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OBIIAA XAPAKTEPUCTUKA PABOTHBI

AKTYaJIbHOCTH

BemecTBo BHE3EMHOTO MMPOUCXOKACHUS, CHOPMHUPOBAHHOE B YCIOBHSIX, CHIILHO
OTIMYAOIINXCSI OT 3€MHBIX, MPECTABIIACT OONBIION WHTEpEC IS MCCIeI0BaTeNeH
HE TOJBKO B 00JACTH KOCMOXHMHH W MUHEPAJIOTHH, HO M B MAaTCPUATIOBEACHUHU H
(¢u3nKe KOHJAECHCHUPOBAHHOTO COCTOSIHUA. B mpolecce 3BOJIONUU 3TO BEIIECTBO
UCTIBITBIBAJIO JUUTUTEIFHBIE TEPMHUYECKHE W MHOTOKDPATHBIC yAapHBbIC BO3ICHCTBUS,
HampUMep, BEIIECTBO JKEJE3HBIX METEOPUTOB B 00IacTU Temmeparyp (asoBoro y—a
HpeBpalieHus OXJIKAAIOCh co ckopocThio 1-10 °C B MWJUTHOH JieT (Ui TPYIIIBI
[1AB). ITogo0Hble BO3IEHCTBUS HE MOT'YT OBITH peajr30BaHbl B 3¢€MHBIX YCIIOBHUSX,
YTO SBJISCTCA MPUYMHON OTIWYMS XapaKTEPUCTUK BHE3EMHOTO BEIIECTBA OT 3EMHBIX
aHajioroB. MiMeHHO >TUM u OOYyCIIOBJIEH MHTEPEC K M3YUYEHUIO (PU3NYECKUX CBOWCTB
BEIIECTBA BHE3EMHOTO MTPOUCXOKIACHHSI.

Meteoputhl ABISIOTCS OJHUM W3 HamOoJiee MOCTYMHBIX OOBEKTOB BHE3EMHOTO
BemiecTBa. lloaTomy wm3ydeHue OCOOEHHOCTEH CTPOCHHS U (PU3UYECKHX CBOWMCTB
KPUCTAJUIOB METEOPUTOB TO3BOJISIET TMOIMYYUTh HWHGOpMAIMO O (HOPMUPOBAHHUH
KPUCTAJNIMYECKONW CTPYKTYPBhI BEIIECTBA BO BHE3EMHBIX YcnoBusix. Kpome Toro,
MCCIIEJIOBAaHUE CTPYKTYpPbl BHE3EMHOTO BEIIECTBA SBIISETCS YPE3BBIYANHO MOJIE3HBIM
JUTSL TIOY4YEHWsT HOBBIX 3HAHWKM O TIpoOIleccax dSBOJONHMH BemecTBa B COMHEYHOM
CHUCTeMe, a TakKe JUIsi MOJCIHMPOBAHMS M TIOMCKA TMyTeH CO3MaHHMS B 3E€MHBIX
YCIIOBUSIX PA3IUYHBIX KPUCTAILIOB, OJU3KUX 1O CBOMCTBAM KOCMHUYECKUM aHAJIOTaM.

N3zyuenune crutaBoB Fe(Ni,CO) BHE3eMHOro MMPOUCXOXKICHHUS Ha MPUMEPE
KEIIE3HBIX METEOPUTOB SBISICTCS BAXKHBIM  JUISI TIOHUMAHUS  MEXaHHU3MOB
o0pa3oBaHMsI PA3NMUYHBIX CTPYKTYp B MeTauie mpu (a30BBIX TMPEBPAIICHUSAX B
cucreme Fe—Ni. Kpome »srToro, wusydeHue OCOOCHHOCTEH CTPYKTYpbl JPYTUX
KENE30CoAePIKAIIMX  KPUCTAUIOB  (HAampuMep, JKEJIe30HUKENeBbIX  (Gochumon)
MO3BOJISIET TIOJIYYUTh JOTOJHUTENbHYIO WH(OPMAITUIO O mporeccax GOpMHUPOBAHUS
ATUX KPUCTALIOB. POCT 3TUX KPHCTAUIOB MPOXOJIWI MPU MEJICHHOM OXJIaKICHUH,

MOSTOMY BO3HHMKAIOIINE OCOOCHHOCTH KPUCTAIUIMUECKON CTPYKTYPBI U (PU3NUECKUX



CBOMCTB YHUKAQJIbHBI 1 HE MOT'YT OBITh BOCCO3JaHbl B 3€MHBIX yCIOBUSX. [I0CKONBKY
BELIECTBO BCEX METEOPUTOB COJEPKHUT F€, MeccOayspoBcKasi CIEKTPOCKOIHUS
ABJISIETCSL OAHUM M3 3(P(EKTUBHBIX METOJOB HUX HcchefoBaHus. MeccOay3poBckast
CHEKTPOCKONUS B KOMIUIEKCE C TAaKUMHU METOAAMHM KaK PEHTIE€HOBCKas
TU(GpaKTOMETpHs,, XUMUYECKMM MHUKPOAHAJIM3 U MarHUTOMETPHUS TO3BOJISIET
HCCIIEIOBaTh OCOOCHHOCTH KPUCTAUTMYECKOW CTPYKTYpbl M (DU3MUYECKHUX CBOWCTB
KeJIe30HUKENEeBhIX (ochuIoB B Kele3HbIX MeTeopurax. PaszButue Merona
MeccOay3pOBCKOM  CIIEKTPOCKOIMU €  BBICOKMM  CKOPOCTHBIM  pa3pelleHUeM
CYILIECTBEHHO IOBBICHJIO BO3MOXXHOCTM METO/Aa B BBISBICHUU MaJbIX OTIMYHMA
napaMeTpoB  CBEPXTOHKOM  CTPYKTYpbl M aNIPOKCUMALIMM  CJIOKHBIX
CYNEpIO3UIMOHHBIX  CHEKTpoB.  [lo3ToMy  HCHOJIB30BaHME  COBPEMEHHOIO
BBICOKOCTAaOMJIBHOTO  IPELHU3HOHHOTO MeCCOAyIPOBCKOIO  CIIEKTPOMETPUUECKOTO
KOMILJIEKCA, TO3BOJISIIOIIETO MPOBOIUTh M3MEPEHUsI MEccOAyIPOBCKUX CIEKTPOB C
BBICOKMM CKOpPOCTHBIM pa3pelIEHUEM IpU Pa3IUYHbIX TEMIIEpaTypax, IHO3BOJIMT
[IOJIyYUTh HOBBIE JIaHHBIE NPH W3YYEHUU BELIECTBA METEOPUTOB M, B YACTHOCTH,
KeJe30HUKeNeBbIX pochumos.

Heab pa6orbl. M3ydeHne KpUCTAIITMYECKON CTPYKTYpbl M (PU3UYECKUX
CBOMCTB  ’KeJe30HUKeNeBbIX  (ochumoB  OByX  MOPQOJOTUYECKHX  THUIIOB
(mpetibep3uta 1 pabaura) W3 Kenme3Horo Mereoputa CHUXOTI-ANIMHL METOJIAMU
MeccOay?pOBCKOIl  CHEKTPOCKOIIMUM €  BBICOKUM  CKOPOCTHBIM  pa3pelIeHHEM,
PEHTI€HOBCKOM TU(PPaKTOMETPUHU, XMMUYECKOTO MUKPOAHAIIN3a U MATHUTOMETPHH.

