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Âûÿâëåíî, ÷òî çîëîòîé çàïàñ Ðîññèè ïîñòîÿííî óâåëè÷èâàåòñÿ è â íàñòîÿùåå âðåìÿ îíà âûøëà íà ïÿòîå ìå­
ñòî â ìèðå, íåìíîãî óñòóïàÿ Êèòàþ, à ïî òåìïàì ðîñòà ñóùåñòâåííî îïåðåæàÿ åãî. Ïî äîáû÷å çîëîòà Ðîññèÿ 
âûøëà íà òðåòüå – âòîðîå ìåñòî. Ñóùåñòâåííàÿ ÷àñòü äðàãîöåííîãî ìåòàëëà ñ íàèìåíüøèìè çàòðàòàìè è 
ìåíüøåé òðóäîåìêîñòüþ äîáûâàåòñÿ èç ðîññûïíûõ ìåñòîðîæäåíèé, ðàñïîëîæåííûõ íà îáøèðíîé òåððèòî­
ðèè âîñòî÷íîé è ñåâåðíîé ÷àñòè Ðîññèè. Äëÿ óñïåøíîé ðàáîòû çîëîòîäîáûâàþùèõ ïðåäïðèÿòèé íåîáõîäèìà 
ìåòîäèêà îáúåêòèâíîé òåõíèêî­ýêîíîìè÷åñêîé îöåíêè êàê ïðè ðàçðàáîòêå, òàê è ïðîåêòèðîâàíèè ðîññûï­
íûõ ìåñòîðîæäåíèé. Ïðåäëîæåíà ìåòîäèêà êîìïëåêñíîé îöåíêè ýêîíîìè÷åñêîé ýôôåêòèâíîñòè ðàçðàáîò­
êè ìåñòîðîæäåíèé ðîññûïíîãî çîëîòà, îñíîâàííàÿ íà ñîïîñòàâëåíèè óñëîâèé ýêñïëóàòàöèè, âîçìîæíîñòåé 
ãîðíîãî ïðåäïðèÿòèÿ, ïëàíèðóåìûõ ðåçóëüòàòîâ åãî äåÿòåëüíîñòè ñ ïåðåäîâûìè ïîêàçàòåëÿìè â îòðàñëè. 
Äëÿ ñîïîñòàâëåíèÿ èñïîëüçóþòñÿ ìåòîäû ìíîãîìåðíîãî àíàëèçà. Ïðè ýòîì äëÿ ìàòåìàòè÷åñêîé îáðàáîò­
êè õàðàêòåðèñòèê ìåñòîðîæäåíèé ïîëåçíûõ èñêîïàåìûõ è ïðîåêòèðóåìûõ èëè ðàáîòàþùèõ ïðåäïðèÿòèé, 
èìåþùèõ ðàçíûå åäèíèöû èçìåðåíèÿ, öåëåñîîáðàçíî èñïîëüçîâàòü ñèñòåìó êîäèðîâàíèÿ èñõîäíûõ äàí­
íûõ. Ìåòîäèêà ïîçâîëÿåò ðàññ÷èòàòü êîìïëåêñíóþ îöåíêó óñëîâèé, âîçìîæíîñòåé è ðåçóëüòàòîâ ðàáîòû 
ãîðíîäîáûâàþùèõ ïðåäïðèÿòèé, îòêëîíåíèå îò êîòîðîé ïîêàçûâàåò «ðàíã» äàííîãî ïðåäïðèÿòèÿ â ðÿäó 
ïðåäïðèÿòèé, ðàçðàáàòûâàþùèõ ðîññûïíûå ìåñòîðîæäåíèÿ, èëè åãî «ðàíã» ïî îòíîøåíèþ ê âíóòðèîòðàñ­
ëåâîìó çíà÷åíèþ. Ìåòîäèêà òàêæå äàåò âîçìîæíîñòü îñóùåñòâèòü ñðàâíèòåëüíîå òåõíèêî­ýêîíîìè÷åñêîå 
îáîñíîâàíèå ðàçðàáîòêè  ðîññûïíûõ ìåñòîðîæäåíèé çîëîòà è îïðåäåëèòü öåëåñîîáðàçíîñòü èõ ðàçðàáîòêè 
è ïðîåêòèðîâàíèÿ. Ïðîâåäåííûå ðàñ÷åòû âûïîëíåíû íà ïðèìåðå ìåñòîðîæäåíèé ðîññûïíîãî çîëîòà Çà­
áàéêàëüñêîãî êðàÿ è ïîêàçûâàþò õîðîøóþ ñõîäèìîñòü òåîðåòè÷åñêèõ è ýìïèðè÷åñêèõ ðåçóëüòàòîâ. Âûáîð 
ðàöèîíàëüíîé òåõíîëîãèè ïðè ïðîåêòèðîâàíèè è ðàçðàáîòêå êîíêðåòíîãî ìåñòîðîæäåíèÿ ñ ó÷åòîì ðåêî­
ìåíäàöèé êîìïëåêñíîé ìåòîäèêè ìîæåò äàòü ýêîíîìè÷åñêèé ýôôåêò

