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Î ÐÀÑÏÐÅÄÅËÅÍÈÈ ÒÅÊÒÎÍÈ×ÅÑÊÈÕ ÍÀÏÐßÆÅÍÈÉ 
Â ÏÐÈÏÎÂÅÐÕÍÎÑÒÍÛÕ ÑËÎßÕ ÇÅÌÍÎÉ ÊÎÐÛ  
ÏÎ ÂÅÐÒÈÊÀËÈ* 

Ïðèâåäåíû äàííûå î ðàñïðåäåëåíèè òåêòîíè÷åñêèõ íàïðÿæåíèé â âåðõ-
íèõ ñëîÿõ çåìíîé êîðû, ïîëó÷åííûå ðàçëè÷íûìè èññëåäîâàòåëÿìè. Ïîêà-
çàíî, ÷òî ïî äàííûì èçìåðåíèé ìåòîäîì ðàçãðóçêè â ðóäíèêàõ, ïîëó÷åí-
íûì â ðàçíûõ ñòðàíàõ è êîíòèíåíòàõ, ãîðèçîíòàëüíûå òåêòîíè÷åñêèå íà-
ïðÿæåíèÿ èìåþò íàèáîëüøóþ âåëè÷èíó â âåðõíèõ ñëîÿõ è óáûâàþò ñ ãëó-
áèíîé, ñðàâíèâàÿñü ñ âåðòèêàëüíûìè íàïðÿæåíèÿìè íà ãëóáèíå 1—2 êì. 
Íà ìèðîâîé êàðòå òåêòîíè÷åñêèõ íàïðÿæåíèé èõ äåéñòâèå ïðîñëåæèâàåò-
ñÿ, ïî êðàéíåé ìåðå, äî 15 êì. Èçìåðåíèÿ ìåòîäîì ðàçãðóçêè íà ýòîé 
êàðòå ñ÷èòàþòñÿ íàèìåíåå ïðåäñòàâèòåëüíûìè. Ïðèâåäåíû äàííûå î íà-
ïðÿæåííîì ñîñòîÿíèè ïîðîä, ïîëó÷åííûå ïðè áóðåíèè ñâåðõãëóáîêèõ 
ñêâàæèí: Êîëüñêîé ÑÃ-3 è Ãåðìàíñêîé ÊÒÂ. 
Êëþ÷åâûå ñëîâà: òåêòîíè÷åñêèå íàïðÿæåíèÿ, èíäèêàòîðû íàïðÿæåíèé, 
ìåòîä ðàçãðóçêè, ìèðîâàÿ êàðòà òåêòîíè÷åñêèõ íàïðÿæåíèé. 
 

 
 

åêòîíè÷åñêèå ïîëÿ íàïðÿæåíèé äåéñòâóþò â ïîäàâëÿþ-
ùåì áîëüøèíñòâå ìàññèâîâ êðåïêèõ, ñêàëüíûõ èçâåðæåí-

íûõ ïîðîä. Ó÷åò íàïðàâëåíèÿ è âåëè÷èíû òåêòîíè÷åñêèõ íàïðÿæå-
íèé íåîáõîäèì ïðè ïðîåêòèðîâàíèè êîíñòðóêöèé è êîìïëåêñîâ 
ïîäçåìíûõ ãîðíûõ âûðàáîòîê, îñíîâàíèé ãèäðîòåõíè÷åñêèõ ñî-
îðóæåíèé, à òàêæå ïðè ïðîåêòèðîâàíèè ãëóáîêèõ êàðüåðîâ. Ìåæäó 
òåì, âîïðîñ î ðàñïðåäåëåíèè òåêòîíè÷åñêèõ íàïðÿæåíèé, îñîáåííî 
ïî ãëóáèíå, ïî-ïðåæíåìó îñòàåòñÿ ìàëîèçó÷åííûì. 

Â 80-õ ãîäàõ ïðîøëîãî âåêà Ã.À. Ìàðêîâ, íà îñíîâàíèè ðå-
çóëüòàòîâ èçìåðåíèé íàïðÿæåíèé ìåòîäîì ðàçãðóçêè íà Õèáèí-
ñêèõ àïàòèòîâûõ ðóäíèêàõ, âûïîëíåííûõ íà ãëóáèíå 100–600 ì 
îò ïîâåðõíîñòè, ïðåäïîëîæèë, ÷òî íàèáîëåå âûñîêèå òåêòîíè÷å-
ñêèå íàïðÿæåíèÿ äåéñòâóþò âáëèçè ïîâåðõíîñòè è âåëè÷èíà ýòèõ 
íàïðÿæåíèé ñ ãëóáèíîé äîëæíà ñíèæàòüñÿ [1]. Íà ãëóáèíå íàïðÿ-
æåííîå ñîñòîÿíèå ìàññèâîâ èìååò òåíäåíöèþ ïåðåõîäà ê âñåñòî-
ðîííåìó ðàâíîìåðíîìó ñæàòèþ, òî åñòü ê ãèäðîñòàòè÷åñêîìó íà-
ïðÿæåííîìó ñîñòîÿíèþ. Îðèåíòèðîâî÷íî òàêîé ïåðåõîä, ïî ìíå-
íèþ Ã.À. Ìàðêîâà, èìååò ìåñòî íà ãëóáèíå 1000–1500 ì. 
                                                 
* Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ 
èññëåäîâàíèé: ïðîåêò № 15–05–04323. 
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À.Â. Ëåîíòüåâ íà îñíîâàíèè îáîáùåíèÿ è àíàëèçà äàííûõ èç-
ìåðåíèé ìåòîäîì ðàçãðóçêè íà ðóäíèêàõ Ñåâåðíîé Åâðàçèè óñòà-
íîâèë, ÷òî ïðåâîñõîäñòâî ãîðèçîíòàëüíûõ òåêòîíè÷åñêèõ íàïðÿ-
æåíèé íàä âåðòèêàëüíûìè ñ ãëóáèíîé óìåíüøàåòñÿ, íî íå ÿâëÿåò-
ñÿ ðåçêèì [2]. Â ÷àñòíîñòè, íà ãëóáèíå îêîëî 1000 ì ãîðèçîíòàëü-
íûå íàïðÿæåíèÿ â 1.5–2.0 ðàçà ïðåâîñõîäÿò âåðòèêàëüíûå (ðèñ. 1, 
à). Ïî ìèðîâîé ñòàòèñòèêå ïîäîáíûõ èçìåðåíèé ìàêñèìàëüíûå ïî 
âåëè÷èíå òåêòîíè÷åñêèå íàïðÿæåíèÿ íàáëþäàþòñÿ âáëèçè ïî-
âåðõíîñòè, è ïåðåõîä ê ðàâåíñòâó ãîðèçîíòàëüíûõ è âåðòèêàëüíûõ 
íàïðÿæåíèé ïðîèñõîäèò íà ãëóáèíå îêîëî 2.5 êì [2]. Òàêèì îáðà-
çîì, ôàêò ìàêñèìàëüíîé âåëè÷èíû òåêòîíè÷åñêèõ íàïðÿæåíèé 
âáëèçè ïîâåðõíîñòè (ãëóáèíà 100-600 ì) è èõ ñíèæåíèå îòíîñè-
òåëüíî âåðòèêàëüíûõ íàïðÿæåíèé ìîæíî ñ÷èòàòü óñòàíîâëåííûì. 
Îäíàêî îñòàåòñÿ ïîêà íåÿñíûì, íà êàêîé ãëóáèíå ãîðèçîíòàëüíûå 
è âåðòèêàëüíûå íàïðÿæåíèÿ óðàâíèâàþòñÿ, è íàñòóïàåò ãèäðîñòà-
òè÷åñêîå íàïðÿæåííîå ñîñòîÿíèå ìàññèâà. 

Äëÿ óñòàíîâëåíèÿ çàêîíîìåðíîñòåé ðàñïðåäåëåíèÿ íàïðÿæå-
íèé ïî ãëóáèíå íåîáõîäèìî ó÷èòûâàòü ñâîéñòâà ñàìèõ ïîðîä, òî 
åñòü õàðàêòåð èõ äåôîðìèðîâàíèÿ ïîä íàãðóçêîé. Ô.Ô. Ãîðáàöå-
âè÷åì ïîêàçàíî [3], ÷òî åñëè ó÷èòûâàòü íåëèíåéíûé õàðàêòåð äå-
ôîðìèðîâàíèÿ ïîðîä, ïåðåõîä ê ãèäðîñòàòè÷åñêîìó ñîñòîÿíèþ 
äëÿ ðàçíûõ ïîðîä íàñòóïàåò íà ðàçíîé ãëóáèíå. Äëÿ íåêîòîðûõ 
òèïîâ ïîðîä, äàæå íå ó÷èòûâàÿ òðåùèíîâàòîñòè è áëî÷íîñòè ìàñ-
ñèâîâ è èçìåíåíèÿ òåìïåðàòóðû ñ ãëóáèíîé, òàêîé ïåðåõîä âîç-
ìîæåí íà ãëóáèíå 19 êì. Äëÿ áîëåå ñëàáûõ ïîðîä òàêîé ïåðåõîä 
íàñòóïàåò íà ìåíüøèõ ãëóáèíàõ. 
 

