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Îñîáåííîñòè ñîâìåñòíîé îáðàáîòêè è èíòåðïðåòàöèè äàííûõ

ýëåêòðîòîìîãðàôèè è ãåîðàäèîëîêàöèè â óñëîâèÿõ âëèÿíèÿ

òåõíîãåííûõ ïîìåõ íà îáúåêòàõ òðàíñïîðòíîãî ñòðîèòåëüñòâà

Â ðàáîòå ïðèâîäèòñÿ ïðèìåð âûïîëíåíèÿ ãåîôèçè÷åñêèõ èññëåäîâàíèé ìåòîäàìè ãåîðàäèîëîêàöèè è ýëåê-

òðîòîìîãðàôèè â ðàìêàõ èíæåíåðíûõ èçûñêàíèé íà ó÷àñòêå ñòðîèòåëüñòâà æåëåçíîäîðîæíîé ýñòàêàäû. Îñî-

áåííîñòüþ ó÷àñòêà ÿâëÿåòñÿ ïîâûøåííûé óðîâåíü òåõíîãåííûõ ïîìåõ, êîòîðûå îêàçûâàþò çíà÷èòåëüíîå

âëèÿíèå íà ïîëåâûå äàííûå ýëåêòðîðàçâåäî÷íûõ ðàáîò, óâåëè÷èâàÿ ïîãðåøíîñòü ïîäáîðà ýëåêòðîòîìîãðà-

ôè÷åñêîé ìîäåëè, òåì ñàìûì ñíèæàÿ îäíîçíà÷íîñòü ãåîëîãè÷åñêîé èíòåðïðåòàöèè íà ýòàïå êàìåðàëüíîé îáðà-

áîòêè. Ðàññìàòðèâàåòñÿ ïîäõîä ê ñîâìåñòíîé îáðàáîòêå è èíòåðïðåòàöèè ãåîôèçè÷åñêèõ äàííûõ, êîãäà ïðè

ðàñ÷åòå ýëåêòðîòîìîãðàôè÷åñêîé ìîäåëè â êà÷åñòâå àïðèîðíûõ äàííûõ èñïîëüçóþòñÿ ëèòîëîãè÷åñêèå ãðàíè-

öû, âûäåëåííûå ïî äàííûì ãåîðàäèîëîêàöèè. Èñïîëüçîâàíèå äàííîãî ïîäõîäà ñíèæàåò êàê ïîãðåøíîñòü

ïîäáîðà ýëåêòðîòîìîãðàôè÷åñêîé ìîäåëè, òàê è íåîïðåäåëåííîñòü ãåîëîãè÷åñêîé èíòåðïðåòàöèè ãåîôèçè÷åñ-

êèõ äàííûõ, ïîëó÷åííûõ â óñëîâèÿõ âëèÿíèÿ òåõíîãåííûõ ïîìåõ ñîïóòñòâóþùèõ ðàáîòàì â ïîëîñå îòâîäà

äåéñòâóþùåé æåëåçíîé äîðîãè.

Êëþ÷åâûå ñëîâà: ýëåêòðîòîìîãðàôèÿ, ãåîðàäèîëîêàöèÿ, èíæåíåðíûå èçûñêàíèÿ, òðàíñïîðòíîå ñòðîè-

òåëüñòâî, òåõíîãåííûå ïîìåõè.

Ââåäåíèå
Ïðîåêòèðîâàíèå è ñòðîèòåëüñòâî îáúåêòîâ òðàíñïîð-

òíîé èíôðàñòðóêòóðû ïîâûøåííîãî óðîâíÿ îòâåòñòâåí-

íîñòè, òàêèõ êàê ìîñòû, ïóòåïðîâîäû è ýñòàêàäû, íóæäà-

åòñÿ â äîñòîâåðíîé è äåòàëüíîé èíôîðìàöèè î ñòðîåíèè

èíæåíåðíî-ãåîëîãè÷åñêîãî ðàçðåçà, îñîáåííî, êîãäà â èñ-

ñëåäóåìîì ðàçðåçå ïðèñóòñòâóþò ñëàáûå ãðóíòû c ïîíè-

æåííîé íåñóùåé ñïîñîáíîñòüþ. Íåäîñòàòî÷íàÿ èçó÷åí-

íîñòü ó÷àñòêà ãåîëîãè÷åñêèìè ìåòîäàìè, â äàííîì ñëó-

÷àå, ìîæåò áûòü êîìïåíñèðîâàíà ãåîôèçè÷åñêèìè èññëå-

äîâàíèÿìè, êîòîðûå îáåñïå÷èâàþò íåïðåðûâíîå èçó÷å-

íèå èíæåíåðíî-ãåîëîãè÷åñêîãî ðàçðåçà.