Êëþ÷åâûå ñëîâà: çîëîòîé çàïàñ; ðîññûïíûå ìåñòîðîæäåíèÿ; êîìïëåêñíàÿ îöåíêà; èíâåñòèðîâàíèå; ðàñ÷åò­
íûå îòêëîíåíèÿ; êëàñòåðíûé àíàëèç; ïàðàìåòðû; êîäèðîâàíèå; êëàññèôèêàöèÿ ïðåäïðèÿòèé; äåíäðîãðàììà; 
ðàçðàáîòêà; äîáû÷à

The gold reserve of Russia is constantly increasing and, at the present time, it has reached the fifth place in the 
world, slightly behind China. At that, in terms of growth rates, it has significantly outstripped it. In terms of gold 
mining, Russia has come to the third ­ second place. A significant part of the precious metal is extracted from al­
luvial deposits located on the vast territory of the eastern and northern parts of Russia with the least expenditure 
and less labor. To strengthen the work of gold mining enterprises, a method of objective technical and economic 
evaluation is necessary both in the development and design of alluvial gold deposits. A methodology for a complex 
assessment of the economic efficiency of alluvial gold deposits development is proposed, based on a comparison 
of operating conditions, capabilities of the mining enterprise, and planned results of its activities with advanced 
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indicators in the industry. For comparison, multidimensional analysis methods are used. At the same time, it is 
expedient to use the system of encoding of initial data for mathematical processing of mineral deposits characteris­
tics and designed or operating enterprises, having different units of measurement. The methodology allows to give 
a complex assessment of the conditions, opportunities and results of mining enterprises, the deviation from which 
shows the “rank” of the enterprise in a number of enterprises developing alluvial gold deposits or its “rank” in 
relation to the intra­industry significance. The methodology also makes it possible to carry out a comparative fea­
sibility study for the development of alluvial gold deposits and determine the feasibility of their development and 
design. The carried out calculations are based on the example of alluvial gold deposits of the Transbaikal Region 
and have showed good convergence of theoretical and empirical results. The choice of rational technology in the 
design and development of a particular field, taking into account the recommendations of a complex methodology 
can yield an economic effect

Key words: gold reserve; alluvial deposits; complex assessment; investment; estimated deviations; cluster analysis; pa­
rameters; coding; classification of enterprises; dendrogram; development; production

Àêòóàëüíîñòü òåìû. Â íàñòîÿùåå âðå­
ìÿ Ðîññèÿ ïî çîëîòîìó çàïàñó âûøëà íà 

ïÿòîå ìåñòî â ìèðå. Ïðè ýòîì ìû ïî÷òè äî­
ãíàëè Êèòàé, à ïî òåìïàì ðîñòà ñóùåñòâåí­
íî îáîãíàëè. Â 2016 ã. Öåíòðàëüíûé áàíê 
àêòèâíî ñêóïàë çîëîòî. Òàê, ñ íà÷àëà ãîäà 
ïî äåêàáðü îí ïîïîëíèë ðåçåðâû íà 156,5 ò. 
Ïîïîëíåíèå çàïàñîâ çîëîòà ïðîäîëæàåò­
ñÿ è, íàäî ïîëàãàòü, òàêàÿ ïîëèòèêà Öåí­
òðàëüíîãî áàíêà ñîõðàíèòñÿ íà äîëãîñðî÷­
íûé ïåðèîä [7]. 

Äåëî â òîì, ÷òî íà ôîíå óõóäøåíèÿ 
îòíîøåíèé ñ Óêðàèíîé ñôîðìèðîâàâøàÿ­
ñÿ íà åå òåððèòîðèè îáñòàíîâêà è ðåàêöèÿ 
çàïàäíûõ ñòðàí­ïàðòíåðîâ, èíòåðåñ ê çîëî­
òó ïîâûñèëñÿ. Ñîîòâåòñòâåííî, çîëîòî â òà­
êèõ óñëîâèÿõ ïîìîæåò Ðîññèè ñíèçèòü ñâîè 
ôèíàíñîâûå ðèñêè. Ïîñëå âîññîåäèíåíèÿ 
Êðûìà è ââåäåíèÿ â îòíîøåíèè ÐÔ ñàíê­
öèé, ðàñ÷åòû â èíîñòðàííîé âàëþòå äëÿ 
ïðåäïðèÿòèé íåêîòîðûõ îòðàñëåé çàòðóä­
íåíû. Íà ôîíå óâåëè÷åíèÿ äîëãîâûõ îáÿ­
çàòåëüñòâ âåäóùèõ ñòðàí Êðåìëü ïûòàåòñÿ 
ñíèçèòü ôèíàíñîâûå ðèñêè áëàãîäàðÿ ïåðå­
ðàñïðåäåëåíèþ èíâåñòèöèé â çîëîòî [5]. 

À ïîñêîëüêó áëàãîïîëó÷èå ãîñóäàðñòâà 
âî ìíîãîì çàâèñèò îò óðîâíÿ ðàçâèòèÿ ãîð­
íîäîáûâàþùåãî êîìïëåêñà – ñòðàòåãè÷å­
ñêè âàæíîãî ñåêòîðà ýêîíîìèêè – ñîöèàëü­
íî­ýêîíîìè÷åñêèå çàäà÷è, êîòîðûå íà íåãî 
âîçëàãàþòñÿ, ïðèîáðåòàþò îñîáóþ àêòóàëü­
íîñòü [8].

