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I. CenopOQMA sneM8HTOB B npo1onnOH8THOM o6noKe 

no Mepe seonmu"" BceneHHO" npo"cxoA"T ee o6oromeH"e TRMenwM" 3ne
MeHTOM"· ~3y4eH"e 3Toro npouecco flBnfleTCfl B8CbMO OHTyonbHMM. CpeA" 6onb
woro 4"cno po6oT B 310" o6nocT" 30MeTHOe MBCTO 30H"MOIDT po601w, CBfl30H
HM8 C onpeAeneH"eM pocnpoc1paHeHHOCT" Tflmenwx HyHn"AOB. He CTOBfl 30A04Y 
nonHoro 0630PO 3T"X po6oT, OCTOHOB"MCfl HO OHOn"3e HeHOTOPMX "3 H"X B 
CBeTe HOBoro noAXOAO H OTHOC"TenbHO" pocnpoc1poHeHHOCT" 3neMeHTOB B pa3~. 
n"4HMX 06beHTOX, OCHOBOHHOro HO nep"OA"4BCHOM 30HOHe. 

PocnpocrpoHeHHOCTb 3neMeHTOB B ronoHT"4BCH"X HOCM"4eCH"X ny40X 
crKnl conHe4Hwx aHepr"4HMX 4ac1"uax (C34)" a 1enox ConHe4Ho" c"cTeMw, 
04eB"AHO, B OCHOBHOM o6ycnoaneHO npoueccOM" HyHneoc"HTe30 "P03AeneH"fl 
3neMeH1oe. nocneAH"e "3~30 csoero MHoroo6po3"~ oc1om1cR eme He AO HOHUO 
onpeAeneHM. 30HOHM me HYHneoc"HTe30 OH030n"Cb 6onee "3Y4BHM. C "X no
MOmbm YAOnOCb POCC4"TOTb pocnpoc1poHeHHOCTb 3neMeHTOB B ConHue" noHOnb
HYffi ranaHT"4eCHYffi pacnpoc1paHeHHOCTb 11 ,21 • 3T" 3H04eH"fl 6n"3H" H 3H0-
4BH"RM, "3MepeHHMM B conHB4HOH OTMOC~epe 131 

0AHOHO nonMTH" npeACH030Tb 3neMeHTHMH COCTOB, Hanp"Mep, nnaHeTM 
Mapco "n" HOwero cnyTH"HO AyHM 131 , HOH OH030nocb, 6wn" He CTOnb YA04HM. 
0AHO" "3 np"4"H 3Toro 6wno 10, 4TO He Y4"TMsancR npouecc cenapau"" ane
MeHTOB B npa1onnaHeTHOM o6n □ He, HO B03MOMHOCTb cymecTBOBOH"fl HOToporo 
YH03MBOnOCb eme B pa601e 141_ 8 pa601e 151 6Mno nOH030HO, 410 "MeIDTCfl 
HOBMe 3HCnep"MeHTOnbHMe ~OHTM, nOATBePMAOIDm"e 310 npeAnonomeH"e. 6wn 
HO"ABH HOBM" nOAXOA H OHOn"3Y AOHHMX no pocnpocrpoHeHHOCT" 3neMeHTOB B 
cpoBH"BOBMMX Tenax, no3BOn"BW"" CH"3"Tb KaMY~nnpyro~ee Bn"RH"e A"~~epeH
U"OU"" semecTBO B COM"X nnoHeTOX. C 310" uenbID CPOBH"Bon"Cb He o6conmT
HMe 3H04eH"R HOHUeHTPOU"" aneMBHTOB KB P03n"4HMX renax, 0 OTHOWeH"fl 
K X"M"4eCH"X OHOnoros, HOTOPMe no onpeAeneH"ffi ~-~-MeHAeneeso AOnMHM 
"MeTb MeHbW"e, 4eM y APYf"X nap 3neMBHTOB, 3H04eH"R H03~~"U"eHTOB P03-
AeneH"fl B X0Ae nP"POAHMX ~"3"HO-X"M"4eCH"X npoueccos. 

C1poro rosopR 1 x"M"4ecH"e oHonor" - 3To aneMeHTM, "MeIDm"e oHonor"4-
HYID CTPYHTypy BHeWH"X 3neHTPOHHMX o6ono48H, T.H., HOH npas"no, 310 ane
MBHTM, RBnRIDm"eCfl 4neHOM" OAHO" noArpynnw nep"OA"4eCHO" C"CTeMM X"M"-
4eCK"X 3neMeHTOB. 8 6onee W"POHOM CMMcne H X"M"4eCH"M OHOnoroM MOryT 
6MTb OTHBCBHM aneMeHTM - 4neHM OAHO" rpynnw" AOMe P03HMX rpynn, HO "Me
mm"x OA"HOHOBMe YCT0~4"BMe OK"cn"TenbHO-BOCCTOHOB"TenbHMe COCTORH"fl, 
HOnP"Mep: A13• - Fe 3+, Mn 2+ - Fe 2·, Mo 3•4•6• - u3•4•6•• 0AHOKO np" 
3TOM HB06XOA"MO 6onee CTporo Y4"TWBOTb ycnoe"fl, np" HOTOPMX npoTeHon" 
npoueccw A"~~epeHU"OU"" eemecrso. 
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Ta6nMU □ 1 

DTHOrnBHl-18 KOHUBHTP □ UM~ K1/K2 ADA HBKOTOPblX nap aneMBHTOB -

XHMM48CHHX OH □ noroB Z1 H Z2 B nosepxHOCTHblX o6p □ 3U □ X n □ POA 
BeHBPbl, 3eMnH, ~ape □ 1-1 MereopMTOX 

R(a,e) 0,72 1,00· 1,52 2,8 

Z I Z BeHepa1 6 / 3eM.ns/31* Map/ ? / MeTeOPHTi/
31 ** 1 ___ 2 ________________________________________________________________ _ 

Mg/Ca 

Mg/Sr 

Ca/Sr 

Al/U 

Fe/Al 

Si/Ti 

+ ' 
1,0-0.s 

(7,9±4,9). 10
4 

0,9:!:0,3 

38,3±19,8 

0,6±0,2 

so,2±0,1 

91,3:!:10,6 

(4±2). 10
4 

0,1±0,2 

12,5±11 ,o 

1,3±0,2 

(6,7±1,6).10
20 

(5, 3±1 ,3). 10
2 

8,8±2,8 

(l,1±0,2).10
4 

( 1,2±0,3). 10
3 

(6,3±3,3).10
5 

16,7±5,4 

(2,8±3,8).10
2 

·cpeAHee 3H □ 4eHM8 K1/K2 ADA n1-1roctepbl, ropHblX nopoA, rnMH, nec4 □ HMHOB 
M cn □ HUBB. 

••CPBAHl-18 3H □ 48HlllA ADA 3 KD □ CCOB MBTeOplllTOB, CM. T □ 6n. 3. 

8 T □ 6n. 1 ADA HBHOTOPblX ren ConHe4HO~ CMCTBMbl nplllBBABHbl OTHOIDBHlllA 

HOHUBHTP □ UlllA K1/K2 nap sneMeHTOB- XMMll\4eCKlllX □ H □ nor □ B. OTC~A□ BlllAHD, 

4TO K1/K2 ADA o6p □ 3UOB BeHepbl, B03M □ mHO, MeHbrne ll\Dlll, no HP□ ~He~ MBPB, 

COM3M8PlllMO, □ ADA o6p □ 3UOB Mapco, lll TBM 6onee ADA MBTBOplllTOB, 3H04lll

T8DbHO (H □ HBCHODbHO nopAAHOB B8Dll\41-1Hbl) npeBDCXOAAT K1/K2 38MHblX nopDA. 

T □ KMU o6p □ 30M, o6H □ pymeH □ 30B HCHMOCTb K1/K2 = f(il) , r AB R - CPBAHBB 

poccr □ AHHB reno 01 ConHu □• 3101 l □ HT cornacyercA c npeAn □ nomeHllleM a 

cen □ p □ UHM sneMeHTOB eme AO o6p □ 30B0Hll\A nnoHeT /
4/_ ~ Ae~CTBHTenbHO, nOA 

AB~CTBHBM l□ TOHH □ ro ll\3DY48HHA np □TOCODHU □ 8 nporonn □ HBTHOM o6n □ He M □ rnlll 
npoTeH □ Tb npoueccbl MOHl-13 □ UHlll, l □ TOHHAYUMPOBOHHblX M □ rHeTH3M □ M APB~io 
□ TOMOB, ll\OHOB 

I 
M □ neHyn M 03P030DbHblX 40CTMU /s-1r:/. Opi-, H □ DM4llllll M □ rHMT

Horo nonA cenap □ UHA sneMeHTOB B OCHOBHOM A □ nmH □ 6wno onpeAeDATbCA A □ ne~ 
ll\OHl-130B □ HHblX OTOMOB K □ mA □ fO sneMeHTO~ 8 nepBOM npM6n1-1meHllllll OTHOCll\Tenb

HYID AODID 3 □ pAmeHHblX OTOMOB y p □ 3HblX sneMeHTOB MOmHO npeACTOBll\Tb B BHAe: 

J = N+ + N2+ + .•• +Ni+ , fAe 

N+ • n1 n1 n1 
N [(1- onH) Pn + (1- OllHe)PHe + (1- onu.;)PHe +] , rAe 

n• = (1- Cot)PH + (1- ~ )PHe + (1- ~ +)PHe+ ' 
H He He 

r ,11e 

C3 - CPOACTBO H sneKTPOHy. 

