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I. Bse~ease 

Pe3ym.TaTbl nccrrep;oBrumH no rroncl)' cBepXTIDKeiTbiX arreMeHTOB (CT8) 
B !IpHpo~e, npOBO~IIMbiX no liiHH!1HRTHBe r.H.<l>rrepoBa B JI.f!P OH.f!H 

[1], IIOKa13a."'H, "'TO He06XO;ll;HMO 6orree )l.€T8JlbHO€ H::JY"'CHH€ paciip€/I.Clle

HWl XliMH"'eCKHX arreMeHTOB B npllpO~LIX o6'beKTax {2,3}. B aToii CB.fi3H 

Bhi3Barra JiiHTepec KOppellfliRJ! [4] M€]1(11)' OTHOlll€HlileM pacrrpocTpaHeHHO

CTeJl HeKOTOphiX 3JI€MCHTOB B HCXOp;HhiX B€IJJ.eCTBax acTepOH;IJ;OB ( cpep;Hnii 

pa;n;H)'c op6HT, RA ::::::: 2,7 + 2,8 acTpoHoMJ!'leCKBX ep;mmn;, a.e.), KA,H 

3eMmo:(cpe~Hlilii pa)1nyc op6HThl, RE = 1 a.e.), KE,H 3Ha'IeHHeM HX nep

BhlX IIOTCIIIPlaJIOB noHli3anmi, 1 1. B Ka"'eCTBe KA 6hl1III IIpliH..IiThi KOH

IJ,eHTPa.IliDI aneMeHTOB B XOHfWHTax, Kc8 , a B xa"lecTne KE- co;n;ep)l(a.HHe 

tmeMeHTOB B rm:roTeTH"lecKoM BemecTBe MaHTHH 3eMJIH, K EM 

ln(Kcs/KEM)"' f(L,). (1) 

Cor nacHo ypanaeH:wo (1) arreMeHThl n.n;om, pa,n;u:yca Cmme"<~HoH cncTeMhl 

paciip€)1;€Jij[JillCb B 3aBHCHMOCTll OT liX nepBhiX IIOT€HIJ;HaJIOB HOBB::laqHH. 

B CBH3B c aTHM rrpe~cx.anhiBaJIHCb paamm,a B ~neMeHTHLIX cocTa.nax nna

HeT 3eMHOf'O THIIa H ;:J;e$HIUIT KHCITOpop;a B HX MaHTWIX1 T .K. ;rJ;JI.S: Hero £ 1 

·HMeeT 6orrLwoe 3Ha'ieHHe, panHoe 13,6 aB. 
Cxa3aHHOe Bhillle BbiXO)l;HT 3a pa.MKH Tax Ha3DIBaeMoro xOH)l;pHTHoro 

IIOCTyJiaTa, COrJiacHO KOTOpoMy COJ:J;ep:amHHe ~ITeMeHTOB B llCXOp;BOM Be

Ill,eCTBe rrrra.HeT pa.BHO RX co)I,ep:tKa.HHIO B xoH;!U)HTax. HanpHMep, o6we

rrpmurTo, 'ITO n;rr.s: KHcnopo):J;a KE H KA cocTa.BJIJIIOT ox:orro 40 %. 
B pa6oTax [5-7] o6cylK~eHhl lj>aKThl, no)1TBep"')1aiO!IIHe npe)1CKa3amJ.Il, 

c~erraHHhle B pa6oTe [4]. 
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C aTo:ii u;e;ILIO, xpoMe L1, 6Lnm yTJTeHLI 1:1 p;pyrn:e ¢nmuo-XH:YIH"'IC'CKIH' 

rrapaMeTpLI aTOMOB II I>fO:Iexyn, BJIH.HIOWIIe aa noBe,leHIH" 8i1€M('HTOB n IIpo

TOIIJiaHeTHOM o5naxe. KpoMe TOTo~ rrpoaHaJUI3IIpOBaHbl HMPIOW,IIeC.H B ;m

TepaTypc gaHHhle no ::l:Je!l.i€HTHhlM cocTanaM o6pa3UOB rropo~ Benepbl. 

3cMrrn, 1v1apca, '' :.mpcHaHc:Koro'' MCTeopnTa Shergotty, .lynbl II XOH;:Ipn

TOB, a TaiGKe MaTepna.~on c MecTa rra11,emu TyHQTCKoro MeTeopn:ra [7] n 

CBeTe IJepHOAH'IeCKOrO 3aKOHa il,.ll.J\1eHAe~eeBa [5,6]. 
B 6rmJKaH:weM 5y,tJ;ylll,e:M c u;errbiO rroncxa CT3 B npnpo:ae Moryr 6LITh 

HCIIO:IbOOBaHbl H€ TOJibKO MaTepllaJibl 3e:o.-mll~ HO II II:IdHC"T :)eMHOfO TUna 

u acTepOil)J;OB. iloaTOMY B Haf:TO.Hllleli pa6oTe y.D,errcno oco6oe nHllMaHUf' 

pacnpcnerreHHIO a:I€MC'HTOB Mf'.JK;EJ,y HUMll B COOTBf'TCTBHil C HX ( :).lC:Vtf'HTOB) 

¢lH3HKO-XHMlf'ICCKHMH cnori:cTBaMH. 

II. <baoaKO·XBMH'l:ec:t::oe COCTOJJHHe aneMeHTOB 

B llpOTODHaHeTHOM o6naxe 

fipH~1€M 1 '<ITO }' Ka:.K;:.J;OfO :)ileMeHTa B fipoTOII.laHeTHOM o6rraKe ;::J,Oo1H 

aTOMOB, HaXO;rJ;HUI,I1XCH B XliMH'lecxn cn.Hn.a.HHOM, Nm, n cno60)lHOM, JV = 

l-Nm, COCTOJiHllHX C}'ll.l,€CTB)'IOT B paBHOBeCl-Ili. A, B CBOIO O"'ICpe;rJ;h, aTOMhl 

B HefJTpa.'IbHOM 1 1V01 H 3apJDK€HHbiX 1 j\l+ II /VT_, COCTO.IIHIBIX TaKJKC 6}/J;YT 

naxo;o;nThC.li B prumonecrm MeJK;o;y co6oH. CooTHOUICHIDI "'!IIcerr aTo:YIOB B 

pa3HhlX COCTO.KH:lliiX 6YAJ'T OIIpep;,eJI.HThC.II B OCHOBHOM MX OTHOCHTCllhHOfl 

pacrrpocTpaH€HHOC'TblO, 83allMHhiM XIIMIPieCKHM CpOJ;CTBO:M IT CTeneHbiO 

B3aHMO)lf'ilCT·BH.II U:X ¢lopM ( aTOMOB H MO.leKyrr) C I10HII3MJ>,Yl0Ll.UI:MH IIX <Po

TOHaMI:I Co:mu;a n cro MarHHTHhiM no:IeM. Ecrru y KaKoft-To cJ?opMhl ::me

MeHTa n;eHTp05e2KHa.II COCTaBd.IIIOUlaJl CKOpOCTII 6y::J;eT 3HR'II:ITCJihHO BhiWe, 

""'CM y ;upyrnxj T.e. ona (<f?op"Ma) 6y:J;eT ''Bh!Mf'TaTbCH" H:J CHCTeMhl, TO pa

DHOBecne~ YIIO:VUIH}'TO€ BhlllJC, fiy;x,eT HOCHT:& ;r:I,HHaMM'leCKllll: xapaKTep. 

