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ÓÄÊ 550.834 

À.Â. ×óãàåâ 

ÊÐÈÒÅÐÈÈ ÎÖÅÍÊÈ ÊÀ×ÅÑÒÂÀ ÌÎÍÈÒÎÐÈÍÃÀ 
ÏÎÄÐÀÁÀÒÛÂÀÅÌÛÕ ÒÅÐÐÈÒÎÐÈÉ Ñ ÏÎÌÎÙÜÞ 
ÏÎÂÅÐÕÍÎÑÒÍÛÕ ÂÎËÍ* 

Íà Âåðõíåêàìñêîì ìåñòîðîæäåíèè êàëèéíûõ ñîëåé, â ñâÿçè ñ àâàðèéíûìè ñîáû-
òèÿìè ïîñëåäíèõ íåñêîëüêèõ ëåò, îïðåäåëåíû íàèáîëåå îïàñíûå ó÷àñòêè, ïî êîòî-
ðûì âåäóòñÿ ðàçëè÷íûå ìîíèòîðèíãîâûå èññëåäîâàíèÿ, â òîì ÷èñëå ñåéñìîðàçâå-
äî÷íûå. Ïðîâåäåí àíàëèç ñåðèè èçìåðåíèé, ïîëó÷åííûõ â ïðîöåññå ìîíèòîðèíãî-
âûõ èññëåäîâàíèé àâàðèéíîãî ó÷àñòêà øàõòíîãî ïîëÿ çàòîïëåííîãî ðóäíèêà ñ ïî-
ìîùüþ ïîâåðõíîñòíûõ âîëí. Ñäåëàíî çàêëþ÷åíèå îá èçìåíåíèè ñêîðîñòíîé õà-
ðàêòåðèñòèêè ïðèïîâåðõíîñòíîé ÷àñòè ãîðíîãî ìàññèâà âî âðåìåíè, ÷òî â ñâîþ 
î÷åðåäü ÿâëÿåòñÿ èíäèêàòîðîì íàëè÷èÿ íåãàòèâíûõ ïðîöåññîâ îñëàáëåíèÿ ïðî÷-
íîñòíûõ õàðàêòåðèñòèê â ãîðíîì ìàññèâå. Óñòàíîâëåíà ñâÿçü ìåæäó óðîâíåì ãðóí-
òîâûõ âîä è çíà÷åíèåì ñêîðîñòè ïîïåðå÷íûõ âîëí, ýìïèðè÷åñêè îïðåäåëåí êî-
ýôôèöèåíò ñâÿçè. 
Êëþ÷åâûå ñëîâà: ìíîãîâîëíîâàÿ ñåéñìîðàçâåäêà, ãåîôèçè÷åñêèé êîíòðîëü, îòðà-
æåííûå âîëíû, ïîâåðõíîñòíûå âîëíû, ìîíèòîðèíã, òåõíîãåííàÿ êàòàñòðîôà, 
áåçîïàñíîñòü ãîðíûõ ðàáîò, ñòàòèñòè÷åñêèé àíàëèç. 

 

 
 

íòåíñèâíûå òåõíîãåííûå 
ïðîöåññû, ïðîèñõîäÿùèå â 

ãîðíîì ìàññèâå íà ïîäðàáîòàííûõ 
òåððèòîðèÿõ, îáóñëàâëèâàþò íåîáõî-
äèìîñòü ðåãóëÿðíîãî ìîíèòîðèíãà, íà-
ïðàâëåííîãî íà êîíòðîëü ñîñòîÿíèÿ 
èíæåíåðíî-àêòèâíîé çîíû, âëèÿþùåé 
íà óñòîé÷èâîñòü çäàíèé è ñîîðóæåíèé. 

Íà Âåðõíåêàìñêîì ìåñòîðîæäåíèè 
êàëèéíûõ ñîëåé, â ñâÿçè ñ àâàðèéíû-
ìè ñîáûòèÿìè ïîñëåäíèõ íåñêîëüêèõ 
ëåò, îïðåäåëåíû íàèáîëåå îïàñíûå 
ó÷àñòêè, ïî êîòîðûì âåäóòñÿ ðàçëè÷-
íûå ìîíèòîðèíãîâûå èññëåäîâàíèÿ 
[1, 2]. Äëÿ îöåíêè çíà÷èìîñòè ðåãèñò-
ðèðóåìûõ èçìåíåíèé íåîáõîäèìî îï-
ðåäåëèòü êðèòåðèè, ïîçâîëÿþùèå 
ôèêñèðîâàòü íàëè÷èå èçìåíåíèÿ ôè-
çèêî-ìåõàíè÷åñêèõ ñâîéñòâ èçó÷àåìî-
ãî èíòåðâàëà ïîðîäíîãî ìàññèâà. 