2 

........................................ 
1+ (i.-1)+r n1 < n1 ) < n1 ) ] N = N i.(1- mc)PH + 1- on PH + 1- on PHe+ 

H He e HJ 

(4neHbl, ll\Memqllle n. > on I np11p □ BHMB □ IDTCR I{ HYDJO), rAe n. - noreHtllll □-
l. - i ~ l. 

Dbl ll\OHl-13 □ Uf1lll B □ neHTHblX sneHTPOHOB y sneMBHTOB, oni - noreHUlll □ Dbl MOHM3□-

UMl-1 (onTH4eCHHe npeAem1) □ TOMOB H, He M ll\OHO He+, □ PH, pile 1-1 PHe+ -

sep □ RTHOCTM ~cnycKOHlllA nporoconHueM OAH □ ro M3 ~OTOHOB C 3HeprMe~, pas

HOA YH □ 3 □ HHblM Of¼, ll\MeIDqMM 3Heprnm (38): 13,5985, 24,5876 lll 54,4182 
COOTBeTCTBeHHO. CyMM □ 3THX BBPORTHOCTBn p □ BHO CAMHMUB, □ HX 3H048HMR 

p □ BHbl: 0,8352, 0,0272 1-1 0,1376 COOTBBTCTBBHHO. Op1,1 HX OUBHHB npHHMM □-

DOCb COOTHOIDBHMB pacnpocrp □ HBHHOCTe~ BOAOPDAO'M renMR, p□ BHOB 7,60:1,50 
(6DM3H08 H CODH84HOMy), 

8 To6n. 2 A □ Hbl pOC48THb18 3H04eHlllA JADA HeKOTOPblX sneMBHTOB. Cne
AYBT nOA4BPKHYTb, 410 ADA scex npeACTOBneHHblX B T □ 6n. 1, 3 1-1 4 sneMeH

TOB - Xf1Mlll4eCKMX OHOnor □ B C nopAAKOBblMl-1 HOMBPOMM Z1 M Z2 Bbln □ nHeHO 

rpe60BOHMe, 4T06bl J2/J1. 6bln □ 6onbme BAMHMUbl. CneAOBOTeDbHO, poCT 

K1/K2 C yaenM4eHl-18M R MOfflHO 06bACHll\Tb TeM, 410 y sneMBHTO Z1 6blno Bbl

me 1- J-AODA He~TPOflbHblX OTOMOB, HOTOPMe noA AeHCTBMeM cseT □ 6onee 
CB060AHO ABMrOnMCb B MOfHMTHOM none, 4eM Y sneMeHTO Z2· ftM~lepeHUMOUMA 

seqeCTBO B renox nn□ HeT He Morna dbl npMBeCTM H 30BMCHMOCTM K1/K2 = f(Rl 
B T □ 6n. 3 nPeACT □ BneHbl K1/K2 ADA rop □ 3AO 6onbrnero 4HCDO nap sne

MeHTOB, pocnp □CTPOHeHHOCTb KOTOPblX onpeAeneHo B M3BepmeHHblX 1-1 rp □ HMTHblX 

n □ POA □ X_ 3eMnH 1-1 Tpex·ttnoccax MeTeopHTOB. 3TH AOHHble T □ Hme noH03MBOIDT, 

410 reno, donee YAODeHHMe OT ConHuo, o6oroqeHM sneMeHTOMM C MeHbrnlllM 3H0-

4eHllleM J. MMCIDTCA 1-1 APYfHe 3KCnep~MeHTODbHble pe3ynbTOTbl, n □ ATBePmA □ ID\!lMB 

cenopOUMID aneMeHTOB. M3BeCTHO /ll/, H □ npMMep, 410 K1/K2 y anoropOAHblX 

r □ 308 He- Na,Ne-Ar, Ar-Kr M Kr-Xe B 38MHO~ OTMOC~epe np1-1dnM31-1T8DbHO 

poBHo: 0,1; 0,5; 25 ~ 7,5, o B KOCMM4eCKMX 06beKTOX - 1200, 28, 7600 
1-1 17 COOTBeTCTBeHHO. 

6e3ycnoBHO, ecnM cymecrsyeT 30B~CMMOCTb K1/K2= f(R)' TO A□ nmHM 
dblTb Mee CDBACTBM~, HOTOPMe MOmHo npeACK □ 3 □ Tb. Po3yMHO npeAnonomMTb, 

410 HOHMeHee A~itepeHUHPOBOHHblM semecTBOM ConHe4HO~ CHCTBMbl A □ nmHo dMTb 

semecrao c □ Moro ConHuo, T.K. B orn1-141-1e or nporonnoHeTH □ ro o6n □ Ko nporo

conHue ~Meno 3H □ 41-1TBDbHO donee C~DbH □ e rp □ BMTOUHOHHoe none, 30TPYAHAID

qee nporeK □ HHe ynoMAHyroro npouecco cenopou1-11-1 sneMeHros. Ha np1-1Mepe 

BeHBPM BHAHO, 410 OHO no OTHOrnBHlllID K 3eMne, B03MOfflHO, o6eAHeHO sneMeH

TOMl-1 c M □ DblM J, CM. T □ dn. 1, HO He TOK pe3HO KOK 3eMnA no OTHomeHHID H 
BHBIDH~M ren □ M ConHe4HO~ CHCTBMbl, COCTOB MePKYPHA npeACTOBnAeT eme donb

urn&l 1-1Hrepec. 

B T □ 6n. 3 lll 5 A □ HM K1/K2 ADA conHe4HO~ OTMOCtepM, 3eMDM M Mereop~

TOB. ~3 3Tll\X A□ HHblX Bll\AHO, 410 XOHAPHTM (AOme yrnHCTble) Henb3A C41-1TOTb 

HCXOAHblM aeqecTBOM ConHe4HO~ CHCTeMM, T.K. CDnHue, ~Memqe.e 
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To61n1110 2 

3HeprMR o6p030B0HMR npoCThlX BeQeCTB, OKCMAOB E 

M AOnff MOHM30BOHHhlX OTOMOB XMMM48CKMX 3neM8HTOB J" 

3n-T ___ -E{ 3BL ___ J ______ ;:i!!=1'---=Ei~!!L ____ L _____ ;:i!!='.!'---=I\1~!!L ____ ~ __ 
_1 _______ 2 ________ 3 _______ 4 _______ 5 ________ 6 ______ 7 ________ 8 _______ 9 __ 

[HJ 1,61 0,10 zn 1,87 o,43 r"' 1,39 0,28 

Ne 0,08 Ga 1,21 0,65 Xe 0,23 

* * C 0,93 0,27 Ge 0,78 0,50 Cs 1,2 0,78 

[N} 2,15 0,12 As 1,33 0,38 Ba 3,02 0,90 

* * O 1,62 0,11 Se 1,41 0,35 La 3,82 0,81 

F* 4,28 0,09 ar* 1,93 0,20 Ce 3,84 0,85 

Ne 0,09 Kr 0,13 Yb 3,84 0,73 

NH 1,52 0,66 Rb 1,26 0,76 Lu 3,96 0,75 

Mg 3,17 0,56 Sr 3,15 0,81 Hf 3,91 0,58 

Al 3,51 0,65 Y 3,72 0,73 Ta 3,10 0,52 

si* 1,63 0,46 Zr 3,84 0,61 w 2,04 0,52 

P 2,35 0,33 Nb 2,18 0,57 Re 1,56 0,54 

* s 1,87 0,31 Mo 1,96 0,56 Os 0,92 0,44 

* Cl 2,32 0,13 Ru 0,82 0,52 Ir 0,71 0,10 

Ar 0,12 Rh 0,54 0,52 Pt 0,46 0,40 

K 1,35 0, 74 Pd 0,66 0,47 Au* 0,32 0,37 

Ca 3,58 0,74 Ag 0,23 0,51 Hg 0,58 0,36 

Mn 2,09 0,58 Cd 1,44 0,46 Tl 0,72 0,64 

Fe 1,47 0,54 In 1,51 0,67 Pb 1,24 0,54 

Co 1,31 0,52 Sn 1,57 0,54 Bi 1,18 0,55 

Ni 1,32 0,52 Sb 1,62 0,46 Th 3,25 0, 77 

* Cu 0,68 0,50 Te 1,09 0,40 U 2,91 0,61 

• 
MCXOAR M3 conHe4HOtcl pocnpocTpOHeHHOCrn, AnR C M ero OHOnoros Si M Ge 
B3RThl cpeAHMe 3H04eHMR E OKCMAOB M rMAPMAOB. Pb M Sn B ro3e YCTOtcl4M
BhlX n1APMAOB He o6p03YIOT. MgS, MgSe /12 I, MgTe /12 /, MgCl, MgBr, Mgl 

