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Y fIK 553.048 OpHniHaliHH HayuHH paji

JIEXMIinTA MMHEPAJIHMX CMPOBHHA - GITES MINERAUX

CHCTEMCKH nPHCTyil HrEOJIOUIKO-EKOHOMCKA
OHEHA JIE>KHUITA MHHEPAJIHHX CHPOBHHA

off
JHejaHa MnjioBaHOBHha -

y reo.nouiKMM Haj'KaMa, o6yxBaTajyhn h eKOHOMCKYy reojiornjv. eHereMCKa OpraHH30BaHOCT npejjMeTa
aHH H HayMHor ca3HaBaH>a, HMa cj>VHJiaMeHTa;iHH 3Ha>iaj. Feo.iiomKO-eKOHOMCKa ogeHa Jie>KHmTa MHHepaliHHX
cnpoBHHa, Kao KOMH.ueKcaH npoiiec h aHaJiHTHiKo-CHHTeTHHKH nocTynaK. npeHCTaB.u>a ycTBapM oapef)en chc-
tem ca BHiiie noflCHereMa, ojihocho ejieMeHaTa. rtoflcHCTeMH ce HcnojbaBajy npeKo Mogejia, Kojn Mory 6htm re-
HeTcKH. reolJiouiKH. TexHHHKO—eKcnjioaTaijHOHH. TexHO0Ji0iiiKH. reoeKOJiouiKH. ckohomckh. cbohhh h ap. E.ne-
mchth ce Mory rpynncaTH Kao HaTypa.HHM. BpejiHOCHH h chhtcthm kh. 3a cncTeM ce Mopajv vtbphhth H.eroBa
eMepueHTHa cBojcrBa. cTpyKTypa. cneuH(J)HHHocTH KiiMno3HHH je. jiejcrBO ejieMeHara Ha jipyre elieMeHTe h chc-
tem Kao uejiHirv. Kao H OTBOpeHOCT CHCTeMa.

K.bviHe pcHii: cncreM. reojiouiKo ckohomckb oueHa, eMepijeHTHa CBojcTBa. jie*nuiTe MHHepa.nne cnpoBHHe.
mojicji. reoJiouiKa HCTpa>KHBaii>a, CHCTeMCKa aHaJM 3a.

yuoA

HayTHO-HCTpa»CHBaHKH paj; y eKOHOMCKOj reojiornjH HMa BeoMa KOMHJieKcaH Ka-
paKTep jep ce npn upoy'iaBaH>y o/jpel)eHHX o06jeKaTa ca re0JiomKO0-eKOHOMCKOr acnheK-
Ta (MHiiepalJiH3aiiHOHe nojaBe, pyfliia Tejia, Jie>SKHUiTa h np.), nopejj pesyjiTaTa reojiom -
KHX, reOXeMHjcKHX H reo4)H3HHKHX MeTOfla, MOpajy KOpHCTHTH Il eKOHOMCKe, MaTeMa-
TH'iKe, cpHJi030cficKe h jjp. MeTo/(e. Obo npoH3HJia3H H3 HHH>eHHL(e jia ynpaBO y OKBnpv
reojioOLHKO-eKOHOMCKHX npov'taBaH.a (npiieHCTBenci pa3JiH'iinii 06jihh;h oneHe jiokhih-
Ta) HHcy AOBOJtHH caMO reojiouiKH cjiaKkTopn h o”roBapajyhH noKa3aTejr>H, jep ohh ycKo
h jejjilocTpaHO o;(cjniKaBajy ckohomckh sna'iaj ou;eH>iiBaHor o06jeKTa, o/iiiociio Moryh
hocth H>ei()Bor iipocj)JHTa6HJiHoi' h reoeKOJiouiKH npHXBaTJbHBor KopHiuherba.

y cKlia/iy ca naBe/ienHM, chctecm ckh npHC'ryn re0JiOuiK0-eKOHOM CKO0j oueHH He caMo /ia
HMa onpaBflau>a Beh npe/icTaBJBa hy>khoct jep je y niiTaH>y KliaciiHHa pejiaunja Hejuiiia-
-pejiOBH (ejieMeHTH), 0fIHOCHO pejiau,nja chctcm —o/"CHCTCMH—ejieMeHTH (napaMeTpn). yn-
paBo H3jjBajaH>e iio/icncTCMa h napaM eTapa oMoryhaBa ;/a ce npou;ec reojiouncHX nciipa>KHBa-
H>a h HciiirniBaita (iipo®"HaBaiba o6jeKaTa) jjejiu Ha oflroBapajyhe eTane, y cKliajjy ca npHH-
UHIIOM CTCiienacTC ii0CTynHOCTn; HCTOBpeMeHO, y OKBIipy re0JioUiK0-eKOHOMCKe o0i;eHe,
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KapaKTepncTH'ine ipyrie cflakTopa (no/iCHCTeMn) h HOKa3aTeJbH (ejieMeHTH), Mory ce H3pa3H-
th Kpo3 oj(roBapajyhe Mojjejre, ojiilocho npHMeHHTH pejianrrja rjeJiHira-eJieMenTH, Kao h Me-
nijia anajiornje, ij. cjih’ihocth. Tlpn tomc je 3a re0Ji0iiiKO-eKOHOMCKy onenv oji Hajiia*-
HHjer iiia‘iaja jia oSjejjrm.aBaihe napaMeTapa y irojicricTeMe h nojicric'reMay chctcm ;raje mo-
ivhiiocT j(a ce VTisp/ie KapaKTepircTirine nejimie oneihHBanor 06jeKTa, ofiesfie/iir KOMiuieT-
hoct npov'iaBan.a aJiH TaKo})e ofie'ifie/je ycjiOBH 3a oflroBapajyha nporHO3iipaH.a. YcTBapn,
jrojia3H ce jlo ciiHTCie, rr,pa>Kcne npeKO jejinor hjih BHiue iiOKa3aTCJba Kojn H3pa>KaBajy
V3iiMaH>a BpeMeHCKor (|)aKTopa y ofi-inp). Chhtcthhkh H3pa3 cbhx cjjaKTopa h noKa3aTCJba
reojiouiKO-eKOHOMCKe oneiie HHje h ne mom« 6hth npocT 36lip thx ejieMeHamra Beh oii yn-
paBo iipe/icTaBJba jejrnv KOMnjieKCHy nejiiniv Koja HMa 6ap jejtno eMepi.iein'iio CBojcTBO.

