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[TPOTPAMMA-MUHUMYM
KaHJUAATCKOr0 9K3aMEHa 0 CIIEUaIbHOCTH

25.00.09 «I'eoxuMusl M reOXMMHUYECKHE METOALI IONCKOB
MEeCTOPOKIEHUI MOJIE3HBIX HCKOMAEeMBbIX»

I10 T'€0JIOr0-MHUHEPAJIOTHICCKUM, XUMHUYCCKUM, 6I/IOJ'IOI‘I/ILIGCKI/IM, (l)I/I3I/IKO'MaTCMaTI/ILIeCKI/IM n
TCXHUYCCKUM HayKaM

Beenenue

B ocHOBY HacTosmIei MporpaMMBI TTOJI0KEHBI CIICAYIOMINE TUCIUIDIHHEL: 00IIas TeOXUMHUH, TEOXUMHUS OTIEIbHBIX
JJIEMEHTOB, (pU3HYecKas TEOXUMUS, TEOXUMUS H30TOIIOB M T€OXPOHOJIOTHS, TCOXUMHICCKIE METOBI IIOMCKOB U
Pa3BENIKU MOJIE3HBIX UCKOMAEMBIX, SKOJIOTHUECKasi TEOXUMHUSI, MET/Ibl TEOXUMUYECKUX UCCIICIOBAHHM.

[Iporpamma paszpaboTana kaenpoit reoxuMun reosorondeckoro akynsrera MI'Y u o1o06peHa 3KCepTHEIM
coBeToM BrIcmiei aTTecTalimOHHON KoMHIccHn MuHHCTepeTBa 00pazoBanms Poccuiickoit @eneparnmu o Haykam o
3emie.

1. O0BEeKT reoXuMun

OnpeneneHre TEOXUMHUNA. ATOMBI XUMHYECKHIX 3JIEMEHTOB B IPUPOE, OCHOBHBIC IPOOIEMBI TCOXUMHUH:
PacTpoCTpaHEHHOCTh XUMHUECKUX AIIEMEHTOB H paclpeielicHHe UX B IpUpoie. BO3HHKHOBEHNE TEOXIMHU.
OcnoBomnounararomue pabotsl .Y, Kiapka, B.W. Bepuanckoro, B.M. lNompammuara, A.E. @epcmana. OcHOBHBIC
TCHACHIHNU pa3BUTUA T€COXUMHUHU BO BTOpOI71 nosioBuHe XX Beka. OCHOBHBIE TPYAbI 110 TCOXUMUH.

MecTo reoXxuMun B CUCTEME HayK O 3emute.

2. MeToabl TeOXUMHYECKUX UCCIIeI0BAHUI
(aHanUTHYECKASI TEOXMMUS)

XUMHKO-aHAJIUTHYECKHE, PUBNKO-XUMHYECKUE U (PU3MYECKHUE METO/IbI U3YUEHUsI COJICPIKAHUS U COCTOSIHUS
3JIEMEHTOB B IPUPOIHBIX O0BEKTAX.

3HaueHHe U COOTHOIIEHHE METOO0B TEPMOIMHAMUKH ((PU3UUECKOI XUMHUH) U KPUCTAIIIOXUMHH ((DPU3UKH TBEPIOTO
Tena) B reoXuMur. Polib pU3NKO-XMMHUUECKOTO IKCIIEPUMEHTA.

MaremaTHyeckre MeTOAbI 00pabOTKH Fre0XMMHUYIECKUX JaHHBI 1 OBM-MoaennpoBaHus.

3. IIpobema pacnpoCTPAHEHHOCTH XUMHYECKHUX 3JIeMEHTOB
B NIpupoje

OnpezeneHne MOHATHA PACIIPOCTPAHEHHOCTH JIEMEHTa; CIOCOOBI BEIpa)KEeHHs pacrpocTpaHeHHOCTH. [lorsTHE O
COJIEpP’KaHWH DJIEMEHTa B 00BEKTE KaK CIy4ailHOW BeIMUMHE; BUI QYHKIHMH pacripeaeneH s Coep>KaHus SJIEMEHTOB
B 00BEKTaX, IOHATHE O CPEAHEM COJICP>KaHNH U IUCTIEPCUH COEPKaHUi B OJJHOPOJHBIX 00bekTax. «CirydaiiHoe»
(croxacTHyeckoe) ¥ IPOCTPAHCTBEHHO YHOPSJOYEHHOE (IeTEPMUHUPOBAHHOE) pacpe/ielIeHHE 3JIEMEHTOB.

OcHoBHBIE (OPMBI COCTOSIHHS BEIECTBA BO BCeNeHHOMN: 3Be3/Ibl, pacCcessHHAS MaTepHsl, XOJIOAHbBIE Tella, U3JTyICHHUS,
npoOIeMa «CKPBITOW MacChl» TaIaKTHK.

Tonusmue kxocmuueckoi pacnpocmpanHeHHoOCmu 31emMeHmoe



PacnpoctpanenHocts nemenToB Ha CosHie. MeToab! oneHKH. OCHOBHBIE 3aKOHOMEPHOCTH PACHPOCTPAHEHHOCTH
HYKJIMJIOB B 3aBUCHMOCTH OT aTOMHOT0O HOMepa. [Ipoiiecchl HyKJI€OCHHTE3a i OCHOBHbBIE THUIIBI SIACPHBIX PEAKIHIA.
PagunoaktusHbie siipa. [IoHATHE 0 BO3pacTe XUMHUYECKHUX AIIEMEHTOB. DBOJIOIHNS 3BE3/1 U UX XUMHUYECKUIN COCTAB.

Pacnpocmpanennocmb oJleMenmoes 6 memeopumax

MunepanbHbiii ((a30oBbIii) COCTaB METEOPUTOB; KIacCUBHUKAIHS METCOPUTOB; MPOOIeMa CPEHETO COCTaBa
METEOpUTHOrO BenlecTBa. OCHOBHBIE 3aKOHOMEPHOCTH PACIPOCTPAHEHHOCTH 3JIEMEHTOB B XOHJIPUTAX; CPABHEHUE
METCOPUTHOHN M COTHEYHOMN KPUBBIX PACIPOCTPAHECHHOCTH DJIEMEHTOB — CXOJICTBA U pa3iuuusi. Pabotsr B.M.
Tonpammuara, A.I1. Bunorpanosa.

MeTeOpI/ITLI KaK T€OXUMHYCCKas CUCTEMA U MPCACTABJICHUC O TBepZ[Oﬁ (bpaKum[ MEPBUIHOIO MPOTOMIIAHETHOT'O
BCLICCTBA, 3aKOHOMCPHOCTU €Iro COCTaBa. Wnes o (bpaKHI/IOHI/IpOBaHI/II/I DJIEMCHTOB B IIPOTOIJIAaHETHOM o0J1ake u ee
(l)I/I?;I/IKO'XI/IMI/I‘IeCKI/Ie OCHOBAaHUsI.

BTopuyHbIe siepHBIC pEaKIMK B METCOPUTAX; KOCMHUECKAst HCTOPHSI METCOPHUTOB; MMOHATHE O BO3paCTe
METEOPUTHOT'O BEUIECTBA U KOCMUYECKOM ("'9KCIIO3UIIMOHHOM" ) BO3pacTe METEOPUTOB.

PaCﬂpOCthaH@HHOCWlb IJIEMEHM OB 68 NIIAHENMHOM eeuecnee

MGTOI[BI OIICHKH. OCHOBOHOJ’IaFaIOHIaSI TUIIOTE3a 00 aHAJIOTUU XMMHYECKOTO COCTaBa TBEPAOTO BCUICCTBA IIJIAHCT U
COCTaBa METCOPUTOB. I[Be TpynIibl IJIAHET ConHeuHOM CHUCTCMBI; PA3JINYINA B UX CTPOCHHUHU U COCTABC.

I[aHHLIe 0 IJIaHeTaX 3eMHOI TpynIibl; CpEeAHAS IJIOTHOCTD IIJIAHCT U €€ UHTCpHpETAllUA; POJIb MCTAIUIMICCKUX AALCP
B CJIOXKCHHUHU ITIJIAHCT. I/I/:[e;{ o q)paKI_[I/IOHI/IpOBaHI/II/I DJICMCHTOB B IIPOLECCC aKKPCUH.

Pacnpocmpaﬂeﬂﬁocmb 9/IeMEHMO8 8 3eMHOU Kope

MeToibI OIICHKH CPEIHEr0 XUMUYECKOTO CocTaBa 3eMHOM Kopbl. PaboTsr ®.Y. Knapka, B.1. Bepuaackoro, 1. u B.
Honnakos, B.M. lN'ompammuara, A.E.@epcmana, A.I1. Bunorpanosa. CoBpeMeHHbIE IPEJICTABICHUS O CTPYKTYpe
36MHOM KOPBI; TUIIBI 36MHOM KOpBI. Macca KOpbI U OTAEIIBHBIX €€ CTPYKTYPHBIX €IMHUL; OLIEHKA MAcCC Pa3InyHbIX
TeHEeTHUYECKUX TPYIII MOPOoJ B 3eMHO# kope. PaboTs! A. ITonaepsapra, A.b. Ponosa, A.A. beyca, C.P. Teitnopa.
CoBpeMeHHEIEC OIICHKH PAaCIpOCTPAHEHHOCTH JIIEMEHTOB B 3¢MHOM KOpE; OCHOBHBIE 3aKOHOMEPHOCTH
pacTpoCTpaHEHHOCTH 3JICMEHTOB B 3eMHOU KOpe.

