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HOBBIHU THII YPAH-PEJAKO3EMEJIBHO-
BJATOPOJHOMETAJLUIBHOI'O OPYJAEHEHMA B IVIACTOBBIX
KOCTHBIX ®OCOPOPUTAX BEPXHEI'O JIEBOHA B KPOBJIE
)KEJIE30PYIHOI'O MUXAHNJOBCKOI'O MECTOPOXXJIEHUSA KMA

Yaen-xkopp. PAH H.M. Hepusbimos, C.I1. Mo.oTkos

Boponexcckuu cocyoapcmeenubliu yHugepcumem

MNpn npoBeaeHnA NCCNEL0BaHNAK J0NOTO-NNATUHOHOCHOCTU XEe3NCTbiX KBapynuTos Muxawnnoackoro mecropoxaenvn KMA
B pamkax nporpamMmbi «fnatuHa Poccwu» n npoexktos POON n U «UHTerpauws» ncnyyen OpuriHanbHbid reonoro-aHanw-
TUNECKMIA MaTepuan, NoATBepXAawwmun Hanudne B npegenax KMA HOBOro Tuna ypan-peAKo3eMeNnbHOoro 30n0To-NNATUHONAHOIO
OpyAeHeHWs. Bnepemie NPUBOAUTCA MrEONOro-CTPyKTYPHOE ¥ BO3PaCcTHOE NONOXKEeHWe, COCTaB OPraHOreHHo-hoCPaTHbIX obpaioea-

Huin, ocobenHocTu pacnpeaenexus B Hux MM, Au n P33.
BeeaeHue

3010TOHOCHOCTL (pochOpUTOB Ha BOPOHEXKCKOH
aHTEKNHM3e M3yyanach paaoM uccienosareieid. Hx Hro-
roM ObIIO0 BbiIBAIEHHE pAlla MEJKHX pYIONpOsAB.IEHHH
[1, 2], a cpean KO/LIEKTOPOB, COPOHPYIOIMX 30510TO. Ha
Pycckoi nnarpopMe OTMEYATHCh HCKONaeMble ayHH-
CTHYECKHE OCTAaTKH, XKejiBakoBble POCPOPHTHI ME30304
H TpeTHYHOro Bo3pacrta [1-6]. [LNaTHHOHOCHOCTb XeEJ-
BakoBbiX (ocHOpHTOB B NECKaxX CEHOMAHCKOro BO3pac-
Ta Ha OJHOM H3 00beKTOB B LleHTpatbHOH 4acTh Pyc-
cKO#i m1aTHopmbl B NOCa€IHHE TOabl OXapaKTEePH30BaHa
B ctaTbe [ .. ABLOHHHA ¢ coaBTopamH [6]. bnaropoa-
HOMETAUIbHas cneunanusauuns (Au-Pd-Pt-Ag) 8 KOCT-
HbIX (ocdopuTax pa3pe3a JIEBOHCKMX OTIOKEHHH
BEpBbi€ AHATMTHYECKH ycTaHoBieHa B.H. babakie-
3biM (2002 r.) MPH BLIMOTHEHHH TEONOrHYECKHX PadoT
OAO «Muxaitnosckuit TOK». B [lpndaitnke B KoCT-
HbIX TOPH3OHTAX OYPTHHEKCKOrO BPEMEHH >XHBETCKOrO
apvca J1.A. Jlapcko#t [7] otmeueHo (6e3 KOIHYECTBEH-
HBIX JaHHBIX) NPHCYTCTBHE BO BCEX OCTATKaX NaHUHPp-
HLIX Pbi0O MOBLIWEHHBIX COTEPXAHHA PATIHAKTHBHBIX H
peaKHX 3eMelb.

HU3sectHo (8], 4TO YPAHOHOCHbIE OpPraHOr€HHO-
dochaTHbie 00pazoBaHMsA (KOCTHBE OCTATKH pbid)
HMRIOT OrpaHWYEHHble ILU10lIATH Pa3BHTHA HA 00.1b-
WWHHCTBE KOHTHHEHTOB H NPHYPOYCHbI K TIHHHCTBIM
TO.1aM CKTOHOB 10K TbHbIX MOJIHATHH 1pP€BHHUX Nlart-
dopMm. KoHueHTpauHs YpaHa B KOCTHbIX 3a1€Xax 1ocC-
THraeT MepBbLIX COThIX 10.1€HA NPOUEHTa, 00pPa3yA. TakHM
o0pa3oM. pa3HoOMacluTabHble PYIOHOCHbIE MOPH3OHTHI.
MecTopoaienus nisecTHb: B CLLUA (Daopuae [8]) v B

Kutae [9]. CaeaveT n014epKHYTb, YTO B MAaCCOBbIX 3a-
XOPOHEHHAX HCKOMaeMbiX MNaHUWDHBIX Pbid 1€BOHA
(rpaHUYHBIX OT/JIOXEHUNH KHBETCKOre M dpaHckoro
SIPYCOB CPEIHEro W BEpXHEro AeBOHa) Hanbolee wWHpo-
KO pacnpoCTpaHeHbi KOCTHbI€ OCTAaTKH acTepojienHa H
OpyruX CeMencTs oTpsla aHTHapxoB [7]. Bo BHyTpH-
KOHTHHEHTQIbHbIX MOPSAX IU1aTQOpPM MMPH HAIHUYHIt B
ocaakax OpraHo¢oc@aTtHOro BewecTBa B CKOIUIEHHAX
UXTHOICTPHUTA yAKE B MEPBHYHOM CEIAMMEHTAUHOHHOM
aKTe HApAIy C HAKOILIEHHAMH NATUOKAUCH ¢Pocdopa
MPOKUCXO0INUT PeIVKLHA CV.1b§aTHOTO HOHA C NEPEX0.I0M
B cpede C VCTOHYKBOH BOCCTAHOBHTEIbLHOCTbBIO B CV.1b-
dHAHY10 cepy ¢ KpHcTaLIU3aLMei Ha CTaliMH a:4areHesa
nopoabl AUCVAbPHIOB U CYJILPHUIOB Aele3a (MelbHiH-
KOBHT-NUPHT-Mapka3uT) [10].

['e0n10ro-1MT0;10rHYEeCKHE OCOOEHHOCTH Ma1eo-
30MCKHX QOCHOPHTOB., HX NMOJAHIIEMEHTHas MHHepare-
HUA K pVIHOPOPMAUHOHHaA cneuHaIW3aulds Ha ¢oc-
dop., peiakke 3emiM, 071aropoaHble MeTatabl (Au. Ag.
JI1I") 1 ypaH Ha BOPOHEAKCKON aHTEKIH3E€ NPHBOIATCS
BMepBbIE.

