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Âñòóï. Ìàãí³òîðîçâ³äêó âèêîðèñòîâóþòü äëÿ 
áàãàòüîõ çàâäàíü. Ó ïðàö³ [10] íàâåäåíî ïðèêëàäè 
çàñòîñóâàííÿ ìàãí³òîìåòðè÷íèõ äîñë³äæåíü äëÿ 
îêîíòóðåííÿ ñîëÿíèõ êóïîë³â, âèÿâëåííÿ òåêòîí³÷-
íèõ ïîðóøåíü ïàñòîê âóãëåâîäí³â, ïîøóêó ðóäíèõ 
ïîêëàä³â, ðîçâ³äêè àëìàçîíîñíèõ ñòðóêòóð, çíàõî-
äæåííÿ àðõåîëîã³÷íèõ îá’ºêò³â, êàðòóâàííÿ ïîâåðõí³ 
ôóíäàìåíòó. Òîìó âàæëèâèì ïèòàííÿì º ïîáóäîâà 
äîñòîâ³ðíèõ ãåîëîã³÷íèõ ìîäåëåé íà ï³äñòàâ³ ê³ëü-
ê³ñíîãî àíàë³çó ìàãí³òíèõ àíîìàë³é. ²ñíóþòü ð³çí³ 
ï³äõîäè äî ³íòåðïðåòàö³¿ ïîòåíö³àëüíèõ ïîë³â [3]. 
Òàê, ó ñòàòò³ [13] îïèñàíî ìåòîä ñ³òêè äëÿ âèçíà÷åí-
íÿ íàäëèøêîâî¿ ãóñòèíè çà ãåîô³çè÷íèìè äàíèìè 
ïëîù³. Òî÷í³ñòü ðîçâ’ÿçêó öüîãî ï³äõîäó äîñë³äæóâà-
ëè À.À. Юньков і Є.Г. Булах ó äâîâèì³ðíîìó âàð³àíò³ 
íà ïðèêëàä³ ãðàâ³ìåòð³¿ [19]. ª.Ã. Áóëàõ — àâòîð 
÷èñëåííèõ àëãîðèòì³â îïòèì³çàö³¿ ç áàãàòüìà ïà-
ðàìåòðàìè.

Ó ñòàòòÿõ [14, 17] âèêëàäåíî ìîíòàæíèé ïðèí-
öèï ðîçâ’ÿçêó îáåðíåíî¿ çàäà÷³ ãðàâ³ìåòð³¿, ÿêèé 
´ðóíòóºòüñÿ íà ìåòîä³ ðåãóëüîâàíî¿ ñïðÿìîâàíî¿ 
êðèñòàë³çàö³¿. Â.². Ñòàðîñòåíêî ðîçðîáèâ ñò³éê³ ìå-
òîäè ðîçâ’ÿçêó íåêîðåêòíèõ çàäà÷ äëÿ ãðàâ³ìåòð³¿ 
[16]. ª.Ã. Áóëàõ ³ ².Ì. Êîð÷àã³í [1] îïèñàëè ìåòîä 
ïîñë³äîâíèõ ïðèðîñò³â ìîäåë³ äëÿ äàíèõ ãðàâ³òàö³é-
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Ðîçãëÿíóòî îðèã³íàëüíèé àëãîðèòì ï³äáîðó ìàãí³òíèõ äæåðåë. Â îñíîâ³ ï³äõîäó ïîêëàäåíî ïðèíöèï 
ïåðåì³ùåííÿ ìàñ, ùî ïðèâîäèòü äî ôîðìóâàííÿ ãåîëîã³÷íèõ óòâîðåíü. Äëÿ äâîâèì³ðíî¿ ñ³òêîâî¿ 
ìîäåë³ ïåðåì³ùåííÿ íàìàãí³÷åíîñò³ ó áëîêàõ âèêîíàíî ó ÷îòèðüîõ íàïðÿìêàõ: âë³âî, âïðàâî, 
óãîðó ³ âíèç. Ó âèíÿòêîâèõ âèïàäêàõ íàìàãí³÷åí³ñòü ìîæå ïåðåì³ùóâàòèñÿ íà çíà÷íó â³äñòàíü, 
íàïðèêëàä óíàñë³äîê òå÷³¿ ëàâè. Íàäëèøêîâó íàìàãí³÷åí³ñòü òà íàïðÿìîê ðóõó áëîê³â âèçíà÷àëè 
äîâ³ëüíî. Òåîðåòè÷íó ìîäåëü ñêëàäåíî ç òðüîõ ïðÿìîêóòíèõ ò³ë. Ðîçãëÿíóòî ðîçð³çè ç ê³ëüê³ñòþ 
øàð³â â³ä 3 äî 7. Ìîäåëü ï³ä³áðàíî çà óìîâè, ùî çíà÷åííÿ òà íàïðÿìîê íàìàãí³÷åíîñò³ â³äîì³. 
Êîæåí áëîê ìàâ ôîðìó êóáà ç ðîçì³ðîì ñòîðîíè 1 ì. Âèõ³äí³ òà ðîçðàõîâàí³ àíîìàë³¿ ïîâíîãî 
âåêòîðà ìàãí³òíîãî ïîëÿ ïîð³âíþâàëè çà äîïîìîãîþ ñåðåäíüî¿ íîðìè òà ïîõèáêè ó â³äñîòêàõ. Ãåî-
ìåòð³þ ò³ë ç îäíàêîâîþ íàìàãí³÷åí³ñòþ (1 À/ì) âèçíà÷àëè òî÷íî äëÿ 3 ³ 4 øàð³â, à äëÿ 5—7 — ç 
ïîõèáêîþ íà á³ëüø³é ãëèáèí³. Ìîäåëü ç äâîìà çíà÷åííÿìè íàìàãí³÷åíîñò³ (1,0 ³ 0,5 À/ì) ìàëà 
ñóòòºâ³ ïîõèáêè ïðè âèçíà÷åíí³ ãåîìåòð³¿ ò³ë. Â³äñóòí³ñòü ñòðèáê³â íà ãðàô³êó ö³ëüîâî¿ ôóíêö³¿ 
ãàðàíòóâàëî âèçíà÷åííÿ òî÷íî¿ ìîäåë³. Çà íîâèì àëãîðèòìîì, ùî ´ðóíòóºòüñÿ íà ïåðåì³ùåíí³ 
ìàñè ì³æ áëîêàìè, ìîæíà ï³ä³áðàòè ìàãí³òíó ìîäåëü äîñèòü øâèäêî. Îñíîâíèìè ôàêòîðàìè, 
ùî âïëèâàþòü íà òî÷í³ñòü ãåîìåòð³¿, º äàí³ ùîäî íàìàãí³÷åíîñò³ ò³ë ³ ê³ëüê³ñòü øàð³â. Ñòâîðåíèé 
ï³äõ³ä äàº çìîãó îö³íþâàòè ðîçð³ç çà ñ³òêîâèì ðîçïîä³ëîì íàäëèøêîâî¿ íàìàãí³÷åíîñò³. Ðîçðîáêó 
çàñòîñîâàíî äëÿ äâîâèì³ðíî¿ ³íòåðïðåòàö³¿ Êóðñüêî¿ ìàãí³òíî¿ àíîìàë³¿. Ãëèáèíà çàëÿãàííÿ, íàõèë 
³ ãîðèçîíòàëüíà òîâùèíà çàë³çèñòèõ êâàðöèò³â, âèçíà÷åí³ ìåòîäîì ïåðåì³ùåííÿ ìàãí³òíèõ ìàñ, 
óçãîäæóþòüñÿ ç äàíèìè áóð³ííÿ.

Êëþ÷îâ³ ñëîâà: ï³äá³ð ìîäåë³, ê³ëüê³ñòü øàð³â ìîäåë³, íàìàãí³÷åí³ñòü, àëãîðèòì ïåðåì³ùåííÿ ìàã-
í³òíî¿ ìàñè, â³äõèëåííÿ ó â³äñîòêàõ, òî÷í³ñòü ï³äáîðó, Êóðñüêà ìàãí³òíà àíîìàë³ÿ.

íîãî ïîëÿ, ùî ́ ðóíòóºòüñÿ íà ìîíòàæíîìó ïðèíöè-
ï³, à òàêîæ  ðàçîì ³ç ñï³âàâòîðàìè [2] ðîçãëÿíóëè 
³íø³ ìàòåìàòè÷í³ àëãîðèòìè äëÿ ðîçâ’ÿçêó îáåðíå-
íèõ çàäà÷ ïîòåíö³àëüíèõ ³ ãåîòåðì³÷íèõ àíîìàë³é.

