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METAJIJIOOBPA30OBAHUY B IMPOAYKTAX DKCrAJSIUN
BOJIBIIOIO TPEIMHHOIO TOJBAYUHCKOI'O U3BEPKEHUSI
(Kamuartka)

B pesyabTaTe NpoBe/icHiibIX MccieoBatinit Ha Bropom komyce Ceseplioro 1npopeisa BTTU
B Kamepe «TpyOka» ycTanoBJCHBI CAMOPOHBIC MCTalbl, MHTCPMETAIMUECKHUE COCAMIICHUS,
CTJIABbI, MCTAJUTMbI, KapOMANAs MMUHCPAJIM3ALMS M CONMYTCTBYIOMIME MM Muuepasbl. Bee otim
SBJISIOTCS  MIAMKATOPAMM MMIpallid W KONLEHTPALMM  PY/HBIX KOMIIOHEHTOB B  OCOObIX
BOCCTAHOBUTE/IbIIBIX YCJOBHSIX, KOTOpbIE CO3[aBajiMchb 11pv (PakUMOHMPOBAHMM IHIIOICHIIOrO
Guiouia, OT/IC/IMBILErOCs OT 0a3a/bToBoro paciiiasa. Ilepexoi or marmMatHMuccKoro rpoiecca K
NQCTMATMATHUCCKOM CTaji (MIEBMATO/IMTOBOM) BBISBIBACT CAMOPO/IIOE MCTA/LIO0GpAIOBAIIHC.
HakollicliMe 11pOyKTOB SKCraislMil IPOMCXOAMT B Y4acTKax MHTCHCHMBHOM ra3oBoit (huibTpa-
LIMM M SIBJISICTCS CC MUHEpPaJ/iblibiM OTpaxcelineM. BbisiB/icHbl M 0XapaKTepr3oBaiibl MUHEPaJIbIIbIC
3011bl, YCJOBMSI MX paclipocTpaliclivis ¥ MCCTO B MOCJ/ICI0BATC/IbHOM Pa3BUTHM JKCraJslMOHHOro
npouccca. Ilokasalbl yc/IOBMs JIOKQJIM3AlMHM, MYTH TPaHcOPMALUMM HACTHIL B KOHKPETHDBIC
KpycTajuucckie (asbl, TCIJICHIMSL 1Cpexoja B JIPYrMe MMHCDAJiblbIC BH/bL BCJCACTBHC
pasiooGpPasIibIX MPUUMIL, TJIABHLIM O0PA30M 3a CYCT MOHMXCHMSI TCMIICPATYPbl METaIONOCHOM
ra3oBoit cMccH. Y CTaloBJICHBl COOTHOMICHMSI CAMOPO/UIBIX MCTA/IIOB, MHTCPMCETA/LIMIOB, a4 TaKKe
BKJIIOUCHMS B 1IAX, YTO MCKJIOUACT TCXHOTCHHYIO MPUPOZY H CBUJCTC/ILCTBYCT,O fleUIMTE Cepbl
npu ux oGpazosaiinu. Ilepcroc meTasiios, BEposATHO, OCyHIEeCTBJISiCTCS B (POPME KOMIIJICKCHBIX
COCMNCHMI TaJlONCHII0B U B BU/C 2JICMEHTOOPIaHUUCCKUX COC/IMICHUM.

METAL FORMATIONS IN EXHALATIVE PRODUCTS OF THE LARGE TOLBACHIK
FISSURE ERUPTION (KAMCHATKA), by Glavatskikh S. P. Native metals, intermetal
compounds, metallites, carbides and associated minerals were identified in the Trubka chamber
at the Second cone of the Northern breakthrough of the Large Tobachik Fissure Eruption. All
of them are indicators of migration and concentration of ore components in specific reducing
conditions which can arisc at fractionation of endogenic fluid secparated from basaltic melt.
Transition from magmatic process to postmagmatic (pneumatolytic) stage causes native mineral
formation. Accumulation of cxhalative products occurs in the area of intensive gascous filtration
and is its mineral reflection. Mincral zones, conditions of their distribution and their place in
the consccutive dcvclé)pmcm of the exhalative processes are described. This paper discusses the
conditions of localization, ways of particle transformation into specific crystal phases, and
tendency to grade to the other mineral species as a result of different factors, mainly decrease
of temperature of metal-bearing gascous mixture. Rations are determined of native metals and
intermetal compounds. Inclusions in them are also distinguished that excludes their technogenic
nature and testifies to sulfur deficit during their formation. Metals are probably transported as
complex halide compounds and element-organic compounds.
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Hacrosiasi cTaTbsd SBJASCTCS JIOTMYCCKMM TPOJOJKCHUEM TMPEALIAYLIMX pabot
aBTOpa MO COBPCMCHHOMY OJKCTaJIiUHOHHOMY MUHEPAI0pPyA000pa3oBaHmo Ha 0asaab-
TOBOM wLIaKOBOM Konyce CesepHoro mpopeiBa bosnbworo TpeumHHOro ToabaunHCKOTO
uzscpxcung (BTTU). B paborc npuBeaCHbl HOBbIC JAHHBIC, 4 TAKXC PACWIMPCHLL U
ACTANM3NPOBAHBl PC3YABTATLI MCCACAOBAHMI MO CAMOPOAHBIM MCTAJLIaM, MHTCPMCTA-
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JIMUECKMM COCAMHEHUSM M CONYTCTBYIOIUMM MM MMHEpajsaM, HO HC MPCACTABICH
TOJIHBII CITMCOK OOHApYXEHHBIX MUHCPAJIbHBIX (Da3, MOCKOAbKY MCC/ICAOBAHUE MX CLIC
He 3akoHuyeHO. OXapaKTepU30BAHBI MUHCPAIbHDIC 30HbI, YCJOBHS MX PACNPOCTPAHCHMS
Y MCCTO B TMOC/ICAOBATCIbHOM PA3BUTHH IKCTAISILIMOHHOrO npouecca. [Tokasanbl ycioBi=
JIOKAIM3ALMH, NyTH TPaHCHOPMALMK YACTHL, B KOHKPCTHBIC KpHUCTa/IMuccKue (asi.
TCHACHLMS IEPCXOAA B IPYTHC MUHCPAIbHBIC BUABI BCICACTBUC PA3HOOOPA3HBIX MPHUMH,
rIAaBHASL M3 KOTOPHIX — MOHMXKCHME TCMICPATYpPBI METAUIOHOCHOM Tra3oBOM CMCCH.
Y CTAHOBJICHBI COOTHOLICHUS CAMOPOAHBIX MCTAJIJIOB, UHTCPMCTAVIMAOB, & TAKXKC BKJIHO-
UCHMS B HMX, YTO MCKIIOYACT TCXHOTCHHYIO TNPUPOAY M CBHACTCIBCTBYCT O AcuunTe
cepsl nmpu ux 00pasoBaHMU.

