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HAYKA M'EOJTIOI A

[eonorma - KOMMNeKcHasa ecTecTBeHHas
HayKa, 3aHUMaIoLLIUXCS U3YyYEHNEM
BELLECTBEHHOIO COCTaBa, CTPOEHUS,
NPOUCXOXAEHNA U Pa3BUTUA 3EMITN U
reorpadu4eckomn o00no4Ku.
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COCTAB X CTPOEHME
3EMHOIO BEUWECTBA

MEONOIM4YECKHME
NPOUECCHI

Munepanormn
Nerporpadun
Nuronoruna
Kpncrannorpacgpns
MNeonorms HedTwm
MNeonorma yrna
Yyeume 0 NnonesHbIx

FMMmyBwHxan reonorms
Kpucrannoxmumna
Kpucrannodmuimka

HMCKOoONaeMbBIxX

Onuammnyeckan
Baneonorns
Bynkanonorma
Maporeonorms
leoTexToHMKa
Cencmonornn
Meoxumnun
MeTponorms
Neomopdonorms
MrxenepHan
recnornn

MCTOPWA SEMITM

Micropuyeckan
reonorMna

Yereeprrunan
recnornn

Crparwrpadpnn
Paaworeonorus
ManeoHTonoOrMA
Yuyenume o haumnnx
Yuyenme o hopmMaumax

Naneoreorpadpmn

XMMHNA D©UIHUKA

MATEMATHUKA ACTPOHOMMA TIEOIrPA®ANA

TEXHMUKA 2KONOrms BM0ONOIMA

TexHuueckan MaremaTuuecxkan ManeoxnMMaTonorus

MMHAMEepanorMna recnorMna "mwmm

W neTporpagpmnn KocMmu4weckan reoxXMMMUs
Femmonoms recnorns MNaneoc3xonorms
JKCNepMMeHTanbHan |[eoakonoruna

MHUHepaAnNorMa TexHorenHan
Musepanormyeckos recnorvna

mMarepuanosenenme




VicTopusa reonormm

[lepBbIM 3Tan HakoNNeHUA 3HaHUN YernoBeKa— C
KaMeHHOrro BeKa o nepBoe Thica4veneTune
(DecsaTbIn BEK).

BTopown knaccudmnkaunoHHbIN 3Tan — ¢ AeCATOro
Nno ceMHaguaTbI Beka. dtan odbodLeHns
3HaHUN N ouepeHyuayuu aeornoauu — 18-u
n19-n Beka.

LuggpepeHyuayus aeoroauu -- 8bloerieHue
omoesibHbIX pa3oesiog 8 caMoCmMosimersibHbIe
HayKu (MuHeparsoaus, Kpucmarinozpagus)

TpeTun nHTerpauMoHHbIN atan — 20-1 1 21-1 Beka
(O dpepeHymauna n nHTerpauns).



VIHTerpauma reonornu

[ eonorna ncnonb3yet MeTodbl M NOHATUA OPYrnX
€CTEeCTBEHHbIX HaYyK, NOET npoLuecc MHTerpaumm
(cpacTtaHus).

B pe3yJibTate BO3HUKAOT BHa4aJsie HOBbIE
pa3aersibl reoJiorm, rnepepacrtaroime B
CaMOCTOATEIIbHbIE HAYKWN.

TexHn4yeckaqa netporpaduna n MMHepanorus,
naneoreorpadus, reoxmmms, reodpunsmnka,
KOCMU4YecKas reoriornd, marematndeckas
reonornsi, DMoreoxXmMmMmns, reodKosorus,
naneoknMmaTosnorms.



CTpoeHune 3emnu

BepxHas obonoyka — 3eMHast kopa (40 100km)

CpegHsaa obornoyvka — maHTusa (ot 100 KM 4o 3000
KM

Anpo 3emnum — o1 3000KkM A0 6170KM
BHewHee agpo (0T3000kmM A0 5000KkMm)

BHyTpeHHe a4po (a4pbIlKo —oT 5000km 40 6170
KM)

Nutocdepa — TBepaast oboroyka 3emny,
BKI1HOH4aloLLLad 3€MHY0 KOPY U BEPXHIOKO YacTb
MaHTUM (50km). MoLHOCTL nuTocdepbl 150Km



OCHOBHbIE NMOHATUSA

BaxHenwmnmm reornniorm4eCKMmMm NoHATUAMM ABNAKOTCA:
MWUHeparn, ropHble NOpPoAbl U NONe3Hbie NCKOMaeMbIE.

