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Tonctoe K.A. P6 - 11677
Cuepxraxenne s7eMeHTH B SBOMIONHN 3eMiM # Manwx Nnapet

Conocraenawresa Aankble No CTPOEHHI® H spodpusn 3emik, JIyHk # acTe~
PoHADE, BKAKOYAHA BpeMS= rpaanrauuouﬂoﬁ KoHOoeiuCallky naadHeT H3 NappHYHOID
raaa - npiaesoro obnaka, NKOTOK Tenna, BpeMs oBpa3cBaHHA Kopel, NAOTHOCTb
H copepwanue anemeinTob. [ToKasano, WTD SHEPTHA BKKPAUHH B GARHOAKTHBHO-
r'o paciiaga ypaHa, TOpHS H 40]'(_H|=_-I:m(:'l‘£i‘1‘o'-ma nna ofbACHEHUI sBOMIOUHK,

B ocobentocTh fIyEul # acreponaos. [IpnBoasaTcH RaHHLe 00 BPEMEHM XHIEM
CBEpDXTAXEONLIX 3NCMEHTDB H A8eTCH DIeHKA BO3IMOMHOIO UX COAEepXAHHA B
3eMHBIX, NYHHBIX H METEDPHTHHIX noponax. IIoxaaano, 4To sBoMOUAH OnaHeT
B MX 3HepreTHyeckuil SamaHc MoTYT GhITh OGBACHEHH HA DCHOBE 3IHEPrHH pa-
OADAKTHBHOID pacliaga CBEPXTHXE/bIX 3NeMeHTOoB,

Pabota pmlionzena B JlaGopaTopus Buicokax saepruft OHUAHM,

Coobuenne Ob6beauHeHHOro MHCTHTYTa daepunix xccneacmanmh, dyGua 1978

Tiution of planets and their energy balance can be explained using

Tolstov K.D, P6 - 11677

Superheavy Elements in the Evolution of the Earth,
the Moon and Asteroids

Data on the structure and evolution of the Earth, the Moon
and asteroids are compared, The time of gravitational planet conderd
sation from primary gas-dust cloud, the flux of heat, the time of
crust formation, the density and content of elements are considered,
It is shown that the energy of accrations arnd U, Th ard 4%
radioactive decay is insufficient to explain the evolution, in particu-
lar, of the Moon and asteroids. Pata on the lifetime of superheavy
elements are presented, An estimate of their possible content in ter-
restrial, lunar and meteorite ores is made. It is shown that the evo-

the radioactive decay of superheavy elements,

The investication has been performed at the Laboratory
,of High Energies, JINR,

Communi.cation of the Joint Institute for Nuciear Reseorch. Dubna 1978
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BBEAEHUE

AcTpotuanueckult aCNexT NpoGIeMBl CBEPXTHKETLIX
2MNeMeHTOB HMeeT KIKUeBOe OdHauYeHHe g psaaa  BoOM=
pocor spojdionud Bcenennoil, Takux Kax IWKala BpeMeHH
SBOJIIOIMY, CHHTE8 9IIEeMEeHTOB, o6pasobaHne ConHeuHpH
cucTeMbl, BellHKo H IpHEnNagHoe 3HadYeRHe oToll NpofieMsl,
Huxe Oymer mokasaHo, 4TO0 HMEHHO CBEPXTSKeble aMeMeH-
Tl oGycioBHNM GBICTPBIN pasorpesB 33emin, JlyMul H acTe-
pouaADB, a C/IeN0oBaTe/ILHC, NOBIHAMN Ha CTDYKTYPY BHYT-
PEHHHX C/0€B 3eMJH H I'eD/JOIHYecKHe MNpoleccLi.

HekoTopoie coBpeMeHHBIe OaHHLIe YKA3HIBAIOT Ha Cy-
wecTBobBaHHe, a A0CpHD —QHAHYecKHe MoaedH M cBoicTea
CBEDXTHXE/EIX IEMEHTOB -~ HA BO3MOXHOCTE HX eCTeCT-
BEHHOI'C CHHTe3a, J¢PeKTHBHOCTE COBPEMEHHBIX MeTOA0B
UCCAeO0BAHAA NpPeaonpedeli/la DTKPLITHE HOPHPOOHOTOD
usorona °**Pu pa 3emne, Jlyne u B MeTeppuTax, Mepuon
Homypacnana Kortoporo pabBed 8,2-107 mer, a pacnpoctpa-
HeHHocTs B CofiHeuHoit cucTeMe ouneHupaercd 'l/ penuun-
soit 8,107%7r/r,

B nawe# paﬁo're/z/paccmorpenm pPeayAbTaTh! GPOBEHEH—
Hpix mouckob CT3 m npemnoxena COBOKYNHOCTE MeToAOB
no ofipramennio NpupoaBRuix obpasuwoe CT3 ¢ HemamecTHEI-
MH 0epHOo-QUSHYECKNMHA ¥ XHMHYECKHMH CBOHCTBaMM, &
TAKMXE MX [ATeKTUPOBAHHID B CjydYae, e€CAH KOoHHEeHTpalad
CT3 B seMumix ofpas3uax mana (_~10_20P/r‘.). 3rTo nmospo-
JAHT NPOBeCTH IpAMYI0 TIpOBEpKY pa3BUBaeMoll Huxe KoH-
jifchidigi)i e