Ïðîâåäåí àíàëèç ñåðèè èçìåðå-
íèé, ïîëó÷åííûõ â ïðîöåññå ìîíèòî-

ðèíãîâûõ èññëåäîâàíèé àâàðèéíîãî 
ó÷àñòêà øàõòíîãî ïîëÿ çàòîïëåííîãî 
ðóäíèêà ñ ïîìîùüþ ïîâåðõíîñòíûõ 
âîëí. Ñåðèÿ ñîñòîÿëà èç 14 íàáëþäå-
íèé ïî ïîâòîðÿþùåìóñÿ ïðîôèëþ. 
Èññëåäîâàíèÿ ïðîâîäèëèñü ñ îäèíàêî-
âîé ñèñòåìîé ðàññòàíîâêè è àïïàðàòó-
ðîé, âðåìÿ ìåæäó ïåðâûì è ïîñëåäíèì 
èçìåðåíèåì – 20 ìåñÿöåâ. Ðåçóëüòàòîì 
îäíîãî èçìåðåíèÿ ÿâëÿåòñÿ ñêîðîñòíîå 
ðàñïðåäåëåíèå ïî ðàçðåçó V(x,h), ïîëó-
÷àåìîå ñ ïîìîùüþ àíàëèçà äèñïåðñèè 
ïîâåðõíîñòíûõ âîëí. Ãëóáèíû èññëå-
äîâàíèé ïîâåðõíîñòíûìè âîëíàìè ñî-
ñòàâëÿþò îò 0 äî 40 ìåòðîâ (ðèñ. 1). 
Ïðèíèìàÿ î âíèìàíèå ìíîãîêðàòíîå 
ïîâòîðåíèå íàáëþäåíèé, â íàøåì 
ðàñïîðÿæåíèè èìååòñÿ òðåõìåðíûé 
êóá äàííûõ V = f(x,h,t), ãäå V – ñêî-
ðîñòü ïîïåðå÷íûõ âîëí, x – ïèêåò íà 
ïðîôèëå, h – ãëóáèíà, t – äàòà èññëå-
äîâàíèÿ

 
_______________ 
*Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ №12-05-31102 
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Ðèñ. 1. Ãëóáèííûå ñêîðîñòíûå ðàçðåçû ïî ïîâåðõíîñòíûì âîëíàì 
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Äëÿ âèçóàëèçàöèè è ïîñëåäóþùåãî 
àíàëèçà äàííûõ ïðåäëîæåíî íåñêîëü-
êî ïîäõîäîâ:  

1. Èíòåãðàëüíàÿ îöåíêà îäíîãî 
èçìåðåíèÿ è ïîñòðîåíèå ðåãèîíàëü-
íîãî òðåíäà, ïîçâîëÿþùåãî îöåíèòü 
âëèÿíèå ëîêàëüíûõ ãëóáèííûõ àíîìà-
ëèé íà òåððèòîðèþ â öåëîì.  

2. Ïîèñê ó÷àñòêîâ ðàçðåçà ñ íàè-
áîëåå íåóñòîé÷èâûì îïðåäåëåíèåì 
ñêîðîñòíîé õàðàêòåðèñòèêè.  

3. Ïîèñê ó÷àñòêîâ ðàçðåçà ñ íàè-
áîëåå èíòåíñèâíûì èçìåíåíèåì ñêî-
ðîñòåé ïîïåðå÷íûõ âîëí.  

4. Ïîñòðîåíèå ïðîñòðàíñòâåííî-
âðåìåííûõ äèàãðàìì, ïîçâîëÿþùèõ 
îöåíèòü ïîâåäåíèå ñêîðîñòíîé õàðàê-
òåðèñòèêè âî âðåìåíè. 

Èíòåãðàëüíàÿ îöåíêà è îïðåäåëå-
íèå óñòîé÷èâîñòè ðåçóëüòàòîâ. 

Ðàññ÷èòàíû ìåäèàíû ñêîðîñòåé V  
ïî ðàçðåçó äëÿ êàæäîãî èç íàáëþäå-
íèé è îïðåäåëåíà ëèíåéíàÿ ðåãðåññèÿ 
(ðèñ. 2). Ñðåäíåêâàäðàòè÷åñêîå îò-

êëîíåíèå σt äëÿ ôóíêöèè = iF V t( )  
ñîñòàâèëî 26 ì/ñ. 

