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Âñòóï. Ñêëàäêàìè íàçèâàþòü äåôîðìàö³¿, ÿê³
âèíèêàþòü óíàñë³äîê ãåîëîã³÷íèõ ïðîöåñ³â âñåðå-
äèí³ çåìíî¿ êîðè ³ ÿê³ çì³íþþòü êðèâèçíó ñòðóê-
òóðíèõ ãåîïîâåðõîíü ó í³é [2]. Óòâîðåííÿ ñêëà-
äîê ó ïîðîäàõ çåìíî¿ êîðè ìîæå â³äáóâàòèñü ó
ð³çíèõ ìàñøòàáàõ, ïî÷èíàþ÷è â³ä ñàíòèìåòð³â ³
çàê³í÷óþ÷è ñîòíÿìè ê³ëîìåòð³â. Ó íàéá³ëüøîìó
ìàñøòàá³ ñêëàäêè, ïîâåðíóò³ îïóêë³ñòþ äîíèçó,
íàçèâàþòü ñèíêë³íîð³ÿìè, à ñêëàäêè, ïîâåðíóò³
îïóêë³ñòþ âãîðó, – àíòèêë³íîð³ÿìè. Ñêëàäêè ïî-
øèðåí³ ÿê ó îñàäîâèõ, òàê ³ â ìåòàìîðô³÷íèõ ïî-
ðîäàõ. Ñêëàäêè ôîðìóþòüñÿ çà ð³çíîìàí³òíèõ ãåî-
òåêòîí³÷íèõ óìîâ, àëå ïåðåâàæíî ï³ä ä³ºþ
ñòèñêóâàëüíèõ ñóáãîðèçîíòàëüíèõ òåêòîí³÷íèõ
ñèë [15]. Çà Ì.Â. Ãçîâñüêèì [2], ð³çíîìàí³òí³ñòü
ñêëàäîê îïèñóþòü íà îñíîâ³ òðüîõ êëàñèô³êàö³é:
ìîðôîëîã³÷íî¿, ô³çèêî-ãåíåòè÷íî¿ ³ ãåîëîãî-ãåíå-
òè÷íî¿. Ìîðôîëîã³÷íà êëàñèô³êàö³ÿ âèÿâëÿº çà-
êîíîì³ðíîñò³ óòâîðåííÿ ñêëàäîê ïåâíî¿ ôîðìè.
Ô³çèêî-ãåíåòè÷íà êëàñèô³êàö³ÿ ñèñòåìàòèçóº ìå-
õàí³çìè ôîðìóâàííÿ ñêëàäîê íà îñíîâ³ äèíàì³êè
ïðèêëàäåíèõ çîâí³øí³õ ñèë, ç óðàõóâàííÿì ðåî-
ëîã³÷íèõ âëàñòèâîñòåé äåôîðì³âíèõ ïîð³ä. Ãåîëî-
ãî-ãåíåòè÷íà êëàñèô³êàö³ÿ îïèñóº ïðè÷èíè ïîÿ-
âè ñèë, ÿê³ óòâîðþþòü ñêëàäêó, âêàçóº ì³ñöå
ðîçâèòêó ñêëàäêè â ðîçð³ç³ çåìíî¿ êîðè ³ âèçíà÷àº
êîëî ãåîëîã³÷íèõ ïðîöåñ³â, ÿê³ ìîæóòü ñóïðîâî-
äæóâàòè ðîçâèòîê ñêëàäêè.

Âèâ÷åííÿ ïðîöåñ³â ôîðìóâàííÿ ñêëàäîê
ð³çíèõ ìàñøòàá³â, ³ îñîáëèâî âåëèêîìàñøòàáíèõ,
º íåîáõ³äíèì åëåìåíòîì äëÿ ðîçóì³ííÿ áàãàòüîõ
âàæëèâèõ ïðîáëåì ãåîòåêòîí³êè ³ ãåîëîã³¿ â ö³ëî-
ìó, òàêèõ ÿê ïðîáëåìè îðîãåíåçó ³ ïîâ’ÿçàíèõ ç
íèì ïðîáëåì ôîðìóâàííÿ ³ çì³íþâàííÿ ãåîëîã³÷-
íèõ ñòðóêòóð, ïðîáëåìè ñåéñìîëîã³¿, ïðîáëåìè
âèäîáóòêó êîðèñíèõ êîïàëèí, áóäîâè ãåîëîã³÷-
íèõ ñòðóêòóð òîùî. Íå âèïàäêîâî ïèòàííÿì
ñêëàäêîóòâîðåííÿ, îñîáëèâî ç ïîçèö³é ìîðôîëî-
ã³÷íî¿ ³ ãåîëîãî-ãåíåòè÷íî¿ êëàñèô³êàö³é, ïðè-

ñâÿ÷åíà âåëèêà ê³ëüê³ñòü ðîá³ò [2, 3, 15, 16, 17].
Âèâ÷åííÿ ñêëàäêîóòâîðåííÿ çà ô³çèêî-ãåíåòè÷-
íîþ êëàñèô³êàö³ºþ, ÿê çàçíà÷åíî ó ïðàö³
Ì.Â. Ãçîâñüêîãî [2], º ïîð³âíÿíî íîâèì íàïðÿ-
ìîì äîñë³äæåíü. Íèí³ âíàñë³äîê ³íòåíñèâíîãî
ðîçâèòêó ñó÷àñíèõ îá÷èñëþâàëüíèõ ìåòîä³â óæå
³ñíóº äîñòàòíüî âåëèêà ê³ëüê³ñòü ðîá³ò, â ÿêèõ íà
îñíîâ³ äâîâèì³ðíèõ ³ òðèâèì³ðíèõ ðåîëîã³÷íèõ
ìîäåëåé (â’ÿçêèõ, â’ÿçêîïðóæíèõ, â’ÿçêîïðóæ-
íîïëàñòè÷íèõ òà ³í.) ïðîâîäÿòü äîñë³äæåííÿ ïðî-
öåñ³â ñêëàäêîóòâîðåííÿ ï³ä ä³ºþ çîâí³øí³õ ñèë
[19–23]. Îäíàê ó á³ëüøîñò³ öèõ ðîá³ò ïðîöåñè
ñêëàäêîóòâîðåííÿ îïèñóþòü íà îñíîâ³ äîñòàòíüî
³äåàë³çîâàíèõ ðåîëîã³÷íèõ ìîäåëåé, ÿê³ ìîæóòü
òî÷íî â³äîáðàæóâàòè ëèøå îêðåì³ ðèñè ìåõàí³÷-
íî¿ ïîâåä³íêè ñêëàäíèõ ãåîëîã³÷íèõ ñòðóêòóð.
Òîìó çàëèøàºòüñÿ àêòóàëüíîþ ïîáóäîâà ô³çèêî-
ãåíåòè÷íèõ ìîäåëåé ñêëàäêîóòâîðåííÿ, îñîáëèâî
âåëèêîìàñøòàáíèõ, ÿê³ ìàþòü ìîæëèâ³ñòü ïî-
ð³âíÿíî àäåêâàòíî â³äîáðàæóâàòè ðåàêö³þ ðåàëü-
íèõ ãåîñòðóêòóð íà çîâí³øí³ ä³¿. Ó ö³é ñòàòò³ íà
îñíîâ³ òðèâèì³ðíî¿ â’ÿçêîïðóæíî¿ ìîäåë³ ó íà-
áëèæåíí³ òðèøàðîâèõ îðòîòðîïíèõ îáîëîíîê
çðîáëåíà ñïðîáà ìîäåëþâàííÿ ïðîöåñ³â âåëèêî-
ìàñøòàáíîãî ñêëàäêîóòâîðåííÿ â îñàäîâîìó øàð³
çåìíî¿ êîðè.

