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Àêòóàëüíîñòü ðàáîòû çàêëþ÷àåòñÿ â îïðåäåëåíèè ìèíåðàëüíûõ ôîðì çîëîòà è ñåðåáðà â æèëüíûõ òåëàõ 
Øàõòàìèíñêîãî ðóäíîãî ðàéîíà, ãäå ñ XIX â. èçâåñòíà êðóïíåéøàÿ Øàõòàìèíñêàÿ çîëîòîíîñíàÿ ðîññûïü. 
Öåëü ðàáîòû – îïðåäåëåíèå ñîäåðæàíèé çîëîòà è ñåðåáðà è èçó÷åíèå èõ ìèíåðàëüíûõ ôîðì. Îáúåêòîì 
èññëåäîâàíèÿ ÿâëÿþòñÿ ñóëüôèäíî­êâàðö­äîëîìèòîâûå æèëüíûå îáðàçîâàíèÿ, ïðåäìåòîì – ìèíåðàëü­
íûå àññîöèàöèè, ñîäåðæàùèå çîëîòî è ñåðåáðî. Ìåòîäû èññëåäîâàíèÿ âêëþ÷àþò èñïîëüçîâàíèå îïòè­
÷åñêîé è ýëåêòðîííîé ìèêðîñêîïèè. 

Ñ ïðèìåíåíèåì êîìïëåêñà ñîâðåìåííûõ ìåòîäîâ èçó÷åí ìèíåðàëüíûé ñîñòàâ ïðîÿâëåíèé çîëîòà è 
ñåðåáðà â ïðåäåëàõ Øàõòàìèíñêîãî ðóäíîãî ðàéîíà. Óñòàíîâëåíà îòíîñèòåëüíî âûñîêàÿ ñåðåáðîíîñ­
íîñòü ôðàãìåíòîâ òîíêîçåðíèñòûõ êàðáîíàòíî­êâàðöåâûõ æèë, ñîäåðæàùèõ õàëüêîïèðèò, ñôàëåðèò, 
ïèðèò, ãàëåíèò, ñóëüôîñîëè òåòðàýäðèòîâîãî ñîñòàâà, à òàêæå ñàìîðîäíûå ñåðåáðî è çîëîòî. Îñîáåí­
íîñòüþ òåòðàýäðèòà ÿâëÿåòñÿ îáîãàùåííîñòü öèíêîì (6,52…7,73 %), à òàêæå îòíîñèòåëüíî íèçêèå ñî­
äåðæàíèÿ â íåì ìûøüÿêà. Ñîîòíîøåíèå ñóðüìû è ìûøüÿêà íàõîäèòñÿ â ïðåäåëàõ 2,64…13,33. 

Ðàñ÷åò ôîðìóëüíûõ êîýôôèöèåíòîâ ïîêàçàë äåôèöèò ñåðû, çàìåùàåìûé èçáûòêîì As. Òèïè÷íàÿ 
ôîðìóëà òåòðàýäðèòà ñâèäåòåëüñòâóåò î ðàñïðåäåëåíèè ìåäè â òðåõ ïîçèöèÿõ, ãäå â äâóõ èç íèõ îíà çà­
ìåùàåòñÿ Zn, Fe è Ag: (Cu
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Ðåçêîå ïðåîáëàäàíèå Sb íàä As ÿâëÿåòñÿ îñîáåííîñòüþ áëåêëûõ ðóä êâàðö­ìîëèáäåíèòîâûõ ìåñòî­
ðîæäåíèé. Ýòî ñâÿçàíî ñ îãðàíè÷åííûì ðàçâèòèåì ìûøüÿêîâîé ìèíåðàëèçàöèè â ìåñòîðîæäåíèÿõ ìî­
ëèáäåí­êâàðöåâîãî ìèíåðàëüíîãî òèïà ìîëèáäåí­ïîðôèðîâîé ôîðìàöèè. Âïåðâûå äëÿ Øàõòàìèíñêîãî 
ðóäíîãî ïîëÿ âûÿâëåíà îáîãàùåííîñòü ñåðåáðîì òåòðàýäðèòà (1,08…1,72 %). Â ýòîé ñâÿçè ðåêîìåí­
äîâàíî èçó÷èòü ñåðåáðîíîñíîñòü òåõíîçåìîâ ñòàðîãî õâîñòîõðàíèëèùà, òàê êàê èç ðóä Øàõòàìèíñêîãî 
ìåñòîðîæäåíèÿ ìîëèáäåíà èçâëåêàëñÿ ëèøü ìîëèáäåíèò. Âïåðâûå îáíàðóæåíû ñàìîðîäíûå ñåðåáðî è 
çîëîòî. Ïðè ýòîì ñåðåáðî ñîäåðæèò 44,45 % Au, à çîëîòî – 17,41 % Ag. Ýòè îñîáåííîñòè ñàìîðîäíûõ 
çîëîòà è ñåðåáðà óêàçûâàþò íà ïðèíàäëåæíîñòü èçó÷åííûõ ôðàãìåíòîâ êâàðö­êàðáîíàòíîé æèëû ê ìå­
ñòîðîæäåíèþ ìàëîãëóáèííîé çîëîòî­ñåðåáðÿíîé ôîðìàöèè

Êëþ÷åâûå ñëîâà: çîëîòî; ñåðåáðî; ñåðåáðîñîäåðæàùèé òåòðàýäðèò; ôîðìóëüíûé êîýôôèöèåíò; ñàìîðîäíîå çîëî­
òî; ó÷àñòîê Êóëèíäà; Øàõòàìèíñêîå ðóäíîå ïîëå; Çàáàéêàëüå 

The relevance of the work is to determine the mineral forms of gold and silver in the vein bodies of the Shakhtam­
ny ore district, where the largest Shakhtaminskaya gold placer has been known since the 19th century. The pur­
pose of the work is to determine the contents of gold and silver and study their mineral forms. The object of study 
is sulfide­quartz­dolomite vein formations, and the subject is mineral associations containing gold and silver. The 
methodology includes the use of optical and electron microscopy. 

