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OBILIAA XAPAKTEPUCTHUKA PABOTHBI

OpHOl U3 OCHOBHBIX 3aJlad TOPHOPYAHBIX MPOEKTOB SIBISETCS OOBEKTHUBHAS
OLICHKA TMPOMBIIUJICHHBIX 3alacoB MHHEPAJIBHOTO ChIPhS ISl TMOCJEAYIOIIEen
3¢ (HEKTUBHOM IKCILTyaTallul MECTOPOKICHUMN.

AKTYaJBHOCTH T€MbI HCCJIETOBAHUSA. ['opHOOOOBIBarOIasi OTpacib Ha
JAHHOM JTare pPa3BUTHS MHPOBON IKOHOMHKM BCTYIHJIA B CTAJIUI0, TPEOYOIICH
MOJICPHU3AIIMN  OPTaHW3AIMOHHBIX TMOJXOJ0B T€OJIOTOPA3BEIOYHBIX pPaboOT W
OOHOBJICHUSI METOJIWYECKON 0a3bl, TOCKOJBKY B IMPAKTHKE TOPHO-TE€OJIOTHYECKON
WHYCTPHUU 32 TTOCJICTHUE IECATUIICTHS POU3OIILTN CYIIICCTBEHHBIC N3MEHEHUS, TAKHE
KaK:

— 3HAYMTEIPHOE YIOPOKAaHHME TeO0JOrOopa3BeIOUYHBIX pPadOT B CB3U C

HEOOXOJMMOCTBIO Pa3BelIKM OOBEKTOB Ha OOJBIIMX TIyOMHAaX M 3a4acTylo

PaCIOJIOKEHHBIX B yIAJICHHBIX TPYIHOAOCTYITHBIX PETHOHAX;

— UHTEHCHUBHAs TJ100aIu3alns ChIpbEeBBIX PHIHKOB, MPUBE/IIAs K BO3POCHIEH B

MUpPE KOHKYPEHIIHH;

— JIOCTYITHOCTh KOMITBIOTEPHBIX TEXHOJIOTHM, MO3BOJSIOMIUX OINEPATUBHO

oOpabarbiBaTh OoJiblliie OOBEMBI JAHHBIX M MOJCIUPOBATH 3-X MEpHbBIC

MPOCTPAHCTBEHHBIE TIEPEMEHHBIC.

— HaJIMYUE Pa3IUYHBIX HOPMATHUBHO-TIPABOBBIX CHCTEM OIICHOK CHIPHEBBIX

pecypcoB (JORC Code, NI 43-101 u ap.), IMCIOIIMX CYIMIECTBEHHBIC Pa3IHYHs

B MTOIXO/1aX U, TJIABHOE U B OTIPE/ICIICHUN KaTErOPUH 3aItacoB;

CymectByromiasi ocTpasi HEOOXOAUMOCTbh B MOJIEPHU3AIMU METOAUYECKUX
MOAXOJ0B TOPHOJOOBIBAIOIIMX KOMIAHUW JJIsi CKOpEWIero Cco3JaHus HOBOU
METOJOJIOTHYSCKOW 0a3pl mpemonpeacnmia (opMHUPOBaAaHWE HOBOW METOJIUKH
MmojicyeTa 3armacoB Ha 6a3e HeNMMHEHHON reocTaTUCTUKU. OHA TI03BOJUT BBIOUPATH TI0
OOBEKTUBHBIM KPUTEPHUSAM ONTHUMAJIbHBIE CXEMBI T€O0JIOTOPa3BEIOYHBIX PadoT,
KOJIMYECTBECHHO OICHWBATh PUCKH, BRIOMpPATh ONTHMAJIbHBIC OypOBBIC CETH U CXCMBI
onpoOOBaHMUS PYAHBIX TEJI W Ha ATOM OCHOBE KJIacCCH(UIIMPOBATH pPa3BeIaHHBIC
3arackl. DTH BOIIPOCHI OCBEIIECHBI B MOHOTpa(UH 1 ITUKJIIC CTaTeH aBTOpa MOJIOKEHHBIX
B OCHOBY JUCCEPTAllMM M SABJISIOTCA OJMHAKOBO AKTYyaIbHBIMM UM IS
rOCyIapCTBEHHBIX KOMIAHUW U JJIsI TPAHCHAIMOHAIIBHBIX KOPIOPALUH.

Heab paGorbl. OCHOBHAs 11€JIb MCCJIEAOBAHUS — CO3JJaHUE€ HOBOW CHCTEMBI
MaTeMaTHYECKUX METOJIOB JiJisi cOopa M O0OpabOTKM Ie0JIOropa3BeIOYHBIX JIaHHBIX.
MeTogoa0oru4eckoil OCHOBOM OJTOM CHUCTEMBI CTaJd METOJbl HEIWMHEHHOU
I€OCTATUCTUKHU M CTOXACTUUECKHE (BEPOSTHOCTHBIE) MOCIIH.

O0beKTOM HccieJ0BaHUH SIBUJIMCh MECTOPOKIEHUS IOJIMMETAIIIOB, KEIE3HBIX
pYZ, MeIu, 30JI0Ta, HUKEJIS, ypaHa, O0KCUTOB, MUHEPAJIbHBIX ITECKOB U aJIMa30B.

IIpenmer wuccrnenoBaHUN — TEOPUCKH B TOPHOJAOOBIBAIOIICH WHIYCTPUH,
HEIOCPEACTBEHHO 3aBUCSIIME OT JOCTOBEPHOM OLICHKH CHIPBEBBIX PECYPCOB.



OcHoBHBIC 321a4u HccaenoBanus. VccnenoBanus aBTopa cocpeaoTOUHINCH
Ha METOAMYECKUX pa3pabOTKax MO ONTHUMHU3ALMU T'€0JIOropa3BeOYHbIX padoT mpu
OCBOCHUHU DPYAHBIX OOBEKTOB M Ha JCHCTBYIOIIUX pyAHHKaX. DyHAaMEHTAIbHOU
3ajayeil paboT aBTOpa OBLIO CO3/JaHUE KOMIUIEKCHOM METOAUKU OLEHKU U
KJIaCCU(UKALMU 3allacoB MECTOPOXKJIeHUs. MeToauKka OLEHKU OJKHA YYUThIBAThH
CEJICKTUBHOCTb ~ OTPAaOOTKM  MECTOPOXKJIEHUS U  OJHOBPEMEHHO  OLICHMBATh
TEXHUUYECKNE U SIKOHOMUYECKHE PUCKOB.

JlaHHO€ HcclieqoBaHUE TPOBOAMIOCH 10 HECKOJIBKUM HAIIPABICHUSM:

1. Pa3zpaboTka METO10B KOHTPOJISL KauecTBa ONPOOOBaHUS, TIO3BOJISIFOILIETO
BBIOMpPATh  ONTHUMAIbHBIE  CXEMbl  IPOOOMOATOTOBKM  JJIsi  Pa3BEIyeMOro
MecTopoXxJaeHHs. J[aHHOe HalpaBiIeHUE TAaK)Ke BKJIIOYAET pabOThl aBTOpa IO OLICHKE
MPEACTABUTEIBHOCTH KPYITHO-00bEMHON TEXHOJIOTHYECKON MPOOHI;

2. Pa3paboTka BEpOSITHOCTHBIX MOJIEIIEN 111 OKOHTYPUBAHUS PYJHBIX TEIl B
3-X MEpHOM IIPOCTPAHCTBE;
3. Co3naHre HOBOM METOAMKHM TOJCYETa 3aracoB Ha 0a3e HEIMHEHHOMN

reocTaTucTUku. MeTon, paspaboTaHHbId aBTOpoM, moayuwms Ha3zBanue LUC
(Localised Uniform Conditioning);

4, Pa3zpaboTka MeTo0B Ki1accudukaimu 3anacos. [IpeaioxkeHHas aBTopom
CUCTEMA PACCUUTHIBAET PUCKHU C YUYETOM CXEMbI OTPAOOTKH MECTOPOXKICHUS U HOPMBI
npUObUIM. DTOT METOJ MPEJIOKEH ISl MPUMEHEHUs] B €AMHOW MEXKIyHApOIHOU
cUcTeMe Kiaccu(UKaluu 3aracos.

dakTuyeckuii marepuaj. B ocHOBY paboTbl TNOJIOXKEHBI MaTepuabl,
coOpaHHbBIC aBTOPOM Ha JICUCTBYIOMMX pyAHUKax B TeueHue 1988 — 2019 romos. 310
HECKOJIbKO JIECATKOB IIPOCKTOB HA TISATH KOHTHMHEHTAaX, KOTOPHIC OXBATHIBAIOT
pa3TUYHBIC THITBI MECTOPOXKACHWA ¥ BHUABI CHIPhS BKIIOYAs KPYyIMHEHIIHE
MecTopoxaeHus noaumeTawioB (Onummnuk [lam), xenesnbix pyn (ITunbapa), meau
(Ockonmuna), 3omota (BurBarepcpann), nukens ([lepceBepanc), ypana (Poccunr),
ookcutoB (Canrapenu), MuHepasibHbIX nieckoB (Puuapnac beit) u anmazoB (Apraiin).
O0bemM 00pabOTaHHBIX M MPOAHATU3UPOBAHHBIX JTAHHBIX BKIIOYAET COTHHU THICSUU
aHAJIM30B, JCECATKH KUJIOMETPOB TOPHBIX BBIPAOOTOK, 3HAYHMTENIbHBIE OOBEMBI
MIPOU3BOJICTBEHHBIX JAHHBIX.

Metoabsl wucciaenoBaHuii. B paboTe UCHNOIB30BAINCH  COBPEMEHHBIE
MAaTEMaTUYECKUE METOJbl M NPUEMBI KOMIIBIOTEPHOIO MOJIECIUPOBAHUA: BKIFOYAs
METObl HEJIMHEMHOW U HEMTAPaAMETPUUECKOU T€OCTATUCTUKH; CTOXACTUYECKUE MOEIIU
MPOCTPAHCTBEHHBIX NIEPEMEHHBIX, a TAK)Ke COOCTBEHHBIE pa3pabOTKH aBTOpA.

OcHOBHBIE 0JIOKEHUS AUCCeEpTAlIid, BBIHOCUMBIC HA 3aIIIUTY.

1. Ilpm mupokux OYpPOBBIX CETSIX C OOJNBIIUMH PACCTOSHUSIMH MEXITY
pa3BeIOYHBIMH CKBAKUHAMU, KJTACCUIECKUE CTATUCTUICCKUE METOIbI HE TIPUEMIIEMbI
JUTSL OIIEHOK pacTpeeieHUs] MOJEe3HOr0 KOMIIOHEHTa B OJiokax. ABTOp paspaboran
metoq LUC (Localised Uniform Conditioning), MO3BOJSIONINI, HCIONB3YS
MaTEMATUYECKUI armnapar HEJIMHEMHOU F€OCTaTUCTHUKHU, pacCcyYUTHIBATH
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pacmpesieieHue TOJIE3HOTO KOMIIOHEHTa B HeOoJbInne OJOKM HE Hapylias
CTATUCTUYECKUX OTHOLICHHM MEXAY JUCIIEpCHEN U3y4aeMOM IEPEMEHHOW H
pasmepoM OJOKOB (IO TIeOCTAaTHCTUYECKOMY MNpHHIUIY  «VvVolume-variance
relationshipy).

2. IIpennoxennsiii napamerp CV% sBIsSeTCS YHUBEPCAIBHOW MEPOl OLEHKHU
KauecTBa OMpOOOBaHHWSA, IIO3BOJSIOMIUNA OLEHUTh W  COMNOCTABUTH BIUSHUE
reoJIOTUYECKUX (PAKTOPOB U TEXHUKH ONpoOOBaHMS Ha BOCIPOU3BOJUMOCTH
pe3yabTaTOB MPOO M Ha 3TOM OCHOBE BBHIOPATh ONTHUMAJIbHBIE COOTHOIICHUS MEXTY
CEThIO OMPOOOBAHMS U METOIMKOM MPOOOIOTOTOBKH.

3. IIpensioskeHHast Fe0CTaTUCTUYECKAs] METOAMKA OKOHTYPHUBAHUS PYAHBIX TET B
3-X MEpHOM TPOCTPAHCTBE HCIONb3YyeT WHIUKATOPHBIE BapUOTpPaMMBl ISt
ITOCTPOECHUS BEPOSATHOCTHBIX 3-X MEPHBIX MOJIEIIEN.

4. IlpemnoxeHa HOBasi METOJMKA KJIACCH(PUKALMKM 3alacoB, OCHOBAaHHAs Ha
BEPOATHOCTHOM OILIEHKE JIOIYCTUMOTO pHUCKa. 3a JOMYyCTUMYIO OIIMOKY IPUHUMAETCS
pa3HHUIA MEXIY NOJCYUTAHHBIM CPEIHUM COAECP/KaHUEM IOJIE3HOTO KOMIIOHEHTA W
HKOHOMUYECKH MUHUMAJIBHO JOIYCTUMBIM €ro coepxaHueM. BeposTHoCTh ommOku
PacCUUTBIBAECTCS UCIOJIB3Ysl CTOXACTHYECKHE METOIBI T€OCTATUCTHUKH.

5. ABTOpoM pa3paboTaHbl HOBBIE KPUTEPUM OIEHKH MPUTOJHOCTU KPYIHO-
O0BEMHBIX MpO0 JUIsl TEXHOJOrM4eckux wucnbiTaHuil. Ilo HoOBOW MeToauKe
HEOOXOJMMO OLIEHUTh CTATUCTHUYECKHE NapaMeTpbl pacHpeleleHUus MOJIE3HbIX
KOMIIOHEHTOB M BPEIHBIX MPUMECEW B pyA€ KOTOpBIE Jajee BOCIPOU3BOIATCA B
TEXHOJIOTHYECKOU pode. CTaTUCTUUECKUI aHau3 MpoObl HEOOXOAMMO MPOBOAUTH C
YUeTOM COOTHOIICHHUS «auctepcus — oobem» (Volume-variance relationships). Ilpu
oTOOpE TEXHOJOTMYECKOM MpoObl TakKe YUYUTHIBAETCS MPOCTPAHCTBEHHOE
pacripeneneHue  otoOpaHHbix  1poO. KpymHo-oObemHas mpoba  cumTaeTcs
NPEACTAaBUTENIBHON W MPUTOJHA JUISl TEXHOJIOTMYECKHMX HCIBITAaHUI €clii OHa
YIIOBJIETBOPSIET IBYM BBIILICOO03HAYEHHBIM KPUTEPUSIM.

Hayuynass HoBu3Ha paGoTrbl. OCHOBHBIE pE3yJbTaThl HCCIEIOBAaHUM,
BBIHOCHMbBIC aBTOPOM Ha 3aIUTY, IPEICTABIISIOT HOBBIE pa3pabOTKH U paHee He ObLIN
W3BECTHBI.

Brnepsbie 6b110 MOKa3aHo, 4TO ¢ moMolbio MeTona LUC MOKHO paccUuThIBaTh
pacrpeieiicHIe 3amacoB 110 HEOOJBIIMM CEJICKTHBHO OTpabaThIBaeMbIM OJIOKaM,
pa3Mep KOTOPBIX CIIMIIKOM Majl B CpaBHEHHUHM C OypOBOM CEThIO, YTO HE MO3BOJISET
MIPUMEHSITh KJIACCUUYECKHUE METO/IbI OLICHOK.

ABTOpP OJTHUM U3 MEPBBIX MPEIIOKIIT METOANKY OKOHTYPHBAHUS PYIHBIX TEN B
3-X MEPHOM MPOCTPAHCTBE HCIOJB3Ys BEPOSATHOCTHYIO OIIEHKY I'€OCTaTUCTUUYECKUX
WHUKAaTOPOB;

Hogoii pa3pabotkoit siBnsierca kpurepuit CV%, KOTOpBIM, Kak BIepBbie OBbLIO
MOKa3aHO aBTOPOM, MOXET HMCIOJB30BAaThCS I KOJUYSCTBEHHOTO COMOCTABIICHUS
T€OJIOTUYECKUX U JJA0OPATOPHBIX (B 00JaCTH MPOOOTIOATOTOBKH) (DaKTOPOB.

B nacrosimee BpeMs OTCYTCTBYET €IMHAast CUCTEMA KOJIMYECTBEHHBIX KPUTEPUEB
KJaccu(uKanyy 3amacoB, W MPEJIOKEHHAs aBTOPOM IMPOIeAypa SBISETCS HOBBIM
IIaroM B 3TOM HampaBlieHUd. BriepBpie OBLIO MPEIOKEHO OIEHUBATH JTOMYCTHMBIN



YPOBEHB MOTPEIIHOCTH MOJICYETA 3aIIACOB [0 MECTOPOKICHUIO OTHOCUTEIHLHO HOPMBbI
MPUOBLIH.

PazpabotanHbpie aBTOPOM KpPUTEpPUH OTOOpa KPYyHMHO-OOBEMHBIX MPOO
MO3BOJISIOT 00JIEe TOYHO OLICHUTH MPEACTABUTEIBHOCTD MTPOOKI JJIs1 TEXHOJIOTMUECKUX
VICIIBITAaHUU.

HoBaropckumu SIBISIIOTCSA Takxke JIpyrue paboThl aBTOpa, U3JIOKEHHBIE B €0
monorpaduu (Abzalov, M.Z. Applied Mining Geology. Modern Approaches in Solid
Earth Sciences 12 / M.Z.Abzalov. - Berlin: Springer, 2016. 448 p.).

IIpakTHyeckoe 3HAYMMOCTH PpadoTbl. OCHOBHas 4YacTh pa3pabOTaHHBIX
aBTOPOM METOJOB YK€ NPHUMEHSETCd MEXKIYHAPOAHBIMA TOPHOAOOBIBAIOIIUMU
komnanusmMu. B uactHocTH, Metony LUC nobGaBieH B cHelMaIM3UPOBAHHYIO
KOMITBIOTEpHYIO mporpammy “Isatis”, paspaOarbiBaeMyto (paHIly3CKOH KOMITAHHEH
Geovariances U UCIOJIb3yEMON BO BCEM MHUPE.

Meton pacueToB kadecTtBa omnpoOoBaHMs, ucnoib3ys mnapamerp CV%, B
KOPOTKHE CPOKH HAIlIE] IUPOKOE NPUMEHEHUE B TOPHOU HHIYCTPUH ABCTPAJIMU U 32
ee npeenamu.

Pan HOBBIX pa3paboOTOK aBTOpa B JaHHBIH MOMEHT HaxOJsITCS B CTaJuU
BHeApeHus. IlpennoxeHHas MeETOAOJOrHS KilacCU(PUKAIMK 3alacoB  IO3BOJISIET
OOBEKTUBHO OLIEHMBATh U MEPEBOJIUTH 3allachl, MojcuyuTaHHble o npuHiunam ['K3
(C1, C2 m mp.), B MexayHapoanble kareropuu, Hanpumep, JORC Code u ap. B
YaCTHOCTH, 3Ta METOJOJOrus, ObUIa YCIENIHO NMPUMEHEHA JJIi OCBOCHHMS 3aracoB
ypaHOBOrOo MecTopoxaeHuss B HWopmanum, Kyaa aBTop ObUI  MOpUIialieH
MPaBUTEIBCTBOM 3TOM CTPaHbl B KAUECTBE KOHCYJIbTAHTA.

JKOHOMHUYECKAA 3HAYMMOCTD IOJyYEeHHbIX pe3yJbTaToB. CricCTEMa METOIOB
aBTOpa IMO3BOJISIET OOBEKTUBHO OLIEHWBATh PUCKU TOPHBIX NMPOEKTOB M COKPATHUTH
3aTpaThl Ha Ie0JOropa3Be/louHble pabOThl 3a CUET ONTHMHU3ALUU OypOBOW CeTH U
METOJMKU ONPOOOBaHUS IPOEKTOB.

Anpo0auus pe3yjbTaTOB HCCJIeI0BaHUsA. Pe3ynbTaThl HCCIIEIOBAaHUI aBTOpa
B TMOJHOW Mepe OTpakeHbl B myOnukamusax. OCHOBHbBIE MOJIOKEHUS, BHIHOCUMbIEC Ha
3aIlUTY, TAK)KE€ HEOTHOKPATHO JOKJIAABIBAIUCH HA MEKTYHAPOIHBIX KOH(PEPECHIIHSIX,
BKJIIOYAsT MEXIyHapojaHble reosiorndeckue konrpeccsl FOAP (2016) u ABctpanus
(2012), mexayHaponaHble KOH(EpEeHUHUH IO TEOpUM M MPAKTHUKE ONMPOOOBaHUs
MectopoxaeHuil mpopoaumbie B Yunu (2011) u Ilepy (2013), Ha MexayHApOIHBIX
KOH(pEepeHIMAX pyaHUYHbIX reosoroB (2009 wu 2017) B ABcTpayius, u
MHOTOYMCJICHHBIX KOH(EPEHIUSIX, OpraHu3yemMbiX ABcTpanuiickuM WHCTUTYTOM
ropHoro jaena u Metaunypruu (AusIMM). B 2016 rony paboTsl aBTOpa Mo AaHHOM
npoOiemMe ObUIM M3JaHBI OTAETBHON MOHOTpadueid, ONmyOJMKOBAaHHOW B BEAYIEM
MEXKTyHApPOIHOM HM3aTeNIbCTBE Hay4IHBIX pabot “Springer” (Abzalov, M.Z. Applied
Mining Geology. Modern Approaches in Solid Earth Sciences 12 / M.Z.Abzalov. -
Berlin: Springer, 2016. 448p). B 2017 romy sta aBTOpCKas paboTa mMpeMHpOBaHa
xypHasiom ‘Choice’ kax Beimatomasics Haydanas PaGora (“Outstanding Academic
Title”).



