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B pesynbrate mojieBbIX UCCAEOOBAHMI M aHAIM3a JAaHHBIX (DOHIOBBIX OTYETOB B Ipeaenax BarpaHckoro
pocchimHoro y3ia CeBepHOro Ypaa ObUIM BbIOE/ECHBI ABA TUIIA IIMXOBOTO 30JI0TA, SBJISIOLIMXCST MH-
IUKaTOpaMU KOPEHHOI MUHEpaIM3aIlUU 30JI0TO-CYIAb(UIHO-KBAPIIEBOIO M TUIIOTEHHO-TUTIEPTEHHOTO
TUIIOB, KOTOPBIE OBLIN UCIIOIb30BaHbI B KAYECTBE 3TAJIOHOB I pa3paboTKU 1IM(POBOiIl CUCTEMBI IPO-
THO3WPOBaHUS ITapaMeTPOB M JIOKAJIM3AIIMX IIEPBUYHBIX ICTOYHMKOB POCCHIITHOTO 30J10Ta. B HacTos1mei
pabore hopMann30BaHbI (B BUIEe KOJTMYECTBEHHOM OLIEHKN) TUTIOMOP(HBIE XapaKTEPUCTUKHM IIIJTUXOBOTO
30J10Ta (KPYIMHOCTh, OKATAHHOCTh, COPTUPOBKA K IPOOHOCTD, a TAKKE COAEPKAHUE JIEMEHTOB-TIPUME-
ceif). OTu maHHBIE 0BT 00PaOOTAaHBI C MCIIOJIB30BAHUEM METOIOB MYJIBTUTUIMKATUBHBIX ITOKA3aTeIei,
JIMHEIHOM perpeccuu 1 iepeBa perpecCuy ¢ UCI0Ib30BaHUEM aJITOPUTMA CIIy4aifHOro jieca, 4To I03BO-
JIMJIO € OOJIbIIEH TOCTOBEPHOCTBIO ¥ CTAOMIIBHOCTBIO, Y€M I10 PSIIOBBIM MTApaMeTpaM B OTIACIbHOCTH, TIPO-
THO3MPOBATbH COCTAB U JIOKAJIM3ALIMIO KOPEHHOTO OopyaeHeHUs . YTOOBI MOJIyInTh HEOOXOMUMBIE TaHHbBIE
JUTS TIOMOOHOM OIIEHKH, TOCTATOYHO OTYETOB IO IITUXOBOMY OITPOOOBAHUIO, & MOTIOJTHUTETbHBIE TT0JIe-
Bbl€ M BbICOKO3aTPAaTHbIE JIA00PAaTOPHbBIE UCCIIEAOBAHMSI HE SIBJISIIOTCS 00sI13aTe/IbHBIMU, YTO COKPAILIAET
Kak BpeMsl, TaK U CTOMMOCTb PabOT. AHAJIM3 MaTPULIbI KOPPEISILIMOHHbBIX CBSA3eil IO3BOJIMII BbIAEIUTh
XapaKTepHbIE MOKa3aTe/Iu 1JIsi KOPEHHOM MUHepaau3aliK 30J10TO-CYIbGUIHO-KBApLIEBOTO U TUIIOIeH-
HO-TUIIEPTEHHOIO TUIIOB, a TAKXKE MPEIIOXUTh PEKOMEHAALIMY IT0 TTPOBEACHUIO ITOMCKOBO-Pa3BeI0YHbIX
paboT ¢ MEIbIO BBISIBICHUS KOPEHHOM 30JI0TOHOCHOCTH y3/1a. Bce Tpr MCIOIb30BaHHBIX METONA JaIv
OJIM3KWE pe3yIbTaThl, TIO3BOJISIIONINE TTPOTHO3UPOBATh MTapaMeTpbl KOPEHHOW 30JI0TOHOCHOCTH, TIpU
9TOM METOJ pacyeTa MyJIBTUIUIMKATHBHBIX KO3 (GULIMEHTOB BbISIBUJI 00JIe€ KOHTPACTHBIM, BRIPasKe HHbBIA
pe3yibTaT U MpPeACTaBIsieTcs Haubojiee IPOCThIM M 0000IIEHHBIM, MOAXOASIIUM IS J1I000r0 Habopa
COTJIACOBAaHHBIX IAaHHBIX, B TO BpeMsI KaK IPYrue MeTObl TPEOYIOT OoJiee IIyOOKOTO aHAIM3a BXOASIIUX
napameTpoB. OCHOBHBIMM MPEUMYIIECTBAMHU IIPEIaracMOTo METOa MPOTHO3HBIX OLIEHOK SIBJISTFOTCS
noBbIeHre 3G GEKTUBHOCTY U YaCTUYHAsl aBTOMAaTU3allMs Mpoliecca onpeaesieHUsT TIepPCIeKTUB KO-
PEHHOTO OPYIEeHEHUST TEPPUTOPUIA.

Karoueswie crosa: POCCHIIHN, CTPATEIMYECKUE METAJLJIbI, 30JI0TO, MYJIBTUIIMKATUBHBIC ITOKA3aTCIN, IIPO-
THO3Has MOACJIb
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CrapeiiliuM 30JI0TOTOOBIBAIOIINM PETHUOHOM
Poccuu sgBnsiercst Ypan. 3a BClo UCTOPUIO OCBOEHUS
3TOI TeppUTOPUH (a HAYAJIO el ITOJIOKIII KUTENIb Ie-
peBHu Illapram Epodeit MapkoB, koTopslii B 1745 1.
Halen o0JIOMKHY KBaplia ¢ CaMOPOIHBIM 30JI0TOM B
npenejiax HbIHEIIHero bepe3oBcKoro 3010Topya-
Horo 1oy [Ca3oHoB u 1p., 2001]) ocHOoBHasg Macca

30J10Ta, olieHMBaemas B 500 T, Oblj1a 10OBITa U3 POC-
CBIITHBIX MECTOPOXKICHUIA.

B Hacrosgiee BpEMA OCHOBHBIM BEKTOPOM IIOA-
ACpXKaHuA 30J10TOIOOBIYM HA Ypaﬂe ABJIAIOTCA TTIOU-
CKHU M pa3B€aKa KOPECHHbIX O6’beKTOB, IIp1 9TOM UME-
IO ECA POCCHINU U NIJIMXOBBLIC OPCOJIbI MOT'YT CIIy-
2KNUTDb B KAYECTBE ITOMCKOBOI'O KPUTECPUA HepBI/I‘IHOﬁ
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3010TOHOCHOCTH. MccllenoBaHUsl BEIIECTBEHHBIX
¥ TIPOCTPAHCTBEHHO-TEHETUYECKUX CBSI3EH B psmy
“KOpEeHHOM MCTOYHUK — IMPOMEXYTOUHBIN KOJIIEK-
TOP — POCCHINL” SBISIOTCS HEOOXOMUMbBIMU JIJISI
OLIEHKM TOTEHIMANA JTJIMTSIHLHO Pa3BUBAIOIINXCS
PYOHO-POCCHIITHBIX Y3JI0B Ha SHIOTEHHOE OpyIcHe-
HUE, B TOM YMCJIE HOBBIX HETPATUIIMOHHBIX TUIIOB
[bapanHukos, 2009].

HecMmoTps Ha mouTu CTOJETHUI TIepuond oTpaboT-
KM pOCChINEN 30J10Ta Ha TEPPUTOPUM, PACTIOIOKEH-
Horo B mipenenax CeBepHoro Ypana, BarpaHckoro
y371a (TIe 3a 3To BpeMsI ObUI0 moOBITO mopsiaka 10 T
30J10Ta), BOIMPOCHI, Kacalolluecss KOPEHHBbIX UCTOY-
HUKOB 30JI0Ta, OCTalOTCS HepelmeHHbIMU. [Ipenmo-
JIaraeTcs, 4YTO Ha CTaAUN ME3030MCKOM NMEHETIJICHU -
3allMK YpajabCKOIO CKJIaayaToro Mmosica poCChIITHOE
30JI0TO OBLIO BEICBOOOXIECHO M3 30H KOPECHHOI MU~
HepaJlu3aliuy 30J10TO-CYAb(MUIHO-KBAPIIEBOIO TUIIA,
a 3aTeM MEePeOTIOKEHO B 00pa30BaHUs YETBEPTUI-
HOI'O aJIJIIOBUAJIbHOIO KOMILIEKCA 4yepe3 CUCTEMbI
KOD BBIBETPMBAHUS U 3PO3UOHHO-CTPYKTYPHBIC Je-
npeccuu [ bapanHnukos, 2009; CazoHos u ap., 2001].

[IpoBeneHune cienUaIn3upPOBaHHBIX ITOJIEBHIX pa-
00T 1 TabOPATOPHBIX UCCIEIOBAHUN SIBJISIETCS HEO00-
XOOVMBIM TSI BEISIBJICHHSI TIEPBUYHBIX NCTOYHNKOB
pocchinHoro 30j0Ta. [IpenyiaraemMblii aBTOpaMu ai-
TOpUTM (hopMalTU3aluy CTAHAAPTHBIX TUTIOMOP(HBIX
XapaKTePUCTHUK POCCHIITHOTO 30J10Ta C TIOCSAYIOIIUM
00beIMHEHUEM MX B MYJBTUILUIMKATUBHbBIC IIOKA3aTe-
JIA TTIO3BOJISIET YACTUYHO aBTOMAaTU3MPOBATh, a TAKKE
YIPOCTUTh U ONTUMU3UPOBATH MPOLIECC IIPOTHO3M-
POBaHUS KOPEHHOM MUHEpaIU3aLiu.

IT'EOJIOTUYECKOE CTPOEHUE
N ITEPBUYHAA METAJINIOHOCHOCTD Y3JIA

B kauecTBe 3TaJOHHOIO 00BEKTA aBTOPaAMU ObLI
BBIOpaH BarpaHcKuii 30JI0TOHOCHBIN POCCHIITHOM
y3eJ1, KOTOpbIii 3aHMMAaeT 00JIacTh AIIKMHCKON M
CypbuHcko-ITpoMBICIOBCKOI MUHEpareHM4ecKux
30H CeBepHoro Ypana. [paHuiia Mexmoy 3TUMHU 30-
HaMU MPOXOAUT IO perMOHAIbHOMY MEPUINOHAIb-
HO OpPUEHTUPOBAHHOMY pa3zjioMy. B 00eux pyaHbIX
30HaX Pa3BUTbl MOPOIbI YepHOCTAHLIEBOH (op-
MalluM: B AIIKMHCKON — BepxHepudelcKoro, a B
CypbsuHCKO-IIpOMBICTIOBCKOIM — IMIPEUMYIIECTBEHHO
OPIOBUKCKOTO BO3pacToB. B TEKTOHUYECKOM TIJIaHe
obsacTh oTHOCUTCS K Buiepcko-Kyrumckomy aH-
TukauHopuio [ITetpos u ap., 2015].

VIneponucThle ocajgodHble MOPOALI BEPXHEPH-
(beiickoro Bo3pacrta, KOTOpbIC IIpETEpIICId MeTa-
MOp®hU3M B YCIOBUSX 3€JIEHOCIAHLIEBOM (daluu,
00BEIVMHEHBI B TPU CBUTHI: KJIBIKTAHCKYIO (Mpa-
MOpU30BaHHbIE M3BECTHSIKHM, HOJOMUTHI M, pPEXe,
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KapOOHATHO-TJIMHUCTBIE CJIaHIIBI), OCSHCKYIO
(KBapuTO-TIeCYaHUKHU, XJIOPUT-CEPULINT-KBaPIIEBEIC
CJaHLIbl, MHOTAA KBapLIMTOBBIE KOHIJIOMEPATHI) U BU-
CHUMCKYIO (IToApa3ieicHa Ha ABE MOACBUTHI — HIK-
HIOIO, TIPEICTABICHHYIO INIMHUCTHIMU, XJIOPUT-KBap-
LIEBBIMU CJIAHLIAMM U KBAapLIEBBIMU MECYaHUKAMU, U
BEPXHIOIO, CIOXEHHYIO KBapIl-XJIOPUT-CEPHUILINTO-
BbIMU cllaHamu U ¢rmtamu) [Ca3zoHoB, Bemnu-
KaHoB, 2010].

