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BBenenue
B ocHOBy Hacrosmieii mOporpaMMbl TIOJOKEHBI  OCHOBHBIE paszaenbl  ['eoxumumu,
F€OXMMHYECKUX METOJOB IOMCKOB IMOJE3HbIX HCKomaembix. [Iporpamma cooTBETCTBYET
nporpamme, paspaboTaHHOU dkcepTHBIM coBeToM BAK mpu MunucTepcTBe 00pa3oBaHus 1
Hayku P® no Haykam o 3emure.

1. O0beKT reoxuMuu
OrnpezesieHne reOXUMHH. ATOMBI XUMHUYECKUX 3JIEMEHTOB B MIPUPOJIE, OCHOBHBIC TTPOOJIEMBI
FEOXUMHUH: PACTIPOCTPAHEHHOCTh XUMHUYECKUX AJIEMEHTOB U pacIpeeiieHue UX B MPUPOJIE.
BosaukHoBenne reoxumun. OcHoBononaratomue padorel @.Y. Knapka, B.U. Bepnanackoro,
B.M. lNonpammuara, A.E. @epcmana. OCHOBHBIE TEHJICHIIUN PA3BUTHSI TEOXUMHHU BO BTOPOM
nosioBuHe XX Beka. OCHOBHBIE TPYyZbl 10 F€OXUMHUH. MECTO re€0OXUMHUU B CUCTEME HAyK O
3emie.

2. MeToabl re0OXUMHYECKUX MCCAeA0BAHUN (AHAJIUTHYECKAS TeOXUMHUS)
XUMUKO-aHATUTHYECKUE, (U3UKO-XUMHUYECKHEe U  (PU3WYCCKUE METOJbl  H3y4eHUs
COJIEpP’KaHUsI U COCTOSHUSL AJIEMEHTOB B MPHUPOJHBIX O0BEKTaX. 3HAUEHHWE U COOTHOILIECHUE
METOJIOB TePMOJIUHAMUKH ((DU3UUCCKON XMMHH) U KPUCTAIUIOXUMHUH ((DU3UKH TBEPIOTO TEIIa)
B reoxuMuu. Ponb (U3HKO-XMMHUYECKOTO JKCIepuMeHTa. MaTeMaTuyecKue METObl
00pabOTKN TEOXUMHUYECKUX TaHHBIX U1 DBM-MonenupoBaHus.

3. IIpoGJiema pacnpocTPpaHEHHOCTH XMMHYECKUX 3J1eMEHTOB B IIPHPO/ie
OnpeneneHue  TOHATHS ~ PACIPOCTPAHEHHOCTH  BJEMEHTa;  CHOCOOBI  BBIPAKECHHS
pactipoctpaneHHOCTH. [loHSATHE O coOAep)KaHWUM DJIIEMEHTa B OOBEKTE KaK CIydailHON
BeJMUYMHE; BUJ (QYHKIUI pacrpeneieHus] COAepKaHUs IJIEMEHTOB B OOBEKTaX, MOHITHE O
CpeIHEM COJCpXaHWW U IUCIIEPCHH COJEP)KAaHWA B OJHOPOTHBIX OOBekTax. «CiydaifHOoe»
(croxactuyeckoe) u MIPOCTPAHCTBEHHO-YIIOPSI0YEHHOE (1leTepMHUHUPOBAHHOE)
pacnpeesieHnue 3JIEMEHTOB.

OcHoBHble (OpPMBI COCTOSIHUS BellecTBa BO BceneHHOMN: 3Be3/bl, paccestHHas Marepus,
XOJIOJIHBIE TeNa, U3Ty4eHUs, IpolemMa «CKPbITOM MacChl» TajJaKTUK.

[loHsiITHE KOCMUYECKOM paclpOCTPAaHEHHOCTU 3JIEMEHTOB PacrnpocCTpaHEHHOCTh 3JIEMEHTOB
Ha ConHue. Metojibl otieHKH. OCHOBHBIE 3aKOHOMEPHOCTH PACIIPOCTPAHEHHOCTH HYKJIUOB B
3aBUCHMOCTH OT aTOMHOro Homepa. [Iponecchl HyKI€OCHHTE3a U OCHOBHBIE TUIIBI SAEPHBIX
peakmuii. PagnoaktuBHeie siapa. [loHsTHE 0 BO3pacTe XMMUYECKUX DJIEMEHTOB. DBOJIOIHS
3BE€3]1 U UX XUMHYECKUH COCTAB.

PacripoctpaneHHOCTh  271€MEHTOB B MeTeoputax MuHepanbHblii  ((pa3oBelii) cocTaB
METEOPUTOB; KIacCHU(PUKAILMI METEOPUTOB; MpobdIeMa CpelIHEro cocTaBa METEOPUTHOTO
BeniecTBa. OCHOBHbIE 3aKOHOMEPHOCTH PAaCHpOCTPAaHEHHOCTH JJIEMEHTOB B XOHJPUTAX;
CpaBHEHHE METEOPUTHOMN U COJTHEYHOM KPUBBIX PACHPOCTPAHEHHOCTH 3JIEMEHTOB — CXOACTBA
u paznuuns. Paboter B.M.T'onpammuara, A.I1. Bunorpanosa.

MeTeopHThl Kak TEOXMMHUYECKasi CUCTEMA U TIPEJICTaBICHUE O TBEPAOH (pakiuu MEPBUUYHOTO
MPOTOIJIAHETHOI'O BEIIECTBAa; 3aKOHOMEPHOCTU €ro cocraBa. Maes o (pakunoHMpoBaHUU
AIIEMEHTOB B MPOTOIUIAHETHOM O0JIake U e€ PU3NKO-XUMHUUYECKHUE OCHOBAHUSI.

Bropuunsie siiepHbIe peakiiui B METEOPUTAX; KOCMUYECKAst HCTOPUS METCOPUTOB; MTOHSATHE O
BO3PAacCTe METEOPUTHOIO BEIIECTBA M KOCMHYECKOM («IKCIIO3UIIMOHHOM») BO3pacTe
METEOPHUTOB.

PacnipocTpaneHHOCTH 37IEMEHTOB B IIJIAHETHOM BEIIECTBE.

Metoasl ouenku. OcHoBomojarampoIas TUIOTe3a 00 aHAJIOIMM XMMHUYECKOTO COCTaBa
TBEpJIOTO BEIleCTBa IJIAHET M COCTaBa METeopuToB. JIBe rpynmnbl maHeT CoJIHEYHOM
CUCTEMBI; PA3JINYHUS B UX CTPOCHUH U COCTABE.

JlaHHbIE O TUIAHETaX 3€MHOU I'PYMIbL, CPEAHsIS MIIOTHOCTD IUIAHET U €€ MHTEPIPETallUs; POIb
METATIMYECKUX sIep B CIOKEHUHU IaHeT. Mnes o (pakuvoHUpOBaHUU DIEMEHTOB B
IIPOLIECCE AKKPELINH.



PacnipocTpaHeHHOCTh 3JIEMEHTOB B 3€MHOM KOpe MeTOJbl OIIEHKH CPEIHEr0 XMMHUYECKOrO
cocraBa 3eMHOU Kopbl. PaboTer @.Y. Knapka, B.1. Bepuaackoro, . u B. Honnakos, B.M.
lNonpnmvuara, A.E.®epcmana, A.Il. Bunorpamoa. CoBpeMEHHbIE TMpEICTABICHUA O
CTPYKTYpE 3€MHOM KOpPBI; TUIIBI 3€MHOM KOpbl. Macca KOpbl U OTAEIBHBIX €€ CTPYKTYPHBIX
€IMHMUII;, OLIEHKa MAacC Pa3jMYHbIX I'€HETHYECKHX TPYII MOpoj B 3eMHON kope. PabGoTel A.
[lonnepBapra, A.b. PonoBa, A.A. beyca, C.P. Teiinmopa. CoBpeMeHHBbIE OIICHKU
pacIpoOCTPaHEHHOCTH  JJIEMEHTOB B 3€MHOM  KOpPE; OCHOBHBIE  3aKOHOMEPHOCTH
pacIpoCTPaHEHHOCTH 3JIEMEHTOB B 36MHOM KOpE.

IIpeacraBnenne 0 KOpax IUIAHET KaK T€OXUMHUYECKOM cucteMme. lIpuHnunuanbHoe oTinyue
cocraBa kopel 3emiu, Jlynel, Benepp, Mapca 0T cocTtaBa HCXOAHOTO (COJIHEYHO-
METEOPUTHOI0) BEIIECTBA.

[IpencraBienue o0 arMocdepax u ruapocdepax MIaHeT Kak FeOXMMHUECKUX cucTemax. /[Ba
TUmna arMocdep TuiaHeT. ['eoXxuMudeckne MPU3HAKU «XOJOTHOTO0Y» MPOUCXOXKICHUS TUIAHET.
Pa6ots! A.Il. Bunorpanosa.

