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Çåìíàÿ êîðà êðóïíûõ ìåñòîðîæäåíèé
öâåòíûõ ìåòàëëîâ Áîëãàðèè

 Äèì÷î Éîñèôîâ 1, Ðàäè Ðàäè÷åâ 2, 2018

1Íàó÷íî-òåõíè÷åñêèé ñîþç ïî ãîðíîìó äåëó, ãåîëîãèè
è ìåòàëëóðãèè, Ñîôèÿ, Áîëãàðèÿ

2Ãîðíî-ãåîëîãè÷åñêèé óíèâåðñèòåò �Ñâ. Èâàí Ðèëüñêèé�,
êàôåäðà �Ïðèêëàäíàÿ ãåîôèçèêà�, Ñîôèÿ, Áîëãàðèÿ

Ïîñòóïèëà 27 íîÿáðÿ 2017 ã.

Ðîçãëÿíóòî îñíîâí³ ðåçóëüòàòè äîñë³äæåíü áóäîâè çåìíî¿ êîðè ó íàéá³ëüøèõ
ðóäíèõ ðàéîíàõ Áîëãàð³¿ � Ïàíàãþðñüêîìó ³ Öåíòðàëüíî-Ðîäîïñüêîìó. Ï³äòâåð-
äæåíî óÿâëåííÿ ïðî ¿¿ êîíòèíåíòàëüíèé òèï. Äîâåäåíî íàÿâí³ñòü ðîçðèâ³â ïîä³ëó
Ìîõî, ùî ð³çíÿòüñÿ çíà÷íîþ âåðòèêàëüíîþ àìïë³òóäîþ (â³ä 7�8 äî 13�14 êì), ÿê³
ï³äñèëþþòü ³ êàòàë³çóþòü åíäîãåíí³ ïðîöåñè, çîêðåìà ðóäîóòâîðþâàëüí³. Âñòàíîâ-
ëåíî âåëèêó ù³ëüí³ñòü ãëèáèííèõ ðîçðèâ³â êîðè, ïðè÷îìó êð³ì â³äîìèõ ìàíò³éíèõ
ðîçëîì³â, ùî îáìåæóþòü îñíîâí³ ïîçäîâæí³ òåêòîí³÷í³ îäèíèö³ (Ìàðèøñüêèé òåê-
òîí³÷íèé øîâ ³ Çàáàëêàíñüêà ðîçëîìíà çîíà), íàì³÷åíî ùå äâà � Ï³âäåííîñåðåä-
íüîã³ðñüêèé ³ Ï³âäåííîðîäîïñüêèé. Ó ì³ñöÿõ ¿õ ïåðåòèíó ³ç ñóáìåðèä³îíàëüíèìè
ðóäîêîíöåíòðóâàëüíèìè ñòðóêòóðàìè (Ïàíàãþðñüêîþ ³ Öåíòðàëüíî-Ðîäîïñüêîþ)
óòâîðèëèñÿ êîðîìàíò³éí³ òåêòîí³÷í³ âóçëè, â àðåàëàõ ÿêèõ ðîçì³ùóþòüñÿ îñíîâí³
ðóäí³ ïîëÿ. Çåìíà êîðà ó äîñë³äæóâàíèõ ðóäíèõ ðàéîíàõ õàðàêòåðèçóºòüñÿ ãðàä³-
ºíòíèìè çì³íàìè ¿¿ ãëèáèííî¿ ñòðóêòóðè � ñóòòºâîþ òåêòîí³÷íîþ ðîçäðîáëåí³ñ-
òþ, âèñîêîþ åíäîãåííîþ ïðîíèêí³ñòþ, ³íòåíñèâíîþ ìàãìîíàñè÷åí³ñòþ ³ çíà÷íèì
çà ìàñøòàáàìè ðóäîíîñíèì ïîòåíö³àëîì.

Êëþ÷îâ³ ñëîâà: ãëèáèííà áóäîâà, ìåæà  Ìîõî, ãëèáèíí³ ðîçëîìè, òåêòîí³÷í³ âóç-
ëè, ìåòàëîãåí³ÿ.

Ââåäåíèå. Ïðîáëåìû ñòðîåíèÿ çåìíîé
êîðû òåððèòîðèè Áîëãàðèè íà îñíîâàíèè
äàííûõ ãåîôèçè÷åñêîé ðàçâåäêè áûëè
îáúåêòîì èññëåäîâàíèÿ ðÿäà ãåîôèçèêîâ
(Èâ. Ïåòêîâ, Õð. Äà÷åâ, Ò. Äîáðåâ, Ä. Éî-
ñèôîâ, Ð. Ðàäè÷åâ è äð.). Â ýòî íàïðàâëå-
íèå è, ïðåæäå âñåãî, â èíòåðïðåòàöèþ
ãåîôèçè÷åñêèõ äàííûõ ñâîé âêëàä âíåñ-
ëè è ãåîëîãè (Ð. Äèìèòðîâ, Ä. Äèìèòðîâ,
Èâ. Ìîíàõîâ, Á. Ìàâðóä÷èåâ, Èâ. Çàãîð-
÷åâ è äð.). Âî âòîðîé ïîëîâèíå XX âåêà
áûëè îñóùåñòâëåíû ìàñøòàáíûå äëÿ ñòðà-
íû ðåãèîíàëüíûå ãåîôèçè÷åñêèå ðàáîòû,
âêëþ÷àþùèå ãðàâèìåòðè÷åñêèå è ìàãíè-
òîìåòðè÷åñêèå ñúåìêè, òåðìîìåòðè÷åñ-
êèå è ñåéñìîìåòðè÷åñêèå èçìåðåíèÿ. Öå-
ëåíàïðàâëåííî îñóùåñòâëÿëèñü è íàáëþ-

äåíèÿ ïî íåñêîëüêèì ïðîôèëÿì ìåòîäà-
ìè ãëóáèííîé ãåîôèçèêè � ãëóáèííî-
ñåéñìè÷åñêèì (ÃÑÇ) è ýëåêòðîìàãíèòíûì
çîíäèðîâàíèåì (ÃÝÌÇ). Èçãîòîâëåíû ðàç-
ëè÷íûå ïî ìàñøòàáó êàðòû è ñîñòàâëåíû
ñõåìû ðàéîíèðîâàíèÿ ãðàâèòàöèîííîãî
è ìàãíèòíîãî ïîëåé, ñêîðîñòíûõ, ïëîò-
íîñòíûõ, ìàãíèòíûõ è òåïëîâûõ ìîäåëåé
çåìíîé êîðû, à òàêæå ìíîæåñòâà ãëóáèí-
íûõ ãåîôèçè÷åñêèõ è ãåîëîãî-ãåîôèçè÷åñ-
êèõ ðàçðåçîâ. Íà îñíîâàíèè êîìïëåêñíîé
èíòåðïðåòàöèè íàêîïëåííîãî ôàêòè÷åñ-
êîãî ìàòåðèàëà è, ïðåæäå âñåãî, ðåçóëü-
òàòîâ ãëóáèííûõ ãåîôèçè÷åñêèõ ìåòîäîâ
óæå óñòàíîâëåíû âàæíûå çàêîíîìåðíîñ-
òè â ñòðîåíèè êîðû.

Â ïîñëåäíèå ãîäû â ðåçóëüòàòå ïëîäî-

DOI: 10.24028/gzh.0203-3100.v40i1.2018.123994
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òâîðíîãî ñîòðóäíè÷åñòâà ìåæäó áîëãàð-
ñêèìè è ãðå÷åñêèìè ãåîôèçèêàìè áûëè
ïîëó÷åíû íîâûå äàííûå î ãëóáèííîì ñòðî-
åíèè çåìíîé êîðû Öåíòðàëüíûõ Ðîäîï
[Éîñèôîâ è äð., 2016]. Êðîìå òîãî, ïîñëå
ðåèíòåðïðåòàöèè ãåîôèçè÷åñêîé èíôîð-
ìàöèè î Öåíòðàëüíîì Ñðåäíîãîðèè ñó-
ùåñòâåííî ðàñøèðèëèñü ïðåäñòàâëåíèÿ
î ãëóáèííîé òåêòîíèêå äàííîãî ðåãèîíà
[Éîñèôîâ, Ðàäè÷åâ, 2016]. Èçâåñòíî, ÷òî
â ýòèõ äâóõ ðàéîíàõ îáíàðóæåíû è ðàç-
âåäàíû ñàìûå êðóïíûå ìàíòèéíîãî òèïà
ìåñòîðîæäåíèÿ öâåòíûõ ìåòàëëîâ â Áîë-
ãàðèè, à òàêæå ïðîâåäåíû â èõ ïðåäåëàõ
ïðîôèëè ÃÑÇ è ÃÝÌÇ. Òàêèì îáðàçîì,
ñîçäàíû îòíîñèòåëüíî áëàãîïðèÿòíûå óñ-
ëîâèÿ äëÿ îñóùåñòâëåíèÿ êîíêðåòíûõ èñ-
ñëåäîâàíèé ñòðîåíèÿ çåìíîé êîðû è íà
îòäåëüíûõ ÷àñòÿõ òåððèòîðèè íàøåé ñòðà-
íû, à òàêæå ïðîñòðàíñòâ, çàíÿòûõ êðóï-
íûìè ìåñòîðîæäåíèÿìè öâåòíûõ ìåòàë-
ëîâ. Íåò ñîìíåíèÿ, ÷òî ðåçóëüòàòû òàêèõ
èññëåäîâàíèé ïðåäñòàâëÿþò èíòåðåñ íå
òîëüêî äëÿ ãåîôèçèêîâ, íî è äëÿ ñïåöèà-
ëèñòîâ àíàëîãè÷íûõ íàïðàâëåíèé íàóê î
Çåìëå. Ñ ýòèõ ïîçèöèé îáóñëàâëèâàåòñÿ
àêòóàëüíîñòü è öåëåñîîáðàçíîñòü ïðåä-
ëàãàåìîé îáîáùàþùåé ïóáëèêàöèè, â êî-
òîðîé ðàññìàòðèâàþòñÿ è îðèãèíàëüíûå
àâòîðñêèå äîñòèæåíèÿ.

Êðàòêàÿ õàðàêòåðèñòèêà êðóïíûõ
ìåñòîðîæäåíèé öâåòíûõ ìåòàëëîâ

â Áîëãàðèè

Íà îñíîâàíèè çíà÷èòåëüíûõ ïî îáúå-
ìó ãåîëîãîðàçâåäî÷íûõ ðàáîò çà ïåðèîä
1949�1980 ã. â Áîëãàðèè áûë îáíàðóæåí
è ðàçâåäàí ðÿä ìåñòîðîæäåíèé ýíåðãå-
òè÷åñêèõ, ìåòàëëè÷åñêèõ è íåðóäíûõ ïî-
ëåçíûõ èñêîïàåìûõ, à òàêæå ñîçäàíà ìè-
íåðàëüíî-ñûðüåâàÿ áàçà. Íàðÿäó ñ ýòèì
áûëè óñòàíîâëåíû ìåñòîðîæäåíèÿ ñî çíà-
÷èòåëüíûìè çàïàñàìè ìåäíûõ è çîëîòî-
ñîäåðæàùèõ ðóä â Ïàíàãþðñêîì ðóäíîì
ðàéîíå è ñâèíöîâî-öèíêîâûõ, ñåðåáðî-
ñîäåðæàùèõ îðóäåíåíèé â Öåíòðàëüíûõ
Ðîäîïàõ . Â ñîîòâåòñòâèè ñ îáùåïðèíÿ-
òûì ìåòàëëîãåíè÷åñêèì ðàéîíèðîâàíè-

åì ñòðàíû ïåðâûé ðàéîí ðàñïîëàãàåòñÿ
â Ñðåäíîãîðñêîé ñòðóêòóðíî-ìåòàëëîãå-
íè÷åñêîé çîíå, à âòîðîé � â Ðîäîïñêîé
ìåòàëëîãåíè÷åñêîé îáëàñòè (ïðîâèíöèÿ)
(ðèñ. 1).

Íàèáîëåå âûñîêîé ìåòàëëîãåíè÷åñêîé
ïðîäóêòèâíîñòüþ îòëè÷àåòñÿ Öåíòðàëü-
íîå Ñðåäíîãîðèå, ãäå óñòàíîâëåíû êðóï-
íåéøèå ìåäíî-êîë÷åäàííûå è ìåäíîâêðàï-
ëåííûå ìåñòîðîæäåíèÿ. Â Ïàíàãþðñêîì
ðóäíîì ðàéîíå ðàçâåäàíî ÷åòûðå êðóï-
íûõ ìåäíî-êîë÷åäàííûõ çîëîòîñîäåðæà-
ùèõ ìåñòîðîæäåíèé (×åëîïå÷, Êðàñåí,
Ðàäêà è Åëøèöà) è ïÿòü êðóïíûõ ìåäíî-
êîë÷åäàííûõ, çîëîòîñîäåðæàùèõ ìåñòî-
ðîæäåíèé (Ìåäåò, Àñàðåë, Åëàöèòå, Öàð
Àñåí è Âëàéêîâ âðûõ), à òàêæå ðÿä ðó-
äîïðîÿâëåíèé. Ïî÷òè 90 % çàïàñîâ ìåä-
íûõ ðóä â Áîëãàðèè ñîñðåäîòî÷åíî â ýòîì
æå ðóäíîì ðàéîíå. Ìåñòîðîæäåíèÿ ñâÿ-
çàíû ñ âóëêàíî-ïëóòîíè÷åñêèìè öåíòðà-
ìè, ÿâëÿþùèìèñÿ ïðîäóêòàìè ñóáäóêöè-
îííîãî ìàãìàòèçìà âåðõíåãî ìåëà (òóðîí�
ñåíîí) [Áîãäàíîâ, 1987], è ðàñïîëàãàþòñÿ
â Ïàíàãþðñêîé ñóáìåðèäèîíàëüíîé ãëó-
áîêî ïðîíèêàþùåé ðóäîêîíöåíòðèðóþ-
ùåé ñòðóêòóðå [Éîñèôîâ, 2007]. Òåðìèí
�ðóäîêîíöåíòðèðóþùàÿ ñòðóêòóðà� ïî-
çàèìñòâîâàí èç ðàáîò èçâåñòíûõ ðóññêèõ
ìåòàëëîãåíèñòîâ È. Í. Òîìñîíà è Ì. À. Ôà-
âîðñêîé.

Â Öåíòðàëüíî-Ðîäîïñêîì ðóäíîì ðà-
éîíå îáíàðóæåíû è èçó÷åíû ñàìûå êðóï-
íûå ñâèíöîâî-öèíêîâûå, ñåðåáðîñîäåð-
æàùèå ìåñòîðîæäåíèÿ â ñòðàíå, ñðåäè
êîòîðûõ ïî ñâîåìó ýêîíîìè÷åñêîìó çíà-
÷åíèþ îòëè÷àþòñÿ äâà ðóäíûõ ïîëÿ �
Ìàäàíñêîå è Ëûêèíñêîå. Â ýòîì ðàéîíå
óñòàíîâëåíî îêîëî 70 % çàïàñîâ ñâèíöà
è öèíêà, áîëüøàÿ ÷àñòü êîòîðûõ óæå äî-
áûòà [Äèìèòðîâ è äð., 1988]. Ìåñòîðîæ-
äåíèÿ ïðîñòðàíñòâåííî ðàçìåùàþòñÿ â
èçâåñòíîé Öåíòðàëüíî-Ðîäîïñêîé ðóäî-
êîíöåíòðèðóþùåé ñòðóêòóðå, íàìå÷åí-
íîé ãåîôèçè÷åñêèìè äàííûìè [Éîñèôîâ,
2007] . Ñâèíöîâî-öèíêîâûå îðóäåíåíèÿ
ñâÿçûâàþòñÿ ñ ïðîÿâëåíèÿìè ïàëåîãåíî-
âîãî (ýîöåí-îëèãîöåí) êîëëèçèîííîãî ìàã-
ìàòèçìà. Â ýòîò ïåðèîä ìàãìàòè÷íî-ôëþ-
èäíàÿ ðóäîíîñíàÿ ñèñòåìà â ìåòàëëîãåí-
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íîì îòíîøåíèè äîñòèãëà íàèáîëüøåé ïðî-
äóêòèâíîñòè.

È â ýòèõ äâóõ ðóäíûõ ðàéîíàõ ïðîâå-
äåíû ñîòíè òûñÿ÷ ëèíåéíûõ ìåòðîâ (ë.ì)
ñêâàæèí è äåñÿòêè òûñÿ÷ ë.ì ãîðíûõ âû-
ðàáîòîê, íà îñíîâàíèè êîòîðûõ îñóùåñò-
âëåíû çíà÷èòåëüíûå ïî îáúåìó è øèðî-
êèå ïî îõâàòó íàó÷íûå èññëåäîâàíèÿ. Â
äåòàëÿõ èçó÷åíû: ãåîëîãè÷åñêèé ñîñòàâ
(ñòðàòèãðàôèÿ, ïàëåîíòîëîãèÿ, ìèíåðàëî-
ãèÿ) îòäåëüíûõ ìåñòîðîæäåíèé, èõ ñòðóê-
òóðà, ìèíåðàëüíûé è ôîðìàöèîííûé ñî-
ñòàâ ðóä. Â âûñîêîé ñòåïåíè âûÿñíåíû

óñëîâèÿ îòëîæåíèÿ îðóäåíåíèÿ è èõ êîí-
öåíòðàöèè â âèäå ðóäíûõ òåë è ìåñòî-
ðîæäåíèé. Íàðÿäó ñî ñïåöèôè÷åñêèìè
÷åðòàìè â ãåîëîãè÷åñêîì ñòðîåíèè ðàñ-
ñìàòðèâàåìûõ äâóõ ðóäíûõ ðàéîíîâ âû-
äåëÿþòñÿ è íåêîòîðûå âàæíûå îáùèå îñî-
áåííîñòè. Ïðåæäå âñåãî, ñëåäóåò îòìå-
òèòü áëàãîïðèÿòíîå ñî÷åòàíèå ñòðóêòóð-
íûõ, ìàãìàòè÷åñêèõ è òåðìîäèíàìè÷åñ-
êèõ óñëîâèé ôîðìèðîâàíèÿ êðóïíûõ ìå-
ñòîðîæäåíèé, ñðåäè êîòîðûõ âûäåëÿþò-
ñÿ äâà âàæíûõ ôàêòîðà: ìàñøòàáíîñòü,
ñ îäíîé ñòîðîíû, è ïðîäîëæèòåëüíîñòü

Ðèñ. 1. Ìåòàëëîãåíè÷åñêàÿ êàðòà Áîëãàðèè, ïî [Dokov åt al., 1989] ñ äîïîëíåíèÿìè è èçìåíåíèÿìè: 1 �
ãðàíèöû ìåòàëëîãåíè÷åñêèõ åäèíèö; 2 � ãðàíèöà ìåæäó Âîñòî÷íîé è Çàïàäíîé ÷àñòÿìè ìåòàëëîãåíè-
÷åñêèõ åäèíèö; 3 � þæíàÿ ãðàíèöà Ìèçèéñêîé ïëàòôîðìû; 4 � ðóäîêîíöåíòðèðóþùèå ñòðóêòóðû
(Ïàíàãþðñêàÿ â Ñðåäíîãîðèè è Öåíòðàëüíî-Ðîäîïñêàÿ â Ðîäîïàõ); 5 � îáëàñòü äèíàìè÷åñêèõ âîçäåé-
ñòâèé ðóäîêîíöåíòðèðóþùèõ ñòðóêòóð; 6�AA  � ãåîôèçè÷åñêèé ïðîôèëü Ïåòðè÷�Íèêîïîëü, ÁÁ
� ãåîôèçè÷åñêèé ïðîôèëü Ïàíè÷êîâî�î. Òàñîñ. Ìåòàëëîãåíè÷åñêèå åäèíèöû: B � Áàëêàíñêàÿ
çîíà; SG � Ñðåäíîãîðñêàÿ çîíà; R � Ðîäîïñêàÿ ïðîâèíöèÿ; V � Âàðíåíñêèé ðåãèîí.
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ñîîòâåòñòâóþùèõ ìàãìåííûõ ïðîÿâëå-
íèé, ñ êîòîðûìè ñâÿçûâàþòñÿ îðóäåíå-
íèÿ, � ñ äðóãîé. Â ñîîòâåòñòâèè ñ íà-
êîïëåííîé ãåîëîãî-ãåîôèçè÷åñêîé èí-
ôîðìàöèåé è åå íàó÷íûì àíàëèçîì áû-
ëî äîêàçàíî, ÷òî ôîðìèðîâàíèå ðàññìàò-
ðèâàåìûõ êðóïíûõ ýíäîãåííûõ ìåñòî-
ðîæäåíèé öâåòíûõ ìåòàëëîâ ïðîèñõîäèò
çà ñ÷åò ïðîöåññîâ, êîòîðûå ïðîòåêàþò â
ìàíòèéíûõ ÷àñòÿõ ëèòîñôåðû [Áîãäàíîâ,
1987; Äèìèòðîâ è äð., 1986]. Êîìïëåêñ-
íûé àíàëèç ãåîëîãî-ãåîôèçè÷åñêèõ äàí-
íûõ ñâèäåòåëüñòâóþùèé î ñóùåñòâåííîé
ðîëè â ðàçìåùåíèè è ëîêàëèçàöèè ìàí-
òèéíûõ ìåñòîðîæäåíèé â ðàññìàòðèâà-
åìûõ ðóäíûõ ðàéîíàõ, èãðàþò ìàãìàòè-
÷åñêèå è ñòðóêòóðíûå ôàêòîðû. Ïðè ýòîì
ìàãìàòè÷åñêèå ôàêòîðû èìåþò ïîä÷åðê-
íóòîå çíà÷åíèå ïðè îáðàçîâàíèè ìåäíî-
êîë÷åäàííûõ è ìåäíî-âêðàïëåííûõ çîëî-
òîñîäåðæàùèõ ìåñòîðîæäåíèé Öåíòðàëü-
íîãî Ñðåäíîãîðèÿ, à ñòðóêòóðíûé ôàê-
òîð ÿð÷å âûðàæåí äëÿ ñâèíöîâî-öèíêîâûõ
ñåðåáðîñîäåðæàùèõ ìåñòîðîæäåíèé Ðî-
äîïñêîãî ìàññèâà. Âàæíî òàêæå îòìåòèòü,
÷òî ðóäíûå ïîëÿ ëîêàëèçóþòñÿ íà ó÷àñò-
êàõ, îòëè÷àþùèõñÿ ñïåöèôè÷åñêèìè ãåî-
õèìè÷åñêèìè àíîìàëèÿìè. Ïî âñåé äëè-
íå îáåèõ ðóäîêîíöåíòðèðóþùèõ ñòðóê-
òóð óñòàíîâëåíû ðåãèîíàëüíûå ëèíåéíûå
è êîíòðàñòíûå àíîìàëèè, à ðóäíûå ïîëÿ
ðàñïîëàãàþòñÿ â àðåàëå èíòåíñèâíûõ ãåî-
õèìè÷åñêèõ óçëîâ. Â Öåíòðàëüíîì Ñðåä-
íîãîðèè àíîìàëèè ïðåäñòàâëåíû Cu, Au,
Mo, Co, Ni , à â Öåíòðàëüíûõ Ðîäîïàõ �
Pb, Zn, Se, Mo, Ba.

Ñòðóêòóðà çåìíîé êîðû ðóäíûõ
ðàéîíîâ

Äëÿ âûÿñíåíèÿ ñòðîåíèÿ çåìíîé êîðû
ðåøàþùåå çíà÷åíèå ïðèíàäëåæèò äàí-
íûì, ïîëó÷åííûì â ðåçóëüòàòå ïðîâåäåí-
íûõ ïðîôèëüíûõ èçìåðåíèé ïî ìåòîäàì
ãëóáèííîãî ñåéñìè÷åñêîãî çîíäèðîâàíèÿ
è, â ÷àñòíîñòè, ïî ìåòîäó ìàãíèòíî-òåë-
ëóðè÷åñêîãî è ìàãíèòíî-âàðèàöèîííîãî
çîíäèðîâàíèÿ [Âîëüâîâñêèé è äð., 1985;
Äà÷åâ, 1988; Éîñèôîâ è äð., 2016]. Ïðè

ýòîì ãëóáèííîå ñåéñìè÷åñêîå çîíäèðî-
âàíèå âêëþ÷àåò è èçó÷åíèå îòðàæåííûõ
âîëí çåìëåòðÿñåíèé. Âåñüìà áëàãîïðèÿò-
íûì äëÿ ïðåäëàãàåìîé ðàçðàáîòêè îêà-
çûâàåòñÿ òî îáñòîÿòåëüñòâî, ÷òî ñåéñìè-
÷åñêèå ïðîôèëè ïî ãëóáèííîìó çîíäèðî-
âàíèþ öåëåíàïðàâëåííî çàïëàíèðîâàíû
è ðåàëèçîâàíû è â ñàìûå ïðîäóêòèâíûå
ðóäîíîñíûå ÷àñòè òåððèòîðèè ñòðàíû �
Öåíòðàëüíîå Ñðåäíîãîðèå è Öåíòðàëüíûå
Ðîäîïû. Ýòî èñêëþ÷àåò íåîáõîäèìîñòü â
èíòåðïîëèðîâàíèè äàííûõ äèñêðåòíûõ
èçìåðåíèé, ÷òî õàðàêòåðíî äëÿ ìèðîâîé
ïðàêòèêè. Â äàííîì ñëó÷àå ïðîàíàëèçè-
ðîâàíà è èíòåðïðåòèðîâàíà èíôîðìàöèÿ
î äðóãèõ ãåîôèçè÷åñêèõ ìåòîäàõ � ãðà-
âèìåòðèè, ìàãíèòîìåòðèè, òåðìîìåòðèè,
÷åì ñîçäàíû óñëîâèÿ äëÿ äîïîëíåíèÿ çíà-
íèé î ñòðîåíèè è ñîñòàâå çåìíîé êîðû è
ïðîöåññàõ, ïðîòåêàþùèõ â åå ãëóáèííûõ
÷àñòÿõ.

Ïðèíàäëåæíîñòü ðàññìàòðèâàåìûõ ðóä-
íûõ ðàéîíîâ ê ðàçëè÷íûì òåêòîíè÷åñêèì
è ìåòàëëîãåíè÷åñêèì åäèíèöàì, êàê è ðàç-
ëè÷íîå êà÷åñòâî è ñîäåðæàíèå ïðèìåíÿ-
åìûõ ïåðâè÷íûõ ãåîôèçè÷åñêèõ ìàòåðè-
àëîâ, ÿâëÿþòñÿ ïðè÷èíîé îñóùåñòâèòü ñà-
ìîñòîÿòåëüíî ðàññìîòðåíèå îñíîâíûõ ýëå-
ìåíòîâ ñòðîåíèÿ çåìíîé êîðû.

À. Ïàíàãþðñêèé ðóäíûé ðàéîí. Ñàìàÿ
ïðåäñòàâèòåëüíàÿ è îòíîñèòåëüíî òî÷íàÿ
èíôîðìàöèÿ î ñòðîåíèè çåìíîé êîðû ïî-
ëó÷åíà ïî V²² ìåæäóíàðîäíîìó ïðîôèëþ,
êîòîðûé îòðàáîòàí ïîñðåäñòâîì ðåãèñò-
ðàöèè ñåéñìè÷åñêèõ âîëí, ÿâëÿþùèõñÿ
ðåçóëüòàòîì ïðîìûøëåííûõ âçðûâîâ è
îáìåííûõ âîëí çåìëåòðÿñåíèé [Âîëüâîâ-
ñêèé è äð., 1985; Äà÷åâ, 1988]. Ýòîò ïðî-
ôèëü ðàñïîëàãàåòñÿ ïîïåðåê îñíîâíûõ
òåêòîíè÷åñêèõ åäèíèö Àëüïèéñêîãî îðî-
ãåíà è ïåðåñåêàåò ïîä î÷åíü îñòðûì óã-
ëîì Ïàíàãþðñêóþ ðóäîêîíöåíòðèðóþùóþ
ñòðóêòóðó. Àíàëèç è èíòåðïðåòàöèÿ äàí-
íûõ ïðîôèëüíîãî ãëóáèííîãî çîíäèðîâà-
íèÿ ïîêàçûâàþò, ÷òî çåìíàÿ êîðà â ðå-
ãèîíå îòëè÷àåòñÿ ãåòåðîãåííîé ñëîèñòî-
áëîêîâîé ñòðóêòóðîé. Íàìå÷åíî íåñêîëü-
êî ãëóáîêî ïðîíèêàþùèõ ðàçðûâîâ, â òîì
÷èñëå è äî âåðõíåé ìàíòèè, êàê è ñåðèÿ
êâàçèãîðèçîíòàëüíûõ ñåéñìè÷åñêèõ âíóò-
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ðèêîðîâûõ ãðàíèö, ðàñïîëîæåííûõ íà
ðàçëè÷íîé ãëóáèíå, áîëüøàÿ ÷àñòü êîòî-
ðûõ ïî ïðîñòèðàíèþ ïðåðâàíû (ðèñ. 2).

Ê óñòàíîâëåííûì ìàíòèéíûì ðàçëî-
ìàì îòíîñèòñÿ Ìàðèøñêèé òåêòîíè÷åñ-
êèé øîâ, îãðàíè÷èâàþùèéñÿ ñ þãà Ñðåä-
íîãîðñêîé ñòðóêòóðíî-ìåòàëëîãåíè÷åñêîé
çîíîé è Çàáàëêàíñêèì ãëóáèííûì ðàçëî-
ìîì â êà÷åñòâå ãðàíèöû çîíû ñ ñåâåðà.
À íåäàâíî òðàññèðîâàííûé ïî ñåéñìè-
÷åñêèì è ãðàâèìåòðè÷åñêèì äàííûì Þæ-
íî-Ñðåäíîãîðñêèé ìàíòèéíûé ðàçëîì ðàç-
äåëÿåò Öåíòðàëüíîå Ñðåäíîãîðèå íà äâå
÷àñòè � ñåâåðíóþ è þæíóþ [Éîñèôîâ,
Ðàäè÷åâ, 2016]. Ýòè òðè ðàçëîìà èìåþò
ñóáøèðîòíóþ îðèåíòàöèþ è îïðåäåëÿþò
ïðîäîëüíóþ òåêòîíè÷åñêóþ çîíàëüíîñòü
ðåãèîíà. Êàê ðàçðûâàþùàÿ êîðó è âõî-
äÿùàÿ â âåðõíþþ ìàíòèþ ïðîÿâëÿåòñÿ

òàêæå è Ïàíàãþðñêàÿ ðóäîêîíöåíòðèðó-
þùàÿ ñòðóêòóðà, êîòîðàÿ, êàê áûëî óæå
îòìå÷åíî, ïåðåñåêàåò ïîïåðåê îñíîâíûå
òåêòîíè÷åñêèå åäèíèöû Àëüïèéñêîãî îðî-
ãåíà. Ñëåäóåò äîáàâèòü, ÷òî ïî äëèíå ñåéñ-
ìè÷åñêîãî ïðîôèëÿ óñòàíîâëåíî è íåñêîëü-
êî òåêòîíè÷åñêèõ ðàçðûâîâ, çàòèõàþùèõ
â çåìíîé êîðå íà ãëóáèíå íå áîëåå 25�
30 êì.

Ïî äëèíå V²² ìåæäóíàðîäíîãî ïðîôèëÿ
ïðîñëåæåíà ñåðèÿ ñåéñìè÷åñêèõ ãðàíèö,
âêëþ÷àÿ è ïîâåðõíîñòü ðàçäåëà Ìîõî. Ñå-
âåðíåå Þæíî-Ñðåäíîãîðñêîãî ìàíòèéíî-
ãî ðàçëîìà ÷åòûðå, à þæíåå � òðè. Ñà-
ìàÿ âåðõíÿÿ ãðàíèöà, óñòàíîâëåííàÿ òîëü-
êî â äåïðåññèÿõ, ñâÿçûâàåòñÿ ñ ôóíäàìåí-
òîì è ïðåäñòàâëåííûìè, ãëàâíûì îáðà-
çîì, äîêåìáðèéñêèìè ìåòàìîðôèòàìè è
ãåðöèíñêèìè ãðàíèòîèäàìè. Îíà îòëè÷à-

Ðèñ. 2. Ôðàãìåíò ñåéñìè÷åñêîãî ðàçðåçà ïî ïðîôèëþ Ïåòðè÷�Íèêîïîëü â ó÷àñòêå Ñðåäíîãîð-
ñêîãî ãðàâèòàöèîííîãî ìèíèìóìà (ïî [Âîëüâîâñêèé è äð., 1985]): 1 � ñåéñìè÷åñêèå ãðàíèöû (à),
ïîâåðõíîñòü Ìîõî (á); 2 � ðàçëîìû; 3 � ìàíòèéíûå ðàçëîìû (Ìàðèøñêèé òåêòîíè÷åñêèé øîâ
(Ì), Çàáàëêàíñêèé (Ç), Þæíî-Ñðåäíîãîðñêèé (Þ)); 4 � çíà÷åíèå íà ïðîôèëå âçðûâíîãî ïóíêòà
è íîìåð òî÷åê ðåãèñòðàöèè.
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åòñÿ ñêîðîñòüþ ñåéñìè÷åñêèõ âîëí îò 4,0
äî 4,8 êì/ñ. Êðèñòàëëè÷åñêàÿ ÷àñòü çåì-
íîé êîðû â çàâèñèìîñòè îò ñêîðîñòè ðàñ-
ïðîñòðàíåíèÿ ñåéñìè÷åñêèõ âîëí äåëèò-
ñÿ íà äâà ñëîÿ: ãðàíèòíî-ìåòàìîðôè÷åñ-
êèé ñî ñðåäíåé ñêîðîñòüþ 5,9�6,1 êì/ñ
è áàçàëüòîâûé ñî ñðåäíåé ñêîðîñòüþ 6,6
êì/ñ. Ðàçäåëÿþùàÿ èõ ãðàíèöà ïðîñëå-
æèâàåòñÿ ñðàâíèòåëüíî óâåðåííî è ðàñ-
ïîëàãàåòñÿ íà ãëóáèíå 15�18 êì. Îñòàëü-
íûå âíóòðèêîðîâûå ãðàíèöû îãðàíè÷åíû
ïî ñâîåìó ïëîùàäíîìó ðàçâèòèþ â ðàç-
ëè÷íîé ñòåïåíè äëÿ êàæäîé èç íèõ. Ïðè
ðåèíòåðïðåòàöèè ïåðâè÷íîãî ñåéñìè÷åñ-
êîãî ìàòåðèàëà îêàçàëîñü, ÷òî â ñåâåð-
íîé ÷àñòè ïðîôèëÿ ìîæíî îòäåëèòü �âîë-
íîâîä� ìîùíîñòüþ ïîðÿäêà 6�8 êì.

Ïëàíåòàðíàÿ ãðàíèöà � ðàçäåë Ìîõî
ïðîñëåæèâàåòñÿ ïî âñåìó ïðîôèëþ íå-
ïðåðûâíî ñ õàðàêòåðíîé äëÿ íåå ñêîðîñ-
òüþ óïðóãèõ âîëí îò 7,8 äî 8,1 êì/ñ. Íà-
áëþäàåòñÿ ñëàáîâûðàæåííàÿ òåíäåíöèÿ
ïîäíÿòèÿ ýòîé ãðàíèöû ñ þãà íà ñåâåð è
íåçíà÷èòåëüíîå ïîíèæåíèå â öåíòðàëü-
íîé ÷àñòè ïðîôèëÿ, ÷òî îòìå÷àåò çàïàä-
íàÿ ïåðèôåðèÿ èçâåñòíîé Öåíòðàëüíî-
Ñðåäíîãîðñêîé äåïðåññèè íà ïîäîøâå
çåìíîé êîðû. Ýòà äåïðåññèÿ íàõîäèò îò-
ðàæåíèå è â ãðàâèòàöèîííîì ïîëå â âèäå
èíòåíñèâíîãî ðåãèîíàëüíîãî ìèíèìóìà,
êîòîðûé ÿâëÿåòñÿ îñíîâàíèåì îãðàíè÷å-
íèÿ åå ïëîùàäíîãî ðàçâèòèÿ. Íî ñàìûì
ñóùåñòâåííûì ýëåìåíòîì â ñòðîåíèè ïî-
âåðõíîñòè Ìîõî ÿâëÿþòñÿ çíà÷èòåëüíûå
âåðòèêàëüíûå àìïëèòóäû åå ðàçðûâà â
àðåàëå ìàíòèéíûõ ðàçëîìîâ. Òàêèì îá-
ðàçîì, çíà÷åíèå àìïëèòóäû Ìàðèøñêîãî
òåêòîíè÷åñêîãî øâà ñîñòàâëÿåò 5�6 êì,
Þæíî-Ñðåäíîãîðñêîãî � 10, à Çàïàäíî-
Áàëêàíñêîãî � 8. Íàëèöî âñå îñíîâàíèÿ
äîïóñòèòü àíàëîãè÷íûé ðàçðûâ Ìîõî â
àðåàëå Ïàíàãþðñêîé ðóäîêîíöåíòðèðó-
þùåé ñòðóêòóðû � óòâåðæäåíèå, â êîòî-
ðîì ñóùåñòâóþò ãåîôèçè÷åñêèå, ìåòàë-
ëîãåííûå è ãåîëîãè÷åñêèå äàííûå. Íàëè-
÷èå òàêèõ ðàçðûâîâ ñî çíà÷èòåëüíîé âåð-
òèêàëüíîé àìïëèòóäîé èìååò âàæíîå ìå-
òàëëîãåíè÷åñêîå çíà÷åíèå, òàê êàê èíòåí-
ñèôèöèðóåò è êàòàëèçèðóåò ïðîòåêàíèå
ðóäîîáðàçîâàòåëüíîãî ïðîöåññà.

Ðàññìàòðèâàÿ ïðîñòðàíñòâåííîå ðàñ-
ïîëîæåíèå óïîìÿíóòûõ ðàçëè÷íî îðèåí-
òèðîâàííûõ ìàíòèéíûõ ðàçëîìîâ, ñëåäóåò
îòìåòèòü, ÷òî, âçàèìîäåéñòâóÿ äðóã ñ äðó-
ãîì, îíè ïåðåñåêàþòñÿ. Ïðè ýòîì îñîáåí-
íî âàæíûì ÿâëÿåòñÿ ïåðåñå÷åíèå Ïàíà-
ãþðñêîé ðóäîêîíöåíòðèðóþùåé ñòðóêòó-
ðû ñ Þæíî-Ñðåäíîãîðñêèì, Ìåäåòñêèì
è Çàáàëêàíñêèì ãëóáèííûìè ðàçëîìàìè.
Â ìåñòàõ ïåðåñå÷åíèÿ ôîðìèðîâàëîñü íå-
ñêîëüêî ãëóáèííûõ òåêòîíè÷åñêèõ óçëîâ,
ãëàâíàÿ õàðàêòåðèñòèêà êîòîðûõ çàêëþ-
÷àåòñÿ â çíà÷èòåëüíîé ðàçðûâíîñòè è ýí-
äîãåííîé ïðîíèöàåìîñòè èõ ïðîñòðàíñòâ.
Èìåííî â íèõ ñîçäàíû áëàãîïðèÿòíûå óñ-
ëîâèÿ äëÿ íåïîñðåäñòâåííîãî ïðîÿâëåíèÿ
èíòåíñèâíûõ òåêòîíîìàãìàòè÷åñêèõ ïðî-
öåññîâ â âåðõíåì ìåëå, ñ êîòîðûìè àññî-
öèèðóþò êðóïíûå ìåäíî-ïèðèòíûå è ìåä-
íî-êîë÷åäàííûå ðóäíûå ïîëÿ â Öåíòðàëü-
íîì Ñðåäíîãîðèè (Åëøèöñêî-Ðàäêèíñêîì,
Àñàðåë-Ìåäåòñêîì è Åëàöñêî-×åëîïå÷ñêîì).

Á. Öåíòðàëüíî-Ðîäîïñêèé ðóäíûé ðà-
éîí. Ñîâðåìåííîå ïðåäñòàâëåíèå è çíà-
íèÿ î ãëóáèííîì ñòðîåíèè çåìíîé êîðû
Ðîäîïñêîãî ìàññèâà ïîñòðîåíû íà îñíî-
âàíèè ðåçóëüòàòîâ êîìïëåêñíîé èíòåð-
ïðåòàöèè äâóõ ïðîôèëåé ÄÑÑ è ðåãèî-
íàëüíûõ àíîìàëèé ïîòåíöèàëüíûõ ïîëåé,
åñòåñòâåííîãî òåïëîâîãî ïîëÿ è ñåéñìè÷-
íîñòè. Ïðè ýòîì îäèí èç ñåéñìè÷åñêèõ
ïðîôèëåé íåïîñðåäñòâåííî ïðîõîäèò ÷å-
ðåç Öåíòðàëüíî-Ðîäîïñêèé ðóäíûé ðàé-
îí [Éîñèôîâ è äð., 2016], à âòîðîé (V²²
ìåæäóíàðîäíûé) � ÷åðåç çàïàäíóþ ÷àñòü
Ðîäîïñêîãî ìàññèâà [Âîëüâîâñêèé è äð.,
1985; Äà÷åâ, 1988]. Èìåííî ïî ýòèì äâóì
ïðîôèëÿì ïîëó÷åíû âàæíûå êîëè÷åñòâåí-
íûå äàííûå î ïîëîæåíèè âíóòðèêîðîâûõ
ãðàíèö, ðàçëîìíûõ íàðóøåíèé è ãëóáè-
íå, íà êîòîðóþ îíè ïðîíèêàþò (ðèñ. 3).
Äëÿ òðàññèðîâàíèÿ íåêîòîðûõ ãëóáèííûõ
ðàçëîìîâ èñïîëüçîâàíà èíôîðìàöèÿ î ïî-
òåíöèàëüíûõ ìåòîäàõ è ñåéñìîëîãèè.

Àíàëèç ãåîôèçè÷åñêîãî ðàçðåçà (ñì.
ðèñ. 3 ) îò Ïàíè÷êîâî äî ãðå÷åñêîãî î-âà
Òàîñ, ïðåäñòàâëÿþùåãî ôðàãìåíò ðåãèî-
íàëüíîãî ïðîôèëÿ, èíòåðïðåòàöèÿ êîòîðî-
ãî íå çàâåðøåíà èç-çà îòñóòñòâèÿ ïåðâè÷-
íûõ ìàòåðèàëîâ, ñâèäåòåëüñòâóåò î ñëîæ-
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íîì ãëóáèííîì ñòðîåíèè Öåíòðàëüíî-Ðî-
äîïñêîãî ðóäíîãî ðàéîíà. Â þæíîé ÷àñ-
òè ïðîôèëÿ ïðîñëåæåíî òðè ãëóáîêî ïðî-
íèêàþùèõ ðàçëîìà, îäèí èç êîòîðûõ ìàí-
òèéíîãî òèïà è íàçâàí Þæíî-Ðîäîïñêèé
[Éîñèôîâ è äð., 2016]. Ýòîò ðàçëîì ïðî-
ÿâëÿåòñÿ êàê ñëîæíîïîñòðîåííàÿ ãðàâè-
òàöèîííàÿ ñòóïåíü, èìåþùàÿ ñóáøèðîò-
íóþ îðèåíòàöèþ. Ê òåêòîíè÷åñêèì íàðó-
øåíèÿì ñ âåðîÿòíîé ãëóáèíîé ïðîíèêíî-
âåíèÿ â âåðõíþþ ìàíòèþ îòíîñèòñÿ Öåíò-
ðàëüíî-Ðîäîïñêàÿ ðàçëîìíàÿ çîíà, èìå-
þùàÿ ñóáìåðèäèîíàëüíîå íàïðàâëåíèå.
Ñàìûì õàðàêòåðíûì ÿâëÿåòñÿ òî, ÷òî â
åå ïðîñòðàíñòâåííîì àðåàëå âìåùàþòñÿ
îñíîâíûå ñâèíöîâî-öèíêîâûå ðóäíûå ïî-
ëÿ Ðîäîïñêîãî ìàññèâà è ïîýòîìó îíà îï-
ðåäåëåíà êàê ðóäîêîíöåíòðèðóþùàÿ [Éî-
ñèôîâ, 2007]. Íàëè÷èå ãëóáèííûõ ðàçëî-
ìîâ ðàçíîãî íàïðàâëåíèÿ îáóñëîâèëî ôîð-
ìèðîâàíèå ñåðèè òåêòîíè÷åñêèõ óçëîâ,

ñðåäè êîòîðûõ âûäåëÿåòñÿ Ìàäàíñêèé, îò-
íîñÿùèéñÿ ê êîðîìàíòèéíîìó òèïó. Â ñòðî-
åíèè ýòîãî ó÷àñòâóþò è êîðîâûå ðàçðû-
âû, à åãî ïðîñòðàíñòâî îòëè÷àåòñÿ âûñî-
êîé ïðîíèöàåìîñòüþ è èíòåíñèâíîé ýíäî-
ãåííîé àêòèâíîñòüþ, â êîòîðûõ ýîöåí-îëè-
ãîöåíîâûé ðóäîãåíåç äîñòèã ñâîåãî àïîãåÿ.

Âïå÷àòëÿåò îòíîñèòåëüíî íèçêàÿ ñêî-
ðîñòü ñåéñìè÷åñêèõ âîëí 7,8 êì/ñ ðàçäå-
ëà Ìîõî è 6,2 � íèæíåé ÷àñòè çåìíîé
êîðû Öåíòðàëüíî-Ðîäîïñêîãî ðóäíîãî ðà-
éîíà. Ýòîò ôàêò ñëåäóåò ñâÿçàòü ñ òåðìè-
÷åñêèì âîçäåéñòâèåì è �ïîòåïëåíèåì� ðå-
ãèîíà, âûçâàííûì åãî òåêòîíîìàãìàòè÷åñ-
êîé àêòèâèçàöèåé â ïàëåîãåíå, òåïëîâîé
ïîòåíöèàë êîòîðîãî âñå åùå îñòàåòñÿ çíà-
÷èòåëüíûì. Â ïðåäåëàõ Ìàäàíñêîãî ðóä-
íîãî ïîëÿ óñòàíîâëåíû ñàìûå âûñîêèå ñî-
âðåìåííûå çíà÷åíèÿ òåïëîâîãî ïîòîêà â
ñòðàíå [Áîÿäæèåâ, Ãàøàðîâ, 2001]. Êðî-
ìå òîãî, àíîìàëüíî âûñîêèå çíà÷åíèÿ òåì-

Ðèñ. 3. Ñåéñìè÷åñêèé ðàçðåç Ïàíè÷êîâî�î-â Òàñîñ: 1 � ñêîðîñòü ñåéñìè÷åñêèõ âîëí; 2 � ñåéñìè-
÷åñêèå ãðàíèöû; 3 � ïîâåðõíîñòü Ìîõî; 4 � êîðîâûå ðàçëîìû; 5 � Þæíî-Ðîäîïñêèé ëèòîñôåðíûé
ðàçëîì; 6 � íèçêîñêîðîñòíîé ñëîé (âîëíîâîä); 7 � âûñîêîñêîðîñòíîé ñëîé.
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ïåðàòóðû âû÷èñëåíû è äëÿ ãëóáèííûõ ãðà-
íèö çåìíîé êîðû Êîíðàäà è Ìîõî [Äîá-
ðåâ è äð., 2005].

Çåìíàÿ êîðà Öåíòðàëüíî-Ðîäîïñêîãî
ðóäíîãî ðàéîíà, êàê óæå áûëî ïîêàçàíî
íà ðèñ. 3, èìååò ñëîæíîå ñëîèñòî-áëîêî-
âîå ñòðîåíèå. Â þæíîé ÷àñòè ñåéñìè÷åñ-
êîãî ïðîôèëÿ ïðîñëåæåíî íåñêîëüêî ãåî-
ôèçè÷åñêèõ ãðàíèö, ðàñïîëîæåííûõ íà
ðàçëè÷íûõ ãëóáèíàõ. Îäíà ÷àñòü ïðåðâà-
íà, à íà ãëóáèíå 6 êì óñòàíîâëåí êëèíî-
âèäíûé ó÷àñòîê ñ ïîâûøåííîé ñêîðîñòüþ
ñåéñìè÷åñêèõ âîëí 7 êì/ñ. Â ñåâåðíîé
÷àñòè ïðîôèëÿ íà ýòîé æå ãëóáèíå ðàñ-
ïîëàãàåòñÿ òàêîé æå ñëîé ñ ïîâûøåííîé
ñêîðîñòüþ, êîòîðûé ÿâëÿåòñÿ ïðîäîëæå-
íèåì êëèíîâèäíîãî ó÷àñòêà. Íà ãëóáèíå
12 êì ïðîñëåæèâàåòñÿ ñåéñìè÷åñêèé âîë-
íîâîä ìîùíîñòüþ áîëåå 5 êì. ×åòêî è
êàòåãîðè÷åñêè ïî äëèíå âñåãî ïðîôèëÿ çà-
ôèêñèðîâàíà ïëàíåòàðíàÿ ãðàíèöà Ìîõî
ñî ñòàíäàðòíîé ñêîðîñòüþ ñåéñìè÷åñêèõ
âîëí îò 7,8 äî 8,0 êì/ñ. Ãëóáèíà, íà êîòî-
ðîé ðàñïîëàãàåòñÿ ýòà ãðàíèöà, èçìåíÿ-
åòñÿ îò 45 ñåâåðíåå Þæíî-Ðîäîïñêîãî
ìàíòèéíîãî ðàçëîìà äî 35�32 êì þæíåå
íåãî. Â äåéñòâèòåëüíîñòè ïîíèæåíèå ðàñ-
ñìàòðèâàåìîé ãðàíèöû îòìå÷àåò âîñòî÷-
íóþ ïåðèôåðèþ èçâåñòíîé Ðîäîïñêîé äå-
ïðåññèè ïî Ìîõî. Íî ñàìûì âàæíûì â
åå ïîâåäåíèè ÿâëÿåòñÿ óñòàíîâëåííàÿ çíà-
÷èòåëüíàÿ âåðòèêàëüíàÿ àìïëèòóäà ðàç-
ðûâà â àðåàëå ìàíòèéíîãî ðàçëîìà, êîòî-
ðàÿ äîñòèãàåò 13�14 êì è ñîâïàäàåò ñ
þæíîé ÷àñòüþ Ìàäàíñêîãî ðóäíîãî ïîëÿ.
Â ðåçóëüòàòå ýòîãî ðàçðûâà ñîçäàåòñÿ ïðî-
ñòðàíñòâî ãðàäèåíòíûõ èçìåíåíèé òåì-
ïåðàòóðû è äàâëåíèÿ, âñëåäñòâèå êîòî-
ðûõ ïîÿâëÿþòñÿ êîíâåêòèâíûå äâèæåíèÿ
è àêòèâèçèðóþòñÿ ýíäîãåííûå ïðîöåññû,
âêëþ÷èòåëüíî è ðóäîîáðàçóþùèå.

Àíàëèç ïðèâåäåííîé õàðàêòåðèñòèêè
ñòðîåíèÿ çåìíîé êîðû â óêàçàííûõ äâóõ
áîëüøèõ ðóäíûõ ðàéîíàõ îïðåäåëåííî ñâè-
äåòåëüñòâóåò î òîì, ÷òî îíà îòíîñèòñÿ ê
êëàññè÷åñêîìó êîíòèíåíòàëüíîìó òèïó.
Â ýòèõ äâóõ ðàéîíàõ ïðîñëåæåíà ñåðèÿ
ñóáãîðèçîíòàëüíûõ ãðàíèö (õîòÿ è ðàç-
íîãî ðîäà è ñ ðàçëè÷íîé îáîñíîâàííîñ-
òüþ), êàê è ìíîæåñòâî êðóòûõ è ðàçíî-

íàïðàâëåííûõ ðàçëîìíûõ íàðóøåíèé, íå-
êîòîðûå èç êîòîðûõ ïðîíèêàþò è â âåðõ-
íþþ ìàíòèþ. Ñàìûì óáåäèòåëüíûì ñïî-
ñîáîì òðàññèðîâàíà ïëàíåòàðíàÿ ãðàíèöà
Ìîõî. Ïðè÷åì â ïðîñòðàíñòâå ðóäíûõ ïî-
ëåé îíà èíòåíñèâíî ïðåðâàíà è ðàçäðîá-
ëåíà, è â ýòîì ñîñòîèò ñàìàÿ âàæíàÿ åå õà-
ðàêòåðèñòèêà. Îñîáåííî ñëåäóåò îòìåòèòü,
÷òî âåðòèêàëüíàÿ àìïëèòóäà ýòèõ ðàçðû-
âîâ î÷åíü áîëüøàÿ (îêîëî 14 êì â Ìàäàí-
ñêîì ðóäíîì ïîëå, 10 � â Åëøèöñêî-Ðàä-
êèíñêîì è 8 � â Åëàöñêî-×åëîïå÷ñêîì).
Ýòî è ïðåäñòàâëÿåò îðèãèíàëüíûé ðåçóëü-
òàò, ïîëó÷åííûé íà îñíîâå íåïîñðåäñòâåí-
íûõ èçìåðåíèé, à íå ïîñðåäñòâîì èíòåð-
ïîëÿöèè äèñêðåòíûõ äàííûõ. Âçàèìîäåé-
ñòâèåì ðàçíîíàïðàâëåííûõ ãëóáîêîïðî-
íèêàþùèõ ðàçëîìîâ óñòàíîâëåíû òåêòî-
íè÷åñêèå óçëû, êîòîðûå ÿâëÿþòñÿ ñóùåñò-
âåííûì ýëåìåíòîì ñòðîåíèÿ çåìíîé êîðû,
à íåêîòîðûå èç íèõ � è âåðõíåé ìàíòèè.

