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I. BBe)l;eHne 

B pa6oTe [1] o6parn.eHo BHHMaHrre Ha Kopperum;rrro Me)K;o;yoTHOIIIeHReM 

pacnpocTpaHeHHOCTeii HeKoTophlX arreMeHTOB EA. (element abundance), 

B HCXO)l;HOM nern.ecTBe acTepoH)l;OB }(A (cpep;Hrri'I pap;Hyc op6rrT. RA ~ 2,8 
acTpOHOMIIqecKHX ep;HHIIIJ;, a.e.) II 3eMJIII }( E ( cpep;Hllll pap;nyc op6:rrThl, 

RE = 1a.e;) :rr :.maqemieM :rrx nepBhlX noTeHI~:rrarroB :rroH:rr3an;nn · L1 (B Ka- .. 

qecTBe KA 6bm:rr npHHJITbi EA xoH;o;prrToB, KcH; a.B KaqecTBe J(E -·co

;o;cp)KaHIIe arreMeHTOB B riiiiOTeT:rrqeCKOM Bell.l,eCTBe MaHTliJil 3eMJIII .KEM ): 

l~(I{c~/KE~)~f(Ll) . . 
••• _,,. >o ' ' - .,:1 

(1) 

<DyHKD;liOHaibHaa 3aBHCIIMOCT:ii ( 1) 0 6'bJICHJIJiacb ripoTeKaH:rreM · npon;ecca 

MarHHTHOll cenapan;:ll::rr arre:MeHTOB.B npoTonriaHeTiio:M'o6rraKe ;o;o a:K~pen;:rr:rr 
'new,ecTBa :B;o;orib pa~il:yca CorrHeqm)i'I cHcT~Mbi:' R. OT'cro;o;a npep;cKa3hlBa

rrocb pa3JIIIqiie 3HaqeHrri'I EA· n' ncxop;Hhlx' nern.ecTBax BeHephl, 3eMillii :rr 

Map ca. Ilpe;o;cKa3aHO TaK)Ke,' qTo :B Hcxo#;:Hhlx new,ecT:Bax·rrrraHeT aeMHoro 

THna )l;OJI)KeH 6biTb p;e<flHD;JiiT ,KIICJIOpop;a ( l!Merorn.ero .BhlCOKOe riHaqeHHe 

£
1 

= 13; 6 'aB ) no cpanHeHIIIO c arre:MeHTaM:rr Na', Mg, Al, Si, K, Ca, Fe, 

COCTaBJIJIIOll.I,RMJil OCHOBHYID :.qaCTb Mace 3THX nrram:!T.' CKa3aHHOe Bhlllle 
' ' - • ; ···: 1 ~ -.- ' ' ' '• ' ' 

BbiXO)l;IIT 3a paMKII o6ll.l,eiipliHJITOrO XOH)l;pliiTHOrO llOCTyJiaTa, COrJiaCHO 
• • - \ ; - ~ ' ., ' c ' ' • 

KOTOpOMY OTHOCIITeJibHOC cop;ep)KaHIIe arreMeHTOB. B' l!CXO)l;HOM Bell.l,eCTBe 

nrraH(;T paBHO nx OTHOCHTeJibHOMY co;o;ep2KaH:IIIO B xo:H~piiTax: Hanp:rrMep, 

)l;JIJI KJiiCJiopop;a o6rn.enpHHJITO J(E '2:' 30% (MaCCOBhlX). 
B .uacToJirn.~ii pa6oTe npep;npwTa nonbiTKa yc.rpaHHTb.HMerorn.ee Me-

, - . ' ' - . ~' ' ,. 

CTO 3HaqHTeJibHOe OTKJIOHeHIIe COOTBeTCTBYIOW.liX aKcnepHMeHTaJibHhlX 

;o;aHHbiX ;o;rr~ He~oToporo qncrr~ a~eMeHTOB oT Koppelili~im, crre;o;yroui.e:ii II3 

<flopMyrrbl (1). C aToll p;errbiO Kpo,Me £1 6hlJIH yqTeHhl II ;o;pyr:rre <f>Hil:rrKo

XIIMH'!ecK:rre napaMeTphl aTOMOB Jii MOJieKyJI, ·BJIJiiJIIOll.I,He Ha nonep;eHHC arre

MCHT?B'B npoTonrraHeTHOM·o6rraKe. KpoMe Toro;:cin;errh.IO p;onorrHHTCJib:

Horo HC3aBJiiCliMOrO /];OKMaTCJibCTBa cyrn.ecTBOBaHJiiJI npep;cKa3aHHOll cena

paD;IIli arreMeiiToB Ha paH~ei'I cTap;HH ,o6pa30BaHJiiJI CorrHeqHoii cHcTeMhl 

npoaHarr:rr3HponaHhl, ;o;aH~bie no arreMeHTHhlM cocTa~aM o'6pa3n;on nopo;o; 

BeHepbi, 3eMrrii, Mapca II. xoH;o;p:rrToB B cneTe IlepHop;:rrqecKoro 3aKOHa 

.Jl.M. MeH;o;erreena . 

''{rr:;t .. ~~~:·· -~--~- ~T··t·"'!!"1'· ... 
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II. c:I>HoHKO-XHMIPiecKoe cocTO.HHHe aneMeHTOB . u IlpoToiDiaHeT
HOM o6JiaKe 

IlpiiMeM, 'ITO y KruK)l;OrO 8lleMeHTa B TipOTOIIllaHeTHOM. o6rraKe ;IJ;Oliii 

aTOMOB, HaXO)l;.H~IIXC.H B XIIMII'IeCKII CB.H:JaHHOM Nm, II cno6o)l;HOM 1 1V = 
1-Nm, cocTO.HHII.HX cy~ecTBYIOT B paimoneciiii. A B CBOIO oq~pe.nh, aTOMbi 

n HeiiTparrhHOM, No, II :Jap.H2IWHHhix, Nf'- u !V-, cocT05IHHHX, TaiOKe 6y~yr 
Haxop;IIThC.HB paBHOBeCIIII Me)Kp;y co6oii. CooTHOIIIeHII.H 'IIIcerr aToMon n 

pa3HhiX COCTO.HHII.HX 6yp;yT onpe)l;eli.HThC.H,· B OCHOBHOM, IIX OTHOCIITellbHOII 
~' 

pacnpoCTpaHeHHOCThiO, B:JaiiMHhlM XIIMII'IeCKIIM cpop;CTBOM II CTeneHbiO 

B:JaiiMOp;eHCTBII.H IIX q>opM (aTO~OB II Morrexyrr) C IIOHII3IIpyiO~IIM II:JITy

'IeHIIeM CorrH~a. Ecrrii y KaKoii-To q>opMhi 8lleMeHTa ~eHTpo6e)KHaJI co-
• • ! ' ~ ; ' ' ' 

cTanrr.HIO~a.H cKcipocTII 6Y)l;eT :JHa'IIITerrhHO.Bhiiiie, 'IeM y p;pyriix, T.e .. , oHa 

(q>opMa) 6Y)l;eT "BhlMeTaTbC.H" ~::3 CIICTeMb~, TOpaBHOBeCIIe, ynoM.HHYTOe 

Bhliiie, 6Y)l;eT HOCIITh f];HHaMII'IeCKIIH xapaKTep ... 

