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BBEJEHUWE

B MoHorpaduu paccmarpuBaeTcsi COBPEMEHHOE COCTOSIHME METaVIOT€HUHU pajio-
AaKTUBHOI'O 3JIEMEHTA TOpUS, €r0 Pecypchl U BO3MO)KHOCTH HUCIOJIb30BaHMsI B OTEYe-
CTBEHHOM U 3apyOexHOi siepHOM sHepreTuke. Kparko oxapakrepu3oBaHbl T€OXHMUS,
MUHEpaJorus, MUHepaJlbHO-ChIpbeBast 0aza Topus. [lokazaHo pazHooOpasue ero (op-
MAaIMOHHBIX U T€0JIOTO-IIPOMBIIUICHHBIX TUIOB. B 0CHOBE paboThI JIEXKUT aHAIU3 Teo-
JIOTHYECKUX, TeO(PU3MUECKUX, TEOXUMUYECKUX U JIPYTHX JIOCTYIHBIX aBTOpaM Marepua-
JIOB TI0 TOPUIO, BBIIIOJHEHHBIN BEAYIUMH CIELUAINCTAMU OT/EJIa FE€0JIOIMH YPaHOBbIX
MectopoxaeHui u paguoskonoruu BCEI'EUN. Cobpannas aBropamu nHGOpMAIIHS OTO-
Opa)xaeT COBPEMEHHOE COCTOSHUE JeJl C TOPHUEM KaK JOCTYHHBIM MPUPOAHBIM ChIPb-
€M — TOIUIMBOM JJIsi aTOMHBIX 3JIEKTPOCTAHIIMI.

B BBOAHON 4YacTH pacKpbIBaIOTCS NMEPCIEKTUBBI MCIONb30BAHUS TOPUS B sIEPHOMU
sHepreTuke Oymymero. TexHHUYecKuil KoMuTeT MexIyHapOoAHOTO areHTCTBa IO aTOM-
Hout sHeprun (MAT'ATD) B konie XX B. Hayaa U3yuye€HHWE MUPOBBIX 3allacoOB U PECyp-
COB TOpHS, a TAaK)K€ HAMETWJI aKTUBU3AIUIO JAJBHEHWIINX HCCIENOBAaHUNA B 001acTH
HCIIOJIb30BaHUS TOPUEBOI0O TOIUIMBA B PA3JIMUHBIX TUMAX SACPHBIX PEakTopoB. B psne
crpan (CIIA, Kuraii, Uaaus) yxe pa3paOboTaHbl U peaau3yloTCs Ha MPAKTUKE OIBIT-
HbIE peakTophl, padoTaoIe Ha OCHOBE TOPUEBOI0 TOILIHMBA

B ocHOBHO# yacTi pabOThl KpaTKO M3JI0KEHA MCTOPHUS M3YYEHUS TOPUEHOCHOCTHU
tepputopun PP, paccMOTpeHB! BONPOCHl T€OXMMUU U MUHEPAJIOTUU TOPHUs, BblIEIE-
HBI 3MO0XM TOPUEBOIO pPyn000pazoBaHUsA. ABTOpaMM pa3paboTaHa U MpeUIoKeHa IS
MPUMEHEHHU KiaccuuKaiys BeAyIUX TUIIOB MECTOPOXKACHHUIM Ha (OpMAIIMOHHOI OC-
HoBe. JlaHa XapakTepUCTHKa TOPUEBOPYAHBIX M TOPUEHOCHBIX (hOpMaLUii, TIPOBEICHO
parionupoBanue teppuropur PO Ha TOpul HA OCHOBE COBPEMEHHBIX IPEACTABICHUI
Metaiorennuecko mkonsl BCEI'EM. Oxapaktepu3oBaHbl BeIylIUE TI'€0JOT0-IPo-
MBIIIJICHHbIE TUIBI MECTOPOXKACHUN TOpUs Ha OocHOBe kiaccupukanun MATATO nns
Pa3IMYHBIX PETUOHOB MUpA.

B 3akiroueHnn 1aHbl pEKOMEHJAIUH 110 JaJbHENIIEMY U3yUYEHUIO TOPUEBBIX U KOM-
IUIEKCHBIX PEAKO3EMENIbHO-PEAKOMETANIBHBIX C TOPUEM OOBEKTOB, a TAKXKe M0 HaIlpaB-
JICHUSIM MTPOrHO3HO-TIOUCKOBBIX paboT, Oa3UpPYyIOMIMXCS HA COOpaHHBIX JaHHBIX 00 OTe-
YECTBEHHBIX TOpHUIiCOIEpKAIUX U TOpHUEBbIX 00bekTax (1570 0OBEKTOB pazIMUHOTO
Maciitada).

ABTOpBI OnarofapHsl COTPYIHUKAM OTAEIa TI'€0JOTHMHM YPAHOBBIX MECTOPOXKICHUN
n pamuoskonorun E. A. ApcentseBoil, E. H. ApanacneBoii 3a momomp B 00paboT-
K€ JINTEpaTypHBbIX JAHHBIX W JAupeKTopy IIporHo3HoO-mMHHEpareHH4eckoro IEHTpa
BCEI'EN B. B. IllaroBy 3a nNOoArOTOBKY PYKOIMCH K II€YaTH.



I'maBa 1. HEPCIIEKTHUBbBI UCITOJIB3OBAHUSA TOPUSA
B OTEYECTBEHHOW SIAEPHON YHEPTETUKE

Crparerust pa3BUTHs JEpHON PHEPreTHKHN Kak B Poccum, Tak 1 3a pyOexoM MpeaycMaTpuBaeT
BBEJICHUE SJICPHOTO TOIUIMBHOTO LIMKJIa HA OCHOBE TOpUs (TaK Ha3bIBAEMOI'0 CMEIIAHHOI'O TOIJIUB-
HOTO LIMKJIA) C UCTOJIb30BAHUEM ITPUPOIHBIX N30TOIIOB YpaHa U TOpHUs: ypaHa-235, HCKYCCTBEHHBIX
w1yToHus-239, ypana-233 u Topus-232 B peakTopax Ha TEIJIOBBIX M OBICTPBIX HelTpoHax. U ecnu
Yy4€CTb, UTO 3aIlachl TOPUSA B 3€MHOW KOPE 3HAYUTEIIBHO MPEBOCXOAAT 3alachl ypaHa, TO OTKPbIBa-
I0TCS HIMPOKUE TEPCIEKTUBbI MCIIOJIb30BAHUS €r0 B aTOMHOMN TexHUKeE [44].

[IpaBurensctBoM Poccuiickoit @enepanyu B 2001 1. yBepxkaeHbl « OCHOBHBIE TIOJI0KEHUS YHEP-
rerudeckoil crpareruu Poccun 10 2020 r». OTUM TOKYMEHTOM IpeayCcMaTpUBalICs POCT OOIEro
sHepromnpousBoacTBa B Poccun B 1,8 pa3a npu yBeIWYEHUH JOJU aTOMHOM SHEpPreTuku ¢ 12 mo
21%. T'ogoBoli pacxoa MPUPOAHOIO ypaHa Ha SHEPreTHUECKHE HYX /bl JOJKEH MPH 3TOM YBEIu-
guthest B 1,8-2,3 paza. K coxanenuto, 3a nocnenuaue 30 et B Poccun He ObUTO OTKPBITO HU OI-
HOTO YPaHOBOT'O MECTOPOXJIEHHSI, CIIOCOOHOTO 00eCIeunTh MPUPOCT 3aMACOB ChIPhS JUIsl AaTOMHOM
sHepreTuku. C nonoOHOM mpoOiIeMoii CTaIKUBAIOTCSI MHOTHE 3apyOeKHbIe CTPaHbl, B CBSI3HM C YEM
B HEKOTOPBIX M3 HUX BEIYTCS Pa3padOTKH IO MCIIOIB30BAHUIO TOPHUS B KAYECTBE aJIbTEPHATHBHOTO
ypaHy ChIPbEBOI'O MarepHasia AJjisi aTOMHON 3HEpPreTuku [69].

Topuii umeeT CyleCTBEHHbIE IPEUMYILECTBA 110 CPABHEHUIO C NPUMEHSIOUIMMCS YpaH-IIITyTO-
HUEBBIM TOIUIMBOM. OHHU BKIIOYAIOT 9KOHOMUYHOCMb — TOPHUS HYKHO IPUMEPHO B JBa pasa
MEHbIIE, YeM ypaHa, /I IPOU3BOACTBA TOTO e KOJIWYECTBA SHEPTUU, DE30naACHOCMb — JIEPHbIE
peaxkTophl Ha TOPUEBOM TOIUTHBE OoJiee OE30MacHbl, YeM Ha YPaHOBOM, ITOCKOJIbKY HE 00JIaatoT 3a-
IaCOM PEaKTUBHOCTH, BCIEICTBUE YEro HUKAKHME pa3pyllIeHHs alnapaTypbl peakTopa He CIIOCOOHBI
BBI3BATh HEKOHTPOJIMPYEMYIO LIETTHYIO peakiuio (B mpouwiom ocratorcs YepHoObuts u dokycumal).
Ha Ga3e Topust BO3MOXHO CO3/1aHUE PEeaKTopa, He TPEOYIOIIETo mepe3arpy3ku TOIUINBA; TaKoW pe-
akTop MoxeT paborare 6e3 nepesarpysku 20-50 netr — ydobcmeo [78].

[lepcnextuBusie HUOKP no ucnone3oBaHuio Topust B siepHOM sHepretuke (S3) Bemyrcs
B HalpaBJIEHUU pa3pabOTKM HECKOJIbKUX KOHILEMIUI MEepPCHEeKTUBHBIX PEAKTOPOB, BKJIIOYAs BbI-
COKOTEeMIIepaTypHbIil razooxiaxnaaeMbiii peaktop (BTI'P); peaktop Ha pacruiaBIeHHBIX COJSX
(KCP); kananpnblii peakrop TMna CANDU; nepcniekTuBHBIN TspkenoBoaHbl peaktop (AHWR);
ObICTpBIN peakTop-pasMHOXkHTENb (BP); TepMosepHble U 3MEKTpOsiiepHble UCTOYHUKH HEUTpO-
HOB C DKpaHaMHU Ha OCHOBE TOpHS B pacIUlaBax Cojley W B TBepAoM Buze. IIpoBomsarcs paguanu-
OHHBIE HCIBITAHUS C LIEJBI0 ONPEENIEHNUs BO3MOKHOCTEHW MPOMBIIIJIEHHOTO HCIOIb30BAHUS TO-
pUI-ITyTOHUEBOTO OKCHJHOTO TOIUIMBA B DHEPIETUYECKUX peakTopax. Y TOpHUS HET AEIALIMXCS
U30TONOB B OTIMYME OT YpaHa, OJHAKO JJIsl MEepBOrO IycKa TOPUEBBIX PEAKTOPOB HEOOXOAUMO
HCTIONB30BaTh TOTuMBO W3 233U, Ilom Bo3AeiicTBMEM HEHTPOHHOTO MOTOKa B 232Th HakarnBaet-
Csl OCHOBHOM sJIEpHBIN TOIIMBHBIA 31eMmeHT 233U. B ciiydae ucronb30BaHus TOpUs B SAEPHOM
SHEpPreTUKe MUPOBasi MOTPEOHOCTh B HEM PE3KO BO3PACTET, YTO B UTOTE BBI3OBET HEOOXOAMMOCTD
MIOUCKOB U OCBOEHHS TOPUEBBIX MECTOPOXKJIEHUH, MpPEeACTaBICHHBIX Pa3HOOOpa3HBIMU I'€HETHYe-
CKUMH ¥ (OPMALMOHHBIMU THUIIAMH.

[To muenuto cnemnuanuctoB Pocaneproaroma [78], simepHas SHEpreTHka B HACTOSAIIEE BPEMs
BCTYIIAeT BO BTOPYIO a3y CBOETO pa3BUTHA, B KoTopol 233U paccMaTpuBaeTCs HE KaK OCHOBHOM
VCTOYHMK MOJYYEHMsI SHEPTUU B SACPHBIX PEAKTOPax, a KaK UCTOYHUK HEMTPOHOB M CBOETO poza
MHBECTULIMOHHBIN MOTEHIMAI Il IOCTPOEHUSI CUCTEMBI SJIEPHOM SHEPreTUKHU, ClIOCOOHON 3 dek-
TUBHO MOJTy4aTh 3Hepruto 238U u 232Th. Ecim 1u1st peakTopoB Ha OBICTPBIX HEUTpOHAX Hanboee -
(eKTUBHBIN TOTUIMBHBIA IIMKJI MOKHO OPraHU30BaTh MPHU UCHONb30BaHNH 238U B KauecTBe MpPaKTH-
YEeCKH HEOrpaHMUEHHOI'0 3HEpPropecypca, T0, YUUThIBas peajbHO CKIAIbIBAIOLIYIOCS Ha ONvKai-
IIME HECKOJBKO AECATWIETUH MHUPOBYI0 KOHBIOHKTYPY, MOKHO IIOJIaraTh, 4TO I'OPa3l0 BBITOJHEE
B Ka4e€CTBE SHEPreTHUECKOro pecypca CTAHOBUTCS BOBJICUEHUE TOPHSI B SACPHBIA TOTJIMBHBINA LIUKJI,
MOCKOJIBKY OH 3¢ (deKTuBHEe, 0 CpaBHEHUIO ¢ 235U, B3aMMOAEUCTBYET C HEHTPOHAMHU B TEILJIOBOM
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criekTpe. B monp3y Takoro BbIBO/Ia CBHJIETENBCTBYET PE3KO BO3POCIINN UHTEPEC B MUPE K UCTIONb-
30BaHUIO TOPUS B Pa3IMUHbIX TUIAX peakTopoB. Haia crpana Hakomuia y>ke OMbIT POU3BOICTBA
1 00JIy4eHUs] TOPHEBOTO TOIUIMBA. JIOCTUTHYTHIE 3@ MOCIEIHUE TOIBI YCIIEXH U UMEIOIIUNCS OTIBIT
pa3paboOTKU U CO3IaHUs TEPMOSACPHBIX peakTopoB (Hampumep, MTOP) mo3BonsioT B KauecTBe
MacHITa0HOTO MCTOYHHWKA HEUTPOHOB B TOPHMEBOM TOIUIMBHOM IIMKJIE pacCMaTpuBaTh TMOPUIHbBIE
TEPMOSIIEPHBIE YCTAHOBKU C TOPUEBBIM >KHUIKOTOIIMBHBIM OJIaHKETOM. PaccunThIBaTh Ha yCHEIIHOE
BHEJJPEHUE TOPUS B SACPHBIM TOIUIMBHBIA IIMKJI B Halllel CTpaHe peajbHO MOXHO B 0003pHUMOI
NIEPCIIEKTUBE Ha CIEAYIOIIUX IUIaHUPYEeMbIX dTanax [78].

B 6nuxcaviwue 10 nem mnpemycMarpuBaeTcsi UCIOIb30BaHUE TOpHs B cCyliecTByromux BBOP
u BH (11erkoBoiHBIX peakTopax M peakropax Ha ObICTPBIX HEUTPOHAX) /Ul YAYUIICHUS UX DKCILTya-
TAalMOHHBIX XapaKTEPUCTHK M 0e30macHOCTU padOoThl, MPAKTUYECKU 0€3 U3MEHEHMSI UX KOHCTPYK-
uH (100aBICHUS TOPHS Ul YIyYLICHHUS TEeIIONPOBOJHOCTH, YBEJINYCHUS TEMIIEPATypPhI IUIaBIIe-
HUS, CHUKEHUS TeMIIepaTypHOTrO paclIMpeHHs TOIUIMBA, YMEHBIICHHs BbIIEJICHHs ra3a moj 00o-
JI0YKY). DTO MO3BOJUT HAKOIUTH TEXHOJIOTMYECKHE 3HAHUS U MPAKTHUECKHUM 3KCIUTyaTallMOHHbIN
OIIBIT JUIsl pabOThl C TOPUEM Ha CIEAYIOUIMX 3Tarax U NPUHLMIINAIBHO PACIIUPUTH BO3MOKHOCTH
paboThI JIETKOBOAHBIX PEAKTOPOB B IJIAHE COOTBETCTBUS TPEOOBAHUSAM DPA3BHBAIOLICIHCS CUCTEMbI
sanepHoit suepretuku (Cynep-BBOP).

B cpeonecpounoii nepcnekmuse (2030-2050 22.) HeoOXoauMa ONITUMU3AIUS KOHCTPYKITUU U pe-
KUMOB pa0OThl TB3JIOB, TEIJIOBBIIEIAIOIINX COOPOK, aKTUBHON 30HBI CYIIECTBYIOLIUX PEAKTOPOB
C Y4ETOM BO3MO)KHOCTH Hcnonb30oBanus Th u 233U ans yaydiieHus: 6€301MacHOCTH U SKOHOMUYHO-
ct ADC, CHUKEHHs] CKOPOCTH HapaOOTKU TPAHCYPAHOBBIX HYKIIUJIOB B CUCTEME sIJICPHON HSHEpre-
tuku. [IpenycmarpuBaeTcsi aHaiau3 BCEBO3MOMKHBIX TOIUIMBHBIX LIMKJIOB, TUIIOB TOIUIMBA, pa3ivy-
HBIX THUIIOB SIIEPHO-3HEPTETUUECKUX YCTAHOBOK, IIPY 3TOM B pa3IMYHbIX KOMOMHaLusAX. JloBenenue
TEXHOJIOTHUECKUX 3aJeJIOB 10 NepepadoTke 0OIydeHHOro TomuBa, coaepxkamiero Th u 23U no
MIPOMBIIIUICHHBIX MAacCIITa0OB, OTKPOET JajbHeillre 3QPEeKTUBHBIE MyTH PEIIEHUS MHOTHX Ipo-
0J1eM sJIEpHOT0 TOIUIMBHOIO LIMKJIA, B YUCJE KOTOPHIX BO3MOKHOCTH PACUIMPEHUSI UCIIOIb30BAHUS
BBICOKOTEMIIEPATYPHBIX U KUAKOTOIUIMBHBIX PEAKTOPOB, YBEJIMYEHUE HEUTPOHHOIO IMOTEHLHUaa
CHCTEMBI SIJICpHON HHEPTeTHKH, OOJerdeHue MmyTel pemeHus npodaeMbl OKOHYATEIBHOTO 3aX0po-
HEHUS PaJUOAKTUBHBIX U JPYTUX OTXOJOB.

B oonzocpounoii nepcnexmuee (oanee 2050 2.) — uccienoBaHue U CO3/IaHUE CIIOCOOOB HapabOT-
k1 233U Kak B KpUTHUECKHUX, TaK U B MOJAKPUTUYECKUX PEAKTOpPaX C UCIOIb30BAaHUEM TEPMOsEp-
HBIX M JIEKTPOSAJIEPHBIX MCTOYHUKOB HEUTPOHOB B JKUIKOTOIJIMBHBIX CHCTEMAX; pa3BEepPThIBAHUE
MOJTHOMACIITAOHOTO BOBJICUCHMSI TOPHS B SACPHBINA TOIUIMBHBINA LIUKI KakK JIJIsi PEaKTOPOB Ha Te-
IUIOBBIX HEUTPOHAX, TaK U B PEAKTOPAaX Ha OBICTPHIX HEHTPOHAX C TOPUEBBIMHU 30HAMHU BOCIPOU3-
BozcTBa [69; 78].

B snepreruueckoit crpareruu PO craBurcs 3anaya st AD — 10CTUTHYTh BenuuHbl 52—62 I'Bt
K 2030 r.; Ipu 3TOM OLIEHKH 3KCIEPTOB CBUJAETENBCTBYIOT 0 focTmxeHuu ~ 90 I'Bt k 2050 r.

[IpakTUueckoe pelnieHne MOCTABICHHBIX 3aja4 MPOBOAMIOCH Ha Bceepoccuiickom pabodyem co-
Bemanuu «Topuit-2012» (24-25 anpens 2012 1., UDXD PAH), rae o6cyxaannucy BOPOCH! OATO-
TOBKHM MCXOJHBIX JAHHBIX JUISl pa3paOOTKU KOHIIETIMU BOBJICUCHUSI TOPUS B 3aMKHYTBIN SACPHBIN
TOILTUBHBIN LUK (mpoekT Pocatoma).

[Ipu 3ameHe ypaHOBBIX TB3JI0B Ha TopHeBble HA ADC MOXHO JOCTHYb JABYKPATHOTO yBEIHYE-
HUSl DHEPTHUH, MOJIy4aeMOil CO CTaHJapTHOro oO0beMa aKTUBHOM 30HBI peakropa. CeronHs Onuke
BCEX K CO3/[aHHIO TOPUEBON PHEPTETHKH M MEPCIEKTUBHOIO rHOpuaHOoro peakropa B Poccuu mo-
nomen HULL «KypuaroBckuii mHCTUTYT». Poccuiickas saepHas HEpreTuka C HCIOJIb30BAaHUEM
TOpUSL MOXKET pa3BUBAThbCS MO HECKOJIbKUM BapuaHTaM. Camblii POCTON MyTh — HCIIOJIB30BAaHUE
yxke ocBoeHHbIX B CHI' tunoB peaxkropoB (BH — peakropsl Ha ObicTpbix HelTpoHax u BBOP —
JIETKOBOJIHBIN SHEPreTHUECKUil peakTop). Mexay Tem 3a pyOexoM pa3paOoTaHbl U pean30BaHbI
Ha MPAKTUKE PEaKTOPhl C UCIOJIH30BAaHHMEM TOPHUEBOTO TOIUIMBA (JIETKOBOAHBIE M BBICOKOTEMIIEpa-
TypHBIE Ta300XJaxaaeMbie, oka3apmme cedst B padote B CIIIA u 3amannoi Epone). B Unnun —
CTpaHe C OrpaHUYEHHBIMH 3allacaMM MPUPOJHOTO ypaHa, HO MUPOBOM JIMJEPE IO 3aracaM TOpHsl,
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B 1996 r. B Kanmmakkame (mrar TamuiiHajg) 3amylieH SKCIEPUMEHTAIBHBIM HCCIEA0BATEIbCKHIMA
peaktrop Kamini, paboraBmuii Ha 233U, momyderHoM npu ooiydeHuu ThO,. [lepBsiM B Mupe peak-
TOPOM, B KOTOPOM B aKTUBHOI 30HE MCHOJIb30BAJICS HE OOEIHEHHBIH ypaH, a TOpUl, ObLI MEepPBbI
sneprotnok ADC «Kakpamap» B mrare I'ymkapar [69].

B 2012 . MATATD BbillycTUIO B cepUU «ATOMHAasl 3HEPrus» IMyONHMKaLUIO, MOCBALICHHYIO
poJii TOpHUsl B TOIUIMBHBIX Iukiax Oymymiero [102]. B oTaenbHyO maBy JOKyMEHTa IOMEIICHBI
pa3MYHbBIC TPEATIONIOKECHUS O TOM, KaK TOPHI MOXKET OBITh BIMCAH B TOIUIMBHBIC IUKIIBI aTOMHOMN
sHepreTuku. JleranbHo pa3obpansl npemioxenus Poccun, Kanaasl 1 AMepuku.

B Poccuun npegycMoTpeHsl iBa CLUEHApUsl pa3BUTUSL aTOMHOW 3HepreThku B XXI B — MHHOBa-
LIMOHHBIM W 3BOJIOLHMOHHBIN. B mepBoM M3 HUX NpeanosaraeTcss BHEAPEHUE 3aMKHYTOIO IMKJIA
1 OBICTPBIX PEAKTOPOB, BO BTOPOM — COXpPAaHEHHE OMOPbI Ha TEIUIOBBIX ammaparax. B sBosonnon-
HOM CLIEHApUU CyMMapHbIe IOTPEOHOCTH B ypaHe OyayT pe3Ko BO3pacTaTbh U MPUMEPHO K cepenu-
HE BEKa CPaBHSIOTCS C U3BECTHBIMU YPAHOBBIMU 3amacaMu Ha teppuropun Poccuu. B peansHocTH
¢ neuIMUTOM ypaHa Halla cTpaHa CTOJIKHETCS €Ll paHblle, Tak Kak Poccus skcropTupyer ypaH
B COCTaBE SIAEPHOrO TOIIMBA. MIHHOBAIIMOHHBIN CLIEHAPUN TEOPETHUUECKH MO3BONIUT Poccun He 3a-
BHUCETh OT UMIIOPTA ypaHa HA MPOTSKEHUU Bcero croyietus. Ha mpakTuke u 31ech MOTYT BO3HHK-
HYTb MPOOJIEMBI U3-32 HEOOXOIMMOCTH MPOJaBaTh AJEPHOE TOIUIMBO 32 PyOeK.

Pemare npobnemy nedunura ypaHa BO3MOXKHO paziu4HbIMU criocobamu. OAMH U3 HUX, BbI-
DISASIUN BeECbMa IIPUBIIEKATENIbHO, — YacTUYHBIA nepeBol BBOP Ha topueBbiii nuki. BaxHblil
BOIIPOC B ATOM CiIy4ae — Ijie mpou3Boauts 233U? 3to MoxHO ObL10 OB nenate B BBOP ¢ ypan-To-
PHEBBIM WJIH ILTyTOHUI-TOPUEBBIM TOILUIMBOM, JIUOO C TOPHEBBIX OJTAHKETOB OBICTPHIX PEAKTOPOB.
Topuii B O1aHKETaX MOXET OBITh KaK B METAJUTMYECKOM, TaKk M B okcuaHou (opme. Ilo pesynbra-
TaM CpPaBHEHHUS BapMAHTOB IPUBJIEKATEJIEH CLIEHAapUil, B KOTOpoM 233U HapaOaTbIBaeTCsl B TOPUEBBIX
O1aHkeTax OBICTPBIX PEAKTOPOB, a 3aT€M UCIOJb3YyeTCs B KauecTBe ToruuBa a1 BBOP. Ilpu stom
BbIICTISIEMBIN U3 MaTepuia OnaHkeToB 233U MOXHO JOMOIHUTENBHO pa30aBisaTh 00CTHEHHBIM WIIH
pereHepupOBaHHBIM YPAHOM, CHUXKasi KOHIeHTpauuu 233U 1 TeM caMbIM paJiMalliOHHYIO OMACHOCTh
TaKOro TOILJIMBA.

[To Munuu B nokymente MAT'ATD copepkuTcsi 10CTaTOYHO NOAPOOHOE OMMCAHUE HEUTPOHUKHU
U aKTUBHOW 30HBI peakTropoB AHWR, cTpouTenbcTBo mepBoro 010ka ¢ KOTOPHIM MOXKET BCKOPE
HauaThCsl B 3TOM cTpaHe. [IpuBoasTCS Takke NaHHBIE C PE3yJbTaTaMH HEUTPOHHO-(PU3UUECKOTO
MOJIETIMPOBaHMs pa3inuHbiXx BapuaHToB TopueBbix CANDU, pa3zpaborannoro B Kanane. Jlana uH-
dopmarus o pesynbrarax pacdetoB TopueBoro PWR cnenmanucramu FOxuoi Kopewn.

PacnpoctpaneHHOCTh TOpUs B MPUPOJE MO CPABHEHHUIO C YPaHOM, €r0 XUMHUYECKH WMHEPTHAs
MPUPOJIA, XOPOIIas TEIUIONPOBOAUMOCTb M BBITOJHbIE HEUTPOHHO-(PU3NYECKUE XapaKTEPUCTHKU
JIEJIal0T TOIJIMBHBIE LUKJIBI C MPHUBJICUEHUEM TOPUS NPUBJIEKATEIbHBIMM JUIsl AaTOMHOM OTpaciu.
B mupe nponomxkatorcss uaecturinu B HUOKP no TopueBomy TommnBy U cobuparorcst 0asbl AaH-
HbIX. Ha3piBaTh 3penbiMu TeXHOIOTUU (abpUKalliu TOPUEBOTO TOIUIMBA CErOJHS Helb3s. TOYHO
TaK K€ HEJIb3s1 U CYUTATh JOCTAaTOYHBIM HAKOIUICHHBIE JAHHBIE 110 MTOBEAECHUIO TOPUEBOTO TOILIH-
Ba moj oOiyuenueMm. Tem He MeHee (OPMYIHPYETCS BBIBOA, YTO YK€ CETOIHS €CTh JOCTATOYHO
3HAHWUW W OMBITA AJIS TOTO, YTOOBI TEXHUYECKH PEan30BaTh MCIOJIH30BAHUE TOPUEBOTO TOILIMBA
B OTKPBITOM TOIUIMBHOM IIMKJIE B JIETKOBOJHBIX M TEXKEJIOBOJHBIX peakropax [102].

Kananckuit B3msi1 Ha TpoOJIeMy MCTOIb30BaHUS TOPUSI HE MEHEE MHTEPECEH, YeEM POCCUNCKHM,
IIOTOMY 4YTO y aTOMHOH OTpaciii 3TOW CTpaHBl €CTh 0C00as 4epra — aKLUEHT Ha TSHKEIOBOIHYIO
SHepreTuky. BoBiekaTs TOpUil B TOIUIMBHBIN LMK KaHAALbl IpeIaratoT MmyTeéM OCBOEHHUs MpPO-
W3BOJICTBA TOIUIMBA, MPEACTABISIONIET0 COOOM TOMOT€HHYIO CMECh OKCHJIOB JIByX WU Oojee Ts-
JKeNbIX MeTauioB. Ha ceromnsimmamii neHp kaHajckue peaktopsl Tuna CANDU paboTtaroT TONBKO
Ha MPUPOJHOM WK cI1ab0000raieHHoM ypaHe. A B cOCTaB TOMOI€HHBIX CMECEH, KpoMe Takoro
ypaHa, MOIJIM OBl BXOJAMTH OKCUIBI TOPUS, IITyTOHUS U 233U.

VY koponesckoii kopriopaiun AECL Hakoruiena Heruioxasi 6a3a 3HaHUHN MO Pa3IUYHBIM acleKTaM
BOBJICUCHUSI TOPUS B TOIUIMBHBIA LUKI. [IpuBoAsTCS naHHble MO O0TOOpPY pe3yJbTaToB OOIydYEeHHUS
TOPUEBOTO, YPaH-TOPUEBOIO U TOPUM-IITyTOHUEBOrO TouiMBa B Kanaze. [1o100HbIE 3KCTIEpUMEHTHI
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nponospkatores. OOuMii BbIBOJ MyOIUKAlMKA O NEPCHEKTHBAX YCIEIIHOTO OCBOCHUS TE€XHOJIOTHM
TOPUEBOTO TOILIMBA JOCTATOYHO ONTUMHUCTHYCH.

Hopgerus He BXxonut B uucio rocyaapcrs, umeromux ADC, HO y Hee eCcTh UCCIIe0BaTeNIbCKHUE
pPeaKTopbl U KOMIIAaHMH, 3aMHTEPECOBAHHBIE B Pa3padOTKe TOPUEBOTO TOIUIMBA JUIS JIETKOBOIHBIX
peaxropoB. Komnanust Thor Energy olleHUBaeT BO3MOXHOCTH 3arpy3Ku TOPHs KaK ChIPbEBOIO KOM-
noHeHTa B MOX-TOIUIMBO JIs1 JIETKOBOJHUKOB, CUMTAsl 3TO KpAaTYAUIINM IIyTEM K BOBJIIEYEHUIO TO-
pHUs B TOILIMBHBIM MKJI. HOpBEXIbl Takke MOJAraroT, YTO JETKOBOAHBIE YCTAHOBKHU COXPAHST 3a
cO0OH poOJIb JTOKOMOTHBA aTOMHOM PHEPIreTHKH. Y OBICTPHIX PEaKTOPOB €CTh MPEHMYIIECTBA, HO
OHU CJIMILIKOM MEJUIEHHO JIMLEH3UPYIOTCS U BHEIPSIIOTCA — FOBOPUTH O 3HAUUTENIbHBIX TOJSX Obl-
CTPBIX ammaparoB B oTpaciu B Ommxaimme 30 et He npuxonutcs. TopueBsie LWR moryT B34TH
Ha ce0st yacTh (PyHKIUH, TPATUIIMOHHO OTBOASIIUXCS Ha JIOIIO OBICTPBIX YCTAHOBOK.

Takum 00pa3om, nepes aTOMHOM YHEPreTUKOM Hallel CTpaHbl CTOMT HEOOXOJUMOCTh pPEIICHUs
HEMPOCThIX, HO MHOTOOOCIIAIONIMX 3aJlad Ha IyTH NPOJABMIKEHUS K PEabHO JOCTHKUMOHN LIEIH
BHEJPEHUS TOPHS B SIEPHYIO NIPOMBIIIICHHOCTb.

B Tabn. 1 npuBeaeHs! IUIIOCHI U MUHYChI UCIIOJIb30BAaHUSL TOPUSI B SIEPHON SHEPIETUKE.

TaGnuna 1

IoJsio:kuTeIbHBIE H OTPHIIATEIbHBIE (PAKTOPHI HCIOJIb30BAHUSI TOPHUSI B peaKToOpax
(o [68] ¢ nonmoTHEeHUSIMU)

[TonoxutennbHbIC OTpI/IL[aTeJ'II:HLIe

PacmipoctpanenHocTh Topus B mpupone B 3—4 pasa
MPEBBIIACT YPaH

Topuit — paccesHHBIH SIEMEHT, BXOJUT OOBIYHO
B KOMIIJIEKCHBIE PY/IbI, IOATOMY M3BJIEUEHHE €TO J0-
poXe, UeM ypaHa, UMEIOIIEro COOCTBEHHBIE PyIHBIE
CKOIIJICHUA

[Ipuponnslil Topuil UMEET OAUH U30TOM, YTO, B OTIIU-
4Ke OT ypaHa, He TpeOyeT TPyAOEMKOTO pa3JIelCHUs
M30TOIIOB

W3Bnedenne Topus U3 MOHaNUTa (MPaKTHYECKH HaU-
Oornee MCIOIB3YEMOT0 MUHEpala) — CIOKHBIN U J10-
PpOroCTOsIIIMIA TpoLece

duznyeckue U XUMUYECKUE CBOMCTBA TOPUS yIydllla-
0T HKCIUTyaTalUI0 PeaKkTopa

MexaHuuecKue CBONCTBA TOPHS YCIOXKHSIIOT U3IO0-
TOBJICHUC U3 HEI'O HGO6XO}II/IMI)IX I/ISJIC.HI/Iﬁ

Hanuure B npoaykrax nepeaena uzorona 22U ympo-
[IaeT KOHTPOJIb HAJl HECAHKIIMOHUPOBAHHBIMHU TIEpPe-
MEIICHUAMH SJIEPHBIX MATEPHATIOB

BBuay oTCYTCTBHS JEINSIIMXCS U30TONOB y TOPUS,
JUISL JOCTHXKEHHSI KPUTHYHOCTH TpelyeTcst 1obasie-
nue 233U, 25U uiu Iy TOHUSE

B omiume OT IUTyTOHHS B YPaHOBBIX KOTJIAX, B TOPHE-
BbIX 233U Jerko neHaTypupyeTcs IMyTeM CMEIIaHHs
C IPUPOAHBIM UJIN O6CI[HGHHBIM YpaHnoMm

[Tpu ropa3o MEHbIIEM KOJIMYECTBE JOITOXKHUBYIITHX
TPAHCYPAHOB y TOPHsI, CPABHUTEIBHO C yPaHOM, He-
KOTOpBIC TONTOXKUBYIIME aKTUHUABI (23'Pu) MoryT
OKa3blBaTh JJIMTENIBHOE PaJHOIOTHUECKOE BO3ZEH-
CTBHE

TopueBblii peakTop MOXKET paboTarh Oe3 mepesarpys-
Ku TorumnBa 6oiree 30 er

YpaHOBBIE PEAKTOPHI MOTONHSIOT 3EMITEO SACPHBIMHI
OTXOJaMU KayK/IbI€ JIBa rojia

Bce Bblen3nokeHHOE B CBOIO OY€pEIb BBI3BIBAECT HEOOXOAUMOCTBH IMPUBICUYCHHUS BHUMAHUS
K BO300HOBJIEHHIO PAabOT MO MPOTHO3MPOBAHUIO, NMOMCKAM M pa3Be/Ke I'e€0JOro-IPOMBIIUIEHHBIX
TOPHUEBBIX U KOMIUJIEKCHBIX (PEIKO3EMENbHBIX, PEIKOMETAIUIbHBIX, YPAHOBBIX) MECTOPOXKAECHUI Ha
tepputopuu PO.

11



I'maBa 2. UCTOPUSA U3YUEHUSA
TOPUEHOCHOCTHU TEPPUTOPUHU POCCUU

ITouck TopueBbIX pya B Hamiei crpane Hayasicsa B snoxy CCCP no Benukoit OteyecTBeHHOH
BoiiHbl. B 1937 1. Obina opranusoBana KpacHosipckasi MOMCKOBO-TEKTOHO-T€OXMMHUYECKas MapTHs
Ne 3 3amagnocubupckoro otnenenuss Coro3peaMeTpa3BeKu MoJl pyKOBOICTBOM Ipogeccopa Tom-
ckoro mHaycrpuanbHoro nHerutyra fO. A. Ky3HenoBa ¢ LI€Ibpl0 BBIICHEHHS BO3MOXKHOCTHU JIOKa-
JIU3alUU PEIKOMETAUIBHOTO OpyZIeHeHus Ha tore Enncelickoro kpsbka. B cocraB maptum BXOmHI
cnenuabHbI oTpsan B. A. TumodeeBckoro. [TaBHO# ero 3amadeil SBWIMCH JIETaTbHBIC TTOUCKO-
Bble pa0oThl Ha miomiaau TapakCKoro pocCCHIMHOTO MecTtopoxiaeHus. [laptueir 6buM mopcuMTa-
Hbl TEpBbI€ MPOMBIIUIEHHBIE 3aMachl, KOTOPble COCTaBUIM Oonee 4 MIIH M3 PYIOHOCHBIX IE€CKOB
¢ 2762,96 T monauuta. B 1938—1939 rr. oprannzoBana crieniMain3upoBaHHasi F€0JIOropa3BeaoyHas
naptus «[Ipompassenka» Bo mase c¢ reojorom B. H. CrapkoBeiM u unxenepom M. I. Pycano-
BbIM. E0 ObUIM M3ydeHBI YCJIOBHUS 3aJleraHusi U BO3MOXKHOU pa3paOOTKU MECTOpPOXIAEHUI MOHa-
nuTa Ha pedkax Tapaka, Kazauka u Ha OCHHOBOM pyube, II€ 0] PYKOBOACTBOM FOPHOTO TEXHHMKA
M. H. AdanacweBa O0b11u 100BITHI TIepBbIe 11 T MoOHanuTa. Pa3BenaHHbIe MPOMBIIIIJICHHBIC 3aMachl
MIOJIE3HBIX MCKOMAEMbIX CO3JaJId OCHOBY JUIsl Havyasa cTtpouTenberBa B 1939 1 npennpusarus «Ta-
pakcTpoi» ¢ npousBoauTeabHOCThI0 500—600 ThIC. M? IECKa B IO M NOJIYYEHUEM METajljla B KOH-
uentparax 10 14,5 T B roxg. C xoHua 1930-x ronoB B 65 kM ot . Kanck BHM3 no Teuenuto p. Kan
B TIyXOW Taiire Hadajgo paboTaTh TOpHOMPOMBINIIIEHHOE npeanpusThe (moc. TaexHsbiid). Yepes
HEKOTOPOE BpeMsi OHO OBUIO 3aCEKPEYeHO M YYacTBOBAJIO B TOATOTOBKE K MPOM3BOACTBY PACIIETI-
JSIFOINMXCS. MaTepUasoB il epBoi aToMHON O0MOBI. IlomyTHO ¢ MOHAUTOM JTOOBIBAIM 30JI0TO.
Jlo6b1y MOHanuTa npekparwiu B 1964 r., HaKONMUB JTOCTaTOYHOE €ro KoundecTBo [16].

[TonHomacmTabHas reojoruyeckas pa3Be/ika TOPUEBBIX Py aKTUBU3MpPOBaiach nocie Bennkoit
OTteuecTBEHHOM BOMHBI B paMKaxX MPOEKTa CO3/AaHUS SJEPHOTO OPYKHUSL.

B aBrycre 1946 . JI. I1. bepus nanpasun M. B. CtanuHy nucbMo ¢ NpeAcTaBIE€HUEM Ha YT-
BepxkaeHue npoekra nocraHoBieHuss CM CCCP o6 opranuzanuu B MUHUCTEpPCTBE LIBETHON Me-
TaJuTypruu BToporo miaBHOro ympasieHMs, 3aJadeil KOTOpOro ObLIO PyKOBOACTBO MPEANPHUSTHSA-
MU TI0 J00BIY€ TOPHEBBIX PY[, MOJYyYEHHIO OKUCH TOPUS U METAJUIMYECKOTO TOPHS IUIsi HapaOoT-
ku 23U B crenuanpHBIX sAepHBIX peakropax. IloctanoBnenue Obiio yTBepxkaeHo 13.08.1946,
a 7.09.1947 b. JI. Bannuko Hampaswi M. B. CranmuHy nuceMoO € INpencTaBICHHEM IPOEKTa
nocranoBieHus: CoBera MUHUCTPOB CCCP mo 100bIYe TOPHEBBIX PyA W MPOU3BOJCTBY KOHIICH-
TpPaTroB TOpUS M MeTajuindeckoro topus. IIpoekr mpemycmarpuBan BblmiaBky 70 T merayminue-
ckoro Topus Kk cepeaune 1949 r. u npousBoactBo coneit topus 130 T B rox. B ampene 1948 r.
JI. I1. bepus nanpasun M. B. CranuHy nuceMo ¢ NpencTaBiIeHUEM NMpoeKTa nocraHoBieHus CM
CCCP «O6 opranmzarnuu 100bdu TOpus B AngaHckoM paiione Skyrckoir ACCP». B mmchme,
B YaCTHOCTH, OTMEYaoch, 4to B 1947 . B AnjaHckoM pailoHe OBbLIM OTKPBITHI POCCHITNM MOHAIU-
TOBBIX NECKOB ¢ 3amacamu topusi 6onee 1000 1, 1 mpeanonarasoch co3AaTh NPEANPHUITHE U Ha-
4are 100619y TOpHs ¢ 1949 .

B 1977 r. OAO «XuMHUKO-METAITyprudeckuii 3aBoa» B KpacHOspckoM Kpae opraHu3oBajl yda-
CTOK TIO TIOJYUYEHHUIO OKCHJIA TOpHs U MeTaummueckoro topus. B 1985 r. Obuta mpoBeneHa pekoH-
CTPYKLIUSI TOPUEBOTO NTPOU3BOZCTBA, OCBOEH HOBBIN BUJ MPOLYKIUU — HUTpAT Topusi. B HacTosmiee
BpPEMS 3TO MPOU3BOJCTBO 3aAKPBITO, BBITYCK TOPUEBOW MPOAYKIIMH IIPEKPALLEH.

B 1982 r. BI'O «Coto3reonoropasBeaka» NOJTOTOBWIO M pa30Ciajio MOABEIOMCTBEHHBIM Opra-
Hu3awsiM (okcnenumusiM) [lepsoro mmaBka muceMo Ne 01/305¢ ot 3 mapra 1982 r. ¢ npeanuca-
HUEM TPOBECTH paboTy Mo y4yeTy 0ObEKTOB TOpHEBOH MUHepainzanuu. K nuceMy mpuiaraiuch
«PexoMeHnanuu mo yyety oObEKTOB TOPHUEBON MUHEpaIM3alumy. MaciTadbl TOPUEBBIX MPOsIBIIE-
HUN KJIaCCU(PUITUPOBAIINCH CIEAYIOIIMM 00pa3oMm:

— J1JIs1 KOMIUIEKCHOTO OpYJEHEHHs — IO 3aracaM OCHOBHOT'O KOMITIOHEHTa (ypaHa, HUOOUs, pel-
KUX METaJIJIOB U T. 1.);
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— 715 COOCTBEHHO TOPHUEBOTO OPYACHEHHSI — K MECTOPOXKJICHHSIM OTHECEHBI OOBEKTHI C 3ara-
camu Topus cBeimie 500 T, K pyIOTPOSBICHUSIM — OOBEKTBI, UMCIOIINE PYAHOE MEepeceueHrue co
cpennum coaepskanuem Topust 0,05 %, npu merponpouente 0,035. OctanbHble TOPUEHOCHBIE 00B-
€KThl OTHECEHBI K MPOSBICHHUSIM MHHEpaIM3alii. B Karajgoru BoUUIM OOBEKTHI, COJACpIKAIIHUE B
pynax topuii B konuyectBax Oomnee 0,01 % B kadecTBe MOMYTHOrO KOMIIOHEHTA, U T€, B KOTOPBIX
TOPHUI — OCHOBHOM IOJIE3HBI KOMIIOHEHT; MUHUMAJIbHBIE COJEPKAHUS PUHUMAJINCh KaK JUIsl Me-
ctopoxkaenuit ypana — 0,05 %.

Karanoru kaxxioi u3 skcrneauuuid CONPOBOXKAAINUCH CXEMOM TOPUEHOCHOCTH TEPPUTOPUU Jesi-
TEJIBHOCTH 3KcIeaunuu B Macmurade 1:2 500 000.

Kax npaBuio, TOpuil y4uThIBaJICS KakK IOJE3HBIA KOMIIOHEHT B KOMIUIEKCHBIX MECTOPOXICHU-
sX, HO 3amnackl ero ['ocynapctBennoi komuccueit no 3amacam (I'K3) e yrBepxknanuces. Cenenus
O TIOJITOTOBJICHHBIX ITPOMBIIIIEHHBIX 3allacax 3TOr0 MeTajlla B HeIpax MPaKTUYECKH OTCYTCTBYIOT.
B GonpIIMHCTBE OTYETOB OIICHKU PECYpPCOB TOPHS SIBISIOTCS aBTOPCKUMHU.

B 1980-e rompr ucciienoBaHusl MO reoJIOTUA M METAJUIOTEHUHU TOpHUSI NMPOBOIMWIUCH B OTIENE
cnenuansHoil Metasiorenun BCEI'EU non pykoBoactBom A. A. Cmeiciosa [58]. PaboTel HOCH-
JU PaJoreOXMMHYECKYIO0 HAMpPaBICHHOCTh W OXBATHIBAIM PAa3IMYHbIE KOHTHHEHTAJIbHBIC OIOKU
3eMHO# kopbl. MccnenoBancst u ObuT pa3paboTaH palMoHaNbHBIM KOMIUIEKC MUHEPaIOro-re0XuMu-
YECKHUX METOJIOB U3yUEHUS MPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEN U (OpM HAXOXKICHUS
ypaHa W TOpHs B PA3IMYHBIX I'€OJIOTMUECKUX 00pa30BaHUAX, a TAKXKE MPHUHIUIIBI U METOIUKA T10-
CTPOCEHUS PAIMOTCOXUMHUYECKUX KapT pa3HOro maciirada u HazHaueHUs. V3yuanuch cpemnee co-
neprkanue, 6ananc u ¢popmMa HaxXOXKJICHUS ypaHa M TOPUS B MUHEPAJILHOM BEIIECTBE 36MHON KOPBI
pa3HbIX YpOBHEH opraHu3aluy — MUHEpasiaX, TOPHBIX MOPOAAX, Fe0JOrHuecKux (hopMausix, 3eM-
HBIX 00oyoukax. beutk chopMyTMpOBaHbI MOJIOKEHUS O JTaTEPATbHON M BEPTHKAIBHON pajroreo-
JIOTUYECKON 30HATBHOCTU JTUTOCHEpPhl, COOTHOIICHUN TEIIOBBIX MOTOKOB M PaJMOT€HHOTO Teruia
B IIaT()OPMEHHBIX U CKIIAA4aTO-HAABUTOBBIX (KOJIM3HOHHBIX) 001acTax. OCHOBHBIE UTOTH PaboOT
HaluTM OTOOpakeHre B MOHOTpadusx «YpaH u Topuid B 3eMHOUM kope» (A. A. CmbicioB, 1974)
[81] u «Metamnorenus ypana u Topust CCCP» (komiexkTtuB aBTOpoB, penakropsl A. A. CMBICIIOB,
B. M. Tepentses, M. B. lllymunun; penensent-npodeccop 0. A. Apamos, 1988) [58].

3amMeTHBIN BKJIaJA B J€JI0 U3YUYEHHUS] METAJUIOT€HUH TOPUSI BHECIH CIIELIMAIUCTHI CHELIoApa3e-
nenuid poacrBenubix HUM — BHUUXT, BUMC, BUPT, MI'Y, UMI'PD — U. B. Yupkos, B. M. Ko-
toBa, E. b. BeicokooctpoBckas, I. A. Ilensimckuii, [{. 1. CxopoBapoB u ip.

Tak, Bo BHUMXT nHauunast ¢ 1956 r. npoBoAMINCH CrielMaibHble 1 00001Iaonme paboThl 1o
OLIEHKE MUHEPAIIbHO-CHIPHEBOM 0a3bl TOPUS CTPaHbI, BBIICTICHUIO T€HETUYECKUX U TPOMBIIICHHBIX
TUIIOB MECTOPOXKACHUMN, pa3pabOTKH TEXHOJOTUHU NEpepabOTKN TOPUHCOAEpKAIIUX Py U U3BIEUe-
HUS Topus U3 HUX. TOrM uccienoBaHuii KpaTko U3JI0KEHbBI B JOKTOPCKOM AuccepTaluu «3aKoHO-
MEpHOCTH (POPMUPOBAHUS U pa3MeleHus: Mmectopoxaenuit Topus» (B. M. Korosa, 1997). B BUPI'
HA OCHOBE aHaJIM3a BBHITIOJIHEHHBIX a3pOPaJUOMETPUUYECKUX padOT COCTaBIEHA CepHsl KapT pacipo-
CTpaHEHUs adPOaHOMANIUN TOPUS HA TEPPUTOPUU PA3IMYHBIX PETHOHOB CTPAHBI, TO3BOJIIOIINX 00-
Jiee LeJICHAIPABIEHHO OCYIIECTBIIATh IOMCKOBbIE paboThl Ha ypaH u Topuii. B BUMC npoBenenbl
pa3uyHble TEMATUYECKUE UCCIIEIOBAHUS 110 T€OXUMHUU U MUHEPAIOTUHU PAIMOAKTUBHBIX AJIEMEH-
TOB, U3YYCHHUIO PYJJOHOCHOCTH I€OJIOTHYECKUX (POpPMALIMiA, PAIHNOTEOXUMUIECKOMY KapTHPOBAHMUIO,
BBISIBUBIIYE HOBbIC 3aKOHOMEPHOCTH JIOKAJIU3AMU TOPHs B ropHbIX opoaax. B UMI'PD Ha ocHoBe
M3y4YCHUS] KOMIUIEKCHBIX, B TOM YHCIIE TOPUHCOIEPKAIINX, PEIKOMETAIUIBHBIX U PEAKO3EMEITbHBIX
MECTOPOXKICHUM MOTyUYEHbl HOBBIE JIAHHBIE MO COACPKAHUIO, TEOXUMUU U MUHEPAJIOTUH 3TOTO 3Jie-
MeHTa B pyaax. Llenblil psa KOMIUIEKCHBIX PEIKOMETANIBHBIX U PEIKO3eMEIbHBIX 0OBEKTOB ObLI
OTKPBIT Oyarosiapsi MPUMEHEHHUIO PaJHOMETPUYECKUX METO/IOB MPU MOUCKAaX PaAHOAKTUBHBIX PY/I.

Bce 310 mo3Bossiio caenaTh aBTOPCKKUE OLEHKU IPOTHO3HBIX PECYPCOB TOPHUS B PSAJE PETHOHOB
CHI. C6op unpOpMaIu MO TOPUEHOCHOCTHU MOABEIOMCTBEHHBIX TEPPUTOPHIA TPOBOIUINA TEPPHUTO-
puanbHble pou3BoacTBeHHbIe opranmzanuu [lepsoro ['TPY Munreo CCCP, hpopmupys 6ank 1aHHBIX
10 TOPUEHOCHBIM 00BbEKTaM (MECTOPOXKICHUSIM, PYOIIPOSBICHUSAM, POSBICHUSIM MUHEpPATU3ALUHN).



B pesynbrare pabot npensinymiero cronerus Bo BCEI'EU Obi cocTaBieH KOMIUIEKT KapT, Xa-
paKkTepU3yIOLMI METAJJIOTEHUIO YpaHa U TOPHs, U KaTaJOr'l YPaHOBBIX U TOPUEBBIX OOBEKTOB.

Hpyras BakHasi yepTa UCCIEAOBAHUI BEIIECTBEHHOTO COCTaBa PYy/ U3yUYE€HHBIX OOBEKTOB — BbI-
SIBJICHHE YCTOMYMBBIX CBSI3€M TOpHUSA C PEIKUMHU METaJUIaMU M PEeIKUMHU 3eMisiMu. KomruiekcHbIi
XapakTep MUHEPAJIbLHOTO COCTaBa PYAHBIX 00pa30BaHUN OCTABUIJI HE JIO KOHIA PEIIEHHYO Mpooiie-
My CO3J[aHMsI Pa3IMYHbIX KJIacCU(pHUKAUI TopuicoaepKaliiux, TOPUEBbIX, TOPUEHOCHBIX U PEAKO-
METAJUTBHBIX MECTOpPOXKIEHUH. V3BeCTHBIE HBbIHE KIAaCCH(UKAIMN YaCTO HE COINIACYIOTCS MEXKIY
co0O0ii, a Te WIM WHBIE MECTOPOKICHHUS MOTYT OTHOCUTHCS K Pa3HbIM F€HETHYECKHM M T€0JIOTO-
MIPOMBIIUICHHBIM THUIIAM.

B cdepe packpbIThst OTAEIBHBIX TEOPETUYECKUX ACTIEKTOB METAJJIOTEHUH TOPUSI BHUMaHUE MpU-
BJIEKAIOT PE3YyJbTaThl JIOCTYIIHOTO UCCIIEOBAaHNUS, IPOBEIEHHOIO COTpyAHUKOM Poccuiickoro rocy-
JApCTBEHHOI'0 TeojioropasseiouHoro ynusepeurera um. C. Opmxonukuasze A. A. ITasnosoit (2011)
(docviewer.yandex.ru) Mo BBISIBICHUIO 3aKOHOMEPHOCTEW pa3MeIlleHusl U YCIOBHM (POpMUPOBAHUS
peAKOMETAIIIbHO-YPaH-TOPUEBOTO OpyJAeHeHUsT mMaccuBa Manb-Xam60 B Ilpunonspaom VYpase.
Eo BbITIOJIHEH aHAU3 T€0JOTUYECKUX, CTPYKTYPHBIX, MUHEPATIOTUUYECKUX U TEOXUMHYECKUX 0CO-
OEHHOCTEH TOMIIM MOPOJ, MEPCIEKTUBHON HA ypaH M TOPUH, PEIKOMETAJUIbHBIE U PEIKO3eMEb-
HBIE AIIEMEHTHI. DTy TOJIY C BOCTOKA OOpaMiIsieT KpyHMHBIA TPaHUTOMAHBIN MaccuB MaHb-Xam00
B OT0-3amMaHoi yactu JIamuackoro Meraantukinuopus LlenrpansHoro Ypana (puc. 1, 2). B utore
IIPOBEJICHHBIX MCCIIE0BAHUIN OBbLIN BBISIBICHBI CIIEIYIOIINE OCOOCHHOCTH JOKAIU3alUN KOMILIEKC-
HOT'O OpPYACHEHHUS:

— Ha yuacTkax conpspbkeHusi TpaHuTOUI0B MaccuBa MaHb-XamM00 U TPaHCTPECCUBHO MEPEKPHIB-
el ux rpyooo0JI0MOYHOM 06a3aaIbHOM MauKu XOOCMHCKOM CBUTHI MTOJT BO3/ICMCTBUEM JIMHAMOMETa-
Mopdu3Ma U THAPOTEPMATEHO-METACOMATHIECKHX IPOLIECCOB MPOU30ILIO0 00pa30BaHKUE MPOTHKEH-
HOW 30HBI U3MEHEHHBIX Mopoa. OHa pacmonokeHa BO (GPOHTAIBHON YacTH CyOMEpHINOHAIBHOTO
HAJ[BUra, COBMIABILIEH C IMOBEPXHOCTHK) PETrHO-
HaJIbHOTO HECONIACHS U SIBIIAIOLIEHCS TpaHuLEen
MaccuBa Manb-Xam00.

— B MeTamioreHn4eckoM OTHOILIEHMH 3Ta 30HA
BBIJICJICHA 107 HA3BaHUEM «pyAHas 30Ha MaHb-
Xambo», T71€ B pa3IMYHON CTENIEHU MPOSIBICHBI
JIUCJIOKAIIMOHHBIE U THIPOTEpPMaIbHO-METacCOMa-
TUYECKUE U3MEHEHUS TTOPOI.

— B pe3ynbrare MHOTrO3TanHbIX MPOLIECCOB
B Mpejesiax PyJIOHOCHOM 30HBI c(hOpMUPOBAJICS
OPUTMHAJIBHBIN PEAKOMETAIIIbHO-YPaH-TOPUEBBIN
tun opyneHneHusi. OH coenuHseT B cebe 4epThl
CXOJICTBA C PA3JIUYHBIMU PYIAHO-POPMAILIMOHHBI-
MU TUIIAMHU MECTOPOXKICHUN ypaHa, TOPUs U peli-
KHX METaJJIOB.

Puc. 1. Cxema cTpoeHusi maccuBa MaHb-XaM00 Mac-
mraba 1:200 000 (A. A. ITaBJoBa, 2011)

1 — Bepxuepudeiicko(?)-HIKHEBEHACKAs MaHbUHCKas (cabd-
JIETOpCKasl) CBHUTA; 2 — CpeaHe-BepXHepHudeiickas TXOOSHHCKast
CBHTA, BKJIIOYAIONIAsl KBAPLEBbIE U apKO30BbIE METaleCUaHUKU
U MeTaMOp(HUUYECKHEe CIAHIBI aTbOUT-KapOOHAT-KBAPLEBHIC,
anpONT-KapOOHAT — KBapI-AMUJIOT-XJIOPUTOBEIE; 3 — HW)KHEPH-
(eiickne HepacuICHEHHBIE TOMIIH; 4 — cpeqHepr(encKiii MaHb-
XaMOOBCKHMI TPaHUTOMIHBIN KOMIUIEKC; 5 — PaHHEIPOTEPO30ii-
ckuit (?7) xo0eu3cKuii MeTarabOpOUIHbIA KOMIUIEKC, 6 — PErHo-
HaJIBHBIA HAJBUT; 7 — 30HA AWCIOKAIMOHHOTO MeTaMophu3Ma
(MeTamMOp(HOTeHHBIN TOTBUHCKUI KOMILICKC); 8§ — 30Ha KOHTAKTO-

Cocrasmmu: C. C. lepbun u ap. (1966), ¢ nobapreHHIMH
A. A. TlaBnoBoit

BOTO BO3ICHCTBUS (@), TPAHCTPECCUBHOE Haseranue (0); 9 — yribl
nagenust; /() — BepXHeTolbUHCKas TUIOMAb
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T'ipporepManbHble AIIbL.
Vyactok Typman LleHTpanbHbIi

200- BmeniaroniHe ocagouHbie IMOpObl. KBq.)LleBble H apKO30BbI€
250 M MeETarecyaHHKH, Memwopdnqecme CJIaHLIbI, KOHITIOMEPAThI

JIHCIIOKAIHOHHO-MeTaMO P HYe CK It
TIO/TKOMITTEKC

MIIOHHTHI KBapI-XIOPHT-CIIO/IHCTEIE

¢ 00IIOMKAMH OCAJIOMHBIX TTOPOJ, PETHKTEI
OGIIOMKOB € KOCOIT CIIOHCTOCTBIO

50-
100 m

JIHCITOKAITHOHHO-MeTac OMATHYe CKHIT

TIOJTKOMITIEKC

MIOHHTHI KBapI-KaTHIIIIAT-

CIIO/HCTEIE ¢ OOTIOMKAMH MeTar PAaHHTON/IOB H

C PeKOMETALIEHO-YPaH-TOPHEBOIT
MuHepamsarpeil. Ha yuactke [TaneoomHHHBLIT
nedopMIpOBaHHOE TeI0 MIOPOT OCHOBHOTO COCTaBa

50-
150 m

MeramopdoreHHbliil TONBHHCKHIT KOMILICKC

50-
70 m KaraknasHp oBaHHbI€ MeTarpaHHTOH I M aHb-Xam00

Puc. 2. O6001eHHbIN cXxemMaTH4YecKHUii pa3pe3 MaccuBa Manb-Xamoo (A. A. [TaBnoBa, 2011)

— ®opMHUPOBAHUIO TAKOTO TUIA OPYACHEHUS MPEALIECTBOBAIN Pa3INYHbIE PYIOTOATOTOBUTEb-
HBIC TIPOIECCH. PynodopMuUpYyIOMUMHA SIBIISTTUCH THIPOTEPMATbHO-METACOMAaTHYECKHE Tpeodpa-
30BaHUsl, B PE3YJbTaTe KOTOPBIX MPOUCXOMWT JTHO0 YaCTHUYHBINA, TMOO TOTHBIA BBIHOC IMOJIE3HBIX
AIIEMEHTOB U MEPEOTIOKEHHE Ha OIaronpusTHBIX T€OXUMUYECKUX Oapbepax.