Â.Ì. Çàâîéñüêèé òà Þ.Ñ. Íå¿æñàë [7] çàïðîïîíó-
âàëè äåêîìïîçèö³éíî-³òåðàö³éíèé ìåòîä ðîçâ’ÿçàííÿ 
îáåðíåíî¿ çàäà÷³ ìàãí³òîìåòð³¿. Î.Ñ. Äîëãàëü [6] 
îïèñàâ êîìï’þòåðí³ òåõíîëîã³¿ îáðîáêè òà ³íòåðïðå-
òàö³¿ äàíèõ ãðàâ³ìåòðè÷íîãî òà ìàãí³òíîãî çí³ìàííÿ. 
À.². Êîáðóíîâ [8] ðîçãëÿíóâ åâîëþö³éíî-äèíàì³÷í³ 
ïðèíöèïè äëÿ ðåêîíñòðóêö³¿ ãóñòèííèõ ìîäåëåé 
îñàäîâèõ áàñåéí³â ç óðàõóâàííÿì òîãî, ùî öåé ï³ä-
õ³ä íå ìîæå áóòè âèêîðèñòàíèé äëÿ ìîäåëþâàííÿ 
òåêòîí³÷íèõ ïîðóøåíü. Ï.Î. Ì³íåíêî [11] çàïðîïî-
íóâàâ ñ³òêîâ³ àïðîêñèìàö³¿ äëÿ ðîçâ’ÿçêó îáåðíåíèõ 
çàäà÷ ãðàâ³ìàãí³òîðîçâ³äêè òà áàãàòîøàðîâ³ ìîäåë³. 
Î.Ï. Ïåòðîâñüêèé ³ ñï³âàâò. [15] îïèñàëè øâèäêèé 
àëãîðèòì ðîçâ’ÿçêó ïðÿìî¿ çàäà÷³ ãðàâ³ìåòð³¿, ÿêèé 
äàº çìîãó çàñòîñóâàòè ñèñòåìó ðîçâ’ÿçóâàííÿ îáåð-
íåíèõ çàäà÷ ç âèêîðèñòàííÿì ñ³òêîâèõ (áàãàòîì³ëü-
éîííèõ) ïîêðèòò³â ðîçð³çó. 

Ïàðàìåòðè ìîäåë³ ï³äáèðàþòü, çìåíøóþ÷è ð³ç-
íèöþ ì³æ ðîçðàõîâàíèì ³ ñïîñòåðåæåíèì ïîëÿìè. 
Òàêà çàäà÷à ìàº íåîäíîçíà÷íèé ðîçâ’ÿçîê. Äëÿ 
çìåíøåííÿ öüîãî ôàêòîðà çàäàþòü ïåâíèé êëàñ ìî-
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äåëåé. Â öüîìó âèïàäêó ìîäåëü îáìåæóþòü ïðîñòîþ 
ôîðìîþ. Íàïðèêëàä, ó ìåòîä³ õàðàêòåðíèõ òî÷îê 
âèêîðèñòîâóþòü êóëþ, ãîðèçîíòàëüíèé òà âåðòè-
êàëüíèé öèë³íäðè [9], ùî ìàþòü â³äîì³ çíà÷åííÿ 
íàìàãí³÷åíîñò³. ßê ìàãí³òí³ äæåðåëà çàñòîñîâóþòü 
íàõèëåí³ ïðèçìè [4, 24]. Íàïðèêëàä, ó ñòàòò³ [22] âè-
êîðèñòàíî ìíîæèíó ïðÿìîêóòíèõ ïðèçì äëÿ ³íòåð-
ïðåòàö³¿ ìàãí³òíèõ àíîìàë³é íàä øàõòàìè ç ïîêëà-
äàìè öèíêó (ï³âí³÷íî-çàõ³äíà ÷àñòèíà Êàíàäè). Äëÿ 
âèçíà÷åííÿ òîïîãðàô³¿ ôóíäàìåíòó çà ìàãí³òíèìè 
òà ãðàâ³òàö³éíèìè äàíèìè äëÿ Öåíòðàëüíîãî ìàñèâó 
Ôðàíö³¿ áóëî çàñòîñîâàíî ïåðåòâîðåííÿ Ôóð’º [23].

Ç ìåòîþ ìîäåëþâàííÿ ñêëàäíèõ ôîðì âèêîðèñ-
òîâóþòü ñ³òêîâó ìîäåëü, ÿêà ñêëàäàºòüñÿ ç áëîê³â. Â 
íèõ âèçíà÷àþòü ìàãí³òí³ ïàðàìåòðè, ùî äàº çìîãó 
îòðèìàòè ãåîìåòð³þ ò³ë. Ïîä³áíà çàäà÷à º íåë³í³é-
íîþ. Â ö³é ñèòóàö³¿ âàæëèâî ç’ÿñóâàòè, çà ÿêî¿ ê³ëü-
êîñò³ øàð³â ìîæíà îòðèìàòè òî÷íó ôîðìó äæåðåëà 
äëÿ òåîðåòè÷íèõ ìîäåëåé. 

Ðîçãëÿíåìî îñíîâí³ ï³äõîäè äî ³íòåðïðåòàö³¿ 
àíîìàë³é ïîâíîãî âåêòîðà ìàãí³òíîãî ïîëÿ ç ïðè-
êëàäàìè çàñòîñóâàííÿ ïåâíî¿ ê³ëüêîñò³ øàð³â. Ó 
ñòàòò³ [20] îïèñàíî ìîäåëü ³ç ïðÿìîêóòíèõ áëîê³â 
äëÿ òðèâèì³ðíî¿ ³íâåðñ³¿ ìàãí³òíèõ àíîìàë³é íàä 
âóëêàí³÷íèìè ïîðîäàìè ï³âäåííî¿ ÷àñòèíè øòàòó 
Àéäàõî. Ìîäåëü ñêëàäàëàñÿ ç äâîõ øàð³â ïî 9 áëî-
ê³â ó êîæíîìó. Ó ïóáë³êàö³¿ [26] âèêîðèñòàíî áàãà-
òîêîìïîíåíòíó ö³ëüîâó ôóíêö³þ äëÿ ðîçâ’ÿçàííÿ 
îáåðíåíî¿ çàäà÷³ ìàãí³òîìåòð³¿ ó òðèâèì³ðíîìó âà-
ð³àíò³. Ìîäåëüíèé ðîçð³ç ñêëàäàâñÿ ç 10 øàð³â, ó 
ÿêèõ áóëî 20 áëîê³â. Ðåçóëüòàò ö³º¿ ³íâåðñ³¿ ìàº íà-
áëèæåíèé âèãëÿä äëÿ òåîðåòè÷íèõ ìîäåëåé ³ç äâîõ 
ò³ë. Âåðõí³ øàðè á³ëüøå â³äïîâ³äàëè âõ³äíèì ìîäå-
ëÿì, òîìó ùî áóëè ðîçòàøîâàí³ áëèæ÷å äî òî÷îê 
ñïîñòåðåæåíü. Ïðàêòè÷íå çàñòîñóâàííÿ âèêîíàíî 
äëÿ ìàãí³òíèõ àíîìàë³é ì³äíî-çîëîòîãî ïîðô³ðî-
âîãî ðîäîâèùà â ìåæàõ ãîðè Ì³ëë³ãàí (öåíòðàëüíà 
÷àñòèíà ï³âíî÷³ Áðèòàíñüêî¿ Êîëóìá³¿, Êàíàäà), ðîç-
ð³ç ÿêîãî äîñë³äæåíî íà ãëèáèíó 450 ì ³ äîâæèíó 
1200 ì. À. Ïîðòíÿãèí ³ Ì. Æäàíîâ [29] ðîçðîáèëè 
êîìïðåñ³éíèé àëãîðèòì ç ôîêóñóâàííÿì çîáðàæåí-
íÿ. Íà ö³é îñíîâ³ âèêîíàíî ìàãí³òíó ³íâåðñ³þ íà 
ìîäåëÿõ ç 10 øàð³â ïî 20 áëîê³â ó êîæíîìó, ÿêà äàëà 
íàáëèæåíó ôîðìó âõ³äíèõ ìîäåëåé. Öþ ðîçðîáêó 
áóëî çàñòîñîâàíî äëÿ âèä³ëåííÿ íàìàãí³÷åíèõ çîí 
ó Ï³âí³÷í³é Êàíàä³, äå ãðàí³òíèé ôóíäàìåíò ïåðå-
êðèòèé îñàäîâèìè â³äêëàäàìè ïîòóæí³ñòþ 450 ì. 
Ìåòîä äåêîíâîëþö³¿ Åéëåðà áóëî çàñòîñîâàíî äëÿ 
ìîäåëþâàííÿ òðèâèì³ðíèõ äæåðåë íàä ³íòðóç³ºþ 
ëóæíèõ óòâîðåíü ó Áðàçèë³¿ [27], ìåòîä àìïë³òóäíî¿ 
ìàãí³òíî¿ ³íâåðñ³¿ — äëÿ ðàéîíó çàë³çîðóäíèõ øàõò 
Daye ó Êèòà¿ [25].

