
ISSN 1684-2189    GEOINFORMATIKA, 2019, ¹ 4 (72) 59
© Ò.Ë. Ìèõååâà, Å.Ï. Ëàïèíà, Í.Â.Ïàí÷åíêî

Ââåäåíèå. Ãåîëîãè÷åñêàÿ èíòåðïðåòàöèÿ ãðà-
âèìåòðè÷åñêèõ äàííûõ çàíèìàåò âàæíîå ìåñòî â 
êîìïëåêñå ðàáîò ïî îáðàáîòêå íàáëþäåííûõ ãåî-
ïîòåíöèàëüíûõ ïîëåé. Íà ïåðâîì ýòàïå îáðàáîòêè è 
èíòåðïðåòàöèè ãðàâèìåòðè÷åñêèõ äàííûõ âîçíèêàåò 
öåëàÿ ñåðèÿ âû÷èñëèòåëüíûõ ðàáîò, êîòîðàÿ äîëæíà 
ðåøèòü çàäà÷è êà÷åñòâåííîãî àíàëèçà. Â âû÷èñëè-
òåëüíîì ïðîöåññå èñïîëüçóþòñÿ äîñòàòî÷íî ñëîæ-
íûå àëãîðèòìû, ïîýòîìó âîçíèêàþò çíà÷èòåëüíûå 
òðóäíîñòè â èõ ðåàëèçàöèè. Äëÿ îáëåã÷åíèÿ ðåøåíèé 
áîëüøîãî êîìïëåêñà çàäà÷ ìîæíî èñïîëüçîâàòü àë-
ãîðèòì ïîñòðîåíèÿ àíàëèòè÷åñêîé ìîäåëè àíîìàëü-
íîãî ïîëÿ — ïî çàäàííûì çíà÷åíèÿì àíîìàëüíîãî 
ïîëÿ ñòðîèòñÿ àíàëèòè÷åñêàÿ ôóíêöèÿ, êîòîðàÿ ñ 
ôèêñèðîâàííîé òî÷íîñòüþ àïïðîêñèìèðóåò äàííîå 
ïîëå. Â îáîáùåííîì âèäå ýòî ìîæíî èçëîæèòü òàê. 
Èñõîäíîå ïîëå àïïðîêñèìèðóåòñÿ ïîëåì íåêîòîðîé 
ìîäåëè. Åå ñëåäóåò îïèñûâàòü íåáîëüøèì ÷èñëîì 
ïàðàìåòðîâ, êîòîðûå îïðåäåëÿþò ìåñòîïîëîæåíèå è 
ðàçìåðû âîçìóùàþùèõ òåë. Åñëè àíîìàëüíîå ïîëå 
îáóñëîâëåíî îïðåäåëåííûì êîëè÷åñòâîì îáúåê-
òîâ, òî àïïðîêñèìàöèÿ äîëæíà äàòü âîçìîæíîñòü 
îïðåäåëèòü õàðàêòåðèñòèêè êàæäîãî òåëà. Ôóíêöèÿ 
äîëæíà îòâå÷àòü ïðèíöèïàì àïïðîêñèìàöèîííîãî 
ïîäõîäà, ïðåäëîæåííîãî Â.Í. Ñòðàõîâûì [15]. Àï-
ïðîêñèìàöèîííàÿ êîíñòðóêöèÿ äîëæíà îáåñïå÷èòü 
ýôôåêòèâíîå ðåøåíèå ïðÿìîé çàäà÷è è îáëàäàòü 
ñïîñîáíîñòüþ õîðîøî îïèñàòü èñõîäíîå àíîìàëü-
íîå ïîëå.