Ñ íàèìåíüøèìè çàòðàòàìè è ñ ìåíüøåé 
òðóäîåìêîñòüþ äîáû÷à áëàãîðîäíûõ ìåòàë­
ëîâ (â ÷àñòíîñòè, ìû áóäåì ãîâîðèòü î çî­

ëîòå) ìîæåò áûòü èçâëå÷åíà èç ðîññûïíûõ 
ìåñòîðîæäåíèé [1]. Â íàñòîÿùåå âðåìÿ 
ðàçðàáîòêè ðîññûïåé â Ðîññèè âåäóòñÿ íà 
îáøèðíîé òåððèòîðèè Äàëüíåãî Âîñòîêà, 
ßêóòèè, Çàáàéêàëüÿ, Âîñòî÷íîé Ñèáèðè, 
Àëòàÿ, Çàïàäíîé Ñèáèðè è íà Óðàëå [4]. 
Êîëè÷åñòâî äîáûâàåìîãî çîëîòà â Ðîññèè çà 
ïîñëåäíèå ãîäû ïîñòîÿííî óâåëè÷èâàåòñÿ, 
÷òî ïîçâîëÿåò åé âûéòè íà òðåòüå (à ïî íå­
êîòîðûì èñòî÷íèêàì âòîðîå) ìåñòî â ìèðå.

Ðîëü çîëîòà êàê âûñîêîëèêâèäíîãî ìå­
òàëëà è íàëè÷èå çíà÷èòåëüíîãî ÷èñëà ìåñòî­
ðîæäåíèé ðîññûïíîãî çîëîòà â Ðîññèéñêîé 
Ôåäåðàöèè îáóñëîâëèâàåò íåîáõîäèìîñòü 
ðåøåíèÿ òåîðåòè÷åñêèõ è ïðèêëàäíûõ çà­
äà÷, ñâÿçàííûõ ñ ýêîíîìè÷åñêîé îöåíêîé 
ìåñòîðîæäåíèé. Äëÿ ýòîãî ðàçðàáîòàíà 
ìåòîäèêà êîìïëåêñíîé òåõíîëîãî­ýêîíî­
ìè÷åñêîé îöåíêè äåéñòâóþùèõ è ïðîåêòè­
ðóåìûõ ïðåäïðèÿòèé ïî ýôôåêòèâíîé ðàç­
ðàáîòêå ðîññûïíûõ ìåñòîðîæäåíèé [6; 9].

Ñôåðàìè ïðèìåíåíèÿ ìåòîäèêè 
êîìïëåêñíîé òåõíîëîãî­ýêîíîìè÷åñêîé 
îöåíêè ìîãóò áûòü:

1) ïðîåêòíàÿ äåÿòåëüíîñòü íàó÷íî­èñ­
ñëåäîâàòåëüñêèõ îðãàíèçàöèé – ïðè âûïîë­
íåíèè òåõíèêî­ýêîíîìè÷åñêèõ ðàñ÷åòîâ ïî 
îöåíêè ñòîèìîñòè ìåñòîðîæäåíèé ðîññûï­
íîãî çîëîòà è ýôôåêòèâíîñòè èõ ðàçðàáîò­
êè;

2) óïðàâëåí÷åñêàÿ äåÿòåëüíîñòü ãîðíî­
äîáûâàþùèõ ïðåäïðèÿòèé – ïðè ïðîâåäå­
íèè ñðàâíèòåëüíîãî àíàëèçà ýôôåêòèâíî­
ñòè ðàçðàáîòêè îòäåëüíûõ ìåñòîðîæäåíèé 
è âûáîðå îáúåêòîâ äëÿ èíâåñòèðîâàíèÿ;
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3) ýêñïåðòíàÿ äåÿòåëüíîñòü îðãàíîâ 
ãîñóäàðñòâåííîé è ðåãèîíàëüíîé âëàñòè 
– ïðè îáîñíîâàíèè öåëåñîîáðàçíîñòè ïðè­
ìåíåíèÿ â îòíîøåíèè ãîðíîäîáûâàþùèõ 
ïðåäïðèÿòèé ìåð ñòèìóëèðóþùåãî õàðàê­
òåðà, à òàêæå äëÿ àêòóàëèçàöèè èñõîäíîé 
èíôîðìàöèè î ìåñòîðîæäåíèÿõ ðîññûïíî­
ãî çîëîòà.

Îáúåêòàìè êîìïëåêñíîé òåõíîëî­
ãî­ýêîíîìè÷åñêîé îöåíêè, íà íàø âçãëÿä, 
äîëæíû áûòü ðàñ÷åòíûå ïîêàçàòåëè, ïðè­
íÿòûå ïî òåõíèêî­ýêîíîìè÷åñêîìó îáî­
ñíîâàíèþ öåëåñîîáðàçíîñòè îòðàáîòêè 
êîíêðåòíûõ ìåñòîðîæäåíèé, à òàêæå ðåçóëü­
òàòû ðàáîòû ãîðíûõ ïðåäïðèÿòèé. Ïðè ýòîì 
äîëæíû ñðàâíèâàòüñÿ îáúåêòû îäíîãî óðîâ­
íÿ, îäíîãî ñîäåðæàíèÿ, îäíîé ðàçìåðíîñòè. 
Êðóã ñðàâíèâàåìûõ ïîêàçàòåëåé çàâèñèò îò 
îáùíîñòè îáúåêòîâ ñðàâíåíèÿ è âîçìîæíî­
ñòåé îáåñïå÷åíèÿ èõ ñîïîñòàâèìîñòè.

