Kpuctanmsanus marma-
TMYECKOH CHCTEMBI C BMONHE NOIBMKHbIM rosenennem Op (xamua) (mpu
Pgn=const) [OJDKHA MPOMCXOIMTh U3 PACIUIABA, MMEIOLIETO MOCTOAHHYI0 KOH-
nentpamuio Op (kanua). B 3aBHCHMMOCTH OT BENMUMHBI 3TOH KOHUEHTPALMH
KpPUCTA/UIM3AUMA BO3MOXHA B 00/1aCTH YCTOHYHBOCTH O[IHO-, [IBYX-, TPEX-, Ye-
ThIpeX- ¥ NATHMHHEPAILHOH acCCOUMALMH BBIILE OMMCAHHBIX CEMH KOMITOHEHT-
Hbix (+H,0) rpanuTHeIX cucTeM. [IpH MOCTOAHHOM [@BJIEHUH COCTaBbI paciula-
BOB, M3 KOTOPbIX KPUCTAJUIM3YIOTCA NMATHMUHEPAIbHbIC ACCOLMALMM, HA [IHa-
rpaMMe COCTOAHHMS IIPe[CTAaBJIEHbI TOBEPXHOCTBIO, YeTbIPEXMHHEpalIbHbIE
acCOUMAIMH — TPEXMEPHBIM 00BEMOM, TPEXMHMHEPAJIbHbIE — YeThIPEXMEPHbIM
06BbeMOM H T. [., TO3TOMY BEPOATHOCTh NMOMNajaHHs COCTABA paclylaBa B TOT
WM MHO# OfbeM MpH NPOM3BOJIbHBIX 3HAYCHMAX KoHUeHTpaimyu Op 3aBUCHT OT
pasmepa ofbemMa W 0coBeHHOCTeH cHcTeMbl. MOXHO MpeanoONOXHTh, YTO Hau-
GoNblyl BepOSTHOCTE HMEIOT CIlyYan TOMAJaHMs COCTaBA B TpeXMepHbIN
00BEM KPHUCTA/UIM3ALMH YeThIPEXMHMHE PAIBHOH acCOLMAUMK H MEHBbUIYI0 — Ba-
puaHTbl TOMAJAHHA pACIUIaBa B MHOroMepHble 0OBEMBI M HA MOBEPXHOCTD.
[Moatomy, ecriu MacCHB CIIOXeH TPaHMTAMH, NPEJICTABIEHHbBIMH YEThIPEXMHHE-
pasnibHOM accoumanueit (kpome accomauuy [In+Op+Ks+bu) ¢ NocroAHHLIM
COCTABOM MHHEpAJIOB BO BceM 0OBbeMe MaccHMBa, TO, BEPOATHO, OH 06pasoBan-
csl TIpH BIONHE noasmkHoM nopenermi Op (kamun) . C npyroi CTOpOHBI, eCITH
B IIpOLIECCE KPHUCTANNH3alMK GyeT M3MEHATbCA KoHnenTpauusa Op (kams) u
COOTBETCTBEHHO OBGpPA30BBIBATBCA CEPHH MOPOM, CIOXKEHHBIX PA3NIMYHBIM YHC-
noM MuHepaloB (Hampumep, oT 3 fo 5), TO BOMpPOC O TepMOJMHAMHYECKOM
NOBeJeHHH KOMIIOHEHTOB pelliaeTCA HeOHO3HAYHO.

Takum 06Gpa3om, BOIpPOC BIMAHWA BIOJHE NOABHXKHbIX KOMIIOHEHTOB Ha
tha30Bble PAaBHOBECHA PACIUIABHBIX CHCTEM JIOBOJIBHO CIIOXHBIH U Tpebyer cre-
IIMATHHOTO PACCMOTPEHHSA C MOCTPOEHHEM [THarpaMM-MOJIENEH.
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5. MMHEPAJIBHBIE ®ALIMK U KJIACCHOUKALIUS TPAHUTOUIIOB

B Teonormueckom cnopape [30] nawo cnemylolee ompesneneHMe MuHe-
paibHbiM dauuaM: ,,PalMK MHHepambHble MeTAMOPMHYECKHX H Marmaruye-
CKHX TOpOJ — COBOKYIHOCTh METAMOpPGHHYECKHX M MArMAaTHYECKHX MOPOS,
06pa30BABUIMXCH MPH OAMHAKOBBIX KOHKPETHBIX (PU3MKO-XMMHYECKHX YCIIO-
BHAX (TemMneparypa, JaB/ieHHe H KOHLEHTPAUHH NOABHKHBIX KOMIOHEHTOB) .
[lo Haulemy MHeHMI0, K MArMaTHYeCKHM (PaMsAM 3TO OMNpefiesieHHe He MOaXo-
JMT, TAK KaK U1 HMX BHELIHMMH IapaMeTpaMH COCTOAHHMA ABJIATCA P u
Hamnx. [89] 2

C1poro roBop#, K O[IHOH H TOH )Ke MHHE pasibHOM dalMH MOTYT BbITh OTHe-
CeHbl MarMaTHYeCKHE MOPOMIbI, COCTOALIHE U3 OHMX H TEX )Ke MHHEPANOB, KO-
TOPbiE K TOMY XK€ HMEKT CXOIOHBIH COCTAB M COOTHOLUEHMA (COmepXaHus).
Tonbko TOTI2 MOXHO CYMTaTb, YTO PACCMATPHUBAEMBIE MOPOMBI 0GPa30BAIKCH
U3 pacIUiaBoB BIM3KOro cocTaBa MpH OAMHAKOBOM [aByieHuM monpa. [o-
CKOMbKY 00ass MHHepaJibHaA acCOLMALMA MOJXeT CYLIeCTBOBATh B ONpeielieH-
Hom P—T uHTepBase, TO TBepHOda3HBIMH PEAKIMAMHU B 3TOM P—T 10jIe MOKHO
OOJIYUMTh MHHEpPATIBHYH) 4CCOLMAlMI0, CXOIHYI0 ¢ Marmariueckoi. Iloatomy
BO3HHKAKOT TPY/IHOCTH B BbipaboTKe CaMOro ONpeneneHus MHHE paTbHbIX da-
IHH MarmMaTHYeCKHX MOpOf, TaK M B NMPaKTHYECKOH UX [MArHOCTHKE U Bble-
TIEHHH.

MunepanbHbie Qaluy MarmMaTHYeCKHX TOpO/ B OT/IMYME OT MeTamo pbHuye-
CKHX (M METacOMaTHYeCKMX) OTpefeNAloTcs XHMHYECKHM COCTABOM paciulaBa,
BKJIIOYAA M Bee JieTyude. MuHepanbHble accOMMALMM MAarMaTHYeCcKHX MOpOf,
obpa3sopakHbie H3 pasHbIX pacIUiaBOB MpH OJMHAKOBOH TeMmepaTtype M JIATO-
CTaTHYECKOM [1aBJIEHUHM, He MOT'YT 6bITh OTHeCEHbI K OHOMH M TOH ke MHHE pasib-
HOH cauuu. Hanpumep, xBapueBbiit ampubonossiit muopur (Amd +IIn+Ks)
MoxeT obGpa3oBatbes MpH TeX e P u T, 4To v mipokceHoBbi rpawut (Omp+
+[In+Kmu+Kg), HO OHM He MOryT NpHHa/UIekarh K OJHOH MMHEpAIBHOl
thaumuu.

EcrecTBeHHO, KaK [UIA MarMaTHYeCKMX, TAK ki 1A MeTaMOpdHUeCKHX Npo-
LECCOB MpE/oNaraeTc, YTo nocie o6pa3oBaHKs TOH MITH HHOH MHHE pasIbHOH
accouMalMyu NeTyuHe THO0 NOKHAAKT cCHCTeMY, b0 He HAXONATCA B KOHTAKTe
¢ 00pa30BaHHBIMM MHHCPAnaMH, HHAYe ¢ MOHMXKEHHEM TeMIepaTypbl HAYHYTCA
perpeccHBHBIE PEAKITHH. )

Ilo muenuo JI. C. KopimHCKOro, pasnHuie MMiAepanbHbIX Qaiui Marma-
THYECKHX TOPHBIX MOpPO/ OOYCIOBIIEHO pa3fIHuMeM KOHUEeHTpauueil (Xxumuuye-
CKHX TIOTEHIMAJIOB) KATHA M HATPHA B MarMe ¥ B CKBO3bMAarMaTHYeCKHX pacT-
Bopax. Tem He menee paxe JI. C. KopxuHCKHI He BCe NpUpPOOHbIE CHCTEMBI
OTHOCHT K CHCTEMaM C BIIOJIHe NOJOBMXKHBIM MOBefigHHEM KOMIOHeHTOB. Bort,
YTO OH NHILUET, KACasACh MpobnemMsl rpadpHuecKoro H306paxeHHs MHOrOKOMIIO-
HEHTHBIX CHCTeM: ,,3a/laua 3Ta OTIIHYAETCA MPEX/E BCEro TeM, YTo 06pa3oBaHue
MHOrMX (HO He Bcex e — M. M. JI.) ropHbIX MOpO/ MPOUCXOOMT B YCIIOBHAX
BIIOJIHE MO/IBMXKHOTO TMOBeNIeHHA pAda KOMIOHeHTOB” [89, c. 84].

Taxum 00pa3om, YUMTBIBAaA BCe BBILIECKA3dHHOE, MOXHO YTOUYHHTH NOHSA-
THE MHUHEepanbHOH auuy MarmMaTHYeCKHX MOpPOJL CeyrIuM o6pa3omM: Marma-
THYECKAA MHMHepaTbHasd Qalus — 3T0 Py,,-yCIOBUA KPHCTATM3AMHA paciuTaBa-
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MATMbl OIpeleICHHOrO XHMHMUYECKOI'O COCTABA, BKIIOYaA W Bee Jietyue. B ot-
JAMUMe 0T MeTaMOpgHUecKHX MOPOIL MArMATHYECKHE NOpoabl, 06pa3oBaHibie
M3 Marml pasHOro COCTaBa, He MOTTIH KPHCTAIIM30BATLCA NPH OLHON W TOIl e
TEMIlepaType ¥ OZHOM W TOM e JlaBjieHuu dionia. OueBHIHO, YTO K OJIHOM
MAarmarHyecKoH MHHepanbHOH dauuu cieayer OTHOCHTh MOpPOibl. HMEKLMe
CXOJICTBO M0 KOJIHYECTBEHHOMY M KauecTBEHHOMY MMHEPAJIbHOMY COCTaBY, a
TaKKe MO CTPYKTYpPHO-TEKCTYPHbIM 0COGEHHOCTAM, T. €. MOpO/bl, XapAKTEPH-
IYIOLIMECH OQMHAKOBLIM MapareHesucom MuHepanos. B paGote B. A. Xapuio-
Ba [64] :;ambl HauGonee NoJHble ONpeie)IeHHst MOHATHI ,,lapareHe3uc MUHepa-
0B M ,,MMHepanbHas c¢anua’: ,JllapareHe3uc MHHepanoB — ITO COBOKYM-
HOCTb COBMECTHO CYLIECTBYIOLUHX MHMHEp2IOB, HAXOMNALMXCA B PaBHOBECHH
NpH OnpefieNeHHbIX (PHINKO-XMMHUYECKHUX YCIIOBHAX, T. €. MPH ONpeiesIeHHbIX
COOTHOLUEHMAX MAacC MHEPTHBIX KOMIIOHEHTOB M OINpee/IeHHbIX 3HaueHHAX
TeMOepaTypbl, JABJIEHUA U XMMHYECKUX MOTEHUMANOB WIIM AKTUBHOCTEH BIOJI-
He TOIBHXHbIX KOMIOHeHTOB (c. 97). Jlanee B. A. )XapuKoB noscHser, 4to
napareHe3uc MMHEpAIOB MpPEACTaBIAeT OJHO3HAYHYH eHETHYECKYI0 XapaKTe-
PUCTHKY TOPHOH MOpOAbl (MM py/bl) JAHHOTO COCTABA M YTO Pa3/IHYHbIE MO
XHMHYEeCKOMY COCTaBY MOpPObl U pPyibl NIPH ONHHAKOBBIX BHEUIHMX YCNOBHAX
XapaKTepu3yiGTCs pa3iMyHbIMK napareHesucamu. [lo B. A. Xapukosy, ,,Mute-
paibHas ¢auua MpefcTABNIAET COBOKYMHOCTh MHHEpAlIbHbIX MapareHe3ucoB,
06pa3oBaHHBIX TP PA3NHUHBIX COOTHOLUEHHUAX MACC MHEPTHBIX KOMIOHEHTORB,
HO B OTpe[efieHHbIX OHHAKOBBIX YCITOBUAX TEMIEPaTypbl, AaBJACHAA H XHMH-
YeCKHX TIOTEHIMATOB (aKTHBHOCTEH) BMOJHE TIOJBHXHBIX KOMIOHEHTOB [64,
c. 97-98]. llna MarmMaTHueCKMX TIOpO[ MMHepaibHas dauus Mpeacrapiser
HE COBOKYTHOCTH MapareHe3ucOB, d TOJIbKO OJIMH MMHEpAIbHLIA MapareHe3uc,
1. . BbllenpuBeneHHoe onpeneneHue B. A. dapuicopa napareHe3uca MHHeEpa-
7I0B OTHOCHUTCH H K MarMaTHYeCKOH MHHEPANbHOH (alluu.

Py o~ T NpoeKumM HOH- U MOHOBaPHAHTHBIX pPABHOBECHH I'PAHHTHBIX CH-
2

cTeMm, MpesicTaByieHHbIX B Tpuit. | Ha puc. 1.43, mpu. 11 ra puc. 11.6,8 npun. 1
Ha puc. 111.24, 111.27 u B npun. IV Ha puc. IV.19 u IV.25 aBnsiorca KauecTBeH-
HBIMM CXEMAMH MWHepaibHbIX (alMi rpaHMTOMIOB, H3 KOTOPBIX ClejlyeT, 4To
MMHepanbHble (auuy IPAHMTOMOOB OMpEAENAKTCA HCXOAHBIM COCTABOM pac-
nnasa (MM MeTPOXHMMUYECKHM THIIOM) H [IaBNeHHeM ¢ilroua.

Cxempbl MuHepanbHbiX Qauuit cictem A n b mo cBoel TONOJIOTHH OTIHYA-
H0TCA Kak Mexy coboi, Tak u ot cuctem B, I', ]l n E, xotopbie B cBOlo OYe-
peflb MMEIOT MOJIHOE CXOACTBO, YTO M MO3BONMIO OGBEAMHHTH MX HA OJJHOM
puc. 2.47. :

[To nasnenuio dutouna ¢auuu Bcex METPOXHMHUECKHX THIIOB [PaHHTOM[IOB
[eJIATCA Ha (PAUMH MayTbiX [ABJIEHHH — MMPOKCEHOBbIE H OJIMBHHOBbIE, dauuu
CpefHMX [IaBNIEHMH — IEPeXO[HbIe OT MHPOKCEHOBBIX K GHOTHTOBBIM M aMdH-
60110BbIM, (AlMH BBICOKHX [aBreHuii — BHOTHTOBBIE, aMPHBONOBbBIE H MYCKO-
puTOBBIe. [IpHYEM, KaK BH/THO M3 PHCYHKOB, B )KEJI€3HCTBIX H MarHe3HallbHbIX
COCTaBaX TPaHMIBI ITHX (pauMH HEO[MHAKOBbIE: B MarHe3HaabHbIX pacIllaBax
GuoTMTBI M amduBOIbl TOABNAKTCA Npu naBieHuu (miouna mopsaaxa 0.5—
1.0 xBap, a B kene3ucToix — 2—3 kGap. B cxeme muHepanbHbIX dauuil cucre-
Mbl A HabNIOAIOTCA YCJIOKHEHMA B CBA3H C MOMABJIEHHEM KPOME Ha3BaHHBIX
dhauuit KOpIMEepPUTOBBIX H TpaHaToBbIX daumii. [locnenyne fse dauwnyn Kax Gbl
HAKITA[bIBAIOTCHA HA Bee OCTalbHble. CMEHa KOpIMe PUTOBBIX (hallMil rpaHaTOBbI-
MH pacTAHYTa Ha GONbLIOH HHTEPBAJ MO [ABJIEHHIO, OXBAThIBAKLIEMY BCIO 38M-
HYW KOpYy. YCTAHOBNEHA YeTKAfA 3aBUCHMOCTH 3TOH CMEHbI OT JABIICHHA M e-
neauctoctH cucremsl. [lo Temnepatype dauumn cneqyeT pa3nmuyarh UTA onpefie-
JIEHHBIX COCTABOB — M30IUIETHYECKHX CEYeHMH, TOMBKO TOI[a BblJe/IEHHbIE MO
naBneHHio dauuu GyOyT COOTBETCTBEHHO BBICOKOTEMIIEpATYpHbIE, CpeHETEM-
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nepaTypHble M HH3KOTEMMEPAaTypHbie. B CBA3M ¢ 9THM pasmuuusA Temreparyp-
HbIX (aNMi M0 XapaKTepy IIENOYHBIX MOJEBBIX LUNATOB ([MIEPCONIBYCHBIE M
cyOCONBYCHbIE) MOTYT He COBNAZaTh ¢ TeMIlEPaTyPHBIMH (halMAMM TEMHOLBET-
HbIX MMHEpPAITOB.