Çàäà÷à îá àïïðîêñèìàöèè èñõîäíîãî ïîëÿ ïî-
ëåì íåêîòîðîé ìîäåëè âïåðâûå áûëà ïðèâåäåíà 
Ì.Ñ. Ìîëîäåíñêèì äëÿ çàäà÷ ãåîäåçè÷åñêîé ãðàâè-
ìåòðèè [12] è À.Ê. Ìàëîâè÷êî [9, 10] äëÿ çàäà÷ ãðà-
âèðàçâåäêè. Ýòîò ìåòîä ðàçâèâàëè òàêæå Â.È. Àðî-
íîâ, Â.Ì. Ãîðäèí [1, 2], Â.È. Ñòàðîñòåíêî [13, 14], 
À.Ñ. Äîëãàëü [8], Å.Ã. Áóëàõ [7] è äð.
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Ïðîâåäåíà êà÷åñòâåííàÿ èíòåðïðåòàöèÿ èñõîäíûõ ãðàâèìåòðè÷åñêèõ äàííûõ íà îñíîâå èñïîëüçîâàíèÿ àâòî-
ìàòèçèðîâàííîé ñèñòåìû èíòåðïðåòàöèè ïîòåíöèàëüíûõ ïîëåé. Â ïðîöåññå èññëåäîâàíèé ðåøåíû ñëåäó-
þùèå çàäà÷è: ïîñòðîåíà ÷èñëîâàÿ ìîäåëü àíîìàëüíîãî ãðàâèìåòðè÷åñêîãî ïîëÿ è âûïîëíåíà êà÷åñòâåííàÿ 
èíòåðïðåòàöèÿ ïîëó÷åííûõ ðåçóëüòàòîâ, à òàêæå ìîäåëèðîâàíèå ëîêàëüíûõ àíîìàëèåîáðàçóþùèõ èñòî÷íèêîâ, 
Ïðåäëîæåííûé àëãîðèòì ïîçâîëÿåò ñóùåñòâåííî óìåíüøèòü êîëè÷åñòâî èñêîìûõ ïàðàìåòðîâ è ìàêñèìàëüíî 
ïðèáëèçèòü ðåøåíèå ê ðåàëüíîé ãåîëîãè÷åñêîé ñðåäå Ðàçðàáîòàííîå ïðîãðàììíî-àëãîðèòìè÷åñêîå îáåñïå÷åíèå 
àïðîáèðîâàíî íà ìîäåëüíûõ ïðèìåðàõ è ðåàëüíûõ ïëîùàäíûõ ãðàâèìåòðè÷åñêèõ äàííûõ. 

Êëþ÷åâûå ñëîâà: êà÷åñòâåííàÿ èíòåðïðåòàöèÿ, îáðàòíàÿ çàäà÷à, àâòîìàòèçèðîâàííàÿ ñèñòåìà, àíàëèòè÷åñêàÿ 
àïïðîêñèìàöèÿ, ãðàâèòàöèîííîå ïîëå, ãåîëîãè÷åñêèé îáúåêò.

Èñõîäÿ èç ýòîãî â äàííîé ñòàòüå ïðåäñòàâëåíû 
ðåçóëüòàòû èññëåäîâàíèÿ ñîçäàííîãî â îòäåëå ìà-
òåìàòè÷åñêîé ãåîôèçèêè àëãîðèòìè÷åñêîãî è ïðî-
ãðàììíîãî îáåñïå÷åíèÿ ïîñòðîåíèÿ àíàëèòè÷åñêîé 
ìîäåëè èñõîäíîãî ãðàâèòàöèîííîãî ïîëÿ â íàïåðåä 
âûáðàííîì ìîäåëüíîì êëàññå. Ïðåäëîæåííûé ïîä-
õîä ïîçâîëÿåò ñóùåñòâåííî óìåíüøèòü êîëè÷åñòâî 
èñêîìûõ ïàðàìåòðîâ è ìàêñèìàëüíî ïðèáëèçèòü 
ðåøåíèå ê ðåàëüíîé ãåîëîãè÷åñêîé ñðåäå.

Òåîðåòè÷åñêèå îñíîâû èñïîëüçîâàííûõ àëãîðèò-
ìîâ èíòåðïðåòàöèè. Ìåòîä ïîäáîðà ÷àñòî èñïîëü-
çóåòñÿ â ïðàêòèêå ãåîëîãè÷åñêîé èíòåðïðåòàöèè 
ãðàâèìåòðè÷åñêèõ è ìàãíèòîìåòðè÷åñêèõ äàííûõ. 
Çäåñü íàèáîëåå ïîëíî ìîæíî ó÷åñòü âñå àïðèîð-
íûå ñâåäåíèÿ î ãåîëîãè÷åñêîì ñòðîåíèè èçó÷àåìîãî 
ðàéîíà.