Ñîïîñòàâëåíèå äîñòèãíóòûõ ðåçóëüòà­
òîâ äåÿòåëüíîñòè ðåøàåò çàäà÷ó âûÿâëåíèÿ 
ïåðåäîâûõ ïðåäïðèÿòèé. Â êà÷åñòâå áàçû 
ñðàâíåíèÿ â ýòîì ñëó÷àå âûáèðàåòñÿ êîì­
ïëåêñ ïîêàçàòåëåé. Àíàëèç ýòîãî êîìïëåêñà 
ïîêàçàòåëåé ïîçâîëèò âñåñòîðîííå èçó÷èòü 
ðåçóëüòàòû äåÿòåëüíîñòè ãîðíûõ ïðåäïðè­
ÿòèé è îïðåäåëèòü òåõíèêî­ýêîíîìè÷åñêèå 
ïîêàçàòåëè, êîòîðûå ìîæíî äîñòèãíóòü ïðè 
ìîáèëèçàöèè âíóòðèõîçÿéñòâåííûõ ðåçåð­
âîâ. Ïðè ýòîì, ê ëþáûì ïðåäñòàâëåííûì ê 
ñðàâíåíèþ ïîêàçàòåëÿì äîëæíû ïðåäúÿâ­
ëÿòüñÿ ñëåäóþùèå òðåáîâàíèÿ: 

– åäèíñòâî ìåòîäèêè îïðåäåëåíèÿ òåõ­
íèêî­ýêîíîìè÷åñêèõ ïîêàçàòåëåé íà ñðàâ­
íèâàåìûõ ïðåäïðèÿòèÿõ; 

– åäèíñòâî íàòóðàëüíûõ èçìåðèòåëåé; 
– åäèíñòâî ñîñòàâà ðàñõîäîâ, âêëþ÷àå­

ìûõ â îòäåëüíûå ñòàòüè çàòðàò. 
Ñîáëþäåíèå ýòèõ òðåáîâàíèé îòâå÷àåò 

îñíîâíîìó óñëîâèþ ñðàâíåíèé – ñîïîñòà­
âèìîñòè  îáúåêòîâ.

Êîìïëåêñíàÿ îöåíêà âûÿâëÿåò ïðè÷è­
íû ðàçëè÷èé îäíèõ è òåõ æå ïîêàçàòåëåé íà 
àíàëîãè÷íûõ ïðåäïðèÿòèÿõ. Çíà÷èòåëüíûå 
ðàçëè÷èÿ ñêàçûâàþòñÿ îòðèöàòåëüíî íà 
ñèñòåìå ïëàíèðîâàíèÿ è óïðàâëåíèÿ. Îíè 
âûçûâàþò çàòðóäíåíèÿ ïðè ðàñ÷åòå òåõíè­
êî­ýêîíîìè÷åñêèõ ïîêàçàòåëåé, îïðåäåëå­
íèè íîðìàòèâîâ ðàñõîäà ìàòåðèàëîâ è ò.ä.

Ðåøåíèå çàäà÷è íà÷èíàåòñÿ ñî ñáîðà 
èíôîðìàöèè è ïîñëåäóþùåãî óïîðÿäî÷å­
íèÿ è îáúåäèíåíèÿ ïðåäïðèÿòèé â îäíîðîä­
íûå ãðóïïû, ÷òîáû ïðåäñòàâèòü ïåðâè÷íûå 
ñâåäåíèÿ â ñæàòîì âèäå ñ íåçíà÷èòåëüíîé 
ïîòåðåé èíôîðìàöèè. ×òîáû óïðîñòèòü 
ñðàâíåíèå ïî âñåé èìåþùåéñÿ èíôîðìà­
öèè è ðåêîìåíäóþòñÿ ìåòîäû êëàñòåðíîãî 
àíàëèçà [2]. Îíè ïðåäïîëàãàþò, ïðåæäå 
âñåãî, îáúåäèíèòü ñðàâíèâàåìûå ïðåäïðè­
ÿòèÿ â îòíîñèòåëüíî îäíîðîäíûå ãðóïïû 
÷åðåç îòîáðàæåíèå îáúåêòîâ â h­ìåðíîì 
ïðîñòðàíñòâå. Çäåñü h – êîëè÷åñòâî õàðàê­
òåðèñòèê ïðåäïðèÿòèé, èõ â íàøåì ñëó÷àå 
22, õàðàêòåðèçóþùèõ óñëîâèÿ ýêñïëóàòà­
öèè, òåõíè÷åñêèå âîçìîæíîñòè è ýêîíîìè­
÷åñêèå ðåçóëüòàòû.

