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MpuackutoBblii iermMatut ko Ne 210 ormmyaercst HeOOBIYHBIM 17151 TbMEHCKHX TOp MUHE-
pasbHBIM cocTaBoM. OH COAEPKUT 3HAUUTEIBHOE KOJMYECTBO can(UpOBHIHOIO KOPYHIA, HE Xa-
PaKTEepHOro sl HePEeTMHCOACPIKAIINX IETMAaTUTOB, a TAK)KE Pa3JInUHbIe TOPUICOoAepIKaIe MUHE-
patbl (KTOPOILUIMHUTY», TUPOXJIOP, pocdatsl). [lerMaTuT nMeeT 30HaANBHOE CTPOCHHUE: LIEHTpaJIbHAS
HedenuHcoaepKalias 1 OOKOBbIE TOJIEBOLINATOBBIC 30HBI OTIIMYAIOTCS COCTABOM IOPOJ000pasy-
IOLIMX MUHEPAJIOB U HA0OPOM aKIecCOPHBIX MUHepasloB. KopyH colep KuTcsl BO BCEX 30HAX IIer-
MaruTa. B neHTpanbHoil 30He OOHAPYKEHBI aKIIECCOPHBIE TUTAHO-HUOOATHI (KOIyMOHT, TUPOXJIIOP,
HIPWJIAHKHT), IUPKOH, IIMUHEIb U TOPUAHTHUT, B BOCTOYHOW — KOJYMOUT, MUPOXJIOP U LIUPKOH, B
3anaHoN — KOIyMOUT, «MIIBMEHOPYTUID», K TOPOSIIMHHATY», MOHaUuT-La u Ce n uupkoH. PacueTs! o
JIBYTIOJIEBOILIIATOBOMY TEPMOMETPY AJIS pa3HbIX 30H NErMaTHUTa MIOKa3bIBAIOT CHUKEHHUE TeMIIepa-
TYpBI €ro 00pa30BaHus OT 3aIb0aH/I0B K LIEHTPY, YTO COITIACYETCs C N3MEHUYMBOCTHIO MUHEPAJIbHBIX
accouuanuil. B mermMatute mMpoKo MposBIEHHI MO3HIE N3MEHEHHS — pa3BUTHE KAHKPUHHUTA U CO-
JlanuTa, TUApaTalys MUPoxXJIopa B IEHTPaIbHOM 30He, 3HAYUTEIbHbIC N3MEHEHU S THTAHO-HUO0AaTOB
B OOKOBBIX 30HaX IermMaruta. Bo3pacT KOpyHIOBOrO MHACKHUT-IIEIMaTHTa, OLEeHEHHBIH o Rb-Sr
M30XPOHE, COOTBETCTBYET 275 MiH seT, Ho Rb-Sr cucrema 3HaunTenbHO HapyuieHa. HadanbHbie
H30TOIHBIE OTHOLICHUS 87Sr/86Sr(275) u sNd(m) B MUHEpaJIe COOTBETCTBYIOT KOPOBBIM YCIIOBHUSM 00-
pasoBanus. [eoxummuyeckre 0COOEHHOCTH KOPYH/Ia CBUACTENBLCTBYIOT O €T0 MOJUCTaAUHHON KpH-
crammsamuu. Ha nuarpammax Fe-Ga / Mg u FeO — Cr,0,— MgO - V0O, — FeO + TiO, + Ga,0,
(uryparuBHble TOUKA COCTABOB MOMAJAIOT B MOJSI KAK MarMaTHUeCKuX, TaK U METaCOMaTHYECKUX
KOPYHJIOB.

Wnn. 6. Tabn. 4. bubn. 28.

Kniouesvie crosa: xopyHn, candup, MUaCKUTOBBIH nierMatut, MibMeHckne ropsl.
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Miaskite-pegmatite of mine no. 210 exhibits an unusual mineral composition for the Ilmeny
Mountains. It contains a significant amount of sapphire-like corundum (uncommon of nepheline-
bearing pegmatites) and various Th-bearing minerals («thoro-aeschinite», pyrochlore, phosphates).
Pegmatite has a zonal structure, in which the central nepheline and lateral feldspar zones differ in
composition of rock-forming and accessory minerals. Corundum is found in all zones of pegmatite.
Accessory minerals of the central, eastern, and western zones include (i) Ti-niobates (columbite,
pyrochlore, srilankite), zircon, spinel and thorianite, (ii) columbite, pyrochlore and zircon, and
(ii1) columbite, «ilmenorutile», toro-aeschinite, monazite-La and Ce, and zircon, respectively. The
calculations based on two-feldspar thermometer for different pegmatite zones show a decrease in
temperature from the periphery toward the center, which is in agreement with the variability of
mineral assemblages. Pegmatite is strongly altered, which is expressed in the formation of cancrinite
and sodalite, hydration of pyrochlore of the central zone, and significant compositional changes of
Ti-niobates in the lateral zones of pegmatite. The Rb-Sr age of corundum miaskite-pegmatite is ~275
Ma, but the Rb-Sr system is significantly destroyed. The initial 87Sr/868r(275) isotopic ratio and eNd
value of the mineral indicate its crustal formation conditions. The geochemistry of corundum points
to its multistage crystallization. The data points on Fe vs. Ga / Mg and FeO - Cr,0,—- MgO -V O,
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vs. FeO + TiO, + Ga O, plots correspond to both «magmatic» and «metasomatic» corundum.

Figures 6. Tables 4. References 28.

Key words: corundum, sapphire, miaskite pegmatite, [lmeny Mountains.

BBenenue

B mpupone xopymun (a-Al,O,) BcTpeuaercs BoO
MHOTHX METaMOp(pHUUECKUX, MarMaTU4ecKux H Me-
TacoMaTHueckux mnopopax. CUHMH, KeNThIH WIN 3e-
JICHBIH KOPYHJ IOBEJIMPHO-TIOAETIOYHOTO KauecTna,
M3BECTHBIM 1MOJ] OOLIMM Ha3BaHHEM cardup, pacnpo-
CTpaHEH 3HAYUTENLHO peke. BOJIBIIMHCTBO MPOMBIIII-
JICHHO 3HAa4YMMBIX MECTOPOXKICHUH carndupa CKOH-
LHEHTPUPOBAHO B POCCHIMSX, CBSI3aHHBIX CO LIEJIOY-
HeiMu Oazanbramu (Graham et al., 2008; Sutherland,
Abduriyim, 2009). Xotst MuHepasl oOHapy>KeH B BUJC
KCEHOKPHCTOB B CAMHUX HICIOYHBIX Oa3aibrax, BOIPOC
0 TOM, Kakue TOPOJIbl Uil candupa SBISIOTCS MaTe-
PUHCKUMH, JI0 CUX MOp ocTaercs HepemeHHbIM (Guo
et al., 1996; Sutherland et al. 1998; Zwaan et al., 2015;
Vysotskiy et al., 2015; Banrees u ap., 2019). [Toaromy
UCCIIeJOBaHUE MUHEPAIOTro-TeOXUMUIECKUX O0COOCH-
HOCTel KOopyH/Ja, OOHApy>KEHHOTO i1 Situ B KOPEHHBIX
MOpOAaxX, MOXKET TIOMOYb PeIInTh (hyHAAMEHTAIBHYIO
npobiieMy HeTporeHe3nca MUHepasa Ha POCCHITHBIX
oObekrax (Sorokina et al., 2017; Filina et al., 2019;
Oununa u ap., 2019).

[IpencraBneHust 0 BO3MOKHOM T€HE3UCE POJIO-
Ha4yaJbHOM JUIS KOpYHJa MarMmbl pacIIUpWIId HCCie-
JNOBaHMS TIOCTCIHUX JecaThiaeTud. I'eoxuMmuueckue
0COOCHHOCTH KOPYH/Ja ¥ TBEPAO(a30BbIX BKIIOUCHNUH
B HeM u3 anbOuTUTOBBIX naek ([Iupenemn, dpanuus;
Monchoux, 2006) u cuenut-niermatutoB (MibMmeHsl,
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Poccus; Sorokina et al., 2017) oka3aauch CXOTHBIMH
C TaKOBBIMH Ha HEKOTOPBIX POCCHITHBIX MECTOPOX-
nenusix candupa B FOro-Bocrounoit Asum u As-
CTPAJIUH, YTO MO3BOJIWIIO MPENNOIOKUTH BO3MOXKHBII
CHCHUTOBBIA COCTaB MaTE€pUHCKUX IMOPOJ Il 3THX
BTOPUYHBIX 00BbeKTOB. Hacrosimiee uccnenoBanue 10-
MOJIHSACT TIOJIyYEHHbIE paHee JaHHbIC IO KOPYHAaM U3
cueHuT-rermaruToB MnbMeHckux rop (komu NelNe 298,
299, 310 u 349, puc. 1) (Sorokina et al., 2017, 2019),
a TAKKe TMO3BOJISIET PACCMOTPETh HEKOTOPBIE TeHETHYEC-
CKHUE aCIEKThl 00pa30BaHUsl IETMaTUTOBOIO TEJIA KON
Ne 210.

