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TEOAOTIO-TEHETHMYECKME MOAEAM I'MITEPTEHHBIX 30AOTOPYAHDLIX
CMCTEM KAK OCHOBA ®OPMMPOBAHMSA ITPOMEKYTOYHBIX
KOAAEKTOPOB 30A0TA B AOKEMBPUN

(HA TIPMMEPE YKPAMHCKOTIO IIINTA)

IIpeacTaBieHbl Pe3yJIbTATHI AHAIN3A U OLEHKU I'e0JIOrO-TeHeTUYEeCKUX Mojesieit
IMIEPreHHbIX (BBIBETPUBAHUS U CEAVMEHTOreHe3a) 30JI0TOPY/HBIX CHCTEM IO-
KeMOpHsl Ha OCHOBE XapPaKTEePUCTUK IIPOUCXOKJEHNsI, FeHe3uca U apareHesunca,
a TakKe OCOOEHHOCTeil MOoBeIeHWs 30JI0Ta B 9THUX ycjoBusaX. Takme cCuCTEMBI
OTBETCTBEHHBI 3a (DOPMUPOBAHVE IIPOMEKYTOUHBIX KOJIJIEKTOPOB 30JI0TA, KOTO-
pble pacCMaTPUBAIOTCS KAK OJAHU W3 BAXKHEHININX MCTOYHUKOB JOKEMODUIICKOro
30JI0Ta, IEPEOTIOKEHHOr0 Ha 0oJiee MO3THUX dTANaX. PesyabTarsl MaeOPEeKOH-
CTPYKIMY HEKOTOPBIX MeTaMOP(OTreHHBIX 30JI0TOCOAEPIKAIINX pPa3pe3oB YK-
PAMHCKOIO IIUTA C WCIOJIb30BAHMEM MUHEPAJOTUYECKUX ¥ MeTPOXUMHYECKUX
METO/[0OB IOKAa3ajM, UYTO WX HEePBUYHBIA COCTAB OOYCJIOBJIEH CIEIU(UYECKUMU
re0OXVMUYECKUMU YCJIOBUAMM DAHHErO JOKeMOpHUs.

KiroueBnie ciioBa: MPOUCXOKEHUE, TeHE3NC, [TapareHe3nc, BLIBETPUBAHUE, Ce-
IUMEHTOTEHe3, MaJIeOPEKOHCTPYKIUS, JOKEeMOPUIA.

Beenenmne

B MupoBoii mpaKTHKe JUTOJOTUUYECKUII KOHTPOJL KOHIIEHTPAI[MHM 30J0Ta
npuobpeTaeT Bce Oosbliiee 3sHaueHue. OOIIeM3BeCTHA €T0 POJib B 00pasoBaHUU
POCCBHIIHBIX MECTOPOKIEHUI, B TOM YMKCJe TOKEeMOPHICKMX KOHTJIOMEpPAaTOB.
B mociegHme rogbl yCTaHOBJEHA M HAXOIUT Bce 0OJIbIIee IOATBEPIKIeHNEe BaK-
Hasd POJIb XeMOIeHHBIX M OMOXEMOTeHHBIX IIPOIIECCOB B O0OPas3sOBAHUU 30JI0TA
[1]. Bo BcakoM cayuae, MOKHO CUMTATH OIPENEIAIONINM SHAUEHE OPTaHUKHU B
haHepOo30HCKNX UEePHOCJIAHIIEBBIX TOJIIAX, 4 TAKMKe B HEKOTOPBIX TOKeMOPUIi-
ckux obpaszoBanuax [2, 3]. IpuanunuanbHOe 3HAUEHUE UMEIOT (PAKTBI XEeMO-
TeHHOM KOHIIEHTPAIIMM 30JI0TA B COBPEMEHHBLIX WMJIMCTBIX OTJIOKeHuAX (1mobe-
pesxbe KamuaTku, ceBepo-sanmamubliii meabd YepHoro mops, mobdepeskbe IrTaTa
Operon u apyrue) [4, 5].

Ananus pamubix 1mo YIII mokasbiBaeT ompenesieHHYIO acCOIMUPOBAHHOCTH
KOHIIeHTPAIU 30JI0Ta C APEBHUMU KOHIJIOMepaTaMu, YIJIePOI- U JKeJie30comep-
JKamuMu MetamMop@oreHHbIMEU ToJmamMmu. OgHaKo paciin@poBKa reHeTUYecKoi
MPUPOABLI TAKOUN CBA3UM BeChbMa 3aTPYAHUTEJIbHA M B OOJIBIIMHCTBE CIAYYaeB OT-
cyrcrByeT. C OmHOII CTOPOHBI, HEKOTODbBIE MCCJIEIOBATENN aKIEHTUPYIOT BHU-
MaHue Ha MeTaTepPPUreHHOM XapaKTepe 30JI0TOHOCHBIX KOMILIEKCOB, HO HeJIb3s
OTPHUIATh ¥ BOZMOKHYIO XEMOT€HHYI0 UX IPUPOAY, CBA3AHHYIO C IPOABICHUEM
cruenu(pUUECKUX IIPOIECCOB caaboil XxMMHUUecKoil auddepeHIInaiuy BellecTBa
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3eMHOI KOPBHI B PaHHEM JOKeMOpuu. JTOT BOIPOC TPeOyeT CIeInmaJLHOTO pac-
CMOTpPEHUA U OOCYKAEHMSA, IIOCKOJIbKY OH BO MHOTOM ompefnesseT d(hdeKTus-
HOCTH IIOMCKOB W Pa3BeJKU 30JI0TOPYIAHBIX KOPEHHBIX MECTOPOKAeHUI. B aToit
CBSI3W T€Ma CTaThbU AKMYALbHA.

Ifenv pabomb. — [naTh XapaKTEePUCTUKY U IPOAHAJIU3WPOBATH T'€0JIOTO-
TeHeTUYeCKMNe MOJeJN TUIIePTeHHBIX 30JI0TOPYIHBIX CHUCTEM NOKeMOpUSa Kak
BO3MOYKHBIX IPOMEMKYTOYHBIX KOJIJIEKTOPOB IPU IOCJeRyIoIeM GopMuUpoBa-
HUU 30JIOTOPYAHBIX OOBEKTOB YKPAWMHCKOTO IMuUTa. IS HOCTHKEHUS ITOU
meau OBIJIM PEIeHbl CIeAYIONNe OCHOB8Hble 3a0aiu: a) OUpemeuTh O0IMme
ycaoBuA (PopMHPOBAHUA 30JI0TOHOCHBIX IIOPOA; 0) pasdpaboTraTh MOJesb BHI-
BeTpUBaHUA Kak (PaKToOp pPymooOpas3oBaHUs; 8) paspaboTaTh Mae0JNUTOJIOTH-
YeCcKUe IIOCTPOEHUA AJIA ONPeJeeHNA MECTOIOJNOMXKEeHNH 30JI0TOHOCHBIX DYZ.
W3 comep:kaHuUs 5TUX 3akad cJIegyeT, UTO AAaHHAA CTAaThs HMeeT Ba’KHOE
npaxmuueckoe 3Havenue. O6G0CHOBaHUE MO/eJieli BRIBETPUBAHUS U AJIEOJIH-
TOJIOTUYECKOU, MCIOJH30BaHUE U COBEPIIEHCTBOBAHUE IIPU 3TOM TIeQJIOTHUe-
CKUX TOJIOXKEeHUN PyLoo0pasoBaHUA MO3BOJISIET YTBEDPIKIATH MeEOpPemuLeckoe
3HA4YeHuUe CTaThbu.

daxTHUECKHI MaTepuaJ M MEeTOIbI HCCIeTOBaHUMN

AHanmus reosoro-reHeTUYEeCKUX Mojesell 6asupyeTcsa Ha OosbiioM ¢GaKTH-
yecKoM MaTepuaje (ony0JaIuKoBaHHOM U ()OHAOBOM), B TOM YKCJIE M ABTOPCKOM,
TMOJYUYEeHHOM IIPU M3YUYEHUU OTHEJBHBIX MTOKEMOPUICKUX CTPYKTYP H 30JI0TO-
PYAHBIX O0BEKTOB ¥YKPaMHCKOIrO I[UTa. B KauecTBe OCHOBHBIX METOJOB MCCJIE-
JOBaHUII aBTOPOM IIIMPOKO KCIIOJIb30BAHBI IIETPOXMMUYECKHE U MHHEPAJOTHU-
yecKue (FreHEepPaIlMOHHBIN aHAIW3 IUPKOHA) METOMbI, IO3BOJIAMOIINE IETAJTLHO
OXapaKTepHU30BaTh IIEPBUUHBII BEI[eCTBEHHBIN COCTaB JOKeMOPUMCKUX 30J0TO-
COZepKaIUX TOJII] C TeHETUUECKUX ITO3UIIUIL.