 
Ðèñ. 1. Èçìåíåíèå îòíîøåíèÿ ñðåäíåãî ãîðèçîíòàëüíîãî íàïðÿæå-
íèÿ ê âåðòèêàëüíîìó ñ ãëóáèíîé: à – äëÿ Ñåâåðíîé Åâðàçèè; á – ìèðîâàÿ 
ñòàòèñòèêà [2] 
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Ðèñ. 2. Çàâèñèìîñòè âåðòè-
êàëüíîé è ãîðèçîíòàëüíîé 
êîìïîíåíò ïîëÿ íàïðÿæåíèé 
îò ãëóáèíû ïî ðàçðåçó Êîëü-
ñêîé ñâåðõãëóáîêîé ñêâàæè-
íû: σz — âåðòèêàëüíàÿ, σq

max, 
σq

min — ãîðèçîíòàëüíûå ñîñòàâ-
ëÿþùèå ïîëÿ íàïðÿæåíèé, ïîëó-
÷åííûå ðàñ÷åòîì; σq = σq

max — 
σq

min; σq — ãîðèçîíòàëüíàÿ ñî-
ñòàâëÿþùàÿ ïîëÿ íàïðÿæåíèé ñ 
ó÷åòîì äåéñòâèÿ òåêòîíè÷åñêèõ 
ñèë, îöåíåííûõ ïî ìåòîäó íàãðó-
æåíèÿ îáðàçöîâ; σqå — ãîðèçîí-
òàëüíàÿ ñîñòàâëÿþùàÿ ïîëÿ íà-
ïðÿæåíèé ñ ó÷åòîì äåéñòâèÿ òåê-
òîíè÷åñêèõ ñèë, îöåíåííûõ ïî 
ìåòîäó íàñûùåíèÿ îáðàçöîâ 

 
Â êîíöå XX âåêà ñîçäàíà 

ìèðîâàÿ êàðòà òåêòîíè÷å-
ñêèõ íàïðÿæåíèé [4]. Îñíîâ-
íûìè èíäèêàòîðàìè òåêòî-
íè÷åñêèõ íàïðÿæåíèé â ðà-
áîòå [4] ñëóæàò ðàñøèôðîâêà ìåõàíèçìîâ î÷àãîâ çåìëåòðÿñåíèé 
(Focal Mechanism) (õàðàêòåðíàÿ ãëóáèíà 5-15 êì) è ïîêàçàòåëè 
ðàçðóøåíèÿ ñòåíîê ñêâàæèí (Breakout) (òèïè÷íàÿ ãëóáèíà 3-4 êì, â 
íåêîòîðûõ îáëàñòÿõ äî 5-6 êì). Íàèìåíåå íàäåæíûì èíäèêàòîðîì 
íàïðÿæåíèé â ðàáîòå [4] ñ÷èòàþòñÿ ðåçóëüòàòû èçìåðåíèé ìåòî-
äîì ðàçãðóçêè (Overcoring), ïîñêîëüêó îíè âûïîëíÿþòñÿ èç ãîðíûõ 
âûðàáîòîê. Èç äàííûõ ðàáîòû [4] ñëåäóåò, ÷òî, ïî êðàéíåé ìåðå 
äî ãëóáèíû 15 êì, ãîðèçîíòàëüíûå òåêòîíè÷åñêèå íàïðÿæåíèÿ 
äåéñòâóþò. Â òî æå âðåìÿ ðåçóëüòàòû èçìåðåíèé íàïðÿæåíèé â 
ãîðíûõ âûðàáîòêàõ, ïðèâåäåííûå âûøå, ñîãëàñíî èäåîëîãèè ðà-
áîòû [4], ñ÷èòàþòñÿ íàèìåíåå íàäåæíûìè èíäèêàòîðàìè òàêèõ íà-
ïðÿæåíèé. Îñíîâíûì íåäîñòàòêîì ýòîé êàðòû, ïî íàøåìó ìíå-
íèþ, ÿâëÿåòñÿ îòñóòñòâèå ñèñòåìàòè÷åñêîãî îïèñàíèÿ çàêîíîìåð-
íîñòåé ðàñïðåäåëåíèÿ òåêòîíè÷åñêèõ íàïðÿæåíèé ïî ãëóáèíå. 