For the first time using the complex of modern methods, the mineral composition of the manifestations of 
gold and silver was studied within the Shakhtaminskoye ore district. A relatively high silver content of fragments 
of fine­grained carbonate­quartz veins containing chalcopyrite, sphalerite, pyrite, galena, sulfosalts of tetra­
hedritical composition, as well as native silver and gold was established. A feature of tetrahedrite is the enrich­
ment of zinc (6.52…7.73 %) and the relatively low content of arsenic in it. The ratio of antimony and arsenic is in 
the range of 2.64…13.33. 
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The calculation of the formula coefficients showed a sulfur deficiency, replaced by an excess of As. A typical 
tetrahedrite formula indicates the distribution of copper in three positions, where in two of them it is replaced by 
Zn, Fe and Ag: (Cu
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 The sharp predominance of Sb over As is a feature of faded ores of quartz­molybdenite deposits. This is 
due to the limited development of arsenic mineralization in deposits of the molybdenum­quartz mineral type of 
the molybdenum­porphyry formation. For the first time for the Shakhtaminskoye ore field, silver enrichment of 
tetrahedrite (1.08…1.72 %) was revealed. In this regard, it is recommended to study the silver content of tech­
nosoils of the old tailing dump, since only molybdenite was extracted from the ores of the Shakhtaminskîyå 
molybdenum deposit. Native silver and gold were discovered for the first time. Moreover, silver contains up to 
44.45 % Au, and gold 17.41 % Ag. These features of native gold and silver indicate that the studied fragments of 
the quartz­carbonate vein belong to the deposit of a shallow gold­silver formation

Êey words: gold; silver; silver­containing tetrahedrite; formula coefficient; native gold; Kulinda site; Shakhtaminskoye ore 
field; Transbaikalia

Ââåäåíèå. Øàõòàìèíñêîå ðóäíîå ïîëå íà­
õîäèòñÿ â Øåëîïóãèíñêîì ðàéîíå Çàáàé­

êàëüñêîãî êðàÿ, íåïîñðåäñòâåííî íà òåððè­
òîðèè ñåëà Âåðøèíî­Øàõòàìèíñêèé è â åãî 
îêðåñòíîñòÿõ (ðèñ. 1). 

Ðèñ. 1. Ëîêàöèÿ Øàõòàìèíñêîãî ðóäíîãî ïîëÿ /
Fig. 1. Location of the Shakhtaminsky ore field

Îíî âõîäèò â ñîñòàâ Øàõòàìèíñêîãî 
ðóäíîãî ðàéîíà, êîòîðûé âêëþ÷àåò Øàõòà­
ìèíñêîå ìåñòîðîæäåíèå ìîëèáäåíà, Øàõ­
òàìèíñêóþ çîëîòîíîñíóþ ðîññûïü, à òàêæå 
ó÷àñòêè ñ çîëîòî­ìîëèáäåí­ìåäíî­ïîëèìå­
òàëëè÷åñêèì îðóäåíåíèåì Êóëèíäà, Äûãèíÿ, 
Çàïàäíûé, Áàííûé, çîëîòî­øååëèòîâîå ïðî­
ÿâëåíèå Óøêàíêà è äð. 

Â 1848 ã. È. À. Ïàâëóöêèé â àëëþâèàëüíûõ 
îòëîæåíèÿõ ð. Øàõòàìà â áàññåéíå âåðõíåãî 
òå÷åíèÿ ð. Óíäà îòêðûë ìåñòîðîæäåíèå ðîñ­

ñûïíîãî çîëîòà. Â êîíöå 1890­õ ãã. Â. À. Îá­
ðó÷åâ ñîñòàâèë ïåðâóþ ãåîëîãè÷åñêóþ êàð­
òó ýòîé òåððèòîðèè. Â 1925 ã. îíà óòî÷íåíà  
Ì. Ì. Òåòÿåâûì â ìàñøòàáå 1:420 000. Ñâàëû 
êâàðöà ñ ìîëèáäåíèòîì è øååëèò íà âîäî­
ðàçäåëå ïàäåé Øàõòàìà­Êóëèíäà è â ïàäè 
Óøêàíêà â 1927 ã. îáíàðóæèë À. Ë. Ëèñîâñêèé. 
Îí ñâÿçàë çîëîòî Øàõòàìèíñêîé ðîññûïè ñ 
ãðàíèòàìè ìåçîçîéñêîãî âîçðàñòà. Òîãäà æå 
èç çîëîòîíîñíûõ ðîññûïåé íàðÿäó ñ çîëîòîì 
ñòàëè èçâëåêàòü è øååëèò. Ãîäîì ïîçæå â ðàé­
îíå Øàõòàìèíñêîãî ïðèèñêà, ðàçðàáàòûâàâ­
øåãî çîëîòîíîñíóþ ðîññûïü, Ñ. À. Ïðèçàíò 
âåë ïîèñêè êîðåííîãî çîëîòà è îáíàðóæèë 
åãî íåïðîìûøëåííûå ïðîÿâëåíèÿ. Â 1930 ã. 
Ñ. Å. Çàõàðåíêî óñòàíîâèë, ÷òî âîëüôðàìî­
âîå îðóäåíåíèå ïàäè Óøêàíêà ëîêàëèçîâàíî 
â êâàðöåâûõ æèëàõ â áåðåçèòèçèðîâàííûõ 
ïåãìàòîèäíûõ ãðàíèòàõ. 

