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Mopdororust 1 BHyTpeHHee CTPOEHUE MPUPOAHDLIX U TEXHOT€HHDIX
JKEAE300KCUMAHLIX MUKpocdhep

Muxaun Cepreesuy MNYyXOB*
KasaHckuin hefepanbHbIv yHuBepcuTeT, Poccus, KasaHb

AKTYAALHOCTL PA6OTLI: MPOVCXOXKAEHNE YKEAE300KCMAHBIX MUKPOCEP CBSIBAHO C KOCMUYECKUMM, 3€MHLIMU (aBMOreHHbIe, GUOreHHbIE) 1 TEXHOTEH-
HLIMM NpoLieccamut. V3yueHne NoAOBGHBIX OGLEKTOB BAXKHO AAS MO3HAHUSI MMHEPAAOOOPA30BaHMs HA 3EMAE, CTPOEHMS U COCTABA KOCMUYECKUX TEA, POAU
TEXHOT€HHbIX MPOLIECCOB B 0OPA30BaHMM HOBLIX MUHEPAAOB. OBHAPY KEHVE MUKPOCEP B OCAAOHHBIX TOAILAX MOMOTAET AOMOAHUTL METOALI KOPPEASILIMM
PasHOALMAALHDBIX TOALL HA TAOGAALHOM, PETVIOHAALHOM M MECTHOM YPOBHSIX, & TAIOKE MOMOTAET B MOMCKaX CTPATU(MLIMPYEMbIX MOAE3HBIX MCKOMAEMBDIX.
Lleab paboTbi: 3yyeHnie 0COOEHHOCTEN BHYTPEHHETO CTPOEHMSI MPUPOAHLIX M TEXHOTEHHDIX JKEAE300KCUAHBIX MUKpOcdep. OCHOBHbIE 3aaaum: U3yde-
HME MOPOBOTrO MPOCTPAHCTBA M BO3MOXKHLIX TEKCTYP, MPOBEPKA HAAMUMS AUcPPePEHLIMALIMM BEleCTBa.

Meroaororns mccreaoBanums: Bce vsydaemble oGLEKTH OTOMPAAMCH M3 MOPOWKOBLIX MPOG C MOMOILBLIO MOCTOSIHHOTO Y HEOAMMOBOTO MarHuToB. C
MOMOLLBLIO MUKPOTOMOTrPAahUM U3yHeHbl OTOOPAHHLIE M3 MArHWUTHOM (PPaKLMM JKEAE300KCHMAHDIE MUKPOCEPDI U3 MMIMAKTUTOB Kparepa Puc, us Bepx-
HEMaAeo30MCKMX MOPOA BOCTOKa BoctouHo-EBponeiickoii naardpopmsl 1 Mpeayparsckoro nporuba, v TEXHOreHHble (CBapoUHbie) MuKpocdepbl. Te ske
0BLEKTbI B MOAMPOBAHHDLIX CPE3aX MCCAEAOBAHDI C MOMOLILIO CKAHVPYIOWEN SAEKTPOHHOM MUKPOCKOTUM.

Pe3yaLTatel. VI3ydeHre o6LEKTOB PEHTTEHOBCKOM KOMILIOTEPHON MUKPOTOMOrpadhueii B AByXMEPHOM M TPEXMEPHOM MPOCTPAHCTBE MOKA3AA0 PA3AU-
4Yusl B MYCTOTHOM MPOCTPAHCTBE TEXHOTE€HHLIX U MPUPOAHBLIX MUKpPOcep. Pasanumsi MOATBEPIKAEHBI SAEKTPOHHOM MMKpOcKonuei. AnddepeHumaumst
BELIeCTBA B YKEA@30OKCMAHBIX MMKPOCepax MOATBEPIKAEHA TOMOrPaUHeCckKMMM NCCAEAOBAHUSIMU U SAEKTPOHHOM MUKPOCKOMMen. AAst BHYTPEHHe
HacTU XKEA€300KCUMAHBLIX MUKPOCEP M3 MMMAKTUTOB Kpatepa Puc nsydyeH xummyeckuii coctas. [IPUMUTUBHOCTL XMMMYECKOTO COCTaBa MOATBEPIKAAET UX
KOCMUYECKOe MPONCXOXKAEHME.

BriBoan1. COBMECTHOE VCTIOAL3OBAHME TPAAVLIMOHHOTO MOAXOAA C MPELM3MOHHLIMM METOAAMM MPUOAVKAET PACcMPPOBKY F€HE3NCa MUKPOOBLEKTOB.