FopHas nopoaa - npupoaHoe, 0ObIYHO TBepAoe
BellecTBO, 3aneratouiee B 3emrie 600nbLLINMU
Maccamum pa3fniudyHou popmMbl, Yalle HeogHopoaHoe
Mo CBOEMY COCTaBy U BHYTPEHHEMY CTPOEHUIO U
cocCTosILEee U3 0OOQHOro UMM HEeCKOSNIbKMX MUHEparos,
CBAA3aHHbIX OOLHOCTbLIO MPOUCXOXAEHUA.

MuHepan - npupogHoe XuMu4yeckoe coeaguHeHue,
XapaKkTepusyruieecs 3aKOHOMepPHbIM BHYTPEHHUM
CTpOeHueM, CoOCTaBOM, onpeaerieHHbIMU
du3nyeckumm cBoMCcTBaMM - LLBETOM, Or1ecKom,
TBEPAOCTbLIO - U ABNAOLeecs NPOAYKTOM (hU3nKO-
XUMUYECKUNX NpoLieccoB, NpoTeKaroLwWwmx B 3eMHOM
ape.



Kpuctannnyeckoe BeLlecTBO

AbGconTHOE O0NbLWMHCTBO FOPHLIX NOPOA COCTOAT
N3 KPUCTaNSIM4YeCKOro BeLecTBa, B KOTOPOM aTOMbI
pacnonoxeHbl 3aKOHOMEpPHO. T.e. obnagaoLwero
aTOMHOM CTPYKTYPOM.

Ho B npupoae BCcTpeyaroTcs aMopdHble ropHblie nopoabl
- BYJIKAHMYEeCKOe CTEKNO, Ty, basarnerT, - B KOTOPbIX
aTOMbI pacnonoXeHbl becnopsgo4Ho.

Cpeau mnHeparnoB abcontoTHO NpeobnagatoT
NpUpoaHbIe Tena ¢ Kpuctannyeckom CTpyKTypou, HO
eCTb 1 aMmopHbIe, Hanpumep, onarl.



Kpuctann

Kpuctannmnyeckoe BeLLEeCTBO rOpHbLIX nopoa
npeacTasfieHO 3epHaMn UNn Kpuctannamm
MuUHepanos. Kpuctann - 3To MuHepan, B
KOTOPOM BHYTPEHHEE 3aKOHOMEPHOE CTPOEHUE
NpPoABNAETCA BO BHELLHEN DOPME NPaBUITbHOIO
MHoOrorpaHHuka. Kpucrtannuyeckoe 3epHoO -
YyacTb KpucTtarnna (nnm ero obriomMok), umetoLasi
HenpaBunbHYy0 gopmy. Popma NPosABNeHNUS
MWUHepana B npupoae 3aBUCUT OT YCITOBUN €ro
obpa3oBaHus 1 pocTa.






Kpuctannunyeckuu arperar

COBOKYNMHOCTb KPUCTaNJIOB UNU 3epPeH OTAENILHOrOo
MUHepana dopMUpyeT KpUcTannmyeckmnmn arperar.
COBOKYNMHOCTb KPpUCTaNJIM4ecCKux arperaTtoB
OoTAesNbHbIX MUHEpanoB o0pa3yeT ropHy nopoAay.
Kpuctannuyeckum arperart oTpaxaeTt CTPYKTYpY U
TEKCTypy nopoabl

CyLlecTBEHHbIE CBOMNCTBA FOPHOM NOPOAbI - €€ CTPYKTYypa
n Tekctypa. CTpykTypa ropHou nopoabl - 3TO TUMN U
pa3Mep crararLmx ee 4acTuL, YTO YYNTbIBAETCS B
TEPMMUHOSIOMNKU, HaNpMUMep, MeNKO3epHUCTas,
KPpynHOODNoMOoYHas.

TeKcTypa ropHOU NopoAabl XapakTepmnsyeT ee Nno
NAOTHOCTU U PACNONOXEHU0 MUHEPAOB. [1lo cTeneHun
NIOTHOCTM TEKCTYpa MOXET ObITb PbIXIon, cnabo-
NOTHOW, MNSTOTHOW MAaCCUBHOW U nopucTomn. o
PACMNONOXEHUIO YaCTULL, BbIAEMNAKTCA CIIOUCTas,
NATHUCTas, becrnopaaoyHasl, 3aKoHOMepPHast TEKCTYPbI U

apyrue.