JIsi  MOCTH:KeHHMsI TOCTABJCHHOW WeJu ObUIM PpeleHbl CieaAyIme
OCHOBHBbIE 32124 U

— pa3paboTKa METOJIMKH SKCTPAKIIMHM KPUCTAIIIOB JKEJIE30HUKeNEBbIX (hochu10B
(mpeitdep3uTa U pabanTa) U3 BEIIECTBA JKEIC3HBIX METCOPUTOB;

— IIPOBEJICHUE aTTecTalli 0Opa3loB MLIpeiidep3uta W pabauTa U3 MKEIE3HOTO
MereopuTa CuXoT3-AJMHb METOIAMH ONITHYECKOMN U JIEKTPOHHOU MUKPOCKOIINH;

— MPOBEJICHUE PEHTIC€HOBCKOM NHU(paKTOMETpUU KPUCTAUIOB MLIpeidep3uTta U
MUKPOKPHUCTANIOB pabauTa, MOJyYEHHUE OLIEHOK MapaMeTpPOB 3JIEMEHTAPHBIX SYEEK

UX KPUCTANIMYCCKUX PCIICTOK,



— IIPOBEJICHUE W3MEPCHHUsI HAMArHWYEHHOCTH KPHUCTALIOB IIpendep3uTa u
MUKPOKPUCTANIOB pabauTa B 3aBUCHMOCTH OT TEMIEPAaTypbl W BHEIIHETO
MarHUTHOTO  TIOJIA, OIIGHKa 3HA4YeHWH TemmepaTypbl Kropu i aByX
KeJIe30HUKeIeBbIX (pochuos;

— u3MepeHne MeccOaydpOBCKUX CIEKTPOB KPUCTAUIOB IIperdep3uTa U
MUKPOKPUCTAINIOB pabaWTa C BBICOKMM CKOPOCTHBIM pa3periecHueM B JIHAMa30HE
temneparyp 295-90 K, wucnons3oBanume wmomenu Lisher et al. (1974) nns
anmpOKCUMAIUU MeccOayIPOBCKHUX CIIEKTPOB,;

— U3MepeHne MeccO0ay’IpOBCKUX CTIEKTPOB MUKPOKPUCTAIUIOB PaOaUTa ¢ HU3KUM
CKOPOCTHBIM paspellieHneM B auanazone temmeparyp 338-388 K u mnposenenwme
OIICHKH TeMmIiepaTypsl Kropu miis pabaura;

— NIOJTy9€HHE OIICHOK IMapaMeTpoB MeccOay’pOBCKUX CIEKTPOB KPHUCTAILIOB
mpeidep3nTa 1 MUKPOKPUCTAIIIIOB pabiuTa Py pa3InIHBIX TeMIIepaTypax;

—omneHka pacnpeneneHuss atomoB Fe w Ni mo kpucramtorpadudecku
HEIKBUBAJICHTHBIM mo3uiiusiM M1, M2 u M3 B xene3oHukeneBbIX dochumax u3
Mereoputa CHUXOT?-AJIMHL 1O JaHHBIM MeCcCOAyIPOBCKOM CHEKTPOCKONHUU C
BBICOKUM CKOPOCTHBIM pa3pelieHueM U XUMUYECKOTO aHalin3a, a TaKkKe pacueT u
OIICHKAa OJIMKAKNIIEero OKPY)XCHHS OJTHX IIO3UIMWKA HAa OCHOBAaHUM IOJYYCHHBIX
pE3yIbTATOB.

HayyHasi HOBU3HA:

— BIICPBBIC MONYYCHBI OLICHKH [TAPAMETPOB CBEPXTOHKOI CTPYKTYPEI siep ° Fe B
oOpa3nax KpUCTAJIOB HIpeHOep3uTa W MHUKPOKPUCTAIIIOB pabauTa W3 KEJIEe3HOTO
mereoputa Cuxord>-AnuHb B auanazone Ttemmeparyp 295-90 K wmeromom
MeccOay3pOBCKON CIIEKTPOCKONUH C BBICOKUM CKOPOCTHBIM Pa3peIICHUEM;

— BIIEPBBIC MIPOBEJICHO U3MEpeHue MeccOayIpOBCKUX CHIEKTPOB
MUKPOKPUCTAILIOB padauTa u3 kene3Horo mereoputa CHXOTI-AJIMHB B JHAma3oHe
temnepatryp 338-388 K mist onenku temnepatypsl Kiopu;

— OTpeJIeNICHBl 3HaUEHUs TeMIiepaTypbl Kiopu uisi KpuCTallIoB mpendep3uTa u
MUKPOKPHUCTANIOB paldauTa W3 XKeyne3Horo MereopuTa CuXoTI-AJIMHBD MO JaHHBIM

H3MepeHHﬁ HaMarHn4eHHOCTH,



— BIEpBBIE  TOJy4YeHO  pacmpeneiienne artomoB Fe uw  Ni mo
KpucTtaiorpa@uyecku HEIKBUBAJIGHTHBIM mo3unusiM M1, M2 u M3 B
xKesne3oHukeneBblx  (dochumax w3  mereoputra CuUXOTI-ANMHL 1O JaHHBIM
MeccOay’pOBCKOIl CIIEKTPOCKONMMU C BBICOKUM CKOPOCTHBIM pa3pelieHHEM U
XMMHUYECKOTO aHalli3a, a TaKKe IMPOBEICH pacueT OMmKaillero OKpYKeHHs ITHUX
MO3UIMI HA OCHOBAHUH MOJTYYEHHBIX PE3yJIbTaTOB.

IIpakTHyeckasi HEHHOCTH PadOTHI:

— pazpaboTaHa METOJAMKA BBIACIEHUS  KPUCTAJIOB  JKEJIC30HHMKEIICBBIX
dochumoB u3 BemIECTBA JKEIE3HOTO METEOPHUTA, MO3BOJIAIOMIAS IMPOBOJUTH HX
U3y4YeHUE METOJ0M MeccOay’?pOBCKOM CHEKTPOCKOMUH, MAarHUTOMETPUU U JIPYTUMHU
(bU3UYECKUMU METOAaMU;

— [I0Ka3aHO, YTO H3MEpPEHHE MeccOayIPOBCKHX CIIEKTPOB JKEJIE30HHUKEIIEBBIX
dbochuIOoB C BBICOKMM CKOPOCTHBIM pa3pelICHUEM MO3BOJSET MOJYyYUTh HOBYIO
uHpopmauo 00 uccienyeMblX OOBEKTaX, MOJYyYUTh OLEHKA IapamMeTpoB
CBEPXTOHKOW CTPYKTYpPhl C MEHbBIICH HWHCTPYMEHTAIbHONH (CHCTEMAaTHYECKOH)
OmMMOKOW W  Iydmie  ammpoOKCHMHPOBATh  CJOXHBIE  CYNEPHO3UIIMOHHBIC
MeccOayIpOBCKHE CIICKTPHI,

— [I0Ka3aHo, YTO OILIEHKa pacrpeneneHus atoMoB Fe u Ni mo cTpykTypHO
HEOKBUBAJICHTHBIM To3uIMsIM M1, M2 u M3 B kpucramnax XKele30HUKEIEBbIX
dbochuaoB, moaydeHHass Ha OCHOBE JaHHBIX MECCOAyIpPOBCKOW CIEKTPOCKOIUU C
BBICOKMM CKOPOCTHBIM pa3pelieHHeM, XHMHUYECKOTO aHajn3a U PEHTTCHOBCKOU
IU(PPaKTOMETpUH  MOXET  OBITh  HCIONb30BaHA A MOJCIUPOBAHUS
KPUCTANIMYECKON CTPYKTYPHI KEJIE30HUKENEBbIX POoCPUI0B.

Pe3ynbpraThl HccieqoBaHUM  KeNe30HUKENEBBIX (ochuaoB MOryT OBITh
UCIOJIb30BaHbl B MporpaMMme KypcoB «MartepuanoBenenue» u «Ou3nyeckue OCHOBBI
KauyecTBa U pa3pylLlICHUs MaTEPUATIOBY.

Jlannas  pabGoTa  BBIIOJIHEHA B paMKaX  TOCOIOKETHBIX  TEM
«CHeKTpOCKOMUYECKHE U CTPYKTYPHbIE OCOOCHHOCTH JKEJIe30COIEPKALINX 00bEKTOB
xuBoH M HexuBod upupoab» (2007-2011 rr.), «MccnemoBanue 0coOEHHOCTEH

CTPYKTYphl W (ha30BBIX MPEBpAIICHUN B METALIE BHE3EMHOTO IMPOWCXOXKICHHSI»