[ €010ro-CTPVKTVPHOE H BO3pacTHOE
MOSI0XKEHHE PYJOHOCHOH TO.ILIH KOCTHBIX
docdopHUTOB

3axOpOHeHHEe MCKOMaeMbIX pbl0 J1€BOHa Ha Tep-
PHTOPHH Pycckoit niatdopstbl BCKPbITO Kapbepom Mu-
Xaf'TOBCKOTO MECTOPOAICHHA Ael1e3HbIX pva (r. e-
ae3noropck Kypckofi ob1acTtu), OHO TAroreer K THM)
Oaa pea. 0o0pa3’oBaBIUMNCR B MNPHOPEAHO-MOPCKIN
OCalkax MEIKOBO1HOro 0accefiHa BO.1:(3!1 30H Kal1€10H-
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Puc. 1. lonoxkenne B cTpykType KMA MuxainsioBckoro MecTopoxaenus (a) 4 cxeMaTHYeCKHI reojioruye-
CKHil pa3pe3 ero W0ro-eocTouyHoro ¢gaanra ¢ odOHaKeHHeM BEPXHEAEBOHCKHX QOCHOPHTOB: @) 1 - xeneaucmsle

K8apUUMb! (Kene3ucmo-KpemMHUCmMo-criaHyesas hopmayus HuxHe20 kapenus), 2 - Muxaidnoseckoe mecmopoxoerue; ) 1 - Kyp-
Ckas cepus, XOPOBKOBCKas CeUMa, HUXHSR, cnaHuesas noceuma (K;' kra), yepHbie yanepoducmesle K8apu-X1opum-Cepuyumossie
cnaHub! C NpoCcnosMuU K8apuumos, 2 - KopobKoBCKasa ceuma, HUXHAS Xene3opyoHas nodceuma, Yemeepmas nayka (K ,’kr,‘), mae-
HEMUMOBbLIE U 2eMamum-MazHemumoeblie Keapyumel, KPACHOMNON0CYambie 2eMamumossie Keapyumsl, 3 - NepeomnoXeHHble
mMapmumosbie pyObl, 4 - ceQuMeHmayuUoHHbIe Bpexkyuu C 2/1UHUCMO-anespucmeiM UEMEHMOM, OXene3HeHHsIe, 5 - apauniumsi
necYyaHble C NpocnosmMu anesponumos, 6 - apaunnumsl, 7 - anesponumsl, 2UHUCMbIE anesponumel,; 8 - aneeponecyaHuKu, anes-
ponumel; 9 - goocghopumbl ¢ KOCMHbIM GempPuMOM nNaHyupHbsIx psib, ueMeHm necyaHo-2pasulHod, er1uHUCmo-kapboHamHbid, 8
obiiomkax ecmpevaromes apeunnumel, 10 - oxeneiaHexue nopod; 11 - mekmoHuYeckue HapyweHus, 12 - ocbine Kapbepa, 13 -
pa3eedoyHas CKeaXUHa
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Puc. 2. ®@parmenTbl XBGCTOBOMH 4acTH (BHA COOKY) (a); 4yellyss ee XBocToBOre ovaena (6); ¢pparment (N-
nuchale) kocTHOJ YepenHoi Kpblwn (B) Asterolepis ortana Eichwald

wald (puc. 2), NOAYMHEHHO BCTpeyarTCs 00JIOMKH KOC-
TEeH KUCTENEPLIX PbIO.

CKOM aKTUBM3aLUMKU PUDTOr€HHOW CTPYKTYPel HHXKHEIO
Kapeaus (puc.1).

B pa3pese npeodnanaroT riMHUCTO-KapOOHATHbBIE
aNeBpPUTO-NeCYaHbie OCaaKH M pexXxe KBapl-kapOoHarT-
HO-ocdaTHbIC Pa3HOBUAHOCTH 110 MPaBEJHTO-NECHYaHU-
KOB C OOWJIBHBIM MM PEAKMM JETPUTOM HCKOMAeMbIX
MaHUMPHBIX PbIO pa3IUYHOH CTENEHH COXPAHHOCTH.
[T1acTel 0CaA04YHbIX KOCTHBIX OChHOpPHUTOB (CM. pHcC. 1)
molwHocThO OoT 0,4-0,6 M 10 0,8-1,0 M, pa3aeneHHbIX
AeBPUTUCTBIMH U TNIMHMCTBIMH OCaIKaMH NPOC/ICKEHbI
B O0OH@XEHHWAX Kapbepa M B CKBaXXMHaX Ha pacCTOSHHE
donee 200 M (cMm. puc. 1 0). OtaenbHbie QparMeHThl
CKeeTOB MXTHOG(AyHbl SABJISHOTCA AHarHOCUMPYEMbIMH.
3TO0 CerMeHThl NaHUMPEN YEPENMHOW KpbILUH, MUIABHH-
KOB, TYJIOBULLUEH pbl0 OTpsAda aHTHApXxoB, CpelH KOTO-
peix npeoOnanaer cemencTBO Asterolepis ornate Eich-

128

YCTaHOBJIEHHE B HUXHELIMIPOBCKUX OTNOXEHH-
X Jlunenkon o0aacTv ¥ B HW3axX CapraeBCKOro ropu-
30HTa Kypckoi obnactu Buna Asterolepis radiate siis-
€TCA BO3PACTHbIM AHANOrOM aMmMaTCKOro MOArOpPH30HTA
HIDKHePPAHCKOTO MoabsApyca BepxHero aeBoHa Ilpu-
OanTHkH [7]. Bce u3BeCTHbIE B CeBEPHOM MOJYLIAPHH
acTepoJieNuAbi MPUYPOYEHbl K CPEAHEMY WU BEPXHEMY
NSBOHY, HO HaudO.bllee KOJMHYECTBO KX BHAOB OTME-
YyeHO [7] B MOrpaHHYHbIX CpeaHe-BepPXHEIEBOHCKHUX
OTJIOKEHUAX. PacuBeT poaa Asterolepis NpUXOAMTCS Ha
Haya10 GpaHCKOro spyca.

