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JlaH aHaaIu3 METOIOB U IIPUEMOB IOJTAIIHON 3aBEPKU PE3y/IbTaTOB TPEXMEPHOIO MOAEIMPOBAHMS M OLEHKK PECYPCOB,
MPUMEHEHUE KOTOPBIX PACCMATPUBAETCS Ha KOHKPETHBIX MPUMEPAX MECTOPOXKICHUI PYIHbIX ITOJIE3HBIX KCKOIIAEMBbIX.
W3 npeaiaraeMbiX METOIOB MOXKET ObITh C(OPOPMUPOBAH HAOOP MPOBEPOK, 0OOECTICYMBAIOLLIMX HEOOXOAUMBIN YPOBEHb
JIOCTOBEPHOCTHU PE3YJIbTAaTOB, B 3aBUCMMOCTH OT IF€0JJOTMYECKUX OCOOEHHOCTEN U 00JIaCTH MPUMEHEHMS TPEXMEPHOM

MOAEIN MECTOPOXKICHUS.

KioueBbie cioBa: T€oCTaTUCTUKA, TPEXMEPHOEC MOACIUPOBAHUEC MCCTOpO)KI[eHHfI, OLICHKa pECYypCOB.

B mocnenHee BpeMsi TpeXMEpHOE I'e€OCTaTUCTUYE-
CKOE MOJETMPOBAHNE CTaJ0 HEOThEMJIEMOUN YacThiO
TeoJIOTUYECKON Pa3BEeIKU, OLEHKU PECYPCOB U IKC-
TUTyaTalluy PYOHBIX MECTOPOXICHUI BO BceM mupe. C
Y4eTOM MNPUPOMHON CIOXKHOCTU TE€OJOTMYECKUX O0b-
€KTOB, B YaCTHOCTHU PYTHBIX MECTOPOKICHUIT, MOICTb,
CO3JaHHas HA OCHOBE OTPaHMYEHHOI0 Habopa JaHHBIX,
HE MOXET OBITh MCTUHHOM. OHa TOJKHA OTpaXkaThb OT-
JleJIbHbIe CBOMCTBA, MapaMeTphl, XapaKTEPUCTUKU O0b-
€KTa C JTOCTOBEPHOCTBIO, JOCTATOUHON MJis peIICHUS
KOHKPETHBIX MpaKTU4YecKrX 3amad. [Ipm 3ToM BaxkHO
YETKO TTOHMMATh 00J1IaCTh MPUMEHEHUsI MoAeau. Tak,
MOJIeNTb, TIOCTPOCHHAS 110 JaHHBIM OYPEHUS TT0 PEIKOM
pa3BEeIOYHONM CETU, BPSI JIM MOXKET CTaTb OCHOBOM rop-
HOTO TIJTAaHMPOBAHUS, HO €€ BITOJTHE MOXXHO MCITOJIb30-
BaTb JJI OLIEHKU IEePCIEKTUBHOCTU MECTOPOKIACHUS,
11eJ1IecCO00pa3HOCTH €T0  JaJbHEUIero W3ydyeHus, a
TaKKe COCTaBJICHUSI ITPOrpaMMbl OYPEHUSI CJEAYIOLIEro
aTana reoyJioro-pa3BeqovYHbIX padoT.

I1pu BBIMOJHEHWU MOACIUPOBAHUS U OLIEHKU pe-
CYPCOB PYIOHBIX MECTOPOXKICHUI BaXXHBIM aCIICKTOM
SIBJISIETCSI TIORTAITHbI KOHTPOJIb KaueCTBa BBIMOJIHSE-
MBIX ONEpalUii, a TAKXKE KOPPEKTHOCTU ITOCTPOCHHON
MOZICNIA B IIeJIOM. BMmecTe ¢ pa3BUTHEM TeOCTaTUCTH-
YECKMX METOIOB Pa3BMBAINCh U METOABI OLIEHKU I0-
CTOBEPHOCTH TTOJTYIeHHBIX pe3yiabTaToB [1, 3, 8, 9, 10].
BoabIIMHCTBO OMyOJMKOBAHHBIX paboOT B 3TO# cdepe
KacaeTcsl 3aBepKU pe3yJIbTUPYIOLEil OJIOUHOI (pecypc-
HOI1) MOAEIM MECTOPOKIACHUSI.

Llenp cTatbu — aHaIM3 METONOB M TPUEMOB 3a-
BEpPKU Pe3yJbTaTOB KaXKIOI0 M3 2TAlOB TPEXMEPHOIO
MOIEIMPOBAHUS M OIIEHKHN PECYypPCOB MECTOPOXKICHUIA
DPYIHBIX MOJIE3HBIX MCKOMaeMbIX. B KauecTBe mpuMepoB
paccMaTpUBAIOTCS TPEXMEPHBIC MOIEIN MECTOPOKIC-
HUH, co3maHHbIe B cpeae Micromine.

TpexmepHOe reoCTaTUCTUYECKOE MOACIMPOBAHUE
OCYILIECTBIISIETCSI TIOCPEICTBOM ITOCIIEIOBATEILHOTO BbI-
TOJIHEHMSI CICAYIOIINX OCHOBHBIX 3TAIlOB:

v’ co3gaHmne 0a3bl TaHHBIX;
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v/ TeosiornyecKkasi iHTepIIpeTalys, IIOCTPOSHUE Te0-
METPUUECKOI MOoJeIH (KapKacHOe MOJEJIMPOBAHUE);

v/ CTaTUCTUYECKUI aHaIU3;

v KOMITO3UTUPOBaHNE, OKOHTYPUBaHUE 1 KapKac-
HOE MOJEIMPOBaHNE PYAHBIX T,

v/ TeOCTaTUCTUYECKUE UCCIIeTOBAHMUS;

v/ 0JIOYHOE MOJCIMPOBAHUE;

v/ OIICHKA PeCypCOB METOIOM I'eOCTATUCTUYECKOTO
MOJEIMPOBAHUS.

B npotiecce MoaenmpoBaHus 10KHA ObITh obectie-
YyeHa BO3MOXKHOCTb MPOBEPKHU Kaxkaoro aTama. Jlamee
PacCMOTPUM METOJIbI 3aBEPKU PE3YJIbTATOB IIJIST KAXKIOTO
M3 TIEPEUMCIEHHBIX 3TAlloB 00paboTKM MHGMOPMAIUH.

Co3nanne 0a3bl JaHHbIX. JJOCTOBEPHOCTEL OJIOYHOM
MOJIEJTN TIPEXKIEe BCETO 3aBUCUT OT KaYeCTBA U TMOJTHOTHI
MCXOAHBIX MaTepuanoB. [Ipu 3ToM 0ocoboe BHUMaHUE
cJIeyeT YAesTh TPaBUJIbHBIM METONMYECKUM TTOIXO-
JaM Ha BCEX CTaausIX U JUIsI BCeX BUIOB paboOT: pas-
BEJIOYHBIX, TOTTOrpado-reoae3nyecKux, ornpodooBaHus,
XUMMKO-aHAJTUTUYECKMX, KOHTPOJISI KauecTBa, MepBUY-
HOIl 0OpabOTKU TOJIEBBIX MAaTE€PUAIOB, COCTABJICHMUS
0a3 JaHHbIX, YHU(UKALIMY HAa3BaHWU TOPHBIX MOPOJ
W T. .

