
 113 

© Ò.Â. Áàéáàêîâà, 2014 
 

ÓÄÊ 550.834 

Ò.Â. Áàéáàêîâà 

ÊÎÌÏËÅÊÑÍÀß ÈÍÒÅÐÏÐÅÒÀÖÈß ÄÀÍÍÛÕ 
ÌÀËÎÃËÓÁÈÍÍÎÉ ÑÅÉÑÌÎÐÀÇÂÅÄÊÈ Â ÑËÎÆÍÛÕ 
ÃÎÐÍÎ-ÃÅÎËÎÃÈ×ÅÑÊÈÕ ÓÑËÎÂÈßÕ* 

Ðàññìîòðåí ïðèìåð âíåäðåíèÿ â ïðàêòèêó ñåéñìîðàçâåäî÷íûõ èññëåäîâàíèé, ïî 
ìåòîäèêå îáùåé ãëóáèííîé òî÷êè, êîìïëåêñíîé èíòåðïðåòàöèè ñ êîëè÷åñòâåííîé 
îöåíêîé âîëíîâûõ õàðàêòåðèñòèê ïðè ðåøåíèè çàäà÷è êîíòðîëÿ ðàçâèòèÿ òåõíî-
ãåííîãî ñîëÿíîãî êàðñòà. Îáúåêò èíòåðåñåí òåì, ÷òî íà ñåãîäíÿøíèé ìîìåíò èäóò 
îñåäàíèÿ çåìíîé ïîâåðõíîñòè è ìîíèòîðèíãîâûìè ñåéñìîðàçâåäî÷íûìè ðàáîòàìè 
ìîæíî íàáëþäàòü ðàçâèòèå ñîëÿíîãî êàðñòà â ðåàëüíîì âðåìåíè. Ìàòåðèàë èññëå-
äîâàíèé îôîðìëåí â âèäå ïðîñòðàíñòâåííî-âðåìåííûõ äèàãðàìì êîìïëåêñíîãî 
ïàðàìåòðà, êîòîðûå îòîáðàæàþò åãî èçìåíåíèÿ ïî ïðîôèëþ â òå÷åíèå âñåãî öèê-
ëà íàáëþäåíèé.  
Këþ÷åâûå ñëîâà: äèíàìè÷åñêèå è êèíåìàòè÷åñêèå õàðàêòåðèñòèêè, êîìïëåêñíàÿ 
èíòåðïðåòàöèÿ, ñîëÿíîé êàðñò, êîìïëåêñíûé ïàðàìåòð, èíôîðìàòèâíîñòü ñåéñìè-
÷åñêèõ àòðèáóòîâ, ïðîñòðàíñòâåííî-âðåìåííàÿ îöåíêà. 

 

 
 

êñïëóàòàöèÿ ðóäíèêà ÁÊÏÐÓ-1 
íà÷àòà â 1954 ã. Åãî øàõòíîå 

ïîëå ïðîñòèðàåòñÿ ïîä ïðîìûøëåí-
íîé çîíîé è æèëûìè êâàðòàëàìè ãî-
ðîäà. Â 2006 ã. çäåñü ïðîèçîøëà òåõ-
íîãåííàÿ àâàðèÿ, ïðèâåäøàÿ ê çàòîï-
ëåíèþ âñåãî âûðàáîòàííîãî ïîäçåì-
íîãî ïðîñòðàíñòâà îáúåìîì áîëåå 80 
ìëí ì3 è îáðàçîâàíèþ ïðîâàëîâ çåì-
íîé ïîâåðõíîñòè â 2007, 2010 è 
2011 ãã.  

Â íàñòîÿùåå âðåìÿ íà ðàññìàòðè-
âàåìîé òåððèòîðèè ïðîäîëæàþò ðàç-
âèâàòüñÿ îïàñíûå ãåîëîãè÷åñêèå ïðî-
öåññû: ñóôôîçèîííî-êàðñòîâûå, ñî-
ëåâîãî ðàñòâîðåíèÿ è ïåðåíîñà è 
äðóãèå. Çà íèìè âåäóòñÿ êîìïëåêñíûå 
ìîíèòîðèíãîâûå íàáëþäåíèÿ, ðåçóëü-
òàòû êîòîðîãî óêàçûâàþò íà àêòèâ-
íîñòü ãåîëîãè÷åñêèõ ïðîöåññîâ â ìàñ-
ñèâàõ ãîðíûõ ïîðîä. Íàêîïëåíî íå-
ìàëî èññëåäîâàíèé è íàó÷íûõ ãèïîòåç 
ïî ðàçëè÷íûì îïàñíûì îáúåêòàì 
ÁÊÏÐÓ-1 [1, 2, 6, 7].   