1. POPMUPOBAHUE ITJAHET

CoBoXKymIDCTbh M3BECTHBIX B HACTDIAIEe BpeMd CBCAGHHM
YKA3LIBAST Ha TO, 4TO OKOHUYAHHE HYK/IEOCHHTEe3a H hopME-
popanne ConnewHoil cHCcTeMEl oraenensr Bpemenem ~108 jer,
T,2, MHDI'C MEHLIIHM, YeM BpaMd CyWecTBOBamns CoaHeq-—
woit cucremm ( ~5.10% ner), Ha puec. 1, sagToM m3 pabo-
ro1/3/ , NpHBefleHa NPUHSTAS BpeMeHHAd WKAXA SBOLIOLUMN
Bceneunuoii.
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O -HAYAN0 HYXJICOCMHTE3a, A-KOHEI  HYRJIEOCUHTE3a,
§ §-o0pasosanre CoJuiedHOlt cucTeMd, M - ofpasoBanue
METeOpHATOB M Jewmt, P- HacTosumit MomeHnr,

Puc, 1.

Cuutaercs, uro Conmeunas cucreMa ofpasoBanach ly -
TeM I'pPaBUTALHOHHOH KOHIGHCAUMM Cal3o~NLUIEBOT0 obnaka,
OCHOBHAS YACTL KOTOPOI'D 3JaTpavena Ha ofipa3nBaHHe ca-
Moro Conuua. JBomOUHY DCTaBWEHCH MaTepun o6j1aKa Npo-
MCXO/Ma TMoA AeHCTBHEeM TPaBATAUMH U CONHEUHOTD H3Iy-
uennd. [locneanee, a Taxxe HarpeBaHHe 3a CHET SHEPIHH
aKKPeNHH 4 DPalHoaKTHBHOCTH NPHBOIHAO K HCHApeHHI Ta-
30B, B 0COGEHHOCTH BOAGPOIAA, C HOBEPXHOCTH OTHOCHTEMh—
HO Manablx nnaseT (B ToMm uncie 3emMin), GAU3KuX K CoilH—
oy, M KOHHOHTpANLNH Ta30B HA MACCHBHBIX YAA/AEHHBIX OT
Conana mnamerax., Bor nodemy B 2eMHOH Kope co-
fgepxanne BOADPOAa Ha Ipamm B 10° pas MeHblle, yem
ero KoCMHYeCcKas pPAaCHpOCTPaHeHHOCTh, a B aTMmochepe
3emmu - B 1074 pas MeHble, YeM B aTtMochepe HOnure-
pa’4’ (n pacueTe wa 1 cM® nomepxmoctu)., BerencTene
BTOTO CPe/Had MADTHOCTH 3eMau paeHa 5,52 r/em?

a KOmutepa - Toneko 1,34 r/cm?3,

4

B nansueiimem GyaeT pacCMATPUBATHCH IBOMOLHS 3eMiH,
JIyHLI ¥ ACTEPOHAOE, INIOTHOCTH KOTOPBIX CRaBHHTENALHO OaIH3-
k¥, XuMHueckH#i cocTaB nopepxHocTH 3eman v JIyHn napec-—
TeH [0 NpsSMBIM HaBMIONeHHdaM, a COCTAB ACTEpOMAOB — M0
apanusy MereopdaToB., HaubGoawmuit ua actepouaos - [Fépepa
umeer paauyc 380 xmMm, acTepoupon ¢ amamerpom ~10 xwm
pacuntoipacrcs ~10%, Hauambmoe wamcnp acTepoHaoB, Corjac-—
g0’ 3/, GbuIo ToOpasgo MeHEIIe, HO OHM APOBUAHCEL IIPH CTOMK-—
HOBEHWMHAX, HA 4YTO YKa3LIBAST HX Helpapu/abHas ¢opma., Mac-
ca BCEX ACTEepPOUADB COCTABAALT TOALKD 3% oT Macen flyuni.
Bonpmoe pasHoobpasue XEMUURCKOI O M CTPYKTYPHOTO CDC—
TaBa METEDPHUTOB YKA3LIBAET HA HeOOHOPOMHOCTL CTPOEHUHA
ACTEepOUOOE, AHAJNOTHYHO TOMY, YTO UMeeT MeCTo Ha Jemme
u Jlyue, locKoneky B IOponecce akKyMyJddU¥u [QOTONIaHeT—
Horo pemecTba JlyHa u 3emisi, pdyeBMAHo, [POIUIH depea
pasMepbl ACTEDOKADB, TO Bpems (ODPMUPOBAHHE ACTEPOHIOE
B CpegHeM MeHblne, ueM BpeMsi dopmMupobaing JIyHe B Jem-
nn. o rumotese Xouna’®’ | ckopocrb pocra nnamer B mpea-
OOADKEHHH, YTO MaTepHajl HOCTyNaeT U3 HeOoTpaHWUYSHHOTO
c/0d, DIpPEeAeNfAeTCH YpaBHeHHeM

dm _on2
dt
rnoe m — M&CCca,; a — KOHCTAaHTA.