Ïîñòàíîâêà çàäà÷³. Ïðîàíàë³çóºìî ïðîöåñ âå-
ëèêîìàñøòàáíîãî ñêëàäêîóòâîðåííÿ â îñàäîâîìó
øàð³ çåìíî¿ êîðè ï³ä ä³ºþ ñóáãîðèçîíòàëüíèõ
ñòèñêàëüíèõ ãåîòåêòîí³÷íèõ ñèë, ó ÿêîìó äåôîð-
ìóºòüñÿ óâåñü îñàäîâèé øàð. Ïðè öüîìó íà çà-
çíà÷åíèé øàð ä³º ñèëà òÿæ³ííÿ. Äëÿ îïèñàííÿ
ìåõàí³÷íî¿ ïîâåä³íêè äîñë³äæóâàíîãî òðèâèì³ð-
íîãî ï³âïðîñòîðó îñàäîâèõ ïîð³ä ñêîðèñòàºìîñÿ
òåîð³ºþ òðèøàðîâèõ îðòîòðîïíèõ â’ÿçêîïðóæíèõ
îáîëîíîê ç óðàõóâàííÿì çñóâíî¿ æîðñòêîñò³
[5, 7, 13]. Ðîçãëÿäàòèìåìî îáîëîíêè â êðè-
âîë³í³éí³é ñèñòåì³ êîîðäèíàò (s, ϕ, z), ÿêó ââàæà-
òèìåìî æîðñòêî çàêð³ïëåíîþ ç âåëèêèì ìåãàáëî-
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Íà îñíîâ³ âàð³àö³éíî¿ ñê³í÷åííî-åëåìåíòíî¿ ìåòîäèêè äëÿ îðòîòðîïíèõ â’ÿçêîïðóæíèõ áàãàòîøàðîâèõ îáîëî-
íîê, ÿê³ ïåðåáóâàþòü â óìîâàõ êâàç³ñòàö³îíàðíîãî íàâàíòàæåííÿ, çìîäåëüîâàíî ïðîöåñè âåëèêîìàñøòàáíîãî
ñêëàäêîóòâîðåííÿ â îñàäîâîìó øàð³ çåìíî¿ êîðè. Âñòàíîâëåíî, ùî çá³ëüøåííÿ ñòóïåíÿ òð³ùèíóâàòîñò³ îñàäî-
âèõ ïîð³ä ³ â³äõèëåííÿ ñòèñêóâàëüíèõ ãåîòåêòîí³÷íèõ çóñèëü â³ä ãîðèçîíòàëüíîãî íàïðÿìêó ïðèâîäÿòü äî
çíèæåííÿ øâèäêîñò³ ðîñòó ñêëàäîê. Ïðîöåñè óòâîðåííÿ àíòèêë³íîð³¿â ³ ñèíêë³íîð³¿â â îñàäîâîìó øàð³ çåìíî¿
êîðè, à òàêîæ øâèäêîñò³ öèõ ïðîöåñ³â ñóòòºâî çàëåæàòü â³ä ôîðì ³ ðîçì³ð³â ïëîùèí çìèíàííÿ îñàäîâèõ ïîð³ä.
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êîì. Òóò s, ϕ – êîîðäèíàòè óçäîâæ ïîâåðõí³ îáî-
ëîíêè; z – êîîðäèíàòà çà òîâùèíîþ îáîëîíêè.
Ïåðåì³ùåííÿ óçäîâæ êîîðäèíàò s, ϕ, z äëÿ j-ãî
øàðó îáîëîíêè ìîæíà ïðåäñòàâèòè ó âèãëÿä³
[5, 6]

0 1( ,φ) ( ,φ)ju u s zu s= + ;

0 1( ,φ) ( ,φ)jv v s zv s= + ;               (1)

0 1( ,φ) ( ,φ)jw w s zw s= + ,

äå u0, v0, w0 – êîìïîíåíòè ïåðåì³ùåííÿ ñåðåäèí-
íî¿ ïîâåðõí³ îáîëîíêè; u1, v1 – êóòè ïîâîðîòó
íîðìàë³ äî ñåðåäèííî¿ ïîâåðõí³ â³äíîñíî êîîðäè-
íàòíèõ ë³í³é ϕ = const, s = const â³äïîâ³äíî; w1 –
ñòèñê íîðìàëüíîãî åëåìåíòà äî ñåðåäèííî¿ ïî-
âåðõí³.

Ïðîöåñ äåôîðìóâàííÿ çãàäàíîãî ï³âïðîñòîðó
îñàäîâèõ ïîð³ä ï³ä ä³ºþ ñòèñêóâàëüíèõ ñóáãîðè-
çîíòàëüíèõ ãåîòåêòîí³÷íèõ ñèë º äîñèòü ïî-
â³ëüíèì óñòàíîâëåíèì óð³âíîâàæåíèì ïðîöåñîì,
ïðîòÿãîì ÿêîãî ïåðåõ³äíèìè ñòàä³ÿìè ìîæíà
çíåõòóâàòè. Îòæå, ïîâ³ëüíèé íåñòàö³îíàðíèé ïðî-
öåñ äåôîðìóâàííÿ â’ÿçêîïðóæíîãî ï³âïðîñòîðó
îñàäîâèõ ïîð³ä óìîâíî ìîæíà ââàæàòè óð³âíîâà-
æåíèì ïðîöåñîì ïîâ³ëüíèõ ãàðìîí³÷íèõ (êâàç³-
ñòàö³îíàðíèõ) êîëèâàíü. Ó òàêîìó ðàç³ ÷àñîâó çà-
ëåæí³ñòü ìîæíà âðàõîâóâàòè íà îñíîâ³ ïåðåõîäó â
÷àñòîòíèé ïðîñò³ð, óíàñë³äîê ÿêîãî äèôåðåíö³þ-
âàííÿ çà ÷àñîì ìîæå áóòè çàì³íåíî ìíîæåííÿì
íà iω, äå ³ –óÿâíà îäèíèöÿ, ω – ÷àñòîòà êâàç³ñòà-
ö³îíàðíèõ êîëèâàíü [11]. Ïðèéíÿâøè õàðàêòåðíó
öèêë³÷íó ÷àñòîòó ïîâ³ëüíîãî âñòàíîâëåíîãî ïðî-
öåñó äåôîðìóâàííÿ â’ÿçêîïðóæíîãî ï³âïðîñòîðó
îñàäîâèõ ïîð³ä çà ω, íà îñíîâ³ òåîð³¿ áàãàòîøàðî-
âèõ â’ÿçêîïðóæíèõ îðòîòðîïíèõ îáîëîíîê ñêëà-
äåìî êîìïëåêñíèé ôóíêö³îíàë Ëàãðàíæà [6, 12],
ùî âèðàæàº ïîâíó ìåõàí³÷íó åíåðã³þ îñàäîâîãî
ï³âïðîñòîðó, ÿêèé ïåðåáóâàº â óìîâàõ êâàç³ñòàö³î-
íàðíîãî íàâàíòàæåííÿ, à òàêîæ ï³ä ä³ºþ ñèëè òÿ-
æ³ííÿ:
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Òóò RÇ – ðàä³óñ êðèâèçíè Çåìë³; g – ïðèñêîðåííÿ
ñèëè òÿæ³ííÿ; S – ïëîùà ïîâåðõí³ ï³âïðîñòîðó
îñàäîâèõ ïîð³ä; hj – òîâùèíà j-ãî øàðó îñàäîâèõ
ïîð³ä; ρj – ãóñòèíà j-ãî øàðó; αβε

j  – êîìïîíåíòè
òåíçîðà äåôîðìàö³é j-ãî øàðó; αβ

jE  – ä³éñí³ ìî-
äóë³ ïðóæíîñò³ j-ãî øàðó; αβ αβ vωηj j jG G i= +% – êîì-
ïëåêñí³ êîìïîíåíòè óçàãàëüíåíîãî ìîäóëÿ çñóâó

j-ãî øàðó, ùî ñêëàäàþòüñÿ ç ä³éñíî¿ ÷àñòèíè äëÿ
ïðóæíîãî ìàòåð³àëó ³ êîìïëåêñíî¿ ÷àñòèíè äëÿ
ë³í³éíî-â’ÿçêîãî ìàòåð³àëó; vη

j  – êîåô³ö³ºíò äè-
íàì³÷íî¿ â’ÿçêîñò³ j-ãî øàðó; Tα, Tαβ – çóñèëëÿ,
ÿê³ ä³þòü íà êîíòóð ï³âïðîñòîðó îñàäîâèõ ïîð³ä ó
íàïðÿìêàõ, äîòè÷íèõ äî éîãî ïîâåðõí³; Qα – çó-
ñèëëÿ, ÿê³ ä³þòü íà êîíòóð ï³âïðîñòîðó â íàïðÿì-
êàõ, ïåðïåíäèêóëÿðíèõ äî éîãî ïîâåðõí³.