Â êîíöå ïðîøëîãî âåêà íåêîòîðûå äîïîëíèòåëüíûå ñâåäåíèÿ 
ïî ýòîìó âîïðîñó ïîëó÷åíû èç äàííûõ áóðåíèÿ ñâåðõãëóáîêèõ 
ñêâàæèí. Îäíî èç çíà÷èìûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé âû-
ïîëíåíî íà Êîëüñêîé ñâåðõãëóáîêîé ñêâàæèíå (ÑÃ-3) [5]. Ïîëó-
÷åííîå ðàñïðåäåëåíèå íàïðÿæåíèé ïî ãëóáèíå, â öåëîì, õàðàê-



 160

òåðíî äëÿ ñåâåðíîé ÷àñòè Áàëòèéñêîãî ùèòà è Ïå÷åíãñêîãî ãåî-
áëîêà â ÷àñòíîñòè. Îðèåíòàöèÿ ìàêñèìàëüíûõ ñæèìàþùèõ íàïðÿ-
æåíèé â Ïå÷åíãñêîì ãåîáëîêå ïðåèìóùåñòâåííî ñóáìåðèäèîíàëü-
íàÿ. Çàâèñèìîñòè âåðòèêàëüíîé è ãîðèçîíòàëüíîé êîìïîíåíò ïîëÿ 
íàïðÿæåíèé îò ãëóáèíû ïî ðàçðåçó ÑÃ-3 ïðåäñòàâëåíû íà ðèñ. 2. 

Àíàëèçèðóÿ ñâîäíûå äàííûå ðèñ. 2, îòìåòèì, ÷òî ñ ó÷åòîì 
òåêòîíè÷åñêèõ íàïðÿæåíèé, ãîðèçîíòàëüíûå ñîñòàâëÿþùèå ïîëÿ 
íàïðÿæåíèé ïî ðàçðåçó Êîëüñêîé ñâåðõãëóáîêîé äîâîëüíî áëèçêè 
ê âåðòèêàëüíûì. Îïðåäåëåííûå ïî ìåòîäó íàñûùåíèÿ îáðàçöîâ 
ïîðîä ñðåäíåå îòíîøåíèå σqå/σz â ïðåäåëàõ ãëóáèí 4.8–10.4 êì ñî-
ñòàâëÿåò ïðèìåðíî 0.68. Ïîëó÷åííûå ïî ìåòîäó íàãðóæåíèÿ îá-
ðàçöîâ σq/σz.≈ 0.78 îò ïîâåðõíîñòè äî ãëóáèíû 11.5 êì. Òàêèì 
îáðàçîì, ðåàëüíî ãîðèçîíòàëüíàÿ ñîñòàâëÿþùàÿ ïîëÿ íàïðÿæåíèé 
ïî ðàçðåçó ÑÃ-3 ñîñòàâëÿåò 0.7–0.8 îò âåëè÷èíû âåðòèêàëüíûõ, 
îáóñëîâëåííûõ âåñîì âûøåëåæàùèõ òîëù. Ðåçêèå èçìåíåíèÿ âåëè-
÷èí σqå, σq ôèêñèðóþòñÿ â çîíå êîíòàêòà òîëù ïðîòåðîçîéñêîãî è 
àðõåéñêîãî âîçðàñòîâ (6.4–6.9 êì) è ñìåíû óãëîâ ïàäåíèÿ ñëàíöåâà-
òîñòè, ïðîñòðàíñòâåííîé îðèåíòèðîâêè ýëåìåíòîâ óïðóãîé ñèììåò-
ðèè ïîðîä (9–9.7 êì), ðèñ. 2. Ýòè èçìåíåíèÿ, â îáùåì, çàðåãèñòðè-
ðîâàíû êàê ðàñ÷åòíûìè (σq

min, σq
max, σq), òàê è ýêñïåðèìåíòàëüíû-

ìè ìåòîäàìè (σqå, σq). Åñëè ïðîñëåäèòü ñîâìåñòíî èçìåíåíèÿ âåëè-
÷èíû σq è σqå, σq ìîæíî çàêëþ÷èòü, ÷òî íàðÿäó ñ íåîäíîðîäíîñòÿ-
ìè ñòðóêòóðû ðàçðåçà, óïðóãàÿ àíèçîòðîïèÿ ïîðîä çàìåòíî âëèÿåò 
íà çíà÷åíèÿ ãîðèçîíòàëüíîé ñîñòàâëÿþùåé ïîëÿ ñîâðåìåííûõ íà-
ïðÿæåíèé. Ðîñò óïðóãîé àíèçîòðîïèè ñîïðîâîæäàåòñÿ ñèíõðîííû-
ìè èçìåíåíèÿìè σqå, σq â äèàïàçîíå 6.4–8.8 êì. Ðåçêèé ñêà÷îê âå-
ëè÷èí σqå, σq â ðàéîíå ãëóáèíû 9.7 êì, êàê ïîêàçàíî â ðàáîòå [5], 
òàêæå ñâÿçàí ñ âûñîêîé óïðóãîé àíèçîòðîïèåé ïîðîä. 