HPEI[CTaBHEHI/Ie 0 KOpax IUIAaHET KakK TeOXMMHYECKON CUCTEME. HpI/IHHI/IHI/IaJ'H)HOG OTJIMYME COCTaBa KOPhI 3GMJ'II/I,
Jlyns1, Benepsl, Mapca oT cocTaBa HCXOIHOTO (COTHEYHO-METEOPUTHOI0) BEIECTBA.

I[IpencraBnenue 06 arMocepax u ruapocdepax miaHeT Kak TeOXUMUYECKUX cucTeMax. J[Ba tuma atMocdep
IU1aHeT. [ 'eoXuMHuYecKre MpU3HaKy "XOJIO0AHOT0" porncxoxaeHus ianeT. Pabots! A.I1. Bunorpanosa.

Cmpoenue 3emnu u Opyeux nianem 3eMHO20 MUnNad, COCMAs U NPOUCXoAHcoeHue 10pa 000104ex

l'eodmznueckue naHHbIE O CTPOSHUHU 3eMIIH. 3eMHast Kopa, MaHTHs, s1ipo. CrocoObI OIEHKH CPEHETO COCTaBa
oboouex u sipa 3emun. [lonnmopdusm u cocTosiHME BelIecTBa B IIyOHMHHBIX cepax 3eMiTH.

COBpeMeHHLIC JaHHBbIC O XUMHWYCCKOM COCTAaBC MaHTUU 3€MJ'II/I; np06neMa reOXHMHYECKOHN TeTCPOTrCHHOCTH
MaHTHH.

OO61mmre 3aKOHOMEPHOCTH pacTpeeNIeHUs JIEMEHTOB 10 000JI0YKaM 3EMJIH, COTTIOCTABIIEHNE C METEOPUTAMHU.
IIpuniun BelmiaBienus u aerazauuu. Knaccuyeckue npencrasienus B.M. IN'onpammuara u A.E. @epcmana o
MEPBUYHOMN MU epeHIHaIIN IUTAHETHOTO BEIECTBA; THIIOTE3kI BEIUIaBICeHUS; runoTe3a A.Il. Burorpanosa 06
AHAJIOTUH TPOIIecca BHITUIABICHUS U JIeTa3allii MEXaHU3MYy 30HHOTO IUIABIICHHS U e (PU3UKO-XUMHUYECKOE
ocHoBanue. Pabotsr A.I1. Bunorpamosa.

I[aHHI)IC 0 CTPOCHNHU .HyHLI 1 COCTABC MOPOJ €€ KOPhbI; OLI€HKA COCTaBa NOpoJ BCHepLI n Mapca; COIIOCTAaBJICHUC C
METCOpHUTaAMU. BCGO6IIIHOCTB MPUHIUIIA BBIIIJIABJICHUA U A€Ta3alluu AJIA IIJIaHCT 3eMHOM T'PpYIILL. BaKOHOMepHOCTI/I
(I)paKIII/IOHI/IpOBaHI/II/I 9JICMECHTOB B XO0€ ﬂn(l)(bepeﬁunaunn IIAaHECTHOI'O B€IICCTBA.



DHepreTrKa IUIaHeT: POJb PAIUOTCHHOTO TeIIa, APYTHe BUABI JHEPTUH (TpaBUTAMOHHAs | Ap.). TepMmudeckas
WCTOpHS IUTaHET 3eMHON TPYIIIIHL.

4. I'eoxumMuyeckasi Kjiaccupukanms 3JieMEHTOB

3amada xnaccudukanuu. [lepuoamaecknii 3akon .. Menzneneesa n xnaccudukanus smeMenToB. Kiaccnpukarms
B.1. BepHazackoro; npyrue KiacCupUKaInH.

Wnes xnaccudpukannu B.M. Tonpammuara. Pacnipenenenue 31eMeHTOB 110 NPUHIMIHAIBHBIM (azam
METEOPUTHOT'O (IIPOTOIUIAHETHOT'0) BEIECTBA; TEPMOMHAMHUYIECKHE OCHOBAHUS 3TOTO pacipesencHus. CBs3b ¢
noyoxernreM B Tabmure J.M1.MenzneneeBa 1 Ha KPHBOI aTOMHBIX 00beMOB. PacipocTpaHeHHOCTE AIIEMEHTOB H
NPUHIUI KIaccuukammm.

5. Cocrosinue ((popMbI HAXOKIEHHSI) IJIEMEHTOB B PUPOJIE

MuHepaiibl — IpOAYKTHI IPUPOAHBIX XUMUUECKHUX peakuuid. HanpaBieHHOCTh peakiuil; KpuTepuii MUHUMYMa
cBoOoxHOM 3Hepruu. IIpencraBienue o reoXxuMuIecKux OyepHbIx cucremax. OrpaHHYCHHOCTD YHCIIA
MHUHEpPAIBHBIX BUIOB; 0OMEHHBIE peakuy, Oy(epHble paBHOBECHS, H30MOP(HHU3M KaK (haKTOPHI, OTPAHNINBAIOIINAI
YHCII0O MUHEPATBbHBIX BUI0B. AndepeHuanis 31IeMeHTOB B TEOXUMHIECKUX TPOIeccax M YHUCIO MHHEPAIbHBIX
BHUJIOB.

Paccesnune smeMeHTOB B npupone. TepMO,I[I/IHaMI/I‘IeCKI/Ie OCHOBAaHU: PACCCAHUA; 3aKOH B.N. BepHancxoro. qDOpMLI
paccesaHus 3JICMCHTOB.

SIBnenue nzomMophu3Ma aTOMOB B KPUCTAIUIAX M €ro TeOXMMHUYECKOe 3HaueHHe. TepMoMHaMU4YeCKUe OCHOBAHUS
ABJIEHUS n30Mopdu3Ma (00pazoBaHus TBEPABIX (Da3 IEPEeMEHHOT0 cocTaBa). [IBa IIaBHBIX BOIIPOCA TEOPUH
n3oMopdu3Ma: cTabUIBHOCTh H30MOP(HBIX CMeceH U €€ 3aBUCHMOCTb OT TEPMOJIUHAMHYECKHUX YCIOBHH;
MOBE/ICHUE M30MOP(HBIX CMecel B pa3IMuHbIX (ha30BEIX paBHOBeCHsX. [IoHATHE O TEpMOIMHAMUYIECKUX (YHKIHAX
CMEUICHHS, X CBSA3b C KPUCTAJUIOXHUMHUEH.

OCHOBHBIE THITHI H30MOP(H3MA: H30BAJICHTHBIN, TETCPOBATICHTHBIN U JIp. DMIIUPHUYECKHUE ITPaBHIIa H30MOP(H3Ma:
npaBuio 15 %, mpaBuito «3axBarta» U «aomycka» B.M. [Nompammuara. 3oMopdu3M 1 acconuanuy 3IEMEHTOB B
npupoze; nzomopdusie psiusl B.U. BepHanckoro; quaronaneHsie psaasl A.E. @epecmana. M3omopdusm kak
MeXaHU3M paCCesHUs, KOHIICHTPUPOBAHUS U Pa3ICIICHUS SIIEMEHTOB.

HpeﬂCTaBHeHI/Iﬂ 00 acconuanuAax XUMHUYICCKUX 3JICMCHTOB B IIPUPO/JIC.

6. ®U3MKO-XUMHYECKHE OCHOBBI T€OXUMHH
(pu3nyeckasi reOXuMHs)

OCHOBBI TEPMOJIUHAMUKH IPUPOAHBIX cucTeM. OCHOBHBIE OHATHS TEPMOIMHAMUKH (CHCTEMBI, (ha3bl,
KOMITOHEHTBI, TApaMeTpPhl COCTOSIHMUS, 1-1i 1 2-if 3aKOHBI TEPMOAMHAMUKH. Y cJI0BUs paBHOBecus. [IpaBuiio a3
I'u66ca. TepMoaMHAMUYIESCKHE IOTSHIIMABI CUCTEM. 3aKOH TU(epeHIMaIbHOMN MOABIKHOCTH KoMITOHEeHTOB J[.C.
Kopxwunckoro. TepMoIuHaMUKa CHCTEM € BIIOJHE MOJBM)KHBIMUA KOMIIOHEHTaMH (TepMOAMHAMHUYECKHE
MOTEHIIMABI, TpaBuiio $ha3 u ap.).

YpaBHEHHUE CMEIIEHHOTO PaBHOBECHS M BBITEKAIOIINE U3 HETO 3aKOHBI (3aKOH JIEHCTBYIOMNX MACC, YpaBHEHHS
Kunamnefipona, Bant—T odda u ap.). CmocoObl TEpMOIUHAMHYECKOTO pacyeTa (pa3oBbIX paBHOBECHIA.

I[I/Ial"paMMLI COCTOSAHANA KOHACHCUPOBAHHBIX CUCTEM. Z[I/Ial"paMMLI COCTOSAHUSA CUCTEM C JICTYYHUMHU U APYTUMU
BITOJIHE ITOABWXKHBIMU KOMIIOHCHTAMMU. Byq)epm)le CHCTEMBI U UX TCOXUMHUYCCKOC 3HAUYCHUC.