KatoueBbie cAOBa: )KeA€300KCMAHDIE MUKPOCEPDI, MUKPOTOMOTpachusi, SAEKTPOHHASI MUKPOCKOMMUSI, MyCTOTHOE MPOCTPAHCTBO, AMddchepeHLmaLIms BelecTBa.

BeJieHIe

Macmrabbl HaXOIOK >Ke/Ie300KCUIHBIX (CyMMapHOe COfiep>KaHMe KUCTIopoza 1 sxene3a 96-100 %) muxpocdep

OOLIVMPHBL: IPEBHIE OCA/JOYHBIE OPOMDI, A/UTIOBNII COBPEMEHHBIX PeK, IYCTbIHM, JHO MOPEIl 1 OKEAHOB, CHEXKHBDII

HOKPOB AHTapKTHU/bI, TEXHOTeHHbIe oTIoKeHus [1-10]. I[Tpoucxoxxaenne mofo6HBIX 06pa3oBaHNIT BBI3bIBAET CIIOPBI B HAy4-

HOM COOOIecTBe: PACCMaTPUBAIOTCA KOCMIYECKIe, TeXHOTeHHbIE, 3eMHbIe abOTeHHbIe U 61OreHHble TunoTessl [11, 4-14, 15,

16, 22]. ITpu s3TOM M3ydeHMe XKeNe300KCUFHBIX MUKpocdep ¢ IOMOLIbI0 COBPEMEHHBIX NMPELM3MOHHbIX METOAOB (BK/IOYast U

HepaspylIalolye) CiocoO6HO JaTh HOBYIO BaXKHYI0 MHGOPMAIVIO O MIHEPATIo0Opa3soBaHyM Ha 3eMIle, O CTPOEHVM 1 COCTaBe

KOCMMYECKUX TeJI, O POJIM TeXHOTEHHBIX IPOL[eCCOB B 06pasoBaHMY HOBBIX MuHepanoB. Kpome toro, Haxoxpenne Mukpocgep

B OCAJJOYHBIX TO/MIIAX MOYXET BBICTYIATD JOIOJHUTEIbHBIM MHCTPYMEHTOM IIPY KOpPe/anyy pa3Ho]aIaabHbIX TOIL I IO~
CKaX CTPAaTU(ULNPYEMbIX TOTI€3HbIX MCKOIaeMbIX [17].

PaHee uccnenoBateny i 060CHOBAHNUA ITPONCXOXK/IEHNS XKe/Ie300KCUTHBIX MUKPOcdep UCIIONb30BaNH PsIJi apaMeTpPOB.
Tak, HamIpuMep, MeTa/UIM4ecKuil 671ecK, upeanbHas cHepuuHOCTb, HaTM4Me TaKUX 9IeMEHTOB-TIpYMeceli, Kak HUKETIb U XPOM,
OTCYTCTBYE TUTAHA XapaKTEPHBI I KOCMIYecKMX Mykpocdep [12, 18, 19]. IIpupopHble ¥ TeXHOreHHBIe 00pa30BaHNA VIMEIOT
3HAYNTENIBHO GOJIee MMPOKMIT Habop a/meMeHTOB-TIpuMecelt — go 10-15 [5, 13, 15, 16, 20, 22]. TekcTypHas IOBEPXHOCTD, BKIIIO-
Jasi ¥ BHYTPEHHIOK, [IO/IMPOBAHHBIX CPE30B, B BUJie IIECTUTPAHHUKOB, TPEYTONbHIKOB, JEHIPUTOB, KTyOKOB 11 MOSTOBUAHOIL
(b OpMBI B OCHOBHOM IIPUCYIIIA KOCMUYECKUM ¥ IIPUPOSHBIM MUKPOChepaM 1 3HaUUTENbHO PeXke — TeXHOTeHHbIM [5, 13, 15, 16,
18]. OrcyTcTBUE 060XPEHHOIT OBEPXHOCTU ¥ Ha/IM4Me YCTONYMBOI K OKMCTIEHNIO KOPOUKM XapaKTePHO M/ KOCMUYECKUX U
HEKOTOPBIX IPUPOSHBIX MUKpochep [19]. AHanms muTepaTypsl IO3BOIUII PasfeNnuTb IPUPORHbIE «Chepy/bl», 00pa3oBaHHbIE B
3eMHBIX YCJIOBUAX 0€3 TeXHOTeHHOT'O BIIVAHY, Ha 9H/JOTeHHBIE, BO3HUKIIE B IIPOLiecce 3aCThIBAHMA MarMbl YUIV U3 IPOAYKTOB
U3BePXKeHM BYJIKaHOB [5, 6] u 6uorennsle [11, 14]. [/ SHEOreHHBIX XapaKTepHa BBITAHYTaA, IPUIUIIOIEeHHAA U KaIUIeBUIHAS
¢dopma, 11 OuoreHHbIX — 6/1M3Kas K cepuueckort. TekCTypHast MOBEPXHOCTb GMOTeHHBbIX cepyst IIajKast MM KOMKOBATasL,
TOTJIa KaK B 9HJJOTeHHBIX MUKPOC(epax TeKCTypHas HOBEPXHOCTb PasHOOOpasHasl.