M Co F - B3RTbl KOK HOM6onee YCTOA4MBhle COeAMHeHMR c HOM6onee pocnpo

CTPOHeHHhlM MeTonnoM. Y Mg HO o6p030BOHMe 3TMX COeAMHeHM~ MOMeT M3-

p0CXOAOBOT~Cff Bcero OHOno 15% OTOMOB. AnR Ca B3ffTO cpeAH~e E ~TOPM

AOB M xnopM,OB, TOK KOH OTOMOB F He XBOTMT, 4T06hl CBR30Tb Beeb Co, 
Au(OH)3 "1 12 

, T.K. OKCMAhl Au B ro3e He M3BeCTHhl • 

3H04MTenbHO (lonbWMe (4eM y XOHAPMTOB) 3H04eHMff K1/K2 MHOrMX nap XMMM

qeCKHX OHonoroe (HonpMMep, H-Na t Na-Rb. C-Pb • Si-Sn MAP.), He 

uorno o(lpo30BOTbCff M3 OAHOro M Toro me MOTepwono C XOHAPMTOMM. 3TM AOH

Hhle (CM. Ta6n. 3,5) CKopee cornacylOTCff c TeM, 4TO MMeHHO eemecTBO ConH-

4 

110 HBnHeTCH H □ MMeHee AM~~epeH11MPOB □ HHhlM, a XOHAPMThl, KOK M 3eMnH, 

o6p □ 30B □ nMCb nocne cenop □ t1MM 3neMeHTOB B npoTonn □ HeTHOM odnoKe. 

Janee, ecnw npM 3TOM 3neMeHThl C M □ nblM J B 3 □ MeTHO~ CTeneHM dhlnM 

YA □ neHbl HO nepM~epMIO ConHe4HOA CMCTBl,W, TO, MMeH J -:.c: 0, 1, BOAOPOA M 

KMCftOPOA dhlnM B MX 4MCne. C APYroA CTOPOH~, MCXOAH □ H pocnpocTpoHeHHOCTb 

KMCnOPOAO HO TPM nopHAKO HMme, 4eM BOAOPOAO. no3TOMy,npM OTHOCMTenbHO 

HM3KOA OTOMHOA KOH[1eHTP011MM BOAOPOAO B 3eMne, KMCnOPOAO AOftmHO 6b1Tb 

HOCTOftbKO Mono, 4TO CMnMKOTHblA cno~ 3eMnM He MOmeT 3 □ HMM0Tb BCIO TOftQY 

MOHTMM. BepoHTHO, no 3TOA npM4MHe HO rnydMHe 400 KM B M □ HTMM 3BYKOBbl8 

BOftHbl pe3KO MeHHIOT CBOIO CKOPOCTb pacnpocTp □ HeHMH. B padoTe / 5/ npMBeAe

Hbl M APYrMe 3KCnepMMeHT □ ftbHhle ~ □ KThl, nOATBepmA □ IOQMe 3TO cneACTBMe, 

BhlTeK □ tOQee M3 30BMCMMOCTM K1/K2 = f(R). 
6onee Toro, HO nepM~epMM ConHe4HOA CMCTeMhl 06H □ pymeHO odnoKO Oop

T □, e::: n,104 a.e., KOTOpoe, BMAMMO, COCTOMT M3 KOMeT. CneAOB □ TenbHO, 
K1/K2 ·y KOMeT corn □ CHO ~YH~[1MM K1/K2 = f(R) AOnmHhl 6b1Tb 3H □ 4MTenbHO 

Bhlrne, 4eM y XOHAPMTOB. M AeACTBMTenbHO, B nhlnM KOMeThl r□nneH Aftff n □ phl 

XMMM4eCKMX □ H □ noroB C-Si K1/K2~ 13 / 13/, 4TO npwdnM3MTenbHO B 30 P □ 3 
npeBhlW □ eT K1/K2 yrnMCThlX XOHAPMTOB. OTCIOA □ cneAyer, 4TO cpeAM seqeCTB □, 

n □ A□ tOQero HO 3eMntO, AOnmHO db!Tb M seqeCTBO, MMetOqee K1/K2 COOTBeTCTBytO

QMX nap XMMM4eCKMX □ H □ noroB 3H □ 4MTenbHO donbrne, 4eM Y MeTeopMTOB. 

Y4MTblB □ H 3TO, CP □ BHMM COCT □ Bhl MereopoB M MereopMTOB. Cp □ BHeHMe odcontOT

HhlX 3H □ 4eHM~ K 3 □ TPYAHeHO H3-3a HH3KOH TQqHOCTH H3MepeHHH coaep~aHHH 

3neMeHTOB B MeTeopax. B Ta6n. 4 aaHbl 3HaqeHHH OTHOIIIeHHfi Kl !Kz 3neMeHTOB 

□ H □ noroB. 0TM8TMM AOCTOT04HO HPKO Bhlp □ meHHYIO 6nM30CTb 3H048HMA K1/K2 Y 

acex XOHAPMTOB, MMetOQMX P03Hb1A TMn. C Bhl1UeM3nomeHHOA T04KM 3peHMR 3TO 

cornocyeTCH C npeAnonomeHMeM O cyqeCTBOB□ HMM HO MeCTe nose □ OCTePOMAOB 

wx odqero M □ TepwttcKoro reno (nn □ HeTbl), R::: 2,8 o.e. B aroM cny4oe 

p03ftM4Me COCTOBOB XOHAPMTOB M mene3HhlX MeTeopwioB 6blno dbl odycnoaneHo 

BhlCOKOTeMnep □ TYPHblMM OKMCftMTenbHO-BOCCTOHOBMTeftbHblMM npo11ecc □ MM, npoTe

KOBWMMM npM BhlAeneHMM mene3HOro HAP □ 3TOA nn □ HeTbl. 3H □ MeH □ TenbHOA HBnH

eTCH 6nM30CTb K1/K2 AnH Fe-Ni y XOHAPMTOB M mene3HblX MereopMTOB, 4TO XO

porno cornocyeTCH C 6nM30CTblO MX noBeABHMH B 3TMX BblCOKoTeMneporypHblX 

npo11eccox. 
M3 AOHHblX rodn. 4 BMAHO, 4TO cpeAM MeTeopOB npwcyrcrsyer He 60-

nee 60% TOKMX, y KOTOPhlX OTHOWeHMH K1/K2 6nM3KM K MeTeopMTHhlM. 0AHOKO, 

KOK M npeAnonoronocb Bblrne, MMetOTCff M APYrMe MeTeOphl co 3H04MTenbHO 

dOftbWMMM K1/K2. Howdonee aepOffTHO - 3TO KOMBTHOe eeqeCTBO. EcnM 3TO TOK, 

TO, BMAMMO, MOMHO odHopymMTb ~OKTbl, rOBOPHQM8 0 nocrynneHMM KOMeTHOA 

BOAbl HO 3eMnlO. M AeAcTBMTenbHO, B nocneAHee apeMH CT □ no M3BeCTHO 0 
BCnblWKOX 3eMHOA - □ TMOC~epbl, HOdftlOA □ eMblX co cnyTHMKOB. M3MepeHMff noK030-

nw, 4TO M3ftY40IOT B036YmAeHHble MoneKynhl H20· 4ro6bl OdbffCHMTb 3TO BOAOA, 
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To6n~uo 3 

OTHOW0H~e KOHUeHTPOU~~ K1/K2 AnR aneMeHTOB - X~M~40CK~X 
OHOnoros Z1IZ2 B 3eMne ~ APYr~x o6b0KTOX ConH04HO~ C~CT0MU 