Â’ÿçêîïðóæí³ñòü ï³âïðîñòîðó îñàäîâèõ ïîð³ä
ó öüîìó âèïàäêó òðàêòóþòü íà îñíîâ³ â’ÿçêî-
ïðóæíî¿ ìîäåë³ Êåëüâ³íà–Ôîéòà [7], êîëè çàãàëü-
íå íàïðóæåííÿ çñóâó çà çàäàíèõ äåôîðìàö³é ³
øâèäêîñòåé äåôîðìàö³é çîáðàæóþòü ó âèãëÿä³
ë³í³éíî¿ ñóïåðïîçèö³¿ ïðóæíîãî ³ â’ÿçêîãî íàïðó-
æåíü. Ãðàíè÷íèìè óìîâàìè çàäà÷³ òóò º ñòèñêó-
âàëüí³ ñóáãîðèçîíòàëüí³ çóñèëëÿ, ùî ä³þòü íà
êîíòóð ï³âïðîñòîðó. Â óìîâàõ êâàç³ñòàö³îíàðíîãî
íàâàíòàæåííÿ ä³¿ öèõ çóñèëü ìîæóòü áóòè çàì³-
íåí³ åêâ³âàëåíòíèì çàâäàííÿì øâèäêîñòåé íà
â³äïîâ³äíèõ ä³ëÿíêàõ êîíòóðó.

Ìåòîä ðîçâ’ÿçàííÿ çàäà÷³. Äëÿ ðîçâ’ÿçàííÿ
íàâåäåíî¿ âèùå êâàç³ñòàö³îíàðíî¿ â’ÿçêîïðóæíî¿
çàäà÷³ äåôîðìóâàííÿ ï³âïðîñòîðó îñàäîâèõ ïîð³ä
ñêîðèñòàºìîñÿ ìåòîäîì ñê³í÷åííèõ åëåìåíò³â,
ÿêèé ´ðóíòóºòüñÿ íà âàð³àö³éíîìó ïðèíöèï³ Ëàã-
ðàíæà, ùî âèðàæàº ì³í³ìóì ïîâíî¿ ìåõàí³÷íî¿
åíåðã³¿ ñèñòåìè [6, 12]:

0 0 0 1 1 1δ ( , , , , , ) 0W u v w u v w =% .              (3)

Äëÿ ðîçâ’ÿçàííÿ âàð³àö³éíîãî ð³âíÿííÿ (3) çà-
ñòîñîâóþòü äåâ’ÿòèâóçëîâèé ³çîïàðàìåòðè÷íèé
÷îòèðèêóòíèé îáîëîíêîâèé ñê³í÷åííèé åëåìåíò ç
êðèâîë³í³éíîþ ïîâåðõíåþ [6]. ßê ãëîáàëüíó ñè-
ñòåìó êîîðäèíàò, òîáòî ñèñòåìó, â ÿê³é ïîºäíó-
þòü óñ³ ñê³í÷åíí³ åëåìåíòè (íà ÿê³ ðîçáèâàþòü
îáëàñòü äîñë³äæóâàííÿ), âèêîðèñòîâóþòü êðèâî-
ë³í³éíó ñèñòåìó êîîðäèíàò (s, ϕ, z). ßê ëîêàëüíó
ñèñòåìó êîîðäèíàò, ó ÿê³é âèçíà÷àþòü ôóíêö³¿
ôîðìè ñê³í÷åííîãî åëåìåíòà ³ ïðîâîäÿòü ÷èñåëü-
íå ³íòåãðóâàííÿ, çàñòîñîâóþòü äîïîì³æíó íîðìà-
ë³çîâàíó ñèñòåìó êîîðäèíàò (ξ, θ). Ï³ä ÷àñ ïîáó-
äîâè ôóíêö³é ôîðìè, ùî àïðîêñèìóþòü â ìåæàõ
êîæíîãî åëåìåíòà ñêëàäîâèõ ïåðåì³ùåíü: u0, v0,
w0, u1, v1, w1, äëÿ âèêîíàííÿ óìîâ ãëàäêîñò³ òà
çá³æíîñò³ ñê³í÷åííî-åëåìåíòíîãî ðîçâ’ÿçêó, âèêî-
ðèñòîâóþòü àëãåáðè÷í³ òà òðèãîíîìåòðè÷í³ ïî-
ë³íîìè [6, 12]:

9

0 0
1

;i i
i

u N u
=

= ∑  
9

0 0
1

;i i
i

v N v
=

= ∑  
9

0 0
1

;i i
i

w N w
=

= ∑
9

1 1
1

;i i
i

u N u
=

= ∑  
9

1 1
1

;i i
i

v N v
=

= ∑  
9

1 1
1

.i i
i

w N w
=

= ∑       

(4)

1 1 1(θ) (ξ);N H P=  2 1 2(θ) (ξ);N H P=  3 3 2(θ) (ξ);N H P=

4 3 1(θ) (ξ);N H P=  5 1 3(θ) (ξ);N H P=  6 2 2(θ) (ξ);N H P= (5)

7 3 3(θ) (ξ);N H P=  8 2 1(θ) (ξ);N H P=  9 2 3(θ) (ξ);N H P=
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2 3 2 3
1

1 2 1 3 2 3

sin(θ θ ) sin(θ θ ) sin(θ θ )
(θ) ;

sin(θ θ ) sin(θ θ ) sin(θ θ )
H

− − − + −
=

− − − + −

3 1 3 1
2

2 3 2 1 3 1

sin(θ θ ) sin(θ θ ) sin(θ θ )
(θ) ;

sin(θ θ ) sin(θ θ ) sin(θ θ )
H

− − − + −
=

− − − + −

1 2 1 2
3

3 1 3 2 1 2

sin(θ θ ) sin(θ θ ) sin(θ θ )(θ) ;
sin(θ θ ) sin(θ θ ) sin(θ θ )

H − − − + −
=

− − − + −
   (6)

1, 1(θ ) ;
0, 1j k

jH
j

 =
=  ≠

1
1(ξ) ξ(ξ 1);
2

P = −  2
1(ξ) ξ(ξ 1);
2

P = +  2
3(ξ) 1 ξ .P = −

Àëãîðèòì ñê³í÷åííî-åëåìåíòíîãî ðîçâ’ÿçàííÿ
âàð³àö³éíî¿ çàäà÷³ (3) ïîëÿãàº ó òàêîìó [6].

Íà ïåðøîìó åòàï³ â ëîêàëüí³é ñèñòåì³ êîîð-
äèíàò (ξ, θ) àïðîêñèìóºìî óñ³ êîìïîíåíòè ïåðå-
ì³ùåíü ³ äåôîðìàö³é, ùî âõîäÿòü ó ôóíêö³îíàë
Ëàãðàíæà (2) ³ º ôóíêö³ÿìè â³ä ñêëàäîâèõ ïåðå-
ì³ùåíü: u0, v0, w0, u1, v1, w1, íà îñíîâ³ ôîðìóë
(4–6). Ó ö³é ñàì³é ñèñòåì³ ïðîâîäèìî àíàë³òè÷íå
³íòåãðóâàííÿ óñåðåäèí³ êîæíîãî øàðó îáîëîíêè,
à ïîò³ì ï³äñóìîâóâàííÿ çà âñ³ì ïàêåòîì øàð³â
îáîëîíêè.