Ha ocHoBe sTOro ypaBHeHHs Bpems ¢(opMupoBaHHs JeMITH
ounegeno B ~107 mer, Oanako, Kak MoKadaHD O.IO.’_UMHJ}TDM
u B,C.CadpoMoBniM, pacdeTsl KOTOPOro IpHUBEdeHbI A '
OpeAlofiDkKeHHe O HeOUPAHHYEHHOCTH HCTOYHHKE IJIAHeTHOTO
MaTepuana HecTporo (pocr go 0,99 aeMHBIX MACC MPOHCKO~-
out 3a 2,5.10° ner). CxopocTh pocTa IMlaHeT HAMKCTpUpyeT
p®c., 2, cornacHo KoTopoMy pocT JIyHel mpomcxooun sa
~0,4.108 net, a Uepepsnr ~0,1.108 ner.

2. DHEPIMA AKKPEUMW W PACIA[A U,Th, 40K

JHepr'rd , BpendeMas NpH COMHXEHHH myIeMeHTOB Ii1a-
HeTst ¢ Maccoft M or o pgo codepel paBHOMEpPHON HOAOTHOCTH
¢ paapycom R , papmra

2
-3, M
)4 R *
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Bpewma, 108 ner

Fuc., 2,

OnHago 3mauuTenbHad YACThb BHEPTHM AKKPOUHH 6Liia Ma-
AyHeHa B [NPOCTPAHCTBO, KOI'AA MJOTHOCTE IJIAHETLI BbLIA
Majioff, a IoBEepXHOCTHL - 3HaunTensHoit. domycruMo mpen—
MOMOKUTE, UTO U3NYH9eHWe B MPOCTPAHCTBO 38 EAHHHIY Bpe-
MEHH CTa/lo HeBeNHKO TOIda, KoTja panuyc dopMupyolredi-
cd nmnapeTw 6buUl BOBOe Bolblie KoHeYHOTD, B 2T0M ciyuae
eheprud akKpeudu, axkKyMyAHpoBauHas NJaHeTol, papua:l =

)
) ,» W Ong 3emau oHa cocTaBuia, 1,1.1039 apr. Oaonako

SHAaYHTEe/bHAA YACThb BTOH SHEPTHH HE IMoIaa Ha HATpeBa-
HHE [UIaHeTk, & 3aTpa4eHa Ha ee cxartue. [lo pacuweram’/7/,
SHePI'HH CXATHH MAaHTUY M gapa 3eMiiM oleHeHa kKax ~ 4,2,
L1098 5or, BTopbiM HOTOYHHKOM SHEePTHH, BLI3BABIIKM H::'i-
rpepanne maner (K DGbIYHD CYHTAeTCH Gosee CyumecTBeH~
HBIM) - ABASIETCH paauoaKTHBHBIN pachaf. Wnreppan Bpeme-
ar 108 nmeT Mexay oKOHYAHHEM HYKIEOCHHTe3a M hopmupo-
BAHMCM IJJAHET MO3BOASCeT B MepBOM NpUGAHKCHHM OpeHe-
Gpedyb sHepruedl pacrnaga KOpOTKOXHUBYIIHX M3DTONOB THIIA

6

%8 A1, T.k. ona BBIA paccesiHa B npoc'rgaﬂc'rae, H pac-—
cMarpaparh suepruio pacnaga U, Th u % . CopepxaHue
HX HNSBecCTHO TO/NLKD B NDBEPXHOCTHOM ciape JeMman - ee
Kope M DKeaHax, a COCTAB H3BEDKEHHbIX IDPOA MOKA3LIBAET
AHauMTenARHOe yYMeHbmepHe ¢ rayGuuol coaepxanus U u Th,
B oredke cpeaHers CoAepXaHud THX SICMEHTOD BO BCOd
Macce 3eMiH HMEWTCH GoIbLIMe pacXOXKAeHUH, H ND3TOMY
Gojee OOBLEKTHBHO HCXOAHTE M3 KOCMHYCCKOH pacOpocTpa-
HEeHHOCTH 2IeMeHTDB M miIoTHocTH Jemnu., [lpm asToM B KoOC-—
MUYECKOHR pPACIPOCTPAHSHHOCTH MOXHO OTPAHHYHMTRBCS aroMa-
Mz H ,He ,C , Op Ne , T.K. YHC/ID OCTalbHBIX OYEHDb
Mmano. Torpa ormomenwe uucna atomos C, O, Ne x uuc-
ny aToMDB BOoAopoaa < 2.10-8 |, Vcnonwsys nanee KOCMH—
yecxkyw pacnpoctpaendocte U, Th u K, coraacho /8/
HOAYyYMM KOHLEHTPAUHK 3THX 2i1eMeHTOB 0 OTHOWEHHIO
K0 BCeM, NOMHMO BOAOpOdAa K Tequs, pABHOM

W, -25.107% Wy, -5.1070; Wy =3.107
B cCoOTBEeTCTBHH C [PedNoNATAeMLIM COIep¥MAHMEM OCHOBHBIX
SNeMEHTOR BO BCcelf Macce 3eMiu A8 ee CpedHer'D aTDMHO-—
ro Beca monyunm penuuuny ~ 35. Torma umcno rpaMMoB aae-
MEHTa C aTOMHBIM BecoM - A B 3emie npu ee macce M
OyoeT paBHO:

_ MW,

85 19 19 23
orkyna monyuum: Qp=10""r , Qpp=2.10 ', Qg =2-10""r.
OTHoCHTeNBEHOE coAepXaHHe, HAIpUMep, ypaHa COCTABHT
1,67.10%° r/r (B oxeaHmsecko# Bone ero -1,5.10"° r/r).