1. Çàäàíî ïîëå Uисх(x, y, z) èëè Uисх(x, y). Ïîä ôóíê-
öèåé Uисх(x, y, z) áóäåì ïîíèìàòü ïîëå ñèëû òÿæå-
ñòè, åãî ïðîèçâîäíûå èëè ñïåöèàëüíî ïîñòðîåííûå 
òðàíñôîðìàíòû. Â çàäàííîì ïîëå âûáðàíî n íàè-
áîëåå õàðàêòåðíûõ òî÷åê 

 ( ) ( ), ,   i i iU x y z U i=èñõ èñõ ,  1 , 2, ..., i n= . (1)

2. Ñ ïîìîùüþ àíàëèçà íàáëþäåííîãî ïîëÿ è 
âñåõ àïðèîðíûõ ñâåäåíèé î ñòðîåíèè ðàéîíà âû-
áèðàåòñÿ íà÷àëüíàÿ ãåîëîãè÷åñêàÿ ìîäåëü. Ñ ýòîãî 
ìîìåíòà èíòåðïðåòàöèîííàÿ çàäà÷à ðåøàåòñÿ â âû-
áðàííîì ìîäåëüíîì êëàññå. Êàæäûé êëàññ îïèñû-
âàåòñÿ òîëüêî åìó ñîîòâåòñòâóþùåé ñîâîêóïíîñòüþ 
ïàðàìåòðîâ:

 { } 1 2, , ..., mP p p p=  èëè   { },  1 , 2, ..., jP p j m= = . (2)

Åñëè ïîñòðîåíà ìîäåëü è çàäàíû åå ïàðàìåòðû, 
òî ìîæíî ðåøèòü ïðÿìóþ çàäà÷ó. Âî âíåøíèõ îò-
íîñèòåëüíî àíîìàëèåîáðàçóþùèõ ìàññ òî÷êàõ âû-
÷èñëÿåòñÿ òåîðåòè÷åñêîå ïîëå. Îíî ìîæåò áûòü ïî-
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ëó÷åíî è â òåõ òî÷êàõ, êîòîðûå áûëè ðàíåå âûáðàíû 
â ìàññèâå (1). Â ýòîì ñëó÷àå ïîëó÷èì

 ( ) ( ), , ,   , t i i i tU x y z P U i P= ,  1 , 2, ..., i n= . (3)

Âûðàæåíèÿ (1) è (3) ñîïîñòàâèìû. Â ïðîöåñ-
ñå ðåøåíèÿ ìîäåëü ïîñòîÿííî èçìåíÿåòñÿ ïóòåì 
âàðüèðîâàíèÿ ÷èñëåííûõ çíà÷åíèé åå ïàðàìåòðîâ 
(2). Íåîáõîäèìî ïîäîáðàòü òàêèå çíà÷åíèÿ {pj}, êî-
òîðûå ìèíèìèçèðóþò íåâÿçêè ìåæäó ôóíêöèÿìè 
(1) è (3). Â êà÷åñòâå ðåøåíèÿ èíòåðïðåòàöèîííîé 
çàäà÷è ïðèíèìàåì ïîñëåäîâàòåëüíîñòü { } jP p∗ ∗=  âû-
ðàæåíèÿ (2), äëÿ êîòîðîé íåâÿçêà ìåæäó èñõîäíûì 
è òåîðåòè÷åñêèì ïîëÿìè äîñòèãàåò ìèíèìóìà.

Ñ îäíîé ñòîðîíû, èçâåñòíî òîëüêî ïðèáëèæåí-
íîå çíà÷åíèå èñõU δ , ñ äðóãîé — ãåîëîãè÷åñêàÿ ìîäåëü 
ïî÷òè íèêîãäà íå îòðàæàåò âñåé ñëîæíîñòè ñòðîå-
íèÿ ãåîëîãè÷åñêèõ íåîäíîðîäíîñòåé. Òàêèì îáðà-
çîì, íåâÿçêà íå ìîæåò ïðèíÿòü íóëåâîãî çíà÷åíèÿ. 
Ýëåìåíò P* ÿâëÿåòñÿ êâàçèðåøåíèåì ïîñòàâëåííîé 
çàäà÷è.

