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Ðàçìåð ìàãìàòè÷åñêîãî î÷àãà Êîøåëåâñêîé ãåîòåðìàëüíîé ñèñòåìû 
îöåíèâàåòñÿ íà îñíîâå äàííûõ î êîëüöåâîì òåêòîíè÷åñêîì ðàçëîìå. 
Èñïîëüçîâàíà ìåõàíè÷åñêàÿ óïðóãî-ïëàñòè÷íàÿ ìîäåëü äëÿ îïðåäåëå-
íèÿ ðàçìåðîâ ìàãìàòè÷åñêîãî î÷àãà, ñïîñîáíîãî ñîçäàòü äîñòàòî÷íîå 
ìåõàíè÷åñêîå íàïðÿæåíèå äëÿ îáðàçîâàíèÿ êîëüöåâîãî òåêòîíè÷åñêî-
ãî ðàçëîìà. 
Êëþ÷åâûå ñëîâà: ïåðèôåðè÷åñêèé ìàãìàòè÷åñêèé î÷àã, êîëüöåâîé 
ðàçëîì, ìåõàíè÷åñêàÿ ìîäåëü, óïðóãî-ïëàñòè÷íàÿ ìîäåëü, Êîøåëåâ-
ñêàÿ ìàãìàòîãåííàÿ ãåîòåðìàëüíàÿ ñèñòåìà. 
 

 
 

àííûå î ðàçìåðàõ ïåðèôåðè÷åñêîãî ìàãìàòè÷åñêîãî 
î÷àãà, ïèòàþùåãî òåïëîâîé ýíåðãèåé ìàãìàòîãåííóþ 

ãåîòåðìàëüíóþ ñèñòåìó, íåîáõîäèìû äëÿ êîëè÷åñòâåííîé 
îöåíêè ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ãåîòåðìàëüíîãî ðåçåðâóà-
ðà ñ öåëüþ ïîñëåäóþùåãî òåðìîãèäðîäèíàìè÷åñêîãî ÷èñëåííî-
ãî ìîäåëèðîâàíèÿ. Â ëèòåðàòóðå ïðàêòè÷åñêè îòñóòñòâóþò ñâå-
äåíèÿ î ðàçìåðàõ ìàãìàòè÷åñêîãî î÷àãà Êîøåëåâñêîé ìàãìàòî-
ãåííîé ãåîòåðìàëüíîé ñèñòåìû. 

Ïî äàííûì ìàãíèòîìåòðè÷åñêîé ñúåìêè [1] â þãî-çàïàäíîì 
ñåãìåíòå Êîøåëåâñêîãî âóëêàíè÷åñêîãî ìàññèâà âûÿâëåí êîëü-
öåâîé ðàçëîì, íå ïðîÿâëåííûé íà äíåâíîé ïîâåðõíîñòè. Îí 
ñêðûò ïîä ìàãìàòè÷åñêèìè ïîðîäàìè, âîçðàñò êîòîðûõ îöåíè-
âàåòñÿ êàê ñðåäíèé – âåðõíèé ïëåéñòîöåí [1]. Âîçðàñò è óãëû 
ïàäåíèÿ ðàçëîìà íå óñòàíîâëåíû. Ðàäèóñ â ïðîåêöèè íà äíåâ-
íóþ ïîâåðõíîñòü ñîñòàâëÿåò îêîëî 4,5 êì [1, 2]. Íà ãåîëîãî-
ãèäðîãåîëîãè÷åñêèõ ðàçðåçàõ [1] îòìå÷àåòñÿ ïîíèæåíèå âíóò-
ðåííåé ÷àñòè âóëêàíè÷åñêîãî ìàññèâà ïî îòíîøåíèþ ê ðàçëî-
ìó, ÷òî ïîçâîëÿåò ïðåäïîëîæèòü îáðàçîâàíèå ýòîãî íàðóøåíèÿ 
â ðåçóëüòàòå óìåíüøåíèÿ îáúåìà ìàãìàòè÷åñêîãî î÷àãà [8]. 