ITonpoObHOE paccMOTpeHMe OLEHKM KauyecTBa MC-
XOIHBIX TAaHHBIX HE SIBJIICTCS IPEIMETOM TaHHOM CTa-
TBbU, HO C YYETOM OOIIETTPU3HAHHBIX MEKIYHAPOTHBIX
TpeOOBaHUI MOXHO OPUEHTUPOBATbCS Ha TaOIUILy
koHTpobHBIX KputepueB (JORC Table 1 —checklist of
assessment and reporting criteria), KoTopasi COIEpKUT B
TOM YKCJIe KPUTEPUU OLIEHKU MCXOAHBIX TaHHBIX [7].

baza ucxonnbix gaHHbIX (data base) pymHBIX Me-
CTOPOXIECHU OOBIYHO COCTOUT MUHUMYM U3 4 haii-
JIOB, CBSI3aHHBIX MEXITY COOOW HOMEpPOM BBIPAOOTKU
(puc. 1): Collar cogepxuT UH(POPMALINIO TIPO KOOPIH-
HaThl YCThSI U MIYOMHY KaXaoi BbIpaOOTKM, Inclina-
tion — Mpo pacrojoxeHrne BhIpabOTOK B IPOCTPAHCTBE,
Assay — IaHHbIE MHTEPBAJIOB OMIPOOOBAHMS U PE3YIIhb-
TaThl JJabopaTopHbIX aHanu3oB, Geology (Lithology)
— OmMcaHue KepHa CKBaXWH (MHTEPBAJIOB IMOPOI B
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COLLARDAT =

BHID | X Y 84 RL | Type |Depth Profile|
1 27713 552181.24 530785022 3278426565 5307950.695 141.74 exploration 4500 1
127716 55224706 5307832 75 327907 7438 5307939.684 14172 exploration 297.0 1
|27732 55213381 5307860.79 3277956760 5307972098 141,69 exploration 4486 1
| 4 27557 55231103 530792395 3279752025 5308028 324 14295 search 2706 2
[ 5 27556 552243.38 5307936.08 327906.1910 5308045.069 14303 search 3278 2

| x_wesss | Y_wGssa

OLOGY.DAT =

| BHiID | From | To | interval Rock description

» (27713 70 464 394 rmmw
21 |27713 464 6844 18.0 nickn PIZHOIBPHWCTI
2 27713 B44 1171 52.7 xopa iTp

3 (27713 117.1 1300 12.9 ki i
24 (27713 1300 1648 34.8 kpic i GioTwTos,

Tl nopy

25 (27713 164.8 1834 18.6 METERCOMATHT rPaHaT-KBapL-NoMb TOBWA (N0 KpHCT

Sample ID From To Interval Core recovery E1,0
|27 57 2326 2337 14 08 01900
| 27713 58 2337 2342 0.5 0302400
| 2342 2371 29 22 0.0600
2371 2393 22 1.6 0.4400
2393 2415 22 1.6 0.3700

0022 00011
0060 00029
0.027 <0.0011
0.152 0.0011
0143 00014
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Puc. 1. TIpumep 6a3bl JaHHBIX — CTPYKTypa TaOJIMILI, BU3yaaIu3ariust

Fig. 1. Database example — table structure, visualization

mypdax, TpaHiesx). Bce BUIbI TOPHBIX TTOPOI TOK-
HbI OBITh YHU(DUILIMPOBAHBI U pa3/ieeHbl HA OCHOBHBIE
JINTOJIOTUYECKHE (rmeTporpaduyeckre) pa3HOBUIHOCTU
C COOTBETCTBYIOLIEH LIBETOBON KOIUPOBKOU (puc. 1).

CoBpeMeHHbIe CreLUaJTu3upOBaHHbIe TeOUH(pOpP-
MaIIMOHHBIE CUCTEMBI TTO3BOJISIIOT aBTOMAaTUYECKHU TTPO-
BepuUTh 0a3y JaHHBIX Ha HaJUYKMEe KPUTUUYECKUX OLIM-
00K, HampuMmep: OTCYTCTBHME KaKOMU-JIMOO OCHOBHOM
MHGbOPMALIMKU O PACHOJIOKEHUN CKBaXKMHBI (OIHOMN U3
KOOpAWHAT, TJYOWHBI, a3uMyTa WIM yrjia OypeHus);
MepeKpbITUE WHTEPBAJIOB ONMPOOOBAHUS WU T'€OJOTH-
YECKOTO OIMMCAHUS TTOPOJ; IIyOMHA CKBAXKMHBI MEHBIIIC
IyOMHBI B3SITUSI MOCAEAHEN TPoObl WM WHTepBaja
TOopoAd U T. II.

ITpu poBepKe UCXOAHBIX TaHHBIX MOXHO MCITOJIb-
30BaTh TaKue MPUEMbI, KaK OMpeaeeHue MaKCUMalb-
HOTO U MUHUMAJIbHOTO 3HAYeHWI KaxI0TO ImapaMerpa
JUTSL ICKJTIOYEHHS OTPULIATEIbHBIX U 3aBEIOMO BBICOKHX
3HaYeHUI1. B HEKOTOPBIX ciTydasix 11es1ecoo0pa3Ho Mpo-
BEPUTh 3HAUYCHUSI CYMMbI HECKOJIBKMX KOMITOHEHTOB,
KoTopasi He MoxkeT TipeBbIinath 100 % (Hanmpumep, KOM-
TMOHEHThl XUMUYECKOTO COCTaBa TOPHBIX MOPOM U PYII,
rPaHyJIOMETPUUECKOrO COCTaBa M T. II.).

O1IMOKM MEePBUYHBIX T€OJOTMYECKUX MaTepUaoB
¥ OLIMOKM BBOJA JTaHHBIX YCTPAHSIIOTCS IMyTEM BHM3ya-
JIN3alMM MUCXOMHBIX TAOJIMYHBIX JaHHBIX, a TaKXKe WX
COITOCTaBJICHUEM C COOTBETCTBYIOLLEH rpadrKoii 1 U30-
OpakeHMSIMM, TIPUBSI3AHHBIMU B JIBYX- WJIM TPEXMep-
HOM TpocTpaHcTBe. [Ipu 3TOM BBISIBASIOTCS Haubosiee
rpyOble U OYEBUIHbBIE OILIMOKM B MapaMeTpax pacroJio-
JKE€HUSI BbIpAaOOTOK (KOOpAUHATAX, UHKIIMHOMETPUH ), a
TaKKe B COIEPXKAHUSIX, HA3BAHUSIX TOPHBIX TTOPOJ U T. 1.

BaxxHbIM 3TanioM KOHTPOJIS KauyecTBa MCXOIHBIX
JAHHBIX IJI1 MOJICIMPOBAHUS SIBISIETCS TaK Ha3bI-
Baemblii aHaimm3 QAQC (Quality assurance/Quality
control — obecrneyeHre KadyecTBa/KOHTPOJIb Kade-
CTBa), KOTOPBII KacaeTcsi, B OCHOBHOM, OIPOOOBAHUSI
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U 1a00paTOPHBIX PabOT U BKJIKOYAET TaKKE MPOLEIYPhI:

— BHEIWIHWI U BHYTPEHHUI KOHTPOJIb J1abopaTop-
HBIX aHAJIM30B;

— TIOCTpoeHre TpaUKOB C pe3yJibTaTaMM qyOJuKa-
TOB aHAJIMTUYECKUX TTPO0;

— TIpOBe/IeHNE aHaln3a CTaHIAPTHBIX MPoO (stan-
dard samples), Kak mpaBuI0, CepTUGULIMPOBAHHBIX O
MEXXIyHAPOJTHBIM CTaHAApTaM;

— BBIMOJHEHUE aHAIU30B U Tpaduyeckast BU3yalu-
3a1MsI XOJIOCTHIX TIpo0 (blanks) ¢ «HYIeBBIMI» COAepsKa-
HUSIMU TOJIE3HOTO KOMITOHEHTA.