Íà äðóãîìó åòàï³ çä³éñíþºìî âàð³þâàííÿ
ôóíêö³îíàëà (2) çà âñ³ìà  âóçëîâèìè ñêëàäîâèìè
ïåðåì³ùåííÿìè: u0, v0, w0, u1, v1, w1, ³ ïðèð³âíþº-
ìî â³äïîâ³äí³ âàð³àö³¿ äî íóëÿ. Â ðåçóëüòàò³ äëÿ
êîæíîãî ñê³í÷åííîãî åëåìåíòà îäåðæóºìî ë³í³éíó
êîìïëåêñíó àëãåáðè÷íó ñèñòåìó, ùî ñêëàäàºòüñÿ ç
54 ð³âíÿíü.

Íà òðåòüîìó åòàï³ ó ãëîáàëüí³é ñèñòåì³ êîîð-
äèíàò (s, ϕ, z) ï³äñóìîâóâàºìî ëîêàëüí³ ë³í³éí³
ñèñòåìè êîìïëåêñíèõ àëãåáðè÷íèõ ð³âíÿíü çà
âñ³ìà ñê³í÷åííèìè åëåìåíòàìè, íà ÿê³ ðîçáèòî
îáîëîíêó, ³ ôîðìóºìî ãëîáàëüíó ñèñòåìó ë³í³éíèõ
êîìïëåêñíèõ ð³âíÿíü. Ïîäâ³éí³ ³íòåãðàëè çà ïëî-
ùåþ îáîëîíêè îá÷èñëþºìî ÷èñåëüíèì ³íòåãðó-
âàííÿì íà îñíîâ³ êâàäðàòóðíèõ ôîðìóë Ãàóñà [12].

Ðîçâ’ÿçóºìî ãëîáàëüíó ñèñòåìó ë³í³éíèõ àë-
ãåáðè÷íèõ ð³âíÿíü çà äîïîìîãîþ ÷èñåëüíîãî ìå-
òîäó Ãàóñà [12]. Â ðåçóëüòàò³ âèçíà÷àºìî êîì-
ïëåêñí³ ñêëàäîâ³ ïåðåì³ùåíü: u0, v0, w0, u1, v1, w1 â
óñ³õ âóçëîâèõ òî÷êàõ ñê³í÷åííî-åëåìåíòíî¿ ñ³òêè.

Çà çíàéäåíèìè âóçëîâèìè ñêëàäîâèìè ïåðå-
ì³ùåíü ìîæóòü áóòè âèçíà÷åí³ êîìïëåêñí³ êâàç³-
ñòàö³îíàðí³ êîìïîíåíòè ïåðåì³ùåíü, øâèäêîñòåé,
äåôîðìàö³é, íàïðóæåíü òà ³íø³ âåëè÷èíè ó
äîâ³ëüí³é òî÷ö³ ñê³í÷åííîãî åëåìåíòà, òîáòî ó
áóäü-ÿê³é òî÷ö³ ï³âïðîñòîðó îñàäîâèõ ïîð³ä. Äëÿ
ïåðåõîäó ç ÷àñòîòíîãî êâàç³ñòàö³îíàðíîãî ïðîñòî-
ðó â ÷àñîâèé ïðîñò³ð íåîáõ³äíî âèä³ëèòè ðåàëüíó
÷àñòèíó â³ä îòðèìàíèõ êîìïëåêñíèõ çíà÷åíü.

 Ìîäåëþâàííÿ ïðîöåñ³â âåëèêîìàñøòàáíîãî
ñêëàäêîóòâîðåííÿ â îñàäîâîìó øàð³ çåìíî¿ êîðè.
Äëÿ ìîäåëþâàííÿ ïðîöåñ³â âåëèêîìàñøòàáíîãî
ñêëàäêîóòâîðåííÿ â îñàäîâîìó øàð³ çåìíî¿ êîðè
ðîçãëÿíåìî äåôîðìóâàííÿ ïðÿìîêóòíèõ ïëîùèí

îñàäîâîãî øàðó ð³çíîãî ìàñøòàáó (â³ä 1000 êì äî
ðîçì³ð³â ïîðÿäêó øèðèíè îñàäîâîãî øàðó), íà ÿê³
ó ïîçäîâæíüîìó íàïðÿìêó ä³þòü êâàç³ñòàö³îíàðí³
ñòèñêóâàëüí³ ñóáãîðèçîíòàëüí³ ãåîòåêòîíè÷í³ çó-
ñèëëÿ. Ä³¿ öèõ çóñèëü åêâ³âàëåíòí³ çàäàâàííþ íà
îäí³é ç ïîïåðå÷íèõ ñòîð³í ïëîùèíè äåÿêî¿ õàðàê-
òåðíî¿ øâèäêîñò³ ðóõó â ïîçäîâæíüîìó íàïðÿìêó,
ïðè öüîìó ïðîòèëåæíà ñòîðîíà ïëîùèíè çàëè-
øàºòüñÿ æîðñòêî çàêð³ïëåíîþ. Çà õàðàêòåðíó
øâèäê³ñòü ãåîòåêòîí³÷íîãî ñòèñêàííÿ â³çüìåìî
çíà÷åííÿ 1 äì/ð³ê [8]. Çàóâàæèìî, ùî íà ðîçãëÿ-
íóòó ïëîùèíó îñàäîâîãî øàðó ä³º ñèëà òÿæ³ííÿ.
Ïðèéìåìî ñåðåäí³é, õàðàêòåðíèé äëÿ áàãàòüîõ
îñàäîâèõ áàñåéí³â [9] ñêëàä â’ÿçêîïðóæíèõ îñàäî-
âèõ ïîð³ä: âåðõí³é øàð çàâòîâøêè 2 êì ñêëàäàºòü-
ñÿ ç ãëèíèñòèõ ïîð³ä; ñåðåäí³é øàð çàâòîâøêè
6 êì – ç ï³ñêîâèê³â; íèæí³é øàð çàâòîâøêè 2 êì –
ç âàïíÿêîâèõ ïîð³ä. Íà ï³äñòàâ³ äàíèõ ðîá³ò
[1, 3, 4] çàäàìî äëÿ ãëèíèñòèõ â³äêëàä³â, ï³ñêî-
âèê³â ³ âàïíÿêîâèõ ïîð³ä â³äïîâ³äí³ ìåõàí³÷í³ âëà-
ñòèâîñò³: ãóñòèíà – 2300, 2400, 2500 (êã/ì3); ìî-
äóëü Þíãà – 2,0; 3,5; 7,0 (×1010 Ïà); ìîäóëü
çñóâó – 1,4; 2,0; 2,5 (×1010 Ïà); êîåô³ö³ºíò Ïóàñ-
ñîíà – 0,07; 0,25; 0,275; äèíàì³÷íà â’ÿçê³ñòü –
107, 1,4·1020; 2,56·1020 (Ïà·ñ). Ïåðåä òèì ÿê ïåðåé-
òè äî ðåàë³ñòè÷íèõ ìîäåëåé âåëèêîìàñøòàáíîãî
ñêëàäêîóòâîðåííÿ, ç ìåòîþ àïðîáàö³¿ ïðåäñòàâëå-
íî¿ òðèâèì³ðíî¿ â’ÿçêîïðóæíî¿ âàð³àö³éíî¿
ñê³í÷åííî-åëåìåíòíî¿ ìåòîäèêè, ïîð³âíÿºìî àíà-
ë³òè÷í³ é åêñïåðèìåíòàëüí³ ðåçóëüòàòè ïðî çà-
ëåæí³ñòü òîâùèíè ë³í³éíî-â’ÿçêî¿ ñêëàäêè â³ä
äîâæèíè õâèë³, ÿê³ íàâåäåí³ â ðîáîòàõ [15, 18]
(ðèñ. 1). Íà ðèñ. 2 çàëåæíî â³ä òîâùèíè øàðó
ïîêàçàíî ïðîöåñ âåëèêîìàñøòàáíîãî ñêëàäêîóòâî-
ðåííÿ ï³ä ä³ºþ ïîçäîâæíüîãî ãîðèçîíòàëüíîãî