O0uIue moJIoMKeHnd

WsBecTHO, UTO KPYIHEHIIEe MECTOPOKIECHUSA 30JI0TA Ha IJIaHEeTe TeHeTH-
YeCKHM CBABAHBI C METaBYJIKAHOTEHHO-0CAJOUYHBIMU TOJIAMU ITOKEeMOPUIICKOTO
Bo3pacTta. OgHAKO yciaoBUSA X (POPMUPOBAHUA HPUHIIUNINAILHO OTJIUUYHELI OT
COBpeMeHHLIX. PanHeapxeliCKUiI MeXaHM3M HAKOILIEHUS OCAIKOB XapaKTepu-
30BaJjics BechbMa CIelu(pUUECKUMU YCJIOBUAMHU CJIA00I I'PaBUTAIMOHHON M XMU-
Muueckoi auddepennuanuu [6, 7]. Iaa Hux Oblia XapaKTepHa CYIeCTBEHHO
BOCCTAHOBUTEJbHAA BOMOPOAHAA aTMocdepa, TIe JKeje30, MapraHell, 30J0TO 1
Apyrue 3JIEMEHTBhlI SOHEPINYHO MHUI'PHMPOBAJIN B BHUOE KOMILJIEKCHBIX COQ,ZLI/IHGHI/Iﬁ
tuna Fe(HCO,),, Mn(HCO,),. Cynbpusnas cepa He oxmucaanack. Ob6Hapy:xe-
HIEe ayTUTeHHOI'0 IIMPHUTa N OPraHMYEeCKHNX BEIIEeCTB B II€MEHTE 30JIOTOHOCHBIX
KOHTJIoMepaToB BuTBarepcpanga yKasbIiBaeT Ha 3HAUUTEJbHbIE KOHIIEHTPAIIUN
CEepHUCTHIX COeIUHEHUN 1 OPTaHuKHU (THUIa cepobaKkTepuii) 1 BEPOATHOCTh XEMO-
TeHHOUM HmPUPOABI YacTu 3ojoTa [8, 9]. PaKThI TOATBEPKIAIOT, UTO 3HAUUTEb-
HYIO YacTh ra3oBoii ()as3hl paHHETOKeMOpHUiiCKON aTMocephbl COCTABIAIN a30T
Hu yrJjepon, MUI'PHPOBAaBIIINi€ B BOCCTAHOBHUTEJIBHBIX YCJIOBUAX IIPH TeMIlepaTy-
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pax 370-150°C [10, 11]. B srux ycgoBUAX NPV HAJUUYNU IIPUMecel Kejesa,
MBIIIBAKA, IIUHKA PE3KO BO3pacTaja JIETYyYeCcTh a30Ta M 30JI0Ta, UYTO BHISHLIBAJIO
Hems3b6exHOe 00pasoBaHMte BBICOKOMOABUIKHBIX IMUAHUAHBIX KOMILJIEKCOB THIIA
Au[HCN] u makomiaeHme 30J0Ta B GJIATOTIPUATHOIN cpelie CIeIUPUUECKUX Xe-
MOTeHHBIX UIu 6moxemMoreHHBIX TOJI [12]. [loATBep:KAEHNEM 3TOTO ABJIAIOTCS
pe3yabTaThl I/ICCJIe,I[OBaHI/Ifl, IIPOBEOEHHBIX CIIeIuaJInucTaMu ,]IaJIBHeBOCTO‘-IHO-
ro reosioruueckoro mHctTutyTa PAH B 2000-2004 rr. [13], rme Ha mpeacTaBu-
TEJIFHOM T'€0JIOTMYEeCKOM MaTepuajie ¢ IIOMOINbI0 CKAHUPYIOIIETO 3JIEKTPOHHOT'O
MUKPOCKOIIa IIOATBEPIKJAETCA HAJINYNE BHICOKO30JI0TOHOCHBIX MUKPOOMAIBEHBIX
YTJI€POSUCTHIX MATOB, HOACTHJIAIOIINX 30JI0TOCOAEPIKAIIINE KOHTJIOMEPATHI Oac-
ceiina BurBartepcpann. Ilpu aToM OTJIOMKEHME 30JI0Ta SBJIAJIOCH PE3YJIbTATOM
B3aHMOﬂeﬁCTBHﬂ OPraHUKHX U PACTBOPEHHOI'O0 30JI0Ta MJIOBBIX BOJ IIyTEM PEILJIM-
Kanuu o OMOJIOTUYEeCKOM MaTpuIle.

Hoast XxeMOTeHHBIX ITOPOJ B paHHEM HoKeMOpuu Oblja BecbMa 3HAUUTEJIbHA U
COCTaBJIANIA, IO PA3JIMYHBIM OlleHKaM, He meHee 25 % . Cpenu HUX jKele3ucThie
KBapIUTHI U JXKECHUJINTHI, 00Pa30BaBIIINECA B PE3YJIbTaTe KOATYJIAIINN PACTBO-
POB ’KeJjiesa, COCTaBJISAIN OKOJIO 5 % . XeMoreHHbIe MOgeJN UX (GOPMUPOBAHUS
IOCTAaTOYHO XOPOIIIO paspaboTaHbl M 000CHOBaHBI uccaemoBaresamu [8]. Ocranb-
HbIe MeTaxXeMOTeHHBbIe OCaJKU IMpeACTaBJIeHbl KalbIu(hUpaMUu, KBaApIIUTaAMU,
HEeKOTOpbIMU aMpubosuTamMu u rueiicamu. [losmmee, ¢ pasBUTHEM IIPOIECCOB
celMMeHTAIlUU, MMOABUJINCH OCAAKM HU3KOU cTemneHM nupdepeHnuanuu — Me-
TarpayBakku. MexaHmu3M o0pa3oBaHUA apXEUCKUX XEMOTEHHBIX IOPox (KpoMe
JKeJIeBUCTHIX KBapIMTOB) IPAKTUYECKY HEe M3YUYeH U, BO3MOXKHO, CBA3AH CO CIIe-
mUUUECKUM XUMUUYECKUM BBIBETPUBAHUEM («PaCTBOPEHMEM, DA3JIOKEHVEM»)
TMEePBUYHOTO yIbTPadasuT-0a3MTOBOTO 1/UJIN MHOTO cyOCcTpaTa B YCIOBUAX Mep-
BUYHOM MAaJOBOAHOI aTMocdephbl. ITOT MeXaHU3M OOpa30BaHUS XE€MOTEHHBIX
0CaJKOB, KaK cHenudUUecKUX IIPOAYKTOB IepepaboTKU IMEPBUYHOTO cybeTpaTa
IIPOTOKOPHI, HE IPOTUBOPEUNUT MEeXaHU3MaM, IPeAJI0KeHHBIM paHee [8, 14—-16].
Hexotopbie aBTOphI [17] cumTaioT, 4TO KOHIIEHTPAIIMA 30JI0TA B MATHETHUTAX
JKEeJIESNUCTBIX IIOJIOCHATBIX POTOBUKOB U MaI‘HeTI/IT-aM(I)I/IGO.TIOBBIX POTOBUKOB C
nuppotuHoM (ot ciaenoB no 10 Mr/T) cBsIZaHA C COBMECTHBIM OCAKIEHUEM 30-
JIOTa U JKeJjie3a M3 MOPCKOM BoAbl. TaKue XeMOTeHHBIE OCAAKU IOCIYKUIU TOU
0JIaTOTPUATHON CpPeZioii, B KOTOPOH IIPOMCXOAMJIO HAKOILJIeHWe THOIIMAaHaTOB,
DPacTBOPOB METAJLIOB M MX BOCCTAaHOBJIeHWEe. TaKuM 00pasoM, IIPOIleCCHl paHHe-
,Z[OKeM6pPIfICICOI‘O BBIBETPUBAHUA N CEAJUMMEHTOI'€He3a HMI'paJid BAKHYIO DOJIb B
MUTPAIMY U KOHIIEHTPAIIMYU 30JI0TA.