PacmipeieneHue XUMHUYECKUX 3JIEMEHTOB MeX 1y (azamMu B yCloBuUsixX paBHOBecHs. 3akoH ['enpu u np. [lonsrtue
K03 UIMEeHTa pacpeieNieH s, 3aBUCUMOCTh OT TEMIIEPaTyphbl U JaBJICHHUS; IPEICTABICHUE O TEOTEPMOMETPAX U
reobapomeTpax.

TepMO,HI/IHaMI/IKa BOJHBIX paCTBOPOB. CDOpMLI HaXOXACHUA 3JIEMECHTOB B paCTBOpAx, aKTUBHOCTU U KOHUCHTPALlUU
KOMITOHEHTOB. 3aKOH H€6aH'XIOKK€H$I. PaCTBOpCHI/IC, NEPEHOC KOMIIOHCHTOB, KOMHJ’IGKCOO6pa3OBaHI/IG 1 MIPUYUHBI



ocaxaeHus. KHCII0THO-OCHOBHBIE M OKHUCIUTEIFHO-BOCCTAHOBUTEIIBHBIE peaku, tuarpaMMbel Eh—pH.
[IpencraBneHns 0 TCOXUMHUYECKUX Oaphepax.

OcHOBHBIE TIpeCcTaBIeHNs 0 AUGPY3UU U KOHBEKIIMU KaK MEXaHW3Max MaccolepeHoca 1 tuddepeHnuaniy B
reoXuMuu. BinsiHIe TpoHHIaeMocTu cpepl U (Ja30BOro COCTOSIHUS MOABMKHOM (ha3bl, GUIIbTPAlMOHHBIH 3P dEKT.
Ponp kuHeTHYECKHX (PAKTOPOB B pEAKIIIAX MUHEPaIoo0pa3oBaHus. [IoHATHE 0 JHHAMUKE IPOLIECCOB 1
TUHAMUYECKHAX (PU3UKO-XUMIYECKUX MOJEISX MPUPOIHBIX IPOIIECCOB.

ITonsiTue 0 MUrpanuu 1eMEeHTOB. SIBJIeHNUs KOHIIEHTpauuu U paccesiHua. OCHOBHBIE pa3feIUTeIbHbIE IPOIECCH] B
3eMHOH Kope: 1pu audQepeHraniy paciiiaBoB, IPU B3aUMOICUCTBUU (QUIIBTPYIOLIMXCS BOJ C IIOPOJaMHU.
TepMoanHaMIUYECKHE 3aKOHBI Pa3/IeJICHNS 3JIEMEHTOB ¥ H30TONOB B TOMOTCHHBIX CHCTEMaX: TPAaBUTALIMOHHOE
paBHOBecHe, TepMoauDy3Hs; TEPMOANHAMIYECKHE 3aKOHBI Pa3/IeICHHs 3JIEMEHTOB  H30TOIIOB B T€TEPOT€HHBIX
cucTeMax (pacrpezaeneHue 1o ¢Gazam): paBHOBECHS KPUCTAIUIM3ALUH, INKBAINH, PABHOBECHS Ta3 — PACILIAB,
paBHOBecHe TBepas (haza — BOAHBIN pacTBop. CBONCTBA COETMHEHHH 3JIEMEHTOB, IPEJONPEACIAIOIINE UX
paszeneHre: MapaIbHbIe MOJIBHBIC SHTAIBIINHI, SHTPOIINH, 00BEMBI, TEINIOEMKOCTH B TBEPIBIX M KUAKHUX (a3ax,
M3MEHEHHE 3THX BEIWYHH NPH (a30BbIX MEPEX0ax; HX CBI3b ¢ KOIPGHUINCHTAMU PaCIIPEACICHHS.

DneMeHTapHBIC CBOHCTBa aTOMOB W HOHOB, OIIPEICIISAIONINE CBOWCTBA HX COCTUHECHHUI: TCOMETPUICCKIE — MMOHATHE
00 aTOMHBIX ¥ HOHHBIX PaJIyCcax, COBpPEMEHHEIE MTPEICTAaBICHUS O pa3Mepax aTOMOB U HOHOB; BAJICHTHOCTh U

3¢ eKTUBHBIH 3apsi aTOMOB W HOHOB; CBOMCTBA CBSI3U — IPEACTABICHHUS O XapaKTepe CTPOCHHUS SJICKTPOHHBIX
000I0YeK 1 BaXXHESHUIIINX TUIIAX XUMHUECKON CBSI3U B COCNMHCHUAX: MOHATHUS TOJSIPU3AINA 1
ANEKTPOOTPHUIATELHOCTH; XapaKTep CBSI3U B OCHOBHBIX TPYIINAax MUHEPAIOB (CHIMKATaX, COJAX KUCTOPOTHBIX
KHCJIOT, OKKCJIaX, THIPOOKKCIAX, TAIOTeHIIaX, Cynbduaax, Metaiax). DyHmaMeHTaIbHOE 3HAYCHUE OTHOIICHUS
3apsJia MIOHA K €ro pa3Mepy; MOHATHE HOHHOTO MOTEHIINANA; AUarpaMMa HOHHBIX TIOTEHIHAIIOB.

[ToHsiTHE SHEPTUU KPUCTATUIMYECKON PEIIETKH U DHEPTHH aTOMHU3AIUN KPUCTAJIIOB; TEOPETUUECKUE YPABHEHUS;
AKCIIEPUMEHTAIbHBIE METO/IBI ONpEe/IeNieHs. | eoXuMudyeckoe 3HaU€HUE YHEPTUN KPUCTAIIMUECKON PEIIeTKY.
Dueprerudeckue ko3 duiuentsr (3Ku) A.E. Depcmana, mpuHIKATHATIBHAS OTPAHUICHHOCTh crcTeMbl DKOoB;
yueHue o naparete. CBs3b KPUCTAUIOXUMUYECKOTO U TEPMOJUHAMHUYECKOTO MOJX0JA0B B TEOXUMHUH.

H30TOIBI XUMUYECKUX 3JIEMEHTOB. Pa3HuIIa Macc aTOMOB KaK MPUYHMHA Pa3JIelICHHs] H30TOIOB JIETKUX 3JIEMEHTOB B
¢usnueckux U GU3NKO-XMMHUECKHUX MpOLIEccax, MPEICTABICHHUS O TEPMOJANHAMHYECKUX U KHHETHYECKUX
n3oTornHbIX 3¢ pexrax. Koadduuuents GppakunoHUpoBaHus, UX 3aBUCUMOCTh OT TEMIIEPATyPhl U IaBJICHHS.
Junamuka GppakiMOHUPOBAHUS U30TOIOB B 3aKPBITHIX U OTKPBITHIX CHCTEMaX.

CrabunbHble ¥ HeCTaOMUIbHBIE U30TOIBI, SIBIICHHE PAJHOAKTUBHOCTH, PAJHOT€HHBIE H30TOMBL. THIIBI
PaznoaKTUBHOCTH. 3aKOH PaJAHOaKTUBHOTO paclaja, HOHATHSI KOHCTAHTHI paciaja U Iepuoja rnojypacnaja.
ITpuHIMIIBI U30TONTHON FE€OXPOHOJIOTUU. MeTo H30XPOH.

7. 'eoXMMHUs re0J10ru4eCKUX Npoueccon
Teoxumus maemamuyeckozo npoyecca

XUMHWYECKHH COCTaB M KIaCCU(PUKAIMI MarMaTHIecKUX Mopoa. PacnpocTpaHeHHOCTh 371eMEHTOB B MarMaTHYECKUX
IIOPOJAX; 3aKOHOMEPHOCTH U3MEHEHUS PACIIPOCTPAHEHHOCTH B 3aBUCUMOCTH OT COJAEPKaHUS KpEMHE3EMa.
Accomuanyy 3JIeMEeHTOB YIIBTPAOCHOBHBIX, OCHOBHBIX, KHCIIBIX U IIEIOYHBIX MOpo. [IpencrasneHue o

T epeHINPOBaHHBIX CEPUAX MarMaTHYECKUX HopoA. OTHOCHTENbHAS PaCTIPOCTPAHEHHOCTh PA3JINYHBIX THIIOB
MarmMaTH4eCcKux Mopoz.

Ou3nKO-XMMHIYECKHE 3aKOHOMEPHOCTH KPUCTAIUIN3ALMHN TTI0P01000pa3yoNINX CHIIMKATOB U ITOBEJICHUE JIEMEHTOB-
npumeceid B 3Tom mpornecce. Pabotsr H.JI. Boysna u B.M. Nonpqmmuara. ConocTraBiieHHe 3aKOHOMEPHOCTEH
MOBEJ/ICHHS DJIEMEHTOB B IPOLIECCE MArMAaTHYECKOW 3BOJIIOIMH C Pe3yJbTaTaMu (PU3NKO-XMMHUUECKOTO aHalH3a;
uzaes 00 OCHOBOTIONATAONIEH PO KPUCTAINTM3AIMOHHON TuddepeHIraiui Kak MEXaHu3Ma pa3/ieIeHus
AIIEMEHTOB B MarMaTH4eckoM mporecce. Pu3nko-xuMudecKas OIleHKa APYrux TUIoTe3 AuddepeHInanuy MarMmsl
(yTmKBaIys, Ta30BBIM EPEeHOC, TpaBUTAIIMOHHAS TUDDY3HUs).

