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BBenenue

B ocHOBy HacTosIIell NporpaMmsbl MOJOKEHBI CIEIYIOIIUE AUCIUIIINHBL:
oO011asi TEOXUMHH, T€OXUMHUS OTICIbHBIX 3JIEMEHTOB, (pU3NUecKasi TeOXUMHSI, TeO-
XUMUS U30TONOB U T'€OXPOHOJIOTHS, TEOXUMHUYECKHE METOJIbI TTIOUCKOB U Pa3Be/l-
KM TIOJIE3HBIX HCKOIAEMbIX, 3KOJOTrHYecKass F€OXUMHs, METIbl N€OXUMHUYECKUX
uccaenoanuii. [Iporpamma paspaborana kadeapoit TEOXUMUU T€OTOTONIECKOTO
dakynbereta MI'Y u ogoOpena s3KkcnepTHBIM cOBeTOM BrIciiel arrecTalinoHHON
KOMUCCHH 110 HayKaM O 3emJie.

[Iporpamma pa3paboTaHa 3KCIEPTHBIM COBETOM BpICIel aTTecTalmOHHON

KOMUCHHU T10 HAYKaM O 3eMJI€.

1. O0BEeKT reoXuMun

1. Onpenenenne reoxumun. ATOMBI XUMUYECKHUX 3JIEMEHTOB B IPUPOJE,
OCHOBHBIE MPOOJIEMbI TEOXUMHU: PACIPOCTPAHEHHOCTh XUMUYECKUX DJIIEMEHTOB U
pacnpeneaeHne XUMHUYECKUX 3JIEMEHTOB B IpUpoae. BOZHUKHOBEHHE T€OXUMUMU.
OCHOBOITIOJIAraIoOIINeE paboTHI ®.V.KIIAPKA, B.11.BEPHAICKOI O,
B.M.I'oipAlIMUATA, A.E.OEPCMAHA. OCHOBHBIE TEHICHIIMUA PAa3BUTUS T€OXHU-
MHH BO BTOPOU noJIoBUHE XX BeKa. OCHOBHBIE TPY/IBI IO TEOXUMUHU.

MecTo reoXxuMuu B CUCTEME HayK O 3eMJie.

2. MeToabl reOXUMHYECKHUX HUCCIACA0BAHUN(AHATUTHYCCKAS T€0OXUMMUS)

XUMHUKO-aHAUIUTHYCCKHE, (PU3HKO-XUMHUUYECKHE W (U3UYECKHUE METOIbI
U3YUYEHUsI COJICPIKAHUSA U COCTOSTHUSI DJIEMEHTOB B MPUPOIHBIX O0BEKTaX.

3HaYCHHE M COOTHOIIICHUE METOJIOB TEPMOIUHAMUKH ((PHU3UICCKON XMUMUH)
U KPUCTAIUIOXMMHUU ((PU3UKH TBEPJIOro Tena) B TreoxXxuMud. Ponb pusmko-
XAMHUYECKOTO 3KCIICPUMEHTA.

MaremaTuyeckue MeTOAbl O0paOOTKH TCOXMMHUYECKUX JaHHb u DBM-

MOACIUPOBAHHUA.



3. [IpoGJiema pacnpocTPaHEHHOCTH XUMMHYECKHUX 3JIEMEHTOB B NPUPO/I€e

Omnpenenenne NOHATHS PACIIPOCTPAHCHHOCTD 3JIEMEHTA; CITIOCOOBI BBIpaXke-
HUS pacrpocTpaneHHOCTH. [[oHATHE O conep KaHNM JIEMEHTa B 00BEKTE KaK CIIy-
JaifHOW Benn4uHe; BUJ (PyHKUUN pacnpeeieH s COIepKaHui 3JIEMEHTOB B 00'b-
€KTaX, MOHSATHUE O CPEAHEM COJICPNKAHUM U JTUCIEPCUU COJCPKAHUN B OJHOPO/I-
HbIX oObekTax. "CiydaitHoe" (CTOXacTUYECKOE) U MPOCTPAHCTBEHHO YIOPSIO-
YeHHOE (JeTEpMUHUPOBAHHOE) paclpeeieHUE SJIEMEHTOB.

OcHoBHbIE (POPMBI COCTOSIHHS BelllecTBa BO BeeneHHoI - 3Be3/1bl, paccesH-
Hasi MaTepusi, XOJOAHBIE TeJia, U3JIydeHHUs, MpodyemMa “CKphITOM Macchl” Tajlak-
TUK.

Honamue ""kocmuueckout" pacnpocmpanennocmu nemenmos. Pacrpo-
CTPaHEHHOCTh 371eMeHTOB Ha ComHue. Meroasl oneHku. OCHOBHBIE 3aKOHOMEP-
HOCTH paclpOCTPAHEHHOCTH HYKIIHJIOB B 3aBUCUMOCTH OT aTOMHOTO HOMeEpA.
[Ipouecchl HYKIIEOCUHTE3a U OCHOBHBIE THUIIBI JIEPHBIX peakiuid. PagroakTuBHbIE
anpa. [loHsiTue o Bo3pacTe XUMUYECKHX IJIEMEHTOB. DBOJIOIMS 3BE3] U UX XH-
MHUYECKUH COCTAB.

Pacnpocmpanennocms rnemenmos ¢ memeopumax. MuHepaibHbii ((a-
30BBIM) COCTaB METEOPUTOB; KiIacCU(DUKAIMS METCOPUTOB; MpoOJieMa CpPEeHEro
COCTaBa METEOPUTHOTO BemiecTBa. OCHOBHBIE 3aKOHOMEPHOCTH PACHPOCTPAHEH-
HOCTHU DJIEMEHTOB B XOHAPUTAaX; CPAaBHECHUE METCOPUTHON U COJTHEYHON KPUBBIX
pacrpoCTPAaHEHHOCTH  JJIEMEHTOB -  CXOACTBa W paznuuusi. PaboTsl
B.M.T'OabIIIMUATA, A.II. BUHOI'PAJIOBA.

MeteopuThl Kak T€OXMMHUYECKasi CHUCTEMa M TMPEJICTaBICHUE O TBEPAOU
dbpakiuy MepBUYHOTO MPOTOTUIAHETHOTO BEIIECTBA; 3aKOHOMEPHOCTH €ro COCTa-
Ba. Unest o GpakiinoHUpOBaHUY AJIEMEHTOB B MPOTOIJIAHETHOM O0j1ake u ee pu-

3UKO-XUMHUYCCKHUE OCHOBAaHUS.
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BTopuuHnble siiepHbIE peakliMu B METEOPUTAX; KOCMHUYECKasi UCTOPUS Me-
TEOPUTOB; MOHATHUE O BO3PACTE METEOPUTHOIO BEUIECTBA U KOCMUYECKOM (''3KC-
MO3UIIMOHHOM'" ) BO3pacTe METEOPUTOB.

Pacnpocmpanennocms 31eMeHmoé 6 nianemuom eeujecmee. MeTobl
orneHkd. OcHoBomoJararomas THUNoTe3a 00 aHaJIOTMUM XHMHYECKOTO COCTaBa
TBEPJIOr0 BEILIECTBA IUIAHET U COCTaBa METEOPUTOB. [[Be rpymibl mianeT ConHeu-
HOM CHUCTEMBI; pa3Iu4Msl B UX CTPOCHUH U COCTaBE.

JlaHHBIE O TJIAaHETaX 3€MHOW I'PYIIbL, CPEAHSS IIOTHOCTD IUIAHET U €€ WH-
TEpHpEeTaLUs; POiIb METAUIMYECKUX sIIep B CIIOKEHUU Mianet. Mues o gppaxiumo-
HUPOBAHHUH 3JIEMEHTOB B MPOLIECCE AKKPELIUH.

Pacnpocmpanennocms 3nemenmog 6 3emMHOU Kope. MeTonpl OLEHKHU
CpedHEro XHMMHYECKOro cocTaBa 3eMHOM Kophl.. Paboter @.Y.KIAPKA,
B.1.BEPHAICKOIO, 1. 1 B.HOOJIAKOB, B.M. T'OJIbAIIMUATA, A.E.DEPCMAHA,
A.IL.LBUHOTPAJIOBA. COBpEMEHHBIE MPEACTABICHUS O CTPYKTYPE 3€MHOM KOPBI;
THUIIBI 3€MHOU KOpBI. Macca KOpbl U OTAEIBHBIX €€ CTPYKTYPHBIX €IUHULL;, OLIEHKA
MacC pa3JUYHBIX TEHETHYECKUX TPYyNN TMOopoJa B 3eMHOM kope. PaboThi
A.TTONAEPBAPTA, A.b.POHOBA, A.A.BEVCA, C.P.TEIJIOPA. CoBpeMEHHbBIE OIIEHKU
pacpoOCTPAHEHHOCTH 3JEMEHTOB B 3€MHOM KOpPE; OCHOBHBIE 3aKOHOMEPHOCTHU
pacrpoCTPAHEHHOCTH 3JIEMEHTOB B 3€MHOU KOpE.

[IpencraBienue 0 KOpax IUIAHET KaK reoOXuMu4yeckon cucreme. [IpuHuunu-
albHOE OTJIMYME cocTaBa Kopbl 3emiu, JIynsl, Benepsl, Mapca ot cocTtaBa UCX0/1-
HOTO (COJTHEYHO-METEOPUTHOTO) BEIIECTRA.