Ïðåèìóùåñòâî êîìïëåêñíîãî èñïîëüçîâàíèÿ ãåîôè-

çè÷åñêèõ ìåòîäîâ â ïîäîáíûõ ñèòóàöèÿõ íå âûçûâàåò ñî-

ìíåíèÿ. Î÷åâèäíî, ïîêàçàòåëåì äîñòîâåðíîñòè è íàäåæ-

íîñòè äàííûõ èíæåíåðíî-ãåîôèçè÷åñêèõ èññëåäîâàíèé

îñòàåòñÿ ñòåïåíü èõ êîððåëÿöèè ñ ðåçóëüòàòàìè áóðåíèÿ.

Â äàííîé ðàáîòå ïîêàçàí ïðèìåð ïîäõîäà ê ñîâìåñò-

íîé îáðàáîòêå è èíòåðïðåòàöèè äàííûõ ãåîôèçè÷åñêèõ

ìåòîäîâ ýëåêòðîòîìîãðàôèè è ãåîðàäèîëîêàöèè. Îñîáåí-

íîñòüþ ýòîãî ïîäõîäà ÿâëÿåòñÿ òî, ÷òî ïðè ïîäáîðå ýëåêò-

ðîòîìîãðàôè÷åñêîé ìîäåëè â êà÷åñòâå àïðèîðíûõ äàííûõ

èñïîëüçîâàíû ëèòîëîãè÷åñêèå ãðàíèöû, âûäåëåííûå ïî

äàííûì ãåîðàäèîëîêàöèè. Òàêîé ïîäõîä ïîçâîëèë ïîâû-

ñèòü êà÷åñòâî ðåøåíèÿ îáðàòíîé çàäà÷è ãåîôèçèêè, ñóçèòü

ýêâèâàëåíòíîñòü è ïîâûñèòü óñòîé÷èâîñòü ðåøåíèÿ â óñ-

ëîâèÿõ òåõíîãåííûõ ïîìåõ, ñîïóòñòâóþùèõ ðàáîòàì â ïî-

ëîñå îòâîäà äåéñòâóþùåé æåëåçíîé äîðîãè.

Ìàòåðèàëû è ìåòîäû
Îáúåêò èññëåäîâàíèé

Ó÷àñòîê ðàáîò íàõîäèòñÿ íà Çàïàäå Ëåíèíãðàäñêîé

îáëàñòè â ðàéîíå ìîðñêîãî ïîðòà Óñòü-Ëóãà â ïîëîñå îò-

Ðèñ. 2. Ãåîëîãè÷åñêèé ðàçðåç ïî ñêâàæèíå.

Ðèñ. 1. (a) ñóùåñòâóþùàÿ æåëåçíàÿ äîðîãà; (á) ïîëîæåíèå îïîð

ýñòàêàäû; (â) ìåñòîïîëîæåíèå ó÷àñòêà ðàáîò.

à) á)

â)
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âîäà äåéñòâóþùåé æåëåçíîé äîðîãè (Ðèñ. 1). Ãåîôèçè-

÷åñêèå èññëåäîâàíèÿ âûïîëíÿëèñü ãðóïïîé ãåîôèçèêè

ïðîåêòíî èçûñêàòåëüñêîãî èíñòèòóòà ÎÀÎ «Ëåíãèïðîò-

ðàíñ» â ðàìêàõ èíæåíåðíî-ãåîëîãè÷åñêèõ èçûñêàíèé íà

ïëîùàäêå ïðîåêòèðîâàíèÿ 500 ìåòðîâîé æåëåçíîäîðîæ-

íîé ýñòàêàäû.

