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s u m m a r y 

The results of experiments on revealing and identifying the tracks 
of very heavy cosmic nuclei in olivines from pa1lasite meteorites 
are presented. In the Marjalahti meteorite whose cosmic age is 
180 million years, the density of the Fe group tracks reaches 
(5-6) .10 6 l/cm 2 .By taking into account reductiona from 13-14 em to 
8~m (Fig. 2) in the tracks of the Fe group nuclei under the space 
conditions it is shown that these tracks are located up to 5-6 em 
deep from the preatmospheric surface of the meteorite. For sensitivity 
calibration, these olivines were bombarded by 5-6 MeV/nucleon Ti, 
Cr, Fe, Zn, Ge, Kr and Xe ions, and the thermal fading of artificial 
tracks was investigated (Figs. 4 and 5). The effect of thermal fading 
does not seem to considerably reduce the tracks of very heavy cosmic 
nuclei ( z >36). 

Measurements were carried out using very long tracks ( R > 360 ,..m 
in 40 mm 3 of minerals from the Marjalahti meteorite (Fig. 7). If one 
assumes the group of tracks longer thap 580~m to be due to nuclei 
of the region from Th to U, their abundance with respect to Fe is 
6.10-7 per one Fe nucfeus taking into account the fragmentation 
and retardation processes. The abundance of nuflei with 70~ Z ~ 83 
(R = 360-560 ~m l appears to be (2.5:!: 0.8) .10- per one Fe nucleus. 
This agrees well with the available results 7ii.l2/. It is not excluded 
that only three tracks 1onger than 800 ~m are due to cosmic nuclei 
ranging from Th to U. In this case their relative intensity (at an 
energy of 2.5 GeV/nucleon) is nearly 10-20 times less than that in 
previous experiments. The analysis made in this paper shows that the 
search and identification of the tracks of superheavy cosmic nuclei 
should be carried out using crystals located up to 1-2 em from the 
preatmospheric surface of meteorities. 

@ 1974 06J.eOUHeHHI>IU UHCIIIUIIYIII JIOepHI>IX UCCAeOOBOHUU J!y6Ha 

B nocne,!J;HHe ro,!J;LI y'leHLIMH pJI,!J;a cTpaH 6LinH npe,ll;npH

HJITLI MHOrO'IHCneHHLie llOllLI!KH CHHTe 3a H llOHCI<a B llpH

pO,li;HLIX o6pa3uax OTHOCHTenLHO CTa6HnLHLIX TpaHcypaHo

BLIX 3fleMeHTOB B o6naCTH aTOMHLIX HOMepoB Z B6nH3H 114 
/HnH 126/. 3TH HCCfle,!J;OBaHHJI OXBaTLIBaiOT llOHCKH ,!J;aneKHX 

TpaHcypaHOBLIX 3fleMeHTOB B 3eMHLIX MHHepanax, py,!J;aX, 

reoTepMaflLHLIX BO,!J;aX, KOHI<peUHJIX, OCa,!J;KaX H ,!J;OHHLIX 

Hnax, CHHTe3 caepxTJI~enLix JI,ll;ep B peaKUHJix c yci<opeH

HLIMH TJI~enLIMH HOHaMH, a Ta~e OllLITLI ITO llOHCI<y H 

H,!J;eHTH~HI<aUHH TaKHX JI,ll;ep B COCTaBe ranaKTH'IeCKHX KOC

MH'IeCKHX ny'leB. 

llo,ll;p06HLIB 0630p TeopeTH'IeCKHX H 3I<CllepHMeHTanLHLIX 

HCCne,!J;OBaHHB, llOCBJIIUe,Hrx 3TOB npo6neMe, npHBe,!J;eH 

B pa6oTax r .H.fl>nepoaa I • r .H.fl>nepoaa H IO.l.J,.OraHecJI

Ha 121. a Tai<~e T .XeppMaHHa 131. 
HacTOJIIUaJI pa6oTa nocBJIIUeHa npo6neMe noHci<a ,~J;anei<Hx 

TpaHcypaHOBLIX 3fleMeHTOB B COCTaBe nepBH'IHOrO I<OCMH'IeC

Koro H3ny'leHHJI. PJI,!J; o6cTOJITenLCTB yi<a3LIBaeT Ha nepcnei<

THBHOCTL TaKHX HCCfle,!J;OBaHHB. 

Bo-nepBLIX, 3TO - MHOroo6pa3He KOCMH'IeCKHX 06'Lei<

TOB, B I<OTOpLIX MO~eT npOHCXO,!J;HTL CHHTe3 CBepXTJI~enLJX 

JI,ll;ep. ~eBCTBHTenLHO, ecnH o6pa30BaHHe 3fleMeHTOB con

He'IHOB CHCTeMLI JIBHflOCL, no-BH,!J;HMOMy, pe3ynLTaTOM e,!J;H

HH'IHOrO ai<Ta HYI<flOCHHTe3a B r -npouecce, TO B Ka'leCTBe 

HCTO'IHHKOB TaKHX Jl,ll;ep paCCMaTpHBaiOTCJI rrynLcapLI, xapaK

TepH3YIOIUHeCJI BLICOI<OB llflOTHOCTLIO HeBTPOHHOro BeiUeCT

aa I 4 I, I<Ba3H3Be3,!J;LIIs/, 6enLie KapnHKH /6/, a TaK~e JI,ll;pa 

ranai<THK, rp;e Mo~eT ocymecTBnJITLCJI Hyi<nocHHTe3 B s -
npouecce 171 · 
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Bo-sTopwx, MexaHH3MW yciCopeHHJI, peaJIH3YJOIIUieCJI B 

ranaiCTH'IeCICHX 06DeKTaX, ~-BBAHMOMy,6naronpHJITCTBYJOT 
yCICOpeHBIO TJI)I(enhiX JI~ep 8/ · TalC, MJI COJIHe'IHWX ICOCMB· 