3. Ïðåäñòàâëåííàÿ àïïðîêñèìàöèîííàÿ êîí-
ñòðóêöèÿ îïðåäåëÿåòñÿ íàáîðîì òðåõìåðíûõ ñòåðæ-
íåâûõ òåë. Îðèåíòàöèÿ ñòåðæíåé ñîãëàñîâàíà ñ 
êîîðäèíàòíûìè îñÿìè. Öåíòð ñèììåòðèè êàæäîãî 
òåëà ìîæåò ïåðåìåùàòüñÿ. Ïðè ðåøåíèè çàäà÷è öåí-
òðû ñèììåòðèè òåë ìîãóò îïðåäåëÿòü ïîëîæåíèå 
ãåîìåòðè÷åñêèõ öåíòðîâ äîñòàòî÷íî ñëîæíûõ ôèãóð.

Òðåõñòåðæíåâàÿ àïïðîêñèìàöèÿ äàåò âîçìîæ-
íîñòü ëó÷øå îïèñàòü èíòåãðàëüíûå õàðàêòåðèñòè-
êè ãåîëîãè÷åñêîé ìîäåëè, î ÷åì 
ñâèäåòåëüñòâóþò ìíîãî÷èñëåííûå 
ìîäåëüíûå ðàñ÷åòû, ïðîâåäåííûå 
ñîòðóäíèêàìè îòäåëà ìàòåìàòè÷å-
ñêîé ãåîôèçèêè.

Â ýòîì ìîäåëüíîì êëàññå ðåøå-
íû ïðÿìàÿ è îáðàòíàÿ çàäà÷è ãðà-
âèìåòðèè è ìàãíèòîìåòðèè äëÿ äâó-
ìåðíîãî (2D-) è òðåõìåðíîãî (3D-) 
âàðèàíòîâ èññëåäîâàíèé [3—6].

Òðåõìåðíàÿ ìîäåëü. Çàäàíî ãðà-
âèòàöèîííîå ïîëå

( ), , ( )n i i i ng x y z g iΔ = Δ ,

 1,2,...,i n= . (4)

Âûáðàíà ïðÿìîóãîëüíàÿ ñèñòå-
ìà êîîðäèíàò, åå íà÷àëî ðàñïîëî-
æåíî íà çåìíîé ïîâåðõíîñòè, îñü 
Oz íàïðàâëåíà âåðòèêàëüíî âíèç, 
òîãäà ïëîñêîñòü xOy ñîâïàäàåò ñ 
çåìíîé ïîâåðõíîñòüþ, åñëè îíà 
ãîðèçîíòàëüíàÿ. Èñõîäíîå ïîëå 
(4) ïðåäñòàâëåíî ïîëåì íåêîòîðîé 
ñîâîêóïíîñòè ýëåìåíòàðíûõ òåë. 
Êàæäîå òåëî ñîñòîèò èç òðåõ ïåðåñå-
êàþùèõñÿ âçàèìíî ïåðïåíäèêóëÿð-
íûõ ìàòåðèàëüíûõ ñòåðæíåé. Òî÷êà 
ïåðåñå÷åíèÿ — öåíòð ñèììåòðèè 

òåëà. Êàæäûé ñòåðæåíü âûòÿíóò ïî íàïðàâëåíèþ 
ê êîîðäèíàòíîé îñè. Îáùàÿ ãåîëîãè÷åñêàÿ ìîäåëü 
îïðåäåëåíà òàêîé ïîñëåäîâàòåëüíîñòüþ ïàðàìåòðîâ:

( ){ , , ,x y j
P m c c h= ;

( ) ( ) }2 ,2 ,2 ; , ,x y z x y zj j
t t t λ λ λ ,

 1, 2, ...,j m= , (5)

ãäå m — êîëè÷åñòâî ýëåìåíòàðíûõ òåë; ( ), ,x yñ ñ h  — 
öåíòðû òÿæåñòè òåë; ( )2 , 2 , 2x y zt t t  — äëèíû ñòåðæ-
íåé, ( ), ,x y zλ λ λ  — èçáûòî÷íûå ïëîòíîñòè òåë.

Âûáðàííàÿ àïïðîêñèìàöèîííàÿ êîíñòðóêöèÿ 
áûëà èñïîëüçîâàíà ïðè èíòåðïðåòàöèè äàííûõ ïëî-
ùàäíîé ãðàâèìåòðè÷åñêîé ñúåìêè â ðàéîíå Êàðïàò 
è Ïðèêàðïàòüÿ.