AHnaaus n o0Cy:KIeHHue pPe3yJIbTaTOB

W3zyuenue 11060# reoslornueckoii, a 0COOEHHO — TI'e0JIOT0-TeHEeTUUYEeCKOll 3a-
Jauyy CBOAUTCS K PEIIeHHI0 TaK Ha3bIBAEMBIX OOpaTHBIX 3a7ad, T. €. TAaKUX 3a-
Iau, rjae U3BeCTeH pPe3yabTar, a IIyTH ero JOCTUKEeHNs He3BeCTHLI. B 9Tux cJiy-
yagx IPU PelleHnur HeoO0XO0ANMO BBOIUTDL IIOCJIEI0BATEIbLHO, I B OIIPEIeIeHHOM
nepapxXmuyecKoM MHOpPAAKe, M'PAaHUYHLIE YCJIOBHUSA, IMO3BOJAIOIINE YaCTh CBOMCTB
VI TIPU3HAKOB OIpPENeJIeHHOTO YPOBHS KOMIIETEHIIMU CAeJIaTh JeTePMUHUPO-
BaHHBLIMU, UJIN, KAK IPUHATO B I'€0JIOTUH, TUIOMOP(MHBIMHU.
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OueBuAHO, UTO Hambojiee OOIITMM, HO BMECTE C TeM W I'PAaHUYHBIM, YCJIOBH-
eM OyZeT myTh MOCTYILJIEHUSA SHEPTUU AJA Te0JIOTHUECKOTO IIPOoIlecca, M TaKUX
oyTel CyIlecTBYyeT TOJLKO MBa: a) d9K30TeHHBIN W 06) SHAOTeHHbINH. Peamusamnusa
yepes paboTy 9TUX SHEPTUM U MPUBOAUT K (GOPMUPOBAHUIO TEOJOTUUECKUX 00h-
€KTOB, KOTOPbIe U ABJAIOTCA, C ONHOM CTOPOHLI, IPEIMETOM HAIlero M3yUeHUsd,
a ¢ OPYro#l CTOPOHBI, ABJSIOTCA €IWHCTBEHHLIMHU CBUAETENAMH U (hpUKcaTopa-
MU Te0JIOTUYEeCKUX ITPOoIleccoB. BMecTe ¢ TeM 5TH IOTOKU SHEPTUU ITO3BOJISIIOT
(GYHKIIMOHUPOBATh HEPABHOBECHBLIM CHUCTEMaM, KOTOpPBI€ C ITO3UITHI TepMOIHU-
HAMUKU IPUHATO OTHOCUTHh K OTKPBITHIM. XapaKTep TaKuUX CUCTEM IO CTeleHU
WX Pa3BUTUA U HAMIPABJIEHHOCTU OOLIUHO OIEHWBAIOT BEJIWUYUHON SHTPONUU U
BeJIMUMHON Ipou3BoacTBa sHTpornum [18]. Ilpuuem ecsim 9HTPONMSA CHUCTEMBI
XapaKTepus3yeT CTeHeHb ee YIOPAJOUYEHHOCTH, TO IIPOM3BOACTBO SHTPOIUMU TIO-
Kas3bIBaeT HaIIpaBJIeHUE PA3BUTUA CUCTEMbBI K MOPAAKY UJIN OECIOPAIKY.

WmeHHO 5T TpaHUYHBIE YCJIOBUA U MOTYT OBITH ITOJIOXKEHBI B HAUAJIO CHUCTE-
MATHUKHU 30JO0TOPYIHBIX O0HEKTOB, IEJIbI0 KOTOPOM SABIAETCA KJIacCUPUKAIIMA
WX Ha reoJIoTo-reHeTHUeCcKuX MpuHIUMIax. TakuMm o6pasom, Haubogee KPYITHBIM
TAKCOHOM KJacCU(PUKAIMM MHPEJJaraeTcs CUMTATh 9K30T€HHBINA U SHIOTE€HHBIN
KOMILJIEKCHI, XapaKTepU3YIOIllie OCHOBHYIO 9HEPreTUUYECKYI0 COCTABJIAIONIYIO —
BHEITHIOI0 ¥ BHYTPEHHIO, Ka'KIas M3 KOTOPBIX OIIpPeIesdeTcd CBOMMU Benmy-
UMY SHepPreTUUeCKUMHU ITapaMeTpaMu. BTOPBIM TaKCOHOM BBICTYIIAIOT CEPUU:
TumeprenHasi, ceIMMeHTOTeHHasA, MarMaToreHHasa u Mertamopdorennasa. Cepusa
moapa3yMeBaeT MPOUCXOKIeHNe 00beKTa KaK pe3yJbTaT TJIaBHOTO T'e0JIoTHYec-
KOT'0 IIpoIlecca, PasBUBAIOIIETOCS B 9TOM HacTu JUTOChephl M HPUBEAIIEr0 K
(dopMUPOBAaHUIO 30J0TOTO opyneHeHuA. OUEeBUIHO, UTO K TAKUM ITPOUCXOKIE-
HUSIM MOXKHO OTHECTU: 1) TMIepTeHHOoe U 2) ceAUMEeHTOTeHHOe, KaK CJeICTBUe
IPOIeCCOB, MPOUCXOAAIINX 34 CUET BHEIIHel sHepruu; 3) MarMaToTeHHOe U
4) meTaMop@doreHHOE, KaK CJIEJICTBUE IIPOIECCOB, IPOUCXOAAIINX 34 CUET BHYT-
peHHeN sHepruu 3eMJIu.

B kax0i1 mape IPOMCXOMKAEHUIN OAWH YJIeH XapaKTepu3yeTCA YBEeJIUUYeHU-
eM IIPOM3BOJACTBA YHTPOIHU, T. €. YCIOKHEHHEM CHCTeMBLI 3a CUeT IIPUTOKa
9HEePTUM, a BTOPON — YMEHbLIIIeHEeM 5TOT0 IIOKasaTesd, T. €. YIOPAZOUeHueM
cucteMbl. TakuM 00pa3oM, B Ka'KIOM ITape IMPUCYTCTBYeT IMPOTPECCUBHBIA U
perpeccuBHBIN YJIEHBI.

C TepMOAMHAMHYECKNX MNOBUIWHI IPOTPDECCUBHBIN UJIEH Ka'KION IIaphl Xa-
pakTepusyeTcsa IOBBIIIIEHWEM TeMIIepaTyphl U HaBJEeHUSA, a PEerpecCUBHBIN —
CHIIKEHMeM JTHUX MapaMeTpoB. Tak, B 9HAOTEHHONI IMape IPOTPECCUBHBIMU
OUEeBUIHO ABJAIOTCA MeTaMopduuecKre O0BEKTHhI, a PEerpecCUBHBIMU — VJIb-
TpaMeTaMopdUUecKue NIU MarMaTudyecKkue 00beKThI. B 9K30TreHHOM mape CBA3b
MeXKIy TePpMOAWMHAMHUUYECKNMU TapaMeTpaMu He CTOJb oueBuAHA. OJHAKO ecyin
BEPHYTHCA K HOHATUIO IPOW3BOJCTBA SHTPONHNMU U BeJWUnHe paboThI, peaiu-
30BaHHOI B pe3yJIbTAaTe pacxojla YHEepPruu, TO OUEBUIHO, UTO IIPOTPECCUBHBIM
mporieccoM OyAeT mpoIlecc paspyIleHuWs MOpPOJI, T. €. BhIBeTpuBaHme (B HaIlleM
caydae 9TOT IIpollecc yaoOHee HA3bIBATh T'MIIEPTreHe30M), a PerPeCCUBHBIM —
mporecc cefUMEHTOTeHe3a U MOCAeAYIONINX MPOIIeCCOB JUTUDUKAIINY TOPO/I.

Moodenv 6vi6empuanus. JK30TeHHbBIE YCIOBUA PAaHHETO JOKeMOPUA Xapak-
TEePU30BAJUCH CHeIM(PUUECKUMU MpoIlleccaMu XUMHuUecKou muddepeHIInanum,
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00yCJIOBJIEHHBIMY KAaK JBOJIIOIMEN aTMoc(ephl, TAaK M M3MEHEHHEM XapakTepa
IIPOIE€CCOB BBIBETPMBAHUA IIPU BBIXOO€ Ha IIOBEPXHOCTDHb 6031ee JIETKUX I'PAaHUTHU-
3WPOBAHHBIX TIOPOJ, 4 TaKiKe CYIeCTBeHHO 0a3MTOBOTrO cybcTpara.

Xapaxmepucmuxa npoucxoxdernus. Ha ocHOBAaHUW MHOTOYUCJIEHHBIX WC-
CJIEJOBAHMUI MOXKHO C OIIPEIeJIEHHOM CTEeIeHbI0 ITOCTOBEPHOCTH YTBEPIKIATh,
aTo Han60J1ee BEPOATHBIMU YCJIOBUAMM BBIBETPHMBAHWA PaHHEIO apxed 6BIJII/I:

a) HAJM4YMe MeTacTaObMIbHOM CYIIeCTBeHHO 6a3UTOBOM 060JI0UKY (ITOBCEMECT-
HOe OOHApy’KeHHe MeTarpayBaKKOB OCHOBHOI'O COCTaBa B MeTaMOP(OreHHBIX
paspesax);

0) BeIcoKaa KoHneHTpanua CO,, mepBoHavanbHaA HU3KAA KOHIeHTpanua O,,
nocTeneHHoe yBenuderue oobema H,O, mpusesiiee K BOSHUKHOBEHUIO BBICOKO-
arpecCUBHON KMCJIOTHON rumpocdepsl. Ilapsl nuoxkcuma yriepona, asora, BOIO-
pola m BOABI 00ECHEUUBAIY YCIOBUS, IIPU KOTOPBLIX IIPOUCXOANIIO XMMUUECKOe
BBIBETPUBAHUE IIEPBUYHBIX 0a3aJIbTOB.