COBOKYNHOCTh JaHHBIX MMOJAYEPKUBACT MOJIMXPOHHOCTh PYAOr€HE3a paccMaTpUBaeMOro 0Obek-
Ta. ®opMUpOBaHUE PYIHON MHHEpPAIU3AIMU MMPOUCXOJWIO B TPU dTamna: | — HAKOIUICEHUE TOJe3-
HBIX MHHEPAJIOB B BHJIE POCCHINU (ypaHCOAEPKAIINI TOPUT, MOHAIIUT, [IMPKOH, HUILMEHOPYTHN);
2 — mepepacmpe/esieHue pyIHbIX KOMIIOHEHTOB B Ipoliecce JuHamoMeTamopdusma (Topuil, peakue
3eMJIH, YpaH, UTTpUii); 3 — OCHOBHOE KOHLIEHTPUPOBAHUE OPYACHEHUS B PE3yIbTaTe ruApoTepMalb-
HOW JIeITeTLHOCTH TI0 0oJiee MEJIKUM HapylmieHHs M. MOXKHO IMoJiarath, 4TO MOJIMXPOHHOCTD, I1O-
JUTEHHOCTh M KOMILJIEKCHOCTD DY/ MPUCYIIX OOJBIIUHCTBY dHIOTEHHBIX TOPHUEHOCHBIX OOBEKTOB.
Jannbiii pakT HEOOXOAMMO 00S3aTENbHO YYUTHIBATh NMPU HU3YUYEHUH TOPUEBBIX MECTOPOKICHHIA.

B nacrosimee BpeMsi M3ydeHUE KOMIUIEKCHBIX MECTOPOXKACHUW C TOpPHUEM Ha TeppuTopuu PD
cuctemHo mpoaomwkaercs B mpoekrax BCETEU «locreomkapra-1000/3» wu [JII1-200/2 [61].
J1s1 reos1oro-npOMBIIITIEHHBIX TUIIOB PEAKO3EMENIbHBIX U PEIKOMETAIbHBIX, B TOM YHCII€ C TOPH-
€M, MECTOPOXKACHUI pa3pabOTaHbl COOTBETCTBYIOIINE KIACCH(PHUKAIUHU, BEACTCS yUYeT MacHopTOB
MEPCIIEKTUBHBIX OOBEKTOB C OLEHKOW MPOrHO3HBIX PECYPCOB, B TOM 4ucie U Topus. [laHHbIe Ma-
TepHUajbl aBTOPaAMHU HCIIOJIB30BATUCH HUXKE, @ TAK)KE YUTCHBI MPU COCTABJICHUH KapThl TOPUEHOC-
HocTu Teppuropun PO.
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I'maBa 3. OCOBEHHOCTHU 'EOXUMHUHU U MUHEPAJIOI'MU TOPUA

Topuit — XUMHUECKHI IEMEHT, TPUHAISKAIINI CeMEWCTBY aKTUHOUIOB, TSDKENbIN, crabopa-
IMOAKTHBHBIA MeTal. Brepsbie Bbimenen Mercom Bepremmycom B 1828 T M3 MHHepaga TOPHT
(cunmukar Topus) mpU M3ydeHHHM MaccuBa cueHuToB Hopseruu. Haszpanue naHo mo mMeHu Oora
rpoma Topa u3 ckaHIUHABCKOM MHUQOIOTHH.

Topuit — meTanmn cepeOpHUCTOro 1[BETa, JIETKO MOJIBEPTaoIIniics MexaHnueckoii oopadotke. [1o-
poikooOpa3HbIi Topuii MUPOGOPEH HA BO3AYXE (MIOITOMY €ro XpaHST TOJ] CII0OeM KEPOCHHA) U JIeT-
KO OKHCIISIETCSI C MOBEpXHOCTH. [Ipyu BBICOKMX TemIieparypax METaUIMYECKUH TOPHM SHEPruvHO
B3aUMOZEHUCTBYET C BOAOPOAOM, a30TOM, IaJIOTE€HAMH, CEPOM, KPEMHHEM, AIFOMUHUEM U PSIIOM
JPYTUX 3JIEMEeHTOB. MeTauinueckuii TOpuii pacTBOPUM B KOHIIEHTpHpOBaHHBIX pacTBopax HCI (6—
12 monb/m) 1 HNO; (8—16 Monb/m) B npucyrctBun nona ¢ropa (HF wmm (NH,),SiFy).

3.1. TEOXUMMUS TOPUSL

[InoHepoM B M3y4eHUHM I€OXMMHH U MUHEPAJIOIMH TOpHs B Hamlel ctpane crain B. M. BepHan-
ckuii (puc. 3), mpoBoauBLIui uccinenoBanus B 1924—1934 rr. I1o pacnpocTpaHeHHOCTH B MPUPOIE
TOPHUI BXOTUT B TPEThIO JIECATKY deMeHTOB. Kimapk Topus 11t auTocdepsl B CpeiHEM COCTaBIIs-
et 1,3-103 (ypan —2,5°10%), B U3BEpKEHHBIX MOPOJAX: IS YIBTPAOCHOBHBIX (IYHUTHI U Ip.) —
5-10-1 (3-1077), ocHOBHBIX (6a3anbThl, radOpo u Ap.) — 3°10* (5-10-%), cpeanux (AUOPUTHI, aHe-
3uthl) — 7104 (1,8 104), xucnbix (rpaHuThl, rpaHoguopuThl 1 ap.) — 1,8°1073 (3,5-104); B oca-
JIOYHBIX MOPOJaX CpeHUE COAEp KaHUs TOPUS U ypaHa B IMHaX u ciaHnax — 1,1-103 (3,2-10-4),
B mouBax — 610~ (1-10-*), B kapOoHaTHBIX Mopoaax (moiaomutsl) — 2,6° 10~ (2,2°10+), B mecua-
HUKax, ajneBpoiautax — 8104 (2,5-10-4) [45; 58; 63; 75; 81; 87].

Kak penkue 3eMiu 1 psifi APYTHX METAIUIOB — YpaH, IUPKOHUIA, TaHTaJl, HHOOWI — TOPHil SIBISIETCS
JUTOPUIEHBIM 3JIEMEHTOM, BCTPEUAIOIIMMCS B BUJE KUCIOPOIHBIX COCIMHEHUH (OKHUCIOB, THIPO-
OKHCJIOB, KHCIIOPOJIHBIX COJEeH U CHUJIMKATOB)
¢ TpeolOsiaalomyUM HOHHBIM THIIOM CBsI3U [77]
Y KOHIIEHTPHUPYETCS MPEUMYIIECTBEHHO B BEpX-
HUX CJOSIX TUTOC(epsl (TpaHUTHO-MeTamopdude-
CKoM cioe). B cuiry 61u30cTH KpUCTaIOXUMU-
YECKUX CBOWMCTB TOPHSI M ypaHa TOJIararoT HeH-
TUYHOCTh MX TOBEIEHUS B SHIOT€HHBIX METPO-
reHeTHUYeCKuX mporeccax. OIHAKO BBISABIISIOTCS
HEKOTOphle OCOOEHHOCTH TMOBENEHUS TOPHUS B
Pa3IMYHBIX IpOLEccax MeTPo- U PyIoreHes3a 3H-
JOTEHHOTO U 9K30T€HHOTo THIOB. [IpuHsaTO cum-
TaTh, YTO HHJIOTEHHOE PYyI000pa3oBaHUE TECHO
CBSI3aHO C MTPOM3BOIHBIMH KHCIIOTO U MIETOYHOTO
MarMaru3Ma u CONPsHKEHHBIME C TUM THIPOTEP-
MaJIbHO-METaCOMAaTHYECKUMU U THUAPOTEPMAIIb-
HeIMH oOpazoBanusimu [1; 2; 4; 6; 15; 95; 97].

Puc. 3. Buaaumup HBanoBuu Bepuagckuii (1863—
1945 rr.) — akageMMK, y4YeHblii-eCTeCTBOMCIbITATE/Ib,
OPraHM3aToOP HAYYHBIX LIKOJI, CO3aTe/Ib HOBOH HAYKH —
reoxuMnu. HUIUATOP NIAHOMEPHBIX PAJAUOre0XUMHU-
YeCKHX HcCcIeJ0BAHNI reo10ru4ecKux o0pasopanuii

16



[Ipu mpoueccax KUCIOro MarmatuzMa (GpopMHpYIOTCsS yabTpameTamMopdoreHHble ¥ OpTOMarMaru-
YecKre rpaHuTOMIbl. B mepBoM citydyae MpoMCXOAUT MepepacipeiesieHue TOpUsi COBMECTHO C ypa-
HOM U PEIKHMHU 3eMJISIMHU, U3MECHECHHE (OPM €Tr0 HAXOXKICHHS W KOHIICHTPAIMs B aKIICCCOPHBIX
MuHepanax. B rueiicax Topuii paccesH 1mo nopogoo0pasyromuM TeMHOLBETHBIM MUHEpaiaM, U30-
Mop(HO Bxons B pemieTku 6uotuta, ampubona, mojaeBbIX IINATOB U Jp. MuHEpanoB [57]. B pas-
BUBAIOILIMXCS 10 3TUM THeicaM yabTpaMeTaMop(OTreHHBIX IPAHUTOMIAX TOPHIl BXOAUT B COCTaB
Pa3IMYHBIX MUHEPAIBHBIX (a3 — OPTUTA, MOHAIIUTA ITUPKOHA U Jp. MuHepanos [7]. [To comepka-
HUIO PaJIMOAKTUBHBIX AJIEMEHTOB M YCIOBUSM (DOPMHUPOBAHUS TPAHUTOHMIHBIX WHTPY3UU, COCTaBa
MCXOJHBIX MarM M Mpo4uX (PU3UKO-XUMHUECKUX (DaKTOPOB OpTOMArMaTHueCKHe IPaHUTOUIBI pa3-
JIEJISIIOT Ha TPU THIA: YPAHOHOCHBIE (OOBIYHO JIEHKOKpaT-rpaHUTOBast (popmariusi), TOpUidi-ypaHo-
Bble U TOopueHocHbIe [58]. [locnenuuii TUI TPEACTABIAIOT OPTUTOBBIE TPpaHUTHl CBEKO(DEHCKOTO
Omoka banTuiicKoro mKTa, MOHAIIMTOBBIC TPAHUTH YKPAUHCKOTO MUTa U T. A. [42; 72-74; 83; 88].
N30bITOUHBIN TOpUN ATHX TPAaHUTOUIOB HE Y4aCTBYET Jajieeé B MarMaTHYE€CKUX SMUTCHETUYECKUX
npoueccax (TruaporepMaibHO-MeTacoOMaTHUeCcKasi ACSITEIbHOCTh U T. I.), TaK KaK OH HaXOJUTCS
B aKIIECCOPHBIX MUHEpaiaX. DIMUTCHETUICCKU TPOSIBIICHHBIC THIPOTEPMAIIbHO-METACOMATUICCKUE
oOpa3oBanust POPMHUPYIOTCS B IIMPOKOM JHAIIA30HE TeMIIepaTyphl U aasieHus. Hanbonee BeIcOKas
KOHIICHTpAIHsI TOPUS XapaKTepHa IJis BEICOKO-CpPEeIHETEMIIEPaTyPHBIX KBapII-IUIarHOKII1a3-0pTOKIIa-
30BbIX, KBapL-aJlbOUT-MUKPOKIMHOBBIX U KBAapL-aJIbOUTOBBIX METACOMATUTOB, IIUPOKO PA3BUTHIX
Ha IIUTaX U B KPUCTAUIMYECKUX MaccuBax (Tadi. 2).

Tabnuma 2

Conep:xkanue Topus B rpanurongax banruiickoro mura [S8]

Briox Dopmanus Maccus, nopona Topwid, r/T Th/U
Konvckuit mecabnox
VYparyOckmii I'pannToBas (PR)) Maunsrii Yparyockuit 52,4 8,0
AparyOckuit 87,5 13,5
MurmaTuThl 50,2 15,1
Hpo3nosckuit MurmaruT-miaruorpaiuT-rpa- | 1lnarnoMukpoKiIMHOBbIE MUTMAaTUTEL U 20,7 10,3
HutoBast (AR-PR)) TPAHUTBI
YynsesaBpckuit ArnantoBbix HedenrHOBBIX | JloBo3epckuii
cuenutos (PZ) JloBO3epUT-MypMaHUTOBBIX TysaBpUTOB | 198,0 2,4
OBJMAUTOBBIX JTysIBPUTOB 54,1 2,1
YpTuTOB, QPOHSINTOB, TySIBPUTOB 31,4 2,5
HedennHoBBIX CHEHNTOB 25,0 23
[Haruackuit [enounsix rpanuronoB (PR,) | CaxapmifokcKuii 78,0 23,6
benorynnpoBckuit 25,4 3,7
KetiBckwii [lenounsix rpanutonsioB (PR,) | [Typuanakckuit 20,2 5,1
Moxansrekuit | Ilenounsix rpanutonos (PR,) | Mokanbrekmit 31,0 3,4
TutoBcKHiA I'panuToBas (PR)) KanenssaBpckmii 24,0 11,6
[Mopriy6onbekmii 30,2 15,7
JleOsxuHCKMit 33,3 13,0
JInuesckuii 35,8 11,7
Ouenberopckuii | Llemounsix rad6ponos (PR,) 30,1 8,7
KeiiBckuit [Necuannk-aprmmrosast (PR,) 25,2 4,7
VYere-Tlonolicknuit I'panurosas(PR)), 242 7,1
MHUrMaTuT-rpanutosas (PR!) 21,6 12,7
benomopcras 3ona
Jlorrunckuit | Hlenounsix rpanutonios (PR,), | KOoyaiiBckuit 27,4 6,0
rpanuToBas (PR,) 66,0 5,7
Tepcxwmii I'panuToBas (PR,) 31,0 8,4
Enckmii [enounsix rpanuToB (PR,) 39,2 6,3
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[Ipy n3MeHEeHMM MIETOYHOCTH THIPOTEPM — CMEHE KpPEeMHUH-KaJIMH-HAaTpPOBOIO MeTacoMa-
TO3a YUCTO KPEMHHUI-HAaTPOBBIM — CHMIKAETCSl KOHLIEHTPALUs TOPUS B AKLECCOPHBIX MHUHEpa-
Jax, KOTOpPbIi o0pa3yeT cOOCTBEHHBIH MHHEpal — TOPUT. B KBapI-aabOMTOBBIX METacOMaTHUTax
(kBapu+anbOUT+HITUPUH) HAPALY C TOPUEM BO3pACTaeT CoAepKaHWe OepusuIns, HHOOUS U OJIOBa.

Ax1ieccopHble MUHEpaJIbl B METACOMAaTUTaX HU3KOTEMIIEPAaTyPHOH (alnun CMEHSI0TCS MUPOXJI0-
pPOM, KCEHOTUMOM, (peHakuToM, OeprpanauToM. [1omoOHBIN npouece NPUBOAUT K KOHLIEHTPALUU
Topusl Ha ypoBHE MecTopoxaeHui (Karyrunckoe B 3abalikanbckoil ckiaayaroil obnactu (puc. 4),
[lep>xaHckoe Ha YKpauHCKOM IIUTE U Ip.).

OHOreHHbIe HAKOIUICHUsl TOPUS, MPEJCTABISAIOIINE MIPAKTUYECKUI HHTEepeC, CBA3aHbl CO Iie-
JIOYHBIMH (POpMALUAMU HATPUEBOTO PsAJia, B KOTOPBIN BXOAAT:

— IIEJIOYHBIE YIbTpaMa(uThI, HIETIOYHbIE TIOPOJIBI ¢ KapOOHATHTAMU, METAHO(PEINHUTHI 1 (POHO-
JUTHI (KOMIUIEKCHI adpUKaHIa-KOHIOPCKHUM, TYIMHCKUNA, CHUCEHCKUI, 3MMUHCKUH U JIp.);

— armauToBble HE(EITMHOBBIE CUCHUTHI U (DOHOIUTHI (XUOMHCKHI KOMILICKC);

— He(denmnHOBbIE (MHACKUTOBBIE) CHEHUTHI (MIIbMEHO-BUIITHEBOTOPCKUH, CAHTHIICHCKUH, TEXcap-
CKUH U JIp. KOMILIEKCHI);

— ILEJIOYHbIE TPAHOCUCHUTHI, IEJIOYHbIC U HE(ETMHOBBIC CUEHUTHI (THMAHCKHI KOMIUIEKC U JIp.);

— ILIEJIOYHBIE TPAHUTHI U CUEHUTHI (CAaHTMJIEHCKUH, KyHaJICHCKUI U 1p. KOMIUIEKCHI).

OpueHTHpysCh Ha MpeIoNaraeMyto NIyOuHy 3apoKICHHUs UCXOAHBIX PACILUIABOB, YCIOBUS Qop-
MHUPOBAHUSI HHTPY3UH, BEIIECTBEHHBIN COCTAB CIIATalONINX MX KOMIUIEKCOB, IIEIOYHBIC (POpMAIUH
OTHOCSAT B paspsii MAaHTUHHBIX WJIM MaHTUHHO-KOPOBBIX 0OpazoBaHuil [5; 6]. YcTaHOBIEHO, YTO
I1€JI04YHbIE MarMaTU4eCcKue MOPOJIbl COAEPHKAT MOBBIIIEHHbIE KOJIMYECTBA PEIKOMETAIIbHBIX (TaH-
TaJl, HHOOWi, IUPKOHMM, OEPHILITUI), PEIKO3EMENbHBIX (LIEpUid, TAHTAH, UTTPHI) U PATHOAKTUBHBIX
AJIEMEHTOB, YTO SIBJISIETCSl Ba)KHEHMIIEH IeOXMMHMYECKOM (M METalJIOTeHUYECKON) OCOOEHHOCTBHIO
paccmarpuBaemoi rpynmnsl nopog [3; 5; 10; 33; 34; 81].

[Ipu o6pazoBanuu KapOOHATUTOB MPOMCXOJUT MHTEHCHUBHOE METACOMaTHUYECKOEe Ipeodpa3oBa-
HUE BMEMIAIONIUX MOPOJ TOJ BO3ACHCTBUEM Ta30Bo-kuakux 3maHarui (H,O, CO,, F, P u ap.).
B wuTore Bo3HUKAIOT crienuuuecKkue MeTacoOMaTHYeCKue mopoasl — kamadopuTsl (kapOoHaT-mar-
HETUT-(POPCTEPUTOBBIC TIOPO/IbI), KOHIIEHTPUPYIOIIUE PEIKOMETAIUIEHO-TOpUEBbIE pyabl. [IpruMepom

200 400 600 m
1 1 )

B 2 0 - s (27 (117

Puc. 4. I'eonornueckoe crpoenue Karyruackoro mecropoxaenus (FO. B. Boixos u ap., 1987)

A — nnan; B — pa3pes. Meracomatutbl: / — OMOTHTOBBIE; 2 — aM(uO0II0BbIe; 3 — KPUCTAJUTMUECKHE CIIaHIIbL; 4 — Gorarble TaHTa-
JIOHHOOHEBBIE PYABL; 5 — O0TaThle TOPUEBO-UTTPUEBO-PEIKO3EMENbHEIE PY/BI; 6 — Pa3pPBIBBI, COMPOBOKIAIOIINECS MOITHBIMH 30HAMHI
KaTakJ1a3a; / — CKBaKHUHBI
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MOTYT CITY>KUTh IIPOMBIIIJICHHBIC CKOIUICHUS TOPHS B PYAHOU 3aiexu ydacTka TyxTaBaapa MaccuBa
Byopusipeu. Beigensror Tpu nerporpaduueckux tuma kamadopuToB: (HOpCTEpPUT-MarHETUTOBBIE,
anmaTuT-QOpPCTEPUT-MAarHETUTOBBIC U KaJbIIMT-allaTUT-MarHeTuToBble. [leTporpadsl oTamyaroT Ka-
MaOpHUTHI OT KapOOHATUTOB MO MPHUCYTCTBUIO BHOBb 0OpPa30BaHHOIO KaJbIIUTA, allaTUTa, TETpa-
deppudoronura U KIMHOTYMHTA. M3yueHne pa3nuyHbIX (a3 MIEeTOYHBIX MOpPOJ, KapOOHATUTOB
¥ KaMa(OpHUTOB MOKA3AJI0 BO3PACTAHUE TOPHS B PALY OJIMBHHHUT-IIMPOKCEHUT-HE(PETHHN3NPOBAH-
HBI MUPOKCEHUT-MEJIBTEHTUT-KAIBIIUTOBBIN KapOoHaTuT-kamadopur (tadim. 3).

Tabnuma 3

leoxumMuyeckasi XapaKTepUCTHKA TOPUEHOCHBIX MOpojx MaccuBoB Kosiop u Byopusipsu
(conmep:xaHue 1eMEeHTOB, I/T) [58]

X Th
Topona PO cpe. U Nb | Ta Zr Y La | TL% | P,%
mpod | —
min-max
Byopuspeu
[TupoxceHuThI 3 24 3,5 143 - 200 50 320 1,1 0,28
4-60
Hedenunusuposanusle nupokce- | 25 25 6 86 - 300 50 120 | 0,52 | 0,79
HUTBI 2140
CrnronucTeie 6 21 2,4 100 - 175 17 81 0,76 | 0,57
MTUPOKCCHUTHI 7.9-45

Kamagpopumut u xapbonamumer

MarseTHuT-(popcTepUTOBEIC 3 60 14 120 - 1230 61 200 | 0,127 | 3,1
14-130

Amnatut-popcTepuT-MarHeTUT- 12 240 20 157 — 390 50 260 | 0,233 | 2,16

KaJIBI[UTOBBIE 10-1100

ATmaTuT-KalbIUT-TeTpadeppu- 17 270 24 103 20 460 61 350 | 0,240 | 1,67

¢oronutosbIe 10-2700

Kanpuur-anarur-goperepur-mar- | 17 450 60 239 30 403 39 390 | 0,520 | 1,7
HETUTOBBIE 10—-1750

Kosoop
YpTUTHI, UAOTUTHI, MENBTEUTUTHI 17 11 1 50 - 250 21 71 0,37 | 0,14
5-24
KapGonaruts! 1 kamaopuThI 14 28 32 61 - 370 14 61 0,10 | 2,30
4-240
Byopuspeu
Kamacdopurst 44 320 37 171 20 450 50 320 | 0,35 | 2,0
OOBenMHCHHAS BRIOOPKA 10-2700

Taxkum oOpa3zom, cpean MarMaTHYECKUX MOpoj Harboliee BHICOKUE CPEIHUE CONIEPIKaHUs TOPUS
YCTaHOBJICHBI B IIEJIOYHBIX MMOPOJAX THIA HE(PEIMHOBBIX CHCHHTOB W B IOPOJAX TOBBIIICHHON
HIEJIOYHOCTH (IIEeJIOUHbIE TpaHUThl). Takke yCTaHABIMBAETCA MpsiMas 3aBUCUMOCTb MEX]Y CO-
JIep>)KaHuEeM TOPHUS U armaugHOCThIO mopon. Hambonee BhICOKME cCOAEp>KaHUS TOPUS OTMEYAIOTCS
B armamToBBIX HE(EIUHOBBIX cMeHHTaxX JIoBo3epckoro Tuma.

MOXHO OTMETHTH €II¢ HEKOTOPYI CHEHU(PUKY TCOXHMHUU TOPHS B DHIOTEHHBIX IOPOJAX.
BrisBiisieTcsi 3aBUCUMOCTD COZEpPkKAHUSL TOPUSI OT IE€OJOTMYECKOr0 BO3pAcTa MOPOA: B MOJOIBIX

19



MarMaTU4ecKuX MOpoJiax ero cojepxaHue 0ObIYHO OoJsiee BHICOKOE, YEM B OJHOTUITHBIX METPOXU-
MHUUYECKUX PA3HOCTIX MOpoja 0ojiee MOJOABIX O Bo3pacty [34].

[IpumeuarenbHO, YTO OTJIMYMS COAEPMKAHUM TOPHSI B OJHOTUIIHBIX MOPOAAX OMNPEAEIAIOTCS HE
TOJIBKO PA3JIMYMEM COCTAaBa U OTHOCHUTEIBHOIO BO3PACTa, HO M I'€OJOTMYECKUMU YCIOBUAMH HX
(dbopmupoBanus. B ManbIx MarmaTuyeckux Telax OTMeYaroTcsi 0ojiee BHICOKHUE COAECPIKAHUS TOPHS,
4YeM B KpyHHbIX. B KpynHbIX, KaK MpaBuiio, 00OTallleHHBIMU OKa3bIBAIOTCS KpaeBble U allKalbHbIE
4acTH MacCHUBOB.

Conep:xkanue TOpHs B MHTPY3UBHBIX MOpoJax U UX 3(h(y3UBHBIX aHATIOTaX HE OTIMYACTCS KaKOM-
1100 3aKOHOMEPHOCTBHIO — B OJJHUX PaiioHaX B MHTPY3UBHBIX KUCIBIX U CPETHUX MOPOJIAX CONEprKa-
HUE TOPUSI HECKOJIbKO HIDKE, 4YeM B 3¢ (y3uBHBIX aHajorax. B apyrux nalmromaercst npsiMo MpoTu-
BOTOJIO’KHAs KapTuHA. [Ipu 3ToM konebanus comepkanus Topus B 3pPy3uBHBIX TOPOJAX, 0COOCHHO
KMCJIBIX, 3HAUUTEIbHO MEHBIIE, YEM B UHTPY3UBHBIX IIOPOJAX aHAJIOIMYHOIO cocrasa [15].

leoxumust Topusi B MeTaMop(puuecKux Mmopoaax u3ydeHa B MEHbIIEH CTENEeHU, YeM B MarMaru-
yeckux. ConepkaHue TOpus B HUX CYLIECTBEHHO 3aBUCUT OT COCTaBa UCXOAHBIX MOPOJ U CTENEHU
ux Meramop¢usma [57]. Paznuunbie 1 pa3HOBpEMEHHBIE HAJIOKEHHBIE TPOIIECCHI, 00YCIOBICHHbIC
PETrMOHANIBHBIM U KOHTAKTOBBIM METaMOP(PU3MOM, yIbTpaMeTaMop(hu3MoM, THIPOTEPMAIbHBIM Me-
TACOMAaTO30M H T. 1., BBI3bIBAIOT U3MEHEHUS MUHEPAIBLHOTO U XUMUYECKOTO COCTaBa, TEKCTYPHBIX
0COOEHHOCTEN MEePBUYHO-0CAAOUHBIX U MarMaTH4ecKux 00pa3oBaHUM U, COOTBETCTBEHHO, (DOPMBI
HaXOXKJIEHUSI ¥ COAEp)KaHUs Topus B mopozae. Hambornblnee BIUsHHE HAa HANpPaBICHHOCTb M Mac-
MTa0HOCTh MUTPALIMU TOPHS OKA3bIBAIOT MPOLECCHl PErHOHAIBHOTO MeTaMop(u3Ma U yiabTpaMe-
tamop(uzma. MeHnee MacTabHbI, HO B psAJe Ciay4yaeB 0ojiee KOHTPACTHBI U3MEHEHUSI COJCPIKAHUS
TOpUSL B pe3yjibTaTe IMAPOTEpMalbHOTO MeTacoMmarosa. OmpeneneHus NMEepBUYHBIX COIAEP>KAHUMN
TOpHSI B METaMOpP(PUIECKUX 00pa30BaHMAX 3aTPYIHEHBI U3-3a CIIOKHOCTH OLIEHKH CTEIIEHH MeTa-
Mop¢u3zMa U MeTacoMaTHUeCcKor nepexpucrammuzanuu nopox [38; 71; 81]. OO6bIYHO conepkaHUs
TOpuUsi B MeTaMOpPPUUECKUX MOPO/Iax 3HAYUTEIIbHO HIDKE KiIapKa.

Uro kacaercs reoXUMHH TOPHs IpPU Mpolieccax MmermMarutoOpa3oBaHUsl, TO, BEPOSTHO, B «IIeT-
MaTUTOBOM DACILJIaBe» MOBEIECHUE TOPUSI CYLIECTBEHHO HE JOJKHO OTIMYAThCS OT €ro MOBEACHUS
B COOCTBEHHO MarMaTu4eckoM IPOLECcCe: KOHIEHTPAlUs TOPUsS 3aBUCUT OT KUCIIOTHO-IIETIOYHOM
XapaKTEePUCTUKH pacIliaBa, KOTOpas MPUOIMKEHHO OLEHUBACTCS CTENEHBIO armamTHOCTH IerMa-
tuTOB. [loATBEp)KIEHMEM MOTYT CIIy>KUTh (DaKThl O0Jiee BHICOKOW KOHILIEHTpAIMKM TOpHUS B LIEJIOU-
HBIX nermarutax. M3 miectu THUIOB MErMaTUTOB, BbIJIEIECHHBIX B cBoe Bpems A. E. @epcmanom,
TOPUEHOCHBIMU SIBIISIIOTCS MOHALIUT-OPTUTOBBIE, HATPOBO-JIUTUEBBIE U NETMATUTBI C PEAKUMMU dJle-
MeHTamu [15].

PaccmatpuBas reoXuMuio TOpHUsS B LIMPOKOM CIEKTPE OCAJ0UHBIX MOPO MPH SK30I€HHBIX MPO-
1[eccax MOXXHO OTMETHUTb, YTO ocajouHast AuddepeHnunanys BemecTBa He ClIOCOOCTBYET €ro HaKo-
IUICHUIO, & JIUIIh HEKOTOPOMY OOOTaIIeHNI0 UM TIMHUCTBIX mopox [13]. Tak, TIMHBI U TIMHUCTHIE
CJIaHIIbI COJIepKaT B MOJITOpa-ABa pa3a OoJbIle TOpUS, YeM MECKH U aneBpoiuThl. OHAKO B psje
CIIy4aeB B XOJ€ MEXaHMYECKOTo pa3pyLIeHHs CIELHUATU3MPOBAHHBIX HA TOPHM TOPHBIX MOPOA
¥ MOOWJIM3ALMU OCAJ0YHOTO TEPPUTCHHOTO MaTepuana, 000TaleHHOTO PYIHBIMH, YCTOWYHBBIMH
K XMMHUYECKOMY BBIBETPUBAHHIO MUHEpPATaMHU, IPOUCXOAUT (POPMUPOBAHUE POCCHITHBIX MECTOPO-
KIACHUN TOPUS, LIUPKOHUS, PEAKUX 3€MEeNb M TaHTaJ0-HUOO0ATOB. JTO, KaK MPABHIO, UMEET MECTO
B OTHOCUTEIBHON OJIM30CTHU OT MCTOYHUKOB CHOCA, KOTOPHIMH SIBJISIFOTCSI B MOJOOHBIX CIyyasx
IPaHUTHBIE UHTPY3UHU, OPTO- U MaparHecsl U Jp. IOPObl, COAEPIKAILME B IMOBBIIIEHHBIX KOJIHYe-
CTBaX TOPHUI-PENIKOMETAUIBHO-PENKO3EMENIbHBIE MUHEPaJIbI. [IpuMEpOM city’KaT COBpEMEHHBIE KOH-
TUHEHTAJIbHBIE MOHAIUT-IIMPKOH-UIBMEHUTOBBIE pOcChiU [Ipra3oBbs U JOMAPUTOBBIE POCCHITU
B 10kHOM yactu Kosnbckoro momyoctposa. B mepBoMm cilydae MaTepUHCKMMH MOPOAAMU CITY>KUJIH
MOHAIIUTOHOCHBIE TPAHUTOUIbI YKPAMHCKOTO KPUCTAJUIMUECKOTO MAacCHBa, BO BTOPOM — armauTo-
Bble He(DeTMHOBBIE CUEHHTHI JIOBO3EPCKOTO KoMILIekca [58].

Taxke ckoruieHus Topus (Ha ypOBHE MPOSBICHUN MUHEpaTU3allid U PYAONPOSBICHUIA) MO-
ryT 00pa3oBaThCs MPU KOPOOOpa3yIoUIMX Mpolieccax, uYTo, B YaCTHOCTU Ha Teppuropun Poccum,
oTMeuaercsd B Ookcurax (pynomnposiBieHue TuxBuHckoe B TuXBHH-OHEXCKOM OOKCHTOHOCHOM
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npoBUHIKK). TakuM 00pa3oM, reOXMMHUYECKHIA CIIEKTP AIEMEHTOB MPHU YK30T€HHBIX MPOIeccax Ju-
MHUTHUPYETCSI XUMUYECKUM COCTABOM YCTOMYMBBIX K BBIBETPUBAHUIO PYIAHBIX MUHEpasoB [29; 58].

Jlia npencTaBieHus oOLie KapTUHBI PErMOHaIbHBIX 0COOEHHOCTEW F€OXUMUU TOPHsSI B HalIeH
crpane B 1995 r. B BUPI' (HIIO «Pyareodusuka») 6buia cocrasinena Kapra copepikanusi Topus
tepputopun Poccum macmrada 1 : 10 000 000 (E. b. BeicokooctpoBckas u ap., 1995). B ocHo-
BY IOJIOKEHBI MaTepHajbl a3poraMMa-CleKTpoMeTpudeckux cbeMok 1964—-1993 rr. Kapra cormpo-
BOXKJIAJIaCh CXeMaMu a’poramma-crnekrpoMmerpudeckoil (AI'C) u3y4eHHOCTH W €CTECTBEHHBIMU
AI'C monmuroHamMu CTpaHbl C WX HAaMMEHOBaHUSMHU. Takke MPUBEACHBI JaHHBIE MO MacliTadam
AI'C, TumaM HCmosb3yeMoii anmaparypbl ¥ OpraHU3alUsIM-UCIIONHUTENIM padoT. [Ipu comocTas-
JICHUM aHOMAJIbHBIX MO TOPHIO IUIOIIAJEH HA YKA3aHHOW KapTe CO CXEMaMHU PACIIOJIIOKEHHS KOM-
IUIEKCHBIX (PEIKO3EMENbHBIX U PEJKOMETANIbHBIX) MECTOPOXKIECHUI Topusi Ha TeppuTopun PO 1o
Pa3IMYHBIM PETMOHAM OTMEYAETCsl UX JIOCTAaTOYHO YAOBJIECTBOPUTENIbHAS YBS3Ka, YTO 1a€T OCHOBA-
HUE PEKOMEH]IOBATh HUCIIOIB30BaTh TOPUI MPH MPOBEICHUHU T'€0JIOTOPa3BEeIOYHBIX PabOT B KAYECTBE
MPSIMOTO [TOMCKOBOTO KPUTEPUS JJIs BBISBJICHUS CTOJIb HY)KHOTO CTpaHe Ne(ULIUTHOTO «MUHEPAJIb-
HOTO CBHIPBS JIJIS METAJVIOB BBICOKUX TexHojorui» [20; 55]. 'eodusuueckue noss ¢ conepraHueM
topust 20—70%10-4 % OTY4ETIMBO TATOTEIOT K MAaCCHBaM ILEIOYHBIX MAarMaTHYECKUX MOPOA U Kap-
OOHATHUTOB, BKJIIOYasi UX KOpbI BeiBeTpuBaHus (Kombckuii momyoctpoB, Enuceiickuit kpsik, 3adaii-
Kajbe, [IpHoxoTbe U T. I.) C U3BECTHBIMU MECTOPOXKJICHUSMU U PYAONPOSBICHUSIMHI KOMITJIEKCHBIX
TopueHOCHBIX pya [7; 18; 21; 28; 31; 52; 53; 68; 70]. MeHee OTYETIUBO MPOSIBISIIOTCS B IMOJISIX
poccbinu MoHauuTa [79]. Kapra cogepxanuii Topust — ocHoBa KapTbl TOpUEHOCHOCTH TEPPUTOPUU
Poccuiickoit @enepanuu.

3.2. MUHEPAJIOI'USA TOPUSL

B MuHepanax Topuil HaXOAUTCS B BUJAE YCTOMUYMBOIO MOJIOKUTEIHLHOIO MHOI03apsJHOIO MOHA
Th (IV) u BcTpeuaercsa BMecTe ¢ aHasioraMu — 4eTbipex3apsianbivu nonamu Zr (IV) u Hf (IV). To-
puii Taoke ooHapyxuBatoT BMecte ¢ U (IV), KoTopblif mMeeT JOBOIBHO ONMU3KUI MOHHBIN paauyc.
Opnnako nockospKy npu okuciaenuu ypas (IV) nerxo npespamaerca B UO3", uMeronuii 0onbIioi
HWOHHBIN paauyc, To ypad u Th (IV) He MmoryT HaxomuThcs BMecte. Monnbiii paguyc Th (IV) Bech-
Ma CXOZIEH ¢ paaumycamu Tpex3apsaaHbix katnoHoB P30 u Ce (IV).

Kpowme toro, Topuii, momoduo P33, obpasyer HepactBopumbie Gocdarsl u ruapokcust. [TosTo-
My TOpH 4acTO OOHApYKMBAIOT B MUHEPAIax COBMECTHO C PEIKO3eMEIbHBIMU ieMeHTaMu [16].

Ilo rene3ucy pas3nn4aroT MECTOPOXKACHUS TOPUS: MarMaTu4eckue, IerMaTuTOBbIe, BBICOKOTEM-
nepaTrypHble ByJKaHOTE€HHbIE, THAPOTEPMalIbHBIE U pocchinHbie [19]. B Marmarndyeckux mectopo-
KJICHUSX TOPUM KOHLIEHTPUPYETCS B I'PAHUTAX — B AKLECCOPHOM MOHALUTE M YaCTHUYHO TOPHUTE,
a Takke B He(eIMHOBBIX cueHHMTax (B jomapure). M3 somapurta TOpuil M3BIEKAaeTCS B KauecTBE
MOOOYHOTO MPOAYKTA MpU A00bYEe HUOOMS U peiKuX 3eMenb. Topuil MOXKeT Takke HaKaIluIMBaThCs
B KapOOHaTuTax, IJI€ OH BXOJUT B COCTAaB MUKPOJIMTOB. B MerMaTUTOBBIX MECTOPOXKAECHUSX TOPUIl
BCTPEYAETCS B TPAHUTHBIX NETMATUTAX B BUJIE AILIEHUTA, IPUOPUTA U Ip. MUHEpaoB. [IpoMbliuieH-
HBIX KOHLIEHTPALUI 3T MUHEpaJbl HE 00pa3yIoT, a ABJISIOTCS TOMOIHUTEILHBIM UCTOUHUKOM TOPUSI.
B BbIcOKOTEMIIEpaTypHBIX BYJIKAaHOTCHHBIX TMJIPOTEPMAIIbHBIX MECTOPOKICHUSAX TOPUIl KOHLIEHTPHU-
pyercst B Topute, (peppoTopuTe, TOpUaHUTE U ypaHOTOpUaHUTE. B psae ypaHOBBIX pYyIHBIX MOJIEH,
I71e OCHOBHBIM MUHEPAJIOM SIBIISICTCS HACTYpaH, MUHEPAIbHBIE 00pa30BaHMsI TOPHUS MOTYT JIOCTUTATh
IIPOMBIIIIEHHBIX KOHLEHTPALUM.

MuHepaiibl, cofepKaliie TOPUi, yCTaHOBJICHBI HA BCEX KOHTUHEHTaxX. [JaBHBIA HCTOYHUK TO-
pUs — MOHAUUT — B JIOBOJBHO OONBLIMX CKOMUIeHUsX u3BecteH B Mumuu u HOxHoil Amepuke.
B npupoaHbIX COEAMHEHUSAX TOPUM CBSI3aH C YpaHOM, PEIKO3EMENbHBIMU 3JIEMEHTAMU M LIUPKO-
HOM, OTHOCHUTCSI K TUIMYHO JUTOC(HEPHBIM 3IEMEHTaM U KOHLUEHTPUPYETCS MPEUMYILIECTBEHHO B
BEPXHHMX CJI0sIX JIuTOoCchepsl. B kauecTBe npumecu Topuii oOHapyxkeH Oosee yem B 100 MuHepanax,
MPEJICTABISIIONINX COO0M KUCIIOPOIHBIE COCIUHEHUS, TPEUMYIIECTBEHHO OKCUAbI U 3HAYUTEILHO
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pexe — docdarel u kapOboHatel. bonee 40 MuHEpanoB SBIAIOTCS COCIUHEHUSMU TOPHUS WIIH KE
TOPHUI BXOAUT B HUX B KAUE€CTBE OJHOIO M3 IIABHBIX KOMIOHEHTOB. OCHOBHOM NPOMBIIIECHHBIN
muHepan topusi — monauut (Ce, La, Th)PO,, toput ThSiO, n Topuanut, cogepxaniuii ypan ox-
cun topus, (Th, U)O,. Toput ouenn 6orar topuem (45 mo 93 % ThO,), HO penok Tak ke, Kak H
JpyToil TOPUEBBI MUHEpad — TOpUAHUT, coiepxammuii ot 45 10 90 % ThO,. Baxusiii Mmunepan
TOpUSl B IPOMBILIUIEHHOM 3HAYEHUH MOHAIUT — CIOXKHBIA (hocdar Topus U peaKko3eMelbHbIX dJie-
MEHTOB (Llepusi, JTaHTaH, MMpa3eoanmM, HeoauM u Ap. P3D) — comepkut Takke rnepeMeHHbIE KOJIU-
YeCcTBa KPEMHECOAEpKalllUX COCAMHEHUM, ypaHa, )eje3a, aJllOMUHUS, MarHus U Ap. 3JIEMEHTOB.
Topust B MoHanmte — ot 2,5 10 12 %, B THIUYHBIX oOpa3nax okosno 4 % Topusi.
B tabn. 4 npuBeneH nepeyeHb U3BECTHBIX HA CETOIHS MHUHEPAJIOB, COMEPKAIIUX TOPHUH.

Tabanuma 4

Topuesble 1 TopHiicoaep:xamue MUHepaJsl [16]

TES;:&) Ha3Banue Munepaia dopmyna ATOMHBIN BeC
87,88 | Thoriante ThO, 264,04
72,13 | Thorogummite Th(Si0,4)1-x(OH), 312,72
71,59 | Huttonite ThSiO, 324,12
71,59 | Thorite ThSiO, 324,12
50,22 | Brabantite CaTh(PO,), 462,06
45,57 | Thorbastnasite Th(Ca, Ce)(CO;),F, 3(H,0) 509,19
43,73 | Grayite (Th, Pb, Ca)PO, (H,0) 318,38
31,55 | Brockite (Ca, Th, Ce)(PO,)(H,0) 220,66
29,73 | Cerianite-(Ce) (Ce*t, Th)O, 195,09
29,29 | Trorosteenstrupine | (Ca, Th, Mn),;Si,0,,F6(H,0) 712,88
29,02 |Cheralite-(Ce) (Ce, Ca, Th)(P, Si)O, 239,85
27,79 | Yttrialite-(Y) (Y, Th),Si,0, 417,54
27,08 |Ekanite ThCa,Sig0,, 856,87
25,29  |Steacyite K, (Ca, Na),ThSizO,,(x = 0,2 to 0,4) 825,70
23,79 | Tuliokite BaNa,Th(CO;), 6(H,0) 974,45
23,75 | Thorutite (Th, U, Ca)Ti,(O, OH), 390,82
21,11 | Turkestanite Th(Ca, Na),(K,_,, [ ]x)Sig0,, n(H,0) 879,42
20,41 |Thornasite Nal2Ths[Sig0,4], 18(H,0) 3410,96
19,29 |Eylettersite (Th, Pb),_Al;(PO,, Si0,),(OH), 481,10
18,38 | Umbozerite Na;Sr, ThSig(O, OH),, 1262,17
18,25 | Britholite-(Ce) (Ce, Ca, Th, La, Nd)5(SiO,, PO,) 3(OH, F) 762,67
15,73 | Monazite-(Sm) SmPO, 221,25
14,16 | Ciprianiite Ca,[(Th, UYREE)]2(AL [ 12[Si4B40,,](OH, F), 1032,51
11,33 | Nioboaeschynite-(Y) |[(Y, REE), Ca, Th, Fe](Nb, Ti, Ta),(O, OH), 368,70
9,94 Iraqite-(La) K(La, Ce, Th),(Ca, Na),(Si, Al);,04 1634,63
9,31 Arapovite (U, Th)(Ca, Na),(K,_[ 14)SigO,, H,O, x =0,5 897,66
9,29 Samarskite-(Yb) (Yb, Y, REE, U, Th, Ca, Fe2*)(Nb, Ta, Ti)O, 312,29
9,08 Vicanite-(Ce) (Ca, Ce, La, Th);sAs5(As’s, NaO 5)Fe3*SigB,04F; 2554,77
8,42 Kukharenkoite-(La) |Ba,(La, Ce)(CO;);F 605,99
8,16 Kivuite (Th, Ca, Pb)H,(UO,),(PO,4),(OH); 7(H,0) 1706,20
8,04 Althupite Th, AI(UO,),(PO,),(OH); 15(H,0) 2884,36
7,93 Orthochevkinite (Ce, La, Ca, Na, Th),(Fe2*, Mg),(Ti, Fe3");S1,0,, 1170,75
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OkxoHyanue Tabi 4

TE;E:;} Hazpanue munepasna dopmyna ATOMHBII Bec
7,79 Yttrocrasite-(Y) (Y, Th, Ca, U)(Ti, Fe3),(0, OH), 298,05
7,53 Saryarkite«Y) Ca(Y, Th)Als(SiO,),(PO,, SO,),(OH), 6(H,0) 924,75
6,22 Polycrase-(Y) (Y, Ca, Ce, U, Th)(Ti, Nb, Ta),04 372,96
6,18 Karnasurtite-(Ce) (Ce, La, Th)(Ti, Nb)(AI Fe3*)(Si, P),0,(OH), 3(H,0) 450,31
6,06 Zirkelite (Ca, Th, Ce)Zr(Ti, Nb),0, 382,76
5,88 Calciobetafite Ca,(Ti, Nb),(O, OH), 394,30
5,58 Uranopolycrase (U, Y)(Ti, Nb, Ta),04 415,77
5,31 Yttrobetafite-(Y) (Y, U, Ce),(Ti, Nb, Ta),04(OH) 437,15
5,14 Melanocerite-(Ce) | (Ce, Th, Ca)s(Si, B);0,,(OH, F) n(H,0) 903,06
5,11 Piergorite-(Ce) CagCey(Al) sFed’s)([ 1, Li, Be),SigBgOs4(OH, F), 1498,89
4,84 Monazite-(La) (La, Ce, Nd)PO, 239,90
4,83 Monazite-(Ce) (Ce, La, Nd, Th)PO, 240,21
4,82 Monazite-(Nd) (Nd, Ce, La)(P, Si)O,4 240,72
4,59 Menezesite Ba,MgZr,(Ba, Nb;,0,,) 12(H,0) 2778,48
4,42 Tritomite-(Ce) (Ce, La, Ca, Y, Th)s(Si, B);(O, OH, F); 787,79
3,79 Dissakisite-(La) (Ca, Fe2*, Th, La)(REE, Ca)(Al, Cr, Ti),(Mg, Fe, A)Si;O,,(OH, F) 551,33
3,66 Cervandonite-(Ce) | (Ce, Nd, La)(Fe’*, Fe2*, Ti**, Al)3(Si07); 4 y(ASO3) 4y y(OH)s, 3y 634,48
3,61 Zirconolite (Ca, Fe, Y, Th),Fe(Ti, Nb);Zr,0; 385,57
3,29 Coutinhoite ThBa, ,,(H,0),(U0,),Si50,; H,0 2118,94
3,20 Sazhinite-(La) Na;La[SicO,5] 2(H,0) 652,93
3,02 Bussyite-(Ce) (Ce, REE);(Na, H,0);MnSiyBes(O, OH);,F, 1329,21
2,97 Fersmite (Ca, Ce, Na)(Nb, Ta, Ti),(O, OH, F), 390,96
2,30 Mottanaite-(Ce) Cay(Ce, Ca),AlBe,[Si,B,0,,]0, 1007,13
1,93 Chevkinite-(Ce) (Ce, La, Ca, Th),(Fe?*, Mg),(Ti, Fe3*);S1,0,, 1205,27
1,85 Pulyakovite-(Ce) (Ce, La, Nd, Pr, Ca),(Mg, Fez")(Cr, Fe3%),(Ti, Nb),Si,0,, 1255,42
1,85 Steenstrupine-(Ce) | Na,,CesMn2*Mn3*Fe3"(Zr, Th)(Sic0,5),(PO,); 3(H,0) 3142,39
1,66 Okanoganite-(Y) (Na, Ca)y(Y, Ce);,Si:B,0,/F 4 2660,88
1,51 Fluorbritholite-(Ce) |(Ca, Ce, La, Na)s(SiO,4, PO,);(OH, F) 769,69
1,31 Fluorcalciobritholite |(Ca, REE);[(Si, P)O,]5F 710,23
1,04 [limaussite-(Ce) (Ba, Na);(K;Na, sCes(Nb, Ti)s[Si;,034][SigO;5(0, OH),4]O¢ 4253,30
0,97 Perrierite-(Ce) (Ce, La, Ca),(Fe?t, Mg),(Ti, Fe3");S1,0,, 1201,74
0,86 Proshchenkoite-(Y) |[(Y, REE, Ca, Na, Mn),sFe2*Ca(P, Si)SizB;(O, F).g 2711,51
0,78 Lakargiite CaZrO, 177,87
0,74 Iwashiroite-(Y) YTaO, 313,16
0,55 Yakovenchukite-(Y) | K;NaCaY,(Si;,05y) 4H,O 1256,79
0,40 Uedaite-(Ce) Mn2*CeAlFe2*(Si,0,)(Si0,)O(OH) 584,87
0,27 Kuannersurite-(Ce) | BaysNa,REE,(PO,),FCI 1704,53
0,25 Allanite-(La) Ca(REE, Ca)Al,(Fe?*, Fe3)(Si0,)(Si,0,)O(0OH) 557,74
0,19 Dingdaohengite-(Ce) | (Ce, La),Fe2(Ti, Fet, Mg, Fe*"),Ti,S1,0,, 1237,85

Topwuii 06pa3yer 12 coOCTBeHHBIX MUHEpaIOB. Hike XxapakTepu3yroTcsi HEKOTOphIe U3 HUX [16].
Topuanum (Th, U)O, — conepxanue Th 88 %, ornomenne Th/U ot 20 no 5. Kpucrammszyercs
B KyOnueckoi cuHronuu. Kpucramisl ¢opmbl Kyba U OKTasapa pa3sMepoM OT JI0JIeH MUIUIUMETPOB
10 3—5 cM (KpyTnHeHIue HaXoAKu — KPUCTal 6 ¢cM U CpoCTOK 2,2 KT u3 Majarackapa), B pOCChI-
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ISIX — OKaTaHHbIE 3epHa. L[BeT yepHblii, Py BHIBETPUBAHUU — OYpBIN WIIH JKEITOBATO-OyphIii, Olieck
CMOJIUCTBIN, MONyMETAJUIMYECKHUM, B TOHKUX OCKOJIKAX MPOCBEUMBAET KPACHO-OYpBHIM IIBETOM.
OOpasyetr HenpepbIBHBIN H30MOP(MHBIN psSa ¢ YpaHHHUTOM. [IpeMMyIIecTBEHHO METaMUKTHBIMH,
CHJIPHO PaJMOaKTUBEH (MEHee paJMOaKTUBHBIA, YeM YPaHHUHHUT, HO ¢ 0ojee BBICOKOM 3HEpruei
y-nmydeit). Yamie BcTpeuatorcs TopuaHuthl, coaepxkamue UO, ot 5 1o 32 %. TunuuHeie npumecu
U, Ce, La, Pb. IIpu cootnomenun ThO, / UO, = 1:1 MuHepan Ha3bIBaeTCsS ypaHTOPHAHUTOM.
TopuaHuTBl conepkaT NpUMECH PEeIKO3eMENbHBIX 3JIEMEHTOB LiepueBoi rpynmnsl (P30 3amemiator
Th B o6veme 10 8 BecoBbix %), Fe, He, a Takke HeCTpyKTypHbIe IpUMecH paauoreHnoro Pb, Zr,
Se. /IoBONBHO TPYyAHO OTIMYUTH TOPUAHUT OT ypaHUHHTA. Hambonee CyliecTBEHHBI Ui TAaKOTO
pasnuyuus — XapakTep HaXOXKJEHUS U JIETKash paCTBOPUMOCTh B a30THOM KHCIIOTE.

Jlig TopuaHuTa XapakTEpHO HAXOXKIEHHE B POCCHIMSX, NEerMaTuTax, KapOOHATUTax, a TaKxkKe
B METaMOp(U30BAHHBIX M3BECTHSKAX, IJI€ STOT MUHEpaJ BCTPEUACTCS B aCCOLMAIMM CO IIMHHE-
710, TUOTCHIIOM, (oronuToM u ap. MmeroTcs Takke W MECTOPOXKACHUS MErMaTUTOBOTO THUIIA.
JloGpIBaeTcs MIaBHBIM O0Opa3oM U3 POCCHINIEH COBMECTHO C LUPKOHUEM, HIBMEHHUTOM, TOPHUTOM
(aiumroBuabHbIe MecTopoxaenust B Poccun, Unaun, mecropoxxnenust B lllpu-Jlanke u na Mana-
rackape, kopeHuole — B Kanage u Assicke). Kanaackuili marepuan conep HUT 3aMETHYIO MPUMEChH
ypaHa (YpaHOTOPHAHHUT) U UMEET MOCTENECHHbIE NMePeXoAbl K YPAHUHUTY.

TopuaHUT — Ba)KHBIM UCTOUHUK MOITY4YEHHs] TOpHs (MOMYyTHO NOOBIBAe€TCS ypaH, €CJIU OH IMpH-
cyTcTByeT). Pa3HOBUIHOCTH: ajlaHUT — TOpUAHUT, conepxkammii ot 14,9 o 29 % UO2 u ot 11,2
1o 12,5 % PbO; ypanoropuanur — (Th, U)O,; Ce-ropuanur.

Topum Th[SiO, — munepan u3 kinacca ocTpoBHbIX cuiukaroB. Coxpepxut npumecu Fe, U,
Pb, Ca, P32, Mn, P, Al, Ti kpuctaymnzyeTcsi B TeTparoHaJabHOW CHHTOHWU, KPUCTAJUIBI MTPU3Ma-
TUYECKHUE, CTOJIOUaThle, arperarbl CIUIOIIHbIE, YaCTO B BUJAE 3€pHUCTHIX arperatoB. O4yeHb paauo-
aKTHBEH, 4YaCTO METaMMKTHBIA. BeTpedaercss Kak akuecCOpHbI MUHEpal B IerMaruTax, Hedenu-
HOBBIX CHEHUTaX, TPAHUTAX, B HEKOTOPBIX IIEIOYHBIX MOPOAaX, a TAaKkKe B TUAPOTEPMATbHBIX KH-
nax. KpynHbIX CKOIUIEHMI TOpUT HE 00pasyeT; JOOBIBA€TCA M3 POCCHINEH MOIYTHO C IIUPKOHOM,
KaccuteputoM U Ap. PasHoBumHOCTH TopuTa: opamxut; ypanotoput ThU[SiO,] ¢ UO, (mo 17 %
U;0y), B HacTodlee BpeMsi BaXXHBII UCTOYHHMK ypaHa, MPO3pPaueH, OJMBKOBO-3E€JIEHBINA; TOPOTYM-
MutT (o 15 % H,0, (Th, U)[(Si0,),(OH),] otHomenune Th: U = 2 : 1, kpuctannusyercs B TeTpa-
roHanbHOU cuHronuu; deppuroput (1o 13 % Fe,05); kanpuuoroput u pocdopcoaeprammii To-
PUT — aydpJIUT.

Monayum Th, Ce, La, Nd [PO, — bocdar penko3eMeabHbIX 3JIEMEHTOB MPEUMYIIECTBEHHO
uepueBoi rpynmnsl. BriepBeie Munepan oTkpbIT Ha FOxxnom Ypane B Mnbmenckux ropax (YensOun-
ckas 00nacTh). XUMHUYECKUA COCTaB MOHAIIUTA HE MOCTOSHHBIN, a ONMPEACISIETCS €r0 TeHE3UCOM.
CymMa peliko3eMeNIbHbIX OKCHJIOB B MOHALUTE cocTaBisieT 55—74 %, B TOM 4yucie UTTpUN U 3Je-
MEHTBI UTTpHUEBOH rpymmbl 1-3 %, pexe 4-8 %, comepkanue oxcuna gocdopa (P,Os) — 18,4—
31,5 %. YacTo comepKuT pa3inuyHble MPUMECH, U3 KOTOpbIX miaBHelmue: ThO, (10 28 % u Gonee),
UO, (mo 6,6 %), ZrO,, CaO (2 %), a takxke SiO, (6 %), SO;. Kpucramiuzyercss B MOHOKIMHHOMN
CUHTOHMH, 00pa3ysl IUIaCTUHYAThle, UHOIJA TOJCTOTAOIUTYAThle KPUCTAJUIbI, HEPABUIbHBIE 3€p-
Ha, 3epHHUCThIe Macchl. OTMevaeTcs mMUpokuil u3omopdusm ¢ xarrouuroM Th(SiO4) u yepamurom
(Ce, Ca, Th)(P, Si1)O,4. Oxkpacka MuHEpanoB OBIBAET MEIOBO-KEITOM, JKEITO-3€JI€HOM, KOPUUHEBOH,
KpacHO-OypoH, pO30BOM M THMAIIMHTOBO-KpacHOU. KpucTamisl — Hempo3payHble WU TOTYpo3pad-
HbIe. PagnoakTHBHOCTH 3aBUCHUT OT copepskanus Th, KoTopoe 0OBIYHO MOBBIIIEHO B BEICOKOTEMITE-
paTypHOM MOHALIUTE M3 FPAHUTOB U MErMAaTUTOB M 3HAYUTENIbHO HUKE B MOHALIUTE U3 IIEJTOYHBIX
MOPOJI, TUAPOTEPMATBHBIX MECTOPOXKICHUI U B MOHAIIMTE U3 POCCHIMECH.

Mownauut Haubonee Ooratbiii TopueM (28,2 %) obnapyxen Ha Lleinone. Berpeuarorest Takxe
MPAaKTUYECKH OeCTOpHEeBbIe MOHAIUTHI, Hanpumep B bomusun. [IpoucxoxaeHnne marmarudeckoe
(aKueccoOpHbIM MOHAIUT IPAHUTOUIOB U IIEIOYHBIX U3BEPKEHHBIX MOPOA), IETMATUTOBOE, IMHEB-
MaTOJIUTO-THAPOTEPMANIbHOE (B Tpeii3eHax, KBapl-BOIb()PAMHUTOBBIX XKUJAaX, MPOKHIKOBO-METa-
COMATUYECKUX PEIKO3EMEIIbHBIX MECTOPOXKACHUAX, KapOoHaTuTax, (peHuTax, abOUTUTAX U AIp.).
Berpewaercst B anbnuiicKux skninax. MecTOpOXKIACHNST MOHAIUTA CBS3aHBI OOBIYHO C TPAaHUTHBIMH
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MerMaTUTaMH, PeXe — C THAPOTEPMAIbHBIMH KapOOHATHBIMHU JKWJIAMH B IIENOYHBIX TPAHUTAX,
CHUEHHUTaX. B MOBEPXHOCTHBIX yCIOBUSX MOHAIUT YCTOWYMB, HAKAIJIMBACTCS B POCCHINSIX. B coB-
pemeHHbIX Mopckux ocankax (TaliBaHp) M a/UIIOBHATIBHBIX POCCHIIAX (30J0THIX U OJOBSHHBIX)
UMEeT OTYACTH ayTUTeHHOE MPOMCXOXKICHUE (CEepblii M YepHBIH MITOOYISPHBIM MOHALUT — KyJa-
pHUT), BO3HUKAS MPU TMEPEOTIOKEHUN OOJOMOYHOrO MOHAIMTa U 3a cueT padmodanuta Ce(PO,)
H,0. JloOGsiBaeTCs MOHAIIUT U3 PEYHBIX U MOPCKUX pocchineit (B Muaun, lpu-Jlanka, bpazunuu,
CIIA, Ascrpanuu, YkpauHe), KyJa OH IONAAAET NPU Pa3MbIBE IPAHUTOB U THEICOB, COIEPIKALUX
MOHAIIUT B KaY€CTBE XapaKTEPHOTO aKIeCCOPHOro MuHepana. Chipbe /Ui MOIyYeHUs JEeTKUX JIaH-
TaHOMJIOB, UTTPUS 1IEpUs U TOPHSL.

bpannepum UTi,04 — cnoxHblid TUTAHAT ypaHa, TOPUS U PEAKUX 3eMenb, re U MoxkeT 3ame-
marbes Th, penkosemensHbiMu meMenTamu, Ca, Pb, a Ti jxene3om; 4acTo COIEPKUT aicopOupo-
BaHHYIO Boay. OObIYHO 00pa3yeTcs B MarMaTHYECKUEe U MTHEBMATOIUTO-THAPOTEPMAIIbHBIE CTA U
HMHTPY3UBHOTO Mpollecca KaK aKIeCCOPHBbIA MUHEpasl TPAaHUTOB, B CKapHaX, IMerMaTuTax, rpeise-
HaX, peXe B KBapLEBbIX U KBapLEBO-KapOOHATHBIX 00pa30BaHUAX. bpaHHepUT — pyna Ais u3Bie-
YEeHMsI ypaHa.