Àíàë³ç àëãîðèòì³â ï³äáîðó ìîäåëåé ï³äêàçàâ äâà 
çàâäàííÿ äëÿ ¿õ âïðîâàäæåííÿ. Ïî-ïåðøå, áàæàíî 
ñòâîðèòè àëãîðèòì, ÿêèé á³ëüø ïîâ’ÿçàíèé ç óòâî-
ðåííÿì ãåîëîã³÷íèõ îá’ºêò³â. Ïî-äðóãå, çà íàÿâíîñò³ 
ðîçðîáêè âàæëèâèì º ç’ÿñóâàííÿ óìîâ, çà ÿêèõ âè-
êîíóþòü òî÷íèé ï³äá³ð òåîðåòè÷íèõ ìîäåëåé.

Îïèñ àëãîðèòìó. Äëÿ àâòîìàòèçîâàíîãî ñòâîðåí-
íÿ ð³çíèõ ôîðì íàéçðó÷í³øîþ º ñ³òêîâà ìîäåëü. 
Âîíà ñêëàäàºòüñÿ ç ïðÿìîêóòíèõ áëîê³â, ó ÿêèõ 
íàìàãí³÷åí³ñòü ìàº âëàñíå çíà÷åííÿ (ðèñ. 1). Öåé 
ïðèíöèï ïîä³áíèé äî öèôðîâîãî çîáðàæåííÿ, ñôîð-
ìîâàíîãî ç ïðÿìîêóòíèê³â (ï³êñåë³â), ùî ìàþòü ñâ³é 
êîë³ð.

Àíîìàëüíèé ìàãí³òíèé åôåêò (ΔТ)à äëÿ ïðèçìà-
òè÷íîãî ò³ëà â òî÷ö³ ñïîñòåðåæåííÿ ðîçðàõîâóþòü 
çà ôîðìóëàìè [21]
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Δ = ∑ ,  1v P= … ,  1t S= … , (1)

äå ν — íîìåð òî÷êè ñïîñòåðåæííÿ; Р — ê³ëüê³ñòü 
ïóíêò³â ñïîñòåðåæåíü; t — ïîðÿäêîâèé íîìåð; S —
ê³ëüê³ñòü áëîê³â; Bt — ïîâíèé ìàãí³òíèé âåêòîð 
áëîêà:
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 ( ) ( )y yx yy yz z zx zy zzJ lA mA nA J lA mA nA ⎤+ + + + + + ⎦ .

Öå ³íòåãðàëüí³ êîìïîíåíòè ïîâíîãî âåêòîðà ìàã-
í³òíî¿ ³íäóêö³¿ äëÿ ïðèçìè, äå

  0ix xα = − , 0jy yβ = − , 0kz zγ = − ,

 ( 1)i j kS + += − , , , 1, 2i j k = ; 1 0 2x x x= − Δ ,

 2 0 2x x x= + Δ , 1 0 2y y y= − Δ , 2 0 2y y y= + Δ ,

 1 0 2z z z= − Δ , 2 0 2z z z= + Δ  

— êîîðäèíàòè êóò³â ïðèçìè; Δx, Δy, Δz — ðîç-
ì³ðè ïðèçìè âçäîâæ â³äïîâ³äíèõ îñåé x, y, òà z; 

2 2 2r = α +β + γ  – â³äñòàíü ì³æ òî÷êîþ ñïîñòåðå-
æåííÿ òà êóòîâèìè òî÷êàìè ïðèçìè;

 S = γsinψ + αcosψ, c = αcosψ – γsinψ, l1= ln(r – β),

 l2= ln(r – s), l3= ln(r – α), 1 arctg st
rc
β⎛ ⎞= ⎜ ⎟

⎝ ⎠
,

 
2

2
cosarctg

sin
ct

r
⎛ ⎞β ψ + γ

= ⎜ ⎟−β ψ⎝ ⎠
, 3 arctgt

r
⎛ ⎞αβ

= ⎜ ⎟γ⎝ ⎠
;

 2
1 1sin cos sinxxA l t= − ψ ψ + , 2sinxy yxA A l= = − ψ ,

 2
1 1sin sin cosxz zxA A l t= = − ψ − ψ ψ , 2yyA t= − ,

 2 3cosyz zyA A l l= = ψ − .

Êóò ψ — íàõèë ïðèçìè, ÿêèé ìàº äîð³âíþâàòè 90° 
ç ìåòîþ îòðèìàííÿ âåðòèêàëüíèõ áëîê³â.

Íàïðÿìí³ êîñèíóñè ìàãí³òíîãî ïîëÿ Çåìë³ â òî÷ö³ 
ñïîñòåðåæåííÿ: l = cos Ie cos(De–θ), m = cos Ie sin(De – θ), 
n = sinIe, äå Ie, De — íàõèëåííÿ òà ñõèëåííÿ ãåîìàã-
í³òíîãî ïîëÿ; θ — àçèìóò ïðîô³ëþ.

Äî íàïðÿìíèõ êîñèíóñ³â ìàãí³òíî¿ ïðèçìè íà-
ëåæàòü: L =cosIr cos(Dr – θ), M = cosIr sin(Dr – θ), N = sinIr, 
äå Ir, Dr — íàõèëåííÿ òà ñõèëåííÿ âåêòîðà íàìàã-
í³÷óâàííÿ ïðèçìè.

Ïîâíó ³íòåíñèâí³ñòü íàìàãí³÷óâàííÿ âèçíà÷à-
þòü ÷åðåç âåêòîðí³ êîìïîíåíòè [28]: Jx = χT0l + Jr L; 
Jy = χT0m + Jr M; Jz = χT0N + Jr n, äå T0 — íîðìàëüíå ìàã-
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í³òíå ïîëå; χ — ìàãí³òíà ñïðèéíÿòëèâ³ñòü ïðèçìè; 
Jr — ³íòåíñèâí³ñòü çàëèøêîâî¿ ìàãí³òíî¿ íàìàãí³-
÷åíîñò³ äëÿ ïðèçìè. Çàãàëüíó ìàãí³òíó ïîëÿðèçàö³þ 
âèçíà÷àþòü çà ôîðìóëîþ

 x y zJ J l J m J n= + + . (2)

Ðèñ. 1. Ñ³òêîâà äâîâèì³ðíà ìîäåëü ç òî÷êàìè ñïîñòåðåæåíü 

(v) ³ íîìåðàìè áëîê³â (t) 

Fig. 1. Two-dimensional grid model with points of observation (v) 

and block numbers (t)