Ina paspaGOTKH NMONYKONMYECTBEHHBIX M KOJMYECTBEHHBIX CXEM MHUIe-
PIBHBIX (auMil TPaHMTOMIOB HEOGXOOHMO MMETh [JAHHBIE MO YCTOHMHBOCTH
X0TA Obl KPaHHUX M3OMOPMHLIX WIEHOB SHOTHTOB, aM(UBOIIOR, KOPIHE PHTOB
W TPAHATOB B MPUCYTCTBUM KBapiia.

Pu3MKO-XMMHYECKHE MOJIENH, pa3paboTanible HA OCHOBE MPHPOIHBIX CH-
CTEM, MOMOTaloT pa3oOparTbCs HE TOJIBKO B CYLIHOCTH NIPOLIECCOB TpaHUTOO6pa-
30BaHKA, HO M B BONPOCAX KNACCH(MKALMK [PAHNTHBIX MOPOL HIM I'PaHUTOH-
nos. Ilox TepmuHOM ,,rpaHUTOMIE’” MBI Benen 3a @. 10. JleBuncon-Jleccuurom
NOHMMAEM COBOKYITHOCTb MArMaTH4eCKUX MOPOJ OT KBapUEBbIX IHOPHTOB U
MOHLUOHHTOB JI0 JIEHKOTpaHHTOR. POJICTBO 3THX MOpPOM AOKA3bIBAETCA ¥ AHATH-
30M (UIMKO-XMMHYECKHX cHCTeM. [IpHMeHeHHe YKa3aHHBIX TePMMHOB /ISt
CXOMHbIX MOPOM METaMOpPPUYECKOro 1 MeTaCOMATHYECKOro reHe3nca Helele-
c00Bpa3Ho, TaK KaK BHOCHT TONBKO IyTaHMUY. B HacTosiee BpeMs MOXKHO
¢ NOJHBIM OCHOBAHHEM OTBEPraTh UX KOHBEPIreHTHOCTb, MOCKONBKY MO MHO-
MM ITIpH3HAKaM OHHM [OBOJIBHO YETKO pa3iMuyaloTCcA MexXay coboil (reomormye-
CKOE TIOJIOXKEeHHEe, CTPYKTYpPHO-TEKCTYpHbIE OCODEHHOCTH, CBOHCTBA MHHE-
panos) .

Ha nmpoTsneHun BCEro mepHosia H3yueHUs MarMaTHYecKux NOpos Tperyia-
rajliCh pasyinyHbIe BAPHAHTBl KNACCHGMKALMEA, YUMTHIBAIOWME T€ MJIM MHbIE
KNacCHPHKALMOHHbIE NPU3HAKK. McTopus 2TOro Bompoca ¢ pa3Gopom 10eTo-
HHCTB M HE[QOCTATKOB HEKOTOPBIX KIACCHQMKAUMH M3nokena B pabore
A.H. 3apapunxoro [68].

B 1975 u 1981 rr. Beiwm paGoThl MO KNACCHHUKANMK M HOMEHKIIATYpe
MarmaTHYecKux rnopos [82, 83], rae roBopuICA O CIOKHOCTAX M TPYIHOCTAX,
€ KOTOpPbIMH CTATKHBANHCH MPH BbIpabOTKE eIHHOM CXeMbl KaccH(UKaIUH
MarmaTHyeckux nopop. Obiue nomoskeHHs NMOAXOAa K CHCTEMaTHKe MarmaTH-
HECKHX TIOpO[, yueT KOMIUIEKCA KPHTEpHEB (TeoliorMuecKHX, XMMHYECKHX,
MHHEPATIOTHYECKHX, CTPYKTYPHO-TEKCTYPHBIX) He BBI3BIBAIOT BO3PaXEHMH U
C HUMH BIIOJIHE MOXHO COITIACHTBCA, HO KOHKPETHOE BOIUIOMIEHHE DTOrO MO-
X0[1a, BhIGOp XHMHYECKHX KPHUTEPHEB KAaK OCHOBBI He TONBKO reHepanu30BaH-
HOH CHCTEMATMKH, HO M CXeM KJIACCH(UKALUMH OTAENbHbIX IPYII I0POJI BBI3bI-
BAIOT 3aMeuaHus, Tem Doliee, YTO HA HX HEJOCTATKH YKA3bIBAOT CAMH aBTOPHI
[82, 83]. Tax, B paGore [83] ckazawo: ,Jns rpapmueckoro n3o6paxeHus
TeHEpAJIbHOH CHCTEMATHKH MAarmMaTHyecKHX TOPHBIX MOPOJ, IPUHATA MArpam-
ma Si0,;—(Na,0+K;0), ywnreieas, uro SiO,, Na,0 u K,0 gBnfwo1ca rnapHbI-
MM KOJIMYECTBEHHLIMH IlapameTpamu, ONpedenAoummMHu rpymmsl (Si0;) u
pajbi (Na;O+K,0) marmatnyeckux nopon”. M panee (c. 15): ,,BuiGop amux
KOOp/IMHAT YA006eH, MOCKOIbKY XMMHYECKHH H MHHEPAIbHBIA COCTaB rOpPHBIX
nopo/ B HauGOJIbLUEH CTelleHH 0TPaXalICA B COOTHOLIEHUH cofiepxanua Si0,
H CYMMbI LLENOYHbIX OKHCIOB (Na;O+K,0) . Heckoneko paHslie B 970t e
pabore ormeuanocs (c. 14) : ,.IIpu pasjesneHUH rOPHBIX MOPOLL IO COME PHKAHMIO
KpPEMHE3EMa B O[IHY IpyIIy MONafanT MOPO/bl, Pa3THYHbIE O HAGOPY MMHe-
pajioB (KaKk ¢ KBapleM, TaK U C OJIMBHHOM HMITH (enbILIATONIaMH) U MO HX
KOJTHYeCTBEHHBIM COOTHOLUEHMAM . AHAIOrHMYHBIE 3aMEYaHMA OTHOCHTEBHO
cymmer (Na,0+K,0) 6Gbum BbIcKa3aHb B pa3Hbix MecTax pa6oth [83].

OnbiT NeTPOXMMHYECKUX MCCIICIOBAHHI CBUETEIIbCTBYET, 4TO METPOXHMH-
UCCKHE KITacCH(pMKAUMH, OCHOBaHHbIE HAa BECOBBIX MPOLEHTAX OKHKCIIOB, CTpa-
JIAI0T HEYETKOCTBIO, MOCKOJIBKY COMepxaHHe KAaKOI0-TO OKHUCIA, BEIGpaHHOTO
B KayecTBe KIIACCH(PUKAUMOHHOTO KPHICPHA, HE MOXKeT [1aTh OJHO3HAYHOIO
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OTBETa Ha [OCTABJIEHHBIH KJIacCH(GHKATHOHHBIA BOIIPOC M3-3a NIEPEKPbITHA Tpa-
HMYHBIX 3HauyeHWi. JT0 oTmeuaerca B pabote [83, c. 118]: 4Takum obpasom,
rpaHAYHASA JIMHUA [UTA pasfeNieHusA MEeNOYHbIX H CyOIUenouHbIX PAIOB [0 CyM-
me comepxkanua Na,0+K,0, craticTuuecku 0oGOCHOBaHHAfA A BYIIKaHHYe-
CKHX IIOpOL, ,,pacIUIbIBAETCA” B 06/1aCTh METPOXHMHUECCKOH HEOTpeieTIeHHOCTH
1A TUIYTOHMYECKHUX IIOPOL, 0COBeHHO B MHTepBase copepianua Si0,=>73%.
[MosToMy IJIABHEIM KpUTEPHEM [JIf BbIJIEJICHUA PANA LIETOYHbIX TPAHUTOM/IOB
B 3TOM IIOJIe ABJIAETCS HAJIHYME IIIEIOYHBIX TeMHOUBETHBIX MHMHEDAJIOB, 4 He
BhIcOKOe comepkanme Na,O+K,0». Jaxe crarncriueck# o6OCHOBaHHAA rpa-
HMIA He MOXET MCIOJIb30BAThCA B KIIacCHQMKAIMH MOTOMY, 9T0 OHA BCerja
HMeeT 30Hy NepeKphITHA, He TOBOPA YXKe O ,,pacilibiBuieiica’ rpaxuie. bonee
HaJIeXKHBIMH KPUTePUAME [UIA pa3fiefleHua KHCIIbIX MarMaTHieCKHX MOpOM Ha
cemeficTBa ABNAETCHA KByop, 3 HA PAfIbL MO WEJIOYHOCTH — MO0 KOIDPUIMEHT
armauTHOCTH, MO0 HACHIICHHOCTh ATIIOMMHUA KanbliieM, HATPHEM M KallHeM
10 ,,JIOJIEBOIIIATOBOR CTEXHOMETPHM ', KOTOpas OmpefesifeTcd HepaBeHCTBA-
mi: Al>2Ca+Na+K, K+Na<Al<2Ca+Na+K u K+Na>Al 31u HepaBeHcTBa
(4 rpaHMYHBIE PABEHCTBA) ABIAKTCA BAXKHBIMH METPOXHMHUYECKMMH XapaKTe-
PHCTUKZMH, KOTOPEIE HCIOJB3YIOTCA MPAaKTHYCCKH BO BCEX METPOXMMHYECKMX
nepecyeTax. Pe3ynbTars! MOCHEHHX JIAI0T 3HAUMTENIbHO Goiblue MHpOpMAIyH
A KnaccHPpHKAIMH MarMaTHUYeCKHX MOPOJ NO CPaBHEHHIO C [MAHHBIMH XHMH-
yecKoro aHanu3a B okucHoii dopme. HauGonee BaXHbI T€ CHCTEMBI e pecyeTos,
KOTOpBIE YUMTHIBAIOT 3aKOHOMEPHOCTH COYETaHHA HOHOB B paciuiaBax. [lo Ha-
IIeMy MHEHHMIO, TAKOBbIMU ABJIANTCA cucremsl nepecuetoB CJPW, A. H. 3asa-
puukoro, I1. Hurrmu [190] u A. Purmana [149]. BeiGop cucTembl MepecieToB
Ollpe/ie/IACTCA UENAMA H 3a[IaYaMH MCCIIeJIOBAHHH. ABTOD HAcTOAWEH paborbl
oThaeT npepmouTeHne cucreme nepecyerop CIPW, B pesynsrare KOTOPBIX MOMY-
yaeM HOpPMATMBHbIA COCTAB MOPOJL, HCIOJIb3YeMblil H B IETPOXMMHYUECKOH KIirac-
cHMKALMH, H TIPH MAapareHeTHYeCKOM (H3MKO-XuMUueckom aHamm3e. Ilo co-
nepxkandio HopmaTuBHOro KBapha (KByop), KOTOpOE MOXHO MPHHAMATH 33
BUPTYQJIbHOE, YTO NpOBEpEHO HamMH Ha GOJIBLIOM KOJHYeCTBe 11pod, Hayuaeman
NopoJia OTHOCHTCA K COOTBETCTBYIOIEMY CEMEHCTBY rOPHBIX MOPON, a MO Mpy-
CYTCTBHIO HJIH OTCYTCTBHIO ,MHICKC-MHHEpANIA™ JIETKO ONpee/IAeTCA NpHHa/l-
JIEXHOCTh [AHHOMN MOPOMbl K METPOXMMHUYECKOMY THIY MO INENOUHOCTH (WM
HACBIIUEHHOCTH aTroMMHHEM). (akTHyecKH BbIJEIANTCA [BA [ETPOXUMHYE-
CKMX THTA TPAHMTOMIOB: I€PECHILECHHBIH ATIOMUHHEM M HEJOCHUUEHHBIH UM,
HO B 33BMCHMOCTH OT CTENleHM IIepechIUEHHOCTH H HEJOCHICHHOCTH 3TH [IBa
THMA MOJHO TOAPa3[enuTh Ha MOATHNLL. JIns mepechlieHHbIX aTIOMHHHEM I10-
pOA 3TO MenaeTcs Mo cooTHowenuio Asic ¥ Onp (B MON. KOI.), & IUIA HEOCHI-
LIEHHBIX — 1O , MHAeKCY-MHHAMY™’: 1) HeJOCHILIEHHBIH H3BeCTKOBO-ILEIOUHOM
MOATHII — B HOpMe NpHCYTCTBYeT Bo (Mym Mnp); 2) HemockimeHHbi cyGue-
JIOYHO# TIOITHII — B HOpMe NpucyTcTBYeT Bo (wmm Mup) , Ho Her AH; 3) Hefio-
ChILIIEHHBIH 1ETOUHOM MOATHI — B HOpMe mossiAetcsa Ir (wm He); 4) cums-
HO He[JOChILIeHHbIH BGecKanblyeBblil MOATHI — W3 HOpMBI Mcue3aeT Bo (wm
Mnp) .
Ins onpejenesus BHiA MOPOJbl BAXHOE 3HAYEHHE HMEIOT COCTAaB TUTArHO-
KJ1a3a ¥ COOTHOIIEHHE TUTATHMOKIIAa33 M KaJHIUTIATa, KOTOpbleé B HOPMATHBHBIX
_Au100 (AG+
AG6+AH’
+An) 100/ (AG+Au+0p). M, nakosen, cymma muuatoB Onp+Mup+3r+He
uan Onp+AJic B TOH MM MHOH Mepe OTp@KaeT COJepKaHHe TEMHOUBETHBIX MH-
Hepanos: bu+Amd+Mnp+Onp, Bu+Kpn+I'p, My+Kpa+T'p, My+I'p+Auc,
My+Bu. Bce 3TH NeTpOXMMMYECKHE XapaKTepHCTHKH JIETKO H306paxarwTcs

MHHAZIAX BhIpaKalOTCA oregyioummm obpasom: N IIn
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Puc. 5.1. KnaccunKauyoHHas iHarpaMma rpaHH TOH/IOB.

{ — IenowHO-NONEBOINATOBbIH CHEHHT; 2 — CHEHHT; 3 — MOHIOHHT; 4 — MOHIOIHODHT;
5 — muoput; 1'-5' — KBapuessle pazHoBHIHOCTH ] —5.

rpadHyeckd B BUIE COBMEILECHHBIX [MarpamMm (HIYpaTHBHBIX TOYEK M BEK-
TopoB (pHc. 5.1).

Kpome Toro, ucrionsayerca xoabdument wenowHoctu, KOTOpbIH BbIBE-
ACH aBTOPOM M3 BBILICNPHBENEHHbIX coOTHOwweHu# Al u 2Ca+Na+K u umeer
CNe[yIoLIMe BbIpaXKeHHA :

2Ca’'—[Al—(Na+K Ca0'-[Al,05—(Na,0+K,0
Kinen = [ 2éa' )] WM Kyyen = [Al, :‘Ca(O' * 20)] )

Ca’' u Ca0Q" — aromHoe u MOJIEKYJIAPHOE KOJHYECTBA, OCTABIIMeCA Mocie Gop-
MHMPOBAHHA ANATHTA, THTAHUTA H KaJbUMTAa. ITOT KO3DQDHIMEHT OIHO3HAYHO
YKas3bIBaeT Ha NPHHAVIENHOCTh MOPO/BI (Marmel) K ONpefieNIeHHOMY pANLY IO
HIEJIOYHOCTH M MOITOMY MOXKeET GbITh PeKOMEHJIOBAH [JIA MPHMEHEHHA B TeHe-
PAIH30BaHHON cHcTeMaTHKe BMecTo Na,0+K,0.
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Tabnuua 5.1
Knaccuduxanus rpaHHTOMI0B, MePeChILIEHHBIX ATIOMHHHEM, C YYeTOM [laHHbix [82, 83, 144]

LBT

£ s HETpOXMT::‘[eCKHH Al>2Ca+Na+K, B Hopme KOpYHIL (@1BCHIHT)

E

g § Moprun CpenHenepecsimeHHpid, Anc < (Iu+dc) CusbHonepechieHHbie, Anc > (Iu+dc)
] ' =

§ s T“mMggg];"m M Kopauepur, rpanar KopmmepuT, rpaHar, CHIZTHMaHHT, MyCKOBHT

o

2 CopeprkaHne KBapla 15-25 >25 15-25 >25

CemeiicTBa I'paHouopuTOB I'parutor I'panopmopuToR I'panuros
n + 100
S >50 <50 >50 <50 >50 <50 >50 <50
[T+ Knm
. Mu—Iln rpa- | Iln-Murpa- | Mu—IIn | [In-Mu | Mu—IInrpa- | IIn-Murpa-| Mu—IIn | [In-Mu
‘. HOIHOPHT HOJMOPHT TPaHUT | TpaHUT HOIHOPHT HOIHOPHT TpaHuT TpaHuT

gg 5‘ xg‘h“;gﬁ H;;’Ie" <M.I"t5m' 0p1'0m|pot<ceﬂ+l<oi)xmepur Kopruepur+anpanysur

m o
© £ & |XapaKTepHbIH MuHe- P y
> & pan npk Fe'>70 T'oproHomut-asnut+Fe-kopaueput Fe-kopnueput+anpanysur

b8 XapaxTepHbIi MiHe-

§ §§T pan mpu Fe">50 Kopmueput+6HoTHT Kopimeput + cCHILTUMAHUT
-

I_ | XapakTepHbiil Mute-
g g ;5 pan npy Fe'> 50 Kopnuepur +rpaHar + GHOTHT KoprmepHT+rpaHat +CHITMMAHHT
Kopnue puT+MyCKOBHT + KHAHHT;