Cocmas ammocgepst. Ilo MEHeHUIO uccaenoBaTeseil, IIaBHOM XUMUYECKON
peaknuell ra3oBbIX KOMIIOHEHTOB DaHHeapxeMCKOil aTMmoccepbl, BbIZBaBIIel
pasnoxxernue 6asanbToB, Obln mpomecc CO,+H, = CO+H,0. Baaromapsa aTto-
my nporeccy KonmnenTtpanusa CO, u H, mocreneHHO yMeHbIIalach MPU POCTe
comepsxanusi CO. IlosmHee, B pesyJibTaTe IMOHHMKEHUS TEMIIEPATypPbI, CTAJa
BoamoxkHOHN peaknua CO = CO,+C (rpadur) c o6pasoBanmeM rpauUTOBLIX II0-
pon, a TakiKe 0o0OpasOBaHWU THUIIA «I[MaHOOAKTEepPHAJbHBIX MaToB» [13]. OTu;
IIPOIEeCCHl KATAJN3UPOBAINCH IEPBUUYHLIMY 0a3aJIbTaMHU JUTOCHEPHI, KOTOPEIE
IpeTepIieBaJM CYIeCTBEHHBbIE (PUBMKO-XUMHUUYECKUE IIpeBpaleHus. PaKTbhl
IMOATBEPIKAAIOT, UTO 3HAUMNTEJbHAS YacTh rasdoBOd (hasbl paHHEIOKeMOpMii-
CKOM aTmoc(epbl COCTABJSIN a30T U YIrJIepOJ, MUTPUPOBABIINE B BOCCTAHO-
BHUTEJIBHBIX YCJIOBUAX IIPU IIOBBIIIEHHBIX TeMIIepaTypax. B YCJIOBHUAX CyIIIe-
CTBOBaHMA BOAOPOJHOI aTMoc(heps! ¢ BHICOKUM KoaudecTBoM CO, u BOAAHOTO
nmapa ¢ npumecbio CO, CH,, NH,, H,S, xeme30, mapraner, 30J0TO U APyTHe
9JIEMEHTBhlI SHEPIrMYHO MUI'PDUPOBAJIM B BHUJAE€ KOMIIJIEKCHBIX CO€IUHECHUNU THUIIA
Fe(HCO,),, Mn(HCO,),.

ITocrenummu paboramu Ha Banaruiickom mute [19] ycTaHOBIEeHO, UTO B
paHHeM mOKeMOpMu (POPMHPOBAJACH OBYXKOMIIOHEHTHAsl KOpPa BbIBETPHUBA-
HUS — BePXHsA, CYIIECTBEHHO IJMHUCTAsS, OOOrallfeHHas KajlueM, U HUMXK-
Hss — CYIIECTBEHHO KaJIbI[eBas, IPU 9TOM KOHIIEHTPAIUA [VIABHBEIX KATHOHOB
He3HAUNTEeJbHO IpeBbimaaa 10 Mr/aM® mIpu BHICOKONM KOHIEHTPAIIMU KATHOHOB
JKejesa. ITO yKasbIiBaeT Ha 00jiee BHICOKUII OKUCINTEIbHO-BOCCTAHOBUTEIbHBIMN
TMOTEeHITNAJ JOKEeMOPUMCKUX YCJIOBUI BBIBETPUBAHUA C OJAaTONPUATHBIMU YCJIO-
BUAMU [OJIA MUTPAIUU 30JI0TA.

Xapaxmepucmurxa zenesuca (epynnwsi). Mexauusm (OPMHUPOBAHUS ITOPOJ
IeficTBOBAJ B YCJIOBHUAX PAa3PAKEHHOIN a30THOM paHHEIOKeMOPHIICKON aTMO-
chepsbl ¢ HUBKUM IAPIIUAJBLHBIM AABJICHMEM KMCJIOPOAA U IIOBBIMIEHHON KHUC-
gorHoctu (pH < 5). IIpomcxomuio mauTenbHOE W TJIYOOKOEe M3MEHEeHWEe YJb-
TpabasuT-6a3uToB. Ilpu sTOM QopmMHpoBaANacCh 3pesasd KOpa BbIBETPUBAHUS
COKPAIIEHHOr'0 IMPOMuUIIsi, IPeNCcTaBIeHHad 30HOM, OJU3KOM K 30HE€ KOHEUHOI'O
ruaposusa. PacTBOpHI Iejoueii, B3AaNMOIEHCTBYA ¢ IPOAYKTaAaMU YJIbTpPabasuT-
6a3suTOBOrO COCTaBa, 00Pa30BBIBAIM HepacTBOpuMBIH ocamok Fe(OH), m mocre-
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IeHHO, TIPX BBICOKOM mapnuanbHOM Aasienun CO,, mepeBoguin KpeMHE3eM B
KOJITOUIHBIN pPacTBOpP.

CremyeT OTMETHUTH OIPENEIeHHYI0 PUTMHUUYHOCTH KOpPOOOpasoBaHusA B J0-
KeMOpHUY, BEIPAYKEHHYIO B UepeOBAHUM M3BEP:KEeHHBIX YJIbTPabasuT-0a3uTOB 1
OPOAYKTOB UX BLIBETPUBAHUA, TPEOOPA3OBAHHBIX COOTBETCTBEHHO B aMpuboIn-
Thbl, AaKTUHOJIUTUTHI U IIMPOKCEHUTHI, C IIPOCJIOAMU MarHeTUTOBBIX, MAarHeTUT-
IINPOKCEHOBBIX U I'NTMHO3EMUCTBIX KBAPIINTOB. MOH_IHOCTB 9THUX IIPOCJIOEB OTpa-
JKaeT OJUTEJIBHOCTD U INIyOMHY (DOPMUPOBAHUA MCXOJHBIX KODP BHIBETPUBAHUA.

ITogedenue 3onoma. OTCyTCTBUE KMCJIOPOAA B PaHHEZOKeMOPHUIICKON aTMO-
cdepe CYIIECTBEHHO 3aMEIJISAI0 MPOIECChl XMMHUUECKOT0 BLIBETPUBAHUSA ITOPOT,
OCHOBHOI'0 COCTaBa, II0 PAa3JIMYHBLIM OLEHKAM cocTaBisaBImiux 10 60 % ob6wema
autocdepsl. B pe3Ko BOCCTaHOBUTEJIBbHOU 0OCTAHOBKE 30JI0TO ¥ HEKOTOPBIE APY-
e PyAHble KOMIIOHEHTHhI HAKAIIJINBAJIICh B KOP€ BbBIBETPUBAHUA yanpaﬁasnT-
0a3UTOBBIX IOPOX.

B sTux ycioBusax pe3ko BospacTrajia JETydeCcTh a30Ta M 30JI0T4, YTO BBHI3HI-
BaJio Hems0eXkHOe 00pa3oBaHMe BLICOKOMOABMIKHBLIX ITMAHUIHBIX KOMILJIEKCOB
tunta Au [HCN]. IIpu BBICBOOOMKIEHUM YTJepofa, BILIOTH A0 (hOPMUPOBAHUSA
rpaduTCOAEPIKAIINX TOPOJ, YIJIEPOJ OCBOOOMKIAJICSA M3 ITMAHUIHBIX KOMILIEK-
COB, IPUBOAA K KOATYJAIUN CAMOPOIHOTO 30JI0Ta, YTO MOIJIO OBI CIIOCOOCTBO-
BaTh (HOPMUPOBAHUIO WMHOPUIBTPAIIMOHHBIX THUIEPTEHHBIX PYAHBIX TeJN. OTO
TOATBEP)KAAETCA HAJIWYMEM UYacTO BCTPEUAIOIerocd IlapareHesmca rpadura c
30JI0TOM B T'paduTComep:KaIuX THeiicax, copMUPOBAHHBLIX Ha OCHOBE BBIBET-
penbix 6a3suTOB.

Xapaxkmepucmuxa napazenesuca (kxaacca). IleppoHauaabHBIM TapareHe3u-
coM (momeramMop(hUUECKUM) B 3TOM ciiydae OyJeT caMOpPOZHOe 30JI0TO+TpaduT+
+cumepuT+MardHe3uT+pogoXPO3UT C H30MOP(MHBIMHU IIEPEXONAMU CUIEPUT —
POIOXPO3UT 1 KoJsmougaMu KpemHeseMa. CTelmeHb n3MEeHEHUS MeTaMoPHu3MoM
TAKOr'o0 IapareHesmca 3aBHUCUT OT (hamuili MeTaMopdusMa, KaK U CIOCOOHOCTH
YyacTu KapOOHATOB, OCOGEHHO JKEJIe3UCTHIX, COXPAHATHC.