(20122014 rr.), «CBEpXTOHKHE B3aMMOACIHCTBHS smep ° Fe B MHKPO- W
HAHOPA3MEPHBIX KEJIE30COJCPKAIIUX CTPYKTYypax OOBEKTOB KUBOM MU HEKHBOU
OPUPOJIBI TIO JTaHHBIM MeccOaydpOBCKOM CHEKTPOCKOMUU C BBICOKUM CKOPOCTHBIM
paspemienuem» (2012-2014 rr.), rpanta POOU Ne 06-08-00705-a «OcobeHHOCTH
¢azoBeIx npespamieHuii B Fe-Ni criaBax BHe3eMHOro npoucxoxacHus» (2006—-2008
IT.), IPOCKTOB AHAJUTHUYCCKOH BEIOMCTBEHHOW IICJIEBOM MporpaMmbl «Pa3ButHe
HAyYHOTO TOTeHIMana Beicmied mKkoiae»: Ne 2.1.1-986 «MeccbayspoBckas
CHIEKTPOCKOMUSI C BBICOKUM CKOPOCTHBIM pa3pelieHreM MHUKPO- U HaHOPa3MEPHBIX
KEIE30COIePIKAIINX CTPYKTYp B OOBEKTaX XUBOW M HEKUBOW mpupoabr» (2009-
2011 rr.) m Ne 2.2.3.1/2397 «My3seit Buesemnoro BemectBa (MereoputHas
skcnenuiuss YI'TY-YIIN)» (2009-2011 rr.), mpoektoB DenepanbHON I1eNIEeBOM
nporpammsl « Hayunsle 1 HaydHO-IIEJArOTMYECKUE KaApbl MHHOBAMOHHOM Poccum»:
«XUMHUYeCcKass U MUHEpaJIbHAsl SBOJIOLMS BEIIECTBA BHE3EMHOI'O MPOUCXOXKICHUS
(MeTeopuThl, JIyHHBIH TPYHT) B KOCMHYECKHMX M  3EMHBIX  YCIIOBHSIX»
(TocymapctBennsiii  koutpakt Ne I11154, 2010-2012 rr.) um «MccaemoBanue
ocoOeHHOCTeH (ha30BBIX MPEBPAIICHUN M CTPYKTYpHl B cilaBax Ha ocHoBe Fe—Ni,
chopmupoBaBiIuxcs B KocMudeckux ycnousx» (["ocymapcTBeHHBIH KOHTpAakT Ne
14.740.11.1006 111154, 2011-2013 rT.).

Ha 3ammTy BBIHOCATCS cJleyI0lHie OCHOBHbIE M0JI0KeHM

— KpucTa/utbl Jkeje3onukeneBbix (ocoumor (Fe,Ni)sP B mercopure Cuxors-
AnuHb, HMEIOUIME JBE pa3uyHble MOpPQOJOrHMH — MWperdep3ur u padauT,
OTIMYAIOTCA IO TMapamMeTpaM KpPUCTAUTMYECKOW PpEeHIeTKH U M0 XUMHUYECKOMY
coctaBy: mpeitdoep3ut — (Fep4Nig 36)3P 1 padaut (FegsoNig 45)3P;

— remmnepatypa Kropu ans mpeitOep3uta u pabauta OTIMYACTCS U COCTABIISIET
~460 u 348 K, cooTBETCTBEHHO;

— IapaMeTpbl  CBEPXTOHKOM  CTPYKTYpbl U OTHOCHUTENbHBIC  TUIOIIAIU
COOTBETCTBYIOIIMX KOMIIOHEHT MeccOayIpOBCKUX CIEKTPOB pabauTa U mpendepsunTa,
U3MEPEHHBIX C BBICOKHM CKOPOCTHBIM pa3pelieHHEM B TEMIIEPATypHOM JHana3oHe
295-90 K, wumMmerT oOTaMuMs, B 4YAaCTHOCTH, IS pabauTta HabOmromaercs

CynepriapaMarHuTHBIN BUJL CIIEKTPA;



— pacupeneneane aromoB Fe w NI mo Tpem kpucramiorpadguyecKku
HEIKBUBAJICHTHBIM mo3uniusiM M1, M2 u M3 nmna mpeibep3ura u padbauta
OTJMYaeTcs U coctaBisier g mpeidepsuta: 100 % Fe (M1), 45 % Fe u 55 % Ni
(M2), 48 % Fe u 52 % Ni (M3); mist padbauta: 69 % Fe u 31 % Ni (M1), 44 % Fe u
56 % Ni (M2), 44 % Fe u 56 % Ni (M3).

JIMYHBIN BKJIAJ aBTOpPA:

[TocTanoBKa 3a7a4un UCCIIEAOBAHMS, BEHIOOP 00PA3I[OB U METOI0B UCCIIECIOBAHUS
OBLTM  TIPOBEICHBI COBMECTHO C HAyYHBIM PYKOBOJWUTEIEM W  HAYYHBIM
KOHCYJIBTAaHTOM. ABTOPOM TPOBEICHBI TIOJITOTOBKA 00Pa3IloB, MeTALIOTpadhUIeCcKue
UCCJIeIOBAHMUSI, AJIEKTPOHHO-30HA0BbIA MukpoaHanu3. ComectHo ¢ P.M. O0oxuHOM
pa3paboTaHa METOJHMKA JKCTPAKIIMH KPHUCTAJIOB KEJIC30HUKEICBBIX (OCHUIOB U3
BEIIIECTBA JKEJIE3HBIX MeTeopuToB. CoBMecTHO ¢ B.D. VYcTHOroBbIM IpoBeAcHA
peHTreHoBckas audpaxkrtomerpus pabauta u mpeiidepsura. CoBmectHo ¢ H.B.
AOpamMOBOii MPOBEACHO W3YyYEHHWE MATHUTHBIX CBOWCTB  IKEJIC30HUKEIIEBBIX
dochungo. CoBmectHo ¢ M.M. Omrpaxom u B.A. CeMeHKHHBIM MPOBEIACHBI
JOJITOBPEMEHHBIC M3MEPEHUST MecCOaydIPOBCKUX CHEKTPOB, IJIAHUPOBAHHE KOTOPBIX
npuHaanexuT aBTopy. CoBmectHo ¢ M.M. OmTpaxoM mpoBeneHa anmpoOKCUMAIIHS
MeccOayIpOBCKHUX CIIEKTPOB M MHTEPIPETALMs MOJYYEHHBIX MapaMeTpoB. ABTOPOM
NpoBeJiCHA OllEHKAa pacnpeneneHus aromoB Fe uw NI mo  crpykTypHO
HEIKBUBAICHTHBIM No3uiisiM M1, M2 u M3 mpeitbep3uta u pabaura u3 MeTeopura
CuxoT?>-ANIMHb W TIOCTPOCHBI CTPYKTYPHBIC MOJCIH HCCIAEAOBAaHHBIX (OCHHUIOB.
CosmectHo ¢ M.M. Omrpaxom u B.1. ['poXoBCcKMM aBTOp y4acTBOBaJ B OATOTOBKE
Hay4dHbIX nyOnukauuid. OO0o0O0IIeHHe pe3yabTaTOB U (POPMYJIHUPOBKA BBIBOJIOB U
3aIIUIIAEMBIX TTOJIOKEHUH 10 TUCCEPTAIIUHN BBITIOJTHEHBI aBTOPOM.

Anpobanus padoThbI:

OcHoOBHBIC pe3yibTaThl Pa0bOTHI TPEACTABICHBI Ha 68" 69" 72" Annual
Meeting of Meteoritical Society (USA, Gatlinburg, 2005; Switzerland, Zurich, 2006;
France, Nantes, 2009), VI, VII, VIII u IX VYpanbckux IIKoJax-ceMUHApax
MeTaJlIoBeIoB — Monoabix yueHbix (Poccus, ExarepunOypr, 2004, 2006, 2007,

2010), X u XI Mexnynapoaasix koHpepeHnusax «MeccOayIpoBcKasi CIEKTPOCKOIIHS



u ee mnpumeHenus» (Poccus, WxkeBck, 2006; Poccus, ExarepunOypr, 2009),
International Conference on the Application of the Mdssbauer Effect (India, Kanpur,
2007), MexnayHaponHoii KoH(pepeHIMH «CHEKTPOCKONUS U KPUCTAILIOXHMUS
munepano» (Poccust, Exarepuubypr, 2007), 6" European Conference on
Mineralogy and Spectroscopy (Sweden, Stockholm, 2007), XVI MexyHapoaHoi
koH(pepeHnmn «Kpucramuioxumust U peHTreHorpadus muaepanos» (Poccusi, Muacc,
2007), International Conference «Mdssbauer Spectroscopy in Materials Science»
(Czech Republic, Hlohovec u Bieclavi, 2008), 11 u Il Bcepoccuiickux MOJTOIEKHBIX
HAy4YHBIX KOH(pepeHIuax «MuHepabl, CTpOeHHEe, CBOWCTBA, METOJIBI UCCIICTOBAHMSI
(Poccus, Muacc, 2010 u 2011), IV Seeheim Conference on Magnetism (Germany,
Frankfurt, 2010), 20" General Meeting of the International Mineralogical Association
(Hungary, Budapest, 2010), XXX European Congress on Molecular Spectroscopy
(Italy, Florence, 2010), European Planetary Science Congress (Italy, Roma, 2010).