Han6orrec 6blcTpo R cno6o;n;no B MaranTHOM norre CorrHua, nepoHTHO, 

6,y;r:J;yT ,llBIIraThC.H CB060:J;IThl~ Heii:Tpa.rr:&Hbl€ aTOMhi 3Jif'Mf'HTOB, ;IJ;OJij[ KOTO

pbiX OIIpenerreHa KaK ]V0 • C IICJThiO oqeHKH .. :f'llu IIpHRIITO~ "'ITO BepOHTHOCTll 

)lllCCOUHaiillll M0.1eXy:I, KOTOphie o5pa.nyK>T B 3THX yrJIOBHHX :JJICMeHTLI, 

6:y;J;yT rrponOpUIIOHa.1bHLI OTHOWCHWlM Mf'JKJJ;,Y aHeprWIMH pa3pb1Ba XID.t:H

"'CCKHX cB.ancH B Morrexynax: D, n aueprWlMH tfloTouon, ncrrycxaeMLIX Corr

HilC'M. MaxcnMa.'IhHhle aneprnn COJIHe"'HbiX ¢0TOHOB paBHbl B OCHOBHOM 
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OIITH"'IecKHM rrpep;,ena11: LH,LHe n: L~e aroMOB H, He H HoHa He+. CyM

MapHyK> nepoHTHOCTh perrax:ca.IUIII cooTBeTCTBYK>UUIX aoaon H+, He+ n 

He2+ MOJKHO IIpHpaDH.HTb K eP:,HHl!I..J;€ 1 T.K. BO~OpO;rJ; II reJIHii COCTaBnJUOT 

oCHOBHyiO Macey Conau;a: 

PH++ pHe+ + pHe2+ = 1. (2) 

3naqeH.lle N, nponopiiHOHaJibHOe ,n;orre )J;Hccoqm~pona.HHhlX Monexyrr, MO)KHO 

oueHHTh no BhlpaJKeHmo 

N = (1- D,P)(1- D,P)(1- D3P) ... (1- DnP), (3) 

r)J;e D 1 ..• Dn:.. ::meprWI CBjl311 a;o,eH,IJ;OB, o6Ill,ee qHcno XOTophiX B Morrexyrre 

pa.BHO n, 
P =PH+/ LH +PH,>+/ LH,+ +PH,+/ LHo• 

0THOCHTeJibHble ;ri;OJIH OTpllUaTeJihHhlX H ITOJIQ)KHT€llhHhlX HOHOB, J- H 

J+, Mo;a.;:ao Haii:TH, yqHThiBa.H cpo;u,cTBO x :mexTpoay, Ea, H noTeHIJ,HaJILI 

liOHH38.UUll BCeX naneHTHhiX arreKTpOHOB aTOMOB ;D;a.HHOro i-oro 3JieM€HTa, 

Li, no ypa.Baeana:M 

J- =EaP 

H 

J+ = (1- EaP)[(1- L 1P) + (!- L 1P)(1- L 2P) + ... 

+(1- L 1P)(1- L2P)(1- L3P) ... (I- L,P)], (5) 

r;u,e £1 .•. Lv -noTe~aJibl HOHHi3a.I.J;mi narreaTHhiX arrexTpoaon, v - "'!Herro 

BaJICHTHhlX anexTpOHOB ;r:J;aHHOrO 3l1CMCHTa. 

llcnOITh3YH ypaBHeHHJ! (3) - (5), norry'!aeM 

No= N(l- J-- J+). (6) 

Bhl"''HCJieHHhle 3Ha'leHllil ;o;orreii: !'tiro aToMOB Be ex arreMeHTOB ;Ila.Hhl B [6]. 

Crre;u,yeT OT1_1-CTHTb, qTo on;eHO"'Hble nuaqeHII.H No noMHMO norpewaocTeii, 

CBJIDaHHhlX C norpeWHOCTKMH 3KCII€pHMeHTaJlhHhlX ;r:l,a.HHhiX1 HCIIOJih3Ye

MbiX B pac"''eTax, HM€IOT KaKYIO-TO ;r:I,OJIIO HCOIIp€i!,€JieHHOCTH1 B "laCTHOCTH, 

CBH3aHH)'IO c nhl6opoM HaJII6onee nepo.s:THoro co~HHCHHH arreMeHTa. IIo 

Mepe panBHTIUI HCCJie)l;oBa.HI!H B aToH o6rracTH B03MO)KHO YTO"'!Heane co

CTa.Ba yxa:Ja.HHblX Bhllll€ CO€;:J;HHeH.H..ll: aneMeHTOB ( COOTBeTCTBeHH0 1 li KOp

peKTllpOBKa HX naa"lemrii .1.V0 ). KpoMe Taro, nponecc cerrapa.n;HII arreMeH

Ton, O"'leBH)];H0 1 UMCeT 6orree CJIOJKHn.rii M€Xa.HIIDM ll1 B IIpHHilHIIe, 3a.BHCHT 

He TOJibKO OT 1V0 • 
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III. PacupeAeJieHBe XIIMH11Jecx.ax. aneMeHTOB MelK;IJ.Y 3eMJiei 

H X.ORj];pBTaMH B oaBBCHMOCTH OT N 0 

a. Me&ee neTy~ae sneMeBTbl 

3ua'leHD.JI I\l.._, B pa6oTe [6) HCIIOJI:b3onauhl (nMecTo LI) :t;:H[ rrorry"<Ie

Bll.H tflyHXQ110H8JibHOi OaBIICHMOCTH, aHaJIOriPmo:ii ypaBHeHHJO ( 1 ). C =lTOiJ. 

:u;enbiO B xaqecTBe K A n K E 6LJrrH npHHRThl xoaueuTpaniDI :)JICMearon 

B xoup;pn:Tax, KcH, H B II3Bep.JKeHllhlx nopo;n;ax 3cMrrn:, K 1R, cooTner

CTBeHao. llx OTHOWCHH.II B IIOJIYJIOrapn$MH'<ICCXOM MaCWTa6e 6b!JIH OTJI0-

1KCHhl B 3a.BHCHMOCTH oT N 0 • 8KcnepHMeHTa.JihHhle )J;aHHhiC fiorrhiiiHHCTBa 

3JleMCHTOB1 CM. pac. 1, XOpOWO aTIIIpOKCHMHpyiDTC.H IIpHMO.li 

ln(Kcu/ KrR) =a+ bNo, (7) 

f)l;€ a = -3,54 ± 0, 15, b = 19,4 ± 0, 71 ll ~y - C:pCp;HCKBilJ,p<lTH"lHOe OTKITO

HCHHe DCi!H"UIHhlln(IicH/J{IR), HC IIpeDhlWaKllljee 0,36-
llcXO;:I;H H3 )laHRhiX pnc.l, MO)KHO BHA€Tb1 ~ITO llpo:u;ecc MarHllTHOii ce

napa:u;Im arre~1€HTOB 0hlJI BeCbMa ac:f?cpcKTUBHhiM. 

KosuesTparrH.H aeKoTophlx ;meMearon B xoa;::~;p1uax aa aec·Ko:IhKO rro

pR;::J;XOB Berrn"1HHhl oTnn'!af'TC.H oT Taxonoil J;JI.fl 3rz..mn. R cn.H3H c t~THM 

' 
\111 Co.fe f;tjfh~~u 
VI Mn ~e Ni"os 
VI ' W McOI<SeS 
v_ N:> To Bi VSP PAS._.. ....... ,t 

IV I I Zr T:Hfs cGeSn 
Ill] Zp ~ v.~·'fi· j,~'\1 ' " 

Z 4 L9i"oo/Kloi Al 8 
I . 

