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S u m m a r y 

Olivine crystals from pallasites are 
excellent detectors for VVH cosmic ray 

1 . A . k . . /8 9/ nuc e1. s 1s nown 1n our prev1ous papers ', 
large transparent olivine crystals from pal
lasites provide a possibility of a search for 
millimeter-long tracks due to superheavy 
cosmic ray nuclei with Z= 110-1147121. But 
many of these crystals contain a large num
ber of very long capillar inclusions,which, 
after etching/6/, are sometimes similar to 
the tracks of VVH nuclei. Olivine crystals 
from the meteorites Admire, Ahumada, Albin, 
Bragin, Brenhem, Eagle Station, Finnmarken, 
Krasnojarsk, Lipovsky, Marjalahti, Patwar, 
Pavlodar, Springwater and Til Montain have 
been chosen for investigation. These crystals 
were scanned before etching in order to 
examine capillar and other inclusions 
(Figs. 1-4). The measurement of capillar 
inclusions orientation have been performed 
using an immersion oil method/IS/. It has 
been established that the capillar system 
is oriented only along the main crystallo
graphic directions (table 3, fig. 5). The 
tracks and dislocation after etching are 
shown in Fig. 6. The angular distribution 
o f t r a c k s due t o V H and VV H n u c 1 e i i n o 1 i vine 
crystals from Marjalahti (Fig. 7) indicates 
that our method is good for distinguishing 
tracks and capillar inclusions. 

Kax 6wno noxaJaHo pauee B pa6oTax M.MopeTTa 
u ,ll;p. /I/, P .«<>neiiwepa u ,ZJ;p. /2/, JI.JI.Kawxaposa H ,ZJ;p./3/, 
llp03paqHLie O,ll;HOpO,ZJ;HLie KpHCTannLI OnHBHHa H3 MeTeOpH· 
TOB cnoco6uw perucTpuposaTI» u coxpauJITh a Teqeuue 
,ZJ;eC.&:TKOB H COTeH MHnnHOHOB neT Dp.B:MOnHHeHHLie ,ZJ;e«lleKTLI 
cTpyxTypw, coJ,ZJ;asaeuwe npu Topuo)l(eHHH T.&:)l(en~a~x .a:,Aep 
nepsuquoro xocuuqecxoro HJnyqeuu.a:. 0,ZJ;HaKo npose,ZJ;euue 
HCCne,ZJ;OBaHHH OnHBHHOB H3 MeTeOpHTOB 6wno 3aTpy,ZJ;HH· 
TenbHLIM H3- Ja OTCYTCTBHJI TpaBHTenJI, CITOC06Horo BJ.IJIB• 
nJITb ITpOTJI)I(eHHLie cne,ZJ;LI TJI)I(enJ.IX KOCMHqecKHX JI,Aep 
a 3THX xpucTannax 131. Ilo:nouy ,ZJ;O nocne,ZJ;Hero upeueuu 
,ZJ;n.ll HCCne,ZJ;OBaHHH TpeKOB ranaKTHqeCKHX KOCMHqeCKHX 
nyqeii HCITOnbJOBanHCb B OCHOBHOM KpHCTannJ.I ITHpOKCeHOB
.AHoncu,ZJ;a, runepcTeHa, ITH)I(OHHTa u ,ll;p., a TaK)I(e nones~a~x 
wnaToB nyuuoro H ueTeopHTHoro npoucXO)I(,ZJ;eHuJt/4, 5/. 

B 1971 ro,ZJ;y Kpuwuacsauu u ,Ap. pa,AHKanbHo ycosep
WeHCTBOBanH MeTO,ZJ;HKy BLI.&:BneHHJI TpeKOB B KpHCTannax 
onusuua/6/, qTo o6ecnequno BOJMO)I(HOCTb npose,ZJ;eHH.II 
,ZJ;eTanbHJ.IX HCCne,ZJ;OBaHHH OnHBHHOB nyHHOrO H MeTeOpHT· 
HOrO llpOHCXO)I(,ZJ;eHHJI. 