Èíôîðìàöèîííûé ìàññèâ âêëþ÷àåò:
à) ãåîãðàôî­êëèìàòè÷åñêèå õàðàêòå­

ðèñòèêè ìåñòîðîæäåíèÿ, òàêèå êàê óäàëåí­
íîñòü îò ïðèñòàíöèîííîé áàçû, ñòåïåíü îñ­
âîåííîñòè ðàéîíà ìåñòîðîæäåíèÿ, äàííûå 
î ðåëüåôå ìåñòíîñòè, ïîðàæåííîñòü ìíîãî­
ëåòíåé ìåðçëîòîé;

á) ãåîëîãè÷åñêàÿ è ãèäðîëîãè÷åñêàÿ 
õàðàêòåðèñòèêè – âèä ïîëåçíîãî èñêîïà­
åìîãî, çàïàñû ïîëåçíîãî èñêîïàåìîãî, ñî­
äåðæàíèå, ãëóáèíà è óñëîâèÿ çàëåãàíèÿ 
ïîëåçíîãî èñêîïàåìîãî, âîçìîæíûå âîäî­
ïðèòîêè;

â) ãîðíî­òåõíè÷åñêèå ïàðàìåòðû – 
ãëèíèñòîñòü, òðåùèííîâàòîñòü, ìîùíîñòü 
ïëàñòà ïåñêîâ è òîðôîâ;

ã) òåõíîëîãè÷åñêèå – ãëóáèíà îòðà­
áîòêè, ïðîèçâîäñòâåííàÿ ìîùíîñòü ïðåä­
ïðèÿòèÿ, âèäû è êîëè÷åñòâî ïðèìåíÿåìîãî 
îáîðóäîâàíèÿ ïî ïðîöåññàì ãîðíûõ ðàáîò, 
ïðîèçâîäèòåëüíîñòü îáîðóäîâàíèÿ, ðàññòî­
ÿíèå òðàíñïîðòèðîâàíèÿ.

Â îáùåé ñëîæíîñòè ïî êàæäîìó ïðåä­
ïðèÿòèþ ìîæåò áûòü  èñïîëüçîâàíî äî 
60 ïàðàìåòðîâ. Ñîáðàííàÿ èíôîðìàöèÿ ñè­
ñòåìàòèçèðóåòñÿ è íàêàïëèâàåòñÿ â èñõîä­
íûé ìàññèâ äëÿ ïîñëåäóþùåãî àíàëèçà.

Íåîáõîäèìî îòìåòèòü, ÷òî ðåçóëüòàòû 
èññëåäîâàíèé áóäóò äîñòàòî÷íî êîððåêòíû, 
êîãäà â êîìïëåêñ ó÷èòûâàåìûõ ïðèçíà­
êîâ âêëþ÷åíû îòíîñèòåëüíî íåçàâèñèìûå, 
ñëàáîêîððåëèðóåìûå âåëè÷èíû. Åñëè æå 
çíà÷åíèÿ ïàðàìåòðîâ áóäóò ñ âûñîêèì êî­
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ýôôèöèåíòîì êîððåëÿöèè, òî îíè áóäóò 
èñêàæàòü îáúåêòèâíîñòü êîìïëåêñíîé 
îöåíêè, ò.ê. âëèÿíèå ýòèõ ôàêòîðîâ áóäåò 
ïîäàâëÿþùèì. Ýòî îïðåäåëÿåò ñîîòâåòñòâó­
þùèå òðåáîâàíèÿ ê îòáîðó àíàëèçèðóåìîé 
èíôîðìàöèè è ñîñòàâó ïîêàçàòåëåé, ïî êî­
òîðûì ñðàâíèâàþòñÿ ìåñòîðîæäåíèÿ.

Èñïîëüçîâàíèå âñåõ ãðóïï ôàêòîðîâ 
äëÿ ìàòåìàòè÷åñêîé îáðàáîòêè â íàòóðàëü­
íûõ åäèíèöàõ èçìåðåíèÿ íåâîçìîæíî èç­çà 
ðàçëè÷èÿ åäèíèö èçìåðåíèÿ, çíà÷èòåëüíîãî 
ðàçìàõà âàðèàöèè. Íàïðèìåð, ðàññòîÿíèå 
äî áëèæàéøåé æåëåçíîäîðîæíîé ñòàíöèè 
èçìåðÿåòñÿ â êì, ñîäåðæàíèå çîëîòà â 1 ì3 
ïåñêîâ – â ìã/ì3, óäåëüíûå êàïèòàëüíûå 
âëîæåíèÿ – â ð/ì3, òî åñòü ïîêàçàòåëè ÿâ­
ëÿþòñÿ íåñîïîñòàâèìûìè.

Ýòî îáóñëîâëèâàåò íåîáõîäèìîñòü 
ïðèâåäåíèÿ âñåõ ïàðàìåòðîâ â ñîïîñòà­
âèìûé âèä. Çäåñü öåëåñîîáðàçíî èñïîëü­
çîâàòü ñèñòåìó êîäèðîâàíèÿ èñõîäíûõ 

äàííûõ. Íåîáõîäèìî ñîáëþñòè ñëåäóþùèå 
ïðèíöèïû:

1) êîäû äîëæíû ñîîòâåòñòâîâàòü èí­
òåðâàëàì ñòàòèñòè÷åñêîé ãðóïïèðîâêè, 
ïðîâåäåííîé äëÿ ïîêàçàòåëåé â íàòóðàëü­
íûõ åäèíèöàõ èçìåðåíèÿ. Òîëüêî â ýòîì 
ñëó÷àå êîäû áóäóò îòðàæàòü èñòèííûå õà­
ðàêòåðèñòèêè ïðåäïðèÿòèÿ, à òàêæå èñ­
ïîëüçîâàòüñÿ äëÿ ïîñëåäóþùåãî ðàñ÷åòà 
ôóíêöèîíàëüíûõ çàâèñèìîñòåé;

2) íåîáõîäèìîñòü ñîáëþäåíèÿ íàïðàâ­
ëåííîñòè êîäîâ ïðåäïîëàãàåò ïðîâîäèòü 
êîäèðîâàíèå òàêèì îáðàçîì, ÷òîáû îíî îò­
ðàæàëî êà÷åñòâåííóþ õàðàêòåðèñòèêó èñ­
ñëåäóåìîãî ïàðàìåòðà. 