Â 1931 ã. ðóêîâîäèòåëü ïàðòèè «Ñïåöãåî­
ëîãîðàçâåäêà» Ë. Â. Ãðîìîâ âûñêàçàë ïðåäïî­
ëîæåíèå î âîçìîæíîé ëîêàëèçàöèè âèñìóòî­
âîãî è ìîëèáäåíîâîãî îðóäåíåíèÿ â ïðåäåëàõ 
íåïðîìûøëåííûõ ïðîÿâëåíèé çîëîòà. Ñî 
âòîðîé ïîëîâèíû 1930­õ ãã. íà îñíîâå íàõî­
äîê À. Ë. Ëèñîâñêîãî è óêàçàíèé Ë. Â. Ãðîìîâà 
ïðîâîäÿòñÿ ïîèñêè ìåñòîðîæäåíèé ìîëèá­
äåíà, à òàêæå çîëîòà, âîëüôðàìà è âèñìóòà. 
Øàõòàìèíñêîå ìåñòîðîæäåíèå ìîëèáäåíà 
îòêðûòî â 1931 ã. ïàðòèåé «Ñïåöãåîëîãîðàç­
âåäêà». Â 1936 ã. ïîä ðóêîâîäñòâîì Â. Å. Êîø­
ìàíà ìåñòîðîæäåíèå ðàçâåäàíî. Â ñîñòàâå 
ìåñòîðîæäåíèÿ âûÿâëåíû êâàðö­òóðìàëè­
íîâûå, êâàðöåâî­ñóëüôèäíî­øååëèòîâûå è 
êâàðöåâî­êîë÷åäàííûå (ïèðèòîâûå) æèëû, 
ñîäåðæàùèå  ìîëèáäåíèò. Êðîìå òîãî, â  áàñ­
ñåéíå ð. Êóëèíäà, Äûãèíÿ è íà âîäîðàçäåëå 
Êóëèíäà­Äûðîâàòêà îáíàðóæåíû ïåðñïåê­
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òèâíûå äëÿ çîëîòîäîáû÷è æèëû. Øàõòàìèí­
ñêîå ìåñòîðîæäåíèå îòíîñèòñÿ ê æèëüíîìó 
òèïó ìîëèáäåíèòîâî­êâàðöåâîé ôîðìàöèè, 
ÿâëÿþùåéñÿ ïåðåõîäíîé îò ìåäíî­ìîëèá­
äåí­ïîðôèðîâîé ê çîëîòî­ìîëèáäåíèò­êâàð­
öåâîé [4; 10]. Îðóäåíåíèå ïðîñòðàíñòâåííî 
è ãåíåòè÷åñêè ñâÿçàíî ñ Øàõòàìèíñêîé ãðà­
íèòíîé èíòðóçèåé øàõòàìèíñêîãî ãðàíèòíîãî 
èíòðóçèâíîãî êîìïëåêñà þðñêîãî âîçðàñòà 
è ëîêàëèçîâàíî â íåé [4]. Îíî ðàçðàáàòûâà­
ëîñü â 1941–1993 ãã. äâóìÿ øàõòàìè äî ãëóáè­
íû 400 ì è äâóìÿ øòîëüíÿìè [2]. 

Øàõòàìèíñêîå ìåñòîðîæäåíèå èíòåí­
ñèâíî èçó÷àëîñü íà ïðîòÿæåíèè äåñÿòèëå­
òèé. Ïîñëå èññëåäîâàíèé Ñ. Ã. Ïåòðîâñêîé 
[7], Â. Â. Ñèäîðåíêî [9], Â. Ò. Ïîêàëîâà [7], 
Â. È. Ñîòíèêîâà, À. Ï. Áåðçèíà, Â. Î. Ãèìî­
íà [10], ÇàáÍÈÈ (1979–1989 ãã.), Áàëåéñêîé 
ÃÐÝ (1985–1990 ãã.), à â ïîñëåäíèå ãîäû 
ïðåäïðèÿòèÿ «Âîñòîêãåîëîãèÿ» îáîñíîâàíû 
øèðîêèå ïåðñïåêòèâû ýòîãî ðóäíîãî ðàéî­
íà íà çîëîòî­ìåäíî­ìîëèáäåí­ïîðôèðîâîå 
îðóäåíåíèå.

Îäíèì èç ïåðñïåêòèâíûõ íà çîëîòîå 
îðóäåíåíèå ÿâëÿåòñÿ ó÷àñòîê Êóëèíäà, ãäå, 
íàðÿäó ñ òèïè÷íûì çîëîòî­êâàðöåâûì è çî­
ëîòî­ñóëüôèäíî­êâàðöåâûì îðóäåíåíèåì, 
ïðîÿâëåíî è çîëîòî­ñåðåáðÿíîå, êîòîðîå 
ïðåäñòàâëåíî ñîäåðæàùèìè ñåðåáðî ñóëü­
ôîñîëÿìè, ñ êîòîðûìè àññîöèèðóåò íèçêî­
ïðîáíîå çîëîòî â êâàðöåâûõ æèëàõ. Îáðàçöû 
îòîáðàíû íàìè ñîâìåñòíî ñ Â. Ï. Áîðîäèíûì 
â 1988 ã. èç îòâàëîâ îäíîé èç ïîèñêîâî­ðàç­
âåäî÷íûõ êàíàâ ó÷àñòêà Êóëèíäà, ïðîéäåííûõ 
Áàëåéñêîé ÃÐÝ.

Ó÷àñòîê ïðåäñòàâëÿåò ñîáîþ ÷àñòü Øàõ­
òàìèíñêîé èíòðóçèè, ïðåäñòàâëåííîé åå 
âòîðîé ôàçîé, ñëîæåííîé ãðàíîäèîðèòàìè, 
ãðàíîñèåíèòàìè è ãðàíîäèîðèò­ïîðôèðàìè, 
ðàññå÷åííîé ñåðèÿìè ñóáïàðàëëåëüíûõ äàåê 
ãðàíèò­ïîðôèðîâ, ãðàíîäèîðèò­ïîðôèðîâ, 
äèîðèòîâûõ ïîðôèðèòîâ íåð÷èíñêî­çàâîä­
ñêîãî êîìïëåêñà, à òàêæå êâàðöåâûõ æèë. 

Íåñìîòðÿ íà òî, ÷òî çîëîòî è ñåðåáðî â 
ïðåäåëàõ Øàõòàìèíñêîãî ðóäíîãî ïîëÿ èç­
âåñòíî äàâíî, äåòàëüíîå èññëåäîâàíèå èõ 
ìèíåðàëîãèè íå ïðîâîäèëîñü, õîòÿ ýòî èìå­
åò ñóùåñòâåííîå çíà÷åíèå äëÿ ðàçðàáîòêè 
òåõíîëîãèè èõ èçâëå÷åíèÿ â ïðîöåññå ðàç­
ðàáîòêè îðóäåíåíèÿ â øòîêâåðêàõ è ðàíåå 
îöåíåííûõ ÷àñòÿõ ðóäíîãî ïîëÿ, ãäå ðàçâèòà 
ìîëèáäåí­ïîëèìåòàëëè÷åñêàÿ ìèíåðàëèçà­
öèÿ. Â ýòîì çàêëþ÷àåòñÿ àêòóàëüíîñòü èññëå­
äîâàíèÿ. 