Hacrosee nccnenoBanye MOCBAIIEHO MOMCKY JOTIOTHUTEbHBIX XapaKTePUCTHUK >KeNMe300KCUIHBIX MUKpocdep pasind-
Horo reHesuca. O0beKTaMy YICCTIeOBAHS ABUINCH IPUPORHBIE MATHUTHBIE MUKPOC(epsl, U3B/IedeHHbIe TP IIOMOILM [TOCTO-
STHHOTO ¥ HEOIMIMOBOT'O MarHUTOB 113 IIOPOLIKOOOPa3HbIX P00 MMIIaKTHOTO Kpatepa Piuc (Hem. Nordlinger Ries), Tepmanns, us
KepHa CKBOXIH 1 0OHaKeHWiT BOcToKa BocTouno-Espormeiickoit wratdopmser u Ilpenypanbckoro nporuba, a Tak)xe 00beKThI
TEXHOTCHHOTO IIPOMCXOXK/IeH!A — MUKpocdepbl oT cBapku (puc. 1-3). K ocHOBHBIM 3ajjadaM TaHHOTO MCC/IEIOBAHNA OTHOCH-
JI0Ch M3ydeHe BHY TPEHHErO CTPOeHMsI MUKpOoc(ep B IIONMPOBAHHBIX Cpe3ax U HOPOBOTO IIPOCTPaHCTBA MUKpocdep. [l aTo-
TO NIPUMEHSINCD 3MeKTpoHHbIe MUKpocKomsl Phillips XL-30 n Vega 3 Tescan sbu, ocHallleHHbIe 3HEPTOAVCIIEPCUOHHBIMIY CIIEK-
TpOMeTpaMi, IpY yCKopsitolieM HanpshkeHyn 20-25 k9B 1 pabodem orpeske 8,9-15 MM; ITyOuHa 30HANPOBAHUA COCTAB/IIA 1
MKM; TOYHOCTD n3Mepenus 0,1-1 %. Ha mukpockomne Phillips XL-30 (K®Y, anamutux b. M. lanmnymimH) o6pasinsl n3ydeHsl 6e3
HaIIbIJICHVS C MCIIONIb30BaHMeM HIM3KOTO BaKyyMa; Ha Mukpockone Vega 3 Tescan sbu (VIMun YpO PAH, anammrux /. A. bin-
HOB) IIPOBOAV/IOCH HAIbIIeHNE 00pasIioB yriaepogoM. Hepaspyaomye (HenHBa3UBHbIE) MCCIEIOBAHMS TIOPOBOTO IIPOCTPAH-
cTBa MUKpocdep MPOBOAMIICH Ha PEHTTEHOBCKOM MuKpotomorpade Phoenix V|tome|X S 240 ¢ HaHODOKYCHOII peHTIeHOB-
CKOJT TPYOKOJT ¢ MaKCMMaJIbHBIM YCKOPSIOLIMM HanpshkeHeM 180 kBt 1 momuocTsio 15 B (KDY, ananntux E. O. CraneHko).
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PucyHok 1. PeHTreHoTOoMorpacguyeckuin cpe3 ABYXMEPHOro M3obpaxeHus xenesookCuaHbIX Mukpocdep. 1-7 — cBapouHble wapuku; 8 —
MuKpoccepa 13 paspesa MeueTnuHo, MNpeaypanbckuii Npornb (HWKHAS NepMb, KyHrypckuia spyc); 9, 10 — myukpocdepbl 13 kpatepa Puc, lepmanus;
11 — Mukpocdepa 13 kepHa YcTb-HepemMiuaHckon ckBaxuHbl, Pecnybnuka TatapctaH (rmy6uHa 1008—-1013 m, cpegHuin kapboH, MOCKOBCKUIA SIPYC).
Figure 1. X-ray tomographic section of the two-dimensional image of iron oxide microspheres. 1-7 — wrought balls; 8 — microsphere
from the Mechetlino open-pit mine, Pre-Ural fore deep (Lower Permian, Kungur stage); 9, 10 — microspheres from the Ris crater, Germany; 11 —
microsphere from the core of the Ust-Cheremshan well, Republic of Tatarstan (depth is 1008—-1013 m, Moscovian Stage).