[IpeacraBinenue o0 atmocdepax u ruapochepax IUIAHET KaK T€OXUMUYE-
CKHX cucTemax. J[Ba Tuma atmocdep miaHeT. ['eoxuMuueckue mpu3HaKy "XoJo/1-
HOro" nmpoucxoxxacHus mianet. Paborer A.II.LBUHOI'PAJIOBA.

Cmpoenue 3emau u Opy2ux njiaHem 3eMHO20 MUNA, COCMAE U NPOUC-
XodicoeHue aopa ooonouek. I'eopusznueckre JaHHBIE O CTPOCHUU 3eMIIH. 3eMHas
Kopa, MaHTHs, sapo. CocoObl OIEHKH CPEHEro COCTaBa 000JIOYEK U siapa 3eM-

mu. [TomuMopdusm 1 cocTosTHUE BEIECTBA B ITYOMHHBIX cepax 3emitH.
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CoBpeMeHHbBIC JaHHBIE 0 XMMHYECKOM COCTaB€ MAaHTHUH 3eMJIH; MpobieMa
F€OXMUMHUYECKON reTepOreHHOCTH MaHTHH.

OO0mme 3aKOHOMEPHOCTH PACTIPECICHUS JJIEMEHTOB M0 000JI0YKaM 3eM-
JIM, COMOCTaBJIEHUE ¢ MeTeopuTaMu. [IpuHuun BeIIIaBieHus: U aerazanuu. Knac-
cuueckue npeacrasieHuss B.M.I'OJIbAIIMUATA u A.E.OEPCMAHA O NEPBUYHOMU
mudpepeHnray MIaHETHOTO BEIIECTBA; THUIIOTE3bl BBITUIABJICHHS; THIIOTE3a
A.IL.LBUHOTPAJIOBA 00 aHaJIOTMH MPOIECCa BBHIMIABICHUS U JIeTa3allid MEXaHU3-
My 30HHOrO IIJIaBJIEHUS U €€ (PU3NKO-XMUMHYECKOTO OCHOBaHMs. PaboTh
A.I1.BUHOT'PAJIOBA.

JlanHble 0 cTpoeHuu JIyHBI U COCTaBE MOPOJ €€ KOPbI; OLIEHKA COCTaBa I0-
pon Beneprl 1 Mapca; conocTtaBieHue ¢ MeTeoputamu. BceoOIIHOCTh TPUHITUTIA
BBITUTABJICHHAS W JIeTa3all i TUTAHET 3E€MHOW TpYIIbl. 3aKOHOMEPHOCTU
bpakMOHUPOBAHUH AJIEMEHTOB B X0Jie Au(depeHINAINU TUIAHETHOTO BEIIECTBA.

DHepreTuka IUIAHET: POJb PaJUOTeHHOrO TEIia, JAPYTHE BHUIbI dHEPTUU

(rpaBUTaLIMOHHAS U JIp.). TepMudeckas UCTOPUS TUIAHET 3€MHOM TPYIIIIBI.

4. I'eoxumuyeckas Kjiaaccupukanus 3JieMeHTOB

3anaua knaccudukanuu. [leproanuecknii 3akon J[.M1.MEHJIEJIEEBA U KJiac-
cudukanus snementoB. Kinaccudukanus B.MI.BEPHAJICKOI'O; npyrue kiaccudu-
Kaluu.

Nnes knaccupukanuu B.M.I'OJIBJIIIIMUJITA. PactipeneneHnue 3JIeMEHTOB 110
NPUHITUTTHATIBHBIM (pa3aM METEOPUTHOTO (MPOTOIUIAHETHOT'0) BEIIECTBA; TEPMO-
JTUHAMUAYECKHE OCHOBAHUS 3TOTO pactnpesneneHusi. CBs3b ¢ MOJ0KEHUEM B TaOIu-
ne .M.MEHAEJIEEBA ¥ Ha KpHBOW aTOMHBIX 00BEMOB. PacrpocTpaHeHHOCTH

AJIEMEHTOB W MPUHIINAI KIacCU(PUKAIIH.

5. Cocrosinue (GopMbl HAXO0XKAEHUSI) IJIEMEHTOB B PUPO/IE

MuHepanbl - NpOAYKThl HNPUPOAHBIX XMUMUYECKHUX peakuuil. HampasieH-

HOCTh PEaKlHil; KpUTepuil MUHMMyMa CBOOOJHOM sHepruu. llpencraBineHue o
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reoxumMuuecknx OydepHbIx cucreMax. OrpaHHYeHHOCTh YHCIIa MHHEpPaIbHBIX
BUJIOB; OOMEHEHHbIe peakunu, OydepHbie paBHOBECHUS, H30MOPHU3M Kak (aKTo-
pBI, OTPaHUYUBAIOLIUN YUCIO MHUHEpAIbHBIX BUIOB. Juddepenunanus sneMeH-
TOB B TEOXMMHMYECKHX MPOLECCAX U YNACIO MUHEPAIBHBIX BUJIOB.

Paccessinue snemeHTOB B ipupose. TepmMoauHaMUYECKUE OCHOBAHUS pacce-
saHUA; 3aKOH B.M.BEPHAJICKOI'O. @OpMBI pacCEesTHUS 3JIEMEHTOB.

SIBnenue n3oMopdpu3Ma aTOMOB B KpUCTAIaX M €r0 T€OXMMHYECKOEe 3Ha-
yeHue. TepMoIMHAMUYECKUE OCHOBAHUS SBIEHUS H3oMopdusMa (0O0pa3oBaHUS
TBEpABIX (ha3 MEePEeMEHHOTO cOoCcTaBa). /[Ba riaBHBIX BOMpPOCa TEOPUU U30OMOPPU3-
Ma: CTaOMJIBHOCTh M30MOP(PHBIX CMECE U €€ 3aBUCHUMOCTh OT TePMOAMHAMUYE-
CKHX YCIJIOBHI; TOBEAEHUE N30MOP(HBIX CMECEH B pa3IMYHbIX (Pa30BBIX paBHOBE-
cusix. [loHsTe 0 TepMOIMHAMUYECKUX (PYHKUUSAX CMEIIEHUS, UX CBS3b C KpH-
CTaJUIOXUMHUEMN.

OcHOBHBIE TUIIBI U30MOP(PHU3MA: HU30BAJEHTHBIN, T€TEPOBAIICHTHBIA U .
OMnupuyeckue npasuia uzomopdusma: npasuiio "15 %", npaBuio "3axBara" u
"monmycka" B.M.I'OJIbAIIMUATA. M3oMopdu3m U acconpanu 3JI€MEHTOB B MPHU-
poae; wu3oMopdubie  psaasl B.M.BEPHAJICKOTO;  JauaroHajbHbIE  PSIIbI
A.E.OEPCMAHA. N3oMOop(hH3M Kak MEXaHU3M pacCesHUs, KOHUEHTPUPOBAHUS U
pa3eIIeHUs DIIEMEHTOB.

[IpencraBnenust 06 acconuanusax XMMUYECKUX 2JIEMEHTOB B MPUPOJIE.

6. OcHOBBI PU3NKO-XMMHUYECKHE OCHOBbI F€OXHMHHU
(pusuyeckasi reoxummus)

OCHOBBI TEPMOAMHAMHUKH PUPOIHBIX CUCTEM. OCHOBHBIE IOHATHS TEPMO-
JUHAMUKHU (CUCTEMBI, (pa3bl, KOMIIOHEHTHI, TAPAMETPbl COCTOSIHUA, 1-bIi U 2-01
3aKOHBI TEPMOJMHAMUKHU. Y CoBUs paBHOBecus. [IpaBmiio ¢a3 ['MBBCA. Tepmo-
JUHAMUAYECKHE MOTEHLHANIBI CUCTEM. 3aKoH Au(depeHnanbHON MOIBHKHOCTU
koMnoHeHTOB J[.C.KOPXXMHCKOIro. TepmonnHaMuKa CUCTEM C BITOJIHE MOJBUK-

HBIMU KOMIIOHEHTaMH (T€pMOJAMHAMUYECKHE MOTEeHIINANbI, TpaBwiIo (a3 u ap.).
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VYpaBHEHHE CMELIEHHOTO PABHOBECHUS M BBITEKAIOIINE U3 HErO 3aKOHBI (3a-
KOH JICHCTBYIOIIMX Macc, ypaBHeHUs1 KIIATIEMPOHA, BAHT-I'O®®A u ap.). Cnoco-
OBl TEpPMOAMHAMHUYECKOTO pacueTa (pa30BbIX PaBHOBECHIA.

JuarpaMMbl COCTOSIHSIUSI KOHAEHCUPOBAHHBIX CHCTEM. /[marpammel cOCTO-
SHHSI CUCTEM C JIETYYUMH U JPYTUMU BIIOJHE MOJBHKHBIMA KOMIIOHEHTaMH. by-
(epHbIE CHCTEMBI 1 UX T€OXUMHYECKOE 3HaYCHHE.

Pacnipenenenne XUMHUECKHX 3JIEMEHTOB MEXy (azaMu B yCIOBHSIX paB-
HoBecusi. 3akoH ['EHPU u np. Ilonarue kosdduimenta pacnpeneiaeHus, 3aBUCH-
MOCTB OT TEMIIEPATYPbI U AABJICHUS; MPEICTABICHNE O T€OTEPMOMETPAX U reoda-
pomMerpax.