Â äàííîé ðàáîòå ïðåäñòàâëåí îäèí 
èç ïðîáëåìíûõ ó÷àñòêîâ çàòîïëåííîãî 
ðóäíèêà, êîòîðûé ïðîäîëæàþò êîí-
òðîëèðîâàòü ñåéñìîðàçâåäî÷íûìè ðà-
áîòàìè. Ïðîàíàëèçèðîâàíû ðåçóëüòà-
òû öèôðîâîé îáðàáîòêè è èíòåðïðå-
òàöèè 16-òè öèêëîâ ñåéñìîðàçâåäî÷-
íûõ íàáëþäåíèé. Ðàáîòû âûïîëíÿ-
ëèñü ïî ïðîôèëüíîé ëèíèè №4, êîòî-
ðàÿ ïðîõîäèò ñ çàïàäà íà âîñòîê ÷å-
ðåç ýïèöåíòð ïëîùàäè óñêîðåííûõ 
îñåäàíèé çåìíîé ïîâåðõíîñòè (ðèñ.1). 

Íàáëþäåíèÿ ïðîâîäèëèñü â òå÷å-
íèå 2012 è 2013 ãîäîâ è ïðîäîëæà-
þòñÿ íà äàííûé ìîìåíò. Íà ðèñ. 2 
ïðåäñòàâëåí ðåçóëüòàò öèôðîâîé îáðà-
áîòêè ïî ïðîôèëþ №4 íà ïåðâîíà-
÷àëüíûé ìîìåíò èññëåäîâàíèé 02.2012 
ãîäà. Âûäåëåí ðÿä îòðàæàþùèõ ãîðè-
çîíòîâ – ÑÌÒ – êðîâëÿ ñîëÿíî-
ìåðãåëüíîé òîëùè; ÏÏ – êðîâëÿ ïåðå-
õîäíîé ïà÷êè; Êàðí – êðîâëÿ êàðíàë-
ëèòîâ; Ñèë – êðîâëÿ ñèëüâèíèòîâ; ÌÃ – 
êðîâëÿ ìàðêèðóþùåé ãëèíû.  

Ý 

 
______________ 
*Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ãðàíòà ÐÔÔÈ № 12-05-31102. 
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Íà äàííîì ïðîôèëå ïî íåãàòèâ-
íûì èçìåíåíèÿì ñåéñìîðàçâåäî÷íûõ 
ïàðàìåòðîâ  â èíòåðâàëå îò êðîâëè 
ñîëÿíî-ìåðãåëüíîé òîëùè äî ïîäîøâû 
ïðîäóêòèâíûõ îòëîæåíèé âûäåëÿåòñÿ 
äâà ó÷àñòêà: 120-280 ì  è 550-720 ì 
îò íà÷àëà ïðîôèëÿ (ðèñ. 2, à). Ñî-
ãëàñíî ïðåäñòàâëåííîé ñõåìû îáà 
ó÷àñòêà îòíîñÿòñÿ ê êðàåâûì ÷àñòÿì 
çîíû óñêîðåííûõ îñåäàíèé çåìíîé 
ïîâåðõíîñòè è ê ïðåäïîëàãàåìûì 
ãðàíèöàì âûêëèíèâàíèÿ îïîðíûõ èí-
òåðâàëîâ âîäîçàùèòíîé òîëùè.  

Îñëîæíåíèÿ âîëíîâîãî ïîëÿ, îò-
ìå÷åííûå íà âðåìåííîì ðàçðåçå, õà-
ðàêòåðèçóþòñÿ ñíèæåíèåì çíà÷åíèé 
ýôôåêòèâíûõ ñêîðîñòåé è èíòåíñèâ-
íîñòè ñåéñìè÷åñêîé çàïèñè. Âåðîÿòíåé 
âñåãî, îíè âûçâàíû ñíèæåíèåì çíà÷å-
íèé ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ ïî-
ðîä ñîëÿíîé òîëùè.  