)J;anbHeHWHe HCCne,ZJ;OBaHHJI CBOHCTB KpHCTannOB OnHBH· 
Ha ITOKaJanu, qTo 3TOT MHHepan JIBn.lleTC.II O,IJ;HHM H3 CaMLIX 
HHJKoqyscTBHTenbHLIX·,ZJ;eTeKTopos JapJI)I(eHHLix qacTim. Co
rnacuo ,ZJ;aHHLIM II.B.Ilpaiica u ,Ap./7/, a TaK)I(e r .H.«<>nepoua 
H ,Ap./8/, nopor perHCTpaUHH OnHBHHa HaXO,IJ;HTCJI B o6naCTH 
Z = 22 /HOHLI THTaHa/. Cne,ZJ;LI JI,Aep C Z > 22 HMeiOT 4lopyy 
yJKoro xouyca c yrnou pacTBopa ueuee O,ZJ;Horo rpa,Ayca 
/4/, o6na,ZJ;aiOT BLICOKOH CTa6HnbHOCTbiO ITO OTHOWeHHIO K 
OT)I(Hry. KpucTannw onusuua H3 ueTeopHTOB npaxTuqecxu 
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He co~ep*aT ~oHa cne~oB OT cnoHTaHHoro ~eneHHB ypaHa 
I::; 10 2 mp/cM 2j /9/. HHTepecHwM HanpaBneHHeM accne~o
BaHHB MHHepanOB H3 MeTeOpHTOB H nyHHhiX o6pa3UOB, ICO
TOpoe 060CHOBaHO B pa6oTe r .H.fl>nepoBa/10/, BBnBeTCB 
fiOHCIC OTHOCHTenLHO CTa6HnLHhiX B~ep B o6naCTH Z = 
= /110-114/ B COCTaBe ranaiCTH'IeCICHX ICOCMH'IeCICHX nyqeii. 
IIpe~w~yiU.He accne~oBaHHB noiCa3ana, 'ITO Haa6onee no~xo
~BIU.HM 06'beiCTOM TaiCHX fiOHCICOB BBnBIOTCB ICpHCTannhl OnH
BHHOB H3 nannacHTOB /9/. O~HaiCo npa npoBe~eHHH 3THX 
HCCne~OBaHHi 3ICCnepHMeHTaTOphl CTOniCHynHCL C Heo6xo
~HMOCTLIO ~CI<pHMHHaUHH cne~OB TB*enLIX ICOCMH'IeCI<HX 
B~ep OT ~Bryp TpaBneHH .. pa3nB'IHhiX ~e~eiCTOB I<pHCTannH· 
qeciCol CTPYI<Typw: onBBHHOB 19, 11 1. YcnemHoe pemeHHe 3Toi 
npo6neMW: BMeeT B8JKHOe 3Ha'leHBe B CBB3H C fiOHCI<OM pe~I<HX 
cne~oB ranoTeTH'IeCI<BX cBepXT-*enwx B~ep /o~HH TpeiC 
Ha 100- 1000 MM 3 OnBBBHa/. 

CornacHo oueHI<aM, BwnonHeHHWM Ha ocHoBe pac'leToB 
Kaua H Ko6eTH'Ia11 2~ Tai<He s~pa ~o~Hhl coJ~aBaTL Bona
BHHax cne~w ~nHHHee 1,2 MM. 

Pa3nH'IHWe aBTopw Heo~HoiCpaTHO OTMe'lana, 'ITO Haa-
6onee pacnpocTpaHeHHWM THnoM ~e~eiCTOB CTPYI<Typw: ona
BHHOB BBnBIOTCB Tpy6'1aTW:e ICaHanw: HnB J<anHnnBphl. 

063op paHHHX pa6oT no ~e~ei<TaM cTpyiCTypw: onHBHHOB 
npHBe~eH B MOHOrp~HH JI.H. qHpBHHCICOrO 7l 3~3TH BICniD'fe• 
HBB 6w:na BnepBwe o6Hap)'*eHw B onHBHHax H3 MeTeopBTa 
IIannacoBo XCene3o, 3aTeM B nannacHTax JiparBH, JIMwme
Ba, JipeHX3M/l3/. 

B 1943 ro~y B.H.BepHa~ciCBi coo6IU.Hn o6 o6Hap)'*eHHH 
I<anannspoB B onHBHHax H3 Bcex nannacHTOBMeTeopBTHoi 
I<onnei<UHH AH CCCP 1 14~ Ce'leHHB ICanannspoB HanoMHHanx 
'le'leBHUY, a HX pa3pe3hl ~aBanB 3aMI<HYTYIO ICpBB)'IO nHHHIO; 
ICanannspw: o6pa3oBw:BanB o~y cBcTeMy napannenLHWX 
ICaHanoB, pe*e - ~Be Tai<HX cacTeMw /13,14/. Jiwna o6Hapy
*eHw Tak*e TeMHW:e' BI<niD'IeHHB osanLHOB ~OpMhl /14/, xa
paiCTepH30BaBmHeCB ICai< "py~Hhle BICniD'IeHHB" HnH "BemecT
BO qepHoro ana TeMHo- ceporo UBeTa" 1 13 /. B nHTepaType 
HeT ~eTanLHLIX CBe~eHHH 0 npOHCXO*~eHHH H CTpyiCType 
~e~eiCTOB B onHBHHax H3 nannacHTOB. OcTaeTCB OTICpw:TLIM 
Bonpoc o6 opaeHTaUHH ICanannspoB H o cocTaBe BemecTBa, 
BXO~BIUero B HHX. 