TepmoauHaMuka BOJHBIX PacTBOPOB. DOPMbI HAXO0XKJICHHS AJIEMEHTOB B
pacTBOpax, AaKTMBHOCTM M KOHILIEHTpAlUM KOMIIOHEHTOB. 3akoH JIEBAf-
XIOKKEJIS. PacTtBopeHHe, NEpEeHOC KOMIIOHEHTOB, KOMILIEKCOOOpa3oBaHUE MU
MPUYUHBI OCAKJICHHS. KucinoTHo-ocHOBHBIE u OKHUCJIUTEIBHO-
BOCCTAHOBUTENbHBIE peakiuu, nuarpammbl Eh-pH. IlpencraBienust o reoxumu-
Yyeckux Oapbepax.

OcHoBHbIE mpencTaBieHne 0 AUP(GY3MHM U KOHBEKLIMH KaK MEXaHHM3Max
MacconepeHoca u qudpepeHianuu B reoXxuMun. BiusitHue mpoHUIIaeMOCTH Cpe-
Ibl U (pa30BOrO COCTOSIHUS MOJBHKHOW (ha3bl, PuiIbTpauuoHHbIN 3dekt. Poib
KMHETHYECKUX (PAKTOPOB B peakUusX MuHepanooOpax3oBaHus. [lonarue o auHa-
MUKE MPOLECCOB U JHUHAMUYECKUX (PUBMKO-XMMHUYECKUX MOJIESAX MPUPOIHBIX
IIPOLIECCOB.

[loHsiTHe O MHUrpanuu 3JIEMEHTOB. SIBICHMS] KOHIIEHTPALMU U PACCESHUS.
OcHOBHBIE pa3fenuTeNbHbIE MPOIECChl B 3€MHOW Kope: mpu nuddepeHuuanuu
pacriaBoB, MPU B3aUMOACHCTBUU (UIBTPYIOLIUXCS BOJ € mopoaamu. TepMoau-
HAMUYECKHE 3aKOHBI pa3JIeJICHUs] 3JIEMEHTOB M M30TOMOB B TOMOI'€HHBIX CHUCTE-
Max: rpaBUTALIMOHHOE paBHOBECHUE, TepMOAU(PDY3Us; TEPMOAMHAMUYECKUE 3aKO-
HBI pa3/ieJIeHUs AJI€MEHTOB M M30TOINOB B FETEPOreHHBIX CUCTEMax (pacrpeserne-

HUe 1o (a3zaM): paBHOBECHS] KPHUCTALIU3ALMM, JUKBAIMM, pPAaBHOBECHE TIa3-
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pacriaB, paBHOBecue TBepAas (aza-BomHbIi pacTBOp. CBOWCTBA COCTMHEHUI
AJIEMEHTOB, NPEAONPEACISIIONIME UX pa3lieJeHue: MNaplLHalbHbIE MOJBHBIE JH-
TaJbIINH, YHTPOIHH, 00BEMBI, TETNIOEMKOCTH B TBEPJbIX U XKUAKUX (Da3ax, u3me-
HEHHUE ITUX BEJUYUH TpH (a30BBIX MEPEXoj]ax; UX CBA3b ¢ Kodd(ulMeHTaMu
pacIpeieNeHus.

DneMeHTapHble CBOMCTBA aTOMOB M HOHOB, ONPENEISAIOIINE CBOKWCTBA HX
COCIMHEHUII: TEOMETPUYECKHUE - OHATUE 00 aTOMHBIX U MOHHBIX pajuycax, co-
BpEMEHHbBIE MPECTABICHUS O pa3Mepax aTOMOB M MOHOB; BaJCHTHOCTh U 3P Pek-
THUBHBIA 3aps] aTOMOB M MOHOB; CBOMCTBA CBSI3U - MPEACTABJICHUS O XapakTepe
CTPOEHHUSI MIEKTPOHHBIX 000JO0UEK U BAXKHEHIIMX THIaX XUMUYECKOM CBSI3U B CO-
€AVMHEHUSX: TOHATHUS MOJSPU3ALMHI U AJIEKTPOOTPULATEIBHOCTH; XapaKTEP CBSI3U
B OCHOBHBIX TpYIIAaX MHHEPAJIOB (CHJIMKATaX, COJSIX KHUCJIOPOJHBIX KHUCIOT,
OKHCIIaX, TUAPOOKHCIIAX, TAIOreHU1aX, cyabuaax, metamiax). OyHnamMmeHTa b-
HOE 3HAaYE€HHE OTHOIICHHUS 3apsJia HOHA K €ro pa3Mepy; MOHATHE MOHHOTO MOTEH-
1yana; AuarpaMMa HOHHBIX MMOTEHIIMAJIOB.

[loHsiTE SHEPrUM KPUCTAIMYECKOM PEIIETKH W SHEPTruy aTOMHU3ALHH
KpUCTAJUIOB; TEOPETUYECKHE YPABHEHHUSI; SKCIIEPUMEHTAIbHbIE METOJIbI OINpE/e-
neHusi. ['eoxuMuyeckoe 3HaYEHUE SHEPTUHM KPUCTATUIMYECKON PEIIeTKUA. JHEepre-
tuyeckue Kodppuuuentol (OK'n) A.E.OEPCMAHA, NpUHUUIIKATIbHAS OTPAHUYEH-
HocTh cuctembl ODK'oB; ydueHue o mapareHe. CBs3b KPUCTAUIOXHUMHUYECKOTO W
TEPMOJIMHAMUYECKOTO MOAXO0J0B B TEOXUMHUHU.

N30TOnbl XMMHUYECKUX 3JE€MEHTOB. Pa3HHMIla MacCc aTOMOB Kak NMpUYHHA
paszieNieHUsT M30TOMOB JIETKMX 3JEMEHTOB B (DPU3UYECKUX (PU3HKO-XUMUUYECKHUX
npolieccax, NPeACTaBICHUS O TEPMOJIMHAMUYECKUX U KHHETUYECKUX M30TOMHBIX
addexrax. Koapdumnments! ppakuroHUpoBaHus, UX 3aBUCUMOCTb OT TeMIIepaTy-
pbl U naBienus. JluHamuka QppakmOHUPOBAHUS U30TOMOB B 3aKPHITHIX U OTKPbI-
ThIX CUCTEMaX.

CraOunpHble U HECTaOWUJIbHBIE W30TOINbI, SIBJICHUE PAJIMOAKTUBHOCTH, pa-

AUOTCHHBIC U30TOIIBI. Tunel pPaanOaKTHUBHOCTH. 3aKoH PaanOaKTHBHOI'O pacliaaa,
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IIOHATHUS KOHCTAHTHI paclajga W mnepuoaa mnosrypacnana. [IpuHIUIBI M30TONMHON

r€OXpOHOIOruH. MeTo 1 N30XpOH.

7. 'eoxummusi reoJIOrH4eCKUX MPOLECCOB

T'eoxumua mazmamuueckozo npouecca. XUMUYECKUN COCTaB U KJIACCHU-
¢ukanusa MarMaTHYeCKUX MOpoJa. PacmpocTpaHEeHHOCTh JIEMEHTOB B MarMaTu-
YECKUX MOPOJAX; 3aKOHOMEPHOCTH M3MEHEHUs PaCIPOCTPAHEHHOCTH B 3aBHUCH-
MOCTH OT COJEpKaHUSA KpeMHe3ema. ACCOLMALUK 3JIEMEHTOB YJIbTPAOCHOBHBIX,
OCHOBHBIX, KHCJIBIX M IIeN0ouHbIX mopof. [IpencraBnenune o nuddepenunponan-
HBIX CEpUSAX MarMaTU4ecKux nopoi. OTHOCUTENBHAsI pacpOCTPAHEHHOCTh pa3-
JUYHBIX TUIIOB MarMaTU4YECKUX MOPOJ.

OU3UKO-XUMHUYECKUE 3aKOHOMEPHOCTU KPHUCTALIM3ALMK TOPOA000pasy-
IOIMX CUJIMKATOB W MOBEJAEHUE AIEMEHTOB-IIPUMECE B 3TOM Iporecce. PaboTbl
H.JL.LbOoYy2HA nu B.M.I'OJLAIIMUATA. ConocTaBieHUE 3aKOHOMEPHOCTEW MOBEIE-
HUSA AJIEMEHTOB B MPOIECCE MarMaTH4e€CKOW 3BOIIOLUHU C pe3yJbTaTaMu (HU3UKO-
XUMHUYECKOTO aHaIM3a; uaest 00 OCHOBOMOJATratoulel pojid KpUCTALUTU3allMOHHON
mupdepeHIral KaK MEXaHW3Ma pa3/iesIeHHus] 3JE€MEHTOB B MarMaTH4e€CKOM
nporecce. U3NKO-XUMUYECKas OLEHKa JPYyrux runore3 auddepeHumanun Mar-
MbI (JIMKBAIYs, Fa30BbIM EPEeHOC, TpaBUTAllMOHHAS AUDPy3us).