OpIOBUKCKUI KOMILIEKC IIPEACTABICH CEPhIMU 1
YEPHBIMU YIJIUCTO-KBAPLUMTOBLIMU U YITIUCTO-DUII-
JINTOBBIMU CJIAHIIAMM C MOTYMHEHHBIMHU IIPOCIOS-
MU KapOoHaTocoaepxXallux pasHocTeil. B BepxHei
yacTu MNOSBISIOTCA 3P ¢y3UBbl OCHOBHOTO COCTa-
Ba C CONJIACHO 3aJIeTalOIIMMMU IIPOCIIOSIMH KBapIie-
BBIX NOpdupUTOB. KOMITJIEKC MHTPYAUPOBaAH cepueii
JlaeK JOJIEPUTOB U rabopo-moaepuToB. BeTpeuarores
eIMHUYHBIE JaiK1 MeTaMOpP(U30BaHHBIX IPAaHUTO-
Ua0B, O0Jiee pacIpoOCTpaHEeHbI Tejla METal0JIEPUTOB
(puc. 1). ITo reodpmsnuyecknM JaHHBIM B TIpeaenax
y3Jla pacnojaraeTcsl KpyrmHblil morpeOeHHbII IpaHu-
TonaHbIi MaccuB [IleTpoB u mp., 2015].

3onoTopynHass MUHepalIn3alys Ypaja IpeacTaB-
JIeHa IMMPOKUM CIIEKTPOM MECTOPOXKACHMI pas3ind-
HBIX MUHEPaJbHO-TEHETUYECKMX TUIOB. 31eCh BbI-
JIEJISTIOTCSI MECTOPOXKICHUS 30JI0TO-KBapILIeBOM, 30-
JIOTO-CYTb(PUAHO-KBAPLIEBO, TOTMMETAUIMYECKOA,
KOTYEeTaHHOM, CKapHOBOM, HM3KOTEMIIEpATypPHOM
TUAPOTEPMAIbLHOMN U 3K30reHHOM (popMaumii [bopt-
HUKOB U 1p., 2016; BukeHrnes u np., 2017; ITnotuH-
ckasg u ap., 2009; ITonenoB u ap., 2015; Ca3oHoB
u ap., 2001; @ununmos u ap., 2013]. BoxbmmHCTBO
MECTOPOXACHUI OTHOCSTCS K TTOJIMTEHHO-TIOJIMXPOH-
HBIM: OHU UMEIOT CJI0KHOE CTPOSHME U ITUTEIbHYIO
MHOTI'03TaITHYIO UCTOPUIO (DOPMUPOBAHUS.

B pesynbrarte ucciienoBanuit B 1967 r. B nipenenax
Barpanckoro ysjia BBIIBICHBI OOTWHOYHBIE KBaplie-
BbI€ XWIBI C colepkaHueM cynbdunos no 0.5-2%,
MpEICTaBIeHHBIX IIUPUTOM, PEXE XaTbKOIUPUTOM U
TEHHAHTUTOM, KOTOPBIE ITOKA3bIBAIOT CJ1a0yI0, HO IT0-
BCEMECTHYIO 30JIOTOHOCHOCTD C COIlepXKaHUEM 30J10Ta
1o 0.2 t/1, penko no 2—5 r/T. Kpome atoro, ciaabdast 30-
JIOTOHOCHOCTH (10 0.5—1 1/T) conpoBoOXaaeT JMHET -
HbIE 30HBI paccaaHleBaHUS U MUPUTU3ALINH, YIACTKU
CMSITHS, TpOOJIEHUs B MeTaMOP(MUIECKUX CIIaHIIAX U
JIMCTBEHUTONONOOHBIX 30HAX TMIPOTEPMAILHO U3ME-
HeHHbIX nopox (Hosuukuii u np., 1967').

B BepxoBbsix p. Cypbst 00HapYKeHO MPOSIBIEHUE 30-
JIOTO-CYIb(UIHO-KBAPLIEBOIO THUIIA, MPEICTaBICHHOE

' Hosuygcuii B.A., Yuakoe C.A., Cyxanoe JI.II. u dp. OT4eT 0 Teono-
ropa3BeloYHbIX paboTax Ha BarpaHCKOM MeCTOPOXIEHUU POCCHIN-
HOTO 30J10Ta C MOICYETOM 3aracoB 1o coctosiHuio Ha 01.07.1967 rona.
CeBepoypasibcKast KoMruieKcHast akcnenuiusi, CocbBuHckas I'PIT.
. CeBepoypalibck, noc. ITokpoBck-Ypanbckuid, 1967 (dboHmoBas,
Ne TT'D 30652).
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Puc. 1. l'eonornyeckas Kapta BarpaHckoro pocchlmHoOro y3ia o Matepuaiam oryera [ HoBuikwmii u ap., 1967'].
1, 2 — MeTaMop(hU30BaHHbIE TEPPUTEHHBIE OCATOYHbIE TOPOJbI BEPXHETO MPOTepo30s (prdeit): 1 — KBapuThI
1 TTeCYaHNKH OCJITHCKOM CBUTHI, 2 — KapOOHATHO-YepHOCIaHIIeBas ToJIa ¢ 3¢ dy3uBaMu OCHOBHOTO COCTaBa
BUCHMCKOI CBUTHI; 3 — HUXKHUN—CPEIHUI OpIOBUK (Y€PHBIE YIIIMCTO-KBAPIIUTOBBIE U YIIUCTO-(UIIUTOBBIC
CJIaHUBI C TIOAYMHEHHBIMU MTPOCIOAMU KapOoHATOCOAepKalNX pa3HOCTei); 4 — BepxHUit opnoBUK (3¢ dy-
3UBBI OCHOBHOTO COCTaBa € COIIACHO 3aJIETAIOIMMU ITPOCIOSIMU KBapLIEBBIX MOP(PUPUTOB); 5 — rabobpo-po-
rOBOOOMAaHKOBBIE, OMOTHUT-POrOBOOOMAaHKOBBIE aM(MUOOIUTHL; 6 — U3BMEHEHHBIE Ta00PO; 7 — aJIbOMTOBBIE
THEMChI, THECOTPAHUTHI U pacclaHIlOBaHHbIE TOPGUPHI; § — YETBEPTUYHbBIEC aAJUTIOBUAJIbHBIE OTJIOXEHMS;
9, 10 — poccelinu 30J10Ta: 9 — MpoMbllIeHHBIE, 10 — HETPOMBIIIJICHHBIE; 11 — 3pO3MOHHO-CTPYKTYPHBIE
nernpeccuu; 12 — TOUKM onpoOOBaHMsI.

30HOI MPOXMIKOBO-BKpaIJIEHHON MUHEpaIu3allii IIpennonaraercs, 4To KBaplieBO-XKUJbHBIE Tea
MMpHUTa, XaJIBKOITUPUTA, cajepuTa, OJICKIbIX pydl U ¢ MHUHEpalIM3alKeil 30I0TO-CYIb(PUIHO-KBapIeBO-
JIpyrux cyibduaoB, cyab(poapceHu0B, TETYPUIOB IO TUMA, MOCTYXUBIIWE UCTOUHWKAMU POCCHITICH
C colepxKaHUeM 30J10Ta 10 8 I'/T U TIaTUHBI A0 3.7 I/T  I0PCKOro, paHHEMUOLIEHOBOTO M UYE€TBEPTUYHOIO
[ITetpoB u ap., 2013]. BO3pACTOB, HA aHAJIOTUYHBIX PYIOIIPOABIEHUAX HA
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YPOBHE COBPEMEHHOIO 3PO3UOHHOIO cpe3a OOoJIbIIeit
4acThl0 ObUIM 3poaupoBaHbl [bapaHHUKOB, A30B-
ckoBa, 2017], a CypbrMHCKOE MPOSIBIEHNE MTPEACTaB-
JISeT coOOlf KOpHEBbIE YacCTX 3TOU 30JI0TOPYIHOM
MUHepaIu3aluu.

ITomMuMoO 30710TO-TIONUCYIB(PUIHO-KBAPLIEBOMK
OpOTreHHOI MUHEpAIN3alM1 Ha CONPEIEIbHON Tep-
PUTOPUU YCTAHOBJICHBI HOBBIC HETPAIUIIMOHHBIC IS
VYpasna reooro-npoMbIILIEHHBIE TUTTBL: 30JI0TO-Yep-
HOCJaHIIEBBIN CYXOJI0XCKHUI, 30JI0TO-apTUUTU3UTO-
BBIM U PYIOHOCHBIX XUMMYECKHMX KOP BHIBETPUBAHUS
[Iexenekos, 2006; ITerpos, 2014].

[lepcrieKTUBEI BHISIBICHUSI HOBBIX 30JI0TOPYIHBIX
MECTOPOXACHUI Ha Ypajie CBI3bIBAIOTCS C BbIACSI-
eMOIi B mocJjiefHee BpeMsl MUHepaau3alueil TUIo-
T€HHO-TUINEPIeHHOro TUIIa, KOTopasl MpuypodyeHa K
IIOBHBIM 30HAM, pPa3pbIBHBIM HapYIIEHUSIM ¥ 30HAM
pas3yIUIOTHEHMS TTopoa. TepMuUH “TMIIOreHHO-TUIep-
TeHHBIIA” OTpaxKaeT TUIT 30JI0OTOPYIHBIX MECTOPOXKIE -
HUM, Ipu POPMUPOBAHUU KOTOPBIX SHAOTEHHBIE
M 3K30T€HHbIC pyn0o00pasylolue IPOoLecChl ObLIN
COMVDKEHHBIMM WJIN COIPSKEHHBIMU KaK BO BpeMe-
HHU, TaK U B IIpocTpaHCcTBe [ bapaHHUKOB, A30BCKO-
Ba, 2017]. TunoreHHas cocTapiisitolasi 00ycJOBIeHA
pa3BUTHEM HU3KOTEMIIEPATyPHbBIX THAPOTEPMATbHBIX
METacOMaTUTOB, B TO BpeMs KaK TMIIepreHHas — Ha-
JIMYMEM KOp XMMUYISCKOTO BEIBETpUBAHUS. AKTUBH-
3alUs1 MATOTTYOMHHBIX HU3KOTEMITepaTypPHBIX ITPO-
1IECCOB 30JI0TOI'0 PYAOreHe3a MpoTeKaja B HECKOJIBKO
cTamuii: paHHeMe3030iicKyto (T—J,), mo3mHeMe303011-
ckyto (J,—K) u kaitHo3zoiickyo (Pg,—Q), koTopbie
B LIEJIOM COBMaAaiu ¢ ¢azaMu MOCTKOJUIM3MOHHOM
TeKTOHO-MarMaTU4eCKOi aKTUBM3allUM pPErruoHa
[y6 u mp., 1993]. OTIMYuTEIHLHOM 0COOEHHOCTHIO
MMHEpaJIN3aliy 3TOrO THUIIA SIBISETCS IpeodIagaHme
I1acTOo00pa3HbIX U JMH30BUIHBIX YCIOBMIA 3ajiera-
HUS ¥ OTCYTCTBYE OTUETIMBBIX TUTOJOTMYECKHUX IPa-
HUII pyIHBIX T€JI, IOMUHUPOBAHUE MEIKOIO U TOHKO-
ro 30JI0Ta, a TAKXKE IMUPOKUN AUana30H IIPOOHOCTH
M OTCYTCTBUE TUIIEPTeHHBIX N3MeHeHUi1 [[psi3HOB 1
ap., 2007; bapanHukoB, A3oBckoBa, 2017].

