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Âñòóï. Âåðõíÿ ÷àñòèíà ãåîëîã³÷íîãî ñåðåäîâèùà 
ïîòðåáóº âèâ÷åííÿ, îñê³ëüêè ç öèì ñåðåäîâèùåì 
ïîâ’ÿçàí³ ä³ÿëüí³ñòü òà æèòòÿ ëþäåé. Íà æàëü, ïî-
òåíö³éíà íåáåçïåêà, ÿêà çàðîäæóºòüñÿ íà ãëèáèí³, 
íå çàâæäè º î÷åâèäíîþ íà ïîâåðõí³. Ï³ä âïëèâîì 
ïîñò³éíèõ ãåîäèíàì³÷íèõ ïðîöåñ³â, àíòðîïîãåííîãî 
âïëèâó íà íàâêîëèøíº ñåðåäîâèùå, ìåòåîðîëîã³÷-
íèõ ÷èííèê³â çì³íþþòüñÿ ô³çè÷í³ âëàñòèâîñò³ ïîð³ä, 
ùî ç ÷àñîì ìîæå ïðèçâåñòè äî ïîÿâè íåáåçïå÷íèõ 
ï³äçåìíèõ óòâîðåíü. Ö³ íåêîíòðîëüîâàí³ ³ íåïðî-
ãíîçîâàí³ ïðîöåñè òà ¿õ íàñë³äêè ìîæíà âèÿâèòè â 
ðåçóëüòàò³ ïðîâåäåííÿ ïîøóêîâèõ ðîá³ò ç äîïîìî-
ãîþ àäàïòèâíîãî ñåéñìîêîìïëåêñó äëÿ ³íæåíåðíèõ 
äîñë³äæåíü (äàë³ — ñåéñìîêîìïëåêñ). Ïðîâåäåííÿ 
ïëîùèííèõ ðîá³ò íàäàº ìîæëèâ³ñòü óñòàíîâèòè ïî-
øèðåííÿ íåáåçïå÷íèõ ïðîöåñ³â ó òðèâèì³ðíîìó ïðî-
ñòîð³. Ïîâòîðåííÿ ïîøóêîâèõ ðîá³ò íà ïåâí³é ä³ëÿí-
ö³ ÷åðåç äåÿêèé ïðîì³æîê ÷àñó äàº çìîãó â³äñë³äêî-
âóâàòè ðîçâèòîê íåáåçïå÷íèõ ï³äçåìíèõ ÿâèù ó ÷àñ³.

Âèêîðèñòàííÿ ñåéñìîêîìïëåêñó ìîæëèâå äëÿ 
âèð³øåííÿ áàãàòüîõ çàäà÷. Óìîâíî ¿õ ìîæíà ðîç-
ä³ëèòè íà äâ³ ãðóïè: à) âèçíà÷åííÿ ô³çè÷íèõ âëàñ-
òèâîñòåé ãåîëîã³÷íîãî ñåðåäîâèùà äëÿ âèð³øåííÿ 
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Âèâ÷åííÿ ô³çè÷íèõ ïîë³â º îäíèì ç ïð³îðèòåòíèõ íàïðÿì³â íàóê ïðî Çåìëþ. Ñïîñòåðåæåííÿ çà ô³çè÷íèì 
ïîëåì òà âèçíà÷åííÿ éîãî ê³ëüê³ñíèõ ïàðàìåòð³â ìîæëèâå ëèøå çà óìîâè íàÿâíîñò³ ñó÷àñíîãî öèôðîâîãî îá-
ëàäíàííÿ, ñòâîðåííÿ ÿêîãî — íàéðàö³îíàëüí³øèé øëÿõ äî ñòàëîãî ðîçâèòêó íàóêè ³ ìîæëèâîñò³ âïðîâàäæåííÿ 
òà ìîäåðí³çàö³¿ ðîçðîáîê. Ó ðåçóëüòàò³ ñòâîðåííÿ ñåéñì³÷íîãî îáëàäíàííÿ ðîçðîáëåíî àäàïòèâíèé ñåéñì³÷-
íèé êîìïëåêñ óí³âåðñàëüíîãî òèïó, ÿêèé ñêëàäàºòüñÿ ç àäàïòèâíîãî åëåêòðè÷íîãî äæåðåëà, ³íòåëåêòóàëüíî¿ 
ñèñòåìè êåðóâàííÿ äæåðåëîì, àâòîíîìíèõ òðèêîìïîíåíòíèõ ñåéñìîñòàíö³é òà ïðîãðàìíîãî êîìïëåêñó ç îá-
ðîáêè îòðèìàíèõ ñåéñì³÷íèõ äàíèõ. Ï³ä óí³âåðñàëüí³ñòþ ðîçóì³ºòüñÿ ìîæëèâ³ñòü âèêîðèñòàííÿ ñòâîðåíîãî 
ñåéñì³÷íîãî îáëàäíàííÿ äëÿ âèð³øåííÿ ìàêñèìàëüíî øèðîêîãî ñïåêòðà ïðèêëàäíèõ òà ôóíäàìåíòàëüíèõ 
çàâäàíü ãåîô³çèêè. Äëÿ ï³äâèùåííÿ ÿêîñò³ ñåéñì³÷íèõ äàíèõ ³íæåíåðíî-ãåîô³çè÷íèõ âèøóêóâàíü ³ øâèäêîñò³ 
ïðîâåäåííÿ ðîá³ò çàñòîñîâóþòü àäàïòèâíó òåõíîëîã³þ. Âîíà ïîëÿãàº ó ï³äáîð³ íàéîïòèìàëüí³øîãî ÑÂ²Ï-
ñèãíàëó (ñèíóñî¿äà ç³ çì³ííîþ ÷àñòîòîþ ó ÷àñ³) äëÿ äæåðåëà ñåéñì³÷íèõ õâèëü íà êîæíî¿ òî÷ö³ çáóäæåííÿ. 
Ó ÑÂ²Ï-ñèãíàë³ ï³äñèëþþòü àìïë³òóäè òèõ êîëèâàíü, ÿê³ íàé³íòåíñèâí³øå ïîãëèíàþòüñÿ ó ïðèïîâåðõíåâ³é 
÷àñòèí³ ãåîëîã³÷íîãî ðîçð³çó. Ó òàêèé ñïîñ³á ìîæíà îòðèìàòè îäíàêîâèé ñïåêòðàëüíèé ñêëàä õâèëüîâîãî ïîëÿ 
íà âñüîìó ïðîô³ë³ íåçàëåæíî â³ä ëîêàëüíèõ ïðèïîâåðõíåâèõ ãåîëîã³÷íèõ óìîâ çáóäæåííÿ ñåéñì³÷íèõ õâèëü.
Óí³âåðñàëüí³ ñåéñì³÷í³ ñòàíö³¿, ÿê³ çàïèñóþòü ñåéñì³÷í³ äàí³, ìàþòü íåâåëèê³ ðîçì³ðè òà ìàñó, âèñîêó ÷àñ-
òîòó äèñêðåòèçàö³¿ àíàëîãîâîãî ñèãíàëó, âåëèêó îïåðàòèâíó ïàì’ÿòü, áåçïðîâ³äíèé çâ’ÿçîê WiFi òà ðàä³îêà-
íàë — äëÿ êîíòðîëþ çà ÿê³ñòþ ñåéñì³÷íèõ äàíèõ â ìîìåíò ¿õ çàïèñó, ñèñòåìó òî÷íîãî ÷àñó òà âèçíà÷åííÿ 
êîîðäèíàò ïîëîæåííÿ GPS. Âèêîðèñòàííÿ öèõ ñåéñìîñòàíö³é ìîæëèâå äëÿ âèð³øåííÿ áàãàòüîõ ïðèêëàäíèõ 
³ ôóíäàìåíòàëüíèõ çàâäàíü ñåéñì³êè.
Ïðîâåäåíî ëàáîðàòîðí³ äîñë³äæåííÿ òà ïîëüîâ³ âèïðîáóâàííÿ êîìïëåêñó ó ñï³âïðàö³ ç ÄÃÏ «Óêðãåîô³çèêà». 
Ñåéñìîêîìïëåêñ º åíåðãåòè÷íî åêîíîìíèì, åôåêòèâíèì ³ â³äïîâ³äàº ñâ³òîâèì çðàçêàì.