'leCICBX nyqei Ha6HIO~aeTCJI COOTBeTCTBBe BHTeHCBBHOCTB 

ICOCMB'IeCICBX Jl~ep C pa3HB'IHhiMB 3Ha'leHBJIMB Z B pacnpo· 

CTpaHeHHOCTLIO COOTBeTCTBYJOIIUIX 3HeMeHTOB B COJIHe'IHOH 

ICopoHe ~nJI 3Heprai cswme 15 M3B/HYKAOH /8/. 
B-TpeTLBX, nocKonLKY co speMeHB o6pa30BaHBJI 3ne

MeHTOB COHHe'IHOB CBCTeMhl npomno OICOHO 4,5.10 9 Ae.,, 

~HJI 06Hapy)l(eHBJI ~aneKBX TpaHCypaHOBWX 3JICMeHTOB B 

npBpO~HWX o6pa3,nax He06XO~MO, 'IT06W BPCMJI lKH3HB 

Haa6onee ~onrolKBByll(ero HYIC~a npesocxo~ano 108 neT. 

~JIJI JI~ep nepBB'IHOrO ICOCMB'IeCICOrO B3JiyqeHBJI 3Ta rpa

HB.Qa COCTaBJIJICT 105 ·10 6 JieT; OHa onpe~eJIJieTCJI ape

MeHCM MBrpa.QBB OT raJiaiCTB'IeCICBX BCTO'IHBICOB IC COJIHe'l· 

HOB CBCTCMe. 

fipOBC~eHBe nOHCICOB CBCpXTJilKeJihiX JI~ep B COCTaBe 

ranaiCTH'ICCICBX ICOCMB'IeCICBX Jiy'leB OCyll(eCTBJIJIJIOCL B no

CJie~HBC meCTL JieT C nOMOII(LIO 60JILWBX CTOnOIC JI~epHWX 

3MYJILCBH /9/, a 3aTeM Tal()l(e B noJIBMepHWX nJieHO'IHWX 

MaTepBaJIOB /10/, HaXO~BBWBXCJI B Te'leHHe HeCICOJILICHX 

~CCJITICOB qacoB B sepXHBX CJIOJIX aTMOCcllepw /11,12/.Ilpo

B3Be~eHBe BpeMeHB HaXO)I(~eHBJI CTOnOIC ~eTeiCTOpOB Ha 

nnoiQa~L npesocxo~T 3000 Mltiac MJI scex 3Kcnepa-

MeHTOB, npose~eHHwx Ha mapax-3oH~ax B 1967-

1973 rr. /9-12/. 

O~HaKo, HeCMOTPJI Ha 6oJILmym Tpy~oeMICOCTL B npo

~OJI)I(BTeJILHOCTL 3TBX BCCJie~OBaHBB, ~0 nocJie~Hero Bpe· 

MeHB y~aJIOCL B~eHTB«ilBUBPOBaTL BCero JIBWL HeCICOJILICO 

qacTBU B 06JiaCTH a·TOMHWX HOMepOB Z ~ 90 B HB O~Horo 
~OCTOBepHoro C06WTBJI B 06JiaCTB Z > 100. 

B nocne~Hee speMJI II.li.IlpaicoM 6wn npose~eH 3Kcne

pBMeHT no perBCTpa.QBB CBepXTJI)KeJIWX ICOCMH'IeCICBX Jl~ep 

Ha op6BTaJILHOB CTaH.nBB "CKaBna6" C nOMOIQLIO nOJIHMep

HWX ~eTeiCTOpOB /8/. ~eTeiCTOpW CyMMapHOB nnoiQa~LIO OICO

JIO 1 ,5 M 2 noMeiQaJIHCL Henocpe~CTBCHHO B op6BTaJILHOB 

CTaHUBB, no~ o60JIO'IICOB Ka6BHW /CJIOH norJIOTBTeJIJI -

OICOJIO 1 Z/CM 2/, 'ITO no3BOHJIJIO ICOHTpOJIHpOBaTL np~.Q~CCW 
perpeCCBB HenpOJIBJieHHWX TpeiCOB B nJiaCTBHICaX npB MHOrO

MeCJI'IHOM 3ICCnepBMeHTe. 

4 

llpOB3Be~eHBe nno~a~B ~CTCICTOPOB Ha BpCMJI 3ICCno· 

3HUBH COCTaBHJIO 8000 M 2 'iaC, 'ITO 6onee 'ICM B ~Ba pa3a 

npeshlmaeT CYMMapHYJO 3ICCn03B.niDO BO BCCX npe~hi~YIIUIX 

3KcnepBMeHTax. CornacHo npe~sapHTeJILHWM ~aHHhiM, B 

3TOM 3ICCnepHMCHTe Tai()I(C He y~aJIOCL 06Hapy)I(BTL CJie~OB 

JI~ep c Z > 100 /I 3/. 