Èíæåíåðíî-ãåîëîãè÷åñêèé ðàçðåç ó÷àñòêà ðàáîò èìå-

åò ãîðèçîíòàëüíî-ñëîèñòîå ñòðîåíèå è ñëîæåí ïðåèìóùå-

ñòâåííî âåðõíå÷åòâåðòè÷íûìè îçåðíî-ëåäíèêîâûìè è ëåä-

íèêîâûìè ñóãëèíêàìè è ñóïåñÿìè ðàçëè÷íîé êîíñèñòåí-

öèè, ñ ïðîñëîÿìè âîäîíàñûùåííîãî ïåñêà. Äàííûå ïî îä-

íîé èç ñêâàæèí ó÷àñòêà ñ ãåîëîãè÷åñêèì îïèñàíèåì ïðè-

âåäåíû íà ðèñóíêå 2.

Öåëüþ ãåîôèçè÷åñêèõ èññëåäîâàíèé áûëî ïîëó÷åíèå

íåïðåðûâíîé ãåîëîãî-ãåîôèçè÷åñêîé ìîäåëè èíæåíåðíî-

ãåîëîãè÷åñêîãî ðàçðåçà íà ãëóáèíó äî 30 ì âäîëü îñè ïðî-

åêòèðóåìîé ýñòàêàäû.

Ìåòîäèêà èññëåäîâàíèé

Â ãåîôèçè÷åñêèé êîìïëåêñ âîøëè ìåòîäû

ãåîðàäèîëîêàöèè (Davis, Annan, 1989) è ýëåêò-

ðîòîìîãðàôèè (Griffiths & Barker, 1993; Loke &

Barker, 1996). Â êà÷åñòâå èçìåðèòåëüíîé àïïàðà-

òóðû èñïîëüçîâàí êîìïëåêò ãåîðàäàðà ÎÊÎ-2

(ÎÎÎ «Ëîãèñ», ã. Ðàìåíñêîå) ñ àíòåííûì áëî-

êîì 250 ÌÃö è êîìïëåêò ýëåêòðîðàçâåäî÷íîé

àïïàðàòóðû EraMultimax (ÍÏÏ «ÝÐÀ», ã. Ñ-Ïå-

òåðáóðã).

Ïî îñè ïðîåêòèðóåìîé ýñòàêàäû âûïîëíåí

ïðîäîëüíûé ãåîôèçè÷åñêèé ïðîôèëü. Ïîïåðå÷-

íûå ïðîôèëè ðàñïîëàãàëèñü âûáîðî÷íî â ìåñ-

òàõ çàëîæåíèÿ îïîð. Ñõåìà ðàñïîëîæåíèÿ ãåî-

ôèçè÷åñêèõ ïðîôèëåé ïðèâåäåíà íà ðèñóíêå 3.

Ñòîèò îòìåòèòü áëèçîñòü ê ó÷àñòêó ðàáîò

äåéñòâóþùåé æåëåçíîé äîðîãè è ñîïóòñòâóþ-

ùèõ åé èñòî÷íèêîâ ïîìåõ, îêàçûâàþùèõ çíà÷è-

òåëüíîå âëèÿíèå íà ðåçóëüòàòû ãåîôèçè÷åñêèõ

èçìåðåíèé. Â ïîëîñå îòâîäà íàõîäÿòñÿ ðàçëè÷-

íûå ïîäçåìíûå è íàçåìíûå êîììóíèêàöèè, ìå-

òàëëè÷åñêèå êîíñòðóêöèè, ÷àñòî êóðñèðóþò æå-

ëåçíîäîðîæíûå ñîñòàâû (Ðèñ. 4).

Íà ðèñóíêå 5 ïðåäñòàâëåí ãðàôèê ñîîòíî-

Ðèñ. 5. Ãðàôèê ñîîòíîøåíèÿ óðîâíÿ ïîìåõ è ïîëåçíîãî ñèãíàëà âäîëü ïðîôèëÿ

ýëåêòðîòîìîãðàôèè.

Ðèñ. 6. Ãðàôèêè èçîèñòî÷íèêîâ íàáëþäåííûõ çíà÷åíèé U/I.

Ðèñ. 3. Ñõåìà ðàñïîëîæåíèÿ ãåîôèçè÷åñêèõ ïðîôèëåé.