HakonjeHue NpoayKTOB OKCrajsiuuii, cOpMMPOBAHHBIX M3 BbICOKOBOCCTAHOBH-
TEABHOTO ra30BOro (HIIONAA POMCXOAUT B y4aCTKAX MHTCHCHBHOM ra3oBoy (puibTpauu.
MUHEPAIOrMUYCCKUE MCCACAOBAHMS TO3BOJIM/IN ONPCACANTh MyTH ABMXCHUS (haionaa
¥ BbISIBUTH UIMPOKMI KOMIJICKC MHHcpaaooOpasywommnx ¢as [3].

Bropoit konyc Ceseproro npopsiBa BTTU croxed mwiakamu, CpEAHHI COCTAB MX
OTBCUACT MAarHC3WasbHOMY TuMy 0a3anbTOB ¢ YMCPCHHOM wie04HOCTBIO. Ha 1oxHOM
CKJIOHC KpATEpa DTOrO KOHYCA MPOXOAUT KOJIbLEBAS TPCLIMHA, KOTOPAst COCAMHSCTCS
C MATMOBBIBOASILUMM KaHAJOM, PACHOJIOXKCHHBIM HEMOCPCACTBCHHO HA OCH TMPOPLIBA
BTTU {1]. 3xech HA MECTC MEPECCUCHMS KOJBLECBOM TPCILMHBI C PaaMaIbHON CyLIC-
CTBOBAJI COCPEAOTOUCHHMIN Bbixoa raza (450° C) — dymapona «Tpybka». Coctas rasa
naubosice BeicokoTemneparypHoit dymaposast «Hosas» (700° C), pacnosoXeHHON rum-
COMCTPHUCCKM BBIIC HA TOM XC KOJbLEeBOM Tpemmue (mac.%): H,0 — 4,88; HF —
0,037; HCl — 0,0261; SO, — 0,0856; O, — 19,65; N, + Ar — 75,35. B xonaencarax
OnmpenecHs 3HauuTeabHbie coaepxanms NH,, Na, K, Al, Si, Zn, Pb, Sn, Cu, &
yactHoctH (mr/m*): Zn — 10,3; Cu— 0,09; Ni —0,01; Fe —4,6; S—217 [9].
M3-nox oKpaHa rasibbl mIoTHOro 6a3anbTa yriioweHHoi dopmsl (pasmepom 1 x 1,3 m)
B Hacrosmce Bpems Habmonaerca Buixox (5% 6 cm) dymapoast «Tpybka», ¢ mosep-
XHOCTM OOpPaMJICHHOM KOPOYKOM (DTOPHAOB C HAJCTOM IEMATHTA M TCHOPHUTA.

3ona momHocThio oT 1—2 1o 20 cm Bokpyr kamepnl «TpyOka» mnpeacraBiacHa
PA3AMUYHBIMU 110 BEJMUMHE 00JIOMKAMH BYJIKAHUTOB, OOC/ICHHBIMH BCJICICTBHC PA3BUTHS
(hTopuAHBIX KOPOK M €/1a00 MPOSIBJICHHOTO MPOLECCa MHECBMATOINTOBOIO METACOMATO3d.
B uesom 3aech npeobpazoBanue 0a3abTOBBIX MIJIAKOB HOCUT Y3KOJOKAJbHbIA XapaKTep.
Beanunaa muomwaau, rayOMHA M CTCMCHb M3MCHCHUSI MOPOJ 3aBUCAT OT KOJIMUCCTBA
COCPCIOTOYCHHbIX BBIXOAOB M IMTCJABHOCTH AKTHBHO ACHCTBYIOIIMX Ta30BBIX CTPYH.
JInst 30H MHTCHCHBHOM ra3oBoil (uIbTpalMKM XapakTcpHo oOpasoBanuc (TopuaHbIX
1 (OTOPUIHO-KPEMHUCTBIX MCTACOMATUTOB, B KOTOPHIX PAJIbCTOHUT 3AHUMACT KJIIOUCBBIC
MO3ULINH.