Ïðèâåäåííûå äàííûå î ãëóáèííûõ ñòðóê-
òóðíûõ ýëåìåíòàõ çåìíîé êîðû â ðàññìàò-
ðèâàåìûõ ðóäíûõ ðàéîíàõ ÿâëÿþòñÿ äî-
êàçàòåëüñòâîì åå ãåòåðîãåííîãî è ñëîè-
ñòî-áëîêîâîãî ñòðîåíèÿ. Îíà îïðåäåëåí-
íî èìååò òðåõñëîéíîå ñòðîåíèå, íî ñ îñà-
äî÷íûì ñëîåì, îòëè÷àþùèìñÿ ñëèøêîì
ìàëîé ìîùíîñòüþ, ìàêñèìóì äî 1,5�3êì,
ñ îãðàíè÷åííûì ðàçâèòèåì òîëüêî â äå-
ïðåññèîííûõ ó÷àñòêàõ. Îñòàëüíûå äâà
ñëîÿ � ãðàíèòíî-ìåòàìîðôè÷åñêèé èëè
íèçêîñêîðîñòíîé ñåéñìè÷åñêèé � èìå-
þò ìîùíîñòü, êàê â Öåíòðàëüíîì Ñðåä-
íîãîðèè (îêîëî 20 êì) è â Öåíòðàëüíûõ
Ðîäîïàõ (ñâûøå 23 êì). Àíàëîãè÷íî áà-
çàëüòîâûé èëè âûñîêîñêîðîñòíîé ñëîé
îòëè÷àåòñÿ ñëåäóþùåé ìîùíîñòüþ: 18�
19 êì â Ñðåäíîãîðèè è îêîëî 30 êì â Öåíò-
ðàëüíûõ Ðîäîïàõ. Êðóòî ðàñïîëîæåííûå
ãëóáèííûå ðàçëîìû äåôèíèðóþò ñåãìåí-
òèðîâàííîå ñòðîåíèå êîðû, ðàçäåëÿÿ åå
íà ðàçëè÷íûå ðàíãè áëîêîâûõ ñòðóêòóð.
Áîëüøàÿ ÷àñòü ýòèõ ñòðóêòóð õàðàêòåðè-
çóåòñÿ ñïåöèôè÷åñêèì ðàñïðåäåëåíèåì
ïîòåíöèàëüíûõ àíîìàëèé ãåîôèçè÷åñêèõ
ïîëåé. Äëÿ áîëåå ïîëíîé õàðàêòåðèñòè-
êè çåìíîé êîðû ñëåäóåò äîáàâèòü, ÷òî â
óêàçàííûõ äâóõ ðóäíûõ ðàéîíàõ îíà ñèëü-
íî íàñûùåíà ìàãìàòè÷åñêèìè îáðàçîâà-
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íèÿìè. Â Öåíòðàëüíîì Ñðåäíîãîðèè îíè
ïðåäñòàâëåíû, ïðåæäå âñåãî, âåðõíåìåëî-
âûì ñóáäóêöèîííûì îñòðîâîäóæíûì êàëü-
öèåâî-ùåëî÷íûì ìàãìàòèçìîì, à â Öåíò-
ðàëüíûõ Ðîäîïàõ � ïàëåîãåíîâûì êîë-
ëèçèîííûì, ïðåèìóùåñòâåííî êèñëûì ìàã-
ìàòèçìîì. Ìàãìàòè÷åñêèå òåëà âåðõíåé
÷àñòè ðàçðåçà â çàâèñèìîñòè îò âåùåñò-
âåííîãî è ôàöèàëüíîãî ñîñòàâà âûÿâëÿ-
þòñÿ â õàðàêòåðíûõ ëîêàëüíûõ ãðàâèòà-
öèîííûõ è ìàãíèòíûõ àíîìàëèÿõ.

Âåðîÿòíî, â ñòðîåíèè çåìíîé êîðû òåð-
ðèòîðèè ðóäíûõ ðàéîíîâ óñòàíîâëåíû
ñåéñìè÷åñêèå ñëîè ñ íèçêèìè ñêîðîñòÿ-
ìè âîëí (âîëíîâîäîâ), êàê è òàêèå ñ ïî-
âûøåííîé ñêîðîñòüþ, êîòîðûå ðàñïîëà-
ãàþòñÿ íà ðàçëè÷íûõ ãëóáèííûõ óðîâíÿõ,
íî íå áîëåå 20 êì. Èõ íàëè÷èå óæå íå
ïðåäñòàâëÿåò ðåäêî âñòðå÷àþùèéñÿ ôå-
íîìåí, òàê êàê îíè ÿâëÿþòñÿ ïðèñóùèì
ýëåìåíòîì ñòðîåíèÿ ëèòîñôåðû, î ãåîëî-
ãè÷åñêîé ïðèðîäå êîòîðûõ âûñêàçàíû ðàç-
ëè÷íûå ìíåíèÿ. Èç êîíêðåòíûõ äàííûõ
ìîæíî çàêëþ÷èòü, ÷òî ýòè ñëîè õàðàêòå-
ðèçóþòñÿ ñðàâíèòåëüíî íåáîëüøîé ìîù-
íîñòüþ, à íåêîòîðûå èç íèõ ñòàíîâÿòñÿ
êëèíîâèäíûìè. Ýòî äîêàçûâàåò, ÷òî îíè
èìåþò îãðàíè÷åííîå ïðîñòðàíñòâåííîå
ðàçâèòèå. Íî ñóùåñòâóþò è òåêòîíè÷åñêèå
ñòðóêòóðû, â êîòîðûõ îíè îòñóòñòâóþò.

Ñëåäóåò îòìåòèòü, ÷òî íà óêàçàííûõ ãðà-
ôèêàõ ðàññìàòðèâàåìûõ äâóõ ãåîôèçè-
÷åñêèõ ïðîôèëåé (ñì. ðèñ. 2 è 3) íå îòìå-
÷åíû ãëóáèííûå íàêëîííûå ãðàíèöû, íî
ýòî íå îçíà÷àåò, ÷òî îíè ðåàëüíî íå ñóùå-
ñòâóþò. Ãðàíèöû òàêîãî òèïà òàêæå ÿâëÿ-
þòñÿ ýëåìåíòàìè ñòðîåíèÿ çåìíîé êîðû,
êîòîðûå îáóñëàâëèâàþò ôîðìèðîâàíèå â
íåé êëèíîâèäíûõ ñòðóêòóð. Âîçìîæíîñòü
èõ èçó÷åíèÿ, îäíàêî, ìåòîäàìè ãëóáèí-
íîé ãåîôèçèêè âñå åùå îãðàíè÷åíà. Â ðå-
çóëüòàòå ïðèìåíåíèÿ óñëîæíåííîé ìåòî-
äèêè, â íåêîòîðûõ ñòðàíàõ (ÑØÀ, Ðîñ-
ñèÿ è äð.) ïîëó÷åíû ïîëîæèòåëüíûå ðå-
çóëüòàòû â ýòîì íàïðàâëåíèè. Ó íàñ óñ-
ïåøíûé ñëó÷àé äîñòèãíóò ñ ïðîâåäåíèåì
ñåéñìè÷åñêîãî ïðîôèëÿ Àðäèíî�Èâàé-
ëîâãðàä, â ðåçóëüòàòå êîòîðîãî íàìå÷åí
Âîñòî÷íî-Ðîäîïñêèé ãëóáèííûé íàäâèã
[Âåëåâ è äð., 1996].

Çàêëþ÷åíèå. Ïîëó÷åííûå äàííûå î
ñòðîåíèè çåìíîé êîðû â ðàññìàòðèâàå-
ìûõ êðóïíûõ ðóäíûõ ðàéîíàõ è, â ÷àñò-
íîñòè, îá ýëåìåíòàõ, èç êîòîðûõ îíà ñî-
ñòîèò, îòðàæàþò, ïðåæäå âñåãî, åå ñîâðå-
ìåííîå ñîñòîÿíèå. Ïîñëåäíåå ÿâëÿåòñÿ ðå-
çóëüòàòîì ïðîøåäøèõ â ãåîëîãè÷åñêîé ýâî-
ëþöèè ïëàíåòû ãðàíäèîçíûõ äèíàìè÷åñ-
êèõ, êîðîîáðàçóþùèõ, êîðîïðåîáðàçóþ-
ùèõ è êîðîðàçðóøàþùèõ ïðîöåññîâ. Ñðå-
äè íèõ ïî ñâîåìó çíà÷åíèþ âûäåëÿþòñÿ
òåêòîíè÷åñêèé, ìåòàìîðôè÷åñêèé è ìàã-
ìàòè÷åñêèé, à òàêæå ïëîòíîñòíàÿ äèô-
ôåðåíöèàöèÿ è òåïëîîáðàçîâàíèå. Â ðå-
çóëüòàòå ïðîâåäåííûõ ãåîôèçè÷åñêèõ ðà-
áîò áûëî äîêàçàíî, ÷òî çåìíàÿ êîðà òè-
ïè÷íî êîíòèíåíòàëüíà, ñ õîðîøî ðàçâè-
òûìè ãðàíèòíî-ìåòàìîðôè÷åñêèì è áà-
çàëüòîâûì ñëîÿìè, à òàêæå îãðàíè÷åííûì
è îòíîñèòåëüíî òîíêèì ñåäèìåíòíûì ñëî-
åì. Áûëî óñòàíîâëåíî íàëè÷èå íèçêîñêî-
ðîñòíûõ è âûñîêîñêîðîñòíûõ ñåéñìè÷åñ-
êèõ ñëîåâ, êîòîðûå â îòäåëüíûõ ñëó÷àÿõ
èìåþò êëèíîîáðàçíûé õàðàêòåð. Ïðîñëå-
æåíà ñåðèÿ ñóáãîðèçîíòàëüíûõ ãðàíèö.
Îäíàêî çà èñêëþ÷åíèåì ïëàíåòàðíîãî ðàç-
äåëà Ìîõî ïî÷òè âñå îíè ïðåðâàíû è î÷åíü
òðóäíî ìîãóò áûòü îáâÿçàíû.

Ïåðâûé, î÷åíü âàæíûé îðèãèíàëüíûé
ðåçóëüòàò, � ýòî êîíêðåòíûå öèôðîâûå
äàííûå î áîëüøîé âåðòèêàëüíîé àìïëè-
òóäå ðàçðûâîâ ðàçäåëà Ìîõî (îò 7�8 äî
14�15 êì) â èññëåäîâàííûõ ðóäíûõ ðà-
éîíàõ. Òàêàÿ ñòðóêòóðíàÿ êàðòèíà ñòðî-
åíèÿ ïðîñòðàíñòâåííîãî àðåàëà ðàçäåëà
çåìíîé êîðû � âåðõíåé ìàíòèè ñâèäå-
òåëüñòâóåò î ãðàäèåíòíûõ òåðìîáàðè÷åñ-
êèõ èçìåíåíèÿõ è áëàãîïðèÿòíûõ ôèçè-
÷åñêèõ óñëîâèÿõ âîçíèêíîâåíèÿ êîíâåê-
òèâíûõ äâèæåíèé. Ïîñëåäíèå óâåëè÷èâà-
þò èíòåíñèâíîñòü òåïëîìàññîïåðåíîñà,
êàòàëèçèðóþò ýíäîãåííûå ïðîöåññû, âêëþ-
÷àÿ è ðóäîîáðàçîâàíèå, ÷òî èìååò áîëü-
øîå ìåòàëëîãåíè÷åñêîå çíà÷åíèå.

Äðóãèì îñíîâíûì ýëåìåíòîì ñòðîåíèÿ
çåìíîé êîðû ÿâëÿþòñÿ ðàçëè÷íî îðèåíòè-
ðîâàííûå ãëóáèííûå ðàçëîìû, âêëþ÷èòåëü-
íî è òàêèå, êîòîðûå ïðîíèêàþò â âåðõ-
íþþ ìàíòèþ. Òðè èç íèõ îòíîñÿòñÿ ê ïðî-
äîëüíûì ñóáøèðîòíûì è îãðàíè÷èâàþ-



ÄÈÌ×Î ÉÎÑÈÔÎÂ, ÐÀÄÈ ÐÀÄÈ×ÅÂ

12 Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018

ùèì ïåðâîñòåïåííûì òåêòîíè÷åñêèì ñòðóê-
òóðàì � Ìàðèøñêèé øîâ, Çàáàëêàíñêèé
è Þæíî-Ðîäîïñêèé ìàíòèéíûå ðàçëîì-
íûå çîíû. Êðîìå òîãî, â Öåíòðàëüíîì Ñðåä-
íîãîðèè ïðîñëåæåíî äâà ìàíòèéíûõ ðàç-
ëîìà � Þæíî-Ñðåäíîãîðñêèé è Àñàðåë-
Ìåäåòñêèé. Ãëóáîêèì ïðîíèêíîâåíèåì â
ìàíòèþ îòëè÷àþòñÿ äâå èçâåñòíûå ñóáìå-
ðèäèàëüíûå ðóäîêîíöåíòðèðóþùèå ñòðóê-
òóðû � Ïàíàãþðñêàÿ è Öåíòðàëüíî-Ðî-
äîïñêàÿ, ïåðåñåêàþùèå ïîïåðå÷íî Àëü-
ïèéñêèé îðîãåííûé ïîÿñ. Òàê, â èññëåäî-
âàííûõ ðóäíûõ ðàéîíàõ íàìå÷àåòñÿ áîëü-
øàÿ ãóñòîòà ìàíòèéíûõ ðàçëîìîâ â çåì-
íîé êîðå, îñîáåííî â Öåíòðàëüíîì Ñðåä-
íîãîðèè, ÷òî, ïî âñåé âåðîÿòíîñòè, ïðåä-
ñòàâëÿåò óíèêàëüíîå ÿâëåíèå. Áåç ñîìíå-
íèÿ, ñ íèìè íàèáîëåå òåñíî ñâÿçàíû òåê-
òîíîìàãìàòè÷åñêèå àêòèâàöèè è ðóäîîá-
ðàçóþùèå ïðîöåññû, äîñòèãøèå ñâîé àïî-
ãåé â âåðõíåì ìåëå â Öåíòðàëüíîì Ñðåä-
íîãîðèè, à â ïàëåîãåíå � â Öåíòðàëüíûõ
Ðîäîïàõ. È â ýòèõ äâóõ ðàéîíàõ ñóùåñò-
âîâàëè íåîáõîäèìûå óñëîâèÿ äëÿ îáðàçî-
âàíèÿ êðóïíûõ ìàíòèéíûõ ìåñòîðîæäå-
íèé � áîëüøàÿ ïðîíèöàåìîñòü ëèòîñôå-
ðû è çíà÷èòåëüíàÿ ïðîäîëæèòåëüíîñòü
ýíäîãåííûõ ïðîöåññîâ è, ïðåæäå âñåãî,
ìàãìàòèçàöèè (ñâûøå 20 ìëí ëåò).

Òðåòèé âàæíûé ðåçóëüòàò ïðîâåäåí-
íûõ èññëåäîâàíèé � ýòî ñëåäñòâèå âûÿñ-
íåíèÿ ïðîñòðàíñòâåííûõ âçàèìîäåéñòâèé
è âçàèìîîòíîøåíèé ìåæäó ðàçíîíàïðàâ-
ëåííûìè ìàíòèéíûìè è êîðîâûìè ðàçëî-
ìàìè, îáóñëîâèâøèìè ôîðìèðîâàíèå êî-

ðîìàíòèéíûõ òåêòîíè÷åñêèõ óçëîâ. Îíè
îáëàäàþò ñïåöèôè÷åñêèìè ãåîëîãî-ãåî-
ôèçè÷åñêèìè õàðàêòåðèñòèêàìè, íî ñà-
ìàÿ ñóùåñòâåííàÿ èç íèõ � ýòî èõ âûñî-
êàÿ ýíäîãåííàÿ ïðîíèöàåìîñòü. Ñ íèìè
ïðîñòðàíñòâåííî àññîöèèðóþòñÿ ñàìûå
êðóïíûå ðóäíûå ìåñòîðîæäåíèÿ öâåòíûõ
ìåòàëëîâ â Áîëãàðèè. Ïðè ýòîì íà ïåðå-
ñå÷åíèè Ïàíàãþðñêîé ðóäîêîíöåíòðèðó-
þùåé ñòðóêòóðû ñ ñóáøèðîòíûìè Þæ-
íî-Ñðåäíåãîðñêèì, Ìåäåòñêèì è Çàáàë-
êàíñêèì ìàíòèéíûìè ðàçëîìàìè ðàñïî-
ëàãàþòñÿ ñîîòâåòñòâåííî Åëøèöñêî-Ðà-
äèíñêîå, Àñàðåë-Ìåäåòñêîå è Åëàöñêî-
×åëîïå÷ñêîå ðóäíûå ïîëÿ. Àíàëîãè÷íî â
Öåíòðàëüíûõ Ðîäîïàõ â ìåñòå ïåðåñå÷å-
íèÿ îäíîèìåííîé ðóäîêîíöåíòðèðóþùåé
ñòðóêòóðû ñ ñóáøèðîòíûì Þæíî-Ðîäîï-
ñêèì ìàíòèéíûì ðàñêîëîì íàõîäèòñÿ êðóï-
íåéøåå Ìàäàíñêîå ñâèíöîâîöèíêîâîå ìå-
ñòîðîæäåíèå. Òàêèì îáðàçîì, âåðîÿòíî
íàìå÷àåòñÿ âàæíåéøàÿ çàêîíîìåðíîñòü
â ðàçìåùåíèè êðóïíûõ ìàíòèéíûõ ìåñ-
òîðîæäåíèé öâåòíûõ ìåòàëëîâ.

Îêîí÷àòåëüíûé è îáîáùàþùèé âûâîä
íà îñíîâå óïîìÿíóòûõ äàííûõ î÷åâèäíî
çàêëþ÷àåòñÿ â ñëåäóþùåì: çåìíàÿ êîðà
â ãðàíèöàõ ðàññìàòðèâàåìûõ êðóïíûõ ýí-
äîãåííûõ ðóäíûõ ðàéîíîâ ãðàäèåíòíî èç-
ìåíÿåòñÿ, ñèëüíî òåêòîíè÷åñêè ïåðåðà-
áîòàíà, ãëóáîêî ïðîíèöàåìà, èíòåíñèâíî
ìàãìîíàñûùåíà è ðóäîíîñíà. Âñå ýòî îï-
ðåäåëÿåò åå ñàìóþ âàæíóþ èíòåãðàëüíóþ
õàðàêòåðèñòèêó.
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Earth�s crust of large deposits of non-ferrous
metals in Bulgaria

 Dimcho Yosifov, Radi Radichev, 2018

The proposed publication explores the main results of the study of the Earth�s crust
in the largest ore regions in Bulgaria � Panagyurishte and Central Rhodopes. The
concept of its continental type has been confirmed, and the more significant accomp-
lishments can be summarized as follows. À number of ruptures of the Moho boundary,
characterized by considerable vertical amplitude (from 7�8 to 13�14 km) have been
proven, which facilitate and catalyze the endogenous processes, including ore forma-
tion one. A large (unique) density of the Earth�s crust layering in depth has been es-
tablished. Besides the known mantle faults, limiting the main longitudinal tectonic
units (the Maritsa fault zone and the Sub-Balkan fault), two more are identified � the
South Sredna Gora and the South-Rhodopes ones. From their intersection with the sub-
meridional ore concentrating structures (the Panagyurishte and the Central-Rhodopes
ones) core-mantle nods are formed and the main ore fields are located in their ranges.
As a whole, the Earth�s crust in the studied ore regions is characterized by gradient
changes in its depth structure, represented by large fragmentation, high endogenous
permeability, intensive magma saturation and significant ore-bearing potential.

Key words: deep structure, Moho boundary, deep faults, tectonic nodes, metallogeny.
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Ïðîöåñ åêñïëóàòàö³¿ íàôòîãàçîâèõ ðîäîâèù ³ ï³äçåìíèõ ñõîâèù ïðèðîäíîãî ãà-
çó ³ CO2

 ñóïðîâîäæóºòüñÿ çì³íàìè â ÷àñ³ ô³çè÷íèõ âëàñòèâîñòåé ÿê ñàìîãî ðåçåð-
âóàðà, òàê ³ òîâù³, ùî éîãî ïåðåêðèâàº. Âèâ÷åííÿ öèõ çì³í çà äîïîìîãîþ ïîâòîð-
íèõ (4D) ñåéñì³÷íèõ ñïîñòåðåæåíü äàº çìîãó êîíòðîëþâàòè åôåêòèâí³ñòü åêñïëó-
àòàö³¿ íàôòîãàçîâèõ ðîäîâèù ³ ï³äçåìíèõ ãàçîâèõ ñõîâèù. Øèðîêèé êëàñ ìåòîä³â
âèêîðèñòîâóº ÿê ïðîì³æíó ³íôîðìàö³þ ÷àñîâ³ çñóâè, ùî âèíèêàþòü ó ïîâòîðíèõ
ñåéñì³÷íèõ çàïèñàõ, ïðè âèâ÷åíí³ çì³íè ãåîìåõàí³÷íèõ âëàñòèâîñòåé ïðîäóêòèâ-
íîãî ðåçåðâóàðà. Ó ñòàòò³ ñôîðìóëüîâàíî óìîâè, çà ÿêèõ âåëè÷èíè êîåô³ö³ºíò³â
â³äáèòòÿ ìåæ ó ïðîöåñ³ çì³íè âëàñòèâîñòåé ñåðåäîâèùà çáåð³ãàþòüñÿ, àëå çì³ùó-
þòüñÿ â íîâå ïîëîæåííÿ óçäîâæ îñ³ ïîäâ³éíîãî ÷àñó ïðîá³ãó õâèëü. Äëÿ îö³íþâàí-
íÿ ÷àñîâèõ çñóâ³â, ùî âèíèêàþòü, ðîçðîáëåíî íîâó òåõíîëîã³þ. Âîíà çàñíîâàíà íà
ñòàòèñòè÷íèõ âëàñòèâîñòÿõ ôóíêö³¿ âçàºìíî¿ êîðåëÿö³¿ äâîõ îáìåæåíèõ ó ÷àñ³ âè-
ïàäêîâèõ ïðîöåñ³â, îäèí ç ÿêèõ º çðóøåíèì ³ ðîçòÿãíóòèì àáî ñòèñíåíèì ó ÷àñ³ âà-
ð³àíòîì äðóãîãî. Çàïðîïîíîâàíà òåõíîëîã³ÿ äàº çìîãó îäíî÷àñíî âèçíà÷èòè ïîñò³é-
íó ³ ë³í³éíó ñêëàäîâ³ ÷àñîâèõ çñóâ³â çà äîñòàòíüî¿ ê³ëüêîñò³ íàêîïè÷åíèõ ôóíêö³é
âçàºìíî¿ êîðåëÿö³¿ òàêèõ ïðîöåñ³â. Ñïðàâåäëèâ³ñòü òåîðåòè÷íèõ îñíîâ ìåòîäó ï³ä-
òâåðäæåíî äâîìà ÷èñåëüíèìè åêñïåðèìåíòàìè. ßê äæåðåëî âõ³äíèõ äàíèõ, íåîá-
õ³äíèõ äëÿ çàñòîñóâàííÿ äàíî¿ òåõíîëîã³¿ íà ïðàêòèö³, çàïðîïîíîâàíî âèêîðèñòî-
âóâàòè âèïàäêîâó êîìïîíåíòó ñåéñì³÷íèõ çîáðàæåíü, ïîðîäæåíó õàîòè÷íèìè ôëóê-
òóàö³ÿìè àêóñòè÷íîãî ³ìïåäàíñó â íèæíüîìó ï³âïðîñòîð³. Îïèñàíî äåÿê³ ìåòîäè
àïðîêñèìàö³¿ ðåãóëÿðíî¿ êîìïîíåíòè ñåéñì³÷íèõ çàïèñ³â, â³äí³ìàííÿ ÿêî¿ ³ç çàïè-
ñ³â äàñòü çìîãó îòðèìàòè ¿õ âèïàäêîâó êîìïîíåíòó, íåîáõ³äíó äëÿ ôóíêö³îíóâàííÿ
çàïðîïîíîâàíî¿ òåõíîëîã³¿.

Êëþ÷îâ³ ñëîâà: ñåéñì³÷íèé ìîí³òîðèíã, ïîâòîðí³ ñåéñì³÷í³ ñïîñòåðåæåííÿ, ÷àñî-
âèé çñóâ, âçàºìíà êîðåëÿö³ÿ, âçàºìíèé ñïåêòð.

Ââåäåíèå. Ñåéñìè÷åñêèé ìîíèòîðèíã
ïðîöåññà ýêñïëóàòàöèè íåôòåãàçîâûõ ìåñ-
òîðîæäåíèé, íàçûâàåìûé â àíãëîÿçû÷íîé
ëèòåðàòóðå seismic time-lapse (4D) monito-
ring, îñíîâàí íà ñîïîñòàâëåíèè ñåéñìè-
÷åñêèõ äàííûõ, ïîëó÷åííûõ íà îäíîé è
òîé æå ïëîùàäè ñ èíòåðâàëîì îò íåñêîëü-
êèõ ìåñÿöåâ äî íåñêîëüêèõ ëåò [Nguyen

et al., 2015]. Ýòà òåõíîëîãèÿ ïðåäíàçíà-
÷åíà ðåøàòü ìíîæåñòâî ðàçíîîáðàçíûõ
çàäà÷. Ñðåäè íèõ, â ïåðâóþ î÷åðåäü, ñëå-
äóåò íàçâàòü êîíòðîëü ñòåïåíè èñòîùå-
íèÿ çàïàñîâ óãëåâîäîðîäîâ è ñîïðîâîæ-
äàþùèõ ýòîò ïðîöåññ èçìåíåíèé âíóò-
ðèïîðîâîãî äàâëåíèÿ, ñîñòàâà ôëþèäîâ
è ïîëîæåíèÿ êîíòàêòà ôëþèäîâ â ðåçåð-

DOI: 10.24028/gzh.0203-3100.v40i1.2018.124006
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âóàðå, îáíàðóæåíèå è îêîíòóðèâàíèå íå-
çàòðîíóòûõ äîáû÷åé ó÷àñòêîâ çàëåæè (öå-
ëèêîâ), èçó÷åíèå ïåðåìåùåíèÿ ãàçà â âû-
øåëåæàùèå ñëîè, êîíòðîëü íàãíåòàíèÿ
âîäû, ãàçîâ è ïàðà äëÿ èíòåíñèôèêàöèè
ïðîöåññà äîáû÷è. Íå ìåíåå âàæíîé çà-
äà÷åé ÿâëÿåòñÿ àíàëèç ïðîöåññà ýêñïëóà-
òàöèè ïîäçåìíûõ õðàíèëèù ïðèðîäíîãî
ãàçà è CO2. Íåîáõîäèìî îòìåòèòü, ÷òî çà-
ðåãèñòðèðîâàííûå â ðàçíîå âðåìÿ äàííûå
òðåáóþò ñïåöèàëüíîé îáðàáîòêè, ïðåä-
íàçíà÷åííîé óñòðàíèòü âñå èñêàæåíèÿ,
íå ñâÿçàííûå íåïîñðåäñòâåííî ñ èçìåíå-
íèåì ôèçè÷åñêèõ ñâîéñòâ èçó÷àåìîãî îáú-
åêòà, à âûçâàííûå, â ïåðâóþ î÷åðåäü, ðàç-
íèöåé â óñëîâèÿõ ïîâòîðíûõ íàáëþäåíèé
[Dinh et al., 2015; Nguyen et al., 2015].

Ìåòîäû, èñïîëüçóåìûå äëÿ îöåíêè èç-
ìåíåíèÿ ñâîéñòâ èíòåðåñóþùåãî èññëå-
äîâàòåëÿ èíòåðâàëà ðàçðåçà è ïåðåêðû-
âàþùåé òîëùè, ìîæíî óñëîâíî ðàçäåëèòü
íà äâà ðàçíûõ êëàññà. Ïåðâûé èç íèõ îñ-
íîâàí íà èçó÷åíèè õàðàêòåðèñòèê âðå-
ìåííûõ ñäâèãîâ ñåéñìè÷åñêèõ çàïèñåé
[Guilbot , Smith, 2002; Hatchell, Bourne,
2005; Rickett et al., 2007; Dybvik et al.,
2009; Grandi et al., 2010; Grude et al., 2012;
Avseth et al., 2013; Røste et al., 2015]. Âòî-
ðîé èñïîëüçóåò ðàçíèöû â îöåíêàõ ïîã-
ëîùåíèÿ âîëí, äèíàìè÷åñêèõ õàðàêòåðè-
ñòèê çàïèñè, à òàêæå ïåòðîôèçè÷åñêèõ
è ãåîìåõàíè÷åñêèõ ïàðàìåòðîâ, ïîëó÷åí-
íûõ â ðåçóëüòàòå ñåéñìè÷åñêîé èíâåðñèè
[Skov et al., 2002; Buland, El Ouair, 2006;
Schutjens et al., 2007; Blanchard et al.,
2009; Davis, Benson, 2009; Chadwick et al.,
2010; Chen et al., 2010; Grude et al., 2012;
Dupuy et al., 2014; Grana, Mukerji, 2015].

Äàííàÿ ñòàòüÿ îòíîñèòñÿ ê ïåðâîìó
êëàññó. Îíà ïîñâÿùåíà ñîâåðøåíñòâîâà-
íèþ òåõíîëîãèè îöåíêè õàðàêòåðèñòèê
âðåìåííûõ ñäâèãîâ, âîçíèêàþùèõ â ñåéñ-
ìè÷åñêèõ çàïèñÿõ ïðè ïîâòîðíûõ íàáëþ-
äåíèÿõ âñëåäñòâèå èçìåíåíèÿ ôèçè÷åñêèõ
ñâîéñòâ ïðîäóêòèâíîãî èíòåðâàëà è ïåðå-
êðûâàþùåé òîëùè â ïðîöåññå ýêñïëóà-
òàöèè íåôòåãàçîâûõ ìåñòîðîæäåíèé è
ïîäçåìíûõ ãàçîâûõ õðàíèëèù.

Ìîäåëü ñåéñìè÷åñêîé òðàññû ïðè ïî-
âòîðíûõ íàáëþäåíèÿõ. Ðàññìîòðèì ðàç-

íèöó ìåæäó äâóìÿ òðàññàìè, ñîîòâåòñòâó-
þùèìè ïîâòîðíûì íàáëþäåíèÿì. Äëÿ ýòî-
ãî âîñïîëüçóåìñÿ ñëåäóþùèìè òðåìÿ ôîð-
ìóëàìè [Røste et al., 2006, 2007]:
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ãäå t è v � ñîîòâåòñòâåííî äâîéíîå âðå-
ìÿ ïðîáåãà è ñêîðîñòü âîëí â ïðîèçâîëü-
íî âûáðàííîì ñëîå ñ ìîùíîñòüþ z è ïëîò-
íîñòüþ ρ , çíàê ∆ îáîçíà÷àåò èçìåíåíèå
ñîîòâåòñòâóþùèõ âåëè÷èí, à α < 0 � ïàðà-
ìåòð ðàñøèðåíèÿ, çàâèñÿùèé îò ñâîéñòâ
ïîðîäû â âûáðàííîì ñëîå.

Äðóãàÿ ôîðìà îòíîñèòåëüíîãî èçìåíå-
íèÿ ñêîðîñòè (3 ) ïðåäëîæåíà â ðàáîòå
[Hatchell, Bourne, 2005]:
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ãäå εzz � âåðòèêàëüíîå ðàñòÿæåíèå (äå-
ôîðìàöèÿ), à R > 0 � áåçðàçìåðíûé ïà-
ðàìåòð. Â ýòîì ñëó÷àå (1) è (2) ìîãóò áûòü
ïðåäñòàâëåíû òàê:
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Ïðåäïîëîæèì, ÷òî ïàðàìåòð R èçìåíÿ-
åòñÿ ñ ãëóáèíîé äîñòàòî÷íî ïëàâíî, ò. å.
îí ïî÷òè ïîñòîÿíåí â ïðåäåëàõ ñêîëüçÿ-
ùåãî âî âðåìåíè èíòåðâàëà àíàëèçà. Åñ-
òåñòâåííî, òàêîå îñíîâîïîëàãàþùåå óñ-
ëîâèå òðåáóåò äîïîëíèòåëüíûõ èññëåäî-
âàíèé. Êðîìå òîãî, íåîáõîäèìî îòìåòèòü,
÷òî âåëè÷èíà εzz íåïðåðûâíà íà ëþáîé
ãðàíèöå. Ïî ýòèì äâóì ïðè÷èíàì
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ñèòåëüíûå èçìåíåíèÿ ïëîòíîñòè íàä è ïîä

ïðîèçâîëüíîé ãðàíèöåé, à 
1

1

v

v∆
 è 

2

2

v

v∆

� ñîîòâåòñòâåííî îòíîñèòåëüíûå èçìå-
íåíèÿ ñêîðîñòè íàä è ïîä ýòîé æå ãðà-
íèöåé.

Ïðè òàêèõ óñëîâèÿõ êîýôôèöèåíò îò-
ðàæåíèÿ îò ãðàíèöû äî èçìåíåíèÿ ñâîéñòâ
ñðåäû, ðàâíûé
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Òàêèì îáðàçîì, ïðè óêàçàííûõ óñëî-
âèÿõ âåëè÷èíû êîýôôèöèåíòîâ îòðàæå-
íèÿ ãðàíèö â ïðîöåññå èçìåíåíèÿ ñâîéñòâ
ñðåäû ñîõðàíÿþòñÿ, íî ñìåùàþòñÿ â íî-
âîå ïîëîæåíèå âäîëü îñè äâîéíîãî âðå-
ìåíè ïðîáåãà âîëí. Ôîðìàëüíî ýòî ìîæ-
íî ïðåäñòàâèòü òàê:

,)]([)( 21 ttsts ∆−= (4)

ãäå s1 
(t) è s2 

(t) � ñîîòâåòñòâåííî îòðà-
æàòåëüíûå ñïîñîáíîñòè ñðåäû äî è ïîñ-
ëå èçìåíåíèÿ åå ñâîéñòâ, à ∆

 
(t) � çàâè-

ñÿùèé îò äâîéíîãî âðåìåíè ïðîáåãà âðå-
ìåííîé ñäâèã ìåæäó íèìè.

Ìîäåëü âðåìåííîãî ñäâèãà. Îáû÷íî
ïðåäïîëàãàåòñÿ, ÷òî âåëè÷èíà s1 

(t) èçìå-
íÿåòñÿ äîñòàòî÷íî ïëàâíî âäîëü îñè âðå-
ìåíè, è ïîýòîìó ïðåäïîëàãàåòñÿ ïðàâî-
ìî÷íûì ñ÷èòàòü ñäâèã ìåæäó s1 

(t) è s2 
(t)

ïîñòîÿííûì â ïðåäåëàõ îêíà àíàëèçà. Îò-
ñþäà ñëåäóåò ïðîñòåéøèé ìåòîä îöåíêè
âðåìåííîãî ñäâèãà ìåæäó s1 

(t) è s2 
(t) ïî

ïîâåäåíèþ ìàêñèìóìà èõ ôóíêöèè âçàèì-
íîé êîððåëÿöèè [Rickett et al., 2007]. Îä-
íàêî òàêîé ìåòîä îáëàäàåò î÷åíü íèçêîé

óñòîé÷èâîñòüþ, äëÿ ïîâûøåíèÿ êîòîðîé
ïðåäëàãàåòñÿ îñðåäíåíèå ýòîé ôóíêöèè
ïî íåñêîëüêèì ñîñåäíèì òðàññàì. Ñ ýòîé
æå öåëüþ ðàçðàáîòàíû è èñïîëüçóþòñÿ
áîëåå ñëîæíûå àëãîðèòìû, îñíîâàííûå
íà îïòèìèçèðîâàííûõ ðåøåíèÿõ îáðàò-
íûõ çàäà÷ ñ îãðàíè÷åíèÿìè [Rickett et al.,
2007; Lie, 2011], íà îöåíêàõ áèêîãåðåíòíî-
ñòè ñ èñïîëüçîâàíèåì êóìóëÿíòíûõ ôóíê-
öèé òðåòüåãî ïîðÿäêà [Yung, Ikelle, 1997;
Naeini, Hoeber, 2008] è íà ñî÷åòàíèè ðàç-
ëîæåíèÿ Òåéëîðà ñ ìåòîäîì íàèìåíüøèõ
êâàäðàòîâ [Hatchell et al., 2003;  Naeini,
Hoeber, 2008].

Åñëè âðåìåííûå ñäâèãè â ïåðåêðûâà-
þùåé òîëùå äåéñòâèòåëüíî ìîãóò áûòü
ïëàâíî èçìåíÿþùèìèñÿ ôóíêöèÿìè âðå-
ìåíè, òî â ðàéîíå âåðõíåé ãðàíèöû ýêñ-
ïëóàòèðóåìîãî èíòåðâàëà îíè îáû÷íî èç-
ìåíÿþòñÿ äîñòàòî÷íî ðåçêî [Avseth et al.,
2013; Nguyen et al., 2015; Røste et al., 2015].
Â òàêîé ñèòóàöèè ìîäåëü ïîñòîÿííîãî âðå-
ìåííîãî ñäâèãà ìåæäó s1 

(t) è s2 
(t) è âûòå-

êàþùèé èç íåå ìåòîä îöåíêè, îñíîâàí-
íûé íà ôóíêöèè âçàèìíîé êîððåëÿöèè,
íåïðàâîìî÷íû. Ïîýòîìó èìååò ñìûñë äî-
áàâèòü â àïïðîêñèìàöèþ âðåìåííîãî ñäâè-
ãà â ïðåäåëàõ îêíà àíàëèçà ëèíåéíóþ ñî-
ñòàâëÿþùóþ, ñîîòâåòñòâóþùóþ âòîðîìó
÷ëåíó ðàçëîæåíèÿ ∆

 
(t) â ðÿä Òåéëîðà:

,)()( 00 ttt −τ+τ=∆ & (5)

ãäå 
0

0 tt
t =∆=τ )( . Òàêèì îáðàçîì, â ýòîì

ñëó÷àå âðåìåííîé ñäâèã ∆
 
(t) ìåæäó s1 

(t)
è s2 

( t ) õàðàêòåðèçóåòñÿ äâóìÿ ïàðàìåò-
ðàìè � τ0 è τ& . Ïåðâûé èç íèõ èìååò èí-
òåãðàëüíûé õàðàêòåð, ïîñêîëüêó îòðàæà-
åò ñóììàðíîå âëèÿíèå âñåé âûøåëåæà-
ùåé òîëùè. Ïî ýòîé ïðè÷èíå îí ïðåäñòàâ-
ëÿåò ìåíüøèé èíòåðåñ äëÿ èññëåäîâàòå-
ëåé ïî ñðàâíåíèþ ñ τ& , êîòîðûé ëó÷øå õà-
ðàêòåðèçóåò è ïîçâîëÿåò ïðîèíòåðïðåòè-
ðîâàòü ëîêàëüíûé âðåìåííîé ñäâèã ìåæ-
äó s1 

(t) è s2 
(t) [Rickett et al., 2007].

Èç-çà îòñóòñòâèÿ âîçìîæíîñòè ïðÿìî
îöåíèòü ïàðàìåòð τ&  [Rickett et al., 2007]
ïðåäëàãàþò ñíà÷àëà îöåíèòü ∆

 
(t) ñ èñïîëü-

çîâàíèåì òðàäèöèîííîãî ìåòîäà, îñíîâàí-
íîãî íà èñïîëüçîâàíèè ôóíêöèè âçàèì-
íîé êîððåëÿöèè, à çàòåì âûïîëíèòü äèô-
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ôåðåíöèðîâàíèå ðåçóëüòàòà ïî âðåìåíè.
Íî, êàê áûëî îòìå÷åíî, ýòîò òðàäèöèîí-
íûé ìåòîä íå òîëüêî íåóñòîé÷èâ, íî è âðÿä
ëè ìîæåò áûòü óñïåøíî ïðèìåíåí â óñ-
ëîâèÿõ ðåçêîé èçìåí÷èâîñòè ïîâåäåíèÿ
∆

 
(t) â ïðåäåëàõ àíàëèçèðóåìîãî èíòåðâà-

ëà. Äîïîëíèòåëüíîå ñî÷åòàíèå ýòîãî ìå-
òîäà ñ íåóñòîé÷èâîé ïðîöåäóðîé äèôôå-
ðåíöèðîâàíèÿ åùå áîëüøå ïîíèæàåò óñ-
òîé÷èâîñòü âñåé òåõíîëîãè÷åñêîé ñõåìû
â öåëîì. Ó÷èòûâàÿ ïðèñóòñòâèå ñèëüíûõ
èñêàæåíèé â îöåíêàõ ∆

 
(t), â ðàáîòå [Ric-

kett et al., 2007] ïðåäëàãàåòñÿ ïåðåä äèô-
ôåðåíöèðîâàíèåì âûïîëíèòü òùàòåëüíóþ
îáðàáîòêó ìàòåðèàëà, âêëþ÷àþùóþ óñò-
ðàíåíèå âûáðîñîâ è ïîñëåäóþùåå ñãëà-
æèâàíèå. Îäíàêî òàêàÿ ïðîöåäóðà âïî-
ñëåäñòâèè ìîæåò ïðèâåñòè ê ïîòåðå âàæ-
íûõ äåòàëåé â èíòåðïðåòàöèè îáùåé êàð-
òèíû èçìåíåíèÿ ãåîìåõàíè÷åñêèõ ñâîéñòâ
ñðåäû.

Â ðàáîòå [Fomel, Jin, 2007] ïðåäëîæå-
íî ïðåäâàðèòåëüíî ðàñòÿãèâàòü èëè ñæè-
ìàòü s1 

(t) è çàòåì âûáèðàòü òàêîå çíà÷å-
íèå ïàðàìåòðà τ& , êîòîðîå îáåñïå÷èâàåò
ìàêñèìàëüíîå ëîêàëüíîå ïîäîáèå âèäî-
èçìåíåííîé âî âðåìåíè òðàññû s1 

(t) è òðàñ-
ñû s2 

(t).
Íèæå îïèñàí ïðåäëàãàåìûé àâòîðàìè

ïðèíöèïèàëüíî íîâûé ïîäõîä ê îöåíêå
âåëè÷èí τ0 è τ& .

Òåîðèÿ ìåòîäà. Ïóñòü íà âõîä ïðîöåäó-
ðû âçàèìíîé êîððåëÿöèè (â äàëüíåéøåì
� êîððåëÿòîðà) ïîñòóïàþò äâà ñëó÷àé-
íûõ ïðîöåññà, êàæäûé èç êîòîðûõ ïðåä-
ñòàâëÿåò ñîáîé ñóììó ñèãíàëà è øóìà:

,)()()( 111 tntstu +=

.)()()( 222 tntstu +=
Ïðåäïîëîæèì, ÷òî, âî-ïåðâûõ, îáà øóìà
íå êîððåëèðóþòñÿ ìåæäó ñîáîé è ñ ñèã-
íàëàìè, âî-âòîðûõ, êàæäàÿ ñîñòàâëÿþùàÿ
èìååò íóëåâîå ìàòåìàòè÷åñêîå îæèäàíèå
è, â-òðåòüèõ, ìîùíîñòè ñèãíàëîâ ðàâíû.
Óñëîâèìñÿ òàêæå, ÷òî ñèãíàëû s1 

(t) è s2 
(t),

êàê ýòî ïðåäñòàâëåíî â óðàâíåíèè (4), îò-
ëè÷àþòñÿ ìåæäó ñîáîé ìãíîâåííîé âðå-
ìåííîé çàäåðæêîé ∆

 
(t), êîòîðàÿ íà íåêî-

òîðîì íåáîëüøîì èíòåðâàëå âðåìåíè ÿâ-
ëÿåòñÿ ëèíåéíîé ôóíêöèåé âðåìåíè, îïè-

ñûâàåìîé óðàâíåíèåì (5). Ïðè ýòîì ≤− 0tt
)( maxτ+≤ T / 2, ãäå T � âðåìÿ èíòåãðèðî-

âàíèÿ êîððåëÿòîðà, à tmax � ìàêñèìàëü-
íîå èçìåíåíèå çàäåðæêè.

Â îáùåì ñëó÷àå ðåçóëüòàò íà âûõîäå
êîððåëÿòîðà èçìåíÿåòñÿ âî âðåìåíè, ïî-
ñêîëüêó îò âðåìåíè çàâèñèò çàäåðæêà ∆

 
(t).

Îäíàêî ìîæíî ñ÷èòàòü, ÷òî â ìîìåíò t = t0
ôóíêöèÿ âçàèìíîé êîððåëÿöèè íå çàâè-
ñèò îò âðåìåíè è îïðåäåëÿåòñÿ òàê:

( ) ( ) ( )∫
+

−

τ+=τ

Tt

Tt

tdtutu
T

R
2

1

2

1
12

0

0

.
1

(6)

Ââèäó êîíå÷íîãî âðåìåíè èíòåãðèðî-
âàíèÿ T ôóíêöèÿ R (τ) íîñèò ñëó÷àéíûé
õàðàêòåð è ïîýòîìó äîëæíà áûòü îöå-
íåíà ñòàòèñòè÷åñêè. Ñ ýòîé öåëüþ èìå-
åò ñìûñë îïðåäåëèòü åå ìàòåìàòè÷åñêîå
îæèäàíèå, ò. å. âûïîëíèòü îñðåäíåíèå
ýòîé ôóíêöèè ïî áåñêîíå÷íîìó àíñàìá-
ëþ íåçàâèñèìûõ ðåàëèçàöèé, ïîëó÷åííûõ
â îäèíàêîâûõ óñëîâèÿõ. Ïðè ýòîì âñëåä-
ñòâèå íà÷àëüíîãî ïðåäïîëîæåíèÿ î íåêîð-
ðåëèðóåìîñòè îáîèõ øóìîâ ìåæäó ñîáîé
è ñ ñèãíàëàìè âûðàæåíèå (6) ñâîäèòñÿ ê
âçàèìíîé êîððåëÿöèè ìåæäó ñèãíàëàìè
s1 

(t) è s2 
(t):

( ){ } ( ) ( ){ }∫
+

−

τ+=τ

Tt

Tt

tdtstsE
T

RE
2

1

2

1
12

0

0

,
1

ãäå E � îïåðàòîð âçÿòèÿ ìàòåìàòè÷åñ-
êîãî îæèäàíèÿ. Âûïîëíåíèå ýòîé îïåðà-
öèè è ïîñëåäóþùèé ïåðåõîä â ñïåêòðàëü-
íóþ îáëàñòü ïîçâîëèëè ïîëó÷èòü ñëåäóþ-
ùåå âûðàæåíèå âçàèìíîãî ñïåêòðà ìîù-
íîñòè äâóõ ñèãíàëîâ [Remley, 1963]:

=ω)(R (7)

( )[ ]{ }
( )[ ]

,
1

exp
12

12sin
)( 0







τ−

τω
−

τ−τω

τ−τω
ω=

&&&

&& i

T

T
P

ãäå P
 
(ω) � ñïåêòð ìîùíîñòè íåäåôîðìè-

ðîâàííîãî âî âðåìåíè ñèãíàëà s1 
(t).
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Êîãäà ñêîðîñòü èçìåíåíèÿ âðåìåííîé
çàäåðæêè ðàâíà íóëþ (τ&  = 0), âçàèìíûé
ñïåêòð (7) ïðèîáðåòàåò òðàäèöèîííûé âèä:

.)(exp)()( 0τω−ω=ω iPR

Åñëè ïàðàìåòðû τ0 è τ&  ÿâëÿþòñÿ èñêî-
ìûìè, îíè ìîãóò áûòü îöåíåíû ïî ìåòî-
äó íàèìåíüøèõ êâàäðàòîâ ñ èñïîëüçîâà-
íèåì îòíîøåíèÿ ñïåêòðîâ íà âûõîäå êîð-
ðåëÿòîðà:

=
ω
ω

)(

)(

P

R
(8)

( )[ ]{ }
( )[ ]

.
1

exp
12

12sin 0






τ−

τω
−

τ−τω

τ−τω
=

&&&

&& i

T

T

Ìîäåëüíûé ýêñïåðèìåíò. Îí âûïîë-
íÿëñÿ ïî ñõåìå, èçîáðàæåííîé íà ðèñ. 1,
è áûë ïðåäíàçíà÷åí ïîêàçàòü çàâèñèìîñòü
îòíîøåíèÿ âçàèìíîãî ñïåêòðà ìîùíîñòè
òðàññ s1(t) è s2(t) ê ñïåêòðó ìîùíîñòè òðàñ-
ñû s1 

(t) îò êîëè÷åñòâà èñïîëüçóåìûõ íåçà-
âèñèìûõ ðåàëèçàöèé ñëó÷àéíîãî ïðîöåñ-
ñà. Ïðè ýòîì äëÿ ìîäåëèðîâàíèÿ î÷åðåä-
íîé ðåàëèçàöèè òðàññû s1 

(t) èñïîëüçîâàë-
ñÿ îäèí èç ãåíåðàòîðîâ ïñåâäîñëó÷àéíûõ
÷èñåë (ïîäïðîãðàììà RNUM / DRNUM èç
áèáëèîòåêè Math Library IMSL äëÿ Micro-
soft Fortran Power Station). Äëÿ ïîëó÷åíèÿ
èç òðàññû s1 

(t) òðàññû s2 
(t) ñ ëèíåéíî èç-

ìåíÿþùåéñÿ âî âðåìåíè çàäåðæêîé ∆
 
(t)

ïðèìåíÿëàñü èíòåðïîëÿöèîííàÿ ôîðìó-
ëà Óèòòåêåðà�Øåííîíà (Êîòåëüíèêîâà)
[Franks, 1969].

Íà ðèñ. 2 ïðåäñòàâëåí íîðìèðîâàííûé
âçàèìíûé ñïåêòð ìîùíîñòè R

 
(ω) /P

 
(ω) äëÿ

T = 1ñ, τ0 = 0, ïðîèçâîëüíî âûáðàííîé âå-
ëè÷èíû τ&  = 0,01771 è ðàçíîãî êîëè÷åñòâà
èñïîëüçîâàííûõ íåçàâèñèìûõ ðåàëèçà-
öèé ïñåâäîñëó÷àéíîãî ïðîöåññà, èìèòè-
ðóþùèõ òðàññó s1(t). Ðèñóíîê äåìîíñòðè-
ðóåò ïîëíîå îòñóòñòâèå êàêîé-ëèáî çàêî-
íîìåðíîñòè â ïîâåäåíèè âçàèìíîãî ñïåêò-
ðà ïðè èñïîëüçîâàíèè òîëüêî îäíîé ðåà-
ëèçàöèè, ÷òî åùå ðàç ñâèäåòåëüñòâóåò î
íåóñòîé÷èâîñòè ïðîöåäóðû îöåíêè âðå-
ìåííûõ ñäâèãîâ ñ èñïîëüçîâàíèåì ôóíê-
öèè âçàèìíîé êîððåëÿöèè. Ýòîò íåäîñòà-
òîê, íåñîìíåííî, äîïîëíèòåëüíî óñóãóá-
ëÿåòñÿ ïî ìåðå ðîñòà τ& . Ñ óâåëè÷åíèåì

êîëè÷åñòâà èñïîëüçîâàííûõ ðåàëèçàöèé
ïñåâäîñëó÷àéíîãî ïðîöåññà äèñïåðñèÿ ïî-
ëó÷àåìîé îöåíêè íîðìèðîâàííîãî âçàèì-
íîãî ñïåêòðà ìîùíîñòè ìîíîòîííî óìåíü-
øàåòñÿ è îöåíêà ñòðåìèòñÿ ê ïðåäåëüíî-
ìó àíàëèòè÷åñêîìó âèäó, îïèñûâàåìîìó
óðàâíåíèåì (8).

Âëèÿíèå äåñÿòèêðàòíîãî óâåëè÷åíèÿ
ñêîðîñòè èçìåíåíèÿ âðåìåííîé çàäåðæ-
êè (τ& = 0,1771) ïðè ïðî÷èõ ðàâíûõ óñëîâè-
ÿõ íà ïîâåäåíèå íîðìèðîâàííîãî âçàèì-
íîãî ñïåêòðà ìîùíîñòè ïîêàçàíî íà ðèñ.3.

Ðèñ. 1. Áëîê-ñõåìà ìîäåëüíîãî ýêñïåðèìåíòà, ïðåä-
íàçíà÷åííîãî ïîêàçàòü çàâèñèìîñòü îòíîøåíèÿ âçà-
èìíîãî ñïåêòðà ìîùíîñòè òðàññ s1 

(t) è s2 
(t) ê ñïåêò-

ðó ìîùíîñòè òðàññû s1 
(t) îò êîëè÷åñòâà èñïîëüçó-

åìûõ ðåàëèçàöèé ñëó÷àéíîãî ïðîöåññà.
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Çäåñü â öåëîì íàáëþäàåòñÿ òà æå çàêîíî-
ìåðíîñòü, ÷òî íà ðèñ. 2. Îäíàêî ïðè ýòîì
êðèâàÿ (8) çíà÷èòåëüíî áûñòðåå óìåíü-
øàåòñÿ ïî àìïëèòóäå â âûáðàííîì äèà-
ïàçîíå ÷àñòîò 0�250 Ãö è, ñëåäîâàòåëü-
íî, çíà÷èòåëüíî õóæå ïðîÿâëÿåòñÿ íà âû-
ñîêèõ ÷àñòîòàõ ïðè òîé æå äèñïåðñèè
îöåíîê âçàèìíîãî ñïåêòðà ìîùíîñòè. Ïî-
ýòîìó â äàííîì ñëó÷àå äëÿ áîëåå íàäåæ-
íîé îöåíêè âçàèìíîãî ñïåêòðà âî âñåì

äèàïàçîíå ÷àñòîò òðåáóåòñÿ çíà÷èòåëüíî
áîëüøåå êîëè÷åñòâî íåçàâèñèìûõ ðåàëè-
çàöèé ïñåâäîñëó÷àéíîãî ïðîöåññà.

Èñòî÷íèê âõîäíûõ äàííûõ äëÿ ðåàëè-
çàöèè ïðåäëàãàåìîé òåõíîëîãèè íà ïðàê-
òèêå. Îïèñàííûé ìåòîä ïðåäïîëàãàåò èñ-
ïîëüçîâàíèå äîñòàòî÷íî áîëüøîãî êîëè-
÷åñòâà íåçàâèñèìûõ ðåàëèçàöèé ñëó÷àé-
íîãî ïðîöåññà äëÿ ïîëó÷åíèÿ íàäåæíûõ
îöåíîê íîðìèðîâàííîãî âçàèìíîãî ñïåêò-

Ðèñ. 3. Çàâèñèìîñòü íîðìèðîâàííîãî âçàèìíîãî
ñïåêòðà ìîùíîñòè R (ω) / P (ω) ïðè T = 1 ñ, τ0 = 0 è
τ& = 0,1771 îò êîëè÷åñòâà èñïîëüçîâàííûõ íåçàâèñè-
ìûõ ðåàëèçàöèé ïñåâäîñëó÷àéíîãî ïðîöåññà, èìèòè-
ðóþùèõ òðàññó s1 

(t): à � 1, á � 100, â � 500, ã �
1000, ä � 10 000.