øåíèÿ íàáëþäàåìîãî óðîâíÿ øóìîâ â êàíàëàõ ýëåêòðîòî-

ìîãðàôè÷åñêîé êîñû è óðîâíÿ ïîëåçíîãî ñèãíàëà âäîëü

îñåâîãî ïðîôèëÿ. Âèäíî, ÷òî ïðè ïðèáëèæåíèè ê æåëåç-

íîé äîðîãå óðîâåíü øóìîâ çíà÷èòåëüíî âîçðàñòàåò. Íà ðè-

ñóíêå 6 ïðåäñòàâëåíû ãðàôèêè èçîèñòî÷íèêîâ äëÿ îòíî-

øåíèÿ íàáëþäåííûõ çíà÷åíèé ðàçíîñòè ïîòåíöèàëà ê ñèëå

òîêà ïîëó÷åííûå ïî ñèñòåìå íàáëþäåíèé òðåõýëåêòðîä-

íîé óñòàíîâêè. Âáëèçè æåëåçíîé äîðîãè íàáëþäàåòñÿ çíà-

÷èòåëüíîå ÷èñëî «âûñêîêîâ» èçìåðåííûõ çíà÷åíèé, ïî

ñðàâíåíèþ ñ äðóãèìè ó÷àñòêàìè, íà êîòîðûõ «âûñêîêè»

ïðàêòè÷åñêè îòñóòñòâóþò. Ïðåäâàðèòåëüíàÿ îöåíêà ïîëå-

âûõ äàííûõ ïîêàçàëà, ÷òî ïîãðåøíîñòü ïîäáîðà ìîäåëè

íà ó÷àñòêå ñ íèçêèì óðîâíåì ïîìåõ ñîñòàâëÿåò 4 %, â òî

âðåìÿ êàê ïîãðåøíîñòü íà ó÷àñòêå ñ âûñîêèì óðîâíåì

ïîìåõ äîñòèãàåò 15 %.

Êàê îòìå÷àþò çàðóáåæíûå ñïåöèàëèñòû, ñðåäíåêâàäðà-

òè÷åñêàÿ ïîãðåøíîñòü ïîäáîðà ýëåêòðîòîìîãðàôè÷åñêîé

ìîäåëè â óñëîâèÿõ áëèçîñòè æåëåçíîé äîðîãè ìîæåò äîñòè-

ãàòü 10 % (Donohue et al., 2013). Â òî âðåìÿ êàê îøèáêà ïîä-

áîðà â ñòàíäàðòíûõ óñëîâèÿõ îáû÷íî íå ïðåâûøàåò 5 %.

Ðèñ. 4. Èñòî÷íèêè òåõíîãåííûõ ïîìåõ â ïîëîñå îòâîäà æåëåç-

íîé äîðîãè: (a) êàáåëü âûñîêîãî íàïðÿæåíèÿ; (á) æåëåçíîäî-

ðîæíûå ñîñòàâû; (â) ìåòàëëè÷åñêèå êîíñòðóêöèè.

à) á)

â)



3(58) 2014 39

Ä.À. Ëàëîìîâ, À.È. Àðòþãèí   Îñîáåííîñòè ñîâìåñòíîé îáðàáîòêè è èíòåðïðåòàöèè äàííûõ ýëåêòðîòîìîãðàôèè è ãåîðàäèîëîêàöèè â óñëîâèÿõ...

Îáðàáîòêà äàííûõ ãåîðàäèîëîêàöèè ïðîâîäèëàñü ñ èñ-

ïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà Geoscan32 (Ðóêîâîä-

ñòâî ïîëüçîâàòåëÿ ïðîãðàììîé GeoScan32, 2009). Äàííûå

ýëåêòðîòîìîãðàôèè îáðàáàòûâàëèñü â ïðîãðàììàõ

ZondMultimax è ZondRes2D (Êàìèíñêèé, 2012).

Ðåçóëüòàòû èññëåäîâàíèé
Íà ðèñóíêå 7 ïðåäñòàâëåíà õàðàêòåðíàÿ ðàäàðîãðàììà

ïî îäíîìó èç ïîïåðå÷íûõ ïðîôèëåé ñ âûäåëåííûìè ãåî-

ðàäèîëîêàöèîííûìè ãðàíèöàìè, õîðîøî êîððåëèðóþùè-

ìèñÿ ñ äàííûìè áóðåíèÿ è äèíàìè÷åñêîãî çîíäèðîâàíèÿ.