HMccaeayemble noausneMeHTHbie pyaHble doc-
QOpUTHI C LWHPOKHM Pa3sBHTHEM B MX COCTaBE AETPUTA
NaHUMPHBIX pBIO ceMeilicTBa Asterolepis ornate Eich-



[Horeznbie UCKONnaemMaoie

wald Mo3BONSET aBTOpPaM NpeaBapHUTEILHO OTHECTH HX
Mo BO3pacTy K capraeBcko# cBure (D;sr) ocHoBaHus
CpeAHero MnoabApyca BEPXHEPPAHCKOTO fApyca JIE€BOH-
ckoil cucteMb!. CiieayeT OTMETHTb, YTO C 3THM BpeMe-
HEM COBMAIANOT 3Talbl KaIEAOHCKOH TEKTOHHYECKOM
aKTHMBHU3aUMH Ha BOpOHEXKCKOH aHTEKIH3E U NPOABJIECH-
Hblf B Hayale (QPAaHCKOr0O BPEMEHH HWHTEHCHBHbLIN
TparmnoBbld BYJKaHU3M.

[TonaBastouiee 60IbLIHHCTBO KOCTHBIX OCTAaTKOB
pbl0 3ajeralOT TOPU3OHTANIBHO, Yalle CIHHOW WJIM mno-
aychepoit 0010MKOB BBEepX. OCTaTKU KUCTENMEPBIX pbib
IHWareHeTHYECKHU CIUIOLEHbl CPaBHUTEILHO Yalle |
boabwie. Berpeyalouecs 0O0JIOMKH YenocTeid U 3yOsl
KHCTenepblX pbl0 3ajeral0T XaoTH4YHO. 1lBeT ocTaTKoB
pbIO Yalwe Oypblid, N0 4EPHOTO, pPEXKe CBETIO-CEpbiii W
Oenbiit. OTMEYaeTCAd HaMUME OKATAHHBIX M MNOJYyOKa-
TaHHbIX OO0JIOMKOB KOCTE€H M rniaHuMper. Hacto BcTpe-
YalTCA KOCTH C BbICOKOH CTENEHbIO TPELIHWHOBATOCTH H
BbIBETPEJOCTU. Hepenko B ueMeHTE, HO Yalle B pa3py-
IUEHHOW ry04aTor TKaKHW KOCTeH pbid. MaKpOCKOMUYe-
CKM HabaronaroTcs BulaelieHus cyib@uiaoB (a0 1-5%).
BcTpeuyaloTcs npociol necyaHo-rpaBUiHbIX Pochopu-
TOB, COoAepKaulUe JIMH3BI C KOCTAMM pbIO XopouwieHh co-
XpaHHOCTH. OOBIYHO OHHM NEpeMeEXaroTcs ¢ NMPOCNOAMH
KOCTHOH OpEeKYMH C OKaTaHHBbIM JOSTPHUTOM CKeJIETOB
pbl0 ¥ MHOTAA HEOKaTaHHbIMK OOJIOMKaMu W MeNKOH
(mo 1,5 c¢M) raibkoii aprranutos. OTU o0pa3oBaHuA,
O4YEBWIHO, XapaKTepHbl I8 30H JAEACTBUR NMPHOONHOM
BOJIHbI B YCITOBUAX MENKOBOALA. MiHOraa Ha moBEpXHO-
CT¥ OTAEJbHbIX TFOPH3OHTOB (POCHOPHUTOB MOXKHO BH-
A€Th TPELlHHbl YCbIXaHWA W pa3BUTHE TMAPOOKCHIHBIX
KOPOY€K, UTO YKa3blB4ET Ha NEPHOIAbI KPATKOBPEMEHHC-
ro BCKpbITUS AHA OacceitHa. KocTu pbid B 3TO Bpem
M0BEpPrajiiCb BBIBETPHBAHUIO U TIPH MOBTOPHOM [10-
rpyAeHUY B BOLY YaCTHYHOMY WM NOJTHOMY paspylle-
HHIOC.

OTMEUYEHHbIC YepThl OCaLiKOHAKOIUICHHSA U nepe-
DblBOB YKa3blBalOT Ha HECTACMIIbHbIH PEKHM TEKTOHH-
YECKHX KO.1€0aHMH, NMPUH KOTOPbIX B MOMEHTbHI perpec-
CMH YXYIWAJIKCh YCJIOBHUS CYLUECTBOBAHUA OPraHH3-
MOB, Hapywlajici rasoBbid obmeH, MeEHsIach COTHOCTD
BOAbI, T'MAPOAUHAMMKA, OOpbiBalaCh CBA3b MEKAY OT-
1eJIbHbIMM 30HaMM OacceiHa, OCYLIAIHCh YYACTKH 1HA.
YBeauyeHHe TEeKTOHHYECKMX TIOABHXKEK OMNpEaessuio
H3MEHEHHE THIpOopeXHMa peK, YXYALA/IWCb YCIOBHUA
XH3HU pbIO, W3MeHsNach kopmoBas 0a3a, rHApOXHMH-
yecKkue OCOOEHHOCTH BOIbl, CKOPOCTH TE€YEHUSA, peibeq
1Ha Boa0eMOB. Bce 310 ofnpeaensio MaccoByio rudesib
PbI0 W HAaKOIUIEHHE WX OCTaTKOB. BepoATHO, 3Ta 00CTa-
HOBKa COMpPOBOXJ1anacb W (PIAIOMAHBIMH 3HIAOT€HHBLIMH
[polieccaMy, onpeaenusBlIMMil B ONaronpHATHON cule-
MEHTAaUMOHHOM M 1MareHeTU4ECKOH cpene opraHogoc-
haTHBIX 0CAaZKOB HAKOIL1EHHE PYIOrCHHBIX 3ji€MEHTOB,
BKi1I04Yas peaKO3eMESIbHYH0, 01aropoaHOMETALIbHYIO H
PaIMOAKTHBHYIO WX accouHauudd. B necyaHo-rpaBHit-
HbIX ¢ocdopuTax BOKPYr KOCTEH pbl0 Hadar0daloTCH
VYacTKH ApKoil Oypoi wnu BUMLIHEBOH okpacku. M3ame-
HEeHHe OKPaCKHd NMOpOJbl BbiI3BAHO NPHCYTCTBHEM Opra-
HHYECKHX BELIECTB B NOrpeOEHHbLIX OcTaTkax prid. UH-
TEHCUBHOCTb OKPACKH 3aBHCHT OT COIEPXaHHA OpraHH-

YECKHX BEHUIECTB M CKOPOCTM 3axopoHeHHMs. OObluHas
00bE€MHOCTb KOCTEH M BHICOKAs CTENEHb HOCCHIH3ALIMH
B NNECYaHMKax U rpaeejIkTax CBUICTENbCTBYIOT O 0O01b-
OA CKOPOCTH 00pa3oBaHHs TadOLEHO30B, 3HAUUTE Ib-
HOM COACpXaHWH OpraHHYECKOro BELUECTBA B OCTATKaX
poi0 B MOMEHT 3aXOpOHEHHA, OMpedeIHBlUIero Gosee
PaHHIOK CTAAMWIO X MHHEpaIHU3alUMWH, 4eM BMELLAOLLHX
MnopoJ.