Iy6auxanuu. OcHOBHBIE pE3yJbTaThl HCCIEIOBAHHA OMyOIMKOBaHBI B 6
CTaThIX B PELEH3UPYEMbIX MEXKIYHApOAHBIX JKypHanax, B 1 crarbe B
perieH3upyeMoM poccuiickoM skypHaie (Bce u3 nepeunss BAK), B apyrux 11 craThsax
u B 12 Tte3ncax OKIAIOB OTEUECTBEHHBIX W MEXKIYHApOIHBIX KOH(MEpEHIIHI
(ocHOBHBIC pabOTHI MPUBEACHBI B KOHIIE aBTOpedeparta).

O0beM U CTPYKTYpa JUCCEPTAIHMU.

ﬂHCCGpTaHI/IH COCTOUT M3 BBCACHH:A, YCTHIPCX IJIdaB, BBIBOAOB M 3aKJIIOYCHMHA,
CIUCKAa ILMUTHUPYEMOH JuUTeparypbl; OHa u3JlokeHa Ha 117  crpanunax
MAIIMHONMMCHOTO TeKcTa ©  coaepxkur 23  Tabmumpsl, 48 pUCYHKOB U

oubmmorpapuueckuii cnucok u3 101 HaumeHnoBanusl.

COJEPXAHUME PABOTBI

Bo BBegenmu 000CHOBaHa aKTyaJbHOCTh TEMbl JAUCCEPTALIMOHHON pPalOTHI,
chopMynMpoOBaHbl MEJIM W 3aJayu, MOKa3aHbl Hay4yHasi HOBHU3HA HCCIEIOBAHUN U
NpaKTUYeCKass  3HAYMMOCTh  TIOJNYYEHHBIX  PE3yibTaToB,  CHOPMYIUPOBAHBI

BBIHOCHMBIC HA 3aIIIUTY ITOJIOKCHUA.



B nepBoii riiaBe npoaHaIM3UPOBAHBI JTUTEPATYPHBIC JAHHBIC 11O UCCIICIOBAHUIO
KEJIE30HUKEIEBbIX (POCPUIOB €CTECTBEHHOTO M HMCKYCCTBEHHOI'O IMPOMCXOKICHHUS
PasTUYHBIMHA (PU3NYESCKUMH METOJIAMU U UMEIOIIHECS TIPOTUBOPEYUHS B OTHX JaHHBIX.
B MereopuTtax = BBISBICHO  CYIIECTBOBAaHME  HECKOJIBKHUX  MOPQOIOTHIA
KeJIe30HUKEICBBIX (POCHHUIOB ¢ pa3IndHBIM coaepkanueM Fe u Ni, uto oObscHseTC S
pa3HBIMU IPOIIECCaMU 3aPOXKICHHS KPUCTAIUIOB (TeTEpOTeHHOT0 IS Mpeidep3nuTa u
TOMOTEHHOIO JUIsi padauta). POCT KPUCTANIOB METCOPUTHBIX IKEIC30HUKEICBBIX
dbochumoB MNpoxoaus TPU  MEICHHOM OXJaXJACHUH, TOITOMY BO3HUKIIHE
0COOEHHOCTH KPUCTAIUTMYECKON CTPYKTYPHI U (PU3NIECKUX CBOWCTB YHUKAIBHBI U HE
MOTYT OBITH BOCCO3/aHbI B 3¢MHBIX ycloBusx. B dochunax (Fe,Ni)sP oOHapykeHbI
TpU KpuUCTaIorpauueckd HEIKBUBAJICHTHBIE TMO3UIMU JJs aTOMOB MeETaia,
ob6o3naueHupie kak M1, M2 u M3 (Puc. 1). B xpucramindeckoil CTpyKType
METCOPUTHBIX W HMCKYCCTBEHHBIX (ochuaoB ¢ yBenuueHueM coxaepkanus Ni
YMEHBIIAeTCS 00BbEeM diieMeHTapHOW sueliku. Atombl Ni  mpeumymiecTBeHHO

3aHUMAIOT 03Ul M2 u M3, B To BpeMsl Kak aToMmbl Fe 3anumarot nmo3uiuu M1.

a

Puc. 1. Cxema 31ieMEHTapHOM SUYCHKH JKEIE30HUKEIICBOTO
bochuaa (B mpoeKIMHM Ha TUIOCKOCTh XY) € yKa3aHHEM
TpPeX KPHUCTAUIOTpaUIECKH HEIKBHUBAJICHTHBIX MO3UIUI
M1, M2 u M3 1 aToMOB MeTauIa.

B unckyccTBeHHBIX KeNE30HUKENEBBIX (Pochuaax C yBEIUYECHUEM COJIECPIKAHUS
Ni TpouCXOIUT JUHEHHOE YMEHbICHHEe Tc M HAaMarHWYCHHOCTH HAChIeHus. J{is
METEOPUTHBIX JKEJIE30HUKENIEeBBIX (HOChHUIOB UCCIEAOBAHNS MAarHUTHBIX CBOWCTB HE
IpOBOAWIINCE. MeccOayspoBCKUE CIEKTPbl KelIe3HbIX (OChUIIOB, TOTYUYESHHBIX
MCKYCCTBEHHO, U IMPEHOEp3UTa, BBIJCICHHOTO U3 METCOPUTOB, MIPEACTABIISIIOT COOOM
CYNEPIO3HIINIO HECKONBKAX MArHHUTHBIX CEKCTETOB, COOTBETCTBYIOIIUX SApaM ° Fe B
KpUCTaJUIOrpaduuecKn HE3KBUBAJICHTHBIX mo3ummsax M1, M2 u M3. Dtu cnektpsl
OBLTM anmMpPOKCHMHUPOBAHBI C TIOMOIIBIO PA3TUYHBIX MOJIETICH, U3 KOTOPBIX MOJIEINb
Lisher et al. (1974) cuurtactcss HamOoyiee YAOBICTBOPUTEIIBHON. DTa MOJIEIb
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IIPEAIIoaraeT, 4ro ¢ saApamu *'Fe B KaX/I0il U3 MO3HIHI CBSI3aHO IO JBA CEKCTETa
U3-3a pacuUIeIUIeHUss MarHuTHOro MomeHTa Ha BenuuuHy 0,1 pg. OmHako kadecTBO
U3MEPEHHBIX MECCOay?pOBCKUX CIEKTPOB ¢GochuaoB ObLIIO HEAOCTATOYHBIM IS
aJIeKBaTHOW aIlIPOKCHUMALIMKA CJIOKHBIX CYNEpPIO3UIMOHHBIX MeccOayIpOBCKUX
CHEKTPOB. DTU CIEKTPbl HU3MEPSUIUCh HAa CHEKTPOMETPAX C HUZKUM CKOPOCTHBIM
paspemenueM (Ha 256 wim 512 kaHaoB) M OOJIBIION HHCTPYMEHTAIBHON OIIMOKOH,
XOTS JJIi TapaMeTpoB CBEPXTOHKON CTPYKTYpbl HPUBOJWINCH CYIIECTBEHHO
MEHBIIINE 3HAYCHHUS PAacueTHBIX OmMOOK. [loaTOMy Ui KayecTBEHHOTO HW3y4YeHUs
KEJIE30HUKENEBBIX  (OCPHUIOB  METOJOM  MEcCOAyIPOBCKOM  CHEKTPOCKOIHH
TpeOyeTcsi U3MEPEHHE UX CIIEKTPOB € 00Jiee BHICOKUM CKOPOCTHBIM Pa3peIIeHUEM U C
MCHBIIICH  WHCTpYMEHTaIbHOW  (cucTemarudeckoit) ommOkoil. Ha  ocHoBe
IPOBEJCHHOIO 0030pa JHUTEepaTypbl B KOHLE TIJaBbl (OPMYyIUPYETCs LEIud U
OCHOBHBIE 33J1a4¥ MCCJIC/IOBAHUS, YKa3aHHBIE B 00IIEH XapaKTepUCTUKE PabOThI.