Îïûòíûì ïóòåì ïîäîáðàííàÿ äèýëåêòðè÷åñêàÿ ïðîíèöà-

åìîñòü ïîðîä âåðõíåé ÷àñòè ðàçðåçà ñîñòàâëÿåò 23 åäèíè-

öû ÑÈ, ïðè÷åì ÿâëÿåòñÿ åäèíîé êàê äëÿ ñëîÿ ñóïåñè â èí-

òåðâàëå îò 0.1 äî 1 ìåòðà, òàê è äëÿ ñëîÿ âîäîíàñûùåííîãî

ïåñêà â èíòåðâàëå îò 1 äî 2.2 ìåòðîâ. Äàííûé ñëîé ïåñêà

íà ðàäàðîãðàììå, ãëàâíûì îáðàçîì, âûäåëÿåòñÿ ïî õàðàê-

òåðíîìó òèïó âîëíîâîé êàðòèíû (Daniels, 2004). Íèæå ïî

ðàçðåçó íà ãëóáèíå 2.2 ìåòðà â ñëîå ïûëåâàòîé òåêó÷åé

ñóïåñè íàáëþäàåì ïîëíîå çàòóõàíèå ãåîðàäèîëîêàöèîí-

íîãî ñèãíàëà. Äàííûé ñëîé, ïî èíæåíåðíî-ãåîëîãè÷åñ-

êèì ïîêàçàòåëÿì, îòíîñèòñÿ ê ñëàáûì ãðóíòàì.

Îñîáåííîñòü ïîäõîäà ê îáðàáîòêå ìàòåðèàëîâ ýëåêòðî-

òîìîãðàôèè çàêëþ÷àåòñÿ â èñïîëüçîâàíèè ðåçóëüòàòîâ ãåî-

ðàäèîëîêàöèè â êà÷åñòâå àïðèîðíûõ äàííûõ ïðè ðåøåíèè

îáðàòíîé çàäà÷è (Ðèñ. 8). Òàêîé ïðèåì ïîçâîëèë ñíèçèòü

íåâÿçêó ïîäáîðà ìîäåëè íà îòäåëüíûõ ïðîôèëÿõ äî 1 %.

Íà ðèñóíêå 9 ïðèâåäåíà êîìïëåêñíàÿ ãåîðàäèîëîêà-

öèîííî-ãåîýëåêòðè÷åñêàÿ ìîäåëü. Âèäíî, ÷òî ñëîè ñóïå-

ñè è ïåñêà â èíòåðâàëå îò 0.1 äî 2.2 ìåòðà îáúåäèíÿþòñÿ â

îäèí ãåîýëåêòðè÷åñêèé ñëîé ñ óäåëüíûì ñîïðîòèâëåíèåì

250-400 Îì*ì. Íèæå ïî ðàçðåçó èäåò íèçêîîìíûé ñëîé,

îòâå÷àþùèé òåêó÷åé ñóïåñè.

Ðèñ. 7. Ãåîðàäèîëîêàöèîííûé ðàçðåç.

Ðèñ. 9. Êîìïëåêñíàÿ ãåîðàäèîëîêàöèîííî-ãåîýëåêòðè÷åñêàÿ

ìîäåëü.

Ðèñ. 10. Òðåõìåðíîå ïðåäñòàâëåíèå ðåçóëü-

òàòîâ ãåîôèçè÷åñêèõ èññëåäîâàíèé.

Ðåçóëüòàòû ãåîôèçè÷åñêèõ èññëåäîâàíèé ïî âñåìó ó÷à-

ñòêó ðàáîò ïðèâåäåíû íà ðèñóíêå 10.