T'eonornueckasi uHTEpIpeTaNMsl, KAPKACHOE MOJIEJIH-
poBaHue. [1py OTCYTCTBUM JTUTOJOTMUYECKOTO KOHTPOJIS
OpYIEHEHUS PyIHbIC TeJla OKOHTYPUBAIOT 10 €CTECCTBEH-
HoMy (IMpUpOAHOMY) OOPTOBOMY colepxKaHuto (natural
cut-off grade), KoTopoe 3aBe1IOMO HMXKE MPOMBbIIIIEH-
Horo. [1py HaTMYMK TUTOJIOTMYECKOTO KOHTPOJISI CHA-
yaJia BBIMOJIHSIOT OKOHTYPUBaHME MOPOJ, BMEILAIOIINX
OpyIeHEHNe, U CO3/Ial0T TEOMETPUIECKYIO (KapKacHYIO)
Moesib MecTopoxkaeHus (wireframe model).

leonmormyeckast UHTEpIIpeTaLvsl MPOBOJUTCSI OKOH -
TypUBAHWEM T€0JJOTMYECKUX Te B MPOGUIISIX C UCTOJIb-
30BaHUEM JIUTOJOTUUECKMX KOJIOHOK, TMOCTPOCHHBIX
BIOJIb TPACC CKBAXKMH B COOTBETCTBUU C Pa3pabOTaHHOM
snereHaou (puc. 2). Ilpu oTCYyTCTBUM JTUTOJIOTUYECKO-
IO KOHTPOJISI BMECTO KOJIOHOK ITPUMEHSIIOTCS KOMIIO-
3UTHBIE MPOOBI, CO3MaHHBIC C YUYECTOM €CTECTBEHHOIO
OOpPTOBOTO COAECPKAHMSI.

OCHOBHbIE IPUHLIUITBI OKOHTYPMBaHUSI, B TOM YHC-
Jie BBIKJIMHMBAHMS TeJl B pa3pe3e W TUIaHe, JOJKHbBI
OBbITb OJMHAKOBBIMM [IJISI BCETO MECTOPOXKICHMUSI.

KoHTypbl, co3maHHble Ha 3Tare MHTePIpeTaln, 00be-
IUHSTIOT B 00beMHbIE KapKachl, 00pa3yolue reoMeTpu-
YecKy1o (KapKacHyI0) MOfIesib MecTopoxkaeHus (puc. 3).

11 KOHTPOJIsI KauyecTBa KapKacHOIro MOAEIMPOBa-
HUSI HEOOXOIMMO BBISICHUTH YMCJIO MHTEPBAJIIOB BME-
LIAOLIMX Mopold (WM Tpod C coaepXaHUeM HMXKe
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TTS0X

Puc. 2. OKOHTYypUBaHUE T€OJOTUYECKUX Tel B rpoduiie (a), KOHTYpsl uHTepnperanuu B 3D (6) [2]
Fig. 2. Delination of geological bodies in profile (a), interpretation contours in 3D (6) [2]

Puc. 3. KapkacHast momenb [2]
Fig. 3. Wireframe model [2]

€CTECTBEHHOTO OOPTOBOTO) BHYTPM KapKaca M 3a €ro CraTucTuyeckuii anaam3. Pelnaior takve 3agaum:
npeneaaMmu. Kpome Toro, Kapkachel He JOKHBI UMETh v/ ompenejieHUEe pacIipeaecHsT COIepKaHUi T10-
OIIMOOK TPUAHTYJISIIMM, He3aMKHYTBIX KOHTYPOB, Ca- JIE3HOTO KOMITOHEHTa;

MOTIepeceUYeHUil U T. 1. (MpoBepKa BIMIOJHSETCS BCTPO- v/ TIOJIy4eHHE COOTBETCTBYIOLIMX CTAaTUCTUYECKUX
€HHBIMU (QYHKIIUSIMH aBTOMATUUICCKH). TMapaMeTpoB;
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LT 2_5 5 M

Or [pose2 J2625 | -
t ———— 0.3080
1.1052__! _1_.3225_ 1 _‘_‘2‘51__

MUHHMANEHER BENHUMHA 0.0020

MakcumansHassennuma  4.5000

/ A 2-Anossicote.  4.3000
f I Sinosucore  4.0000
4-ii no BEICOTE 3.9400

Kon-80 3385

CpepHee  0.6039

Oucnepcs  0.6001

CTaHgapTHOE OTK/OHEHWE 0.7747

Koad. sapuaum. 12829

Mepwana  0.1800

Ln CpefHee -1.6128

Ln cTA. OTKAOH.  1.6910

FeomeTpuyeckoe pegriee  0.1993

leoMeTpHY. CTA.OTKN.  5.4251

OueHka Cuwens 0.8319

'l,] V Cuwens 2.8587

\ Famma Cuwens 4.1736

N TpOBEpKa N0 KpUTEPHIOXN-KBaapaT  996.4067

Degrees of Freedom 27

0,1

-

Puc. 4. FI/ICTOI‘paMMa CO)ICp)KaHI/Iﬁ B Ipeaecjiax reoJJOrm4YeCKux Teji, rnapaMeTpbl J1EKOMITO3NTINN

Fig. 4. Histogram of grades within geological bodies, decomposition parameters

v/ olleHKa HEOOXOAMMOCTU paslesieHUs] COBOKYII-
HocTel (TomyJIsAIuit) coaepkaHuii Mpy HaTMIuu Oosee
YyeM OJHOUW CTaTUCTUYECKU OOOCHOBAHHON COBOKYII-
HOCTH.

Yacto pacnpeneieHue I0Je3HOro KOMIOHEHTa B
npeneax KapKacHOM MOIeNIn, CO3MAaHHOU I10 JIUTOJIO-
TMU WIN «E€CTECTBEHHOMY» OOpPTOBOMY COAEPXKAHUIO,
MOKa3bIBaeT HAIMYKME ABYX WU OoJsiee MOMyJIsaiuii (co-
BOKYITHOCTEI ), KOTOPbIE MOTYT ObITh MHTEPIIPETUPOBA-
HBI KaK pyaHble 1 0e3pyaHble. B Takom ciyyae HeoOxo-

MO OIIPENIEIMTD ITapaMeTpPhl MOIMYJISILIMIA, B TOM YHCIIe
3HAaYCHUE, IO KOTOPOMY MX MOXKHO pa3aeiuTh (puc. 4).

Jlisi OKOHTYPMBAHMSI PYIHBIX TeJT HEOOXOAMMO
€031aTh KOMITO3UTHBIE MPOOBI (PYyIHBIE MHTEPBAJIBI) C
000CHOBaHHBIMY TTapaMeTpaMK KOHIULIMA. [TpyuHINIIBI
U1 METOJAMKA OKOHTYPUBAHUS PYAHBIX T€J aHAJTOTUYHbI
MPUHIATIAM ¥ METOIMKAM OKOHTYpUBAHUS MOPOJI, HO
B JAHHOM CJIy4ae CO30al0T KOMIIO3UTHBIE IIPOOKI U 0~
JIy4aloT KapKacHYI0 MOJIENIb PYIHBIX TeJI, KOTOpast BJIO-
JKE€Ha B KapKaCHYI0 MOJIENIb Fe0JJ0rnyeckKux Tei (puc. 5).