B nenom, aBropom omny6nukoBano Oosee 80 HayuHbIX paboT u3 HUX Ooinee 50
HETIOCPEICTBEHHO M0 TeMe nauccepranud. HaydHwle paboThl MyOIMKOBAIMCH B
BEAYIIMX MHPOBBIX HAy4YHBIX KYpHajaX, BKIrouas Takue m3nanus: Mathematical
Geology, Economic Geology, Exploration and Mining Geology, Applied Earth
Science, The Journal of South African Institute of Mining and Metallurgy, Lithos,
Mineralogy and Petrology, a Takxe B Tpyaax MEKAYHApPOIHBIX KOH(EpEHIUH u
CHUMITIO3HYMOB.

M.AG3anoB B 2015 roay Obut HarpaxiaeH HOxHO-AQpUKaHCKHMM TOPHBIM
obmecTBoM 30510T0M Memanbio J[oun Kpmxke (Dani Krige’s Gold Medal).

Ctpykrypa m o0beM jguccepraumu. B OCHOBY [uccepTanyiu JIE€ru
nyOnukaruu B Buje ctarei (O0osnee 40) m moHorpadus (oObemom 448 cTpaHuI,
BKJItoYaromas 265 nuarpamMm). ITyOnuKanuu HECYT JOMOJHUATEIBHYIO HH(pOpMaIIHIO,
KaCaroMIyI0Cs HETTOCPEICTBEHHO TEMbI TUCCEPTAIIMH U OITyOJIMKOBAHbBI B PEUTUHTOBBIX
MEKIyHAPOIHBIX KypHaJIax.

OCHOBHOE COIEPXAHUE PABOTbI

B nepBoii rinaBe «OQ030p JuTEepaTypsl M TeKyllee COCTOSIHME MPO0JIeMbD»)
ONMCAHO PA3BUTHE PYJHUYHOM IE€OJIOTHS M €€ CTAaHOBJIEHUE KaK CaMOCTOSTEIbHOU
00JIaCTH COBPEMEHHOM NMPUKIAAHON reosoruu. [loka3aHo, 4To pyJHUYHAS T€0JIOTHUs
ABJIIETCSI OCHOBOM JJI1 TEXHUKO-PKOHOMHYECKOW OLEHKH FOPHOPYIHBIX MPOEKTOB U
oOecrieunBaeT 3(hPEKTUBHYIO FKCILTyaTaUIO PYIHUKOB.

CucrteMHble Hay4YHBIE€ HCCJIEJAOBAHMS W METOJIMUYECKHE DPa3pabOTKH B ITOU
o0JlacTU CTaJli TPOBOJUTCS TpUMEpHO C cepeaunbl 1960-x. B at0 necaruierue
c(OpMHPOBATIUCH HOBBIE HAYYHO-TIPUKJIAJHBIE HAMPABICHUS, 3aJI0KUBIINE OCHOBY
COBPEMEHHOU PYAHUYHOU I'€OJIOTUU:

— 'eoCcTaTUCTHKA U T€OCTATUCTUYECKHE METOIbI MOAECIUPOBAHUS MECTOPOXKICHUN U
oteHku 3amacoB (Matepon, 1968; David, 1977; Journel and Huijbregts, 1978). Dtu
palboTHI 3aJI0KUIIN OCHOBY COBPEMEHHBIX METO/IOB IOJICUETa 3a1acoB. TeM He MeHee,
NOCJIEYIONIEE TPUMEHEHNE MPEUIOKEHHBIX METOOB B TOPHOW MHAYCTPUU BBISBHIIA
UX OrpaHWYEeHMUs] M HEJOCTATKH, Hanbojiee CYUIECTBEHHOM W3 KOTOpPHIX Oblia
HEBO3MOKHOCTh IOJYYEHUsS TOYHBIX OLEHOK JIMHEMHBIMA MaTe€MaTHUYECKHUMHU
MeToJaMu JJIsi HeOoJbIKMX O070K0B. HOBBIM MK HCClIENOBaHUN M pa3pabOTOK
HauyumHaeTrcss B KoHHE 1990-x, korma AOCTYNMHOCTh KOMIBIOTEPHBIX TEXHOJIOTHI
MO3BOJWIM pa3padaTbiBaTh M BHEAPSITh METOAbl HEJIMHEWHOW TIE€OCTATUCTUKU U
croxactuyeckue ainroputmbl. B 2006 romy aBTopoMm Oblna MpeasiokKeHa HOBas
Metoauka nojcyeta 3anacoB LUC (Localised Uniform Conditioning). HoBblii MmeTon
MO3BOJWIJI TPEOJ0JIETh OTPAHUYEHUS TPATUIMOHHO HCIOJIb3yEeMbIX METOJOB U B
HACTOSIIIEE BpEeMs YCHEIIHO BHEAPEH B TOPHYKD MWHAYCTPUIO, TJI€ AKTHUBHO
UCITOJIB3YETCS 111 TEXHUKO-3KOHOMHUYECKHX OLIEHOK TOPHOPYIHBIX IPOEKTOB.

— OmnyoaukoBanHas MmoHorpadus (P.Gy «Sampling of particulate materials, theory
and practice» 1979) crama OCHOBOW COBPEMEHHOTO HAYYHO-TPUKJIAIHOTO
HaIpaBJICHUS U3BECTHOTO KakK «Teopus onpoOoBaHus». ITO HAMpaBICHUE TOTYUUIIO
naybHelee pa3suTre B padorax Pitard (1993) u Francois-Bongarcon (1993) u psiga



IPYTUX HCCIeoBaTENe. Y ClnemnHoe ucnoibp3oBanne «Teopun onmpoOOBaHUS TMPHU
IUTAHUPOBAHUH T€0JIOTOPa3BEOYHBIX PadOT B TIOCIEAYIONIEM IOCTaBWIIO HOBYIO
3a7avy: HalTH ONTUMAaJIbHOE COOTHOIICHNE MEXIY KaueCTBOM M KOJIMYECTBOM TPOO.
[Mpennoxennsiii aBropom anroput™m (Abzalov, 2014) cran mepBbIM yCIHEHIHBIM
pelIeHreM 3TOM 3aJayd, YTO IMO3BOJIAJIO HAXOAWTh ONTHMAIbHOE COOTHOIICHHE
MEXTy KA4eCTBOM MPOOBI M CEThI0 ONIPOOOBAHUSI.

— BHenpeHne MaTeMaTH4eCKUX METOIOB B MMPAKTUKY TOPHBIX U I€0JIOTOPa3BEIOTHBIX
paboT  COMPOBOXAAIOCH TAKXKE TMPEHIOKCHUSIMA WX  HCHOJIB30BAHUS IS
kinaccudukanuy 3amacoB. K cokaleHWio, 10 HACTOSIIETO BPEMEHU HET EIUHOTO
noJIXo0/1a K 3Toi npobneme. Hanbosnee 4acTo UCMONB3YIOT CIETYIOININE METObI:

» ommbOka kpurunra (Blackwell, 1998);

» pasIUYHbIC MaTeMaTHYecKHe (HOPMYJIBI, MCIOJB3YIONIUE I'€OCTATUCTHUCCKHE
napameTpsl (Arik, 1999);

» BeIMYMHA pa30dpoca B OIEHKE XapaKTePUCTHK OYNCTHOHN MaHEIH, BIYUCIIIeMast
METOZaMH YCIIOBHOTO cToXacTHueckoro wmozaenupoBanus (Dimitrapoulos,
2002);

> BEpOSATHOCTHAs OICHKU TMpPEBBINICHUs aomyctumoro mopora (Davis, 1992,
Schofield, 2001);

» reocraructuueckas ¢pynknus - F (Annels, 1996);

» Kimaccudukanys, OCHOBaHHAsI Ha OIEHKE JOCTOBEPHOCTH 3alacoB B OJIOKaX,
COOTBETCTBYIOIIMX TOJ0OBOM M KBapTaibHOW noObrum (M.Belanger, personal
communication).

— IlocTpoeHue 3-X MEpHBIX M€OJOTHUYECKUX MOJEJIEH U OLEHKA WX JOCTOBEPHOCTH
OCTaeTCsl HaMMEHee pa3pabOTaHHOW 00JIACTHI0O MAaTEeMATHYECKOTO MOJICTUPOBAHMSI
reoJIOTHYECKNX 00BEeKTOB. CJI0)KHOCTH BBI3BaHA MHOTOOOpA3WEM TEOJOTHUYCCKUX
CTPYKTYpP M TEOMETPUYECKHX (OPM, TE€OJOTHUECKUX OOBEKTOB, UTO 3aTPYHHSICT
BbIPAOOTKY €IMHOTO MOIX0/1a B UX T€OMETPHU3allui U OKOHTYpUBaHUU. B HacTosiee
BpeMs TIPEJIOKEHO HECKOJbKO anroputMoB. Hanboiiee 4acTo mpuMeHseTCs METO.
ycedeHHOro MynbTH-I"ayccoBoro cumynupoBanus (Plurigaussian..., 2011) u meron
MHOTOTOUeYHOUM cratuctuku (Strebelle, 2002). AnbTepHaTUBHBIA TOIXOJ OBLT
pa3paboTaH aBTOPOM TIJIABHBIM OOpa3oM [JIsi OKOHTYPHUBAHHUS 30JI0TOPYIHBIX Tell
mrokBepkoBoro tumna (Abzalov and Humphreys, 2002). IIpennoskeHHbIil aBTOpOM
METOJI OKOHTYPHUBAaHHS OCHOBAaH Ha BEPOSTHOCTHON MAaTEMaTUYECKOW OIICHKE
IC€OCTaTUCTUYECKUX WHIUKATOPOB.

Bo BTOpOIii rnaBe « THIBI MeCTOPOKAEHHIT» OTTMCAaHBI OCHOBHBIE OOBEKTHI T]IC
MPOBOIMINCHL  paboTel. MeToasl, pa3padOTaHHBIE aBTOPOM, MAaKCHMAaJbLHO
PUOJMKEHBI K YHUBEPCAJIBHBIM M YCIEIIHO MPUMEHSIINCh Ha MECTOPOXKICHHIX
CaMbIX Pa3JIMYHBIX THIOB: OT JKWJIBHBIX 30JIOTOPYAHBIX JO0 KPYIMHO-OOBEMHBIX,
BKJTIOYAsi METHO—TIOP(HUPOBEIE, JKETE30PYAHBIC, YPAHOBBIE U JIP.

[IpennoxenHass Meroauka ObUla ampoOMpoBaHa Ha OOBEKTaX C CaMbIMU
Pa3TUYHBIMHA CUCTEMAaMU OTPAOOTKH: TIOJJ3€MHON M OTKPBITHIM KaphePHBIM CIIOCOO0M,
HAa yPaHOBBIX MECTOPOXKICHUSX, OTPa0ATHIBAEMBIX METOJOM  IOJ3€MHOTO
BBIIICIIAYNBAHNS], © MOPCKUX POCCHITISIX, IKCILTYaTHPYEMBIX IParupOBaHUEM.



3on0mopyounsie  mecmopodicoerus — opozennozo  muna. OOCyX)IaeMbie
30JIOTOPY/IHbIC MecTopoxaeHus (cM. puc. 1) pacrosiokeHbl B Pa3IMYHBIX PErHOHAX
3apmuran (Cpennss Aswust), Hopcman, bamnapat (ABctpanus), Menuanun (Kanana),
Haranka (Poccus), Cuccunry, SlHdonmna (3anagHas Adpuka). ITH MECTOPOXKICHHS
XapaKTepU3yIOTCs CaMbIMH Pa3HOOOpPA3HBIMU CTPYKTYpaMHu, M IOATOMY JaHHAsS
0100pKa MOXKET CUUTATHCA MTPEICTABUTENILHOM JIJI1 ODOT€HHOTO THIA 30JI0TOPYIHBIX
MECTOPOKICHUN.
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Puc. 1. CtpykTypa 3010TOpyAHBIX MecTOpokAcHuUi: (a) 3apmuran. Y30ekuctaH; (D)
Cuccunry, beper Crnonosoit Koctu; (€ - d) Menuanun, Kanaga (Abzalov, 2016)

OHM B  OCHOBHOM HWMEIOT  CJIOXKHOIMOCTPOEHHBIE  CTPYKTYPBI:  C
Pa3HOOPUECHTUPOBAHHBIMH, BETBSIIUMUCS U TEPECEKAIONUMUCS PYIHBIMH 30HAMH
(cm. puc. 1, a - ¢). Haunbonee crmosknasi reoMeTpusi HaOIIOAACTCS Y MECTOPOXKICHUM,
pa3MEIICHHBIX B 30HaxX cMATHSA. OJIHAKO 30JI0TOPYIHBIC KUJIbHBIC MECTOPOKICHHUS
JaCcTO XapaKTePU3YIOTCS JJOCTATOYHO CIIOKHBIMH CTPYKTYpPaMH, HallpuMep, U3BECTHOEC
MeCTOpOXacHUEe benauro B ABcTpanuy.

Pynaple Tema OOBIYHO HEMPOTSIKEHHBIC, WX MOIIHOCTh HM3MEHYMBA U
pacrmpeiesieHde 30JI0Ta BeCbMa HEPAaBHOMEPHOE, YTO JIOMOJHUTEIBHO YCIOXKHSICT
CTPYKTYpPY MecTopokaeHus. KOHTakTbl pyIHBIX TeI OOBIYHO PE3KHE, U
XapaKTEPHU3YIOTCS OBICTPHIM M3MEHEHUEM COJICP)KaHUHA OT HYJIEBBIX JI0 BHICOKUX WIIH
JaXe yparaHHBIX TpHU TepecedeHnn KoHTakTa (cMm. puc. 1, d). I'pamanuonHbIe
KOHTaKThl TaK)K€ BO3MOXHBI, U HanOoJiee TUMUYHBI IS MECTOPOXKIECHUU 30J10Ta
MPOKUITKOBO-BKPAIJICHHOTO THIIA.



OauH W3 OCHOBHBIX pHUCKOB IIPM OLEHKE 3alacoB  30JO0TOPYIHBIX
MECTOPOXKACHUM 3TO OMACHOCTh 3aBBIIICHUSA 3aMlacoB  HW3-32  YpEe3MEpHOU
HKCTPANOJIALIMK BBICOKUX cojaepxaHuil. [loaToMy, /1sl OLIEHKH 3aracoB pyAHbIE Tea
CTPOT'0 OKOHTYPHUBAIOTCS, UCTIONB3YS pa3inuHble OOpTOBbIE 3HAUCHUS. [{71s1 5TOM 11enu
aBTOp pa3paboTajl TeOCTATUCTUUYECKUN METOJ MHIUKATOPOB, C MOMOIIBIO KOTOPBIX
ObL1a mocTpoeHa 3-X MepHasi BEpOSATHOCTHAS MOEIIb PYAHBIX TEJ 11 MECTOPOKICHUS
Menunanun B Kanane.

[Ipu omenke 3amacoB 30JIOTOPYIHBIX OOBEKTOB CYIIECTBYET Apyras
pacnpocTpaHeHHass MpoOjieMa — 3TO IUI0Xas BOCHPOU3BOJUMOCTH pE3YJIbTaTOB
onpoOOBaHMUs, UTO OOBIYHO CBA3AHO C MPUCYTCTBUEM KPYITHO3EPHUCTOTO 30J10Ta. J1Jis
BbIOOPA ONITUMAJIBLHBIX COOTHOIIEHUI MEXIY pa3MepoM IMPOObI U CEThIO ONIPOOOBAHUS
aBTOpoM ObLIa pa3paboTaHa CMCTEMa pacyeToOB C UCIOIb30BaHueM napamerpa CV%,
IpeJCTaBICHHAas B JaHHOU pabore.

Mecmopoowcoenuss  scenesucmolx  keapyumos. JKene3opyaHble MPOEKThI
BKJIFOYAKOT HECKOJIBKO MECTOPOXKIEHUN M3 I€0JIOTMYECKON MPOBUHLMHU XaMepCln
pacniosioxkeHHoi B Osioke [MunGapa (cm. puc. 2), B 3anagHoii ABCTpaiuu, a TakkKe
Mectopoxxkaenue Cumanny B Adpuke. XaMepcid OTHOCUTCS K  OCHOBHOM
KENe30pyAHOM  MPOBUHIMUS  ABCTpalMM U COJAEPKUT  MHOTOYHCIICHHBIE
MECTOPOXKACHUS JKEIE3HbIX PyH. [IperMyIIECTBEHHO 3TO >KEJIE3UCThIE KBAPLUTHI
(BIF) wtu mpoyKThI MX TUAPOTEPMAILHOM TIepepadoTKH, (cM. puc. 2, ¢). [Tocneannii
TUIl TPEACTABIEH B OCHOBHOM TI'€MaTUTOBBIMH pyAamMu, CHOPMHUPOBAHHBIMU B
pe3ynbTaTe peMOOMIIN3aMU OKCUIOB JKeJe3a THAPOTEPMAIbHBIMU MTPOLIECCAMH.

Bcee MECTOPOXKIACHMS, U3Y4YCHHBIE aBTOPOM, XapaKTepU3yrTCs
cTpaTu(OpMHBIM cTpoeHueM. JKeneszHble pyabl 00pa3yroT MPOTSIKEHHBIE IIACTHI U
JIMH3BI, 3aJIEraloUe COTJIACHO C BMEIIAOIIUMY opoaaMu. KOHTaKTsI pyIHBIX TEI C
BMEUIAIONIMMHU  TOpoJamMu  oObluHO pe3kue, ColepkaHue xeine3a U JIpYyrux
KOMITOHEHTOB 10 TPOCTUPAHUIO PYJHBIX TEJl BECbMa HEPABHOMEPHOE

Ha noBepxHOCTH MECTOPOKIEHUS OTMEUEHA KOPa BBIBETPUBAHMS, IO MECTHOM
TEPMHUHOJIOTHH “XAUAPEUTET KEIT~', KOTOPast COAECPKUT 3HAUUTENBHBIE 3aI1achl Py bl U
XapaKTEPU3yeTCs] UCKIIOUYUTEIbHON U3MEHUYMBOCTBIO COJAEPKAHUM Kele3a U KpaiiHe
HEPAaBHOMEPHBIM pPACHPEACIICHUEM KaoluHA W JAPYIMX “BPEIHBIX MPUMECEH.
['eonornyeckoii  OCOOCHHOCTBIO  JAHHOM  MPOBUHIMHU  SABISIETCS  LIMPOKOE
pacrpocTpaHeHHUe KeJIe3HbIX pyJ naneo-pycioBoro tuma (CID-type) (cm. puc. 2 a, b).
DTO BTOPOM, 5KOHOMUYECKH HanboJiee 3HAUMMbIN THUI KEJIE3HBIX PYJl B ABCTpaIHH.
OTU MecTOpoXkaeHHUs (OPMHUPYIOTCS B MEAHAPUPYIOUIMX pyciax APEBHUX PEK,
KOTOPBIE 3aMI0JIHEHBI MU30JIMTAMU T€TUT-TEMAaTUTOBOTO cocTaBa. [1M301uThI (00JIUTHI)
OOBIYHO MEHEE 2 MM B IMAMETPE U XapaKTEPU3YIOTCI HATUYUEM T€MaTUTOBOTO SIpa,
OKpY>KEHHOTO 0005104uKkoii retuta. OHHM CIIEMEHTHPOBAHBI B JKECTKYIO MOPOAY
MaTpULEd TOHKO3EPHUCTOIO TIE€MATHTA. XKenezopyaHble  MECTOPOXKICHHUS
pa3BebIBAIOTCS M TOTOBSTCS K OTPAOOTKE MCIOJIBb3YS LIMPOKKE OYypOBBIE CETH, YAaCTO
300x200m u 200x100 m. Ilpm Takoi cetu omnpoOOBaHUS TOJCYUTHIBATH 3amachl
TPaIUIIMOHHBIMUA METOJaMU, BKJIIOUAsl KPUTHHT, IPUXOIUTCS KPYIMHBIMU MaHEIISIMHU,
paszmepom yacto 150x100 M. JIuneiHbie MeTObI (KPUTHHT) HE TIO3BOJISIFOT PACCUUTATh
pacrpesiesieHde PyIHbIX KOMITOHEHTOB MajieHbKUMHU Oj1okamMu - 20x20x12 M, KOTOpbIe
COOTBETCTBYIOT  CENEKTMBHOCTM  TOpHbIX  pabor. Jlnsg  pemeHuss  3Tou
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METOJI0JIOTUYECKON MpoOaemMbl aBTOp pazpabotan HOBbBIA Meroa, LUC (Abzalov,
2006), KOTOpPBIH OB YCHEITHO MTPUMEHEH Ha JKeJIe30pYAHBIX 00beKTaX ABCTpaIUU U
Adpuxu.
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Puc. 2. XKenezopyaHbie MECTOPOXKICHHS CHHKIMHOpUsE Xamepcid, ()
['eonornyeckas kapra u paspe3 (b) mectopoxaenus SHmu naneo-pycioBoro Tuma;
(c) T'eonoruueckuii paspes Mmectopoxaenuss Hammymau BIF-Tuma

Vpanosvie  mecmopooicoenus  necuanuxogozo  muna. MecTOpOXIECHUS
MEeCYaHMKOBOTO THIMA SIBIAIOTCS HanOoOJee pPACHpOCTPAHCHHBIM THUIIOM YPaHOBBIX
MECTOPOXKICHUH, KOTOPbIA COAEPKUT 28 % MHUPOBBIX 3amacoB ypaHa. [lo ycimoBusm
3aJIETaHUs] MECTOPOXKICHUS MOJPA3EIAeTCsl Ha YEThIPE TPYNIIbI: YPAHOBBIE POJLIHI,
IJIaCTOBBIC (JOJIMHHBIC), TMAJCOPYCIOBbIE U TECUAHUKOBBIE MECTOPOXKIEHHUS 30H
Pa3IoMOB.

JlaHHBI 0030p BKIIIOYAET HECKOJIBKO MECTOPOXKJICHUW NMECYAHUKOBOTO THIIA!
bynenosckoe, pacnosnoxenHoe B Illy-Capricy Gacceiine, B Kazaxcrane, HeCKOJIBKO
MeCTOpOXKIeHUH ocamouHoro OacceiiHa ['peitt uBaiin, B mrate Baitomunr, CIIA u
najeopycioBbie MecTopoxkaeHus: OacceitHa Kammabonna, FOxHoit ABcTpanuu (cMm.
puc. 3).