BoaaeicTBue BYyJIKAHHUCCKOrO ra3a Ha IIJIAKW BLIPA3WJIOCh B PA3BUTHM NMPOAYKTOB
JKCraiasiumii Ha CTCHKAX MYCTOT, TPEWIMH MO0 HA KOHTAKTaX OOJIOMKOB YaCTHYHO
VIJIOTHEHHOIO ChIMyYCro MaTcpuasia B BUAC KOpPOucK M HaseroB. OHM NpeACTaBJICHBI
CpPacTaHMSIMH MCEJKMX KPHUCTAJVIOB AMONCHMAA, OPTOKJa3a, (JOromura, KBapLa, B KO-
TOPBIX YCTAHOBJCHBI (B BMJAC BKJIIOUCHMM M HAPACTAHMI) 3EPHA MJIBMCHUTA U MarHe-
TATa. B Mopax mpUCYTCTBYIOT rajuT, CUJIbBUH, MATHCTUT, MJIBMCHHUT, PYTHJI, aHATa3,
ICMATHUT, TEHOPHUT, LCPOMHANT, KOPYH, LIAPUKM CTCK/IA U PEAKHME OKPYIJIbIC BBIACACHUS
KBapua amameTrpom 10 2 mMm. B 1o xe Bpems B kamepe «TpyOka» B mopax uniaka
OOHApy>XKeHbl CAMOPOIHBIC MECTAJIJIBI, MHTCPMCTANJIMUCCKUC COCAMHCHUS, CyJbuab,
KapOuabl. Q r1yOMHOH KOJMUECTBO, Pa3HOOOpA3MC MHTECPMCTAJIMAOB M CAMOPOAHbIX

MCTa/IJI0B yBEJAMUMBAETCS, 4 KOJMUCCTBO OKHMC/IOB yMcHbmactcsi. COCTaB OKCraasiui-
OHHBIX NPOAYKTOB CBUAETEICTBYCT 0 MHOrO(MAKTOPHOM TPUPOAC, CBS3AHHOM C MH-
TCHCMBHOCTBIO ra30Boro (uiomnaa, a raBHoc — ¢ Temnepatypoit. Kpome Toro, B kamepe
«Tpybka» ygauHO COUECTAKOTCS BHICOKAS AKTMBHOCTb Ta30BOro (DJIOMAA, CCTCCTBCHHAL
CTPYKTYPHAasl «JOBYIUKa» M BOCCTAHOBMTCJbHBIM MOTCHUMAA Cpeabl. Biaropapst coso-
KYMHOCTH 3TUX (DAKTOPOB CO3JAIMCh YCJAOBHS /ISl KOMIJIEKCA MUHEPAJIOB, CMHTC3U-
POBAHHBIX B JTOM 30HE.

Pacumcrka Brosb kaHana BeixoAa rasa B kamepe «TpyOka» wa raybuny g0 1,5 M
MOKa3aja, YTO NMPOMEXKYTKH MEXAY OOJOMKAMM IIJIAKA HEPEAKO BLIMOIHCHBI TATUTOM
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Puc. 1. OGuwit sz kamepui «TpyOka» 110¢C pacuncrkin

M CHJILBHHOM B TCCHOI QCCOUMALMN C TCMATHTOM M TCHOPHUTOM. XHMITUCCKIIF COCTE
6asaabToBoro waka (mac.%): SiO, — 50,28; TiO, — 1,31; ALO, — 15,42; F¢,0, —
9,03; FcO — 0,72; Mn — 0,13; Mg — 7,16; CJO 7,56, N‘120—302 K,0 — 3,78:
H,0; — ne obuapyxeno; H,0" — 0,07; P,05 — 0,317 CI” — 0,21; S — ne oGuapy-
xcHo; F- — 0,98; cymma — 99 98 (ananntuxk A. M. Okpyruua). B ucaom 6a3aanToBbic

IWJIAKH MO CPABHCHHUIO CO CBCXHMMM OasasbTamu A0 muceacayemoit rayGinn (1,8 m)
HC M3MCHCHBI. Oanako ot 60ACC OKHCACHBE M HMCIOT CACTKA NOBLILICHHOC COACPKAHNC
KAt 30 CUCT 3aMOJAHCHHS MOP M TPCUIMHOK CHABLBHHHTOM, UTO 03HAUACT caa0yio
XMMHUCCKYK' AKTHBHOCTh F130B € BMCLIAKOWMMH NOPOAAMM.