PucyHok 2. PeHTreHoTOMOrpadu4eckuin cpe3 TpexmMepHOro n3obpaxeHus xene3ookcuaHbix Mukpocdep. 1-3 — cBapoyHble LWapuku; 4 —
MuKpocdepa u3 kepHa YcTb-HepeMLuaHCKon CKBaxuHbl (M. puc. 1, 06bekT 11); 5 — Mukpocdepa 13 oTrnoxeHun paspesa MeyetnuHo (cm. puc.
1, 06bekKT 8).

Figure 2. X-ray tomographic section of the three-dimensional image of iron oxide microspheres. 1-3 — wrought balls; 4 — microsphere from
the core of the Ust-Cheremshan well (see Fig. 1, object 11); 5 — microsphere from sediments of the Mechetlino open-pit mine (see Fig. 1, object 8).
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Xumunyeckumn coctaB BHyTpeHHeEN YacTu mukpocdep u3 kpatepa Puc.
The chemical composition of the inner part of microspheres from the Ris crater.

OnemeHThI, Bec. %

ObpaseL Howmep cnekTtpa e o Si Y Ca Cymma
Puc-1 1 63,08 31,85 3,51 0,35 1,21 100
(cm. puc. 1, o6bekT 10; puc. 3, oGbekT 8) 2 59,56 35,91 3,28 0,44 0,81 100
3 67,88 30,59 1,08 0,45 - 100
Pwuc-2 1 70,29 29,28 0,43 - - 100
(cM. puc. 1, 06bekT 9; puc. 3, 06bekT 7) 2 70,34 29,28 0,38 - — 100
3 70,22 29,20 0,58 - - 100
4 70,31 29,26 0,44 - - 100

Mpumeyanme. Mpoyepk — He 0BHapYXeHO.

PucyHok 3. NonupoBaHHble cpe3bl Xene3ooKcuaHbix Mukpocdep. 1-3 — 13 kepHa YcTb-YepeMLuaHCKON CKBaXWHbl; 4—6 — CBapoyHble Lwa-
puku; 7, 8 — n3 kpatepa Puc; 9-11 — 13 kepHa ckBaxuHbl MecTopoxaeHus Kapadararak (Mpukacnuiickas BnaguHa, nnato YcTiopT, KasaxctaH);
12 — obrnomok mukpocdepbl U3 OTNOXeHUI padpesa MevetnuHo, Mpeaypansckuii npormb.

Figure 3. Polished sections of iron oxide microspheres. 1-3 — from the core of the Ust-Cheremshan well; 4—6 — wrought balls; 7, 8 — from the
Ris crater; 9—11 — from the core of the well of the Karachaganak field (Peri-Caspian Depression, Ustyurt Plateau, Kazakhstan); 12 — the fragment
of microsphere from deposits of the Mechetlino open-pit mine, Pre-Ural fore deep.

