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OO0Ha u3 saxHelUwux 3a0ay 2eoxumMuu — oripedesieHuUe

pacripocmpaHeHHoCcmu XuMmu4ecCKux 3JIeMeHImoe 8 3eMHou Kope.
C aTux uccnegoBaHUM BO MHOIMOM M Hadanacb reoxXumMmsi Kak HayKa. D,OJ'IFOG

BPEMS PacnpoCTPaHEHHOCTb Pa3fnUYHbIX NPOCTLIX BELWECTB HEBOSIbHO CBA3bIBasiacb C
NX NPaKTUYECKUM NPUMEHEHUNEM.

BriepBble nonbiTanca oUueHUTb CPeaHUN XUMNYECKUN cocTaB 3eMHOUN Kopbl B 1815
[. aHIMUNCKUN MuHepanor B. @unnunc Ha npumepe 10 anemMeHToB.

OH onpegenun KONMMYECTBEHHYIO MOCneaoBaTeNbHOCTb PacrnpoCTPaHEHHOCTU
9NEMEHTOB UM MokKasasli, 4YTO B HeOpraHM4yeckon npupoae pesko npeobnagatoT
KNCNOPOA W OKCUAblI KPEMHUS, antOMUHUA W Xernesa, NogobHO TOMY, Kak B >XUBOW
npupode «LUapCTBYyeT» 4eTBepKa ONeMeHTOB-OpraHOreHoB: KWUCIopo4, BoOOpOoA,

yrnepog v asot (puc. 1).

OKCuAabl
anntoMUNHuA yrnepoAa

Eas r

oKcuAbl HEOPFAHUYECKAS Kucno- OPFAHUYECKAS asot
KpeMHusA NMPUPOOA pon NMPUPOOA

~~ ~~

oKCcuabl BoZOpOA
xXernes3a P

Puc. 1. Cxema XUMHAYECKOTO COCTaBa 3¢MHOM KOpbI, 0 B. ®uuncy




[MpoaHanusnposas 6onee 5000 gaHHbLIX MO XMMWYECKOMY COCTaBy MUHeparoB U
FOPHbIX Mopod, amepukaHckun reoxmmunk @.Y. Knapk B 1889 1. onybnukosarn
NepBy CBOAHYIO Tabnnuy CpegHero XMMmM4eCcKkoro coctaBsa 3€MHOW KOpb!.
Cnycta 20 neT OH nagan cnpaBoOYHUK C AaHHBIMW O COCTaBe roPHbLIX MOpoA, NOYB U
BoA, 0606wWmB B HeM paboTbl nodTn 1000 nccnegosartenen.
C nomoubto reosora . BawmnHrtroHa @.Y. Knapk nponssen Krnaccudeckun pacyer
cpedHero coaepXaHus XMMWUYECKUX 3IEMEHTOB B YCNOBHOM Crl0o€ 3eMHOW Kopbl
TOMWMUHON 16 KM.
XUMUYECKMN COCTaB 3eMHOW KOpbl MUccreaoBaricd MHOMMMU ydeHbiMU, Hanbornee
N3BECTHbI paboThl

B.M. Nnonbdwmudma,

A.B. PoHoea,

A. lNondepsaapma,

A.A. Slpoweeckoeo,

B.U. BepHadckoeo,

A.E. ®epcmaHa,

A.ll. BuHoepadosa u op.

HNcnonw3yss  HOBeWIIME  METOJAbl  aHaiu3a  (HEUTPOHHO-aKTUBALIMOHHBIM,  aTOMHO-
a0COpPOILIMOHHBIA, JIIOMUHECLHEHTHBIM W JAp.), U3 PE3YJIbTaTOB MHOTOYHMCICHHBIX TOYHBIX
AHAJU30B MUHEPAJIOB, ITIOPOJ U HX CMECEU, M3 COIOCTABICHUSA PACIPOCTPAHEHHOCTHU
OTHEJIBHBIX AP 3JIEMEHTOB YIAJIOCh OIPEACIUTh COIEPKAHUE B 3€MHOM KOPE MOYTH BCEX
3JIEMEHTOB MEPUOINYECKON CUCTEMBI.



PacnpocTpaHeHHOCTb 3fIeMEHTOB B 3eMHOW KOpe onpeaenstoT
knapkamu. TepmuH npegnoxeH A.E. depcmaHoM B 4yectb Y.
Knapka, BnepBble [OOCTATOMHO TOSIHO WU TOYHO OLIEHMBLLEIO
XUMWYECKUN COCTaB 3€MHOW KOpbl.

