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Po3nnaB € po3uMHOM €AeKTPOAITY, @ UOT0 CTPYKTypa B PT-yMOBax MaHTIi TIOAIOHA AO CTPYK-
TYyPHU BOAHOT'O PO3YMHY. 3alIPOIIOHOBAHO BUKOPUCTOBYBATH xapakTepuctuku Eh i pH gk Hesa-
A€>KHI TapaMeTpH, 110 OIMCYIOTh MOTO MMOBEAIHKY 3a IOCTIMHUX TUCKY i TeMIiepaTypu. AeTarbHe
BiAHOBAeHHS (Pi3UKO-XiMIYHUX B3a€EMOAIH, 1110 BiAOYBaIOTECSA B MaHTII i KOpi, A@€ 3MOI'y He TiAbKHU
BUPIITyBaTH TeOPETUYHI 3aBAQHHS, @ ¥ iICTOTHO AOKaAI30BYBATH MICIIS ITOUIYKY POAOBUIL, KOPHUC-
HUX KOIIAAWH, [IOB'43aHUX 3 MAarMaTUYHUMM PO3IIAABaMU i NAPOTEpPMaAbHUMU PO3UMHAMU.

Melt is a solution of electrolyte and its structure under P7-conditions of the mantle is
similar to the structure of water solution. As independent parameters describing its behavior
under constant pressure and temperature we propose to use characteristics Eh and pH. Detailed
reconstruction of physical-chemical interactions taking place in the mantle and crust permits to
solve not only theoretical problems but also essentially localize the sites of search of mineral
deposits related to magmatic melts and hydrothermal solutions.

BsepeHue. Vzyuennie yCAOBUM ITAaBAEHUS, A
hepeHnmaIy ¥ KpUCTAAMM3AITUN PACIIAABOB IIPea;
CTaBASIET TEOPETUUYEeCKUU MHTepeC, TaK Kak IIo
COCTaBYy MarMaTHUeCKHX IIOpOA Ha IIOBEPXHOC-
TH MOJKHO IIPOCAEAUTH IPOTeKaHue TAyOMHHOTrO
nporecca. YeTkue npepCTaBACHUS O (PU3UKO-XU-
MHMYECKHUX B3aUMOAENUCTBUAX, IPOUCXOAAIINX OT
MOMEHTA BO3HUKHOBEHUS IEPBLIX KalleAb PACIIAQd-
Ba AO KPHUCTaAAM3AIIUU MarM y IIOBepXHOCTH, Me-
IOT IPUKAGAHOE 3HaueHNe. VIX HCIIOAB30BAHUE Ae-
A@eT BO3MOJKHBIM YCTaHOBAEHME He TOABKO Habo-
pa MOAe3HBIX KOMIIOHEHTOB, KOT€PEHTHBIX C pac-
IIAABOM AQHHOI'O COCTaBa, HO W B IIepBOM IIpU-
OAVDKEHNU — MEeCT AOKAAU3AIUN MEeCTOPOKAECHUM.

YcaoBua puddepennuanyy paciiAragBoB B
MaHTHUH U Kope. Ard onucaHusa PU3UKO-XUMU-
YeCKUX YCAOBUM pAuddepeHuany paciiraBa u
(bAIOKMAQ UCIIOAB3YETCS NTapaMeTp QyrumuBHOCMb
xucaopoga (fO,) . BydepHEIMU PeaKIIUIMU CAY -
SKUT YCTOUUYUBOCTh COEAUHEHUM JKeAe30—BIOC-
tuT (IW), MarmeTuT—Br0cTUT (MW), KBapn—da-
sanT—maraetut (QFM), rematur—maraetut (HM),
OIlpeAEAsIEMBIX aKTUBHOCTBIO KHCAOPOAA IIPU yC-
TaHOBAEHHBIX AABAEHUH UAU TeMIlepaType [Dato-
UAHL ..., 1991 u Ap.]. Bydep QFM mo BeAanunne
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fO, nanGoaee COOTBETCTBYET OKHCAUTEABHO-BOC-
CTAaHOBUTEABHOMY COCTOSTHMIO 6a3aAbTOBBIX MarM
BOAM3HM OoBepXHOCTHU 3eMAu. 3HaueHus fO, Oy-
deprOTO paBHOBecuUsa [W onpepeadioT 0OAACTb
HU3KUX 3HaUeHUU AeTy4eCTH KHCAOPOAA B MaH-
THUU, KOTOPble OAM3KU K MUHEPAAbHBIM PaBHO-
BECHsIM B IIPUCYTCTBUU MeTaAANUYEeCKOU (pa3bl JKe-
Ae3a. HacTo UCIIOAB3YeTCsl IPeACTaBAeHNe 3Ha-
yenuil fO, rAyOMHHEIX peakIuil B BUAE UX OT-
HomleHus K 3HaueHusaM fO, OydepHOro pasHo-
Becusa QFM—AQFM. Hanpumep, Bo haronpax, co-
MIPOBOYKAQIOIINX (POPMUPOBaHNE ITHUKPUTOBBIX
pPacnAaBOB, 3HaUeHUs (PYTUTUBHOCTU KHCAOPO-
Aa cocTaBAsIOT AQFM =+ (2—2,5) [P1691KOB U Ap.,
2002], a npeoOpa3oBaHust MAHTUMHBIX IIOPOA OCY-
IIECTBASIOTCS IIEAOYHBIMU KapOOHATCOAEP KAIIU-
MU (pArOUAAME, XapakTepusyromumuca AQFM =
=—(0,76—0,06) [Korapxko, 20095].

OAHAKO IIpU IPOTeKaHUN XMMUUECKUX peak-
LI (HallpuMep, OKUCAEHUS JKeAae3a KUCAOPOAOM
B pacIAaBe) OKMCAUTEABHO-BOCCTAHOBUTEABHAS
00CTaHOBKA A0 PeaKIIUuU U II0CAe Hee OyAeT pas-
Hadg. [TapameTp ¢pyrumuBHOCmb KUCAOPOGA Xa-
pakTepusyerT npoliecc AuddepeHnaiy paciia-
Ba B OAHUX PT-yCAOBUSX B TeUeHHE OAHOM CTa-
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AWY, COOTBETCTBYIOIIEH OIIPEACACHHOMY (€AUMHIY-
HOMY) (PU3UKO-XUMUUYECKOMY B3aUMOAENCTBUIO.
TakuM 0Opa3zoM, MOKHO F'OBOPUTE O €ro 3Hade-
HUM AO U IIOCAe IIPOTeKaHUS AQHHOM peaKkIuy,
OAHOU BAEMEHTapHOU CTaAUU IIpollecca Audde-
peHIuannu.

HartocTpanel 3TOTO yTBEPSKAEHUS MOJKET
cAykuTh usmenenue fO, B mponecce npeoGpa-
30BaHUSI KCEHOAUTOB MaHTUM Nop bapTorickum
apeanoM ByakaHusma (FOxxuoe I'Tpubatikanbe), yc-
TaHOBAEHHOe B paboTe [AutacoB u Ap., 2005].
KceHOAUTEI, TOABEPTIINECST BO3AEUCTBUIO OKUC-
AEHHBIX BOAHBIX (pArOuAOB (AQFM =+ 0,7), co-
AeprKaT (pAOTONUT U (PUKCUPYIOT OOAEe BEICOKHE
TeMIepaTypsl mpeotpaszosanus (1050—1100 °C)
npu AaBAaeHUSX A0 2 [Tla. 'pynnia KCeHOAUTOB C
amMm@puboAOM, OOPa30BAaHHBIX BCAEACTBUE BO3AEH-
CTBUS BOCCTAHOBAEHHBIX KAPOOHATHBIX (PAIOUAOB
(AQFM =-1,5) B aTOM Xe Amarnia3zoHe AaBAEHUH,
U3MeHeHa IIPU OTHOCUTEABHO IIOHUKEeHHBIX TeM-
nepatypax (900—1070 °C) . OyruTUBHOCTD KUC-
AOpOA@ M3MEHSIETCSI B IIUPOKUX IIPEAeAax, 4To
CBUAETEABCTBYET 00 M3MEHEHUU OKUCAUTEABHO-
BOCCTQ@HOBUTEABHOM OOCTAHOBKY B PACIIAABE ac-
TeHOC(HEPHI (OTASASIOIUXCA OT HeTO (pa3ax) B Te-
YyeHUe IIpoliecca.

OTO onmcaHue OOOCHOBBIBAET U CAEAYIOLIEee
YTBepXKAeHUue . B peaAbHBIX YCAOBUAX BepXHeU
MaHTHUM IIPOAYKTEI peaKIinu OYAYT OTBEAEHBL U3
PeaKknuoOHHOro 00'beMa (C KPOBAU aCTEHOCHEPHI)
Y BEIHECEHBI K IIOBEPXHOCTH, YTO HeOOPaTUMO U3-
MEHUT XUMHYeCKIe XapaKTePUCTUKN HCXOAHOTO
pacmaasa.

Kpowme aroro, napamerp "(pyruTUBHOCTE KUC-
AOPOAA" ONKCHIBaeT OKMCAUTEABHBIN IIOTEHIIN -
aA CpeABl, 3aAaBaeMbIM MCKAIOUHUTEABHO BAUS -
HHEeM KHUCAOPOAQ, UTO CYIeCTBEHHO OI'PaHUYM -
BaeT ero mHpopMaTuBHOCThL. Hanpumep, cooT-
Homtenue Fe3 T/ Fe? B cunukaraoM paciinase yBe-
AWUMBaETCS B ABYX CAyYasX: IIPHU BBICOKUX CO-
Aeprkarusax 02~ (IpK BEICOKOI (PYTUTUBHOCTH KUC-
AOPOA@ B HEMTPAABHOU U CAAOOKUCAOU CPeAE) U
IIPU HU3KHUX copepkaHuax 027, KoTopkle pea-
AU3YIOTCS B YABTPalleAOYHBIX pacliraBax (IpH
HU3KOMN (DYTUTUBHOCTU KUCAOPOAA B IIEAOUYHOM
cpeae). B mocaepHeM caydae Keae30 BOCCTAHAB-
AMBaeT MeTAAABI, Yell OKMCAUTEABHBIN IOTEHIU-
an MeHblte [DAOUAHL ..., 1991].

E1tle mepBhie 3KCIIepUMeHTAABHEBIE MCCAEAO-
BaHM4 10 IAABAEHUIO TOPOA B PT-yCAOBUSAX, CO-
OTBETCTBYIOIINX MAaHTUMHEBIM, TOKa3aAH, YTO CO-
CTaB PaCIAaBa OIIPEAEASTIOT A@BAEHUE U TeMIle-
patrypa. OAHaKO pacnAaB U XUMHUYECKU COIIPS-
SKEHHBIU C HUM (PAIOUA SABASIOTCS CAOSKHOU XU -
MHUUYEeCKOM CHUCTEMOM, CYILeCTBYIOIIeN P Olpe-
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AEAEHHBIX (DU3UYECKUX YCAOBUAX. AAS (DOpMans-
HOT'O ONTMCaHMS pacliaaBa KakK PU3UKO-XUMHUUeC-
KOU CHUCTEMBI HEOOXOAUMBI AOTIOAHUTEABHBIE He-
3aBUCHMbIE TTapaMeTPHI.

3ajaya AAHHOTO UCCAEAOBAHUS — BBeAe-
HMe CIIOCOOOB OIMCAHUS, YUUTHIBAIOIIUX HE TOAB-
KO (pm3uYecKUe CBONCTBA (TeMIIepaTypy, A@BAe-
HUe, CTeIIeHb IAABAEHUS), HO U XUMHUUYECKHe Xa-
PaKTEepUCTUKU CUCTEMBI " paciiraB—@Aaionp”, ee
BAUSIHHE HA OIIPEAEA€HHBIM KOMIIOHEHT — €ro
BaAeHTHOE COCTOSHHEe — YCTOMUYMBOE COeANHe-
HUe, B KOTOPOM OH CYIIECTBYeT B PacIAaBe 3a-
AQHHOTO COCTaBa B AQHHBIX PT-yCAOBHUSX.

PazBuTtue 3emAm “... AByHAIIpAaBAE€HO, U €T0
TAQBHBIU MOTEHIIWMAA 3aKAIOUEH B HEOOpPATUMBIX
nporieccax AuddepeHIanuy BelecTBa Ha MO-
AEKYASIPHOM YPOBHE OPraHU3aly MAaTEPUU B yC-
AOBUSX I'PABUTAIIMOHHOTO MOAS HAaHeThl" [He-
AyMoOB, 1988, c. 35]. [ToaToMy pellleHHe ITOCTaB-
AEHHOM 3aAau¥ BO3MOXXHO TOABKO C UCIIOAB30Ba-
HUEeM alllapaTa TepMOAMHAMUKU, KOTOPBIN MM03-
BOASIET CBA3aTh (DU3UUECKUE IapaMeTPhl, YYUTHI-
BatolMe MpoTeKaHue TeOANHaMUYeCKOT0 TPoIiec-
Ca B IIeAOM, ¥ XUMUYECKHe XapaKTePUCTUKHU, BAU-
SIOIIME Ha IOBEACHUE PACIIAABOB U (PAIOMAOB Ha
3aAQHHOM ypOBHe audepeHrayim [YceHko, 2012].

BHYTpEeHHASI 3HEepPTUS CUCTEMEL OIIPEAEASIET-
Cs1 COBOKYITHOCTBIO ee (PU3NUYEeCKUX U XUMUYec-
KHMX XapaKTEePUCTHUK, UTO CAEAYET U3 TOKAECTBA
T'u66ca:

dU=TdS— PdV+3 u,dn,,

rpe U — BHyTpeHHsd 3Heprus, 7 — TeMIlepary-
pa, S — sHuTponud, P — paBAeHUe, V — o0beM,
W; — XMMHUYECKUU MOTEHIWAA, 71; — MOABHEIE
KOAWYECTBA i-TO KOMIIOHEHTAa CUCTEMHI.

XuMH4yecKue peakIlny, pa3pereHre Ha HecMe-
cuMBble (pa3el ¥ MHOTHE ApyTHe (PU3UKO-XUMUYEC-
KUe B3aUMOAEMCTBUS, TPOTeKalolye Ha 3aAaH-
HOM YPOBHe, HeOOPATUMEHI. VIX IPOAYKTEI BOBAE-
KaloTCsI B CAEAYIOIYe PeaKIuH, OTBOASTCS K II0-
BEPXHOCTU B BUAE MArMm M 3KCTaAdlui, oopasy-
IOT OPEOABI (PAFOMAHO-TEPMAABHOTO BO3AENCTBUSA
Hap, acrteHocpepou. [IporcxopuT mepepacupe-
AeAeHUe BelllecTBa. [ToTepu TenAOBOM 3HEPTUU
TaK’Ke HEBOCIIOAHUMEI.