Ïðåèìóùåñòâî âåðòèêàëüíûõ íàïðÿæåíèé íàä ãîðèçîíòàëü-
íûìè âûÿâëåíî òàêæå â ðåçóëüòàòå íàòóðíûõ ýêñïåðèìåíòàëüíûõ 
èçìåðåíèé â ðóäíèêàõ, ðàñïîëîæåííûõ âáëèçè (íà ðàññòîÿíèè 5–
15 êì) ñêâàæèíû ÑÃ-3 [6]. Èçìåðåíèÿ ïðîâîäèëèñü íà ðóäíèêàõ 
«Êîòñåëüâààðà» è «Ñåâåðíûé» íà ãëóáèíå 560–780 ì îò ïîâåðõíî-
ñòè ìåòîäàìè ðàçãðóçêè, óëüòðàçâóêîâûì è ìåòîäîì ñåéñìè÷åñêîé 
òîìîãðàôèè. Â ðåçóëüòàòå èçìåðåíèé óñòàíîâëåíî, ÷òî ãîðèçîí-
òàëüíûå íàïðÿæåíèÿ â ìàññèâå ñîñòàâëÿþò 0.8–1.0 îò âåðòèêàëü-
íûõ, ÷òî ñâèäåòåëüñòâóåò î ïðåîáëàäàíèè ãðàâèòàöèîííîãî òèïà 
íàïðÿæåííîãî ñîñòîÿíèÿ ìàññèâà [6]. 

Íà Ãåðìàíñêîé ñâåðõãëóáîêîé ñêâàæèíå (ÊÒÂ) ÷àñòü îïðåäå-
ëåíèé íàïðÿæåííîãî ñîñòîÿíèÿ ïîðîä âûïîëíåíà ìåòîäîì ãèäðî-
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ðàçðûâà [7]. Â ïðåäåëàõ ãëóáèí 3–6,8 êì îöåíêà ãîðèçîíòàëüíûõ 
íàïðÿæåíèé ïðîèçâîäèëàñü ïóòåì êîìáèíèðîâàííîãî àíàëèçà âû-
âàëîîáðàçîâàíèÿ. Ðåçóëüòàòû, ïîëó÷åííûå ìåòîäîì ãèäðîðàçðûâà, 
ïîêàçàëè, ÷òî îòíîøåíèå ãîðèçîíòàëüíîé êîìïîíåíòû íàïðÿæå-
íèé ê âåðòèêàëüíîé ñîñòàâëÿåò 0.9–1,0 íà ãëóáèíå äî 1 êì. Íèæå, 
íà ãëóáèíàõ 3–9 êì, ýòî îòíîøåíèå ðàâíî 0,6–0,7. Îöåíêà ãîðè-
çîíòàëüíûõ íàïðÿæåíèé ïóòåì êîìáèíèðîâàííîãî àíàëèçà âûâà-
ëîîáðàçîâàíèÿ ïîêàçàëà çíà÷èòåëüíûé ðàçáðîñ åäèíè÷íûõ çíà÷å-
íèé. Â öåëîì æå óñðåäíåííûå âåëè÷èíû ãîðèçîíòàëüíûõ íàïðÿ-
æåíèé, ïîëó÷åííûå ïî ýòîìó ìåòîäó, áëèçêè ê âåðòèêàëüíûì. Âå-
ëè÷èíà ãîðèçîíòàëüíîé êîìïîíåíòû, èçìåðåííàÿ íà ÊÒÂ íà ãëó-
áèíå 9000 ì, ðàâíà ïðèìåðíî 150 ÌÏà [8]. 

