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MOXJIIMBOCTI E®EKTUBHOIO OCBOEHHA PYOHNX POOOBULL
13 SAMNACAMU PIOKICHUX | BNATOPOOHNX METAIJIB

[HCTUTYT pisunkm ripHmumnx npouecis HAH Ykpainu,
49600, r. Oninpo, Byn. Cimcepononbeeka, 2-a.

Mema. Po3pobumu HOo8Ull nioxio w000 egheKkmusHo20 0C8OEHHS PYOHUX POOOBULY
i3 3anacamu pioxux ma 61a20poOOHUX Memaiis.

Memoouxa. Oyinumu i 3pooumu 8UOIp 8 PI3HUX CIPHUYO-2€0N02TUHUX, MePUMOpi-
ANbHUX | COYIATLHUX YMOBAX 3 YPAXYBAHHAM BEIUKO20 PISHOMAHIMMA YOPM PYOHUX
min i 6UCOKOI YIHHOCMI KOPUCHOI KONAUHU MONCTUBO HA OCHOBI OUHAMIYHO20 NPO-
2Pamy6aHHA.

Pesynomamu. Haseoeno mooens 3minu cmany 0AnaHcO8UX 3aNACi6 GIMYUSHAHUX
POo008UWY 3 YPAXYEAHHAM NOMOYHUX | 0008'I3KOBUX YMOB OUHAMIYHO20 NPOSPAMY-
sanns. Onucana memoouxka onmumizayii mooeni i pekoMeH008aHo iHgopmayitine
3abe3neuents 0Jisl pO3PAXYHKIG.

Haykosa nosusna. 3anpononosarutl nioxio 00360.1€ 00IpYHMo8ysamu 001acmo
eexmugHoi excnayamayii anbmepHamueHUMU PO3POOHUKAMU 3 DIZHUMU NPABAMU
Ha KOPUCMYBAHHS HAOPAMU | PIZHUMU MONCTUBOCAMU 30 (DIHAHCAMU, MPYOOSUMU
i MamepiansHUMU pecypcamul, a maxkoic nposooUmu 2e01020-eKOHOMIUHY nepeoyi-
HKY 3anacié poooguuy, NepCneKmueHUx 0 IHO3eMHUX TH8eCmuyil wiaxom 6aea-
MOKPAMHUX 8APIAHMHUX PO3PAXYHKIE MONCHA 0OIPYHMY8AMU 3MiH) KOHOUYTI.
Ilpakmuuna 3nayumicms. Haseoeni cnocoou 003601510ms 8usHauumu peHmaoe-
JILHICMb eKChAyamayii peanbHux 3anacie 3010mopyoHux pooosuly ma 0eMoHcmpy-
10Mb MONCIUBOCTI eheKMUBHO20 OCBOEHHS 3ANACI8 YIHHUX PYO, A MAKONC MO-
Hcyms 6ymu 3acmoco8ami npu CMmeopeHHi NOMYHCHUX AKIPHUX NPOEKMI8 HaApOusy-
8AHHSA BIACHO20 MIHEPANIbHO-CUPOBUHHO20 KOMNIEKCY YKpainu.

Kurouogi ciioBa: pifkicHi 1 01aropoiHi MeTaiu, OCBOEHHS POAOBUIIL, JMHAMIYHE MTPOrpa-
MYBaHHS, CTaH 3aI1aciB, aJTOPUTM, KOMIT'FOTEpHI IPOrpamMu, ONTUMI3alis, e eKTHBHA eKC-
TuTyatanisi, SKipHi IPOEeKTH, IHBECTULITHA MTPUBAOIHBICTS.

Beryn

Hanpa Hamoi He3aniexHo1 kpaiHU HaJllJIeH1 0araTcTBOM, SIKE BKJIIOYA€ [TOHA/ J1Ba
JECSITKU BUJIB KOPUCHUX KOTMAJIMH, SIKI MAlOTh BEIHMKE 3HAYEHHSI JUIsl €eKOHOMIKU
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kpainu. Ha T roctporo nedinuty nepkaBHEX (iHAHCIB BaXKKO TIEPEOIIIHUTH ITOT-
peby Vkpainu B edeKTUBHIN eKCIuTyaTallii CBOiX HaJap, B MEpIITy Yepry, OCBOEHHI
CTpATEeTTYHUX KOPUCHHUX KOTAJIMHU — PIIKICHUX 1 071arOpoTHUX METaIB.

[TepenicTopis Te0JIOrOpO3BIAYBATHHUX POOIT IO BUABIEHHIO 30JI0TOHOCHHX PO-
JOBUIIl Ha TEPUTOPIi HAIIOI AepKaBH Ma€ aHAIOTIYHI KOPEH1 y Tre0JIOrOpo3Bili
yKpaiHCbKUX Ha(TorazoBux poaosuiy — kepiBHULITBO CPCP po3pobkoro crpareri-
YHUX pOJOBHIL B YKpaiHi He mikaBuiocs. Tosi craBka poOuiack Ha Ypaiu, Cudip,
Hanexuit Cxix 1 pecnyOuniku CepenHboi Asii.