[IpeacraBnenue o "mepBUYHBIX" Marmax; ycioBus (OpMHUpPOBAaHUS MarMm B
36MHOM KOpE€ M BEPXHEM MAaHTHH, COCTaB 'NIEPBUYHBIX' Marm. I'eoxumust Kpu-
CTaJUTM3AlMOHHON Au((depeHInalnm; 31eMEHThl TPOTOKPUCTAIUIN3ALNH, TJIaBHO-
ro 3Tana KpUCTAUIN3ALNN, OCTATOYHBIX PACIUIABOB. ['€OXUMUS yIbTPAOCHOBHBIX
nopoJi, 6a3ajabTOB, IIETOYHBIX MOPOJ, KAPOOHATUTOB; Fr€OXUMUYECKUE MPU3HAKU
UX TIIyOMHHOrO (MaHTUMHOIO) MPOUCXOXKIEHUSA. ['paHUTHI; UX XUMHYECKUU U
U30TOMHBIM coCTaB; mpobieMa (GOpMHUPOBAHMS TPAHUTHOTO BEILIECTBA B 3€MHOMU

KopeE; MpCAOCTABIICHUS O ABJICHHUAX I'PAHUTU3ALINH.
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Tuner Mmarmatudeckux pyaHbIX Mectopoxaenuid. [Iponecc auddepennma-
IIMU MarMbl KaK MpoIEecC pyn1oo0pa3oBaHus; posib KPUCTALIU3AMOHHON 1udde-
pEHIMALINY.

I'eoxumua neewamumoe. IlpeacraBieHre 0 NErMaTUTaX Kak OCTATOYHBIX
reoXuMHuueckux cucreMax. OcoOEHHOCTH CTPYKTYpPhl M COCTaBa MErMaTUTOB B
CONIOCTABJIEHHHU C COCTABOM MATEPUHCKHX MOpPOJA. ['€0OXMMUsl TpaHUTHBIX IETrMa-
TUTOB; OCOOCHHOCTH CTPOCHHMS, KiacCU(PUKALNM, TOCIET0BATEIBLHOCTh (HOPMU-
poBanus. Paboter A.E.OEPCMAHA. I'unote3bl 0 MexaHu3Me (popMHUpOBaHUS TIET-
MaTUTOB; (PUBHKO-XUMHUYECKUE OCOOCHHOCTH CUJIMKATHBIX CHUCTEM C JIETYYUMU
KOMIOHEHTaMH. ['€OXMMHS MEerMAaTUTOB HIEJIOYHBIX U JAPYTUX TUNOB mnopoA. Tu-
bl pyJ, CBA3aHHBIX C IETMAaTUTAMMU.

T'eoxumusa 2peiizenoe u nHeemamoaumog. Acconuanvs JIEMEHTOB IPEN-
3€HOBBIX 00pa3oBanHuil. [Ipu3HaKK BBICOKOTEMIIEPATYPHBIX PEAKIIUM Ta30B C IMO-
poaamu; poib PTopa, a Takxke xjopa, 0opa, cepsl U Ap. TUIBI MECTOPOXKICHUH,
CBSI3aHHBIX C IPEU3CHAMMU.

CocTaB ByJIKaHMYECKUX T'a30B; 3aKOHOMEPHOCTH M3MEHEHHMS COCTaBa BOJ-
HBIX HMCTOYHUKOB U Ta30B BYJKAHUYECKUX OOJlacTe B XOJ€ BYJIKAaHHUYECKOTO
npouecca. ['a3pl FOBEHUIBHBIE U BO3POKICHHBIE; TEOXUMHUUYECKUE TTPU3HAKHU TTPO-
HCXOXICHUS BYJIKAHUYECKUX T'a30B.

DU3UKO-XUMHYECKUE 3aKOHOMEPHOCTH PACTBOPUMOCTH Ta30B B CUJIMKAT-
HBIX pacIllaBax; 3BOJIIOLMS COCTaBa ra30BoM (pa3bl B 3aBUCUMOCTH OT TEMIEPATy-
pbl 1 naBieHusi. COnocTaBlIeHUE ¢ MPUPOIHBIMU TaHHBIMHU.

T'eoxumusa cudpomepmanbvHo-memacomamuueckux npoveccog. Accouu-
arusl SJIEMEHTOB B THUJIPOTEPMAIIbLHO-METACOMAaTHYECKUX O00pa30BaHUSIX; Koppe-
JSAS aCCOIMAIMMA AJIEMEHTOB C T€OJOTHYECKUMH YCIOBHSAMHU (HOPMHUPOBAHUS
MECTOPOXKICHHUM.

Cynbduanas nuHUS Tporiecca. TUIBI THAPOTEPMATBHBIX CYITb(OUIHBIX Me-

CTOpO)KI[CHI/Iﬁ " COOTBCTCTBYIOIINUEC UM aCCOMALINN PYJAHBIX 3JICMCHTOB.
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KonTaktHbie nporeccol. Tumbl KOHTaKTHBIX 00pa30BaHUM; CKapHBI, (HeHH-
TBI ¥ JIP.; COOTBETCTBYIOIIKME UM aCCOLUALUU PYIHBIX JIIEMEHTOB.

MeTacoMaTudeckue ¥ aBTOMETACOMAaTHYECKUE OOpa30BaHMS: MPOMMIUTHL,
BTOPUYHBIE KBAPIHTHI, OCPE3UTHI, IETOYHBIE METACOMATUTHI, TyMOCUTHI, apTrHJI-
JIM3UTHL, MPOAYKTHI TOJIOMUTU3ALMN, CEPIIEHTUHU3ALMHN YIBTPAOCHOBHBIX MOPOJ,
anbOUTH3ALMK TPAHUTOMUIOB U JIP.; UX F€OXUMHYECKUE OCOOEHHOCTH U COOTBET-
CTBYIOIIME UM aCCOLHUALUU PYIHBIX DJIIEMEHTOB.

TepMoaAMHAMHUYECKHE YCIIOBUS TMAPOTEPMATIBHO-METACOMATHYECKUX IIPO-
1eccoB. /laHHbIE O cOCTaBe THIPOTEPMAIIBHBIX PACTBOPOB, O TEMIIEPATYPE U J1aB-
neHuun mporeccoB. OCOOEHHOCTH COBPEMEHHOTO THIPOTEPMAILHOTO py000pa-
30BaHUs.

Tpu ocHOBHBIE MPOOJIEMBI THAPOTEPMAIBHO-METACOMATHYECKUX MPOIIEC-
COB: UCTOYHMK BEILIECTBA, CIIOCOOBI MEPEHOCA U CIOCOOBI OTJIOKEHHS - U UX pe-
HIEHWE Ha OCHOBE MJEU O B3aUMOJECHCTBUHU BOJ C MarMaM M TOPHBIMHU IOPOJa-
MH. lIponcxoxkIeHrE OCHOBHBIX KOMIIOHEHTOB T'HMAPOTEPMAIBHBIX PacCTBOPOB
(MarmaTtoreHHble, MeTamMOp(OreHHbIE BOJbI, 3aXOPOHEHHBIE BOJABI OCATOYHBIX
nopoj); (paxTel U runote3bl. [IporcxoxaeHe pyaIHBIX KOMIIOHEHTOB THAPOTEP-
MaJIbHBIX PAacTBOPOB; MarMaToOreHHasi U 0CaJ04YHO-MeTaMOp(OreHHasi THIOTE3bl,
JAHHBIE IO U30TOITHOMY COCTAaBY CBHHIA, Cepbl, Kucaopoaa. CoCTOSHUE dIIEMEH-
TOB B THAPOTEPMAIbHBIX pacTBOpax; (U3MKO-XUMUYECKHE (HAaKTOpbI, CHOCOO-
CTBYIOILIME PACTBOPEHUIO U MEPEHOCY PYIHBIX AJIEMEHTOB. DAKTOPBI OTIOKEHUS
Y KOHIIEHTPUPOBAHMS PYJHBIX 3JIEMEHTOB U3 PACTBOPOB; (PyHIaMEHTAJIbHASI POJIb
B3aMMOJICHCTBUS PACTBOPOB € MOPOJAMHU Kak (hakTopa pyJ0O0TI0KEHUS.

OcHOBBI (U3UKO-XUMUYECKON JTUHAMUKHU TUAPOTEPMABHO-
METaCOMAaTUYECKUX TMpoLeccoB. Teopruss METaCOMAaTHYECKOM 30HAIBHOCTH,
J1.C.KOPXXMHCKOTO. 30HAIILHOCTD u CTaIUNHOCTD TUIPOTEPMATBHO-
METacOMaTHYeCKUX  OOpa3oBaHMl  KaKk  OTpPaXEHHE  TUIAPOTEPMaIbHO-
MeTacomaTudeckon nuddepeHuanuu 31eMeHToB. PakTopbl U MEXAaHU3MbI TH/I-

poTepMalibHO-MeTacoMaTu4Yeckor auddepeHunanuu; pojib U3MEHEHHs TeMIlepa-
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TypHbl, JaBJICHUS; 3HaYECHHUE MPOIECCOB (PUIBTPAINMHN U B3aUMOJICHCTBHS PaCTBO-
POB C IOPOJIaMH, CMENIEHHUE PACTBOPOB. EMMHCTBO 30HANBHOTO Psijia OTJIOKEHUS
MeTauioB. MHorooOpasue yciaoBuil (HOpMUPOBAHUS THUAPOTEPMAIBHBIX PACTBO-
POB Kak (hakTOp MHOTOOOpA3Us THUIOB THAPOTEPMATHLHO-METACOMA-THUYCCKUX Me-
CTOPOXKICHHUM.