Munepasoro-nerporpaduyecKkuii COCTaB
pPYAOBMELIAIOLIAX NOPO

Pynosmewarouide nopoas! npeactasisioT COO0H
KPYMTHO- M MEJKO3€PHHUCTbIM MecCYaHWK (OO0 KOHI.10-
rPaBe/IMTa), UMEIOT KpaiiHe HEBbIAEPXAHHYIO CAOHCTVHO
TEKCTYPY, COYETArOLWYI0 OKaTaHHbie M YrioBaTbie 00-
JIOMKH IETPHUTA MaHUUPHBIX pbIO (pazMepom OT HoJiel
MM 10 5-7 cM M 0Ooiee), kapOOHATHO-TIIKHHACTOTO M
KapOOHaTHOr0 MaTepuasla UEeMEHTa ¢ Haudosiee MeNKH-
MH 0bJIOMKaMH. MHkpockonuuecku B pochopHTax Ha-
OM0NAKOTCA BBIAENCHUS HENPABUWIbHO OKPYIJIBIX WIH
OBJ1bHBIX 3€peH C1ab0 pacKpUCTAINH30BAHHOTO MM
MHKpPOKpHCTaIHYECKOro ¢ocdara CBETIOro KOpHYHe-
BaTO-CEpOro LBeTa. Hepeako KO10(AHOM BbINOJIHEHbI
MONOCTH KOCTHOW TKaHHM pblO; XapakTepHO HaJIM4He
BbIIENIEHHUH CTYCTKOBOrO Xapakrepa nceraoMopdos
KOJLI0QaHa W TMAPOKCHMIanaTUTa MO MENKHM OKaTaH-
HbiM cOntoMKkam kocTen. KonnodaH M ruapokcunanaTut
pasMEeLLAOTCA B ITYCTOTaX KOCTHOM TKaHH, 4acTo HX
MOJHOCTBIO 2arpA3HEHbl TIMHUCTO-KBApPLEBLIM MK
XKENCIUCTHIM MEJIMTOMOP(HLIM BELLECTBOM C NMPUMECHKO
TEMHO-KOPHYHEBBLIX OPraHM4e€CKWX MUKPOBKIHOUYEHHH.
OOriyHO npuMeceilt Oonblie B 3epHax docdarta cpeau
MHUKPOOOJIOMKOB UEMEHTUpPYIOLIEH Macchl nopoasl. B
MycToTax KOCTHOH TKaHd KW NpUMeced MeHblle 1 cnabee
MposABjlIeHd packpucTaLiM3auus docdata. B amnarene-
THUYECKHUX MYCTOTax POCcHOpPUTOB BCTPEYAIOTCH HATEU-
Hbi€ W&poBUAHbiEe (10 1-2 MM) BblaeneHUs PocdaTHOro
BEUIECTBA. HEPEAKO aCCOLUMMUPYIOILHUE C KpUCTaLIUye-
CKHMU arperatami (1o 1-3 mm) nuputa. Bokpyr kpyn-
HBIX KOCTHbIX ODNOMKOB HEPEIAKO Had;110Jal0TCHa KaeM-
Ky NOOYpeHUA 332 CYET FMAPOOKMUCIIOB XKeJjie3a, rll€ OT-
MEYaeTCA ChiMb DOJiEE paCKPUCTAUIM30BAHHOIO NMHPHTA.
B o0;0oMkax Hapsay ¢ npeodsiajaroiliuM AETPHUTOM
MaHUWPHbIX Pbl0 BCTpe4YaroTCA apriwiuthl (1o 1,8 cM),
3epHa (no 1,5-2,5 MM) kBapua. LieMeHT kapboHaTHbIi B
OTDE/IbHBIX Y4acTKax OazaibHO-nopoBbiii. PocdaTHOE
BEWECTBO aCCOLMMPYET C OKATaHHbIMH, YI1IOBATO-OKa-
TaHHbIMW K HEOKaTaHHbIMU OOJIOMKaMH KOCTeEl pbiO.
LlBeT OypoBaTO-XkeaThlH, 3eN1€HOBATC-KeATbIH. B Cckpe-
IEHHbIX HHUKOJaxX @QocdaTHbie 3€pHa MH3O0TPONHbIE,
CIOXKEHHbie 4alie aMopdHbiM (PochaTtoM Kos10(PaHO-
BOrO PAla, B OTIEJbHbIX 3¢pHaxX OTMEYEHA PaCKpHCTAl-
an3auusa 10 MUKPO3EPHHUCTOH CTPYKTYDHI.

BoabwMHCTBO CyabdHIOB (MEIbHHKOBUTA, IH-
pUTa, MapKa3HTa) KOHUEHTPHPYETCA B OOJOMKaX KOC-
Teii naHUUpHbLIX pbIO0. Haudojliee paHHEH reHepauueit
ABJAAKOTCS Bb!JIEJIEHHA MElbHUKOBHTA. HA01K1aeMOro B
BHIe wapukoB-crycTkoB (auametpom 0,01-0,03 mm) B
¢ochaTHOM KOIAOMIHOM  BEILECTBE, BbIMOJHAKLLMX
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Puc. 3. ®ochopHT ¢ NETPUTOM NaHUMPHLIX PbId (3) U pacnpeieineHune cyibduios (Sn) B ux xkocrHoi (KT)
TKaHu (0)

Puc. 4 (DOprl pacnpeue.neuuﬂ CYJIbMHUIOB B KOCTHBIX TKAHAX pblﬁ (nonuposauubm m.mup) a) nupum lu i
2eHepayuu (benas) 8 kocmHoOU MKaHu, 3ameweHHou konnogpaHom (yeen. 8 30 pa3), 6) ceemnoe 00OHOPOGHOE rnosne 8 ueHmpe -
nupum |l 2zeHepayuu, 8 6epxy — KalimMa Me/IbHUKOBLMA 8 3K3030He gpocghamKoezo eslioeneHus (yeen. 8 50 pas); 8) obwud xapakmep
pacnpeoeneHus cynbpudoe (Nupum-MensHUK08UIM) & 08albHbIX Mycmomax KOCmHOU MKaHu, 8binosIHeHHOU KonnogaHoM (yeen.
30 pa3s); 2) oeanbHbIe 8bIOENIEHUA NUPUMAa U MeJsibHUKO8UmMa (MoHKas Cbins) 8 pocamHsbix cgpepoudax KoCcmHOU mKaHu (yeen. &
50 pas)