Ðèñ. 1. Çàëåæí³ñòü òîâùèíè ë³í³éíî-â’ÿçêî¿ ñêëàäêè â³ä
äîâæèíè õâèë³. Ïðÿìà â³äïîâ³äàº àíàë³òè÷íîìó ðîçâ’ÿçêó,
íàâåäåíîìó ó ïðàö³ [15]. Êðóæêè – åêñïåðèìåíòàëüí³ äàí³
äîñë³ä³â ç ë³í³éíî-â’ÿçêîþ ãëèíîþ [18]
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Ðèñ. 2. Ïðîöåñ óòâîðåííÿ âåëèêîìàñøòàáíèõ ñêëàäîê ó øàð³, ÿêèé ñêëàäàºòüñÿ ç ë³í³éíî-â’ÿçêî¿ ãëèíè, ï³ä ä³ºþ
ïîçäîâæíüîãî ãîðèçîíòàëüíîãî ñòèñêàííÿ: à – òîâùèíà øàðó 10 êì; á – 15 êì; â – 30 êì

à á

â

ñòèñêàííÿ. Çàçíà÷èìî, ùî â’ÿçêîïðóæíà ìîäåëü
Êåëüâ³íà–Ôîéòà îïèñóº ë³í³éíî-â’ÿçê³ ïðîöåñè
ÿê îêðåìèé âèïàäîê çà â³äñóòíîñò³ ïðóæíèõ íà-
ïðóæåíü çñóâó [7]. Ó ñòàòòÿõ [10, 14] çàçíà÷åíî,
ùî çá³ëüøåííÿ ñòóïåíÿ òð³ùèíóâàòîñò³ ó â’ÿçêî-
ïðóæíèõ ìàòåð³àëàõ ïðèâîäèòü äî ïðîïîðö³éíîãî
çíèæåííÿ ïðóæíèõ ìîäóë³â ó öèõ ìàòåð³àëàõ. Íà
ðèñ. 3 ïîêàçàíî ïðîöåñ âåëèêîìàñøòàáíîãî ñêëàä-
êîóòâîðåííÿ ï³ä ä³ºþ ïîçäîâæíüîãî ãîðèçîíòàëü-
íîãî ãåîòåêòîí³÷íîãî ñòèñêàííÿ ó â’ÿçêîïðóæíî-
ìó îñàäîâîìó øàð³ ïîð³ä ç ð³çíèì ñòóïåíåì
òð³ùèíóâàòîñò³, ÿêèé ïðèâîäèòü äî âèíèêíåííÿ
àí³çîòðîï³¿ ïðóæíèõ âëàñòèâîñòåé îñàäîâèõ ïîð³ä.
Íà ðèñ. 4 ïðåäñòàâëåíèé ïðîöåñ âåëèêîìàñøòàá-
íîãî ñêëàäêîóòâîðåííÿ â ³çîòðîïíîìó îñàäîâîìó
øàð³ ï³ä ä³ºþ ïîçäîâæíüîãî ãåîòåêòîí³÷íîãî ñòèñ-
êàííÿ ó ð³çíèõ íàïðÿìêàõ. Íà ðèñ. 5 ïîêàçàíî
ïðîöåñ óòâîðåííÿ àíòèêë³íîð³þ íà ïðÿìîêóòíèõ
ïëîùèíàõ çìèíàííÿ îñàäîâèõ ïîð³ä ð³çíèõ ôîðì
³ ðîçì³ð³â ï³ä ä³ºþ ïîçäîâæíüîãî ãîðèçîíòàëüíî-
ãî ãåîòåêòîí³÷íîãî ñòèñêàííÿ, íà ðèñ. 6 – ïðîöåñ
óòâîðåííÿ ñèíêë³íîð³þ çà àíàëîã³÷íèõ óìîâ ãåî-
òåêòîí³÷íîãî ñòèñêàííÿ.

Ðåçóëüòàòè âåëèêîìàñøòàáíîãî ñêëàäêîóòâî-
ðåííÿ â îñàäîâîìó øàð³, ÿêèé ñêëàäàºòüñÿ ç
ë³í³éíî-â’ÿçêî¿ ãëèíè (äèâ. ðèñ. 2), óçãîäæóþòü-

ñÿ ç â³äîìèìè ðåçóëüòàòàìè ïðî çàëåæí³ñòü òîâ-
ùèíè ë³í³éíî-â’ÿçêî¿ ñêëàäêè â³ä äîâæèíè õâèë³
(äèâ. ðèñ. 1). Ä³éñíî, íà ðèñ. 2 âèäíî, ùî â³äíî-
øåííÿ ì³æ äîâæèíîþ õâèë³ ñêëàäêè ³ ¿¿ òîâùè-
íîþ ïðèáëèçíî äîð³âíþº 31,4. Àíàë³ç ðåçóëüòàò³â,
ïðåäñòàâëåíèõ íà ðèñ. 3, ïîêàçóº, ùî øâèäê³ñòü
óòâîðåííÿ âåëèêîìàñøòàáíèõ ñêëàäîê â îñàäîâî-
ìó øàð³ çåìíî¿ êîðè çàëåæèòü â³ä ñòóïåíÿ òð³ùè-
íóâàòîñò³ öèõ ïîð³ä, ÿêèé ïðèâîäèòü äî ïîÿâè
àí³çîòðîïíèõ ïðóæíèõ âëàñòèâîñòåé öèõ ïîð³ä.
Çá³ëüøåííÿ ñòóïåíÿ òð³ùèíóâàòîñò³ ñïðè÷èíþº
íåçíà÷íå çìåíøåííÿ øâèäêîñò³ ðîñòó ñêëàäîê.
Íà ðèñ. 4 âèäíî, ùî øâèäê³ñòü óòâîðåííÿ âåëè-
êîìàñøòàáíèõ ñêëàäîê â îñàäîâîìó øàð³ çåìíî¿
êîðè çàëåæèòü â³ä íàïðÿìêó ä³¿ ñòèñêóâàëüíèõ
ãåîòåêòîí³÷íèõ çóñèëü. Â³äõèëåííÿ çóñèëü â³ä ãî-
ðèçîíòàëüíîãî íàïðÿìêó çóìîâëþº ïîì³òíå çìåí-
øåííÿ øâèäêîñò³ ðîñòó ñêëàäîê. Çã³äíî ç àíàë³-
çîì ðåçóëüòàò³â, ïðåäñòàâëåíèõ íà ðèñ. 5 ³ 6,
ïðîöåñè óòâîðåííÿ àíòèêë³íîð³¿â ³ ñèíêë³íîð³¿â  â
îñàäîâîìó øàð³ çåìíî¿ êîðè, à òàêîæ øâèäêîñò³
öèõ ïðîöåñ³â ñóòòºâî çàëåæàòü â³ä ôîðì ³ ðîçì³ð³â
ïëîùèí çìèíàííÿ îñàäîâèõ ïîð³ä. Òàê, íà ðèñ. 5
âèäíî, ùî ïðîöåñ óòâîðåííÿ àíòèêë³íîð³¿â º õà-
ðàêòåðíèì äëÿ ïëîùèí çìèíàííÿ âåëèêèõ ìàñø-
òàá³â ç ïîçäîâæí³ì ðîçì³ðîì â³ä 1000 êì ³ á³ëüøå
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Ðèñ. 3.  Ïðîöåñ âåëèêîìàñøòàáíîãî ñêëàäêîóòâîðåííÿ ó â’ÿçêîïðóæíèõ îñàäîâèõ øàðàõ ç ð³çíèì ñòóïåíåì òð³ùèíóâà-
òîñò³ ïîð³ä ï³ä ä³ºþ ïîçäîâæíüîãî ãîðèçîíòàëüíîãî ñòèñêàííÿ: à – ìîíîë³òí³ ³çîòðîïí³ îñàäîâ³ ïîðîäè; á – ïîñëàáëåííÿ
ïðóæíèõ âëàñòèâîñòåé ïîð³ä ó ãîðèçîíòàëüíèõ íàïðÿìêàõ ó 5 ðàç³â; â – òå ñàìå ó 10 ðàç³â