Puc. 5. KapkacHast MOZIe/Ib PYIHBIX TeJ, BIOXKEHHAs! B KAPKACHYIO MOJIEITb T€0JIOrMYeCKUX Tel [2]

Fig. 5. Wireframe model of ore bodies included in a frame model of geological bodies [2]
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KauecTBO OKOHTYpUBaHUS PYIHBIX TEJI IIPOBEPSICT-
Csl BBISIBJIEHMEM PYIHBIX UHTEPBAJIOB, KOTOPbIE HE IMO-
THajyv B KapKachl pyOHBIX TeJI, a TaKKe 0e3pyIHBIX MH-
TepBAJIOB, OKA3aBIIMXCS BHYTPU KapKacosB.

IToBapnaHTHasI OLICHKA PECypCOB MOXKET BBITIOJ-
HSTBCST B KapKacax, OTCTPOCHHBIX ITO0 KaXXIOMy W3
npeajaraeMbIX BapuaHTOB KOHAuWIIMI. B TakoM ciy-
yae 00s13aTeIbHO COOJII0IeHUE TTPUHIIMIA BJIOXKEHHBIX
KapkacoB. Tak, kapkac ¢ 0ojiee BHICOKMM OOPTOBBIM
comepXaHMEeM He MOKET BBIXOIUTH 3a TIPEICIIBl KapKaca
¢ OoJjiee HU3KMM OOPTOBBIM COAEPKAHMEM, KapKachl
PYIHBIX TeJI HE MOTYT BBIXOIWTH 3a IIPEAeIIbl KapKacoB
reojoruyeckux Tea u T. A. [4]. [IpoBepKy MOXKHO BbI-
TIOJIHSITh aBTOMATUYECKN BEIYUTAHUEM KapKacoB.

OrpaHnyeHne BIMSHUS <YParaHHBIX» COJdEPKAHMIA.
OHO HEOOXOOUMO, YTOOBI KOMIICHCHPOBATh HEIIpEemd-
CTaBUTEIbHOCTHh BBEIOOPOYHBIX JaHHBIX OIMPOOOBAHUS,
YYaCTBYIOIIMX B OLIEHKE PECYpPCOB, IO OTHOIICHUIO K
TIPUPOTHOMY pacIipeAe/ICHUIO COMEPKaHUI ITOJIE3HOTO
KOMIIOHEHTA B Mpeneiax MeCTOPOXKICHUS.

YparanHoe copepxxanue (top-cut grade) — 310 Ha-
OJItofIcHNE, KOTOPOE MPEACTABIISICTCS] HEMOCIeA0BATE b~
HBIM WJIM aHOMAJIbHBIM 3HAYeHWEM CPEIM TTOMaBIISIO-
111ero OOJBIIMHCTBA 3HAYEHUI JaHHBIX. B oTaeabHbIX
ciaydasx 10 % caMbIX BBICOKHUX COACPXAHUNA MOTYT
npeactaBasaTh 90 % unu 6osee oT 06IIET0 KOJUYeCTBA
MeTajUla Ha MeCTOpOXIeHUH, a 1 % caMbIX BBICOKMX
coaepxaHuii mpod — a0 10 % meramna. Kpome Toro,
yparaHHbIE COIEPXKAHMSI BHOCSIT CYILLIECTBEHHBIC U3MEHE-
HUS B CTAaTUCTUYIECKIE TTapaMeTphl, BKITIOUAs CpeaHee U
JIUCTIEPCUIO, YTO BIMSIET U Ha BApMOTPaMMHBIN aHAIU3.
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Puc. 6. Tpaduueckoe orpeeseHne yparaHHbIX coaepkaHuii [6]
Fig. 6. Graphic pointing of top-cut-grade [6]

© H.B. Bapsukas, H.I. Cagponosa
ISSN 1684-2189 GEOINFORMATIKA, 2019, Ne 1 (69)

J7st ompeneneHUsT YpPOBHSI YparaHHBIX COIepKa-
HUI 4acTO MPUMEHSIOT Ipaduyeckrue METOAbl C MC-
MOJIb30BAHNUEM THUCTOTPAMM, KYMYJISITUBHBIX KPHUBBIX,
rpadMKOB BEPOSITHOCTU M aHajau3a aeuwieil (puc. 6).
Cpenu apyrux Hambosiee pacIpoCTpaHEHHBIX METOI0B
cleayeT OTMeTUTh Meton KoraHa m MCITOJb30BaHME
MEePCEHTUIb-(QYHKIINU.

WMHorma mpoOsI ¢ yparaHHBIMU CONEPKAHUSIMU BbI-
JIEJIIOT B ONpene/ieHHbIe CTPYKTYpPhI (IoMeHbI). B Ta-
KHX CIyJasix HeOOXOAMMO TIPOBECTH BEIKOHTYPHBAaHIE
30H C BBICOKMMU COACPXKAHUSIMU B OTIEIbHBIC PYIHbIC
TeJia, YTOOBI B JaIbHEHUIIIEM TIPH OIIeHKE OJIOYHOM MO-
JIeJIM MCIOJb30BaTh UX U OTPAaHUYECHMS BIMSIHUSI Ha
YJacTKM ¢ Oojiee HU3KMMU CONEPKaHUSIMU.

HyXHO MOMHUTB, YTO YPOBEHb yparaHHbIX COJEP-
JKaHUI JOJDKEeH OBITh OMMHAKOBBIM JJISI pa3HBIX Bapu-
AHTOB OIIEHKU PECYPCOB MECTOPOXKIEHMSI, B TOM YKCIIE
TPAaAUILIMOHHBIX, TIPU UX COMOCTaBICHUU.

YpoBeHb yparaHHBIX COIEpKAaHUN HEOOXOINMO
OIPEeaeIsITh HECKOJIBKMMU METOIaMU C MOCIEAYIOIIUM
CpaBHEHHEM pe3yJbTaToB. BiaMsgHMe BBICOKMUX COIEp-
JKaHUM Ha o0lee KOJMYECTBO MeTajllla OLIEHUBAETCS
IyTeM CpaBHEHUS Pe3yIbTaTOB OILICHKHU PECypCOB C TO-
JIaBJIEHMEM yparaHHbIX COIEePXXaHWI U 0e3 MoAaBIeHUs],
a TaKKe COIOCTABIICHUEM CTATUCTUUCCKUX TTApaMETPOB.
CrenyeT Takxe MpoaHAIM3UPOBaTh JJOKATbHOE BIUSIHUE
BBICOKMX COIEpKaHWII Ha COCeTHME OJIOKU.

Komno3utupoBanue. 3T0 MeTOA AeKJacTepU3aliuu,
00eCIeuynBaloIIMi COMOCTABUMOCTD BIUSHUS TPOO C
pa3HoM AJMHOM Ha cTaTucTUYeckue oueHku. OH 3a-
KJIIOYaeTCs B IIPEABAPUTEIHLHOM TIepecueTe ComepKaHui
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Fig. 7. Histogram of sample lengths of deposit, the main statistical parameters
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Puc. 8. PacnpeneneHnue conepxxaHuii o npodam U pyaHbIM UHTEpBaJaM (KOMITO3UTaM)

Fig. 8. Content distribution of the samples and ore intervals (composites)

TOJIE3HOTO KOMITOHEHTa Ha WHTEpPBaIbl (PUKCUPOBAH-
Hoit mmHEL [Ipoueaypa HeoOxoauMa TSI TOTO, YTOOBI
n30eKaTh CMEIIEHUSI OIICHOK CPEIHMX IO BBIOOpPKAM
npob mpu padboTe ¢ UX MEPBUUYHBIMU pa3MepaMu.