TaiCHM o6pa30M, cyMMapHoe speMJI 3Kcno3BUBB, nony

qeHHoe BO BCCX 3THX 3ICCnepBMCHTaX, ~OCTHraeT ceiqac 

1,2 M 
2 

ZOO. 3TO COOTBCTCTByeT HOBOB HB)I(Hei rpaHBUC 

~JIJI pacnpOCTpaHeHHOCTB Jl~ep C Z > 100 no OTHOWCHBIO 

K JI~paM rpynnhl ypaHa - TopBJI Ha ypoBHe :SI 0 - 20% ~nJI 
nepBH'IHOrO ICOCMB'IeCKOrO H3Jiy'leHBJI. 

~anLHeimee npoBe~eHBe TaiCBX BCCJie~oBaHBB Tpe6yeT 

CyiQeCTBeHHOrO YBCHB'ICHBJI KaiC nnoll(a~B ~CTCICTOpOB, TalC 

H BpeMCHH BX HaXO)I(~eHHJI B BCpXHBX CJIOJIX aTMOCcllephl HJIB 

ICOCMH'ICCICOM npOCTpaHCTBe. 

~pyraJI B03MO)I(HOCTL npoae~eHHJI noHCICOB CBCpXT JI)I(C

JlhiX JI~ep B ICOCMB'ICCICBX Jiy'laX CBJI3aHa C BWJIBJieHBeM 

CJie~OB TaiCBX Jl~ep B CBJIBICaTHWX MHHepanax B3 nosepx

HOCTHWX CJIOCB MeTeOpHTOB, a Tal()l(e JIYHHWX MBHepaJiaX. 

KOCMB'IeCICHC 'laCTHUW, nocTeDCHHO 3aMe~JIJIJICL, C03~aiOT 
B6JIB3H OCTaHOBICH 30Hhl ~eclleiCTOB ICpHCTaHJIB'ICCICOB CTpyiC

TYPW TaiCBX MHHepaJIOB. 3aTCM 3TH TpeiCH BhiJIBJIJIIOTCJI 

C DOMOII(LIO H36HpaTCJILHOrO XBMH'ICCICOrO TpaBJICHBJI. KaK 

noKa3aHo B pa6oTax /14, 15/ • BhiJIBJIJieMaJI ~JIBHa cne~a 
nponop,nHOHaJILHa 3apJI~Y Z -qaCTBULI, 3aMe~JIJIIOII(CBCJI 
B 06DeMe ~aHHOrO ~CTCKTOpa. 

Ha puc. 1 npe~cTasneH rpacllHK pacnpe~eneHHJI ~nBH 
CJIC~OB OT Z TJI)I(CJIWX Jl~ep B MBHepane OJIHBBHC /16/.KaiC 

cne~yeT H3 3Toro pucyHICa, ~JIHHa cne~a JI~pa 114-ro 

3JICMCHTa ~OJI)I(Ha 6WTL npBMCpHO B 1 ,5-2 pa3a 60JILWe, 

'leM ~JIBHa cne~a oT ypaHa. 

Heo6XO~BMO DO~'ICpKHYTL, 'ITO KOCMH'IeCKBB B03pacT 

TaiCHX o6pa3.QOB COCTaBJIJICT OT 30 ~0 200 MAH.Ae" ~JIJI 
)I(CHC30·KaMCHHWX MCTCOPBTOB; TaKBM o6pa30M, HCCJIC~o

BaHBe O~Horo Ky6B'ICCKOrO CaHTBMCTpa TaKBX MBHepaJIOB 

3KBBBaJieHTHO npOBC~CHBIO 3KCUepBMCHTa C O~HOB • ~BYMJI 

TOHHaMB Jl~epHLIX 3MYJILCBB, HaXO~BBWBXCJI B ICOCMB'ICCKOM 

DpOCTpaHCTBe B TC'ICHBe ro~a /npB nJIOIQa~B ~eTeKTOpa 

-100 M 2 /. O~HaKo peanB3aUBJI 3TOB B03MO)I(HOCTB BcTpe-
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Puc. 1. Tpaeu..wa.JI OAUHa cAeooe .JIOep Xe , Pb, u , 114- zo 
3/I€M€H11l0 6 OAU6UHUX /paC'l€11l/. 

THna PJIA TPYAHOCTei, ICOTOpLie noiCa He n03BOn.llnH OCyiUeCT
BHTL WHpOICYIO nporpaMMy nOHCICOB CneAOB CBepXTJI:>KenhiX 
ICOCMH'IeCICHX JIAep B MHHepanaX H3 MeTeOpHTOB. ,l{o no
cneAHero apeMeHH 6wno BLmonueHo numL HeciConLKO pa6oT, 
nOCBJIII(eHHLIX BLIJIBneHHIO cneAOB TJI:>KenLIX H CBepXTJI:>Kenwx 

JIAep B MHHepana~ 1~J MeTeopHTOB. B I968 rOAY M.MopeTT, 
P.M. YoKep H AP o6Hapy)I(HnH B KpHcTannax runepcTe
na H3 MeTeOpHTa ,l{:>KOHCTayH cneA AnHHOB I030 MKM, ICO
TOpLIB 6wn OTHeCeH 1C o6naCTH Z ;? 83. 