Ïðàêòè÷åñêèé ïðèìåð. Âû÷èñëåíèå ïîëÿ, îáóñëîâ-
ëåííîãî àïïðîêñèìàöèîííîé ìîäåëüþ — ñîâîêóïíî-
ñòüþ ñòåðæíåé. Ðàññìîòðèì ïðèìåð àïïðîêñèìàöèè 
èñõîäíîãî ïîëÿ ñèëû òÿæåñòè àíàëèòè÷åñêîé ôóíê-
öèåé. Èññëåäóåìûé ó÷àñòîê ðàñïîëîæåí â ðàéîíå 
Êàðïàò è Ïðåäêàðïàòüÿ ðàçìåðîì 50×50 êì. Íå-
îáõîäèìî àïïðîêñèìèðîâàòü çàäàííîå ïîëå ñèëû 
òÿæåñòè â òî÷êàõ ðåëüåôà íåêîòîðîé àíàëèòè÷åñêîé 
ôóíêöèåé. Â êà÷åñòâå ìîäåëè ïðèíÿòà ñîâîêóïíîñòü 
ýëåìåíòàðíûõ òåë, êàæäîå èç êîòîðûõ îïèñûâàåòñÿ 
ïîñëåäîâàòåëüíîñòüþ ïàðàìåòðîâ (5).

Ïëîùàäü èññëåäîâàíèé ðàâíà 2500 êì2. Òî÷-
êè ðàñïîëîæåíû ïî ñåòè 2×2 êì, ò. å. â ìàñøòàáå 

Ðèñ. 1. Èñõîäíîå ïîëå ñèëû òÿæåñòè Δg, ìÃàë, ïåðåñ÷èòàííîå íà ïëîñêîñòü 
Z=1400 ì

Fig. 1. The initial gravity field Δg, mGal, calculated on the plane Z=1400 m
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âåðòèêàëüíûõ ìàòåðèàëüíûõ ñòåðæ-
íåé [7]. Ìàòåðèàëüíûå ñòåðæíè 
ðàñïîëîæåíû ðàâíîìåðíî íà âñåé 
ïëîùàäè ïî ñåòè 2×2 êì. Öåíòðû 
òÿæåñòè ýòèõ âîçìóùàþùèõ ìàññ 
ïîìåñòèëè íà óðîâíå ìîðÿ, ò. å. íà 
ãëóáèíå Z=0.

Äëÿ áîðüáû ñ ýôôåêòîì îâðàæ-
íîñòè èñïîëüçîâàí àëãîðèòì ïîä-
áîðà ïàðàìåòðîâ ìîäåëè ïî ãðóï-
ïàì, â çàâèñèìîñòè îò èõ âêëàäà â 
ôóíêöèîíàë. Ìàêñèìàëüíîå ðàñ-
õîæäåíèå ìåæäó íàáëþäåííûì è 
òåîðåòè÷åñêèì ïîëÿìè ñîñòàâèëî 
0,1 ìÃàë. Â ðåçóëüòàòå ïîëó÷èëè 
ìîäåëü, èñïîëüçîâàíèå êîòîðîé ïî-
çâîëèò àïïðîêñèìèðîâàòü èñõîäíîå  
ïîëå â çàäàííûõ òî÷êàõ ðåëüåôà ñ 
îïðåäåëåííîé òî÷íîñòüþ.