[leTporpacuucckoe u3yucHne npo3paunbiXx wandoB NOKA3AA0, UTO MIKPOIITH
NJATHOK/IA30B COBCPWICHHO CBCXKHC, a4 BKPAMJACHHHKH OJMBHMHA M KJHHOMHPOKCCHA
HCCYT JIMWb CACALI OKHCACHHA KAK NO nepudepi 3¢peH, Tak W MO TPCUUTHAM
CMANTHOCTH M OTACABHOCTH, BLIMOJHCHHBLIM TCMATHTOM HAM JHUMOHHTOM. B OCHOBHOI
MICCC nopoabl AOBOJILHO WIHPOKO PA3BHT BTOPHUHDBII FCMATHT; MOPLI B PA3HOI CTCNCHI
3aM0JHCHBI BO3rOHAMIL, :

B 1989 r. mccro Buixoan kamepst «TpyGka» 0Ka3anoch NCPCKPHITLIM  OCHINLIO
0a3aabTOBOrO WIAKA MOWHOCTLIO 20 | M (puc. 1). B kamepe nocac pacuictki ocnini
BCKPHITBl WJIAKH € HAACTOM BO3roHoB 10 rayOudet 0,8 m. CayGxe npocacxkipaics
nepexoa Kamephl « TpyOka» B OTKPLITYIO AKTHBHYIO TPeuyiHy. 31¢Ch B MCCTC NCPexo0ad
B OTKPHITYIO TPCUIMHY, 4 TAKXKC HCMOCPCACTBCHHO B HCit Oblan otoGpannt (rayGima
2,2 M) wrydnvic obpasinl Ga3aabTOBONO WAAKA, UCPC3 KOTOPHIC HHTCHCHBHO (Diah-
TPOBAIHCH FA3bl COCPCAOTOUCHHOI ¢Tpyn ¢ Temncpatypoit 360° C. Pauce, B 1978 r.,
TCMMCPATYpa BYJKAHHUYCCKOro rasa B 91oil Tpcumnuc npespiwana 700° C. Kak noka-
3LIBACT XHMHUUCCKHIT AHAIN3 MOPOABI, COCTAB 6Aa3a1bTOBOrO WIIAKA M3 WTY(hHOIT npoGi
AHAJIOTMUCH TMPUBCACHHOMY BbILIC M JHWb HAOAIOAAOTCS HCKOTOPLIC KoacOatng B
coacpxanun okucaos K, Na n Ca, He npeBblluaoOumne ACCATLIX A0ACIHT NPOUCHTA.

MeToabl HCCaeNOBAHUS

PacuncTku npoBoamauch BAOJIbL BHIXOAOB rasa B kamepe «TpyOka» a1a B3utns
wtydnbix o6paszuos. Ityde otobpauni 10 riyGuun 1,5 M npu Temnepaty pg BHILLIC
550° C. B 1989 r. yaaaoch yBCaAuunTh my6uuy 01‘60[:)'1 npoG or 1,8 10 2,4 »

Ilerporpaduyeckoe mdyuenne 20 wandoB npoBEACHO, UTOOLI BBHISIBHTL BANAHIIC
ra3a Ha BMCLIAIOULYI0 NOPOAY MO OKPAHOM A0 rayOnHbl 2,2 M. CneuHaabHOC BHIIMAHIC
00pauICHO HA M3MCHCHUC MOPOA B CBSI3M € GAHM3OCTLIO K ra3oBoif crpyc. B xontaxte
C OTOil CTPYCH OTMCUACTCA HCKOTOPOC MOKHCACHHC C MPHOAMXKCHHCM K MOBCPXHOCTI
(yscanucHue coacpxanus Fe,0)).
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Munerpaduyeckoe M3yuyeHue aHUIM(OB MO3BOMJIO BBISIBUTh B3AMMOOTHOLICHUC
MMHCPAJIOB B MOJMPOBAHHBIX IIM(aX U BKJIOUCHUS B HUX. Y CTAHOBJICHO CAMOPOHOC
KCEAE30 C KAMMOM CAMOPOAHOrO LMHKA M C BKJIOYCHUsSMU TpousauTa. OnpeaciacHbl
wapukn Pb u Sn B mopax 6a3a/bTOBOrO MIJIAKA; CAMOPOAHOIO OJIOBA C BKIKOUCHMIMM
CBMHIIA; BbISIBJCHA Mopdosorus BbiacacHuit criaBoB Bi—Pb—Sn u cocamnenmit
cucrembl Cu—Zn, Cu—AIl, Fe—Ni—Cr. B noauposanupix mmdax mayucHa OTpa-
JKATCbHASL CMOCOOHOCTb 3CPCH C CHJIBHBIM MCTAJAMYCCKMM OJIECKOM M YCTAHOBJICHA
MX NPUHAAACKHOCTb K CTAHAAPTHOMY TaJCHUTY, MUPUTY, XaJAbKONUPUTY M cancpury.