à á

â

Ðèñ. 4. Ïðîöåñ âåëèêîìàñøòàáíîãî ñêëàäêîóòâîðåííÿ â ³çîòðîïíèõ â’ÿçêîïðóæíèõ îñàäîâèõ øàðàõ ïîð³ä ï³ä ä³ºþ ïîç-
äîâæíüîãî ñòèñêàííÿ â íàïðÿìêàõ äî ãîðèçîíòó: à – 30°; á – 45°; â – 60°

à á

â
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à á

â ã

ä

Ðèñ. 5. Ïðîöåñ óòâîðåííÿ àíòèêë³íîð³þ íà ïðÿìîêóòíèõ ïëîùèíàõ çìèíàííÿ îñàäîâèõ ïîð³ä ï³ä ä³ºþ ïîçäîâæíüîãî
ãîðèçîíòàëüíîãî ñòèñêàííÿ

äî ðîçì³ðó, ÿêèé ïðèáëèçíî äîð³âíþº 270 êì. Ïðè
öüîìó ïîïåðå÷í³ ðîçì³ðè ïëîùèíè çìèíàííÿ ïî-
ì³òíî íå âïëèâàþòü íà øâèäê³ñòü ðîñòó àíòè-
êë³íîð³þ. Ó ì³ðó íàáëèæåííÿ äî êðèòè÷íîãî ïî-
çäîâæíüîãî ðîçì³ðó ïëîùèíè  ~270 êì øâèäê³ñòü
ðîñòó àíòèêë³íîð³þ ïîñòóïîâî çíèæóºòüñÿ äî
íóëÿ. Ïðîöåñ óòâîðåííÿ ñèíêë³íîð³þ ïî÷èíàºòü-
ñÿ ï³ñëÿ ïîäîëàííÿ êðèòè÷íîãî çíà÷åííÿ ~270 êì
(äèâ. ðèñ. 6).  Ïðè öüîìó ç³ çìåíøåííÿì ïîçäîâ-
æíüîãî ðîçì³ðó ïëîùèíè çìèíàííÿ øâèäê³ñòü
ðîñòó ñèíêë³íîð³þ çðîñòàº â³ä íóëÿ äî äåÿêîãî
ìàêñèìàëüíîãî çíà÷åííÿ. Ïîò³ì ç íàáëèæåííÿì
ïîçäîâæíüîãî ðîçì³ðó ïëîùèíè çìèíàííÿ äî íóëÿ
øâèäê³ñòü ðîñòó ñèíêë³íîð³þ ïîñòóïîâî çíè-

æóºòüñÿ äî íóëÿ. Íà ðèñ. 6, â–ä âèäíî, ùî, íà
â³äì³íó â³ä ôîðìóâàííÿ àíòèêë³íîð³þ, øâèäê³ñòü
ðîñòó ñèíêë³íîð³þ çàëåæèòü òàêîæ â³ä ïîïåðå÷-
íèõ ðîçì³ð³â ïëîùèíè çìèíàííÿ îñàäîâèõ ïîð³ä.
Çìåíøåííÿ öèõ ðîçì³ð³â ïðèâîäèòü äî çìåíøåí-
íÿ øâèäêîñò³ ðîñòó ñèíêë³íîð³þ.

Âèñíîâêè. Çàãàëüíèé àíàë³ç ðåçóëüòàò³â ÷èñåëü-
íîãî ìîäåëþâàííÿ ïðîöåñó âåëèêîìàñøòàáíîãî
ñêëàäêîóòâîðåííÿ â îñàäîâîìó øàð³ çåìíî¿ êîðè
ïîêàçóº, ùî øâèäêîñò³ ðîñòó ³ ôîðìè ñêëàäîê çà-
ëåæàòü â³ä ñòóïåíÿ òð³ùèíóâàòîñò³ îñàäîâèõ ïîð³ä,
íàïðÿìê³â ä³¿ ñòèñêàëüíèõ ãåîòåêòîí³÷íèõ çóñèëü,
à òàêîæ â³ä ôîðì ³ ðîçì³ð³â ïëîùèí çìèíàííÿ îñà-
äîâèõ ïîð³ä. Òàê, çá³ëüøåííÿ ñòóïåíÿ òð³ùèíóâà-
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Ðèñ. 6. Ïðîöåñ óòâîðåííÿ ñèíêë³íîð³þ íà ïðÿìîêóòíèõ ïëîùèíàõ çìèíàííÿ îñàäîâèõ ïîð³ä ï³ä ä³ºþ ïîçäîâæíüîãî
ãîðèçîíòàëüíîãî ñòèñêàííÿ
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òîñò³ îñàäîâèõ ïîð³ä ïðèâîäèòü äî çíèæåííÿ
øâèäêîñò³ ðîñòó ñêëàäîê. Â³äõèëåííÿ íàïðÿìêó
ñòèñêàëüíèõ ãåîòåêòîí³÷íèõ çóñèëü â³ä ãîðèçîí-
òàëüíîãî ñïðè÷èíþº çìåíøåííÿ øâèäêîñò³ ðîñòó
ñêëàäîê. Ïðîöåñè óòâîðåííÿ àíòèêë³íîð³¿â ³ ñèíê-
ë³íîð³¿â â îñàäîâîìó øàð³ çåìíî¿ êîðè, à òàêîæ
øâèäêîñò³ öèõ ïðîöåñ³â ñóòòºâî çàëåæàòü â³ä ôîðì
³ ðîçì³ð³â ïëîùèí çìèíàííÿ îñàäîâèõ ïîð³ä. Òàê,
ïðîöåñ óòâîðåííÿ àíòèêë³íîð³¿â º õàðàêòåðíèì äëÿ
ïëîùèí çìèíàííÿ âåëèêèõ ðîçì³ð³â. Ç³ çìåíøåí-
íÿì ðîçì³ðó ïëîùèíè â íàïðÿìêó ä³¿ ñòèñêàëüíèõ
ñèë äî äåÿêî¿ õàðàêòåðíî¿ âåëè÷èíè øâèäê³ñòü ðîñ-
òó àíòèêë³íîð³þ çíèæóºòüñÿ äî íóëÿ ³ â³äáóâàºòü-
ñÿ ÿê³ñíèé ïåðåõ³ä äî ïðîöåñó ôîðìóâàííÿ ñèíêë³-
íîð³þ. Ïðè öüîìó øâèäê³ñòü ðîñòó ñèíêë³íîð³þ çà
ïîäàëüøîãî çìåíøåííÿ ðîçì³ðó ïëîùèíè çðîñòàº
â³ä íóëÿ äî äåÿêîãî ìàêñèìàëüíîãî çíà÷åííÿ,
à ïîò³ì çìåíøóºòüñÿ äî íóëÿ. Â ðàç³ ïðîöåñó óòâî-
ðåííÿ àíòèêë³íîð³þ ðîçì³ðè ïëîùèíè çìèíàííÿ
îñàäîâèõ ïîð³ä ó íàïðÿìêó, ïîïåðå÷íîìó äî ä³¿
ãåîòåêòîí³÷íèõ ñèë, ïîì³òíî íå âïëèâàþòü íà
øâèäê³ñòü öüîãî ïðîöåñó. Îäíàê çà ôîðìóâàííÿ
ñèíêë³íîð³þ çìåíøåííÿ ïîïåðå÷íèõ ðîçì³ð³â ïëî-
ùèíè çìèíàííÿ îñàäîâèõ ïîð³ä çóìîâëþº çíèæåí-
íÿ øâèäêîñò³ âêàçàíîãî ïðîöåñó.