Y jroMahoj jiiiTepa ivpn HeMa o6jaBJbeHirx pajioisa Kojn ce 6aBe chctcmckom anajiHSOM y

o6jiacrii reojiouiKO-eKOHOMCKe onerie. Obo HaMehe noTpe6y jja ce, ii3Met)v ocTalior, yKa>Ke
na hckojihko rpyna npoé6jieMa KojH cy aKTyeliHH Kaj(@ ce chctcmckh npHCTyn [ipriMeii>yje y
oKBirpv reojiouiko-eKOHOMCKe oneHe Jie>KHiina MHHepajiHiK cnpoBHiia, ato cy:

- ociroBHe KapaKTephcthkc cncTCMa h cncTCMa h chctem ckoi' npHCTyna;

- paiJIHHHTH aCIICKTH CHCTCMCKOLI' lipilCTyiia Ca nOCe6I'HM aKHCHTOM 1la MiiHepaji-
ho—CHpoBHHCKe pecypce h MHHepajiHO—CHpoBHHCKY 6a3y;

- nponejivpa h ejieMeiiTii MeTojiojiornje chctecmckc aHalJiH3e;

- reojiouiKO-eKOHOMCKa onena MHHepaliHHX ciipoBHHa Kao chctem h iberoBH ejie-
MeHTH (nOfICHCTCMII).

Mei)yTHM, Kajia ce npHMeibyje CHCTCMCKa aHaliH3a-TO ce ojiiioch h Ha reojiouiK O -
—eKo0iioMCKy oiieiry-noTpe6no je nojjceTHTH Ha to flaje y nHTaiby "npec”H fteHa MeTOHO-
jioniKka npoueHvpa" Koja Mo>Ke jioBecrn 11 flo HeTaTHor pe3yjiTaTa, aKo ce o6aBJba Mexa-
hhhkh. HoTpe6ari je HCTpa>KHBaHKH npncTyn CBaKOM nojeniiHaHHOM cjryHajy H3Boi)eu.a
TaKBe anajuise (KanycTHHa h flp., 1989).

OCHOBHE KAPAKI EPHCI HKE CHCTEMCKOr HPHCTyHA
y OB.IACTH I E0.101UKHX HCTPA)KHBAIbA

OnuiTa reopiija ciicreMa, ojihocho chctemckii npHCTyn, OMOryhaBa jja ce iioji chc-
tcmom Mory noflpa3yMeBaTH Bpjio pasJiirirrTH upejiMcTn iipoy'iaBair.a-M aTeprijajiiie 11
cBaKO iipoy'iaBan,e (HcnHTHBaibe) oflroBapajyher ripej*MCTa.

Kao chctcm ce Mo>Ke cMa'ipaTH yKynHa reojiouika HayKa h 6hjio Kojrr ibeH jjeo (jih-
Tojiornja, jiiinaMH'iKa reojiornja h cji.), hjih 6hjio Kojn jjeo Tor jjcjia, cBaKa XHnoTC3a,
Teopnja, cBaKii reojiouikKH 33koh rrriji.

y CYyuiTHHH, iraje ochobho y TOMe Kojn ce iipnpojrini hjth MHcaoiiH o6jeKaT CMaTpa
chctcmom, Beh Koje 3axTCBe Tpe6a jja HcnyibaBa jjaTH o6jeKaT jja 6h Morao 6hth cMaT-
paH chctcmom (lUapanoB, 1977),

O'rai Jiejuio je jMa iU)jaM CHCTeMa 3aBHCH n ofl HHJba npoyHaBaiba.

Ha ocH()By pa3Jiii'inTHx KpHTCpnjyMa Mory ce pa3JiHKOBaTH CTaTH'iKH, juiHaMH'iKii h
peTpOCneKTHBHH CHCTCMH, aJlH H KHHCMa rH'IKH, KOM~AHHOBaHH, OTBOpeHH H 3aTBOpeHH CHC-
TCMH H Jip. CaM CHCTCMCKH ItpHCTyn MOX<e 6HTH: HCTOpiljCKH, ejieMeHTapHH, QrpyKTypHH,
cf>yHKHHOHaJIHH, HHTCipaTHBHH, KOMyilHKaHHOHH H jjp. Ha np., Kojt CHCTCMCKO—KOMyilH-
KaniioHor iipHciyna 6HTHe cy Be3e KOHKpeTHor cncTCMa (reoJiouiKO-eKOHOMCKa onena) ca
jipvi.'HM cncTCMHMa (reojiouiKa iic"ipa>KHBaii>a-ojipebeiic eTane; MOHHTopHHr MHHepajiHO—
—CHpoBHHCKe 6a3e h jjp.), KaKo y BeprHKajiHoj TaKo h y X0pH30HTajiHO0j paBHH.
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Ca CTaHOBHiiiTa Hajmnpe reojiouiKe npoSjieMaTHKe, ¥ Kojy ce, pa3yMe ce, yKJbyiyjy
n reoJiouiKa HCTpa>KHBaiba jie>KHinra MHHepajiHHX ciipoBiina h H>HXOBa onefia. npHXBa'r-
JbiiBe cy - 6e3 KpiiTHMKor ocBpTa na neKe jjpyre flecJiHHHHiije cHcreMa - cjiefleha KapaK-
repHCTH"Jiia ojtpel)eiba oBor nojMa:

- "Chctcm je 6hjio Koja HejiHHa Koja ce cacTojH »)( jdia hjih BHiue ejieMeHTa, Kojn
iHHe H>eHy crpyKTypy, H3Met)y Kojnx nocToje HeKa ojjpet)eHa jjejcTBa, vcjiejj Kojnx ce
noHauiaite u,ejiHHe pa3JUiKyje oji noiiaiiiaii.a 6hjio Kora 0j? u.eHlix ejieMeHamra hjih oji
noHauiaiba 36npa elJieMenaTa" (Kosti¢, 1994); h

- "Chctcm je npejiMeT 6hjio Koje iipnpojie koji KOra cmo yTBpj(HJiii eMepueHTHa
cBojcTBa" (lllapanoB, 1977); n

- "( hctcm - y TeopnjH ciicreMa npejicTaBJlba cKyn (komiio3llHH]|y) ejieMenaTa (jle-
jioBa) 'iHjn Mel)yco6Hii ojihoch rioTHBajy Ha oflpel)eHiiM 3aKOHHMa hjih npiumiuuiMa"
(Kukoleca, 1986).

Y ojinocy HareojiouiKa HCTpa>KHBau>a h npiiMeHy onuiTe Teopnje ciicreMa, Mopa ce
nolJia3HTH ojj cjiejiehiix KapaKTepHCTHKa: 1) CHCTeM je oflpetjena nejinna, na iipeMa tomc
h riponec reojioiuKHX HCTpa>KHBaiba h nponec reolJiouiKO-eKOHOMCKe oneue jie>KHUITa
MHHepajiHHX cnpoBHHa Mo*e ce TpeTHpaTH Kao Hejinria; y KHHecKoj r|jHJi030c}injn npoc-
HCTpa>KHBaH>a iipej(craiiJi>ajy caMH no ce6n jejjan nojicncTeM y KpvimoM chctecmv VKVUiie
napojine wupiiiipejie (Cioh, 1996); 2) CBaKH chctcm ce cacTojH oji ojjpel)eHHX jiejioBa
(ejieMena'ra-iiojicncTCMa, napaMeTapa, HOKa3aTejba) KojH 'ume ojipetpeny crpyKTypy (kom-
no3HHH]jy jjejioBa); CBaKa eTaiia/'cfiaaa reojiouiKHX iic'ipa>KHiiaii>a MO>Ke ce TpeTHpaTH Kao
iiojlciic'ieM y OKBHpy ncjiiine npoijeca reojiouiKHX uc'ipa>KHBaii>a, ajiH ce eTana, Ha HH>KeM
HHBoy, MO>Ke nocMaTpaTH h Kao ojjroBapajvhii cncTeM Kojn HMa CBoje iiojicHCTCMe; cjihtho je
h ca nponecoM reojiouiKO-eKOHOMCKe onene jie>KHUiTa, Tiijii ce noj*\CHCTeMH moiv irspa iii'rii
npeKO ojii ()Bapajyhiix Mojiejia; 3) 3a KBajiHTeT CBaKor cnc'reMa je 6riTaH HaHHH na Kojn cy
u>eroBH ejieMeiiTH iioBesanri, ojihociio KOMHOHOBaHii, jep je "chctcm ciicnncfiirina komiio3h-
Hirja jjejioBa" a "KiiajiHTCT He ojipet)yje iiO'iyiiyii() chctecm" (Kosti¢, 1994); KapaKTepricin-
ilan je craB jja je kojj ouene jie*HiUTa MHHepajiHHX cnpoBHHa rjiaBHH cjjaKTop Kojh
o6pa3dyje chctecm hjih 33koh KOMiioiiinnje cncTCMa MCTojiojiornja reoJiouiKO-eKOHOM -
CKe onene (Ctccl)airobh t, 1989); 4) jiejioiiii chctem3 (Ha np.: eTane reojiouiKi« licTpa-
>KHBau>a hjih MojieJiH-nojjcHC'ieMii koji oneHe) vthtv Ha jjpyre ejieMeiiTC h Ha ciictcm y
Ucjihhh; 5) He Mo>Ke ce CTaBHTH 3HaK jejniaKoc'ni H3Mel)y CTaiba h y-niHaja ejieMena'i'a iiapa-
MeTapa hjih iiojicticTCMa (cbiix sajejiuo iijih nojejiHiiaTiio) h C'rau>a CHCTCMa Kao nejiniie; cTa-
H>e h noHaruaibe cncTCMa je Jipvroja'inje, ojiilocho noce6Ho h crieniicfiiiTHo; 6)chctcm Bpiiin
vTHiiaj Ha CBoje OKpy*eu>e, ajiH h oho jiejivje Ha u>era (Ha np.: ymiHaj cnojbiior Tp>KHiiiTa h
nena na reojtouiko-eKOHOMCKY oiieiiv h oju oBapajvhe npoMeHe y OKBiipv u>e h cji.); 7) naj-
Ba>KHirja oco6HHa CBaKor CHCTCMa cy u>eroBa eMepueiiTHa iijih niiTcrpa'niBHa cBojcTBa, ojt-
hocho TaKBa ciiojcTiia ¢cHCTCMa Koja HeMajy komiiohltitc Koje Tiine npejiMeT. VcTiiapn. aKO
HeMa eMepi,ieiiTHiix CBojcTaBa OHjta jejuioc'raiiiio hc nocTojn hii chctcm, a ynpaBO CHCTCMCKa
aiiajuria OMOryhaBa oTKpHBau>e eMepueH'rarix CBojc'raBa, jiok ce ajuiTHBiia CBojcTBa npeji-
Mera Mory yi’BpjiimijipvniM o6jmiiHMa aHajiH 3e.