IcTopist cipo0 OCBO€EHHS 30J0TOPYIHUX POJIOBHUIN B YKpaiHi po3noyvanacs 3 Ha-
n0aHHs He3aexKHOCTI. KitouoBi 1l MOMEHTH 3arajibHOBIZIOMI, a iICTOpIs yKpaiHCh-
Koro 30i0Ta K «KinoHgaik a1 adepucTiBy JOCTYIHA IUPOKOMY KOLY KOPUCTY-
BauiB Mepexi Internet [1]. Y mepenik X MOMEHTIB BXO/ISITh: pO3BiaKa OuIbIIe Je-
CsITKa POAOBUIL 3 IPOMHCIOBUMHU 3allacaMi, Iporpama «30J10T0 YKpaiHu», CTBO-
PEeHHS KOMIaHii «YKp30J0TO», 30J0THI TpU3yO, JIKBifaLid «YKpP30JI0TO» Yepes
HeeQeKTUBHICTh po0oTH, cTBOpeHHA [IAT «YKpaiHChKi TONIMETAIN Ha Y01l 3 PO-
CiiiCbKOI0 KOMaHJI0I0, He edeKTHBHA po3poOka KiiHIIOBCbKOTO 1 MyXi€BCHKOTO
POJIOBUII 3 €JIEMEHTAMHU JICKIAPATUBHOCTI 1, sIK HacHimoK, JikBimamis [TIAT «Ykpa-
iHChKuE monimeTany. Crpoba inTeHcudikanii BUI0OYTKY 30JI0Ta 32 paXyHOK 3ally-
YEHHs IHO3€MHHMX KOMITaHiil B CTaTyCl HOBHONIPABHUX HAPOKOPUCTYBAUiB HE yBiH-
Yajach yCIiXOM, TaK0OXX He OYJIO YCIIXiB 1 B «30JI0TOOATOHHOMY» MEPioi, B IKOMY
HBY VYkpainu OyB HajiIleHU HEUyBaHUMHU «30JI0TUMIY IOBHOBaXKeHHsIMU. [IpoTe
JaH1 Ipo BUIOOYTOK 30JI0Ta 32 1€l MepioJ] BiICYTHI.

Cboro/iHi BHACTIIOK CKJIATHOTO CTAaHOBHINA €KOHOMIKU KpaiHH, 10 3yMOBIIOE
HE/IOCTaTHI 00CATH MPOBEACHHS Ie0JOrO3HIMAIBHUX, MOIIYKOBHX 1 PO3BiTyBallb-
HUX poOIT, TEMIH Ta 0OCITH BIATBOPEHHS BJIACHOI MiHEPaIbHO-CUPOBUHHOI 0a3u
He BiInoBinatoTh notpedam kpainu [2]. B IIporpami gisnsHocti KaGinery MinicT-
piB YKpaiHu Ha cepeAHbOCTPOKOBUH MEpioj B LUIHOBUX KUIBKICHMX MOKa3HHKaX
BIZICYTHI JIaHi IOJI0 IPUPOCTY PECyPCiB CTPATEriYHOI CHPOBUHHM, Y TOMY YHCI 3a-
naciB GJIaropoJHUX MeTaliB (30JI0Ta) Ta PECYpPCiB PiAKICHO3EMEIbHUX METAIIB.
DakTUYIHO 00CITH IPOBEJCHHSI I'€OJIOTOPO3BIAYyBAILHUX POOIT cCKOpoTHIIUCS Y 3—4
pasu.

B T0i1 ke yac, Ha TJIi KPU3U B 30JI0TO00YBaHHI, re€0J0raMyu OTPUMYIOTHCS T10-
3UTHBHI pe3yJIbTaTH B OLIHII HOBUX POJIOBHII] 30JI0TA TA HATOJOUIYETHCS TIEpCIIe-
KTHBHICTB MTOAJIBIINX T€0JIOTOPO3BITYBATBHIX pOOiT [3, 4].

3apa3 i3 HeoDIIHHUX JHKEepern BIIOMO, O HAHOUTBIN peaybHi 3amacu 30J10Ta
3HAXOIATHCS B JICCSATII POJIOBUIIL, SIK1 po3TamoBaHi B 3akaprnarcekiii, KipoBorpa-
ceKiit, Onechbkiit 1 JIHimpomeTpoBChKiit oOnactsax. [IpoTe, KoaHE 3 WX POJIOBHUII 3
PI3HUX IPUYMH HE OCBOEHE HAJIS)KHUM YMHOM. 3aracu 30JI0Ta B KpaiHi €, a iX 0CBO-
€HHS HEMA.
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1. locTanoBKa 3axayi

Oco6nuBicTIO €(PEeKTUBHOTO OCBOEHHS 3amaciB IIIHHUX METAIIB € HEOOXiTHICTh
oprasizailii pamioHanabHOI eKCIUTyaTalii pyIHUX POJOBUIN Ha 6a3i BupimeHHs Oa-
raTbOX MHTaHb, SIKI HE MOB'sI3aHI Oe3mocepeHbo 3 TipHUYUMHU pobdoTamu. J{is
OCBOEHHSI POJIOBUILl KOPUCHUX KOTIAJIHMH 3 MIHIMaIbHUMH BUTPAaTaMHU, MiHIMaJIbHO
MO>KJIUBUM 30MTKOM 1 MAKCUMaJIbHUM MPUOYTKOM MOTPiOHA y3roKeHa B3aeMOIis
B MeXaX €KOJOTTYHUX HOPM OYyIiBHHUIITBA, BUAOOYTKY, TPAHCIOPTY 1 MepepoOKH,
K JIAaHOK OJIHI€T CHCTEMHU, SKa MPALIOE Ha KIHIEBHH Pe3yNbTaT y BUIJISAAI PHHKO-
BOT'O TOBapy.