[IpencraBneHne 0 «IIEPBUYHBIX MarMax»; yCJIOBH (DOPMHUPOBAHMSA MarM B 3¢MHOI KOpe ¥ BEpXHEH MaHTHH, COCTaB
«IIEePBUYHBIX» MarM. ['€0XUMUS KPUCTAIUTU3AIMOHHOH 1 epeHINaii; 3JIeMEHTHl IPOTOKPUCTAIUIA3AIINH,
TJIABHOTO 3Talla KPUCTAJUIM3AINH, OCTATOYHBIX PACIUIaBOB. ['€OXUMHUS yIBTPAOCHOBHEBIX OPO/, 6a3aJIbTOB,
MIETIOYHBIX TOPOA, KapOOHATUTOB; TEOXMMHUIECKHE PHU3HAKH UX TITyOMHHOTO (MAHTHIHOTO) MPOUCXOKACHUS.



I'paHUTBI, X XUMUYECKUH M U30TOTHBIN COCTaB; MpobiieMa (OPMHUPOBAHHS IPAHUTHOTO BEIIECTBA B 3¢MHOM KOPE;
MIPEICTABJICHHUS O SBICHUAX TPAaHUTH3AIIH.

Turel MarMaTH4ecKuX pyIHbIX MecTopokaeHui. [Iponece nuddepeHnmanny Marmsl Kak mporecc
pyzooOpa3oBaHusl; pOib KPUCTAIIIM3ALMOHHON MU depeHnnanmm.

T eoxumusn neemamumos

[IpencraBneHne o MErMaTUTax Kak OCTATOYHBIX TEOXUMHIECKUX cucTeMax. OCOOEHHOCTH CTPYKTYPHI M COCTaBa
MIETMAaTUTOB B COIIOCTABJICHUH C COCTABOM MAaTEePUHCKUX NOPOJ. ['€OXUMHS rpaHUTHBIX IETMATUTOB; 0OCOOCHHOCTH
CTPOEHHS, KJIACCU(PHKAINH, ITOCIIE0BaTeIbHOCTh (hopmupoBanus. Pabotsl A.E. depcmana. ['mnotesst o
MexaHu3Me (POPMHUPOBAHUS NETMaTUTOB; (PU3NKO-XMMHUECKHE OCOOEHHOCTH CHIIMKATHBIX CUCTEM C JIETYYHMHU
KOMIIOHEHTaMH. | '€0XUMMsI IErMaTHTOB LEJIOUHBIX U APYTUX TUIOB MOPOA. THUIIBI Py, CBSI3aHHBIX C IErMaTUTaMU.

Teoxumus 2p€lz3€H06 u nHeemamoaumoes

Acconuanys 3JIeMEHTOB I'PEH3eHOBBIX 00pa3oBaHuid. [Ipu3HaKN BEICOKOTEMIIEPATYPHBIX PEaKkInii ra3oB ¢
HOpoAaMHu; poiib hTOpa, a TaKXKe XJIopa, 6opa, cepsl U ap. THITEI MECTOPOXKACHNH, CBS3aHHBIX C TPEH3eHaMH.

CocraB BYJIKAHWYCCKUX I'a30B; 3aKOHOMCPHOCTHU U3MCHCHUA COCTaBa BOAHBIX HCTOYHHUKOB 1 I'a30B BYJIKAHHUYICCKUX
obacreii B XO0A€C BYJIKaHUYCCKOro Imponecca. I'a3nI FOBEHUIBHBIC K BO3POKACHHBIC; TCOXUMHUYCCKUC ITPU3HAKHU
MPOUCXOKACHHUA BYJIKAHNYCCKUX I'a30B.

DHU3NKO-XMMHIYECKHE 3aKOHOMCPHOCTHU PACTBOPHUMOCTH I'a30B B CWJIMKATHBIX pACIlJIaBax; 3BOJIOIUA COCTaBa
ra3oBoi (1)2131,1 B 3aBUCUMOCTH OT TEMIICPATYPbl U NJaBJICHHUA. ComnocTaBlICHHE C OPpUPOAHBIMU JAHHBIMH.

Teoxumus eu()pomepMaJZbHO-MemacomamuueCKux npoyeccoe

Acconuanys 3JIeMeHTOB B THAPOTEPMaIbHO-METACOMATHUECKUX 00Pa30BaHMX; KOPPEISLIUSA acCOIMAIUA
3JIEMEHTOB C TE€0JOTUYECKHUMH YCIOBUSAMU (POPMUPOBAHHS MECTOPOXKICHHH.

Cynbetuanas TuHUS npolecca. THITBI THAPOTEPMAIbHBIX CYIb(GHUIHBIX MECTOPOXKICHUN 1 COOTBETCTBYIOLINE UM
acCOLMallUU PYAHBIX JJIEMEHTOB.

KonrakTHrie IpoueccChl. TwHmbs KOHTaKTHBIX O6pa30BaHHI>i; CKapHBbI, (1)6HI/ITLI " Ap.; COOTBETCTBYIOIINEC UM
acconuan pyaHbIX 3JICMCHTOB.

MeTacoMaTHdeCcKue 1 aBTOMETaCOMaTHISCKIE 06p330BaHI/I$IZ MPONUINTBI, BTOPUYHBIC KBAPUUTHI, 6€p631/ITLI,
MICJIOYHBIE METACOMATHUTEI, FyM6CI/ITbI, ApPTUJIA3UTBI, IPOAYKTBI JOJIOMUTHU3AIIUN, CEPIICHTUHU3AUN
YJIbTPAOCHOBHBIX IMOPOM, aJ'Ib6I/ITI/ISaI_[I/II/I TPaHUTOMUAOB U JIP.; UX TCOXUMHNYCCKUEC 0COOEHHOCTH U COOTBETCTBYIOIIIUC
MM accolanu pyJHbIX 3JIEMCHTOB.

TepMmoanHaMUUeCKHE YCIOBUS THIPOTEPMAILHO-METAaCOMAaTHYECKUX TIpolieccoB. JJlaHHbBIE 0 cocTaBe
THIPOTEpMAIIbHBIX PAaCTBOPOB, O TEMIIEpaType 1 JIaBJICHUH NporieccoB. OCOOEHHOCTH COBPEMEHHOTO
THIPOTEPMAIILHOTO Py1000pa30BaHusL.

Tpu ocHOBHBIE TPOOIEMBI THAPOTEPMATEHO-METACOMATHYECKHUX POLIECCOB: HCTOYHHK BEIIECTBA, CIIOCOOBI
HepeHoca 1 CriocoObl OTIIOKEHUS; M UX PEIICHHE Ha OCHOBE HJIEH O B3aMMOJICHCTBUH BOJ C MarMaMH ¥ TOPHBIMU
nopozam. [IporcxoxxaeHne OCHOBHBIX KOMIIOHEHTOB THAPOTEPMAIBHBIX PACTBOPOB (MarMaTor €HHEIE,
MeTaMop(OoreHHbIE BO/IBI, 3aXOPOHEHHBIE BOJIBI OCAJOYHBIX MTOPO); GaKThl ¥ THIIOTE3b. [IponcxoskaeHne pyTHbIX
KOMITOHEHTOB THAPOTEPMAIBHBIX PACTBOPOB; MarMaToreHHast U 0CaJ04HO-MeTaMop(oreHHast THIIOTE3bl; TaHHbIS
10 U30TOITHOMY COCTaBY CBHHIIA, CepPbI, KHCIopoaa. COCTOSHUE FIEMEHTOB B THAPOTEPMATBHBIX PaCTBOPax;
(hu3MKO-XUMHYEeCKHEe (hPaKTOPHI, CTIOCOOCTBYIONINE PACTBOPEHHIO M IEPEHOCY PYIHBIX AJIEMEHTOB. DaKTOPHI
OTJIOXKEHHUS M KOHIICHTPUPOBAHUS PYIHBIX JIEMEHTOB U3 PACTBOPOB; (pyHIaMEHTaNbHAS POJIb B3AUMOICHCTBHUS
PacTBOPOB € MOPOJAMH KakK (haKkTOpa PyAOOTIOKEHHUSI.

OCHOBBI (HM3UKO-XUMHUIECKON AUHAMHUKH THIPOTEPMaIbHO-METaCOMAaTHUECKUX IporeccoB. Teopus
MeTacomatndeckoi 3oHansHOCTH, J[.C. KopskuHCKOT0. 30HATBHOCTH U CTaIHHHOCTS THAPOTEPMAIHHO-
METacOMaTHYeCKHUX 00pa30BaHMI KaK OTpakeHHE THIPOTEPMATEHO-METaCOMaTHIECKOH nuddepeHnnam
351eMeHTOB. DaKTOPBI M MEXaHU3MBbI THAPOTEPMATbHO-METACOMAaTHIECKON An(PepeHIIHALINN; POJIb H3MEHEHUS



TEeMIIepaTyphl, JaBICHUS; 3HAUCHUE TPOIIECCOB IUIBTPAIIH 1 B3aUMOACHUCTBIS PaCTBOPOB C TOPOJAMH, CMEIIICHHE
pacTBOpOB. EMMHCTBO 30HAIBHOTO psifia OTIOKEHUS METAIUIOB. MHOT00Opasue yciIoBuil popMupoBaHus
THIPOTEPMAIILHBIX PACTBOPOB Kak (PaKTOp MHOT000pa3ws TUIIOB THAPOTEPMAIHHO-METaCOMA-THIECKUX
MECTOPOKIEHUM.