Â ðàáîòå [8] ïîëó÷åíî àíàëèòè÷åñêîå ðåøåíèå çàäà÷è îá 
îáðàçîâàíèè êîëüöåâîãî òåêòîíè÷åñêîãî ðàçëîìà èëè êàëüäåðû 
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íà äíåâíîé ïîâåðõíîñòè íàä ìàãìàòè÷åñêèì î÷àãîì ñôåðè÷å-
ñêîé ôîðìû, íàõîäÿùèìñÿ â óïðóãîé ïëàñòè÷íîé ñðåäå. Ìî-
äåëü ïðåäïîëàãàåò, ÷òî ìàãìàòè÷åñêèé î÷àã óìåíüøàåòñÿ â îáú-
åìå òîëüêî èç-çà âûòåêàíèÿ ìàãìû èç íåãî. Ïðèâîäÿùèå ê ýòîìó 
ôèçè÷åñêèå óñëîâèÿ íå ðàññìàòðèâàþòñÿ. Óìåíüøåíèå îáúåìà 
ìàãìàòè÷åñêîãî î÷àãà âûçûâàåò âîçðàñòàíèå ìåõàíè÷åñêèõ íà-
ïðÿæåíèé âî âìåùàþùèõ ãîðíûõ ïîðîäàõ. Ïðè äîñòèæåíèè 
ïðåäåëà ïðî÷íîñòè ãîðíûõ ïîðîä ïðîèñõîäèò ðàçðûâ è ìîæåò 
íà÷àòü ðàçâèâàòüñÿ êîëüöåâîé òåêòîíè÷åñêèé ðàçëîì. 

Îòíîøåíèå ìåæäó ðàäèóñîì êîëüöåâîãî ðàçëîìà è ãëóáèíîé 
ìàãìàòè÷åñêîãî î÷àãà (öåíòðà î÷àãà) âûðàæàåòñÿ óðàâíåíèåì [8]: 
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ãäå rf — ðàäèóñ êîëüöåâîãî ðàçëîìà; r – ðàäèóñ ìàãìàòè÷åñêîãî 
î÷àãà; d – ãëóáèíà ìàãìàòè÷åñêîãî î÷àãà (öåíòðà î÷àãà); v – êî-
ýôôèöèåíò Ïóàññîíà âìåùàþùèõ ãîðíûõ ïîðîä;  — óãîë 
âíóòðåííåãî òðåíèÿ âìåùàþùèõ ãîðíûõ ïîðîä;  = r/d. 

Êàê ïîêàçàíî â ðàáîòå [7], óãîë ïàäåíèÿ êîëüöåâîãî ðàçëî-
ìà  ìîæåò áûòü âûðàæåí: 

arctg90 ( )       . (2) 

Íà ïðèìåðå êàëüäåðû Ýéðà (ßïîíèÿ), â êîòîðîé íàõîäèòñÿ 
àêòèâíûé âóëêàíè÷åñêèé ìàññèâ Ñàêóðàäçèìà, â ðàáîòå [8] ïî-
êàçàíî õîðîøåå ñîãëàñèå ðåçóëüòàòîâ ðàñ÷åòà ñ äðóãèìè èìåþ-
ùèìèñÿ äàííûìè î ìàãìàòè÷åñêîì î÷àãå ïîä êàëüäåðîé. Ñëåäó-
åò ïîä÷åðêíóòü, ÷òî ìîäåëü îïèñûâàåò èíèöèàöèþ êîëüöåâîãî 
ðàçëîìà, à íå äàëüíåéøåå ðàçâèòèå êàëüäåðû. Ïîýòîìó ìîäåëü 
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ìîæåò áûòü ïðèìåíåíà äëÿ îöåíêè ìàãìàòè÷åñêîãî î÷àãà ïîä 
Êîøåëåâñêèì âóëêàíè÷åñêèì ìàññèâîì. 

Äëÿ Êîøåëåâñêîãî âóëêàíè÷åñêîãî ìàññèâà ïðèíèìàåòñÿ, 
÷òî ðàäèóñ êîëüöåâîãî ðàçëîìà rf = 4500 ì [1, 2]; óãîë ïàäåíèÿ 
êîëüöåâîãî ðàçëîìà  = 60°; óãîë âíóòðåííåãî òðåíèÿ âìå-
ùàþùèõ ïîðîä  = 36° [5]; êîýôôèöèåíò Ïóàññîíà âìåùàþ-
ùèõ ïîðîä v = 0,25 [6]. Ñ ïîìîùüþ ðåøåíèÿ óðàâíåíèÿ (1) ñî-
âìåñòíî ñ óðàâíåíèåì (2) îöåíåíû ðàäèóñ ñôåðè÷åñêîãî ìàãìà-
òè÷åñêîãî î÷àãà r = 2232 ì è ãëóáèíà åãî öåíòðà d = 3927 ì. 
Óãîë ïàäåíèÿ  íåèçâåñòåí è ïðèíÿò ïî àíàëîãèè ñ äàííûìè î 
êàëüäåðå Ýéðà [8]. Ìåõàíè÷åñêèå ñâîéñòâà ãîðíûõ ïîðîä ïðè-
íÿòû ðàâíûìè çíà÷åíèÿì äëÿ áàçàëüòà. 