PoccreinmHasg MeTajsIOHOCHOCTD JIOKQJIM30BaHa B
BEPXOBBSIX p. BarpaH u ee mpuTokax B Ipenesax yet-
BepTUuHbIX BogoTokoB I—III mopsinkos. IIpomyk-
TUBHBIN IUIACT IPESUMYIIESCTBEHHO aJLUTIOBHAIILHOTO
reHesuca 3ajieraeT Ha TPELIMHOBATBHIX KOPEHHBIX
nopojaax, MpencTaBIeHHbIX MeTaMOP(OU30BaHHBIMU
CJaHIIaMM, aJeBPOJIMTaMU U IleCYaHMKaMU, a TaKXKe
Ha BBIBETPEJIBIX DJIIOBUAIBHBIX OTIIOXECHMSIX. B psime
CJIy4JaeB TJIACT JIEXUT Ha JIOXKHOM TUTOTUKE B OCHOBA-
HUM BTOPOTIo (CpedHEeYETBEPTUYHOTI0) LIMKJIa Pa3BU-
TUS aJUTIOBUAJIBHOM CUCTeMbI. XapaKTepHO HEpaBHO-
MEepHOEe pacIipeaejeHne 30J10Ta KaK 110 MOIITHOCTHU 1
IIMPHUHE, TaK 1 10 IIPOCTUPAHUIO POCCHITICA.
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®AKTUUYECKUUN MATEPUAII U JAHHBIE
IMPEAIIECTBYIOIIWX NUCCIIEJOBAHUN

B xauecTBe ucxomHoro MaTepuaia ObUIU UCIIOJb-
30BaHbl JaHHBIE ITMXOBOTO ONPOOOBAHMST Pa3Iny-
HBIX PBIXJIBIX OTVIOKEHUI (aJTIOBUAJIBHBIX, JIOXKO-
BBIX, CKJIOHOBBIX U 3JIIOBUAJIbHBIX ), HAXOMSIIIAXCS B
Mpeaenax COBpeMEHHBIX M OTPa0OTaHHBIX KaphepOB,
a Take pyCJIOBOI0 MaTepuaia IpUpPOIHBIX BOIOTO-
KoB. [1lmxoBoe orpoOoBaHKe MIPOBOAWIOCH Ha TEP-
PUTOPUY POCCHIITHOTO y3JIa 00IIEei ITOIIAIbI0 OKOJIO
400 xmM?. Bo BpeMs MOJIeBOrO 3Taa MCCIeTOBaHUA
IBaAIATUKWIOTPAMMOBEIE IIPOOBI OBLIM ITPOMBITHI
JIOTKOM IO YEpHOIo IIIMXa, M3 KOTOPOIO 30JI0TO
M3BJIEKAJIOCh pa3feieHUEM B TSKEION XKUIKOCTU B
nabopatopuu UT'EM PAH. Bcero B npenenax Bar-
paHCKoro y3jia 0bu10 onpodoBaHo 20 Touyek (KOTO-
phIe 3aTeM ObLIHN 00BbenrHeHH! B 10) 1 mmoaydeHo 372
30JI0TUHBIL. YacTh JaHHBIX ObLIa B3sITa U3 (POHIOBBIX
marepuajoB (HoBuukuii u ap., 1967').

[lonmydeHHOE HIIMXOBOE 30JI0TO OBUIO M3Y4eHO
o1 OMHOKYJISIPOM U KJIacCH(ULIMPOBAHO O MOp(do-
Joruu. Bertoopouno 94 3epHa 6butn choTorpadupo-
BaHbl Ha CKAHUPYIOIIEM 3JIEKTPOHHOM MUKPOCKOITe
GSM 5610LV. 112 3epeH OblIM UCCIIETOBAHbI B ITOIM-
POBAHHBIX IIAIIKAX C MCIOJIH30BAaHNEM MUKPO30H-
nmoBoro aHanu3atopa JEOL JXA-8200 (Smonus) B
LenTpe xomtekTuBHOTO Mojb3oBaHus “UT'EM-Ana-
ymtuka” (ananutuk E.B. KoBanbuyk, UT'EM PAH).
CeMb 3epeH C BKITIOYEHUSIMI M KOHTPACTHBIMU 00J1a-
TOPOXEHHBIMU KaliMaMU OBUTM UCCIISHOBAHBI JeTalb-
HO Ha CKaHUPYIOIIEM 3JIEKTPOHHOM MHUKPOCKOIIE C
nucriepcnoHHBIM criekTpoMeTpoM INCA-Energy 450
(ananutuk JI.O. Marasuna, UT'EM PAH).

JlaHHBIE TI0 T€OJOTUYECKOMY CTPOCHMIO y3Ia,
IpaHyJIOMETPUUYECKOMY COCTABY U IIPOOHOCTH 30J10-
Ta ObLTM B39ThI M3 otdyeTa (HoBuukuii u ap., 1967').

B npenbinymnx padorax [JlanomoB u ap., 2020a;
JlanomoB u ap., 20206; Lalomov et al., 2017] aBTO-
pamMu OBLIH BBIIEICHBI IISITh TUIIOB 30JI0Ta, KOTOPHIE
OTJINYAIOTCS MOP(OJIOruel, XUMUIECKIIM COCTaBOM
U CTpyKTypoit 3om0TuH (puc. 2). Tun I npencras-
JIEH XOpOILLIO- U CpeaIHEOKAaTaHHBIMU 30JI0TUHAMMU,
BbICOKOIPOOHBIMU 1 0€3 000ralleHHbIX KaiiM, Toraa
kak tun 1l xapakrepusyercs cpemHe- W INIOXOOKa-
TaHHBIMHU BBICOKOTIPOOHBIMHU 30JIOTMHAMMU 0e3 000-
raiieHHbIx KaiiM. Mopdonoruuecku tui 111 nneH-
T4eH 3epHaM Tumos I u 11, Ho uMeeT BEICOKOTIPOO-
HYIO KaliMy TMIIEPT€HHOTO IIPOUCXO0XAEHUS. 30J10TO
tuna IV uguomopdHoe U MHTePCTULIMATIBHOE, BBICO-
Konpo0OHoe 0e3 oborailleHHOM KaliMbl, XapaKTepusy-
Iolliee, B IIEPBYIO OUepeb, ME30TEPMAJIbHBIN YPOBEHD
30HbI MUHEpaIU3alun. 30JOTUHBI V TUIIA — TJI0XO0-
OKaTaHHBbIE, CpedHe- U HU3KOMPOOHBIE, C TIOBBIIICH-
HBIM CofepXXaHHEeM cepedpa U PTYTH.
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Puc. 2. Mopdonornueckue TUITBI TUTMXOBOTO 30J10Ta BarpaHckoro y3ia.

a — XOpOIIIO- U CpelHeoKaTaHHOE BhICOKONIpoOHoe (Tull 1); 6 — cpenHe- 1 MIo0xooKaTaHHOE BbicokonpooHoe (tum I1); B —
UIMoMOp(HOE U MHTEPCTULIMATBHOE, BBICOKONIPOOHOE (TuIl IV); I — HeoKaTaHHOE U TJI0OXOOKaTaHHOE, CpelHe- U HU3KO-
Tpo6HOe, C TIOBBIIIIEHHBIM COfIepXKaHUeM cepedpa 1 pTyTu (tur V).

Pacrnipenenenue BblIeIeHHBIX TUIIOB 30JI0Ta B
npenenax y3na HepaBHoMmepHoe: Turbl I u I1 BcTpe-
4aloTCs 10 BCel TEPPUTOPHH, TIPU 3TOM Ha repude-
puu nipeobnagaet 6oJjiee okaTaHHOE 3010To Tura 1.
3ono0to tunoB III u IV Tdroreer X 30HaM 3po3u-
OHHO-CTPYKTYPHBIX aenpeccuit. CXoacTBO cocTaBa
30J10Ta MEPBBIX YEThIPEX TUIIOB YKa3bIBaeT Ha OOIII-
HOCTb UX IIEPBUYHOTO MCTOYHUKA, OTHOCHMOTO K 30-
JIOTO-CyJIb(UIHO-KBApLEeBOM opMalliu, TIpU 3TOM
pa3Iuunusl MOTYT OBITh OOBSICHEHBI 30HAJBHOCTHIO
NMEPBUYHON MUHEpPAIM3ALMA U UCTOpUEN Tpeobpa-
30BaHUS CAMOPOIHOTO 30JI0Ta B YCJIOBUSIX TUIIEPre-
HeHe3a (puc. 3). HauMeHee ynajeHHBIM OT UICTOYHU -
Ka (HauMeHee oKaTaHHBIM) sIBJIsieTcs 30j10To Tuma I1.

XapakTepuCTUKU 30j0Ta TUMNa V CBUIETE/Ib-
CTBYIOT O BTOPOM KOPEHHOM MCTOYHHUKE IIJIUXO-
BOT'O 30JI0TAa, BCKPBITOM Ha OoJiee MO3AHUX 3Tamnax
¢opMUPOBaAHUS POCCHITEN y371a, IPU STOM cjadast

JIUTOJIOTUA U TTIOJE3HBIE MCKOITAEMbBIE N4

OKaTaHHOCTb YKa3bIBaeT Ha €r0 MUHUMAJIbHOE CMe-
meHue. PacnipeneneHue 3010Ta 3TOro TUMa IO M0~
agyu cj1abo KOHTPOJIMPYETCS TUAPOCETHIO: MOBHI-
IIEHHBIE CONEPXAHUs IPUYPOUYECHBI K JIMHEHHOM
30HE, AMaroHajJbHO OPUEHTUPOBAHHON MO OTHOIIIE-
HUIO K CKJIaAYaThIM CTPYKTYpaM Ypana. IIpennono-
KUTEJIbHO, ICTOYHMUKOM 3TOTO 30J10Ta SIBJISIETCS MU-
Hepaju3alusl TMIIOTeHHO-TuIlepreHHoro tuna [Jla-
JIoMOB U ap., 2020a].

TaxkuMm 00pa3om, B KauecTBe 3TaJIOHOB [JIsl pa3pa-
0OTKM KOMILJIEKCHBIX ITOMCKOBBIX ITOKa3aTeseli ObLIr
HCIOJIb30BaHbI IIUTUXOBLIE OPeoJibl 30J10Ta TUIIOB 11
M V, TOCKOJIbKY OHU UMEIOT HauboJiee TECHYIO CBSI3b
C TICPBUYHON MMWHEpAIM3ALUC U MOTYT CIIYXWUTh
MHIMKAaTOpaMy KOPEHHOI'O OpYIeHEHMs.

ITpu monckax KOpeHHbBIX MECTOPOKACHUIA 30J10Ta
MIPUMEHSIETCSI KOMIUIEKC METOIOB, CPeIM KOTOPBIX
BECbMa BaXXKHBIM SIBJISIETCS LIJIMXOBOE OIPOOOBaHMUE.
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Puc. 3. OxatanHble 3epHa 30510Ta BarpaHckoro y3na co cienaMu MexaHUYecKoi nedopmaliim.
a, 0 — OKaTaHHOE 3epHO 30JI0Ta CO CliefaMU MEXaHMYECKOT0 Pa3pylleHusl, C IIIePOXOBATON MOBEPXHOCTHIO; B, T — OKaTaHHbIE
3€pHa 30J10Ta CO CJIEIAMU XECTKOI MeXaHUYeCKoU aedopMalivu (LapanuHbl, CJeIbl BOJTOUEHMS).

