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Ïðåäñòàâëåíà òåõíîëîãèÿ ñîçäàíèÿ îáúåìíûõ èçîáðàæåíèé áëîêîâ 
çåìíîé êîðû íà îñíîâå ïëîòíîñòíûõ 2D ìîäåëåé ãëóáèííûõ ðàçðåçîâ 
ïî îòäåëüíûì ïðîôèëÿì. Ìîäåëèðîâàíèå áàçèðóåòñÿ íà ðåçóëüòàòàõ 
èíòåðïðåòàöèè àíîìàëèé ñèëû òÿæåñòè, ãëóáèííîé ñåéñìîðàçâåäêè è 
äðóãèõ ãåîôèçè÷åñêèõ ìåòîäîâ, ãåîëîãè÷åñêèõ êàðò. Ìîäåëèðîâàíèå 
äàåò âîçìîæíîñòü ïðîãíîçèðîâàòü ïðîäîëæåíèå ñòðóêòóð íà ãëóáèíó 
îïðåäåëÿòü èõ ðàçìåðû è ôîðìó, âûÿâëÿòü ñêðûòûå ãåîëîãè÷åñêèå òå-
ëà. Ñîçäàåòñÿ áàçà äàííûõ ïëîòíîñòè, êîòîðàÿ ïðåîáðàçóåòñÿ â 3D 
ìàòðèöó ðàñïðåäåëåíèÿ ïëîòíîñòè â èññëåäóåìîì áëîêå êîðû è âè-
çóàëèçèðóåòñÿ â ïðîãðàììå-âüþåðå. 
Êëþ÷åâûå ñëîâà: ìîäåëü, ãëóáèííûé ðàçðåç, ïëîòíîñòü, ñòðóêòóðà, 
çåìíàÿ êîðà, âîêñåëü. 
 

 
ëîòíîñòíîå ìîäåëèðîâàíèå ãëóáèííûõ ãåîëîãî-ãåî-
ôèçè÷åñêèõ ðàçðåçîâ ïðîâîäèòñÿ äëÿ âûÿâëåíèÿ 

âíóòðè çåìíîé êîðû ãåîëîãè÷åñêèõ ñòðóêòóð, îïðåäåëåíèÿ èõ 
ôîðìû è ðàçìåðîâ â ïîäçåìíîì ïðîñòðàíñòâå. Ê ñòðóêòóðàì 
ðåãèîíàëüíûì ïëàíà îòíîñÿòñÿ ïîâåðõíîñòè ñêëàä÷àòîãî îñíî-
âàíèÿ îñàäî÷íûõ è âóëêàíè÷åñêèõ òîëù, êðèñòàëëè÷åñêîãî 
ôóíäàìåíòà, ïîäîøâû êîðû, à òàêæå äðóãèå âíóòðèêîðîâûå 
ãðàíèöû. Ëîêàëèçîâàííûìè ñòðóêòóðàìè ÿâëÿþòñÿ èíòðóçèè è 
íàäèíòðóçèâíûå çîíû, ðàçëîìû, âïàäèíû è ïðîãèáû, ãîðñòû, 
êóïîëîâèäíûå ïîäíÿòèÿ, ïèòàþùèå ìàãìàòè÷åñêèå ñèñòåìû 
âóëêàíîâ è äð. ñ êîòîðûìè àññîöèèðóþòñÿ ìåñòîðîæäåíèÿ ðàç-
ëè÷íûõ ìåòàëëîâ, óãëåâîäîðîäîâ, ïàðîãèäðîòåðì. 

Ìîäåëèðîâàíèå äàåò âîçìîæíîñòü ïðîãíîçèðîâàòü ïðî-
äîëæåíèå ñòðóêòóð íà ãëóáèíó îïðåäåëÿòü èõ ðàçìåðû è ôîð-
ìó, âûÿâëÿòü ñêðûòûå ãåîëîãè÷åñêèå òåëà íåäîñòóïíûå èçó÷å-
íèþ ñ ïîâåðõíîñòè. Íàõîäèòü íîâûå ó÷àñòêè äëÿ ïîñòàíîâêè 
ïîèñêîâî-îöåíî÷íûõ ðàáîò, êà÷åñòâåííî ïðîåêòèðîâàòü ãåîëî-
ãîðàçâåäî÷íûå ðàáîòû, ãëóáîêèå ñêâàæèíû è ò.ï. 

Òåõíîëîãèÿ ïðåäíàçíà÷åíà äëÿ èçó÷åíèÿ âíóòðåííåãî 
ñòðîåíèÿ ðàéîíîâ ñëàáî èçó÷åííûõ ãëóáèííûìè çîíäèðîâà-
íèÿìè ëèáî èõ îòñóòñòâèè. 