" .. 
• 
" 

0 

-z 
-4' I s,a s,c ca.~ M~ " 

K,Cs,~,NqZi '1! A,g "" • 
J 0,1 QZ Q3 0,4 No 

Pl!c. L 3aBIICIIMOCTh (7): ln(ltcu/ll.rR) OT :Yo npe~cTaB:IeHa B ~ec~

TU'lHbiX rrorapmfJMa..x. Crrena yxa.:JaHhi HOMepa rpynn Tiepno:rn'<lccxoll crr

cTeMhi, K KOTOJ.lhi~f IIpHHa;J;:ICJKaT ;)JICMeHTbL pa:JMelllf'HHhi€ B CTpO'iX)' B 

COOTDCTCTBllll C H..X ]\~o, a crrpaBa- 3HaKn. C IIOMOWbiO KOTOphiX Ha pHCYHKE' 

OTMC'<ICHbl HX 8KCIIepll).feHTa.'IhHbiC J;aHHbie 
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OTM€THM, "-ITO AIHtHf>cpeHIJ;Hanii.H BelU€CTBa B TeJiaX IIJiaHeT IIpliBO)];IIT K 

H::J.,.IeHeHIIIO IIX KOHUCHTpaiUIII B npep;erra.x npaKTil'lCCKII O;I,HOfO rrop.s::t;Ka 

BC:IH'lHHhl H HH B KaKO:ii Mepe He MO.JKeT :JaBHCCTb OT J.'l0 arreMCHTOB. 

HanpiiMep, OTHoweHWI cpraHHX aTOMHhlX KOHUeHTpaiUrii Mg(No = 0,229) 

n Ca( 1V0 =0,172) n KOHTIIHeHTa.Jll:,HOii n oKeaHn"<IecxoH o6ono'1Kax neM

HOii KOphl [8], a TaK>Ke B ~Ha6a3aX, \V-1 [9], ll B OCHOBHhlX nopop:ax UO 

A.II.Bnaorpap;ony paBHhi: 0,79, 0,81, 0,84 n: 1,1 cooTBeTCTBCHHO. IIoaroMy 

MO.JKHO Ha;:J;e.IITbC111 '<ITO YIIO:M..HHYThi€ BLJWe IIJiaHeTapHhle IIpOD;€CCbi H€ 

IIOMCWaJOT o6Hapy.JKHTb IIOC::IC)J;CTDllil MarHliTHOil cerrapaiJ;liii ;)JICMCHTOB, 

rrpon:Joiiiep;IIIeii AO aKKpeunn BClll,f'CTna n IIporomiaHf'THOM o6rraKe. 

6. Bonee JieTy'IHe aJieMeHThl 

3rreMeHTbl, llMeiOlli,He Heo6'b.RCHHMO BbiCOXJIC' nHa•u•HH.H Dt.y, rrpn cpa

DHeHHH IIX jl;aHHblX C .}'palmeBllC}vl (7) ~ 3TO ra3006pa<1HhiE' IIITH HU3KO

KHniiiU,He arreMeHThl: N, 0, F, Ne, Cl, Ar, Zn, Br, Kr, Cd, J, Xe n Hg. 

1v1eTannhi Zn, Cd n Hg K TOMY JKe H{' nMeiOT KOHrpyaHTHO-KHilliWnx oKcn

p;on. 0"-leBll,li.H0 1 )lll.H yxa:J.aHHbiX BbiW(' ''JICT)"1HX
1
' :.meMCHTOB HCIIOJihO.OBaTb 

paBeHCTBO 1\B = 1\rR, XaK 3TO 6nmo lliJHHKTO BLlWf' npn rrepBOM IIpn6rrn

JKeHHH p;JI.H "acnCTTIUX'' arreMeHTOB, Herrh:J.H. B p;aHHOM crryqae aa;::~;o xoT.H 

6bi y'ieCTh Koa$<fm:u;HeHThl B03MOJKHoro o6oraweHH.fl mmep)KE'HHhiX nopop; 

( JIHTOC$epbi) 
11 

JieTJ'TIIMH
11 

aneMeHTaz..m IIO CpaDH{'HI!IO C HCXOJ1;Hb1M BClli,€

CTBOM 3eMJIH. C aTOil UCJibiO MOJKHO o:u;eHIITb j C IIOMOWhiO ypa.BHE'Hll.H 

(KcH/KE)(7)/(II.cH/II.IR) = KIR/11:£ = f, n~ecb (II.cu/l,-E)(71 rrorry'reHo 

C llOMOlll,hiO KOa<}J<}Jn~I€'HTOB a II b ypanHeHII.H (7), CM. T<illrr.l. 

Jln 3TllX J:I;aHHhiX MO:tKHO Bll;:l;('Tb, "'TO )' XUMll'<IE'CKU aKTJIBHhiX Jif'T)"

'lliX arreMeHTOB {yc::ronao c Nv < 0, 5) nHa'ICHH.H I :H")KaT B llHTepnaJit' 

3--:-60. Ecnn Y"'Iecrn, KpoMc p;nq>¢ymm arreMeHTOB, elll,e KOHDf'Kn;mo n Df'Wf'

CTBe MaHTHH 3CMITH [6,10) II OTHOCliTCllbHO MaJII.rfi 06'beM JIIITOC(I>E'pbi. TO 

aTn oHa'leHH.H I B rrepnoM npn6aiDKeHmi MO)KHO rrpnrurT& n Ka"-U'CTBr pC'

a.JibHhiX KOa!llcf>llUliCHTOD o6orai.QeHHB JIHTOC{flC'pbi XHMII~H'CKII RKTIIDHhiMII 

neTy"--HMH 3JICMCHTa.Mil, j a.e .. 

licnollb::JYll la.e., MOlKHO npn6JIH:IKCHHO on;eanTh Koau;earpai.I)IIO I\r; )lJI.H 

TaKHX ITCTY"lHX aneMeHTOD B HCXO)lHOM Bt:'I.Qt:'CTBP 3eu;m, <_·11. Ta.6:I.l. 

Op;aaxo XRMH'lecxn IIHepTHhlf' arreMeHThi, oco6eaHo ranhl Xr. Ar, I...:r 

11 Xe, HMeiOI.li,IIC No > 0, 7, )];ITJI no::~,o6aoll ou;eHKU !\"£ TJW6,YIOT. corrracso 

ypa.Baeamo (7), o"leHh Bblcoxoro o6orarn,esn11 rrnroc(J)rphl. n 104 ...;.-106 pa.:J. 

C u;eJibK> onpep;erreBWI 6onee npneMneMhlx 3Ha'<leHIIii KO:Jcf>q>nuncHTOD 

o6oraw,eHIUI nnToc$epbi liBepTHhiMH arreMeHTaMn. he . rrpHMrM, "'To acre-
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poH)J,bl - :no ¢>parMeHThi rnrroTeTII'lecxoii rrrraHeThl, cy~ecTBonanweii: ~o 
KaTacTpo<IJbi Ha op6nTe co cpej],HIIM pa;u;nycoM RA ~ 2, 7 + 2, 8 a.e. 

B crumu c aTHM OTMeTHM, "'TO n a::erren.Hblx MeTeopnTax OTcyTcTBYJOT 

Ma.HT!rii:Hble arreMeHTbl [6]: Na, Mg, AI, Si, K, Ca. Ilpo~:~ecc cenapa.I\IDI 

TjDKeJ:blX arreMeHTOB Tnna Fe, y KOTOpbiX nrroTnocTL 6oni>llle, T:JCM y liX 

OKCH)J;OB, OT rrerKliX Ma.HT:o:iillhiX :3'JI€M€HTOB MOf npon:rWiiTH JIHWb B Mac

CHBHOM Terre, B He)l.pax KOTOporo MQJKeT 6b1Th BbiCOKa.K TeMTiepaTypa, p;e

ci>HW'IT xncrropo)l;a n npHcyTcTnne H2. 
AcTepoup;hl npn cBoeM o6paaoBaHml H3 rop.H"'eB Ma.HTRH MaTepiiHcxoB 

rWIOT€Tl:i'9:€CKO:il ll;Ja.HeThl )J;OJDKHbl 6blllll B Ka.KOii-TO Mepe OOTCpJITb ra-