B I971 r. ll.Ji.llpa:iicy H AP· /IS/ YAanocL BhiJIBHTL 
B 6onLWHX ICpHCTannax nyHHOrO nUA:>KOHHTa cneAW AnHHOB 
cawme 900 H cawme IOOO MKM I o6nacTL Z > 831. 
0TMeTHM, 'ITO nony'leHHaJI B OnLITaX C 3THMH MHHepanaMH 
BepXHJIJI rpaHHUa AnJI HHTeHCHBHOCTH CBepXTJI:>KenhiX ICOCMH
'IeCICHX JIAep - ua ypOBHe .:;_I M 2 /zo()npHMepHO COOTBeTCTBy
eT 3Ha'leHHIO, nony'leHHOMY BO BCeX 31CCDepHMeHTaX Ha 
mapax-JOHAax u cnyTHHICax - Ha ypoaHe ~ III,2 ..w2/zoo. 

6 

B :noi CBJI3H nenLJO HaCTOJIIUei pa6oTw JIBHnocL 6onee 
AeTanLHOe paCCMOTpeHHe B03MO»rnOCTe:ii H ycnOBHB BhiJIB
neHHJI H HAeHTH!IlHKanuu cneAoB TJI:>Kenwx H caepxTJI:>Kenwx 
ICOCMH'IeCICHX JIAep, COAep:>KaiUHXCJI B MHHepanax H3 MeTeo
pHTOB. 

fiepBhiM He06XOAHMhiM ycnOBHeM npoBeAeHHJI TaiCHX HC
cneAOBaHHB JIBnJieTCJI noA60p MeTeOpHTOB, COAep:>K-8.1UHX 
npo3pa'1Hhle OAHOPOAHWe MHHepanw c paJMepaMH, npe
BOCXOAJIIUHMH AnHHY TpeiCoB runoTeTH'IeCICHX JIAep I puc. 11, 
T.e. CBWme ABYX MHnnHMeTpOB. 

fiOCICOnLICy AnJI TaiCHX HCCneAOBaHHB He06XOAHMhl AeCJIT
ICH H COTHH OTHOCHTenLHO ICpynHhiX ICpHCTannoB, HaH6onee 
nOAXOAJIIUHM 06'LeiCTOM HCCneAOBaHHJI JIBnJIIOTCJI, no- BH
AHMOMy, OnHBHHhl H3 MeTeopHTOB THna nannaCHTOB. CoAep
:>KaHHe OnHBHHOB B 3THX MeTeOpHTaX AOCTHraeT 40-70~ 
no o6'LeMy. 

)J;anee, AnJI ycnemHoro npoaeAeHHJI TaKHX uccneAoBaHHi 
Heo6XOAHMO nOA06paTL o6pa3Uhl, pacnono:>KeHHhle B03MO:>KHO 
6nu:>Ke K nepaoHa'lanLHO:ii 1AoaTMoc4JepHoiil noaepxHOCTH 
MeTeopHTa, Ha rny6uHe He cawme 5-6 c..w. )J;eicTBHTenLHo, 
H3 pac'leTOB COOTHOWeHHJI "npo6er - 3HeprHJI" cneAyeT, 
'ITO npo6er caepxTJI:>Kenwx JIAep c Juepruei oKono 
2,5 F3B/HYKA. npuMepHo B TPH paJa MeHLme, 'leM y JIAep 
:>Kene3a C 3TOii 3HeprHe:ii, H COCTaBnJieT npHMepHO 6 CM 
AnJI MeTeopHTOB THna nannaCHTOB. 

Ecnu Aa:>Ke npeAnono:>KHTL, 'ITO HHTeHCHBHOCTL caepx
TJI:>Kenwx ICOCMH'IeCICHX JIAep nOA'IHHJieTCJI TOii :>Ke 3aiCOHO
MepHOCTH, 'ITO H JIAep rpynnw :>KeneJa IJuepreTH'IeCKaJI 
3aBHCHMOCTL cneiCTpa N (E) - N 0 E-Y, rAe y = 2,0-2,5/16/l, 
Ha rny6Hue 6-8 CM B nannaCHTaX 'IHCnO OCTaHOBOIC TaiCHX 
JIAep c yqeTOM nponecca 4JparMeHTaUHH 6yAeT a 50-
IOO pa3 MeHLme, 'leM B noaepxHocTHOM cnoe TOniUHHO:ii 
I c..w/19/. 

B CBJI3H c 3THM AnJI BWJIBneHHJI o6pa3noa, pacnono:>KeH
uwx B03MO:>KHO 6nH:>Ke IC nepBOHa'lanLHOii noBepXHOCTH, HaMH 
6WnH npeAnpHHJIThl HCcneAOBaHHJI OnHBHHOB H3 6onee 'leN 
20 MeTeopHTOB, COAep:>KaiUHX OnHBHHhl - B nepBYJO O'lepeAL 
nannaCHTOB, a TaiC:>Ke HeiCOTOphiX Me30CUAepHTOB. 

Hau6onLmaJI nnoTHOCTL cne,AoB KOCMH'IeCICHX JJ:AeP rpyn
nw :>Kene3a 6wna o6uapY:>KeHa B onHBHHax H3 MeTeopHTOB 
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JlanoBCKHii XyTop H MapLJIJiaxTa/16/,a B nocne~aee BpeMJI 

TaK:>Ke B MeTeopHTax RMLIWeBo H Hrn CTeiima. 