Haii6orree 6blcTpo II cno6op;Ho n MarHIITHOM none Comi:~a, nepo.HTHO, 

6yp;yT p;niiraThC.H. cnoGop;Hhie HeiiTparrhHhi~ aToMI'>I 8li~~eHTon, )l;Oll.H KOTO-
, . . . ~ . ' 

. phlx onp~p;erreHa i<aK N0 • • C ~ellhiO o~eHKII No npiiH.HTO, 'ITO nepo.HTHO-
, ·' ' .. ' ' ; 

, CTK )l;IICCO~IIa~nn MOlleKyrr, KOTOpbie, IICXO)l;.H II:J XllMII'IeCKOrO cpop;CTBa, 

o6p~:JymT n 8TIIX y~rronii~x ,8ne~eHT~ ,(eM:. Ta6rr.1)~ 6y~yT rlporrop~II: 
OHallbHhl. OTHOIIIeHII.HM Me)Kp;y 8Heprii.HMll pa3pbiBa XIIMII'IeCKIIX CB.H:Jeii 

B MOlleKyrrax,'n', II.BHeprii.HMII q>oTo~o~, IIcnyc:KaeMhlX CorrH~eM. MaKCII

MallbHbie 8Hepriiii corrHe'I~hlX q>oT~HOB p~Hhi, · B oc:H~nHo~, OTITII'IeCKIIM 

npep;erraM: Ln,Lne, ~ Lif.e ~T01fOB H, Jie II IIOHa He+. Cy11~ap:Hy10 ne

po.HTHOCTh perraKcall;nii co~TneTcTnyroilJ.llx: IIoHon H +, He+ n He2+ 'MO)KHO 
.' < { • " •• : • • • 

npnpaBH5ITb K,e)l;UHII~e, T.K. BO)l;Opop; II reliiiH ~OCTaBll.HIOT OCHOBHYIO Macey 
CorrH~a: . . . -- · · · ·· '· · · ' ' '' · , . 

Pn+ +Pne+ + PHe2·~· ~ 1. , . . (2) 
;·,. ., ' 

3Ha'IeHHe N, nponop~oHarrhHOe )l;Orre )l;IICco~nnponaHHhiX MO~eKy~, MO)KHO 

O~eHIITb no·. Bbipa)KeHIIIO 

N = (1~ D1P'){l '- D2P)·(l- D3P) ... (1'-'n~·P): .• j: 
(3) 

rp;e Dl ... Dn - 8Heprii.H CB.H:JII a)l;eH)l;OB, o6~ee 'IIICliO KOTOphlX B:MOlleKyrre 

paBHO n, 

p = Pn+/ Ln + PHe2+/ Lne+ + Pne+/Lne· 

· 0THOCIITellbHhle )l;Oliii OTp~aTCllbHhlX II noiTO)KIITellbHhlX IIOHOB, J- II 

J +, MO)KHO HaHTII, Y'IIIThlBa.H cpop;cTno K 8ITeKTpoHy, Ea, II noTeH~IIallhi . ' 

2 

~ 

1 
'\ 
T 

IIOHIItJa~UU DCCX BaliCHTHhiX ::meKTpOHOB aTOMOB )l;aHHOrO i-TOrO 8:Ie!-.1eHTa, 

Li. no ypaBHCHIUI1I: 

J- = EaP (4) 

II 

J+ = (1- EaP)[(1- L1P) + (1- L1P)(1- L2P) + ... 

+(1- L1P)(1- L2P)(1- L3P) ... (1- LvP)], (5) 

r)l;e L 1 ... L 11 -noTcHrinarrhi noHn:Ja~nii narreHTHhiX 8ITeKTpoHon, v - 'Inc:Io 

Ba:ICHTHhiX 8lleKTpOHOB )l;aHHOrO 8liCMeHTa. 

IIcnorrh:JY.H ypanHemrn (3) - (5), norry'IHM: . 
No= N(1- J-- J+). (6) 

I3hPIIICITeHHbie :JHa'IeHII.H )];Orrell: No aTOMOB ncex 8rrer-.H'HTOB J;aHhi 

n Ta6rr. 1. 

III. Pacnpep;eneHHe Bcex .. aJieMeHTOB Me}Kp;y 3eMneii. H xoup;pH

TaMH 

a. MeHee JieTy'IHe aneMeu;Tbi 

3Ha'IeHII.H No n pa6oTe {2] IIcnollht)OB~Hhi (nMccTo LJ) JJ;liJr no:Iy'H'

HII.ll q>yHK~ll~I,J:allbHOll JaBHCHMOCTH, a~arroni<iHOH ypaBHCHIIK) (1). C ;noii 

~ellhiO n Ka'Ie~TBC K A II K E 6hlllll npiiHHThl B XOH)l;piiTaX, J( d1i ;• Ii B II3Bt'p

)KCHHhlX nopo)l;ax 3eMrrn, K1n, cooTBeTcTne:HHo. llx oTHorne!mH B norryrro

rapnq>MII'ICCKOM l\IaCIIITa6e 6biliii OTrro2KeHhl n :JaBIICIIMOC~II oT N 0 • :3Kc

ncpHMCHTarrhHhiC )l;aHHhle 6orrhiiiiiHCTBa arreMCHT~B, eM .. EIIc.' 1, xopoiiio 

annpoKCHMIIpyiOTC.H np.HMOII: 

. 
ln(KcH/Krn)'= a+bNo, ,, ' 

(I) 

r)l;C a= -3,54 ± 0; 15 II b' = 19,4 ± 0, 71 II i).y ·_ C}H.;)l;HCKBa)l;paTIPIHOt' OTK:IO~ 
Hl~Hne ncrrii'IHHhi ln(K~/d Kill), He np~BhiiiiaiOiu,cc 0,3G [3]. 