Ðèñ. 2. Çàâèñèìîñòü íîðìèðîâàííîãî âçàèìíîãî
ñïåêòðà ìîùíîñòè R (ω) / P (ω) ïðè T = 1 ñ, τ0 = 0 è
τ& = 0,01771 îò êîëè÷åñòâà èñïîëüçîâàííûõ íåçàâè-
ñèìûõ ðåàëèçàöèé ïñåâäîñëó÷àéíîãî ïðîöåññà, èìè-
òèðóþùèõ òðàññó s1 

(t): à � 1, á � 100, â � 500, ã �
1000, ä � 10 000.
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ðà ñîîòâåòñòâóþùèõ òðàññ ïîâòîðíûõ ñåé-
ñìè÷åñêèõ íàáëþäåíèé. Òîëüêî â òàêîì
ñëó÷àå âîçìîæíà íàäåæíàÿ îöåíêà èíòå-
ðåñóþùèõ íàñ ïàðàìåòðîâ τ0 è τ& . Îäíà-
êî äëÿ ýòîé öåëè íå ìîãóò áûòü èñïîëü-
çîâàíû íàáîðû ñìåæíûõ òðàññ îáû÷íûõ
ñåéñìè÷åñêèõ èçîáðàæåíèé, ïîñêîëüêó
îíè â çíà÷èòåëüíîé ñòåïåíè ñòàòèñòè÷åñ-
êè çàâèñèìû. Ïîýòîìó äëÿ ïðåäëàãàåìîé
òåõíîëîãèè èìååò ñìûñë âìåñòî ñàìèõ ñåé-
ñìè÷åñêèõ èçîáðàæåíèé èñïîëüçîâàòü èõ
ñëó÷àéíûå êîìïîíåíòû, ïîðîæäåííûå õà-
îòè÷åñêèìè ôëóêòóàöèÿìè àêóñòè÷åñêî-
ãî èìïåäàíñà â íèæíåì ïîëóïðîñòðàíñòâå.

Åñëè îòðàæàþùèå ãðàíèöû â ïðåäå-
ëàõ èçó÷àåìîãî èíòåðâàëà ëîêàëüíî ïàðàë-
ëåëüíû, i-ÿ òðàññà ñåéñìè÷åñêîé çàïèñè
ìîæåò áûòü àïïðîêñèìèðîâàíà ìîäåëüþ

.)()()()( tnttsatu iiii +ξ+= (9)

Çäåñü ñèãíàëüíàÿ êîìïîíåíòà, ïðåäñòàâ-
ëåííàÿ ïåðâûì ÷ëåíîì â ïðàâîé ÷àñòè
óðàâíåíèÿ (9), èìååò ïîñòîÿííóþ ôîðìó
s

 
(t) è ïðîèçâîëüíóþ àìïëèòóäó ai íà ðàç-

íûõ êàíàëàõ, ξ i (t) � íåçàâèñèìàÿ îò ñèã-
íàëüíîé êîìïîíåíòû ñëó÷àéíàÿ ñîñòàâëÿ-
þùàÿ çàïèñè, âûçâàííàÿ ïðîñòðàíñòâåí-
íûìè âàðèàöèÿìè àêóñòè÷åñêîãî èìïåäàí-
ñà è ïîäâåðæåííàÿ, êàê è ñèãíàë, âðåìåí-
íûì äåôîðìàöèÿì íà ïîâòîðíûõ íàáëþ-
äåíèÿõ, à ni (t) � ñëó÷àéíûé àääèòèâíûé
øóì, íå çàâèñèìûé îò s

 
(t) è ξi (t). Åñëè ξi (t)

è ni (t) èìåþò íåçàâèñèìûå îò íîìåðà òðàñ-
ñû i äèñïåðñèè, îíè ìîãóò áûòü ïîëó÷å-
íû â ðåçóëüòàòå âû÷èòàíèÿ èç çàïèñè åå
ðåãóëÿðíîé êîìïîíåíòû ai  

s
 
(t) àïïðîêñè-

ìàöèåé íàèáîëåå ýíåðãåòè÷åñêè âûðàæåí-
íûì ÷ëåíîì ñèíãóëÿðíîãî ðàçëîæåíèÿ.
Ýòîò ìåòîä ïðåäëîæåí â ðàáîòå [Tyapkin
et al., 2004] äëÿ àïïðîêñèìàöèè è âû÷è-
òàíèÿ ðåãóëÿðíûõ ïîâåðõíîñòíûõ âîëí.
Ïðè óìåðåííîé íåñîãëàñîâàííîñòè â ïî-
âåäåíèè îòðàæàþùèõ ãðàíèö èçîáðàæå-
íèå ìîæåò áûòü ïðåäâàðèòåëüíî ëîêàëü-
íî �êîíäèöèîíèðîâàíî� äëÿ ïðèâåäåíèÿ
â ñîîòâåòñòâèå ñ òðåáîâàíèÿìè òàêîãî ìå-
òîäà, íàïðèìåð, ïðèìåíåíèåì òåõíîëîãèè,
îïèñàííîé â ðàáîòàõ [Tyapkin et al., 2004;
Tyapkinà et al., 2013].

Åñëè åñòü ïîäîçðåíèå, ÷òî ñåéñìè÷åñ-

êîå èçîáðàæåíèå íåäîñòàòî÷íî ýôôåê-
òèâíî ìèãðèðîâàíî è ïîýòîìó â íåì ïðè-
ñóòñòâóþò îñòàòî÷íûå (íåäîôîêóñèðîâàí-
íûå) äèôðàãèðîâàííûå âîëíû, äëÿ âû÷è-
òàíèÿ ðåãóëÿðíîé êîìïîíåíòû ìîæåò áûòü
èñïîëüçîâàíà òåõíîëîãèÿ, îïèñàííàÿ â ðà-
áîòå [Fomel et al., 2006]. Îíà áàçèðóåòñÿ
íà ðàçðóøàþùèõ ïëîñêèå âîëíû ïðîñò-
ðàíñòâåííûõ ôèëüòðàõ è îäíîâðåìåííî
ïîçâîëÿåò îïòèìèçèðîâàòü ñêîðîñòü ìèã-
ðàöèè äëÿ ïîëó÷åíèÿ áîëåå ýôôåêòèâíî-
ãî ñåéñìè÷åñêîãî èçîáðàæåíèÿ.

Àíàëèç ðèñ. 2 ïîçâîëÿåò ñäåëàòü âû-
âîä , ÷òî óæå ïðè èñïîëüçîâàíèè 500�
1000 ðåàëèçàöèé îöåíêà íîðìèðîâàííî-
ãî âçàèìíîãî ñïåêòðà îáëàäàåò âåñüìà íèç-
êîé îòíîñèòåëüíîé äèñïåðñèåé è õîðîøî
àïïðîêñèìèðóåò ïðåäåëüíûé ñëó÷àé, îïè-
ñûâàåìûé óðàâíåíèåì (8). Äëÿ ïîëó÷åíèÿ
òàêîãî êîëè÷åñòâà ðåàëèçàöèé ïðè óæå
ñòàâøèõ òðàäèöèîííûìè 3D íàáëþäåíè-
ÿõ ìîæåò áûòü èñïîëüçîâàí êóá ñåéñìè-
÷åñêîãî èçîáðàæåíèÿ, ñîäåðæàùèé 23�
32 ñìåæíûå òðàññû ïî êàæäîìó èç îðòî-
ãîíàëüíûõ íàïðàâëåíèé. Ïðè äîñòàòî÷íî
ïëîòíîé ñåòè íàáëþäåíèé ýòî ìîæåò íå-
ñóùåñòâåííî ñíèçèòü ðàçðåøàþùóþ ñïî-
ñîáíîñòü òåõíîëîãèè ïî ëàòåðàëè.

Ïîñêîëüêó òðàññû s1 
(t) è s2 

(t) ïðåäïî-
ëàãàþòñÿ óäîâëåòâîðÿþùèìè óðàâíåíèþ
(4), ïåðåä ðàñ÷åòàìè ïóòåì äåêîíâîëþ-
öèè îíè äîëæíû áûòü ìàêñèìàëüíî ïðè-
áëèæåíû ê ñîîòâåòñòâóþùèì ïîñëåäîâà-
òåëüíîñòÿì êîýôôèöèåíòîâ îòðàæåíèÿ.

Âûâîäû. Ðàçðàáîòàíà íîâàÿ òåõíîëî-
ãèÿ îöåíêè âðåìåííûõ ñäâèãîâ, âîçíèêà-
þùèõ â ñåéñìè÷åñêèõ çàïèñÿõ ïðè ïî-
âòîðíûõ íàáëþäåíèÿõ âñëåäñòâèå èçìå-
íåíèÿ ôèçè÷åñêèõ ñâîéñòâ ïðîäóêòèâíî-
ãî èíòåðâàëà è ïåðåêðûâàþùåé òîëùè,
ñîïðîâîæäàþùåãî ïðîöåññ ýêñïëóàòàöèè
íåôòåãàçîâûõ ìåñòîðîæäåíèé è ïîäçåì-
íûõ ãàçîâûõ õðàíèëèù. Îíà îñíîâàíà íà
ñòàòèñòè÷åñêèõ ñâîéñòâàõ ôóíêöèè âçà-
èìíîé êîððåëÿöèè äâóõ îãðàíè÷åííûõ âî
âðåìåíè ñëó÷àéíûõ ïðîöåññîâ, îäèí èç
êîòîðûõ ïðåäñòàâëÿåò ñîáîé ñäâèíóòûé
è ðàñòÿíóòûé èëè ñæàòûé âî âðåìåíè âà-
ðèàíò âòîðîãî. Ïðåäëàãàåìàÿ òåõíîëîãèÿ
ïîçâîëÿåò îäíîâðåìåííî îïðåäåëèòü ïî-
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ñòîÿííóþ è ëèíåéíóþ ñîñòàâëÿþùèå âðå-
ìåííûõ ñäâèãîâ ïðè äîñòàòî÷íîì êîëè-
÷åñòâå íàêîïëåííûõ ôóíêöèé âçàèìíîé
êîððåëÿöèè òàêèõ ïðîöåññîâ. Ñïðàâåä-
ëèâîñòü òåîðåòè÷åñêèõ îñíîâ ìåòîäà ïîä-
òâåðæäåíà äâóìÿ ÷èñëåííûìè ýêñïåðè-
ìåíòàìè. Â êà÷åñòâå èñòî÷íèêà âõîäíûõ
äàííûõ, íåîáõîäèìûõ äëÿ ïðèìåíåíèÿ
äàííîé òåõíîëîãèè íà ïðàêòèêå, ïðåäëî-
æåíî èñïîëüçîâàòü ñëó÷àéíóþ êîìïîíåí-

òó ñåéñìè÷åñêèõ èçîáðàæåíèé, ïîðîæ-
äåííóþ õàîòè÷åñêèìè ôëóêòóàöèÿìè àêó-
ñòè÷åñêîãî èìïåäàíñà â íèæíåì ïîëóïðî-
ñòðàíñòâå. Îïèñàíû íåêîòîðûå ìåòîäû
àïïðîêñèìàöèè ðåãóëÿðíîé êîìïîíåíòû
ñåéñìè÷åñêèõ çàïèñåé, âû÷èòàíèå êîòî-
ðîé èç çàïèñåé ïîçâîëÿåò ïîëó÷èòü èõ
ñëó÷àéíóþ êîìïîíåíòó, íåîáõîäèìóþ äëÿ
ôóíêöèîíèðîâàíèÿ ïðåäëàãàåìîé òåõíî-
ëîãèè.

Ñïèñîê ëèòåðàòóðû

Avseth P., Skjei N., Skålnes Å., 2013. Rock phy-
sics modelling of 4D time-shifts and time-shift
derivatives using well log data � a North Sea
demonstration. Geophys. Prosp. 61(2), 380�
390. doi: 10.1111/j.1365-2478.2012.01134.x.

Blanchard T. D., Clark R. A., van der Baan M.,
Laws E., 2009. Time-lapse attenuation as a to-
ol for monitoring pore fluid changes in hyd-
rocarbon reservoirs. 71st EAGE Conference,
Extended Abstracts, Paper PO52. doi: 10.3997
/2214-4609-201400042.

Buland A., El Ouair Y., 2006. Bayesian time-lap-
se inversion. Geophysics, 71(3), R43�R48. doi:
10.1190/1.2196874.

Chadwick A., Williams G., Delepine N., Clo-
chard V., Labat K., Sturton S., Buddensiek M.,
Dillen M., Nickel M., Lima A. L., Arts R., Ne-
ele F., Rossi G., 2010. Quantitative analysis
of time-lapse seismic monitoring data at the
Sleipner CO2 storage operation. The Leading
Edge, 29(2), 170�177. doi: 10.1190/1.3304820.

Chen S.-Q., Chadwick A., Li X.-Y., 2010. CO2
injection induced dispersion and attenuation.
80th SEG Annual Meeting, Expanded Abst-
racts, 2527�2531. doi: 10.1190/1.3513363.

Davis T. L., Benson R. D., 2009. Tight-gas seis-
mic monitoring, Rulison Field, Colorado. The
Leading Edge, 28(4), 408�411. doi: 10.1190/
1.3112753.

Dinh H., van der Baan M., Landrø M., 2015.
Time-lapse processing strategies for detect-
ing 4D attenuation changes and shallow gas
movement. 77th EAGE Conference, Extended

Abstracts, Paper Th N101 08. doi: 10.3997/2214-
4609-201413165.

Dupuy B., Balhareth H. M., Landrø M., Stovas A.,
2014. Estimation of rock physics properties
and gas saturation from time-lapse full wave-
form inversion data. 76th EAGE Conference,
Extended Abstracts. Paper Tu P11 11. doi: 10.
3997/2214-4609.20140932.

Dybvik O. P., Gemmer L., Theune U., Østmo S.,
2009. Establishing a geomechanical workflow
for time-lapse modeling of an HPHT field. 71st

EAGE Conference, Extended Abstracts, Pa-
per P343. doi: 10.3997/2214-4609.201400229.

Fomel S., Jin L., 2007. Time-lapse image regis-
tration using the local similarity attribute. 77th

SEG Annual Meeting, Expanded Abstracts,
2979�2983. doi: 10.1190/1.2793090.

Fomel S., Landa E., Taner M., 2006. Post-stack
velocity analysis by separation and imaging of
seismic diffractions. 76th SEG Annual Meet-
ing, Expanded Abstracts, 2559�2563. doi: 10.
1190/1.2370052.

Franks L. E., 1969. Signal theory. Englewood Cliffs.
New York: Prentice-Hall, 317 p.

Grana D., Mukerji T., 2015. Bayesian inversion
of time-lapse seismic data for the estimation
of static reservoir properties and dynamic pro-
perty changes. Geophys. Prosp. 63(3), 637�
655. doi: 10.1111/1365-2478.12203.

Grandi A., Rahmanov O., Neillo V., Bourgeois F.,
Deplante C., Ben-Brahim L., 2010. Time-lapse



ÍÎÂÀß ÒÅÕÍÎËÎÃÈß ÎÖÅÍÊÈ ÂÐÅÌÅÍÍÛÕ ÑÄÂÈÃÎÂ ...

Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018 23

monitoring of the Elgin HPHT Field. 72nd EAGE
Conference, Extended Abstracts, Paper B040.
doi: 10.3997/2214-4609.201400648.

Grude S., Landrø M., Osdal B., 2012. Time-lap-
se pressure-saturation discrimination for CO2
storage at the Snîhvit field. 82nd SEG Annu-
al Meeting, Expanded Abstracts, 1�5. doi:
10.1190/segam2012-0841.1.

Guilbot J., Smith B., 2002. 4D constrained depth
conversion for reservoir compaction estima-
tion: Application to Ekofisk Field. The Lead-
ing Edge 21(3), 302�308. doi: 10.1190/1.1463
782.

Hatchell P. J., van den Beukel A., Molenaar M. M.,
Maron K. P., Kenter C. J., Stammeijer J. G. F.,
van der Velde J. J., Sayers C. M., 2003. Whole
earth 4D: Reservoir monitoring geomechanics.
73rd SEG Annual Meeting, Expanded Abst-
racts, 1330�1333. doi: 10.1190/1.1817532.

Hatchell P., Bourne S., 2005. Rocks under strain:
Strain-induced time-lapse time-shifts are ob-
served for depleting reservoirs. The Leading
Edge 24(12), 1222�1225. doi: 10.1190/1.2149
624.

Lie E. O., 2011. Constrained time-shift estima-
tion. 73rd EAGE Conference, Extended Abst-
racts, Paper G038. doi: 10.3997/2214-4609.201
49239.

Naeini E. Z., Hoeber H., 2008. Improved time
delay estimation. 70th EAGE Conference, Ex-
tended Abstracts, Paper B068. doi: 10.3997/
2214-4609.20147879.

Nguyen P. K. T., Nam M. J., Park C., 2015. A re-
view on time-lapse seismic data processing and
interpretation. Geosci. J. 19(2), 375�392. doi:
10.1007/s12303-014-0054-2.

Remley W., 1963. Correlation of signals having
a linear delay. J. Acoust. Soc. Am. 35(1), 65�
69. doi: 10.1121/1.1918415.

Rickett J., Duranti L., Hudson T., Regel B., Hodg-
son N., 2007. 4D time strain and the seismic

signature of geomechanical compaction at Ge-
nesis. The Leading Edge 26(5), 644�647. doi:
10.1190/1.2737103.

Røste T., Stovas A., Landrø M., 2006. Estimati-
on of layer thickness and velocity changes us-
ing 4D pres-tack seismic data. Geophysics 71(6),
S219�S234. doi: 10.1190/1.2335657.

Røste T., Landrø M., Hatchell P., 2007. Moni-
toring overburden layer changes and fault mo-
vements from time-lapse seismic data. 69th EAGE
Conference, Extended Abstracts, Paper HO19.
doi: 10.3997/2214-4609.201401685.

Røste T., Dybvik O. P., Søreide O. K., 2015. Over-
burden 4D time-shifts induced by reservoir
compaction at Snorre field. The Leading Edge
34(11), 1366�1374. doi: 10.1190/tle34111366.1.

Schutjens P. M. T. M., Burrell R., Fehmers G.,
Hindriks K., Collins C., van der Horst J., 2007.
On the stress change in overburden resulting
from reservoir compaction: Observations from
two computer models and implications for 4D
seismic. The Leading Edge 26(5), 628�634.
doi: 10.1190/1.2737121.

Skov T., Borgos H. G., Halvorsen K. Å., Randen T.,
Sønneland L., Arts R., Chadwick A., 2002.
Monitoring and characterization of a CO2 sto-
rage site. 72nd SEG Annual Meeting, Expand-
ed Abstracts, 1669�1672. doi: 10.1190/1.1816
997.

Tiapkina O., Landrø M., Tyapkin Y., 2013. Gro-
und-roll subtraction from common-shot gath-
ers with significant trace-to-trace variations in
the energy of random noise. J. Geophys. Eng.
10(6). doi: 10.1088/1742-2132/10/6/065001.

Tyapkin Y. K., Marmalyevskyy N. Y., Gorny-
ak Z. V., 2004. Suppression of source-genera-
ted noise using the singular value decompo-
sition. 66th EAGE Conference, Extended Abst-
racts, Paper D028.

Yung S. R., Ikelle L. T., 1997. An example of seis-
mic time picking by third-order bicoherence.
Geophysics 62(6), 1947�1951. doi: 10.1190/1.
1444295.



Þ. Ê. ÒßÏÊÈÍ, Å. Þ. ÒßÏÊÈÍÀ

24 Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018

References

Avseth P., Skjei N., Skålnes Å., 2013. Rock phy-
sics modelling of 4D time-shifts and time-shift
derivatives using well log data � a North Sea
demonstration. Geophys. Prosp. 61(2), 380�
390. doi: 10.1111/j.1365-2478.2012.01134.x.

Blanchard T. D., Clark R. A., van der Baan M.,
Laws E., 2009. Time-lapse attenuation as a to-
ol for monitoring pore fluid changes in hyd-
rocarbon reservoirs. 71st EAGE Conference,
Extended Abstracts, Paper PO52. doi: 10.3997
/2214-4609-201400042.

Buland A., El Ouair Y., 2006. Bayesian time-lap-
se inversion. Geophysics, 71(3), R43�R48. doi:
10.1190/1.2196874.

Chadwick A., Williams G., Delepine N., Clo-

A new technology for estimating time-shifts in seismic
monitoring of the exploitation of oil and gas fields and

underground gas storage sites

 Yu. K. Tyapkin, O. Yu. Tiapkina, 2018

The process of exploitation of oil and gas fields and underground natural gas and
CO2 storage facilities is accompanied by time-dependent changes in the physical pro-
perties of both the reservoir itself and the overburden. The study of these changes via
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sary for the implementation of the proposed technology in practice, to be obtained.
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Âèêîðèñòàíî ÷àñòîòíî-ðåçîíàíñíó òåõíîëîã³þ äëÿ îáðîáêè ³ äåêîäóâàííÿ ñóïóò-
íèêîâèõ çí³ìê³â ë³öåíç³éíèõ áëîê³â 9 ³ 11 ó Ñõ³äíîìó Ñåðåäçåìíîìîð�¿. Ó äîñë³äæó-
âàíîìó ðàéîí³ âèÿâëåíî àíîìàë³¿ òèïó �íàôòà ³ ãàç�. Ñóïåðã³ãàíòñüêå ãàçîâå ðîäî-
âèùå Çîõð çóìîâëþº ÷³òêó àíîìàë³þ ïëîùåþ 251 êì2. Ö³é àíîìàë³¿ â³äïîâ³äàº íà-
ÿâí³ñòü êàíàë³â âåðòèêàëüíî¿ ì³ãðàö³¿ ãëèáîêèõ âóãëåâîäíåâèõ ôëþ¿ä³â ³ ãîðèçîí-
òàëüíèé ãðàä³ºíò ïëàñòîâîãî òèñêó â ðåçåðâóàð³ ðîäîâèùà. Âïåðøå çàïðîïîíîâàíî
âèêîðèñòîâóâàòè ö³ äâ³ õàðàêòåðí³ îñîáëèâîñò³ ÿê ³íäèêàòîðè ðåíòàáåëüíîñò³ ïåðñ-
ïåêòèâíî¿ ñòðóêòóðè. Íà ¿õ îñíîâ³ äëÿ ðîçâ³äóâàëüíîãî áóð³ííÿ áóëî ðåêîìåíäîâà-
íî ê³ëüêà àíîìàë³é òèïó �íàôòà ³ ãàç� ó áëîêàõ 9 ³ 11. Íàÿâíà ³íôîðìàö³ÿ íå äàº
çìîãè ðîçãëÿäàòè ïåðñïåêòèâíó ñòðóêòóðó Îí³ñ³ôîð ÿê ðåíòàáåëüíå ãàçîâå ðîäî-
âèùå. Ñèë³öèêëàñòè÷íà ³ êàðáîíàòíà ìîäåë³ ðîçâ³äóâàëüíèõ ðîá³ò îäíàêîâîþ ì³ðîþ
åôåêòèâí³ ó ºãèïåòñüê³é, ê³ïðñüê³é òà ³çðà¿ëüñüê³é åêñêëþçèâíèõ åêîíîì³÷íèõ çî-
íàõ. Ó íèõ àá³îãåííèé ìåòàí º îñíîâíèì êîìïîíåíòîì ãàçó, ùî ï³äí³ìàºòüñÿ äî ïà-
ñòîê ç ãëèáøèõ øàð³â. Âèá³ð îïòèìàëüíîãî ì³ñöåïîëîæåííÿ áóð³ííÿ ïîòðåáóº ì³æ-
äèñöèïë³íàðíîãî ï³äõîäó.

Êëþ÷îâ³ ñëîâà: êîíóñ âèíîñó Í³ëó, áàñåéí Ëåâ³àíò, äåêîäóâàííÿ ñóïóòíèêîâèõ
çí³ìê³â, êëàñèô³êàö³ÿ ïåðñïåêòèâíèõ ñòðóêòóð, ïîõîäæåííÿ âóãëåâîäí³â.

Introduction. The Eastern Mediterrane-
an is one of the world�s most attractive are-
as for hydrocarbons exploration due to nu-
merous gas fields and discoveries (Fig. 1)
and an acceptable rate of drilling success
[Gardosh, 2016]. The USGS estimated tech-
nically recoverable gas reserves at about 6.2
and 4.0 trillion cubic meters (TCM) in the
Nile Delta Basin Province and Levant Ba-
sin Province, respectively [Kirschbaum et al.,
2010; Schenk et al., 2010]. The total reser-

ves of 10.2 TCM are enough to supply the
worldwide consumption for about 2.5 years
at a mean rate of expenditure in 2014�2016
[BP Statistical ..., 2017].

Based on the results from the Abu Ma-
di, El Temsah, Ha�py, Roseta, Roven, Atoll
(Egyptian EEZ), Tamar, Leviathan, Dalit ,
Dolphin, Noa, Tanin, Pinnacles and Karish
(Israeli EEZ) gas fields, exploration targeted
Oligocene-Pliocene siliciclastic plays in the
EEZs. The biggest Egyptian Atoll field con-

DOI: 10.24028/gzh.0203-3100.v40i1.2018.124010
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Fields
Probable

reserves (BCM,
BMT)

Discovery date Status

Aphrodite (gas) 128 2011 Pursuing gas sales

Tamar (gas) 280 2009 Producing

Leviathan (gas) 620 2010 Pursuing gas sales

Zohr (gas) 845 2015 Pursuing gas sales

Atoll (gas)
(condensate)

42
4.3 2015 Start of production, 2018

T a b l e 1 . Major gas fields in the siliciclastic reservoirs [Ellinas et al., 2016; Atoll ..., 2016]

Fig. 1. Location of the hydrocarbon fields and discoveries of the Egyptian, Israeli and Cypriot EEZs in
the Eastern Mediterranean [Kirschbaum et al., 2010; Esestime et al., 2016]. 9 and 11 are numbers of the
Blocks 9 and 11.

tains 42 billion cubic meters (BCM) of gas
and 4.3 billion metric tons (BMT) of con-
densate [Atoll ..., 2016].

In 2015 the supergiant Zohr gas field was
discovered whose probable reserves are 845

BCM. As gas is concentrated in the Early
to Middle Miocene coral reefs at the base
of the thick carbonate platform in the Egyp-
tian EEZ, the exploration programmes of this
field discoverer were increasingly shifted
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towards searching for large limestone bu-
ild-ups in the Levantine platform in the area
south of Cyprus where the Miocene paleo-
lagoons are widespread. After intensive seis-
mic campaign an inference was made that
in the Cypriot EEZ there�s a similar to the
Zohr type hypergigantic reserve which is es-
timated as, at least 5 times, greater than Zohr
[Conophagos et al., 2016]. Consequently,
the carbonate build-up was drilled by Oni-
siforos W-1 well in the B11, just near the
Zohr field. Drilling the well was completed
(September, 2017) with the shocking results
[Paraskova, 2017]. The Onisiforos gas field
is not commercially viable because its re-
serves are ca.14 BCM that is 60 times less
than in the Zohr field. Nevertheless, Cypri-
ot Energy Minister Giorgos Lakkotrypis con-
siders the results encouraging because they

confirm the working of the geological model
of Zohr that makes it possible to continue
exploration activity in the frame of this con-
cept. However, the only way to minimize ex-
ploration risk is to include direct methods
of hydrocarbon prospecting into multidis-
ciplinary geological-geophysical works.

The aim of this investigation is to perform
the case study from the Zohr field (Egypti-
an EEZ) with use of the frequency-resonan-
ce technology (FRT) for processing and de-
coding the satellite images and to apply re-
sults to recommend sites for exploration dril-
ling in the Blocks 9 (B9) and 11 (B11) of the
Eastern Mediterranean Sea.

Material and method. The geological sketch
of the Zohr field was based on the interpre-
tation of the seismic line (Fig. 2, a, b). The
field is the biggest in the Eastern Mediter-

Fig. 2. Seismic line across the Zohr gas field (a) and its geological sketch (b)
[Esestime, 2016; Gardosh, 2016].
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ranean. It is situated at a water depth of
1450 m near Egyptian-Cypriot limit of the
EEZs [Esestime et al., 2016]. The explorati-
on well was drilled to 4131 m. The structu-
re occupies 100 km2 with the thickness of
gross gas column of 628 m. The gas reco-
verable reserves are 845 BCM. The field
reservoir is a porous carbonate built-up of
the Early to Middle Miocene age at the ba-
se of a thick sequence of Messinian evapo-
rites within the Levantine Platform. Gas is
suggested to be biogenic migrated from Ce-
nozoic source rocks, which are sealed by the
Messinian Evaporitic complex.

The propriety FRT is used for proces-
sing and decoding the satellite images of
the B9 and B11. Its various aspects are de-
scribed in a number of publications, inclu-
ding [Levashov et al., 2011, 2012, 2017a].
Here are only the basic principles for the
concept of direct hydrocarbon search and
exploration to get a clear idea of it without
addressing other sources.

The novel technology is based on the
generally accepted fact that each kind of
molecules has own strict resonance frequen-
cies of electromagnetic field radiation [Hed-
vig, 1975]. The frequency of any matter is
governed by the chemical composition and
molecular structure or spatial lattice of ma-
terial. This phenomenon is tested by expe-
riments in laboratory. One of the numero-
us examples is presented in Table 2.

An accumulation of homogenous mate-
rial creates a characteristic frequency of elect-
romagnetic radiation whose intensity is pro-
portional to the amount of material. At the

Earth�s surface the modulated signals of a
characteristic frequency contain proper in-
formation on the structure, quantity and com-
position of the material which after discri-
minating can be used to uniquely identify
matter of interest . The carrier signals are
modulated by low frequency electromagne-
tic and seismo-magnetic signals of the litho-
spheric origin including those from hydro-
carbon fields [Shuman, 2007]. A technique
of determining reservoir pressure was deve-
loped by experiments on the known hydro-
carbon fields. A new terminology was in-
troduced to classify the results of remote
sensing: the anomalous zones of �gas de-
posit�, �oil reservoir�, �gas-condensate ac-
cumulation� and �oil and gas occurrence�
types. It�s worth mentioning that these zo-
nes themselves don�t necessarily indicate
commercial hydrocarbon accumulation.

For frequency-resonance processing the
multispectral images are used from diffe-
rent satellites which are in the public doma-
in. The images of Landsat 5 and Landsat 7
with a resolution of 30 m/pixel are used to
performing reconnaissance surveys of large
areas and to processing data on a scale of
1 : 50 000 and smaller. In looking for small
objects the data should be processed on a
larger scale and high-resolution images of
2.5�1.0 m/pixel are needed. The process-
ing time for a satellite image in the A3 for-
mat is 2�3 days.

Frequency-resonance processing and de-
coding satellite images are based on a spe-
cial algorithm for pattern recognition. A la-
ser beam is divided into two absolutely iden-

Water types
Mineralization,

g ⋅ dm�3
Resonance

frequencies, kHz

Structured from Alpine sources < 1 717.6

Weakly mineralized from Morshynski sources 0.1�0.4 643.8

Average mineralization 0.5�1.0 615.7

Strong mineralization 5.0�15.0 551.5

T a b l e 2. Resonance frequencies for water of different mineralization [Levashov et al., 2017b]
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the B9 in the Egyptian EEZ and B11 in the
Cypriot EEZ [Levashov et al., 2015]. The
anomaly-1 (A-1), A-2, A-3 occupies 105, 104,
42 km2 respectively (Fig. 2). The total area
of all the anomalous zones is 251 km2. Tec-
tonic faults are delineated in area of the Zohr
field.

The contour of the A-1 (Fig.3) corresponds
exactly to that of the larger reef (Fig. 4) of
the Zohr build-up mapped by the 3D seis-
mic survey [Goliat ..., 2015]. Within the A-1
three pressure intervals are determined. The
first oil and gas-saturated horizon is charac-
terized by a change in reservoir pressure
from 37.2 to 41.8 MPa. Taking into account
the hydrostatic principle, this pressure cor-
responds to a depth of 3720�4180 m. The
estimated thickness of the productive ho-
rizon is 460 m. In the second hydrocarbon
horizon reservoir pressure varies from 50.7
to 56.2 MPa at a depth of 5070�5620 m.
In the third horizon, the pressure ranges in
the interval of 65.0�65.7 MPa, between 6500
and 6570 m. The depths of the gas-bearing

tical beams by an optical divider. The first
beam is modulated by the signal of hydro-
carbons experimentally registered over oil
and gas fields while the second one is focu-
sed on the satellite image of the study area.
A special processor compares these images
to discriminate a signal of sufficiently incre-
ased intensity due to a resonance effect that
indicates the presence of hydrocarbons.

The ability of technology to searching for
hydrocarbons was proved by a combined
study of ground and satellite methods on
the hydrocarbon fields in Ukraine (Shebe-
linske, Subbotinske, Kobzovske), Kazakh-
stan (Tengiz, Kazhigali, Teren-Uzuyk, Kosh-
kimbet, Karaton) and Turkmenistan (Dou-
letabad�Donmez, Yuzhnyi Iolotan). The es-
timation of relative pressure of fluids in re-
servoirs is principal advantage over availab-
le remote sensing techniques due to suffi-
cient increase in the ability to select places
for commercially successful drilling.

Results. The FRT revealed 3 vast ano-
malous zones of the �oil and gas� type in

Fig. 3. Location of the anomalous zones of �oil and gas� type in the area of the
Zohr field: 1 � contour of the anomalous zones; 2 � tectonic faults; 3 � posi-
tion of the Zohr-1 well; 4 � vertical zones of fluids migration from the FRT da-
ta. GWC � gas-water contact.
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horizons are in good agreement with the
drilling data [Goliat ..., 2015]. The second
example of the impressive coincidence from
independent methods is presented in Fig. 4
where the A-1 and A-3 fully coincide with
the anticline structures on the seismic cross-
sections. However, the results of the FRT are
more informative than of this survey beca-
use they revealed the zones of vertical flu-
ids migration and anomalous reservoir pres-
sure. The increase in the reservoir pressu-
re toward the vertical migration zone is the
common phenomenon of 14 hydrocarbon
fields studied by the FRT all over the world
[Levashov et al., 2015 ]. The role of these
observations in the hydrocarbon accumu-
lation will be discussed further.

Three anomalous zones of the �oil and
gas� type of different areas were found in
the southwestern B9 (Fig. 5). Only the A-1
is an object of interest due to its parame-
ters. The area of the A-1 along the contour
of zero pressure is 25.5 km2 decreasing to

13.3 km2 along the isoline of 60 MPa. A
thickness of the gas-bearing horizons is es-
timated to be 50, 100, 540 and 260 m. The
maximum value of fluids pressure is 141MPa.
A narrow vertical channel of deep fluids mig-
ration is traced in the center of anomaly.

After extensive 2/3D seismic campaign
well Kg-70-1 was drilled by Shell in 2007,
which did not provide compelling eviden-
ce to continue exploration. If we take into
account the results of the FRT only such
an outcome is possible as the well is locat-
ed outside the anomalous zone.

Fig. 6 presents results of the FRT in the
B11 nearby the Egyptian EEZ. The confi-
guration of the �oil and gas� A-1 is the sa-
me as that of seismically derived. It is loca-
ted at a distance of only 5 km from the ba-
se of the Zohr field. Along the isoline of ze-
ro pressure the area is 46 km2 and along the
pressure contour of 60 MPa it is 10.5 km2.
Three intervals of reservoir pressure are es-
timated at a depth of 120 m, 510m and 40 m.

Fig. 4. Comparison of the results from the FRT and 3D seismic surveys in the
B9 and B11 [Goliat ..., 2015]. Blue arrows indicate vertical zones of fluids mig-
ration from the FRT data.
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The maximum value of fluids pressure is
141 MPa. There is a small local vertical con-
duit of deep fluids migration near the center
of the A-1.

After failure drilling by the Onisiforos
West-1 well in the Block 11, the detailed FRT
was applied on 18�22 August, 2017 [Leva-
shov et al., 2017c]. It turned out that the

Fig. 5. Location of the anomalous zones of �oil and gas� type in the area of the Kg-1
well [Levashov et al., 2015]: 1 � scale of the values of reservoir pressure, MPa; 2 � loca-
tion of the vertical channel of fluids; 3 � tectonic faults; 4 � position of the Kg-1 well.
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well was located at the southeastern end of
the distinct �gas� type A-1 (Fig. 7). The ano-
malous zone along the zero MPa isoline has
42 km2, along the 50 MPa isoline is 29 km2.
The maximum value of reservoir pressure
is 53.5 MPa. To the north of the well within
the A-1 the channel was revealed for verti-
cal migration of deep fluids.

Discussion and conclusions. Based on
full support for the results of the FRT by
those of 3D seismic profiling and Zohr-1 well,

an attempt is made to analyze a hydrocar-
bon play (conceptual model) for planning
exploration activity in the B9 and B11. The
hydrocarbon origin, area of anomalous zo-
nes, amount of reservoir pressure and oc-
currence of fluids channels and tectonic fa-
ults are used as inseparable indicators for
a commercial discovery.

There are exploited four distinct petrole-
um plays of ages from the Triassic to Plioce-
ne in the Eastern Mediterranean Region [Es-

Fig. 6. Location of the anomalous zone of �oil and gas� type in the
B11 of the Cypriot EEZ nearby the Zohr gas field [Levashov et al.,
2015]: 1 � scale of the values of reservoir pressure, MPa; 2 � locati-
on of the vertical channel of fluids; 3 � tectonic faults.
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sestime et al., 2016]. They are inferred from
the notions of source rocks, reservoirs, seals
and generation-migration of hydrocarbons.
The Zohr play is widely considered as the
most profitable because it is able to be cha-
racteristic of the whole Egyptian and Cypri-
ot EEZs. Its major elements are biogenic gas,
source rocks of the Oligocene and Miocene
age and top seal of the from thick Messini-
an Evaporites. However, this approach sho-
uld be treated with caution due to the comp-
lete failure results from the Onisiforos West-1
well [Paraskova, 2017]. In the frame of the
Zohr play this fiasco is absolutely unexpla-
inable. The constituents of the Zohr play
are common for the carbonate platform at
least in the B9 and B11 while the Onisifo-
ros West-1 well is spudded at a distance of
only 5 km from the base of the Zohr field.

The vaguest component of the most po-
pular siliciclastic and carbonate plays of the
Eastern Mediterranean is the origin of gas
due to the absence of appropriate informa-
tion on gas composition from big hydrocar-
bon fields in public domain. The Italian Com-
pany ENI determined the gas origin of the
Zohr field by analogy with its previous iden-
tification case for the giant �Perla� biogenic
gas field, Venezuela [Conofagos, Fokianou,
2017]. The Zohr field was created in a kars-
tified limestone reservoir at the margin of
paleo-lagoon in the Miocene similarly to the
paleogeographic setting of the Perla field.
The discovery of the Zohr field is consider-
ed as a significant breakthrough in the exp-
loration strategy. Due to the ENI model the
exploration efforts should be focused on se-
ismically localizing karstified build-ups in
the carbonate platform of the Eastern Medi-
terranean.

In all hydrocarbon plays the gas origin is
inferred from type of source sediments re-
vealed by seismic interpretations in the Eas-
tern Mediterranean (see for example [Peck,
Horscroft, 2005; Lie, Trayfoot, 2009; Di Cuia,
2017]). Such an approach defines, a priori,
the gas origin as biogenic. The same conc-
lusion is reached from thermogenic petrole-
um systems of deep horizons because they
deal with thermally matured organic mat-
ter in sediments [Marlow, 2014]. The only
mention on the deep gas composition came
from the Leviathan Well-1 [Petzet, 2012]. A
gas-bearing zone at about 590 m depth con-
tains gas heavier that in the well�s shallower
intervals suggesting it�s a thermogenic source.

This factual observation is in line with a
regional geochemical study of 38 gas sam-
ples from the nine wells drilled the western
Nile Fan. They approximate location (Fig. 8)
is only given due to a proprietary request
[Vandré et al., 2007]. The samples of the Ear-
ly Miocene to Pliocene age range in depth
from 1527�4480 m. To increase validity of
geochemical data information from other
sampling sites is also used from the eastern
Nile Fan and Israeli offshore.

The values of δ13 and C1 
/
 
(C2 + C3) for

methane vary from –66 to –40 � and 15

Fig. 7. Location of the anomalous zones of �gas� type
in the area of the Onisiforos West-1 well: 1 � scale of
the values of reservoir pressure, MPa; 2 � tectonic fa-
ult; 3 � location of the Onisiforos West-1 well; 4 �
vertical channel of gas migration; 5 � gas migration
paths of vertical migration of deep fluids.
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1978; Pedrosa-Pámies et al., 2015]. Good
source rocks are considered to have 2�5%
of total organic content [Dolson, 2016].

A geochemical analysis of 20 samples
was made from the Miocene and Plio-Pleis-
tocene reservoirs of the Abu Qir, N. Abu
Qir, Temsah, Wakkar and port Fouad fields
(Fig. 10) [Younes, 2015]. The natural gas con-
tains 96.2�99.37 % of methane. The stab-
le carbon and hydrogen isotopic composi-
tion of methane varies from –65.6 to –40.3�
PDB and from –140 to –170 � VPDB strong-
ly indicating mixture of thermogenic and
early microbial methane (Fig. 11). Only ther-
mogenic methane is found in gas from the
western province. Type III kerogen from ter-
restrial organic material is determined who-
se maturity parameter (R0) ranges from 0.6�
0.5 %. As kerogen is cracked into thermal
gas at 1.05 R0 [Norman, 2014] the thermal
gas from the Miocene sediments in the stu-
dy area has abiogenic origin. Furthermore,
in the Levant Basin and surrounding con-
tinental margins the Mesozoic sediments we-
re mainly deposited in deep water [Esesti-
me et al., 2016]. The pelagic sedimentati-
on resulted in deep water detrial limestones,
chalks, marls and shale. Siliciclastic were lo-
cally deposed due to a change in drainage
of nearby land. Only the Triassic sediments
are composed of shallow water carbonates,
local evaporites and minor siliciclastics. The-
refore, terrestrial material is not a source of
Type III kerogen to be cracked into thermo-
genic gas. From this follows that thermoge-
nic gas is of abiogenic origin in the Mesozo-
ic sediments of the Eastern Mediterranean.

A model of generating two types of me-
thane is presented in Fig. 12 [Al-Balushi et
al., 2016]. The PT conditions are believed
to be favourable for the large accumulati-
on of biogenic gas just below the Messini-
an evaporites and for thermogenic gas in
the Cretaceous deposits from which it leaks
vertically to the Cenozoic reservoirs. The com-
parison between Figs. 9, b and 11 demon-
strates their full identity.

As basin and petroleum systems model-
ling is a standard procedure in the explo-
ration activity [see, for example, the comp-

to 2000, respectively. They are presented
in the form of the Bernard and Whiticar
plots to identify the gas origin because it is
widely used approach (Fig. 9, a, b). The va-
lues indicate microbial (2000�66 �) and
thermogenic (13�35 �) origins for the most
of the samples. However, the gas wetness in-
dex and in-C4 ratios don�t change with depth
undoubtedly indicating that methane either
has resulted from microbial altering ther-
mogenic hydrocarbons in situ or from mig-
rating thermogenic gas upwards from a gre-
ater depth. The highest level of biodegrada-
tion is determined in the Pliocene reservo-
ir shallower than 2400 m. In turn, the valu-
es of δ13 between –66.0 � and –39.6 �
and δD from –183� to –148� classify me-
thane as a mixture of the thermogenic and
microbial origin.

Only gas of the thermogenic origin is cha-
racteristic of the Miocene reservoirs. Mic-
robial methane is determined in the Plioce-
ne to recent sediments. The older sediments
accumulated gas that moved upwards from
greater depths. The intermediate gas com-
position results from coexistence of the end
members of these gases.

Minor contribution of the biological me-
thane into the dominant gas pathways was
registered in practically the same areas in
the offshore of the Nile delta [Younes, 2015].
This result is supported by a low content
of organic carbon (0.15�1.15 %) in the bot-
tom deposits and the Upper Miocene, Plio-
cene and Pleistocene sediments (< 0.3 %) in
the Eastern Mediterranean [Kendric et al.,

Fig. 8. Locations of sampling sites for the regional
geochemical study [Vandré et al., 2007].
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rehensive book of [Hantshel, Kauerauf, 2009],
it has been most successfully applied to elu-
cidate the formation and transformation of
hydrocarbon in the Eastern Mediterranean
by [Halstenberg, 2014] and [Al-Balushi et
al., 2016]. The paleo-temperatures calibrat-
ed for the Tamar and SPO-1 wells allow us
to evaluate their role in these processes us-

ing new experimental information on bio-
chemical processes.

The stable carbon and hydrogen isoto-
pic composition of methane was analyzed
from the Isis and North Alex mud volcano
on the western Nile deep-sea fan, about
55km from Alexandria [Mastalerz et al., 2007].
As the values of δ13C and δD are 55.1 �

Fig. 9. Diagrams of carbon (δ13 ) vs. C1 / (C2 + C3) (a) and carbon (δ13 ) vs. hydrogen (δD) (b)
for methane from the wells of the Egyptian and Israeli coast [Vandré et al., 2007].
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VPDB and 203 � VSMOW, respectively the
methane origin is mainly thermogenic. As-
cending fluids from deeper horizons are al-
so revealed.

A new �clumped isotopic� technique re-
vealed that the temperature for the forma-
tion of biological gas is less than 50 °C and
that for thermogenic gas ranges from 155
to 221°C [Stolper et al., 2014]. These results
strongly support the above inference of the

original thermogenic gas in the Miocene se-
diments of Egyptian, Israeli and Cypriot EEZs
as to the temperature at their top was 60�
70 °C [Halstenberg, 2014; AlBalushi et al.,
2016]. On the other hand, an archaeal con-
sortium which is considered to be the ma-
jor anaerobic methanogen of the sea envi-
ronment cannot produce biomethane in the
Mesozoic sediments for further cracking in-
to thermogenic gas. The reason is that the

Fig. 10. Locations of sampling gas field for regional geochemical analysis
[Younes, 2015].

Fig. 11. Diagram of carbon (δ13 ) vs. hydrogen (δD) for methane from
the Nile Delta [Younes, 2015].
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temperature at their top (120 °C) is higher
than the upper limit for Archaea life which
is 121 °C [Kashefi, Lovley, 2003]. In other
words, the thermogenic gas of abiogenic ori-
gin is predominant in the Miocene and de-
eper sediments off the Egyptian and Israe-
li coast.

Foregoing information leads to a logical
conclusion that hydrocarbon plays based on
only multichannel seismic-reflection profile
data and on the biological hydrocarbon con-
cept are not successful in planning the most
economical exploring for prospective oil and
gas discoveries. For example, Shell acquir-
ed 1862 km of 2D seismic lines, 7183 km2

of 3D seismic data and drilled 9 failure ex-
ploration wells in B9 before new concessi-
oner Eni discovered the Zohr field, having
performed additional seismic surveys dur-
ing 3 years. From this follows that drilling
success rate is only 10%. Selecting wells pla-
ces resulted in a very poor achievement si-
milar to that of the old-time �wild cat� ap-
proach which was exploited in unstudied are-
as without any preliminary works. In this
context, it is interesting inside story of ar-

riving at the ENI mega achievement: �Like
all great exploration discoveries also the Zohr
discovery is full of surprises, the unexpec-
ted, intuitions, mistakes, skill, enthusiasm,
and ups and downs in which the human ele-
ment is as crucial as the technology ..., for-
tune favours the brave, right? Right. If Eni
had not decided to bring forward the exp-
loration of Zohr, we would not be here talk-
ing about it� [Alfieri, 2015]. As such, their
decisions appear largely to have been ba-
sed on emotions rather than on an objecti-
ve analysis of the available options from re-
levant multimethod data to obtain the best
result.

To explain such a situation a comparati-
ve analysis was made between the FRT re-
sults from the Zohr and Onisiforos gas fields.
With regard to seismic data, they demon-
strate similar geological setting of these fi-
elds that was the basis for an optimistic fo-
recast to discover new reserves 5 times gre-
ater than the Zohr [Conophagos et al., 2016].
The difference between the FRT results from
the Zohr and Onisiforos gas fields is con-
ceptual due to the absence of the gradient

Fig. 12. Model for the origin of biogenic and thermogenic hydrocarbons in the Aphrodite,
Leviathan and Tamar gas-oil fields [Al-Balushi et al., 2016].
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Fig. 13. Geomagnetic cross-sections of the gas fields in the Eastern Mediterranean [Petrova,
Petrishchev, 2011]. Fields: 1 � gas; 2 � oil; 3 � supposed zones of oil and gas accumulation.

of reservoir pressure in the Onisiforos dis-
covery (See Fig. 6) that is proved to be an
integral feature of commercial hydrocarbon
fields [Levashov et al., 2017a].

There exists co-occurrence of exclusive
commercial and non-commercial wells with-
in the same big hydrocarbon field [Bembel
et al., 2003]. This phenomenon can be ex-
emplified by the Em-Egovskoe field in the
West Siberian oil basin (Russia). Here nine
wells were drilled in the area of 1 km2. Ho-
wever, during 10 years 92 % of oil was ext-
racted from only the well R-2 while the rest
oil recovery was provided by eight wells.
The reason for extremely large productivi-
ty of the well R-2 is that it was accidentally
drilled near the vertical channel of abioge-
nic fluids, which is characterized by high
pressure (�geosoliton tube�). This is parti-
cularly the case for the situation of the Zohr
and Onisiforos wells when the latter was pe-
netrated the reservoir in a site of the back-
ground pressure.

Therefore, the fluid mechanism is the
most suitable for origin fields in the B9 and
B11 because the methane is mainly thermo-

genic in the major gas field of the Eastern
Mediterranean (see the previous text) and
the Zohr Well-1 is located near the vertical
channel of high pressure (See Fig. 3). Ano-
ther line of evidence in favour of this mecha-
nism comes from the interpretation of the
magnetic survey in the area of the hydro-
carbon fields in the Eastern Mediterrane-
an [Petrova, Petrishchev, 2011].

To the west of the Nile Delta and near
the southern coast of the Cyprus gas fields
are confined to the inclined zone of decre-
ased magnetization at a 20�4 km depth
(Fig. 13, a). The similar zone occurs bene-
ath the Nile Delta and the Tamar gas field
(Fig. 13, b). The Dalit gas field is confined
to the low magnetization lens (2�4 km depth)
above the zone of the same condition at a
depth of 10�12 km (Fig. 13, c). The magne-
tization decrease results from hydrocarbon
reworking due to influence of upwelling flows
of heated material from the mantle along
weaken tube-like zones in the lithosphere.
There is a network of intraplate (mantle) tec-
tonic faults delineated by multi-geophysical
approach in the area of gas fields of the Ni-
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le Delta and Levantine Basin [Eppelbaum,
Katz, 2011]. They are able to provide favo-
urable conditions for forming such pathwa-
ys. Thus, selecting an optimal drilling loca-
tion should be based on integrated studies.

Based on the concept of migration of abio-
genic hydrocarbon together with deep flu-
ids along vertical conduit and the increase
in the reservoir pressure toward this path-
way (the peculiarities of the Zohr gas field),
producible volume of hydrocarbons is prog-
nosed within the areas of the B9 and B11
�oil and gas� type anomalies (See Figs. 5, 6).
Available information evidences for non-com-
mercial gas accumulation in the Oniciforos
discovery.

In concussion, the major results are as fol-
lows.
1. The anomalies of �oil and gas� type were

revealed by the frequency-resonance tech-
nology of processing and decoding the
satellite images of the licence B9 and B11.

2. Most of them evidence for the vertical

pathways for migration of deep fluids and
the horizontal gradient of the reservoir
pressure.

3. As these features are characteristic of
the anomaly from the Zohr gas field they
are first used as the indicators of a com-
mercial discovery.

4. Based on these indicators the optimal lo-
cations are recommended for explorati-
on drilling in the B9 and B11. The Oni-
siforos discovery can�t be considered as
commercial.

5. In the Miocene sediments, abiogenic gas
is mostly determined by available infor-
mation on the stable carbon and hydro-
gen isotopic composition of methane from
the wells and paleotemperature regime
off the Egyptian and Israeli coast.

6. The siliciclastic and carbonate plays are
equally useful for planning exploration ac-
tivity in the B9 and B11. To decrease the
in potential risk of drilling requires an in-
terdisciplinary approach.

Implication of satellite images in studying potential
hydrocarbon resources in the licence Blocks 9 and 11,
the exclusive economic zones of Egypt and Cyprus

 O. M. Rusakov, I. N. Korchagin, N. A. Yakymchuk, S. P. Levashov,
V. D. Soloviev, D. N. Bozhezha, 2018

A frequency-resonance technology was used for processing and decoding the sa-
tellite images of the licence Blocks 9 and 11 in the Eastern Mediterranean. The ano-
malies of �oil and gas� type were revealed in the study area. The supergiant Zohr gas
field produces the prominent anomaly covering the largest area of 251 km2. This ano-
maly evidences for the channels for vertical migration of deep hydrocarbon-bearing
fluids and the horizontal gradient in reservoir pressure. For the first time, these two
specific findings were suggested to be indicators of a commercial discovery. Based on
them, several �oil and gas� type anomalies were recommended for exploration drilling
in the Blocks 9 and 11. Available information cannot allow us to consider the Onisiforos
discovery as a commercial gas field. The siliciclastic and carbonate plays are equally
workable in the Egyptian, Cypriot and Israeli EEZs where in the Miocene sediments
abiogenic methane is the main component of gas which ascends to reservoirs from
deeper layers. Selecting an optimal drilling location requires an interdisciplinary ap-
proach.

