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Âñòóï. Á³ëüø³ñòü ï³äïðèºìñòâ, ùî ïðîâîäÿòü 
ãåîëîãîðîçâ³äóâàëüí³ ðîáîòè (ÃÐÐ), çàñòîñîâóþòü 
ñïåö³àëüí³ ïðîãðàìí³ çàñîáè òà ³íôîðìàö³éí³ ñèñ-
òåìè, ÿê³ ïðèøâèäøóþòü ïðîöåñè îáðîáêè é àíà-
ë³çó ãåîëîã³÷íî¿ ³íôîðìàö³¿, ñïðèÿþòü àâòîìàòèçàö³¿ 
ïðîöåñ³â îáðîáêè òà ³íòåðïðåòàö³¿ ðåçóëüòàò³â ÃÐÐ, 
âèêîðèñòàííþ ¿õ äëÿ ìîäåëþâàííÿ ðîäîâèù (÷è 
îêðåìèõ ä³ëÿíîê), âèêîíàííÿ ð³çíèõ ðîçðàõóíê³â 
òà îö³íîê.

Äëÿ âèð³øåííÿ ñïåö³àë³çîâàíèõ ãåîëîã³÷íèõ 
çàâäàíü ðîçðîáëåíî ïîíàä 1000 ð³çíîìàí³òíèõ 
êîìï’þòåðíèõ ïðîãðàì, ïàêåò³â ³ ñèñòåì (Carlson 
software Inc., CMC Limited, Datamine — Mineral 
Industries Computing Ltd, ECS Mining Software, Ex-
ploration Computer Services Inc., Forsman Consult-
ing Engineers, Fractal Graphics for Mining, Galena, 
Gemcom Services Inc., Geomem, Geosoft, Geosolution 
Resources Inc. òà ³í.) [3].

Ñåðåä ³ñíóþ÷èõ ìåòîä³â ³ ï³äõîä³â äî îö³íþâàí-
íÿ ðåñóðñ³â íàäð âàæëèâó ðîëü â³ä³ãðàþòü ò³ ç íèõ, 
ùî ðåàë³çîâàí³ â ãåî³íôîðìàö³éíèõ ñèñòåìàõ (Ã²Ñ). 
Êîëî ïèòàíü, ÿê³ âèð³øóþòü ñó÷àñí³ Ã²Ñ, ïîñò³éíî 
ðîçøèðþºòüñÿ â ì³ðó ðîçâèòêó ³ âäîñêîíàëåííÿ ìà-
òåìàòè÷íèõ ìåòîä³â îïèñó ãåîëîã³÷íîãî ñåðåäîâèùà 
òà ïðîöåñ³â, ùî â íüîìó â³äáóâàþòüñÿ. Ñòîñîâíî 
íàäðîêîðèñòóâàííÿ îñíîâíèìè º ïèòàííÿ ï³äðàõóí-
êó çàïàñ³â ðîäîâèù êîðèñíèõ êîïàëèí, ¿õ ãåîëîãî-
åêîíîì³÷íîãî îö³íþâàííÿ, ñòâîðåííÿ îïòèìàëüíî¿ 
ñèñòåìè ðîçðîáêè ðîäîâèùà, âïëèâó íà íàâêîëèøíº 
ïðèðîäíå ñåðåäîâèùå òîùî. 

Ãåîëîãî-åêîíîì³÷íå îö³íþâàííÿ (ÃÅÎ) ðîäîâèù 
êîðèñíèõ êîïàëèí — öå çàêîíîäàâ÷î âèçíà÷åíà ïðî-
öåäóðà, â îñíîâó ÿêî¿ ïîêëàäåíî Êëàñèô³êàö³þ çàïà-
ñ³â ³ ðåñóðñ³â êîðèñíèõ êîïàëèí, çàòâåðäæåíó Óðÿäîì 
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Ðîçãëÿíóòî ïèòàííÿ ùîäî çàñòîñóâàííÿ ãåî³íôîðìàö³éíî¿ ñèñòåìè K-MINE ïðè ïîáóäîâ³ àâòîìàòèçîâàíèõ 
³íôîðìàö³éíî-àíàë³òè÷íèõ ñèñòåì äëÿ óïðàâë³ííÿ ðîáîòîþ îá’ºêò³â íàäðîêîðèñòóâàííÿ. Îïèñàíî ìîäóëü 
ãåîëîãî-åêîíîì³÷íîãî îö³íþâàííÿ ðîäîâèù êîðèñíèõ êîïàëèí ãåî³íôîðìàö³éíî¿ ñèñòåìè K-MINE, ðîçðîáëå-
íî¿ ñï³âðîá³òíèêàìè ÒÎÂ «Íàóêîâî-âèðîáíè÷å ï³äïðèºìñòâî «ÊÀ²» (ì. Êðèâèé Ð³ã). Öåé ìîäóëü — óí³âåðñàëü-
íèé ³íñòðóìåíò, çà äîïîìîãîþ ÿêîãî ìîæíî  óçàãàëüíþâàòè ðåçóëüòàòè îá´ðóíòóâàííÿ ïàðàìåòð³â êîíäèö³é íà 
ì³íåðàëüíó ñèðîâèíó, ï³äðàõîâóâàòè çàïàñè êîðèñíî¿ êîïàëèíè, ðîçðàõîâóâàòè åêîíîì³÷í³ ïîêàçíèêè â³äïðà-
öþâàííÿ ðîäîâèùà. ßê ñêëàäîâà ÷àñòèíà Ã²Ñ K-MINE ìîäóëü ðàçîì ³ç êîìïëåêñîì ãåîëîãî-ìàðêøåéäåðñüêîãî 
çàáåçïå÷åííÿ äàº çìîãó âèêîíóâàòè ðîáîòè ç³ ñòâîðåííÿ öèôðîâèõ ìîäåëåé ðîäîâèù êîðèñíèõ êîïàëèí, ¿õ 
ãåîëîãî-åêîíîì³÷íîãî îö³íþâàííÿ, îôîðìëåííÿ ðåçóëüòàò³â ðîá³ò ³ ï³äãîòîâêè çâ³òíî¿ äîêóìåíòàö³¿.

Êëþ÷îâ³ ñëîâà: Ã²Ñ K-MINE, ãåî³íôîðìàö³éíà ñèñòåìà, ðîäîâèùå êîðèñíèõ êîïàëèí, ãåîëîãî-åêîíîì³÷íå 
îö³íþâàííÿ, áëîêîâå ìîäåëþâàííÿ, øàáëîí CRIRSCO.

Óêðà¿íè â 1997 ð., ùî º óí³âåðñàëüíîþ äëÿ ð³çíèõ 
êîðèñíèõ êîïàëèí. Ñòâîðåíî öþ êëàñèô³êàö³þ íà 
çàñàäàõ Ðàìêîâî¿ êëàñèô³êàö³¿ âèêîïíèõ åíåðãåòè÷íèõ 
³ ì³íåðàëüíèõ ðåñóðñ³â Îðãàí³çàö³¿ Îá’ºäíàíèõ Íàö³é 
(ÐÊ ÎÎÍ 1997). Ðàìêîâó êëàñèô³êàö³þ ñòâîðåíî äëÿ 
ôîðìóâàííÿ Ãëîáàëüíîãî êîäåêñó çâ³òíîñò³ ïðî çàïàñè 
³ ðåñóðñè êîðèñíèõ êîïàëèí.

Ñó÷àñíèé ðîçâèòîê ÐÊ ÎÎÍ ñïðÿìîâàíèé 
íà äîñÿãíåííÿ Ö³ëåé ñò³éêîãî ðîçâèòêó (ÖÑÐ), 
ñôîðìóëüîâàíèõ ó 2015 ð. ³ óçãîäæåíèõ ìàéæå âñ³-
ìà êðà¿íàìè-÷ëåíàìè ÎÎÍ, çîêðåìà Óêðà¿íîþ. Ó 
çâ’ÿçêó ç öèì ÐÊ ÎÎÍ ìàº íà ìåò³ íå ëèøå êëàñè-
ô³êàö³þ ðåñóðñ³â çà ïåâíèìè êðèòåð³ÿìè, à é  âëàñíå 
ñèñòåìó óïðàâë³ííÿ ðåñóðñàìè äëÿ äîñÿãíåííÿ ÖÑÐ 
³ ¿¿ âèêîðèñòàííÿ íà ð³çíèõ ð³âíÿõ.

Âàæëèâèì ÷èííèêîì ðîçâèòêó Ã²Ñ, ÿê³ óñï³øíî 
çàñòîñîâóþòü ó ïðàêòèö³ ãåîëîã³÷íèõ äîñë³äæåíü íà 
ð³çíèõ ñòàä³ÿõ âèâ÷åííÿ, îö³íþâàííÿ òà åêñïëóàòàö³¿ 
ðîäîâèù êîðèñíèõ êîïàëèí, º çàáåçïå÷åííÿ óïðàâ-
ë³ííÿ öèìè ðåñóðñàìè íàäð.