B ratn. ! nokasano conepxaiwe U ,Th , K B HeKOTOpPHX

Tacanua 1. Conepxanne U, Th u K r/7.

C6paaen ] Th K
Cpeﬂﬁsm BEe/IHYUNHA

Tyna 0,23.109 0,9.100°  5,4.10%
3emaa’?/ 0,6.10°8

XOHAPUTHEIE 8 8 4
MeTeDpHThI 1,1.10 4,10° 8.10°
Hacroamuit pacyer 1,67.]0'9




. obpaaunax. Msoronnoe conepxanue ypaua ceituac: Ugz 40,9928,

Upgg =0,0072 . Caepnosatensko, Bo BpeMd hopMHUpDBaHUSA
3emmn 4,6.10° jger masan wMmenoch 0,75 Uggg u 0,25 Ugge,
a obuee copepxanue ypaHa 6bi10 B 2,7 pasa Donasuie, yem
cetiuac., Cnenopatensuo, pacnanoce ~0,67, 1019 ¢ Uogs,
LOS.IOIQF Uggg & Taxmea-OﬁLlolg r Th . Bruigpeneuue
smepruu U u Th cocramuao Ey,py =1,05,10%29 Kama, B pe-
3ynnTaTte pacnf?ﬁﬂa K —E40:1,1.1029 Kall, a CyMMapHope:
B yirneg =9-10°% opr. K

3. 1IOTOK TEIINA

DHeprud, BLIICMHBUAACH B Pe3ylbTaTe AKKDELUH U pa-—
AMOSKTHUBHOI'D pachajga, NOCTYNACT K [HOBEPXHOCTH [J1AHET
W pacceumaeTcsa B UpocrpaHcTBe. [lpuTok Temna wa nomepx-
HOCTEH 3eMAn U3MEepeH ¢ ADCTATOHHOH TDHHOCTBID M B Cpef-
rem cocTasaser '8/ 1,2.107% xan/cmBe. Cormacho paguo-
ACTPOROMHYIECKHM HaMepenuam’% |, TenncBo# noTok ¢ no-
BepxHocTd Jlynam pasen 0,85,107% xan/cm®e, Huterpann-
HEIf TemnnonBDi MOTOK 34 BpeMd CYWECTBOBAHHS OAAHET OLe-—
HUBAaeTCHd B WHPOKUX MpPeNenax, YTO CBA3AHO CD MHOTHMHE
HeH3BeCTHLIME BIHYHHAME B HACTOANIEM H NPOIAOM: BHYT-
pelHeil CTPYKTYpOil MIAHeT, COACPXAHMEM pAAMOAKTHBHDIX
BNEMEHTOB H MX pacipejle]leHueM No TnySHHe, TeIonpoBoa-—

HOCTBI0 B TeMIepaTypol TinyOHHHEIX C/I0eB, TYpOyIeHTHOCTLIO

B pacHnaBlIeHHOM COCTOfHHE M T.A. B paGore “7 wa ocuose
TepMHUIecKo# HCeTopun 3eman W JIyHBl MHTErpanbHBLIT TOTOK
nas 3emsmm onenen v (0,17+ 7,4),10%7 3pp, a aus Jlyuer

s (0,8 +3,2),10%8 apr. Ecam npeamonoxurts, uTo BCe Bpems
MOTOK GhiA paBeH HbIHEmHEeMY, T0 oH coctasur ~4,1037 gpr
ana 3eminr u 2,10%8 spr oang Jyus; OYOBUAHO, 3TD H OCTh
HHXHASA DHeHKa, B cranuoHapanit monemu’ 1Y penencrsue
Maoft TeIIONPOBDAHOCTE 3eMiH W3MeHeHHe TeMAepATYphI

B ee NeHTpe CKAaXeTCd Ha IOBEpPXHOCTH TOABKO 4Yepes

2,101 per,

4, DHEPTETUYECKHWHA BAJIAHC

Has BuigcHeHud CHOMHBIX H BD MHOFOM OpOTHBOPEYHBEIX
CBeeHu#i 0 CTPOGHUMH H SBOMOLHN I/I4HeT pacCMUTpUM aHep-
retTudecknll bananc ona 3emnu, flyHor u acTepouna llepepst.
Hawnpie gna 3emiam u HEeKOTOpble — auad Jyas 6une paceun-
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Tapsl papee. JoNycTHMO OpedloyoxHTL, YTO CPeOHSd KDH-
uentpanug U , Th u K pna Jiyuel u llepepn oaukakoea c
seMuoil, 3To HOpealojoxeHye, Bo BCAKOM cayuae, Oojee ec-
TecTneHHO, deM Hwboe Apyroe, T.X. GOpMHpOBAHHME IPOHCXO-
AHI0 H3 eAMHOTe IOPOoTOINaHeTHoTo MaTepHana [IpHEMepHo B
OOHD M TD XK€ BpeMs, H OpH DTHOCHTEIELHO HebOoAbUIOM pas-
muyuy paccTogHaug oT ConHua, Tar xe 6AH3KM cpenHue
INIOTHOCTH M COAepXaHUe MHOTHX S/18MeHTOB B Kope 3JeMJH,
Jlyuel ¥ MeTeopHTax, B Tabn., 2 npuBenessl pe3ynbTATHI
pacdeToB H onyBluKoRaHHBIe faHHBle., Bonbwoe pa3nadue