Knapk — amo cpeOHee codepXaHue 3JIeMeHmMoses
Kakom-nubo obpa3oeaHuu 3eMHOU KOpbl —
umocghepe, a2udpocghepe U m.0., unu O0Oaxe e
mosiwie nopoo Kakoz20-/1ubo paloHa («MeCmHble
KrapKuy).

Knapk moxem 6bimb ebipakeH 8 eQuHuUUax macchbl (%,
2/m u 0p.), Tubo 8 amoMHbIx %



Tabnuua 1. CpegHee cogepXaHne XMMUYECKUX SNEMEHTOB B NMTOCdEpPE U B rMaBHbIX TUNax
nopog (no A.lN. BuHorpagosy, 1962), macc. %

OneMe VYabTpa- OCHOBHBIE TOPOBI CpenHue nopoasl Kucnrie Ocaio4yHbIe CpenHuii cocTaB
HTBI OCHOBHBIE ITOPOJIbI HOPO/IBI MIOPO/JIbI auTochepsl
Li 5-10° 1,5-10° 2-10°3 4-10* 6-10° 3,2:103
Be 2-10° 4-10°% 1,8:10* 5,5-10* 3-10* 3,8:10*
B 1-10* 5-10* 1,5-10° 1,5-10° 1-1072 1,2:-10°
C 1-1072 1-1072 2-102 3-102 1 2,3-10°
N 6-10* 1,8-10° 2,2:10°3 2:10° 6-102 1,9-10°
Q) 42,5 43,5 46 48,7 52,8 47,0
F 1-102 3,7-10 5-102 8-10 5-10 6,6-10
Na 5,7-107! 1,94 3 2,77 0,66 2,5
Mg 25,9 4,5 2,18 0,56 1,34 1,87
Al 0,45 8,76 8,85 7,7 10,45 8,05
Si 19 24 26 32,3 23,8 29,5
P 1,7-107 1,4-10! 1,6-10! 7-102 7,7:1072 9,3:102
1-1072 3-10 2-102 4-102 3-101 4,7-1072
Cl 5-10° 5-10° 1-1072 2,410 1,6-102 1,7-102
K 3-10 8,3-10! 2,3 3,34 2,28 2,5
Ca 0,7 6,72 4,65 1,58 2,53 2,96
Sc 5-10* 2,4:1073 2,5-10* 3-10* 1-1073 1-103
Ti 3-1072 9-10! 8-10! 2,3-10" 4,5-10" 4,5-10"
A\ 4-10° 2-102 1-10 4-10° 1,3-102 9-10°
Fe 9,85 8,56 5,85 2,7 3,33 4,65




Nepuoanyveckana cucrema anemeHtoB [1.U. MeHaeneeBa

I II II1 v A% VI VII VIII
Iepuoper | Paper ITprmeyarye
rpyrma TpyIom rpynma rpymma TpyIomm Tpymm Ipymm Tpymm
H 1 |2 He
1 1 (50 10079 | 40026 Haufo.ee pacnpocTpaHedHbIe
BOIPO, remit eMaTIbE
Li 3 |Be 5 B |6 C ||7 N 9 F 10 Ne
2 2 6 939 9 0122 10,81 12 011 15 14 0067 18,9984 20,183
asoT drop Heox
15 P |16 s |17 Cl |18 Ar
3 3 30,97376 32,064 35,453 39948
docdop cepa Xnop rox
v 23| Cr 24| Mn 25 Co 27 |Ni 28
4 44, 956 47‘ 90 50,942 51,996 54,9320 589332 58,71
4 i THTaH BaHaHi Xp 0DI D@p raHeu xofamsT HHKEJb
Zn |31 Ga |32 Ge |33 As |34 Se |35 Br |36 Kr
s 63 54 65,37 169,72 72,59 74,9216 78,96 79,909 83,80
DIEJD | HHK TAJLTHIH Tep DraH Hit DIBIUG AR celex Gponr KPHITOH
Rh 37 |Sr 38 Y 39 |Zr 40 |41 Nh Te 43
6 85,467 87,62 88,905 01,22 |92,906 92,9062
5 D ySmmuit cIpoMiptit HrTp it 1CHP X O M HHOB 1t TexHelnit
47 Ag 482 Ccd| 49 In |50 Sn |51 S |52 Te |53 I |54 Xe
7 107,87 112,40 114,82 |118,69 121,75 127,60 126,9044 13130
cepelipo XaJpIH i | HH A 0JI0BO CYp Bb1a TeJLnyp HOZ KCEHOH
Cs 55 |Ba 56 |La57-Lu7l |Hf 72 Ta 73|W 74
8 132,905 137,34 |13891 178,49 180,948 18385
6 e3Hi Gap mit JAHTAH radmmit TAHTAT Bo G p ant
79 Au |20 Hg |81 Tl 82 Ph |83 Bi |24 Po |35 At |86 Rn
9 196,967 200,59 20437 207,19 |208,980 <210> <210= <222>
30J10 TO PIYTH TAJLTHH | CBHHe: BHCDIYT TOJIOH Hit acTaT pamu
Fr 27 |Ra 82 |Ac89 -Lr103 Rf 104 ‘Db 105 |sg 106 |Bh 107 |Hs 108 Mt 109
7 10 <223> <226> |<227> <260> <261> <263> <264> <269> <268>
bp arogwit pamit ARTHHMNH pesepdopmuit | gyOmdt cubopregt Goprt Xaccuit MEH THe pEET
| 1I.
La 57 |Ce 58 |Pr 59 Nd 60| Pm 61 |Sm 62 Eu 63| Gd 64 |Th 65 Dy 66| He 67| Er 62| Tm 691 Yhb 70 |Lu 71
138,91 |140,12 140,907 144,24 <145> 150,35 151,96 157,25 158924 162,50 164,93 167,26 168,934 173,04 174,97
| ArToreH e |
Ac 89| Th 90 |Pa 91 U 92| Np 93| Pu 94| Am 95 |Cm 96 |Bk 97 |Cf 98 Es 99 Fm 100 |Md 101 No 102 |Lr 103
<227> 232,038 <231 238,03 <237> <242> <243> <243> <249> <249> <254> <255> <256 <254> <257>
ARTHHHH TOp M NPOARTHHHH |Ypan H eI YEIE TOTYT OHEGE ANE PRI KEOEGA Gepramt KA hoprE it SHHLITe FEIE tepnebt MEHZ eTe B Hob et ToypeHCHET