Kopynn B UnbMeHcKuX ropax Obu1 BIiepBbIe 0OHa-
pyxeH IL.H. Bapbor-ne-Mapnu B 1828 1. B 30HasIbHON
JKHUJIE KBapL-110JIEBOLIIIATOBOIO [IerMaTuTa ¢ Oeckeap-
ueBbiMH 3asib0anamu. [lopsaka 100 ner Ha TeppuTo-
pHH, HbIHE 3aHMMAaeMOi ITbMEHCKHUM 3alI0BETHUKOM,
AKTHBHO BeJlach pa3padOTKa >KUJI «KOPYHIOBBIX» IeTr-
matuToB. Jlonroe Bpemsi MecTopoxaeHus Wibmen-
CKHUX rop o0ecrneunBany 31aTOyCTOBCKUI OpyKeHHBIN
3aBOJl KOPYHJIOM, KOTOPBII HCIIOJIB30BAJICS B KAUECTBE
abpasuBHOro Marepuana. Ha ceromnsi B kamactpe Ko-
nei 3anoBenHUKa yncauTes okono 100 xomel, conep-
JKaIUX KOPYH/.

Kopynaconeprkarine nerMaTuThl U HOPOJIbI BCTpe-
qaroTcs Kak B mpezaenax MibsMeHoropckoro menoqHo-
IO MaccHBa, Tak ¥ BO BMEILAIOIINX €ro MeTaMopduye-
CKUX mopoaax u meracomarurax (puc. 1). OcHoBHas
YaCTh KOPYHJCOAEPKAIIMX IErMaTUTOB UMEET CUCHH-
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TOBBIN cocTaB. Beero ObL10 BeigeneHo 11 acconuaruii,
CoJZiepXKaIInuX KOPYyH/I: TOMHMO CHEHUTOBBIX TTIETMATH-
TOB CPaBHHUTEIHHO PEIKHE WU €AMHUYHBIE HAXOIKU
KOpPYHJIa OTIFICaHbl B MHUACKHUTOBBIX (Komu NoeNe 179,
210, 361-10), «meonmuToBBIX» (Komb Ne 295) u rpa-
HUTHBIX merMaTuTax (komu NeNe 350, 373, 377, 384
U Jp.), KOPYHAOBBIX IJIAaTMOKIA3UTaX, BHICOKOTIIHHO-
3eMHCTHIX KPUCTAJUIMYECKUX CIAHIAX W KOPYHI-TYp-
MaJIMH-CUJUTIMAaHUTOBBIX TOpOJax, MeTarumnepoasu-
tax (ITomsxoB u Ap., 1991). 3a uckIroueHNEM HAXOIKH
KOpYHJIa B crieliu(UIecKoi aKTHHOIUT-(QIOTOMTUTOBON
kuiie B Metarunepoasure (komb Ne 418) (PaccomaxuH,
Kotmsipos, 2018; Sorokina et al., 2019), nepeuuncien-
HBIE PEIKHE acCoIManny KopyHaa B MimbMeHoropckom
KOMIUIEKCE MOPOOHO HE 0XapaKTEPHU30BaHbI.
OmnrcanHas B JaHHOW pa0OTe KHMJIa OTHOCHUTCS
K THUIy He(eTnH-TTOIEeBOMINATOBRIX (MHACKHUTOBBIX)
TIETMaTUTOB, ITMPOKO pacpocTpaHeHHOMY B MiibMeH-
ckux ropax. OHaKo OHA SBISETCS OJHON N3 HEMHOTHX
He(eTMHCOMEPKANX KU, B KOTOPBIX BCTPEUAETCS
KOPYH]I 1, BEPOSATHO, EIMHCTBEHHOH, T/Ie KOPYH/T U He-
(henmH 00pa3yroOT MapareHeTHIECKYIO aCCOIHAIIHIO.

Ieonornyeckasi mo3unms 00beKTa

Komp Ne 210 Opina 3anmoxena B 194445 rr. Ha-
YYHBIM COTPYAHHKOM MIIbMEHCKOTO 3armoBeTHUKA
AWM. CuUMOHOBBIM Ha BBIXOIE He(heTHH-TI0ICBOIITIA-
TOBOW JKWIIBI, OOHapykeHHOH b.A. MakapouxkuHBIM
TIPH TE€OJIOTO-MUHEPAIOTHIECKOH cheMke B 1940 T. B
FOTO-BOCTOYHOM IK30KOHTAKTE MHACKHTOBOTO MAacCCH-
Ba (puc. 1). [Tox aTuM HOMEpOM 00BETUHEHO HECKOIh-
KO CyOImmpoTHBIX kKaHaB. Camast O0bIIas U3 HUX UMe-
7a pasMep 34 M B [UIMHY, 10 2 M B IIUPHUHY H 110 2.5 M

Puc. 1. Pacnionoxenne xonu Ne 210:

a — MibMeHCKHE TOpbl Ha CXEMAaTUYECKOW KapTe
Poccun; 6 — ymporneHHass cxeMa TeoJIOTHYECKOTO CTpoe-
Hust MmemeHoropckoro komriekca mo (Jlennsrx, Bammsep,
2006) ¢ moMoKEHNEM KOPYHJI-COACPIKAIINX KHJI, yKa3aH-
HBIX B CTaThe.

1 — cmabo MeTamMopH30BaHHBIE 0CAI0YHO-BYIIKAHO-
TeHHbIe TOPob BocTOYHO-Ypanbckoil Mera3oHsb! (BepXHHUH
JICBOH—HIKHNI KapOoH); 2 — BYJIKaHOTEHHO-OCAJIO0YHbIC
MeTaMop(HU30BaHHbBIE TONIIN CAaUTOBCKOM cepuu; 3 — MeTa-
MopdHIecKrne TOpoabl MIBMEHCKOW cepur; 4 — MeTaMop-
(rueckue Mopobl CEISTHKUHCKON cepru; 5 — MeTarunepoa-
3UTHL, 6 — CHEHUTHI U HE(PEITHHOBBIC CHCHUTHL; 7 — (DEHUTHI;
8 — rparuTOMABI, 9 — 30HBI OmacToMmIOHUTOB; 10 — pas-
JIOMBI, 30HBI C/IBUTOB U IPYTHE TEKTOHMYECKHE KOHTAKTHI.
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Fig. 1. Location of mine no. 210:

a — [lmeny Mountains on a schematic map of Russia;
b — simplified geological scheme of the Ilmenogorsky
complex by (Lennykh, Valizer, 2006) with corundum-
bearing mines indicated in the paper.

1 — weakly metamorphosed sedimentary-volcanic
rocks ofthe East-Uralian Megazone (Upper Devonian—Lower
Carboniferous); 2 — metamorphosed volcanosedimentary
strata of the Saitovo Group; 3 — metamorphic rocks of the
Ilmensky Group; 4 — metamorphic rocks of the Selyankino
Group; 5 — metaultramafic rocks; 6 — syenites and nepheline
syenites; 7 — fenites; 8 — granitoids; 9 — blastomylonite
zones; 10 — faults, shear zones and other tectonic contacts.
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Puc. 2. Teonornueckuil nuan paiiona xonu Ne 210
(o ¢onmoBeIM MarepuanaMm B.A. [lorosa ¢ m3MeHeHUsIMU
aBTOPOB).

1-3 —30HbI nermatuTa: | —MHacKuTOBas, 2 — BOCTOUHAS
TIOJIEBOLITIATOBAs,, 3 — 3amajHas MoJieBomnaronas; 4 —
THEHCHI C y4YacTKaMH KBAapIWTOB; 5 — KOHTYPHI T'OPHBIX
BBIPaOOTOK.

Fig. 2. Geological plan of mine no. 210 (modified after
V. A. Popov).

1-3 — pegmatite zones: 1 — miaskite, 2 — eastern
feldspar, 3 — western feldspar; 4 — gneisses with quartzite
areas; 5 — contours of mines.

B IyOMHY. B HacTos1Iee BpeMst KOTIb 3HAYUTEIHHO 3a-
BaJICHa OTBAJIOM, a €€ CTEHKH 3apOCIH MXOM U TPaBOH.

CtpoeHne KOPYHIOBOW MHACKHUT-TIETMAaTHTOBOU
JKUITBI aCHMMETpPHUYHO-30HanbHOe. JKmia mmeer BH-
IAMYIO0 MOIIIHOCTH 26 M, mpocTupanue ~45° u Kpy-
TO€ TIaJIeHHue Ha FOro-BOCTOK. OHa MMeeT 30HaIbHOE
crpoerne (puc. 2). LleaTpansHas 30Ha, TOCTUTAIOIIAS
MOIITHOCTH OKOJI0 10 M, COCTOMT W3 MErMaToOMIHOTO
arperara TIOJI€BOTO ImaTa W HedennHa. B kpaeBbIx
gacTsaX (YCIIOBHO 0003HAYCHHBIX BOCTOYHOM W 3armaji-
HO¥ 30HaMH, PUC. 2) MOIITHOCTRIO OT 2 110 6 M HeeTHH
OTCYTCTBYeT. BocTOoUHas 30HA ClIO)KE€HA MEIKO3epHH-
CTBIM TIOJIEBOINTIATOBBIM arperaroMm, TOT/a Kak 3ara/-
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Hasi 30Ha — KPYITHO3EPHHUCTHIM MOJEBBIM IITIATOM C
KOPYHJIOM | cIfoniaMu. Takye STH 30HBI XapaKTepu3y-
FOTCSl Pa3TMYHBIM HA0OPOM aKI[ECCOPHBIX MUHEPAIIOB.