Ìèðîâîé îïûò èçìåðåíèé çàâèñèìîñòè âåëè÷èí ãîðèçîíòàëü-
íîé êîìïîíåíòû ïîëÿ íàïðÿæåíèé îò ãëóáèíû ïîêàçûâàåò íà íà-
ëè÷èå òðåõ ñîîòíîøåíèé [4, 7, 9, 10]. Ñîãëàñíî ïåðâîìó èç íèõ 
óñðåäíåííàÿ ãîðèçîíòàëüíàÿ êîìïîíåíòà σqñ ìåíüøå âåðòèêàëüíîé 
σz. Èõ ñîîòíîøåíèå, â ñðåäíåì, ïîä÷èíÿåòñÿ âûðàæåíèþ, îïðåäå-
ëÿåìîì ãèïîòåçîé À.Í.Äèííèêà. Èìåþòñÿ ðåçóëüòàòû íàáëþäå-
íèé, êîòîðûå ïîêàçàëè ïðèìåðíîå ðàâåíñòâî σqñ≈σz. Áîëüøîå ÷èñëî 
ýêñïåðèìåíòàëüíûõ ðåçóëüòàòîâ îòíîñèòñÿ ê ñëó÷àþ, êîãäà ãîðèçîí-
òàëüíàÿ êîìïîíåíòà ïðåâîñõîäèò âåðòèêàëüíóþ êàê ïî âåëè÷èíå, 
òàê è ïî ãðàäèåíòó ðîñòà ñ ãëóáèíîé. Ïîäîáíûå äàííûå ïîëó÷åíû â 
ìàññèâàõ Ñêàíäèíàâèè [10]. Îáû÷íî òàêîå ïðåâûøåíèå îáúÿñíÿåò-
ñÿ íàëè÷èåì ðåãèîíàëüíûõ òåêòîíè÷åñêèõ íàïðÿæåíèé èëè ýðîçèåé 
çíà÷èòåëüíîãî ïî ìîùíîñòè ïîâåðõíîñòíîãî ñëîÿ ïîðîä. 

Îáîáùàÿ ïðèâåäåííûå äàííûå ìîæíî ïðèäòè ê çàêëþ÷åíèþ, 
÷òî ãîðèçîíòàëüíûå íàïðÿæåíèÿ ïðåâûøàþò âåðòèêàëüíûå â ïðå-
äåëàõ ãëóáèí äî 1–1,5 êì. Ïî èìåþùèìñÿ äàííûì è îðèåíòèðîâî÷-
íûì ðàñ÷åòàì ñ ó÷åòîì âëèÿíèÿ ðåëüåôà è áëî÷íîñòè Åâðàçèéñêîé 
ëèòîñôåðíîé ïëèòû ñðåäíåå çíà÷åíèå âåëè÷èíû òåêòîíè÷åñêèõ íà-
ïðÿæåíèé âáëèçè çåìíîé ïîâåðõíîñòè ðàâíî ~50 ÌÏà. Íàïðàâëå-
íèå äåéñòâèÿ ýòèõ ñèë ñóáìåðèäèîíàëüíîå. Ñ ãëóáèíîé âåëè÷èíà 
ãîðèçîíòàëüíîé êîìïîíåíòû ïî ñðàâíåíèþ ñ âåðòèêàëüíîé ñòàíî-
âèòñÿ ìåíüøå. Ïî äàííûì èññëåäîâàíèé, ïîëó÷åííûõ íà Êîëüñêîé 
(ÑÃ-3) è Ãåðìàíñêîé (ÊÒÂ) ñâåðõãëóáîêèõ ñêâàæèíàõ, íà ãëóáèíàõ 
3–9 êì îòíîøåíèå ãîðèçîíòàëüíîé ñîñòàâëÿþùåé ïîëÿ íàïðÿæåíèé 
ê âåðòèêàëüíîé ñîñòàâëÿåò 0,6–0,8. Ó÷èòûâàÿ íåëèíåéíûé õàðàêòåð 
äåôîðìèðîâàíèÿ ïîðîä, â ïîðîäàõ ðàçíûõ òèïîâ âîçìîæåí ïåðå-
õîä ê êâàçèãèäðîñòàòè÷åñêîìó ñîñòîÿíèþ íà ðàçíûõ ãëóáèíàõ. Ïå-
ðåñëàèâàíèå ïîðîä ðàçíûõ òèïîâ ñîçäàåò ñëîæíóþ êàðòèíó ðàñ-
ïðåäåëåíèÿ ãîðèçîíòàëüíûõ íàïðÿæåíèé ïî ãëóáèíå. 



 162

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ 
 

1. Ìàðêîâ Ã.À. Î ìîäåëè ôîðìèðîâàíèÿ èçáûòî÷íûõ ãîðèçîíòàëüíûõ íà-
ïðÿæåíèé â ãîðíûõ ïîðîäàõ ïîä âëèÿíèåì âîñõîäÿùèõ äâèæåíèé çåìíîé êîðû 
// Â êí.: Ïðèðîäà è ìåòîäîëîãèÿ îïðåäåëåíèÿ òåêòîíè÷åñêèõ íàïðÿæåíèé â 
âåðõíåé ÷àñòè çåìíîé êîðû. Àïàòèòû, Èçä. ÊÔÀÍ ÑÑÑÐ, 1981, ñ. 59–81. 