Âèêîðèñòàííÿ Ã²Ñ ïðè ÃÅÎ ðîçøèðþº ìîæ-
ëèâîñò³ îö³íþâàííÿ ðîäîâèùà: â³ä ñòâîðåííÿ éîãî 
ìàòåìàòè÷íî¿ ìîäåë³ (ïðîâåäåííÿ ñòàòèñòè÷íèõ äî-
ñë³äæåíü, îá´ðóíòóâàííÿ ïàðàìåòð³â êîíäèö³é ³ âè-
áîðó îïòèìàëüíèõ ç ìíîæèíè âàð³àíò³â, îêîíòóðåí-
íÿ ïîêëàä³â ç êîîðäèíàòíîþ ïðèâ’ÿçêîþ ó ïðîñòîð³ 
áåç ïðîåêö³é íà ïëîùèíó, â³çóàë³çàö³ÿ òà äåòàëüíèé 
àíàë³ç ìîðôîëîã³¿ ïîêëàäó, óòî÷íåííÿ òåêòîí³÷íî¿ 
áóäîâè, âñòàíîâëåííÿ ðóäîêîíòðîëþâàëüíèõ ñòðóê-
òóð) äî ïðîâåäåííÿ âàð³îãðàìíîãî àíàë³çó, ³íòåð-
ïîëÿö³¿ âì³ñò³â êîðèñíèõ êîìïîíåíò³â, ï³äðàõóíêó 
çàïàñ³â çà ñòâîðåíîþ ãåîëîãî-ïðîìèñëîâîþ ìîäåë-
ëþ òà ïîºäíàííÿ òàêî¿ ìîäåë³ ç äèíàì³÷íîþ åêîíî-
ì³÷íîþ ìîäåëëþ ðîäîâèùà.



ISSN 1684-2189    GEOINFORMATIKA, 2018, ¹ 3 (67) 15
© Ã.². Ðóäüêî, Î.Â. Íåöüêèé, Ì.Â. Íàçàðåíêî

Âèêîðèñòàííÿ Ã²Ñ-òåõíîëîã³é ïðè ïðîâåäåíí³ 
ÃÅÎ ñïðèÿº:

– çàñòîñóâàííþ äèíàì³÷íèõ ìåòîä³â îö³íþâàí-
íÿ åêîíîì³÷íî¿ åôåêòèâíîñò³ îñâîºííÿ ðîäîâèù 
êîðèñíèõ êîïàëèí;

– ï³äâèùåííþ ð³âíÿ äîñòîâ³ðíîñò³ ãåîëîã³÷íî¿ 
³íôîðìàö³¿ ïðî ñòóï³íü ðîçâ³äàíîñò³ ðîäîâèùà ³ ðè-
çèêó âêëàäåííÿ ³íâåñòèö³é â îñâîºííÿ ðîäîâèù, 
îá’ºäíàííþ ê³ëüê³ñíî¿ îö³íêè ðîçâ³äàíîñò³ çàïàñ³â 
ç åêîíîì³÷íîþ îö³íêîþ;

– âèçíà÷åííþ îïòèìàëüíîãî çíà÷åííÿ áîðòî-
âîãî âì³ñòó êîðèñíîãî êîìïîíåíòà â ðàç³ çì³ííèõ 
òåðì³í³â â³äïðàöüîâóâàííÿ ðîäîâèù çà âàð³àíòàìè 
îêîíòóðþâàííÿ çàïàñ³â êîðèñíèõ êîïàëèí;

– âèáîðó îïòèìàëüíî¿ âèðîáíè÷î¿ ïîòóæíîñò³ ç 
âèäîáóâàííÿ êîðèñíî¿ êîïàëèíè òà âèðîáíèöòâà òî-
âàðíî¿ ïðîäóêö³¿ çàëåæíî â³ä ³íòåíñèâíîñò³ â³äïðà-
öüîâóâàííÿ ðîäîâèùà ³ òåðì³íó éîãî åêñïëóàòàö³¿;

– âèêîíàííþ òåõí³êî-åêîíîì³÷íîãî îá´ðóíòó-
âàííÿ êîíäèö³é äëÿ ï³äðàõóíêó çàïàñ³â êîðèñíèõ 
êîïàëèí, ùî çàáåçïå÷óþòü ïîâí³øå é íàéðàö³îíàëü-
í³øå ¿õ âèêîðèñòàííÿ;

– îïòèì³çàö³¿ ³íâåñòèö³é, ïàðàìåòð³â îö³íþâàí-
íÿ ³ ðîçðîáêè ðîäîâèù;

– ï³äâèùåííþ ð³âíÿ äîñòîâ³ðíîñò³ ÃÅÎ ðîäî-
âèù êîðèñíèõ êîïàëèí çà ðåçóëüòàòàìè áàãàòîâà-
ð³àíòíîãî àíàë³çó.

Âèêîðèñòàííÿ ñïåö³àë³çîâàíèõ ïàêåò³â (âåêòî-
ðèçàòîð³â, ïðîãðàì äëÿ çàâàíòàæåííÿ äàíèõ ç GPS, 
ïàêåò³â ñòàòèñòè÷íèõ ³ ãåîñòàòèñòè÷íèõ ðîçðàõóíê³â 
òà ³í.) äàº çìîãó âèêîíóâàòè îêðåì³ îïåðàö³¿ ç îá-
ðîáêè äàíèõ àáî ¿õ ï³äãîòîâêè äëÿ çàñòîñóâàííÿ ó 
ã³ðíè÷î-ãåîëîã³÷íèõ ñèñòåìàõ.

Ã³ðíè÷î-ãåîëîã³÷í³ ñèñòåìè (GEOVIA, Mic ro-
mi ne, Datamine òà ³í.) íàé÷àñò³øå çàñòîñîâóþòü ï³ä 
÷àñ ÃÅÎ äëÿ ìîäåëþâàííÿ ðîäîâèù ³ ï³äðàõóíêó 
çàïàñ³â êîðèñíèõ êîïàëèí.

Ç 2009 ð. ó Äåðæàâí³é êîì³ñ³¿ Óêðà¿íè ïî çàïàñàõ 
êîðèñíèõ êîïàëèí (ÄÊÇ) ñï³ëüíî ç ÒÎÂ «Íàóêîâî-
âèðîáíè÷å ï³äïðèºìñòâî «ÊÀ²» (ì. Êðèâèé Ð³ã) 
ðîçïî÷àòî ðîáîòè ùîäî ðîçðîáêè àëãîðèòì³â äëÿ 
ï³äðàõóíêó çàïàñ³â ³ ðåñóðñ³â ð³çíèõ âèä³â êîðèñíèõ 
êîïàëèí ç ìåòîþ ¿õ ïåðåâåäåííÿ ³ç îäí³º¿ ñèñòå-
ìè êëàñèô³êàö³¿ â ³íøó. Íà øëÿõó äî ãàðìîí³çàö³¿ 
çàïàñ³â ó ð³çíèõ ñèñòåìàõ êëàñèô³êàö³¿ âèä³ëÿþòü 
íàïðÿì, ùî ´ðóíòóºòüñÿ íà âèêîðèñòàíí³ ïðè ï³ä-
ðàõóíêó çàïàñ³â ³ ðåñóðñ³â ðîäîâèù êîðèñíèõ êî-
ïàëèí ó ð³çíèõ ñèñòåìàõ êëàñèô³êàö³¿ òðèâèì³ðíèõ 
öèôðîâèõ ìîäåëåé ³ ñïåö³àëüíîãî ïðîãðàìíîãî çà-
áåçïå÷åííÿ ç ïîäàëüøèì ç³ñòàâëåííÿì îòðèìàíèõ 
ðåçóëüòàò³â. Áàçîâèì ³íñòðóìåíòîì, âèêîðèñòàíèì 
ó ðîáîò³, º Ã²Ñ K-MINE.

Ðîçðîáëåíî îñíîâí³ ïðèíöèïè, ùî ðåàë³çîâàí³ 
â ìîäóë³ Ã²Ñ K-MINE — Àâòîìàòèçîâàí³é ñèñòåì³ 
ÃÅÎ çàïàñ³â ðîäîâèù êîðèñíèõ êîïàëèí (ÀÑ ÃÅÎ 
Ê-MINE), â ÿê³é âèêîðèñòàíî çàãàëüíîïðèéíÿò³ ó 
ñâ³ò³ ï³äõîäè äî ³íòåðïðåòàö³¿ äàíèõ ðîçâ³äêè, îêîí-
òóðåííÿ ðóäíèõ ò³ë ³ çîí ì³íåðàë³çàö³¿, êàðêàñíîãî 

ìîäåëþâàííÿ ðîäîâèùà ³ ïîâåðõîíü, âàð³îãðàô³¿, 
³íòåðïîëÿö³¿ ïðîñòîðîâèõ çíà÷åíü ³ç âèêîðèñòàííÿì 
ãåîñòàòèñòè÷íèõ ìåòîä³â, áëîêîâîãî ìîäåëþâàííÿ, 
îö³íþâàííÿ çàïàñ³â. Á³ëüø³ñòü îïåðàö³é ç ³íòåðïðå-
òà ö³¿, îêîíòóðåííÿ ³ êàðêàñíîãî ìîäåëþâàííÿ âèêî-
íóþòü â àâòîìàòè÷íîìó ðåæèì³.