DHJIOKOHTAKT KMJIBI OOoTramieH OWOTUTOM, 00-
pasyIoNuM IINTHPOBHIHBIE 000COOJICHUS, OPHUEHTHU-
POBaHHBIE COIVIACHO THEWCOBATOCTH BMEIAIOIIIX
mopojl. Bmemiaronue KUy TMOPONBI TPEACTABICHBI
(EeHUTH3UPOBAHHBIME  3THPHUH-POTOBOOOMAHKOBBIMH
THeficaMH ¥ TpapUTHCTHIMA KBAPIIUTAMH, KOTOPBIE OT-
HOCSITCS K CETITHKUHCKOH CepPHUH HITbMEHOTOPCKOTO T10-
muMeTaMopduaeckoro komiuiekca (JIeHHbrx, Bamusep,
2006). CenssHKHHCKAs CepHs CIOXKeHa mopogamMu pyH-
JaMeHTa TIaThOpMBI U SIBIISIETCS] HanOojee IpeBHEH
B KomIuiekce (1.8-2.2 Mipm JieT; JOTONHHUTETLHBIC
ATambl TPeoOpa30BaHMUI CEPUU BBIACICHBI 110 MOpQo-
TCOXUMHUICCKUM OCOOCHHOCTSIM MUPKOHA U (PUKCUPY-
FOT HECKOJIBKO 3TanoB: 426 £+ 13 u 280 + 16 MitH J71eT)
(Kpacuobaes u mp., 2001, 2011). B cocTaBe komruiek-
ca TaxKe BBIICICHBI WIbMEHCKas THelcoBo-aMpubo-
JTUTOBAs Cepys, UMEIOIIas MUPOKUI JTUana3oH JaTh-
poBok oT 900 1o 600 muH neT (Kpacnobaes, J[aBbIIOB,
2000) m camTOBCKass THEWCOBO-KBAPITUTO-CIIAHIICBAS
cepust 0e3 M3OTONMHBIX JAaTHPOBOK. LleHTpampHYIO
4acTh KOMITJIEKCA 3aHWMAaeT CIIOKHOTIOCTPOSHHBIN
MacCHB, CJIOXKEHHBI TelaMH MHACKHUTOB, CHEHHUTOB
W IPYTUX MIETOYHBIX TTOPOJT C TaTHPOBKAMH KPHUCTAII-
nmuzanuu 434 +£15 mimH et U Metamopdusma — 239 +
40 mua et (Kpacunobaes u mp., 2010).

MeToapl HCCIETOBAHUSA

OO0pa3mpl sl UCCIIeOBaHNs OBUTH OTOOpPaHBI U3
cTeHok u otBasioB koru B 2017 un 2020 . CocraB Mu-
HEpaJoB M3ydeH Ha PacTPOBOM IJIEKTPOHHOM MHUKPO-
ckorre Tescan Vega 3 sbu ¢ DJIC Oxford Instruments
X-act (UKII mpu FOY ®HII Mul" ¥p OPAH, . Muacc).
VYcnoBusi cbeMKH: yckopsitoiiee Hanpspkenue 20 kB,
Bpems Habopa crektpa 120 ¢, aramorst MAC (Micro-
analysis consultants LTD, per. Ne 1362) u MINM25-
53 (Astimex Scientific Limited, cepuitHplii HOMEp
01-044). KpuctamstoxXuMHIeCKHE 0COOCHHOCTH KaJThe-
BBIX TIOJIEBBIX IIMATOB YTOYHEHBI METOJOM PEHTTEHO-
cTpykrypHoro aHanm3a (Shimadzu XRD-6000, Cu-Ka
M3y4deHrne ¢ TpadUTOBBIM MOHOXPOMATOPOM, CheMKa
B uHTepBane 4-70° 20, 1 °/mun, Hanpsokerue 20 kV,
HKII mpu FOY ®HI] Mul” ¥pO PAH, . Muacc).

KoHmeHTpannn MHKPORIEMEHTOB B  KOpPYHIIE
OTIpe/IeTICHBl METOJIOM MAacC-CIIEKTPOMETPHHA C WH-
IyKTUBHO-CBSI3AHHOHN TITa3MOW W JIa3epHOM aOMsIn-
eii (JIA-UCII-MC) c ucnoms3oBanueM sazepa ESI
NWRI193 ArF B couerannu ¢ KBaJpyIOIHHBIM Macc-
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criektpomerpoMm Agilent 7500ce (MHCTUTYT HayK O
3emie Vimsepcutera um. M. T'yrenbepra, r. Maiimi,
T'epmanmst). IlapameTpbl aHamm3a: AWaMETp ITydKa
nazepa 70 MkMm, dacrora 10 I'li, TUIOTHOCTHh YHEPTUU
~3.0 JIxx/cm?, Bpemst tiporpesa 15 ¢, m3mepenus — 30 ¢
u BeIMbIBaHus — 20 c. IIpoananusuposansr 2Mg, “7Ti,
SV, 3Cr, Fe u “Ga. J{ist yueTa BOZMOKHOTO 3apae-
HUS TBEP0(a30BBIMHI BKIFOUEHUSIMHUM JOTTOTHUTEIb-
Ho 6w m3Mepensl °Li, “Be, #*Na, Mg, 2°Si, * K, “Ca,
41T4, 5SMn, *6Sr, *Zr, *Nb, ’Ba, 'Hf, '8! Ta u 2Pb.
B kauecTBEe OCHOBHOTO CTaHAAPTHOTO OOpasma Hc-
MONB30BANIOCH cHHTeTHYeckoe cTekno NIST SRM
612, 1151 KOHTPOJISA Ka4ecTBa UCIOJIb30BAHbI CUHTETH-
yeckoe crekio NIST SRM 610 u 6a3zansroBoe CTEKIIO
USGC BBC-2G, nu3MepeHHbIe OJIOKaMH ITOCIIE KaXKTbIX
30 ananu3oB KopyHua. PazpernieHHble BO BpeMEHH
criekTpel obOpabareBasiich B mporpamme GLITTER
4.4.1, B KauecTBEe BHYTPEHHETO CTaHJIapTa MCIOIb30-
Ban *’Al (TeopeTnyeckoe 3HaueHue s kopynaa Al O,
=100 mac. %, 151 cTaHAapPTOB — 3HAYCHUS, TIPUBEACH-
Hble B 0a3e maHHBIX GeoReM). Ommbka m3MepeHmit
IO CpaBHEHUIO ¢ JaHHBIMH 0a3bl GeoReM HaxomuTcst
B mipenenax 18 %.

Hns nccnenoBanus Rb-Sr u Sm-Nd uzoromabix
cucteM ~0.02—0.03 T ucTepToif TIPOOBI TTOPOILI Mac-
coit 200-300 T pacTBOpPsUIMNCH B CMECH IJIABUKOBOM
U a30THOH KHUCJIOT B COOTHOIIEHHH 5 : 1 Ha mieiike-
pe Toj TaMIaMy HaKaJWBaHUS B TEUEHHE TPEX JHEH.
[lomyueHHBIE PAcTBOPHI BHIMAPUBAINCH JO CYXHX
coJleif, K CyXOMy OCTaTKy TpH pa3a mo0aBisau 1 Mt
xorneHTpupoBanHo HCI. Cmecn Rb, Sr u Sm + Nd
AKCTPAarupOBAIIUCH M3 PACTBOPOB C HCIIONB30BAaHUEM
(TOPOTUTACTOBBIX XpOMaTOrpaUIecKUX KOJIOHOK C
CHHTETHYECKON HOHOOOMeHHOI cmomnorr DowexW 50
X 8. DKCTpakiysi MPOBOAMIACH IyTEM MO3TAITHOTO
amroupoBanus ¢ momompio 2.2n HCI (mms Rb u Sr) u
4.0n HCI (st cmecr Sm + Nd). Camapwmiit 1 Nd 3
cMecrn Sm + Nd 3KCTparupoBaguch MOATATHBIM AJTO-
uposaarieM B 0.15n HCI, 0.3n HCI u 0.7n HCI, wuc-
TOJIB3YS TIOJMATHUIICHOBBIE KOJIOHKH C CHHTETHYECKOM
HOHOOOMEHHOU cMonoi Ln-spec. M3mepenust mpoBo-
JWIACH Ha MYIBTHKOIJIEKTOPHOM TepMO-MOHU3AIIN-
oHHOM Macc-crekrpomeTrpe Finnigan™ Triton (TIMS)
Thermo Scientific ('EOXU PAH) ¢ nucronb3oBannemM
nByxieHToqHoro (Re-Re) mornnoro ncrounnka mis Rb,
Sm n Nd un ogHOonenTounoro (Re) mcrounnka MOHOB
qutst Sr. I3mepennst TpoBeIeHBI B CTaTHYECKOM PEXKH-
M€ C OJJTHOBPEMEHHOM perucrpaieil MOHHBIX TOKOB
JUTSL PA3IMYHBIX M30TOIOB, HOPMANIH3aIHsi — TI0 JKC-
MOHEHIIHAIBHOMY 3aKkoHy it S°Sr/®Sr = 0.1194 u
Nd/'*Nd = 0.241572 amst ycTpaHeHUs TUCKPUMHHA-

UM 110 Macce. Bocpon3BoIUMOCTh ¥ TOUHOCTh U30-
TOMHBIX HU3MepeHuit st St u Nd KOHTPOIHUpPOBATUCH
aHaJTU30M MEKIyHApOMHBIX cTaHaapToB Sr-SRM-987
n JNdi-1.

CpenHee 3HAUCHHE W30TOITHOTO COCTaBa CTPOH-
us At ctaggapta SRM-987 3a mepuos mpoBeaCHMS
uccienoBanuii cocraBmiao V'Sr/*¢Sr = 0.710238 + 9
(20; N = 2), cpenHee 3HaUCHHWE M30TOITHOTO COCTaBa
Heonuma s cranmapra JNdi-1 cocrasmmo '*Nd/'*Nd
=0.512100+7 (20; N = 2). XomocToe BHyTpHIIabopa-
TopHOE 3arps3HeHue Mo Rb = 0.4 ur, mo Sr= 0.6 ur, Nd
=0.02 =1, Sm = 0.006 #r. Konmentparuu Rb, Sr, Sm
u Nd ompenensiich N30TOMHBIM pa30aBICHUEM C HC-
mojib30BaHreM TpacepoB ¥Rb-%Sr u ¥Sm-1'Nd.