YpaHoBas MUHEpalu3alys Ha dTUX MECTOPOXKICHUSIX Oblia chopMupoBaHa B
c;1a00 KOHCOJIUANPOBAHHBIX BBHICOKOTIPOHHUIIAEMBIX TIECKaX B pe3yibTaTe MepeHoca u
OTJIOKEHHUSI YPAHOBBIX OKHCJIOB HHU3KOTEMIIEpATypHBIMU pacTBopaMu. JlaHHBIE
YCIJIOBUSI OTJIOKEHHUS MPUBENU K (POPMUPOBAHUIO UPE3BHIYAMHO CIOKHBIX MO (hopme
pyIHBIX Ted. B Tutane pynHble Tena OOBIYHO TPECTaBICHBI MEAHAPUPYIOITUMHU
JICHTAMU WM CJIOKEHBI PA3HO OPUEHTUPOBAHHBIMU U OBICTPO BBIKIIMHUBAIOIIUMHUCS
JMH30BUIHBIMU TeJamMu. B pa3pese, pyiHbIe Tea 4acTo UMEIOT Iyroo0pa3Hyro hopmy
(posutel). YpaHOBbIE POJUIBI, CIMBAACh U HAKIIAIBIBASCh B PE3YJILTATE MHOTOKPATHBIX
nepepacrnpeesieHnii 00pa3yroT KOMIUIEKCHbIE aMeOO0BUIHbIE PYAHbIEC Teda (CM. PHC.
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3). [InacToBbie (hOpMBI ypaHOBON MUHEPATH3AINN TAK KE MTUPOKO PACIIPOCTPAHEHBI,
HO, KaK IIPaBUjIO, OHU OTMEYAIOTCS HA MECTOPOXKICHUSX JOJTUHHOTO TUNA. [ TaBHBIMU
YpaHOBBIMU MHUHEpaJlaMU SIBJISIIOTCSL HACTypaH (ypaHoBasi CMOJIKAa) M KODPUHUT,
KOTOPBIE JIETKO PACTBOPSIOTCS CEPHOM KUCIOTOW WU IIETOYHBIMU PACTBOPAMHU.
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Puc. 3. I'eonoruueckue paspesbl ypaHOBBIX MECTOPOKICHUN MECHAHUKOBOTO THUIIA:
(a) ypanoBbie posiisl MecTopokaeHUS bynenoBckoe B Kazaxcrane; (b) mracroBsie

ypaHOBBIC TeJIa MECTOPOXKICHHS XOHUMYH B ABCTpanuu; (C) poJuioBbIi (PpPOHT,
Mectopoxkaenue lupneit, mrat Baliomunr, CIITA

OTU MECTOPOXKJIEHUSI OOBIYHO OTPadaThIBAIOTCS METOAOM BHYTPHUILIACTOBOIO
BBILIETIAYMBAHMS. Jrot croco6 TpeOyer IIOCTPOCHUS
3-X MEpHOU MOJENU PYAHBIX TEJ C OLICHKOW CTENEHU €€ HeomnpeaeseHHOCTH. Jlis
BbIOOpA ONTUMAJILHOM OYpPOBOI CETH MTPU KOTOPOM JOCTUTAETCA JOMYCTUMAsI CTETIEHb
pUcCKa (HEONpeneNeHHOCTH) MPU MUHUMAJIBHBIX 3aTpaTax aBTOp CTal MPUMEHSTH
pa3paboTaHHblE WM  METOABL. OJTO  OKOHTYpPHBAaHUE  POJJIOB  HCIOJb3YS
reoCTaTUCTUYECKUE WHAMKATOPbl M BHIOOP ONTUMAJIbHOM OYypoBOHl ceTh myTeM
CTOXACTUYECKON OLEHKHU CTENEHU HEONPEAEIEHHOCTH MOJEH.

Mecmopoorcoenus 6okcumos. IlpencraBieHHble OOKCUTOBBIE MECTOPOXKIACHUS
Asctpanuu, bpaswimu, I'Bunen u CaynoBckoit ApaBuu (CM. puc. 4) OTHOCATCS K
KPYITHBIM MECTOPOXAECHUAM. ['0/10Bast MpONU3BOAUTEILHOCTD PYAHUKOB OLIEHUBACTCS
B HECKOJIbKO MMJUTMOHOB TOHH OOKCHTOB U MPOJOKUTEILHOCTHIO PaOOThI PyTHUKOB
1o 40 ner. PynHble Tena 3TUX MECTOPOXKIEHUN UMEIOT (POpMy IIaCTOB, MOIIHOCTb
KOTOpBIX HeOObIIasi, OOBIYHO MEpPBbIE HECKOJBKO METPOB, HO XapaKTepU3YIOTCS
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3HAYUTENBHOU MPOTSHKEHHOCTHIO M MOTYT 3aHUMATh IUIOLIAJM B HECKOJIBKO COTEH H
JaK€ ThICAY KBAJAPATHBIX KHJIOMETPOB. boJblne IUIOMAAN MECTOPOKICHUN B
COBOKYITHOCTH CO CIIOKHOM BEPTUKAIBHOW U TOPU30HTAIBHOM 30HAIBHOCTBIO PYIHBIX
TEeJ JIeNatoT BRIOOp ONTUMAIIBHOM CETH OMpOOOBaHUS OJHOW M3 HamOoJiee BaXKHBIX U
MPUOPUTETHBIX 3a]a4 JIJIsl T€O0JIO0roB, paboTalOMMX HA OOKCUTOBBIX pyaHHKaX. Jlaxe
HEeOOJIbIIINE U3MEHEHUsI OypOBOI CETH MOTYT UMETh CYIIECTBEHHbIE SKOHOMUYECKUE
MOCJIEJICTBUS TIOATOMY Ba)KHOM YacThIO pabOThI T€OJOrOB Ha OOKCUTOBBIX PYJHUKAX
CTAHOBATCS MaTEMAaTHYECKUE PACUYETHI.

ABTOp pazpaboTan METOJbl ONTHMH3alUUd OypOBOM CETHM Ha aBCTPAIMICKUX
MECTOpOXKIeHUAX, Benna u ['0B, a 3aTteM nOpuUMEHUT HX I MECTOPOXKICHUHN
bpasunuu u [ BuHEH.

MecTopoxkienne Beifma pacmonoxkeHHoe Ha moiyocTpoBe Keiinm Hopk.
[Tporsxernocts 180 kM ¢ ceBepa Ha ror npu mupune 20—60 kM ¢ BOCTOKa Ha 3amaj.
[InaTo CcHOXKEHO MPOAYKTaMH BBIBETPUBAHUS MOPCKUX OCaJOYHBIX IOPOJ
panHemenoBoro Bo3pacta. Kopa BbiBeTpuBaHusi MouHOcThi0 20 — 35 M BKIJIIOYAET
CIIO OOKCHUTOB, OT MeTpa 0 20 METPOB MOIIHOCTBIO (B cpefaHeM 2 M). BokcuTh
CJIIOKEHBl HECLEMEHTHPOBAaHHBIMHU IH30JIUTAMH, TJABHBIE MMHEpPAJIbl KOTOPBIX
ru60cut u 6emut. Conepxkanue Al,O3 B G0KkcuTax MEHsIETCS B UHTEpBaje oT 45 110 55
%, CHUXAsCh y TPAHUIIBI TJIATO, & TAKXKE MPU MPUOIMKEHUN K BEPXHEMY U HIDKHEMY
KOHTaKTaM cJiost (CM. puc. 4).

BOKCHUTBI TIEPEKPBITHI CIOEM TMOYB M MOACTUIIAOTCS 1-2 METPOBBIM CIIOEM
JaTEPUTOB KPEMHUCTO-KAOJIUH-KEIE3UCTOr0 cocTaBa. JlaHHbIA Npo(UiIb COXpaHATCS
Ha BCEM IUIOIIAN IJIATO, HO MOIIHOCTHU CJIOEB MOT'YT CHJIBHO BapbUPOBATh.

Mecrtopoxnenne ['0B pacronok€eHO Ha OJHOMMEHHOM IIOJIyOCTPOBE, TJIE
OOKCHUTOBBIE PyJbl 3aJIETAIOT HAa CJIOXKHO PACUJIEHEHHOM ILJIaTO, MPEICTaBISIOIIEM
co0O0l TPETUYHBIN MEHEIJIEH, YACTUYHO pa3pylICHHbIN B 4YeTBEpTHUHOE BpeMs. Kopa
BBIBETPUBAHUS, CHOPMUPOBABILIAs NIEHEIJIEH, 00pa30Bajach Ha 0CaJOUYHBIX MOPOJAX
PAHHEMEJIOBOT'O BO3pPACTa, KOTOPHIE C YIVIOBBIM HECOIVIACHEM 3JIETAIOT Ha MOPOAax
IIPOTEPO3051.

BOKCHUTOBBI TOPU30HT HEOAHOPOJHBIA, YTO NPUHLUIIHAAIBHO OTINYAECT
MecTopoxaeHue ['oB ot maro Beina. Ha mectopoxaenun 1'0B BBIIEISATCS YeThIpe
CJ1051 OOKCHUTOB, B CTpaTUrpapuuecKoi Mocie0BaTeIbHOCTH OT OCHOBAaHUS K KPOBJIE
TOPU30HTA: HWIKHUW CJIOM OOKCHUTOBBIX KOHKpPEIMi, KaBEPHO3HBIN CJIOW, CJIOU
CLIEMEHTHUPOBAHHBIX MU30JIMTOB, CBOOOJIHBIE (HE CLIEMEHTHUPOBAHHBIE) MU30JIUTHI.
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Puc. 4 - 3oHambHOCTh OOKCHTOBBIX MecTopoxkacHwmi: (8) "o, ABctpanus; (b)
Betina, ABctpanust; (C) Canrapenu, ['Bunes

CpenHsst MOIIHOCTh OOKCUTOB Ha MecTopoxiaeHuu ['oB coctaBusier 3,7 M u
CHW)XaeTcsl OT LeHTpa K rpanune miaro. CoctaB OOKCHUTOB TakXe MEHSETCH,
COJIEp)KaHUE AIIOMUHUS B LIEHTPE IUIATO BBIIIE U YMEHBUIAETCS B HAIPaBICHUHU K
I'PaHHULIE IUIATO, I'/I€ OJHOBPEMEHHO C MAJICHUEM COAEP/KaHUM aTFOMUHHUS BO3PACTAECT
coaepkanue kpemHus (cm. puc. 4). Ha mecropoxxnenun ['oB naHHast 30HaIbHOCTh
HOBTOPSIETCSI HA KaXKJIOM ILJIATO, B OTJIMYME OT MECTOPOXKACHUN 3amagHoll AQpuku,
Il 3pO3UOHHBIE Bpe3bl 0ojiee MOJOAble M CHOPMHPOBAIUCH MOCIE 0Opa30BaHUS
JATEPUTHOM KOPBI BEIBETPHUBAHUSI.

CtpykTypa OOKCUTOBBIX CIIOEB €llle 0oJiee YCIOKHAETCS pu (GOPMHUPOBAHUU
OOKCHUTOB Ha pa3IMYHOM NpoToauTe. Tak, HampuMep, Ha MECTOPOXKACHUN AMaprosa B
bpaswinn kopa BBIBETPUMBAHMSI M CBA3aHHBIE C HUMH OOKCUTBI 0Opa30BaJIUCh MpHU
BBIBETPUBAHWUU AHAPTO3UTOB U THEWCOB U KaK CIIEICTBUE PA3JIMYUs UCXOJHBIX TOPOJ
COCTAaB JIBYX THUIIOB OOKCUTOB 3aMETHO OTJIMYAETCH.

Ha wmecTopoxaeHusx OOKCHUTOB aBTOp pa3palarhiBaj MPUHLMUIIBI BBIOOpPA
OypoBOH ceTu sl KilacCU(UKAIIMU 3al1aCOB MECTOPOXKACHUMN. 3/1€Ch BIEPBbIE ObLIO
MOKa3aHO, 4YTO B KayecTBE JOMYyCTUMOW MNOTPEHIHOCTH (JOMycTHUMAash BEIMYHMHA
OLIMOKM) CJIEYET UCIOIb30BaTh PA3HUILLY MEX]y CPEIHUM COJAEpKaHUEM MeTalla B
pyJe U €ro SKOHOMMYECKH MMHHUMAJIBHO JOMYCTUMBIM cojepxanuem (break even
grade). [lanee cTOXacTUYECKUMH METOJAMU HAXOJWIach ONTHUMallbHas CETh
ornpoOoBaHMsl, MpPU KOTOPOW OIMMOKAa HE MpeBbIIATa JOMYCTUMYIO BEJINYHHY.
[TpennoxeHHbI aBTOPOM METOJT ObUT BHEAPEH M YCHEIIHO MPUMEHSIETCS Ha MHOTUX
npeanpuaTusx B ABcrpanuu, bpasunuu, Adpuke, Kanane u na bamwkaem Boctoke.

Mecmopooicoenus munepanvuvix neckos. MuHepaibHble TIECKH, 0003HAYaEMBbIe
B aHIMIOA3BIYHON Kiaccudukauu kak “mineral sands” mpencTaBiieHbl pOCCHITHBIMU
MECTOPOXKACHUSAMU TUTAHA U LHUPKOHHUA. DTa TpylNa BKIIOYAET TPpU OIM3KUX THUIIA:
NPUOPEKHO-MOPCKHE  MMAJIC0-POCCHINUA, DOJOBbIE TECKU (MIOHBI) M KPYITHBIE
AJUTFOBUAJIBHBIE POCCHIIIH.

OcHOBHBIE pabOTHl aBTOPOM MPOBOJAUIUCH HA POCCHITHOM THUTAHOBOM
MectopoxaeHun Puuapac beit B FOxxnoit Adpuke, rae pyabl 3aieraioT B JIOHHBIX
KoMITIeKcax 1 Ha MecTtopoxaeHusx Koppuaop Canac B Mozambuke u @opt Jlodhun B
Mapnarackape. JlBa MmoOcCieTHUX MECTOPOXKIACHHS OTHOCATCA K THUIY HPHOPEKHO-
MOPCKHX MAJIE0-POCCHITIEN.
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Mecropoxnenue Puuapnac ben ciokeHO meckaMy 4eTBEPTUYHOTO BO3pACTa,
KOTOpBIE MTPEICTABIICHBI CUCTEMOM JIOHOB Ha ATiIaHTHYeCcKOM rooepexne FOAP (puc.
5). Ilecku cBoOOAHBIC W JHIIb HA OTACIBHBIX YYacTKax Ci1a00-ClIIEMEHTUPOBAHBI
TUIIEPTEHHBIMU IIPOLIECCAMU.

Jl1oHbBI (popMUPOBANKCH B pe3yJibTare (IYKTyalll YPOBHS MOPSl B CPETHEM U
no3aHeM  IuieiicroneHe.  OOHa)keHME  MOPCKOTO  JTHA  COIPOBOXKAJIOCH
nepepacnpeieieHHeM TEeCKOB J0JOBBIMHM TPOIECCaMHU, KOTOpble CHOPMHUPOBAIH
KOMITJIEKC TPUOPEKHBIX IOHOB, NPOTSHKEHHOCTHIO B JECATKH KHUJIOMETPOB.
MomHoCTh JI0OHOB B paiioHe MecTopoxaeHus Puuapac beit npespimaer 200 M (cM.
puc. 5). Ilocnenyromiee BHIBETPUBAHHUE AIOHOB MPUBOAMIO K OOPAa30BaHMUIO JTUH3 U
MIPOCIIOEB KaJKpUTa U PEPPUKPHUTA.

Mectopoxaenue Koppumop CoHac pacnosiokeHHOe Ha tore MozamOuka
OTHOCUTCS K THUIy MOPCKUX Maleo-poCChilie. DTO KpynHeWllee B MUpE
MECTOPOXKJICHUE WIbMEHUTa, MO oueHkaM komnanun WMC Resources 3amacel
MECTOPOXKIECHUSI COCTaBISIIOT 16,5 MUUIMApAOB TOHH MPU CPEIHEM COJEpPKaHUU
nosie3HbIx MmuHepanoB (THM) 5%.

N
Py j Cenep BepxHuii ropuaoHT tor Paspes
S o @X* !UQ% P
g T S ;i §{§ yabl
-vﬁ\/] } é&‘ ) 5 / X [1pOMEXYTOYHBIN < BepgHble
orcsana}‘»( 5 g/ HVXHWIA rOpU3oHT @ CpepHve
w/ A_’K \,!/ @ boratble
. o\ ®opr flopun | || [NMHBI OCHOBAHWS
\ e
&//A\Koppmop CamHac O THM 1-2% 1000m 10m | N
(a) Puyapac beit - THM 3-15% (C)
Cesepo-3anap tOro-BocTok UHanCKUM
= g OkeaH (b )

THM
6-10%
@10 - 20% S
@& >20%  2bespyaHble Neckn -

Puc. 5: (a) cxema pa3MelieHus: MUHEPAJIbHBIX TIECKOB IOr0-BOCTOUYHOU AQpPUKH;
(b) cxema pacnipenenenus koHrenTpanuii THM (mone3Hsix MUHEPAJIOB) Ha
MectopoxaeHuu Popt Jodun, (Manarackap);

(c) reonoruueckuii paspe3 mecropoxaenuss opt Jodus;
(d) reonoruyeckuii pazpes mecropoxacaus Koppugop Connc (Mo3aMOuk);
(e) TuTaHOHOCHBIE JTIOHBI MecTopoxaeHus: Pudapzc beit, (FOAP).

Mectopoxaenne Koppunop Conac chopmupoBanoch B mpolnecce
JUTUTEIIbHOTO HAKOIUICHUSI W TEPEOTIOXKEHUS TECKOB B Pa3HBIX (aruaibHBIX
oOctaHOBKax. B pesynbrare MHOTOCTQAMMHOIO TMpoliecca HAKOIUICHUS IEeCKOB
CJI0KUJIaCh CIIOXHas cTparurpadus MECTOPOKACHHUS. OtnenbHbIC
cTtpaturpaduyeckie eIuHUIbl (JOMEHbI) MPEACTABICHbl JMH3AMH, IUIaCTAMH,
JIEHTaMU, MPU3MOBUAHBIMUA U KJIMHOBUAHBIMU TEJIaMH, 3aJIETAIOIIMMU C YTJIOBBIMU
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HecornmacusiMu (cM. puc. 5). Ilo ycnmoBusiM 00pa3oBaHHs TECKH OTHOCATCS K
MPUOPEKHO-MOPCKON U TPUIMBHO-OTIMBHOM (alusM, KOTOPhIE C HECOIJIaCHEeM
MEPEKPHIBAIOTCS COBPEMEHHBIMU (DIIFOBUATILHBIMU U JOJIOBBIMH MeckaMu. KOHTaKThI
cTpaturpauyecKux eIUHUI] PE3KUE U YaCTO MAPKUPYIOTCS MPOCIOSIMU TIOUYBBI, YTO
yKa3bIBaeT HA MEPEPHIBbI B CEUMEHTAIUY.

ConepxaHue WIbMEHUTA U APYTHMX PYAHBIX MHHEPAIOB B IECKAX PacTeT OT
IpeBHUX K Oosxee moJoabiM. OOoramieHue O0jee MOJIOABIX TMECKOB PYIHBIMU
MUHEpaIaMH MPOU30ILIO B Pe3yJibTaTe NepepabOTKU U NEPEOTIOKEHHS IECKOB.

Mectopoxneane @opt Jlodun, pacnonokeHHoe Ha rore Mamarackapa, Takke
ABJIAETCS. KPYITHOM MOPCKOW Male0-pOCCHINbIO, KOTOpask OTJIOKUIIACh Ha TOPU30HTE
TJIMH MOPCKOTO TpPOHCXOXAeHUs (cM. puc. 5). B ocHOBaHMM TecHaHOW MMAYKH
BBIACIISIETCS HWKHUA TOPU3OHT, CIIOKEHHBIM XOpOIIO COPTUPOBAHHBIMH U
OKaTaHHBIMH MEJKO3EPHUCThIMH IECKaMH, YTO YKa3bIBA€T HA HMX OTJIOKEHUE B
YCIOBUSIX MaJIO-dHEPreTUUECKOro Mopckoro OacceifHa. [lepekpblBaroliue IMecKu
OTIIMYAIOTCA [0 COJEPKAHUI0 PYIAHBIX MHHEpAJIOB, M [0 3TOMY IPU3HAKY
HOAPa3ACISIFOTCS Ha IPOMEKYTOYHBIM U BEPXHHIA TOPU3OHTHI (CM. puc. 5).

Ha »5»TuX MecTOpOXIEHUSIX aBTOpP COBEPILIEHCTBOBAI M  arnpoOupoBaj
pa3paboTaHHbBIE UM METOJbl KOHTPOJS 3a KaueCTBOM ONPOOOBaHUS U MPUMEHUI
napametp CV% a1 conocTaBieHus pa3iIMuHbIX JaHHBIX.

Tperbss r1iaaBa «KoHTpoab 3a kadectBoM JaHHbIX (QAQC)»
[IpencTaBUTENHPHOCTh U KAYECTBO T€OJOTHUCCKUX MPOO MPOBEPSIETCS MyTeM 0TOOpa
nyOnuKaToB. DTOT IMOAXOJ HMCTOPUUYECKH CIIOKHUJICS B T€OJOTHUA M MHOTHE TOJIBI
YCTEIIHO TPUMEHSATCS B TOPHOW WHIYCTPUU ISl OOECTeYeHHUs KauyeCTBEHHOTO WU
JIOCTOBEPHOTO ONMpoOOBaHMs PyaHBIX Ted. Ha mpaktuke, myOaukaToM poObI MOKET
ObITh Apyras npoOa, oToOpaHHAas W3 B3PBIBHOIO LINypa WM BTOpas MOJIOBHHA
OypoBoro kepHa. JlyOnuKaThl Takke CHCTEMAaTHYHO OTOMPAIOTCS B TIpoliecce
MpoOOMOJITOTOBKH, KOTJla HW3MeNIbueHHas IMpobda COKpamaercss CHeluaibHbIMU
nenurensiMu. [IpobGormoaroroBka AyOaMKaTOB JOJKHA OBITh MJICHTHYHOM TOHM, YTO
WCITIOJIb30BaHA MPH MOJATOTOBKE MEPBOM MPOOBI U OOBIYHO OCYIIECTBIISIECTCS B TOU K€
nabopatopuu. YacTe AyONMKAaTOB aHAIM3UPYETCS B JPYrou, apOUTpa)KHOM,
n1abopaTopuu JUIsl BHEITHETO KOHTPOJIS.