VYci 0co0nMBOCTI Takoi CUCTEMH MOXHA BioOpa3uTH B MOJENI CTaHy 3amacis
poJioBHIIIa IpH Horo ekcrutyataiii. OmiHUTH 1 3poOUTH BUOIp B PI3HUX TIPHUYO-
re0JIOTTYHUX, TEPUTOPIATIBHUX 1 COLIaIbHUX YMOBAX 3 ypaxyBaHHSIM BEJIUKOTO pi-
3HOMAHITTSI (GOPM PYAHHX T1T 1 BUCOKOT I[IHHOCT1 KOPUCHOT KOMTATMHHA MOXKJIMBO Ha
OCHOBI AuMHaMiyHOro mporpamyBanHs [5]. Ilepmmii n1ocBin pilleHHs 3aBAaHb IO
BUOOPY ONTUMAIBHUX CTPATETiii OCBOEHHS POJOBHII PIAKICHUX 1 01aropoIHUX Me-
TaJliB HA OCHOBI JIMHAMIYHOTO MpPOTpaMyBaHHs ONMHUCAHUHI B poOOTI aBTOpa Li€l
crarTi [6], sika HocTpudikoBana B Ykpaini y 2002 pori.

Taxum 4MHOM, JOCIIPKEHHS 1IOB 13aH1 3 BUPIIIEHHS IPOo0JieM e(peKTUBHOTO BU-
N00YTKY 3 HaJIp IIHHUX KOPHCHUX KOMAJIUH € Jy)Ke aKTYaJIbHUMH Y Hallil KpaiHi.

2. MeToauKH J0CTiTKeHHA

Omnwucaty 0HIEIO HUTHOBOIO (PYHKITIEO yCi MPOEKTHI MapaMeTpu TipHUY0-30ara-
YyBAJILHOTO MIANPUEMCTBA, sike OyayeTbes 1 Oyae MpalfoBaTH, 4epe3 CKIaJHICTh
CHCTEMH MPAaKTUYHO HEMOXKIHMBO. OTXKe, MPOIIEC 3a YBECh MePioj] OCBOEHHS KOHK-
PETHOTO POJOBUIIA HEOOXIHO MPEICTABUTH Y BUIIISAI AEKOMITO3UIIHHOT CHCTEMHU
3 opmasizaii€ero 3aBJaHb HA OKPEMHUX €Tarax 3MiHM CTaHy 3amaciB KOPUCHUX KO-
NAJIMHY Bi 0AlaHCOBHX JI0 BUAOOYTOTO METANY 3 MOJAIbIINM CIIMCAHHIM 3aIlaciB
3 GanaHcy.

O06o0B'13k0Ba YMOBa JUHAMIYHOTO IPOTPaMyBaHHs — O€3MEPEPBHICTH MPOIIECY,
10 ONTUMI3Y€THCSI, TOMY B JaHOMY BUIAJIKy PUIIMA€ETHCS TIOETAITHA 3MiHA CTaHy
MPOEKTHUX OanmaHcoBuX 3amaciB. IIpu po3risii 0CBOEHHS 30J0TOPYAHOTO POIO-
BHUIIA CJIJ] pO3TJISAATH SIK MIHIMYM JIBaHAIISTh €TaIliB:

0 — 3amacwu 3aTBepKeHi 1 epenani Ha OanaHc MmiITPHUEMCTBA;

1 — 3amacwu B cTaHi 3a0€31€YEHOCT] TPYAOBUMHU PECYPCAMU;

2 — 3armacu B cTaHi 3a0e31e4eHOCTI TPAaHCTIOPTHUMH 3B'SI3KaMH;

3 — 3amacu B CTaHi 3a0€3MeYCHOCTI HEIPOMUCIIOBUMH 00'€EKTaMH;

4 — 3amacu B CTaHi €HEeproo30pOEHOCT;

5 — 3amacu B cTaHi 3a0€3MEeYCHOCTI POMUCIIOBUMH 00'€KTaMU;

6 — 3amacu B cTaHi pO3KPHTTS;

[ — 3amacu B CTaH1 BUHMaHHS 13 HaJp;

8 — 3amacu B cTaHi epeMilIeHHS;

9 — 3amacu B craHi mepepoOKu Ha 30aradyBasbHil Gadpwili;

10 —3amacu B cTaHi MeTay (KOHIEHTpAT);
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11 —3amacu criicasi 3 6anaHcy.

Mogene Takoro mpouecy Moxe OyTu moOynoBaHa y BUIJISI allbTEPHATUBHOIO
rpady, B SKOMY JOTTYHUMH 3B'I3KaMU TOB's3aH1 BapiaHTH CIIOPYIKEHHS 1 €KCILTY-
atauii 00'eKTIB €HEeprornocTayaHHs, TPAHCIOPTY, COLKYIBTIIOOYTY, TOBEPXHEBOTO
1 MI36MHOTO KOMILJIEKCIB TipHUY0-30arauyBaibHOTO MiANPUEMCTBA 3 BUJOOYTKY
3omnota. Jlyru rpady npeacTaBieHi YUCIOBUMU 3HAYEHHSIMH BUTpaT abo dopmati-
3alli€r0 BUPOOHUYHUX MPOLECIB KEPYIOUMMHU MapaMeTpaMHu.