MuHepaaorus sKujibl

Crnmcok MUHEPAJIOB JKHJIBI TIPEICTaBICH B Tal-
jane 1.

Llenmpanvnaa 30na cioXeHa KPYIHO- IO TH-
TaHTOKPHUCTAJUIMYECKAM arperaTtoM TOJEeBBIX IIMATOB
1 HedenrHa ¢ PeAKUMH JIUCTOBATHIMH BBIJCIIEHUSIMHI
cimron (MyCKOBHUT M CHACPOMHUIUIAT), KOPYHIOM U aK-
IIeCCOpHBIMA MHUHepanamu. [Ipaktudeckn Oemblii op-
TOKJIa3 B HE(EIMH-TIOIEBOIIITATOBOM 30HE 00paszyeT
WHIUBUILI 10 5 cM. B ero cocraBe Gpukcupyercs mpu-
meck Na, O okono 1 mac. %. (tabm. 2, an. 1). AnsOur
HaOTIOAaeTCs B BUJIE MEJIKUX 3€PEH COBMECTHO C Op-
TOKJIa30M U He(EeINHOM, a TaK)Ke B BHJIE TIEPTUTOBBIX
BPOCTKOB M KaliM BOKPYT OpPTOKJIa3a U HedeamHa (puc.
3a). CocTaB BceX pa3HOBHIHOCTEH abOWTa ONHM30K U
XapaKTEPU3yETCs HE3HAYUTENBHBIMU npumecsavu K O
u CaO (tabm. 2, an. 2, 3). Temneparypa o0pa3oBaHHs
TIOJIEBOTO IITTaTa NCXOAHOTO COCTaBa JIJIsl TAHHOM 30HBI
MEerMaTUTa, PACCYMTAHHAS MO JIBYTIOJIEBOIIIIATOBOMY
tepmometpy (Putirka, 2008) mpu gaBnennn 5 k6ap, co-
craBisieT ~700 °C, mpu 3TOM CyOCONUIYCHBIN pacmal
Ha OPTOKJIa3-TIEPTUT Mpou3oreln mpu 425430 °C.

Hedennn Ha cBeskeM cKoJjie 0OBITHO Ceporo, HHO-
/1 )KeJITOBATOTO IIBETa C MHOTOYHCICHHBIMU TOHKUMHU
BKITFOYCHUSIMU OMOTHTA, MYCKOBHTA, TTOJIEBOTO IIIITATA.
Pazmep ero unauBuoB gocturaet 10 cm. Boinenenust
HedenrHa 00BITHO UMEIOT CIIIAKEHHYIO (opMy U TT0-
KPBITBI KOPKOW TPOAYKTOB pa3pylIeHHs, HO WHOTIA
B HHX YTaJbIBAIOTCS KOPOTKOCTOJIOYAThIE TPHU3MEI.
B xuMudeckom coctaBe MUKPOIIPUMECHBIE JIEMEHTHI
He oOHapykeHHI (Tabm. 2, an. 4). [lo nedenuny pas-
BHBAIOTCS TOMy0O# comanmuT, 0Opa3yromuil maTHa 10
2 cM, ¥ KaHKpUHUT; B TTOBEPXHOCTHBIX YCIOBHUSIX He-
(dbenH TOKpBIBaeTCA KOpKOW amrodana (tabm. 2,
aH. 5).
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Tabnuya 1

Munepanasl nermaTuTa komu Ne 210

Table 1

Minerals of pegmatite from mine no 210

30HBI IETMATUTA
Munepaiisl
IlenTpanpHas | Bocrounas | 3anaaHas
[Moponoobpazyromnue
Hedemun + - -
Oprokia3 + + +
Ansbut + + +
Cunepodummut + + +
MyckoBuT + + +
®dropdaoronut - - +
Kopynn + + +
AXI1eCCOpHBIC

Konymbur-Fe + + +
IMupxon + + +
Iupoxmiop (rpymnma) + +

«npMeHoOpyTHIDY - - +
I'epunnut + - -
Ipunankur + - -
Topuanur + - -
Topur - - +
Momnamut-Ce, La — - +
SumHuT (Tpynia) - - +
dnrooput - - +
I'emarut - - +
[upur + + +
I'padur - + +
I'mapoxeug Al — — +

Ilo3gHre u runepreHHnIe

Conanut + - -
Kankpunur + - -
dochocunukarsl Th - - +
Pabmodan-Ce — + —
Amnodan + - -
Spo3ut + + +

MyckoBUT B He(EIUH-TIOIEBOIINATOBON 30HE
MIPEJCTaBIICH JIByMs T€HEPAHAMHU, OTIUYAIOIIUMHUCS
MOP(MOCTPYKTYPHBIMH M T€OXHMHUYECKUMH OCOOEH-
HOCTAMH. [lepBUYHBIN MyCKOBHT 00pa3yeT CKOTIICHHS
KPUCTAJJIOB POMOMYECKOTO CEUEHHWsS] W JIUCTOBAThIC
arperarbl COBMECTHO ¢ He(EeIWHOM M TIOJIEBBIM IITa-
TOM, a TaK)Ke KaliMbl Ha KpPUCTAIIIaX KOPYH[IA; COMep-
xanue Na B HeM cocrtaBmser A0 0.06 k.. (tabmn. 2,
aH. 6). BropuuHbIii MyCKOBHT 00pa3yeT My4yKkyu MHKpPO-
KpuctauioB B autodane (puc. 36); komudecTBo Na B
HeM gocturaet 0.20 k.. (Tabdmn. 2, aH. 7).

TemHomBeTHas cirofa 0OpasyeT Mayky IMIACTHH-
YaThIX KPUCTAJUIOB A0 4 CM B MOMIEPEYHHKE, 10 COCTa-
BY COOTBETCTBYET CHACPOPIILIUTY U XapaKTEPU3YETCs
npumecsmu TiO,, MnO u MgO (tabn. 2, au. 8, 9).

Kopynn B meHTpanbpHON 30HE oOpasyer Ooiee
KPYIHBIE KPUCTAJIIBI, YeM B TIOJIEBOIIIIATOBBIX 30HAX

MIMHEPAJIOT'MA 6(2) 2020

(mo 6 cM B IIMHY ® 10 2 CM B TIONIEPEYHUKE), KOTO-
pble MMEIOT OOYOHKOBHJIHBIN 10 BEPETCHOOOPAa3HOIO
MUTIHpaMUAAIBHBIN o0uK (puc. 4a). Y KopyHAa pas-
BUTA OTJCIIBHOCTH BJIOJIb TPaHU PoOMOO03Ipa; HEKOTO-
pbIe KPUCTAJUIbI UMEIOT TPELIMHBI HJTH Pa3JIOMbI BIIOJIb
rpaHu nuHakouza. [{BeT MuHepaia BappbUpyeT OT CBET-
JIO-TOTYy0O0TO IO HACKITIICHHO-cUHET0. KopyH accoru-
upyer ¢ He(heTMHOM U TOJICBBIM IIIATOM, TPAHMIIA UX
KOHTAaKTa 4acTo pasjesieHa JeicTaMu citofibl. [ eoxu-
MHYECKHE OCOOCHHOCTH MHHEpaya, HCCICIOBAHHBIC
Metomom JIA-UCII-MC, onucaHsl B OTAETHLHOM pas-
JleJie HIDKe.

AKIleCCOpHasT MHHEpaJiM3alys IPeICTaBICHa
(beppoKoTyMOUTOM, IIMUHENbI0, MIPUIAHKUTOM, TO-
PUAHKUTOM, TUPUTOM U MUPOXJIopoM. DeppokoymMOUT
obpasyeT 3epHa pazmepoM 1m0 0.2 MM B CpacTaHHH C
TIOJIEBBIMHU IITaTaMu U TpoxyiopoM (puc. 30). 3ep-
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200 MM > 50 MM

10 MEM

Puc. 3. B3auMOOTHOIIIEHHSI MUHEPAJIOB U3 LIEHTPaJIbHOM 30HbI mermaruTa koru Ne 210:

a — KOHTaKT OpTOKJIa3a (a) ¢ MEepTUTOBBIM BPOCTKOM (C) U Kaiimoi (b) ansOuTa n Hedennuom (d), yacTHIHO 3aMeleH-
HbIM ajutodanom (e) u MyckoBuToM (f); 6 — GpeppokorymMOuT (a, b) B ABYNOJICBONITIATOBON MaTpHIIe ¢ aIII0paHOM U T103/1-
HUM MYCKOBHUTOM (g); B — (hropHarponupoxiiop (c) ¢ nonocamu uzmenenus (d) B cpacranuu ¢ peppoxorymourom (Col);
T — 3epHO IpuIaHKuTa () B cpactanuu ¢ koaym6utom (Col) u Topuanutom (ThO,). 3neck u Ha puc. 5, 6 — nzobpaxkeHus
B 00paTHO-PACCESHHBIX DICKTPOHAX.