yOKBpr npoijejivpe peajiiriauuje chctcmckc aHajui3e noTpe6Ho je 06aBHTH cjiejte-
he onepamije (KanycTiitia h Jtp., 1989): 1) ojjpel)iiBaibe npejtMe'ra npoy>iaBaH>a; 2) H3-
pajja npeiliejta cbhx jjejioBa (ejieMeHaTa hjiii KOMnoneHTH) HHjtHBHjtyajiHor npejiMe'ra,
KaKO yTBpl)eHHX TaKO h npeTnocTaBJbeHHX, hjih pa3JiiiTHTHX o06jiHKa (BaprijeTe ra) ko-
jileKTHBHor npejiMeTa; 3) yTBpl)HBaH>e oj*Hoca Kojn cf)opMHpajy chctcm ii 3aKona komiio-
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(Hnuje cncTCMa; n 4) yTBpi)HBatt>e 6ap jc/uioi eMepijeHTHor CBojcTBa npoyHaBaHor
ripejjMeTa.

J],eTalbiinja aHajiHia cyujTHHCKHX ejieMeHaTa MeTojjojiornjc cHCTeMCKe aHajiH3e
(noc'rynnocT e'rana h pal/ioBa) paspa”eHa je y ojjroBapajyhoj JiHTepaiypH H3 eKOHOMHKe
MiinepajiiiHx cnpoBHHa (KaraHOBHH, 1985).

CHCTEMCKH HPMCTyil M 1E0.101UKO0-EKOHOMCKA OIIEHA
IESKMIIH A MMHEPAJIHMX CMPOBMIIA

cnpoBHHa, 6e3 063Hpa jia jih ce OHa nocMaTpa Kao cjio»ceHa anajiHTHHKO—CHiri'e'nriKa mc'io -
lia (noc'iyiiaK) hjih Kao nponec, HMnepaTHBHO HaMehe no'ipe6y Kopiiiuhcii,a cHCTeMCKor
npHciyna KaKO y TeopnjcKOM 'raKO h y iipaKTii'inoM /icjiv OBe o6jiacra.

Ilojia3ehH oji npejiycjioBa jia je upoH,ec reojiouiKO-eKOHOMCKe oneiie jie>KnujTa mh-
HepajiHHx cnpoBHHa ojiroBapajvhn chctem, Y cKliajiy ca MeTojiojionijoM cHCTeMCKe aHa-
MCTpn - noKaiaTejbH onene), KOMn03Hnnjy cucTeMa h xnjepapxnjy cncTeMa h nojjcHCTe-
Ma, Kao h eMepi.ienTiia cBojcTBa CHCTeMa.

y ochobh reojioiHKO-eKOHOMCKe oueHe Jicx<niirra MHHepajiHiix cnpoBima cy 6poj-
hh noKa3aTelbii Bpcjiiiocnor h naTypajiHor KapaKTepa. Oiih cy jieTajbiio paspa”™enn y
onroBapajvhoj nayiiHO-CTpyHHOj JiHTepaTypii. Koji npiiMene CHCTeMCKe aHajiH3e Mopa
ce H3BpuUiHTH rpynncaibe thx noKa3aTelba y oj*Hocy Ha nojjcncTeMe (Moj™ejie), Kojn ‘iHiie
cHCTeM. H'iM ehv noKa3aTejba nocToje TecHe Me”yco6He Bese - Kopejiaunone h cf>yHKUii-
OliaJIHe 33BHCHOCTH.

Bpoj iiojicncTeMa je pa'iJiii‘iirr h 3aBHCH o0j; CTenena HCTpa>KeHOCTH h npoy'ieiioc'rii
jiloKHiirra, o/ihocho e'raiie nocjie Koje ce Bpuin reojiouiKO-eKOHOMCKa oijena jioKHUIiTa.

OniUTti o6jihk npoueca reojiouiKO-eKOHOMCKe oneHe JioKiiuiTa MHHepajiHHx cnpo-
BHHa Kao ojipcf/enn cncTeM MO>Ke HMaTH cjieji;ehe nojiciiCTeMe y Birjry Mojiena: reneTCKH,
reojiouiK H, TexHHHKO—eKcnlJioaTauHOHH, TexHOJiouiKH, tp>huhih, reoeKOJiouiKH, eKo-
homckh N cboj*hh MOfleji. llojenHHH ayTopn (na np. CTeclJjaHOBHI, 1989, 1989a),
H3jiBajajy cjiejiehe Mojiejie: reojiouiKii, eKCiuioaTanHOHH, eKOHOMCKH h cbojihh - reojiouiK O -
—eKonoMCKn, ajm je to y>Kii iipncTyii npo6jieMaTHHH jep 3aHeMapyje hjiii HejioBOJbHO ncrir'ie
rieKe rHaiajire ejreMeirre reojiouiKkO-eKOHOMCKe oueiie y uejiHHH.

MiMet)y cbhx Mojiejia nocToje ojjpe~eHe Be3e, a y OKBHpy CBaKor on u.hx Halia3H ce
Behii 6poj KapaKmrepHCTH'IHHX napaMeTapa-noKa3aTejba.