Â êîëè÷åñòâåííîì îòíîøåíèè íàè-
áîëüøèìè íåãàòèâíûìè èçìåíåíèÿìè 
õàðàêòåðèçóåòñÿ âîñòî÷íûé ó÷àñòîê 
(ðèñ. 2, á). Ïàäåíèå çíà÷åíèé ñêîðî-
ñòåé îòíîñèòåëüíî çàïàäíîé ïîëîâè-
íû ïðîôèëÿ, çäåñü â èíòåðâàëå âåðõ-
íåé ÷àñòè ïðîäóêòèâíîé òîëùè äîñòè-
ãàåò 300 ì/c. Ñëåäóåò îòìåòèòü äëÿ 
îáîèõ ó÷àñòêîâ ïðîñòðàíñòâåííóþ ñî-
ãëàñîâàííîñòü íèçêîñêîðîñòíûõ çîí â 
ïðèïîâåðõíîñòíûõ îòëîæåíèÿõ è â 
èíòåðâàëå ÂÇÒ. 

Ïî íàáîðó ñåéñìîðàçâåäî÷íûõ 
êðèòåðèåâ (÷àñòîòà, àìïëèòóäà, êîãå-
ðåíòíîñòü) ìîæíî ïðåäïîëîæèòü, ÷òî 
â ïðåäåëàõ âûäåëåííûõ ó÷àñòêîâ íà 
äàííûé ìîìåíò íàðóøåííîñòü  ïîðîä-
íîãî ìàññèâà â ðàçëè÷íûõ èíòåðâàëàõ 
íîñèò ðàçíûé õàðàêòåð.  

Èññëåäîâàíèÿ ïîñëåäíèõ ëåò [5, 7, 
10] íà Âåðõíåêàìñêîì ìåñòîðîæäåíèè  

 
Ðèñ. 1. Ñõåìà íàáëþäåíèé 

 



 115 

êàëèéíûõ ñîëåé íàïðàâëåíû, ïðåæäå 
âñåãî, íà ïîèñê ñâÿçåé ìåæäó ïîíè-
æåííûìè ôèçèêî-ìåõàíè÷åñêèìè 
ñâîéñòâàìè ñðåäû è ãðóïïîé ñåéñìè-
÷åñêèõ ïàðàìåòðîâ â öåëÿõ êàðòèðî-
âàíèÿ àíîìàëèé ãåîëîãè÷åñêîãî ðàç-
ðåçà äëÿ îáåñïå÷åíèÿ áåçîïàñíîñòè 
ïðîèçâîäñòâà ãîðíûõ ðàáîò. Óìåíü-
øåíèå ðåãóëÿðíîñòè è ÷àñòîòû ñåéñ-
ìè÷åñêîé çàïèñè, èíòåíñèâíîñòè è 
ñêîðîñòåé ðàñïðîñòðàíåíèÿ óïðóãèõ 
âîëí ñâèäåòåëüñòâóåò îá óõóäøåíèè 
ïðî÷íîñòíûõ ñâîéñòâ ïîðîä ãîðíîãî 
ìàññèâà.  

Êîìïëåêñèðîâàíèå ñåéñìè÷åñêèõ 
àòðèáóòîâ ïðåäñòàâëÿåò ñîáîé ñîâìå-
ñòíûé àíàëèç îïðåäåëёííûõ êèíåìà-
òè÷åñêèõ è äèíàìè÷åñêèõ õàðàêòåðè-
ñòèê âîëíîâîãî ïîëÿ, îáúåäèíёííûõ â 
îäèí ïàðàìåòð [4]. Òî÷íîñòü ëîêàëè-