3006pa:JHblC arreMeHThl. HanpHMep, KOHn;eHTpan;WI Ne, Ar, Kr u Xe B n;e

ITOM B MeTeopnTe Allende [11] HJilKe, '<eM B Tyronrrrun:on <!>Pa.J(I1JIII aToro 

MeTeopnTa Chomitel f{ch· 0TciOp;a MO~Ho BH/l.CTh, "'TO ;IJ;Jij[ HHepTHhiX ra-

30B /{A> KcH, H TOri\a (KA/KE)(7)j(KcH/KIR) He MOlKeT 6b!Tb paBHO 

K1n/KE· 
Crre;o;oBaTenbHO, y nHepTHhiX raaoB xoa<P<tmiJ;lleHThl o6or~eruur /i.e. = 

K1n/KE conpJDKeHb! c Koa<!><PniiiieHTaMH HX o6ei\HeHIIJ! J;.,, = KA/KcH· 
Ecm npnH..ilTb, "<ITO /i.e. =I J;.e. I, TO ux 3Ha"'leHWI 6yp;yT neJKaTh B BH

TCpBaJie Jm4"' JTI)B'. A /;.,., panHb!e 102 "' 103, cTaHOB.I!TCJl y>Ke 6orree 

rrpueMJICM.biMll D Ka"l€CTB€ nepBhiX llpll6IIIDKemriJ. K llX llCTHHIILIM 3Ha"'le

HH.RM. lloaTOMy, fi.e. (u J:.e. XaK COllp.BJKemcyiO CHell BeiiH'lllHy), Bll]l;HM01 

MO)KHO ncnoiib30BaTh ):I;JUI npH6JinJKeHHblx on;eHOK KE(KA) B pa.MKax p;aH

HOro ;o;onyi..I.J.eHllJI, eM. Ta6n.l. 

IV. PacnpeAeJieuue XIIMR--teCKBX aJieMeHTOB MelK~Y nnaueTa.MII 

COJiaequoii. cucTeMbl 

Ho-n.a MarHHTaoB cenapaum1 aneMeHTOB {4}, CO/l.epJKal.l.I,HXC.H B llpo

TonrraaeTHOM o6rraxe, HX OTHOCHTCJibHaJl pacnpoCTpa.HeHHOCTL B IIJiaHe

Tax ll.OIT~Ha OTJIHqaThC.H oT corrae"'IHoft B pa:JHOH Mepe. B pa6oTax [6,7} 
6biiTO IIOKa.:JaH0

1 
'ITO i];dll /l.Byx cpaBIDIBaeMHX aneMeHTOB C Z1 H Z2, KMe

IOI..I.J.HX No(l)" > N0(2), oTaoweHIIe HX KOHIJ;eHT'pa.II;lril, Ktf K2, Bo3pacTaeT B 

BeUI,eCTBe cpaBHHBaeMbiX nrraHeT c yneliii""'IeH11eM cpe;u,aero pa;a;Hyca, Ri, nx 

op6HT no ypanaeruno 

ln(KdK2)=A+BRi, (8) 

r)le A n B - KOHcTaHTbl, KOHCTaHTa B nponopiOIOHa.JibHa HaTypaiThHOMY 

aorapn<!>MY nHa'<emrii: I= No(J)/No(2)· 
Ka.J( n ypa.BHeHl!!e (7), ypa.BHeHl!!c (8) He MOlKeT olllicb!BaTb penylThTaTbl 

rrpoueccon nrra.HeTapaoii: au4J$epeHII,lia.JlHH new;ecTna, HanpHMep :JoHHoil 
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nrrasxn nopo;o. no A.ll.BBHorpajJ;oBy. 0'1eBHIJ;HO, "'TO pe3)'JILTaTbl 3THX 

.rrpon;eccon B roll HJIII HHoir Mepe Moryr "naTyiiieBbiBaTb"pf'nyrrLTaTbl Ma

I'HBTHoil cerrapan;an aneMeHTOB, T .e. ;o.erraTI:. HX MeHee apxo Bbipa.aceHHbl1HI, 

OC06€HHO JJ;llll T€X ;31ll€M€HTOB, Y IWTOpbiX HC):I;OCTaTO"'HO BC!lllKO 3HaTieHH€ 

l. HarrpDM.ep, OTHowenlle aTOMHhiX KOHUeHTparolll Ne (No = 0,911) n 
Kr (No = 0,877) B 3eM:Ie, (KN,/KK,)E, n B rlllloTeTn'IecKm'i nrraHeTe, 
(J(N,f KK,)A, llO ~allHbiM Ta6IT,1 paBHhl 168 l! 252 COOTBCTCTBCHHO. ()Trr 
OTHOWelllil! Olll!Ch!BalOTCH ypasHCHl!CM (8). 

B pa60TC [12] KOHQCHTpa:o;mi IIHCpTHLIX ra::wn D HCXO)lHOM BCUlCCTBf! 

n;raHeTbi onpe;IJ;eJIHID Ka.K HX CO,[I,Cp.IKaHHC B aTMOCqlCpC, IJ;CJICHHOC Ha Macey 

IIJia.HCThl. IIorry'leHB:E:J:e rro p;aHHhiM :JToH pa6oThl AJUI Beaepbi, 3eMJIH n 

~fapca KNe! ](Kn pa.BEble 150, 14 H 6 COOTBCTCTBCHHO, HC OIIHCLIBaiOTC11 

ypanHCHHCM (8). Jl3 :JTHX ,D;aHHhiX MOJKHO BliiJ;CTh, qTo CIIOC06 OIIpeJ;eJie

HWI KOHTI;CHTparu-rii HHepTHhlX I'a:JOB B HCXO,I1;HbiX BCI.ll;CCTBaX IIJia.HCT 'lepe3 

HX cop;ep.iKaHne B aTMoc<f>epax :JTHX rmaHeT Be JJ;aeT a;o.eKBaTHhlX pcnym,

TaTOB. ITo ;LI;aHHbl).f aToll :tKC pa60Tbl J(Ne/ KKr ):I;JI.ll xoHp;pnTon panao oxono 
19. )la.Hanre, rrorry-qeaHh!e AJUI aan6orree xorro;o;aoro Mapca H XOH;D;pHTOB, 

r~y-ryrue yp;oarreTBOp.1IIOT ypcmHemno (8). ,J;aaable, IIOJIY'''ICHHLif' )l;JJJI Beaephl 

li 3eMJIII, B 6orrnurefl Mepe, DHAHMO, 06}"CJIOBJI€Hhl HX OTHOCHT€JlhHO 6oJiee 

BbiCOKO:ii T€MITCpaTypoii 1 OT KOTOpoii 3a.BHC1IT p;craaaiUUI IIX Bel.ll;CCTBa. 

B Ta6rr.2 rrpe~cTaBJieHhl 3Ha'leHHSI K 1/ !(2 nap 3JieMeHTOB ;u,n.a rropo;:~, 

3e~mn, M:apca n xoa~piiTOB. MmKao nn;r~;eTb, '9:To rrpaKTH'lecxn nee naa

-qeaHH I< I/ I-\2 OIIHChiDalOTC.ll ypanaeHIICM (8). llHTepecao OTMeTHTb, 'iTO 

p;aHHhle, rro:Iy"'eHHble ;:J;.rr.K '~MapcaaHcxoro'~ MeTeopnTa Shergotty n Jlyaw, 

6rrnnKH K TaKOBhiM Ami Mapca. IIo xpaHaeH Mepe, nx 3Ha":leHIDI I\1/I{2 
TaK)Ke Jie)KaT MeJK/l,)' 3Ha"'eHIDI:O.fH f{J/ f(2 COOTDCTC'TB)'IOUlHX CtJICMCIITOB, 

ll:JBeCTHhiX )];JIH IIOpO;::t; 3CM:;IH II XOHj];pHTOD. 

lh.re.11 )];OCTaTO'lHO 60JibWOe MHO.)I(CCTBO COI'ITatODaHHhiX MCJK)];Y co6oii 

;::J:aHHhlX 1 ne:recoo6pa::mo xoT.H 6hl npn6;m.JKeaao onpe;u;errHTb Ri, aa KO

TopoM corrracao c ypanaeHHCM (8) MOriTa rrpmmoiiTH axxperm:.a: new.ecTna 
)..fapca, Shergotty II Jlyahl no cpanaeHHIO c 8e1mell u XOHII;pHTa..\HI. Oueaxa 

rroxa3LIBacT, 'ITO )IIDI h.fapca, Shcrgotty n ~1yaDI R1 6rrnnKH MeJK;uy co6o:H: 
n rre)KaT n ;:r;uana::JoHe 1. 6 + 2, 2 a. e. !vlmKHO rroKa..>aTD, TJTO penyiTbTaThi 
oneHKH He :laBIICSiT OT KOHCTaHT A II B ypaBHCHIU:I (8), T.K. OHU IICKJIIU"'eHLI 

npn peWeHllll CIICTC'MIJ ypanHeHirii. 