"'"~™1 3e,_l3/ I •==l!HT• /3/ j ~-~ j H:iaep)Kemn,E KaMeHHble :lene3Hble Paccan1,1 _ -;;;;;:= ___ ""~''''_ (rpaHHTHble) ______ Jf:!:!DPH:r~------ /14/ 
r1L_r2 _1_D9.P9n~---j1~2MgtlH~gl~rnM~T!!l!i!l __________ 
__ l _______ 2 _________ 3 _________ 4 _________ 5 ____ ____ 6 _________ 7 _____ 

H/Na 5,9.10 -2 8,0.10 -2 1,2 9,3 

(2,3.10-2 ) 

Na/Cs 2 ,4.104 7,8.104 2,0.108 2,0.108 (1,3±1,0).105 

(5,3.103 ) (7,0.104 2,9.104 ) 

K/Cs 2,2.104 2.104 2,0.106 7,0-107 (9,6±5,7).103 

(7,0.103 ) (B,5.103 7,9.103 ) 

Rb/Cs 90.0 45,0 2,0.1_0 3 2,0.10 27,4-6,6 

(40,0) ( 50,0 12,l ) 
-4 -4** -4 + -2 Ag/Rb 7 ,8.10 1,0.10 8,0.10 (5,0-4 ,8) .10 
-4 -2 -4 ( 1,9.10 ) (1,9.10 0,2) 4,0.10 A-11 
-3 -5** -2 -3 Au/Cs 4,0.10 1,0.10 l,0.10 6,3.10 A-12 

(1,6.10-3 ) (1,7 0,95) 2,3.10-2L-16 
-5 -3 -5 -3 -4 

Au/Cu 7,0.10 5,8.10 1,0.10 1,7.10 5,4.10 L-16 
_______ i8io.10-5

1 
__ 11i1.10-3 ___ 1i3-10-3

1 
______________________________ _ 

Mg/Ba 54,8 1,8.104 1,2.104 60,0 4,4.104 (2,0±0,3).102 

(39) (2,3.104 2,4.104 ) 

Ca/Ba 81,33 2,2.103 300,0 1,4.104 (2,5±1,0).102 

(13,0) (2,3.103 2,a.103 ) 

Sr/Ba 0,9 1,7 

(0,2) (1, 7 

Hg/Ba 1,9.10 - 4 l, 1.10 -3 

(0,5 

Hg/Zn 1,2.iO 
-3 

3,0.10 -3 

-3 -2 (1,0.10 ) (6,0.10 

12,0 275,0 

2,0 ) 

1,7.10-~* 1,7.10-3 

0,3) 

(5,0±2,5).lO*i 1,0.10-2 

-3 3,0.10 ) 

0,6±0,3 

-3 2,2.10 L-16 
-5 6,5.10 A-11 
-2 1,2.10 L-16 

Hg/Cd 0,4 (6,0±3,0).lO*i 0,04-5,0 1,3 L-16 
______ {Oi3l ______ {30LO ________ li0_) ___________________________________ _ 

Ga/Tl 33,3 3,4 3,0 (4,9±2,2).103 

(8,7) (3,0.103 1,0.103 ) 

Y/La 1,1 

(0,7) 

In/Tl 0,3 

(0,1) 

3,0 

( 2,7 

1,7 

(l,0.102 

8,4 

0,9) 

6 

4,1 6,7 A-11 

5,3 L-16 

1,0 4,7±2,8 

npoAonmeH~e ro6n~uu 3 

2 3 4 5 6 7 

Al/U 6,8.104 1,7.105 4.107 3,0.10 -3 1,5 1,l.105A-ll 

(2,5.104 ) (B,7.105 8,5.105 ) 5,0.104 A-12 

So/La 0,7 2,7 0,5 3,5±0,1 

(O, 1) (20,0 26,4) 

Y/La 1,1 3,0 4,1 6,7 A-11 
______ {Oi7l _____ i2i7 _________ Bi4l __________________________ 5i3 ___ L-16_ 

C/Pb .16,0 2,0.102 2,2.104 12,0 9,4.105 4a±27 

(15,8) (2,0.103 1,2.104 ) 

Si/Pb 2,3.104 1,0.105 . 8,0.102 

(1,B.104 ) (9,1.105 3,7.104 ) 

Ge/Pb 9,1.102 4,5 .3,9.103 

-2 (6,9.10 ) (50,0 12,2) 

Sn/Pb 0,2 1,4 157,2 

(0,2) (5,0 5,7) 

Si/Hf 2,s.104 2,1.105 

(B,7.104 ) (3,6.105 3,2.105 ) 

5,0 

-3 5,0.10 

3,4.104 (7,5±4,9).104 

2,0 

0,4 

<0,4 A-11 

0,3 L-16 

0,1±0,2 

1,3.105 l,5.104A-ll 

Zr/Hf 55,0 100 28,5 A-11 

(46,2) (60,0 28,2) 37,7 L-16 

Hf/Th 0,3 0,5 ~ 2,0.10
2 6,5 A-11 

______ {0,3) ______ {12i5 ______ BiO_l _____________________________________ _ 

N/Bi 1,2.102 1,0.103 2,5.10
4 

3;4.10
5

A-11 

(3,0.103 ) (3,4.102 1,7.104 ) 

P/Bi 6,2.103 1,0 106 4,4.103 3,5.103 (4,4±3,2).10
5 

(6,0.104 ) (1,7.105 1,1.10
4

) 

As/Bil0,7 5,9.102 6,3 ~20** 1,2.10
2 1,7•102 A-ll 

(150,0) (94,5 29,7) 

N/Ta 10,0 2,4 2,5.104 58,8 A-11 

(10,8) (50,0 1,0.105 

P/Ta 5,3.102 4,2.103 3,7.104 . 4 
3,5.10 3,0.102A-11 

(1,6.102 )(2,5.104 7,0.104 ) 

Ta/Nb 0,1 1,3 3,4 · 12,0 0,8 A-11 
______ 1oi11 _____ 115io __________ 25iOl __________________________________ _ 

-9 -7 -8 
Te/0 2,0.10 1,2.10 5,0.10 A-11 

-9 -6 -6 
(2,0.10 ) (1,5.10 7,3.10 ) 

Te/S 3,9.10 
-6 

-6 -5 (2,5.10 ) (2,5.10 

Te/W 6,7.10 
-4 

-4 (4,6.10 ) (3,4 

5,3 

23,6 

7 

5.10-8 

8,3 

-5 1,2.10 A-11 

0,2±0,1 



**"' Cr/Mo 60,0 

(7,6) 

Mo/U 0,6 

(0,4) 

2 

1,4. 103 

(41,7 

2 .o 
( 40,0, 

3 4 

14,1 

3,7.103 ) 

2,5.103 

60,0) 

npoAonmeH"e ra6n"uw 3 

5 6 7 

6.10-2 4,2.103 A-11 

,.._ 7 3,1 1,0 A-11 

Mo/w**~ 1.0 0,2 2 .1 83,4 1, 7 A-11 
______ (OL6) _____ ( 4L0 _________ 4L3_l ___________________________________ _ 

Cl/I 260,0 7,2.102 6,4.103 3,3.105 <2,3.103 A-ll 

(400,0) ( 1,8.103 86,7 ) 105,0 L-16 

Br/.1 5,0 19,8 1,7 2,0 1,2.103 16,7 A-11 
______ 12i6l _____ 112i5 ________ 16i7_l ___________________________ li3_L-16 

-8 -5 -4 -7 
Ru/Fe·l,8.10 1,2.10 2,4.10 7,0.10 L-16 

-6 -6 (4,0.10 3,8.10 ) 
-8 -6 

Os/Fe 2,7.10 8,4.10 
-6 -6 

(2,0.10 2,5.10 ) 
-3 Os/Ru 3,0.10 

(12,5 

Rh/Co 4,0.10-5 

Ir/Co 4,0.10-5 

-4 (2,4.10 

-4 -4 
(1.0.10 )(6.10 

Ni/Pd 7,2.103 2,4.104 

(1,4.104 

Pt/Ni 6,7.10-5 

Pt/Pd 0,5 

-4 (1,5.10 

12,7 

1,5 ) 
-4 6,5.10 

-4 4,2.10 ) 
-4 4,8.10 

-4 8,4.10 ) 

1,7.104 ) 
-4 2,2.10 

9.10-5 ) 

5,2 

-7 2,0.10 L-16 

0,3 L-16 

+ -3 (4,2-0,9).10 

-4 2,2•10 A-12 
-5 3,0.10 L-16 

4,5.102 L-16 

-5 2,9.10 L-16 

-2 1,3.10 L-16 
_______________ 1giQ __________ !i~ __ .}_ ____________________ -_Oi9 L-16LA-ll_ 