BunokyaspHas ayna. CaMOpOAHBIC MCTAMIbl, MHTCPMCTAJIMUCCKUC COCAMHCHMS
M COMYTCTBYIOUIMC MM MMHCPAJbl BBIAC/ICHBI MOA OMHOKY/ISIDHO JIYMO# KAaK MyTCM
OUYMCTKM MIJIOH MOPOBBIX MOJOCTCH, TPCUIMHOK B 0a3aJbTOBOM MLUJIAKE, TAK M JHCP-
FMUHBIM BCTPSIXMBAHMCM MPCUMMYLICCTBCHHO WTY(hHbIX 00pa3uoB HAJ JIMCTOM BATMAHA,
UTO MO3BOMAO M30eXKaTh 3apakeHusi npod TEXHOrCHHBIMM mpumcecsiMu. [losyucHHbII
TakuM 00pa3oM MATCPHAJ B KAXKAOM CAyuyac pasfcjsii MO TPaHyJIOMCTPHUCCKOMY
COCTABY C MOCACAYIOUIMM BbIACACHUCM TAXCAON M Jcrkoil dpakuuit. 3ateM otOupasu
HOBOOOpa30BaHHbIC (Pa3bl OKCTaJSIUMOHHBIX PYAHBIX M HEPYAHBIX MHHECPAJIOB, TCP-
BUUHAS AMACHOCTMKA KOTOPLIX OCYLICCTBASAACH BU3yaabHO mop OuHokyaspom. Iloa
GUHOKYJISIPHOIT JTyMO# TPOCMOTPEHbI KOPOUKHM HA 0010MKax wuiaka u3 kamepsl «Tpy6-
Ka». YCTAHOBJCHO, YTO OHHM COCTOST M3 TCCHBIX IUVIOTHLIX CPACTAHMI PA3HBIX MMHC-
panbHbIX has.

MUKPO30HI0BbIM AHAANU3. YTOUHCHMEC XMMHUYCCKOTO COCTABA MHMHEPAJbHBIX (ha3
nposcacHo Ha Mukpodonac «Camebax». Ha Hem Takxke oOHapyXCHbI aJXOMHHHMADI
meau (Cu—Al) v maH ux KoaMuecTBCHHBIM anaam3. OnpeaescHul cpactanus a3
LMHKMCTOU MCAM; YCTAHOBJCHBI COCTABBI CAMOPOAHBIX MCTAJJIOB; BBIACACHBI MOHOMM-
HepaabHbie (assl M cpocTku. C MOMONIbI0 MHKPO30HAA BBISIBJCHBI COCTABbI BKIIOUCHMI
B CAMOPOAHBIX META/UIaX. B OTPaKCHHBIX OJJCKTPOHAX OMPEACJCHBI CTPYKTYPHBIC
coornomecHus (a3 Pb u Sn. B nornoumeHHbIX 9/JCKTPOHAX MOJYUYCHbI CHMMKM, IAC
BUIHO PACIPCACACHUC DJICMCHTOB B MPCAC/JAAX PYAHONO CPACTAHHUS CHJIMIMIIOB XKEIC34a.
BoigesieHue ux u3 pakumMm KpaiHE OCAO0XHSIOCh BCACACTBUC MX CXOACTBA MO OOIMKY
n MopdosorMK ¢ MCTAJIIMYCCKMMM LIAPUKAMM WHOrO coctasa. B kauecTBe OCHOBbI
IVISL TAKOTO pas3jCJCHMsI MCMOJb30BAHbI PCHTTCHOMETPUUYCCKUC AAHHBIC, KOTOPHIC OT-
BCYAM BIOCTUTY, FEMATHUTY, MATHETUTY, THTAHOMATHCTHTY, CAMOPOAHOMY XCJC3Y.
Ha MMKpPO30H/IC YCTAHOBACHBI WIAPHKH BYJIKAHUUCCKOTO CTCKJIA ¢ 00010UKOi MArHCTUTA
WIM TCMATUTA, MMCIOIIME pasHblii xuMmuucckuit coctaB. C moMoOuIpbl0 MHKPO30HAA
OMPEACJCH TAKXC XHMHUCCKHIl COCTAB MPUPOJAHOrO COCAMHCHMSI CHJIMUMAA XeJe3a
ans aByxX wapukoB pa3mcpoMm 80—90 MHMKpPOH.

TpasjeHue NOJUPOBAHHBIX LIINU(DOB, M3TOTOBJACHHBIX M3 M30THYTOMJIACTHHYATHIX
BLITSIHYTHIX BBIZACJCHUI CAMOPOAHOIO Xe/ae3a, consiHoi kucaorTo (1 : 1) mpoBoauanch
C LC/BIO BBISIBJACHUS MOAMMUKALMI, CTPYKTYPHO-TCKCTYPHBIX OCOOCHHOCTCH M BKJIIO-
ucHuit B HeM. Tak, npu KMCJIOTHOM MPOTPABJMBAHMM Psiga BCPCH CAMOPOAHOTO XKCJC3a
CTAHOBSATCS 3AMCTHBIMM HETPABAIIMECS M3OMETPUYHBIC KapOMAHbIC BKJIOUCHMS. B
9TMX X¢ aHmwudax B OTPAXKEHHOM CBETC OOHAPYXEHbI M3OTPOMHBIC 3cpHa Ocsoro
LBETA C €ABA PA3JMUMMBIM XXCATOBATBIM OTTCHKOM, KOTOPBIC NMPUHAMICKAT XKEJIE30-
MapraHueBou MuHepasabHo# (aze. [1o OTHOUICHMIO K pEakKUMsIM TPABJICHUS B 3CPHAX
CaAMOPOJHOTO XKEJ1e3a BBIACASIOTCS TPABSILIASCS U HeTpaBamasics (asel, mpuucMm nepuad,
no naHHbIM «Kevex», comepxut obbiuHO XxpoM a0 1%, a BO BTOpPOM NMPUMCCh XpoMa
ne npesbimaer 0,1%.