çàöèè àíîìàëèé ïîâûøàåòñÿ çà ñ÷åò 
îòáîðà ñîñòàâëÿþùèõ, íàèáîëåå ÷óâ-
ñòâèòåëüíûõ ê îïðåäåëёííîìó òèïó 
íàðóøåíèÿ. Â ñîñòàâå íàáîðà äëÿ 
ðàñ÷åòà ÊÏ äëÿ ãîðíî-òåõíè÷åñêîé 
íåîäíîðîäíîñòè âõîäÿò: àìïëèòóäà,  
÷àñòîòà, îòíîøåíèå ñèãíàë\øóì è 
ýôôåêòèâíàÿ ñêîðîñòü. Èñõîäÿ èç 
ïðèðîäû ðàññìàòðèâàåìîé òåõíîãåí-
íîé àíîìàëèè, îïðåäåëåíî ñî÷åòàíèå 
ïðåäñòàâëåííûõ äèíàìè÷åñêèõ è êè-
íåìàòè÷åñêèõ ïàðàìåòðîâ – ýòî ïàäå-
íèå çíà÷åíèé âñåõ ñåéñìè÷åñêèõ õàðàê-
òåðèñòèê îòíîñèòåëüíîãî îáùåãî ôîíà 
èçìåíåíèÿ àòðèáóòà. Ïîâûøåíèå òî÷-
íîñòè ëîêàëèçàöèè íåîäíîðîäíîñòè 
äîñòèãàåòñÿ çà ñ÷åò îöåíêè èíôîðìà-
öèîííîãî âêëàäà êàæäîãî èç îïðåäå-
ëÿåìûõ ïàðàìåòðîâ, è ñîîòâåòñòâåííî, 
èõ ñëåäóåò âíîñèòü â êîìïëåêñíûé  

 
 

Ðèñ. 2. Ðåçóëüòàòû öèôðîâîé îáðàáîòêè ïî ïðîôèëþ №4: à) âðåìåííîé ðàçðåç 
ÎÃÒ è á) ñêîðîñòíàÿ õàðàêòåðèñòèêà âðåìåííîãî ðàçðåçà 
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ïàðàìåòð ñ îïðåäåëёííûìè âåñîâûìè 
êîýôôèöèåíòàìè (òàáëèöà). Çíàêîì 
«-» îáîçíà÷åíî ñíèæåíèå çíà÷åíèé 
õàðàêòåðèñòèêè âîëíîâîãî ïîëÿ îòíî-

ñèòåëüíîãî îáùåãî ôîíà. Âåñîâûå 
êîýôôèöèåíòû ïîëó÷åíû â ðåçóëüòàòå 
ïðîâåäåíèÿ ìîäåëèðîâàíèÿ è ìàòåìà-
òè÷åñêèõ ðàñ÷ёòîâ [2]. 
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Ðèñ. 3. Ïðîñòðàíñòâåííî-âðåìåííûå äèàãðàììû êîìïëåêñíîãî ïàðàìåòðà 
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Äëÿ âñåõ ýòàïîâ èññëåäîâàíèÿ ïî 
ïðîôèëþ №4 ðàññ÷èòàí êîìïëåêñíûé 
ïàðàìåòð ñ ó÷ёòîì âåñîâûõ êîýôôè-
öèåíòîâ. Äëÿ êàæäîãî ãîðèçîíòà, 
ïðîñëåæåííîãî íà âðåìåííîì ðàçðå-
çå, ïîñòðîåíà ïðîñòðàíñòâåííî-
âðåìåííàÿ äèàãðàììà (ðèñ. 3). Ïî 
âåðòèêàëè ðàñïîëàãàåòñÿ âðåìÿ ïðî-
âåäåíèÿ ðàáîò. Ïîâûøåííûå çíà÷å-
íèÿ ÊÏ ñîîòâåòñòâóþò ìèíèìàëüíûì 
çíà÷åíèÿì õàðàêòåðèñòèê âîëíîâîãî 
ïîëÿ – àìïëèòóäû, îòíîøåíèÿ ñèã-
íàë/øóì, ýôôåêòèâíîé ñêîðîñòè è 
÷àñòîòû. 

Êàê óæå áûëî ñêàçàíî âûøå, ñ ñà-
ìîãî ïåðâîãî íàáëþäåíèÿ íà ïðî-
ôèëå ñôîðìèðîâàëîñü äâå çîíû – 
«çàïàäíàÿ» (ÏÊ 120-280) è «âîñòî÷-
íàÿ» (ÏÊ 550-720). Ñî âðåìåíåì 
ãðàíèöû çàïàäíîé îáëàñòè ðàñøèðè-
ëèñü è ñîñòàâëÿþò ÏÊ 100-400. Íà 
âñåõ äèàãðàììàõ êîìïëåêñíîãî ïà-
ðàìåòðà ïðîñëåæèâàþòñÿ äàííûå 
îáëàñòè.  