ViccareaoBaHms

B Xofie BBIMONTHEHHBIX MUKPOTOMOTpapuUIecKnX UCCAEOBAHNUII YCTAHOB/ICHBI Pas/Nylisi B IIOPOBOM IIPOCTPAHCTBE MMU-
kpocdep. Tak, MUKpocdepbl TeXHOTEHHOTO IeHesNca, 00pasoBaBIlMecs B IPOIecce CBAPOYHBIX PaboT, MMEIT OO0MbIIoe KO-
JIMYECTBO OTHENbHBIX, HE CBA3AHHBIX MEXAY coboit mop (puc. 1, 06bexTsl 4-7). VIHOra MOPBI OTCYTCTBYIOT (Ie/IbHbBIC MU-
Kpocdepsbl, puc. 1, 00beKT 2) WM UMEIOTC BepeTeHooOpasHble TpelMHbL (piuc. 1, 00bekT 1). Mukpocdeps! IpupofHOro u
KOCMMYECKOTO IIPOUCXOXKIEHNA 00/Ia/IaloT IYCTOTHBIM IIPOCTPAHCTBOM B LIHTPAJIbHOI YacTh (puc. 1, o6bextsl 8-11). MHorma
¢dopma mycror 6mm3ka K chepuunoit (puc. 1, 06beKTsl 8, 9); BCTPEYaoTCsl MyCTOTHI O0jIee CIOKHOI (GOPMBI, BOSHUKAIOIIVIE
Py CIVSTHUM HeCKOMbKuX mop (puc. 1, 06bexts! 10, 11). Tpexmepusie (3D) nzobpaxkenus mukpocdep (puc. 2) JOMOTHUTETBHO
BU3YaIU3UPYIOT MVHPOPMAIUIO 110 TOPOBOMY IPOCTPAHCTBY. DIEKTPOHHO-MUKPOCKOIIYIECKOE MCC/Iefl0BaHNe TOPOBOTO TIPO-
CTpaHCTBa MUKpOChep B MOMMPOBAHHBIX Cpe3axX MOATBEPANIO HaM4ye HeCBA3aHHbBIX Fa30BbIX IOP B TEXHOT€HHBIX MUKPOC-
depax (puc. 3, 06bexT 4).

CpaBHeHre MUKPOTOMOTpaduu 1 pe3yIbTaToOB 37eKTPOHHOI MUKPOCKOINY O3BOIIJIO YCTAHOBUTH Hamune guddepeH-
LML BElleCTBAa MUKPOChep, YTO BBIPAKAETCS B M3MEHEHIM IVIOTHOCTH OT LIEHTpa K BHelIHeil o6omouke. Ha romorpaduye-
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CKOM CHUMKe IJIOTHOCTHbIE XapaKTEePUCTUKY ITOKa3aHbl KOHTPACTOM LIBETA OT CEeporo K 6emomy: ot 60jee HUSKON MTIOTHOCTH
BellleCTBa K 60s1ee BBICOKOIL ITIOTHOCTH (puc. 1, 06beKTsI 3-5, 7, 11; puc. 2, 06bexts! 1, 3, 4). Ilono6Has puddepenmanns Ha-
XOIUT HOATBEP)KIEHNE U B 9JIEKTPOHHO-MUKPOCKOIIECKIX CHIMKAX, I7l€ OTYET/INBO IPOsiBIeHa KopouKa (puc. 3, 00beKT 6),
a mHOrHA U sAApO (puc. 3, 06vext 5). Cpean Mukpocdep nMeIo 3HaYeHNE MCCIEOBAHYE KAIlIM 3aCTIBIIETO PACIIaBa, TAK KaK
M3HAYa/IbHO BCe MUKPOC(hEPBI, AB/SSCH HEe3aCTHIBIINM PACIUIABOM, GOpMUPYIOTCs U3 Kamnn. Tak, auddepeHimanms BemecTsa
BHYTPU «CBapOYHOIT» KA (puc. 1, 00beKT 3) MOKasbIBaeT, YTO XBOCTOBAs YaCTb Oojlee CBET/Ias IO CPABHEHMIO C TOTIOBHOIL
YaCTbIO, YTO TOBOPUT O Ha/MM4my Hojiee IIOTHOTO BeI[eCTBE B XBOCTE.

Xummaeckuit coctas 60/bIIMHCTBA 00BbEKTOB n3yvancs panee [ 7—9, 17—19]. 3xech BepBble IpenCTaB/IeH COCTAB BHYTPEH-
Hell 9acTi JBYX >Kele300KCUAHBIX MUKpocdep 13 MMIakTHOro Kparepa Puc (rabmuia). [1aBHbIMU 91eMeHTaMu MUKpocdep
ABJIAIOTCA JKeyle30 U KUCIOPOZ, (CyMMapHO 710 99,62 %), 9/eMeHTaMM-IIPUMeCAMY — KpeMHUI, a/IloMUHMIL 1 Kaibuyit. I1py aTom
pasmdre B XMMUYECKOM COCTaBe JBYX MUKPOChep 00yCIOBIeHO, II0 BCell BEPOSITHOCTH, PasHULIEN B MX MIHEPAIbHOM COCTa-
Be: B o6pasije Puc-1 npeobnamaet MarHeTut, a B o6pasife Puc-2 - BIOCTHT.