Èìåÿ àíàëèòè÷åñêóþ ôóíêöèþ 
è ïàðàìåòðû ìîäåëè, ïåðåñ÷èòàåì 
èñõîäíîå ïîëå íà ëþáóþ ïëîñêóþ 
ïîâåðõíîñòü â âåðõíåì èëè íèæíåì 
ïîëóïðîñòðàíñòâå. Â äàííîì ñëó÷àå 
ïåðåñ÷åò áûë âûïîëíåí â âåðõíåå 
ïîëóïðîñòðàíñòâî íà âûñîòó 1 400 ì 
— ìàêñèìàëüíàÿ âûñîòíàÿ òî÷êà 
ðåëüå ôà íà òåððèòîðèè èññëåäóåìîãî 
ðàéîíà. Íà ñëåäóþùåì ýòàïå ñòîèò 
çàäà÷à ó÷åòà èñõîäíîãî ïîëÿ ñèëû 
òÿæåñòè, îáóñëîâëåííîãî âëèÿíèåì 
ìàññ ðåëüåôà çåìíîé ïîâåðõíîñòè. 
Äëÿ ýòîé öåëè èñïîëüçóåì ðàíåå 
ñîçäàííóþ â îòäåëå ìàòåìàòè÷åñêîé 
ãåîôèçèêè ïðîãðàììó âû÷èñëåíèÿ 
ìàññ ðåëüåôà. Ðåøàåì ïðÿìóþ çàäà÷ó 
îò êîíòàêòíîé ïîâåðõíîñòè. Ïðåä-
ïîëàãàåì, ÷òî àíîìàëüíûå ìàñ  ñû 
çàëåãàþò ìåæäó êîíòàêòíîé ïîâåðõ-
íîñòüþ, êîòîðàÿ ñîâïàäàåò ñ ðåëüå-
ôîì è ïëîñêîñòüþ âûñîòîé 255 ì 
íàä óðîâíåì ìîðÿ — ìèíèìàëüíîé 
âûñîòíîé îòìåòêîé ðåëüåôà äëÿ èñ-
ñëåäóåìîãî ðàéîíà. Ãðàâèòàöèîííûé 
ýôôåêò îò ýòèõ ìàññ âû÷èñëåí íà 
ïëîñêîñòè Z=1400 ì. Ïîñòðîåíà êàð-
òà ïîëÿ ñèëû òÿæåñòè, îáóñëîâëåí-
íîãî ðåëüåôîì ìåñòíîñòè (ðèñ. 1).

Ïåðåéäåì ê ñëåäóþùåìó ýòàïó: 
çàäàíî ïîëå íà ïëîñêîñòè H=1400 ì 
è ïîëå ñèëû âëèÿíèÿ ìàññ ðåëüå-
ôà çåìíîé ïîâåðõíîñòè íà ýòîé æå 
âûñîòå (ðèñ. 2). Ïîëó÷àåì ðàçíîñò-
íîå ïîëå ñèëû òÿæåñòè íà ïëîñêîé 
ïîâåðõíîñòè áåç ó÷åòà âëèÿíèÿ ðå-

ëüåôà (ðèñ. 3). Ýòî ïîëå íå ñîäåðæèò ãðàâèòàöè-
îííîãî âëèÿíèÿ ìàññ, ñëà ãàþùèõ ðåëüåô çåìíîé 

Ðèñ. 2. Ïîëå ñèëû òÿæåñòè Δg, ìÃàë, îáóñëîâëåííîå âëèÿíèåì ìàññ ðåëüåôà

Fig. 2. The gravity field Δg, mGal, due to the influence of the masses of the relief

1 : 200 000. Â êà÷åñòâå ïåðâîãî ïðèáëèæåíèÿ âûáåðåì 
ìîäåëü, êîòîðàÿ ïðåäñòàâëÿåò ñîáîé ñîâîêóïíîñòü 

Ðèñ. 3. Ïîëå ñèëû òÿæåñòè Δg, ìÃàë, íà ïëîñêîé ïîâåðõíîñòè H=1400 ì ñ ó÷åòîì 
âëèÿíèÿ ìàññ ðåëüåôà çåìíîé ïîâåðõíîñòè

Fig. 3. The gravity field Δg, mGal on a surface =1400 m, taking into account the 
influence of the masses of the relief of the day surface
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ïîâåðõ íîñòè. Àïïðîêñè ìè ðóåì ïîëå ñîâîêóïíîñòüþ 
òðåõñòåðæíåâûõ òåë. Ïàðàìåòðû òåëà îïðåäåëÿþòñÿ 
âåê òîðîì (5), ýëåìåíòàðíûå òåëà ðàñ ïîëîæåíû ïî 
ðåãóëÿðíîé ñåòè 2×2 êì. Ïîäáèðàåì ëèíåéíûå ìàñ-
ñû ñòåðæ íåé, èõ ãåîìåòðè÷åñêèå ðàçìåðû è ãëóáèíó 
çàëåãàíèÿ öåíòðà ìàññ êàæäîãî òåëà. Â ïðîöåññå 
ìèíèìèçàöèè âû÷èñëåíèÿ ïðîâåäåíû â 625 òî÷êàõ. 
Â ðåçóëüòàòå ïîäáîðà ñðåäíÿÿ íåâÿçêà ìåæäó çà-
äàííûì è òåîðåòè÷åñêè âû÷èñëåííûì ïîëÿìè ñî-
ñòàâèëà: δ =0,005 ìÃàë. Òàêèì îáðàçîì, ïîëó÷åíà 
àíàëèòè÷åñêàÿ ìîäåëü, êîòîðàÿ äîñòàòî÷íî òî÷íî 
îïèñûâàåò çàäàííîå ïîëå ñèëû òÿæåñòè.