Êëþ÷îâ³ ñëîâà: ñïåêòð â³äíîøåííÿ ñèãíàë-çàâàäà, àäàïòèâí³ äîñë³äæåííÿ, àäàïòèâíèé ñåéñìîêîìïëåêñ, ðå-
çîíàíñíå ñåéñìîäæåðåëî, ñåéñìîñòàíö³ÿ.

çàâäàíü, îêðåñëåíèõ Äåðæàíèìè áóä³âåëüíèìè íîð-
ìàìè (ÄÁÍ); á) âèâ÷åííÿ ïðè ãåîëîã³÷íî¿ áóäîâè 
ïîâåðõíåâèõ ñòðóêòóð, à ñàìå:

– âñòàíîâëåííÿ íàÿâíîñò³, ôîðìè òà ãëèáèíè çà-
ëÿãàííÿ ï³äçåìíèõ ³ñòîðè÷íèõ îá’ºêò³â íåðóéí³âíèì 
ìåòîäîì, ó çàïîâ³äí³é çîí³;

– ñåéñìîðàéîíóâàííÿ òà ñåéñìîìîí³òîðèíã ç âè-
ä³ëåííÿì çîí àêòèâíèõ ïîðóøåíü ³ ëîêàëüíèõ ðó-
õîìèõ ãåîëîã³÷íèõ áëîê³â (ãàçî- òà íàôòîïðîâîä³â, 
àì³àêîïðîâîä³â, çàë³çíèöü);

– ðîçâ’ÿçàííÿ åêîëîã³÷íèõ ïðîáëåì, çîêðåìà 
âèÿâëåííÿ çîí ï³äçåìíîãî ïðîíèêíåííÿ ó ïîâåðõ-
íåâ³ âîäè çàáðóäíåíî¿ âîäè ç â³äñò³éíèê³â ã³ðíè÷î-
çáàãà÷óâàëüíèõ êîìá³íàò³â;

– ìîí³òîðèíã ñòàíó äàìá ³ ïðèëåãëèõ òåðèòîð³é;
– ïîøóê êàðñòîâèõ ïóñòîò, êàòàêîìá ³ çàëèøåíèõ 

øàõò ï³ä ïðîìèñëîâèìè òà æèòëîâèìè îá’ºêòàìè;
– ëîêàë³çàö³ÿ òåðèòîð³é ç³ çñóâíèìè ÿâèùàìè.
Ñåéñìîêîìïëåêñ, êð³ì çàñòîñóâàííÿ çà ïðèçíà-

÷åííÿì, ìàº âàæëèâå íàóêîâî-äîñë³äíå çíà÷åííÿ ÿê 
ïðîòîòèï ïîòóæíèõ àäàïòèâíèõ ñåéñìîêîìïëåêñ³â 
äëÿ ñåéñìîðîçâ³äêè íà êîðèñí³ êîïàëèíè òà âèð³-
øåííÿ çàäà÷ ç âèâ÷åííÿ ãëèáèííî¿ áóäîâè Çåìë³.
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Àäàïòèâíèé ñåéñì³÷íèé êîìïëåêñ. Ñòàíäàðòí³ 
ñåéñì³÷í³ êîìïëåêñè ñêëàäàþòüñÿ ³ç ñåéñì³÷íèõ 
äàò÷èê³â ïîçäîâæí³õ ³ ïîïåðå÷íèõ (³íêîëè ò³ëüêè 
ïîïåðå÷íèõ) õâèëü, ÿê³ îá’ºäíàí³ â êîñó òà ç’ºäíàí³ 
ç àíàëîãî-öèôðîâèì ïåðåòâîðþâà÷åì (ÀÖÏ) [14]. 
ÀÖÏ ïåðåòâîðþº åëåêòðè÷íèé ñèãíàë íà ìàñèâ 
öèôð ç ïåâíîþ äèñêðåòí³ñòþ çà ÷àñîì. ßê íàêîïè-
÷óâà÷ ³íôîðìàö³¿ âèêîðèñòîâóþòü áàãàòîêàíàëüíó 
ñåéñìîñòàíö³þ, àáî íîóòáóê. Ñåéñì³÷í³ êîëèâàííÿ 
ãåíåðóþòüñÿ, ÿê ïðàâèëî, óäàðîì êóâàëäè ïî ìåòà-
ëåâ³é ïëèò³, â ÿêó âìîíòîâàíî äàò÷èê äëÿ ô³êñàö³¿ 
òî÷íîãî ÷àñó óäàðó. Â ïîëüîâèõ óìîâàõ ïðîâîäÿòü 
ïîïåðåäí³é àíàë³ç ñåéñì³÷íèõ äàíèõ ³ ïðèéìàþòü 
ð³øåííÿ ùîäî ïðîäîâæåííÿ ðîá³ò àáî ¿õ çàâåðøåí-
íÿ. Îñíîâíà îáðîáêà ñåéñì³÷íèõ äàíèõ â³äáóâàºòüñÿ 
â êàìåðàëüíèõ óìîâàõ, ç âèêîðèñòàííÿì ñïåö³àë³-
çîâàíîãî ïðîãðàìíîãî çàáåçïå÷åííÿ. Ç éîãî äîïî-
ìîãîþ íà ïåðøîìó åòàï³ âèäàëÿþòü õâèë³-çàâàäè 
³ç ñåéñì³÷íîãî ïîëÿ, ââîäÿòü ïîïðàâêè çà ðåëüºô, 
âèêîíóþòü ³íø³ ïðîöåäóðè, ùî ïîë³ïøóþòü ïðî-
ñòîðîâó òà ÷àñîâó ðîçä³ëüíó çäàòí³ñòü.

Ïðèêëàäàìè òàêîãî ñåéñìîêîìïëåñó ìîæóòü 
áóòè ³íîçåìí³ 24—78-êàíàëüí³ ñòàíö³¿: SUMMIT II 
Compact, MAE X610 Seismograph, Geode Explora-
tion Seismograph, RAS-24 Exploration Seismograph 
òà ³í. Äëÿ ðîçâ’ÿçàííÿ ³íæåíåðíî ãåîô³çè÷íèõ çà-

äà÷ òàêà êîíñòðóêö³ÿ º îïòèìàëüíîþ, àëå âîäíî÷àñ 
âîíà ñóòòºâî çâóæóº ìîæëèâ³ àëüòåðíàòèâí³ âàð³àíòè 
âèêîðèñòàííÿ öüîãî îáëàäíàííÿ, ÿêå ñòàº âóçüêî-
ïðîô³ëüíèì.

Ñåéñì³÷íèé êîìïëåêñ ñêëàäàºòüñÿ ç îá’ºäíàíèõ 
êàáåëåì ñåéñìîäàò÷èê³â, ñåéñì³÷íîãî äæåðåëà, ÀÖÏ 
³ êîìï’þòåðà (ðèñ. 1, а). Àäàïòèâíèé ñåéñì³÷íèé 
êîìïëåêñ (ðèñ. 1, б) â³äð³çíÿºòüñÿ â³ä ñòàíäàðòíîãî 
êîìïëåêñó íàÿâí³ñòþ àâòîíîìíèõ ïóíêò³â çáîðó ñåé-
ñì³÷íî¿ ³íôîðìàö³¿ (óí³âåðñàëüí³ òðèêîìïîíåíòí³ 
ñåéñì³÷í³ ñòàíö³¿), àäàïòèâíèì äæåðåëîì ñåéñì³÷-
íèõ õâèëü ³ç ñèñòåìîþ êîðèãóâàííÿ ôîðìè ãåíåðî-
âàíîãî ñèãíàëó ó ðåàëüíîìó ÷àñ³. 

Àäàïòèâíà òåõíîëîã³ÿ ³ ìåòîäèêà ïðîâåäåííÿ 
ñåéñì³÷íèõ ðîá³ò. Îñíîâíà ³äåÿ ñåéñì³÷íèõ âèøó-
êóâàëüíèõ ðîá³ò ïîëÿãàº ó âèêîðèñòàíí³ àäàïòèâíî¿ 
òåõíîëîã³¿ ñåéñì³÷íèõ äîñë³äæåíü. Òåõíîëîã³÷íîþ 
îäèíèöåþ ñåéñì³÷íèõ ñïîñòåðåæåíü º ô³çè÷íå ñïî-
ñòåðåæåííÿ — ñóêóïí³ñòü òåõí³÷íèõ, òåõíîëîã³÷íèõ 
³ ìåòîäè÷íèõ çàñîá³â îòðèìàííÿ ñåéñìîãðàì çà íå-
çì³ííîãî ïðîñòîðîâîãî ðîçòàøóâàííÿ ñåéñìîäæå-
ðåë ³ ñåéñìîïðèéìà÷³â. Ïîâíèé öèêë àäàïòèâíîãî 
â³äïðàöþâàííÿ òàêèõ ñïîñòåðåæåíü çàâåðøóºòüñÿ 
îáðîáëåííÿì ñïîñòåðåæåíèõ ñåéñìîãðàì, òîáòî 
îòðèìàííÿì ìàêñèìàëüíî ÿê³ñíîãî ñåéñì³÷íîãî 
ìàòåð³àëó â ïîëüîâèõ óìîâàõ.