CrtpoeHue 3emMii U IPYrux IJIaHET 36MHOT'O TUIIA, COCTAaB M MPOUCXOKICHHE S1Ipa, 000JI0UEK.
['eodpusnueckue AaHHbIE O CTPOCHUU 3eMJIU. 3eMHasl Kopa, MaHTus, sipo. CrocoObl OLIEHKH
cpenHero cocraBa obomodyek W sapa 3emuu. [lomumopdusm W COCTOSHHE BelIeCTBa B
r1yOuHHBIX chepax 3emiu.

CoBpeMEHHBIE JTaHHBIE 0 XUMUYECKOM COCTaBE MAHTHH 3eMIIM; MpoOJieMa TeOXUMHYCCKON
reTepOreHHOCTH MaHTHH.

OO0m1re 3aKOHOMEPHOCTH PACIIPEACIICHHS JIEMEHTOB 110 000J104KaM 3€MJIH, COITOCTABJICHHE C
Mereoputamu. IIpuHiun BeiaBiaeHus u Aerasanuu. Kiaccuueckue npexacrasnenus B.M.
Fompamvuara u A.E. ®depcmana o mepBuyHON JaudQepeHIInaiy MIaHETHOTO BEIIECTBA,
TUNoTe3bl BhllUIaBieHus; runote3a A.Il. BunorpamoBa 06 ananoruu mporecca BhITUIaBICHUS
U JIera3allii MEXaHU3My 30HHOTO IUIABJICHHS U e¢ (PU3MKO-XUMUYECKOe OCHOBaHUE. PaboThI
A.Il. Bunorpajoga.

Hannbie o ctpoenun JIyHBI U cocTaBe MOPOJ €€ KOPBI; OIEHKAa cocTaBa Mopoj] BeHnepsl u
Mapca; conocraBieHre ¢ MeTeopuTaMu. BceoOIIHOCTh IPUHIIKIIA BHITIIABIICHUS U JIera3aliui
JUISL TUTIAHET 3€MHOW TPYMIbl. 3aKOHOMEPHOCTH (DPaKIMOHMPOBAHUH 3JICMEHTOB B XOJE
muddepeHIralnuy MIaHETHOTO BEIeCTRA.

DHepreTUkKa MIAHET: POJIb PAIUOTEHHOIO TEIUIa, APYrHe BUIbI SHEPTUU (TpaBUTALMOHHASA U
ap.). Tepmudeckast ucTopus IIaHET 36MHOM TPYIITIBI.

4. I'eoxumuveckas Kiaccu(pukanus 3JIeMEHTOB

3amaua winaccudukanuu. llepuomumyeckuii 3akon [[.M. MengeneeBa u kiaccudukamus
anemenToB. Knaccudukanus B.W. Bepnaackoro; npyrue kinaccuuKaimm.

Unes  xnaccuduxammun  B.M. Tompammuara.  Pacnpenenenue  31€MEHTOB 10O
MPUHIUITAATIBHBIM dazam METEOPUTHOTO (TIpOTOMIaHETHOTO) BEILIECTBA;
TEPMOJIMHAMUYECKHNE OCHOBAaHMs ATOTO pactpezeneHus. CBsi3b ¢ TMOJOXXEHHEM B TaOJHIE
JI.V1.MenaeneeBa U Ha KpPUBOM aTOMHBIX 00BEMOB. PacmpocTpaHEHHOCTh AJIEMEHTOB U
MPUHLINI KJIACCU(PUKALIUU.

5. Cocrosinue ((popMbI HAX0KAeHHS) IJIEMEHTOB B IpUpoOIe

MuHepansl — HOPOAYKTHl HPUPOAHBIX XUMHUYECKUX peakuuid. HampaBieHHOCTb peakuui;
KpUTepuil MUHUMYMa cBOOO/HOI sHepruu. [IpencraBieHne 0 reoXuMudeckux Oy(hepHBIX
cucremMax. OrpaHUYEHHOCTh YHCIa MUHEpAIbHBIX BHIO0B; OOMEHHBIE peakuuu, OydepHbie
paBHOBECHsI, U30MOPPH3M KaK (PaKTOPbHI, OTPAHUYMBAIONINI YHCIO MUHEPAIHLHBIX BHIIOB.
JuddepeHnmanus 3JeMEHTOB B TEOXUMHUECKUX MPOIECCaX U YUCIO MUHEPAIbHBIX BUJIOB.
PaccesiHue snemMeHTOB B mpupoze. TepMoauHaMUYeckne OCHOBaHHS paccesHus; 3akoH B.U.
Bepnaackoro. @opmMbl paccesiHUs 3JIEMEHTOB.

SBnenne w3oMopdu3Ma aTOMOB B KpHCTADIAX M €r0 TEOXMMHYECKOE 3HadyeHHE.
TepmoauHaMudyeckue OCHOBaHMS SABICHHMS u3oMopdu3ma (oOpa3oBaHUsl TBepAbIX a3
MEPEMEHHOT0 cocTaBa). J[Ba TJIaBHBIX BOMNpOCAa TEOPUH H30MOpPPHU3Ma: CTAOMIBHOCTh
U30MOP(HBIX CMecell M ee 3aBUCHUMOCTh OT TEPMOJMHAMHYECKUX YCIOBHUH; MOBEICHHE
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U30MOP(HBIX cMecel B pa3IuyHbIX (a30BbIX paBHOBecUsX. [IoHATHE O TEpMOIMHAMUUYECKUX
(GYHKLIUAX CMEIIEHUS, X CBA3b C KPUCTAIIIOXHUMHUEH.

OcHOBHBIE THUTIBI H30MOp(HU3Ma: HW30BAJICHTHBIA, TETEPOBAJIECHTHBIN W JAp. DMIUPUUECKUE
npaBuia wu3oMopdusma: mpaBwio 15 %, mpaBwiIo «3axBaTay M «gomycka» B.M.
[onpammuara. M3omopdusm 1 acconaniuy 3JIEMEHTOB B IPUpoJe; n3oMopdHbie paasl B.1.
Bepnanckoro; nuaronanshslie psaasl A.E. @epcmana. M3oMophu3M kak MEXaHU3M paccesHus,
KOHILIGHTPUPOBAHUS U pazjesieHus 31eMeHToB. [IpencTaBienus 06 acconmanusax XMMHYECKUX
3JIEMEHTOB B IIPUPOJIE.