Äëÿ ìîäåëþâàííÿ ãåîìåòð³¿ àíîìàëüíèõ äæåðåë 
ó ìàãí³òîìåòð³¿ ïîòð³áåí àëãîðèòì, ùî ïîâ’ÿçàíèé ç 
ïðèðîäíèì óòâîðåííÿì ãåîëîã³÷íèõ ò³ë. Ö³ îá’ºêòè 
ç’ÿâëÿëèñÿ âíàñë³äîê ðóõ³â ³ íàãðîìàäæåííÿ â³äêëà-
ä³â óïðîäîâæ ð³çíîãî ïåð³îäó ÷àñó. Çà çàãàëüíîãî 
ï³äõîäó äî ôîðìóâàííÿ ìàãí³òíî¿ ìàñè, ìàþòü ³ñ-
íóâàòè ïîðîäè ç ïåâíèìè âëàñòèâîñòÿìè íàìàãí³-
÷åíîñò³ òà ìàãí³òíî¿ ñïðèéíÿòëèâîñò³. Òàêèé îá’ºêò 
ìîæå óòâîðèòèñÿ âíàñë³äîê çá³ëüøåííÿ, çìåíøåííÿ 
òà ïåðåì³ùåííÿ ìàãí³òíî¿ ìàñè. Íà ï³äñòàâ³ öüîãî 
ï³äõîäó ñòâîðåíî îðèã³íàëüíèé àëãîðèòì ôîðìóâàí-
íÿ ãåîëîã³÷íèõ îá’ºêò³â. Ðîçð³ç ñêëàäàºòüñÿ ç áëî-
ê³â, â ÿêèõ âèçíà÷àþòü íàìàãí³÷åí³ñòü. Ðå÷îâèíà â 
ïðèðîä³ ìîæå ïåðåì³ùóâàòèñÿ, òîìó áëîê íàä³ëÿ-
þòü çäàòí³ñòþ ðóõàòèñÿ ó ÷îòèðüîõ ïåðïåíäèêóëÿð-
íèõ íàïðÿìêàõ äëÿ äâîâèì³ðíîãî âàð³àíòà (ðèñ. 2). 
Ñóìàðíà íàìàãí³÷åí³ñòü ìîæå áóòè ïåðåíåñåíà ç 
îäíîãî áëîêà (a) äî ³íøîãî (à′). Ðóõ çì³íè íàìàã-
í³÷åíîñò³ ïîêàçàíî òîíêèìè ñòð³ëêàìè ç íîìåðàìè 
â³ä 1 äî 6. Ï³äáèðàííÿ íàìàãí³÷åíîñò³ ïî÷èíàþòü 
ïîøàðîâî ñïðàâà ë³âîðó÷, òîáòî ç íèæíüîãî øàðó 
(1), ïðîì³æíîãî (2) òà âåðõíüîãî (3) — ñòð³ëêè ï³ä 
íîìåðàìè. Öå ïåðøèé åòàï ðóõó ðå÷îâèíè ïî ãî-
ðèçîíòàë³, àëå ç ïîñòóïîâèì ï³äí³ìàííÿì óãîðó. Íà 
äðóãîìó åòàï³ â³äáóâàºòüñÿ ãîðèçîíòàëüíèé ðóõ çë³âà 
ïðàâîðó÷ ç âåðõíüîãî øàðó (4), ïðîì³æíîãî (5) òà 
íèæíüîãî (6) — ñòð³ëêè ïðîâåäåíî íàä íîìåðàìè. 
Çàãàëüíó ïîñë³äîâí³ñòü ïåðåáèðàííÿ íàìàãí³÷åíîñò³ 
â áëîêàõ âèêîíóþòü ó øàðàõ ç íóìåðàö³ºþ â³ä 1 äî 
6 äëÿ òðèøàðîâî¿ ìîäåë³ ñåðåäîâèùà.

Ðîçãëÿíåìî àëãîðèòì ï³äáèðàííÿ ìàãí³òíèõ ìàñ 
(ðèñ. 3). Âõ³äíèìè º äàí³ àíîìàë³é ìàãí³òíîãî ïîëÿ. 

Àëãîðèòì ïåðåì³ùåííÿ ìàñè íàëåæèòü äî ñòîõàñòè÷-
íîãî, òîìó ùî ñïî÷àòêó äîâ³ëüíî çä³éñíþºìî îäíó ³ç 
ä³é ÿê âèá³ð íàäëèøêîâî¿ íàìàãí³÷åíîñò³ ³ç çàäàíîãî 
ä³àïàçîíó àáî ¿¿ ïåðåì³ùåííÿ â ³íøèé áëîê (äèâ. 
ðèñ. 2). Íàñòóïíèé êðîê — ðîçðàõóíîê ìàãí³ò íî ãî 

ïî ëÿ â³ä ïîòî÷íî¿ ìîäåë³ ( роз
vTΔ ) çà ôîðìóëàìè (1), 

(2) äëÿ ïðîô³ëþ äàíèõ. Äàë³ ïîð³âíþºìî âõ³äíå (
вх

vTΔ ) ³ ðîçðàõîâàíå ( роз
vTΔ ) àíîìàëüí³ ïîëÿ (ôîð ìó ëà 

(3)) çà äîïîìîãîþ ñåðåäíüî¿ íîðìè (Есер). Íà îñ-
òàííüîìó åòàï³ ïåðåâ³ðÿºìî ð³âåíü íàáëèæåííÿ ðîç-
ðàõîâàíîãî ïîëÿ äî âõ³äíîãî (ôîðìóëà (4)). Öåé ïà-
ðàìåòð çàäàºìî äëÿ çðó÷íîñò³ ó â³äñîòêàõ (Е%). Ôîð-
ìóëè (3), (4) äëÿ ïîð³âíÿííÿ ïîë³â íàâåäåíî íèæ ÷å.

Ðèñ. 2. Ïîñë³äîâí³ñòü ïåðåáèðàííÿ áëîê³â (òîíê³ ñòð³ëêè) òà 

ðóõ ìàãí³òíî¿ ìàñè (òîâñò³ ñòð³ëêè òà àà′)
Fig. 2. The sequence of block picking (thin arrows) and the move-

ment of the magnetic mass (thick arrows and àà′)

Ðèñ. 3. Ï³äá³ð ìàãí³òíî¿ ìîäåë³ àëãîðèòìîì ïåðåì³ùåííÿ ìàñ

Fig. 3. Fitting of magnetic model by the mass displacement 
algorithm

ßê ö³ëüîâ³ ôóíêö³¿ ðîçãëÿíóòî ñåðåäíþ, ñåðåä-
íüîêâàäðàòè÷íó òà ëîãàðèôì³÷íó íîðìè, àëå ñòà-
á³ëüí³øèé ðåçóëüòàò áóëî îòðèìàíî äëÿ ñåðåäíüî¿ 
ö³ëüîâî¿ ôóíêö³¿. Òîìó ïîð³âíÿííÿ âõ³äíîãî ³ ðîç-
ðàõîâàíîãî ïîë³â âèêîíàíî çà äîïîìîãîþ ñåðåäíüî-
ãî â³äõèëåííÿ ìàãí³òíèõ àíîìàë³é âçäîâæ ïðîô³ëþ 
ñïîñòåðåæåíü çà ôîðìóëîþ

 ( )вх роз
сер

1

1 P

v v
v

E T T
P =

= Δ − Δ∑ . (3)
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Ð³çíèöþ ì³æ âõ³äíèì ³ ðîçðàõîâàíèì ìàãí³òíè-
ìè àíîìàë³ÿìè âèçíà÷àëè ó â³äñîòêàõ çà ôîðìóëîþ 

 
вх роз

% вх
1

1 100 %
P

v v

v v

T T
E

P T=

Δ − Δ
=

Δ∑ , (4)

äå v =1, … , P — ê³ëüê³ñòü âõ³äíèõ ( вх
iTΔ ) ³ ðîçðàõî-

âàíèõ ( роз
iTΔ ) àíîìàëüíèõ çíà÷åíü ìàãí³òíîãî ïîëÿ.

Ïðèêëàäè ï³äáîðó òåîðåòè÷íèõ ìîäåëåé. Âè çíà-
÷åí íÿ ðîáîòè àëãîðèòìó ðîçãëÿíåìî íà òåîðåòè÷íèõ 
ïðèêëàäàõ. Òðèøàðîâà ìîäåëü ðîçð³çó ñêëàäàëàñÿ ç 
òðüîõ ò³ë (ðèñ. 4, à), ùî ðîçòàøîâàí³ íà ð³çíèõ ãëèáè-
íàõ. Ïåðøå ò³ëî íå òîðêàºòüñÿ âåðõíüîãî òà íèæíüî-

ãî øàð³â âåðòèêàëüíîãî ðîçð³çó, òîáòî çíàõîäèòüñÿ 
ó ïðîì³æíîìó ïîëîæåíí³. Äðóãå ò³ëî ïî÷èíàºòüñÿ ç 
ïîâåðõí³ ñïîñòåðåæåíü, àëå íå äîõîäèòü äî ï³äîøâè 
íèæíüîãî øàðó. Òðåò³é îá’ºêò ðîçì³ùåíèé âíèçó ³ 
íå âèõîäèòü íà âåðõíþ ë³í³þ ðîçð³çó. Ð³çíîð³âíåâå 
ðîçòàøóâàííÿ ò³ë äàº çìîãó âèÿâèòè îñîáëèâîñò³ 
ðîáîòè àëãîðèòìó ³íâåðñ³¿ äëÿ óñ³õ øàð³â. Â³äîìî, ùî 
ç³ çá³ëüøåííÿì ãëèáèíè çàëÿãàííÿ îá’ºêò³â òî÷í³ñòü 
¿õ çíàõîäæåííÿ çìåíøóºòüñÿ. Òîìó áóëî ñòâîðåíî 
ðîçð³çè ç ê³ëüê³ñòþ øàð³â á³ëüø ÿê òðè, à òàêîæ 
çá³ëüøåíî íà îäèí øàð êîíô³ãóðàö³þ ïîïåðåäíüî¿ 
ìîäåë³ çà çá³ëüøåííÿ òîâùèíè ò³ë ³ óòâîðåíî ÷îòèðè-

Ðèñ. 4. Àíîìàë³¿ ïîâíîãî âåêòîðà ìàãí³òíîãî ïîëÿ (I=70°, D = 0°) íàä âõ³äíèìè ìîäåëÿìè, ùî ñêëàäàþòüñÿ ç òðüîõ ò³ë (ΔJ=1 A/ì) 