3a~aqeii HaCTOBIUeH pa60Thl BBnBeTCB 6onee ~eTanLHOe 
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HCCne~OBaHHe ~e~eiCTOB ICpHCTannH'IeCICOH CTpyiCTypw:pa3-
nH'IHOrO npOHCXO~eHHB B OnHBHHaX H3 nannaCHTOB H HX 
cpaBHeHHe c ~HrypaMH TpaBneHHB cne~oB TB*enLix 3aps
*eHHLIX 'laCTHU. JiLinH OT06paHLI ICpHCTannLI OnHBHHa H3 
nannacHTOB JiparHH, JianoBCICHii XyTop, MapLBnaxTH, IIan
nacoBo XCene3o, JIMLimeBa, AnL6HH, AxyMa~a. JipeHX3M, 
Hrn CT3HWH, CnpHHryoTep, Tan MoHTeH, 4>HHMapiCeH, 
3~Maiip , a TaiC*e onHBHHLI H3 Me30CMepHTa IlaTBap. 
KpHCTannLI MOHTHpOBanHCL B 3ITOICCMHYIO CMony, nonapo
BanHCL H npOCMaTpHBanHCL ITO~ MHICpOCICOITOM npH yBenaqe
HHH OT 100X ~0 2000X. BLI6HpanHCL ICpHCTannLI, co~ep
*aiUHe BICniD'IeHHB B BMe CHCTeM ICaiTHnnBpOB, OBanLHLIC 
HnB orpaHeHHLie BICniD'IeHHB, TpeiUHHLI, 3aiTOnHeHHLie MHHe
panaMH MeTannaqeciCoii qacTH nannacaTa. IlpH Heo6xo~a
MOCTH ICpHCTannLI MOHTHpOBanBCL 3aHOBO ~nB 6onee ~e
TanLHOrO Ha6mo~eHHB ~e~eiCTOB cTpyiCTypLI. Haa6onee xa
paiCTepHLie ~e~eiCTLI CTPYICTYPLI npe~cTaBneHLI Ha puc. 1- 3. 

Ha puc. 1a npe~cTaBneHLI cacTeMLI ICanannspoB Bona
BHHe H3 MeTeopHTa MapLBnaxTH. BH~HLI ~Be cacTeMLI -
TeMHLie TOHICHe ICaiTHnnBpLI H 6onee WHpOICHe BICniD'IeHHH 
c qeTICo:ii orpaHICoii. KanannHpLI, npaHa~ne*aiUHe no~o6HLIM 
cacTeMaM, He nepeceiCaroTCH B o6'LeMe ICpHcTanna. Ha 
pUC. 16 npHBe~eHa MHICpO~OTOrpa~HH ICaHana, 'laCTH'IHO 
3aiTOnHeHHOrO Henpo3pa'IHLIM Bei.QeCTBOM; BMHO, 'ITO TOpULI 
ICaiTHnnHpa HMeiOT OT'IeTnHBYIO reoMeTpH'IeCIC)'IO orpaHICy. 

,lJ;Be CHCTeMLI B3aHMHO nepeceiCaiOI.QHXC~ ICaiTHnnHpOB 
B ICpHCTanne OnHBHHa H3 MeTeOpHTa JIMLIUieBa npe~CTaB
neHLI Ha puc. 2a. BH~Ho, 'ITO npo~HnL HeKoTopLIX KanannH
poB nepeMeHHLiii. Ha puc. 26 'leTICO pa3nH'IaiDTCH TPH 
CHCTeMLI nepeceiCaiOIUHXCH ICaiTHnnHpOB, a TaiC*e TOHICHe 
I< 1 M KM/ nnocKHe BICnro'leHHH HenpaBHnLHoii ~opMLI /MeTe
opHT MapLHnaxTH/. 

B onHBHHax H3 nannacHTOB IiparHH, JlHITOBCKHii XyTop, 
MapLHnaxTH H Hrn .CTeiiiiiH Ha6nro~anacL ciConneHHH oBanL
HLIX IHHOr~a orpaHeHHLIXI BKJIIO"'eHHH. IionLIIIHHCTBO TaKHX 
BKniD"'eHHH Henp03pa"'HLI, HeiCOTOpble OKpaiiieHLI B 6ypLIH 
UBeT. Pacnono*eHLI OHH npoH3BonLHLIM ana ynopH~o'leHHLIM 
o6pa3oM. 

Ha puc. 3 npe~cTaBneHLI $oTorpa$HH oBanLHLIX BKnro
'leHHii B onHBHHax H3 MeTeopHTOB JianoBCKHii XyTop I puc.3al 
H Hrn CTeiiiiiH I puc. 361. 
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Puc. 1. BKA10'leHUJI e KpucmaAAe oAueuHa U3 Memeopuma 
MapbJIAaxmu /a/. KanuAAJIP e KpucmaAAe oAueuHa, 'lacmu'lHO 
3anoAHeHHblr1 Henpo3pa'lHbiM ee111ecmeoM /6/. 
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Puc. 2. CucmeMbl KanuAAJIPHbiX eKA10'leHur1 e KpucmaAAe 
oAueuHa u3 Memeopuma .JlMt.uueea /a/. Tpu cucmeMt.l nepe
ceKa10lJIUXCJI KanUAAJipoe e KpucmaAAe oAueuHa U3 Memeopu
•a MapuAaxmu /6/. 
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Puc. 3. 08aA&Hble 8KA10'leHUJI 8 KpucmaAAbl oAu8uHa, Memeo
pum Jiuno8cKuil Xymop /a/, HzA Cmeilum /6/. 
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Kanunnspuhle BKrrmqeuus - uau6onee wupoKo pacnpo