Taoonunum (ycm. Hmepoum) (Ce, La, Nd, Y),FeBe,Si,0;, — munepan yepuoro (Oypo-uep-
HOTO) I[BETa C YKUPHBIM CTEKJIOBATHIM OJIECKOM, NMPOCBEUMBAIOLIUICS MO KpasiM, UHOT/A COBCEM
Henpo3paueH. OObIYHO BCTpeyaeTcsl B BUJE IUIOTHONW Macchl aMOpP(HOIo Tesla WM arperara dep-
HOTO 1IB€Ta (B M3MEHEHHBIX 00pa3lax TEMHO-3€JIEHOr0), BKPAIVIEHHBIX B I'paHUT. B 3aBucuMocTH
OT Mpeobaanus UepHs WIK UTTPUS pa3INyaroT raJoduHuT-Ce U ragoduHUuT-Y COOTBETCTBEHHO.
XUMUYECKUI COCTAB TaJJOJTMHUTA HETIOCTOSHHBINA — COAEPKAHHE OCHOBHBIX KOMIIOHEHTOB, 0COOEH-
HO FeO, cunbHO KOMEONETCs; TaKKE COACPKUT TOPHM, peke ypaH. M3-3a Hamwuus Topusi U/ Win
ypaHa — paJliOaKTUBEH.

Kpucramisl peaku, UMEIOT IpU3MaTuYecKyto (popMy, HHOTJIA JOCTUTAIOT TUTAHTCKUX Pa3MEpOB,
BEC OTAENBHBIX KPUCTAJUIOB MOXKET JIOCTUTATh JIECATKOB Kuiiorpamm. JloObIBaeTcs B MPOMBIIILICH-
HBIX MaciTabax AJis IPOU3BOACTBA TOPHS, YPaHA U PEIKO3EMENbHBIX 3JIEMEHTOB.

[TonBoas UTOr pacCMOTPEHMIO MPAKTUYECKU 3HAUMMBIX MUHEPAJIOB TOPUs, OTMETUM, YTO Hauobo-
Jiee BBICOKHME COJIEpKaHUsl TOpHsl OTMeUaroTcsi B TopuaHute (ot 58 1o 93 %), B ypaHcoaepKaiux
MuHepanax. Hampumep, B MOHAIIUTE €ro KOJIMYECTBO BAPBUPYETCS OT MEPBLIX MPOLIEHTOB 110 25 %.

3aKOHOMEpHbIE COYETaHUsl TOPHUICOIEPKALIUX MHUHEPAIOB ONPEIENISIIOT OCOOEHHOCTU MHHE-
palbHBIX THUIIOB, BXOASIIUX COCTaBHBIMU YacTSIMU B PYJOHOCHBIE U pyAHbIE (OopMaluu MO Kiac-
cU(UKaLny, MPEIOKEHHON aBTOPaMHU.
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I'maBa 4. OJIIOXHW TOPUEBOI'O HAKOIIVIEHUA
B I'OPHBIX ITIOPOJAX B UCTOPUHU 3EMJIN

Ha pannux stanax ucciaenoBaHUsl PaJUOAKTHUBHBIX 3JIEMEHTOB COTPYIHUKAMH OTAENICHUS CIie-
nuanbHoi Metayuiorennn BCEI'EWM muist Topust ycTaHOBIIEHBI (aHAJIOTUYHO YPaHy) T€OXUMUYECKUE
U METAJUIOI€HUYECKHE SM0XH €r0 NPOSIBICHHS U HAKOIIJIEHHs, a B 00pa30BaHUAX 36MHOM KOpBI BbI-
JIeJICHBI J1Ba MErapuT™Ma — JOKeMOpUHCKUi 1 (aHnepo3oickuit [S8].

[Ipumepom mepBoii reOXMMHUYECKOW 3I0XH, MPOSBUBIIEHCS B TOKEMOPHUH, CIIY)KUT 3I10Xa IMaH-
IPAaHUTH3ALMU PAHHETO IMPOTEPO30s, KOrga B HUTOre mpeoOpa3oBaHUs THEHUCOB (HOPMHPOBAIHUCH
OTPOMHBIE MacChl BBICOKOTOPHUEBBIX IPAHUTOB (32 cyeT 00pa30BaHMs aKLECCOPHBIX TOpUicoaep-
JKAIMX, B MCHBIIICH CTENEHN COOCTBEHHO TOPHEBBIX MUHEPAIOB). CpeHe-MO3HEMPOTEPO30MCKas
aKTHBH3AIMS CTUMYJIMPOBaJIa BOSHUKHOBEHUE PYIHBIX (OPMALUN TOPHUS — TOPUH-PEIKOMETAIIIb-
HO-YPaHOBOM B KaJIMEBBIX METACOMATUTAX, LIEIOYHBIX U JIEHKOKPATOBBIX I'PAHUTAX, MIETMATOMIaX
U NIETMATUTaX, a TAKKE YPAHOBOW M 30JI0TO-PEAKO3EMEIbHO-TOPUEBOM B KOHINIOMEpaTax, rpaBeiiu-
Tax, NecyaHukax v kBapuutax. [Ipu 3ToM nepsast popmarus U3 NPUBEICHHBIX BBIIIE YCTAHOBJIEHA
Kak B JIOKeMOpWH, TaKk U B (paHepo3oe, TO €CTh MPOSBICHA B IIMPOKOM BO3PACTHOM JHAITa30HE.
K HacrosiemMy BpeMeHU 3HAUMMBIX KOHLIEHTpalMi Topusi B Hel He BbIABIEHO. CopepikaHue, Kak
npaBuio, OenHoe mnu yooroe. K, Topusi HEBHICOKHH.

OO6pa3oBaHue PYIOHOCHBIX KOHIJIIOMEPATOB B CpeHEM TTpoTepo3oe (2,2—2,8 MIIpA JIeT) CBA3bIBA-
10T C MPOSIBUBIIEMCS B TII00ATHHOM MacmTalde pa3pylIeHHH TPAaHUTO-THEHCOBBIX KYTIOJIOB B YCIIO-
BUSIX OECKUCIOPOAHOM arMocdeps! Toro nepuona. [IpeBanupyromnias MexaHn4eckas Je3UHTErparus
HOPOJ NPUBOJMIIA K MEPEHOCY M MEPEeOTIOKEHUI0 00JIOMOYHOIO MaTepualia, B TOM 4HCIE C TO-
puiicosepKalluMi U TOPUEBBIMU AKIIECCOPHBIMU MHHEpasaMH. [IpOMBIIIIEHHBIX 00BEKTOB TOPUS
3TON (hopMalUu HE U3BECTHO.

B danepozoe 3ameTHOI re0XUMUYECKON AMOXON SBUIOCH BpeMsi 00pa3oBaHus U (POPMHUPOBAHUS
B 3€MHOM KOp€ IIEJOYHBIX U CYOLIEIOUHBIX TIOPOJ — MO3/IHENaIe030iCKO-paHHEMeN0Bas (IepMb —
TpHuac) robanpHas 3moxa. [1o crekrpy pasHooOpa3us TOpUEBBIX KOHIICHTpAIMi B (DaHEPO30€ U CyM-
MapHBIM XapaKTEPUCTUKAM MacIITabOB MPOSBICHUS TOPHEBOTO OPY/ACHEHHUS TIEPMO-TPHUACOBAs ATIOXa
ABWJIACH U BEIYIEH METAJUIOTEHUYECKON 3II0XOW. BTOpOM 10 3HaUMMOCTH — JI€BOHCKas, Jajiee —
HeoreH-ueTBepTuYHas. B Ganepo3oe mposiBiieH MIMPOKHIA CLIEKTP TOPUEHOCHBIX PYIHBIX (hopMaLuii,
IIPH OTOM YCMaTpPUBAETCS UX CBS3b C ONPEICICHHBIMA BPEMEHHBIMH 3aKOHOMEPHOCTSIMH.

B yacTHOCTH MasIe030MCKO-ME3030MCKOE BpEMS XapaKTEPHU3YETC MPEUMYIIECTBEHHBIM PACIIPO-
CTpaHEHHMEM DHJIOTEHHBIX PYIHBIX (OpMalUi, MOCIEI0BATEILHOCTh PA3BUTHS KOTOPBIX OTpaXKaeT
OOI1yI0 HBOMIOLMIO 36MHOM KOpBI B ATOT nepuoi. HamedaeTcst TenaeHLus Bo3pacTaHus posiu 60-
Jiee HU3KOTEMIePaTypHBIX U T€HETUYECKH YIaJeHHBIX OT MaTepUHCKOW MarMaTu4eckoil poopmanuu
PYZIHBIX TOpUEBBIX 00pa3oBaHuil. PacripocTpaHeHHOE paHee pa3BUTHE BBICOKOTEMIIEPATYPHBIX IlIe-
JIOYHBIX (TIPEUMYIIECTBEHHO KaJMEeBBIX) METACOMATUYECKUX PYAHBIX (POpMAINii, FTeHEPHUPOBAHHBIX
NPEBATUPYIOLUINMM PyA0(OPMHUPYIOLIMM TPOLECCOM (MarMaTus3M, MeTaMoppHu3M, MeTacoMaTo3s),
cMeHsieTcsl Ooree HU3KOTeMIepaTypHbIMU (yXKe NMPEeHMYIIEeCTBEHHO HAaTPUEBBIMU) METACOMaTHUTa-
MU U TUAPOTEPMAIUTAMHU.

Co cpenHenaneo30MCKOi SMOX0M (JE€BOH) CBsI3aHa 3HAYUTEIbHAsI 4YaCTh TOPUEHOCHBIX KapOoHa-
TUTOB. B mo3iHenaneo30icKy0 — paHHEME3030MCKyI0 310Xy c(hopMUpOBaHbI KBaplI-MOJIEBOIIIA-
TOBBIE METACOMATUThl HATPUEBOM JIMHUM (aIbOUTHUTHI) IIIyTOHOTEHHOIO T'€HEe3Uca, JIOMapUTOHOC-
HbI€ MarMaTu4ecKue Mopo/ibl, MO3AHNE KapOOHATUTHI U UX KOPbI BEIBETPUBAHUS, THIPOTEPMAIIHUTHI.
OK30reHHbIE, ITIaBHBIM 00pa30M POCCHIIIHBIE HAKOIUIEHUS TOPHUS MPOSBHINCH OTYACTHU B ME3030€
U TIOJIy4WIM HauOoJbllee pa3BUTHE B KailHO30e. TOPUEHOCHBIE POCCHINIU XapaKTEpHbI U I YeT-
BEPTUYHOTO (BIUIOTH 10 COBPEMEHHOT0) OCaJKOHAKOIIJIEHUs [62].

Takum 00pa3zom, Al TOpUs BBIIEICHO YETHIPE METAJNIOTEHUYECKUE SMOXH — MO3IHENPOTEPO-
30HCKasi, CpPEIHENAIC030MCKasl, MO3IHENAIC0301MCKO-PAHHEME30301MCKasi U HEOIeH-4eTBEPTUYHAS.
VimMeHHO B 3TO BpeMsi cpOPMUPOBAINUCH pacCMaTpUBAaEMble HUXKE CHEIMAIN3UPOBAHHbBIE HA TOPHM
dhopmarmm.
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I'maBa 5. KIACCU®PUKALIUA TOPUEBBIX OBBEKTOB

Y4YuThIBas MO3UTUBHBIN OMBIT TUMU3ALUU PYAHBIX OOBEKTOB MPU MU3YYECHHUH METAJUIOTeHUU 00-
IUX PAJMOAKTUBHBIX PyJ KaK B Halllel cTpaHe, Tak u 3a pyoexxom (MATATD), TOru4HO BOCTIONB-
30BaThCsl MM W TIPH CUCTEMATHUKE PYJOHOCHBIX (opmariuii Topus (tadim. 5).

Bo Bpemena CCCP mnpukiagHoe 3HaU€HHE IOJydmsia KiacCH(UKalus TOPUEBBIX OOBEKTOB
N. B. Yupkona [89; 90; 91].

B ero knmaccudukammum TopuiicofepKaux MECTOPOXKIACHUN W PYIONPOSBICHUN pyaHbIe (op-
Maluy NOJPAa3IEIsUINCh HAa TPU TPYMIbL: SHJOTEHHbIE, SK30I'€HHbIE U MeTamopgorenHsie. Cpenu
SHJIOTCHHBIX PYAHBIX ()OPMAaLUil BBIIETICHbI:

— MarMaTU4ecKue U MEerMaTuTOBBIC;

— ITHEBMATOJIUTO-TUAPOTEPMAIIbHBIE;

— BBICOKOTEMIIEPATYpPHBIE TMIPOTEPMAIILHBIE;

— CpeAHe- U HU3KOTEMIEPaTypHbIE THIPOTEPMaJIbHBIE.

B uncrne 3x30reHHBIX (opMaIiii OTMEYanuch: KOPbl BHIBETPUBAHMS KapOOHATUTOB, Y€TBEPTUY-
Hbl€ KOHTUHEHTAaJbHbIE MOHOMHHEpAJIbHbIE POCCHINU U ApeBHUE (MOrpedeHHbIe) pocchinu. Merta-
MOP(OTEHHBIN THIT MPECTABIISIIA POPMAITUS PEIKO3EMEIBHO-30JI0TO-TOPHI-ypaHOBasi B METaMOp-
(bU30BaHHBIX MPOTEPO30ICKUX KOHITIOMEpaTax, IpaBejuTax U necuaHukax. Beero ams Teppuropun
CCCP 65110 BoieneHo 17 pynnbix opmarmii. Kak mpaBuio, B X COCTaBe OTMEYAINCH OTJENIbHBIC
MUHEpaJIbHbIE TUIBI MECTOPOXKICHUN TOpus. YKa3zaHHas Kiaccu(uUKalus cbirpaja B CBOE Bpems
MIOJIOKUTENIbHYIO POJib, TaK KaK IIOMOTraja reojioraM B TUIU3ALMU TOPHEBBIX OOBEKTOB B pa3ivy-
HBIX TI0 T€OJIOTHYECKOMY CTPOEHHUIO PErHOHAX CTpPaHBI, JOKAIM3YIOIIUXCSA B pa3HOOOpa3HbIX reo-
JIOTO-CTPYKTYPHBIX OOCTaHOBKax, 0ojiee WM MEHee OJHO3HAYHO IMOAXOAUTh K UX pa3OpaKkoBKe
U OIICHKE NOJyYEHHBIX PE3YJIbTATOB.

B ornenenun cneumansHoit metamorennn BCEI'EM B 1982 1. coBMECTHO ¢ NpennpusITHEM
/s A-1997 npu yuactum npyrux opranuzaumii (3xcneauuuii Ilepsoro maBka Munreo CCCP,
BUMC, BUPT, BHUUXT u np.) npoBoauinch paboThl MO COCTaBICHUIO MeTaioreHn4eckon Ha
topuii kaptel Tepputopurn CCCP macmrada 1: 10 000 000 ¢ 0OBACHUTETHLHON 3aUCKOM K HEH.
Hcnonuurenem pazaena 1o Toputo B cBOAHOM oTuete siBisuiachk JI. H. bensena, a OTBETCTBEHHBIMU
ucnonHUTENsIMU ob1ero mpoekra — A. A. CmeicnioB u B. M. Tepentses [58].

B ocHOBy paboT ObLIM MOJOXKEHBI PEe3yIbTaThl BCEX paHee MPOBOAMBIIMXCS MCCIEAOBAHUHN IO
n3ydeHnto TopueHocHoct teppuropun CCCP, a Takke JaHHbBIE OIIEHKH CHENUATIbHON HU3y4eHHO-
ctu Tepputopun aesrenbHocTH [1I'O «Coro3reonoropasseika», NpeACTaBICHHbIE B BUE Ka1acTPOB
MECTOPOXKICHUH, PyNONPOSIBICHUN U MPOSBICHUNA MUHEPAIU3aLUNA TOPHUS.

B ocHOBy paboT ObLIM MOJOXKEHBI PE3yIbTaThl BCEX pPaHee MPOBOAMBIIMXCS MCCIEAOBAHUMN MO
n3yueHnto TopueHocHoct teppuropun CCCP, a Takke JaHHbBIE OIIEHKU CHENUATbHON HU3y4eHHO-
ctu Tepputopun aesrenbHocTH [1I'O «Coro3reonoropasseika», NpeACTaBICHHbIE B BUJE KaJ1aCTPOB
MECTOPOXKICHUH, PyAONPOSIBICHUN U MPOSBICHUN MUHEPAIU3aLUUA TOPHUS.

BBuny orcyrctBHs MecTOpoxAeHUN Topus ¢ yrBepxkaeHHbIMU B ['K3 3amacamu, npu cocras-
JIEHUW KJIacCU(UKAIIMKA TOPUEBBIX OOBEKTOB OBLIN BBIJEICHBI JIBE TPYIIBI TOPUEBBIX (hopmariuii:
topueBopyansie (K, anementa 200-2000) u topuenocusie (K, anementa 10-200). K nmocnennum
OTHECEHbI KOMILUIEKCHBIE MECTOPOXACHUS C HEJOCTAaTOYHO JOCTOBEPHO M3YYEHHOW TOPHEHOCHO-
CTBhIO, @ TaK)Ke reoJorH4eckue 0o0pa3oBaHHs MO MapaMeTpaM TOPHEHOCHOCTH, HE OTBEYAlOIIHe
TpeOOBaHUAM MPOMBIIIIIEHHOCTH. MUHEpalbHbIE TUIIBI Py — OT OJHOTO 10 MIECTH B opMaIiuu —
BBIJICJICHBI 110 THIIOMOP()HBIM MM BEIYIIMM MHHEpajaM, HEPEIKO Pa3TUYalONIMMCS B KOJIUYECT-
BEHHBIX COOTHOILLIEHUSX, a UHOTIAa U MMUHEPAJIbHBIM BUJaM AJIs OJHOTO U TOT'O K€ MECTOPOKICHUS.
Bcero nacuutsiBaercs 12 dopmaruii.

[IpencraBienne o moaxoae 3apyOeKHBIX KOJUIET K TUIM3AllMU TOPUEBBIX OOBEKTOB JaeT Kilac-
cuduranus MATATD [99; 100], mo KOTOPOH BBIAEISIOTCS HECKOJIBKO MPOMBIIUIEHHBIX THIIOB TO-
PHUEBBIX MECTOPOXKICHUN (KapOOHATHBIN, KUIIbHBINA, POCCHITHON U T. 11.).
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TabGnuma 5

Kuaccugukanusi noTeHuuaIbHO TOPUEBOPYIHBIX U TOPUEHOCHBIX (popmanuii Poccuu (pacimiupeHnsblii BapuaHT)

I'ene- VYenos-
o . Pynonocnas
tnae- | Pynodopmupyronmii | I'eorexronnueckas ® N MuHepanbHBIH THIT TopueBbie 00bEKTHI A 6 HOE
cxast pomece - OPMAIMOHHBIN THII pym reoJIorn4ecKas PD HaJIoru 3apyOeom | o
(opmarms
rpymmna YEeHHUE
MHortTenuuaabuno TopueBopyaunbe (K .200-2000)
Marmarngeckast aud-|L{ut nokemOpmii- Topuii-peaxomerarn- JlomapuToBsli; 10BO- |ArnantoBast Hede-  |JIoBozepckoe, Bah- 1(7)
(epeHIManNS U TIeT- |CKUH, aKTUBU3UPO-  |IbHAsl B arlManTOBBIX  |3€PUT-3BIMAINTOBBIN; [TMH-CHECHUTOBAS 6en, FOxcnopckoe,
MaTUTOOOPAa30BAHUE |BAHHBIHM B TEPIMH-  [CHEHUTAX M 30HAX ME- |PUHKOIHUT-JIOBUOPPH- I'eprpymuopp, I'ects-
CKOM MacCHBE IIeHT- |TacoMaTo3a TOBBII{; MUPOXJIOP-TO- WUHBOH
paJbHOrO TUIA PUTOBBII
I'maporepmanbsHo- [Iporeposoiickue u  |PeaxomeramibHo-To-  [Kcenorum-toputo-  |lllenounsie u Hede- |UecteHn u AKHT B MecTopoxaeHus 2(2)
METAacOMaTHYECKHUI U |KaJleIOHCKHE 001a-  [pHeBast B IEJIOYHBIX  |BBII; TOPUT-KCEHO-  [muHOBbIe cueHnuThl, |Ces. Ilpubaiikanse, [Boct. Ka3zaxcrana,
THIPOTEPMAIBHBI  |CTH 3aBEPUIICHHOM METacOMaTUTax | TUM-0aCTHE3HUTOBEIH; |mIenouHbIe TpannTou-|Cubupka (Ypam) u  [FOx. Tarp-1lans
% C% i~ ckiaggatoctd ¢ TMA |QmoopuT-6apuTOBEIX  |MOHAIIMT-KOMTYMOWT- |1bI, MeTamopduue- |ap. B Tyse, Antae-  |(Komb-Yiok)
Il = % BPZuMZ JKHIax KCEHOTHM-TOPHUTO- CKH€E KOMILIEKCHI CasHckoi o0nacTu,
E 5:: % BBIif; UTPOOACTHE3HT- Tumane
g( é 32 KCEHOTUM-TOPUTOBBII
% = EH.IGJ‘IO‘IHO—K&p6OHaT— Kanenouuasl, ax- Topuii-unpkonuii-poc- | Toput-nuproH-HacTy- |LLlenounbIe KOMIUIEK- |AHIpeeBcKoe pyao- |3ao3epHoe, TacTbl- 34)
HBII METacoOMaro3 ¥ |TMBHU3UPOBAaHHbIC B |(hopHAs B diicuTax 1 |paH-alaTHTOBBIN CBI TTOPOJL npossienue (Cas-  |kombekoe, Kokcop u
THIPOTEPMATBHBIN  |MO3MHEM Taneo30e  |KapOoHAT-almaTUTOBBIX Ho-balikanbckas ap. (Ces. Kazaxcran)
HKHIIAX 00JacTh)
ITaeBMaToOIHMTO- 3ousl TMA B mipote- |Topwmii-ypanoBas B me- |YpanuHUT-HacTypa- |Tpaxut-cuenuroBas |Toproiickoe (Annman- |KyGacamsipckoe
THIPOTEPMATIBHBIA  |PO30MCKUX U Kajie-  |JIOYHBIX METACOMATU- |HOBBIN; OpaHHepUuT- |(HEPETUH-TCHIIUT-  |CKHIA IIKT) pyanoe none (Kazax-
JIOHCKHX O0JIacTsIX  |Tax W KBapI-(QIIOOPUT- [TOPHUT-YPAHHHHUTO- 0azanpToBasi?) CTaH) 4(5)
3aBEpPLICHHOH CKIJIaj- |0apUTOBBIX JKHIIAX BBII; TOPUTOBBIN
YaTOCTH
MHortenumaabHno TopueBopyaunbe (K, 200-2000)
0 [TueBmaronuro- 3onbl TMA B nipote- |PenxosemensHo-Topue- |Topur-monanut-rent- |lllenounsie u cyome- |Ynyr-Tanzek, Apsl-  |[Dxuiucyiickoe (FOx.| 5 (1)
3 % - THJPOTEPMAIbHBIN  |pO30iicKHX U (haHepo-|Basi ypaHOHOCHAS B reJIbBUHOBBI; JouHble TpaHuTON b, [cKaH (Tysa), Kary- | Tsup-1llans), Jloces-
E =[5 30MCKUX CKJIAMUaThIX |albOUTATAX ¥ STHUPHH- |KOIyMOUT-TOPHUT-IHP- [MeTaMOpprUecKkue |THHCKOE (SIKyTHs) ckoe (Kazaxcran)
= § 5 oOpaMJeHusAX cpe-  |aM(pHUOOTOBBIX METaCO- |KOH-TUPOXJIOPOBEII; |KOMIUICKCHI
g[ 5 E JVHHBIX MAaCCHBOB U |MaTHTaxX TOPUT-MaJIaKOH-
% s wiaTGopm MIPUOPHUT-TTUPOXITIOP-
(heprroCOHUTOBBIN
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ITueBmaronuTO- 30HBI COUJICHEHHSI Topuesas penkose- bactaesut-topur-kce-|lllenounsie u cyoOrie- [PynonposiBicHuss B |AKTIO3CKOE PYIHOE 6(3)
THJPOTEPMAJIbHBIN U |JTOKEMOPHICKUX TEp- |[MEJIbHO-PEIKOMeE- HOTHM-MOHAIUTOBBIN |J1ouHble rpaHuTonabl (CeB. Kapennu n na  |none (Tsaub-11lanb)
THJPOTEPMAJIbHBIH  |pEifHOB C KaJE€IOHH- |TAJUIbHAS C ypaHOM B |(co cdanepuTom n ANJTaHCKOM IIUTE
JlaMH, IPETEPIIEBIINX |[TOJIMKOMIIOHEHTHBIX ~ [TAJICHUTOM); KacCHTe-
T™MA MEeTacoMaTuTax PUT-LHUPTOIUT-MOHA-
E LUT-TOPUTOBBIH
§ IMueBmaronuro-run- |Kpaessle wactu ak- | Topuii-penkomerannb- |YpaHUHUTOBBIN; Murmarut-rpanu-  |PynonposiBienue Hukonaesckoe, Ca- 7(8)
H|s [~ |poTepMaIbHbIA 1 THUBM3MPOBAHHOTO  |HO-ypaHOBAs B Kajlle- |MOJIHOJCHUT-ypa- TOBAast Murusra u ap. Ha  |6apoBckoe (YkpauH-
= 2| |ruopoTepManbHBI  [IIMTA B 30HAX PETHO- (BBIX METACOMATUTAX, |HUHUTOBBIH; MOHA- ANJaHCKOM IUTE CKHH IIUT)
o S| [memounoit MeTaco-  [HANBHBIX TTyOHHHBIX [IETOYHBIX M IEHKO-  |IIMTOBBIH; KCEHO-
B E Maro3 pasiomoB KpaTOBBIX IPaHHTAX, TUM-MOHALIUTOBBIN;
§ %: nerMaTuTax KCCHOTI/IM—MOI{aHI/IT-
Q) YPaHWHHUTOBBIN
= [THeBMaToMUTO-THA- |30HBI TONTOXUBYIINX | PexozemensHO-peako- (['aTueTTonuT-0anme- |YasTpaoCHOBHEIC Kosmop, Byopusippu |He n3BecTHBI 8(6)
E POTepMaNBbHBIN U BBI- [ITyOMHHBIX PAa3JIOMOB|METATEHO-(POCPOPHO- [ICHTOBBIH; TEPOB- mienognbie mopoasl ¢ |(Komsckuit momy-
£ |coxo-cpenHeTemTe-  |Ha IHUTAX, rarop- |TopueBas B KapOOHa-  [CKUT-TUTaHOMAarHe- |KapOOHaTHTaMU octpos), beno3umun-
T | paTypHBIH IEJIOYHON (MaX U CPETUHHBIX TUTax TUTOBBIN; TaTUETTO- ckoe, Apbapacrapx
2 |meracomaros MacCUBax JIUT-TINPOXJIOPOBBI;
b TOPUT-KOTYMOHUT-
P 6acTHE3UTOBBII
HotenuuanbHno TopueBopyaHube (K, 200-2000)
m |Ocanouno-meramop- |Iutel, cpenunnsie  (3omoto-penkosemens- | Topur-monauut-uup- (Teppurennsie npu-  |Pynonposeinenus na |Hukono-Kosensckoe
= |porenHblii (MeTaMOp-|MacCHBBI, MX CKJIaJl- [HO-TOPHEBas M YPaHO- |KOH-MarHETHTOBBIN; |OpexHO-Mopckue n  |Annane, Enncelickom |(Ykpanna)
E] = (oreHHO-THIpOTEp- |4aThle OOpaMiICHHs |Basi B METaMOP(QH30-  |MOHAIUT-OPTHT-IMP- |KOHTHHEHTAJIBHBIE  |Kpsbke, 3am. Ypare
% o MaJIbHBIH?) BAaHHBIX IPOTEPO30M-  |KOH-TOPUTOBBIN; B JOKEMOPHICKHAX
= 9 CKHUX KOHIJIOMEpAaTax, |30JI0TO-YPaHHHUTO- |CKJIQA4aThIX oOiac- 9(10)
=l o rpaBeyuTax, NECYaHU- |BbI; YPAHUHUTOBBIN |TAX
3| = Kax U KBapLuTax
=&
[a]
=
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Oxonyanue tabu. 5

I'ene- VYenos-
N o Pynonocnas
Trde- | Pymodopmupyrommuii | ['eorekToHmUeckas N MuHepaibHbIN TUIT TopueBbie 0OBEKTHI HOE
DopMaIMOHHBIN TUIT reosoruyeckast Amnanoru 3apy0exom
cKas rpouecc MO3ULUS pya PO 0003Ha-
dbopmarnus
rpynma YEeHUE
TopuenocHusie (K,10-200)
- Kop BeiBetpuBanus |[Iporepozoiickoe PenkozemenbHuo-topue- | Topuannt-6actaesnt- (ll{enouno-ynerpa-  |Kuiickoe (Enuceii-  |Apama (bpasumms)
= cKJIaayaroe oOpamiie-|Basi B KOpax BBIBETPH- |KOJIYMOHMT-TOPUTOBBIN |OCHOBHBIE IOPOJIBI C |CKUH KPSIXK)
5 HUE OKpPaWHbI [JIaT- |BaHUS KapOOHATHTOB KapOOHaTHUTaMH
o bopmbl, MZ u KZ 10 (9)
S KOpa BBIBETPHBAHUS
3 PEIKO3EMETbHBIX
KapOOHATUTOB
53]
—
)
% Ocanouno-knacto-  |KpaeBble CKIOHBI Topuii-penkozeMensHo- |MoHauuT-pyTun-1up- | Teppurenssie mpu- | Tyranckoe (3an. Cu- |3asubst poCChINb
= TEHHBIN CKJIQJUaThIX 007a-  |IMPKOHUH-THTAHOBAs |KOH-WIBMEHUTOBBIN |OpeXHO-MOpCKHE U |OMpb) (Bocr. Kazaxcran)
Q CTEH, IIOBHBIE 30HBI  |TOrPEOEHHBIX MPHU- KOHTHHEHTAJIbHBIE 1A
% % JIPEBHUX TPOTHOOB, |OPEKHO-MOPCKUX M
E pu(TOreHHbIE BMa-  |EJIBTOBBIX POCCHIIECH
o JUHBI
=
S
® |Ocanouno-knacro-  |Kpynubie MmaccuBbl  |Penko3emenbHO-penko- [MoHaUTOBEIH (¢ Teppurennsie koHTH- |PynonposiBienns Ha |PynornpossieHus Ha
TeHHBIH Ppa3pyIIaBIINXCS METaJUTLHO TOPHEBasi ~ |KCEHOTHMOM); ypaHO- |HEHTaJIbHBIC AnnanckoM, AHabap- | YKpanHCKOM IIIUTE 12 (12)
TOpPHUHCONEPKAMNX  |KOHTHHEHTAIBHBIX COB- [TOPHAHUTOBBIN; JIOTIa- CKOM IuTax, Enu-
opoz PEMEHHBIX POCCBINENH  |PUTOBBIH CEHCKOM KpsiKe
TopuenocHsie (K,10-200)
w| o [Yrmepoamcro-oca- TopueHocHas B TUIHHU- KontunenraneHas  |KusenoBckoe nposiB- (He n3BecTHBI
% A |mouHBIC Tax U yrsx JIMTHUTOHOCHAS U nenue B KuzenosckoMm 13
= E YIJICHOCHAS baccetine (C;, Ypai)
m
5| =
¥ 5 ®dochopHo-0camoU- TopuenocHas B oc- AxsanbHas pochop-
| © |HpIe ¢arax comeprKkanias 14

I[Tpumeuanue. B nocnenueit rpade — nopsakoBsiit Homep Gopmary (MOTEHIMATLHO TOPUEBOPYAHON MIT TOPUEHOCHOH); B KPYIIIBIX CKOOKax To e 1o [58]. [Ipunumas Bo
BHUMaHME 3HAYMMBbIE 3a1ackl TOPHS B OTBAJIAX Psia MECTOPOXKICHUH M CKIAJCKUX XPAHMIUIIAX, TIOCIEIHIE TAKXKEe CJIELyeT YIUTBIBATh IPH MPOBEACHUN OOILEH OLIEHKN Topue-

HOCHOCTHU PETUOHOB.



[TpoMbIlITICHHOE 3HAaYEHUE TOPUEBBIX OOBEKTOB 3TUX THIIOB (Ha mpuMepe ABCTpPAIMU U OOBEK-
TOB MHupa) cM. B Tabn. 6 [98].

OO1mee mpeacTaBlIieHHE O MUPOBBIX pecypcax TOPHS IO CTpaHaM IMpHBeneHO B Tadm. 7 [98].

Ha ocHoBaHuu aHanm3a oxapaKTepU30BaHHBIX BBIIIE KJIACCU(DUKAIIMOHHBIX CXeM aBTOpaMU aK-
TyaJH3UpPOBaHa KJIACCH(HKALINS TOPUICOAEPKAIIUX TPUPOIHBIX 00BEKTOB Ha (POpPMAIIMOHHON OC-
HOBE, BKITFOYAIOIINX MECTOPOXKIEHHS U pyronposiBieHus. OHa TpaHchopMUpoBaHa B KOMIIAKTHBIH
BapuaHT (Tabi. §) C 1eNbI0 €€ MPAKTUUYECKOTO UCTIOIb30BaHUS aBTOPaMU MPU PaiOHUPOBAHUU TEP-
putopuu Poccuu Ha Topuii [11; 63].

[To reHe3ucy oObEKTHI pa3lesieHbl HA YHIOTECHHbIE, TOJUICHHBIC U 3K30TCHHBIC, B IIEPBOM CIIy-
Yae pa3nnyasich 10 COCTaBy MarMaTu3Ma — KUCIIOMY, IEJIOYHOMY HJIH IEIOYHO-YIETPA0CHOBHOMY
(xapOOHATUTHI).

B rpymimy 3x30reHHBIX 00BEKTOB BXOJSAT OCTaTOYHBIC (KOP BBHIBETPUBAHUS TOPUEHOCHBIX TTOPON)
U 0CaJI0YHbIC (POCCHINT COBPEMEHHBIC U TIOIPEOCHHBIC, TOPUEHOCHBIC JIMTHUTHI, YT U Gocdatsl).

ABTOpBI COWIM HEOOXOAMMBIM HE YITyCKaTh U3 BHJIA M TAKOW CEPhE3HBIN IO 3aracam THIT peallb-
HOTO pe3epBa TOPHsI, KAK TEXHOTCHHBIN (OTBaJIbl TOPHEHOCHBIX IMOPOJ OTpadaThIBaeMbIX U OTpado-
TaHHBIX KOMIUIEKCHBIX MECTOPOXKICHHUHN PEIKNX METAJUIOB M PEIKHX 3€Melb), a TAKXKE CKIAJACKUE
3amachl TOPUCHOCHBIX (MOHAIIUTOBBIX) MIECKOB.

Tabnuma 6
Pecypcsl Topusi MuUpa 1 ABCTPAJIMU 10 THIIAM MecTOposKaeHuii [98]

MecTopoxaeHus
MHpa ABCTpanuu
PacnipocTpanenHble TUIIBI Pecypcer Th | IIpouent ot mupoBsix | Pecypcet Th | [IponeHT ot pecypcos
(1000 1) pecypcos (1000 1) CTpaHbl
Kap6onatutst 1900 31,3 Her nannbix -
Pocceinu 1524 24,6 364 80,5
JKuneHere 1353 21,4 53 11,7
[{enounble TOPOABI 1155 18,4 35 7,7
Hpyrue Tunsl 258 4,2 Her nannbix -
B wesom| 6190 100,1 452 99,9
Tabnuma 7

IMpubauzuTeabHBIE pecypchl TOpHs Mo cTpaHam [98]

o | e | | e s
ABcTtpanus 452 18,1 Het mannbpIx
CIIA 400 16,0 274
Typuus 344 13,8 400-500
Nuanus 319 12,8 Het nannbix
Benecyamna 300 12,0 Her manubex
Bpaznmms 221 8,9 329-700
Hopserus 132 5,3 132
Eruner 100 4,0 280
Poccus 75 3,0 Het nannbIx
I'pennanaus 54 2,2 32
Kanana 44 1,8 128
IOx. Adppuka 18 0,7 130
Hpyrue 33 1,3 81

B uesiom 2492 99,9 17862257
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TaOnuma 8

Kunaccudukanusi MecTopokaeHU TOPUS

Home
p 3HaK Pynnas popmarust MecTopoxieHus 1 X HOMepa
(dopmanun
1 Topuii-peaxomeTanIbHast B arlanTOBIX cHeHHU- | 2 — BoBHOex, 3 — JIoBo3epckoe
Tax ¥ 30HaX METacoMarosa
2 PenxomeraiibHO-TOpHEBas B IEJIOYHBIX MeTa- | Pynonposiienns B Ces. [Ipubaiikanne
coMaTuTax M (IF0OPUT-0apUTOBBIX KHIIAX
3 Topwmit-rproHmii-pochopHas B difcuTtax u Kap- | Pymonposisnenus B Anrae-CasHckoit n baiikaib-
OOHAT-aNaTUTOBBIX KHJIAX CKOI MHHEpareHU4eCKNUX MPOBUHLIUAX
4 Topwuii-ypaHoBas B IeIOYHBIX MeTacomMaTuTax | 15 — Toproiickoe
1 KBapL-(QIFOOPUT-0APUTOBBIX KUJIAX
5 PenkozemenbpHO-TOpHEBAst ypaHOHOCHAsI B alb- | 6 — BumneBoropckoe, 7 — Cubupka, 11 — Ymyr-
O OouTHTaxX U ATUPUH-aM(PUOOIOBRIX MeTacoMaTh- | Tanzek, 12 — AprickaHckoe, 16 — Karyrunackoe,
Tax 19 — Byryunes
6 TopueBas pemkozemMensHO-peaKoMeTauTbHas ¢ | Pynonpossnenns B Ce. Kapenun u Ha Anjgan-
YPaHOM B TOIMKOMIIOHEHTHBIX METACOMATUTAaX | CKOM IIIUTE
7 Topuii-penkomMeTamibHO-yYpaHOBasl B KalnueBbIX | 14 — EpmakoBckoe, pynonposBiaeHus Ha AnjaH-
METacOMaTHTaX, IMEJIOYHBIX W JICHKOKPATOBBIX | CKOM IIHUTE
IpaHNTax, IEerMaTuTax
8 Penko3emenbHO-penkoMeTamibHo-hochopHo- | 1 — KoBnop, 4 — Adpukanna, 9 — Mano-Pacraii-
TOpHUCBast B KApOOHATUTAX ckoe, 10 — Kuiickoe, 17 — Cenurnap, 18 — Uuru-
JINHACKOE,
9 30510TO-peAKO3EMENBHO-TOPUEBAs U ypaHoBas B | Pynonpossnenus Ha Annane, Ypane, Enuceii-
U MeTaMOp(H30BaHHBIX TPOTEPO3OUCKHUX KOHIJIO- | CKOM KpsKe
Meparax, rpaBesnTax, MeCYaHnKaxX U KBapluTax
10 PenxoszemensHO-TOpHEBAs B Kopax BeIBeTpHBa- | 10 — Kuiickoe, 13 — ToMTop, pyIonposBICHHS HA
A HUSI KapOOHATHTOB ¥ CIEUAIM3UPOBaHHBIX Ha | KoJbckoM U B Jip. pernoHax
TOpHII mOpoaax
1 Topuii-penko3eMenbHO-UUPKOHUNA-TUTaHOBas | 8 — Tyranckoe
- NorpeGeHHBIX NPHOPEKHO-MOPCKUX U JENIBTO-
BBIX pOCCHITICH
12 : Penko3eMenbHO-peAKOMETANIBHO-TOpUEBAS | Pynonposiienns B 00paMiIeHI MaCCUBOB, pa3-
KOHTHHEHTAJIBHBIX COBPEMEHHBIX POCCHINENH | pyIIABIIMXCSA TOPUHCOAEPKAIINX TOPOJ
13 TopueHocHast B IUTHUTAX U YIVISIX PynonposiBiieHust B uexsax miarhopm
14 E TopuenocHas B ¢pocharax PynomnposiBnenus B yexiax miargopm
15 D Hesicaoit hopmarmoHHO# IpUHAIIE)KHOCTH 5 — CanguHCcKoe

IIpumeuanue: 1-8 — sunorennsie (1—-4 — menogyHoro Marmatusma, 5—7 — KUCIIOTO MarMaTu3Ma, § — kapOoHa-
TUTHI); 9 — monurennsie (Meramopdorennsie); 10-14 — sxzorennsie (10 — ocraToyHble B KOpax BeIBETpHBaHus, 11-14 —
ocanounsle (poccemnu: 11 —morpedennsie, 12 — coBpemennsie), 13 — ymepoaucro-ocanounsie, 14 — hochopro-ocamou-
HBIC; 15 — HesICHOH (hopMaIIMOHHON IPHHA/IIEKHOCTH.

[IpencraBnsiercs, uto npeanaraeMas Kiaccu(uKalus TOPUEBBIX OObEKTOB HE SIBISIETCS COBEp-
IICHHOW W TaKKe, KaK W Mpeaplaynme (popMarioHHble KIacCH(PHUKALNK, YSI3BUMA JUIsI KPUTHKH.

Ha ocHoBe npeanoxeHHON Kiaccu(UKAIMM TOPHEBBIX OOBEKTOB MPOBEIEHO METaJIOreHuYe-
ckoe paiionupoBanue (Th) teppuropun PD. [Ipum 3TOM B OTHOIIEHHMH TOPHUEHOCHBIX KOMILICKC-
HBIX PEIKO3EMENIbHBIX U PEAKOMETAIIIBHBIX MECTOPOXKIECHUN ObUIM yUTEHBI IVIaBHBIE MPHHIIMIIBI
(OpMaLIMOHHOTO aHaln3a, PEaJM30BaHHbIE MpPHU COCTaBICHWU I[IPOTrHO3HO-MHUHEpPAreHUYeCKOM
kapThl Poccuiickoit @enepanuu U ee KOHTHHEHTANIbHOTO 1enb(a macmTada 1:2 500 000 (2015).
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I'maBa 6. CIIEIUAJIU3UPOBAHHBIE
HA TOPHUM T'EOQJOTHYECKUE ®OPMAIIMHA POCCHUH

['eoxumMuyecku crienuaIn3upOBaHHBIC HA TOT WJIM MHOW METAaJUI TeoJorndeckue Gpopmaium uc-
MOJIB3YIOTCS TIPU PETHOHAIEHOM METANIOTCHHUECKOM aHAIN3€ B KAYECTBE BAXKHBIX METAJIJIOTEKTOB,
TaK Kak UX IPUCYTCTBHE CBUACTEIILCTBYET O MOTEHIIMATBLHON PYAJOHOCHOCTH KaXKJI0TO KOHKPETHOTO
pErvoHa WM CTPYKTYphl. BBIOTHEHHBIE HCCIe0BAHNS TTOKA3aIH, YTO TEOXUMHUYECKU CIICIIHATU3U-
pOBaHHBIC HA TOPUIA TeOJOTHUYECKUE (OPMAIIUU XapaKTEPU3YIOTCS CPETHUMHU COMIEPKAHUSIMHU TOPHUS
oKoJIo Wi Oonee 2,5 kinapka koHIeHTpauu [12; 14; 23; 24; 39-41; 46-50; 56]. Huwxke paccmarpu-
BAIOTCS CIEIHAIM3UPOBAHHBIE HA TOPHH (popManuy pa3lIudHBIX TE€OCTPYKTYp CTPAHBI, B OCHOBE
KOTOPBIX JIeKaT JaHHbIE UCCIIEIOBaHMI oTeNeHus creruanbHoi metamorennn BCET'EN [22; 28;
37, 58; 81; 94; 96].

Crnenyetr uMeTh B BHUJY, UTO XapaKTEPUCTUKA T€OCTPYKTYP CTPAHBI MCCIIEIOBATEIISAMH MPEHKHUX
JIET MPOBOAMIACH UCXOAS M3 (PUKCHUCTCKOTO MOIXO0/A, TOTAAa KaK MX COBPEMEHHAs MHTEPIPETAIUs
[61] mpenmonaraeT MOOMIMCTCKYIO KOHIIETIIIMIO — 3TO 00CTOATEIHCTBO 3aTPYAHSIO CHHTE3 Pa3HBIX
MOIXOZ0B MPUMEHHUTEIPHO K METAJIJIOTEHUU TOPUS M B LIEIAX OOBEKTUBHOCTH M COXPAHEHUS WH-
(dbopMaIuu U3 MEPBOMCTOYHUKOB, YTO U 00532710 aBTOPOB COXPAHSATH HA3BAHHUE CTPYKTYp IO HUM.

6.1. IINIAT®OPMbI

MOoKHO OTMETHUTH, YTO, B OTJAMYHME OT ypaHa, Ha MPOTSHKEHUU MOCIEAHUX JCCATUICTHH Lieme-
HANPaBIEHHOMY M3YYCHHIO TOPUEHOCHOCTH Pa3IMUHBIX CTPYKTYPHO-(HOPMAIMOHHBIX KOMILJIEKCOB
MIPAKTHUYECKH HE YAENsIoCh JOHKHOro BHUMaHMs. [103ToMy B aHanu3 BOBJIEUEHBI Pa3IMYHbIE Ma-
TepHalibl paHHHUX ATAIllOB MCCIENOBAHUMN, B epByto ouepenb corpynnukos BCET'EU, a taxke cre-
LUATTMCTOB U3 JApyrux HayuyHeix opranuzaiuii — BUMC, BUPI, BHUUXT u np. [8; 17; 20; 32;
36; 51; 59; 60; 66; 67; 76; 93]. Uudopmanus o coAaepKaHUIO TOpUS B MOPOAAX MIATPOPMEHHBIX
4YeXJIOB MPHUBOAMUTCS B TaOI. 9.

B uncno nambonee TOpMEHOCHBIX (X > 84 r/T) BXOAAT MO3AHENPOTEPO30UCKUE TEPPUTECHHBIE
dbopmarum, CI0KEHHbIE KOHIIIOMEpAaTaMu, TPaBEIUTAMH W TIECUaHUKAMU QJLTIOBHAIBHBIX M IPH-
OpexHO-MOpCKUX (aruii, OOBIYHO pa3BUTHIE HA CKJIOHAX IMUTOB B KPAEBBIX YACTAX JIPEBHUX

Tab6numa 9

I'eosoro-reoxumMuyeckas XapaKTepHCTHKA CHEIUATA3NPOBAHHBIX HA TOPHIi re010rH4eCKUX 00pa30BaHuUIi
(opmanmii) narpopMeHHBIX uexJoB [58; 81]

Teonornueckas popmarys Cepus, ceura CTpyKTypHOE NOMOKCHHE Th, v/t DJIeMEHTHI-CITy THUKU
(Bo3pacr) (pervoH pa3BuTHs)
CyOnareputHas OOKCHUTO- Bepxuenryropckast |CpeaHETUMAHCKUH OJIOK 39,3 H/1
HOCHasi (PZ)
ATeBpOIUTO-IIeCUaHUKOBAs TuxsuHckas (PZ) |C3 uwacts Pycckoit mmmTh 58,8 H/11
[lecuano-rmuHucras yrie- Anemmnckas (€) |TaceeBckuil mepuKkpaToH 138,0 Ti, Nb, Y, Ce, La, Zr
HOCHast
[Tecuano-rmunucras yrie- MZ TypyxaHckuii pailon 4,8-134 Ba, Be, Pb, La, YD,
HOCHAas Zr, Sr, Li, Y, Cu, Sc
Teppurennast OOKCHTOHOCHAs Pz, Cesepo-Onexckuii 17,9 H/1T
TeppurenHast O0OKCHTOHOCHAs Pz, TuxBUHCKUIH palioH 31,6 H/21
JlurauroBas KZ OB uacte 3ananno-Cu- 1,0-88 V, Zr, Li, Co, Sn, Sc,
OUPCKOI TUTATHI Mo, Cu, Sr, W

[Ipumedanwue: H/1 — HET JaHHBIX.
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w1athopM (B YaCTHOCTH MO3HETIPOTEPO30ICKAs aleBpUTO-TIeCUaHUKOBas (hopMarusi, IposiBIICHHAs
B IOTO-BOCTOYHOW YacTH banTuiickoro mmura u B rokHOU yacTu Pycckoit mtardopmsr). BeicokoTo-
PHEHOCHBIE MO3/IHENANIC030CKIe TepPUTeHHBIE ()OPMALINH, B COCTaB KOTOPBIX BXOISAT KOHIJIOMEpa-
Thl M KBapLEBbIC MECYAHUKH, 0OOTAIICHHBIE [IUPKOHOM U MOHALIUTOM, PAa3BUThI TAK)XKE HA CKIOHAX
Boponexckoro u IIpnazoBckoro maccuBoB U THMaHCKOTO TOAHSTHSL.

B mnarpopmennsix uexnax Pycckoir 1 Cubupckoi miatdopM MHUPOKO Pa3BUTHl OOKCUTOHOCHBIE
(¢opmManuu ¢ TOBBIIEHHBIMU copep)kaHusMHu Topus. Croma BXOIAT JEBOHCKHE CyOiarepaibHbIE
6okcutel Tumanckoro (> 70 r/t), Yagobeukoro (> 84 1/1) u [Ipuanrapckoro noxustuit (> 100 1/1).
OcoOenHo Bbicokue KoHueHTpauuu Ttopus (10 0,7 %) BBISBIEHB B MECTOPOXKACHUAX OOKCHUTOB
Ha Cpegnem Tumane (Bepxue-lllyropckoe u llentpanbHoe), a Takxke B O0kcuTtax BucioBckoro
U SIKOBJIEBCKOTO MECTOPOXKJECHHM, pacloloKEeHHbIX B LEHTpajbHOW yacTu Pycckoi miardopMel
(paiton KMA). Bce onu chopmMupoBaHbl 3a CUET CKOIICHHS YCTONUMBBIX K BHIBETPUBAHUIO PAINO-
AKTUBHBIX OOJIOMOYHBIX MUHEPAJIOB — LIUPKOHA, MOHAIIUTA U TOPUTA.

B cocraBe mnaropMeHHBIX Y€XJI0B BBICOKHE COJIEPKaHUsl TOPUSL OTMEYAIOTCS B KOHTUHEHTAJIb-
HBIX U YIJICHOCHBIX CTPYKTYpHO-(popMarmoHHbix koMiuiekcax (CPK). Haubonee BricokHe cozep-
YKaHUS YCTAHOBJIECHBI B IIOPOJAX MECYaHO-ITIMHUCTON (opMaIii paHHEMEIOBOTO BO3pacTa, pacipo-
CTPaHEHHOI Ha BOCTOYHOM okpanHe 3anaaHo-CHOMPCKOM TUIUTHI ¢ OOMIMEM PAaCCEeSHHOM OpraHu-
K. AHAJOTUYHBIMHU YCJIOBHUSIMH HAKOIUIEHHUS TOpHUsl 00ONaJaloT U MOPOJbl JUTHUTOBOM (hopManuu
OJIUTOLICHA, IIMPOKO PACIPOCTPAHCHHOW B LIEHTPAJIHHOM YacTU M Ha IOXKHOW OKpamHe 3arajiHo-
Cubupckoii mutel. [ToBbieHHBIE conepkanus Topus (10 88 1/T) GpUKCUPYIOTCS B TIOJIOCE CEBEPO-
BOCTOYHOTO MPOCTUPaHMUs, TATOTeroe Kk oopamiennto Tomb-KonbIBaHCKOTO BBICTyIA MAI€030sl.
Toputo comyTcTBYyeT accouuanusi CUACpOPUIbHBIX, XaJIbKO(PUIBHBIX U JIUTOPUIBHBIX JIEMEHTOB,
OTHOCSIIIMXCS K TaK Ha3bIBAEMOM OPraHOTE€HHOW rpyIIe — BaHaAWul, HUKeb, KOOaJIbT U ap. [63].

Takum 00pa3om, MOXKHO TOBOPUTH O TpeX OOCTAHOBKAX HAKOILICHUS TOPUS B IUIATPOPMEHHBIX
OTJIIOKEHHUSX: a) TeoJIOTHUYEeCKue (POpMaLUU C pacCesTHHBIM M KOHIIEHTPUPOBAHHBIM OPraHUYECKUM
BELIECTBOM I'yMYCOBOTO psijia, 0) popMalii KOp BHIBETPUBAHMS TYMUJIHOIO TUIIA U MEPEOTIONKEH-
HBIE KOPBI BBIBETPUBAHHSA, B) (OPMAIMH C POCCHIIISIMEI TOPHUEBBIX MUHEpasioB. HakoruieHue Topust u
€ro CIIyTHUKOB 00s53aHO MEXaHU4eCKoW nu(depeHanuy BeuecTBa B X0/ie JIUTOTeHEe3a apuaHOTO
win rymuaHoro tunoB (H. M. Crpaxos, 1962) B dunokpatonnsix yactax riargopm (C. B. by6-
HOB, 1960) Ha sMmmMepcuoHHBIX cTaausx ux passutus (H. C. Manuy, 1974) [62; 63].

6.2. IUTHI U KPUCTAJIMYECKHUE MACCUBbI

[enenanmpaBieHHOMY UCCIEAOBAHUIO TOPHEHOCHOCTH B IIMPOKOM MacinTade paccMaTpruBaeMbIe
THUIIBI TEOJIOTUYECKUX CTPYKTYP TaKKe HE MOABEprajuch. MIMeloTcs cBeeHUs M0 TOPUEHOCHOCTHU
reonornueckux ¢opmaruii bantuiickoro 1 ATAaHCKOTO HIUTOB M JOKEMOPHUICKOTO OCHOBaHUS
Enucetickoit u balikano-ButuMmckol ckiaadaTeix oOnacteid, a 3a npenenamu PO — YkpanHckoro
muta [5; 9; 38; 57].

B kauecTBe crienManu3upOBaHHBIX HA TOPUH Ie0JOTHIECKUX (popManuii BELICTSIOTCS: METaMop-
(u30BaHHBIC 0CAJJOYHO-BYJIKAHOTCHHBIE, YIbTpaMeTaMOp(OoreHHble 1 MarMaTuueckue (MHTPY3HB-
HbI€ U BYJIKAHOT€HHBIE).

B nepBoii rpymnme u3 nepedncieHHbIx Gopmaruii ¢ Hanbosee BEICOKUMHU COACPKaHUSIMU TOPHS
(> 60 1/T) oTNIMYArOTCSI KOHIIIOMEpaT-TieCuaHuKOBO-uabazoBas hopmarms Kapensckoro 6moka bai-
tuiickoro murta (47,1-51,3 r/T) u KBapi-CEPULIUTOBBIC, KHAHUTOBBIC CIAHIIBI M KBAPIIUTHI KEHBCKOM
cepun Mypmanckoro 6moka (> 70 r/t). Topuii B mopomax WM paccesH IO MOPOA00OPaA3YIOIINM
MuHepajsaM (OMOTUTHI U TOJIEBBIE ILIIATHI), WIM MPUCYTCTBYET B BHUJE COOCTBEHHBIX MUHEPAJIOB
B KaueCTBE aKIIECCOPHEB.

[Ipouiecch! ynbTpamMeTaMopPOreHHOro TPaHUTO0Opa30BaHUS apXe-pPaHHEePOTEPO30HUCKOTO ITa-
MOB PAa3BUTHUSl MPHUBOAWIM K OOPa30BaHUIO TOPUEHOCHBIX MHUIMATUT-TPAHUTOBBIX (hopMalui,
MPOSIBUBIIIUXCS Ha Bcex muTax P®D, a B OnmkHEM 3apyOekbe — 0COOEHHO HAa YKPAWMHCKOM IIUTE
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Ta6numa 10

I'eosioro-reoxuMmuyecKkasi XapaKTepUCTHKA CHeNHAJU3HPOBAHHBIX HA TOPHIi reoJJOrH4ecKHX 00pa3oBaHMii
(popmanuii) B MeTamopduuecKux U MarMaTuyeckux nopoaax [58; 81]

T .
eoJoruyeckas Cepus, cauTa (B03pac) CTpyKTypHOE I0JIOXKEHHE Th, r/r DJIeMEHTBI
(dopmarus (peruoH pa3BHUTHS) CILyTHUKH
Jarmmr-pruonuroBas (JTaTHUT- Axwutkanckas (PR,) | Baiikano-ButumMckas o6macts 38,4 H/IT
TpaxXuIalUT-TIeCIAHINKOBAS)
MurmMaTuT-1IarnorpaHuT- AR-PR; Bantuiickuii mut, Konbckuii 010K, 21,6 H/7
IPaHUTOBAS Kapenbckuii 610K 20,2-30,6
I'panuroBas Casnckuit (PR)) Enuceiickuil Kpspk 15-130 | Y, Ce, La,
Zr, Ta, Nb
I'panuroBas [Moconbuenckuii (PR,) | Boctounstii Casia 27 Y, Be, Sn
I'panuToBast (panakuBm) Komapckwuii (PR;) Baiikano-ButuMckas ob6nacts 21,8 H/I
[[lenouno-rpanuToBas Wpensckuii (PR,)  |Baiikano-ButumMckas obmacts 31,4 H/71
Konrnomeparo-necuanuko- PR, Banruiickuit mut, Kapenbckwuii 6ok | 22,4-51,1 H/1I
BO-rabdasoBas
Mertareppurenno-Bynkano- | Uyiickas tomma (AR,) |baiikamo-Butumckas o6mactp 27,0 H/I
renHas (ampu0010-0MOTUTO-
THeicoBas)
MertareppUreHHO-BYJIKaHO- [Typnonbekast (PR;) | baiikano-Butumckas o6iactb 29,0 H/A
reHHas (0a3anpToBas mecya-
HUKOBO-PHOIIUTOBAS )

(MUrMaTUT-rpaHUTHI U TpaHUTOrHelcsl BonbiHckoro, Kuposorpaacko-XKutomupcekoro u 3ananHo-
[TpuazoBckoro 61mokoB — oT 41 no 130 1/1). DneMeHThI-CyTHUKH TOpusi — (Gocdop, HTUPKOHUH,
pelKue 3eMiid, MOJIMO/ICH, CBUHELL.

WuTpy3uBHBIE 00pa30BaHMs IO COACPXKAHUIO TOPUS pa3essIloTCs Ha JIBa TUIMA: a) LIEIOYHbIE
IPAaHUTBI C BBICOKUM €ro kojimdecTBoM (10 160 r/T), B KOTOPBIX 3JI€MEHTaMHU-CIIyTHUKaMH SIBJISI-
IOTCSL peaKue 3eMin (Lepuid, UTTPHUi, JJAaHTaH) U pPeIKue MEeTalUIbl (TaHTaa, HUOOWH, Oepuiunii);
0) KHUCIIble TPAHUTBI C COZAEPIKAHUEM TOpHUs 10 85 I/T, re TOpUl CONPOBOXKIAIOT PEIKUE 3EMIIH
n ypas. Kak npaBuiio, nopozas!l 060raiieHsl MOHALUTOM.

CBeneHus MO COAEPIKAHUIO TOPHUS B METAMOPPHUUECKUX U MarMaTHYECKUX MOpPOJaxX MPUBOIST-
cs B Tabn. 10.

Takum oOpazom, reojoruyeckue Gopmanuy IUTOB M CPEAMHHBIX MACCHBOB IO COJEPKAHHIO
TOPHsI OTYETIIMBO PA3ZCISAIOTCS Ha TPU IPYMIbI: METaMOP(GHU30BAHHBIE 0CAJ0YHO-BYJIKAaHOI'€HHbIE,
yasTpameTamopgoreHHble 1 Mmarmaruueckue. [locnennue B cBoro ouepenb paszesstoTcs Ha HIesIoy-
Heie (10 160 r/T) u kucnwie (10 85 r/T), 3aMETHO OOOTAIICHHBIE MOHAITUTOM.

6.3. CKJIAJYHATO-HAABUTI'OBBIE OBJIACTH

Nudopmarius o TOPHEHOCHOCTH CKJIA9aTO-HAABUTOBBIX 00JIACTel OazupyeTcss Ha JaHHBIX IO
Antae-CasHckol, CuxoT3-AnuHbCKOH, balikamo-ButuMckol, a Takxke Ypanbckoit oonactsx [2; 7;
18; 21; 31; 51; 80]. B ux npexaenax BbIACISIETCA TPU TUIA CTPYKTYp: CPEIUHHBIE MACCHUBBI, TIEp-
BUYHO-T€OCHUHKIMHAIBHBIC TIPOTUOBI U TEOAHTUKIIMHATIBHBIC TIOTHSITHSL.

