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Ýëåêòðîðàçâåäêà ïîçâîëÿåò ïîëó÷èòü âûñîêóþ
äåòàëüíîñòü èçó÷åíèÿ ãåîëîãè÷åñêîé ñðåäû íà
ñðàâíèòåëüíî íåáîëüøèõ ãëóáèíàõ; èñïîëüçîâàòü
îáëåã÷åííûå èçìåðèòåëüíûå óñòàíîâêè, ÷òî óäå-
øåâëÿåò ðàáîòû è äàåò âîçìîæíîñòü ïðîâåäåíèÿ
ïîâòîðíûõ íàáëþäåíèé; ïîâûñèòü òî÷íîñòü ïî-
ëó÷àåìîé èíôîðìàöèè ïðè êîìïëåêñèðîâàíèè ñ
äðóãèìè ãåîôèçè÷åñêèìè ìåòîäàìè [7]. Âîçìîæ-
íîñòü âûäåëåíèÿ è îêîíòóðèâàíèÿ ó÷àñòêîâ èí-
æåíåðíî-ãåîëîãè÷åñêèõ îñëîæíåíèé ïî ðåçóëüòà-
òàì ýëåêòðîìåòðè÷åñêèõ íàáëþäåíèé ìåòîäàìè
åñòåñòâåííîãî ïîëÿ (ÅÏ) è êàæóùåãîñÿ ñîïðîòèâ-
ëåíèÿ (ÊÑ) â ìîäèôèêàöèè ñèììåòðè÷íîãî
ýëåêòðîïðîôèëèðîâàíèÿ (ÑÝÏ) ñïîñîáñòâóåò èõ
øèðîêîìó èñïîëüçîâàíèþ â óñëîâèÿõ óðáàíèçè-
ðîâàííûõ òåððèòîðèé. Îäíàêî èíòåðïðåòàöèÿ äàí-
íûõ ïîëåâûõ èçìåðåíèé ÅÏ è ÑÝÏ ÷àùå âñåãî
îñíîâàíà íà êà÷åñòâåííîì àíàëèçå èëè íà ïðîñ-
òåéøèõ ïðèåìàõ îöåíêè ãëóáèí è ðàçìåðîâ àíî-
ìàëèåîáðàçóþùèõ òåë, à ýòî âëå÷åò íåîäíîçíà÷-
íîñòü âûâîäîâ î íàëè÷èè è ïðèðîäå ÿâëåíèé,
âûçâàâøèõ èçìåíåíèÿ íàáëþäàåìûõ ïàðàìåòðîâ.
×òî êàñàåòñÿ ìåòîäà ÅÏ, òî, êàê îòìå÷àëîñü [5, 6],
“íåñìîòðÿ íà ìíîãîëåòíèé îïûò èñïîëüçîâàíèÿ
ÿâëåíèÿ òîêà òå÷åíèÿ â ãèäðîãåîëîãè÷åñêèõ èñ-
ñëåäîâàíèÿõ, ìåòîäèêà àíàëèçà ïîëåâûõ äàííûõ,
êàê ïðàâèëî, îãðàíè÷èâàåòñÿ èçîáðàæåíèåì íà
ñõåìàõ ñòðåëîê, íàïðàâëåííûõ ïî ãðàäèåíòó ïî-
òåíöèàëà ÅÏ îò îòðèöàòåëüíûõ çíà÷åíèé ê ïîëî-