• KocM"4eCK"e reno, YAOneHHWe OT ConHUO, 0 3H04"~" OKeOH"4eCKOR BOAO, 

o6orameHM nerK"M" "30TOnOM", oco6eHHO y aneMeHTOB c MOnMM J • RyHO 

TOKme o6orameHO nerK"MH "30TOnOMH 
114

-
191

• 

•• KOHUSHTPOUH" aneMeHTOB B3RTM H3 pa6oT 120 , 21 1. 
••• EcnH y napw aneMeHTOB Z1 H Z2 

TO cneAyer Y4HTMBOTb OTHOWSHHR 
HanpHMep, y nap Cr-Mo H Mo-W 

COOTBeTCTBSHHO • 

OTHOWeHHe J2/J1 6nH3KO K eAHHHUS, 
AOne~ MHOr030PRAHMX HOHOB N~3+/N1~3+_ 

3TH OTHOWSHHR pOBHM 1,7 H 2,5 

8 

nocrynarome" "3 KOCMOCO, Heo6XOA"MO npeAnonom"Tb, 4TO KOmAYID MHHYTY HO 
3eMnID npHBHOCHTCR OKono 2.10 3 T BOAW, a 30 109 ner 3TO 6yAeT pOBHO MOC
ce OKeOH"4eCKO~ BOAW (~1,4.10 18 T) /221 .KoH84HO, TOKOe OdbRCHeHHe He-. 

o6M4Horo COCTOBO M8T80POB H CB848HHR OTMOCIDSPW RBnReTCR AHCKYCCHOHHMM. 
Ho npH ero peanbHOCTH cneAyeT npeACK030Tb Heo6W4HM~ COCTOB OK80HH48C
KO~ BOAM, oTnH4aIDmH~CR OT reorepMOnbHMX BOA, T.K. B oKeOH, KOTOPOMY 
npHHOAnemHT 2/3 noBSPXHOCTH 3eMnH, a TOKme CT04HWe BOAM C MOTePHKO, 
nonOAOST OCHOBHOR 40CTb KOCMM4eCKora eeqeCTBO, nocrynaromero HO 3eMnID. 

PaccMOTPMM nOAP06Hee OTHOCHTenbHW~ aneMeHTHU" COCTOB OK80HM4eCKO~ 
BOAU. M3B8CTHM AOHHWe ~31, no3BOnRIDQHe YTBepmAOTb, ~TO MOKPOCOCTOB 

BOA OKSOHO npMBHeceH "3 MOHTHM 3eMnM C reorepMOnbHUM" pacconaMH. B pa-
6oTe 151 BUnonHeH 6onee rny60KM~ OHOnM3 OTHOCHTenbHOro COAepmaHHR MHK

poaneMeHTOB B OK80HH48CKO" BOAS MB reoTepManbHMX pacconax, H3 pe3ynb

TOTOB KOTOporo B"AHO, 4TO MHKPOCOCTOB pacconoB pe3KO oTnH4eH OT COCTO
BO MOPCKO" BOAM. B ra6n. 3. cpaBHMBOIDTCR K1/K2 OK80HH48CKO~ BOAW, pac
cona nonyoCTPOBO 4eneKeH, M3BepmeHHUX M rpOHMTHUX nopoA 3eMnM H MSTeo
pHTOB. OTCIDAO BHAHO, 4TO ARR Bcex POCCMOTPMBOSMUX nap aneMSHTOB - XMMM-

4ecKHX OHanoroB, KPOMS meno4HUX aneMSHTOB (H3-30 6onbWMX J MX 38MHOR 

KOHUeHTPOUMR 3H04HT8nbHO BMWe MereopMTHO") B OK80HH4eCKO" BOAS K1/K2 
3H04HT8nbHO Gonbwe, 48M B reorepManbHO" BOAS M nOPOAOX 3eMnH. K1/K2, 
HOnpMMep, AnR Mo MU He noA4HHRerci o6meMy npOBMny. Ho nOA06Hwe HCKnID-
48HHR CKopee nOATBSPmAOIDT o6qee npaBHno, T.K. B AOHHWX ycnoBHRX Mo He 
06pa3ye1 yCT0"4MBUX Kap60HOTHUX KOMnneKCO~M B OK80H"48CKO" BOAS, 6ora

TO" KOP60HOTOM", Mo H U Henb3R C4"T0Tb X"MM48CKMM" OHOnoraM"· 
06HapymeHHOe o6orameHH8 MOPCKO" BOAM,no CPOBHSHMID c pacconaM", 

6onbWHM 4HCnOM XHMM48CKHX aHanoroB C MSHbWMM 3H048HHeM 3 OdbRCHHTb 

npouecCOMH M8TOMOPID"3MO (ynapMBOHHe HAP-> He npeACTOBnReTCR .B03MOmHWM. 
K TOMY me H06nIDA08TCR o6orameHMe nerKHMM M30TOnOM" KOCMH48CK"X ren M 

/14-19/ 
OK80HH48CKO" BOAM, CM., HOnPHMep, • M AS~CTBHTenbHO, nOA AS"CT-
B"eM CBSTO nerKHe H30TOnM AOnmHU npM06peTOTb 6onbWHe ycKopeHHR npH 

"HAYUMPOBOHHOM APB~IDe. Oco6eHHo aror 3ID~eKT AOnmeH 6uTb 30MSTHUM y 

nerK"X aneMeHTOB C MOnUM 3H048H"eM J. 
30M840TenbHMM RBnReTCR TO, 4TO AnR HSKOTOPUX nap XMMM48CKHX OHOno

roB K1/K 2 B oKeOHH48CKo" BOAS (C-Pb, Cl - 1, Mo-w, Br -l "AP•) He 
TOnbKO 6onbwe, 48M B paccone "3eMne, HOH npeBOCXOART, KOK" OfflHAOnOCb 

ewwe, 3H048HHR K1/K2 AOme yrnHCTMX XOHAPMTOB. 
6e3ycnoBHo, ecnH oKeaH nony4aer KOCMH4ecKoe eemecreo, oGorameHHoe 

aneMeHTOMH cornacHO 30BHCHMOCTH K1/K2: f(R) 'TO 3TO eemecTBO MOfflHO 

H06nIDAOTb H B OTMOCIDSPS, "He TOnbKO B BHAS MSTeopoB.Ha PHCYHKe H306pa-
meH lg(K /KE) OT 1 - J, rAe K H KE - KOHUSHTPOU"" aneMeHTOB B 

az az '24/ 
03P030nRX, co6pOHHMX HOA IDmHWM nonrocoM 3eMnM / ~" B 3eMHblX nopo~ax 
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Ta6nMUO 4 
0THOW8HMfl pacnpocTpaHeHHOCTen M KOHU8HTPOUM" K1/K2 Anfl H8KOTOPWX 
nap aneMeHTOB - XMMM48CHMX OHanoroB B M8Teopax M MeTeopMTOX 

~=~-Z1/Z2_1 __ Hg/Ca ______ 1 _____ Fe/Al ______ J· .. Fe/Hn ______ J __ Ni/Fe 

Me-reopu 
l.lennexa 
Uennexa 
XaPHH 
XaPHH 
Haraccma 
Haraccma 
MHnnMaH 
Me-reopH'rli 

B. M3Aca-i 

THO H 
L 

L L 
C 1 

C 11 

C 111 

A.A. HBHem. 

Xa-!.llPHTli 

7,8 

2344,0 

25,7 

7,6 

11749,0 

4570,0 

11,2 

11, 7 

11, 7 

12,0 

9,1 

7,9 

8,5 

10,0 

2754,2 

4466,8 

15,0 

27,5 

20,0 

17,8 

21,9 

20,4 

18,2 

20,0 

575,4 

741,3 

4677,0 

123,0 

91,2 

79,4 

97,7 

134,9 

169,8 

112,2 

0,1~5 

0,501 

0,100 

0,06 

0,05 

0,04 

0,05 

0,06 

0,06 

0,05 

~~l:f!>IE!. Jile'l'E!9PHTli_ 0164 ···--- - __ ???QQ.._Q __ - ___ 30?§ ... L_,:. ____ Q.._Q~~-

• A □ HHNB 30MMCTBOBOHN H3 pa60Tli/ZS/. 

lg(Ka.z.1.KI!) 
Ag 

Pb CdZnkl S I Br 

2 

1 

0 

-1 
0 

Na WOJSb AsSe f I 
Sr RbK In Tl I · f I · 

Ba ZaCsCoSc CrMa_. 11 1 . - 111 1r-
--• ..:-tit ,-1' i 11_- - --~ - - --- _,__ 

0,2 0,4 0,6 0,8 (1-J) 
30BMCMMOCTb lg(K

8
z/KE) OT 1- J • . 