Ï
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Îáû÷íî ðåçóëüòàòû ìîäåëèðîâàíèÿ ïðèâîäÿòñÿ â âèäå îò-
äåëüíûõ ãëóáèííûõ ðàçðåçîâ, ðåæå áëîê-äèàãðàìì. Ïðåäëàãàå-
ìàÿ òåõíîëîãèÿ ïîçâîëÿåò ïðè íàëè÷èè íåñêîëüêèõ ðàçðåçîâ 
ïðåäñòàâëÿòü ðåçóëüòàòû â âèäå ìàòðèöû îáúåìíîãî èçîáðàæå-
íèÿ (voxel) ðàñïðåäåëåíèÿ ïëîòíîñòè â èçó÷åííîì áëîêå çåìíîé 
êîðû èëè åå ÷àñòè. Èçîáðàæåíèå ïëîòíîñòè â âèäå âîêñåëüíîé 
ìàòðèöû íàãëÿäíî ïîêàçûâàåò íåîäíîðîäíîñòè âíóòðè áëîêà, 
ïîçâîëÿåò èçîáðàæàòü èçîïëîòíîñòíûå ïîâåðõíîñòè ïî ëþáîìó 
çàäàííîìó çíà÷åíèþ, ñòðîèòü êàðòû-ñðåçû íà ðàçëè÷íûõ ãîðè-
çîíòàõ è ñå÷åíèÿ â âåðòèêàëüíîé ïëîñêîñòè. 

Ìåòîäîëîãè÷åñêèé ïîäõîä 
Ìîäåëèðîâàíèå áàçèðóåòñÿ íà ðåçóëüòàòàõ èíòåðïðåòàöèè 

ãåîôèçè÷åñêèõ äàííûõ, ãëàâíûì îáðàçîì àíîìàëüíîãî ïîëÿ 
ñèëû òÿæåñòè, äàííûõ ãëóáèííîé ñåéñìîðàçâåäêè è ãåîëîãè÷å-
ñêèõ èññëåäîâàíèé ïîâåðõíîñòè çåìëè. Âûáðàííûé äëÿ èçó÷å-
íèÿ ó÷àñòîê äîëæåí áûòü îáåñïå÷åí êîíäèöèîííûìè ãðàâèìåò-
ðè÷åñêèì ìàòåðèàëàìè. Äëÿ èíòåðïðåòàöèè èñïîëüçóþòñÿ àíî-
ìàëèè Áóãå. Äåòàëüíîñòü èññëåäîâàíèé çàâèñèò îò ìàñøòàáà 
ãðàâèìåòðè÷åñêèõ ñúåìîê. 

Ñîçäàíèå âîêñåëüíîé ìîäåëè ñîñòîèò èç íåñêîëüêèõ ñòàäèé: 
Íà ïåðâîé ñòàäèè ñòðîÿòñÿ ãëóáèííûå ãåîëîãî-ãåîôèçè÷åñ-

êèå ðàçðåçû ïî ñåòè ïðîôèëåé ïåðåñåêàþùèõ èññëåäóåìûé 
áëîê êîðû, ðàññ÷èòûâàþòñÿ òåîðåòè÷åñêèå ìîäåëè ðàçðåçîâ â 
2D è 3/4D âàðèàíòå (ïðÿìàÿ çàäà÷à ãðàâèðàçâåäêè) è îïðåäå-
ëÿþòñÿ ïëîòíîñòíûå ñâîéñòâà ãåîëîãè÷åñêîé ñðåäû. Èñõîäíûì 
ìàòåðèàëîì íà ýòîé ñòàäèè ñëóæàò ãåîëîãè÷åñêèå êàðòû, ñòðà-
òèãðàôè÷åñêàÿ êîëîíêà, äàííûå ñåéñìîðàçâåäêè (åñëè èìåþò-
ñÿ), ðåçóëüòàòû êîëè÷åñòâåííîé èíòåðïðåòàöèè àíîìàëèé ñèëû 
òÿæåñòè è äðóãèõ ãåîôèçè÷åñêèõ ìåòîäîâ (îáðàòíàÿ çàäà÷à), 
äàííûå áóðåíèÿ ñêâàæèí è ëþáàÿ èíàÿ àïðèîðíàÿ èíôîðìà-
öèÿ î ãëóáèííîì ñòðîåíèè èññëåäóåìîãî ðàéîíà. 

Íà ñëåäóþùåé ñòàäèè äëÿ èññëåäîâàííîãî áëîêà ôîðìèðó-
åòñÿ áàçà äàííûõ ïëîòíîñòè (ÁÄÏ), êîòîðàÿ ñîäåðæèò êîîðäèíà-
òû X,Y,Z òî÷åê íà ïëîñêîñòè ãëóáèííûõ ðàçðåçîâ è ìîäåëüíóþ 
ïëîòíîñòü D â íèõ. Òî÷êè íà ðàçðåçàõ ðàñïîëîæåíû â óçëàõ 
êâàäðàòíîé ñåòêè. Øàã âûáèðàåòñÿ â çàâèñèìîñòè îò äåòàëüíî-
ñòè (ìàñøòàáà) ïîäîáðàííûõ ðàçðåçîâ èëè åãî ÷àñòåé, ïîñòàâ-
ëåííûõ çàäà÷, ðåøàåìûõ ìîäåëèðîâàíèåì, è ìîæåò âàðüèðîâàòü 
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îò äåñÿòêîâ ìåòðîâ äî 4–5 êì. ÁÄÏ ñëóæèò èñõîäíûì ìàòåðèà-
ëîì äëÿ âû÷èñëåíèÿ 3-õ ìåðíîé ìàòðèöû ïëîòíîñòè. 