Fig. 3. Interrelations of minerals from the central zone of pegmatite from mine no 210:

a— contact of orthoclase (a) with pertite structure (¢) and rim (b) of albite and nepheline (d) partly replaced by allophane
(e) and muscovite (f); 6 — columbite-(Fe) (a, b) in two-fieldspar matrix with allophane and late muscovite (g); B — fluor-
natropyrochlore (c) with alteration bands (d) intergrown with columbite-(Fe) (Col); r — srilankite grain (e) intergrown with
columbite-(Fe) (Col) and thorianite (ThO,). Here and in Figs. 5 and 6 — BSE images.

Puc. 4. Kopynn u3 xorn Ne 210:

a — IMnupaMugajJIbHbIC KPUCTAJIJIbl KOpYyHJIa U3 HeHTpaJ’[BHOﬁ 30HbI XHWJIbI, 6 - HOJ'IPIpOBaHHBIﬁ cpe3 Ta6J'II/IT‘IaTBIX
KPUCTAIIIOB KOPYH/IA U3 3aMa [HOU MMOJIEBOIINATOBOM 30HbI.

Fig. 4. Corundum from mine no 210:

a — bipyramidal corundum crystals from the central pegmatite zone; 6 — polished section of tabular corundum crystals
from the western feldspar zone.
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Ha €ro 30HaJbHBI MO coaepkanusm FeO (10.7-13.6
Mmac.%) u MnO (7.0-9.5 mac. %) (tabm. 3, an. 1, 2).

Hlnuuens oOHapykeHa B BHJE 3epHa PasMepoOM
0.2 MM Ha rpaHHIle MyCKOBHTA U ajutodaHa, BEPOSTHO,
pasBuToro 1o Hedenuny. [lo cocraBy mmuHENb SBIS-
€TCsI IPOMEKYTOUHBIM WICHOM psijia TAHUT-TEPLIUHHUT
¢ mpeolnagaHueM TepLUUHUTOBOTO MHHANA C TPUME-
cer0 MnO (mac. %): 0.3 MgO, 57.75 AlL,O,, 0.25 SiO,,
2.37 MnO, 21.40 FeO, 17.36 ZnO, cymma 99.44. ®op-
myna munepana Fe . Zn  Mn Mg Al O,.

[Mupoxmop B MHAcKMUTOBOW 30HE 0OpasyeT BbIze-
nenus pazmepoM 10 0.3 MM U HEeceT Ciiebl U3MEHEHUSI.
HewnsmeHeHHbBIE y4acTKH COOTBETCTBYIOT (PTOpHATPOITH-
poxopy ¢ BbicokuM conepkanueM Ca u Th B mosuiin
A (oOmast popMmysia MHHEpAJIOB TPYIIIBI MHPOXJIOpa
A Nb,(O,0H)Z, rne A = Na, Ca, Sn*', Sr, Pb*", Sb™, Y,
U*, Th, HLO uma [); Z = OH, F, O, H,O wm []) (ta0u. 3).
B nonocax n3meHenust mupoxsopa coaepxanust Nb, Th
u P30 mpakTtuuecku He M3MEHSIOTCS, HO MPOMCXOAUT
BeiHOC Ca, Na u F (puc. 3B, Ta0i. 3, aH. 4), 1 3T y4acr-
KU MOT'YT OBITh OTHECEHBI K THPOITHPOXIIOPY.

[punankur (ZrTi,0,) oOpasyeT BKIOYEHHS JO
15 MKM B HedennHe B CpacTaHUHM C KOJIyMOHTOM M
TopuanuTtoM (puc. 3r). DTO mepBas HaxoAKa IIpHU-
JaHKHUTa Ha TeppuTOpuu MIIbMEHCKOTO 3amoBeIHHKA
(Hukanzapos u ap., 2017), oqnako MuHepan OblT paHee
WCCIIe/IOBaH B BU/IEC BKIIFOYCHUH B PyTHIIC U3 H3MEHEH-
HoTro Tena ruriepOasutos Unsmeno-BuiaeBoropckoro
xomrutiekca (Kopunesckuii, baunos, 2016). Llpunan-
kuT U3 koru Ne 210 oTiudaeTcst OT 0OHAPYKSHHOTO
paHee MOBBINIEHHBIM cozepxkanueM Nb,O,, a Taxxke
orcyrcreueM ThO, u UO, (Tabmn. 3, an. 5).

[MupuT B mopoze oOpasyeT 3epHa 110 1 cM, yacThy-
HO 3aMEIICHHBIC OPAHKEBO-KPACHBIM SPO3UTOM.

Bocmounas nonesownamosas 30na HeonHOPO/-
Ha 110 MUHEPAJIbHOMY COCTaBy. Y 4acTOK, PacIONOKeH-
HBIH ODKE K IIEHTPY JKUIIBL, TPAKTUYECKH TOTHOCTHIO
COCTOUT W3 HEPAaBHO3EPHUCTBIX arperaroB MOJEBBIX
HINATOB CO CKOTUICHUSIMU MUPOXJIOpA U OTACIBHBIMU
KpHCTaJIaMU IMPKOHA. B MPUKOHTaKTOBOH 30HE 3HA-
YUTEJILHO YBEIMYUBACTCS KOJTMYECTBO OMOTHTA.

st anpOuTa 9TOM 30HBI XapaKTepHO COJepKaHue
K,0O 10 0.10 mac. % n CaO no 1.15 mac. % (Taba. 2,
an. 10). B oproknase conepxanue Na,O cocrapisiet
10 2.25 u BaO — 0.34 mac. % (ta6mn. 2, an. 11). Pazmep
WHJIMBUIOB OCHOBHOM MAacChl TIOJIEBBIX INMAToB — l—
2 MM, HO BCTpeyaroTcs 000COOIEHUs ¢ 3epHAMH 0
1 cMm. Temmeparypa oOpa3oBaHMsl IOJECBOTO IITIaTa
M3HAYaIbHOTO COCTaBa JUIs ATOH 30HBI COCTaBISIET
710-720 °C, Torma kak pacmajg Ha OpTOKJIa3-MEPTUT
npousoruen rnpu 430—-450°C.
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[Mupoxsiop B 3TO¥ 30HE 00pa3yeT YepHbIC OKTa3-
JIPUYECKUE KPUCTAJLIBI pa3MepoM 10 5 MM. MuHepan
HS[THI/ICTO-3OHaJ'II)HI)II\/'I, C IITHAMH U IIOJJOCAMU HU3ME-
HCHUS IBYX TUIIOB. Heusmenennsie Y4aCTKU OTBEHAIOT
Mo cocTaBy (hTOPKaIBIMONMHPOXIIOpY. Biaoms Tpemmx
MUPOXJIOP TUApaTupoBan (Tabmn. 3, an. 6, 7; puc. 5a),
Y4aCTK1 B BHU/JIC IUIACTUH U MOJIOC 3aMCIICHBI TOHKOM
CMECHIO pa3IMYHBIX MUHEPAJIOB (BepOsTHO pocdaTo
P33, Ttanrano-unobaroB u cuimkarop) (Tabm. 3, aH.
8, 9; puc. 50). B monoctsax mupoxiiopa 0OHAPYKEHBI
BKITtoueHus1 padbaogana-Ce.

Konmym6ut, o6pasyromuii kpuctayuisl 10 0.5 Mw,
3HAUUTEIBHO U3MEHEH: Ha PHC. SB BUIHO HEOIAHOPO/-
HOC CTPOCHUEC €TI0 MHAUBUI0B, BBIPDAXKCHHOC B TOHKUX
MPOXKUIIKAX U BBICOKOM MOPUCTOCTH, MHOTHA 3amoi-
HeHHOH sipo3utoM. [lo coctaBy mMuHepan OMU30K K
(depporoymouTy. B coctaBe mocTostHHO (hUKCUpyeTCs
npumeck ThO, u UO,, unorna Alzo3 u Ce,0,, BeposT-
HO, BCJICACTBUE TOHKOTO MTPOPACTAHUS TPOTYKTOB €TI0
HU3MCHCHUS, KOTOPBIC HCBO3MOXXHO JUATHOCTUPOBATDH
C ITOMOIIBIO AIEKTPOHHO-MUKPOCKOTTHYECKOTO MUKPO-
ananuza ¢ 9/1C-cnexrpomerpom. [TomyueHnslii cocras
HecTexuoMeTpuueH (Tadm. 3, aH. 10).

HuoOwii-coneprkamii  pyTHi  («MITBMEHOPYTHID))
OOHapy’XeH B BHJE BPOCTKOB B KoiymoOurte (Tabm. 3,
a. 11). B mopax moseBommaroBoi mopojisl OTMEYaroT-
csl BeepooOpasHble M JIyUUCThIC CPOCTKU padmodanHa-
Ce (Tabm. 4, aH. 1) B cpacTaHuu c spo3UTOM (pHC. 5T),
coziepkanuMm nipuMecu Ba, Sr u Th (tabm. 4, an. 2).
KopyH;1 006pasyeT cBeT/10-royOble, IPaKTUUECKH HETPO-
3payHble TaOMUTYaThle KPUCTAIUTBI PAa3MEPOM JI0 2 CM.