Teoxumus npoyeccoe 6bl6empueatus u 0ca0K006pa303an1

I'eoxumuueckast (I'onbamiMuATOBCKAS) KiTaCCUPUKAIUS 0CAT0YHBIX 00pa30BaHUH. XMMUYECKHH COCTaB U
ACCOIMALIUU JIEMEHTOB PA3JINYHBIX TUIIOB 0CAJOYHBIX OpoA. OTHOCUTENbHAS PACIPOCTPAHEHHOCTh Pa3IMYHBIX
TUIIOB OCaJ0YHBIX TTOPOA.

®uznko-xummyeckne Gakropsl ocanounor nuddepenuanyn. Poss TemnepaTypsl, 1aBleHHs, COCTaBa aTMOC(epbI
Y BOJI; 3HAYCHUE AaKTHBHOCTH HBBIX OPraHM3MOB U OPIaHUYECKOT0 BelIecTBa 0cakoB. KucioTHocTh 1
OKHCJINTEIbHO-BOCCTAHOBUTEIBHBIN MMOTEHIINA PACTBOPOB Kak (DaKTOPbI pa3JefieHns] U KOHIICHTPUPOBaHHas
anemenToB; nuarpamMmbl Eh—pH. Crienndrka Gpu3nko-XxuMHUUECKHX YCIOBHI POLECCOB BHIBETPUBAHUS U
MO0YBOOOPa30BaHMs, CHOCA, OCAIKOHAKOIUICHHS, THareHe3a; CBA3b C T€0J0r0-TeKTOHNYECKIMH U KINMAaTHIECKIMHU
YCIIOBHSAMU; THITHI OacceifHOB ocaakoHaKomIeHusT. OcOOEHHOCTH COBPEMEHHBIX IIPOIIECCOB 0CAAKO00pa30BaHu:
TEOXUMHS KOP BBIBETPUBAHUS 1 II0YB KOHTHHEHTOB; 0COOCHHOCTH IPOLEcCOB ()OPMUPOBAHHUS KOHTHHEHTAIHHOTO
CTOKa, CPEIHIH COCTaB JKUIKOTO U TBEPAOTO CTOKA, APYT'He MEXaHM3MbI TOCTABKH MaTepHaia, HX KOJINUCCTBCHHBIC
OLICHKH; IMHAMHUKA CEAMMEHTANH B OacceifHaX OCKJOHAKOIUICHNS, T€OTEKTOHMYECKHE U (annaibHbIe
3aKOHOMEPHOCTH OTJIOXKEHHSI TEPPUTCHHOT0, OMOTEHHOTO ¥ XEMOT'€HHOTO MaTepHasia; FTeOXuMHs AuareHesa. PaboTsl
H.M. Ctpaxosa, A.Il. Jlucunpsina, A.b. Ponosa, P.M. I'appernca.

TuIe! OcaOYHBIX PYAHBIX MECTOPOXKICHUH N MECTOPOXKICHNH KOp BeIBeTpHBaHus. OcanouHas auddepeHnaris
Kak py1000pa3yonnii Mporecc; TMHAMHIECKIE MO 0Ca0uHOH quddhepeHnnanny n ananu3 GakTopoB
KOHIIEHTPUPOBAHUS PYIHBIX JIEMEHTOB B 3TOM IIPOLIECCe.

DIUTreHETHICCKIC IpoHeCChl B OCAAOYHBIX IMOPOAAX U UX POJIb B KOHICHTPUPOBAHUUN METAJJIOB; XaPAKTCPHBIC
acconuanuu 3JIEMCHTOB SIIUTCHETUYCCKUX Py B OCAA0OYHBIX ITOPOJAAX.

Dsonroyus npoyeccos ocadkoodbpaszosanus 6 ucmopuu 3emiu

Orenka o011e# Macchl 0CaJOYHBIX TOPOJ] U MHTEHCHBHOCTH MTOBEPXHOCTHBIX MIPOIIECCOB B FE0JIOTUIECKOI
HCTOPHH; POJIb 0Ca0YHO-BYJIKAHOT€HHBIX TIOPO/J] B IIIyOOKOM JIOKEMOpHH | CrelidHKa X XMMHUYECKOT0 COCTaBa.

I'eoxumust MeTaMopduyeckoro npouecca. XMMAYECKUE THITBI METAMOP()UIECKUX MTOPOJI, COOTBETCTBYIOIINE UM
accOIIMAIMH JIEMEHTOB. 3aBUCUMOCTh COCTaBa METaMOP(MUYECKHUX MTOPO OT YCIOBHH MeTaMmopdu3ma.
YapTpameramopdu3M U TpaHUTU3AIHS.

Poute MeTaMopduyecKnX Mopo/J B CIIOKEHUH 3eMHOI1 Kopbl. OlieHKa 0011ei Macchl MeTaMOp(pUUYECKUX TIOPO/I;
CpeIHUI XUMHYECKUH COCTaB JPEBHUX MeTaMOP(UUECKHUX MTOPOJI U MpodiieMa ero OTiau4Hs OT cocTaBa
(haHEepO30HCKUX OCAIKOB.

Ouznko-xumuyeckue pakrops Metamopduzma. [IpuHumn Mmeramopduyeckux Qaruii 1 ocHOBHas (PU3UKO-
XMMHUYECKas HAaIllPaBJICHHOCTh IIPOrPECCUBHOTO MeTaMop(03aM; MOJIBIKHOCTD 3JIEMEHTOB IIPHU MeTaMophH3Me.
®DaxTopsl POPMUPOBAHHSL XUMHUIECKOTO COCTaBa METaMOP(HUECKUX TOPOA: COCTAB HCXOTHBIX
(MeTamMophHU3YIONTIXCs) TOPOJ U XUMHUUECKasi HallpaBJICHHOCTh PHUBHOCA U BEIHOCA. [Ipencrasienue o
MeTamopduueckoit muddepeHIraInm.

Tunsl pyIHBIX MECTOPOXKIEHUH, CBI3aHHBIX C METAMOP(PUUESCKIUMH MTOPOIAMHU; OTICHKA POJIH MIPOIECCOB
MeTtamopdudeckoit mudpdepeHmanuy B GOpMUPOBAHUHA COOCTBEHHO METaAMOP(PHUECKUX MECTOPOKICHUH.

Teoxumus cudpocgepul

Macca 1 XUMUYECKUH COCTaB BOJ{ I‘I/IHpOC(l)CpI)I; COITIOCTABJICHUC COCTaBa MOPCKUX U KOHTUHCHTAJIbHBIX BO/;
YCTOﬁqHBOCTL COCTaBa COJICBOM MacCHI OK€aHa, KoJIeOaHHUs COJICHOCTH MOPCKHUX BOJ. Maiibie KOMIIOHEHTEI
FPIHpOC(l)CpLI; JKU3Hb U OPraHN4eCKOC BEUICCTBO MOPCKUX BO/. Pab6otsl A.H.BI/IHOI"paZ[OBa.



OIBUKO-XUMUIECKUE (PAKTOPHI, OMPEACIAIONINE COCTAB BOJ THAPOC(EPHI; MOHATHE O MOPCKOIM M KOHTHHEHTAIBHOU
BETBSX BOJ; HUES 00 ONpENeIsIIoNIed POIH B3aUMOIEHCTBHUS BOJI C TIOPOIaMHU 3€MHOM KOPBI M aTMOCc(hepoid Kak
(hakTOpa, KOHTPOIHPYIOMIETO XUMUIECKHUI cocTaB Tuapocdepsl. Padorsr M.I'. Bamsmiko.

OxeaH Kak JuHamMH4eckas cucrema. COOTHOIIEHHE IPOLECCOB NOCTYIICHUS] MaTepHala B OKeaH U
0CaJIKOHAKOIUICHHUS; KPYTOBOPOT BOABL. [IoHATHE O CpeiHeM BpeMEHH NMPeObIBAaHUS JICMEHTOB B OKCAaHHIECKOH
BOJIC; BpeMs IIPEOBIBAHUS IIEMEHTOB (IIPUMEPHI).

Hcrounuk BemecTBa runpocdepbl; FreOXMMUUECKHIA OanaHc npolecca 0cagxoo0pa3oBaHus U MpeAcTaBieHne 00
«M30BITOYHO JIETYYMX»; UCTOYHHKH JIETYYUX Ha moBepxHocTH 3emin. Paborsl B.M. Nonpammunra, B.Pyowu,
X. Xomnanna. ®opmupoBaHUE COIEBOM MacChl OKEaHa.

[Ipobnema »BomonuK cocTaBa ruipocdepsl B X0Je reoJIOrHYecKoi HcTopun. DaKThl, CBUAETENLCTBYOLINE 00
9BOJIOLNH; (PAKTOPBI, BHI3BIBAIOIINE IBOIOLUIO, ¥ (PaKTOPBI, CTAOMIN3UPYIOLINE cocTaB okeaHa. Mnes
MOCTOSIHCTBA COCTaBa OKEAHMUECKUX BOJI B TEUCHUE CYILIECTBEHHOM YacTU reojJornyeckoi ucropun. I'unoresst o
cocTaBe JIpeBHeIei ruapocheps.