I'eoxumus npouyeccoé eévieempusanus u ocaokooopazoseanus. I'eoxumu-
yeckas ([onpammMuaTOBCKas) KiacCU(UKAIMSA 0Ca0YHBIX 00pa3oBaHU. XUMU-
YECKHUM COCTAaB M aCCOIMAIIMU JIEMEHTOB PA3JIUYHBIX TUIIOB OCAJOYHBIX MOPOI.
OTHOCUTENbHAs PaCIPOCTPAHEHHOCTD PA3JIMYHbBIX TUIIOB OCAI0YHBIX IMOPO]I.

duszuko-xuMuueckrue ¢pakTopbl ocamodHoi auddepennuanuu. Poas Tem-
nepaTypsbl, JIaBJICHUS, cOCTaBa aTMOC(epsl M BOJ; 3HAUYEHUE aKTUBHOCTU JKMBBIX
OPTraHU3MOB U OPTaHWYECKOIr0 BEIIECTBA OCAAKOB. KHCIOTHOCTh U OKHUCIUTEIb-
HO-BOCCTAHOBHUTEIbHBIN MOTEHIIMAJI PACTBOPOB Kak (paKTOPHI pa3jeiaeHus U KOH-
IIEHTpUpOBaHHas djeMeHToB; auarpammbl Eh-pH. Choenuduka ¢usuko-
XUMHUUYECKUX YCJIOBHUM IPOIECCOB BBIBETPHBAHMSA M IMOYBOOOpPA30BaHMS, CHOCA,
OCaJKOHAKOIIJICHUS, IMareHe3a; CBsA3b C I'€0JOro-TeKTOHUYSCKUMH U KIMMaTHye-
CKMMH YCJIOBHUSAMH; THUITBI 0acceiiHOB ocajakoHakoruieHus. OCOOEHHOCTH COBpe-
MEHHBIX ITPOIIECCOB 0CAAKO0OPA30BaHUS: TCOXMMHUS KOP BBIBETPUBAHUS U TOYB
KOHTHHEHTOB; OCOOCHHOCTH IPOIECCOB (POPMUPOBAHKS KOHTHHEHTAJIBHOTO CTO-
Ka, CPEJHUN COCTaB KHUJKOTO U TBEPAOTO CTOKA, IPYrue€ MEXaHU3MbI MOCTABKHU
Marepuala, uX KOJIMYECTBEHHBIC OIICHKH; JUHAMHUKA CEIUMEHTAIIUM B OacceiHax
OCKJIOHAKOTUICHHUS, T€OTEKTOHMYECKHE U (DaraabHble 3aKOHOMEPHOCTH OTJIOXKE-
HUS TEPPUTEHHOr0, OMOTEHHOT0 M XEMOTCHHOTO MaTepualia; reOXuMHUs JTHarcHe-
3a. Paboter H.M.CTPAXOBA, A .ILJINCHULIBIHA, A.5.POHOBA, P.M.I'"APPEJICA.

TuIbl 0OCaIOYHBIX PYAHBIX MECTOPOKIACHUN U MECTOPOKICHUN KOP BBIBET-
puBanus. Ocanouynas auddepeHnnanus Kak pyaoo0pa3yromuii mporecc; AuHa-
MUYECKHEe MOJEIHU ocanodHou auddepeHnmranu u aHaau3 (HakTOpOB KOHIICH-

TPUPOBAHUSI PYJIHBIX 3JIEMEHTOB B ’TOM IPOLIECCE.



13

DONUreHeTUYeCKHUe MPOIECChl B 0OCAJIOYHBIX MOPOJAaX M MX POJIb B KOHIICH-
TPUPOBAIA METAJUIOB; XapaKTEPHBIC ACCOIHAIIMN DJIEMEHTOB AMUTCHETHYCCKUX
Py B 0OCaJOUYHBIX MTOPOAAX.

DBOJTIONHSI MMPOIIECCOB 0CaaKO00pa3zoBanus B uctopuu 3emimn. OnieHka 00-
el Macchl OCaMOYHBIX MOPOJ M MHTCHCHUBHOCTH MOBEPXHOCTHBIX MPOIIECCOB B
re0JIOTUYECKON UCTOPUU; POJIb 0CAT0YHO-BYJIKAHOTEHHBIX MTOPO/I B TIIyOOKOM J10-
KeMOpuHu U criennu@puka UX XUMUIECKOTO COCTaBA.

I'eoxumua memamopguueckozo npouecca. XuMA4eCKUe TUIIBI METaMOP-
¢uyeckux Mopoj, COOTBETCTBYIONIME UM ACCOIMALUU AJIEMEHTOB. 3aBUCUMOCTh
coctaBa MeTamMop(duuecKux MOpoJ OT YCIoBUM MeramopdusMma. YiapTpamerTa-
MOP(U3M U TPAHUTU3ALINSL.

Ponpr MmeTamopdudeckux mopoji B CIOKEHUU 3eMHOM KOpbl. OlieHKa o01iei
Macchl MeTaMOp(GUYECKUX TMOPOJ; CPEAHUN XUMUYECKHI COCTaB JIPEBHUX METa-
MOpP(PHUYECKUX MOPOJ] U MPobdIieMa ero OTJINYUA OT cocTaBa (PaHEPO30MCKUX Ocal-
KOB.

duzuko-xuMuueckue ¢pakropsl Meramopdusma. [puniun metamopduye-
ckux (anuii U OCHOBHAsI (DU3UKO-XUMHUYECKAs] HAMPABICHHOCTh MTPOTPECCUBHOTO
MeTtamopdo3aM; TMOABMIKHOCTh 2JIEMEHTOB Ipu MeTamopdusme. daktopsl dhop-
MHUPOBAHUSI XUMHUYECKOTO COCTaBa METaMOP(PUUECKUX MOPOJ: COCTAB MCXOIHBIX
(MeTamopdu3yronMXCcs) MOPOA M XUMHUECKasi HAIIPABIECHHOCTh MPUBHOCA U BbI-
Hoca. [IpencraBnenue o meramopduueckoit nuddepeHuanuu.

Tunel pyJHBIX MECTOPOXKIACHUM, CBI3aHHBIX C METaMOP(HUUECKUMU TOPO-
JlaMU; OLIEHKAa POJIM MpoIleccoB MeTamopduueckoi nuddepeniuanuu B ¢hopMu-
POBaHUU COOCTBEHHO METAMOP(PUIECKUX MECTOPOKICHUM.

I'eoxumusa cudpocgepvr. Macca n xuMuyeckuili coctaB BoJ ruapochepsr;
COTIOCTaBJICHHE COCTaBa MOPCKHUX M KOHTHHCHTAJIBHBIX BOJ; YCTONYMBOCTH CO-
CTaBa COJIEBOM MacChl OKeaHa; KoJeOaHHs COIEHOCTH MOPCKUX BOJA. Maibie KoM-
MOHEHTHI TUAPOCHEPHI; )KU3Hb U OPTraHUICCKOE BEIICCTBO MOPCKHUX BOJA. PaboThI

A.II. BUHOT'PAJIOBA.
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Ou3uKo-XUMHYECKHEe (PAKTOPBI, OMPENEISAIONINE COCTaB BOJ THIPOChEpHI;
MOHITHE O MOPCKOW M KOHTUHEHTAJIbHOW BETBSX BOJ; HUJes 00 ompenessiouiei
pOJIU B3aUMOJICHCTBUS BOJI C TIOPOJIaMU 3€MHOM KOpBI 1 aTMoc(depoil kak (akTo-
pa, KOHTPOJUPYIOIIETO  XUMHUYECKMH  cocTaB  Tuapocdhepsl.  PaboTb
M.I'.BAJIALIKO.

Oxkean kak nuHamudeckas cucteMa. COOTHOLIEHME MPOLECCOB MOCTYILIE-
HUS MaTephalia B OKEaH W OCAJKOHAKOIUIEHHS; KpyroBopoT Bojbl. [loHsATHE O
CpPEIHEM BPEMEHU MpEObIBaHUS 3JEMEHTOB B OKEAHUYECKON BOJE; BEIUYHMHBI
BPEMEHHU MPEOBIBAHUS 3JIEMEHTOB (IIPUMEPHI).

Hcrounuk BeniecTBa ruapocdepsl; T€OXMMUYECKHI OanaHC Impolecca
ocagKkoo0pa3oBaHus U MpeAcTaBieHre 00 "U30bITOUYHO JIETYYuX'"; MICTOYHUKHU JIe-
Tydux Ha moBepxHocTH 3emud. Paboter B.M.I'OJbAIIMUATA, B.PYBH,
X.XOJUIAHJA. dopMHpOBaHUE COIEBOM MACCHI OKEAHA.

[IpoOnema 3BosIOLIMKM cOCTaBa THAPOCHEPHl B XOJE I€0JIOTMYECKON UCTO-
pun. DakThl, CBUAETENBCTBYIONIME 00 3BOMIOUUHU; (DAaKTOPHI, BBI3BIBAIOIINE 3BO-
JIOLHIO, U (PAKTOPBI, CTAOMIM3UPYIOIINE COCTaB OKeaHa. Maes mocTosHCTBa co-
CTaBa OKEAHMYECKUX BOJI B TEUECHHE CYLIECTBEHHOM YaCTH Ie0JIOrMYeCKON UCTO-
puu. ['unoTe3sl 0 cocTaBe IpeBHENIIEH THAPOCHEPHI.

TI'eoxumua ammocghepvr. CoctaB armocdepsl; cTpoeHue atMmochepsl U
pacnpeelieHHe €€ KOMIIOHEHTOB I10 BbICOTE. DaKTOPbI, KOHTPOJIUPYIOIINE XUMHU-
yeckuil coctaB atMocdepsl. ATMOcdepa Kak AUHAMHYECKAsi CUCTEMa U TEOXUMHU-
YecKue IUKIbI Ta30B atMocdepbl. IHepTHBIE ra3bl.