Bo BTOpoO#i riaBe ONMUCaHbI METOAMKH JJICKTPOXUMUYECKOTO BBIICICHUS
YUCTBIX KPUCTAIOB (HOChUIOB M3 BELIECTBA METEOPUTOB ISl MX TMOCIEAyIOLIeH
aTTecTallid M WCCIIEOBaHMUS (U3MUYECKUMU METOJaMH, TOJATOTOBKM NUIU(OB W3
pa3IMyYHbIX obnacreit KEJIE3HOTO MeTeopuTa Cuxory-AnuHb TUISE
MeTaiorpauueckoro  MCCIeNOBaHUs, MPUTOTOBICHUS pa3IU4HBIX 00pa3lioB
KpUCTANIOB 1Ipeiidep3uta u pabaura u3 Mereoputra CuXoT3-ANMHb [ X
MOCJIEAYIOIEN aTTeCTallud METOJaMH ONTUYECKOM MMKPOCKOIWH, SJIEKTPOHHOU
MHUKPOCKOIIUU C XMMHYECKHM aHaTU30M U PEHTICHOBCKOW MU(PAKTOMETPHUH, IS
U3MEpPEeHMs] MX MArHUTHBIX CBOMCTB M MeccOay’pOBCKHUX CHEKTpoB. OmnucaHbl
METOJUKU TPOBEICHUS SJIEKTPOHHOM MHMKPOCKONHMHM C XUMUYECKUM aHAJIM30M Ha
aeKTpoHHBIX Mukpockomax Philips 535 u JEOL JSM-6490LV, peHTreHOBCKOM
mudpakromerpun Ha audpakromerpe STADI-P, uamMepenns MarHUTHBIX CBOMCTB Ha
yctanoBke MPMS-5XL, a Taxxke wu3zMepeHuss MeccOaydpOBCKHX CIIEKTPOB Ha
aBTOMATHU3HPOBAaHHOM TPEIU3MOHHOM MeccOayIpOBCKOM  CIIEKTPOMETPHUYECKOM
KOMIUIEKCE C BBICOKMM CKOPOCTHBIM pa3pellieHueM U UX anmnpOKCUMAIIH.

B Tperbeii riaBe pacCMOTPEHBI pe3yibTAaThl aTTecTalMu  00pa3loB

KeJIe30HUKeIeBbIX (pochumoB m3 xene3noro mereoputa CUxoTd-AJUMHL METOIAMH
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ONTHYECKOW MHUKPOCKOIINH, DJIEKTPOHHOW MHUKPOCKOMUU C XHUMHYECCKUM aHAIHM30M,
PEHTICHOBCKOM AUGpakuMd ¢ M3YYEHUI0 MArHUTHBIX CBOMCTB BBIJEICHHBIX
dbochunoB. Muxkpokpucramibl padauta uMeroT pasmep He Oonee 100 mMkm, B TO
BpEeMs KaK pasmep KpucTayioB mpeioepsurta cocrasiser ot 500 g0 1000 mxwm (Puc.
2). Cpeanre oTHOCHTEIbHBbIC KOHIEHTparuu Fe u Ni B mipeiidepsure u padbaute
cocrasirstoT 64 % Fe, 36 % Ni u 52 % Fe, 48 % Ni, coorBeTcTBEHHO. XUMUUYECKUI
COCTaB BBIJICJICHHBIX (OCHUIHBIX KPUCTALIOB M3 JKele3Horo mereoputra Cuxors-
Amunb ||AB cooTBETCTBYET CIEAYIONIMM CTEXUOMETPUYECKUM (HopMyiaM: paOauT —
(Feos2Nig48)sP m mmpeiidepsutr — (FegesNigse)sP. Mo pesyiabTaramMm peHTTeHOBCKOM
mudpakToMeTpu  ObUIM  ONpeNeieHbl  HapaMmMeTpbl  DJIEMEHTApHOW  sSYeHKH
mpeiibepsuta u padmuta: a=9,049(8) A, c=4,461(8) A u a=9,029(3) A, c=4,461(5)

A, COOTBCTCTBCHHO, a TAKKC KOOPANHATBI ATOMOB B BHeMeHTapHOﬁ sTYCHKe.

Puc. 2. Muxkpodortorpadpuu
mipeiidep3ura (a) u padaura (60),
NOJyYEHHbIC HAa CKaHUPYIOIIEM
§ DJICKTPOHHOM MHKPOCKOTIC
a Philips 30-XL.

Pe3ynbrarhl n3MepeHrs HaMarHMYEHHOCTH IIperOep3uTa U pabauTa MmoKa3aHbl
Ha Puc. 3. OOHapyxeHO, 4TO 3TH (QocPuabl MUMEIOT pa3iinyHble 3HaYeHUs Tc u
HAMarHM4YeHHOCTU HachimeHus. s MmukpokpucramioB padbaura Te coctaBmser 348
K, a nns xkpucramnos mpeinbep3uta T npessimaer 400 K. Ha ocHoBaHuuM JaHHBIX U3
pabor Gambino et al. (1967), Goto et al. (1977) u Tuxamzymu (1987) Obina
MOCTPOCHA JIMHEWHAss 3aBUCUMOCTh Tc oT koHueHtpamuu Ni B ¢dochumax, mo

KOTOpoii ObLIa onieHeHa Tc uist mpeibep3uta (~460 K).

100 PEEE0C0000 000
ol oy, o
Puc. 3. 3aBHCHMOCT BETMUYMHBI HAMATHUYCHHOCTH = [ i, ey
N ; oy,
HACBIILICHUS OT TeMIepaTypsl s mpeiibepsuta O u § “f M, T
2 s =
abmura L. 5 Ty c
p H 2 40 q:n;l_ l
= H=5k3 T
= -
T b,
T L B
o 50 100 150 200 250 300 350 400

Temnepatypa, K
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YerBepTas rjaBa TOCBAIICHA W3YUYCHUIO paldauTa W HIperdep3uTa METOIOM
MeccOayIpOBCKON CIIEKTPOCKOTIMH C BBICOKHMM CKOPOCTHBIM pa3pelieHueM Tpu
pa3IMyYHBIX TeMrepaTypax. MeccOaydpoBCKHE CHEKTPhl 00pasiia MHKPOKPHUCTAIIIIOB
pabauTa, BBIIETICHHBIX U3 KeJIe3HOro mMeTeoputa CuxoTd-AJMHb, U3MEPEHHBIE MIPU
295, 220, 150 u 90 K Ha mpeuu3noHHOM MeccOayIpOBCKOM CIEKTPOMETPUUYECKOM
komruiekce B 4096 kananoB u npencrasieHabie Ha 1024 kanana, moka3ansl Ha Puc. 4.

Ha sTtom pucyHke XOpoimio BHJIHO H3MEHEHHE (HOPMBI CIIEKTPOB C TOHMKEHHUEM

TEMIIEPATYPHI.
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% :: g 10 MAarHUTHbIE H A HHTHbIE TBI
4 T=150 L T=90 K\' Puc. 5. CymmapHble OTHOCHUTEJIbHBIC

piniA A Y ettt 4 TTTOIITAIM MATHMTHBIX  CEKCTETOB,

i N
40 e oo ) 40 &0 R T 1] FX an [0

CKOpPOCTDb, MM/C CKOpPOCThb, MM/ COOTBCTCTBYIOIIMX IMO3HUIUAM Ml, M2
Puc. 4. MeccOayspoBckue CIEKTpel 00pa3noB ¢ M3, U mapaMarHUTHOM KOMIIOHEHTHI
MHUKPOKPHCTAUIOB pa0OaWTa W3 XKeyle3Horo Mereoputa PM B MeccOay’poBCKHX — CHEKTpax

CuxoT>-AnuHb,  HM3MEpPEHHbIE  MpPH  PA3IMYHBIX MUKPOKPUCTAIIIOB pabaura u3
TEMIIepaTypax C BBICOKMM CKOPOCTHBIM pa3pelieHueM Mmereoputa  CHXOTI-AJMHB, npu
u npencraBieHHble Ha 1024 xanana. pa3IUYHbIX TEMIIepaTypax.