B Mdccax H paauycax 3emau, Jlyuer u Lepepr, a caegopa-
TelLHO, B OSHEDIHM AKKpPEUHH, [II4BJIeHHS H pACCedHHOH

B IIpOCTPAHCTBD — [O03BOASeT IPUBECTH CONDCTABIEHUE aHep-
retTuyeckoro Ganaica, Kaxk cnepyer ua Tabn. 2, TonbKD [aas
deMau, ¥ B OCHOBHOM 3& CY&T SHEpPrHH AKKDELHNH, MOXHO
comraconaTh 6ananc sHeprun, HeofxoowMofi Ang ee CxaTHd,
NIaBIeHHT H HANMyUeHud., ITo yxe Heabldd cnellatk gaa Jly-
HDLI, AAXe MNpH HeoGOCHOBAHHBIX JUTEpATYPHEIX DUEHKAaX N0
ColNepXaHHIO PANHDAKTHBHBIX 2neMentToB, Bonswoe (30-kpat-
Hoe) pacxoxpexue Ganaica uMeer MecTo ans lepepr, a

C YMEHBIEHHeM MACCH acTeponaob olo ByneT elle yBeln-
YuBATbECH, TaKHM o6pasoM, MpUBeReHHBbIH 3HEePTeTHYECKH
Gananc He MoXer pBecmeunThs nnaeacHud JIyHLI M acTepod-
O0B, 4TD, Kak 6yOeT HOKa3aHO HHXe, clelyeT H3 HBBECTHLIX
AAHHBIX 10 HX SBOMIOLHN,

5. KOPA 3EMJ/IM W JIYHBl, METEOPHTHI
M NPOUECCHE B MX POOUTEANLCKUX TEJIAX

CornacHo papHo0aKTHBHO® OATHPOBKE, BOApacT ApeByeii-
WHX SeMHEBIX OOPOA, oOHapymMeHHmIXx B AHTapkTHge, coCTab-
naer (4,0%0,1),10° net, Ha JlyHe Haitnenw AOpOoALE BOS—
pacroM He Mmenee 4,10° ner, HD TAK KAK ©e NOBEPXHOCTB
HCC/IeIDBAHA COBCEM MAJD, TOD BO3MOXHO Hanuune u Gonee
apesnux nopop. CnenoBaTenbHo, ¢ MoMeHTa GOPMHpPOBAHESA
3emmu u Jlyus! npouwno He Gonee 5,108 ner go mauana KpHC—
TANNEBANME HA KX NMOBEPXHOCTH Nepbo#l Kopni, O NMopomax
ACTEePOHAOR IIOKA MOXHO CYAHTE TONBKO IID METeopHTaM,
KDTOPHLIE C MOMEHTA OCTHIBAHHS ACTEPOMAOB OO0 Ila/eHMd
Ha 3Jemalo IPOXeAAT CAGKHBIE OyTE npobileHus, Bo3peficTBua
Ha HX IDBEpXHOCTEL KOCMHYCCKHX Jydell ¥ HarpemaHud B aT-
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mochepe 3emmu npn napenun.’ !l Opmaxo BHYTpemMss uYacTh
HEKOTOPLIX MEeTeDPHTOBR COXPAHAeTCH IPAKTHYECKH HeH3MeH-—
HOofi ¢ MOMEHTA SATBEpPAEeBAaHWY POAHTEILCKOIO acTepouaa.
Coornowenue -°7 Pb/ *08pp g peaynbTaTe pacnaia H30TONOR
ypaHa naeT OO Bo3pacTta MeTeDPHTOB Ppal3nuyHblX THIIOB
“‘4,5.109 IeT, a nATUpPOBAHME NO pacilany 87Rb » 878r
~-4,,4.109 net. Cornacuo’® , sro noKa3biBaer, 4TO TOorda
"HMpousouio CoBbITHE, KOTOPOE NPHBENs K XHMAYECKOMY
PpAKUHOHHUPOBAHWIO MeTEDPHUTOR”Y, a4 MMEHHO - K NIABASHHIO
BENIECTBA DOAMTENLCKOTD Tena,

[Ipp Bceit cnoxHocTH npofBieMel Goasiice padHooGpasue
coCTaBAa M CTROEHUY METEOPHTOE OA8T BO3MOMHDCTL Ipo-
CcHeanTh IPOUecahbl, WMEeBLiMe MecTDp ¢ MomenTa opBpasopa--
HHSt POOAHTENLCKOTO Tela [0 HaleHus MeT20pHTa Ha 3emim.
Puc. 3 ua paborw /5 nokasuiBaeT pacnpefeieHHe HaHgeH-
HbiX METECpPUTOB 10 KX Tunam. OCHOBHOH THN -« KaMEHHDLIE
x0aApUTE: (DT TPed4ecKoro XOHAPOC - NUIEHHYHOE SepHo )
HMEIOT CIAO¥HYI CTPYKTYPY. B orTnuume or seMreix nopon
SNEeMeHTh! B XOHAPHTAX He AudpepeHUMpOBAHLI, T.e. OHH He
HCILITAIH OeHCTBHA TexX NpPOIeCcCOB, KOTOPbiE HUMEMU MEeCTO
B 3eMHOH Kope. AXOHOPHTBHI MMERT OAHOPOAHYI CTPYKTYQY
H B GoAbUMHCTBE CXOAHBLI C 3EMALIMH H3BEDKEHHBIMH IOPO-