XnjepapxHjcKa c'ipyKmrypa circTeMa reojiouiKO-eKOHOMCKe oneHe, npe CBera je ojipehe-
iia iipiiMcii.ciioM MeTojTojiornjoM TakKBe ou;eHe, Koja no cyurniHH ocTBapyje yjiory 3aKOHa
KOMHO3HHHje cucTeMa. ripn TOMe je ‘iira‘iajno iia ce Ta Me'ix)/(OlJionrja y ojinocy Ha hobo
nponabena jie>KHin'ra (Koja ce jour He HCTpa>Kyjy y v>KeM CMHCJiy Tor npoijeca) 'iiia‘iajno

llocjiejiiba Koucraraniija npiiXBaTa ce ycjioBHO jep ce NPH reojiouikO-eKOHOM CKoj
oueHH Ha Kpajy 6hjio Kor c'rajurjyMa/erane rrcTpamnian.a npiiMeu>yje hcth aHajiHTHHKo—hh-
re rii'iKH noc'iynaK, ajiH je ochobhh npo6jieM paciiojio”Kiniocj', KBairrH'raTHBHa h KBajiHra-
'HBHa, reoJiouiKHX h 6pojHHX jipvrriN napaMeTapa (cJjaKTopii, noKasaTejbH), o/iiiociio u.uxoBa
HecvMir.HBa ycKa orpaiiri'ieHOCT y iio'ic'l'hiim cTajiHjyMHMa. TeK Kal/ia cy 3aBpuieHa jjeTajfeHa
Hcjpa>KHBaH>a, ii3Bpiuen npopa'ivii pesepBH h oh Ocj3HUHjeJiHO npHXBaheH, pacnojia®ce ce ca
ajjekBaTHOM KBajiHTeTHOM HHcjjopMaiuijoM o Jie=KHruTy y H=>erOBOM reojrouiKO-eKOHOMCKOM
cmhcjiv. Mel)yTiJM, cTBapno KOMiuieTHa h onTHMajiHa niicjjopManiija O Jic>i<uiiny O cbhm
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re0jiOLLiIKO-eKOHOMCKHM (J)aKTopHMa ii noKa-ia'itJbiiMa n 113 ii.hx ii'iBejieiiHM chhtcthmkhm
6y”e npOH3BOfIHO iicHpiiJbeHO.

Itajjajbe, 6htho je iiojiiivhn jia CBaKH chctcm HMa CBoj CTpyKTypHH hhbo. To ce ojihoch h
Ha nponec reojioiiiKo-eKonoMCKe enene jie>KHurra MiiHepajiHHX cnpoBHHa. OBaj npouec
mo>kc, MetjvTHM, y OKBHpy cncreM a MOHHTOpHHra MiiHepaliHO-ciipoBHiicKe 6a3e, jia upeji-
craBJba caMO jejian ojj iiojicncTcMa (6jiok reojiouiKo-eKOHOMCKe onene). Cjipvre crpane, re-
itercKii hjih MeTalioreHeTCKH mojicji y ojuoBapajvhiiM yclJioBHMa, Mo>Ke npejicraBJbaTH
ojipeljieH chctcm ca cBojiiM kohctht*thbhhm ejieMeiniiMa, aliH je Tajia y iiHTaibv chctcm
HH>Ker CTpyKTypHor HHBoa.

K ojj, pa3M ampaiba xiijepapxiijcKe cTpyKType cncreM a reojioniKO-eKOHOMCKe onene.
n0Tpe6HO je HMaTii y isiijiv ti to jia H3Met)y cncTCMa h ti3Mef)y nojiCHCTCMa (y hctom
cticTCMy) nocToje T3B. iiojiy>Ktie n uonpe'ine Bcie/ojuiocti, vcliejj ’iera ce npaKTH'iiio
c}>opMHpa Mpe>KacTH CHCTCM.

y (J)HJi030(J)HjH iipocneK Hiije h Hcrpa>KHBatba nnciicTHpa ce na npiiMeiiH nptiHmina
OTBopeHocTH CHCTCMa 3a ycMepaBaibe y3ajaMHHX Besa h ojjHoca CHCTeMa ca OKpy>Ke-
ibeM, Tj. jjpyrtiM CHCTCMtiMa (C ioh, 1996).

Y XHjepapxHjcKoj crpyKTypti CHCTCMa reojiouiKO-eKOHOMCKe onene jie>Ktiiina mii-
HepajiHHX cnpoBHHa, nojia3tt ce on oTBopetiocTti oBor cncTCMa y ojjHocy na chctcm
reojioniKHX iicrip>i<iiiiaii,a (y HeliiiHH hjih y ojihocv Ha o/ipei®cne e'iaiie-CTajjHjvMe nocjie
KojHX ce TaKBa oneHa o6aBJba), a 3aTHM ce Mopajy KOHCTHTyHcaTH MOflejin Kao iioji-
chctecmh (reHeTCKH, reojiouiKH Il jip. pannje iiatie/ieim MOjjejui), ca HOKa3aTCJbiiMa (ejie-
MeHTHMa nofICHCTCMa) Kojn cy cacTaBHH hcjiobh cBaKor Mojjejia (Ha np.: cpejin.n cajjp-
>t<aj KopncHe KOMnoHeHTC h ihtcthhx KOMnoneHTH, cpejjiba h MHHHMajma Jie6jbitna pyji-
Hor TClia, MHHHMajiHH MeTponpoHetrr, MHHHMajiHH ckohomckh h tpaHtmtiti caAp>Kaj ko-
piictinx KOMnoHeHTH HJiii ycjioBHe komhohchtc, pe3epBe no KliacaMa n KaTeropitjaMa.
KanaiiHTCT pyjjHHKa h nocTpojeiba 3a npepajjy, cbhc BpcTe TpouiKOBa, Tp>KHmHa ueHa
MHHepaltHe cnpoBHHe, peHra6HJIHOCT htjj.).