3anaonas nonesownamosasn 30na IpeCcTaBIcHA
KPYITHO3EPHUCTBIMU arperaraMy IOJCBBIX IIINATOB C
KOPYHJIOM, CITIOlAMH U aKIECCOPHBIMH MHHEpaJaMH,
OJTHAKO pa3Mep WX WHAWBUIOB HECKOJIBKO MEHBIIE,
4eM B LIEHTpaJIbHOU 30HE. B 3T0i1 30HE paHee omuca-
HBI alTbOUT, OPTOKIIA3, OMOTHT, MyCKOBHT, KOPYH/I, Tpa-
(GUT, MUPKOH, TEMATUT, SIIUHUT, WIBMEHUT, (DIFOOPHUT,
MUPUT, THPOXJI0p, KBapll (MakapoukuH, Makapodku-
Ha, 1957¢). Hamm paGoThl JOMOIHHMIN STOT CIHUCOK
«HIBMEHOPYTHIOMY», MOHAaTUTOM-Ce, peppoKoTyMOn-
ToM, ¢ropdnoronurom, pocdaramu Th 1 ruapOKCH-
oM Al

OpTrokia3 TpelncTaBlIeH 3epHAMU Pa3MEPOM [0
1 cm. Conepxanne Na,O cocrasnser 0.9-1.7 mac. %,
B HEKOTOPBIX aHalM3aX BhIIBICHA mpuMech BaO, mo-
cruratomas 0.5 mac. % (tadn. 2, an. 12, 13). Anpout
o0pa3yeT KpUCTaJUIMYEeCKHE HHIMBH[BI, pasMep Ko-
TOpBIX JocTuraeT 3 ¢m B auuny. On conepxur K O
(o 0.20 mac. %) u CaO (o 2.0 mac. %) (Tab:x. 2, aH.
14, 15). OGpa3oBaHue TOJNEBOrO IIIara HCXOTHOTO
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Puc. 5. B3auMOOTHOIIIEHUSI MUHEPAJIOB M3 BOCTOUHOM IOJIEBOIINATOBOM 30HBI TierMaruta Kormu Ne 210:
a— [OJIOCHI U3MEHeHus1 (ruaparaiuu, g) Gropuarponupoxiopa (f) Boab Tpelut; 0 — 3aMeleHre MUPoXIopa CMEChIO
paznuuHbiX MuHepasoB (h, 1); B — U3MEHEHHbIH KoyMOuT (j); T — Jy4uCThIi arperar padnodana-Ce (a) ¢ spozutom (b) B

[TOJIOCTH aJILOMTA.

Fig. 5. Interrelations of minerals from the eastern feldspar zone of pegmatite of mine no 210:
a — alteration bands (hydration, g) of fluorcalciopyrochlore (f) along the cracks; 6 — replacement of pyrochlore by a
mixture of various minerals (h, 1); B — altered columbite (j); r — spherical aggregate of rhabdophane-Ce (a) with jarosite (b)

inside the albite cavity.

COCTaBa MPOUCXOMWIO Tpu Temmeparypax 700—
740 °C, a cyOconuIyCHBIN pacraj Ha OPTOKJIa3-Iep-
Ut — 1pu 430-470 °C.

Kopynn u3 3TOl 30HBI OTIIMYAETCSl OT KOpYHIA
HEHTPaJILHON 30HBI pa3MepOM MHAMBUIOB, UX (popmoit
u uBeroM. OH 00pa3yeT CBETJIO-TOJyObIe, MpaKTHue-
CKHM HEMpO3pavHble KOPOTKOCTOIOUATHIE 10 TabauTya-
TBIX KPUCTAJUIBI pa3MepoM 110 2—3 cM. 30HaIbHOCTh
OKpAaCKH, XapaKTepHasi JJIsl KOpyH/Ia U3 HeeTuH-110-
JICBOIIIIATOBOM 30HBI, MPAKTHUYECKH HE MPOSBICHA.
B kpucranne xopyHaa mpH MOMOIIU 3JIEKTPOHHOTO
MHUKPOCKOTIa OOHApPY>KCHBI BKIIIOYEHHSI THAPOKCHIIA
Al, BeposTHO uacnopa, pasMepom 10 30 MKM.

Crionbl MO COCTaBYy COOTBETCTBYIOT MYCKOBUTY,
¢dropdroronuty u cuaepodpmHTy. MyCKOBHT Xapak-
TEPU3YETCsl HE3HAYUTENIbHBIMU IpumecsiMu Fe, Mg
u Ti, cunepodmmnur — Mn u Ti (tadn. 2, an. 16-18).
MyCKOBUT M CUACPOPHIUIUT 0Opa3yloT CKOILICHUS
KPHUCTAJJIOB B TIOPOJIE U BPOCTKH B TIOJIEBBIX IIIaTax
u kopynzae. dropdnoronut (tadn. 2, an. 19) nuarxo-
CTHPOBaH B IIJIMPOBUIHOM CKOIUICHUM MEJKHX IlIa-
CTHHOK YEPHOW CIIOABI B TIOJICBOIIIIATOBOM arperare
HE/IaJIeKO OT KOHTAaKTa C BMEIIAIONUMH ITOPOIaMHU.

HupkoH 3amnaaHoii 30HB 00pa3yeT KOpHYHEBATHIE
KpucTtayisl pasmepoM a0 1.5 cm. CocraB nupKoHa
(mac. %): 32.37 SiO,, 65.61 ZrO,, 1.71 HfO,, cymma
99.69, popmyna (wa O =4) Zr , Hf Si O,.

ITo gamapiM B.A. MakapoukuHa B 3amagHOU
30HE BCTPEYAJICS SIIUHUT Pa3MEPOM /10 5 CM B JITHHY.
B xone u3ydeHus: o0pa3oB U3 STOH 30HBI JIOMOIHH-
TEJILHO OOHApYKEH TUTaHO-HUOOAT, 0 (hopMe MOX0-
KU Ha 31muKHUT. VccieoBaHHbIA HWHIUBUJ pa3Me-
POM B CEYEHHHU OKOJIO 5 MM HUMEET CI0KHOE CTPOCHHE
(puc. 6a). Hanmenee u3MeHEHHBIE U OJHOPOJAHBIE
YYaCTKH UMEIOT COCTaB, OJIM3KHI K COCTaBy MUHEpa-
JIOB Tpynmbl smuHEuTa (00mas gopmyna AD,O,, toe
A=Y,REE, Ca, UuTh, D=Ti, Nbu Ta), Ho ¢ npeobia-
nanveM Th B mo3unuu A (tadi. 3, an. 11). B Hactosiinee
BpeMmsl B ciiicke MuHepajaoB MMA TopueBblii aHajaor
SIIMHUTA HE 3aperucTpupoBat. OKoJIO MMOJOBUHBI 3€p-
Ha «TOPOILIMHUTA» 3aHUMAIOT MTPOIYKThI €r0 U3MEHe-
HUSI, KOTOPBIE XapaKTEePU3YIOTCSl IPUMEPHO TAKUM K
CoJIepKaHNeM OCHOBHBIX 3JIEMEHTOB, HO HU3KOH CyM-
Moi#i (Tabm. 3, an. 12), 4To BBI3BaHO, BEPOSITHO, METa-
MUKTH3alMEN U TUApaTaleil MuHepania. B Bujae Bkito-
YEeHUI B HEM OTMEYatoTCs PeppOKOTYMOUT U «HIIbME-

MUHEPAJIOI' A 6(2) 2020
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Ipumeuanue. Anamussl 1,2 —Boctounas 30Ha: 1 —padaodan-Ce ¢ npuMechIo TUTAHO-HHO0ATOB(?), 2 — SIPO3UT C IPUMECMHE (B CyMME JIOTIOJIHUTENILHO (PUKCUPYETCs

1.87 mac. % BaO); 3-9 — 3amagHas 30Ha: 3 — «TOPOTYMMHUTY, 4, 5 — cMech pocdaToB TOPHUS U IPYTHX MHHEPAJIOB C Ka

La, 8, 9 — monanut-Ce.

Fe, Pb, P (6); 7— MoHarur-

WMOW CMEeCH MUHEPAJIOB

Note. Analyses 1, 2 — eastern zone: 1 — rhabdophane-Ce with titanium-niobates (?), 2 — jarosite with traces (BaO content is 1.87 wt. %); 3-9 — western zone: 3 —

«torogummitey, 4, 5 — mixture of Th phosphates and other minerals with a rim of Fe, Pb, and P minerals (6); 7 — monazite-La, 8, 9 — monazite-Ce.

HOPYTHJI», KOTOpPBIE O0pa3yloT OTAeNbHBIC 3€pHa
(puc. 6a, Toukm m, n; Tadm. 3, an. 13, 14) u kpymn-
HBIC BBIJICICHUS SYEHCTOTO CTPOCHUS, 3aKIIIOYCH-
HBIE B HEOJTHOPOIHYIO MAaccy pyTHIIa TIepeMeHHO-
ro coctaBa (puc. 60; Tadm. 3, an 16—18). [lomumo
HHOOATOB B 3TOM 3€pHE OTMEUEHBI BKITIOUCHUS MY-
CKOBHUTA, THApaTHpoBaHHOTO crmumkara Th («ro-
porymmuTy, Tabn. 3, aH. 15) m docdhocummkara
Th (tabxn. 4, an. 3). Cpactanus (GeppororymOuTa
C «WJIBMEHOPYTHIIOM» BCTPEYAIOTCS U OTACIHHO B
TMOJIEBOIINATOBOM MaTpHIIE.

B 3epHe anpbura OTMEUEHO OBaIbHOE TIOPH-
CTO€, MATHUCTO-30HATFHOE BBIJIEIICHNE, BEPOSATHO,
sBIsroreecs: cMechio docdaro Th m P30 u ru-
JipokcusioB Fe, okpyXeHHOoe KailMOW ¢ BBICOKUM
conepkaaneM P, Fe u Pb (puc. 68; Ta0m. 4, an. 4-6).

OOHapyXeHBI 3¢pHa MOHAIUTA IBYX pPa3HO-
BUJHOCTEH: C HE3HAYMTEIHHBIM IpeodagaHueM
La man Ce n HU3kuM comepskanneM Th u ¢ He3Ha-
YUTETHHBIM Tipeoonananrem Ce Hax La i BEICOKUM
conmepkaamemM Th (Tadm. 4, aH. 7-9).