Pesynbratsl TOMOrpaduueckux M MUKPOCKOIMYECKIX MCCIETOBAHMII TOKAa3bIBAIOT, YTO XKEMe300KCUHbIE MUKPOCdeps
4aCTO VIMEIOT Pa3HOOOpasHOe BHyTPEHHee IYCTOTHOE IPOCTPAHCTBO. Ilopsl, BO3HUKINNE B TEXHOTEHHBIX MUKpOcepax, MOTyT
SIBJIATBCS pe3ynbTaToM obpasoBanus ra3os [20]. [ToocTyt B IpMPOFHBIX 3eMHBIX 1 KOCMIUYECKIX MUKPOCcdepyIax MOryT ObITh
CBS3aHBI C BBIJIeJIeHVIeM I'a30B WM >KUIKOTO paciuiasa [9, 16, 18]. IlosgBeHNe TpelVH B LIeHTPe CBAPOYHBIX IIAPUKOB, 10-BUIU-
MOMY, CBSI3aHO CO C/IMIIKOM BBICOKVIMI TeMIIEPATypaMy Harpesa 1 ObICTPBIM OCThIBaHMeM [21]. XuMudecKuit 1 MUHepaIbHBbII
COCTaB XXeTe300KCHMAHBIX MUKpOcdep 13 MMIIAKTHOTO KpaTepa Puc moaTBep)kgaeT MX BHE3EMHOE IIPOUCXOXKIEHIIE.

3aKkAtoueHne

Takym 06pa3oM, COBMECTHOE MCIIONb30BaHME IIPYU UCCIIELOBAHUMY YKe/Ie300KCUHBIX MUKpOcep TPaauLIOHHOTO TOAX0/a
(M3roTOB/IEHVIE TIO/IPOBAHHBIX CPE30B) ¥ IPELM3NOHHBIX METOLOB (MUKPOTOMOrpadusi, S7eKTPOHHAsI MUKPOCKONNS U MU-
KPO3OH/IOBBIII aHAJIN3) [03BOJISIET IIOyINTh HOBbIE JAHHBIE [0 UX COCTaBY, AuddepeHIanuy BHyTPEHHETO CTPOEHMsI, 9TO
mpubmmKaeT pacun@poBKy reHe3nca HeOOBIYHBIX 0O'BEKTOB.
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The morphology and internal structure of natural and man-made iron
oxide microspheres

Mikhail Sergeevich GLUKHOV"
Kazan Federal University, Kazan, Russia

Relevance of the work: The origin of iron oxide microspheres is associated with cosmic, terrestrial (abiogenic, biogenic) and technogenic processes.
The study of such objects is important for the knowledge of mineral formation on Earth, the structure and composition of cosmic bodies, the role of
man-made processes in the formation of new minerals. The detection of microspheres in sedimentary strata helps to complement the methods of
correlation of different facies strata at the global, regional and local levels and helps in the search for stratified minerals as well.

Purpose of the work: study of features of the internal structure of natural and man-made iron oxide microspheres. Main tasks: study of pore space
and possible textures, check for the presence of differentiation of a substance.

Research methodology: All studied objects were taken from powdered samples using a permanent and neodymium magnet. With the help of mi-
crotomography, iron oxide microspheres selected from the magnetic fraction from impactites of the Ris crater (from the Upper Paleozoic rocks of the
East European Platform and the Pre-Ural fore deep), and man-made (welding) microspheres were studied. The same objects in polished sections were
examined using scanning electron microscopy.

Results. The study of X-ray computer microtomography objects in two-dimensional and three-dimensional space showed differences in the voids
of technogenic and natural microspheres. The differences are confirmed by electron microscopy. The differentiation of the substance in iron oxide
microspheres is confirmed by tomographic studies and electron microscopy. Chemical composition was studied for the inner part of iron oxide micro-
spheres from the impactites of the Ris crater. The primitiveness of the chemical composition confirms their cosmic origin.

Conclusions. The combined use of the conventional approach with precision methods approximates the decoding of the genesis of microobjects.

Keywords: iron oxide microspheres, microtomography, electron microscopy, voids, substance differentiation.