[Tpu BuOOPI clieHapit0 OCBOEHHS TAaKOTO POJOBHIIA IHPPACTPYKTypa pailoHy, B
SIKOMY BOHO pO3TalllOBaHe, BUI00YTOK, TPAaHCIIOPTYBaHHs 1 mepepoOka pyau po3r-
JSIAI0THCS SIK B3a€MOIIOB'3aH1 €IEMEHTU €IMHOI CKJIQAHO1 cUcTeMH. MeTouKa
ONTHUMI3allil MaTeMaTUYHOT MOJIENI1 OCBOEHHS POJOBUII 3 PIAKICHUMHU 1 Oaropo-
HUMH MeTaJlaMu 0a3yeThCsl HA HACTYITHOMY:

- Ha npuHIuni ontumymy P. bernmana [7], sikuit mossirae B ToMy, 110 PillIeHHs
sIKe MPUIMAETbCA HAa KOKHOMY €Talll Mpouecy, Mae OyTH HalKpaliuMm IO BiHO-
IICHHIO JI0 TPOIIeCy B IJIOMY;

- IIpU TIepeXo/ii 3 €Taly Ha eTall CJIii BpaXOBYBAaTH TUIBKH 3B'SI3KU-TIO€IHAHHS
JIOT1YHO 200 TEXHOJIOTTYHO CYMICHMX peaJIbHUX BapiaHTIB;

- Ha YCiX eTamnax npouecy OTpUMaHHs KiHIIeBO1 MPOIYKIIii Ait0Th MapaMeTpu, AKi
KEpYIOThCS, OJJHUM BiZIOMCTBOM.

3. Pe3yabTaTu 10CTiIAKEHHS

3aBaHHs CITi MPEICTABUTH Y BUTJISI1 MOUTYKY HAKOPOTIIIOTO NUIIXY B Opi€H-
TOBAaHOMY alUKIiuHOMY Tpadi. OpieHTOBaHUHU rpad CKIATAETHCS 3 HEOPOKHBOT
KIHIIEBO1 MHOKHMHU BY3JIIB S 1 MIAMHOKUHU T MHOXUHU SS.

EnemMeHTH MHOXKMHH Ha3uBalOThCs Ayramu. HasBHicTb ayru (i, J) BKa3ye Ha MO-
KITUBICTH PyXy By31a I 10 By3ina j. Lllnsaxom (iy,iy,...,i,) HA3UBAETHCS KiHIIeBa M1OC-
JIZIOBHICTh BY3JIiB TaKHX, € (j,i,.,)€ CTIPAMOBAHOIO Iyrow k=12,...,n-1.

VY crnpsMOBaHOMY alUKIIYHOMY TpadoBi MOXKHA TIOMITUTH BY3JIM LIUTUMU YUC-
namu Big 1 go N TakuM 4rHOM, 10 /It KOXKHOT ayru (I, ) cripaBeainBa HEPIBHICTb
(i< j)- Ha puc. 1 300paxxenuii rpad 3 37 By3naMu Ha OAMHAAIATHOX eTanax. Ko-
xHa jyra (i, ]) Mae cBOIO IOBXHHY t;; . JlId 3HAXOKEHHS HAHKOPOTIIOrO MLIAXY
BiJ By37a 1 10 By3na 37 BUKOPUCTOBYETHCSI METO/I IMHAMIYHOTO MTPOTPaMyBaHHS.

Hexaii f — noBkuHa HalKOpOTIIOro MUISAXyY Bil By3na 1 1o Bysna i, Toni f, =0 .
3 BU3HAYEHHs f, TAKOXK BUXOJUTh, IO f +t; — JOBKHMHA HAWKOPOTIIOTO HLIAXY
BiJ By37a 1 /10 By3:1a j 32 yMOBH, III0 OCTAaHHBOIO JAyroo nuisixy € ayra (i, j).

CeHC JIOTTYHHX TEpEMIlleHb ONMMCAHO TAOIMYHUM BapiaHTOM IIPEICTABICHHS
IbTEPHATHUBHOTO rpady mpouecy 3MiHH CTaHy 3araciB 30JI0TOPYIHOTO POJOBHUIIIA
B po0oTi [8], y BUTTISA1 BUTPAT HA BUKOHAHHS aJbTEPHATUBHUX MPOIIECIB 3 MOMe-
HTY 3aTBEpKEHHS 1 epeayi 3anaciB Ha OajnaHC MIAIPUEMCTBA 10 CIIMCAHHS 3a-
nacis 3 Oayiancy.
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Puc. 1. AnprepHatuBHUI rpad BH3HAUEHHS CTpaTerii OCBOEHHS 30JO0TOPYAHOTO
pomoBuma. 1-37 — By3nu

HaiikopoTmmii muisix Bix By3na 1 70 By3ia | MOBHHEH MICTUTH JIESIKY JAYTY B
SIKOCTI KiHIIEBO1 1 TOMY [5]

fi =min(f, +1;) 1)

Kaxytsb, mo ayra (i, j) BUXOAUTH 3 By31a | Ta BXOAUTH Y By30d J. s ycix nyr,
IO BXOJATH y BY30J j, Ma€e Miclie HepiBHICTH (j< j). Lle o3navae, mo Bupas (1)
BHKOPHMCTOBYETBCS JUIsl 00umMcnens f npu j=23,...,37. 3amicTs TOrO, 11006 BHPI-