E .{E XapnnK;e;:{Hl]:,;n 2”;‘6‘3 Kopnue pur +rpaHat + GHOTHT KOPIMEPHT +TPaHAT + MYCKOBHT;

ey | PANTP rpaHat +GHOTHT + MYCKOBHT

2 -e-/\,: Xapalcrepmam MHUHe- I'panat +BHOTHT; I'paHar + MyCKOBHT;

S a®| panmpu Fe'>50 IpaHaT +MYCKOBHT PAHAT +MYCKOBHT + KHAHUT



Tabnuua 5.2
Knaccudukaumsa rpaHuTOR0B, HE/LOCKIILIEHHBIX ATIOMHHHEM, C YYeTOM AaHHeix [82,

B g | e K +Na<Al<2Ca+Na+K,
= ¥ | eckuil Tn
§ g T op(b
HITOM = -
A E‘ Hbiii MiHe part MOHOKJIHHHBIH M POKCeH, 0GbIKHOBEHHARA
=
9 o
e
s 8 Coneprkanne 5_15
< KBaplia
CemeiicTBa Kpapuepbix MOHUOHHTOB —IHOPHTOB
In - 100
r—— >90 65-90 35-65 10-35 <10
I +Kmu
) KBapuesbii . " "
Kpapuessiii | Kapuerrni| Kpapuessii
= Haps MOH;?:"HO' MOHUOHHT cueHut | Allur cuennt
@ _§' XapakTepHble
g E % | MuHepansl Opromupokcen +
g a7 | npuFe <70
£ S
§ [Xapaxteprnie
08 N MHHE paJIbl I'oproHonUT—(amnuT+
“  a®| npu Fe'>70
. buorur+
- g XapakTephbie [+amduBon +
g § 5| MuHepanbl +MOHO- BHOTHT+MOHOKJTHHHBIA THPOKCEH
2 '9'§ npu Fe'<<50 | knMHHBI
355 MHpOKCeH
23A
o4 & Buorut+
= + +
E é 2, X:‘l}:‘a}:’g’e&g‘lﬁ]e Brorut+amdudon, +::g$:r?:?:i *
= npu Fe'> 50 am 001 + MOHOKJIMHHBIH MHPOK CEH MBI HpO-
KceH

Ha puarpamme puc. 5.1 BO3MOXHO COBMeILEHHE M KOJIYeCTBEHHO-MHHE-
PIBbHBIX /IaHHBIX TIPH KITaCCH(HKAIMH MOPOl IO MUHEPATKHOMY COCTaBY, [JIf
YeT0 Ha PHCYHKE MOKa3aHbl COOTBETCTBYIOLME MHHEPATIOTHYECKHE IApaMeTPbI.
I'pasmup Mexay cemMeHCTBaMH MOPOJ M [0 HEKOTOPOH CTeNeHH MEXIY BHOa-
MM, 2 TaK)Ke Ha3BaHuA MOPOJL 3aMMCTBOBAaHsI M3 paborel [73].

Ilpn KoMIUTeKCHOH KNacCH(MKALMH TPAHHTOMIOB, YUMTHIBAIOILEH Bellect-
BEHHBIH COCTAaB (XMMMUYECKMH H MHHEPATBHBIN) , CTPYKTYPY M IeoJIOrHYecKue
YCNOBHMA HAXOXOCHHA, 1A YCTAHOBIIEHHA CeMeHCTBA M3 HOPMATHBHOTO COCTa-
Ba CleflyeT MCIONb30BaTh KOmMuecTBO KBy, 1A onpenenenns paja mo me-
JIOYHOCTH — CTENEHb HACHIINEHHOCTH ATIOMHHUEM, a [UIA YCTAHOBICHHA BHIA H
Pa3HOBM[IHOCTH — KONMYECTBEHHBIH MHHEDATBHBIA COCTAaB, XapaKTepHBIH MH-
Hepan M ap. Ilpu knaccudukaumn HeOOXOOHMMO YYHTBIBATh XapaKTePHYI0 0CO-
OeHHOCTh TPAHHTOMIOB, KOTOpPAasA 3aKJIIOY2ETCA B TOM, YTO B HUX HE3aBHCHMO
OT NpPHHAIEXKHOCTH K CeMEHCTBY CyMMapHOE CONepikaHWe IIOJNIEBBIX IIMATOB
ocTaerci NpHONU3UTENIBHO Ha OfHOM ypoBHe — 60—70%, H3MeHAETCA TONBKO
HX COOTHOLUeHHe, YTO ¥ ONlpelieNAeT BUM Mopoasl B cemeiictee. Comepxanue xe
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83, 144]

s Hopme Bo (Mnp)

porosas o6Manka (en.<50)

15-25 >25
ToOHAMHT—TPAHOCHEHUTOB ['panuron
>90 90-50 | 50-10 <10 >90 90-50 | 50-10 <10
- = 3 - Ls —M o
TS 'pario- | Monuorpa-| I'pasocue| o rpauut Mu—TITn|Mn—My AT rpa
AHOPHT | HOTHOPHT HHT IPAaHHT | rPaHMUT HHT
MOHOKIJIMHHBIH MUPOKCEH
MOHOKJIMHHBIH THPOKCEH
bBuotur + brotnt+
+ambubon + BHOoTHT + MOHOKIJIHHHBIH +amubon+| BHOTHT+MOHOKITHHHBIH
+MOHO- MU POKCEH +MOHO- MHPOKCEeH
KIJIMHHBIA KJTHHHBIA
MHPOKCEH MHPOKCcEH
buorut+ buorur+
Buotut +ambubon, +amdubot Buotut+amdpubon, +amdubon+
amduBon+mono- +MOHO- ampubon +MOHOKIHH- | +Mor0-
KJIMHHBIH TTHPOKCEH KITHHHBIH HbIH MHPOKCEH KIHHHBIH
MHPOKCeH MHPOKCEH

TEeMHOIBETHBIX MHHEPATOB M KBapla umerT obpatHyl (6IM3KYyl0 K JMHE#-
HOI1) KOPPeNALMIO H MO3TOMY IOCTATOYHO HCIOJIb30BATh O[HO M3 HUX. B mpen-
naraeMoH KNacCHGHUKAIMA TS BbUIEIEHHA CEMEHCTB HCIOJIB3YeTCA COMAepXKa-
HHE KBapIa.

Kax 6bUt0 YCTAHOBJIEHO MpH aHATH3e (UIUKO-XHMHYECKHX CHCTEM, Ha MO-
ABJIEHHE TOTO MM MHOrO TeMHOLBETHOTO MMHEpana BIMAKT OOUIMH cOCTaB
paciiaBa U Pgy, MOITOMY NpeiCTaBNsAeTCA UeNeco0Opa3HLIM BhIEJIEHHE (a-
Wi 1O JiaBneHMio (UIOMOA: a) HH3IKOrO [aBieHHsA (CyGBYyTKaHWueckas),
6) cpensero paBneHus (runabMccaibHas) M B) BBICOKOro JaBneHus (abuc-
canpHaf). B 1abn. 5.1-5.4 npuBefieHa KOMIUICKCHAA KJIACCHPHKALMA IpaHH-
TOMZIOB C MCTIOIb30BAHUEM BblILlE OXapaKTepH30BaHHBIX KIIACCHDUKAIMOHHBIX
NnapameTpoB H XdPaKTEPHCTHK .
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Tabnwrua 5.3

Knaccudurauns cyBie/lousbix rpaHHTOMIOB ¢ Y4eTOM 1aHHBIX (82, 83, 144]

[Terpoxumuve-
CKHH THI

K+Na= Al

Tunomopdusri

AB<10, cybuenouroi ampubon (wen.=50—66.6) , MOHOKTHHHBL nupokcer (men.<50)

Knaccuduxaun-
OHHbIE NMPHU3HAKH

MHHepan
F°:(‘:g;‘::“° 5-15 15-25 25
CemeiictBa CyBienouHbix cHeHHTOB CyGBuienoyHbIX rpaHOCHEHHTOB Cy6IIenouHbIX rpaHHTOR
A6+ 100
m >50 <50 >50 <50 >50 <50
: CyBienounoi Cy6uienouHoi Cy6ienoynoi Cy6iuenounoit

Brnes Ali~B comgimar B gy AG rpanocuesuT | rpasocuennt | Knui—AG6 rpamnt | A6—Kmu TPaHUT
5 A § XapakTepHsle
=g MHHe pasibl MpH OpTonupoK ceH + MOHOKIIHHHBIH MTHPOKCEH
H 3= | Fe'<T0
g8
& ES | XapakTepHble
lé £ | musepansi npu TOpTOHONHT—(hafNNT +MOHOKITHHHBI MHpOKCeH
SR Fe >70
=5 BuoTHT + MOHOKIMHHBIH MApPOKCcEH
) S o hi(HaHP:KTebF:':‘MZ Buotut+amopu + Buotut +amdu- Buotur +amgu-
558 Ff"g 50 P 1 Gon+ Mook ms- 6071 + MOHOKITHH- 6071+ MOHOKJTHH-
§ E ke Hbli MMPOKCeH HbIH MHPOKCeH HbIH MHPOK CEH
1}
= 8 A -
S 3 5 Buotur +amdmbon, amdu 601+ MOHOK THHHBII IHpOK CeH
g8 & h)f:lf : l;;egu;'f{ buotur +amdm- Buorur+ambu- BuotuT +amdbu-
ot Fcpf 30 P 6071 +MOHOKITHH- 6011+ MOHOK JTHH- 6011+ MOHOKTHH-

% - HbIA TTHPOKCeH HBIH NMHPOKCEH HBIH NMUPOKCeH
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Ta6a

nua 54

K:1accuMKaumA 1weouHbiX TPaHHTOHIOB ¢ yueToM fanubix (82, 83, 144]

Knaccudmuraunon-
HBIC TIPHIHAKH

IleTpoxumuye-
CKHH THN

K +Na> Al, 8 Hopme 3r unu HC

TunomopdHbrit

A6< 10, wenoyxoi ampubon (wwen.> 66.6) , ITHPUH-ABIHT, ITHPHH

MHHe paJibl IIpH
Fe'>50

+AHT+(3r—Mnp)

+AHT+(3r—Mnp)

+AHT+(3r—Mnp)

~ MuHepan f
C"ﬂ;g’;;:“" 5-15 15-25 >25
CemeiicTa lllenoyHbIX CHEHUTOB lilenoyHbIX rpaHOCHEHHTOB lileto¥HbIX TPaHHTOB
——::;;00 >50 <50 >50 <50 >50 <50
nu
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6. 3AKITOYEHHUE

OcHOBHBIE pe3yNbTaThl POBENEHHBIX HCCIIEIOBAHUI MOTYT GbITh CBE/ICHBI
K CIEyIOLMM BbIBOIAM.

1. Ha OCHOBaHMM aHA/M3a [AHHBIX MO MpPUPOJHbIM rpamutam [12, 119,
122, 144, 172, 183 u pgp.], yueta CBOHCTB CHJIMKATHBIX PAcIUIaBOB, SKCIEpPH-
MEHTAIbHBIX MCCIIeIOBAHMMN TaIUIOTPaHHTHBIX CHCTEM H CYIIECTBYIOLMX (u3u-
KO-XHMHYECKHX MO[eJiedl rpaHMTo00pa3oBaHHA YCTAHOBJIEHO, YTO NpaKTHYE-
CKH BCE CYUIECTBYIOIHE MeTPOXUMHUECKHE THIIbI [PAHHTOHJIOB OMHMCHIBAKTCH
(MOHIENMHPYIOTCA) LIECTbI0 CHCTEMAMH ©

cucremoit A: A6—AH—Op—3H—®c—Anc—KB—H,0 — rpamdTonmsl, nepe-
ChIlIIEHHBIE ATIOMHHUEM, ¢ cooTHOWEeHHeM Al>2Ca+Na+K;

cucremMoii b: AG—An—Op—3H—Oc—KB—H,0 — rpaHuTON/IbI, HACBIILIEHHbIE
amoMuHEUEM, ¢ cooTHolneHHeM Al=2Ca+Na+K; ;

cuctemoii B: A6G—An—0p—3u—®c—Bo ([u, l'en)—Ks—H,0 — rpasuTons
H3BECTKOBO-ILENIOUHOTO psijia, HeJOChILIEHHbIE ATIOMHHAEM, C COOTHOLIEHMEM
K+Na<Al<2Ca+Na+K;

cucremoit I': A6—Op—3u—®c—Bo ([lu, len)-Ke—H,0 — cybmenounbie
rpaHHTOM/IbI ¢ cooTHOEeHHeM K +Na = Al;

cucremoit JI: A6—Op—3u—®c—Bo(Mlu, Fen)—3r—Ke—H,0 — wenounvie
rpaHuThI ¢ cooTHoLeHHeM K +Na> Al;

cucremoit E: A6—Op—3u—®c—3r—Ks—H,;0 — Beckanbumesbie wenoiHbie
rPaHHThI C COOTHOLIEHHEM K+Na>Al u B Hopme Het Bo (Iu, Ten).

2. Jloka3aHo ymo6CTBO MHUHAIIBHOTO BBIDRKEHHA KOMIIOHEHTOB CHCTEM.
OxapaxTepu30BaHbl (aspl-MUHEpanbl, 0Opa3ylomHecs B PacCMOTPEHHbIX CH-
cTeMax ¢ W3MeHeHMeM YCIOBHHl KpPUCTAUIH3AIMH. BONbIIMHCTBO H3 HUX ABIIA-
forca b0 TBEpABIMM PacTBOpPamMM, MO0 XMMUYECKHMH COE[MHEHHAMM HOp-
MATHBHBIX MHHAJIOB-KOMIIOHEHTOB CHCTEM.

3. AHaym3 cemukommnoHeHTHbIX (+H,0) cucrem moxasan, YTO MPOAYKTHI
KOHEYHOH KPHCTA/UIH3AMMMA PACIUIABOB TAKMX CHCTEM INPEJCTaB/ICHbI MATHMH-
HepabHbIMH aCCOMALMAMH , YTO COOTBETCTBYET MpaBuity (a3 I'u66ca c yvetom
06pa3’oBaHKA YeTHIPbMA KOMIIOHEHTAMH TBEP/IbIX pacTBOPOB I THNa: AD (Na,0)
¢ Ar (Ca0) u 9u (MgO) c ®c (FeO), 1. e. aBe creneHu cBOOOIBI NPUXONATCA
Ha H3MeHeHMA cocTaBa [l 4 OHOTO TEMHOIBETHOrO MHHEpAIa.

MNonasnsromee GONBLMHCTBO IpaHuToMAOB (85—90%) TaKKe CIIOXKEHBI
MATHI0 TJIABHBIMM MOPO/00Gpa3yoNHMy MHHEpaaMH, 4TO MOIATBEPHKIAET CO-
OTBETCTBUE TEOPETHUECKHX MOJenel NMpuponHbiM obbexTam. Kpome monesbix
[INATOB M KBapla B IPAHATOMJAX TMPHCYTCTBYIOT Clefylouiie HauGonee 4acto
BcTpeuaronecs accommamiu: Bu+Kpn, bu+Il'p, bu+Cur, bu+My, Kpat+My,
I'p+My, Kpa+I'p, Bu+Mnp, bu+Amd, Amd+Mnp, Bu+3r, Bu+(Amd—Pub),
(Amd—Pu6) +3r. B MOJIENBHBIX CHCTEMAX YCTAHOBJIEHO 45 KOTEKTHUECKHX CO-
CTABOB, KOTOpPbIE BKIIIOUAKT YKA3aHHble MUHEPAJIbHbIE ACCOIMAIMH K OXBATHI-
BAKT BCE MHOr00Gpasue MPHpPOMHBIX MHHE PABHBIX ACCOLMALHH.

4. Jloka3aTeJbCTBOM BIOJIHE TIOJBH)KHOTO MOBE[EHHA 1IEI0UeH TpH KpH-
CTAJUTH3AlMK PACIUIABOB ABJIAETCH BBIJIEPXKAHHOCTH PAHMTOB MO COOTHQLIEHHIO
H COCTABY MHHEPAJIOB, OTBEYAIOMIMX 00BbeMaM TpeX- MIIH yeThIpeXa30Boi Mpo-
MeXXYTOUHOM KPHCTAIIM3AIMH (HO He KOHEYHOH NATHMHMepanbHOi) . IlpH na-
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MUMH PAJIOB TOPOJ, CTOEHHBIX MUHEDAIBHBIMU ACCOUMALMAMM OT HAYAJILHOH
[10 KOHEYHOMH CTAIMM KPHCTAUIM3AIMY, PellieHHe BONPOCa O MOBEJeHHH KOMIIO-
HEHTOB HeogHO3HauHo. O6pa3oBaHye TAKMX CEpHH TMOpPOJ, MOXHO OGBACHATH
¥ KaK TPOJYKT KPHCTA/UIH3ALMH IIPH BIOJIHE TIO[IBHKHOM IOBe/IEHHH ILENIOYeH
¢ NOCTeNeHHBIM M3MEeHEHHEM MX XHMMUYECKHX MOTEHIMANOB, H KaK pe3yJbraT
PABHOBECHOH KPHCTAUIM3AUMH C (PPaKIHOHHPOBAHHEM B 3aKpBITOH CHCTEME.
Ipuuem ¥ B TOM H B [APYrOM Clydae KONMHYECTBEHHBIA H KaueCTBEHHBIH COCTAB
MHHEpanoB GYIeT H3MEHATHCH.