Ðèñ. 1. Ñõåìà ñòàíäàðòíîãî ñåéñì³÷íîãî êîìïëåêñó (à) ³ ðîçðîáëåíîãî â ²íñòèòóò³ ãåîô³çèêè ÍÀÍ Óêðà¿íè àäàïòèâíîãî 
ñåéñìîêîìïëåñó (á)

Fig. 1. Scheme of a standard seismic complex (à) and an adaptive seismic complex developed at the Institute of Geophysics of the 
NAS of Ukraine (á)
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²íñòðóìåíòîì çä³éñíåííÿ àäàïòèâíèõ ñåéñì³÷-
íèõ äîñë³äæåíü º àäàïòèâí³ ñåéñìîêîìïëåêñè [8]. 
Àäàïòèâíèé ñåéñìîêîìïëåêñ ìàº òðàäèö³éíèé äëÿ 
ñåéñìîêîìïëåêñ³â ñêëàä çàñîá³â ñïîñòåðåæåííÿ çà 
ñåéñì³÷íèì õâèëüîâèì ïîëåì. Â³äì³ííîþ º ò³ëüêè 
ñèñòåìà êåðóâàííÿ ñåéñìîêîìïëåêñîì, ÿêà ìàº çà-
áåçïå÷óâàòè îäíî÷àñíó íåçàëåæíó ðîáîòó ñåéñìî-
äæåðåë ³ ñåéñìîêîìïëåêñ³â òà ï³äãîòîâêó äàíèõ ³ 
âèêîíàííÿ àëãîðèòìó àäàïòèâíîãî â³äïðàöþâàííÿ 
ô³çè÷íèõ ñïîñòåðåæåíü.

Ñêëàäîâèìè åëåìåíòàìè àäàïòèâíîãî ñåéñìî-
êîìïëåêñó º äîñë³äíèé çðàçîê ðåçîíàíñíîãî ñåéñìî-
äæåðåëà âåðòèêàëüíî¿ ä³¿ äëÿ çáóäæåííÿ ïîçäîâæí³õ 
õâèëü ³ ïîïåðå÷íèõ õâèëü âåðòèêàëüíî¿ ïîëÿðèçà-
ö³¿; àâòîíîìí³ òðèêàíàëüí³ öèôðîâ³ ñåéñìîñòàíö³¿; 
êîìï’þòåðèçîâàíà ñèñòåìà êåðóâàííÿ ñåéñìîêîìï-
ëåêñîì; ïðîãðàìíå çàáåçïå÷åííÿ âèêîíàííÿ óïðàâ-
ë³íñüêèõ îïåðàö³é, ôîðìóâàííÿ çîíäóâàëüíèõ ñèã-
íàë³â ñêëàäíî¿ ôîðìè ³ îáðîáëåííÿ ñïîñòåðåæåíèõ 
ñåéñìîãðàì (ðèñ. 2).

Ãðàíè÷íî åôåêòèâíèìè º àäàïòèâí³ äîñë³äæåí-
íÿ, ÿê³ ́ ðóíòóþòüñÿ íà âèêîðèñòàíí³ ñïåêòð³â â³äíî-
øåííÿ ñèãíàë-çàâàäà. Ñïåêòðè â³äíîøåííÿ ñèãíàë-
çàâàäà º ïîêàçíèêîì ÿêîñò³ äîñë³äæåíü ³ êðèòåð³ºì 
ôóíêö³îíóâàííÿ àäàïòèâíèõ ñåéñìîêîìïëåêñ³â. 
Ñïåêòð â³äíîøåííÿ ñèãíàë-çàâàäà âèçíà÷àþòü ÿê 
íåâ³ä’ºìíó ôóíêö³þ ÷àñòîòè, çíà÷åííÿìè ÿêî¿ äëÿ 
êîæíîãî çíà÷åííÿ ÷àñòîòè º â³äíîøåííÿ â³äïîâ³äíèõ 
çíà÷åíü ìîäóë³â ñïåêòð³â ö³ëüîâîãî ñèãíàëó ³ çàâàäè. 
Â åíåðãåòè÷í³é ôîðì³ ñïåêòð â³äíîøåííÿ ñèãíàë-
çàâàäà âèçíà÷àþòü ÿê â³äíîøåííÿ êâàäðàò³â çíà÷åíü 
ìîäóë³â ñïåêòð³â ö³ëüîâîãî ñèãíàëà ³ çàâàäè [10, 1].

Âèêîðèñòàííÿ ñïåêòð³â â³äíîøåííÿ ñèãíàë-
çàâàäà º çàâåðøàëüíîþ ñòàä³ºþ òåõíîëîã³÷íîãî ðîç-
âèòêó ñåéñì³÷íèõ äîñë³äæåíü. Ó ïîäàëüøîìó óäîñêî-
íàëåíí³ òåõí³÷íèõ ³ òåõíîëîã³÷íèõ çàñîá³â íåîäì³ííî 
àäàïòèâíèõ ñåéñì³÷íèõ äîñë³äæåíü ó â³äïîâ³äíîñò³ äî 
äîñÿãíåíü íàóêè ³ òåõí³êè îíîâëþâàòèìåòüñÿ ëèøå 
¿õ òåõí³÷íå îñíàùåííÿ. Òåõíîëîã³ÿ àäàïòèâíèõ ñåé-
ñì³÷íèõ äîñë³äæåíü ç âèêîðèñòàííÿì ñïåêòð³â â³ä-
íîøåííÿ ñèãíàë-çàâàäà íàáóâàº âè÷åðïíî¿ ïîâíîòè 
³ çàëèøàòèìåòüñÿ íåçì³ííîþ [9].

Âèêîðèñòàííÿ àäàïòèâíî¿ òåõíîëîã³¿ ïðîâåäåííÿ 
ñåéñì³÷íèõ ðîá³ò çàáåçïå÷óº åêîíîì³þ ÷àñó ïðîâå-
äåííÿ ñåéñì³÷íèõ ðîá³ò, âèñîêó åíåðãîåôåêòèâí³ñòü 
ðîáîòè ñåéñìîêîìïëåêñó òà ìàêñèìàëüíî ÿê³ñíèé 
ñåéñì³÷íèé ìàòåð³àë ïî çàâåðøåíí³ ïîëüîâèõ ðîá³ò.

Äæåðåëî ñåéñì³÷íèõ õâèëü. Íàéïðîñò³øå ³ íàé-
ïîøèðåí³øå äæåðåëî ñåéñì³÷íèõ õâèëü äëÿ ³íæå-
íåðíî¿ ãåîô³çèêè — êóâàëäà ìàñîþ äî 10 êã. Òàêî¿ 
ìàñè äîñòàòíüî, ùîá çãåíåðóâàòè ñåéñì³÷íó õâèëþ, 
ÿêó ñåéñìîñòàíö³¿ çàðåºñòðóþòü (ó ñåéñì³÷íî òèõî-
ìó ì³ñö³) íà â³äñòàí³ äî 250 ì. ßê äæåðåëî ³íêî-
ëè âèêîðèñòîâóþòü çàêîïàí³ íà íåâåëèêó ãëèáèíó 
ïåòàðäè àáî âîãíåïàëüíó çáðîþ, íàïðèêëàä ðóø-
íèöþ. Ïðîãðåñèâí³ø³ ìåòîäè çàñòîñóâàííÿ ´ðóí-
òîâèõ òðàìá³âîê, ïåðôîðàòîð³â ç åëåìåíòàìè çì³íè 
÷àñòîòè ãåíåðóâàííÿ ñåéñì³÷íèõ õâèëü. Ïåâíî¿ ïî-
ïóëÿðíîñò³ íàáóëè äæåðåëà «àðáàëåòíîãî» òèïó, äå 
óäàðíèé ñòðèæåíü ðóõàºòüñÿ çà ðàõóíîê ðîçòèñêàí-
íÿ ïðóæèí. Îñòàíí³ì ÷àñîì, ç’ÿâëÿþòüñÿ ³ìïóëü-
ñí³ åëåêòðîìåõàí³÷í³ äæåðåëà ð³çíî¿ ïîòóæíîñò³, ùî 
êîíñòðóêòèâíî º àíàëîãîì êîòóøêè ³íäóêòèâíîñò³ ³ 
ñòðèæíÿ, ÿêèé ðóõàºòüñÿ ç ïðèñêîðåííÿì ï³ä ä³ºþ 