B pa6oTe [6] y1Ke rrpnBOJ;nrracb oncaxa pa;::t;rryca nepnoHa'la.'IhHOH op-

6HThl JlyHhl, RLu· lliTH ee MaTepHHCKoro Teiia. C 3Toll :u;ellbiO cpaBHII

Ba'!H OTHocuTeiihHble KOHIJ;eHTpannn La, Cl. Pr n Nd. rrpo:~,yKToB cnoa

Taaaoro ,n:e.1eHmi 238U n :o;pyrnx T.K)I(eJibiX ll;:rep. pacnpe;a;erreHHhlX Mf')Kll,y 
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TABJIH~A 2 

0T&ollle&He xou:r(eHTpau,&H aneMeHTOB Z1 H Z2, ,u;n.s: xoTophiX 

No(l)/No = l > 1, B )1Ba6aoax, W-1 [9], rpaBBTax, G-1 [9], B 
ropBbiX nopo,11ax, M 0 [9], 3eMJIB, o6pao~ax nopo,11 Mapca, Mr', 

B "MapcuaHci<oM" MeTeopBTe Shergotty, Sh [19], B rryHHbiX 

nopo)lax, Lu", B B XOH,llpBTax, CH [20] 

Z,jZ2 W-1 :\1r CH I 
G-1 Sh 

Mo Ln 
1 2 3 4 5 

MgfCa 0,84 2,2 17 1,33 

0,49 1,4 
0,96 L3 

Mg/Sr 8,4 ·102 2, 5. 103 5,1 -104 1,72 

1,2·102 5,3 ·103 

1,7-102 1.2-103 

Ca/Sr 9,9-102 1,2-103 3, 1 . 104 1.29 

2,3-102 3,9-103 

1,8. 102 8,8 -103 

Na/K 4,8 - 14 1,38 

1,3 9,4 
1,9 3,7 

Ni/Na 5,3-10 3 - 1,1 2,07 
6,6-10-5 7,6·10-3 
1, 1 . 10-3 6,10. 10-2 

Ni/K 1,5-10 2 - 10,5 2,84 
8,5-10-5 2,8 ·10-2 
2,0-10-3 9,6-10- 2 

Ni/Rb 5,3 - 3, 9. 103 2,28 
3,3 ·10-2 18 

0,97 62 

Ni/Cs 1.6-102 - 3, 0. 105 2.39 
2, 7. 102 3. 7 102 

I 2,2-102 2, 7. 103 
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llpO)l;OJIJKeHHe Ta6ITUUhl 2 Ilpo~on>KeHl!e Ta6Jlliiihl 2 

1 2 3 4 5 
Ni/Cu 0,73 - 1,5-102 1,38 

0,49 3,1 
1,9 9,5 

Ni/Sr 0,68 - 2,0 ·103 2,74 
6,o. 10-2 2,8 

0,27 1,6 
Ni/Ba 0,83 - 5, 2 · 103 5,08 

1 2 3 4 5 

Ni/Si 1,6-10 4 - 3,9-10 2 1,73 
6,3-10-6 2,3·10-4 
1,4-10-4 1,0-10-3 

Ni/Ge 62 - 1, 7. 103 1,40 

4,3 1,3 -10' 
50 3,1 . 102 

Ni/Sn 58 - 2, 7-104 1,29 

0,16 5,9 
3,1 · 10-2 1,7 

Ni/Al 4,4 .1Q-4 - 28 2,33 
2,8 ·I0-5 9, 7-10-4 

4,5 .1Q-4 1,4-10-3 

Ni/Ga 59 - 5,3·103 1,94 
0,26 5,7 
6,2 51 

Ni/In 2,4 ·103 - 2,6-107 1,74 
34 5,3-103 

1,6 ·103 3-104 

Ni/Tl 1,6,4-103 - 4, 7. 107 1,65 
68 2,1 . 104 

2,2-103 4,6.105 

Ni/La + 6,3 - 1,1 ·105 4,13 
0,19 86 ' 10 30 

3,0 -
26 2,2-102 

Ni/Pb 28 - 2,4-105 1,38 
0,83 -
19 8,8-102 

Ni/P 7,4-10 3 - 14 1,43 
3, 9 I0-3 0,10 
3,6 .J0-2 0,21 

Ni/As 57 - 5, 7-104 1,31 
3,8 ~31 

51 1,1·103 

Ni/Sb 1,4 -102 - 2,8-105 1,61 
47 1,4·104 

8,3. 102 1,0 ·103 

Ni/Bi - - 1,6-107 1,96 
1,6-103 1,3 ·103 

1,4-10" 7, 1· 103 

Ni/Th 1,3 ·102 - 1,3-106 6,20 
1,0 7,0-102 

32 2,0-102 

Ni/U 6, 2. 102 - 3,6-106 3,10 

• - Kd K, B3KTO H3 [5]. 
"- KdK2 no ~aHHhiM Apoll<>-11 n 12, JlyHa-16 [20]. 
+- Kd K 2 ~ITK ~pyrux P33 TaJ<JKe orrncWIRIOTCll ypaBHeHl!eM (8). 

6,1 2,4-103 

1,6-102 8,1-102 

Ni/C - - 6,9 1,51 
3,1·10-3 2,4 ·10-2 

5,1·10-2 0,33 

) 
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3eMneD:, JlyHoii. n xonll,pHTa..,nr. EhiJlo nai;J;eHo, "<ITo RL!.! ;Je.;.KnT B uaTep

BaJie (1,4 + 2,5) a.e. 

iloKa OTBeTIITb Ha BOIIpoc: .HBJIJieTCX lUI Shergotty OCKOITKO~I TIOBep

XHOCTHhlX llOpO)J, ~{apca RJIH JJynhl HITH BCe TpH Terra IBH'.ITH 06lU}KJ MaTe

pHHCXYRJ cy6cTam:uno? - ae npe;;:~,cTa.B:r.aeTcJI noOMOJKHhlM. O;o,HaKo '<IIIGIO 

ll pa3Mephl MCTCOpHTOB, Haft;:I,eHHhiX B 6y;J,yiUeM H HM€10UUIX TaKoH COCTaB, 

MOTJT IIOMO'l:b OTBeTHT:b Ha :noT BOIIpoc. A IIOKa QTiennp;Ho, '<ITO ,HyHa II 

Shergotty ITO CDOHM OTHOCIITC;JI,HhiM 3li€M€HTHhlM COCTanaM OTJU:P:la!OTCH 

OT 3eMJIH l1 acTepoli,IIOB. 