5. NoABNeHHe TOCO WIH HHOFO THIIA Marmbl-paciuiaBa OMNpEeNIAETCA Me-
CTOM M MEXaHH3MOM ero reHepauuu. B yCIOBHAX 3eMHOM KOpHI pasiHYHbIMH
MeXaHH3MAMH TeHepUPYIOTCH CIefyiollhe NEeTPOXMMHUYECKHEe THIIbI [PaHHT-
HBIX Marm:

a) npu augdepeRIManEN paciUiaBos Gojiee OCHOBHOTO COCTaBA MOTYT 06-
Pa3’oBbIBATHCA KHUCIIbIE MAarMbl TOTO e NETPOXHMHYECKOrO THIA, YTO ¥ HCXON-
Hble; TAKMM MEXaHH3MOM, KaK MpaBHIO, MOTYT reHepHpPOBAaThCA MAarmel,
B PAa3JIHYHOM CTENleHH He[JOCBHIICHHbIE ANMHHHEM, IOCKONIBKY B aCCOLMAINH
C BHICOKCTIJIMHO36MMCTbIMA I'DAHMTAMH HEHM3BECTHBI MIOPOJIbI OCHOBHEE I'PaHO-
JIHOPHTOB;

6) aHATEKCHCOM B YCIIOBHAX 3aKPHLITOCTH CHCTEMbI IEHEPHPYIOTCS paciuia-
BbI, COOTBETCTBYIOIME COCTABY ,,MaTePHHCKUX ™ MOPOJL: H3 IIHHO3EMHCTHIX I0-
POJL BBIIUTABTIAKTCA MArMBI, IEPECHIEHHbIE ATIIOMUHHEM, 3 M3 TTOPOJ] HOpMAITh-
HOTO M3BECTKOBO-IIEJIOYHOTO PAA — Marmbl, He[JOCHILICHHbIE ATIOMMHHEM;

B) aHATEKCHCOM C METACOMATHYECKO# NIOIrOTOBKOH (MarMaTHueCKoe 3ame-
menue, o JI. C. KopxuHCKOMY) MOTYT reHepHpPOBAaThCA MAarmsl, B pasIHYHOH
CTeleHH He/IOChIIeHHBbIE ATIOMKHHHEM B 3aBHCHMOCTH OT CTENeHH MEeTacOMaTH-
yeCKoH TOArOTOBKH: OT HOPMAIBHBIX H3BECTKOBO-IIENIOUHBIX [0 LIEJIOYHbIX.

B yCIOBMAX MAaHTHHM, COTJIACHO JKCHEPMMEHTAIIbHBIM [AHHBIM, [AOKa3bi-
BAIOLIMM pacuMpeHne 06/1acTH KPHCTATITH3ALMY KBAPIA C YBEJIHYEHHEM [aBJIe-
HH#A, He MOTYT FE€HEPHpPOBATHCA IOMOTEeHHbIE IPAHMTHBIE PACIUIABbl, HO MOTYT
06pa30OBBIBATLCH reTEPOTEHHBIE KHMCIIble MHTMBbI: aH/E3HTOBbIE WIH aHIE3UT-
[AMTOBBIE MArMbl ¢ KPHCTA/UIAMH KaNHILINATA U KBapLa — MPOAYKT KPUCTA- .
NH3AUMORHOM MuddepeHIMANMH TONEHT-5a3aIbTORBIX U aHE3HT-5a3ATbTOBbIX
pacriapos. Ipu MepeMeleHHH TAKHX MHTM B BEPXHHE FOPH3OHTRI 3eMHO# KO-
DBl C YMeHbILEHHEM [IaBJIEHHA NPOMCXOIMT PaBHOBECHOE pacIUIaBIeHHe TBEp
meix a3 u obpazoBaHMe TOMOTEHHBIX KHCIIBIX Marm, MEeTPOXMMHYECKHH THI
KOTODBIX OIpEMeNAeTcs COCTABOM JKMIKOH (aspl, COCTABOM KIHIIIATA U HX
KONMYECTBEHHBIM COOTHOLUEHHEM H, BEPOATHO, MOXET M3MEHATHCH OT HOp-
MaJTBHOTO MIeJIOYHO-H3BECTKOBOro [0 LENO0YHOro.

6. [Ipepen BHenpeHua N000H MarMel B BEPXHAE FOPH30HTHI 3eMHOH KOPbI
OTpaHMUMBAETCHA CONEPKAHMEM B Hei NeTyWwMX: BHE/IDEHHE IPOMCXOHMT 0 Ta-
KOr0 YPOBHA 10 [ABJIEHHI0, KOT/Id PaciUidB HACHIILAETCA HMEIOIMMHCA B €ro
COCTABE JIETYYMMH W TONafaeT B o6IacTh K pUCTAIUIA3ALMH.

7. Iloka3aHo, 4T0 OGpPa30BaHKe KOHKPETHBIX MHHEPATbHBIX ACCOLMALMA —
rOPHBIX MOPOL, HX CTPYKTYpPHO-TEKCTYpHbIE OCOOEHHOCTH 3aBHCAT OT NETPOXH-
MUYECKOTO THIIA MArMbI-PACILIaBa, XapaKTepa i COMePXKAaHUA JIETYUHX, 3 TAKKE
OT reoJIoro-TeKTOHHYECKUX YCIIOBHA (OPMHPOBAHMS.

8. Paspa6otkoil (UIHKO-XHMHYECKMX MOJEJiell Ha OCHOBE MHOTOKOMIIO-
HEHTHBIX IPAHHTHBIX CHCTEM B NOJYKOJIMYECTBEHHOM BH/e paspelliena mpoGie-
M2 MMHepaNbHbIX Gauuii rpaHMTOMI0B. [loka3aHo, YTO MHMHEpajbHbIE dammu
ONpefeNnsoTCs NMETPOXHMHYECKHMH THIIAMH MArm, XapakTepom M COJiepiKaHH-
€M B HUX JIETyUHX.

9. Ipennaraemas KIaccHUKAIHA IPAHUTOMIOB NPUHMMAET BO BHUMAHHE
K4K 3IMIMPHYECKHl COCTAB MOPOJ1, TAK M TEOPETHUYeCKOe OGBACHEHHE BOIHMK-
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Ta6nuua 6.1

ACCOLHALNY HOPMATHBHBIX MHHATIOB B 3aBHCHMOCTH OT CTeNeHH HAChIUEeHHOCTH
pacmTaBoB (Wi MOPOM) TMHHO3EMOM H KPeMHE3EMOM [67]

Hacsnuensocts Al, O3
Haceiuen-
HOCTB A B B b I
S10, AI>K+Na+ | Al=K+Na+ |[K+Na+2Ca> |Al=K+Na K+Na>Al
+2Ca +2Ca >Al>K+Na
I Ks I Ke Ou| Ke 3 |Ks 3u |Ks OJr
U3bbiTox Op @c Op ¢ Op @c Op ¢ Op 3m
Si0, AB6 Ab A6 Bo A6 Bo A6 ¢
AH An AH Bo
Anc
11 Op -~ 91 Op - Bu) Op -3 {Op  3Im 1O0p 3Ir
Si0, e xBa-| A6  ®c A6 @c A6 Q¢ A6 ¢ A6 IH
raerso6-| Am ®o | A Qo | A Bo Bo @c
pa3’oBaHMA Kop ®a da ®o Do Bo
THNEepCTeHa ba da ®o
®a
11 Op @ | Op @o| Op 3 Op 3u Op 9r
Si0, ne xa-| A6  ®da A6 da A6 ®c )Mnp| A6 ®c (Mnp| AG 3H M
raeT ans 06- | Hob Ho Ho Bo Hé Bo Hp ocf P
pa’oBaHHA AH AH An Qo ®o Bo
ansBuTa Kop Da da Do
Pa
v Op @ | Op ®o| Op 3H Op 9u Op 3r
SiO;mexsa-| Jlu ®a | Jlu @a | Ju ®cMnp| Jlu ®cMnp JIn Ou{,,
Taer s 06- | Ho Ho Hé Bo Ho Bo Hp oc( P
pasoBaHMA An AH An ®o Do Bo
OpTOKNa3a Kop Da ®a Do
Da

Mpumevanne. Mexay [ ull, Tl uIIL I u IV u nocne IV MOXHO BBIIENINTH

rpynnsi, Korga Si0;
I-1I — He obpasyeicsa HH

obpasyerca HH AG, uu Jlu; mocre IV — He oGpasyercs Op.

TOMHO He XBaraer [ 06pa3oBaHMA TOTO WIH HHOTO MHHEpasa:
KB, i1 ®o u ®a; 11-IIl — He o6pasyerca He; 1I-1V — ne

HOBEHHA (MOAB/IEHMA) KOHKPETHOH MMHEDPATBHOH ACCOUMANMM TPaHHTOH/IOB
(MM MMHepaIbHOH (alMH) M YYMTBIBAET CHefyIolMe MPH3HAKH-KPHUTEDHH :
a) cTenmeHb HACBLILEHMA AIOMHHHEM IUETIOYEH H KAJIBLUMA [0 NMOJEBOLIIATOBbIX
MMHANIOB, KOTOpaA OJHO3HAYHO ONpefendAeT NeTPOXHMMUYECKHH THI MOpPOIbI
HITH e€ MOJIOXKEHHe B PALY MOPOA MO LIENOYHOCTH; MHHEPaJIbHBIM KpPHTEpHEM
LIENIOYHOCTH MABNSATCA THIOMOp(HbIE LBETHbIE MHHEpanbl — KOPIHEpPHTHI,
rpaHaThl, CHUIMMAHHT (KHAHWT), MOHOK/THHHBIE MHPOKCEHBI W aMdubOIIbI;
6) KOmHYeCTBO KBapua (HOPMATHBHOTO WM BHPTY&TbHOTO) YCTAHABIHBAET
CEMEHCTBO MOpPOMpbI; B) COOTHOLLEHHE MOMEBbIX LUMATOB ONpeNeAeT BU MTOpO-
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Zbl; T) XapaKTepHble TEMHOLBE THbIE MHHEPAJIbl IO3BOMAIT YCTAHOBHTb pa3HO-
BHIIHOCTB, @ COBMECTHO CO CTPYKTYPHO-TEKCTYPHBIMH OCOGEHHOCTAMH — M (a-
MaNBHOCTH IO JaBJeHUI0 (imlona.

10. Mcnionb3ys noaxonl K BhIGOPY KOMIIOHEHTOB M CHCTEM JUIA PaHHTOM-
A0B, & TAKXE ONBIT F€OMETPHYECKOro (U3MKO-XHMHUYECKOIO aHAIM3a MHOIO-
KOMITOHEHTHBIX CHCTEM, MOXHO pa3paGoTaTh HHIHKO-XHMHYECKHE MOJIEIH IS
BCEX MHMHEpAJIOro-NMeTPOXUMHYECKHX THIIOB MArMaTHYeCKUX Mopop. B tabn. 6.1
NpHBEEHb! ACCOLMAUMH HOPDMATHBHBIX MHMHAIOB B 3aBHCHMOCTH OT CTEIEHH
HACBIUEHHOCTH DAaCIUIaBOB (WJIM TMOPOM) ITIMHO3EMOM M KpeMHEe3eMOM, Mpef-
CTABNANIUIME (PHIMKO-XHMHYECKHE CHCTEMbI, C NOMOMIBIO KOTOPBIX MOJXKHO
cMopeTHpoBaTh 06pasoBaHKe (KPHCTA/LUIM3AUMIO) MPAKTHYECKH BCEX MATMATH-
YeCKHX mopof. [lns comocranenns B TaGiMle NOMEIIEHbl W I'PAHHTOMIHBIE
aCCOLMAIMH, PACCMOTPEHHbIE B TAHHOH paborte.
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73 Mup+ng+Ke = K+Kpn+3u

Iy (K) [lup+Ind+Ke=Kpn+3u+Ind+Ks | Cunrynaptoe

1; (3H) Kpn+Ind+Ks =K +Tup

1g (Kpn) Tnd +Mup+Ke =XK+31

ly (Tnd) Mup+Ks +XK =XK+3u+Kpn CuHrynapHoe

" i A6+ +Iup+Ks =K +Kpn B Touke S: AG+

+TMup =K

1o (I'nd) A6+Tup+Kpn+Ke =K

1y (Kpn) A6+Tnd+Iup+Ks =X

J2 A6+[Mup+Anc+Ke = XK+Kpn

1z (K) AG+ITup+Anc+Ks = A6+Kpn+Ks CuHrynApHOE

113 (Kpn) AG+[up+Anc+Ke=X

l1a (AD) Mup+Anc+Ks +K =H+Kpn CuHrynapHoe

L5 (Tup) A6+Kpn+Ks =K+Aic
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Ta6nuua 1.1 (mpomomxeHue)

PaBHOBecHA (da3oBble peaKIMH p)a(m;gn
Cucrema A5.10 (puc. 1.18)
S Fe-Kpn+Fe-Tnd+Ks = X+®Da+A6
L, (K) Fe-Kpn+Fe-I'np+Ks=A6+Fe-Kpn+®a+Ks| CunrynspHoe
I (da) A6+Fe-Kpn+Fe-I'ng+Ks =X
I3 (AG) Fe-Kpn+Fe-I'nd +Ks =¥ +®da
Iy (Fe-Kpn) | Fe-Imd+Kn+X =X+Da+A6 CuHrynspHoe
Is (Fe-Tnd) | A6+Fe-Kpn+®a+Ks =X
e Anm+Fe-Tngp+Ks =¥ +Fe-Kpa+®a
ls OK) Anm+Fe-I'ng+Ks = Fe-Kpa+®a+ CuHrynapHoe
+Fe-T'ng+Ke
1; (®a) Fe-Kpn+Fe-T'ng +Ke = X+Anm
ls (Fe-Kpm) | Fe-Tng+Anm+Ks=)X+®0a
Iy (Fe-Tnd) | Anm+Ks+X =X+Fe-Kpn+®a+Ks CuHrynspHoe
JiSHe A6+Anm+Fe-T'ng+Ke =X+Fe-Kpn B Touxe S : AG+
+Anm=XK
Lo (Fe-Tnd) | A6+Anm+Fe-I'ng+Ks =X
I;; (Fe-Kpn) | A6+Fe-Tnd+Anm+Ke =X
J3io A6+Anm+Anc+Ks =X+Fe-Kpn
112 (K) A6+Anm+Anc+Ks =A6+Fe-Kpn+Ks CuHrynspHoe
I3 (Fe-Kpn) | A6+Anm+Anc+Ke =X
lia (AB) Anm+Anc+Ks +)X=X+Fe-Kpn CunrynspHoe
lis (Anm) | A6+Fe-Kpo+Ks=X+Anc
Cucrema A5.11 (Puc. 1.19)
Jin AR+Op+On+Ks =XK+3u
I, (K) An+®n+Ks = Ar+Op+3u+Ks CuHrynspHoe
1 (3n) AH+Op+Odn+Ks =X
I3 (Op) Ar+On+Ke =)K+3n
Iy (AH) On+Kp+X=X+Op+3u CuHrynspHoe
Is (®n) AH+Op+3u+KB =X
J i AH+®n+Yep+Ks = K+31 B touke S : An+
+On=K
I (K) On+Yep+Ks = Au+0n+3u+Ks CunrynapHoe
17 (3n) An+®n+Yep+Ks =X
lg (AR) On+Yep+Ks =M +3H
lg (®n) Yep+Kp+K =K+AH+3H CuHrynsapHoe
Cucrema AS5.12 (puc. 1.20)
JIa2 An+AnT+Ks =X+®a+0p
L, (X) Au+Anr+KB = An+Op+®a+Ks CuHrynspHoe
I, (dPa) An+Op+Anr+Ks =X
13 (Op) AH+AnT+KB =X+®a
1 (AH) Ant+Ks +)K=K+®a+0p CunrynapHoe
ls (AHT) An+Op+®a+Ke =X
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TaG6nuua 1.1 (npomomxenue)