HepaBHoBecHbBIN (HEOOpPaTUMBIN ) TPOIEecC
MO>KHO pPacCMaTPUBAaTh KaK COBOKYIIHOCTH (IIO-
CA€AOBATEABHOCTh) PABHOBECHBIX (OOPATUMBIX).
[Tpu paccMOTpeHUM MPOIECcca, COCTOSIIEro U3
IIOCAEAOBATEABHOCTU OTAEABHBIX CTaAUM, IleAe-
CcOOOPa3HO BBECTH IIOHATHE PABHOBECHUS B Teue-
HHe 3AeMeHTapHOM CTaAWUM, UCIIOAB3YS IPUHITUTI
yacTUYHOro paBHoBecus [Kapmos, 1977]. 3To nos-
BOASIET PA3AEAUTh HEOOPATUMEIM IIPOIleCC Ha 71
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€AUMHUYHBIX CTaAVM, HA Ka’KAOU U3 KOTOPHIX CHU-
CcTeMa paccMaTpuBaeTCsl KaK paBHOBeCHAas M K
Hel MPUMEeHUM pacueT XMMHUUECKOT'0 PaBHOBE-
CcHus IIyTeM MUHHMM3AIlUU OAHOTI'O M3 TePMOAU-
HaMUYEeCKUX TOTEHIMaA0B. BEI6Op moTeHITHaAa
onpepeAsieTcsa HaOOpPOM He3aBUCUMBIX ITlapaMeT-
POB, OIIMCHIBAIOIINX ITOBEAEHNE AQHHOM CHCTEMEBI
B MHTepeCymollleM Hac nponecce. HeobpatumocTs
BBOAUTCSI KOOPAUHATOU BpeMEHM.

OueBUAHO, IpEACTaBACHME IIpoliecca Audde-
PEHIVAIUY KaK CYMMBI 9A€MEeHTAaPHBIX PeaKIui
SIBASIETCS YIIPOIleHHBIM. OAHAKO, BO-IIEPBHIX , HE
CTABUTCS 3aAa49a TOYHOT'O pacyeTa dHepreTudec-
Koro 3peKTa; BO-BTOPHIX, BO3MOJKHA IIPOBEpKa
IIPOTEKaHUs TeOAMHAMNYECKOTO IIpoliecca B I1e-
AOM U IIOCAEAOBATEABHOCTU (PHU3UKO-XMMUUECKUX
B3aUMOAEUCTBUU Ha KaXAOM 3Talle II0 COCTaBy
MarMaTU4eCKUX U SKCTaAdIMOHHBIX TOPOA, oOpa-
3YIOIIMXCS Ha IOBEPXHOCTU. Pa3peneHune npoliec-
Ca aKTMBU3AaIlMM Ha ATAllbl, a 3TAllOB Ha CTAAWH,
B TeueHHe KOTOPHIX YacTh IapaMeTPOB ITOCTOSIH-
HQ, OCYILLECTBASIETCS II0 METOAUKE, IIPUBEACHHOU
B pabote [Ycenko, 2008]. CumntaeTcs, 4TO UHHU-
OUaABHOE IIAABACHHE BO3MOJKHO Ha rAyOuHe 00-
Aee 220 KM, panee TIPEAIIOAAraeTcsl IepeMele-
HUe OOABIITUX 0OBLEMOB paciiAaBa Ha 6oAaee BBICO-
Kye ropu30HTHL. C MO3UIINU reOAMHAMUKU ITOA00-
HBIY IIPOIeCC COOTBETCTBYET IIAIOMOBOM TEKTO-
HUKe, IIETPOAOTHUU — AWHAMUUYECKOMY IIAaBAE -
HUIO. BBeAeHEI penlepHbIe YPOBHHU pa3MellleHUs
KpoBAu acteHocgeps! (50, 100, 150 kM), Ha KOTO-
PBIX IPOUCXOAUT Cerperarusi paciiaaBa U pacT-
BOPEHHOTI'O B HEM (PAIOMAQ, OCYIIECTBASIOTCSI (PU-
3UKO-XMMHUUYECKHE B3aUMOAEUCTBHYA. BBepeHME ypoB-
Hel anddepeHIaliuy 103BOAsIeT ' 3aKpenuTh
TeMIIepaTypy U A@BAeHHe B OTHOCUTEABHO TOH-
KOM CAO€e Ha MOMEHT MIPOTeKaHUs peaKIiuu, pas-
AeAeHUd Ha a3kl — Ha AT0OOM eAMHUYHOM CTa-
Auu npolecca Aupdepennuanuu. Temeparypa
U CTelleHb IIAABAEHUS ONPEAEATIOTCSI IIOCAEAO-
BaTEABHOCTBIO 3aIIOAHEHUsT YPOBHEM.

CTpyKTypa CUAMKATHOTrO pacnaasBa. Cuau-
KaTHBIe PAaCIAaBBI IPEACTABASIIOT COOOM CMeCcH
KOMIIOHeHTOB. OCHOBY CMAMKATHOT'O PACIIAaBa IIpea;
CTaBASIIOT KPEMHEKHCAOPOAHBIE TETPasAPhl, KOTO-
pBle B pa3HOM CTelleHU TIOAMMEPU30BaHHL, T. €.
pacnaaB CTPyKTypupoBaH. CTPYKTypa >KUAKOCTU
OTAMYAETCS OT KPUCTAAMMNYIECKON AUITH CTEIIEHBIO
AAABHETO TIOPSIAKA U UHTEHCUBHOCTBIO TPAHCAS-
IMOHHBIX ABUJKEHUN YaCTUI] IIPU COIIOCTaBUMOM
3 PeKTUBHOCTU OAMPKHUX CBa3elt. CTpyKTypa pac-
IIAABOB (pOpMUPYETCI B CAO€ IIOCTOSIHHOTO 00be-
Ma ("maeHKe" pacliaaBa Ha KPOBAe acTeHocde-
PEI) IIPM 3aAQHHOU TeMIlepaType. BcaepcTBue mpo-
TeKaHU4 peaKIyi, COIPOBOKAQIOIINXCS BEIACAE-
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HUeM (DAIOMAQ, AABACHUE BHYTPU CUCTEMEL Oy-
AET OTANYATBHCS OT AUTOCTATUUECKOTO.

B nporecce pAmHaMI4YeCKOIo IIA@BAEHUS IIPO-
HUCXOAUT "NlepedhOpMaTHpOBaHue"” JKUAKOCTH. CTPyK-
TypHBIE €AUHUIIB], YCTOWYUBEIE Ha TAYOUHE C KO-
TOPOM OHA BBIHECEHA, TPe0OpPa3yloTCs B HOBEIE
CTPYKTypHBIE €AUHUIIB, YCTONYUBEIE HA HOBOM
ypoBHe pAuddepernnalim. [ IpoTekanue 3TOro npo-
1mecca ompeAeAsieTcss MUHUMHU3aIiuelr CBOOOAHOM
9Hepruu ['eAbMIoabIla Ha Ka>KAOU 3AeMeHTap -
HOU cTapuu: dF =—PdV+X u,dn;, a ycroBue pas-
HOBECHSI U30XOPHO-N30TePMUYECKON CUCTEMBI —
dF=0.

[ToaTOoMy cocTaB paclnaaBa onpepeaseTcs (a-
30BOM peaKkIen IIpU COOTBETCTBYIOIIEM AABAE-
HUM, @ MUHEPaAbHBIM COCTaB HaUaAbHBIX YA€HOB
KOMarMaTHYHON CepHUH 3aAQ€TCSI YCAOBUSIMU AU(D-
depeHIMAIUN: AABA€HHEM U XMMUYEeCKUM COCTa-
BOM B CAO€ MaKCUMaABHOTO IIAABAEHMS Ha KPOBAE
acTeHOC(EPHL.

Kpome TOro, pacnaaB SBASIETCSI PacTBOPOM
SAEKTPOAUTA, TAK KAK COCTOUT U3 MOAOKUTEAD-
HO U OTPHUIIaTEAbHO 3apsKeHHBIX 4acTull,. JAe-
MeHTapHbIe YaCTHUIIbI PACIIAaBa B3aMMOAENCTBY-
IOT APYT C ApyroM. Meskay 3apsi>KeHHBIMHU dac-
THUIIaMU PacIiAaBa 00ga3aTeAbHBI SA€KTPOXUMUYEC-
KUe B3aUMOAEHCTBUS — OKUCAUTEABHO-BOCCTAHO-
BUTeAbHBIE peakiuu. [Ipy cMellleHUr pacTBOPOB,
COAEPIKaIlX COAU U OCHOBaHMUS, 00513aTEABHEI
XUMUYEeCKHe peaKIy — KHCAOTHO-OCHOBHEIE B3au-
MOAEMCTBUS, CAEACTBUEM KOTOPBIX MOJKET OBITh
pas3pereHre Ha HecMecuMble a3kl (KapOOHATHYIO,
CUAMKATHYIO, CYAB(OUAHYIO, CYABMATHYIO U AD.).
Wx nmpoTeKaHue IIPUBOAUT K pacliapy coepuHe-
HUM, COAEep KAlllUXCd B pacliraBe, U CO3AQHUIO
HOBBIX, @& TaK’Ke M3MEeHEeHUIO CTelleHU OKUCAE-
HUS 3AeMEeHTOB. OTU B3aUMOAEUCTBUA elle 00 -
Aee YCUAUBAIOTCS M3-3a MPUCYTCTBUA (PAIOUAA
— HEeCHUAMKATHOM YacTU pacliraBa, IperuMyle-
CTBEHHO COCTOSAIEHN U3 COeAMHEHUM a30Ta, yTrAe-
POAQ, KMCAOPOAA U BOAOPOAA. AeAeHNe pacliaa-
Ba Ha CUAMKATHYIO M HECHAUKATHYIO (pa3bl yc-
AOBHO, TaK KaK IIPU BBICOKHUX AABAEHUSIX CTHPA-
eTCsl 'paHb Me>KAY CUAUKATHBLIM PaclIA@BOM U He-
CUAVKATHBIM (DAIOMAOM, KOTOPBIE CMEIINBAIOTCSI
B Pa3AUUYHBIX TPOIIOPIUSIX B 3aBUCUMOCTHU OT CO-
CTaBa U A@BAeHUd. B AookeMOpuM IIMPOKO IIpeA-
CTaBAEHBI CUAMKATHBIE (DAIOMABL KpoMe Toro, Tep-
MUH “(pAonp’ 0O3HAUYAET ONIPEASAEeHHOE arperar-
HOe COCTOSIHHE BellleCTBa, KOTOPOe PeaAnu3yeTcs
IIPY HAAKPUTHUUECKUX TeMIlepaTypax U COOTBET-
CTBYeT JKUAKOCTY, IOCKOABKY MMeeT CBOMCTBEH-
HYIO el CTPYKTYPY MOAEKYASIPHOTO IIOASI, OAHA-
KO ITIOAOOHO ra3y 0OAaAaeT CTPeMAEHHEM K Pasy-
naoTHeHUIo [Heaymos, 1988].
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HamnpaBaeHue npoTekKaHUsI XMMUUYECKOM pe-
aKIIUY, BBIICHEHUE YCAOBUM CMECUMOCTH, hop-
MBI HaXO’KAEHMS KOMIIOHEHTa U T. A. MOJKHO yC-
TAQHOBUTH Uepe3 IIOUCK YCAOBUMN PABHOBECUS —
PaBHOBEPOSITHOTO CYIIIeCTBOBAHMS PEareHTOB U
IIPOAYKTOB MHTEPECYIOIINX HAC PeaKIIUMi Ha KajK-
AOM CTaAMU. 3HASA COCTaB IIPOAYKTOB PeaKIIUH (pac-
TIAQBOB U COIIPSDKEHHBIX SKCTaAIIINK), MOJKHO OIl-
PEAEAUTH IOCAEAOBATEABHOCTE PeaKIInui 1 COCTaB
peareHTOB Ha Ka’KAOU SAEMEHTAPHOM CTaAUM.

B03MO>XKHOCTE IPOTEKaHUS XUMUYECKUX Peak-
UM U SIAEKTPOXUMUYECKUX B3aUMOAENUCTBUY, BbI-
sICHeHHe OOAACTe CMeCUMOCTH HA 3AgaHHOM YPOB-
He gugpepenyuayuu, oIpeAeAIeTcsI MUHNMI3a-
el cBoOoAHOM sHeprum ['n66ca [KopskuHCKIH,
1973]: dG =X u,;dn;. NaBreHUe U TeMIlepaTypa
AOSKHBI OBITE (DUKCHUPOBAHBL JTO BO3BpAlllaeT Hac
K HeOOXOAUMOCTHU ydeTa TeOAMHaMUYEeCKOTIo IIPo-
Ilecca. B pAaHHOM HMCCAeAOBaHUU MOAOOHBIN yUeT
00yCAOBAMBAETCSI BBEAEHHEM ANCKPETHBIX YPOB-
Hel pudpdepeHIiualm, Ha KOTOPhIX AaBA€HUE U
TeMIlepaTypa B Te4eHre OAHOU SA€MEeHTapHOU CTa-
Anu octodHHBI. CBOOOAHAsA 3Heprus 'mob6ca B
n300apHO-U30TEPMUYECKOU CUCTEME 3aBUCUT OT
YMCAA MOACH (dn;) — €AWHHIL, CIIOCOOHBIX pea-
TUPOBAaTh, TOABKO TE€X KOMIIOHEHTOB, KOTOPHEIE HC-
OBITHIBAIOT U3MEHEHNEe B AQHHOU (haze — "IIO0A -
BIDKHBIX KOMIIOHEHTOB" . He3aBucUMEBIM ITapaMeT-
POM SIBASIFOTCST MOABHBIE KOAMYEeCTBa KOMIIOHEHTOB.

B Teopum perieHne 3apauu TPEACTaBASIETCS
AOCTAaTOYHO IPOCTHIM. OAHAKO Ha IIPAKTHUKE yC-
TaHOBAEHME OOABIIMHCTBA YCAOBUU BECBMa HEOA-
HO3HAuHO. A@)Ke TPaKTOBKA I'eOAOTr0-aHaANTHYEeC-
KOU MH(DOPMALIAN 3aBUCUT OT CYOBEKTUBHOI'O IIPEA:
CTaBAEHUS HCCAEAOBATEeASI O TAYOMHHOM IIpoliec-
Ce M COOTBETCTBEHHO OT BBIOOpA 3aBUCUMBIX U
HEe3aBUCUMBIX ITapaMeTpPOB.

XHUMUYECKHUH MOTEHIHNAA (I;) ¥ MOABHEIE KO-
AMYeCTBa KOMIIOHEHTOB B CUCTEMe "pacIAaB Ha
KpPOBAe acTeHOC(heprl" — napamMeTpsl, OYKBaAb-
HOEe YCTaHOBAEHUE KOTOPBIX HEBO3MOJKHO. "' XUMI-
YEeCKUU IIOTEHIIUAA IIPEACTABAIET COOOU (DaKTOP
UHTEHCUBHOCTH, T. €. CTelleHb HAIIPSI)KeHHOCTHU
XUMUUECKOU SHEPruu AQHHOTO BellleCTBa B CAOXK-
"ol cucteMe" [Kop>xunckuii, 1973, c. 58]. Xumu-
YeCKUM MOTeHIIMaA MaTeMaTUIeCKU — 3TO YacT-
Has IPOM3BOAHAs 3Hepruu ['nboca npu n3obdap-
HO-U30TepPMUUYECKOM IIpoliecce, ['eAnbMroablia —
B U30XOPHO-N30TEPMUUECKOM:

W,=0G/0n)r p >
W=@F13m)7 y p-

XUMU4YeCKUU TOTEHIIMAaA OIIPEAEASTETCSI CBOU-
CTBaMM CAMOI'0 KOMIIOHEHTa, CUCTEMOU (COCTaB,
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arperaTHoe COCTOSTHME, B3aUMOAEUCTBHUS OCTaAb-
HBIX KOMIIOHEHTOB U AP.) U YCAOBHUSAMHU CYILLECT-
BOBaHUA cucTeMsl (7, P, Haandme rpapreHTa pu-
3U4YeCKUX CBOMCTB U T. A.). Ha bopmy (BareHT-
HOCTB, KOMIIAEKCHOE COEAHEHNE) CYIIIeCTBOBAHUSA
AQHHOTO KOMIIOHEHTA B PaCTBOPE OKAa3bIBAIOT BAU-
sSIHHE COCTaB ¥ MOAbHBIE KOHIIeHTPAalUM (KOAUYe-
CTBO AWHHUI] dn;) BCeX KOMIIOHEHTOB PACIIAABa,
pacTtBopa. Heo6xoArMO IPOU3BECTH yUeT UX SHEP-
TeTUYEeCKOTO BO3AEUCTBUS B CUCTEME, COCTOSIIEN
U3 OTPOMHOT'O KOAMYECTBa dAeMeHTapHBIX 4ac -
TUII (MOHOB, SAEKTPOHOB, KOMIIAEKCHBIX COEAUHEe-
HUM, OOPBIBKOB KDEMHEKUCAOPOAHBIX II€II0YEK U
T. A.), K&XKAQs 13 KOTOPBIX OKa3bIBaeT BANSHIUE Ha
OAMDKaulIllee OKpysKeHHUe.