Kareerwnore.
xondpamst 85,7 Yo

Kamennse!
axondpums 7! %

XeJsreso-
xamenrsre: 15 %,
Weaesuwe: 5 7%

CoorTHomeHHe XOHAPpUAAOR, aXOHAPUACB, XKelle30-KaMEeHHBIX
H ¥MeJIe3HBIX MeTeOopUTOB Cpedd yIaBlIHMX HA 3emmaw,

Puec, 3,
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namu, XKemesHwle METEOPHTH! HMEWT HpeMMYMecTBEHHO
CHIDKHYI CTPYKTYPY H HACTO COAEPXAT NIacTHHEL CD CIUla-
BOM HHMKEeNd, PaCIOI0MEHHBIE NapaJIIeNbHD HeThLIpeM TpaHsIM
okTasapa., TakKyl CTPYKTYPY HEBOSMOMKHO BOCIDOE3BECTH

B nabopaTopHH, T.K., coryiacHo pacuetam’ 12/ rpeByerca
pauTenbHoe oxaaxaenuwe, 1 +10° 3a Mmuanuon ner, T.e.
OKTasnpel 06pa3opanIuck TNiyGOKO BHYTPH Tela ¢ HHU3IKOR
TeNIONPOBOAROCTRIO H panuycoM ~ 70+ 200 kM., Azanornudbnii
BLIBOA CAeNad M B OTHDWEHHYW CKOPOCTH OCTLIBAHHE XOHIpU—
TOB, KOTOPBEIE@ Hé MOryT 06pA3pBaThbCH B Macce IO0DORL,
CAABJICHHOH CO BCeX CTOPOH, IO INoBOAY Yero B paboTe 5/
ckaaano: YCrnenoBaTenbHo, lpolecc HarpepaHHd H OCTHLIBA—
HEHS caepoBan 3a ofpasoBaHuem”,

' TakuM 06padoM, CTPYKTypa MeTEOpPUTOB pa3MHYHBIX TH—
TOB IIDKA3BIBAET, YT0 ACTEPDUALl, H3 KOTDPHIX OHH 06paso-
Ba/NCk, OBLUIN HAaTpPeTHl AD TeMIepaTyphl NIaBIeHdd, MeTa-
MOpPH3Ma H CHUEKaHHs XOHAPMTHON OCHOBB, 4 TAKKE BLILIAR-
eHNT KaMeHHOH DOOJOYKH 1o THIIY 3eMHOHN KOophl.

Mlponecc  akKpeuwn 3aEMMan HHTePBA] BPEMEHd B Ao~
CATKH, & OCTEIBARWA - COTHH MMJUIHOHOB JeT. Ilopofpl pe-
A& METEeDPHTODB SIBASIOTCH [APEeBHEHWHMH M3 H3BECTHHIX,
BOSPACT KOTOPHIX UpHGAHMaeTcs K poapacTy CoanedHodt
CHCTeMHbI,

6. POJIb CBEPXTHXEJ/ILIX 3JIEMEHTOB
B 3BOJIOUHUH

Buauane CKOHUEHTPHPYEM OCHOBHBIC CBEReHHS IID 3TOMY
BONIDOCY.

demng, Henbaa coenaTh onkospauHOro 3akmoyendas — go-
OOCTATOYHE JIH SHEPrHA AKKPEIMM And paciylaBa 3eMIH ¢
YUeTOM SHEepPTHH, 3ATpavYeHHO# Ha €e cxaTHe, W ManydeHHOM
B npocTpaHcTBo., Pacniap 3emmu sa cuer speprum pacrnana
U ,Th » K TpebyeT yBelHUeHHd B AeCHaTKH pas KOHUEHT-
panus STUX Z/IeMEeHTOR [0 CPABHEHHIO ¢ OXKI4aeMOf Io Koc—
MHYECKON paCNpOCTPAHEHHOCTH Bcex aneMenrTon, Kpome To-
ro, 9To YBelHUeHHe BCIefCTBHe MAJoH TemnonpoBoaANOCTH
CHNIMKATHBIX PACHMABOB ADIXKHO NMPUBECTH K CAHIIKOM CHAbL—
HOMY pa3orpeBy 3eMiH H DACIIABISHHOMY COCTOSHHIO e
ryOMHHBIX CIDEB B HACTORINE€e BpeMsd, YT0 NpOTHBOPOUAT
CEeHCMUYECKHM OAHHBIM, JTO Takxe GyAeT NPOTHBOPEYHTEH