B aacToJI~eii pa6oTe npe~cTaBJieHLI pe3yJILTaTLI ac

cne~oBaHHii OJIHBHHOB rJiaBHLIM o6pa30M H3 MeTeOpBTa 

MapLJIJiaXTH. KocMH'IecKHii B03pacT JToro MeTeopaTa co

cTaBJIJieT- 180 M.llH neT /23 / • B 3TOM MeTeopBTe paHee HaMH 

6LIJIH o6Hapy>KeHLI KpHcTaJIJILI, pacnono>KeHHLie Ha rny~HHe 
He CBLIWe 5·7. CM OT nepBOHa'laJILHOB noBepXHOCTH 16/. 

Cne~yiO~M Heo6xo~MLIM ycnoBHeM npoBe~eHBJI nouc

KOB H H~eHTH~HKa~BB CJie~OB KOCMH'IeCKBX Jl~ep JIBJIJieTCJI 

HCCJie~OBaHHe 'IYBCTBHTeJILHOCTH OJIBBHHOB K T.!DKeJILIM 3a· 

pa>KeHHLIM qacTH~aM. 

C 3TOB ~eJILIO HaMB 6LIJIB npoBe~eHLI 06Jiy'leHHJI OJIBBB

HOB H3 MeTeOpHTOB YCKOpeHHLIMB BOHaMH THTaHa, XpOMa, 

MapraH~a, >KeJie3a, ~HHKa, repMaHBJI, KpBDTOHa H KCeHOHa 

c 3Hepraeii ~o 6-7. M3B/,HYK.IlOH. 
0 

06Jiy'leHHJI npOBO~JIHCL no~ yrJIOM 30 K noBepXHOCTB 

KpHCTaJIJIOB. 3aTeM 3TH .. >Ke o6pa3~LI 06JiyqaJIBCL YCKOpeH· 

HLIMB HOHaMH KCeHOHa /HJIB KpHnTOHa/ nepneH~BKYJIRpHO 
noBepXHOCTH. fipH nocne~YIO~Qeii XHMH'IeCKOB o6pa60TKe 

TpaBHTeJIL no nepneH~BKYJIRpHO HanpaBJieHHLIM TpeKaM npo • 

HHKaJI BHYTPL KpHCTaJIJia H npOJIBJIJIJI CJie~LI YCKOpeHHLIX 

TJI>KeJILIX HOHOB B 06'LeMe ~eTeKTOpa. TaKaJI npo~e~ypa 
n03BOJIJieT onpe~eJIBTL TpaBHMYJO ~JIBHY CJie~a Ka~oro H3 

yKa3aHHLIX BLIWe HOHOB, 3a BCKJIIO'IeHBeM BOHOB KpHnTOHa 

H KCeHOHa, TaK KaK ~JIJI KpH;DTOHa, COrJiaCHO ~aHHLIM 

ll.Ji .llpaiica H ~p)2o/, nopor BLIRBJieHHJI HenpepLIBHLix cne~oB 
ne)I(BT B o6nacTB 8,3 - 8,5 M3B/HYK.IlOH; nopor BLIJIBJieHHJI 

HOHOB KCeHOHa HaXO~TCJI, COrJiaCHO HaWHM O~eHKaM, 

B o6nacTH CBLime 20 M3B/HyKAOH. 
C noMOIQLIO TaKOB npo~e~ypLI ~JI TpaBBMOB ~BHLI BOHOB 

Ti noJiy'leHO OKOJIO 2 MKM, ~JIJI HOHOB 54 Cr - 8,5 - 9 MKM, 
HOHOB 

56 Fe - .13,0 - 13,5 MKM, HOHOB 66zn '> 23 MKM, 
74Ge - . 35 MKM; ~JIHHa CJie~OB BOHOB 84 Kr, COrJiaCHO 

~aHHLIM pa60TLI /20/, COCTaBBJia 60-65 MKM. TaKHM o6-

pa30M, TpaBHMaJI ~JIBHa CJie~a 6LICTpO yBeJIB'IHBaeTCJI C 

pOCTOM a TOMHOrO HOM epa Z JI~pa. 

KaK noKa3aJIB KOHTpOJILHLie OnLITLI, KpBTepHii TpaBHMOB 

~JIHHLI CJie~a ~OCTaTO'IHO XOpOWO xapaKTepH3yeT 3apJI~ 

TJI>KeJioro HOHa, 3aMe~JIIOIQerOCJI ~0 OCTaHOBKH B KpBCTaJI· 
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Puc. 2. Pacnpeoe.lleHue o.lluH c.11eoo6 Roep zpynm.r xe.11e3a 
e o.llU6UHax U3 Memeopu111a MapbR.Ilaxmu. 
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Puc. 3. Pacnpeoe.lleHue o.lluH c.11eooe Roep zpynni.J xe.11e3a 
6 O.llU6UHax U3 Me111eopu11a Hz.11 C11eiium. 
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nax onBBBHa. TalC, npB 'leThlpexKpaTHOM yaenB'IeHBB apeMe

HB TpaaneHB.II BOHOB 74 Ge cpe.ZJ;Hee 3Ha'leHBe .ZJ;nBHhl cne,ZJ;a 

B03pOCnO C 35 ,ZI;O 37,6 MKM, 'ITO COOTBeTCTByeT H3MeHeHBIO 

aTOMHoro HoMepa z B npe.ZJ;enax ~ z ~ 1 . 
0.ZJ;HaKo npoae,ZJ;eHHhle HaMB Bccne.ZJ;oaaHB.II cneKTpoa 