Ïîð³âíÿííÿ ðåçóëüòàò³â ñêëàäêîóòâîðåííÿ, ÿê³
îòðèìàí³ íà îñíîâ³ ïðåäñòàâëåíî¿ òðèâèì³ðíî¿
â’ÿçêîïðóæíî¿ ñê³í÷åííî-åëåìåíòíî¿ ìåòîäèêè
äëÿ ë³í³éíî-â’ÿçêîãî îñàäîâîãî øàðó, ç â³äîìèìè
àíàë³òè÷íèì ³ åêñïåðèìåíòàëüíèìè ðåçóëüòàòàìè
ë³í³éíî-â’ÿçêîãî ñêëàäêîóòâîðåííÿ [15, 18] äåìîí-
ñòðóº äîñòîâ³ðí³ñòü îòðèìàíèõ ðåçóëüòàò³â ³ åôåê-
òèâí³ñòü çàçíà÷åíî¿ ìåòîäèêè äëÿ ðîçâ’ÿçàííÿ çà-
äà÷ ãåîòåêòîí³êè.

Îòðèìàí³ ðåçóëüòàòè ìîæóòü áóòè âèêîðèñ-
òàí³ äëÿ äîñë³äæåííÿ ïðîöåñ³â îðîãåíåçó ³ ïîâ’ÿ-
çàíèõ ç íèì ïðîöåñ³â ôîðìóâàííÿ ³ çì³íþâàííÿ
âåëèêèõ ãåîñòðóêòóð. Ó ïîäàëüøîìó ñòàíîâèòü
³íòåðåñ âèêîðèñòàííÿ çàïðîïîíîâàíî¿ ìåòîäèêè
äëÿ ìîäåëþâàííÿ ïðîöåñ³â ñåðåäíüîìàñøòàáíîãî
ñêëàäêîóòâîðåííÿ â ðîçð³çàõ ð³çíèõ ïîð³ä çåìíî¿
êîðè.

1. Âîëàðîâè÷ Ì.Ï.  Ñïðàâî÷íèê ïî ôèçè÷åñêèì ñâîé-
ñòâàì ìèíåðàëîâ è ãîðíûõ ïîðîä ïðè âûñîêèõ òåðìî-
äèíàìè÷åñêèõ ïàðàìåòðàõ / Ì.Ï. Âîëàðîâè÷. – Ì.:
Íåäðà, 1978. – 237 ñ.

2. Ãçîâñêèé Ì.Â. Îñíîâû òåêòîíîôèçèêè / Ì.Â. Ãçîâ-
ñêèé – Ì.: Íàóêà, 1975. – 536 ñ.

3. Ãðèãîðüåâ À.Ñ. Âîïðîñû èíòåðïðåòàöèè ñîâðåìåííûõ
äâèæåíèé çåìíîé ïîâåðõíîñòè, îáóñëîâëåííûõ äâè-
æåíèÿìè ôóíäàìåíòà îñàäî÷íîãî ÷åõëà / À.Ñ. Ãðèãî-
ðüåâ, È.Ì. Âîëîâè÷, À.Â. Ìèõàéëîâà // Ñîâðåìåííûå
äâèæåíèÿ çåìíîé êîðû. Ìîðôîñòðóêòóðû, ðàçëîìû,
ñåéñìè÷íîñòü. – Ì.: Íàóêà, 1987. – Ñ. 9–16.

4. Äîðòìàí Í.Á. Ôèçè÷åñêèå ñâîéñòâà ãîðíûõ ïîðîä è
ïîëåçíûõ èñêîïàåìûõ (ïåòðîôèçèêà): Ñïðàâî÷íèê ãåî-
ôèçèêà / Í.Á. Äîðòìàí. – Ì.: Íåäðà, 1976. – 527 ñ.

5. Êàðíàóõîâ Â.Ã. Ñâÿçàííûå çàäà÷è òåîðèè âÿçêîóïðó-
ãèõ ïëàñòèí è îáîëî÷åê / Â.Ã. Êàðíàóõîâ, È.Ô. Êèðè-
÷îê. – Êèåâ: Íàóê. äóìêà, 1986. – 221 ñ.

6. Êîçëîâ Â.È. Êîëåáàíèÿ ìíîãîñëîéíûõ îðòîòðîïíûõ
îáîëî÷åê âðàùåíèÿ ñ êîíå÷íîé ñäâèãîâîé æ¸ñòêîñ-
òüþ / Â.È. Êîçëîâ, Ì.Â. Ëóáêîâ  // Òðóäû 15-é íàó÷.
êîíô. ìîëîäûõ ó÷¸íûõ Èí-òà ìåõàíèêè ÀÍ ÓÑÑÐ,
Êèåâ, 1990. – ×. 2 – Äåï. â ÂÈÍÈÒÈ 26.10.90,
¹ 3802-B 90, Ñ. 439–445.

7. Êðèñòåíñåí Ð. Ââåäåíèå â òåîðèþ âÿçêîóïðóãîñòè /
Ð. Êðèñòåíñåí. – Ì.: Ìèð, 1974. – 338 ñ.

8. Êóêàë Ç. Ñêîðîñòü ãåîëîãè÷åñêèõ ïðîöåññîâ / Ç. Êó-
êàë. – Ì.: Ìèð, 1987. – 245 ñ.

9. Ëóáêîâ Ì.Â. Ïðî âïëèâ ñó÷àñíèõ ðîçëîìíî-áëîêîâèõ
ðóõ³â Äí³ïðîâñüêî-Äîíåöüêî¿ çàïàäèíè íà ãðàâ³òàö³éíå
ïîëå / Ì.Â. Ëóáêîâ // Òåîðåòè÷í³ òà ïðèêëàäí³ àñïåêòè
ãåî³íôîðìàòèêè.  – Ê., 2012. – Âèï. 9. – Ñ. 117 – 126.

10. Ëÿõîâñêèé Â.À. Ïîâåäåíèå âÿçêîóïðóãîé ñðåäû ñ ìèê-
ðîíàðóøåíèÿìè ïðè ðàñòÿæåíèè è ñäâèãå/ Â.À. Ëÿ-
õîâñêèé, Â.Ï. Ìÿñíèêîâ // Èçâ. ÀÍ ÑÑÑÐ. Ñåð.
Ôèçèêà Çåìëè. – 1985. – Ò. 4. – Ñ. 28–35.

11. Ìîðèö Ã. Âðàùåíèå Çåìëè: òåîðèÿ è íàáëþäåíèÿ / Ã. Ìî-
ðèö, À. Ìþëëåð. – Êèåâ : Íàóê. äóìêà, 1992. – 512 ñ.

12. Îáðàçöîâ È.Ô. Ìåòîä êîíå÷íûõ ýëåìåíòîâ â çàäà÷àõ
ñòðîèòåëüíîé ìåõàíèêè ëåòàòåëüíûõ àïïàðàòîâ /
È.Ô. Îáðàçöîâ, Ë.Ì. Ñàâåëüåâ, Õ.Ñ. Õàçàíîâ. – Ì.:
Âûñø. øê., 1985. – 329 ñ.

13. Ïåëåõ Á.Ë. Òåîðèÿ îáîëî÷åê ñ êîíå÷íîé ñäâèãîâîé
æ¸ñòêîñòüþ / Á.Ë. Ïåëåõ. – Êèåâ: Íàóê. äóìêà, 1973. –
248 ñ.