Ðèñ. 2. Ñõåìàòè÷íå çîáðàæåííÿ ðîáîòè àäàïòèâíî¿ ñåéñìè÷íî¿ ñòàíöèè ó ïîëüîâèõ óìîâàõ

Fig. 2. Schematic representation of the adaptive seismic station in the field
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åëåêòðîìàãí³òíîãî ïîëÿ. Ðîçðîáëåíî ìàëîãàáàðèò-
í³ çðàçêè ã³äðàâë³÷íèõ ³ìïóëüñíèõ äæåðåë, àëå äëÿ 
¿õíüî¿ ðîáîòè ïîòð³áí³ âèñîêèé òèñê ³ êîìïðåñîð. 
Îäíàê óñ³ ïåðåë³÷åí³ äæåðåëà ìàþòü ñâî¿ íåäîë³êè. 
Íàïðèêëàä, âèêîðèñòîâóþ÷è êóâàëäó, âàæêî îòðè-
ìàòè åíåðãåòè÷íî îäíàêîâ³ óäàðè, íà çàñòîñóâàííÿ 
õ³ì³÷íî¿ âèáóõ³âêè íåîáõ³äí³ ñïåö³àëüí³ äîçâîëè. 
Äæåðåëà óäàðíîãî òèïó ãåíåðóþòü ñèãíàëè, ñïåêòð 
ÿêèõ çíàõîäèòüñÿ â ìåæàõ â³ä íóëÿ äî áåçìåæíîñò³. 
Âèñîêî÷àñòîòíà êîìïîíåíòà â ´ðóíò³ øâèäêî çãà-
ñàº, äëÿ ¿¿ ï³äñèëåííÿ íåîáõ³äí³ ÷èñëåíí³  äîäàòêî-
â³ ãåíåðóâàííÿ ñåéñì³÷íî¿ õâèë³. Âò³ì íàéá³ëüøèé 
íåäîë³ê — âîíè íå ìîæóòü ãåíåðóâàòè ñêëàäí³ çà 
ôîðìîþ ñåéñì³÷í³ ñèãíàëè ç îäíàêîâîþ ÷àñîâîþ 
çàòðèìêîþ. Ñàìå â³ä ðîáîòè äæåðåëà ñåéñì³÷íèõ 
õâèëü çàëåæèòü ÿê³ñòü ïîëüîâèõ ñåéñì³÷íèõ äàíèõ.

Íà ðèñ. 3 ïîêàçàíî çðàçîê ðåçîíàíñíîãî ñåé-
ñìîäæåðåëà âåðòèêàëüíî¿ ä³¿. Ìåõàí³÷íà êîëèâàëüíà 
ñèñòåìà ñêëàäàºòüñÿ ç êîëèâíîãî ÿêîðÿ, ç’ºäíàíîãî 
ç ¿¿ êîðïóñîì ïðóæíèìè ïëàñòèíàìè. Ó âåðõí³é ÷àñ-
òèí³ ÿêîðÿ ðîçì³ùåíèé ïîñò³éíèé ìàãí³ò ñèñòåìè 
ðîçãîéäóâàííÿ, ó íèæí³é — ïàêåò êîðîòêîçàìêíó-
òèõ ê³ëåöü ñèñòåìè ãàëüìóâàííÿ. Ó âåðõí³é ÷àñòèí³ 
âíóòð³øíüî¿ ïîâåðõí³ êîðïóñó âñòàíîâëåíà æîðñòêî 
ç’ºäíàíà ç íèì îáìîòêà ñèñòåìè ðîçãîéäóâàííÿ, 
ðîçì³ùåíà â çîí³ åôåêòèâíî¿ âçàºìîä³¿ ìàãí³òíîãî 
ïîëÿ ñòðóìó â í³é ³ ìàãí³òó ÿêîðÿ. Ó íèæí³é ÷àñòèí³ 
âíóòð³øíüîãî ïðîñòîðó êîðïóñó ç ìîæëèâ³ñòþ çì³-
ùåííÿ â³äíîñíî íüîãî òà ÿêîðÿ âñòàíîâëåíà îáìîòêà 
ñèñòåìè ãàëüìóâàííÿ, ðîçì³ùåíà â çîí³ åôåêòèâíî¿ 
âçàºìîä³¿ ìàãí³òíîãî ïîëÿ ñòðóìó â í³é ³ ìàãí³òíîãî 
ïîëÿ ñòðóì³â, íàâåäåíèõ íèì ó êîðîòêîçàìêíóòèõ 
ê³ëüöÿõ ÿêîðÿ [6]. Ïðîì³æêè ì³æ êîëèâíîþ ìàñîþ 
³ âíóòð³øí³ìè ïîâåðõíÿìè îáìîòîê ðîçãîéäóâàííÿ ³ 
ãàëüìóâàííÿ âèòðèìàí³ ç äîòðèìàííÿì âèìîã åôåê-
òèâíî¿ âçàºìîä³¿ ìàãí³òíèõ ïîë³â ðóõîìî¿ é íåðóõîìî¿ 
÷àñòèí ñåêö³¿ òà â³äñóòíîñò³ òåðòÿ ì³æ íèìè. Îáìîòêà 
ãàëüìóâàííÿ âñòàíîâëåíà ç ìîæëèâ³ñòþ êîâçàííÿ 
çîâí³øíüî¿ ïîâåðõí³ ¿¿ êàðêàñà ïî âíóòð³øí³é ïî-
âåðõí³ êîðïóñó. 

Ç êàðêàñîì îáìîòêè ãàëüìóâàííÿ æîðñòêî 
ç’ºäíàí³ âåðõí³ ê³íö³ ñòðèæí³â, íèæí³ ê³íö³ ÿêèõ 
æîðñòêî ç’ºäíàí³ ç õðåñòîâèíîþ, ÿêà âèêîíóº ðîëü 
âèïðîì³íþâàëüíî¿ ïëèòè ñåéñìîäæåðåëà. 

Ãàíòåëü ìàñîþ 32 êã âèêîíóº ðîëü ïðèòèñêíîãî 
ìåõàí³çìó âèïðîì³íþâàëüíî¿ ïëèòè äî ́ ðóíòó. Ó ðó-
õîìèõ ïîòóæíèõ ñåéñìîäæåðåëàõ ó ðîë³ ïðèòèñêíîãî 
âàíòàæó âèêîðèñòîâóþòü ìàñó òðàíñïîðòíîãî çàñîáó.

Äëÿ çáóäæåííÿ çîíäóâàëüíèõ ñèãíàë³â ïåðåä 
ïîäàííÿì íàïðóãè íà îáìîòêè ðîçãîéäóâàííÿ àê-
òèâ³çóþòü êîëèâàëüíó ñèñòåìó äæåðåëà. Ï³ä ä³ºþ 
ôðàãìåíò³â åëåêòðè÷íîãî àíàëîãà çîíäóâàëüíîãî 
ñèãíàëó â îáìîòêàõ ãàëüìóâàííÿ âèíèêàº ³íäóêîâàíà 
â³äïîâ³äíèì ñòðóìîì ó íèõ åëåêòðîðóø³éíà ñèëà. 
Ñèëà ãàëüìóâàííÿ ïåðåäàºòüñÿ íà äîñë³äæóâàíèé 
îá’ºêò ó âèãëÿä³ çîíäóâàëüíîãî ñèãíàëó. 