Aaske AT CUCTeM, U3YUEHHBIX B YCAOBUAX I10-
BEPXHOCTH, YCTAHOBAEHNE XMMUYECKOTO ITOTEH-
I1ana sIBAIeTCSI AOCTATOUYHO CAOKHOMU 3apauel.
UeM paAblile CUCTEMa, COCTOSAIMIAs U3 OOABIIOTO
KOAMYECTBa SIAEMEHTapPHBIX YaCTHIl, OT UALaNb-
HOM (CMeCHU UAEaAbHBIX Ta30B, B3aUMOAENCTBUS
KOTOPBIX OTPaHUYEHb! YIIPYTUMHU CTOAKHOBEHMSI-
MH), TeM CAOJKHee y4eT B3aUMHOT'O BAUSHUS KOM-
IIOHEHTOB. B pearbHBIX YCAOBUSIX ITOAB3YIOTCS Be-
AUYMHAMU, KOTOPBIE, C OAHOM CTOPOHEI, SBASIEOT-
Cs1 XapaKTepPHUCTUKOMN TePMOANHAMUYECKOMN CHUC-
TEeMBI, & C APYTOH, HOAAQIOTCS U3MEPEHUIO.

AAsl TpuMepa MO>XKHO PAaCCMOTPETh YCAOKHEe-
HHe OIHCAHU II0 Mepe YCUAEHUST B3aUMOAEHCT-
BHS MeXXAY YaCTHUIIaMMU.

B HenaeanbHOM cMecH HEUAECAABHBIX Ta30B XU-
MHYECKUU ITIOTEHIIMAaA KOMIIOHEHTA i B CAydae OAU-
HaKOBOTO arperaTHOTO COCTOSHUS BCeX KOMIIO -
HEHTOB B (haze

w; (P, T, cocras) =
=u? (P, TV +RTIna, (P, T, cocras),

rAe u? — XUMHWYECKUU NOTeHIINAA YUCTOTO KOM-
IIOHEHTA B CTAHAAPTHOM (0€e3 KaKUX-An0O BAUA-
HUM U B3aUMOAEUCTBUM) COCTOSHUMN.

AXTUBHOCTH KOMITOHEHTHI i (a;) PaBHa OTHO-
[IIEHWIO AABAGHUSI €TO Tlapa Hap pacTBOpoM (P;)
K A@BAEHUIO IIapa Haj YUCTHIM BeIlleCTBOM (P?):
a,=P;/P.

'azoBEIe CMecH B AMalla30HE TeMIlepaTyp IMo-
BepxHOCTU U IIpu P =0+ 1 aT™M BeAyT cebd, Kak
uAeaAbHBIE. AAST TAKUX CMecel aKTUBHOCTh KasK-
AOTO YYaCTBYIOIIEro B CMeCHU ra3a NIPUHUMAEeTCs
YUCAEHHO PAaBHOM ero NapluuarbHOMY A@BAEHUIO.

AASL peaABHEBEIX CUCTEM BMECTO IIapIIMaAbHO-
O A@BAEHUSI IIPU TepMOAWHaAMUYECKUX pacue-
Tax (onpepereHuu 3Hepruu ['mbOca u Ap.) BBO-
AUTCS PYTUTUBHOCTH (A@BA€HUE UAEAABHOIO Ta-
3a). [Ipy HU3KUX AGBAEHUAX, KOTAQ CBOMCTBA pe-
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AABHOM ra3oBOU cMecH (pacTBopa) OyAyT IPH -
OAM>KATHCSA K CBOMCTBAM MAEAABHOMU, (DYTUTUB -
HOCTb OyAET PaBHOM NapIUAABHOMY AABACHUIO
KOMIIOHEHTA i:

a;(P,T)=f;(P,T) / ) (P.T),

TA€ f; — QOYTUTUBHOCTD i B CMECH W SIBASICTCS
byHKIMeN OOIIero AABACHUS; '? — (pyTUTUBHOCTH
i B CTAHAQPTHOM COCTOSIHUU . B KadecTBe CTaH-
AAPTHOTO COCTOSTHUS KPUCTAAUUeCKUX (a3 BbI-
OupaeTcs JKUAKAsI UAU TBepaas (pa3a, COCTOAIIA
13 YUCTOTO KOMIIOHEHTa i IIPU paccMaTpruBaeMoOM
TeMIlepaType U aTMOC(EPHOM AABAEHUU.

AASL HeugeaAbHOTO pACMBOPA HEIAEKMPOAUINA
IIUPOKO IMTPUMEHSAeTCSI TPaKTUIeCKUu Koaddu -
OUEHT aKTUBHOCTU Y. OIpepeAseTcs U3 ypaBHe-
HUs a;=Y;, m;. MOAsIAbHAsI KOHIIEHTPAIUs m; —
YUCAO MOAEM PaCTBOPEHHOTO BellleCTBa, IPUX0-
asieecst Ha 1000 T pacTBopuTeast. BeanunHa v,
U3MeHsIeTCsI ¢ u3MeHenuveM m;, T u P.

Pacuer KOs punmeHTa aKTUBHOCTHA KOMIIO -
HEHTOB AAS BOAHOTO PacTBOPAa 3AEKTPOAUTA ellfe
Oonee YCAOKHAETCA BCAEACTBHE HEOOXOAUMOC -
TH y4eTa B3aUMOAEUCTBUS MEKAY PacCTBOPUTE -
A€M U PacTBOPEHHBIM BellleCTBOM, KOTOPOE B 3Ha-
YUTEABHOU Mepe AUCCOIMUPYeT Ha 3apssKeHHble
yacTuilsl. [Tprpoaa B3auMOAEMCTBUS UOHOB B pa-
CTBOPE MeXAY COOOM U C pACTBOPUTEAEM CAOIK-
HBIM 00pa30M MeHsIeTCsI C U3MeHeHneM KOHIIeHT-
parun. BBopdaTCS AOTIOAHUTEABHBIE ITIOHATUS U AO-
IIyILEeHUS, ITI03BOALIONIAE PACCYMTHIBATE KO3 du-
LIIMEeHTHl aKTUBHOCTU MOHOB B PACTBOPE YETKO yC-
TAHOBAEHHOU KOHIeHTpanuu. Heo0xopuMo y4uu-
TBIBATh U BAUSHYUE PACTBOPEHHBIX SAEKTPOAUTOB
Ha aKTUBHOCTB pacTBOpUTeAsd. TakKuM 06pa3oM, Aa-
>Ke B YCAOBUSIX IIOBEPXHOCTHU yCTaHOBAEHUE (hop-
MBI HAaXOJKAEHUS KOMIIOHEHTa B paCTBOPE U ero
AKTHUBHOCTHU SIBASIETCSI AOBOABHO CAOJKHOM 3apa-
yell. OueBUAHO, 4TO € yBeaudeHueM P u T (C TAy-
OWHOM) B3aUMOAEUCTBUS MEXKAY YacTuliamu Oy-
AYT ycuauBaThed [ Yecerko, 2011], gyTro oOGycao-
BUT U3MeHeHNe 3HaUeHNUM UX XMMIU4YeCKUX IIOTeH-
IIAAOB.

HexkoTopoe ympoiieHue 1 B TO JKe BpeMs AOC-
TaTOYHO TOYHYIO KapTHUHY ITOBEAEHHUS MOJKHO I10-
AYYUTH, ECAU PACCMaTPUBaTh KOMIIOHEHT B PacT-
BOpe (IpHU 3apaHHEBIX P, T, KOHIIeHTpaIuax), Xa -
paKTepHble CBOMCTBA KOTOPOTO CYIECTBYIOT He-
3aBUCHMO OT KOMIIOHEHTa (3aAaHbI 13BHE). Taku-
MU XapaKTepUCTUKaMU AAS BOAHOTO pacTBOpa
3AEKTPOAUTA MOI'YT BBICTYIIATh OKUCAUMEAbHbLU
nomenyuaa (Eh) u xucrcomrocms - ujerouHoCIMb
(pH) pacTtBOpa. CXOACTBO IIOBEAEHUS paclAaBa
B PT-yCAOBUSX, COOTBETCTBYIOIIUX MAaHTUWHEIM,
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U PacTBOpPa 3AEKTPOAUTA, OTMeueHHOoe U. A . Pg0-
4UKOBBIM [1982], 6a3upyeTcss Ha CXOACTBE HX
CTPOEHUs. DTO MO3BOASIET AHAAM3UPOBATH I10Be-
AeHHe CHAUKATHOIO pachaaBa B PT-yCAOBHSIX
MaHTHUU IIyTeM IIPOBEAEHUST aHAAOTUHM C BOAHBIM
PacTBOPOM 3A€KTPOAUTA B PT-yCAOBUAX OBEPX-
HoCTHU [YceHKoO, 2012].

Hwke KpaTKO pacCMOTPHM, YTO OTPAsKAIOT AQH-
Hble KOOPAMHATHL U ITIOUYeMY UX HCIOAb30BaHUE
IIPEACTABASIETCS UH(POPMATUBHEIM.

KucAOTHOCTH-1IeAOYHOCTh BOAHOTO pacT-
BOPa ONIPEAEAIeTCS aKTUBHOCTBIO HOHOB BOAO -
poaa (pH=-1g [HT]). B HeliTpaALHOM pacTBOpe
KOHII€HTPAIlM! NOHOB BOAOPOAA U TUAPOKCHUA -
noHoB paBubl. [Tpu 25 °C B HeHTpPaAbHOM pa-
cTBOpe — uX KoHIeHTpanuu 10 ~7 MOABL /A, co-
orBeTcTBeHHO pH="7. Ilpu A0OaBA€HUU KUCAOTHI
KOHIIEHTpaIUsl MOHOB BOAOPOAA OTHOCUTEABHO
TUAPOKCHUA - MIOHOB IIOBBICUTCST, COOTBETCTBEHHO
pH <7, mpu pA00aBAEHUM IIIEAOYU TOBBICUTCS KOH-
LeHTpalus r’iAPOKCHUA-UOHOB, a pH > 7.

OKucAuTeAbHbIN NoTeHnuaA Eh mprumens-
eTCs AASL PeaKIlui, B IIpoljecce KOTOPBIX OCyIIle-
CTBASETCS IIEPEXOA IAEKTPOHOB OT OAHOTO dAe-
MeHTa K Apyromy. Hampumep, MeXAYy 3A€KTPO-
AOM M3 YHUCTOU MeAH, IOIPY’KeHHBIM B PACTBOP,
COAEP>KAIIUU MOHBI OKMCHOU MEAU (C aKTUBHO-
CTBIO, PAaBHOM €AUHUIIE), @ TaK)Ke BOAOPOAHBIM
SAEKTPOAOM, COCTOSAIINM U3 MHEPTHOTO IIAQTH -
HOBOI'O 3AEKTPOAQ, IIOIPY’KEHHBIM B PACTBOP C
aKTHUBHOCTBIO BOAOPOAHOTO MOHA, PABHOM eAU -
HUIle, W HACHIIIEHHBIM II0 OTHOIIEHUIO K ra3o0-
00pa3HOMYy BOAOPOAY C AaBAaeHHeM 1 aTM (axk-
TUBHOCTB TaK>Ke eAuHUIIa). ECAU DAeKTpOAEL CO-
€AVHUTD, 110 LlellH IIOTeKYT 3AeKTPOoHbl. Hanps-
SKeHUe B IIeIT MOKHO U3MEPUTh, UCIIOAB3YS SAEKT-
POABI U3BECTHOT'O COCTaBa B PacTBOPE 3aA@HHOU
KOoHIeHTpanuu. Ha MepAHOM 3AeKTpoae DAaropa-
ps paspspKe MOHOB OKUCHOU MeAr OyAEeT OTAa-
ratbest MeAb: Cu?t +2e~ =Cul. Ha BOAOPOAHOM
SAEKTPOAE BOAOPOA OYAET TEePSATH SIAEKTPOHEI U
[IpeBpaIlaThCs B MOHBL: H, = 2H* +2e~. TToa-
Hast peakiys npumet Bup Cu?t +H,=Cu®+2H ™.

HarnpsikeHne MesXAy 9AeKTPOAAMU MOSKET ObITh
U3MepeHOo B caMOM Hadane peaKIny, A0 TOTO KaK
B XOA€ IOCAEAHEU TPOU30MAET N3MEeHEeHNEe aKTHB-
"HocTer. OHo coctaBuT 0,337 B. [To Mepe IpoxoK-
AEHUS peakIuM HalpsKeHue OyAeT CHUKAThCH,
TP AOCTU>KEHUH PaBHOBECHS CTAaHET PaBHBIM Hy-
Aro. ORUCAUTEABHBIN TTOTeHIIHaA Eh cooTBeTCTBY-
eT MOTeHIMaAy IIOAYIAeMeHTa, U3MePEeHHOMY OT-
HOCHUTEABHO CTAHAAPTHOT'O BOAOPOAHOTO IIOAYIAE-
MEHTQ, IIOTeHIIaA KOTOPOI'0 YCAOBHO CUUTAETCS
paBHBEIM HyAt0. COOTBETCTBEHHO HallpsKeHHe pe-
AKIIMY BOCCTAHOBACHUSI MEAU (po =0,337 B.
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OIUCAHHUE YCAOBUU AMDODEPEHIIUALIMM PACTIAABOB U PACTBOPOB B MAHTHUW U KOPE

OKUCAUTEABHO-BOCCTAaHOBUTEABHAS peaknusa
MOJXeT CAaMOIIPOM3BOABHO IMPOTEKATh B HAITPAB-
A€HUHU, IIPU KOTOPOM 3AEKTPOXUMHNYECKasi CUC-
TeMa ¢ 60Aee BRICOKUM 3HaUYeHUEM OAEKTPOAHO-
T'O IIOTEeHIIMaAd BBICTYIIaeT B Ka4eCTBe OKHCAU-
TeAda, T. €. BOCCTAHABAMBAETCA!

Fe2™+ Cu?*t=Fe3"+ Cut,
Fe2t+Cu"=Fe3* + Cul.