.ZJ;nBH JI.ZJ;ep rpynnhl )l(ene 3a a onBBBHax B3 pa3nB'IHLIX Me Teo

pBTOB DOICa3anB, 'ITO Cpe,ZJ;Hee 3Ha'leHBe ,ZJ;nBHbl HaB6onee 

npe,ZJ;CTaBBTenbHOrO DBKa COCTaBn.lleT 7,5 MKM ,ZJ;nJI OnBBBHOB 

B3 MeTeOpBTa Mapb.llnaXTB /puc. 2/, 8,5 MKM ,ZJ;n.ll MeTeo

pBTa JIBDOBCKBi XyTop B 10,3 MKM ,ZJ;nJI MeTeopBTa Hrn 

CTeHWH /puc. 3/, BMeCTO 13,0- 13,5 MKM ,ZJ;nJI ICOHTpOnb

HbiX o6ny'leHBH YCICOpeHHhiMB BOHaMB 56fe. 3TOT 3cWJeKT, 

no- BB.ZJ;BMOMy, o6ycnoaneH .ZJ;nBTenLHbiM HarpeaaHBeM 

MeTeOpBTOB ,ZJ;O OTHOCBTenbHO HeBbiCOICBX TeMnepaTyp -

80-100° B ICOCMOCe 3a C'leT COnHe'IHOH pa,ZJ;BaUBB /16/. 
Ha puc. 4,5 npe,ZJ;cTaaneHLI pe3ynLTaTLI onhiTOB no 

BCCne,ZJ;OBaHBIO COKpall(eHB.II .ZJ;nBH TpeiCOB YCKOpeHHbiX TJI)I(e

nhiX BOHOB RO,ZJ; ,ZJ;eHCTBBeM ICOHTpOnBpyeMoro OT)I(Bra. KaK 

cne,ZJ;yeT B3 3TBx PBCYHKOB, npB HarpeaaHBB .ZJ;On)I(HO npoBc-

R,,. 
40 

30 

20 

10 

0 

o Ge Joo·c 
c Ge 4oo·c 
+ Fe Joo·c 

" Fe 4oo·c 

~-------------~-

9 
-+ + 

5 10 15 20 AT, 'laC 

Puc. 4. H3MeHeHUJI llpa6uMoil OAUHbl cAeOo6 JIOep zepMaHUJI 
U JIC€A€3Q 6 3Q6UCUMOCIIU 011 II€Mnepallypbl U 6p€M€HU 011-
JICUZQ. 
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Puc. 5. H3Meueuue mpa6uMoil OAUHbl cAeOo6 JIOep JKeAe3a, 
zepMQHUJI, KpUnlllOHQ U KC€HOHQ npu OllfJICUZ€. 

XO,ZJ;BTb COKpall(eHBe .ZJ;nBH Cne,ZJ;OB BCeX 3apJI)I(eHHhiX 'lac

TBU, B TOM 'IBCne B cne,ZJ;OB rBROTeTB'IeCICBX CBepXTJI)I(enbiX 

.II,D;ep. 3TOT :JdlcbeKT CBO,ZJ;BTCJI IC DOBbiWeHBIO DOpora BbiJIB

neHBJI TpeKoa T2I/. OueHKB B03.ZJ;eicTBBJI TepMB'IecKoi per

peccBB B ICOCMB'IeCICBX ycnOBBJIX, DpOBe.ZJ;eHHble B pa6oT~l 6/ 
.ZJ;n.ll MeTeopBTa MapL.IInaxTB, noKa3anB, 'ITO 3TOT :JcWleKT 

RpBBO.ZJ;Bn IC COKpall(eHBIO ,ZJ;nBH cne,ZJ;OB B o6naCTB Z ·> 36, 

npBMepHo Ha 20-2.5~ OT nepaoHa'lanLHoi .ZJ;nBHLI. Bo3.ZJ;ei

CTBBe .ZJ;nBTenLHOrO HarpeaaHBJI B MeTeOpBTe DpBBO,ZJ;BT 

IC ROCTeneHHOMy COKpall(eHBIO .ZJ;nBH cne,ZJ;OB B HeiCOTOpOMy 

II 



pa3MLIBaHHIO cneKTpa 3& C'leT HenpephlBHOH perHCTpaiJ;HH 

HOBhlX 'laCTHIJ; jpUC. 6/. 

4f 
2 

3 
1 

3 

Pb U 114 
I l f 

I a DJ 
'(),2'. b~ 1,0 1{+ ~~ 

Q2 0,6 1,0 1~ 

1 ttiff~iffl'@h ~ v • 
Q6 1,0 Q2 1f+ 

R.mm 

Puc. 6. Boaoeiicmeue oiiiJICuza Ha cneKmpbl oAUH cAeooe .Roep 
Pb, U , 11- zo aAeMeHma e oAueuHax /o~eHKa/. a/. B om
cymcmeue omxuza. 6/. Y~em a~eKIIfa pezpeccuu OA.R oAu
euHoe e Memeopume .JiunoecKuii Xymop. e/. HenpepbiBHoe 
yMeHbrueHue oAUH cAeooe c me~eHueM epeMeHu. 