Êàê èçâåñòíî, â ðûõëûõ ãðóíòàõ 
ïîïåðå÷íûå âîëíû ÷óâñòâèòåëüíû ê 
âëàãîíàñûùåííîñòè ïîðîä, è ïðè ïî-
âûøåíèè âëàæíîñòè, çà ñ÷åò ðàçìÿã-
÷åíèÿ ìèíåðàëüíîãî ñêåëåòà ïîðîäû, 
ñêîðîñòü ïîïåðå÷íûõ âîëí ñíèæàåòñÿ 
[3]. Ýòîò ýôôåêò îêàçàëñÿ ñóùåñòâåí-
íûì ïðè ïðîâåäåíèè ìîíèòîðèíãîâûõ 
èññëåäîâàíèé. Ïîñêîëüêó âëàæíîñòü 
ãðóíòîâ íàïðÿìóþ íå èçìåðÿëàñü, èñ-
ïîëüçîâàí êîñâåííûé ñïîñîá îïðåäå-
ëåíèÿ âîäîíàñûùåííîñòè ãðóíòîâ. Íå-
ïîñðåäñòâåííî íà èçó÷àåìîì ïðîôèëå 
â ãèäðîãåîëîãè÷åñêîé ñêâàæèíå ïðîâî-
äèòñÿ ìîíèòîðèíã óðîâíÿ ãðóíòîâûõ 
âîä (ÓÃÂ). ÓÃÂ èìååò ÷åòêèå ñåçîííûå 
êîëåáàíèÿ ñ ëîêàëüíûìè ìàêñèìóìàìè 
â âåñåííèå è îñåííèå ìåñÿöû, è ìèíè-
ìóìàìè çèìîé è ëåòîì. 

Ñðàâíåíèå ãðàôèêîâ èçìåíåíèÿ 
ñêîðîñòè ïîïåðå÷íûõ âîëí è óðîâíÿ 
ãðóíòîâûõ âîä âûÿâèëî îáðàòíóþ çà-

 
 
Ðèñ. 2. Èçìåíåíèå ìåäèàíû ñêîðîñòè ïîïåðå÷íûõ âîëí ïî ðàçðåçó ñî âðåìåíåì 
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âèñèìîñòü ÓÃÂ è ñêîðîñòåé ïîïåðå÷-
íûõ âîëí, ñ íåêîòîðûì çàïàçäûâàíè-
åì óðîâíÿ ãðóíòîâûõ âîä âî âðåìåíè, 
÷òî ëîãè÷íî îáúÿñíÿåòñÿ, âåäü âû-
ïàâøèå îñàäêè, ôèëüòðóÿñü ÷åðåç 
ðûõëûå ïðèïîâåðõíîñòíûå îòëîæå-
íèÿ, íå ñðàçó äîñòèãàþò âîäîíîñíûõ 
ãîðèçîíòîâ òåððèãåííî-êàðáîíàòíîé 
òîëùè. Íà îñíîâå ñðàâíåíèÿ ãðàôè-
êîâ, çàïàçäûâàíèå îöåíåíî êàê 20 
äíåé è ó÷òåíî â ïîñëåäóþùèõ ïî-
ñòðîåíèÿõ (ðèñ. 3). 

Ýìïèðè÷åñêè îïðåäåëåí êîýôôè-
öèåíò îáðàòíîé ñâÿçè ñêîðîñòè ïîïå-
ðå÷íûõ âîëí è óðîâíÿ ãðóíòîâûõ âîä, 
â çíà÷åíèÿ ñêîðîñòåé ââåäåíà ïî-
ïðàâêà çà êîëåáàíèÿ âëàæíîñòè ïî-
ðîä. Ýòî ïîçâîëèëî ñîêðàòèòü ðàç-
áðîñ çíà÷åíèé ñêîðîñòåé ïîïåðå÷íûõ 
âîëí σt ñ 26 ì/ñ äî 22 ì/ñ. 

Ïîñêîëüêó íàñ áîëüøå âñåãî èí-
òåðåñóåò èçìåíåíèå ïàðàìåòðîâ âî 
âðåìåíè, ïîñòðîåíî ðàñïðåäåëåíèå 

ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ 
ïî ðàçðåçó σ(x,h). Äëÿ ýòîãî ìàññèâ 
V(x,h,t) ðàçáèâàåòñÿ íà íàáîð îäíî-
ìåðíûõ êðèâûõ Vx,h = f(t), êàæäàÿ èç 
êîòîðûõ àïïðîêñèìèðóåòñÿ ëèíåéíîé 
ôóíêöèåé, ïîñëå ÷åãî îïðåäåëÿåòñÿ 
ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå 
σx,h (ðèñ. 4). 

