Cexyus 1. Ilpoyeccel 63aumooeticmeus usy4eHus u niazmbl C meepobiM meiom
Section 1. Processes of Radiation and Plasma Interaction with Solids

NCCIEAJOBAHUE BJIUAHUSA COCTABA KEJIE3HBIX
N KEJE3HO-KAMEHHBIX METEOPUTOB HA TEMIIEPATYPY
MNPUIOBEPXHOCTHO! JIABEPHOU IIJIA3BMbI METOJ10M JIADMC
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MeToioM Na3epHOi aTOMHO-3MHUCCHOHHONH MHOTOKaHAJIBLHOH CIIEKTPOMETPUH H3YUEHO pacipeiesieHue xemes3a U
HUKeJsl B 00pa3iiax METEOPHTOB: JKEJIE3HOM M JKeJle3HO-KaMeHHOM bparuH. AHanm3 pe3ylbTaToB MO3BOJISET Clie-
JaTh MPEIIOJNIOKEHNE O HAIWYUU B METEOPUTE TPEX TUIIOB OKTadJPUTOB: CpeJHE-, Ipy0o- U BecbMa IpyOOCTpyK-
TYpHBIX. B kauecTBe 0Opa3na cpaBHEHUs MCIIOIb30BaHA ITACTHHKA HeprkaBeromei cranu Mapku A2 (mpokat). Co-
nepxanue xerneza 65-70 %, nukenst 10-12 %. I[IpoBeneHs! ucciie10BaHuUs BIUSHAS XUMHUUECKUX M U3NYECKUX Xa-
PAKTEpUCTHK KEJIE3HOTO U KeJIe3HOW YacTH »KeJIe3HO-KaMEeHHOro MereopuTa bparun Ha TemmnepaTypy NpHUIIOBEpX-
HOCTHOM Ja3epHOH mna3msl MeTogoM JIAODMC. Ompenenenne TeMmneparypsl IUIa3Mbl IpoBeneHO MeTonoMm OpH-
mTeiiHa 1Mo JUHUAM >kene3a. [loka3aHo, 4To HauOoJblIee pa3IUdde TEMIIEPaTypbl IPUIIOBEPXHOCTHON IUIa3MBbI B
BEPXHUX CIOSIX HaOoaeTcst At oOpasia jkene3Horo mereopura. s o6pa3nos Mereoputa bparus n staioHHOTO
TEMIIEpaTyphl TUIa3Mbl CYIIECTBEHHO Pa3lIMYaroTCs, HO paclpeseneHue 0oiee paBHOMEpHOE. XUMHUYECKHUH COCTaB
JKEJIE3HOH YacTH METEOPUTOB TAKOH, KOTOPBIM HE BCTPEYACTCsI B CAMOPOIHOM XKEJIe3€, a OT CIUIABOB XKEJIe3a METE0-
PUTBI OTIIMYAIOTCS HEOObIUaHO KPYIHBIMU KpHUCTAJIaMU. Bee 310 oTpaskaercst ¥ Ha TemrepaType IpHIIOBEPXHOCT-
HOH J1a3epHOil Mi1a3Mbl.

KiroueBble ci10Ba: jxene3Hble METEOPUTHI; METEOPUT bparuH; MUHepalIorH4ecKuil COCTaB; TeMIlepaTypa Jiazep-
HOM IUTIa3MBI; Ja3epHasi HCKPOBasi CIIEKTPOMETPHSI.

INVESTIGATIONS OF THE INFLUENCE OF THE COMPOSITION OF
IRON AND IRON-STONE METEOORITES ON THE TEMPERATURE OF
NEAR-SURFACE LASER PLASMA BY THE LAEMS METHOD
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The distribution of iron and nickel in meteorite samples: iron and stony-iron Bragin was studied by laser atomic
emission multichannel spectrometry. An analysis of the results allows us to make an assumption about the presence
of three types of octahedrites in the meteorite: medium-, coarse-, and very coarse-structured. Meteorites with a total
content of Ni 6-16 wt. % and to which the investigated meteorites belong have a Widmanstitten structure and are
called octahedrites. They are formed by intersecting plates of kamacite oriented along the planes of the octahedron
(111) in taenite. The thickness of kamacite beams is inversely related to the total content of Ni and is the basis for a
more detailed subdivision of octahedrites into fine-, medium-, coarse- and very coarse-grained octahedrites, with
approximate beam sizes of 0.6, 0.6-1.3, 1, 3-3.3 and more than 3.3 mm. A plate of stainless steel grade A2 (rolled)
was used as a comparison sample. Iron content 65-70%, nickel 10-12%. In the reference sample obtained by rolling,
no significant differences are observed, which indicates a more or less uniform distribution of iron and nickel atoms.
The influence of the chemical and physical characteristics of the iron and iron parts of the iron-stony meteorite Bra-
gin on the temperature of the near-surface laser plasma was studied by the LAEMS method. The plasma temperature
was determined by the Ornstein method using iron lines. It is shown that the greatest difference in the surface plas-
ma temperature in the upper layers is observed for the iron meteorite sample. For samples of the Bragin meteorite
and the reference plasma temperatures differ significantly, but the distribution is more uniform. The chemical com-
position of the iron part of meteorites is such that it is not found in native iron, and meteorites differ from iron alloys
in unusually large crystals. All this is also reflected in the temperature of the near-surface laser plasma.