6. PU3UKO-XMMHUYECKHE OCHOBBI reoXuMuu (pusnyeckasi reOXuMus)
OCHOBBI TEPMOJMHAMUKH MPUPOAHBIX cHUCTEeM. (OCHOBHBIE TMOHSATUS TEPMOJAUMHAMUKU
(cucremsl, (ha3bl, KOMIOHEHTHI, TAPAMETPBI COCTOAHUA, |-l U 2-i1 3aKOHBI TEPMOIMHAMUKHU.
VYcnoBus paBHoBecus. IIpaBmiio ¢a3 ['mO6ca. TepMoamHaAMUYECKHE TOTEHIIUATBI CHCTEM.
3akon  auddepennuanbHoil  moaBmwkHOCTH — kKomroHeHToB  J[.C.  KopskmHCKOTO.
TepMoaMHaMUKa CHCTEM C BIOJHE IOJBM)KHBIMM KOMIIOHEHTaMH (TEpMOJMHAMUYECKUE
MOTEHITMANBI, TTpaBuiIo (a3 u ap.).
YpaBHEHNE CMEIIEHHOTO PAaBHOBECHSI M BBITEKAIOLIUE U3 HETO 3aKOHBI (3aKOH JIEHCTBYIOIUX
Mmacc, ypaBHeHus Knaneiipona, Baut-I'odda u np.). CriocoO6s TepMOIMHAMHYECKOTO pacueTa
(ha30BBIX PAaBHOBECHUH.
JuarpaMmbl COCTOSIHUS KOHJIEHCHPOBAHHBIX CHUCTEM. JlMarpaMMbl COCTOSHUSI CHUCTEM C
JETYYMMH ¥ JIPYTUMHU BIIOJHE TOJBHKHBIMH KOMITIOHCHTaMH. BydepHbIe CHCTEMBI M X
TeOXUMHUYECKOE 3HAYCHHE.
Pacnpenenenne XMMHUYECKHX 3JIEMEHTOB MEXIy (a3aMH B YCIOBHSAX PaBHOBECHS. 3aKOH
I'enpu u np. Ilonstue xo3pduimenta pacrnpenencHusi, 3aBUCUMOCTb OT TEMIIEpaTypbl U
JIABJICHUS; TIPEJICTABIEHUE O TEOTEPMOMETPAX B re00apoMeTpax.
TepMoanHaMuKa BOJIHBIX pacTBOpPOB. DOpMBI HAXOXKIEHUS HIEMEHTOB B PAacTBOpaXx,
AKTUBHOCTH Y KOHIIEHTPAIIMX KOMIIOHEHTOB. 3akoH [lebas-Xrokkensa. PacTBopenue, nepeHoc
KOMIIOHEHTOB, KOMIUIEKCOOOpa30BaHUE U MPHYMHBI OCaxaAeHUs. KUCIOTHO-OCHOBHBIE U
OKHCJIUTEIILHO-BOCCTAHOBUTENIbHBIE peaknuu, auarpammbl Eh—pH. IlpencraBienust o
TeOXUMHUYECKHX Oapbepax.
OcHoBHBIC TIpeZCTaBICHUs O MU(PGY3UH W KOHBEKIIMM KaK MEXaHHW3Max MaccollepeHoca U
mubdepeHIMaud B TEOXUMHUHU. BiusHME TPOHUIIAeMOCTH cpeAbl M (Pa3oBOro COCTOSHUS
NOJBWKHOU (a3bl, puinbTpannoHHbId 3¢ ¢dekt. Ponb kuHeTHUECKUX (PaKTOPOB B peaKLUsiX
MuHepanooOpazoBanus. [loHATHE O JAMHAMUKE MPOLIECCOB U JAMHAMHYECKUX (PHU3UKO-
XUMHUYECKHX MOJIEISIX IPUPOIHBIX MTPOLIECCOB.
[lonsiTHe O MHTrpanuu >3JIEMEHTOB. SBIEHUS KOHIEHTpauuu U paccesHua. OCHOBHBIE
paszenuTenbHble MPOIEcChl B 3€MHOM Kope: mpu Aud¢epeHlIualnuy paciulaBoB, IpU
B3aMMOJICHCTBUHM  (DUIBTPYIOIIMXCA BOA C ToOpoJaMu. TepMOIUHAMHYECKHE 3aKOHBI
pa3zeNneHys JIEMEHTOB U U30TONOB B TOMOT€HHBIX CUCTEMAaX: IT'PaBUTAIIMIOHHOE PaBHOBECHE,
TepMoiu(py3us; TEPMOJMHAMUYECKHE 3aKOHBI DPAa3/IeleHUs HJIEMEHTOB U H30TOINOB B
reTepOreHHbIX cuctemax (pacmpeneneHue 1o (¢daszaMm): paBHOBECHS KpHCTaLUIM3AlMH,
JUKBAllUM, PAaBHOBECUS Ta3 — paciljiaB, paBHOBecHe TBepaas ¢a3za — BOIHBIA PacTBOP.
CBolicTBa COEIMHEHHM 3JIEMEHTOB, MNPEAONPENESISIONINE UX pa3JelieHue: NapuuaibHbIe
MOJIbHBIE DHTAJBIUU, SHTPONUH, OOBEMBI, TEMJIOEMKOCTH B TBEPABIX U KUAKUX (azax,
M3MEHEHHE 3THUX BEIWYMH 0pH (a30BBIX NEpexojiaX; HX CBsI3b C KodpuUueHTaMu
pacnpeneneHusl.
DOneMeHTapHble CBOMCTBA aTOMOB M HOHOB, OINPEIEISAIONINE CBOICTBA MX COEIMHEHUIL:
T€OMETPHUYECKUE — TOHITHE 00 aTOMHBIX U MOHHBIX Pauycax, COBpEMEHHBIC MPEACTABICHUS
0 pa3Mepax aTOMOB U MOHOB; BaJIECHTHOCTb U 3(()eKTUBHBIH 3aps]l aTOMOB U MOHOB; CBOIICTBa
CBSI3M — MPEJACTABICHUS O XapaKTepe CTPOCHUS ANEKTPOHHBIX 000JIOUEK M BAXKHEUIITNX TUTIAX
XUMHUYECKON CBSI3M B COCAMHEHHUAX: MOHATHS MOJSAPU3ALMM M 3JIEKTPOOTPULIATEIHHOCTH;
XapakTep CBSI3U B OCHOBHBIX TPYINAaX MUHEPAIOB (CUIIMKATaX, COMSX KUCIOPOJHBIX KHUCIIOT,
OKHCJIaxX, THJIPOOKUCIIAX, TaJloreHuaax, cyabduaax, meramuiax). ynnaMeHnTanbHOe 3HaUEHUE
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OTHONICHHUS 3apsi/ia HOHA K €ro pazMepy; MOHSATHE HOHHOTO MOTEHIMaNa; fuarpaMMa HOHHBIX
MOTEHIUAJIOB.

[TonsiTe 5SHEPrUM KPHUCTAUIMYECKOM PpELIETKM W DSHEPrud aTOMH3alMd KPUCTAILIOB;
TEOPETHUUYECKUE YpPAaBHEHMS; SKCIIEPUMEHTANIbHBIE METONbl ompeneneHus. I'eoxumuyeckoe
3HAYCHHUE YHEPIHH KPUCTALTNYECKON pemeTku. DHeprerudeckue kodpdumuents (OKu) A.E.
®epcmana, NMPUHIMIHAIBHAS OTPaHUYEHHOCTh cucTeMbl DKoB; yuenue o naparene. CBsi3b
KPUCTATIOXUMHUYECKOT0 U TEPMOJIMHAMUYECKOTO MOAXO0/I0B B TEOXHUMHUH.

N30TOnbl XUMUYECKHX 3JIEMEHTOB. Pa3HHMIla Macc aTroMOB Kak IMpUYUHA pa3/eliCHUs
M30TOMOB JIETKUX DJJIEMEHTOB B (u3MYecknXx U (U3UKO-XUMHYECKHX Ipoleccax,
NPEJCTaBICHUsT O TEPMOJUHAMHYECKMX W  KHHETHYECKUX M30TONHBIX 3ddeKkrax.
KoadduimenTsl QpakIMOHUPOBAHUS, WX 3aBUCUMOCTH OT TEMIIEPATypbl W JIaBIICHUS.
Junamuka ¢ppakMOHUPOBAHUS U30TOMOB B 3aKPBITHIX M OTKPBITHIX CHCTEMAaX.

CrabuiibHbIE U HECTAOUIIHHBIC U30TOIIBI, IBJICHHE PAANOAKTUBHOCTH, PAIHOTCHHBIC U30TOIIHI.
Tunsl paguoakTUBHOCTU. 3aKOH PAaJMOAKTUBHOIO paclaja, MOHSATUS KOHCTAaHTHI pacmaja u
nepuoza nonypacnazga. [I[puHIUIBI H30TOMHOM reoXpoHOIOrUU. MeTo H30XPOH.

7. 'eoXMMHS re0JI0rM4YeCKuX MPoLeccoB
T'eoxumusa maznamuueckozo npoyecca
XVWMUYECKUH COCTaB M KiIaccH(UKAMs MarMaTHYeCKUX TMopoj. PacmpocTpaHeHHOCTh
3JIEMEHTOB B MarMaTUYeCKUX MOPOJAX; 3aKOHOMEPHOCTH U3MEHEHUS PacClpOCTPAaHEHHOCTU B
3aBUCHUMOCTH OT COJAEpXaHHUs KpeMmHe3ema. AcCCOLUalMi 3JIEMEHTOB YJIbTPAOCHOBHBIX,
OCHOBHBIX, KUCIIBIX M HIeNouHbIX nopof. [IpencraBnenue o auddepeHIUpOBaHHBIX CEPUIX
MarmMaTu4eckux mopoia. OTHOCHTENbHAasT  PacHpOCTPAHEHHOCTh  PA3JIMYHBIX  THUIIOB
MarMaTU4eCKUX MOPOJ.
OU3NKO-XUMHUYECKHE 3aKOHOMEPHOCTH KPUCTAJUIM3ALUH I1OPOJ000pA3yIOUINX CHIMKATOB U
MOBE/ICHWE JJIEMEHTOB-TipuMeceli B sToMm mponecce. Paborst H.JI. boysna u B.M.
lNonpammuara. ComnocTaBieHHE 3aKOHOMEPHOCTEM IOBEAECHHUS D3JEMEHTOB B IIPOLIECCE
MarmMaTU4ecKol HBONIOIHUH C pe3yibTaTaMu (U3HKO-XUMHUYECKOTO aHaiuza; wuuaes o0
OCHOBOITOJIATAIONICH POJIM  KPUCTAJUIM3AMOHHOW auddepeHnuanuy Kak MeXaHu3Ma
paszieneHusl 3JIE€MEHTOB B MarMaTuyeckoM Imporecce. Ou3nko-xuMuyeckasl OLeHKa APYrux
runore3 auddepeHnmanyy  MarMbl  (JIMKBallMs, Ta30BBIA MEPEHOC, TpaBUTAI[MOHHAS
muddyzus).
[IpencraBienne 0 «IEPBUYHBIX Marmax»; yclIoBUS (DOpMUPOBAHHS MarM B 3€MHOM KOpe U
BEpXHEH MAaHTHM, COCTaB «IEPBUYHBIX» MarM. ['€oXuMus KpUCTANIU3aUOHHOU
mubdepeHIMaluy; 3JIEMEHThl MPOTOKPUCTAUIM3ALNMY, TJIABHOIO H3Tala KpUCTaIM3allly,
OCTAaTOYHBIX pacIuiaBoB. ['€OXUMUS yIBTPAOCHOBHBIX MOPOJ, 0a3anbTOB, MIEIOYHBIX MOPO/I,
KapOOHAaTUTOB; N'€OXMMUYECKHE MPU3HAKK MX IIyOMHHOTO (MaHTUMHOIO) MPOMCXOXKIEHUS.
['paHUTHI; WX XUMUYECKUN M HM3OTOMHBIA cOCTaB; mpobiema (OpMUPOBAHHS TPAHHUTHOTO
BEILIECTBA B 3€MHOM KOPE; MPEACTABICHUS O SIBJICHUSX TPAHUTU3ALUY.
Tunel MarMaTu4eckux pyaHBIX MectopoxaeHuid. Ilpomecc nuddepennmanyu Marmpl Kak
npoiiecc py1000pa3oBaHust; poJib KPUCTAIUTM3ALUMOHHON Tu(dhepeHITnaInu.
T'eoxumus neznamumog
[IpencraBnenre 0 mMerMaTuTax Kak OCTATOYHBIX T€OXHMUUYECKHX cucTeMax. OcobeHHOCTH
CTPYKTYpPhl U COCTaBa IErMaTUTOB B COINOCTAaBJIEHUU C COCTAaBOM MATEPUHCKHX MOPOJ.
['eoxuMusi  TPAaHUTHBIX  TETMATHTOB,  OCOOEHHOCTH  CTPOCHHUs,  KJacCHU(UKAIUH,
noclea0BaTenbHOCTh (GopmupoBanus. Paboter A.E. ®depcmana. ['umorte3sl 0 MexaHH3MeE
GbOopMHUpPOBaHMS TETMATUTOB; (HUIUKO-XUMHUYECKHE OCOOEHHOCTH CHJIMKATHBIX CHCTEM C
JETYYUMU KOMIIOHEHTaMU. [ '€0XUMHS MerMaTUTOB LIEIOYHBIX U JPYTUX TUIOB MOPOJ. THIlbI
Py, CBA3aHHBIX C IErMAaTUTAMMU.
T'eoxumus zpeiizeno6 u nHeemamonumoé
Accornanusi 3JEMEHTOB TPEH3eHOBBIX OOpa3zoBaHuid. [Ipu3HAaKU BBICOKOTEMIIEPATYPHBIX
peakiuii ra3oB ¢ MOpoAaMu; poiib (Topa, a Takxke xjopa, Oopa, cepsl u np. Twumbl
MECTOPOXKACHUM, CBI3aHHBIX C TPEH3EHAMH.