I'padut obOpasyer mIaCTHHKA U CHEPOITUTHI B
TTOJIEBOM IIITIATE, CXOAHBIE ¢ ()OPMAMU BBIJICICHUS
rpadguTa BO BMeIIarommx kBapuutax (Makapod-
kuH, Makapoukuna, 1955).

KBapm B mermarute mo3mHui, 00pa3yeT MeTKH
KPUCTAIJIOB B TpeIINHAaX OJTM3 KOHTAKTa C KBapIIH-
TaMH.

T'eoxummus KopyHaa

[To reoxmMHYECKHM OCOOSHHOCTSIM KOPYH]I
u3 nermMaruta komu Ne 210 cxolieH ¢ KOpyHJAOM U3
IIOJIEBOLINATOBOrO CUEHUT-IermMaruta konei NeNe
298, 299, 311 u 349. Ilo xapakTepHBIM OTHOIIIE-
HUSM DJIEMEHTOB-TIPUMECel OH COOTBETCTBYET KO-
pyHIy MarMatudeckoro reaesuca: Ga/Mg > 28, Fe/
Mg > 259, Cr/Ga < 0.14 u Fe/Ti > 2.6. Ha muckpu-
MHHAHTHBIX quarpammax Fe—Ga/Mg (Peucat et al.,
2007) u FeO - Cr,0,— MgO -V, 0, - FeO + TiO, +
Ga 0O, (Giuliani et al., 2014) ¢puryparusHbie TOUKH
KOopyH/J1a >kmiibl 210 momnaaroT B Mol «MarMaTuye-
CKOTO» W «CHEHHUTOBOTO/METACOMATHYECKOTO» Te-
He3Hca, MepeceKkasch ¢ KOpyHAoM kuil 298 u 349,

Rb-Sr 1 Sm-Nd n3oTronubie JaHHbIE

OO6pa3iel MuackuT-mierMaruta komu Ne 210
comepkar 14-253 wmxr/r Rb, 212-1099 wxr/t
Sr, 0.3-2.0 Mxr/tr Sm u 2-18 mkr/r Nd. M3oromn-
Hble orHomeHus YRb/A°Sr  mumackur-mermaru-
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.f

10 MKM

Puc. 6. B3anMoOTHOIICHISI MUHEPAJIOB U3 3aMa HOI MTOJIEBOIIITATOBON 30HKI merMaTuta Koru Ne 210:

a — ¢parmMeHT u3MeHeHHOoro «roposumHuTay (K, 1) ¢ BkiaroueHusiMu deppokosnymobuTa (m), «mibMeHopyTHIa» (1),
ruaparupoBanHoro topurta (0) u ¢pochocunukara Th (c); 6 — dparmeHT (HeppPOKOITYMOUT-CHIBMEHOPYTHIOBOTON(P—T)
arperara — BpOCTKa B «TOPOSIIMHUTEY; B — (hparmenT 3epHa cmecu docdaros Th u P3D (d, e) ¢ kaiimoii cMecu MuHEpaioB

Fe, Pbu P (f).

Fig. 6. Interrelations of minerals from the western feldspar zone of mine no 210:

a — fragment of altered «thoroaeschynite» (k, 1) with inclusions of columbite-(Fe) (m), «ilmenorutile» (n), thorite (o)
and Th phosphosilicate (c); 6 — fragment of columbite-(Fe)-«ilmenorutiley» (p-r) aggregate inside «thoroaeschynite»; B —
fragment of grain composed of Th phosphates and REE mixture (d, e) with a rim of Fe, Pb, and P-bearing minerals (f).

toB coctapisitor 0.0370-3.455 mpu Benmumuax ’Sr/
86Sr 0.70566—-0.71902, Torjga Kak W30TOIHBIE OTHOIIIE-
aust Y'Sm/"Nd cocrasmsror 0.0245-0.0828 mpu Besu-
guraax "*Nd/"Nd 0.512117-0.512147.

ITo uzmepeHHbIM Rb-St H30TOMHBIM JTaHHBIM JJTS
YeThIpex 00pasIioB KOPYHAOBBIX MUACKUT-TICTMATHTOB
MoCTpoeHa 30XpoHa. Rb-Sr u30TOMHas cucTeMa 3THX
nopox HapymeHa (CKBO = 4255) u ounenka Bo3pacrta
HE MOYKET OBITh MCTIONB30BaHa, OIHAKO TOUKH aHaJIH3a
TATOTEIOT K JIMHUH, HAKJIOH KOTOPO# OTBEUaeT BO3pa-
cty 275 muH net. HauanbHOe M30TOMHOE OTHOIICHUE
crponnms (YSr/**Sr), .. cocrasnger 0.70553 = 0.0086,
a 3HAYCHHE &, ., COOTBETCTBYET MHTEPBAIY OT —-11.1
1o —13.1. TTomoOHbIe HaYaJIbHBIC H30TOIMHBIC OTHOIIIE-
aust St v Nd COOTBETCTBYIOT KOPOBBIM YCIIOBHSIM 0Opa-
30BaHUS U3YIEHHOMN JKUIIBI MHACKMTOBOTO MIETMATHTA.

O0cyxneHue pe3yJbTaTOB

ITermaruroBas xwuna Ne 210 1m0 OCHOBHBIM MHHE-
paTbHBIM aCCOIUAIUSAM U UX PACIPEICICHUIO CXOIHA
C MHOTOYHUCJICHHBIMU MHUACKUTOBBLIMHU TETMaTUTaMU
HneMeHoropckoro komriekca. Jis Hee, Takxke Kak U
JUIST MHOTMX MMACKUTOBBIX MErMaTUTOB, XapaKTEPHO
30HAJIBHOE CTPOCHHUE, BBIPAKCHHOE B HE(ETUH-IIO-
JICBOIITIATOBOM sJIpe ¢ Oe3He(eIMHOBOW TOJICBOIII-
naroBoil otopoukoit. HabGop mopomooOpasyromux u
aKIIECCOPHBIX MHUHEPAJIOB CXOJCH — 3TO He(EIUuH u
pa3BUBAIOIINECS IO HEMY COMATUT ¥ KaHKPUHUT, TO-

JICBBIC IITATHI, CIOMABI (MYCKOBUT MU MHHEPAJIbI psijia
AHHUT-CUICPO(PHIUIUAT), IUPKOH, MUPOXJIOP, «HIIbMeE-
HOPYTWI» U (eppokoiyMOuT. OCHOBHBIM OTIHYUEM
OT MHACKHTOBBIX MErMaTHTOB SIBJISETCS BHICOKOE CO-
JICp)KaHUE KOPYHJ/Ia KaK B IOJICBOINIATOBOW, TaKk M B
MHAaCKUTOBOM 30Hax. B npenenax MnbmeHckoro 3amno-
BEJIHMKA KOPYHJI BCTPEUCH €Ill¢ B HECKOJIIbKHX Hede-
JIMHCOZIepKaIMX nermMarurax — ko Ne 179, pacno-
noxeHHoi B 400 M 3amajHee, rie KOPYH/]] COEPIKUTCS
TOJILKO BO BHEIIIHEH TOJICBOIIINATOBOM 30HE, U B KOIISIX
NeNe 306 n 361-10, pacnionokeHHBIX B 12 u 30 kM ce-
BepHEe (IaHHBIC 110 TApareHe3ncy KOTOPHIX B JIUTEpa-
TYpPHBIX HCTOYHHKAX HE CONEPIKATCSI).

XUMHUUECKUI COCTaB OCHOBHBIX IOPOA000Opa3y-
IOIMX MHUHEPAJIOB M3 Pa3HBIX 30H MErMaTUTa >KUJIbI
Ne 210 3nauntensro Bapbupyer. Conepkanne Na O B
KaJIMEBOM TI0JICBOM Iimare koyebmnercs ot 1.2 mac. %
B MuackuToBoi 30He u 1.0-1.7 mac. % B 3amamHO
1o 2.2 mac. % B BocToyHOH. bapuii B kanueBom mo-
JICBOM IIINATEe U3 MUACKUTOBON 30HBI HE YCTAHOBJICH,
TOTJIa KaK B MOJICBOINIATOBBIX 30HAX €r0 KOJIUYECTBO
coctasyseT 0.2-0.3 mac.% BaO. Conepxxanne CaO B
anpOuTe yBenmuupaercs ot 0.3 mac. % B MHACKUTOBOM
3oHe 10 1.1 Mac. % B BOCTOUHOH MOJIEBOIINATOBON U
1o 2 mac. % B 3amajHoM 30HE.