PaBHOBecus Da3oBhIe peaKiuu p)a(:ll:::::sn
Cucrema A5.14 (puc. 1.21)
! o An+0n+Ks =X+Onp+Yep
l; (Onp) Au+0n+Ks=K+Yep CHHrynapHoe
I, (An) On+Yep+Ks =X+0np ”
I3 (On) An+Onp+Ks =X+Uep %
13 (Yep) AH+O0n+Ks =X+0mnp i
Cucrema AS5.15 (puc. .22)
® Kpa+Yep+Ks =X+3u+AH
L (K) Kpn+UYep+Ks= An+Kpn+3u+Ks CuHrynapHoe
I (3n) An+Kpn+Yep+Ks =K
I3 (AH) Kpn+Yep+Ke=X+3n
la (Kpm) Yep+Kn+XK =)K+3u+An CuHrynsptoe
Is (Yep) An+Kpn+3u+Ke =X
F Yep+ITup+Ks = X+Kpn+9u F
Is (K) Yep+[up+Ks = Yep+Kpn+3u+Ke CuHrynapHoe
1; (3n) Yep+Kpn+Ks =X +Ilup
Iy (Kpn) Yep+ITup+Ks =K+3u
ly (Yep) Mup+Ks+X=)X+3u+Kpn CuHrynapHoe
I An+TInp+Yep+Ks =XK+Kpn B touxe S: Au+
+lup=K
1o (Yep) AH+IInp+Kpn+Ks =K
hy (Kpn) | Au+llnp+Yep+Ks =K
P o An+IInp+Anc+Ks =X+Kpn
I (XK) AH+IInp+Anc+Ks = An+Kpn+Ka CHHrynsapHoe
l1a (Kpn) An+TIup+Anc+Ks =X
ha (An) IMup+Anc+Ke+X=X+Kpn ‘ CuHrynsapHoe
Ls (Iup) An+Kpn+Ks=X+Anc
Cucrema AS.16 (puc. 1.23)
¥ Au+Anm+Ks = X+Fe-Kpn+®a
I, (K) Ant+Anm+Ke = An+®a+Fe-Kpn+Ks CuHrynapHoe
I (®a) An+Amm+Fe-Kpn+Ks =X
I3 (Fe-Kpm) AntAnm+Ks = X+®a
la (An) Anm+Ks+K=)X+®a+Fe-Kpn CuHrynapHoe
Is (Anm) AntFe-Kpn+®a+Ks =X
g3 An+Anm+Anc+Ks =X +Fe-Kpn
lg (K) AntAnm+Anc+Ks = An+Fe-Kpn+Ke CuHrynsapHoe
1, (Fe-Kpm) An+Anmm+Anc+Ke =X
lg (AH) Anm+Anc+Ks+X =X+Fe-Kpn CuHrynsapHoe
Iy (Anm) An+Fe-Kpn+Ks =X+Anc
Cucrema AS5.17 (puc. 1.24)
T Op+0n+Ke =X+Bu+0mnp
I, (Onp) Op+0n+Ke=X+bBu CuHrynsapHoe
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Tatbnuua L1 (mpomomieHue)
PasHoBecun (da3oBble peaKiyik Xapeucrep
paBHOBeCHSA
I, (Op) Bu+0n+Ks =)X+0np
I3 (On) Op+Onp+Ks =X+bu
Iy (bu) Op+0n+Ks=X+0np
Cucrema A5.18 (puc. 1.25)
J3e Kpn+®n+Ks =X+3u+0p
I (OK) Kpo+®n+Ke =0p+Kpn+3u+Ke CuHrynspHoe
I, (3u) Op+Kpa+®n+Ke =X
I3 (Op) Kpa+®n+Ks =X+3u
13 (Kpn) ®n+Ke+XK=X+0p+3u CuHrynapHoe
Is (®n) Op+Kpo+3n+Ke =X
Ja Op+Kpn+My+Ks =¥ +Asnc B Touxe S: Op+
+Kpn=X
ls (K) Kpn+My+Ks = Op+Kpn +Anc+Ks CuurynspHoe
Iy (Anc) Op+Kpa+My +Ks =K
Is (Op) Kpn+My+Ks =X+ Anc
ls (Kpn) My+Ks+)X=1K+Op+Anc CuHrynspHoe
lio (My) Op+Kpn+Ke =X+Anc
J3e Mup+®n+Ks = X+Kpna+3u
Iy (K) IMup+®n+Ks = 3u+Kpn+On+Ke CunrynspHoe
li2 (9H) ®On+Kpn+Ks = X+Iup
L3 (Kpn) Mup+®n+Ke =X+3u
ha (®m) Iup+Ke+X=X+3u+Kpp CuHrynspHoe
J 31 Mup+®n+0p+Ks =X +Kpn B touxe S: Op+
+Mup=X
Lys (Kpn) Op+ITup+®n+Ks =X
Lig (®m) Op+Ilup+Kpn+Ks =X
JP Mup+My +Ks =X+Kpa+0p B rouxe S: Op+
+Kpn=K
17 (Kpm) Op+Ilup+My +Ks = X
hs (Op) Ilup+My+Ks =X +Kpn
Tz My +TTup+ Anc+Ks =X +Kpp
Lis (K) My+IInp+Anc+Ks =My +Kpa+Ks CunrynspHoe
1o (Kpn) My+Ilup+Ks =X+Anc
I3, (My) Mup+Anc+Ks+X=XK+Kpn CuHrynapHoe
Cucrema AS5.19 (puc. 1.26)
T35 Op+Anm+Ks = K+®a+Fe-Kpn
1, (K) Op+Anm+Ks = Op+®a+Fe-Kpnt+Ke CuurynsipHoe
I, (®a) Op+Anm+Fe-Kpn+Ks =X
I; (Fe-Kpn) Op+Anm+Kp=K+®a
Iy (Op) Anm+Ks +XK = X+®a+Fe-Kpn CuHrynspHoe
Is (Anm) Op+Fe-Kpn+®a+Ks =X
F® Op+Anm+Anc+Ke =X+Fe-Kpn
ls (K) Op+Anm+Anc+Ke=0Op+Fe-Kpn+Ks| Cunrynsphoe



.a6nuna L1 (npomomxenue)
PapHoBecHA (da3zoBbie peaKiy pax:';’::::&
1, (Fe-Kpn) Op+Anm+Anc+Ks =X

Is (Op) Anm+Anc+Ks+X=X+Fe-Kpn CunrynapHoe

ls (Anm) Op+Fe-Kpn+Ke =X+Anc _

JIu Op+Anm+Ant+Ke =K +0a B rouke S: Op+

+Anm=X

Lo (OK) Anm+Ant +KB = Op+Anm+®a+Ks CuxrynapHoe

I (da) Op+Anm+AnT+Ke =X

h2 (Op) Anm+Anr+Ks=X+0a

Iis (Anm) | Anr+Ke+X=X+Op+da CuHrynapHoe

Y Anm+My+Ks =¥+Anc+0p

lia (K) Anm+My+Kg = Op+Anm+Anc+Ke CuHrynsapHoe

ls (Anc) Op+Anm+My+Ks =X

hLe (Op) Anm+My+Ks =K +Anc

1,7 (Anm) My +Ks+X =X+O0p+Anc CHHTynApHOE
Cucrema AS.20 (puc. 1.27)

/e [p+On+Ks=X+Onp+Kpn

/; (Omp) I'p+Ke=X+0n+Kpn CuHrynsapHoe

1 (Kpn) I'p+O0n+Ks=X+0Onp

I3 (On) I'p+Ks = X+Onp+Kpn

Iy (Tp) Kpn+On+Ks =X+0np

Is I'p+Anc+Ke =X+Kpn

llecTHKOMNOHEHTHBIE CHCTEM

Cucrema A6.1 (puc. 1.28)

i Mn+My+Ks =X+Op+Anc CHHrynApHOE

13 My+(Mrp—Tipr)+Ks = X+Anc+In »
Cucrema A6.2 (puc. 1.29)

i Kpn+(I'np—Yep) +Ke = K+3u+In CuHrynapHoe

[ Iup +(Tnd—Yep) +Ks = X+Kpa+3u ”

132 I +Tup+(Cng—Yep) +Ks =K +Kpn p

32 Tn+[Map+Anc+Ks =X +Kpn &
Cucrema A6.3 (puc. 1.30)

g In+Anm+Ks = X+®a+Fe-Kpn CuHrynspHoe

53 T+ Anm+Anc +Ks = ¥ +Fe-Kpn »

5 Anm+(Tng—Yep) +Ks =K+ @a+IIn N
Cucrema A6.4 (puc. 1.31)

J3e A6+Kpn+®n+Ks=K+31+0p

L (K) AG6+Kpn+®n+Ks = A6+Op+Kpn+3u+Ks | Cunrymnsproe

5L, (3m) AG6+Op+Kpn+®n+Ks =X

17 M.H. Ily6poBckuit
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TaGnuua L1 (npononkeHwe)
PapHoBecus Da3oBbie peaKUMH pﬁ:ﬁﬁzsﬁﬂ
I3 (Op) AG6+Kpn+®n+Ks =X+3u
Iy (Kpn) | A6+®n+Ks+XK=X+Op+3u+Ab CuHHrynsipHoe
ls (AB) Kpnt+®n+Ks+X=X+0p+Kpn+3u St
Ig (®n) A6+0p+Kpn+3u+Ks =X
ok AG6+Kpn+®n+Ing+Ks=X+3n B touke S: A6+
+Kpn+®n =X
Iy (K) Kpa+®n+Tng+Ke=A6+Kpa+®n+3u+Ke | CuHrynapHoe
ls (3H) A6+Kpn+On+Inp+Ke =X
ly (AB) Kpa+®n+Tnd +Ke=X+3x
lo (®n) Kpo+I'ng+Ks+K=K+3u+A6+Kpa CuHrynapHoe
I,y (Kpn) | ®n+Cnd+Ke+K=K+A6+3u+0n -
¥ bt AG+0p+Kpn+My+Ks = X+Anc B Touxe S: AG+
" +0p+Kpn =K
hLa (OK) A6+Kpn+My+Ke = A6+0p+Kpn+Anc+Ks | CunrynsapHoe
I3 (Anc) | A6+Op+Kpan+My+Ks =K
14 (Op) A6+Kpn+My+Ks =X+Anc
I;s (Kpn) | A6+My+Ke+K=X+Anc+Op+A6 CuHrynapHoe
"l (A6) | Kpo+My+Ks+K=X+Kpa+Op+Anc e
117 (My) A6+0p+Kpn+Ks=X+Anc
758 Iup+®n+Tng+Ke =X+Kpn+3u
Ls (K) Mup+®n+Indp+Ke=u+Kpnt+®n+Ing CuHrynsapHoe
Lo (3H) On+ng +Kpn+Ks=X+Inp
o (Kpn) | Mup+®n+Ing+Ke=X+3u
Iy (©n) Mup+Tng+Ke+K=XK+Kpa+3u+Ind CuHrynspHoe
1y (Tnd) | On+lup+Ke+K=XK+Kpn+3u+dn
4 A6+Mup+®n+Ind+Ke =XK+Kpn
13, (Cnd) | AG+Tup+n+Ks=K+Kpn C cHHTYNAPHO#
L3 (Tnd) | A6+Tup+On+Kpn+Ke=X TOUKOMH
s (Kpn) | A6+Iup+®n+Tnd+Ke=K
Ls (On) | AG+Tup+Tnd+Ks=K+Kpn
I AG+0p+Iup+®n+Ks =K+Kpn
le (Kpn) | A6+Op+Iup+®n+Ks=X
I3, (®n) | A6+Op+Ilup+Ke=X+Kpn C CHHTYNIApHOM
I (®n) AB6+O0p+Ilup+Kpn+Ks =K TOYKOH
Lg (ABG) Op+Iup +®n+Ks =H+Kpn
gt AG6+0p+Tup+My+Ks = K+Kpn B touke 5: AG+
+0p+Kpn =X
o (Kpn) | A6+Op+Ilnp+My+Ke =X
I3 (Op) A6+ITup+My+Ks = X+Kpn
13y (AB) Op+up+My+Ke =¥+Kpn
TEh A6+[up+My+Ks = XK+Kpn+Anc
1y (K) AG+Iup+Anc+My+Ks = A6+My+Kpn+Ks | Cunrynapuoe
I3 (Kpn) | A6+Tup+My+Ks=X+Anc

[ =]
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TaGnuua .1

(nponomxenne)

PapHoBecHA (da3oBbie peaKLMH p)a(:l?:::gﬁu
13 (AB) IMup+My+Anc+Ks +X=X+Kpn CuHrynapHoe
s (My) Iup+Anc+Ke+XK=X+Kpn+A6 i

Cucrema A6.5 (puc. 1.32)
i A6+0p+Anm+Ks =X+®a+Fe-Kpn
Iy (K) A6+Op+Anm+Ke=A6+0p+Fe-Kpn+®a+Ks | Cunrynapuoe
I; (®a) A6+0p+Anm+Fe-Kpn+Ks =X

I3 (Fe-Kpn) | A6+Op+Anm+Ks=X+®a
1y (AG) Op+Anm+Ks +XK = XK+®a+Fe-Kpn CHHrynapHoe
Is (Op) Ab+Anm+Ks+X=X+®a+Fe-Kpnt+A&+Op
ls (Anm) | A6+0p+Fe-Kpn+®a+Ks =X
i A6+Op+Anm+Anc+Ks =¥ +Fe:Kpn
13 (K) A6+Op+Anm+Anct+Ke=A6+0p+Fe-Kpn+Ks| Cunrynapsoe

lg (Fe-Kpn) | AG+Op+Anm+Anc+Ks =X
Iy (AB) Op+Anm+Anc+Ks+X=X+Fe-Kpn CuHrynspHoe
Lo (Op) Ab+Anm+Anc+Ks+X = X+Fe-Kpn+A6 &
ly; (Anm) | A6+Op+Fe-Kpn+Ks=X+Anc
J3 AB+Op+Anm+Ant+Ke =XK+Pa B touxe S: AG+

+0p+Anm=X
hLa (K) AG6+Anm+AnT+KB=AG+0pt+Anm+®a+Ke |CuHrynapHoe
13 (da) AG6+Op+Anm+Anr+Ks =X
lis (Op) AB6+Anm+AnT+KB =X +da
lis (Anm) | AG+AHT+KB+K =X+®a+0p+A6 CuHrynapHoe
L1 (AB) Anm+AnT+KB+XK =X+®a+Anm+0p 2
J$3 A6+Anm+AHT+nd+Ke =X +®a B touke S: AG+
+Anm+AHT =X
lLia (K) Anm+Tng+AnT+K=AG6+Anm+Anr+®a+Ke | Currynapsxoe
lig (®a) A6+Anm+Ind+Anr+Ke =X
lio (AB) Anm+Tng+Anr+Ks = X+®0a
1o (Anm) | AHT+nd+Ke+XK =)K+®Da+A6+AHT CuHrynspsoe
Iy (AHT) | AnM+Tnd+Ke+X = X+Da+Anm+A6 ;i
g AG+Anm+My+Ks=X+Anc+0p
13 (K) A6+Anm+My+Ks = A6+0Op+Anm+Anc+Ks | CuHrynapHoe
I3 (Anc) | A6+OptAnm+My+Ke =X
1 (Op) AB6+Anm+My+Ke =X+Anc
ls (AG) Anmm+My+Ks+X =X +0p+Anc + Anm CuHrynspHoe
L (AnMm) | AB+My+Ks+X=X+Op+Anc+AG 4
Cucrema A6.6 (puc: 1.33)
i A6+Ip+0n+Ks =X+0np+Kpn
!, (Onp) | A6+I'p+Ks=X+0On+Kpn CuHrynapHoe
I, (Kpn) | A6+I'p+On+Ks=X+O0mnp b
13 (On) A6+Ip+Ks=X+Onp+Kpn !
14 (AG) I'p+Onp+Ks =X+0n+Kpn

259



Ta6nuna L1 (npomomkenue)

PapHOBecHs Daz0BbIe peaKLHH p?:gg:::gﬂ
Is (T'p) A6+Kpn+0n+Ks=X+0np CHHTYNApHOE
g AG+I'p+Ks =X+Onp+Kpn+Tnd
I (Kpn) A6+I'p+Onp+Ks =X+Tnd CuHrynspHoe
15 (Onp) AG+TIng+I'p+Ke=K+Kpn 4
Is (AB) [p+Ing+Ks=X+Kpn+Onp %

Iy (Tp) A6+Kpn+Onp+Ks =X+I'ndp i

8 A6+Tp+0n+Ks=XK+Onp+I'nd

I (Omp) AG+Tp+On+Ke=X+Ind CuHrynspHoe

'u (Aﬁ) rp+rﬁ¢+0ﬂ+K3=K+oﬂp 1

Iz (Tp) I'ng +0n+Ks =X+Onp+A6

Iha A6+Ip+Anc+Ks =¥+Kpn

Cucrema A6.7 (puc. 1.34)

F An+Kpn+®n+Ke =X+3u+0p

Iy (K) An+Kpn+®n+Ks = An+Op+Kpa+3u+Ks | Cunrynaptoe

I, (3n) An+Op+Kpn+®n+Ke =X

I3 (Op) An+Kpn+®n+Ks =X +3H

14 (Kpn) AH+On+Kp+XK=K+Op+3u+An CuHrynapHoe

Is (An) Kpn+®n+Ks+X=X+O0p+Kpn+3u e

I (®n) Au+Op+Kpn+3u+Ks =X

J22 AH+0p+Kpa+My +Ks =¥+Anc B Touke S: Au+
+0p+Kpn =X

1; (X) An+Kpn+My+Ks = An+Op+Kpn+Anc+Ke | CunrynapHoe

Iy (Ainc) An+Op+Kpn+My+Ks =X

Iy (Op) An+Kpn+My+Ks =K+Anc

lio (Kpm) An+My+Ks +X=X+Anc+Op+An CHHrynsApHoe

1, (An) Kpn+My+Ks+¥=3K+Kpn+Op+Anc 2

I My) An+0p+Kpn+Ks =¥+Anc

" An+Kpn+®n+Uep+Ke=K+3n B TouKe 5: AH+
+Kpn+®n=X

Lz (K) Kpn+®n+Uep+Ks = Au+Kpn+®n+3u+Ks | CanrynapHoe

Ly (3m) An+Kpn+®n+Uep+Ks =X

ls (AH) Kpa+®n+Yep+Ks =X+31

16 (Om) Kpn+Yep+Kn+XK=K+3u+An+Kpn CuHrynsapHoe

L7 (Kpn) ®n+Yep+Ke+XK=XK+3u+An+On =

J IMup +On+Uep+Ks =K+Kpn+3u

Lig (K) hup+®n +Yep+Ks =3n+Kpn+On +Uep CuHrynapHoe

Lo (IH) ®n+Yep+Kpn+Ks =X+Iup

Ly (Kpn) [up+®n+Yep +Ks =X+3n

Iy (®n) Mup+Yep+Kp+XK =XK+Kpn+3u+Yep CHHrynapHoe

Iy, (Yep) On+Iup+Ka+X=XK+Kpn+3u+®n i

Y An+Ilup+@n+Uep+Kn = K+Kpn

13, (Yep) An+[Tup+®n+Ks =K+Kpn C CHHTYNIAPHOM

L3 (Yep) An+Tup+On+Kpn+Ke =X TOVKOH
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Tabnuuma I.1