Teoxumusi ammocghepovi

Cocra aTMocepbl; CTpoeHHe aTMOC(epsl U paclpe/ieleHue ee KOMIIOHEHTOB 0 BbIcOTe. DaKTopHI,
KOHTPOJMPYIOIINE XUMMUYECKHH cocTaB aTtMocdepsl. ATMoc(epa Kak JMHAMUYECKasi CUCTeMa U TeOXUMUYECKUE
LIUKJIBI Ta30B aTMoc(epbl. IHepTHBIE Ta3bl.

[Ipoucxoxaenue u sBomonust atMochepsl. cTogHNK ra30B Ha HOBEPXHOCTH 3eMIIH; TpobiemMa MoTepH ra3oB
3emuieil; reoXMMHUYECKUe IPU3HAKKH OTCYTCTBHS Ha 3eMile IpeBHEl IIIOTHOI aTMocdepbl. Bynkanuueckue rassl u
THIOTE3bI O TaK Ha3bIBaEMOIl «I1epBUYHON» aTMocdepe; GpakTopbl SBOJIOLUHU aTMOChEpHI.

IMopxzeMubIe aTMOC(HEPBI; KX COCTAB U KiIacCU(UKAIHs. [ eOXUMUYECKIE MPH3HAKA [IPOUCXOXKICHHUS Ta30B
noazeMHbIx armocdep. Padotsl B.B. benoycoga.

Teoxumus buocgepoi

Omnpenenenne B.U. Bepranckoro 6uocdeps! 1 )kUBOT0 BemiecTsa. JKMBoe BEIIECTBO; €ro KOINYECTBO U
XMMHUYECKHH COCTaB, aCCOIMAIINHU SIEMEHTOB )KUBOTO BellecTBa (OHOGMIbHbIE 3JIEMEHTHI). DHEPTHsl U aKTHBHOCTD
JKMBOTO BelecTa. [IoHsATHE 0 OMOreOXMMHYECKHX MpoLieccax; NPsMOe U KOCBEHHOE BIIMSIHUE OPTaHU3MOB Ha
Te0JIOTHYECKHUE MTPOIIECCHI; TeOXUMUYECKHE (DYHKIIUM OPTaHU3MOB; OPTaHU3MBI-KOHIIEHTPATOPHL. JKUBOE BEIIECTBO
KaK MOIITHBIN Te0JOrHIecKuid (JaKTOp B HCTOPHH 3eMHOMN KOPBI; OHATHE 0 Hoocdepe. PadoTsl B.I. Bepranckoro.

OpFaHI/I‘IeCKOC BE€IICCTBO B ITCOXUMUH. PaCHpOCTpaHeHHOCTL u q)OpMBI HAKOIVICHUS OPTraHUYECKOr0 BEIICCTBA.
CocraB OpPraHU4YE€CKOIro BEIICCTBA OCAAKOB U OCAA0OYHBIX MMOPOJ; aCCOUAIIUU 3JICMCHTOB, HAKAIIJIMBAOIIIUXCS B
CBA3U C OPraHNMYCCKUM BCIICCTBOM; OPraHNYCCKOC BCIICCTBO KAK (baKTOp KOHICHTPHUPOPBAHU JICMCHTOB.
Pasnoxxenue OPraHN4eCKOro BCIUICCTBA B [IOYBAX U OCaJIKax, U BJIUIHUC DTOTO IIpoOLECCa Ha (I)I/ISI/IKO'XI/IMI/I‘I€CKI/I6
napamMeTpbl TCOXUMHUYCCKUX NPOLCCCOB. T'eoxumms He(I)TI/I " yrid.

Buoreoxumudeckne mpoBuHIMN. CBA3b YCIOBHUH KU3HEAEITEIILHOCTH OPIaHU3MOB C XUMHUYECKHM COCTaBOM
cpenbl; noHsTHe SHIeMUn. PakTopsl GopMUPOBaHKS OMOT€OXHMMUYECKUX MPOBUHINH. 3HaUCHNE
OMOTreOXNMHYECKNX IPOBUHIINI B XO35HCTBEHHOH JiesITeNbHOCTH YenoBeka. Padotsr A.I1. Bunorpanosa, B.B.
Kosansckoro.

KpyroBopor xumudecknx 3J1eMEHTOB B 3MHOH KOpe, TeOXHMMHUYECcKHe IIMKIbL. KpyroBopor BemecTBa B 3¢ MHOU
KOpE U NPEJCTaBICHHE O MAJIOM U OOJIBIIOM FeOXMMHYECKUX IIMKIIaX, ONOT€OXUMUYECKUE [IUKIIBI. DHEPreTHKA
TeOXUMHUYECKHUX TPOIECCOB; ABMKYIIHE CHIIBI FT€OXUMHYECKOTro IUKIIa. JJMHaMIKa 60JIBIIOr0 T€OXUMHYECKOTO
IIMKJIa; OIIEHKA TeMIIa Kpyroo0opoTa BELIeCTBa B Fe0JIOTHUECKOi ncTopur. Mes o reoxuMuaeckom Oanance
MPOIIECCOB MpeoOpa3oBaHMsI BEIIEeCTBa B Xoe kpyroodopota. Paboter @.Y .Knapka, B.M. [onpammuara, P.M.
T"appenca. Pons mporieccoB Marmatu3ma, ocagkoodpa3oBanus H MeTaMopdr3Ma B pOPMHPOBAHUH COBPEMEHHOM
CTPYKTYPBI 3eMHOM Kopbl. [Ipobiema 3Boronny 3¢MHOM KOPHI M 3aKOHBI TEOXUMHYECKOT0 KPYyTOBOPOTA.

8. I'eoxumust OTACJIBHBIX 3JIECMCHTOB



JI1s KaXKIOTO XMMHUYECKOTO 3JIEMEHTA ITOCIIE0BATENbHO PACCMAaTPUBAIOTCS CIIEAYIOIINE BOIPOCHL: COCTOSIHUE B
HPUPOJE, THIIB COETMHEHUH; KPUCTAIIIOXUMHIECKHUE 0COOCHHOCTH, M30MOP()HBIE OTHOLICHUS; MUHEPAJIOTHS;
PacTBOPUMOCTH COEANHEHHUH U (JOPMBI TEPEHOCa B BOAHBIX PACTBOPAX; PACIIPOCTPAHEHHOCTh B IPHPOJIC;
pacmpezeneHne B MarMaTHIecKuX IOpoJax, CBsI3b C APYTUMH 3JIEMEHTAMH, TIOBEICHUE B MArMaTHYECKUX
nporeccax, MOBEJCHUE B Ipolieccax (GopMUpOBaHHUA MarMaTHIECKUX PYyI; TOBEJCHUE B THAPOTEPMAIBHO-
METAaCOMAaTHYECKHX MPOIIECCAX, THITBI KOHIICHTPAIi U aCCOLUAIINH C JPYTUMHU 3IEMEHTaMH; IIOBEICHNC B
npoleccax BHIBETPUBAHUS U 0CaKO00Pa30BaHUs, IIyTH U MEXaHN3MBbl KOHIIEHTPALUH B X0/1¢ (GOpMHPOBaHHUS KOP
BBIBETPUBAHUS U 0CaJKO0OPa30BaHUsL; POJIb OPIraHUUECKOTO BEIIECTBA; U30TOMBI JIEMEHTA U UX [€OXUMHYECKOe
3HaYCHHE.

10. IIpuxkaaaHas reoxumus

YdeHue 0 FTeOXMMUYECKUX MOUCKAX MECTOPOXKICHHUIA TOJIE3HBIX UCKOMIACMBIX KaK CAMOCTOSATEIILHBIN pa3ziel
TeOJOrMIeCKUX HayK. POJIb M MECTO TEOXUMHYECKIX METOJIOB Ha 3Talax M CTaIUAX T'€0JIOrOPa3Be0YHOr0
nporiecca. Padotst H.1. Cadpponosa, A.I1. ConoBosa, B.A. Cokonosa, A.U. [lepenpmana.

061141/{6 NPUHYUNDBL CEOXUMUHUECKUX Memo0o8 NOUCKO8

[ToHATHS 0 TEOXUMHIYECKOM TI0JI€, MECTHOM T€OXUMHUYECKOM (POHE, «SIBHBIX) H CITA0BIX TCOXUMUICCKUX
AHOMAJIHAX; MECTOPOKICHHE TIOJIE3HOTO HCKOMAEMOTO KaK YaCTHBIN CITydail TeOXMMUIEeCKO aHOMaIHH.
[epBuuHEIil Opeon MmecTopoxkaeHuUS. [ HIIepreHHoe ToJIe paccesHus; BTOPUIHBIC OPEOIBI H IOTOKH PacCesTHUS
MOJIC3HBIX UCKOMAEMBIX B reocdepax.