IMpu aTOM MHGOPMATUBHBIM SIBJISIETCSI HE TOJBKO
ob11iee coiepkaHKWe 30710Ta B PHIXJIBIX OTJOXKEHMUSX,
HO 1 ero MOp(OJIOTHS, B TIEPBYIO OUYepPEIb — OKaTaH-
HOCTb, CBUIETEIbCTBYIOIIAS O CTETIEHU €ro yIaleH-
HOCTHU OT KOPEHHOTO McToyHuKa. Ha coBpemeHHOM
aTane JOTIOJTHUTENBHO BBINENSIIOTCS Pa3HbIE TUITBI
LIJIMXOBOTO 30J10Ta, UCCJIEMYIOTCS €T0 COCTaB, CTPYK-
Typa ¥ XapakTep BKIIOYEHMI1, UTO MMO3BOJISET yCTa-
HaBJIMBAaTh TUIbI KOPEHHBIX NCTOYHUKOB U UCTOPHUIO
npeoOpa3oBaHMs 30JI0Ta B 30HE THUTIEpreHesa.

B psime ciryyaeB BITOJIHE JOCTATOYHO TAKUX JaH-
HBIX [UISI BBISIBJICHUSI KOPEHHOIO MCTOYHMKA pOC-
CBHINIEeii, HO Yallle MPU3HAKU MO OTIEIbHOCTU He
JIAIOT YeTKOM KapTUHBI, B CBSI3M C YeM HEOOXOTUMO
HCITOJIb30BaTh METONBl MOJyYeHUS] KOMILIEKCHBIX
IoKazaTelieii, KOTOphIe SIBJISAIOTCS 60Jiee KOHTPACT-
HBIMHU TI0 CPAaBHEHMIO C OTHENbHBIMU (DaKTOpaMMU.
Pa3sHOCTOPOHHSISI M3Y4eHHOCTh IIIJIMXOBOIO 30J10Ta

JINUTOJIOTUA U TTIOJE3HBIE UCKOITAEMbBIE Ne4

Barpanckoro y3ina mo3Bojmia Ha ero mpumepe chop-
MYJIMpPOBaTh U allpoOMpPOBaTh METOABI CO3MAHUS N
MIPUMEHEHUS TaK1X KOMITJICKCHBIX TIOKa3aTelIei.

B Hacrosiieit pabote 111 OLIEHKU POCCHITHON Me-
TaJJIOHOCHOCTHU ITPUMEHSIETCI MYJIBTUTLTAKATABHBIA
KO3 OULMEHT — UCIOJIb3yeMbI MPU TeOXUMUYE-
CKUX ITOMCKAaX MaTeMaTUYECKUIi pacyeT pe3yJbTaToB
XUMUYECKOT0 aHaJIM3a P00, IIPU KOTOPOM B UMCIIU-
Telle Koa(puLreHTa paconaraloTcs IPOU3BeaeHUs
pe3yJBTaTOB aHAali3a DJIEMEHTOB IOJOXMUTEILHOMN
WHAUKALUY C HCKOMBIM MECTOPOXKIEHUEM, a B 3Ha-
MeHaTeJle IPOU3BEINCHUS 3JIEMEHTOB OJIM3KUX 10
XUMUYECKUM CBOMCTBAM K 3JIEMEHTaM YUCIUTENS,
HO HEUTpaNbHBIX WM OTPULATEIbHBIX MHANKATOPOB
HKCKOMOTro MectopoxaeHus [ beneman, 1999; I'puro-
psH v ap., 1983].

bnaromapss HampaBlIeHHOMY YCWJICHHIO KOp-
pEUPYIONINXCS IIOJIC3HBIX CUTHAJIOB BIIMSHUE

2025



426

daykryaumu (GoH) CBOIUTCS K MUHUMYMY, B CBSI3U
C YeM MYJIFTUIUIMKATUBHEIE OPEOJIbI IIPOSIBIISIIOT 00-
Jiee TECHYIO CBSI3b C T€0JIOrO-CTPYKTYPHBIMU OCOOEH-
HOCTSIMU PYIHBIX TeJI U MECTOPOXIEHWI, UTO CylIe-
CTBEHHO MOBBIIIAET HAIEXKHOCTh MX MHTEPIPETALIAN.
[Mpy MyJIBTUIIMKALIUM M DJIEMEHTOB aMIUIMTYIa
aHOMaJIMU BO3pacTaeT B m pa3, a AUCIIEPCHUS — TOJb-
KO B Vm pa3. COOTBETCTBEHHO, B Y pa3 BO3pacTaer
KOHTPacTHOCTh aHOMajuM. Takke MeTon pacueTa
MYJBTUIUIMKATUBHBIX TTOKa3aTesieil JaeT boliee cra-
OMJIBHBIN pe3ynbTraT, YMEHbBIIAIONINM BIUSHUE CIIy-
YaiHBIX OTKJIOHEHWH 1 ommoOoK [ Bopommmios, 2011].

H1st mpMeHEHMST YKa3aHHOTO METO/Ia B IIpeeiax
Barpanckoro pocceInmHOTO y371a Obliia co3maHa ud-
poBag Mojesib penbeda, a Takke cpopMupoBaHa 06a3a
JAHHBIX, B KOTOPYIO JJIST KaXKA0M TOUKM OBLIV BHece-
HbI popMalin30BaHHbIE (KOJMUECTBEHHO OLIEHEHHbIE
VIV pa30UThIe Ha KJIACCHI W, TAKUM 00pa3oM, TIpH-
BeeHHbIe K HOMUHAJIbHOM IIKaJie) MHAUKATOPHbIE
XapaKTepUCTUKH, MOAPOOHO OOCy:KaacMble HILKE.
HomunanpHas 1Ikana, oHa e KaTeropuanabHas, T.e.
KauyeCTBEHHAasl, a HE KOJIMYECTBEHHAas, Tle KaXkIoe
YHUKaJIbHOE 3HAYCHNE OIPEIEsIeT OTACTLHYIO KaTe-
TOPUIO, OTIMYAIOIIYIOCS OT IPYTMX, HO 3TO OTIUYUE
HeTb3sT KOJTUIEeCTBEHHO U3MEPUTD.

ABTOpaMu ObLIa pa3paboTaHa KOMIIBIOTEPHAsI TTPO-
rpamMMa, CYATHIBAIOIIASI COCTABJICHHYIO 0a3y JaHHBIX
(B 001IEM CITyyae MPOU3BOJIbHBIN HA0Op COrTacOBaH-
HBIX JAHHBIX) C YKa3aHHBIMY TPaHUIIAMH STaJIOHHO-
ro (oOyyamwlero) U TeCTOBOro (IMporHO3UpPyeMOro)
y4yacTKoB. Ha ocHOBaHMY KOpPEJISILIMOHHOTO aHAJIN3a,
MPOBOIMMOTO Ha JAaHHBIX 3TaJJOHHOIO YYacTKa U I10-
CJIEYIOIIeTO arajora C Mojib3oBaTesieM, MporpaMma
(opmupyeT BUI MyJBTUILIMKATUBHOTO ITOKA3aTENs —
00BEAMHEHHOTO TlapaMeTpa, IMO3BOJISIONIETO Olle-
HUTb MEPCIEKTUBB POCCHITHOI METaJUIOHOCHOCTH.
Hanee nmporpamMMa BBIBOAUT Psil OLIEHOYHBIX XapaK-
TEPUCTUK ITOJYYMBIICHCSI MOOEI, OCHOBAHHOI Ha
pacyeTe MaTpMIbl MYJIBTUILIMKATUBHBIX KO3 du-
LIMEHTOB IO TaHHBIM TECTOBOTO Y4acTKa W MPOTHO-
3HyI0 cxeMmy. McxomHoii Koa mporpaMMBbl, HallcaH-
HOIM Ha s3bIKe MporpaMMHUpoBaHus python, pasme-
IIIEH B OTKPBITOM IOCTYIIE I10 ampecy https://github.
com/chefr/placermp. TaMm ke MOXHO O3HAKOMUThCSI
C MHCTPYKIIMEH 0 YyCTAaHOBKE U paboTe ¢ IIporpam-
Moil. B Hacrtosiiee BpeMsl IporpaMma OCHallleHa
TEKCTOBBIM MHTEP(EHCOM 1 e¢ UCIOJIb30BaHUE BO3-
MOXHO TIOCPEICTBOM MHTEepIIpeTatopa python, HO
B OmukaiiiieM OyaylueM ITaHUpyeTcsl pa3paboTarhb
rpaduyeckuii web-uHTepdeiic ¢ yoaaeHHBIM TOCTY-
TOM KJIMEHTOB, O YeM OyJeT COOOIIIEHO Ha YKa3aHHOM
BBIIIIE CTpaHMIIE ITpoekTa Ha github. Panee mporpamma
HCII0JIb30BaJIaCh aBTOPaMU JIJIs1 YMCJIEHHOT'O IIPOTHO-
3MPOBAHUS PEIKOMETAUIBHBIX POCCHITIEH OIKHETOo

JIUTOJIOTUA U TTIOJE3HBIE MCKOITAEMbBIE N4
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cHoca JIoBo3epckoro pocchinmHoro paiioHa [YegpaHoB
n 1p., 2023] 1 perKoMeTaITEHO-TUTAHOBBIX POCCHITIEH
3aypanbsg [Yedpanos, Jlanomos, 2024], nociie yero
OblJIa TOITOJTHEHA MOYJIEM, TTO3BOJISIIOIIUM CTPOUTh
MPOTHO3HBIE MONIEIN Ha IMPOU3BOJILHOM Ha0Ope AaH-
HBIX, HE 00513aTeJIbHO COITIaCOBAaHHBIX MAaTpPUII JaH-
HBIX 10 POBHOM CETH TOYEK, B TOM CJIydae, SCIIH IS
KaXKII0¥ TOYKM YKa3aHbl KOOpIUHATEL. MHTepITonsims
JAaHHBIX TPOU3BOIUTCS METOIOM KPUTMHTA.

B HacTos1IeM McciaenoBaHUM, YYUTBIBas Kpaii-
He Majioe KonmyecTBo Touek (10) 1, coOTBETCTBEH-
HO, HEBO3MOXHOCTh BBIICINTH JABa HE3aBHCHUMBIX
MOIMHOXECTBA 1151 00yJalollieil U TeCTOBOI BbIOO-
pPOK, 3TaJloOHHasl BEIOOpKA Obljla Cly4ailHbIM oOpa-
30M c(hOpMHUPOBaAHA M3 OOIIEr0 MHOXECTBA JaHHBIX
C YCIIOBHEM paBHOMEPHOTO pacIipeneaeHUs 10 Kiac-
caM (pakTopa, BEIpAXKEHHOTO B HOMUHAILHOM IITKaJIe
(oxaTaHHOCTB), TOCJIE Yero MPOTrHO3 MPOBOAUICS
JJISI BCeX TOYEK. YUUTHIBAasI TO, UTO POJib OOyUYeHUST
B paccMaTpuBaeMOM METOIE CBOOUTCS K BBISIBIIC-
HUIO BUIA KOPPEISILMOHHON 3aBUCHMOCTH MEXIY
(opMann30BaHHBIMU MHANKATOPHBIMU XapaKTEepU-
CTUKaMU 1 METaJUIOHOCHOCTBIO (3HaUMMasi UJIM HeT,
MOJIOXKUTEIbHAS WM OTpULIaTeIbHAasI), a TaKXKe IIe-
peBomy (aKTOpOB, BBIPAXKEHHBIX B HOMHHAJIBHON
IIKaJIe B KOJTMYECTBEHHO BHIPAXKEHHYIO ITEPCIIEKTHB-
HOCTb KaXKI0TO KJIacca, 3TOT MOAXO0 MPEACTABISICTCS
KOPPEKTHBIM.