OAEKTPOHBI OyAYT CAaMOIIPOU3BOABHO IIepe-
XOAUTBH OT OTPHUIIATEABHOT'O TTIOAIOCA DAEMEeHTa K
TIOAOKUTEABHOMY, T. €. OT 9IA€KTPOXUMUYECKOMN
CHCTeMBI C OOAee HM3KUM 3HaueHHEeM JAEKTPO-
AHOTO TIOTeHIIaAa K CUCTeMe C 60Aee BRICOKUM
ero 3HaueHueM. B HallleM caydyae OT MeAU K JKe-
Ae3y. JKene30 BEICTyIIaeT OKUCAUTEAEM, TaK Kak
ero OKHCAUTeABHBIH noTernuaA ¢° GoabIie:

Fe3t+e =Fe?" (¢°=0,771 B),
Cut+e =Cu®(@°=0,521 B),
Cu?t+e =Cu"(¢°=0,137B).

B03MO>XHOCTb OKUCAEHUS METAAAOB APYT APY-
TOM OIIPEAEAsieT, YTO OKUCAEHHOEe UAM BOCCTa-
HOBAEHHOE COCTOSIHME dAeMeHTa, 00AaAQIoIero
BBICOKMM OKMCAUTEABHBIM MOTEHITMAAOM, 3aBHU-
CHUT He TOABKO OT (PyIUTUBHOCTH KHMCAOPOAA.

BareHTHOe coCTOsSIHME 3AeMeHTa B BOAHOM
pacTBope B KoopamHaTax Eh u pH mokazaHo Ha
puarpamMMax [Typ63, KOTOpPBIM BIIEPBBIE IIPOBEA
OollpeAeAeHre PABHOBECHUH B CUCTEME DAEMEeHT—
BOAQA IIPU 3aAQHHBIX KOHIIEHTPAIIUY, TEMIIEPATY-
pe (25 °C) u paBaenun (1 at™). [TpeumyiiecT-
BOM 3TUX AMArpaMM SIBASIETCS y4eT He TOABKO
B3aUMOAENCTBUS KOMIIOHEHTOB APYT C APYTOM,
HO M CO CpepOM — BOAOUM. Bopa pasaaraercs
IpU NOTPY>KEeHUU B Hee KOMIIOHEHTOB, IIOTEH -
ITHaABl KOTOPHIX O0Aee OTPHUITaTEABHEI, YeM IIO-
TeHI[aA BOAOPOAHOTO BAEKTPOAQ, U BOAEe TIOAO-
SKUTEABHBI, 4eM IIOTeHIIaA KHCAOPOAHOTO SAEKT-
poaa. KoMnioHeHTEI, uMeroue 0oaee IIOAOKY -
TeABHBIN IIOTEHIIMAaA, YeM IIOTeHITUaA BOAOPOA -
HOTO 3A€KTPOAQ, He pasAaraloT BOAY C BBIAEAE-
nueM H,. IToTeHnuansl cucteM HT, Hyu OH™,
O, 3aBucar ot pH pacTtBopa.

B pabore [T'appeac, KpaticT, 1968] ucnoas-
30BaHBl MeTOABI pacueta M. ITyp03, KoTOpHIe
IpuUMeHeHBl K TPUPOAHBIM CUCTEMAaM, COAepsKa-
IIUM IIOMHMO BOABI COEAMHEHUs cephl, Kapbo -
HATHYIO COCTaBASIONIYIO, MeTaAAbl. Mccaepye-
Mble CHCTeMBI COOTBETCTBYIOT PacIpOCTpaHeH-
HBIM T€OAOTUYEeCKMM CHCTeMaM — BOAHBIM pa-
ctBopam mipu T=25°C, P=1 atM. B Ka)KAOM CAy-
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Yae yYUTBIBAIOTCS Te KOMIIOHEHTHI, B accoliua-
MY C KOTOPBIMU AQHHBIN SA€MEHT uallle BCero
BCTpedaeTcs B MUHepaabHOU (popMe. Kak u npu
noctpoeHun puarpamm ITyp6s3, pacuer 6a3upy-
eTCsI Ha YCTaHOBAEHUM YCAOBUM, B KOTOPLIX pPaB-
HOBEPOSATHO CYIIleCTBOBAHUE KaK CaMUX peareH-
TOB, TaK M IIPOAYKTOB PeaKIINy — MUHUMU3AIUN
cBOOOAHOM 3Hepruu ['nboca.

13 BEIIIIECKA3aHHOTO CAEAYeT, YTO CaMU Tep-
muHbl (Eh 1 pH) MOTyT OBITE NCITOAB30BaHBI TOAB-
KO AT BOAHOTO pacTBopa. OAHAKO BepeHUe HO-
BBIX TEPMUHOB TOABKO YCAOKHUT OllMcaHue. B Ha-
CTosIIIee BpeMsi KUCAOTHO-OCHOBHEBIE B3aUMOAELH-
CTBUS IIPAKTUYECKU He PaCCMaTPUBAIOTCA B IIPU-
MeHEeHUH K IIpolleccaM, IPUBOASIIIUM K 00pa3o-
BAHUIO PACIIAABOB, & OKUCAUTEABHO-BOCCTAHOBU-
TeAbHBIEe PeaKIIUM IIPEATIOAATalOTCSI TOABKO B CU-
creme C—O—H, BHe ee pu3nueckKom u xuMmiec-
KOMU CBSI3U C CUAUKATHBIM PACIIA@BOM, HallpuMep
B pabote [Brey et al., 2008]. IToaToMy HeT AaH-
HBIX 3KCIIEPUMEHTOB 110 yCTaHOBAeHUIO pH Oy-
(hepHBIX MOAEABHBIX PACIIAABOB, COIIOCTABUMBIX
¢ npupoAHBIMU. OAHAKO UCIIOAB30BaHUE ITUX IIa-
pPaMeTpoOB CYIIECTBEHHO YTOUHSET IIpeACTaBAe-
HUS 00 YCAOBUAX (DOPMUPOBAHMS IPUPOAHBIX PAc-
nAaBoB. [Top0OHast BO3MOKHOCTE OOCYKAAAACH B
pabote [Tappeac, Kpatict, 1968]. B HacTosmem
HCCAEAOBAHUU IIPEAAATAETCS CUUTATh, YTO pedb
HUAET O PacClAaBax, AAS KOTOPBIX 3TU BEAMYHHBI
COOTBETCTBYIOT Oy(hepHBIM PacTBOPaM, He IIPEeA-
Aaraetcs ycTaHoBAeHUe 3HaueHud Eh naum pH, nc-
TIOAB3YIOTCSI MCKAIOUUTEABHO KadeCTBeHHbIe Xa-
PAKTEPUCTUKH.

YcranoBaeHue npepeaos 3HayeHun Eh-pH
AASI CHAMKATHOTO pacnaasa (rupporepManb-
HBIX CHCTE€M) SIBASIETCSI IEPBLIM I1arOM TIPY UC-
IIOAB30BaHMUU AarpaMM. IIporiecchl, mpoTeKaro-
II¥e Ha MOBEPXHOCTH, IPOUCXOAAT B TPAHUIAX
TIOAS YCTOMYUBOCTU BOABI, TOTAQ KaK IIPOIeCChI
B pacIlA@Be 3a49acTylo IPOTEKAIOT IIpKU OOAee HU3-
KOM OKMCAUTEABHOM IOoTeHIInaAe. [TOCKOABKY U3-
Mepenus Eh u pH oTHOCUTEABHO 3TaAOHHBIX OY-
(hbepHBIX PACTBOPOB OTCYTCTBYIOT, IIONILITAEMCS B
IIEPBOM IIPUOAMIKEHUM COIIOCTaBUTD YCAOBUS AU(D-
dhepeHIIMaNY paclAaBoB B KoopauHatax Eh-pH
¢ OyhepHBIMU OTHOLIEHUSIMHU. Bce mpepraraemMble
3aBUCUMOCTH 0a3UPYIOTCSI Ha BOCCTAHOBAEHUU
YCAOBUM ApdepeHITHan IPUPOAHBIX PacIAa-
BOB [Ycenko, 2008]. AAst yBEPEHHOTO IIPOBEAEHMST
rpaHul] TpedyeTcs He TOABKO TEPMOAMHAMUYeC-
KM pacyeT, aHAaAOTUYHBIU IIPOBEAEHHOMY B pa-
oore [lappeac, Kpatict, 1968], HO u ero skcue-
pUMeHTaAbHOe ITOATBep KAeHNe. HeBO3MOKHOCTh
IIPOBEAEHHS PaCUeTOB BCAEACTBHE OTCYTCTBUS OII-
peAeAeHUusI TePMOAUMHAMUYECKUX KOHCTAHT IIPU
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Puc. 1. CooTHOLIEHUST yCTONYMBOCTU OKCHUAOB, CYAb-
¢upoB u Kap6oHarta xeaesa mpu 25 °C u 1 atm obuie-
ro A@BAeHMS B mpucyTcTBun Boabl. Cymma CO, — 10°,
CyMMa Cepbl — 1076 [Tappeac, Kpaiict, 1968].

BBICOKMX TeMIlepaTypaxX U A@BAEHUSIX, HEOAHO -
3HAQYHOCTh TPAKTOBOK PE3YABTATOB 3KCIIEPUMEH-
TOB AEAAIOT AOITYCTHMBIM UCIIOAB30BaHHE AYarpaMM
TOABKO AAS KQUeCTBEHHOM OIleHKU XMMHUYeCKUX
ycAOBUM A epeHIInauy PaciAaBOB.

Bydep QFM (SiO,—Fe;0,—FeSiO, ) poorken
COOTBETCTBOBAThH HI)KHEU I'PaHUIle OASI YCTOU-
YUBOCTH BOABI (AT CUAMKATHOW MaTPHUILIBI — KBap-
11a). PopMupoBaHUEe MarHeTUTa U CUAWKATa JKe-
Ae3a TaKyKe HQUMHAETCS OT 3TOU I'PAHUIIBI (PUC.
1, 2). Bellle — yCAOBUSL OKMCAUTEABHEIE, KOTO-
pble B peaAbHBIX CUAWKATHBIX PACIAaBaX MOTYT
OBITH BLIIIe He Ooaee ueM Ha 0,2—0,3 eAMHUIILL.
ITop0OHBIE YCAOBUS pearnu3yloTcs Ipu aAudde -
pEeHIMalVK PaclAaBoOB B apxee. B haHepo3oe B
OAM3KUX YCAOBUAX AU(pdepeHIInpOBaHbl Da3anb-
ThI CPEAMHHO-OKeaHNYeCKHUX XpeOTOB, aHAE3UTO-
0a3anbTOBBIE CEPUU OCTPOBOAYKHBIX OOCTAHOBOK,
B KOHTUHEHTAABHBIX YCAOBUIX — YaCTh TOAEHU -
TOBBIX 0a3aAbTOB (HarpuMep, BoasiHo-TIop0ABCKOM
TIAWTHI) . DTO pacuAaBhbl, AU depeHITupoBaHHELIE
B MaAOTAYOMHHBIX ouarax (okoao 20 u 50 KM).
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JaHHBIE YCAOBUSA MOI'YT OBITb OOYCAOBAEHBI BAUSI-
HUEM BOABI (KMCAOPOAQ) Ha Ipoliecc aAnddepen-
MAIUM, YTO COOTBETCTBYET YCAOBUSIM IKCIEPU-
MeHTa [Takahashi, 1986], pe3yAbTaTEl KOTOPOTO
HUCIIOAB3YIOTCS B KaUeCTBe 3TAAOHHBIX COCTaBOB
B MeTopUKe [YceHKO, 2008]. AAg HUX IPUMEHUM
napaMeTp "QPyruTUBHOCTb KUCAOPOAA", TaK KakK
MIOAOOHBIE PACIAABBI AUPEPEHIINPOBAHEL B HEIT-
parbHOM, CAaOOKMCAOM cpepe. B ruapoTepmanh-
HBIX CHCTeMaX IpU NOHUKEHUU TeMIIepaTyphl
MO>KHO MPEAIIOAOKUTD IIOBHIIIIEHNE OKUCAUTEAD-
HOTO ToTeHIMaAa Ha 0,1—0,2 eAMHUIIHI.

Bythep MW mo>keT OBITh pacriorokeH Ha 0,2—
0,3 epunnnel HUKe rpanunsl Hyo—H,0, a xeae-
30-BIOCTUT — ellle HIXKe, B IIOAe YCTOMUYUBOCTU
CaMOPOAHOTO >XeAe3a (puc. 3). AePUITUT KUCAO-
pPOAA XapaKTepeH AASI IITeAOYHBIX M 0COOEHHO
VABTPAIEAOUHBIX HeANPdEePEeHITUPOBAHHBIX Pac-
IIAQBOB, AAS KOTOPBIX Ba)KHBIM ITapaMeTpPOM MO-
KeT CAYKUTH PYTUTUBHOCTE YTAEKUCAOTHL. [1pu
AuddepeHIIANINY IITEAOYHOTO pacliraBa Bo3pa-
CTaeT AOAS YTAE€BOAOPOAHOM COCTaABASIOLIEU B

Eh
+l,0 =< T T T T

BOAH ~
+0,8 Mg 7

2+ FeZO:i

FeCO,

Puc. 2. CooTHoOIIEHHUsI YCTOUYMBOCTHU OKCHUAOB, Kap-
GOHATOB, CYAB(UAOB M CHAUKATOB >keaesa mpu 25 °C
u 1 aT™M 0611ero A@BAEHUS B IPUCYTCTBUM BOABL. CyM-
ma CO, — 10°, cymma cepbl — 1075, mpucyTcTByer
amopdHBIN kpeMHeseM [['appeac, Kpatict, 1968].
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Puc. 3. Cucrema Cu—Fe—S—O—H (Mepb—keae30—Bopa—cepa) mpu 25 °C u 1 aT™ 0o0Iero AaBAEHUs.
CyMMa pacTBOPEHHOMW Cephl 104 moaw/A [Tappeac, Kpaiict, 1968].
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rasoBou (hase, xotsa CO,, BEPOATHO, OCTACTCS AO-
MUHUpPYyOmUM daroupoM. [Tapamerp pyrutus-
HOCTBb KHCAOPOAA HEAB3ST UCIIOAB30BAaTh AAS OTI-
CaHUA YCAOBUU AU depeHITHalINN 3TUX PACIAA-
BOB, KOTOPHIE IITMPOKO IIPEACTaBAEHEL B IIPOTE-
po3oe (ocobeHHO B mepuop 2,0—1,75 MApPA AeT)
U IpeoOAAAAIOT IpU POPMUPOBAHUU Ha KOHTHU-
HeHTax B paHepo3soe.