æèòåëüíûì. Ñî ñòðåëêàìè îòîæäåñòâëÿåòñÿ íà-
ïðàâëåíèå ïîòîêà ïîäçåìíûõ âîä”. Âñåãäà æåëà-
òåëüíî èñïîëüçîâàòü íåñêîëüêî äîïîëíèòåëüíûõ
ãåîôèçè÷åñêèõ ìåòîäîâ â èíòåãðèðîâàííîé ïðî-
ãðàììå èññëåäîâàíèÿ, âìåñòî òîãî ÷òîáû ïîëàãàòü-
ñÿ íà åäèíñòâåííûé ìåòîä [12]. Ìíîãèå èññëåäî-
âàòåëè, îïèðàÿñü íà ñâîé ìíîãîëåòíèé îïûò,
ïûòàþòñÿ îöåíèâàòü ïîëó÷åííûå ðåçóëüòàòû ìî-
äåëèðîâàíèåì [1]. Èìåþòñÿ ïðèìåðû óñïåøíîãî
èñïîëüçîâàíèÿ ÅÏ äëÿ êîëè÷åñòâåííîãî èçó÷åíèÿ
äâèæåíèÿ ïîäçåìíûõ âîä è êàëèáðîâêè ÷èñëåí-
íûõ ôèëüòðàöèîííûõ ìîäåëåé [5, 6]. Ïîâûñèòü
äîñòîâåðíîñòü èíòåðïðåòàöèè ìîæíî òàêæå ïóòåì
ðàñøèðåíèÿ àíàëèçèðóåìîãî ïðèçíàêîâîãî ïðî-
ñòðàíñòâà çà ñ÷åò ôîðìàëüíûõ ïðèçíàêîâ, íàïðè-
ìåð, ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê ñàìèõ íàáëþ-
äåííûõ ïàðàìåòðîâ.

Ïîëó÷àåìûå â ðåçóëüòàòå ãåîëîãî-ãåîôèçè÷å-
ñêèõ èññëåäîâàíèé äàííûå â ñèëó îáúåêòèâíûõ
ïðè÷èí ìîæíî ñ÷èòàòü âûáîðêîé îäíîé èëè íå-
ñêîëüêèõ ñëó÷àéíûõ âåëè÷èí. Ýòî ïîçâîëÿåò àíà-
ëèçèðîâàòü èõ ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè ñ
ïîìîùüþ àïïàðàòà òåîðèè îöåíîê. Òàêîé àíàëèç
äàåò âîçìîæíîñòü ñóùåñòâåííî óâåëè÷èòü îáúåì
ïîëåçíîé äëÿ èññëåäîâàòåëÿ èíôîðìàöèè, ñîäåð-
æàùåéñÿ â íàáëþäåíèÿõ, ïîçâîëÿåò ïîä÷åðêíóòü
îñîáåííîñòè èçìåíåíèÿ ãåîïîëåé, îöåíèòü çàêî-
íîìåðíîñòè ðàñïðåäåëåíèÿ èçó÷àåìîãî ïàðàìåòðà,
÷òî ïîâûøàåò ýôôåêòèâíîñòü ïðîöåññà ãåîëîãè-
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Èíòåðïðåòàöèÿ äàííûõ ïîëåâûõ èçìåðåíèé ìåòîäàìè ýëåêòðîïðîôèëèðîâàíèÿ ÷àùå âñåãî îñíîâàíà íà ïðîñ-
òåéøèõ ïðèåìàõ îöåíêè ãëóáèí è ðàçìåðîâ òåë èëè íà êà÷åñòâåííîì àíàëèçå, ÷òî âëå÷åò íåîäíîçíà÷íîñòü
âûâîäîâ î íàëè÷èè è ïðèðîäå ÿâëåíèé, âûçâàâøèõ èçìåíåíèÿ íàáëþäàåìûõ ïàðàìåòðîâ. Àíàëèç ñòàòèñòè÷å-
ñêèõ õàðàêòåðèñòèê ïîòåíöèàëîâ åñòåñòâåííîãî ïîëÿ (ÅÏ) è êàæóùåãîñÿ ñîïðîòèâëåíèÿ (ÊÑ) ñ ïîìîùüþ àïïà-
ðàòà òåîðèè îöåíîê ïîçâîëÿåò çíà÷èòåëüíî óâåëè÷èòü îáúåì ïîëåçíîé èíôîðìàöèè è áîëåå ÷åòêî ïðîñëåäèòü
íåÿâíî âûðàæåííûå â íàáëþäåííûõ ïîëÿõ îñîáåííîñòè ãåîëîãè÷åñêîãî ñòðîåíèÿ. Ðàçáèåíèå íà êëàññû ìíîãî-
ïðèçíàêîâîãî ïðîñòðàíñòâà ìåòîäàìè áåçýòàëîííîé êëàññèôèêàöèè ñóùåñòâåííî îáëåã÷àåò ëîêàëèçàöèþ ó÷àñò-
êîâ âîçìîæíûõ èíæåíåðíî-ãåîëîãè÷åñêèõ îñëîæíåíèé. Èñõîäíûìè äàííûìè ñëóæèëè çíà÷åíèÿ ïîòåíöèàëîâ
ÅÏ è ÊÑ, ïîëó÷åííûå ïðè âûïîëíåíèè ïðîôèëüíûõ èçìåðåíèé  â ïðåäåëàõ Âåðõíåêàìñêîãî ìåñòîðîæäåíèÿ
ñîëåé. Ðàñ÷åòû âûïîëíÿëèñü ñ ïîìîùüþ ìîäóëåé “ÊÎÑÊÀÄ-ÏÐÎÔÈËÜ” è “ÊÎÑÊÀÄ 2D” ïðîãðàììíîãî
êîìïëåêñà “ÊÎÑÊÀÄ 3D”. Ðåçóëüòàòû ïðèâåäåíû ïî îòäåëüíî âçÿòîìó ïðîôèëþ è ïî ïëîùàäè, ñôîðìèðî-
âàííîé èç èíòåðïîëèðîâàííûõ ïî íåñêîëüêèì ïðîôèëÿì çíà÷åíèé ïîòåíöèàëîâ ÅÏ è ÊÑ. Â ðåçóëüòàòå èíòåð-
ïðåòàöèè ìíîãîìåðíûõ äàííûõ ïî ôîðìàëüíûì ïðèçíàêàì ïîâûøåíà äîñòîâåðíîñòü âûâîäîâ î ãåîëîãè÷åñêîé
ïðèðîäå èçó÷àåìûõ ÿâëåíèé è ïðîöåññîâ, à òàêæå âûäåëåíû çîíû èíæåíåðíî-ãåîëîãè÷åñêèõ îñëîæíåíèé.