[Ipoucxoxaenue u 3BoJtoLus aTMmocdepbl. VICTOUHUK ra30B HAa MOBEPXHO-
cTi 3emiin; npodsieMa MoTepu ra3oB 3emiied; TeOXUMUYECKUE MPU3HAKU OTCYT-
CTBUSA Ha 3emMJie JpeBHEH MIOTHOU aTMocdephl. Bynkanndeckre ra3bl ¥ TUIIOTE3bI
0 Tak Ha3bIBaeMoH "mepBUYHON" aTMocdepe; haKTOPhI IBOTIOHUHA aTMOC(EPHI.

[Tonzemubie atmocdepsl; UX coctaB U Kilaccudukanus. ['eoxumuyeckue
MPU3HAKK  TPOUCXOXKIEHUS  Tra3oB  MOJA3eMHBIX  atMmochep.  PaboTwr

B.B.BEJIOYCOBA.
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I'eoxumusn ouocgpepur. Onpenenenue B.11.BEPHAJICKOTO 6uocdepbl U Ku-

BOT0 BemlecTBa. JKHBOE BEIIECTBO; €r0 KOJIUYECTBO U XMMUYECKUN COCTaB, acco-
[[UAIlMK DJIEMEHTOB *HUBOTO BellecTBa (OMO(UIbHBIC AIEMEHThI). DHEPrUsl U aK-
TUBHOCTD JKMBOTO BellecTBa. [IoHsATHE 0 OMOreOXUMHUECKUX Mpolieccax; MpsMoe
Y KOCBEHHOE BJIMSIHUE OPTaHU3MOB Ha F€0JIOTUYECKUE MPOLECCHI; TEOXUMUYECKUE
(GYHKIUA OpraHU3MOB; OPTaHU3MbI-KOHIIEHTpaTOphl. JKHBOE BEIIECTBO KaK MOIII-
HBIM TeoJIOTMuecKuil PakTop B UICTOPUU 3€MHOM KOPBI; MOHATHE 0 Hoocdepe. Pa-
0ot1sl B.1.BEPHAJICKOTIO.

Oprannueckoe BeIIECTBO B TeOXMMUU. PacrnpocTpaHeHHOCTh U (HOPMBI
HAKOIUIEHUs OpraHn4YecKoro BemecTBa. CocTaB OPraHMYECKOro BEHIECTBA OCA/l-
KOB M OCaJIOYHBIX MMOPOJ; aCCOLMAILINU 3JIEMEHTOB, HAKATUIMBAIOIINXCS B CBSI3U C
OpraHWYECKUM BEIIECTBOM; OPTraHUYECKOE BEIIeCTBO Kak (PaKkTop KOHIIEHTPU-
pOpBaHUs AIEMEHTOB. Pa3nokeHue opraHuyYecKoro BEIIECTBA B MOYBAX M OCaJ-
Kax, U BIMSHUE 3TOTO Ipoiiecca Ha PU3UKO-XUMHUECKUE MTapaMeTphbl TeOXUMUYe-
CKHX TporieccoB. ['eoxumus HeTH U yTJIsl.

buoreoxumuueckne npoBUHIUU. CBS3b YCIOBUN KUZHEAECATEIBHOCTH Op-
raHU3MOB C XUMHUYECKUM COCTABOM CpEJibl; MOHATHE dHAeMUU. DakTophl HopMuU-
poBaHUs OMOTCOXUMHYECKUX MPOBUHIMN. 3HAUCHUE OMOTEOXMMHUYECKUX IPO-
BUHIIMHA B XO3SMCTBEHHOU JeATeIbHOCTH yesioBeka. PadoTer A.II.BUHOI'PAJIOBA,
B.B.KOBAJILCKOTO.

Kpyzo6opom xumuueckux 3nemMeHmo8 6 3eMHOI Kope, 2e0XUMUUECKUE
yukasl. KpyroBopor BemiecTBa B 3€MHOM KOpPE W MPEACTABICHUE O MaJOM H
OOJIBIIIOM TEOXUMHYECKUX IHKJIaX, OMOTeOXUMHUYECKUE ITUKIIbI. DHEpreTuKa reo-
XUMHUUYECKUX TMPOLECCOB; JIBUXKYIIHE CUJIbI T€OXMMHUYECKOro Hukia. /[nHamuka
OOJBITIOTO TEOXUMHUYECKOTO IMKJA; OIICHKAa TeMIla KpyrooOopoTa BEIIeCTBa B
reoJIOTUUeCcKor uctopuu. Maes o reoxumudeckom OaiaHce MPOIECCOB peodpa-
30BaHMS  BemecTBa B Xone  Kpyroodopora. Pabotrer  D.Y.KIIAPKA,
B.M.I'oJibiiiMUATA, P.M.I'APPEJICA. Posb miporieccoB Marmatu3ma, ocaakooopa-

30BaHUS U MeTaMopdusMa B (HOPMUPOBAHUU COBPEMEHHOW CTPYKTYPHI 3€MHOMN
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Kopbl. [IpoGrema 3BoIOLKK 3€MHOM KOPBI U 3aKOHBI TEOXUMHUYECKOTO KPYTOBOO-

Ta.

8. I'eoxumus OTACJIBbHBIX 3JICMCHTOB

JIJIst Ka)KI0ro XMMUYECKOT0 3JIEMEHTA MOCJIEeI0BATENIbHO PACCMaTPUBAIOTCS
CJIEIYIOLIME BOIPOCHI: COCTOSIHUE B MPUPOJIE, TUIBI COSUHEHUN; KPUCTATUIOXU-
MUYECKHE OCOOEHHOCTH, HM30MOpP(HBIC OTHOILIECHUS; MUHEPAJIOTHUs; PacTBOPU-
MOCTh COEJIMHEHHN M (OpPMBI MEPEHOCa B BOJHBIX PAacTBOpax; paclpoCTpaHEH-
HOCTh B MIPUPOJIC; pacHpe/ielieHue B MarMaTH4EeCKUX MOpojax, CBsI3b C JIPYyrUMU
AJIEMEHTAMU, MOBEJICHUE B MarMaTHYECKUX IMPOLECCaX, MOBEICHUE B MPOILECCAX
dbopMHpOBaHMS ~ MarMaTUYeCKUX pPyJ; TOBEACHHE B  THAPOTEPMAIbHO-
METaCOMATUYECKHUX IMPOLECCaX, TUIBI KOHLUEHTPAMN U aCCOLMALUUA C APYTUMU
AJIeMEHTaMu; TIOBEJCHUE B MPOIECCaX BHIBETPUBAHUS M OCAAKOOOpa30BaHUS, MMY-
TH U MEXaHU3MBbI KOHIEHTpAIMU B Xoje (OPMHUPOBAHUS KOP BHIBETPUBAHUS U
0caakooOpa30BaHusl; POJIb OPTAaHMYECKOTO BEIECTBA; M30TOMbBI JIEMEHTAa U HX

I'COXUMHNYCCKOC 3HAUYCHHUC.

10. IlpukjagHas reoXuMus

YyeHne 0 reoOXuMHUYECKHUX MOUCKAX MECTOPOXKACHUN TMOJIE3HBIX HCKOIae-
MBIX KaK CaMOCTOSITEJIbHBIN pa3/iesl TeoJIOrHYeCcKUX HayK. Poib U MeCcTO reoxu-
MHUUYECKHUX METOJOB Ha ATalax M CTaJIUsIX T'e0JIOropa3BeouHoro mnpoiecca. Pa6o-
Tl H..CA®POHOBA, A.I1.COJIOBOBA, B.A.COKOJIOBA, A.1.IIEPEJIbMAHA.

Obugue npunyunvl 260XUMUYECKUX MEemM0006 nouckos. I1oHATHS O reo-
XUMHUYECKOM I10JIe, MECTHOM T€OXUMHYECKOM (hOHE, “SIBHBIX” U CIIA0BIX I'eOXH-
MHMYECKUX aHOMAJIUSIX; MECTOPOXKICHUE TMOJIE3HOTO MCKOMAaeMOro KaK 4YacTHBIN
CIy4all reOXMMHYECKON aHomanuu. [lepBuuHbIil opeon MectopoxaeHus. [ unep-
TE€HHOE T10JI€ PACCEsHUS; BTOPUYHBIE OPEOJIbl U TMTOTOKU PACCeSTHUS TMOJIe3HbIX M C-

KOIMaeMBIX B Teocdepax.
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[TapameTpsl T€OXUMUYECKOTO TOJS, KPUTEPUHU BbIIETICHUS ClIa0bIX aHOMa-
mui. [loHsATHE O MapaMeTpUYECKUX U HENapaMeTPHUUYECKUX T€OXUMUYECKHUX MMOKa-
3aressix. CiydaliHble (CTOXaCTUYECKHE) W MPOCTPAHCTBEHHO-YIOPSAOYEHHbIE
(IeTepMUHHPOBAHHBIE) PACHPEACIICHUS] XUMUYECKHX 3JIEMEHTOB B T€0JOruye-
ckux obOpazoBanusax. [lokazarens Mmiom@aaHON MPOJAYKTUBHOCTH T€OXUMHUYECKON
aHOMaJIuH, €ro HE3aBUCUMOCTh OT MaciiTaba cbeMku. [IponopuroHaibHOCTh KO-
JUYECTBEHHBIX IOKa3aTesieldl TMIEPreHHbIX I€OXHMMHYECKHMX AaHOMAJIMil CBOEMY
KOPEHHOMY OPYJEHEHHIO.