2. Ëåîíòüåâ À.Â. Àíàëèç åñòåñòâåííûõ íàïðÿæåíèé ïî ðåçóëüòàòàì èç-
ìåðåíèé â ðóäíèêàõ íà òåððèòîðèè Ñåâåðíîé Åâðàçèè. // Ôèçèêî-òåõíè-
÷åñêèå ïðîáëåìû ðàçðàáîòêè ïîëåçíûõ èñêîïàåìûõ, № 1, 2001, ñ. 31–40. 

3. Ãîðáàöåâè÷ Ô.Ô. Î ïåðåõîäå ê ãèäðîñòàòè÷åñêîìó ðàñïðåäåëåíèþ íà-
ïðÿæåíèé íà áîëüøèõ ãëóáèíàõ // Â êí.: Âçàèìîñâÿçü ãåîëîãî-òåêòîíè÷åñêîãî 
ñòðîåíèÿ, ñâîéñòâ, ñòðóêòóðíûõ îñîáåííîñòåé ïîðîä è ïðîÿâëåíèé èçáûòî÷íîé 
íàïðÿæåííîñòè. Àïàòèòû, Èçä. ÊÔÀÍ ÑÑÑÐ, 1984, ñ. 147–152. 

4. Global patterns of tectonic stress / Zoback Mary Lou, Zoback Mark D., 
Amadei Y. and eth. // Nature. – 1989. – V. 341, № 6240. – P. 291–298. 

5. Ãîðáàöåâè÷ Ô.Ô., Ñàâ÷åíêî. Ñ.Í. Ñîâðåìåííûå íàïðÿæåíèÿ â ñå-
âåðíîé ÷àñòè Áàëòèéñêîãî ùèòà ïî äàííûì èññëåäîâàíèé ïå÷åíãñêîãî ãåî-
áëîêà è ðàçðåçà Êîëüñêîé ñâåðõãëóáîêîé ñêâàæèíû // Ãåîôèçè÷åñêèé æóð-
íàë, № 6, Ò. 31, 2009. Ñ. 42–54. 

6. Ëîâ÷èêîâ À.Â., Óäàëîâ À.Å., Áåëÿâñêèé Þ.Ã. Íàïðÿæåííîå ñîñòîÿíèå 
ïîðîä â âåðõíèõ ñëîÿõ çåìíîé êîðû ïî äàííûì íàòóðíûõ èçìåðåíèé â ðóäíè-
êàõ âáëèçè ñêâàæèíû ÑÃ-3 // Âåñòíèê ÌÃÒÓ, òîì 10, № 2, 2007, Ñ. 267–272. 

7. Brudy M., Zoback M.D., Fuchs K., Rummel F., Baumgaertner J. Estima-
tion of the complete stress tensor to 8 km depth in the KTB scientific drill holes: 
Implications for crustal strength // J. Geophys. Res. - 1997. – 102, №. B8. - P. 
18453–18475. 

8. Amadei B., Stephansson O. Rock stress and its measurement. Chapman 
and Hall. London, 1997. 490 p. 

9. Herget G. Variation of rock stresses with depth at a Canadian iron mine 
// Int. J. Rock Mech. Min. Sci. – 1973. - 10. - Ð.37–51. 

10. Hast N. The measurement of rock pressure in mines // Sver. Geol. un-
dersokn. Ser. C. – 1958. - 560. - P.1–183.  

 
ÊÎÐÎÒÊÎ ÎÁ ÀÂÒÎÐÀÕ  

 

Ëîâ÷èêîâ À.Â. – äîêòîð òåõíè÷åñêèõ íàóê, ãëàâíûé íàó÷íûé ñîòðóäíèê, 
vocson@goi.kolasc.net.ru, Ãîðíûé èíñòèòóò Êîëüñêîãî íàó÷íîãî öåíòðà ÐÀÍ, 
Ãîðáàöåâè÷ Ô.Ô. – äîêòîð òåõíè÷åñêèõ íàóê, âåäóùèé íàó÷íûé ñîòðóäíèê, Ãåî-
ëîãè÷åñêèé èíñòèòóò Êîëüñêîãî íàó÷íîãî öåíòðà ÐÀÍ, gorich@geoksc.apatity.ru, 

 
 

UDC 622.831 
 

CONCERNING VERTICAL DISTRIBUTION OF TECTONIC STRESSES IN NEAR-
SURFACE LAYERS OF THE EARTH’S CRUST 
 

Lovchikov A.V., Chief Researcher, Dr.Sci. (Eng.), Mining Institute of the Kola Sci-
ence Centre of the Russian Academy of Sciences, Apatity, Russia, voc-
son@goi.kolasc.net.ru, 



 163 

Gorbatzevich F.F., Leading Researcher, Dr.Sci. (Eng.), Geological Institute of the 
Kola Science Centre of the Russian Academy of Sciences, Apatity, Russia, 
gorich@geoksc.apatity.ru. 
 