3eMHasd Kopa CcrnoxeHa B OCHOBHOM JE€rKMMW 3fieMEHTaMMu, pPacrofioXXeHHbIMU B
nepunogunyeckon cucteme .. MeHgeneesa no Fe BKNOYUTESBHO.

OrneMeHTbl, crnegywowue 3a Fe, B cymme cocTtaBndalT Nuwb OonM npoueHTa. locne
Xenesa, NopaaKoBbIN HOMEpP KOTOpOoro 26, HET HM OOHOMO XMMUYECKOro anemMeHTa C
knapkom 6onee 0,1 %.




BbIBO/bl Ob OCOBEHHOCTAX PACIIPOCTPAHEHHOCTH
XUMWNYECKNX SJIEMEHTOB B 3EMHOU KOPE

1. Psap domsmnyeckon pacnpocTtpaHeHHOCTU 3fIEMEHTOB B nutoccdepe:
O>Si>AlI>Fe>Ca>Na>K>Mg>Ti>Mn>P>F>Ba>S>Sr>CI>Z>Rb>
V>Cr>Zn>Ce>Ni>Cu>Nd>Li>Y>La>C>Nb>N>Ga>Co>Pb.......

YMeHbweHue codep)KaHun JJIeMeHmoe I >

2) Beaywmmm anemMeHTamMm BellecTBa 3eMHOM KOPbl ABNAKOTCA 8 31IeMeHTOB:
O, Si, Al, Fe, Ca, Mg, Na, K.
Hdonsa octanbHbIX 84 anemeHTOB cocTaBnsaAeT MeHee 1 % MacCbl 3eMHOMN KOPBbI.

3) MaBHenwWwMn NO pacnpoCcTpaHEeHHOCTU 3NeMeHT — kucropop (0):
1 e20 amoMbiI cocmassisitom 47 % Maccbl 3eMHOU KOPbI

] nouymu 90 % obbemMa saxHelwux nopodoobpa3yrouux MUHepasos
(opTokna3s, anbLOUT, aHOPTUT, KBapu, Auoncua, MyCKOBUT).

4) Nl'eoxnmmnyeckass 0COOEHHOCTb 3€MHOU KOpPbl COCTOMUT B PE3KO pa3fiMvHOWU
pacnpocTpaHEeHHOCTU 3fIeMEHTOB, CrlaraloWuX KakK KOopy B LEenom, Tak WU
pa3nuyHblie TUnbl nopoad. OpHM 3neMeHTbl cnaraldoT OCHOBHYK Maccy
ropHbIX nopoa, Apyrne HaxoasaATCA B HUX B HUYTOXHO MarsibIX KOnn4yecTBax.