Íàèáîëåå ÿðêàÿ àíîìàëèÿ ÊÏ íà 
«çàïàäíîì» ó÷àñòêå îñëîæíåíèé ôèê-
ñèðóåòñÿ íà äèàãðàììå Åê ñ ïåðâûõ 
äàò íàáëþäåíèé è ïðîñëåæèâàåòñÿ íà 
ïðîòÿæåíèè âñåãî öèêëà èññëåäîâà-

íèé. Èíòåðâàë Ñèë õàðàêòåðèçóåòñÿ 
òåìè æå îñîáåííîñòÿìè, ÷òî è ïðåäû-
äóùàÿ äèàãðàììà. Äëÿ  ãîðèçîíòîâ 
ÏÏ, Åê è Ñèë àíîìàëüíûå çíà÷åíèÿ â 
ïåðâûå öèêëû íàáëþäåíèé ñãðóïïè-
ðîâàëèñü â èíòåðâàëå ïèêåòîâ 200-
300, à íà÷èíàÿ ñ 2013 ãîäà, ïåðåìåñ-
òèëèñü íà ÏÊ 300-450, ÷òî, ñêîðåå 
âñåãî, ñâÿçàíî ñ ðàñøèðåíèåì çîíû 
îñåäàíèé.  

Òàêèì îáðàçîì, ìîæíî ïðåäïîëî-
æèòü, ÷òî àêòèâíûå ïðîöåññû ðàçóï-
ëîòíåíèÿ ìàññèâà øëè â èíòåðâàëå Åê 
è Ñèë íà ïðîòÿæåíèè âñåãî âðåìåíè 
íàáëþäåíèé è â áîëüøåé ñòåïåíè â 
«çàïàäíîé» çîíå. Ñ ìàðòà 2013 ãîäà 
òî æå ñàìîå ïðîèñõîäèò â ÏÏ, à ñ ìàÿ 
– â ÑÌÒ. 

Ïîäðîáíûé àíàëèç àâàðèéíûõ ñè-
òóàöèé, à òàêæå ìîìåíò ïðîãíîçà çíà-
÷èìûõ èçìåíåíèé, âîçìîæåí ïðè îð-
ãàíèçàöèè íà ó÷àñòêå ìîíèòîðèíãà ñ 
îïðåäåëёííîé ïåðèîäè÷íîñòüþ, çàâè-
ñÿùåé îò ñòåïåíè îïàñíîñòè îáúåêòà. 
Äëÿ ðàññìîòðåííîãî ïðèìåðà ñåéñ-
ìîðàçâåäî÷íûå íàáëþäåíèÿ ïðîâîäè-
ëèñü ðàç â ìåñÿö. Ýòî ïîçâîëÿåò â 
äîñòàòî÷íîé ñòåïåíè òî÷íî óñòàíî-
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The main causes of emergencies, that have arisen in the major potash basins in Germany and Canada, as-

sociated with the lack of information about the mining fields geological structure features. 
One of the most significant emergencies consequences on potash mines is the formation of the earth's sur-

face caves. The main reasons of their forming consist in intensification of technogenic salt processes. 
One of the most informative geophysical methods at the study of such processes is the common depth 

point method seismic survey. During interpretation the complex analysis of the following wave field compo-
nents: amplitude, effective velocity, frequency and signal/noise ratio is more informative. The informative es-
timation of the used field attributes allows to define the local inhomogeneities boundaries.  
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In this article the example of implementation in seismic researches practice of similar complex interpreta-
tion methodology with the wave attributes quantitative estimation in solving technogenic salt karst develop-
ment control problems is considered. The object is interesting in that at the moment there is the earth's surface 
subsidence and monitoring seismic surveys can observe the development of salt karst in real time. All accumu-
lated material is executed as space-time diagrams of complex parameter, that represent his changes on a pro-
file throughout the cycle of observations. 

Key words: dynamic and kinematic characteristics, complex interpretation, salt karst, complex parameter, 
seismic attribute informative, space-time estimation.  
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