Êëþ÷åâûå ñëîâà: åñòåñòâåííîå ýëåêòðè÷åñêîå ïîëå, êàæóùååñÿ ñîïðîòèâëåíèå, ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè,
êëàññû, èíæåíåðíî-ãåîëîãè÷åñêèå îñëîæíåíèÿ.
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÷åñêîé èíòåðïðåòàöèè è êà÷åñòâî êîíå÷íûõ ðå-
çóëüòàòîâ â öåëîì. Ñðåäíåå, ìîäà, ìåäèàíà, öåíò-
ðàëüíûå ìîìåíòû è äðóãèå õàðàêòåðèñòèêè ñëó-
÷àéíîé âåëè÷èíû ïîçâîëÿþò ïîä÷åðêíóòü
ðàçëè÷íûå ñâîéñòâà ôóíêöèè ðàñïðåäåëåíèÿ êîí-
êðåòíîé ñëó÷àéíîé âåëè÷èíû X: îñòðîâåðøèí-
íîñòü, àñèììåòðè÷íîñòü, ïîëîæåíèå ñðåäíåãî çíà-
÷åíèÿ, ñòåïåíü ðàçáðîñàííîñòè è äð. Ïðè ðàñ÷åòå
ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê â ñêîëüçÿùèõ îê-
íàõ âûÿâëÿþòñÿ çàêîíîìåðíîñòè èçìåíåíèÿ ñëó-
÷àéíîé âåëè÷èíû X âäîëü ïðîôèëÿ, ïî ïëîùàäè
èëè â ïðîñòðàíñòâå. Ïðè èíòåðïðåòàöèè ñòàòèñ-
òè÷åñêèõ ïàðàìåòðîâ îñíîâíîé èíòåðåñ ïðåäñòàâ-
ëÿþò îáëàñòè èõ ýêñòðåìàëüíûõ çíà÷åíèé, âûäå-
ëåíèå êîòîðûõ äàåò âîçìîæíîñòü ýôôåêòèâíî
ðåøàòü çàäà÷ó ðàéîíèðîâàíèÿ â ñëîæíûõ ôèçèêî-
ãåîëîãè÷åñêèõ óñëîâèÿõ [4].

Ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè è ìåòîäû áåç-
ýòàëîííîé êëàññèôèêàöèè ïðè èíòåðïðåòàöèè äàí-
íûõ ýëåêòðîìåòðèè. Ïðîôèëüíûé âàðèàíò. Äëÿ
îöåíêè âëèÿíèÿ âûðàáîòàííîãî ïðîñòðàíñòâà íåäð
Âåðõíåêàìñêîãî ìåñòîðîæäåíèÿ êàëèéíî-ìàãíèå-
âûõ ñîëåé íà ó÷àñòêàõ Ñâåðäëîâñêîé æåëåçíîé
äîðîãè ïðîâîäèëèñü ïðîôèëüíûå èññëåäîâàíèÿ
îñíîâàíèÿ æåëåçíîäîðîæíîé íàñûïè ìåòîäàìè ÅÏ
è ÑÝÏ íà äâóõ ðàçíîñàõ ïèòàþùåé ëèíèè ÀÂ:
110 è 210 ì. Äëÿ çíà÷åíèé ïîòåíöèàëîâ U ÅÏ è
ÊÑ ïî êàæäîìó ïðîôèëþ ñ ïîìîùüþ ïðîãðàì-
ìíîãî êîìïëåêñà “ÊÎÑÊÀÄ-ÏÐÎÔÈËÜ” [3]
áûëè ðàññ÷èòàíû â ñêîëüçÿùåì îêíå îöåíêè èõ
ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê (ñðåäíåãî, äèñïåð-
ñèè, àñèììåòðèè, ýêñöåññà, êîýôôèöèåíòà âàðèà-
öèè). Íà ðèñ. 1 â êà÷åñòâå ïðèìåðà ïðèâåäåíû
ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè ïîòåíöèàëîâ ÅÏ
ïî ïðîôèëþ ÐÆÄ5-3.

Ðàññ÷èòàííûå ñòàòèñòèêè áûëè èñïîëüçîâàíû
â êà÷åñòâå âñïîìîãàòåëüíûõ ïðèçíàêîâ äëÿ áåç-
ýòàëîííîé êëàññèôèêàöèè ãåîýëåêòðè÷åñêèõ ïî-
ëåé (ìåòîäàìè îáùåãî ðàññòîÿíèÿ è äèíàìè÷å-

ñêèõ ñãóùåíèé). Ýâðèñòè÷åñêèå ìåòîäû êëàññè-
ôèêàöèè, ðåàëèçîâàííûå â êîìïëåêñå ñïåêòðàëü-
íî-êîððåëÿöèîííîãî àíàëèçà äàííûõ “ÊÎÑÊÀÄ
3D” [3] îñíîâàíû íà ðàçáèåíèè äèàïàçîíà çíà÷å-
íèé êàæäîãî ïðèçíàêà íà çàäàííîå ÷èñëî ãðàäà-
öèé è â áîëüøèíñòâå ñâîåì ñâîäÿòñÿ ê ðàñ÷åòó
êîìïëåêñíîãî ïàðàìåòðà, êîòîðûé ÿâëÿåòñÿ ëèíåé-
íîé êîìáèíàöèåé ñîîòâåòñòâóþùåãî íîìåðà èí-
òåðâàëà ãðàäàöèè ïî ñîâîêóïíîñòè àíàëèçèðóåìûõ
ïðèçíàêîâ â êàæäîé òî÷êå íàáëþäåíèé. Îñíîâíàÿ
èäåÿ çàêëþ÷àåòñÿ â òîì, ÷òî ñîâîêóïíîñòü îáúåê-
òîâ, íàõîäÿùèõñÿ íà îäèíàêîâîì ðàññòîÿíèè îò
êàæäîãî èç k ýòàëîíîâ, îáðàçóåò êîìïàêòíóþ
ãðóïïó.

 Íà ðèñ. 2 ïîêàçàíû ðåçóëüòàòû ðàçáèåíèÿ íà
êëàññû ìíîãîïðèçíàêîâûõ äàííûõ, ïîëó÷åííûå â
ðåçóëüòàòå îáúåäèíåíèÿ çíà÷åíèé ïîòåíöèàëîâ U
ÅÏ, ÊÑ è èõ ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê, ìå-
òîäîì äèíàìè÷åñêèõ ñãóùåíèé ñ àâòîìàòè÷åñêèì
îïðåäåëåíèåì êîëè÷åñòâà êëàññîâ.