Hecsatnynas kinaccuUKanus MECTOPOXKIACHUN MOJE3HBIX HCKOMAEMBIX 10
3amacaM, COOTHOUIEHHWE MEXJy YHCICHHOCTbIO MECTOPOXKIECHUW PpPa3IMYHbIX
KJIACCOB KPYMHOCTH. [IpUHIMIT T€OMETPUYECKOTO M T€OXMMHUYECKOrO MOA00us
IF€HETUYECKH OJIHOTUIIHBIX OOBEKTOB PAa3IMYHBIX KIIACCOB KPYMHOCTH. 3aBUCH-
MOCTBh MEXAY KJIapKaMH 3J€MEHTOB B JIUTOC(HEPE U MPOMBIILIEHHBIMU 3allacaMu
B MECTOPOXKJECHUAX OJJMHAKOBOM KPYITHOCTH.

B3anMOCBSI3aHHOCTh U B3aMMOOOYCIIOBJIEHHOCTh T'€OXMMHUYECKUX aHOMa-
muii B reocdepax. [locaenoBaTebHOCTh 3TUX CBSI3€M M MPEUMYILECTBA JUTOXHU-
MHYECKOT0 METO/Ia TOUCKOB.

VYyenue b.B.ITOJILIHOBA TO reoXMMHUYECKUX JaHAmadTax. DIeMEeHTaApHbIE
nanamadTel. Knaccupukanus nanamapToB Ha OCHOBE OMOKIMMATHYECKOW 30-
HajgbHOCTH. Koa(puIimeHTsl BOAHOW MUTPALlUU U TaIacCO(UIBHOCTH IEMEHTOB,
AJIEMEHTHI C KOHTPACTHOM MHUTPAllMOHHOW XapaKTEPUCTUKOW. THIBI T€oOXUMHYE-
CKHUX 0apbepoB U UX POJb B 00PAa30BAHUHU F'€OXUMUYECKUX aHOMAJIHI.

Jlumoxumuueckue memoowvt nouckoe. Ilomoxku paccesanus pyouvix Mme-
cmopodcoenu. BXXeromHbIA CION JeHynaluu; UACaIbHBIA MOTOK PAaCCEeSHUS B
pycie 1-ro nopsnaka. [IponyKTHBHOCTh MTOTOKA pacCesHMs; 3aBUCHUMOCTb COJAEP-
’KaHUM U MPOAYKTUBHOCTH MOTOKA PACCESIHUS OT MOJIOXKEHUS PYAHOTO0 OOBEKTa B
Oacceitne BogocOopa; K0dPGUIIUEHT MPOTOPIUOHATBHOCTH. JlnHaMuka GpopMu-
pOBaHMs MOTOKA pacCesHus, BIMSHHE Ha COCTAaB aJUIIOBUSI MaTepuana OimKaii-

MX CKJIOHOB. ‘“Kaxkymiascss” mpoIyKTHBHOCTh MOTOKA PACCESHUSA U OLIEHKA €ro
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HMCTUHHOM MPOIYKTUBHOCTH. OLIEHKA TPOTHO3HBIX PECYPCOB METAIIJIOB KATErOPUU
P3 xak kpuTepuil nepexoaa K cieayromen ctaguu padorT.

Bmopuunvie opeonvi pacceanusi. CTaniuu BBIBETPUBAHMS TOPHBIX TOPOA U
npouie PEIXJIBIX 00pa30BaHUM; reHEeTHUECKas KiIacCU(UKAIHs PBIXJIBIX 00pa3o-
Banmii. Knaccudukanuss BTOPUYHBIX OPEOJIOB paccesHus Mo (ase, TeHE3ncy H
MPU3HAKY JOCTYIHOCTU Il OOHapyeHusa. MexaHWYeCKUid Opeosl pacCesiHus;
TPHU THUIA MOJBHKHOCTH YacTHI] B 30HE BBIBETPHUBAHUS; BBIBOJ (PYHKIMU paccesi-
HUA JJI1 TOHKOTO PYIHOTO TEJa, MapaMeTpbl OCTaTOYHOroO opeoja M U G U ux
F€OXMMHUYECKUI CMbICI. B3aMMOOTHOIIEHUS MEXIYy HICATbHBIM M PEaTbHBIMH
opeonamu, KO3OUIHEHT OCTATOYHOW MPOAYKTUBHOCTH U €r0 3aBUCHMOCTH OT
MECTHBIX JJAHIIIAPTHO-TEOXUMUYECKUX YCIOBUIM; METOABI MOJICUETa TIOLIATHOM
MpOoAyKTUBHOCTH. OLEeHKa MPOTHO3HBIX PECYPCOB PYIHBIX OOBEKTOB IO KATEro-
pusim P, u P;. ConeBoii opeon paccessHust cylib@uaHoro mectopoxaenus. Hano-
KEHHbIE T'€OXUMHUYECKHUE OpPEOJIbl PACCEsHHUs; MCHapHUTeNbHAas, COpOLMOHHAA U
OMOreHHas aKKyMYJISIUUsl pyAHBIX 3JIEMEHTOB Y MOBEPXHOCTH. METO bl YCUIICHUS
c1a0bIX T€OXUMHUYECKUX aHOMAJIHM.

llepsuunvie opeonvt pyouvix mecmopodicoenuu. I1oMCKHu ClenbIX PYIHBIX
T€J MO MEPBUYHBIM OpeoJiaM Ha (JlaHrax U IIyOOKHMX FOPU30HTAaX pa3BebIBac-
MBIX U IKCIUTyaTUPYEMBIX MECTOPOKJIECHUU. Ps/ibl 30HATBHOTO OTJIOKEHHS dJie-
MEHTOB THUIIOMOP(GHOIO KOMIUIEKCa MU METOJbl MX BbIsABIeHUs. HcciaepoBaHue
F€OXUMHUYECKON 30HAIBHOCTH PYJHBIX MeCTOpoxacHui Ha DBM. ['eHetnuecku
OJIHOTHUITHBIE MECTOPOXKACHUS PA3NUYHONM KPYMHOCTH KaK T'€OMETPUYECKHE U
reoxumuyeckue Gurypsl nogoous. Koagduiment nonodus, METOAbI €ro OLICHKH.
COOTHOILIEHHSI MEXy MOJHBIMU 3alacaMH, Y4eT YPOBHS 3PO3HMOHHOIO Cpe3a U
noyn 3a0anaHcoBbiX pya. OIEHKa CenbIX PYIHbIX TEld MO UX HAAPYIHBIM Mep-
BUYHBIM OpPEOJIAM.

Meroabl aHanu3a, TPUMEHSIEMbIE TP JINTOXUMUYECKUX TOUCKAX.

T'uopoxumuueckue memoovt nouckog. I NIpOXUMUYECKUE TOUCKU PYIAHBIX

MECTOPOXKJIEHUH MO0 KaTHOHAaM METAJUIOB M MO CyJb(paT-uOHY MyTeM OmnpoOoBa-
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HUS TIOBEPXHOCTHBIX BOJIHBIX MOTOKOB. [IMCKM MOTpeOCHHBIX MECTOPOKICHUHN B
3aKpBITHIX paliOHAX MPU HAJIUYMUKU BOJOHOCHOIO TOPU30HTA. MeETonbl aHaIu3a,
MIPUMEHSIEMbIE NPU TUIPOXUMUYECKUX TTOUCKAX.

Ammoxumuueckue (2azoevie) memoovl nouckoe. O0pa3oBaHUE Ta30BBIX
opeoJioB paccesHus nyTeM dpdy3un u quddy3un ra3oB yepe3 TOpHbIC MOPOII.
Biusiaue nmpupoaHbiX (akKTOpOB Ha KOHIIEHTPAIIMIO Ta30B B MEPEKPHIBAIOIINX OT-
JIOKEHUAX U B IIpu3eMHON atMocdepe. 1'a3pl HEDTIHBIX U YTOJBHBIX MECTOPOIXK-
JIEHUM, Ta3bl PYJIHBIX MECTOPOXKACHUN. THUITBI U BUJIBI TA30BBIX CHEMOK: T'eIHeBasl,
ra3opTyTHhIE CheMKH. MeTo/JMKa M TEeXHHKa OTOOpa Tra3oB IPH Pa3HBIX BHUIAX
ChEMKH. A3pora3oBbie CheMKH. [[puHIIMIBI XpoMaTorpaduuecKoro aHajanusa ra3o-
BBIX CMECEH.

Buozeoxumuueckuit memoo nouckoe. CoOCTBEHHO OMOT€OXUMHUYCCKHN U
reo0OTaHUYECKUd MeToAbl MOUCKOB. Ko3pduuueHT OMOreHHOro MOoriomeHus
AJIEMEHTOB, OMOreoXuMuueckue Oapbepbl. MeTouka U TeXHHUKa OMOTeOXUMUYe-
CKHX ChEMOK B 3aKpBITBIX pailoHax; o0sactu 3P(HEeKTUBHOIO MPUMEHEHUs OHO-

T'€OXUMHNUYCCKOIro ME€TOAa ITOUCKOB.