OnTUMaNbHON JUTMHOM KOMITO3UTHBIX TTPo6 (com-
posites, composite samples) 0OObIYHO SIBJISIETCS CPEAHSS
IJTMHA TPO0 TI0 MECTOPOKICHUIO, €€ OIMPEenesTIoT Ha
OCHOBE CTaTUCTUYECKOIO aHaju3a UIMHBI Mpod (Tu-
CTOTPaMMBI I COOTBETCTBYIOIIMX CTAaTUCTUYECCKUX ITa-
pametpoB). Heobxoaumo yyuThiBaTh HauboJjiee 4acTo
BCTpEYAIOLIyIOCs UIMHY IPo0, a TakKe CpeaHee II0
BbIOOpPKE (puc. 7).

Kommo3utupoBaHue MNPUBOAUT K WM3MEHEHUIO
CTaTUCTUYECKUX XapaKTEPUCTUK pacIIpeAcICHUS U3y-
4aeMOro IapaMerpa, B YaCTHOCTM, K YMEHBLICHUIO
IUCTICPCUN, U3MEHEHUIO CpeaHero, annzorponun. Ka-
YeCTBO KOMITO3UTUPOBAHUSI OIIPEIE/ISICTCS MUHUMM3a-
Ve BIUSHUS 3TOM TIPOLEAYPHl HAa CTAaTHUCTUYCCKUE
Mokasareyiv pacnpenesieHus. KauecTso ornepaiuu mpo-
BEpSIIOT TIyTeM CPaBHEHMST pacIipeneIcHUs COIePKaHMIA
M CTaTUCTUYECKUX ITApaMETPOB IO UCXOAHBIM TaHHBIM
¥ TI0 KOMIIO3UTHBIM TIpobaM (puc. 8).

52

biouHoe MozaeupoBanue. 3aKIIIOYAETCS B CO3TAaHUN
MyCTOI 0JIOYHOI MOIEIN PYIHBIX TeJI ITyTEM 3arlOJIHE-
HUST 6JIOKaMU TPEXMEPHBIX KapKacoB. Pazmep MaTepuH-
CKMX (pOIMTENbCKUX) 0J0KOB Moaenu (parent blocks)
BBIOMPAETCSl B 3aBUCUMOCTH OT pa3MepOB PYIHBIX Te,
pa3BEOOYHOM CETU U IIPOCKTUPYEMOM CHUCTEMbI pas3-
pabotku. [ns1 Gosee TOYHOTO OTOOpaxkeHUs (POpMbI
KapKacoB UCITOJIb3YETCsI METO CyOOIOKMpPOBaHUS (Sub-
blocking).

Bb100p onTUMaNbHBIX pa3MePOB MaTEpPUHCKUX 0JI0-
KOB OJIOYHOI MOJENIU 1 TTapaMeTPOB CyOOIOKMPOBAHMS
TPOBEPSIIOT, CPABHUBAST 00BEMBI OJIOYHOI M KapKaCHOM
MOJEJICH.

TeocTaTucTHyecKuii aHAIM3 (AHAIU3 BAPUOTPaAMM).
Boimonnsiercst mpu u3ydeHUM MPOCTPAHCTBEHHOU He-
OIHOPOMHOCTH MWHEpaJM3allMi M pacyeTe BXOMTHBIX
MapaMeTpoB [JIsl OLIEHKU CONEPXKaHUIl METOAOM KpH-
ruHra. [lpocTpaHCTBeHHas: M3MEHYMBOCTH TEPEMeEH-
HOM XapakTepusyeTcs (yHKIMel — Bapuorpammoii. B
YaCTHOCTH, TIPU MOCTPOCHUN HATIPABJIEHHBIX TOJIyBa-
pUorpaMM JJisi OTIpeNieIeHUsI OCeil aHU30TPOTTUU BbI-
SIBJISTIOTCST 3aKOHOMEPHOCTH M3MEHUMBOCTHY COZIEPKaHUH
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MOJIE3HBIX KOMITIOHEHTOB B TTpo0ax oT paccTtostHus. Ba-
pUOrpaMMbI CTPOSIT MO TPEM OCHOBHBIM HaIlpaBICHUSIM
M3MEHYMBOCTU PYIHOTO Tejla. OHM OpMEHTHUPOBAHBI 11O
MOIIIHOCTHU, MaJECHUIO U MPOCTUPAHUIO PYAHOIO Teja,
COOTBETCTBYIOLIIMX MWHUMAJIbHOU M MaKCUMAIbHOW
M3MEHYMBOCTH.

B cBoticTBax BapuorpaMm BaxkKHbI TAKUE XapaKTePH-
CTUKU: PAINyC BJIUSTHUS TTPOCTPAHCTBEHHOM TIEpeMeH -
HOM, aHU30TPOIIHS €€ MPOCTPAHCTBEHHOM N3MEHUYMBO-
ctu; addexr camoponkos. [locTpoeHne BapuorpamMm
U OIpe/ieSIeHUe APYTUX MapaMeTpoB HEOOXOAUMO BbI-
TOJIHATB JUISI KaXI0TO JTOMEHA OTAEIBHO.

MNutepnonsmus coaepKaHuii MOJIe3HOT0 KOMIIOHEHTA.
C TIOMOIIBIO 3JUTUTICOMIA MHTEPITOJISIIIAN OTIPEACIISIIOT
rpaHuibl (00BEM) MPOCTPAHCTBEHHOM 30HBI, B IIpee-
JIax KOTOPOM HaXOHSITCSI JaHHBIC, MCIIOJb3yeMbIC It
uHTepnoJsIiyvu. [TlapaMeTpbl MHTEPIOISILIMKA BHIOMPAIOT
B 3aBUCHMOCTHU OT MapaMeTpOB BapHOTpaMMBbI, pa3Be-
JIOYHOW CeTU U OCOOEHHOCTEH pacmpenesieHus MoJe3-
HOTO KOMITOHEHTA.

J1st KaXaoro PYIHOTO Tejla WHTEPIONSIIINAS BbI-
MOJIHSIETCS OTAEJbHO Ha OCHOBE KOMITO3UTHBIX MPOO ¢
pa3HBIMM MapaMeTpaMu TOUCKa (pannuychbl, MUHUMaJb-
HOE KOJMYECTBO MPOO U BhIPaOOTOK U T. 1I.), KOTOPbIE
COOTBETCTBYIOT Pa3HbIM KaTeTOPUSIM PECypcoB (mea-
sured, indicated, inferred) [7].

I1pu BbIOOpPE TTapaMeTpOB MHTEPHOISLUU YUUThI-
BaeTCs CTENEHb KOHTPACTHOCTHU opyaeHeHus. Tak, rpu
PE3K0 KOHTPACTHOM OpPYIECHEHUN HEOOOCHOBAaHHOE MC-
MOJIb30BAHME TTOMCKOBOTO JIIANCOUAA C OOJbLIMMU
pasMepaMu Oceii TIpUBEAET K HEOIpaBIaHHOMY yCpea-
HEHMIO MPOCTPAHCTBEHHOU NMEPEeMEHHOM (COAepKaHU
MOJIE3HBIX KOMIIOHEHTOB) B siueiikax OJJOUHOI Moneu
U UCKaXEHUIO PEe3yJIbTaTOB OLIEHKHU 3aIacoB.