MynsTUTIMKATUBHBINA TOKa3aTelb — 0e3pa3Mep-
HBIN TTOJIOXKUTENBHBIN KO3 PUIIeHT, O0JIbIIast Be-
JIMYMHA KOTOPOTO YKAa3bIBaeT Ha IIPEArojaracMo
MOBBIIIEHHYIO METAJNIOHOCHOCTD B TOUKE, IJISI KOTO-
poil oH paccuuTaH. B 11eJJ0M 3TOr0 JOCTATOYHO IJIs
BBIIEICHMS IUIOLIANel, Hanbojee MepCleKTUBHBIX
IUTSI TIOMCKOB TIPOSIBJICHUIA POCCHIITE00pa3yOIINX MHU-
HepaJjoB, HO WIS 0oJjiee MPeaCTaBUTSIbHBIX Pe3yilb-
TaTOB, a TAKXXE B LIEISIX OOBEKTMBHOIO CPaBHEHUS
CTAaTUCTUYECKHUX MTOKA3ATENEN MPOTHO3HBIX MOIEIIEH
C IIpeICTaBJICHHBIMU B pab0Te aHAJTOTMYHBIMHU MOE-
JIIMU, TIOJTYYeHHBIMM IPYTUMU MeTomaMy (JIMHEWHOM
perpeccum u AepeBa perpeccun ), 3HaUYeHUST MYJTETH -
TUIMKATUBHOTO KO3 (pulimeHTa ObUIM TUHEHHO OTpa-
>K€HBI Ha TIPOTHO3HBIE COMEPXKAHMS 30JI0TA.

IIpu ykazaHuM CTaTUCTHMYECKUX IaHHBIX (B OC-
HOBHOM Ko3(ddunimeHTa Koppenguun Ilupcona) B
HacTogdlleil paboTe NpUBOAUTCS p-3HAUeHUe (p-va-
lue), ompenesnsitoniee BEpOSTHOCTh IMOJYYUTh ISt
JIAHHOM BEPOSITHOCTHOM MOIEIMN PaCIpeacIeHUs
3HAYEHMI ClIy4aillHOI BEIUYMHBI TaKOE K€ WUJIn 060-
Jiee SKCTpeMaJlbHOe 3HaUYeHHUEe CTaTUCTUKM, 10 CpaB-
HEHHUIO ¢ paHee HaOJIodaeMbIM, TIPU YCJIOBUU, UTO
Hy/leBas rumnoresa (T.e. IPpUHUMaeMoe M0 yMojJa-
HHUE MPEaNoJOKEHNE O TOM, UTO CBSI3U MEXIY ABYMSI
XapaKTepUCTUKAMU HeT) BepHa. OObIYHAas MpaKTHUKa
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3aKJII0YAETCs B IPUHITUM aJITEpHATUBHOI TUITOTE -
3Bl JIJI51 JTIOOOTO pP-3HAYeHUs, HOMUHAJIBHO MEHBIIIETO
0.05, HO, yuuTBhIBasl KpailHe Maja0e KOJIUYECTBO TO-
YyeK HaOJIIOASHMS B HACTOSIIEM UCCIeA0BaHUM, IIPU
pacuere K03 HULMEHTOB Koppensauuu [TupcoHa Ml
NPUHAMAEM BEIMYMHY CTATUCTUYCCKU 3HAYMMOM
npu p-3HadeHn Hke 0.11, 9To TpUMEpPHO COOTBET-
CTBYET SMIUPUYECKOMY KPUTHUYECKOMY 3HAYEHUIO
0.55 nns1 o6bema Be1OOpkU N = 10 1 1oBepUTEIbHOM
BepositHocTH o = 0.90.

H71s1 mpoBepKM OTHOPOTHOCTH BHIOOPKM JTaHHBIX
Bce (popMamM3oBaHHBIE TTOKa3aTeId ObUIM IIPOBE-
pEHBbI HAa COOTBETCTBME HOpMaibHOMY (Iaycca) pac-
npenejeHuo nocpenctsoM tecta lllanupo-Yuiaka
[KoG3aps, 2006], B pe3yiabrare KOTOPOIro YCTaHOB-
JIEHO OJIM3KOE COOTBETCTBHE BCEX JAaHHBIX YKa3aHHO-
MY pacipeneieHnIo, ¢ MUHMMaJIbHBIM p-3HaYeHUEM
0.154 (He TO3BOJIAIONIMM OTBEPTHYTh HYJIEBYIO TH-
MOTe3y O MPOTHUBHOM). MCKIIIOUeHHE COCTaBIISIET
comepxkaHue cepedpa, Ij11 KOTOPOro CTaTUCTUKA Te-
cra coctaBuia 6osnee 0.8, a p-3HaueHue — 0.016, yto
MeHble oxunaemoro 0.05. OgHako MbI TTOCUUTAIIH,
YTO 3TO HE CYIIECTBEHHO IIJISI JTIOOBIX IIPAKTUIECKUX
3a/1a4 U MO3BOJIWIM ce0e 3aKII0UUTh, YTO COOpaHHBIE
JAHHBIC OMHOPOIHBI, HE comepXaT 9KCTPeMaTbHBIX
3HaYCHU (BRIOPOCOB) M MOTYT MCITOJIb30BAThCS MIJIsI
MIPOTHO3MPOBaHU. B KOHTEKCTe pertaeMoil 3anaun
9TO TaKKe YKa3bIBaeT Ha HAJIMUKE B IIpeAeiax IMoJn-
TroHa MOIEIMPOBAHMS €IMHOIO POCCHIIe00pa3yo-
11Iero mpoliecca.

PA3BPABOTKA ITPOI'HO3HbIX )
MVIBTUTUNINMKATUBHBIX [TOKA3ATEJIEU

s pelieHUs] MOCTaBJASHHON 3aJaun ObLINA MC-
MOJIB30BaHbl CJIEAYIOIIEe TUIIOMOP(HBIE WHIN-
KaTOpHBIE XapaKTePUCTUKHN IIJIMXOBOIO 30JI0Ta

(puc. 4).

dopmanuzaluss COPTUPOBAHHOCTH OCYILECT-
BJI€HA MOCPEACTBOM Ko3(dduLMeHTa BapuUallUuu
KPYIHOCTH IIO0 pa3MEpPHBIM KjlaccaM, YTO BBI3Ba-
HO PSIIOM MPUYMH. DHTPOIMSI pacrpeneieHus mo
C.HN. PomanoBckoMy TpeOyeT 6oJjiee IpoOHOro aHa-
JI3a TpaHyJIOMETPUUYECKOro cocTaBa [PoMaHOBCKMIA,
1988]. Kiaccuueckuit ko3hGULIMEHT COPTUPOBAH-
HOCTH C WCIIOJb30BaHMEM KBaHTWiIell mo Tpacky
[Trask, 1932] He sBIsIeTCS YHUBEPCAIbHBIM, OH IIPU-
ToJIeH TOJILKO IS HauboJjiee Tpyooil U MpudIn3u-
TEJIbHOI1 OLICHKM TPaHyJIOMETPUU 0cagkoB [Jlorsu-
HeHko, CepreeBa, 1986]. BennunHa cTaHOapTHOTO
OTKJIOHEHUS 3aBUCUT OT KPYITHOCTH aHAIM3UPYEMbIX
YacTUll, MO3TOMY KoadduuueHT Bapuauuu (6e3-
pa3MepHas BeIMYMHA CTAHZAPTHOTO OTKJIOHEHUS
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KPYITHOCTH, IeJeHHAasI Ha CPeIHEeB3BEIIIEHHYIO KPYII-
HOCTbB) SIBJISIETCSI B JAaHHOM CJIydyae HauboJee Ipe-
CTaBUTEIbHBIM ITOKA3aTeIeM COPTUPOBAHHOCTH 30-
JIOTa MO KPYMHOCTH.

3HavYeHUsST OKaTAHHOCTHU (hDOPMATM30BAHBI T10 TSI~
THOaUTbHOM mKaze oT 0 (HeokaTaHHbIE) 10 4 (OYEHb
XOPOIIIO OKaTaHHbIE 3epHA) VISl pa3HbIX TUIIOB U MO
npo6e B uesoM. ITockonabKy 3HaUeHUSI OKATAHHOCTU
BBIpAXX€HBI B HOMUHAILHOI TTKajie (KaXIon sJeii-
Ke TIpUIIMCAH OTIEJbHBIM KJIacC, MpeacTaBIeHHBIN
B BUJIE YHUKAJIBHOTO UACHTU(MUKATOPA), BOSHUKAET
HEOOXOAMMOCTh ITpeoOpa3oBaTh UX B KOJUYECTBEH-
HYIO LIKay, T.K. I HOMUHAJbHBIX 3HAYEHUI HE
MMEIOT CMbIC/Ia HUKAKKWE apu(pMETUIYECKHE U UHbIE
orepalyu, KpoMe MpoBEepKM Ha paBeHCTBO. UTo-
roBas (popManu3anys 3TOro Mpu3HaKa, YYUTHIBas
MOMCKOBO-OPUEHTUPOBAHHBIN XapaKTep MOIEIH,
OCYILECTBIISIACh MOCPENCTBOM pacyeTa CPEIHETO
COIEpKaHUS POCChINEOOpPasylolX MUHEPAIOB B
KaXIOM KJjlacce IO JaHHBbIM 3TAJIOHHOIO OOBbEKTa.
s npuBeneHUs1 (pakTopoB K OJHOMY MAacCLITa0y
OBLTO MPOBENECHO JMHEHHOE HOPMUPOBAHUE TaHHBIX
K uHTepBaiy ot 0 1o 1.

Hdnsg co3naHusi 0O60OIIEHHBIX MPOTHO3HBIX Xa-
paKkTEepUCTUK OblJIa MOCTPOEHA MaTpulia MapHBIX
KO3(pGULMEHTOB KOPPEISIINN MEXITY MHIUKATOP-
HBIMH XapaKTepPUCTUKAMU U COASPKaHUEM 30JI0Ta
tunos 11 u V, koTopele SBASIOTCS 3TaJOHHBIMU MO-
KazaTeJsaMU IepBUYHOI MUHepanu3auuu (tada. 1).
Ha ocHoBe 3Tux gaHHBIX ObUIM CHOPMUPOBAHBI
¢dopMyIBl pacyeTa MyJBTUTUIMKATUBHBIX KO3(h 1~
LIMEHTOB, KOTOPHIE XapaKTepU3yIOT 30HHBI, Hanboaee
MEPCIEKTUBHBIE 1T IOMCKOB KOPEHHBIX NCTOYHM -
KOB 30J10Ta.