Tabnnua ]
XUMHYECKMI COCTAB BEpPXHEeIeBOHCKHX (GOCHOPHTOB ¢ ZETPHTOM NAHUKPHBIX PbI0 BO BCKPBILIE
M xailJIoBCKOro *eJje3opyaHoro mecropoxkaeHisa KMA

| NaNo ! Komnouneuts! (Bec. %) | Cymma |
Vi 7510, [ ALO; | Fe;0; | MnO | MgO | CaO | NaO | KO | P05 | 5 | S | |
! i : : _l . — | J
] 424 | 146 | 3776 | 070 | 0.63 | 3854 | 025 | 023 | i523 | 0.87 | 0.08 iloooo

| 2 780 | 228 | 6533 | 061 | 131 | 1438 << | 0,36 | 7.27 [ 06! | 0.04 [ 99,99

[TpumevaHue: 1 - npoGa M-@-1(A+E), 06H.Ne1, KO-B gpbnane Muxalnoeckoeo MecmopoxoeHus, 20p.+130 m; 2 - npoba M-0-2(A+5),

06H.Ne2, 8 40 m Ha ceeep om 0bH.Ne1, zop.+130 m. flabopamopust UTEM PAH, ananumuk C.A. MNopbavesa

MyCcTOThi KOCTHOM TkaHMW (puc. 3; 4). Ilo nepudepuy
OBabHbIX (OCHaTHBIX BbIACIEHUH HAOMHOAAOTCA KOH-
(G OpMHBIE KOJbLIEBbIE BbIAEIEHUS arperaThbl (MEabHHKO-
BUT-nupuTa) pasmepom no 0,10-0,15 mM. bonee no3xa-
HEel reHepalLMed NUpHUTa SABISAKOTCA BbIAEJIEHHSA €ro B
MPEPLIBUCTHIX MUKPOMNpOXWIKaX (MowHocThO 10 0,1-
0,12 MM), CEKYLLUHWX OBaIbHO-AYEUCTYH) CTPYKTYPY KO-
CTHOW docdaTu3upoBaHHOM TKaHW. M, HaKoHel, K ca-
MOM TO31HEH reHepauMu nupMra (MHOrJa B accolMa-
UMY C MapKa3WTOM) OTHOCHATCA arperatbl CY/Jb(KI0B
(mo 1,2-1,8 mM) B neprdepUitHO¥ YaCTH KOCTHOH TKaHH
00JIOMKOB BHYTPU IMYCTOTENION BbIBETPENOH W BbIILEO-
YEHHOH HUX MOBEPXHOCTHU. TAKHE CKOMIEHMs CYNb(HIO0B
rpaHHYaT ¢ 30HOW MOOYPEHUs LEMEHTa B 3K30KOHTAKTE
00/10MKOB KOCTEH MaHUMPHBIX PbiO.

Oco0OeHHOCTH XUMHYECKOr0 cocTaBa
dochopuToB ¥ pacnpeesieHus B HUX 30JI0Ta,
[JIATAHOHIOB, YPaHa U PeAKUX 3EMeEIb

XUMHYECKUH aHaliu3 IBYX npo0 pyJaCBMeELIar0-
WX nopoa (Tada. 1) U3 AByX OOHaKEeHHH YCTYMOB pas-

pe3a MHXaHIOBCKOrO Kaphepa f0oKas3ajl JBE CYIIECT-
BEHHO pa3/M4YarOlMECA 1O OCHOBHBIM KOMIMOHEHTAM
Pa3HOBUAHOCTH: @) CIKEJE3HEHHbIE 6ypble bocHOopHUTDI
C BbICOKKM cozaepxanuem Fe,O; (65,33 mac. %) w
CPaBHHUTEJIBHO MOHMKEHHBIM — P>Os (7,27 mac. %); 0)
MEHEE OXKECIIE3HEHHBIE KENTOBATO-Cepbie, 00OralIeHHbIE
P>Os (15,23 mac. %), CaO (38,54 mMac. %) U 3HAYMTENb-
RO obenneHHsie Fe,0; (37,76 mac. %).

BBIMONMHAEMBIMH pPa3IMYHBIMH METOAAMH HCCIIe-
JOBAHUA MO PpaClpeaesieHHK 3JIEMEHTOB IUIaTHHOBOM
rpymnmbl, 3071072 W Cepedpa BuiABUIM B dochopuTax: a)
MOBBLILUEHHBIE KOHUEHTPALUMWKM B BbICOKOXKEIE3UCTOM
pa3HOBHAHOCTH (pocdopuTtoB Pd (10 1,7 r/1; Tadn. 2) ¢
Pt (20 0,15 r/1), a Takke Au (10 0,22 r/1); 6) cywecT-
BEHHOE 000ralll€HHE YMEPEHHOOKENEe3HEHHON MX pa3-
HOBHAHOCTH AgZ (a0 0.57 r/t) npu HECKOJIbKO NMOHH-
KE€HHbIX KoHUeHTpauuax Pd (0,23 r/t) u oTyacTu Au
(no 0,22 /7).

XapakTepHOH OCOOEHHOCTBIO 0IaropoaHoMe-
TaNJibHOCOZepAKALUMX GOCHOpUTOB SABISETCH NOCTOSH-
Hoe npeobnazanue Pd nHan Pt (Pd/Pt=o011,3 1064 B



[Toae3nble uckonaemsle

Tadoauna 2

ConepxkaHHe 0,1aropoAHbIX META/LI10B B BEPXHEAEBOHCKHX MAACTOBBLIX GochOopHTAX ¢ JeTPHTOM MaHUHPHbIX
psi0 BO BCKpbiie MUXaHi0BCKOro xene3opyaHoro mecropoxaesns KMA

No |[ NoNe | ' 1 Coaep#axue B I/T f Mopcaa ,
nm } npoo | i Pt T Pd § Rh | Ru | Ir L Au | Ag |
I | M-®- | O6H. | <0.007 | <0.005 | <0.005 ! - - 1022 I 0.6 Fboccbopm (KOHTIOrPaBEIHT) ICTPH-!
Jr 1-A 1 0,02 0.073 | <0.004 ;<0.002; 0.002 : 0.008 | 026 (TOBbIM, KEITOBATO-CEPBIA ’
2 | M-Q- <0.007 | <0.005 | <0.005 - - i 0.048 0.8 }Cboc(popm (KOHT10rpaBe.InT) AeTpH-!