B kauecTBe mpolienypbl, OLIEHUBAKOLIEH KaueCTBO
MpeIaraeMoil BApuorpaMMBbl U TTapaMeTPOB MHTEPTIO-
JISIUMU, OOBIYHO MPUMEHSIIOT KPOCC-MPOBEPKY (Cross-
validation). OHa 3aKJTt04aeTCs B ITOCICIOBATEIIBHOM HC-
KJTIIOYEHUM U3 MacCHBa UCXOIHBIX JaHHBIX KOHKPETHOM
npoObl M pacueTe e¢ mapaMeTpOB MHTEPIOJISILIHNCI CO-
JIEP>KaHUI B OKPYXAIOIIUX MPo0ax ¢ UCIOIb30BaHUEM
TEOPETUYECKOI BaprorpaMMBbl U TIpeUlaraeMbIX Mmapa-
METPOB MHTEPIOISIINU. MeXIy MacCCUBOM MCXOIHBIX
JAHHBIX U TEOPETUYECKU PACCUYMTAHHBIX BBIYMCIISIOT
KO3 GUIIMEHT KOPPEeJISIIT, OIICHNBAIOT CUCTeMaTie-
KYIO OLIMOKY PacUeTHBIX TaHHBIX, IPOBOISIT CPaBHEHUE
nucnepcuil. Ha ocHoBaHMM aHain3a Ae1al0T BBIBOI O
KayecTBe IpeIaraeMoi poLenypbl UHTEPIIOJSALMA U
BBITIOJTHSIIOT KOPPEKTUPOBKY ITapaMeTPOB.

3aBepka 0.104HOii (pecypcHoii) Moneau (resource
model). Bpsig 11 MOXHO paccUMThIBaTh, UTO CO3MAHHAS
TpeXMepHasi MOJIEJIb TOYHO OTOOPaKaeT MECTOPOXKAC-
Hue. Bmecre ¢ TeM oHa MODKHA HOCTAaTOYHO CTPOTO
0TOOpaxkaTh UCXOMHbIE TaHHbBIE, a TAKXKE COOTBETCTBO-
BaTb IPEACTABICHUSAM O paclpeaeeHUN PyIHON MM-
Hepau3aly U TE0JIOTMUYECKOM CTPOCHUU MECTOPOXK-
JeHusl (TeoJIOrnYecKol MHTEPIIpeTalium).

3aBepka 0JI0YHOI MOJIEJIM BBITIOTHSIETCS Ha 10KAAb-
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HOM U 2100a1bHOM YPOBHSIX. JIJIsl IOKAJIBHOM TTPOBEPKU
KCITOJIb3YIOT BU3YyaJbHOE CpaBHEHUE OJ0YHON Moneau
CO 3HAUEHMSIMU B Mpodax, WSl TJI00aJbHOW — COIO-
CTaBJISIIOT TUCTOrpaMMbl, I'pacMKU, CTaTUCTUYECKHE
nmapamMeTphl 0JIOYHON MOAEIN WU KOMIIO3UTHBIX TTPO0.

CornacHo JIx. Kym6c [8, 9], MUHUMAaJIbHBII HaOOPp
MPOBEPOK HAa KPUTUUECKUE OIIMOKHU, KOTOPbIE MOIYT
OBITH TOTYIICHBI B MIPOLIECCE MOJESIUPOBAHUS, COCTOUT
M3 YEeThIpEeX OCHOBHBIX 111aroB (TakK Ha3bIBaeMasl «IIpo-
BepKa IO YeThIpeM KOHTPOJbHBIM TOuKam» — four-
point model validation), a UMeHHO: cpaBHeHUe 0a30-
BOW CTaTUCTUKU, CPAaBHEHUE TUCTOTPAMM, TIOCTPOCHUE
rpacdukoB swath U BU3yaJbHOI MPOBEPKU.

Cpasnenue 6aszoeou cmamucmuku. PecypcHas Mo-
ZIeJb B LIEJIOM IOJKHA OTpaXkaThb OCHOBHBIE cOepKa-
HUSI B BBIOOpPKE JaHHBIX OIpoOboBaHUs. OCHOBHBIC CO-
JIEP>KaHUST JAaHHBIX OTIPOOOBAHUSI MOTYT OBITh CBEIEHbI
K 3HAYEHUSM CpemHero, Moiae, MeauaHe u T. 1. U3
3TOro Habopa CTaTUCTUYECKUX IMapaMeTPOB CKJIaIbiBa-
eTcsl OXKMIaeMoe cpeaHee coaepxkaHue B 00ke. Bo Bcex
JIOMEHax TMOJIyYeHHOE CPeTHEe MOJIKHO OBITh CXOTHBIM
C UCXOOHBIM cpeaTHuM (puc. 9). J11s KOppeKTHOIo cpaB-
HEHUS UCTIOJBb3YIOT CJIEAYIONINE OCHOBHBIE TIPUHITATIBI:

e CpaBHEHUE BBIMOJHSIETCS MO JOMEHAM, BbIIEICH-
HBIM 110 TIPUHLMITY HAJIWMIUS OTHOW CTaTUCTUYCCKU
MpeaCTaBUTEIbHON MOMYISLIUU;

e B CpaBHEHUM HOJDKHBI MCIIOJIB30BAThCS COIEP-
JKaHUS ¢ TIOPOrOM OTpaHUYEHMSI MO yparaHHbIM 3Ha-
YEeHUSAM (€CJIM OH TIPUMEHSUICS);

® CTaTUCTMYECKUE MMapaMeTPhl pACCYMTHIBAIOTCS 110
JIeKJIaCTepU30BaHHBIM JTaHHBIM;

e Cpe/iHee Coep KaHue 0 MOJIEIU JIN0O B3BEIIEHO
Ha 00beM 0Ji0Ka, MO0 YUYUTBHIBACTCSI TOILKO MO POAU-
TeJIbCKUM (MAaTEPUHCKUM) OJIOKaM OLEHKHU.

j =

0 5 iy 4

Assay Composites Block model

Puc. 9. CpaBHCHI/IC CTaTUCTUYCCKUX IMapaMe€TpOB C ITOMOIILIO
JUuarpaMMbl pasMaxa («E[]J_[I/IK C yCElMI/I»)

Fig. 9. Comparison of statistical parameters using a box-and-
whiskers plot

Cpasnenue eucmoepamm. Tlporiecc MHTEPIOIAIINN
obnagaeT crinaxkuparolmM 3¢G@MEKTOM, TOCKOJIbKY OLIEH-
Ka CofiepKaHusI B KAXKIOM OJIOKE MOJIETN TIPEACTaBIISIET
c00011 cpeHeB3BeIIeHHOE 3HAUEHUE TI0 CONEPKAHUSIM
B Om3nexanux npobax. YeenaunueHue pasmepa 010ka u
KOJIMYecTBa MO0, YUACTBYIOIIMX B OLIEHKE, YCUJIMBAET
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Fig. 10. Comparison of grade histograms for sampling and composites

Comepmanne

aTOT 2(pPekT. B KaxxaoM JoMeHe MoJyyeH-
Hast ¢popMa JoJIKHA OBITh CXOIHOM ¢ (popmoit
WCXOJIHOI THUCTOTPaMMBI, C OTpeIeIeHHOI
CTETICHBIO BHITTOJIAXKUBAHUS 1 HOPMaJIU3allHL.
Kak npaBuio, pacnpeneieHue coaepKaHuit
B IIpo0ax OTJIMYaeTCsl OOMbIIei aCUMMETPU-
eif, YeM pacripenejieHue B 0JI0YHOW MOIETN
(puc. 10).