CUABHOKMCAAS Cpepa AAS Tiporiecca andde-
pEeHITMAYU PaclAaBOB B MAHTUU He XapaKTep-
Ha. AAS ee CO3AQHUSA HEOOXOAUMO y4aCTHe CUAB-
HBIX KUCAOT, B yacTHOCTH HCI. OpHaKO npucyT-
CTBHIE€ XAOPA IPUBOAUT K IIOBBIIIEHUIO PACTBO -
PUMOCTH BOABI — pasbaBAeHUIO. B mpucyTcTBun
BOABI U XA0pa AuddepeHIanms IpoTeKaeT B
YCAOBUSX, COOTBETCTBYIOIINUX Oydepy QFM u npu
Oonee BBICOKOM OKHCAUTEABHOM IIOTEHITHAAE .
[I]eA0OYHOCTh B CMAMKATHBIX paclAaBaX MOJKET
OBITH BBICOKOM. Kak IIpaBUAO, OHa ONIPEeAEAdeT-
Csl He CTOABKO IIPUCYTCTBHEM IIeAOYeM, CKOAB-
KO BAMsiHUEeM (propa ipu P> 1,5 I'Tla. B mpupoa-
HBIX pacnaaBax napaMmeTpbl Eh u pH cBsizaHbl
Me>KAY COOOU M BAUSIOT He TOABKO Ha XMMHUYecC-
KU COCTaB, HO M Ha CTPYKTypPY pacliraBa U Co-
OTBETCTBEHHO Ha MUHEPAABHBIN COCTaB 00pasy-
IOlIeNcs U3 Hero NopoAkl. Tak, KaAreBbIe ITOAe-
BBI€ IIAaThl 00Pa3yIoTCs B YCAOBUSX, COOTBETCT-
Byromux rpanunie QFM, KaabIjueBBIe MAQTHO -
KAa3bl — oT rpaHunlel QFM u npu uyTh 60Aee
BBICOKOM OKHUCAUTEABHOM IIOTEeHIIUAaAe, aAbOUT
— uyTh HWXe rpasHunsl QFM, a pu emje 6oaee
HuskoM Eh cmensercs nedernnom. CmeHa 110 -
A€BBIX IINATOB (PEABAIIIIATOMAAMU M BOCCTAHO-
BHUTeAbHasi OOCTAaHOBKA B pacliAraBaxX peasmusy-
eTCs IIPpU CMeHe BOAHOTO (PAIOMAQ YTAEKUCABIM
U ToBbIIeHUU AaBAaeHUd A0 3 ['Tla (anrs Hede-
amHa) u S I'Tla pns aertiuta. CopeprKaHMe Kaab-
¥4 B IAAQTMOKAQ3axX YyTKO pearupyeT Ha u3Me-
HeHMe [IeAOYHOCTH, CHIKAasiCh IPOIIOPIIHOHAAD-
HO ee yBeAMYEHHIO. B I1eA0YHON cpepe Kanb-
LOUH U JKeAe30 SKCTPATupPYOTCS B KapOOHATHYIO
da3y, B HEUTPAABHOU M CA@OOKUCAOU IIPHU IO -
BBIIIIEHHOM OKUCAUTEABHOM MOTEHITMaAe KaAbIui
BXOAUT B COCTaB IIAQTMOKAAa3a M IMIUPOKCEHa, a
KapOoHaTHas (pa3a oboralileHa MarHUeM U >Ke-
Aes3oM. B ipucyrcrBuu hropa BO3pacTaeT KOAU-
YecTBO TAMHO3€eMa U HaTpud, B IIPUCYTCTBUU XAO-
pa — KpPeMHEeKUCAOTHI U CBSI3aHHOU B MUHepa-
AaX CTPYKTYPHOU BOABL.

N3MeHeHne NOBEAEHUSI XUMUYECKUX DAe-
MEHTOB U COEAVHEeHWN IIpu u3MeHeHuu PT-
YCAOBHMYM NpeAcKas3aTh HeBO3MOXXHO. OAHAKO
BO3MOJKHO BOCCTAHOBUTH KaK IIOCAEAOBATEAD-
HOCTBb peaKkIul, MPOTeKalouInX Ha KPOBAE acTe-
HOC(epsl, B TUAPOTEPMAABHOM (QAIOHAE, 3HA
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TIOCAEAOBATEABHOCTh MOSIBAEHUSI UX IIPOAYKTOB
Ha IOBEPXHOCTH.

CkaukooOpasHble U3MEHEHN XapaKTepa B3au-
MOAEMCTBUM B reTepoda3HbIX (KpUCTaAABI—pac-
IIAAB—(AIOHUA) CUCTEMAX IIPOUCXOAAT IIPU AAB-
Aenusix 1,5—1,7, 3, 4,5, 6—7 I'Tla, KoTopbie COOT-
BeTCTBYIOT AUTOCTATUUYECKOMY A@BA€HUIO Ha BBI-
OpaHHBIX YPOBHIX AU depennuanum. Ka>kabid
U3 YeThIpeX BEIAGAEHHBIX YpoBHel (220, 150, 100
u 50 KM) XapakTepUu3yeTcs CIelu(PUKOU IOBe-
AeHud [Ycenko, 2008; 2012].

I'Tpy yCcTaHOBAEHUM YCAOBUU, OAQTOIPUATHBIX
AT CYIIIECTBOBAHHSI KOMIIOHEHTa B 3aAaHHOM
dopmMe, HEOOXOAUMO YUUTHIBATH IOBBIIIEHUE
OKHCAUTEABHOM OOCTAHOBKU M, CA€AOBATEABHO,
U3MeHeHHe COCTaBa MOABM)KHBIX KOMIIOHEHTOB
OT YPOBHS K YPOBHIO, onpegeasemoe UCKAIOYU -
meabHO gaBAaeHueM. [Tpu P> 3 I'Tla Bo3pacTaer
OKHMCAUTEABHBIN IIOTEHIIMAA CPEeABl IIPU IIOCTO-
SIHHOM Habope KOMIIOHEHTOB BCAEACTBUE TTOBHI-
LIeHUsI aKTUBHOCTU KHUCAOPOAA. AHOMaausa pu-
3UYEeCKUX CBOUCTB BOAH! (Kak u HF) oOycaosae-
Ha HaAMYHUEeM BOAOPOAHBIX CBA3€l MeXKAY MOAe-
KyAamu. OAHAKO HaAWUYKE TIOAOOHBIX CBs3el 00yC-
AOBAMBAET yBeAndeHHe o6beMa, YTO IPUBOAUT
K HEYCTOMYUBOCTHU B YCAOBUSAX BBICOKHUX A@BAE-
uuii. Bopa pacnapaercs na HY u OH ™, a paree
—1a 02~ uH' uam H,. ITosTOoMYy, roBOpPSI O BAM-
STHAM BOABI Ha AM(P(pepeHITnaIuio paclAaBa IIpu
P~5+7TTla, cAepyeT TOBOPUTE O BAUsTHUU 02 ™,
Anst HF atoT adpperT nmposieaed nipu P> 1,5 I'Tla.
ITpu MeHBIINX AABAEHUIX (PTOP PacTBOPUM B
CUAUKATHOM pacnaaBe. [Tpu BEICOKMX AaBAEHU-
SIX TIPUCYTCTBHE (PTOPA BHI3BIBAET IIPSIMO IIPO-
THBOIIOAOKHEIN 3(pdekT. Bopnas daza HeycTol-
ymBa. [TocAepOBaTEABHO IIPOUCXOAAT: BBIAEAE -
HUEe KHCAOPOAA, OKHCAEHHE YTAePOAA, OTAEAe-
HUe KapOoHaTHOU da3bl. CUAMKATHBIN pacliraB
NIPeACTaBA€EH IIEAOUHBIMHU U YABTPAIIEAOUHBIMU
pacnaaBamu [Ycenko, 2008; 2012].

ITpu P < 3 ITla Ha npoTrekanue (PU3IUKO-XU-
MHWYECKHUX IIPOIeCCOB 6oAee BAUSAET IIEAOYHOCTD,
KOTOpad B IIEPBYIO OUepeAb 3aBUCHUT OT COOTHO-
menwus (H,O0 + Cl) / (CO, + F). B cayuae npeo®-
napauus HyO u Cl cpepa OKHCAeHHAS, HEUTPaAL-
Hast uAu crabokrucaas. CO, pacTBOPEH B PACIIAa-
Be, €T0 OTAEAEHNeE B CaMOCTOATEeABHYIO (ha3y (IIpea-
CTaBAEHHYIO dallle KapOOHATOM MarHusd, JKeaes3a)
IIPOUCXOAUT IIpU napeHuu P po ~ 1,5 I'Tla. B cay-
yae npeobrapanus CO, uF cpepa BoccTaHoOBACH-
Hasd, eAOYHasl U CUABHOIIeAOUHas.

OcobeHHOCTBIO A depeHITHaIU PacliAaBOB
oA KOPOM M B KOpe (Kak IIPaBUAO, HAa OAHOM
JTare akKTUBU3AITUN) IBASIETCS KOHTaMUHAIIMS KO-
POBBIM BeIlleCTBOM, 3TO OOYCAOBAUBAET YBEAM -
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yeHUe OKUCAUTEABHOI'O IIOTEHITMaAa BCAEACTBIE
nonapaHusg BoAbl (OH ™ -rpymi, cBS3aHHBIX B MU-
HepaAax KOpbI) U KpeMHe3eMa B PAClAaB. YABT-
PaOCHOBHBIE, YACTO I[eAOUHBIE U YABTPAIleAOU-
Hble PACIAABHI (CONPSyKEeHHBIE C IKCTAASIIIMOH-
HBIMM KapOOHATHBIMHU ITIOPOAAMU AU KapOoHa-
TUTaMH) CMEHSIOTCS OCHOBHBIMU CAQOOITEAOUHEI-
MU M HOPMAABHOTO pspa. AarbHeuras audde-
peHIIManmga B Kope IPUBOAUT K IIOSIBA€HUIO Tpa-
HUTOMAHBIX MarM, C KOTOPBIMM 9aCTO CBSI3aHbBI THA-
poTepMaAbHEIE MECTOPOKAEHHS ITIOAE3HBIX MCKO-
naeMbIX. COCTaB THAPOTEPM OIIPEAEASIETCSI COCTa-
BOM pacIlinaBa KOpOBOM acTeHOC(Hepsl, KOTOPBIY,
B CBOIO OYepeAb, 3aBUCHUT OT COCTaBa MaHTHUNHO-
ro UCTOYHUKA [DHAOTeHHEbIE ..., 1991].

Kpucraarmsanus paciraBa KMCAOTO COCTaBa
B OOABIIIMHCTBE CAyYaeB IIPOUCXOAUT IIPU BBICO-
KUX (PAIOMAHBIX AQBAEHUSAX , 3HAUUTEABHO IIPEBBI-
HIQIOIIUX BEAUUNHY AUTOCTAaTUUEeCKOU Harpy3KHu
nopop. CocTas pyAHBIX (DAIOMAOB PA3HOOOpPAa3eH.
BopHBIE, BOAHO-YTAEKUCABIE U BEICOKOKOHIIEHT-
pUpOBaHHBIE XAOPUAHEBIE (A0 25—30 Mac. % 9KB.
NaCl) pArOMABL y9aCTBYIOT B (DOPMUPOBAHUYU OAO-
BOPYAHBIX MECTOPOKAEHUM . DTOPUAHO - BOAHBIE
(PAIOMABI CBSI3@HBI C OHTOHUTAMU, PEAKOMETAAD-
HBIMU AUTUN-(PTOPUCTHIMU IPaHUTaMU [ DHAOTEH-
Hble ..., 1991]. Ba>KHBIM sSIBAsIETCSI N3MEHeHe T10-
BepAeHUS (PAIOMAOB B KOPOBBIX paclianaBax U OT-
AEASTIOIINXCS OT HUX pacTBopax. C MOHW>KEeHU -
eM paBaeHus (Ao 0,01 I'Tla) mpu OTHOCUTEABHO
BBLICOKOU TeMmeparype (600—450 °C) Bopa He
peareHT, a TPAHCIIOPT, TakK KaK IIEPEeHOCUT Be-
mecTBa (Aake NaCl u KCI) He B MOHHOM, a B MO-
AekyasgpHol popMme [appeac, Kpatict, 1968]. B
MIPUCYTCTBUM (PTOpa paclINpseTcs IIOAe KpHU-
CTaAAM3aIIUM KBaplia, U3 pacliraBa KPUCTAAAM-
3YIOTCS COCYIECTBYIOIINE aABOUT, KAAUEBBIU I10-
A€BOY IINAT, AUTHEBBIE CAIOABI, TOIA3 U (PAIO-
oput. IToBbIllIaeTCs pacCTBOPUMOCTDL BOABI, pac-
mIMpseTcd TeMIepaTypPHBINM MHTepPBaA KPUCTaA-
AU3alUM pacliraBa [DHAOTeHHEBIE ..., 1991]. TTo-
BepeHMe (DAIOMAOB U PACcIAaBa B KOPOBBIX YCAO-
BUSAX (IIpM 0Opa3oBaHUU TMAPOTEPMAAbBHEIX Me-
CTOPOKAEHUHN ) IPAKTUYECKU IIPOTUBOIIOAOKHO
TaKOBOMY B PT-yCAOBUSAX MaHTUM . AuddepeH -
ITHUAals B KOPe COMPOBOKAAETCS MHBEPCUEH 1o-
BEAEHUS BOABLI U (pTOpa, cMeHOU KapOOHATHBIX
(PAIOMAOB TMAPOKapOOHATHLEIMY, BapHalliaMy Iile-
AOUYHOCTH 3a CUeT KOAeDaHMs KOHIeHTPAaLui 1ile-
AOUYEeHN U XAOPQ, YTO HEOOXOAVMO YUUTHIBATE IIPU
HUCIIOAB30BaHUU AnarpaMm Eh-pH.

OTO camble O0IIHMe 3aKOHOMEPHOCTH, OIpe-
AeAsieMble aKTUBHOCTBIO aHMOHOB B CMAMKATHOM
pacminraBe. B pabote [Ycenko, 2008] nmpeanroxe-
HBl OCHOBHBIE TPeHABI AuddepeHIIMANINU pac -
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nAaBoB. OAHAKO B Ka’KAOM PEerruoHe Habop U Co-
OTHOIIIeHNe KOMIIOHEHTOB UHAUBUAYAABHEIL.

[1pu ycTaHOBA€HUM yCAOBMI, OAaromnpu-
SITHBIX AASI (pOPMUPOBaHUSI MECTOPOKAEHUS,
HeOOXOAUMO OIIPEAEAUTH CAEAYIOIIee.

1. CocTaB (pAIOMAOB, COTIPOBOKAAIOIINX KaK
UHUIIMAABHOE NIAaBA€HNeE, TaK U ITOBLIIIIEHNE CTe-
IIeHU NAAGBAEHUS Ha HOBOM YPOBHe Au(depeH-
nuanuu. OAronA BEICTyIIaeT B Ka4eCTBe PacTBO-
PHUTEAS U TAKUM 00Pa3oM OOYCAOBAUBAET COCTAB
KOMITOHEHTOB, 3KCTPAarUPyeMBbIX M3 BMEIIAIOIINX
mopoa B pacmaaB. Tak, Nb, Ta, Ce momaparoT B
pacoAaB TOABKO B COCTaBe (PTOPUAHBIX KOMII -
AeKcOoB. [ToaTOMy X IPUCYTCTBUE B PACIIAaBe B
OOABIIIMHCTBE CAy4aeB KOPPEAUPYET C MOBHIIIe-
HHUeM HaTPUEeBOM IIEeAOYHOCTHU U MOHM>XEHHEeM
OKMCAUTEABHOrO noTeHnuana. Fe, Cu, Au, Ag Ha-
XOASTCS B pacliraBaX U TMAPOTEPMaAbHBIX PacT-
BOpax IPeUMyIeCTBEHHO B BUAE XAOPUAHBIX KOMIT-
AEKCHBIX COEAUHEHUM . PacmaaBel, ¢ KOTOPBIMA
OHU 'eHeTUYeCKU CBA3aHbl, (QOPMUPYIOTCS B HEUT-
PaABHOM Cpepe NpU O0Aee BBICOKOM OKUCAUTEAD-
HOM noTeHIMare. OboraieHue pacnaasa Cr u Mg
OAHO3HAYHO YKa3bIBaeT Ha BEICOKUY OKHCAUTEAD-
HBIY [IOTEHIIUAA U 3HAYUTEABHBIE TAYOUHEI (hOp-
MupoBaHuig. Aad nonapaHug U B pacriaas HeoO-
xopumo npucyrcreue CO, 1 crabolrerouHass —
1IIeAOYHAas CpeAa.