Íà ýòîì ðàñïðåäåëåíèè âûäåëÿþò-
ñÿ îáëàñòè ïîâûøåííûõ çíà÷åíèé: ó 
ïîâåðõíîñòè è íà ãëóáèíå. Ïîâåðõíî-
ñòíûå âàðèàöèè îáúÿñíÿþòñÿ ñåçîí-
íûìè êîëåáàíèÿìè âëàæíîñòè, ïðî-
ìåðçàíèåì ïî÷âû, äâèæåíèåì ïðèïî-
âåðõíîñòíûõ âîä.  

×òî êàñàåòñÿ ñèëüíûõ âàðèàöèé 
ñâÿçàííûõ ñ ãëóáèíîé, òî èõ ìîæíî 
îáúÿñíèòü ïîãðåøíîñòÿìè îïðåäåëå-
íèÿ ñêîðîñòè íà ïðåäåëüíûõ ãëóáèíàõ 
èññëåäîâàíèÿ ïîâåðõíîñòíûìè âîë-
íàìè. Èñêëþ÷èâ íà ýòîì îñíîâàíèè 
íèæíþþ ÷àñòü ðàçðåçà (ïîðÿäêà 7 
ìåòðîâ), è ïåðåñ÷èòàâ ñðåäíåêâàäðà-

 
Ðèñ. 3. Ñîïîñòàâëåíèå ñêîðîñòåé ïîïåðå÷íûõ âîëí ñ óðîâíåì ãðóíòîâûõ âîä 
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òè÷åñêîå îòêëîíåíèå, ïîëó÷èì óìåíü-
øåíèå σt åùå íà 25 %. Â èòîãå ñðåä-
íåêâàäðàòè÷åñêîå îòêëîíåíèå σt, ðàñ-
ñ÷èòàííîå ïî ñðåäíèì çíà÷åíèÿì 
ñêîðîñòè ñîñòàâèëî 16 ì/ñ èëè 3% îò 
àáñîëþòíîãî çíà÷åíèÿ.  

Êðîìå îöåíêè ñðåäíåêâàäðàòè÷å-
ñêîãî îòêëîíåíèÿ ñðåäíåãî çíà÷åíèÿ 
ñêîðîñòè σt, ñäåëàíà îöåíêà ñðåäíåãî 
çíà÷åíèÿ íà ðàñïðåäåëåíèè σ(x,h). 
Ýòî çíà÷åíèå, åñòåñòâåííî, îêàçàëîñü 
ñóùåñòâåííî âûøå – 33 ì/ñ, âåäü îò-

êëîíåíèå ïî ñðåäíèì çíà÷åíèÿì V t( )  
óìåíüøàåòñÿ çà ñ÷åò íàêîïëåíèÿ äàí-
íûõ è óìåíüøåíèÿ ïîãðåøíîñòè. 

Èñïîëüçóÿ ïðàâèëî «äâóõ ñèãì» [4] 
ìîæíî ãîâîðèòü ñ âåðîÿòíîñòüþ 95%, 
÷òî èçìåíåíèå ñêîðîñòè âî âðåìåíè 
ÿâëÿåòñÿ äîñòîâåðíûì äëÿ ñðåäíåãî 
çíà÷åíèÿ ñêîðîñòè ïî ïðîôèëþ íà 
âåëè÷èíó áîëüøóþ 32 ì/ñ è íà 66 ì/c 
â êîíêðåòíîé òî÷êå íà ïðîôèëå. 

Ïî äàííûì îòðàæåííûõ âîëí íà 
ïðîòÿæåíèè ïðîôèëÿ âûäåëåíû çîíû 
àíîìàëèé âîëíîâîãî ïîëÿ, âûðàæàþ-
ùèõñÿ â èçìåíåíèè ñêîðîñòåé ïðî-
äîëüíûõ âîëí, ïðåîáëàäàþùåé ÷àñòî-
òû è àìïëèòóä. Àíîìàëüíûå çîíû 1 è 
2 – ïèêåòû ñîîòâåòñòâåííî 200 – 350 
è 550-700, «íîðìàëüíàÿ» çîíà – ïèêå-
òû 350-550. 