IIyBaTH 3a7a4y 0e3rmocepenbo, 0yio 3/AiHCHEHO 3aHypeHH ii B KJIac 3aBIaHb PO
HaWKOPOTIIMH NUIAX, a came oOuucnenns f. 1 ycix j. Taka 0co0uBicTh Xapak-

TepHa (HaKTHUYHO TSI KOXKHOT MOJIeli 6araTOKpOKOBOTO MPOIIECY.

besniu pimens onTUMI3aIiifHuX 3aBaHb ONMUCYETHCS (YHKIIOHATEHUM PIBHSH-
HSIM, aHAJIOTTYHUM PIiBHAHHIO (1). @yHKIIOHANBHE PIBHAHHS € CUCTEMOIO PIBHSIHB,
SK1 3B'I3YIOTh JICKUIbKA ONTUMI3AIIfHUX 3aBlaHb. Y TaKid CHCTEMi KOKHE PiB-
HSIHHS BiJITIOBi/Ia€ OJTHOMY BY3ITY.

Pimenns 6e3idi ONTUMI3AIMHNX 3aBOaHb MOXKHA 3HAWTH 3a JOIOMOIOIO, TaK
3BaHOTO, AJITOPUTMY 3BOPOTHOTO IMPOTOHY, SKHH PIBHO3HAYHUN BIOPSAKOBaHIH
IpoIeypi pilIeHHs TOCTIIOBHOCTI (DYHKIIIOHAIBHUX PIBHSHb.

ANroput™ 3BOPOTHOTO MPOroHy [5]:

Kpox 1. IToxmactu v, =0 Ta v, =00 uig k=2,3,...,N. [loknactu j=2.

Kpok 2. JTns koxHoi ayru (1, ), 1110 BXOAUTH Y BY30JI j, HOKJIACTH

vj <—min(v;,v; +t;) (2)
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Kpoxk 3. 3ynuautucs, skmo j=N . IHakme j<(j+1) Ta IOBEpHYTUCH J0 KPOKY

2.
Kpox 2 mossirae B 3aMmiHi y; Ha v;+t; BCAKMH pa3, KOJM OCTaHHS BEJIUYMHA

MeHIa 3a v;. Lled KpoK BUKOHYETbCS I KOXKHOT JIYTH, IO BXOAUTH Y BY30JI J

IpH [OMY MOPIBHSHHS POOUTHCsI 3a 3pocTaHHsIM HOMepiB I. Kpok 2 3akiHuyeTbCs
IpH vy, = f ..

Takum 4YMHOM, aNTOPUTM 3BOPOTHOTO MPOTOHY J103BOJIIE OTPUMATH JOBXKUHY
HaAMKOpOTIIOro MapupyTy (LUIAXY), ajie He caM MapiupyT. [l 3HaXoDKeHHs Hail-
KOPOTLIOTO HUIAXY Tpeba 3amam'aToByBaTd Homepu Iyr (i, j), sIKi CKIIalaroTh Map-
IIPYT JOBXKUHOIO V| .

Leit anroput™ npuaaTHUA U1 0OUMCIIEHB B alIUKIIYHUX Mepexax. b Toro,
PO3paxyHKH MOKHA MOYMHATH Y OyAb-IKOMY KIHII MEpeXi 1 pyXaTucs y 3BOpOT-
HOMY HanpsMKY 70 iH1oro ii kinus. [Ipu npomy, nependavaeTbes NpoOBEACHHS O~
Hi€T 00YMCITIOBAIBHOT OTepalii A KOXKHOT Tyru. TakuM 4WHOM, HaBpsJ UM iICHY€E
OUIbII €(PEeKTUBHUNA ANTOPUTM, HIK 3BOPOTHHUH MPOTiH.

[IpyHIMO ONTHUMANBHOCTI JAJS HAIIOTO 3aBAAHHS: MIANUIAX HAMKOPOTIIOTO
HUIAXY CaM € HAWKOPOTIIKUM LUIIXOM. bible yHiBepcaabHUI BapiaHT MPUHIIHUITY
BKJIFOYA€ TIOHATTS CTpATeTii.

Crpareris Bu3zHauae ayry (i, j), 0 BXOJUTh B KOKHHI 3 BY3JIIB J, OKpIM Iep-
moro j=1. IcHye 6e3niu cTpareriii and wiei anukiaiyHoi Mepesxi. CTpaTeria Ha3u-
BAETHCS ONTHMAJIBHOIO JUIS BY3JIa |, SIKIIIO BOHA BUSIBIISIE IyT'H, IO YTBOPIOIOTH HAM-
KOPOTIIMHI NUISX Bix By3na 1 1o By3na j. OnTuManbHa cTpaTeris XapaKTepu3ye OIl-
TUMAaJIbHUM ClIeHapiii OCBOEHHS POJOBHUIIIA.

B marematnyHiif MoJies1i OCBOEHHS 30JI0TOPYAHOTO POJIOBHIIA HA €Tarax po3K-
PUTTA 1 BUIOOYTKY pyau HAEThCSA HE PO BHOIp HAHOLIBII ONTUMAIIBHOTO CIIOCO0Y
PO3KpUTTS a00 PO3POOKH, a PO PO3PAXYHOK OCHOBHUX TEXHIKO-CKOHOMIUHUX I10-
Ka3HMKIB eKCIuTyaTtarii pogosuma. Moaens I03BoJsi€ pO3paxOByBaTH MapaMeTpH
CHCTEMH PO3POOKH, KO0 MO>KHA BIIPAIIOBATH 3aI1aCH 3 YB'SI3KOI0 MOXJIMBUX Ba-
piaHTiB po3KkpuTTs. Bubip BapiaHTIB po3KpHUTTS 1 BUIOOYTKY BiiOyBa€eThCs Ha CTa-
i1 IMATOTOBKY MMOYATKOBUX JAHUX.