(npomomienme)

PaBHOBecHA (Daszopble peakiyH pi(:ﬁ:::g:a
3 (Kpn) | An+ITup+®n+UYep+Ke=X

Ls (On) | Au+Iup+Yep+Ks=X+Kpn

I An+Op+ITup+®n+Ks=X+Kpn

36 (Kpn) | An+Op+Iup+®n+Ks=X

13, (®n) | An+Op+Inp+Ke=X+Kpn C cHHrynspHO#
Iz (®n) | Ar+Op+Ilup+Kpn+Ke=X TOYKOH

Iz (An) | Op+ITup+@n+Ks=XK+Kpn

257 An+O0p+IMup+My +Ks=X+Kpn B rouke 5: Au+

+Op+Kpn=X

s (Kpn) | An+Op+ITup+My +Ks =X

I (Op) | An+Ilup+My+Ks=X+Kpn

I3 (AH) |Op+Mup+My+Ks=X+Kpn

57 An+ITup+My+Ks =)K+Kpn+Anc

I (K) | An+Ilup+Anc+My+Ke=Au+My+Kpn+Kn CuHrynsapHoe
I3 (Kpn) | AR+TTup+My+Ks=X+Anc

Iy (An) | Iup+My+Anc+Ks+X=X+Kpa+My CuHrynsapHoe
I3 (My) | Am+Ilup+Anc+Ks+X=XK+Kpn+An

Cucrema A6.8 (puc. 1.35)

Jo3 An+Op+Anm+Ke=X+®a+Fe-Kpn

I, (K) AH+Op+Anm+Ke=An+0p+®a+Fe-Kpa+Ks | Cunrynapuoe
I (Pa) | Au+Op+Anm+Fe-Kpn+Ke=X
I3 (Fe-Kpn)| Au+Op+Anm+Ke=X+®a

Iy (An) | Op+Anm+Ks+X=)K+®a+Fe-Kpn+Op CuHrynspHoe
Is (Op) | An+Anm+Ks+XK=¥+®a+Fe-Kpn+Au 2

ls (Anm) | An+Op+Fe-Kpn+@a+Ka=X

38 An+Op+Anm+Anc+Ke=X+Fe-Kpn

13 (K) An+Op+Anm+Anc+Ks=An+0p+Fe-Kpn+Ks | CuxrynapHoe
Iy (Fe-Kpn)f An+Op+Anm+Anc+Ke=X

ly (An) | Op+Anm+Anc+Ks+X=X+Fe-Kpa+Op CunrynsapHoe
ho (Op) | Au+Anm+Anc+Ks+X =X +Fe-Kpn+An "

Iy (Anm)| An+Op+Fe-Kpn+Ke=X+Anc

Filo An+Op+Anm+AnT+Ke=X+®a B Touke §: Op+

+AH+ AnM=X

1z (K) AntAnm+AnT+Ke=Au+0p+Anm+®a+Ks CunrynsapHoe
l13 (®a) | AH+Op+Anm+AnT+KB=X

L4 (Op) | Ant+Anm+AnT+K=X+0a

lis (Anm)| An+AnT+Ke+XK=XK+®a+Op+An CunrynsapHoe
lis (An) | AT+AnM+Ks +XK=3XK+O0p+®a+Anm 7

g3 Ant+Anm+My+Ks=X+Anc+0p

Iy OK) | AutAnm+My+Ke=An+0p+Anm+Anc+Ke CunrynapHoe
his (Anc) | AR+Op+Anm+My+Kp=X
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Tatnuua L1 (mpomomkeHue)

PapHoBecusn Qa3oBble peaKiMH p?e(:l!:;:ﬁs
13 (Op) Au+Anm+My+Ks=X+Anc

ho (AH) Anm+My+Ke+K=K+Op+AnctAnm | CurrynapHoe
Iy (Anm) An+My+Ks +X =K+O0p+Anc+An i

Cuctema A6.9 (puc. 1.36)

I An+Tp+0n+Ks=X+Onp+Kpn

I; (Omp) Au+Ip+Ke=X+0n+Kpg CuHrynspHoe
L, (Kpm) An+T'p+0n+Ks=X+O0np i

I3 (On) Au+I'p+Ks=X+Onp+Kpn i

Iy (An) p+Onp+Ke=X+0n+Kpn

Is (T'p) An+Kpn+On+Ks=3X+0np CunrynapHoe
JS? An+Ip+Ke=)X+Onp+Kpa+Uep

ls (Kpm) Au+I'p+Onp+Ks=X+Yep CunrynsapHoe
I; (Omp) Au+Yep+Ip+Ke=X+Kpn 2

Is (An) I'p+Yep+Ke=X+Onp+Kpn A

Iy (T'p) An+Kpn+Onp+Ke=X+Yep "

J5? An+Tp+0n+Ks=K+O0np+Yep

Lo (Onp) Au+I'p+On+Ke=}K+Uep CuHrynapHoe
I (An) I'p+Yep+On+Ks=X+Onp o

Lz (Tp) Yep+On+Ke=X+Onp+An

L An+TIp+Anc+Ke=X+Kpn CunrynapHoe

Cucrema A6.10 (puc. 1.37)

380 Op+I'p+On+Ks=X+Onp+Kpn

!, (Omnp) Op+I'p+Ke=X+0n+Kpn CuHrynspHoe
L (Kpn) Op+I'p+0On+Ks=X+Onp i

I3 (On) Op+I'p+Ke=X+O0Onp+Kpn X

Iy (Op) I'p+Onp+Ke =¥X+0n+Kpn

Is (T'p) Op+Kpp+On+Ks=¥+Onp CuidrynapHoe
e Op+Ip+Onp+Ks=X+bu+Kpn

ls (Kpn) Op+Ip+Onp+Ke=X+bu CuHrynspHoe
l; (Omp) Op+I'p+Bu+Ks=X+Kpn ‘]

Is (Op) I'p+bu+Ke=X+Kpn+Omnp <

Iy (Tp) Op+Kpn+Onp+Ke=X+Bu

S Op+I'p+0n+Ks=X+Onp+Bbu

l10 (Onp) Op+I'p+On+Ke=X+bu CunrynapHoe
I;; (Op) Ip+Bu+0n+Ks=X+0mnp 4

I3 (T'p) Bu+0n+Ks=X+0np+0p

Je I'p+My+Ks=X+Anc+Kpn+Op

lis (My) Op+I'p+Anc+Ke=¥X+Kpn CuHrynspHoe
s (Kpm) Ip+My+Ks=X+Anc+0p &

Iis (Anc) Op+Ip+My+Ks=X+Kpn i
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TaGnuua L1 (mpomomkeHue)
Xapaxrep
PaBHOBecHA (da3oBble peakimH paBHOBECHA
I (Op) Ip+Anc+My+Ks=X+Kpn CuHrynspHoe
117 (l"p) Kpﬂ+My+KB =X+Anc+ Op o
CeMHKOMMONOHEHTHBIE CHCTEMBI
Cucrema A7.1 (puc. 1.38)
I3 Mn+Kpa+®n+Ks=XK+3u+0p CuHrynapHoe
32 Kpn+®n+ (I'ng—Yep) + Kp=X+3u+In o
3 Tn+Kpn+My +Ke=X+Anc+0p CuHrynspHoe
13t Mup+(Tng—Yep) + ®n+Ke=K+Kpn+3u i
(41 Iln +1Tup + @+ (T'nd—Yep) + Ke =X +Kpn =
7! In+O0p+up+®n+Ks=XK+Kpn
s Mn+0p+up+My+Ke=X+Kpn
i In+Iup+My +Ke=3X+Kpn +Anc CHHrynApHOe
Cucrema A7.2 (puc. 1.39)
' [In+0p+Anm+Ke =)X+®a+Fe-Kpn CuHrynspHoe
e In+O0p+Anm+Anc+Ke=X+Fe-Kpa i
i In+Anm+Anr+Ke=X+®a+0p i
173 Inm+ Ant +(Tnd—Yep) +Kp = K+®a+[In i
12 [n+Anm+My +Ke=X+Anc+0p o
Cucrema A7.3 (puc. 1.40)
ue MMn+Tp+On+Ke=X+Onp+Kpg CuHrynspHoe
i [p+(I'nd—Yep) + K =X+Onp+Kpna+In CuHrynspHoe
g ['p+(Tnd—Yep) +0n+Ks=3X+Onp+IIn 5
Cucrema A7.4 (puc.1.41)
g AG+0p+Tp+On+Ks=X+0np+Kpn
!; (Onp) A6+0p+I'p+Ke=X+Kpn+On CunrynapHoe
I (Kpm) AB6+0p+T'p+0n+Ks=X+O0np A
13 (On) A6+0p+I'p+Ke=X+Onp+Kpn &
I (Tp) A6+0p+Kpn+Ont+Ks=X+0mp 7
o A6+0p+I'p+Ks=)X+0np+Kpn+Bu
Is (Kpn) A6+0p+0np+T'p+Ke=¥X+Bu CuHrynapHoe
ls (Omp) A6+0p+I'p+Bu+Ke=X+Kpn
1; (Op) AG+T'p+bu+Ke=X+Kpn+Onp CuHrynapHoe
Iy (Tp) A6+0p+Kpn+Onp+Ks=X+Bu "
b A6+0p+I'p+0n+Ks=X+Onp+bu
lg (Omp) AB6+0p+TI'p+0On+Ke=X+bu CuHrynapHoe
110 (Op) A6+T'p+bu+0n+Ke=X+0np -
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TabGuwnua L1 (npomomkenue)

PapnoBecusn Da3oBbie peakiLuH Pf:ﬁ;::;f .
b i A6+Tp+Bu+Ks=X+Onp+Kpn+Ind

Iy (Kpn) A6+Onp+Tp+Bu+Kn=K+Ind CuHrynapHoe
lyz (Omp) A6+Tp+bu+Ind+Ks=XK+Kpn

Iz (AG) I'p+bu+Ind +Ke=X+O0np+Kpa CuHrynaptoe
La (T'p) A6+Onp+Kpn+Bu+Ks=X+Ing i

b i A6+[p+Bu+On+Ke=K+Onp+Ind

15 (Onp) AG6+I'p+Bu+0n+Ke=X+I'nd CuHrynspHoe
lie (AG) I'p+bu+I'ng+0On+Ke=X+O0np =

g AB6+0p+Tp+My+Ke=X+Kpa+Anc

li2 (My) AG+Op+T'p+Anc+Ke=X+Kpn CunrynapHoe
iz (Kpn) A6+Ip+My+Ke=X+Anc+0p g

lo (Asic) AG+Op+Tp+My+Ke=X+Kpn

Iy (Op) AG+Anc+I'p+My+Ks=XK+Kpn CuHrynapHoe
Iy (Tp) Ab+Kpn+My+Ks=X+Anc+0p #

Cucrema A7.5 (pue. 1.42)

Y i AH+Op+I'p+On+Ke=X+Onp+Kpn

!y (Onp) An+0p+Tp+Ke=¥K+O0n+Kpn CuHrynsapHoe
I, (Kpm) An+Op+Tp+On+Ks=¥+Onp i

13 (On) An+0p+I'p+Ks=X+Onp+Kpn =

Iy (T'p) An+0p+Kpn+On+Ks=X+0Onp i

¥ il An+0p+I'p+Ke =X +O0np+Kpn+bn

Is (Kpa) AH+O0p+Onp+T'p+Ke=%K+bu CunrynapHoe
lg (Onp) Au+Op+Tp+Bu+Ks=X+Kpn

1; (Op) Au+Tp+bu+Ks=X+0np+Kpn CuHrynsapHoe
Is (Tp) An+Op+Kpn+Onp+Ke=XK+bu -
JI® Au+0p+Tp+On+Ke=X+Onp+Bbu

Iy (Onp) An+Op+I'p+0On+Ks=X+bu Cunrynsaphoe
lio (Op) An+I'p+Bu+O0n+Ks=X+O0np =

i AH+0p+Tp+My+Ka=X+Kpn+Anc

Ly (My) An+0Op+I'p+Anc+Ke=X+Kpn CunrynapHoe
hLa (Kpn) An+Tp+My +Kn=X+Anc+Op B

13 (Anc) An+Op+I'p+My+Ke=X+Kpn

Lis (Op) An+Anc+Ip+My+Ke=X+Kpn CunrynsapHoe
Ls (I'p) An+Kpn+My+Ks=¥+Anc+0p »

i An+Ip+Bbu+Ke=X+Onp+Kpn+Uep

hLe (Kpn) Au+Onp+TI'p+Bu+Ks=X+Yep CuHrynapHoe
117 (Omp) An+Tp+Bu+Yep+Ks=X+Kpn

Lz (An) Fp+bu+Yep+Ke=X+Onp+Kpn Cunrynaphoe
Lie (Tp) Au+Onp+Kpa+Bbu+Ke=X+Yep : Y

e Au+Tp+Bu+0On+Ke=X+Onp+Yep
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TaGununa L1 (npomomxenue)

PasHoBecHs ®Dazopbie peakiuMH pi‘:g:::gﬂ
I3 (Onp) An+lp+bu+On+Ke=X+Yep CuHrynaptxoe
I, (An) Fp+Bu+Yep+0On+Ks=)X+Onp ™

Cucrema A8 (puc. 1.43)
g [n+0p+Ip+On+Ks=X+O0np+Kpn
IIn+Bu+Cp+Ke=X+Onp+Kpn+Op
i Mn+Bu+Ip+On+Ks=X+Onp+Op
vl Amd+'p+Bu+Ks=X+Onp+Kpn+iln
Fod Amd+Tp+Bu+0n+Ke=X+Onp+Iin
e n+0p+Cp+My+Kp=X+Kpn+Anc
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NPUITOXKEHHUE Il

JlHarpaMMbl COCTOSIHHSA YACTHBIX M MONHO# cuctem b — A6—AH—Op—3H—dc—
Ks—H,0 (puc. I1.1-11.6) u pasosbie peaxupn K puc. I1.1-11.6 (ra6n. I1.1).

Jlnarpammbi cocToAHMA cucrem B6—B7

‘qlgﬂ

266

Puc. IL1.



c. IL1. (ITpononxexue) .

Pu

267



268



Puc. IL2. (ITpononxkeHne).

269



Puc. IL.3.

270



271



Puc. I14.

272






Puc. I1.5.



o

e

P
Puc. 11.5. (TlponomkeHHe) .

&n

IH

275






Ta6nunua ILI

®a3zopsle peakiu K puc. 11.1-11.6

PaBHOBeCHA Da3opble peaKiHH pfna}[:: ;::En
llecTHKOMMNOHEHTHBIE CHCTEMBI
Cucrema B6.1 (puc. 11.1)
i Mn+®n+Ke=X+3u+0p CuHrynapHoe
i ®n+ (Tnd—Yep) +Kn=K+3m+In "
Cucrema 56.2 (puc. 11.2)
Jaes Fe-Amp+Ant+Ka=X+Iln+®a+0p
Iy (In) Fe-Am¢+Ant+Ka=X+®a+0p Cunrynapxoe
1 (®a) Op+Fe-Amp+Kp=X+[In+Anr
13 (Op) Fe-Am¢p+Ant+KB=)K+®a+IIn CuHrynspHoe
1y (Fe-Amd) Mn+Anr+Ke=XK+®a+0p %
Is (Ant) Op+Fe-Amp+Kn=X+[In+da i
Cucrema b6.3 (puc. 11.3)
563 On+ (Tag—Yep) +Kn=XK+Onp+In
Cucrema B6.4 (puc. 11.4)
JDoA AG6+0p+O0np+Ke=X+Tnd+bu
I, (Bu) A6+O0p+Onp+Ks=X+Ind CuHrynspHoe
I; (AB) Op+Indp+Onp+Ke=X+bn N
13 (Omp) Op+Inp+Ks=X+Bbu+Ab6
I; (Op) A6+ Bu+0np+Ks=X+Ind CuHrynapHoe
Is (I'nd) A6+0p+Onp+Kp=X+bu »
Jhes A6+0p+0n+Ke=X+Onp+I'nd
ls (Omp) A6+0p+On+Ke=X+Indp CuHrynspHoe
I, (AB) Op+On+Iagp+Ke=X+Onp "
Is (Tnd) AG6+0p+0On+Ks=¥X+0mnp ”
Joea Op+Tnd+On+Ke=X+Onp+Bbu
Iy (Omp) Op+Ing+On+Ks=X+bBu CunrynapHoe
lio (Op) I'np+Bu+0n+Ke=X+0np .
Cucrema b6.5 (puc. 11.5)
JEos Au+O0p+0n+Ks=XK+Bu+O0np
1, (Omp) An+Op+On+Ke=X+bu CunrynapHoe
I (Op) An+0n+Bu+Ks=X+0mnp ”
I3 (AH) Bu+0n+Ks=X+0p+Onp
[ (On) An+Op+0np+Ks=X+bu CuHrynsapHoe
ls (Bu) Au+0p+0n+Ke=X+O0np b
JPBs An+Bu+0n+Ks=)X+Yep+Onp

21



TaGawnua Il.1 (npomomkenue)

PaBHoBecus da3zopble peaKUMH L e
paBlIOBCCHA
l¢ (Onp) AH+bu+0n+Ke=X+Yep CuHrynaphoe
1, (AH) bi+Yep+On+Ke=X+Onp I
ls (bn) Yep+On+Ke=XK+Onp+An
ly (On) An+bu+Ks=X+UYep+Onp CuHrynsapHoe
Cucrema B7 (puc. 11.6)
e Bu+Amd+0n+Ks=X+Onp+O0p+Iln
1y (On). bu+0p+Amp+Ke=X+Onp+[in CuurynspHoe
I; (bu) Amdp+0p+0n+Ke=X+Onp+[in N
15 (n) Bu+Amdp+0n+Ke=X+Onp+Op
14 (Omp) Op+Amp+Ke=WK+IIn+®a+bu
Is (Op) Amd +bu+0n+Ke=X+Onp+Iln CunrynapHoe
ls (Amd) [In+bu+0On+Ke=X+0np+Op =
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NPUITOXEHHUE I

JlnarpaMmbl COCTOSHMA YaCTHBIX M NOJHOH cucteM B — A6—AH—Op—On—Oc-
Bo(IH, I'en) —KB—H,0 (puc. II1.1-111.27) u ¢a3zossie peakuuu k puc. [11 3—111.27

(taémn. I11.1) .