®oroMukpockon «Opton». B nosmpoBadHbIX maibax CHITH CAMOPOAHBIC MCTAJIBI,
4 TAKXC BKJIIOUCHUS B HUX, MHTCPMCTAJUIMABI U CyJb(UIBL.

CxaHupylomuin MUKpOCKon «Stereoscan-600». Ha ckanmpyromeM MHUKPOCKOTEC
CHATBI MOUTH BCC MMHCPAJbHBIC (DAa3bl, NPU ITOM IS HCKOTOPBIX M3 HUX BBISBJICHDI
CTPYKTYPHO-TCKCTYPHBIC OCOOCHHOCTH.

PentreHoMeTpuueCcKMii aHAJIM3 M 3JEKTPOHHBIM MuKpockon EM-100C. Vccaeno-
BAHMC YACTMIL O.-TMTAHA MPOBCACHO PCHTICHOMCTPMUYCCKMM MCTOAOM M HA AHAJIMTH-
YECKOM 2JICKTPOHHOM Mukpockone EM-100C, 060pyaoBaHHOM TFOHMOMCTPHUYCCKHM
CTOAMKOM ¢ yrioMm noBopora +60° C u sHeprogucnepcHOHHOM mpuctaBkou «Kevex-
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Puc. 2. Ilapux camopoaHoro xenesza (@) €o cliefamu ra3oBblx [y3bIpei, CKaHMpPOBAHME,
3000%; 6 — Bkiiouenus TpowanTa (CBETJIOE) B CAMOPOAHOM JKeJese (cepoe); CHATO B
OTPaKCHHBIX dseKTponax, 1000%; 6 — CTPpyKTypa 3¢pCH CaMOPOAHOro 2Kesesa rocje npo-
tpanaupanus (6es0e), TCMHBIC BKJIOUCHUS — kapOuyy »xenesa; nomposanupit uumd, 200

5100». DACKTPOHHO-MUKPOCKOIMUCCKMI NpPCrapaT roTOBMJIM MO MCTOAY CYCICH3UII.
C KaXo0it uacTuibl BemecTBa (eec u300paxcHue (HMKCMPOBAIOCH MOCACAOBATECIHHO)
T0/IYUCHA 271EKTPOHOrpaMMa, Aaouiast CTPyKTYPHYIO XapakTEPUCTHKY JAHHOM YaCTHLBI,
M DHCPrOAMCIICPCHOHHBII CIICKTP, OTPAXAKOIIMIL €C 9JICMCHTHBIN COCTAB. K coxancnnio,
DCHTTCHOMETPHUCCKUE AAHHBIC TMOMYUYCHBl TOJBKO /ISl PSAd MMHCPAZOB BCJICACTBUC
OrpaHMUYCHHOCTH MMEIOIMXCSI MATCPUA/IOB U TPYAHOCTH OTAC/ICHUA MOHOMMHCPA/IbHBIX
(a3 M3 COCAMHCHMIL, TMOCKOJIbKY OHM YAaCTO COCTOST M3 TOHYAMIINX CpacTaHMid MH-
JIMBU/I0B.

ACCOUMALMM MPUPOJHBIX COEMHEHHI B MPOAYKTaX
JKCrajJslMOHHOTO0 MHHEpPAJIOpy1000pa3oBaHus

B paccMaTpMBACMOil COBPECMCHHON ACCOUMALMM MPUPONHBIX META110B Hanboace
IIMPOKMM PACIPOCTPAHCHUCM MOJIb3YCTCS CAMOPOAHOE XKEJE30. LIBeT cTasbHO-CEPBIH
C MCTA/UIMUECKUM OJICCKOM, M3J0M KPIOUKOBATHIA, KOBKOC, C CHJIbHO BbIPAXXCHHBIMH
MATHUTHBIMU cBoiictBamy. OHO NMPCACTABACHO TPEMSI MOP(OJOrMYCCKHM UCTKO BBIPA-
KEHHbBIMHM (POPMAMH BBIACICHUS. 4]

[lepsast pomMumupyrowas ¢opma — 9T0 [IACTHMHKM, XapaKTECPU3YHIOUMECS HCBbI-
JCP KAHHON TOJIIMHOM U N30THYTHIMI HCPOBHBIMH, HHOTAA «PBAHBIMM» KPASIMU, HEPEAKO
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HATOMMHAKWNMH JTMCTOYKH, Pa3MCPbl KOTOPBIX BAPbUPYIOT OT ACCSTBIX AOJCH MHJI-
anmetpa 10 0,3 cm. Ha MHOrMX macTMHKaxX BMAHBI CJCAbI TOHYAMIIMX GOPO3IOK,
MOBTOPHIOUIMX CTPYKTYPY MOPOBOro cyObCTpaTa, M B HEKOTOPBIX UACTMUKAX HEPCAKO
NPOSEISCTCHS UCIIYHYATOC CTPOCHUE M OyropyaTsiit MUKpOpEabed Ha MOBCPXHOCTH.
Kpome T0ro, BCTpEuaroTcsi MpOBOJIOKOBMAHAS M 3aKpyracHHas dopma 3epeH, o6aa-
Jarouias BOJIOKHUCTON CTPYKTYpOi, MojoOHON MpHpOAHOM JaTyHu. B Gosec kpynHbIx
3CPHAX X€/1€3a HAOJIAAI0TCS MPU3HAKY YACTUUHOTO MM TOJTHOTO OKMCJICHHSI, KOTOPOE
NPOSBJASCTCS B PA3BUTHM IJICHKHM NOOCXKAJOCTH.