2. OU3UKO-XUMUYECKUEe B3aUMOAEUCTBUS Ha
KPOBA€ acTeHOC(EPEl, IPUBOAAIINE K YBEAUUE-
HHIO KOHIIEeHTPAIIUM IIOA€3HOI0 KOMITIOHEHTa B (ha-
3e (CMAMKaTHOM pacliAaBe, OTAEASIONIEMCS OT He-
ro (parorpe, AMKBAIIMOHHBIX 000COOAEHUSX "BHYT-
pU" CUAMKATHOTO PACIIAQBA U T. A.) U OLIPEAEAS-
IollIYie MUHEePaAbHYIO (pOPMY ero HaXOKAEHUS B
MeCcTOpOXXAeHUU. Tak, B IleAouHOU cpepe U Bxo-
AUT B COCTaB CUAUKATOB ITUPKOHMS, TUTAHQ, PeA-
Kux 3eMeAb. OKCHABI ypaHa YCTOMYMBEL B HEUT -
parbHOU cpepe. Meab IPUCYTCTBYET B TOAEUTO-
BBIX 0a3aabTaxX BoABIHO-ITOAOABCKOM IIAUTEL, HO
0o0Opa3oBaHue CKOIAEHUN CBSA3aHO C THAPOTEPMAAL-
HBIMU PACTBOPAMHU, IOCKOABKY AAT AU epeH -
IMallUM pacliraBa 0a3aAnbTOB XapaKTepHa HEUT-
parbHas cpeaa, a THAPOTepPMaAbHBIE PACTBOPHI,
U3 KOTOPBIX OTAQraeTCsa MeAb, OTAEASIOTCSI OT 60-
Aee ITeAOYHBIX PacIAaBOB.

3. BO3MO>XHOCTE CYII[eCTBOBAHHUS IIOAE3HOTO
KOMIIOHEHTA B PacIIA@Be, OTAEASIONIEMCS OT HETO
daronpe B popMe, 0OYCAOBAMBAIOIIEH €0 IIOA-
BIDKHOCTB IIPY TPAHCIIOPTUPOBKE K TIOBEPXHOCTH.

4. YCAOBHUS OCa>KAEHUS, OlIpepeAseMble 11a -
AeHueM pacTtBopuMmocTu. Hanpumep, BMecTe co
CHI>KEHUEM TeMIIepaTyphl IPU KPUCTAAAN3AIIN
pacraaBa, TOABEME THAPOTEPMAABHOTO PacTBO-
pa 4acTo IPOUCXOAUT CKAaUKOOOpas3Hoe N3MeHe-
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aue Eh-pH pacmaaBa m/mAu pacTBopa B IpO-
Ilecce KpUCTAAM3AIIUN MUHEPAAOB, pa3baBae-
HUSI HOBEPXHOCTHOU BOAOM U T. A. POAL pa3Ho-
00Opa3HbBIX 0aphbepOB, Ha KOTOPHIX TPOUCXOAUT
OCa’kKAeHHEe TIOAE3HBIX KOMIIOHEHTOB, PacCMOT -
peHa B paboTe [QHAOTreHHEIE ..., 1991].

Bce atu (haKkTOPEI, OIpeAeAsione BO3MOXK-
HOCTb (POPMMPOBAHMST MECTOPOKAECHUY, 3aBUCST
oT Eh-pH XapaKTepucTHK pacnAaBOB M OTAEAS-
IOLIUXCA OT HUX (DATOMAOB IIPU MAABACHUH, AU(D-
bepeHITNAINY, KPUCTAAN3AIAN. 3a9aCTyI0 OOAB-
Illee 3HaUEHNe MeeT CKauKooOpa3Hoe u3MeHe-
HMe 3TUX XapaKTePUCTHK B IIpoliecce (PU3NKO-XU-
MHYECKHUX B3aMMOAEUCTBUMN, TPAHCIOPTUPOBKHU.

PaccmoTrpuMm nmpuMepsl, oTpakaroljue 3a-
BHCHMOCTH (DOPMBI HaXO0>KAEHMS MMOAE3HOTO
KoOMIIOHeHTa oT AaBAeHus u Eh-pH xapakTe-
PHUCTUK CHUCTEMBI paciiaaB—@AIOUA,. [Tockonb-
Ky A@BAEHUeE CYIILeCTBEHHO BAUSET Ha IPOTeKa-
HHe IIpollecca CHayaAa HeOOXOAMMO yCTaHOBUTH
ITAyOUHY, Ha KOTOPOM IIPOUCXOAUT AU depeH -
OUanus pacliaaBa Ha KaXKAOM dTalle (OIpepens-
IOIIYIO AUTOCTaTUUECKOe AaBA€HNE) U MOPSAOK
M3MeHeHUs TAYOUH OT OAHOI'O 3Talla K ADyromMy
( 0OOyCAOBAMBAIOIIUU TEMIIEPATypPy U CTEIleHb
nAaBAeHUSA ) . TOABKO 3aTeM MOJKHO ITIePeXOAUTH
K BOCCT@HOBAEHUIO IIeTIOYKU (PU3UKO-XUMUYEC-
KMX B3aUMOAEUCTBUY, IOCAEAOBATEABHO IIPOTE-
KaIOITUX Ha KPOBAE aCTeHOC(HEPHI.

[MTprMeHNM TOAYYEHHbBIE 3aBUCUMOCTH AAST OTI-
peaeAeHUs (POPMBI HAXOKAEHUS JKeaesa Ipu hop-
MMPOBAHUHU KEAe3HUCTHIX IINAaCTOB 3eA€HOKaMeH-
HBIX CTPYKTYp CpepHEeNnpHUAHEIPOBCKOTO OAOKA
Ykpaunrckoro mura (3KC CI1B). I'lpu noctaHoB-
Ke 3aAa4¥ CUMTAETCs, YTO UCTOUYHUKOM BellecT-
Ba BYAKQHOT€HHBIX , JKEAE3UCTHIX U CAQHIIEBBIX
IIAQCTOB CAY>KUT pacIiraB acTeHocdepr! [YceH-
KO, 2008]. OcakpeHNe TPOUCXOAUT Ha AHE MOP-
CKOro 0accemnHa, U C 3TOM TOUYKMU 3PEHUA KeAe-
3UCTHIEe IAACTBL — 3TO 0CaAOYHEBIEe TOPOABL. OA-
HaKoO IIpU ITaAeHUY TeMIlepaTyphl OCa’kAeHMe IIpo-
HUCXOAUT OBICTpee IPpeoOpa3oBaHusd, COCTaB He yC-
IeBaeT IPUCIOCOOUTHCS K HOBBIM YCAOBUAM, II0-
TOMY XapaKTepUu3yeT yCAOBUs Ha TAyOuHe Aud-
dpepeHIIHAINY, & He Ha IIOBEPXHOCTH.

Haamune KOppeasiniuu B COCTaBe >KEAE3UC-
TBIX U BYAKQHOTE€HHBIX II0OPOA, U3MeHeHHe X CO-
CTaBa B IIpollecce aKTUBU3AIUHU BEIIBAEHO B pa-
oote [ Bopaynos, 1983]. 1. H. BopayHOBBIM UC-
IIOAB30BaHBI MHAEKCHI, OTpaskarolye hOpMbI Ha-
XOKAEHUS >KeAeda B maacTtax. MiHAeKC KpacHO-
nBetHocTH (O) ompepereH KaK OTHOIIIeHWEe OKUC-
HOTO >KeAe3a, CBI3aHHOTO B TeMaTuTe U MarHe -
TUTe, K 3aKUCHOMY >KeAae3y MarHeTuTa, KapboHa-
TOB, CUAMKATOB. MHAEKC ceporBeTHOCTH (M + C)
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SIBASIETCSI CYMMOW MarHe3WaAbHOCTH U M3BECT-
KOBUCTOCTHU IIOPOA, (OTpaskaeT KOAMUECTBO Kap-
OOHATOB PSIAA CUAEPUT—MArHe3uT U KaABIIUT—
marues3ur). Muaekc kpemuesemuctoctu (Si/FMC)
OIIPEAEASIET TIPOTIOPIIUH OCAKAEHMS renell KpeM-
HUA 1 coepuHenuit Fe, Mg, Ca (BeIuucAsieTcd o
dbopmyae Si0, / (Fe,05+ FeO + MgO + Ca0)).
I'pachrueckoe n3oOpa’keHUe 3aBUCUMOCTH COAEP-
>KaHUSA >KeAes3a, a TakKe (DOPMBI eTro HaXOXKAe-
HUS B [IAAQCTaX SIBASIETCS OTPa’keHUeM IIpoTeKa-
HUS TAYOMHHOTO IIpoliecca.

I'ryOuna puddepeHnuanuu pacirasa ompe-
AEASIAACH II0 COCTaBY BYAKQHOTE€HHBIX IIAACTOB,
HaXOAAIIUXCS B OAHOU Mayke C >KeAe3UCThIMU
[ Ycenko, 2006]. MI3sMeHeHMs 3HaUEHUN UHAEK -
COB OTPA’KAIOT YMEHBIIIEHHe 00Iero KOAMYeCTBa
BBIHOCUMOTO JKeAe3a, KOTOpoe KOPPEeAUpYeT C
YMeHBIIIEHNEM COAEP’KAHUSA OKHUCHOTO JKeAe3a
OT 3Tala K 3Tamy (OAacTel 1—4, BXopdAlue B
KOMIIAEKC ITIOPOA HU KHEM aM(PuOOAUTOBOM hop-
MalluUd CYpPCKOM CBUTHI) (puc. 4, 5). CHUXeHHUe
OKHMCAUTEABHOI'O IIOTEHIIMaAd CBSI3@HO C YMEeHb-
LIeHueM TAyOUHEI AU depeHIInanuy pacliiaBa
Ha IepBBIX YeThIpeX dTallaX. YMeHbIIeHne KO -
AMYECTBa ’KeAe3a, CBI3aHHOTO HETIOCPEACTBEH -
HO C KMCAOPOAOM (B hopme Fe,O45 u FeO), co-
IIPOBOKAQETCS BO3PAaCTaHMEM COAEpP KaHUs Kap-
OOHATHOM U CUAMKATHOM COCTABASIOIIEH B JKeAe-
3UCTHIX ITAACTax 1—4, 94TO oTparkaeT CHU )KeHUe
CMECHUMOCTHA KapOOHATHOU U BOAHO-CUAUKATHOU
da3 ¢ yMeHbllIeHUEM AaBAeHUSA. VIHAEKC KpeM -
HEe3eMUCTOCTU U AOASI KapOOHATHOI'O JKenes3a pes-
KO BO3PacTaloT B )KeAe3UCThIX IIAACTaX, HaXOAS-
IIVXCS CPEAU IOPOA KOMAaTUUTOBOU (pOpMaLUK
(mracTel 5—8), AudpepenIiralyist paciAaBOB KO-
TOPOM OCyIIlecTBASeTCd He TAyOxxe 50 kM. Maxk -
CHUMaABbHOE CopeprkaHMe KapOOHATHOIO >Keae3a
COTIPSI>KEHO C ITOSIBA€HHUEM CYAB(MHUAOB (IIAACT 7),
YTO yKa3bIBaeT Ha pe3Koe CHATHE AABAEHUS (OT-
AereHre KapOoHaTHOM (a3bl) M HEUTPAAbHO-KHC-
AyrOo cpepy. Acconuanusa FeCO5 u FeS, ycroi-
yuBa npu pH=6+8 (cM. puc. 1 u 2). Ha 50 km
IpeoOAaAQIOT MarHe3WaAbHO - KeAe3UCThIe Kap -
OOHATHI (CONPS’KEHHBIE C KOMATUATAMU) — yBe-
AUYMBAETCSI UHAEKC CEPOIIBETHOCTH JKEAe3UCTO-
T'O IIAACTa, a TakK’Ke BXOXKAEHME B COCTaB CUAU-
KaTHBIX IIAACTOB — BO3PacTaeT MHAEKC KpeM-
He3eMUCTOCTU. TaKuM 00pa3oM, B KMCAOM cpeae
KHCAOPOA CHAYaAa CBSI3BIBAETCS C YTAEPOAOM U
kpeMuureM. O6pasyrorcs (CO,) 2=y (Sio 4) 2~ rpym-
TbI, KOTOpHEIe coepunsioTesi ¢ Fe? . TThacT 9 douk-
cUpyeT OIlyCKaHWe KPOBAU aCTeHOC(EPHOTO CAOS
nocAe (popMUPOBAHUA KOMATUUTOB, ITAACT 10 —
OCTENEeHHBIN IIepeXoA K BepxXHel KOMAaTHUUTO-
BOU TOAIIle CYPCKOM CBUTHL (BTOPOMY SAPYCY, IO
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Puc. 4. 'pacuk 3aBUCUMOCTU COAEPIKaHUS >XKeaesa (B
%) OT MHAEKCA CEePOLBETHOCTHU (1) B JKeAE€3UCTHIX IINA-
crax Cypckoit 3KC [BopayHnos, 1983] (2 — oGiee
copepsKaHUe JKeae3a; 3 — MarHeTUTOBOe JKeAeso).

[BopaysOB, 1983]). THAEKCEHI J)KEAE3UCTHIX T10 -
poa maacToB 11— 16 yKaseIBAKOT, YTO (DOPMUPO-
BaHMUe MPOMCXOAUAO B XOA€e IIpollecca, Xapak-
TEPU3YIOIIEerocss HEOAHOKPATHBIM M3MeHeHUeM
KPOBAM aCTEHOC(EPHOTO CAOS : TIOCAEAOBATEAD-
Horo nmoabeMa (150—100—50 kM) nipu hopmu -
poBaHum naactos 11—13, audbdepennuanuu Ha
50 kM (maacTel 13, 15), onmyckaHud (maact 16). 3Ha-
YUTEABHBIE BAPUALIAN MHAEKCOB MOI'YT OBITh O0B-
sICHEHBI TOABKO 3HAUNTEABHBIMU BapHaliisIMU AQB-
A€HMS Ha BEPXHEN KPOMKEe aCTeHOC(PEpPHOTro CAOST
3a nepuop, 3,2—2,8 MApA AeT.

I'pu popmMupoBaHUU JKEAE3UCTBIX ITAACTOB 3KC
CTIb u3meHeHUsI OKUCAUTEABHOTO IIOTEHITHAAA CBS-
3aHBI C U3MeHeHneM IAyOUHBI AU epeHIuauy,
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Puc. 5. 'papuk 3aBUCUMOCTU CPEAHUX NHAEKCOB KpeM-
HEe3eMUCTOCTHU (I) U KPacHOIIBETHOCTH (2) B )KeAe3UC-
TeIX naactax Cypckoin 3KC [BopayHos, 1983].
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cpeAa HeUTpaAbHass—cAaaboKucAad npu aAudde-
PeHIIMalM BCeX PaCcIlAaBOB U 3KCTAASAIUN BCeX
aTanoB. [IponcxXoAUT paBHOMEPHOE BhIHECEHHe
KpeMHe3eMa, )keAe3a, a TakKe TAUHO3eMa, HaT-
pUg U KaAbIUag — M30BITKA 0a3aABTOMAHOU CO-
CTaBASIIOIIEM, BOABI, YTAEKHCAOTHI B IIpollecce
(hOpMHUPOBaHUSA MAHTUH YABTPAOCHOBHOTO COCTa-
Ba. Her cymecTBeHHBIX BapHUaluii KHCAOTHOCTH-
1IEAOYHOCTU — HeT CKONAEHUY OKHCHOTO >KeAe-
3a B IIAACTaX, C(ODOPMHUPOBAHHEBIX B TeUEHHE OA-
HOTO 3Tala.