Ïðèíöèï, ïîëîæåííûé â åãî îñíîâó, 
ïðåäïîëàãàåò ïðèñâîåíèå êîäà 1 ïðåäïðè­
ÿòèÿì, íàõîäÿùèìñÿ â áîëåå ëó÷øèõ óñëî­
âèÿõ, ñ óõóäøåíèåì óñëîâèé ïðèñâàèâàåòñÿ 
êîä 2, 3, 4, 5 è ò.ä. è íàîáîðîò. Ïðèìåð êî­
äèðîâàíèÿ ïðèâåäåí â òàáëèöå.

Ñîäåðæàíèå çîëîòà â êîäèðîâàííîì âèäå
Gold content in coded form

Íàèìåíîâàíèå 
ïîêàçàòåëÿ/The name 

of the indicator

Ñîäåðæàíèå, ìã/ì³ / Content, mg/m³ Ïðèñâàèâàåìûé 
èíäåêñ (êîä)/ Assigned 

index (code)«îò»/«from» «äî»/ «before»

Ñîäåðæàíèå çîëîòà â 1 ì³ 
ïåñêîâ (ÑAu), ìã/ì³ / Gold 

content in 1 m³ of sands 
(ÑAu), mg / m³ 

0 600 6

600 800 5

800 1000 4

1000 1200 3

1200 1400 2

1400 è âûøå 1400/and above 1400 1

Ïîñëå ïðîâåäåíèÿ êîäèðîâàíèÿ èñõîä­
íîé èíôîðìàöèè ñîçäàåòñÿ ýëåêòðîííàÿ 
áàçà äàííûõ äëÿ ïîñëåäóþùåé ìàòåìàòè÷å­
ñêîé îáðàáîòêè.

Êîìïëåêñíî îöåíèòü ïðåäïðèÿòèå ïî 
ñîâîêóïíîñòÿì ïàðàìåòðîâ ìîæíî, èñïîëü­
çóÿ ìåòîäû ìíîãîìåðíûõ èññëåäîâàíèé. 
Äëÿ ýòîãî íåîáõîäèìî ñíà÷àëà îòîáðàçèòü 
ïðåäïðèÿòèÿ òî÷êàìè â ìíîãîìåðíûõ ïðî­
ñòðàíñòâàõ. 

Êëàññèôèêàöèÿ ïðåäïðèÿòèé îñóùåñò­
âëÿåòñÿ ñ èñïîëüçîâàíèåì åâêëèäîâîé ìå­
òðèêè [3], âûðàæåííîé ôîðìóëîé 1 (èí­
âàðèàíòíîé ê âðàùåíèþ îñåé êîîðäèíàò, 

íî íå èíâàðèàíòíîé ê ìàñøòàáèðîâàíèþ 
êîîðäèíàò). 

,                                  (1)

ãäå х
ki

i
 
è х

kj
 – êîëè÷åñòâåííûå çíà÷åíèÿ ê­ãî 

ïðèçíàêà ñîîòâåòñòâåííî äëÿ i­ãî è j­ãî 
ïðåäïðèÿòèé; 

h – êîëè÷åñòâî ïðèçíàêîâ.
Íåîáõîäèìî îòìåòèòü, ÷òî Åâêëèäî­

âî ðàññòîÿíèå ñîõðàíÿåò ñîäåðæàòåëüíûé 
ñìûñë òîëüêî â ñëó÷àå, êîãäà âñå ïàðàìå­
òðû êîëåáëþòñÿ â îòíîñèòåëüíî ðàâíûõ äè­
àïàçîíàõ. ×òîáû èñïîëüçîâàòü âûáðàííóþ 
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ìåòðèêó, ñëåäóåò ïðîâåñòè íîðìèðîâàíèå 
êîëè÷åñòâåííûõ çíà÷åíèé âñåõ ïðèçíàêîâ 
ïî ôîðìóëàì 2 è 3.

 (2)

                                       (3)

ãäå Х
нк

 – íîðìèðîâàííîå çíà÷åíèå; 
Х

К 
 – çíà÷åíèå ê­ãî ïðèçíàêà;

Х
ОК  – âíóòðèîòðàñëåâîå çíà÷åíèå;

S
к
 – ñðåäíåå êâàäðàòè÷åñêîå îòêëîíåíèå 

ê­ãî ïðèçíàêà; 
m – êîëè÷åñòâî ñðàâíèâàåìûõ ìåñòî­

ðîæäåíèé.
Â êà÷åñòâå ïðèìåðà (äâóõìåðíîå ïðî­

ñòðàíñòâî) ðàñïðåäåëåíèå è âçàèìîñâÿçü 
ïðåäïðèÿòèé ïðè íàòóðàëüíîì çíà÷åíèè 
êîîðäèíàò è ïðè èõ íîðìèðîâàííîì çíà÷å­
íèè ïðèâåäåíû íà ðèñ. 1.