Kaz = CKx~e) 0 z - OTHOCMTenbHOB COABPIIOHMB ane11eHTO B 03P.030nHxf.14/, 
HE = (I</~e)E - OTHOCMTBnbHOe COABPIIOHMB sneMBHTO a 3eMne 131, 
Kaz /HE = 1 e1,16paHo ycnoBHO. 
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COOTB8TCTB8HHO. M3 3TMX AOHHNX OT4eTn~BO BMAHO OTHOCMTenbHOe o6orame
HMe 03P030nbHOro semecTBO aneMeHTOMM C MOnWMM 3H048HMflMM J , 4TO corna-

cyeTCfl C BNW8M3nomeHHNM. , 
BMAMMO, MOfflHO YK030Tb M APYrMe cneACTBMfl cymecTBOBOHMfl npouecca 

cenapOUMM aneMeHTOB B npoTonnaHeTHOM o6naKe. 0AHOKO npMB8A8HHWX ~OKTOB 
AOCTOT04HO, 4T06W 3TOT npouecc M3 rMnOT8TM48CKoro nepeBeCTM B p03PflA 

peanbHO cymecTBOBOBWMX. 
nonNTKO HO~TM OHOnMTM48CKoe BblpOIIBHMB 30BMCMMOCTM H1/H2= f(R) 

noK03NBOeT, 4TO AnH ero HOXOfflABHMH TPB6YIDTCfl AOnonHMTenbHblB AOHHMB M 
6onee TmaTenbHNn MX OHOnM3. 0AHOKO MB TOKOM BMAB 3TY 30BMCMMOCTb MOfflHO 

MCnonb30B0Tb Anfl cpOBHBHMH pa3nM4HNX 06b8KTOB C uenbID 06HapymeHMH MX 

H838MHoro npoMCXOfflA8HMH. 

II. CpOBH8HM8 K1/H2 JIJHHOro rpJHTO, 3BMHIIX nOPOA M rKJI 

8 pa6oTe 151 yme CPOB~MBOnM 3H048HMH H1/H2 AnH HBKOTOPblX nap XMMM-
48CKMX OHanoroB B nyHHOM rpyHTe, B OCOA04HMX nopOAOX M nMTocwepe 3eMnM. 

B 3TO~ pa6oTe 6wnM OTM848HM 6onee BMCOKMB 3H048HMH H1/H2 y RyHM. B 
T06n. 3 nyHHblA rpyHT CPOBHMB08TCH C M3B8Pffl8HHNMM M rpaHHTHNMM nOPOAOMM 
3eMnM M eemecTBOM Tpex KnOCCOB MeTeopMTOB. AnR RyHM npMBBA8HN CPBAHMB 
3H04eHMH H1/H 2 no TPBM M3MepettMHM: Anonno-II (A-II) M-I2 (A-I2) M Rytta
I6 (~I6) M AOHN CPBAHBKBOAPOTM4Hble OTKnOHBHMH. ~HOrAO npMBOAHTCff K1/K2 
no pe3ynbTOTOM KOfflAOro MMemmerocH M311BPBHMH. M3 3TMX AOHHblX BMAHO, 4TO 
nyHHW~ rpyHT AencTBMTBnbHO, XOTb MB MBHbWen CTBnBHM, 48M MBTBOPMTbl, 
30MBTHO OTnM408TCH OT M3BOPIIBHHblX M rpOHMTHWX 38MHblX nOPOA. flyHHNn 

rpyHT, KOK M MOPCMOHCKMA, CM. T06n~ 1, 30HMM08T no 3H04BHMHM K1/H2 
npoMBIIYT04HOB nonomeHMe MBIIAY 3euneA M MBTBOPMTOMM. H TOMY me B pa6o
T8 1267 HOAABHO o6orameHMB RyHbl nerKMMM M30TOnOMM HBKOTOPblX aneMBHTOB, 

CM. BblWB • 
AHOnM3 a6conIDTHl,IX KOHUBHTPOUMA sneMBHTOB B 3eMne, RyHe M MBTBOPM

TOX noK03blBOBT, 4TO nony4MTb nyHHblA rpyHT M3 3BMHoro eemecTBO C nouombm 

A060BKM MBTBOPMTOB HB npeACTOBnHBTCH B03MOMHblM, 
0AHOKO HBnb3ff MCKnID4MTb, 4TO nyHHbl" rpyHT OTnM40BTCH OT 3BMHOro 

M3-30 ero 60M60PAMPOBKM rOJIOKTM48CKMMM KOCMM4BCKMMM ny40MM (rHR)M 
conHB4HblMM 3HBprM4HblMM 40CTMUOIIM (C34). 

POCCIIOTPMM HBCKOnbKO nOAP06Hee aneMBHTHl,I" COCTOB 3TMX AOnonHMTBnb
HblX MCT04HMKOB HyKnMAOB. B ra6n. 5 npeACTOBnettbl 3H04BHMH H1/H2 AnH rHn 
M Conttua. M3 STMX AOHHblX BMAHO, 4TO SKCnepMMBHTOJlbH!,18 3H04BHMH H1/K2 
AnH rHn 30MBTHO OTnM40IDTCH OT K1/K2 AnH Conttua, 3H04BHMH KOTOPblX OTpa
•amT COOTHOWBHMB KOHUBHTPOUHA sneMBHTOB B npOAYKTOX HyKneocMHTB30 /l/_ 

B pa6oTOX / 27- 29/ o6pametto BHMMOHMB HO a6orameHMB rKn THMBnblMM 
M30TOnOMM, KOTapwe HBnHIDTCH a6conIDTHblllM XMMM4BCKMMM OHOJIOrOMM. YK030HHOB 
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Ta6nHUO 5 
0THOWeHHR pacnpocrpaHeHHOCTe~ K1/K2 AnR 3neMeHTOB - XHMH48CKHX 
OHanoroB B ConHue H ranaKTH48CKHX KOCMH48CKHX ny40X crKn) 

J Conttue j rKJ1 j I"'KJ]. Y j Y=E 1/E2. 

21L~2-1::::~:j~~;::::~;;l -~::;:::;~---- ____________ ~:~~=~~~~~~! 
1 2 3 4 5 6 

- --- 2 ---- 2 --+ -- 2 - + - 2 
He/Ne 6,9.10 4,4.10 (1,9-0,2).10 (a) (5,1-0,6).10 2,67 

Ne/Ar 24,5 10,0 17,5:!::3,1 (a) 31,8:!::5,7 1,92 

H/Na 4,4.105 4,0.105 (1,5:!::o,0).104 (a) (4,6:!::2,5).105 30,48 

Na/K 17,1 20,5 2,9:!::o,9 (o) 4,8:!::1,6 1,65 

Na/Rb 9,0.103 9,4.104 (1,5:!::l,4).104 (a,o) (4,0:!::3,8).104 2,68 

Na/Cs 1,6.105 (2,3:!::1,3).104 (a,d) (8,3:!::4,7).10
4 

3,60 

Rb/Ag 13,2 5,0 1,6:!::1,3 (e) 6,6:!::5,4 . 4,13 
CuLAu ___ li2.l03 _______________ 2i9.lO_Ibidl ______ 8il.10_3 _________ 2i80_ 

Mg/Ca 17,0 13,0 8,2:!::2,5(b) 24,0!7,4 1,63 

Sr/Ba 4,8 3,1 2,0:!::o,0(0) 2,9:!::1,2 1,45 

Ca/Ba 1,3.104 1,2.104 (2,7!1,1).104 (b,o) (7,2:!::3,1).104 2,65 

Zn/Cd 0,1.102 4,7.102 (2,5!2,0).102 (a,o) (4,6:!::3,7).10
2 

1,83 

~nl~9 ___ §iQ~!Q=----~L~~!Q~ ____ i1iz;~i§l~!Q:i!i~l~i~i~~!iZl~1Q: ____ 1i11_ 
Al/Ga 2,3.103 3,3.104 (1,2:!::o,9).103 (a,o) (1,3!1,0).10

4 
4,67 

Ga/In 2,0.102 1,0.102 4.102 (d) 4.10
2 

1,06 

Y/La 13,0 20,0 11,5:!::5,3(0,d) 15,6:!::7,2 1,35 

La/In 1,95 61,8 5,4(d) 20,6 3,82 

In/Tl 1,0 2,3 (d) 6,0 2,67 

Fe/U* 7 ,0. 107 1,0.107 (g) 1,3.107 1,30 
Ce[U* __ 88i3 ___________________ 19i6ioi9l __________ 24i3 ____________ li24_ 