Â âûäåëåííûõ çîíàõ ðàññ÷èòàíû 
ëîêàëüíûå ñðåäíèå çíà÷åíèÿ ñêîðîñòåé 
ïîïåðå÷íûõ âîëí. Íåîáõîäèìî îòìå-
òèòü, ÷òî ïàäåíèÿ ñêîðîñòåé â íîð-
ìàëüíîé è àíîìàëüíûõ çîíàõ ìîæíî 
ñ÷èòàòü ïðàêòè÷åñêè îäèíàêîâûìè (êî-
ýôôèöèåíò íàêëîíà ëèíåéíîé àï-
ïðîêñèìàöèè kÍ = 0.119 ïðîòèâ k1 = 
0.122 è k2 = 0.130), ÷òî óêàçûâàåò íà 
ðàâíîìåðíîñòü ïðîöåññîâ îñëàáëåíèÿ 
ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ â âåðõ-
íåé ÷àñòè ðàçðåçà (ðèñ. 5). 

Ïîëó÷åííûé ðåçóëüòàò ìîæíî îáú-
ÿñíèòü ìàñøòàáíûì ýôôåêòîì, êîãäà 
ëîêàëüíàÿ ïîäçåìíàÿ àíîìàëèÿ, íàõî-
äÿùåéñÿ â çîíå âûðàáîòîê íà ãëóáè-
íàõ 300-400 ì, â ïðèïîâåðõíîñòíûõ 
îòëîæåíèÿõ âûðàæàåòñÿ íà äîñòàòî÷-
íî áîëüøîé ïëîùàäè, â ðåçóëüòàòå, â 
ïðèïîâåðõíîñòíîé çîíå àíîìàëèÿ 
«ðàçìûâàåòñÿ» è ñãëàæèâàåòñÿ. Äëÿ 
âûÿâëåíèÿ ëîêàëüíûõ àíîìàëèé â 
ïðèïîâåðõíîñòíîé çîíå íåîáõîäèìî 
ââîäèòü ïîïðàâêó çà èçìåíåíèå ðå-
ãèîíàëüíîãî ôîíà.  

Ýòî òàêæå ïîçâîëèò ñðàâíèâàòü àá-
ñîëþòíûå çíà÷åíèÿ ñêîðîñòåé, ïîëó-
÷åííûå â ðàçíîå âðåìÿ. 

Òàêèì îáðàçîì, ïðè èíòåðïðåòà-
öèè äàííûõ ïîëó÷åííûõ ñ ïîìîùüþ 
ïîâåðõíîñòíûõ âîëí, íåîáõîäèìî 
ó÷èòûâàòü ñëåäóþùèå ôàêòîðû: 

 
Ðèñ. 4. Ðàñïðåäåëåíèå ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ ïî ðàçðåçó σ(x,h) 
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− èçìåíåíèÿ âëàæíîñòè ãîðíûõ 
ïîðîä, îáóñëîâëåííûå äâèæåíèåì ïî-
âåðõíîñòíûõ âîä è îñàäêàìè; 

− èçìåíåíèå ðåãèîíàëüíîãî ôî-
íà ñêîðîñòíîé õàðàêòåðèñòèêè íà 
ïðîôèëå, âñëåäñòâèå îñîáåííîñòåé 
ïðîÿâëåíèÿ ãëóáèííûõ àíîìàëèé íà 
ïîâåðõíîñòè;   

− ïðåäåë ãëóáèííîñòè èññëåäî-
âàíèé. 

Ïîñòðîåíèå ðàñïðåäåëåíèÿ êîýô-
ôèöèåíòîâ íàêëîíà 

Äëÿ âûÿâëåíèÿ ëîêàëüíûõ àíîìà-
ëèé ìîæíî èñïîëüçîâàòü ðàñïðåäåëå-
íèå êîýôôèöèåíòîâ íàêëîíà k(x,h) 
ëèíåéíîé ðåãðåññèè, ïîëó÷åííûõ äëÿ 
êàæäîé ôóíêöèè Vx,h=f(t), êîòîðîå 
ìîæåò âûÿâèòü ó÷àñòêè íàèáîëüøåãî 
èçìåíåíèÿ ñêîðîñòåé (ðèñ. 6). 