B nepBoM TuIie CTPYKTYp IMIHPOKO MPOSBICHBI TPAHUTOBBIE i MUTMATUT-TPAHUTOBBIE (pOpMAIIHH
C TOBBILICHHBIM cojiepkaHreM Topusi. Hanbornee BrICOKHE cofep KaHUs €T0 YCTAaHOBJIEHBI B TPAHUTO-
rHeiicax 1 MUTMaTUTax MPOTEepPO30s — Majaeo30s B ceBepHOM yactu bypennckoro maccusa (30,3 1/1),
B YpromoHryeBckoi u Xamap-/labanckoii cTpykTypHo-(hopmannonnoii 30Hax FOro-Bocrtounoro 3a-
Oaiikanbs. CIlyTHUKaMU TOpHS SBISIOTCS LIEPHi, JaHTaH, Oepuiinii, HUOOUH, TaHTaI U MOJTUOICH.
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Tab6numa 11

I'eoJioro-reoxuMuYecKas XapaKTepUCTUKA CHEUATU3HPOBAHHBIX HA TOPHIi re0JI0rH4eCKUX 00pa3oBaHuUii
(popmanmii) ckyaguaTo-HaABUIOBBIX obnacreii [S8; 81]

leonornueckas popmanms Cepus, ceiTa Peruon pazsutus Th, v/t DVICMEHTbL-
(Bo3pacr) CITyTHUKH
MurmaruT-rpaHuToBast Pz, Bypeunckuii maccus 30,3 H/I
WHTpy3UBHO yIsTpaMeTaMop- | YPYIIOHTYEBCKHU | YPYITIOHTYEBCKas CTPYKTYPHO- 24 Sn, Be, U,
(UYECKHUX TPAHUTOB PZ) (hopmarmoHHas 30Ha Mo, Pb
KapOonarnast (OOKCUTOHOCHAsT) Pz, Vpan CeBepHblii 15-130 H/1
KapGonarnas (0oKcHTOHOCHAs) PZ, VYpan FOxHbIi 29,7
I'panuroBas Viaxauckuit (MZ) | SIno-KospiMcKast Te0aHTUKITHHAD 32 Be, Li, Rb,
F, Ag
I'panuroBas Tetickuit (PR,) | Exmcetickuii kpsix 30-36 | Y, Be, Sn,
Pb, Zn, Cu
['paHuT-rpaHoOIMOPUTOBAS Hwxkneamypekast | CuxoTa-AJMHBCKas 0071acTh 20,9 H/1T
MZ)

Bo BTOpOM THME CTPYKTYp MOBBIIIEHHOW TOPUEHOCHOCTHIO OTJIMYAIOTCS TEPPUTEeHHO-KapOo-
HatHble OokcuThl (AnTae-CasHckas oomacte — 49,7 /1, CeBepHbiii — 77,9 v/ u OxHbIA Ypan —
28,8 r/T). B OokcuTax Topuii pacrpe/ieneH HepaBHOMEPHO. B oTaenbHBIX polax ero coaep:kaHue
JIOCTUTAET MEPBbIX MPOLEHTOB (MecTopoxkaeHue [IpuosepHoe na IOxuom Ypane).

B TperbeM THIIE CTPYKTYp MOBBIIIEHHOE KOJMUYECTBO TOPHs COJEp’KaT I'PAHUTOMJIBI KHCIIOTO
psana (mo 135 1/1). [IpumepoM sBISIOTCS TOPOABI KyKyhbOelckoro komruiekca (FOro-Boctounoe
3abaiikanbe) U HEKOTOpBIE JpYyTHE.

JlaHHBIE TIO COACPKAHUIO TOPHUSI B METaMOP(PUYECKHX M MarMaTHUECKUX MOPOJaxX MPHUBOIATCS
B Tabm. 11.

6.4. 30HbI TEKTOHUYECKOW U TEKTOHOMATMATHYECKOM AKTUBHU3AIIUA

OtnaBasg MOMHKHOE TOMYJASPHON B MPOILIOM BEKE KOHIICTMU TEKTOHWYECKOW U TEKTOHOMAr-
MaTHYECKOM aKTHBM3AIMKM — IPOLIECCY PE3KOT0 yCHIJIEHUS (MM BO3OOHOBJIEHHS) TEKTOHUYECKUX
JBUKCHUI U MarMaru3Ma B CTAOMIIM3HPOBAHHBIX yYacTKax 3€MHOW KOPHI (3TOT MPOIecC 3aTparu-
BaeT Kak IUIaT(OpMbl, TaK U CKIAq4aThie O0OJACTH, B TOM YHUCIIC BKJIIOUEHHBIC B HUX CPEAMHHBIC
MaccuBbl), A. A. CMmbICIOB U Jp. [58] B HOMOTHEHNE K OCHOBHBIM T'€OTEKTOHHYECKUM MOpas/ie-
JICHUSIM 3€MHOM KOopbl (TU1aTdOpMBbl, CKIIaq4yaTo-HAABUTOBbIE 0071aCTH, IIUTHI U KPUCTALIIMYECKUE
MacCHBBI) PaCCMaTpPUBAIOT TOPUEHOCHOCTh Ie€0JI0rMUeCKUX (hopMalii 30H TEKTOHUYECKON U TEKTO-
HOMAarmMaTu4eckoi akruBu3anuu. OHU pa3IUvalOTCs [0 CTPYKTYPHOM MO3UIIMK TIPOSIBICHUS (CBOIO-
BO-IJILIOOBBIEC MOTHATHUS, pUDTOBBIC 30HBI), TCHETUUECKOMY THITY (T€PPUTCHHbIE, IITyTOHOTCHHBIE,
BYJIKaHOT€HHBIC) U BpeMEHHU 00pa3oBaHus (OT MO3IHETO MPOTEPO30s 10 KAMHO3051 BKIFOYUTEIIHHO).

Teppurennbie Gpopmaryyi 0OBIYHO UMEIOT CPABHUTEIHHO MOJIOIOM (ME3030MCKO-KaHHO30MCKHIA
BO3pacT), B OOJNBIIMHCTBE CIIy4aeB YIIICHOCHBI U XapaKTEePHBI A PUPTOBBIX 30H M HAIOKECHHBIX
sanunaneo3oiickux miardopm, kak banxamickoit u ap., nzyuasimxcs B CCCP [75]. Xapakrepusy-
IOTCSl OHU HEYCTOWYMBBIMU cofepkaHusmMu Topus (ot 1 mo 49 1/1).

[TmyTOHOTEHHBIE TOPUEHOCHBIE TEOJOTHYeCKre (popMaly B pacCMaTpUBAEMBIX 30HAX UMEIOT
OOBIYHO MPEUMYIIECTBEHHO MIEIOYHON U TPAaHUTOUAHBIN cocTaB. Tak, hopMaluu MenoYHbIX U He-
(eMHOBBIX CHEHUTOB, KaK MPaBUIIO, AIE030MCKOr0 Bo3pacTa XapakTepHsl st Konbckoro 61oka
(;oBo3epckuii komIuieke), Eanceiicko-CastHekol 001acTH, a B OmmkaiiiieM 3apyoexse — i 3epas-
maHo-BocTouno-Aunalickoil (anaiickuil komiuiekc) u LlenTpanbHo-IlaMupckoit (JyHKeNIbIbIKCKUI
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Tabnuma 12

Ieostoro-reoxumMuyecKkasi XapaKTepPUCTUKA CHEHATU3NPOBAHHBIX HA TOPHIi reoJI0rH4ecKUX 00pa3oBaHuUii
(popmanuii) 30H TEKTOHNYECKOI M TEKTOHOMAarMaTu4ieckoii akTusuzanuu [58; 81]

I'eonornueckas Cepus, cauta (Bo3pac) CTpyKTypHOE MOJI0KECHHUE Th, v/ OleMeHTBI-
(hopmarust (peruoH pa3BuUTHA) CITy THHKH
Puonut-rpanuroBas KZ Jlakkonutel KaBMunBon 46,0 Sr, Y, Nb, Be,
Mo, Sn, TI, W
Juopur-rpanutosas Keipunckas (MZ) | 3abaiikanbe, Jlaypckas CTpyKTypHO- 31 Sn
(hopmanoHHast 30Ha
I'panuroBas JlemBunckuit (PZ) | Ypan, JIeMBUHCKHI aHTHKIHHOPHIA 37,0 H/I
» Haponuunckwii (PZ) | Ypain, JleMBUHCKHI aHTHKITHHOPHI 48,0 H/I
» Manguackuii (PZ) | Ypan, KBakymicko-Kamenoropckuit 32 H/1
AHTUKJIMHOPUI
To xe Bypnanunckwii (PZ) | [laneuuii Boctok, bypnannnckuii 40,0 B, Be, TR
MacCHB
» Kytioprmesckuit (PZ) | Xankatickuii MaccuB 39,0 TR,F
JleiikorpanuToBas Xapuncknii (PZ;) | Bypennckuii maccus 150,0 H/I
[I{enoYHBIX TPAHUTOB U ManokyHanelckui, |3abaiikanbe, XapuToHoBckuil, Kyna- | 28,0-38,0 | Zr, Y, Nb, U
CHUEHUTOB Hepuyranckuit (MZ,) | nefickuii MacCUBBI
l'a6OpocueHuTOBAS AxkaryeBckuit (MZ) |3abaiikanbe, AKaTyeBCKUI MacCUB 48,0 Ti, Y, Zr,U
[{enouyHo-ynsrpaoc- Kutickuii (PZ) Enuceiickuii kpsixk, 3aanrapckast n02% | Y,Yb,Nb, La,
HOBHAsI KapOOHATUTOBAs JacTh Be, Sr, Ba, Mo
[1le0YHBIX CHEHUTOB 3axpebeTHUHCKHH, | EHMCeiickuii Kpsok 20,0-110 | Yb, Y, Nb, La,
Yeomxckuii (PZ) Be, Mo, Sr, Ba

KOMIUIEKC) CTPYKTYpHO-(pOpMaIMOHHBIX 30H. Beicokue conepskanus Topus (34—150 r/T) ycraHoB-
JICHBI B JICHKOTPAaHUTOBOU (hopMaruy Mo3IHENaNe030HCKO-ME3030CKOTO Bo3pacTa Ha bypenHckom
Mmaccuse, B LlenTpanbHom 3abaiikanbe (KyKyabOeHCKuil, XapalruHCKUNA KOMIIEKCHI).

BynkaHoreHHsle crieliMaan3MpoBaHHbIE HA TOPHM reosiorudyeckre GopMalui CBOI0BO-IIILIOOBBIX
obnacTeil UMEIOT OOBIYHO IIETOYHON WM CyOIenouHo ykiaoH. K HUM MOXXHO OTHECTH, HaIlpH-
Mep, maneo3oiickue Gopmarnum Tpaxuanae3ut-Tpaxuiaumnaputos (24—100 1/T) Ha Manom Kapkaze
(yxe 3a mpenenamu P®) u apyrux dopmanunii 61amuskoro cocrasa. ['eonornyeckue dpopmanuu 60-
Jiee MO3IHET0 BO3pacTa MMEIOT KOHTPACTHBINA 0a3abT-pUOIUTOBBIN MU CYIIECTBEHHO PUOJIUTOBBIH
coctaB (Llentp. KaBka3) [56].

[1e109HO-yIBTPAa0CHOBHBIE ¢ KapOOHATHTAMH (POPMAIHH PE3KO 00OTAIIEHBI TOPHUEM (10 YPOBHS
MIPOMBIIUIEHHBIX KOHLEHTpAIUi), GUKCUPYIOT ApeBHUE (pUdeiicko-Taneo30ickrue) puTOBbIC 30HBI
U UTPAlOT CYIIECTBEHHYIO POJib B T€OJIOTMYECKOM CTPOCHUHU U MeTajoreHnu EHMcelckoro Kpsixa
(kuiickuit KoMIUIeKC), banTuiickoro mura (KOBIOPCKHM KOMILUIEKC), AHabapckoro muTa (MaiiMeda-
KOTyHckuil komiuiekc), Bocrounoro CasiHa (3MMHUHCKUN KOMILIEKC), BOCTOUHOM 4acTu AJIaHCKOTO
uuTa (ropHoo3epckuit komruiekc) [9; 17; 43; 45].

Takum 06pa3oM, B CBOJIOBO-IIBIOOBBIX 007acTAX M pUPTOBBIX 30HaX HauboJiee BEICOKUE COAEP-
KaHUA TOpUS HEeCyT (POpMALMU IIEJIOYHBIX U HE(ETMHOBBIX CUEHUTOB U ILEIOYHBIX yiabTpaMadu-
TOB C KapOOHATUTaMH.

CBezieHUs TIO COZIEPYKAHMIO TOPUS B T€OJIOTUYECKHUX (POPMALIUAX 30H TEKTOHHYECKOW U TEKTO-
HOMarMaTu4eckol akTUBU3ALMM MPUBOJATCS B Tabm. 12.

AHoOManbHbIE COEpkKaHUA TOPUS B OOJIACTSIX TEKTOHMUYECKOW M TEKTOHOMAarMaTru4ecko akTu-
BU3AIIMH YaIlle BCETO CBSI3aHBI C TPAHUTOBON M JICMKOTPAHUTOBOM (hopMarusMu.
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I'maBa 7. TOPUEBOPYJIHBIE, IOTEHIIUAJTBHO TOPUEBOPY/IHBIE
N TOPUEHOCHBIE ®OPMALIUU

B cootrBerctBum ¢ nmoctynaramu metajuiorenndeckor mkoiasl BCEI'EN, cocTtaBHOi YacThio Me-
TAJJIOTEHUYECKOTO aHAJIN3a SBISIETCS KiIacCU(UKAIMS PYIHBIX 00BbEKTOB Ha (hOpMAIIMOHHOW OCHOBE
[22; 25; 61]. MakcuManbHO TOJHBIA OXBaT PyAHBIX (OpMAIMii B TOM MJIM MHOM PETHOHE ISt TOTO
WIM WHOTO THIA TOJE3HBIX MCKOMAeMbIX OOecreyrBaeT HaubOoliee MOJHBIM yYeT CYIIEeCTBYIOIINX
CBSI3€H PYAHOTO BEIIECTBA CO CMEIM(PUKON Te0I0ro-CTPYKTYpHBIX 00cTaHOBOK. [lon pynHO#t ¢hopma-
1Mell TOHUMAIOT TPYIIy MECTOPOXKACHUN WIN PYIONpPOsBICHUN, 00pa30BaBIIMXCS Ha OIpEesICH-
HOW CTaJiuu pa3BUTHUS T€OJOTMUYECKUX CTPYKTYpP M HaXOASILMXCS B TEHETUYECKOM WMIIM NapareHeTu-
YECKOM CBSI3U C OINPEIEICHHBIMU 0CaI0YHBIMU, METaMOP()UIECKUMU U METACOMATHYECKUMH (popMma-
[USMH, T. €. pyAHbIe (hOpMaIUK UMEIOT TOT YK€ PAHT, YTO U reosorudeckue hopmanuu [22; 58; 61].

Haxomsick B HEpa3pBhIBHOM CBSI3U CO CTPYKTYPHO-(POPMAIIMOHHBIMU KOMIUIEKCAMH KaK BO Bpe-
MEHH, TaK U B MPOCTPAHCTBE, PYIHBbIC (POPMALUU CIYKAaT OIHUM W3 OCHOBHBIX KPUTEPHEB IPH
METAJNIOTEHUYECKOM PalOHUPOBAHUM U MIPOTHO3ZHBIX MOCTPOCHUSIX.

7.1. DOPMALIUU TOPUEBOPYIHBIE U IOTEHIIUAJIBHO TOPUEBOPY/IHBIE

[Ipu pazpabotke kinaccudukauy TOPURCOAEPKALINX MPUPOIHBIX 0OBEKTOB IIMPOKOTO CHEKTPa
COZIEpKaHUIl MeTalljla U BETUYHUHBI €r0 IPOSIBICHUN NPOBEIEH CPAaBHUTENBHBIN aHAJIN3 U aKTyasu-
3upoBanbl knaccudukanuonusie cxemsl BCETEN (JI. H. BensieBa, A. A. CmbicioB, B. M. Tepen-
TheB U Jp., 1984) u BHUUXT B paccmarpuaemoit oomactu (M. B. Uupkos, 1975; B. M. Kortosa,
1995; 2002; T'. A. Ilenbmvmckuit u ap., 2012; u ap.). YUUThIBaAIUCh TaKKe COBPEMEHHbIE ITPEICTaB-
JICHUs TI0 TAHHOMY BoTpocy 3apy0exHbix koiier (MATATD), mo6e3Ho mpeaocTaBIeHHBIE aBTOpaM
M. Cuney, ®pannus (2019), mozxe 3akperuiennsie B ero myomukamusx [99; 100]. IIpoctaBiennbie
B TEKCTE HMXE HOMepa pyAHbIX (opMaLuii COOTBETCTBYIOT HOMEpaM B Talil. §.

<I)0pMamm JHAOTCHHbIC ICJIOYHOI0 MarMaTu3mMa

Pynnblii moTeHIManm MIeI0YHbIX MarM M3JaBHa IMPUBJIEKAI BHUMAaHUE ucciaenoBarenei [34].

1. @opmayua mopuii-peokomemanibHas 6 AcnAUMOBLIX CUCHUMAX U 30HAX MemdacomMamosd.
[IpencraBieHa 4eThIpbMsI MUHEPATHHBIMU THITAMHU: JIOTIAPUTOBBIH, TIOBO3EPUT-IBIHAIUTOBBIN, PUH-
KOJUT-IOBYOPPUTOBBIN U MUPOXIIOP-TOPUTOBBINA. BEHISIBICHHBIE MECTOPOXKICHUS U PYAOTIPOSBICHUS
cBsizanbl ¢ JIoBo3zepckuM 1 XHOMHCKUM MacCHBaMU armnauToBbIX He(eIMHOBBIX cueHUTOB Konbcko-
TO MOJIyOCTPOBa (pHUC. 5), MPUYPOUCHHBIMHU K y3JIaM MEPEeCeUeHus! ITyOUHHBIX 30H CyOITUPOTHOTO,
CEBEPO-BOCTOYHOIO U CEBEPO-3allaHOrO NpocTupanuil [54; 55].

[Ipencrapnstoniee nepBblii MUHEpaIbHBIN Tl JIOBO3epCKOE MECTOPOKACHUE IO CYIIECTBY SIB-
JsieT co0oi YacTh cTpaTu(PUIIMPOBAHHOTO KOMIUIEKCAa BTOPOM (pa3bl BHEAPEHHUS LIEIIOUHBIX TOPOJ
JloBo3epckoro MaccuBa, B KOTOPOM PUTMUYECKU ITOBTOPSIFOTCS TOHKOPACCIIOEHHBIE CEPUU YPTUTOB,
MaJMHBUTOB, IOBUTOB, JIYSIBPUTOB U (DOMSIIUTOB, MOJIOTO MAAAIOIINE K IICHTPY MAacCHBa, TPEKPACHO
BBIIEPKAHHBIE 110 IPOCTUPAHUIO U TAJCHHUIO.

JlomapuTOHOCHBIE TIOPOIBI CITYKAaT COOCTBEHHO PY/IOH M 00pa3yroT Ha MECTOPOXKACHUH 0K0s10 200
TOPU30HTOB, 00bEIMHEHHBIX B 65 mauek, 30 13 KOTOphIX copeprKaT OanaHcoBbie py/asl. PynHbie Tena
XOPOLLO BBIJIEPKaHbl IO MOLUTHOCTH, MPOCTUPAHUIO U MUHEPAIbHOMY COCTaBy, IPOTATUBAIOTCS Ha
30 kM npu 3HaunTeIbHOU MomHOCTU. Conepskanue Topus B jgonapure 0,3-0,8 % (unorma o 1 %).
OHoO KoppenupyeTcs ¢ BEIMYUHON OTHOLICHHS TPEXBAJIEHTHOI'O JKeJie3a K IBYXBAJIEHTHOMY, UTO CIIy-
#uT (A. U. Ionskos, 1970; A. A. Kyxapenko, 1971) unaukatopoM IIeI0YHOCTH MarMaTu4ecKoro
pacmaBa; Oosee mesouHble (aly MopoJ] OTHOCUTENILHO oboramieHsl TopueM [20; 34].

Bozpact Xubunckoro u JIoBO3epCKOro MacCHBOB (CBHHIIOBO-YPAHOBBIM M KallMi-aprOHOBBIM
Metonel) — 303-280 muH seT. OOpa3oBanue (Gopmaryy armauToBbIX HE(ETUHOBBIX CHEHUTOB IO
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Puc. 5. Cxema pa3MenieHusi KoJbleBbIX HHTPY3uii KoibcKkoro mojiyocrpoBa ¢ TopueBoii MuHepaauzanuei [11]

L{enoYHO-yABTPAOCHOBHBIE MAaCCHBBI: ¢ — TutonIaasio cBeie 40 km2: [ — Kosnop, 2 — TypeuHckuid; 6 — miomanasio + 20 kv
3 — CebnbsBp, 4 — Canmaropa, 5 — Byopusipsu; 6 — menkue: 6 — Appukanna, 7 — O3epHas Bapaxa, § — JlecHas Bapaka, 9 — [lecousrii,
10 — Cannannarsa, // — Kangaryockuit

re0JIOTHYECKUM, TeoxuMuieckuM u Ap. nanHbiM (JI. H. Korapko, 1971) Hocut rimyOuHHBIN XapakTep.
YcTaHOBIIEHB! JBE IVIaBHBIE PA3HOBUAHOCTH HAaXOXAECHUS TOpHs B nopoaax JIoBo3epckoro Maccusa
[36]: 1 — TOpuii KOHIIEHTPUPYETCS B aKIIECCOPHBIX PEIKO3EMEIbHBIX, MHOT/IA IIMPKOHUEBBIX MUHEpA-
Jax (B OCHOBHOM B JIOTIAPUTE, MEHEE — B PUHKOJIUTE); 2 — TOPHI PACCEMBACTCSI B MOJICKYIISIPHOU (hop-
Me B ITOPOA000Pa3yIONIMX MUHEpaIax U 00pa3yeT CyOMUKPOCKONMMUECKUE BRIICICHHUS TOpUiicoaep-
KAIMX MUHEPAJIOB, COPOUPYIOIIMXCS HA MOBEPXHOCTIX 3€PEH U B TPEIIMHAX, a TAKKe B aBTOMETa-
COMaTHYECKMX MUHEPAJIbHBIX arperarax IeoInToB, aHAIbIIUMa, STUpUHA. [ eHe3HC J0napuTOHOCHOTO
KOMIUIEKCA CBSI3BIBAIOT C I'PAaBUTALMOHHON KpUCTaNTM3alMoHHON nuddepeHunanueii B kamepe U3
OCTBIBAIOIIETO CBEPXY BHU3 TOMOI'€HHOI'O WM OJIM3KOTO K TOMOT€HHOMY MarMaTu4ecKoro pacruiasa.

JIoBO3epUT-3BIMATUTOBBIA U MUPOXJIOP-TOPUTOBBIE MUHEPAJTIbHBIE THUIbI MPEACTABICHBI PyJa-
Mu MectopokaeHuit BasuOen, FOxcnopckoe, I'eprpynuopp, ['ectuHboH u Oonee Tpex OECATKOB
PYZIONPOSIBICHUN, KOTOPbIE TPYNIUPYIOTCS B CEBEPO-BOCTOYHON M FOT0-BOCTOYHOW YacTAX MacCH-
Ba B IpeJesiaX TeKTOHMYECKUX 30H. OpyaeHeHHe BKPAIUIEHHOTO U MPOXKHIIKOBOTO THIA 00pa3yroT
MPOTSHKEHHBIE 30HBI, BHIMIOTHEHHbIE (PEHUTAMU, alIbOUT-TUPUHOBBIMH METACOMATUTAMH U aJIbOU-
TUTaMu. PynHas MuHepanu3anus mpeacTaBlieHa dBAUAIUTOM, CoepKaliuM 10 7 % Topus, JTOBUOp-
putoM (10 1 % TOpHSsT), MUPOXJIOPOM, TOPUTOM U IpKeauToM. OCHOBHAS Lieib pa3paboTku Oosee
MOJTyBEKa PYIHBIX O0BEKTOB — JOOBIYA TaHTaja U HUOOUS. B OymymieM BO3MOXHO W MPOMBIIIUICH-
HO€ WU3BJICYCHHUE TOPUSL.

PUHKOMUT-TOBYOPPUTOBBIM M MHUPOXJIOP-TOPUTOBBI MUHEPAIBHBIE TUIIBI MPUYPOUYEHBI K XU-
OMHCKOMY MAacCHBY, TJI€ Pa3BUThl PUHKOJIUT-JIOBUOPPUTOBBIE MErMaTUThl U MUPOXJIOP-TOPUTOBBIE
TMOJIEBOIITIATOBBIE METACOMATHUTHI TUTA ATLOUTUTOB C BHICOKUMH COZIEpX)aHUsAMH Topus [8; 58].

CeromHsi OCHOBHBIM MCTOYHMKOM HHMOOMEBOTO M PEAKO3EMENIbHOTO Chipbsi B Poccum sBisercs
JloBo3epckoe mectopokaeHue MypmaHckoil o0nactu, B pyaax kotoporo okoio 1 % P30 u 0,24 %
Nb,Os. Munepain jgonaput — pyaa TaHTajia, HIOOHS U LIEJIOT0 psaja IpyTruX peaKuX MeTaJljioB (LepHid,
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HEOJUM, €BpOMHUiL, JaHTaH U 1p.). B JIoBo3epckux TyHapax B HacTosiee Bpems goosiBaercs 100 %
POCCHIICKOTO TaHTajla 1 OCHOBHAs 4acTh HUOOUs. Pynbl, Kak mpaBuiio, paauoakTUBHbEL. MecTopo-
XKIeHue paspabdarsiBaeTcsi komOuHAaTOM «CeBpeaMeTy AByMs PYJIHHKAaMH CyMMapHOW MPOEKTHOM
MOIIHOCTRIO 1,5 MiH T pynsl U paktudeckoit B 2000 r. okono 500 Teic. T. OOecrne4yeHHOCTh BCEMU
pa3BeaHHbIMU 3anacamu komOuHara 6onee 100 nert, a aeiictByromux pyaaukoB 40 u 70 net. [Tomy-
yaeMbl€ U3 PY/Ibl JOIMAPUTOBBIE KOHUEHTpaThl coaepkar 30-31 % P30, npenmyniecTBEeHHO LepreBOr
rpynmsl 1 7-8 % Nb,Os. MakcumanbHbIi 00beM TPOU3BOANMOro KoHeHTpara — 10—12 TeIc. T B roI.
JlomapuToBble KOHIIEHTPATHI epepadarsiBatoTcsi Ha COIMKaMCKOM MarHueBoM 3aBojie B [lepmckoii
00JIaCTH ¢ MOJTYYEHUEM OKCHUIOB HUOOUS, TaHTAJIa, PEAKO3EMENbHON MPOIYKIIMHA U TUTAHOBON TYOKH
(Tutan cogep:xkurcd B gonapure). Ha ceronus 3to enuHcTBeHHOe npeanpusitue Poccun, rae Beaercs
nonyTHoe u3BieueHue P33 u npou3BoICTBO €ro COeAMHEHHUH (B OCHOBHOM — KapOOHATOB JIaHTaHa
u uepust). Topuii He U3BIEKaeTCs U UAET B OTBAJILI [16].

2. @opmayus peOKoMemailbHO-MOPUEBas 8 WELOYHbIX Memacomamumax u gropum-oapumo-
vix orcunax. IlpeacrapneHa 4eTbpbMs MUHEPAIbHBIMU TUIIAMH: KCEHOTUM-TOPUTOBBIM, TOPUT-KCE-
HOTUM-0aCTHE3UTOBBIH, MOHAITUT-KOITYMOUT-KCEHOTUM-TOPUTOBBIN, HTTPOOACTHE3UT-KCEHOTHM-TO-
PUTOBBINA. MeCTOPOXKACHUS U PYIONPOSBICHUS (POPMAIIUH IIUPOKO PACIPOCTPAHEHBI, OAHAKO eIl
HEJ0CTAaTOYHO u3y4yeHbl. DopManus sIBISETCA, MO BCEl BUIUMOCTH, OJHOU M3 HauOoJee Mmepcrek-
THUBHBIX Ha TOpUH. MHOTOUNCIIEHHbIE KOMIUIEKCHbIE MECTOPOXKICHUS U PYIONPOSBICHUSI U3BECTHBI
B pErHOHAX TEKTOHOMAarMaTu4ecKOW akTUBU3aIMK (paHepo30MCKUX CcKiaauarbix obnactei. K HUM
otHocATcss Tumanckoe nogustue, Iomsapusiii u Cpennuii Ypain, Anrae-Casackas ob6nacts, FOro-
Bocrounas Tysa, B OmmkHem 3apyOexxkbe — Boctounbiii Kazaxcran, FOxwusiit Taub-1llane u np.
TopueHocHble 0OBEKTHI PACIIONOKEHBI B Pa3IMUHBIX I€OTEKTOHMYECKUX OOCTAHOBKAX U CBSI3aHBI
C Pa3HBIMU I10 CTENEHU LIEJTOYHOCTU MarMaTH4eCKUMU 00pa30BaHUSIMHU B PSIy: aJSICKUTOBBIE CYyO-
IEJIOYHbIE TPAHUTHI — LIEJIOYHBIE TPAHUTHI — HEe(QEeTUHOBbIC CUEHUTHI. [lonokeHe py1oHOCHBIX
IIEIOYHBIX METACOMATUTOB KOHTPOJIMPYETCS 30HAMH Pa3pbIBHBIX HAPYIIEHUH, pa3BUTHIX KaK B Tpe-
JleJlaxX IEJIOYHBIX MAaCCHUBOB, TaK M B MX DK30KOHTAKTOBBIX 4acTsx [34].

Pynubie Tena npeacTaBisioT co00i MTOKBEPKU U JIMH30BUAHbBIE JKUJIbI, COCTOSAIIUE U3 OpeKyu-
POBaHHBIX U KaTaKJIa3UPOBAHHBIX METACOMAaTUTOB. B cOCTaB mociieHUX BXOIAT aabOUT, pUOCKUT,
apdenconut, GpeHrut, kapOOHATHI U AOCTATOYHO YacTo (IrOOpUT. PenkoMeTamibHO-TOpHEBast MU-
Hepaju3alus oTIHYaeTcst O0JIbIIMM pazHooOpazueM mMuHepanoB (okoso 70) B BUIE BKparuieHHU-
KOB U MpoxWIKoB. CofepkaHUE TOpUS B PYAHBIX KUJIAX (C MUPOXJIOPOM, TOPUTOM, KOITYMOUTOM,
¢beppuroputom) — 10 5 %.

3. @opmayus moputi-yupkonuti-pocgpopuas 6 sticumax u KapOOHAM-ANAMumo8ulX HCULAX.
[IpencraBiena TOpUT-IIUPKOH-HACTYPaH-aIaTUTOBBIM MUHEPAIbHBIM TUIIOM. MeCTOpPOXKAEHUN 3TO-
ro tuna B Poccun He 0OHapy» eHO (M3BECTHO JHIb AHApeeBcKoe pyaomnpossieHue B CasHo-baii-
KaJbCcKo# obnactr), xotsi B CeBepHoM Kazaxcrane reonoramu BCET'EU u BonkoBcko# skcniemuiim
BBISIBIICHO U oxapakTepu3oBaHo 11 mectopoxnenuii u 10 pynonpossnenuii Tacteikonb-Kokcopceko-
ro PyIHOTO TIOJIA paccMmarpuBaemoi dopmanuu — 3ao3epHoe, Tacteikoinbekoe, BocTtouno-TacTsi-
konbekoe, Kokcopekoe, FOxuo-Kokcopekoe Kepbaiickoe, JomOpanunckoe u np. [14; 22; 33; 46].

Pyanbie Tena miactooOpa3Hoil M Apyroil pasHooOpa3HO KOHGUTypaluu (KWL, JTUH3BI, arlo-
(bu3bI, CTOJOBI U T. T1.) U pa3Mepa COCTOAT OOBIYHO M3 (hTOpANaTUTa ¢ Pa3IUYHBIMH KapOOHATaMu
U TEPPUTCHHBIMH NPUMECSIMHU. 3aJIETAlOT B Pa3IMYHON CTENEeHH abOMTHU3UPOBAHHBIX OPIOBHK-
CKMX H3BECTHSKAX, JOJIOMHTAX, N3BECTKOBUCTBIX apTUILIUTAX, MOPPUPUTAX M HEKOTOPBIX JPYTUX
OTJIOKEHUSAX. XapAKTEPHO OTCYTCTBUE KOPPEISALIUU MEXKIY TOPUEM U ypaHoM. OpylaeHEHHE UMEET
TUAPOTEPMATIbHO-METACOMATUUYECKUI TeHE3UC U MapareHeTUYECKU CBSI3BIBACTCS C CyOILIEIOYHBIMU
IPaHUTOUIHBIMU MaJbIMU HHTPY3USIMU MO3]HEKAJIETOHCKON — paHHErepUuHCKON 3moxu. B xome
IPOBOJIMMBIX T'€0JIOTOCHEMOYHBIX U T€0JIOTO-IIOMCKOBBIX paldoT cienyer oOpaTuTh BHUMaHUE Ha
BO3MO)KHOCTb BBISIBIICHHSI ITOJOOHBIX I'€0JIOTOCTPYKTYPHBIX 00CTaHOBOK U B PD [34].

4. Qopmayus mopuii-ypaHosas 6 wjelouHbIX MemacoMamumax u Keapy-@uoopum-o6apumosix
orcunax. Ee mpeAcTaBisioT TPU MUHEPAIBHBIX TUIA Py — YPAaHUHUT-HACTYPaHOBbIN, OpaHHEPUT-
TOPUT-YPAHUHUTOBBIA U TOPUTOBBIM.
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dopmanus pacmpocTpaHeHa B 30HAX TEKTOHOMAarMaTH4eCKOW aKTUBM3AIMK (aHEpO30MCKUX
CKJIa4aThiX oOsacted. Tunuanble pencTaBuTen — Toprolckoe MecTopokaeHne B bepezoBckom
nporube (puc. 6), bypnanunackoe, Kutr u Uectan B CeBepHom IIpubaiikanse, Mesenckoe n Hoso-
606poBckoe Ha Cpeanem Tumane u np.

Kpyronanatoiiue, B OCHOBHOM KHJIOO0pa3HbIe W JHUH30BHUJHBIC PyAHbIE Tesia JTOKAJIW30BaHBI
B 30HaxX OpexkunpoBaHus U MuoHuTu3anuu. Ha Toproiickom MeCTOpOXI€HUH OHU IPUYpPOUEHBI He-
MOCPEJICTBEHHO K Pa3IMYHBIM SKCTPY3UBHBIM U WHTPY3UBHBIM HE()EINH-CHEHUTOBBIM H IIEIIOYHBIM
(KamMeBBbIM) TCEBIOICHIIMTOBBIM U JAPYTUM IOPOJAaM MHOrogasHoro MypyHCKOTO BYJIKAHOTEHHO-
MHTPY3UBHOTO MacCcHBa IIEHTPAJIbHOTO TUMA (/1Ba KYII0Jia), B TOM YHCIIE K IIEeJIOYHBIM MerMaTuTam.

Toproiickoe mectopoxaenue (E. A. Ilstos, 2005) cocTouT U3 Tpex pa3pO3HEHHBIX YUACTKOB —
Cepenunckoro, IHHOKEHTBEBCKOTO M AHAPEEBCKOr0, HAXOASIIUXCA Ha PacCTOSIHUM 5—12 KM OAMH
oT apyroro. OpyJIeHeHue NpUypodeHo K KpyTonanaromuM (65°-90°) 30Ham 1pobiaeHus u TUapo-
TepMaJbHbIX W3MEHEHUH, COMPOBOKIAIOIIUM U ONEPSIOIIUM KPYIIHbIE PETHOHAJIBHBIE PA3JIOMbl —
At6acrax-Toproiickuii u Kemu-KuGexkrunckuii. [IpoTsskeHHOCTh PYAHBIX 30H OT TMEPBBIX COTEH
METPOB /10 3—5 KM, MOIIHOCTb OT JECATKOB CAaHTUMETPOB A0 50 M B penkux pasayBax. Haubomee
6oraroe OpyJIeHEHHE JIOKAINU3YETCs HA Y4acTKaxX 30H, MEPECEKAIONX KPYMHO3EPHUCTHIE TTOPOJIBI
MacCHBa — METMATUThI U NerMaTouiHbie cueHuThl. Cpennee conepxanue topus 0,01-0,03 %, pexe
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Puc. 6. Toproiickoe mectopo:xaenue. I'eosiornyeckuii njian nopepxHoctu (mo 1aHHbIM COCHOBCKOI IKCIe UM,
1998)

1 — Tpaxutsl, GoHOMUTH U 1p. (MZ); 2 — CHEHUTHI, CUeHUT-TIOPYUPEI, HedesnHOBEIe CHeHUTH! (MZ); 3 — H3BECTHSIKH, JTOJIOMU-
ThI, MEPTENN — BEPXHss MOJICBUTA CEHbCKOM CBUTHI (R, _35n,); 4 — mecuaHuKy, KBapIUTHI U AP. — HIDKHSAS TIOJICBUTA CEHCKON CBUTHI
(R,_381,); 5 — ciaHIB!, yIIepoaucThIe CIAHIB, aIeBPOINTHI — KymMaxyaapcekas ceuta (R, ;km); 6 — Guorurossie, amdubdona-6uoruro-
Bble THeHchl (AR); 7 — TekToHHYecKue pa3ioMel; § — pyZJOHOCHBIE 30HBI C TOPUEBON M ypaHOBON MUHepain3auei; 9 — paainoaKkTuB-
HBle aHOMaINH; /() — PyTONPOSIBICHUS: @ — 30J10Ta, O — MOIHUMETAIIOB; // — MECTOPOXKACHHUS: g — YapouTa, O — OAPUH-CTPOHITHEBBIX
kapbonarutos — Kapbonarnoe
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0,1 % u 6onee B oTaenbHbIX kudax. Ha CepeanHCKOM ydacTKe 30HbI OKBapLIEBAHUS U CyIb(pUIu-
3allUU COZIEepIKaT 30J10TO-cepedpsiHoe opyneHeHue. CopepikaHue 30J10Ta B OTIENIBHBIX Mpodax 10-
cruraet 30 r/t u cepedbpa g0 300 r/T.

MHorocraguiHblid TUAPOTEPMAIbHBIN PYAHBIN IIPOLIECC IPUBOAWI K COBMECTHOMY WIIM Pa3/eib-
HOMY BBIICJICHUIO U3 pacTBOpa ypaHa, TOpHs, LUPKOHUs, docdopa, ¢pTopa, 6Gapus v UHOrIA Tall-
nvst. PyaHble MUHEpasbl — ypaHUHUT, GEpPPUTOPUT, TOPUT, XIOTTOHUT, HACTYpaH, OpaHHEPUT, ypa-
HOTOPHAHUT, aHara3, kKohuHUT, pocdar ypaHa, TOpUs U UTTPUEBBIX PEAKHX 3eMeNb U Jap. Topwuii
B PYAHBIX TejlaX (30Hax) paclpoCTpaHEH KpailHE HEPAaBHOMEPHO U C YPAHOM HE KOpPPEIUPYETCs.
TopuToBble KUIJIBI YACTO MPOCTPAHCTBEHHO 000COOJIEHBI OT HACTYpPaHOBBIX.

MecTopoXaeHusT U PYIONPOSBIECHUS paccMaTrpuBaeMoi (OpMalMu XapaKTEepU3YHOTCsl BBICO-
KMM KayeCTBOM Pyl HE TOJBKO IO TOPHUIO, HO U B Psi/I€ CIy4YaeB MO UTTPUEBBIM PEAKUM 3EMIISIM.
Cpennue conepaHusl TOpUs 110 OTAEIbHBIM PYIHBIM TE€IaM MOTYT JIOCTHIaTh LIEJBIX IPOLEHTOB.

[To-BuauMomy, K paccMaTpuBaeMoi (hopMalyi MOXKET ObITh OTHECEHO CJIa00M3yUeHHOE MECTO-
poxkaenue OpnuHoe Ha Konbime, jokann3oBaHHOE B MO3IHEMe3030ickux dddy3uBax. B kBapi-ce-
pULUT-(IIOOPUT-KApOOHATHBIX JKUJIAX YCTAHOBJIEH YpaHOTOPHT, coaepxkanue Ttopus 0,06-0,07 %,
ypana — 0,03-0,05 % [89].

d)opMamm SHAOTCHHbIC KUCJIOI'0 MarMmaTusma

[lo mpeobnanaronieMy HCTOUYHUKY PYIHOTO BEIIECTBA, BKJOUYAs TOPHUH, IEPEUUCIICHHBIE
BbIIlIE pyAHble (Qopmanuy OOJIBIIMHCTBOM OTeYeCTBEHHBIX Hccienonareneit (B. Y. CmupHoB,
A. I1. Bunorpanos, JI. C. bopoaun, . C. Kopxkunckuii, B. U. T'epacumonckuii, FO. M. llelin-
MmanH, JI. H. Korapko) cBs3bIBatOTCsl ¢ MOAKOPOBBIM MAaHTHIHBIM YpPOBHEM, a IPAaHUTOUIHbIE Mar-
MaTtudeckue (popMalnu, paccMaTpUBAEMble HUXKE — C BHYTPUKOPOBBIM, UYTO HE UCKIIFOUAET MIPUBHOC
BEIIECTBA U3 MIyOMHHBIX 30H, KOHTAKTUPYIOIUX ¢ BepxHel maHTHel [34; 89].

5. @opmayusa pedxozemenbHO-mMopuesas YPAHOHOCHAS 6 AlbOUMUmMax u 2UpuH-ampuoono-
ebix memacomamumax. lIpencrasiena TpeMs MUHEPAIbHBIMUA TUIIAMH PYZ — TOPUT-MOHALUT-TEH-
TreJIbBUHOBBIM, KOJIYMOHUT-TOPUT-LUPKOH-NIUPOXJIOPOBBIM, TOPUT-MAIAKOH-IIPUOPUT-NIUPOXIIOP-
(eprioconnToBbM. K Hell OTHOCATCS M3BECTHbIE MECTOPOXKIEHUS Yayr-TaH3ek U ApbICKaHCKOE
B Tyse, Karyrunckoe Ha rore fkyrtum, Ilorunckoe u HUnenry B Ilpumopse, Enbckoo3epckoe Ha
KonbckoM nosyoctpose, BumneBoropckoe u Cubupka Ha Ypase u ap.

dopMarys TeHeTUYECKU WM MapareHeTHYeCKU CBs3aHa ¢ JU(GEpEeHIIMPOBAHHBIMU KOMILIEK-
caMU TPaHUTOMJIOB, YACTh MECTOPOXKJEHUN — CO BTOPUYHOM I'paHUTU3aLUENd MEeTaMOpPUUECKUX
tomi (auadTope3) B 30HAX PErHOHAIBHOTO MeTacoMaru3Ma. PymHBIMHU Temamu CiyXar anmuKalib-
HbI€ YaCTH MacCHUBOB, LITOKH, IJIaCTOOOpa3HbIe, HEMPABUIBHOM (POPMBI M KHUI000pa3HbIE 3aJIEKH
OOBIYHO MEJIKOBKPAIUIEHHBIX O€AHBIX U yOOrux pyn. borarsie u psaoBbie pyzibl PEICTaBIEHbI KH-
JIaMU ¥ JIMH3aMU HEOOJIBIIIUX Pa3MEpPOB.

ITo rmaBHBIM TUITOMOP(HBIM MUHEpaiaM OOJBIIMHCTBA MECTOPOXKACHUH (popmarius CKopee BCero
MorvIa ObITh Ha3BaHa KOITyMOHUT-TOPUT-MIUPOXJIOpoBOi. IlouTH Bcerna B pyaax NpUCYTCTBYET MaJlakoH
(mpxoH, upTonut). B [TomsipHoypasibcknx, ApBICKAHCKOM M 9acTUYHO BepxHe-DCuHCKOM MeCTO-
POXACHUSAX B paCIpOCTPAaHEHHOM MUHEPAJIBLHOM THUIIE€ TAHTAJ0-HUOOATHI MPEICTaBIeHbI (peprioco-
HUTOM, TUTFOMOOIINPOXJIOPOM, IBKCEHUTOM, IPUOPUTOM. VI3 Ipyrux pyaHBIX MUHEPAJIOB BO MHOTUX
MECTOPOXKJCHUAX MPUCYTCTBYIOT FarapMHUT, KCEHOTHM, MOHAIUT, MApU3UT, OACTHE3UT, OPUTOIUT
U ApYTHE PEOKO3EMEIIbHBIE U PEIKOMETAIIIBHBIE MUHEPAIIBL, U3pPEIKAa OTMeYaeTcs Kaccurepur. Hau-
0oJiee pacpocTpaHEHHBIE PyI000PA3yIOIINEe MUHEPAIIBI — aIbOUT, MUKPOKJIMH, STUPUH, KBapIl, pHU-
OekuT, ap(heCOHNT, JSTUONUT U APYTHE JTUTUEBbIEC CIIOBI, (IIIOOPUT, KPUOIUT, OUOTHUT, KaJIBIUT.

MecTopoxkaeHusi paccMaTpruBaeMoil GpopMarui 00pa3oBainch, BEPOSTHO, B pe3ysbTaTe IHEB-
MaToJIUTO-TUAPOTEPMAIBHOTO (HAJIKPUTHUUECKUE PACTBOPHI) M BBICOKO-CPEIHETEMIIEPATYPHOTO
TUIPOTEPMAIILHOTO MeTacoMaro3a [IaBHBIM 00pa3oM IO MarMaTu4ecKUM TPaHUTOMIAHBIM WIIU
OJIM3KUM UM TI0 COCTaBy MeTaMopuueckuM rnopogam. OCHOBHBIMH 3TallaMU €ro ObUIN KaJHEBbIi,
HaTpUEBBIN, JUTHEBBIH U (TOp-KpeMHUEeBbId. TopueBo-peaKo3eMelbHO-IUPKOHUEBO-HUOONEBO-
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TaHTAJIOBasi MHOTOCTaIMiiHAsl pyAHAas MUHEpaau3alus cOpMHUPOBAIACH MPH IIEIOYHOM HaTpUe-
BOM, JIUTUEBOM U KUCJIOM (PTOP-KPEMHUEBOM 3Tanax meracomaro3a. OCHOBHasl Macca TOpHsl Bbl-
JIeNIIach B JIUTUEBBIA M (TOP-KPEMHHUEBBINA 3Tamnbl. [71aBHBIE TOpUiiCOAEpIKAIME PYyIHBIE MHHE-
pasiel — Toput U nupoxiop (0,3-3,5 % Topus), Kak MaJTakoOH U psA JAPYTHX MHHEPAJIOB, OOBIYHO
MMEIOT HECKOJIBKO I'eHepalui. YpaH NpUCYTCTBYEeT B MOAYMHEHHOM TOpUIO KoiuuyecTBe. CpenHue
COZIEp>KaHUs TOPHs Yallle OrPAHUYMBAIOTCS NIEPBBIMU COTBIMH J10JIIMU TpolieHTa. Ho B HEKOTOPBIX
MECTOPOXKICHUSAX M PYIONPOSBICHUSAX WU B KOHTYPAaX KPYHHBIX PEIKOMETAIUIBHBIX PYIHBIX TEI
¢ yoorum cojiepkKaHueM TOPHsI B OTHOCUTEIBHO HEOONBIINX 30HAX M JKUJIaX KOHLEHTPALUS TOPHS
MOBBIIIAGTCS IO MEPBBIX AECATHIX Aosiel npoueHTa. [lonararor, 4To 3T0 CBA3aHO C TOPUTOM U IHU-
POXJIOPOM TOCIEAHUX reHepamnuii [58].

TunmuHeld IpeacTaBUTENb (popManuu — MecTOpoXkaeHue Yayr-Tan3ek (puc. 7) — mpuypodeHo
k CaHruneHckoMmy cpeanHHoMy MaccuBy B FOro-Bocrtounoii TyBe, a B ero npezaenax — K IEpMCKHM
CyOILeJIOUHBIM CUEHHUTAM ITOK00Opa3Hoi (opMbl mutomaabio 0,9 km?. [1o HHTPY3UBHBIM ITOpOJaM
Pa3BUTHI TPAHUTONOAO0HBIE METACOMATUTHI (KBAJIBMHUTHI) aJIbOUT-KBAPII-MUKPOKIMHOBOTO COCTaBa
C puOEKHUTOM, JTUTHEBBIMH CIIOAAMU M PEIKOMETAJUIbHBIMH MHUHEpaynamu. [lo cymecTBy maccus
NPECTaBIsieT COOON eMHOe PYAHOE Telo.

PenkomMeTaniabHas MUHEpaIU3alys MNpecTaBlIeHa MUPOXJIOPOM, KOITyMOUTOM, MajlakoHOM, (ep-
PUTOPHUTOM, KOTOpbIE U conepxar topuid, 70 % mnocnennero ormeueHo Bo ¢eppuropure (0,12—
0,19 % B pyne). Pynbl mrokBepko-BkparuieHHble. CpenHue cojep:kaHusi KOMIIOHEHTOB B pylax
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Puc. 7. I'eostoruyeckas cxema u paspe3 Yayr-Tan3ekckoro Mmectopoxaenus [27]

1 — coBpeMeHHBIE JEeMIOBHAIBHO-TIPONIIOBUANIBHBIC OTIOKEHUS; 2, 3 — MeTamopdudeckue obpa3oBanus: 2 — THEHCH, 3 — Mpa-
MODBI TPaQUTH3UPOBAHHEIE; 4, 5 — YIYITaH3eKCKHUH IIEJIOYHO-TPAHUTHBINA KOMIUIEKC: 4 — KBapIieBble CHEHHTHI, 5 — IPAaHOCHEHUTEL,
6, 7 — paHHETIPOTEPO30HCKIE MAarMaTHueCKre 00pa3oBaHusl: 6 — PAHUTBI, MUTMATHTBI, /7 — THOPHUTHI, TaO0pOIHOpHUTHL; 8—1( — pyaHbIe
KBapI-aJIbONT-MUKPOKIMHOBEIE METACOMATHUTEIL: § — IMOJINCITIOANCTEIE (MyCKOBUT-TIOIHINTHOHUTOBBIC, MyCKOBUTOBBIC, OHOTHTOBEIE),
9 — pubexuTcoznepkaiue (PUOSKUT-NONMIMTHOHUTOBBIE, TIOIN3HUAOTOBbIE), /() — anbOUTHTHI; 11 — GepuiIneHOCHbIE (IIFOOPUTOBBIS
METacOMATHUTHI; /2 — KBapIeBbIe M KBapI-TIOJICBOMINATOBEIC JKUIIBI; /3 — (II0OOPUTOBast MHHEpATH3aIUs; [4—]6 — TeoIoTHIecKue
KOHTAaKTBI U rpaHulbl: peskue (/4), mocreneHnsie (15), TekToHMYecKue HapyueHus (16)

43



Mectopoxkaenus (%): Nb,Os — 0,146, Ta,0s — 0,0155, Zr,0s — 0,397, HfO, — 0,0169, ThO, —
0,0483, Li,0 — 0,084, U;04 — 0,0139, xpuonut — 0,61.

3amacel MeCTOpOXKACHNUS (peHTa0CIbHO H3BIIEKAEMbIe) COCTABISIOT 486 933 THIC. T pyadbl, B TOM
yucie 3anackl kareropuii B — 36 030 teic. T, C; — 173 509 ThIC. T, C, — 277 334 THIC. T PYABL
Cpennee conepxanue Topus B nopogax maccuna — 0,084 %, B IMHHBAJIBAUTOBBIX PA3HOCTAX I1O-
pon — 0,13 %. Haubosnee 6oraroe opyaeHeHrne IpUypoYEHO K LIEHTPaJIbHOM YacTH MaccuBa. Mecto-
poxaeHue pazBenaHo 10 rryouHsr 500 M, a B IEHTPAILHON YacTH OTACIIbHBIC CKBAXHUHBI 10 700 M
(abc. otm. 2070 M); yCTaHOBIIEHO, YTO HHM pa3Mephl MOMEPEYHOr0 CEYSHHs PYIHOTO Tejla, HU CO-
JIepKaHUsS TIOJIE3HBIX KOMIIOHEHTOB C ITyOMHOW MPaKTUYECKU HE MEHSIOTCSA. MecTopoxkieHue He
paspabateiBaetcs [112].

6. Dopmayus mopuesas peoKo3emeNbHO-PEOKOMEMANIbHASL C YPAHOM 6 HNONUKOMNOHEHMHbIX
memacomamumax. [lpencraBieHa JIByMss MUHEpPAIbHBIMU TUIAMU PYI — OACTHE3UT-TOPUT-KCEHO-
TUM-MOHAIIUTOBBIM (CO C(ajIepUTOM U TaJCHUTOM) U KaCCUTEPUT-IIUPTOIUT-MOHAIIUT-TOPUTOBBIM.

B Poccun ¢dopmanus ormedena B pynomnposiBieHusix B CepepHoirt Kapenuu m Ha AJaHckom
uure. B cBoe Bpemsi OHa BBIJIEJEHA [0 XOPOILIO HM3YYEHHBIM M JIETalIbHO PAa3BEAAHHBIM MECTO-
poxaeHusM u pynonpossieHusM CesepHoro Tsub-lllans — Axtro3, Kyreccaii, Kanecaii, Kypran
u np. [48-50].

Pasmep u dhopma pynHbIX Ten Ha 00BEKTax BeCbMa pazHOooOpaszHas — MpUUIyIMBOM (HOPMBI Me-
TACOMAaTHUYECKUE 3aJI€KH, ITOKBEPKH, THE3000pa3HbIe U KUI000pa3Hble 00pazoBanus. YacTo oHH
BCTPEUAIOTCS B TPyOKax B3phIBA.

B npenenax pyaHbIX Ten BBIIAENAETCA MO TPEX ATANOB pynooOpa3oBaHus, JEBATH U Ooiee cTa-
Uil MUHEpanu3aluy. BBISIBICHO 3HAYUTENIBHOE KOJIMYECTBO PYIHBIX M PYI000pa3yolUX MHUHE-
pajioB, IPUCYTCTBYIOIIMX B JKUJIbHBIX TeldaX. B uX uuciae MuHepansl Topus — GEppUTOPUT, TOPHUT,
MOHAIINT, UTTPOMOHAIUT, KCEHOTHM, OACTHE3HT, MAPU3UT, XIOTTOHHUT, YEPAIIUT, MaJlakoH U ap. [lo-
JUMeTaJIndeckasi Cynb(uIHas MUHEpaIU3alus SBisieTcs: Ooee MO3THEHAIOKEHHOM 1 HE Ha BCEX
TOpPUEBBIX 00BEKTaX MPOCTPAHCTBEHHO COBMEILIEHA C TOPUEBO-peaKo3eMenbHol. Conepikanue To-
pus B pyAax BapbUpPyeTCsl B LIMPOKUX MPEJENax — OT MEPBBIX COTHIX /10 ACCATHIX JOJIEH MPOLEHTA,
B HEOONBIINX THE3JAX U JIMH3aX — J0 OJHOTO-ABYX MPOILIEHTOB [58].

7. @opmayus moputi-peOKOMemalibHO-YPAHO8As. 6 KANUeBbIX MemdacoOMamumax, wenlo4HbIX
U JIeUKOKpamosulx epanumax, neemamumax. BHyTpu ¢opmaiyu BhIIECISIOTCS CIEAYIOIUe MUHE-
pajbHBIC THUIIBI PYA: YPAHUHUTOBBINA, MOJIUOIEHUT-YPAHUHUTOBBIN, MOHALIUTOBBIN, KCEHOTUM-MO-
HAIIUTOBBIN, KCEHOTUM-MOHAIUT-YPAaHUHUTOBBIN. K dopmarum oTHOCATCS Cllabou3ydeHHBIE PYIO-
nposiBieHus Ha AnnanckoM mute (Mutunra u ap.). bonee neranbHO B cBOe BpeMsi OHA M3ydaiach
Ha YkpauHckoMm mute (Hukomaesckoe nu CabapoBckoe mectopokaenus) [6; 57; 90; 91].

PyaabiMu TenaMu ciry>kaT OMOTUTH3UPOBAHHBIC, ATbOUTH3UPOBAHHBIC U OKBAPIIOBAHHBIE KPYTO-
MAJAr0NINE JKUJIbI, TUH3bI ¥ THE3/1a MEeTMATONI0B U MHKPOKIMHUTOB, 00OTalleHHbIE MOHAITUTOM,
KCEHOTHMOM, LIUPKOHOM, PEXE YpaHUHUTOM, YPAaHOTOPUAHUTOM, TOPUTOM U JPYTHUMHU PYIHBIMH
MUHEpaJIaMu.

Mo:xHOo nosnarark, 4to Gopmaius Ha Tepputopuu PO B 1ocTaroyHol cTENeHU HE U3ydYeHa. XOTs
cymectByeT muenue (B. K. Turos, 1982), uto pyaHbie 00BbEKTHI aJAHCKOTO TUIIA MOTYT OKa3aThCsI
aHaJIOraMM 3HAMEHHUTOTO IO BBICOKOW KOHIIEHTpAIlMM MOHAIUTa MeCcTOpokaeHusT CTUHKaMIICKpa-
ans B FOAP [89]. D10 TpelyeT NOMOTHUTENBHBIX MUCCIIECTIOBAHUN.

dopManuu IHAOTeHHbIE HIeJT0YHO-YJIBTPA0CHOBHOIO MarMaTu3mMa (KapOOHATHUTHI)

Ha Teppuropun Poccun M3BECTHO OKOJIO TpeX AECITKOB KPYIMHBIX MAacCHBOB KapOOHATHTOB.
[IpuypodeHbl OHM OOBIYHO K 30HAM IITyOMHHBIX CKBO3BKOPOBBIX CTPYKTYpHBIX 11BOB (Kosrop, Byo-
puspsu, CenbbsBpH Ha Konmbckom momyoctpose, benosumunckoe B Boctounsix CastHax, Kuiickoe
Ha EHucelickoM kpsbke u Jip.). Bo Bcex MaccuBax MPHCYTCTBYIOT TPH KOMAarMaTW4ecKHUe CEpHH
MOPOJI: YJIIETPAOCHOBHBIE (OJIMBUHUTHI U MUPOKCEHUTHI), MIEIOYHBIE (SKYIHPAHTUTHI, MEJIBTEUIU-
Thl U UAOTUT-YPTUTHI) U KapOOHATUTHI (C IIHUPOKUM CIIEKTPOM MOPOI000pa3yIONX KapOOHATOB).
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8. Dopmayus peoxoszemenbHo-peokomemaiibHo-pocgopro-mopuesas 6 kapoonamumax. Ilpen-
CTaBJICHA CJIEAYIOIIMMH MUHEPAJbHBIMU TUIAMH PYHA: raT4eTTONNUT-0aaaeIeuTOBbIN, EPOBCKUT-
TUTAHOMAarHETUTOBBIM, TaTYETTONUT-IIUPOXIOPOBBIA, TOPUT-KOIyMOUT-0acTHe3nTOBbIH. KapOoHna-
TUTBI — SH/IOTEHHBIE CYIIECTBEHHO KapOOHATHbBIE TOPHBIE MOPOJIbI, KaK MPABUIIO, ACCOLUUPYIOIINE
C UHTPY3UBHBIMU KOMILIEKCAMU IIEJI0YHOTO-YJIBTPAOCHOBHOIO COCTaBa, 00pasyromiye B OOIbIITNH-
CTBE CBOEM H30METpPUYHbBIC Tella.

dopMupoBaHHE KOMIUIEKCA MIEJIOYHO-YABTPAOCHOBHBIX MOPOA M KapOOHATUTOB MPOHCXOIUT
B YEThIpE FTarna: a — KOMIUIEKC YJIBTPAOCHOBHBIX MOPOJ; O — HIETOYHO-YIBTPAOCHOBHBIE TOPOJIBI
(buotuT- M (proromUTCOAEPIKAIINE); B — IIEIOYHBIE TOPOJBI TPYIIEI HE(PEITMHOBBIX CUEHUTOB (J10-
IIyCKAaeTCsl 1 METaCOMaTHUECKOe MPOUCXOKACHHE); T — KapOOHATUTHI. B 1oKapOOHATUTOBBIE ATAIIbI
B 9K30KOHTaKTe (OpMHPYIOTCS (DEHUTHI, @ B SHAOKOHTAKTE — MHUPOKCEH-(PIOTONUTOBBIE U aM(pu-
60J1-(IOTONTUTOBBIE ACCOIMALINY.

B oOpa3oBanuu coOCTBEHHO KapOOHATUTOB TAK)KE BBIJACNISAIOT HECKOJIBKO CTAIUN: a — paHHHE
KPYNHO3EPHUCThIE KaJIbIIUTOBbIE KAPOOHATUTHI C MUHEpPAJIaMHU TUTaHA U LIUPKOHUS; O — Mmocienyto-
M€ CPEIHE3EPHHUCTHIC KAJIBIUTOBBIC KapOOHATUTHI C MUHEpAJaMW THTaHA, ypaHa U TOPHUS; B —
MEJIKO3EpHHUCThIE KaJIbIIUT-10JIOMUTOBBIE KAPOOHATUTHI C HUOOMEM; I' — MEJIKO3EPHHUCTHIE JJOTOMUT-
aHKEPUTOBBIE KaPOOHATUTHI C PEIKUMHU 3EMIISIMHU.

[lonTBepkaeHMEM MarMaTu4eckoro reHe3uca KapOOHAaTUTOB MOTYT BBICTYNAaTh COBpPEMEH-
HBIE IIEJIOYHO-YIIIEKUCIIBIE M KaJIbIUEBO-YIICKUCIbIe JaBbl ByinkaHa Omngonuo Jlenram B 3amOuu
(mocnennee u3Bepxenue Haobmonanocs B 1960-1961 rr.). JIaBsl npenctaBieHsl OypbIM KapOOHATOM
HaTpus ¢ ¢urooputom [89].