Òàêòîâàíà ÷àñòîòîþ ðîçãîéäóâàííÿ öèêë³÷íà 
÷åðãîâ³ñòü àêòèâ³çàö³¿ ñåêö³é çä³éñíþºòüñÿ ïðîòÿ-
ãîì òðèâàëîñò³ çáóäæåííÿ çîíäóâàëüíîãî ñèãíàëó. 
Ôîðìóâàííÿ íåîáõ³äíèõ ñèãíàë³â òàêòóâàííÿ òà àê-
òèâ³çàö³¿ ñåêö³é âèêîíóºòüñÿ ñèñòåìîþ êåðóâàííÿ 
ñåéñìîäæåðåëà, ç âèõîäîì ÿêî¿ åëåêòðè÷íî ç’ºäíàí³ 
îáìîòêè ñèñòåì ãàëüìóâàííÿ ñåêö³é. Ôðàãìåíòè ñè-
ëîâîãî âïëèâó ñåêö³é ³íòåãðóþòüñÿ àêòèâíîþ ÷àñ-
òèíîþ ñåéñìîäæåðåëà, âèêëèêàí³ ¿õ ñï³ëüíîþ ä³ºþ 
íà êîëèâàííÿ éîãî âèïðîì³íþâàëüíî¿ ïëèòè ³ ïî-
øèðþþòüñÿ â ñåðåäîâèùå ó âèãëÿä³ çîíäóâàëüíîãî 
ñèãíàëó. Ôîðìà çîíäóâàëüíèõ ñèãíàë³â (³ìïóëüñíà, 
ïîë³³ìïóëüñíà, â³áðàö³éíà) âèçíà÷àºòüñÿ ôîðìîþ ¿õ 
çàäàíèõ åëåêòðè÷íèõ êîï³é, ãåíåðîâàíèõ ñèñòåìîþ 
êåðóâàííÿ ñåéñìîäæåðåëà. 

Ï³ñëÿ ïðîõîäæåííÿ ÑÂ²Ï-ñèãíàëó, çãåíåðîâà-
íîãî ðåçîíàíñíèì äæåðåëîì ÷åðåç ãåîëîã³÷íå ñå-
ðåäîâèùå, çì³íþºòüñÿ éîãî ñïåêòðàëüíèé ñêëàä 
(ðèñ. 3, á, â). Öå â³äáóâàºòüñÿ âíàñë³äîê âïëèâó íà ñèã-
íàë áàãàòüîõ ãåîëîã³÷íèõ ÷èííèê³â, çîêðåìà ïîãëè-
íàííÿ, ãåîëîã³÷íî¿ áóäîâè, âîäîíàñè÷åííÿ òà ³íøå. 

Äåòàëüí³øó ³íôîðìàö³þ ïðî ð³çí³ òèïè ðåçî-
íàíñíèõ äæåðåë ïîäàíî ó äåê³ëüêîõ àâòîðñüêèõ ïó-
áë³êàö³ÿõ [10] ³ ïàòåíòàõ [13, 12].

Ðèñ. 3. Ðåçîíàíñíå äæåðåëî âåðòèêàëüíî¿ ä³¿: à — òåñòóâàííÿ ñåéñì³÷íèõ õâèëü: á — ÑÂ²Ï-ñèãíàë, çãåíåðîâàíèé äæåðåëîì; 
â — ÑÂ²Ï-ñèãíàë, çàïèñàíèé íà â³äñòàí³ 25 ì â³ä äæåðåëà

Fig. 3. Testing of a resonant source of seismic waves (à), the signal is generated by the source (á), the signal is recorded at a distance 
of 25 meters from the source (â)
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Ñèñòåìà óïðàâë³ííÿ äæåðåëîì. Ñèñòåìà óïðàâ-
ë³ííÿ ñåéñì³÷íèì äæåðåëîì ñêëàäàºòüñÿ ç áëîêà 
êåðóâàííÿ ³ áëîêà æèâëåííÿ. Ðåàë³çàö³ÿ áëîêà æèâ-
ëåííÿ ïåðåäáà÷àº âèêîðèñòàííÿ çì³ííîãî ñòðóìó 
220 В, àáî ïàêåòà àêóìóëÿòîð³â ïîñò³éíîãî ñòðóìó ïî 
12 Â. Áëîê óïðàâë³ííÿ ôîðìóº åëåêòðè÷í³ ñèãíàëè 
çì³ííîãî ñòðóìó. Ïåðøèé — ñèíóñîïîä³áíèé â³ä 
+12 äî –12 В, äðóãèé — ìåàíäð ç³ ÑÂ²Ï-ñèãíàëó. 
Ó çâ’ÿçêó ç ìîæëèâîþ çì³íîþ òåìïåðàòóðè çì³íþ-
ºòüñÿ ðåçîíàíñíà ÷àñòîòà êîòóøêè ðîçãîéäóâàííÿ, 
òîìó ïåðåäáà÷åíî äîäàòêîâ³ ïåðåìèêà÷³ òî÷í³øîãî 
íàëàøòóâàííÿ ðåçîíàíñó.

Óí³âåðñàëüí³ ñåéñì³÷í³ ñòàíö³¿. Ç óðàõóâàííÿì 
áàãàòüîõ íîâ³òí³õ òåõíîëîã³é, ÿê³ îñòàíí³ì ÷àñîì 
ç’ÿâèëèñÿ â ì³êðîåëåêòðîí³ö³, äîö³ëüí³ñòü ñòâîðåí-
íÿ ñåéñìîêîìïëåêñ³â ç 24-êàíàëüíîþ (àáî á³ëüøå) 
ñåéñìîñòàíö³ºþ âèäàºòüñÿ íåäîðå÷íèì. Òîìó àâòîðè 
ðîçðîáëÿëè óí³âåðñàëüí³ öèôðîâ³ ñåéñì³÷í³ ñòàíö³¿ 
àâòîíîìíîãî òèïó, ç ïîòð³áíî¿ ê³ëüêîñò³ ÿêèõ ñêëà-
äàºòüñÿ ñåéñìîêîìïëåêñ (äèâ. ðèñ. 1). Âèêîðèñòàííÿ 
àâòîíîìíèõ ñåéñìîñòàíö³é ïîëåãøóº ôîðìóâàííÿ 
âèøóêóâàëüíèõ ïðîô³ë³â ó ì³ñòàõ, çàë³çíè÷íèõ ïåðå-
¿çäàõ, ïåðåñ³÷åí³é òà çàáîëî÷åí³é ì³ñöåâîñò³.

Ó ñòâîðåíèõ ñåéñìîñòàíö³ÿõ ðåàë³çîâàíî áàãàòî 
òåõí³÷íèõ ð³øåíü, òîìó ïðîöåñ âèøóêóâàëüíèõ ðîá³ò 
ñòàº âèñîêîòåõíîëîã³÷íèì òà ÿê³ñí³øèì. 

Ðîçì³ð ñåéñì³÷íî¿ ñòàíö³¿ — 8,5×8,5×13 ñì, ìàñà 
— 750 ã, ºìí³ñòü àêóìóëÿòîð³â — 1,2 À (íà 10 äí³â 
áåçïåðåðâíî¿ ðîáîòè). Âèêîðèñòîâóþòü 24-á³òíèé 
ÀÖÏ, ÷àñòîòà äèñêðåòèçàö³³ — 4000 Ãö íà êîæíîìó 

ç òðüîõ êàíàë³â. Îïåðàòèâíà ïàì’ÿòü — 8—128 Ãá. Äî 
ñòàíö³é º äîñòóï ïî áåçäðîòîâèõ êàíàëàõ çâ’ÿçêó — 
WiFi òà ðàä³îêàíàëó. Êîæíà ñòàíö³ÿ ìàº âëàñíèé IP 
àäðåñ, ùî äàº çìîãó ôîðìóâàòè ìåðåæó ç àêòèâíèõ 
ñòàíö³é ³ îòðèìóâàòè äîñòóï äî íèõ íà â³äñòàí³ äî 
50 ì ó ðàç³ âèêîðèñòàííÿ WiFi-çâ’ÿçêó ³ äî 1 êì ÷åðåç 
ðàä³îêàíàë. Äîñòóï äî ñòàíö³é çàáåçïå÷óº êîíòðîëü 
çà ¿¿ ðîáîòîþ òà âàæëèâîþ ³íôîðìàö³ºþ ïðî ³¿ òåõ-
í³÷íèé ñòàí, çîêðåìà çàëèøîê îïåðàòèâíî¿ ïàì’ÿò³, 
åëåêòðîåíåðã³¿, òåìïåðàòóðè ïðîöåñîðà. Ìîæëèâèé 
ïåðåãëÿä çàïèñàíèõ öèôðîâèõ äàíèõ ñòàíö³ºþ â 
ðåàëüíîìó ÷àñ³ òà îö³íþâàííÿ ÿêîñò³ çàïèñàíîãî 
ñåéñì³÷íîãî ìàòåð³àëó. Òàêîæ ìîæíà âíîñèòè çì³íè 
ó ðåæèìè âêëþ÷åííÿ ÷è âèêëþ÷åííÿ (ðåæèì ñîí—
ïðîáóäæåííÿ) ñåéñìîñòàíö³¿ (àáî âèáðàíî¿ ãðóïè 
ñåéñìîñòàíö³¿).