cTpaueHHhlH THn ,IJ,e4JeKTOB B OllHBHHaX H3 BCeX HCClle,IJ,o

BaHHhlX HaMH o6pa3D;OB MeTeopHTOB. llpe,IJ,BapHTeJILHhlH 

aHallH3 noKa3biBaeT, qTo KanHllllSpHhle BKrrmqeHHS o6pa3}'lOT 

CHCTeMhl c onpe,IJ,eneuuoil opHeHTa:u;ueil. llo,IJ,po6uhle uccne

.IJ.OBaHHS OpHeHTaD;HH KanHllllSpHhlX BKrrmqeHHH npOH3BO,IJ,H

llHCb HMMepCHOHHLIM MeTO,IJ,OM / 15/. lflBeCTHO, qTo KpHCTan

llbl O~H?Ha o6na,IJ,aiOT cnaHHOCTLIO no nnOCKOCTSM (010] H 

[001] 16 
• Cne,IJ,yeT O:>KH.IJ.aTL, qTo B HMMepcuoHHLIX npena

paTax 6y,IJ,yT Ha6ITID,IJ,aTLCS 4JparMeHTLI KpHCTallllOB, COOT

BeTCTB}'lOI:u;11e HllH 6llH3KHe 3THM ceqeHHSM. 

Ha puc. 4 npe,IJ,cTaaneua 4JoTorpa4Jus 3epua onHBHHa 

B nOllSpH30BaHHOM CBeTe; OTqeTllHBO BH,IJ,Hbl ,IJ,Be CHCTeMLI 

KaHanoB no,IJ, yrnoM 94°02 . 

Puc. 4. KpucmaAA OAU8UHa 8 noAJipu3o8aHHOM c8eme, 8UOHbl 
o8e cucmeM&I KanuAAJipo8. 

KpHcTannLI, opHeHTHpoBaHHLie B HMMepcHOHHOM npena

paTe no [010] H [001], o6na,IJ,aiOT npsMLIM noracauueM 115• 16/, 

HaCTynaiOID;HM TOr,IJ,a, KOr,IJ,a HanpaBlleHHS (001], [100] H [010] 
COBMeiD;aiOTCS C HanpaBlleHHSMH CBeTOBLIX KOlle6aHHH, 

nponycKaeMMX nonspH3a TopoM H auanuJa TopoM I puc. Sa, 6/. 
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Puc. 5. IlpoeKijUU KpucmaAAozpatfiu<~e.cKux HanpaeAeHuil e 
KpUCiflQ/l/1€ O/lU8UHa: npJIMOYZO/lbHbl€ /a, 6/, Clllepeozpatfiu
'l€CKUe /e,z/. 

bOllhiiiHH noKa3aTenh npenoMneHHJI Ng COOTBeTCTByeT Ha

npaaneHHlO [ 100], cpe.n;HHH N m- [001], a MeHLIIIHH N P -

[OlO].,lJ;nJI onpe.n;eneHHJI nono:>KeHHJI 3THX HanpaaneHHil B He

cne.n;yeMbiX 3epHaX npHMeHJillCJI MeTO,IJ; KOMneHCaD,HH HH

TepclJepeHIJ,HOHHOH OKpaCKH C nOMOIIJ,hiO KBapiJ,eBOrO KnH

Ha/15/. CyJIJ,HOCTh MeTO,IJ;a COCTOHT B TOM, 'ITO npH HanO)f(eHHH 

KBapiJ,eaoro KllHHa Ha,IJ; HCCne.n;yeMbiM KpHCTannOM B03MO)f(

HO nH60 CllO)f(eHHe pa3HOCTeH XO.IJ;a, npHo6peTaeMbiX CBeTOM 

B 060HX KpHCTannax /OllHBHH H KBapu./, nH60 HX Bhi'IHTar 

HHe. llepBbiH cnyqaif npHBO,IJ;HT K nOBbiiiieHHIO HHTepclJepeH

IJ,HOHHOH OKpaCKH, a BTOpOH - K ee nOHH)f(eHHIO. 

TaKHM cnoco6oM onpenen.11noch nono)f(eHHe 6on~>IIIero 
H MeHLIIIero H3 noKa3aTeneil npenoMneHHJI a Hccne.n;oaaH-
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HbiX 3epilax, T.e. Ng H NP a cnyqae opHeHTHpOBKH 3epHa 

no [001] H Ng H Nm- a cnyqae opaeHTHPOBKH 3epua no [010] 
06a cnyqaiJ: OpHeHTHpOBOK pa3llH'IaJIHCh C nOMOIIJ,hiO MeTO,IJ;a 

KOHOCKOnHH / 1S/. 

YcTaHOBHB nono)f(eHHe rnaBHhiX HanpaBneHHil [100 l , 
[010] H [0011 B KpHCTanne, MO)f(HO onpe.n;eJIHTh yrnhl, KOTO

pble COCTaBnJIIOT KanHllll.llpbl C 3THMH HanpaaneHHJIMH. 