äëÿ òðüîõ (à), ÷îòèðüîõ (á), ï’ÿòè (â), øåñòè (ã), ñåìè (ä) øàð³â ³ äâîõ íàäëèøêîâèõ íàìàãí³÷åíîñòåé (ΔJ = 1 ³ 0,5 A/ì) (å)

Fig. 4. Anomalies of the total magnetic field (I=70°, D = 0°) over the input models, which consist of three bodies (ΔJ=1 A/m) for three 

(a), four (á), five (â), six (ã), seven (ä) layers of two apparent magnetizations (ΔJ=1 and 0,5 A/m) (e)
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øàðîâèé ðîçð³ç (ðèñ. 4, á). Çà àíàëîã³ºþ, ñôîðìîâàíî 
ìîäåëü ç ï’ÿòè, øåñòè òà ñåì³ øàð³â (ðèñ. 4, â —ä). Ó 
çàçíà÷åíèõ ìîäåëÿõ ò³ëà ìàëè îäíàêîâó íàäëèøêîâó 
íàìàãí³÷åí³ñòü (ΔJ) — 1 À/ì. Äëÿ âèçíà÷åííÿ âïëèâó 
ò³ë ç ð³çíîþ íàìàãí³÷åí³ñòþ íà ðåçóëüòàò ï³äáîðó âè-

êîðèñòàëè òðèøàðîâó ìîäåëü, ó ÿê³é öåíòðàëüíå ò³ëî 
ìàëî íàäëèøêîâó íàìàãí³÷åí³ñòü 0,5 À/ì, à êðàéí³ 
îá’ºêòè — ïî 1 À/ì (ðèñ. 4, å).

Çàñòîñóâàííÿ çàïðîïîíîâàíîãî àëãîðèòìó ï³äáî-
ðó â³äîìî¿ íàìàãí³÷åíîñò³ äàëî òî÷íèé ðåçóëüòàò äëÿ 

Ðèñ. 5. Ï³äá³ð ìàãí³òíèõ äæåðåë äëÿ ï’ÿòè (à), øåñòè (á), ñåìè øàð³â (â) ³ äâîõ íàäëèøêîâèõ çíà÷åíü íàìàãí³÷åíîñò³ (0,5 òà 

1 À/ì) (ã)

Fig. 5. Fitting of magnetic sources for five (a), six (á), seven layers (â) and two apparent values of magnetization (0,5 ³ 1 A/m) (ã)

Ðèñ. 6. Çàëåæí³ñòü ñåðåäíüî¿ íîðìè àíîìàëüíîãî ìàãí³òíîãî ïîëÿ â³ä ê³ëüêîñò³ ³òåðàö³é äëÿ ðîçð³çó ç òðüîõ (1), ÷îòèðüîõ (2) 
òà ï’ÿòè (3) øàð³â

Fig. 6. Connection of the average norm of anomalous magnetic field from the number of iterations for a section from three (1), four 
(2) and five (3) layers
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ìîäåëåé ç òðüîõ ³ ÷îòèðüîõ øàð³â, òîáòî ¿õ ãåîìåòð³ÿ 
â³äïîâ³äàº âõ³äí³é (ðèñ. 4, à, á). Ðîçð³ç ç ï’ÿòüìà øà-
ðàìè áóëî âèçíà÷åíî íå çîâñ³ì òî÷íî äëÿ ÷åòâåðòîãî 

³ ï’ÿòîãî øàð³â (ðèñ. 5, à). Ìîäåëü ç øåñòè øàð³â 
(ðèñ. 5, á) ìàëà â³äì³ííîñò³ â³ä âõ³äíî¿ äëÿ ï’ÿòîãî 
³ øîñòîãî øàð³â. Çã³äíî ç äîñë³äæåííÿìè, çà îäí³º¿ 

Òàáëèöÿ 1. Ðåçóëüòàò ï³äáîðó ìàãí³òíèõ äàíèõ àëãîðèòìîì ïåðåì³ùåííÿ ìàñè
Table 1. Result of the fitting of magnetic data by the mass displacement algorithm

Ê³ëüê³ñòü 
øàð³â

Ê³ëüê³ñòü 
³òåðàö³é

×àñ, ñ
Ïîõèáêà ö³ëüîâî¿ 
ôóíêö³¿ (Eсер), íÒë

Ð³çíèöÿ âõ³äíèõ ³ 
ðîçðàõîâàíèõ ïîë³â 

(E%), %

3 25 21,621 0 0,000081345

4 15 22,104 0 0,0000783176

5 26 57,925 0,266667 3,92082

Òàáëèöÿ 2. Äàí³ ³íòåðïðåòàö³¿ Êóðñüêî¿ ìàãí³òíî¿ àíîìàë³¿ íàä çàë³çèñòèìè êâàðöèòàìè
Table 2. Data of the interpretation for the Kursk magnetic anomaly over iron quartzites

Ìåòîä âèçíà÷åííÿ Ãëèáèíà, ì
Ãîðèçîíòàëüíà 

øèðèíà, ì
Êóò ïàä³ííÿ, 

ãðàäóñè
J, À/ì

Ãðàô³÷í³ ñïîñîáè 
(ñåðåäíº)

187 335 80 521

Ìåòîä ïîð³âíÿííÿ 256 409 90 1086

Àëãîðèòì ï³äáîðó 200 300 80 400—2400

Äàí³ áóð³ííÿ 167 266 57



ISSN 1684-2189    GEOINFORMATIKA, 2018, ¹ 4 (68) 59
© Ï.². Ãðèùóê 

ô³êñîâàíî¿ íàäëèøêîâî¿ íàìàãí³÷åíîñò³ ìîæíà âè-
êîíóâàòè òî÷íó ìàãí³òíó ³íâåðñ³þ äëÿ òðüîõ ò³ë òðè- ³ 
÷îòèðèøàðîâîãî ðîçð³çó.

Ðîçð³ç ³ç 7 øàð³â ìàâ íàáëèæåíèé âèãëÿä 
(ðèñ. 5, â). Â³äì³íí³ñòü â³ä âõ³äíèõ ðîçòàøóâàíü áëî-
ê³â ñòîñóºòüñÿ 4—7-ãî øàð³â. Çàçíà÷èìî, ùî íàä-
ëèøêîâà íàìàãí³÷åí³ñòü ò³ë äëÿ ï³äáîðó áóëà çàäàíà, 

ÿê 1 À/ì. ßêùî ò³ëà ìàëè äâ³ ð³çí³ âõ³äí³ íàäëèøêîâ³ 
íàìàãí³÷åíîñò³, à ñàìå 0,5 òà 1 À/ì, òî ðåçóëüòàò 
³íâåðñ³¿ âæå áóâ ìåíø äîñòîâ³ðíèé (ðèñ. 5, ã). Ó 
öüîìó âèïàäêó öåíòðàëüíå ò³ëî ç ìåíøîþ íàìàã-
í³÷åí³ñòþ áóëî âèçíà÷åíî äîñèòü òî÷íî. Á³ëüøå 
çà îá’ºìîì ò³ëî, ÿêå ðîçòàøîâàíî óíèçó ïðàâîðó÷, 
ìàëî ãåîìåòð³þ, äàëåêó â³ä ðåàëüíî¿. Íàéìåíøèé 

Ðèñ. 7. Êàðòà (Za·10–4 Òë) Êóðñüêî¿ ìàãí³òíî¿ àíîìàë³¿ â ðàéîí³ ì. Ùèãðè (à), äàí³ ï³äáîðó (á) òà ãåîëîã³÷íèé ðîçð³ç (â): 1 — 
ïóõê³ ï³ùàíî-âàïíÿêîâ³ ïîðîäè; 2 — ìåòàìîðô³çîâàí³ âàïíÿêè, ñëàíö³ òà ãíåéñè; 3 — çàë³çèñò³ êâàðöèòè; 4 — ñâåðäëîâèíè