Â öåíòðàëüíîé ÷àñòè ó÷àñòêà íà ïðîäîëüíîì è ïîïå-

ðå÷íûõ ïðîôèëÿõ íà ãëóáèíå 10-15 ì âûäåëÿåòñÿ ñëîé ñ

ïîâûøåííûìè çíà÷åíèÿìè óäåëüíîãî ýëåêòðè÷åñêîãî ñî-

ïðîòèâëåíèÿ, êîòîðûé ïî äàííûì áóðåíèÿ ÿâëÿåòñÿ ìîù-

íîé ëèíçîé ïåñêà (Ðèñ. 11).

Ðèñ. 11. Ïðèìåð ãåîëîãè÷åñêîé èíòåðïðåòàöèè ãåîôèçè÷åñêèõ äàííûõ.

Ðèñ.8. Íàëîæåíèå ãåîðàäèîëîêàöèîííûõ ãðàíèö íà ñòàðòî-

âóþ ãåîëåêòðè÷åñêóþ ìîäåëü.



3(58) 2014
scientific and technical journal40

D.A. Lalomov, A.I. Artiugin   Combined Data Processing and Interpretation of Electrical Resistivity Tomography and Ground Penetrating...

Combined Data Processing and Interpretation of Electrical Resistivity

Tomography and Ground Penetrating Radar (GPR) under the Influence of
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Abstract. The paper shows an example of geophysical

survey by GPR and electrical resistivity tomography within

the engineering survey of the railway overpass construction.

Specific feature of this object is an increased level of

anthropogenic interference. It has a significant impact on the

field data of electric survey, increasing error in selecting electric

tomography model, thereby reducing uniqueness of geological

interpretation on the stage of office processing. An approach

for combined geophysical data processing and interpretation

is considered at calculating electric tomography model,

lithological boundaries allocated by GPR are used as a priori

data. Using this approach reduces the error of selecting

electric tomography model, and uncertainty of geological

interpretation of geophysical data obtained under the

influence of man-made interference during the works in

derivation area of existing railway.

Keywords: electrical resistivity tomography, GPR,

engineering surveys, transport construction, man-made

interference.
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Íà îòäåëüíûõ ó÷àñòêàõ ïðîñëåæèâàþòñÿ íèçêîîìíûå

çîíû, êîòîðûå ïî äàííûì ñòàòè÷åñêîãî è äèíàìè÷åñêîãî

çîíäèðîâàíèÿ õàðàêòåðèçóþòñÿ ñëàáûìè ãðóíòàìè.

Âûâîäû
Ïî äàííûì ãåîðàäèîëîêàöèè â âåðõíåé ÷àñòè ðàçðåçà

óäàëîñü âûäåëèòü è íåïðåðûâíî ïðîñëåäèòü ëèòîëîãè÷åñ-

êèå ãðàíèöû ñëîåâ, êîòîðûå íå íàøëè îòðàæåíèÿ íà ãåî-

ýëåêòðè÷åñêèõ ìîäåëÿõ â ñèëó íåäîñòàòî÷íîé ðàçðåøàþ-

ùåé ñïîñîáíîñòè äàííîãî ìåòîäà.

Íåäîñòàòî÷íàÿ ãëóáèííîñòü ãåîðàäèîëîêàöèîííûõ èñ-

ñëåäîâàíèé, âñëåäñòâèå çàòóõàíèÿ ýëåêòðîìàãíèòíîé âîë-

íû â ãëèíèñòûõ ãðóíòàõ, â ñâîþ î÷åðåäü, áûëà êîìïåíñè-

ðîâàíà ýëåêòðîòîìîãðàôè÷åñêèìè èçìåðåíèÿìè.

Ðàñ÷åò ãåîýëåêòðè÷åñêèõ ìîäåëåé ñ ó÷åòîì ãåîðàäèî-

ëîêàöèîííûõ äàííûõ ïîçâîëèë ñíèçèòü íåîäíîçíà÷íîñòü ðå-

øåíèÿ îáðàòíîé çàäà÷è, îáóñëîâëåííîé âëèÿíèåì òåõíî-

ãåííûõ ïîìåõ, ñîïóòñòâóþùèõ ó÷àñòêó ïîëîñû îòâîäà äåé-

ñòâóþùåé æåëåçíîé äîðîãè, òåì ñàìûì ïîâûñèâ äîñòîâåð-

íîñòü ãåîëîãè÷åñêîé èíòåðïðåòàöèè ãåîôèçè÷åñêèõ äàííûõ.
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