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ æèëü­
íûé ìàòåðèàë, ñîäåðæàùèé çîëîòî è ñåðå­
áðî, ïðåäìåòîì – èõ ìèíåðàëüíûå ôîðìû. 
Öåëü – èññëåäîâàíèå ìèíåðàëüíîé ïðèðîäû 
çîëîòî­ñåðåáðÿíîé ìèíåðàëèçàöèè, Çàäà­
÷è èññëåäîâàíèÿ – äèàãíîñòèêà ìèíåðàëîâ 
çîëîòà è ñåðåáðà è îïðåäåëåíèå èõ õèìè÷å­
ñêîãî ñîñòàâà. Ìåòîäîëîãèÿ îïðåäåëÿåòñÿ 
ïîñòàâëåííîé çàäà÷åé è ñîñòîèò â èñïîëüçî­
âàíèè ñâåòîâîé è ýëåêòðîííîé ìèêðîñêîïèè.

Ìàòåðèàë è ìåòîäû èññëåäîâàíèÿ. Èçó­
÷åíèå ìèíåðàëüíîãî ñîñòàâà çîëîòîñîäåð­
æàùåé ìèíåðàëüíîé àññîöèàöèè âûïîëíåíî 
â àíøëèôàõ â îòðàæåííîì ñâåòå ñ èñïîëü­
çîâàíèåì ïîëÿðèçàöèîííîãî ìèêðîñêîïà 
AXIO ScopeAI, à òàêæå ýëåêòðîííî­çîíäîâûì 
ìåòîäîì íà ðàñòðîâîì ýëåêòðîííîì ìèêðî­
ñêîïå LEO 1430 VP (àíàëèòèêè Å. À. Õðîìî­
âà, Å. Â. Õîäûðåâà, ÃÈÍ ÑÎ ÐÀÍ, ã. Óëàí­Óäý, 
ðóêîâîäèòåëü ëàáîðàòîðèè êàíä. òåõí. íàóê 
Ñ. Â. Êàíàêèí).

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäå­
íèå. Ïîñðåäñòâîì èçó÷åíèÿ àíøëèôîâ â îòðà­
æåííîì ñâåòå âûÿâëåíî ïðèñóòñòâèå áëåêëûõ 
ðóä, â îñíîâíîì, òåòðàýäðèòîâîãî ñîñòàâà, 
ñîäåðæàùèõ òî÷å÷íûå âêëþ÷åíèÿ ÿðêî­áå­
ëîãî öâåòà ðàçìåðîì 0,005…0,007 ìì, òî÷­
íîå îïðåäåëåíèå êîòîðûõ ïîä îïòè÷åñêèì 
ìèêðîñêîïîì âåñüìà çàòðóäíèòåëüíî. Îíè 
ðàñïîëàãàþòñÿ â òîí÷àéøèõ òðåùèíêàõ â 
áëåêëîé ðóäå.

Òåòðàýäðèò íàõîäèòñÿ â àññîöèàöèè ñî 
ñôàëåðèòîì, ãàëåíèòîì, õàëüêîïèðèòîì, 
ïèðèòîì è êâàðöåì, â îòäåëüíûõ ìåñòàõ êà­
òàêëàçèðîâàííûõ è çàìåùåííûõ äîëîìèòîì 
ñ ïðèìåñüþ êàîëèíèòà. Ôîðìû âûäåëåíèÿ 
òåòðàýäðèòà íåðåäêî ñóáèäèîìîðôíû â âè­
äå íåñîâåðøåííûõ, èñêàæåííûõ òåòðàýäðîâ 
ðàçìåðîì äî 2 ìì. Êâàðö, íåðåäêî îáðàçóþ­
ùèé â ìåëêèõ ïîëîñòÿõ êðèñòàëëû âåëè÷èíîé 
äî 3 ìì, ñôîðìèðîâàëñÿ äî ñóëüôîñîëåé. 
Îñîáåííîñòüþ ñôàëåðèòà ÿâëÿåòñÿ åãî ìà­
ëàÿ æåëåçèñòîñòü, õàðàêòåðíàÿ äëÿ ïîçäíèõ 
àññîöèàöèé Øàõòàìèíñêîãî ìåñòîðîæäå­
íèÿ, ïðåäñòàâëåííûõ îðàíæåâûì è æåëòî­
âàòî­çåëåíûì êëåéîôàíîì. Ñîäåðæàíèå 
æåëåçà íàõîäèòñÿ â ïðåäåëàõ 0,39…0,44 %, 
êàäìèÿ – 0,56…0,78 %. Õàëüêîïèðèò, ïî äàí­
íûì ýëåêòðîííî­çîíäîâûõ èññëåäîâàíèé, 
íå ñîäåðæèò ñóùåñòâåííûõ ïðèìåñåé è ñî­
îòâåòñòâóåò ñòàíäàðòíîìó õèìè÷åñêîìó ñî­
ñòàâó. Ãàëåíèò òàêæå èìååò îáû÷íûé ñîñòàâ 
è â äàííîé àññîöèàöèè ñåðåáðà íå ñîäåðæèò. 
Ïîçäíèé êàðáîíàò, ñåêóùèé ñóëüôèäíî­ñóëü­
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ôîñîëüíî­êâàðöåâûå àãðåãàòû, ïî õèìè÷å­
ñêîìó ñîñòàâó ñîîòâåòñòâóåò æåëåçèñòîìó 
äîëîìèòó, ñîäåðæàùåìó 1,77…8,03 % Fe è äî 
2,08 % Mn. Âçàèìîîòíîøåíèÿ è ôîðìû âû­
äåëåíèÿ ñåðåáðîñîäåðæàùåãî òåòðàýäðèòà 
ïîêàçàíû íà ðèñ. 2 è 3.

Êàê âèäíî íà ðèñ. 2, êëèíîâèäíûé ôðàã­
ìåíò òåòðàýäðè÷åñêîãî êðèñòàëëà, àññîöè­
èðóþùåãî ñî ñôàëåðèòîì, ñå÷åòñÿ ïîçäíèì 
ïðîæèëêîì äîëîìèòà, ñîäåðæàùèì æåëåçî 
è ìàðãàíåö. Ðàçìåð ôðàãìåíòà êðèñòàëëà òå­
òðàýäðèòà äîñòàòî÷íî âåëèê è äîñòèãàåò áî­

ëåå 1 ìì. Îí ñîäåðæèò 1,55 % ñåðåáðà. Ñóäÿ 
ïî åãî îäíîðîäíîñòè, ñåðåáðî âõîäèò â ñî­
ñòàâ òåòðàýäðèòà â âèäå èçîìîðôíîé ïðèìå­
ñè. Íà ðèñ. 3 ïðåäñòàâëåí ñðåç òðåóãîëüíîé 
ôîðìû ïî÷òè ñîâåðøåííî ÷åòêî î÷åð÷åííîãî 
òåòðàýäðè÷åñêîãî êðèñòàëëà, óñëîæíåííîãî 
çà ñ÷åò íåðîâíîñòè êîíòàêòà ñ æåëåçèñòûì 
äîëîìèòîì (4, 5) è ãîëîâêîé êðèñòàëëà ðàí­
íåãî êâàðöà (7). Ñîäåðæàíèå ñåðåáðà ñîñòàâ­
ëÿåò (ìàñ.%) 1,08 (òî÷êà 6­3), 1,33 (òî÷êà 6­1) 
è 1,74 (òî÷êà 6­2). Çàêîíîìåðíîñòåé â ðàñ­
ïðåäåëåíèè ñåðåáðà íå âûÿâëåíî. 