CodeprkaHue OCHOBHbIX MOPodoobpasyrouux 3;IeMeHmMos 8
Maz2mMamu4ecKux rnopodax pa3Ho20 cocmaea

Mn < Mg
Mn Ti K Ca
0,15% P Mg

0,02%26.11%

0,03%

Na
0,57%

Ca

Si 0,71%

Al

19,15% 0.45% 0.93% Si Al
3 0
YNbTPaOCHOBHbBIE MOPOA bl et OcHoBHble NopoAbl 23,99% 8,76%
Mn P Na Ca o " . Ca
n a

0,12% Mg 3,00% 4,65%

M 0,06% 2,77%  1,58% Fe
. g L]
Ti 2,70%
0,80% T
BMn Al
BT 7,70%
e OMg >
46,04% BN
BK 48,70%
OCa
OFe
BA|
osi
Si = Si
CpepHue nopoapl 26,02% Kucnble nopoabl 32,30%

B psay marmatudeckux nopoa (oT ynsTpaoCHOBHOrO cocTaBa 40 KACTOro)
yBesiMuMBaeTcs coaepKaHue KUcnopoaa, KpeMHUA U Kanusi U CHUXeTCS
KOHLEHTpaLMA Xerie3a U MarHus.



CBfiI3b OTAOENbHbLIX 3JIEMEHTOB C nopoaoamMmu onpegeneHHoro
COCTaBa BblpaXxXeHa B TOM,
yTO.

4

CYLLEeCTBYIOT 3NIeMeHTbI, KOTopble
B OCHOBHbIX U KUCIbIX NOpoAax pacnpocTpaHeHbl NPMMEepPHO OANHAKOBO

Ga, Ge, Se, Ne, Re, Sr, Nb, Cd, In, Hf;

CYLLEeCTBYIOT 3/IeMeHTbl, KOTOpble B

OCHOBHbIX NOpoAax HaKannMBalkTCA B 3HAYUTENbHO BONbLUMX
KonunyecTBax,

YeM B KUCIbIX

Cr, Sc, Ni, V, Co, Pt;

CYLUECTBYIOT 3/IEMEHThI,
copgepXaHue KOTOPbIX B KUCIbIX NOPOAax 3aMeTHO Bbille, YeM B OCHOBHbIX

Li, Be, Rb, TR, Ba, Tl, Th, U, Ta.




CoomHoweHue
KJ/1apKO8 OCHOBHbIX
nopodoobpa3syroujux
asieMeHmMoes e
0cado4YHbIX nopodax
u silumocahepe

B 0Ca[A04YHbIX
nopoagax pes3ko
NoBbIWEeHa Ponb
Kucnopopa n
antoMUHHUSA,
BbICOKOe, no
CpPaBHEHUIO c
YJ1IbTPAOCHOBHbI
MU "
OCHOBHbIMU
nopoaamu,
coaepxaHue
KpeMHuUS.

54,00%

Si
OcagouHble noposbl 24,34%

Mn P Mg Na Ca
1,88% 2,51% 2,97%

47 15%

Si
29,60%

CpenHunm cocrtaB nutocdoepbobl




« O®yHOaMeHTanbHOM OCODEHHOCTLIO OCadOuYHbIX MOpPOo4d SIBMASIETCS
OTYETNIMBO BbIPaXXEHHOE pasnnune Mexagy Mx coOCTaBoM U CPpeaHUM
cocTaBoM nopon "rpaHuTHon" oDOSIoYKKN, npeacTaBnsaABLIEN COOOU
MaBHbIA UCTOYHUK OCAdOYHOro mMarepuana B TeYeHWe NoCcnegHux
2—3 Mnpa net 3eMHOW NCTOPUM.

* Pasnnumne 3aknto4vaetcs, npexae Bcero, B MNOBbILLEHHOM, MNPOTUB
banaHca, copgepxaHuu B rnopogax ocagovHoM O6O0fioukM BOAbI,
YIIIEKMCNOThI U OpraHNYecKoro yrrepoaa, a takke S, Cl, F, B n gp.
"M3ObITOYHLIX NeTy4nx".

« [lpyron BaxHOM OCODOEHHOCTLIO OCadoYHbIX Mopod SBNSIETCH
BbICOKOE CoAep)XaHue B HUX Kanbuusa, caBur oTtHoweHuns K/Na B
nonb3y Kanusa, 6onee BLICOKOE OTHOLUEHME OKMUCHOrO Xernesa K
3aKMCHOMY, MOBLILLEHHOE coAep)XaHne cynbdaTtHOU cepbl Mo
CPaBHEHUIO C KpUCTanIM4YecknmMmm nopogamm "rpaHMTHoOmn" 0b60onoYKu.



INnTepatypa
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bapabaHoB B. ®. l'eoxumua. — J1: Hegpa, 1985. — 423 c.

[lepenbmaH A. . Feoxnmmna annreHeTn4yecKknx
npoueccos. — M.: Hegpa, 1968. — 331 c.