V. ,[(e.pB:tl;HT KBCJIOpop;a B Ma.HTH.H:X rrnaHeT ::JeMHOTO THna 

KaJC CJie,D;CTBHe MarHHTBO:i cenapau;RH 3JieMeHTOB 

a. B Ma.HTHH 3eMJIH 

0TM€TIIM, "<ITO KHCllopO:J; li BO,IJ;Opon, KaK XllMll"<ICCKH aKTHBHhl€' 8JIC

MeHThl D OTllll"'He OT HHCpTHhlX fa:JOB (HaiipHMep~ Ne, HMCIOIIJ.CTO B COJI

H€~'1HOH aTMOC¢'epe pacrrpocTpaHCHHOCTb, paBHJ'IO KHCJIOpO;:J,HOil) Bee )KC 

B 6o:IbW€ii: CTeneHH MoryT y;IJ;Cp)K3TbCH B COCTaBax BHJTpeHHHX IIIT<tHeT, 

-qeM oHn (HaepTHhle ra:na). Han6orrce pacrrpocrpancHHble aKTHBHhle ~JIC'

MeHThl MOr)'T 6blTb CB.H3aHhl B XHMII'qCCKliC COC)J;HHeHHH JIHWb "9:aCTWIHO B 

COOTBeTCTBIIII C OTHOCHTe:IbHOfr pacrrpocTpa.HeHHOCTbiO BCeX MCHE'C pac

npOCTpaHCHHhlX ;meMeHTOB. 

KHcnopo~ - aro Ma.KpoxoMnoaeHT B ne~ecTne rrrraaeT ( o)l.nH H3 BOCbMn: 

Na, Mg, Al, Si~ K, Ca, Fe, 0) H cnni:.Hhlll OKHcnnTeJib. 3a ero cyii;I:.6oH 

MO)KHO CJieAHTI:. HaJI60JICC a(p<f>eKTHBHO. l1n ,IJ;aHHhiX Ta6rr.1 MO:tKHO Bli)J;CTb, 

'ITO 1\l!K KI'ICIT0p011a ](E 0< 17% (MacCOBhlX). 

Cornacao ypaaaermiO (7) KoHn:eHTpan;nn: Knc.1opop;a B Beaepe, f(v, 3e:Mrre, 

KE, Mapcc, J(\fr, u: acTepon;r~;ax, f(A, )lO:J)KHbi Bblt:TpanBaTbCH B pa:)l. 

Kv < KE < KM, < KA· 
I3 pa60TC [4] cp;enaHO l1pC;IliiOiiOiKCHllC, 'lTO II3-3a p;elfmllliTa KHCJIOpop:a 

D MaHTHll 3eMJIH HapK;J;Y C o6bi'9:HbiMII CllllllKaTaMH HMCCTC.H BeiUeCTB0 1 

COCTO.Hlll,ee HO IIOliHME'TaJiliOB ( Cli:IIH~ll)J;OB ). 

C ~Toil TO"'KII 0peailll. peoynnraThl pa6oT 110 ceHcMoTOMorpa<f>nnli re

O)lHHaMn'leCKHM aHOM3.'IIUIM 6hl11IJ 06'b.HCHE'Hhl [6] Te:>.L "ITO B MaHTHH Ha

pK;D;y C TBCp;:J;bD.1Il II T.RJK('11biMH CH11llKaTa:MII rrpm:yTCTB_YCT cpaDHll1HUl ITO 

~1aCCC MaTepHH, COCTOJIIll,aH HO "JI('fKIIX'. ;rerKOII:IaBKHX MeT&1;IOB, )'KaaaH

HhiX BbiWC. 

3TH MaHT:rr:ilHhiC MeTa.JIJihl HMCIOT JI€TJ'"'HC t:flopMhl H IIO~TOM}" )l,01DKHbi 

o6oralll,aTb rrry6nHHhle $JIJOH)lhl n c HHMH rrocrynaTb B BepXHIOIO -qacTb 
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MaHTIUI II 110 p&'1JIOM8.M 11HTOC<I>epb1 K nonepXHOCTH 3eMm:I. 

O'!eBI!~Ho, 'ITO B oTcyTcTsae oKncnaTerrei\ (H20, H,S, HCIII ~p.) MaH

THiiHhle MeTaJI:Ihl MOfJT Hali:.allliHBaTbCJI ;:J;O llOphl ;1,0 BpC'M€Hll. 3ToMy 

TaiLJKe crroco6cTnyJOT aaepreTWiecKrre 6apbepbl no OTHoweamo K peax

.QHJIM IIX OKHCJICHIDI. 

B KOH€''9:HOM IITore B )'C!IOBIIHX, IIOOBOill:IIOWIIX 6ypaoe OKUCJIC'Hlle TaKHX 

tmnacon MeTammn, nonMOiKHO nx BO::lropanHe. Ilpn ropeanu MaKpm .. teTaJI

JIOB Bhi,Il.e.ITH€'TC.H OKOJIO 104 JlJK·r-1. 

fopeHIIC MCTaJI113 MOiKCT npoTCKaTb CIIOKOitHO C H€'KOTOphiM caMOpa-

30fpCBOM1 ecmr cpep;a ,llOCTaTO"<IHO xopowo OTBop;nT Tenrro (ua naanrreane 

cn:rnKaToB pacxo;::~;yeTCH -103 .U)K·r-1). B npoTnBHoM crryqae ropeaue Me

Ta.arra MOJKeT IIpUBCCTU K BOpbiBY. 1\ PHTII"<ICCKHC' ycrrOBIHI IIepeXO)l,a CIIO

KOi'IHOro rrpoTeKaHHH 3KOOTepMII'i€'CKOii peaKD;Hii B peJKHM BOpbiBa BIIep

Bble MaTe?.mTu'leCKll onncarr H.H.CeMeaon ell.{e n 1928 r. 

ropCHIICM ( OKHCJICHII€'M) MeTaJIJIOB MOJKHO 0 fi'bHCHllTb MHOfll(' JIBJI€HIIJI, 

aeo6'bHcHHMhle ,IJ;o cnx rrop. B pa6oTe [6] ynoMIIHaJOTc.n HeKoTopble u:J 

HIIX: M:trMoo6pa30BaHHe, cy6;:J;)'KUIUI 1 CIIp€;IJ;Iffif, :JC'MJIPTJlKCeHIIH Ha pa3-

HblX rJiy6HHaX, BIIJIOTb JlO 680 KM, ny::rKaHU3M p;nyx BIIIJ,OB: 8$t:flY31IBHhl{I 

II :)PYIITHDHhlri (nma h~paKaTay n n,p.). TaKJKe no~~:anaao, "ITO cKopocTn 

IIpOTCXaHIU IIpOUeCCOD1 IIpP)l,DPCTHiiKOB OE'MdeTpHC€'HIIii. HC" U3MC'HfiiDTC.H 

rrocrre To;t"<IKa 3eMrreTp.HceHHJL B )laHHoil pa6oTr He cTannTCK uerrbiO onn

ca.Hne CefiCMH"<IC'CKHX .HBJICHHfi. 3TH HDJ'If'HII.!I CD.HtlhiBaiOTCH C npOHBJICHIIE:'M 

p,e<fmiU1Ta KIICJIOpo~a. B r.IaHTIIU 3PM;UI. 

6. B BemecTBe HeKOTOphlx acTepoH,o;oa - ~pai'MeHTDB 

I'HDOTeTH"'eCKOli: MaTepHHCKoii DJiaBeTbl 

Ecnn B IIOHCC acTcpOll)l,OB CCTh TaKIIf', D COCT<tD KOTOphlX DXO~JlT Na. 

1\:lg, Al, Si, K II Ca, HE' CBBiJa.HHhlf' c Kncrropop;oM, TO MO;+.:Ho Hrt6=tiOlaTb 

pa:JHhiC ~$$PKThl npH HX rra,u;eHHII Ha. JJyny II Ha 3f'MJIIO. 