Taomma 1. Koadduimentsl koppensiiu [TupcoHa (p-value)
MEXIY TUIMOMOP(MHBIMU WHIUKATOPHBIMU XapaKTepH-
CTUKAMU Y COAEPXKAHUEM MHINKATOPHBIX TUIIOB 30JI0Ta

ConepxkaHue ConepkaHue
Xapaktepuctvka | 3osoTta Il Tuna, 3o0j10Ta V THMA,
% (Cy) % (Cy)

Kpynnocts (K) 0.444 (0.199) —0.535 (0.110)
fs‘;pT“pOBaHHOCT" —0.126 (0.728) —0.519 (0.124)
OxkaranHocts (O) —0.291 (0.415) —0.469 (0.171)
ConepxaHue _ _
cepedpa, % (Ag) 0.615 (0.059) 0.803 (3.5¢ —04)
ConepxxaHue _ _
prymu, % (Hg) 0.359 (0.308) 0.809 (2.6 —04)
ConepxaHue _
v, % (Cu) 0.460 (0.180) 0.503 (0.138)
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OneHpsa

Puc. 4. Pacnipenenenue hopManin30BaHHBIX MHAMKATOPHBIX XapaKTEPUCTHK I10 IJIOLIAAM Y31a.
a — CpeIHeB3BeleHHast KPYITHOCTD; 6 — COPTMPOBAaHHOCTD; B — OKATAHHOCTB; T — coiepxkanue Ag, %; i — conepxanue Hg, %;

e — conepxanue Cu, %.
1 — 3pO3UOHHO-CTPYKTYPHBIE AEMPECCUU; 2 — BOLOTOKU; 3 — TOUKHM OIIPOOOBAHUS.
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Kax BugHO 13 Tabi. 1, ¢ 30J10TOM BTOPOTO THUIIA
(C,)) B IIOJIOXXUTEIIBHOM KOPPENISIINA HAXOMSITCS KPYII-
HOCTh YaCTHII ¥ COICPKaHNE MEIV, B OTPUIIATEIIEHOM
WY HENTpaIbHOI (HIDKE ITOpora 3HaYMMOCTH) — COp-
THUPOBAHHOCTh, OKATAHHOCTD YACTHUII U CONCPKAHUS
cepebpa u pryru. [loaTOMYy MYyJIBTUILIMKATUBHBINA
IOKa3aTellb, XapaKTePU3YIOIINiA (depe3 pacIpocTpa-
HEHHOCTH 30J10Ta ThMa I1) KopeHHbIE UICTOYHUKHA 30-
JIOTO-CYJIb(UITHO-KBAPIEBOI (pOPMAIIN, BCKPBITHIC
Ha 3TaIle IMeHeIUIeHU3alluy 1 IIPOIIeIIne Yepe3 Ipo-
MexXyTouHble KosutekTopa (MII;;), paccuntbhiBaeTcs
o opMmyIie:

MII,;=(K x Cu) /(S x O x Ag x Hg). (1)

C 3onorom nigtoro tumna (C,) B MOJOXUATETbHOMN
KOPPEJISILIMKA HaXOISATCS ConepKaHUs cepedpa U pTy-
TH, B OTPULIATEIbHON — KPYMHOCTh, COPTUPOBAH-
HOCTb, OKaTaHHOCTb YaCTUIl U COAECpPKaHWE MEIU.
Takum 00pa3zoM, MyJIBTUTUIMKATABHBIN MOKa3aTeNb,
XapaKTepu3ywluii (4epe3 pacnpoCcTpaHEeHHOCTb 30-
JioTa Tumna V) KOpeHHbI€ UICTOYHUKU TMITOTEHHO-THU-
IIEPIeHHOTO TUIIA, BCKPBITHIE HA YEeTBEPTUIHOM 3Ta-
ne (MIIy), paccunTeiBaeTcs o hopmyIie:

MII, = (Ag x Hg) / (K xS x O x Cu). (2)

M3 maHHBIX, TpeacTaBIeHHBIX B Ta0JI. 2, CIEIyeT,
y10 MII, MMeeT peaibHyIO YCTOMUYMBYIO KOPPEJIIIMIO
¢ conepxaHueM 3oJiota V tuma (R = 0.855), Gosnee
CYILLIECTBEHHYIO, YeM KOPPEJSLIMOHHBIE CBSI3U OT-
JIETbHBIX XapaKTePUCTUK, YTO MTO3BOJISIET UCTIOJIB30-
BaTh €r0 B KAYECTBE KPUTEPUSI BBIIEICHUS IUIOIIANEH
JUTST TIOVICKOB TTPOSIBJICHUM TMIIOTEHHO-TUITEPreHHOM
MUWHEpaIn3alunu.

MynbTUILIMKATUBHBINA TToKa3aTteab MII; ume-
€T MeHee OYEBUIHYIO CBSI3b C 30HOI MEPBUYHOTO
WCTOYHMKA, WHAUKATOPHBIM TMPU3HAKOM KOTOPO
apisiercd 305010 Tina I1. Xotsa MII,; umeeTt sKkBUBa-
JICHTHYIO MM GoJiee BBICOKYI0 Koppensuuio (0.456) ¢
IJIaBHBIM MHIUKATOPHBIM MPU3HAKOM 30J10TO-KBap-
11€BOr0 OpPY/IEHEHNs, YeM YaCTHbIE CBSI3U (3a UCKITIO-
YeHUEM cofiepXkaHus cepedpa), ee 3HaUEHUE BCe XKe
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MEHbIIIe KpUTUYeCKOro. BeposiTHO, 3TO CBS3aHO C
TeM, 4YTO 30JI0TO IOCTYIAJO0 B POCCHIIIA HE HEIOo-
CPEICTBEHHO 13 30H IepBUYHON MUHEpaIN3alluu, a
yepe3 CUCTEMY ITPOMEKYTOYHBIX KOJIJIEKTOPOB, YTO
BHECJIO UCKaXXeHME B KAPTUHY MPOCTPAHCTBEHHO-TE-
HETUYECKUX CBSI3EH MEXAY MTEPBUYHBIM UCTOUHUKOM
M POCCHIITHBIM 30JI0TOM YE€TBEPTUIHBIX BOTOTOKOB.

C Ipyroii CTOpOHEBI, XOTd colepxkaHue cepebpa
(4TO BKBUBAJIEHTHO NMPOOHOCTU M3-3a HU3KHMX CO-
JepxXaHuii ApYTUX puMeceit) uMeeT 60siee BbICOKYIO
koppensauuio (—0.615) ¢ conepxanuem 3oi0ta 11 Tna
o cpaBHeHMIO ¢ MI1,;;, ero npruMeHeHUe OTAEIBHO OT
JIPYTUX UHANKATOPHBIX XapaKTEPUCTUK MOXET UMETh
MOBBIIIEHHYIO MOTPEIIHOCTh U XapaKTepPU30BaTh 30-
HaJIbHOCTh U3MEHEHMSI IIPOOHOCTH €IMHOTO MCTOY-
HMKa, a He HaJIM4ue pa3HbIX (pOpMallMOHHBIX KCTOY-
HUKOB. McxonsT U3 3TOro, MOXHO 3aKJIIOYUTh, YTO
NpUMEHEHNE MYJIBTUIUIMKATUBHOTO KO3 duiimeHTa
Jaet 0oJjiee CTaOUIIbHBIN 1 000CHOBAHHBIN pe3ysIbTar.

YcroitunBasi oTpuiiaTelbHas KOPPEISLIMSI MEX-
ny conepxanusamu 3onota I u V tunos (R = —0.59)
MOATBEPXKAAET MPEANOJIOXKEHUE, YTO 3TU TUIIBI pOC-
CBHIITHOTO 30J10Ta IOCTYIAIH U3 Pa3HbIX UCTOYHUKOB.

KoHeuHble pe3yabraTbl 00pabOTKM JaHHBIX MPe-
CTaBJIEHBI Ha pucC. 5. MakcumanabHoe 3HaueHrue MIT
MPUXOIUTCS Ha Mexxaypeube peK Cypbsl Ha BOCTOKE,
Enoska Ha 3anajne, Tynaiika Ha rore 1 yMeHbILIAeTCs K
nepudepruu yyactka. DTo NpuOJIU3UTEILHO COBITAIa-
eT ¢ pacrpeneneHueM 3ojiota Tuna Il u moarBepxkna-
€T MPEIII0JI0KEHUE, UTO B 3TOM 30HE ObLI IOKAIU30-
BAaH OCHOBHOM IIEPBUYHBIN MCTOYHUK POCCHIITHOIO
30J10Ta y31a.

MaxkcumanbHbie 3HaueHus: MIT,, cocpenoToueHbl B
JIMHEWHOM 30HE, MPOTITUBAIOLLIEICS OT CPEAHETO TE-
yeHwus p. OJieHbs, Yepe3 yIacToK BIlaaeHMs B p. Bar-
paH pek Cypss, Tynaiika u pyd. ba3oBblii, K BepxHei
yacTy noauHb p. EnoBka (BeIIe pyd. AHHEHCKMIT).

Hmeromecs B HATMIMY pa3pO3HEHHBIE MaTepHa-
JIBI IO KOPEHHOMY OPYIEHEHUIO y3JIa HEAOCTATOUHBI
IUIST pa3pabOTKU MYIBTUIUIMKATUBHEIX TTOKa3aTesei,
M03TOMY B IIpeyIara€éMOM HCCJIENOBAaHUU B KAUECTBE

Taomuma 2. CtatrcTryeckre XapaKTepUCTUKN TTPOTHO3HBIX pacIipeneieHui

3onoro 11 Tumna 3onoto V tuna
Meron Pearson (p-value) RMSE MAPE Pearson (p-value) RMSE MAPE
MIT 0.456 (0.185) 11.371 0.411 0.855 (0.00163) 11.749 0.571
Jluneitnas perpeccust 0.345 (0.32874) 17.266 0.448 0.853 (0.00171) 13.177 0.573
JepeBo perpeccuu —0.021 (0.95477) 13.479 0.460 0.729 (0.01666) 17.305 0.505

IMpumevanue. MI1 — MyJIBTUILUIMKATUBHBIIN ITOKA3aTEb.

OneHka nporHosa: Pearson — koagduneHT Koppensitmu I[Mupcona, RMSE — cpennekBagpatuuHas omnoka, MAPE — cpentsist

a0comoTHAs oIInoOKa.

JINUTOJIOTUA U TTIOJE3HBIE UCKOITAEMbBIE Ne4
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Puc. 5. ®akrtuyeckoe (110 JaHHBIM IILTMXOBOTO OIPOOOBAHUSI) U MPOrHO3HOE comepxaHue 3o00Ta TunoB Il u V B mpenenax
Barpanckoro y3na.

a, 0 — conepxanmue 30j0t1a (%) Tunos 11 (a) u V (6) Mo maHHBIM pa3BeIKu; B, T — IIPOTHO3HOE colepxkaHue 30i10t1a (%) Ti-
noB 11 (B) u V (1), paccynTaHHOE METOIOM MY/IETUIUIMKATUBHBIX ITOKa3aTeseil; 1, € — MPOrHo3Hoe comepxaHue 3010T1a (%)
tunos Il (o) u 'V (e), paccuuTaHHOE METOJOM JTMHEMHON perpeccuu.

1 — 3pO3MOHHO-CTPYKTYPHBIE AETIPECCUU, 2 — BOIOTOKH, 3 — TOUYKU ONIPOOOBAHUSI.
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WHAMKATOPHBIX IIPHU3HAKOB IIEPBUYHON MUHEpAIU3a-
LIMH UCITOJIb30BaHbI IIUIMXOBbIE MTPOSBIECHUS 30J10Ta
OavkHero cHoca. TeM He MeHee, BhIIeJIeHHbIe TIep-
CIIEKTUBHEIC TUIOLIAIN ITOATBEPXKIAOTCS MMEIOIIN-
MUCSI JTAaHHBIMU 10 KOPEHHOM 30J10TOM MUHEpaIn3a-
uu. B BepxoBbsax p. Cypbsl BBISIBJICHO MPOSIBJICHUE
30J10TO-CYJAb(UIHO-KBAPLEBOIO TUIMA C COASPXKAHM -
eM 30510T1a 10 8 r/T1 [IlerpoB u mp., 2015]. OHo coBma-
JaeT C MAKCUMAaJIbHbIM conepkaHueM 30j10Ta tTura 11
U TTOBbIIIEHHBIMM 3HaueHussMu MI1,;. K coxanenuio,
B MMeEIOIIEICST MyOIMKaluy HEeT OINMCAHUSI THUIIO-
MOP(HBIX 0COOEHHOCTEH 30J10Ta, HE YKa3aHa Mpoo-
HOCTb, TIO3TOMY THMII MUHEpaIU3alui MOXHO OXa-
PaKTepU30BaTh TOJLKO IPEAIIOI0XKUTEIBHO.