Takum o6pa3oM, HHGUIHTPAIIMOHHBIE TUIIEPTEHHEIE IIPOIIECCHl IIPUBOUIIN K
(hOopMUPOBAHUIO IBYXCJIOUHBIX II€PBUYHBIX KOD BbIBETPUBAHUSA, BEPXHUN CJIOU
KOTOPBIX TIPENCTABJAJN COO0HM IpayBaKKy, a HUMKHUU CJIOH — XWMHUYECKU 00-
BOIHEHHYIO CYIIIECTBEHHO KapOOHATHYIO TOJIIY CHUIAePOPUIbHBIX MHHEPAJIOB.
B BepxHeit yacTu 3T0# ToaM (hOPMUPOBAJICA Y3KUH ITapareHe3nc CaMOPOJTHOTO
30JI0Ta ¢ rpaduTOM.

Cedumenmayuonnas modendb. YIUTHIBAA TO, UTO I'IIYOMHBI IEPBUYHBIX OKe-
aHMYeCKUX 0acceiiHOB ObLIN HEBEJIUKU, TO M KOMILIEKCHI ITEePBUYHBIX OCATKOB
¢dopMUPOBANIUCH B OCHOBHOM B MPUOPEIKHOM MX YaCTH. ITO 00YCIOBUJIO HAKOII-
JIeHWe 3HAUUTENbHBIX KOJUUYECTB I'PYy003ePHUCTHIX 0CAAKOB C HU3KOM CTEIEeHbIO
guddepeHIIUAIAN.

Xapaxkmepucmuika npoucxoxcdenus. B panaem mporeposoe (u/wiu B KOHIE
TO3JHETO apXes) HPU YBEJWUYEHUUW KOJUYECTBA CBOOOJHOTO KUCJIOPOJA U 3HA-
YUTEJbHOTO YCUJIEHUS ITPOIECCOB MEXaHWUYECKOM M XMMUUYEecKoi auddepeHIiu-
anuy BellecTBa M, B YaCTHOCTHU, IIPOIECCOB CeAMMEHTaIluN, IIOABUJINCH MeJI-
KOBOJHBIE OCaJKU HU3KOI cTeneHu auddepeHIuanuu — rpaBeJIUTHI, apKO3bI,
KOHTJIOMEPAaThI U Apyrue. ITU 00pa3oBaHuA IIPEACTABIANIU c000ii cabo copTu-
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pOBaHHBIE CYINECTBEHHO I'PABEJUTOBBIE MPOAYKTHI Pa3pyIlleHus yJIbTpabasur-
0a3UTOB, XEMOTE€HHBIX JKEeJIe3NUCTO-KPEeMHUCTHIX 00pa30BaHUIl U YIJIEPOAUCTBIX
nopox apxeda. OHu GOPMUPOBANNCHL B MEJIKOBOZHBIX HPUOPEIKHBIX YCJIOBUAX
IOBOJIBHO YBKHX MOPCKMX 0acCCEeHOB IIOBBIIIEHHOM TEMIIEPATYPHI M BBICOKOM
XUMHUYECKON aKTUBHOCTU BOJZOPOJA.

Xapaxmepucmukxa zenesuca. TemmepaTypsl IpoTOMOpeil, BEPOATHEE BCETO,
Kosebanuchk B mpemenax ot 40 go 80°C, mpu 3TOM aKTHBHBIMU KOMIIOHEHTAMU
OBLIV BOJOPOJHBIE COEIUHEHN, B IIEPBYIO 0Uepeab, KUCJIOTH. B ceuMeHTOreH-
HBI!I TPUAOHHBIN CJIOM HMOCTYIAJaW OBJOMKMU 0Aa3MTOBBIX IIOPO, IPETepIeBITe
KopooOpasoBanme, U ayTUTeHHble MuHepasabl. Takas obcTaHOBKa II0 KpailiHeii
Mepe O Hayajga IPOTEePO30s NOIyCKaJa IPEeNMYIIeCTBEHHOE PACIIPOCTPaHEHYE
CyJIbOUIHBIX KOMIIOHEHTOB CEPBI (HZSO3, HZSO 4), YTO IOATBEPIKAAET U3yUEHUE
BKJIIOUEHUH B MUHepajaax.

B sTux ycaoBHAX TakiKe IPOMCXOAMJIO OaKTepHaIbHOE BOCCTAHOBJIEHUE
cepbl BILIOTH A0 H,S, uTo cmocoGcTBOBaNO (HOPMUPOBAHUIO METACTAOUILHBIX
CcyIb(MUIHBIX KOMILIEKCOB 30JI0Ta, BOSMOJKHO C JKeJIe30M THUIa Irpeiirura, jgubo B
(dbopme ruApoCyIbOUIHBIX WU THOAYPATHBIX KoMmiiekcos tuna Au(HS),. Ilpn
5TOM OCHOBHBLIe KOMIIOHEHTHI 6a3uToB (Ca, Mg) BEIHOCUINUCH, a JKeJe30 U Map-
TraHeIl IepepacIpeieaanch U HaKaIJINBaJIUCh.

ITosedenue 3onoma. B sTux ocamkax 30JI0TO, a C MOABJEHUEM YTJIEKUCJIIO-
Thl — ¥ ypPaH, SHEPrUUYHO MUTPUPOBAJIO ¥ HAKAILJIMBAJIOCH B HUIKHEIIPOTEPO-
30MCKUX IPOTOPUMTOBBIX CTPYKTypax. OOoraimieHue TOJII YPAHOM U 30J0TOM
IIPOUCXOAUJIO He TOJIBKO B Pe3yJbTaTe 0CcamouHOU nuddepeHInauy, HO U IIPU
CMeIIeHUY PYAOHOCHBIX PACTBOPOB C MOpPCKMMU Bozamu. Ilo MHEHUIO mcCIeo-
Bareseii [20], HaKomIeHMe ypaHa M 30J0Ta MPEPHIBAJIOCH POCTOM IMEJTOYHOCTHU
MOPCKHUX BOJ BCJIEICTBME CHOCA B HUX INEJOUYHBLIX 3JE€MEHTOB W3 BBIIIENIITNX
Ha TOBEPXHOCTDH U IOBEPTIINXCS Pa3pPYIIeHUI0 MAaCCUBOB I'PAHUTU3UPOBAHHBIX
OPOJ ¥ PAaspyILIeHUWS IIeJOUYHBIX BEPXHMUX TOPUBOHTOB KOpP BLIBETPUBAHUS.
Hpyrum GhaKTOpPOM, CIIOCOOCTBYIOIIIMM YBEJINUYEHNIO0 MUTPAIIOHHON CIIOCOOHOC-
TH ypaHa M 30JI0TA U UX PACCETHUIO, SABJIAJICA POCT B aTMochepe COmep:KaHMIA
KHCJIOpoZa.

B03MOXXHOCTL TEPPUTEHHOTO M XE€MOTEHHOro o0OpasoBaHUA 30JI0TA HEOM-
HOKPATHO O0OCy’XJIaJjiach B JIUTEpPAType B CBA3UW C BOIPOCOM O IIOBEIEHUU B30-
JIOTa OKEaHWYECKOHW BOABI B IIPOIlECCAX OCAAKOHAKOILIeHMA. AHaim3 0co0eH-
HOCTell TeOXMMUU 30JI0Ta TMO3BOJISIET BHIAEJIUTH Hanbogee MOABUKHBIE (hOPMBI
30JI0Ta — TOHKOIUCIEPCHYIO U PACTBOPEHHYIO B BUJe IIUAHUOB U CYJIbGUIOB.
ITIpu sTOoM pacTBOpPEeHHBIE KOMILJIEKCHI 30J0Ta KoaryaupoBanu. Koarymranusa
CBS3aHA C IOBBIMIEHUEM IMEJIOUHOCTH, YBEJIUUYEHUEM POJIM HATPUS U KAJIUS B
pyZoreHese.

Xapaxmepucmuka napazene3uca. PopMUPYIOIIeecss ayTUTeHHOE 30JI0TO IIa-
pareHeTrYecK” MOKeT OBITh CBA3AHO C MUHEpaJaMM TPYIObl TJIAYKOHUTA U
cynbhugaMu Kejaesa (HauwHAas OT rpeiirura mo nmuputa). TeppureHHOe 30JI0TO
dopMupoBasIOCh B IPUOPEIKHO-MOPCKUX POCCHINAX U HA YPOBHE MUKPOOUAIb-
HOI copbmuu. B cayuae (opMupoBaHUS TPUOPEIKHO-MOPCKUX POCCHITIEH 00-
Pa30BBIBAJINCH He IapareHeTHMUYEeCKUEe acCOIUAIlNM, a acCoIuanuyu MUHEDPAJIOB,
00 beIMHEHHBIX TUAPABINYECKON KPYHIHOCTHIO. IIpyu 9TOM HYKHO UMETh B BULY,
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YTO 30JIOTUHBLI MAaJIOTO pasMepa MMEIOT T'MAPAaBINYECKYI0 KPYIHOCTb, COOTBET-
CTBYIOIITYIO KPYIHBIM OOJIOMKAM APYTUX MHHEPAJIOB, a CJeJoBaTelIbHO, (op-
MHUpPOBaHME U HAKOIJIEHWE TaKMX HPUOPEKHBIX pPOCCHIIell OLLIO BO3MOYKHO B
TOJIMIAX KPYIHOOOGJIOMOUYHBIX I'PAaBEJIUTOBBIX 00pa30BaHUIA.