REFERENCES
1.Bulat S. A., Ezhov V. F., TseI'movich V. A. 2018, Pervoye obnaruzheniye zhelezonikelevykh mikrometeoritov v prisnezhnom pokrove Tsentral’noy
Vostochnoy Antarktidy, stantsiya Vostok [The first detection of iron-nickel micrometeorites in the subniveal cover of Central East Antarctic Continent,
Vostok station]. Physical, chemical and petrophysical studies in earth sciences: The Nineteenth International Conference (Moscow, 24-26, Borok,
28 Sep. 2018). Moscow, pp. 45-48.
2. Vernadsky V. I. 1941, About the need for an organized scientific work on cosmic dust. Problemy Arktiki [Arctic Research], no. 5, pp. 55-64. (In Russ.)
3. Divari N. B. 1948, About the collection of cosmic dust at the Tuyuk-Su glacier. Meteoritika [Meteoritics]. Moscow, Issue IV, pp. 120-122. (In Russ.)
4. Grachev A. F. 2010, About the nature of cosmic dust in sedimentary rocks. Fizika Zemli [Physics of the Solid Earth], no. 11, pp. 3—13. (In Russ.)
5. Karpov G. A., Mokhov A. V. 2010, Small particles of native metals, sulphides and oxides in andesitic ashes of the Karymsky volcano. Vulkanologiya
i seysmologiya [Journal of Volcanology and Seismology], no. 3, pp. 19-35. (In Russ.). URL: https://elibrary.ru/item.asp?id=15109585
6. Korinevsky V. G., Korinevsky E. V. 2012, Magnetic microspheres in carbonatites of the Southern Urals. Metallogeniya drevnikh i sovremennykh
okeanov [Metallogeny of ancient and modern oceans — 2018]. Volcanism and ore formation. Miass, pp. 225-228.
7. Sungatullin R. Kh., Sungatullina G. M., Zakirov M. |., V. Tsel'movich V. A. Glukhov M. S., Bakhtin A. I., Osin Yu. N., Vorob’ev V. V. 2017,
Microspheres of cosmic origin in the Carboniferous rocks of the Usolka section, Pre-Ural fore deep. Geologiya i geofizika [Geology and Geophysics],
vol. 58, no. 1, pp. 74-85. (In Russ.) https://dx.doi.org/10.15372/GiG20170106
8. Murray |. 1876, On the distribution of volcanic debris over the floor of ocean. Proceedings of the Royal Society of Edinburgh, vol. 9, pp. 247-261.
https://doi.org/10.1017/S0370164600032181
9. Sungatullin R. Kh., Glukhov M. S., Galiullin B. M., Sungatullina G. M., Bakhtin A. I, Vishnykov A. K., Vafina M.S., Gusev A. V., Kuzina D. M.
2018, First Finds of Space Microspheres in the Evaporites of the Urals Foredeep, Russia First Finds of Space Microspheres in the Evaporites of
the Urals Foredeep, Russia. Meteoritics & Planetary Science, vol. 53, issue S1, p. 6291.
10. Sungatullin R., Glukhov M., Galiullin B., Statsenco E., Sungatullina G. 2018, Cosmic Microspheres from the Deposits of the Moscovian Stage
of the Eastern Part of the Russian Plate. Advances in Devonian, Carboniferous and Permian Research: Stratigraphy, Environments, Climate and
Resources: proceedings Kazan Golovkinsky Stratigraphic Meeting (Kazan, Russian Federation, 19—23 Sept. 2017. Bologna: Filodiritto Publisher,
pp. 431-439.
11. Bortnikov N. S., Novikov V. M., Boeva N. M., Zukhlistov A. P., Gendler T. S., Zhegallo E. A., Soboleva S. V. 2016, The first finding of biogenic
nanosiderite in oxidized ferruginous quartzites of the Lebedinsky deposit KMA. Doklady Akademii nauk [Doklady Earth Sciences], vol. 466, no. 5,
pp. 569-573. (In Russ.)
12. Korchagin O. A. 2010, The availability of metallic microspheres and small particles in the early Cenomanian of Crimea — “cosmic dust event”.
Doklady Akademii nauk [Doklady Earth Sciences], vol. 431, no. 6, pp. 783—787. URL: https://elibrary.ru/item.asp?id=13857258
13. Makarov A. B., Osovetsky B. M., Antonova |. A. 2017, Magnetic spherules from the soil near the ash heap of the Nizhny Tagil Iron and Steel Works.
Izvestiya UGGU [News of the Ural State Mining University], issue 4 (48), pp. 42—45. (In Russ.) https://doi.org/10.21440/2307-2091-2017-4-42-45
14. Novikov V. M., Bortnikov N. S., Boeva N. M., Zhukhlistov A. P., Zaitseva L. V., Novakova A. A., Kustov Yu. E., Kochnev V. E. 2017, Biogenic
hematite of rich iron ores of the Belenikhinsky deposit of the Belgorod KMA. Vestnik VGU. Geologiya [Proceedings of Voronezh State University.
Geology], no. 4, pp. 58-62. (In Russ.)
15. Bourliva A., Papadopoulou L., Aidona E., Giouri K., Simeonidis K., Vourlias G. 2017, Characterization and geochemistry of technogen-
ic magnetic particles (TMPs) in contaminated industrial soils: Assessing health risk via ingestion. Geoderma. Vol. 295, pp. 86-97. https://doi.
org/10.1016/j.geoderma.2017.02.001
16. Glukhov M. S., Sungatullin R. Kh., Galiullin B. M., Sungatullina G. M., Bakhtin A. I., Gusev A. V., Kuzina D. M. 2018, Metallic microspheres
of cosmic and technogenic originMicrospheres of Cosmic and Technogenic Origin. Meteoritics & Planetary Science, vol. 53, issue S1, p. 6202.
17. Sungatullin R. Kh., G. Sungatullina G. M., Glukhov, M. S., Osin Yu. N., Vorob’ev V. V. 2015, Opportunities for the use of space microspheres
while tracking oil and gas sediments. Neftyanoye khozyaystvo [Oil industry], no. 2, pp. 16—19. (In Russ.)
18. Sungatullin R. Kh., Bakhtin A. I., Tse'movich V. A, Sungatullina G. M., Glukhov, M. S., Osin Yu. N., Vorob’ev V. V. 2015, Iron-nickel microparti-
cles in sedimentary rocks as indicators of cosmic processes. Uchenye Zapiski Kazanskogo Universiteta. Seriya Estestvennye Nauki [Proceedings
of Kazan University. Natural Sciences Series], vol. 157. Book 3, pp. 102—-118. (In Russ.)