Àëãîðèòì ïðåäñòàâëÿåò ñîáîé âàðèàíò ìåòîäà
êëàññèôèêàöèè ìíîãîïðèçíàêîâûõ íàáëþäåíèé
íà çàðàíåå èçâåñòíîå ÷èñëî êëàññîâ k â óñëîâèÿõ
ìèíèìóìà èíôîðìàöèè î íà÷àëüíûõ öåíòðàõ
êëàññîâ, èçâåñòíûé ïîä íàçâàíèåì k-ñðåäíèõ èëè
k-áëèæàéøèõ ñîñåäåé. Â îñíîâå ìåòîäà ëåæèò èòå-
ðàöèîííûé ïðîöåññ, ïîçâîëÿþùèé îáúåäèíÿòü â
îäèí êëàññ òî÷êè, êîòîðûå ðàñïîëîæåíû áëèæå
âñåãî (â L2- èëè L1-ìåòðèêå) ê öåíòðó êëàññà.
Â ðåçóëüòàòå êëàññèôèêàöèè ëîêàëèçîâàí ó÷àñòîê
èíæåíåðíî-ãåîëîãè÷åñêîãî îñëîæíåíèÿ ìåæäó ïè-
êåòàìè 180–250 ì, íå âûÿâëåííûé ïðè êà÷åñòâåí-
íîì àíàëèçå ãðàôèêîâ ïîëÿ.

Âûÿâëåííàÿ ïî äàííûì ÂÝÇ íèçêîîìíàÿ çîíà
(ïê 1420–1900, ì)  â íèæíåé ÷àñòè íàäñîëÿíûõ
îòëîæåíèé, ïðîñòðàíñòâåííî ñîâïàäàþùàÿ ñ ìåñ-
òîïîëîæåíèåì Çûðÿíñêîãî ñäâèãà, áûëà âûäåëåíà
ïðîöåäóðîé êëàññèôèêàöèè ïðè îáúåäèíåíèè âñå-
ãî äâóõ ïðèçíàêîâ: ïîòåíöèàëîâ ÅÏ è ÊÑ [9].

Ðèñ. 1. Ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè ïîòåíöèàëîâ ÅÏ ïî ïðîôèëþ ÐÆÄ5-3: ñèíèé öâåò – ñðåäíåå, êðàñíûé – äèñ-
ïåðñèÿ, çåëåíûé – àñèììåòðèÿ, æåëòûé – ýêñöåññ, ôèîëåòîâûé – êîýôôèöèåíò âàðèàöèè

Ðèñ. 2. Ðåçóëüòàòû èíòåðïðåòàöèè ïî ïðîôèëþ ÐÆÄ5-3: 1 – çîíà ðàçóïëîòíåíèÿ, ïîëó÷åííàÿ ïî äàííûì ÂÝÇ; 2 – çîíà
ïîâûøåííîé ôèëüòðàöèè
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Ïðîòÿæåííîñòü ïðîôèëÿ, îòâå÷àþùåãî íà ãðàôè-
êàõ ó÷àñòêó ïîíèæåííûõ çíà÷åíèé U è ÊÑ ñî-
ñòàâëÿåò îêîëî 400 ì, ïîýòîìó äîñòàòî÷íî ëåãêî
ïðîâåñòè êà÷åñòâåííóþ îöåíêó. Âûäåëèòü ó÷àñòîê
ïðîòÿæåííîñòüþ 70 ì ïðè òàêèõ ÷àñòîòíûõ è àì-
ïëèòóäíûõ èçìåíåíèÿõ ãðàôèêîâ âèçóàëüíî íå-
âîçìîæíî, à ðàçáèåíèå ãåîýëåêòðè÷åñêèõ ïàðàìåò-
ðîâ íà êëàññû ïî ôîðìàëüíûì ïðèçíàêàì
ñóùåñòâåííî îáëåã÷àåò ëîêàëèçàöèþ ó÷àñòêîâ èí-
æåíåðíî-ãåîëîãè÷åñêèõ îñëîæíåíèé.