CocTtaB ByJKaHMYECKUX I'a30B; 3aKOHOMEPHOCTH U3MEHEHHUS COCTaBa BOJHBIX MCTOUHUKOB U
ra3oB BYJIKaHWYECKHX OOJIacTeil B XOne BYJKaHHYECKOro mpouecca. ['a3pl I0BEeHWIbHBIE U
BO3POXKJICHHbIEC; FTCOXMMUYECKHE IPU3HAKH IPOUCXOXKACHUS BYJIKaHUUECKUX I'a30B.
OU3UKO-XUMUYECKHE 3aKOHOMEPHOCTH PACTBOPUMOCTH Ta30B B CHJIMKATHBIX pPacIlIaBax;
9BOJIIOLMS COCTaBa Ta30BOM (a3bl B 3aBUCUMOCTM OT TeMIEpaTypbl M JaBJICHHS.
ComnocTaBiieHle ¢ TPUPOAHBIMU JAHHBIMU.

T'eoxumusn zudpomepmanbHO-MeMAaAcoOMAmMuUUeCKuUX nPoueccos

Acconuanys 3JIeMEHTOB B THAPOTEPMATbHO-METACOMAaTHYECKIX 00Pa30BaHUIX; KOPPEIIALIHS
accolMaluil 3JIEMEHTOB € T'€0JIOTHYECKUMU YCIOBUSAMHI (POPMUPOBAHUS MECTOPOXKICHHIH.
Cynbpuanas nuHUs npouecca. THUIBI THAPOTEPMAIBHBIX CYIb()UIHBIX MECTOPOXKIACHUN U
COOTBETCTBYIOILIME UM aCCOLMALIMHN PYIHBIX DJIEMEHTOB.

KonrtakTHble mponecchl. TuIbl KOHTAKTHBIX OOpa30BaHM; CKapHb, (QEHUTBI U Jp.;
COOTBETCTBYIOILIME UM aCCOLUALIMHU PYIHBIX FJIEMEHTOB.

MertacomMaTueckue M aBTOMETACOMATUYECKHE OOpa30BaHUA: NPONMUIIMTHI, BTOPHUYHBIE
KBApIMTHI, OEpEe3UTHI, IIEIOYHBIE METACOMATUTHI, T'YMOEUTHI, AprUUIN3HUTHL, MPOIYKTHI
JIOJIOMUTH3AlUY, CEPIIEHTUHU3ALUN YIbTPAOCHOBHBIX MOPOJ, albOUTU3AUUIPAHUTOUIOB U
Ip.; UX TEOXMMHUYECKHME OCOOEHHOCTM U COOTBETCTBYIOIIME UM acCCOLMAlMM PYAHBIX
3JIEMEHTOB.

TepMoanHaMHUYECKUE YCIOBHSI THAPOTEPMAIbHO-METACOMAaTUYECKUX IpoueccoB. J[aHHbIE O
COCTaBe THAPOTEPMAIbHBIX pPACTBOPOB, O TeMIeparype U JIaBICHHUU IPOLIECCOB.
Oco0eHHOCTH COBPEMEHHOT0 THAPOTEPMATIBLHOTO PYJ000pa30BaHusl.

Tpu ocHOBHblE MpPOOJEMBI TUAPOTEPMATIBHO-METACOMATHUECKUX IPOLECCOB: HCTOYHUK
BEIIIECTBA, CIIOCOOBI TMEpEeHOca M CIIOCOOBI OTIOXKEHHUS; W UX PEIICHHE HAa OCHOBE HICH O
B3aMMOJICHICTBUM BOJ € MarMaMH M TOPHbIMM HopojaMu. I[IpoucxokIeHue OCHOBHBIX
KOMITOHEHTOB THAPOTEPMAIBHBIX PAaCTBOPOB (MarMaToreHHbIE, METaMOP(OTreHHBIC BOJIBI,
3aXOpPOHEHHbIE BOJbl OCAZOYHBIX IMOPON); (akThl M runoresbl. [IpoucxoxaeHue pyaHbIX
KOMITOHEHTOB THPOTEPMAJIHLHBIX PACTBOPOB; MarMaTOr€HHAs U 0CAJ0YHO-METaMOP(OTreHHAs
TUIIOTE3bl; JaHHblE 10 HM30TOMHOMY COCTaBy CBHMHLA, cepbl, kuciaopoga. CocrosHue
DJIEMEHTOB B THUAPOTEPMAJBHBIX  pacTBOpax;  (pu3mKo-xuMudeckue  (PaxkTopsl,
CHOCOOCTBYIOLIME PACTBOPEHHUIO U NEPEHOCY PYIHBIX 3JeMEHTOB. DaKTOpbl OTIOKEHUSA U
KOHLEHTPUPOBAHUSA  PYAHBIX JJIEMEHTOB W3 pPacTBOpOB; (yHAAMEHTajbHas poilb
B3aMMO/ICICTBHS PACTBOPOB € MOPOAAMHU KakK (hakTopa pyJ00TI0KEHHS.

OCHOBBI (PU3UKO-XUMHUYECKOH TUHAMHUKH THUAPOTEPMATHHO-METACOMATHUECKUX IPOIIECCOB.
Teopus meracomaruueckoil 3oHanbHoCTH, [[.C. KopkuHCckoro. 30HaIbHOCTh U CTAJUHHOCTD
TUAPOTEPMAIBHO-METACOMATHUECKUX O00pa30oBaHUN Kak OTpPaXeHHWE TUIPOTEPMaJIbHO-
MeTacoMaTu4eckoil ruddepeHannuy 31eMeHToB. PaKTOPbl U MEXaHU3MBI THJIPOTEPMaIbHO-
MeTacoMaTu4eckoi AudepeHnnannn; poib U3MEHEHNs TEMIEPaTyphl, JaBJICHUS; 3HAUCHUE
npoleccoB (GUIBTPALUU M B3aUMOJCHCTBUS PACTBOPOB C MOPOJAMH, CMEIIEHUE PAacCTBOPOB.
EnanHCTBO 30HANBHOTO psAfia OTIOKEHUST METaioB. MHOTOOOpasue yciaoBui (HOpMUPOBAHUS
THJIPOTEPMANIbHBIX PaCTBOPOB Kak (hakTop MHOr00o0pa3usi TUIIOB FMIPOTEpMalIbHO-METacoMa-
THYECKUX MECTOPOXKIACHUM.