B nnoit Eh-pH o6cTanoBke hopMUPYIOTCS
KeAe3UCThIe TOPOABI KpuBoposkcko-KpemeHuyr-
ckott 3oubI (KK3) mocae 2,8 MApa AeT. O TOBBI-
IIIEHUH II[eAOYHOCTHU CBUAETEABCTBYET BECH KOM-
TIAEKC MUHEPaAOTUYeCKUX U FeOXMMUYECKIX Xa-
PaKTEPUCTUK: OOpa30BaHUE IeMaTUTa, COAEPIKa-
HIe KOTOPOTO MOBHBIIIAeTCs 10 Mepe AuddepeH-
IUanuy; NogdBAeHMe IpaHaTa; U3MeHeHue pac-
IIPEAEACHUS TAMHO3EeMa U JKeAe3a MeKAY MUHe-
paramMu cUAUKATOB. [ Ipy coxpaHeHUN OOIITHUX TeH-
AEHIIUU B PACIIPEASAEHUU JKeAae3a, KpeMHe3eMa,
KapOoHaTa OT AABAE€HU, BEIPa’KeHHBIX B 00paT-
HOM KOPPEAIINU UHAECKCOB CEPOLBETHOCTH U JKe-
A€3UCTOCTU U B IPSIMOU KOPPEAILINU UHAECKCOB
CEepOoIBETHOCTH U KPEeMHEe3eMUCTOCTH, OUYEBUAHO
oOlee U3MEHEHNE PUCYHKA MHAEKCOB JKEeAe3HUC-
ThIX nAacToB KK3 1o cpaBHeHUIO C >Keae3uc-
TeIMU IAacTamu 3KC (puc. 6, 7). [haBHadA TeH-
AEHIINSA — YMeHBIIEHNUEe COACPIKAaHUS KpPeMHe -
3eMa U KapOOHaTa B JKEAe3UCTHIX IIAACTaX, yBe-
AWYeHUe 00lIero U MarHeTUTOBOIO JKeae3a, MH-
AeKca KpacHOIBeTHOCTH. COOTHOIIIEHUEe OKHUCAEH-
HBIX POPM XeAre3a K KapOOHATHBEIM U CUAUKAT-
HBIM BO3pacTaer.

KoanuecTBO KCAOPOAA B acTeHOCEPHBIX pac-
IIAaBaxX YMeHBIIaeTCsl, ero He XBaTaeT Ha OKUC-
AeHMe U yTAepOoAa, U 5keae3a. COOTBETCTBEHHO Iile-
AOYHOCTB YBeAnunBaeTcs. [ Ipy OBHIIIIEHUN 1ITe-
AOUYHOCTHU Ha KpoBAe acTeHocdeps! ipu P< 3 I'Tla
IIPOHCXOAUT OTAEAEHMeE OT pacliAaBa KapboHaT-
HOU (ha3bl. HacTb yraepoaa, OCTABIIASACS B CUAU-
KaTHOM (pa3e, HAXOAUTCSI B BOCCTAHOBAEHHOM hop-
Me — B BHAE YIA€BOAOPOAOB, CTeIleHb ITIOAUMe-
pu3anuu KOTOPHIX ONIpeAeAsieTcd AaBaeHueM. [ Ipu
IIOBBIIIIEHHOU IIEAOYHOCTH B YCAOBUAX Ae(DUIIH-
Ta KUCAOPOAQ KeAe30 BOCCTAHABAMBAET YTAEPOA,
OKMCASISCH AO FeMaTHuTa (mAacThl 4, 10). O6pasy-
IOTCS CHHE - KPaCHOIIOAOCYATHIe AJKECITUAUTHL U
rpaduTcopepIKaliye cAaHIbl. OU3NKOXUMUYECKHIE
B3aUMOAEUCTBUA (pPa3spereHre Ha Pasbl U OKUC-
AUTEABHO-BOCCTA@HOBUTEABHBIE PEAKIIMU B YCAO-
BUAX Ae(DULUATA KUCAOPOAQ) IIPUBOAAT K TOMY, UTO
>Kene30 KOHIEHTPUPYIOTCS B OIIPEAEAEHHBIX CAO-
X, ABAFIOUINXCS HanOoAee TPOAYKTUBHBIMU.
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Puc. 6. I'paduKku 3aBUCUMOCTU COAEPIKAHUS JKeAe-
3a (B %) oT nHAEKca cepolBeTHOCTH (1) B Keaesuc-
TBIX NAacTax KpemeHuyrckoro parioHa [bopayHOB,
1983] (2 — oO1iee copepskaHHe XKeae3a; 3 — Mar-
HETUTOBOE JKeAe30).

[MTosiBAeHUME Tpad@UTCOAEPIKAIIUX TPOCAOEB
yKa3blBaeT Ha CMellleHhe YCAOBUY MPOTEeKaHUs
peaxIuil HUKe IIOAST YCTOMYHUBOCTHY BOABL. [TOBBI-
LIeHWe BAUAHUA IeAouyHoCcTH Ha 100 kM npuBo-
AUT K CHHUJKEHUIO CMECUMOCTHU MeXKAY (PAIOHA -
HOM (ha30M, KyAQ "“"BBITAAKMBAETCS" MaKCUMYM CBO-
OOAHOTO KUCAOPOAQ, XAOPUAHBIE KOMIIAEKCHI JKe-
Ae3a U Apyrue coepmHeHUs. OOBIUHO (DAIOMABL
ITIOAOOHOTO COCTaBa COAEPIKAT YTAEKUCAOTY, BOAY,
CyAB(UAB] B Pa3HBIX IPONIOPIUAX (HarpuMep, [Ko-
BaAeHKO U Ap., 1986]). OboraireHue >keae30M IIpo-
HUCXOAUT B acTeHOC(depe U CBSI3aHO C OTCYTCTBU-
€M CMEeCUMOCTU OKUCAEHHOTO (PAIOUAQ, IIEPEHO-
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Puc. 7. I'pachuk 3aBUCUMOCTH CPEAHUX HHAEKCOB
KpeMHe3eMUCTOCTU (1) U KpacHOIBETHOCTU (2) B
>KeAe3UCTHIX nAaacTax KpemeHuyrckoro patioHa [bo-
pAYHOB, 1983].
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CSIIIETO JKeAe30, U IMIeAOYHOI'0 CUAMKATHOTO pac-
1IA@Ba, a He C pa3jpeAeHHeM HX II0 MAOTHOCTH,
Kak B nmopopax CypcKOU CTPYKTYPHL.

Ha puc. 1 u 2 sTa cuTyanus He pacCMaTpu-
BaeTCs, TaK KaK II0Ae IIPOTeKaHUsl peaKIui pac-
IIOAOJK€EHO BBIIIIe HU)KHEN IPaHUIbl yCTOMYNUBO-
CTH BOABL, YTAEPOA IPUCYTCTBYeT B (hopme CO,.
B pa6orte [Tappeac, KpaticT, 1968] mopoOHast cu-
Tyalusi MOAEAUPYETCS BBEeAeHUEM B CUCTEMY Me-
AU — MeTaAAa ¢ 6oaee HU3KUM OKUCAUTEABHBIM
IIOTeHITHAAOM, UYeM y Keae3a. DopMa HaXOKAEHUS
MeAU OIIPEAEASIeTCSI OKUCAUTEABHO-BOCCTaHOBU-
TEeALHOM 00CTaHOBKOM 1 KMCAOTHOCTBIO-IIIEAOUHO-
CTBIO HOCUTEASI — PacliaaBa acTeHocdepkl, Mar-
MBI Y ITOBEPXHOCTH, OTIIEIASIOIIEr0Cs OT Hee THA-
POTEPMAABHOTO (PAIOMAA. YUUTHIBAIOTCS OCOOEH-
HOCTH CYILIECTBOBAHUS MEAU (XaABKO(WHUABHOTO A€~
MeHTa) B pacllAaBe U pacTBOpe, COAeprKallleM He
TOABKO MeAb, JKeAe30 M BOAY, HO U cepy. DTO 03~
BOASIET UCIIOAB30BaTh AuarpaMmbl Eh-pH aast BBI-
SICHEHUSI YCAOBUM HAKOIIAEHUSI CAMOPOAHOM MeA
B aCCoOIlMAaIliM C OKCUAAMHU >Keae3a Ha BoabrHo-
IMTopoabckoM niauTe (BIIIT).

DopMupoBaHue BEHACKUX TOAEUTOBBIX Oa3anb-
TOB BIIII MIpOMCXOAUT B TEUEHHE ABYX JTAIOB
[Ycenko, 2010]. Ha nepBoM KpOBAS acTeHOChe-
psl B Kope — Ha 30—35 KM uam MeHee. IIpounc-
XOAUT UHBEKIUS YABTPAOCHOBHOT'O MAHTUMHOTO
pacmnaasa B kopy. Ha BTropoM aTane puddepen-
[Vanus paclAaBoB, 0OPA3yOMINX 0a3aAbThl paT-
HEHCKOM TOAIIIY, TPOTeKaeT B KOpe ITOBBIIIIEHHOU
ocHOBHOCTH. [Tpy pacnionoskeHur KPOBAU Ha TAY-
oune 30—35 KM 0oOpa3yeTcs epuHas acTeHoche-
pa, IIoAOIIBAa KOTOPOM HAXOAUTCS B MaHTHUH. Tpe-
TUM 3Tall, Ha KOTOPOM MOTAM OBITH OOpa3oBaHbI
Ty(bI IePKAABCKOM TOAIIIN, OAHO3HAUHO He BHI-
AensieTcs.

OnpepeArM YCAOBHS, IPU KOTOPHIX BO3MOJK-
HO CYIIeCTBOBAHUE CAMOPOAHOU MEAU (CM. PUC.
3). Iloae ycTONMYMBOCTU MeAU B (hopMe CyAbDU-
Ad 3HQUUTEABHO IINpPe IOAS YCTOMYMBOCTU Me -
TAAMUUIECKOU MeAr. AN pearrn3aliuy aCCouaumn
Cu + Fe, 05 (camopopHas MepAL—TeMaTuT) HeoO-
XOAMM OTHOCUTEABHO BBICOKUN OKUCAUTEABHBIN
MIOTEeHITUaA CPEABI, YTO BO3MOKHO IPU OTCYTCT-
Bun BausiHust CO,, Ha pacliAaB acTeHOCdepsl, KOor-
Ad " M30BITOYHBIN " KUCAOPOA TPATUTCS Ha OKUC -
AeHMe yraepopa. Acconuanus Cu + Fe,O5 ycTon-
YUBa IIPU OKUCAUTEABHOM TIOTEHITHAAE BHIIIIe HIDK-
HeM I'PaHuIbI IIOAS YCTOMYUBOCTH BOABI IIPU 3Ha-
YUTEABHBIX KOAeOAHUSAX IMEAOYHOCTU. B IpupoA-
HBIX CUAUKATHBIX PACIIA@BaXxX COIIPSI>KeHHe BEICO-
KOU II[EAOYHOCTH U BEICOKOTO OKUCAUTEABHOTO TI0-
TeHIJMaAa He pearusyetcs. [IoBBIIIIeHN e OKMCAN-
TEABHOI'O IIOTEHITHaAa MOJKeT OBITh BEI3BAHO TOAb-
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KO y4acTHeM BOABI (MeTaMOp-(pru4eCcKou AU I10-
BEpPXHOCTHOM) ¢ pacTBopeHHBIMU B Hett NaCl u
KCI (11eaoun 1 XAOp 9KCTPArupyroTCs U3 paclia-
Ba). [TosToMy paccmaTpuBaeMbIN IapareHe3uc Mo-
>KeT OBITh PeaAr30BaH B PAcIlIAaBe (PacTBOpE) IO-
BBIIIIEHHOM, HO He BBICOKOM IIEAOUYHOCTH (COOT-
BeTCTBYyIOIel pH ~ 7+ 10 BoAHOTO pacTBOpa), 4TO
¥ IPOUCXOAUT B TOAEUTOBEBIX OazaabTax BITIT.

B ruppoTepMarbHOM guetike (HeIOCPEeACTBEH-
HO y IIOBEPXHOCTH) II0 Mepe IoAbeMa pacTBopa
U MaAEHUs ero TeMIepaTyphl IIEAOUYHOCTh OyAeT
CHMJKATBCS, @ OKUCAUTEABHBINM TOTEHITUaA BO3pa-
crarb. OKucAreHre TeTepoasHbIX (DAIOUAOB OT TAY-
OOKUX TOPHU30HTOB K ITIOBEPXHOCTU OTMEUeHO IIpU
U3y4eHUU (DAIOMAHBIX ¥ PACIIAABHBIX BKAIOUEHUN
B MMHEParaX THAPOTEPMAaAbHBIX MECTOPOSKAEHUN.
COOTBETCTBEHHO OAMIKE K IIOBEPXHOCTU BEPOSAT-
Ha cmeHa acconuanuy Cu + Fe;0y (camopoaHas
MepAb + marHeTuT) — Cu + Fe,O5 (camopoaHas
Mepb + remMaTut) — CuO + Fe,O5 (Kympurt + rema-
TUT). OUueBUAHO BAUSHYE TIOBEPXHOCTHBIX BOA IIPU
00pa30BaHNM ITUX IlapareHe3ncoB.

ITaparenesuc Cu+Fe;0, (MarneTuT) pearusy-
eTcs IIpu 60Aee HU3KOM OKHCAUTEABHOM IIOTEH-
nuaase u Ipu 00Aee BBICOKOU IIIEAOYHOCTH (0T pH=
=10 arst BopHOTO pactsopa), yem Cu+Fe,O5. B
accolmranyy ¢ MarHeTUTOM KOHIIEHTPAIUu! MeAU
B Tydrax 6aOMHCKOU CBUTHI OOAee BEICOKME. Bepo-
SATHO, IPU UX (DOPMUPOBAHUU B TAYOMHHOM HUC -
TOYHUKE CKa3bIBAETCS BAUSHUE He TOABKO BOAHBIX
C XAOPOM, HO ¥ KapOOHATHHIX (C (pbTopoM ?) doatou-
AOB Ha Iponecc AudydepeHnranuy, IPOUCXOAUT
pasapeneHue Ha (pasbl, B OAHOU M3 KOTOPBIX IIPU-
CYTCTBYeT MarHeTHUT, B ADyTrOoil reMaTUT. AAs Co-
XpaHeHUd IOABUKHOCTH MEAU CoAepsKaHue (pTo-
pPa AOAJKHO OBITh OYeHb He3HAUUTEABHBIM, a IIje-
AOYHOCTBb — HE OYeHb BBICOKOM (HUBEAMPOBATHCS
TIPUCYTCTBHEM BOAHBIX ITIEAOYHO-XAOPHUAHBIX (DATO-
UAOB). B pearnsanuu 3TUX yCAOBUU OOAee IIPO-
SIBA€HO BAUSIHIE TAYOUHHBIX, IPEUMYIIeCTBEHHO
MaHTUUHBIX (DAIOMAOB B 0Opa30BaHUU PaCIAaBa—
pacTBopa.