Tocmpoenue epaghuxos 3aeepku 064104HOU
modeau (Swath plot). I'paduku UCTIONB3YIOT
JUTSI CPaBHEHUSI TPEHAOB NAaHHBIX OMpo0O-
BaHMSI U paCCUMTAHHBIX 3HAYEHUI OJIOYHOI
monenu. Merom Swath plot mpemcraBisieT
coboil rpaduueckoe H300paxkeHue pac-
IpeaeaeHusT COAepXaHWI TI0 Cepuu 30H
WIN TIOJIOC, TIOCTPOSHHBIX Ha BCIO TIIYOMHY
MECTOPOXKICHUSI B HECKOJIbKUX Harpabjie-
Husx [5]. Ha rpaduke comepxaHusi B 9TUX
M0JIOCaX CPaBHMBAIOTCSI C COACPKAHUSIMU B
KOMTIO3UTHBIX IMPO0AaxX U pacueTHBIMU COAEP-
JKaHUSIMU B OJ10KaX, MOJTYYEHHBIMU C TTIOMOILBIO pa3HbIX
meronoB (puc. 11). Ha ywactkax c Oomblieit crerme-
HBIO KOPPEJISILIMU PECYPCHI OMPENesioTCs ¢ O0IblIei
JIOCTOBEPHOCTHIO. 3aBepOYHble TI'pauKy TO3BOJISIOT
CPaBHUBATb MUCXOAHbIC TaHHbBIC Y UHTEPHOJUPOBAHHbIE
3HAUCHUSI JIs OTpele/ieHUs TTOTPEIIHOCTU B CTOPOHY
HEJIOOLIEHKH, TTIEPEOIICHKH, a TAKKE BBISIBJISITH CTEIIEHb
CIVIAXXMBaHUsI comepkaHuii. Takske MOXHO CpPaBHUTH
a3 deKT pa3TMIHBIX MapaMeTPOB U METOMIOB OIIEHKU.

Buzyaavuas nposepxa. IT1o3BoysieT COMOCTaBUTH
OlIEHEHHBIE COlepXKaHUsI U MCXOAHBIC aHATUTUICCKUE
JNAHHbIE, BBIMOJHSIETCS MyTeM CpPaBHEHUS B IUIaHAX U
pa3pe3ax ¢ TIOMOIIbIO OMHOBPEMEHHOTO BBIBEJICHMUS
B IPOCMOTpP cpe3a OJIOYHON MOAEIM U PE3yJIbTaTOB
omnpoboBanust (puc. 12). ComepxaHust B OJIOKe TOTK-
HbI OTPaXXaTh JIOKAJbHbIE CONEPKAaHUSI B CKBaXKMHE U
BU3YaJIbHO COOTBETCTBOBATh I'pPAaHUIIAM MUHEpaIM3a-
. Ciaenyetr UMeTh B BUIY, YTO BIMSIHUE CUJIBHO pa3-
JINYAIOIINUXCSI COMEPKAaHUI ITOJE3HOI0 KOMITOHEHTa B

BricorHan otmerka
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Conepsranne

CepepHas MHPOTA

Puc. 11. CpaBHeHMe CpeTHUX COAEepKaHUI TTO orpoboBaHuIo (/) 1 10 GJIOYHOI
Mozenu (2) ¢ momoibio Metona Swath Plot [1, 9]

Fig. 11. Comparison of mean grades of samples (/) and block model (2) using
Swath Plot [1, 9]

COCEIHUX pa3pe3ax WINA MOTOPU30HTHBIX IJIaHAX MOXKET
TPUBOIUTH K TTOBBIIIIEHHBIM W 3aHMKEHHBIM 3Have-
HUSIM 110 OTHOILICHUIO K UCXOTHBIM JTaHHBIM BCJICICTBUC
WHTEPITOJISIINN.

BusyanbHas mpoBepKa MO3BOJISIET OLICHUTh BIIMSI-
HUe 6oraThIX Mpod Ha coaepXaHUsI B OJIOKAX MOJENH,
Mpy 3TOM HEOOXOAMMO OOpallaTh BHUMaHUE Ha 3KC-
TPATIOJISIIAIO BHICOKUX CojiepkaHuil. B momonmHeHue K
9TOMY BaXKHO YIOCTOBEPMUTBCS, UTO CTEMEHb CIVIAXKU-
BaHUsI CONEPXaHUI B OJ0KaX MOJEIN aAeKBaTHO OT-
paxxaeT MHTepPBaJl CONEpP>KaHUI M YTO MOJEIb MOXHO
HCITOIb30BaTh, B YACTHOCTH, IUISI TDIAHMPOBAHUS TOP-
HbIX paboT. B pesybpTare BU3yalbHOM MPOBEPKU MOXHO
TaKKe BBISIBUTH HEAOOIICHEHHBIC YIACTKHU (HammpuMmep,
MEXIy pa3pe3aMMu).

Kpome yxke yrmoMstHyTBIX 1ieJiecoOOpa3HO MPOBO-
JIATH JTOTIOJTHUTEJIbHBIE TIPOBEPKU, KOTOPHIE BKITIOUAIOT
B ce0sl: MOCTPOCHUE JMarpaMM pacCesiHUs CoAep>KaHUiA
B MOJICJI TPOTUB JAaHHBIX OMPOOOBAHUS, KBAHTUJIb-
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Puc. 12. BusyanpHas npoBepKa 0JIOUHOI (pecypCHOI) MO
Fig. 12. Visual checking of block (resource) model

KBaHTWIb TpapuKOB; CpaBHEHUE C TEOPETUIECKUM Ma-
TEMaTUYECKUM OXUIAHWUEM; aHAJIN3 YyBCTBUTEIBHOCTH;
0JIOUHBIE MOJIESIM HEOMPENeIeHHOCTH U JIp.

JI1st 3aBepKM KavecTBa TpeiaraeMoi mpoLeayphbl
VHTEPIOJISIIN YacTO MCIIOIL3YIOTCS OlleHKa 3(D(EeKTUB-
HOCTHW KpUTHHTa U JIUHUS perpeccuu. [loa addekTrB-
HOCTbIO KPUTMHTA MOHUMAETCS] COOTBETCTBUE MEXIY
TMCTOTPaMMOM PacCUMTaHHBIX COIEPXKaHWI B OLIEHUBae-
MOM 0JIoKe OJIOUHOI MOAEIN U TMCTOTPaMMOI UCTUH-
HBIX COAEepXaHUU B 9TOM Xke Onoke. Ee onieHka maet
MOHSITHE O CTENEeHU ToYHOoCTU Mojenu. [lo ntuHum pe-
rpeccuy OLIEHUBAIOT COOTBETCTBUE MEXKTY OILICHOUYHBI-
MW ¥ UCTUHHBIMU CONEPXKAHUSIMU B OJ0Kax OJIOYHON
mozenu. Korma nuHust perpeccun MMeeT yroyl HakJioHa
45°, 3TO CBUIETENBCTBYET O TTOJTHOM COBIAIEHUN UCXOM-
HBIX JIAHHBIX OMPOOOBAHUSI M PACUETHBIX AAHHBIX B
OlLIEHMBAaeMOM OJIOKE.

CpaBHeHne pe3yJibTATOB OLEHOK MHUHEPAJIbHBIX pe-
CYPCOB NPH UCIOJIb30BAHNM IPYTUX METOIOB, B TOM YHCJIe
TPAIUIMOHHBIX, 4 TAKXKE Pe3yJbTATOB IKCILUIyaTAHUOH-
HOW pa3Benku W A00brumM. [Ipu cpaBHeHWU 3HAYEHUN
CONEpPXKaHWI1 B OLIEHWBAEMBIX OJIOKaX MO BbIOpAaHHOM
METOJIMKE CO 3HAYCHUSIMU COIePXKaHUH, TTOTyIeHHBIMU
C UCITOJIb30BAaHMEM AIbTEPHATUBHBIX METOAUK OLIEHKU,
HY>KHO TIPUHUMATh BO BHUMAaHUE OCHOBHBIE TTapaMeTphbl
OLICHKY (HamNpaBJI€HNWE U PaTUyChl SJTUTICOM/IA TIOUCKA),
pa3Mep 0Ji0Ka, MUHUMAJIbHOE ¥ MaKCUMaJIbHOE YUCIIO
Mpo0, MUHUMAaJIbHOE YUCJIO CKBaXKMH, BKIIIOYCHHBIX B
OLICHKY, JUIMHY KOMIIO3UTa, IOMEHbI COAePXKaHUN, T1C-
KpeTu3aluio u T. . Tak, CpaBHUBAIOT pe3yJIbTaThl MH-
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TEPITOJISILIAU COAEPKAHUH C TIOMOIIIBIO PA3TUYHBIX METO-
JIOB, B TOM uMciie KpurnHra (Kriging) 1 MmeTona oOpaTHBIX
paccrosHuii (IDW — Inverse Distance Weighting). 3to
MTO3BOJISIET, BO-TIEPBBIX, M30€TaTh KPUTUIECKUX OIIMOOK
B IIpOLIECCe MHTEPIOJISILUK, BO-BTOPBIX, OIMPEICISIThH
METOINKY, HanboJjee MOAXOMILYI0 IS KOHKPETHOTO
MECTOPOXACHUS.