Bropas copma — wapuku, mpcanbHbic, nopoit AcHOPMHPOBAHHBIC OT COMPHKOC-
HOBCHMY ApYr C ADYIrOM, HO TEM HC MCHCC HC CJMBIIMCCS. %QMW'_’:‘_’F_’%M“CT
20 MKM B TONEPCYHMKE, 4 B CAMHUYHBIX — 10 0,5 MM. HU _HAXOAATCS OOBIUHO B
Jiopax 6a3asbTOBOrO LLIAKA, 3HAUMTEIBHO PCKC — HA CTCHKAX HCIIAAKMX TPELIMHOK
NOpOAbl. CpCAM LIApUKOB BbIACAsOTCS niotbie, kAKX apobunkm, muoraa ¢ pesko
OrPAHMUYCHHBIM CHEPUUYCCKUM MCHHMCKOM, MOJLIC M C MYyCTOTAMM — CJCAAMM Ta30BbIX
nyssipei (puc. 2,a). Hekotopbie wapukyu MMEIOT 30HAAbHOE CTPOCHHUE; PO CJIOXKEHO
.CAMODOJHBIM XE€/1€30M, a 000J04YKa — BIOCTUTOM. OnHOBPEMEHHO OOHAPYXCHBI WIa-
PMKHM, COCTOSIIIMC M3 BIOCTMTA, HO MHOIAA YACTMUHO MJIM TOJHOCTHIO MpeoOpa3oBaHHbIC
B_TCMATUT, SBJSIOWIMIACS 00JeC MO3AHMM MO BpeMeHM 0Opa3oBaHMs. BIOCTHT Takxe
JAMATHOCTMPOBAH B TEMHO-Oypoil KaiiM¢ KpPYyMHBIX BBIACJACHHMII CAMOPOZHONO XeJe3a
Janyaroi KoHpurypauun. [1aBHbIC JMHMK cro peHTreHorpamme: 2,43(4) —2,158(8)—
1,526(9)—1,238(1).

Tpetpst popma — cropaguuecku BCTPCUAIOIMCCS KPUCTALIB CAMOPOJHOLO KEAC3A
OKTAIPMUECKOr0 rafMTyca €O C/CrKa CrIAXCHHBIMM YIIAMHM, padMcpoM 70 1 MKM,
a TAKXKE MEIKME KyOMUCCKME KPUCTAIBL C IPUTYIJICHHBIMH BepmuHaMi. [101yycHHbIC
JAQHHBIC COOTBCTCTBYIOT XKE€/IE3Y, COACPXKALICMY HC3HAUMTCIBHYIO NMPUMECh (B CyMME
He Oosee MpOUEHTAa), B KOTOPOil MOCTOSHHOC M MCPBOC MECTO 3aHUMACT XpoM,
cacayiouce — Maprasen; Ha ocraabHbic — Cu, Au, Sn, Si — npuxoasTcs coTsie A0aH
npoucHra (taba. 1). Cpean 3epeH_caMOpOAHOTO KCJIE3a yCTAHOBJICHDI JBC PA3HOBHI-
HOCTH — BBICOKOTEMNEpaTypHoe ‘a-Fc M HuskoremnepaTypHoe @c., Beaymum mune-
pasiom 10 ray6unb 1,5 M B kamepe «Tpy6ka» siBasiercst a-Fe B ycroiumBoit accounaiu,
BKJIIOUQIOMICH MPUPOAHBIE METANIbl, MHTCPMCTAUINABI, META/UIMABI M APYTUC MMHC-
panbl-COyTHUKHU (CM. gaJee).

MapraHuoBucToe Xeae30 O0OHAPYXCHO B TSXKEIOH MATHUTHON (DpaKUMU B BHMAC
3epeH pazmepom a0 0,5 mm. CocTaB XKe/1€30MaPraHLOBUCTBIX CAMOPOAHbIX (ha3 IIPUBCACH
B Tabn. 2. KommuecTBo xesne3a B HuX 0ObiuHO mocturacT 82—85% mnpu AOBOJBHO
ycroitunBoM coaepxanuu Mn (11,9—12,69%); ocraabHas yacTb MpUXOAMTCS HA TO-
crosiuyio npumech Cr, Si, uapeaxa — Al. MapraHuoBucTOE Xe€30 SIBASETCS CTPYK-
TYPHBIM aHaszioroM toHurta. OOpasoBannme Fe—Mn-¢a3 ocymecTsagercs npu coBme-
ctHOM mepeHoce Fe m Mn B BBICOKOTEMIEPATYypHON BOCCTAHOBUTCIBHON CPEAC, HO
TIPH 9TOM (DYTMTUBHOCTH KMCIOPOAA M CEPbl CAMIIKOM Maja Aas TOro, YToObl MapraHell
(HUKCMPOBACS B COOCTBCHHBIX KMCJIOPOAHBIX MM CYJbMMAHBIX (ha3ax.