Keywords: iron meteorites; Bragin meteorite; mineralogical composition; laser plasma temperature; laser spark
spectrometry.
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Beenenue

MeTeopuThl ObLITH U, HECMOTPS Ha WHTCH-
CHUBHOE DPa3BUTUE KOCMUYECKUX HCCIIEIOBa-
HUM, OCTAIOTCS KJIIOYEBBIM, a 4aCTO U €JIUH-
CTBEHHBIM UCTOYHHKOM MH(pOpPMaLUU O MPO-
TOIUIAHETHOW M PaHHEHU IJIAHETHOM UCTOPUHU
ConneuHoli cucteMbl. MeTeOpUTHI SBISAIOTCA
00JIOMKaMH pacHaBIIUXCs IJIAHET U acTepo-
UJI0B, 0OJbIIAs YacTh KOTOPBIX JBMXKETCS B
o0mmMpHOM Mosce Mexay opoutamu Mapca u
IOnurepa. Bo3pacT MeTeopuTOB COCTaBISET
4.5-4.6 MuipA. JET U COBMAJAET C BO3PACTOM
3emuin 4.56 MIpI. JIET.

CoryiacHO COBPEMEHHOM CTAaTUCTHUKE, Cpe-
I yIaBIIKX Ha 3emirto 3a nocieanue 100—
200 net metreopuToB [1] pe3ko npeobiagaroT
(92.5-93.3% BcTpeyaeMOCTH) KaMEHHbBIC —
XOHJIpUTHI U aXxOHApUTHL. Ha xeneszHele me-
TeopuThl (CHAEpHUTHI) puxoautcs 5.3-5.7%,
a Ha >xene3zokameHHsle Bcero 0.8-1.3 %.
O4eBUIHO, UYTO OTHOCUTENbHASI PEAKOCTD
JKEJIE3HBIX METECOPUTOB HE MOYKET HE CKa3bl-
BaTbCs HA CTENEHM MX H3YYEHHOCTH, XOTS
MMEHHO OHM M TMPEACTaBISAIOT co00il Hanbo-
Jee IIEHHbI B HayYHOM OTHOLIEHHHM OOBEKT
uccnenoanuii. [lociaennee o0ycnoBieHo, Mo
KpalilHeW Mepe, JAByMs NpUYMHAMHU. Bo-
NEPBBIX, €CTh OCHOBAHMS I0JIaraTh, YTO Ke-
JI€3HbIE METEOPUTHI, KAK MUHUMYM, HE MO-
noxe ColHIla, TOCKOJIBKY 00pa3oBaIUCh 3a
CYeT Tra3oIblUIEBOro 00Jaka, OCTaBIIErocs
MOCJIE B3pbIBA MEPBOHAYAIBHOM CBEPXHOBOMU
ropsiueii MacCMBHOM 3Be3/bl [1], U mosTOMYy
ABIISIFOTCS.  HEMOCPEACTBEHHBIM IPOJAYKTOM
3BE3JJHOTO0 HYKJI€OCHHTEe3a. Bo-BTOpBIX, Xke-
JIE3HBIE METEOPUTHI MOTYT MPEJICTABIATH CO-
00l 00JIOMKH METaJUIMYECKUX SAEp IJIaHET
3€MHOI'0 TUIA, B KOTOPBIX MPOUCXOJNIN He-
JIOCTaTOYHO TIOKA MOHSTHbIE HAM OOMEHHBIE
MPOLECCHI, CHJIBHO MOBIHSBIINE Ha (Gopmu-
poBaHue kameHHOM ManTuu [1]. M3yuenue
J1000r0 METEeOopUTa PACUIUPSET HAIIN 3HAHUS
B 9TOM HarpasjeHuH. B nurepatype ormeya-
€TCsl, YTO JKeJe30KaMeHHbI meTeoput bpa-
TMH, HECMOTPSl Ha TO, YTO OH HU3y4aeTcsi 0o-
nee 200 ner, O CUX HOpP OCTAETCS IUIOXO
u3ydeHHbIM [2]. CaMbIMH pacnpocTpaHEH-
HbIMU MUHEpajaMu KaMEHHOM 4acTH METEo-
puta bparus SBISIOTCA OJMBUHBL. BTOpBIM