· 0)l;HC1KO HCKOTOpbiC 6orree liCTY'IIIe 8liCMCHThl IIMCliii 'ni~<' )!~<' ;ma'III- . 

TCllbHO 60llbiiiiiC 3HC1'ICHII.H i).y, ll :JaBHC:UMOCTb IIX· 3KCnepH~~HTaJihHO Haii

)l;CHHb;X oTHOIIICHIIII 'Ken/ K1 n oT No HCY)l;OBrreTnopuTerrhHO oiiii<'hiBa:I<H'h • 

ypaBHeH:UCM (7). . ' 
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Ta6JIHQa 1 

.IJ:oJIJI CBO 60AHbiX HeHTpaJibHbiX aTOMOB B llpOTOllJiaHeTHOM 0 6JiaKe• 

Han6orree BepoJITHbie coeAHHeHHJI No Han6orree BepoJITHhie coeAIIHeHmi 
1 2 1 

H2 0,630 Kr 
He 0,925 v< Rb202 

Li202H2 0,167 SrO 
Be2Ch 0,173 Y20:i' 
B2Cl4 0,164 Zr02 · 

C(O, H, N) 0,206 Nb02 
N(O, H, C) 0,190 MoO 

O(C, N, M, H) 0,220 RuS2 
F(Al, Ca) 0,208 RhO • 

Ne 0,911 Pd(OH)4 
Na202H2 0,150 Ag3Ch 
Mg(OH)2 0,229 Cd2Cl4 

~ ' < AlOF, 0,133 InCh 
Si202 0,179 Sn02 
P02 0,217 Sb20s • 
so2 0,274 Te02 

Cl(Fe, Ni nAP·) 0,284 IH 
Ar 0,885 Xe 

" K202H2 0,109 : Cs202 
Ca(OH)2(F]2 0,172 ,BaO 

Sc203 0,156 LaO 
Ti02 0,160 H£02 

'·' 
vo2 0,171 Ta02 
CrO 0,250 wo2 

Mn(OH)2 0,216 Re02 
FeCl3[(0H)a] 0,243 Os04 

CoCh 0,243 IrOCl 
NiCh 0,310 PtOCh 
CuCh 0,224 AuCh 
Zn2Ch 0,307. HgCh 
Ga20 0,160 ThClG 
Ge02 0,221 PbCh 
As203 0,236 : BiO 
SeO 0,274 Th02 
BrH 0,440 uo2 

- - ---

CM. pa6oTy [2]. 

4 

-
No 
2-

0,887 
0,136 
0,113 l 
0,119 
0,143 
0,092 
0,246 
0,330 
0,285 
0,272 
0,241 
0,356 
0,178 
0,241 
0,184 
0,268 
0,573 
0,770 
0,130 
0,061 
0,075 I 
0,166 
0,110 I 

0,240 
0,238 I 

0,330 
0,315 
0,304 
0,286 
0,458 
0,188 
0,225 
0,158 
0,050 J, 

0,100 

~ 

a. Borree rreTyque arreMeHThi 

8rreMCHThi, IIMe'miiJ.IIC HC06'bJICHIIMO BhiCO~IIC tmaqeHIIJI D.,y - GTO ra-

300 6pa3Hhie IIllli HII3KOKIIn.arn.Iie GireMCHThi: N; 0, F, N e, Cl, Ar, Zn, Br, 
Kr, Cd, J, Xe II Hg .. MeTallllhl Zn, Cd II HgK T~MY :IKe He IIMCIOT KOH

rpyeHTHo Kim.aii.iiix oKCIIp;oB. O'IeBIIp;Ho, p;rr.a yKanaHHhlX Bhliiie ''rreTy'Irrx" 

GlleMCHTOB IICIIOllh30BaTh paBeHCTBO KE = K1R, KaK GTO 6:hlrro rrpiiH.aTo 

BhiiiiC !l;liJI "HCITCTY'IIIX" GliCMCH~OB, HCllhnJI . .IJ:pyriiMII CliOBaMII, B p;aHHOM 

crry'Iae cri:ep;yeT y'IeCTh KoG<P<PIIu;IIeHT:hl B03M02KHoro o6orarn.e:HII.a II3Bep-

f " " c u 2KCHHhiX rropop;, , liCTY'IIIMII GliCMCHTaMII. GTOII D;CllhiO OIJ;CHIIM IIX 

c rroMorn.:biO ypaBHeHrr.a: (KcH!~E)(7)/(KcH/KIR)= K 1R/KE = j, 3p;ecn 

(KcHfKE)(7) rrorry'IeHo ITO ypaBHCHIIIO (7). ... , . 

B Ta6rr. 2 yKa3aHhi TaKIIe ::ma'!eHrr.a f, KOTophle Tpe6yiOTc.a p;rr.a corrraco

BaHII.a COOTBCTCTBYIOIIJ.IIX p;aHHb~X liCTY'IIIX GliCMCHTOB C ypaBHCHIICM (7). 

Ib GTIIX p;aHHhiX M02KHO BIIp;eTh, 'ITO y XIIMII'IecKII aKTIIBHhiX rreTy'IIIX 

GlleMeHTOB (ycrroBHO c No < 0, 5) ~3Ha'Ienrr.a. f rre2KaT B IIHTepBarre 3 + 60, 3a 

IICKliiO'IeHIIeM Br, p;rr.a KOToporo f = 740 rrprr No = 0.440. Ecrrii y'IeCTh 

KpOMe p;n<P<PY3IIII GliCMCHTOB II. KOHBCKD;IIIO BCIIJ.CCTBa B MaHTIIII 3CMliii 

[2, 4], TO GTII 3~a'ICHIIJI f B IICpBOM IIpii6liii~CHIIII M02KHO IIpiiHJITh B Ka'IC

CTBC pearrhHhiX KOGcp<l:>IID;IICHTOB o6orarn.eHHJI XIIMII'ICCKH aKTIIBHhiMII Glle

MCHTaMII , fa.e.; liiiTocq,epbi (II3BCp2KCHHhiX rropop;). ; , 

ll3BCCTHo [10], HarrpnMep,- 'ITO orrpep;erreHHbre op;HonpeMeHHo p;rr.a Zn, 
Cd II Hg B IIHTepMeTarrrre InSb rrpil T < 800KKoG<P<P1ru;IIeHThi p;II<l:><PY3IIII, 