12,

o6pas3oBaHHIO 38MHDH KOpB 3a 5.10% ner. Cnenoeareasso,
HeoBX0aAUM ACHOJHATEIbHLI HCTOUHUK 3HEeprHd pagH0aKTHB-
HOTD pachaga H ¢ D0/Iee KOPDTKHM, 10 CPAaBHeHHID C YPAHOM,
BpeMeHeM pacnaja,

B pane paborT, I{aHpHMep,/12_14/, Opepnofarancd pacnan
CT3, a Takxe Pu . Mrorouucnenusie DOOBITKY OPAMOTD
nerexrtupopanna CT32, ofaop xoToprix caenaw B/ &/ o cy-
fecTRY He Nalu NoKAa OJHOIHAYHBIX pe3yilbTATOB, a4 [AOCTHI-
HyTuIl Opefpen cooTBeTCTBYeT KoHueHTpanuu CTI ~10=Y4yr/r,
Onuako B HEKOTDPHIX 3eMHbix noponax’ 1216/ Guinn obrapy-
HEeHbl Tak HadbbaeMsle THTANTCKHE Talo -~ INII0OXPOHYeCKHe
chepm ¢ pagunycom po 110 MM, BOKpYr KpynOWwHOK, KOTOpLIE
MOTYT OBIThL OOBACHEHLI TDIBKC BBWISTOM HE HHX G —T4C-
THU ¢ sueprumeil go 15 MaB, ChnepgopaTencuo, Ha OCHOBAHHH
aakoHa letrepa-HerrTona » kpynuHkax cogepxaacd aleMenT
¢ GompmmMm Z , IHepuod Noaypacliaga KoToporo B9/ opuexen
kax (0,1+ 0,2).109 JaeT.

Nyua., HenukoM u/K, BO BCAKOM Ciydae, 4acTUHHO Ooula
B pacliapilellHOM COCTOSIHUH. [lo NMOCASRHMM [JAHHBIM 177,
cBoficTBA KPHCTA/NTMYECKHX JYHHBIX [I0POA YKA3BIBAKT HA
To, uTo B OpowsoM JlyHa Gwia okpyxeHa CHIbHBIM MATHUT-
HetM rtoneM,. ChnenoBaTelbHO, 0Ha WMela XUAKDE XKele3Hoe
S0po, MACHHTOTHADOAHHAMHUYECKO® COCTOAHHME KOTOPOIo TMMofa-
RepAMUBANDCE MOUHBIM HCTOYHUKOM SHEPrHMM. YcpenHennad
aa 10° ner ero mMownoCTHL onenwsaerca B 1012 Br ,u »/18/
cnenad BeIBOA 0 Harpese Jlyupl 3a cuer pacnaga CT3,
Nanpueiiee u3yuyeHHe IOpoa NOKA3LIBAET, 4YTD yMeHLIUIeHHUe
BABOE HANDSKEHHOCTH MATHRTHOTO Iojd Ipoucxopuzno ~ 108
ner, T,e, Hepuoa monypacnana CTH coBnagjaer ¢ ero oleH-—
Kok, cnenanHoi panee’>’, Ilo namEbIM Tadd1, 2, SHepTOBLI-
fenedue 3a cuyeT akKkpeuwr H pacoaga [J , Th K menocra-
TouHO And pachaaba JlyHel, a ycpennesHad 3a8 HepBLIe
0,5.10? net mommocTe cocraBadeT Tonbko 6,109 Br, mau
1011 Br no saBemueHHLIM oueHkam. Kpome Toro, Ha ncHoBe
BLiBoAOB paGorn 7 , pacmnamnenue JlyHn TpeGopaso Gbl
BOEMEHY 2.8.1_09 JeT, a ee Knpa nBpaspbanack yxe udepes
0,5.102 net. Cornacuo’ 18/ , NOATBepXkA4e TCs
BEIBO/ O TOM, 4YTD COAEPXAHHE DANHOAKTHUBHBLIX AISMEHTDB

JHAMHTEARLHO HHXe, 4YeM B xoHaputax L w H rpymn”,
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AcTepounar, PaHee ofiocHoBaHO, ¥TO ACTepOHON OnLIn

‘HArpeTHl OO0 OAamIeHds B MeTaMopdHama, a IpOHecC oCThi—

BaHuA H DOpadocBaHHA KaMeHHO# obGo/OouYKH 3aHMMAanm COTHH
MIJIIHOHOB neT. Kak cneayer ua Tabn. 2, pacmnaes 3a cuer
eueprun U, Th u K tpeGyer yBenuyenns » 100 pas ux Kox—
UeHTpaund, clAedyouwel H3 KoCMHYecKoll pacnpoCTpaHeHHOCTH,
HO TOTOAa HCKIIOYeHO GHICTPDE OCThIBAHKE ACTEPOMAOE, T.K.
OpUTOK Temna 3a IocCleAyomee sBpeMd 6yNeT MHOTO Goakie,
seM aa meperoie 5.10% ner. Ipueegennnie nankbie, a Takke
0OHAPY KCHHEIE HECOOTBETCTBHS MOMHO OGBSICHHTDL, BKIIIOTHB
B paccMmoTperne siepruw CT3 ¢ nepwomom meaypacnana

~ 108 ner. Ha puc. 4, B3aToM ua paSoru’18/, mpueencua,
HO H3IBECTHBIM KOCMHMYECKHMM JAHHBIM, PACHPOCTPAHEHHOCTB
9II@MEHTOB K MOMEHTY DKOHYAHH{ HYK/JIEOCHHTe3a M pacyeT-
Has kpupas BmoTh no CT3 ¢ A ~300, Cornacue pacuetno#t

1 T 1
10" K . «vs . U3BECTHO
Lt "‘-.,‘, e | — pacueT A
10 R .= 2 _‘. ] 5 ..r‘!'”_.‘ .:.:l -
4 i
10+ :
C I

80 730 195 250 A

Puc. 4.