Îñíîâí³ çàâäàííÿ, ùî âèð³øóº ÀÑ ÃÅÎ Ê-MINE, 
òàê³:

1) àíàë³ç òà óçàãàëüíåííÿ ìàòåð³àë³â ÃÅÎ ðîäî-
âèù êîðèñíèõ êîïàëèí, ùî ïîäàí³ íà ðîçãëÿä äî 
ÄÊÇ, äàíèõ ùîäî ÃÐÐ, ïðîâåäåíèõ íà ðîäîâèù³, 
òåõíîëîã³¿ ðîçðîáêè ðîäîâèùà, òåõí³êî-åêîíîì³÷íèõ 
ïîêàçíèê³â ðîçðîáêè ðîäîâèùà, çàïàñ³â êîðèñíèõ 
êîïàëèí òîùî;

2) ñòâîðåííÿ ³íôîðìàö³éíèõ àíàëîãîâèõ ìîäåëåé 
ðîäîâèù êîðèñíèõ êîïàëèí íà ï³äñòàâ³ ãåîëî ã³÷ íèõ, 
òåõíîëîã³÷íèõ, åêîíîì³÷íèõ, åêîëîã³÷íèõ ïî êàçíèê³â 
ðîçâ³äêè òà ðîçðîáêè ðîäîâèù êîðèñíèõ êî ïàëèí, 
ùî ì³ñòÿòüñÿ â ïîäàíèõ íà ðîçãëÿä äî ÄÊÇ ìàòåð³àëàõ 
ÃÅÎ, ³ ìåõàí³çì³â ïîð³âíÿííÿ öèõ ìîäåëåé;

3) ôîðìóâàííÿ áàçè äàíèõ ìåòîäè÷íèõ íåäîë³ê³â 
(çàóâàæåíü) ùîäî çì³ñòó ìàòåð³àë³â ÃÅÎ, ìåòîäè-
êè âèêîíàíèõ ðîá³ò, ¿õ ðåçóëüòàò³â ³ âñòàíîâëåíèõ 
åêñ ïåðòàìè ÄÊÇ ï³ä ÷àñ ðîçãëÿäó ìàòåð³àë³â ÃÅÎ 
ðî äîâèùà ó ÄÊÇ;

4) àíàë³ç ÿêîñò³ ÃÐÐ íà ðîäîâèùàõ äëÿ ð³çíèõ 
òèï³â êîðèñíèõ êîïàëèí, óçàãàëüíåííÿ òà ïîð³â-
íÿííÿ ö³º¿ ³íôîðìàö³¿ äëÿ ïåâíèõ ïåð³îä³â ÷àñó, 
ð³çíîìàí³òíî¿ âèá³ðêîâî¿ ³íôîðìàö³¿, ùî ñòîñóºòüñÿ 
ðåçóëüòàò³â ÃÅÎ îêðåìîãî ðîäîâèùà ³ ãðóïè ðîäî-
âèù îäíîãî òèïó;

5) ôîðìóâàííÿ çâ³òíî¿ äîêóìåíòàö³¿.
Âàæëèâèì åòàïîì ðîá³ò íà çàâåðøàëüí³é ñòàä³¿ 

ðîçâ³äêè ðîäîâèùà, ñïðÿìîâàíèõ íà âèçíà÷åííÿ ìîæ-
ëèâîñò³ éîãî ïîäàëüøî¿ åêñïëóàòàö³¿ â ñó÷àñíèõ åêî-
íîì³÷íèõ óìîâàõ, º ÃÅÎ ðîäîâèù êîðèñíèõ êîïàëèí.

Çà äîïîìîãîþ ãåî³íôîðìàö³éíî¿ ³íòåãðîâàíî¿ 
ñèñòåìè K-MINE ìîæëèâå âèêîíàííÿ ÃÅÎ ðîäî-
âèùà ç âèêîðèñòàííÿì áàçîâèõ ìîæëèâîñòåé êîìï-
ëåêñó ãåîëîãî-ìàðêøåéäåðñüêîãî çàáåçïå÷åííÿ ã³ð-
íè÷èõ ðîá³ò, à òàêîæ ÀÑ ÃÅÎ Ê-MINE [5, 8]. 

Íèæ÷å îïèñàíî åòàïè ÃÅÎ ç âèêîðèñòàííÿì 
Ã²Ñ, ÿê³ âèêîíóþòü ó òàê³é ïîñë³äîâíîñò³:

1) íàêîïè÷åííÿ ³íôîðìàö³¿ ó áàç³ äàíèõ ãåîëî-
ã³÷íèõ âèðîáîê;

2) ³íòåðïðåòàö³ÿ äàíèõ, îá´ðóíòóâàííÿ êîíäèö³é;
3) âèä³ëåííÿ òà îêîíòóðåííÿ ïîêëàä³â ó ïëàí³ 

òà íà ðîçð³çàõ; 
4) ó ðàç³ ï³äðàõóíêó çàïàñ³â íà ï³äñòàâ³ áëîêîâèõ 

ìîäåëåé îêîíòóðåííÿ â ðåàëüíîìó ïðîñòîð³ áåç ïî-
áóäîâè ïðîåêö³é íà ïëîùèíó;

5) êàðêàñíå ìîäåëþâàííÿ ïðîñòîðîâèõ îá’ºì³â;
6) âàð³îãðàô³ÿ ³ âèÿâëåííÿ ïðîñòîðîâî¿ çì³íþ-

âàíîñò³ ãåîëîã³÷íèõ õàðàêòåðèñòèê êîðèñíèõ êîì-
ïîíåíò³â òà/àáî øê³äëèâèõ äîì³øîê;

7) áëîêîâå ìîäåëþâàííÿ òà ³íòåðïîëÿö³ÿ âì³ñòó 
êîðèñíîãî êîìïîíåíòà ó ïðîñòîð³;

8) ï³äðàõóíîê çàïàñ³â;
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9) ñòâîðåííÿ ãåîëîãî-ïðîìèñëîâî¿ ìîäåë³ ç óðà-
õóâàííÿì ÷èííèê³â âèäîçì³í (ã³ðíè÷îòåõí³÷í³ ìåæ³, 
ïðàâîâ³ àñïåêòè òà ³í.)

10) åêîíîì³÷íå ìîäåëþâàííÿ.
Ìîäóëü ÃÅÎ ðîäîâèù êîðèñíèõ êîïàëèí ïðè-

çíà÷åíèé äëÿ âèêîíàííÿ àíàë³òè÷íèõ ³ ãðàô³÷íèõ 
ðîá³ò, ïîâ’ÿçàíèõ ç ÃÅÎ ðîäîâèù. Ïðè âèêîíàíí³ 
ÃÅÎ ç âèêîðèñòàííÿì ìîäóëÿ ìîæëèâå çàñòîñóâàííÿ 
ÿê ñòàíäàðòíèõ («òðàäèö³éíèõ») ìåòîäèê ï³äðàõóíêó 
çàïàñ³â (ìåòîäè ðîçð³ç³â, ãåîëîã³÷íèõ áëîê³â òà ³í.), 
òàê ³ ñó÷àñíèõ ïðîñòîðîâèõ ìåòîäèê, ÿê³ ́ ðóíòóþòü-
ñÿ íà ãåîñòàòèñòè÷íèõ ìåòîäàõ ç âèêîðèñòàííÿì 
êàðêàñíèõ ³ áëîêîâèõ ìîäåëåé. 

Íèæ÷å íàâåäåíî ïîñë³äîâí³ñòü åòàï³â ðîá³ò ïðè 
âèêîðèñòàíí³ ìîäóëÿ [5].

1. Ïîáóäîâà öèôðîâî¿ ìîäåë³ ðîäîâèùà ³ ñòàíó 
ã³ðíè÷èõ ðîá³ò.

2. Ñòâîðåííÿ ³ íàïîâíåííÿ áàçè äàíèõ ãåîëîã³÷-
íî¿ ³íôîðìàö³¿.

3. Âèá³ð ìåòîäó îá´ðóíòóâàííÿ êîíäèö³é.
4. Îá´ðóíòóâàííÿ êîíäèö³é.

4.1. Ï³äðàõóíîê çàïàñ³â çà âàð³àíòàìè áîðòî-
âîãî âì³ñòó êîðèñíîãî êîìïîíåíòà.

4.2. Ðîçðàõóíîê ñåðåäíüîãî âì³ñòó êîðèñíîãî 
êîìïîíåíòà çà ðîçðàõóíêîâèìè îäèíè-
öÿìè.

4.3. Ï³äðàõóíîê òåõí³êî-åêîíîì³÷íèõ ïî-
êàçíèê³â ³ âèá³ð îïòèìàëüíîãî âàð³àíòà 
êîíäèö³é.

5. Âèá³ð êîðèñòóâà÷åì ìåòîäó ï³äðàõóíêó çà-
ïàñ³â.