Key words: Nile Fan, Levant Basin, satellite images decoding, discoveries classificati-
on, hydrocarbons origin.
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Ñîâðåìåííûå è ïàëåîíàïðÿæåíèÿ â ïðåäåëàõ
ñåâåðíîé îêðàèíû ×åðíîãî ìîðÿ è Ãîðíîãî Êðûìà
â ìåçî-êàéíîçîå�êâàðòåðå (ïî ìåõàíèçìàì î÷àãîâ

çåìëåòðÿñåíèé è ïîëåâûì òåêòîíîôèçè÷åñêèì
äàííûì)

 À. Ìóðîâñêàÿ 1, Æ.-Ê. Èïïîëèò 2, Å. Øåðåìåò 1, 3, Ò. Åãîðîâà 1, 2018

1Èíñòèòóò ãåîôèçèêè èì. Ñ. È. Ñóááîòèíà ÍÀÍ Óêðàèíû, Êèåâ, Óêðàèíà
2Óíèâåðñèòåò Àèêñ-Ìàðñåëü, GEREGE UMR 34 CNRS-IRD, BP 80,
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Ïîñòóïèëà 28 äåêàáðÿ 2017 ã.

Ñó÷àñí³ ïîëÿ íàïðóæåíü íà ï³âí³÷í³é ÷àñòèí³ ×îðíîãî ìîðÿ ñõàðàêòåðèçîâàíî
íà ï³äñòàâ³ 32 ìåõàí³çì³â âîãíèù çåìëåòðóñ³â. Îð³ºíòóâàííÿ îñåé ñòèñíåííÿ ó âîã-
íèùàõ çàñâ³ä÷óþòü, ùî ñó÷àñíèé òåêòîí³÷íèé ïðîöåñ â³äáóâàºòüñÿ ïåðåâàæíî â
óìîâàõ ñòèñíåííÿ ³ òðàíñïðåñ³¿. Äëÿ 13 ìåõàí³çì³â, ðîçòàøîâàíèõ ó ïîÿñ³ ì³æ Ï³â-
äåííèì áåðåãîì Êðèìó òà ï³äîøâîþ êîíòèíåíòàëüíîãî ñêëîíó, ðîçðàõîâàíî ðåã³î-
íàëüíå ïîëå íàïðóæåíü, ÿêå â³äîáðàæàº äåôîðìàö³éíèé ðåæèì ãîðèçîíòàëüíîãî
ñòèñíåííÿ ó ï³âí³÷íî-çàõ³äíîìó�ï³âäåííî-ñõ³äíîìó íàïðÿìêó. Íàâåäåíî ðåçóëüòà-
òè âèçíà÷åííÿ ïîë³â ïàëåîíàïðóæåíü ³ äåôîðìàö³éíèõ ðåæèì³â çà äàíèìè ïîëüî-
âèõ òåêòîíîô³çè÷íèõ ñïîñòåðåæåíü ó 105 ïóíêòàõ. ²íòåðïðåòàö³þ âèêîíàíî ó ìå-
æàõ äâîõ çàãàëüíèõ ýòàï³â: ðîçòÿãó â ðàíí³é êðåéä³ òà ñòèñíåííÿ â êàéíîçî¿�êâà-
òåð³. Äî ñòàä³¿ êàéíîçîéñüêîãî ñòèñíåííÿ â³äíåñåíî ïîëÿ íàïðóæåíü ï³äêèäíîãî,
ïîêðèâíîãî òà çñóâíîãî òèï³â. Ïîáóäîâàíî ãåíåðàë³çîâàí³ òðàºêòîð³³ ñòèñíåííÿ, ÿê³
óòâîðþþòü â³ÿëîïîä³áíèé ìàëþíîê ó äóãîïîä³áíîìó ñåêòîð³ Ï³âäåííîãî áåðåãà Êðè-
ìó â³ä ì. Ìåãàíîì äî ì. Àþ-Äàã ³ çì³íþþòü ñâ³é íàïðÿìîê â³ä ï³âí³÷�ï³âäåíü äî
çàõ³ä�ñõ³ä. Ðîçðàõîâàíî îñåðåäíåí³ ïîëÿ íàïðóæåíü, ÿê³ äëÿ Ñóäàöüêî-Ôåîäîñ³é-
ñüêî¿ çîíè º ï³äê³äíèìè, à äëÿ öåíòðàëüíî¿ è çàõ³äíî¿ ÷àñòèí Ã³ðñüêîãî Êðèìó �
çñóâíèìè. Ï³âäåííî-çàõ³äíà ÷àñòèíà Ã³ðñüêîãî Êðèìó õàðàêòåðèçóºòüñÿ ïîëåì íà-
ïðóæåíü çñóâíîãî òèïó ç ï³âäåííî-çàõ³äíèì�ï³âí³÷íî-ñõ³äíèì íàïðÿìêîì îñ³ ñòèñ-
íåííÿ. Íà åòàï³ êðåéäÿíîãî ðîçòÿãó ïîëÿ íàïðóæåíü áóëè ñêèäîâèìè. Äëÿ ï³âäåí-
íî-çàõ³äíî¿ ÷àñòèíè Ã³ðñüêîãî Êðèìó âñòàíîâëåíî òåíäåíö³þ ðîçòÿãíåííÿ ï³âí³÷íî-
ï³âí³÷íî-ñõ³äíîãî�ï³âäåííî-ï³âäåííî-çàõ³äíîãî íàïðÿìêó, à äëÿ éîãî öåíòðàëüíî¿
÷àñòèíè � ï³âí³÷íî-ñõ³äíîãî�ï³âäåííî-çàõ³äíîãî.

Êëþ÷îâ³ ñëîâà: Êðèì, ×îðíå ìîðå, ìåõàí³çìè âîãíèù çåìëåòðóñ³â, ïîëå íàïðó-
æåíü, äåôîðìàö³éíèé ðåæèì, ê³íåìàòè÷íèé àíàë³ç, êàéíîçîéñüêå ñòèñíåííÿ.

Ââåäåíèå. Ãîðíûé Êðûì (ÃÊ) ÿâëÿåò-
ñÿ çàïàäíûì çàâåðøåíèåì Êðûìñêî-Êàâ-
êàçñêîãî îðîãåííîãî ïîÿñà è èíâåðòèðî-
âàííîé ÷àñòüþ ñåâåðíîãî øåëüôà ×åðíî-

ãî ìîðÿ (×Ì), â ïðåäåëàõ êîòîðîãî îáíà-
æàåòñÿ ïîëíûé ñòðàòèãðàôè÷åñêèé ðàç-
ðåç ×Ì [Nikishin et al., 2017], õðàíÿùèé
èíôîðìàöèþ î åãî èñòîðèè. Àâòîðû íà-

DOI: 10.24028/gzh.0203-3100.v40i1.2018.124013
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ñòîÿùåé ñòàòüè ðàññìàòðèâàþò ýâîëþöèþ
ÃÊ â ðàìêàõ äâóõ ãåíåðàëèçîâàííûõ ýòà-
ïîâ: ìåëîâîãî ðàñòÿæåíèÿ è êàéíîçîéñ-
êîãî ñæàòèÿ, ïðîÿâèâøèõñÿ âî âñåì Öèð-
êóì-×åðíîìîðñêîì ðåãèîíå è ñâÿçàííûõ
ñ ðàçâèòèåì ×åðíîìîðñêîãî áàññåéíà è
îêðóæàþùèõ åãî ãîðíûõ ïîÿñîâ.

Ïðàâîìåðíîñòü òàêîãî ïîäõîäà ïîäòâåð-
æäàåòñÿ êàê ãåîëîãî-ñòðóêòóðíûìè íàáëþ-
äåíèÿìè â ïðåäåëàõ ñóõîïóòíûõ îêðàèí
×Ì, íàïðèìåð, [Görür, 1997; Hippolyte et
al., 2010, 2016; Ìóðîâñêàÿ è äð., 2014],
òàê è ñåéñìè÷åñêèìè èññëåäîâàíèÿìè â
åãî àêâàòîðèè [Áàðàíîâà è äð., 2008; Dinu
et al., 2005; Khriachtchevskaia et al., 2010;
Munteanu et al., 2011; Espurt et al., 2014;
Starostenko et al., 2017]. Ýòàï ìåëîâîãî ðàñ-
òÿæåíèÿ ñâÿçàí ñ ôîðìèðîâàíèåì ñáðî-
ñîâ è ãðàáåíîâ íà áîëüøåé ÷àñòè îêðàèí
×Ì, à ýòàï êàéíîçîéñêîãî ñæàòèÿ ïðî-
ÿâèëñÿ â èíâåðñèîííûõ äåôîðìàöèÿõ ìå-
ëîâûõ ãðàáåíîâ [Dinu et al., 2005; Khria-
chtchevskaia et al., 2010; Munteanu et al.,
2011; Espurt et al., 2014].

×åðíîìîðñêèé áàññåéí ñîñòîèò èç äâóõ
ñóááàññåéíîâ � âîñòî÷íîãî (Â×Á) è çà-
ïàäíîãî (Ç×Á), ðàçäåëåííûõ Ñðåäèííî-
×åðíîìîðñêèì ïîäíÿòèåì [ Òóãîëåñîâ è
äð., 1985; Finetti et al., 1988; Robinson et al.,
1995; Àôàíàñåíêîâ è äð., 2007; Yegorova,
Gobarenko, 2010; Nikishin et al., 2015a, b].
Ãîðíûé Êðûì ðàñïîëîæåí ìåæäó ñåâåðî-
çàïàäíûì ïðîäîëæåíèåì Â×Á è ñåâåðíîé
îêðàèíîé Ç×Á. Êðûìñêî-Êàâêàçñêèé îðî-
ãåííûé ïîÿñ, ÷àñòüþ êîòîðîãî ÿâëÿåòñÿ ÃÊ,
îãðàíè÷åí ãëóáîêîâîäíûìè ïðîãèáàìè: Ñî-
ðîêèíà è Òóàïñå íà þãå; Èíäîëî-Êóáàí-
ñêèì è Çàïàäíî-Êóáàíñêèì íà ñåâåðå [Ïà-
òàëàõà è äð., 2003; Nikishin et al., 2017]. Ýòè
áàññåéíû çàïîëíåíû ìîùíûìè (áîëüøå 5 êì)
ãëèíèñòûìè ìîëàññàìè ìàéêîïñêîé ñåðèè,
ïåðåêðûòûìè áîëåå ìîëîäûìè îòëîæåíè-
ÿìè [Finetti et al., 1988; Robinson et al., 1995;
Nikishin et al., 2015a,b]. Íàêîïëåíèå ìàé-
êîïñêèõ ìîëàññ ïî âðåìåíè ñîîòâåòñòâó-
åò ïîäúåìó è äåíóäàöèè Áîëüøîãî Êàâêà-
çà (ÁÊ) è ÃÊ, íàïðèìåð [Àôàíàñåíêîâ è
äð., 2007; Nikishin et al., 2015a, b].

Ñ ïîçèöèè ïëèòîâîé òåêòîíèêè ×Ì èí-
òåðïðåòèðóåòñÿ êàê çàäóãîâûé áàññåéí,

îòêðûâøèéñÿ íàä çîíîé ñåâåðîíàïðàâ-
ëåííîé ñóáäóêöèè ïàëåîîêåàíà Íåîòåòèñ
ïîä þæíóþ îêðàèíó Åâðàçèè, íàïðèìåð
[Zonenshain, Le Pichon 1986; Finetti et al.,
1988; Robinson et al., 1995; Okay, Nikishin,
2015 è ññûëêè â íèõ]. Âîïðîñû âðåìåíè,
ïîñëåäîâàòåëüíîñòè è íàïðàâëåíèÿ îò-
êðûòèÿ ×Ì áàññåéíîâ îñòàþòñÿ äèñêóñ-
ñèîííûìè. �Ìåäëåííîå� ðàñêðûòèå ×Ì
â ðàííåì ìåëó�ïàëåîöåíå ïðåäïîëàãà-
åòñÿ â ðàáîòàõ [Zonenshain, Le Pichon, 1986;
Finetti et al., 1988; Robinson et al., 1995]. Â
ðàáîòå [Khriachtchevskaya et al., 2010] íà
îñíîâå ñåéñìè÷åñêèõ ïðîôèëåé ÎÃÒ è
ïåðåñìîòðà ñòðàòèãðàôèè ïî ñêâàæèíàì
ñäåëàí âûâîä îá àïòñêî-ñàíòîíñêîì ïå-
ðèîäå ðèôòîãåíåçà íà ñåâåðíîé îêðàèíå
×Ì. Â ðàáîòàõ [Nikishin et al., 2015a, b]
ïåðèîä êîíòèíåíòàëüíîãî ðèôòîãåíåçà
îòíîñèòñÿ ê ïîçäíåìó áàððåìó�àëüáó, à
ðàñêðûòèå ×åðíîìîðñêèõ ãëóáîêîâîäíûõ
âïàäèí ñ ñóáîêåàíè÷åñêîé êîðîé ïðîèñ-
õîäèò â ñåíîìàíå�ñðåäíåì ñàíòîíå. Ðèô-
òèíã Ç×Á è Â×Á ïðåäñòàâëÿåòñÿ îäíîâðå-
ìåííûì (ñì. íàïðèìåð, [ Nikishin et al. ,
2015à, b] èëè îòêðûòèå Â×Á ïðåäïîëàãà-
åòñÿ ïîçæå, ÷åì Ç×Ì, íàïðèìåð â ïàëåî-
öåíå [Finetti et al., 1988; Robinson et al., 1995].

Áîëüøèíñòâî ïðåäïîëîæåíèé îá ýâî-
ëþöèè ×ÌÁ îñíîâûâàåòñÿ íà èíòåðïðå-
òàöèè ñåéñìè÷åñêèõ ïðîôèëåé, ãäå âîç-
ðàñòíàÿ ïðèâÿçêà ãëóáîêèõ ñåéñìè÷åñêèõ
ãîðèçîíòîâ íå âñåãäà áàçèðóåòñÿ íà äàí-
íûõ áóðåíèÿ â ñèëó áîëüøèõ ìîùíîñòåé
(îêîëî 15 êì) ïîñòðèôòîâûõ îòëîæåíèé,
íàïðèìåð [Yegorova, Gobarenko, 2010; Ni-
kishin et al., 2015a,b]. Â ñâÿçè ñ ýòèì èçó-
÷åíèå ïîðîäíûõ êîìïëåêñîâ è èõ ñòðóê-
òóðíûõ ñîîòíîøåíèé â îáíàæåíèÿõ ÃÊ (èí-
âåðòèðîâàííàÿ ÷àñòü ñåâåðíîãî øåëüôà
×Ì) ÿâëÿåòñÿ èñêëþ÷èòåëüíî âàæíûì è
äàæå ðåøàþùèì äëÿ âîïðîñîâ ýâîëþöèè
×Ì.

Ýòàï êàéíîçîéñêîãî ñæàòèÿ â øèðîêîì
ðåãèîíàëüíîì êîíòåêñòå ñâÿçàí ñ êîëëè-
çèåé íåñêîëüêèõ êîíòèíåíòàëüíûõ ìèê-
ðîïëèò � Êèðøåõèðñêîé, Òàâðî-Àíàòî-
ëèéñêîé, Þæíî-Àðìÿíñêîé, Àðàáñêîé �
ñ þæíîé îêðàèíîé Åâðàçèè [Finetti et al.,
1988; Okay, Nikishin, 2015].
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Ðîëü è ìàñøòàáû êàéíîçîéñêîé ôàçû
ñæàòèÿ â ôîðìèðîâàíèè ñêëàä÷àòî-íà-
äâèãîâûõ äåôîðìàöèé â ïðåäåëàõ ÃÊ ÿâ-
ëÿåòñÿ òåìîé äèñêóññèè, êàê è íàëè÷èå
èëè îòñóòñòâèå êðóïíûõ ãîðèçîíòàëüíûõ
ïåðåìåùåíèé. Â êëàññè÷åñêèõ ðàáîòàõ
Ìóðàòîâà, êîòîðûå è ñåé÷àñ îñòàþòñÿ àê-
òóàëüíûìè, íå ïðåäïîëàãàåòñÿ ñóùåñòâåí-
íûõ ãîðèçîíòàëüíûõ ïåðåìåùåíèé [Ìó-
ðàòîâ, 1969]. Ïðåäñòàâëåíèÿ î ïîêðîâíîì
ñòðîåíèå âåðõíåþðñêî-íèæíåáåððèàññêèõ
îòëîæåíèé ÿéëû ÃÊ ðàçäåëÿåò ðÿä èññëå-
äîâàòåëåé, íàïðèìåð, [Ìèëååâ è äð., 1998;
Þäèí, 2011 è ññûëêè â íèõ]. Â ðàáîòå
[Þäèí, 2011] ïðåäëîæåíà íàäâèãîâàÿ ìî-
äåëü, â ñîîòâåòñòâèè ñ êîòîðîé ÃÊ ñîñòî-
èò èç áîëüøîãî êîëè÷åñòâà íàäâèãîâûõ
ïëàñòèí, òåêòîíè÷åñêèõ ìåëàíæåé è îëè-
ñòîñòðîì. Â ðàáîòå [Sheremet et al., 2016]
ïðåäñòàâëåíû äâà ðàçðåçà ÷åðåç âîñòî÷-
íóþ ÷àñòü ÃÊ è ïðîãèá Ñîðîêèíà, îñíîâ-
íûì ýëåìåíòîì êîòîðûõ òàêæå ÿâëÿþò-
ñÿ þæíîâåðãåíòíûå íàäâèãè.

Äèñêóññèîííûì îñòàåòñÿ è âîïðîñ î âðå-
ìåíè ôîðìèðîâàíèÿ äåôîðìàöèé ñæàòèÿ
â ïðåäåëàõ ÃÊ. Îíè ðàçâèòû ïðåèìóùå-
ñòâåííî â ïðåäåëàõ Ãëàâíîé ãðÿäû Êðûì-
ñêèõ ãîð, ãäå ñàìûå ìîëîäûå îòëîæåíèÿ
îòíîñÿòñÿ ê òèòîíó�áåððèàñó. Ñëåäîâà-
òåëüíî, îáíàðóæåííûå â íèõ äåôîðìàöèè
íå ñòàðøå ýòîãî âîçðàñòà, íî ìîãóò áûòü
ñêîëü óãîäíî ìîëîäûìè. Èíòåðåñíîé ïðåä-
ñòàâëÿåòñÿ òî÷êà çðåíèÿ [Áûçîâà, 1980] î
äâóõ ýòàïàõ äåôîðìàöèé ñæàòèÿ � êèì-
ìåðèéñêîì è àëüïèéñêîì, íàëîæåííûõ
äðóã íà äðóãà â ïðåäåëàõ Ãëàâíîé ãðÿäû
ÃÊ, â òî âðåìÿ êàê Êà÷èíñêîå ïîäíÿòèå,
ðàñïîëîæåííîå ñåâåðíåå, ïðàêòè÷åñêè íå
çàòðîíóòî êàéíîçîéñêèìè äåôîðìàöèÿìè.
Àíàëîãè÷íûé âûâîä ñäåëàí è â ðàáîòå [Sa-
intot et al., 1999] íà îñíîâå ïîëåâûõ òåê-
òîíîôèçè÷åñêèõ ðàáîò â ÃÊ.

Â ñîîòâåòñòâèå ñ íîâûìè äàòèðîâêàìè
òàâðè÷åñêîãî ôëèøà êàê íèæíåìåëîâî-
ãî [Popadyuk et al., 2013; Sheremet et al.,
2016à è ññûëêè â íèõ], ñòðóêòóðû ñîêðà-
ùåíèÿ ê âîñòîêó îò Êàðàáè-ÿéëû áûëè
îòíåñåíû àâòîðàìè [Sheremet et al., 2016à]
ê êàéíîçîéñêîìó ýòàïó äåôîðìàöèè. Ïåð-
âàÿ ôàçà ñæàòèÿ â ÃÊ, ñèíõðîííàÿ ñ ãëàâ-

íîé ôàçîé äåôîðìàöèè â Âîñòî÷íûõ Ïîí-
òèäàõ, çàâåðøèëàñü äî ñðåäíåãî ýîöåíà
[Sheremet et al., 2016b]. Ýòî íå ïðîòèâî-
ðå÷èò ïðåäñòàâëåíèÿì î êàéíîçîéñêîé èí-
âåðñèè â ïðåäåëàõ Ñóäàêñêîãî ãëóáîêî-
âîäíîãî òðîãà [Nikishin et al., 2017 è ññûë-
êè â íåé]. Â Ñóäàêñêîì òðîãå ãëàâíàÿ ôà-
çà ñêëàä÷àòîñòè èìåëà ìåñòî íà ãðàíèöå
ýîöåíà�îëèãîöåíà è â ìàéêîïñêîå âðå-
ìÿ � îëèãîöåíå�ðàííåì ìèîöåíå, à ãëàâ-
íàÿ ôàçà âîçäûìàíèÿ ÃÊ ïðîèçîøëà â ïîñ-
ëåñàðìàòñêèé ïåðèîä. Â ðàáîòå [ Þäèí,
2011] Ïîäãîðíûé è Þæíîáåðåæíûé ìå-
ëàíæè â îñíîâàíèè îáðûâîâ Ãëàâíîé ãðÿ-
äû è âäîëü áåðåãîâîé ëèíèè ×Ì àðãóìåí-
òèðîâàííî îòíîñÿòñÿ ê àêòèâíûì ñòðóê-
òóðàì íåîãåí-÷åòâåðòè÷íîãî âîçðàñòà.

Íàñòîÿùàÿ ñòàòüÿ ÿâëÿåòñÿ ïðîäîëæå-
íèåì òåêòîíîôèçè÷åñêèõ èññëåäîâàíèé
â ïðåäåëàõ çàïàäíîé ÷àñòè Ãîðíîãî Êðû-
ìà (ÇÃÊ) [Ìóðîâñêàÿ è äð., 2014], ãäå ýòàï
êàéíîçîéñêîãî ñæàòèÿ ïîäòâåðæäàåòñÿ
ñäâèãîâûìè è íàäâèãîâûìè äåôîðìàöèÿ-
ìè â âåðõíåìåëîâûõ�íåîãåíîâûõ ïîðî-
äàõ. Ýòàï ðàñòÿæåíèÿ â ÇÃÊ íà÷èíàåòñÿ
â âàëàíæèí-áàððåìñêîå âðåìÿ è äîñòè-
ãàåò ìàêñèìàëüíîé èíòåíñèâíîñòè â àïò-
ñêîå. Îí ïîäòâåðæäàåòñÿ êîíñåäèìåíòà-
öèîííûì ñáðîñîîáðàçîâàíèåì è ôîðìè-
ðîâàíèåì îëèñòîñòðîìîâûõ êîìïëåêñîâ íà
ïðîòÿæåíèè ïðàêòè÷åñêè âñåãî ðàííåãî
ìåëà.

Äàííîå èññëåäîâàíèå ñôîêóñèðîâàíî
íà ýâîëþöèè ÃÊ è ñåâåðíîé îêðàèíû ×Ì
â ìåçî-êàéíîçîå�êâàðòåðå. Îíî îáîáùà-
åò âñå íàëè÷íûå òåêòîíîôèçè÷åñêèå äàí-
íûå ïî ÃÊ, ñîáðàííûå àâòîðàìè çà ïîñëåä-
íèå 20 ëåò, è âñå èìåþùèåñÿ íà äàííûé
ìîìåíò ìåõàíèçìû î÷àãîâ çåìëåòðÿñåíèé
Êðûìñêîé ñåéñìîãåííîé çîíû (ÊÑÇ), à òàê-
æå ïðåäëàãàåò èõ èíòåðïðåòàöèþ â ðàì-
êàõ äâóõ ãåíåðàëèçîâàííûõ ýòàïîâ: ðàñ-
òÿæåíèÿ â ðàííåì ìåëó è ñæàòèÿ â êàé-
íîçîå�êâàðòåðå.

Ñîâðåìåííûå ïîëÿ íàïðÿæåíèé îõà-
ðàêòåðèçîâàíû íà îñíîâàíèè ìåõàíèçìîâ
î÷àãîâ çåìëåòðÿñåíèé ÊÑÇ, êîòîðûå ñî-
áðàíû è îáîáùåíû ñ ïîçèöèè ïîääâèãà
Âîñòî÷íî-×åðíîìîðñêîé ìèêðîïëèòû ïîä
Ñêèôñêóþ ïëèòó [Ìóðîâñêàÿ è äð., 2014;
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Ãîáàðåíêî è äð., 2016]. Â äàííîì èññëå-
äîâàíèè àâòîðû îáíîâèëè äàííûå ïî ìå-
õàíèçìàì î÷àãîâ, â ñîîòâåòñòâèè ñ ðàáî-
òîé [Ïóñòîâèòåíêî, Ýðåäæåïîâ, 2017], è
ïîñòàâèëè çàäà÷ó óñòàíîâèòü ñâÿçü ñîâðå-
ìåííîãî ïîëÿ íàïðÿæåíèé ïî ìåõàíèçìàì
î÷àãîâ ñ ïîëÿìè ïàëåîíàïðÿæåíèé ïî òåê-
òîíè÷åñêèì çåðêàëàì, èçó÷åííûì â îáíà-
æåíèÿõ.

Àêòóàëüíîñòü èçó÷åíèÿ ïîëåé íàïðÿ-
æåíèé îáóñëîâëåíà ïîâûøåííîé ñåéñìè-
÷åñêîé îïàñíîñòüþ äàííîãî ðåãèîíà è åãî
âûñîêèì óãëåâîäîðîäíûì ïîòåíöèàëîì.
Îñîáåííîñòè ïðîñòðàíñòâåííîãî ðàñïðå-
äåëåíèÿ äåôîðìàöèé è íàïðÿæåíèé, à òàê-
æå èõ âîçðàñòíàÿ ïðèâÿçêà íåîáõîäèìû
â âîïðîñàõ, êàñàþùèõñÿ ãåîäèíàìè÷åñ-
êîé ýâîëþöèè ×Ì è ÃÊ.

Îïðåäåëåíèå ñîâðåìåííîãî ïîëÿ íà-
ïðÿæåíèé ïî ìåõàíèçìàì î÷àãîâ çåìëå-
òðÿñåíèé. Ñåâåðíàÿ îêðàèíà ×Ì õàðàê-
òåðèçóåòñÿ çíà÷èòåëüíûì óðîâíåì ñåéñ-
ìè÷åñêîé àêòèâíîñòè. Ïîäàâëÿþùåå áîëü-
øèíñòâî çåìëåòðÿñåíèé ÊÑÇ ëîêàëèçóåò-
ñÿ â ïîëîñå ìåæäó Êðûìñêî-Êàâêàçñêèì
ïîáåðåæüåì è ïîäîøâîé êîíòèíåíòàëüíî-
ãî ñêëîíà, îáîçíà÷àÿ àêòèâíóþ çîíó, ãäå
îñóùåñòâëÿåòñÿ ñîâðåìåííûé òåêòîíè÷åñ-
êèé ïðîöåññ [Ãîáàðåíêî è äð., 2016]. Âäîëü
êîíòèíåíòàëüíîãî ñêëîíà ×Ì ïðîõîäèò
íàäâèãîâûé ôðîíò, ìàðêèðóþùèé êîëëè-
çèîííîå âçàèìîäåéñòâèå Ñêèôñêîé ïëè-
òû è ×åðíîìîðñêîé ìèêðîïëèòû [Finetti
et al., 1988; Ãîáàðåíêî è äð., 2016]. Ìåõà-
íèçìû î÷àãîâ ñèëüíûõ çåìëåòðÿñåíèé ÊÑÇ
äàþò âîçìîæíîñòü ïðîàíàëèçèðîâàòü îñî-
áåííîñòè ñåéñìîòåêòîíè÷åñêîãî ïðîöåñ-
ñà â ïîíÿòèÿõ íàïðÿæåíèé è äåôîðìàöè-
îííûõ ðåæèìîâ.

Ìåòîäèêà. Îïðåäåëåíèå ñîâðåìåííî-
ãî ïîëÿ íàïðÿæåíèé ïî ìåõàíèçìàì î÷à-
ãîâ çåìëåòðÿñåíèé íàõîäèòñÿ â ïîëå íàó÷-
íûõ èíòåðåñîâ ìíîãèõ èññëåäîâàíèé, íà-
ïðèìåð, [Ðåáåöêèé, 2007; Vavrychuk, 2014;
Ãèíòîâ è äð., 2014]. Èçíà÷àëüíî èíòåðïðå-
òàöèÿ ìåõàíèçìîâ î÷àãîâ çåìëåòðÿñåíèé
îñíîâûâàëàñü íà ïðåäñòàâëåíèÿõ î òîì,
÷òî îðèåíòèðîâêà îñåé ãëàâíûõ íàïðÿæå-
íèé ñîâïàäàåò ñ îðèåíòèðîâêîé P è T (êè-
íåìàòè÷åñêèõ) îñåé ôîêàëüíûõ ìåõàíèç-

ìîâ, íàïðèìåð, [Áàëàêèíà è äð., 1972]. Â
ðàáîòå [Êîñòðîâ, 1974] áûëî ïîêàçàíî, ÷òî
ñ òî÷êè çðåíèÿ ìåõàíèêè ñïëîøíîé ñðå-
äû òàêîé ïîäõîä çàâåäîìî ïðåäïîëàãàåò
ñîâïàäåíèå ñäâèãîâîãî ðàçðûâà ñ ïëîñêî-
ñòüþ ìàêñèìàëüíîãî êàñàòåëüíîãî íàïðÿ-
æåíèÿ. Äëÿ ðåàëüíûõ ïðîöåññîâ, ïðîõî-
äÿùèõ â çåìíîé êîðå, ñåéñìîãåííûå ðàç-
ðûâû ìîãóò íå ñîâïàäàòü ñ ïëîñêîñòüþ ìàê-
ñèìàëüíîãî êàñàòåëüíîãî íàïðÿæåíèÿ, òàê
êàê ðàçðóøåíèå ãîðíûõ ïîðîä îïðåäåëÿ-
åòñÿ íå òîëüêî âåëè÷èíîé ñäâèãîâûõ íà-
ïðÿæåíèé íà ïëîñêîñòè ðàçðûâà, íî è âå-
ëè÷èíîé íîðìàëüíûõ íàïðÿæåíèé íà íåé,
ñîçäàþùèõ ñèëû òðåíèÿ íà ýòîé ïëîñêî-
ñòè [Byerlee, 1978]. Îñíîâíîå ïðåäïîëîæå-
íèå, ëåæàùåå â îñíîâå ñîâðåìåííûõ ìå-
òîäîâ îïðåäåëåíèÿ ïîëÿ íàïðÿæåíèé ïî
ìåõàíèçìàì î÷àãîâ çåìëåòðÿñåíèé, çàëî-
æåíî â ãèïîòåçå Âîëåñà è Áîòà [Bott, 1959],
ñóòü êîòîðîé ñîñòîèò â òîì, ÷òî âåêòîð ïå-
ðåìåùåíèÿ ïî ñåéñìîãåííîìó ðàçðûâó ñî-
âïàäàåò ñ íàïðàâëåíèåì ðàçðåøàþùåãî
êàñàòåëüíîãî íàïðÿæåíèÿ íà íåì. Ñóùå-
ñòâóåò è äðóãîé ïîäõîä ê ðåêîíñòðóêöèè
ïîëÿ íàïðÿæåíèé ïî ñîâîêóïíîñòè ìåõà-
íèçìîâ î÷àãîâ çåìëåòðÿñåíèé, îñíîâàííûé
íà îïðåäåëåíèè îñðåäíåííîãî ïîëîæåíèÿ
P è T îñåé äëÿ ãðóïïû çåìëåòðÿñåíèé, êî-
òîðûå îòîæäåñòâëÿþòñÿ ñ ãëàâíûìè îñÿ-
ìè òåíçîðà íàïðÿæåíèé. Îáà ïîäõîäà ðå-
àëèçîâàíû â àëãîðèòìàõ ðàñ÷åòà ïîëÿ íà-
ïðÿæåíèé êàê ïî òåêòîíè÷åñêèì çåðêà-
ëàì, òàê è ïî ìåõàíèçìàì î÷àãîâ çåìëå-
òðÿñåíèé è èìïëåìåíòèðîâàíû â ïðîãðàì-
ìó Âèí Òåíçîð [Delvaux, Sperner, 2003],
êîòîðàÿ ïðèìåíåíà â äàííîé ðàáîòå.

Äàííûå è ðåçóëüòàòû. Â ïðîöåññå ìíî-
ãîëåòíèõ ñåéñìîëîãè÷åñêèõ èññëåäîâàíèé
ñîòðóäíèêàìè Îòäåëà ñåéñìîëîãèè Èíñ-
òèòóòà ãåîôèçèêè ÍÀÍ Óêðàèíû âûïîë-
íåíî ðåøåíèå ìåõàíèçìîâ î÷àãîâ ñèëüíûõ
çåìëåòðÿñåíèé (M ≥ 4), ïðîèçîøåäøèõ â
ïðåäåëàõ ñåâåðíîé ÷àñòè ×Ì, âêëþ÷àÿ
ÊÑÇ. Ìåõàíèçìû 31 çåìëåòðÿñåíèÿ çà ïå-
ðèîä 1927�2013 ãã. ïðåäñòàâëåíû â ðàáî-
òå [Ãîáàðåíêî è äð., 2016], åùå îäèí ìåõà-
íèçì çà 2016 ã. � â ðàáîòå [Ïóñòîâèòåí-
êî, Ýðåäæåïîâ, 2017]. Â íàñòîÿùåé ñòà-
òüå 32 ìåõàíèçìà îáîáùåíû è ðàçäåëåíû



À. ÌÓÐÎÂÑÊÀß, Æ.-Ê. ÈÏÏÎËÈÒ, Å. ØÅÐÅÌÅÒ, Ò. ÅÃÎÐÎÂÀ

48 Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018

íà ÷åòûðå ãðóïïû â çàâèñèìîñòè îò îðè-
åíòèðîâîê P è T îñåé (ðèñ. 1).

Ñòàòèñòè÷åñêèé àíàëèç èëëþñòðèðóåò
ïðèñóòñòâèå ìåõàíèçìîâ âñåõ òèïîâ ïðè
ïðåîáëàäàíèè âçáðîñîâîãî è ïîêðîâíîãî
äåôîðìàöèîííûõ ðåæèìîâ. Âûäåëåíèå ïî-
êðîâíîãî äåôîðìàöèîííîãî ðåæèìà ïðåä-
ëîæåíî â ðàáîòå [Ïàòàëàõà è äð., 2003], â
ðàáîòå [Ãèíòîâ, 2005] îí íàçûâàåòñÿ �ðå-
æèìîì, ñâÿçàííûì ñ ïåðåìåùåíèåì ïî ãî-
ðèçîíòàëüíîé ïëîñêîñòè�.

Äëÿ 13 ìåõàíèçìîâ, ðàñïîëîæåííûõ íå-
ïîñðåäñòâåííî âäîëü þæíîãî ïîáåðåæüÿ
Êðûìà â ïðåäåëàõ Þæíî-Êðûìñêîãî íà-
äâèãîâîãî ôðîíòà, áûë âûïîëíåí ñòàòèñ-
òè÷åñêèé àíàëèç îðèåíòèðîâîê P è T îñåé,
ðàññ÷èòàíî ðåãèîíàëüíîå ïîëå íàïðÿæå-
íèé è ñîîòâåòñòâóþùèé åìó ñðåäíèé ìå-
õàíèçì (ðèñ. 2).

Ìåòîäèêà îïðåäåëåíèÿ ñðåäíåãî ìåõà-
íèçìà ïðåäñòàâëåíà â ðàáîòå [Ðåáåöêèé,

2007]. Âî âñåõ ïîëó÷åííûõ ñòàòèñòè÷åñ-
êèõ ðåçóëüòàòàõ î÷åâèäíî ïðåîáëàäàíèå
ñåâåðî-çàïàäíî�þãî-âîñòî÷íûõ íàïðàâ-
ëåíèé (ðèñ. 2, á�ã). Ìàêñèìóìû îðèåíòè-
ðîâîê P è T îñåé ñâèäåòåëüñòâóþò î ïðå-
îáëàäàíèè íàêëîííûõ ïîëîæåíèé îñåé ñå-
âåðî-çàïàäíûõ è þãî-âîñòî÷íûõ ïîãðóæå-
íèé (ñì. ðèñ. 2, á), ÷òî õàðàêòåðíî äëÿ ïå-
ðåìåùåíèÿ ïî ïîâåðõíîñòè ãîðèçîíòàëü-
íîãî äåòà÷ìåíòà [Ãèíòîâ, 2005; Ðåáåöêèé,
2007]. Ðåãèîíàëüíîå ïîëå íàïðÿæåíèé, â
êîòîðîì ìîãëè îñóùåñòâèòüñÿ ñìåùåíèÿ
ïî âñåì íîäàëüíûì ïëîùàäêàì 13 ôîêàëü-
íûõ ìåõàíèçìîâ, îòðàæàåò äåôîðìàöèîí-
íûé ðåæèì ãîðèçîíòàëüíîãî ñæàòèÿ â ñå-
âåðî-çàïàäíî�þãî-âîñòî÷íîì íàïðàâëå-
íèè (ñì. ðèñ. 2, â). Äëÿ èçâåñòíûõ îðèåí-
òèðîâîê ãëàâíûõ îñåé ðåãèîíàëüíîãî ïî-
ëÿ íàïðÿæåíèé ðàññ÷èòàí ñðåäíèé ìåõà-
íèçì (ñì. ðèñ. 2, ã). Îáå íîäàëüíûå ïëîñ-
êîñòè ñðåäíåãî ìåõàíèçìà, êîòîðûé îò-

Ðèñ. 1. Ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå è òèïèçàöèÿ ìåõàíèçìîâ î÷àãîâ 32 çåìëåòðÿñåíèé Êðûìñêîé
ñåéñìîãåííîé çîíû: à � ýïèöåíòðû ñèëüíûõ çåìëåòðÿñåíèé è ñîîòâåòñòâóþùèå èì ìåõàíèçìû íà ôî-
íå ãëóáèí êðèñòàëëè÷åñêîãî ôóíäàìåíòà, ïî [Òóãîëåñîâ è äð., 1985 ]; á � êèíåìàòè÷åñêèå òèïû ðàçðû-
âîâ è ñîîòâåòñòâóþùèå èì ìåõàíèçìû î÷àãîâ çåìëåòðÿñåíèé; â � ïðîöåíòíîå ñîîòíîøåíèå ìåõàíèç-
ìîâ ðàçíûõ òèïîâ. ÁÊ � Áîëüøîé Êàâêàç, ÂÀ � âàë Àíäðóñîâà, ÊÒÏ � Êåð÷åíñêî-Òàìàíñêèé ïðîãèá.
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íîñèòñÿ ê âçáðîñîâîìó òèïó, îðèåíòèðî-
âàíû â ñåâåðî-âîñòî÷íîì íàïðàâëåíèè è
ñóáîðòîãîíàëüíû ïðîñòèðàíèþ ÊÑÇ â ðà-
éîíå Þæíîãî áåðåãà Êðûìà. Âñå ïåðå÷èñ-
ëåííûå ðåçóëüòàòû îòðàæàþò ãåíåðàëè-
çîâàííûé ïðîöåññ ñæàòèÿ è óêîðî÷åíèÿ
â ñåâåðî-çàïàäíîì íàïðàâëåíèè, ïðè òîì
÷òî ïåðåìåùåíèÿ ïî îòäåëüíûì íîäàëüíûì

ïëîñêîñòÿì ðåàëèçóþòñÿ â ðàçëè÷íûõ íà-
ïðàâëåíèÿõ, ÷òî ñâÿçàíî ñ èçìåíåíèåì âî
âðåìåíè è ïðîñòðàíñòâå ïîëåé íàïðÿæå-
íèé âòîðîãî ïîðÿäêà.

Îïðåäåëåíèå ïîëåé ïàëåîíàïðÿæåíèé
ïî àíàëèçó òåêòîíè÷åñêèõ çåðêàë ñ áîðîç-
äàìè ñêîëüæåíèÿ. Ñèñòåìàòè÷åñêîå òåê-
òîíîôèçè÷åñêîå èçó÷åíèå ÃÊ áûëî íà÷à-

Ðèñ. 2. Ïîëîæåíèå 13 ìåõàíèçìîâ î÷àãîâ çåìëåòðÿñåíèé ÊÑÇ è èõ àíàëèç: à � òåêòîíè÷åñêàÿ ñõåìà Ãîð-
íîãî Êðûìà è ïðèëåãàþùåé îêðàèíû ×åðíîãî ìîðÿ, ïî [Ìóðàòîâ, 1969; Finetti et al., 1987; Nikishin et al.,
2017; Òóãîëåñîâ è äð., 1985; Ãîáàðåíêî è äð., 2016]. Ãåîëîãè÷åñêèå êîìïëåêñû â ïðåäåëàõ ÃÊ: 1 � ôëèøå-
âûå è âóëêàíîãåííî-îñàäî÷íûå êîìïëåêñû âåðõíåãî òðèàñà�ñðåäíåé þðû; 2 � øåëüôîâûå èçâåñòíÿêè
è êîíãëîìåðàòû âåðõíåé þðû�áåððèàñà; 3 � òåððèãåííûå è êàðáîíàòíûå îòëîæåíèÿ íèæíåãî ìåëà�
ýîöåíà; 4 � îòëîæåíèÿ ãëóáîêîâîäíîãî ìîëàññîâîãî áàññåéíà îëèãîöåíà�íèæíåãî ìèîöåíà (ÑÈÒ �
Ñóäàêñêèé èíâåðòèðîâàííûé òðîã); 5 � êðóïíûå âûõîäû ìàãìàòè÷åñêèõ ïîðîä ñðåäíåé þðû�áåððèà-
ñà; 6�8 � ñòðóêòóðíûå ýëåìåíòû ñåâåðíîé îêðàèíû ×åðíîãî ìîðÿ: 6 � ãëóáèíà çàëåãàíèÿ äîìåëîâîãî
ôóíäàìåíòà; 7 � ïîäîøâà êîíòèíåíòàëüíîãî ñêëîíà; 8 � Þæíî-Êðûìñêèé íàäâèãîâûé ôðîíò è îãðàíè-
÷èâàþùèé åãî ñ çàïàäà Îäåññêî-Ñèíîïñêèé ðàçëîì; 9�12 � ïîëîæåíèå è ìåõàíèçìû î÷àãîâ çåìëåòðÿ-
ñåíèé ñ M > 4: 9 � âçáðîñîâîãî òèïà; 10 � ïîêðîâíîãî òèïà; 11 � ñäâèãîâîãî òèïà; 12 � ñáðîñîâîãî òè-
ïà; ÊÒÏ � Êåð÷åíñêî-Òàìàíñêèé ïðîãèá; á � ñòåðåîãðàììû îðèåíòèðîâîê P è T îñåé 13 ìåõàíèçìîâ
î÷àãîâ çåìëåòðÿñåíèé; â � ïîëå íàïðÿæåíèé, ðàññ÷èòàííîå äëÿ 13 ìåõàíèçìîâ î÷àãîâ çåìëåòðÿñåíèé ìå-
òîäîì ïðàâîé äèãåòðû [Delvaux, Sperner, 2003]; ã � ñðåäíèé ìåõàíèçì äëÿ 13 ìåõàíèçìîâ î÷àãîâ çåìëå-
òðÿñåíèé, ðàññ÷èòàííûé ïî ïîëþ íàïðÿæåíèé íà ðèñ. 2, â.
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òî â 1989 ã. ñîòðóäíèêàìè îòäåëà òåêòîíî-
ôèçèêè ÈÃÔ ÍÀÍ Óêðàèíû ïîä ðóêîâîä-
ñòâîì Î. Á. Ãèíòîâà. Íà îñíîâàíèè èññëå-
äîâàíèé ãðóïïû áûëè âûäåëåíû 24 ýòà-
ïà äåôîðìàöèè â ïðåäåëàõ ÃÊ íà ïðîòÿ-
æåíèè ìåçîçîÿ è êàéíîçîÿ [Ãèíòîâ, 2005].
Þ. Ì. Âîëüôìàí ïîñòàâèë âîññòàíîâëåí-
íûå ïî òåêòîíîôèçè÷åñêèì äàííûì ïîëÿ
íàïðÿæåíèé â ñîîòâåòñòâèå ïåðèîäàì òðàíñ-
ãðåññèé � ðåãðåññèé â ïðåäåëàõ Êðûìà
è Ñåâåðíîãî Ïðè÷åðíîìîðüÿ è îáîñíîâàë
öèêëè÷íîñòü ñìåíû èõ îðèåíòèðîâîê [Âîëü-
ôìàí, 2015].

Â ðàáîòå [Saintot et al., 1999] ïîëÿ íà-
ïðÿæåíèé, îïðåäåëåííûå ïî òåêòîíè÷åñ-
êèì çåðêàëàì (ñòðóêòóðàì ìåçîóðîâíÿ),
ïîñòàâëåíû â ñîîòâåòñòâèå ñ êèíåìàòèêîé
ðåãèîíàëüíûõ ðàçëîìîâ (ñòðóêòóð ìàêðî-
óðîâíÿ) è ïðåäëîæåíà èäåÿ î íåñêîëüêèõ
ãåíåðàëèçîâàííûõ ýòàïàõ äåôîðìàöèè.

Â. Â. Ãîí÷àð ïðîâîäèë ìíîãîëåòíèå òåê-
òîíîôèçè÷åñêèå èññëåäîâàíèÿ â ÃÊ. Íà
îñíîâàíèè îáîáùåíèÿ âñåõ èìåþùèõñÿ
ãåîôèçè÷åñêèõ äàííûõ è ñ ïîìîùüþ ìà-
òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ìåòîäîì êî-
íå÷íûõ ýëåìåíòîâ îí îáîñíîâàë êîëëèçè-
îííóþ ìîäåëü Êðûìcêîãî îðîãåíà [Ãîí÷àð,
2013] è ìåõàíèçì ëàòåðàëüíîé ýêñòðóçèè
çåìíîé êîðû ÃÊ [Ãîí÷àð, 2015].

Â ïåðå÷èñëåííûõ èññëåäîâàíèÿõ ñäå-
ëàíû ðàçëè÷íûå âûâîäû, â ïåðâóþ î÷å-
ðåäü îòíîñèòåëüíî êîëè÷åñòâà è ïîñëåäî-
âàòåëüíîñòè ýòàïîâ äåôîðìàöèè, ÷òî ñâè-
äåòåëüñòâóåò, ÷òî ýòîò âîïðîñ âñå åùå îñ-
òàåòñÿ îòêðûòûì.

Ìåòîäèêà. Êàê ïîêàçàëè ýòè è äðóãèå
òåêòîíîôèçè÷åñêèå èññëåäîâàíèÿ, íàè-
áîëåå çíà÷èòåëüíîé ïðîáëåìîé ïðè ðàáî-
òå ñ ïîëÿìè íàïðÿæåíèé ÿâëÿåòñÿ èõ âðå-
ìåííàÿ ïðèâÿçêà è òåêòîíè÷åñêàÿ èíòåð-
ïðåòàöèÿ. Äîñòàòî÷íî îñòðî ýòà ïðîáëå-
ìà ñòîèò äëÿ ÃÊ, ãäå ïîäàâëÿþùåå áîëü-
øèíñòâî çåðêàë ñêîëüæåíèÿ áûëî îáíà-
ðóæåíî â îòíîñèòåëüíî äðåâíèõ ïîðîäàõ
(îò ïîçäíåãî òðèàñà äî ðàííåãî ìåëà), ÷òî
ñàìî ïî ñåáå ïîçâîëÿåò ïðåäïîëàãàòü âîç-
ðàñòíûå ðàìêè äåôîðìàöèè îò ïîçäíåãî
òðèàñà äî ñîâðåìåííîñòè. Òàêæå áûëî ïî-
êàçàíî íà áîëüøîì êîëè÷åñòâå ôàêòè÷åñ-
êîãî ìàòåðèàëà ïî ìåõàíèçìàì î÷àãîâ çåì-

ëåòðÿñåíèé, íàïðèìåð äëÿ ñåéñìîãåííîé
çîíû Çàãðîñà [Ãèíòîâ è äð., 2014], ÷òî òè-
ïû è íàïðàâëåíèÿ ïîëåé íàïðÿæåíèé ïðè
ñîâðåìåííîì òåêòîãåíåçå ìîãóò èçìåíÿòü-
ñÿ î÷åíü áûñòðî (â òå÷åíèå íåñêîëüêèõ ëåò).
Ýòî íå âñåãäà äåëàåò êîððåêòíûì âûäå-
ëåíèå îòäåëüíûõ ýòàïîâ äåôîðìàöèè ïî
îðèåíòèðîâêàì èëè òèïàì ïîëåé íàïðÿ-
æåíèé. Ìíîãî÷èñëåííûå ýêñïåðèìåíòû
ïî àíàëîãîâîìó ìîäåëèðîâàíèþ òàêæå ïî-
êàçûâàþò íàëè÷èå ïîëåé íàïðÿæåíèé ðàç-
íûõ ïîðÿäêîâ è òèïîâ, à òàêæå èõ èçìå-
íåíèå äàæå â õîäå îäíîãî ìîäåëüíîãî ýêñ-
ïåðèìåíòà áåç èçìåíåíèé óñëîâèé íàãðó-
æåíèÿ, íàïðèìåð, [Îñîêèíà, Ôðèäìàí, 1987].

Ïîýòîìó ìû ïðèâÿçàëè ïîëÿ íàïðÿæå-
íèé êî âðåìåíè è âûïîëíèëè èõ èíòåð-
ïðåòàöèþ â òåñíîé ñâÿçè ñ íàøèìè ãåî-
ëîãî-ñòðóêòóðíûìè íàáëþäåíèÿìè è ðå-
ãèîíàëüíûì òåêòîíè÷åñêèì êîíòåêñòîì.
Îñîáåííîñòü íàøåãî ìåòîäîëîãè÷åñêîãî
ïîäõîäà � èíòåðïðåòàöèÿ ïîëåé íàïðÿ-
æåíèé â ðàìêàõ äâóõ ãåíåðàëèçîâàííûõ
ýòàïîâ: ðàñòÿæåíèÿ â ðàííåì ìåëó è ñæà-
òèÿ â êàéíîçîå�êâàðòåðå, âðåìåííûå ðàì-
êè êîòîðûõ ïîëó÷åíû íåçàâèñèìûìè îò
òåêòîíîôèçèêè ìåòîäàìè. Âïåðâûå òàêîé
ïîäõîä îáîñíîâàí è ïðèìåíåí â ðàáîòå
[Ìóðîâñêàÿ è äð., 2014] äëÿ ÇÃÊ.

Ïðè ïîëåâûõ ðàáîòàõ èñïîëüçîâàëñÿ
âåñü àðñåíàë ãåîëîãî-ñòðóêòóðíûõ è òåê-
òîíîôèçè÷åñêèõ ìåòîäîâ. Îáðàáîòêà è
èíòåðïðåòàöèÿ çåðêàë ñêîëüæåíèÿ è ìå-
õàíèçìîâ î÷àãîâ çåìëåòðÿñåíèé îñóùåñò-
âëÿëàñü êèíåìàòè÷åñêèì ìåòîäîì ñ ïðè-
ìåíåíèåì ïðîãðàììû Win Tensor [Delva-
ux, Sperner, 2003]. Ïðåäñòàâëåíèå òåêòî-
íè÷åñêèõ çåðêàë è îñåé ãëàâíûõ íîðìàëü-
íûõ íàïðÿæåíèé âûïîëíÿëîñü íà ïðîåê-
öèè íèæíåé ïîëóñôåðû (ñåòêå Âóëüôà).
Â ñîîòâåòñòâèè ñ îðèåíòèðîâêîé ãëàâíûõ
îñåé ïîëÿ íàïðÿæåíèé ðàçäåëèëè, àíàëî-
ãè÷íî ìåõàíèçìàì çåìëåòðÿñåíèé, íà ÷å-
òûðå ãðóïïû: âçáðîñîâûå, ñáðîñîâûå, ñäâè-
ãîâûå è ïîêðîâíûå.

Äàííûå è ðåçóëüòàòû. Â òàáë. 1 è 2 ïðåä-
ñòàâëåíû ðåçóëüòàòû îïðåäåëåíèÿ ïîëåé
íàïðÿæåíèé è äåôîðìàöèîííûõ ðåæèìîâ
äëÿ 105 ïóíêòîâ íàáëþäåíèÿ. Äëÿ óäîáñò-
âà ÃÊ ðàçäåëåí íà çàïàäíóþ (ÇÃÊ) è âîñ-
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òî÷íóþ (ÂÃÊ) ÷àñòè ïî ëèíèè Ñèìôåðî-
ïîëü�Àëóøòà è èñïîëüçóåòñÿ ñàìîñòî-
ÿòåëüíàÿ íóìåðàöèÿ îáíàæåíèé äëÿ êàæ-
äîé èç ÷àñòåé.

Íà îñíîâàíèè äåøèôðèðîâàíèÿ êîñìî-
ñíèìêîâ è íàøèõ ïîëåâûõ íàáëþäåíèé
[Sheremet, 2016a] ñîñòàâëåíà ñõåìà ðàç-
ëîìîâ ÃÊ íà ôîíå 3D-ðåëüåôà, â êàæäîé
òî÷êå íàáëþäåíèÿ âûíåñåíû îðèåíòèðîâ-
êè äåéñòâóþùèõ îñåé (îñåé ñæàòèÿ äëÿ
âçáðîñîâûõ, ïîêðîâíûõ è ñäâèãîâûõ äå-
ôîðìàöèîííûõ ðåæèìîâ è îñåé ðàñòÿæå-
íèÿ äëÿ ñáðîñîâûõ äåôîðìàöèîííûõ ðå-
æèìîâ). Íà ðèñ. 3, à ïðåäñòàâëåíû îðè-
åíòèðîâêè îñåé ñæàòèÿ â ñîîòâåòñòâóþ-
ùèõ ïóíêòàõ íàáëþäåíèé äëÿ ïîëåé âçáðî-
ñîâîãî è ïîêðîâíîãî òèïà.