Ïëîùàäíîé âàðèàíò. ×òîáû âûäåëèòü çîíû
âîçìîæíûõ èíæåíåðíî-ãåîëîãè÷åñêèõ îñëîæíå-
íèé ïî åäèíûì êðèòåðèÿì, öåëåñîîáðàçíî âûïîë-
íèòü êëàññèôèêàöèþ îáùåãî ïðèçíàêîâîãî ïðî-
ñòðàíñòâà ïî äâóì ñáëèæåííûì ó÷àñòêàì
èññëåäîâàíèé – ÐÆÄ4 è ÐÆÄ5. Èçìåðåíèÿ íà
ñóáïàðàëëåëüíûõ  è ïðàêòè÷åñêè ðàâíîóäàëåííûõ
ïðîôèëÿõ ðàññìàòðèâàëèñü êàê ïëîùàäíûå. Çíà-
÷åíèÿ ïîòåíöèàëîâ ÅÏ è ÊÑ èíòåðïîëèðîâàëèñü

â óçëû ðåãóëÿðíîé ñåòè. Çíà÷åíèÿ ïîòåíöèàëîâ
ÅÏ ïî ïðîôèëÿì ïðåäâàðèòåëüíî óâÿçûâàëèñü
ìåæäó ñîáîé.

Ïðîãðàììíûì êîìïëåêñîì “ÊÎÑÊÀÄ 2D” ïî
ãåîôèçè÷åñêèì ïîëÿì â ñêîëüçÿùåì îêíå ðàññ÷è-
òûâàëèñü ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè. Íà
ðèñ. 3, â êà÷åñòâå ïðèìåðà ïîêàçàíû ïîëó÷åííûå
ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè ïîòåíöèàëîâ ÅÏ.
Âèäíî, ÷òî ìàêñèìàëüíûå çíà÷åíèÿ ïîëÿ äèñïåð-
ñèè ïîòåíöèàëîâ U ÅÏ òÿãîòåþò ê ãðàíèöàì àíî-
ìàëüíûõ îáëàñòåé. Ìèíèìàëüíûå è ìàêñèìàëü-
íûå çíà÷åíèÿ àñèììåòðèè è ýêñöåññà U ÅÏ òàêæå
ïðèóðî÷åíû ê ãðàíèöàì àíîìàëèé. Êàæäàÿ ñòàòè-
ñòè÷åñêàÿ õàðàêòåðèñòèêà ïîçâîëÿåò áîëåå ÷åòêî
ïðîñëåäèòü íåÿâíî âûðàæåííûå â íàáëþäåííûõ
ïîëÿõ îñîáåííîñòè ãåîëîãè÷åñêîãî ñòðîåíèÿ. Ðàñ-
ñ÷èòàííûå ñòàòèñòèêè U ÅÏ è ÊÑ íà äâóõ ðàçíî-
ñàõ ÀÂ è ñàìè íàáëþäåííûå ïàðàìåòðû (âñåãî 15)
îáúåäèíÿëèñü â ìíîãîïðèçíàêîâîå ïðîñòðàíñòâî,
ñòðóêòóðà êîòîðîãî àíàëèçèðîâàëàñü ñ ïîìîùüþ
ìåòîäîâ áåçýòàëîííîé êëàññèôèêàöèè (îáùåãî
ðàññòîÿíèÿ è äèíàìè÷åñêèõ ñãóùåíèé).

Ñðàâíåíèå ïîëó÷åííûõ ðåçóëüòàòîâ êëàññèôè-
êàöèé ñ ðåçóëüòàòàìè ñåéñìè÷åñêèõ è ãàçîãåîõè-
ìè÷åñêèõ èññëåäîâàíèé ïîêàçàëî, ÷òî íàèáîëåå
ñîäåðæàòåëüíûå êîíòóðû êëàññîâ ïîçâîëèë ïîëó-
÷èòü ìåòîä äèíàìè÷åñêèõ ñãóùåíèé (ðèñ. 4).