B ma6A. 1 H 2 npHae.n;eHhl 3Ha'leHHJI yrnoa pa3nH'IHhiX 

HanpaaneuHil, ne)f(aJIJ,He a nnocKOCTJIX [010] H [001], a Ha 

puc. Se,z - cTepeorpaclJaqecKHe npoeKIJ,HH 3THX Hanpaane

HHH. llpnMepbl opHeHTHPOBKH KanHnnB:poB B onHBHHax npH

Be.n;eHbl B ma6A. 3. ConocTaaneHHe 3aMepoa c pacc'IHTau

HbiMH yrnaMH noKa3blaaeT, 'ITO Ha6JIIO.n;aeMhle KanHnnJipbl 

COOTBeTCTBYIOT rJiaBHhiM KpHCTannorpaclJH'IeCKHM Hanpaane

HHJIM [001], [100\, [OlOJ, [llOj,pe)f(e [120], [130], [230], [160] .Bee 

3TH HanpaaneHHJI JIBJIJIIOTCJI OCJIMH 30H, KOTOpbiM npHHa,IJ;

ne)f(aT ycTaHOBneHHble ,IJ;JIJI OllHBHHOB H3 nannaCHTOB cPOpMhl 

KpHcTannoa /l 7 I. 
Onpe.n;eneHHe opHeHTHpoBKH KanHnnB:poB B KpHcTannax, 

3aKJIIO'IeHHbiX B 3nOKCH.IJ;HYIO CMOny, He MO)f(eT 6b1Th c.n;enaHO 

HMMepCHOHHbiM MeTO,IJ;OM TO'IHO, TaK KaK 3Ha'IHTenLHaJI Ton

JIJ,HHa npenapaTa He n03BOnJieT cPHKCHpOBaTh nonO)f(eHHe 

noracaHHJI. 

B TaKHX npenapa Tax onpe.n;enJinHCh yrnLI Me)f(,II;y CHcTe

MaMH KanHnn.llpOB, npe,IJ;nOllO)f(HTellhHO OTHOCHMbiMH K (001], 
[100) HllH (010), H O,IJ;HHO'IHbiMH KanHllllJipaMH. 

llony'leHHble 3Ha'leHHJI npHae.n;eHbl B ma6A. 3. B npena

paTaX, n03BOllJIIOIIJ,HX npOCMaTpHBaTh KpHCTannbi·B rny6HHy, 

KpoMe nepe'IHCneHHbiX HanpaaneHHH, OTMe'lanHCh CHCTe

Mbl KOCO pacnOllO)f(eHHbiX KanHnnJipOB KaK B nnOCKOCTH 

[010] ,TaK H [001]. Y.n;nHHeHHe TaKHX KanHnnB:poa coana.n;aeT 

C (110} ,HX HanpaaneHHe COOTBeTCTByeT (111V puc. 2a/. 

TaKHM o6pa3oM, KanHnnJipHble BKJIIO'IeHHJI a KpHcTannax 

OllHBHHOB H3 nannaCHTOB OpHeHTHpOBaHbl B,IJ;Onb rnaBHbiX 

KpHCTannorpaclJH'IeCKHX HanpaaneHHH. 3TH HanpaBJieHHJI MO

ryT 6b1Th O,IJ;H03Ha'IHO H,IJ;eHTHcPHU.HPOBaHhl no OpHeHTaiJ,HH 

npeo6na.n;aiOJIJ,HX KanHllll.llpHbiX CHCTeM. 

HeKoTopble BH.IJ;bl .n;eclJeKTOB cTpyKTYPLI BbiJIBnJinHch npH 

H36HpaTellhHOM XHMH'I.eCKOM TpaBneHHH. llonHpOBaHHble KpH-
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Ta6mfUa 1 

Yrnhi Me)Kny ocaoBHbiMH aanpaBneHHHMH, ne)KBlilHMH B 

nnoCKOCTH (010] KpHCTannoB onHBHH8 
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Cm.~son Yron Yron Yron c narrpaEmlHI!eM 
narrpaEnemm c OOI c roo · Toro JKC CliMEOJia 

OOI oo0 oo 90°00 

!06 II0 5I 78°09 23°42 

!02 32°II 57°49 64°22 

203 40°00 50°00 80°00 

IOI 5!032 38°28 76°56 

roo 90°00 oo0oo 

Ta6mfUa 2 

Yrnhi Me)Kny ocaoBHbiMH aanpaBneHHHMH, ne)KalllHMH 

B IInOCKOCTH (()()lJ KpHCTannoB OnHBHH8 

C!!MBOJI Yron Yron: Yron c narrpm~ncmmr,l 
narrpasneHWl c oro c roo Toro JKe Cl!MEona 

oro o0oo 90°00 

!50 23°!4 66°46 46°28 

!30 35°35 54°25 7IoiO 

!20 47°0! 42°59 85°58 (94°02) 

IIO 65°0! 24°59 50°02 

roo 90°00 00°00 

t 

+ 

+ 

I • 

Ta6nHua 3 

ConocTaBneaHe H3MepeHHhlX H paccqHTaHHhlX yrno~ 

OIIpenenSIIDIIlHX DpHeHTHpOBKy K8IIHnnHpoB* 

HsMe pe mrutt Pacc<IuTaHHHil IInocKOCTb Op!!eHT!!posKa Ilpl!l;l8'I8HI!8 
yron yron na6nronenrut I<ananoE 