6. Ï³äðàõóíîê çàïàñ³â.
6.1. Ïîáóäîâà ìîäåëåé ðóäíèõ ò³ë.
6.2. Âèä³ëåííÿ â ìåæàõ ðóäíèõ ò³ë ðîçðàõóí-

êîâèõ îäèíèöü.
6.3. Îá÷èñëåííÿ ñåðåäíüîãî âì³ñòó êîìïî-

íåíò³â ó êîíòóð³ ï³äðàõóíêó çàïàñ³â.
6.4. Ñêëàäàííÿ òàáëèöü ï³äðàõóíêó çàïàñ³â.
6.5. Îá÷èñëåííÿ ñåðåäíüîãî âì³ñòó êîìïî-

íåíò³â ïî ðîäîâèùó â ö³ëîìó.
7. Ï³äðàõóíîê åêîíîì³÷íèõ ïîêàçíèê³â åêñïëó-

àòàö³¿ ðîäîâèùà.
8. Îôîðìëåííÿ ðåçóëüòàò³â ðîáîòè.
Íåîáõ³äíîþ óìîâîþ ïðîâåäåííÿ ÃÅÎ ç âèêîðèñ-

òàííÿì àâòîìàòèçîâàíî¿ ñèñòåìè K-MINE º ïåðå-
âåäåííÿ ³ñíóþ÷î¿ ã³ðíè÷îòåõí³÷íî¿ äîêóìåíòàö³¿ ó 
öèôðîâó ôîðìó, ñòâîðåííÿ òðèâèì³ðíèõ ìîäåëåé 
ãåîëîã³÷íîãî ïðîñòîðó, âè¿ìêîâèõ ³ ðîçðàõóíêîâèõ 
îäèíèöü, ñòâîðåííÿ òà íàïîâíåííÿ áàçè äàíèõ ãåî-
ëîã³÷íî¿ äîêóìåíòàö³¿. Ö³ ðîáîòè çä³éñíþþòü ³ç çà-
ñòîñóâàííÿì êîìïëåêñó ãåîëîãî-ìàðêøåéäåðñüêîãî 
çàáåçïå÷åííÿ Ã²Ñ K-MINE [5].

Âèá³ð ìåòîäó îá´ðóíòóâàííÿ êîíäèö³é áàçóºòüñÿ 
íà ³íôîðìàö³¿ ïðî ñó÷àñíèé ñòàí ðîäîâèùà (ãîòóþòü 
äî åêñïëóàòàö³¿, åêñïëóàòóþòü, ïåðåáóâàº ó êîíñåð-
âàö³¿ òîùî). Êîíäèö³¿ äëÿ ï³äðàõóíêó çàïàñ³â êîðèñ-
íî¿ êîïàëèíè îá´ðóíòîâóþòü â³äïîâ³äíî äî ìåòîäó, 
âèáðàíîãî íà ïîïåðåäíüîìó åòàï³ ðîá³ò.

Çàïàñè êîðèñíî¿ êîïàëèíè òà îáñÿãè ðîçêðèâ-
íèõ ïîð³ä çà ð³çíèõ âàð³àíò³â ïàðàìåòð³â ï³äðàõóíêó 
(êîíäèö³é) ï³äðàõîâóþòü áåçïîñåðåäíüî ó ñåðåäîâè-
ù³ K-MINE. Â ðàç³ âèêîðèñòàííÿ «òðàäèö³éíèõ» ìå-
òîä³â ï³äðàõóíêó çàïàñ³â êîðèñíî¿ êîïàëèíè ³ âì³ñòó 
êîìïîíåíò³â íåîáõ³äíîþ óìîâîþ º íàÿâí³ñòü ãåî-
ëîã³÷íèõ ðîçð³ç³â ïî ðîçâ³äóâàëüíèõ ïðîô³ëÿõ, ïî-
áóäîâàíèõ ó ãðàô³÷íîìó ïðîñòîð³ ìîäåë³ (ðèñ. 1) [4].

ßêùî çàïàñè ³ âì³ñò êîðèñíîãî êîìïîíåíòà 
ï³äðàõîâóþòü çà ïðîñòîðîâèìè ìåòîäàìè, îñíîâîþ 
ÿêèõ º êàðêàñè ³ áëîêîâ³ ìîäåë³, òî ìîæëèâèé ð³çíèé 
ñòóï³íü äåòàë³çàö³¿ ðîçðàõóíêîâîãî ïðîñòîðó — â³ä 
ìîäåë³ ðóäíîãî ò³ëà â ö³ëîìó äî îêðåìèõ ìîäåëåé 
ðîçðàõóíêîâèõ áëîê³â (ðèñ. 2).

Çàãàëüíîþ óìîâîþ äëÿ âñ³õ âàð³àíò³â ðîáîòè ç 
ìîäóëåì º íàÿâí³ñòü áàçè äàíèõ ãåîëîãîðîçâ³äóâàëü-
íèõ ñâåðäëîâèí.

Îêîíòóðþâàííÿ ðîçðàõóíêîâèõ ïëîù, ðåäàãó-
âàííÿ ãåîëîã³÷íèõ ðîçð³ç³â òà ³íø³ ðîáîòè, ùî ïå-
ðåäóþòü âëàñíå ï³äðàõóíêó çàïàñ³â, âèêîíóþòü ç âè-
êîðèñòàííÿì êîìïëåêñó ãåîëîãî-ìàðêøåéäåðñüêîãî 
çàáåçïå÷åííÿ Ã²Ñ K-MINE.

Çàïàñè ï³äðàõîâóþòü ï³ñëÿ îêîíòóðþâàííÿ ðóä-
íîãî ò³ëà ó â³äïîâ³äíîñò³ äî âñ³õ îáðàíèõ âàð³àíò³â 
êîíäèö³é. Â ðàç³ âèêîðèñòàííÿ ïðîñòîðîâèõ ìåòîä³â 
îá’ºìí³ ïàðàìåòðè âèä³ëåíèõ ðóäíèõ ò³ë ³ ðîçðàõóí-
êîâèõ îäèíèöü îá÷èñëþþòü ìåòîäàìè ïðîñòîðî-
âî¿ ãåîìåòð³¿ (çà äîïîìîãîþ ïîä³ëó íà òåòðàåäðè ³ 
ïðèçìè äëÿ êàðêàñíèõ ìîäåëåé ³ ï³äñóìîâóâàííÿì 
îá’ºì³â ïàðàëåëåï³ïåä³â äëÿ áëî÷íèõ ìîäåëåé), ÿê³ 
íå ïîòðåáóþòü âòðó÷àííÿ êîðèñòóâà÷à äëÿ ïðèéíÿò-
òÿ ð³øåííÿ ïðî âèêîðèñòàííÿ ò³º¿ ÷è ³íøî¿ ôîðìóëè 
ï³äðàõóíêó. Â ðàç³ âèêîðèñòàííÿ «òðàäèö³éíèõ» ìå-
òîäèê ï³äðàõóíêó çàïàñ³â êîðèñòóâà÷ ìàº âèáèðàòè 
ôîðìóëè ï³äðàõóíêó, ÿêùî ðîçð³çè íåïàðàëåëüí³ àáî 

Ðèñ. 1. Ïðèêëàä ãåîëîã³÷íîãî ðîçð³çó âçäîâæ ðîçâ³äóâàëüíîãî 
ïðîô³ëþ, ïîáóäîâàíîãî ó ãðàô³÷íîìó ïðîñòîð³ ìîäåë³ Ã²Ñ 
K-MINE [4]

Fig. 1. Example of the geological section along the survey profile 
constructed in the K-MINE GIS model graphic space [4]
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ïëîù³ ðîçðàõóíêîâèõ ïëîùèí ³ñòîòíî ð³çíÿòüñÿ. Ó 
ìîäóë³ ðåàë³çîâàíî ìîæëèâ³ñòü ÿê àâòîìàòè÷íîãî 
âèáîðó ôîðìóë äëÿ ï³äðàõóíêó îáñÿã³â, òàê ³ ðó÷-
íîãî ¿õ êîðèãóâàííÿ êîðèñòóâà÷åì çà äîïîìîãîþ 
ðåäàêòîðà ôîðìóë. 

Ñåðåäí³é âì³ñò êîìïîíåíò³â îá÷èñëþþòü ï³ñëÿ 
âèíåñåííÿ äàíèõ ãåîëîãîðîçâ³äóâàëüíèõ ñâåðäëîâèí 
ç áàçè äàíèõ ó ïðîñò³ð ìîäåë³. Ïðè öüîìó ìîæëèâå 

âèêîðèñòàííÿ çàçäàëåã³äü îá÷èñëåíèõ çîí âïëèâó 
ñâåðäëîâèí (åë³ïñî¿ä³â àí³çîòðîï³¿) çà ï³äðàõóíêó 
áëî÷íèìè ìîäåëÿìè ³ç çàñòîñóâàííÿì ³íòåðïîëÿ-
ö³éíèõ ìåòîä³â, à òàêîæ ðó÷íèé âèá³ð ñâåðäëîâèí 
çà ï³äðàõóíêó «òðàäèö³éíèìè» ìåòîäàìè. Äëÿ äðó-
ãîãî âàð³àíòà ïåðåäáà÷åíî ìîæëèâ³ñòü ïðèâ’ÿçêè 
ñâåðäëîâèí ³ ïðîá äî êîíêðåòíèõ ðîçðàõóíêîâèõ 
ïëîùèí ç ïîäàëüøèì ñîðòóâàííÿì ³ ãðóïóâàííÿì 
ïðè ôîðìóâàíí³ òàáëèöü ï³äðàõóíêó çàïàñ³â [4].