×åðåç êîæí³ 10 õâ ñåéñìîñòàíö³ÿ ô³êñóº ÷àñ òà 
êîîðäèíàòè çà ñóïóòíèêîâîþ ñèñòåìîþ GPS. ×àñîâ³ 
ïîïðàâêè ó áåçïåðåðâí³ çàïèñè çàâäîâæêè â 1—2 
òèæí³ âíîñÿòü ó ñåéñìîãðàìó â êàìåðàëüíèõ óìîâàõ. 
Ó ðàç³ ï³äêëþ÷åíÿ äîäàòêîâîãî çîâí³øíüîãî æèâ-
ëåííÿ ñèñòåìà êîíòðîëþ çà åíåðãîçàáåçïå÷åííÿì 
ñòàíö³¿ àâòîìàòè÷íî â³äêëþ÷àº âíóòð³øí³ àêóìóëÿ-
òîðè (ïåðåâîäèòü ¿õ ó ðåæèì çàðÿäæàííÿ).

Â ö³ëîìó, ö³ ñåéñìîñòàíö³¿ ðîçðîáëåíî äëÿ âèð³-
øåííÿ íå ò³ëüêè ïðèêëàäíèõ ³íæåíåðíî-ãåîô³çè÷íèõ 
çàâäàíü, à é äëÿ ðîçâ’ÿçàííÿ ôóíäàìåíòàëüíèõ çà-
äà÷ ãåîô³çèêè ç âèâ÷åííÿ ãëèáèííî¿ áóäîâè Çåìë³, 
ñåéñì³÷íîãî ìîí³òîðèíãó, äîâãîñòðîêîâèõ ïàñèâíèõ 
ñåéñìîëîã³÷íèõ ñïîñòåðåæåíü.

Ðèñ. 4. Òåñòóâàííÿ ãðóïè ñåéñìîñòàíö³é SV-1, SV-2, SV-3.1 ³ òðèêîìïîíåíòí³ çàïèñè ñåéñì³÷íî¿ ñòàíö³¿ SV-3.1 (íà ïåðåäíüîìó 
ïëàí³)

Fig. 4. Testing a group of seismic stations SV-1, SV-2, SV-3.1 and three-component recording of seismic waves
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Äåòàëüí³øå ³íôîðìàö³þ ïðî óêðà¿íñüê³ ñåéñìîñ-
òàíö³¿ ñåð³¿ SV òà ³íîçåìí³ àíàëîãè ïîäàíî ó ñòàòò³ [5].

Ïîëüîâ³ âèïðîáóâàííÿ ñòâîðåíèõ ïðîòîòèï³â 
ñåéñì³÷íîãî îáëàäíàííÿ â³äáóâàëèñü ó ×åðí³ã³â-
ñüê³é îáëàñò³ íà Øîñòàê³âñüê³é íàôòîãàçîâ³é ïëîù³ 
ó 2017—2018 ð. òà â ×åðí³âåöüê³é îáëàñò³ íà Êðàñ-
íî¿ëüñüê³é ïëîù³ ó 2019 ð. (ðèñ. 4). ßê åòàëîí âè-
êîðèñòîâóâàëè ñåéñì³÷íå îáëàäíàííÿ ÄÏ «Óêðãåî-
ô³çèêà», çîêðåìà Ïîëòàâñüêî¿ ³ Çàõ³äíîóêðà¿íñüêî¿ 
ãåîô³çè÷íèõ åêñïåäèö³é, òà àâòîíîìí³ îäíîêàíàëüí³ 
ñòàíö³¿ Texan-125 À (ÑØÀ).

Òåõíîëîã³ÿ ïðîâåäåííÿ âèøóêóâàëüíèõ ðîá³ò ç 
âèêîðèñòàííÿì ñêëàäîâèõ ñåéñìîêîìïëåêñó â³äïðà-
öüîâàíà â ð³çíèõ êóòî÷êàõ Óêðà¿íè ³ íà áàãàòüîõ 
â³äïîâ³äàëüíèõ îá’ºêòàõ — ãàçîðîçïîä³ëüíèõ ñòàí-
ö³ÿõ, äàìáàõ ÃÅÑ òà ÃÀÅÑ, ÒÅÑ, âåëèêèõ îá’ºêòàõ 
ñîö³àëüíî¿ ñôåðè [7, 11]. Íà ðèñ. 5 ïîêàçàíî ïðèêëàä 
äåòàëüíîãî ñåéñì³÷íîãî âèâ÷åííÿ çîíè ðîçëîìó òà 
êîíòàêòó àðã³ë³ò³â ïàëåîãåíó ³ ï³ñêîâèê³â íåîãåíó â 
Êàðïàòàõ (ðèñ. 5).

Ó ñòàòò³ îïèñàíî îáëàäíàííÿ, ùî ñòâîðåíî ó 
ðåçóëüòàò³ âèêîíàííÿ íàóêîâî-òåõí³÷íèõ (³ííîâàö³é-
íèõ) ïðîãðàì Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè 
ó 2017 — 2019 ð.

Àâòîðè âèñëîâëþþòü ïîäÿêó çà ï³äòðèìêó òà 
âñåá³÷íó äîïîìîãó ó ðîçâèòêó íîâ³òí³õ ãåô³çè÷íèõ 
òåõíîëîã³é â Óêðà¿í³ çàñòóïíèêó ãåíåðàëüíîãî äè-
ðåêòîðà ÄÃÏ «Óêðãåîô³çèêà» Òîëêóíîâó Àíàòîë³þ 
Ïåòðîâè÷ó.

Âèñíîâêè. Ñòâîðåíî ðåçîíàíñíèé ñåéñì³÷íèé 
êîìïëåêñ äëÿ âèð³øåííÿ ïðèêëàäíèõ çàäà÷ ãåîô³çè-
êè: âèâ÷åííÿ áóäîâè âåðõíüî¿ ÷àñòèíè ãåîëîã³÷íîãî 
ðîçð³çó; âèð³øåííÿ ïèòàíü, ïîâ’ÿçàíèõ ç åêîëîã³ºþ, 
àðõåîëîã³ºþ, áóä³âíèöòâîì æèòëîâèõ, ãðîìàäñüêèõ 
òà ïðîìèñëîâèõ ñïîðóä. Çàñòîñóâàííÿ ñåéñìîêîìï-
ëåêñó ìîæëèâå äëÿ ñåéñì³÷íîãî ì³êðîðàéîíóâàííÿ 
áóä³âåëüíèõ ìàéäàí÷èê³â, íàôòî-, ãàçîïðîâîä³â, 
ã³äðîàêîìóëþâàëüíèõ ñòàíö³é òà ³íøèõ ñòðàòåã³÷-
íèõ îá’ºêò³â äëÿ åêîíîì³êè äåðæàâè. Çà äîïîìîãîþ 
ñåéñìîêîìïëåêñó ìîæíà âèâ÷àòè ãåîëîã³÷íó áóäîâó 
òà ô³çè÷í³ âëàñòèâîñò³ ´ðóíò³â ï³ä âàæëèâèìè ï³ä-

ïðèºìñòâàìè (àáî â ¿õ îêîë³). Ñåéñìîêîìïëåêñ ñêëà-
äàºòüñÿ ç åëåêòðè÷íîãî äæåðåëà ñåéñì³÷íèõ õâèëü, 
áëîêà êåðóâàííÿ äæåðåëîì, àâòîíîìíèõ ñåéñì³÷íèõ 
ñòàíö³é óí³âåðñàëüíîãî òèïó. Ïàðàëåëüíî ³ç ñòâî-
ðåííÿì çðàçê³â ñåéñì³÷íîãî îáëàäíàííÿ âåäåòüñÿ 
ðîçðîáêà ïðîãðàìíîãî çàáåçïå÷åííÿ ðîçâ'ÿçàííÿ 
îáåðíåíèõ çàäà÷ ãåîô³çèêè [2—4] äëÿ ³íòåðïðåòàö³¿ 
ïîëüîâèõ ñåéñì³÷íèõ äàíèõ.