Obwue éonpocv. pa3pabomrku nanieorumonozuieckux nocmpoenutl. Insa
pacmu(pPOBKN TeHe3WCa MOITHBIX MOHOTOHHBIX MeTaMOP(MOTIeHHBIX TOJIII]
(THelicOB, KPUCTAJIJIOCIAHIIEB, KBAPIIUTOB, aM(1OOJIUTOB 1 IP.), B TOM UUCJIE U1
30JI0TOCOIEPIKAIINX, O0PABOBABIIINXCS B PE3yJbTaTe IIPOIECCOB PaHHEZOKeMO-
putickoii nuddepeHIINAIINY BeIlecTBa, HEOOXOIMMO ITPUMEHeHNe CIeIlNaTbHBIX
METOJOB IaJIeOPeKOHCTPYKImu. OJHMM M3 TaKUX METOLOB ABJAETCA TreHepa-
IIUOHHBLIN aHaJIM3 aKIeCCOPHOTO IUPKOHA, paspaboraHubiii B OmeccKoM yHU-
Bepcuretre [21, 22]. OH mpexmosaraeT AeTaJbHOE OHTOTEHWUYECKOe M3YUeHUe U
KOJIMYEeCTBEHHOE OIIpeliesieHre PEeJINUKTOBBLIX, CUHIIETPOTEHHBIX W HAJOMKEHHBIX
TeHeTUYECKUX THUIOB aKI€CCOPHOI'O IUPKOHA KaK «CKBO3HOIO» MIHepaJa, ycC-
TOWYMBOTO B IITUPOKOM MHATIa30HE I'e0JIOTUYECKUX YCJIOBUM U 06CTAHOBOK.

s maseopeKOHCTPYKIINY MeTaMOP(MUUECKUX TOJIIN MCIOJIb3YIOTCA PEIUK-
TOBBLIE TeHEeTHUeCKHre THUILI IMupKoHa. OHKM 00pas3yioTes 10 GOpMUPOBAHUA TJIaB-
HBIX acCOoIMaIuil TopPog000pasyoInx MUHEPATIOB, 1 TI0 CBOUM OHTOT€HUYECKUM
0COOEHHOCTAM [eNATCS Ha KJaCTOTeHHbIe M MarMaTOTeHHBIe. JTO YIleJeBIIne
OCTATKM MCXOIHOTO MaTepHajia MarMaTHUYeCKHX, OCAAOYHBIX M MeTaMopduue-
cxux mopoa. Oco6eHHOCT MOP(OJIOTUN M BHYTPEHHETO CTPOCHUSA PEeIUKTOBBIX
KJIACTOTEHHBIX ITUPKOHOB M MX HCIIOJb30BAHUA MIPU MAJEOPEKOHCTPYKIIUAX 30-
JIOTOCOZIeP KAIINX Paspes3oB JeTalbHO paccMOTPeHbI HaMu paHee [23]. 3mech me-
00X0TMO OTMETHUTDH, UTO PEJIUKTOBBLIN KJIACTOTeHHBINA ITMUPKOH M3MeHAET CBOM
00JIMK B 3aBMCHMOCTHU OT XapakTepa AesuHTerpanuu u auddepeHnuanuu mep-
BUYHBIX BYJKAHOTE€HHO-OCAJOUYHBIX TOJIIII.

B mMeramarmatmuecKkmxX mOpojaX HUKOTIAA He (QUKCUPYIOTCS KJIaCTOTeHHBIE
IOUPKOHBI. OI[HOBpeMeHHOQ IIPUCYTCTBHE B IIOpOAE€ MAarMaTOT€HHBIX U KJIAaCTO-
TeHHBLIX IIUPKOHOB CBUIETEJIBLCTBYET O €€ MeTAaTePPUTEeHHOM reHe3uce B YCJO-
BUAX cjaboit ocamounoil nuddepennuanuu. K TakoMy THUIIYy ITOPOJ OTHOCATCS
MeTarpayBaKKM, obpasoBaBIIHecsd B PaHHEM MTOKEeMOPUU II0 TPy0O3epPHUCTHIM
ocaJKaM B CIelUPUUeCKUX YCJOBUAX caaboi muddepenHnuamuu. ['eHesuc mx
JaJIeKO HesCeH W CBS3aH, BO3MOKHO, C XUMHUYECKUM PACTBOPEHWEM U IIepeoT-
JIOKeHUEeM IIePBUYHOT0 YJIbTpabasuT-6a3mToBOTO cyOcTpaTa.

H3yueHne pesMKTOBBIX IIMPKOHOB I'DAHAT-OMOTUTOBBIX U OMOTUTOBBIX T'HE-
COB M3 pasdnuuHbIX paiioHOB YIII mokasbpiBaeT, YTO OHUM B OCHOBHOM 00pasoBa-
JIUCh 3a CUET OCAJJOUHBIX ITOPOJ BBICOKOM U CpeAHell CTeleHW COPTUPOBAHHOCTU
TUIIA TIEJIUTOB 1 aJIEBPUTOB, PeKe MEeJIKO3ePHUCTHIX ITEeCKOB. B OTIeIbHBIX CIy-
YyaAdX KOJUUECTBO KJIACTOTEHHBIX IIMPKOHOB YMEHbLIIIAETCA 3a CUeT MarMaTude-
CKUX, UTO CBUAETEJLCTBYET 00 yBeJIMUEeHUUN HEOTHOPOIHOCTH OCAJOUYHOTO MaTe-
puasa u IpubIMKEeHNN UX K I'Py003epPHUCTHIM 00pa30BaHUAM TUIIA I'PABEJIUTOB
WU KOHTJIOMEPATOB.

ITpu naseopeKOHCTPYKIIY KBapIIUTOB BBILENAIOTCA TPU I'PDYINIBI IIOPOJ: Me-
TaTeppureHHbIe, MeTaXeMOTeHHbIe U MeTacomaTuueckue. CybcTpaToMm MeraTep-
PUTr€HHBbIX KBapIIUTOB CJIYXKHUJIU PA3JINYUYHBIEC II€eCUaHble M II€eCUHAHO-TJIMHUCTHBIE
oO0pasoBaHuA. B mociegHeM ciaydae B 3aBUCUMOCTU OT CTEIIeHW MeTaMopduama
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COCTaB aKIIECCOPHBLIX MHHEPAJOB XapaKTepudyeTcsd OOJILIITNM PasHoOOpasmeM.
B Hux moaBiasioTcs rpa”HaT, CUJIJIMMAHWUT, WUJIBMEHHUT, IIOJIEBBI€ IIIIAThI, KO-
PYHI, CTaBPOJUT, SMUAOT, PYTHUJ U Apyrue MuHepaabl. K MeTaxeMOTeHHBIM
M MeTacoMaTUYeCKUM IIOPOJAM OTHOCATCS OOJBIIIMHCTBO KeJe30COAepPKaIIuX
KBapIIUTOB, B KOTOPBIX PEJMKTOBBIN ITUPKOH OTCYTCTBYyeT. IX MuHepaJIbHBIHA
coctaB Oojiee omHOOOpaseH. JOCTATOUHO CJIOKHBIM IIPECTABJIAETCA COCTAB
KambrudupoB. Cpein HUX BBIAEAAIOTCS MeTaxeMOTeHHbIe (KaabIu(uphl Te-
MpPIOKCKO# cBuThl B [IpuaszoBre um HeKOoTOpHIe Kanbiudupsl I1o0y:xba) u MeTa-
comMaTuyecKue TUIHI (OTHeabHbIe Kaabiudupsl B [100y:xbe, oOpasoBaBIIHecs 3a
cueT Tab6pouIOB).