Çàêëþ÷íîþ ñòàä³ºþ ï³äðàõóíêó çàïàñ³â ï³ä ÷àñ 
îá´ðóíòóâàííÿ êîíäèö³é º îá÷èñëåííÿ ñåðåäíüîãî 
âì³ñòó êîðèñíîãî êîìïîíåíòà â ìåæàõ ðîäîâèùà àáî 
éîãî ÷àñòèíè. Íà ö³é ñòàä³¿ áóäóþòü çâåäåí³ òàáëèö³ 
ï³äðàõóíêó çàïàñ³â (ðèñ. 3).

Ó ìîäóë³ ÃÅÎ ðåàë³çîâàíî ìîæëèâ³ñòü ïðèñâî-
ºííÿ êîæí³é ï³äðàõóíêîâ³é îäèíèö³ äåê³ëüêîõ ³í-
äèâ³äóàëüíèõ ðåêâ³çèò³â: ðîçòàøóâàííÿ ó êîíòóð³ 
àáî çà ìåæàìè êîíòóðó ïðîåêòó â³äïðàöþâàííÿ; 
ïðèíàëåæí³ñòü äî ÿêî¿-íåáóäü êàòåãîð³¿ çàïàñ³â; 
ïðèíàëåæí³ñòü äî ÿêî¿-íåáóäü ÷àñòèíè ðîäîâèùà; 
âèêîðèñòàííÿ êîðèãóâàëüíèõ êîåô³ö³ºíò³â ³ ò. ä. Äëÿ 
âñ³õ ðåêâ³çèò³â ìîæëèâå çàñòîñóâàííÿ àðèôìåòè÷íèõ 
àáî ëîã³÷íèõ îïåðàö³é, ï³ñëÿ ÷îãî áóäóþòü îñòàòî÷-
í³ ðîçðàõóíêîâ³ òàáëèö³ ó çàäàíîìó êîðèñòóâà÷åì 
ôîðìàò³ [4].

Íà åòàï³ âèçíà÷åííÿ òåõí³êî-åêîíîì³÷íèõ ïî-
êàçíèê³â íà ï³äñòàâ³ îòðèìàíèõ ÿê³ñíî-ê³ëüê³ñíèõ 
ïîêàçíèê³â çà ð³çíèõ âàð³àíò³â êîíäèö³é òàêîæ âè-
êîðèñòîâóþòü ³íòåðôåéñ ðîçðàõóíêîâèõ òàáëèöü. 

Ðèñ. 2. Ïðèêëàä êàðêàñíî¿ ìîäåë³ ï³äðàõóíêîâîãî áëîêà, âè-
êîíàíî¿ â Ã²Ñ K-MINE [4]

Fig. 2. Example of the wire-frame model of the estimation block 
built in K-MINE GIS [4]

Ðèñ. 3. Çâåäåíà òàáëèöÿ ï³äðàõóíêó çàïàñ³â ïî âàð³àíòàõ êîíäèö³é [4]

Fig. 3. Summary table of reserves calculation by the variants of conditions [4]
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Äëÿ êîæíîãî òèïó ì³íåðàëüíî¿ ñèðîâèíè â³äïî-
â³äíî äî ÷èííèõ âèìîã ùîäî ïðîâåäåííÿ òåõí³êî-
åêîíîì³÷íîãî îá´ðóíòóâàííÿ (ÒÅÎ) êîíäèö³é ðîçðî-
áëåíî ³íäèâ³äóàëüí³ àëãîðèòìè ðîçðàõóíêó îñíîâíèõ 
ïîêàçíèê³â. ªäèíîþ áàçîþ äëÿ âñ³õ òèï³â ì³íåðàëü-
íî¿ ñèðîâèíè º ïîñë³äîâí³ñòü çàïîâíåííÿ ³íôîðìà-
ö³ºþ ïðî ïîòî÷íèé ñòàí âèðîáíèöòâà òà îá÷èñëåííÿ 
ïðîì³æíèõ ïîêàçíèê³â ÒÅÎ êîíäèö³é (ðèñ. 4).

Ïðîãðàìíà ðåàë³çàö³ÿ öüîãî åòàïó äàº çìîãó êî-
ðèñòóâà÷åâ³ îáðàòè «îïòèìàëüíèé» ìåòîä ðîçðàõóí-
ê³â, ðåäàãóâàòè ðîçðàõóíêîâ³ ôîðìóëè, àâòîìàòè÷íî 
ïåðåðàõîâóâàòè âñ³ òàáëèö³ çà çì³íè ôîðìóë, íàëà-
øòîâóâàòè çîâí³øí³é âèãëÿä òàáëèö³ [4].

Çàêëþ÷íîþ ñòàä³ºþ åòàïó îá´ðóíòóâàííÿ êîíäè-
ö³é º îá÷èñëåííÿ åêîíîì³÷íèõ ïîêàçíèê³â åêñïëó-
àòàö³¿ ðîäîâèùà (÷èñòèé äèñêîíòîâàíèé ãðîøîâèé 
ïîò³ê, ³íäåêñ ïðèáóòêîâîñò³, êîåô³ö³ºíò ðåíòàáåëü-
íîñò³ ã³ðíè÷îãî ï³äïðèºìñòâà òîùî) ç ôîðìóâàííÿì 
çâåäåíî¿ òàáëèö³ òåõí³êî-åêîíîì³÷íèõ ïîêàçíèê³â çà 
âàð³àíòàìè ï³äðàõóíêó (ðèñ. 5) [2].

Çà íàÿâíîñò³ ÷èííèõ êîíäèö³é íà ì³íåðàëüíó 
ñèðîâèíó åòàï ¿õ ðîçðîáêè ìîæå áóòè ïðîïóùåíèé 
³ ìîæëèâèé áåçïîñåðåäí³é ïåðåõ³ä äî åòàï³â ï³äðà-
õóíêó çàïàñ³â ³ ÃÅÎ ðîäîâèùà.

Ï³äðàõóíîê çàïàñ³â çà îáðàíèì âàð³àíòîì êîíäè-
ö³é â ö³ëîìó ïîâòîðþº âèùåîïèñàí³ åòàïè. Îñíîâ-
íîþ éîãî â³äì³íí³ñòþ º äåòàëüí³øèé  ïîä³ë ðîç-
ðàõóíêîâèõ îäèíèöü ³ íåîáõ³äí³ñòü ¿õ êëàñèô³êàö³¿ 
çã³äíî ç³ ñòóïåíåì ãåîëîã³÷íî¿ âèâ÷åíîñò³. Íà ñòàä³¿ 

âèçíà÷åííÿ âàðòîñò³ ðîäîâèùà àëãîðèòìè, çàñòîñî-
âàí³ äëÿ ÒÅÎ êîíäèö³é, ìîæóòü áóòè âèêîðèñòàí³ ç 
óòî÷íåíèìè çà äàíèìè ï³äðàõóíêó çàïàñ³â ïðîì³æ-
íèìè ïàðàìåòðàìè. Ïðè öüîìó ìîæëèâå âèêîðèñ-
òàííÿ ÿê «àâòîìàòè÷íîãî», òàê ³ «ðó÷íîãî» ðåæèìó 
ðîáîòè â³äïîâ³äíî äî ïîòðåá òà îñîáëèâîñòåé êîí-
êðåòíîãî îö³íþâàíîãî îá’ºêòà.

Îñîáëèâîñò³ êîìï’þòåðíîãî ìîäåëþâàííÿ ³ îö³-
íþâàííÿ çàïàñ³â ðîäîâèù òâåðäèõ êîðèñíèõ êîïà-
ëèí ç âèêîðèñòàííÿì øàáëîíà CRIRSCO. Ãîëîâíèé 
äîêóìåíò, ùî âèçíà÷àº îö³íêó ñòàíó ì³íåðàëüíî-
ñèðîâèííèõ àêòèâ³â ã³ðíè÷îãî ï³äïðèºìñòâà ó ðàç³ 
éîãî âèõîäó íà IPO (Initial Public Offering — ïåð-
âèííà ïóáë³÷íà ïðîïîçèö³ÿ), êîòèðóâàííÿ àêö³é, 
îòðèìàííÿ áàíê³âñüêèõ êðåäèò³â, — öå çâ³ò ïðî ì³-
íåðàëüí³ ðåñóðñè ³ çàïàñè, ÿê³ º âëàñí³ñòþ ã³ðíè÷î-
äîáóâíèõ êîìïàí³é. Ó ñâ³òîâ³é ïðàêòèö³ òàê³ çâ³òè 
çàçâè÷àé ôîðìóþòü ç óðàõóâàííÿì ïîëîæåíü òîãî 
àáî ³íøîãî íàö³îíàëüíîãî (ðåã³îíàëüíîãî) êîäåêñó, 
ùî â³äïîâ³äàº øàáëîíó ñ³ìåéñòâà CRIRSCO (Com-
mittee for Mineral Reserves International Reporting 
Standards) [4].