Ðèñ. 1. Ðàñïîëîæåíèå ïðåäïðèÿòèé â ïðîñòðàíñòâå óñëîâèé ðàáîòû:
à) â êîäèðîâàííîé ñèñòåìå êîîðäèíàò; á) â íîðìèðîâàííîé ñèñòåìå êîîðäèíàò

Fig.1. Enterprises location in the framework of work conditions
à) in code system of coordinates; b) in a norm system of coordinates
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Ïîñëå êîäèðîâàíèÿ è ïîñëåäóþùåãî 
íîðìèðîâàíèÿ âñå ïðèçíàêè ïîëó÷àþò áåç­
ðàçìåðíûå çíà÷åíèÿ, êîëåáëþùèåñÿ ïðè­
ìåðíî â îäèíàêîâûõ ãðàíèöàõ. 

Ïîñëå ïðîâåäåíèÿ ìíîãîìåðíûõ ãðóï­
ïèðîâîê ïðîâîäèòñÿ ëèíåéíîå óïîðÿäî÷è­
âàíèå òî÷åê íà áèññåêòðèñó ìíîãîìåðíîãî 
óãëà. Òàêèì îáðàçîì, ïîëó÷àåì îáîáùàþ­
ùóþ õàðàêòåðèñòèêó ïî óñëîâèÿì ýêñïëóà­

òàöèè (Ry
i
) êàæäîãî îòäåëüíîãî ïðåäïðèÿ­

òèÿ, åãî òåõíè÷åñêèì âîçìîæíîñòÿì (Rв
i
) è 

ýêîíîìè÷åñêèì ðåçóëüòàòàì (Rр
i
).

Êëàññèôèêàöèÿ ïðåäïðèÿòèé âûïîë­
íÿëàñü íà îñíîâå ïàðàãðóïïîâîãî êðèòåðèÿ 
ãðóïïèðîâàíèÿ. Ðåçóëüòàòû ãðóïïèðîâàíèÿ 
èçîáðàæàëèñü â âèäå èåðàðõè÷åñêîé äåí­
äðîãðàììû [2] ðàññòîÿíèé ìåæäó îáúåêòà­
ìè (ðèñ. 2).

Ðèñ. 2. Èåðàðõè÷åñêàÿ äåíäðîãðàììà îáúåêòîâ­àíàëîãîâ

Fig. 2. Hierarchical dendrogram of analogical objects

Äëÿ ïðîâåäåíèÿ ðàíæèðîâàíèÿ îïðå­
äåëÿþòñÿ ñðåäíèå äëÿ êàæäîãî êëàññà çíà­
÷åíèÿ ðàññìàòðèâàåìûõ õàðàêòåðèñòèê. 
Ýòè çíà÷åíèÿ ïðåäñòàâëÿþò ñîáîé êîîðäè­
íàòû öåíòðîâ òÿæåñòè êëàññîâ (ðèñ. 3). 
Êàæäûé öåíòð ïðîåöèðóåòñÿ íà îñü ðàíæè­
ðîâàíèÿ. Çíà÷åíèå êîîðäèíàòû ïðîåêöèè 
öåíòðà ñëóæèò îñíîâàíèåì äëÿ ðàíæèðîâà­
íèÿ ïðåäïðèÿòèé.

Òàêèì îáðàçîì, ìîæíî ñäåëàòü 
âûâîä, ÷òî ïðåäëîæåííûå êðèòåðèè ÿâ­
ëÿþòñÿ îñíîâîé äëÿ êîìïëåêñíîé îöåíêè 
ìåñòîðîæäåíèé, à òàêæå äëÿ ïîëó÷åíèÿ 
ïðè¸ìàìè ëèíåéíîé ðåãðåññèè, ïðîñòîé ðå­

ãëàìåíòèðóþùåé ôóíêöèè, êîòîðàÿ óñòà­
íàâëèâàåò âçàèìíîñòü ìåæäó ðàñ÷åòíûì 
çíà÷åíèåì ýêîíîìè÷åñêèõ ðåçóëüòàòîâ îò 
óñëîâèé è âîçìîæíîñòåé ïðåäïðèÿòèÿ. 

F = f (Ry
i
; Rв

i
).                                           (4)

Îòêëîíåíèå (Δ1i) ðàñ÷åòíîãî çíà÷å­
íèÿ (F) îò ôàêòè÷åñêîãî (Rpi) ïîçâîëÿåò 
ñóäèòü, íàñêîëüêî ýôôåêòèâíî (íåýôôåê­
òèâíî) ðàáîòàåò ïðåäïðèÿòèå ïðè ñîîòâåò­
ñòâóþùèõ óñëîâèÿõ è âîçìîæíîñòÿõ. Îò­
êëîíåíèå ðàññ÷èòûâàåòñÿ ïî ñëåäóþùåé 
ôîðìóëå:
Δ1i = F – Rp

i
.                                                   (5)
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Ðèñ. 3. Ãðàôè÷åñêîå îòîáðàæåíèå ïðîöåäóðû 
ïîëó÷åíèÿ îáîáùàþùåé êîîðäèíàòû, ãäå õ

i
, ó

i
, z

i
 – êîîðäèíàòû òî÷êè

Fig. 3. Graphical representation of the procedure 
for obtaining the generalizing coordinate