Jnist onrTuMizarii npouecy 3MiHU CTaHy 3araciB poJOBHII PiAKICHUX 1 Oiaropo-
JHUX METaJIiB pO3pO0JIeH] CTaHIAPTHI MPOTPAMHU TUHAMIYHOTO TIPOTPAMyBaHHS Ha
MIHIMYM Ta MaKCHMYM 32 BU3HAYEHHSIM ONTHMAJIbHUX CTPATET i aTbTePHATUBHOTO
rpada DINAMIC i DIMAX. Jlerani nporpam, siki HancaHi Ha MoBi Pascal, mpuk-
Ja/Ii BBEJICHHS JIaHUX 1 pe3yJIbTaTiB PO3paxyHKiB HaBeeHi B po0oTi [9]. Y ocHOBY
iHpOpMaLIHHOTO 3a0e3MeYCHHSI ONITUMI3ALIHHUX PO3PaXyHKIB 3aKJIafeHi JaHl Ha-
TypaJIbHUX MMOKa3HUKIB POJOBUINIA, iHPpacTpyKTypa paiioHy ocBoeHHs, JIBH Vk-
painu 1 JaH1 JOIATKOBUX TEXHIKO-€KOHOMIYHUX PO3PAXyHKIB CTaJlid OCBOEHHS. 3a
pe3yabTaTaMi 00UMCIIeHb BU3HAYAIOTHCS MIOKA3HUKHU POJIOBHIIA B TPOIIOBOMY BU-
pasi, Ha MIACTaBi SKUX MOXKHA 3pOOUTH TMPOMHCIOBY €KOHOMIYHY OIIHKY POJO-
BHUIIIA.
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[Iporpamu Oynu peasnizoBaHi MPU PO3PAXYHKY Il Oaratbox pOJOBHII PiIKic-
HUX 1 0JIAaTOPOTHUX METAJIIB 3 PI3HUMH T'IPHUYO-T€OJIOTTYHUMH YMOBAMH 1 PI3HUMH
dbopmamu pyaHux Tin [6]. Lle Oynmm KpyTi TOHKI Ta MaJOMOTYXXHI JKHIIH, KUTU 3
KyTaMmH MaJiHHs (IyeTChKOT0 TUITY), 0 3MIHIOKOTHCS, MOTYXH1 MOXUII 1 KPYT1 py-
JIH1 T, a TAKOX Malioo0'eMH1 30JI0TOPYIHI POJOBHILIA.

B sik0oCTi BUXIIHUX TOKa3HUKIB MOJIEN BUCTYNAIOTh BapTICTh OTpUMaHuX 3 1 T
PyIu KOPUCHHX KOMIIOHEHTIB, TIOBHA COOIBapTICTh BUAOOYTKY, TPAHCIOPTYBAHHS
1 mepepoOku 1 T pyau, MailOyTHI MpuBeIeHI BUTPATH HA | T BHIIy4eHOI pyau IpH
OCBO€HHI POJIOBHINA, TUTOMI KamiTaabHi BKJIAJICHHS Ha OCBOEHHS POJIOBUINA, Pid-
HUIl NpuOYTOK Bl OTPUMAaHHS KIHLEBOI MPOMYKIil, peHTa0EIbHICTb SIK BIAHO-
eHHs npuOyTKY 10 cO0IBapTOCTI, KOe(illieHT peHTa0eIbHOCTI KalliTalbHUX BKJIa-
JIeHb, BapTICTh OTPUMAHUX 3 POJIOBUII] KOPHCHUX KOTIAJIUH.

be3ymMoBHO, Ti MOKa3HUKH, SIKI MOXKYTh OyTH OTPHMaHI B IIPOLECI PO3PAXYHKY
eTarliB, 1€l MoJieNi, He MOXKYTb PO3TJISIaTUCS B SIKOCTI KIHIIEBUX 3HAUEHb KEPYIO-
YUX napameTpiB. BoHH HOCATh pekoMeHAaLIHUIA XapaKTep, 1€ J03BOJISIE MpHUKaM
pUMaTH pIlLIEHHs MPO JOUUIbHICTh a00 YeProBicTh BiANpPAIIOBaHHS PYJHHUX PO-
JIOBMILI, & T€0JIOTaM, — BUSBIISATH HAHOUIBII «IIEPCTIEKTUBHDY JIJIS MONIYKIB TUIOIIII.
Po3paxyHKu TakoX MOXKYTh MOKa3aTH HIXKHIO MEXY 00'eMy BHIOOYTKY 1 BMicTy
KOPHCHO{ KOTIAJIMHM TPU OpraHi3ailii HeBeTUKOTO MiAMPUEMCTBA U1l pO3POOKH Ba-
XTOBUM 200 €KCHEeIUIITHUM METOIOM.