| 1-b <0.02 0.10 | <0.004 !<0.002§ <0.002 I 0.011 ! 0.46 TOBBIH, CEpbii. yHacTKaMK OyphIi
I l : . ' | :
3 | M-0- O6i. | <0.007 T<0.005 <0.005, - | - ] 0.097 i 0.5 <Docc})opm (TPaBeIUT) IETPMUTOBBIM. !
) Fz-A 2 | <0.002 | 023 |<0.004 [<0.002| <0.002 | 0017 | 034 Gypui |
l 4 | M-O- 0.007 !<0 005 | <0.005 - T - | 020 0.5 |<Doc¢opm' (rpaBe.1uT) Je’rpmosbml
. 2B | | <0.002 | 0.064 |<0.004<0.002! <0.002 | 0.009 | 0.57 [Gyvpsii |
| 5 20 |O6u.! 0.5 020 ! - |, - | - 10030 ; 0.565 [®ochopuTcoaepkallitil NECHaHHK ci
' | ' Ne | : : l 5 | : j Ekp\nnbmu 0610MKaMU  (IeTPHTOM)!
} | ' i : | |pblo YYACTKaV.M C NOBbLILIEHHBIM CO-,
| | i | } | ; } ugpmaunew MHpHTa E
6 ! 30 0.009 013 | - I - T; - ! 0016 | 0.114 'KpynHooO0:10MO4HbIH konmorpaamm"
o | , i | ! i Ic: 00:10MKaMH NAaHUMDHBLIX pbIO. Yua-'
: ! :L * | ' | ; (CTKAaMM C MUPHTOBBIM LIEMEHTOM '
'/*Jr 1 | 0009 | 014 | - + - | - 10031 . 0338 {Toxe f
8§ | 50 | | 0.013 % 029 | - | - | - | 0036 | 0326 [Towe ]
9| 60 | 0075 ¢ 068 | - - | - : 0.080 ! 0370 |bypsic eAc3HAKK C 05.10MKAMH NaH-
L , | | | | } 'L UHPHBIX PbID |
10! 70 | | 0070 | 1.70 ;L - - - 10.060 ;| 0.530 To e |
11 8D | 0.064 : 0.4] , - - - i 0.059 : 0416 'I"H.nporc'ru'r MO0 OKKCIIEHHOMY nupwr\'
J 1 l [ i | |13 Gyvpsix pocdopuTos |

[Mpumevyairue: npobbi NeNe 1-4 npoauanusupoeaub: amomHO-abCcopbyUOHHbLIM MEMOoOCOM 6 nabopamopuu Kensckoeo HL PAH (s
3HameHamene). Ananumuk @ununneivesa /1.B. B yucnumene daHHbie UCC1€008aHUL mMex xe npob XUMUKO-CrEeKMpasbsHbiM Me-
modom e nabopamopuu cnekmpansHo20 aHanuia BHUNOkeaneeonozus (C-F16.), Aranumuk: HoxuHa: npobel NeNe 5-11 npoaHa-
nu3uposearsi NpobupHeiM Memoodom 8 nabopamopuu LUHNPN. Ananumuk A.B.Manopyeur (u3 konnexkuyuu OAQ “"Muxaldnosckuu

[OK"). Mecma ombopa npob npueedeHs! 8 mabn. 1
MaJioXKene3UCThIX 10 14,4-23,3 B oborawieHHbIX xehne-
30M pa3HOBMIOHOCTAX). BennunHa oTHoweHus Pd K
cvMMme Rh, Ru, Ir 1 Pt B Tex ke pasHOBHAHOCTAX KO-
aednercs oT 2.3-2.6 U a0 6,4-23,0 COOTBETCTBEHHO.
[TpeBblileHHEe HAA ApPYIHMYU [L1TaTHHOKWAAMH XapaKTepHO
n 118 Pt (PURh,Ru,Ir = 1,6-7,0). [ToaoOHbIH xapakTep
pacnpenesenus DIl B (ocopuTax MnO4YTH BCEUENO
NOBTOPSET O0-00CHHOCTH MNOBEACHHA MMNAaTHHOUIOB B
CaMHX KeNe3UCThIX KBapuHuTax [11, 12].

Pacnpenenenns P33 (1abn. 3 a. 0) BbiABIAET OT-
YEeTHBYIO 3aBUCHMOCTb MX KOHLEHTpAUHH OT COIEp-
AKaHuH P,Os. PochopuThl ¢ NOBLILLIEHHBIM COAEPKAHH-
eM P,Os xapakTepH3yroTCa MO4YTH MNOJYTOPOKPaTHbIM
oborawmweHnem P33 (556,3 r/t) no cpaBHEHHIO C BbICO-
KOXXEj1e3HCTbIMH, HO OenHbiMu no P.Os pa3HOBHIHO-
ctamu (cymma P33 317,8 r/1). OTv pa3nuuns OTHETIIH-
BC NPOCAEXKUBAIOTCA B BEIHUMHAX KITapKOB KOHUEHTPA-
LM HEKOTOPbLIX 3NeMeHToB — Lu (0T 3,4 10 1,8), Dy (o1
6,2 10 3,2), Eu (ot 5,4 no 2,8), La (ot 4,8 10 2,3), Nd
(o1 4,5 10 2,3), Ho (ot 4,1 10 3,1), Ce (o1 4,6 10 2.8).

[TonoOHBIFi XapakTep pacnpeleieHHs NMPUCYLL H
PalHMOaKTUBHBIM 3MeMeHTaM. Hauboiee  BbICOKHE
koHueHTpauuu U (26,36 r/T) BCTPEYaroTCs B OOraThiX
P.Os dochoputax; B OeaHbIXx  PasHOBHUIHOCTAX
cogepxaHue ypaHa B [Ba pa3a MEHbBLIC (12,17 r/1).
BakHO Tak ke OTMETHTb pe3koe mpeodnazanue U Hal
Th (U/Th=4,08) B 0OOTalleHHbIX P-0s
pyAOBMELIAIOWIMX  Moponax, BO  BTOpOM  THINE
docdopiTos U/Th oTHOWEHHE HIKE (OHO PaBHO 2.9).