Manernum
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[lones3Hble nckonaemsble

Mone3Hble nCKonaemble - YaCTb FOPHbLIX NOpoA U
MUHEepanoB, KOTOpPbie UCMONb3YHTCA YeNTOBEKOM NpU
COBPEeMEeHHOM YPOBHE TeXHUKU, TEXHONOIMU U
3KOHOMUYECKOM uenecooﬁpasﬂocm

PyOoHble none3Hble UCKonaemble - Nofie3Hble
uckKonaemble, cogepxawume B 3HAYNTENTbHOM
KonnyectBe 3KOHOMNYECKU LUeHHble XUMMNYeCcKue
3NfIeMeHTbl, OObIYHO MeTansbl, KOTOPbIE MOXHO
n3BneKaTb NpPuU COBPEeMEeHHOM YPOBHE TeEXHUKU U
TexHonornu. Yatie atot TepMUH ynoTpebnaeTcs Kak
CUHOHMM TEPMUHA "MeTannnyeckne rnomnesHble
nckornaemeole", Ho cernvac roBopAT 0 pyaax doocdopa,
bopa, arpopynax. Takum obpasom, 3Ha4eHNe TEpMUNHA
"pyaHble Nornes3Hble ncCKkonaemeble" paclunpaeTcs.



[lones3Hble nckonaemsble

Pypa - ropHas nopopga, cogepxatias B
OONnbLLUOM KONMM4yecTBe UNnu cocrtosLlas
LLeJsIMKOM U3 pyAHOro MMHepana,
oboraweHHoOro metanmnom. HepygHbiMu
Ha3bIBalOT MMHEpPAarbl, KOTOPbIE HE
MCNONb3YKTCA AN N3BMEYEHUSA XUMNUYECKUX
9JIEMEHTOB.

HepyAaHble (HeMeTannmnyeckue) nonesHble
MCKonaemble - ropHble NOPoabl U MUHEpPAansbI,
KOTOPbIE NCNOMb3YOTCS LIENMMKOM B HAPOAHOM
X03aMCTBE, 63 NX XMMNYECKOTO PasroXeHus.



PyQbl

Pyabl YepHbIX METANMNOB

Pyabl oparoueHHbIX METArNNoB
Pyabl UBETHBIX METANSIOB

Pyabl peaKUX MeTannos

Pyabl pagnoaKTUBHbLIX METAsOB
Pyabl peaKo3eMenbHbIX MeTansnos




HepyaHble nones3Hble nckonaemble

[oproyne — yronb, TOpAd, HEPTDb, ras

XUMUM4Yeckoe arpochipbe — conm, ocdopuThl,
N3BECTHSAK

CTpounTenbHble MaTepuansl

OrHeynopHoe Cbipbe — MarHe3unT, ONIMBUH
OBnNMLUOBOYHbIE MaTepuarbl — FPaHUT, MpaMop
[logeno4Hble U AparoueHHbIe KaMHU



[ pynnbl 3NeMeHTOB

[ NaBHbIM OOBLEKTOM MUHEPASIOrMYECKNUX nccnegoBaHum
SIBNSIETCHA 3€MHAas Kopa — BEPXHAA 000no4vKka 3eMHOro
Lapa. Bonpoc o ToM, Kakne XMMUYeCKNUEe 3NeEMEHTLI B
Hen npeobnagatoT, 4aBHO MHTEpPEeCcoBar reosioros.

\B 80-e roabl ero 19-ro Beka aMmepuKaHCKnu
nccnepoBaternb P.Y.Knapk (ero xmmmyeckas
nabopatopusi B BallMHIToHe) npoaHanuanposanu bornee
1000 ropHbIX NOpoa C pasHbIX MaTeEPUKOB.

BbisiBfieH X XMMU4YeCKUN COCTaB U BECOBOE codepXaHune
Ka)Kgoro afieMeHTa (BeCcoBOU NPOLIEHT).

[1o 3TON BENUYMHE BCE 3NEMEHTLI AENATCA HA TPU
rpynrbl: nopoaoobpa3syoLwme, peakme U paccesiHHble
3NIeMeHThI.