Ha .TiyHe oTcyTcTB}'t'T aTMoct:flepa n HE"T II::J6biTKa 0 2 n H20. BII:UIB.lo. 

n p;pyrnx OKHC11UTerre:U:. IIoaToMy oKIIcnennr Ml"Ta...1rron Ha nont'pXHot·Tn 

Jlynhl )l,Oil.JKHO rrpoxo;IIITb nocTeneHHo. Hano~umaH acf>cf>~·:1UDHY10 B~·:-n.:ann

'<!ecKyiO JICHTCIIbHOCTb. HC':Ib::JB IICK11IO"'UTh. "'To H.A.I\.o'lhllH'n ~ror na0.1JO

AaTh IIMeHHO TaKoii nponecc [13]. 
lla;::J;a.H Ha 3C'1:1:JIIO~ T<tKHe Te:Ia MOf~'T C'fOp('Tb Hf' l0•1C'TM ].0 t>t" IIOBep

XHOCTH, Hanpm.Iep, XaK MCTCOphl [5J. 
Eorree KpynHhle acTPpOIIAhl TaKoro Tuna Mor~·T npe;::{cTanrr&Tb 6om,w:no 

onacHOCT:b ;::.;rr.s: o6nTaTerreii 3er.mn. Terro IIpn TOpMo&eHIIII n aT:-.wccf>t>pe 

13 



3eMJI1I CHJlhHO paaorpeBaeTC.S: ll XHMIPICCKII a.KTHBHblC ~I€Ta.Jlllbl ~OJDKHhl 

BCTyllaTL B XHMll"'leCKYID pea.KD;HIO C 0 2 H H2Q, Haxo~.all.l,ll~IHC.R B BOO;IJ:yxe. 

IlpaKTH"'ICCKII B H:36biTKe OKHCJIHTC:teB. ;J;Oll:IKHO npOllCXO;:J,HTb ropeHHC MC

Ta.JIJIOB. Ilpii 60JibWOil T€llJ101IpOBO)l,HOCTH MCTa.;mon, TCMITCpaTypa MO:IKCT 

ynerr:w~unaTbc.JI He TO:IbiW Ha nonepXHOCTH, ao n n o6'beMe Terra. PeaKURH 

ropeHIDI1 0'1CBli;r:J;H0 1 MO.JKCT HIJ;TH H BHyTpH Tea.a, "<iTO ):J;OJDKHO npllBCCTl:l 

K ;::~;po6rrenn10 Terra 11 ero 'iacTeH. EJIWKe K nonepXHocTn no3pacTaeT o6'b

CMHaJI IWHIJ;€HTpailll.H 02 R H2Q II MOTYT CO:J)l;aThC.S: ycrrOBIHl ~J'Ul B3pb1Ba 

iflparMeHToB rop.amero Terra. 

Q-qeBllfl;UI:.I T)rnryccKoro co6h!TR11 na6niO)l;aJIH uneTa cneKTpannHhlX rrn

nuH meno'iHblX n rnerro'lno-aeMellbHhiX MeTarrrron. Bhl::r crrbiWCH ornywaro

lllRil 3nyx.. H::mecTno, "'To n HOH1I30BaHHOM ra3e c1:1na nnyxa cHnLno B03-

pacTaeT [14], a MaHTHinble MCTaJI:Ibl HMCIOT HH3KHe llOTCHIJ;Ha..'Jhl HOHI:l3a

UHR. YTneplKP,aiDT, "'TO ropena BO)l,a H n16no nee JKHBOe, )l;ajl{e o6ropan:a 

KOpa ;Il,CpCBbCB. 8TH MCTa!IJILI rop.:fiT B BOi];C 1 li p;aJKe HX OKCli)l;bi OllaCHhl 

;::l,l.IJI ncero )KHBoro. Hn O~J;Ha rnrroTe3a o nponcxoji{ACHlll:l TyaryccKoro ¢e

HOMena He MOECT ofi'LJI:CHHT:b ~liRTCJlbHOe CBC'<ICHIIC HOTJHOTO He6a IIO"'TH 

Ha)l; BCCM KOHTI:IHeHTOM B 1908 r. H ll03JKC. 0~J;HaKO cropaHRe MCTaJillOB 

·s aTMOC$epe ( CTpaToc{pepe) IIpHBO/];HT K llO.:fiBJICHIIIO MCllKO/];HCIIepCHbiX 

'iacTHil 6em.IX OKCii)l;OB 1 KOTOpble H 5yzyT pacceRBaTL COliHC'IHhliJ: CBCT. 

Tyurycc:rme TCJIO, ITO OTHOCHTCJlbHOMy :lllCMCHTHOMY COCTaBy MaTepR

aJIOB C MCCTa ero Oa/);CHW1 1 6blll0 OTHCCCHO K "IIpHIIICllbD;aM
11 

H3 llO.HCa 

acTepOH~OB [7]. 
B CBeTe cKaaa.Haoro Bb!We Top<!> [15] n cnnW<aTHble c<j>epynhl [16] c 

MeeT a rra~eiiRJ! TyHrycnoro acTepoHJ1a (T A) ~onOKHbl 6b!Th o6orai1leHbl 

nerKHMll Ma.HTHiin:blMH Max:poaneMenTaMH: Na, Mg, Al, Si, K 11 Ca. H3 

MHKpoarreMeHTOB [ n II rpyiiii JIHUJL Be nMeeT connMepHMLie KOHUCHTpa

UHH B 3eMJIC 1:1 acTepol:lflax, II0<3TOMY Be TaJOKe MO)KCT o6oraTnTb 3CMHbie 

o6"beKThl, ecrrH oa B K:36I:aiTKe nxogurr B cocTaB T A, KaK 1:1 MaKpoaneMeHTbi. 

lin. ;rJ;aHHbiX Ta6n.3 MO)I{HO BH)lCTL, '<ITO TOp$ II CI:IJIIIKaTHble C$epyoThi 

~J;eHcTBHTeJihHO o6orameaLI yxaaaHH.biMH Bhlllle aJieMeHTaMH. B Top$e uaii

;a;euo o6orameHHe uan:6onee pacTBOpHMbiMI:I aneMeuTaMH. A cnrrnKaTHJ:Je 

c¢epyrrbl, KOTOpble, BH)l;HMO, .RBllJliOTC.:fl ocTaTKa..."\:IK BClli,CCTBa TA, o6ora

lli,CHbi Ta.KJKe n Meace pacTBOpHMhiMH Al K Si. Cyp;JI no p;aHHLlM Ta6::r.3, 

new.ecTso TA co;u,epJKa.'Io Ta.K::i:KC HCKOTopble T.lDKerrhle (no OTHoweHHIO K 

CKITHKaTaM) ;)JICMCHThi, HMCIOJllliC OTHOCHTCJlhHO HK'3KOKHIIJIIUHC $OpMbl: 

Mn, Ag. Zn " Hg, CM. m6n.3. O~Ha.KO B Top¢e orcyTCTByeT II36hiTOK u

.JKerrhlx aneMCHTOB: Ga, Cu, Ni, Sn, Sb n Au, XOT.:fl <3TH TlDKCITbie aneMeHTbl 

HMCIOT OTHOCHTeiTbHO BbiCOKYIO KOHIJ,CHTpaiJ.HIO B MCTCOpnrax. 
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TABJIHI.J;A 3 

0TBOmeaae :rmH~eHTp~BB aJieMeBTOB zi. Fe, Kz/KFe' B Toptlte 

[15) B CBJIBKaTHbiX coJ>epyJiax [16) B3 CJIO.II 1908 r- C MeCTR 

na~eaB.B T A 110 cpasHeHBIO c <l>oHOBblMH MaTepHaJia.MB 

z, Top¢ CniiiiXaTHhle c<j>epylib! I 
TA <t>oa TA <l>oH( Tpa.IIllhi) 