(Do/cM2c-1) · 106, paBHhi: 1,6, 10 .H 4, COOTBCTCTBCHH<)'. Mo2KHO BII!l;CTh, 

'ITO COOTHOIIICHIIJI yKa3aHHhlX Do corriacyiOTCJI C COOTHOlnCHIICMfa.e. GTIIX 

GrreMeHTOB (eM. Ta6rr.2)., · 

Mcrrollh3YJI fa.e., M02KHO npii6rrn2KeHHo ou;eHIITh KE p;rr.a TaKIIX liCTY'IIIX 

GliCMCHTOB B IICXO!l;HO:r:r BCIIJ.CCTBC 3eMliii, KOTopme C TO'IHOCTbiO, cp;erraH

Horo p;onyrn.eHIIJI 6yp;yT corrraCOBhlBaTbCJI C ypaBHCHIICM (7), CM; Tit6ll~ 2. 

Op;HaKo, XIIMII'IeCKII IIHepTHhle GlleM~HThl cN0 <·0,5 (Ne, Ar, Kr, Xe 

II J) p;rr.a Toil :IKe u;errrr flY2Kp;aiOTc.a B 3Ha'Iemr~x j, rre2KaiiJ.IIX B IIHTepBarre 

104 + 106. TaKIIe o'IeH~ BhlCOKHe ~Ha'IeHrr.a p;rr.a _co,oTBeTCTBYIOIIJ.rrX KoG<P<l>rr

n;IIeHTOB o6orarn.eHIIJI IIHCpTHhlX GliCMCHTOB, .he,' IIpiiH.aTh p;a2KC B HYliCBOM 

IIpii6liii2KCHIIII He npep;cTaBliJICTCJI B03M02KHhiM. . . 

C D;CllhiO npeop;OliCHIIJI GTOrO HCCOOTBCTCTBIIJI, IIpiiMCM, 'ITO XOHp;piiThl 

- GTO OCKOliKII riiiiOTCTH'ICCKOH II1IaHCThi, KaKOC-TO BpCM.a CYIIJ.CCTBOBa

BIIICH Ha op6IITe co cpep;HirM pap;rrycoM Ri = 2, 8a.e~ Ilocm! <J>parMeH

Tau;IIII IIllaHCThl, BCIIJ.CCTBO. cpparMCHTOB ('IaCT~HO pacnrraBliCHHOC ("KII-
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!Dllli,CC"), T.K. B HC;J;pax IIllaHCThl )1;0 3TOrO 6hlliii_ BhiCOKIIC TCMTICpaTypa 

II )l;aBliCHIIC) Morrro B 3HR'lliTCllhHOII Mepe IIOTCpHTh r~noo6pa3HhiC 3:IC

:::VICHThl, HC IIMCIOlli,IIC B 3TIIX JCliOBilliX IIpO'IHhiX XUMU'ICCKHX CBH::H~ir C 

MCHec rreTy~xnMn :J::rel\ICHTaMn. Crrep:onaTerrhHO, rrpii6rrn~eHHOe paneHcTno 

J(A = KcH, ncrrorrhnyeMoe paHee )l;mi XIIMII'ICCKII aKTIIBHhiX rreTy~mx :J::re

MCHTOB, B p:aHHOM crry'!ae IICIIO:Ih30BaTh HC1Ih3H. 0'ICBII)];HO, 'ITO ;:J::XH xii~ 
MIPICCKH liHCpTHhiX liCTJ'IIIX 3ll~MCHTOB 6yp:eT CIIp~BC)];liiiBO HepaB~HCT,BO 
KA > KcH H Torp:a (KA/ KEh/(Kcu / J(JR) :He 6y)l;eT panHo KJR/I(E· C::re

n:omlTerrhHo, y HHCpTHhiX liCTTIHX 3iiCMCHTOB K03!lJ!lJUIIIICHThi o6orameHIIH 

he. = KIR/ J(E cTaHoBHTCH corrpH)KCHHhiMII c Koa¢l¢lnumiHTa:::vm ux o6c

::J:HCHIIH J:.e. = KA/Kcu· Ec:m IIP.IIHHTh, 'ITO he. =I fe.l, TO IIX3Ha'ICHIIH 

6yp:yT ITC)KaTh B IIHTCpnarre Jf04 7 .JI06. 3Ha~ICHIIH he., paBHhiC 102 -;..103
• 

J:IKC CTaHOBHTCll 6orree IIpHCMliiiMhiMII B Ka'ICCTBC rrcpBhiX rrpn6::riDKCHIIIi K 

IIX IICTIIHHhiM 3HC1'ICHIIHM, oco6eHHO, ecrrn Y'ICCTb, 'ITO o6'bC:::VI :niToc!lJcphi 

3Ha'IIITCllhHO l\ICHhWC o6'bCMa 3eMllll. Ilo3TOMJ, he. (u J;.e.' KaK COIIpH)Kl'H

H:VIO c Hell: ncmr~nmy) TaK)Ke MO)KHO ncrrorrbnonaTb )l;liH rrpn6::rmKeHHhiX 

oucHOK J( r;( K A) n paMKax .)l;aHHoro )l;OIIJIUCHIIll (eM. Ta6rr. 2). 
B Ta6rr. 2 n Ka'IecTne Kcu yKa3aHhi KOHIICHTpaunn Nc: Ar, Kr II'Xe 

n TyrorrrranKOII !lJpaKIIIIII ( chromite), Kc1., xoH)l;piiTa; ArrrrcHp:c [5]; · T~·
ronrranKIIe !lJpaKllllli BClliCCTBa !lJparMCHTOB riiiTOTl'TII'ICCKOll IIIThHCThi. ec:m 

n Morrrn 6hiTh pacrrrranrreHhi;· TO p:orr)KHhi 6bmn 6hi :KpiiCT<1imn3oB~lThC:ll 
nHa'IIITCllhH~ paHhrne ocHOBHOH ~racTII IIX nemecTB<L IloaTm.Iy rrpii)Ie:::VI. 