[TepOoBCKUT-TUTAHOMArHETUTOBBI MUHEPAIBHBIA THI MPOSBICH HAa MECTOPOXKACHHUIX Adpu-
kaHaa u ByopusipBu Ha KoimbckoMm moiyocTpoBe, rardeTToauT-0aaaenenToBslii — Ha KoBnopckom
(puc. 8) u Byopusapsuy, a Taxke ApbapacraxckoM Ha Annane [20].
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Puc. 8. Cxema reosioruueckoro crpoenusi (4A) u pazpe3 (b) KoBaopckoro anaruT-MarHeTUTOBOI0 MeCTOP 0OK/1eHUS
[11]

1 — nitonuTel; 2 — HEENUH-TUPOKCCHOBBIC MOPOJIBI (MHOIUTH3UPOBAHHBIC THIEPOa3uThl); 3 — QEHUTHI (CHCHUTHU3HPOBAHHbIC
MIOPOJIBI HK30KOHTAKTA); 4 — GocHOPUT-MarHETUTOBBIE PY/bI, IETMATOUAHBIE; 5 — (IIIOOPUT-TUONICUIOBBIEC IOPOIBI; 6 — anaTut-(op-
CTEPUT-MAarHETUTOBBIC PY/Ibl U (HOPCTEPHUT-KAIBLUTOBBIC KAPOOHATHTHI C IEPEMEHHBIM KOJIMYECTBOM Oazjenenta u ¢ioronura; 7 —
d)OpCTepI/IT—KaJ'IbL[I/ITOBbIe Kap6OHaTPITl>I C 6a}1}16ﬂeI/ITOM, MarH€TuTOM, arraTUTOM, 8 — N3MEHEHHbIE MATHETUTOBEIE PYABI C TYMMUTOM,
raT4eTTonuToM; 9 — HoCHOPHUT-IA0TOMHUT-MarHETUTOBBIC PY/IbI U JIOJIOMUTOBBIC KapOOHATUTHI Oelible, caxapoBHHbIe; /() — anaTuT-
wtadGpenuToBbIC TIOPO/IbI KOPBI BRIBETPHBaHHUS; [/ — KOHTYp Kapbepa
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Mectopoxnenne KoBIOp KOMIUIEKCHBIX JKEJIE3HBIX PYH, B KOTOPBIX IPUCYTCTBYET M TOPUH,
pacIoIOKEHO B IOro-3amnagHoil yactu KosbCKOro mosyocTpoBa, MPUYpPOUYEHO K MAacCHUBY YIBTpa-
OCHOBHO-IIICIIOYHBIX MTOPOJ (MTUPOKCEHHUTHI, UAOIUTHI, PEHHUTHI) IIomaabio 40 KM2, T/Ie BBIICISCTCS
TpyO00Opa3zHOe KpyTOHAKIOHHOE Teso nonepedHukoM 1000 M, clioxkeHHOe anaTtuT-0aiienenT-mar-
HETUTOBBIMH, AllaTUT-CUIIMKATHBIMH, alaTUT-KapOOHATHBIMH, anaTUT-ITaddeauToBbIMU pyIaMHu.

TexcTypa pya nosjocyarasi, BKparuleHHasl, ISITHACTas, MAaCCUBHAs; INIABHbIE PYy/IHbIE MUHEPAJIbI:
MarHeTHT, allaTUT, OJIMBHH, BTOPOCTENICHHbBIC — WJIBMEHUT, TUPUT, TUPPOTHUH U Jp. 3aracel anaTuT-
MarHeTUTOBBIX pyn aocturatoT 500 MiH T, Manmoxene3ucTtbix — 160, anarut-mraddenuroBsix —
40 muiH 1. Kpome TOr0, Ha KOHTaKTe NEPUIOTUTOB U MHOIUTOB PACIIOIOKEHA (PIOronUTOBas 3aJIEXKb
KOHLEHTPUYECKHU-30HAJILHOI'O CTPOEHUS C allaTUT-KaJIbLIUTOBOM SICPHON YacThIO, IPOMEKYTOYHOM
(hopcTepuTOBON 30HOH, (HIOTOMUT-TUONICUIOBON BHENIHEH 30HOH. JKene3Hble pyabl (C armaTuTom)
JOOBIBAIOT OTKPBITHIM criocoOoM (mopsiaka 16 MiH T pyasl B rox), GJIOronuToBas 3ajexkp pas3pa-
OarpiBaeTCsl KapbepoM M miaxroil. OOmme 3anacel P,Os B Xubunax nocruraror 2,7 MIpA T MpH
cpenHeM cozaep:kaHuu B pynax 17,5 %, a B anarute — oxosio 40 %.

HNHTepecHpIM 00BEKTOM SIBIIIETCS MeCTOpOkeHue Agpuxanda (puc. 9) Ha Koiabckom momyo-
CTPOBE, IIPEJICTABICHHOE NIEPOBCKUT-TUTAHOMAIrHETUTOBBIMUA NMHUPOKCEHUTAMH, CIIAralolllUMU Ipy-
OOM30METPUYHOE B IJIaHE, TpyOUaroe B pa3pes3e KpyTomaJarolee TEeNO IUIOMAIbI0 OKOIo 7,7 KM?
30HAJILHOTO CTpO€HHUs. Ero meHTpajbHble YacTH BBIIOJIHEHBI NEPOBCKUTOBBIMU IHPOKCEHUTAMU
C SJIEPHOM YaCThIO, CIOKEHHON HE(PETUH-MTUPOKCEHOBBIMU TIOPOIaMH, & BHEITHHE — MEJIKO3epHH-
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Puc. 9. MaccuB Appuxanga [9]

1 — pyaHBIC OJIMBHHUTHI; 2 — PYAHbIC ITMPOKCEHUTHI IIErMaTOM/HbIE; 3 — NMEPOBCKUT-TUTAHOMATHETUTOBBIC PYIbI; 4 — Py/IHbBIC
ITMPOKCEH-aM()HOOIIOBBIE TOPOABI; 5 — CIFOMUCTHIC TUPOKCEHUTBI; 6 — LIEIOYHbIE PYAHbIE IerMaTHThI He()eMH-MarHeTHT-IIEPOBCKHU-
TOBBIE; / — MEIBTEUTUTHI (CO CPEHOM); § — CIIOIUCTO-THPOKCEHOBBIE TOPOJIBI C PETUKTAMU OJIMBHHUTOB; 9 — HE(EIHH-THPOKCEHO-
BbI€ TIOPOABI (MifonuTe3MpOBaHHbIe runepOasuTel); /0 — GeHNThI (CHEHUTU3UPOBAHHbIE MOPO/IbI IK30KOHTAKTOB); // — GHOTUTOBEIE
THEHChI, MUTMaTHTHl U aM(pHUOOIUTEI OeTOMOPCKOI cepuu; /2 — BHEIIHMI KOHTYp 3allacOB MEPOBCKUT-THTAHOMArHETHTOBBIX PYJ
kateropuu C, (1951 r.)
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CTBIMU MUPOKCEHUTaMHU ¢ 00osioukoil GenutTusnpoBaHHbIX nopoi. Conepxkanue P33 gocturaer
0,46 %, ocobenno oboramieH UMu nepoBckUT (10 2,0 %).

Maccus Byopusipsu (B epeBoze ¢ punckoro — [opHOE 03ep0o) MMeeT KOHIIEHTPHUIECKU-30HAIb-
Hoe cTpoenue (puc. 10). HanbGonee pannue nopoasl — yiasTpaMaduThl, IPOPBABIINE BMEIIAIOIINE
IPAaHUTOTHEICHl BEPXHEro apxesi B BHJE IITOKOOOPA3HOTO Teja, CIOKEHHOTO B OCHOBHOM ITH-
POKCEHUTaMH, B MEHbIIEH MEpE OJMBUHUTAMHU M JaKaMU NMEpUIOTUTOB. B mocieayrommi sTan
BJIOJIb KOHTAKTa YJIbTpaMa(UTOB BHEIPHUIIOCH KOJIBIIEBOE TEJIO MAOIUTOB, IIPU aKTHBHOM BO3JICHCT-
BUU KOTOPBIX Ha 'PAHUTOTHEHCH C(OPMHUPOBAIHMCH STUPHUHO-KAIMEBO-I0JIEBOIINATOBbIE (DEHUTHI.
VYinbTpamaduTel Mox BAMSHHEM HUHOIWTOB HA 3HAUYUTEIBHOW IUIOIIAIU MPEBPAIlECHbl B OJMBHHO-
MUPOKCEHOBBIE, MUPOKCEHOBBIE, (IOTONMUTO-MUPOKCEHOBbIE U HE(ETMHO-ITUPOKCEHOBBIE MOPO/IbI.
PeaxomerainnpHas MHHEpanu3alus pacHpoCTpaHEHa Ha JBYX ydacTKaX MacCHBa: CYIIECTBEHHO
kapOonatutoBoM (Hecke-Bapa), B KOTOPOM JIOKQJIM30BaH IITOKBEPK KHIBHBIX TEJI B IHPOKCE-
HUTaX ¢ HEOOJIBIINM KOJIMYECTBOM aNaTUTO-MAarHETUTOBBIX KapOOHATUTOUIOB B HHIOKOHTAKTaX,

+ Bl [Z 46 [e]7 [usT]s [o7@]9
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Puc. 10. Hecke-Bapa. Pynnoe Tesio IV (4) u reonnornyeckuii paspes no npoguiio 83 (b)

1 — runep6asuroBslii orar (I (hasa) OTMBUHATEI CpeTHE3ePHUCTHIE; 2 — MarMaTHUecKas CTa IHsl: CIIOTHO-TIPOKCEHOBBIE TTOPOIEI
C PEJTUKTaMU OJIUBUHUTOB; 3—8 — KapOoHaTHTOBbIN 3Tan: 3, 4 — I1I cragus: kanbIUT-GOPCTEPUT-MarHETUTOBBIE PYIBI C allaTUTOM (3),
ABTOMETACOMATHYECKU HepepaboTaHHbIe KaIbIUT-(QOPCTEPUT-MArHETHTOBBIC PY/IbI C OaIEIEUTOM, raTdeTToNuToOM (4); 5 — V cra-
Jsl: KapOOHATUTHI ¢ 0a/IeIeNTOM, MarHeTHTOM, armatutom; 6—9 — VI craaus: terpadepprdaoronur-KaibUTOBbE KapOOHATHTHI
¢ am(uOOIOM, TaTYETTOIUTOM, TUPOXIOPOM, ITUPKETUTOM (6), U3MEHCHHBIE MarHETUTOBBIC PYIBI C TYMHTOM, TaT4eTTONUTOM (7),
TeTpadepprQIOrONUTOBBIE CIOIUTHI C AKTHHOJIUTOM (110 MHpOKCceHHTaM) (§), KaIbIUT-TeTpadeppr(IOronnT-ryMUTOBEIE TOPOIBI
¢ TanTano-uuobaramu (9); /0 — 6orarsie nupoxiopossie pyas (60pT 0,2 % Nb,Os (a), paaoBble raT4eTTOIUT-MTUPOXIOPOBBIE (60PT
0,1 % Nb,Os; Nb: Ta > 10) (6); raraerronuroBsie (Nb: Ta < 10) (6); // — BHEIIHHI KOHTYp YTBEPKJCHHBIX 3aIIacOB OOTaThIX Py,
12 — BHemHHUil KOHTYp MPHUPe3aeMbIX 3aMacoB PsAOBBIX peakoMetautbHbIX pya 0,1-0,2 % Nb,Os; /3 — KOHTYp Kapbepa Ha KOHEI|
oTpaboTku (Ha paspese); /4 — mpoune yclIoBHbIE 0003HAUCHHS: T€OIOTHYECKIE TPAHHIBI — PE3KHe (@), TIOCTENeHHbIE (0), BHEIIHUI
KOHTYp Maccusa (8)
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U B TpyOOOOpa3HOM Telie anmaTUTO-MarHETUTOBBIX KapOOHATUTOUIOB B TE€X K€ MUPOKCEHHUTAX C
MMOIYMHEHHBIM KOJM4ecTBOM KapOoHatutoB (TyxTaBapa).

B xapOonaruToBOM MaccuBe ycTaHOBIEHO Oosee 10 HOBBIX MHMHEpaoB: OENbKOBUT; ByOpHUsp-
BUT; ruapokcmibactae3ut — (Ce); kapbouepHaut; KyxapeHKoUT — (Ce); HaTpoalpuniIuT; rnces-
nooteHuT; TepHoBUT u np. (M. B. Ilekos, 1998).

Jlyumie u3ydeH TOPHUT-KOITyMOWT-O0acTHe3uTOBBINM Tun Ha Kuiickom mectopoxnenuu (Enucei-
ckuil Kpsok). Kpyromanaromnue pyaHbie Tella KHJI0O00pa3HOM, CTONIO0Opa3HOW M HM30METPHYHOM
(opMBI UMEIOT OTYETIIMBO METacCOMaTHYeCKUi Xapakrep. Tun ominyaercs HauOOJBIIMM pa3zHOO-
OpazueM MHUHEpaJoB — MPUCYTCTBYIOT (pTopkapOOHATHl U KapOOHATHI PEIKUX 3€Mellb, TOPUT, TO-
PHAHUT, TTUPOXJIOP, JIOTIAPUT, MAJIAKOH, MOHAIUT, (DEPrIOCOHUT, KOTYMOUT, OepOaHKuT, pepcMur,
OPTHT, IPYTHe PEAKOMETANIbHBIE MHHEPAJIBL.

dopmanuio NpeiCTaBIsIOT KPYIHbIE M CPEAHEMACIITaOHbIE MECTOPOXKICHUS HHOOUWS, TaHTajla
U IIEPUEBBIX PEIKUX 3eMeJb ¢ YOOrMMU WU OeTHBIMU (PEIKO PSIOBBIMH) coiepKaHusIMU Topus [81].

7.2. DOPMALIUMU TOPUEHOCHBIE

B ominune oT oxapakTepu30BaHHBIX BbIIE (Gopmanuii (TOPUEBOPYAHBIX U MOTEHIUATIBHO TO-
PUEBOPYAHBIX), TOPUEHOCHbIE UMEIOT KOA(PPUIIMEHT KOHIIEHTPALMU TOPHs B pyldax B CPEIHEM Ha
MOPSAJIOK HUXKE, XOTA K 3TOMY HYXXHO OTHOCHUTBCSI KaK K ONpEAEJIEHHOW YCIOBHOCTU Ha JAHHOM
JTare UCCIeI0BaHUs METAJUIOTEHUH TOPHS.

®opMmanum noJiureHHbie (MeramopgoreHHble)

9. ©opmayusa 3010mo-ypan-peokozemenbHO-mopuesas 8 Memamoppu308aHHbIX NPOMEPO3IOUCKUX
KOoH2noMepamax, pageaumax, necyanuxax u keapyumax. llpeacrapiena ciaenyomuMy MUHEPAIIb-
HBIMH THIIAMH PYyA: TOPUT-MOHAIUT-IIUPKOH-MAarHETUTOBBIM, MOHAIIUT-OPTUT-IIUPKOH-TOPUTOBBIH,
30JI0TO-yPaHUHUTOBBIN, ypaHUHUTOBLIN. [Ipumepom ciayxar pynonpossieHusi B EHucelickoMm Kpsi-
e u Ha Annane (I'onamckoe u 1p.), B Kapemuu (Ilpuonexckuit cunknuHopuid, Kapramm, Keapu-
JlamOm u 1p.), Ha 3amaaHOM CKJIOHe Ypana (Bumepckwii paiion), bamkupckom nogastuu [30; 31;
38; 42]. MecTopoxkIeHUH, MPUOIIKAIONMIMXCA 0 MacIITadaM U COACPIKAHUIO TMOJIE3HBIX KOMIIO-
HEHTOB K KPYIHBIM OObEKTaM TUNA KaHaJCKuX paiiona Dmiunot-Jleiik (bnaiina-Pusep u ap.) B Ha-
CTOsilliee BpeMsi B Halllel CTpaHe HE M3BECTHO.

PynonocHble npoTepo30icKkue TeppUT€HHbIE TOPUEHOCHBIE MOPOJbl JOKAJIU3YIOTCS B MIpUpas-
JIOMHBIX TIPOTH0ax, TpabeH-CHHKIIMHAISIX U MYJbJIaX, 3aJIEral0T Ha JUCIOMUPOBAHHBIX 00pa30BaHu-
SIX apXEHCKOTO U PaHHENPOTEPO30MCKOTO BO3pACTa C IUIOIIAHOM KOPOH XUMHUYECKOTO BBIBETPUBA-
Husl B ocHOBaHMU. CTeneHb MeTaMop(du3Ma UX COOTBETCTBYET YPOBHIO 3€JI€HOCIAHIIEBON (aluu.

Topuii mpuUCYTCTBYeT B MOHAIUTE, YPaHOTOPUTE, YPAaHUHUTE, B HEOOJBIINX KOJIMYECTBAX
B OpaHHepuTe, IUPKOHE, OpUTE, UHOTJA B JIPYrHX PYAHBIX MuHepanax. CoaepkaHue TOpHs Ha
ypoBHe 0,02-0,04 %. Bonpoc o nepcrekTiuBax paccMarpruBaeMoil ¢opmaruu Ha Tepputopuun Poc-
CHHU OCTaeTCd OTKPbITBHIM [55; 81; §9].

®opMalMHU IK30TeHHbIE

B o0mmem 6anance MUPOBBIX 3alIaCOB U PECYPCOB TOPHUsS K30T€HHBIE (hOpMalli UMEIOT CyIlie-
CTBEHHOE 3HaueHue [69; 99]

10. @opmayus peoxozemenvro-mopuesas 6 Kopax evieempusanus kapoonamumos. Ilpencrasie-
Ha TOPUAHUT-O0ACTHE3UT-KOTYMOUT-TOPUTOBBIM MUHEPAJIBLHBIM TUIIOM. B Haliel cTpaHe AeTalbHO
pa3Benano Kuiickoe MecTopoxaeHue Ha EHMCENCKOM Kpsike. PynonposiBieHus: B KOpax BBIBETPHU-
BaHUs JIPyTUX KapOOHATUTOBBIX MaccuBax (kpome benozumuHckoro nu CpeHe3MMHHCKOTO) Mpak-
TUYECKH He u3yueHbl. PyqHbIM TesnoM Kuiickoro MecTopokeHus CIIyKUT COOCTBEHHO BCS KOpa
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BBIBETPHUBAHUS KapOOHATUTOBOTO MAacCHBa, IPUYEM B HEH KOHIIEHTPALMs MOJIE3HBIX KOMIOHEHTOB
B HECKOJIBKO pa3 BBIIIE, YeM B KOPEHHBIX MOPOJAX.

Kulickoe mecTopokieHHe pacronokeHo Ha Enuceiickom Kpsbke u npuypoueHo K Kuiickomy
MacCHBY HIEJIOYHBIX MOPOA U KapOoHaTuTOB (puc. 11)

MaccuB HenpaBuIbHON (OpMBI TUIOMIAIBI0 18 KM? CIIOKEH B COBPEMEHHOM APO3UOHHOM Cpe3e
UHONUT-MENbTeUruTaMu, HeEITMHOBBIMU U IIETOYHBIMA CUEHUTAMH, KWIbHBIMH HIETOYHBIMU T10-
ponamu, a Takxke kapbonatutamu. PynHoe Teno npeacraBieHo Haubosee KapOOHATU3UPOBAHHBIMU
nopoAaMu (CUACPUT, KAIbLUT, JOJIOMHUT, MoseBble mmnaTsl) npu mupune 300400 M, npoTsarusaio-
muMucs Ha 2,5 kM. Pynel — penko3emenbHble M TOpUEHOCHBIE. Topuil CBSI3aH C JIOMIAPUTOM, Me-
TaJUIONAPUTOM, TOPUTOM, TOPUAHUTOM, PEJIKHE 3€MIIM COACPKUT OacTHE3UT. CpenHee coaep:kaHue
Topus B KopeHHbIX pynax — 0,043 %. Ha mectopoxxnenuu pazsura moiHas (ot 10-15 go 60-70 m)
KOpa BbIBETPUBAHMs I03JHETPUACOBOIO U IOPCKOT0 BO3pacTa. B mpoMBIIIIIEHHOM OTHOLLIEHUH UHTE-
pec mpeacTaBsieT Kopa BhIBETPUBAHUS KapOOHATUTOBOTO IITOKBEPKA, B COCTaBE KOTOPOM: T€TUT —
runporetut (27-30 %), cMech THIPOOKHUCIIOB jKejie3a ¢ NIMHUCTBIMU MUHepanamu (34-36 %), dep-
puramnyasut (28-30 %), ¢aroopur (6,0 %). Takke MPUCYTCTBYIOT KBapll, MarHETUT, MUKPOKJIVH,
araTuT, HUPKOH, MIEPOBCKUT, TOPUAHHT, TOPUT, JIOTIAPHUT, TUPOXJIOP, PYTHII, CPEeH, MOHAIIUT, apH-
3UT, BEUIICHKUT (4epuut) u Jp. OCHOBHBIM HCTOYHUKOM TOPHSI CIy’KaT TOPUT U TOPUAHMT, a TaK-
Ke peakozemenbHble MuHepanbsl. Conepxxkanue Topus B Kope BoiBeTpuBanus 0,22—0,40 % [35; 38].

Maccus TomTop 3anumaet iomaas 300 kM? ¥ OTIIMYAETCS XOPOILIO Pa3BUTON 30HOM rUMeprexHe-
3a. B cTpoenun maccuBa NpUHUMAIOT yYacTUE TPU IIaBHBIE CEPUU MOPOJ: SKYIIUPAHTUT-UHOIINTHI,
IIeJIOYHbIE U He(DeTMHOBBIE CUEHUTHI; KapOOHATUTHI. CyIIEeCTBEHHYIO POJIb UTPAIOT TaKKe MHOTO-
YHCJIEHHBIE JalKU U TPyOKH B3pbIBa LIEJIOUHBIX MUKPUTOB, aJbHEUTOB, aBTUTUTOB. OCOOEHHO 3TO
OTYETIMBO BHJHO Ha mpuMepe maccuBa Tomrop B Skytuu (Tadm. 13).

[Topoap! MITOIMTOBOM M CHEHHUTOBOM CEpHii ClararoT KpaeBble YacTH MaccHBa, a KapOOHaTu-
Thl 00Pa3yIOT €ro LEHTPAIbHOE AP0 IUIOMAAbI0 OKOJO 12 KM2, OKpYKEHHOE IIUPOKON MOI0COoi
MHTEHCUBHO KapOOHATU3UPOBAHHBIX CUIMKATHBIX mopoi. lllenounsie U HedenMHOBbIE CHEHUTHI
3aHUMAIOT OOJIBIIYIO YacTh IUIOMIAAN MaccuBa — okoJio 200 kM? — 1 00pa3yroT KpaeByto 30Hy. Mifo-
JIUTHI 3HAUUTENIBHO YCTYIIAIOT CUEHUTAM 110 PaCIPOCTPAHEHHOCTHU U CJIaraloT CEPIOBHUIHOE B IVIAHE
TEJIO MIUPUHON 0 OJHOTO KHIIOMETpa, KOTOPOE OTEINeT CHEHUTOBYIO KPAaeByIO 30HY OT KapOoHa-
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Tabnuma 13

Cpennue coep:kaHusi TOPUS M ypaHa B NopoAax u pyaax maccusa TomTop
(o A. B. Toacrosy, A. I1. 'ynuny, 2001)

JIutonoro-BelecTBeHHbIE M neTposiornueckue | Konnuectso Cpennne conepskanus, r/t | OTHOIICHHE

KOMIUTEKCHI (Pa3HOBUIHOCTH) HOPOX U Py pod Th U Th/U
IlecyaHO-TTIMHHUCTBIC OTIOXKEHHS HUKHEH 5 15,2 4 3,8
IOpHI
VYIeHOCHBIE TEeppUTEHHBIE O00pa30BaHUA 162 221 24 14,3

[IEPMH, IIEPEKPBIBAIOIINE PYAHBIN TIACT

[TepeoTiioskeHHast KOpa BHIBETPUBAHUS Kao- 888 1438 65 52,3
JIUHAT-KPAHIAJUTUTOBOTO TOPU30HTA (PyI-
HBIH TU1acT)

CHIepUTOBBIA TOPU30HT, IMOACTHIAIOIINI 251 754 31 59,2
PYZAHBIH IIJIACT

I'eTuTOBBIN TOPU3OHT 42 425 5 116,8
DPaHKOJINUTOBBIH TOPU3OHT 31 581 72 38,7
[TmameBast (THIPOCITIOANCTAs) KOpa BBIBE- 28 132,9 14,1 9.4
TPUBaHUSA

DKCIIO3UBHBIE KAPOOHATUTOBBIC OPEKINH 20 640,5 13,7 46,8
KapOoHaruts! pekoMeTauibHble (aHKepH- 33 738,3 6 124,3
TOBBIC)

Kapbonatuter  pochopHO-peIKOMeTaIb- 109 106,4 7,1 15,0
HBIC (TTOTMMHUHEPATHHBIC)

KapOonaruts! 6e3pynHbie (KaJbLUTOBBIC U 50 73,1 7,9 9,3
JIOJIOMHUT-KaJIbLIUTOBBIE)

Komrieke cuimkaTHbIX MOPOX (CHEHMTHI, 46 39 5 8,8
(hOHITOTHTEI)

TUTOBOTO s/ipa MaccuBa. opmMupoBaHre IaBHBIX (a3 MacCHMBa JATHPYETCS BEHIOM W YKJIa/IbIBa-
€TCsl B MHTEPBAJI 3Ha4eHUU abcomoTHOTO Bo3pacta 600—800 muH neT. st nAOIUT-MeNbTeHTuTOB
Y IIEJOYHBIX W HE(ETHMHOBBIX CHEHHUTOB 3HAYeHHs aOCOIOTHOTO BO3pacTa TPYIIUPYIOTCS B WH-
tepBasie 700—-800 MiIH JIeT, B TO BpeMs Kak KapOOHATUTHI natupyrorcs B 600—660 muH net. [aiiku
1 TpyOKH B3phIBa MUKPUTOB-AJIbBHEUTOB 3aMETHO OTOPBAHBI TI0 BPEMEHHU OT TJIaBHBIX HHTPY3UBHBIX
¢da3 u hopMUPYIOTCS PEUMYIIECTBEHHO B MHTEepBajie 350—500 MuH JeT.

C noponamu maccuBa ToMTOp CBsI3aHO OJJHOMMEHHOE KOMIUIEKCHOE PEIKOMETANIbBHOE MECTO-
poxaenue (puc. 12). Ero pynbl OTHOCSTCS K T€HETHUECKOMY THITY SMHUI€HETHYECKH M3MEHEHHBIX,
YaCTUYHO TIEPEOTIIOKEHHBIX JTATEPUTHBIX KOP BHIBETPUBAHMS KapOOHATUTOB. TakuMm 00Opazom, 3TOT
THUIT MECTOPOXKICHHS BXOIUT B €CTECTBEHHYIO CUCTEMATU3AIIUI0 MECTOPOXK/IEHUN KOp BBHIBETPHBA-
HUs kKapOooHaTuTOB. Crieninrka 00beKTa 3aKIrouaeTcsl B 0oiee CI0KHON UCTOpUH (OPMUPOBAHUS,
B YACTHOCTU B CMEHE 3TalloOB T'€HEe3Hca C MEePeXoJOM OT OKHCIUTENILHOTO 3Tara MOBEPXHOCTHOTO
BBIBETPUBAHMS K AMTUTCHETHUYECKOMY BOCCTAaHOBUTEIHHOMY.

Bricokuii ypoBeHb KOHIIEHTPAIMH IIIMPOKOTO CIIEKTPA PEIKUX METAIIJIOB JOCTUTAETCS B 3TUX PY-
nax Onaroymapsi CYMMUPOBAHHIO PYJOKOHIICHTPUPYIOMKX 3PPEKTOB IBYX ATAroB runeprenesa. [Ipu
9TOM Ha OKHCIUTEIFHOM 3Tarle TUIeprenesa — MOBepXHOCTHOTO BBIBETPUBAHUS — BEAYIIYIO POJIb UT-
paeT MOBBIIIIEHHAS! MUTPAIMOHHAS! CIOCOOHOCTH TJIABHBIX TIOPOJ000PA3YIOMINX KOMITIOHEHTOB — Kap-
6onaruro (CaO, MgO, CO,), KOTOpble OTHOCSITCS K HanOOJiee aKTHBHBIM MUTPAHTAM M BBIHOCSITCS
13 IpoQuIis BRIBETPUBAHUS, CO3/1aBasi YCIOBUS TSI 9 (EKTHBHOTO KOHIIEHTPUPOBAHHUS ITPeodiaaro-
el yactu penakux u Maibix anemeHToB (Nb, Ce, La, Y, Sc, V, Zr, Th u np.), a Takke xene3a u Map-
raHIa, COXPaHSIOMNX WHEPTHOCTh M HAKATUTMBAIOIIMXCS B OCTATOYHBIX MPOIYKTAX.
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Puc. 12. CxemaTuueckasi KapTa J0I0pPCKHX 00pa30BaHMii HeHTPaJbLHOI YacTn MaccuBa TomTop (cocT. o I'eosto-
TH4YecKoi kapre... , 1998)

1 — ocano4HbIe OTIIOKEHHUS: T1aJIC030HCKast IPYIINa, IIepMCKasi CHCTeMa, HIKHUH-BEPXHUH OT/IeIIbI HepacuIeHEeHHbIE, SHI0TeHHbIe
obpa3zoBanust MaccuBa TomTtop; 2—9 — KapOOHATUTOBBIN KOMILIEKC: 2 — KapOOHATUTOBbIE Opekunn; 3, 4 — peAKOMeTa/uIbHas TPyIa:
3 — kapOOHATHTHI peIKOMETaIUTBHEIE, 4 — aHKEPHUT-IIIAMO3UTOBEIE TOPOJIBL; S—9 — hochopHO-peIKoMeTaIbHAs TpynHa: 5 — KapOoHa-
TUTBI (HOCHOPHO-PEAKOMETAIIIBHBIE (TTOJIMMHUHEPAIBHBIE), 6 — AIATUT-MUKPOKJIMH-CIIIOANUCTBIE TOPOAbI, 7 — KapOOHATUTHI Oe3pyHbIE
(KambIIUTOBBIC M JOJIOMUT-KAIBLUTOBBIC), § — KaJbIIUT-MUKPOKIHH-CIIOAUCTBIE TOPOBL, 9 — KamadopuTsr; /(—12 — KOMIUIEKC CHITH-
KaTHBIX NOPOJ;: /() — IIeJIOYHO-YIBTPA0CHOBHBIE IOPOABI aJIbHEHT-THHIYaUTOBOW CEpHUH (QJIbHEHUTHI, IEJIOYHBIE TIMKPUTHI, THHT'YaUThI
u ap.), 11 — menounple u HeeTMHOBbIE CHEHHTHI, /2 — (OHA0AUTHI (HeeTHH-MTMPOKCEHUTOBBIC TOPO/IBI PsiAa IKYTHUPAHTUT — YPTHT);
13 — reonoruyeckue rpaHulbl: @ — JOCTOBEPHbIE, O — Ipe/IonaraeMble U norpebeHHsle; /4 — TeKTOHNYECKUe HapyIeHUs: a — J0-
CTOBEpHBIE, O — Ipe/ronaraeMsle 1 norpedeHHbIe; /5 — CKBaKMHbL: ¢ — IPOOYPEeHHbIE NpeAliecTBeHHnKaMu 10 1985 1., 6 — npo0y-
pennbie Doemsaxckoii I'PIT Ha monckoBo-onenowHoM ctagnu B 1985-1990 rr., ¢ — pa3Benounsie, MpoOypeHHbIe 0 00beKTy bypaHHbIit
B 1991-1994 rr.; 16 — xouTypsl yuactkoB Ceepubiii (I), bypaunsiii (II) u FOxnbrii (11I)
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[Ipu pa3BUTHU AMUTEHETUYESCKUX MPOILECCOB BOCCTAHOBHUTEIBHOTO ATalla THIIEPreHe3a Xapak-
TEp TOIBUKHOCTH KOMIIOHEHTOB CYIIECTBEHHO MEHSETCS, OJHAKO IIaBHBIA PYIOKOHIICHTPUPYIO-
HII/II>'I MCXaHH3M OCTACTCA NPUHIHUIINAJIBHO CXOAHBIM. B YCJIOBUAX 3MUICHE3a BOCCTAHABIMBAIOTCA
W CTAHOBATCS IMOABWIKHBIMU KCJIC30 U MAapraHCll, BBIHOC KOTOPbIX U3 30HbI OCBCTIICHUSA COIIPOBO-
KJIAeTCsl 3HAYMTEIIBHBIM IMOBTOPHBIM KOHIICHTPUPOBAHHEM B MPOAYKTAaX IIMICHE3a PEIKUX M Ma-
neix anemenToB (Nb, La, Ce, Sc, Y, Th, V u ap.), coxpaHSOIIX WHEPTHOCTh U B ATUX YCIOBHSIX.

3anacel pyasl coctaBistoT 30 520,6 Teic. T. [manupyercst orpaboTka KapbepoM € TOJ0BOM J10-
obrueii 160 Toic. T [106].

Pyzapl kKOpbl BBIBETPUBAHHS OTIMYAIOTCS CIOKHBIM MHUHEPAJIbHBIM COCTaBOM (KyJda BXOIST pe-
JUKTOBBIE M HOBOOOpa30BaHHBIC PYIHBIE MHUHEpAJbl), XapaKTEPHO CYIIECTBEHHOE OOOTaIleHue
OKHCJIaMU Kelie3a, py/bl 1Mo Toputo aBisitoTces psaossiMu (0,1 %) [58].

dopmanun 0cago4yHblIe (KJIACTOreHHbIE)

Cpenu KIACTOTEHHBIX OCaTOYHBIX (OpMAIMii BBIACIAIOT (POpMAalMU POCCHINEH MOrpeOeHHbBIX
(11) u coBpemennsnix (12) [58; 89]. CoBpeMeHHBIC POCCHINTU MPEACTABISIOT CO00M Hanbosee peH-
TaOeIbHBIC JIJIST OTPAOOTKHU PY/IBI.

11. @opmayus mopuii-pedKozemenbHO-YUPKOHUL-MUMAHO8AL NPUOPENHCHO-MOPCKUX U 0elbmO-
8blX poccuineli BbIpaXXeHa MOHAIUT-PYTUI-IIMPKOH-UIBMEHUTOBBIM MHUHEPATbHBIM TUTIOM. V3BecT-
Hbl POCCBHINIU TPETUYHOTO, PEKE ME3030MCKOT0 M Majieo30iMckoro Bo3pacra. [IpucyrcrByer B kpae-
BBIX CKJIOHAX CKJIQ4aThIX 00JlacTel, B MIOBHBIX 30HAX JIPEBHUX MPOTHOOB, pU(TOrCHHBIX BIIATH-
HaX U CXOIHBIX T'eOJOrO-CTPYKTYPHBIX 0OCTaHOBKAX.

Pocchinu npuypoyeHsl K IpeBHUM KOPaM BBIBETPUBAHUS MOHAIIUTOHOCHBIX TPAaHUTOUJIOB, T'pa-
HUTOTHEWCOB | Jp. mopox. IIpenctaBnstor co0oil Yepeayroniuecs pa3HO3EPHUCTHIC MECUaHUKH,
Mecku, rpaBeauThl. OOBIYHBI MOHAIIUT, WIBMEHUT, IIUPKOH, pyTHI. VX comepxaHue MOXET TOCTH-
rate 10 1-2 xr/m3. IlorpebGeHHbIe POCCHINTU MPEACTABISIOT MOHALIMTOHOCHBIE MaJe030MCKHe Tec-
yanuku [Ipenypanbckoro mporuda u Cxkudceko-TypaHCKON MIUTHI, ypPaHOTOPUAHUT-MOHAIIUTOBHIE
MaJIe030MCKUE TPABEIUTHI M KOoHTTIoMeparbl KOmomo-Matickoro nmporu6a, alneBpUTO-TIeCUaHbIe TI03/1-
HEOJINTOIICHOBBIC MPUOPEKHO-MOPCKUE OTIOXKEHUsT Ha 3amaaHo-Cubupckoit maute moa ToMckom
(Tyranckas pocceinb) u ap. [25].

Ha nmocneanem o0bekTe MPOAYKTUBHBIMU SBIISIOTCS MIBMEHUT-ITUPKOHUEBBIE TIECKU KYCKOBCKOM
Y CBIMCKOM CBUT Ha ceBepHOU okpanHe Tomckoro Basa. [ToBbIIIEHHON paioaKTHBHOCTBIO 00Jaa-
0T T€ TOPU30HTHI TIECKOB, T7I€ MAaKCUMaJbHA KOHIICHTPALIMS IIUPKOHA U MOHAIUTA (DJIEKTPOMAarHUT-
Has U TspKenas gpakius neckoB). Coaepxanne ypana cocrasisieT 0,01 %. CoOcTBEeHHO ypaHOBBIX
MUHEPAJIOB HE BBISABICHO. AHOMAJIbHOE PAIMOMETPUUECKOE TI0JI€ B OOIIEM COBMAAAET C KOHTypaMu
MIPOMBIIIIEHHON pocchili TyraHckoro MJIbMEHUT-IIUPKOHOBOTO MecTOpokaeHUs. [IpoMblinieHHo-
rO 3HAYEHUsSI HA ypaH OOBEKT HE MMEET M3-3a TOPUEBOU Mpuposl paaunoaktuHoctu [[. M. Illop,
1972]. OcobeHHOCTH paclpeeeHNs TOPUSl B POCCHINSIX HE U3YYaJIUCh.

MOoXHO HaOMHUTH, YTO TPU NepepaboTKe KOHIICHTPATOB MUHEPATIOB U3 UIbMEHUT-IIUPKOHHUE-
BBIX POCCHINECH YYUTHIBAIOTCSA [BAa THIA MHHEPAIbHBIX J100aBOK B HMX: LUPTOJIUTOBAasS U MOHa-
nutoBas. [{upronuroBas no6aska (0,05 % ot Beca Tsxenon (Gpakiuu) MPUrogHa UIsi TIOMTYTHOTO
W3BJICUEHHUSI ypaHa M PEAKO3EMENIbHBIX 3JIEMEHTOB HTTPUEBOM rpyIiibl (MectopoxaeHue Tapa),
a MOHAIMTOBAsi — TOPUS U PEAKO3EMENIbHBIX AJIEMEHTOB LIEPUEBOM I'PYMIIbl. ITO OTBEYAET TEXHO-
JIOTHYECKUM BO3MOYKHOCTSIM 00paOOTKH POCCHIMHBIX KOHIEHTpaluid Ha OyayiieM 3UMUHCKOM pe/l-
KOMETaJNIbHO-PEIKO3eMeIbHOM KoMOuHate [63].

12. @opmayus peokozemenbHo-peOKOMEMAaNIbHO-MOPUEBAs KOHMUHEHMANbHBIX COBPEMEHHBIX
poccuineti TPEICTaBICHA CIEAYIOIMIUMA MUHEPAIbHBIMU TUIIAMU: MOHAIIUTOBBIM (C KCEHOTHMOM),
YpaHOTOPUAHUTOBBIM U JIONApUTOBBIM. Pa3zBura B 0061acTax riaropMeHHBIX YEXJIOB, IETPECCHOH-
HBIX CTPYKTYp, 30HaX UX TEKTOHWYECKON aKTUBU3AIMHU B XOJI€ MPOSBICHUS MPOIIECCOB IJIaHAINH,
COMYTCTBYIOILIETO OCAJKOHAKOIUICHUSI U BOJIHO-aKKYMYJIITUBHOU AesitenbHOCTH. [Ipumepom moryT
CIy’)XMThb pocchinn Anpana, Enuceiickoro kpspka, Cpennero Ypana, Kop6a-Hapeiackoro paiiona
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Anrae-CasiHckol oOmactu. 3a pyOeKOM CaMbIMH MPEACTABUTEIBHBIMU SBISIOTCS MPUOEPEKHBIE
poccbinu Uuauu. Haubonee kpyrnHble MECTOPOXKICHUS 3TOTO TUIIA HAXOJSATCS HA FOXKHOM U BOC-
ToyHOM nobepexbsax Muaun (wrarsl Kepana, Manpac, Anaxpa-Ilpanem, Opucca) 1 BOCTOUHOM
6epery bpaswiuu (mraret Munac-XXepauc, bausi, Dcniupury-Canty, Puo-ne-XKaneiipo).

B mecke mspka copepkaHue CaMOT0 MOHAIIMTAa B MHAMKMCKHX POCCHINSIX Bapbupyercs or 0,5
1o 2,0 %, B Opasunbckux, 6onee 6orateix — ot 2,0 10 5,0 %, HO MecTamMu TOMAIAOTCS YYaCTKH
MIPAKTUYECKH CIUIOIIHOTO «YEPHOTO IUISHKa». VICTOUHMKOM MOHALMTA CIYXWIA MOHAIIUTOHOCHBIE
IPaHUTHI (IPEUMYIECTBEHHO OMOTHTOBBIE), MEHBIIE — I'PAHUTHBIC MEIMATUTHI, a TAaK)Ke THEHCHI,
MUTMAaTUTBI U JpyTrue MeTaMop(uueckue mopoabl TPaHUTOMIHOTO cocTaBa (Ha muTax). [Ipaktuye-
CKH BCE pa3Be/laHHbIC YETBEPTUYHBIE MOHAIIUTOBBIE POCCHIIHN XapaKTEPU3YIOTCS HU3KUMU COJiepKa-
HUSIMH TI0JIE3HOTO MUHEpaa B MeCKax, 3HAYUTeIbHO HIKe | kr/mM3. Topuii B MOHAIIMTE COACPIKUTCS
B konuuectse 3,3—11,0 %. B HexoTopbIX pocchinsax Ypasia u Aistast BcTpedaeTcss KCEHOTHUM C COZep-
’KaHHEeM JI0 COTE€H rpaMMoOB Ha | M? MEeCKOB, HO B CpPEIHEM OTPaHUYMBACTCS JIECATKAMU TPAMMOB.

PeanbHO mpoMbllIIEHHOE 3HAYEHHE MUMEIOT JIONApUTOBBIE POCCHINM B Ipenenax JloBozepckoro
MacCHBa armanTOBHIX HE()ETMHOBBIX CHEHHUTOB M OAaCTHE3UT-TOPUTOBBIE POCCHITU B KOpaxX BBIBE-
TpuBaHus kapOboHatuToB Kuiickoro maccupa (EHuceickuii Kpsik).

B Kuprusuu camoe KpyrHoe MECTOPOXKIEHUE ypaHa U Topust 3Toro tuma — Kei3pu-Ommynbekas
rpyImia ypaH-TOPUaHUTOBBIX pocchlinieil. Pocchinu pacnonaratoTcst Ha FXKHBIX CKJIOHaX rop Kbi3pui-
Omysn, SBJISIOIIMXCS OTPOraMH BOCTOYHOTO okoHuYaHusi Kuprusckoro xpedta. B coctase rpymimsl
ATk pocceineit: bake, Y3yncaii, Tronatok, Ottyk u Tam-bymnak. YenoBust 11 pa3paboTku MecTo-
POXKACHUN cUUTAIOTCS OnaronpusTHeIMU. OCHOBHON 00BEKT — pocchinb Tami-bynak. Pazegannbie
3amachl COCTaBWIN (ThIC. T): ypaHa — 3,5, Topus — 8,54, dochopa — 10, nupkonus — 34, a Taxxke
TUTaHoMarHeTura — 1,6 miiH T. OCHOBHasi Macca PyJIOHOCHBIX IIECKOB HAXOAUTCS B BEPXHEW 4acTU
paspesa Ha mIyOMHE 70 25 M, IJIe U IUIaHUpYyeTCcsl BeCcTH pa3padboTky [111].

JlBe cnenyromue Gopmanyu B PO pa3BuTHeM He MOIB3YIOTCS.

13. @opmayusa konmunenmanvHuulx aueHumos u yeneu. IlpakTudeckoe 3HaueHue GopMaruu Ha
tepputopun P® He onpeneneno. Hanbomnee Boicokue copepkanus Topus (10 134 r/T) ycTaHOBICHBI
B IOPO/IaX MEeCYaHO-IIMHUCTOH (hopMaIMy HUXKHETO MeJla, pPacpOCTPaHEHHOW Ha BOCTOYHOM OKpanHe
3anagHo-CHOMPCKOI TUTUTHI B CB3U CO CKOTUICHUSIMH OPraHUYECKOTO BEIIECTBA YIOJIBLHOTO psaa [58].

14. @opmayusa axsanvhvix ghocghamos. OOBEKTH hopmanuu Ha TeppuTopun PO HE yCTaHOBIICHBI.

15. @opmayuu nesacnoeo eenezuca. B nannyio rpynmy GopMaiuii BKIOYEHbl TOPUEHOCHBIE 00b-
€KTbl C HEBBIICHEHHBIM T'€HE3MCOM U HESCHBIMU MEPCIEKTUBAMU B CUIIy KaK IPaBUIJIO HEAOCTATOU-
HOM M3yYEeHHOCTH MPOSIBICHUN TOPUEBOI MUHEpanu3aluu. B kauecTBe npumepa MOKHO MPUBECTH
psa Menkux pynponpossieHuil B [Ipunonsipaom Ypane, B TOM 4uClI€ C BBICOKUMU COACPKAHUSIMU
Topus (Ooiee OJHOTO MPOIEHTA) B METACOMAaTHYECKN M3MEHEHHBIX KeMOPHUHCKO-TIPOTEPO30MCKHUX
KOHIIOMEeparax, rpaBenurax U necdyanukax. Ha Cpennem VYpane musBectHo BanyeBckoe ypaH-ToO-
pHUEBOE PYAOIPOSBICHUE B SMUAOT-TPaHAT-MarHeTUTOBBIX CKapHax ¢ conep:kanueM topus 0,19 %.
Ha Cesepuom KaBkaze B 1948—1953 rr. pa3Benannl ['mpmamckoe, 3eI€HUYKCKOE U JIPYTHE MECTO-
poXIeHUs ¢ YOOrol ypaH-TOPHUEBOW MMHEpanu3alledl B NEPMCKHX KPAaCHOLIBETHBIX TEPPUIECHHO-
KapOOHATHBIX mopoaax [22].

TexHOreHHbIE CKOIJICHUS TOpUA

16. Pyoorocusie omsanvl. Ilpu oTpaboTKe TOPHBIMH BBIpabOTKaMu (0COOEHHO KapbepaMu) pas-
JIMYHBIX BUAOB MUHEPAJIBHOT'O ChIPbS HE Tp€6y€MI)I€ Ha TeKYHII/Iﬁ MOMCEHT IIOJIC3HBIC KOMIIOHCHTHI,
Kak MPaBUJIO, MOCTYNAIOT B OTBAJIBI, HaIIpuMep B XubuHax. Jlpyrue mnoje3Hsle IPUMECH B pyIe MO-
T'YT OKa3aTbCsA B OTBajaX M3-3a HECOBEPIICHCTBA MPUMEHSEMbIX TEXHOJIOTUH MPU UX YTUIH3AIIH,
TaK TpU pa3paboTKe KEIE3UCTHIX KBAapIMTOB Ha MecTtopoxaeHnn Kocromykma B Kapenww 3Ha-
YUTEIHHOE KOJIMYECTBO 30JI0Ta €XKEroJHO yXoauT B oTBaibl [63]. [Ipu oTpaboTke 0II0BOPYIHBIX
00bekTOB B KaBanepoBckoM paiioHE Ha BOCTOKE CTPaHBI MHOTO PEIKO3EMEIbHBIX METAIIJIOB OCTa-
eTcsi B oTBasiax (COOCTBEHHBIE AaHHbBIE). UTO KacaeTcs TOpHs, TO STOT BOMPOC MPAKTHUYECKU HE
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paccMaTpuBalIcs, U €ro KOJIMYECTBO B OTBAJIaX MPH OTPa0OTKE PEAKOMETAITIBHBIX U PEIKO3EMEIIb-
HBIX MeCcTOpOXxacHU B PD yueTy He onpenensiocs. PaccMoTpenne Bcex 3TUX MPOOIEM SIBIISIETCS
MPEIMETOM U3YUYCHHS TOPHEBBIX 0OBEKTOB OyIyIIEro.

CkJjajackue XpaHUJIUIIA TOPUS

Ilo MHEHMIO aBTOPOB, HENB3s YIIYCKAaTh U3 BUAA U TAKOM CEPHE3HBIN 10 3ar1acaM TUIl PEAIBHOTO
pe3epBa TOpUs KakK CKJIAJCKUE 3arachl TOPUEHOCHBIX (MOHALIUT) MECKOB.

B Kpacnoypumcke, Ha ckianax, NpuHaAIeKalluX TOCYJapCTBEHHON KOMMIAaHMM «Ypaj-MOHa-
LUT», paHee BXoAMBILEH B npeanpusitie «Cpenne-YpaabCKuil MalllMHOCTPOUTENBHBIN 3aBO», Xpa-
HUTCS 82 653 T MOHaAIMTOBOrO KOHIEHTpata (puc. 13) [107].

- ‘ _‘
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Puc. 13. Bo3BeneHue MeTalJIM4€CKOr0 aHTapa Ha/l AepeBSIHHBIM XPAHUJIUIIEM TOpHe-
HOCHBIX neckoB, Kpacnoypumck [16]

MoHaUUTOBBIN MECOK TOCTABISICS B CBOE BPEMS U3 Pa3IMUHbIX MeCTOpokIeHnil Poccun, MoH-
roymmu, Kurast 1 Beetnama. Kpome Toro, 3HaYMTEIbHBIC KOJMYECTBA TOPHS B KaYeCTBE BOCHHOTO
Tpoest OBLITM BBIBE3CHBI M3 MOTEpIEBIIeH MopaxkeHnue [epmanun. HeMibl SKCriepMMEHTHPOBAIU
C TOpUEM, paccMaTpuBas €ero B KauecTBE MOTEHIIMAIBHOTO KOMIIOHEHTa ISl CO3[AaHUS SACPHOTO
opyxwusi. OOHapy>KeHHBIN TOPUEBBI MOHAIUT B KauecTBe Tpodest ObUT KOH(UCKOBAH y TUTIEPOB-
ckoit I'epmanuu u BeiBe3eH B CCCP. Ceituac oH Takyke HaAXOIUTCS HA KPACHOY(PHUMCKUX CKIIagax.

B cpenmneM MOHAIUT, XpaHSAIIUACS HA ITHX CKJIaJax, UMeeT cienyrommii coctaB (%): cymma
penko3eMenbHbIX OkcuaoB Ln,O; — 54, okcun gocdopa P,Os — 22,2, oxcuo mopusa ThO, — 7,8,
okcun ypana U;Oq — 0,6, okeup nupkonus ZrO, — 3,0, okeun tutana TiO, — 2,2. B cocras (%) Mo-
HAIIUTOBOTO KOHIIEHTpaTa BXOIAT TaKHe pearo3emenbHbie MeTaiisl, Kak: La (13), Ce (23), Pr (3),
Nd (11), Sm (1), Eu (0,1), Gd (0,6), Tb (0,4), Dy (0,2), Ho (0,05), Er (0,2), Tu (0,05), Yb (0,03),
Lu (0,05), Y (0,8) (http://smart-lab.ru/blog/news/241694.php, 2019).

Cymmapso okos0 6000 T Topust y’Ke€ HaXOIAUTCS Ha CKJIaJie MPAKTUYECKH B MTOJHOCTHIO TOTOBOM
K JaJbHEUIeH mepepaboTke BUIE.
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Iasa 8. METAJLJIOTEHUYECKOE HA TOPUM
PAMTOHUPOBAHUE TEPPUTOPUU
POCCHUH

UccnenoBanusimu otaena cneunanbHoil Metamorenud BCEI'EN B 1980-x rogax oneHuBaiuch
o0IIKe 3aKOHOMEpPHOCTH pa3MelIeHHsI TOPUEBOro opyleHeHus: Ha obmmupHoi tepputopun CCCP
C 0OXBATOM HEKOTOPBIX MOTpaHMYHBIX cTpaH CoBeTa 3KOHOMHUYECKOW B3aumorniomornu [58]. Ha yka-
3aHHYIO TEPPUTOPHIO ObLIAa COCTaBJI€HA MPOrHO3HO-METAJUIOTeHUYeCcKasi Ha TOpHi KapTa Maciitada
1:10 000 000 Ha cTpykTypHO-(hOPMAIIMOHHON OCHOBE M MPOBEICHO METANIOTCHUUECKOE PalioHU-
pOBaHME MO TOpHUIO. B KauecTBe META/NIOTEKTOB Ha KapTe MOKa3aHbl METAIJIOTEHMUYECKHE I0sica,
MIPOBUHIINY, 30HBI M OacceiiHbl. PynaHble pallOHBI M Y37bI HE BBIIEISUIUCS.

Krnaccudukanus, paHkupoBaHue U BbIJIEICHUE METAUIOT€HUYECKUX MOApa3/eIeHui IPOBOIH-
JIUCh TI0 METOAMKE W MPUHIMUNAM, NPUHATHIM Ha TOT nepuon Bo BCEI'EU, ¢ yuetom mmeBImxcs
TAHHBIX 110 CTPYKTYPHO-(POPMAILIHOHHOMY, T€OIMHAMUYECKOMY M TEKTOHUYECKOMY PaiiOHMPOBAHHIO
TEPPUTOPUHU UCCIIETOBAHUMN.

[Ipu BeIIETEHUN METANIOTEHUYECKUX MOAPA3IEICHUN pa3IMYHOIO paHra BO BHUMaHHUE ITPUHU-
Majach MPOSBIEHHOCTh B UX IMpeAesaX 3HAYMMbIX CTPYKTYPHO-BEIIECTBEHHBIX KPUTEPUEB TOpHE-
HOCHOCTH JJIsl 0003HAUEHHSI T€OJIOTHUECKUX CTPYKTYpP U T€Jl — MECTOPOXKACHUH, PyIONPOSIBICHHUHA
Y TIPOSIBJICHUI MUHEPAIU3alUU MePCIEKTUBHBIX ()OPMAIIIOHHBIX TUTIOB HIOTEHHON U SK30T€HHOI
npupoAsl. OHM BKIIFOYATIU MPOU3BOJHBIE KUCIIOTO, IMIEJIOYHOTO U IIETOYHO-YJIBTPAOCHOBHOTO Mar-
Maru3Mma (KapOOHATHUTHI), ITUPOKHA CHIEKTP THAPOTEPMAIbHO-METACOMAaTUIECKIX 00pa30BaHUH, KaKk
MPaBUJIO, KOHTPOIUPYEMBIX 30HAMHU ITTYOMHHBIX Pa3jiOMOB Pa3IMUYHBIX PAHTOB, & TAKXKE apeaaMu
pa3BUTHs MOTPeOEHHBIX (IPEBHUX) M COBPEMEHHBIX TOPUEHOCHBIX POCCHITICH.

K BemecTBeHHbIM KPUTEPUSAM TOPUEHOCHOCTU OTHECEHHBI:

— KOMIUIEKCHBIE PEIKOMETaUIbHO-PEAKO3EMEIbHbIE C TOPUEM OOBEKTHI PA3JIMYHOTO BO3pacTa
¥ (OPMAITMOHHOTO THIIA;

— CHelHaTu3upoBaHHbIe HA TOPHM (> 25 1/T) TOpHBIE MOPOJIbI, BXOASIINE B Teosioruyeckue Ghop-
Malll{ Pa3jIMgHOrO IreHEe3Hca;

— apeajbpl IIUPOKOTO Pa3BUTHUSL TOPUEBBIX U TOPHUM-YPaHOBBIX PAJIUOMETPUUYECKUX AHOMAJIUH,
o gaHaeIM AI'CM cheMKu;

— MACCHBBI IIEJIOUYHO-YABTPAOCHOBHBIX ¢ KapOOHATUTAMH M IIEIOYHBIX MOpoJ, GOpMUPOBaHUE
KOTOPBIX CONPOBOXKIAAETCSI MHTEHCUBHBIM MTPOSBIEHNEM aBTOMETACOMAaTUYECKUX, THIPOTEPMAIIBHO-
METaCOMaTHYECKUX U TUAPOTEPMAIbHBIX MPOLIECCOB, SIBISIIOMIUXCS PYIONOATOTOBUTEIbHBIMU WU
PYZLOKOHLEHTPUPYIOIIKUMU; B 3TOM CBSI3U IPOBUHILIMU Pa3BUTHUS LIEJIOUHBIX MTOPOJI BBIACIAIOTCS KaK
TOPUEHOCHBIE T€OJOTUYECKHE CTPYKTYPHI.

CTpyKTypHBIE KPUTEPUH TOPUEHOCHOCTH PACaJaroTCs Ha J1Ba MOps/IKa:

— CTpYKTypamH MEepBOro MOpsiKa SBJSIOTCS pa3IoMbl IIJIAHETAPHOTO WM OJIM3KOTO K HUM PaH-
ra (JIMHeaMeHThl WJIM T'eHepaJibHbIe Pa3joMbl, PACCEKAIOIINe JTUTOC(EpHbIE MIUTHI HA OOJBIIYIO
DIyOMHY); Ha 3€MHOM MOBEPXHOCTH OHU (PUKCHPYIOTCSI BBIXOJaMU MaHTHUITHOTO BEIECTBa B BUIE
UHTPY3UH 0(pHOINTOB, HIETOYHO-YIBTPAOCHOBHBIX MOPOJ] ¢ KApOOHATUTAMHU, U3THSHUEM LIEIIOUHBIX
0a3ambTONI0B B pUPTOBBIX 30HAX, BHYTPUKOPOBBIMH BYJIKAHUYECKHMU TTOSICAMH, a TAK)KE aBJIaKO-
reHaMH U pu(TOreHHBIMU BIaJUHAMMU; Ha OOJiee MO3AHUX dTarax pa3BUTHS JIMHEAMEHTbI KOHTPO-
JUPYIOT NPOSBICHUE IIETOYHOTO U TPAHUTOMAHOIO MarMaru3Ma; MOIIHOCTbh 30H MX IPOSIBICHUS
100-200 kM, IpOTSHKEHHOCTh — MHOTHME COTHU U JI0 THICSY KUJIOMETPOB;

— CTPYKTYpPBI BTOPOTO TIOPSJIKA BKIFOYAIOT T€HEPaIbHBIE KOPOBBIE PAa3JIOMBI, aBIAKOTECHBI, pr-
Thbl, BHYTPUKOHTHHEHTAJIbHbIE BYJIKAHUYECKHUE T105ICA U IIIOBHBIE 30HbI C MHTEHCUBHBIM BHEJPEHUEM
MaHTHUITHOTO BEIIECTBA; 3TU Pa3IOMbl OOBIYHO HE BBIXOAST 3a MPEAEINbl OTACIbHBIX TEOCTPYKTYD —
CKJaayarbix obnacted M miuarGopMm — U pa3lessioT MX Ha KPYMHbIE TeoOJIOKH, paziudaroliuecs
10 UCTOPUH I'eOJOrMYECKOT0 Pa3BUTHUS, MOITHOCTH TPAHUTHOIO CJIOS M XapaKTepy METaJlJIOTeHHH;
MOILHOCTb CTPYKTYpP — IECSITKH, a IPOTSHKEHHOCTh — MHOTHUE COTHU KHJIOMETPOB.
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MeTtannotekThl noapa3AesieHbl Ha TPU MOPSAIKA: TMEPBbI — TOPHEHOCHBIE IM0sICa, BKIIOYAIOIIHE
MeTaJVIOTeHNYEeCKUe MOoApa3esieHns 0osiee BHICOKMX MOPSAIKOB C YHIOT€HHBIM U 3K30T€HHBIM TH-
MaMU OPYICHEHHUSI; BTOPOU — TOPUEHOCHBIE TTPOBUHITUU C YHAOTEHHBIM M YK30T'€HHBIM TUIIAMH OPY-
JICHEHUS; TPETHI — TOPUEHOCHBIE 0ACCEMHBI C 3K30T€HHBIM THIIOM OpYACHEHHS.

OO6paraer Ha cebsd BHHUMaHHE TO OOCTOATEIHCTBO, YTO METAJUIOTEHUYECKOE paiOHHPOBAHHE
MIPOBEJICHO C HEOJUHAKOBOI JIE€TaJbHOCTHIO B PA3NIMYHBIX T'€OCTPYKTypax. OTO OObICHAETCA UX
HEJOCTAaTOYHON M HEPAaBHOMEPHOMN CTEIIEHBIO U3YYEHHOCTH HA TOPUHU.

B wurore Oputo BbIIENCHO 19 MeTalmOreHMYECKUX MOApa3AeieHuil — Tpu mosca: J[Hempos-
cko-Kacnuiicko-tOxno-TsaHmanckuii (oH xe YkpauHcko-FOxHo-Taupmansckuid, mo B. M. Koro-
Boit u JI. . CxopoBapoBy [35]), baiikano-Oxorckuii 1 Konbcko-Ypano-Uunruz-TapOarararickuit
(Konbscko-Ypano-Cesepo-Kazaxcranckuii, mo B. M. KotoBoii u JI. . CxopoBapoBy [35]); msaTh
6acceiinoB: llentpanbHo-Pycckuii, Ilpenypansckuii, MOxno-Cubupckuii, Ykpauncko-Kacmuii-
ckuil 1 Maiicko-Buimoiickuii; Tpu npoBunuuu: CeBepo-Tsanbmanckas, Boctouno-CasiHckas u 3a-
Oaiikanbckasi; BoceMb 30H — CeBepo-YkpauHckasi, FOxHo-Tsanpmanckas, Anmganckas, Konbekas,
VYpanbckas, CeBepo-Kazaxcranckas, Canruienckas u Enucelickas. OtaaBasi JaHb HPEIbIIYIIIM
HCCJIEIOBATENSIM TOPUEHOCHOCTH TEPPUTOPUU CTPAHBI, ABTOPbI COUIM BO3MOXHBIM MPUBECTH HUX
MPEICTaBICHUS [0 METAJUIOTeHUYECKOMY PAaHOHUPOBAHUIO HA TOPHUH (COXpaHsisl MPUBEPKEHHOCTD
K (pukcucTckoil mapamurme Toro nepuoaa) [58]. I[Ipu 3ToM paccMOTpeHBbI T€OTEKThI, PACIIONOKEH-
HbIE TIOJIHOCTHIO WJIM YaCTHYHO Ha Tepputopuu Poccuiickont @enepannu (puc. 14) [62]. Huwxecne-
nyroras nHGopMaIus Oompas/iaHa, T. K. BBIIOJIHEHHOE palOHUPOBaHNE TPUHUMAJIOCh BO BHUMaHUE
U HCIIOJIb30BaJIOCh COTPYAHUKAMU TePPUTOPHUATBHBIX dKcreaunuii [lepBoro raBka npu cocrase-
HUU KaJlaCTPOB TOPUEHOCHBIX 00BeKTOB (0K0s10 2000 TONbK0o B PCDCP).