IuarpamMmbl cocToAHMA cucTeMbl B4—B8

Bl
Puo N -
-3 kLS » ,ﬂuur
4 1
S+ Ju
S/®
R 9u + Tom Tom +
&0
T Ik Tom Y/
Puc. II1.1.
848
i
B,
MO
Ao .
b
P #
fedrx
o' :
Pg+led
Pg + axr’e At 128
r Pe anr’e /28
Puc. I11.2.
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280



Hy

8512

Puc. I1L.6.




282



861 @

L
oy

Puc. I11.9.

283



8610

tﬂ1

wsd!

Puc. III.10.

284



Puc. IIL.11.



286

3

e

Puc. I1.11. (TTponomnxeHne).

A6



Puc. II.12.

287



Puc. 111.12. (I1pogonkeHue) .

288



865

Puc. IL.13.

19 M.H. [ly6poecxutt 289



AHm

Op

Atm

I1.13. (MpomomkeHue) .

Puc.

290



ova!

Puc. I11.14.

291



Puc. I11.14. (Tlpomomkenue) .

292



Puc. NL15.

293



Puc. ML15. (Tlponomxensxe) .

294



red

Puc. IIL.16.

295



red

Puc. 111.16. (MpononweHue) .

296



Puc. IIL.17.

297



Puc. [11.17. (Tponomxenue) -

298



B 6.10

7
o &

Puc. I11.18.

299



847
€

efs P

M @n P e Op
Puc. IML.18. (TIponomkeHne) .

300



,g‘b

b2 3]

Bé#

ey

Puc. II.19.

301



Barg

‘o
t-E 2
-1
Au
B
+nl
e [H‘
A5 e
Puc. 111.20.

302



Puo

Puc. I11.22.

303



304

Peo

B73

Puc. I11.23.

B824-r7

Puc. I11.24.



Puc. 125,
876

ors?

Puc. 1I1.26.

20 MH. Ny6posckuit
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Tabnuua IIL1
(Da3zossle peakuuu K puc. I11.3-111.27

PaBHOBecHA (Da3oBbie peaKiu ﬁﬁﬁgx
NMaTHKOMOOHEeHTHBIEe CHCTEeMBI
Cucrema B5.5 (puc. I11.3)
JBs S Ks+Amd=X+3u+A6+In
I; (K) Amp+Ke=A6+[n+3u+Ks
L, (31) AG+IIu+ Amp+Kn=XK
L (Iu) AG+Amd +Kp=X+3In Iepexon uepes S :
Iy (u) AG+3u+Amb+Ka=XK A6+3n=X
1y (AB) Amdp+Ke=X+Iu+3r
Is (Amd) AG+Iu+3u+Ke=X
Cucrema B5.8 (puc. I11.4)
B i Ks +Fe-Amdp=)K+Pa+A6+Ten
1, (K) Fe-Amb+Ke=A6+Tep+®a+Ks
I; (®a) A6+Ten+Fe-Amp+Ks=X
15 (Tem) AG+Fe-AMp+Kn=X+da Tepexop yepe3 S :
I3 (Ten) A6+Fe-Amp+®a+Ke=XK A6+Fe-9p=X
I, (AB) Fe-Amp+Kp=X+Ten+®a
Is (Amd) AG+Ten+®a+Ke=X
Cucrema B5.12 (puc. IIL5)
il Amo +Kp=X+3u+An+]In
1, (K) Amdp+Ke=An+]lu+3u+Ks
I, (3u) An+lu+Amd+Ke=X
I3 (Ou) An+Amp+Ke=XK+3u
1, (An) Amp+Ke=X+3n+]In
Is (Amd) An+In+u+Ke=X
Cucrema B5.15 (puc. I11.6)
JBSAS Fe-Amdp+Kp=K+®a+Au+Ten
Iy (K) Fe-Am¢p+Kp=An+Ten+®a+Ks
I, (®a) An+Ten+Fe-Amb+Kn=X
I; (Tem) As+Fe-Amd+Kn=K+0a
I (An) Fe-Amd +Kp=X+da+len
Is (Amd) An+Ten+®a+Ke=X
Cucrema B5.17 (puc. I11.7)
Jhean In+®n+Ke=)X+3m+0p
5 (K) IIn+®n+Ks=0p+[u+3u+Kse CuHrynapHoe
I, (3u) Op+Iu+On+Kn=X
13 (Op) Th+®n+Kp=XK+3u
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Ta6Gnuna III.1

(npomomkeHne)

PaBHOBeCHA (Da3oBble peaKUHH pf:'!:;:::gﬂ
1y (In) On+Ke+XK=X+0p+3u CuHrynapHoe
Is (®n) Op+u+3u+Ke=X

Cucrema B5.20 (puu. II1.8)

I Ten+Anr+Kp=X+®a+0p
Iy (K) Ten+Anr+Ke=0p+lent+®a+Ke CHHrynapHoe
I (®a) Op+Tlen+Anr+Kp=X
I3 (Op) Ant+Ten+Ke=X+®a
I3 (Ten) Anr+Kp+X=X+Op+®a CHHrynsapHoe
Is (Anr) Op+len+®a+Ka=XK
lMlecTHKOMNOHEHTHBIE CHCTEMBI

Cucrema B6.2 (puc. I11.11)
et (3n—Por) +Ka = +3u+IIn+]lu

Cuctema B6.4 (puc. 111.12)
JeA A6+[In+®n+Ke=)K+3u+0p
I (K) AG+Iu+On+Ks=A6+0p+Jlu+3u+Ke | CuHrynapHoe
I; (3u) A6+0p+u+Pn+Ke=X
13 (Op) A6+[Iu+On+Ke=X+3u
1y (In) A6+0n+Ke+K=XK+3n+0p+A6 CuHrynapHoe
Is (AG) I+ ®n+Ke+X=K+0p+3u+]lu »
lg (On) AG+0p+[ln+3m+Ke=X
F ad AG+Iu+®n+3n+Ke=)K+3u B Touxe §: AG+

+Iu+On=X

1; (XK) On+3n+Ke=A6+Iu+On+3u+Ke CHHrynspHoe
Is (3m) A6+In+On+3n+Ke=X
ls (A6) I+ ®n+3n+Ke=)K+3m
Iyo (On) On+Ing+3n+Ke=XK+In+A6 CunrynspHoe
Iy (®n) Ip+Ke+K=XK+A6+Iu+3H i

Cuérema-B6.5 (puc. I11.13)
J06:3 Op+Fe-3n+Kp=)X+®a+Ten+AG
1, (K) Op+Fe-3n+Ks=A6+0p+len+®a+Ks CuHrynspHoe
I (®a) AG+Op+Ilen+Fe-In+Ks =X
I3 (AG) Op+Tlen+Fe-dn+Ks=X+0a
Iy (Tem) Op+(F'nd—Fe-3n) +Ke=XK+AG+®0a CuHrynapHoe
Is (Op) Fe-3n+Ks+X=X+A6+Tex+da "
lg (Fe-3n) AG+Op+Ten+®a+Ks=X
¥ e Op+Ten+Fe-9n+AnT+Ka=XK+®a B rouxe S : Op+

+(3n-Tnd)=X

17 (OK) lent+Fe-9nt+Ant+Ke=0p+len+Fe-9n+®a| CunrynapHoe



TaGnuua L1 (npomomkenue)

PaBHoBecHs ®asoBbie peaKiHH Pﬁ?‘l::::g’n
Ig (®a) Op+Ten+Fe-3n+AnT+Kn=X
Iy (Op) len+Fe-3ntAnt+Ke=X+®a
lio (Ten) Fe-3n+Anr+Ks+X=X+Op+®a+Fe-3n CunrynsapHoe
l;; (Fe-3p) Ten+Anr+Ks+X=X+Op+®a+Ten 5
Cucrema B6.6 (puc. 111.14)
JBos A6+Mmp+0n+Ks =X+31+O0np
1; (Omp) A6+Mnp+On+Ke=X+3n CurHrynsapHoe
I; (Mnp) A6+3n+0n+Ke=X+0Omnp 2
I3 (A6) 9n+0n+Ks=)X+Onp+Mnp
1 (On) AG+Mnp+Onp+Ks=X+3p CunrynapHoe
Is (3m) A6+Mnp+0n+Ks=X+O0np 2
Cucrema B6.7 (puc. 111.15)
b el An+]lu+On+Ke=)X+3u+0p
11 (X) An+]ln+®n+Ks=An+0p+JIu+3u+Ks CuHrynapHoe
I, (3m) An+Op+llu+On+Ke=X
15 (Op) An+]lu+On+Ke=X+3u
Iy (An) I+ ®n+Ke+K=XK+0p+3u+[u CunrynapHoe
Is (du) An+®n+Ks +)K=XK+0p+3u+An )
I (@n) An+Op+JIn+3u+Ke=X
e Au+]lu+®On+Por +Kp=)XX+3u B rouxe S : An+
+Iu+On=X
I; (X) ®n+Por+Kp=An+[u+dn+3u+Ks CunrynapHoe
lg (3n) An+JIn+®n+Por+Ka=X
Iy (An) Iu+®n+Por+Ks=X+3u
Io (Mu) ®n+(Yep—Por) +Ka +XK=XK+3u+An CHHrynapHoe
1y (Pn) Por+Ke+)X=X+Au+[u+3u 7
Cucrema B6.8 (puc. I11.16)
¥ i g Op+Fe-Por+Ka=)K+An+Ten+®a
I (K) Op+FePor+Ks=0p+An+Ien+®a+Ks CunrynspHoe
I (®a) An+Op+Tlen+Fe-Por+Ks=X
I3 (An) Op+Ten+Fe-Por+Ks=X+®a
I (Tem) Op+(Fe-Por—Yep)+Ka+K=X+Au+®a+Op | Cunrynsaphoe
Is (Op) Fe-Por+KB+X=X+Au+Tlen+®a &
s (Fe-Por) An+Op+Ten+®a+Ke=X
JEES Tepn+Ant+Fe-Por+Ks=X+0p+®a
17 OK) Aur+Ten+Fe-Por+Ks=0p+®a+Teg+ CunrynspHoe
Fe-Por+Ke
Iy (a) Op+Ien+Fe-Por+Ks=X+AHT
Iy (Op) Tep+Anr+Fe-Por+Ke=X+®a
lio (Tem) Ant +Amd +Ks +K=)K+0p+®Da+Amd CuHrynspHoe
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Ta6nuua Il (npopomxenue)
PasioBecus DazoBbie peaKiun P)::*I:::::i}: .
Iy (Fe-Por) en+Ant+Ks+X=K+Op+®a+len CuHrynapHoe
a3 An+Amo+AnT+Ks=XK+Op+®a
llz ((Da) 0p+AM¢+KB=)K+AH+AHT
hs (Op) Amd+AnT+KB =K+PatAH
La (Amd) An+AHT+KB+XK=)K+Op+Qa+An CuHrynapHoe
e An+Op+Ten+Fe-Por+Aunt+Ks+X
I,s (Fe-Por) Op+An+Ten+Anr+Ks=X
lis (Op) Aun+Tlen+Anr+Ks=X+Fe-Por
Cucrema B6.9 (puc. 111.17)
e An+Mnp+0n+Ks=X+Por+0np
!y (Omp) An+Mnp+On+Ks=X+Por CuHrynsipHoe
I; (Mnp) Al +0n+(Yep—Por) +Ke =X+0np
I3 (Axn) (Yep—Por) +On+Ks =X+Mnp+Onp
I3 (Om) An+Mnp+Onp +Ks=X+Por Cunrynaphoe
Is (Por) An+Mnp+0n+Ks=X+O0np .
Cucrema B6.10 (puc. 111.18)
JEsD Op+Mnp+On+Ks=X+Bu+O0np
1, (Omp) Op+Mnp+0n+Ks=X+bu CHHrynsapHoe
i, (Op) Mnp+bu+0n+Ks=X+0np
I3 (Mnp) Bbu+0n+Ke=X+0p+Onp
1y (On) Op+Mnp+Onp+Ke=X+bu CuHrynapHoe
!. (bu) Op+Mnp+0n+Ke=X+0np §
CeMHKOMMNOHEHTHBIE CHCTEMBbI
Cucrema B7.1 (puc. I11.21)
fa% T+ u+On+Ka=X+3u+0p CuHrynspHoe
fpia O+ Am +Kp=K+3n+/lu+1In Y
Cucrema B7.2 (puc. 111.22)
Lo Op+Fe-Amb +Kn =X+®a+Ten+In CHHrynspHoe
e Ten+Fe-Amd+Ant +Ks =) +®a+Op "
Cucrema B7.3 (puc. 11.23)
] I +Mnp+On+Ks =X+ (3a—Por) +Onp
Crcrema B7.4 (I'7) (puc. 111.24)
g A6+0p+Mnp+Onp+Ks =X+Bu+3n
1, (Bu) A6+0p+Mnp+O0np+Ke=X+3n1 CuHrynspHoe
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Ta6nuua II.1 (mpomonxkenue)

PaBrOBeCHA DazoBbie peakuMH p?a(:it::::gsx
1 (AG) Op+Mnp+Onp+3n+Kes=X+bu CunrynsapHoe
I3 (Mnp) A6+0p+Onp+Amdp+Ke=X+bu o
I4 (Onp) Op+3n+Ks=X+bu+A6+Mnp
Is (Op) A6+Onp+Mnp+bu+Ke=X+3n CuHrynspHoe
ls (3m) A6+0p+Mnp+0Onp+Ka=X+bu 22
F A6+0p+Mnp+0On+Ke=X+Onp+3n
l7 (Onp) AG6+Op+Mnp+0On+Ks=X+3p CuHrynapHoe
Ig (Mnp) A6+0p+0On+(I'nd—3n) +Ks=X+O0np ”

Iy (AB) Op+Mnp+3n+0n+Ks=X+Onp »

Lo (Op) A6+Mnp+0n+3a+Ks=X+Onp -

Iy (3m) A6+0p+Mnp+0n+Ke=X+Onp i

) L Op+Mnp+3p+0n+Ks=X+Bu+0np

Lz (Onp) Op+Mnp+3n+0n+Ke=X+bu CuHrynspHoe

Lz (Mnp) Op+(I'ng—3n)+bu+0On+Ke=X+Onp

ha (Op) Mnp+3n+br+0n+Ks=X+Onp CuHrynspHoe

hs (3m) Op+Mnp+bu+0n+Ks=X+0np E
Cucrema B7.5, (puc. 111.25)

RS AH+Op+Mnp+Onp+Kes=X+Bu+Por

I, (bu) An+0Op+Mnp+Onp+Ks=X+Por CuHrynsapHoe

I, (An) Op+Mnp+Onp+Por+Ks=+bu 8

I3 (Mnp) An+0p+Onp+Por+Ks=X+BEn CunrynapHoe

Iy (Onp) Op+Por+Kp=X+bu+An+Mnp

Is (Op) An+Onp+Mnp+bu+Ks=X+Por CunrynapHoe

Is (Por) An+Op+Mnp+Onp+Ks=X+bu £

J,'”"i An+0Op+Mnp+0n+Ks=)X+Por+0Onp

I (Omp) An+Op+Mnp+0n+Ke=X+Por CuHrynapHoe

Iy (Mmp) An+0p+0n+ (Yep—Por) +Ks = X+Onp 2

Iy (AH) Op+Mnp+Por+0n+Ks=X+0np 2

l1o (Op) An+Mnp+On+Por+Ke=¥+0np ”

Iy (Por) An+0p+Mnp+On+Ks =X+Onp -

g3 Op+Mnp+Por +On+Ks=X+Bu+Onp

Iy (Omp) Op+Mnp+Por+0n+Ke=X+bu CHHrynsapHoe

L3 (Mnp) Op+ (Yep—Por) + bu+0n+Ks=)X+O0np i2

ha (Op) Mnp +Por+Bu+0n+Ks=X+Onp ”

s (Por) Op+Mnp+Bu+0n+Ks=X+O0np "
Cucrtema B8 (puc. 111.27)

e Bu+Amb+Ks =X +IL1+0p+Mnp+Onp

LS Op+Amd +0n+Kp=X+In+Mnp+Onp

138 Bu+Amd+0n+Ks=)X+Op+Mnp+Onp
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NMPUIIOXKEHHKE IV

JlHarpaMmbl COCTOAHMA YAaCTHBIX W NojHo# cucrem [l — AG—Op—Iu—de—
Bo(lu, len)-3r-Kes—H,0 (puc. IV.I1-IV.25) n ¢aloBbie peakuuu
K puc. IV.2—1V.25 (1a6n. IV).