MeccbayspoBckre CHEKTpbl padauTa OBLIM aNMmpOKCUMHUPOBAHBI HAa OCHOBE
monenu Lisher et al. (1974) cyneprio3uiiyeii iecTd MarHUTHBIX CEKCTETOB, CBSI3aHHBIX
C AlpaMu *"Fe B HEOKBUBAJIECHTHBIX no3unusax M1, M2 u M3 (¢ ssapamu Fe g KaXXK 10U
U3 TO3MIMH CBA3BIBAJIOCH MO JIBA CEKCTETa), W KBaJAPyMHoOJbHOro nybnera. Beuim
OIICHEHbI ~ MeccOay’pOBCKHE  MMapamMeTpbl  KOMIIOHEHT  CIHEKTPOB,  KOTOpHIC
COTIOCTABJICHBI C SIAPAMH ° F€ B COOTBETCTBYIOIINX HEIKBHBAICHTHBIX MO3HImsX. Tak
JIBa CEKCTeTa C HaHOOIBIIMMH OLEHKAMHU BEIMYUHBI Herr ObLIM CBSI3aHBI C SIApaMU
*'Fe B mosuiumu M1, nBa cekcrera co CpelIHMMH OIlEeHKaMu BeJIHYUHBbI Her — C

57
snapamu ~ Fe B mo3uruu M2 u 1Ba ceKcTeTa ¢ HAaMMEHBIIUMH OIICHKAMHU BEJIIMYHHBI
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Hets — ¢ ssmpamm *"Fe B mosumun M3. Oka3anock, 4To B OTJIMYHE OT pabotsr Lisher et
al. (1974), cekcTeTbl, OTHOCSIIUECS K siApam >’Fe B KaxIOH M3 HEIKBHBAICHTHBIX
NO3UIMKA B pabauTe, WUMEIOT pPa3MYHbIE OTHOCHUTENbHBIC IUIOmanau. bomee Toro,
OIICHKM OTHOCHUTEJIbHBIX IUIOMIAJICH MArHUTHBIX CEKCTETOB B MeccOayIpOBCKUX
CIIeKTpax padbauTa, cOOTBEeTCTByIOmUX TNo3unmsaM M1, M2 u M3, usmenstorcs c
TEMIIepaTypoil. OTOT pe3yJbTaT MOXKET ObITh OOBSCHEH COOTBETCTBYIOIINM
nepepacnpeacieHieM aToMOB Fe ¢ pa3HbIMH MarHUTHBIMH MOMEHTaMH I10 Ka)KI0i
3 no3unuid. CpaBHEHHWE OTHOCUTENIBHBIX IUIONIAICH MArHUTHBIX KOMIIOHEHT
cunektpoB s mo3unuid M1, M2 u M3 u mapamarautHOi KOoMIOHEHTHI (Puc. 5)
MO0Ka3aja0, 4TO CyMMapHbIC€ OTHOCHUTEJIbHBIC TUIOMIAIA MArHUTHBIX KOMIIOHEHT Kak
s no3uiuid M1, tak u s nmosunuii M2 He W3MEHSAIOTCS C YMEHbBIICHUEM
temneparypbl ot 220 g0 90 K B mpenmemax ommoku (10 %), B TO Bpems Kak
CyMMapHasi OTHOCHTEJIbHAs IUIONIaJh MAarHUTHBIX KOMIIOHEHT ISl Mo3uiuii M3 u
OTHOCUTEJIbHAS  IUIONMIA[h  MApaMarHUTHOM  KOMITIOHEHTHI  M3MEHSIOTCS  C
Temreparypoit. [Ipu 3ToMm cymMmMa OTHOCHUTEIBHBIX TUIOMIAIeH MATHUTHBIX KOMITIOHEHT
Ui mo3uruid M3 UM mapamMarHUTHONW KOMIIOHEHThI HE HW3MEHSETCS B TMpejeliax
OmMOKH C yMEHBIICHHUEM Temmeparypol. llocienHee ykasplBaeT Ha TO, 4TO,
BEPOSITHO, YacTh SIeP *"Fe B mo3unusax M3 HaxoquTcs B napaMarHUTHOM COCTOSIHHH.
Takum 00pa3oM, OIIEHKU CPEHUX 3HAYECHUN CYMMAapHBIX OTHOCHTEIIBHBIX TUTOMIAICH
KOMITOHEHT CIIEKTPOB, COOTBETCTBYIOMHUX Mo3uiusaM M1, M2 u M3 nns paGaura,
coctaBuiu ~44 %, ~28 % u ~28 %.

MecchayspoBCKHX ~ CIEKTpbl  OOpa3lloB  KPHUCTAUIOB  MIpeiOep3uTa,
u3MepeHHbIX mpu Temmeparypax 295 u 90 K Ha npenu3noHHOM MeccOayIpOBCKOM
criekTpoMmeTpuueckoM komiuiekce B 4096 kananoB u mpexacraBieHHble Ha 1024
KaHanla, moka3zaHbl Ha Puc. 6. Anmpokcumarnus CHEKTpPOB mIpeiidbep3uta ObLIa
IpOBEJICHA TaK ke, KaK U JJIs CIEeKTPoB padbauta. JIBa cekcrera ¢ HauOOJBIIMMHU
OIICHKaMU BeIMYUHBI Hefr OBIITH CBSI3AHBI C siApaMU “Fe no3uru M1, nBa cekcreta
CO CPCIIHMMH OIICHKaMHu BeIW4YuHbl Her — ¢ sapamm >Fe B nosunmu M2 u naBa

;
CEKCTEeTa C HAMMEHBIINMU OLIEHKAMU BeIMUUHBI Hegr — € siapamu *"Fe B mosummu M3.
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cKopocTs, Mu/e cKopocTs, M/ Puc. 7. CymMmMapHbIE OTHOCUTEIIbHBIC

Puc. 6. MeccbayspoBckue CHEKTpHI HIpeiidep3uTa  IUIOMIAJM  MArHUTHBIX — CEKCTETOB,

u3 kenesHoro wmereoputa CuxoT3-AJUHB TpHU COOTBETCTBYIOIIMX TO3UIUsAM M1,

T=295 K (@) u T=90 K (6), npencraiennsic Ha M2 u M3 kpucTaioB mpeibdep3ura

1024 xanana. n3 Mmereoputra CHXOT3>-AJIMHB, NpH
Pa3IMYHbIX TEMIICpATypax.

295 K

M1 M2

OTHOCHUTENIbHBIC TUIOMIAI MAaTHUTHBIX KOMIIOHEHT MECCOayIPOBCKHUX CTIEKTPOB
mperdep3uTa, OTHOCAIIUXCSA K sIApaM >"Fe B KaXKI0M U3 HEDKBUBAIEHTHBIX TTO3HIIHM,
OTJIMYAIOTCS MEKIY COOOM M M3MEHSIOTCS C TeMIIEpaTypoi. ITOT pe3yabTaT MOXKET
OBITh Tak)Ke OOBSCHEH COOTBETCTBYIOIIMM TIEpepaclpe/iciCHHeM aToMOB Fe ¢
Pa3HBIMM MarHUTHBIMA MOMEHTaMHM 10 KaXX10M 13 no3uiuii. CpaBHEHHWE CyMMapHBIX
OTHOCUTEBHBIX ITUIOMIAJCH MarHUTHBIX KOMIIOHEHT CIIEKTPOB IIpeidep3nuTta s
nosunmii M1, M2 u M3 mnoka3ano, 4TO OHM HE H3MEHSAIOTCA C YMEHBIICHHEM
TeMIeparypbl B npenaenax ommoku (Puc. 7). Cieayer OTMETHUTh, YTO B OTJIMYUE OT
CHEKTPOB pabauTa, OTHOCHUTENbHAS IUIONIA[lb IMAPAMAarHUTHOW KOMIIOHEHTBI C
MOHWKEHUEM TeMIIepaTypbl HE MEHSETCs, M3 Yero MOXKHO CelaTh BBIBOJ, YTO
JaHHAsl TMapaMarHUTHAs KOMIIOHEHTA SIBIISCTCS CJICICTBHEM HAJIWYMsI MPUMECH B
oOpasue mpeitbepsura. Takum 00pa3oMm, OIEHKH CPEIHUX 3HAYCHUH CYMMAapHBIX
OTHOCHUTEJIBHBIX IIOMIAIeH KOMIIOHEHT CIIEKTPOB, COOTBETCTBYIOIIUX MO3HUIUsIM M1,
M2 u M3, coctaBunu ~55 %, ~22 % u ~23 %.

CpaBHeHUEe OICHOK BeIWYUHBI Hegr 11 COOTBETCTBYIONIUX KOMITOHEHT
MeccOayIpOBCKHX CHEKTPOB pabauTa W IIpelldep3uTa TOKa3alo HMX OTIWYHE.
TemreparypHbie 3aBUCUMOCTH Hesr 1711 KOMIIOHEHT CITIEKTPOB, OTHOCSIIIUXCS K SApamM
*'Fe B mosumuax M1, M2 u M3 B oOpasnax pabdaura U mpenoep3uTa, MmokazaHbl Ha
Puc. 8. 3HaueHuss MarHUTHOrO CBEPXTOHKOTO ToOJsA Ais kommoHeHT M1 m M2 B
pabauTe U mpeidbep3uTe BO3pacTaroT OBICTpEE C YMEHBIICHHEM TeMIIepaTyphl, YeM

IUTs mo3unui M3.
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Puc. 8. Usmenenus Heg 1
sAEp "Fe B mosummsax M1
(O, @), M2 (L, ®) u M3
(A, A) obpasuoB pabauta
(a) u wmpeiibep3ura (6) u3
KEJIE3HOTO METeopHuTa
CuxoT>-AnuHb c
TEeMIIepaTypou.