C/Ge 9,5.104 1,8.106 (1,1!0;3).105 (a,e) (6,l:!::1,7).10
5 

5,56 

Si/Sn 2,7.105 1,9.106 (2,4:!::0,5).105 (b,o) (1,1!0,3).10
6 

4,39 

C/Pb 4,3.106 1,0.107 (2,0:!::1,5).lo6 (a,o) (1,0:!::0,9).10
7 

6,38 

Zr/Hf 70,6 1,3.102 < 80(0) < 103 1,28 
Zr[Th* __ 2i7.102 ________________ 1:6.l02{ei9l ________ 3:0.102 ________ 2i38_ 

N/P 3,6.102 4,4.103 40!19 (b) 4 (1,5:!::0,7).10
2 

3,81 

P/Sb 2,1.104 1,0.105 (2,6:!::l,3).104 (b,d) (1,1!0,6).10
5 

4,01 

Nb/Sb 2,9 10,0 4,1:!::2,8 (o,d) 5,1:!::3,5 1,23 

~~lI!-~QiQ ________ §i1~!Q: ____ i!~Z~!i~l~!Q:i~l----i!i2~!i1l~!Q: ___ !i!~ 

o/s 36,8 79,l 20,7:!::2,5 (b) 99,0:!::0,7 3,45 

S/Se 7,5.103 7,2.103 (3,o:!::1,1).l03 (a,o) (7,1:!::2,6).10
3 

2,35 

Mo/W 13,3 15,7 9,9:!::9,8(o) 12,4!12,3 1,25 

---------- --------------------------------
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2 

F/Cl 0,2 
Br[I ___ 7 i3 ___ _ 

Fe/Ru"''ll 4,8_105 

Fe/Os 1,3.104 

Co/Rh 2,0.104 

Ni/Pd 3,7.104 

npoAonmeHHe ra6nHuw 5 

3 4 5 6 

0,4 3,3:!::0,9 (b) ' 9,7:!::2,7 2,93 

_______________ 7i9:!::2i6_ioidl _______ 19i3±6i4 ________ 2i45 

2,0.106 (2,9±0,2).105 (0) (7,4±0,5).105 2,54 

.3,1.107 (9,7±6,6).105 (0) (2,6±1,8).106 2,69 

5,6.10
3 

9.102 (b,o) 3.103 3,09 

7 ,9.10~_ 2. 10
4 (a,o) 9. 104 4,_?0 

K1/K2 Rb-Cs MOfflHO nony4HTb. HMeR K1/K2 Na-Rb H Na-Cs. 

•s pa6oTe /JO/ K1/K 2 AnR Th+U H Fe p □ BHO (1-2) 10-7. 3A8Cb AnR Th-Fe 

H U-Fe K1/K2 npHHRTO - ,.,o-7• DAH □ KO AnR c6nHmeHHR K1/K2 ConHU □ H 
fKn y nap Zr-Th, Fe-UH Ce-U He06XOAHMO npHHRTb Y Th-U K1/K2> 3. 

•• 
OKCHAY nOA06HWX aneMeHTOB H8YCT0~4HBM B npHCYTCTBHH H3 
a_ /31/, b _ /32/, c _ /33/, d _ /34/, e _ 735/, g- 730/_ 

o6or □ meHHe CBR3WB □eTCR C p □ 3HO~ M □rHHTHO~ mecTKOCTbID H30TOnOB. Y4HTWB□ R 

3TOT ffi □ KT, C uenbID KOMneHC □ UHH p □ 3HOCTH M□ CC cp □ BHHB □ eMWX aneMeHTOB -
XHMH4ecKix □ H □ noroB, YMHOfflHM 3KcnepHMeHT □ nbHOe 3H □ 4eHHe K1/K2 B rKn H □ 
MHomHrenb VM2/M 1 • rAe M1 "M2 - M □ ccw cp □ BHHB □ euwx HYKnHAOB. nony-
4eHHYe npoH3BeAeHHR,Ae~CTBHTenbHO,cT □ HOBRTCR 6nHme K conHe4HYM 3H □ 4e

HHRM, H □ npHMep, y n □ pY H-Na. Ho Bee me OTMe4eHHOe BYWe P □ 3nH4He OCT □-

eTCR AOBOnbHO 3 □ MeTHYM. 

B 3TO~ CBR3H o6pamaeT HO ce6R BHHM □ HHe o6HapymeHHOfl B pa60TOX / 29 , 
30•36•37{oppenRUHR A8ffiHUHTO 3neMeHTOB B rKn H C34 no CPOBHBHHID C ConHUeM 
OT noTeHuHana HOHH30UHH HX OTOMOB. 3Ty KoppenRUHID MOfflHO 06bflCHHTb.P03-

HO~ AOne~ 3 □ PRffl0HHYX OTOMOB J, ecnH ycKopeHHe rKn npoHCXOAHT B aneKT
PH40CKOM none.~ AB~CTBHTenbHO, Anfl HBKOTOPYX cp □ BHHBOBMYX aneMBHTOB, 
6nH3KHX no XHMH40CKO~ OKTHBHOCTH (oco6eHHO Anfl 6naropOAHYX ra300), YMHO
meHHe aKcnep"MeHranbHYx 3H04eHH~ K1/K 2 y rKn HO ABO MHomHrenR VM2/M 1 
H J2/J1 npHBOAHT K npOH3BeABHHID, POBHOMY K1/K2 y ConHua. 0AHOKO y ue~ 
noro PflAO CPOBHHBOeMYX 3neueHTOB nOA06Horo nonHoro c6nHmeHHR He npOHCXO
AHT. 06mHM npH3HOKOM TOKHX nap HyKnHAOB RBnReTCfl 3H04HTenbHOe P03nH4He 
HX XHMH40CKO~ OKTHBHOCTH, 0 3H04H~ H np04HOCTH B03MOfflHYX XHMH4eCKHX 
COBAHHeHH~. 6e3ycnoBHO, YK030HHWe pa3nH4HR MOrnH 6Y peanH30BOTbCfl nHWb 

B TOM cny4ae, ecnH rKn YCKOPRnHCb H3 CP8AY C TeMneparypon ijeHbwen, 4eM 
3HeprHfl CBR3H XHMH4ecKHX coeAHHeHH~. HanoMHHM

8 
4TO 1 aB 3KB"aaneHTeH 

11604,5 K, a B ffiorocffiepe ConHua T = 5800 K / 3 1• · 
8 HOCTOflmee apeMfl H3B0CTHO o CYllleCTBOBaHHH B KOCMoce pa3nHqffl,lX paAH

KanoB H uoneKyn, CM. HanpHMep. 1391_ DAHOKO a nepBOM npH6nHM0HHH AOCT□-

i3 



T04HO CPOBHttTb 3Heprtttt oapoioBOHttR Hottaonee YCTOV.4ttBMX IOPM aneMeHTOB 
nptt HOPMOnbHMX ycnoBttRX. 

AnR Hottaonee pocnpocrpoHeHHMX aneMeHTOB B conHe4HoV. □ TMoclepe 

H tt N (B raan. 2 ttX CttMBonw 3□ Kn104eHW B KB □ APOTHUe CKOaKtt) B K04eCTBe 
aonee ycTOV.4ttBOV. IOPMU npttHRTU ttX npocrue semecTB □• y KttCnOPOA □ BK □-

4eCTBe H □ Haonee ycTOV.4ttBoro B3RTO COeAttHeHtte C yrnepOAOM, T.K. OKCttAM 
MeT □ nnoB Moryl CBH30Tb MeHbWYIO 40CTb KttcnopOAO, KOTopoV. MOMIHO npeHea
pe4b. MttKpoaneMeHTU~ CttMBOnhl KOTOPhlX He BMAeneHM, HMelOT aonee ycroV.4tt
BUe coeAttHeHttR C KttCnOPOAOM. 