'ITO p:rrH rrcTy'lnX IIHCpTHhiX ~rreMeHTOB Kch > Kcu· · 0Tcm;~:a rro::ry'I<'H

HhiC 3Ha'ICHI:IH he. U J;.e. 6y)l;yT HBliHTbCH COOTBCTCTBYIOIUIIl\UI IIpl';;:J;P:Icl:::viii 

ncTIIHHhlX 3Ha'ICHIIH 3TIIX Koa¢l¢liiiiHCHTOB (eM. Ta6rr. 2). 
B Ka'!ecTne J(E nHepTHhiX ra3on' n Ta6rr. 2 nnHThi nx Kud he.· (OT

MCTIIM, 'ITO. corrracHO ypanHeHiiiO (7), Terr.a, rrorrap:aiOlli,IIC Ha IIllaHPT)" C 

BHCWHIIX op6IIT i);Oli)KHhlliMCTh 3Ha'IIITCllhHO OTliii'IaK)lllli{IC.ll ;)iJcMPHTHhiii 

cocTan OT coci'ana p:aHHOH rrmtHCThi. B 3T9M crry•me nHcpTHhil' ranhi. rrpn

HOCIIMhle Ha IIllaHCThi H3 KOCMOCa, 6y)l;JT IICKa)KaTh IICXO)l;HhiC OTHOCII

TCllhHhiC cocTaBhi raaon' B rrrraHeTapHhiX aTMoc¢lepax. IloaToMy npll)l; ::rn 

uerrccoo6pa3HO )l;liH EA IIHCpTHhiX ra3on n .ncxop:HOM newecTne 3e:-.I:III n 

rrrraHCT 3CMHOrO TIIIIC1 6blliO 6bi IICIIOllh30BaTh IIX CO)l;Cp:JKaHIH' B aT!\IOC!lJ<'

pax 3TIIX II1IC1HCT [2, 6]). 
ll3 cKa3aHHoro 'nhiWe MO)KHO BII)l;CTh, 'ITO n p:aHHOM crry•nw ;p.ll cor:xa-

conaHIIH COOTBCTCTBYIOIUHX p;aiiHhiX liCT)"IIIX 31ICMCHTOB C ypaBH<'Hlll':-.I (i) 
Hco6xop;IIMO 6bmo rrorry'IIITh rrpneMliCMhiC 3Ha'ICHIIH /a.c., he. II J:.i .. Ta

KII:III o6pa:JOM, C TO'IHOCThiO Ci];CllctHHhiX Bhlilll' ;IJ;OIIYllll'HIIIi II IIO:IY'H'Hh!X 
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::3HaYJ:eHIIII KOG¢qliiiJ;IIeHTOB 0 6oraliJ;eHIIJI ( 0 6e)];HeHII.li) COOTHOWCHIIli KOH

UCHTpaiJ;IIII B xoH;:~;pnTax II 8e1vme y ncex xu:vrwrecKIIX Grrc::..IcHTon Tcneph . ' . . .• 

cor;racyroTCK c npoTeKaHIIeM npou;ecca IIX cenapau;IIn B npoTonrraHCTH011 

o6;raKe. 

I1:3 ;:~:aHHhiX Ta6rr. 2 :MO.IKHo TaK)Ke BII)J;CTh, .'ITO J(A y rreTyYJ:rrx Grrc::..reH

Ton, rnreiOlr(IIX )J;OCTaTOYJ:Ho 6orrhWIIe No, 3aMCTHO npcnocxo)];IIT I;X J(E, 

KaK u y MCRee rreTyYJ:ux GJICMCHTOB [2]. KpoMe Toro, Bei.IJ;ecTno 3cMrrn (nn

;:~;n::-.w, II n:IaHeT 3CMHoro Tima) o6e)];HCHo, no cpanHeHnro c CorrHu;eM, Grre

::..reHTa::..m c No > 0, 2. HanpiiMep, MaKp'oGrreMeHT KIIcrropop; (No = 0, 208) 

II::..IeeT OUeHO'IHOC 3HaqeHIIe J(E nOYJ:TII B Tpll pa3a MCHhWe, 'ICM TO, KO

TOpoe ::O.IO)KHO 6bll!O 6bi O)KII)J;aTh, IICXO)J;K II3 XOH)J;piiTHOfO noCT.)'ilaTa ( CM. 

BhiWe). 

J:(e¢IIU:IIT KIICiiOpO]];a B BClr(CCTBC MaHTIIII 3eMJIII, O'IeBU)];HO, )J;OJI)KCH 

npOKBIIThC.li npu II3.)''ICHIIII GileMeHTHOfO COCTaBa rrry6IIHHbiX ¢liiOII)J;OB. 

Omr npii GTOM )J;Oli)KHbi o6oraliJ;aThCK MeTarrrraMII,-oco6eHHo IIMCIOI.liiiMII 

::O.ICHCC .)'CTOII'IliBbiC OKCII)J;hl II JieT.)''IIIC ¢opMbi (MeTaliJihi, fii]l;pii)J;hi, :XliO

pii)J;hi, cyrrh¢np;hr, HII3WIIe OKCII)];hi, opraHIIYJ:ec~lle II p;p. cocp;IIHeHr:m). HecMo

TPK Ha CJI.liCCTB.)'IOlll;IIH ¢oH ( TCXHOfeHHhiH II KOCMII'ICCKIIll [3]), B MeeT aX 

pa3rpy3KII TaKIIX ¢rriOII)J;OB ynoMKH.)'ThiH G¢¢eKT )];Oli)KeH OT'ICTJIIIBO npo

.l!BliKThCK. B pa6oTe [2] yKa:JaHhi II gpyriie B03MO.IKHhie crregcTBIIK p;e¢II

UIITa KIICliOpO]];a B MaHTIIII 3eMJIII II nrraHCT 3CMHOfO TIIna ( CM. TaK2!<C [7]). 

0TMCTIIM, 'ITO)J;liK KIIcrropoga nerriiYJ:IIHa KcH = 35%. (Macconhrx) norry

'ICHa 6e3 .)''ICTa KIIcrropop;Horo 6apbepa 3CMHOH. aTMoc¢ephr. JJ:erro n TOM, 

'ITO XIIMII'ICCKII. HCHaCblliJ;CHHOC KIICiiOpO)J;OM BCliJ;CCTBO ¢parMCHTOB MaH

TIIH nmoTeTIIYJ:ccKoil urraHeThr p;ocTII'Ih nonepxHoCTII 3eMrrii He MO.IKCT. 