Ðèñ. 2. Òåòðàýäðèò (3) â àññîöèàöèè ñî ñôàëåðèòîì (4) 
ñå÷åòñÿ äîëîìèòîì (1, 2). Àíàëèç 1. Ýëåêòðîííî­ìèêðî­
ñêîïè÷åñêèé ñíèìîê / Fig. 2. Tetrahedrite (3) in associa­
tion with sphalerite (4) is cut by dolomite (1, 2). Analysis 1. 

Electron microscopic image

Ðèñ. 3. Ñðåç òåòðàýäðè÷åñêîãî êðèñòàëëà òåòðàýäðèòà 
(1–3) â äîëîìèòå (4, 5) â àññîöèàöèè ñ õàëüêîïèðèòîì 

(6) è êâàðöåì (7). Àíàëèç 6. Ýëåêòðîííî­
ìèêðîñêîïè÷åñêèé ñíèìîê / Fig. 3. A section of a 

tetrahedral tetrahedral crystal (1–3) in dolomite (4, 5) in 
association with chalcopyrite (6) and quartz (7). Analysis 6. 

Electron microscopic image

Â òàáë. 1 ïðèâåäåíû ðåçóëüòàòû ýëå­
ìåíòíîãî àíàëèçà òåòðàýäðèòà ýëåêòðîí­
íî­çîíäîâûì ìåòîäîì, â òàáë. 2 – íîðìèðî­
âàíèÿ èõ ê 100 %, â òàáë. 3 – èõ ôîðìóëüíûå 
êîýôôèöèåíòû. 

Àíàëèç òàáë. 1 ïîêàçûâàåò, ÷òî âñå àíà­
ëèçû òåòðàýäðèòà õàðàêòåðèçóþòñÿ, íàðÿäó 
ñ îáÿçàòåëüíûì ïðèñóòñòâèåì ìåäè, ñóðü­
ìû è ñåðû, ïðèìåñüþ ìûøüÿêà â êîëè÷åñòâå 
2,04…7,18 % è ñîâñåì íåáîëüøîé – æåëåçà 
(îò áåçæåëåçèñòîãî äî 0,73 Fe) ïðè ñîäåð­
æàíèè ñóðüìû 19,01…27,17 %. Ñîîòíîøåíèå 
ñîäåðæàíèé ñóðüìû è ìûøüÿêà íàõîäèòñÿ â 

ïðåäåëàõ 2,64…13,33. Ðåçêîå ïðåîáëàäàíèå 
ñóðüìû íàä ìûøüÿêîì ÿâëÿåòñÿ îñîáåííî­
ñòüþ áëåêëûõ ðóä êâàðö­ìîëèáäåíèòîâûõ 
ìåñòîðîæäåíèé. Ýòî ñâÿçàíî ñ îãðàíè÷åí­
íûì ðàçâèòèåì ìûøüÿêîâîé ìèíåðàëèçàöèè 
â ìåñòîðîæäåíèÿõ ìîëèáäåí­êâàðöåâîãî ìè­
íåðàëüíîãî òèïà ìîëèáäåí­ïîðôèðîâîé 
ôîðìàöèè, ãäå ñîîòíîøåíèå ìûøüÿêà è 
ñóðüìû ðàâíî ïðèáëèçèòåëüíî 50:40, òîãäà 
êàê â ðóäàõ ìîëèáäåíèò­ñóëüôèäíî­êâàðöå­
âûõ, íàïðèìåð, Áóãäàèíñêîãî ìåñòîðîæäå­
íèÿ, îíî ðàâíî ïðèìåðíî 53:14 [11]. 
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Òàáëèöà 1 / Table 1 

Õèìè÷åñêèé ñîñòàâ ñåðåáðîñîäåðæàùåãî òåòðàýäðèòà /  Ñhemical composition of silver­containing tetrahedrite

Òî÷êà 
èçìåðåíèÿ / 

Measuring 
point

Ýëåìåíò è åãî ñîäåðæàíèå, ìàñ.% / 
The element and its content, wt.% Ñóììà, % / 

Total, %
Cu Zn As Sb Fe Ag S

1­3 37,92 6,51 2,91 25,47 0,73 1,55 24,8 99,88

1_1­3 36,69 6,42 2,46 25,71 0,66 1,39 24,45 97,78
2­2 38,05 7,37 6,44 19,7 0,69 1,2 25,26 98,71

2­3 36,48 7,17 4,65 21,69 0,33 1,1 24,07 95,5
5­3 38,88 7,25 2,65 25,49 0,72 1,37 25,29 101,65

6­1 38,94 7,74 7,18 19,01 0,69 1,33 25,91 100,8
6­2 37,35 7,8 2,04 27,17 ­ 1,74 24,82 100,92

6­3 38,79 7,02 5,07 22,28 0,42 1,08 25,38 100,04

Âñå èçìåðåííûå ôðàãìåíòû êðèñòàëëîâ 
òåòðàýäðèòà ñîäåðæàò ïðèìåðíî îäèíàêî­
âûå êîëè÷åñòâà öèíêà (6,42…7,74 %). Îáû÷íî 
ñîäåðæàíèå ýòîãî ýëåìåíòà â òåòðàýäðèòå 
íàõîäèòñÿ â ïðåäåëàõ äî 3,5 %. È ëèøü â àíà­
ëèçàõ 3 èç 23 îáðàçöîâ â ñïðàâî÷íèêå «Ìèíå­
ðàëû» ïðèâîäÿòñÿ ñîäåðæàíèÿ 5,21…6,51 % 
öèíêà. Í. Í. Ìîçãîâà [5] ñîîáùàåò, ÷òî èç 
1294 àíàëèçîâ áëåêëûõ ðóä ëèøü â 146 îá­
íàðóæåíû öèíê (Zn­òåòðàýäðèò) è â 50 – ñå­
ðåáðî âìåñòå ñ öèíêîì (Ag­Zn­òåòðàýäðèò). 
Ïî ðåçóëüòàòàì ðÿäà èññëåäîâàíèé [12; 14], 
öèíê òàêæå âõîäèò â ñîñòàâ òåòðàýäðèòà. 