00 00°00 (OIO) OOI tlaphllnaxTu J~ 405 
25° 24°59 (OOI) IIO -"-
32° 32°II (OIO) !02 -"-
94°00 94°02 (OOI) !20 -"-
IIO II05I (0!0) !06 -"-
40° 40°00 (OIO) 203 -"-
900 90°00 (OIO) roo -"-
25° 24°59 (OOI) IIO Eparl!lr 
230 23°!4 (00!) !50 -"-
00 oo0oo (OIO) OOI fu.ru:uesa 

40° 40°00 (OIO) 203 -"-
00 oo0 oo (0!0) OOI Epa rna 

n•O 94°02 (OOI) 120 Epar'I!H :1'i 

oo oo0oo (OIO) OOI !Ian:nacoEo Eeneso 

94° 94°02 (OOI) !20 -"-
50° 50°02 (OOI) IIO .ffr&J!II8E8 
7!0 7IoiO (OOI) !30 -"-

*B Ta6nHuy BornnH He Bee nponenaHHhle 3aMephl 

yrnoB, 8 nHllih IIpHMepbi H8H6onee qacTO BCTpeqaiDUIHXCSI 

OpHeHTHpOBOK. 
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CTanJILI OllHBHHa DO,IJ;BepranHCL 06pa60TKe B TpaBHTene, 

npe,IJ;no:>KeHHOM KpunmacBaMH H ,II;p. 161. TpaBneHHe npou3-

BO,IJ;HnocL B repMeTH'IeCKH 3aMKHYTOM o6'LeMe npH TeMne

paType 120° C B Te'leHHe 10-20 '-lac. CHcTeMLI Kanunns

poB, He nepeceKaroii.Uiecs ,II;pyr c ,II;pyroM, o6bi'IHO pac

TpaBnHBaroTcJI, npH 3TOM OHH npuo6peTaiOT cl>opMy cna6o 

Cy:>KaiO~HXCJI KaHallOB; Ha HHX BLIJIBllJIIOTCJI xapaKTepHLie 

KOpOTKHe TpeKH j,IJ;nHHOH 3-15 MK/ OT KOCMH'IeCKHX JI,IJ;ep 

rpynnLI :>Kene3a I puc. 6a/. B o6pa3uax H3 MeTeopHTOB 

.HMLillleBa, Hrn CTeB:mH, r,IJ;e nepeceKaiOIJ.Uiecs KanHnnspLI 

HMeiOT IIIHpHHy ,!1;0 4-5 MKM ,BH,II;HO, 'ITO OHH 3aDOnHeHLI Be

~eCTBOM CBeTno6ypoB: OKpaCKH,KOTOpoe He paCTBOpJieTCJI 

B TpaBHTene. H3BeCTHo, 'ITO ,IJ;aHHbiH TpaBHTenL He BLIJIB

nseT cne,IJ;bl TJI:>KenLix qacTHU B nHpoKceHax H noneBbiX mna

Tax/6/, HaMH ycTaHoBneHo, 'ITO :noT TpaBHTenL He ,IJ;eB:cT

ByeT Ha CHllHKaTHLie CTeKna. Mo:>KHO 3aKniO'IHTL, 'ITO TaKoro 

po,IJ;a KaDHnllJipLI 3aDonHeHLI TBep,II;biM Be~eCTBOM aMopcl>

HOH HllH KpHCTanllH'IeCKOH CTpyKT:)(pbl, OTllH'IHLIM DO XHMH

qeCKOMY COCTaBy OT OllHBHHa. 

TaKHM o6pa3oM, KanHnnJipLI B KpHcTannax onHBHHa 

MO:>KHO pa3,IJ;enHTL Ha ,IJ;Be rpynnLI I H I I po,IJ;a. 

KanHnnJipLI I po,IJ;a o6pa3yroT ,IJ;Be HnH 6onee B3aHMHO 

He nepeceKaiOIJ.UieCJI CHCTeMLI. 0HH DO,IJ;BepraiOTCJI TpaBne

HHIO TaK :>Ke, KaK TpeKH 3apJI:>KeHHLIX 'laCTHU H ,II;HCllOKaUHH. 