Juenposcko-Kacnuiicko-FOxHo-TsHbIIaHCKUI TOPUEHOCHBIN MOSIC COBIAIAET C OJJHOUMEHHBIM
nuHeameHToM (nmHeameHT A. 1. Kapnunckoro), orpannumBaromumM Pycckyto miatdopmy ¢ rora.
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Puc. 14. Cxema MeTa/uI0reHu4YecKkoro paionuposanust P® na topuii (A. A. CmbIci10B 1 Ap., 1988) [62]

1 —mosica u ux HoMmepa: | — /lnenpoBcko-tOsxuo-Tsupmanckuii (pparment), 11 — Konbcko-Ypano-Unnrus-TapOararaiickuii (ppar-
meHT), Il — Baiikano-Oxorckuii (¢pparment); 2 — mpoBHHLIUH U UX HoMepa: | — CasHo-Monronbsckas (pparment), 2 — Enuceiicko-
Bocrouno-Casiackast, 3 — [Ipubaiikanbekast, 4 — Annanckas; 6acceinsl n nx Homepa: 5 — Llentpanbsao-Pycckuii, 6 — Ipenypanbsckuii,
7 — Baypanbckuii, 8 — 3anagHo-Cubupckuii, 9 — [Ipensenuceiickuii, 10 — Maiicko-Bumioiickuit; 3 — MectopoxkaeHus (HoMepa) u py-
nonposieieHus Topust: 1 — Appukanna, 2 — Kosnop, 3 — JlaBozepckoe, 4 — Cubupka, 5 — Tyranckoe, 6 — Toproiickoe, 7 — Apdapactax,
8 — Mnrunuiickoe, 9 — Karyrunckoe, 10 — Yiyr-Tanzek; 4 — rocynapcTBeHHas rpanuna PO
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[Tpu mmpune 150-250 kM oH npoTtsruBaercs Ha 4 Thic. kM oT Kapnar 1o ceBepHoro nooepexns Ka-
CITMKCKOTO MOPsI, YX0/s uepe3 akBaropuro Mops B nipezeiibl KOxHoro Taub-11lans u ['umanaes. [losic
BKJIIOYACT J[BE TIOTEHIMAILHO TOPUEBOPYIAHBIE 30HKI (00€ BHE mpeneioB PO — CeBepo- YKpanHCKYO
u FOxHO-TAHBIIAHCKYI0) M TOPHEHOCHBIH YKpanHcko-Kacnmiickuit O6acceiin. [locnennuii nmpeacras-
nsieT co0oi BocTouHyto yacTh J{HenpoBcko-Kacnuiickoro aBnakoreHa. OH orpaHuyeH ¢ 3amaja mo-
OepexbeM A30BCKOTO MOPsI, C BOCTOKA — 3anaaHbIM Oeperom Kacnuiickoro mops. B Hem moctarouno
IIMPOKO Pa3BUTHI TOPHEHOCHBIE KOPHI BhIBeTpUBaHUs (110 1aHHBIM AI'CM cbheMku > 25 /T Topus).

baiikano-OXoTCKUii TOPUEHOCHBIN MOSC TAK)KE MPOCTPAHCTBEHHO COBIANAET C OJHOMMEHHBIM
JTUHEaAMEHTOM, MPOTATHBAsICH BIOJb Kpas Cubupckoil minardopmsl Ha 1800 kM npu mmpune 150—
300 kM. BrirouaeT Be MOTEHIIMAJIBHO TOPUEBOPYAHbIE 30HBI — CeBepo-baiikanbckyro 1 AJIJTaHCKYIO.

Cesepo-baiikanbckas oTeHLMAIbHO TOPUEBOPY/IHAS 30HA OTPaHUYEHA Pa3iOMaMu — Ha CEBEPO-
3anage — Cesepo-balikansckuM n KorepckuM, Ha BocToke — MypyHCKuM. Onpenesnsonyo poib
B 30HE UTPAIOT [IPOTOOPOTE€HHBIE PAHHETIPOTEPO30MCKUE U MO3HENATIE030MCKIE aKTUBU3AUOHHbBIE
koMIUIeKehl. K crernuanu3upoBaHHbIM Ha TOPUI OTHOCSITCS CIEAYIOIIME reojornyeckue popmanum:
JAlUT-PUOJINTOBASA (AKUTKAHCKAsl CEPUsl), MUTMAaTUT-TPAHUTOBAs (IIATOMCKUN KOMILIEKC), I€JI0YHO-
IpaHUTOBAsl (MPEIBCKUI KOMILJIEKC) U JIEUKOTPaHUT-TPAHUTOBAsE (BUTUMCKHUI KOMILJIEKC) CO Cpell-
HUM cofiepkaHueM Topus B noponax 25-39,2 r/1. C oporeHHbIM UPETbCKUM U aKTUBU3AIMOHHBIM
BUTHMCKHM KOMIUIEKCAMHU CBSI3aHbl TOPUEHOCHBIE KBapL-IIOJIEBOILIIATOBbIE METACOMATUTHI, 00pa-
3yIOLIME MPOTSKEHHbIE TEKTOHOMarmMaruueckue 30Hbl — [Ipubaiikano-/loHenkyro, XoJI0JHUHCKYIO
U IpyTue ¢ pyIONpPOSBICHUIMHU TOPUI-peIKO3eMeNbHOIM ypaHOHOCHOH (hopmanuu. Ha roro-zamnan-
HOM 3aMbIKaHUHM 30HBI MPOSBIEH MLIEJIOUYHON MarMaTu3M, OoOyCIOBIEHHBIA MO3THENAIC030MCKOM
AMOXOM TEeKTOHOMarMarudeckoi axtuBu3anuu (ChIHHBIpCKUH, bypramuHckuii, AKUTCKUN Y3JIbI).
ConpoBokaaroye LIeIOUHbIE MOPOJIbl METACOMATUTHI ((PEHUTHI, alIbOUTUTHI, TUAPOTEPMAIUTHI)
cofiepXaT TOpPUH-PEAKOMETAIIIIBHOE OpPYACHEHUE B IPEICTABIISIIOIIMX MPOMBIIUIEHHBIH HHTEpPEC
Konu4ecTBax (pymonposiBienus Akut, YectsH u ap.) [55; 58].

B npenenax pyaHoii 30HBI, TPUYPOUCHHON K cowieHeHHI0 CHOMpPCKON T1aTGOopMBbl U €€ FOXKHO-
ro CKJIQJ4aToro oOpamiieHus, yCTaHOBICHO Oosee 50 cirabom3ydeHHBIX mposiBiieHuid Topusi. Cyo-
IIEJIOYHbIE U IEJIOYHbIE TPAHUTHI, TPAHOCUEHUTHI, IIEJIOYHbIE U HE(PETUHOBBIE CUEHUTHI PAHHETO
11aJIe030s1 U PAHHEro Me€30305 MPUYPOUEHBI K MOIIHOW JOJTOXKHMBYLIEH 30HE TEKTOH-Marmarhue-
CKOM aKTHBM3alMH. Py/HbIe Tena npeuMyIieCTBeHHO KUIbHON (POPMbI UMEIOT CIIOKHOE CTPOEHUE.
B pynax — xBapi, MUKpOKIIHH, (GIroopuT, Oaput, kapOoHaTsl. OCHOBHBIE Py/IHBIE MHUHEPAIBI TOPUT
U KCEHOTUM OOpa3yloT KpyIHble OMMUHEpAIbHbIC KUJIbHBIC Tea C COACPKAHUEM PEIKUX 3eMeb
U TOpUS J10 LENbIX IPOLEHTOB. PynHas 30Ha HyXaaeTcs B JajbHEIeM u3yuyeHuu. biaaronpusatapiM
SKOHOMHUYECKUM (DaKTOPOM SIBIISIETCSI TO OOCTOSITENILCTBO, UTO YEpE3 €€ HKHYIO YacTh MPOXOIUT
baiikano-AMmypckasi MarucTpalis.

B ceBepo-3amagHOi 4acTH 30HBI PAaCHpPOCTPAHEHbI MOTPEOCHHBIC MOHAIIMTOHOCHBIE POCCHITU
B 0a3aibHBIX KOHIVIOMeparax pudes, ciaratoume [Ipenbaiikanbckuii nepenosoii mporud Cubup-
CKOM M1aT(hOPMBI.

AnjiaHckas MOTEHLMAJIbHO TOPUEBOPYAHAsl 30HAa MPUYPOUYEHA K CEBEPHOM 4yacTH AJJaHCKOIO
IIMTa, OTPAHUYMBASACH C CE€Bepa KOHTypoM uexyia Cubupckoit mnardopmel, a ¢ tora — ThIpKaHAUH-
CKUM IIIyOMHHBIM pa3jioMoM. B 30He pacmpocTpaHeHbl paHHE- U TMO3AHEAPXEHUCKHE KOMILIEKCHI
U Teoyiorudeckue GopMaimuu ME3030MCKOM TEKTOHOMAarMaTudeckod akTuBu3aruu. Creruann3u-
POBaHBI HA TOPUH MOPOJBI MUTMATHT-TPAHUTOBOHN (THMITTOHO-AIIAHCKUIA KOMILUIEKC), (DEHUTOBOM
(apoaMKaHCKUN KOMILJIEKC) MarMaTH4ecKux (opmaruii ¥ rpaHUTbl pamakuBH (KOIAPCKUHA KOM-
rwiekc). Cpeau TpaHUTOHIOB IIUPOKO PA3BUTHI TOPUEHOCHBIE KBAPII-MIOJIEBOIINATOBBIE METACOMATH-
ThI, IPOSIBJICHHBIE B 30HAX PETHOHAJIbHBIX PA3JIOMOB JIMAarOHAJIbLHOM HANPaBIEHHOCTH (DMeJbIKaK-
ckuil, Jlec-OBOTUHCKOM U /Ip.) C MHOTOYUCIEHHBIMU PYIONPOSIBICHUSMU TOPUN-PEIKO3EMEIBHOM
MUHEpAIN3alud U KpynHbIM CelnurnapckuM anaTUTOBBIM MECTOPOXJIEHUEM, B pyAax KOTOPOIO
MIPUCYTCTBYET TOPUH B MOBBIIICHHBIX KOHLIEHTPALUIX.

B norpannynoii 30He ¢ yexsiom CuOupckoit miatdopMbl IIMPOKO MPOSIBIICH MIEIOYHO-YIFTPAOCHOB-
HOM ¥ IIETI0OYHON MarMaTu3M pueicKor 1 Me30301MCKOM 310X TEKTOHOMArMaTHIeCKOM aKTHBU3AIIUU
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Annanckoro muTta (Atbactaxckuii, Toproiickuii, BepxHeaMruHCKHIA y371b1), C KOTOPBIMH T'€HETUYECKU
CBsI3aHBI THJIPOTEPMATILHO-METacOMaTH4YeCK1e 00Opa3oBaHus ((PEeHUTHI, THAPOTEPMAIIUTHI ), CIOPATHU-
YECKU COJIEprKallle€ MPOMBILIUIEHHbIE TOPUM-PEIKOMETAUIBHOE WIM TOPUI-YPAaHOBOE OPYIEHEHUS
pelKOMETaIUTbHO-PEeIKO3eMETbHO-TOpueBor (hopmanuu (MypyHCKUN MaccuB).

Konbcko-Ypano-Uunruz-Tapbarataiickuii TOPUEHOCHBIM MOSC MPOCTPAHCTBEHHO COOTHOCHUT-
ca ¢ ceBepHOil yacThio Komnbcko-Ypanbcko-I mManaiickoro JiMHEaMeHTa, KOTOPBIM MPOXOAUT IO
tory KosibCckoro mosryocTpoBa, paccekaeT ceBepO-BOCTOUHBIN (uaHT Pycckoii turardopmel (B BUIE
aBJIAKOT€HA) U Jlajiee MpPOCIEXKHUBAETCsS B (pyHIAMEHTE CKJIAAuaThIX CHCTEM Ypala, sBJsis co0oit
«aHTUYypaJbCKUEe» CTPYKTYpbl. B mpenenax Typraiickoro mporu0a JMHEAMEHT OTMEUYEH aBllaKore-
HOM U aBJIAaKOT€HHBIMU BIAJMHAMM, 3alIOJIHEHHBIMH MOHAIUTCOAEPKAILIUMU IpyO000IOMOYHBIMU
TEPPUICHHBIMU MOpoJaMu. Jlanee OH IPOCIEeKUBAETCS 110 CEBEPO-BOCTOYHOM ITOIPAaHUYHOM 4acTu
Viyray-CeBepo-TsaHblIaHCKOM cKiIaquaToil o6macTu, yxonus Janee 3a Mpeaelibl CTpaHbl O TPaHulle
tora 3anaaHo-Cubupckoil miardopmel.

B npenenax mosica BbLAENIEHBI MOTEHIMATIBHO TOPUEBOPYIHbIE 30HBI — Kombckas, Ypanbckas
u Cesepo-Kazaxcranckas (3a npeaenamu POD).

Kosnbckass nmoreHIManbHO TOPUEBOPYIHAs 30HA MPOCTPAHCTBEHHO NPUYPOUYEHA K CEBEPHOMY
¢nanry Kombcko-Ypanbscko-I mmanaiickoro nuHeaMeHTa, (UKCHPYeMOMY cepuel cyOmapaiieib-
HBIX IIYOMHHBIX Pa3JIOMOB CYOIIMPOTHOTO, CEBEPO-3aIaHOI0 U CEBEPO-BOCTOUHOTO HAIIPABIICHUH.
30Ha COAECPKUT TOPUEHOCHBIC TPAHUTOUABI YMOMHCKOTO M JPYTHX KOMIUIEKCOB U COTPSKEHHBIX
C HUMU TOPUN-PEIKO3EMEIBHBIX KBapIl-OPTOKJIA3-IIJIarnOKIa30BbIX METACOMAaTUTOB, KOHTPOJIUPYE-
MBIX TIIyOMHHBIMHU Pa3IOMaMHU.
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Puc. 15. Cxema reo/ioru4eckoro cTpoeHnss XuOMHCKOro MaccuBa, COCTaBJIeHHasi Ha ocHoBe kapTsl MI'PD TITNO
«CeB3anreoJiorus»

1 — TpyOKu B3pbIBa; 2 — KapOOHATHUT; 3 — MyNACKHT; 4 — QOUSIUT TPAXUTOUIHBIN; 5 — (OMAUT MaCCUBHBIN; 6 — QOUSIUT HEpaBHO-
3epHUCTHI; 7 — anaTHTO-HeeINHOBas IOPOJa; § — yPTUT MACCUBHBIN; 9 — I0BUT MaccuBHBII; /() — K-HedennHoBbIi cueHuT (pucdop-
put); /1 — MEABTEUTUT U MHONHT; /2 — He()ENUHOBBI CUEHUT TPAXUTOUIHBIN (XUOMHUT); /3 — He()EeNMHOBBIM CHEHUT MAaCCUBHBIN
(xubuHUT); /4 — NEPUIOTUT, MNPOKCCHUT, MEJIIIUTONNUT; /5 — ()EHUT 30HBI KOHTAKTa U (PCHUTH3UPOBAHHBIC TIOPOABI KPOBIH; /6 —
apxetickue (AR ) u nmporepo3soiickue (PR;) mopons! hynnamenra; /7 — pa3pbIBHbIC HApyIICHUSL.

Mecrtopoxaenus (udpsl B kpyxkax): 1 — Kykucsymaopp, 2 — FOxkcenop, 3 — PacBymuopp, 4 — Koamsa, 5 — Heopknaxxk, 6 — Oue-
Huii pyueit, 7 — Ilapromuopp. I-1" u II-1I- TexToHNYeCcKHEe HapyllICHUS B KOHTAaKTOBOM 30HE MaccuBa

58



B ceBepHoii u neHTpanbHOM yacTsax KonbCkol 30HBI HIMPOKO MPOSIBICH ILIEJIOYHON MarMaru3m
IBYX (opMaluii — armauToBbIX HE(ETUHOBBIX CHEHUTOB U YJIBTPAOCHOBHBIX MOPOJ C KapOOHATH-
tamu. Ha sTom (hore nHabmrogaercst mpucyTcTBue (PeHUTOB, ATUPUH-ATLOUTOBBIX M KAJIBI[UT-AIIaTHT-
MarHeTUTOBBIX METACOMAaTUTOB U KaMa(OpUTOB, CBUJICTEIILCTBYIONINX O MPOSBICHUNA CHHXPOHHOTO
IIEJIOYHOTO U IIeIOYHO-KapOOHATHOTO MeTacomaro3a. Bo Bcex MeTacomaruTax MpOsiBICHO TOPUi-
penKo3eMeNbHO-PEIKOMETAIIILHOE OPY/ICHEHUE YaCTO B IPOMBILUIEHHBIX MaclTabax (MecTOpoXkKae-
nus JloBoszepckoe, IOxcnopcekoe, Byopusipsu, Kosnop, Camnannarsa, Appukanna u ap. (puc. 15).

TunuYHBIM MIPECTaBUTENIEM IEPEUUCIICHHBIX OOBEKTOB sBisAeTCS JIOBO3EepCcKOE MECTOpOXe-
Hue. OHo cBs3aHO ¢ JIOBO3epCKUM MAacCHMBOM armavTOBBIX HE(ETMHOBBIX CHEHUTOB T€PIIMHCKOTO
BO3pacrTa.

[Tocnemuuii oOpa3oBascs B IIaTpOPMEHHBIX yCIOBUSIX banTuiickoro myra, pactoiokeH B MOIII-
HOW TEKTOHMYECKOW 30HE, B TOJNIIE apXeWckux mopoia. MaccuB umeer (opmy sakkonura. Ilio-
manb — 660 kM2, ChopmupoBan B ueTbipe dazbl UHTPY3UBHOMU AestenbHOCTH. [lepBas dasza — mo-
POJbI KOMIUIEKCA MOMKMIMTOBBIX HE(PEIMHOBBIX CHEHUTOB. BTopas — nomapuroHocHoro nudde-
pentmpoBanHoro (77 % o0bema M3y4eHHOW YacTH MAacCUBa), TPEThsl — KOMIUIEKCA IBIMAIUTOBBIX
JySIBPUTOB, YETBEPTAsk — UIEJOUYHbIC TAUKU PA3IMYHOIO COCTaBa. PynramMu MecTOpOXKACHUS SIBIISIOT-
Csl HEKOTOpPbIE U3 MOpoa BTOpoid ¢azbl. OHU 00pa3yloT TOMILY PUTMHUECKH YEPEIYIOIIUXCS CIOEB
ypTUTOB-TysABpUTOB-(hoiisiuToB. Ciiou majgaroT K UEHTPY MaccuBa moj HeOospmumu yriamu. Cre-
neHb qudQepeHnranuy KOMIIeKca 04€Hb BBICOKAS: BBIJICISUTNCH MOHOMHHEPAJIbHBIE He(DeITMHOBEIE
noposiel — ypTuthl. Koaddumuent arnantnoctu — 1,25. MakcumyM Opy[eHEHHS CBS3aH OOBIYHO
C HW)KHEW TPAaHUILIEH CIIOEB.

VYpanbckasi MOTEHIIMAJIBLHO TOPUEBOPYAHAs 30HA COBMAAaeT ¢ Tepputopuert Cpemnero Ypana,
IJI€ MPOSBIEHBI MONEPEUYHbIE «AHTHYPaJIbCKHE» PETMOHANbHBIE pa3jioMbl. B Hell mmpoko pac-
MPOCTPaHEHBl TPAHUTOUIHBIE MACCHUBBI TO3HEOPOTEHHON JIEHKOTPAaHUT-TPAHUTOBOU (hOopMaIun
AJIEKCaHJIPOBCKOTO M TapaTalICKOr0 KOMIUIEKCOB CO CPEIHUM COAEpKAHHEM TOpHSs, MPEBHIIIA0-
M 50 /1. C rpaHUTOMIaMU COMPSKEHBI KBApL-aJIbOUT-MUKPOKIMHOBBIE METaCOMATUThI, C TO-
PHUEBBIM OpYIEHEHUEM TOPUT-OPAH)KUTOBOIO MHMHEPAIbHOIO TUIA (pyaonposiBieHne MarHUTHbII
K04 U 1p.). Takke MOBCEMECTHO MPUCYTCTBYIOT MErMaTUThl MUKPOKJIMH-aJIbOUTOBOTO COCTaBa,
BKJIFOYAIOIINE TOPUM-PEAKO3EMENBbHYI0 MHUHEPAINU3ALUI0. 3[€Ch K€ OTMEUYEHO IIMPOKOE MPOSB-
JIEHUE LIEJIOYHOT0 MarmaruzMa (opmanuii MUACKUTOBBIX HE(ETNHOBBIX CHUEHHUTOB U IIETOYHBIX
CHEHUTOB-TPAHOCHEHHUTOB U CBS3aHHBIX C HUMHM IIEJIOYHBIX METACOMATUTOB — albOUTUTOB, ajlb-
OUT-ATUPUHOBBIX METACOMATUTOB U KaJbIUT-aTbOUT-0apPUTOBBIX JKUJI C TOPUH-PEIKOMETAILITEHBIM
opyneHeHueM (MectopoxaeHue Cubupka U MHOTOUUCICHHBIE PYIOIPOSBICHHUS).

Mecropoxaenne Cubupka (puc. 16) CI0KEHO IMOJICBOIITIATOBBIMU, (EJTbAMIIIATONTHO-TIOIEBO-
IIMTaTOBBIMU U KapOOHATUTOBBIMU METACOMAaTHTAMHU C TOHKO3EPHUCTON PEIKOMETAUIbHOW MUHEpa-
TU3aluel, pa3BUTHIMU 10 TpaxuaHae3uda3aibTaM HeOONbIION BYTKAHHUYECKOH CTPYKTYPHI i BME-
HIAIOIIMM €€ OCaJ0YHBIM MOpoAaM 0akadbCKOM M CATKMHCKOM CBUT HUXKHEro pudes Ha 3amajHoi
KOHTUHEHTAJbHOW OKpaWHe Ypaljia Ha CThIKE JABYX KPYIHBIX CTPYKTyp: bamikupckoro m Ypanra-
yckoro merantukiauHopueB [30]. OpynaeHeHne KOHTPOJIUPYETCsS 30HOM TEKTOHMYECKOTO Hapyllle-
HUs, omnepsromero nryOuHHbIN HOprozano-310paTKynbCKuil pasioM. MecTOpOoKIeHUEe SBISETCS
KOMITJIEKCHBIM C TIPOMBILIUICHHBIMH COJEPXKaHUSAMHU Kaxkaoro u3 MetamioB (%): Nb,Os 0,12-0,9;
Ta,05 0,011-0,030; ZrO, 0,01-2,6; Th,05 0,010-0,50; Mo 0,034-0,80; BeO 0,02— 0,1. I'naBHbIC
koMItoHeHTBI — Nb, Ta, Zr, Mo. PeakomeTaiibHbIe MIETOYHBIC W KapOOHATUTOBBIE METACOMATHTHI
JIOKAJIU30BaHbl B OJIOKE BYJIKAHUTOB M OCAJOYHBIX MOPOJ, OTPAHUYCHHOM TEKTOHHYECKUMH pa3-
JoMaMu M uMeroleM GopMmy ycedeHHON mupamujbl. bok mpuMbIKaeT ¢ 3amajia K 3pYNTUBHBIM
OpeK4MsIM BYJIKaHHYECKOI'O JKepjia U OTPaHUYUBACTCS C Iora (GHUIIMTOBUIHBIMU CIIAaHIIAMH, a C 3a-
najia U cepepa — cllaHI[aMH, KapOOHAaTHBIMU NIOpOJaMH U TyQoraBaMu. PyJOHOCHBIE METaCOMaTUThI
MIPEeCTaBIICHbI acColanuell OMOTHTa, STUPUHA, LIesIouHoro amdubdona, remarura. Hanbonee pac-
MIPOCTPAHEHBI IByMUHEPAJIbHBIE aCCOLUALIUU: ATUPUH + OUOTHUT; STUpUH + aM(puOO; STUpUH + Te-
MatuT. OKparieHHbIe MUHEPaIbl 00pa3yIOT MOCIEIOBATEIbHBIN PsiI: STUPUH — OUOTHT — aMpuoOoIT —
reMaTuT U (PUKCUPYIOT OTJEJIbHBIE 30HBI METACOMATUYECKON KOJIOHKH.
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B 3aBucumocTu oT cocTtaBa 3MyKTa BBIACISIOTCS TpU (Dalliu METACOMATUTOB: allOBYJIKaHOT€HHAS,
ariocjaHIleBas U anorIMHUCTO-KapOoHaTHas. PaHHue MpoayKThl BO BceX (panusx MpeacTaBieHbl Me-
JTAHOKPATOBBIMHU TOpoiaMu. KOJIOHKM MMEIOT B ByJKaHOT€HHAsI OpOJa — aKTHHOJIMTOBAs, IITU-
JOT-aKTHHOJIUTOBAsL 30Ha — ATUPUHOBAS, STUPHH-MHUKPOKIMHOBAs 30Ha — OMOTUT-MUKPOKIMHOBAS
30Ha — OMOTUT-aIBLOUTOBAs 30Ha — PUOEKUT-aJIHLOUTOBAS 30HA — I'E€MATUT-aJLOUTOBAsI — TNIMHU-
CTO-KapOOHaTHas 1MOpojia — AUONCHI-TPEMOJIUTOBAS 30Ha — 3TUPUHOBASL, STUPHUH-MUKPOKINHOBAS
30Ha — OMOTHUT-MHUKPOKJIMHOBAs 30Ha — OMOTUT-aIbOUTOBAsE 30HA — PUOCKHUT-AILOMTOBAS 30HA
— TeMaTUT-aJIbO0UTOBasI 30Ha — CIIAHIEBast IOPOJIa — CIIIOAUCTAs 30Ha — OMOTUT-MHUKPOKIMHOBAS
30Ha — OMOTUT-aIBOUTOBAsI 30Ha — PHOCKUT-aILOMTOBAS 30HA — reMaTUT-aIbOnuTOBas 30Ha [30].

Bocrouno-CasiHckasi TOprueHOCHAsl MPOBUHLIUS IPOCIIEKUBACTCS B FOTO-BOCTOYHOM HAIPABICHUH
OT I0KHOW OKpauHbl 3anagHo-Cubupckoit mutel [51]. PacnonokeHa oHa B IEHTpaJIbHOM YacTH
I€0aHTUKIMHAIBHOTO TOTHATHS CAsHCKOM CKiaayaTtoil oOJIacTH, CIIOKEHHOro OjokaMu QyHna-
MEHTA, HAPYIIEHHOTO Pa3jioMaMH CEBEPO-BOCTOYHOTO U IIMPOTHOTO MpocTHpaHus. B aTux Onokax
IIMPOKO Pa3BUTHI CIEHUATU3UPOBAHHBIE HA TOPHUM OPOreHHbIE T'PAHUTOMIHBIC U IIEIOYHBbIE I1O-
POMBI KAIEIOHCKOH TEeKTOHOMAarMaTu4eckoi akTuBu3anuu. lllenounbie MacCUBBI TATOTEIOT K ITy-
OMHHBIM pa3jIoMaM ceBepo-3amnagHoro npoctupanust. C GopMHUpPOBAHUEM MACCHBOB TECHO CBSA3aHO
o0pa3oBaHME PYIOHOCHBIX ()EHUTOB, aTLOUTUTOB U KapOOHAT-0ApUT-(PIFOOPUTOBBIX >KUI. PynHbie
O00BEKTHl KOHTPOJIUPYIOTCS MOJOKEHUEM IIEIOUYHBIX MAaCCUBOB U TATOTEIOT K 30HE BIMSIHHS OCe-
BOH CTPYKTYpBI CastHCKOH cKiaauyaroil odnactu. TUIIHYHBIM IPUMEPOM SIBIISIFOTCS PYAOIIPOSBICHUS
Koprepenabunckoe, Turepekckoe, Tamarorckoe u Ap., OTHOCALIMECS K TOPUI-PeIKOMETAIIbHOM
¢ OepwireM U ypaHoM (opManuu B STUpUH-aM(PUOOTOBBIX METacoMaTUTax U xunax [58].

CanruiieHckas MOTEHIMAIbHO TOPUEBOPY/AHAs 30HA COBIMAJACT C OJHOMMEHHBIM CPEIUHHBIM
MacCHBOM, IMPEJCTABISAIONIMM CO0OW T€OaHTUKIMHAIBHOE MoAHATHE pudens c mpeobdianaro-
UM CEBEPO-BOCTOUHBIM MPOCTUPAHUEM CTPYKTYpP, CIOKEHHBIX TEPPUICHHO-BYJIKAHOTCHHBIMH
KapOOHaTHBIMU 00pazoBaHUSIMU. MarmaTuueckas AESITeIbHOCTh TMPOSBISIIACH HEOJHOKPATHO
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Puc. 16. Mectropoxkaenne Cudupka. Cxema reosiorudeckoro crpoenus (no H. A. FOpunckomy)

MetacomatuTsl: / — STUPUH-TIONEBOIINATOBEIC; 2 — OMOTHT-TIONEBOIINATOBbIC; 3 — aM(UOOI-110JEBOIIIIATOBbIC; 4 — TEMaTUT-IIO-
JIEBOIINIATOBBIC; 5 — MUKPOKIIMHUTEL, ab0NTHTEL. Pynnbie 30ubI: 6 — Ta-Nb; 7 — Zr; 8§ — Tpaxuanie3n0a3anbTbl: SpyNTHBHEIE OpeKdInHy,
naBsl, Tydosnasel. [Topoasl Oakaabekoit cBUTH (R,): 9 — GUIUTHTOBUIHBIE CIAHIIBI, KBAPIUTHI, aJeBPOIHUTHI; /() — N3BECTHSIKH U J0-
JOMUTEL; /] — TeKTOHHYECKHE pa3ioMsbl. [eormormueckue rpaHunbl: /2 — 0CaJ0YHBIX OO, BYIKAaHUTOB, METACOMATHIECKUX 30H;
13 — pynHBIX 30H; /4 — pa3Bel0YHbIE CKBaXKUHBI;, /5 — I€II0BUANIbHO-AJUTIOBUANIbHBIE OTIA0KeHUs [30]
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B JoKeMOpuiickoe, pudeiickoe, paHHe-, MO3THEKIIEIOHCKOe U repiuuHcKoe Bpems. Lllenounoit mar-
MaTH3M B MacCHBE BbIPa)K€H 00pa30BaHMEM MHOTOUMCICHHBIX UHTPY3UH HEPEINHOBBIX CUEHUTOB
(Kopuepenaba, Xapnsl, basu-I'on u ap. — ux 6onee 30), ¢ KOTOpPbIMHU CBsI3aHbI IPOLECCHl (PEHUTH-
3a1uu, 00pazoBaHKe aJbOUT-3TUPUHOBBIX METACOMATUTOB, MOHOMUHEPATIbHBIX aJIbOUTUTOB U T'HI-
POTEPMAITUTOB, COAEPKAIIUX TOPUTOBYIO, KOTYMOUTOBYIO, MUPOXJIOPOBYIO U JIp. MUHEPATH3AIUIO.
Opeosbl pa3BUTHS PYJOHOCHBIX METACOMATUTOB IMPEBBIMIAIOT O pa3MepaM MACCHUBBI IIEIOYHBIX
nopoa B 10-50 pa3. C HuMU cBs3aH psjl PyIONPOSBICHUNA U YHUKAJIHHOE MECTOPOXKICHUE YIyT-
Tan3zek, pyapl KOTOPOTO OTHECEHBI K PEAKOMETANIbHO-TOPUEBOM (popMaru B 6apuT-KapOOHATHBIX
KHUIIAX.

EHuncelickasi MOTEHIHAIBHO TOPUEBOPYIHAS 30HA PACIOIOkKEHA B 3amagHol yactu EHucelcko-
ro KpsiKa, IPOTATMBAsACh y3KOM Iosocor 10 buprocunckoro BeicTymna. [Ipuypodena ona k cepuu
pEernoHaIbHBIX Pa3iIoMOB, pasrpannunBaromux Exuceiickuii kpsok u Cubupckyto miarpopmy. Cu-
cTeMa CyOIIMPOTHBIX Pa3jioMOB pa3OMBaeT 30HY Ha psj OnokoB — Enucelickuii, Aurapo-Kanckwii
U Jp. 30Ha CI0KEeHa JOKeMOPUIICKUMU TPaHUTOUIHBIMU 00pa30BaHUSAMU YJIBTPaMEeTaMOPPOreHHO-
ro U oproMarmMaruueckoro reuesuca [38]. K Hum npuypoueHsl TOpUEHOCHBIE KBapII-110JEBOILIIATO-
BbIE€ METAaCOMATUTHI U KaJHeBble (DEHUTHI, MPOSBISIOMIMECS B 30HAX BIMSIHUS PETHOHAJIBHBIX pa3-
JIOMOB CyOILIMPOTHOTO W CEBEpO-3amagHoro npoctupanusd. OpyaeHeHne B PeHUTAX MPEICTaBICHO
OpPaHXUTOM M TOpPUTOM C coaepkanuem topus 0,5-1,0 % [58].

C ¢anepo30iicKUMH MPOIIECCaMU TEKTOHOMArMaTHYeCKOW aKTHBH3ALIUH, IPE/ICTABICHHOW NHTEH-
CHBHBIM LIEJIOYHBIM U LIEJIOYHO-YJIBTPAOCHOBHBIM KapOOHATUTOBBIM MarmatuzMoM (HaiiOunckuii,
Kuiickuii, CpeqneTarapckuii U Ip. MacCUBBI), CBSI3aHO (POPMHUPOBAHHE MIMPOKHUX apeasioB (HeHUTH-
3alMd, abOUT-3TUPUHOBBIX METACOMATUTOB, KaMadOpUTOB U 0Opa30BaHUE PYAONPOSBICHUN TO-
PpHii-peAKOMETAILTFHO-PEIKO3eMeNbHOM opmMarn (Mectopoxaerus Kuiickoe n CpemHerarapckoe).

B pesynbrare uccnenoBaHuil YHIOTCHHBIX TOPUEBBIX 0OBEKTOB OBIIIO YCTAHOBJICHO, YTO TJIABHBIN
pynooOpasyroluil npouecc Uux (GOPMHUPOBAHMS — MIECTOYHON MarMaTu3M U COIPSKEHHBIE C HUM
TUAPOTEpPMalIbHO-MeTacoMaTnueckue nporeccol [34; 45; 46; 58]. Haubonee npoayKTUBHBIMH TPU
3TOM BBICTYNAIOT (PEHUTH3AIMS, THIPOTEPMAIBLHO-METaCOMAaTHYECKOe KapOOHATHTOOOpa30OBaHuE,
MIOCTMAarMaTH4YeCKUe CpeAHETEMIIepaTypHble T'HIPOTEPMAIbHO-METACOMAaTUYECKUE U COOCTBEHHO
rUApoTepMalbHble Mporecchl. OHU MPUBOIAT K MaKCUMAJbHOMY HAKOIUICHUIO TOPHsS, TaHTala,
HUOOMS, OCpUILIHS, IIUPKOHUS B MPOMBIIIUICHHBIX MaciTabax. Hanbonpimmii mHTEpEC B 3TOM OT-
HOIICHWU TPUBJICKAIOT MOTCHIUAIBHO TOPUEBOPYIHBbIE (OPMALMHU B INEIOYHBIX METACOMATHUTaX
U TUAPOTEPMAINTAX, F€HETUYECKU CBS3aHHBIE CO LIEJIOUYHBIMM IOPOJAMH IIEIOYHO-CAIUTOBBIX
rpynn reojorudeckux (popmanuii. BaxkapiM (pakTopoM mpu 3TOM SBISETCS CTPYKTYPHBIH KOHT-
pOJIb — pEeruoHalibHble JIMHEWHbIE CTPYKTYpPHbIE IIBbI C MHTEHCHUBHBIM BHEAPEHUEM MIEIOYHBIX
UHTPY3UH U IIEJIOYHO-YIBTPAOCHOBHBIX MOPOJ] ¢ KapOoHaTuTaMu [6].

Ha ocnoBe coBpemeHHBIX npeacTaBieHui Metaorennyeckoi mkonsl BCEI'EU [61] aBTOpbI
MIPOBEJN aKTyaJIM3allMI0 METaJUIOTeHUYECKOTO palOHUPOBaHUs Topuiicoaepx amux oobekToB Poc-
cuu. PazMenieHre OCHOBHBIX KOMIUIEKCHBIX TOPHEHOCHBIX MecTopoxaeHuil Poccuum (pymomposis-
JICHUSI U TPOSIBIICHUSI MUHEPAJIM3alMK M3-32 MaciiTaba prUCyHKa HE MOTYT OBITh MOKa3aHbI) MpPHU-
BeZieHO Ha Cxeme MHUHepareHnueckux npoBuHIUi Poccun (puc. 17). B kauecTBe METaIIOTEKTOB
BBIJICJICHBl MUHEPAreHU4eCKUE 30HbI, PYAHbIE y3JIbl U PAHOHBI C TOPUEHOCHBIMU OOBEKTAMU B pa3-
JIMYHBIX T€OCTPYKTYpPHBIX OOCTaHOBKAX.

Ha murax npeBnux mnardgopm B npenenax Kapeno-Konbckoit MuHepareHU4eCcko MpOBUHITUN
(MII): KoBnopo-JloBo3epckast munepareHndeckast 3oHa (M3) (I)*, Bxurouarommast JIoBo3epckwuid,
Xubunckuit, Kopnopckuii u Adpukanaosckuii pyaabsie y3isl (PY) (MecTopokaeHNsT KOMITJIEKCHBIX
pya ¢ TopueMm JloBozepckoe (3), BaBuben (2), Konop (1), Appuxanga (4) Topuii-peaKomMeTaib-
HOW B armanTOBBIX CHEHUTAX M 30HAX METACOMAaTo3a M PEAKO3eMEeNIbHO-PEIKOMETaIbHO-(oCchop-
HO-TOPHEBOI B KapOoHaTuTax pyaHbix Gopmaruii — PO. B Annano-Cranosoit MII — Karyrunckuii

* 1 ndpsl B ckoOKax COOTBETCTBYIOT HOMEpaM PACIOIOKEHHs METa/UIOTEKTOB Ha CXeMe MHUHEpareHMYeCcKoro paioOHHPOBAHHS
(apabckue — MECTOPOXKACHHS, PUMCKHE — METAINIOTEHUYECKHE 30HBI, PYAHBIC PAOHBI, Y3TIbI).
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PY (II) ¢ oniHOMMEHHBIM MECTOPOXKICHUEM PEIKO3EMEIbHO-TOPUEBON YPAHOHOCHOM B albOUTHUTAX
u srupuH-aM(puodonoBeix Metacomarutrax P®, Bepxuenummusipckuii PP (III) ¢ mecTopoxxnenuem
Cenmurmap penko3eMenbHO-peIKoMeTaibHO-GochopHO-TOpUEeBOil B KapOoHaTuTax P®d, a Takxke
Mecropoxkaeaust Marunwmiickoe (18), bByrynaps (19) ananoruunsix PO u Toproiickoe (15) — Topuii-
YpaHOBOM B HIEIOYHBIX METACOMATUTaX M KBapl-(IIOOPUT-0apUTOBBIX kuiax PO.

[IpumeuarenpHO, YTO paccMaTpPUBACMBIN CIEAYIOMNUNA AT — AHAOAPCKUI — €TMHCTBEHHBIN IITUT
B MHUpE, B Mpe/esiax KOTOPOTO K HACTOSIIEMY BPEMEHU HE BBISIBJICHO KPYIHBIX MECTOPOXKICHUN
MOJIE3HBIX MCKOMAEMbIX, XOTSI €ro MOTEHIMAT Ha CIEKTP IMOJIE3HBIX MCKOMAEMBIX y OOJBITUHCTBA
re0JIOrOB COMHEHMI He BbI3bIBaeT. OTCYTCTBHE MECTOPOXKICHHI, 10 BCEH BEPOSTHOCTH, OOYCIIOB-
JIEHO HEI0CTATOYHOM €ro MPOrHO3HO-MUHEPAreHUYECKOM, TOMCKOBOM HU3YYEHHOCTBIO U OTCYTCTBH-
€M TIPOBEJCHHBIX peruoHaIbHBIX padot mo [JI[1-200/2 B mpeaenax JIMCTOB, OOJAAAFOIIUX BBEICOKOM
MIOUCKOBOH mepcrekTuBHOCTRI0. B Anabapckoii MII B acriekTe TOpPUEHOCHOCTH HHTEPEC MPe/ICTaB-
0T bunnsixckas, Canraxckas, Jlamyiickas, Uenrenen-Xaparckasi, KorylikaH-MoHxon1HCKas 1o-
TeHIHaIbHO-MeTautoreHnueckue 30861 (IIM3) u bupuruaanno-MioHrocaxckuii 1 MOHXOJIMHCKUN
[IPY ¢ TopmeBOi peako3eMenbHO-PEAKOMETAIIIBHOM C YPAHOM B ITOJIMKOMIIOHEHTHBIX METacOMa-
tutax PO, a Taxoke Manbmkanrapekuii [IPY ¢ peakosemenbHO-peaKoMeTamibHO-(GOCHOpHO-TOPH-
eBol B kapOoHarutax PD [61].

N

G T [ O3 s 35 e 7 bnds 19

Puc. 17. Cxema MuHepareHH4ecKux nposuHuuii Poccun

1—7 — MUHEpareHn4ecKue MpoBUHINH: / — muToB ApeBHUX miardpopm (ACIL — Annano-Cranosast, AILl — Anabapckas, KK — Ka-
peno-Konbckas), 2 — yexsioB apeBuux miardpopm (BE — Bocrouno-Eporneiickas, BC — Boctouno-Cubupckas), 3 — 4eXI0B MOJIOIBIX
marpopm (3C — 3anagao-Cubupcekas, CO — Cxkudcekas, TI1 - Tumano-Ileuepckast), 4 — kommmsnonnsie (BK — BepxosHo-Konsivekas,
JIC — JIsixoBceoo-Casronockas, JIIT — JlanreBomopckast, KU — Konbimo-Uykorckast, I[TH — Iaii-Xoit-HoBozemenbckas, TC — Taiimbl-
po-CeBeposemenbekasi), 5 — akkperroHHO-Koumm3noHHbIe (KO — Konmsimo-Omononckas, KB — Kpeivcko-Kaskasckas, YP — Ypans-
cKast), 6 — AKKpEIOHHO-KOJTH3HOHHO-akTHBHOOKpanHHbIe (AC — Anrae-Castackast, BA — baiikansckas, MO — Monrono-OxoTckasi,
OK — Omroropcko-Kamuarckas, OY — Oxorcko-Uykorckas, CA — Cuxors-Anunbckas, Xb — Xankaii-bypennckas, C — Caxanunckas),
7 — octpoBoxyxHsle (KY — Kypuibckas); § — rpaHUIBI MUHEPareHHIeCKUX MTPOBUHIINI; 9 — IPaHUIIBI METAJUIOTEHHYECKHX 30H, PY/I-
HBIX y3JI0B, PaliOHOB.

Mecropoxaenust: 1 — Kosnop, 2 — Bauben, 3 — JloBo3epckoe, 4 — Adpukanna, 5 — Cangunckoe, 6 — Bumnuesoropckoe, 7 — Cu-
oupka, 8 — Tyranckoe, 9 — Mano-Pacraiickoe, 10 — Kuiickoe, 11 — Ynyr-Tanzek, 12 — Apsickanckoe, 13 — Tomrop, 14 — EpmakoBckoe,
15 — Toproiickoe, 16 — Karyrunckoe, 17 — Cenurnap, 18 — Uarunmiickoe, 19 — Byryaaps.

Mertasnorennueckue 30861 (M3), pyassie y3isl (PY) u paitonst (PP): I — Kosnopo-JloBosepckas M3, 11 — Katyrunckuii PY, 111 —
Bepxuennmusipckuii PP, IV — Icen-Uepnokanursenckas M3, V — Ymkunckas M3, VI — Yanobeukuit PY, VII — Maiimeua-Koryiickast
M3, VIII — Cpennernmanckwuii PP, IX — Yernacckuit morennmansro PY, X — Tyranckuit PP, XI — Bepxuerypcko-HoBoopeHOyprekas
M3, XII — LlentpansHo-Enunceiickas M3, XIII — Canrunenckas M3.

Pynno-¢opMannoHHbIH THIT TOPHEBOI MUHEpAIN3aLUH TIOKa3aH B Ta0I. §
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B npenenax Bocrouno-EBponeiickoit MII B dexiie tuiatgopMbl 10 HACTOSIIIETO BpEMEHH MECTOPO-
XJAeHUU Topus He BbIsBIeHO. [loBbiieHHbIE conepskanus Topus (10 0,7 %) 3apuKcupoBaHbl B OOK-
CUTOHOCHBIX (popMalUsiX, B YACTHOCTU OOkcuTax BucioBckoro u SIKOBIEBCKOro MECTOPOXKICHUM
B IIeHTpasibHOM yacTu miatdopmel (KMA) 3a cuet npucyTCTBHs LIMPKOHA, MOHALIUTa U TopuTa [58].

[cen-YepuokanuteeHckass M3 (IV) BoiaeneHa B apeaiie pa3BUTHS TUTAH-ITUPKOHUEBBIX POCCHITICH
B MO3IHEOJIUTOLICHOBO-PAHHEMHUOLIEHOBBIX MTPUOPEKHO-MOPCKUX OTIOKEHHUSAX MOJTABCKOTO HAJIrO-
pu3oHTa MOITHOCTHIO OT 8—10 110 45 M. IIpOonyKTUBHBIN TOPU30HT TOHKO-MEIKO3EPHUCTBIX CBETIIO-
KEITOBATO-CEPHIX KBAPIIEBBIX MECKOB MOIIHOCTHIO OT 1 70 15 M npuypodeH K BepxHeOepeKCKoi mojI-
CBUTE IOJITABCKOT0 HaAropu3oHTa. ConepikaHue B PyAHOM IUIacTe TSDKEIOoW (pakiuu U3MEHSeTCs
ot 0,05 o 1,87 % (unoraa 10 5 %). MomHOCTb pyAHBIX IJIACTOB COCTABISAET 2—9 M, a cofepxKaHue
B HUX MUHEPAJIOB TspKenon (pakium (kr/m3): msmenuta 7,88—10,13, pytuna 4,12—6,28, nefikokceHa
2,01-3,17, uupkona 3,32—-6,16, cymma craBposiura u typmaiuna (1,6-4,39), cymma aucrena u cuii-
numanuta (1,7-2). Haubonee npakTuyecku 3Ha4MMbIE POCCHINH BbisBIeHbI B O00stHcKOM [IPP. Py-
JIOHOCHBIE TECKH CJIAraroT 371ech Bopopasneinl pek [lcen, Bopckia, Ilena, CeBepubiii Jonen u pas-
MBIThI Ha HanOoJiee BHICOKUX yuacTkax. M3 Bkitouaer euie psij [IPY — Bytosckuii, BricokoHOBCKHH,
Bopucosckuii u Uctobusuckuii. Pecypest Topus B [IPY He oneHuBanuce.

B npenenax Bocrouno-Cubupckoit MIT ormeuena YmkuHcKkass MUHEepareHu4eckas 30Ha ( V), Ko-
TOpast pacroyioKeHa B CEBEPHOM YacTH MPOBUHIMH, B AHa0apo-OJIeHEKCKON aHTEKIIN3e, K BOCTOKY
ot AHabapckoro muta. OHa 00BEIUHSCT S5 PYAHBIX Y3JI0B ¢ MACCUBAMU IIETIOYHO-YIIETPA0CHOBHBIX
MOpOA U KapOOHATUTOB, TPH U3 KOTOPHIX BBIJACIICHBI IO/ YEXJIOM OCAJ0YHBIX IMOPOJ MMO3/IHEro Ma-
7e030s1 U Me30304. B cocTtaBe 30HBI Hanbonee xoporno uydeHsl TomTopckuii PY, kotopslil BMmecTe
C IpYTUMH y3JaMH NPUYPOUYEH K YIKUHCKOMY CyOMEpHIMOHAIILHOMY MOAHSITHIO, IJI€ Ha MOBEPX-
HOCTBH BBIXOJAT KapOOHATHO-BYJIKaHOT€HHO-TEpPHUTeHHBIE Tomu pudes u BeHna. OHM MPOpBAHEI
MacCUBaMH IL€JI0YHO-YJIBTPAOCHOBHBIX MOPO/.

ToMTopckuii MacCHB 3aHMMAeET BbIJAOIIEECs MOJOXKEHHE Mo MacmTabaM MposiBiIeHUs KapOo-
HAaTUTOB M CBSI3aHHOTO C HUMM OpyaeHeHus [84—86]. 3mech yCTaHOBIEHBI PEAKO3EMEIbHO-PE-
KOMeTaJUTbHO-(hoc(hopHO-TOpHEBasi, MarHETUT-KEJIE3HOPYIHAsT MUHEepanu3anus B KapOOHATHTaXx,
a TakKe MECTOpOXKIeHHs He(deTnHOB B caMoM MaccuBe (puc. 7). @opMupoBaHue pyIHON MUHE-
pa3aiyy IPOUCXOAUIIO B MHTEPBaje OT MO3JHETr0 JOKeMOpHs A0 paHHEl nepmu. Beineneno tpu
aTamna B ee oOpazoBaHuu. [lepBrIif 3Tam — cTaHOBIIEHHE MHOTO(A3HOTO MAacCHBA U KapOOHATUTOB
(R-D), nanee ¢opmupoBaHue MOUIHON 30HAIBHOW KOpbl BhiBeTpuBaHus (D;—C) u, HakoHeml, me-
PeOTIOkKEHNE KOpbl B JIoOKanbHbIX BraguHax (P,). ComepxaHue mojie3HbIX KOMIIOHEHTOB B Iepe-
MBITOH KOpe pe3ko Bo3pacTaeT (Tabm. 7). Takoil TOpU30HT C MEPEMBITOM KOPOW MOTYYHII Ha3BaHUE
pyznHoro 1uiacta. M3 moye3HbIX UCKOMAEMbIX B HEM MPHUCYTCTBYIOT HUOOHH, peaKue 3eMild, TOPUH,
UTTpUH, cKanauid, BaHaguii, Gocdop, crponmmii. [lo mMacmrabam opyneHEHHs W KOHLEHTPAIUH
SIIEMEHTOB — 3TO YHUKAJIbHbIH OOBEKT.

3amace! pyasl o kareropusiMm B u C onenuBarorest B 30 520 Twic. T, cpeanee coaepxanue ThO,
B pyae 0,16 % [106].

B 3anannoii wactu npoBuHIMH BeineneH Yanobenkuit PY (VI), B KOTOpOM B OCTAaTOYHOM U Tie-
PEMBITON KOpaX BBHIBETPUBAHUS MO KApOOHATUTAM U IIEJIOYHO-YIBTPAOCHOBHBIM Moponam Yamooer-
KO MHTPY3UHU yCTAHOBIICHBI KPYIHbIE MECTOPOXKICHHUS HUOOUN-peaKO3eMeNbHO-TOpuii-PochaTHbIxX
pya (Uykrykonckoe) u 6okcutoB (LlenTpansHoe).

Jlpyroii onpeaensoneil MUHepareHnIeckuii 00k Boctouno-CruOupckoii MPOBUHITNU SBISICTCS
TOpHEBas MUHEPATU3AIHSI, CBI3aHHAS C IIEJIOYHO-YIETPA0CHOBHBIMH UHTPY3HUSIMUA U KApOOHATUTAMH,
KoTopble 00benuHeHbl B MaliMeua-Kotyiickyto MmuHeparennueckyto 301y (V1I). OHa pacnonoxeHa
B CEBEPHOW YaCTH MPOBHUHIIMH, K 3amaay oT AHabapcKoro mmura, U o0beaunseT o6onee 15 maccu-
BOB, JJa€K U CHJIJ IIEJIOYHO-YJIBTPAOCHOBHBIX MaccuBOB. Camblil KpynHbId — ['ylnHCKMI MaccuB
wiomaapio moutd 2000 km2. [TonokeHue 30HBI ONpeAessieTcs He TOJIBKO STUMH MHTPY3USIMH, HO
TaK)Ke€ CHUCTEMOW BEepOOOpa3HBIX PA3IOMOB, BEPIIMHOM KOTOPHIX sBiseTCS [YIMHCKUNA MaccCuB.
Ha nepeceuenuu nocieaHux c APyrMMH HapyLIEHUSIMU pa3MelaloTcsi Haubojee KpyHHbIE MHO-
roda3Hble HHTPY3UU C KapOoHaTuTamu. 110 CTpPOCHHIO ATH MacCHUBBI OIHOTHUITHBI, HO OTIHYAIOTCS
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00beMaMHU CIaramIluX UX MOPOJA U COOTBETCTBEHHO MPeodalaHieM TOTO UM UHOTO OPYIACHEeHHS,
B TOM YHCJIE€ TOPUEHOCHOCTU. BO3pacT opyleHEeHNsI CHUTACTCSI PAHHETPUACOBBIM, XOTSI CTAHOBJICHUE
4acTU MacCUBOB WK OTJENIbHBIX (pa3 nmpousonuio B no3nxei nepmu. Ilo Muenuto aBropos, Maiime-
ya-Kotylickasi MUHepareHuuecKasi 30Ha MOXKET MPEACTABIATh UHTEPEC B OTHOIIEHUH TOPUEHOCHOCTHU
TaK)Ke KOp BBIBETPUBAHUS 1O KapOoHatuTam [92].

B uyexonmpHBIX KOMILIEKcax MoJoabiX 1wiargopm B mpenenax Tumano-Ileuepckoir MII Boine-
JIEH Psii TOpUEHOCHBIX MeTamuioTekToB. B Cpennerumanckom PP (VIII) GoxcutoHOCHasi TonIa
CPEIHEro JIeBOHA MEPEKPBhIBACT MHTEHCUBHO JIUCIOIMPOBAHHYIO CIAHILIEBO-KapOOHATHYIO TOJIILY
ObICTpUHCKOM cBUTHI pudesi. MomHocth 60kcuToB oT 5 10 30 M. Conepsxkanus topust 10 0,7 %
BoIsiBIIeHBI Ha Bepxue-ll{yropckom u lleHTpanbHoM OOKCUTOBBIX MecTopokaeHusx. B PP Bxomsar
CetnnHCcKkO-BopbikBUHCKHM U 3a0CTpOBCKO-SAMO3epckuit PY ¢ cyMMapHBIMH MPOTHO3HBIMH pe-
cypcamu O0okcuTOB Oonee 50 MIH T.

UYernacckuit [IPY (1X) BbIIeneH MO HAJWYHIO PEIKO3EMEIbHONW MUHEpalIM3allid HUTTPUEBOMN
rpymisl (0,18-0,24 % TR,0;) u Huodus (0,02-0,34 % Nb,O;) B KBapI-110JI€BOIINATOBBIX, TEMaTUT-
TIOJICBOIITIATOBBIX, AIbOUT-3TUPHUHOBBIX TUIATMOKIIA3UTOBBIX KUJIBHBIX TOPUEHOCHBIX METACOMATHU-
Tax B 30HAX HApYIIECHUH, pACCEKAIOIIUX CIAHIICBO-KBAPIIUTOBEIE TONMIMU pudes (pyaomnposBieHUuE
topusi Bepxue-Meszenckoe). PynoHocHbIE METaCOMaTHTHI BCKPBITHI CKBKMHAMH HA TITyOHWHE OKOJIO
160 m Ha OxTs06pbckoi, HoBoOOOpoBCcKOH, Me3eHckoit n BepxHeme3eHcko# muiomamasix. ABToOp-
CKH€ IPOrHO3HbIE pecypchl Kat. P, HazBaHHbIX ruiomaneid — 10 Teic. T TR,05 u 4 ThIC. T Nb,Os.
[ToTenuuan Topusi HE OLICHUBAJICS.

Ha nBa mopsiaka BbIllle aBTOPCKUE IMPOTHO3HBIE PECypChl MITOKA KapOOHATUTOB pPa3MeEpOM
200 x 400 M, BckpeiToro Ha KochroHckoit miomanu Ha riyoune 300 m. B xope BbmIBeTpHBaHUS
CEKYIIMX KapOOHATUTHI JKWJI TETHT-IIOJEBOIIIATOBOTO, KapOOHATHOTO M KBapI-TeMaTUTOBOTO CO-
ctaBoB cpeanee coaepxkanue (%): TR,0; — 1,8, Nb,Os — 0,043, Ta,0O5 — 0,07 — u ux aBTOpCKHE
MIPOTHO3HBIE pecypchl KaT. P, coctaBistor coorBeTrcTBEHHO 1360; 29 u 5 ThIC. T. CBEiEHUS O CO-
JIEPKAHUSIX TOPUSL OTCYTCTBYIOT [61].

B 3anagno-Cubupckoil MeTamuioreHn4eckoi NpoBUHIMM UHTepec npeactasiser Tyranckuii PP
(X), KOHTpOJIMpPYEeMBbIi 30HOH morpykeHus KonbIBaHCKOW CKJIag4aTod 30HBI MO/ OCAJOYHBIN Ye-
xon 3anaano-Cubupckoii miuThl. [IpoayKTUBHBIE POCCHIIU 3aJIEral0T B MEIKO3EPHUCTHIX MECKax
KYCKOBCKOM CBHUTBI JIIOJIMHBOPCKOTO TOPU30HTA HIKHETO-CpeHero do1eHa [25]. OrpabarbeiBaeMoe
B TyranckoM PY onHOMMEHHOE MECTOPOXKICHUE BKIIIOUAET S5 pocchinei. Pazmepsl caMoi KpymHOM
u3 Hux, Kyckoscko-lllupsieBckoii, coctaBusitor 11 % 1,7—4,2 kM. MOIHOCT IJIaCTOB Ha MECTOPO-
XaeHuu udmensiercs ot 1,4 m 1o 7-14 m (unorma 27 m), conepskanre moHaruta 0,03 %, 3amacel —
120,3 ThIC. T, KOTUYECTBO TOpUA B MOHauute — 5,99 teic. T [109].

B I'eopruesckom PV, B nipenenax BoleykazaHHOTO PP, B OTIIOKEHMSIX KyCKOBCKOW CBUTBI J0LICHA
Ha niryOuHe 6osnee 100 M BbIsiBICHO ['eoprueBckoe MeCTOpOXKIeHHE. 3anachl IIUPKOH-PY TUII-UIIbMe-
HUTOBBIX pya pa3BeaaHHoro Kanrecckoro ydactka oueHensl 1o kareropusiM C; + C, 1 cOCTaBISIIOT
1,568 mau 1 TiO, (npu cpennem ero copepkanuu 17,68 kr/m3); 0,4088 muu T ZrO, (ipu cpeaHem
ero conepxxkanuu 4,87 kr/m3). MecTOpOXIeHUE MPUTOIHO ISl OTPAOOTKHA METOIOM CKBaKUHHOM
ruaponoosruu (CL) [25].

B ckimaguaTo-HaABUIOBBIX 00JACTIX aKKPEIMOHHO-KOJTUM3MOHHAs Ypanbckas MII comepxut
Bepxuerypcko-HoBoopenOyprckytro M3 (XI) ¢ BumnueBoropckum (6) [110] mecTopoxaeHuem
B He(eIMH-CHEHUTOBBIX MErMaTUTaX WIbMEHOTOpcKoro komiuiekca P,—T, B Taiiruackom PY pen-
KOMETaJUIbHO-TOPHEBOM B IIEJIOYHBIX METacoMarutax U (hIroopuUT-0apUTOBBIX XKUIax (hopMaiuw,
¢ conepxanueM (%): Topus 0,04—0,19, aunodus — 0,33, urtpus no 0,15 BumHeBoropckoe, a Takxke
MectopoxaeHue Cubupka (7) ¢ mpomsbinieHHBIM coaepkanuem Nb, Ta, Zr, Th, Mo, Be. B cBsi3u
C TUIOXOM 000raTUMOCTBIO PYIl OOBIYHBIMH CIIOCOOAMH MECTOPOXKJIEHHUE OTHECEHO B pa3psj 3ada-
JIAHCOBBIX, HO IIPU 3TOM OCTAETCs KPYNHEUIIUM PEIKOMETAUIBHBIM MECTOPOXKICHUEM Ypaia. Me-
CTOPOXKJICHHE CIIOKEHO MOJIEBOUINATOBBIMHU, (PENb/IINaTOUTHO-TOJIEBOIINATOBBIMU U KapOOHATH-
TOBBIMH METACOMATUTAMH C Pa3HOOOPA3HOW TOHKO3EPHHUCTON PEAKOMETAIUTLHON MUHEpaIU3aIueH.
PenxoMeTanibHbIe METACOMATUTHI Pa3BUTHI 110 TPaXUaHIE3UTO-0a3aIbTaM HEOOJIBIIION JTOKAIBHOM
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BYJIKAHMYECKOH CTPYKTYphI (KajbAephl ByIKaHa) U BMEILIAIOIINM €€ 0CaI0YHBIM MopojaaM Oakalb-
ckoit u carkuHCcKou cBUT HUxkHero pudes (E. C. llaranos u ap., 2014) [61]. 3amacer Topus He o11e-
HUBAJINCH.