Â íàøåì ñëó÷àå âñå àíàëèçû ñîîòâåò­
ñòâóþò Ag­Zn­òåòðàýäðèòó ïðè ñîäåðæàíèè â 
íåì ñåðåáðà â ïðåäåëàõ 1,08…2,04 %. Ïîäîá­
íûå æå ñîñòàâû òåòðàýäðèòà, ñîäåðæàùåãî 
ñåðåáðî, óñòàíîâëåíû è äëÿ Íîâîøèðîêèí­
ñêîãî çîëîòî­ïîëèìåòàëëè÷åñêîãî ìåñòî­
ðîæäåíèÿ, ãäå â ðóäàõ ñóðüìà ïðåîáëàäàåò 
íàä ìûøüÿêîì (As – 0,581…0,630 % è Sb  – 
2,75…3,01 %) [3; 8]. Â òåòðàýäðèòå Íîâî­
øèðîêèíñêîãî ìåñòîðîæäåíèÿ ñîäåðæàíèÿ 
(ìàñ.%) Zn íàõîäÿòñÿ â ïðåäåëàõ 4,51…9,23; 
Ag – 1,17…10,73; Sb – 9,86…29,33 è As – 
1,79…12,9 [3].

Òàáëèöà 2 / Table 2 

Õèìè÷åñêèé ñîñòàâ ñåðåáðîñîäåðæàùåãî òåòðàýäðèòà, íîðìèðîâàííûé ê 100 % / 
Ñhemical composition of silver­containing tetrahedrite, normalized to 100 %

Òî÷êà 
èçìåðåíèÿ / 

Measuring point

Ýëåìåíò è åãî ñîäåðæàíèå, ìàñ.% / Element and its content, wt.%
Ñóììà, % / 

Total, %Cu Zn As Sb Fe Ag S

1­3 37,96 6,52 2,91 25,5 0,73 1,55 24,83 100

1_1­3 37,52 6,57 2,52 26,29 0,67 1,42 25,01 100
2­2 38,55 7,47 6,52 19,96 0,7 1,22 25,59 100

2­3 38,2 7,51 4,87 22,71 0,35 1,15 25,21 100
5­3 38,25 7,13 2,61 25,08 0,71 1,35 24,88 100

6­1 38,63 7,68 7,12 18,86 0,68 1,32 25,7 100
6­2 37,01 7,73 2,02 26,92 ­ 1,72 24,59 100

6­3 38,77 7,02 5,07 22,27 0,42 1,08 25,37 100

Òàáëèöà 3 / Table 3

Ôîðìóëüíûå êîýôôèöèåíòû ñåðåáðîñîäåðæàùåãî òåòðàýäðèòà / Formula ratios of silver­containing tetrahedrite

Òî÷êà 
èçìåðåíèÿ / 

Measuring point

Ýëåìåíòû è èõ ôîðìóëüíûå êîýôôèöèåíòû / 
Elements and their formula coefficients Ñóììà, % / 

Total, %
Cu Zn As Sb Fe Ag S

1­3 9,92 1,65 0,65 3,48 0,22 0,24 12,85 29
1_1­3 9,81 1,67 0,56 3,59 0,2 0,22 12,96 29
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Èñõîäÿ èç âåëè÷èí ôîðìóëüíûõ êîýô­
ôèöèåíòîâ ìîæíî ïðåäñòàâèòü êðèñòàëëî­
õèìè÷åñêèå ôîðìóëû ñîäåðæàùåãî ñåðåáðî 
òåòðàýäðèòà â âèäå

1­3 (Cu
6
[(Cu

3,76
,Ag

0,24
)

4
(Cu

0,16 
Fe

0,22
, Zn

1,65
)

2,03
]

(Sb
3,48

, As
0,52

)
4
,(S

12,89  
As

0,13
)

13,02

1_1­3 (Cu
6
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3,78
,Ag

0,22
)

4
(Cu

0,03
Fe

0,2
,Zn
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)

1,9
]

(Sb
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,As
0,5

)
4,09

(S
12,96 

As
0,04

)
13,0

2­2 (Cu
6
[(Cu

3,81
,Ag

0,18
)

3,99
(Fe

0,2
,Zn

1,85
)

2,05
]

(Sb
2,65

,As
1,35

)
4,0

(S
12,9 

As
0,06

)
12,96

2­3 (Cu
6
[(Cu

3,83
,Ag

0,17
)

4
(Cu

0,02
Fe

0,1
,Zn

1,88
)

1,9
]

(Sb
3,06

,As
0,94

)
4,09

(S
12,88 

As
0,12

)
13,0

5­3 (Cu
6
[(Cu

3,96
,Ag

0,21
)

4,17
(Fe

0,21
,Zn

1,8
)

2,1
]

(Sb
3,41

,As
0,58

)
3,99

S
12,84

6­1 (Cu
6
[(Cu

3,79
,Ag

0,2
)

3,99
(Fe

0,2
,Zn

1,89
)

2,09
]

(Sb
2,49

, As
1,51

)
4,0

(S
12,91 

As
0,02

)
12,93

6­2 (Cu
6
[(Cu

3,73
,Ag

0,27
)

4,00
(Ñu

0,02
,Zn

1,98
)

2,00
]

(Sb
3,7

, As
0,3

)
4,0

(S
12,85 

As
0,15

)
13

6­3 (Cu
6
[(Cu

3,84
,Ag

0,16
)

3,99
(Cu

0,12
Fe

0,12
,Zn

1,75
)

1,99
]

(Sb
2,99

, As
1,1

)
4
,

0
(S

12,91 
As

0,09
)

13
.