Äàëåå áûëè ïðîâåäåíû ëèíèè (òðàåê-
òîðèè) ñóáïàðàëëåëüíî îñÿì ñæàòèÿ, êî-
òîðûå äåìîíñòðèðóþò íàïðàâëåíèå ñîêðà-
ùåíèÿ. Íàïðàâëåíèå òðàåêòîðèé ñæàòèÿ
ðàçëè÷íî íà ðàçíûõ ó÷àñòêàõ èçó÷åííîé
òåððèòîðèè è â öåëîì îáðàçóåò âååðîîá-
ðàçíûé ðèñóíîê â íàèáîëåå ïðîãíóòîé ÷à-
ñòè ÃÊ îò ì. Àþ-Äàã äî ì. Ìåãàíîì. Àíà-
ëîãè÷íûì îáðàçîì âûíåñåíû îñè ñæàòèÿ
äëÿ ñäâèãîâûõ äåôîðìàöèîííûõ ðåæèìîâ
è ïðîâåäåíû ñóáïàðàëëåëüíûå èì òðàåê-
òîðèè (ðèñ. 3, á). Ðèñóíîê òðàåêòîðèé ñæà-
òèÿ äëÿ ñäâèãîâûõ ïîëåé ïîäîáåí òàêî-
âîìó äëÿ ïîëåé âçáðîñîâîãî òèïà. Ïàðàë-
ëåëüíîñòü òðàåêòîðèé ñæàòèÿ äëÿ îáîèõ
äåôîðìàöèîííûõ ðåæèìîâ ïîçâîëèëà ïðî-
èíòåðïðåòèðîâàòü èõ ñîâìåñòíî è ïðè÷èñ-
ëèòü ê îáùåìó ýòàïó äåôîðìàöèè.

Ýòàï êàéíîçîéñêîãî ñæàòèÿ. Ìû ñâÿ-
çûâàåì ïîëÿ íàïðÿæåíèÿ âçáðîñîâîãî, ïî-
êðîâíîãî è ñäâèãîâîãî òèïîâ ñ ýòàïîì êàé-
íîçîéñêîãî ñæàòèÿ. Ïîäîáíûé ðèñóíîê
îñåé ñæàòèÿ äëÿ äàííûõ ïîëåé ïîçâîëèë
îáúåäèíèòü èõ íà îäíîé ñõåìå è ïðîâåñ-
òè òðàåêòîðèè ñæàòèÿ, êîòîðûå íà ÿçûêå
äåôîðìàöèè ïîêàçûâàþò íàïðàâëåíèå ñî-
êðàùåíèÿ (ðèñ. 3, â, ã ). Â öåíòðàëüíîé
÷àñòè ÃÊ ïðåîáëàäàåò þãî-âîñòî÷íàÿ îðè-
åíòèðîâêà òðàåêòîðèé ñæàòèÿ. Ê âîñòîêó
îò öåíòðà íàïðàâëåíèå ñæàòèÿ èçìåíÿåò-
ñÿ íà ìåðèäèîíàëüíîå, à ê çàïàäó ñòàíî-
âèòñÿ ñåâåðî-âîñòî÷íûì, ôîðìèðóÿ âååðî-
îáðàçíûé ðèñóíîê â íàèáîëåå ïðîãíóòîé

÷àñòè ÃÊ îò ì.Àþ-Äàã äî ì.Ìåãàíîì. Ìû
ñâÿçûâàåì òàêîå ðàñïðåäåëåíèå òðàåêòî-
ðèé ñæàòèÿ ñ äóãîîáðàçíîé (âûïóêëîé íà
ñåâåðî-çàïàä) ôîðìîé íàäâèãîâîãî ôðîí-
òà. Þãî-çàïàäíàÿ ÷àñòü ÃÊ õàðàêòåðèçó-
åòñÿ þãî-çàïàäíûì�ñåâåðî-âîñòî÷íûì íà-
ïðàâëåíèåì ñæàòèÿ.

Äëÿ ó÷àñòêîâ ñ îäíîðîäíûìè ïî íàïðàâ-
ëåíèþ îñÿìè ñæàòèÿ ïîñòðîåíû îñðåäíåí-
íûå ïîëÿ íàïðÿæåíèé. Â ñàìîé âîñòî÷íîé
÷àñòè ÃÊ (Ñóäàêñêî-Ôåîäîñèéñêîé çîíå
(ÑÔÇ)) îñðåäíåííûå ïîëÿ íàïðÿæåíèé îò-
íîñÿòñÿ ê âçáðîñîâîìó òèïó, à äëÿ öåíò-
ðàëüíîé è çàïàäíîé ÷àñòåé ÃÊ îíè ïðåäñ-
òàâëåíû ñäâèãîâûìè òèïàìè (ðèñ. 3, â, ã).

Ãåîëîãî-ñòðóêòóðíûå íàáëþäåíèÿ, âû-
ïîëíåííûå â ÃÊ â ðàìêàõ IRG ïðîåêòà
(2013�2017) ïîçâîëèëè îïèñàòü è çàêàð-
òèðîâàòü ìíîãî÷èñëåííûå ñòðóêòóðû ñî-
êðàùåíèÿ, îòðàæåííûå íà ñòðóêòóðíîé
êàðòå è ðàçðåçàõ [Sheremet et al., 2016b]
è ñâÿçàííûå ñ äåôîðìàöèîííûìè ðåæèìà-
ìè ñæàòèÿ. Òàêîãî ðîäà ñòðóêòóðû (àñèì-
ìåòðè÷íûå àíòèêëèíàëüíûå ïðèíàäâèãî-
âûå ñêëàäêè, øåâðîííûå ñêëàäêè, çîíû
íàäâèãîâ, òåêòîíè÷åñêèå çåðêàëà âçáðî-
ñîâîãî òèïà è äð.) íàèáîëåå òèïè÷íû äëÿ
ÑÔÇ (ðèñ. 4, à).

Â öåíòðàëüíîé è çàïàäíîé ÷àñòÿõ Ãëàâ-
íîé ãðÿäû Êðûìñêèõ ãîð â çîíå ðàçâèòèÿ
ÿéë (â öåëîì ìîíîêëèíàëüíî çàëåãàþùèõ
èçâåñòíÿêîâûõ ìàññèâîâ îêñôîðä-áåððè-
àññêîãî âîçðàñòà) [Nikishin et al., 2017 è
ññûëêè â íåé] ïðåîáëàäàþò ðàçðûâíûå
íàðóøåíèÿ ñäâèãîâîãî òèïà ïî êðóòîïà-
äàþùèì ðàçðûâàì, ñîïðÿæåííûå ñ ãîðè-
çîíòàëüíûìè ïåðåìåùåíèÿìè ïî ïîëîãèì
ïëîñêîñòÿì íàïëàñòîâàíèÿ èëè ñòðàòèãðà-
ôè÷åñêèõ êîíòàêòîâ.

Íàäâèãîâûå ñòðóêòóðû çàôèêñèðîâàíû
â ðàéîíå Þæíîãî áåðåãà Êðûìà íà êîí-
òàêòàõ ðàçëè÷íûõ ïî ðåîëîãèè ïîðîäíûõ
êîìïëåêñîâ, îäèí èç êîòîðûõ � Áàëàê-
ëàâñêèé íàäâèã (òàáë. 2, ï. 2) � âïåðâûå
îïèñàí â ðàáîòå [Ãèíòîâ, 2005] è ïðîäå-
ìîíñòðèðîâàí íà ðèñ. 4, à, á. Âçáðîñîâûå
çåðêàëà ñêîëüæåíèÿ çàôèêñèðîâàíû òàê-
æå âäîëü êðàåâîãî âçáðîñà, îãðàíè÷èâàþ-
ùåãî èçâåñòíÿêîâûå ìàññèâû Ãëàâíîé ãðÿ-
äû ñ ñåâåðà (íàïðèìåð, â Óçóíäæèíñêîì
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Ðèñ. 3. Ïîñòðîåíèå òðàåêòîðèé ñæàòèÿ äëÿ êàéíîçîéñêîãî ýòàïà ýâîëþöèè Ãîðíîãî Êðûìà: à �
îðèåíòèðîâêè îñåé è òðàåêòîðèé æàòèÿ äëÿ ïîëåé âçáðîñîâîãî è ïîêðîâíîãî òèïîâ íà ôîíå ïî-
ñòðîåííîé ñõåìû ðàçëîìîâ; á � îðèåíòèðîâêà îñåé è òðàåêòîðèé ñæàòèÿ äëÿ ïîëåé ñäâèãîâîãî òè-
ïà; â � îðèåíòèðîâêà îñåé è òðàåêòîðèé ñæàòèÿ äëÿ ñóììû ïîëåé âçáðîñîâîãî, ïîêðîâíîãî è ñäâè-
ãîâîãî òèïîâ; ñðåäíèå ïîëÿ íàïðÿæåíèé ïîêàçàíû âäîëü áåðåãà ÃÊ; íàïðàâëåíèå âíåøíåãî âîçäåé-
ñòâèÿ ïîêàçàíî ñòðåëêàìè; 1, 2 � îñè àíòèêëèíàëüíûõ (1) è ñèíêëèíàëüíûõ (2) ñêëàäîê; ðàçðûâíûå

êàíüîíå, â äîëèíå ð. Áåëüáåê, â ðàéîíå
ñ. Ïëîòèííîå, â äèàáàçîâûõ êàðüåðàõ â
ðàéîíå ñ. Ñ÷àñòëèâîå è ò. ä. (ñì. òàáë. 2,
ï. 25, 31, 35)).

Ýòàï ìåëîâîãî ðàñòÿæåíèÿ. Áûëî ïî-
ëó÷åíî çíà÷èòåëüíîå êîëè÷åñòâî ïîëåé íà-
ïðÿæåíèÿ ñáðîñîâîãî òèïà ñ ðàçëè÷íûìè
îðèåíòèðîâêàìè äåéñòâóþùåé îñè ðàñòÿ-
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íàðóøåíèÿ: 3 � íàäâèãè, 4 � ñáðîñû, 5 � ñäâèãè; 6 � ïóíêòû íàáëþäåíèé è èõ íîìåðà (à � äëÿ
ÂÃÊ, á � äëÿ ÇÃÊ); îðèåíòèðîâêà îñè ñæàòèÿ äëÿ ðàçëè÷íûõ òèïîâ ïîëåé íàïðÿæåíèé:
7 � ïîêðîâíîãî, 8 � âçáðîñîâîãî, 9 � ñäâèãîâîãî; 10 � òðàåêòîðèè ñæàòèÿ;  ã � ñõåìàòè÷åñêîå
èçîáðàæåíèå òðàåêòîðèé ñæàòèÿ è íàïðàâëåíèÿ âíåøíåãî âîçäåéñòâèÿ: 11 � òðàåêòîðèè ñæàòèÿ;
12 � îñðåäíåííîå ïîëå íàïðÿæåíèé âçáðîñîâîãî òèïà; 13 � îñðåäíåííîå ïîëå íàïðÿæåíèé ñäâè-
ãîâîãî òèïà; 14 � íàïðàâëåíèå âíåøíèõ ñèë.

æåíèÿ, êîòîðûå ïðåäñòàâëåíû íà ðèñ. 5.
Íåêîòîðûå èç èçó÷åííûõ ñáðîñîâûõ ðàç-
ðûâîâ íà îñíîâå íàøèõ ãåîëîãî-ñòðóêòóð-
íûõ íàáëþäåíèé îïðåäåëåíû êàê êîíñå-

äèìåíòàöèîííûå è �ðàáîòàâøèå� â ðàí-
íåìåëîâîå âðåìÿ [Ìóðîâñêàÿ è äð., 2014].
Ñèñòåìà ïàðàëëåëüíûõ ñáðîñîâ ÑÇ 290�
300° îðèåíòèðîâêè ïåðåñåêàåò âåðõíåþð-
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1 34.34333° 44.87° Ïåñ÷àíèê, K1 Ñäâèã 11/149 5/240

2 34°24′8.70′′ 44°45′16.00′′ Êîíãëîìåðàò, J3 Ñáðîñ 69/058 20/214

3 34°27′32.70′′ 44°48′25.56′′ Êîíãëîìåðàò, J3 Âçáðîñ 02/200 63/03

4 34.48333° 44.86015° Èçâåñòíÿê, J3 Âçáðîñ 20/157 61/348

5 34.415° 44.991° Èçâåñòíÿê, K1
Âçáðîñ,
ñäâèã

20/179
0/83

70/357
5/173

6 34.486667° 44.966667° Èçâåñòíÿê, K1 Âçáðîñ 04/170 63/071

7 34.6351° 44.901° Êîíãëîìåðàò, K1
áåððèàñ

Ñáðîñ,
âçáðîñ,
ñäâèã

48/216
07/344
20/85

07/118
43/076
12/179

9 34.634° 44.911667° Ôëèø, K1 áåððèàñ Ñáðîñ 75/340 14/149

11 34.634° 45.0101° Èçâåñòíÿê, K1 Âçáðîñ 21/296 57/170

12 34°43′44.7′′ 44°52′33.09′′ Ôëèø, J1
Ñáðîñ,
âçáðîñ

37/020
24/293

14/120
52/168

13 34.7093° 44.9363° Èçâåñòíÿê, K1 Ñáðîñ 86/90 03/315

14 34.75737° 44.93475° Ôëèø, K1 Ñäâèã 17/47 9/314

15 34°51′24.09′′ 45°0′10.86′′ Èçâåñòíÿê, E1 Âçáðîñ 23/302 67/108

16 34.835467° 44.9175° Ôëèø, J1
Âçáðîñ,
ñäâèã

0/002
2/342

46/101
3/72

17 34°51′44.464′′ 4°50′56.27′′ Êîíãëîìåðàò, J2
Ñáðîñ,
âçáðîñ

72/193
10/175

07/082
39/77

18 34.90055° 44.82065° Èçâåñòíÿê, J3 Ñáðîñ 59/057 09/162

20 35.000633° 44.886433° Êîíãëîìåðàò, J3 Âçáðîñ 7/345 38/244

Ò à á ë è ö à 1 . Ïóíêòû òåêòîíîôèçè÷åñêèõ íàáëþäåíèé è ðåçóëüòàòû îïðåäåëåíèÿ
ïîëåé íàïðÿæåíèé äëÿ ÂÃÊ

Ëèòîëîãèÿ,
âîçðàñò ïîðîä



ÑÎÂÐÅÌÅÍÍÛÅ È ÏÀËÅÎÍÀÏÐßÆÅÍÈß ...

Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018 55

Í
î
ì
åð

î
á
í
àæ

åí
è
ÿ

Äîëãîòà Øèðîòà

Ò
è
ï
 ï

îë
ÿ

í
àï

ð
ÿæ

åí
è
ÿ

Î
ñü

 ñ
æ

àò
è
ÿ

(ó
ãî

ë/
àç

è
ì
óò

)

Î
ñü

 ð
àñ

òÿ
æ

åí
è
ÿ

(ó
ãî

ë/
àç

è
ì
óò

)

21 34°58′52.94′′ 44°53′33.88′′ Èçâåñòíÿê, J3 Ñäâèã 10/343 10/251

23 35.005383° 45.0162° Èçâåñòíÿê, J3
Ñáðîñ,
âçáðîñ

72/104
4/100

08/348
85/315

24 35°0′1.76′′ 45°3′8.97′′ Êîíãëîìåðàò, J3 Ñäâèã 14/77 11/170

25 35.005983° 45.073017° Êîíãëîìåðàò, J3
Âçáðîñ,
ñäâèã 2/77 62/171

26 35°1′7.85′′ 44°49′58.28′′ Êîíãëîìåðàò, J2 Âçáðîñ 16/9 40/123

27 34°59′18.07′′ 44°50′2.85′′ Èçâåñòíÿê, J3
Ñáðîñ
âçáðîñ

36/158
6/231

09/355
42/130

31 35°3′2.89′′ 44°48′33.73′′ Ôëèø, J1
Âçáðîñ,
ñäâèã

12/26
4/345

20/285
2/75

33 35.09925° 44.889250° Èçâåñòíÿê, J3 Âçáðîñ 14/6 52/258

34 35°13′21.13′′ 44°55′5.63′′ Âóëêàíèò, K1 Ñäâèã 29/108 22/21

35 35°13′6.69′′ 44°56′37.11′′ Èçâåñòíÿê, J3 Âçáðîñ 1/179 89/359

36 35.211483° 44.968417° Èçâåñòíÿê, J3 Âçáðîñ 5/318 81/197

37 35.264533° 44.966500° Ôëèø, J2
Ñáðîñ,
âçáðîñ

74/260
15/162

16/093
48/054

38 35.278133° 44.969050° Ôëèø, J2 Âçáðîñ 17/338 63/105

42 35.349117° 44.969333° Êîíãëîìåðàò, J2 Ñäâèã 9/2 8/94

43 35.360517° 44.990917° Ôëèø, J2 Âçáðîñ 13/328 54/76

44 35°21′15.64′′ 45°2′35.44′′ Ìåðãåëü, E2 Âçáðîñ 7/328 79/98

45 36°29′32.79′′ 45°19′2.22′′ Èçâåñòíÿê, N1 Ïîêðîâ 49/184 41/360

46 34°26′42.63′′ 44°44′2.93′′ Êîíãëîìåðàò, J3 Ïîêðîâ 35/264 53/60

Îêîí÷àíèå òàáë. 1

Ëèòîëîãèÿ,
âîçðàñò ïîðîä
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Ò à á ë è ö à 2 . Ïóíêòû òåêòîíîôèçè÷åñêèõ íàáëþäåíèé è ðåçóëüòàòû îïðåäåëåíèÿ
ïîëåé íàïðÿæåíèé äëÿ ÇÃÊ
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1 33° 28′ 54′′ 44° 30′ 31′′ Èçâåñòíÿê, N1 Ñäâèã 37/18 13/278

2 33° 31′ 28′′ 44° 30′ 11′′ Èçâåñòíÿê, J3 Ñäâèã 17/216 29/117

3 44° 31′ 11′′ 33° 33′′ 53′′ Èçâåñòíÿê, J3
Ñáðîñ,
ñäâèã

74/293
14/37

14/148
27/300

4 33° 35′ 43′′ 44° 29′ 48′′ Èçâåñòíÿê, J3 Ñáðîñ 58/216 08/318

5 33° 36′ 42′′ 44° 29′ 30′′ Èçâåñòíÿê, J3 Âçáðîñ 9/170 71/275

7 33° 40′ 54′′ 44° 32′ 48′′ Ìåðãåëü, K2 Ñäâèã 31/242 1/333

8 33° 40′ 58′′ 44° 31′ 56′′ Èçâåñòíÿê, J3 Ñäâèã 0/252 21/342

9 33° 42′ 1′′ 44° 32′ 21′′ Èçâåñòíÿê, J3 Ñäâèã 4/46 8/316

10 33° 43′ 00′′ 44° 31′ 48′′ Èçâåñòíÿê, K1 Ñäâèã 5/343 4/73

10â 44° 30′ 60′′ 33° 46′ 10′′ Èçâåñòíÿê, K1 Âçáðîñ 30/28 37/143

11 33° 38′ 50′′ 44° 28′ 17′′ Êîíãëîìåðàò, J3 Ïîêðîâ 43/169 41/6

12 33° 41′ 36′′ 44° 28′ 46′′ Èçâåñòíÿê, J3 Ñáðîñ 68/22 22/200

13 33° 42′ 0.00′′ 44° 28′ 36′′ Èçâåñòíÿê, J3 Ñäâèã 2/43 11/313

14 33° 41′ 602′′ 44° 28′′ 757′′ Èçâåñòíÿê, J3 Ñáðîñ 78/170 11/005

15 33° 41′ 34′′ 44° 25′ 24′′ Èçâåñòíÿê, J3
Âçáðîñ,
ñäâèã

0/283
1/81

85/16
27/350

16 33° 42′ 28′′ 44° 25′ 43′′ Èçâåñòíÿê, J3
Ñáðîñ,
ñäâèã

49/265
7/136

03/171
17/44

17 33° 43′ 09′′ 44° 25′ 49′′ Èçâåñòíÿê, J3 Ïîêðîâ 30/66 49/198

18 33° 46′ 48′′ 44° 24′ 18′′ Èçâåñòíÿê, J3
Ñáðîñ,
ñäâèã

79/201
3/46

11/025
7/136
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19 33° 47′ 14′′ 44° 24′ 24′′ Èçâåñòíÿê, J3 Ñáðîñ 68/125 02/032

20 33° 47′ 39′′ 44° 24′ 21′′ Èçâåñòíÿê, J3 Âçáðîñ 7/32 77/272

21 33° 47′ 53′′ 44° 24′ 03′′ Âóëêàíèò, J2
Âçáðîñ,
ñäâèã

31/13
35/244

49/147
3/336

22 33° 49′ 39′′ 44° 24′′ 22′′ Âóëêàíèò, J2 Ñäâèã 29/15 16/275

23 33° 51′ 12′′ 44° 25′ 09′′ Èçâåñòíÿê, J3
Ñáðîñ,
ñäâèã

60/095
0/61

09/201
7/151

24 33° 52′ 04′′ 44° 27′ 47′′ Èçâåñòíÿê, J3
Ñáðîñ,
ñäâèã

77/070
21/276

08/196
13/181

25 33,895367 44,494067 Èçâåñòíÿê, J3 Âçáðîñ 0/180 89/91

26 33° 55′ 57′′ 44° 24′ 12′′ Ôëèø, J2 Ñäâèã 12/222 36/321

27 33° 57′ 18′′ 44° 24′ 48′′ Èçâåñòíÿê, J3 Ñäâèã 23/212 5/304

28 33° 57′ 15′′ 44° 26′ 05′′ Èçâåñòíÿê, J3 Ñäâèã 1/323 11/54

29 33° 58′ 41′′ 44° 26′ 14′′ Èçâåñòíÿê, J3 Ñäâèã 20/179 6/271

30 33° 57′ 51′′ 44° 33′ 34′′ Äèàáàç, J2 Ñäâèã 5/46 12/315

31 33° 58′ 30′′ 44° 35′ 06′′ Ôëèø, J2 Ïîêðîâ 43/142 42/332

32 34° 00′ 00′′ 44° 29′ 36′′ Èçâåñòíÿê, J3
Âçáðîñ,
ñäâèã

6/359
4/338

77/245
4/248

33 34° 01′ 18′′ 44° 33′ 34′′ Èçâåñòíÿê, J3 Ñäâèã 10/278 8/10

34 34° 01′ 55′′ 44° 28′ 56′′ Èçâåñòíÿê, J3 Ïîêðîâ 34/335 49/194

35 34° 04′ 05′′ 44° 34′ 51′′ Äèàáàç, J2
Ñáðîñ,
ïîêðîâ,
ñäâèã

86/076
36/159
11/213

03/289
46/19
22/308

36 34° 06′ 01′′ 44° 36′ 30′′ Ôëèø, T3�J1
Ñáðîñ,
ñäâèã

73/052
8/269

04/155
18/176

Ïðîäîëæåíèå òàáë. 2
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37 34° 08′ 12′′ 44° 30′ 42′′ Ãëèíèñòûé
èçâåñòíÿê, J3

Ñáðîñ 83/278 03/165

38 34° 10′ 37′′ 44° 31′ 40′′ Ñëîèñòûé
èçâåñòíÿê, J3

Ñáðîñ 85/171 03/309

39 34° 09′ 26′′ 44° 33′ 00′′ Ñëîèñòûé
èçâåñòíÿê, J3

Ñäâèã 7/39 1/309

40 34° 10′ 58′′ 44° 34′ 17′′ Ñëîèñòûé
èçâåñòíÿê, J3

Âçáðîñ 27/286 56/148

41 34° 13′ 44′′ 44° 35′ 02′′ Èçâåñòíÿê, J3
Ñáðîñ,
ñäâèã

56/087
24/99

16/202
5/191

42 34° 13′ 40′′ 44° 36′ 49′′ Èçâåñòíÿê, J3
Âçáðîñ,
ñäâèã

15/137
31/150

69/272
6/244

43 34° 20′ 05′′ 44° 36′ 12′′ Äèîðèò, J2 Ñäâèã 0/259 8/169

44 34° 14′ 37′′ 44° 38′ 35′′ Èçâåñòíÿê, J3 Ñáðîñ 41/100 05/194

45 34° 22′ 02′′ 44° 35′ 28′′ Äèàáàç, J2 Âçáðîñ 27/337 63/158

46 34° 22′ 45′′ 44° 38′ 14′′ Äèîðèò, J2
Âçáðîñ,
ñäâèã

7/92
15/98

40/355
23/2

47 34° 19′ 57′′ 44° 45′ 14′′ Ôëèø, T3�J1 Ñáðîñ 65/333 10/085

48 34° 20′ 09′′ 44° 48′ 03′′ Ôëèø, T3�J1 Ïîêðîâ 41/332 32/184

49 34° 16′ 15′′ 44° 46′ 50′′ Èçâåñòíÿê, J3 Ñäâèã 19/148 11/58

50 34° 16′ 35′′ 44° 49′ 08′′ Èçâåñòíÿê, J3 Ñäâèã 1/136 6/226

52 34° 08′ 33′′ 44° 53′ 53′′ Äèàáàç, J2 Âçáðîñ 26/5 59/148

54 34° 00′ 13′′ 44° 47′ 8′′ Àíäåçèò, J2
Ïîêðîâ,
ñäâèã

42/18
19/312

47/180
3/43

57 33° 53′ 46′′ 44° 44′ 49′′ Èçâåñòíÿê, Å1 Ñäâèã 12/304 6/35

61 33° 51′ 18′′ 44° 33′ 12′′ Ïåñ÷àíèê, K1 Ñáðîñ 47/100 03/007

62 34.16935° 44.909267 Äèàáàç, J2 Âçáðîñ, 2/271 64/4

Îêîí÷àíèå òàáë. 2
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Ðèñ. 4. Ïðèìåðû ñòðóêòóð ñæàòèÿ è ðàñòÿæåíèÿ: à � ïîëîñà âûõîäîâ êðóòîïàäàþùèõ âåðõíåþðñêèõ
èçâåñòíÿêîâ ïðîòÿãèâàåòñÿ â øèðîòíîì íàïðàâëåíèè è ìàðêèðóåò ôðîíò íàäâèãà, ñåâåðî-çàïàäíàÿ îê-
ðàèíà ïãò Êóðîðòíîå (êðàéíèé ñïðàâà ãðåáåíü � ã. Ñþðþ-Êàÿ (òàáë. 1, ï. 35)); á � Áàëàêëàâñêèé íà-
äâèã íà âîñòî÷íîé îêðàèíå ïãò Áàëàêëàâà (òàáë. 2, ï. 2) àêòèâèðîâàëñÿ ïî íåñîãëàñíîìó ñòðàòèãðàôè-
÷åñêîìó êîíòàêòó íà ýòàïå êàéíîçîéñêîãî ñæàòèÿ; â � ñáðîñîâûé ðàçëîì íà âîñòî÷íîì ñêëîíå ã.Þæ-
íàÿ Äåìåðäæè (òàáë. 1, ï. 2) îãðàíè÷èâàåò ñ çàïàäà ðàííåìåëîâóþ Ñàëãèðñêóþ äåïðåññèþ; ã � âåðõíå-
þðñêàÿ êàðáîíàòíàÿ ïëàòôîðìà, íàðóøåííàÿ ñáðîñîâûìè ðàçðûâàìè, àêòèâèðîâàííûìè íà ýòàïå ïëèî-
öåíîâîãî âîçäûìàíèÿ ÃÊ (âèä ñî ñòîðîíû ïãò Áåðåãîâî (òàáë. 2, ï. 28, 29)). Ñòðåëêè ïîêàçûâàþò íà-
ïðàâëåíèå ïåðåìåùåíèÿ âèñÿ÷åãî êðûëà.
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ñêèå-áåððèàñîâûå èçâåñòíÿêè Àéïåòðèí-
ñêîé ÿéëû â ÇÃÊ è îò÷åòëèâî ïðîñìàòðè-
âàåòñÿ ñî ñòîðîíû þæíîãî êðóòîãî ñêëî-
íà (ðèñ. 4, ã, òàáë. 2, ï. 28, 29).

Â öåíòðàëüíîé ÷àñòè ÃÊ áûëè îáíà-
ðóæåíû êðóïíûå òåêòîíè÷åñêèå çåðêàëà
ñáðîñîâîãî òèïà, îãðàíè÷èâàþùèå Ñàëãèð-
ñêóþ ýðîçèîííî-òåêòîíè÷åñêóþ äåïðåñ-
ñèþ ñ âîñòîêà è îòêðûâøååñÿ â ðåçóëüòà-
òå êðóïíîãî îáâàëà â ðàéîíå ïîñåëêà Ëó-
÷èñòîå ó çàïàäíîãî ïîäíîæüÿ ã. Þæíàÿ
Äåìåðäæè (ñì. ðèñ. 4, á, òàáë. 1, ï. 2). Äëÿ
äâóõ íàçâàííûõ ó÷àñòêîâ áûëà âîññòàíîâ-
ëåíà íåñêîëüêî ðàçëè÷íàÿ îðèåíòèðîâêà
ðàííåìåëîâîãî ðàñòÿæåíèÿ: þãî-þãî-çà-
ïàä�ñåâåðî-ñåâåðî-âîñòîê â ÇÃÊ è þãî-
çàïàä�ñåâåðî-âîñòîê â öåíòðàëüíîé ÷à-
ñòè ÃÊ (ðèñ. 5).

Îáñóæäåíèå ðåçóëüòàòîâ. Ãåîëîãè÷åñ-
êàÿ ýâîëþöèÿ ÃÊ òåñíî ñâÿçàíà ñ ñîáû-
òèÿìè, ïðîèñõîäèâøèìè íà þæíîé îêðà-
èíå Âîñòî÷íî-Åâðîïåéñêîé ïëàòôîðìû �
îòêðûòèåì è ýâîëþöèåé ×åðíîìîðñêîãî
áàññåéíà, à òàêæå èíâåðñèåé åãî îêðàèí
è ôîðìèðîâàíèåì îêàéìëÿþùèõ ãîðíî-

ñêëàä÷àòûõ ñîîðóæåíèé. Îòïå÷àòêè ýòèõ
ïðîöåññîâ ñîõðàíèëèñü â òîé èëè èíîé
ìåðå â âåùåñòâåííîñòðóêòóðíûõ êîìï-
ëåêñàõ ðåãèîíàëüíîãî ìàñøòàáà è äåôîð-
ìàöèîííûõ ýëåìåíòàõ ìåçîóðîâíÿ (â ïðå-
äåëàõ îòäåëüíûõ îáíàæåíèé). Ïðè ýòîì
ñëåäû áîëåå äðåâíèõ ñîáûòèé �çàòåðëèñü�
áîëåå ìîëîäûìè, áóäó÷è äëÿ íèõ îáùèì
ôîíîì, à ñëåäû ïîñëåäíèõ ñîáûòèé ñî-
õðàíèëèñü áîëåå îò÷åòëèâî. Ïîýòîìó áó-
äåì ðàññìàòðèâàòü ýâîëþöèþ ïîëåé íà-
ïðÿæåíèé ñ íàñòîÿùåãî ìîìåíòà è äâè-
ãàòüñÿ â îáðàòíîì íàïðàâëåíèè � â ãëó-
áèíó âðåìåí.

Ñåéñìè÷íîñòü â ïðåäåëàõ ÊÑÇ ÿâëÿ-
åòñÿ èíäèêàòîðîì ñîâðåìåííûõ òåêòîíè-
÷åñêèõ ïðîöåññîâ, êîòîðûå ïðîäîëæàþò
ýòàï êàéíîçîéñêîãî ñæàòèÿ. Áîëüøèíñòâî
î÷àãîâ ñèëüíûõ çåìëåòðÿñåíèé ÊÑÇ ðàñ-
ïîëîæåíû â ïîëîñå ìåæäó Þæíûì áåðå-
ãîì Êðûìà è ïîäîøâîé êîíòèíåíòàëüíî-
ãî ñêëîíà è ñâèäåòåëüñòâóþò î òîì, ÷òî îñ-
íîâíîé òåêòîíè÷åñêèé ïðîöåññ ïðîèñõî-
äèò èìåííî çäåñü, â çîíå âçàèìîäåéñòâèÿ
Ñêèôñêîé ïëèòû è ×åðíîìîðñêîé ìèê-

Ðèñ. 5. Îðèåíòèðîâêà îñåé ðàñòÿæåíèÿ äëÿ ïîëåé íàïðÿæåíèé ñáðîñîâîãî òèïà: 1�6 ñì. íà ðèñ. 3; 7 �
îðèåíòèðîâêà äåéñòâóþùåé îñè ðàñòÿæåíèÿ äëÿ ïîëåé ñáðîñîâîãî òèïà; 8 � îðèåíòèðîâêà ðàííåìå-
ëîâîãî ðàñòÿæåíèÿ îïðåäåëåíà äëÿ ãðóïï êîíñåäèìåíòàöèîííûõ ñáðîñîâûõ íàðóøåíèé.
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ðîïëèòû, à ñòðóêòóðû ñåâåðíîé îêðàèíû
×Ì è ÃÊ âçàèìîñâÿçàíû åäèíûì ãåîäè-
íàìè÷åñêèì ïðîöåññîì.

Êàê ïîêàçàíî â ðàáîòå [Ãîáàðåíêî è äð.,
2016], ñåéñìè÷íîñòü â ïðåäåëàõ ÊÑÇ íå-
ðàâíîìåðíî ðàñïðåäåëÿåòñÿ ïî ãëóáèíå è
ïî ïðîñòèðàíèþ çîíû, à ãèïîöåíòðû ñëà-
áûõ çåìëåòðÿñåíèé ôîðìèðóþò îòäåëü-
íûå ñêîïëåíèÿ, ñðåäè êîòîðûõ: Ñåâàñòî-
ïîëüñêèé, ßëòèíñêî-Àëóøòèíñêèé, Ñóäàê-
ñêèé è Êåð÷åíñêî-Òàìàíñêèé êëàñòåðû
[Ãîáàðåíêî è äð., 2016]. Ýòî ñâèäåòåëüñò-
âóåò î ñóùåñòâîâàíèè âåùåñòâåííî-ñòðóê-
òóðíî-êèíåìàòè÷åñêèõ íåîäíîðîäíîñòåé
â çîíå êîëëèçèîííîãî âçàèìîäåéñòâèÿ è
ðåàêòèâàöèè äðåâíèõ ñóáâåðòèêàëüíûõ
è ñóáãîðèçîíòàëüíûõ îñëàáëåííûõ çîí â
çåìíîé êîðå ÊÑÇ.

Äëÿ ðàñøèôðîâêè õàðàêòåðà è îñîáåí-
íîñòåé ñîâðåìåííîãî äåôîðìàöèîííîãî
ïðîöåññà â ðåãèîíå ïðèâëå÷åíû ìåõàíèç-
ìû î÷àãîâ ñèëüíûõ çåìëåòðÿñåíèé ÊÑÇ.
Â ßëòèíñêî-Àëóøòèíñêîé ïîäçîíå â ìåñòå
ìàêñèìàëüíîãî èçãèáà áåðåãîâîé ëèíèè è
íàèáîëåå óçêîãî øåëüôà ìåõàíèçìû òðåõ
çåìëåòðÿñåíèé óêàçûâàþò íà âçáðîñîâûé
òèï äåôîðìàöèé è ñâèäåòåëüñòâóþò î ðàç-
ðÿäêå çäåñü íàïðÿæåíèé ñæàòèÿ â þãî-
âîñòî÷íî�ñåâåðî-çàïàäíîì è þãî-çàïàä-
íî�ñåâåðî-âîñòî÷íîì íàïðàâëåíèÿõ (ñì.
ðèñ. 2). Äâà ìåõàíèçìà âçáðîñîâîãî òèïà,
ðàñïîëîæåííûå â ìåñòå ìàêñèìàëüíîãî
þæíîãî âûñòóïà ÊÑÇ, òàêæå äåìîíñòðè-
ðóþò ðàçðÿäêó íàïðÿæåíèé ñæàòèÿ. Öå-
ïî÷êà èç ïÿòè î÷àãîâ ñ ðàçëè÷íûìè òèïà-
ìè ìåõàíèçìîâ, ïðîñëåæèâàþùèõñÿ íà
þã ïî ìåðèäèàíó ßëòà�Ñèìôåðîïîëü,
î÷åâèäíî, ñâÿçàíà ñ àêòèâèçàöèåé äðåâ-
íåé òåêòîíè÷åñêîé çîíû, êîòîðàÿ, ïî ìíå-
íèþ íåêîòîðûõ àâòîðîâ [Ãèíòîâ, 2005; Ãî-
áàðåíêî è äð., 2016 è ññûëêè â íèõ], ðàç-
äåëÿåò ÇÃÊ è ÂÃÊ.

Ñóäàêñêî-Ôåîäîñèéñêèé ó÷àñòîê â öå-
ëîì õàðàêòåðèçóåòñÿ áîëåå íèçêèì óðîâ-
íåì ñåéñìè÷íîñòè ïî ñðàâíåíèþ ñ ßëòèí-
ñêî-Àëóøòèíñêèì ñåêòîðîì. Çäåñü çàôèê-
ñèðîâàíû äâà ñèëüíûõ çåìëåòðÿñåíèÿ ñ
ìåõàíèçìàìè ñáðîñîâîãî è ïîêðîâíîãî
(èëè âçáðîñî-ñáðîñîâîãî) òèïîâ (ñì. ðèñ.
2). Ýòè îñîáåííîñòè ñâèäåòåëüñòâóþò î

ìåíüøåì îáúåìå íàêàïëèâàåìîé çäåñü
óïðóãîé ýíåðãèè, ÷òî ìîæåò áûòü ñâÿçà-
íî ñ ðåîëîãè÷åñêèìè îñîáåííîñòÿìè ñåéñ-
ìîãåíåðèðóþùåé ñðåäû.

Ýòàï êàéíîçîéñêîãî ñæàòèÿ â ÃÊ, îá-
óñëîâëåííûé êîëëèçèîííûìè ïðîöåññà-
ìè, íà÷àëñÿ â îëèãîöåíå [Finetti et al., 1988;
Ïàòàëàõà è äð., 2003; Ãîí÷àð, 2013, 2015;
Nikishin et al., 2017] èëè â ïàëåîöåíå [She-
remet et al., 2016b]. Êàê ïîêàçûâàþò íàøè
òåêòîíîôèçè÷åñêèå è ãåîëîãî-ñòðóêòóð-
íûå íàáëþäåíèÿ [Ìóðîâñêàÿ è äð., 2014;
Sheremet et al., 2016a] è ñåéñìîãåîëîãè-
÷åñêèå ðàçðåçû [Finetti et al., 1988; Niki-
shin et al., 2015a, b], íà ýòàïå ñæàòèÿ íà
ñóøå è øåëüôå èíâåðòèðóþòñÿ äðåâíèå
òåêòîíè÷åñêèå íàðóøåíèÿ, ñâÿçàííûå ñ
ýòàïîì ðàñòÿæåíèÿ, à òàêæå ôîðìèðóåò-
ñÿ ñêëàä÷àòî-íàäâèãîâàÿ ñòðóêòóðà â ìîù-
íîé òîëùå îëèãîöåí-ïëèîöåíîâûõ îñàä-
êîâ ïðîãèáà Ñîðîêèíà.

Ýòàï êàéíîçîéñêîãî ñæàòèÿ â ÃÊ ìû õà-
ðàêòåðèçóåì òðàåêòîðèÿìè ñîêðàùåíèÿ,
îòðàæàþùèìè ñóììàðíûé ýôôåêò äåôîð-
ìàöèé âçáðîñîâîãî, ïîêðîâíîãî è ñäâèãî-
âîãî òèïîâ. Â öåíòðàëüíîé ÷àñòè ÃÊ (ðà-
éîí ×àòûð-Äàãà, Äåìåðäæè, Êàðàáè) ïðå-
îáëàäàþò ïîëÿ íàïðÿæåíèé ñäâèãîâîãî òè-
ïà ñ ñåâåðî-çàïàäíî�þãî-âîñòî÷íîé îðè-
åíòèðîâêîé îñè ñæàòèÿ, ÷òî ñîãëàñóåòñÿ,
íàïðèìåð, ñ ðåçóëüòàòàìè ãåîëîãî-ñòðóê-
òóðíûõ íàáëþäåíèé äëÿ Äîëãîðóêîâñêîé
ÿéëû, ñîñòîÿùåé èç ñåðèè àëëîõòîííûõ
ïëàñòèí ñåâåðî-âîñòî÷íîãî ïðîñòèðàíèÿ
[Ìèëååâ è äð., 1998].

Ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå òè-
ïîâ ïîëåé íàïðÿæåíèé ïî ïîëåâûì òåê-
òîíîôèçè÷åñêèì èññëåäîâàíèÿì ñâèäå-
òåëüñòâóåò îá îòëè÷èè ÑÔÇ îò çàïàäíîé
è öåíòðàëüíîé ÷àñòåé ÃÊ. Â ÑÔÇ ïðåîá-
ëàäàþò ïîëÿ íàïðÿæåíèé âçáðîñîâîãî òè-
ïà ñ îðèåíòèðîâêîé îñè ñæàòèÿ ñåâåð�
þã èëè ñåâåðî-ñåâåðî-çàïàä�þãî-þãî-âîñ-
òîê, êîòîðûå ìû ñâÿçûâàåì ñ ôàçàìè ñêëàä-
÷àòîñòè è îðîãåíåçà â êàéíîçîå�êâàðòå-
ðå. Îðèåíòèðîâêà âçáðîñîâûõ ïîëåé íà-
ïðÿæåíèé ñîãëàñóåòñÿ ñ ñóáøèðîòíûì ïðî-
ñòèðàíèåì íàäâèãîâûõ ñòðóêòóð â ïðåäå-
ëàõ ÂÃÊ (ñì. ñòðóêòóðíóþ êàðòó [Shere-
met et al., 2016à]).
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Â ãåîëîãè÷åñêîì ñòðîåíèè è òåêòîíè-
÷åñêîé ýâîëþöèè ÑÔÇ ñóùåñòâóþò îñî-
áåííîñòè, îòìå÷åííûå áîëüøèíñòâîì èñ-
ñëåäîâàòåëåé, íàïðèìåð [Ìóðàòîâ, 1969;
Nikishin et al., 2017; Þäèí, 2011]. Íà òåê-
òîíè÷åñêîé ñõåìå (ñì. ðèñ. 2) ê âîñòîêó
îò ëèíèè Ñóäàê�Ñòàðûé Êðûì ðàñïî-
ëîæåí Ñóäàêñêèé ñèíêëèíîðèé [ Ìóðà-
òîâ, 1969], êîòîðûé âõîäèò â ñîñòàâ Ñó-
äàêñêîãî òðîãà è ïðîñòèðàåòñÿ â ñåâåðî-
âîñòî÷íîì íàïðàâëåíèè äî Ôåîäîñèè [Ni-
kishin et al., 2017]. Íà÷èíàÿ ñî ñðåäíåé þðû,
â Ñóäàêñêîì òðîãå îòìå÷àþòñÿ áîëåå ãëó-
áîêîâîäíûå ôàöèè, ÷åì ê çàïàäó îò íåãî,
à îñàäêîíàêîïëåíèå â åãî ïðåäåëàõ ïðî-
èñõîäèò íåïðåðûâíî âïëîòü äî ýîöåíà [Ni-
kishin et al., 2017]. Â ðåçóëüòàòå çäåñü áû-
ëà îòëîæåíà ìîùíàÿ òîëùà ñëîèñòûõ ïëà-
ñòè÷íûõ îáðàçîâàíèé, äåôîðìèðîâàííàÿ,
âûâåäåííàÿ íà çåìíóþ ïîâåðõíîñòü è ýðî-
äèðîâàííàÿ íà ýòàïå êàéíîçîéñêîãî ñæàòèÿ.

Ê çàïàäó îò Àëóøòû (ðàéîí ã. Êàñòåëü,
Áàáóãàí-ÿéëû, þæíûé ñêëîí Êà÷èíñêî-
ãî ïîäíÿòèÿ) è äî ì. Àþ-Äàã òðåíä ñæà-
òèÿ ñòàíîâèòñÿ ñóáøèðîòíûì. Ýòî ñîîò-
âåòñòâóåò îáëàñòè ðàçâîðîòà ñåâåðî-âîñ-
òî÷íûõ ñòðóêòóð ÇÃÊ â ìåðèäèîíàëüíîì
íàïðàâëåíèè, õàðàêòåðíîì äëÿ Ñàëãèð-
ñêîé äåïðåññèè è ×àòûð-Äàãà. Â ðàáîòàõ
[Ãîí÷àð, 2013, 2015; Ãèíòîâ, 2005] äóãîîá-
ðàçíûé ðàçâîðîò ñòðóêòóð ÇÃÊ ñâÿçàí ñî
ñòðóêòóðàìè ïîäâîðîòà ïðè ëåâîñäâèãî-
âîì ïåðåìåùåíèè ïî Ñàëãèðî-Îêòÿáðüñ-
êîìó ðàçëîìó [Ãîí÷àð, 2013, 2015]. Î÷åâèä-
íî, íà ýòàïå êàéíîçîéñêîãî ñæàòèÿ çîíà
ñóáìåðèäèîíàëüíîãî ðàçëîìà èìåëà/èìå-
åò âçáðîñîâóþ êîìïîíåíòó, ÷åì è îáúÿñ-
íÿþòñÿ ñóáøèðîòíûå íàïðàâëåíèÿ íàøèõ
òðàåêòîðèé ñîêðàùåíèÿ, à òàêæå âçáðî-
ñîâûå ñîñòàâëÿþùèå â ìåõàíèçìàõ î÷à-
ãîâ âäîëü åå ïðîäîëæåíèÿ â ×Ì.

Â öåëîì, â äóãîîáðàçíîì ñåêòîðå Þæ-
íîãî áåðåãà Êðûìà îò ì.Ìåãàíîì äî ì.Àþ-
Äàã ïîëó÷åíî âååðîîáðàçíîå ðàñïðåäåëå-
íèå íàïðÿæåíèé ñæàòèÿ. Ïîäîáíûé ðèñó-
íîê òðàåêòîðèé áûë ïîëó÷åí â ðàáîòàõ [Ïà-
òàëàõà è äð., 2003; Ãîí÷àð, 2015] ïðè ìàòå-
ìàòè÷åñêîì ìîäåëèðîâàíèè ìåòîäîì êî-
íå÷íûõ ýëåìåíòîâ â ðàìêàõ êîëëèçèîííîé
ìîäåëè è îáúÿñíÿåòñÿ èíäåíòîðíûì âîç-

äåéñòâèåì Âîñòî÷íî-×åðíîìîðñêîé âïàäè-
íû íà þæíóþ îêðàèíó Ñêèôñêîé ïëèòû.

Þãî-çàïàäíàÿ ÷àñòü ÃÊ õàðàêòåðèçó-
åòñÿ þãî-çàïàäíûì� ñåâåðî-âîñòî÷íûì
íàïðàâëåíèåì ñæàòèÿ. Ñëåäóåò îòìåòèòü,
÷òî òàêîé, íåñêîëüêî íåîæèäàííûé òðåíä
îòìå÷àëñÿ íåêîòîðûìè àâòîðàìè è ðàíü-
øå [Ãèíòîâ, 2005; Âîëüôìàí, 2015 è ññûë-
êè â íèõ]. Äëÿ åãî îáúÿñíåíèÿ íåò îäíî-
çíà÷íîãî îòâåòà. Âçáðîñîâûå ðåæèìû þãî-
çàïàäíîãî ñæàòèÿ, âîçìîæíî, âîçíèêëè â
ðåçóëüòàòå àêòèâàöèè äðåâíèõ ñáðîñîâ íà
êàéíîçîéñêîì ýòàïå. Ñäâèãîâûå ðåæèìû
ìîãóò áûòü ñâÿçàíû ñ êèíåìàòèêîé Çàïàä-
íî-×åðíîìîðñêîãî ïðàâîãî ñäâèãà, îãðàíè-
÷èâàþùåãî ñ çàïàäà þæíî-êðûìñêèé íà-
äâèãîâûé ôðîíò. Àíàëîãè÷íîå þãî-çàïàä-
íîå íàïðàâëåíèå ñæàòèÿ ïîëó÷åíî Æ.-Ê. Èï-
ïîëèòîì äëÿ Öåíòðàëüíûõ Ïîíòèä è ñâÿ-
çûâàåòñÿ àâòîðîì ñ êîëëèçèåé Òàâðî-Àíà-
òîëèéñêîãî áëîêà ñ Ïîíòèäàìè [Hippolyte
et al., 2010, 2016].

Ýòàï ðàñòÿæåíèÿ â ÇÃÊ íà÷èíàåòñÿ â
âàëàíæèí-áàððåìñêîå âðåìÿ è äîñòèãàåò
ìàêñèìàëüíîé èíòåíñèâíîñòè â àïòñêîå.
Îí ïîäòâåðæäàåòñÿ êîíñåäèìåíòàöèîí-
íûì ñáðîñîîáðàçîâàíèåì è ôîðìèðîâàíè-
åì îëèñòîñòðîìîâûõ êîìïëåêñîâ íà ïðîòÿ-
æåíèè ïðàêòè÷åñêè âñåãî ðàííåãî ìåëà.

Íàøèì èññëåäîâàíèåì âûÿâëåí ðÿä ìî-
ëîäûõ ñáðîñîâûõ çåðêàë è ñîîòâåòñòâóþ-
ùèõ äåôîðìàöèîííûõ ðåæèìîâ ðàñòÿæå-
íèÿ. Ýòè ñáðîñîâûå ðàçðûâû ìû ñâÿçû-
âàåì ñ âëèÿíèåì ãðàâèòàöèè è àêòèâèçà-
öèåé áîëåå äðåâíèõ ðàçëîìîâ ïðè âîçäû-
ìàíèè â ïëèîöåíå ÃÊ [Ìóðîâñêàÿ, 2012;
Ìóðîâñêàÿ è äð., 2014].

Âûâîäû. Â äàííîì èññëåäîâàíèè ðàñ-
ñìîòðåíà ýâîëþöèÿ ÃÊ è ïðèëåãàþùåé ÷à-
ñòè ×Ì âî âðåìåííîì èíòåðâàëå îò ðàí-
íåãî ìåëà äî íàñòîÿùåãî âðåìåíè. Ðåãèî-
íàëüíàÿ ãåîëîãè÷åñêàÿ ñèòóàöèÿ â Öèð-
êóì-×åðíîìîðñêîì ðåãèîíå è íàøè ãåî-
ëîãî-ñòðóêòóðíûå íàáëþäåíèÿ ïîçâîëèëè
âûäåëèòü äâà ãåíåðàëèçîâàííûõ ýòàïà â
ýâîëþöèè èçó÷åííîé òåððèòîðèè: ìåëî-
âîãî ðàñòÿæåíèÿ è êàéíîçîéñêîãî ñæàòèÿ,
ïðîäîëæàþùåãîñÿ è â íàñòîÿùåå âðåìÿ.
Òåêòîíîôèçè÷åñêèå íàáëþäåíèÿ è àíàëèç
ìåõàíèçìîâ çåìëåòðÿñåíèé ïîçâîëèëè óòî÷-



ÑÎÂÐÅÌÅÍÍÛÅ È ÏÀËÅÎÍÀÏÐßÆÅÍÈß ...

Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018 63

íèòü îðèåíòèðîâêó ðàñòÿæåíèÿ è ñæàòèÿ,
à òàêæå îñîáåííîñòè ïðîñòðàíñòâåííîãî
ðàñïðåäåëåíèÿ äåôîðìàöèè.

Ðàííåìåëîâîå ðàñòÿæåíèå ïðîÿâèëîñü
â äåñòðóêöèè âåðõíåþðñêîé êàðáîíàòíîé
ïëàòôîðìû ïî ñèñòåìå ñáðîñîâûõ íàðó-
øåíèé. Áûëî ïîëó÷åíî íàïðàâëåíèå ðàñ-
òÿæåíèÿ ñåâåðî-ñåâåðî-âîñòîê�þãî-þãî-
çàïàä äëÿ þãî-çàïàäíîé ÷àñòè ÃÊ è íà-
ïðàâëåíèå ðàñòÿæåíèÿ ñåâåðî-âîñòîê�
þãî-çàïàä äëÿ åãî öåíòðàëüíîé ÷àñòè. Âîç-
ìîæíî, ïîëÿ íàïðÿæåíèé ñáðîñîâîãî òè-
ïà è ñîîòâåòñòâóþùèå ñòðóêòóðû ðàñòÿ-
æåíèÿ ñâÿçàíû ñ ôàçîé ðèôòèíãà è ðàñ-
êðûòèÿ ×Ì.

Ñ ýòàïîì êàéíîçîéñêîãî ñæàòèÿ àâòî-
ðû ñâÿçûâàþò ïîëÿ íàïðÿæåíèÿ âçáðîñî-
âîãî, ïîêðîâíîãî è ñäâèãîâîãî òèïîâ. Äëÿ
Ñóäàêñêî-Ôåîäîñèéñêîãî ðàéîíà õàðàê-
òåðíû ïîëÿ íàïðÿæåíèé âçáðîñîâîãî òè-
ïà, à äëÿ öåíòðàëüíîé è çàïàäíîé ÷àñòåé
ÃÊ � ñäâèãîâîãî. Ïðè ýòîì òðàåêòîðèè
ñæàòèÿ îáðàçóþò âååðîîáðàçíûé ðèñóíîê
è èçìåíÿþò ñâîå íàïðàâëåíèå îò ñåâåðî-
þæíîãî â Ñóäàêñêîé çîíå äî ñåâåðî-çà-
ïàäíî�þãî-âîñòî÷íîãî â öåíòðàëüíîé çî-
íå, çàòåì äî âîñòî÷íî-çàïàäíîãî è, íàêî-
íåö, ïðèîáðåòàþò ñåâåðî-âîñòî÷íî�þãî-
çàïàäíóþ îðèåíòèðîâêó â ñàìîé çàïàäíîé
÷àñòè ÃÊ. Âååðîîáðàçíûé ðèñóíîê òðàåê-
òîðèé ñæàòèÿ ñâÿçûâàåòñÿ ñ äóãîîáðàçíîé
ôîðìîé íàäâèãîâîãî ôðîíòà.

Îáîáùåíèå ìåõàíèçìîâ î÷àãîâ 32 ñèëü-
íûõ çåìëåòðÿñåíèé â ïðåäåëàõ ñåâåðíîé
îêðàèíû ×Ì çà 1927�2016 ãã. ïîêàçàëî
ïðåîáëàäàíèå âçáðîñîâîãî è ïîêðîâíîãî
äåôîðìàöèîííûõ ðåæèìîâ. Îðèåíòèðîâ-
êè îñåé ñæàòèÿ â î÷àãàõ îòíîèòåëüíî îðè-
åíòèðîâêè ÊÑÇ ñâèäåòåëüñòâóþò î òîì,
÷òî ñîâðåìåííûé òåêòîíè÷åñêèé ïðîöåññ

ïðîèñõîäèò ïðåèìóùåñòâåííî â óñëîâè-
ÿõ ñæàòèÿ è òðàíñïðåññèè.