Îáëàñòè, îêîíòóðåííûå ãðàíèöàìè 3–5 êëàñ-
ñîâ, ïðîñòðàíñòâåííî ñîâïàäàþò ñ îñëîæíåíèÿìè
âîëíîâîãî ïîëÿ è àíîìàëèÿìè, çàôèêñèðîâàííû-
ìè ìåòîäîì ãàçîãåîõèìè÷åñêîãî îïðîáîâàíèÿ
(ðèñ. 5). Áîëüøèíñòâî  îòëè÷íûõ îò ôîíà êëàññîâ
ïðèóðî÷åíî ê ïëîùàäè ÐÆÄ5. Êîíòóðàìè áåëîãî
öâåòà íà ðèñ. 4 âûíåñåíû ðåçóëüòàòû êëàññèôèêà-
öèè, âûïîëíåííûå ðàíåå [9, 10] òîëüêî ïî ó÷àñò-
êó ÐÆÄ5. Âèäíî, ÷òî óâåëè÷åíèå ðàçìåðíîñòè
ïðèçíàêîâîãî ïðîñòðàíñòâà ïîçâîëèëî ëó÷øå

Ðèñ. 3. Ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè ïîòåíöèàëîâ ÅÏ â
ñêîëüçÿùåì îêíå: à – ñðåäíåå, á – äèñïåðñèÿ, â – àñèì-
ìåòðèÿ, ã – ýêñöåññ, ä – êîýôôèöèåíò âàðèàöèè

Ðèñ. 4. Ðåçóëüòàòû êëàññèôèêàöèè ìíîãîìåðíûõ äàííûõ Ðèñ. 5. Ðåçóëüòàòû ãàçîãåîõèìè÷åñêîãî îïðîáîâàíèÿ [2]:
1 – îñëîæíåíèÿ âîëíîâîãî ïîëÿ, âûäåëåííûå ïî ðåçóëü-
òàòàì ñåéñìè÷åñêèõ èññëåäîâàíèé; 2 – Çûðÿíñêèé ñäâèã
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ó÷åñòü îñîáåííîñòè ïîëåé è âûäåëèòü óñòîé÷èâûå
êîíòóðû êëàññîâ [8, 11].

Ïðîñòðàíñòâåííîå ñîâïàäåíèå êîíòóðîâ âûäå-
ëåííûõ êëàññîâ ñ çîíàìè ïîâûøåííîé òðåùèíî-
âàòîñòè, ïî êîòîðûì ñîãëàñíî ãåîõèìè÷åñêèì äàí-
íûì îñóùåñòâëÿåòñÿ ìàññîïåðåíîñ ãàçîâ â
ïðèïîâåðõíîñòíóþ ÷àñòü ðàçðåçà [2], ìîæåò ñâè-
äåòåëüñòâîâàòü î íàëè÷èè ñêâîçíûõ çîí âåðòè-
êàëüíûõ ïåðåòîêîâ ïîäçåìíûõ âîä.

Ïðè âèçóàëüíîì êà÷åñòâåííîì àíàëèçå íàáëþ-
äåíèé ÑÝÏ è ÅÏ òðóäíî èçáåæàòü ñóáúåêòèâíîñ-
òè â èíòåðïðåòàöèè. Ðàçáèåíèå íà êëàññû ìíîãî-
ïðèçíàêîâîãî ïðîñòðàíñòâà ñóùåñòâåííî îáëåã÷àåò
ëîêàëèçàöèþ ó÷àñòêîâ âîçìîæíûõ èíæåíåðíî-
ãåîëîãè÷åñêèõ îñëîæíåíèé.