Ñòàíäàðòíàÿ ôîðìóëà òåòðàýäðèòà 
Cu

6
[Cu

4
(Fe,Zn)

2
]Sb

4
S

13
. ×èñòûé, áåñïðèìåñ­

íûé òåòðàýäðèò îïèñûâàåòñÿ ôîðìóëîé 
Cu

12
Sb

4
S

13
. Îäíàêî ïî÷òè âñå òåòðàýäðèòû ñî­

äåðæàò ïðèìåñè Fe, Zn, As. Ñåðåáðî ïðèñóò­
ñòâóåò â 99 % àíàëèçîâ òåòðàýäðèòà. Àíàëèç 
ïðèâåäåííûõ ôîðìóë ïîêàçûâàåò íåçíà÷è­
òåëüíóþ íåñòåõèîìåòðè÷íîñòü òåòðàýäðèòà, 
êîòîðàÿ, êàê ñëåäóåò èç ðàáîòû Í. Í. Ìîçãî­
âîé [5], âïîëíå òèïè÷íà äëÿ íåãî, êàê è áîëü­

2­2 9,81 1,85 1,41 2,65 0,2 0,18 12,9 29
2­3 9,85 1,88 1,06 3,06 0,1 0,17 12,88 29

5­3 9,96 1,8 0,58 3,41 0,21 0,21 12,84 29
6­1 9,79 1,89 1,53 2,49 0,2 0,2 12,91 29

6­2 9,75 1,98 0,45 3,7 ­ 0,27 12,85 29
6­3 9,96 1,75 1,1 2,99 0,12 0,16 12,91 29

Îêîí÷àíèå òàáë 3

øèíñòâà ñóëüôîñîëåé. Îòìåòèì íåêîòîðûé 
äåôèöèò ñåðû, êîòîðûé â áîëüøèíñòâå èñ­
ñëåäîâàííûõ ôðàãìåíòîâ êðèñòàëëîâ êîì­
ïåíñèðóåòñÿ èçáûòî÷íûì ïî îòíîøåíèþ ê 
ñóðüìå ìûøüÿêîì. Ëèøü â 3 èç 9 ñëó÷àåâ 
íàáëþäàåòñÿ íåçíà÷èòåëüíûé äåôèöèò ñå­
ðû, íå êîìïåíñèðîâàííûé ìûøüÿêîì. Äîëÿ 
ñåðåáðà, çàìåùàþùàÿ ìåäü, äîñòàòî÷íî âå­
ëèêà, îäíàêî åå ñóùåñòâåííî ìåíüøå, ÷òîáû 
ïîÿâèëñÿ ôðåéáåðãèò. Ñåðåáðîñîäåðæàùèé 
òåòðàýäðèò ïðåòåðïåë ñóùåñòâåííûå ïðåîá­
ðàçîâàíèÿ â ïðîöåññå ñòàíîâëåíèÿ ðóäîíîñ­
íûõ æèë, ÷òî âèäíî íà ðèñ. 4, ãäå â ðåçóëüòàòå 
íàëîæåíèÿ êàðáîíàòíîé ìèíåðàëüíîé àññî­
öèàöèè îí âìåñòå ñî ñôàëåðèòîì èíòåíñèâíî 
ïåðåäðîáëåí. 

Íàðÿäó ñ òåòðàýäðèòîì, ñåðåáðî âõîäèò 
â ñîñòàâ äðóãèõ, áëèæå íå äèàãíîñòèðîâàí­
íûõ ñóëüôîñîëåé ðÿäà òåòðàýäðèò­òåííàíòèò, 
ãäå åãî ñîäåðæàíèå ñîñòàâëÿåò 0,57…0,68 %. 
Êðîìå òîãî, ïî äàííûì ðàñ÷åòà ÷àñòè ðåçóëü­
òàòîâ àíàëèçîâ, âîçìîæíî ïðèñóòñòâèå âàòà­
íàáåèòà Cu

4
(As,Sb)

2
S

5
 [13; 15], òàêæå ñîäåð­

æàùåãî ñåðåáðî â êîëè÷åñòâå 0,57…0,88 %. 
Îäíàêî äî ñèõ ïîð îòñóòñòâóåò îäíîçíà÷íîå 
äîêàçàòåëüñòâî åãî ïðèñóòñòâèÿ ðåíòãåíî­
ìåòðè÷åñêèìè äàííûìè. Â ýòîé ñâÿçè îïèñû­
âàòü åãî â äàííîé ñòàòüå ïðåæäåâðåìåííî.

Ñàìîðîäíûå çîëîòî è ñåðåáðî (ðèñ. 5) 
îáðàçóþò âêëþ÷åíèÿ âåëè÷èíîé 10…20 ìêì 
â ñåðåáðîñîäåðæàùåì òåòðàýäðèòå. Ôîðìû 
èõ âûäåëåíèÿ îâàëîâèäíî­îêðóãëû. Â òî÷êå 
èçìåðåíèÿ 5 íàáëþäàåòñÿ ñðîñòîê ñåðåáðà 
(5­1), ñîäåðæàùåãî 44,5 % çîëîòà, è ñàìî­
ðîäíîãî çîëîòà, ñîäåðæàùåãî 17,47 % ñåðå­
áðà (5­2). 
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Ðèñ. 5. Ñåðåáðî (1) â ñðîñòêå ñ çîëîòîì (2) â òðåùèíîâàòîé ÷àñòè ñåðåáðîñîäåðæàùåãî òåòðàýäðèòà (3) (à) è çîëîòî 
(2) â òðåùèíå â íåì (1) (á). Îáð. 336. Ýëåêòðîííî­ìèêðîñêîïè÷åñêèé ñíèìîê / Fig. 5. Silver (1) in intergrowth with gold 

(2) in the fractured part of silver­containing tetrahedrite (3) (à) and gold (2) in the crack in it (1) (á). Form. 336. Electron 
microscopic image

Êàê âèäíî èç òàáë. 4, çîëîòî çäåñü íèçêîïðîáíîå, à ñåðåáðî ñîäåðæèò âåñüìà âûñîêèå 
êîíöåíòðàöèè çîëîòà. 