KanHnnJipLI II po,IJ;a o6pa3yroT nepeceKaroiJ.UieCJI cHcTe

MLI npeHMy~eCTBeHHO B Tpex B3aHMHO nepneH,IJ;HKYllJipHbiX 

HanpaBneHHJIX; OHH qaCTO HMeiOT nepeMeHHbiH npocl>HnL, 

npaBHllLHYIO OrpaHKY B Ce'leHHH H 3anonHeHbl TBep,II;biM Be

~eCTBOM, npenJITCTBYIOIJ.UIM npOHHKHOBeHHIO TpaBHTenJI B 

06'LeM KpHCTanna. IlpH H36HpaTellLHOM XHMH'IeCICOM TpaB

neHHH MOryT 6LITL BbiJIBneHbl ,II;HCllOKauHH /B TOM cnyqae, 

ecnH OHH BLIXO,II;JIT Ha DOBepXHOCTL/; OHH MOryT 6biTL HCCne

,II;OBaHbl TaK:>Ke C DOMO~LIO 3lleKTpOHHOrO MHKpOCKODa H Me TO

,IJ;OM peHTreHOBCKoB: Tonorpacl>HH/lS/, Ha puc. 66 npHBe,IJ;eHa 

cl>OTOrpacl>HJI cl>Hryp TpaBneHHJI ,II;HCllOKaUHH H3 MeTeOpHTa 

Am.6HH. ~Hrypbl TpaBneHHJI ,IJ;HcnoKauri HMeroT xapaKTep

HYJO HCKpHBneHHYIO cl>opMy, HHOr,IJ;a OHH o6pa3yroT 3aMJCHYTble 

ne'(nH. IlnOTHOCTL ,II;HCnOKaUHH MeHJieTCJI B IIIHpOKHX npe,IJ;e

JJAX, 06bi'IHO OT 10 2 ,!1;0 10 4 Ha CM 2,B MeTeOpHTe AnL6HH 

OHa ,II;OCTHraeT 106 Ha CM 2 , 

KaK BH,IJ;HO H3 puc. 6a, npH TpaBneHHH npOTJl)l(eHHble 
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Puc. 6. ,4e(/ieKmbJ KpucmaAAU'-IecKou cmpyKmypbl oAueuHa, 
8biJI8A.ReMble npu U36UpameAbHOM XUMU'-IeCKOM mpaeAeHUU: 
mpeKU KOCMU'-IeCKUX .RCJep /a/, CJUCAOKaijUU /6/. 
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cne,Ilbl T.JDKenblX KOCMH'IeCKHX Jl,Ilep Bb1Jl~mi10TCJI B BH,Ile 
cna6o CY*aiD~XCJI KaHanOB. ~nHHa TaKHX TpeKOB HHOr,na 
npesblmaeT 900 MK,./8~ Cne.nyeT OTMeTHTb, 'ITO TpeKH TJI)l(e
nblx KOCMH'IecKHX 11,nep ua6nw,naiDTCJI ua rny6uuax ue csbl
we 25 CM OT ,IlOaTMOCclJepHOH flOBepXHOCTH nannaCHTOB. 
TpeKH 11.nep rpynnbl )l(eneJa u 6onee TJI)l(enblx 11,nep ua6nw
.nanucb B o6pa3uax MeTeopHTOB liparuu, JlunoscKHii XyTop, 
MapbJlnaxTH, RMblmesa u 11rn CTeiiwu. IlnoTHOCTb cne.nos 
Jl,Ilef rpynnbl )l(eneJa B :HHX MeTeO)>HTaX ,IlOCTHraeT 105 -
10 ua cM 2, a 11,nep c Z:;::36 .no 10"'- 3.10

4
ua cM 

2
• TpeKH 

TJI)l(enblX KOCMH'IeCKHX Jl,Ilep OpHeHTHpOBaHbl B WHpOKOM 
HHTepsane npocTpaHCTBeHHblX yrnos, onpe.nenJleMOM 3Hep
reTH'IeCKHM H JapJI,IlOBblM cneKTpOM Jl,Ilep H rny6HHOH 
pacnono)l(eHHJI KpucTannos oT .noaTMocclJepuoB: nosepxuocTH 
MeTeopuTa. __ _ 

Ha puc. 7 npe,ncTasneHbl rpaclJHKH yrnoBbiX pacnpe.nene
HHH cne.nos 11,nep rpynnbl )l(eneJa u 11,nep c Z ~36 B KpHcTan
ne onusuua H3 MeTeopuTa MapbJlnaxTH, pacnono)l(eHHoro 
Ha rny6HHe 4,5±0,6 CM OT ,IlOaTMOCclJepHOHflOBepXHOCTH/11/. 

Ntr 
40 

20 

a 
Ntr 

80 

40 

b 

fJ 
0 90 180 270 360 90 

"tr1 1: .~ ::~ 
90 .,. 

18
0 270 ' o e· 360 90 

Puc. 7. YzAoeble pacnpeoeJJeHWI KOCMU~ecKux JIOep /zpyn
nbl JICeJJe3a eeepxy, Z :::.._36 eHu3y/ e KpucmaJJJJe oJJueuHa 
U3 Memeopuma MapbJIAaxmu.PacnpeoeJJeHue mpeKoe no a3u
Mymy /a/, no yzJJaM nozpyJICeHUJI /6/. 
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KaK cne.nyeT H3 3THX KpHBbiX, yrnoBble pacnpe,neneHHJI 
.11,nep rpynn~a~ )l(eneJa u 6onee TJI)l(enblx 11,nep cornacywT
CJI B npe,nenax OWH60K H3MepeHHJI. B~HO, 'ITO B yrnOBOM 
pacnpe,neneHHH TJI)l(enblX Jl,Ilep HeT flHKOB, COOTBeTCTBYIDIQHX 
rnaBHblM KpucTannorpaclJuqecKHM uanpasneHHJIM /uanpas
neHH.IIM Kanunn.Rpos/. 