Àíàëèç 13 ìåõàíèçìîâ î÷àãîâ çåìëå-
òðÿñåíèé, ðàñïîëîæåííûõ âäîëü ïîáåðå-
æüÿ Êðûìà â ïðåäåëàõ Þæíî-Êðûìñêî-
ãî íàäâèãîâîãî ôðîíòà, ïîêàçûâàåò ïðå-
îáëàäàíèå âçáðîñîâûõ äåôîðìàöèé â öåíò-
ðàëüíîé ÷àñòè ÊÑÇ è ñäâèãîâûõ äåôîð-
ìàöèé íà åå çàïàäíîì çàâåðøåíèè. Ðàñ-
ñ÷èòàííûé ñðåäíèé ìåõàíèçì îòíîñèòñÿ ê
âçáðîñîâîìó òèïó ïðè îðèåíòèðîâêå îñè
ñæàòèÿ â íàïðàâëåíèè ñåâåðî-çàïàä�þãî-
âîñòîê è ïîêàçûâàåò ãåíåðàëèçîâàííîå íà-
ïðàâëåíèå ñîêðàùåíèÿ, ïðè ýòîì ïåðåìå-
ùåíèÿ ïî îòäåëüíûì íîäàëüíûì ïëîñêî-
ñòÿì ðåàëèçóþòñÿ â ðàçëè÷íûõ íàïðàâ-
ëåíèÿõ, ÷òî ñâÿçàíî ñ èçìåíåíèåì âî âðå-
ìåíè è ïðîñòðàíñòâå ïîëåé íàïðÿæåíèé
âòîðîãî ïîðÿäêà.

Ñ òî÷êè çðåíèÿ äåôîðìàöèîííûõ ðå-
æèìîâ � ñæàòèÿ è òðàíñïðåññèè è ñ ó÷å-
òîì íàïðàâëåíèÿ óêîðî÷åíèÿ ñåâåðî-çà-
ïàä�þãî-âîñòîê ñîâðåìåííûé òåêòîíè-
÷åñêèé ïðîöåññ â ïðåäåëàõ ÊÑÇ ÿâëÿåòñÿ
ïðîäîëæåíèåì ýòàïà êàéíîçîéñêîãî ñæà-
òèÿ è îòðàæàåò ïîääâèã ñóáîêåàíè÷åñêîé
êîðû Â×ÌÏ ïîä êîíòèíåíòàëüíóþ êîðó
Ñêèôñêîé ïëèòû.

Áëàãîäàðíîñòè. Ïîëåâûå òåêòîíîôè-
çè÷åñêèå ðàáîòû 2012 ã. âûïîëíåíû â ðàì-
êàõ ïðîãðàììû Darius 2012 áëàãîäàðÿ ïðîô.
C. Morhange â ðàìêàõ ïðîåêòà AMIDEX -
GEOMED Àèêñ-Ìàðñåëüñêîãî Óíèâåðñèòå-
òà. Îáîáùåíèå è ïåðåèíòåðïðåòàöèÿ ïî-
ëåâûõ ìàòåðèàëîâ 1991�2012 ãã. âûïîëíå-
íû â ðàìêàõ IRG ïðîåêòà ïî íàóêàì î çåì-
ëå Þæíîãî Êàâêàçà 2012�2017 ãã. Àâòî-
ðû âûðàæàþò áëàãîäàðíîñòü Î. Ãèíòîâó,
Þ. Âîëüôìàíó, Å. Êîëåñíèêîâîé çà ïðå-
äîñòàâëåíèå ÷àñòè ïîëåâûõ ìàòåðèàëîâ.
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Recent and paleo-stresses at the northern margin
of the Black Sea and the Crimea Mountain in

Meso-Cenozoic�Quarter (according to mechanisms
of earthquakes foci and field tectonophysical data)

 A. Murovskaya, J.-C. Hippolyte, Ye. Sheremet, T. Yegorova, 2018

Recent stress fields at the northern margin of the Black Sea have been characteri-
zed on the base of 32 mechanisms of the earthquakes foci. Orientations of compressi-
on axes in the foci give evidence that present-day tectonic process takes place under
conditions of compression and transpression. For 13 mechanisms located within the
band between the southern cost of the Crimea and the base of the continental slope re-
gional stress field has been estimated, which reflects deformational regime of horizon-
tal stress in northwest�southeast direction. The results of specification of paleostres-
ses fields and deformation regimes have been presented according to field tectonophy-
sical observations in 105 sites. Interpretation has been fulfilled within the limits of two
generalized stages: extension in the Early Cretaceous and compression in the Ceno-
zoic�Quarter. Stress fields of inverse, nappe and strike-slip types have been attributed
to the stage of Cenozoic compression. Generalized paths of compression have been
plotted, which form fan-like pattern within the arc-like sector of the South Coast of the
Crimea from cape Meganom to cape Ayu-Dag and change their direction from north�
east to west�east. Averaged stress fields have been calculated, which are of inverse
type in Sudak-Feodosian zone and are represented by strike-slip types for the central
and western parts of the Mountain Crimea (MC). The southwestern part of the MC is
characterized by strike-slip-type stress field with northwest�northeast direction of
the compression axis. The stage of Cretaceous extension is characterized by stress fi-
elds of normal type. The southwestern part of MC is characterized by north-north-
east�north-north-west trend of extension and for the central part of MC the north-
east�south-west direction of extension has been obtained.

Key words: the Crimea, the Black Sea, mechanisms of earthquakes foci, stress field,
deformational regime, kinematic analysis, Cenozoic compression.

Sh. Adamia (eds). Tectonic Evolution of the
Eastern Black Sea and Caucasus. Geol. Soc.
London Spec. Publ. 428, 265�305.

Sheremet Y., Sosson M., Ratzov G., Sydorenko G.,
Voitsitskiy Z., Yegorova T., Gintov O., Murov-
skaya A., 2016b. An offshore-onland transect
across the north-eastern Black Sea basin (Cri-
mean margin): Evidence of Paleocene to Plio-
cene two-stage compression. Tectonophysics
688, 84�100. doi: 10.1016/j.tecto.2016.09.015.

Starostenko V. I., Sosson M., Farfulyak L., Gin-
tov O. B., Yegorova T., Murovskaya A., Shere-
met Ye., Legostaeva O., 2017. Deep crustal struc-
ture of the transition zone of the Scythian Plate
and the East European Platform (DOBRE-5 pro-
file): consequences of the Alpine tectonic evo-
lution. Ãåîôèçè÷åñêèé æóðíàë 39(4), 119�121.

Vavrychuk V., 2014. Iterative joint inversion for
stress and fault orientations from focal mecha-
nisms. Geophys. J. Int. 199, 69�77. doi: 10.1093/
gji/ggu224.

Yegorova T., Gobarenko V., 2010. Structure of
the Earth�s crust and upper mantle of the West-
and East-Black Sea Basins revealed from geo-
physical data and its tectonic implications. In:
M. Sosson, N. Kaymakci, R. Stephenson, F. Ber-
gerat, V. Starostenko (eds). Sedimentary Ba-
sin Tectonics from the Black Sea and Cauca-
sus to the Arabian Platform. Geol. Soc. London
Spec. Publ. 340, 23�42. doi: 10.1144/SP340.3.

Zonenshain L. P., Le Pichon X., 1986. Deep ba-
sins of the Black Sea and Caspian Sea as rem-
nants of Mesozoic. Tectonophysics 123(1), 181�
211. doi: 10.1016/0040-1951(86)90197-6.



ÑÎÂÐÅÌÅÍÍÛÅ È ÏÀËÅÎÍÀÏÐßÆÅÍÈß ...

Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018 67

References

Afanasenkov A. P., Nikishin A. M., Obukhov A. N.,
2007. Geological structure and hydrocarbon
potential of the East-Black Sea region. Mos-
cow: Nauchnyy Mir, 172 p. (in Russian).

Balakina L. M., Vvedenskaya A. V., Golubeva I. V.,
Misharina L. A., Shirokova E. I., 1972. The fi-
eld of elastic stresses of the Earth and the me-
chanism of foci of earthquakes. Moscow: Na-
uka, 192 p. (in Russian).

Baranova E. P., Yegorova T. P., Omelchenko V. D.,
2008. Reinterpretation of seismic materials of
DSS and gravity modeling along the profiles
25, 28 and 29 in the Black Sea and the Azov
Sea. Geofizicheskiy zhurnal 30(5), 1�10 (in Rus-
sian).

Byzova S. L., 1980. Some issues of tectonics of
the Mountainous Crimea. Vestnik Moskovs-
kogo universiteta. Ser. 4. Geologiya (6), 15�25
(in Russian).

Volfman Yu. M., 2015. Deformation regimes and
kinematic conditions of modern tectonic fa-
ulting within the limits of the Mountain Cri-
mea. 2. Geofizicheskiy zhurnal 37(1), 100�120.
(in Russian). doi: https://doi.org/10.24028/gzh.
0203-3100.v37i1.2015.111328.

Gintov O. B., 2005. Field tectonophysics and its
application for the studies of deformations of
the Earth�s crust of Ukraine. Kiev: Feniks,
572 p. (in Russian).

Gintov O. B., Volfman Yu. M., Kolesnikova E. Ya.,
Murovskaya A. V., 2014. Tectonophysical in-
terpretation of earthquake focal mechanisms
of the Zagros system. Geodinamika i tektono-
fizika 5(1), 305�319 (in Russian). doi: 10.5800/
GT-2014-5-1-0129.

Gobarenko V. S., Murovskaya A. V., Yegorova T. P.,
Sheremet E. E., 2016. Contemporary conflict
processes on the northern outskirts of the Black
Sea. Geotektonika (4), 68�87 (in Russian).
doi: 10.7868/S0016853X16040020.

Gonchar V., 2015. On substantiation of mecha-
nism of lateral extrusion of the crust of the Mo-
untain Crimea. Geofizicheskiy zhurnal 37(4),
145�150 (in Russian). doi: https://doi.org/
10.24028/gzh.0203-3100.v37i4.2015.111135.

Gonchar V. V., 2013. Collisional nature of the

Crimean orogen � the experience of the fini-
te element method. Geofizicheskiy zhurnal 35(6),
148�164 (in Russian). doi: https://doi.org/10.
24028/gzh.0203-3100.v35i6.2013.116 526.

Kostrov B. V., 1974. Seismic moment, earthqu-
ake energy and seismic flow of mountain mas-
ses. Proceedings of the USSR Academy of Sci-
ences. Izvestiya AN SSSR. Fizika Zemli (1), 23�
40 (in Russian).

Mileev V. S., Rozanov S. B., Baraboshkin E. Yu.,
Shalimov I. V., 1998. Peculiarities of internal
deformations of allochthons in the Mountai-
nous Crimea. Doklady Akademii nauk 358(2),
233�235 (in Russian).

Muratov M. V. (ed.), 1969. Geology of the USSR.
Vol. VIII. Crimea. Part 1. Geological descrip-
tion. Moscow: Nedra, 576 p. (in Russian).

Murovskaya A. V., 2012. Stress fields and de-
formation modes of the Western Mountaino-
us Crimea in the Alpine stage of tectogenesis
according to tectonophysical data: Dis. ... cand.
geol. and min. sci. Kiev, 146 p. (in Russian).

Murovskaya A., Ippolit J.-C., Sheremet E., Yego-
rova T., Volfman Yu., Kolesnikova K., 2014.
Deformational structures and stress fields of
the south-western Crimea in the context of
the evolution of Western Black Sea basin. Geo-
dynamika (2), 53�68 (in Russian).

Osokina D. N., Fridman V. N., 1987. Investiga-
tion of the laws of the structure of the stress
field in the vicinity of a shear discontinuity with
friction between the banks. In: Fields of stres-
ses and deformations in the Earth�s crust. Mos-
cow: Nauka, P. 74�119 (in Russian).

Patalaha E. I., Gonchar V. V., Senchenkov I. K.,
Chervinko Î. P., 2003. Indenter mechanism in
the geodynamics of the Crimean-Black Sea re-
gion. Kiev: Emko, 226 p. (in Russian).

Pustovitenko B. G., Eredzhepov E. E., 2017. Fo-
cal parameters of earthquakes in the Crime-
an-Black Sea region for 2016. Scientific notes
of the Vernadsky Crimean Federal University.
Geography. Geology 4 (4), 36�48 (in Russian).

Rebetskiy Yu. L., 2007. Tectonic stresses and strength
of mountain massifs. Moscow: Nauka, 406 p.
(in Russian).



À. ÌÓÐÎÂÑÊÀß, Æ.-Ê. ÈÏÏÎËÈÒ, Å. ØÅÐÅÌÅÒ, Ò. ÅÃÎÐÎÂÀ

68 Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018

Tugolesov D. A., Gorshkov A. S., Meysner L. B.,
Solovyev V. V., Khakhalev V. I., 1985. Tec-
to-nics of the Mesozoic-Cenozoic deposits
of the Black Sea basin. Moscow: Nedra, 215
p. (in Russian).

Yudin V. V., 2011. Geodynamics of the Crimea.
Simferopol: Diaypi, 335 p. (in Russian).

Bott M. H. P., 1959. The mechanics of oblique
slip faulting. Geol. Mag. (96), 109�117.

Byerlee J. D., 1978. Friction of Rocks. Pure Appl.
Geophys. 116, 615�626.

Delvaux D., Sperner B., 2003. New aspects of
tectonic stress inversion with reference to the
TENSOR program. In: New insights into struc-
tural interpretation and modeling. Geol. Soc.
London. Spec. Publ. 212, 75�100.

Dinu C., Wong H. K., Tambrea D., Matenco L.,
2005. Stratigraphic and structural characteris-
tics of the Romanian Black Sea shelf. Tecto-
nophysics 410(1�4), 417�435. https://doi.
org/10.1016/j.tecto.2005.04.012.

Espurt N., Hippolyte J. C., Kaymakci N., San-
gu E., 2014. Lithospheric structural control on
inversion of the southern margin of the Black
Sea Basin, Central Pontides, Turkey. Litho-
sphere 6(1), 26�34. http://doi.org/10.1130/
L316.1.

Görür N., 1997. Cretaceous syn- to post-rift se-
dimentation on the southern continental mar-
gin of the Western Black Sea Basin. In: Robin-
son A. G. (ed.). Regional and petroleum geo-
logy of the Black Sea and surrounding regi-
on. AAPG Memoir. 68, P. 227�240.

Finetti I., Bricchi G., Del Ben A., Pipan M., Xu-
an Z., 1988. Geophysical study of the Black
Sea. Bollettino di Geofisica Teorica ed Appli-
cata XXX(117-118), 197�324.

Hippolyte J. C., Espurt N., Kaymakci N., San-
gu E., Müller C., 2016. Cross-sectional anato-
my and geodynamic evolution of the Cent-
ral Pontide orogenic belt (northern Turkey).
Int. J. Earth Sci. 105(1), 81�106. doi: 10.1007/
s00531-015-1170-6.

Hippolyte J. C., Müller C., Kaymakci N., San-
gu E., 2010. Dating of the Black Sea Basin:
new nannoplankton ages from its inverted mar-
gin in the Central Pontides (Turkey). In: M. Sos-

son, N. Kaymakci, R. Stephenson, F. Bergerat,
V. Starostenko (eds). Sedimentary Basin Tec-
tonics from the Black Sea and Caucasus to
the Arabian Platform. Geol. Soc. London Spec.
Publ. 340, 113�136. http://doi.org/10.1144/
SP340.7.

Khriachtchevskaia O., Stovba S., Stephenson R.,
2010. Cretaceous-Neogene tectonic evolution
of the northern margin of the Black Sea from
seismic reflection data and tectonic subsiden-
ce analysis. In: M. Sosson, N. Kaymakci, R. Ste-
phenson, F. Bergerat, V. Starostenko (eds). Se-
dimentary Basin Tectonics from the Black Sea
and Caucasus to the Arabian Platform. Geol.
Soc. London Spec. Publ. 340, 137�157. doi:
10.1144/SP340.8.

Munteanu I., Matenco L., Dinu C., Cloetingh S.,
2011. Kinematics of back-arc inversion of the
Western Black sea Basin. Tectonics 30, TC5004.
doi: 10.1029/2011TC002865.

Nikishin A. M., Okay A. I., Tüysüz O., Demirer A.,
Amelin N., Petrov E., 2015a. The Black Sea
basins structure and history: new model ba-
sed on new deep penetration regional seismic
data. Part 1: Basins structure and fill. Mar. Pet.
Geol. (59), 638�655. https://doi.org/10.1016/
j.marpetgeo.2014.08.017.

Nikishin A. M., Okay A. I., Tüysüz O., Demirer A.,
Amelin N., Petrov E., 2015b. The Black Sea
basins structure and history: new model ba-
sed on new deep penetration regional seismic
data. Part 2: Tectonic history and paleogeo-
graphy. Mar. Pet. Geol. (59), 656�670. https:
//doi.org/10.1016/j.marpetgeo.2014.08.018.

Nikishin A. M., Wannier M., Alekseev A. S., Al-
mendiger O. A., Fokin P. A., Gabdullin R. R.,
Khudoley A. K., Kopaevich L. F., Mityukov A. V.,
Petrov E. I., Rubtsova E. V., 2017. Mesozoic to
recent geological history of southern Crimea
and the Eastern Black Sea region. In: M. Sos-
son, R. Stephenson, Sh. Adamia (eds). Tecto-
nic Evolution of the Eastern Black Sea and
Caucasus. Geol. Soc. London Spec. Publ. 428,
241�264.

Okay A. I., Nikishin A. M., 2015. Tectonic evo-
lution of the southern margin of Laurasia in
the Black Sea region. Int. Geol. Rev. 57(5�
8), 1051�1076. http://dx.doi.org/10.1080/002
06814.2015.1010 609.

Popadyuk I. V., Stovba S. M., Khriachtchevs-
kaia O. I., 2013. The New Geological map of



ÑÎÂÐÅÌÅÍÍÛÅ È ÏÀËÅÎÍÀÏÐßÆÅÍÈß ...

Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018 69

the Crimea Mountains by SPK � Geoservi-
ce as a new approach to understanding the Black
Sea Region. Abstracts of Darius Programme,
Eastern Black Sea � Caucasus Workshop, 24�
25 June, 2013, Tbilisi, Georgia, P. 48�50.

Robinson A., Spadini G., Cloetingh S., Rudat J.,
1995. Stratigraphic evolution of the Black Sea
inferences from basin modelling. Mar. Pet. Ge-
ol. 12 (8), 821�835.

Saintot A., Angelier J., Chorowicz J., 1999. Me-
chanical significance of structural patterns iden-
tified by remote sensing studies: a multisca-
le analysis of tectonic structures in Crimea.
Tectonophysics 313(1-2), 187�218. doi: 10.1016/
S0040-1951(99)00196-1.

Sheremet Y., Sosson M., Müller C., Gintov O.,
Murovskaya A., Yegorova T., 2016a. Key prob-
lems of stratigraphy in the Eastern Crimea Pe-
ninsula: some insights from new dating and
structural data. In: M. Sosson, R. Stephenson,
Sh. Adamia (eds). Tectonic Evolution of the
Eastern Black Sea and Caucasus. Geol. Soc.
London Spec. Publ. 428, 265�305.

Sheremet Y., Sosson M., Ratzov G., Sydorenko G.,
Voitsitskiy Z., Yegorova T., Gintov O., Murov-
skaya A., 2016b. An offshore-onland transect
across the north-eastern Black Sea basin (Cri-

mean margin): Evidence of Paleocene to Plio-
cene two-stage compression. Tectonophysics
688, 84�100. doi: 10.1016/j.tecto.2016.09.015.

Starostenko V. I., Sosson M., Farfulyak L., Gin-
tov O. B., Yegorova T., Murovskaya A., Shere-
met Ye., Legostaeva O., 2017. Deep crustal struc-
ture of the transition zone of the Scythian Plate
and the East European Platform (DOBRE-5 pro-
file): consequences of the Alpine tectonic evo-
lution. Ãåîôèçè÷åñêèé æóðíàë 39(4), 119�121.

Vavrychuk V., 2014. Iterative joint inversion for
stress and fault orientations from focal mecha-
nisms. Geophys. J. Int. 199, 69�77. doi: 10.1093/
gji/ggu224.

Yegorova T., Gobarenko V., 2010. Structure of
the Earth�s crust and upper mantle of the West-
and East-Black Sea Basins revealed from geo-
physical data and its tectonic implications. In:
M. Sosson, N. Kaymakci, R. Stephenson, F. Ber-
gerat, V. Starostenko (eds). Sedimentary Ba-
sin Tectonics from the Black Sea and Cauca-
sus to the Arabian Platform. Geol. Soc. London
Spec. Publ. 340, 23�42. doi: 10.1144/SP340.3.

Zonenshain L. P., Le Pichon X., 1986. Deep ba-
sins of the Black Sea and Caspian Sea as rem-
nants of Mesozoic. Tectonophysics 123(1), 181�
211. doi: 10.1016/0040-1951(86)90197-6.



E. F. KLIMCHUK, V. F. TARASOV

70 Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018

ÓÄÊ 551.583.2

On the critical mass of greenhouse gas

  E. F. Klimchuk , V. F. Tarasov, 2018

G. V. Kurdyumov Institute for Metal Physics,
National Academy of Sciences of Ukraine, Kiev, Ukraine

Received 1 October 2017

Â îñòàíí³ ðîêè çì³íåííÿ êë³ìàòó Çåìë³ íåïîêî¿òü ãðîìàäñüê³ñòü ñâ³òó. Çðîñòàííÿ
ñòèõ³éíèõ ëèõ, ðàïòîâ³ òåìïåðàòóðí³ êîëèâàííÿ â îêðåìèõ ðåã³îíàõ ñâ³òó òà ³íø³
â³äõèëåííÿ êë³ìàòó â³ä òðàäèö³éíî¿ ïîâåä³íêè êë³ìàòîëîãè ïîâ�ÿçóþòü ç ãëîáàëüíèì
ïîòåïë³ííÿì. Íàóêîâà ãðîìàäñüê³ñòü ç êë³ìàòîëîã³¿ ðîçä³ëèëàñÿ ùîäî ïèòàííÿ ìåõà-
í³çìó ïðèðîäè ïîòåïë³ííÿ êë³ìàòó Çåìë³. Îäí³ äîñë³äíèêè ââàæàþòü, ùî ç ìîìåíòó
ïî÷àòêó ïðîìèñëîâî¿ ðåâîëþö³¿ âèðîáíè÷à ä³ÿëüí³ñòü ëþäñòâà ç êîæíèì ðîêîì çá³ëü-
øóº ê³ëüê³ñòü âóãëåêèñëîãî ãàçó ó ïîâ³òð³. ßê óñòàíîâëåíî, ïîðÿä ç ³íøèìè ãàçàìè
â³í â³äïîâ³äàº çà ïàðíèêîâèé åôåêò. Ó çâ�ÿçêó ç öèì îñòàíí³ì ÷àñîì â³äáóëîñÿ ê³ëüêà
ì³æíàðîäíèõ êîíôåðåíö³é, íà ÿêèõ óõâàëåíî ð³øåííÿ ïðî ñêîðî÷åííÿ âèêèä³â âóã-
ëåêèñëîãî ãàçó â àòìîñôåðó.

²íøà ÷àñòèíà êë³ìàòîëîã³â, íà ï³äñòàâ³ ñïîñòåðåæåíü çà àòèâí³ñòþ Ñîíöÿ, ââà-
æàº, ùî ïîòåïë³ííÿ ñïðè÷èíåíî ïðîÿâîì öèêë³÷íîãî ÷àñîâîãî ïåð³îäó ö³º¿ àêòèâ-
íîñò³, ³ íåçàáàðîì öåé öèêë çàê³í÷èòüñÿ. Ïðè÷îìó â ïîäàëüøîìó ìîæëèâå íàñòàííÿ
íîâîãî ëåäíèêîâîãî ïåð³îäó. Ó ñòàòò³ çàïðîïîíîâàíî ³íøó ìîæëèâó ðåàëüíó ïðè-
÷èíó ïîòåïë³ííÿ êë³ìàòó. Íà çàñàäàõ çàãàëüíî¿ òåîð³¿ çâîðîòíîãî çâ�ÿçêó ïîêàçàíî,
ùî ÷îòèðè îñíîâí³ ïîçèòèâí³ çâîðîòí³ çâ�ÿçêè, ùî âèêëèêàþòü âòîðèííó åì³ñ³þ âî-
äÿíî¿ ïàðè, CO2 , CO4 òà çìåíøåííÿ àëüáåäî, âïëèâàþòü íà êë³ìàòè÷íó ñèñòåìó Çåìë³.
ßêùî íà öåé ÷àñ ð³âåíü ïåðâèííî¿ àíòðîïîãåííî¿ åì³ñ³¿ ïàðíèêîâèõ ãàç³â çðîñòàòè-
ìå, òî çàãàëüíà ìàñà ïàðíèêîâîãî ãàçó âíàñë³äîê çàçíà÷åíèõ âèùå çâîðîòíèõ çâ�ÿç-
ê³â äîñÿãíå ïåâíî¿ êðèòè÷íî¿ âåëè÷èíè, ùî çóìîâèòü ñàìîïîñèëåííÿ ïàðíèêîâîãî
åôåòó, ÿêèé ñïðè÷èíèòü á³ôóðêàö³éíèé ïåðåõ³ä êë³ìàòè÷íî¿ ñèñòåìè Çåìë³ ó ñòàí
ñàìîðîç³ãð³âó ç íåîáìåæåíèì çðîñòàííÿì ñåðåäíüî¿ òåìïåðàòóðè çåìíî¿ ïîâåðõí³.

Êëþ÷îâ³ ñëîâà: ïàðíèêîâèé ãàç, ïîçèòèâíèé çâîðîòíèé çâ�ÿçîê, ï³äâèùåííÿ òåì-
ïåðàòóðè, á³ôóðêàö³éíèé ïåðåõ³ä.

Introduction. Many systems have a cri-
tical parameter when a system passes from
its original state into a qualitatively new sta-
te with new characteristics. In this paper we
show that at a certain point or threshold when
greenhouse gases reach a critical mass, the
earth�s climate system could change to a qu-
alitatively new state with potentially catast-
rophic consequences for humankind and the
nature. A key driver leading to such a state
is a positive feedbacks upon the earth�s cli-
mate system. There are several studies ad-
dressing the impact of such positive feed-
backs on the greenhouse effect [Lashof et

al., 1997; Torn, Harte, 2006; Scheffer et al.,
2006] but we argue that many researchers
do not give sufficient attention to the strength
and power of this impact. We argue further
that it is such positive feedback that is the
main cause of rapid climate change.

The theory of feedback states the follo-
wing. A feedback works in a system only if
this system is active. It means that the sys-
tem is able to amplify any external action
on it out of its self-energy. This condition
is called the energy criterion [Raisbeck, 1954].
The earth�s climate system satisfies this cri-
terion. Therefore, all conclusions by the the-
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ory of feedback can be used to research
the influence of feedbacks on the earth�s
climate system.

To the possibility of these disastrous con-
sequences have pointed ut earlier [Klimchuk,
Tarasov, 2005]. Now we want to return to
this question making some additions.

Analysis of feedback. An active system
of any kind with feedbacks is shown sche-
matically in Fig.1, where 1 is active system
itself, 2 is the feedback unit, 3 is the sum-
ming unit, U1 is the input action (signal),
U2 is the response of the system to the in-
put signal Uin , Ufu is the response (signal)
of the feedback, and U in is the resulting
action (signal) at the input of the system.
The core of the feedback process is as fol-
lows. A part of the output response U2 of
the system comes through the unit of feed-
back in the form of Ufu to the summing un-
it, where it is added to the input action U1 ,
forming the resulting input signal U in . If the
signs (phases) of signals U1 and Ufu coinci-
de, the signal Uin and the response U2 in-
crease accordingly to feedback. Otherwise
a feedback is negative. The equality of sig-
nals U1 and Ufu means that the internal con-
trol or self-control is realized by the Ufu sig-
nal in systems with feedbacks. This is the
essence of the principle of feedback.

The input action U1 and the response U2
of the system may have different physical
nature. The signals U1 and Ufu are always
similar. The latter is implemented, when ne-
cessary, by the appropriate transformation
of the nature of U2 into a unit of feedback.
Therefore, in considering the earth�s clima-
te system when the input action U1 is un-
derstood as the increase of anthropogenic
emissions of greenhouse gases, we can spe-
ak of positive feedbacks only when there
are such responses Ufu that represent incre-
ases of secondary emissions of greenhouse
gases generated in the earth�s climate sys-
tem due primarily to anthropogenic emissi-
ons of greenhouse gases. These positive fe-
edbacks are discussed below.

It is easy to show that the transmission
factor (function) K fu of the system with a
feedback shown by the structural scheme

in Fig. 1, is expressed by the following ratio
[Bode, 1945]:

,
11

00

0

0

1

2
fb F

K

S

K

K

K

U

U
K =

−
=

γ−
== (1)

where K0 = U2 
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U1 is the transmission factor

(function) of the system without a feedback,
γ = Ufu 

/
 
U2 is the transmission factor (func-

tion) of a unit of feedback, S = γK0 is the lo-
op amplification (reversion ratio) in the fe-
edback loop in open position, and F is the
recurrent difference.

In the ratio (1) it is assumed that the trans-
mission functions of the summing unit 3 on
signals U1 and U fu are equal to unity. The
function γ is otherwise called the feedback
factor and in the case of a positive feedback
is usually denoted by α and in case of a ne-
gative feedback by β.

If the output of the unit of feedback 2 is
disconnected from the adder 3 and the unit
action is used at the input of system 1, the
response at the output of the unit of feed-
back will be numerically equal to the loop
gain S, which in case of multiloop feedbacks
is usually called the reversion ratio. In rese-
arch on the feedback theory the reversion
ratio is usually denoted by T. We back out
of this rule as in what follows we denote tem-
perature by this letter.

In structural scheme in Fig. 1 for the open
feedback loop:
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Taking into account that in case of a po-
sitive feedback the signs (phases) of signals
U1 and Ufu coincide and for a negative fe-

Fig. 1. Schematic structure of feedback.
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edback they are different, in the former ca-
se S > 0, in the latter S < 0.

According to the value of S in case of a
positive feedback, 3 modes of operations with
such feedbacks are distinguished.

The first of them, which is called subcri-
tical, is realized when 0 < S < 1, F < 1, Kfu >
> K0 , S = 1, F = 0 correspond to the second
mode called critical. This mode is also called
the critical point or the point of bifurcation.
In this mode the function K fu has infinite
break. Physically it means that the finite re-
sponse U2 of the system is possible at the in-
definitely small input action U1. That is why
its functioning is also possible without U1.
In fact , when S = 1, according to (2), U fu =
= U1, which means that the feedback res-
ponse is an exact copy of the input action.
As a result, the system in a critical mode af-
ter dormancy breaking is able to continue
its movement without the input action U1
because the input action will be replaced by
the response U fu , which is self-sustaining,
being its own cause and effect. Consequen-
tly, when S = 1, qualitative changes occur
in the system. It passes from the mode of ex-
ternal action into the mode of self-trigger-
ing (self-exciting oscillation mode) and its
movement becomes free self-sustaining, that
is , a self-movement. This self-movement is
stationary and takes place at a constant spe-
ed defined by the initial conditions.

And at last the third mode, called super-
critical , is realized when S > 1. Under this
mode the systems with a positive feedback
are in a state of dynamic instability, under
which the differential equations describing
such systems have divergent solutions. As
in every cycle of self-triggering the signal
U fu increases by the factor of S > 1, after
dormancy breaking the self-movement of
such systems exponentially evolves to the
point of their self-destruction or transition
into some stationary state. The latter is pos-
sible only if at some value of the output re-
sponse U2 the partial derivative S′ = ∂S

 
/
 
∂U2

becomes negative. As a consequence, as U2
increases further, the reversion ratio will fall
to the value S = 1 and the system will pass
into a state of stationary self-movement with

the limiting value U2 = Uc = const. If for
some reasons U2 exceeds Uc, the reversi-
on ratio will become subcritical (S < 1). Self-
triggering in the system will stop and as a
result of self-braking the system will return
to the stationary state U2 = Uc with S = 1. If,
on the contrary, U2 decreases, the reversion
ratio will become supercritical (S > 1). As a
result of this, self-triggering will increase and
the self-acceleration of the system will re-
turn to the stationary state again with S = 1.
Therefore, at any deflections of U2 from Uc
the system independently comes back to a
stationary state. In equations of motion of
such self-regulation systems these states cor-
respond to limit stable cycles that are called
attractors in mathematics. No matter how
these cycles are reached, their realization
is equivalent to the availability of internal
self-regulation by means of negative feed-
backs in the systems.

Examples of systems with or without at-
tractor cycles are nuclear reactors and ato-
mic bombs. The stationary mode of the for-
mer at the preset power levels is realized by
the systems automatically controlling the cri-
tical value of the reversion ratio S = 1, which
in this case is called the multiplication con-
stant of secondary neutrons. There is no in-
ternal self-regulation in atomic bombs. That
is why in atomic bombs if S > 1, the evolu-
tion of chain self-sustaining fission reactions
tends towards unlimited growth, which le-
ads to their self-destruction through explo-
sion. The mass of the fissile material neces-
sary for the bifurcation transition to the con-
dition of the mentioned chain reaction to oc-
cur is called critical.

Discussion. Returning to the earth�s cli-
mate system, we consider the increase of
GhG emissions to be the input action for the
earth�s climate system, and the increase of
mean temperature of the earth�s surface to
be the response. Then the function of the
transmission of the climate system without
taking into account its feedbacks can be de-
scribed in the following way:
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where ∂V0 is the increase of the primary
GhG emission measured in carbon dioxide
equivalent during the same time interval,
∂T0 is the increase of mean temperature in-
duced by this emission and attributed to du-
ring the same time interval. By the prima-
ry GhG emission we understand the emis-
sion of carbon dioxide from human activi-
ties (anthropogenic emission).

Therefore, the time interval is not inclu-
ded explicitly in expression (3). As CO2 is an
essential part of GhG emissions, it is reaso-
nable to express both primary and secon-
dary GhG emissions in their carbon dioxi-
de equivalents.

In a previous work [Klimchuk, Tarasov,
2005] we singled out 4 main loops of a posi-
tive feedback in the earth�s climate system.
These 4 loops result from secondary GhG
emissions caused by the increase of mean
temperature due to primary GhG emissions.

We think the positive feedback loop, cau-
sed by the secondary emission of water va-
por from open reservoirs, to be the first and
most important for the following reasons.
First, water vapor is the most active green-
house gas, which absorbs all energy of the
infrared spectrum (i. e. the heat) of the earth
and prevents its flowing into space. The
open reservoirs occupy more than 70 % of
the earth�s surface. Second, the primary an-
nual water vapor emission amounts to nearly
600 billion tons, which is 1000 times as much
as the summed annual natural and anthro-
pogenic carbon dioxide emissions. There-
fore, the rise of mean temperature caused
by primary GhG emissions results in the in-
crease of evaporation from open reservoirs,
that is, in the secondary water vapor emis-
sion which in turn increases mean tempera-
ture due to the accumulation of atmospheric
heat energy. In this way an appropriate po-
sitive feedback loop is created, which leads
to the regenerative self-amplification of the
greenhouse effect.

When the water temperature rise the so-
lubility of gases in water falls. This results
in the secondary emission from the world�s
oceans. The amount of CO2 dissolved in the
world oceans is 55 times as much as the

amount of atmospheric CO2. We believe
that the emission of CO2 from the world�s
oceans is the second loop of a feedback in
the earth�s climate system.

However, recent experimental data have
shown that such emissions are not only la-
cking but that the world�s oceans absorbs
about two thirds of anthropogenic CO2 emis-
sions. It is for this reason that biologists ha-
ve raised the alarm about the possibility of
a substantial increase in oceanic acidity. Un-
der present conditions the world�s oceans
are powerful inhibitors of the rate of anth-
ropogenic global warming. However, it will
be shown below that secondary CO2 emis-
sions from the world�s oceans

 
do exist

 
but

appear in a very specific way.
We think the positive feedback loop ca-

used by secondary CH4 emissions from the
permafrost zones, where its storage in the
form of gas-hydrates is enormous, to be the
third. The third positive feedback loop is
caused by secondary CH4 emission from the
permafrost zones.

The fourth positive feedback loop results
from the secondary decrease in the earth�s
reflectivity (albedo) due to continuing re-
duction in the area of ice and snow cover.

The decrease in the earth�s reflectivity
leads to the temperature rise of the earth�s
surface. It can be considered as a virtual
emission of an equivalent value of CO2 which
gives the same temperature rise as the al-
bedo decrease does.

We consider the impact of other possib-
le feedbacks on the earth�s climate system
as insignificant.

Before defining feedback factors for the
four positive feedback loops it is necessary
to return to the problem of CO2 absorption
by the world�s oceans. We will consider the
records of ice core air bubbles obtained in
ice coring at the Russian station Vostok in
Antarctica, which generally agree with the
data from a similar coring on the Concor-
dia from the European Project for Ice Cor-
ing in Antarctica (EPIKA) program. In the
article [Petit et al., 1999] provide graphs of
time dependence for the surface air tempe-
rature of atmospheric CO2 and CH4 concent-
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rations over 420.000 years. These graphs
imply that the earth�s climate is subject to
cyclic changes of up to about 100.000 years
per cycle. We agree with researchers who
consider the relevant variation in the amo-
unt of solar radiation reaching the earth as
the main cause of such cyclicity. Indeed, the
solar cycles contributed to the rise of CO2
concentration. But it does not prove that the
amount of this concentration was defined only
by the intensity of solar energy at that time.

The graphs how that at every increase
in mean temperature, the atmospheric CO2
and CH4 concentrations rise. We are sure
that at the same time the water evaporation
increased and the earth albedo decreased.
Consequently, in the past the earth�s clima-
te was affected by the three ( ignoring any
anthropogenic emissions at that time) men-
tioned positive feedback loops leading to
the regenerative self-amplification of the gre-
enhouse effect. As a result, actual changes
in mean temperature exceeded greatly its
initial variations caused by changes in amo-
unts of solar radiation merely. The main dif-
ference from today was that the primary in-
fluence on the earth�s climate system were
variations in solar radiation, the amplifica-
tion of which led to increases in mean tem-
perature, which turned the world�s oceans
into sources of secondary CO2 emission. That
is to say, when mean temperatures increa-
sed, the value of CO2 equilibrium partial
pressure or its saturation pressure increased,
resulting in CO2 emissions.

Today anthropogenic CO2 emissions are
having a major impact on the climate system
as a result of the partial pressure of CO2 ex-
ceeding the equilibrium value correspond-
ing to the present mean temperature, which
has led to the world�s oceans absorbing ex-
cess of CO2 from the atmosphere. However,
owing to the increase in mean temperatu-
re caused by anthropogenic GhG emissions,
the equilibrium value of CO2 partial pres-
sure corresponding to mean temperature al-
so continuously increases, which is decrea-
sing the oceans� absorption of this gas. In
this way a CO2 positive feedback loop is cre-
ated, with the secondary CO2 emission be-

ing influenced by this decrease in absorp-
tion. Thus, the secondary CO2 emission from
the oceans occur. But they are smaller as so-
me of CO2 is absorbed by the world�s oceans.

That is why by the increase in the prima-
ry GhG emission in (3) its effective value is
understood which is equal to

,car00 VVV ∂−′∂=∂ (4)

where ∂V0′ is the actual increase in the pri-
mary equivalent GhG emission at the fix-
ed time interval, ∂Vcar is the portion of CO2
from the primary GhG emission absorbed by
the World ocean at the same time interval.

Taking into account the above-mention-
ed, the feedback factors for the four consi-
dered positive feedback loops can be pre-
sented as follows:
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where ∂Vcar, ∂Vvar , ∂Vmet, ∂Val are the se-
condary equivalent emissions caused by the
primary increase in mean temperature ∂T0
and resulting from the secondary emission
CO2, of water vapor, CH4, and the albedo
decrease respectively.

The correctness of the factor αcar is de-
termined by the fact that the absorption of
CO2 by the World Ocean is allowed for by (4).

Based on this and taking into account (2)
and (3) the positive feedback factor αgh and
the reversion ratio Sgh of the greenhouse ef-
fect are defined as:
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where Σ∂V  is the increase of the summed
equivalent secondary GhG emission.

From (6) it follows that the reversion ra-
tio Sgh can be called the factor of seconda-
ry GhG emission.

Based on (1) the transmission function of
the climate system subject to the possible
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regenerative self-amplification of the green-
house gas emission becomes:
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where ∂Tgh is the actual increase in mean
temperature subject to the positive feedback
influence caused by the increase ∂V0 in the
primary effective GhG emission, Fgh is the
recurrent difference of the greenhouse ef-
fect.

Taking into account (3), the connection
between the primary increase and the actu-
al one in mean temperature in the presen-
ce of the regenerative self-amplification of
the greenhouse effect is expressed as fol-
lows:
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Ñonclusion. Based on the reasoning abo-
ve we come to the following conclusion. The
observed rapid rise of the earth�s mean tem-
perature is caused by two factors. The first
is the increase of the solar activity [Schaller
et al., 2014]. It increases the mean tempera-
ture of the earth. But this temperature rise
leads to the emission of greenhouse gases
from the permafrost zones, increases water
evaporation and decreases the albedo. To
all this is added the greenhouse gas from
man�s productive activity. We consider them
the primary greenhouse gases. Therefore,
the Sun and man�s activity caused the ap-
pearance of primary gases. These gases ac-
count for the second part of the mean tem-
perature rise due to self-triggering of the
earth�s climate system owing to positive fe-
edbacks. This part of the temperature rise
is the second factor of the observed gene-
ral temperature rise.

Indeed, from (8) it follows that if now
Sgh > 0, Fgh < 1, then ∂Tgh > ∂T0. According
to (6), the latter is possible provided the sum-
med secondary GhG emissions are commen-
surable with the effective value of the pri-
mary GhG emissions. The calculations in
[ Torn, Harte, 2006; Scheffer et al., 2006]
suggest such a possibility, making the situ-
ation dangerous. We think that positive fe-
edback gives rise to a danger more serious
than its impact of the earth�s temperature
only.

Increase in secondary GhG emissions ca-
used by the same primary increase in mean
temperature continues to occur as the abso-
lute value of the latter becomes larger. From
the graphs in [Petit et al., 1999] it follows
that over the latest periods of global warm-
ing (in accordance with graphs) the concent-
ration of atmospheric CO2 has not exceed-
ed 0.03 % but now CO2 has 0.038 % and
continues to rise rapidly. Furthermore, the
earth is close to �the zero mark� of a regu-
lar period of global warming resulting from
the earth�s increased absorption of solar po-
wer. Consequently, mean temperature can
only continue to rise in the future. At this
shows of date facts of global warming (IPCC
� Intergovernmental Panel on Climat Chan-
ge). That is why it is inevitable in the com-
ing decades when the summed secondary
GhG emission equalizes the primary GhG
emission, i. e., the factor of the secondary
greenhouse gas emission equals amounts to
the critical value Sgh = 1. The further incre-
ase of this factor will lead to the bifurcation
transition of the earth�s climate system in
which self-triggering of the secondary GhG
emissions results in a state of self-heating
with the tendency for mean temperature to
rise indefinitely. This process can enter a
stationary state only after the complete eva-
poration of the earth�s entire water surface.
In such a case, the pressure on the earth�s
surface will reach 300 atm and the tempe-
rature will exceed 500 °C. The total mass of
atmospheric GhG with which the mentioned
bifurcation will take place we call critical.
The potentialities of the greenhouse effect
are clearly demonstrated by planet Venus.
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On the critical mass of greenhouse gas

  E. F. Klimchuk , V. F. Tarasov, 2018

In recent years, changes in the Earth�s climate have raised concern all around the
globe. Climatologists have been drawing connections between global warming and a
growing number of natural disasters, unexpected temperature fluctuations in some re-
gions of the world and a number of other climatic aberrations. Within the scientific
community, the opinions as to the nature and mechanism of the Earth�s climate chan-
ge have split. Some contend that since the beginning of the industrial revolution, the
carbon dioxide levels in the air have been steadily rising due to human production ac-
tivities. Along with other gases, carbon dioxide has been inculpated for the greenho-
use effect. In connection with this, a number of recent international confeences have
adopted resolutions to reduce carbon dioxide emissions into the atmosphere. Another
group of climatologists bases its findings on observations of solar activity, arguing that
global warming is caused by a recurring spike in solar activity, with the current incre-
ase due to end soon, potentially giving way to a new ice age down the road. In the fol-
lowing work, we put forth yet another hypothesis regarding global warming. The in-
fluence of four main positive feedback loops caused by the secondary emission of wa-
ter vapor, CO2, CO4, and decreased albedo on the earth�s climate system is shown on
the basis of the general theory of feedback. If the present level of primary anthropo-
genic emissions of greenhouse gas (GhG) keeps, the total mass of atmospheric green-
house gas can run up to such a critical value that the mentioned feedbacks, which gi-
ve rise to self-amplification of the greenhouse effect, can cause the bifurcation transiti-
on of the climate system to the state of self-heating tending to the unlimited rise of me-
an temperature of the earth�s surface.

Key words: greenhouse gas, positive feedback, temperature rise, bifurcation transition.

Due to the supercritical carbon-dioxide at-
mosphere of this planet, the surface tempe-
rature of Venus is between 430�470 °C with
the pressure on the planet�s surface at 100 atm.

It is accounted for by the fact that in this
case the available zones of heat and cold
will exhibit their persistence under gradual
temperature rise. As a result, some parts of
the earth experience rain showers (dumping
of accumulated water vapor) while others
experience equalizes hurricanes and torna-
does as a result of thermodynamic disequi-
librium.

Every new emission of a primary (anthro-
pogenic) GhG causes the growth (or con-
centration) of the GhG shielding layer which
will reduce the amount of the earth�s heat
radiation escaping into space. This reducti-
on will occur exponentially with the emissi-
on of every new primary GhG portion as the
intensity of any radiation going through the
shielding layer falls exponentially, that is,

the earth�s capacity to shield heat improves.
It means that value K0 = ∂T0 /∂V0, in (3) and
(7) is the increasing time function, which
increases the danger of the early occurren-
ce of this state.

The conclusion to be drawn from this dis-
cussion is the view of some climatologists that
the future temperature rise in the earth�s
atmosphere poses no risk to be dangerous.
It causes our anxiety.

Taking into account inestigations about
impact at climate positive feedback are con-
tining [Plattner et al., 2009; MacDougall et
al., 2015; MacDougall, Knutti, 2016; Rug-
enstein et al., 2016] we propose that rese-
archers calculate estimates of the time de-
pendence ∂Fgh /∂t i. e., the rate of approach
to the self-heating bifurcation and estima-
te the likely time necessary for the transiti-
on to this state under the condition of futu-
re growth of the increase in the primary GhG
emission.
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Âèêîíàíî ñòðóêòóðíèé àíàë³ç ³ ðåêîíñòðóêö³þ ñêëàä÷àñòîñò³ Óêðà¿íñüêèõ (ôë³øî-
âèõ) Êàðïàò çà ìàòåð³àëàìè (ðîçð³çàìè) ñåðåäíüîìàñøòàáíèõ ãåîëîã³÷íèõ çí³ìàíü.
Çàñòîñîâàíî ìåòîäè÷í³ ðîçðîáêè â ðàìêàõ òåîð³¿ âèãèíó ³ íåñï³ââ³ñíîñò³ òå÷³¿. Çà äî-
ïîìîãîþ ìîäåëþâàííÿ àñèìåòðè÷íî¿ ñêëàä÷àñòîñò³ ïîêàçàíî, ùî åôåêòèâíèì ìåòî-
äîì ä³àãíîñòèêè º ïîâåðíåííÿ ñêëàäîê ó ïðîì³æíèé äåôîðìîâàíèé ñòàí çà äîïî-
ìîãîþ çíÿòòÿ íåñï³ââ³ñíîñò³ òå÷³¿ ³ ñòàòèñòè÷íîãî ïîøóêó íàé³ìîâ³ðí³øîãî îð³ºí-
òóâàííÿ îñ³ ñòèñíåííÿ. Âèçíà÷åíî óìîâè âèíèêíåííÿ êàðïàòñüêèõ ñòðóêòóð, ÿê³
ìîæóòü áóòè íàñë³äêîì ÿê ïîçäîâæíüî-ïîïåðå÷íîãî âèãèíó, òàê ³ ãîðèçîíòàëüíî¿
íåñï³ââ³ñíîñò³ òå÷³¿, íàêëàäåíî¿ íà ïî÷àòêîâî ñèìåòðè÷íèé àáî àñèìåòðè÷íèé âè-
ãèí ñêëàäîê. Ó ðàìêàõ ìîäåëåé íåñï³ââ³ñíîñò³ äåôîðìóâàííÿ âñòàíîâëåíî íàõèë
îñ³ ñòèñíåííÿ é ³íòåíñèâí³ñòü äåôîðìóâàííÿ, ùî ïðèâåëî â ï³äñóìêó äî ñïîñòåðå-
æóâàíèõ ñêëàä÷àñòèõ ôîðì, ïîêàçàíî ñïåöèô³êàö³þ ñêëàäîê ³ç ð³çíèõ ñòðóêòóðíî-
ôàö³àëüíèõ çîí Êàðïàò çà ñòóïåíåì ñòèñëîñò³ òà àñèìåòð³¿, íàâåäåíî ¿õ ãåíåòè÷íå
òëóìà÷åííÿ.

Êëþ÷îâ³ ñëîâà: Óêðà¿íñüê³ Êàðïàòè, ñêëàä÷àñò³ñòü, ïîçäîâæíüî-ïîïåðå÷íèé âè-
ãèí, íåñï³ââ³ñí³ñòü òå÷³¿, ìîäåëþâàííÿ, ðåêîíñòðóêö³ÿ.

Ââåäåíèå. Íàäåæíî óñòàíîâëåííûé (ê
êîíöó 80-õ ãîäîâ ïðîøëîãî âåêà) îáùèé
÷åøóé÷àòî-íàäâèãîâûé ñòèëü òåêòîíè÷åñ-
êîãî ñòðîåíèÿ Óêðàèíñêèõ (ôëèøåâûõ)
Êàðïàò (ÓÊ) [Òåêòîíèêà Óêðàèíû, 1988]
ïîçâîëèë â äàëüíåéøåì ñîñðåäîòî÷èòü-
ñÿ íà ðàçðàáîòêå ìîäåëåé àêêðåöèîííî-
ãî òåêòîãåíåçà [Ïàòàëàõà è äð., 1995; Ãíèë-
êî, 2011; Ãîí÷àð, 2012]. Ïðåäëàãàåìàÿ ñòà-
òüÿ, êàê ê îáðàòíîé ñòîðîíå ìåäàëè, îá-
ðàùåíà ê ïðîáëåìå ñêëàä÷àòîñòè ÓÊ, ò.å.
óñòàíîâëåíèþ ñâÿçåé ìåæäó ìîíîêëèíàëü-
íîé ÷åøóé÷àòîé ñòðóêòóðîé è âíóòðåí-
íèì äåôîðìàöèîííûì ñòðîåíèåì îòäåëü-
íûõ çîí, îñíîâíóþ òêàíü êîòîðûõ ñîñòàâ-
ëÿþò àñèììåòðè÷íûå ñêëàäêè. Âîçíèêà-
þùèå ïðè ýòîì çàäà÷è òåñíî ïåðåïëåòå-

íû ñ ïðàêòèêîé ïàëèíñïàñòè÷åñêèõ ðå-
êîíñòðóêöèé ÓÊ [Ïàòàëàõà è äð., 2003; Íà-
êàïåëþõ, Áóáíÿê, 2013; Áóáíÿê òà ³í., 2014;
Ãèíòîâ è äð., 2014]. Ïîïûòàåìñÿ îáîñíî-
âàòü ìåõàíèçìû, ïðèâåäøèå ê ôîðìèðî-
âàíèþ íàáëþäàåìîé ñêëàä÷àòîé ñòðóêòó-
ðû âäîëü íåêîòîðûõ ïåðåñå÷åíèé, èñïîëü-
çóÿ äëÿ àíàëèçà ìåòîäè÷åñêèå ðàçðàáîò-
êè â ðàìêàõ òåîðèé ïðîäîëüíî-ïîïåðå÷-
íîãî èçãèáà è íåñîîñíîãî òå÷åíèÿ, ðàíåå
ðàçâèâàâøèåñÿ êàê ñàìîñòîÿòåëüíûå [Ãîí-
÷àð, 2001, 2008]. Òàê êàê ðåêîíñòðóêöèè,
îñíîâàííûå íà ñêëàä÷àòîé ñòðóêòóðå, äà-
þò âîçìîæíîñòü èñïîëüçîâàòü ñêëàäêè êàê
òåíçîäàò÷èêè [Ïàòàëàõà è äð., 1974], ïà-
ðàëëåëüíî áóäóò îïðåäåëÿòüñÿ òåíçîðíûå
õàðàêòåðèñòèêè äåôîðìàöèè. Ñ ó÷åòîì
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âíåøíå îäíîîáðàçíîãî ñòèëÿ ñòðîåíèÿ ÓÊ
âíèìàíèå óäåëÿåòñÿ òàêæå âûðàáîòêå ïðè-
åìîâ ôîðìàëüíî-êëàññèôèêàöèîííîãî èçó-
÷åíèÿ ñêëàä÷àòûõ ñòðóêòóð.