T'eoxumus npoyeccoé epleempuganus u 0Cadkoo0pa306anus

I'eoxumnueckas  (ompammMuiaroBckasi) — kinaccuuKalMs — OCaJOYHBIX — 0Opa3oBaHUM.
XUMHUECKUN COCTaB W acCOLMAIMM 3JEMEHTOB PA3JIMUYHBIX THIIOB OCAJOYHBIX MOPOJ.
OTtHocuTenbHAS paCIPOCTPAHEHHOCTh Pa3IMUHBIX THIIOB OCAI0UYHBIX OPOI.
Ousuko-xumMudeckue (akropel ocamouHoi guddepeninmanuu. Poiab  Temmeparypsl,
JaBJIEHUS, COCTaBa arMoc(epsl W BOJ; 3HAUYEHHE AaKTUBHOCTH J>KUBBIX OPTaHU3MOB H
OpPraHMYeCcKOTo BelIecTBa OCAAKOB. KHCIOTHOCTh M OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIN
MOTEHILIMal pacTBOPOB Kak (AaKTOphl pa3JelieHuss W KOHIIEHTPUPOBAHHAS 3JIEMEHTOB;
muarpamMmbl Eh—pH. Cnenmduka Gu3nKo-XMMHUUYECKUX YCIOBHH MPOIIECCOB BBIBETPUBAHUS U
noyBOOOpa3oOBaHMs, CHOCA, OCAJKOHAaKOIUIEHWs, JWareHesa; CBsSI3b C  T€0JIOrO-
TEKTOHUYECKHUMU M KIUMATUYECKMMHU YCIOBUSMH; TUIBI 0acCEHOB OCaJKOHAKOIJICHUS.
Oco0eHHOCTH COBPEMEHHBIX MPOILIECCOB 0CATKOOOpAa30BaHUs: F€OXUMUS KOP BBIBETPUBAHUS
U TI0YB KOHTMHEHTOB; OCOOEHHOCTH IPOLECCOB (POPMUPOBAHMS KOHTHHEHTAJIBHOTO CTOKA,
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CPEIHMI COCTaB KUJKOIO M TBEPAOrO CTOKA, IPyrhe MEXAHU3MBbI ITOCTAaBKU Marepuana, ux
KOJINYECTBEHHBIC OLIEHKW; OUHAMUKA CEAMMEHTaluu B OacceliHaX OCaJAKOHAKOIUICHHUS,
re0TeKTOHUYECKHE U (palnaibHble 3aKOHOMEPHOCTH OTJIOKEHUS TEPPUTEHHOT0, OMOT€HHOTO
U XEMOTEHHOT0 MaTepuana; reoxumus auareHe3a. Paborsr H.M. Crpaxosa, A.Il. Jlucuinsina,
A.b. Ponoga, P.M. I'appenca.

Tumel 0CagO4YHBIX PYIOHBIX MECTOPOXKICHUN M MECTOPOKIACHUH KOP BBIBETPUBAHMSL.
Ocanounas nuddepeHnmanus kak pyaooOpasylouiuii mpoiecc; AMHAMHUYECKHE MOJIEIH
0CaZioyHON nuddepeHmanui 1 ananu3 (HakTopoB KOHIEHTPUPOBAHUS PYIHBIX JIEMEHTOB B
3TOM IpOLECcCe.

ONUIreHEeTUYECKUE MPOLECCHl B OCAJOYHBIX IMOPOJAaX M HUX POJb B KOHUEHTPUPOBAHHUU
METAJIJIOB; XapaKTEPHbIE AacCOLMALMU 3JIEMEHTOB SIUICHETHUYECKUX pPYA B OCaJOUYHBIX
opoJax.

Deonroyusa npoueccos 0cadkoodPa306anUs 6 UCMOPUU 3eMaU

Onenka oOmieil Macchl 0CaJOYHBIX MOPOJ M MHTEHCHUBHOCTU MOBEPXHOCTHBIX IMPOILIECCOB B
re0JIOTUYECKON UCTOPUH; POJIb 0CAJT0YHO-BYJIKAHOT€HHBIX TOPOJ B TITyOOKOM JOKEMOpHUH H
cnenuduka uX XMMHUYECKOTr0 COCTaBa.

T'eoxumus memamopgpuueckozo npoyecca.

XVUMUYECKUE THUIBI METaMOPPUYECKHX TOPOJ, COOTBETCTBYIOIIME WM aCCOLUAIUU
3JIEMEHTOB. 3aBHUCHUMOCTh COCTaBa MeTaMOp(UUYECKUX IMOpPOJA OT YCIOBUM MeTamopdusMa.
Yanprpametramopdu3M U TpaHUTH3AIMS.

Ponp meramopduueckux mOpoa B CIOKEHWH 3eMHOW Kopbl. OneHka oOmend Macchl
MeTaMOphUIECKUX TOPOJI; CPEAHUI XUMUUECKUN COCTaB IPEBHUX METaMOP(PUUECKUX MOPOT
U TIpo0JieMa ero OTJIMYHS OT cocTaBa (haHEPO3OHCKHUX OCAIKOB.

Ouzuko-xumuueckue ¢akropel Meramopdusma. Ilpunmun meramopdpuyeckux dauuii u
OCHOBHas  (PM3MKO-XMMHUYECKasi  HANPaBICHHOCTh  MPOTPECCHBHOrO  MeTamopdoszam;
MOJIBIKHOCTh JJIEMEHTOB mpu Metamopdusme. Daktopsl (OpMUPOBAHUS XHUMHUYECKOTO
cocraBa MeTaMOP(UYECKUX IOPOJ: COCTaB HMCXOAHBIX (METaMOPQPU3YIONINXCS) TOPOI M
XUMHUYECKasi HaMpaBJIEHHOCTh MPUBHOcCAa U BbIHOCA. I[IpencraBieHne o meramopduueckoit
g hepeHIranm.

Tunsl pyAHBIX MECTOPOKICHHH, CBA3aHHBIX C METaMOP(PHUUECKUMHU MOPOJIaMH; OLIEHKA POJIU
nporeccoB  meramopdudeckoi  guddepeHnuanuid B (HOPMHPOBAHWH  COOCTBEHHO
MEeTaMOpP(HUIECKUX MECTOPOKACHUH.

Teoxumus zuopocgeput

Macca M XMMHYECKMH COCTaB BOJ TUApPOCc(Ephl; COMOCTaBIEHHE COCTaBa MOPCKHUX U
KOHTMHEHTAJIBHBIX BOJ|; YCTOMYMBOCTh COCTaBa COJIEBOW Macchl OKeaHa; KoJieOaHUs
COJIEHOCTH MOPCKUX BOJ. Maiible KOMIIOHEHThI THIpOoc(ephl; XH3Hb W OpPraHHYEcKoe
BelIecTBO MOpckux Boj. Pabotel A.Il. Bunorpanosa.

Ou3NKo-XMMHUYECKHE (DAKTOpPBI, ONpEAENSAIONINe COCTaB BOJA TUApochepbl; MOHATHE O
MOPCKOM M KOHTHHEHTAJIIbHOM BETBSIX BOJ; HUJes 00 ONpeaessioleil poiar B3auMoIeHCTBUS
BOJI C IOPOJAMH 3€MHOM KOpBI U aTMOCc(epoil kKak (akTopa, KOHTPOIUPYIOIIEro XUMUIECKUN
coctaB Tuspocdepsl. Pabotst M.I'. Bansiiko.

OxkeaH kak auHamuueckas cuctema. COOTHOLIEHHE IPOLECCOB IMOCTYIUIEHUS MaTepuana B
OKe€aH M OCaJKOHAKOIUIEHUS; KPyroBOpoT Bojbl. [loHsTHE O cpeqHeM BpeMeHHU MpeObIBaHUS
HJIEMEHTOB B OKEAHHMUYECKOM BOJie; BpeMsl PeOBbIBAHUS 3JIEMEHTOB (IIPUMEDPHI).

HcTounuk BemiecTBa ruipocdepsl; FeOXUMUYECKHI OanaHc mporecca 0cajkooOpa3oBaHus U
npecTaBiIeHne 00 «HM30BITOUYHO JETYYUX»; MCTOYHHKH JIETYYUX HA MOBEPXHOCTH 3EMIIH.
Pa6oter B.M. lNonpammuara, B.Pyou, X. Xonnanga. @opmupoBaHue coieBO MacChl OKeaHa.
[Ipobnema sBoMIOIMM cOCTaBa TUApochepsl B XOJ€ TeoNOrHYeckoi ucTopuu. DakThl,
CBUJIETENBCTBYIOMNE 00 HBOJIONMH; (PAKTOPHI, BBI3BIBAIOIINE HBOJIIOLMIO, M (PaKTOPHI,
CTaOMIIM3UPYIOIIME COCTaB OKeaHa. ies mocTostHCTBA cocTaBa OKEAaHMUECKUX BOJ| B TEUCHUE
CYIIECTBEHHOM YacTH TIE€OJIOTMYECKOW MCTOpHUH. ['MIIOTE3Bl O cocTaBe JpeBHEHIIEH
TUIPOCGEPHI.