KoHKpeTHa pa3pa#a CBaKor Mojjejia, Be3e H3Mei)y thiix h ojiroBapajyhnx noKa3a-
rejba (ejieMetiaTa) 3axTCBa noce6Hy pa3pafly h flajba ncTpaaciiBaiba, npe CBera, y ojtnocy
Ha t)flroBapajyhe BpcTe MHHepajmtix cnpoBiina h tbtixoBe reojiomKO-eKOHOMCKc nmoBe
JieKHmTa. Hnje n0Tpe6HO noce6no noj”BJliaiHTH ja caBpeMeHe CHCTeMCKe aHajm te y
OKBiipy reojiouiKHX HCTpa>KtniMii,a ti reojiomKO-eKOHOMCKe oueiie jioKimrra Mtmepali-
hhx cnpoBHHa Hiicy Moryhe 6e3 miipoKor KoptimheH,a paiiyHapcKe tcmiiikc, ajm h vt
nocTojaibe aneKBaTHiix 6a3a nojjaTaKa it caiipeM enor KaTacTpa JieaxHmTa MtmepajutHX
CHpOBHHa, OJIIIOCHO CHCTCMa MOHHTOpHIlira MHHepalJlHO—CtipOBHHCKe 6a3e.

3AK 1,yilAK

OntUTa Teopnja chctem3 je iipiiMeHJbiiBa y cbhm o6jiacrtiMa HayHHO -HCipa>KHiia"iKO r
pajta y reoJiouikKHM nayKaMa, noce6tio TaMO rjle je eiiiijieirnia BejuiKa HHTerpanHja paijiti-
“tHTttx Hay'iHHx ca3Hatba, Kao iiito je to cjiviaj ca reojiouikKHM HC'ipa>i<uiiaH>iiMa jioKHiura
MHttepajiHicc ctipoBiiiia n ckohomckom reojiornjoM.

llpon,ec reoJiOLUKO-eKOHOMCKe onene jioKimrra MimepajiHiix cnpoBHHa - ajrn n
;(pyi HX bhuihx h hh>khx MHHepareHeTCKiix jejiHiuina - npejjcraiijpa ojipeljen chctcm,
ojjhocho npej*MeT Ha Kojn ce mojkc npHMeniiTH CHCTCMCKa aHaliti3a, y3 nomroiiaH.e on-
roBapajyhe npoHeflype. Hopej* yTBpi)HBatha npe*MeTa npoyqgaBau,a, paspaj*e cbhx flejio-
Ba, npe CBera iiojicncreMa, Kojn ‘iiine crpyKTypy reojiomKO-eKOHOMCKe onene (reiier-
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CKH, reOJIOLUKH, TeXHHHKO-eKCnJ!1OaTaUHOHH, TeXHOJIOmMKH, eKOHOMCKH, reOeKOJIOmKH,
cbo/iiih h jip., no no rpefin, mojicjih), yKJi>y'iyjyhn nmiie jieceTHiia HaTypajiHHX, npe/nioc-
hhx h cHHTeTH'iIKH.x noKasaTejba, noceCHa na>KH>a Mopa 6hth noKJioH>eHa Mel)yco6HHM
Be'iaMa iiaBejieiinx nojjcncTeMa h noKa3aTejba, KAO h 0TBOpeHOCTH CHCTeMa, Kao ne-
jihhc, kojh npejicTaBJba reojiomKO-eKOHOMCKa oHeHa, npeMa jipyriiM, KapaKTepHCTim-
HHM H He’iao6njia'iHHM CHCTeMHMa.

yjiajbeM Hay'ino—HCTparfHBaHKOM pajjy y o6jiacTH npiiMeHe CHCTeMCKor npncTyna
h cncreMCKe aiiajnrje y o6jiacTH re0JiOmKO-e KOHOMCKe oilene, Kao npiiopiiTeTHH
sajiaTaK ce nocTaBJba pa spajia BejiiiKor 6poja pa3JiHiHTHX CHCTeMa y cKliajiv ca Haj-
ina'iajniijnM MimepajiHHM cnpoBHHaMa Jiirroc(j)epe Cp6nje, ojiiiocho re0JiOomKO0-eKO-
homckom onenoM ()jiroBapajyhnx re0JiomK0-eKOHOMCKHX THnoBa Jie>KHmTa n j(pyi nx
MiiHepareneTCKHX jejiHHHHa.
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JIH>KMLHTA MMHEPAJIHHX CMPOBMHA GITES MINERAUX

SVSTEMATIC APPROACH AM) ECONOMIC-GEOLOGICAL
ESTIMATION OF MINERAL ORE DEPOSITS

by
Dejan Milovanovi¢

lii geological sciences, includiiig econoniic geologv, a systematic organization of suhjecls and of tlie knouledge
aajuired has a futidamenta] importance. Ex«ioniic-geological estiniation of mineral resources, as a complex [3rxx-ss and
analytical—synthetical pax,edure, is actuallv a system of several subsystems or eleinents. Subsvstems aic expressed by
mixiels, wliich can be genetic, geological. mining, technological, economic. cornposite, etc. Ilie components can be
natuial. evaluation, synthetic gitnjps. For a system, its emergence properties, stvuctuie, specific composition. eftects of one
components 011 othei's and on the system as a whole, and openness of the system must be established.

Key vvords: system, economic geological estiination, eniergency properties, mineral ore deposit. model,
geologic exploration, systematic analysis.