AKKpELMOHHO-KOJUIM3MOHHO-aKTUBHOOKpanHHast Anrae-Casnckas MII Bkitouaer LleHTpanbHo-
Enuceiickyro M3 (XII), rae B CyOmUpOTHOM MOJI0CE MPOTSHKEHHOCTHIO 0koiio 500 KM pacrooxe-
HBI MECTOPOXACHHS (C 3amaaa Ha BOCTOK): Kuiickoe (puc. 11), Tarapckoe n UyKkTykoHCKOE peli-
KO3eMeJIbHO-pEIKOMETAITLHO-PochopHO-TOpHEBOH (hopmanuu. B HUX TPOJYKTUBHBIMU SIBIISIFOTCS
KapOOHATHUTHI, a BMEIIAIOIIMMHU UX KOPEHHBIMU MOPOAAMHU — MPEUMYIIIECTBEHHO U3BECTHIKHU U J0-
aoMuThl. COOCTBEHHO, MECTOPOXKICHUEM SIBISIETCS MOJIOca KapOOHATUTOBOIO IITOKBEPKA MPOTS-
YKEHHOCTBIO 2,5 kM 1ipu cpeaneit mupune 400 M; oO6orameHHbld y4acTOK KOPbI BHIBETPUBAHUS 110
kapOonaruram umeet pazmepsl 300 x 400 m. Conepxanue (%): Th B «pynubix oxpax» 0,02-0,11;
OKCHJIOB peIKuX 3emenb B mpobax — 20, cocraBnss B cpenneM 5,90; a mpumeceit — Nb,O5 — 0,3,
71O, — 0,1, Li,0 — 0,06. OcHOBHOE OTIMYHE OT Py, HAIPUMEP MECTOPOXKIeHUsT TOMTOP, COCTOUT
B CYIIECTBEHHO OOJIbIIEM COIEPKAHUU OKCHAOB U THAPOKCUAOB JKeje3a, YTO JaeT BO3MOKHOCTh
3 PeKTHBHOTO 00OTAIIEHUS PY/IBI 33 CUET MEPEBOJIA JKEeJIe3a B MATHUTHOE COCTOSIHUE M YAAJICHHS
ero marHuTHOM cenapanueid. Canrunenckas M3 (XIII) Bximrouaer mectopokaeHue Yiayr-TaH3zek
(puc. 7), mpeacTaBICHHOE OPYACHEIbIM IITOKOOOPa3HBIM TEJIOM KBapI-aIbOUT-MUKPOKIMHOBBIX
METacOMaTUTOB (KBAJIbMHUTOB), PA3BUBAIOIIMXCS TI0 MIEIOYHBIM IpaHuTOUIaM [27].

B sroit sxe MII pacnionoxkeno u ApbsickaHckoe MecTopokenue (12) penko3zeMenbsHO-TOPUEBOI
YPAaHOHOCHOH B aJbOUTUTAX M STUPHH-aM(PHUOOIOBBIX METacOMAaTUTaxX pyaHOH (opmanmu. Penko-
3eMmenbHO-TopueBasi, Ta-Nb u Zr MuHepanuzalus CBsi3aHa C ajabOUTHU3AlMEN, peoOpa3oBaBIIeit
CUEHMTHI U THEHCHI B KBAJIbMHTHI. YHUKaJIbHA Hambosee KpyIHas albOUT-MajJaKoH-pUOEKUTOBAs
&Kuia npoTskeHHocThio 170 M nipu cpennelt MmomHoctu 0,45 M. CoctaB pya Ha MECTOPOXKIECHUU
¢ IyOMHON MEHSIeTCs: eClIM Ha IOBEPXHOCTHU IMpeodiagaeT pepryCoHuT, TO Ha TIIyOOKHX FOPU30H-
Tax OH CMEHSETCS MUPOXJIOpoM. s pyan XapakTepHO pe3Koe mpeolrnagaHue UTTPUEBBIX 3eMelb
HaJ LIEpPUEBBIMU, UTO JI€JA€T PYIHBIH 00BEKT 3KOHOMUYECKH OCOOEHHO MPUBJIEKATEIbHBIM.

B Mourono-Oxorckoit MII noseiiennsie (0,01-2,20 %) conepkanust Topus BbIsIBIEHbI Ha Ep-
MaKOBCKOM (14) KOMIUIEKCHOM OepHIIITMEBOM MECTOpPOXKACHUH ((opMarus peaKo3eMelbHO-TopHre-
Basi ypaHOHOCHAsi ¢ OepuIUTMeM B albOUTUTAX U ATUpUH-aM(PpuOOIOBBIX MeTacomMaTuTax). B pymax
COAEPKUTCS 0 JECATHIX AOJEH MPOLEHTa UTTpUsl, UTTepOus, rapuus. Topuil cBsi3aH ¢ TOPUTOM,
LIUPKOHOM, KCeHOTUMOM. MecTtoposkienue Ha 47 % 3amacoB oTpaboTaHo KapbepoM. B HacTosiee
BpEMSI MECTOPOXKIEHNUE 3aKOHCEPBUPOBAHO.

Taxkum 00pa3zoM, MOXKHO CJIeJIaTh BBIBOJ, YTO W3 MPUBEICHHOTO MEPEYHS TUTIOBBIX (3TAJIOHHBIX )
MECTOPOXKACHUM W TOTEHIMAIbHO TOPUEBOPYIHBIX M TOPUEHOCHBIX (hopManuii Haubosee mep-
CTMIEKTUBHBIMU CPEJIN SHIOTCHHBIX OOBEKTOB MPEICTABISIOTCS: TOPHI-PEIKOMETAIUIbHAS C YPAHOM
u OepuiiueM B STUPHH-ATbOMTOBBIX METACOMATUTAX, AIbOMTUTAX U (EHUTAX U PEAKOMETaJIb-
HO-TOpHEBAs B IIEJIOYHBIX METACOMATUTaX U (IIOOPUT-0APUTOBBIX JKUJIAX, a CPEIU SK30TCHHBIX —
TOPUN-PEIKO3EMENbHO-LUPKOHUN-TUTAHOBAs! B MOTPEOCHHBIX NPUOPEKHO-MOPCKUX U JIEIBTOBBIX
POCCBIISX, YTO OMNPEAENIAETCS KaYeCTBOM Py, MAacIITaOOM OpYAECHEHHUS U PACIPOCTPAHEHHOCTHIO
Toi uian uHOM (hopmanuu. [lomyTHOE MoTydeHHE TOPHUSI MOXKET OBITH PEHTA0ETBHO MPH OTPAOOTKE
TOPUH-PEKO3eMENbHO-PEIKOMETAIUIBHON C YPAaHOM B armauTOBBIX HE(ETHMHOBBIX CHUEHUTAaX B 30-
Hax MeTacoMaTro3a W TOPHH-IUPKOHUK-(OCPOpHO-ypaHOBOM B DMCHTAX M amaTUT-KapOOHATHBIX
xwiax gopmanmii [55; 61].

CyuiecTByromue B MUPOBOM MPAKTUKE KATETOPUH 3aI1acoB JJIsl TBEPBIX MOJIE3HBIX UCKOMAEMBIX
K TOPHUIO HE MPUMEHSJIUCH U MPU €r0 OLEHKE OTPaHMYMBAINCH, KaK MPAaBWIIO, JIUIIb MPOrHO3HbI-
MU pecypcaMu. [IpoMbIieHHbIH 0ajJaHc pecypcoB 00€CTICUNBAIOT YETHIPE THIA MECTOPOXKICHUH,
OXapaKTepU30BaHHBIC BHIIIE, B TIEPBYIO OYepe/b KapOOHATUTHI M pocchinu. [IpuBomumbIe B oTeue-
CTBEHHOH JUTepaType M MHTEPHETE CBEACHMS O 3amacax M pecypcax TOPHs B T€X MU MHBIX Me-
CTOPOXJICHUAX M (popMalusax comepikaT aBTOPCKYIO OIEHKY M MpU THocleayrommux pabdorax, 6e3
COMHEHUs, OyAyT MOABEPrarbcs KOPPEKTHPOBKE.
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I'maBa 9. TEOJIOT'O-ITPOMBIINJIEHHBIE THUIIBI
MECTOPOXJIEHU TOPUS MHUPA

Pa3BuTHe MUPOBOII SKOHOMHKHU U PHEPTeTUKU B ONIMKailllleM MpOIIJIOM OIMpPenesioch OTCYT-
CTBHEM CYIIECTBEHHOTO CIpOCa Ha TOPHM, KOTOPBIH HE SBISUICS OCHOBHOMW IENIBIO T€0JIOTOpa3Be-
JOYHBIX paboT. Bo3pacTaromuii UHTEpec K TOPHUIO, KaK peajbHON 3aMeHe ypaHa B KayecTBE TO-
IUIMBA B SJEPHBIX PEAKTOpax, CTUMYIUPYET POCT BHUMAHUS CHEIMAINCTOB aTOMHON SHEPTETHKHU
K €ro MPHUPOIHBIM MUCTOYHUKAM — MECTOPOXKICHUSIM PA3JIUYHBIX T'€0JIOTO-IIPOMBIIIICHHBIX TUIOB.
Ota TeHJeHIMs 0a3upyeTcsl TakKe Ha JJOKYMEHTax HKCHEepTOoB DKoHOoMHYecKoro n CouuanbHOro
cosetoB MATI'ATO npu OOH (2015 r.), yTBepKaaromux, YTO TOPUNA, aHAJOTUYHO YPaHY, MOXKET
MCIIONB30BaThCs B KaUeCTBE TOILINBA B si/epHbIX peakTopax (http://mineral.usgs.gov/minerals/pubs/
commodity/rare earths).

ATpuOYTHBHOCTH TOPHUS — €T0 MPUPOIHAS PATMOAKTUBHOCTD — IMOCITYKWIJIA B CBOE BPEMs Ipe/I-
METOM M3YYCHHUS U HAKOIUICHUS CIEeUUATbHON HH(OpMAIMK 110 MECTOPOXKACHUSAM PaTHOAKTUBHBIX
pyn B MATATD npu OOH (IAEA).

[IpencraBienust o moaxoae 3apyOeKHBIX KOJUIET K THUIHU3ALMU TOPUEBBIX OOBEKTOB JaeT JeH-
ctBytomas kinaccuukanuss MATATO [104], cormacHO KOTOPOW BBLAEISAIOTCS CIEIYIOIIME THUIIBI
MECTOPOXKACHUM:

1. MarmaTuyeckre CHHT€HETHYECKHE:

— TPaHUTHI, AJICKUTHI,
— CHEHUTBHI, HICTIOYHBIE MTOPOIHI,
— KapOOHATUTHI,
— BYJIKAHUYECKHE TTOPO/IBL.
2. MarmaTu4eckue SMUreHEeTHIeCKUe (KUITHHBIC):
— TIETMAaTHTHI,
— JKWJIBI Pa3IMYHOTO COCTAaBA.
. Meracomaruueckue.
. Meramopduueckue.

5. OcaxouHEbIe:

— POCCHINHBIE, BKIIOYAIONINE OeperoBblie (IIOHHBIE POCCHINH), MAJIEOPOCCHIITN, COBPEMEHHBIE
pocchIni,

— B YIVISIX, JIMTHUTAX,

— B ¢ocdarax,

— OCTaro4yHble (KOp BBHIBETPUBAHMUS).

Cy1iecTBYIOT U Apyrue Kiaccu(uKaluy pa3IunyHbIX TUTIOB MecTopoxkaeHuit Topus [63]. 1o pac-
MIPOCTPAHEHHOCTHU BBIJICISIEMbIX THIIOB U UX MPAKTHUECKOMY 3HAYEHUIO BHICTPAUBACTCS CIEIYIOLIUI
psi IPUPOIHBIX 00BEKTOB (%0): KaApOOHATUTOBBIE, POCCHIIHBIE, JKUIIbHBIE, LIIETIOUHBIE, ITpoune [64; 99].

Hwxe npuBoauTes Kparkas XapaKTepUCTHKa MECTOPOXKICHUH TOPHS Ka)X/I0TO TUMA B COOTBET-
ctBuM ¢ Ki1accuduxanueir MATATD, nMeromux BaKHOE 3HAYECHUE U OMPEIEISIIOIINX COBPEMEHHOE
COCTOSIHIE MHHEPAJIbHO-CBIPhEBOM 0a3bl Topus 3a pyoesxom [101; 103; 104].

W

KAPBOHATHUTHI

Kapbonarur — marmatuueckasi ropHas mopoja, coctosimas 6osiee yem Ha 50 % u3 kapOoOHaTOB.
ITo npeobnanaromemMy kKapOOHATy BBIAENAIOTCS JOJIOMUTOBBIE, KaJIbIIUTOBBIE M HAaTPO-KapOOHATHU-
Thl. XapakTepHble MUHEpaJIbl KapOOHATUTOB: KAJBLMUT, JOJIOMUT, (JIOTOMUT, JUOICH], MEITWIUT,
araTuT, TIEPOBCKUT, MTUPOXJIOP, aHKEIUT U Jp. BakHOE SKOHOMHYECKOe 3HAUCHHE UMEIOT allaTwr,
0apuT, BEpMUKYIIUT; SIEMEHTBI — TOPUH, HHOOUH, TaHTaJI, PEIKHE 3€MJIH, MEJb, JKEJI€30, IIUPKOHUH,
TUTaH, YpaH U pexe — APyrue MUHEPabl U DJIEMEHTHL.
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Topuit B acconuanuu ¢ peIkuMH 3eMJISIMU IPUCYTCTBYET B Pa3IMUHBIX MMPEACTABUTENSAX KapOo-
HaTUTOB. B ux uucne: bepmpanoum-gnoconumosvie kapoonamumol ¢ MAPUATOM, OACTHE3UTOM,
MOHAIIUTOM M JIPYTHMMHU peaKo3eMenbHbIME MuHepanamu Bocrounsix Casa (benas 3uma), Amnna-
Ha (ApOapacrax, ['opnoe O3epo), Manasu (Kanrankynne), Kenuun (Mpuma), 3amoun (HkomOBe),
IOAP (IlInuukom), Tanzanuu (Byry), bpasunuu (Karanao, Mary-Ilpeto) u ap.; 6acmuesum-seu-
punossie kapoonamumsl Kutas (basa-O60, Maonununr, Baitman), Kamudgopuun (Mayntun-Ilace,
JxeiimcrayH, PaBammm, amnmmnac, Canmon6eit), bypyunu (Kapownre), IlIBennn (bactaes), Mon-
ronun (Mymyrait), Ykpauns! (IlerpoBo-I'nyToBo), Manarackapa (Amb6aropunannpaxana), Boer-
nama (Hawmce), Tysol (Kapacyr) u np.; kopsi evlieempuganus no kapooHamumam ¢ peaKo3eMemb-
HOM MuHepanu3anueil bpasunuu (Apamra, Karanao), Asctpamuu (Maynt-Bensn), 3aupa (Jlyammn),
Sxytuu (Tomrop) [65].

Onno n3 Haubosee U3BECTHBIX NMPEACTABUTENCH TaHHOTO TUIa — MecTopokaeHue Apaiia B bpa-
swmn (mrar Munac-XKepaiic) [99; 103].

Mectopoxaenne Apauwia — MAPOBOH 3TaJIOH KPYMHBIX U OOraTblX HUOOMEM SKCILTYyaTHPYEMbIX
MECTOPOXKICHUN THPOXJIOPOBBIX pyd. OpyaeHEHHE JIOKAJIM30BaHO B KapOOHATUTOBOM MAaCCHBE
MeJIOBOTO Bo3pacTa (puc. 18), BHeapuBIIEeMcs B AJOKeMOpHiickie MeTtaocaaku. MHTpy3ust KOHTPO-
nupyeTcsi TIyOuHHBIMH paznoMaMu. JloObiBaeMble pyIbl B OCHOBHOM CKOHIICHTPHUPOBAHBI B KO-
pax BBIBETpUBaHUs KapOOHATUTOB. Pecypchbl HHOOMEBBIX Py OlICHMBAIOTCA B 462 MiH T. 3amachl
Nb,Os — 11,5 MaH T npu cpenHux coxepkaHusx 2,5-3,5 % (Ha OTHENBHBIX ydacTKax 10 8 %).
CpenHue cofepaHUsl COMyTCTBYIONINX PEIKO3eMENbHbIX dneMeHToB — 13,5 %, docdopa — 15 %
P,0s. Pynbl MecTOopoxkIeHUs KOMIUIEKCHBIE: COAEpkKaT MUPOXJIOp (IIaBHBIA MHUHEpa), a TaKkKe
anaruT, OapuT, MarHe3uT, MUHEPAJbl TOPUs, LUPKOHUS, YpaHa, PEIKUX 3eMellb, MapraHua u Jp.

[Tomumo Nb B pynax 3aximouensl KpynHbie 3anacsl Th u U. Pynnas Munepanu3amnus npeactas-
neHa Ba-conepxaiieil pasHOBUAHOCTBIO TUPOXJIOpa, BKItouatomen 10 2 % Th u Hekotopoe Kouu-
yectBo U. Cpennee conepxkanue Th B kope BoiBeTpuBanus gocturaet 0,13 %, obuiue ero pecypcbl
coctaBisitor npumepHo 400 000 T.

B nacrosmiee BpeMsi paMOaKTHBHBIE SJIEMEHTHI U3 PyJ MECTOPOXKACHUS Apaiia He H3BIICKa-
torcs. B mpomecce nmpousBonctea dhepponrnoduoma (raBuoro npoaykra gooerau) U u Th B Buae
NOOOYHBIX MPOAYKTOB MOCTYMAIOT B MIIAK
U CKJIaJUPYIOTCA.

Ecnu Oyner pa3pabotan 5KOHOMHUYECKU
3G PEKTUBHBII TEXHOJIOTMUYECKUN CIIOCOO
uspneuenuss U u Th u3 maka, To Apaina
MOJKET CTaTh NMPOU3BOJUTENIEM 3HAYUTEIIb-
HbeIX KomumdecTB Th u U. MecropoxaeHue
Apama pazpabareiBator komnanun Com-
panhia Brasileira de Metalurgia de Mine-
rasao (CBMM) u Companhia Mineradora
de Minas Gerais (Cornig).

Puc. 18. Cxemaruyeckasi KapTa KapOOHATHTOBO-
ro maccuBa Apama [99; 103]
1 — cunexcut; 2 — ceBUT; 3 — 6eOPCUT C TOTUNHEH-

HBIM DIUMMEPHUTOM; 4 — 6epOpCHT/IIIMMMEPUT; 5 — IIIHM-
MEpUT ¢ MOAYMHEHHBIM Oedopcutom; 6 — GeHuTU3npo-

E 6 w 7 /,"\V’ ] / - 9 BaHHBIC CIIAHIIGL, 7 — ()EHUTU3MPOBAHHBIC KBAPIUTHI, § —

KOHTAKT ¥ KOHTAKT IMpe/ronaraeMblii; 9 — pa3jiom
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Puc. 19. I'eosioruyeckas kapra (a) u reosioruyeckuii paspes (6) mecropoxxaenus Ilanadopa (mo Jx. K. T'epoepry,
1967) [104].

1 — nonepuToBBIC TAWKH; 2 — PyAOHOCHBIE KapOOHATHUTHI; 3 — MOI0CYaThIe KapOOHATUTHI; 4 — (POCKOPUT; 5 — CIIOMHCTHII IMMPOKCEHHT;
6 — KOHTYp Kapbepa

Ilanabopa — kpynHoe KOMILIEKCHOE KapOoHaTuToBoe MectopoxiaeHue B FOAP, B ceBepo-Boc-
TOYHOM yacTu npoBuHuMKM Tpancpaan [99; 103].

Paiion MecTOpOXKIeHHsI CIIOKEH TPAaHUTOTHEHCAMU HIDKHETO apXesi, MPOPBaHHBIMU IITOKOOOpa3-
HBIMH TE€JaMU allaTUTOHOCHBIX MTUPOKCEHUTOB, KAPOOHATUTOB U IIEJIOYHBIX IMOPOJ] C PATUOIOTHYE-
ckuM Bo3pactoM 2060 miH sieT. Bech 3TOT KOMIUIEKC MHTPY3UBHBIX MOPOJ CEYETCS NOCTIOPCKUMHU
JOJICPUTOBBIMU JIalikaMU. ATIaTUTCOJEpIKAIINE BEPMUKYIUTOBbIE TUPOKCEHUTHI (15-20 % amarura)
U MarHeTUT-OJINBUH-AIMAaTUTOBBIC MOPOABI (POCKOPUTHI) PA3BUTHI INIABHBIM 00pPa3oM B ILIEHTPAJIb-
HOM YacCTH MacCHBa U OKPY)KalOT KapOOHAaTUTOBOE (CEBUTOBOE) PO B BUJE KOJIbIAa MOLIHOCTBHIO
6onee 130 m.

Tpy6ooOpa3Hoe HMITOKBEPKOBOE PYIHOE Telo mpociexkeHo 1o rryounsl 1000 M, mpuyem ero
¢dbopma, MUHEpPATIBHBINA COCTAB Py U BMEILAIOLIUX MOPOJ, @ TAKXKE COJIEpPKaHNE B HUX MEIU MpaK-
TUYECKU HE M3MEHSIOTCS ¢ niyouHou (puc. 19).
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[maBHBI MONE3HBI KOMIIOHEHT pyAd — Menb. MenHas MuHepanu3auus: OOpHUT, XaJIbKOIU-
put, Bayuiepunt. OOIIMe 3amackl MEIHBIX Py OLICHUBAIOTCA B 526 MIIH T MPU CPEAHEM COJEpKa-
Huu Cu 0,55 %. Kpome MennbIx cyab(uI0B, OTMEYAIOTCS TUTAHUCTBIM MarHeTUT (COAEp)KaHUE
Ti 1-6 %), anatut (oOmue 3amackl B nepecuere Ha koHeHTpar 2000 MiaH T), Oaameneut (pecypcsl
Zr 540 ToIC. T, conepxkanue 0,15%), ypanoropuanut (pecypcsl Th 36 Thic. T, cogepxanue 0,01 %).
ATaTUT NPUCYTCTBYET B 3HAUUTEJIbHBIX KOJMYECTBAX B IOXKHOM TeJle YIbTPAOCHOBHBIX IErMaTou-
JIOB, a TAK)K€ HA OTJAEIBHBIX Y4aCTKaX OCHOBHOTO TeJa MUPOKCEHUTOB. [IpOMBITIIICHHAS KOHIICHT-
pamys BEepMUKYIUTa MPUYpPOUEHA K CEBEPHOMY M FO)KHOMY TellaM YJIBTPAOCHOBHBIX METMAaTOU/IOB.

Kommnanus Phoscor pa3zpabarsiBaeT MeCTOpOXKICHUE KapbepaMu, U3 KOTOPBIX €KErOHO J00bI-
BatoT MeaHyto pyny (135-115 teic. T mMeau co cpeanum conepkanueM Cu 0,51 %), Oagneneut
(5-12 TBIC. T MUPKOHMEBOTO KOHIEHTpara), MarHeTUT (90—120 ThIC. T KOHIIEHTpaTa), hochaTHyIO
pyay (mo 3,5 MIH T amaTUTOBOTO KOHIIEHTpaTa), BepMUKYIUT (220240 ThIC. T), ypaHOTOPHAHUT
(oxomo 240 1 xonuentpara U;0y).

[Ipu mepepaboTke pyn u3BIekaTcs Takke Au, Ag, maruHouasl (16-20 1) u np. Meanas pyna
13 KapbepoB TOCIe APOOJICHUs TToCcTynaeT Ha ¢uiotanuio (KoHIeHTpar coaepxkut 38 % Cu). XBo-
CTBI (DIOTAIMM TOABEPrarOTCSl MATHUTHOM Cemapaliy ¢ BBIJCICHUEM MarHeTUTOBOTO KOHIIGHTpa-
Ta. VI3 HEeMarHUTHON (Qpakiuy MOTy4yaroT OaIeTICUTOBbI U YPaHOTOPHUAHUTOBBIM KOHIIEHTPAThI
(5 % U504, 14 % ThO,, 65 % ZrO,). [locnennuii nonsepraercs XMMHUYECKOMY BBILLEIAYHBAHUIO.
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Puc. 20. I'eonornyeckas u CTpyKTypHas Kapra Mectopo:xieHusi basin-O6o0, Buyrpennsiss Monronaus, Kuraii [99]

1 — 9eTBEepTHYHBIC OTIOKEHUST; 2 — TPETUYHBIE OTIIOXKEHHUS; 3 — ME30IPOTEpO30iicKast TpyIa 000TalieHHbIX KaJlleM CIIaHIEeB; 4 —
ME30MIPOTEPO30iicKast rpymma CIaHIEeB; 5 — ME30MPOTepO30iickas rpymna U3BECTHAKOB M CIAHLEB; 6 — ME30IIPOTEPO30HCKas Tpynna
CJIQHIICB W TIECUYAHUKOB; / — ME30MPOTEPO30iiCcKas TPyMIla KBAPIUTOB/IIECIAHUKOB; § — MaJIeONPOTEPO30HCKHIE THEHCHI, TOHAIUTEI
U CHEHHTHI; 9 — apxeiickue rpaHuTOrHenChl; /() — MeTaMop(dUUeCKHe YIBTPAOCHOBHBIC NOPOABL; // — PYJOBMEIIAIOLINE JTOJTOMUTEL;
12 — naiiku kapOOHATUTOB (BHE MacmITada); /3 — MO3AHENaNe030iCKIE TPAHUTOUBL; /4 — MO3HENAIC030iCKIe aHAe3HUThL; 5 — pa3-
JIOMBI; /6 — pyAHBIE Tea
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PanuoakTuBHBINA pacTBOp HMIET Ha JaJbHEHIIYI0 XUMUYECKYr0 00paboTKy i u3BneueHust U;Oqg
u cynbgara Th.

baan-060 — xomiuiekcHOE MecTopokaeHre B Kurae pynbl xkenesa, pefakux, pPeaKo3eMeIbHbIX
Y paJrOaKTUBHBIX METAJUIOB — OJIHO M3 KPYIHEUIINX B MUPE, MHTCHCUBHO pa3padarbIBacTCs MOI-
3eMHBIM criocooom (puc. 20).

MecTtopokieHne MPUYPOUCHO K Y3KOH CHHKIIMHAIIH, OCIOKHSIONICH CYOIIMPOTHYIO 30HY MEKTY
ceBepHOU okpanHo LleHTpanbHO-MOHI0JIBCKOTO MacCHBa U KAJIEOHCKOM CKJIQJI4aToON CUCTEMOM.
Bwmeniatonue nopoasl — CpeAHENPOTEPO30OUCKUE KBAPLUTHI, YIIIEPOJUCTHIE CIAHIbI, JOJTOMUTHI
U TyGOUTHL

O6mwme 3anackl pyabl cBoime S00 mutH T. Pa3BeanHbie 3amachl OKCHIOB PEAKUX U PEAKO3EMEIb-
HbIX 35eMeHToB (P39) cocrasmstor 36 muH T, Y,05 100 ThIC. T, Nb,O5 120 THIC. T TIpU CpeaHeM
conepxanuu (%): oxcunoB P33 5,7-6,2, Y,0; 0,02, Nb,O5 0,16, Fe 30-35. BrisiBneHo cBbliie
20 pyAaHBIX 3alieXkel, MPEeuMYIIeCTBEHHO CTPaTu(OPMHBIX (pa3Mepsl IByX HauOoiee KpyHMHBIX —
1,2x0,9 u 1,0x0,8 kM, momHOCTh 10 1 100 M), COCpPEIOTOUCHHBIX TJIAaBHBIM O00pa3oM B Kap-
OoHatutax. PynHble Tenma — Kpyromajaroliue, JMH30BHIHO-IIACTOOOpa3HOM U KuiooOpa3Hoi
¢dopM. Pynel clokeHbI MAarHETUTOM, T€MATUTOM, OACTHE3UTOM, MOHAIIUTOM, SIIMHUTOM, XyaHXH-
toM [Ba (Ce, La, Nd, CO;),F], B He3HauuTeIbHBIX KOJTHMUYECTBAX OCPUILTUEBBLIMI MUHEpaIaMH, 13-
BJIEKa€MbIMHU TTOMYTHO. M3 pya mosiydaroT 0acTHE3UT-MOHAIIMTOBBIN, HIOOUEBBIA U OCPUIIITUEBBII
KoHIIeHTpathl [99; 103].

MecTtopoxaeHre OTHOCUTCS K T€0JIOrO-ITPOMBIIIIEHHOMY THUITY PEIKOMETAIIbHO-PEIKO3EMENb-
HBIX MMOJIMTEHHBIX U MoauKoMIoHeHTHBIX (Nb, Ta, P39, Th, Zr, Sr, P, Fe, Ti u ap.) MmectopoxaeHuit
B KapOoHaTuTax U yiabrpamMapuT-uioINTOBBIX KOMILIEKCax. Topuil KOHLEHTpUpYETCs B OacTHE3U-
T€ U MOHauuTe ¢ conepxkanusimu 110 0,7 % npu oueHb HU3KUX COIEpPKAHUAX ypaHa (< 5 ppm).
[lo npyrum ucrounukam, konuentpamuu Th 0,026 % B monauure u 0,02-0,28 % B GactHe3ure.
CaeneHust Mo oOUIMM pecypcaM TOPHs OTCYTCTBYIOT.

IEJTOYHBIE ITOPOAbI

[IpencraBurenem gaHHOHN (popMalvy CIY>KUT YHUKaAJIbHAS MO 3aracaM rpymnna MeCTOPOXKICHHM
ypana u P30 Hnaumayccax (Kanudensn, TanOpus ap.) B ['permanauu. OHK pa3MemiatoTcsi B HBAH-
QJINTOBBIX JIySIBPUTAX MOITHOCTHIO 10 400 M, 3aKITFOYCHHBIX B KPYITHOM MAaCCHUBE arTanTOBBIX (elb-
JILTIATOMIHBIX CUEHUTOB KOJIbLIeBON (opMbI (pHc. 21) MHTpy3un KoMiuliekca Mnnmayccak miomaipo
B 150 kM2, OKpyXKEHHOM OOIIMPHON 00JacThi0 (heHUTHU3aIMu (HaTpOBBIH MeTacomaTos) [99; 103].

Komrmnekc xapakrepusyercss MarMaTuueckoi nuddepeHnnanueil HeCKOIbKUX UMITYIbCOB KBapll-
HEIOHACBILICHHBIX UHTPY3Ui. Juddepennmanbaas KpUCTauIM3aus pa3BUBaIach OT MyJIACKUTa J10
¢oitsuTa, HaysUTa, KAKOPTOKUTA U JTysBpUTa. [IpUCYTCTBYIOT Tak)Ke MaIOMOIIHbBIE JKUJIBI yIbTpa-
HATPUEBBIX NIETMAaTUTOB C ABAMAIUTOM, CTEHCTPYIUHOM M PUHKUHUTOM. DTOT KOMILIEKC SIBIISIETCS
pe3yJIbTaTOM KOHTHMHEHTAJIBHOTO pudTOreHe3a, naTupoBaHHoro u3oronamu U-Pb mo Ganmenenty
B 1160+ 5 miuH net.

JlysBputsl oboramens! (%): U — 0,06, P33 — 1o 1, Nb — 0,6, Ta — 0,02, Zn — 0,7, a taxxe Th,
Be, Li, Ce, Tl, Sn. HaGmromaercs yBenuueHue conepxanust ypana u Topus, ot 10 ppm U u 20 ppm
Th B nmynackure o 6onee yuem 60 ppm U u 60 ppm Th B nysaBpute. B HekoTOpbIX ysiBpUTax Ba-
puanuu KoHIeHTpauuid MoryT npessimars 1000 ppm — U u 5000 ppm — Th.

Mectopoxaenue Keanughenso (quueH3us NpuHAAISKUT aBcTpanuiickoil komnanuu Greenland
Minerals and Energy Ltd) npuypodyeHo K ceBepHOIi MOJIOBUHE CPEAHETPOTEPO30HCKOTO HHTPY3UB-
HOTO KomIuiekca Mnumayccak. MomHOCTh Kynojioo0Opa3HOH MHUHEPATU30BaHHONW 30HBI COCTABIISIET
B cpenHeM 250 M. B mpenenax 3Toro Komiuiekca B IOCJIEAHHME TO/bI BBISBICHBI U Pa3BEaHBbI €IIe
nBa mectopoxaeHus — KumaBatr u Anankyar. B 2015 . kommanus mpuBesia HOBbIE CyMMapHbIE
pecypcebl o Tpem MectopoxkaeHusam: 1010 mun T pyabt coaepxar 270 toic. T U3;Og 1 11,13 Mau T
cymMmbl P30D.
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Mecropoxnenue Tanopu3 10KaIn30BaHO B IIEIOYHBIX ME30IPOTEPO30MCKUX IPaHUTONAX Mac-
cuBa Mnumyccak. MuHepanusanus cocpeoToueHa B IO3JHUX, HEPABHOMEPHO PAacIIpOCTPAHEHHBIX
npoaykrax MarmMarndeckon quddepentmanuu. [Inomans mecropoxaenus 136 km2. B pynax conep-
sxkarcst Nb, Ta, Zr, Y, P33, Li, Be, a takxke comyrcrBytomue U u Th. Tekyue pecypcst — 4,7 MIIH T
sBaManuTa, cogepxaiiero (%): 1,8 uupkonus, 0,2 okcuna Huobus, 0,5 nerkux P33 u 0,15 Tsoxensix
P395. PazBenannbie 3anackl U coctaBisitoT 56 MH T npu conepkaHuu 365 1/T.

PasBenannbie 3anacel Topus ['pennangum — 54 000 T Th mpu croumoctu 80 momn. CHIA 3a
OIMH KHJIOTpaMM, IporHo3Hbie pecypcesl — 32 000 T Th 6e3 mpucBoeHus Kareropuii CTOMMOCTH.
Ecnu npennonoxuts, uto pecypesl ypana coctabisitoT 100 000 T, To obiue pecypcbl TOpusi Mo-
ryT pocturarb npumepHo 300 000 T.

JIpyruM W3BECTHBIM OOBEKTOM SIBIISICTCSl PYIHBIA pailoH pa3BUTHUS IIEIOYHBIX MOpox Ha Ma-
narackape — Ambamogunandpaxana. PynHplii palloH pacrolioKeH Ha IOre€ LEHTPaJbHON 4YacTu
0. Maparackap, B 330 kM 10kHee I. AHTaHaHapuBy [65].

B reonornyeckom CTpoeHUM pailoHa MPUHUMAIOT YyYacCTHE PAHHEIPOTEPO30UCKUE YIbTPAMETA-
Mop¢HUIeCcKHe KOMIUIEKCH cucTeMbl Boxubopu; cepust MeTaMoppHUECKUX MTOPOJT BEPXHETO JOKEM-

Puc. 21. CxemaTuueckasi reojiornyeckasi kapra maccua Mnumayccak [101]

1-2 — popmanust Dpukcvopa: I — aBsl, 2 — necyanuku; 3 — 6aronut FOnnanexa6; 4 — cuenutsl Hapccak; 5 — 1ie104HbIe TPAHUTBI
Hapccax; 6 — mmacroBast untpys3ust Y GDC; 7-9 — untpys3un Mnnmayccak: 7 — aBTUTOBBIC CHEHHTBI; IIEIOYHBIC TPAHUTEL, § — KBapIie-
BbI€ CHCHUTBI, 9 — MynacKuThl, Goisuter; /014 — armantoBble HedenUHOBBIE CHEHUTBI: /() — comanuToBbie GOHSUTEL, /] — HAYSIUTHI,
12 — MC nysBputsl, /3 — apBeACOHUTOBBIC JYSIBPUTHI, /4 — ITysIBPUTOBAS TIEPEXOHAS 30HA; /5 — STUPHUHOBEIC JTyIBPUTHL; /6 — Ka-
KOPTOKHTBI; /7 — IPUTpaHUYHbIC (KPaeBbIe) MErMaTUTEI
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Opusi — KBapIUThI, CIAHIIbI, KaIbUU(UPBI; UHTPY3UBHBIN KOMILJIEKC aMOaroduHaHApaxaHa: TpaHu-
Thl, IIEJIOYHBIE MUKPOKJIMHOBBIE IPAHUTHI, Ta00PO, AUOPUTHI, CHEHUTHI; JalKU U Kbl IETMaTUTOB,
rab0po, CHEHUTOB, TPAHUTOB, KEPCAHTUTOB, KIJIbI KBapIIa; AJTIOBUAILHBIC OTIOKEHUS U JTaTCPUTHI.

W3 13BECTHBIX Ha TEPPUTOPUN MECTOPOXKICHUN OACTHE3UTA MPAKTHUECKUN MHTEpEC MpeICTaB-
10T AHK030aM00, MapoBoanaBo, Mdasuna u Caxada (puc. 22).

Hawubonee kpynHbIii 00beKT AHK030aM00 BBISBICH TI0 KOMIUIEKCHOW PaMOMETPUIECKON (CBBI-
me 90 MxP/4, no 200-500 mxP/4 Ha ¢one 30 MKP/4) aHOManuu U MYJIBTHITUKATUBHOMY T'€OXH-
muueckoMy (Ce-La-Y-Pb) opeomy. M oTBedaroT opeosibl MUHEPAIU30BaHHBIX ¢ OACTHE3UTOM 00-
JIOMKOB B JIaTepuTaX. PyJlOHOCHBIMHU SIBIISIIOTCS TPEPBIBUCTHIE 30HBI MUHEPATU3AUU C 0ACTHE3UTOM
CpeIy MHTEHCHUBHO CHJIMIU(UIMPOBAHHBIX CUEHUTOB. B cocTaBe MHHEpanIM30BaHHBIX 30H MPEO-
onamaer kBapil (90-98 %), mpucyrcrByer 6acTHe3uT (o1 1-2 10 8 %), B HE3HAYUTEIBHBIX KOJINYC-
CTBaX — MOHAIUT, UPKOH, MarHETUT, MAPTUT, TEMATUT, TUMOHUT, OKCUABI Mapranua. CopepxaHue
penkux 3emenb — 5—6 %, 6actHesuta — 3—4 %.

Bonbias yacTh miomaau 3aHsTa JarepuTHbIM 1uiato. CopepikaHue peikiuX 3eMellb B JIaTepuTax
konebnercst ot 1,02 mo 1,24 %, 94TO MOATBEPKAACT HAIMYUE PYJAHOTO TeJa JIATCPUTOB ILIAIICBH/I-
HOU ¢opmbl ¢ mapamerpamu: JuinHa — 800, MomHOCTs — 10, mupuna — 100 m.

CyMmMapHble TIPOTHO3HBIE pecypchl 00BEKTa MOTYT AOCTUTarh 5,5 mMiH T pynabl, 150,5 Teic. T
OactHesura, 278,5 teic. T TR,0;. Cymma penkux 3emens kosiebnercs ot 4 10 12 %, B ux cocrase
npeobnagaroT okcunbl (%): Ce — 4045, La — 33-41, Nd — 11-14, npucyrctBytot okcuabl Pr, Sm,
Eu, Cd, Dy, Er, a takxe Th, Nb, Zr, U.

Conepxanue ThO, B 30Hax MUHEpaIU3alUU PA3IMYHBIX YUYACTKOB PYAHOTO pailoHa COCTABIISIOT
(%): Ankozoam6o — 0,06-0,318, Maposoanaso — 0,07-0,52, Boxununapuana — 0,02—0,09. 3anacer
U pecypchl TOpuUsl Ha PYAHBIX 00BEKTaX KOMIUIEKCHBIX PYI HE OIICHHUBAJIUCH.

bnu3ku no reosoruyeckoi cUTyaluu, COCTaBy MUHEPAJIM30BaHHBIX 30H U MapaMEeTpPOB Opy/e-
HeHusl — nposiBieHus MapooanaBo, Mdaszuna u Caxada [99; 103].
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Puc. 22. T'eosioruyeckasi cxema pyaHoro paiifona Amoaropunanapaxana [99; 103]

1-3 — metaMOp(HU30BaHHBIC TTOPOABI BEPXHETO TOKeMOpHs: / — KBAPUUTHL, 2 — CIAHIbI, 3 — KaNbU(UPHI; 4—7 — UHTPY3UBHBIH
KoMIuIeKe AmbaropuHaHapaxaHa: 4 — TPaHUTHI, 5 — MIEJTOYHbIE MUKPOKINHOBBIE TPAHUTBI, 6 — rab0po, 7 — CHEHUTHI; 8 — Ie0JIOTH-
YeCKHe TPaHHIBL, 9 — pa3ioMsl (@), B TOM 4ucie HaaBuru (0); /(0 — >IeMEHTHI 3aeranus (a), CaHeBaTocTs (0); 1/ — mposBIeHUs
penko3eMenbHOI MuHepanu3auuy; /2 — 30Hbl MUHEPAIU3aLuu
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KNJIbHBIE

Mectopoxnenne CmuHKamMncKpaaip XWIbHOTO TUIIA — KPYIHENIIee MECTOPOXKIEHUE MOHAIIU-
ta B IOxnoit Adppuke. Pacrionoxkeno B 70 kM Kk ceBepy oT Banpucaopna mpoBUHIMH 3araHbIi
Keiin. PynoHocHble XuiIbl pa3MenaloTes cpeid Nopoa IPaHyIuTOBOM (aruu (YapHOKHUTOB), C BO3-
pactom mpumepHo 1 mupa net (puc. 23). OHu copepKaT MOHAIUT, alaTuT, MarHETUT U HeOOJb-
10€ KOJIMYECTBO ITUPKOHA U Ccyiab(umoB. OCHOBHOUN pyAHBIA MUHEpaT — MOHAIUT. Menb U 30J10TO
SIBIIIIOTCS TOTIOJIHUTEIbHBIMU 3KOHOMUYECKUMHU MPOAYKTAMHU.

Cpennee conepkaHue CyMMbI OKCHJIOB PEIKO3EMEJBHBIX NIEMEHTOB B pyaax — 14,4 %, 4ro
B 00mmeit cnoxHocTu coctasnsieT 86 900 T. OOmiee komuuectBo Nd — 15 600 T mpu pecypcHOM
conepxanuu Nd,O5 2,58 %.

JloGbIBaeMblii KOHIIEHTpAT LIEHEH B OCHOBHOM H3-3a coziepkaHus Topusi, a He P33. 3amacse! pyisl
c copepxkanueMm ThO, 2,14 % onenensl B 559 000 1, yTo cooTBeTCTBYET 3amacam Topust B 10 282 1
[109]. Th xpaHuTcs B pajgMONIOTMYECKH KOHTPOJIMPYEMOH 30HE Moj 3eMieil. Meramtyprudeckue
WCIIBITAHUS TTOKa3bIBatOT, uT0 Th m P30 MOXHO JIeTKO pa3ienuTh Ha IUIAKH.

B 2015 r. aktuBsl B CTHHKaMIICKpaasne Obutn mpuoOperensl komnanuei Steenkampskraal Tho-
rium Ltd (STL)

Eme onHMM TUNUYHBIM TpEACTaBUTENIEM PAcCMaTPUBAEMOIO THIA SBISETCS MECTOPOXKICHHE
Mayumun-Ilacc CIIA c¢ ¢mroopuT-0apUT-KaJIbIIUTOBEIMU C OACTHE3UTOM PYIAHBIMH TEJIaMH, CO-
nepxkammmvu Th, Ct, La, Sm, Gd, Nd, Pr, Eu. MecTopoxaeHnue pacroioKeHO Ha OJHOMMECHHOM
XpedTe B LIEHTPAJIbHON YacTH pyAaHoro paiiona VMeannax B Kamudopuuu B npenenax noxemOpuid-
CKOTO MacCHBa B ME3030MCKOH CKJlaa4aroi odmactu (puc. 24).

Pynubiit 00bekT ObT 0OHApYXKEH Oarogapsi BBICOKOW pagroaKTUBHOCTH BMEIIAIONIUX TOPOJ, CO-
JepKAIIUX PaTHOAKTUBHBIN (PTOPKapOOHATHEIN OacTHE3HT. PyHOE 1MoJie CII0KEeHO TOKeMOPUHCKUMU

00 m
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Puc. 23. Mecropoxkaenne Ctuakamnckpaaib (Steenkampskraal). Pa3pe3 uepe3 pyaHyo 30Hy ¢ MOHAIIMTOBOIi
sknoii [104]

1 —xwuna monatuta (HenuddepenpoanHas); 2 — odoraieHHbie pochopoM pyas! (Tum 1); 3 — oboraieHHbIe OKCHAAMH PY/IbI
(Tun 2); 4 — moneBommnaroBkie pyabl (THII 3); 5 — KpeMHHCTBIE pyas! (TUl 4); 6 — kommuieke Roodewal (Me3onporepo3oiickuii HHTpY-
3UB); 7 — IPaHUTOrHeNC (Me3onpoTepo3oiickuil Hamaksan)
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MeTaMop(UYECKUMH TIOPOJaMH, CPEIU KOTOPBIX MPeoOsaaroT OMOTHUTOBBIE U CHIUTMMAHUT-OHO-
TUT-TPAHATOBBIE THEHCHI, a TAKXKE CIAHLIBI U MpaMophbl. [1opopl TPOPHIBAIOT CHHKMHEMATUUYECKUE
JICUKOTPAHUTHI U JAWKU OCHOBHBIX MOPO/I.

Pynnoe teno Mayntun-Ilacc BMeniaeT noka3aHHbIE U BEPOSTHBIE 3amackl paBHblE 16,7 MIH T
pyasl co cpenHuUM cozaepxkanueM okcusioB P32 7,98 % u Topusa 0,025 %, 4yto mo3BoiseT oile-
HUTB ero pecypcbl 6omnee 4200 1. Ha nmepuon orpadotkn mectopoxaeHus (2015 r.) P3D u3sneka-
JIUCh, & TOPUU BMECTE C JPYTHMMHU OTXOAAMH MOCTyman B xBoctonpueMmHuk (http//molycorp.com).
[To reHe3ncy oHM aMEPUKAHCKHIE MCCIEA0BAaTEeNIM OTHOCAT MECTOPOXKICHUE K KapOOHATHTAM, JIPY-
TU€ — K JXWIBHOMY ruapoTepMasibHOoMy Ty [99; 103].

TopueBoe opyiaeHEHHE M3BECTHO TAKXKe B pa3iMuHbIX YacTsax Typuum. Hambosee xopoiro u3-
y4yeHHas o0aacTb pacnojoxeHa Onu3 CuBpuiixucap, NpoBUHLMU ODckucexup, B 150 km 3anan-
Hee AHKapel. Mecropoxaenne Kuzunkaopen 0bino u3ydeHo Oypenuem Ha ryOuny 400 M u 1o
MPOCTUPAHHUIO HA HECKOJIBKO KHJIOMETPOB JUISl BBISIBICHUS PYHOHOCHBIX KUJI C PEIKO3EMEIbHOM,
TOPHUEBOM, OApUTOBON U (IIFOOPUTOBON MHUHEpam3aiuen (puc. 25).

B onuromneHoByro 310Xy oTMEYaroTCs JBe (a3bl BHEAPECHUS KapOOHATUTOBBIX MHTPY3UI: B BUIC
JaeK mupuHOoi 10 1,5 M; B Bune naek mupuHoit 1-10 cMm, mepecekaronmx pyIHbie KUkl U OpeK-
yreBble TpyOku. B mepByto ¢azy (mo mpouecca OpexunpoBanus) ObutH chOopMHUPOBAHBI (HIIOOPUT
(mo 37 %) u 6aput (o 31 %). Bropas ¢a3za coorBercTBOBasia 000TalIECHHOMY TOpUEM OacTHE3M-
Ty (cpennee comepxkanue Th 3,35 %) ¢ MuHUMaNBHBIM OOpa30BaHHEM OpPYKUTOBOH, (yorepu-
TOBOM, (pJIOPEHIIUTOBON M MOHAIIUTOBOW MMHEPAIU3AIMH, BO3HUKAIOIIECH MMOcCie OpeKYMpOBaHUS.
[To mocnemHuM JMaHHBIM, 3amachl U PECYpPChl MECTOPOXKIIEHHUS OLEHEHBl B HECKOJIBKO MHILIHO-
HOB TOHH Oaputa u Qumrooputa u 4,7 maa T P3D. N'apantupoBaHHbBIE pecypchl TOPHs OIICHEHBI
B 344 000 T [99; 103].
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Puc. 24. CxemaTnyeckas reojiornyeckasi Kapra yuactka mecropo:xaenuss Mayurun-Ilace (A. Oanonc u ap., 1982)

1 — xapOoHaTHBIE TIOpOIB! pyaHOTO Tena Candain-KyHu; 2 — nalfku IOHKWHUTOB; 3 — KaJINEeBBIC TPAHUTHI, 4 — CHEHUTHI-TOHKH-
HHTBI; 5 — THEHCBHI; 6 — TEKTOHMYECKUE HapyLIeHHs (¢ — YyCTaHOBJICHHBIE, O — IIPEAIIONAracMble)
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Puc. 25. I'eostornyeckas kapra pyasoro paiiona Kuzuikaopen [104]

1 — ajuttoBUii; 2—5 — ONUTOLIEH-MHOLIEH: 2 — MUHEpPAIU30BaHHbIe Opekuru (a), pyLOHOCHBIE XKUIIbI (0), 3 — TpaxuThl, 4 — POHONU-
ThI, 5 — OKPEMHEHHBIE TPAXUTHI U UX TY(]BI; 6 — I0pa — MeCYaHUKHU, KOHIIOMepathl; /—1(0 — Tpuac: 7 — cuauiuduiupoBaHHble 6a3aib-
TBI, § — METaapKO30BBIE U METarpayBaKKOBLIE TECUaHUKH, 9 — pUIIINTOBBIE CIAHIBL, /() — CepIIeHTUHUTEI, /] — IepMb — U3BECTHSIKY,
12 — cpenHuil maneo3oi — KBapL-CIIOIUCThIC CIaHLBL; /3 — pa3noMsl; /4 — 1oporu

[Tpumepamu Ipyrux pyaHbIX 0OBEKTOB KHIJIBHOTO THUIIA MOTYT CIYKUTh (PIroOpHUT-OapUT-cHie-
PHUTOBBIE C OACTHE3UTOM pYIHBIE KUkl MecTopoxaeHus [ammmnac-Mayntun (CIIIA), marnetur-
remMatuT-GrooputoBsie kmwibHbIe Tena ¢ TR u Th B KHP u np.

POCCBIIIN

BonbIIMHCTBO IUTEPAaTypHBIX MCTOYHHKOB IO TOPUEBBIM MECTOPOXKICHUSM IIEPBOE MECTO OT-
JAIOT POCCHIMTHBIM MECTOPOXKICHUSM.

K pocchlmHBIM MECTOPOKACHUSM OTHOCATCS B OCHOBHOM MOHAUUTOHOCHBIE necku [98—100].
OnHu mumpoko pacnpocTpaHeHsl B ABctpanuu, Muauu, bpasumuu, Hooil 3enanauu u 1ap. crpa-
Hax. Ha ceropHs MMEHHO 3TOT THII MECTOPOXICHUH 00JaJaeT IIABHBIM IPOMBIIIICHHBIM 3HAYe-
HUEM B Ka4e€CTBE MUHEPAJIBHOTO CBHIPbs Ha TOpHii. OCHOBHBIE MECTOPOXKICHUS TOPUSI 0OPa30BAHBI
MOHAIIUTCOEPKAIIUMHU POCCHIMSIMA TaHTAJIO-HUOOATOB, CBSI3aHHBIMH C MacCUBaMH I'PAaHUTOHJIOB.
OHH, KaK MpaBWIIO, HE PACHPOCTPAHAIOTCS 3a UX mnpenensl. ConepkaHue MOHALUTa COCTaBUIIO
nepBbie COTHH TpaMMoB Ha KyOometrp (bap-Bemmu, CIIIA). AmutmroBHanibHBIE POCCHIITA MOHAIUTA
U LUPKOHA (POPMHUPYIOTCS Ha yNaJeHUU OT KOPEHHOTO MCTOYHHKA. OHHM YacTO COMPOBOXKIAOTCS

75



70J10BBIMU pocchlsiMu. CopeprkaHue MOHAIUTa — OOBIYHO COTHU IPAaMMOB Ha KyOOMETp, MHOIIa
710 HECKOJIBKHUX KHMJIOIPaMMOB; OTHOLIEHHE MOHAIMTA K LIUPKOHY MOXET ObITh nepeMeHHbIM (Ma-
naitzus, [lakucran, o. TaiiBanb, bpasunus).

C Touku 3peHust 100bIYM TOPUEBOTO CHIPbsSI BaXKHBI TAKXKE COBPEMEHHbIE NMPHOPEKHO-MOPCKHUE
pocchiny B OeperoBoii 30He KOHEUHBIX 0ACCEHHOB CeMMEHTALNU (J1eIbTOBbIE, IUISKHbIE, IIOHHBIE,
IOJIBOZHOTO CKJIOHA M MOPCKHX Teppac). VX MpoTsSKEHHOCTb MOKET JAOCTUraTh JECATKOB KHIIOMeE-
TPOB TPU MOIIHOCTHU TECKOB B COBpeMEeHHBIX pocchimsix 0,5-1,5, B npeBHux 6—10 M. B 6onpmmn-
CTBE TAKUX POCCHIINEH MOHALUT CONEPKUTCA B PE3KO MOAUYMHEHHOM KOJIMYECTBE 10 OTHOILLEHUIO
K WIbMEHUTY M IUpKoHY (3-3,5 kr/T). CylllecTBEHHO MOHALMTOBBIE POCCHIIM C COAEP)KaHUEM
MoHanuTta 150-200 kr/T u3BecTHHI Ha 3amagHoM mobepexne 0. lllpu-Jlanka. [aBHBIM HCTOYHU-
KOM TOpHSI HA 36MHOM IIape SIBJISIOTCS MPHOpEKHO-MOpCKUe pocceinu. Hambonee kpymHble Me-
CTOPOXKACHHUS ITOTO TUIIA HAXOAATCS Ha IOKHOM M BOCTOYHOM NOOEpEexbix MHIUM M BOCTOYHOM
6epery bpazunuu.

B Bpa3zunuu 6oratsie mpuOpexHO-MOPCKHE POCCHINHU, TaK Ha3bIBaeMble Oappeiipoc (OeperoBbie
BaJibl), PacIIOJIOKEHBI B10JIb TOOEpeXkbs (puc. 26). DTU POCCHINU COAEPKAT MOHALIUT, UIIBMEHUT, PYy-
TWJI, IUPKOH U MpOCTUparoTcs nmpumepHo Ha 1600 kM o Gepery ATIaHTHYECKOro okeaHa B IT. Pro-
ne-Xaneiipo, Dcnuputy-Canry, baus. Haubonee kpynHbsle 1 6orarble poCcChly IPUYPOUEHBI K ec-
YaHbIM Oapam B HeOOIbIMX OyxTax mobepexns. OHu umeror iy 25-3200 M, mmpuny 3—15 m
1 MOIIHOCTH 2—4 M. MecTopok/1eH!sI BO3BBIIIEHHBIX YacTeH IIIskeil 1 6apoB 0OBIYHO MEPEKPHITHI
ciioeM 0eJIoro KBapIeBOro mecka MOIIHOCTBIO 10 1—1,5 M, MHOTAa MOKPBITHI PaCTUTEIBHOCTBIO.
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Puc. 26. KapTa pocchinubIx MecToposkaeHuii B o6aactu Orangi Bpasuiaun [99]
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Conepsxkanue MUHEPAJIOB TSHKEIBIX (PPAKIMA B POCCHITISX KOJIEOIETCSI OT HECKOIBKUX MPOLIEHTOB
1m0 75 % (B cpeanem 20—40 %). Ha monauut npuxogutcs 2-5 % (pexe no 20 %), uibMeHUT —
25-65 %, mupkon — 20-30 %. Monamut conepxkut 5—6 % ThO,.

B ycnoBusix bpaswnuu IydiuMu B TPOMBIIUIEHHOM OTHOIICHUU CUHTAIOTCS MECTOPOKIACHHUS
HIIUPUHON 0 OAHOTO Kmiiomerpa, [uHoi 10 kM 1 MomHocThio 0,5 M. CambiMu O60TraThIMU CUUTA-
1o1cs mectopokienuss B Komokcabute, ['aypanapu u Makaxe [99; 103].

MonanuToBble pOCCHINU Ha roce MHOuu MMEIOT MPOTSHKEHHOCTh CBBIMIE 160 KM, MOIIHOCTH
MPOIYKTUBHBIX MECKOB 10 6—8 M, copepkanue B Monanute U;Og ot 0,2 1o 0,46 %, ThO, — ot 5
1o 11 %. Haubonee oGoraneHHbIMH SBISIOTCA NECKU, IPUYPOUCHHBIC K TUISKAM, 3aJIMBaM, JeIb-
TaMm peK u JaroHaMm (puc. 27). DTH pocchid BecbMa ya00HbI s 3O (PEKTUBHON TOOBIYN OTKPBITHIM
criocobom [104].

Jliis mpuOpeKHO-MOPCKUX POCCHINEH XapaKTepHO M3MEHEHHE COCTaBa MECKOB IO CE30HAaM: BO
BpEMSI JIETHUX MYCCOHOB OHM oboramatorcs (10 40-95 %) TsokensiMu MUHEpaliaMu (BOJHBI YHO-
cAT OoJiee JIeTKue MUHEpasibl), a BECHON MPOUCXOAUT pa3syOoxkuBaHue kBapiem. OTMedaeTcs Takxke
HaJIMYMe TECKOB C TsHKEIbIMU MuHepanamu (10 15—-60 %) B MeJIKOBOIHON YacTH MOPS HA PacCTosI-
uuu 0,8-1,6 kM ot Gepera.

BropocreneHHyoo poib UrparoT KOHTUHEHTANbHbBIE, B OCHOBHOM JOJHMHHBIE, POCCHINHU, U3BECT-
HbIE, B 4acTHOCTH, B psane pailoHoB CIIIA. HexoTopbeie MeCTOpOXKIEHHUS MOHAIMTA OCAJIOYHOTO
MIPOUCXOXKICHHSI YPE3BBIYAHO KPYIHBIC. Tpasankopckoe mecmopodcoenue B VHAMM — BaKHBIN
WCTOYHHUK TMPOMBIIUICHHOTO TOpHsS. BBICOKAsi TUNIOTHOCTh M OTHOCHTENbHAS XUMHYECKas WHEpT-
HOCTH (ochaToB MOHAIMTA CIIOCOOCTBOBANIU €TI0 OTIOKEHHUIO B pe3yJIbTaTe pa3pylIeHUs poCChIneit

. B Anaxpa-Npagew — 31%
- I Tamunwan — 21%; Opucca — 20%
M Kepana — 16%;
3anapkan benranua —10%
W Pxaprxang — 2%

Puc. 27. Pacnpeaenenue 3anacoB Topus no mraram Muauu
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Ha OTMEJIISX, a TAK)Ke B IPUOPEKHOM YacTH B KPYMMHO3EPHHUCTHIX MECKaX KEITOro 10 KOPUIHEBOTO
WM KpacHoro nseta. OHU SABJISAIOTCS MIABHBIM HCTOYHUKOM TODPHS.

B ammoBHANIBHBIX OTJIOKEHMSIX, B HAHOCAX MECYAHBIX IULDKEH, Cpelu TSKENbIX MUHEpaJoB
poccslinieit Topuii BerpeueH: B CIHA — Hemon (it IleHcunpBanus), yepHble Necku B p. Muccy-
pu (6mu3 Xenena, mt. MonTaHna); nnecku p. Ckomm (KanudopHus); yepHbIe MECKH B HECKOJIBKUX
paiionax Amscku, B uaum — B neckax mspka Ipetiseanxop (mt. Kepana).

[To ¢anmanbHO-TeHETUYECKUM TPHU3HAKAM M MapareHe3uCy POCCHITE00pa3yommuX MUHEPAIOB
pa3nyaroTcsl CAEAYIOIINE TUIIbl POCCHINEH MOHALIUTA.

— AJTtoBHANIbHBIE MOHALIUTCOJEPIKAIINE POCCHINU TaHTaJI0-HUOOATOB, CBA3aHHbBIE C MACCUBAMU
TPAHUTOUIOB U, KaK IPABUJIO, HE PACIIPOCTPAHSAIOLIMECS 3a UX MPEAEIIbI, C COIEPKAaHUEM MOHALU-
Ta MepBble COTHU IpaMMOB Ha KyOmdeckuit metp (bap-Bemmu B CILIA).

— AJUTIOBHAJIBHBIE POCCHITM MOHAIMTA M IUPKOHA, (POPMUPYIOIIHECS HA YIAJICHUU OT KOpPEH-
HOT'O MCTOYHHUKA, YaCTO COIPOBOXAAKOUIMECA 30JIOBBIMU pocchimsiMu. CopepkaHue MOHALWTa —
OOBIYHO TMEpBbIE COTHU I'PaMMOB Ha KyOOMETp, MHOT/IA /10 HECKOJIbKHX KHUJIOIPaMMOB; OTHOLICHHE
MOHAIIUTA K LUPKOHY MOXKET ObITh mepeMeHHbIM (Manaiisust, [lakucran, o. TaiiBanb, bpazumus).