TI'eoxumusa ammocgepu



CoctaB atmocdepsl; cTpoeHre aTMoc(epsl U pacmpelielieHe e KOMIIOHEHTOB IO BBICOTE.
@DaKkTophl, KOHTPOIUPYIOIINE XHUMHUYECKHUA cocTaB atmocheprl. ATmochepa Kak
JUHAMHYECKasi CHCTEMa U TEOXUMHUYECKHE LIUKIIbI ra30B aTMochepsl. IHepTHBIE ra3bl.
[Tpoucxoxaenne u d3Bomtonus armochepsl. VMCTOYHMK Ta30B Ha TOBEPXHOCTH 3eMIIH;
npobiieMa MoTepu ra3oB 3eMJieil; reOXUMHUYECKUEe PU3HAKU OTCYTCTBHS Ha 3emile JIpeBHEl
TUIOTHOM aTtMocdephl. BynkaHudeckue ra3bl U THIOTE3Bl O TaK HA3bIBAGMOW «IIEPBUYHOMN
atMocdepe; haKTOPbl SBOJIOMUK aTMOC]EpHI.

[Tom3emunie aTMmocdepsl; WX cocTaB M Kiaccudukamus. ['eoXuMuUYecKkue NpPHU3HAKU
MIPOMCXOKICHHS Ta30B MoI3eMHBIX aTMochep. Paboter B.B. benoycosa.

T'eoxumus ouocghepor

Onpenenenne B.M. BepHaackoro 6uocdepbl U XKMBOTO BemiecTBa. JKUBOE BEIECTBO; €ro0
KOJIMYECTBO M XUMUYECKUI COCTaB, aCCOIMAIIMK 3JIEMEHTOB KMBOTO BellecTBa (OnopuibHbIe
DJIEMEHTHI). DHEPrusi U aKTUBHOCTh XHBOTO BemiecTBa. [IOHATHE O OMOTCOXMMHUYECKUX
Ipoleccax; NpsMO€ M KOCBEHHOE BIIMSIHUE OPraHU3MOB Ha TI'€OJOTMYECKHE ITPOLIECCHI;
TeOXUMHUYECKHE (DYHKIIUU OPTraHU3MOB; OPTaHU3MBI-KOHIICHTPATOPhI. JKHBOE BEIIECTBO KaK
MOIIHBIM T'eoJoruueckuii (hakTop B UCTOPUHM 3€MHOM KOpBI; MOHATHE O Hoochepe. PaGoThl
B.A. Bepnanckoro.

Opranuyeckoe BEIIECTBO B TeOXMMHUU. PacmnpocTpaHeHHOCT, W (OPMBI  HAKOILICHUS
opranuyeckoro BemiectBa. CocTaB OpraHMYECKOrO BEIIECTBA OCAJIKOB M OCAJOYHBIX TMOPO;
accolMaluy 3JEMEHTOB, HAKAIUIMBAIOUIMXCS B CBS3M C OPraHUYECKUM BELIECTBOM;
OpraHWYECKOE BEIIECTBO Kak (AKTOp KOHIICHTPUPOBAHUS JJIEMEHTOB. PaznokeHue
OpPraHMYECKOT0 BEIIeCTBAa B MOYBAX W OCAJKaxX, W BIMUSHHUE ITOTO TMpolecca Ha (PU3IUKO-
XUMHUYECKHE MMapaMeTpbl FEOXUMHYECKUX MPOIeccoB. ['eoxumus HedTH U yTiIsl.
buoreoxumuueckue nNpoBUHIMHU. CBA3b YCIOBUW KU3HEAEATEIBHOCTH OpPraHU3MOB C
XUMHYECKHM  COCTaBOM  Cpeibl; TOHATHE dSHAeMuu. Dakropel  (HopMHpPOBAHHS
OMOreOXMMHUYECKUX  MPOBUHIMNA.  3HaueHWe  OHMOTeOXMMHUYECKHMX  MPOBUHIMKA B
XO03SUCTBEHHOH AesiTenbHOCTH YenoBeka. PaboTsl A.I1. Bunorpanosa, B.B. KoBanbckoro.
KpyroBopor XuMHU4eCKUX 3JEMEHTOB B 3€MHOH KOpe, reoXxumMudeckue 1ukibl. Kpyrosopor
BEIICCTBA B 3€MHOW KOpPE M MPEJCTABJICHUE O MaJOM M OOJBIIOM I€OXHMHUYECKUX IHKIIAX,
OMOreOXMMHUYECKHE LHUKIbl. DHEPreTuka TeOXMMHUYECKHX IMPOLECCOB; JBIKYILNE CHIIBI
FeOXUMHYECKOro nukia. JluHamMuka OOJIBIIOrO TEOXMMHUYECKOTO IMKJIA; OIICHKa TemIla
KpyroobopoTa BelleCTBA B Teojiorndyeckoil uctopuu. Maes o reoxuMuyeckoMm OamaHce
MpOIIECCOB TpeoOpa3oBaHMsl BellecTBa B Xoae kpyroodoporta. Pabdorer @.V.Knapka,
B.M.I'onpnmmunra, P.M. Tappenca. Ponp mporieccoB marmaTu3Ma, ocagkooOpa3oBaHHUS U
MeTamoppusMa B (QOPMHUPOBAHUU COBPEMEHHOW CTPYKTYpbl 3eMHOH Kopbl. IIpoOiema
HBOJIFOLIMY 36MHOM KOPBI M 3aKOHBI TEOXUMUYECKOTO KPYTOBOPOTA.

8. I'eoxumus OTACIBbHBIX JICMEHTOB

Jns KaXI0ro XUMHYECKOIO JJIEMEHTa IIOCIIEN0BATEIbHO PAaCcCMaTPUBAIOTCS CIENYIOLIUE
BOIPOCHI: COCTOSIHUE B MPUPOAE, TUIBI COSAUHEHHH; KPUCTAIIOXMMUYECKHE OCOOEHHOCTH,
1M30MOp(HbIE OTHOLIEHHSI; MUHEPAJIOTUSI; PACTBOPUMOCTb COEIMHEHUHN U (OPMBI ITepeHoca B
BOJHBIX PAacTBOpax; pacIpOCTPAaHEHHOCTb B IPUPOJE; paCHpEACIIEHHE B MarMaTu4eCKUxX
OpoJax, CBA3b C JPYIMMH DJEMEHTAaMH, IIOBEICHHE B MAarMaTHYECKUX Ipoleccax,
NoBEJeHUEe B  Imporeccax (OPMHUPOBAHUS  MarMaTHYeCKUX  pyA; IOBEJEHHE B
TUAPOTEPMAIBHO-METACOMAaTUYECKUX IIPOLECCaX, THUIIBI KOHIEHTPAMA M aCCOLMALUUA C
JPYTUMH 3JIeMEHTaMU; TIOBEJCHNE B Mpolleccax BBIBETPUBAHUS M 0CAIK0O00pa30BaHus, MyTH
M MEXaHU3Mbl KOHLEHTpalUh B XoAe (GOpMUPOBAHHA KOp BBIBETpUBAHUA U
0caZKo00pa3oBaHUs; pOJb OPraHMYECKOrO BELIECTBA; M30TOMbBI JJIEMEHTa M UX
F€OXUMHYECKOE 3HAUCHHE.

10. IlpukaagHas reoXumust
YyeHue 0 TEOXMMUYECKUX MOUCKAX MECTOPOXKICHUN TOJIE3HBIX HCKOMAEMBbIX Kak
CaMOCTOSITENIbHBIN pa3/ie]l T€OJOTHYECKUX HayK. POib M MECTO T€OXMMUYECKUX METO/JI0B Ha



JTamax | CTagusx reoyioropasBegoyHoro mporecca. Paborer H.M. Cadponosa, A.Il
Conosoga, B.A. Cokonosa, A.W. [lepenbmana.

Obdujue npunyunBl 2E0XUMUYECKUX MEMOO0E NOUCKOE

[ToHATHS O TEOXMMHMYECKOM II0JIe, MECTHOM T'€OXMMUYECKOM (OHE, «IBHBIX» M CIaObIX
FEOXUMHUYECKUX aHOMAIMAX; MECTOPOXKACHUE TOJIE3HOI0 NCKOIIAEMOIr0 KaK YacTHBIN ciydyai
reOXMMHMYECKOW aHoManuu. I[lepBuuHBI Opeosr MecTopoxzacHUsA. [umepreHHoe moiie
paccesiHUs; BTOPUUYHBIE OPEOJIbl U MTOTOKU PACCESTHUS MOJIE3HBIX HCKOMAEMBIX B reocdepax.
[TapameTpbl FEOXUMHYECKOTO T0JIS, KpUTEPUU BBIJECIECHUS C1a0bIX aHOMAJIUH.

[TonsiTie O mNapaMeTpUYECKMX M HEMAPAMETPUYECKUX TE€OXMMUYECKUX II0Ka3aTelsX.
CrnyyvaiiHple (CTOXacCTUYECKHE) U MPOCTPAHCTBEHHO-YIOPSI0UYEHHbIE (IETEPMUHUPOBAHHBIC)
pacrpeneneHuss XUMHUYECKMX JJIEMEHTOB B TeoslorMueckux oOpasoBaHusx. [lokaszarens
IUIOINAAHON MPOJYKTUBHOCTU I'€OXUMHUUYECKOM aHOMalIMM, €ro He3aBUCUMOCTh OT MacluTada
CBEMKH. [IponoprruoHaIBHOCTH KOJINYECTBEHHBIX noka3zaresen TUIEPTEeHHBIX
F€OXUMHUYECKNX aHOMAJIUI CBOEMY KOPEHHOMY OpYIE€HEHHUIO.