Onucauua.11 BblWe MeTo,nuKa noJson.lleT onpe.nenJITb opu
eHTauHID e,nHHH'IHbiX O'leHb ,nnHHHbiX TpeKOB 'laCTHU 
/~800 MKM/, KOTOpble MO)l(HO OTHeCTH K 06naCTH aTOMHbiX 
HOMepOB Z ;;::92 ,OTHOCHTenbHO KpHCTannorpaclJaqecKHX Ha
npasneHHH H C BbiCOKOH CTeneHbiD Ha,ne)l(HOCTH HCKniD'IaTb 
a03MO)l(HbiH BKna,n clJoHa OT clJaryp TpasneHH.Il Tpy6qaTLIX 
Kauanos. 

TaK KaK BeiQeCTBO KanHnn.llpOB H nnOCKHX BKniD'IeHHii 
He no.nsepraeTc.ll TpasneHHID, TaKae BKniD'IeHH.Il HHor.na 
npenJITCTBYIDT npOJIBrteHHID npOT.Il)l(eHHLIX cne,IlOB TJI)l(enwx 
qacTuu. Heo6xo,nHMO nposecTa .nanbueiiwae accne.nosaHHJI 
COCTasa H CBOHCTB BeiQeCTBa, 3anonH.IIIDIQero 3TH ,neclJeKTbl 
C TeM, 'IT06bl HMeTb B03MO)l(HOCTb flOnHOCTbiD Bbi.IIBnJITb 
TpeKH TJI)l(enwx KOCMH'IeCKHX .11,nep. 

KpoMe onacaHHbiX swwe .ne4JeKTOB cTpyKTypbi,B uccne
.nosaswaxcJI HaMH o6pa3uax 61a1na o6uapy)l(eHbl TeMnepaTyp
Hble ana KpacTanna3auaouuwe TpeiQHHbl u nopw/I9/,o6paJo
sauuwe B npouecce pocTa KpHcTannos onaauua, npoucxo.nas
wero 4,3.J09JJe• TOMY HaJa,n. 

3TH HapyweHHJI CTpyKTypw, Hapg,ny C CHCTeMaMH Kanun
nJipOB, OKpyrnLIMH BKniD'IeHHJIMH H .IlBCnoKauHJIMH MO)l(HO 
OTHeCTH K nepBH'IHOKpHCTannH3aUHOHHLIM ,ne4JeKTaM. 

KpoMe Toro, a onaaauax 6wnu o6uapy)l(eHw TpeiQHHLI 
pa3nH'IHOrO npOHCXO)l(.IleHHJI, B03HHKWHe, no-B~HMOMy, 
npH MHOrOKpaTHOM ,npo6neHHH nepBH'IHOrO Tena MeTeOpHTa 
B KOCMOCe, npH BXO)l(.IleHHH B aTMocclJepy H coy,napeHHH 
C flOBepXHOCTbiD 3eMnH, a TaK)l(e BTOpH'IHble BKniD'IeHHJI 3a 
cqeT onnasneHHJI nosepxuocTH MeTeopuTa u B peJynb
TaTe OKHCneHHJI B 3eMHbiX ycnOBHJIX. 

TaKHM o6pa3oM, s pe3ynbTaTe 3THX uccne.nosaullii 
ycTaHOBneua OpHeHTaUHJI CHCTeM KanHnnJipOB OTHOCHTenbHO 
KpHcTannorpaclJaqecKHX uanpasneuuB: a npose.neHbl OTHOCH
TenbHLie H3MepeHHJI yrnosblx pacnpe.neneullii TpeKoB TJI
)l(enblx KOCMH'IeCKHX Jl,nep. 

Bo-sTopwx, noKa3aHo, 'ITO KanunnJipbl, JanonueHHble 
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TBep,IJ,biM Be~eCTBOH, H BKIDO'IeHH.H He fiO,IJ,Bepra.IOTC.H TpaB

JieHHIO H He npHBO,IJ,.HT K fiO.HBJieHHIO 4JoHOBbiX C06biTHH, . 
HMHTHp}'IO~HX CJie,IJ,bi T.H)I(eJibiX 3ap.H)I(eHHblX 'laCTJII~. 

B-TpeTLHX, noKa3aHo, 'ITO HMeeTC.H B03MO)I(HOCTL oT

JIH'IaTL CJie,IJ,bi T.H)I(eJibiX .H,IJ,ep OT $Hryp TpaBJieHH.H KanHJI

JI.HpOB. 

B 3aKmo'leHHe aBTOpbl 6naro,IJ,ap.HT r .H.CI>nepoBa 3a 

fiOCTO.HHHOe BHHMaHHe K pa6oTe H fiOJie3Hble 06C~,IJ,eHH.H. 

ABTOpbi npH3HaTeJILHLI X.B.BHHKy, T.ll.Xony,IJ,L,ll.r.KBa

wa, E.ll.KpHHOBy, r .KypaTy, n.nennacy, B.B.TaTapCKOMY 

3a npe,IJ,OCTaBJieHHble o6pa3Ubi OJIHBHHOB. 
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