M0 PacCIpOCTPAHEHHOCTU SIBIICTCS HUKEIH-
CTO€ >Kele30, KOTOpOe CclaraeT HpUMEpHO
45% mnomany TUTACTUHKY, MPUYEM IO JaH-
HBIM MHKPO30HJOBOTO aHAIM3a Ha KaMacHUT
npuxoautcs okoyo 35%, a Ha TaHHUT — 10%
[2].

Henpto Hacrosimeit paboOThl sABISIACH
OLICHKA BIIMSHUSA paclpeiielieHusl xKeleza U
HUKEJISI 10 TOBEPXHOCTHU U TIyOUHE Keje30-
HUKEJIEBBIX BKIIOUECHUM JKEJIE3HOTO U JKele3-
HO-KaMEeHHOTro Mereoputa bparun Ha temme-
paTypy NPUIOBEPXHOCTHOM Jla3epHOW Ij1a3-
MBI METOAOM JIa3epHOM aTOMHO-
SMUCCHOHHOM MHOTOKaHAJbHOM  CIEKTpO-
METpPHH.

MeToanka 3KcepuMeHTa

s mpoBeneHHsT UCCIIENOBAHUN MCIIOJIb-
30BaJICSl  JIa3€PHBIA  ATOMHO-IMHUCCHOHHBIN
MHOTOKaHabHbIA ciekrpometp LSS-1. J{nu-
TENBHOCTh UMITYJIbCOB =~ 15 Hc. JlasepHoe
usnydyeHue (Goxkycupyercs Ha obpaszer] ¢ 1o-
MOLIBIO aXpPOMAaTHYECKOr0 KOHJIEHCOpa C
¢doxycHbpiM paccrossHuemM 104 mm. Pasmep
nATHA (QOKYCHPOBKH MpuMepHO 50 MKM.
Oueprusi ummyibcoB 35 wmJlx. Mutepan
Mexay umnyiscamu 10 Mic. KommdectBo
CIABOEHHBIX UMITYJIbCOB Ha TOUKY 20.

Pe3yabTaThl M MX 00Cy:KIeHUe

Ha puc. 1 mpeacraBieHbl 3aBUCHMOCTH
OTHOIIICHHUS UHTEHCUBHOCTEH JnHuit Fe u Ni
B CIEKTpax JUId JKEJIE3HOro, >Kele3HOo-
KaMEHHOTO MeTeopuTa bparuH u oOpasma
cpaBHeHUsA. PaccrosiHue MEXIy TOYKaAMHU
~0.5 mMMm. B kadectBe oOpas3ma cpaBHEHUS
HCIOJIb30BaHa IUIACTUHKA HEp KaBerolIeH
ctanu Mapku A2 (ripokat). ConmepikaHue Ke-
ne3a 65-70 %, aukenst 10-12 %.

AHanmu3 npuBeACHHBIX Ha puc. la, 16 pe-
3yJbTATOB MO3BOJSET CHENATh MPEANONIoXKe-
HUE O HAJMYMHM B METEOPHUTAX TPEX THUIIOB
OKTa3JIpUTOB: CpelHe-, Ipy0do- M BecbMa
rpyOOCTpyKTYypHBIX. B 00pasue cpaBHeHWS,
MOJIY4YEHHOM ITyTEeM MPOKATa, CYIIECTBEHHBIX
OTIMYUNA HE HAONIOAAETCs, YTO CBHIETENb-
CTByeT 0 Ooyiee-MeHee OJJHOPOJHOM pacipe-
JIeJIEHUU aTOMOB JKeJie3a U HUKEJIS.