Êàê óêàçàíî âûøå, îáðàçîâàíèå ðàçëîìà èíèöèèðóåòñÿ 
óìåíüøåíèåì îáúåìà ìàãìàòè÷åñêîãî î÷àãà, ïðè÷èíîé êîòîðî-
ìó ñîãëàñíî ìîäåëè ÿâëÿåòñÿ âûòåêàíèå ìàãìû èç íåãî. Ðàñ-
ñìîòðèì âîïðîñ, äåéñòâèòåëüíî ëè íà Êîøåëåâñêîì âóëêàíè÷å-
ñêîì ìàññèâå ìîãëî èìåòü ìåñòî óìåíüøåíèå ðàçìåðîâ ìàãìà-
òè÷åñêîãî î÷àãà çà ñ÷åò èçâåðæåíèÿ, äîñòàòî÷íîå äëÿ îáðàçî-
âàíèÿ êîëüöåâîãî ðàçëîìà. Ìèíèìàëüíîå èçìåíåíèå îáúåìà 
ìàãìàòè÷åñêîãî î÷àãà V, äîñòàòî÷íîå äëÿ îáðàçîâàíèÿ äàííî-
ãî êîëüöåâîãî ðàçëîìà, ñîãëàñíî ìîäåëè [8] ìîæåò áûòü óñòà-
íîâëåíî ñ ïîìîùüþ âûðàæåíèÿ (3): 
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c0 — êðèòåðèé ðàçðóøåíèÿ Êóëîíà äëÿ âìåùàþùèõ ïîðîä;  è 
 — ïàðàìåòðû Ëàìå äëÿ âìåùàþùèõ ïîðîä. Ïàðàìåòðû Ëàìå 
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 è  ñâÿçàíû ñ ìîäóëåì Þíãà E è c êîýôôèöèåíòîì Ïóàññîíà 

v ñîîòíîøåíèÿìè: 
   

vE

v v1 1 2
 

 
 è 

 
E

v2 1
 


. Äëÿ áà-

çàëüòà â ðàñ÷åòå ïðèíèìàþòñÿ ìåõàíè÷åñêèå ñâîéñòâà E = 71,3 
ÃÏà è ñ0 = 351,5 ÌÏà [6]. 

Ðàñ÷åò ïî âûðàæåíèþ (3) ïîêàçûâàåò, ÷òî äëÿ îáðàçîâàíèÿ 
êîëüöåâîãî ðàçëîìà äîñòàòî÷íî óìåíüøåíèÿ îáúåìà ìàãìàòè÷å-
ñêîãî î÷àãà íà V = 1,3 êì3 ïðè îáúåìå î÷àãà 26,2 êì3. Ïðè 
ýòîì ðàäèóñ î÷àãà ñîñòàâëÿåò r = 2232 ì. Òàêîé ìàëûé îáúåì 
ìîã áûòü èçâåðãíóò äàæå ïðè ìèíèìàëüíîì ðàñõîäå W = 
0,65·10–3 êì3/ãîä [3] çà 2000 ëåò. Òàêèì îáðàçîì, ìîäåëü íå 
ïðîòèâîðå÷èò ðàíåå ïîëó÷åííûì äàííûì î äèíàìèêå âóëêàíè-
÷åñêîãî ïðîöåññà íà Êîøåëåâñêîì âóëêàíè÷åñêîì ìàññèâå [3], 
è â ðåçóëüòàòå èçâåðæåíèÿ ìàãìàòè÷åñêèé î÷àã ìîã óìåíüøèòü-
ñÿ äîñòàòî÷íî äëÿ îáðàçîâàíèÿ êîëüöåâîãî ðàçëîìà. 
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The size of magma chamber of the Koshelev geothermal system was estimated on the 
basis of tectonic ring fault data. Mechanical elastic-plastic model is used to quantify size of 
magma chamber which is able to establish mechanical stress sufficient for tectonic ring fault 
initiation. 
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