[IOMUMO 3JIEMEHTOB, OMNpeIeAAIOUINX MpHUHAI-
NEXHOCTb PYyd K HOBOH YpaH-peiKo3eMelbHO-30J10TO-
TUTATHHOWAHOR PyIHOH accouMalMK, B HX COCTaBE MNpH-
CYTCTBYKOT TOBbilIEHHbiEe KOHUEHTpauudu Pb (53,37-
67,18 r/1), Zn (a0 116.2 r/T), W (B cpeaHeM 24,5 r/1).

HexoTophle reHeTHYECKHE aCIIEKThI
OpYyJeHEHHUS

M.H. AnbTrayieH B KnacCUpHUKaUMH yYpaHCOaED-
KALLUKX nopoa cpeau 135 THMOB BbiaegeT GOCHOPUTDI K
rmuHbl ¢ PocdaTi3upoBaHHbLIMH PbIOHBIMH OCTaTKaMMU,
paccMartpuBaeT CneuMPUKy TEKTOHHUYECKHX M najeo-
reorpa@HuYeCKMX YC.10BHIl HAKOILIEHUS PYIdOBMELLAKO-
IIMX TOAW H NOAYEPKHUBAET TPVIHOCTb OTIHMYHUS HH-
GHAbTPAUMOHHBIX W HHU3KOTEMNEpaTypPHbIX KOCTHO-
dbocdaTHbIX MeCTOpOXAeHHWH ypaHa {10, 15]. IIpHuuHbI
MacCOBO# rHOeNU pbld HAa 3HAYMTENbHBIX TUIOLIAAAX He
Halli;IH N1OCTAaTOYHO NOJHOro 00bsAcHeHUs [10].

[ToananeMeHTHbIE ¢ ypaHOM MECTOPOXKICHHS B
KOCTHBIX ¢ochopuTax, oboraiieHHble MUPUT-MENBHH-
KOBHUTOM, MO MHEHHIO OOJNBLIMHCTBA HCCJaea0BaTeneH
OTHOCSATCS K CHHTE€HETHYECKHM 0calouHbiM [14]. M. H.
AnbTray3eH [13] cBf3blBaeT KOHLUEHTPALMIO VpaHa B
pyaax CcO CTaliv€H paHHero anareHes3a, ypaH BXOIHT B
cocTaB 00I0OMKOB CKEJ1€TOB, N1aBHUKOB H Yellyit phlO,
C10’KEHHbIX KapOOHaT-QTOpanaTUTOM. Y paHoBas CMOJ1-
Ka M3peJKa acCOUHHPYIOT C CYibduiaMu xeiesa. [Ipu-
pojJa MCTOYHHMKA YpaHa, BEPOSATHO, 1BOMCTBEHHA — Ha-
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Coaepxanue (r/T) peakodeMesbHbIX (), peIKOMETAIbHbIX, 6J1arOPOAHLIX H APYFrHX 3/1eMeHTOB (0) B Bepx-
HeJAeBOHCKMX M1acToBbIX G0ochHOpPHTAX C AETPHUTOM NMAHLUHPHBIX PbI0 rPYMNOBLIX NPO0 H3 00HAKEHH NeNe
1,2 10ro-BocTOMHOro pnranra Muxan10BCKOro xene3opyaHoro kapnepa (ropusoHT +130 m)

La Ce Pr Nd Sm Eu Gd Tb Dy HO Er ™Tm Yb Lu

Lta Ce Pr Nd sm Eu G Tb Dy Ho Er Tm Yb Lu

pAIY C BEKOBbIM HakOIUIEHWEM B MOpcKo# Boae [10], He
HCKto4YaeTcss oboralleHde OacceifHOB BOI THAPOTEp-
MQIbHLIMHK YpaHCOAepXallUMH pacTBOpPaMH C KOHLIEH-
TPHPOBAHHEM €ro B KOCTSAX pbid nocne ux rudeau [13].
Ha npumepe uccaexyemMoro paspesa IpeacTaB-
1seTcs, 4To oOpa3oBaHHE T[UIACTOBBIX (GOCPOPHUTOB C
KpaliHe HEpaBHOMEPHON COPTHPOBKOH TEPPHIE€HHOrO
MaTeépHala U KOCTHOro AETPHTA, ¢ KOHTPAaCTHbIM CoYe-
TaHUEeM OKaTaHHbIX MENKHX O0IOMKOB KOCTEK M KpYyN-
HbIX (hparMeHTOB NaHUHPHBIX PblO, CO C.leJaMH BbIBET-
PMBAHMSA YAaCTH KOCTHBIX OCTATKOB M MX 30HAJIbHOH
docaruzauderi onpeaenseTcs, B NEPBYIO OUEPED,
KpaiHe HeCTaOWIbHONW TEKTOHHYECKOHN aKTMBHOCTbIO H,
Kak cleaCTBHE, YCIOXHEeHHEM Mopdonorvu IHa Mel-

a 0
iB.WCMCHTﬁ'M-(D-I(A'*B)TM-(D-Z(A“’B) 2nemeHT| M-O-1(A+b) M-¢-2(A+B)]3:|e.~|em 1'\/1--(D--](z5\‘+'5):F M-¢-2(A+B)1
. La {8 514 ! L 6.5 7.66 { Rh 0.02 0.1 :
T Ce | 21 26 ] Be | 564 356 | Pd 042 | 018 |
{ Pr i 73 4 132 Sc ! 0 O AE 2.77 4.1 ’
N4 105 58 6 Ti | 969 661.9 Cd 1.12 0.76
~ Sm 549 34 v | 2303 160.9 Sn* 0.69 0.27
! Fu . 653 3374 | Cr ll 12.59 i 12.36 . Sb* N 0.73 0.45
—Gd T 29 155 Mn_ | 4290 | 3917 Te | 0 | 0
T To | 433 239 " Co 2784 | 34.84 Cs 0.29 0.32
" Ho | 532 575 | Cu 1623 ! i015 | Hf | 1.1 0.83
Er | 155 2 6 . Zn 1162 | 60 | Ta | 033 025 |
f Tm } | 97 113 Ga ] .&2 ] 1.62 4 \"Y E 24.6 1 24.5 |
T Yb | 118 639 Ge | 091 | 173 Ir | 004 | 0.0l
" 1 69 091 Rb | 447 | 575 Au__ ' 0.l 0.11 |
St | 4645 263.1 T 0.6 0.53 |
[lpumevaHue: AHanu3bl 6bINoJIHEeHb! Memo- I > | ! =
dom ICP - Ms (mabn.3a) u ICP (mabn. 36) s ; " ' ]2324;)4 ?22? Pt:) , 6718 | 33'3_7 —
nabopamopusx UFEM. Ananumuxu: C.A.lop- r : — ,B‘ 0.29 0'43 ,
baveea, B.[]. Cudensrukosa, /1.C.L{umMnaHckas Nb 2.42 ! 1.83 | Th D.45 4.25 |
Mo 0.66 063 | U 2636 | 1217 |
1000 ._ _ —_ — e :LoT - — -
- S
Q
S
— ~
(3 c
S =
<
‘ <
-
; & 1 2 3 4 5 6 7
! c —.—---“_L —~— —_——  —— Ce - -~
16 . . ! 0,1+ f ' - -