Jecartuunass KiIacCU(pHUKAIMS MECTOPOXKICHUN TIOJIE3HBIX MCKONAeMbIX II0 3aracam,
COOTHOILIEHUE MEXJIYy YHUCICHHOCTbI0 MECTOPOKICHUH pPa3IMYHBIX KJIACCOB KPYIHOCTH.
[TpyHIMI TEOMETPHUYECKOTO W TEOXUMHUYECKOrOo TOJO00MS Te€HETUYECKH OJHOTHUITHBIX
00BEKTOB PA3JIMYHBIX KJIACCOB KPYMHOCTU. 3aBUCHUMOCTb MEXJIy KJIapKaMH 3JIEMEHTOB B
auTochepe U MPOMBIIIJIEHHBIMHU 3allaCaMU B MECTOPOXKIECHUAX OJUHAKOBOM KPYITHOCTH.
B3anMocBsI3aHHOCTh M B3aMMOOOYCIIOBIEHHOCTh T'€OXMMHUECKUX aHOMaJUMH B reocdepax.
ITocnenoBaTenbHOCTh ATUX CBI3EH U IIPEUMYILECTBA IUTOXUMUYECKOTO METO/1a IIOUCKOB.
VYuenne b.b. [lonpiHOBa 0 reoxumMuueckux JaHamadrax. DieMeHTapHble JIaHIIA(THI.
Knaccugukanus manamadToB Ha OCHOBE OMOKIMMATHYECKOW 30HATBHOCTH. KoaddumenTs
BOJHOW MHUIpallMM M  TanacCOQUIbHOCTH 3JEMEHTOB, JJIEMEHTHl C KOHTPAcTHOU
MUTPAallMOHHON XapakTepuCTHUKOM. Tumbl reoxumMuueckux OapbepoB U HUX pOJb B
00pa30BaHUM F€OXMMHUYECKUX aHOMAJIHUI.

Jumoxumuueckue memoowvt nOuUCKog

IToToku paccesHuss pyAHBIX MECTOPOXKACHUU. EKeromHbiil CiIOM NEHYNalUH; WUICAIbHBIN
IOTOK paccesHus B pycie 1-ro nopsiaka. [IpogyKTUBHOCTD OTOKA paccesHus; 3aBUCUMOCTh
COJIepKAHUN W TMPOJAYKTUBHOCTH IIOTOKA PACCESIHUA OT IOJOXKEHUS PYAHOro oO0BbEeKTa B
OacceiiHe BoJ0cOOpa; KOIPPUIMEHT MPONOPIHHUOHATBHOCTH. JuHamuka (HOpMHPOBAHUS
IIOTOKA paccesHus, BIUSHUE HA COCTaB aUIIOBHA MaTepuaia ONMKalIIuX CKIOHOB.
«Kaxymascs» OpOAyKTHBHOCTh IIOTOKAa pacCesHWss M OLEHKAa €ro  HCTUHHOU
NPOAYKTUBHOCTH. OLIEHKa MPOTHO3HBIX PECypcOB MeTauioB Kareropuu P3 kak kpurepuit
nepexo/ia K cienyrolen ctaauu padorT.

Bropuunsie opeonsl paccesHus. CTaguu BHIBETPUBAHMS FOPHBIX HOPOJ U MPOQHIIb PHIXJIBIX
o0Opa3oBaHMil; reHeTHYeckas KiaccupukanMs peIXiabIXx oOpa3zoBanuil. Kiaccuduxamms
BTOPUYHBIX OpPEOJIOB paccesHuss Mo ¢a3e, TeHe3UCy M NPU3HAKY JOCTYMHOCTH s
oOHapyxeHHsl. MeXaHW4YecKUil Opeosl paccestHUs; TPU THUIA MOJABUKHOCTH YacTHIl B 30HE
BBIBETPUBAHHUSA; BbIBOJ (YHKIHMU pacCesHUs Ajs TOHKOTO pYyIHOrO Teja, HapamMeTphl
OCTaTOYHOTO opeosa M M S M HMX TIEOXMMHYECKHMI CMBbICI. B3auMOOTHOLIEHUS MEXITY
UealbHbIM U pPEAJIbHBIMU OpEoJIaMH, KOA(P(HUIMEHT OCTaTOYHOW MPOAYKTHBHOCTH M €r0
3aBUCHUMOCTh OT MECTHBIX JaHAAPTHO-TEOXMMHUYECKUX YCIOBHI; METOJbl IOJCYETa
IUIOINAAHON TNpoayKTUBHOCTU. OIlleHKa TMPOTHO3HBIX PECYpPCOB PYAHBIX OOBEKTOB IO
kareropusim P2 u Pl1. ConeBoit opeon paccesHUus Cyab(QUIHOTO MECTOPOXKICHHUS.
HanoxxeHHble TreOXMMHUYECKHE OpEOJIbI pPAcCesiHHsl, HCIapUTelbHas, COPOLHOHHAs U
OMoreHHast aKKyMyJsiUsl PYIHBIX SJIEMEHTOB y TOBEPXHOCTH. METO/bl yCUJIEHHS CIIa0bIX
FEOXUMHUYECKMX aHOMAJIUH.

[TepBuuHbIE OPEOJIBI PYIHBIX MECTOPOXKACHUN. [IoMCKH CENbIX PYAHBIX TN MO MEPBUYHBIM
opeojaM Ha (raHrax M TIyOOKMX TOPHU30HTAX pa3BEIbIBAEMBIX M O3KCILTyaTUPYEMbIX
MECTOPOXKACHUH. Ps/Ibl 30HATBHOIO OTIOKEHHUS 3JIEMEHTOB THUIIOMOP(HOrO KOMILIEKCa U
METOJAbl WX BbIABIEHMs. VccrmegoBaHue  reoXMMHYECKOM — 30HAIBHOCTH — PYIOHBIX
MecTopoxkaeHnit Ha OBM. I'eHeTMdyeckM OJHOTUIIHBIE MECTOPOXKIEHUS Pa3IMYHOMN
KPYITHOCTH Kak TIeoMeTpudeckue M reoxumudeckue ¢urypsr mnonodusi. Kosddurument
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moao0usi, MeToAbl ero omneHKU. COOTHOIICHUS MEXIY IOJTHBIMH 3amacaMd, y4eT YpPOBHS
9PO3UOHHOTO cpe3a W Joiu 3abamaHcoBbiX pyna. OlLEHKAa CIENbIX PYIHBIX TN IO HX
HaJPYIHBIM MIEPBUYHBIM OPEOJIaM.

Mertoapl aHanu3a, IPUMEHSAEMbIE TPH JINTOXUMUYECKUX TTOUCKAX.

Tuopoxumuueckue memoovt NOUCKO8

['uIpoXuMUYecKre TTOUCKH PYIHBIX MECTOPOXKICHUH M0 KAaTHOHAM METaJNIOB U O CyIb(aT-
HOHY TIyTeM ONpoOOBaHUS ITOBEPXHOCTHBIX BOJHBIX TOTOKOB. IIMCKM mMOrpeOeHHbIX
MECTOPOXKAECHUA B 3aKPBITBIX palOHAX IPU HAJUYUU BOJOHOCHOTO TOpHU30HTA. MeTomasl
aHaju3a, IPUMEHsIEMbIC TTPH THIAPOXUMHUUYECKHUX MTOUCKAX.

Ammoxumuueckue (2azoevie) memoovl HOUCKOB

O06pa3oBaHue Ta30BBIX OPEOJIOB paccesHus myreM 3¢ dy3un u qudQy3un ra3oB uepes3 ropHbe
nopoasl. BimstHue npupoaHbIX (aKTOPOB HA KOHIIGHTPAIIMIO Ta30B B IEPEKPBHIBAIOIINX
OTJIOKEHUSX U B MPU3EMHOM arMocdepe. ['a3bl HEPTIHBIX U YTOJBHBIX MECTOPOKICHUH, Ta3bl
PYIHBIX MECTOPOXKJACHHUH. THIBI M BUIBI Ta30BBIX ChEMOK: T'€JIMEBasl, Ta30PTYTHBIC ChEMKH.
Metonuka U TEXHHKa OTOOpa ra3oB MPH Pa3HBIX BHIAX ChEMKH. AJPOra3oBbIE CHEMKH.
[TpunUIIEI XpoMaTOorpaduueCKOro aHajanu3a ra3oBbIX CMECEH.

Buozeoxumuueckuit memoo nouckos

CoOCTBEHHO OMOT€OXMMHYECKHI M TIe000TaHWYECKUA MeToAbl MOMCKOB. KoaddummeHt
OMOTCHHOTO TOTJIONMIEHUS DJIEMEHTOB, OMOTEOXUMUYECKUE Oaphepbl. MeToarKa U TEXHHUKA
OMOreOXMMHYECKUX CHEMOK B 3aKPBITBIX paiioHax; oOmacth 3¢G(HEKTUBHOTO MPUMECHECHHS
OHMOreOXHMMUYECKOI0 METOJIa IIOUCKOB.