Fig. 7. Map (Za·10–4 T) Kursk magnetic anomaly in the Shchygry region (a), data of fitting (á) and geological section (â): 1 — soft 
sand-limestone rocks; 2 — metamorphosed limestone, shale and gneiss; 3 — ferruginous quartzite; 4 — wells 
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Äëÿ ìåòîäó ïåðåì³ùåííÿ ìàñ ðîçð³ç ñôîðìîâàíî 
ç øåñòè øàð³â, ðîçì³ð áëîê³â â ÿêèõ — 100×100 ì, 
ïðîñòÿãàííÿ — 10 êì (ðèñ. 7, á). Çà äàíèìè ãðàô³÷íèõ 
ñïîñîá³â ³íòåðïðåòàö³¿ ñåðåäíÿ íàäëèøêîâà íàìàã-
í³÷åí³ñòü äîð³âíþº 521 À/ì. Íà ï³äñòàâ³ öüîãî áóëî 
çàäàíî ä³àïàçîí íàäëèøêîâèõ íàìàãí³÷åíîñòåé â³ä 
400 äî 800 À/ì, ÿêèé íå äàâ äîñòàòíüîãî çá³ãó ðîçðà-
õîâàíîãî ïîëÿ ³ç âõ³äíèì, îñîáëèâî äëÿ ìàêñèìàëü-
íèõ çíà÷åíü àíîìàë³¿. Êðàùó â³äïîâ³äí³ñòü ìàãí³ò-
íèõ ïîë³â òà éîãî êîðåëÿö³þ ç ãåîëîã³÷íèìè äàíèìè 
(ðèñ. 7, â) îòðèìàíî çà øèðîêîãî ä³àïàçîíó çíà÷åíü 
íàäëèøêîâî¿ íàìàãí³÷åíîñò³ (400—2400 À/ì), ùî â³ä-
ïîâ³äàº ð³çíèö³ íàìàãí³÷åíîñò³ çàë³çèñòèõ êâàðöè-
ò³â ³ ìåòàìîðô³çîâàíèõ âàïíÿê³â, ñëàíö³â ³ ãíåéñ³â. 
Òàê, Ò. Íàãàòà [12] íàâîäèòü çíà÷åííÿ 2530 À/ì 
äëÿ íàìàãí³÷åíîñò³ çàë³çîðóäíîãî ïîêëàäó â ðàéîí³ 
øò. Àðêàíçàñ (ÑØÀ). Çàãàëîì ãåîìåòð³ÿ ìàãí³òíîãî 
äæåðåëà, ùî îòðèìàíà ï³äáîðîì ïåðåì³ùåííÿ ìàñ, 
óçãîäæóºòüñÿ ç äàíèìè áóð³ííÿ. 

Çà äàíèìè ð³çíèõ ñïîñîá³â ê³ëüê³ñíîãî àíàë³çó òà 
áóð³ííÿ îòðèìàíî âåðòèêàëüíèé ïåðåð³ç ³ íàäëèø-
êîâó íàìàãí³÷åí³ñòü çàë³çèñòèõ êâàðöèò³â Êóðñüêî¿ 
ìàãí³òíî¿ àíîìàë³¿ (òàáë. 2).

Âèñíîâêè. Îïèñàíî òåîð³þ àëãîðèòìó ï³äáîðó 
ìàãí³òíèõ äæåðåë äëÿ äâîâèì³ðíîãî ñ³òêîâîãî ïî-
êðèòòÿ ðîçð³çó. Ï³äõ³ä ´ðóíòóºòüñÿ íà ïåðåíåñåí-
í³ ìàãí³òíèõ ìàñ ïîð³ä, ÿêèé â³äáóâàâñÿ â ïðèðîä³ 
çà ð³çíèé ³íòåðâàë ÷àñó. Öåé àëãîðèòì äàâ çìîãó 
âèçíà÷èòè ãåîìåòð³þ òðüîõ ò³ë íà ð³çíèõ ð³âíÿõ ³ç 
ô³êñîâàíîþ íàìàãí³÷åí³ñòþ. Òî÷í³ ðåçóëüòàòè ï³ä-
áîðó îòðèìàíî íà òåîðåòè÷íèõ ìîäåëÿõ äëÿ òðüîõ 
³ ÷îòèðüîõ øàð³â íà ï³äñòàâ³ ì³í³ì³çàö³¿ àíîìàë³é 
ìàãí³òíîãî ïîëÿ çà ñåðåäíüîþ íîðìîþ. Çá³ëüøåííÿ 
ê³ëüêîñò³ øàð³â â³ä ï’ÿòè äî ñåìè âèÿâèëî â³äì³í-
íîñò³ ì³æ âõ³äíèìè ìîäåëÿìè ç ÷åòâåðòîãî øàðó ³ 
äîíèçó. Çàïðîïîíîâàíèé àëãîðèòì çàñòîñîâàíî äëÿ 
³íòåðïðåòàö³¿ Êóðñüêî¿ ìàãí³òíî¿ àíîìàë³¿ íàä çà-
ë³çèñòèìè êâàðöèòàìè. Ï³ä³áðàíà ìàãí³òíà ìîäåëü 
çàãàëîì â³äïîâ³äàº äàíèì áóð³ííÿ. Ïåðñïåêòèâè ðîç-
ðîáêè ïîâ’ÿçàí³ ç³ çá³ëüøåííÿì ê³ëüêîñò³ øàð³â ðîç-
ð³çó, çìåíøåííÿì ðîçì³ð³â áëîê³â ³ çàñòîñóâàííÿì 
ï³äáîðó òðèâèì³ðíèõ äàíèõ. 
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îá’ºêò, ÿêèé áóâ ðîçì³ùåíèé íà ïðîì³æí³é ãëèáè-
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àíîìàëüíèõ äàíèõ ïîâíîãî âåêòîðà ìàãí³òíîãî ïîëÿ 
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äëÿ ÿêèõ îòðèìàíî òî÷íó ôîðìó äæåðåë (ðèñ. 6). 
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íàìàãí³÷åíîñò³ äëÿ 90, 120 òà 150 áëîê³â çàéìàëî 
ìåíøå õâèëèíè. Ñåðåäí³é ÷àñ ï³äáîðó äëÿ ðîçð³çó 
ç òðüîõ, ÷îòèðüîõ ³ ï’ÿò³ øàð³â ñòàíîâèòü 34 ñ. Çà 
òî÷íî¿ ³íâåðñ³¿, ÿêà îòðèìàíà äëÿ ìîäåë³ ç òðüîõ ³ 
÷îòèðüîõ øàð³â, ïîõèáêà ö³ëüîâî¿ ôóíêö³¿ äîð³âíþ-
âàëà íóëþ. Äëÿ ï’ÿòèøàðîâîãî ðîçð³çó ìîäåë³ áóëî 
îòðèìàíî íàáëèæåíèé ï³äá³ð ç ïîõèáêîþ ñåðåäíüî¿ 
íîðìè 0,27 íÒë.

Ïðèêëàä ³íòåðàö³¿ Êóðñüêî¿ ìàãí³òíî¿ àíîìàë³¿. 
Çàïðîïîíîâàíèé àëãîðèòì áóëî çàñòîñîâàíî äëÿ 
³íòåðïðåòàö³¿ ïðîô³ëþ (À—Á) ìàãí³òíî¿ êàðòè (Za) 
Êóðñüêî¿ àíîìàë³¿  (ðèñ. 7, à) [18]. Öå âèòÿãíóòà ó 
ï³âí³÷íî-ñõ³äíîìó íàïðÿìêó àíîìàë³ÿ âåðòèêàëü-
íî¿ ñêëàäîâî¿ ïîâíîãî âåêòîðà ìàãí³òíî¿ ³íäóêö³¿, 
ÿêó âèÿâëåíî ó Êóðñüê³é îáëàñò³ (Ðîñ³ÿ) ó XVIII ñò. 
³ äåòàëüíî âèâ÷åíî ó 1920-õ ðîêàõ. Ï³ä ìåçî-
êàéíîçîéñüêîþ òîâùåþ ï³ñêîâèê³â ³ âàïíÿê³â, ÿê³ 
çàëÿãàþòü ìàéæå ãîðèçîíòàëüíî, áóð³ííÿì âèÿâëåíî 
äîêåìáð³éñüêèé êðèñòàë³÷íèé ôóíäàìåíò íà ãëèáèí³ 
100—300 ì. Â³í ïðåäñòàâëåíèé êðèñòàë³÷íèìè âàï-
íÿêàìè, âàïíÿêîâî-ñëþäèñòèìè ³ á³îòèòîâèìè ñëàí-
öÿìè, à òàêîæ ãíåéñàìè. Ðóäîíîñíó òîâùó, ùî çà-
ëÿãàº ñåðåä öèõ ïîð³ä, ñêëàäàþòü çàë³çèñò³ êâàðöèòè 
ç ïðîøàðêàìè ³íøèõ ïîð³ä. Ïàä³ííÿ ïîð³ä ñòð³ìêå, 
ìàéæå âåðòèêàëüíå, ïðîñòÿãàííÿ — ï³âí³÷íî-çàõ³äíå 
[18]. Âåëèê³ çíà÷åííÿ íàìàãí³÷åíîñò³ çàë³çèñòèõ 
êâàðöèò³â ñòâîðþþòü ñèëüí³ ìàãí³òí³ àíîìàë³¿ äî 
150 000 íÒë.