" D4 gluhov.mixail2015@yandex.ru
https://orcid.org/0000-0002-5075-7066

MmyxoB M. C. Mopdosnorus v BHyTpeHHee CTpOeHWe NPUPOLHbIX U TEXHOTEHHbIX XXene300KCUAHbIX MUKpocoep // 65
M3Bectua YITY. 2019. Boin. 1(53). C. 60-66. DOI 10.21440/2307-2091-2019-1-60-66



HAYKU O 3EMAE M. C. I'ryxos / Ussecmus YITY. 2019. Bon. 1(53). C. 60-66

19. Fredriksson K., Gowdy R. 1963, Meteoritic debris from the Southern California desert. Geochimica et Cosmochimica Acta, vol. 27(3), pp.
241-243.

20. Sokol E. V., Maksimova N. V., Nigmatulina E. N., Frenkel A. E. 2001, Priroda, khimicheskiy i fazovyy sostav energeticheskikh zol chelyabinski-
kh ugley [Nature, chemical and phase composition of ash of Chelyabinsk coal]. Novosibirsk, 107 p.

21. Bernstein M. L. 1979, Atlas defektov stali [Atlas of steel defects]. Moscow, 188 p.

22. Osovetsky B. M., Menshikova E. A. 2006, Prirodno-tekhnogennyye osadki [Natural and man-made sediments]. Perm, 209 p.

23. Balabanov Yu. P., Sungatullin R. Kh., Sungatullina G. M., Kosareva L. R., Glukhov M. S., Yakunina P. G., Zhernenkov A. O., Antonenko V.
V., Churbanov A. A. 2019, Magnetostratigraphy of the Reference Sections of the Cisuralian Series (Permian System). Recent Advances in Rock
Magnetism, Environmental Magnetism and Paleomagnetism: International Conference on Geomagnetism, Paleomagnetism and Rock Magnetism
(Kazan, Russia). Cham, Switzerland: Springer Geophysics, pp. 317-342.

The article was received on November 20, 2018

66 [nyxo M. C. Mopdonorusa v BHyTpeHHee CTPOEHME NPUPOLHbIX U TEXHOTEHHBIX XKeNe300KCUIAHbIX MUKpocdep //
M3sectua YITY. 2019. Boin. 1(53). C. 60-66. DOI 10.21440/2307-2091-2019-1-60-66