4. O0roBopeHHs1 pe3yJbTaTiB

3anpornoHOBaHUM MiXiJ 103BOJISIE OOTPYHTOBYBATH 00IacTh €(peKTUBHOI eKC-
IUTyaTalii aTbTepPHATUBHUMH PO3POOHUKAMU 3 PI3HUMU IIPaBaMU Ha KOPUCTYBaHHS
Ha/IpaMH 1 pI3HUMH MOKJIMBOCTSIMHM 32 (piHAaHCAMHU, TPYJOBUMH 1 MaTepialbHUMH
pecypcamu, a TaKo>X MPOBOJUTH Ie0JIOr0-€KOHOMIUHY MEPEOLiHKY 3araciB poJao-
BHIII, TIEPCIICKTUBHUX ISl IHO36MHHX IHBECTHUIIIN MUISIXOM 0araToKpaTHUX BapiaH-
THHUX PO3PaxyHKIB MOKHA OOTPYHTYBATH 3MiHY KOHIHIIIH.

Po3pobiieHa Mo1esTb OCBOEHHS 30JI0TOPYIHOTO POIOBUINA JI03BOJISIE OLIIHIOBATH
HE JIMIIe eKOHOMIYHUI aje 1 ekonoriyauii edext. s nporo HeoOXiqHO BEPIINHH
rpady HaBaHTAXXHUTH BiAMOBIIHO O E€KOJIOTIYHUX IMEpeBar Ha AYMKY HE3aJEKHOT
excrieptusu. [Ipu ontumizantii Takoro rpada peKOMEHIyEThCS CTPATETisl 3a CIICHA-
piEM OCBO€HHS 3amaciB HaHOUIBII EKOJIOTIYHO mepeBakHOMY. lIpu 3icTaBieHHI
€KOJIOTTYHOTO 1 €KOHOMIYHOTO CIICHApiiB, B SKHX aJlbTCPHATHUBU BIIMOBITAIOTH
I'/IK (rpann4Ha HOMYyCTHMa KOHIIEHTPAIlsl), PI3HUL BUTPAT BU3HAYA€e 00cCsT ¢i-
HAHCYBaHHS Ha €KOJIOTIIO IIPH OCBOEHHI IILOTO POJOBHUINA. Y pa3i, AKIIO albTepHa-
THBA SIBHO €KOJIOTTYHO HE MPUUHSATHA, TO BIAMOBIIHY BepIIHHY rpada Tpeda oOBa-
YKHIOBATH, 1100 BOHA HE MMOTpaInuia B CTPATETIIO.

Jlnst peamizaniii pileHb 3aBAaHb PAIIOHATBLHOT €KCIUTyaTallli pOJIOBHIL METO-
JaMH JUCKPETHOT MaTEMAaTUKH aBTOPU MPOJAOBXKYIOTh JOCII/DKEHHS y HaNpsMI BiJI-
MOBITHOCTI aJITOPUTMIB ONITUMI3al111 MEPEKEBUX MOJIEICH CydacCHOMY PIBHIO 1H)O-
pManiifHX TeXHOJIOT 1. 3apeecTpoBaHa KOMI'toTepHa nporpama «lIporpama onrtu-
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Mi3allii MepexeBUX MoIesIei», ska Ha OCHOBI KIIACUYHUX allTOPUTMIB MOIIYKY Haii-
KOPOTIIOTO HUISAXY MDK ABOMAa BUIUIEHUMHU BEpIIMHAMU rpady, J03BOJISIE po3pa-
XyBaTH ONTHUMaJIbHE 3HAYeHHS HeoOxigHoro mapamerpa [10, 11].

BucHoBknu

V w1iit poOOTI aBTOpH ONMCATIM CydacHi 1 HailH1 clocoOM BU3HAUEHHS peHTabe-
JTHHOCTI eKCIUTyaTallii 3amaciB, BUSBIEHUX a00 OUiKyBaHUX, 10 PO3KPUTTS 30JI0TO-
PYAHUX POJIOBHIIL, a pE3yNbTAaTH 110 [[bOMY HAaNpPsIMY 3aJIeXkKaTh, B IEPIy Yepry, Bif
MOJIITUYHOT BOJI1 BIATIOBITHUX JIeP>KaBHUX OPTaHiB YIIPABIIHHSA, a TAKOXK BiJl y4acTi
B OCBO€HHI YKpAiHChbKMX POJOBHIL JOCBiUEHHX (haxXiBLiB 3 aKaJeMIYHUX Ta raiy-
3€BMX HAYKOBUX YCTAHOB, SIKI TPAAMLIHHO MalOTh HE3AJIEXKHY 1 00'€KTUBHY TOUKY
30py 3 MO3ULIT IepKABHUX IHTEPECIB.

[IpencraBnena B HaBelEHIM CTATTI METOOJIOTIA peaibHO JI03BOJISIE CTBOPUTHU
NOTYXKHI SIKIPH1 IPOEKTH, sIKi 3aKIaayTh QyHJAMEHT il (OpMYyBaHHS MO3UTHUB-
HOTO IMIJDKY KpaiHU Ha CBITOBOMY PMHKY Ta IMiJBUILATH IHBECTULIIHY MPUBAOIH-
BicTh po3poOKu poaoBuil. Lle, B CBOIO uepry, 3a0e3neuye MOKIMBOCTI CTAIOTO PO-
3BUTKY KpaiHM 3a PaxyHOK HApOIIyBaHHS BJIACHOTO MiHEpaJlbHO-CUPOBHHHOTO
KOMILJIEKCY.
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B.I'. I'punes, A.A. Xoponvckuii

BO3MOXHOCTU 3PPEKTUBHOIO OCBOEHUA PYHbIX
MECTOPOXOEHWIM C 3AMTACAMW PEOKMX N BNAFOPOHbIX
METAJ10B

Heusb. Pa3paborats HOBBINM moaxox Ams 3¢ (GEKTUBHOTO OCBOSHHS PYAHBIX MECTOPOXKIE-
HUH ¢ 3amacaMy peaKuX U OJIaropoIHbIX METaJIOB.