11. DKoJornueckas reOXuMus

VYyenue B.M.BEPHAZICKOTO o 6uocepe. [lonstue “rexnorenes”. TexHo-
(GUIBHOCTH XUMHUYECKUX dJIeMEHTOB. OKpy KaroIias cpesia U ¢ KOMIIOHEHTHI.

Ycnoeua popmuposanusn, napamempol u xapakxmepucmurku mexHo2eH-
HbIX 2e0XUMUYECKUX anomanuii. Texnozennvie 2eoXxumMuyecKue aHoOMaluu 8 2op-
HOpYOHbIX patioHax. PyJnHbIE MECTOPOXKIEHUS KaK HWCTOYHHMKH 3arps3HEHUs
oKpy>Katotei cpeabl. OCHOBHBIE HCTOYHUKH TEXHOTCHHBIX T€OXUMUYECKUX aHO-
Majuil TP MPOBEIECHUU T€OJOTOPa3BENOYHBIX PabOT, (GOPMBI HAXOXKICHUS XHU-
MUYECKHX DJIEMEHTOB M TEXHOTEHHAas reoxumuueckass murpanus. [lapamerpsr u
XapaKTEPUCTUKHU TEXHOTEHHBIX TEOXUMUYECKUX aHOMAJIMN B TOPHOPYAHBIX paro-
Hax. KonnuecTBeHHbIE TIOKA3aTeNId U XapaKTEPUCTUKHU JIJISi OIIEHKU T€OXUMUYe-

CKOTO 3arpsisHeHus. [[prupoIHOOXpaHHbBIE MEPOTIPUSTHS.
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BozneiicTBre Ha OKpY>KaloIIyl0 Cpeay Mpu MPOMBIIUIEHHON 0TpaboTKe Me-
cTOpokJieHuil. TUMoBOI cocTaB TOPHO-O00OTATUTEIBLHOTO KOMIUIEKCA U TEOXUMHU-
YECKHE LEMHU BO3JECUCTBUS TOPHOPYAHOW MPOMBIIIIEHHOCTH HAa OKPYKAIOIILYIO
cpeny; BeIOpochl B aTMOoc(epy, HaKOIJICHHE B XBOCTaX, MMOTEPHU MPHU TPAHCIIOPTHU-
pPOBKE, NPOMBINUICHHbIE CTOKHW. [lapaMeTpbl M XapaKTepUCTUKU TEXHOTE€HHBIX
r€OXMMHUYECKMX aHOMAaJUi B pallOHaX TOPHOPYAHOrO MPOM3BOJCTBA U KPUTEPUU
OLICHKH COCTOSIHUSI OKPY’KAIOIIEH Cpe/ibl.

I'eoxumuueckoe 3azpssHenue 2opooos u ypoaHusupoBaHHvlX MeppuUmopull.
['moGanpHBINA XapaKkTep BO3JCHCTBUS HA OKPYKAIOIIYIO Cpely YpOaHU3UPOBAHHBIX
TEpPUTOPHUI. BBl 1 OCHOBHBIE MCTOYHUKH 3arpsi3HEHUN OKPYKAIOLIEW Cpebl B
ropojax, LENH PACHpPOCTPAHEHUs 3arps3HAIONIMX BEIIECTB; MPOMBIIIJIECHHBIE,
KOMMYHAaJIbHbIE U OBITOBBIE OTXOJbl. APPOr€HHbIE aHOMAJUH, BBINAJICHUE TBEP-
IBIX OCAJKOB HA MOBEPXHOCTh, KUAKKNE CTOKH. COCTaB JIEMEHTOB-3arps3HUTENCH
CTOYHBIX BOJ PA3JMYHBIX BUJOB MPOU3BOJCTBA. XaPAKTEPUCTUKU TEXHOTE€HHOI'O
3arpsi3HEHUS MOBEPXHOCTHBIX M MOJ3EMHBIX BOJI POMBIIIJIEHHBIMU cTOKaMH. [1y-
TH YMEHBIIEHUS BO3JEHUCTBHS OT BHIOPOCOB M OYMCTKA CTOKOB. |'eoxmmuueckas
OLICHKA Harpy3Ky Ha OKPY’KaloIlIylo Cpeay B ropoaax.

I'eoxumuueckoe 3azpsA3HeHUe CEbCKOXO3AUCMBEHHbIX meppumopuil. Arpo-
F€HHOE M TEXHOT€HHOE BO3JEHCTBHE Ha CEIbCKOXO3AWCTBEHHBIE TEPPUTOPHH.
ArporexHuyeckas o0OpaboOTKa, MeIHopalus, F€eOXUMHYECKOE 3arpsi3HEHHE MpU
MCIIOJIb30BAaHUH MUHEPAIBbHBIX yIOOpeHHil 1 necTuuuaoB. OCOOEHHOCTH MHUTpa-
LMW 3JIEMEHTOB B arpojianamadrax. BnusHue ypOaHU3MPOBAHHBIX TEPPUTOPUIA
Ha arpoIrpoOMBIIIJIEHHOE MPOU3BOJICTBO.

Memoouka 3IK0n1020-2e0XUMUYECKUX UCCIE006AHUI U AHATUMUYECKOe
obecneuenue padom. Bunpl W MacmitaObl 3KOJOTO-TEOXMMUYECKHX CHEMOK.
CBsi3b MEX]ly UCTOYHUKAMU 3arpsi3HEHUH, cpeioil ornpoOoBaHus UM MacmTabom
cbeMoK. HazemHble, BO3ayIIHbIC, TOA3EMHbIE, HABOJAHBIE, MTOJABOIHBIC, CHETOBbIC
cbemMku. OnpoboBanue mousB. OnpoOoBaHKE MOBEPXHOCTHBIX U MOA3EMHBIX BO/I,

PEKUMHBIC THAPOJIOTHYCCKHUEC, THAPOrCOJIOTHYCCKUEC W THAPOXUMHYCCKHC
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Habmoaenus. OnpoOoBaHre CHErOBOro MOKpoBa. [IpoBeneHre MbUIEBHIX CMBIBOB
¢ pactutenbHOCTH. OCOOEHHOCTH 3KOJIOTO-TEOXUMHYECKOTO HM3YyUCHHS pasiind-
HBIX TUIIOB TEPPUTOPUI U JTaH 1A TOB.

['eoXxMMUYECKMI MOHUTOPUHT OKPYKAIOIIEH CPEJIBI.

MHoroueneBoe reoOXuMUYeCKOe KapTUPOBaHUE. | eoXuMHUUecKas Kapra Kak
OCHOBAa IIPOTHO3a 3arpsA3HEHUS OKPYKAIOIIEH CPEJIbL.

Mertoabl aHanu3a reoxuMuueckux npo. CoBpeMEHHbIE METObI OMpe/ieie-
HUS COACPKaHMsI XUMHYECKUX DJIEMEHTOB U PA3IUIHBIX UX (POPM HAXOXKICHHUSI.

Ilokazamenu, ucnonvzyemvlie npu OUEHKe 3AZPAZHEHUA KOMNOHEHMOE
OKpyscarouelt cpedvl. TOKCUYHOCTh U KIIACCHI OMACHOCTU XWMHUYECKUX SJIEMEH-
ToB. [lpenenbHo AomycTUMbIE KOHIUEHTpanuu xumuudeckux snemeHToB (I11K);
OPUEHTUPOBOYHO JOMYCTUMbIE KOHIICHTPALIMM XUMHYECKUX 3JIEMEHTOB U OPUCH-
TUPOBOYHO OE€30IaCHBIC YPOBHU BO3JECHCTBUS 3arPSA3HSIONINX BEIIECTB.

KonnyecTBeHHBIE TEOXMMHYECKUE MTOKA3ATEIIN, UCTIOJIb3YEMBIE TTPU OLICHKE
KOMIIOHEHTOB OKPY’KAIOIIEW CpeIbl: CPEIHEAHOMAIbHBIC COACPKAHUS, KIIApK
KOHIEHTPALUH, IUIOMIAIb 3arps3HEHUS, KOJWYECTBO METAIIA B 3arpA3HSIONIEM
clo€.

CyMMapHbBIi TMMOKa3aTeNlb 3arpsi3HEHUs] MOYB, CHETOBOTO IOKPOBA, PACTHU-
TEJIbHOCTH, JIOHHBIX OTJIOXEHUM W BOJA. YPOBHHU 3arps3HCHUS KOMIIOHEHTOB
okpyxaromein Cpeibl.

[TonsTtue oneHku Bo3neMcTBUS Ha okpyxkatouryto cpeay (OBOC). Llenu,
3ajauu, TpuHUUNbl U o6nacte npumeHenuss OBOC. 'ocynapcTBeHHasi 3KOJIOTH-

YCCKasda SKCIICPTU3a.
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IpuMeuanue:

[Ipu moaroToBke K KaHIWIATCKOMY 3K3aMEHY COMCKATEI0 HEO0OXOIMMO
aKIICHTUPOBAaTh BHUMAaHHUE Ha pa3jieliax:

10 T€0JIOTO-MUHEPAIOTHYECKUM Haykam — 3-5, 7,8, 10,11;

0 XMMHUYECKUM Haykam — 2, 6;

1o OMOJIOTMYECKUM HayKaM - (T€OXUMHSI aTMOC(hEpbl, T€OXUMHUS THUIPO-
chepsl, reoxumust ouocdepsl);

Mo GU3HKO-MaTEMATHIECKUM HayKam — 2, 6;

o TexHu4yeckuM Haykam — 10, 11.