ABa MOAY YCTOMYMBOCTH aCcCOUAnUU CaMo-
POAHAsI MEAb—MAarHeTUT MOTYT XapaKTepu30BaTh
ABa IlapareHe3uca, oOOHapy’>KeHHbIe B THAPOTEp-
MaAbHBIX OOpa3oBaHusax BIIIT.

1. TToae (I) Ha puc. 3 MOKET COOTBETCTBOBATH
MarHe3uaAbHO-’)KeAe3UCTO-KPeMHe3eMUCThIM pac-
TIA@BaM-pacTBOpaM, 06Pa3yIoINMCS IIPU YIaCTUH
XAOPUAHO-CUAVKATHO-BOAHBIX (DAIOMAOB. Hatipu-
Mep, BHI3BIBAIOITUX TAAQTOHUTU3AITUIO B HEAU]-
(bepeHIIMPOBAHHLIX YABTPaba3uTax u OaszasbTax,
a Takyke 0OecIeuYnBaIONINX HaKOMIAeHNe JKeaes3a
1 MeAU, KaAus ¥ KpeMHe3eMa B KOHEUHBIX AU -
depeHIUaTax (JKeAe3UCThIU TPeHA A depeHIu-
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anun). CaMu JKUAKOCTHU CAAOOIIEeAOYHbIe, HEUT-
parbHBle. CKa3bIBAeTCS yIaCTHe TIOBEPXHOCTHBIX
OKHUCAEHHBIX (DAIOMAOB (BOABI, COAEPIKAIIEUCS B
MHUHepaAax KOphl) B IIpoliecce pAuddepeHITuaiim
pacrnaasa.

2. I'loae (1) cooTBeTCTBYET OOAEE BOCCTAHOBU-
TEeABHOU CpeAe, KOTopas MOJKeT OBITh OOYCAOB-
AeHa aKTUBHOCTBIO KaABIIMN-KapOOHATHBIX (C PTO-
poM ?) (PAIOMAOB, CMEHSIOITUXCST XAOPUAHO-HAT-
puMi-KaAMeBhIMU PacTBOPaMM I'MAPOTEPMAABHO-
ro sTana. O0pa3yroT acCONUAINI0 KaAbIIUT-IIe0-
AUTBL. OTOT TPEHA TAK)KEe IIPOSIBACH U B CEPO-3€-
AeHBIX Tydax 0a0MHCKOM CBUTHL. boaee mienod-
HBbIe YCAOBHS (COOTBETCTBYIOINE 0OPa30BaHUIO
KPaCHBIX Ty(POB C TEMATUTOM) HE CIIOCOOCTBYIOT
MIOABM>XHOCTHU MEAH, IO3TOMY ee COAePIKaHUe B
CHUAMKATHOU (pa3e Cc OOABIINM KOAMUYECTBOM Ille-
AOYel He3HQUUTEABHO.

ConocraBuM ycTraHoBAeHHBIe 10 Eh-pH aua-
rpamMMaM noas ycrorunboctu Cu B ImapareHesu-
Ce C OKCHUAAMU JKeAe3a C YCAOBUSIMY, CYILIeCTBO-
BAaBIIUMHU IPU (POPMUPOBAHUN TOAEUTOBEIX Oa-
3aabTOB BIIIT.

B auddepernmanu pacriaaBoB, 00Pa3yOInX
paTHeHCKHe 0a3anbThl, CKA3bIBAETCS y4acTHe BO-
ABL 1 XAOP@, YTO IPUBOAUT K 0OPa30BaHMUIO OC-
HOBHBIX (KAABIIMEBBIX) IIAATUOKAAQ30B U aBIUTQ,
a CAeAOBATEAbHO, HAKOIIAEHHUIO HATPUS U [OBHI-
LIEHUIO IEAOYHOCTHU OCTATOYHOTO PACIAaBa (OT-
KAQABIBAETCSA AABOUT). AKTUBHOCTb HAaTPUS CTa-
HOBUTCS BHILlIE aKTUBHOCTU XAOpPa ¥ B BOAHOM
dAronAE, B3aUMOAEUCTBYIOIIEM C CUAMKATHO-TAU-
HO3eMUCTHIM PAaCIA@BOM. DTO IPUBOAUT K BhINa-
AEHUIO J)Keae3a U MeAU U3 COCTaBa XAOPUAHOTO
KOMIIAeKca. [Tpu 3ToM BEICBOOOIKAAETCS U XAOD
— IIPOUCXOAUT HeUTparu3alusa cpeAbl. TOABKO B
HEUTPAABHOU CpeAe BO3MOKHO OKMCAEHUE CEePhL
A0 (SOy) 2=, B BIIIT Ha Bcex 3Tallax 06pas3yroTcs
CcyAb(dATHL. A@Ke B CAAOOKHUCAOH U IJEAOYHOU Cpe-
A€ cepa IPUCYTCTBYeT B hopMe S27, a Mepn 06-
pasyeT cyAb(MUABL. 3aTeM MeAb BOCCTAHABAMBA -
eTcs JKene30M. ABYXBaAe€HTHOE JKeAe30 IIPUCYT-
CTBYeT KaK B MarMaTH4YeCKUX paclAaBax, Tak u
B pacTBopax. ETo OKUCAUTEABHBIN ITIOTEHIAAA BbI-
111e, YeM MeAH, IO3TOMY ee BOCCTAaHOBAEHNE OCY-
1IeCTBASIETCS Ha BCEX 3TallaXx OT MarMaTu4ecKo-
TO AO TUAPOTEPMAABHOTO. M30BITOK HAaTPUS OTBO-
AUATCS C BOAHBIM (DAIOMAOM K ITOBepXHOCTH. OCTa-
TOYHBIM PACIAAB COAEPKUT CAAOOIIIEAOYHOM XAO-
PUAHO-KaAUEBBIM BOAHBIN (PATOMA, ODOrallleH Ke-
Ae30M, KpeMHe3eMOM. V3 0CTaTOYHBIX pacIAaBOB-
pPacTBOPOB 00PAa3yIOTCI MUKPOKAUHBI, INPOKCe-
HBI OOOTaIleHbl JKeAe30M. 3aTeM OTKAAABIBAIOTCS
XaAIleAOH U MeAb. Ha aToM 3Tare o6pa3yroTcs ear-
HUYHBIEe KPUCTAAABI CAMOPOAHOU MEeAU, HaXOAS -
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1Iecs HEIIOCPEACTBEHHO B 0a3anbTax M He 00-
pasyrolye CKOIIAEHUM.

"ABTOMeETacOMaTHUeCKasi MeAL CBsI3aHa C OKMC-
AE€HHBIMU paclAaBaMU, COAEPIKaBIINMU JKEeAe30,
KaAaui, n30BITOK KpeMHe3eMa, Boay. [TopoOHEBIe pac-
TIAGBBI (POPMUPOBAANICH HA KOHEUHBIX CTAAMSIX AU(D-
pepeHIUuauy paTHEHCKNUX 0a3aAbTOB, @ TaKJKe
Ty(OB IIePKaAbCKOM TOAIIM . BO3MOXHO, C 3TUM
9TAIIOM CBSI3@HO HaKOIIAEHHME MeAU HEIIOCPEACT-
BEHHO IIOA KOPOM U B KOpPe, HO DOAee BEPOSITHO
— B CyAb(DHUAHOM (hopMe. MeTacoMaThudecKue ac-
conpanuy, copeprkaiue cyabduan! Fe, Ni, Cu, ot
KAQABIBAIOIIMECS U3 OKMCAEHHBIX XAOPCOAEPIKa-
WX HAAACTEHOPEPHBIX (PAIOUAOB, LIIMPOKO IIPEA-
CTaBAEHBI B Ope0AaX (PAIOMAHO-TEPMAABLHOTO BO3-
AEUNCTBUS, (POPMUPYIOLINXCA Ha) acTeHoC(hepon
B MaHTHU [DHAOTeHHEIE ..., 1991].

“TTaparupporepManbHasa’ MeAb OTKAQABIBAET-
Cs1 M3 IIeAOYHBIX PAaCTBOPOB, COAeP KaIlUuX Kap-
O6onat. Apst audppepentiuarium 6azarbToB BITT o
AOOHBIE (DAIOMABI HE XapaKTEPHBL, I0O3TOMY OTAO-
>KeHVe MeAr He MOTAO ITPOUCXOAUTE TPU (hOPMHU-
POBAHMU BEHACKMX TOAEUTOBBIX 0a3aABTOB.

Kap6oHaTHBIe pacAaBEL U (PAIOUABI YIACTBY-
10T B DOPMUPOBAHUM ITAAE030UCKUX TTOPOA [1pu-
narckoro nporuda (I'T1). B ITIlT B peBoHe hopmu-
PYIOTCS pacAaBEL AUd(hepeHIanys KOTOPEIX Ha
Ha4YaABHOM 3Talle OCYIeCTBASETCS IPU YYaCTUU
KapOOHATHO-KaABbIIMEBBbIX PACTBOPOB, a II0 Mepe
KOHTaMUHAIIUM BEIeCTBOM KOPHI — XAOPUAHBIX
KaAVeBBIX U HaTPUEBO-BOAHBIX [YceHKO, 2010].
Mo>KHO IIpeATIoAaraTh (HO He YTBEPIKAATH ), YTO
(popMHPOBaHUE MECTOPOKACHUM IPOUCXOAUT CHUH-
XPOHHO 00Pa30BaHUIO BYAKAHOTE€HHO-OCAAOYHOMU
ToAmnu I1T1. Meanb oTkAapbiBaeTcs He B [T, Tae
LIIEAOYHOCTD PACIIA@BOB OUeHb BEICOKAd, a Ha Iie-
pudepun 0OAACTU AKTUBU3ALUY, TAE€ PACIIAABLL
U OTAEASIONINecs OT HUX PacTBOPHI MeHee ar-
PECCHUBHEHI.

QopMuUpoOBaHUE MECTOPOKAECHUN BO3MOKHO
B (pAIOMAOTIIPOBOAAIIUX 30HAX, KOTOPBIE 0Opa3sy-
IOTCSI B MeCTax liepeceyeHmst AOATOKUBYIIMX TAY-
OWHHBIX PA3AOMOB IIUPOTHOTO, MEPHUANOHAABHOTO
U CeBepO-3allapAHOTO MpocTupanmii. [Ipu Ka>kpoM
IIOCAEAYIOIIEeN aKTUBU3ALNU IIPOUCXOAUT APOO-
AeHMe 3aTIOAHSIOIIETO MX KPUCTAAAN30BaHHOTO Be-
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1IIeCTBa M 3allOAHEeHNe HOBBIMM pacliraBaMU, py-
AOOOPAa3yIOIIUMU pacTBOpaMu. TakuM o06pa3om,
TIOMCK MEeCTOPOJKAEHUN MeAu OyAeT Ooaee ONTH-
MaAbHBIM UMEHHO B 3TUX 30HaX, KOTOPbIE AOATK-
HBI BBIAEASITBCS 1 IT0 KOMIIAEKCY re0hU3UIeCKUX
TIPU3HAKOB.

3axkarodyeHue. B craTbe mpepraraeTcs IpUH-
IIUTIINAABHO HOBBIN IIOAXOA K ONMCAHUIO XMUMU-
YeCKOM aKTUBHOCTU KOMIOHeHTa. McrmoAb30oBaHue
AnarpamM Eh-pH mo3BoasieT ycTaHOBUTH BO3MOIK-
HOCTb HAaKOIIA€HMI KOMIIOHEHTa B pacliAaBe, Co-
CTaB KOTOPOT'O MO>XHO BOCCTAHOBUTH IIO COCTABY
MarMaTUdeCKUX U COMPSI’KEeHHBIX 3KCTaAIIIMOH-
HBIX TTIOPOA,. OYEeBUAHO, UTO ITpUMEHEHNE AMarpaMM
Eh-pH, mocTpoeHHBIX AAST BOAHOTO pacTBOpa Ipu
T=25°C, P=1 aTM, AAS OIIMCAHUS CUAUKATHOTO
pacliraBa MAU THAPOTEPMAABHOTO (PAIOMAA AVIC-
KycCHOHHO. OAHAKO YCTaHOBAEHME OOABIIMHCTBA
TepMOAMTHAMUUYECKUX [TapaMeTPOB (CBOOOAHBIX SHEP-
TUH, SHTPOIIUHU, IHTAABIINU 0Opa30oBaHMs KOMIIO-
HEHTOB) Aa’Ke B YCAOBUSX IIOBEPXHOCTH — AOC-
TAaTOYHO CAOKHAS 3aAava, a COBpeMeHHBIe TTPeA-
CTaBAEHN4 O IIpoljeccax, IPOTeKaloIUX B MaHTHH,
TUIIOTETUYHBI ¥ 3a4aCTyIO IPOTUBOPeYnBEL 113 pac-
CMOTpEHUs CyIlecTBYyIOImuxX aAnarpamm Eh-pH mo-
T'yT OBITH OAYYEHEI IIDEABAPUTEABHBIE BEIBOABI
O IIOBeAeHUHU cucTeMbl. OHU AOAKHEI OBITh yTOY-
HEeHBI AOTIOAHUTEABHBIMU TEPMOAMHAMUYECKUMU
pacueTaMy, COIIOCTaBAEHHUEM C PE3YALTATOM, I10-
AYYEHHBIM 3KCIIePUMEHTAAbHO AUOO He3aBHUCH-
MOM TeOAOTO-aHAaAMTHUUEeCKOM nH(OopMaIimen.

OOBEeKTUBHBIE CAOSKHOCTH, BO3HUKAIOIIIME IIPU
pelleHur TOCTaBAEHHOM 3aAa4d, He TIO3BOASIOT
HacTamBaTh Ha OAHO3HAYHOCTHU ee pelreHnsd. [1o-
AOOHast HEOAHO3HAYHOCThL CBOMCTBEHHA OOABITTHH-
CTBY reo(@U3MUEeCKUX 3aAa4, @ B AQHHOM HCCAe-
AOBaAHUM peub UAET O pellleHuu UMeHHO reodu-
3UYEeCKOMN 3aAaUU C MCTIOAB30BaHHUEM T'€OAOTHUEC-
KOU ¥ reoxuMmnuueckom nHdopmaruu. Mcroab3o-
BaHUe anlapaTa TepMOAUHAMUKY AAS OTMCAHUSA
(PU3UUIECKUX ITPOIIECCOB U XUMUUECKUX B3aUMO-
AEUCTBUM, NPOTEKAOINIUX B BepPXHEU MaHTUU U
KOpe€, C OAHOY CTOPOHBI, ¥ IPUBA€YEHYE BCel NMe-
IOTITEeMCs TeOAOTO-aHAANTHYEeCKOM uH(OopMaIinu,
C APYTOM, IO3BOAMT, 110 MHEHMIO aBTOPa, CYIIEeCT-
BEHHO COKPATUTh MHO>KECTBEHHOCTD pellleHuH!

TI'appeac P.M., Kpaticm Y./A. PacTBOphl, MHUHepa-
ABI, paBHOBecusi: [lep. ¢ aura. — MockBa: Mup,
1968. — 368 c.
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