Àñèììåòðè÷íûå ñêëàäêè, èõ ìîäåëè-
ðîâàíèå è ðåêîíñòðóêöèÿ â ðàìêàõ òåî-
ðèé èçãèáà è íåñîîñíîãî òå÷åíèÿ. Ñèììåò-
ðè÷íûå è àñèììåòðè÷íûå ñêëàäêè ðàçäå-
ëÿþòñÿ ñîãëàñíî îðèåíòèðîâêå îñåâîé ïî-
âåðõíîñòè îòíîñèòåëüíî ãîðèçîíòàëè [Àæ-
ãèðåé, 1966; Íèêîëÿ, 1992]: ñèììåòðè÷íû-
ìè íàçûâàþòñÿ ñêëàäêè ñ âåðòèêàëüíîé
îñåâîé ïîâåðõíîñòüþ, îäèíàêîâûìè íà-
êëîíîì è äëèíîé êðûëüåâ; ñîîòâåòñòâåí-
íî àñèììåòðè÷íûå ñêëàäêè îáëàäàþò íà-
êëîííîé îñåâîé ïîâåðõíîñòüþ è ðàçíû-
ìè íàêëîíîì è äëèíîé êðûëüåâ. Ñëåäóåò
äîáàâèòü, ÷òî àñèììåòðè÷íûå ñêëàäêè, êàê
ïðàâèëî, èìåþò ðàçíóþ ìîùíîñòü âäîëü
îñè è íà êðûëüÿõ, âòîðè÷íî ïðèîáðåòåí-
íóþ â õîäå ïëàñòè÷åñêîãî òå÷åíèÿ. Ñîãëàñ-
íî ïðåäïîñûëêàì ìåõàíèêè äåôîðìèðó-
åìûõ òåë [Òåðêîò, Øóáåðò, 1985], ñèììåò-
ðè÷íûå âåðòèêàëüíûå ñêëàäêè ñëåäóåò
ðàññìàòðèâàòü êàê ðåçóëüòàò ãîðèçîíòàëü-
íîãî (ïðîäîëüíîãî) ñæàòèÿ ãîðèçîíòàëü-
íî æå çàëåãàþùèõ ñëîåâ. Â ïðîòèâîïîëîæ-
íîñòü ýòîìó ìåõàíèçì îáðàçîâàíèÿ àñèì-
ìåòðè÷íîé ñêëàä÷àòîñòè èç èñõîäíî ãîðè-
çîíòàëüíûõ ñëîåâ ëîãè÷íî îáúÿñíÿòü áî-
ëåå îáùèì ñîñòîÿíèåì íåñîîñíîñòè ñëîÿ
è äåéñòâóþùåé ñæèìàþùåé ñèëû.

Ïåðâîíà÷àëüíî òåîðåòè÷åñêèå îñíîâû
è ìåòîäèêà èñïîëüçîâàíèÿ ñêëàäîê êàê
òåíçîäàò÷èêîâ äåôîðìèðîâàííîé òîëùè
ðàçðàáîòàíû Å. È. Ïàòàëàõîé, À. Â. Ñìèð-
íîâûì è À. È. Ïîëÿêîâûì [Ïàòàëàõà è äð.,
1974]. Â êà÷åñòâå ìåõàíèçìà ñêëàäêîîá-
ðàçîâàíèÿ èìè áûëà âçÿòà çà îñíîâó îá-
ñòàíîâêà ïðîäîëüíîãî ñæàòèÿ êîìïåòåíò-
íîãî ñëîÿ, êîãäà çà åãî óïðóãèì èçãèáîì
ñëåäîâàëî ïëàñòè÷åñêîå äåôîðìèðîâàíèå
(òå÷åíèå). Ñêëàäêè, èñïûòàâøèå òàêîå òå-
÷åíèå, ïðèîáðåòàþò óâåëè÷åííóþ ìîù-
íîñòü â çàìêàõ è îòíîñèòåëüíî óìåíüøåí-
íóþ íà êðûëüÿõ. Áûëè óñòàíîâëåíû çà-
âèñèìîñòè ìåæäó ñæàòîñòüþ ñêëàäîê, èç-
ìåíåíèÿìè ìîùíîñòè, ñ îäíîé ñòîðîíû, è
òåíçîðîì äåôîðìàöèè, ñ äðóãîé. Ñ èõ ïî-
ìîùüþ ïî ñòðóêòóðíûì ïðèçíàêàì ìîæ-

íî îïðåäåëÿòü âåëè÷èíû äåôîðìàöèè, âû-
÷ëåíÿÿ èõ óïðóãóþ è ïëàñòè÷åñêóþ ñîñòàâ-
ëÿþùèå. Îñòàþòñÿ ëè âåðíûìè ýòè ñîîò-
íîøåíèÿ è äëÿ ñêëàäîê, ÷üÿ ôîðìà îòêëî-
íÿåòñÿ îò ñâîéñòâ ñèììåòðèè? È äðóãîé
âîïðîñ: êàêóþ ìåòîäèêó ñëåäóåò ïðèìå-
íèòü â ñëó÷àå àñèììåòðè÷íûõ ñêëàäîê,
åñëè ïîñòðîåíèÿ â ðàìêàõ ñèììåòðè÷íî-
ãî ïðèáëèæåíèÿ íå äåéñòâóþò? Îòâåòû
áóäåì èñêàòü, íà÷àâ ñ ìîäåëèðîâàíèÿ.

Ñêëàäêè ïðîäîëüíî-ïîïåðå÷íîãî èç-
ãèáà. ×èñëåííî ìîæíî ïîêàçàòü [Ãîí÷àð,
2008], ÷òî àñèììåòðè÷íûå ñêëàäêè, íàáëþ-
äàåìûå â ïðåäåëàõ ñêëàä÷àòûõ ïîÿñîâ è
êðàåâûõ ïðîãèáîâ, ìîãóò áûòü ñëåäñòâè-
åì óïðóãîãî èçãèáà â óñëîâèÿõ âçáðîñî-
íàäâèãîâûõ ïåðåìåùåíèé, êîãäà èçãèá ðàç-
âèâàåòñÿ â îáñòàíîâêå íàêëîííûõ îòíî-
ñèòåëüíî ñëîÿ ñæèìàþùèõ ñèë � òàê íà-
çûâàåìûé ïðîäîëüíî-ïîïåðå÷íûé èçãèá
[Ïîïîâ, 1986]. Äëÿ ðàñ÷åòà èçãèáíûõ êðè-
âûõ ïðèìåíÿåòñÿ ìåòîä ýëëèïòè÷åñêèõ
èíòåãðàëîâ. Â åãî ðàìêàõ óðàâíåíèÿ êî-
îðäèíàò òî÷åê èçãèáàåìîé óïðóãîé ïîëî-
ñêè èìåþò âèä [Ïîïîâ, 1986]
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Ñêëàäêè ñ ðàçíîé ñòåïåíüþ àñèììåò-
ðèè � îò îòêðûòûõ ôëåêñóð äî áëèçêèõ
ê ñèììåòðè÷íûì � îáëàäàþò õàðàêòåð-
íîé äëÿ èçãèáíûõ ôîðì íåèçìåííîé ìîù-
íîñòüþ ñëîÿ. Â ìîäåëè ñòåïåíü àñèììåò-
ðèè çàâèñèò îò íàêëîíà ïëîñêîñòè ãèïî-
òåòè÷åñêîãî ðàçëîìà, íà êîòîðóþ �îïè-
ðàåòñÿ� èçãèáàåìûé ñëîé [Ãîí÷àð, 2008].
Â ïîëå äèàãðàììû, îïèñûâàþùåé ñåðèè
ñêëàäîê, ìîæíî ïðåäñòàâèòü äâà êðàéíèõ
ñëó÷àÿ èõ ðàçâèòèÿ: ïðè ñòàáèëüíîì íà-
êëîíå ðàçëîìà è îðèåíòèðîâàííîé èçãè-
áàþùåé ñèëå (ðèñ. 1, á). Â ïåðâîì âàðè-
àíòå íàêëîí ñæèìàþùåé ñèëû óâåëè÷è-
âàåòñÿ îò ñóáãîðèçîíòàëüíîãî è ýâîëþöèÿ
ñêëàäêè ïðîñëåæèâàåòñÿ îò íà÷àëüíûõ

ñëàáîäåôîðìèðîâàííûõ è êâàçèñèììåò-
ðè÷íûõ ôîðì ê âñå áîëåå àñèììåòðè÷íûì
è ñæàòûì. Íàïðîòèâ, åñëè çàôèêñèðîâàòü
íàêëîí âåêòîðà ñèëû, òî ñíà÷àëà ôîðìè-
ðóþòñÿ ñèëüíî àñèììåòðè÷íûå ôëåêñó-
ðîïîäîáíûå ñêëàäêè, ýâîëþöèîíèðóþùèå
ïî ìåðå íàðàñòàíèÿ äåôîðìàöèè ê ñëàáî
àñèììåòðè÷íûì ñæàòûì ôîðìàì. Íàêëîí
âèðòóàëüíîãî ðàçëîìà ïðè ýòîì èçìåíÿ-
åòñÿ îò êðóòîãî äî ïîëîãîãî, áëèçêîãî ê
íóëåâîìó. Äàëüíåéøàÿ ýâîëþöèÿ àñèì-
ìåòðè÷íûõ ñêëàäîê ñâÿçàíà ñ ïåðåõîäîì
îò óïðóãîãî èçãèáíîãî äåôîðìèðîâàíèÿ ê
ïëàñòè÷åñêîìó òå÷åíèþ, êîãäà ìîùíîñòü
ñëîÿ èçìåíÿåòñÿ â çàìêå è íà êðûëüÿõ â
ñîîòâåòñòâèè ñ îðèåíòèðîâêîé îñè ãëàâ-
íîãî íîðìàëüíîãî íàïðÿæåíèÿ íà ãðàíè-
öå îáúåìà, âñëåäñòâèå ÷åãî ñêëàäêà èç êà-
òåãîðèè êîíöåíòðè÷åñêîé ïåðåõîäèò â
êà-òåãîðèþ ïîäîáíîé.

Ïðîáëåì ðåêîíñòðóêöèè ïðè ðàññìîò-
ðåíèè àñèììåòðè÷íûõ èçãèáíûõ ñêëàäîê
íå âîçíèêàåò, åñëè ñòàâèòñÿ çàäà÷à îïðå-
äåëåíèÿ ñòåïåíè ãîðèçîíòàëüíîãî ñîêðà-
ùåíèÿ è ñâÿçàííûõ ñî ñêëàä÷àòîñòüþ íà-
äâèãîâûõ ïåðåìåùåíèé. Òîãäà ìîæåò èñ-
ïîëüçîâàòüñÿ âûðàâíèâàíèå ñëîÿ äî ãîðè-
çîíòàëüíîãî ñîñòîÿíèÿ. Òàêæå ìîæåò ïðè-
ìåíÿòüñÿ äèàãðàììà, ñâÿçûâàþùàÿ ïàðà-
ìåòðû óïðóãîãî èçãèáà è ñæàòèÿ ñêëàä-
êè (ñì. ðèñ.1,á). Îñíîâíûå òðóäíîñòè îá-
óñëîâëåíû ðàñøèôðîâêîé íàëîæåííîé
ïëàñòè÷åñêîé äåôîðìàöèè. Â ñëó÷àå ñèì-
ìåòðè÷íîé âåðòèêàëüíîé ñêëàä÷àòîñòè
çàäà÷à îáëåã÷àåòñÿ ñîîñíîñòüþ òåíçîðîâ
íàïðÿæåíèé è äåôîðìàöèé (îòñóòñòâèåì
âðàùàòåëüíîé äåôîðìàöèè â îáúåìå), òàê
÷òî ïðîñëåäèòü ñâÿçü ìåæäó ïëàñòè÷åñêîé
äåôîðìàöèåé è ôîðìîé ñêëàäêè ìîæíî
àíàëèòè÷åñêèìè ìåòîäàìè [Ïàòàëàõà è äð.,
1974]. ×òî êàñàåòñÿ àñèììåòðè÷íûõ ñòðóê-
òóð ñ ïðèçíàêàìè ïëàñòè÷åñêîãî òå÷åíèÿ,
òî çäåñü ðåêîíñòðóêöèÿ ïîäðàçóìåâàåò èñ-
ïîëüçîâàíèå âåëè÷èí íå òîëüêî ñæàòèÿ,
íî è óãëà âðàùåíèÿ (ñäâèãà) â îáúåìå.

Ìîæíî ñóùåñòâåííî îáëåã÷èòü çàäà÷ó,
åñëè àïðèîðíî êîíêðåòèçèðîâàòü îáñòà-
íîâêó ïëàñòè÷åñêîãî òå÷åíèÿ, èñõîäÿ èç
ðàçóìíûõ äîïóùåíèé. Â ñêëàä÷àòûõ ïîÿ-
ñàõ, ãäå íå äåéñòâóþò âûñîêèå òåìïåðà-

Ðèñ. 1. Ìîäåëü ñêëàä÷àòîñòè ïðîäîëüíî-ïîïåðå÷íî-
ãî èçãèáà: à � ðàñ÷åòíàÿ ñõåìà ïðîäîëüíî-ïîïåðå÷-
íîãî èçãèáà òîíêîãî ñòåðæíÿ [Ïîïîâ, 1986]; ñòðåë-
êàìè ïîêàçàíî íàïðàâëåíèå ñæèìàþùåé ñèëû P íà
êîíöàõ ñòåðæíÿ, Ì � ìîìåíò íà çàêðåïëåííîì êîí-
öå (ñì. ïîÿñíåíèÿ â òåêñòå); á � áàçîâàÿ äèàãðàì-
ìà, ñâÿçûâàþùàÿ ïðîäîëüíî-ïîïåðå÷íûé èçãèá ñ óã-
ëàìè íàêëîíà íàäâèãîâîé çîíû (α) è ñæèìàþùåé
ñèëû (γ) â êîîðäèíàòàõ ñæàòèÿ ñêëàäêè (db ) è óã-
ëîâ íàêëîíà áàçû (θ) [Ãîí÷àð, 2008]. Ïîêàçàíû èç-
ãèáíûå ôîðìû äëÿ α = 20° è γ = 20°; 1�2 � òðàåê-
òîðèè ñêëàäîê ñ ïîñòîÿííûìè âåëè÷èíàìè α è γ.
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òóðû è äàâëåíèÿ (ïðèïîâåðõíîñòíûå óñ-
ëîâèÿ), òå÷åíèå ðàçâèâàåòñÿ íàèáîëåå óïî-
ðÿäî÷åííî [Ïàòàëàõà, 1985] (çà èñêëþ÷å-
íèåì ïîäâîäíî-îïîëçíåâûõ äâèæåíèé, ÿâ-
ëåíèé äèàïèðèçìà è ìåëàíæà). Íàëè÷èå
ñóáãîðèçîíòàëüíûõ ãðàíèö ðàçëè÷íîé ïðè-
ðîäû: íàïëàñòîâàíèå ïîðîä, ïîâåðõíîñòü
ôóíäàìåíòà îñàäî÷íîé òîëùè, ðåîëîãè÷åñ-
êèå ãðàíèöû, ñâÿçàííûå ñ âåðòèêàëüíû-
ìè òåìïåðàòóðíûìè ãðàäèåíòàìè, ñ îäíîé
ñòîðîíû, ñ äðóãîé � ïðèìàò ãîðèçîíòàëü-
íûõ äâèæåíèé ïðè îðîãåíåçå ñêëàä÷àòûõ
ïîÿñîâ, âñå ýòî áëàãîïðèÿòñòâóåò óñëî-
âèþ ðàçâèòèÿ îáñòàíîâêè îáùåãî íåñîîñ-
íîãî òå÷åíèÿ ñ (ñóá)ãîðèçîíòàëüíûìè ãðà-
íèöàìè [Ãîí÷àð, 2001; Ïàòàëàõà è äð., 2003].

Ðàçâèòèå àñèììåòðè÷íîé ñêëàä÷àòîñ-
òè â îáñòàíîâêå îáùåãî íåñîîñíîãî òå÷å-
íèÿ è ìåòîäèêà ðåêîíñòðóêöèè. Îáùåå
íåñîîñíîå òå÷åíèå îçíà÷àåò ñîâìåùåíèå
îáñòàíîâîê ïðîñòîãî è ÷èñòîãî ñäâèãîâ
(ðèñ. 2,à). Â åãî ïðîöåññå ïðîèñõîäèò ïðî-
ãðåññèâíîå âðàùåíèå ýëëèïñîèäà äåôîð-
ìàöèè, òàê ÷òî ãëàâíûå îñè òåíçîðîâ êî-
íå÷íîé äåôîðìàöèè è íàïðÿæåíèé íå ñî-
âïàäàþò. Ïðèìåíåíèå ìîäåëè íåñîîñíî-
ãî òå÷åíèÿ áàçèðóåòñÿ íà ñîîòíîøåíèÿõ,
ñâÿçûâàþùèõ ïàðàìåòðû òåíçîðîâ êîíå÷-
íîé äåôîðìàöèè, ñêîðîñòè äåôîðìàöèè
è íàïðÿæåíèé [McKenzie, 1979; Weijermars,
Poliakov, 1993; Ãîí÷àð, 2001]. Îñíîâíîå ïðåä-
íàçíà÷åíèå ìåòîäà, èñïîëüçóþùåãî ìî-
äåëü íåñîîñíîãî òå÷åíèÿ, � îïðåäåëåíèå
ñîñòàâëÿþùèõ òåíçîðà äåôîðìàöèè è âîñ-
ñòàíîâëåíèå, òàêèì îáðàçîì, õàðàêòåðè-
ñòèê îáñòàíîâêè, ñâÿçàííîé ñ óñëîâèÿìè
ïëàñòè÷íîãî äåôîðìèðîâàíèÿ, à òàêæå ñî-
çäàíèå êîëè÷åñòâåííîé áàçû äëÿ ïàëèí-
ñïàñòè÷åñêèõ ðåêîíñòðóêöèé [Ïàòàëàõà
è äð., 2003]. Îäíà èç âîçìîæíîñòåé äàí-
íîãî ïîäõîäà � ðåêîíñòðóêöèÿ ïîëîæå-
íèÿ îñåé òåíçîðà íàïðÿæåíèé, äåéñòâî-
âàâøåãî íà âÿçêîïëàñòè÷åñêîì ýòàïå äå-
ôîðìèðîâàíèÿ.

Ïðèâåäåì åùå ðàç îñíîâíûå ñîîòíîøå-
íèÿ äëÿ òåíçîðà êîíå÷íîé äåôîðìàöèè
ïðè ãîðèçîíòàëüíîì íåñîîñíîì òå÷åíèè:
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ìàëüíàÿ ñîñòàâëÿþùèå òåíçîðà äåôîðìà-
öèè, ε&  � ñêîðîñòü äåôîðìàöèè, t � âðå-
ìÿ, β � óãîë íàêëîíà îñè ñæàòèÿ òåíçî-
ðà íàïðÿæåíèé. Ãîðèçîíòàëüíàÿ ñîñòàâ-
ëÿþùàÿ 11f  îïðåäåëÿåò âåëè÷èíó ãîðè-
çîíòàëüíîãî ñîêðàùåíèÿ df ïåðâîíà÷àëü-
íîãî îáúåêòà (ñêëàäêè) íà ýòàïå òå÷åíèÿ.

Óãîë ñäâèãà (ñêàøèâàíèÿ ïåðâîíà÷àëü-
íî âåðòèêàëüíîé ëèíèè) îïðåäåëÿåòñÿ èç
ïðîèçâåäåíèÿ íîðìàëüíîé è ñäâèãîâîé ñî-
ñòàâëÿþùèõ òåíçîðà
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ãäå ( )δ++= − 222 tgddR , )(tgarc 12f=δ ,
δ � óãëîâîé ïàðàìåòð (÷èñòîå âðàùåíèå,
íå ïóòàòü ñ (5)).

Íàëîæåíèå äåôîðìàöèè íåñîîñíîãî ãî-
ðèçîíòàëüíîãî òå÷åíèÿ íà ñèììåòðè÷íóþ
èçãèáíóþ ñêëàäêó ïåðåâîäèò åå â íåñèì-
ìåòðè÷íóþ. Íà ðèñ. 2,á, I è II ïîêàçàí ðå-
çóëüòàò íåñîîñíîãî äåôîðìèðîâàíèÿ äâóõ
ñèììåòðè÷íûõ ñêëàäîê s1 è s2 ñ ðàçíîé
ñòåïåíüþ ñæàòèÿ ïðè β = 25°, ε&  = 0,315
ìëí ëåò–1 è t = 4 ìëí ëåò. Â ðåçóëüòàòå
òå÷åíèÿ ïåðâîíà÷àëüíî âåðòèêàëüíàÿ îñü
ñêëàäîê ïðèîáðåòàåò íàêëîí (ïðàêòè÷åñ-
êè ñîâïàäàþùèé ñ íàêëîíîì îñè ýëëèï-
ñà êîíå÷íîé äåôîðìàöèè), êðûëüÿ òåðÿ-
þò ñîðàçìåðíîñòü � ïîäâåðíóòîå êðûëî
ñòàíîâèòñÿ êîðî÷å; ìîùíîñòü ñëîÿ óâåëè-
÷èâàåòñÿ â çàìêå, â ïðåäåëàõ êîðîòêîãî
êðûëà îíà ñòàíîâèòñÿ áîëüøå, ÷åì ó äëèí-
íîãî. Íåèçìåííî ãîðèçîíòàëüíîé îñòàåò-
ñÿ áàçà ñêëàäêè � ëèíèÿ, ñîåäèíÿþùàÿ
êðûëüÿ â òî÷êàõ ïåðåãèáà. Â îòëè÷èå îò
íèõ áàçà àñèììåòðè÷íîé èçãèáíîé ñêëàä-
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Ðèñ. 2. Ìîäåëè ðàçâèòèÿ àñèììåòðè÷íîé ñêëàä÷àòîñòè â óñëîâèÿõ ãîðèçîíòàëüíîãî íåñîîñíîãî òå÷åíèÿ:
à � ñõåìà ãîðèçîíòàëüíîãî íåñîîñíîãî òå÷åíèÿ [Ãîí÷àð, 2001]; β � óãîë íàêëîíà îñè ñæàòèÿ, sh � óãîë
ñäâèãà; á � ðåçóëüòàò íàëîæåíèÿ äåôîðìàöèè íåñîîñíîãî òå÷åíèÿ íà èçãèáíûå ñèììåòðè÷íûå (s1 è s2)
è àñèììåòðè÷íóþ ñêëàäêè; óãîë íàêëîíà îñè ñæàòèÿ 25°, ñêîðîñòü äåôîðìàöèè 0,315 ìëí ëåò–1, âðåìÿ
4 ìëí ëåò, bs è ax � áàçà è îñåâàÿ âûñîòà ñêëàäêè, ϕk1 è ϕk2 � óãëû íàêëîíà êðûëüåâ; â � äèàãðàììû,
îïèñûâàþùèå ýâîëþöèþ ñêëàäîê â óñëîâèÿõ íåñîîñíîãî òå÷åíèÿ (I � äèàãðàììà íåñîîñíîãî òå÷åíèÿ;
1 � òðàåêòîðèè äâèæåíèÿ äåôîðìèðóåìîãî îáúåìà ñ ïîñòîÿííûì óãëîì β, 2 � âåëè÷èíû ñæàòèÿ ýëëèï-
ñà, 3 � èçîõðîíû (ìëí ëåò), 4 � òî÷êà äåôîðìèðîâàííûõ ñêëàäîê; II�III  � êëàññèôèêàöèîííûå äèà-
ãðàììû, îïèñûâàþùèå ýâîëþöèþ ñêëàäêè â êîîðäèíàòàõ ñæàòîñòè � óãëà ìåæäó îñüþ è áàçîé (II ), îò-
íîñèòåëüíûõ ìîùíîñòåé (III ); 1�3 � òî÷êè ñêëàäîê (èñõîäíî ñèììåòðè÷íûõ s1 è s2, àñèììåòðè÷íîé (3));
IV � êëàññèôèêàöèîííî-ãåíåòè÷åñêàÿ äèàãðàììà, íà êîòîðóþ âûíåñåíû òðàåêòîðèè ñêëàäêè s2 ïðè ðàç-
ëè÷íûõ ðåæèìàõ íåñîîñíîãî òå÷åíèÿ � óãëàõ β = 5 ÷ 40°; øòðèõîâûå êðèâûå � èçîõðîíû (ìëí ëåò).
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êè îáëàäàåò íàêëîíîì èçíà÷àëüíî (ðèñ.
2, á, III ), êîòîðûé óñèëèâàåòñÿ â ïðîöåñ-
ñå òå÷åíèÿ, åå îñåâàÿ ëèíèÿ òàêæå âûòÿ-
ãèâàåòñÿ â íàïðàâëåíèè îñè ìàêñèìàëü-
íîãî óäëèíåíèÿ òåíçîðà êîíå÷íîé äåôîð-
ìàöèè. Ãðàôè÷åñêàÿ ýâîëþöèÿ ñêëàäîê
ïîêàçàíà íà ðèñ. 2,â. Åäèíîé òðàåêòîðèè
â ïîëå íåñîîñíîé äåôîðìàöèè (ðèñ. 2,â, I)
ñîîòâåòñòâóþò èíäèâèäóàëüíûå òðåíäû
êàæäîé ñêëàäêè íà äèàãðàììàõ, îïèñû-
âàþùèõ èçìåíåíèÿ íàêëîíà îñè, ñæàòîñ-
òè, îòíîñèòåëüíûõ ìîùíîñòåé (ðèñ. 2, â,
II  è III ). Èç ïðåäñòàâëåííîãî âèäíî, ÷òî
äëÿ ðàçíûõ ñêëàäîê, ðàçâèâàþùèõñÿ â îäè-
íàêîâûõ óñëîâèÿõ íåñîîñíîãî äåôîðìè-
ðîâàíèÿ, òðåáóåòñÿ îòäåëüíîå îïèñàíèå.
Ïîýòîìó îáðàòíàÿ çàäà÷à âîññòàíîâëåíèÿ
èñòîðèè äåôîðìèðîâàíèÿ íå ìîæåò áûòü
ðåøåíà àíàëèòè÷åñêè ïî íàáëþäàåìûì
ôîðìàì.

×òîáû îñóùåñòâèòü ðåêîíñòðóêöèþ, íå-
îáõîäèìî çíàòü ïàðàìåòðû íåñîîñíîé äå-
ôîðìàöèè, êàê ìèíèìóì � óãîë íàêëîíà
îñè ñæàòèÿ. Â íàñòîÿùåé ñòàòüå áûë ïðè-
ìåíåí ÷èñëåííûé ïîèñê íàèáîëåå âåðîÿò-
íîé âåëè÷èíû β äëÿ íàáëþäàåìûõ ñêëàä-
÷àòûõ ôîðì íà îñíîâå ìèíèìèçàöèè ôóíê-
öèè, ñóììèðóþùåé îòêëîíåíèÿ òðåõ îñ-
íîâíûõ ïàðàìåòðîâ ñêëàäêè îò èäåàëüíî-
ãî ñîñòîÿíèÿ èçãèáíîé ñêëàäêè:

Sum = S1 + S2 + S3, (7)

ãäå S1 = 1 – (mos/mk1) � îòêëîíåíèå îò åäè-
íèöû îòíîøåíèÿ îñåâîé ìîùíîñòè ê ìîù-
íîñòè ïåðâîãî êðûëà; S2 = 1 – (mos/mk2) �
òî æå äëÿ âòîðîãî êðûëà; S3 = 90° – ϕob �
îòêëîíåíèå óãëà ìåæäó îñüþ è áàçîé îò
90°. Èñïîëüçîâàëñÿ ïðèíöèï âîçâðàùåíèÿ
ñòðóêòóð â íåäåôîðìèðîâàííîå ñîñòîÿíèå
ñ ïåðåáîðîì ñïåêòðà âîçìîæíûõ îðèåí-
òèðîâîê îñè ìàêñèìàëüíîãî ñæàòèÿ â îá-
ñòàíîâêå, îáðàòíîé îáñòàíîâêå ñîñêëàä-
÷àòîãî äåôîðìèðîâàíèÿ (ðèñ. 3,à). Ðåçóëü-
òàò ïîäòâåðæäàåò ïîëó÷åíèå íà îñíîâå ìè-
íèìóìà Sum îäíîçíà÷íîãî ðåøåíèÿ (ðèñ.
3, á) � íàêëîíà îñè ñæàòèÿ, ðàâíîãî 25°.
Äàëåå ïåðåáîðîì âðåìåí îïðåäåëÿåòñÿ òàê-
æå óñëîâíàÿ äëèòåëüíîñòü äåôîðìèðîâà-
íèÿ (ïðè çàäàííîé ε&  = 0,315 ìëí ëåò –1).
Ïîñëå ýòîãî ïî óðàâíåíèÿì (4)�(6) íàõî-

äÿò âñå ïàðàìåòðû íåñîîñíîé äåôîðìàöèè.
Äëÿ ïðèáëèçèòåëüíîé îöåíêè β îäíî-

âðåìåííî ñî ñòðóêòóðíîé êëàññèôèêàöè-
åé ïðèðîäíûõ ñêëàäîê ìîæíî èñïîëüçîâàòü
äèàãðàììó íåñîîñíîé äåôîðìàöèè îäíîé
ìîäåëüíîé ñêëàäêè, íàïðèìåð óìåðåííî
èçîãíóòîé ñèììåòðè÷íîé s2 (ðèñ. 2, â, IV ).
Åñëè âûíåñòè íà íåå ôèãóðàòèâíûå òî÷-
êè äâóõ äðóãèõ ñêëàäîê, îíè äàäóò íåïðà-
âèëüíóþ èíôîðìàöèþ î âåëè÷èíå β . Îä-
íàêî îòêëîíåíèÿ îò ðåàëüíîãî çíà÷åíèÿ
íåâåëèêè. Â ñëó÷àå ïðèðîäíûõ äàííûõ òà-
êèå îòêëîíåíèÿ ÷àñòî ìîãóò íàõîäèòüñÿ â
ãðàíèöàõ ïîãðåøíîñòè èçìåðåíèÿ. Ïîýòî-
ìó äëÿ îðèåíòèðîâî÷íîé îöåíêè íàêëîíà
îñè ñæàòèÿ ïðè àíàëèçå ñêëàäîê ïðèìå-
íåíèå îáùåé êëàññèôèêàöèîííî-ãåíåòè-
÷åñêîé äèàãðàììû âïîëíå îïðàâäàíî, ÷òî
áóäåò ïîäòâåðæäåíî äàëåå íà ïðèìåðå ñêëà-
äîê Êàðïàò.

Âàæíûé, íî ïðîìåæóòî÷íûé ðåçóëüòàò
îïðåäåëåíèÿ îáñòàíîâêè íåñîîñíîãî äå-
ôîðìèðîâàíèÿ ïðèâîäèò ê èñõîäíîé ôîð-
ìå ñêëàäêè óïðóãîãî èçãèáà � ñèììåòðè÷-
íîé ëèáî àñèììåòðè÷íîé, êîòîðóþ, åñëè

Ðèñ. 3. Ïðèìåð ðåêîíñòðóêöèè ìîäåëüíîé àñèììåò-
ðè÷íîé ñêëàäêè s2 â îáñòàíîâêå íåñîîñíîãî ãîðè-
çîíòàëüíîãî òå÷åíèÿ: à � âîçâðàùåíèå â íåäåôîð-
ìèðîâàííîå ñîñòîÿíèå ñ ïåðåáîðîì ñïåêòðà îðèåí-
òèðîâîê îñè ñæàòèÿ â îáñòàíîâêå ñ îáðàòíûì íà-
ïðàâëåíèåì ñäâèãà, á � ðàñ÷åò ñóììàðíîé ôóíê-
öèè äëÿ îðèåíòèðîâîê îñè ñæàòèÿ è äëèòåëüíîñòè
äåôîðìèðîâàíèÿ (ïðè ε& = 0,315 ìëí ëåò–1). Ñì. ïîÿñ-
íåíèÿ â òåêñòå.
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òðåáóåòñÿ âîññòàíîâèòü ïåðâîíà÷àëüíóþ
äëèíó ïëàñòà, ñëåäóåò âûïðÿìèòü. Ýòà ïðî-
öåäóðà ìîæåò áûòü âûïîëíåíà ãðàôè÷åñ-
êè èëè ñ ïîìîùüþ íåñëîæíîé êîìïüþòåð-
íîé ïðîãðàììû. Ïîñëå ýòîãî îïðåäåëÿåò-
ñÿ âåëè÷èíà ãîðèçîíòàëüíîãî ñæàòèÿ, ñî-
îòâåòñòâóþùàÿ èçãèáó. Îáùåå ãîðèçîí-
òàëüíîå ñæàòèå, âûðàæåííîå â êðàòíûõ
âåëè÷èíàõ äëÿ ýòàïîâ èçãèáíîãî äåôîð-
ìèðîâàíèÿ è íåñîîñíîãî òå÷åíèÿ, îïðåäå-
ëÿåòñÿ ïðîèçâåäåíèåì ýòèõ äâóõ âåëè÷èí:

.fb ddD ⋅= (8)

Àíàëèç è ðåêîíñòðóêöèÿ êàðïàòñêîé
ñêëàä÷àòîñòè. Ðàññìàòðèâàåìûå ãåîëîãè-
÷åñêèå ðàçðåçû ðàññðåäîòî÷åíû ïî òåððè-
òîðèè ÓÊ è ïðåäñòàâëÿþò ðàçíûå òåêòî-
íè÷åñêèå çîíû: Äóêëÿíñêóþ, Êðîñíî, Ñêè-
áîâóþ è Áîðèñëàâñêî-Ïîêóòñêóþ (ðèñ. 4).
Òåì íå ìåíåå ñòèëü ñêëàä÷àòîé òåêòîíè-
êè ó íèõ îäèí è òîò æå: â ðàçíîé ñòåïå-
íè àñèììåòðè÷íûå ñêëàäêè � àíòèêëè-
íàëè, îïèðàþùèåñÿ êîðîòêèì, ïîäâåðíó-
òûì êðûëîì íà ðàçëîì, ëèáî ãðóïïèðóþ-
ùèåñÿ â ïàêåòû íàêëîííûå èëè îïðîêè-
íóòûå àíòèêëèíàëè è ñèíêëèíàëè. Çàäà-
÷à àíàëèçà ñîñòîèò èç äâóõ ÷àñòåé: âî-ïåð-
âûõ, ôîðìàëüíàÿ õàðàêòåðèñòèêà ñêëà-
äîê èç ðàçëè÷íûõ çîí ïî ñòðóêòóðíûì îñî-
áåííîñòÿì, âî-âòîðûõ, ãåíåòè÷åñêîå òîë-
êîâàíèå îòäåëüíûõ ñêëàäîê è âûäåëåííûõ
ãðóïï. Ñ ýòîé öåëüþ áûëè ñîñòàâëåíû äâå
êëàññèôèêàöèîííûå äèàãðàììû, ôèêñè-
ðóþùèå ñîîòíîøåíèå îñíîâíûõ ïàðàìåò-
ðîâ: óãëîâ íàêëîíà êðûëüåâ � ïåðâàÿ äèà-
ãðàììà, óãëà íàêëîíà îñè è ñæàòîñòè ñêëàä-
êè � âòîðàÿ (ðèñ. 5, à). Ãåíåòè÷åñêèé ýëå-
ìåíò ââîäèëñÿ íàíåñåíèåì â ïîëå äèàãðàìì
òðàåêòîðèé ýâîëþöèè ìîäåëüíîé ñèììåò-
ðè÷íîé ñêëàäêè s2 â îáñòàíîâêå íåñîîñ-
íîãî òå÷åíèÿ ïðè ðàçíûõ óãëàõ íàêëîíà
îñè ñæàòèÿ (ñì. ðèñ. 2, á è â). Àíàëèçèðó-
åìûå ñêëàäêè, ñ êîòîðûõ áðàëè çàìåðû,
ïðîíóìåðîâàíû íà ðàçðåçàõ (ñì. ðèñ. 4).

Ñ ïîìîùüþ êëàññèôèêàöèîííûõ äèà-
ãðàìì óäàåòñÿ ðàñêðûòü âíåøíå îäíîîá-
ðàçíûé ñòèëü ñòðîåíèÿ ÑÔÇ ÓÊ: ñêëàä-
êè, îòîáðàííûå èç ðàçíûõ ðàçðåçîâ, äèñ-
êðèìèíèðóþòñÿ êàê íà îñíîâå çàìåðîâ
óãëîâ íàêëîíà êðûëüåâ, òàê è ñîîòíîøå-

íèé óãëîâ íàêëîíà îñè è ñæàòîñòè. Ïîëó-
÷àåòñÿ òàêæå ïðåäâàðèòåëüíàÿ îöåíêà óñ-
ëîâèé íåñîîñíîé äåôîðìàöèè äëÿ ðàçíûõ
ñêëàäîê è èõ ãðóïï (óãëîâ β), êîòîðóþ çà-
òåì ìîæíî áóäåò ñðàâíèâàòü ñ äàííûìè
÷èñëåííîé ðåêîíñòðóêöèè. Îòìåòèì ñðà-
çó òåíäåíöèþ ê ãðóïïèðîâàíèþ ñêëàäîê
èç ðàçíûõ òåêòîíè÷åñêèõ çîí ïî ñòèëþ
è óñëîâèÿì íåñîîñíîãî äåôîðìèðîâàíèÿ.
Ñêëàäêè Äóêëÿíñêîé çîíû (¹ 1�4), îá-
ëàäàþùèå íàèáîëüøåé ñòåïåíüþ àñèì-
ìåòðèè (ïîäâåðíóòûå êîðîòêèå êðûëüÿ è
îñè ñ íàèáîëüøèìè óãëàìè íàêëîíà), ãðóï-
ïèðóþòñÿ â êðàåâîé çîíå îáåèõ äèàãðàìì,
îòìå÷åííîé ñîîòâåòñòâåííî òðàåêòîðèÿìè
ñ áóëüøèìè íàêëîíàìè îñè ñæàòèÿ (β =
= 30 ÷ 35°), ÷òî ñîîòâåòñòâóåò îáñòàíîâêå
äåôîðìèðîâàíèÿ ñ áóëüøåé âðàùàòåëü-
íîé êîìïîíåíòîé. Ñêëàäêè òûëîâîé ÷àñ-
òè Êðîñíî (¹ 5�7) îáëàäàþò ïðîòèâîïî-
ëîæíîé òåíäåíöèåé � îíè áëèçêè ê ñèì-
ìåòðè÷íûì è çàíèìàþò ïðîñòðàíñòâà ñ
ïîëîãèìè íàêëîíàìè îñè ñæàòèÿ (ìåíåå
15°). Ñêëàäêè Êðîñíî íà ïðîôèëå 4, çà-
íèìàþùèå ïðîñòðàíñòâî â åå ôðîíòàëü-
íîé ÷àñòè âáëèçè Ñêèáîâîé çîíû (¹ 9�
14), íàèìåíåå äåôîðìèðîâàíû è âûòÿíó-
òû â íà÷àëüíîé ÷àñòè äèàãðàìì âäîëü òðà-
åêòîðèé ñëàáî- è ñðåäíåíàêëîíåííîé îñè
ñæàòèÿ (β = 10 ÷ 24°). Íà èõ ïðîäîëæåíèè
íàõîäÿòñÿ òî÷êè ñêëàäîê 15�20, ïðèíàä-
ëåæàùèõ Ñêèáîâîé è Áîðèñëàâñêî-Ïîêóò-
ñêîé çîíàì â þãî-âîñòî÷íîé ÷àñòè ÓÊ, îõ-
âàòûâàÿ ïðèìåðíî òîò æå èíòåðâàë çíà-
÷åíèé β = 14 ÷ 24°. Çäåñü ìîæíî ãîâîðèòü
îá îäíîòèïíîñòè óñëîâèé äåôîðìèðîâà-
íèÿ äëÿ äâóõ ïîñëåäíèõ ïðîôèëåé, ïðè
òîì, ÷òî ñêëàäêè ïîñëåäíåé ãðóïïû ñèëü-
íåå äåôîðìèðîâàíû. Ïîñëåäíåå ñîîòâåò-
ñòâóåò îáùåé òåêòîíè÷åñêîé ñèòóàöèè:
þãî-âîñòî÷íàÿ (Ðàõîâñêî-Áóêîâèíñêàÿ)
îáëàñòü ÓÊ ñóæåíà (ïî-âèäèìîìó, çà ñ÷åò
áóëüøåãî ãîðèçîíòàëüíîãî ñæàòèÿ) ïî ñðàâ-
íåíèþ ñ îñíîâíîé òåððèòîðèåé ïðèìåð-
íî â 1,5�2 ðàçà.

Òàêèì îáðàçîì, îáå ðàññìîòðåííûå äèà-
ãðàììû ìîãóò ñëóæèòü îñíîâîé äëÿ ôîð-
ìàëüíîé êëàññèôèêàöèè àñèììåòðè÷íûõ
ñêëàäîê, âûäåëåíèÿ èõ ãðóïï, à òàêæå óñ-
ëîâèé äåôîðìèðîâàíèÿ. Áîëåå òî÷íîå îï-
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ðåäåëåíèå îáñòàíîâîê è âåëè÷èí äåôîð-
ìèðîâàíèÿ âûïîëíÿåòñÿ èíäèâèäóàëüíî
äëÿ êàæäîé ñêëàäêè ìåòîäîì ÷èñëåííîãî
ïîèñêà íàêëîíà îñè, îïèñàííûì âûøå (ñì.
ðèñ. 3). Åùå îäíèì ðåçóëüòàòîì ÷èñëåí-
íîé ïðîöåäóðû áóäåò íàõîæäåíèå èñõîä-
íîé (äî íåñîîñíîãî òå÷åíèÿ) ôîðìû ñêëàä-

êè. Ïðèìåð ðàñ÷åòà ñòàòèñòè÷åñêèõ ôóíê-
öèé è íàõîæäåíèÿ âåëè÷èí β è t äëÿ ñêëàä-
êè 2 èç Äóêëÿíñêîé çîíû ïîêàçàí íà ðèñ.
5, á. Ìèíèìóìû ÷àñòíûõ ôóíêöèé S1, S2,
S3, êàê âèäíî, áîëåå ðàñïëûâ÷àòû è íå
âñåãäà îäíîçíà÷íû. Ìèíèìóì ñóììàðíîé
ôóíêöèè äàåò îñíîâàíèå äëÿ îäíîçíà÷íî-

Ðèñ. 4. Òåêòîíè÷åñêàÿ ñõåìà ÓÊ è ñòðóêòóðíûå ïðîôèëè ïî äàííûì ãåîëîãè÷åñêèõ ñúå-
ìîê (1, 2 � [Äåðæàâíà ..., 2009à], 3 � [Äåðæàâíà ..., 2007], 4 � [Äåðæàâíà ..., 2009á], 5 �
[Âà-ùåíêî è äð., 1985]): 1 � Ìàðìàðîøñêèé ìàññèâ; 2 � çîíà Óòåñîâ; 3 � âóëêàíè÷åñêèé
ïî-ÿñ; 4 � ðàñïîëîæåíèå è íîìåð ïðîôèëÿ. Íà ðàçðåçàõ ïðîíóìåðîâàíû ñêëàäêè, äëÿ
êîòîðûõ áûë âûïîëíåí ñòðóêòóðíûé àíàëèç.
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ãî âûáîðà, õîòÿ îí íå òàê ÷åòêî âûðàæåí,
êàê ìèíèìóì ìîäåëüíîé ñêëàäêè íà ðèñ.
3, á. Â ðåçóëüòàòå ïîëó÷àåì β = 28°, t = 1,5
ìëí ëåò (âðåìÿ, êàê óæå óêàçûâàëîñü, óñ-
ëîâíî è ñîîòâåòñòâóåò äëèòåëüíîñòè äåôîð-
ìèðîâàíèÿ ïðè çàäàííîé ñêîðîñòè 0,315
ìëí ëåò–1). Âåëè÷èíà ãîðèçîíòàëüíîãî ñæà-
òèÿ df , ñîãëàñíî (4à), ñîñòàâèò 1,3.

Âîçâðàùåíèå â íåäåôîðìèðîâàííîå ñî-
ñòîÿíèå ñêëàäêè 2 äàåò àñèììåòðè÷íóþ àí-
òèêëèíàëü, áëèçêóþ ïî ôîðìå ê ñêëàäêå
ïðîäîëüíî-ïîïåðå÷íîãî èçãèáà (ðèñ. 5, â).
Îòêëîíåíèÿ ìîæíî ñ÷èòàòü ñëåäñòâèåì íå-
èäåàëüíîãî èçãèáà � âàðèàöèé ìîùíîñ-
òè èñõîäíîãî ñëîÿ, âëèÿíèÿ âìåùàþùèõ
ïîðîä. Êîíå÷íûì ðåçóëüòàòîì ðåêîíñòðóê-

Ðèñ. 5. Êëàññèôèêàöèÿ cêëàäîê ÓÊ è ïðèìåð ðåêîíñòðóêöèè: à � êëàññèôèêàöèîííî-ãåíåòè÷åñ-
êèå äèàãðàììû ñêëàäîê, îòìå÷åííûõ íà ðèñ. 4 (1�5 � òî÷êè ðàçëè÷íûõ ÑÔÇ: 1 � Äóêëÿí-
ñêîé, 2 � Êðîñíî (ïðîô. 2), 3 � Êðîñíî (ïðîô. 4), 4 � Ñêèáîâàÿ (ïðîô. 3), 5 � Ñêèáîâàÿ è Áî-
ðèñëàâñêî-Ïîêóòñêàÿ (ïðîô. 5)); øòðèõîâûìè êðèâûìè îáâåäåíû òî÷êè, ïðèíàäëåæàùèå îä-
íèì ÑÔÇ è èõ ó÷àñòêàì; âûíåñåíû òðàåêòîðèè íåñîîñíîãî äåôîðìèðîâàíèÿ ìîäåëüíîé ñêëàä-
êè s2; á � ãðàôèêè ñòàòèñòè÷åñêèõ ôóíêöèé äëÿ ñêëàäêè 2, îïðåäåëÿþùèå óãîë íàêëîíà îñè
ñæàòèÿ è äëèòåëüíîñòü íåñîîñíîãî òå÷åíèÿ; â � ðåêîíñòðóêöèÿ èçãèáíîé ôîðìû ñêëàäêè 2;
æèðíàÿ øòðèõîâàÿ êðèâàÿ � ïîäîáðàííàÿ ìîäåëüíàÿ ñêëàäêà ïðîäîëüíî-ïîïåðå÷íîãî èçãèáà.
Ñì. ïîÿñíåíèÿ â òåêñòå.
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öèè ÿâëÿåòñÿ îïðåäåëåíèå âåëè÷èíû îá-
ùåãî ãîðèçîíòàëüíîãî ñæàòèÿ, âêëþ÷àþ-
ùåãî ñòàäèè èçãèáà è íåñîîñíîãî òå÷åíèÿ.
Òàê êàê èçãèáíîå ñæàòèå db = 1,56 (ïî (3)),
òî, ñîãëàñíî (8), äëÿ äàííîãî ñëó÷àÿ èìå-
åì D = 2,03 (äâóêðàòíîå ñæàòèå).

Äëÿ ñåìè ñêëàäîê, îòîáðàííûõ èç ðàç-
íûõ çîí, áûëà âûïîëíåíà ðåêîíñòðóêöèÿ
ñ îïðåäåëåíèåì ñîñòàâëÿþùèõ ïîëíîé äå-
ôîðìàöèè (ðèñ. 6, à ). Â êà÷åñòâå èñõîä-
íûõ îïðåäåëåíû àñèììåòðè÷íûå ñêëàäêè
ðàçíûõ ðàçìåðîâ è ñòåïåíè ñæàòîñòè, äëÿ
êîòîðûõ ïîäáèðàëèñü íàèáîëåå ñîîòâåò-
ñòâóþùèå ìîäåëüíûå ñêëàäêè ïðîäîëüíî-
ïîïåðå÷íîãî èçãèáà. Äëÿ ñòàäèè íåñîîñ-
íîãî òå÷åíèÿ ïîêàçàíû ýëëèïñû êîíå÷íîé
äåôîðìàöèè. Ïîëó÷åííûå âåëè÷èíû ïîë-
íîãî ãîðèçîíòàëüíîãî ñîêðàùåíèÿ (ðèñ.6,
à, III ) âàðüèðóþò îò 1,47 äî 2,76, ñðåäíåå
çíà÷åíèå � 2,17. Ñ ïîìîùüþ äèàãðàìì
ïðîäîëüíî-ïîïåðå÷íîãî èçãèáà è íåñîîñ-
íîãî òå÷åíèÿ îïðåäåëÿþòñÿ âåëè÷èíû ãî-
ðèçîíòàëüíîãî ñîêðàùåíèÿ, âåëè÷èíû íà-
êëîíà ñæèìàþùèõ ñèë è äðóãèå õàðàêòå-
ðèñòèêè ýòèõ äâóõ îáñòàíîâîê äëÿ êàæ-
äîé ñêëàäêè (ðèñ. 6, á è â).

Íà ïðèìåðå ðàññìîòðåííûõ ñêëàäîê
îöåíèì ñîîòíîøåíèå âêëàäîâ óïðóãîé è
ïëàñòè÷åñêîé ñîñòàâëÿþùèõ â îáùóþ äå-
ôîðìàöèþ ãîðèçîíòàëüíîãî ñæàòèÿ (ðèñ.
7, à). Êàê âèäíî, çà èñêëþ÷åíèåì ñêëàä-
êè 2, äëÿ êîòîðîé âêëàä èçãèáíîé äåôîð-
ìàöèè áîëüøå, â îñòàëüíûõ ñëó÷àÿõ âêëàä
íåñîîñíîãî òå÷åíèÿ ïðåîáëàäàåò îò óìå-
ðåííûõ (ñêëàäêè 17�19) äî çíà÷èòåëüíûõ
(ñêëàäêè 7, 9, 10) ñòåïåíåé. Ñðàâíèì óãëû
íàêëîíà îñè ñæàòèÿ ïðè èçãèáå è íåñî-
îñíîì òå÷åíèè, êîòîðûå äàþò àíàëèçèðó-
åìûå ñêëàäêè (ðèñ. 7, á). Â ñëó÷àå ñêëàä-
êè 7 óãëû íàêëîíà ðàñõîäÿòñÿ ïî÷òè íà
ïîðÿäîê (20 è 2,5° ), îäíàêî ó îñòàëüíûõ
ñêëàäîê îíè ëèáî ïðèìåðíî ðàâíû, ëèáî
ðàçëè÷àþòñÿ íå áîëåå ÷åì â 2�2,5 ðàçà.
Îò÷åòëèâî íàìå÷àåòñÿ òðåíä óâåëè÷åíèÿ
óãëà íàêëîíà îñè ñæàòèÿ ïðè íåñîîñíîì
òå÷åíèè.

Ïîëó÷àåìàÿ áëèçîñòü óãëîâ íàêëîíà
îñè ñæàòèÿ äàåò ïðåäïîñûëêó îáúåäèíå-
íèÿ ìåõàíèçìîâ ïðîäîëüíî-ïîïåðå÷íîãî
èçãèáà è íåñîîñíîãî òå÷åíèÿ â ðàìêàõ îá-

ùåé ìîäåëè ñîñêëàä÷àòîãî íåñîîñíîãî äå-
ôîðìèðîâàíèÿ. Ìîæíî ïðåäñòàâèòü ñè-
òóàöèþ, êîãäà â îáúåìå ñëîèñòîé òîëùè,
ñ ñàìîãî íà÷àëà ïîäâåðãàþùåéñÿ äåôîð-
ìàöèè â îáñòàíîâêå íåñîîñíîãî òå÷åíèÿ
ïðè íàêëîííîì îòíîñèòåëüíî ñëîåâ ïîëî-
æåíèè îñè ñæàòèÿ, íàõîäÿòñÿ êîìïåòåíò-
íûå ñëîè, êîòîðûå ðåàãèðóþò íà äåéñòâèå
íàêëîííîãî ñæàòèÿ ïî çàêîíó ïðîäîëüíî-
ïîïåðå÷íîãî èçãèáà. Â ýòîì ñëó÷àå ñæà-
òîñòü ñêëàäêè áóäåò ïðèìåðíî ñîîòâåòñò-
âîâàòü âåëè÷èíå ãîðèçîíòàëüíîãî ñæàòèÿ,
ñêîðîñòü èçãèáà êîíòðîëèðîâàòüñÿ ñêîðî-
ñòüþ òå÷åíèÿ â îáúåìå, ò. å. èçãèá ìîæíî
êâàëèôèöèðîâàòü êàê ýôôåêòèâíî âÿçêî-
óïðóãèé, âïèñûâàþùèéñÿ ïî ñêîðîñòè äå-
ôîðìèðîâàíèÿ â òèïè÷íûå ðàìêè ñêîðî-
ñòåé ïðèðîäíîé äåôîðìàöèè. Íåïîñðåäñò-
âåííî ñëîè èçãèáíîé ñêëàäêè áóäóò âêëþ-
÷àòüñÿ â îáùèé ïðîöåññ ïëàñòè÷åñêîãî
òå÷åíèÿ ïîñëå ïðåîäîëåíèÿ èìè ïðåäåëà
ïëàñòè÷íîñòè, ÷òî êîíòðîëèðóåòñÿ èõ àâ-
òîíîìíûì íàïðÿæåííûì ñîñòîÿíèåì [Ãîí-
÷àð, 2008].

Çàêëþ÷åíèå è âûâîäû. Õîòÿ ñòðóêòóð-
íàÿ òêàíü Óêðàèíñêèõ Êàðïàò âûïîëíåíà
ñêëàä÷àòîñòüþ, èçó÷åíèþ ïîñëåäíåé óäå-
ëÿåòñÿ ìàëî âíèìàíèÿ. Çäåñü, èìåÿ â âè-
äó, â ïåðâóþ î÷åðåäü, ãåíåòè÷åñêèå àñ-
ïåêòû ïðîáëåìû îáðàçîâàíèÿ òèïè÷íûõ
äëÿ ÓÊ àñèììåòðè÷íûõ ñêëàäîê, ïðèìå-
íåíû ïðèêëàäíûå ðàçðàáîòêè â ðàìêàõ
òåîðèé óïðóãîãî èçãèáà è íåñîîñíîãî òå-
÷åíèÿ [Ãîí÷àð, 2001, 2008], êîòîðûå âîñ-
õîäÿò ê ðàííèì ïðåäñòàâëåíèÿì â îáëà-
ñòè ñòðóêòóðíîãî àíàëèçà Å. È. Ïàòàëàõè
è åãî øêîëû [Ïàòàëàõà è äð., 1974]. Ñî-
ãëàñíî èì ñêëàä÷àòîñòü âîçíèêàåò ïåðâî-
íà÷àëüíî âñëåäñòâèå ïðîäîëüíîãî ñæàòèÿ
ñëîÿ (ïà÷êè ñëîåâ) è ïîòåðè èì óñòîé÷è-
âîñòè íà èçãèá; äàëüíåéøåå åå ðàçâèòèå
ñâÿçàíî ñ ïåðåõîäîì ê ïëàñòè÷åñêîìó äå-
ôîðìèðîâàíèþ (òå÷åíèþ) â òåõ æå èëè èç-
ìåíèâøèõñÿ ñèëîâûõ óñëîâèÿõ. Â îñíî-
âå òàêîãî ïîíèìàíèÿ ãåîëîãè÷åñêîãî ñêëàä-
êîîáðàçîâàíèÿ ëåæàò ïðåäïîñûëêè ìåõà-
íèêè äåôîðìèðóåìîãî òâåðäîãî òåëà è
ãèäðîìåõàíèêè [Òåðêîò, Øóáåðò, 1985].