8 roan. 2 npttBeAeHhl 3H04eHttR 3Hepr"" oapo30BOHttR (E) nptt HOPMOnb
HhlX ycnoBttRX YK030HHWX IDOPM aneMeHTOB, oueHeHHhle no AOHHMM poaoru/40/_ 
B roan. 5 AOHW 3H04eHttR l □ Kropa Y = E1/E2 J 2/J1 VM2/M1 , KoropwV. Y4tt
rusoer orKnoHeHttH K1/K 2 B rKn, oaycnosneHHwe npouecc □ Mtt Attccouttoutttt, 
tt0Htt30Utttt tt MOrHttTHOH cenapoutttt. CpOBHttBOR ttcnposneHHUe C n0Momb10 Y 
3H04eHttH K1/K2 rKn tt ConHuo, CM. roan. 5, BttAHM, 4TO OHH B nOAOBnH10meM 
aonbWHHCTBe 3H04HMO He P □ 3nH4 □ 10TCH. nony4eHHUV. pe3ynbTOT MOMIHO oabRC
HHTb TeM, 410 OTHOWeHttH KOHUeHTPOUttV. croattnbHMX npOAYKTOB HyKneocttHTe30 
He 3QBttCHT OT AnttrenbHOCTH tt BpeMeHH OKOH40HttR npouecCOB HyKneocHHTe3o. 
OTMeTHM, 410 tt3 pOCCMOTpeHttR auntt HCKn104eHY MttHpoaneMeHTU THno Sc~Cr, 
KOTOpue Moryr oapo30BMBOTbCR nptt B30ttMOAeV.cTBHHX YCKOpeHHhlX HyKnttAOB 
aonee TRfflenux MOHpoaneMeHTOB C Meltl3Be3AHUM semecTBOM. 8 roan. 5 AnH 
npttMepo npttBeAeHO K1/K2 AnH F-Cl tt Br-I. 

Aonee, H3BeCTHO 30BHCHMOCTb K1/K2 B rKA OT HX 3HeprHH. H9npHMep, 
B AHOn030He 1-10 raB HO HyKnOH AnH HeHOTOPMX nap aneMeHTOB: Cl-Fe, 
Ar-Fe, K-Fe, Co-Fe, Na-Mg H Si-Fe -H 1/Kz yMeHbWOeTCH B 1, 1-2,8 P030. 

>2+ OueHKO noH03MBOeT, 410 OTHoweHHe N- /J ·, CM. BYWe, T.e. OTHOCHTenb-
HOR AOnH MHOr030PHAHWX HOHOB, y Fe H Mg suwe, 4eM y cp □ BHttBOeMYX ane
MeHT-0B. AnH Fe, Mg, Na, Cl ,Ar HK OHO pOBHO: 0,1; 0,099; 0,018; 

?)+ -3 0,075; 0,065 H 0,056, a N /J AnH Fe , Si H Co POBHO: 5,8.10 ; 
5,2.10-3 H 1,8.10-3 COOTBeTCTBeHHO. 3TH loKTY XOTH H roBOPHT o npeA
n04THTenbHOM ycKopeHHH MHOr030PHAHYX HOHOB, HO, H3-30 uonocTH HX AOnH 
B oameM 4Hcne HOHOB, OHH He CHnbHO HCKOfflOIOT onHCOHHYIO BMWe KOpTttHy 
OTHOCHTenbHOV. pocnpocrpoHeHHOCTH aneMBHTOB B rKn. 

8 conHB4HUX 3HeprH4HMX 40CTHUOX (C34)TOHMB H3MepeHO COABPMOH"e 
HBKOTOPMX aneMBHTOB. HonpHMep . / 41 ~ AnH He- Ne , Ne-Ar , 0-6, Mg-Ca 
H Fe-Ni ( Cu,Zn) K1/K2 npHanH1t1eHHO COCTOBnHIOT He MeHee 2, 1. 102 , 
30; 48; 6 H 5 COOTBeTCTBeHHO. ~HrepeCHO OTMeTHTb, 410 ABIHUHT aneMeH
TOB B C34 no OTHOWeHHIO K ConHUY 141 1 npOHTH4eCHH He BUXOAHT 30 POMHH 
IOKTopo Y, HOV.AeHHoro AnH rKn. CnBAOBOTenbHO, uexoHH3MU oapo30BOHHH 
C34 H rKn ttMBIOT onpeAeneHHOe CXOACTBO. 
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6onee rnyaoKHV. OHOntt3 npttpOAM rKn H C34 He HBnReTCH uenblO HOCTOR
meV. poaoru. 0AHOKO HeoaxoAttMO oapoTttTb BHHMOHtte HO cneAYIOmtte MOMeHTU: 
rKn H C34 OTHOCHTenbHO ConHUO oaoromeHM TRmenWMH aneMeHT □ MH, CM., H □-

npttMep, K1/R 2 y nap He-Ne , C-Si, Zn-Hg tt AP~ 0AHOKO MexoHtt3M TOKoro 
oaoromeHttR OTnH40eTCR OT MeXOHtt3MO cenOPOUHH aneueHTOB B nporonnoHeTHOM 
oanoKe, no3TOMY B roan. 3 HHOrAO aneMeHT ( Rb, Ag HAP.) CTOttT B 4HCntt
rene, a e roan. 5 OH me crottr e 3HOMeHorene H Hooaopor. KpoMe roro, B 
3THX roanttuox noMemeHM HHOrAO P03HMe nopw aneMeHTOB OAHO" tt TOV. me rpyn
nw. HonpttMep, nopo Ga-Zn , XOTR tt POCCMOTPHBOeTCR B roan. 5, HO T.K. y 
Hee J2/J1 anH3KO K eAHHHUe tt 4eTHO oaHopymttTb ttX cenopouttro B nporo
nnoH~THOM oanoKe He YAOeTCH, TO 310 nopo aneMeHTOB OTCYTCTByer B roan.3. 

OcroeTCH OTKPhlThlM eonpoc O cymecTBOB □ HHH XOTR au cnaao~ KOMOOHeHThl 
rKA, y KOTOpoV. K1/Kz He 3 □ BHCHT OT Y. 

Cp □ BHHM K1/K2 nyHHoro rpyHT □ tt rKn, CM. raan.3 H 5. BttAHO, 410 
K1/K2 y napu aneMeHTOB Rb-Ca B nyHHOM rpyHTe BMWe, 4eM B rKn. B TO me 
BPBMR K1/K2 AnR APYrttx nap XttMH48CKHX OHOnoroB np~ HX anH30CTH B 3eMHMX 
H nyHHhlX nOPOAOX B rKn 04eHb BenttKH (H □ npttMep, Y C-Pb tt AP.). Conoc
TOBneHHe K1/K 2 tt APYrttx nap aneMeHTOB (roan. 3 tt 5) no3sonRer yreepm
AOTb, 410 P □ 3ntt4He COCTOBOB nyHHoro rpyHTO, tt3BepmeHHhlX H rpOHHTHhlX 
OOPDA 3eMnH He oaycnosneHO npttBHOCOM aneueHTOB HO AyHy c rKn tt C34, 
ttMe10mttx cospeMeHHYIO HHTeHCHBHOCTb. 

CneAOBOTenbHo,npeAnonomeHtte, BUCK03 □ HHOe B poaore /S/ O TOM, 410 
□ KKpeuttR eemecrea AyHM npottCXOAHn □ He HO 3eMHOV., a HQ aonee OTA □ neHHOV. 
OT ConHU □ opaHTe (B03MOmHo, aonee A □ nettoV., 4eM M □ PCH □ HCK □ R) ocroeTCR 
noH □ eAHHCTBeHHMM oabRCHeHtteM oaHopymeHHoro l □ KT □• 

8 ceere CK030HHoro BMWe (y4HTUBQH HeAOCTynHOCTb AnR AeCTpyKTHBHOro 
OHOntt30 aonbWHX MOCC MereopttTOB) OHeOHH4eCKOR BOAO, OCOAKtt OHeOHO, □ 

TOKme eemecTBO AyHu, KOTOpoe B HeA □ neKOM ayAymeM Momer OK □ 3 □ TbCR aonee 
AOCTynHUM, 4eM MeTeopttTU, npHoapeTOIOT AononHttTenbHM" H □ Y4HWV. HHTepec, 
T.K. HX COCT □ B 3H □ 4HTenbHO OTnH4 □ eTCR OT 3eMHoro. 6onee rm □ renbHOe H3Y-
4eHHe 3TttX 06beKTOB B YH □ 30HHOM euwe CBeTe MOltleT YCHOPttTb noHHMOHHe 
MeXOHtt3MO oapo3000HHR nn □ HeTOPHOV. CHCTeMU ConHuo. 

8 30Kn104eHtte _OBTOP npHHOCHT ~cHpeHHIDIO anoroAOPHOCTb ID.U.OroHeCRHY 
30 HHTepec H AOHHO~ npoane~e H ueHHUe COBeTu, ID.C.AIDTOCTOHCHOMY 30 
none3HYID A~CHyccttID, n.Kowrype H HryeH TxH ~HHb 30 nouomb B poaore. 

Y4HTUBOR BOmHOCTb POCCMOTpeHH~X npoaneM tt TO, 410 OBTOP He C4HTOeT 
ce6A cneuHon~CTOM BO MHOr~x 30TPOHYTUX eonpocox, OH 30POHee anorOAOPeH 
4HTOTenRM 30 3 □ Me40H~R B □ Apec AOHHOV. poaoru, HOTOPOH HYmAOeTCR ~ A~C
HYCC~H. 
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