 

The paper presents data on tectonic stresses distribution in upper layers of the Earth’s crust ob-
tained by different researchers. It is shown that according to the data measured by «doorstopper» stress-
relief technique in mines of different countries and continents, horizontal tectonic stresses have the largest 
magnitude and in upper layers. They decrease with depth and are equal to vertical stresses on 1–2 km 
depth. The world map of tectonic stresses allows tracing their action up to 15 km at least. Measurements 
made by the stress-relief technique on the map are considered as the least representative ones. The paper 
presents data on stress state of rocks obtained when drilling such super-deep boreholes as the Kolskaya 
SG (super-deep) borehole-3 and Germanskaya KTV. 

Key words: tectonic stresses, stress indicators, doorstopper stress-relief technique, world map of 
tectonic stresses, super-deep boreholes. 

REFERENCES 

1. Markov G.A. O modeli formirovanija izbytochnyh gorizontal'nyh naprjazhenij v 
gornyh porodah pod vlijaniem voshodjashhih dvizhenij zemnoj kory (Model the formation of 
excess horizontal stress in the rocks under the influence of upward movements of the earth's 
crust) // V kn.: Priroda i metodologija opredelenija tektonicheskih naprjazhenij v verhnej 
chasti zemnoj kory. Apatity, KFAN USSR, 1981, pp. 59–81. 

2. Leontiev A.B. Analiz estestvennyh naprjazhenij po rezul'tatam izmerenij v rudnikah 
na territorii Severnoj Evrazii (Analysis of natural stresses according to the measurement re-
sults in mines on the territory of Northern Eurasia) // Fiziko-tehnicheskie problemy raz-
rabotki poleznyh iskopaemyh, No 1, 2001, pp. 31–40. 

3. Gorbatzevich F.F. O perehode k gidrostaticheskomu raspredeleniju naprjazhenij na 
bol'shih glubinah (Transition to hydrostatic stress distribution at great depths) // V kn.: 
Vzaimosvjaz' geologo-tektonicheskogo stroenija, svojstv, strukturnyh osobennostej porod i 
projavlenij izbytochnoj naprjazhennosti. Apatity, KFAN USSR, 1984, pp. 147–152. 

4. Global patterns of tectonic stress (Global patterns of tectonic stress) / Zoback Mary 
Lou, Zoback Mark D., Amadei Y. and eth. // Nature. 1989. V. 341, No 6240. pp. 291–298. 

5. Gorbatzevich F.F., Savchenko S.N. Sovremennye naprjazhenija v severnoj chasti 
Baltijskogo shhita po dannym issledovanij pechengskogo geobloka i razreza Kol'skoj sverh-
glubokoj skvazhiny (Modern stresses in the Northern part of the Baltic shield according to re-
search Pechenga megablock and the section of the Kola superdeep borehole) // 
Geofizicheskij zhurnal, No 6, V. 31, 2009, pp. 42–54. 

6. Lovchikov A. V., Udalov A.E., Belyavsky Yu.G., Naprjazhennoe sostojanie porod v 
verhnih slojah zemnoj kory po dannym naturnyh izmerenij v rudnikah vblizi skvazhiny SG-3 
(Stress state of rocks in the upper layers of the earth's crust according to measurements in 
mines near the borehole SG-3) // Vestnik MGTU. V.10, No 2, 2007, pp. 267–272. 

7. Brudy M., Zoback M.D., Fuchs K., Rummel F., Baumgaertner J. Estimation of the 
complete stress tensor to 8 km depth in the KTB scientific drill holes: Implications for crustal 
strength (Estimation of the complete stress tensor to 8 km depth in the KTB scientific drill 
holes: Implications for crustal strength) // J. Geophys. Res, 1997. 102, No. B8. pp. 
18453–18475. 

8. Amadei B., Stephansson O. Rock stress and its measurement (Rock stress and its 
measurement). Chapman and Hall. London, 1997. 490 p. 

9. Herget G. Variation of rock stresses with depth at a Canadian iron mine (Variation 
of rock stresses with depth at a Canadian iron mine) // Int. J. Rock Mech. Min. Sci. 1973. 
10. pp.37–51. 

10. Hast N. The measurement of rock pressure in mines (The measurement of rock 
pressure in mines) // Sver. Geol. undersokn. Ser. C., 1958. 560. pp.1–183. 