TaKHM o6pa30M, OTCYTCTBHe KanH6pOBOK yCKOpeHHLIMH 

TJDKeJILIMH HOHaMH B 06JiaCTH aTOMHLIX HOMepOB Z > 36, 

He06XO,AHMOCTb y'leTa 3ciMIIeKTa perpeCCHH TpeKOB B KOCMH· 

qecKHx ycnoBHJIX, a TaiOKe TPYAHOCTH B TeopeTH'IecKoii: 

OIJ;eHKe TpaBHMOB .AJIHHLI CJie.Aa llOKa He ll03BOJIJIIOT npoBeCTH 

H.AeHTH~HKaiJ;HIO aTOMHLIX HOMepOB TJI~eJILIX 'laCTHIJ; B MH· 

Hepanax H3 MeTeOpHTOB C TO'IHOCTLIO, Jiy'IIUeii:, 'leM ± 10~. 
B 3TH X ycnoBHJIX Mhl npe.ADPHHJIJIH nonLITKY H.AeHTH~H

KaiJ;HH aTOMHLIX HOMepoB HaH6onee TJI~eJILIX KOCMH'IeCKHX 

JI.Aep /Z ~70/ DO pacnpe.AeJieHHJIM .AJIHH CJie.AOB, OCHOBLI· 

BaJICb Ha H3MepeHHOH B OnLITaX C 3MYJibCHJIMH H nnaCTHKa

MH OTHOCHTeJibHOH HHTeHCHBHOCTH JI.Aep B 06JiaCTH 70 ~ Z ~ 
<83 H z = 90-92/11 ,IV. 
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B 3Toii qacTH cneKTpa AJIHH cne.AOB .AO~HLIHa6JIIO.AaTL
cJI MHHHMYMLI, COOTBeTCTBYJO~e OTCYTCTBHIO .AOCTaTO'IHO 

CTa6HJibHLIX JI.Aep B 06JiaCTH 83 ~ Z < 90, a TaiOKe 94 <Z < 
< 110. 

B CBJI3H c 3THM MLI nposeJIR npocMoTp 6onLworo JCona

qecTsa JCPHCTaJIJIOB onHBHHa H3 MeTeopHTa MapL.anaxTH, 

paCDOJIO~eHHLIX no B03MO~OCTH 6~e K noBepXHOCTH 

3TOrO MeTeOpHTa. finOTHOCTb CJie.AOB OT OCTaHOBOK JI.Aep 

rpynnLI ~eJie3a B 3THX KpHCTaJIJiaX COCTaBJIJIJia 

4-6.10 6 1/CM 2 , 'ITO C y'leTOM KOCMH'IeCJCOrO B03paCTa 

H TepMH'IeCJCOH perpeCCHH CJie.AOB COOTBeTCTByeT rny6HHe 

pacnOJIO~eHHJI OJIHBHHOB 'S_ 5·6 CM OT nepBOHa'lanbHOB /.AO· 

aTMoc~epuoi/ nosepxuocTH MeTeopaTa MapLJIJiaXTH. 

llpOCMOTp ICpHCTaJIJIOB no 06'beMy npOBOAftJICJI nyTeM 

llOCJie.AOBaTeJibHOrO qepe.AOBaHHJI onepa:u;HB noJIRpOBKH JCpH

CTaJIJIOB /Ha rny6HHy 30-40 MKM/, TpaBJieHHJI, npOCMOTpa 

H H3MepeHHB TpeKOB nO.A MHKpOCJCOnOM. Bcero 6LIJIO npo· 

CMOTpeHO 40 MM 3 ICpHCTaJIJIOB OJIHBHHOB. 0T6HpaJIHCb CJie • 

,ALl .AJIHHOB CBLIWe 360 MKM, 'ITO COOTBeTCTByeT, COrJiaCHO 

HaWHM OIJ;eHKaM /16/, 06JiaCTH aTOMHLIX HOMepoB Z ·:?! 70. 

Pe3ynLTaTLI 3THX H3MepeHHi npase.AeHLI ua puc. 7. 
KaJC cne.AyeT H3 pacnpe.AeJieHHJI .AJIHH cne.AoB, npe.ACTasneu

HOrO Ha 3TOM rp~HKe, B cneKTpe MO~O BLI.AeJIHTL rpynnLI 

B 06JiaCTH 580-700 MKM /30 TpeJCOB/ H CBLIWe 800 MKM. 
ECJIH npe.AnOJIO~Tb, 'ITO rpynna CJie.AOB AJIHHOB CBLIWe 

580 MKM o6ycJIOBJieHa KOCMH'IeCJCHMH JI.ApaMH ypaHa -

TOPHJI, TO HX pacnpOCTpaHeHHOCTb no OTHOWeHHIO K JI.ApaM 

rpynnLI ~ene3a /c y'leToM npo:u;eccos 3aMe.AJieHHJl H ~par
MeHTa:u;aa AJIJI rny6HHLI 5·6 CM B naJIJiaCHTe/ COCTaBJIJieT 

<6.10 -:7 am/am, 'ITO HaXO.AHTCJI B Y.AOBJieTBOpHTeJibHOM CO

rJiaCHH C .AaHHLIMH npe.ALI.A~X HCCJie.AOBaHHi B 3TOH 

o6nacTH a TOMHLIX HOMepos Z /ll • 12 I . B :noM cnyqae 

.AJIJI OTHOCHTeJibHOB HHTeHCHBHOCTH JI.Aep B 06JJaCTH 70 ~ 
< Z < 83 /.AJIHHLI CJie.AOB 360-560 MKM/ nonyqaeTCJI Be· 

naqa:ifa /2,5±0,8/.10-6 am/am, 'ITO TaiOKe cornacyeTc.a c 

H3BeCTHLIMH 3KCnepHMeHTaJILHLIMH .AaHHLIMH. 