KpEBOHA IIpy ee clioxHOH QopMe ¢ 3KCHEPHMEHTANLHBIME
OdaHHBIMHM yKasetBaeT HE To, 4To W B obnactu CT3 cnemyer
OXHAATE CHpPaBENNIHBOCTH DACHETA, BO BCHKOM Cly4ae Io
nopsaky Benuumnsi, [as ?44Pu pacuer naer apawenue, Gano-
koe K ypaHy. 9To, corilacHo naparpady 2 gassoli paSoTui,
COOTBETCTBYeT OTHOCHTENLHOH KoHUeHTpauun - 4Pu opH
dopmuporagnn maamer ~107Y r/r, 4To corgacyeTcd ¢ OLEH=
Ko# coBpeMepHO#l paclIpoCTpaHeHHOCTH 244py p ConneyHoi
cucteme. ([lo paumem paborni’!/ | ceiuac *44Pu 8,10°%%/r,
MTO NpM IlepecdeTe K MOMEHTY GODMHpOBaHHY ITAHET gaeT
Rig ero KOHUCHTpPAUHY BeId4YHMHy ~5.10'10r/r‘). B pacnane
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244 23
Pu- 3% Tn Bpiaendercd asHeprusa 17 MsB wa anppo, u

CyYMMAapHOE 3HeproBbLiAe/IeHHe, NHpHBeAckioe b Tabn., 2, oT-
HOCHUTENBHD HEBEIHKD.

B o6nactu 3Hauennit A ~ 300, 1T0 COOTBETCTBYET MAaru-
YecKHM uMcaam: ana npoTodob = 114 w 128, a nna mefirpo-
#oB 184, Ha puc. 4 naGnpopaercd nHg., 3To oBYyCAOBAHBAST -
cd Manofi BeMUYMHOR cedYeHHd 34XBaTa HeEHTPOHOB Maridie-
CKUM¥ SApAMHE, AHANOIWYHD TOMY, UTO H3BECTHO Aad -08 P,
BricoTa nuHka B HeCKOJLKO /SCATKOB pasd Bolkilie 3HAHEHH
ana U u Th . B cooTBeTcTBUR ¢ 2THM IpuMeM, 4MTD B MD-—
MEeHT GOopMHpPOBAHHA NMAAHET CBepxTdxennix saaep ¢ A = 300
Oeulo B pgecaTh pasd Oonble, ueM ypana, QHM pacnagalHch
00 HM3OTONOB CDBHHIA U B HEeld pacnapga HMenochk 3IBeHD
c ’I‘1/2= 108 ner, Chnenopartensso, npoucxoausio ~ 23 ¢ -pac-
napoB, W, @CHH [PUHAATE CPEAHWK JHeprdiy Ha OOHH ¢ —-pac-
nap (a crneayeT oxuAaTh GO/BIIErD 3HAYEHHA, T.K. Soibwe
7 ) onMHAKOBOH C ©e PenHuYMHON B YDPAHOBOH LEMH, TO CyM-
MapHoe BLlAS/eHHe Ha aapo cocTaBuT ~ 150 MaB, B peaynb-
TaTe noayuum, uro 3a 5.10% ner sueproBnpenenue ona 3em-—
mn cocranut ~ 1,2,10%8 spry Myaw - 1,5.1088 spr, llepe-
pa - 2.108% spr. Cornacmo Ta6a. 2, sTu Beawuuun MOTYT
IDJAHCCTRIX oOecmeuuTh 3HepreTHYecKkuil GajaHc, HeoBxoou-
Mptfl And pacn/aBa TJaHET, HpHYeM NOYTH NONOBUHA 2HEPrHH
Boienantack B nepesie 108 ner, ofecrmeunmas GeieTpnii pa-
3orpeB MAaHeT, 4TO CASAYeT U3 AaHHLIX HX 9BOJIIOLHH.
Ecnu nepuon monypacmana CT? npuparte papieim 2,108 jper,
TO aHeprHd, BoiAendemas 3a 5,108 ner, yMenbwmrcs Tonb-
ko Ha 20%.

Taxum pEpasaom: o6ocHOBahHbIe NPEATONOXEeHAA 06 OTHD-
CHTeNLHONR KoHmneHTpauuu B nnakerax U, Th u K, BosmMmox-
nast Kounenrpanug CT3 u onedxka nepuosa WX noaypacnana
T1/2= 10 ner, wa ocuose AaHHbIX, DOHApPYXeHHBIX Ha 3emMm-—
ne u IIyHe/I'lB/, IPUBDOAT K COTVIACOBAHUK CBéaeHuil no
seomouun 3emmu, JIyHBl H acTepoHaoB.
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