INTRODUCTION

Scientiftc rescarch in the econoniic geology is complex. because the study of an object
Irom the economic geology aspect (mineral occurrences. ore bodies. deposits. etc.) involves
economic. mathematical, pliilosophical ancl other methods, in addition to geological. geochemi-
cal and geophysical methods. This is because. under the economic-geological study (primarilv
various resource estimations). geologic factors and respective indications alone are not sulfici-
ent for their proper and unilateral expressing the economic value of the estimated botly. or for
its profitable and geoecologically acceptable utilization.

It follovvs that a planned approach to the economic-geological estimation is not only
justified, but is inevitable in this classical whole-to-parts (elements) relation. or the rela-
tion system-subsystem-elements (parameters). It is the individualization of subsystems
and parameters that makes possible the process of geological exploration and study lo be
divided inlo stages. by the gradual progress principle. and the characterisiic groups of fac-
lors (subsystems) and indications (elements) to be expressed by respective models. or to
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apply the whole-to-elements relation, and analogy or similarity method. The most impor-
tant for an economic-geological estimation is that unification of parameters into subsys-
tems and subsystems into a system should allow the identification of characteristic units
ol' the studied object. and provide for complete study and respective predictions. Actually.
a synthesis is arrived ah expressed in one or more indications of the resource economic
importance. or rather its monetary value (deposit evaluation with or without the time fac-
tor consideration). The synthetic expression of all factors and indications of an econo-
mic-geological estimate is not. nor it can be, a simple sum of the elements, but a com-
plex entity with at least one emergency property.

Works dealing with systematic analysis in economic-geological estimation have not
been published in this country. Hence the need, among others, to mention several groups
of problems concerning the systematic approach to the economic-geological estimation of
mineral ore bodies, viz:

- basic characteristics of a system and systematic approach;

- various aspects of systematic approach with the emphasis on mineral-ore resources
and base of resources:

- economic-geological estimation of mineral ores as a system and its elements (subsystems).

However. vvhen using a systematic analysis -in economic-geological estimation as
vvell- it should be remembered that it is a ™refined methodological procedure” vvhich may
icatl to an inaccurate result if applied mechanically. Each analysis requires a searching
approach (Kapustina et al.. 1989).

PRINCIPAL CHARACTERISTICS OF SVSTEMATIC APPROACH
IN GEOLOGICAL EXPLORATIONS

The general theory of systems. or systematic approach, allovvs a system to mean di-
verse study objects. either material or immaterial. llovvever, any study (investigation) of
an object can be represented by a system.

The entire geological science, or iuiy of its disciplines (lithology, dynamic geology, etc.), or any
part of a discipline. any hypothesis. theory, any geological law, etc. can be taken for a syst.em.

Basically. vvhat matters is not the natural or contemplative object taken for a system,
but the requirements it must meet to be considered a system (Sharapov. 1977).

A system obviously depends on the purpose of its study.

Depending on criteria, there are static, dynamic. and retrospective systems, and there
also are kinematic, combined, open and closed systems, etc. A systematic approach can
be: historical. elementary. structural. functional. integrative, communicative, etc. For in-
stance. for a system-communication approach, the communication, both vertical and- hori-
zontal. of a concrete system, (economic-geological estimation) with other syst.ems (geolo-
gical exploration stage; monitoring mineral resource base, etc.) is important.

From the broadest geologic aspect, including of course geological exploration of mi-
neral ore deposits and their estimation, acceptable-without critical comments on other
system defmitions-are characteristic determinations of the notion:

- "A system is any entity composed of two or more elements forming its structure,
which are interacting and ovving to vvhich the behaviour of the whole differs from the be-
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haviour of any of its eiements of from the behaviour of the sum of elements" (Kostic.
1994); and

- ”A system is an object of any nature in which emergency properties are establish-
ed" (Sharapov, 1977); and

- ”A system in the theory of systems is a group (composition) of elements (parts)
vvhose interrelationships are controlled by iaws or principles” (Kukoleca. 1986).

For geological exploration and for application of the general theory of systems, one mus'
consider the followving: (1) system is a determined entity, therefore the sequence ot geological
explorations and of economic evaluation of mineral deposit can be taken for a wvhole; this is
emphasized in the Chinese philosophv of prospecting and exploration are taken for a subsystem
in the Icirge system of national economy (Siun, 1996); (2) each system consists of parts
(elements/subsystems, parameters, indications) which form a structure (composition of paits);
each stage/step of geological exploration can be taken for a subsystem of the vvhole geological
exploration process. but. at a lower level, a stage can be considered a system composed of its
subsystems; similarly, subsystems of the economic-geological estimation of a deposit can be
treated on respective models; (3) quality of a system depends on howv its elements are related
or composed, because "a system is a specific composition of parts”, and "quality is not com-
pletely detemiining a system” (Kosti¢, 1994); a characteristic concept is that. in a mineral
deposit estimation. the main factor fomiing the system or the law of the system composition is
the method of the economic-geological exploration stages or models/subsystems of the estimate) in-
fluence other elements and the whole system; (4) paits of a system (e.g. geologiail exploration sta-
ges or models/subsystems of the estimate) influence other elements and the whole system: (5) state
and influence of elements/parameters or subsystems (collective or individual) and the state of the
whole system are not equal: the state and behaviour of a system is different. particular and specilic;
(6) a system influences its environment, and is influenced by it (e.g. influence of extemal market and
prices on the economic-geological estimate and respective changes in it. and the like); (7) the most
impoitant characteristic of any system are its emergency or integrative propeities. that is tlie system
propeities not possessed by the object components. In fact, vvheie there are no emergency properties.
theie is not a system, and it is the systematic analysis which enables the identification of emeigency
properties. vvhereas additive propeities of an object can be established by other analy(ical forrns.