AHanmu3pl TyOMWUKATOB OTIMYAIOTCS OT HMCXOMHOM TPOOBI, YTO CBA3aHO C
reTepOreHHOCThI0 onpodoBaHHON MuHepanu3auuu (Fundamental Sampling Error) u
omuOKaMU MPU MOJATOTOBKE M aHanu3e npod (Abzalov, 2016). Uem rereporeHHee
npoba, HampuMmep, KPYIMHO3EPHUCTOE 30JI0TO, TEM CIIOKHEE HTOOUTHCS XOpOIIeH
BOCITPOHU3BOJIMMOCTH PE3YIIHTATOB OMPOOOBAHUS.

[Tporieaypa 3aBepku mpod OTHOCHUTENHHO TpocTa. JlyOnmukatr cpaBHHUBAeTCs C
HCXOJHOM MpoOOl M Ha OCHOBAHWU BBISABJICHHBIX Pa3IMUUi OLICHUBAETCS CTEICHb
MPEACTaBUTEIBHOCTH MP00. HecMoTpss Ha Kaxymryrocs MpOCTOTY METOJa, €IUHOU
CUCTEMBI 00pabOTKM JTaHHBIX HE CYIIECTBYeT. Lcmonp3yroTcss paziudHbIe
CTAaTUCTHUYECKUE METOJIbI, KOTOPhIC BHIOMPAIOTCS CYOBEKTUBHO W HE BCerna
MO3BOJISIOT JOCTOBEPHO OIICHUTH CTETICHb MPEACTABUTEIHLHOCTH MPOO.

CV% - ynusepcanvhas mepa omuocumenvbHoU owmudKu onpooosanusi. ABTOpoM
o611 pazpadotan kputepuit CV% (Abzalov, 2008), u mpenyio’keH Kak yHUBepcaabHas

16



Mepa OTHOCUTEIHHOW omuOKku omnpoOoBaHus. B oTimume OT APYrux KpHUTEPHUEB,
Harpumep, kpurepun Puuapaca — Yeuera unu MAPD, kputepuit CV% mno3Bomsier
KOJIMYECTBEHHO CPAaBHUBATH OLIMOKY OMPOOOBAHUS C F€0JIOTMUECKOM N3MEHUHNBOCTBIO
PYIHOTO Tejla U Ha 3TOW OCHOBE HAXOJWTh ONTHUMAJILHOE COOTHOLIEHUE MEXKITY
KaueCTBOM NpOOBI M KOJMYECTBOM (T.€. PACCTOSIHME MEXIy MNpoOaMu B CETU
onpoboBanusi). brarogapss BO3MOXXHOCTH YYHUTHIBaTh BIIMSHHE T'€OJOTHUYECKHUX
daktopoB kputrepuii CV% Takxke XOpOIIO MOAXOAWUT JJI aHajdu3a JBOMHHKOBBIX
CKB)KHH.

OtHocuTenbHas ommoOKa ompoOoBaHus (relative error) BBIYUCITSICTCS U3
Pa3HUIIBI aHAJTU30B MPOOBI U €€ TyOJIMKaTa U 0OBIYHO TIPEICTABIICHA B BUJE JUCTIEPCHH
pazOpoca 3HaueHW, HOPMAIM30BAaHHBIX Ha CpeAHEe 3HAYCHHWE Tapbhl. Tpoda —
JTyOJIUKAT.

MatemaTH4decKu, 3T0 MpeACTaBIeHO ypaBHeHHeM (3.1)

N 2

CV% =100% X %Z (a—i)z

iz \ (@ +b;) ’ (3.1)

r7i€ a;j ¥ bj - COOTBETCTBEHHO Npoba 1 1yOnukar 1-oil mapel; N - KOJTU4ecTBO nap
JTAaHHBIX.

Orta ¢dopmyna sBIsSETCd MAaTEMATHYECKHM BbIpaXXe€HUEM Kola(hduimeHTta
BapHallMi TApHBIX JaHHBIX, MPEICTAaBICHHOIO B BHJE TMPOIEHTOB, IOITOMY
ucrnosp3yercst abopesuarypa CV%. CootBeTcTBUE BBIpaKEeHHS 3.1 CTAaTUCTHYECKOM
NEPEMEHHOM, N3BECTHOM KakK KO3((ULMEHT Bapualii, MOKHO IMOKa3aTh Ha OJHOM
npumepe, paccuntan Beanunny CV% ToiabpKo B 04HOM nape npobda — 1y0auKart, To €CTh
B hopmyne 3.1, N pasno 1.

HamomuuMm, 4to cratuctudyeckuid koddduiument Bapuamuu CV - 310
OTHOILIEHUE CTaHJIaPTHOT'O OTKJIOHEHUSI BBIOOPKHU K €€ CpeJHEMY 3HaYEHHUIO.
COOTBETCTBEHHO, CV% =100% x % ,
rae m — cpemHee apudmerndeckoe, O - cTaHAapTHOE OTKIOHEeHHe. CTaHgapTHOE

OTKJIOHEHHE TO KBAJAPATHBIM KOPEHb JMCIICPCHU TIEPEMEHHON BEIMYUHEL, T.€. Vo .

2 o o
Jucnepcust (), U3BECTHAS TAKXKE KaK BTOPOH IIEHTPAIbHBIA MOMEHT BHIOOPOYHOTO
pacrpeneseHus, BBIYUCISETCS 10 ypaBHEHHIO (3.2),

(- 25y
:M (3.2)

O_Z
k-1
r7ie X-3HAYCHUE TEePEMEHHON BEJIMYWHBI, K-KOMWYECTBO 3HAYCHHU (pa3mep
BBIOOPKH).
Hcnonb3ys 3Ty GopMyTy paccuuTaeM JUCIIEPCUIO BBIOOPKHU KOTOpast

BKJIIOYAET TOJIBKO OJIHY mapy rnpoba-ayonukar (t.e. K = 2) (3.3):

a1+b ag+b 2aj—a1—>b 2bq1—a1-b
0_2 _ (al_%)z-'-(bl 12 1)2 _ ( 1 21 1)2+( 1 21 1)2 _ (31—b1)2+(b1—31)2 _ (al—bl)z

2-1 1 4 2
(3.3)
W3Biekass KOpeHb W3 BbIpakeHHs (3.3) MOMyYdM CTaHIAPTHOE OTKIOHCHUE
BbIOOPKH (3.4)
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_ [(@y-by)” 'zbl)z (3.4)

_a;+h,

Cpennee 3HaueHUE 3TOM BEIOOPKHU 2 (3.5) CoOTBETCTBEHHO, MOIECIINB
3HAYeHHE CTaHIAPTHOTO OTKJIOHEHHWs MOJydeHHOe ypaBHeHHeM (3.4) Ha cpemHee
3Ha4YeHue BIOOPKH (3.5) mosrydaeM ko3 puiiieHT Bapuanuu BeIOOpKH (3.6), KOTOPHIT
aHAJIOTUYCH paHee mpeioxkeHHomy ypaBHeHuto CV% (3.1) mpumeHeHHOMY K
ClIy4daro, KOT/1a BEIOOpKa BKIIOYAET AUHCTBEHHYIO Mapy, Mpooda ayOnuKar.

(a-b)

Vo6 -100%x -2 10096 x V2B TP 15000 [p@=b)* b) (3.6)
(a,+by) (a +b) (
2
Takum oOpa3zom, 3HaueHue CV% BbeumcieHHoe ypaBHeHueMm (3.1) sBisiercs

K03 PUIIMEHTOM Bapualid BBHIOOPOYHON CITy4ailHOM BEJMYWHBI, MPEICTABICHHOM

HapHBIMH JaHHBIMH (3.7).
2 & (a,-b) ]
K=l —
\/N 121:( (a;+b,) (37)

ABTOp anpoOupoBai 3TOT KPUTEPUN HA IECIATKAX PA3IUUYHBIX MECTOPOKIACHHIMA
Y NIPEJJIOKHII 3HAYEHNsI, KOTOPbIE MOYKHO HCIIOJB30BaTh KaK JOIYCTUMBIA YPOBEHb
OmMOKH orpoOoBanus (cM. Tad. 1).

CV% =100% x

Ta6nuna 1 - Jonyctumsie 3Hauenust CV% no tunam mectopoxacHuit (Abzalov,

2008)
Tun opyneHeHus [Tone3nwin YpoBeHb TunoBou — | Tun
AIEMEHT JTYUTITIX npuemiie- | ompoOOBaHUS
roKasaresuen MBI
B TOPHOM pe3yapTar
WHyCTPUU
3o510TOpYIHOE, Au (/1) 20 (?) 40 JlyOoMkathl He
KpYIHO3EpHUCTAast IpOoOIeHHOU
TEKCTypa poObI
OpyIleHEHHUS,
KpaiHe
HEpaBHOMEPHOE
pacrnpezeneHue
30710Ta
30J10TOPYIHOE, JyOnukatsl He
MIPEUMYIIIECTBEHHO TpOOICHHON
CpeIHE3EpHHUCTAs Au (/1) 20 30 POOKI
TEKCTypa JyOnukaThl
OpyACHEHUS Au (/1) 10 20 UCTEPTON MPOOBI
Cu-Mo-Au Cu (%) 5 10
nop¢upoBoe Mo (%) 10 15
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JyOnukaThl He
TpoOJIeHHOM
Au (1/1) 10 15 POOBI
Cu (% 3 10
Mo ((%)) 5 10 I[y6JIHKelTLI ;
Au (1/7) 5 10 UCTEPTOM MPOOKI
Fe (%) 1 3 5
XKenesopynnoe, Al,O3 (%) 10 15 I[YO gfgﬁ;g;{e
Tun-CID SI0, (%) 5 10 ﬁpom
LOI (%) 3 5 P
0
Cu-Au-Fe cxapusr [— ) £ S [
U MECTOPOXKICHUS
e 10CG Au (/1) 15 25 poObI
Cu (%) 5 10 JlyOymKaThbl
(Onmumnux Jlam) -
Au (/1) 7.5 15 HCTEPTOMN TTPOOBI
Ni (% 10 15
Cu ((%)) 10 15 I[y%“a“{“
[LmatuHOM B ﬁpg 6J;IeHHOH
MenHO-HUKEICBOE (/1) 15 30 p
cynbdumaHOE Ni (%) 5 10
Cu (%) 5 10 JlyOymkaThbl
IInmaTuHonab! HCTEPTON TTPOOBI
(r/T) 10 20
Tsxenas 5 10 JlyOnukatel He
Turanossie 0 .
bpaxuus (%) TpOOICHHON
MaJICOPOCCHITN
POOKI

Coomnowienue  medcoy Kauecmeom npod u  cemvlo  ONPoOOBAHUS.
JIOCTOBEpHOCTh TOACUYMTAHHBIX 3aMacoB 3aBUCUT OT KadecTBa MpoO U CETH
onpo0OoBaHus. IDTH ABa (PaKkTOpa B3aUMOCBS3aHbI IO3TOMY €CTECTBEHHO CTPEMJICHUE
r€0JI0rOB HAMTH X ONTUMAIbHOE COOTHOIIIEHUE U MCIIOJIb30BATh €T0 /ISl COKPAIICHHUS
3aTpaT Ha FTOPHO-TeoJIorndeckue paboThl Ha pyAHuKax. Hanpumep, 3ameHa «3ipkop»
OypeHHs METOZIOM «SONIC» (BUOPAIIMOHHBINA METOJ) MO3BOJIHIIO YIBOUTH PACCTOSHHS
Mexay OypoBbIMH CKBaxkMHamu Ha pyaHuke Puuapnc beit B FOAP. Dto no3Bonunino
3HAYUTENIbHO YCKOPUTH TMOATOTOBKY MPOMBIIUICHHBIX OJIOKOB U CYIIECTBEHHO
COKPATHJIO CTOUMOCTB PaboT.

ABTOp, NMPUMEHHUB T€OCTATHCTUYECKOE M CTOXaCTHYECKOE MOJEIMPOBAHUE
yOeIuTEeNIbHO TMPOJEMOHCTPUPOBAJ, UYTO JIOCTOBEPHOCTh TIOJCYETa  3alacoB
MECTOPOKICHHSI TIPU TaHHOW OypOBOIA CETH 3aBUCHUT TIIaBHBIM 00pa30M OT BEITMUUHBI
«3hdexra camopoka» Bapuorpammsl (cMm. puc. 6) (Abzalov, 2014 b). B to ke Bpems
U3 OIpEIENCHUs] BAPUOTPAMMBbl H3BECTHO, YTO BEJIMYMHA «3(@eKTa camoponka
3aBUCUT OT ABYX ¢aktopoB. IlepBblil ¢dakTop - ommbOka onmpoOOBaHUs, BTOPOH -
€CTECTBEHHas, T.€. I€0JOTrMYecKasi, U3MEHUMBOCTb PYy/Ibl HA KOPOTKUX PACCTOSTHUSX.
TaxuMm 00pa3oM, eciim KOJMYECTBEHHO OXapaKTepU30BaTh 00a (hakTopa, TO MOYKHO
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OLCHUTH UX BKJIA1 B «3(1)(1)GKT CaMOpOaKa» U BBIYUCIIMTL OIITUMAJIbHOC COOTHOIICHUC
MCIKAY Ka4CCTBOM HpO6I>I U PaCCTOAHUCM MCKIY Hp06aMI/I B FGOHOFOpaSBGIIO‘IHOfI
CCTHU.

ABTOp YCTAHOBHUJI, YTO JIA KOJINYECTBEHHOM OOCHKH JIBYX (I)aKTOpOB MOXXHO
UCIIOJIb30BaTh OTHOCHUTENIBHYIO IMapHO-HOPMAJIHU30BaHHYI0 BaprorpamMmy (pair-wise
relative variogram) (3.8).

2 [Z(x)-Z(x; +h)]?
Fowr (N)=— 2
e =52 o) - 2, P
riae Z(X;) u Z(X;+h) o3HavaroT NpoCTpaHCTBEHHYIO IEPEMEHHYIO B TOUKAX (X) U

(xi+h) pasnenennsix BekTopom (h).
Boipaxxenue (3.8) ananmornuno kBaapary mnapamerpa CV%, To ecTh paBeH

(3.8),

2
OTHOCHTENHHOM mucniepcuy Beibopku naHHbIX (Frsv) (3.9).

N 2

O'Fzzsvzcvzziz (ai_bi)z (3.9)

N =\ (& +by) e

CrnenoBaTenbHO, 00€ BETMYMHBI MOTYT OBITh pACCUMTAHBI 110 €IUHON popmyie.

Ha 5Toil OCHOBE KOJMYECTBEHHO OLIEHMBAETCS BKJIAJ JBYX (PakTOpoB B «3(p(deKT

caMOpoJIKa»: olIrOKa opoOOBaHuUs U re0J0rnuecKast HEOJAHOPOAHOCTh pyibl. B aToM

npUHLIUNUaIbHOE 3HaueHue mnapamerpa CV% (3.1). BmepBoie HaiieHa enuHas

dbopMyIa, KOTopas MO3BOJISIET KOIMYECTBEHHO 0XapaKTEPU30BaTh H CPABHUTD OIITHOKY
OnpoOOBaHMs C T€OJIOTHYECKON H3MEHYMBOCTELIO PYJHOTO TENIa.

uecian Mojenb -1 |

weckan Moaens -3

VcxoAHbIe AaHHBe N oxacTiyeckas Mogens -2
G ot

Bdppert
caMopogka 40%

SpcpekT

camoponka 24%
camopoaka 11%

]

Puc. 6. Mogenu conepxanuii ypaHa, TOCTPOSHHBIE UCTIOIB3YSI BAPUOTPAMMEI C

pa3HOU BeTUIMHON «d(PdeKTa caMmOopoIKay

Onucanue  memooda. CHayana  CTPOUTCSL ~ OTHOCUTEIbHAs  IMAapHO-
HOpMaJIM30BaHHas Bapuorpamma (pair-wise relative variogram) u ompeaessiercs

Benu4rHa «d(h(dHEeKTa caMoOpoIKay (7 pwr (0) ). DTOT mapameTp ABISCTCS CYMMOM JIBYX
2
5 5 ORrsv
JTUCIIEPCHU, OJHA BbI3BaHA OIIMOKOH ompoOoBaHus ( ), BTOpas CBsi3aHa C
2

o O Geol
T'€OJIOTUIECKON HEOTHOPOIHOCTHIO PYIHOTO Tena ( ) (cwm. puc. 7).
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2
[lepras aucnepcus (ozsy ) Beluucagercs ypasHenueM (3.9), Bropas (O ge )

OTpENENsIETCS IMyTEeM BBIUMTAHHS TEPBOM BEIMYMHBI W3 DKCIEPUMEHTAIHHO
noaydeHHoro 3ddexra camopozka (3.10)

O-éeol = prR (O) - CVIED (3 10) .

- IIOCTCKPHUIIT “FD” 0O3Ha4YacT, 4TO JIA pacdCTa HOJIZKHBI HCIIOJIB30BATLHCS ITOJICBBIC

ILY6J'II/IKaTI)I, T.C. BTOPas IMOJIOBHHA 6ypOBOFO KCpHa.
Yewrl D) ' ' '

GzGeol = '}’PWR(O) - CVZFD Teonoruyeckuil dakiop acpcpeKT

Ownbkm | £ camopoaka
NI onpoGoBaHmuA PoA

h
Puc. 7. Cxema o0ObsCHSIOIIAsA BKJIaJ B T€OCTATUCTHUECKUI mapaMeTp «3P ekt

caMopoJiKa» JABYX (PaKTOPOB — KaueCTBO OMPOOOBaHUS U Fe0JIOrHYecKas
U3MEHYUBOCTh PYbI
Omnpenensis BEJIWYUHBI JTUCIEPCHI, CBSI3aHHBIX C OMIMOKOW OmpoOOBaHUs
o} o

(PRsV ) u reomormuecknmu akropamu () 1 pasHBIX THIOB TPOO U CXeM
poOOIOATOTOBKY PACCUYUTHIBAECTCS ONTUMAILHOE COOTHOIIEHUE MEXK/Ty KaueCTBOM U
KoJinuecTBoM npob (cm. puc. 7) (Abzalov, 2014 b).

[TpakTuueckast 3pheKTUBHOCTH MPEJI0KEHHOTO METO/a BO3PACcTaeT €CIIH MpHU
pacuerax JOMOJIHUTEIIBHO YYUTHIBACTCS SKOHOMHMYECKAsl BHITOJIda OT YMEHbBIICHUS

MNOTEPbL PYAbl, KOTOpasd AOCTUIACTCA ITIYTEM OITHMH3AIUU CXCMBI OHpO6OBaHI/ISI
(Abzalov, 2016).

B yerBepToOH 1i1aBe « BepOSATHOCTHBIE Ie0JIOTHYECKHUEe MOJCJIH» 11 TOUHOU
OIICHKH 3aI1acOB MECTOPOIKIEHHUS U BEIOOPA METOIOB €ro OTPaOOTKH OKOHTYPHUBAIOTCS
pYAHBIC T€Jda U CTPOUTCS MX 3-X MEpHas Mojeib. Kpome 4eTkoro mnpejcTaBiCHUS
TCOMETPUH PYIHBIX T, 3-X MEpPHBbIE MOJCIHM TakKe JOHKHBI OTOOpa)xaTh HX
BHYTPEHHIOIO CTPYKTYpYy, BKJIIOYas 30HAIBHOCTH, HaJW4YuE OC3pYIHBIX MPOCIIOCB,
HAJIO)KCHHBIE W3MEHEHUS M PACIPOCTPAHEHHWE 30H THUIEPI€HHOrO BBIBETPUBAHUS
BMEIIAIONIUX MOpOoA W pyd. Mojenb Tak K€ J0JDKHA BKJIIOYATh HEOOJBIINE
reoJIOTMYECKUE TeJla HMMEIOIIME MPaKTUYeCKoe 3HaueHue Juisi Oe30macHoOd U
PKOHOMUYECKH PeHTA0EIbHOU paO0ThI PYJTHUKA, HATIPUMED, KUJIbI IETMATUTOB, TalKU
U paznoMmbl. ToyHOE KapTUpPOBaHUE TEOJOTUYECKUX OOBEKTOB U aKKypaTHOE
MPEJCTaBJICHUE WX BHYTPEHHEW CTPYKTYpbl HE BCErja BO3MOXKHO, OCOOCHHO Ha
I'€OJIOTUYECKU CIIOKHBIX 00BEKTaX, Ie MIOTHOCTh ONMPOOOBAaHUS HENOCTATOYHA IS
WX JETATHHOTO KPYIMTHOMACIITaA0HOTO KapTupoBaHus. [loaToMy coBpemMeHHasi ropHas
WHYCTPHUS IUPOKO HCIIOIB3YET BEPOSITHOCTHBIE MOJIETH, 0030p KOTOPHIX CHEJIaH B
moHorpaduu aBropa (Abzalov, 2016).