Âûâîäû. Èñïîëüçîâàíèå ñòàòèñòè÷åñêèõ õàðàê-
òåðèñòèê ãåîýëåêòðè÷åñêèõ ïàðàìåòðîâ è ìåòîäîâ
êëàññèôèêàöèè ìíîãîìåðíûõ äàííûõ ïî ôîðìàëü-
íûì ïðèçíàêàì ïîìîãàåò ïîâûñèòü äîñòîâåðíîñòü
âûâîäîâ î ãåîëîãè÷åñêîé ïðèðîäå âîçíèêíîâåíèÿ
èçó÷àåìûõ ÿâëåíèé è ïðîöåññîâ, à òàêæå âûäå-
ëèòü çîíû èíæåíåðíî-ãåîëîãè÷åñêèõ îñëîæíåíèé.
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íåíü. Âèõ³äíèìè äàíèìè ñëóãóâàëè çíà÷åííÿ ïîòåíö³àë³â ÏÏ ³ ÓÎ, îòðèìàí³ ï³ä ÷àñ âèêîíàííÿ ïðîô³ëüíèõ
âèì³ð³â ó ìåæàõ Âåðõíüîêàìñüêîãî ðîäîâèùà ñîëåé. Ðîçðàõóíêè âèêîíàíî çà äîïîìîãîþ ìîäóë³â “ÊÎÑÊÀÄ-
ÏÐÎÔ²ËÜ” ³ “ÊÎÑÊÀÄ 2D” ïðîãðàìíîãî êîìïëåêñó “ÊÎÑÊÀÄ 3D”. Ðåçóëüòàòè íàâåäåíî çà îêðåìî âçÿòèì
ïðîô³ëåì ³ çà ïëîùåþ, ñôîðìîâàíîþ ç ³íòåðïîëüîâàíèõ çà ê³ëüêîìà ïðîô³ëÿìè çíà÷åíü ïîòåíö³àë³â ÏÏ ³ ÓÎ.
Â ðåçóëüòàò³ ³íòåðïðåòàö³¿ áàãàòîâèì³ðíèõ äàíèõ çà ôîðìàëüíèìè îçíàêàìè ï³äâèùåíî äîñòîâ³ðí³ñòü âèñíîâê³â
ïðî ãåîëîã³÷íó ïðèðîäó äîñë³äæóâàíèõ ÿâèù ³ ïðîöåñ³â, à òàêîæ âèä³ëåíî çîíè ³íæåíåðíî-ãåîëîã³÷íèõ óñêëàä-
íåíü.

Êëþ÷îâ³ ñëîâà: ïðèðîäíå åëåêòðè÷íå ïîëå, óÿâíèé îï³ð, ñòàòèñòè÷í³ õàðàêòåðèñòèêè, êëàñè, ³íæåíåðíî-ãåî-
ëîã³÷í³ óñêëàäíåííÿ.

INTERPRETATION OF GEOELECTRIC DATA USING PROBABILISTIC
AND STATISTICAL CHARACTERISTICS IN SOLVING ENGINEERING-GEOLOGICAL  PROBLEMS

L.A. Hristenko, Y.I. Stepanov

Mining Institute of the Ural Branch of the Russian Academy of Sciences, 78à Sibirskaya Str., Perm 614007,
Russian Federation, e-mail: liudmila.hristenko@yandex.ru

Purpose. The purpose of the article is to study the possibility of applying the theory of assessments and methods of no-
standard classifications to localize areas of possible geotechnical complications in interpreting electric methods of horizontal
profiling (self-potential and resistance with a symmetric configuration of the electrodes).
Design/methodology/approach. For self-potential and apparent resistances (ρa) statistical characteristics  were calculated,
which were used as additional data at interpretation. Calculations were carried out by a program complex of the spectral
and correlation analysis of “KOSKAD 3D” data. The complex is an effective computer technology of processing geologic-
geophysical data. The “KOSKAD 3D” includes algorithms of probabilistic and statistical analysis and splitting of the
analyzed square into uniform areas (classes). SP, ρa and their statistics were united in a uniform space, its structure being
analyzed by means of methods of no- standard classifications.
Findings. The results obtained in classification of geophysical parameters and their statistical characteristics allowed us to
localize a number of zones of engineering-geological complications on sites of the railroad located within the developed
space of a subsoil of the Verkhnekamsky salts field (Ural, Russia).
Practical value/implications. Statistical characteristics of geoelectric parameters and methods of classification of
multidimensional data on formal grounds help to increase reliability of allocating of zones of engineering-geological
complications.

Keywords: field of self-potential, apparent resistivity, statistical characteristics, classes, engineering-geological complications.
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