B 30He Onenbs—EnoBKa, COOTBETCTBYIOIIEH MO-
BBILIEHHBIM coAepXaHuUIM 30ji0Ta Tima V u MII,, B
OTOOpaHHBIX IITY(PHBIX MTPOOaxX MPUCYTCTBYET PyI-
HO€ 30J10TO ¢ comepxkaHueM 2—6.9 ppm. Conepxa-
Hue cepedpa 3.6—1.7 ppm u prytu 0.05—0.1 ppm
yKa3bIBaeT Ha €ro BO3MOXHYIO CBSI3b CO IIUIMXOBBIM
30510TOM THIIa V. HECOMHEHHO, MCTOJIb30BaHUE B Ka-
YECTBE 3TAJIOHOB HEMOCPEACTBEHHO KOPEHHBIX ITPO-
SIBJICHUIA TIOBBICUT TOCTOBEPHOCTD MCCIICIOBAHMIA.

Takum obpa3om, HauboJiee TIePCIeKTUBHOMN OT-
HOCHUTEJIbHO IPOTHO3a KOPEHHOI 30JI0TOH MUHE-
panu3anuu B mpenenax BarpaHckoro ysjaa mpen-
craBisieTcs nuHeitHasg 3oHa C3—HOB npoctupanms,
KOTOpast KOHTPOJIMPYET pacrpeneieHre B POCCHIIISIX
CPEIHENMPOOHOI0 PTYTUCTOTO IUIMXOBOTO 30J10Ta
HU3KOTEMIIEPaTyPHOTO TUIIOT€HHO-TUIIEPIeHHOIO
tumna. IlpeanonaraeTcs, 4To 3Ta JUHEHHAS 30HA pa3-
JIOMOB /WK pa3yIJIOTHEHMS ITOPOJI ObLiIa 3aJI0KEeHA
Ha 3Tare MOCTKOJUIM3MOHHON TeKTOHO-MarMaTuye-
cKoil akTuBM3aluu. Pacnpenenenue 3010Ta Tumna vV
c1a00 CBSI3aHO C BJIEMEHTAaMM TUAPOCETH, YTO yKa-
3bIBA€T HA €ro MO3MHEEe BCKPHITHE (YETBEPTUIHOE
BpeMsI). DTO MO3BOJISIET MPEANOJOXKUTh HEOOIbIIION
YPOBEHb €T0 3PO3MOHHOI0 Cpe3a 1, COOTBETCTBEHHO,
MOBHIIIICHHBIA PYOHBINA IMOoTeHInaN. [loaydyeHHEBIE B
pe3yibrate pacdyeTa MYJBTUIUIMKATABHBIX ITOKAa3a-
Tejeil MepCleKTUBHbIE TUIOIIAAM MOTYT OBITH HC-
MOJIB30BaHbI JUIST IOCTAHOBKY ITOMCKOBEIX pabOT Ha
30JIOTOPYIHbBIE OOBEKTHI.

CPABHEHUE C APYTUMU METOJAMMU,
ITPOBJEMBI U ITEPCITEKTHUBBI

7151 1OTIOJTHUTENIbHOM OLleHKU 3P (PeKTUBHOCTHU
OIMMCAHHOTO BHIIIIE IIPOTHO3MPOBAHMSI POCCHIITHOM
METAJUIOHOCHOCTH ITOCPEICTBOM pacueTra MYJIbTH-
IUIMKATUBHBIX MTOKa3aTeNleil ObLIO MPOBEACHO CpaB-
HEHUE IOJYYEHHOIO MPU MTOMOIIU 3TOH METOAUKU
MPOTHO3a ¢ pe3yJabTaTaMM APYTMX METOMOB perpec-
cuMyi — JMHeNHoU perpeccum (linear regression) u
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IepeBa perpeccun (regression tree) ¢ MCIOJIb30Ba-
HUEM aJiropuUTMa ciaydaiiHoro jieca (random forest).
ITockoabKy 3TN MeTOIBI O0JIee TPEOOBATEIbHBI K OT-
0opy obyuaroleil 1 TeCTOBOI BBIOOPOK, HO KpaliHe
MaJioe KOJIMYECTBO TOUYEK He MO3BOJISIO Pa30UTh UX
Ha JBa YKa3aHHBIX HE3aBUCUMBIX ITOIMHOXECTBA,
pacyeT MpoU3BOAMJICS ISl KaxXKI0l TOUKHU OTAEIbHO,
IMyTeM UCKITIOYCHHUS 9TOM TOUKM U3 BEIOOPKU C IajIhb-
HEeHIIMM 00ydyeHreM MOJAEIM I10 BCeM OCTaBIIMMCS
TOYKAM M pacyeToOM IIPOTHO3a IJIsT 3TOI TouKu. Jla-
Jiee COCTaBJieHHbIE TaKUM 00pa3oM IMPOTHO3bI IS
KaXIOi OTHEIbHOM TOUYKHU OBUTH OOBhEIMHEHBI B OMUH
OOLIMIA TPOTHO3.

JInneiinas perpeccust sIBIsIeTCSl perpecCMOHHOM
MOJIEJIbI0 3aBUCUMOCTU OOHOM (3aBUCUMOI) Tepe-
MEHHOM y OT OJHOU WJIM HECKOJIBKUX JIPYTUX He3a-
BUCUMBIX TIEpEMEHHBIX X JIMHEHHON (pyHKIMEH 3a-
BUCUMOCTHU, Bujaa [demuneHko, 1981]:

S, b) =by+bpx, +by, +... +bx,. (3)

B 1uensix mporHo3a pocchITHOR METaLIOHOCHOCTU
B HACTOSIIIIEM MCCIEI0BAaHUM B KAU€CTBE 3aBUCUMOI
TIepeMEHHOI paccCMaTpUBAETCs CONepKaHUe 30JI0Ta,
B TO BpeMsI KaK He3aBUCUMBIMU IEPEMEHHBIMU SIB-
JISIIOTCS paHee omnvcaHHble (OpMaTU30BaHHbBIE WH-
JIHUKATOPHBIE XapaKTePUCTUKMU.

Ha puc. 41 4e ipencraBieHbl IPOTHO3HBIE CXE-
MBI conepxxaHuii 3ojota Tunos Il u V B npenenax
paccMaTpuBaeMoit TEpPUTOPUN, PACCUNTAHHBIE Me-
TOAOM JIMHEMHOM perpeccuu, a B TadJ. 2 — CTaTUCTU -
YyecKue JaHHbIE COOTBETCTBYIOLINX MOJEICH.

HepeBbs perpeccun u Kiaaccudukauu [ Breiman
et al., 1984], u3BecTHbIe TakXke IMOA OOIIMM Ha3Ba-
HUEM KakK JepEBbsl pELIeHU, IPEACTaBIsSIOT COO0M
CTPYKTYpPBI JaHHBIX, MO3BOJISIIOLINE UHTEPIIPETUPO-
BaTh 11A0JOHBI JAHHBIX C LIEJIbIO UX PACTIO3HABAHMSI.
HepeBbsl pellleHUld OpraHu30BaHbl B BUIAE Hepap-
XUYECKOMN CTPYKTYPbI, COCTOSIIEH U3 Y37I0B IPUHSI-
TUS PELIEHUI 110 OLleHKEe 3HAaYeHUI onpeaeIeHHbIX
MEPEMEHHBIX IS IPOTHO3UPOBAHUS PE3YJBTUPYIO-
IIMX HEIMPEepPbIBHBIX 3HAUYEHUIA (B Cllydae IepeBbEB
perpeccun).

Chayyaitnbiii nec [Breiman, 2001] gaBnstercst anro-
PUTMOM MaLLIMHHOTO 00y4YeHMsI, 3aKII0YaIOLINIACS B
WCITOJIb30BAHNM KOMUTETA (MHOXECTBA) pelIalonImx
JiepeBbEB, IPUMEHSIEMBIN, B YaCTHOCTH, IIJIs pelle-
HuUs 3agadyu perpeccur. OCHOBHas MIesl 3aKjoda-
€TCsl B UCIOJIb30BAaHUHU OOJILIIOrO aHCaMOJIsl pela-
IOIIMX IePEeBbEB, KaxXka0€ U3 KOTOPHIX caMo I10 cede
MOXET He JaBaTh XOPOIINI Pe3yJIBTaT, HO 3a CUeT UX
0OJIBIIIOTO KOJIMYECTBA U KOMOMHUPOBAHUS TOCTU-
raeTcsl BBLICOKOE KaueCTBO pe3yJIbTaTa.
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B HacTosIeM HccieqoBaHUM METOH IepeBa pe-
rpeccuu ObLI IMPUMEHEH IJISI IPOTHO3MPOBAHUS CO-
JepxaHuit 3ojo0ta TunoB I1 1 V 1o gjaHHbBIM UHIU-
KaTOPHBIX XapakTepucTuK. Ilockoiabky, rpy0o ro-
BODSI, IEPEBO PEIICHUI BBIICISIET KJIACTEPHI CXOKMX
00BEKTOB MO YKa3aHHBIM XapaKTepUCTUKAM, MOXHO
3aKJIIOYUTh, YTO ITOT METOJ B JAHHOM Cllydyae Mo-
3BOJISIET ONpPEAEIUTh IPYIIIbI siYeeK, GOPpMUPOBaAB-
IIMXCS B CXOXMX YCJIOBUSI, B Pa3jIMYHOI CTENEeHU
OMIaronpUsATHBIX IJIS1 POCCHITIE00pa30BaHUS U, TAKUM
o0pa3oM, ero IpUMEHEHHE JIOTUIECKU 0OOCHOBAHO
IUIS1 pellieHMs yKa3aHHOM 3agauyu. bel1o mocTpoeHo
MHOXECTBO IePEeBbEB PErPECCUN IIPY ITOMOIIN ajIro-
pUTMa CIyJaiHBIN JIeC ¥ OTOOpaHO JIydIlee pelieHne
MCXOMS M3 MMHMMAJILHOTO 3HAYCHMS CPeTHEKBaIpa-
TUYHOM OIINOKMU.

B Tabin. 2 mpencraBieHbl CTaTUCTHMYECKUE HaH-
HBbIE IIPOTHO3HBIX Momeieil comepxkaHusa 3omota 11
u V TUIIOB B IIpefieiax paccMaTpUBaeMOM TEPPUTO-
pUM, pacCUMTaHHBIE METOIOM JIepeBa PETPECCHUU C
HUCTIOJIb30BAaHMEM aJITOPUTMA CJy4aifHOTO Jieca, HO
MX TI0Ka3aTeldu CTOJb HU3KU (OCOOEHHO ISl TUIIA
30j10Ta II), 4TO MPUBOAUTH COOTBETCTBYIOIIME CXE-
MBI HET CMbICIIA.