La' Ce Prr Ndv Sm' Euv Gd Tb‘ Dyﬁ Ho Er Tm Ybﬁu:z
Puc. S. Xapaxrep pacnpene;ieHus peaKo3eMeJIbHbIX
3.1EMCHTOB HOpMHpOBaHHOe K XxOoHApUTY Cl (Sun
and McDonough, 1989) u rannam naardpopm (ba-

naiuoB, 1976) B pynonocHbix ¢ochopuTax neBoHa

MuxaiiaioBckoro mectopoxaeins KMA: gocgopumsi:
1 - npoba M-O-1(A+6); 2 - npoba M-®-2(A+5); cpedHee no
accoyuayusim obosiHckod cepuu [18, 19): 3 - bpsaHckan, 4 -
poccowaHckasa, 5 - OOHckasi, cpedHee no nodceumam
kopobkosckou ceumsi [20]: 6 — HuxHAs cnaHueeasn, 7 -
8€DXHAA Cnaryesas

KOBOAHOIO0 MOPCKOro daccefHa ¢ TeHAeHLHeH nmporpec-
CHPYIOILEH DErpecCHH B YCJIOBHAX 3HAYUTEJILHO pac-
YyneHeHHoro penseda (¢ nepenaaom BeicoT o 60-120
M) MJOLAAEH CHOCa KPUCTALIMYECKOro CyOCTpaTa M
0CaJO4YHbIX MOPOA Naneo30s peyHOU CETbIO C H3IMEHYH-
BbIM 0a3HcoM 3po3uu GeperoBoit 30Hbl. O reTeporex-
HOH MPHPOAE HCTOYHHKOB MNOCTYIUIEHHS PYAHLIX 3Ji€-
MEHTOB B M3BECTHOH ME€pE CBHIAETENbCTBYIOT rpaduku
pacnpeaeneHls P33, npu 3toM Haubosiee OIU3KHMMHU
OKa3blBAlOTCA TPEHAbI pacnpenenenns P33 [16, 17]
$ocPOpHTOB HE TONBKO K MOponaM apXeHCKOro OCHO-
BaHHA [19], HO, Npexxae BCero, BHYTPHPY.IHbIM CaHUaM
KOPOOKOBCKOH CBHTBl KYPCKOH X€i1€30pYAHON cepHH

(puc.5).



Tloneznvie uckonaemsie

HanpmkeHHbIA ypOBEHb JHEpPreTHKH ¢H3IHKO-
reorpadpHyeckHX nNpoOLECCOB ONpene/fl H3MEHEHHe
COJIEHOCTH BOA MOPCKOro 0OaccefiHa, MYTHOCTH BOAbI,
COPTHPOBKH 0OCanKOB, YCJOBHA AKH3HH [L1aHKTOHA.
MOpPCKON ®Opbl H YCAOBHUHA XKH3HK PbIO, 4TO NPUBOIH-
0 MX K MaccoBOH rHbOEIH Ha KOPOTKHX BPEMEHHbIX
3Tanax B OrpaHHYEHHbIX IUIOWANNX, HHOrda OTWHYpPO-
BaHHbIX 0accefiHOB. ECTeCTBEHHO nonaraTh, YTO TAKHe
[LIoWaaH TEKTOHHYECKOA AaKTHBHOCTH C MacCCOBbIMH
3aXOPOHEHHAMH NAHUMPHBbIX PbI0 XapaKkTepH30BAIHCH
bonee GnraronpHATHLIMH NS NMPOABAECHHUA JHIOOTEHHBIX
GIIOHIHO-THAPOTEPMATTbHBIX MNPOLECCOB, OMPEAENAIO-
XX TOJHreHHbIH H MONHIJEMEHTHbIH COCTaB Opyle-
HEHHS B BEpPXHEANEBOHCKMX (OCPOpHTAX paccMaTpH-
Ba€MOro THna B pa3pe3e BOpOHeXCkOW aHTEK/In3bI.

PynoHocHble acTeponennibl H3BECTHbI Takke [7]
B Beankobpuranuu, Lllotnanaun, benwvrun, Ilpubantu-
ke, Ha TumaHe, B benapyccuu, Kazaxcrane, CLLA
(wratsl Heio-Hopk, Hesana), B 3anaanoit ['pernanaun,
Ha 0. llUnuubepreH, B Hpane, Knrac. B AscTpanuu
(KBnuncneHn, KaHHHr) actpeponenuibl YCTaHOB/CHbI
[7] Tonbko B cpeaHeM aeBOHe. PacuBeT acTposiennios
OIS CEBEPHOTO MOJTYLUAPHUA NPHYPOYEH K Havary ho3a-
Hero aeaoHa. OTMeYeHHbie perHoHbl MUpa (Kpome A¢-
PHKH H IOXHOHN AMEpPHKH) NpH HaIHYHH OMpeEaeliCH-
HbIX CTPYKTYPHO-I€0JIOTHYECKHX KPUTEPHEB H YCIIOBHH
PEHTa0ENbHOCTH AOOBIYHLIX FOPHO-PYAHbIX paboT MO-
YT pacCMaTpHBaThCsl MOTEHUMAbHO MEPCTEKTHBHLIMH
IVI YCTAHOBJIEHHS MANIE030MCKHX PYIHbIX KOCTHOQOC-
dbaTHbIX ru1acToBbiX [14] NOMHINEMEHTHBIX MECTOPOK-
IeHHA peakux 3eMesb, 01aropoaHbiX METalnoB, ypaHa
H pocdaTos.

Pabomw 6binoanenol npu @urarcoéou hoo-
depocke PODH, cpanm Ne 04-05-6488, « Ynusepcume-
mel Poccuun», epanm yp.09.01.005;, epanma Murnobpa-
308anur Poccuu (C-116) E02-9.0-54.
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