57
Ouenku Benmu4MH Heg SIS KOMIIOHEHT, COOTBETCTBYIOIIMX sApaM ~ F& B

no3unuax M3,

UMEIOT CYIIECTBEHHO OOJIbIIME OTJIMYMS JUIsi pabauta u

IHpGﬁ6€p3HT3, 4CM OTJINYHA BECINYUH Heff AJIs1 KOMITIOHCHT, COOTBCTCTBYIOIIUX sAApaM

*'Fe B mosumuax M1 u M2 s pabauta u mpeibep3uta. M3 atoro ciemyer, 4to

57
BEJIMUMHBI MAarHUTHBIX MOMEHTOB sifep ~ Fe B mo3ummsx M3 wumeror Oonee

CYIIIECTBEHHOE OTJWYME g padauTa U mpernOep3uTa, YeM MarHUTHBIE MOMEHTHI

Sep *"Fe B mosuumsix M1 u M2.

JIOTIOJTHUTEThHO MecCOayIPOBCKUE CIEKTPHl MHUKPOKPUCTAILIOB pabauta

oputn M3Mepensl npu 338, 353 u 388 K ¢ HU3KUM CKOPOCTHBIM pa3pelieHueM Ha

512 xananoB (Puc. 9). MeccOayspoBckuii criekTp oOpasia padauta, U3MEpPEHHBIH

npu 338 K, neMOHCTpUpYyET MPUCYTCTBUE MATHUTHOM M MTApaMarHUTHOW KOMITOHEHT, B

TO BpeMsl Kak CIeKTpbl, u3MepeHHbie mpu 353 u 388 K, SABIAIOTCS MOTHOCTHIO

napaMarHuTHeIMU. TakuM oOpa3zom, Temnepatypa Kiopu ans pabaura MoxeT ObITh B

muanaszone 345-355 K, uto moaTBepkIaeTCs pe3ynbTaTaMiu MarHUTHBIX H3MEPEHUH.
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Puc. 9. MeccbayspoBcKkue CHEKTpHI
MHKPOKPHUCTAIIIOB pabaura u3
kKese3Horo meteopura CuxoTs-AJMHB,
M3MEPEHHBIE pH BBICOKOM
TEMIIEPATYPE C HHU3KHM CKOPOCTHBIM
paspemeanem (512 kanano). 1 u 2 —
napamMarHuTHast u MarHuTHast
KOMIIOHEHTBI, — COOTBETCTBEHHO, B
CIIEKTPaX, H3MEPEHHBIX B OOJBIIOM
CKOPOCTHOM Juana3sone (a—s); 1, 2, 3 -
HapaMarHUTHbIE ~ KOMITOHEHTHI B
CIIEKTpE, HW3MEPEHHOM B  MaJioM
CKOPOCTHOM JIMAIla30He, CBS3bIBAEMbIE
¢ mosunsavu M1, M2 u M3 (2).



B nATO# riaBe mpoBeicHA OlleHKa pacrpexaeseHus atomoB Fe, Ni u P mo
KpUCTaIOrpauuecku HEIKBUBAJICHTHBIM mo3unusiM M1, M2 u M3 B
AJIEMEHTapHON suelike >Kelle30HuKeIeBbIX (ochuaoB u3z mereoputa CuxoTs-
ANVHBb TIO JAHHBIM MeccOay?pOBCKOW CHEKTPOCKOMHH, XUMHUYECKOTO aHalln3a |
PEHTT€HOBCKOM TU(PPAKTOMETPUH, a TAKXKE pacueT OJMKAMIIETro OKPYKEHUS ITHX
no3uiuid. Eciu mpeanonoxuTs, 9To BEposSTHOCTH 3¢ dexta Meccbayapa mis saep
“’Fe B pasHBIX MO3MLHAX pabauMTa M IIpeHOep3nTa OIMHAKOBA M OIMHAKOBO
MEHSETCS C TeMIepaTypod, TO OTHOCHUTEIbHBIE IUIOMAANM KOMIIOHEHT OyayT
IPOMOPIUOHATBHBI YUCITY PE30HAHCHBIX SAEP B COOTBETCTBYIOIINX MOZHUIIUX.

Ha ocHOBe pgaHHBIX XMMHUYECKOTO aHaliu3a U  MeccOay’IpOBCKOi
CIEKTPOCKONHMH OBLJI0O PACCUUTAHO cpefHee KoiaudecTBo atomoB Fe u Ni B
HEAKBUBAJIECHTHBIX Mo3uiuax M1, M2 u M3 B pabaute u mpeiibepsure (Tabauma
1). Pacmpeneneaue atomoB Fe u Ni mo Tpem kpucramiorpadguuecku
HEIKBHUBAJCHTHBIM mo3unusiM M1, M2 u M3 pans mpeitbep3ura u pabaura
OTIMYaeTCs U cocTaBisieT s mpeitdoepsura 100 % Fe (M1), 45 % Fe u 55 % Ni
(M2), 48 % Fe u 52 % Ni (M3), a auis pabaura 69 % Fe u 31 % Ni (M1), 44 % Fe
u 56 % Ni (M2), 44 % Fe u 56 % Ni (M3). Takxe 1Mo 3HaYCHUSIM OTHOCHTEIbHBIX
II0IIaiell KOMIIOHEHT MeccO0aylpoOBCKUX CHEKTpOB padauTa W Iipeidep3ura,
OTHOCSAIIUXCA K sgApaM *"Fe B nmosuumax M1, M2 u M3, u IIOJIYYEHHBIX CPEIHUX
3HAQUYEHUSAX KOJIMYECTBAa aTOMOB F€ B 3THX MO3uLMAX ObUIO OLEHEHO M3MEHEHUE
gyucia aToMoB Fe ¢ pa3nuuHbIMH 3HAYEHUSIMH MArHUTHBIX MOMEHTOB B
COOTBETCTBYIOIIMX  HEIKBUBAJICHTHBIX  TO3WUIUAX  JJIEMCHTAPHOW  SUYCUKHU

KeJIe30HUKeNeBbIX GochUaoB ¢ TeMIepaTypou.

Tabnuna 1.
Onenka cpennero koiuvectBa aromoB Fe m Ni B mosumusax M1, M2 u M3
AJIEeMEHTapHOM STYEHKHU KeIe30HUKeNeBbIX Pocduaos.

Kenesonnkesaesbiii | [losunuu CpenHee K0JIM4€CTBO CpenHee K0/114€CTBO
hochun MeTajia aToMoB Fe B mo3uumnu atomoB Ni B mo3uuuun
Paoaur M1 55 25

M2 3,5 4,5
M3 3,5 4,5
HlIpeiibep3ut M1 8,0 0,0
M2 3,6 4,4
M3 3,8 4,2
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Ha ocHOBe JaHHBIX PEHTI€HOBCKOM Au(pakuuu padauTa U mpeidep3urta us3
meteoputa CuxoT3-AnnHb OblJIa MPOBEJACHA OLIEHKA JIOKAJIBbHOTO OKPYXKEHHS s
aTOMOB, Haxondmuxcs B mno3umusax M1, M2 u M3. beul mpoBeieH pacueT
KonuuyecTtBa mo3unuii M1, M2 u M3 u atomoB P B OnmxaiimieM OKpYyXEHHUH B
npenenax cdepsl paamycom 3,0 A s kakmoll M3 HEOSKBUBANEHTHBIX TTO3HITHIA
(Tabauna 2). Ha ocHOBaHWM JaHHBIX O cpeHeM KojudecTBe atromoB Fe u Ni B
nosunusax M1, M2 wm M3, nNOaydYeHHBIX MO JaHHBIM MeccOayIPOBCKOM
CIIEKTPOCKOIMH M XUMHYECKOTO aHajau3a, ObLIO PACCUMTAHO KOJIMYECTBO aTOMOB
Fe u Ni, a Taxoke atomoB P, Haxondmuxcs B OJNFKAWIIEM OKPYXEHUU MO3HUIIHMA
M1, M2 u M3 B npenenax chepsl paguycom 3,0 A B pabaure u mpeiibepsure.
Okazanoch, 4YTO B OmmkaWlieM OKPYKEHUHM KaXJOW U3 HEIKBUBAJIECHTHBIX
no3uruii M1, M2 u M3 B pabaute u mpeidep3uTe HaXOAUTCS Pa3HOE KOJTUIECTBO
atomoB Fe, Ni u P. Bo3aMOXHO, CJIEICTBUEM 3TOr0 SABISACTCS OTJIUYHE MAapaMeTPOB

CBEPXTOHKOU CTPYKTYPHI MeccOay?pOBCKUX CIEKTPOB padanTa 1 mpendep3ura.