Jlnarpammsi cocToRHuA cuctem 1518,

Ao p:t,O +n0
r
31 o
M+ Je+ac
5 wegz ¥
> 314Hp-ﬂud| My-Pub 432
M My-Puo Jt
K0 nd
I~ i )
T 8
i+ a + FH+ W ax
] e +aC
J 4
0+ Mg-ud | Mg-Put+ 3 I + M- Pud| My-Pud+3¢
M Mg-Pud % I [T 7
Puc. IV.1.
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Prgo A5z

313



Puc.IV.4.

32

4510

Puc. IV.5.

314



315



Puc. IV.7.

316



op

e

P

Puc. IV.7. (ITpomomxkerue) .

o

37



Puc. IV.8.

318



Puc. IV.8. (Tlponomkenue) .
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320

Aas, ges.

EA%

Au

FB59

+*N0

~4

Puc. IV 9.



A0 e o
Puc. IV.9. (Ilponomxkenue) .

21 M.H. Jly 6poBcknit 321



Puc. IV.10.

322



Puc. IV.10. (ITpogonxeHnue) .

323



Al

eAsd

é

Puc. IV.11.
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Puc. IV.11. (TlponomnxeHnue) .

325



Pr0

Puc. IV.12.
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Aas

Pyo

Je

+n0

phas

red

Py

A0

g“l’

Au

Puc.IV.13.
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A69

45.6

Puc. IV.14.
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329



piy2

34

8‘

Puc. IV.15.
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X/

Puc. IV.15. (ITpomonmxenue) .



f%ed

Puc. IV.16.
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Awm

9

AKm

Puc. IV.16. (llpononxeHue) .

333



Po

e 42

fed
846

Au o845

Puc. IV.17.

334



Puc.1v.18,

335



2

”NHJ Vi

7

Mg-Pub

Puc. IV.18. (IlponomxeHue) .
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PM’:C

A71-E7

Puc. IV.19.

22 M.H. Jly6posckuit 337



Puc. IV.20.

338



Puc. IV.21.

339



Hy

o

424

Puc. IV.22.



o

NN
R

475

Jﬂﬁ.J

455

Puc. IV.23.
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Ta6nuuma IV.]
(Da3opsie peakuuu K puc. [V.2—1V.25

Xapakrtep
PapHoBecus dazoBbie peakumH paBHoBecys
IaTHKOMNOHEHTHRBIE CHCTE MBI
Cucrema J15.2 (puc.IV.2)
JAs2 Kpoc+Ks =) +3u+3r+A6
Iy (K) Kpoc+KB=A6+3r+3u+Ks CuHrynsapHoe
I (3m) AB6+3r+Kpoc+Ken=X
I3 (3r) A6 +(Kpoc—I'ng)+Ke=X+31 CuHrynsphoe
I (AG) (Kpoc—Mg-Pu6) +Ks +X=X+3r+3H
Is (Kpoc) AG+3r+3u+Kp=X
Cucrema JI5.6 (puc. IV .3)
Jied Ir+On+Ke=X+3u+0p
L (K) Ir+On+Ke=0p+3r+3n+Ka CuHrynaphoe
I (3H) Op+3r+On+Kep=X
I3 (Op) Ir+®n+Ke=X+3u
ls (3r) On+Ks +K=X+0p+3u CunrynapHoe
Is (®n) Op+3r+3u+Kn=X
JHs5 9r+®On+Mg-Pu6+Ks=X+3u B rouxe S':
Ir+dn=X
ls (K) On+Mg-Pu6+Ks=3r+On+3u+Ks CHHrynspHoe
15 (3m) 3r+On+Mg-Pu6+Ke =K
Is (3r) ©n+Mg-Pu6+Ka=)K+3n
Iy (On) Mg-Pu6+Kp +)K=X+3u+3r CuurynapHoe
Cucrema J15.7 (puc.IV.4)
P Op+Pu6+Ks=)K+®a+3r
L (K) Op+Pu6+Ke=0p+3r+da+Kn CunrynsapHoe
I, (®a) Op+3r+Pu6+Ks=X
Iy (3r) Op +Pu6+Ka=)K+®a
I3 (Op) Pu6+Ks+XK=X+3r+®a CuHrynsapHoe
Is (Pu6) Op+3r+®a+Ka=X
F Op+PuG+Ant+Ke=X+®a B TouKe S :
Op+Pub=X
Is (K) Pu6+Anr+Ke=0p+Pu6+®da+Ks CuHrynsapHoe
I, (®a) Op+Pu6+AnT+Ka =X
Is (Op) Pub+Ant+Ke=X+ba
Iy (Put) Ant+KB+)XK=)+O0p+®a CunrynspHoe
Cucrema J15.10 (puc. IV.5)
780 Ir+On+Kp=3XK+Pu6+Onp
!y (Omp) Ir+0n+Ke=X+Pub CunrynspHoe
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Ta6nuua IVl (npomomkenue)

XapakTtep

PapHoBecHA ®da30Bble peaKiMH paBHOBeCHA
I; (3r) Pu6+0n+Ke=X+Onp CuHrynapHoe
13 (On) 3r+Onp+Ke=X+Pub 5
1y (Pu6) 3r+0n+Ks=X+0np 3

Cucrema J15.11 (puc. IV.6)
Foaahds (Mg-Pu6—Tpm) +Kp =X+ (3r—In) +3u
llecTHKOMNOHEHTHBIE CHCTEMBI
Cucrema J16.1 (puc. IV.7)
S AG+0p+3r+On+Kp=X+3H
L (K) A6+3r+®n+Kp=A6+0p+3r+3u+Ks CuHrynapHoe
I; (3n) AG+Op+3r+On+Ke=X
I3 (Op) A6+3r+On+Ke=X+3u
1y (3r) AG+On+Ke+X=X+0p+3u+Ab6 CunrynspHoe
Is (AB) Ir+On+Kp+X=X+93r+Op+3u i
lg (®m) A6+0p+3r+3n+Kp=X
JheL AG+3r+®n+Kpoc+Kp=X+3u B Touxe S:
AG+3r+dn=X
1; (K) On+Kpoc+Ke=A6+3r+®n+3u CuHrynspHoe
ls (3n) A6+3r+®n+Kpoc+Ke=X
Iy (3r) AG+®n+(Kpoc—I'nd)+Ke=XK+3u CuHrynsapHoe
lLo (AB) &n+(Kpoc—Pu6) +Kp +K=)K+3u+3r +On
Iy, (@n) AG+Kpoc+Kp+X=X+3u+A6+3r
Cucrema J16.2 (puc. 1V.8)
JAs.2 Op+Fe-Kpoc+Ks=X+®a+A6+3r
L (K) Op+Fe-Kpoc+Ke=A6+0p+3r+®Pa+Ks CuHrynapHoe
I, (®a) A6+0p+3r+Fe-Kpoc+Kp=X
I3 (3r) A6+0p+ (Fe-Kpoc—Fe-T'nd) +Ke=X+da
1, (AG) Op+(Fe-Kpoc—Pu6)+Ks=X+3r+®a
Is (Op) Fe-Kpoc+Ke +X=X+A6+3r+®a CunrynsapHoe
ls (Fe-Kpoc) AG6+0p+3r+da+Ke=X
Cucrema 116.5 (puc. IV.10)
o A6+3r+0n+Ks=X+Kpoc+Onp
I, (Onp) AG+3r+0n+Ke=X+Kpoc CuHrynapHoe
1, (3r) A6+0n+(Kpoc—I'nd) +Ke=)X+Onp v
I3 (AG) 3r+0n+ (Kpoc—Mg-Pu6) +Ke=X+Onp CHHrynsapHoe
13 (On) A6+3r+0Onp+Ks=X+Kpoc e
Is (Kpoc) A6+3r+0n+Ks=)+Onp ”
Cucrema J16.6 (puc. IV.11)
jae6 A6+3u+(3r—[n) +Ks =)+ (Mg-Pu6-3n)
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Ta6nuua IV.l (mpomomkeHue)

XapakTep
PapHoBecHn Da3oBble peaKiHH paBHOBECHS
Cucrema 116.7 (puc. 1V.12)
o A6+®a+(3r—Ten) +Kp=X+(Pu6-Fe-3n)
Cucrema J16.9 (puc. IV.14)
JAes Op+3r+0np+Ks=X+Pu6+Bu
I, (Bn) Op+3r+Onp+Ke=X+Pu6 CuHrynapHoe
I; (3r) Op+Pu6+Onp+Ks=X+bu
{3 (Omp) Op+Pu6+Ke=X+Bbu+3r
14 (Op) 3r+bu+0np+Ks=X+Pub CHHrynapHoe
Is (Pu6) Op+3r+0Onp+Ke=X+bu
Jes Op+3r+0n+Ks=X+Pu6+Onp
ls (Omp) Op+3r+0On+Kp=X+Pu6 CuHrynapHoe
13 (3r) Op+Pu6+0n+Ks=X+Onp
Is (Op) Ir+0On+Pu6+Ke=X+Onp
Iy (Pu6) Op+3r+0n+Ks=X+Onp
K [t Op+Pu6+0n+Ks=X+Bbu+Onp
Ip (Onp) Op+Pu6+On+Ke=X+bu CuHrynapHoe
Iy, (Op) On+Pu6+Bu+Ks=X+Onp
;2 (Pub) Op+0On+Bu+Ks=X+Onp
Cucrema J16.10 (puc. IV.15)
1o (3r—IIn) +®n+Kp=X+3u+0p CuHrynapHoe
geae (Mg-Pu6—Tp)+®n +Ks =) +(3r—[Iu)+3u
Cucrema J16.11 (puc. IV.16)
FAs Amp+Anr+Ke=XK+®0a+0p+(3r—Ten)
1, (AHT) Op+Amp+Ke=X+®a+(Ir+len) CunrynapHoe
I (3r—Ten) | Amdp+Anr+Ks=X+®a+0p &
I3 (®a) Op+Amdp+Ke=XK+Anr+(3r-Ten)
1y (Op) Amdp+AnT+Ke=)X+®a+(3Ir—len) CHHrynapHoe
Is (Amd) | (3r—Ten)+Anr+Kn=XK+Op+®a n
Cucrema J16.13 (puc. IV.18)
P (Pu6—Anr) +On+Ks=X+Onp+ (3r—Mnp)
CeMHKOMNOHEHTHBIE CHCTEMBI
Cucrema 17.1—-E7 (puc. IV.19)
J{[‘?.l AG+0p+3r+Onp+Ke=X+bu+Kpoc
l; (Bu) A6+0p+3r+Onp+Ke=X+Kpoc CuMrynapHoe
I, (AB) Op+3r+0Onp+Kpoc+Ks =X+bu "
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Ta6nuuga IV.] (nponomkeHwe)

PapHOBeCHA Da3oBble peaKlMH ;:.‘:2::25 -
1 (3r) A6+0p+Onp+(Kpoc—TI'nd)+Ke=)X+bu CuHrynapHoe
I3 (Omp) Op+Kpoc+Kp=X+Bu+A6+3r
Is (Op) A6+3r+0Onp+Bu+Ke=X+Kpoc CuHrynapHoe
ls (Kpoc) | A6+0p+3r+Onp+Ke=X+bu m
Ja AG+0p+3r+0n+Ke=X+Kpoc+Onp
1, (Onp) A6+0p+3r+0n+Ke=X+Kpoc CHHrynsapHoe
Iz (3r) A6+0p+0n+(Kpoc—TI'nd) +Ke=X+Onp 2
Iy (AB) Op +3r+Kpoc+0n+Ks=¥X+Onp i
Lo (Op) AB6+3r+0n+Kpoc+Ks=X+0np i
I, (Kpoc) | A6+0p+3r+0On+Ke=X+Onp b
3 Op+3r+Kpoc+0n+Ks=X+Bu+0np
12 (Onp) Op+3r+Kpoc+On+Ks=X+bu CunrynsapHoe
Iz (3r) Op+(Kpoc—I'ng) +bu+0n+Ks=X+Onp 2
lia (Op) Ir+Kpoc+Bu+0n+Ks=X+0np =
Iis (Kpoc) |Op+3r+bu+0n+Ke=X+Onp ”

Cucrema J17.2 (puc. IV.20)
A A6+0p+(3r—ln)+®n+Ks=XK+3u
2 A6+(3r—[In)+®n+(Kpoc—3m)+Ke=X+3n
Cucrema 117.3 (puc. IV.21)
pa A6+0p+ (3r—Ten) +Fe- (Kpoc—3n) +Ka=
=XK+®a
A Op+®a +(3r—Ten) +Fe- (Kpoc—3n) +Ks =
=X+AHT
Cucrema 17.5 (puc. IV.23)
e A6+(3r—Mnp)+0n+Ks =)X+Onp+(Pu6—3n)
Cucrema 117.6 (puc. IV.24)
FE Op+(3r—Mnp) +On+Ks=)K+Bu+(Pu6—
—AxT) +Onp

Iy (3r—Mnp) | Bu+On+(Pub—Axt)+Ks=X+Op+Onp CHHrynsapHoe
I, (Omnp) Op+ (Pub—Axt)+0n+Ks=X+Bbu+(3r—Mmp) 2
I3 (Op) (Pu6—AxT)+Bu+0m+Ks=X+Onp+(3r—Mnp) »

15 (Pu6—Axr) | Bu+(3r—Mnp)+0n+Ke=X+0p+Onp "

Is (Om) Op +(Pub—Axr)+Onp+Ks=X+Bu+(3r—Mnp) g
Is (Bu) Op+(Pu6—Axr)+0n+Ke=X+O0np+(3r—Mnp) .
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TaGnuna IV.l (npomomkenme)

Xapaktep
PasHoBecHA ®a3oBble peakiuH paBHOBeCHS
Cucrema JI8 (puc. IV.25)

1p8 Bu+(Kpoc—3n) +Ke=¥K+A6+0p+ (3r—

—Mnp) +Omp
K Op+(Kpoc—3m)+0On+Ke=X+A6+(3r—

—Mnp) +Onp
[ Bu+(Kpoc—3m) +On+Ke=0p+(3r—Mmp) +

+¥+O0np
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196
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117192

197345

480091
370005
320093
734001
375002
664033
252030
252030
252142
252030
277012
343900
660049

KHUTH HU3OATEJILCTBA ,HAYKA”
MOXHO IPEIBAPUTEJIbHO 3AKA3ATb
B MATA3UHAX KOHTOPBI ,,AKAIEMKHHUI'A™.

Insa monyueHUs KHAr MOYTOM 3aKa3bl MPOCHM HaNpaBiATh MO afpecy:

Mocksa, B-192, MuuypuHckuii mp., 12. Marasus ,Kuura — noyroi™
LleHTpanbHO# KOHTOPBI ,,AKaleMKHHIA™,

Jlennnrpan, I1-345, Ilerpo3aBoackas yiu., 7. MarasuH ,,KHura — mou-
10" CeBepo-3anafHoi KOHTOPHI ,AKaeMKHHIA';

Anma-Ara, yn. ®ypmasosa, 91/97 (,,Kunra — nouroi’’) ;
Baxky, yn. [bkanapunse, 13;

InenponeTpoBck, np. arapuna, 24 (,,Kuura — routoit™) ;
Iywau6e, np. Jlenuna, 95 (,,Kuura — mouroii”) ;

EpesaH, yn. Tymanana, 31;

Hpkyrck, yn. JlepmonTosa, 289;

Kues, yn. Jlennna, 42;

Kues, yn. [luporoea, 2;

Kues, np. Bepnanckoro, 79;

Kues, yn. lluporosa, 4 (,,Kxura — nouroi”) ;

Kummres, np. Jlenuna, 148 (,,Knura — nouroit™) ;
Kpamartopck JoHeuxoi o6u., yi. Mapara, 1;
KpacHospck, np. Mupa, 84;

443002 Kyii6uuues, np. Jlenuna, 2 (,Kuura — nouroit”) ;
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191104 Jlenuurpan, Jlutenslit np., 57;

199164 Jlenunrpan, TamoxeHHbIH nep., 2;

199034 Jlenwunrpan, 9 nuuus, 16;

220012 Munck, Jlennsckui np., 72 (,,Kuura — nouroit’’) ;
103009 Mockea, yn. F'opbkoro, 8;

117312 Mocksa, yn. Basunosa, 55/7;

630076 Homocubupck, KpacHsiit np., 51;

630090 Honc;cnﬁnpcx, Axanemroponok, Mopcekoit np., 22 (,,Kuura — mnou-
TOI”) ;

142292 Tlymmxo MockoBckoit o6n., MP ,,B”, 1;

620151 Ceepanosck, yn. Mamuna-Cubupska, 137 (,,Kuura — novroin™) ;
700029 TaumeHT, yn. Jlenuna, 73;

700100 Taumenr, yn. lllora Pycrabens, 43;

700187 Taumxent, yn. dpyx6si Haponos, 6 (,,Kuura — nmouroii™) ;
634050 Tomck, Hab. pexu Yaknku, 18; :

450059 Yda, yn. P. 3opre, 10 (,,Knura — mouroii™) ;

450025 Yda, KommynucTuyeckan yi., 49;

720001 ®pynse, 6ynes. [3epxunckoro, 42 (,,Kuura — nouroii’’) ;
310078 Xapbkos, yn. Yepusnuerckoro, 87 (,Kuura — nouroii’’).