Ðèñ. 4. Îáëîìêè êðèñòàëëà ñåðåáðîñîäåðæàùåãî òåòðàýäðèòà (1, 5) è ñôàëåðèòà (6) â çîíàëüíîì äîëîìèòå (2, 3) è 
êâàðöå (4): a) öâåòíîé ñíèìîê â îáðàòíûõ ýëåêòðîíàõ: ñèíèé – äîëîìèò, áåëûé – ñåðåáðîñîäåðæàùèé òåòðàýäðèò, 
ëèëîâî­ðîçîâûé – ñôàëåðèò,  ÷åðíûé (3, 4) – äîëîìèò è êðàñíûå òî÷êè – êâàðö (4), á) Îáð. 336­3 / Fig. 4. Fragments 

of a crystal of silver­containing tetrahedrite (1, 5) and sphalerite (6) in zonal dolomite (2, 3) and quartz (4): à) color image in 
reverse electrons: blue – dolomite, white – silver­containing tetrahedrite, lilac­pink – sphalerite, black (3, 4) – dolomite and 

red dots – quartz (4), á) Arr. 336­3
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Òàáëèöà 4 / Table 4

Õèìè÷åñêèé ñîñòàâ çîëîòà è ñåðåáðà / Chemical composition of gold and silver

Òî÷êè èçìåðåíèÿ /  
Measuring points

Ýëåìåíò è åãî ñîäåðæàíèå, ìàñ.% / 
Element and its content, wt.% Ñóììà, % / 

Total, %
Au Ag

8­2 81,99 17,41 99,4
5­1 44,45 55,33 99,78

5­2 17,47 82,46 99,93

Ýòî ñâèäåòåëüñòâóåò î ïðèñóòñòâèè 
íà ó÷àñòêå Êóëèíäà Øàõòàìèíñêîãî ðóäíî­
ãî ðàéîíà ðóäíûõ æèë, îòíîñÿùèõñÿ ê ìà­
ëîãëóáèííîé çîëîòîñåðåáðÿíîé ôîðìàöèè 
[1]. Ó÷àñòîê Êóëèíäà îòíîñèòñÿ ê âîñòî÷íî­
ìó ôëàíãó Øàõòàìèíñêîãî ðóäíîãî ðàéîíà è 
ïðåäñòàâëÿåò îäíó èç åãî ñëàáî ýðîäèðîâàí­
íûõ ÷àñòåé. 

Çàêëþ÷åíèå. Ìèíåðàëüíûé ñîñòàâ çîëî­
òà è ñåðåáðà â ïðåäåëàõ ïðîÿâëåíèÿ Êóëèí­
äà Øàõòàìèíñêîãî ðóäíîãî ðàéîíà âïåðâûå 
èçó÷åí ñ ïðèìåíåíèåì êîìïëåêñà ñîâðå­
ìåííûõ ìåòîäîâ. Óñòàíîâëåíà ñåðåáðîíîñ­
íîñòü ôðàãìåíòîâ òîíêîçåðíèñòûõ êàðáîíàò­
íî­êâàðöåâûõ æèë, ñîäåðæàùèõ õàëüêîïèðèò, 
ñôàëåðèò, ïèðèò, ãàëåíèò, ñóëüôîñîëè òå­
òðàýäðèòîâîãî ñîñòàâà, à òàêæå ñàìîðîäíûå 
ñåðåáðî è çîëîòî.

Îñîáåííîñòÿìè òåòðàýäðèòà ÿâëÿþòñÿ 
îáîãàùåííîñòü öèíêîì (6,52…7,73 %), à òàê­
æå îòíîñèòåëüíî íèçêèå ñîäåðæàíèÿ â íåì 
ìûøüÿêà. Ñîîòíîøåíèå ñóðüìû è ìûøüÿêà 
íàõîäèòñÿ â ïðåäåëàõ 2,64…13,33. Êàê ïîêà­
çàë ðàñ÷åò ôîðìóëüíûõ êîýôôèöèåíòîâ, íà­
áëþäàåòñÿ äåôèöèò ñåðû, çàìåùàåìûé èçáûò­
êîì ìûøüÿêà. Òèïè÷íàÿ ôîðìóëà òåòðàýäðèòà 
ñâèäåòåëüñòâóåò î ðàñïðåäåëåíèè ìåäè â 

òðåõ ïîçèöèÿõ, ãäå â äâóõ èç íèõ îíà çàìåùà­
åòñÿ Zn, Fe è Ag 

( C u
6
[ ( C u

3 , 7 8
, A g

0 , 2 2
)

4
( C u

0 , 0 3
F e

0 , 2
, Z n

1 , 6 7
)

1 , 9
]

(Sb
3,59

,As
0,5

)
4,09

(S
12,96 

As
0,04

)
13,0

.

Ïðåîáëàäàíèå ñóðüìû íàä ìûøüÿ­
êîì ÿâëÿåòñÿ îñîáåííîñòüþ áëåêëûõ ðóä 
êâàðö­ìîëèáäåíèòîâûõ ìåñòîðîæäåíèé. Ýòî 
ñâÿçàíî ñ îãðàíè÷åííûì ðàçâèòèåì ìûøüÿ­
êîâîé ìèíåðàëèçàöèè â ìåñòîðîæäåíèÿõ ìî­
ëèáäåí­êâàðöåâîãî ìèíåðàëüíîãî òèïà ìî­
ëèáäåí­ïîðôèðîâîé ôîðìàöèè. 

Âïåðâûå äëÿ Øàõòàìèíñêîãî ðóäíîãî 
ïîëÿ âûÿâëåíà îáîãàùåííîñòü ñåðåáðîì 
òåòðàýäðèòà (1,08…1,72 %), ÷òî îáóñëîâëè­
âàåò íåîáõîäèìîñòü èçó÷åíèÿ ñåðåáðîíîñ­
íîñòè òåõíîçåìîâ ñòàðîãî õâîñòîõðàíèëèùà, 
òàê êàê èç ðóä Øàõòàìèíñêîãî ìåñòîðîæäå­
íèÿ èçâëåêàëñÿ òîëüêî ìîëèáäåíèò. Âïåðâûå 
îáíàðóæåíû ñàìîðîäíûå ñåðåáðî è çîëîòî. 
Ïðè ýòîì ñåðåáðî ñîäåðæèò äî  44,45 % çîëî­
òà, à çîëîòî – 17,41 % ñåðåáðà. Ýòè îñîáåííî­
ñòè ñàìîðîäíûõ çîëîòà è ñåðåáðà óêàçûâàþò 
íà ïðèíàäëåæíîñòü èçó÷åííûõ ôðàãìåíòîâ 
êâàðö­êàðáîíàòíîé æèëû ê îáúåêòó ìàëîãëó­
áèííîé çîëîòî­ñåðåáðÿíîé ôîðìàöèè.
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