OauH U3 TMPUEMOB TMOCTPOEHUS BEPOSTHOCTHOW MOJENIW PYMHOTO Tela ObLI
pa3paboTaH aBTOPOM ¥ OCHOBBIBAETCS HA WCIIOJIB30BAHUU TE€OCTATUCTUYCCKUX
VHJIMKATOPOB COAEPKaHUS MeTajia B pyae. MeTo nepBOHAYaIbHO NPEAHA3ZHAYAIICS
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JUIST OKOHTYPHUBAHUS 30JI0OTOPYIHOTO IITOKBEPKAa HAa MECTOPOKICHHMH MenuaauH B
Kanane (Abzalov, 2016) rae Hamuyue pa3HOBO3PACTHBIX T'€HEpaAIlUi 1 MUHEPAITbHBIX
accouuanui, KOHTPOJMPYEMBIX  pa3HO OpPUEHTHUPOBAaHHBIMU U  B3aUMHO
NEPECEKAIOIIUMHUCA CTPYKTYypamMH, HE IIO3BOJIMIM OKOHTYPUTHb pYyJAHBIE Tena
TPaJULMOHHBIMU JIE€TEPMUHUCTKUMH MeTodamu (wireframes). Ilocne ycmemHoro
OPUMEHEHUsT METOoJa Ha 30JIOTOPYJHOM MecTopoxkiaeHun B KaHane, oH 3areM
OPUMEHSJICS Il OKOHTYPUBAHHMSl ~ YPaHOBBIX  pOJIJIOB,  TEKTOHMYECKU
NepepaclpeieiCeHHbIX MEIHO-HUKENIEBBIX pyA MecTopoxiaeHuid Kambangel wu
MECTOpOXKAeHH MeaHO-TtopdupoBoit popmaruu (Abzalov, 2016).

Jnst co3gaHusi BEPOSTHOCTHOM MOJENIH HEOOXOJUMO BBIOpAaTh IMOPOTOBBIE
3HAYEHU COJIEP KaHUN METaJlIa B pyJie ¥ TPeo0pa30BaTh HEMPEPHIBHYIO IEPEMEHHYIO
B T€OCTATUCTHYECKUE UHINKATOPHI (CM. puc.8).

“ 1, ans Z(X) < z,
"0, ang Z(x) > z,

Puc. 8 - Pa3nenenue HenpepbIBHON IEPEMEHHOM Ha HECKOJILKO MHUKATOPOB

3a mMoOporoBoe 3HaYEHUE MPUHUMAETCS COJAEpXKaHUE OJIU3KOE MUHHUMAIBLHOMY
YKOHOMUYECKH pPEHTa0eIbHOMY OOpPTOBOMY COJIEP)KaHHIO MeTaljia Ha JaHHOM
MecTopoxaeHuu. [lpu Hamuuum OOraThIX PYAHBIX CTOJIOOB, OCOOEHHO €CIIM OHH
KOHTPOJIMPYIOTCS IPYTHMH CTPYKTYpPaMmH, OTIWYHBIMH OT TE€X, YTO KOHTPOIUPYIOT
pacrpeiesieHue psIOBBIX Py, BBIOMPAIOTCS JTOTIOTHUTEIBHBIC WHAUKATOPHI (CM. pHC.
9).

Pacnipenenenne BBIOpaHHBIX HMHJIMKATOPOB B 3-X MEpPHOM HPOCTPAHCTBE
pyaHOro Tena Mojenupyercst MetogoM OpAUHApHBIM KPUTHUHT C TOMOIIBIO KOTOPOTO
3HAYEHUs] WHAUKATOPOB HWHTEPIOIUPYIOTCS B OJOYHYIO MOJEIb U CTPOUTCS
BEPOSITHOCTHAS MOZICTIh JAHHOTO HHAMKaTopa (cM. puc. 9). PyaHbIe Tena u OTaebHbIC
OJIOKU (JIOMEHBI) OKOHTYPHBAIOTCSI MO BEPOSITHOCTH OJIOKA TPEBBICUTH MOPOTOBOE
3Ha4YeHHE, KOTOPOE OMPEIEISIETCS T'e0JIOTOM MyTEM COIMOCTABJICHUS BEPOSTHOCTHOM
MOJIETII WHIUKATOPOB C TEOJOTHYECKUMH pa3pe3aMd IO CTENEeHH OJIM30CTH C
UCXOAHBIMU JaHHBIMU. [Ipy mpaBUILHOM BBIOOPE HHIMKATOPOB M YMEJIOM aHAJIU3€E UX
MIPOCTPAHCTBEHHOTO PACHPEEICHUs ITOT METOJ MO3BOJISIET CTPOUTH JIETANBHBIE 3-X
MEPHBIE MOJIEIH MECTOPOKIACHUH, TaXKe JJIsl TAKUX CTPYKTYPHO CIIOKHBIX THUIIOB, KaK
ypaHoBbIe posuikl (cM. puc. 10).
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Puc. 9. I'eocratnctuueckas mozenb, MectopoxkaeHue Kmudd: (a) rucrorpamma
COJIepKaHUN HUKEIS C yKa3aHHBIMH 3HAYCHHUSIMHU WHIMKATOPOB, BBIOPAHHBIX IS
IIOCTPOCHHUST BepoATHOCTHOM Mmojend; (D) Bapmorpamma muaukatopa Ini > 0.75 %,
COOTBETCTBYIOIIETO PSIOBBIM pyAaMm; (c) Bapuorpamma uHaukatopa Ini > 4.2 %,
COOTBETCTBYIIETO O0raThiM pyaaM; (d) BeposiTHOCTHASI MOJI€]Ib UHANKATOPOB.

3anag

BocTok

| U%>0.05

500 m

Puc. 10. YpaHoBbI#i posij1, OKOHTYPEHHBI METOJJOM T€O0CTATHCTUYECKUX UHANKATOPOB

B nsaroii ranase «HoBbiii Meron mnoacuera 3amacoB (LUC)» astop
apryMEHTUPOBAHHO YKa3bIBAET YTO COBPEMEHHBIC TPEOOBAHUS TOPHOW WHIYCTPUU
JTUKTYIOT ~ HEOOXOJAMMOCTh  TOJIcYu€Ta  3amacoB B HEOOibIIUX  OJOKax,
COOTBETCTBYIOIIMX IO CBOMM pa3MepaM MUHUMAaIbHBIM 0JIOKaM, KOTOPbIE MOTYT OBITh
CEJICKTUBHO W3BJICYCHBI TPU TPHUHATOM CXeMe OTpaboTku. B  aHTIos3BIYHOM
JUTEPATYpPE ISl MUHUMAJIEHO U3BJIEKaeMbIX OJIOKOB UCIIOJIb3yeTCsl cokparieHue SMU
(selectively mineable unit), KOTOpbIii OyAET UCIIOJIH30BATHCS B JAHHOU padoTe.

K coxanenuto, MaTeMaTHYECKUE METOJIbI, B OCHOBE KOTOPBIX JICKHUT MPUHITUII
JUHEWHOU perpeccuu, BKIOYas KPUTHUHT, U KOTOPbIC IIMPOKO HCIOIB3YIOTCS s
MojicyeTa 3aracoB, UMEIOT CEPhe3HbIC OrpaHuueHusl. JIMHEHHbIE METO Il HE TTPUTO/THBI
JIJISl OLIGHKH 3aIlacoB B MaJCHbKUX OJIOKaX, eciiu OypoBas CETh INMPEBBIIIACT pa3Mep
ATUX OJIOKOB B HECKOJbKO pa3. OmmOKka OIEHKHM MOXKET OKa3aThCs HEIOMyCTUMO
OOJIBILION, CTaBS MO YTPO3y UHBECTUIIMH B IPOEKT. J[J1 TaknX 00bEKTOB HEOOXOAUMO
WCIOJIb30BaHUE METOJIOB HEJIMHEWHOM TIeOCTAaTUCTUKU. Jl0 HENAaBHETO BpPEMEHHU,
HEJMHEWHass TeOCTaTHCTUKA OrPaHUYMBAJIACh TOJBKO OLIEHKOM (YHKIIMOHAIBHOU
3aBUCUMOCTH MEXIy OOBEMOM U COJIEp)KaHHEM, KOTOPOE PACCUUTHIBATIOCH IS
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pasHbix pasmepoB SMU, HO mpu 5TOM MECTOMOJIOKEHHE OJOKOB OCTaBajoCh
HEU3BECTHBIM.

B 2006 romy aBtop mnpenioxun HOBbI Meroa, LUC (Localised Uniform
Conditioning) KOTOpBI TMO3BOJIMI PEUIUTh MpoOJIeMy MaJeHbKUX OJIOKOB B
reocratuctuke (Abzalov, 2006). DTOT MeTOn H3J0KEH B 3TOM YacTH padOThl U
MPEICTABIICH aBTOPOM KaK OJHO U3 3aIIHIIAEMbIX MOJOKEHUN JUCCEPTALIUH.

Konyenyus — Hszenexaemvie zanacer (recoverable resources). B rophoii
WHIYCTPUU OOIIEU3BECTHO, YTO MPOICHT W3BJICUCHHSI PYJbl Ha MECTOPOKICHHUH
3aBUCHUT OT METO/a OTPAOOTKHU. UeM BHIIIE CEIEKTUBHOCTh TOPHBIX TEXHOJIOTUH, TEM
BEITIIE KOO GUIIMCHT W3BJICUCHUSI pyAbl. Biusare pa3mepoB 0JI0KOB Ha U3BJICKAEMBIC
3amackl mokaszaHo Ha puc. 11. OueBUAHO, YTO MPU OAHOM U TOM K€ OOPTOBOM
COJIEP>KaHUU 3aIrachl PyIbl CYIIECTBEHHO OTJIMYAIOTCS, CIEIOBATENbHO, MapaMeTphl
OJIOYHOW MOJEIN JOJHKHBI COOTBETCTBOBATH CEIICEKTUBHOCTH TOPHOTO METOJa Ha
JTaHHOM pyaHuke (cM. puc. 11). 3amacel, MoACYMTaHHBIC JUIS pa3MepoB OJIOKOB,
cootBeTcTByOmux SMU 1naHHOTO TMpoeKTa, B T'E€OCTATHUCTHKE HA3bIBAIOTCA
u3BJIeKaeMeble (recoverable resources).

CToUMOCTh TOPHBIX PAbOT TOXE 3aBUCUT OT METOJIa OTPAOOTKHM U OOBIYHO
MOBBIIIAETCA C MOBBIIIIEHUEM CEJIEKTUBHOCTH MeToa. [ToaToMy IIpH MPOEKTUPOBAHUU
PYIHHUKOB, OJIHA M3 BAXHEHIIMX 3a7a4 TEOJIOTHYECKUX CIIY»KO KOMIAHWN HaWTh
ONTUMAJIbHBI METOJI, P KOTOPOM JOCTUTaETCs MAKCUMAJILHBIN MPOIEHT TPUOBLIH.
J151s 5TOT0 HEOOXOIMMO TTOCTPOUTH HECKOIBKO OJIOUHBIX MOJIEJICH HCIIONb3ys pa3HbIe
pa3Mephl OJIOKOB, COOTBETCTBYIOIINX aHATM3UPYEMBIM CIICHAPUSM TOPHBIX padoT. To
€CTh, JUI KaKJIOTO BapuWaHTa TOPHBIX pabOT CO37aeTcs MOJAETh PYAHOTO Tela TIe
pa3mep 6;10k0B cooTBeTcTBYyeT SMU nanHOTO MeToma. ITH MOJACIIA CPAaBHUBAIOTCS H
BBEIOMpAeTCS BapHaHT TP KOTOPOM Ha JaHHOM MECTOPOXKISCHUU JTOCTHUTACTCS
MaKCUMaJIbHas dKOHOMHYECKask peHTa0eIbHOCTD.

NMeHnHo mist pemieHus 3TUX 3a7ad aBTopoMm Obul pazpabdortan meton LUC
(Abzalov, 2006), KOTOPBIH MTO3BOJISIET OIICHUBATH 3aITachl HETIOCPEJCTBEHHO B OJIOKaX
pazmepom SMU naHHOTO pyJHUKA U MOKET TPUMEHSITCS P IIUPOKON OYPOBOI CETH.

13 *— 20x5x10
—*— 5x5x5
O~ 5x2.5x5

CopepxaHue 3onoTa B pyae (Au, r/T)

1riT

10,000 100,000 1,000,000 10,000,000
TOHHbI pyAbl

Puc. 11. 3anacel ONBITHOTO y4acTKa 30JI0TOPY/THOIO MECTOPOXKAEHUS MennaavH B
Kanane paccunransbie 115 pa3HbIX OOPTOBBIX coaiepkanmii 30i0Ta (0T 1 10 9
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r/T AuU) 1 U1t pa3HbIX pazMepoB 0:10k0oB SMU, COOTBETCTBYIOIINX Pa3HBIM METOIaM
orpadotku (Abzalov, 2016)

Teopemuueckas ochosa. 3aKOHOMEpPHasl 3aBUCUMOCTb JUCIIEPCUU BBIOOPKU OT
o0bema MpoObl HAa HWHTYUTUBHOM YPOBHE HW3BECTHA JAaBHO M TI€OJOTH BCEraa
YUUTBIBAJIN TOT (PaKT MPU COMOCTABIECHUN KPYITHO-OO0BEMHBIX ITPOO C pe3ysibTaTaMu,
HanpuMep, KEpHOBOIO OIpoOoBaHMs. B reocrarnctuke 3Ta 3aBUCHMOCTH XOPOILLIO
u3yuyeHa W onuceiBaeTcs ¢Gopmynor (5.1), koTopas W3BECTHa KaK OTHOIICHHE
annutuBHoCcTU Kpmoke. [Tockonbky popmyna 5.1 onpenenser B3auMOCBSI3b TUCIIEPCUU
CIly4ailHOM BEJMYMHBI U €€ pa3Mepa, OTCI0Ja €€ JIpYyroe Ha3BaHHE, NPUHATOE B
IeOCTaTUCTHKE, OTHOIIICHHNE o0beMa u qucnepcenum» (volume-variance relationship).

o?(v|D)=07(0|D)-07(0|v) = o2(0|D)-»(v) (5.1)

rae @ (VID) JIMCTIEPCHS COJCPIKaHMil MeTasuia B O110Kax (V) pacripeieieHHbIX B
oobeme Oosbiiero osioka (D) (cMm. puc. 12). Pasmep 610ka (v) coorBeTrcTByeT SMU
naHHoro pynHuka. biok (D) MOKeT MpeCTaBIsTh BCE PYJHOE TENO0, KaK CXEMaTHIHO
1OKa3aHo Ha pucyHke 12 a, wimm, B ciydae meroma LUC, sto Oyaer KpymHas
npsmMoyrojibHas manens (V), mokasanHas Ha pucyHke 12 b;

2 -
o*(0]D) JMCIIEPCUS TOYCUHBIX JTaHHBIX Zi(X) (HampuMep KepHOBBIC IPOOKI) B 00beMe
onoka (D);

a(o]v) JTUCTICPCHUS TOYCUHBIX MaHHBIX ZI(X) B 00beMe SMU (V).

®opmyia 5.1, MaTeMaTHYECKH ONMUCHIBAIOIAS TPUHIIUI «OTHOLIEHUE 00beMa U
JTUCIIEPCUN»  SABIISIETCSI TEOPETUYECKUM OOOCHOBAaHMEM METOJOB HEJTUHEHHOM
re€0CTaTUCTUKKU KOTOPBIE MPUMEHSIOTCS JI1 OLEHKH U3BJIEKAEMbIX 3a11aCOB.

(D) pyaHoe Teno ) (V)| (V) naHenb
() V)
° [l o ° swu I
V) V)
- 2(x) o 2(x)
i V) Kh (V)
° i o ¢ o
(@) (b)

Puc. 12. CxeMa 00bsICHSIOMIAS IEPEMEHHBIC BEIIMUNHBI, PEJICTABJICHHBIC B
ypaBHeHuu 5.1: (a) B 00beme pyaHoro Tena (D); (b) pyanoe teno (D) monpazaeneHo
Ha nanenu (V)

Memoo LUC (Localised Uniform Conditioning). Merox LUC sBusercs
monepuusnpoBanHbiM MetogoMm UC (Uniform Conditioning). I'eoctaTuctiudecku 3tot
METOJ TPEAyCMATPUBACT BBIYUCICHUE YCIOBHOTO MAaTEMAaTHUYECKOTO OXHIIAHHSI
HenuHeHoM  Qykumm  (conditional expectation of a non-linear function)
OIUCHIBAIOIICH CTaTHCTUUECKOE pachpezencHue Metamia (Z) B HEKOTOPOM oObeMe
(V), o0beM 3TOT Ha3bIBaeTCsl MAHEIbID, KOTOpas UMEET MPSMOYTONBbHYI0 (GOopMy H
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SBJIIETCSI TOCTATOYHO OoibImmM OsokoM. [locnemuuii comepxut MHOkecTBo SMU
omoxoB (cm. puc.12 b). ITpu aTom comepkanue MeTania, Z(V), 1aHo B MajieHbkux SMU
omokax (V).

VY CI0BHOE MaTeMaTUYECKOE OXKHJIAHUE BBIUMCIISICTCS OTHOCUTEIHHO CPEIHETO
coZiepKaHusl paccuMThiBaeMoro merawia B manene Z(V). Takum obOpaszom, s
Meton0B UC u LUC, Heob6xoauMo, 4ToOBI coAepkaHue MeTaia B manesne (V) ObL1o
u3BecTHO. Ha mpakTuke, 3a cpefiHee coepikanre Metajuia B manene (V) npuHuMaeTcs
€ro 3HAYCHWE, IOJCYNTAHHOEC OJHHM U3 CTaHJAPTHBIX METOA0B, (Hampumep,
OpAMHAPHBIM KPUTHHTOM), T.€. BEIUHCsAeTCs 3HaueHue Z* (V).

HenuueliHass (QyHKUWS, ONMCHIBAKONIAs CTATHUCTUYECKOE paclpenesieHue
metaia mo SMU Oiokam z(V), koTopeie ciaraioT maHenb (V), Tak ke JIeTKO
paccuntbiBaercsa (Lantuejoul, 1988), myTteM mocTpoeHHs] CUCTEMBI JBYX ypaBHEHHIA
(5.2 u 5.3) muckpernoit I'ayccoBoii momenu. IlepBoe ypaBHenwue, (5.2), onuchIBaeT
COOTHOIIICHHE JUCTIEPCUHU TOUCUHBIX JJAHHBIX (T.€. TPOoOBI) U quctepcuu 6aokoB SMU
(v). Bropoe ypaBHenue (5.3), omuchIBaeT COOTHOIICHHIO JUCICPCUI TOUCYHBIX
naHHbIX ¥ ntanenu (V).

0

Z(v) = gv(Y(V) = % K H, (Y(V) (5.2)
k=1 -

ZV) = 4 (YV) = S B HY V) (5.3)
k=1 -

Pemmast 7T ypaBHEHUS MOXHO BBIYUCIUTH KOIPHUIIMEHTHI KOPPEISIUH, (S) U
(r), TouedHbIX HaHHBIX (MPOOBI) U OJIOKOB, TPaHC(HOPMHUPOBAHHBIX B CTaHIAPTHHIC
["ayccoBble mepeMeHHbIe, Te (S) K03 HUIeHT Koppensnuu npobda — maHeab u ()
ko3 uienT koppensiuuu npoda — SMU. OTHoueHne 3TuX K03pHUIHUEHTOB (S/T)
paBHseTcs ko3ppuuuenty koppensuuu (rvV) omokoB SMU (v) u nanenu (V). Takum
o0pa3oM, BBIYMCIHUB KO3(DPUIMEHTH! (r) U (S), MOJy4yaeM HEJIMHEWHYI0 (YHKIHIO,
OMKCHIBAIOIIYI0 CTATUCTUYECKOE paclpeielieHne nepemMeHHo z(v). Moxem
BBIUMCIIUTh €€ MAaTeMaTUYEeCKOE OXHJIaHWE OTHOCUTENIbHO BBIOPAHHOIO OOPTOBOIO

3navenus (5.4 - 5.6).

Z*(V)]:E[IYVZyC YV*]:l—G e (5.4)

TV(ZC ) = E[IZ(V)ZZC

Qv (ZC ) = E[Z(V)IZ(V)ZZC

N k N oo
z'W)- Z@ H (W) eir ! [H WH (atydy  (5.5)
=1 j=1

Yc

_ Qv (ZC)
My 2) =105 (5.6)

Oro perienne 6bL10 HatigeHo B 70 - 80° roas! mportoro cronerus (Lantuejoul,
1988), HO He HalIO OOMBIIOrO MPAKTUUYECKOTO MPUMEHEHUS, IOCKOJIBKY 3TOT METO/
HE TIO3BOJIST OMpENeNuTh MecTonojiokeHue OsokoB SMU B manenu (V), u
OTPAaHUYUBAJICS JIMIIb PAacYeTOM CTAaTHCTHYECKUX XapaKTePUCTUK HEIWHEHHON
MO/IEIIH.
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JlanpHeiee pa3BuTHe MeTona Obuto mpemioxkeHo B 2006 romy paboTamu
aBTopa (Abzalov, 2006). MoaepHU3UPOBAHHBIM METOJI TO3BOJISIET PACCUUTHIBATH
pacmpeenieHre MeTauia nadenu mno 6;i1okam SMU u nipu 3ToM onpenensieT Haubosee
BeposiTHoe MecTo naHHoro SMU B manenu. To ecTh MeTOJ MO3BOJISIET CHENAThH
JIOKaJIbHYIO OIEHKY COJIep)KaHHil MeTajuila B pyJe, MOATOMY MOJy4YWJl Ha3BaHUE
Localised Uniform Conditioning (LUC). DToT MeToa TakXe MO3BOJSET MOCTPOUTH
O0OBEMHYI0 MOJIElb PYIAHOTO Tejla, pas3leuB ero Ha HeOoJbliue OJIOKH,
cooTBercTByOomne SMU NaHHOrO pyJHUKA, U PACCUHUTATh COACPKAHWUE METaia B
kaxxaoM SMU 6Gnoke. /{51 sToro manens ¢pusnuecku paszaensercs Ha SMU 6noku, u
U1t Kaskioro SMU paccunThIiBaeTcs coliep KaHUe METajula pU COOIIOEHUM YCIOBHSL:

- CpeliHee coJiepyKaHue MeTallla B MaHeIHu coXpaHseTcs paBHbIM Z*(V);

- DKCIEpHMCHTAIbHAS KPHWBas 3aracoB IMAHEIHW COOTBETCTBYET MPHUHIUITY -
«OTHOIICHHE 00beMa U IUCIICPCHIY, T. €. YIOBIIETBOpseT ypaBHeHUAM (5.2 1 5.3)

Meton LUC wumeer oOmiyro mMaTeMaTHYECKYyIO OCHOBY C €ro IPOTOTHUIIOM,
meroaoM UC. Oba mMeTo/1a UCTIONB3YIOT CUCTEMY ypaBHEHUM 5.2 u 5.3 1 OLEHKH
3amacoB pyzAbl, u3BiIekaemon Onokamu SMU. Pemasi aTy cucteMy ypaBHEHHH,
cTpouTcsi rpaduK 3aBUCHMOCTU 3alacoB IaHETd OT BbIOpAHHOTO OOPTOBOTO
conepxkanus. anee meron LUC nepepacnpenenseT pacCUuTaHHYIO KPUBYIO 3aI1acoB
MaHeIN B €€ peajbHOe 3X MEPHOE MPOCTPAHCTBO, UTO paHee ObLITIO HEBO3MOXKHO.