Íà êîíå÷íîé ñòàäèè ðàññ÷èòûâàåòñÿ è âèçóàëèçèðóåòñÿ 
ìàòðèöà îáúåìíîãî èçîáðàæåíèÿ èññëåäóåìîãî áëîêà êîðû, 
âûÿâëÿþòñÿ ïëîòíîñòíûå íåîäíîðîäíîñòè, ñòðîÿòñÿ èçîïëîò-
íîñòíûå ïîâåðõíîñòè, êàðòû ñå÷åíèé â ãîðèçîíòàëüíîé è âåð-
òèêàëüíîé ïëîñêîñòÿõ. Ìîäåëüíàÿ ïëîòíîñòü â ìàòðèöå îòíî-
ñèòñÿ ê öåíòðàì êóáè÷åñêèõ ÿ÷ååê, ðàçìåð êîòîðûõ çàâèñèò îò 
ãóñòîòû ñåòè ïðîôèëåé ãëóáèííûõ ðàçðåçîâ. Ðàçìåð ÿ÷åéêè 
äîëæåí îáåñïå÷èâàòü íåïðåðûâíîñòü ìîäåëè, áåç ïðîïóñêîâ 
ìåæäó ïðîôèëÿìè. 

Îïèñûâàåìàÿ òåõíîëîãèÿ ïðåäïîëàãàåò èñïîëüçîâàíèå ðàç-
ëè÷íûõ ñïåöèàëèçèðîâàííûõ êîìïüþòåðíûõ ïðîãðàìì. Äåòàëü-
íî îòäåëüíûå ñòàäèè îïèñàíû â ðàáîòàõ [1, 2]. 

Íà ðèñ. 1 (ñì. Ïðèëîæåíèå, ñòð. 292) â êà÷åñòâå ïðèìåðà 
ïðèâåäåíà îáúåìíàÿ ìîäåëü áëîêà çåìíîé êîðû îäíîãî èç ðàé-
îíîâ íà ïîëóîñòðîâå Êàì÷àòêà. Öåëüþ ìîäåëèðîâàíèÿ áûëî 
âûäåëåíèå ñòðóêòóðíûõ ïîâåðõíîñòåé âåðõíåé (σ = 2,74 ã/ñì3), 
íèæíåé (σ = 2,9 ã/ñì3) ÷àñòåé çåìíîé êîðû è åå ïîäîøâû (σ = 
3,2 ã/ñì3). Ðåçóëüòàòû ìîäåëèðîâàíèÿ èñïîëüçîâàíû äëÿ ñî-
ñòàâëåíèÿ ñõåìû ãëóáèííîãî ñòðîåíèÿ, âõîäÿùåé â êîìïëåêò 
ãîñóäàðñòâåííîé ãåîëîãè÷åñêîé êàðòû ìàñøòàáà 1:200000. 
Ðàñ÷åòû ïðîâåäåíû ïî ïðîãðàììàì Oasis Montaj, Grav/Mag 
Interpretation, 3D Euler, GMSYS, MAGMAP filtering, ArcGis10. 
Âèçóàëèçèðóåòñÿ ìîäåëü 3D–âüþåðîì Oasis Montaj. 

Çàêëþ÷åíèå 
Ïðåäëîæåííàÿ òåõíîëîãèÿ èíòåðïðåòàöèè è èçîáðàæåíèÿ 

åå ðåçóëüòàòîâ ýôôåêòèâíà äëÿ âûÿâëåíèÿ ãëóáèííûõ ãåîëîãè-
÷åñêèõ ñòðóêòóð, îïðåäåëåíèÿ èõ ôîðìû. Òåõíîëîãèÿ ïðèìå-
íèìà äëÿ ðàéîíîâ ñî ñëàáîé èçó÷åííîñòüþ ãëóáèííûìè çîíäè-
ðîâàíèÿìè. Òåõíîëîãèÿ ïîçâîëÿåò èçîáðàæàòü ðåçóëüòàòû 2D 
ìîäåëåé â âèäå îáúåìíûõ áëîêîâ. 
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THE TECHNOLOGY OF THREE-DIMENSIONAL RESULTS IMAGE OF THE 
DEPTH DENSITY MODELING OF GEOLOGICAL STRUCTURES 
 
Sidorov Ì.D., Candidate of Geological and Mineralogical Sciences, Leading Re-
searcher, nigtc@kscnet.ru, The Research Geotechnological Center, Far Eastern Branch 
of Russian Academy of Sciences, Russia. 
 
 

The technology of three-dimensional images creation of the crust blocks on 
basis of 2D density models of the depth sections in some profiles is presented. 
The modeling is based on the results of gravity anomalies interpretation, deep 
seismic and other geophysical methods, geological maps. Modeling allows predict-
ing structures continuation for a depth, determine their size and form, reveal hid-
den geological bodies. Density database which is transformed into a 3D matrix of 
density distribution in a studied crust block and visualized in the viewer program is 
created. 

Key words: model, depth section, density, structure, Earth crust, voxel 
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