Àíîìàëüíå ïîëå ìàéæå íå ìàº â³ä’ºìíèõ çíà-
÷åíü ³ ìîæå áóòè çóìîâëåíå ïëàñòîïîä³áíèì âèòÿã-
íóòèì ò³ëîì, ÿêå ñòð³ìêî ïîøèðþºòüñÿ íà ãëèáè-
íó. Ãåîëîã³÷íèé ðîçð³ç ñêëàäàºòüñÿ ç ïóõêèõ ïîð³ä 
îñàäîâîãî ÷îõëà, ÿê³ ïåðåêðèâàþòü êðèñòàë³÷íèé 
ôóíäàìåíò. Çàë³çèñò³ êâàðöèòè ïîâ’ÿçàí³ ç äîêåìá-
ð³éñüêèì ôóíäàìåíòîì. Çà ñêëàäîì âîíè íàëåæàòü 
äî ìàãíåòèòîâèõ ³ ãåìàòèòîâèõ ðóä. Ïðîñòà ôîðìà 
ìàãí³òíî¿ àíîìàë³¿ äàëà çìîãó âèêîíàòè ³íòåðïðå-
òàö³þ ìåòîäîì ïîð³âíÿííÿ äëÿ íàõèëåíèõ ïðèçìà-
òè÷íèõ äæåðåë [5],  çà ÿêèì ãëèáèíà äî ï³äîøâè 
ñòàíîâèòü 2300 ì.



ISSN 1684-2189    GEOINFORMATIKA, 2018, ¹ 4 (68) 61
© Ï.². Ãðèùóê 

ÎÐÈÃÈÍÀËÜÍÛÉ ÀËÃÎÐÈÒÌ ÏÎÄÁÎÐÀ ÌÀÃÍÈÒÍÛÕ ÀÍÎÌÀËÈÉ 
Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÑÅÒÎ×ÍÛÕ ÏÎÊÐÛÒÈÉ ÈÑÒÎ×ÍÈÊÎÂ

Ï.È. Ãðèùóê

Ìåæäóíàðîäíûé õàá ïðèðîäíûõ ðåñóðñîâ, óë. Äóáðîâèöêàÿ, 28, ã. Êèåâ, 04114, Óêðàèíà, 044-428-20-70, 
e-mail: pgryshchuk@gmail.com

Ðàññìîòðåí îðèãèíàëüíûé àëãîðèòì ïîäáîðà ìàãíèòíûõ èñòî÷íèêîâ. Â îñíîâå ïîäõîäà ëåæèò ïðèíöèï 
ïåðåìåùåíèÿ ìàññ, ÷òî ïðèâîäèò ê ôîðìèðîâàíèþ ãåîëîãè÷åñêèõ îáðàçîâàíèé. Äëÿ äâóìåðíîé ñåòî÷íîé 
ìîäåëè ïåðåìåùåíèå íàìàãíè÷åííîñòè â áëîêàõ âûïîëíÿåòñÿ â ÷åòûðåõ íàïðàâëåíèÿõ: âëåâî, âïðàâî, ââåðõ 
è âíèç. Â èñêëþ÷èòåëüíûõ ñëó÷àÿõ íàìàãíè÷åííîñòü ìîæåò ïåðåìåùàòüñÿ íà çíà÷èòåëüíîå ðàññòîÿíèå, íà-
ïðèìåð, âñëåäñòâèå òå÷åíèÿ ëàâû. Çíà÷åíèå èçáûòî÷íîé íàìàãíè÷åííîñòè è íàïðàâëåíèå äâèæåíèÿ áëîêîâ 
îïðåäåëÿëèñü ñëó÷àéíûì îáðàçîì. Òåîðåòè÷åñêàÿ ìîäåëü ñîñòîÿëà èç òðåõ ïðÿìîóãîëüíûõ òåë. Ðàññìîòðåíû 
ðàçðåçû ñ êîëè÷åñòâîì øàðîâ îò òðåõ äî ñåìè. Ìîäåëè ïîäáèðàëèñü ïðè óñëîâèè, ÷òî çíà÷åíèÿ è íàïðàâ-

òà ïðèêëàäí³ àñïåêòè ãåî³íôîðìàòèêè. Êè¿â, 2008. 

Ñ. 88—98.

4. Ãóðà Ê.À. Òàáëè÷íî-àíàëèòè÷åñêàÿ èíòåðïðåòàöèÿ 
ìàã íèòíûõ àíîìàëèé: ó÷åá. ïîñîáèå. Êèåâ: ÓÌÊ ÂÎ, 

1990. 147 ñ.

5. Ãóðà Ê.Î., Ãðèùóê Ï.². ²íòåðïðåòàö³ÿ ìàãí³òíèõ àíî-
ìà ë³é ó àâòîìàòèçîâàíîìó ðåæèì³: íàâ÷. ïîñ³áíèê. 

Êè¿â: ÂÖ «Êè¿â. óí³âåðñèòåò», 2000. 155 ñ.

6. Äîëãàëü À.Ñ. Êîìïüþòåðíûå òåõíîëîãèè îáðàáîòêè è 
èíòåðïðåòàöèè äàííûõ ãðàâèìåòðè÷åñêîé è ìàãíèòíîé 
ñúåìîê â ãîðíîé ìåñòíîñòè. Àáàêàí: ÎÎÎ «Ôèðìà-

ÌÀÐÒ», 2002. 188 ñ. 

7. Çàâîéñêèé Â.Í., Íåèæñàë Þ.Ñ. Äåêîìïîçèöèîííî-
èòåðàöèîííûé ìåòîä ðåøåíèÿ îáðàòíîé çàäà÷è ìàãíè-

òî ðàçâåäêè. Ãåîôèçè÷åñêèé æóðíàë. 1979. Ò. 1, ¹ 2. 

Ñ. 46—52.

8. Êîáðóíîâ À.È. Ýâîëþöèîííî-äèíàìè÷åñêèå ïðèíöè-
ïû ïðè ðåêîíñòðóêöèè ïëîòíîñòíûõ ìîäåëåé ñåäèìåí-

òà öèîííûõ áàññåéíîâ. Ãåîôèçè÷åñêèé æóðí. 2004. Ò. 26, 

¹ 4. Ñ. 45—54.

9. Êîøåëåâ È.Í. Ãðàâèòàöèîííàÿ è ìàãíèòíàÿ ðàçâåäêà. 

Ïðàêòèêóì. Êèåâ: Âèùà øêîëà, 1984. 240 ñ.

10. Ëîãà÷åâ À.À., Çàõàðîâ Â.Ï. Ìàãíèòîðàçâåäêà. Ëåíèí-

ãðàä: Íåäðà, 1979. 351 ñ.

11. Ìèíåíêî Ï.À. Îñîáåííîñòè ðåøåíèÿ îáðàòíîé ëè íåé-
íî-íåëèíåéíîé çàäà÷è ãðàâèìåòðèè. Ãåî³í ôîð ìà òèêà. 

2005. ¹ 4. Ñ. 31—35.

12. Íàãàòà Ò. Ìàãíåòèçì ãîðíûõ ïîðîä. Ìîñêâà: Ìèð, 

1965. 347 ñ.

13. Íåïîìíÿùèõ À.À. Îá óñëîâèÿõ îäíîçíà÷íîñòè ðåøå-
íèÿ îáðàòíîé çàäà÷è ãåîôèçèêè. Ãåîëîãèÿ, ãîðíîå 
äå ëî, ìåòàëëóðãèÿ. Ìîñêâà: Ìåòàëëóðãèçäàò, 1956. 

Âûï. 13. C. 136—151.

14. Îâ÷àðåíêî À.Â. Ïîäáîð ñå÷åíèÿ äâóõìåðíîãî òåëà ïî 
ãðàâèòàöèîííîìó ïîëþ. Âîïðîñû íåôòÿíîé è ðóäíîé 

ãåî  ôèçèêè. 1975. Âûï. 2. Ñ. 71—75.

15. Ïåòðîâñêèé À.Ï., Ôåä÷åíêî Ò.À., Ñóÿòèíîâ Â.Í. Áû-
ñòðûé àëãîðèòì ðåøåíèÿ ïðÿìîé çàäà÷è ãðàâèìåòðèè. 
Ãåîôèçè÷åñêèé æóðíàë. 2007. Ò. 29, ¹ 2. Ñ. 141—145.

16. Ñòàðîñòåíêî Â.È. Óñòîé÷èâûå ÷èñëåííûå ìåòîäû â 
çàäà÷àõ ãðàâèìåòðèè. Êèåâ: Íàóê. äóìêà, 1978. 228 ñ.