[Tpu BBIMOTHEHUY TTOBApMAHTHOM OLIEHKU pecyp-
COB HEOOXOIMMO BBIIIOJIHUTh aHAJIM3 U3MEHEHMS T1apa-
METPOB CPETHETO COIePXKaHMs M TOHHAXa 0T OOPTOBOTO
comepxkaHus Ha Tpaduke M OOBSICHUTH XapakTep 3a-
BUCHMOCTH.

IIpu cpaBHEHUY C pe3y/IbTaTaMy MPEAbIIYIIIX OLe-
HOK MMHEpAJbHBIX PECypCOB CJIeAyeT oOpaliaTh OCOo-
0oe BHMMaHME Ha U3MEHEHWE BBOIHBIX JAaHHBIX: aHa-
JINTUYECKUE JAHHbIe, METOIbI 1 IapaMeTpbl UHTEPIIO-
JISIUAA U T. 4. Ecin M3MeHeHMs He3HAYWTEbHBI, TO
CpaBHEHME PE3YJIbTATOB IBYX OLIEHOK MOXKET OKa3aThCsl
MOJIC3HBIM JIJISI 3aBEPKU PE3YJIbTaTOB HOBOI OILICHKU
(u1, HaoOOPOT, YKa3aTh HA HEIOCTOBEPHOCTh OTHOTO
U3 BapUAHTOB).

Kputepruem KauecTBa CONOCTaBICHUsT pe3yJIbTaTOB
0JIOYHOTO MOJIETTMPOBAHUS U TIOJICUETA 3a1TacoB TPAIV -
LIMOHHBIMM METOJAaMU SIBIISICTCSI CTETICHb COBITAJICHUS
OCHOBHBIX ITOICUETHBIX ITapaMEeTPOB: 3a11acoOB PyIbI U
MOJIE3HOTO KOMITOHEHTa, €ro CPEeIHEro CoIepXKaHus.

CormocTaBlieHIE PE3YIbTATOB OLICHKM PECYPCOB C
JAHHBIMM 3KCIUTyaTallMOHHOW pa3BeJKW Ha pa3pada-
TBIBAEMBIX MECTOPOXKICHMSIX OIPEIessieT CTeleHb Ka-
YyecTBa BBITIOJIHEHHOW OlLleHKM. Takke MmoKa3aTejbHO
cpaBHeHMe (parMeHTOB MOJEIU C 0ObeMaMU JOOBIYU
" TepepabOTKM, HO TIPY 3TOM HY>KHO CTPEMUTHCS MaK-
CHMaJIbHO YYUTHIBATh Pa3y0OXMBaHUE, IOTEPU PYIbI
U TIyCTOH MOPObI, TIOTePU TIPU MepepadboTKe pyabl Ha
(dabpuke.

Kak MOXXHO BUIIETh, THCTPYMEHTBI 1 METOMYECKIE
MOJXOAbI JII CBEPKU PE3YJIbTAaTOB KaxkJ0ro U3 3TAIOB
OJIOUHOTO MOACIMPOBAHUS MECTOPOXKICHUMN PYITHBIX
MOJIE3HBIX MCKOMAeMbIX TOCTaTOYHO MHOTOUYMCJICHHbI
U pa3HooOpa3Hbl. KoinuecTBo npoueayp MNpoBepKy Ha
Pa3IMYHBIX 3TAlax MOIETMPOBAHMS, a TAKKE X BHIOOD
IJISI KOHKPETHOTO O00BhEKTa 3aBUCUT OT OCOOEHHOCTEM
MECTOPOXKIIEHHYsI, METOTMKYN MOJICIMpPOBaHus U T. 1. Oc-
HOBHOM 11€JIbIO TAKOTO KOHTPOJISI SIBJISIETCS 0OeCcIieueHre
HEO0OXOIMMOTO YPOBHSI TOCTOBEPHOCTH PE3yIbTaTOB MO-
JeJMPOBaHMS B 3aBUCUMOCTHU OT IOCTaBJICHHbBIX 3a71a4.
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ITOETAITHA ITEPEBIPKA ITPY1 TPUBUMIPHOMY MOJEJIIOBAHHI TA OLITHIOBAHHI PECYPCIB
PYJHUX POJOBMUII]

H.B. bapayvxa, H.I. Cagporosa

m. Kuis, Ykpaina

ITpoaHaizoBaHO METOAM i CITOCOOU MOETAITHOI NMEPEBIPKU Pe3yJIbTaTiB TPUBUMIPHOTO MOJETIOBAHHS Ta OL[iIHIOBAHHSI
pecypciB Ha KOHKPETHUX MPUKIIagaX POJIOBUIL PYIHMX KOPUCHUX KOMaIuH. [3 3a3HaYeHMX METOIIB MOXe OyTH cop-
MOBaHUit Habip MepeBipoK, 110 3a0e3rnevye HeOOXiIHMI PiBeHb JOCTOBIPHOCTI pe3yabTaTiB 3aJ€XKHO Bijl Fe0JIOTIUHUX
0co0MBOCTe# Ta chepu 3aCTOCYBaHHS TPUBHUMIPHOI MOJIEi pOIOBUILIA.

KiouoBi ciioBa: reoctaTMcTrka, TPMBUMipHE MOJAETIOBAHHS POJOBMIL, OLIIHIOBAaHHSI PECypCiB.

STAGE-BY-STAGE VERIFICATION FOR THREE-DIMENSIONAL MODELING AND RESOURCE
ASSESSMENT OF ORE DEPOSITS

N. Bariatska, N. Safronova
Kyiv, Ukraine

Purpose. For modeling and resource estimating of ore deposits, an important aspect is the stage-by-stage control of
the quality of performed operations, as well as the correctness of the constructed model as a whole. The purpose of
this article is to analyze the methods and techniques for validating the results of each stages of three-dimensional
modeling and resource estimation of mineral deposits.

Design/methodology/approach. The possible consequences of the presence of critical errors, the application
of incorrect methods at each stage of three-dimensional modeling and resource estimating are considered.
Methods of their identification and elimination are analyzed. It is shown by the actual example of ore
deposits.

\Findings. Geological objects, in particular ore deposits, are highly complex, so a model created on the basis of a
limited set of data cannot be true. It should reflect the individual properties, parameters, characteristics of the object
with enough sufficient to solve actual practical problems. The number of verification procedures at various stages of
modeling, as well as their selection for a given object, depends on the specific features of the deposit, the modeling
methodology, etc.

Practical value/implications. Based on the obtained algorithm for stagy-by-stage verification of modeling and resource
estimating results, you can create an optimal set of methods for a certain deposit and the tasks to be performed.

Keywords: geostatistics, third-dimensional modeling of deposits, resource estimation.
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