Ñïèñîê á³áë³îãðàô³÷íèõ ïîñèëàíü

1. Àäàïòèâíèé ñïîñ³á ñåéñìîðîçâ³äêè: ïàò 116903 
Óêðà¿íà. ¹ u201612814; çàÿâë. 16.12.2016; îïóáë. 
12.06.2017, áþë. ¹ 11/2017.

2. Ãðèíü Ä.Ì. Àâòîìàòèçîâàíèé ñïîñ³á âèçíà÷åííÿ 
íåóçãîäæåíîãî çàëÿãàííÿ ãåîëîã³÷íèõ ãîðèçîíò³â çà 
òðèâèì³ðíèìè ñåéñì³÷íèìè äàíèìè. Ãåîôèçè÷åñêèé 
æóðíàë. 2019. Ò. 41. ¹ 6. Ñ. 175—190.

3. Ãðèíü Ä.Ì. Ëîãàðèôì³÷í³ äåêðåìåíòè òà ³íø³ ôóíêö³¿ 
çãàñàííÿ ñåéñì³÷íèõ õâèëü. Ãåîô³çè÷íèé æóðíàë. 2001. 
Ò. 23. ¹ 4. C. 91—102.

4. Ãðèíü Ä. Ì. Ìåòîäèêà âèçíà÷åííÿ ïðîñòîðîâîãî ïî-
øèðåííÿ ìàëîàìïë³òóäíèõ ðîçëîì³â ³ òð³ùèí ó òîíêî-
øàðóâàòîìó âóãëåâì³ñíîìó ãåîëîã³÷íîìó ñåðåäîâèù³. 
Ãåîôèçè÷åñêèé æóðíàë. 2019. Ò. 41, ¹ 5.  Ñ. 195—216.

5. Ãðèíü Ä.Ì., Âåðáèöüêèé Ñ.Ò. Àâòîíîìí³ öèôðîâ³ 
ñåéñì³÷í³ ñòàíö³¿ SV. Ãåîôèçè÷åñêèé æóðíàë. 2019. 
Ò. 41, ¹ 4. Ñ. 124—144.

6. Êîïûëîâ È.Ï. Ýëåêòðè÷åñêèå ìàøèíû. Ìîñêâà: 
Ýíåð ãîàòîìèçäàò, 1986. — 380 ñ.

7. Ë³ñîâèé Þ.Â., Ãðèíü Ä.Ì., Ñåìåíîâà Þ.Â., Âåðáèöü-
êà Î.Ñ. Ñåéñì³÷íà íåáåçïåêà áóä³âåëüíîãî ìàéäàí÷èêà 
ïî áóëüâàðó Äðóæáè íàðîä³â, 2 â ì. Êèºâ³. Ìàòåð³àëè ²²² 
Ì³æíàðîäíî¿ íàóêîâî¿ êîíôåðåíö³¿ «Àêòóàëüí³ ïðîáëåìè 
ãåîñåðåäîâèùà ³ çîíäóþ÷èõ ñèñòåì». Êè¿â, 2017. Ñ. 34.

8. Ðîìàí Â.². Ñïåêòðè â³äíîøåííÿ ñèãíàë-çàâàäà àäàï-
òèâíèõ ãåîô³çè÷íèõ äîñë³äæåíü. Ãåîô³çè÷íèé æóðíàë. 
2013. Ò. 36, ¹ 2. Ñ. 186–190.

9. Ðîìàí Â.²., Øïîðòþê Ã.À., Ãðèíü Ä.Ì., Ìóêîºä Í.². 
Àäàïòèâí³ ñåéñì³÷í³ äîñë³äæåííÿ: ìîäåë³ ðåºñòðàö³¿ 
ñåéñì³÷íèõ ïîë³â. Ãåîôèçè÷åñêèé æóðíàë. 2011. Ò. 33, 
¹ 6. C. 152—157.

Ðèñ. 5. Õâèëüîâ³ ïîëÿ ïîïåðå÷íèõ ñåéñì³÷íèõ õâèëü, îòðèìàí³ â îêîë³ ì. Ñõ³äíèöÿ, òà ïîáóäîâàíèé ãåîëîã³÷íèé ðîçð³ç çà 
ñåéñì³÷íèìè äàíèìè

Fig. 5. Wave fields of shared seismic waves. They were obtained near Skhidnytsia and a geological section was constructed using this data



ISSN 1684-2189    GEOINFORMATIKA, 2019, ¹ 4 (72) 71
© Ê.Î. Ä.Ì. Ãðèíü, Ñ.Ò. Âåðáèöüêèé, Î.Â. Äìèòðåíêî

10. Ðîìàí Â.È., Çàêàðèåâ Þ.Ø., Ðÿáîøàïêî Ñ.Ì. òà ³í. 
Òåõí³êî-òåõíîëîã³÷í³ êîìïëåêñè äëÿ àäàïòèâíèõ ñåé-
ñì³÷íèõ äîñë³äæåíü. Çá³ðíèê íàóêîâèõ ïðàöü ÓêðÄÃÐ². 
2015. ¹ 1. Ñ. 37—45.

11. Ñàïóæàê ²., Âåðáèöüêèé Ñ., Ãðèíü Ä., Êîãóò Î. Ñåé-
ñì³÷íå ì³êðîðàéîíóâàííÿ ìàéäàí÷èêà ï³ä áóä³âíèöòâî 
ðåçåðâóàðà ï³ä ËÂÄÑ «Áðîäè». Ãåî ô³ çè êà ³ ãåîäèíà-
ì³êà: ïðîãíîçóâàííÿ òà ìîí³òîðèíã ãåî ëî ã³÷ íîãî ñå-
ðåäîâèùà; ï³ä çàã. ðåä. Â.Þ. Ìàêñèì÷óêà: çá. íàóê. 
ïðàöü. Ëüâ³â: Ðàñòð-7, 2019. Ñ. 172—174.

12. Ñïîñ³á çáóäæåííÿ ñåéñì³÷íèõ õâèëü: ïàò. 116423 
Óê ðà¿íà. ¹ à201613407; çàÿâë. 27.12.2016; îïóáë. 
12.03.2018, áþë. ¹ 5/2018. 

13. Ñïîñ³á çáóäæåííÿ ñåéñì³÷íèõ õâèëü: ïàò. 119203 
Óê ðà¿íà. ¹ à201712828; çàÿâë. 26.12.2017; îïóáë. 
10.05.2019, áþë. ¹ 9/2019. 

14. ×åðåïîâñêèé À.Â. Ñåéñìîðàçâåäêà ñ îäèíî÷íûìè 
ïðè åìíèêàìè è èñòî÷íèêàìè: îáçîð ñîâðåìåííûõ 
òåõ íîëîãèé è ïðîåêòèðîâàíèÿ ñúåìîê. Ìîñêâà: ÅÀÃÅ 
Ãåîìîäåëü, 2012. 133 ñ.

Íàä³éøëà äî ðåäàêö³¿ 12.11.2019 ð.

ÀÄÀÏÒÈÂÍÛÉ ÑÅÉÑÌÈ×ÅÑÊÈÉ ÊÎÌÏËÅÊÑ ÄËß ÈÍÆÅÍÅÐÍÎÉ ÃÅÎÔÈÇÈÊÈ

Ä.Í. Ãðèíü1, Ñ.Ò. Âåðáèöüêèé2, À.Â. Äìèòðåíêî1

1Èíñòèòóò ãåîôèçèêè ÍÀÍ Óêðàèíè èì. Ñ.È.Ñóááîò³íà, ïðîñï. Ïàëëàäèíà, 32, 
ã. Êèåâ, 03680; email: dgrin@i.ua.
2Èíñòèòóò ãåîôèçèêè ÍÀÍ Óêðàèíè èì. Ñ.È.Ñóááîòèíà, Îòäåë ñåéñìè÷íîñòè Êàðïàòñüêîãî ðåãèîíà, óë. 
ßðîñëàâåíêà, 27, ã. Ëüâîâ, 79000.