17. Ñòðàõîâ Â.Í., Ëàïèíà Ì.È. Ìîíòàæíûé ìåòîä ðå-
øå íèÿ îáðàòíîé çàäà÷è ãðàâèìåòðèè. Äîêëàäû ÀÍ 
ÓÑÑÐ. 1976. Âûï. 227, ¹ 2. Ñ. 344—347.

18. Òàôååâ Ã.Ï., Ñîêîëîâ Ê.Â. Ãåîëîãè÷åñêàÿ èíòåðïðå-
òàöèÿ ìàãíèòíûõ àíîìàëèé. Ëåíèíãðàä: Íåäðà, 1981. 
327 ñ.

19. Þíüêîâ À.À., Áóëàõ ª.Ã. Ïðî òî÷í³ñòü âèçíà÷åííÿ 
ù³ëüíîñò³ àíîìàëüíèõ ìàñ ìåòîäîì ñ³òîê. Äîïîâ³ä³ ÀÍ 
ÓÑÑÐ. 1958. ¹ 11. Ñ. 1234—1237.

20. Bhattacharyya B.K. A generalized multibody model for in-
version of magnetic anomalies. Geophysics. 1980. Vol. 45. 
255—270.

21. Coggon J.H. Magnetic and gravity anomalies of polyhedra. 
Geoexploration. 1975. Vol. 14. Ð. 93—105.

22. Coles R.L. A flexible iterative magnetic anomaly inter-
pretation technique using multiple rectangular prisms. 
Geoexploration. 1975. Vol. 14. P. 125—141.

23. Gerard A., Debeglia N. Automatic three-dimensional 
modeling for the interpretation of gravity or magnetic 
anomalies. Geophysics. 1975. Vol. 40. Ð. 1014—1034.

24. Hjelt S.-E. Magnetostatic anomalies of dipping prisms. 
Geoexploration. 1972. Vol. 10. Ð. 239—254.

25. Li S.-L, Li Y. Inversion of magnetic anomaly on rugged 
observation surface in the presence of strong remanent 
magnetization. Geophysics. 2014. Vol. 79. Ð. J11—J19.

26. Li Y, Oldenburg W. 3-D inversion of magnetic data. Geo-
physics. 1996. Vol. 61. Ð. 394—408.

27. Melo F.F., Barbosa V.C.F., Uieda L., Oliveira V.O., Sil-
va J.B.C. Estimating the nature and the horizontal and 
vertical positions of 3D magnetic sources using Euler de-
convolution. Geophysics. 2013. Vol. 78. Ð. J87—J98.

28. Plouff D. Gravity and magnetic fields of polygonal prisms 
and application to magnetic terrain correction. Geophysics. 
1976. Vol. 41. Ð. 727—741.

29. Portniaguine O., Zhdanov M.S. 3-D magnetic inversion 
with data compression and image focusing. Geophysics. 
2002. Vol. 67. Ð. 1532—1541.

Íàä³éøëà äî ðåäàêö³¿ 15.10.2018 ð.



62 ISSN 1684-2189    GEOINFORMATIKA, 2018, ¹ 4 (68)
© Ï.². Ãðèùóê 

ëåíèå íàìàãíè÷åííîñòè èçâåñòíû. Êàæäûé áëîê èìåë ôîðìó êóáà ñî ñòîðîíîé 1 ì. Ñðàâíåíèå èñõîäíûõ è 
ðàññ÷èòàííûõ àíîìàëèé ïîëíîãî âåêòîðà ìàãíèòíîãî ïîëÿ âûïîëíÿëîñü ñ ïîìîùüþ ñðåäíåé íîðìû è ïî-

ãðåøíîñòè â ïðîöåíòàõ. Ãåîìåòðèÿ òåë ñ îäèíàêîâîé íàìàãíè÷åííîñòüþ (1 À/ì) îïðåäåëåíà òî÷íî äëÿ òðåõ è 
÷åòûðåõ ñëîåâ, à äëÿ ïÿòè, øåñòè è ñåìè — ñ ðàñõîæäåíèÿìè íà áîëüøåé ãëóáèíå. Ìîäåëü ñ äâóìÿ çíà÷åíèÿìè 

íàìàãíè÷åííîñòè (1,0 è 0,5 À/ì) èìåëà ñóùåñòâåííûå ïîãðåøíîñòè ïðè îïðåäåëåíèè ãåîìåòðèè òåë. Îòñóò-
ñòâèå ñêà÷êîâ íà ãðàôèêå öåëåâîé ôóíêöèè ãàðàíòèðîâàëî îïðåäåëåíèå òî÷íîé ìîäåëè. Ñ ïîìîùüþ íîâîãî 
àëãîðèòìà, îñíîâàííîãî íà ïåðåìåùåíèè ìàññû ìåæäó áëîêàìè, ïîäáîð ìàãíèòíîé ìîäåëè îñóùåñòâëÿåòñÿ 
äîñòàòî÷íî áûñòðî. Îñíîâíûìè ôàêòîðàìè, êîòîðûå âëèÿþò íà òî÷íîñòü ãåîìåòðèè, ÿâëÿþòñÿ äàííûå î íà-
ìàãíè÷åííîñòè òåë è êîëè÷åñòâî ñëîåâ. Ñîçäàííûé ïîäõîä ïîçâîëÿåò âûïîëíÿòü îöåíêó ðàçðåçà ïî ñåòî÷íîìó 
ðàñïðåäåëåíèþ èçáûòî÷íîé íàìàãíè÷åííîñòè. Ðàçðàáîòêà ïðèìåíåíà äëÿ äâóìåðíîé èíòåðïðåòàöèè Êóðñêîé 
ìàãíèòíîé àíîìàëèè. Ãëóáèíà çàëåãàíèÿ, íàêëîí è ãîðèçîíòàëüíàÿ òîëùèíà æåëåçèñòûõ êâàðöèòîâ, êîòîðûå 
îïðåäåëåíû ìåòîäîì ïåðåìåùåíèÿ ìàãíèòíûõ ìàññ, ñîãëàñóþòñÿ ñ äàííûìè áóðåíèÿ. 

Êëþ÷åâûå ñëîâà: ïîäáîð ìîäåëè, êîëè÷åñòâî ñëîåâ ìîäåëè, íàìàãíè÷åííîñòü, àëãîðèòì ïåðåìåùåíèÿ ìàã-
íèòíîé ìàññû, îòêëîíåíèå â ïðîöåíòàõ, òî÷íîñòü ïîäáîðà, Êóðñêàÿ ìàãíèòíàÿ àíîìàëèÿ.

ORIGINAL FITTING ALGORITHM OF MAGNETIC ANOMALIES USING GRID COVERING SOURCES

P.I. Gryshchuk

International Hub of Natural resources, 28, Dubrovytska, Str., Kyiv, 04114, Ukraine, 
e-mail: pgryshchuk@gmail.com 

Purpose. An original algorithm for the selection of magnetic sources is considered. In the base of the approach lies 
the principle of mass movement, which leads to the formation of geological objects.
Design/methodology/approach. For a two-dimensional grid model, the movement of magnetization in blocks is per-
formed in four directions: left, right, up and down. In exceptional cases, the magnetization can move at a considerable 
distance, for example, due to the flow of lava. The magnitude of the apparent magnetization and the direction of 
motion of the blocks were determined in a random manner. The theoretical model consisted from three rectangu-
lar bodies. Vertical sections from three to seven layers were considered. The selection of the model was carried out 
provided that the magnitude and direction of the magnetization are known. Each block had the form of a cube with 
side 1 m. Comparison of initial and calculated anomalies of the total magnetic field was performed using the average 
norm and error in percent.
Findings. The geometry of the body with homogenous magnetization (1 A/m) was determined exactly for three and 
four layers, and for five, six and seven with differences at a greater depth. A model with two values of magnetization 
(1.0 and 0.5 A/m) had significant errors in determining the geometry of the bodies. The absence of leaps in the curve 
of the objective function guaranteed the definition of the exact model.
The practical significance and conclusions. The development is used for two-dimensional interpretation of the Kursk 
magnetic anomaly. Depth, inclination and horizontal thickness for ferruginous quartzite are consistent with the data 
of drilling. The new algorithm, which is based on displacement of magnetic masses between the blocks, performs the 
fitting of the magnetic model quite quickly. The main factors influencing the accuracy of fitting are the data of mag-
netization and number of layers. The developed approach allows to define the distribution of apparent magnetization 
in vertical section.

Keywords: model fitting, number of model layers, magnetization, algorithm of magnetic mass movement, deviation 
in percent, accuracy of the fitting, Kursk magnetic anomaly.
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