1 2 3 4 5 
Na 0,25 0,13' ;::4+ 0,12•+ 

8,0 0,12' 5,4+ 0,18•+ 
0,17' 0,3+ 

Mg - - - 0,35 
- 0,18 0,42 

0,13 1,3 

AI 0,3 1,9 "'23 -
0,6 2,0 0,85 

1,9 2,1 
Si 0,4 3,2 - -

1,7 20 2,4 
8,6 6,8 

K 0,7 0,3 0,9 7·10 2 

7 .lQ-2 8 .lQ-2 

0,4 
Ca > 1,3 -

-

0,36 
Be 6, 8. 10 4 6, 7. 10 5 

3,6. 10-5 

1,6 .lQ-4 

Rb 8 ·10 4 3,0·10 a 
-

2,6 .lQ-3 

Sr 2, 7. 10 a 2, 3. 10 2 

3,0 .lQ-2 

L 7, 9 ·10-3 
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IIpo~oJDKeHHe n6miiibl 3 

1 2 3 4 5 

Cs 1,9·10 4 3,3·10 4 

3 .lQ-5 

1,6 .lQ-4 

Ba 1,1 . 10 2 7. 10 3 

2 .lQ-3 

-
Mn - - 0,6 2 .lQ-2 

- 6. w-3 2. lQ-2 

2,2 .lQ-2 0,1 

Zn 2,5 0,25 
4. lQ-3 

1,3 ·10-3 

Hg 2,1 . 10 1 9. 10 6 

2, 7 .lQ-7 

7,9-10-7 

Se 8. 10 5 2 ·10 4 > 9. 10 4 3. 10 4 

Cr 1. 10 4 9 ·10 4 

Ti 0,3 0,5 

P38++ 2. 10 4 2 ·10 4 >7·10 6 2·10 5 

Ga 6 .lQ 5 9 10 5 

Cu 6. 10 4 3 .lQ 3 

Ni 3. 10 4 1 .lQ 4 

Su . 2. 10 4 2-10 4 

Sb 3 .lQ 4 5 .lQ 4 

Au 4. 10 5 3 .lQ 5 

Ag 1,9·10 4 2·10 6 

' - <j>OHOBhlH COCTaB Top<j>a [15], MeCTHaJ! TeppHTOpHaJihHall IIb!ITh [15] 

II ITO"'!Bbl [9} COOTBeTCTBeHHO. 

+ - IIO ~aHHb!M [16,21 ,22] COOTBeTCTBeHHO. 

•+ - IlO ~aHHhiM [16,23] COOTBeTCTBeHHO. 

++ - )l.aHhl illllllb peoyJihTaThi onpe)lerremur xoaneaTpanmi La B TopcJ>ax: 
II Eu B CIIJJIIKaTHh!X c<j>epynax. O"'eBH~Ho, 'ITO II ~pyrne P38 Be~YT ce6.R 

Ta.K)K€. 
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Pa.'J)l,eneane rrerxnx n TJDKerrhlx :)JieMeHTOB1 xax yJKr ronopn.10cb Bhlrne, 

MOf;J:O rrponno:iiTn ITIIWb B MaCCHBHOM Terre ll.1aHC'Thl npu )letfmUJITC KHCJIO

po}:la B ee MaHTUIL 

llpHBep;eHHhll' BhllllC q,a:&:Thl y6e;a,nTe:J.bHO CBll)l,€T€.1bCTBYIOT 0 rrpncyT
CTBIIII B );laHTllll llJiaHeT 3€~1HOfO THna IIOMIIMO CH.THEaTHOfO eiUe ITOJillMf'

Ta.'IJlli'leCKOfO new,ecTBa1 He CB.H3aaaoro c Kncrroponm.L llpynn.m c:wna:vm. 

cTapa.H cnanKaTHaJI MOJI,eah 3eMJ111 n orrnpaiOw,uec.R Ha aee paccy.JK,llf'HII.R 

H.}':IK,J,aiOTC.B B IIf'pecMOTpe, rrpu KOTOpoM 6J'R_)'T j''iTeHhl pC'3)'llbTaThl Ma

rHHTHOii ccnapaurm an:eMeHTOB B ConHe'iHofl cHcTeMe. 

Honhli IIO)lXo~ K a;reMCHTHhlM cocTamtM n.~aaeT MO:IKeT 6hlTb no;:re::JHblZ..l 

npn pelliCHHII, J.:aK npiiK;:rap;HbiX (npe,llCKa.'JaHH.a ;){'MllCTpHCE'HIIfi, 3axopOHC'

HHE' T.RJKE'JlhlX pa;:J;UOaKTliBHhlX MCTadJIOB B HC;:I,pax MaHTIIII U .R)lpa II ,llp.), 

TaK n ~YH;::J;aMeHTallhHblX (noiicK CT8 n ,llp.) cm;a;a~r. 
Y"'lllThlBaJI, '<iTO npo6rre1-m rroncKa CTS D npupo;a;e CTilM)'ITIIpona..~a aa

cro.Bw,ne IICCJiep;OBaHlUI, MOlKHO OTMCTIITb, 'iTO penyllbTaTbl ITOC<~E')l.HUX D 

cnoiO oqepe;::r;b yKa3a..~u Ha cn.xnb Me.JK)l)' pacrrpeJJ/'Jif'HIIC'M n CorrHe'<!Hoii 

ciicreMe ::meMeHTOB c nx !Jlumn:o-xm .. uPif'CKHMII cnoficTBaMII. TaKofi Ho

Bhlll nop;xo;::~; K pacrrpe,JlCJICHIIKJ orret.H'HTOB, B TOM '9:11CH' II CT8, !viO.JKC'T 

6h1Tb BOCTpe6onaH. fi CDOf' BpCM.R ,IJ;li.R CIIOHTaHHO-)J;Cll1IUJ,CfOC1[ H)'KITII,J,a 

[1] 6nmo orrpep;erreao XHMII'iC'CKoe IIone;u;eane, yKa3hlBaromee Ha ero npima

;u,rre.iKHOcTb K 3Ka-30JIOT)' HJIH <lKa-pT)'TII [17,18]. IIO<lTOM)" f'rO HE"KOTOpble 

q:m::m:KO-XIIMII'lCCKllf' CDOfiCTBa MoryT 6b1Tb ITpCJ,CKa::mHbl. 

BbiBOAbl 

1. lloxanaao, ~no pacnpe;u,eneane tllif'MeHTOB n~o.lb pa;lnyca Con:HE'"tJ.HOil 

CHCTeMhl 03BIICIIT OT IIX ¢lii3IIKO-XfiMII'leCKHX CBOfiCTB. 

2. Onpc,IJ;e:rcaa KOHil;l'HTpaullJI Kllc.1opo;u,a n ucxo)l,HOM newecrnc 3cunn. 
KOTOpaJI COCTaD.TIIe'I';JKOJIO 17% ( MaCCOBhiX). 

3. Ouem'Hhi rpe)l,Hlle pan;nychl op6IIT, Ha KoTophix,nmnto.JKHo, npon:-Jo

wrra a.KKpeUH.B nei.I.J;eCTna 1\·Iapca~ "MapcnaHcKoro ·· Mf'TeopnTa Slwrgotty II 
~lyHhl. 

4. IIoxanaHo, 'iTO newecrno T)'HrycrKoro acrepmua o6e.J,Ht'HO KIH'iiO

po;::~;m.fH n ocaonHoM cocTO.ii:Io nn rrerKllX :).1t'~It'HTon: :'\a. ~lg. Al. Si. I\. n 

Ca. 

B 3aK:IKFH'HIIf' anTop ncKpE'HHe 6.1aro:~:apur ::m IIHTt'Pt'c K pa6orf' ~I:I.
Kopp. PAH npo¢. IO.ll.OraaPcs:aa. aKa)le~mKa PAH rrpo(f>. B.ct>J,:IJ!:cor:r,oaa. 

rrpo<j>. B.II.IIepe~h!ruHa H n-pa C.H.JhunpncBa. 
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