Metoauka. OueHuTh U clienaTh BbIOOP IPH Pa3IUYHBIX TOPHO-T€OJIOTHYECKUX, TEPPUTO-
PHAIIBHBIX M COLIMAJIBHBIX YCIOBHUSX C y4€TOM OOJBIIOro pa3Hoo0pas3us GopM pyaHBIX Tel
U BBICOKOW LIEHHOCTHU IIOJIE3HBIX MCKONAEMBIX MOXXHO HAa OCHOBE ITMHAMHYECKOTO Mpo-
IrpaMMHPOBaHHUA.

PesyabTaTthl. [IpencraBnena Monens H3MEHEHHs COCTOSHUS 0aJJaHCOBBIX 3allacoB OTede-
CTBEHHBIX MECTOPOXKIIECHUN C yIETOM TEKYILMX U 0053aTeIbHBIX YCIOBUI JUHAMUYECKOT O
nporpaMMupoBanus. OnucaHa METOAMKA ONTHMH3ALUN MOJETH M PEKOMEHIOBAHO MIPO-
rpaMMHOe o0ecriedeHHe 1151 pacueToB.

Hayunas noBu3sHa. IlpemioxxeHHblil moaxo/ MO3BOJISIET 00OCHOBBIBATH 001acTh A dek-
TUBHOW HKCIUTyaTallMd C aJlbTEPHATHBHBIMU pPa3pabOTUMKAMU C pa3HBIMH MpaBaMu Ha
MOJIb30BAHUE HEIAPAMU U PA3TMYHBIME BO3MOKHOCTSIMH 110 (PMHAHCAM, TPYJOBBIMU U Ma-
TE€pUaIbHBIMU PECYPCaMH, a TAKKE MPOBOAUTH I€0JI0r0-3KOHOMHUYECKYIO NIEPEOLIEHKY 3a-
[acoOB MECTOPOXIECHUH, MEPCIIEKTUBHBIX U1 MHOCTPAHHBIX MHBECTHIIMM, IIyTEM MHOTO-
KpaTHBIX BAPHAHTHBIX PACUETOB MOKHO 00OCHOBATH U3MEHEHHE KOHAULINH.
[pakTuyeckas 3HaYUMOCTb. [IpuBeneHHBIE CIOCOOBI TO3BOJISIOT ONPEACIUTh PEHTA-
OENBbHOCTD IKCIITyaTallid PeajibHBIX 3aMacoB 30JI0TOPYIHBIX MECTOPOKACHUI M JEeMOH-
CTPUPYIOT BO3MOXHOCTU 3(P(PEeKTUBHOrO OCBOEHMSI 3allacOB LIEHHBIX PYI, a TAK)KE MOTYT
OBITH IPUMEHEHBI IPU CO3/AHUHM MOIIHBIX SKOPHBIX MPOEKTOB HApalIMBaHUS COOCTBEH-
HOT'O MUHEPaJIbHO-CHIPHEBOIO KOMILJIEKCA Y KPauHBI.

KimoueBble ciioBa: peaKuc n 6HaFOpOI[HLIG MCETaJIJIbl, OCBOCHHEC MeCTOpO)K,ILeHI/If/’I, JHUHa-
MHYCCKOC IMpPOrpaMMHpOBAHUC, COCTOSIHHUC 3allaCoOB, aJITOPUTM, KOMIIBIOTCPHBIC IIPO-
rpaMMbI, OIITUMHU3ANNA, 3(1)(1)€KTI/IBH3,H OKCILTyaTalnusd, SIKOPHBIC IMTPOCKThHI, HBCCTUIITUOH-
Has MMPUBJICKATCIIbHOCTD.

V.G. Hrinov, A.A. Khorolskyi

POSSIBILITY OF EFFECTIVE DEVELOPMENT OF ORE DEPOSITS
WITH RE-SERVES OF RARE AND PRECIOUS METALS

Purpose. To propose a new approach to the design of layout of ore deposits with reserves
of rare and precious metals.

Methods. The paper presents numerous specifications of the development of valuable ore
reserves, which can be displayed in a mathematical model of the state of reserves through-
out the entire period operation of fields. Evaluate and make a choice in different geological,
territorial and social conditions, taking into account the great variety of forms of ore bodies
and high value of the mineral, possibly based on dynamic programming.

Findings. Modern methods are described for determining the profitability of exploiting
real reserves of gold field, which show the possibilities of efficient development of high-
grade ore resources, as well as creating powerful anchor projects for building up our own
mineral resources sector of Ukraine.
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Originality. It has been a model of changes in the state of the balance reserves of home-
made fields is describes, taking into account the current and compulsive antecedents for
dynamic programming. A method of optimizing the model is given and software calcula-
tions are recommended.

Practical implications. We developed the system for decision-making support, which al-
lows optimizing operational parameters of layout of ore deposits with reserves of rare and
precious metals.

Keywords: rare and precious metals, opening of a deposit, dynamic programming, in-
ventory status, algorithm, software, optimization, effective operation, anchored project, in-
vestment attractiveness.
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