MyCKOBHT 3amaIHOM 30HBI OTJIMYACTCS OT TAKOBO-
0 B MHAaCKHTOBOMW 30HE TOBBIIICHHBIM COJICPKaHUEM
Ti (0.14-1.18 mac. % TiO, — 3anajHON 30HE U HHKE
npejeia 00OHapyeHHUs — B MUACKUTOBOM 30HE) U Mg
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(0.21-1.18 mac. % MgO, — B 3anmagHON 30HE ¥ HUKE
npenesna o0HapyKeHHsI — B MHACKUTOBOM 30HE), a TaK-
e TTOHIKeHHBIMH KonmdecTBamu Na (0.5-1.5 mac. %
— B MMackuToBO# 30He u 0.28-0.86 mac. % Na,O — B
3amaaHoi 30He). CHIepoPIIIITUT 3armagHol 30HBI CO-
nepxut 6ompiie MgO (2.9—-6.13 mac. %), yem cuiepo-
¢ummuT nerTpaitpHoi 3086 (0.35-0.6 mac. %). [Tomu-
MO CHACpOGUIIINTA B 3alaHON 30HE OBIIT OOHAPYKECH
Take GTophIoronuT (OTCYTCTBYET B MHUACKHTOBOM
30HE).

i pa3HBIX 30H XapaKTepHBI pa3HbIe aKIeccop-
Hble MUHEpabl. Tak, JJisl HIEeHTPalbHOW MUACKUTOBOM
30HBI XapaKTepeH IUPKOH, PTOPHATPOITHUPOXIIOP, Map-
TaHIIOBUCTHIN (epPPOKOITyMOUT, IIPUIAHKUT, IITTHHETh
W TOpUaHuT. JIJisi BOCTOYHOM IMOJIEBOIINATOBOM 30HBI
— (TOPKATBITMOTHPOXJIOP W Oe3MapraHieBbIii (ep-
POKOITyMOUT, HECyIIHe CIEAbl MO3IHETO M3MEHEHHS,
«WIBMEHOPYTUI» W TO3MHUHN padmodan. B 3amamHoit
TIOJICBOIITIATOBOM 30HE OTMEUEHBI pa3jIMYHbIe TaHTa-
JT0-HUOO0ATHI ((PEePPOKOTYMOUT, CXOTHBIN IO COCTABY C
KOJTYMOHWTOM IIEHTPAIbHOW 30HBI M «HIBMEHOPYTHID)
TIEPEMEHHOTO COCTaBa), MOHAIIUT W TOPHUEBBIE MHUHE-
paJbl — TOPUT, N3MEHEHHBIH «TOPOIMHHUTY, (hochaTs
Th.

M3MeHUYMBOCTh MAapareHETUYECKUX aCCOLMALNN
M0 TOPU3OHTAIHN OT 3ab0aH/IOB K IIEHTPY TeTMaTuTa,
BEpOSITHO, CBA3aHA C KOJEOAHUSMHU TeMIEepaTyphl WX
obpazosanus (ot 740 °C B 60koBBIX 30HaX 10 700 °C B
IIEHTPATBHON 30HE).

Haxon muaum Rb-Sr n30XpoHBI 17151 KOPYHIOBO-
ro muackut-nermaruta kornu Ne 210, coOTBETCTBYIO-
i Bo3pacty 275 MIIH JIET, COIiacyeTcsl ¢ JIaHHbIMU
U-Pb JIA-HCII-MC ananmu3a 1upKoHa U3 KOPYHIOBBIX
crueHuT-TierMaTuTOB Komeit NeNe 298, 299 u 349 (275
295 MIIH JIeT) ¥ OTBEYAET BO3PACTY KOJTH3NOHHBIX TIPO-
1IECCOB YPaJIbCKOTO OporeHe3a Ha Teppuropuu Mib-
MeHo-BummreBoropckoro komruiekca (IlIyakos, 2000).
[Ipu sToM Rb-Sr crcTema 3HaunTEILHO HAPYIIIEHA, UTO
BBIPKEHO B OOJIBINIOH OMTHOKE M 3HAYUTEIIHPHON BEJTH-
gyuae CKBO. Ilo3gaue mporeccsl, mpeoOpa3oBaBITie
TiepBOHAYaIbHBIE MUHEPaJIhl MUACKUT-TIETMATHTA, BBI-
pakeHBI B 00pa30BaHUN COMATINTA, KAHKPHUHNATA W all-
nmodaHa 1o HeeIMHY, I3MEHEHHIO MIPOXIopa (BEIHOC
Na, K, Ca u F), komym6uTa (pa3BUTHE TOHKUX HEIHa-
rHoctupoBanHbIX (a3 Th, U, P32D) u rugparanmum «T10-
POSIIMHNATA» 0€3 3HAYUTEITHHOTO U3MEHEHHS €T0 CO-
CTaBa), MHUPOKOE PACTIPOCTPAHEHHE TIO3THUX BOTHBIX
docdaror P33 u Th, a Tarxke sspo3uTa. DTH MPOIIECCHI
OTMEYEHbI B KOPYHJOBOM CHEHUT-TIETMaTHTE JKUIIBI
No 298, uro orpaxkaetcst B Oomee MoomgomM Rb-Sr Bo3-
pacrte Mmopojibl, KOTOPbIA COOTBETCTBYET 249 + 2 MiH
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net (Sorokina et al., 2020, TOATOTOBICHO K II€YaTH).
[Ipu 3ToM Rb-Sr m30TOMHBIE XapaKTEepUCTHKHA HCCIIC-
JTOBAHHOTO TIETMaTHTa OJIN3KU TAKOBBIM B ITETMaTHTax
korniei NoeNe 299 u 349 u n1eMOHCTPUPYIOT TeHETHYe-
CKYIO CBSI3b C OCHOBHBIM HHTPY3WBHBIM TesloM Mibme-
HO-BuITHeBOoropckoro komruiekca — HeQeTHHOBBIMHU
CHeHUTaMH-MUacKkuTamMu. OTpuUIlaTeTbHbIe 3HAYSHUS
eNd mmackut-nermatuta Ko Ne 210 coBmagaroT ¢
TaKOBBIMH JIs CUeHUT-ierMaruTa 298 xwisl. UHeIMu
CJIOBaMH, JBE M30TOMHBIE cucTeMbl (Rb-Sr 1 Sm-Nd)
KOPYHJIOBOTO MHAcCKuT-miermatuta konu Ne 210 ne-
MOHCTPHUPYIOT CBA3b C PA3HBIMH KHIJIAMHU KOPYHIOBBIX
CHEHUT-TIErMaTUTOB Nnbemeno-BuiiineBoropckoro
KOMIIJIEKCA.

CoOTBETCTBHE COCTaBa WCCIEIOBAHHOTO KOPYH-
Jla MarMaTH4ecKUM W METacOMAaTHYECKUM KOpyHIaM
TaKKe OTpaKaeT MONHUCTAAMHHOCTh MHHEpaIooopa-
30BaHUSI MUACKUT-TIETMATHTA, YTO YAaCTO HAOIIOMaeTCs
Y Ha PYTUX MECTOPOKIECHUSIX KOPYH/IA MOTUCTaINH-
Hoit mpupoxsl (Krebs et al., 2020).

3akaouenue

Takum 00pa3om, IO COBOKYITHOCTH MHUHEPAJIOTH-
YECKUX U M30TOIMHO-TEOXMMUYECKHX JTAHHBIX MOXKHO
MPEAONIOKNTE, YTO KHUIHHOE TEJIO MEerMaruTa KOMU
Ne 210 6w1T0 ChOpMUPOBAHO U3 paciiaBa, 00pa3oBaB-
HIerocsi TPU KOJUTM3HOHHBIX Tpolieccax YpajibCKOro
OpOTeHe3a B KOPOBBIX YCIOBHSX TIPH HEMOCPE/ICTBECH-
HOM yYacTHHW BElIeCTBA MHACKHTOBOTO MAacCHBa. 3a-
MelleHHe He(elTMHa COMaTUTOM U KAaHKPHHHUTOM, W3-
MEHEHHE TaHTaJI0-HHO0aTOB, a TakkKe O00pa3oBaHHE
BropuuHBIX ¢docharoB Th um P33 cmsazano ¢ OGomee
MO3THUMH, BEPOSITHO, METaMOPPUUECKUMH TPOIIec-
caMH, MPOUCXOUBIITUMH B MPOIecce IBOMOIMH Witb-
MEHOTOPCKOTO IIEIOYHOTO KOMIUIEKCa. DTH TIO3HHUE
TIPOIIeCCHI MPUBEIN K HapymieHuto Rb-Sr m3oTomHoit
CUCTEMBI TIETMaTHTa ¥ HAIMYHIO KaK MarMaTHYeCKUX
¥ METACOMATHYECKUX TEOXUMHUUECKUX METOK KOPYH/Ia.
O6pazoBanue Th-comeprkariero spo3nTa, aurodana o,
BO3MOXKHO, U3MEHEHUS TaHTaJO-HUOOATOB CBSI3aHO C
THIEPTeHHBIM TPEOOPa30BaHKUSIM HEYCTOWYMBBIX MU-
HEPAJIOB, MPOUCXOJSIIIUMH B TPUITOBEPXHOCTHBIX yC-
JIOBUSIX.

Asmopsl vipasicaiom 61a200apHOCHb KOLLE2AM
uz IOY ©®HI] Mul” YpO PAH (0.2.-m.u E.B. Benozyo,
k.e-m.n E.B. Meoseoesou, E.J[. 3enosuu), I'EOXU
PAH (axao. JLH. Koeapko, axao. F0.A. Kocmuyvi-
ny, k.¢p.-m.n. H. H. Kononxosot, B.A. Typkosy), JGU
(npo¢h. P.E. bouapnuxogy, 0-py P. Mepmuy-Kpayc, 0-py
T. Xaeep, 0-py C. Bype).
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Munepanocuueckue uccied08anus. NPoeeoeHsl 6
pamkax memvl «l eonocuueckoe cmpoenue 10HCHO20
ceemenma 30mul Iiasnozo Ypanvcrkozo paznoma (FOoic-
nottl Ypan)» (Ne AAAA-A17-11780110048-9), uzsomon-
HO-2eoxumuieckue ucciedo8anus Ovliu noodoepIcamsl
cmunenouei Alexander von Humboldt u TEOXH PAH
(eoc. 3adanue Ne 0137-2019-0014).
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