Pacuer wu gokammzanua 3amacoB  mMetogoM LUC  ocyiectBisieTcs
MOCJIEIOBATEIbHBIM PEIIEHNEM HECKOJBKHX 3a7a4. CHauana He00X0JMMO PacCUUTaTh
I TAaHHOM TaHenH rpaduk 3aBUCHMOCTH 3allacoB OT OOPTOBOTO COJEpKaHHS (CM.
puc. 13, a). Jlamee sTa KpmBas pazaensercs (IUCKPETH3UPYETCS) HA OTPE3KH,
cooTBeTcTBYtOomue pazmepam SMU (cMm. puc. 13, a). i Kaxaoro BBIACICHHOTO
orpeska (GCi), myrem auckperusanuu rpaduka (cm. puc. 13, a), HAXOIAT HIKHEE U
BepxHee 0opToBoe coaepxkanue (5.7):

GCi c {TGCi (zi), TGC i+l (zi+tl) },u GCi © {zi, zi+1}, (5.7)

rae TGCi (zi ) 3anacel manesu (TOHHBI) OIEHEHHBIE TPU OOPTOBOM COJIEP>KaHUU

(zi ) m TGCi+1 (zi+1) 3amackl mMaHenu TP CIEAYIONIEM 3HAYEHUH OOPTOBOIO
conepxanus (zi+1).

Takum oOpazom, myTemM JuckpeTusanuu rpaduka s kaxmaoro SMU MoxHO
Haiitu (5.8) cooTBeTCTBYIOIIME €My OOPTOBbIC 3HAUCHHUS (HIDKHEE U BEpPXHEE).

SMUK ¢ (TGCK, TGC K+1), (5.8)
rae k — o3nauaer Homep SMU paHXHpOBaHHOIO MO colepkaHuio Merauia. Ha
nuarpamme (cM. puc. 13, a) «k» npunumaer 3Hauenus ot 1 1o 16.

Hcronb3ys HIKHHE U BEpXHHE OOPTOBBIC COJEPIKAHMSI, BRIYUCIISFOTCS CPETHUC
conepkanus metamwia (MGCi) B 6iokax SMU (cm. puc.13, b). YTounum, 4ro 31
3HaueHud (MGCi) MaTeMaTUYeCKd PACCUUTHIBAIOTCS M3 HEIMHEUMHOW (DyHKIMH (CM.
puc.13, b).

3arem Haiinennele cpeanue coaepkanus (MGCi) HeoOX0IUMO NPUCBOUTH
coOoTBeTCTBYIOMUM UM O510kam SMU. J1jis 3TOT0 maHenb pa3AesseTcsi Ha OIMHAKOBBIC
omoxku (SMU) KoTOpBI€ paHKUPYIOTCS IO BO3PACTAHHUIO B HUX COJICPKAHUN MeTaslia.
Takum obpazom ans Bcex SMU B manene Oyzner mMpUCBOEH HOMeEp «K», KOTOPBIiA
npenioxeHo (Abzalov, 2006) na3siBaTh panrom (rank) SMU Onoka B manene. Ha
puc.13a 3to HOomepa ot 1 10 16.
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M3BnekaeMble 3anachbl

(TOHHBI Pyabl)
SMUg (TGC) (a) (b) M3Bnekaemble 3anacbl
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100.0 (conepxxaHue metanna)
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4375 >e >
37.50
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1
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A
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D R

[z [z]z]
.
Q
O

MGC.
¥ e
Z, I Z Zs

BopTtoBoe conepxaHve (z,) BopTtoBoe conepxaHve (z,)

ari M3Bnekaemble 3anachl

TGC (copepxaHve metanna)
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TGC,

N

[72]
=
c

MGC,,
e

[ T=TE]

TGC,

=[=]=
N\

=[=

MGC,
< »

MGC.
“ >

[=]

4
@, . . .
O

=]

MGC
e

Z L, 4 oo Zx Zys

BoproBoe coaepxaHve (z;)

Puc. 13 - Cxema pacuera 3amacoB metogom LUC: () auckpeTusanus KpuBoi
ypaBHCHHMS 3a11acOB, TOJYUYCHHOM PEIIEHUEM CUCTEMbI HEJIMHEHHBIX ypaBHEeHUH; (D)
pacueT cpemHero coaepkanus Meraia B oiiokax SMU; (C) mpucBoenue
pacCUMTaHHBIX CPEIHUX 3HaYeHu# 61okam SMU

Hcmonp3yst paHTOBBIM HOMEp «k» BBIYMCICHHBIC CpPEIHHUE 3HAYCHUS
coaepkanuii Metamia B 6mokax (cm. puc.13, b), MoryT ObITh iprcBOeHBI O110KaM SMU
(cMm. puc. 13, ¢). s sToro Heo6Xoaumo uto0b! panr «k» 010ka SMUK coBmagan ¢
MOPSIKOBBIM HMHICKCOM «i» wuHTepBana coaepxxanmii (MGCi) Ha pauwarpamme
(cMm. puc. 13, ¢).

Takum oOpazom, mns 3aBepiieHus pacueroB wmetomom LUC  ocraercs
OTIpeIeIUTh paHroBbie HoMepa 610koB SMU B manene. [lockonabky TpeOyeTcs HalTh
TOJIBKO TIOPSAKOBBIM HOMEp OJIOKOB PAHKUPOBAHHBIX MO BO3PACTAHUIO COJEPIKAHMIMA
MeTasuia, T.e. TOYHOE 3HaHUE COJACpKaHUA HE TpeOyeTcs, TO PaHKUPOBATh OJIOKH
MOXHO  HCTOJNIB3Yys  BCIIOMOTATENbHBIC  JaHHBIC, HAMpPUMEpP,  PE3yJbTaThI
reopu3nYecKux paboT, WK MOTYKOJINYECTBEHHOE Te0OXUMHUUIecKoe orpodoBanue. Ha
MpPaKTUKe, OOJIBIIMHCTBO TeoJoroB pamwkupyeT SMU Oyoku mpuOIU3UTETHHO
ompeseNssl CoJAepKaHWe MeTalllla B 3THX OJIOKax METOJIOM KPUTHHT WM JIPYTUM
JOCTYITHBIM METOOM JIMHEHHOM perpeccun (cm. puc.14).
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Puc. 14. PamxupoBanne SMU 61moxoB ot 1 10 16 no conepkanuto Metaia (To ecTh
0T OOTaThIX PYAHBIX OJIOKOB K O€THBIM)

Ipumep ucnonvzosanus memooa LUC. Meton LUC ObL1 ycrienHo nmpuMeHeH
JUISL TIOJICYeTa 3alacoB Ha MHOTHMX MECTOPOXKICHUSX, BKJIIOYAs MECTOPOKICHHUS
JKEJIE3HBIX PYJI, IIBETHBIX METAJIOB, YpaHa u 3o0i01a (Abzalov, 2006, 2014, a). Oxun
U3 MPUMEPOB YCIICITHOTO UCIOJIb30BAHUS ATOTO METO/Ia IIPeIiaraeTcs 37eCh.

Meton LUC Opin ucmonbp30BaH Al OIEHKH 3aMacoB JKENE3HBIX pPyA Ha
MecTopoxkacHun  Suaw, B 3amagHou  ABctpanmm  (Abzalov, 2014, a).
['eonoropa3Benounoe OypeHHME HA ATOM MECTOPOXKIECHUU OBUIO MPOBEIEHO IO
CJICAYIOIIUM OYpPOBBIM CETSIM:

e Mexypen (Measured): 100 x 50 m.
e Uupukeitren (Indicated): 200 x 100 m.
o Unudeppen (Inferred): 300 x 200 m.

3anacel MecTOpOXAeHHs ObUTH TojcunTanbl B 0sokax 100x50x10 M, koTophie
COOTBETCTBYIOT OypoBOil ceTu. [laHHBII pa3Mep HE MPUTOAEH JJI TUIAHMPOBAHUS
paboThl pyJIHUKA TOCKOJIBKY OTpaboTka Benercs Omokamu SMU 25x25x10 m. Ilpu
CpPaBHEHUM 3allacoB C pe3yJbTaTaMd JOObIYM 3amachl CUCTEMATUYECKH HE
NOJTBEpKIaIKuCh B cpeareM Ha 4 % (Abzalov, 2016).

Al203,%

Puc. 15 - birounast Mmozenb mocTpoeHHas 1o JaHHbIM Oypenus mo cetu 100x50 m: (a)
nocTpoeHHast MeTo1oM OpAUHAPHBIA KPUTHHT;
(b) moctpoennas meromom LUC
Jlis yaydiieHus TIaHupOBaHUs M KOHTPOJIS 3@ MTPOU3BOJICTBOM Ha JAHHOM PYyIHUKE
PYKOBOJICTBO TPHUHSIJIO pelleHne ucnonb3zoBaTh mMeron LUC. B wactHOCTH, OBLIO
peleHo UCMOJb30BaTh OJIOUHYI0 MOJAENh € pa3MepoM OjokoB 25x25x10 M
COOTBETCTBYIOIIYIO CEJIEKTUBHOCTH JOOBIYHBIX pabOT Ha 3TOM Kapbepe. Merton
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BHauajge ObUT MPOBEPEH HA OTACIBHOM YYacTKe, TJI€ IO pe3yjabTaTaM OypeHUus
100x50M ObLIM TIOCTPOEHBI JiBe OJIouHBIE Mozaenu (cMm. puc.l5). IlepBas moxenb
paccuntana metogoM OpJuHApHBIM KpUTHMHT (CM. puc.l5, a), BTOpas, UCHOJb3Ys
meroa LUC (cm. puc.15, b), no3Bonuia paccuutarh cojiepxanue mno 6iokam SMU
25x25x10 m. CpaBHeHHE IBYX OJOYHBIX MOJICJICH HAIJISAHO MTOKA3bIBAET, YTO MO/ICTIb,
noctpoeHHass MetojioM LUC, nMmeeT ropaszno 00bIIyr0 pa3pemarolyto CliocOOHOCTh
yeM pe3yapTaThl kpuruHra (cm. puc.15). [erampHocts Momenun LUC xoporiino
COOTBETCTBYET CEJICKTUBHOCTH TOPHBIX pabOT HAa 3TOM PYIHUKE U XOPOIIIO COBMAIaCT
C pe3yJibTaTaMu JOObIYU

Illecras rinasa «Kuaccuduxanus 3anacos». MexIyHapOIHbIE KOMUATETHI 110
3amacaM, Takue kak ABctpano-Asuarckuii komutretr JORC (2012), ycranaBiauBaroT
oO0IIHe paMKH JIJIs KiTacCU(UKAIIMKA PECYPCOB M PE3EPBOB, HO HE OMPEEISIOT METO U
napaMeTpsl, MO KOTOPBIM 3amachl MOApAa3JeNsoTCs Ha Kateropuu. W3-3a sToi
HEOIPE/IECICHHOCTH B HACTOSIIEE BpEMsl HET €JUHOrO B3IVIAJa Ha NPUHIUIIBI
Kjaccudukanuu 3anacoB. CoBpeMeHHbIE KilacCu(UKaIMK 3a11acoB YacTo 0a3upyroTcs
Ha CyOBEKTUBHBIX PELLIEHUSIX I'€0JI0r0B U 3aBUCST OT OMbITa ncnoaHuTens. Hanpumep,
oOuienpuHATass METOAUKa KiIaccu(UUUPOBATh 3amachl MO CETH OypeHUs OOBIYHO
UCIOJIb3YET OMBIT MPENbIAyIIUX paboT Ha CXOAHBIX OOBEKTaX MWJIM MOTYT OBITh
npeanucanbl BbIIIeCTOSAIMMHE Komuteramu (Hanpumep, ['K3), u cooTBeTcTBEHHO
MOTYT HE YYUTHIBATH CIIEMU(PUKY KOHKPETHOTO MECTOPOKICHHUS.

Memoowvl ceocmamucmuueckou kiaccuguxayuu — cocmosinue npooniemvl. J1ns
CTaHJApTH3AINH KiIacCU(PHUKAIIMN 3aMacoB B TOPHOW MHAYCTPUU JABHO TBITAIOTCS
UCTIONb30BaTh METOIbI TeocTaTucTuku. Hanbomnee yacto 3amacel KitacCupUIMpyroTCs
0 CTETICHH UX JJOCTOBEPHOCTH MPUMEHSISI YCIIOBHOE CTOXACTUIECKOE MOJICTTUPOBAHHE
IIPOCTPAHCTBEHHOW MEPEMEHHOM. B aHIIOA3BIMHONW JIMTEpATYpE OTU METOJBI
Ha3bIBalOT «conditional simulation», Hambonee pacmpoctpaHeHHble U3 HUX SGS
(Sequential Gaussian Simulation) u SIS (Sequential Indicator Simulation).
Hcnonp3yroT Takke OIIMOKY KpUTHUHTA U CIIeHUaIbHbIE T€0CTaTUCTUUECKUE (PYHKITUH.

O030p TE€OCTATUCTUYECKUX METOJIOB TPEIJIOKEHHBIX JUIsl KJIACCU(pUKAINH
3amacoB py/bl clienanHblii B MoHorpaduu (Abzalov, 2016) mokaszan, 4To B TOpHOM
UHAYCTPUM HAKOIUIEH JOCTAaTOYHBIM OMBIT pabOT M HMMEETCs IIMPOKUl Habop
reOCTaTUCTUYECKUX METOJIOB OLEHOK 3alacoB M KOJMYECTBEHHOTO OIpeIeIeHHUS
puckoB. Tem He MeHee eOMHOW CHUCTEMBl MaTEeMAaTUYECKH OOOCHOBAaHHBIX W
OOBEKTUBHBIX KPUTEPUEB KIACCH(PHUKAIIMU B HACTOSIIEE BpeMsl HET. ABTOp CUMTAET,
9TO JUIsl BEIPAOOTKH €IMHOTO TIOIX0/1a HE0OXO0JUMO HAUTH OOBEKTHBHOE OTIPEICTICHHE
JUTSL CTICAYIOITNX TTapaMeTPOB.

s kakoro oObemMa JOJKHA PACCUUTHIBATHCS OIIMOKA OIIEHKH 3amacoB. B
HACTOSAIIMI MOMEHT WCHOJB3YIOTCSI OOBEMBI OT IIEJIOTO0 MECTOPOXKICHUS 0
OTIENBHOrO OJIOKa KPUTMHIOBOM Mojenu. B mocnenHue roAbl  HMIMPOKOE
pacnpocTpaHeHHe MOJy4Yrsl MOAXO[, KOI/la OUIMOKa OIICHKH 3aracoB OMpeesseTcCs
JU1s1 00bEMOB PY/Ibl, COOTBETCTBYIOIINX €€ I'0/I0BOM, U KBapTaIbHON JOOBIYH.

Kakass ommOka cuurtaercs nomyctumoil. ['pynma cnenumamucroB CHIA wu
Kananel mpennoxuna cuutarh IOmMycTUMOM ommOky B +/- 15 %, kotopas Temepb
IIMPOKO HCTONB3yeTCs s Kiaccudukanuu 3amnacoB. K coxanenunto, 3T0 3HaUeHHE
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IpUMeEHseTCs 0€3 aHaau3a ero NPUroJHOCTH K KOHKPETHOMY MECTOPOXKICHHUIO. JTO
HE eIMHCTBEHHBIN MOAXO0. BbUIN Takke MpeyioxKEHUs: CYUTATh JOMYCTUMOMN OIIMOKU
+/-10 %, +/- 20 %, +/- 40 % u naxe +/- 60 %.

HeobxoaumMo  yCTaHOBUTH  JOBEPHUTENbHBIM  WHTEpBaid  omuOku. U3
MaTEMaTUYeCKOM CTAaTUCTUKU H3BECTHO, YTO JIBa CTaHJAPTHBIX OTKJIOHECHHS
HOPMAJILHO PACPECIICHHOW BBIOOPKU COOTBETCTBYIOT JIOBEPUTEILHOMY MHTEPBATY
B 95 % (umu 0,95 CL). D10 3HaYeHUE HIMPOKO MPUMEHSIETCS B MaTeMaTHYE€CKOU
CTaTUCTUKE W, M0 MHEHHIO aBTOpa, HauOojee MPUEMIIEMO JJIsi T€0CTaTUCTUYECKUX
OLICHOK PHUCKOB. TeM He MeHee, Ha MPAaKTUKE MHOTME CHELHAIUCTBI HUCIONb3YIOT
JpyTue 3HaUeHUs TOBEPUTEIHHOTO HHTEpBaiia, Harpumep, 90 % (0,90 CL).

Memoo npeodnooicennsviii agmopom. B npenpiayiiem pasjeiie ObUIO MOKa3aHo,
YTO METOJABl YCIOBHOIO CTOXAaCTUYECKOTO MOJEIUPOBAHUS, KOTOPBIE H3BECTHBI
npumMepHo ¢ 1970-x, MOryT OBITh YCHEIIHO HKCIOJIB30BaHbI JJIsl OLICHKU OIIMOKH
MOJICYMTAHHOTO CPEIHETO coepxaHus MeTaiia B pynae. [lo BenmuunHe 3T0i ommoKu
MOKHO KJIacCU(UIMPOBATh 3amachl. Takxke ObLJIO MOKAa3aHO, YTO CAEPKUBAIOLINM
(dakTopoM Il BBIpaOOTKM €IMHOTO MOAXO0AA K KJIAacCU(UKALMU 3allacoB SIBISETCS
HEPELIEHHOCTh HECKOJIbKUX BonpocoB. Hanbomnee BaxkHbIe U3 HUX, YTO IPUHUMATH 32
JOTIYCTUMYO OIIUOKY U B KAKOM 00BbEME PY/Ibl 3TO BHIYUCISATH.

OOBIYHO HCMONB3YyEeMbIH MOpOr JomycTuMoi omubku B 15 %, aBrop Hamien
HEMIPUTOAHBIM HAa MHOTHX TPEINPUSATUSX, TJ€ OH pa3pabaTbiBajl MPUHIUIIBI
kinaccuukanuu. Hampumep, Ha MHorux pynHukax ‘“Rio Tinto” wuctopuyecku
CIIOKMBIIAsACA AomyctumMast ommoka 6bi1a 10 % mpu noseputensHom uaTEpBaie 0,95,
Ha papyrux npeanpustusix MOpOr AOMYCTUMOW OImMMOKU OB HA00OPOT BHIIIE,
1o 20 %, nampumep, Ha HEKOTOPBIX PYAHHUKAX MACCHBHBIX MEIHO-HUKEICBBIX PYI.
O4eBUIHO, YTO MPUUYMHA PA3HbIX 3HAYEHUHN TOMYCTUMOW OLIMOKU MPSAMO 3aBHCHUT OT
CTENIEHU PEHTA0EIbHOCTU MPEANPUATHUS, YEM BBIIIE MPOLIEHT NPUOBUIM, TEM OOJbILIE
JOIMYCTUMOE OTKJIOHEHHE OT MOJCYUTAHHBIX 3aI1aCOB.

ABTOp NpPEIJIOKWI KOJIMYECTBEHHO OIIEHMBATh JOMYCTHUMYIO OIIMOKY I10
HPKOHOMUYECKUM TMOKa3zaTensiM mnpeanpusatus. Haubonee nmoaxondium Uist 3TOTO
ABJIIETCS PA3HUIIA MEXKIY CPEAHUM COAEPKAHHEM METalla B PyJie U SIKOHOMHYECKU
MHUHHMMAaJIBHO JOMYCTHUMBIM ero cojepxkanuem (break even grade). OrtoT mapamerp,
«break even gradey, BeIUnCIIETCS P MIPOBEACHNN TEXHUKO-3KOHOMUYECKUX OIICHOK
npoekToB. [lo MHEHUIO aBTOpa, 3TO HamOOJee MPUTOAHBIM OOBEKTUBHBIA KPUTEPUIA
JUTSL OTIPEJIEICHHS] YPOBHSA IONMYCTUMOW OIIMOKHM B OLIEHKE 3allacoB Pyl U, IOATOMY,
OBbLJT 3aJI05KEH aBTOPOM B OCHOBY €T'0 CXEMBbI KJIacCU(DUKAIUU.

OO0beMbl pynbl, ISl KOTOPBIX PACCUMTHIBACTCS OIIMOKA TaK M€ JOJIKHBI
COOTBETCTBOBATh TEXHUKO-IKOHOMHUYECKUM OCOOEHHOCTSIM MPOEKTa U JOJIKHBI
aZipecoBaTbCs K €ro OCHOBHBIM puckaM. Haunbosee palimoHanbHbIM SBIISIETCS TOAXO0/
cnenquanctoB CeBepHOM AMEpPUKH, MPEMIOKHUBIIMX OLIEHUBATH JIOCTOBEPHOCTH
3aracoB B 00beMax, COOTBETCTBYIOIIMX HOPMaM JOOBIYH PYIbl HA 3TOM MPEANPUSITHH.
Jns «Measured» pecypcoB, KOTOpbIEC TPHOIU3UTEIBHO COOTBETCTBYIOT KaTeropuu Bl
cuctembl ' K3 CCCP, oHM npejIoKuiIA UCIIOIb30BaTh 00hEM KBApTAIBHOW JOOBIYH.
O0BeM romoBoi 100bYM UcTONb3yeTcs s kinaccudukanuu «Indicated» pecypcos,
KOTOpbIe MpUOIU3uTenbHO cooTBeTcTBYyeT Kareropuu Cl cucrembr 'K3 CCCP.
Kareropust «Inferred», xoropass mnpuOIU3UTENEHO COOTBETCTBYeT 3amacam (2
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cuctembl ['K3 CCCP ocraercs HauMmeHee pa3paboTaHHOW W He Obuia
peraaMeHTHpOBaHa 3TUMU CHELUMATUCTaAMH.