ITaneonuTosmornuecKkue PEKOHCTPYKIIUU, BBITIOJHEHHBLIE C ITOMOIIBIO TeHe-
PaIOHHOTO aHaJAMW3a IMUPKOHA, MO3BOJAIOT BOCCTAHOBUTDL CTPOEHUE MCXOMHBIX
paspesoB MeTaoCaJOUYHBIX TOJII, T. €. BBIMTOJHUTL PEKOHCTPYKIINIO OTAETbHBIX
5JIEMEHTOB Te0JIOTHUYECKUX CTPYKTYp. HamMu ObIIM BBITTIOJHEHBI TaKue PeKOH-
CTPYKIIMU IJIS OTHAEJbHBIX YacTell TEMPIOKCKON M OCUIEeHKOBCKOU cBuT B Ilpu-
a30Bbe, a TaK/Ke OTIeJbHBIX pas3pe3oB Oyrckoii cepum B Iloby:xbe. Ilpu sTom
OTMEYEHO, YTO KeJIe3UCThIe KBAPIIUTHI IIPUYPOUYEHBI B OCHOBHOM K X€MOI'€HHBIM
JKeJIe3MCTO-KPeMHUCTBIM paspesdaM. [Ipuuem, KaK IpaBuUJjO, B OCHOBAHUM UX
pacmoJiaraioTcsA TOJIIMM MAarMaTOTeHHBIX IIOPOJ OCHOBHOTO cocTaBa. B To ke
BpeMs pasHooOpasHble KBAPIIUTHI 13 METATEePPUTEHHBIX KOMILJIEKCOB OTHOCATCS
K MeTalecuaHMKAM U He COAep:KaT OpyIdeHeHusd.

Ilaneonumonozuieckue peKkoHCMPYKUUU pa3pe3oé memasyriKaHOZEHHO-
ocadounbvlx monw, omdenvrvix pationoé YIIJ. Huxxe Ha mpumepe paspe3oB
XaIleBaTO-3aBaTbeBCKOM CBUTHI Oyrckoit cepuu AR, B IToGyxckom paiione u de-
4JeJIeeBCKO CBUTBI MHTyJIO-uMHTYyJenKol cepuu PR, B Kuposorpaackom paiione
TpuBeNeHbl Pe3yJbTaThl MAJeOPEKOHCTPYKIIMY METaBYJIKAHOTeHHO-0CAJ0UYHBIX
Toami. IIpy BoccTaHOBJIEHWHM paspesa 30J0TOCOAEPKAINUX MeTaMOP(GUUECKUX
IOPOJ, XallleBaTO-3aBaJIbeBCKOM CBUTHI Ha ydacTKe Bocroumo-KamycTsaHcKoro
30JIOTOPYAHOTO TposaBiaeHuA B [lo0y:KcKoM paiioHe OB MCIIOJIb30BaH IIPe.-
JIOYKEHHBIN MeTOJ] MAaJeOPeKOHCTPYKIINU IO PEeJUKTOBOMY ITMPKOHY. B cocrTaB
CBUTHBI BXOOAT MpaMopa u RaJIBI_II/I(I)I/IpBI, WHOrma ¢ MarHeTUTOM, IIMPOKCEeH-Mar-
HETUTOBBIE KBapIWTHI, JKEJIeBHBIE DPYABLI, CKAPHOUIHI, I'paduUT-OMOTUTOBLIE U
OHPOKCEH-OMOTUTOBbIe T'HEIChbI, OCHOBHBIC KPHUCTAJJIOCJAHIIEI M aM(UOOJIUTHI.
TouKoguCcHIepcHAA 30J0TOPYAHAS MUHEPAJIMU3AIuA IPUypoUeHa K JKeJIe3UCThIM
KBapImuTaM ¥ KOHTAKTaM WX C TOHKMMHU IpocjosaMu ampuboauToB. B paspese
BBIZIENISAIOTCA (CBepxXy BHU3, puc. 1): a) HampyaHas ToJIa opToamMGubOInuTOB
M XeMOTeHHBIX KaabIudupoB MOIIHOCTHIO A0 100 M; 6) mpOoAyKTUBHASA TOJI-
1A KeJIe3HUCTBIX KBAPIIMTOB C IIPOCTOAMU aM@PUOOJINTOB MOIIHOCTHIO A0 50 M;
8) TOoJpYyIHAA TOJINA AKTHHOJUTUTOBBLIX aM(PUOOIUTOB € IIPOCIOAMU Oe3pyi-
HBIX KBapIIATOB MOIIHOCTBIO A0 110 M.

AHanus KeJjie3uCThIX KBAPIIUTOB U aM(puOOJIUTOB ITOKAa3aJl OTCYTCTBHE B pas-
pese ODPOAYKTHUBHOU TOJIIINA PEIUKTOBBIX THUIIOB IITMPKOHA, UTO IIO3BOJIMJIO OT-
HECTH 3TH HOPOJbI K OcalKaM XeMOTeHHOTO TreHesuca. MaJIOMOIITHbIE ITPOCJION
TPaHUTOUAOB, BCTPEUaloIIMecs B paspesde, MMEIOT MeTaTepPUTEHHBIN TeHe3ucC.
Hexoropeie amMpubOIUTLEI IOAPYAHOM TOJIIKM 00pas3oBajanch 3a CUeT I'pydosep-
HUCTBHIX OCAIKOB THUIIA TPAYBAKKOB.
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Puc. 1. Cxematuueckuii paspe3 Bocrouno-Kanycrauckoro npoaBieHusa

AHanmus JUTOJOTMUECKUX KOJOHOK IIOPOJ APYTHUX pPaspe3oB XallleBaTo-3a-
BaJbEBCKOM CBUTHI B IIpefesiaX paccMaTpuBaeMoil o6JlacTu TaKiKe CBHe-
TeJBLCTBYeT 00 MX MeTaXeMoTeHHOM TreHesuce. CympakpycTajabHBbIE IIOPOIBI
KOIITapo-aJeKCaHAPOBCKOM CBUTHI M OTAEJBHBIX Paspe3oB HepacuJIeHeHHOH
JHECTPOBCKO-0YICKOI cepuu MMEIOT CYIIeCTBEHHO MeTaTepPPUTreHHBIN I'eHe3uC.
Ha puc. 2 mokasaubl pes3yabTaThl ITaJEOPEKOHCTPYKIIMKU pa3pesa mMeTamMopdu-
YeCKUX U yJbTpPamMeTaMOphUUeCKUX IOPOJ II0 PeJIUKTOBOMY IIMPKOHY Ha ydac-
TKe CaBpaHcKoOro pynonposaBiaenus B Ilo0y:KcKoMm paiioHe.

OcHOBHBIE 30JI0TOCOZEPIKAIIe pasdpesbl B KupoBorpaJackoM pygHOM paiioHe
(Knuumosckoe u IOpbeBcKoe pyAHBIE MMOJS) IPUYPOUYEHBI K IOPOAAM HHTYJIO-
WHTYJIEIKOH Cepuy IMajJeolpoTepo30s, Iae IpeobdsamaioT GMOTUTOBBLIE ILJIATHO-
THEMChl M KPHUCTAJJIOCHAHIbl. ['eHepallMoHHbBIN aHAJW3 IIUPKOHA ITOATBEPAMI
WX TeHesuC 3a CUeT MeJUT-aJIeBPUTOBOTO CyOCTparTa, a TaKkyKe 3a cueT Irpybosep-
HUCTBIX OCAAKOB THUIIA TPayBaKKOB.

I1s1 TOATBEPIKIEHUS dTUX BBIBOJOB U OLIEHKY IIEPBUYHOI0 XUMHUUECKOTO CO-
craBa MeTaMOP(OreHHBIX pyAoBMelaIux Toiail Ilo6ys:xckoro u Kuposorpasn-
CKOT'0 PYIHBIX PailOHOB OBLIM BHITIOJHEHBI IEeTPOXHUMUYecKue mepecueTbl. OHU
MOKas3aju, 4TO COCTaB MeTaMOP(MUUECKUX IIOPOJ Xall[eBaTO-3aBaJbeBCKOH CBU-
THI OTBEYAET IMOJI0 TJIMHO3€MHCTO-MarHe3snaJlbHO-KeIe3UCTO-KPEMHUCTHIX II0-
POZ, UTO COOTBETCTBYET IOPOJaM XeMOreHHOro reHesuca. CocTaB MeTaMop-
ryecKUX MMOPOJ UeuesIeeBCKOM CBUTHI HHTYJIO-UHTYJEIIKOH Cepuu OTBeUaeT
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Puc. 2. PeKOHCTPYKIINSA MAJIE0JTUTOJOTUUECKOT0 cocTaBa MeTaMophuueckux mopog Cas-

PaHCKOro yuacTKa (0 aKI[eCCOPHOMY ITMPKOHY) (CKB. 556):

1 — KBapIUT MArHETUT-INPOKCEHOBLIN; 2 — CKapH ANOICHUJ-MAarHEeTUTOBBIN; 3 — KaJjb-
nuup AUOICHA-MATHETUTOBBINA; 4 — KPHUCTAJLIOCIAHEI] MArHEeTUT-KBapIl-MIHPOKCEHO-
BBHI; 5 — MerMaToOuAHBLIA I'paHUT; 6 — TeHeBhle I'PaHAT-OMOTUTOBBIE TMIIEPCTEHOBBIE
rpaHuThl; 7 — IOPOALI OCAJOYHOr0 UYexJjia; 8 — IeJIUTOBbIEe OCAAKU; 9 — XeMoreH-
HbIE JKeJIe3MCTO-Marue3naJbHO-KapOoHaTHEIE ocaagKku; 10 — TeppuUreHHbIe ajJeBPUTOBLIE
ocagku; 11 — XeMOreHHBIE KeJIe3UCTO-CUJIMKATHBIe ocanku; 12 — mHomepa mpob, u3