— CoBpeMeHHBIC U JIPYTHe KOMILIEKCHBbIC TPUOPEKHO-MOPCKHE POCCHITU B OEperoBoil 30He KO-
HEYHBIX 0acCeHOB CeIMMEHTAluu (eTbTOBBIC, IJISKHBIC, AIOHHBIC, TTOJJBOJHOTO CKJIOHA M MOp-
CKuX Teppac). X npoTs»KeHHOCTh MOXKET JOCTUraTh JI€CATKOB KUJIOMETPOB IIPU MOIIHOCTHU IIECKOB
B COBpeMeHHbIX poccblnsix 0,5-1,5 M, B qpeBHux 6—10 M. B OosbIIMHCTBE TakuX pOCChINENd MO-
HALIUT COAEPKUTCS B PE3KO MOJYMHEHHOM KOJIMYECTBE IO OTHOIIECHHUIO K MIBMEHUTY U LUPKOHY
(3-3,5 kr/t). CymiecTBeHHO MOHAITUTOBBIC POCCHINH C cojep:kanueM MoHamuta 150-200 kr/T u3-
BECTHBI Ha 3amagHoM nobepexne o. lllpu-Jlanka. B ocHOBHOM MOHanuT A00BIBalOT B ABCTpaliuu
(75 % wmupoBoii 100ObIYM), YEPHBIE MECKH, HACHIIICHHBIE MOHAIUTOM B aCCOIMAIIMU C PYTHIIOM,
WIBMEHUTOM U IUPKOHOM, PaclpoCTpaHEHbl HA BOCTOYHOM U 3araIHOM MOOEPEeKbsIX ABCTpaluu.
Monarmut UHnuu, noOsiBaemblii ¢ Oepera Maabapa u u3 TpaBankapa, comepxut oT 8 10 10 %
ThO,. Bpasunsckue MectopoxacHuss MoHanuTa ¢ OeperoB bamm m Ocnuputy-CaHTy BMEIIAIOT
B cpeaHeM okoiio 6 % ThO, [99; 103].

Mownanut B CIIIA no0bIBatOT U3 AFOHOBBIX NECKOB BOIM3M JIkakcoHBuLIs, Pnopuaa, B mITaTax
Kanudopuus, Konopano, Operon n BamuHrtona takke U3 30JI0TOHOCHOTO recka B LleHTpanbHoM
Aiinaxo. CoxeprkaHue JTUOKCHIA TOpUs B TaWBaHCKOM MOHaIiuTe koneonercs ot 4,21 mo 6,79 %.
Ha Ykpaune monauut 100bIBalOT U3 TUTAHOLIMPKOHUEBBIX pocchineil Ha tore JloHenkoi obnacTu.

YacTHON WLIIOCTpaUMEd MO COOTHOUIEHUIO IOJIE3HBIX KOMIIOHEHTOB B TOPUEHOCHBIX POCCHI-
X MOTYT CIIY>KMTbh IPOAYKTUBHBIE pocchiid B Kupzuzuu [111]. Tak, KpylIHbIM MECTOPOXKIECHUEM
ypaHa u topus B pecnyonuke siBisiercs: Kei3pui-OMiynbckas rpynna ypaH-TOPHAHUTOBBIX POCCHI-
ner, otkpeiTasg B 1951 r. Pacnonaraercss Ha 10KHBIX CKJIOHaX rop Kb3pur-OMmyi, sSIBISFOIIMXCS
OTpOraMu BOCTOUHOTO oKoHuaHusi Kuprusckoro xpedra. B cocraBe rpynmsl nsaTh poccbineii: bake,
Vayncaii, Tronatok, Ottyk u Tam-bynak. YenoBus nias pa3paOOTKH MOCIEAHETO MECTOPOXKICHUS
CUMTAIOTCS OJaronpUsATHBIMU, OJIHAKO HEIAJEKO HAXOAUTCSI BOJOXPAHUIIUILE, YTO IPUBHOCUT KO-
JIOTUYECKUE TPOOJIEMBbI TIPH €T0 OCBOCHUH.

OcHOBHOW O0BEKT M3y4eHUs: — poccuins Taw-bynak. Pa3BenaHHble 3amachl ypaHa COCTABUIH
3,5 thIC. T, TOpHUA — 8,54 ThHIC. T, Pochopa — 10 ThIC. T, ITUPKOHUSA — 34 THIC. T, TATAHOMArHETH-
Ta — 1,6 MIH T.

3HAUYMMBIMU TOPUEHOCHBIMH 00BeKTamMu, 1o JaHHBIM MATATO [105], MoryT Takke BBICTyIaTh
pocceinu: AroHHble KBuHCIeHa (ABcTpainusi) U ailoBUajIbHbIE B 3amajHOM ABCTpaliid, UCKO-
naembeie B HoBom FOxHOM VYanbce (ABcTpanus), MeTamopduiecKrue KBapLUUTHI U KOHIJIOMEPAThI
B Onrapuo (Kanana).
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INEI'MATUTBI

Topuit (BMecTe ¢ ypaHOM, peAKO3eMeIbHBIMU JIEMEHTAaMU) MOXKET HaKaIllJIMBaTbCsi U B IerMa-
TUTaX, KaK MPaBHWJIO, 30HAIBHBIX. B "acTHOCTH, B paiioHe XamuOeproH-bankpodt B Onmapuo,
Kanaoa, noponbl BKJIIOUAIOT YPAHUHHUT, YPAHOTOPUT U TyroruiaBkue Th-U-MuHepansl.

Barmmsinel Ha reHesuc mermMaTuToB bankpodTa pasnuunbl. JlomyckaeTcs UX THAPOTEPMATbHBIN
WM METacOMaTHMYECKHI TeHe3MC, O YeM CBUCTENCTBYET HaJWuMe KallbluTa, (DIroopuTa U amna-
tuta. [lo apyroit Bepcuu, nerMatuThl CHOPMHUPOBAHBI B PE3yIbTaTe MarMaTHUYeCKOW (MUTMaTHue-
ckoit) nuddepenmmanym [108].

C 1960-1982 rr. u3 pyn bankpodTa nobdsiBancs ypan. Topuit moctyman B OTBaJjbl.

Hpyrue nermarutel B OuTapuo (Puuapacon, I[urep6opo, Mont-Jlopse) unTEpeC Ha TOpHl HE
BBI3BIBAIOT 1O MPUYHMHE ero Maibix 3anacoB. B CackaueBane nermarutsl ¢ U-Th-munepanuzarueit
BCTpeyaroTcsi B paiione osepa lllapneOya.

B apyrux pernonax OMOTHT-MYCKOBUTOBBIE METMATUTHI C OPTUTOM, MOHAIIUTOM, KCEHOTHMOM
u3BectHbl B Typkmenun (Kanait-Maxmyn), ABctpanuu (Anucc-IIpunr, Omumnuk-/>m), Uaaun
(I'ynyp), lBeunu (Mrrep6u), Hopeerun (MBemanm). B CHIA — Texace (bappunrepxumn), Muc-
cypu (Iupumx), a Taxke B Memene (Maxsus). JIOCTOBEpHbIE CBEICHHS 00 MX TOPHEBOM MOTEH-
[[ane OTCyTCTBYIOT.

MPOYUE TUIIBI MECTOPOXJIEHUN TOPUA

IIpoune nposiBIEHUSI TOPUEHOCHBIX OOBEKTOB B MEPEUEHb I'€0JIOrO-IPOMBIIITICHHBIX TUIIOB Me-
cTtopoxkaeHuid e BxoaaT [108].

Kak B OpiTHOCTE CCCP — 3TO yK€ MMENO MECTO 1O OTHOIIEHHWIO K ypaHy — OTBETCTBEHHBIH
MOAXOJ K MPOTHO3UPOBAHUIO, TIOUCKAM U Pa3BEIIKE MECTOPOXKACHUN PAaJUOAKTUBHOIO ChIPbS MpH-
BOJWJI HAllly CTpaHy K paBHONpPaBHOM (a MHOIZA U MPEBAJIMPYIOLICH) KOHKYPEHIIMM Ha MUPOBOM
pbiHKe. Bo3pokaenue mogoOHOro moaxoAa MOXKET UMETh MO3UTHBHBIE mocienctBus a1 Poccun
B MHUPOBOM KOHKYPEHLIMU U Ul TOpUs — O€3aJIbTEpHATUBHOIO PE3EPBHOTO TOILIMBA JJIS SAEPHOM
SHEPreTHUKHU.

3anachl M pecypchbl TOpUs

CoOCTBEHHO TOpHEBBIE MECTOPOXKACHHSI HEU3BECTHbI. TOpui H3BIIEKAaeTCA MOMYyTHO M3 KOM-
IUIEKCHBIX MOJMMETAIIIMYECKUX pyA OOBIYHO COBMECTHO C HHMOOMEM, TaHTAJIOM, LIMPKOHOM, ypa-
HOM, PEIKMMM 3€MJISIMU U JIp. 211eMeHTaMu. CozeprkaHue TOpusl B KOMIUIEKCHBIX PyJlaX COCTaBISAET
0,01-0,1 %. Kak nmpaBuiio, TOpUil yUYUTHIBAJICS KAK IOJIE3HBIII KOMIIOHEHT B KOMILUIEKCHBIX pyJdax
paznnuHbIX MecTopoxaeHuid. Ho 3amacel ero ['K3 panee ne yrBepxkaanuch. CBeeHUs O MOATOTOB-
JICHHBIX MPOMBIIUIEHHBIX 3allacax 3TOr0 METajula B HeJpax MPakTHUYECKH OTCYTCTBYIOT. B menom
U OLIGHKHU MTPOTHO3HBIX PECYpCOB TOPHUS B HEpax B OOJBIIMHCTBE CIYYaeB SIBISIOTCS aBTOPCKUMHU.
ATpuOYTUBHOCTH TOPHS KaK MOCTOSHHOTO CIYTHUKA NE(UIUTHBIX PEIIKOMETAUIbHBIX M PEAKO3e-
MEJIbHBIX OOBEKTOB, OTpadaThIBa€MbIX MOIYTHO WJIU C ONEPEKEHHEM, CHHKAET CEeOECTOMMOCTD
Y TIOBBIIIAET 3HAYUMOCTb 3TOTO PaJAMOAKTUBHOIO 3JIEMEHTA.

dakTu4ecku ChIpheBOi 0a3bl TopHs Poccuu ¢ yTBEp)KACHHBIMU 110 IPOMBIIIUIEHHBIM KaTErOpHUsIM
3aracaMu, COTIOCTaBUMBIMH TI0 CTENIEHU TOTOBHOCTH C YPAaHOBOM WIJIM PEAKOMETAIILHOM, HE CyIile-
cTByeT. /Jl0CTOBEPHOCTh OLIEHKH €€ MAcIITaOOB Ha HECKOJIBKO MOPSIIKOB HUXKE. DTOT (DaKT BO3HUK
13-32 OTCYTCTBHSI CIELIMAJIbHBIX MIOMCKOBBIX M TOMCKOBO-OIIEHOUHBIX padOT Ha 3TOT 3JIEMEHT B Te-
yenue 6onee 40 net. 3 yurennsix Ha Teppuropun Poccun 1500 Topuiicomepkaniux KOMIUIEKCHBIX
PEIKOMETAIUIHLHBIX MECTOPOXKICHUN U PYIOIPOSIBICHUH 3aMachkl U pecypchl TOpHs olleHeHbl Ha 211
o0bekTax. 910 113 MOHAIMTOBBIX POCCHITIEH YETBEPTUYHOTO BO3PACTa, S5 KOMIUICKCHBIX UYETBEP-
THYHBIX OOBEKTOB POCCHITHOTO THMA (4 JOMAPUTOBBIX POCCHIH, | — TOPHH-TUTAH-IIUPKOHOBAS),
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Tabnuma 14

IIpumepsl pecypcoB TOpPHUsI KAK CONMYTCTBYIOIIEr0 MPOAYKTAa B OCHOBHBIX MecTopo:kaeHusix [103]

I'aBHbIC BrIEMEH- Cpennue conepixa-
Crpana Tun N — Pecypeet Th (1) uus Th B pyze, %
ABcTpanus
Mt Weld (Mt Bemnn) Kapbonatutet P33,Y, Th ~ 24000 0,04-0,06
Toongi (Tymxmu) [leouHBIe TPAXUTHI P33, U, Th 35000 0,048
Nolans Bore (Homarc bope) JKunpHbli P35, P, U, Th 53 000 0,286
Western Australia (3anmagaast Pazimunble THIIBD P33, Nb, Ta, 30 000 0,03-0,5
ABcTpamms) U, Zr
Bpa3uius
Araxa (Apakca) KapGoHarutsl Nb, Th >400 000 0,09-0,13
Morro dos Seis Logos KapGoHarutsr Nb, P33 ? ?
(Xonm lectu o3ep)
Morro do Ferro [leprienoyHpic HHT- U, P35 17 500 1-2
(Moppo ne Deppo) py3uu (30 700) (0,44)
(Pocos de Caldas)
Pitinga (ITutwara) I'panuTHBIE HHTPY3UH Nb, Ta, Sn 251000 0,05-0,07
Catalao (Karanbo) [lenounslie UHTPY3UU Nb 12 000 ?
Kanaga
Elliot Lake area KBapueBoraneunsie U, P33, Th 80 000 B cymiecT- 0,05
(Paiton Dmmmot-Jlek) KOHIJIOMEpaThl BYFOIIIUX XBOCTaX
Thor Lake/Nechalacho [Nepmienoynsie HHT- P33, Nb, Ta 22 000 <0,020
Top-Jleitx/Hewana4go py3un
Hpyrue PaznudHbIe THIIBI pasHbie HEHM3BECTHO HEHM3BECTHO
Kuraii
Bayan Obo (Basu-060) ITonureHHbIi Fe, P3O, Nb, ? 0,26% B MOHALIATE
F, Th 0,02-0,2%
B OacTHe3uTe
I'pensangus (Janus)
[llimaussaq (Mnnmayccax) [epmenoynsie UHT- P33, F, U, Th 86 000-93 000 <0,1
py3uu
Hopserus
Fen (®en) KapOonaTutst Nb, Th ~ 87000 0,5-2
Poccuiickas ®@enepanus
Lovozero and others [epmienounsic uHTPYy- | P33, Nb, Ta, HewussectHO HewussectHO
(JToBozepo u ap.) 3UK/KapOOHATHUTHI Jpyrue
IOxnas Adpuka
Steenkampskraal Jlaiikn kapOOHATUTOB P39, Th 10 282 1,88
(CTHHKAMITICKpaahb) (olLIcHCHHBIC U
TIpe/roIaraeMbIe)
Typuus
Kizilcaoren/Eskisehir JKunpHbiid F, Ba, Th 380 000 0,2
Kuznnkaopen/Eckucexup
CIIA
Lemhi Pass (Jlemu ITacc) JKubHbid P33, Th 160 000 ~0,4
Wet Mountains Ber MaynTc JKunbHbIM P33, Th 179 000 0,46
Iron Hill Upon Xumn Kap6onatutst P393, Th 24 800 0,003-0,004
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61 — sHIOTEHHBIE TOPHII-PEIKOMETAIbHBIE MECTOPOXKACHUS U PYIOIIPOSBICHUS U 32 KOMIUIEKCHBIE
MOHALUT-IUPKOH-UIIBMEHUTOBBIE POCCHINM TPETUYHOIO WK 0oJiee APEBHEro BO3pacTa.

OTpaboTKka MOHOMHHEPATHHBIX MOHOIMTOBBIX POCCHINEH peHTa0eIbHA IIPU COJCPKaHUU MOHA-
muta 1,5 xkr/m3. Takux pocceineit B Poccun nmpakTudecky HeT. B MOHAIUT-IIUPKOH-MIIEMEHUTOBBIX
PUOPEKHO-MOPCKUX POCCHINAX W3BJICUEHHUE MOHAIIMUTA MOXKET OBbITh peHTA0eIbHBIM IMPH €ro COo-
nepkannu B neckax 180-200 r/m3. B 3Ty rpynmy BXOIAT MHOTHE PyTHI-WIBMEHUT-IIUPKOHOBHIS
pocchIny.

[Ipeobnanaromiast 4acte pecypcoB (86,7 %) 3akir04eHa B YHAOTCHHBIX KOMIUIEKCHBIX, OOBIYHO
MHOTOMETaJUIbHBIX, HEPEAKO KPYMHBIX U YHUKAJIBHBIX MECTOPOXKICHUAX. byaymire uCTOUHUKH TO-
pusi — JlaBozepckoe (Th — 0,02 %), Ynyr-Tanzekckoe (0,1 %) u Kuiickoe (0,4 %). Bo3zmokHbIM
HMCTOYHUKOM TOpHs siBsieTcss Karyrunckoe u Apyrue MeCTOpOXKICHUS.

[lepcriekTHBHYIO TOAOBYIO MOTPEOHOCTH B TOPUU IS si7iepHOi SHepreTuku Poccuu B 7—13 ThiC. T
OyIyT YIOBJIETBOPSITH UIMEHHO HOBBIE NMPUPOIHBIE UCTOYHUKH [55].

Hawubonee nepcreKTMBHBIM HOBBIM OOBEKTOM sBIsiETCs ciabomsydeHHoe CeBepobOaiikaabckoe
pyIHOE Toe, B Mpezenax KOTOPOro u3BecTHO Oosee 50 MEeNKUX MECTOPOKICHUNA M PYAOIPOsBIIC-
HUI TOpus, UTTPU, penkux 3emeinb (Mectopoxkaenus Llecten, [Ipsmoit Akut u np.) ¢ copepixa-
HueM Topust B pynax n% (B. M. Koroa, 2002).

[To npyrum onenkam, obmue pecypcsl Topust B Poccun (BHUNXT, UXTPOMC, PU ®BU) no
coctosiuuio Ha 01.01.2000 onenuBarorcst B 1 min 700 Thic. T (aBTOpCKas oueHka). Pyasl ¢ conep-
xaHueMm topusi B HUX oT 0,1 1o 2 u Gonee npoueHToB coctaBisaoT 4,4 %.

Pamounas knaccuduxanusi HCKOaeMbIX YHEPreTUYECKUX U MUHEPAJIbHBIX 3aI1acoB U PECYPCOB
Opraam3anuu O0wsenuaeHHbix Hanwmii 2009 . (PKOOH-2009) mo3BosisieT 10KyMEHTHPOBATh OIle-
HEHHbIE U3BECTHBIC, MPEANOIaracMble U HEPACKPHIThIE KOJIMUECTBA TOPHS U MPEICTABISATh OTUET-
HOCTh 0 HUX (Tabn. 14). Cucrema knaccudukanuu PKOOH-2009, Hapsny ¢ ykazaHuem 3pesiocTu
MPOEKTa pa3pabOTKU MUHEPAILHOTO ChIPbs, YUUTHIBAET COLIMAJIbHBIE U SKOHOMHUYECKHE aCIEKTHhI,
B TOM YHCJI€ HOPMATUBHBIE, IPABOBbIC U PHIHOYHBIE YCJIOBHUS, YCTAHOBJICHHbIE MTPABUTEIBCTBAMU
U PBIHKaMHU, a TaK)K€ BHYTPEHHUM CHPOC, TEXHOJOTUYECKUI U MPOMBIIIUICHHBINA MPOTPECC U BCEra
MPUCYTCTBYIONIUE (PaKTOPBI HEOTPEACIEHHOCTH B 0003pUMOM OyayIIEM.

Tabnunma 15

Pecypcnl Topust 10 cTpaHaM Mupa

Crpana Cymmapibie VYcranosnenasie | IIporHo3HbIe
pecypcbl
ABcTpanus 489 13 476
CIIA 432 440 276
Kurait - - 380
Typuust 880 344 400-500
Wnnns 319 319 -
Bpazunus 1306 221 329-700
Benecyana - 300 -
Hopserus 180 132 132
Eruner 295 100 280
Poccus 75 -
I'pennanaus 54 32
Kanana 173 44 128
IOxnass Appuxa 115 18 130
Maunaiizus - 4,5
CHI" 1650 - -
Hpyrue 388 33 81
Bcero 6227 2053 2655-3126
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PaccmatpuBas MupOBBIE 3amachl TOPUS, JOCTYIHbBIE /IS JOOBIYH MO KOHTHHEHTaM, [lempiMckuii
¢ coapropamu (2012) noka3zeiBaeT ux (Takxe B %) cienyromue cootHomenus: Asus (42,1) — Ame-
puxka (27,0) — EBpona (11,3) — Adpuka (10,2) — Asctpanus (9,3).

Bornee peranbHylo KapTuHy pacnpenenenus pecypcos (B 103 T Th) mo ctpanam yka3aHHBIX KOH-
TuHeHTOB npuBoauT MATATD (2013) (Tabn. 15) [99; 103].

BoNbIIMHCTBO OLIEHOK pecypcoB TOPHsI OTHOCATCS K MOTEHIHMAIbHBIM pecypcaM. Takum obOpa-
30M, TIPH HEOOXOJUMOCTH JOJDKHBI OBITh BBIITOJIHEHBI JCTABHBIC WCCIICOBAHUS, HAIPABICHHBIC
Ha OILIEHKY JIOCTOBEPHOCTH PECYpCOB TOPHUS IO TOTO, KaK CHENaTh BBIBOJ O TOM, MOTYT JH OHU
MPEACTABISTh SJKOHOMUYECKYIO LIEHHOCTH [99].

Takum 06pa3zom, K pUBeIEHHBIM LU(PaM U JaHHBIM CIIEyeT OTHOCUTHCS C ONpPEAETICHHON CTe-
NIEHBIO JIOBEpPHUs, UCIIONIb3Ysl UX B KaueCTBE OOIIEro OPUEHTHpA B BEJIWYMHE 3allaCOB U PECYPCOB
TOpUS PA3IUYHBIX T€OJOTO-TPOMBIIUICHHBIX THUIIOB B TE€X WJIM MHBIX PETHOHAX M CTpaHaXx.

Pouinox mopus. MupoBoe pon3BOICTBO MOHAIIMTOBBIX KOHIICHTPATOB (0€3 COLMATUCTUYECKUX
ctpad) B 1982 1. cocraBmsmo 17 609 1: Gonee monoBuasl — B ABctpanuu; 4200 T — B Uuaum,
1800 T — B bpasunuu. MupoBoe npousBozactso topus B nepuos 1978—1980 rr. — npumepno 150 T
ThO, B roa. B 2000 1. MupoBoe Mpou3BOACTBO MOHAIIUTOBOTO KoHIleHTpata — 12 000 T B rox. Mu-
poBasi TOTPEOHOCTh B TOPUU HA COBPEMEHHOM JTare A0CTaToyHO Hu3Kas. Bo Bcem mupe B 2000 1.
ero norpebienue cocrtapmwiio 200 T mpu MPOU3BOICTBE CIeNHAIBHBIX CIIaBoB. K cepennne 1990-x
roI0B IpoAaka MOHAITUTOBOTO KOHIIEHTpAaTa MPaKTUYECKHU MPEKPaTHiach BBULY OTCYTCTBHSI CIIPO-
ca. B 1997 r. 6a3ucHas 11eHa Ha OKCHJI TOpUS COCTaBIsIa 65,55 momn. 3a kunorpamm, 82,50 mos.
3a 99,9 % uucrotsl u 107,25 nomi. 3a kujgorpamm metamiyeckoro Topust 99,9 % uucrorst [102].

PaccmorpuM TeHaeHIMIO 100BIUM U HCTIONb30BaHus Topus Ha npumepe CIIA [16]. B CIIA To-
puii — TOOOYHBINH MPOAYKT MepepaboTKH MOHAITUTOBOTO MECKa, JOOBIBAEMOTO pajy TUTaHA U LUP-
koHMsI. B muHamMuke moTpeOieHns TOPUEBBIX Py, COSAMHEHUH U MeTanueckoro topus B CIIIA

I 135 ABctpanus - 595

pyrue - 13 0

2,2% 2% Epoma - 717
11,3%

Ilenounsie - 584
9,4%

Poccrinm - 2182
35,1%

Kuipnsie - 1528

Awmepuka - 1723
924%

27%
Asms - 2679

42,1% —

Kap6onarurs! - 1783

9,4% Adpuxka - 650

0,
MupoBble 3amachl TOpUsL, TOCTYITHBIE /UL JIOOBIYH (THIC. T) 10,2%

o gaHHbIM MATATD (Ilenbvckuii u p., 2012)

ABcTpanus 489
CIIIA 400
Nunus 319
bpazunus 302
Benecyaia 300
Hopgerust 132
Erumner 100
Poccust 75
I'pennanus 54
Kananma 44
Jlpyrue crpanst 33
Bceero 2610

Puc. 28. OcHOBHBIC NPOMBILILJICHHBIE THIIBI MECTOPOKICHHI TOpHs [S4]
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Ha MPOTSHKEHUU UIMTEILHOTO BPEMEHU HAOMIONaeTcsi CTaOMIIbHOE CHIDKEHHE. 3HAYUTEIBHO CO-
KpaTujoCh UCIoyb3oBaHue Topust ¢ 1980-x romos, korma ero moTpedieHre B CTpaHe COCTABIISIIO
B cpenHeM 45 T B roa. JloOprda MoHaruTa Oblla MPaKTUYECKH MpeKpamieHa B konue 1994 r. BBumy
CHWDKCHUS CIIPOCA Ha pyAbl, COACpIKAIUe PUPOAHBIN paauoaKTUBHbIN Topuid. 110 croumocTH mo-
TpeOleHne MeTauIMYecKoro Topus, ero craBoB u coeaunenuit B CHIA onenuBaercs B100 ThIC.
o, B 2001 1. Bech mOTpeOIABIIMIACS B CTpaHE TOPUM MOCTyMall JIMOO M3-3a pyOexa, Tudo u3
UMeroUMxcsl ckiajackux 3amacoB. B 1997-2000 rr. monauut BBO3wics B CHIA u3 ®dpannum,
a OCHOBHBIMH TOCTAaBIIMKAMH COEAMHEHUN Topus sBIsuuch (%): Opannus — 72, Kanama — 11,
SAnonusa — 4, Cunranyp — 2. B 2009 r. B CIIIA Topuiiconepkaiue pyabl HE JOOBIBAIUCH BOOO-
uie. Bece coenuHenust U CriaBbl TOPHsl, UCIIOJIb3YeMbl€ MTPOMBIIUIEHHOCTBIO CTpaHbl, ObUIH MOJTY-
yeHsl 10 uMnopty (%): 100 monanura nocraBmwia Kanana, 72 coepunenuit — BenukoOpuranusi,
26 — @®panuus u 2 — Kanaga. B 2009 1. oxxujganu, 4To UCIOIb30BAHUE TOPUS YBEIUUYHUTCS B IPO-
M3BOJICTBE KaTalIM3aTOPOB, MUKPOBOJIHOBBIX IMEUYEH M ONTHUYECKOro obopymoBaHus. OAHAKO POCT
3arpar (0COOEHHO M3-3a Y)KECTOUEHUs TPeOOBaHUM K paJuOAKTHUBHBIM MaTepHaiaM, MOHUTOPUHTY
¥ MOTHJIbHHKAM TOPHHCOJEPKAIIUX OTXOJ0B) 3aCTaBWJI IPOM3BOAMUTENCH OOsee aKTHBHO TEepPEeXo-
IUTHh HA OECTOPUEBBIC MaTepuaibl. B pe3ynbrare yMEHbIIWICS KaK UMIIOPT TOPUEBOTO CHIPBSI, TaK
U JKCTIOPT TOTOBOM mpoaykuuu. [Ipumenenune topusi OyaeT CHUKAThCS U AalblIe, €CIU TOJbKO HE
MOSIBSITCS JIeIlIEBbIE CIIOCOOBI 3aXOPOHEHHMSI, KAKHE-TO HOBbIE TEXHOJIOTUH, CTUMYIHPYIOIINE CIIPOC
Ha 3TOT METaJlI, WK TOPUM HE HAuHET NPUMEHAThCS B saepHOMl sHepretuke. B 2009 r. Bocemb
xomnanuii CIIIA paGoranu ¢ TOpHeM B HEIHEPreTHMYECKOH cdepe, OCYLIECTBIsAs MPOU3BOACTBO
KaTaJau3aTopoB, BRICOKOTEMIIEPATYPHOU KEPAMHUKHU M CBAPOYHBIX AMEKTpoaoB. OqHa U3 aMepUKaH-
CKHX KOMIaHWH coo0Imia o pa3paboTKe TOPUEBOrO0 OKCHAHOIO MOJYHNPOAYKTa AJIs SAEPHOTO TO-
wirBa. CTOMMOCTh KOHKPETHBIX COCAMHEHUN TOPHS, UCIOJb3yEeMbIX NpoMbliieHHOCThi0 CIIA,
yBesmuuBanachk ¢ 121 000 momn. B 2008 mgo 350 000 mosut. B 2009 1. Ilpu aToM M3-3a CHMKe-
HUA CIpOca Ha KOJIMYECTBO Topus, uupkyaupyroumero B CIIA, B 2009 1. yMeHbLINIACh CpeAHss
CTOMMOCTh UMIOPTUPOBAHHBIX coeAUHEHH Topus A0 149,39 nomi. 3a KuiorpaMm 1o CpaBHEHUIO
¢ 174,61 nomn./xr (Bec O6pyrTo) B 2008 . CpemHsisi CTOMMOCTh 3KCIIOPTUPYEMBIX H3ICTUN ¢ TOPH-
eM yMeHbImiack a0 73,37 momm./kr (2009 r.).

Taxum 006pazom, IPOMBIIUICHHBIH OallaHC pecypcoB 00€CTIEYNBAIOT YEThIPE THUIIA MECTOPOKIe-
HUMN, OXapaKTEepPU30BaHHBIC BBINIC. B mepByro ouepenb KapOOHATUTHI U pOcChINU (puc. 28).

PaccmarpuBas pacnpeneneHue pecypcoB TOpUs 110 KOHTUHEHTAM U cTpaHam, [. A. MamkoBLeB
u 1p. [54] nonararot, 4TO 3TUX PECYpCOB BIIOJIHE AOCTATOYHO JJIs obecreueHust OyayIiero pa3Bu-
THUS JTIOOBIX BapHAHTOB UCIOJIB30BAHMS TOPUS B HHEPreTUUECKUX PEAKTOPaX.
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Iasa 10. IEPCIEKTUBBI HOBBIX OTKPBITHH

IIpoBens B cBoe Bpems aHanu3 TopueHocHoctu Teppuropun CCCP (1o cux mop He yTparus-
mui cBoel aktyanbHOCTH), M. B. UupkoB [89] 0000mun dakruueckue Marepuaisl 1Mo o6onee yem
180 »HIOreHHBIM MECTOPOXKACHUSIM U pyHonposiBiIeHUsM U 170 pocchinsam, coiepKaliuM TOPHid
B pa3IM4YHbIX KoaudecTBax. OH NOAYEPKHYI, YTO «MMH HE OXBATBIBAIOTCSI MHOTHE I€CATKH U3BECT-
HBIX Ha OOLIMPHON TEPPUTOPHM CTPAHBI APYTUX PYAONPOSBIECHUI TOpUIiCOAEpKAIIUX PYH, B TOM
YHCJI€ ¢ BBICOKUMHU KOHIIEHTpauusMHU Topus». CHpaBeUIMBOCTb 3TUX CJIOB MOTYT IOATBEPIUTH
M aBTOPBI HACTOSIIETO 0030pa, B PACHOPSDKEHUH KOTOPHIX UMEETCs YHHKaJIbHast HH(OpMAIHS 110
TOPUEHOCHOCTU CTpaHbl (Oosiee moiyTopa ThICAY OOBEKTOB), COOpaHHAs CIELUAIN3UPOBAHHBIMU
sxcnequuusaMu [lepsoro rmaBka Munreo CCCP, rae, Hapsay ¢ pylONpOsIBICHUSMH, OTMEUYAOTCS
ellle ¥ COTHU MPOSBICHUN MUHEpAIU3alMU TOPUsS, HyKIAIOIIKUECs B TOM3YUCHUU.

OCHOBHBIMU TPUYMHAMH HEIOWU3YYEHHOCTH TOPUEHOCHBIX 00bEKTOB, monaraer M. B. Yupkos
[89], ¢ ogHOM CTOPOHBI, SIBISETCA €IlI€ KpailHe HEA0CTAaTOuYHAs U3yUYEHHOCTh HA TOPUM, KaK caMMX
IPUPOAHBIX OOBEKTOB, TaK U PAiOHOB, 0COOEHHO TPYIHOJOCTYIIHBIX, B KOTOPBIX OHM BCTPEYAIOT-
cs. C qpyroil CTOPOHBI — HEBO3MOYKHOCTB JIJIsl T€0JI0I0B-IIOMCKOBUKOB M Pa3BEIUMKOB 10 Pa3HbIM
MIPUYMHAM CYMMMPOBATh JJAHHBIE 110 TOPUIO U U3y4YaTh 3aKOHOMEPHOCTH €ro jokanu3auuu. [lo Ha-
[IeMy MHEHHIO, BCE OOBSICHAETCS ropas3/lo MpoIle — BCE €llle HEBOCTPEOOBAHHOCTHIO HAPOIHBIM
XO35HCTBOM CTPaHbl TOPHSI KaK CTPATErMUYE€CKOr0 SHEPreTHYECKOTro JIEMEHTA.

BaxHbIM 00CTOATENTLCTBOM NIPUBJIEYEHNS] BHUMAHUS 3aMHTEPECOBAHHBIX CIEIMAINCTOB K TOPUIO
Ha OCHOBE XapaKTEPUCTUKU €T0 METAJUIOICHUH SBISETCS B)KHEUIIIast €r0 0COOCHHOCTh — KaK Tpa-
BUJIO, BXOXKJIEHUE B COCTaB KOMNAEKCHbIX PyO (PEAKO3EMEIbHBIX, PEAKOMETAJUIBHBIX U YPAHOBBIX),
YTO MOBBIIIAET UX 3HAYMMOCTH Ul Pa3pabOTKH, a B OOJBIIMHCTBE CIyyaeB MO3BOJSET UCIOIb30-
BaTh PaJIMOMETPHIO JJIsl UX MOMCKOB B IpOLECCEe MOJEBBIX padOT. J{1s1 M3BECTHBIX PEAKO3EMENb-
HBIX PYIHBIX CKOIUICHHWH Ha Tepputopuu PO xapakTepHa Oonbiiasi pa3o0ImEeHHOCTh 0OBEKTOB, TIe
BO3MO)KHO BBISIBJICHHE HOBBIX NPOMBIIUICHHBIX 0OBEKTOB PEAKO3EMENbHBIX MeTaoB. [IpuunHoii
9TOro (0TYACTH) CIYXKHUT TO 0OCTOATENILCTBO, YTO PEIKO3EMEIbHbIE METaIbl (KaK MIPABUIIO, COIPO-
BOX/Ia€Mbl€ TOPUEM IIHPOKOIO JUANA30HA COAEPKAHUI) OOBIYHO MPEACTABISIIOT COOOM MOMyTHbIE
KOMITOHEHTHI, U UX 3aIachl MOACYUTHIBAIOTCS MPU BEIEHUU I'€0JI0rOpa3BEI0UHbIX padoOT Ha JIpyrue
BUJIbI IIOJIE3HBIX UCKOIIAEMBIX; 3al1achl 3TOT0 BUJa MUHEPAJILHOTO ChIpbs B Poccuu npencraBisitoTcs
BEChbMa 3HAYUTEIbHBIMH, XOTS, K COKaJCHUIO, HE Ha BCeX 00BbEKTaX OTIMYAIOTCS BHICOKUM KauecT-
BOM I TpeOOBaHUN MPOMBINUICHHOCTH. J[aHHOE OOCTOATENHCTBO, a TAaK)Ke HU3KHN BHYTPCHHHUI
CIPOC Ha HMUX OINPENEISAIOT CKPOMHBIM 00BbEM MHBECTHLIMN B Pa3BEAKY ATOrO BUAA ChIpbs [26],
B OTJINYME, HampuMmep, oT Kuras, KOTOpHIN BbIIIEN B JUAEPH! (a MO CYLIECTBY B MOHOIIOJIMCTHI)
10 TIOCTAaBKE PEAKO3EMENbHBIX METAJIOB HA MUPOBOM apeHe.

C BBIIIEN3TI0KEHHBIM COMIACYIOTCSI MPEACTABICHUS BEAYIIMX METAJUIOT€HUCTOB CTPaHbl B OT-
HOIIICHUH B 1I€JIOM MHHEpaJIbHO-ChIpbeBor 0a3pl (MCB) [61]: «YuuTsiBas reorpaduueckoe pazme-
IIEHUE MHOTUX MECTOPOXKICHUH, UX OTOPBAHHOCTD OT CYLIECTBYIOIIEH HHPPACTPYKTYpbI, HAKOHEI]
kayecTBoO MCB Poccun, B yCIIOBUSIX OCTPOM MEXIyHAPOAHON KOHKYPEHIIMHU, KOTOpasi BOHUKIIA B Ha-
yasie 90-X rofoB NpOLLIOro CTOJETUSI, OCBOEHUE OOJIBIIMHCTBA U3BECTHBIX U BHOBb OTKPBIBAEMBIX
MECTOPOXKJICHHUI OCTaeTCs MPOOIEMAaTHUHBIM. JTO MOCIYKUJIO OCHOBAHUEM JIJISl IECCUMUCTHYECKUX
oLeHOK oTedecTBeHHbIX MCB He TOJIBKO CO CTOPOHBI HHBECTOPOB, MPEIbSBIAIOUINX BHICOKUE TPeOO-
BaHUsA K 00BEKTaM pa3pabOTKU B YACTH MOTy4aeMOil MPUObLIN, HO U CO CTOPOHBI CrielUanucToB. Tak,
10 OLIEHKAM MHOTHUX 9KCIIEPTOB, CPEeIU 0OBEKTOB HEpacIpeaesIeHHOTO (poHIa HEP MO TBEPBIM I10-
JIE3HBIM HCKOIIA€MBIM B COBPEMEHHBIX 3KOHOMHUECKHX ycaoBUAX okosio 30—40 % 3anacoB HepeHTa-
6enpHO, 20-30 % ycnoBHO peHTabenbHO U Juib okoio 20-30 % oTBeyaet uHTEpecam OuzHeca. ITH
BBIBO/IbI MTOATBEPXKIAIOTCSI TEM OOCTOSTENBLCTBOM, 4TO 32 McTeKIHi roa (2008) cocTosioch JUlIb
okoio 15 % o6wsBieHHbIX PocHeqpa ayKIIMOHOB Ha MPaBo MOJIb30BAHUA HEApamiy. Bellen3noxeH-
HOE, 110 BCEW BEPOSITHOCTH, MOXHO PacCpOCTPaHUTh U HA TOPUM, KAK COCTaBHYIO YaCTh KOMILJIEKC-
HBIX MECTOPOXKJIEHUH, B IIEPBYIO OUEPEIb PEAKO3EMEIBHBIX, PEAKOMETAJUIBHBIX U TOPUIl-yPaHOBBIX.
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B KkauecTBe NEpCNEKTHUBHBIX TOPUEHOCHBIX QopManuil (IMOTEHIHATIbHO-TOPUEBOPYIHBIX )
N. B. Yupko [89] mpennaraer dopmanuu (B MOPSIKE UX 3HAYUMOCTH), C IIPUMEPAMHU TPEIACTaB-
JSIIOIINX UX PYIHBIX OOBEKTOB:

— penKoMeTaJIbHYIO (JIOIIAPUTOBYIO) B armauToBbIX He(eanHOBBIX cueHnTax (JloBozepckoe me-
CTOPOXKIIECHUE);

— YPaHOHOCHYIO PEIKO3EMEIbHO-TOPUH-HUOOUN-TAaHTAJIOBYIO B aJIbOMTUTAX U AJIbOUTHU3UPOBAH-
HBIX 3TUpUH-aM(puOonoBeix Metacomarurax (Ymyr-Tanzek, Apbickanckoe, Karyrunckoe, Bumine-
BOTOPCKOE);

— YPaHOHOCHYIO TOPUEBO-OCPUIUIMEBYI0 B MUKPOKIMH-aKTHHOIUT-AIbOUT-KBAPILIEBBIX METACO-
Matutax (byrynapuHCKOE);

— TPEU3EHOBYIO PEAKO3EMENIbHO-TOpUEBYI0 (mpuBoasaTcs oObekThl Kazaxcrana u Kupruszuu,
no Poccuun naHHble OTCYTCTBYIOT);

— peIKOMETaNIbHO-TOPUEBO-PEAKO3EMETbHO-IIUHKOBO-CBUHIIOBYIO B Tpei3eHax, KaJIUIIMaTUTax
U CEPUIUT-KBAPIEBBIX METACOMATUTAaX (TO K€, YTO U B MpeAbIayIIei Gopmarun);

— TOpUI-YPaHOBYIO B 30HAX JAPOOJICHHS IIEIOYHBIX MOPO, B MOJIEBOIINAT-KBAPIEBBIX M KBAPII-
dmooput-6apur-kapboHarHbix xuinax (Toproiickoe, MypyHCKUH 1I€TOYHONH MacCHB);

— IUPKOHUK-TOPUI-(HOCHOPHO-YPAHOBYIO B aTb,OMTU3UPOBAHHBIX TEPPUTEHHO-KapOOHATHBIX TO-
ponax (mpuBoasTcs o0bekThl Kazaxcrana, mo Poccun maHHbIE OTCYTCTBYIOT);

— HHOOWH-peIKO3eMENbHO-TOpYEBas B KOpaxX BhIBeTpHBaHUs KapOoHnarutoB (Kuiickoe).

H. B. Yupxos [89] BbICKa3bIBa€T MHEHHE, YTO IIPH BO30OHOBIEHUH OUCKOBBIX U Pa3BEIOUYHBIX
paboT Ha TOPHUI HEKOTOPBIE U3 MECTOPOXKICHUI U PYIONPOSBICHUN «ITOTEHIUATBHO TOPHUEBOPYI-
HBIX» (opMalMil MOTYT CTaTh MPOMBIIUICHHBIMU Ha TOPUI — «TOPUEBOPYAHBIMU» — C pa3BeJaH-
HBIMH €TO 3aracamMi B PEAKOMETAUIBHBIX UM YPAHOBBIX C TOPHEM pPyAax WM B Pylax TOPHEBBIX
C COMYTCTBYIOIIMMHU PEAKHUMU METaJUIaMU U (MJIM) YPaHOM.

Tab6nuna 16
IIporuo3ublie pecypcbl TOpusi Ha Tepputopun Poccun [69]
Pecypcsl B mepepacueTe Ha METaI, ThIC. T
Yucno mecto-
I'pynmsr me- Cpennee B mecropoxnenusix .
. pOoKAeHMI
CTOPOXKACHHH | COflep KaHNe Kparxas
MIOTCHIHAIBEHO (cymmapHbie
T1I0 COpTaM pya | TOpUA B py- SKCINUIYaTHpO- XapaKTEpUCTHUKA PECYPCOB
o MIPOMBIIIUICH- | cTTa0ON3yYeH- pecypchl,
110 TOPHUIO nax, % BABLIMXCS HA
ubix Ha Ta, Nb, HBIX THIC. T)
Ta, Nb, U
TR, U u np.

1. DHOOrEeHHBIE MECTOPOXKACHHS 1 PYIOTIPOSIBICHHUS: COOCTBEHHO TOPUEBBIE, IIPEUMYIIIECTBEHHO THIPOTEPMAIbHbIC

PanoBeix u 0,1-0,2 — 28 52 16 (80) Mernkue U cpeTHIe MECTOPO-
6orateIX pyn | no 12w KIICHNUS, CTa00ON3yYEHHBIE
6onee

2. KomruiekcHbie MECCTOPOXKIACHUA C TOPUEM DHAOICHHBIC: MAIrMAaTHYCCKUEC, METACOMATUYCCKUEC, THAPOTCPMAJIBHBIC

PapoBex pyn| 0,1-0,2 - 90 - 1 (90) Kwiickoe TopmeBo-penkome-
TaJUIbHOE MECTOPOXKICHHUE

benneix pyn | 0,05-0,1 - 405 115 14 (520) | B TOM YHCIIE MECTOPOKIACHUE
VYnyr-Tanzekckoe

Yo6orux pyn | 0,01-0,05 102 180 638 35(920) | B TOM uncie MECTOPOXKACHUE
JloBozepckoe

3. KoMIuieKCHbIE MECTOPOXK/ICHUS C TOPHEM SK30TCHHBIC: TOrPEOCHHBIC TPETHYHbIE
n OoJtee JpeBHHE MOHAIIUTCOAEPIKAIIME POCCHIIH PAa3HBIX THIIOB
Voorux u 0,05-0,1 - 20 80 38 (100) PasBenpiBanrchy Ha THTAH
PSIOBBIX Py 1 HUPKOHUH
Bcero - 102 723 885 104 (1710)
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Crneuunamuctet MI'Y u BHUUXT [69] cuuTaroT, 4TO BO3MOXKHBIE COBPEMEHHBIE M OymyIiue
UCTOYHHMKHU TOpusi HauOosiee Xopolio u3yudeHbl Ha JloBozepckoMm (comepkaHue Topus B pyae —
0,02 %) u Ymyr-Tanzekckom (0,1 %) KOpeHHBIX MECTOPOXKICHHIX, a Takxke Ha Kutickom (0,4 %)
MECTOPOXICHUU B KOpE BhIBETPUBAHUS KapOOHATUTOB. [loka HEOCTaTOYHO U3yUEHBI KPUOTUT-PE]I-
KO3eMeJIbHO-peIKoMeTallIbHOe KaTyruuckoe u mupoxsiop-MoHaIUToBoe TOMTOpPCKOE MECTOPOK/Ie-
HUs, I1ie coaeprkanus Topus HaxonaTes B npeaenax 0,0191-0,3044 %, a Takke TOPUT-KCEHOTUMO-
Bble MecTopoxaeHus: CeBepo-balikanbckoro pyaHOro mossi, HEKOTOPbIe POCCHINN U TEXHOTEHHBIE
oOpazoBanus. M3 mocnequux HauOoliee MEPCIEKTUBHBIM CUHTAETCS TyraHCKOe pPOCCHITHOE Me-
CTOPOX/ICHHE [TUPKOH-WIBMEHUTOBBIX MECKOB B TOPOJaX KaHHO30MCKOTo Yexja B I0r0-BOCTOUHOM
obpamnenuu 3anaaHo-CuOUPCKOM TUIMTHI. 3amackl 3TOT0 00BEKTA MO3BOJISIOT 00ECIIEYUTh TIEPEXO]]
Ha TOPHUEBBIN UK Bcex 29 sHeprobmokoB Poccun n 40 snepro6iokos crpan CHI.

Paccyxnast o mporHo3HbIX pecypcax TOpusi Ha Tepputopun Poccun, MOXKHO OpHUEHTHUPOBATHCS
Ha BbIBONBI crniermanuctoB MI'Y u BHUMXTa [69] (Tabn. 16).

Ha ocHOBaHUU BBIIIEHU3I0KEHHOTO MaTepuaa MepcieKTUBBI HOBBIX OTKPBITHI ClleyeT paccMma-
TPUBATh B JIBYX HAIIPABJICHUSX:

1. Pe3epB TOpHsi Ha y»Ke BBISIBICHHBIX OOBEKTaX CIIEAyeT UCKaTh Ha HEIOM3yUYEHHBIX (hIaHrax
COOCTBEHHO MECTOPOXKJEHUI TOpHsI, EpeUeHb M XapaKTEPUCTHKA KOTOPBIX YXKe MPUBEACHA B pa-
00Te (M3BECTHBIN MPUHIUI TOPHSAKOB U pyno3HaTLeB — «Wm pyay OKoo pynab»).

2. Topuii, kak aTpuOyTHBHASI COCTABIISIONIAS PEIKO3EMEbHBIX, PEIKOMETANIBHBIX U TOPUH-ypa-
HOBBIX MECTOPOXJICHUN, HYKIACTCS B JIOU3YUYECHUU — OIEHKE €r0 KOJIMYECTBA (3amachl, Pecypchl)
HA 3THUX CaMbIX MECTOPOXKICHUSIX.

VYKka3zaHHbIE py/HbIE 00BEKTHI JOCTATOYHO MOJTHO OXapaKTEPHU30BaHbI MIPH OLEHKE MUHEPAJIbHO-
CBIpBEBOTO ToTeHIMaNa Henp Poccuiickoit @eneparmu [61]. UToObI HE 3aHUMATHCS KPYITHOOOBEM-
HOW KOMITWJIALIMEH M JAONOJHUTENBHOW 3arpy3Koil MPUBOAMMON MH(OpMAIMM, aBTOPHI OTCHLIAIOT
3aMHTEPECOBAHHBIX YMTATENIed K T€OJIOTUYECKUM MaTepHaliaM, COCTABICHHBIM B TOM YHCIE MPHU
BenyueM yyactuu BCEI'EU: [Iporno3no-muneparennueckoit kapre Poccuiickoit ®denepaiuu u ee
KOHTHHEHTAIhHOTO TIenbga, macmrad 1:2 500 000, 2019 . [61] u k Cucreme y4era U MOHHTO-
pUHIra METAJIJIOTEHUYECKOT0 MOTEHIMala U MPOrHO3HBIX pecypcoB kareropuu P; tepputopuun Poc-
CHUM U €€ KOHTHHEHTaJbHOro menb(a. Ha Kaxaplii mepcreKTUBHBIN 0O0BEKT COCTaBJIEH MacmopT,
coJiep)Kaimuii He0OXOIMMYIO0 TEKCTOBYIO M Tpaduueckyro HHPOPMAIUIO, AAONIYI0 OOBEKTHBHOE
IIPEJCTaBIEHUE O CTENIEHN OOOCHOBAHHOCTH KOJMYECTBEHHBIX OILIEHOK 110 COCTOSIHUIO U3YYEHHOCTH
Ha 01.01.2009. OpueHTHPOM NP MOUCKE HYKHON MH(DOPMAIMK IO TOPHEHOCHBIM U MOTEHIIUATIBHO
TOPUEHOCHBIM OOBEKTAM MOXKET CIYXKUTh MarepHhall, U3JI0KEHHBbI B BOCBMOW TJIaBe HACTOSILErO
aQHAJIUTUYIECKOTO 0030pa.
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3AKJIIOYEHUE

Ilepron KoHIIA MPOLIIOrO CTONETHS U Hadaja TEKYLIEro BeKa UMeEIl TEHACHIIUIO CHU-
JKCHMsI BHUMaHUS K UCCIIEOBaHUSAIM METAJUIOTEHUN TOpUA B Haulel crpane. ChIpbeBON
0a3bl TOPUS C YTBEP/KICHHBIMU 110 TPOMBILUIEHHBIM KaTErOpUsM 3ariacaMu, COIOCTaBU-
MOMH I10 CTENEHU FOTOBHOCTH € YPAHOBOW WJIM PEAKOMETAIUIBHOM, 10 CUX IIOp HE Cylle-
cTByeT. He cymecTByeT 3Ha4MMBIX YTBEpKAEHHBIX 3anacoB Topus B ['K3 u He usnaercs
ux OanaHc. [IpuunHa — UIMTENBHOE OTCYTCTBHE MHTEPECAa MUPOBOM 3KOHOMMKH K TO-
PHUIO KaK MCTOYHHUKY SIAEPHOM SHEPruu, M Kak CJIEICTBUE — OTCYTCTBUE CIEIUAIbHBIX
MOUCKOBBIX M T'€OJOrOpa3BeAOUHBIX padoT Ha Topuil B TeueHue Ooinee 40 sner. B mu-
POBOI1 MpakTHKe TOpUil (PaKTUUYECKHU OCTAETCSI HEBOCTPEOOBAHHBIM, XOTSI BO3SMOXKHOCTb
€ro UCMOJIb30BaHUs B AJIEPHON SHEPreTUKE HEOJHOKPATHO paccMaTpuBaioch MATATO,
MIpUYEM MPHU 3TOW OpraHMU3alMK Aa)ke ObLI CTIEHHaIbHO CO3/1aH TeXHUYEeCKUN KOMHUTET
110 BHEJPEHUIO sIEPHOTO TOIUIMBA HAa OCHOBE Topus [69].

B Poccun Takxke BO3poxkaaeTcs MHTEPEC K JaHHOMY HanpasieHuto. CoTpyHUKaMu
Pocaneproaroma [78] pazpaborana u nmpeaioxkeHa KOHKPETHAsT MHOTOJICTHSISI TPEXATall-
Has IporpaMma IO BHEJPEHHUIO TOpUS B SJEPHYIO DHEPreTHKY HauuHas C TEKYIEro
BPEMEHU U JI0 CEPEAMHBI BEKa. YUUTHIBAs PeaslbHO CKJIAJIBIBAIONIYIOCS Ha ONvpKaniime
JECATWIETUS MHUPOBYIO KOHBIOHKTYPY, MO)KHO I0OJIararb, 4TO BBITOJIHEE B KauecTBE
JHEPreTHUYECKOIO pecypca BHEAPATh TOPUHM B SIACPHBIM TOIUIMBHBINA LUK, MOCKOJb-
Ky OH 3(eKTUBHEE, 10 CPABHCHUIO C ypaHOM-238, B3aUMOJEHCTBYET ¢ HEUTPOHAMU
B TEIJIOBOM CIIEKTPE HEHUTPOHOB. B Mosb3y Takoro BBIBOAA CBUAETEILCTBYET PE3KO
BO3POCILUN MHTEPEC B MUPE BO MHOTHX CTPaHax K HUCIIOJIB30BAaHUIO TOPUS B pas3iny-
HBIX THUIIAX peakTopoB. Hamma crpaHa yxke npuoOpena OombIT MPOU3BOACTBA U 00Iyde-
HUSl TOPUEBOIO TOIUIMBA. JTO TOILIMBO HE TOJBKO 00Jiee IKOHOMHUYHO, MO0 CPABHEHUIO
C YPaHOM, HO U TOPa3A0 JKOJIOTHYHEE.

Jlns pelieHuss 3TOM akTyaJllbHOW MpoOJeMbl clielyeT Ha HOBOM YpPOBHE 3HAHUMN
BO300HOBUTH pabOTHI 10 OLIEHKE 3alacoB M pecypcoB Topus B PD, akTUBU3UPOBATH
MIPOBEJICHUE MPOTHO3HBIX Pa0OT, HANPABJIEHHBIX HAa MOUCKU HOBBIX HPOMBIIUIEHHBIX
0OBEKTOB.

IlepBBIM HIaroM Ha ITyTH K 3TOMY MOJKET CIIY’KUTb IIPEICTABICHHBIN aHATUTUYECKNN
0030p, B KOTOPOM IOCJIEI0BATEIEHO PACCMOTPEHB! IIPUYHMHBI BCE BO3PACTAIOIIETO MH-
Tepeca B MHUpPE K TOPHIO, U3JI0)KEHA MCTOPUS HU3YUYEHUs TOPUEHOCHOCTH TEPPUTOPUHU
Poccun, oxapakrepu3zoBaHbl MUHEPAJIOTUS U T€OXUMUS TOPHsI, SIIOXU TOPUEBOIO Ha-
KOIUIEHUS! B TOPHBIX IOPOJAx B UCTOPUM 3EMIIM, TOPUEHOCHBIE U MOTEHIHUAIBHO TO-
pueBopyansie ¢popmanuu. Ha ocHOBe aHanM3a OTEUYECTBEHHBIX CXEM KiacCU(UKAILMU
TOpUEBBIX 00BEKTOB U MecTopokaeHuit Topust MAI'ATD npennoxeHa HOBas UX THIH-
3anus Ha (opMaroHHO#M ocHOBe. C y4eTOM CyIIEeCTBYIOLINX MPEACTABICHUI BeIyINX
Metautorennctos BCEI'EN BBINIOHEHO METa/NIOTEHUYECKOE Ha TOPUM pallOHMpOBa-
Hue tepputopun PO. [IpuBeneHHas XxapakTepUCTHKA I'€0JIOTO-IIPOMBIIITICHHBIX THIIOB
MECTOPOXKIECHUN MHUpPA JAET BO3MOXKHOCTb OLICHUTh 4Y€pe3 ATy NPU3MYy 3HAYUMOCTb
y’Ke BBISIBICHHBIX TOPUEBBIX OOBEKTOB B HAIllEHl CTpaHE W COCPEAOTOUYUTH BHUMAHHE
Ha OOHapYyXKEHWU HOBBIX (POPMAIIMOHHBIX THIIOB, U3BECTHBIX IOKA TOJIBKO 32 PyOEkKOM.
OtnenbHas I1aBa MOCBSIIEHA MEPCHEKTHBAM HOBBIX OTKPBITUH TOPHUEBBIX OOBEKTOB
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B Halllel cTpaHe. BaxxHas pojib B 3TOM OTHOILIEHHH OTBOAMTCS KOMIUIEKCHBIM MECTO-
POXKIEHUSAM C TOPUEM — PEIKO3EMEIIbHBIM, PEIKOMETAIUIBHBIM U TOPUI-YPAHOBBIM.

3anacel Topust B Poccun ouenuBatorcs B 75 000 T (MAT'ATO, 2019), nporHo3Hsie
pecypcbl BecbMa 3HauuTenbHbI [98; 99]. Hanbonee nepcrieKTUBHBI HA BBISBICHUE TIPO-
MBIIIJICHHBIX MECTOPOXKICHUN TOpHUS — TOPUEBOPYIHBIE (OopMalllK, CBSI3aHHBIE C IIIe-
JIOYHBIMM KOMILUIEKCAMH NOPOJ B PETHMOHAJIBHBIX TEKTOHHUYECKUX CTPYKTYypax pasindy-
HOro panra. Oco0oe BHUMaHHE CIEAYeT YISIUTh IPUPOIHBIM UCTOYHUKAM TOPUS — JIO-
MAPUTOHOCHBIM arfmauTOBBIM HE(PETMHOBBIM CUEHUTaM JIOBO3EPCKOTO MECTOPOXKICHHS.
OtpaboTka MOHOMHHEpAJIHHBIX MOHAIIMTOBBIX POCCHINCH peHTaleNbHa MpPU ColepKa-
HUU MOHaIuTa nopsaka 1,5 kr/m3. B MOHaUT-IMPKOH-UIBMEHUTOBBIX MMOTPEOEHHBIX
IpUOPEKHO-MOPCKUX POCCHINAX H3BJICUEHUE MOHALIUTA MOXKET OBbITh peHTaOEIbHBIM
npu coaepxkanuu B neckax 180-200 r/m3. KonuuecTBo BXOAAIIUX B ATy TPYHILy pOC-
ceineit Ha Tepputopun PO oOHanexusaer [89].

ABTOpBI COUJIM HEOOXOAMMBIM K PAaCCMOTPEHHUIO «YHMCTO» I'eOJOTMUYECKUX XapaKTe-
PUCTHK TOpHUIiCOAEpKAILNUX IPUPOIHBIX OOBEKTOB JOOABUThH CBEACHUSI O JOTIOJIHUTEb-
HBIX €r0 pe3epBax — TOPHUEHOCHBIX MIAXTHBIX M KAPbEPHBIX OTBAJAX, OTPAOOTaHHBIX
U 0TpabaThIBAEMbIX MECTOPOXKJICHUN U CKJIAJCKUX XPaHUJIMII, IIaBHBIM 00pa3oM Mo-
HAIIUTOHOCHBIX TIECKOB. DTO MO3BOJIMUT MPH IUIAHUPOBAHUHU I'€0JIOrOpa3Bel0YHbIX padoT
Ha TOPUI COOTBETCTBYIOIIUM CITy’KOaM MaKCHMAaJIbHO OOBEKTHBHO OPHEHTHPOBATHCS
U MPUHUMATh ONTUMAaJbHBIE PEILICHUs, HAIPAaBICHHbIC HA YKPEIUIEHUE U PACLIUPEHUE
CBIPBEBOI 0a3bl cTpanbl. B cBoto ouepenn, HakorwieHHbIe BO BCEI'EN ombiT 1 unbop-
Marusi B 001acTi paiiOaKTUBHOTO ChIPbS OTKPBIBAIOT BO3MOXXHOCTH ISl IIPOBE/ICHUS
aKTyaJu3aluu JIMCTOB [0CreonkapTbl ¢ OTOOpaKEHUEM JI0 HACTOSILEr0 BPEMEHU OT-
CYTCTBYIOILIETO Ha HUX TOPHUSL.

OO6nanasi MPUPOIHON PAAMOAKTUBHOCTBIO, TOPHUM MPH HAXOKIEHUU B KOMILIEKC-
HBIX PEIKO3EMEIBHBIX U PEAKOMETAIUIBHBIX PYAaX MOXKET HCIIOIb30BaThCS B Kaue€CTBE
MPSIMOTO TTOUCKOBOTO KPUTEPHsI HAa NE(MUIIMTHBIE METAJUIbI, CTOJIb HEOOXOJUMBIE CTpa-
He. PexomeHyeTcst Ipu NMPOBEJEHUHN TOCYJapCTBEHHOIO I'€OJIOIMUECKOr0 KapTHpOBa-
HUS Pa3IMYHOro Macimraba MCIOIb30BaTh alpOOMPOBAHHBIA KOMILIEKC PaguOMETPH-
YECKMX METOJOB M BBECTH TOPUM B OTIEIbHBIM NEPEUEHb YUYUTHIBAEMBIX MOJIE3HBIX
HCKOTIa€MBIX.
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