Øàáëîí CRIRSCO — îäèí ³ç íàéïîøèðåí³øèõ 
ÿê ì³æíàðîäíèé ñòàíäàðò ïóáë³÷íî¿ çâ³òíîñò³ ïðî 
ðåçóëüòàòè ãåîëîãîðîçâ³äóâàëüíèõ ðîá³ò çàïàñ³â/
ðåñóðñ³â òâåðäèõ êîðèñíèõ êîïàëèí ³ äåêëàðàö³é 
ïðî àêòèâè, ùî âêëþ÷åí³ äî ïåðåë³êó äîêóìåíò³â 
³ íåîáõ³äí³ äëÿ ïðîöåäóðè ë³ñòèíãó íà ôîíäîâèõ 
ðèíêàõ [9, 10].

Ðèñ. 4. Òàáëèö³ âèçíà÷åíèõ ïåð³îäè÷íèõ ïîêàçíèê³â ÒÅÎ êîíäèö³é [4]

Fig. 4. Tables with the determined cyclical indicators of feasibility study of conditions [4]
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Êëàñèô³êàö³ÿ CRIRSCO íå ì³ñòèòü ê³ëüê³ñíèõ 
âèìîã ³ ðåêîìåíäàö³é äî îö³íþâàííÿ êîæíîãî âèäó 
ì³íåðàëüíî¿ ñèðîâèíè ³ íå ìîæå îõîïèòè âñ³ íþàí-
ñè, ïîâ’ÿçàí³ ç³ ñïåöèô³êîþ îêðåìèõ âèä³â êîðèñíèõ 
êîïàëèí. Ïðè ñêëàäàíí³ çâ³òó ïðî ï³äðàõóíîê çàïà-
ñ³â çã³äíî ç êëàñèô³êàö³ºþ CRIRSCO îáîâ’ÿçêîâî 
çàñòîñîâóþòü êîìï’þòåðí³ ìîäåë³. 

Îñíîâí³ åòàïè ¿õ ñòâîðåííÿ äëÿ îö³íþâàííÿ çà-
ïàñ³â çã³äíî ç êëàñèô³êàö³ºþ CRIRSCO ðîçãëÿíóòî 
ó äæåðåëàõ [3, 7].

Íà öåé ÷àñ ó ñâ³ò³ â³äîìà âåëèêà ê³ëüê³ñòü ïîä³á-
íèõ ñèñòåì. Ð³çíèöÿ ì³æ íèìè ïåðåâàæíî ïîëÿãàº 
ëèøå â îðãàí³çàö³¿ âèõ³äíèõ ³ ïðîì³æíèõ äàíèõ, 
çàñòîñóâàíí³ ð³çíèõ ïðîãðàìíèõ àëãîðèòì³â ³ ìå-
òîä³â, ÿê³ âèêîðèñòîâóþòü ïðè ³íòåðïðåòàö³¿ âèõ³ä-
íèõ äàíèõ ãåîëîã³÷íîãî îïðîáóâàííÿ, îêîíòóðåíí³ 
ïîêëàä³â òà ³íòåðïîëÿö³¿ âì³ñòó êîðèñíîãî êîìïî-
íåíòà. Âèìîãàì äî êîìï’þòåðíèõ ñèñòåì, çã³äíî ç 
øàáëîíîì CRIRSCO, â³äïîâ³äàº ³ Ã²Ñ K-MINE [5].

Ñèñòåìà K-MINE ï³äòðèìóº ñòðóêòóðèçàö³þ 
³ íàêîïè÷åííÿ âèõ³äíèõ ãåîëîã³÷íèõ äàíèõ ³ç çà-
ñòîñóâàííÿì ðåëÿö³éíèõ áàç äàíèõ. ¯õ âèêîðèñòàí-
íÿ çàáåçïå÷óº îðãàí³çàö³þ áàãàòîêîðèñòóâàöüêîãî 
ðåæèìó ðîáîòè ³ ââåäåííÿ ³íôîðìàö³¿ äåê³ëüêîìà 
îïåðàòîðàìè.

Ï³ñëÿ óâåäåííÿ âñ³ äàí³ ï³äëÿãàþòü ñòàòèñòè÷í³é 
îáðîáö³. Öå äàº çìîãó âèÿâèòè ïîìèëêè (òåõí³÷í³ 
é ëîã³÷í³), à òàêîæ ïîïåðåäíüî âèçíà÷èòè ãîëîâí³ 
õàðàêòåðèñòèêè ìàñèâ³â ³íôîðìàö³¿ (ðèñ. 6).

Çàâåðøàëüíèì åòàïîì ï³äãîòîâêè òà íàïîâíåííÿ 
áàçè äàíèõ ï³ä ÷àñ ìîäåëþâàííÿ ðîäîâèù ³ ï³äðà-
õóíêó çàïàñ³â º ¿¿ çàâ³ðåííÿ, äëÿ óñ³õ íàáîð³â äàíèõ.

Òåõíîëîã³ÿ îö³íþâàííÿ çàïàñ³â ì³íåðàëüíî¿ 
ñèðîâèíè äëÿ ð³çíèõ ñèñòåì êëàñèô³êàö³¿ ïåðåä-
áà÷àº îêîíòóðåííÿ ïîêëàä³â çà çàäàíèìè ïàðàìå-
òðàìè êîíäèö³é íà ïëàíàõ àáî ðîçð³çàõ ç ïîäàëü-
øèì ñòâîðåííÿì òâåðäîò³ëüíèõ ìîäåëåé ðóäíèõ ò³ë 
òà/àáî ðîäîâèù. Ò³ëà êîðèñíî¿ êîïàëèíè òà çîíè 
ì³íåðàë³çàö³¿ íàé÷àñò³øå îáìåæóþòü çàìêíåíèìè 
êàðêàñàìè. Îêîíòóðþþòü (âèçíà÷àþòü ìåæ³ ïîøè-
ðåííÿ êîðèñíî¿ êîïàëèíè) àâòîìàòèçîâàíî íà îñíî-
â³ àëãîðèòì³â ãåîìåòðè÷íîãî ìîäåëþâàííÿ [1, 6]. 
Óõâàëþº ð³øåííÿ ïðî çàëó÷åííÿ ÷àñòèíè ïðîñòîðó 
³ âêëþ÷åííÿ ¿¿ äî ñêëàäó ò³ëà êîðèñíî¿ êîïàëèíè 
êîìïåòåíòíà îñîáà (åêñïåðò).

Çàçâè÷àé çà êëàñè÷íèìè ìåòîäàìè ðîçðàõóíêó 
çàïàñ³â (âåðòèêàëüíèõ àáî ãîðèçîíòàëüíèõ ïåðåð³ç³â, 
ìåòîä ãåîëîã³÷íèõ áëîê³â) âèêîðèñòîâóþòü ðåçóëüòà-
òè îêîíòóðåííÿ. Àíàë³òè÷íèì ìåòîäîì âèçíà÷àþòü 
ïëîù³ òà îá’ºìè êîðèñíî¿ êîïàëèíè ì³æ ñóì³æíèìè 
ïåðåð³çàìè àáî ó ïåâíèõ ãåîëîã³÷íèõ áëîêàõ. ßê³ñí³ 
ïîêàçíèêè ðîçðàõîâóþòü ÿê ñåðåäíüîàðèôìåòè÷í³ 
àáî ñåðåäíüîçâàæåí³ ïîêàçíèêè âèõ³äíèõ ïðîá, ùî 
ïîòðàïëÿþòü ó çîíó ä³¿ áëîêà àáî ïåðåð³ç³â. Íà öüî-
ìó ïðîöåñ ìîäåëþâàííÿ çàâåðøóºòüñÿ.

Ïðîöåñ ôîðìóâàííÿ ìîäåëåé ï³äðàõóíêó çàïàñ³â 
çã³äíî ç øàáëîíîì CRIRSCO ìàº äåê³ëüêà ñòàä³é, à 
ñàìå êàðêàñíå ìîäåëþâàííÿ, âàð³îãðàô³ÿ òà áëîêîâå 

Ðèñ. 5. Çâåäåíà òàáëèöÿ òåõí³êî-åêîíîì³÷íèõ ïîêàçíèê³â åêñïëóàòàö³¿ ðîäîâèùà [4]

Fig. 5. Summary table of technical and economic indices of field exploitation [4]
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ìîäåëþâàííÿ. Ï³ñëÿ öüîãî çàïàñè ï³äðàõîâóþòü ³ 
êëàñèô³êóþòü.

Êàðêàñíå ìîäåëþâàííÿ çä³éñíþþòü íà áàç³ ï³ä-
ãîòîâëåíèõ êîíòóð³â. Öåé ïðîöåñ ïîëÿãàº ó ñòâî-
ðåíí³ çàìêíåíèõ êàðêàñíèõ îá’ºêò³â ì³æ ñóì³æíèìè 
ïðîô³ëÿìè. Â³í àâòîìàòèçîâàíèé ³ äàº çìîãó âðà-
õîâóâàòè ð³çí³ âèïàäêè îá’ºäíàííÿ êîíòóð³â ì³æ 
ñîáîþ (ìîäåëþâàííÿ çà íàïðÿìíèìè, ðîçãàëóæåííÿ 
òà ñõîäæåííÿ, âèêëèíþâàííÿ íà ë³í³þ ³ òî÷êó òà ³í.). 
Ó ðåçóëüòàò³ îïåðàö³é ñòâîðþþòü çàìêíåíèé êàðêàñ 
(ðèñ. 7). Ñòâîðþâàí³ êàðêàñè ïåðåâ³ðÿº ³ çàâ³ðÿº 
êîìïåòåíòíà îñîáà.