The procedure of a systematic analysis includes the follovving operations (Kapus-
tina et al., 1989): (1) defrnition of the study object; (2) review of all componerit parts
(elements or components) of individual object. both identifred and supposed. or various forms
(varieties) of the collective object; (3) definition of relationships and laws of the system com-
position; and (4) delinition of at least one emergency property of the studied object.

A more detailed analysis of the principal methodology elements of a systematic
analysis (sequence of stages and vvorks) is given in reference literature on the mineral ore
economy (Kaganovich. 1985).

SYSTEMATIC /VPPROACII AND ECONOMIC-GEOLOGICAL ESTIMATION
OF MINERAL ORE DEPOSITS

The extreme complexity of an economic-geological estimation of a mineral ore de-
posit. vvhether scrutinized as a complex analytical-synthetical method (procedure) or a
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process. imperafively requires systematic approaeh in both theoretieal and practical consi-
derations.

Because the process of the economic-geological estimation of a mineral ore deposit
is a system. parts of the system (subsyst.ems, parameters of the estimate), its composition
and hierarchv of the system and its subsystems, and the emergency properties of the sys-
(cm ought to be speeilied and defmed.

.Wh economic-geological estimate of a mineral ore deposit is based on numerous indica-
tions of its value and nature. vvhich are discussed at length in scientific and professional litera-
lure. For use of the systematic analysis, indications must be classified into subsystems (models)
of a svstem. The indications are closely interrelated-correlated and functionally related.

The number of subsystems varies in relation to the level of depositexploration and
study. or to the stage preceeding the economic-geological estimation.

A general form to the economic-geological estimation of a mineral ore deposit as a
svslem can have the following subsystems: genetic. geological. mining, technological,
marketing. geoecological. economic and composite models. Some authors (e. g. Stefano-
vich. 1989. 1989a) mention only geological. mining, economic, and composite econo-
mic-geological models, but seem to neglect or overlook some important elements of the
economic-geological estimate on the whole.

All models are related in some way, and each of them includes a number of charac-
teristic parameters- indications.

The hierarchial structure of the economic-geological estimation system isdetermined
primarily by the applied method of estimation, which essentially has the role of the sys-
lem composition law. The method relative to the newly discovered deposit (yet to be ex-
plored) significantly differs from those for a preliminary or well explored deposit (Ste-
fanovich. 1996).

The last above statement is accepted provisionally, because in an economic-geological
estimation. at the end of each exploration stage, the same analytical-synthetical procedure is
used: the main problem is the availability and qualitative and quanfitative geological and many
other parameters (factors. indications), or their certain paucity in early stages. An adequately
good information about the deposit in the economic-geological temis is available only upon
thc complction of detail exploration. estimate of the reserve and its official approvement.
However. an actually complete and optimum information about the deposit, all relevant eco-
nomic-geological factors and indications and the deuced synthetic economic expressions of the
deposit valuc. will be available only after the deposit has been exhausted.

It should further be emphasized that each system has its structural level. This also
refers lo lhe process of the economic-geological estimation of a mineral ore deposit. This
process, hovvever. can be only one of the subsystems (economic-geological estimation
unil) in the monitoring system of the mineral resources base). On the other hand. the ge-
netic or metallogenetic model can be. under certain conditions, a system wvith its constitu-
tive elements. but then it is a system of a lower structural level.

The hierarchial structure of an economic-geological estimation system should take
into consideration the longitudinal and transversal relations between the systems and be-
tvveen subsystems of a system, forming a virtually reticular system.
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In lhe philosophy of prospecting and exploration. il is insisted on the principle ol
system openness for interrelation and correlation of the system and the environmenl. i.e.
other systems (Siun. 1996).

In lhe hierarchial structure of an economic-geological estimation system of minera!
ore deposit. the openness of the system is assumed to the geological exploration syslem
(vvhole. or the stage preceeding the estimation), followed by construction of (genetic. geo-
logical. and other mentioned models) subsystems using indications (subsystems elements)
vvhich are conslituent parts of each model (e.g. mean contenl of useful and harmful com-
ponents, mean and minimum ore body thickness. lowest metric percent. minimum econo
mic and limiting content of useful components or provisionally useful component. reserves
by classes and grades, and ore processing capcities. all kinds of costs, mineral ore market
price. profitability, etc.).

Development of each model. relationships between models and respective data (elc-
ments) requires more detailed research and exploration, primarily in respective mineral
ores and their economic-geological types of deposits. It goes without saying thal a mo-
dem estimation of mineral ore deposit is not possible without the computer techniques.
vvithout an adequate data base, an up to date mineral deposits inventory. and the mineral
resources monitoring system.

(’ONCLUSION

The general theory ol' systems is applicable in any field of geological research or
exploration, especially where the integration of scientiflc knovvledge is high. as il is in
geological exploration of mineral ore deposits and in economic geology.

The process of the economic-geological estimation of mineral ore deposits-and other
higher or lower metalogenetic units-is a system, or an object to which the systematic
analvsis is applicable if a respective procedure is observed. In addition to determining lhe
object of study. developmenl of all parts. subsystems in particular. forming the slruclure
of the economic-geological estimation (genetic, geological, mining, technological. econo-
mic-geological, composite, and other required models). including tens of natural. valuati-
on and synthetic parameters, a particular consideration must be given to the interrelation-
ships ol the subsystems and parameters, and to the openness of the whole system of the
economic-geological estimation to other, characteristic and inavoidable syst.ems.

A priority task in further research of the use of systematic approach and svstematic
analvsis in the economic-geological estimations is the development of a large numbcr of dif-
lerent systems of the most important mineral ores in the lithosphere of Serbia. i.e. econo-
mic-geological estimation of different types of deposits and other mineral genetic units.
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