11. Dkonornyeckasi reOXuMusi
Yuyenune B.M. Bepnanckoro o Ouocdepe. IloHarne «rexHoreHes». TexHOPUIBHOCTD
XUMHUYECKHX 3JIeMeHTOB. OKpysKarolas cpefia U €€ KOMIOHEHTHI.
YcnoBuss (popMupoBaHUS, TapaMeTpbl U XapAKTEPUCTUKH TEXHOTEHHBIX T€OXUMHYECKHX
aHOMAaJINI
TexHOreHHble  I€OXMMHMYECKHME aHOMajJud B  TOPHO-PYIHBIX  pailoHax. PynHbie
MECTOPOXKIACHHSI KaK MCTOUYHUKH 3arpsi3HEHUs] OKpyKarouiel cpenbl. OCHOBHbIE UCTOYHHMKHU
TEXHOTCHHBIX T€OXMMHUYECKUX aHOMaJMil MpH MPOBEICHHH T€0JIOro-pa3BedoOYHBIX padoT,
(GOopMbl HAXOXKJIEHUS XUMHUYECKUX 3JIEMEHTOB U TEXHOI€HHAs N€OXMMHUYECKass MUTparusl.
[TapameTpsl M XapaKTEPUCTUKU TEXHOTEHHBIX IN€OXMMUYECKHUX AaHOMAJIUN B TOPHOPYIHBIX
paiionax. KosmuecTBEHHBIE NOKAa3aTeln M XapaKTEPUCTHKU JUIsI OLEHKH IE€OXMMHUYECKOIO
3arpsi3HeHus. [IpuponooxpaHHble MEPOIIPUATHSL.
Bo3zzeiicTBue Ha OKpYKAONIYIO Cpely TpPH MPOMBIIUIEHHONW OTpaOOTKE MECTOPOKICHUH.
TumnoBoii cocTaB TopHO-000raTUTEIBHOIO KOMIUIEKCA U F€OXMMUYECKHE LIeTH BO3JAeHCTBUSA
TOPHO-PYJHOW MPOMBIIUIEHHOCTH Ha OKPYKaIOIIyl0 Cpeny; BbIOpockl B aTmocdepy,
HAKOIUIEHNE B XBOCTAaX, MIOTEPH IIPU TPAHCIIOPTUPOBKE, IPOMBILUIEHHBIE CTOKU. [[apameTpsl
U XapaKTEepPUCTUKU TEXHOTCHHBIX TI'€OXMMHUYECKUX aHOMalIMi B pailoHax TOpHO-PYAHOTO
IIPOU3BOJCTBA U KPUTEPHUH OLIEHKU COCTOSHMS OKPYKArOLEN CPEIbl.
['eoxumHueckoe 3arps3HEHHE TOpoJOB M YpOaHM3UPOBAHHBIX TepPpUTOpUM. [ I00anbHBII
XapakTep BO3JEHCTBHS Ha OKPY)KAIOLIYI0 Cpely YpOaHM3UPOBaHHBIX TeppuTopuil. Buabl u
OCHOBHBIE UCTOYHHKH 3arpsI3HEHUI OKPYKAIOLIEH Cpeasl B ropoaax, LENu pacipoCTpaHEHUs
3arpsA3HSIOIMX BEIIECTB; MPOMBIIIEHHbBIE, KOMMYHAJIbHBIE U OBITOBBIE OTXO0/Ibl. ADpOTEHHbIE
AQHOMAJIMM, BBIMAJEHUE TBEPJBIX OCAJKOB Ha TIOBEPXHOCThb, >XHUJKHE CcTOoku. CocTaB
AIIEMEHTOB- 3arPsA3HUTENEH CTOYHBIX BOJ Pa3IMYHBIX BUJIOB IPOM3BOJACTBA. XAPAKTEPUCTUKHU
TEXHOT€HHOT'O 3arpsi3HEHHS] TOBEPXHOCTHBIX M MOA3EMHBIX BOJ IMPOMBIIUIEHHBIMU CTOKAMH.
[Tyt ymeHblIeHHs BO3JIEHCTBHS OT BBIOPOCOB M OYMCTKA CTOKOB. | eoXMMHYecKas OLEeHKa
Harpy3Ku Ha OKPYXXarollylo Cpeay B ropofax.
['eoxuMHuueckoe 3arpsA3HEHHE  CEJIbCKOXO3SMCTBEHHBIX TEPPUTOPUN. ArpOreHHOe |
TEXHOTCHHOE BO3JCHCTBUE HA CEIbCKOXO35AMCTBEHHBIE TEPPUTOPUH. ATpPOTEXHUYECKAs
00paboTKa, Menuopanus, TeOXUMHUUECKOe 3arps3HeHUEe MpU HCIOJIb30BaHUH MUHEPATbHBIX
ynobpenuit u mnectuuuaoB. OCoOOEHHOCTM MHUIpALMU BJIEMEHTOB B arpojaHamadgrax.
BnusiHue yp6aHu3upOBaHHBIX TEPPUTOPUIN HA arpOIIPOMBILIUIEHHOE IIPOU3BO/ICTBO.
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Memoouka 3K0/1020-2€0XUMUYECKUX UCCIE006AHUII U AHAIUMUYECKoe obecneuenue
paoom.

Buasl u  MacmraObl 3KOJOrO-TEOXMMHUYECKHUX CheMOK. CBs3b MEXJIy HCTOYHHKAMU
3arps3HEeHui, cpenoil ompoOoBaHMA W MacmITaboM CheMOK. HasemHble, BO3IyIIHBIE,
IOJ3€MHbIE, HABOJHbIC, MOABOHbIE, CHEroBble cheMKU. OnpobOoBanue mous. OnpoOoBaHue
MOBEPXHOCTHBIX M IOJ3EMHBIX BOJ|, PEXUMHbBIE THIPOJIOTrHYECKHE, TMAPOreOJOTHUECKUE U
rupoxuMudeckue HabmogeHus. OnpoboBaHue CHEroBoro nokpona. IIpoBenenue nblaeBbIX
CMBIBOB C PacTUTEIbHOCTU. OCOOEHHOCTH 3KOJIOrO-T€OXUMUYECKOTO M3YyUEHUS PA3IUYHBIX
TUIIOB TEPPUTOPUI U NaHAIAPTOB.

T'eoxumuueckuii MOHUMOPUHZ OKPYHCAIOUiell cpeobl.

MHoroueneBoe reoXuMU4ecKoe KapTupoBaHue. ['eoxumMuyeckas Kapra Kak OCHOBA IIPOrHO3a
3arpsi3HEHUS OKPYKAIOIIEN Cpebl.

MeTtonpl aHaM3a reoXuMHUEcKUX Mpo0. COBpEeMEHHBIE METO/bI ONPENEICHUS COJIepIKaHus
XMMHUYECKHX 3JIEMEHTOB U PA3JIMYHBIX UX (OPM HAXO0XKJICHHS.

Ilokazamenu, ucnonv3yemvlie npu OUEHKE 3AZPAZHEHUA KOMNOHEHMOG OKpycaruiei
cpeownt.

TOKCMYHOCTh M KJIACChl ONACHOCTH XUMHYECKMX 3JiIeMeHTOB. IlpenenbHO nomyctumble
KOHIIEHTpauun  xuMmudeckux  anemeHToB  (IIJAK);  OpHEHTUPOBOYHO  JIONyCTHUMBIE
KOHIICHTPALIMM XMMUYECKUX JJIEMEHTOB W OpPHUEHTHPOBOYHO OE30IaCHBIE  ypPOBHHU
BO3/JCHCTBUS 3arpsA3HSIOIINX BELIECTB.

KonnuecTBeHHbIE T€OXMMHUYECKHUE IOKA3aTENIM, UCIOJIb3YEMble IPU OIIEHKE KOMIIOHEHTOB
OKpYXKalollled Cpelpl: CPEIHEAaHOMAIBHBIE CONEP)KAHMS, KIApK KOHLEHTPALWH, IUIOIAIb
3arpsA3HEHUS, KOJIMYECTBO METAJUIA B 3arPS3HAIOIIEM CIIOE.

CyMMapHbIi NIOKa3aTeNb 3arps3HEHUs] MI0YB, CHETOBOI'O IOKPOBA, PACTUTENIBHOCTH, JTOHHBIX
OTJIOXKEHUH U BOJA. YPOBHH 3arpsi3HEHUsI KOMIIOHEHTOB OKPYKAarOLIEH CpeJIbl.

[TonsTHE o1leHKH Bo3aeicTBUA Ha okpysxatouryto cpeny (OBOC). Llenu, 3a1aun, NpUHIMIIBL U
obnacte npumenenuss OBOC. ['ocynapcTBeHHasE SKOJIOTHYECKAs SKCIIEPTH3A.
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