Tpounnr BcTpeueH B BuAe 000COG/ICHHBIX BKJIKYEHHMIL B _3EPHAX CAMOPOTHOTO
xesesa. Pasmep sepen xone6ercst or nepsbix Mukpod 10 0,1 mm. 3epHa xapakre-
PH3YIOTCS MJIABHBIMM, CIVIAXCHHBIMU OuepTanusMu (puc. 2,6). Ha Mukposonac nayues
COCTaB 3CPCH TPOMJIMTA B MX LCHTPaabHBIX M nepucdepuycckux uactax. OnpeneseH
COCTaB BKJIOYAIOMICTO MX camopoaHoro eaeda (taba. 3). Cocras Tpouaura akTu-
HCCKM AHAJOTMYECH COCTABY TPOMJIMTA M3 YHUKAJbHOTO MNAANACHTA TIAHETH, JTOT
vereoput ymaa B 1981 r. m oTHOcMTCS K cambiM ApeBHHM oObekTam CoHEUHOI
cucTeMbl [8].

1aBbl _HA OCHOBE XeJe3a MNpPEACTABASIOT OO0t HCYNOPSAOUCHHBIT TBCPABIIL
pactsop cucrembl Fe-Ni-Cr. Oum maiinens B xamepe «Tpy6ka» (unrepsan rnyOus
2—2 M) B BMAC IUIACTMHYATO-U3OTHYTHIX 3CPCH, BHEUIHE HE OTIMYAIOMIMXCS OT
SICICHMM CAMOPOAHOrO Xese3a. [To JaHHBIM MMKPO30HAOBOrO AHANN3A COCTAB CMAABA
). Fe —69,2.. 72,11; Cr— 16,5... 22,16; Ni—17,17... 9,29. B kauccrse
Speeccen nmpucyterByior: Si— g0 1,39; Mn — o 0,65. U3 pyambBIX OTMCUCHBI:

B
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Tabauua 2

Cocrap »xeae3omapranieBbix camopo/bix ¢as, mac.%

3epHo
Daement
1 2 3 4
Fe 82,53 82,51 84,46 §5,39
Mn 11,90 12,58 12,30 11,83
Cr. 0,04 0,06 0,12 0,13
Si 0,03 — 0,83 0,77
Al e 0,09 - =
Cymma 94,50 95,24 97,71 98,12

I pumeuarue. Anannapl BbIIOAHCHDLI HA MuKpogonae «Camebax». Auna-
outuk B. M. Yybapos.

Tabauua 3
CaMopoHOe JKEJIe30 C BKJIOUCHHMEM TPOMJIMTA, MZ]C.%
4 Ha rpanunue Camopogaroe
S Heutp ITepudepus C CaMOpOAHbBIM JKCJIE30 € BKJIOYC-
TpoMJIMTA TponImra KEJIe30M HUCM TPOWJIMTA
Fe 64,2 64,52 ° 64,4 99,7
S 37,6 36,9 37,6 0,01
Cu 0,44 0,38 0,7 0,1
Ni 0,024 0,0 0,0 0,07
Co 0,0 0,0 0,02 0,08
Cr 0,01 0,08 0,01 0,01
Mn 0,2 0,3 0,2 0,0
Cymma 102,2 101,8 102,4 100,0

IHpumenanue. Ananuasl BLINOJHEHBI HA MMKPO3oHAC «Camebax». Ananmtuk B. A. Barbipes.

= Tabauya 4
Cruiassl Ha OCHOBE KeJie3a, mac.%
3epuo
Daemeur
1 2 3 4 35 6 7

Fe 71,55 71,20 72,11 71,01 7123 71,26 71,28

Cr 20,68 20,68 2216 19,23 17,50 17,53 17,38

Ni 8,30 8,48 ol 9,28 8,86 9,74 8,63

Si 0,72 0,68 0,68 0,55 1,39 1,49 1,39

Mn 0,65 0,43 0,31 0,43 0,46 — 0,36

Cu — — — — 0,1 — “0,13

Al — — — — 0,08 — —
Cymma 101,9 101,46 102,44 100,5 99,62 100,02 99,21

Ipumenanue. Ananu3pl BbinoJnensl Ha mukposonne «Camebax», 1—4 — anamutuk B. M. YyGapes;

5—7 — anamutuk B. A. Bateipes.

Cu —0,13; Al — 0,08 (ta6a. 4). IMpupoansic criasbl Fe—Ni—Cr 61u3ku 1o cocraBy

EHMCIOTOCTOMKHM cruiaBaM mapku IX-18H9 [10].
CamopoaHbiii HUKEIb BCTPCUCH B MATHUTHOM dbpakuum B BugE HM3OMETPUUHBIX

asmecpom 10 0.5 v Llser TemHO-cepbiit, 671€CK SPKO BBIPA’XKCHHBIA METas-