Bee MaKpoMeTaJIJihi (Na, Mg, Al, Si, K II Ca) O'ICHh XIIMIIYJ:eCKII aKTIIBHhi 

II npu conpiiKOCHOBeHIIII C aTMoc¢epOH 3CMliii 6ygyT cropaTb. B ee KIICliO

·PO)J;C C o6pa30BaHIICM 6errhiXMCiiKO)];HCnepcHhiX OKCH)J;OB, cnoco6HhiX Bbi-

3biBaTb cneYJ:eHue He6a. OYJ:ennp;Ho, 'ITO npu BXO)J;e B aTMoc¢epy 6orrhwoii: 

MaCChi TaKOfO HCHaCblliJ;CHHOfO KIICiiOpO)J;OM BClr(CCTBa B03M02KCH £3phiB, 

m1noMrmaiOI.IJ;IIi1: TyHryccKoe co6brTue, a npu Marroil Macce - MCTeophr. I1o-

3ToMy, CCliii OTHOCIITCllhHhHI 3liCMCHTHhiH COCTaB 'fyHryccKoro MCTeOpiiTa 

(T.lvl) OKa)KCTCK 6liii3KIIM K COCTaBy XOH]];piiTOB, TO cpe]];II acTepOII)];OB )J;Oli

.IKHhi 6hiTh npep;cTaBIITemr, cnoco6Hhre ropeTh n aTMoc¢epe 3eMmi, T.e. 

CO;:J:Cp.IKaliJ;IIC nOliiiMCTallllhi, OCTaBWIICCK HC~KliCJICHHhiMII II3-3a ge¢IIU:IITa 

KIICiiOpop;a B MaHTIIII IIX MaTepiiHCKOH UJiaHCThi. 

8 

~I 

l 
! 

I~ 
i 

IV. Cenapan;II.ll ::meMeHTOB B Conuequo:H <:;IIcTeMe B cBeTe IIepii
o~II'lecKoro3aKona 

C IJ;CilhiO )J;OKa:JaTCllhCTBa C.)'lll;CCTBOBaHIIK npou;ecca cenapau;nn 3liCMCH

TOB B npoTonrraHeTHOM o6.rraKe, 6biiTO _cgerraH:oj~orrylr(CHIIe 0 C.)'lr(CCTBOBa

HIIII nmoTeTuYJ:ecKoif nrraHCThi .. C u;err!,ro oKcm-9:aTerrhHoro )J;OKa:JaTeJihCTBa 

C.)'liJ;eCTBOBaHIIC ynOMKH.)'TOfO BhiiiiC npou;ecca HC06XO)];IIMO II )];OCTaTO'IHO. 

6yp;eT noKa:JaTh, 'ITO OTHOCIITCilhHhiC 3iiCMCHTHhle COCTaBbi C.)'lr(CCTB.)'IO

Il.IIIX nrraHeT, HanpnMep, BeHephi II Mapca, ntK)Ke :JaBIICKT OT No II OT 

cpep;Hnx pap;uycon ux op6nT, R;. 
B HaCTOKI.IJ;ee npeMK II3BecTHhi pe3.)'llhTaThi 3liCMeHTHhiX aHarru:JoB liiiiiih 

HCCKOilbKHX o6pa3u;on nonepxnoc-i'Hhlx nopop; BeH.ephi [7] u Mapca [8]. 

OcHOBHoil TPYAHOCThiO )];l!K ucnorrh:JOBaHII.li 3TIIX gaHHhiX c yKa:JaHHOH 

BbiWC Il;CllhiO KBli.liCTCK "¢oH", o6ycrrOBJICHHhiH npou;eccaMH p;u¢¢epeHIJ;II

an;IIII BCliJ;CCTBa B Terrax nrraHeT: 

B pa6oTax [2, 3] 6hl:rro npegrro)KeHo 3TH gaHHhle.aHaliii3IIponaTb B cneTe 

ilepHO)J;H'ICCKOro 3aKOHa. 

C Il;Cllh~ noKCHCH~· 3TOro crroco6a, cpaBHHM COCTaBbi )J;B.)'X 3CMHbiX 

nopo]];, IIMCIOlll;HX pat3HbiC. CTeneHII M~TaMop¢II3Ma [2], - 3TO n3:8'ep)KCH

Hbie II Kap6oHaTHhiC nopO)J;hi. 8rreMeHThi pa3HhiX rpynn ilepiiO]l;II'ICCKOH 

cucTeMbi: N a, Mg, Al, Zr II .p IIMeiOT cpegHeKnagpaTII'IHbie OTKliOHeHIIK ux 

EA B 3THX nopop;ax OT cpep;HIIX t:maYJ:~HIIH EAno o6eiiMnopop;aM paBHbie: 

0,61, 0,32, 0,79, 0,80 II 0,3·6, cooTneTcTneH:Ho. · 

B Tex )Ke nopogax OTHoweHIIJI KOHIJ;eHTpau;IIif I<(l)/ I<(2) y p;nyx GrreMeH

TOB Z(l)iZ(2), nprmagrre)Ka~ux K og~oif II Toil )KC rpynne: Na/K, Mg/Sr, 

Al/ Jn, Ti/Zr II P j As, IIMeiOT cpep;HeKnagpaTII'IHbie OTKliOHeHIIK oT cpe

)J;HIIX :JHaYJ:eHIIif 3TIIX )Ke oTHowennH:no p;nyM nopop:aM panunre: 0,12, 0,16, 

0,08, 0,26 II 0,08, COOTBCTCTBCHHO., I1:3 3TIIX gaHHbiXMO)KHO BII)J;CTh,. 'ITO 

TaKIIM cnoco6oM: nocrrep;cTniii pa3Horo no. rrry6IIHe MeTaMop¢II3Ma nopop; 

MOf.)'T 6biTb CHII)KeHhi ~0 MIIHIIM.)'Ma. ' 

0TMCTIIM, 'ITO c .onpegerre.imoil ocTopo)KHO~ThiO MO)KHO cpanHnnaTb 

OTHoweHIIH KOHIJ;CHTpau;nH: y GrreMeHTOB, B3.l!ThiX ·II3 pa3HhiX rpynn ITe

puop;uYJ:ecKoH CIICTCM~, HO ~MCIOI.IJ;IIX 6ITII3KIIC. M~·)K]l;.)' co6oif HCKOTOpiue 