KOTOPBIX BBIIIOJIHEH I‘eHepaIlI/IOHHI)II;'I aHaJIn3 aKIeCCOPHOI'o ITMPKOHAa
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N30XMMHUUYECKIM rpyunmnam JKeJle3nCTO-MarHe3najJbHO-aJIOMOCUJTINKATHBIX n
I1eJI0YHO3eMeILHO-ATIOMOCUINKATHBIX TIOPOJ OPTOPAZAa, a TaKyKe TIPYIIe Iiie-
JIOUHO3€MeJIbHO-TJINHO3€MUCTHIX OCHOBHBIX IIOPOJ OPTOPSAZA. ITO BIIOJHE COOT-
BETCTBYET IIOJII0 TIOPOJ, KJIACTOTE€HHOTO (TIEPBUYHO 0CA0UYHOTO0) reHesnca, oopaso-
BaBIIINXCSA 34 CUeT 0A3WTOB B YCJIOBUSX cjaboil xmMuuecKoit aupdepeHuanmuu.

BriBoasl

TakuMm 00pasoM, BHIMOJHEHHbBIE UCCJIEeAOBAHUA ITO3BOJIUIN CHOPMYIUPOBATD
cJIeyIoIliie OCHOBHBIE BHIBOJBI.

1. PeTpocleKTUBHBINI aHAJIW3 W OIEHKA PaHHETOKeMOPUHCKMX YCJIOBUM
dopMuUpPOBaHUA KOP BBIBETPUBAHUSA, B TOM YHCJE U C UCIOJH30BAHUEM II€TPO-
XUMUUYECKUX U MUHEPAJOTUUECKUX METOHO0B, IIOKA3aIu, UTO CIeNUudUUecKue
arMocdepHble IeoXMMHUYeCKHe yciaoBus (HusKad KoHIeHTpanusa O,, BhICOKOe
comepaxanne CO, 1 BOZOPO/Ja) MOIJIM CIIOCOGCTBOBATE KOHIIEHTPAIMH 30JI0TOCO-
JepsKalinX KOMILIEKCOB B IIPUIIOBEPXHOCTHOM CJIO€ KOPHI BhIBETPUBAHUA (THUIIA
rpayBaKKOB) ¥ KOAryJAIIMHU 30JI0Ta ¢ 00pasoBaHMEM HMHMUIbTPAIMOHHBIX T'H-
MEePreHHbIX PYAHBIX TeJ (B HUMKHEM CYIIECTBEHHO TJIMHHCTOM CAIIPOJUTOBOM
cJioe KOpPBbI BHIBETPUBAHUA). OTO IIOATBEPIKIAeTCS HAJIUYMEM dYacTO BCTpeda-
[oIerocss mapareHesuca rpadgura ¢ 30J0TOM B rpaduTcogep:Kallinx TrHelcax,
chopMUPOBAaHHBIX HA OCHOBE BBIBETDEJBIX 0A3UTOB.

2. YciaoBus paHHeZOKeMOPUIICKOHM ceAMMeHTAIlMM OO Hadajia IIPOTEPO30s
JOIyCKAJX IPEMMYIIeCTBEHHOE DPACIPOCTPaHEeHUe CYJIb(MUIHBIX KOMIIOHEHTOB
ceper (H,SO,, H,SO,) ¢ mocrynienuemM B BOgoeM OGJIOMKOB (GasUTOBBIX IIOPOJ
u (GOpPMHUPOBAHUEM AyTUTEHHBIX MHUHEPAJOB THUIIA TJIAYKOHUTA W CYJb()UAOB.
B sTux ycioBusSX TaksKe IPOMCXOAMJIO OaKTepHaTbHOE BOCCTAHOBJIEHUE CEPHI,
BILIOTE J0 H.S. 9ToT mpomecc crnoco6cTBOBaN (DOPMUPOBAHNIO METACTAOMIBHBIX
CyIb(MUIHBIX KOMILIEKCOB 30JI0TA4, B TOM UHCJe B ()OpMax TUIPOCYIbGOUIHBIX
WA THOAYPATHBIX KoMILlekcoB Tuna Au(HS),. [lanHbIe yCI0BUA NPUBOJUIN K
HaKOILJIEHUIO JKeJjie3a U mapranma, a Ca, Na, K u Mg nHTeHCUBHO MUTPUPOBAIHA
B BoxHOIi cpefe. IIpu aToM pacTBOpeHHBIE KOMILJIEKCHI 30JI0Ta KOAryJIUPOBAJIH,
YTO OBLJIO BHI3BAHO IIOBBIIIEHUEM IIEJIOYHOCTH, ¥ BHIIAJATINA B OCAAOK.

3. TeppureHHoe 30J10TO (POPMUPOBATIOCH B IPUOPEIKHO-MOPCKUX POCCHIIAX
U Ha YPOBHE MUKPOOMaJbHOI copbuuu. OOpasoBanme UM HaKOILJIEHUE MPUOperK-
HBIX POCCBHIMNEl OBLJIO BOBMOYKHO B TOJINAX KPYIHOOOJOMOUYHBIX I'DABEJIUTOBBIX
o0pas3oBaHuii.
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TEOJIOTO-TEHETHYHI MOJEJI I'TIIEPTEHHUX 30JI0TOPY THAX
CHCTEM SIK OCHOBA ®OPMYBAHHS ITPOMI:KHUX KOJEKTOPIB
30JI0TA B TOKEMBPII (HA IPUKJAJI YKPATHCBKOTO II[ATA)

Pesrome

Hagegneni pesyabraT; aHaai3y Ta OIiHKY I'e0JIOTO-TEHETUYHUX MOJEJel TinmepreHHuX
(BUBITDIOBAaHHSA i CeIUMMEHTOTeHEe3y) 30JIOTOPYAHUX CHUCTEM Ha MHifICTaBi XapaKTepPUCTUK
TMOXOI)KEHHs, TeHE3NUCY 1 mapareHe3ncy, a TaKoK OCOOJMBOCTE MTOBENiHKY 30JI0Ta B IIUX
ymoBax. Taki cucremu BinmoBimasbHiI 3a (hpopMyBaHHS NMPOMIMKHUX KOJIEKTOPiB 30JI0TAa,
AKI MOXKYTH POBTIAJATUCH AK OJHU 3 HAWBAKJIMBIIINX mKepes AoKeMOpifichbKoro 30-
JIoTa, TepeBiaKJameHoro Ha OiJabII HisHINMMX eTamax. Pe3yJbTaTH MaeOPEeKOHCTPYKITiT
IesIKUX MeTaMOP(OTEHHUX 30JI0TOBMIIIIYIOUMX PO3PidiB YKPaiHCHKOTO IUTA 3 BUKOPUC-
TAHHAM MiHEpPaJIOTIiYHMX i MeTPOXiMiUHMX METOAiB IIOKAa3aJiv, IO iX MEePBUHHUN CKJAT
00yMOBJIeHUH crenuivHUMY Te0XiMiYHMMU yMOBaM¥ PAaHHBLOTO AOKEMOpito.

KarouoBi cioBa: moxoaskeHHsi, TeHE3UC, MapareHe3nc, BUBITPIOBaHHS, CeIUMEHTOre-
He3, PEKOHCTPYKI[id, MOJEJIi 30JIOTOPYAHUX CUCTEM, HJOKeMOpil, YKpaiHCbKUH IITUT.
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GEOLOGIC-GENETIC MODELS OF HYPERGENE GOLD-ORE
SYSTEMS AS THE BASIS OF THE FORMATION OF INTERMEDIATE
COLLECTORS OF GOLD IN PRECAMBRIAN (ON THE EXAMPLE

OF UKRAINIAN SHIELD)

Summary

The paper contains the results of analysis and evaluation of geologic-genetic models
of hypergene (weathering and sedimentation) gold-ore systems of the Precambrian on
the basis of characteristics of origin, genesis and paragenesis, as well as the behavior
of gold in these conditions. Such systems are responsible for the formation of inter-
mediate collectors of gold, which are regarded as one of the most important sources of
Precambrian gold redeposited at a later stage. Results paleoreconstruction some meta-
morphic gold-sections of the Ukrainian shield using mineralogical and petrochemical
methods showed that their primary composition is caused by specific geochemical
conditions of the Early Precambrian.

Key words: origin, genesis, paragenesis, weathering, sedimentogenesis, paleorecon-
struction, models of gold systems, Precambrian, Ukrainian Shield.
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