[TapameTpbl TeOXMMHYECKOTO MOJIST, KPUTEPHUH BBIACICHHS cla0bIx aHoManuid. [IoHsATHE 0 TapaMeTpHIecKuX 1
HerapaMeTPUIECKIX TeOXUMHUYECKNX Noka3aTemax. CirydaifHble (CTOXaCTHYECKHE) U IIPOCTPAHCTBEHHO-
YIIOpSI0YCHHBIE (I€TEPMUHUPOBAHHBIE) PACIIPEACICHIS XUMIUECKUX 3JIEMEHTOB B T€OJOTMIECKUX 00pa30BaHUAX.
IToxa3arens mIomaaHoi NPOIYKTHBHOCTH FeOXUMUYECKON aHOMAJINH, €r0 He3aBUCUMOCTh OT MacITaba ChbeMKH.
IIponopuroHaIbHOCTE KOJMYECTBEHHBIX MOKA3aTeNel THIIEPTeHHBIX TEOXUMUUECKUX aHOMANIUN CBOEMY
KOPEHHOMY OPYAEHEHHUIO.

JecsatuyHas kiaccupuKanus MECTOPOXKICHUH MOJIE3HBIX NCKOMAEMBIX IO 3aI1acaM, COOTHOILICHUE MEXIY
YHUCJIEHHOCTBIO MECTOPOXKICHUI Pa3IMYHbIX KJIACCOB KPYIHOCTHU. IIpHHIIUI reOMETPUUECKOTO U TEOXUMHUUYECKOTO
MOJ00MS TeHETUUECKH OTHOTUITHBIX OOBEKTOB PA3IMYHBIX KJIACCOB KPYITHOCTH. 3aBUCUMOCTH MEXTy KIIapKaMu
3JIEMEHTOB B JIUTOC(EPE U MPOMBIIUICHHBIMH 3a11aCAMU B MECTOPOXKIICHUSIX OJIMHAKOBOW KPYITHOCTH.

B3aumocBsI3aHHOCTB ¥ B3aMMOOOYCIJIOBJICHHOCTh T€OXMMHUUECKUX aHOMaluii B reocdepax. [TocnenoBarenbHOCTh
ATHUX CBS3EH U MPEUMYIIECTBA TUTOXUMHUUECKOTO METO/Ia TIOUCKOB.

VYuenue b.b. [TonpiHOBa 0 TEOXUMHUYECKUX JaHIIAPTAX. DIeMeHTapHbIe JTaHAmadTel. Knaccupukamms
JTaHAmadTOB HA OCHOBE OMOKIMMAaTHIECKOH 30HaIbHOCTH. KO3 dHIIMeH T BOAHONH MUTpanuy 1
Taacco(UIbHOCTH 3JIEMEHTOB, AJIEMEHTHI C KOHTPACTHOI MUTPAIIMOHHON XapakTepuCTHKO. THIibl
TEOXUMHUECKUX OaphepOB U UX POJIb B 00Pa30BAHNN T€OXUMHYECKUX aHOMAJIHH.

Jlumoxumuueckue memoowvl NOUCKO8

IToToku paccestHUs pyAHBIX MECTOPOKIEHUH. EsxkeroiHbli cioi AeHyaalum; ueanbHblil IOTOK paccesHus B pyciie
1-ro mopsinka. [TpoAyKTHBHOCTH MOTOKA PACCESHUS; 3aBUCHMOCTD COJICPKaHUI U MPOTyKTHBHOCTH IIOTOKA
paccesHUsI OT MOJIOKCHHS PYIHOTO 00BEKTa B OacceiiHe BogocOopa; K03 GUIMEHT MPOMOPIHOHATBEHOCTH.
JuHaMuka (GOopMHPOBaHUS MOTOKA PACCESIHUS, BIUSHIE HA COCTAB aJUTFOBHSI MaTepualia OJMKANIINX CKIOHOB.
«Kaxyuiasics» npoJyKTUBHOCTb IOTOKA PACCESHUS U OLIEHKA €r0 HCTUHHON NPOAYKTUBHOCTH. OLIEHKA MPOTHO3HBIX
PECYPCOB METaJUIOB KaTeropuu P3 kak KpUTepHii mepexoaa K ciaeayromnei craanu padborT.

Bropuunbie opeonsl paccestaus. CTauu BEIBETPHUBAHUS TOPHBIX IMTOPOJT M MPOGIITH PHIXJIBIX 00pa30BaHHL;
TeHEeTHUYECKas KIIaCCUPUKAIMS PBIXJIBIX 00pa3oBanmii. Kitaccudukaiys BTOpHYHBIX OPEOJIOB paccessHuA 1o ¢ase,
TEHE3UCY U MPHU3HAKY TOCTYITHOCTH JJIsl OOHApyX eHHsI. MeXaHMYECKUH OPEeosT pacCessHus; TPU TUTIA TTOABUKHOCTH
YacCTHUIl B 30HEC BBIBETPHUBAHU A, BHIBO (I)yHKHI/II/I paccesaHuAa IJIA TOHKOTO pyaAHOTO TEJIa, mapaMeTPbl OCTATOYHOT'O
opeosia M 1 G ¥ UX T€OXUMUYECKUH CMBIC. B3auMOOTHOLIEHUS] MEXy UJI€aIbHBIM U pPEaIbHBIMU OpeOJIaMH,

KO3 (HUITUEHT OCTATOYHON MPOIYKTUBHOCTH M €TI0 3aBUCHMOCTh OT MECTHBIX JaHAIMA(THO-TEOXUMHUIECKUX
YCIIOBHI; METO/BI [TOJICYETA MJIOMIaHON MPOYKTUBHOCTH. OIEHKA TPOTHO3HBIX PECYPCOB PYIHBIX OOBEKTOB 110
kareropusim P> u P1. ConeBoit opeo paccessHusI Cynb(QUIHOTO MECTOPOXKACHUs. Halo)keHHbIE TeOXUMUIECKHE



OpEOJIBl pacCesTHNUS; MCTIapUTENbHAS, COPOIIMOHHAS M OMOTeHHAS aKKYMYJISIUS PYIHBIX JIEMEHTOB Y TIOBEPXHOCTH.
MeTtomp! yCHIeHHS CTa0BIX TEOXUMHYECKUX aHOMAITHH.

IlepBruHBIC OPEOITBI PYAHBIX MECTOPOXKACHHUHA. [IOMCKHU CIIENBIX PYAHBIX TEI IO MEPBHYHBIM OpeosiaM Ha (hIaHrax u
NIyOOKUX TOPU30HTAX PA3BEABIBAEMBIX M IKCIUTYaTUPYEMBIX MECTOPOKACHUH. PsiIbl 30HATBHOTO OTIOXKCHHUS
3JIEMEHTOB THIIOMOP(HOTO KOMIUIEKCa ¥ METO/BI UX BEIIBICHUS. VcclienoBaHIe TeOXUMIIECKOH 30HATTbHOCTH
PYIHBIX MecTopokaeHnit Ha OBM. I'eHeTHUECKN OHOTHITHBIE MECTOPOKACHHUS Pa3IMIHON KPYIMHOCTH KakK
TeOMETpUIECKUE U TeoxuMmdeckue purypsl mogodus. KospounuenT momobus, MeToas! ero oreHKH. COOTHOIICHHS
MEXXy TOJTHBIMH 3allaCaMH, YIeT YPOBHS 3PO3HOHHOTO cpe3a U AoNH 3a0amaHcoBBIX pyd. OmeHKa CIeTbIX PYIHBIX
TEJ 10 UX HAJIPYIAHBIM IIEPBUIHBIM OPEOJIaM.

MCTO,Z[BI aHaJIn3a, IPUMEHACMBIC ITPU JINTOXUMHUICCKUX ITOUCKAX.
Fudpoxwwuuecxue Memoobl NOUCKO8

I'uapoxuMuyecKre OUCKU PYIHBIX MECTOPOXKICHUH 110 KATHOHAM METAJJIOB | 10 CYJIb(aT-uoHy IIyTeM
OnpoOOBaHUS MOBEPXHOCTHBIX BOJHBIX MOTOKOB. [IMCKM MOTpeOEHHBIX MECTOPOXKICHUH B 3aKPBITHIX PaliOHAX MPH
HaJIMYUU BOJIOHOCHOI'O rOpHU30HTa. MeTo1bl aHaIu3a, IPUMEHAEMBIE [IPU TUAPOXUMUYECKUX [TOMCKAX.

Ammoxumuyeckue (2a308vle) Memoovl HOUCKO8

O06pazoBaHue Ta30BBIX OPEOJIOB paccesHus myTeM 3¢ dy3un 1 quddy3un ra3oB uepe3 TOpHbIE HOpoasl. Briusaue
MPUPOTHBIX (PAKTOPOB HA KOHIIEHTPANHUIO Ta30B B IEPEKPHIBAIONINX OTIOKCHHAX U B IPU3EMHON atMocdepe. I'a3bl
HEe(TSHBIX U yTONBHBIX MECTOPOXKICHHUMH, Ta3bl PyJHBIX MECTOPOXKIACHHH. THITB ¥ BUBI Ta30BBIX ChEMOK: TeIIHEBas,
ra3opTyTHbIE CheMKH. MeToInKa 1 TeXHHUKa 0TOOpa ra30B MPH pa3HBIX BUAAX CHEMKH. AIPOTa30Bble ChEMKH.
[MpuHnune! XxpoMatorpaduuecKoro aHajim3a ra3oBbIX CMECeH.