Tabnuma 2.
KonuuectBo aTomoB B OnmkaiiiieM okpykeHuu no3unuiit M1, M2 u M3 B npeaenax
cohepsl paguycom 3,0 A s pabaura n mpeiiGepsura.

Oo6pazen  IMo3ummus M1 M2 M3 Fe Ni P Hroro
Pa0oaur M1 5 2 5 6,5 55 2 14
M2 2 5 3 4,9 51 4 14
M3 5 3 2 5,6 4.4 3 13
[peiibep3ut M1 5 2 5 8,3 3,7 2 14
M2 2 5 3 5,7 4.3 4 14
M3 5 3 2 7,3 2,7 3 13

Ha ocHOBaHMU NPOBENEHHBIX HUCCIEAOBAHUN MUKPOKPHUCTAIIOB padAuTa U
KpucTajuioB wpeiibepsuta u3 wmereoputra CHXOT3-AJMHB OBUIM MOCTPOEHBI
MOJEIN DJIEMEHTApHOW SYEWKW ISl JBYX JKEJIE30HHKENIEeBbIX (ochuaos,
YUHATHIBAIOIIME pa3Iu4us B KoimdectBe aromMoB Fe u Ni B kaxmoit wus

HEAKBUBAJICHTHBIX no3unuii M1, M2 u M3 (Puc. 10).
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Puc. 10. Moaenu sieMeHTapHBIX sdeek mpeiidep3uta (@) u padaura (6) u3 mereoputa CHxoT?-
AJIMHB TIOCTPOCHHBIE HAa OCHOBE JaHHBIX PEHTTEHOBCKOW AM(PAKIMH, XUMHUYECKOTO aHau3a M
MeccbayapoBckoii criektpockonuu: @ — atomer Fe, ® — atombr Ni, O — atomsr P.

OCHOBHBIE BBIBO/IbI

Ha ocHOBe mNpoOBENEHHBIX MCCIENOBAaHUNA MOXHO C(OpMYyJIHpPOBATH
CJIEIyIOLME BBIBOJBI:

1. MeTtogamMu ONTHYECKOW W 3JIEKTPOHHONW MHUKPOCKOMNHUH MOKAa3aHO OTINYHE
Mop(donoruii KpUCTAIIOB HIpeiOep3uTa 1 MUKPOKPUCTAIUIOB PaOAHNTa, BBIIEICHHBIX
u3 xkeneznoro Mereoputa Cuxord>-AnuHb. [loaydeHsl HaHHBIE O XUMHUYECKOM
COCTaBe HCCIEIyeMbIX 00pa3lioB HIpeiibep3uTta U pabauTa, Ha OCHOBE KOTOPBIX
onpeaesieHbl X crexuomerpuueckue GopMyibl: (FegesNigss)sP 1 (Fegs2Nigs)3P,
COOTBETCTBEHHO.

2. TlpoBeneHO HCCleA0BaHUE JKele30HUKeNeBbIX (pochuaop (mpeiidep3ura u
pabauTa), BBIACIACHHBIX U3 JKejaesHoro Meteoputa CuXOT3-AJMHB, METOIO0M
peHTreHoBckoi audpakuuu. [lomyyeHHble 3Ha4YEHUS MapaMETPOB JIIEMEHTAPHOU
SYeHKW TIperOep3uTa COOTBETCTBYIOT W3BECTHBIM JIUTEPATYPHBIM  JTaHHBIM.
[TapameTpsl dnmeMeHTapHOW SYEWKW I pabauTa moiaydeHbl BrepBblie. [lokazaHo
OTJINYME TIApaMETPOB AJIEMEHTAPHOU siYeiiku pabauTa U mpedep3uTa U3 MeTeopuTa
CuxoT3-ANHMHB, KOTOPOE CBSA3BIBACTCS C PA3IMYHBIM cojepxkanuem Fe u Ni.

3. BrepBbie u3MepeHbl 3aBUCUMOCTH HAMAarHMYEHHOCTH OT TeMIEpaTrypbl U
BHELIHEr0 MAarHUTHOrO MOJs JJig KPUCTAJUIOB ILIpeOep3uTa U MUKPOKPUCTAIIIOB

pabauta u3 mereoputa Cuxord-Anunab. [lokazaHno, 4To BeIMYMHA HAMArHUYEHHOCTH
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JUTSI KPUCTAJUIOB TIpeiibep3uta Oonblie, 4eM Il MUKPOKPUCTAUIOB padAWTa, YTO
coryiacyercsi ¢ JaHHBIMHA JUJII HCKYCCTBEHHBIX (OCHHUIOB TIO 3aBUCUMOCTHU
HaAMarHWYCHHOCTH OT KoHIeHTpanuu Fe u Ni. BrepBbie monydeHsl ONCHKU Tc s
mperidep3uta U pabauTa, BBIIEICHHBIX W3 MereopuTa CUXOTI-AJMHB, KOTOPHIC
coctraBuin ~460 u 348 K, cOOTBETCTBEHHO.

4. BrepBble MPOBEICHO HU3MEPEHUE MeccOayIpPOBCKHX CIEKTPOB 00pas3IoB
mperidep3nTa U padauTa ¢ BHICOKUM CKOPOCTHBIM Pa3pellieHreM MpU TeMIepaTypax
295, 220, 150 u 90 K. OOnapyxeHo oriauuue (Hopmbl CHEKTPOB LIpeiidbep3uTa U
pabauta mpu 295 K, cBHIETEILCTBYIONIEE O MATHUTHOM COCTOSSHUHM KPHCTAJIJIOB
mpeidep3uta W cymneprapaMarHuTHOM COCTOSSHUM MHKPOKPHUCTAIUIOB padauTa.
MeccbayspoBckue CeKTphI ipeiidbep3uta, usmepennsie npu 295 u 90 K, u padaura,
u3mepennsie npu 220, 150 u 90 K, Obutu anmpoxkcumupoBaHbl 1o Moaenu Lisher et
al. (1974) cynepro3uieii IIECTH MArHUTHBIX CEKCTETOB, KOTOpPbIC ObLIH
COIIOCTABJICHBI C SIPAMH ° Fe B CTPYKTYPHO HEIKBUBAICHTHBIX MO3ULmsix M1, M2 u
M3. TlomydeHbl OLIGHKHM MapaMeTPOB CBEPXTOHKOW CTPYKTYPHI BCEX KOMITOHEHT
MeccOayIpOBCKHUX CIIEKTPOB M TCHICHIIMHM UX U3MEHECHHS C TEMIIEPaTypOu.

5. BmepBbie mpoBeAeHO H3MEpPEHHE MeCcCOay’pOBCKHUX CIIEKTPOB 0OOpasIoB
MUKPOKpHUCTAUIOB pabauta npu temneparypax 338, 353 u 388 K. Ilokazano, uto T¢
JUIE  MHUKpPOKPUCTAJUIOB pabmuta HaxomuTcss B auamasone 345-355 K, udro
COOTBETCTBYET pe3yJbTaTaM MarHUTHBIX U3MEPEHUH.

6. Ha ocHOBe JaHHBIX XHMHYECKOTO aHaiM3a © MeccOaydpOBCKOM
CIEKTPOCKONIMHU IIpeidep3uTta W paldauTa BIEPBBIE OBUIO OIICHEHO CpPEIHEe
KomuecTBO aToMOB Fe u Ni B HedKBHBaJIeHTHBIX Mo3uIusax M1, M2 u M3, kotopoe
OKa3aJIOCh Pa3IMYHBIM JJIS IBYX JKeJIe30HUKeNIeBbIX (hochumon. [1o 3TUM onleHKaM u
JIAHHBIM PEHTTEHOBCKOM Ardpakiiuu ObUIO pacCcUuTaHO KomuyecTBO aToMoB Fe, Ni u
P, Haxonsmuxcst B OnmkaiieM okpyxeHuu nosunuid M1, M2 u M3 B mpeaenax
chepel pammycom 3,0 A B pabmure u mpeiiGep3ure. ITocTpoeHBl MOIEIH
JJIEMEHTApPHON SIYEUKH ISl JIBYX JKEJIE30HUKENEeBbIX (HOChHUIOB, YUUTHIBAIOIINE
paziuuns B KoiudecTBe aToMoB Fe u Ni B ka0l M3 HEIKBUBAJICHTHBIX IO3HUIIHIMA

M1, M2 u M3.
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