Èçó÷åíèå ôèçè÷åñêèõ ïîëåé, îòîáðàæàþùèõ ãåîëîãè÷åñêîå ñòðîåíèå è ÿâëåíèÿ, ïðîèñõîäÿùèå íà ðàçíûõ 
ãëóáèíàõ — îäíî èç ïðèîðèòåòíûõ íàïðàâëåíèé íàóê î Çåìëå. Íàáëþäåíèå ôèçè÷åñêîãî ïîëÿ è îïðåäåëåíèå 
åãî êîëè÷åñòâåííûõ è ïàðàìåòðîâ âîçìîæíî òîëüêî ïðè íàëè÷èè ñîâðåìåííîãî öèôðîâîãî îáîðóäîâàíèÿ, 
ñîçäàíèå êîòîðîãî îòêðûâàåò íàèáîëåå ðàöèîíàëüíûé ïóòü ê ïîñòîÿííîìó ðàçâèòèþ íàóêè è âíåäðåíèè åå 
ðàçðàáîòîê. Â ðåçóëüòàòå ñîçäàíèÿ ñåéñìè÷åñêîãî îáîðóäîâàíèÿ ðàçðàáîòàí àäàïòèâíûé ñåéñìè÷åñêèé êîìï-
ëåêñ óíèâåðñàëüíîãî òèïà, êîòîðûé ñîñòîèò èç àäàïòèâíîãî ýëåêòðè÷åñêîãî èñòî÷íèêà, èíòåëëåêòóàëüíîé 
ñèñòåìû óïðàâëåíèÿ èñòî÷íèêîì, àâòîíîìíûõ òðèêîìïîíåíòíûõ ñåéñìîñòàíöèé è ïðîãðàììíîãî êîìïëåêñà 
ïî îáðàáîòêå ïîëó÷åííûõ ñåéñìè÷åñêèõ äàííûõ. Ïîä óíèâåðñàëüíîñòüþ ïîíèìàåòñÿ âîçìîæíîñòü èñïîëüçî-
âàíèÿ ñîçäàííîãî ñåéñìè÷åñêîãî îáîðóäîâàíèÿ äëÿ ðåøåíèÿ ìàêñèìàëüíî øèðîêîãî ñïåêòðà ïðèêëàäíûõ è 
ôóíäàìåíòàëüíûõ çàäà÷ ãåîôèçèêè. Äëÿ ïîâûøåíèÿ êà÷åñòâà ñåéñìè÷åñêèõ äàííûõ èíæåíåðíî-ãåîôèçè÷åñêèõ 
èçûñêàíèé è ñêîðîñòè ïðîâåäåíèÿ ðàáîò èñïîëüçóåòñÿ àäàïòèâíàÿ òåõíîëîãèÿ. Îíà çàêëþ÷àåòñÿ â ïîäáîðå 
íàèáîëåå îïòèìàëüíîãî ÑÂÈÏ-ñèãíàëà (ñèíóñîèäû ñ èçìåíÿåìîé âî âðåìåíè ÷àñòîòîé) äëÿ èñòî÷íèêà ñåéñìè-
÷åñêèõ âîëí íà êàæäîé òî÷êå âîçáóæäåíèÿ. Â ÑÂÈÏ-ñèãíàëå óñèëèâàþòñÿ àìïëèòóäû òåõ êîëåáàíèé, êîòîðûå 
íàèáîëåå ñèëüíî ïîãëîùàþòñÿ â ïðèïîâåðõíîñòíîé ÷àñòè ãåîëîãè÷åñêîãî ðàçðåçà. Òàêèì îáðàçîì ìîæíî 
ïîëó÷èòü îäèíàêîâûé ñïåêòðàëüíûé ñîñòàâ âîëíîâîãî ïîëÿ ïî âñåìó ïðîôèëþ, íåçàâèñèìî îò ëîêàëüíûõ 
ïðèïîâåðõíîñòíûõ óñëîâèé âîçáóæäåíèÿ ñåéñìè÷åñêèõ âîëí. Óíèâåðñàëüíûå ñåéñìè÷åñêèå ñòàíöèè, êîòîðûå 
çàïèñûâàþò ñåéñìè÷åñêèå äàííûå, èìåþò íåáîëüøèå ðàçìåðû, âûñîêóþ ÷àñòîòó äèñêðåòèçàöèè àíàëîãîâîãî 
ñèãíàëà, áîëüøóþ îïåðàòèâíóþ ïàìÿòü, áåñïðîâîäíóþ ñâÿçü WiFi è ðàäèîêàíàë äëÿ êîíòðîëÿ êà÷åñòâà ñåé-
ñìè÷åñêèõ äàííûõ â ìîìåíò èõ çàïèñè, ñèñòåìó òî÷íîãî âðåìåíè è îïðåäåëåíèÿ êîîðäèíàò GPS. Èñïîëüçî-
âàíèå ýòèõ ñåéñìîñòàíöèé âîçìîæíî äëÿ ðåøåíèÿ ìíîãèõ ïðèêëàäíûõ è ôóíäàìåíòàëüíûõ çàäà÷ ãåîôèçèêè. 
Ïðîâåäåíû ëàáîðàòîðíûå èññëåäîâàíèÿ è ïîëåâàÿ àïðîáàöèÿ êîìïëåêñà ñîâìåñòíî ñ ãîñóäàðñòâåííûì ãåî-
ôèçè÷åñêèì ïðåäïðÿòèåì «Óêðãåîôèçèêà». Ñåéñìîêîìïëåêñ ÿâëÿåòñÿ ýíåðãîýêîíîìíûì è îòâå÷àåò ìèðîâûì 
îáðàçöàì.

Êëþ÷åâûå ñëîâà: ñïåêòð îòíîøåíèÿ ñèãíàë-ïîìåõà, àäàïòèâíûå èññëåäîâàíèÿ, àäàïòèâíûé ñåéñìîêîìïëåêñ, 
ðåçîíàíñíûé ñåéñìîèñòî÷íèê, ñåéñìè÷åñêèå ñòàíöèè.

ADAPTIVE SEISMIC COMPLEX FOR ENGINEERING GEOPHYSICS
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Purpose: To create a modern adaptive seismic complex for solving problems of engineering geophysics.The article 
describes all the components of the seismic complex. It consists of an adaptive seismic wave source that can generate 
complex shape signals. The waveform is calculated at each point of generation. The signal is composed of frequencies 
that are strongly absorbed by the earth Multiple generation leads to the accumulation of signals. As a result, we have 
high seismic resolution. The seismic control system controls the electrical source. Universal digital seismic stations 
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are used to record seismic information. These stations were made at the Institute of Geophysics of NAS of Ukraine. 
They are small in weight and size. Seismic stations have a long battery life. The sampling rate of the seismic data is 
4000 Hz. Seismic information is accumulated in the seismic station and can be copied through a USB port or a wire-
less WiFi connection. The system of remote control over the technical condition of the station has been developed
Design/methodology/approach: Seismic stations are installed over some distance on the ground surface and the source 
generates complex signals. The seismic wave is reflected from geological layers and it is recorded by digital seismic 
stations of type SV. The seismic wave source is moved to a new point and the next seismic wave is generated.
Upon completion of the exploration work, the seismic data is transcribed from the stations. The resulting material is 
processed by special programs.…
Findings: Adaptive seismic complex was created to solve a wide range of problems of engineering geophysics. His field 
tests were completed. Work methodology and software have been used in many scientific and technical projects. We 
can use any number of seismic stations, and as a result we have different profile lengths. The sensors can be of differ-
ent polarity — three-component, horizontal or vertical. The use of three components makes it possible to divide the 
wave field into components. The use of polarizing filters makes it easier to determine the types of waves. They can be 
low frequency or high frequency. GPS systems give seismic stations the correct time and coordinates. The obtained 
seismic data are processed by special software.
Practical value/implications: The use of a seismic complex is possible for many tasks. Conventionally, these tasks can 
be divided into two groups.
The first is the determination of the physical properties of the geological environment to solve the problems outlined 
by the State Building Standards (DBS), the second large group is related to the need to study the surface geological 
structure, in particular: 
The seismic complex can be used to determine the presence, shape and depth of the occurrence of underground 
historical sites by a non-destructive method in a protected area;
– seismic zoning and seismic monitoring with allocation of zones of active disturbances and local moving geological 
blocks (necessary for gas and oil pipelines, ammonia pipelines, railways);
– solution of environmental problems, in particular the detection of zones of underground penetration into the surface 
water of contaminated water from the reservoirs of mining and processing enterprises;
– monitoring the status of dams and surrounding areas;
– search for karst cavities, catacombs and abandoned mines under industrial and residential sites;
– localization of territory with landslides.

Keywords: spectrum of ratio signal-noise, adaptive research, adaptive seismic complex, resonance seismic source, 
seismic station.
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