XNMUYECKNN COCTaB 3€ MHOMU KOpbl

B CLUA Knapk yctaHoBun 10 arieMeHTOB,
oOpa3yrLwmnx nopoabl - nopoaoooobpasyrowme

MmuHepansbl: O -46, Si-27,7,Al-8,1,Fe-5,7,Ca-4,3,K
-1,8, Na-2,3, Mg 2,4,Ti-0,6, H,PunMn noo,1,
ocTalbHble 3nemMeHTbI - 0,8.

BbiBoA: nopoaoobpasyrowme aneMeHTbl UMeroT
Manble NopsAKoBble HOMepa, NpeoonaaaloT nerkme
aNieMeHTbl, pacnornararTcs B BepXHen 4YacTu
TabNUL bl 35IeMEHTOB, UX KITapKU COCTaBNAIOT
npoueHTbI u 0,1%.

Ak. B.\. BepHaackum nokasarn, 4to
noponoobpasyroLime InemMeHTbl, COeANHAACb MexAay
cobou, obpa3yroT nopoaoodpasyrowme MUHepanbl
KJflacca CUNIMKaToB U OKCUAOB.



Knapk n MmHepanbl

A.E. ®epcmaH ycTaHOBUI reOXMMUNYECKYIO
3aKOHOMEpPHOCTb: YeM Bblille KNnapK
anemMeHTa, Tem 6onblue MMHepanoB OH
obpa3syeT. TakK, y Kucnopoaa HamBbICLUUW
Knapk, oH oopa3syeT 1364 MUHepana, y
KpeMHus — 430 MMHepanoBs.

Ho cnocoOHOoCTbL 06pa3oBaTb MUHepan
3aBUCUT TaKXKe OT XUMUYECKUX CBONCTB
3rYIeMEeHTa, ero XMMM4ecKkou akTUBHOCTM.



VinHepalJibHbI COCTaB 3€MHOW
Kopbl (NopogoobpasytoLmne
3NeMeHTbI)

Mo xumnyeckomy cocrtaBy BbISIBJIEH
npeooGnagarowmn MUHepanbHbIU COCTaB 3€éMHOM
KOpbl: 75% - CUNTNKaTbI, KNacCbl OKCUOOB U
rmapoKkcuaoB BMecTe —17% ( KkBapy 12%, okcup,
4%, okcuabl A, T ,Mn BmMecTe — 1%.

KucnopogHblie conu (kapboHaTbl U cynbgaThl
Lieyio4yHO3eMerbHbIX MeTannoB) — 6%.

Cynsduabl — 1%, camopogHble 3rieMeHTbl — 0,1%.
Opyrve Kknaccbl Mano pacnpocTpaHeHbl.

AK. A.E.®epcmaH B 20-M Beke B namaTb 0 P.Y.Knapke
npeanoXxusn Ha3sbiBaTb BeCOBbIE NPOLEHTbI
35YIeMEHTOB — Krapkamu.



Penkune anemeHThl

2-9 rpynna - pegkue afneMeHTbl UMeloT KNnapKu
- 0,01-0,001%, HO OHU MOTyT OOpa3oBaThb
CcOOCTBEeHHblIe MMHeparnbl B BUuge otaenbHbIX
CKOMMEeHnU B 3eMHOMU Kope . HacTb peakux
aneMeHTOB oOpa3yeT okcuabl —Sn, W, Cr, U,
Nb, Ta, TR, Y. [lpyrue — Kknacc cunukartbl - Zr, U,
Ni, Co, Th. MHOrue anemeHTbl 0Opa3syroT
cynbduabl - Pb, Zn, Cu, Co, Ni, As, Sb, Bi, Mo,
Hg, Ag, Au Unun BCTpe4yarnTCca B CaMOpPOAHOM
Buae — Au, Pt, Os, Ir.



PaccedaHHble afieMeHThl

PAaa anemMeHTOB MMEKOT eLle MeHbLUUe KNnapku
0,0001 » 0,00001%. OHU paccenBalOTCH B
nopoaooopa3syronx u peakmx MMHepanax,
oOpa3sys npumecu. Takme 3aneMeHTbl Ha3BaHblI
paccesaHHbIMM : Li, Rb, Cs, Ga, Ge, Hf, Re, TR.
Tak, B cunmkatax KpeMHUn MoXxeT
3amMellaTbCA repMmaHueM, antoMMHUN —
rannuem, UUPKOHUU — racdbHMeMm, Kanumm -
nuTuem u pyomnauem Kanbuum - TR; B
cynbsdupax MonmdaeH samMmeLaeTcs peHmem,
LIMHK — KaagMUEM.