Ïîñòðîåíà àïîñòåðèîðíàÿ èí òåðïðåòàöèîííàÿ 
ìîäåëü ðàñïðåäåëåíèÿ ïëîòíîñòíûõ íåîäíîðîäíî-
ñòåé, óäîâëåòâîðÿþùàÿ êàê íàáëþäåííîìó ïîëþ, 
òàê è àïðèîðíîé ãåîëîãè÷åñêîé èíôîðìàöèè.

Çàêëþ÷åíèå. Ðàññìîòðåííàÿ ïîñòàíîâêà îáðàò-
íîé çàäà÷è ìîæåò áûòü èñïîëüçîâàíà äëÿ ðåøå-
íèÿ èíòåðïðåòàöèîííûõ çàäà÷ ðóäíîé ãåîôèçèêè. 
Íà îñíîâå ðåøåíèÿ îáðàòíîé çàäà÷è ïðîèçâåäåíà 
àíàëèòè÷åñêàÿ àïïðîêñèìàöèÿ  èñõîäíîãî ãðàâè-
òàöèîííîãî ïîëÿ ïîëåì ìîäåëüíûõ èñòî÷íèêîâ. 
Ïî àíîìàëèÿì ñèëû òÿæåñòè íåëüçÿ èçó÷àòü îá-
ëàñòü ðàçðåçà, â êîòîðîé íàõîäèòñÿ çàëåæü, îïó-
ñêàÿ èçó÷åíèå íåîäíîðîäíîñòåé, íàõîäÿùèõñÿ íà 
ìåíüøèõ ãëóáèíàõ. Ïîýòîìó äåòàëüíîñòü è òî÷íîñòü 
ðåøåíèÿ çàäà÷ ïðÿìî çàâèñÿò îò ñëîæíîñòè ãåîëî-
ãè÷åñêîãî ðàçðåçà. Ïîñëåäîâàòåëüíîå èñêëþ÷åíèå 
ïëîòíîñòíûõ íåîäíîðîäíîñòåé ïîçâîëèò ïîëó÷èòü 
àíîìàëüíûé ýôôåêò îò îáëàñòè, âêëþ÷àþùåé â ñåáÿ 
àíîìàëüíóþ çàëåæü áîëåå òî÷íî. Åñëè â àíîìàëüíîì 
ïîëå ýòîò ýôôåêò ñîñòàâëÿåò íåáîëüøóþ ÷àñòü, òî â 
îñòàòî÷íîì ïîëå îí ìîæåò ïðåîáëàäàòü.

Äàëüíåéøèå èññëåäîâàíèÿ äàííîãî ó÷àñòêà áó-
äóò íàïðàâëåíû íà îïðåäåëåíèå ëîêàëüíûõ ýôôåê-
òîâ è âûäåëåíèå ãðàíèö îáëàñòè äëÿ ïðîâåäåíèÿ 
ïðÿìûõ ïîèñêîâ è ïîñòàíîâêè èññëåäîâàíèé äðó-
ãèìè ãåîôèçè÷åñêèìè ìåòîäàìè.
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Ïðîâåäåíî ÿê³ñíó ³íòåðïðåòàö³þ âèõ³äíèõ ãðàâ³ìåòðè÷íèõ äàíèõ íà ï³äñòàâ³ âèêîðèñòàííÿ àâòîìàòèçîâàíî¿ 
ñèñòåìè ³íòåðïðåòàö³¿ ïîòåíö³àëüíèõ ïîë³â. Ó ïðîöåñ³ äîñë³äæåíü áóëî ðîçâ’ÿçàíî òàê³ çàäà÷³: ïîáóäîâàíî 
÷èñëîâó ìîäåëü àíîìàëüíîãî ãðàâ³ìåòðè÷íîãî ïîëÿ òà âèêîíàíî ÿê³ñíó ³íòåðïðåòàö³þ îòðèìàíèõ ðåçóëüòàò³â, 
à òàêîæ ìîäåëþâàííÿ ëîêàëüíèõ àíîìàë³ºóòâîðþâàëüíèõ äæåðåë. Çàïðîïîíîâàíèé àëãîðèòì äàº çìîãó ñóòòºâî 
çìåíøèòè ê³ëüê³ñòü øóêàíèõ ïàðàìåòð³â ³ ìàêñèìàëüíî íàáëèçèòè ðîçâ’ÿçîê äî ðåàëüíîãî ãåîëîã³÷íîãî ñåðå-
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äîâèùà, Ðîçðîáëåíå ïðîãðàìíî-àëãîðèòì³÷íå çàáåçïå÷åííÿ âèïðîáóâàíî íà ìîäåëüíèõ ïðèêëàäàõ ³ ðåàëüíèõ 
ïëîùîâèõ ãðàâ³ìåòðè÷íèõ äàíèõ. 