[TonyueHHbIe pe3ybTaThl PACCMOTPUM B
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Puc. 1. a, 6 1 B — OTHOILIEHNE MHTEHCUBHOCTEN JTMHUI
Fe/Ni B oOpasmax; r- Temieparypa

paMKax MOJEJNH IOBEPXHOCTHOTO MCITAPCHHUS
MeTaia, Tojaras, 4YTO MPAKTUYECKH BCA
JHEPrUsl pacxXoAyeTcss Ha aOJsAIuio Bele-
cTBa. B Takom mpuOIMKEeHUH TONIIUHA HC-
MapeHHOTO CJIOsA /i (Konuwecmeo eewjecmea)
IpU MMITYJIbCHOM BO3JICHCTBUU C 3aJIlaHHOM
IUIOTHOCTBIO MOITHOCTH ( 3aBHCUT OT JUJTH-
TETBHOCTH BoO3JelcTBUs T. Ee nerko ore-
HUTH, CYUTAs], YTO BCS TMOJIBEJICHHAS K MaTe-
pHually MOITHOCTh UJET Ha HUCIapeHHe Belle-
CTBa!
h=Vu-1=0q1/Ly,

raie Vu — CKOpOCTb HCIapeHHsl BelecTBa
(cKOpoCTh  JBWXKEHHS TPAHUIBI  pa3felna
TBEpJI0€ Teo — ra3), Lu — yaenbHas temmora
ucrapenns Bemectsa (JDx/cM°), ( - TIOT-
HOCTh MOITHOCTU. PacueTsl st kere3a u
HUKENs JaloT 3HayeHHs nopsagka 8-108
Br-cm2. JIns crimaBoB oHa Oyjer Gmimskoit. B
peXrMe WHTCHCHBHOTO HWCIAPCHUSI TIOYTH
BCS DHEPIHsl Ja3€pHOTO MMITYJIbCa PACXO.Y-
eTcs Ha yJalleHHe MeTajUla U3 00JIydaeMoii
30HbI. Temreparypa MOBEPXHOCTH B STOM
ciyuae gocturaet (2-3) Txun.

BasioBbIil XMMUYECKHH COCTaB JKEIE30-
KaMEHHBIX METCOPUTOB MOXET OBITh IMpej-
CTaBJIeH cleayomuM odpazom (mac. %): Fe
85.64-89.08, Ni 8.79-9.26. B umncro xenes-
HBIX METEOPUTAX KOJIMUYECTBO HUKEIS MOXKET
OBITh 3HAUUTEIBHO OOJbIIE. DTU pa3IUuUs
NPOSIBIISIIOTCA M B TOBEACHUU PACIIABOB.
Tak, B padote [3] ¢ ucnosnbp3oBaHueM GHU3H-

YECKUX CBOMCTB YETHIPEX O0Pa3LOB «XKEJe3-
HBIX» METEOPUTOB M OJHOIO JKEJE3HO-
KaMEHHOI'O HM3y4Y€Hbl TEMIIEpaTypHbIE 3aBU-
CUMOCTH KHHEMAaTHYECKOM BA3KOCTH, IIO-
BEPXHOCTHOI'O HATSKEHUS U IUIOTHOCTH.
VYcraHoBieHa pa3HUIA MEXKIY IOBEICHUEM
YKa3aHHbIX XapaKTEePUCTUK MJIsl JKEJIE3HBIX,
KEJC30KaMEHHOT0 U YHUCTO KeNe3HOro 00-
pa3LoB Y IUIABJICHUU U KUTIEHUH.

Temneparypa NpUIIOBEpXHOCTHOM Jas3ep-
HOM IUIa3Mbl IIPU ABYXHUMIIYJIBCHOM BO3ZCH-
CTBMM 3aBUCUT OT OOJBILEro KOJUYECTBA
¢dakTopoB. s OLEHKM TeMIepaTypbl HC-
nosib3oBaiicss MeTo] OpHIITEVHA WU JIMHUH
xeie3a. IlomyueHHble pe3yibTaThl NpUBEE-
HbI Ha puc. 1(r).

[Ipu cpaBHeHNH TpadUKOB, TPUBEICHHBIX
Ha PUCYHKAax, XOpPOLIO BHJIHA pa3HULA MEX-
Ty ¥CCIelyeMbIMH 00pa3IaMu.

3ak/rouenune

Ha ocHoBaHMM IpOBENECHHBIX HCCIIENOBA-
HUWA MOXHO CJIEJIaTh BBIBOJ, YTO B CBS3H C
TE€M, YTO XMMHUYECKHI COCTaB JKEIE3HOU 4a-
CTU METEOPUTOB TaKOW, KOTOpbIM He
BCTPEYAETC B CaMOPOJHOM JKE€JIe3€, a OT
CIUIABOB KE€J€3a METEOPUTHI OTIMYAKOTCS
3HAYUTENbHO OoJiee KPYMHBIMH KpUCTalIa-
MH, TO 3TO BCE SPKO OTPAXKAETCA U HA TEM-
neparype  IPUIIOBEPXHOCTHOM  JIa3epHOU
IIJIa3MBl.
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