Buozeoxumuueckuii memoo nouckos

CoOCTBEHHO OMOT€OXUMHUYCCKHMI M Fe000TaHUYCCKHI METOAbI ITIOMCKOB. KOBCI)(I)I/II_[I/ICHT OHOT€HHOT0 IIOTJIOIICHU A
3JICMCHTOB, OHMOr€OXUMUYCCKHE 6apBCpLI. MGTOZ[I/IKa M TeXHHKAa OMOrCOXMMHMUYECKUX ChEMOK B 3aKPBITBIX paﬁOHaX;
obnactu Bq)(l)eKTI/IBHOFO MIPUMCHCHUSA OHOreOXUMUYECKOTO METOAa ITOMCKOB.

11. DKogornyeckas reOXuMus

VYuenue B.1. Bepraackoro o 6uoctepe. [lonstre «rexHoreHe3y». TexHODMIEHOCTE XUMHUYECKUX DIIEMEHTOB.
Oxpy>karomias cpesia ¥ €€ KOMIIOHEHTHI.

Venosus ¢0pMMp06aHuﬂ, napamempbsl U XapakmepucmuKu mexHocennblx ceOXUMU4eCKux anomanuti

TexHOreHHble FTEOXUMUUECKHE aHOMAJIUU B TOPHO-PYAHBIX palioHax. PyaHble MECTOPOXKACHUS KAK MICTOUHUKHI
3arps3HEHUs OKpyxaromnieil cpensl. OCHOBHbIE HCTOYHUKH TEXHOT'C€HHBIX T€OXMMHUYECKUX aHOMAJIHH MpH
MPOBEIEHUH T€0JI0r0-Pa3BEIOYHBIX PA0OOT, OPMBI HAX0XKICHUS XMMUYECKHIX SJIEMEHTOB M TEXHOTCHHAS
reoxuMuydeckas Murpanus. [lapaMeTpsl 1 XapakKTepUCTUKU TEXHOT€HHBIX TEOXUMUYECKUX aHOMAIINH B
TOPHOPYAHBIX pailoHaXx. KonnuecTBeHHBIE MOKA3aTENN U XapaKTEPUCTUKH AJISl OLIEHKH F€OXUMUUECKOTO
3arpsi3HeHus. [IpupoaHOOXpaHHbIE MEPONPUSTHSL.

BoszeiicTBue Ha OKpy»KaroUIyIo cpey P NPOMBIIIJIEHHOH 0TpaboTKe MecTopoxaeHni. THoBoii coctaB ropHo-
000raTUTEIFHOTO KOMITJIEKCA ¥ TEOXMMHUYECKHE 1IeTTH BO3/ICHCTBUS TOPHO-PYIHOM MPOMBIIUICHHOCTH Ha
OKpYKaIONIYIO Cpeay; BEIOPOCH B aTMOC(epy, HAaKOIUIEHHE B XBOCTaX, IIOTEPH IIPH TPAHCIIOPTUPOBKE,
MPOMBIIUICHHBIE CTOKHU. [TapamMeTphl M XapaKTepUCTUKN TEXHOT€HHBIX T€OXUMHUYECKHX aHOMAJIMK B paiOHaX TOPHO-
PYJAHOTO MPOU3BOACTBA U KPUTEPHH OLIEHKU COCTOSHUS OKPYKAIOLIEH Cpebl.

I'eoxuMuueckoe 3arps3HEHNE TOPOAOB U YpOAHU3UPOBAHHBIX TeppuTOprii. [ 100anbHBII XapakTep BO3IEHCTBHS Ha
OKPYXKaIOLIYIO Cpeay ypOaHU3MPOBAHHBIX TEPPUTOPHI. Buibl 1 OCHOBHBIE HCTOYHUKH 3arpsi3HEHUH OKPY KarOIeH
Cpezbl B TOPOJaXx, e pacpOCTPaHEHHS 3aTrPSI3HAIONINX BEIIECTB; IPOMBIIIJIEHHbIE, KOMMYHAJIbHBIE W OBITOBBIC
OTXO0Jbl. ADPOTEHHBIC aHOMAJIUH, BBITAJIEHUE TBEP/BIX OCAIKOB Ha IIOBEPXHOCTD, JKUAKNE cTOKU. CocTaB
AIIEMEHTOB-3arPSI3HUTENEH CTOUYHBIX BOJ PA3JIMYHBIX BHIOB MPOM3BOICTBA. XaPAKTEPUCTUKH TEXHOTEHHOTO
3arps3HEHUS IOBEPXHOCTHBIX H ITOJI3EMHBIX BOJI IIPOMBIIIJICHHBIMH CTOKaMu. [1yTn ymeHbIIeHUS BO3AEHCTBHS OT
BBIOPOCOB M OYHCTKA CTOKOB. |'eOXMMHUUECKas OLEHKA HarPy3KH Ha OKPYXKAIOIIYIO CPEAy B TOpOIax.



T'eoxumuueckoe 3arps3HeHHE CEIbCKOXO03HCTBEHHBIX TEPPUTOPHA. ATPOTEHHOE U TEXHOTEHHOE BO3JICHCTBUE HA
CEJIECKOXO03SIICTBEHHBIE TEPPUTOPHHU. ATPOTEXHUIECKass 00paboTKa, METHOPAITs, TCOXUMUIECKOE 3arps3HEHUE
TIPY MCTIONIE30BaHUH MIHEPATBHBIX yI00peHui 1 necTutinoB. OCOOCHHOCTH MHUTPAIHH SIIEMEHTOB B
arponasamadTax. BrusHie ypOaHH3NpOBaHHBIX TEPPUTOPHHA Ha arpOIPOMBIIIUIEHHOE IIPOU3BOICTBO.

Memoouxa 5K01020-2e0XUMUYECKUX UCCACO0B8AHULL U AHATUMUYECKOe obecneyeHue pa60m

Buzpl 1 MaciTalbl 9KOJIOT0-TEOXUMHYECKUX CheMOK. CBsI3b MEX1y HCTOUHHKAMU 3arpsi3HEHUH, cpelion
orpo0OoBaHust U MacITaboM cheMok. HazeMHbIe, BO3AyIIHbIE, TOA3EMHbIE, HABOIHEIE, TI0/IBOJIHBIC, CHETOBBIC
cbeMkH. OnpoboBanue nous. OnpoOoBaHNe TOBEPXHOCTHBIX U MO3EMHBIX BOJ, PEKUMHBIE THIPOJIOTHYECKHE,
THAPOTEONIOTHYECKHE U THIPOXUMHYECKHe HabmoaeHns. OnpoboBaHNe CHETOBOTO MOKpOBa. IIpoBeeHHe MBIIEBBIX
CMBIBOB C PACTUTENILHOCTH. OCOOCHHOCTH 9KOJIOr0-TEOXUMUYECKOTO H3yUCHUS Pa3INYHbIX THIIOB TEPPUTOPHI U
JmaHImadTOB.

['eoxuMHUeCKii MOHUTOPHUHT OKPY>KAIOIIEH CPE/IbI.

MHoro1eneBoe reoXuMuieckoe kKapTupoBanue. ['eoxuMmuueckast kKapra Kak OCHOBA IIPOTHO3a 3arpsi3HEHHSI
OKpY>Karolei cpesbl.

Mertoab! aHaIM3a TeoOXUMHYECKUX MPo0. COBpeMEHHBIE METO/IbI OTIPEIEICHHUS COIePKaHMUI XUMUIECKHUX 3JIEMEHTOB
Y pa3NINuHbBIX UX (OPM HAXOKACHHUS.

Hoxasameﬂu, ucnojibzyemvle npu oyeHKe 3aepA3HeHuUs KOMNOHeHmoe OprJfCLZlOu/;eIZ Cpe()bl

TOKCHYHOCTP M KJIACCHI OITACHOCTH XUMHUICCKHUX JICMECHTOB. Hpez[em,Ho JAOIMYCTHUMBIC KOHIICHTPAIUN XUMHUYCCKUX
JJICMCHTOB (HI[K), OPUCHTHPOBOYHO JONIYCTUMBIC KOHICHTPAINN XUMHUYCCKUX 3JICMCHTOB 1 OPUCHTUPOBOYHO
0e30IacHbBIC YpPOBHH BOSHeﬁCTBHﬂ 3arpA3HAOMINX BEIICCTB.

KommdyecTBeHHBIC T€OXUMHYECKIE MOKa3aTeJik, UCIIOJIb3YCMBbIC ITPU OLICHKE KOMIIOHCHTOB Opr)KaIOHIeﬁ CpCabl:
CpCAHCAHOMAJIbHBIC COACPIKAHUS, KIIAPK KOHIICHTpAUH, IJIOMAaAb 3arpsA3HCHUA, KOJINUICCTBO MCTaJlJla B
3arpA3HAIOLICM CJIOC.

CyMMapHBIi oKa3aTelb 3arpsi3HEHUs I0YB, CHETOBOT'O ITOKPOBA, PACTUTEILHOCTH, JOHHBIX OTIOXEHUH U BOJI.
YpoBHU 3arpsA3HEHNS] KOMIIOHEHTOB OKpY>Karolel cpeisl.

ITousiTHE OIIEHKH BO3ACHCTBHsI Ha OKpyxaroiryto cpexy (OBOC). Llenu, 3a1auu, MPUHIUIIB 1 001aCTh MPUMEHEHHS
OBOC. I'ocynapcTBeHHast 3KOJIOTHYECKas IKCIIEPTH3A.
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