Êëþ÷îâ³ ñëîâà: ÿê³ñíà ³íòåðïðåòàö³ÿ, îáåðíåíà çàäà÷à, àâòîìàòèçîâàíà ñèñòåìà, àíàë³òè÷íà àïðîêñèìàö³ÿ, 
ãðàâ³òàö³éíå ïîëå, ãåîëîã³÷íèé îá’ºêò.

THE PRACTICAL USE OF THE ANALYTICAL MODEL OF THE GRAVITATIONAL FIELD 
IN GEOLOGICAL INTERPRETATION

T.L. Mikheeva, E.P. Lapina, N.V. Panchenko

S.I. Subbotin Institute of  geophysics NAN of Ukraine, Kiev, Ukraine

Purpose. To conduct a qualitative interpretation of the initial gravimetric data, an automated system for interpreting 
potential fields was used. During the research, the following tasks were solved: a numerical model of the anomalous 
gravimetric field was constructed and a qualitative interpretation of the results was obtained, local anamaly-forming 
sources were modeled. The proposed algorithm allows to significantly reduce the number of required parameters and 
to bring the solution as close as possible to a real geological environment. The developed software and algorithmic 
software has been tested on model examples and real areal gravimetric data.
Design/methodology/approach. Methods based on solving the inverse problem by the selection method, an approxi-
mation design is used, which is determined by a set of three-dimensional rod bodies. The orientation of the rods is 
consistent with the coordinate axes. The center of symmetry of each body can move. When solving the problem, the 
centers of symmetry of bodies can determine the positions of geometric centers of rather complex figures.
Three-core approximation makes it possible to better describe the integral characteristics of the geological model, as 
evidenced by the numerous model calculations carried out by employees of the department of mathematical geophys-
ics.To combat the effect of ravine, an algorithm was used to select model parameters by groups, depending on their 
contribution to the functional. The maximum discrepancy between the observed and theoretical fields was 0,1 mGal. 
As a result, we obtained a model, the use of which will allow us to approximate the initial field at given points of the 
relief with a certain accuracy.
Findings. Results an example of approximation of the initial gravity field by an analytical function is considered. The 
study site is located in the Carpathian and Pre-Carpathian regions in size. The given gravity field at the relief points 
was approximated by some analytical function. As a result, an a posteriori interpretation model of the distribution 
of density inhomogeneities is obtained that satisfies both the observed field and a priori geological information. The 
sequential exclusion of density inhomogeneities makes it possible to obtain an anomalous effect from the region includ-
ing the anomalous deposit more accurately. If in the anomalous field this effect is a small part, then in the residual 
field it can have a predominant value
The practical significance and conclusions. The considered formulation of the inverse problem can be used to solve 
the interpretation problems of ore geophysics. Based on gravity anomalies, it is impossible to study the section area 
in which the deposit is located, omitting the study of heterogeneities located at shallow depths. Therefore, the detail 
and accuracy of solving problems are directly dependent on the complexity of the geological section. Further studies 
of this area will be aimed at determining local effects and identifying the boundaries of the region for direct searches 
and research using other geophysical methods

Key words: quality interpretation, inverse problem, automated system, analytical approximation, the gravimetric field, 
geological object
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