OTH KpPUTEpUH, MPENJIOKEHHBIE CHEUAINCTaMU CEBEpHOM AMEpHKH,
HO3BOJISIIOT KJIAaCCU(PUIIMPOBATH 3aI1aChl C yYETOM O0BEMOB JOOBIYHM IIPOEKTA, TI03ITOMY
3TOT [TO/IX0]1 OBLJI BEIOpAH MHOTMMHU CIIELIUAINCTAMH BKJIIOUYasl aBTOPA TaHHOU paOOTHI.
OpHako, aBTOp, MPOBEpssl JaHHbIE KPUTEPUM Ha JEUCTBYIOLIUX MPEANPUATHSAX,
OOHapyXWJ, YTO KBapTajbHbIi O00BEM JOOBIUM YACTO HENPUTOACH JJIs
knaccudukanuu «Measured» 3amacoB. Hampumep, Ha HHKEIEBOM MECTOPOXKICHUH
Poxuc PeBap, B 3amagnoit ABctpanuu, «Measured» 3anacel kiiaccuGuupoBaIUuCh O
HEOOIBIIUM 00BEMaM PYyAbl, COOTBETCTBYIOIIUM HOPME MECSYHOTO MPOU3BOCTBA.
Eme Oosee crporme TpebGoBaHWsA ISl KIACCH(PUKAIMKM 3aMacoB IO KaTETOPHH
«Measured» ObpUTM OTMEUYEHBI Ha OJHOM M3 OOKCHTOBBIX pyIHUKOB. Ha 3TOM
NPEANPUATAN T0ObITask U oOorameHHas pyja oTrpyxanacb 0apxkamu. [1o KoHTpakTy,
crienr@uKanus pyibl U OIUIaTa OnpeneseTcs 1 Kaxa0i 0apKu U Ipy NPEBbIILIEHUN
JOTYCTUMBIX COJIEp’)KaHUM BpEAHBIX IpUMeEced B pyZAe, 3arpyKeHHON Ha Oapxky
KoMnaHus mrpadyercs U JOHKHA BBIIJIAUMBaTh HEYCTOMKY. [loaToMy TpeOoBaHMs K
reoJI0ropa3BeJouHbIM paboTaM OBLIM COCTaBJIEHBI Tak, 4ToObl «Measured» 3amacel
ObUIM JOCTOBEPHO OLIEHEHBI B OJI0KaX, COOTBETCTBYIOMIMX 00BEMY OJHOM OApXKH, UTO
cocTaBuio mnpumepHo 3 — 4 Hemenu n00bIYM pynHUKA.  J[aHHBIE TOpUMEpPHI
MOKa3bIBAIOT, YTO JUIs KIacCU(PUKAIMK 3a11acoB (pecypcoB) no kateropun «Measured»
00BEMBI PY/IBI TOJDKHBI OMPEEISATHCS U3 KOHKPETHBIX PUCKOB TaHHOTO MPOEKTA, 3TO
MOKET OBbITh, HampuMep, pa3Mep OapKu Kak Ha BBIMICYNIOMSHYTOM pyaHuke. [lo
OMBITY aBTOpa, 00bEeMbl pyAbl AN Kiaccudukanum «Measured» pecypcoB 0OBIYHO
HAxXoJsATCA B UHTEpBaje oT 1 10 3 MecsieB J0ObIUH.

TpeOoBanus anga knaccupukanuu 3anacoB no kareropuu «Inferred» Toxe
HEJIOCTATOYHO pa3padoTaHbl. YaCTUYHO ATO BBHI3BAHO OIIMOOYHBIM MPEICTABICHUEM,
OBITYIOIIIUM B TOPHOW MHAYCTPUH, 4YTO TOCKOIBbKY «Inferred» pecypcsl 1o
OIPEETICHUIO SBIISAIOTCSA MPUOIM3UTEILHON OLEHKOM, HE MPUTOIHON JIJIsl AETaTbHBIX
T30, To HeuenecooOpa3HO BBOJUTH CTPOTHE OTPAHUYECHHS JOMYCTUMOM OIIHMOKH.
OmunbGOoYHOCTh 3TOr0 MHEHUSI OUYEBU/IHA, TIOCKOJIBKY 0€3 OILIEHKH PUCKOB, TO €CTh 0€3
3HAHMS JIOMyCTHUMOW OIMOKK, OypoBas CeTh BBIOMpaAETCs MO CYOBEKTUBHBIM
kputepusM. Kak crienctBue, JOCTOBEpPHOCTh  OLEHKM  MOXET — OKa3aTbCs
HEJOCTATOYHOW JJIsi MPHUHATHS pPEIIeHUs O LEeJeCO00pPa3HOCTH MPOAOIKEHUs
reoJIoropa3BeouHbIX padboT. ABTOp cuutaer, uyto st «Inferred» pecypcoB Takxke
JIOJKHBI UCTIOJIB30BAaThCA OOBEKTUBHBIE KPUTEPUU U MPEAJIaraeT PacCUYUTHIBATh UX B
o0BeMe py.ibl, KOTOpas MOTpeOyeTcs Ui MOTAlICHUS KaUTAIOBIOXKEHHH B TIPOCKT
(pay back period).

[Tpoananu3mpoBaB Ha MpUMEPEe KOHKPETHBIX MECTOPOXKIECHUN COBPEMEHHBIC
METOJBI KJacCH(UKAIMKM 3armacoB, aBTOpPOM OblIa MpEAJIOKEeHa CIeaylomas,
YCOBEpIICHCTBOBaHHAas, MeToAunka. Kpurepuu uist onpeeneHrs KaTeropuy 3anacoB
OTIPEAETSAIOTCS AJIs KaXKA0T0 MPOEKTa, HCXO/I U3 €r0 TEXHUYECKUX U SKOHOMHUYECKHUX
XapaKTePUCTHK, B 3TOM COCTOMUT NMPUHIUMHAIBHOE OTIMYHE €r0 METOoAa OT APYrux
HECTAaTHUCTUYECKUX METOJO0B KiaccuPHUKauu. MeToa mnpenioxKeHHbIH aBTOpOM B
000OIIEHHOM BUJIE BBITJIAIUT TAK:
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OcymiecTBiaseTcss IKOHOMHYECKAsi OIEHKa TPOEKTa W IO €€ pe3yjbTaTaM
BBIOMpAETCsS JIONMycTUMasi OIIMOKa, KOTOpas PaBHSETCS Pa3HUIIE MEXKIY CpPEIHUM
COJIep>KaHUEM B PYJ€ U €ro MUHUMAJIbHO JOMYyCTHUMBIM 3HaueHueM. Hampumep, Ha
YIOMSIHYTOM BBIIIIE MECTOPOXKJACHUH OOKCHTOB JOMyCcTHMas OIIMOKa COCTaBHIIA
+/- 10 % (CL 0.95) misa conepskaHus aJlOMUHUS U KPEMHUS.

W3 ananu3za puCKOB ONpeAessaTcss 00beM PYIIbl, JUIsl KOTOPOTO PACCUUTHIBACTCS
sTa omuoOKa. J1jist J7aHHOTO GOKCUTOBOTO MECTOPOXKIEHUS ObUTM BEIOPAHBI CIEAYIONINE
napameTpBhl:

e «Measured» - 00beM pyaBl paBHBIN 1 MecsIly TOOBIYN HA PYJHUKE;
e «Indicated» - o6beM pyabl paBHBIN | roay 1OOBIUM HA PYTHUKE;
o «Inferred» - 0GBeM pybl paBHBINA HEOOXOAUMBIN JIJIsl TOTAIIEHUSI MHBECTHUIIHIM

(mpuMepHO 4 Toaa J00BIYM HA PYIHUKE).

MecTopoxkaenue pazjiensercd Ha OJIOKH, COOTBETCTBYIOLIUME OObEMaMm PYIbI
HEO0OXO0IMMBIM JIJ1s1 Kiaccudukaiuu 3amnacoB. B Hamem npumepe 3to 1 mecs, 1 roa u
4 roga 1OOBIYM.

MetonoMm «conditional simulation» co3maroTcsi MaTeMaTHYECKUE MOJIEIU
OypOBBIX ceTel

Hcronp3ys KaKIyi0 U3 TOJYICHHBIX OYPOBBIX CETEH PACCUMTHIBAOTCS 3amachl
MECTOPOXKICHUS M BBIYHUCIISACTCS CTEIICHb €€ IOCTOBEPHOCTH, TO €CTh OMPEACISICTCS
omrokKa.

BypoBas ceTh cuntaercs npueMIeMoil, €ciii MoJIy4eHHas OIMOKa MEHbIIIE WU
paBHA €e MUHUMAJILHO JIOMyCTUMOMY 3HAY€HUIO.

[To aTo#t MeTonuKe ObUTH KIacCU(pUIIMPOBAHBI 3aMachl HA MHOTUX MECTOPOXKICHUSX B
ABctpanuu, Adpuke u B Mopnanuu (Abzalov, 2016).

Ilpumep ucnonvzosanus memooa. llpumeHeHre TNPEIIOKEHHBIX aBTOPOM
KpUTEPHUEB KIacCH(PUKAIMKA TOKa3aHO B 3TOM pasjeie aBTopedepara Ha MpUMEpPE
OJTHOTO U3 MECTOPOXKIECHUH OOKCUTOB, PACITOJIOKEHHOTO Ha CeBepe ABCTPAIIUN.

bypoBeie ceTH, KOTOpbhIE WpEMIaraiich IS Pa3BEIKH MECTOPOKICHHUS
Bomrowamn  20x20, 50x50, 70x70, 100x100, 150x150, 200x200 u 300x300 wm.
TpebGoBanmoch HaWTH Kakasi CeTh MOTPEOyETCS IJIs OIEHKH PECYpCOB MO KaTErOpHUU
«Measured».

[To PKOHOMHYECKMM TIOKA3aTelsIM 3TOr0 PYAHUKA OBLJIO YCTAaHOBIICHO YTO
nomnyctumas ormoka coctapisiet +/- 10 % (CL 0.95).

Taxke OBUIO yCTAaHOBIICEHO, YTO OIMIKMOKA, I KIaCCHU(PUKAIMKA PECYpPCOB TIO
kareropun «Measured» J0JKHA OMPENCNTIATHCS B 00bEME PyAbl COOTBETCTBYIOIICH
MecsuyHOM n100buu. [losTomMy, MecTopoXkaeHue OBUIO pa3feieHo Ha OJ0KH,
COOTBETCTBYIOIINE MECSUHOMN JOOBIUN PYTHUKA.

[Tocne sToro BeIOMpasiack OypoBas ceTh M MeTogoM SGS pacCUYUTHIBAIHCH
CpPEIIHHE COJCp)KaHHWS MeTala B MECSAYHBIX OJIOKaX PyIbl M BEIUYHHA OIIHOKH
pacueroB (cMm. puc.16). DTu pacyeTbl ObLIM CHIETaHBI JUIS KaXJI0H OypoBOW ceTH:
20x20, 50x50, 70x70, 100x100, 150x150, 200x200 1 300x300 M., cnemoBaTeabHO, A1
KaXJI0TO 0JIOKa OBLIO TIOJIYYCHO 7 3HAYCHUH OIMOKH, COOTBETCTBYIOIIUX 7 OYPOBBIM
ceTsim (cM. puc.16).

Jns xaxaod OypoBOM ceTH pacCUMTHIBAECTCS CpefHsis oOIMOKa, KOTopas
HAHOCHUTCS Ha Tpaduk MpoTUB pazmepa OypoBoit cetu (cM. puc.17).
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[To ol muarpamme BeIOMpaeTcs OypoBas CeTh NSl KiacCU(HUKAIMK 3amacoB
(cMm. puc.17). OnTumanpHOW cuuTaeTcs HamboJiee IIMpoKas OypoBas CeTh, IpPHU
KOTOpOM CpellHAs BeJMYMHA OIIMOKM HE MPEBBINIAECT JOIMYCTUMBIN HJisi JaHHOU
KaTeropuu mopor (To e€cThb paBHA WJIM MEHbIIE MOPOroBoro 3HauyeHus). I[Ipumep
MOKa3aHHBIA Ha puUCyHKe 17 moKa3bIBaeT, YTO JUIsl JAHHOTO MECTOPOXKICHUS IS
OLICHKM 3aracoB Mo Kkareropuun «Measured» moTpedyeTcs TIeooropa3Be0uHOe
oypenue no cetu 30 x 30m.

Mcnonb3oBaHa
BypoBas ceTb
50 x 50 m

McnoneaoBaHa
GypoBasn ceTb
100x 100 m

Wcnone3oBaHa
bypoBan ceTb
300 x 300 m

McnonbaoBaHa
Bypoean ceTb
200 x 200 m

OTHocuTenbHasa owunbka oueHkKn cogepxanng Si0,
(CL 0.95)

s
5 10 15 30%
Puc. 16. Ommubxa B orieHke cpeanero coaepxkanus Si0, npumecu B OOKCUTAX,
paccurTaHHas o GJIOKaM COOTBETCTBYIOIIUM MECSIYHOMY 00BEMY TOOBIYN Ha

MecTtopoxxaeHuu ['oB, ABcTpanusi.
100

//

(Si0y)
=
N

\~BK

N

OTHocuTenbHas ownbka (%) paccyuTaHHaa gns
poBepuTenbHoro MHTepsana 0.95

0 50 100 150 200 250 300
BypoBas ceTb (M)

—2—OWnGKa OLIEHKN COAEpKaHna meTanna
=—10% gonycTumas oLunbka

Puc. 17. I'padux 3aBUCUMOCTH TOCTOBEPHOCTH 3aI1acoB OT T€0JIOTOPa3BEI0YHOM
cetu. [lo opnunare otnoxkeHa omuoka cpeaHero coaepxkanus SiO; (BpemaHast
MIPUMECH) B MECIYHOM 00BEME PY/IbI, 10 abciucce — pa3mep OypoBoOii ceTn

Cenpmas riaaBa «lIpeacTaBUTEJILHOCTHL TEXHOJIOTHYECKON (KpPYNHO-
00beMHOI1) NPOOBI» pacCMAaTPUBAECT METALUIYPrHUYECKUE (TEXHOJIOTUYECKUE)
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XapaKTEPUCTUKU PYABl, OMPEACISIONINECS] TEXHOJOTUYECKUMH UCIBITAaHUSIMH,
BBITIOJIHEHHBIMU ~ UCIOJIB3YS  KpyMHO-OObeMHble mpoObl. [lo  pesynbraram
TEXHOJIOTUYECKHUX HCHBITAHUN BBIOUPAIOT METO/IbI IEPEPA0OTKU PYAbl ONTUMAJIBHBIC
JUIsl TAaHHOTO TMPOEKTa, a TaKXKe OIEHUBAIOT MPOIEHT HU3BJICUEHUS METAJJIOB H
OTPEEISIIOT SKOHOMUYECKHE TTOKA3aTeNd MPOU3BoOJCcTBA. TakuM o0pa3oM, KpyIHO-
00OBEMHBbIE TPOOBI SIBISIOTCS MEPBBHIMU JOCTOBEPHBIMU JAaHHBIMH IS OLICHKHU
METaJUTyprUYECKUX XapaKTEPUCTUK PYIbl, KOTOPbIE 3aT€M YTOYHSIOTCS Ha CTaJHH
MOJTYTIPOMBIIINIEHHOTO MPOU3BOJICTBA.

To4HOCTh TEXHUKO-3KOHOMHYECKUX OlEeHOK (TDO) ropHopyaHOTO MpoeKTa
CYIIECTBEHHO 3aBUCHUT OT MPEACTABUTEILHOCTH KPYITHO-0ObEMHBIX MPOO 7151 JAHHOTO
MecTopoxacHus. OOMIENPUHATO, UYTO KaXKIbI TEXHOJOTHYECKHH THIT PYAbI
OMPOOBIBACTCS W aHAM3UPYETCA OTIAEIBHO, HO TPU 3TOM YYacTKH JJisi oTOopa mpod
9aCcTO BIOMPAIOTCS HEOOOCHOBAHHO U PYKOBOJICTBYSCH CYyOBEKTHBHBIMHU KPUTEPHUSIMHU.

ABTOp, paspabateiBass TOO KOHAMIMN [JIs SKENE30pYIHOTO TPOEKTa B
ABCTpanuu, OTMETHJI HEOOXOJAUMOCTh BBIPAOOTKH OOBEKTUBHBIX KPHUTEPUEB
MPEICTaBUTEIIBHOCTH TEXHOJOTHYEeCKUX Mpo0. MTorom stux pabor crana HoBas
METO/IMKA, KOTOpas MpejjiaraeT OleHUBATh MPUTOJHOCTh KPYIMHO-0O0BEMHON MPOOHI
no aByM kputepusm (Abzalov, 2016):

o CraruCTUYECKHI aHaJIu3 paclpeiesieHus] HCKOMBIX KOMIIOHEHTOB. Jljis
MOJYYEHHUS MPEACTABUTENBHON MPOOBI HEOOXOAUMO JTOOUTHCS COOTBETCTBUS
CTAaTHUCTUYECKUX XaPAKTEPUCTUK TEXHOJIOTHYECKON TpOoOBl OJIOYHOW MOAETn
MECTOPOKICHHS.

e AHanu3 MNPOCTPAHCTBEHHOTO PACMPEACICHHUS KPYMHO-OOBEMHBIX MPOO.
[IpuroaHoii cunTaeTcst cxema OonpoOOBaHUS MPU KOTOPOU BCE MECTOPOKIACHHE
OXBau€HO CETHIO OMPOOOBAHUSI.

Cmamucmuyeckuii aHanu3 npeocmasumenrbHOCmu MexXHOI02UYecKou npooubl.
Craructryeckasi IpeICTaBUTEIbHOCTh MPOObI aHATTM3UPYETCS MyTEM €€ CPABHEHHS C
rUcTOrpaMMamMu  OJIOYHOM ~ MOJENH,  KOTOpble  OTOOpakaroT  OCHOBHBIC
METATyPTUUECKHE XapaKTEePUCTUKU JTAHHOTO PYAHOTO Tela, BKIIOYAs COAEpIKaHUE
PYIHBIX KOMITOHEHTOB U BPEIHBIX ITpuMecei. [ uctorpamma 06J109HON MOJICTTH TOJDKHA
OBITh TEOCTATUCTHUECKH MpeoOpazoBaHa Ha pa3Mep OJOKOB PaBHBIX MUHUMATbHON
CelleKTUBHO u3BNekaeMoil siuetiku (SMU). B reoctatrctrke nanHoe npeodpa3oBaHue
MaTEeMAaTUYeCKHA ONMKMCHIBACTCS KaK COOTHOIICHHE «aucrepcus — o0wvem» (Volume-
variance relationships) u ocymecTBiIseTcs, HCIOJNB3YsS METOAbl HEIMHEHHOM
reoctatucTuku, Hanpumep, metox LUC (Abzalov, 2006), onucanHbI#i B peabIayIICH
riaBe aBropedepara rae Obur 06o6meH B popmyne (5.8). Texnomoruueckas mpoda
CUMTACTCS]  CTATUCTUYECKHM  TPEACTABUTEIBHOM  €ClIM, €€  CTaTHCTHYECKOe
pacmpezenenue copmagacT ¢ rucrorpammoit SMU (cwm. puc. 18, a).
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(a) KouTyp pynHore Tena y MueTorpamma cocrasa || (D) KonTyp pyatore Tena ‘
W MecTa oTGopa TEXHOMSTUUSCKON | ! SMU Bnokoe W MecTa oTEopa TEXHONOTMHEcKor |
npoBb (06o3HaueHbl YePHBIMM ; npobbl (0603HaYEHb! YepHBIMU
KBagparamm) KBaApaTami)

! SMU 6nokes

CocTas
TeXHONOMMYecKol
5 25 50 7595 npobBel
%

CocTtas
TEXHOMOMNYECKOM
npo6sl

. rMCTOFpaMME cocTaBa

—
()
—

KoHTyp pyaHoro Tena :
1 mecTa oTbopa TexHoNorMveckon |
npobbl (06o3HaYeHEl YePHEIMK
KBagpaTamu}

:FucTorpaMma cocTasa
' SMU &noxkoe

m Cocras
5 25 50 7505 TeXHOMOrMYeckal
% npctGel

Puc. 18. lnarpamma, cxeMaTU4HO MTOKA3bIBAIOIIAS OTIUYHE MPECTaBUTEIHHOM
KPYIHO-00beMHOM MPOOBI OT HEMPEICTABUTEIbHOM:
(a) npencraButenpHas mpoda; (D) mpocTpaHCTBEHHOE paclpe/IeICHUe TPOOBI
MpeICTaBUTENBHOE, HO TIP00a HE TpeCTaBUTENbHA 110 COCTABY;
(C) npencraBuTeNIeH XUMUYSCKUH COCTaB MPOOBI, HO IPOCTPAHCTBEHHOE
pacmpeziesieHne y4acTKOB OMPOOOBAaHUS HE TIPEICTABUTEIBHO.

Tpebosanus K N(POCMPAHCMBEHHOMY PACHPEOENeHUIO MEXHOL0SUYECKOU NPODbI.
[Ipu BBIOOpE y4YacTKOB OMpPOOOBaHUA HEOOXOAUMO JOOUTHCS MAKCUMAaIbHO
MPEICTaBUTEIBHOTO paclipeiesieH s Tpo0 B 00beMe pyAHOTO Tella, C TAKUM PacueToM,
YTOOBI MPOOBI OBLITM PABHOMEPHO PACTIPECIICHBI IO MECTOPOKICHUIO U MaTepUaIbl
Pa3HBIX YY4aCTKOB MPEJACTABJICHBI B TEXHOJIOTHUECKOM mpobe (rim mpobdax) (cMm. puc.
18, a-b). HeoOxomumo wu3beraTh KiacTepu3alMd ONPOOOBAaHUS Ha HEOOJBIINX
yyacTkax (cM. puc. 18, C).