CpaBHUBasl pe3yibTaThl IIPOTHO3HBIX MOJIEJEH,
MOJIyYEHHBIX Pa3JIMYHBIMU METOAAaMM, MOXHO 3a-
KJIIOYUTD, YTO B 1I€JIOM OHU JAI0T OJIM3KME pe3ybTa-
THI (32 UCKJTIIOYEHMEM TIPOTHO3a COAEePKaHUsI 30J10Ta
tuna Il MeTogoM aepeBa perpeccuu, rae pesybraT
BOBCE HE UMeEET IICHHOCTH ), IIPX 3TOM METOII pacye-
Ta MYJIBTUILIMKATUBHBIX KO3(P(PUIIMEHTOB B KaXKIOM
cJIydae BHIMTPHIBAET, IIpenjiarast 0ojiee KOHTPaCTHBIIA,
BBIpaXXEHHBII pe3ynbrar. Takke 3TOT MeToHd Ipel-
CTaBJisieTcsl HauboJsiee MPOCTBIM U OOOOIIEHHBIM,
TMOOXOMSIIAM JUIST JII0OOro Habopa COITacOBaHHBIX
JAHHBIX, B TO BpeMsl KaK APyrue METOIBI TpeOyIoT 60-
Jiee ITyOOKOro aHajau3a BXOISIINX apamMeTpoB. s
rpy0o0ii OLIEeHKM TePPUTOPUIL METOM pacuyeTa MYJIbTH -
TUIMKATUBHBIX KO3 PUITMEHTOB MPeaOCTaBISIECT BO3-
MOXHOCTb IIPOBECTU TaKyI0 OLIEHKY Ha MUHUMAaJb-
HOM HaOope JaHHBIX, B TO BpeMs KaK IPYyTrie METOIbI
TpeOyIOT MPEeACTaBUTEIbHBIX 00yUaIOINX BEIOOPOK.

SAKJIIIOYEHHUE

IIpumeHeHue TipeAcTaBlieHHO# B pabote
KOMIBIOTEPU3UPOBAHHON CUCTEMbI 00PaOOTKM JaH-
HBIX IIUTUXOBOT'O OMPOOOBAHUS U MOJYyYEHUS MYJIb-
TUTUTMKATUBHBIX [TOKa3aTesIeil MOXeT ObITh UCITOb-
30BaHO 11 IPOrHO3a KOPEHHOI METAJNIOHOCHOCTH.
XoTs pacnpeneieHue MHAMKATOPHBIX TUIIOB 30J10Ta
0ojice HENOCPEACTBEHHO, YeM MYJIBTUIIMKATUB-
HbIE IT0KA3aTeId CBSI3aHO C MPOSIBICHUSIMU KOPEH-
HO¥ MUHEpaIu3alui, UX IIpUMEHEHIE OCIOXKHSIETCS
HEOOXOIMMOCTHIO TIPOBENCHUSI OIIPOOOBAaHUS BCEit
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YEDPAHOB u np.

HCCIIEAYeMOI IUTOIIAAN Y TOJYyYEeHUS ILIMXOBOTO
30JI0Ta U CIEUMATM3UPOBAHHBIX MCCASIOBAHUIA.
CBsI31 IINIMXOBOTO 30JI0Ta C MIEPBUYHBIMU NUCTOTHU -
KaMU MPOSIBJISIIOTCSI Ha YPOBHE BHYTPEHHE! CTPYK-
TYpHI 3€peH U UX XMMMUYECKOI'O COCTaBa, MO3TOMY
TaKXe He0OXOOUMO MPOBEICHUE CIICIUATN3UPOBAH-
HBIX aMIapaTypHBIX aHATMTUIECKUX UCCIIeIOBAHUIA
(31eKTpOHHAs MUKPOCKOITHS, MUKPO30OHIOBBIN aHa-
JIN3 B MPUILIA(OBAHHBIX LIAIIKAX).

Jns1 BeIAENCHUS] MHIMKATOPHBIX TUMOB IIJINXO-
BOTO 30JI0Ta U CO3JaHUS IPOTHO3a KOPEHHOTO OpYy-
JIeHEeHUs TpeOyeTcs BhICOKAs KBaIU(pUKALIMS 1 3HA-
YNUTEJIbHBINA MPaKTUYEeCKUU OITBIT MCCIIeIoBaTelsl B
U3YyYEHUU KOPEHHOTO M POCCHIITHOIO CaMOPOIHOIO
30J10Ta, B TO BpeMsI KakK IpeajiaraeMblii MeToI IT03BO-
JISIET MIPOBOIUTH IPOTHO3HYIO OLICHKY OIIEPaTUBHO, C
MEHbBIIMMU 3aTpaTaMy U B YaCTUYHO aBTOMATU3UPO-
BaHHOM pexxuMme. 11 ero IpuMeHeHUs He TpeOyeTcst
CIIeLIMAJIbHBIX ITOJIEBBIX U JIAOOPATOPHBIX UCCIIENO-
BaHWIi, MepBUYHAsI OLICHKA MOXET OBbITh IOJIy4yeHa
M3 CTAHOAPTHBIX JAHHBLIX I'€OJOTMYECKUX OTYETOB
110 M3YYEHUIO 30JI0Ta POCCHITIEH U IIIJTUXOBBIX OPEO-
J0B. Pa3pabatbiBaeMblii MeTOI, TT0 MEHBIIIEH Mepe,
He YCTyIaeT APYTUM METOIaM PErpeccui, TaKUM KakK
JIMHEHAs perpeccusl U IepeBO perpeccuu, HO MeHee
TpeboBaTesieH K KaUeCTBY TaHHBIX.

B Hacrosiee BpeMst MeTOI HAXOOUTCS B CTaINK
pa3paboOTKN M UMeEeT Psi HepEIIEeHHBIX BOIIPOCOB,
KOTOpBIe OyIeT He0OXOnMMO MCClIeq0BaTh IMPH MPO-
JOJKeHUU paboT. B yacTHOCTU, MHAMKATOPHBIE Xa-
PaKTepUCTUKN allpOOMpPOBaHBI B IIpeaesiaXx OIHO-
rO 30JIOTOHOCHOTO y3JIa Ha IByX TUIIaX NEPBUYHOM
MMHEepaIU3alnu (30JI0TO-CYIb(OUIHO-KBAPLIEBOM U
TUIIOTeHHO-TUIIepreHHOM). B Oyny1iieM KoandecTBo
HCIIOJIb30BAaHHBIX MHINKATOPHEIX IIOKA3aTe/IeH 1 Xa-
paKTepr3yeMbIX UMM TUIIOB IIEPBUYHOM MUHEPaIM -
3allMi MOXeET OBITh yBeamyeHo. Ha tekymieM starie
B KQYeCTBE MHAMKATOPHBIX TUIIOB KOPEHHBIX UCTOY -
HUKOB HCIIOJIb30BAHO IIIMXOBOE 30JIOTO C MHHM-
MaJIbHBIMM TIpM3HAaKaMU IIepeHoca, MMeIolIee MaK-
CHMAJILHYIO CBSI3b C NMEPBUYHON MUHEpaIn3alveid.
IIpuMeHeHMe METOAMKY Ha 00bEKTaX C U3BECTHBIMU
PYIHBIMU IIPOSBICHUSMU IIOBBICUT JOCTOBEPHOCTh
MOICIIH.

VYpaBaeHus (1) u (2) pemraloT IIOCTaBICHHYIO
3aga4yy B IIEpPBOM IIPUOMKEHNM, OCHOBHLIBAsICh Ha
MPEANOJIOXKEHUN O TMHEHHOM XapaKTepe CBA3U UH-
IVKATOPHBIX XapaKTepUCTHK C PYIHBIM MOTECHIIU-
ajioM TeppuTopuii. B ciyyae HeIMHEMHOCTU 3TUX
CBsI3eii, pacueTHbIE (POPMYJIBI MYJIBTUTLIMKATUBHBIX
K03 PUIIMEHTOB MOTYT U3MEHUThHCS, HO KAYeCTBEH-
HBIIl XapakTep OOJKEH coxpaHuTbcs. Ilpumene-
HUE KOMIUIEKCHBIX MYJIBTUILIMKATUBHBIX ITOKA3a-
Teeil TTO3BOJISIET YMEHBIINTD BIMSIHUE OTIEIbHBIX
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[TOMCKOBO-OPUEHTHMPOBAHHAA METOANKA

XapaKTEePUCTHUK (Iaxe eCIM OHU UMEIOT HeJIMHEITHYIO0
KOPPESILIMOHHYIO 3aBUCHMOCTh) M YCHJINTh OOIIME
3akoHOMepHOCTU. ClienyeT Takke OTMETUTh, YTO Ha
TEKYIIeM 3Talle aHaJIu3 TOYeK MPOU3BOIUTCS Oe3 BHU-
MaHUS K pACCMOTPEHUIO BKIIIOYAIOIICH X TEPPUTO-
PUM KaK €IMHOIO I'e0JIOTHUIECKOro 00beKTa. JlaHHbIe
BOIIPOCHI TPEOYIOT ITOIMOJTHUTEILHBIX UCCIIOBaHIIA
Ha MOCJIEAYIOIIMX 3Talax pa3padboTKU METOIUKM.

Takum oOpa3oM, B CEromHSIIHEM COCTOSIHUU
npenjaraeMasl METOAMKa ONTHMAJIbHO IIPUMEHUMA
Ha HavaJIbHBIX 3TallaX IIPOTHO3MPOBAHMS U IIaHU -
pOBaHMS T€0J0TOPa3BENOUYHBIX PabOT, KOTa 3amada
JIOJKHA OBITh pellieHa C MCHO0JIb30BaHUEM TOCTYII-
HBIX TaHHBIX ¥ 0€3 MPUMEHEHUs TOIOJHUTEIbHBIX
HCClIeqoBaHUil. B cirydae mmoaTBepKaeHUs IPOTHO3a
PEKOMEHIYyeTCs MOCTaHOBKaA 0oJiee AeTalbHbIX PadboT
Ha IpennoyiaraéMbIX NePCIeKTUBHBIX TIOIIANIX.

OUHAHCHUPOBAHUME PAGOTHI

PabGora BbIIIOJIHEHA B paMKax TeMbI
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SEARCH-ORIENTED TECHNIQUE OF THE NUMERICAL
FORECASTING OF THE GOLD PLACERS: EVIDENCE
FROM THE VAGRAN PLACER DISTRICT

R. M. Chefranov" *, A.V. Lalomov" **, A. A. Bochneva®> ***

!Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry RAS, Staromonetny lane, 35, Moscow, 119017 Russia

*e-mail: roman_chefr@bk.ru
**e-mail: lalomov@mail.ru

***o-mail: bochneva@mail.ru

As aresult of field research, as well as analysis of data from stock reports, two types of placer gold were iden-
tified within the Vagran placer cluster of the Northern Urals, which are indicators of primary mineralization
of gold-sulfide-quartz and hypogene-hypergene types, which were used as benchmarks for developing a
digital system for predicting parameters and localizing primary sources of placer gold. In the present work
the typomorphic characteristics of placer gold (size, roundness, sorting and fineness, as well as the content
of impurity elements) are formalized (in the form of a quantitative assessment). These data were processed
using the methods of multiplicative indicators, linear regression method and a regression tree method
using a random forest algorithm, which make it possible to forecast the composition and localization of
the primary mineralization with greater confidence and stability than ordinary parameters separately. The
data required for such an assessment do not require additional field and highly qualified laboratory studies,
they are contained in standard reports on the heavy minerals testing. The study of the correlation matrix al-
lowed to identify characteristic indicators for the primary mineralization of gold-sulfide-quartz and hypoge-
nic-hypergenic types, and to give recommendations for conducting prospecting and exploration in order to
identify the primary gold content of the cluster. All three methods used gave consistent results that make it
possible to predict the parameters of primary gold content, while the method of calculating multiplicative
coefficients gives a more contrasting, pronounced result, seems to be the simplest and most generalized,
suitable for any set of consistent data, while other methods require a more in-depth analysis incoming pa-
rameters. The proposed method of creating forecast estimates allows to increase efficiency and partially
automate the process of determining the prospects for primary mineralization of territories.

Keywords: placers, strategic metals, gold, multiplicative indicators, forecast model
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