XIIMII'ICCKIIe CBOllCTBa • 

Ha Puc. 2 B norryrrorapn¢Mn'IeCKOMMacwTa;6e 3KcnepiiMei.ITallbHhle 3Ha

'ICHIIH J((l)/ I<(2) nopop; BeHephi, 3eMrrii, Mapcan xoHp;pnTon OTJIO)KeHhi n 

3aBIICIIMOCTII OT Rl- llpii 3TOM 3liCMCHThi z(l)IIZ(2) IIMeiOT No(l) > No(2)l 

COOTBCTCTBCHHO (eM. Ta6rr.1). . 
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VIII CoFe RJ~rRu e 
vn Mn Re ' · 1 '11 X 

VI ' W MoGreSeS Q 

V. l'tl To Bi ~ A'S"-' ...... '"' "-I I I I P. . 
. IV Zr, TtHrSi CGeSn : Q 

llhlo UYGa,_;\.'\1' '~ .. 
I I I I 1\ ~~ I 

2-! Lg(!<ca/KtRl Al B . . . ....-

o-t ~ ~"·_+ •ll: v Gl ' 

-21 ~ I~_ 
- 4 I B,a Sr Ca,~e M,g 0 

I K,Cs~,NqZi ~ A,9 A}l • 
0 0,1 Q2 Q3 0,4 No 

Puc. 1. 3anncll:);IOCTb (7): ln(KcH/ KIR) oT No rrpep;cTan:reHa B ;xeor
TU'!HhlX rrorapmpMax. C;:rena yxa3aHbi HoMepa rpyrrn Ilepnop;n'!ecxm"r cn

cTeMhl, K KOTOpbiM IIpUHap;rreJKaT 3lieMeHThl pa3MellleHHbie B CTpOTIKY B 

COOTBeTCTBIIII C UX No, a crrpana - 3HaKII1 C IIOMOlllblO KOTOpbiX Ha pii

cyHKe OTMe'!eHbl UX 3KCIIepiTh1eHTalibHble )J;aHHble. 

A 
2 4 6 

Prrc. 2. 3anrrcm.rocTb lnE( 1Ji K(2) oT R; )];ill! nemecTB BeHephl-V, 3e~tmr
E, Mapca-M u xoH;tpnTon-A, rro )l;aHHbiM [3). 
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Ta6mu~a 3 

IlapaMeTpbi np.HMOH {8), l H No( 1)/No(2) 

Zt/Z2 A B l No(J)/No(2) lj(No(J)/ No(2)) 
CM. Ta6n.·-} 

Mg/Ca -0,60 0,34 1,42 1,33 1,07 
Mg/Sr 4,00 0,70 2,00 1,77 1,13 
Ca/Sr 4,35 0,35 1,42 1,29 1,10 
Al/U 10,45 0,37 1,44 1,33' 1,08 . 
Fc/Al -0,65 0,43 1,51 1,82 0,85' 
Si/Ti 3,95 0,28 1,24 1,12 1,11 ' 

ll(HPHtlla HU:JKOrO Ulla'-ICHHH, O'-leBllA110 1 MO>KCT naKJIIO'-IaTbC.H B TOM, 'ITO B ;J;ai-IliOM c:ty'-lae IIC YtiTeHa 

paannua MarnnTHhiX cnoi'kTB Fe n AI. • 

Ta6mn~a 4 

3na•tenu.a I = .Vo(l)/.Yo(z) H OTHOlllenne KOHUeHTpaunii aneMeHTOB Z1 H Z2 a 
paanhiX MaTepnana.x: IR - HOBep)KeHHhle nopOAhl 3eMJIH 1 Sh - MeTeopHTe 

Shergotty [15], M - nopoAw, oio6panuwe na Mapce [12], CH ·- K.".MeHHhl~ 
XOHAPHThi [16], TTM H C<l>TM - Top<I> [1 i] H CHJIHKaTHhte ccl>,epy.~w [18], 

oTo6paHHhte na MecTe naAeHH.H Tl'vl. -

NN Zt/Zz I IR Sh CH TTM 
n/n (M) (C<t>T~I) 

1. Mn/Sc 1.32 43 3. 102 (7 -10") 
2. Mg/Ca 1.33 0.6 0.9 10 

' (1.3) 
3. Na/K 1.38 1 5 8 
4. Ca/Sr 1.52 91 170 103 

(530) 
5. Mn/Cs 1.66 103 2 ·104 (10'') 
6. Ag/Rb 1.77 8- 10-• 2. ro-3 3. 10-2 

7. _Al/Eu 1.77 7 ·10'1 2. 105 8 ·106 . ' 
8. Ag/Cs 1.85 7- ro- 2 1 ( 4 )' 
9. ::..Ig/Sr 2.03 62 2 ·103 3: 105 . (7. 102 ) 

10. Fe/U 2.43 2 -ro• 106 2-107 :::: 7. 106
" 

11. Au/K 2.62 2- 10-7 ~ 4 -10-s 2 -io-·• : ro--• 
12. Ir/K 2.76 5- 10-• 2. 10-7 6- ro-• 
13. Be/Ba 2.84 7- ro-' 0.2 : 0.1 
14. Hg/Cs 3.53 . 0.1 30 '11 
13. Pb/Ba 3.69 3 -.w-2 o.r·-· ·- O..t 
16. ;..Ig/Ba 3.73 55 3 ·10" 2. 10'' 
17. Zn/Ba 5.03 0.2 -OA 102 2 · 101 

18. H!!:/Ba 7.31 2- ro-• 0.5 2. 10' 

• - no Ko:tLIIaM ;;cpenLen n MerT" na:tPHl!Ji T~I (IlPpP:tLtrnn B.II. ). 
"" • B H, L xon;~puTax., 
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8KcnepnMeHTaiihHhie TO'IKH Ha Puc. 2 annpoKcnMnponaHHhi K npli~IhiM: 

ln(K(l)/ K(2)) =A+ BRr, (8) 

rue A nponopunoHarrhHhi Ink, r)J;e k - KOHCTaHThi, B03M02KHO, o6ycrronrreH

Hhie EA G:Ie::\IeHTOB n MaKponapaMeTpaMn, HanpnMep, onpe;a;errl!IOIUIDIII 

rreHTpo6e2KHJIO COCTaBll.liiOIIIJIO CKOpOCTII IIX aTOMOB D npoTon::raHCTHOM 

o6rraKe, B- nponopunoHarrhHhi lnl, r)J;c l- KOHCT~lHThi, nepo.liTHo oTpa:IKa

IOIUIIe pa3HHI1Y <lJimiiKO-XIIMII'!eCKHX cnolicTB cpanmmacMhiX GlleMeHTon, 

HanpnMep, OTHornemre: No(l)/ No(2)· _,;· 
B Ta6rr. 3 npe;a;cTanrreHhi 3Ha'!eHH.li A, B, l II No( I/ N0 (2), Bhr~mcrreHHhiC 

no )laHHhiM Ta6rr. 1, II OTHOWeHII.li lj(No(1)/No(2))· Jib 3TIIX p;aHHhiX MO:IKHO 