Ïîñòðîåíèå ïðîñòðàíñòâåííî-
âðåìåííûõ äèàãðàìì 

Åùå îäíèì ñïîñîáîì íàãëÿäíîé 
âèçóàëèçàöèè ìîíèòîðèíãîâûõ èññëå-
äîâàíèé è êîíòðîëÿ êà÷åñòâà ïîëó-

 
Ðèñ. 5. Èçìåíåíèå ñêîðîñòåé ïîïåðå÷íûõ âîëí ïî ðàçðåçó ñî âðåìåíåì 

 
 

 
Ðèñ. 6. Ãðàäèåíòû èçìåíåíèÿ ñêîðîñòåé ïîïåðå÷íûõ âîëí ïî ðàçðåçó, ì/ñ â ìå-
ñÿö, ÿíâàðü – ñåíòÿáðü 2013 
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÷àåìûõ äàííûõ ÿâëÿåòñÿ ïîñòðîåíèå 
ïðîñòðàíñòâåííî-âðåìåííûõ ðàñïðå-
äåëåíèé. 

Ðàçðåç ðàçáèâàåòñÿ íà îïðåäåëåí-
íûå èíòåðâàëû ãëóáèí (êîòîðûå, êàê 
ïðàâèëî, âûáèðàþòñÿ ïî ñåéñìîãåîëî-
ãè÷åñêèì ëèáî èíæåíåðíî-
ãåîëîãè÷åñêèì ñîîáðàæåíèÿì), ñêîðî-
ñòè â ýòèõ èíòåðâàëàõ îñðåäíÿþòñÿ, â 
ðåçóëüòàòå ïîÿâëÿåòñÿ âîçìîæíîñòü 
ñòðîèòü ïðîñòðàíñòâåííî-âðåìåííîå 
ðàñïðåäåëåíèå ñêîðîñòåé V(x,t), íà ýòèõ 
ðàñïðåäåëåíèÿõ ìîæíî ïðîñëåäèòü ïî-

âåäåíèå çîí, âûçûâàþùèõ ïîâûøåííîå 
âíèìàíèå (ðèñ. 7). Ðåãèîíàëüíûé òðåíä 
èñêëþ÷åí, äëÿ òîãî ÷òîáû èìåòü âîç-
ìîæíîñòü ñðàâíåíèÿ àáñîëþòíûõ çíà-
÷åíèé ïî âñåìó ðàñïðåäåëåíèþ. 

Êîìïëåêñ ïðåäëîæåííûõ ïîäõîäîâ 
ïîçâîëÿåò ñäåëàòü çàêëþ÷åíèå îá èç-
ìåíåíèè ñêîðîñòíîé õàðàêòåðèñòèêè 
ìàññèâà âî âðåìåíè, ÷òî â ñâîþ î÷å-
ðåäü ÿâëÿåòñÿ èíäèêàòîðîì íàëè÷èÿ 
íåãàòèâíûõ ïðîöåññîâ îñëàáëåíèÿ 
ïðî÷íîñòíûõ õàðàêòåðèñòèê â ãîðíîì 
ìàññèâå. 
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Because of downfall incidents on Verhnekamskoe potash deposit there were defined most hazardous 

places. In this places are held different types of monitoring, including seismic. To estimate measured 
changes significance one must define criteria that allow indicate presence of changes in physical-
mechanical properties of studied rock-mass interval. 

There were held analysis of measurement series, get in the process of surface waves monitoring studies on 
mine field hazardous area of flooded pit. Three-dimensional data massive containing S waves velocities ana-

lyzed with different approaches: 1. Integral estimation of single survey, for example velocity value median V  

all through the line with next iV t( ) chart plot.  Defining velocity median in particular zones, which helps to 
control most dangerous areas. 2. Partitioning of massive V(x,h,t) to one-dimensional curves set Vx,h=f(t), each 
curve linear approximation, and plotting standard deviation distribution by cross-section. This distribution al-
lows revealing areas with most unstable definition of measured parameter. 3. Linear approximation of each 
curve Vx,h=f(t), defining slope coefficient kx,h and plotting distribution k(x,h). This allows marking out zones with 
most intensive changes of velocities in cross-plot. 4. Averaging velocities by h coordinate and plotting space-
time diagram V(x,t). This way also may be used averaging velocities in defined depth interval and plotting dia-
grams of layerwise velocities changes. 

Complex of introduced methods allows making a decision about time dependent changing of velocities in 
rock massive shallow part, what indicates by-turn presence of negative processes weakening massif strength 
properties. Besides of solving main task of the research there were defined connection between level of subsoil 
water and value of S wave velocities, coupling coefficient empirically determined. 

Key words: Multiwave seismic, geophysical control, reflective waves, surface waves, monitoring, anthropogenic 
disaster, mining safety, statistical analysis. 
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