Ó ðàç³ âèÿâëåííÿ ïðîñòîðîâî¿ çì³íþâàíîñò³ 
ãåîëîã³÷íèõ õàðàêòåðèñòèê ó ïîêëàäàõ êîðèñíî¿ 

êîïàëèíè ïðè ìîäåëþâàíí³ ðîäîâèù äîö³ëüíî âè-
êîíóâàòè ãåîñòàòèñòè÷í³ äîñë³äæåííÿ, îñíîâîþ 
ÿêèõ º âàð³îãðàìíèé àíàë³ç. Éîãî ñóòí³ñòü ïîëÿãàº 
ó âèÿâëåíí³ ïàðàìåòð³â çì³íþâàíîñò³ õàðàêòåðèñòèê 
îá’ºêò³â çàëåæíî â³ä â³äñòàí³ ì³æ íèìè.

Ïðîöåñ ðîçðàõóíêó ³ âèáîðó âàð³îãðàìè º áàãàòî-
ñêëàäîâèì, éîãî âèêîíóþòü ó äåê³ëüêà åòàï³â: ï³ä-
ãîòóâàííÿ ³ ãðóïóâàííÿ âèõ³äíèõ äàíèõ; âèçíà÷åííÿ 
åêñïåðèìåíòàëüíî¿ âàð³îãðàìè; âèâ÷åííÿ îòðèìàíèõ 
ôóíêö³é ³ ï³äá³ð òåîðåòè÷íî¿ âàð³îãðàìè; ñòâîðåííÿ 
ïðîñòîðîâî¿ ìîäåë³ [5, 7]. Âëàñíå ïðîöåñ âèáîðó 
âàð³îãðàìè º îäí³ºþ ³ç ãîëîâíèõ ³ â³äïîâ³äàëüíèõ 
ëàíîê ïðè êîìï’þòåðíîìó ìîäåëþâàíí³ äëÿ îö³íþ-
âàííÿ çàïàñ³â çã³äíî ç øàáëîíîì CRIRSCO (ðèñ. 8).

Ðèñ. 6. Îðãàí³çàö³ÿ âèõ³äíèõ ãåîëîã³÷íèõ äàíèõ ó âèãëÿä³ ðåëÿö³éíî¿ áàçè äàíèõ, ñòàòèñòè÷íèé àíàë³ç 
ó K-MINE

Fig. 6. Organization of initial geological data in the form of relational DB, statistical analysis in K-MINE

Ðèñ. 7. Ñòâîðåííÿ êàðêàñíèõ ìîäåëåé ðóäíèõ ïîêëàä³â ó Ã²Ñ K-MINE

Fig. 7. Creation of ore deposit wire-frame models in K-MINE GIS
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Ãîëîâíà ìåòà êîìï’þòåðíîãî ìîäåëþâàííÿ — 
ðîçðàõóíîê ÿê³ñíèõ ïîêàçíèê³â êîðèñíî¿ êîïàëèíè ó 
áóäü-ÿê³é òî÷ö³ ïðîñòîðó íà îñíîâ³ âèÿâëåíèõ çàêî-
í³â ïðîñòîðîâî¿ çì³íþâàíîñò³ õàðàêòåðèñòèê. Öüîãî 
äîñÿãàþòü, âèêîðèñòîâóþ÷è ð³çí³ âèäè ³íòåðïîëÿö³¿ 
(åêñòðàïîëÿö³¿) ³ç çàíåñåííÿì ðåçóëüòàò³â ðîçðàõóí-
êó ó òî÷êó ïðîñòîðó, îáìåæåíó åëåìåíòàðíîþ ãåîìå-
òðè÷íîþ ô³ãóðîþ (áëîêîì). Ðîçðàõîâàíå çíà÷åííÿ 
õàðàêòåðèçóº âåñü îá’ºì åëåìåíòàðíîãî áëîêà.

Çàñòîñóâàííÿ áëîêîâèõ ìîäåëåé — íàéäî-
ö³ëüí³øèé çàñ³á îïèñó ïðîñòîðîâèõ îá’ºì³â ðîäî-
âèù òâåðäèõ êîðèñíèõ êîïàëèí [3, 5]. Ó ñó÷àñíèõ 
êîìï’þòåðíèõ ñèñòåìàõ, ó òîìó ÷èñë³ K-MINE, âè-
êîðèñòîâóþòü ìåõàí³çì ñóááëîêóâàííÿ. Âì³ñò êî-
ðèñíîãî êîìïîíåíòà ó áëîêîâèõ ìîäåëÿõ ðîçðàõîâóº 

Ðèñ. 8. Ïðîöåñ âàð³îãðàìíîãî àíàë³çó â ñåðåäîâèù³ Ã²Ñ K-MINE

Fig. 8. Process of variogram analysis in the K-MINE GIS medium 

áóäü-ÿêèé ³íòåðïîëÿòîð: ìåòîäîì íàéáëèæ÷î¿ ïðî-
áè, ìåòîäîì çâîðîòíèõ â³äñòàíåé ó ñòóïåí³ (Inverse 
Distance Weight — IDW), ìåòîäîì ñ³òîê, àâòîêîðå-
ëÿö³éíèõ ³ ðàä³àëüíèõ áàçèñíèõ ôóíêö³é, ìåòîäàìè 
êðàéã³íãó (çâè÷àéíîãî, ëîãàðèôì³÷íî íîðìàëüíîãî, 
îðäèíàðíîãî, ³íäèêàòèâíîãî òà ïîë³³íäèêàòèâíîãî) 
òà ³í. (ðèñ. 9).

Ðîçðàõóíîê êëàñ³â òà êàòåãîð³é çàïàñ³â ³ ðåñóðñ³â 
âèêîíóþòü îäíî÷àñíî ç ³íòåðïîëÿö³ºþ âì³ñòó. Ïðè 
öüîìó êîä êëàñó çàëåæèòü â³ä ðîçì³ðíîãî êîåô³ö³-
ºíòà åë³ïñî¿äà ïîøóêó, ÿêèé âèçíà÷àþòü íà åòàï³ 
âàð³îãðàìíîãî àíàë³çó, à òàêîæ â³ä ê³ëüêîñò³ ïðîá, 
ùî âêëþ÷åí³ â åë³ïñî¿ä òà/àáî éîãî ñåêòîð (ðèñ. 10).

Øàáëîíîì CRIRSCO âèçíà÷åíî äåô³í³ö³¿ òà-
êèõ êëþ÷îâèõ êàòåãîð³é, ÿê ì³íåðàëüí³ ðåñóðñè ³ 

Ðèñ. 9. Ðîçðàõóíîê âì³ñòó êîðèñíîãî êîìïîíåíòà ó ïîêëàä³ ìåòîäîì îðäèíàðíîãî êðàéã³íãó

Fig. 9. Calculation of the content of valuable component in the deposit by the ordinary kriging method
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çàïàñè (ðåçåðâè), à òàêîæ ¿õ ï³äêàòåãîð³¿: âèì³ðÿí³ 
(Measured), îá÷èñëåí³ (Indicated) òà ïåðåäáà÷óâà-
í³ (Inferred) ðåñóðñè, äîâåäåí³ (Proved) òà éìîâ³ðí³ 
(Probable) çàïàñè (ðåçåðâè).

Îñòàòî÷íèé ï³äðàõóíîê çàïàñ³â ³ ðåñóðñ³â äëÿ 
ðîäîâèùà çã³äíî ç øàáëîíîì CRIRSCO ïîëÿãàº 
ó ïåðåòèíàíí³ ìíîæèíè áëîê³â âèçíà÷åíèõ êëàñ³â 
ðåñóðñ³â ³ ìíîæèíè áëîê³â ç ðîçðàõóíêîì âì³ñòó êî-
ðèñíîãî êîìïîíåíòà ³ ç ðîçíåñåííÿì ¿õ çà êëàñàìè. 
Óðàõóâàííÿ ÷èííèê³â âèäîçì³í äàº çìîãó ïåðåâîäè-
òè ðîçðàõîâàí³ êëàñè ðåñóðñ³â ó çàïàñè òà íàâïàêè.