0.AHaJCo noJCa ueJIL3JI HCKJIIO'IHTL TaiOKe H BToporo npe.A

nono~eHHJI, 'ITO TpH CJie.Aa AJIHHOB CBLIWe 800 MKM o6yc

JIOBJieHLI 3aMeAJieHHeM JJ:.Aep ypaua-TopsJJ:. B 3TOM cny'lae 

HX OTHOCHTeJibHaJI HHTeHCHBHOCTL npHMepHO B 10-20 pa3 
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Nb 

f5 

10 

5 

'I DO 500 600 700 800 goo R,f""' 

Puc. 7. PacnpeOeAeHue OAUH cAeooe .110ep e o6Aacmu Z2 70 
OAJI 40 .w.w3 oAueuHoe U3 .wemeopuma Mapb.RAaxmu. 

MeHLWe, 'leM H3MepeHHaJI B 3KCDepHMeHTaX C Jl~epHLIMH 

3MynLCHJIMH H nnaCTHKaMH. 3TO 06CTOJITenLCTBO MO)I(eT 

6LITL o6ycnosneHO OTHOCHTenLHO 6onee 6LICTpLIM cna~OM 
HHTeHCHBHOCTH Jl~ep C Z > 83 B o6naCTH 3HeprHH TaKHX 

'laCTBI.l CBLIWe 2 F:JB/HYKAOH, nu6o COOTBeTCTBHeM HX 

OTHOCHTenLHOH HHTeHCHBHOCTH B KOCMH'IeCKHX ny'laX C 

pacnpOCTpaHeHHOCTLIO 3THX 3neMeHTOB B COnHe'IHOH CHCTeMe 
1 A.KaMepoH /22//. 

B CBJI3H c 3THMH o6cTOBTenLCTBaMH B HacTOJIII.lee speM.R 

Haa6onee uenecoo6pa3HLIM npe~cTaBn.ReTcB npose~eHHe He

cne~oBaHHii o6pa3l.lOB, pacnono)l(eHHLix Ha rny6aHe He CBLIWe 

2-2,5 CM OT nepBOHa'lanLHOH DOBepXHOCTH MeTeOpHTa, 'ITO 

COOTBeTCTByeT 3HeprHH B~ep rpyDDLI ypaHa - TOpHJI He 

CBLIWe 1,0 - 1,5 F:JB/HYK/IOH, T.e. OXBaTLIBaeT o~naCTL 
3Hepraii, accne~oBaBwYJOCB B npose~eHHLIX paHee 3Kcne

PHMeHTax C B~epHLIMH 3MynLCHJIMH H nnaCTHKaMH. fipOBe

~eHHLie HaMH He~aBHO COBMeCTHO C fi.fiennacoM HCCne~o
BaHHJI PB~a MeTeOpHTOB DOKa3anH,'ITO TaKHM o6pa3l.lOM MO-

14 

)l(eT cny)I(HTL nannacaT Hrn CTeiiwH. 3ToT MeTeopaT HMeeT 

KOCMH'IeCKHH B03paCT OKOnO 45 MAH neT /23/ • B HeM 6LinH 

o6Hapy)l(eHLI MHHepanLI, co~ep)l(aUUie /1,0 - 1,6/.107. I /c.w2 

TpeKOB Jl~ep rpyUULI )l(ene3a, 'ITO COOTBeTCTByeT CnOIO, 

y~aneHHOMY He 6onee 'leM Ha 2-3 CM OT nepBOHa'lanLHOH 

DOBepXHOCTH. 

Hccne~oBaHH.R cneKTpoB ~H TpeKoB, co~ep)f(aUUIXCB B 

1 CM 3 OnHBHHOB H3 3TOrO MeTeOpHTa, D03BOnHT B ~eCJITKH 
H COTHH pa3 DOBLICHTL 'IYBCTBHTenLHOCTL DOHCKOB ~aneKHX 

TpaHCypaHOBLIX 3neMeHTOB DO cpaBHeHHIO CO BCeMH ~pyrHMH 

MeTO~aMH. 

Heo6xo~HMO no~qepKHYTL TaK)I(e, 'ITO accne~oBaHHB 
KpHCTannOB, pacnonmKeHHLIX Ha pa3nH'IHLIX paCCTOJIHHJIX 

OT DOBepXHOCTH 3TOrO MeTeOpHTa, U03BOnBIOT nony'IHTL 

cBe~eHHB TaK)I(e H o6 3HepreTH'IeCKHX cneKTpax rpynn B~ep 
C pa3nH'IHLIMH aTOMHLIMH HOMepaMH Z. 

B 3aKnro'leaae aBTopw BLipa)l(aiOT rny60KYJO npH3Ha

TenLHOCTL E.JI.KpHHOBy, JI.r .KBawe, m.li.BHHKy, n.nen

nacy, B.H.KonoMeHcKoMy, li.B.WeB.RKOBY 3a npe~ocTasne
HHe B HaWe pacnopJI)I(eHHe MHOrO'IHCneHHLIX o6pa31.{0B MH

HepanOB H3 MeTeopaToB. ABTOPLI 6naro~apHLI TaK)f(e 

r.li.)l(~aHOBy, P.M.YoKepy H M.MopeTTY 3a none3HLie 

06Cy)l(~eHHJI. 
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