Ilpumenenue memoouxu Ha dicene30pyOHOM MeCMOPONCOeHUU 6 3anaonou
Aecmpanuu. JlanHas Metoauka Oblla W3HAYAJIBHO TPUMEHEHA Ha Kele30PyIHOM
MECTOPOKIEHUM B 3amaaHoW ABCTpaluy THA€ I OLEHKH METAJUIypTHYEeCKHUX
XapaKTEPUCTUK PyAbl ObUIM MpoOypeHbl 22 ckBaxuHBI (cM. puc. 19). CkBaxKuHbI
3aJaBajiCh CHEIHATbHO s OTOOpa TEXHOJOTHYECKMX Mpo0 M  pa3MelIeHBI
MaKCHUMaJIbHO PaBHOMEPHO B TUIOIIAJH MECTOPOXKIACHUSA. HEeCKOMbKO CKBaKUH OBLIO
npoOypeHO Ha ydacTkax 3abanaHCoBbIX pyA. (cM. puc. 19). s oneHku
MPEACTAaBUTEIIBHOCTA  COCTaBa  TEXHOJIOTHYECKUX Mpo0  OBUIM  TOCTPOCHBI
THCTOTPaMMBI COAEP KAHMIM jKeIe3a 1 OCHOBHBIX BpeaHbIx mpumeceii, Al,Os, SiO,, LOI
u P B mpo6e KOTOpbIe CPAaBHUBAIKCH C TUCTOTPAMMAMH COJIEPIKAHHUM ITUX DJIEMEHTOB
B OJ109HOM Mozie MecTopoxkaeHus (cM. puc.20). J{is cpaBHEHHS THCTOTPaMMbI OBLITH
npeo0pa3oBaHbl COTJIACHO TeOCTATHCTHYECKOMY TPABIITY B3aUMOCBSI3U «JIUCIIEPCHUS —
oobem» (vVolume-variance relationships) na pasmep 6:10xkoB SMU. Tlo pesynbTatam
CPaBHUTEIHHOTO aHAIH3A JIBYX CTATUCTUYECKHUX BHIOOPOK OBLIO TTOKA3aHO, YTO COCTAB
TEXHOJIOTMUECKON MPOOBI TOCTOBEPHO OTpakaeT Bapualuu coaepkanuii Fe, Al,Os,
SiO; u npyrux KOMIOHEHTOB B pyze. [locie moaTBepxaeHus NpeacTaBUTSIIbHOCTH

36



KPYNHO-OOBEMHBIX ~ TEXHOJIOTMYECKUX TPOO0 OHM OBUIM HCHOJB30BaHBI

METaJUTyprUYeCKUX UCTIBITAHUUN Py IbI.

U1

N

> pyAHoe Teno

<> sabanaHcoBble
pyAp!

TexHonoruveckne
npobl

Puc.19. YyacTku oTO0pa TEXHOJIOTHYECKUX MPOO Ha KEIE30PYAHOM MECTOPOKICHUU

B 3amagHoil ABCTpasuu.
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MicTorpamma cocTaea MMcTorpamma cocTaga TEXHOMOrMYecko Npobl
SMU Bnokoe (HopManuaoBaHa Ha pasmep SMU 6nokoeBs)

Puc.20. CpaBHeHHE COCTABOB TEXHOJOTHYECKUX MTPOO U OJJOYHOM MOJICTH Ha

ructorpamme. O6e cTaTUCTUYECKHUE BHIOOPKH TpaHC(HOPMUPOBAHBI HA pa3Mep
61o0xkoB SMU.

BbIBO/IbI

[IpoBeneHHbIC aBTOPOM HCCIIEAOBaHUS YOEIUTENBbHO IMOKa3ald, YTO METOIbI

HEIMHEHMHOM T'€OCTAaTUCTUKU OINTUMAJbHO MOAXOAAT JUIA CO3JaHUsA €IUHOU
METOHNOJIOTHYECKOW CHUCTEMBI PYAHUYHOM TE€OJIOTUM, OTBEYAIOLIEH COBPEMEHHBIM
TpeOOBaHMSIM TOPHOW MHAYCTpUU. B OCHOBY €IMHONW METOAOJIOTHYECKOW CHCTEMBI
JIETJIM HOBATOPCKUE METO/IbI aBTOPA.:

1.

Kpurepuit CV%, mnpemyiokeHHbI aBTOPOM JUIsi KOHTPOJS KadecTBa TMPoO
MO3BOJISIET KOJIMUYECTBEHHO OIICHUTH T€OJIOTHYECKUE U JIa0OpaTopHbIe (PaKTOPHI
OIIMOKK OMPOOOBAHMS U HA ATOW OCHOBE BBHIOPATHh OMTHMAJIBHBIE COOTHOIIICHUS
MEXIy CEThIO ONPOOOBAaHUS U METOANKOM MPOOOIOATOTOBKH;

[TokazaHo, 4TO, UCTIONB3YST MHIUKATOPHBIE BAPUOTPAMMBI, PyIHBIE TE€JIa MOXKHO
MaTEeMaTHYeCKd OKOHTYpHMBaTh TI0 BEJIMYMHE BEPOSITHOCTH 3aJaHHOTO
r€0CTaTHCTUYECKOTO HHINKATOPA;
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3.  Amtopom pazpaboTaH HOBBII MeTon mozcuera 3anacoB «LUC), MO3BOISIOIIHIA
paccuuThIBaTh PACIPENEICHUE IOJE3HOTO KOMIIOHEHTAa B OJIOUHYIO MOJEIIb.
MeTton He HapylmaeT CTaTUCTUYECKUX OTHOLIEHMH MEXAYy Jucriepcuei
U3y4aeMol INEepeMEHHONM M pa3MepoM OJIOKOB, YTO IO3BOJIAET PacCUUTHIBATH
pacnpe/esieHne 3anacoB 0 HEOOIBIIUM CEJIEKTUBHO OTpaOaThIBAEMBIM OJI0KaM
U He TpeOyeT Ype3MEPHOro CIyIIEHUs OypOBOW CETH.

4. PazpaboTaHa HOBaTOpPCKas METOAMKA KJIACCU(UKALIUU 3aI1aCOB 10 CTENIEHHU PUCKA
BO3MOXKHOM OLIMOKH, KOTOpasi paCCUUTHIBACTCS U3 HOPMBI MPUOBLIH MPOEKTA.

Pa3zpaboTaHHble METOIUKH HE SIBISIFOTCS Y3KOCTICIIMATU3UPOBAHHBIMU TEXHOJIOTHSIMH

Y YCHEIIHO NPUMEHSUIACH Ha Pa3JIMYHbIX TUIIAX MECTOPOKACHHM, OT JKUIIBHOTO 30JI0Ta

70 KpyHMHO-OOBEMHBIX THIIOB, BKIIOYash MEAHO—TIOP(GUPOBBIE M JKEJIE30pYyIHBIC

MECTOPOKACHUS.

Mmuorue aBTopckue pazpabotku, Hanpumep, LUC, CV%, yxe BHenpeHbl B
OPaKTUKY W IIUPOKO  HUCHOJB3YIOTCA  MEXAYHAapOAHBIMH  TOPHOPYJIHBIMU
KOPHOpaLUsMH.

B 3axiroueHnn oTMeuy, 4TO K COKaJeHHUIO (popMaT IUCCEPTALMU HE TO3BOJISET
BKJIFOUUTH BCE MOJTYYEHHbIE aBTOPOM PE3YJIbTAThl, IO3TOMY aBTOpedepaT COACPKUT
TOJIBKO TJIaBHbIE METOJMYECKHE Pa3pabOTKH aBTOpa. JJonoIHUTENbHYIO0 HH(OPMALIKIO
U JIpyrue MpakTUYeCKUe peKOMEHAlNK MOKHO HalTH B myoOnukauusax M.AG3anoBa
CIMCOK KOTOpBIX MpUJIOXKeH K aBTropedepary. Haumbonee nonHoe omnucaHue
MPENI0KEHHON CUCTEMBI T€0JI0r0pa3BEAOYHBIX padOT COIEPKUTCS B €0 MOHOTpaduu
“Applied Mining Geology”.

HNPAKTHUYECKHUE PEKOMEHJIALINHU

Pa3paboTanHbie aBTOPOM METO/IbI KJacCU(UKAIIMU 3a11acOB, OCHOBAHHBIE HA OL[EHKE
PHUCKOB, JOJKHBI OBITH PACCMOTPEHBI KOMUTETAMH T10 3aracaM pybl U, 10 MHEHUIO
aBTOpA, 3aCIy>KUBAIOT CKOPEUIIIETO BHEAPEHUS B MPAKTUKY.
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PE3IOME

auccepraunu Ad3ajsoBa Mapara 3aiiHyTAuHOBHYA Ha Temy: «CoBpeMeHHbIE
NPUHUMIBI OPraHM3allMd M METOJO0JIOTHS Tre0J0ro-pa3Belo4YHbIX pPadoT mnpu
OCBOCHHMH TOPHO-PYAHBIX TMPOEKTOB M HUX NOCJHeAYOIEed IKCIUIyaTAlnu
(ITlpuknagnas Pynuuunas I'eosiorusi)» Ha COMCKaHHUE YUEHOM CTENEHH JOKTOpa
reoJIOro-MUHEPAJOTHYECKMX Hayk 1o cnenuajgbHoct 25.00.11- reosorus,
NMOMCKM ¥ Pa3BeAKa MeECTOPOKICHHI TBEPAbIX MOJE3HbIX HCKONAaeMbIX,
MUHepareHus

KuiueBble ciioBa: pyAHUYHAs TEOJIOTHSA, T'€OCTATUCTHUKA, OIEHKH PHUCKOB,
KJ1accu(HKaIys 3amacoB, 3-X MEPHBIC MOJICIIH.

Heab uccienoBaHus: CO3JaHWE HOBOM CHCTEMbI MAaT€MaTHYECKUX METOJIOB
st cOopa M aHaliv3a TreoJoropa3BeOYHBIX JAHHBIX W TOCTPOCHHS 3X MEPHBIX
MOJIEJIEH PYAHBIX Tel. MeTonoNIornueckol OCHOBOM 3TOM CUCTEMBI CTajld METOJbI
HEJIMHEHHOM Ire0CTaTUCTUKU U CTOXACTUYECKUE (BEPOSITHOCTHBIC) MOJICIIH.

MeTtoabl ucciaeaoBaHusi: B paboTe HMCHOJIB30BaHbl METO/bl HEJIMHEHMHOU U
HeMapaMeTPUUeCKOM TeOCTATUCTUKU, BKIIOYAs HOBBIE METOJbI, pa3paboTaHHBIC
aBTOpPOM I OKOHTYpHUBAHUSI PYAHBIX TEJl, 3aBEPKH KadecTBa OMPOOOBaHUS U
MOZCYETAa 3aM1acoB, a TAKKE METO/Ibl CTOXaCTHYECKOTO MOJEIUPOBAHUS.

IMonydyennblie pe3yabTaTbl W HOBH3HA: BriepBbie ObUIO TMOKa3aHO, YTO C
noMmomblo Metrona «LUC» MOXHO pacCUMThIBATH PACOPEACICHHUE 3aIlacoB IO
HEOOJIBIIUM CEJIEKTUBHO OTpadaThiBaeMbIM OJIokaM. MeTos He TpeOyeT Ype3MepHOro
CTyIIEeHUs] OYpOBOH CETH.

ABTOp OJIHUM W3 MEPBBIX MPEIJIOKUIT METOJAUKY OKOHTYPUBAHUS PYIHBIX TEI,
HCIIOJIB3YS BEPOSITHOCTHYIO OIIEHKY Me0CTaTUCTUUECKUX UHIUKATOPOB.

Hogoii pa3pabotkoit siBnsierca kpurepuid CV%, npennoxkeHHblii aBTOPOM ISt
KOHTPOJISI KayecTBa MPOO M KOJMYECTBEHHOTO COMOCTABIICHUS TEOJOTUYECKUX U
n1abopaTopHbIX (PAKTOPOB OMIMOKH ONPOOOBAHMUS.

Pa3pabotana HOBaTOpckash METOAMKA KJIACCHU(PUKAIMKM 3aMacoB IO CTENEHU
pHUCKa OIIMOKH, TMPEBBIMIAIOIICH TOBEPUTEIbHBIA UHTEPBAJ, KOTOPBIN OMpeesieTcs
10 HOpME PHUOBUTH MPOEKTA.

PazpaboTanHbsie aBTOpOM KpUTEpUU OTOOpa KPYMHO-OOBEMHBIX MPOO TOXKE
HOBAaTOPCKHE U TMO3BOJISIOT 00JI€€ TOYHO OIEHUTH MPEACTABUTEIHLHOCTh MPOOBI IS
TEXHOJIOTUYECKUX UCTIBITAaHUH.

Pexomenaanusi 1nmo HCHOJb30BaHMIO: Pa3paboTaHHbIE aBTOPOM METO/IbI
3aCJIy’KMBAlOT BHEAPCHHUS B MPAKTUKy. PEBOJIOIMOHHBIM MPOPHIB MOXKET OBITh
JIOCTUTHYT UcTojb3oBaHueM merona «LUCy s moacyera 3anacoB ¢ nociaeayronen
WX KJaccudukaiuen mo MeToauKke aBTopa.

O06J1acTh mnpuMeHeHHusi: paOOThl aBTOpa HauboJee NPUMEHUMBI IIPU OCBOCHHUH
TOPHOPYIHBIX MPOEKTOB, B IEPBYIO OUEPE/lb JUIs MOJICUETA 3aI1aCOB MECTOPOXKICHUI
U OIEHKA PHUCKOB. OTMETHM, YTO MHOTHE Pa3pabOTKH aBTOpa YK€ BHEIAPCHHI B
MPOU3BOJICTBO U IIUPOKO UCIOIB3YIOTCSI TOPHOPYIHBIMU KOMITAHHUSIMU.
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Mapar 3aiinyraiuHoBu4 Ao03anoBayH 25.00.11 - reosorusi, Katyy KeH
OalyIBIKTaApabl M3100 3KAHA YAJrbIHA00, MHUHEPANAbIK AJAUCTUIH OOIOHYA
reoJI0ro- MUHEPAJOTrHAJIbIK WINM/IEPUHUH JOKTOPAYK JaPaKAChIHbIH AJIyy YYYH
kaspliran  ""Too-keH [m0s1000pJIOpAy HMINTEN YbITYYAArbl KaHA aJjapiabl
KeJieYeKTe WIITYYAO6ry TeoJOTHsIbIK YaJrbIHI00 HWIITEPUHUH 3aMaHOan
YIOIITHYPYY NPUHOUHTEpH kaHa Metogojorusicbl (Kosmonmo pynajabik
reoJIOruschl)' aTTyy JOKTOPAYK AUCCEPTANMSICHIHBIH

PE3IOMECH

AYKBIY €O3[10p: TOO-KEH TeOJIOTHUACH], T'€OCTaTUCTHKA, TOOOKEIIUKTEPIN
aHaIM3/106, MUHEPAJIbIK pecypcTapabiH Kinaccudukamuscsl, 3D monennepu.

N3un1e6HYH MakcaThbl: YalTblHA00 MAaalbIMATTAPhIH YOTYJITYYJaH >KaHa
aHaJIM3 KYPry3YyAeH TapThi, 3D pyaa MEHKHMHIUTUH OOIOHA MOJEIACPAU Kypyyra
YEUMHKA apaJIbIKTBl KaMTBhITaH MAaTEMaTUKAJIBIK METOMJIOPAYH WHHOBALMSUIBIK
TYyTYMyH Ty3yY. CHUCTeéMa CBI3BIKTYY OMe€C TI'€OCTATHUCTUKAaHBIH METOLAOPYH
CTOXACTUKAJIBIK (BIKTHIMAJIJBIK) MOJIEIACP MEHEH alKaJIbIILITHIPAT.

N3niane6HYH METOAI0PY: CBI3BIKTYY AMEC I'€OCTaTUCTUKAJIBIK U3UII106/10 KaHa
apamMeTpIUK 5MEC BIKMajap, aHbIH WYMHJE AaBTOPAYH PYAAIBIK TEIOJOPAYH
KOHTYPYH aHBIKTOO, ajapJblH camaTblH KaMCBI3JI00HY jKaHa 3aracTapblH 0aaJooHy
WIITEMN YbITYY YUYH WIITEIUI YbIKKAH KaHbI BIKMajiapbl KOJAOHYJIAT, aH/IaH CBIPTKAPBI
CTOXACTUKAJIBIK MOJAENIIEPH KEHUPHU KOJIIYJIraH.

Herusru aybLIbIITApP KaHA KAHBLIBITBI: OupuHYM oy "LUC" pIkmMachiH
KOJIJIOHYY MEHEH MUHEpAJJIbIK pecypcTapibl CEIEKTUBAYY OJOKTOpPro 0eyiyn Kepce
00J10T. bIkMaHbl Oyprynoouy TOpro amibikya TOATYpOai 3j1e KOJIA0HCO 0O0JIOT.

ABTOp OMpUHYMIEpJeH 0Oyl pyJalblK TEIOTO T€O0CTaTUCTUKAIIBIK UHIUKATOP
KapaaMbl MEHEH 00KOMOJIIO0 0aaTOOHY KOJIJJOHYIT KEHJIMH YETHH aHBIKTOO BIKMAChIH
CYHYLITaraH.

MaasnbIMaTTapAblH canaThlH KOHTPOJA00 Y4YYH aBTOp cyHym Kbuirah CV%
KPUTEPUITM NTHHOBALUSJIBIK MYHO3I'© 33 JKaHa YITYJIOPAYH TaKThI'bIHA TAACUP 3TYY4Y
reoJIOTHSUIBIK  ’KaHa JIabopaTOpHUSUIBIK  (DAKTOPJIOPLY CaHIBIK aHaIM3/166 YYYH
KOJIZIOHYJIYIIY MYMKYH.

Bbupunun xoy pecypcrapiabl 0aanoon0 10J1000paAyH KUPEUIMHE HOpMa KaTapbl
aHBIKTAJTAH 3alacThlK KIACCU(PUKALUMACHIHA bIKMa HWIITEIUILAT HIICHUMIYY
MHTapBaJIbIH KaTa TOOOKETYMIMTMHHEH OachiM KbLIaT.

Ynarynepay 4OTylITYyHYH KpUTEpUMJIEpHU Jarbl HOBATOPAYK MYHO3re 33 jKaHa
YOH-KeJIOMJIYY Ipobajap YJAryJepyH Tak 0aajJooro MyMKYHUYJIYK Oeper.

Koanonyy y4yH cyHylITap: aBTOpAYyK bIKMaJIap IPAKTUKAIIBIK KY36re alllbIpyy
TaThIKTyy. "LUC" BIKMachIH KOJIOHYY MEHEH PEBOJIIOLMSIIBIK KETUILTYYT® O0JI0T, aj
aJlapbIH 3aMacTapblH aHBIKTOOTO KaHa KJIACCU(DUKALUATIOO KEpPEK.

Koanonyy 4eiipesiepy: aBTOpJyH CYHYIITapbl TOO-KEH J0JI000PIOPYH HIITEM
YBITYyTa, apbIkya 6aa0o *aHa TOOOKETAUKTEPAr 0aano0 YUYH bUTaMbIKTYy. TakTan
ailTkanna, Oyl WINTHH KONTereH HaTbliKalapbl TOO-KEH TapMarblHAa HILIKe
alIBIPBLIBIN, KEH Ka3blll aJlyydyy KOMIIAHUUIAP TapaObIHAH KEHUPHU KOJIJOHYJIYT KeJle
xKaTart.
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SUMMARY

Doctoral thesis of Marat Zainutdinovich Abzalov: “Modern principles and
methodology of exploration during development of the mining projects and
geological support of the operating mines (Applied Mining Geology)” submitted
for consideration of the Doctor of Geology and Mineralogical Sciences degree,
on the speciality “25.00.11 — Geology, prospecting and exploration of the mineral
deposits, mineral systems”.

Key words: mining geology, geostatistics, risk analysis, mineral resource
classification, 3D ore body models.

Scope of study: creating an innovative system of the mathematical methods
spanning a range from the numerical exploration data capturing and analyses to
construction of the 3D ore body models. The system utilises methods of non-linear
geostatistics coupled with stochastic (probabilistic) models.

Study methods: the study uses methods of non-linear geostatistics and non-
parametric techniques, including the new techniques developed by the author for
delineating the mineralised bodies, data quality assurance and the mineral resource
estimation. The study also widely uses the different probabilistic models of the
regionalised variables coupled with methods of stochastic simulation.

Main findings and their novelty: the obtained results are essentially novel,
providing solutions that was not available before.

For the first time was shown, that using the method “LUC” the mineral resource
can be estimated into small blocks. The method can be applied without excessive
infilling of the drill grid.

Author was one of the first who has proposed to delineate ore bodies in 3D space
using probabilistic estimate of the grade indicators.

The criterion CV%, proposed by the author for the data quality control, is
innovative and can be used for quantitative analysis of the geological and laboratory
related factors affecting the samples precision.

For the first time was shown that the resource can be classified by risk of the
estimation error exceeding the tolerance interval which is inferred from the profit
margin of the project.

The criteria of the bulk sample collection are also innovative and allow more
accurately assess representativity of the bulk samples for metallurgical tests.

Recommendations: the author’s methods shell be considered for practical
implementation. The breakthrough can be achieved by application of the method
“LUC” for resource estimation that should be followed up by their classification using
the author’s classification scheme.

Application areas: the presented work is well suited for the mining projects
development, in particular for evaluation and risk assessment. In fact, many results of
this work are already implemented in the mining industry and widely used by the
mining companies
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