Ïðè îòêëîíåíèè ñ ïîëîæèòåëüíûì çíà­
÷åíèåì ìîæíî ñóäèòü î òîì, ÷òî ïðåäïðèÿ­
òèå ðàáîòàåò íåýôôåêòèâíî, íå èñïîëüçóåò 
âíóòðåííèõ ðåçåðâîâ è áëàãîïðèÿòíûõ óñ­
ëîâèé ýêñïëóàòàöèè, ïðè÷åì, ÷åì áîëüøå 
àáñîëþòíîå çíà÷åíèå îòêëîíåíèÿ (Δ1i), 
òåì ïðåäïðèÿòèå ðàáîòàåò ñ áîëåå íèçêèìè 
ïîêàçàòåëÿìè.

Îòðèöàòåëüíîå çíà÷åíèå Δ1i ãîâîðèò î 
òîì, ÷òî ïðåäïðèÿòèå ïîëíîñòüþ èñïîëüçó­
åò ñîáñòâåííûå âîçìîæíîñòè è áëàãîïðèÿò­
íûå óñëîâèÿ ýêñïëóàòàöèè. 

Îòêëîíåíèå ñðåäíåãî âíóòðèîòðàñëå­
âîãî çíà÷åíèÿ îò ôàêòè÷åñêîãî ðàññ÷èòû­
âàåòñÿ ïî ôîðìóëå

Δ
2i
 = Rp.cp. – Rp

i  
,                                                        (6)

ãäå Δ
2i
 – îòêëîíåíèå ñðåäíåãî âíóòðèîòðàñ­

ëåâîãî çíà÷åíèÿ îò ôàêòè÷åñêîãî;
Rp.cp. – êîìïëåêñíàÿ îöåíêà âíóòðèî­

òðàñëåâîãî ñðåäíåãî çíà÷åíèÿ ýêîíîìè÷å­
ñêèõ ïîêàçàòåëåé (ïî ðåãèîíó).

Ðàñ÷åòíîå çíà÷åíèå èíäåêñà îòêëîíå­
íèÿ ðåçóëüòàòîâ ðàáîòû i­ãî ïðåäïðèÿòèÿ 
(Ki) ïîêàçûâàåò îòêëîíåíèå â äîëÿõ åäèíèö 
ðåçóëüòàòîâ ðàáîòû ñðåäíåãî âíóòðèîòðàñëå­
âîãî çíà÷åíèÿ

.                                                                (7)

Ïðè çíà÷åíèè èíäåêñà îòêëîíåíèÿ 
áîëüøå åäèíèöû ìîæíî ñóäèòü îò òîì, ÷òî 
ïðåäïðèÿòèå ðàáîòàåò ñ ïîêàçàòåëÿìè íèæå 
âíóòðèîòðàñëåâûõ è íàîáîðîò.

Òåõíèêî­ýêîíîìè÷åñêèå ïîêàçàòåëè ïî 
ðîññûïè ð÷. Àðêèëü îòðàæàþò áëàãîïðèÿò­
íûå óñëîâèÿ ýêñïëóàòàöèè ìåñòîðîæäåíèÿ 
Rу

i
 = 2;  Rв

i
 = 3,87;  Rр

i
 =4,41, ∆

1i 
= –1,821; 

∆
2i
 = –2,602; К

i
 = 0,41: íåçíà÷èòåëüíàÿ 

ìîùíîñòü òîðôîâ, âûñîêîå ñîäåðæàíèå çî­
ëîòà â ýêñïëóàòàöèîííûõ çàïàñàõ, óäåëü­
íûå êàïèòàëüíûå âëîæåíèÿ íåçíà÷èòåëüíî 
ïðåâûøàþò ñðåäíåîòðàñëåâûå, ÷òî ãîâî­
ðèò î íåïëîõîé îáåñïå÷åííîñòè ïðåäïðèÿ­
òèÿ îáîðóäîâàíèåì ñ íåáîëüøèìè ñðîêàìè 
ýêñïëóàòàöèè, íàëè÷èå äîñòàòî÷íûõ îáî­
ðîòíûõ ñðåäñòâ ïîâëåêëî çà ñîáîé îòíîñè­
òåëüíî âûñîêèå òåõíèêî­ýêîíîìè÷åñêèå 
ïîêàçàòåëè, â ÷àñòíîñòè, ÷èñòàÿ äèñêîí­
òèðîâàííàÿ ïðèáûëü ïðè íîðìå äèñêîíòà 
15 % è öåíå çîëîòà 310 ð. â 2008 ã. ñîñòàâè­
ëà 973 òûñ. ð., âíóòðåííÿÿ íîðìà ïðèáûëü­
íîñòè ðàâíà 18 %, èíäåêñ ïðèáûëüíîñòè 
– 1,17, à ñðîê îêóïàåìîñòè êàïèòàëüíûõ 
âëîæåíèé ñîñòàâëÿåò 2,47 ãîäà.

R
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