14. Ñïèðòóñ Â.Á. Îñîáåííîñòè êðèïà è õðóïêîãî ðàçðó-
øåíèÿ ïðè ñäâèãîâîé äåôîðìàöèè âÿçêîóïðóãîé ïî-
âðåæä¸ííîé ñðåäû / Â.Á. Ñïèðòóñ, Å.Â. Ñàâ÷óê // Ãåî-
ôèç. æóðí. – 2006. – Ò. 28, ¹ 2. – Ñ. 123–129.

15. Ò¸ðêîò Ä. Ãåîäèíàìèêà. Ãåîëîãè÷åñêèå ïðèëîæåíèÿ
ôèçèêè ñïëîøíûõ ñðåä / Ä. Ò¸ðêîò, Ä. Øóáåðò. – Ì.:
Ìèð, 1985. – 730 ñ.

16. Õàèí Â.Å. Ãåîòåêòîíèêà ñ îñíîâàìè ãåîäèíàìèêè /
Â.Å. Õàèí, Ì.Ã. Ëîìèçå. – Ì.: Êíèæíûé äîì “Óíè-
âåðñèòåò”, 2005. – 560 ñ.

17. Ýç Â.Â. Ñêëàäêîîáðàçîâàíèå â çåìíîé êîðå / Â.Â. Ýç –
Ì.: Íåäðà, 1985. – 240 ñ.

18. Currie J.B. Development of folds in sedimentary strata /
J.B. Currie, H.W. Patnode, R.P. Trump // Geol. Soc.
Amer. Bull.  –1962. – Vol. 73, ¹ 6. – P. 655–673.

19. Gerbault M. Do faults trigger folding of the lithosphere? /
M. Gerbault, E.B. Burov, A.N. Poliakov, M. Daignieres //
Geophys. Res. Lett. – 1999. – Vol.  26, ¹ 2. – P. 271–274.

20. Ghosh S.K. Interfering folds in constructional deformation /
S.K. Ghosh, D. Khan, S. Sengupta // Journal of Structural
Geology. – 1995. – Vol. 17, ¹ 10. – P. 1361–1373.

21. Muhehaus H.B. A director theory for visco-elastic folding
instabilities in multilayered rock / H.B. Muhehaus,
F. Dufour, L. Moresi, B. Hobbs // Inter. J. solids and
structures. – 2002. – Vol. 39, ¹ 13–14. – P. 3675–3691.

22. Schmid D.W. Evolution of large amplitude 3D fold patterns:
A FEM study / D.W. Schmid, M. Dabrowski,
M. Krotkiewski // Physics of the Earth and Planetary
Interiors. – 2008. – Vol. 171. – P. 400–408.

23.  Shmalholz S.M. Buckling versus folding: importance of
viscoelasticity  / S.M. Shmalholz, Y. Podladchikov //
Geophys. Res. Lett. – 1995. – Vol. 26, ¹ 17. –
P. 2641–2644.



65ISSN 1684-2189    ÃÅÎ²ÍÔÎÐÌÀÒÈÊÀ, 2014, ¹ 3 (51)

© Ì.Â. Ëóáêîâ

ÏÐÎÖÅÑÑ ÊÐÓÏÍÎÌÀÑØÒÀÁÍÎÃÎ ÑÊËÀÄÊÎÎÁÐÀÇÎÂÀÍÈß
Â ÎÑÀÄÎ×ÍÎÌ ÑËÎÅ ÇÅÌÍÎÉ ÊÎÐÛ

Ì.Â. Ëóáêîâ

Ïîëòàâñêàÿ ãðàâèìåòðè÷åñêàÿ îáñåðâàòîðèÿ Èíñòèòóòà ãåîôèçèêè èì. Ñ.È. Ñóááîòèíà ÍÀÍ Óêðàèíû,
óë. Ìÿñîåäîâà, 27/29, Ïîëòàâà 36029, Óêðàèíà, e-mail: mikhail.lubkov@mail.ru

Íà îñíîâå âàðèàöèîííîé êîíå÷íî-ýëåìåíòíîé ìåòîäèêè äëÿ îðòîòðîïíûõ âÿçêîóïðóãèõ ìíîãîñëîéíûõ îáîëî-
÷åê, êîòîðûå íàõîäÿòñÿ â óñëîâèÿõ êâàçèñòàöèîíàðíîãî íàãðóæåíèÿ, ïðîâåäåíî ìîäåëèðîâàíèå ïðîöåññîâ êðóï-
íîìàñøòàáíîãî ñêëàäêîîáðàçîâàíèÿ â îñàäî÷íîì ñëîå çåìíîé êîðû. Óñòàíîâëåíî, ÷òî óâåëè÷åíèå ñòåïåíè òðå-
ùèíîâàòîñòè îñàäî÷íûõ ïîðîä è îòêëîíåíèå ñæèìàþùèõ ãåîòåêòîíè÷åñêèõ óñèëèé îò ãîðèçîíòàëüíîãî
íàïðàâëåíèÿ ïðèâîäÿò ê ñíèæåíèþ ñêîðîñòè ðîñòà ñêëàäîê. Ïðîöåññû îáðàçîâàíèÿ àíòèêëèíîðèåâ è ñèíêëè-
íîðèåâ â îñàäî÷íîì ñëîå çåìíîé êîðû, à òàêæå ñêîðîñòè ýòèõ ïðîöåññîâ ñóùåñòâåííî çàâèñÿò îò ôîðì è
ðàçìåðîâ ïëîñêîñòåé ñìÿòèÿ îñàäî÷íûõ ïîðîä.

Êëþ÷åâûå ñëîâà: êîìïüþòåðíîå ìîäåëèðîâàíèå, ïðîöåññû ñêëàäêîîáðàçîâàíèÿ, îñàäî÷íûå ïîðîäû.

PROCESS OF LARGE SCALE FOLD FORMING IN THE CRUST SEDIMENTARY LAYER

M.V. Lubkov

Poltava Gravimetric Observatory within S.I. Subbotin Institute of Geophysics of NAS of Ukraine,
Myasoedova St, 27/29, Poltava 36029, Ukraine, e-mail: mikhail.lubkov@mail.ru

Based on the finite element method of three dimensional visco-elastic variation in the orthotropic foliated shells proximity,
where shells are in quasi stationary loading process, the authors carried out, modeling of large scale fold forming processes
in the crust sedimentary layer. The presented method allows us to calculate heterogeneities of the considered geological
structures of both geometrical and rheological character. As a result, it is found, that fold velocities growth and fold forms
forming depend on sedimentary rocks fracturing degree and on the deviation of the constringent geotectonic forces from
horizontal direction, as well as on forms and sizes of the sedimentary rocks contortion areas. Consequently, sedimentary
rocks fracturing degree leads to decreasing of the folds growth velocities. Deviation of the constringent geotectonic forces
from horizontal direction also leads to their decreasing. Anticlinoriums and synclinoriums forming processes, and also
velocities of these processes greatly depend on forms and sizes of the sedimentary rocks contortion areas. Moreover,
anticlinoriums forming process is typical for contortion areas of big sizes. As the contortion area size decreases in the
direction of compressing forces to some characteristic value, anticlinorium growth velocity decreases to zero, and qualitative
transition to synclinoriums forming process takes place. Besides, as the respective contortion area size decreases,
synclinorium growth velocity increases from zero to some maximum value, and then decreases to zero. In the case of
anticlinoriums forming, sedimentary contortion area sizes in transversal direction relatively to geotectonic forces action do
not effectively influence the process velocity. But In the case of synclinoriums forming, sedimentary contortion area size
shortening leads to decreasing of the process velocity. The obtained information can be used for orogeny processes
explorations as well as large geostructures forming and changing processes.

Keywords: computer modeling, variation finite element method, three dimensional visco-elastic model, fold forming
processes, crust sedimentary layer.
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