BII;leTh, 'ITO 3Ha'!eHII.li [, norry'IeHHhie no p;aHHhiM 3lleMeHTHhiX aHallll30D 

nopo)l KOCMH'IeCKIIX Tell C nOMOIIIhiO IJepiiO)J;II'!eCKOfO 3aKOHa, II OTHOWC

HIIH No(1)/No(2)' Bhi'IIIClleHHhiX, IICXO)J;.ll II3 <lJII3IIKO-XIIMII'IeCKIIX CBOHCTB 

GITeMeHTOB, COfllaCJIOTC.li Me:IKp;y C060H )J;ll.ll pacc~oTpeHHhiX nap 3lleMCH

TOB. 
KpoMe Toro, 'ypanHeHIIe (8) npii6rrn2KeHHO oniichlnaeT aHarrorwiHhie 

;:taHHhie p;rr.ll Ten, <lJopMIIponanrnnxc.li Ha nepii<lJepiiii CorrHe'IHOH CIICTeMhi. 

HarrpiiMep, OTHorneHII.li K(l}! J((2) p;mi rraphl XIIMII'IecKIIX aHarroron yrrre

po)J;a (No = 0, 206) II KpeMHII.li (No = 0, 179) B Il3Bep2KeHHhiX rropop;ax 

3eMliii, XOH)J;piiTaX II B IIhlliii KOMeThi farre.ll [9] paBHhi: 7 · 10-4, 2 · lQ-3 II 

13, COOTDeTCTBeHHO. 
Crre)J;onaTerrhHO, rrocTanrreHHYIO DhlWe 3a)J;a'Iy o 6orrce cTporoM p;oKa-

3aTerrhCTBe cymecTnonaHII.li rrpouecca cenapauiiii GrreMeHTOB n npoTonrra

HeTHOM o6rraKe [1] MmKHO C'IIITaTh perneHHOH C )J;OCTaTO'IHOH CTeiieHhiO 

;:J;OCTOBepHOCTII. 
· TaKIIM o6pa30M, OTHOWeHHe KOHUeHTpau;IIH )J;BYX 3lleMeHTOD Z1 II Z2 D 

o6pa3uax nopop; pa3HhiX nrraHeT (Ten) CorrHe'IHOH ciicTeMhi p;orr:IKHO oTrrii

'!aThor Me:IK)J;Y co6o:ii, ecrrii oTHorneHIIe N0(1)! N0(2) = l p;ocTaTO'IHO nerriiKO 

_ u XIIMwrecKIIe cno:iicTna cpaBHIInaeMhiX GrreMeHTOD B cooTBeTCTBYIOIIIeii 

Mepe COnOCTaBIIMhi. 8To 06CTO.liTellhCTBO MO:IKeT 6biTh norre3HhiM npii 

OIIpep;erremm npiiHap;rre:IKHOCTII aHaliii3IIpyeMhiX MaTepiialiOB K TeM IIliii 

HHhiM MaTepiiHCKIIM TerraM CorrHe'IHOH ciicTeMhl, IIMeiOIIIIIX pa3Hhle R;. 

HarrpiiMCp, H3 ;a;aHHhiX Ta6rr. 4 MO:IKHO BIIp;eTh, 'ITO no OTHOCIITellhHOMY 

::liTe~reHTHOMY cocTany nopop;hi Mapca II Shergotty. ::JaHIIMaiOT npoMe:IKy

TO'!Hoe norro:IKeHIIe Me:IKp;y COCTaBaMII nopop; 3eMliii II XOH)J;piiTOB. B TO 

:iKe npeM.li cocTanhi TTM II C<l>TM Haii6orree 6rrii3KII K cooTneTCTBYIOIIIIIM 

;:J,aHHhiM xoHp;piiTOB. B GTOII cn.ll3II 3aMeTHM, 'ITO II30TOIIHhlH cocTan Pb n 
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TTM 6rru3oK K TaKoBoMy y 2Kerre3Hhl~ MeTeopiiTo~ ~pyniihl Ilrpynnhr [19]. 

8TII <PaKThi, O'!eniip;Ho, MO:IKHO o6'h.liCHIITh TeM, 'ITO Shergotty reHeTH'Ie

CKH CB.li3aHhi c MapcoM, a TM - .c xoHp;piiTaMII (acTepoiip;aMII). Op;HaKo 

B3phiB TM 6hm B03M02KeH liiillih, ~ TOM crry'!ae,· ecmr, B OTliii'IIIII OT XOH

JJ;PHTOB, B ero COCTaB BXO)J;IIliii ITOliiiMeTallllhl, HeCBJI3aHHhle C KIICliOpop;OM 
( CM. BhiWe). . 

3aKJIIO'IeHHe . 

1. ConoKynHocTh II3rro2KeHHhrx n:hlrne p;aHHhlx p;ocTaTo'!Ha, '!To6hl rrpo

uecc cenapauiiii GrreMeHTOB n npoTonrraHeTHOM o6rraKe H3 pa3p.llp;a riiiro

Te3hi rrepeneCTII B pa3p.llp; pearrhHO cyiiJeCTBYIOIIIIIX <PII?IIKO-XIIMII'IeCK~; 
npoueccon. 

2. llcXO)J;HOe BeiiJeCTBO 3eMITII (nii}i;IIMO, II UllaHeT 3eMHOfO TIIna) B pe~ 

3YllhTaTe 3TOfO npouecca )J;Oli2KHO {)hlTh o6ep;HeHO KIICliOpO)J;OM II p;pyriiMII 

GrreMeHTaMII c BhiCOKIIM 3Ha'!eHIIeM ·No 
AnTop npnHociiT cnoiO 6rrarop;apHOCTh 'Irr.Kopp.'PAH npo<lJ. IO.IJ;.Ora.:. 

HeC.liHY II aKaP;. PAH, npo<lJ. B.<l>.MJicoep;onyoa IIHTepec Kpa6oTe II p;-paM 

B.II.IIeperrhrriiHY II C.H.,I(MIITpiieny 3a norre3HYIO p;IIcKycciiiO. 
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