Âèñíîâêè. Ìîäóëü ãåîëîãî-åêîíîì³÷íîãî îö³íþ-
âàííÿ Ã²Ñ K-MINE º óí³âåðñàëüíèì ³íñòðóìåíòîì, 
ùî äàº çìîãó âèêîíàòè âåñü öèêë ðîá³ò ç îá´ðóíòó-
âàííÿ ïàðàìåòð³â êîíäèö³é íà ì³íåðàëüíó ñèðîâèíó, 
ï³äðàõóâàòè çàïàñè êîðèñíî¿ êîïàëèíè ³ ðîçðàõóâàòè 
åêîíîì³÷í³ ïîêàçíèêè ðîçðîáêè ðîäîâèùà. Çà äîïî-
ìîãîþ ìîäóëÿ ÿê ñêëàäîâî¿ ÷àñòèíè Ã²Ñ K-MINE 
ðàçîì ç êîìïëåêñîì ãåîëîãî-ìàðêøåéäåðñüêîãî 
çàáåçïå÷åííÿ ìîæíà âèêîíàòè âåñü öèêë ðîá³ò 
ïî÷èíàþ÷è â³ä ïðèâåäåííÿ âñ³º¿ äîêóìåíòàö³¿ äî 
öèôðîâî¿ ôîðìè ³ ñòâîðåííÿ öèôðîâèõ ìîäåëåé 
äî ãåîëîãî-åêîíîì³÷íîãî îö³íþâàííÿ  ðîäîâèùà ç 
îôîðìëåííÿì ðåçóëüòàò³â ðîá³ò ³ ï³äãîòîâêîþ çâ³òíî¿ 
äîêóìåíòàö³¿. Ó ðàç³ çàñòîñóâàííÿ «òðàäèö³éíèõ» 
ìåòîä³â ï³äðàõóíêó ÿê³ñíî-ê³ëüê³ñíèõ ïîêàçíèê³â ç 
âèêîðèñòàííÿì Ã²Ñ Ê-MINE òà ¿¿ àâòîìàòèçîâàíîãî 
ìîäóëÿ äîñÿãàþòü âèñîêî¿ òî÷íîñò³ òà çá³æíîñò³ ðå-
çóëüòàò³â. Öå çóìîâëåíî çàñòîñóâàííÿì àíàë³òè÷íèõ 
ìåòîä³â ðîçðàõóíêó îñíîâíèõ ãåîìåòðè÷íèõ ïîêàç-
íèê³â ðîçðàõóíêîâèõ îäèíèöü (ïëîùà, â³äñòàíü) ³ 
ì³í³ì³çàö³ºþ ïîìèëîê, ïîâ’ÿçàíèõ ç ðó÷íîþ îáðîá-
êîþ ³íôîðìàö³¿ [8].
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Fig. 10. Calculations of resources classes of the block model



ISSN 1684-2189    GEOINFORMATIKA, 2018, ¹ 3 (67) 23
© Ã.². Ðóäüêî, Î.Â. Íåöüêèé, Ì.Â. Íàçàðåíêî

ÃÅÎÈÍÔÎÐÌÀÖÈÎÍÍÛÅ ÒÅÕÍÎËÎÃÈÈ ÏÐÈ ÃÅÎËÎÃÎ-ÝÊÎÍÎÌÈ×ÅÑÊÎÉ ÎÖÅÍÊÅ 
ÌÅÑÒÎÐÎÆÄÅÍÈÉ ÏÎËÅÇÍÛÕ ÈÑÊÎÏÀÅÌÛÕ (ÍÀ ÏÐÈÌÅÐÅ ÃÈÑ Ê-MINE)
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Ðàññìîòðåíû âîïðîñû ïðèìåíåíèÿ ãåîèíôîðìàöèîííîé ñèñòåìû K-MINE ïðè ïîñòðîåíèè àâòîìàòèçèðîâàííûõ 
èíôîðìàöèîííî-àíàëèòè÷åñêèõ ñèñòåì äëÿ óïðàâëåíèÿ ðàáîòîé îáúåêòîâ íåäðîïîëüçîâàíèÿ. Îïèñàí ìîäóëü 
ãåîëîãî-ýêîíîìè÷åñêîé îöåíêè ìåñòîðîæäåíèé ïîëåçíûõ èñêîïàåìûõ ãåîèíôîðìàöèîííîé ñèñòåìû K-MINE, 
ðàçðàáîòàííîé ñîòðóäíèêàìè ÎÎÎ «Íàó÷íî-ïðîèçâîäñòâåííîå ïðåäïðèÿòèå «ÊÀÈ» (ã. Êðèâîé Ðîã). Ìîäóëü 
ÿâëÿåòñÿ óíèâåðñàëüíûì èíñòðóìåíòîì, äàåò âîçìîæíîñòü îáîáùèòü ðåçóëüòàòû îáîñíîâàíèÿ ïàðàìåòðîâ 
êîíäèöèé íà ìèíåðàëüíîå ñûðüå, ïðîâåñòè ïîäñ÷åò çàïàñîâ ïîëåçíîãî èñêîïàåìîãî, ðàññ÷èòàòü ýêîíîìè÷åñêèå 
ïîêàçàòåëè îòðàáîòêè ìåñòîðîæäåíèÿ. Ïðèìåíåíèå ìîäóëÿ êàê ñîñòàâíîé ÷àñòè ÃÈÑ K-MINE âìåñòå ñ êîìï-
ëåêñîì ãåîëîãî-ìàðêøåéäåðñêîãî îáåñïå÷åíèÿ ïîçâîëÿåò âûïîëíÿòü ðàáîòû ïî ñîçäàíèþ öèôðîâûõ ìîäåëåé 
ìåñòîðîæäåíèé ïîëåçíûõ èñêîïàåìûõ, èõ ãåîëîãî-ýêîíîìè÷åñêîé îöåíêå, îôîðìëåíèþ ðåçóëüòàòîâ ðàáîò è 
ïîäãîòîâêå îò÷åòíîé äîêóìåíòàöèè.

Êëþ÷åâûå ñëîâà: ÃÈÑ K-MINE, ãåîèíôîðìàöèîííàÿ ñèñòåìà, ìåñòîðîæäåíèå ïîëåçíûõ èñêîïàåìûõ, ãåîëîãî-
ýêîíîìè÷åñêàÿ îöåíêà, áëî÷íîå ìîäåëèðîâàíèå, øàáëîí CRIRSCO.

GEOINFORMATION TECHNOLOGIES IN ECONOMIC-GEOLOGICAL EVALUATION OF MINERAL 
DEPOSITS (BY THE EXAMPLE OF Ê-MINE GIS)

G.². Rudko1, O.V. Netskyi1, M.V. Nazarenko2

1The State Commission of Ukraine on Mineral Resources, 18/7 Kutuzova Street, Kyiv, 01133, Ukraine, e-mail: office@
dkz.gov.ua
2The Research and Production Enterprise «KRYVBASAKADEMINVEST», POB 2401, Kryvyi Rih 50027, 
Dnipropetrovsk Region, Ukraine, e-mail: mail@kai.ua

Purpose and objectives. Since 2009 the State Commission of Ukraine on Mineral Resources (SCMR) together with 
the Research and Production Enterprise «KRYVBASAKADEMINVEST» LTD (the city of Kryvyi Rih) performed 
works on the development of algorithms for calculation of reserves and resources of different types of minerals for 
the purpose of their transfer from one classification system to another. On the way to harmonization of reserves in 
different classification systems there is a method based on the use of three-dimensional digital models and special 
software with further comparison of the obtained results when calculating reserves and resources of mineral deposits 
in different classification systems. K-MINE GIS is a basic tool used in work.
The basic principles realized in the K-MINE GIS module — Mineral Reserves Economic-Geological Evaluation 
Automated System (K-MINE EGE AS), which uses approaches generally accepted in the world as regards interpretation 
of data on prospecting, delineation of ore bodies and mineralization zones, wireframe modeling of a field and 
surfaces, variography, interpolation of spatial values with the use of geostatistical methods, block modeling, reserves 
evaluation, have been developed. The majority of operations on interpretation, delineation and wireframe modeling 
are automatically performed.
Method. Economic-geological evaluation of fields with the use of basic capabilities of the geological mine survey 
support complex, and also K-MINE EGE AS has been carried out by means of the K-MINE geoinformation integrated 
system. The module for economic-geological evaluation of mineral deposits is intended for performance of analytical 
and graphic works connected with the economic-geological evaluation of mineral deposits. 
Results. So, when carrying out economic-geological evaluation with the use of K-MINE EGE AS it is possible to 
use both standard («traditional») methods for reserves calculation (cuts methods, geological blocks, etc.), and modern 
spatial methods based on geostatistical methods with the use of wireframe and block models. 
When drawing up the report on reserves calculation according to the CRIRSCO classification the computer models 
shall be used. It has been demonstrated that K-MINE GIS meets the requirements for computer systems according 
to the CRIRSCO template.
Practical importance and conclusions. So, the K-MINE GIS economic-geological evaluation module is a universal 
tool enabling to perform a whole cycle of works on justification of parameters of conditions for mineral raw material, 
estimation of mineral reserves and calculation of economic indices of field development. Operation of the module as 
a component part of K-MINE GIS together with the geological mine survey support complex enables to perform a 
whole cycle of works starting from bringing of all documentation into a digital form and creation of digital models to 
economic-geological evaluation of a field with the registration of outputs and preparation of reporting documentation. 
When using «traditional» methods for calculation of qualitative and quantitative indices with the use of K-MINE 
GIS and its automated module it is possible to reach high accuracy and repeatability of results. It is caused by the 
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use of analytical methods for calculation of main geometrical indices of the units of measure (area, distance) and 
minimization of errors connected with manual information processing.

Keywords: K-MINE GIS, geoinformation system, mineral deposit, economic-geological evaluation, block modeling, 
CRIRSCO template.
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