MecTopoxageHuna u pygHble
HHOBMHMMM

ofie3Hble UCKOMaemMble (CKOMNMeHUus peakux
pacCesHHbIX 3JIEMEHTOB) NPU NPUPOAHLIX
reosiorm4eckmx rnpoueccax oopasyrot pyaHble
MUWHeparnbHble CKOMJIEHUSA, KOTOPble Ha3bIBalOT
MEeCTOPOXAEHUAMMU, eCyIN KONTIMYeCTBO NOJIe3HOro
MeTansIn4eckoro MCKornaemMoro 3KOoHOMU4YeCcKku u
TeXHOJFIOrM4ecKu uenecooodpasHo 4oObLIBaTh.

Brnuskue ckonneHus pyaHbIX MECTOPOXAEHUN
O4HOro MeTansa Ha3biBaloT pyAHbIMUY Y3NnaMM.

PyaHble y3nbl pa3HbIX MeTannoB, 06pa3oBaHHbIX NpU
ONU3KNX reonornyeckux npoueccax, XxapakrepusyrorT
PYAHYIO NPOBUHLMUIO UNY PYAHbINA NOSC.

CKonneHusa pasnnMyHbIX PyAHbIX NPOBUHLUN
XapaKTepusyrT MUHepPanbHO-CbIPbEBYHO 6a3y
CTPaHbI.



MuHepanbHble pecypchbl

LLiInpoko ucnonb3yrTCA B reorpacpumn n
3KOHOMMKE NOHATUA "MUHeparnbHble
pecypcbl” n "MUHeparibHoe Cbipbe«.

ATN TEPMUHBLI OTHOCAT K MECTOPOXAEHUAM
Nosie3HbIX UCKOMNaeMblIX, YCTAaHOBJIEHHbIX Ha
onpeaeneHHON TeppuUTOPUMN - CTpaHe, Kpae,
obnacTu, panoHe.

MuHepanbHble pecypcChbl - KOHKPETHbIE
MeCTOpOXAeHUSA Nofe3HbIX UCKoNnaeMbIX Ans
onpepnerieHHOU TeppuUTOpUNn, 3anacbl
KOTOPbIX NPOrHO3NMpoBaHbl, TEOPETUYECKU
NOACUYMNTAHDI.
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MOELIWEHKE CTENEHW AKOHOMWYECKDH

LEHHOCTH



MuHepanbHoOe Cbipbe U
MUHeparibHO-CbipbeBasi ba3a

MuHepanbHoOe Cbipbe - 3TO MUHEpanbHble pecypchbl
(MecTOpOXOEHUA NOMEe3HbIX UCKOMaeMbIX) Ha
onpenerieHHOU TeppUTOpPUMU, 3anacbl KOTOPbLIX
pa3BedaHbl U TOYHO NoACUYUTaHbI U UMEIKOT
NnPoOMbILUSIeHHOe 3HaYeHue.

PasnnyHbie BUAbI MUHEparibHOro Cbipbs BXOAAT B
MUHeparibHO-CbIPpbLEBYIO Oa3ly panoHa, obrnacTwy,
cTpaHbl. B aToM cny4yae 3anacbl MUHeparibHOro
CbIpbS TOYHO pa3BefaHbl A rMMaBHbIX
MeCTOPOXAEHUU U NOTEeHUMaNnbHO NoacYMTaHbl ANs
BTOPOCTENEHHbIX MEeNKNX MeCTOPOXAEHUMN.

B n3y4YeHHbIX panoHax MOryT ObITb MOACUYUTAHDI
npegnonaraemMbie 3anachl, KOTOpble UMEIOT
NOTEHLUManbHO NPOMbILLINIEHHOE 3Ha4YEHME.



MeToabl nabopaTopHOro
nccriegoBaHms MUHepanoB

AHanNu3bl - XMUMUYECKUKN, ooLwnmn
CrneKTpanbHbIN, UH(DPaKpPaCHbIN,
ynbeTpadnoneToBbin, TEPMUYECKUN,
onTn4yeckKkas MMKPOCKOMNUSA, Macc-

CneKkTpomMmeTpusda, peHTreHOBCKUe MetToabl,
ANEeKTPOHHAaA MUKPOCKOTIUA.

Mcnonb3yrTca nccnenoBaHus
INIeKTPUYECKUX, MexaHUu4eCKux CBOUCTB.