Ñ ïîìîùüþ âûïîëíåííîãî ìîäåëèðîâà-
íèÿ îïðåäåëåíû óñëîâèÿ âîçíèêíîâåíèÿ



Â. Â. ÃÎÍ×ÀÐ

88 Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018

Ðèñ. 6. Õàðàêòåðèñòèêà óïðóãîé è ïëàñòè÷åñêîé ñîñòàâëÿþùèõ ïîëíîé íåñîîñíîé äåôîðìàöèè äëÿ íåêî-
òîðûõ ñêëàäîê: à � òàáëèöà, ïðåäñòàâëÿþùàÿ ðåêîíñòðóèðîâàííûå ôîðìû è ïîäîáðàííûå ìîäåëüíûå
àíàëîãè ïðîäîëüíî-ïîïåðå÷íîãî èçãèáà (I), ñêëàäêè, òðàíñôîðìèðîâàííûå â óñëîâèÿõ íåñîîñíîãî òå÷å-
íèÿ (II), è îïðåäåëÿåìûå âåëè÷èíû ïîëíîé äåôîðìàöèè ãîðèçîíòàëüíîãî ñæàòèÿ (III ), ïåðâàÿ öèôðà õàðàê-
òåðèçóåò èçãèáíóþ ñîñòàâëÿþùóþ (db), âòîðàÿ � íåñîîñíîå òå÷åíèå (df ); á è â � ãðàôè÷åñêîå îòîáðà-
æåíèå ìîäåëüíûõ àíàëîãîâ ðåêîíñòðóèðîâàííûõ ñêëàäîê â ïîëå äèàãðàììû ïðîäîëüíî-ïîïåðå÷íîãî èçãè-
áà (á) è èõ ïîçèöèÿ â êîíå÷íîì äåôîðìèðîâàííîì ñîñòîÿíèè â ïîëå äèàãðàììû íåñîîñíîãî òå÷åíèÿ (â).
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êàðïàòñêèõ ñêëàä÷àòûõ ñòðóêòóð, êîòî-
ðûå ìîãóò áûòü ñëåäñòâèåì êàê ïðîäîëü-
íî-ïîïåðå÷íîãî èçãèáà, òàê è ãîðèçîíòàëü-
íîãî íåñîîñíîãî òå÷åíèÿ, íàëîæåííîãî íà
èñõîäíî ñèììåòðè÷íûå èëè àñèììåòðè÷-
íûå èçãèáíûå ñêëàäêè. Ïîêàçàíî, ÷òî ýô-
ôåêòèâíûì ìåòîäîì äèàãíîñòèêè â ñëó-
÷àå àñèììåòðè÷íûõ ñêëàäîê ÿâëÿåòñÿ âîç-
âðàùåíèå èõ â ïðîìåæóòî÷íîå äåôîðìè-
ðîâàííîå ñîñòîÿíèå ïîñðåäñòâîì ñíÿòèÿ
íåñîîñíîãî òå÷åíèÿ è ñòàòèñòè÷åñêèé ïî-
èñê íàèáîëåå âåðîÿòíîé îðèåíòèðîâêè îñè
ñæàòèÿ.

Íà îñíîâå âûáîðî÷íîãî ìîðôîëîãè÷åñ-
êîãî àíàëèçà ñêëàä÷àòîñòè ÓÊ ïîêàçàíî,
÷òî ñêëàäêè èç ðàçíûõ ñòðóêòóðíî-ôàöè-
àëüíûõ çîí èìåþò òåíäåíöèþ ê ãðóïïè-
ðîâàíèþ, îòîáðàæàÿ òåì ñàìûì ñïåöèôè-
êó èõ ôîðìèðîâàíèÿ. Õîòÿ ïîëó÷åííûå
äàííûå ïðåäâàðèòåëüíû è ìîãóò ïîêà ñëó-
æèòü ëèøü ïðèìåðîì, òåì íå ìåíåå ñòî-
èò îòìåòèòü, ÷òî ñêëàäêè èç Äóêëÿíñêîé
çîíû â öåíòðàëüíîì ïåðåñå÷åíèè âûäå-
ëÿþòñÿ êàê îáëàäàþùèå âûñîêîé ñòåïå-
íüþ ñæàòîñòè è íàèáîëüøåé àñèììåòðè-
åé, ñêëàäêè çîíû Êðîñíî îáëàäàþò ðàç-
íîé äåôîðìèðîâàííîñòüþ â ðàçíûõ ïåðå-
ñå÷åíèÿõ (ñëàáîé è ñðåäíåé), íî ó íèõ îêà-
çûâàåòñÿ íàèìåíüøàÿ àñèììåòðèÿ. Ñêëàä-
êè Ñêèáîâîé è Áîðèñëàâñêî-Ïîêóòñêîé
çîí â þãî-âîñòî÷íîì (Ðàõîâñêî-Ïîêóòñêîì)
ïåðåñå÷åíèè ñèëüíî ñæàòû è èõ àñèììåò-
ðèÿ ïðèáëèæàåòñÿ ê òàêîâîé äóêëÿíñêèõ
ñòðóêòóð.

Â ðàìêàõ ìîäåëè ãîðèçîíòàëüíîãî íå-
ñîîñíîãî òå÷åíèÿ óñòàíàâëèâàþòñÿ íà-
êëîíû îñè ñæàòèÿ è äëèòåëüíîñòü (èíòåí-
ñèâíîñòü) äåôîðìèðîâàíèÿ, ïðèâåäøèå
â èòîãå ê íàáëþäàåìûì ñêëàä÷àòûì ôîð-
ìàì. Òàê, íàèáîëåå àñèììåòðè÷íûì ñêëàä-
êàì Äóêëÿíñêîé çîíû ñîîòâåòñòâóåò çíà-
÷èòåëüíûé íàêëîí îñè ñæàòèÿ îêîëî 30°;
ñêëàäêàì çîíû Êðîñíî, íàèáîëåå áëèçêèì
ê ñèììåòðè÷íûì ôîðìàì (ïðîôèëü 2), �
âåñüìà ïîëîãèé, áëèçêèé ê ïðîäîëüíîìó
(â ñðåäíåì 5°). Ïðèìå÷àòåëüíûì îêàçûâà-
åòñÿ ðåçóëüòàò äëÿ ñêëàäîê Êðîñíî âäîëü
ïðîôèëÿ 3, Ñêèáîâîé è Áîðèñëàâñêî-Ïî-
êóòñêîé çîí âäîëü ïðîôèëÿ 4, êîòîðûì ñî-
îòâåòñòâóåò åäèíàÿ ñðåäíÿÿ òðàåêòîðèÿ
ñ β = 20°. Äðóãèìè ñëîâàìè, ñêëàäêè ýòèõ
çîí äåôîðìèðîâàíû â îäèíàêîâûõ óñëî-
âèÿõ, íî ïðè ðàçíîé èíòåíñèâíîñòè (äëè-
òåëüíîñòè) äåôîðìèðîâàíèÿ, ÷òî ñâèäå-
òåëüñòâóåò îá èõ ðàçíîé òåêòîíè÷åñêîé
ïîçèöèè â ïðåäåëàõ ÓÊ.

Â êà÷åñòâå ïðîìåæóòî÷íûõ èçãèáíûõ
ñêëàäîê ÓÊ ïîñëå ñíÿòèÿ äåôîðìàöèè ãî-
ðèçîíòàëüíîãî íåñîîñíîãî òå÷åíèÿ îïðå-
äåëÿþòñÿ àñèììåòðè÷íûå ôîðìû, âåñüìà
áëèçêèå ê òåîðåòè÷åñêè ðàññ÷èòûâàåìûì
ñêëàäêàì ïðîäîëüíî-ïîïåðå÷íîãî èçãèáà.
Ïîñëåäíèé, êàê è íåñîîñíîå òå÷åíèå, îáî-
çíà÷àåò ðàçíóþ ðåàêöèþ íà ïðèëîæåííóþ
íàãðóçêó, êîòîðàÿ ïðîèñõîäèò ïðè íàêëîí-
íîì ïîëîæåíèè ñæèìàþùèõ ñèë îòíîñè-
òåëüíî èñõîäíî ãîðèçîíòàëüíûõ ñëîåâ. Âîç-
íèêàþò ïðåäïîñûëêè îáúåäèíåíèÿ ìåõà-

Ðèñ. 7. Ñîïîñòàâëåíèå ïîëó÷åííûõ âåëè÷èí ãîðèçîíòàëüíîãî ñæàòèÿ
ïðè èçãèáå è íåñîîñíîì òå÷åíèè (à) è íàêëîíîâ èçãèáàþùåé ñèëû è
îñè ìàêñèìàëüíîãî ñæàòèÿ (á) äëÿ ñêëàäîê, èçîáðàæåííûõ íà ðèñ. 6.
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ñòàâëåíèå èñòîðèè ðàçâèòèÿ ñòðóêòóð [Ïà-
òàëàõà è äð., 2003].
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Models of out-of-line deformation in structural
analysis of folding of the Ukrainian Carpathians

 V. V. Gonchar, 2018

Structural analysis and reconstruction of folding of the Ukrainian (flysh) Carpathi-
ans have been executed according to materials (cross-sections) of medium-scale geo-
logical survey. Methodic development has been used within the limits of bending and
out-of-flow theories. It has been shown with the help of asymmetric folding simulation
that the recapture of folds into intermediate deformed state by removal of out-of-line
flow and the statistic search of the most probable orientation of compression axis is the
effective method of diagnostics.

Conditions of appearance of Carparhians structures have been identified which can
be a result of both longitudinal-transverse bending and horizontal out-of-line flow su-
perimposed upon initially symmetric or asymmetrical bending folds. Within the limits
of models of out-of-line deformation inclinations of compression axis and intensity of
deformation are being determined which finally resulted in observed folding forms,
specification of folds from different structural-facial zones of Carpathians according to
the grade of their compactness and asymmetry has been shown, their genetic interpre-
tation has been given.

Key words: Ukrainian Carpathians, folding, longitudinal-transverse bending, out-of-
line flow, modeling, reconstruction.
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Êîìïëåêñ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé
ýëåêòðè÷åñêèõ ñâîéñòâ ãîðíûõ ïîðîä â èíåðòíîé

ñðåäå

 Ì. Â. Êðàâ÷óê, Â. À. Êîð÷èí, Â. Ï. Êîáîëåâ, Í. È. Íîâèê, 2018

Èíñòèòóò ãåîôèçèêè èì. Ñ. È. Ñóááîòèíà ÍÀÍ Óêðàèíû, Êèåâ, Óêðàèíà

Ïîñòóïèëà 2 îêòÿáðÿ 2017 ã.

Äåòàëüíî îïèñàíî êîíñòðóêö³þ ³ ðîçãëÿíóòî àïàðàòóðíî-ìåòîäè÷í³ îñîáëèâîñò³
ðîçðîáëåíîãî ³ ðåàë³çîâàíîãî â ²íñòèòóò³ ãåîô³çèêè ÍÀÍ Óêðà¿íè àâòîìàòèçîâàíîãî
âèì³ðþâàëüíîãî êîìïëåêñó, ïðèçíà÷åíîãî äëÿ äîñë³äæåííÿ åëåêòðè÷íèõ ïàðàìåòð³â
ì³íåðàëüíî¿ ðå÷îâèíè çà òåìïåðàòóð äî 1100 °Ñ ó êèñíåâì³ñíîìó òà ³íåðòíîìó ñå-
ðåäîâèùàõ. Íàâåäåíî ðåçóëüòàòè äåÿêèõ åêñïåðèìåíò³â, âèêîíàíèõ íà åòàï³ äîñë³ä-
íèõ âèïðîáóâàíü êîìïëåêñó â òåìïåðàòóðíîìó ³íòåðâàë³ â³ä ê³ìíàòíî¿ äî 700 °Ñ.
Äîñë³äæåíî òà ïðîàíàë³çîâàíî ÷èííèêè, ùî âïëèâàþòü íà õàðàêòåð îòðèìàíèõ òåì-
ïåðàòóðíî-÷àñòîòíèõ çàëåæíîñòåé åëåêòðè÷íèõ ïàðàìåòð³â çðàçê³â ïîð³ä. Ïîêàçà-
íî, ùî óòâîðåííÿ îêñèä³â ó êèñíåâì³ñíîìó ñåðåäîâèù³ çá³ëüøóº åëåêòðè÷íèé îï³ð.
Ð³çíèöÿ ãðàä³ºíòà çì³íè âåëè÷èíè ρ â³ä òåìïåðàòóðè, îñîáëèâî â ³íòåðâàë³ 300�
500 °Ñ, çóìîâëåíà òèì, ùî åëåêòðîïðîâ³äí³ñòü çä³éñíþºòüñÿ â îñíîâíîìó ³îíàìè äî-
ì³øîê ³ äåôåêòàìè êðèñòàë³÷íî¿ ́ ðàòêè. Çà ï³äâèùåííÿ òåìïåðàòóðè ä³åëåêòðè÷íà
ïðîíèêí³ñòü ³îííèõ êðèñòàë³â çðîñòàº âíàñë³äîê îñëàáëåííÿ çâ�ÿçêó ì³æ îêðåìèìè
³îíàìè. Íèçüêî÷àñòîòíà ä³åëåêòðè÷íà ïðîíèêí³ñòü íàé÷óòëèâ³øà äî äåôîðìàö³éíèõ
ôàçîâèõ ïåðåõîä³â ³ º ³íôîðìàòèâí³øèì ïàðàìåòðîì, îñê³ëüêè çì³íþºòüñÿ ç íàéá³ëü-
øèì ãðàä³ºíòîì.

Êëþ÷îâ³ ñëîâà: PT-ïåòðîô³çèêà, åëåêòðè÷í³ ïàðàìåòðè, âèì³ðþâàëüíèé êîìï-
ëåêñ, ³íåðòíå ñåðåäîâèùå.

Ââåäåíèå. Èçó÷åíèå ýëåêòðè÷åñêèõ ïà-
ðàìåòðîâ ìèíåðàëüíîãî âåùåñòâà, èõ èç-
ìåíåíèé è âçàèìîñâÿçåé â øèðîêîì äèà-
ïàçîíå òåìïåðàòóð è äàâëåíèé ÿâëÿåòñÿ
íåîòúåìëåìîé ñîñòàâíîé ÷àñòüþ ôóíäà-
ìåíòàëüíûõ êîìïëåêñíûõ ãåîôèçè÷åñêèõ
èññëåäîâàíèé ãëóáèííîãî ñòðîåíèÿ Çåìëè.

Âîçìîæíîñòè ýêñïåðèìåíòàëüíîé PT-
ïåòðîôèçèêè ñ öåëüþ ïðîãíîçèðîâàíèÿ
ðàñïðåäåëåíèÿ ôèçè÷åñêèõ ñâîéñòâ è ñî-
ñòàâà ãåîëîãè÷åñêîé ñðåäû íà ðàçëè÷íûõ
ãëóáèíàõ äàëåêî íå èñ÷åðïàíû [Êîð÷èí è
äð., 2011, 2013], íî òðåáóþò áîëåå òùàòåëü-
íîãî ïîäõîäà ê ÷èñòîòå ýêñïåðèìåíòàëü-
íûõ èçìåðåíèé â ðàçëè÷íûõ òåðìîäèíà-
ìè÷åñêèõ è ôèçèêî-õèìè÷åñêèõ îáñòàíîâ-
êàõ. Ïðåæäå âñåãî, ýòî êàñàåòñÿ âëèÿíèÿ

îêèñëèòåëüíûõ ïðîöåññîâ ïðè âîçäåéñò-
âèè âûñîêèõ òåìïåðàòóð â ïðîöåññå ýêñ-
ïåðèìåíòàëüíûõ èçìåðåíèé ýëåêòðè÷åñ-
êèõ ñâîéñòâ ïîðîä. Ýòî îáñòîÿòåëüñòâî ïðåä-
îïðåäåëèëî çàäà÷ó ñîçäàíèÿ ýêñïåðèìåí-
òàëüíîãî êîìïëåêñà äëÿ èçìåðåíèÿ ýëåêò-
ðè÷åñêèõ ïàðàìåòðîâ îáðàçöîâ ìèíåðà-
ëîâ è ãîðíûõ ïîðîä ïðè èõ íàãðåâå â íåéò-
ðàëüíîé ñðåäå.

Äëÿ óñòðàíåíèÿ âëèÿíèÿ îêèñëèòåëü-
íûõ ïðîöåññîâ ïðè èçó÷åíèè ýëåêòðè÷åñ-
êèõ ñâîéñòâ ìèíåðàëüíûõ îáðàçîâàíèé ïðè
âûñîêèõ òåìïåðàòóðàõ â êà÷åñòâå íåéò-
ðàëüíîé ñðåäû èñïîëüçóåòñÿ àðãîí [Sha-
nov et al., 2000]. Ýòî ïîçâîëÿåò ìèíèìèçè-
ðîâàòü îêèñëèòåëüíûå ïðîöåññû â îáðàç-
öàõ ãîðíûõ ïîðîä ïðè âîçäåéñòâèè âûñî-
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êèõ òåìïåðàòóð, òàê êàê îêèñëåíèå æå-
ëåçîñîäåðæàùèõ ìèíåðàëîâ â ýòîì ñëó-
÷àå áóäåò îáóñëîâëåíî ãëàâíûì îáðàçîì
âíóòðåííèì êèñëîðîäíûì ïîòåíöèàëîì.

Â íàñòîÿùåé ñòàòüå ðàññìîòðåíû àïïà-
ðàòóðíî-ìåòîäè÷åñêèå îñîáåííîñòè ðàç-
ðàáîòàííîãî è ðåàëèçîâàííîãî â Èíñòèòó-
òå ãåîôèçèêè ÍÀÍ Óêðàèíû àâòîìàòèçè-
ðîâàííîãî èçìåðèòåëüíîãî êîìïëåêñà, ïðåä-
íàçíà÷åííîãî äëÿ èññëåäîâàíèÿ ýëåêòðè-
÷åñêèõ ïàðàìåòðîâ ìèíåðàëüíîãî âåùå-
ñòâà ïðè òåìïåðàòóðàõ äî 1100 °Ñ â íåéò-
ðàëüíîé ñðåäå [Êðàâ÷óê, Êîð÷èí, 2014].

Êîíñòðóêöèÿ èçìåðèòåëüíîãî êîìï-
ëåêñà. Ïðè ñîçäàíèè èçìåðèòåëüíîãî êîìï-
ëåêñà ìàêñèìàëüíî èñïîëüçîâàíà ñîâðå-
ìåííàÿ âûñîêîòî÷íàÿ èçìåðèòåëüíàÿ àï-
ïàðàòóðà ñ àâòîìàòè÷åñêîé ðåãèñòðàöè-
åé è ïîñëåäóþùåé îáðàáîòêîé ðåçóëüòà-
òîâ èçìåðåíèé íà êîìïüþòåðå.

Íà ðèñ. 1 ïðèâåäåíà áëîê-ñõåìà àâòî-
ìàòèçèðîâàííîãî êîìïëåêñà èçìåðåíèÿ
ýëåêòðè÷åñêèõ ïàðàìåòðîâ ìèíåðàëüíî-
ãî âåùåñòâà ïðè âûñîêèõ òåìïåðàòóðàõ
ñ èñïîëüçîâàíèåì íåéòðàëüíîé ñðåäû.

Áëîê íàãðåâà îáåñïå÷èâàåò ðåãóëèðî-
âàíèå òåìïåðàòóðû îáðàçöà, êîíòðîëü ïî-
äà÷è èíåðòíîãî ãàçà (àðãîíà) â êàìåðó ïå-
÷è, à òàêæå èçìåðåíèå è ïåðåäà÷ó èñõîä-
íûõ äàííûõ íà êîìïüþòåð. Ðåçóëüòàòû èç-
ìåðåíèé, íàðÿäó ñ èñõîäíûìè äàííûìè
òåêóùåãî òåìïåðàòóðíîãî ðåæèìà áëîêà
íàãðåâà, ðåãèñòðèðóþòñÿ â áàçå äàííûõ
êîìïüþòåðà. Ïîñëåäíèé îáåñïå÷èâàåò àâ-

òîìàòè÷åñêîå ñîãëàñîâàíèå è îáðàáîòêó
ïîëó÷åííîé îò íàãðåâàòåëüíîãî è èçìåðè-
òåëüíîãî áëîêîâ èíôîðìàöèè.

Ïðè êîíñòðóèðîâàíèè áëîêà íàãðåâà
áîëüøîå âíèìàíèå óäåëÿëîñü ïîäáîðó ìà-
òåðèàëîâ è äîïîëíèòåëüíûõ óñòðîéñòâ, êî-
òîðûå ìîãëè áû ñîîòâåòñòâîâàòü ïðåäúÿâ-
ëÿåìûì òåõíè÷åñêèì òðåáîâàíèÿì. Ôóòå-
ðîâêà ïå÷è âûïîëíåíà èç ñìåñè ïîðîø-
êà ýëåêòðîêîðóíäà, øàìîòíîé îãíåóïîð-
íîé ãëèíû (ìåðãåëÿ), æèäêîãî ñòåêëà è âî-
äû. Äåðæàòåëè ýëåêòðîäîâ èçãîòîâëåíû
èç ïèðîôèëëèòà (H2Al2 

(SiO3)4 ãèäðîñè-
ëèêàò àëþìèíèÿ), êîòîðûé ïðîñò â îáðà-
áîòêå è ïðèîáðåòàåò õîðîøóþ ïðî÷íîñòü
è óñòîé÷èâîñòü ê íàãðóçêàì ïîñëå çàêàë-
êè, à òàêæå èìååò õîðîøèå òåðìî- è ýëåêò-
ðîèçîëÿöèîííûå ñâîéñòâà. Â êà÷åñòâå òåð-
ìîèçîëÿöèè êàìåðû íàãðåâà áûëè âûáðà-
íû àñáåñò è áàçàëüòîâàÿ âàòà. Ñêîíñòðó-
èðîâàííàÿ ñèñòåìà ðû÷àãîâ, øàðíèðîâ è
ïðóæèí ïðèæèìíîãî óñòðîéñòâà ïîçâîëè-
ëà îáåñïå÷èòü ìàêñèìàëüíî ïëîòíîå ïðè-
ëåãàíèå ýëåêòðîäîâ ê ãðàíÿì îáðàçöà ïî-
ðîäû ñ íåîáõîäèìûì ñâîáîäíûì õîäîì äëÿ
êîìïåíñàöèè âëèÿíèÿ ëèíåéíîãî òåïëî-
âîãî ðàñøèðåíèÿ.

Ïîäà÷à èíåðòíîãî ãàçà â êàìåðó íàãðå-
âà êîíòðîëèðóåòñÿ è ðåãóëèðóåòñÿ ðîòà-
ìåòðîì PM 0,63 (ÓÇ ÃÎÑÒ 13 045-81). Èñ-
ïîëüçóåìàÿ ìîäåëü ïðåäñòàâëÿåò ñîáîé ñòåê-
ëÿííóþ òðóáó ñ êîëüöåâûìè óïëîòíåíèÿ-
ìè. Ñå÷åíèå òðóáû ñ òðåìÿ ãðàíÿìè, ïà-
ðàëëåëüíûìè öåíòðàëüíîé îñè, îáåñïå÷è-
âàåò ñàìîöåíòðèðîâàíèå ïîïëàâêà â ïîòî-
êå. Òàêàÿ êîíñòðóêöèÿ ïîçâîëÿåò ïðîâî-
äèòü èçìåðåíèÿ äàâëåíèÿ ãàçà â êàìåðå
ñ âûñîêîé òî÷íîñòüþ. Îïöèîííûé çàùèò-
íûé ïðîçðà÷íûé êîæóõ èç ïîëèêàðáîíà-
òà îáåñïå÷èâàåò îáçîð 180°. Ðîòàìåòð îñ-
íàùåí êîëüöåâûìè óïëîòíåíèÿìè è ñèã-
íàëèçàòîðàìè ïðåäåëüíûõ çíà÷åíèé ðàñ-
õîäà ãàçà. Çàìåíà òðóáêè è ïîïëàâêà ìî-
æåò ïðîèçâîäèòüñÿ áåç äåìîíòàæà êîðïóñà.

Êîíòðîëü òåìïåðàòóðû â êàìåðå íàãðå-
âà îñóùåñòâëÿåòñÿ ìíîãîôóíêöèîíàëüíûì
äâóõêàíàëüíûì èçìåðèòåëåì-ðåãóëÿòîðîì
ÎÂÅÍ 2TPM1 ñ óíèâåðñàëüíûìè èçìåðè-
òåëüíûìè âõîäàìè (Ðóêîâîäñòâî ïî ýêñïëó-
àòàöèè, ÎÂÅÍ 2ÒÐÌ1). Ïî óñòîé÷èâîñòè

Ðèñ. 1. Áëîê-ñõåìà àâòîìàòèçèðîâàííîãî êîìïëåê-
ñà èçìåðåíèÿ ýëåêòðè÷åñêèõ ïàðàìåòðîâ ìèíåðàëü-
íîãî âåùåñòâà.
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ê ýëåêòðîìàãíèòíûì âîçäåéñòâèÿì è óðîâ-
íþ èçëó÷àåìûõ ðàäèîïîìåõ îí ñîîòâåòñò-
âóåò îáîðóäîâàíèþ êëàññà Â ïî ÃÎÑÒ 29216.
Ïðåäåë îñíîâíîé ïðèâåäåííîé ïîãðåøíîñ-
òè ïðè ðàáîòå ñ òåðìîýëåêòðè÷åñêèìè ïðå-
îáðàçîâàòåëÿìè ñîñòàâëÿåò ±0,5 %, òåðìî-
ïðåîáðàçîâàòåëÿìè ñîïðîòèâëåíèÿ è óíè-
ôèöèðîâàííûìè ñèãíàëàìè ïîñòîÿííîãî
íàïðÿæåíèÿ è òîêà � ±0,25 %.

Ýëåêòðè÷åñêèå õàðàêòåðèñòèêè èññëå-
äóåìîãî îáðàçöà ãîðíîé ïîðîäû èçìåðÿ-
þòñÿ ïðèáîðîì RLC-meter MHC-1100 [Ðó-
êîâîäñòâî ..., 2008]. RLC-ìåòð ïðåäíàçíà-
÷åí äëÿ àâòîìàòè÷åñêîãî îïðåäåëåíèÿ ïà-
ðàìåòðîâ èìïåäàíñà (åìêîñòè (C), èíäóê-
òèâíîñòè (L), àêòèâíîãî ñîïðîòèâëåíèÿ (R),
âçàèìíîé èíäóêòèâíîñòè (M), òàíãåíñà óã-
ëà ïîòåðü ( tgδ ) è òàíãåíñà óãëà ôàçîâîãî
ñäâèãà ( tgϕ ) (äîáðîòíîñòè (QC è QL )) ïî
ëþáîé èç äâóõýëåìåíòíûõ ñõåì çàìåùå-
íèÿ, à òàêæå ïðîöåíòíûõ îòêëîíåíèé ñ
ïðåäñòàâëåíèåì ðåçóëüòàòîâ èçìåðåíèé
â öèôðîâîì âèäå. RLC-ìåòð îáåñïå÷èâà-
åò: àâòîìàòè÷åñêèé âûáîð õàðàêòåðà ðå-
àêòèâíîñòè îáúåêòà èçìåðåíèé ïî êðè-
òåðèþ �ïðåâàëèðóþùèé ïàðàìåòð�; ó÷åò
íà÷àëüíûõ ïàðàìåòðîâ; óñðåäíåíèå ðå-
çóëüòàòîâ èçìåðåíèé; óñòðàíåíèå âëèÿíèÿ
ñåòåâûõ ïîìåõ (íà îòäåëüíûõ îãîâîðåííûõ
÷àñòîòàõ); èçìåðåíèå ñ ðåãóëèðîâêîé çíà-
÷åíèÿ íàïðÿæåíèÿ ïåðåìåíåííîãî òîêà,
ïîäàâàåìîãî íà îáúåêò èçìåðåíèÿ. Ïðè-
áîð èìååò äâà ðåæèìà èçìåðåíèé: ðàçî-
âûé � äëÿ èçìåðåíèÿ íåèçâåñòíûõ âå-
ëè÷èí; ñëåäÿùèé � äëÿ íåïðåðûâíîãî èç-
ìåðåíèÿ èçìåíÿþùèõñÿ âî âðåìåíè âå-
ëè÷èí, îáåñïå÷èâàåò ÷åòûðåõïàðíîå ïîä-
êëþ÷åíèå îáúåêòà èçìåðåíèÿ è ìîæåò ïîä-
êëþ÷àòüñÿ ê ÏÊ ÷åðåç ïîñëåäîâàòåëüíûé
èíòåðôåéñ RS232. Îñíîâíûå òåõíè÷åñêèå
õàðàêòåðèñòèêè ïðèáîðà ïðåäñòàâëåíû â
òàáëèöå.

Ñâÿçü RLC-ìåòðà MHC-1100 ñ êîìïüþòå-
ðîì îñóùåñòâëÿåòñÿ ïî ïðîòîêîëó MODBUS
RTU. MHC-1100 îïðåäåëåí êàê âåäîìîå óñò-
ðîéñòâî è îòâå÷àåò íà çàïðîñû, ïîñòóïàþ-
ùèå îò âåäóùåãî óñòðîéñòâà (ÏÝÂÌ). Îá-
ìåí ìåæäó óñòðîéñòâîì è ÏÝÂÌ ñîñòî-
èò èç äâóõ ñîîáùåíèé. Ïåðâîå � çàïðîñ,
êîòîðûé ïîñòóïàåò îò ÏÝÂÌ ê âåäîìîìó

óñòðîéñòâó. Âòîðîå � îäèíî÷íûé îòâåò,
êîòîðûé ïîñòóïàåò îò âåäîìîãî óñòðîéñò-
âà ê ÏÝÂÌ. Îáà îòôîðìàòèðîâàíû êàê
ñîîáùåíèÿ ïðîòîêîëà MODBUS, íàçûâàå-
ìûå ïàêåòàìè. Êàæäûé ïàêåò ñîñòîèò èç
ïîñëåäîâàòåëüíîñòè áàéòîâ, ñãðóïïèðî-
âàííûõ â ÷åòûðå ïîëÿ, îïèñàííûõ íèæå.

Àäðåñíîå. Ñîñòîèò èç îäíîãî áàéòà. Â
ôîðìàòå ïàêåòà ýòîò áàéò îïðåäåëÿåò àä-
ðåñ óñòðîéñòâà, ê êîòîðîìó íàïðàâëÿåò-
ñÿ çàïðîñ. Êàæäîìó âåäîìîìó óñòðîéñòâó
â ïðîòîêîëå MODBUS ïðèñâàèâàåòñÿ ñâîé
íåïîâòîðÿþùèéñÿ àäðåñ.

Ôóíêöèîíàëüíîå ïîëå. Ñîñòîèò èç îäíî-
ãî áàéòà. Îïðåäåëÿåò ôóíêöèþ, êîòîðóþ
âåäîìîå óñòðîéñòâî äîëæíî âûïîëíèòü. Åñ-
ëè âåäîìîå óñòðîéñòâî ìîæåò âûïîëíèòü
çàïðàøèâàåìóþ ôóíêöèþ, òî ôóíêöèîíàëü-
íîå ïîëå îòâåòà áóäåò òàêèì æå, êàê è ïî-
ëå çàïðîñà, åñëè íå ìîæåò, òî ôóíêöèî-
íàëüíîå ïîëå âîçâðàùàåòñÿ ñ åäèíèöåé â
ñòàðøåì ðàçðÿäå. Ýòî ñîîáùàåò ÏÝÂÌ,
÷òî âåäîìîå óñòðîéñòâî âîçâðàùàåò ñîîá-
ùåíèå îá îøèáêå.

Ïîëå äàííûõ. Äëèíà ïîëÿ çàâèñèò îò
òèïà ôóíêöèè.

Ïîëå ïðîâåðêè. Çíà÷åíèå ýòîãî ïîëÿ âû-
÷èñëÿåòñÿ ïóòåì âûïîëíåíèÿ öèêëè÷åñ-
êîãî êîíòðîëÿ (CRC-16).

Ñèíõðîíèçàöèÿ ïàêåòîâ îñóùåñòâëÿåò-
ñÿ çà ñ÷åò çàäàíèÿ îãðàíè÷åíèÿ èíòåðâà-

Èçìåðÿåìàÿ
âåëè÷èíà

Äèàïàçîí

R, Îì Îò 1 ⋅ 10–5 äî 1 ⋅ 1011

C, Ô Îò 1 ⋅ 10–17 äî 10

Rïò , Îì Îò 1 ⋅ 10–5 äî 1 ⋅ 1011

tg δ, îòí. åä. Îò 1 ⋅ 10–5 äî 65535

tg ϕ, îòí. åä. Îò 1 ⋅ 10–5 äî ± 65535

Ïðîöåíòíûå
îòêëîíåíèÿ ± 100

Îñíîâíûå òåõíè÷åñêèå õàðàêòåðèñòèêè
RLC-ìåòðà MHC -1100
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ëà âðåìåíè ìåæäó ïîñëåäîâàòåëüíûìè áàé-
òàìè â ïðåäåëàõ îäíîãî ñîîáùåíèÿ. Åñëè
çà âðåìÿ, íåîáõîäèìîå íà ïðèåì òðåõ áàéò,
íå áóäåò ðàñïîçíàí íîâûé, òî ñëåäóþùèé
ïðèíÿòûé áàéò áóäåò ðàññìàòðèâàòüñÿ êàê
àäðåñíîå ïîëå íîâîãî ñîîáùåíèÿ.

Äëÿ çàïèñè äàííûõ, ïîëó÷åííûõ â ïðî-
öåññå èçìåðåíèé, èñïîëüçóåòñÿ ïðèëîæå-
íèå �RLC-Meter�. Â ðåçóëüòàòå ïîëó÷àåì
ôàéë â òåêñòîâîì ôîðìàòå, ñ êîòîðûì ìîæ-
íî ðàáîòàòü â ëþáîì òàáëè÷íîì ðåäàêòî-
ðå (íàïðèìåð â Microsoft Office Excel).

Ïðèíöèïèàëüíàÿ ñõåìà êîíñòðóêöèè
àâòîìàòèçèðîâàííîãî êîìïëåêñà èçìåðå-

íèÿ ýëåêòðè÷åñêèõ ñâîéñòâ (ÀÊÈÝÑ) ïðè-
âåäåíà íà ðèñ. 2.

Îñíîâíûìè ñòðóêòóðíûìè ýëåìåíòàìè
êîìïëåêñà ÿâëÿþòñÿ: áëîê íàãðåâà, èçìå-
ðèòåëü è ðåãèñòðàòîð (êîìïüþòåð). Ýëåêò-
ðè÷åñêèé íàãðåâàòåëü (1) ïðåäñòàâëÿåò ñî-
áîé ðàçäâèæíóþ òåðìîèçîëèðóþùóþ êà-
ìåðó ñ íèõðîìîâîé ñïèðàëüþ äèàìåòðîì
1ìì, êîòîðàÿ íàìîòàíà íà êâàðöåâóþ òðóá-
êó è ïîìåùåíà â àðìèðîâàííûé öèëèíä-
ðè÷åñêèé êîðïóñ, ôóòåðîâàííûé âûñîêî-
òåìïåðàòóðíîé îáìàçêîé. Äîïîëíèòåëüíî
íàäåæíàÿ òåïëîèçîëÿöèÿ îáåñïå÷èâàåòñÿ
áàçàëüòîâîé âàòîé. Âåðõíÿÿ ÷àñòü òåðìî-

Ðèñ. 2. Ïðèíöèïèàëüíàÿ ñõåìà êîíñòðóêöèè àâòîìàòèçèðîâàííîãî êîìïëåêñà èçìåðåíèÿ ýëåêòðè÷åñ-
êèõ ñâîéñòâ (ÀÊÈÝÑ): 1 � íàãðåâàòåëü ýëåêòðè÷åñêèé (ñïèðàëü � íèõðîì); 2 � ðåãóëÿòîð òîêà òèðèñ-
òîðíûé ÁÓ3509-3282ÓÕË4; 3 � îáðàçåö ïîðîäû; 4 � òåðìîïàðà ÕÀ (âåðõíÿÿ); 5 � òåðìîïàðà ÕÀ (íèæ-
íÿÿ); 6 � èçìåðèòåëü-ðåãóëÿòîð 2TPM1; 7 � ïðèáîð RLC-meter MHC-1100; 8 � ïîòåíöèîìåòð óñòàíîâ-
êè òîêà íàãðåâàòåëÿ; 9 � àìïåðìåòð êîíòðîëÿ òîêà; 10 � ïðèæèìíîå óñòðîéñòâî; 11 � êëåìíèêè äëÿ
÷åòûðåõïàðíîãî ïîäêëþ÷åíèÿ RLC-ìåòðà; 12 � ïðèáîðíàÿ ïàíåëü; 13 � áàëëîí íåéòðàëüíîãî ãàçà;
14 � êâàðöåâàÿ òðóáêà.
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êàìåðû çàùèùåíà àñáåñòîâîé êðûøêîé
(òîëùèíîé 30ìì), â êîòîðóþ âìîíòèðîâàí
ïèðîôèëëèòîâûé äåðæàòåëü ýëåêòðîäîâ.
Â íèæíåé ÷àñòè òåðìîêàìåðû åñòü îòâåð-
ñòèå ñ êîíè÷åñêîé ôàñêîé, êîòîðàÿ ïðè
îïóñêàíèè êàìåðû íà íèæíèé îïîðíûé
äåðæàòåëü öåíòðèðóåò ýëåêòðîäû. Â êà-
÷åñòâå èñòî÷íèêà ïèòàíèÿ ïîñòîÿííîãî òî-
êà èñïîëüçóåòñÿ òèðèñòîðíûé ðåãóëÿòîð
(2), îáåñïå÷èâàþùèé íàãðåâ èññëåäóåìî-
ãî îáðàçöà ïîðîäû äî 1100 °Ñ.

Îáðàçåö (3) ðàçìåùàåòñÿ âíóòðè êàìå-
ðû íàãðåâà ìåæäó íèêåëåâûìè èëè ãðà-
ôèòîâûìè ýëåêòðîäàìè. Òåìïåðàòóðà îá-
ðàçöà êîíòðîëèðóåòñÿ òåðìîïàðàìè (4, 5),
òåðìîýäñ îò êîòîðûõ óñðåäíÿåòñÿ è ïî-
ñòóïàåò íà ìíîãîôóíêöèîíàëüíûé äâóõ-
êàíàëüíûé èçìåðèòåëü-ðåãóëÿòîð 2TPM1
(6). Èçìåðèòåëü-ðåãóëÿòîð ðàáîòàåò â ðå-
æèìå êîíòðîëÿ èëè ðåãóëèðîâàíèÿ òåì-
ïåðàòóðû îáðàçöà ïî çàäàííîé ïðîãðàì-
ìå. Èçó÷àåìûå ïàðàìåòðû îáðàçöà ôèê-
ñèðóþòñÿ ïðåöèçèîííûì ïðèáîðîì MHC-
1100 (7). Íèêåëåâûå ýëåêòðîäû è íèõðî-
ìîâûå òîêîïîäâîäû ïîçâîëÿþò ïðîâîäèòü
èññëåäîâàíèÿ äî òåìïåðàòóðû 1100 °Ñ. Òîê
íàãðåâàòåëüíîé ñïèðàëè óñòàíàâëèâàåò-
ñÿ ïåðåìåííûì ðåçèñòîðîì (8) è êîíòðî-
ëèðóåòñÿ àìïåðìåòðîì (9 ) . Ñ ïîìîùüþ
òóìáëåðîâ óñòàíîâêà âêëþ÷àåòñÿ â ðåæèì
êîíòðîëÿ èëè àâòîìàòè÷åñêîãî ðåãóëèðî-
âàíèÿ òåìïåðàòóðû íàãðåâà. Ïðèáîðû ðàç-
ìåùåíû íà ïàíåëè (12 ). Äëÿ óñòðàíåíèÿ
âëèÿíèÿ îêèñëèòåëüíûõ ïðîöåññîâ ïðè íà-
ãðåâå îáðàçöîâ â íà÷àëå îïûòîâ â êàìå-
ðó íàãðåâàòåëÿ èç áàëëîíà (13) ïîäàåòñÿ
àðãîí ïîä ðåãóëèðóåìûì èçáûòî÷íûì äàâ-
ëåíèåì. Ïî îêîí÷àíèþ ïðîöåññà èçìåðå-
íèé âåðõíÿÿ ÷àñòü íàãðåâàòåëÿ ïîäíèìà-
åòñÿ ñïåöèàëüíûì ïîäúåìíûì ìåõàíèç-
ìîì è îáðàçåö èçâëåêàåòñÿ èç êàìåðû íà-
ãðåâà.

Ðåçóëüòàòû èñïûòàíèé. Óñòàíîâêà ïðî-
øëà îïûòíûå èñïûòàíèÿ íà ñîîòâåòñòâèå
ïëàíèðóåìûì ïàðàìåòðàì. Èçìåðåíèÿ òåì-
ïåðàòóðíûõ çàâèñèìîñòåé ýëåêòðè÷åñêèõ
õàðàêòåðèñòèê ãîðíûõ ïîðîä âàæíî ïðî-
âîäèòü â çîíå ñ íàèìåíüøèì ãðàäèåíòîì
äëÿ îáåñïå÷åíèÿ ðàâíîìåðíîãî íàãðåâà
îáðàçöà. Ñ öåëüþ îïðåäåëåíèÿ òàêîé çî-

íû íåçàâèñèìîé òåðìîïàðîé áûëè ñäåëà-
íû çàìåðû òåìïåðàòóðû âäîëü ñòâîëà ïå-
÷è ñ øàãîì 10 ìì. Ïðè ôèêñèðîâàííûõ
òåìïåðàòóðàõ â èçìåðèòåëüíîé ÿ÷åéêå �
250, 500 è 700 °Ñ (êîíòðîëü ïðîèçâîäèë-
ñÿ ìíîãîôóíêöèîíàëüíûì äâóõêàíàëüíûì
èçìåðèòåëåì-ðåãóëÿòîðîì ÎÂÅÍ 2ÒÐÌ1)
è äëÿ êàæäîé çàôèêñèðîâàííîé òåìïåðà-
òóðû áûëè ïîñòðîåíû êðèâûå åå èçìåíå-
íèé (ðèñ. 3), èç êîòîðûõ ñëåäóåò, ÷òî çîíà
ñ íàèìåíüøèì òåìïåðàòóðíûì ãðàäèåíòîì
íàõîäèòñÿ íà óðîâíå 100�150 ìì îò äíà
êàìåðû è ïðîñòðàíñòâåííî ñîâïàäàåò ñ èç-
ìåðèòåëüíîé ÿ÷åéêîé.

Ïîëó÷åííûå ðåçóëüòàòû òàðèðîâêè óñ-
òàíîâêè ïîçâîëèëè ïåðåéòè ê îòðàáîòêå
ìåòîäèêè èçìåðåíèé ýëåêòðè÷åñêèõ ïà-
ðàìåòðîâ ãîðíûõ ïîðîä.

Â êà÷åñòâå ìàòåðèàëà äëÿ ýêñïåðèìåí-
òà áûëè ïîäîáðàíû îáðàçöû ãàááðî (ñðåä-
íåçåðíèñòûé), áàçàëüòà (ìåëêîçåðíèñòûé)
è ðîçîâîãî êâàðöèòà (ìåëêîçåðíèñòûé ìî-
íîìèíåðàëüíûé). Êâàðöèòû (îâðó÷ñêàÿ ñå-
ðèÿ âåðõíåãî ïðîòåðîçîÿ) îòîáðàíû â ñå-
âåðíîé ÷àñòè ñåâåðî-çàïàäíîãî ðàéîíà Óê-
ðàèíñêîãî ùèòà (ÓÙ); áàçàëüòû (âåíäñêàÿ
òðàïïîâàÿ ôîðìàöèÿ) � â ïðåäåëàõ çà-
ïàäíîãî ñêëîíà ÓÙ; ãàááðî (áóêèíñêèé

Ðèñ. 3. Òåìïåðàòóðíûé ãðàäèåíò â ñòâîëå ïå÷è.
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êîìïëåêñ íèæíåãî ïðîòåðîçîÿ) � â ïðå-
äåëàõ þæíîé ÷àñòè ñåâåðî-çàïàäíîãî ðà-
éîíà ÓÙ. Èç áëîêîâ ïîðîä áûëè èçãîòîâ-
ëåíû øëèôû, ïî êîòîðûì âûïîëíåíî èõ
ïåòðîãðàôè÷åñêîå îïèñàíèå. Èññëåäîâàí-
íûé îáðàçåö ðîçîâîãî êâàðöèòà ïðåäñòàâ-
ëÿåò ñîáîé ìåëêîçåðíèñòóþ ìîíîìèíåðàëü-
íóþ ïîðîäó ãðàíîáëàñòîâîé ñòðóêòóðû, ñî-
ñòîÿùóþ èç èçîìåòðè÷íûõ íåïðàâèëüíîé
ôîðìû (÷àñòî óãëîâàòûõ) çåðåí êâàðöà.
Ãàááðî � ñðåäíå-çåðíèñòàÿ ïîðîäà, ñî-
ñòîÿùàÿ èç àëëîòðèîìîðôíûõ, ðåæå ïðèç-
ìàòè÷åñêèõ è òàáëèò÷àòûõ çåðåí ïëàãèî-
êëàçà, ïèðîêñåíà, à òàêæå çåðåí ðóäíîãî
ìèíåðàëà, àïàòèòà è ÷åøóåê áèîòèòà. Áà-
çàëüò ïðåäñòàâëåí ìåëêîçåðíèñòîé ðàçíî-
ñòüþ, ñîñòîÿùåé èç áîëüøîãî êîëè÷åñòâà
áåñïîðÿäî÷íî ðàñïîëîæåííûõ ëåéñò ïëà-
ãèîêëàçà, â óãëîâàòûõ ïðîìåæóòêàõ ìåæ-
äó êîòîðûìè ïðèñóòñòâóþò ïèðîêñåí è
ðóäíûé ìèíåðàë. Îáðàçöû èçãîòàâëèâà-
ëèñü â ôîðìå äèñêîâ äèàìåòðîì 21 ìì è
âûñîòîé îò 4 äî 14 ìì, ïî íåñêîëüêî äóá-
ëåé ðàçíîé âûñîòû. Ïðîáû áðàëèñü åñòå-
ñòâåííî-ñóõèìè. Îáðàçöû ïîìåùàëèñü â
êàìåðó íàãðåâà, êóäà ïîäàâàëñÿ àðãîí.
Ïðîèçâîäèëèñü èçìåðåíèÿ èõ ýëåêòðè÷åñ-
êèõ õàðàêòåðèñòèê ñ ïîâûøåíèåì òåìïå-
ðàòóðû (ñ øàãîì 50 èëè 100 °Ñ). Ñêîðîñòü
íàãðåâàíèÿ � 10 ãðàä /ìèí. Â êàæäîé
�òåìïåðàòóðíîé òî÷êå� èçìåðåíèé äåëà-
ëèñü äåñÿòèìèíóòíûå âðåìåííûå âûäåðæ-
êè äëÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ òåï-
ëà ïî îáúåìó îáðàçöà.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëå-
äîâàíèé. Óäåëüíîå ýëåêòðè÷åñêîå ñîïðî-
òèâëåíèå îáðàçöîâ ïîðîä îïðåäåëÿëîñü ïî
èçìåðåííûì çíà÷åíèÿì ýëåêòðè÷åñêîãî
ñîïðîòèâëåíèÿ ïî ôîðìóëå R = ρ l / S, ãäå
S � ïëîùàäü ýëåêòðîäîâ; l � òîëùèíà
îáðàçöà. Îòíîñèòåëüíàÿ äèýëåêòðè÷åñêàÿ
ïðîíèöàåìîñòü ðàññ÷èòûâàëàñü ïî ôîð-
ìóëå äëÿ åìêîñòè ïëîñêîãî êîíäåíñàòîðà:
Cx = εε0 ⋅ S/ l . Ïîëó÷åííûå äàííûå îáðà-
áàòûâàëèñü â ïðèëîæåíèè Microsoft Office
Excel.

Â õîäå ýêñïåðèìåíòà äëÿ íåêîòîðûõ ïî-
ðîä áûëè ïîëó÷åíû ÷àñòîòíûå òåìïåðà-
òóðíûå çàâèñèìîñòè óäåëüíîãî ýëåêòðè-
÷åñêîãî ñîïðîòèâëåíèÿ (ρ) íà ïîñòîÿííîì

òîêå è ÷àñòîòàõ 100 Ãö, 1, 10 è 100 êÃö, à
òàêæå îòíîñèòåëüíîé äèýëåêòðè÷åñêîé
ïðîíèöàåìîñòè (ε) íà ÷àñòîòàõ îò 100 Ãö
äî 100 êÃö (ðèñ. 4�7). Èçó÷åíèå ýëåêò-
ðè÷åñêèõ ïàðàìåòðîâ â âûáðàííîì ÷àñ-
òîòíîì äèàïàçîíå (îò 0 äî 100 êÃö) ïðåä-
ñòàâëÿåò îñîáûé èíòåðåñ, òàê êàê èìåííî
îí ïðåîáëàäàåò ïðè ãåîýëåêòðè÷åñêèõ èñ-
ñëåäîâàíèÿõ çåìíîé êîðû [Øåïåëü, Êðàâ-
÷óê, 2007].

Õàðàêòåðíàÿ îñîáåííîñòü êðèâûõ ýëåêò-
ðîñîïðîòèâëåíèÿ îáðàçöà ðîçîâîãî êâàð-
öèòà � íàëè÷èå �ïðîâàëà� â èíòåðâàëå
òåìïåðàòóð 400�600 °Ñ (ðèñ. 4, à ), ÷òî
ïðåäïîëîæèòåëüíî ñâÿçàíî ñ ïîëèìîðô-
íûì ïåðåõîäîì (573 °Ñ) α-êâàðöà â β-êâàðö
(α-SiO2 ↔ β-SiO2). Ýòîò ôàçîâûé ïåðåõîä
ÿâëÿåòñÿ äåôîðìàöèîííûì, çàòðàãèâàþ-
ùèì ïåðâóþ êîîðäèíàöèîííóþ ñôåðó. Äå-
ôîðìàöèîííûå ïåðåõîäû ïðîèñõîäÿò áåç
ðàçðûâà õèìè÷åñêîé ñâÿçè, ïóòåì åå èñ-
êàæåíèÿ. Ïðè òàêèõ ïåðåõîäàõ ïðîèñõî-
äèò ëèøü íåáîëüøîå èçìåíåíèå êðèñòàë-
ëè÷åñêîé ðåøåòêè. Ýíåðãèÿ àêòèâàöèè
òàêèõ ïåðåõîäîâ ìàëà, ïîýòîìó îíè îò-
íîñÿòñÿ ê �áûñòðûì ïåðåõîäàì� [Ãóôàí,
1982; Æäàíîâ, 1988].

Â ýòîé òåìïåðàòóðíîé îáëàñòè òàêæå
ìîæíî íàáëþäàòü ñêà÷êîîáðàçíîå óâåëè-
÷åíèå îòíîñèòåëüíîé äèýëåêòðè÷åñêîé
ïðîíèöàåìîñòè îò åäèíèö äî íåñêîëüêèõ
äåñÿòêîâ (ðèñ. 4, á ), ÷òî õàðàêòåðíî äëÿ
ñåãíåòîýëåêòðè÷åñêîé òî÷êè Êþðè [Ïàâ-
ëîâ, Õîõëîâ, 2000]. Íàèáîëåå âûðàæåíà
ýòà àíîìàëèÿ â îáëàñòè íèçêèõ ÷àñòîò.

Òåìïåðàòóðíî-÷àñòîòíûå çàâèñèìîñòè
ýëåêòðè÷åñêèõ õàðàêòåðèñòèê îáðàçöîâ
ãàááðî ïðåäñòàâëåíû íà ðèñ. 5, 6. Îäèí
èç äóáëåé ïîðîäû èññëåäîâàëñÿ â èíåðò-
íîé ñðåäå (ðèñ. 5, à), à äðóãîé � áåç ïî-
äà÷è àðãîíà â êàìåðó íàãðåâà (ðèñ. 5, á).
Â îáëàñòè ïîëÿðîííîé ïðîâîäèìîñòè (20�
200 °Ñ) âíà÷àëå ïðîèñõîäèò ïîíèæåíèå
ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ ïîðîä (èí-
òåðâàë òåìïåðàòóð 20�100 °Ñ), à çàòåì
óâåëè÷åíèå, ÷òî ñâÿçàíî ñ óäàëåíèåì âëà-
ãè, ïðèñóòñòâóþùåé íà ãðàíèöàõ çåðåí.
Êðèâûå ýëåêòðîñîïðîòèâëåíèÿ îáðàçöà,
èññëåäîâàííîãî â îêèñëèòåëüíîé ñðåäå,
îòëè÷àþòñÿ áîëüøèì êîëè÷åñòâîì èçëî-
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Ðèñ. 4. Òåìïåðàòóðíî-÷àñòîòíûå çàâèñèìîñòè ëîãàðèôìà ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ (à)
è îòíîñèòåëüíîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè (á) îáðàçöà ðîçîâîãî êâàðöèòà.

ìîâ ñ ðàçíûì óãëîì íàêëîíà êðèâûõ. Ýòî
ñîîòâåòñòâóåò ðàçíûì ýíåðãèÿì àêòèâà-
öèè òîêîíîñèòåëåé è, âîçìîæíî, ñâÿçàíî
ñ îêèñëèòåëüíûìè ïðîöåññàìè ïðè áîëåå
âûñîêîé êîíöåíòðàöèè êèñëîðîäà [Êðàâ-
÷óê, Êîð÷èí, 2015].

Îáðàçîâàíèå îêñèäîâ â êèñëîðîäñîäåð-
æàùåé ñðåäå ïîâûøàåò ýëåêòðè÷åñêîå ñî-
ïðîòèâëåíèå, ÷òî îáóñëîâëåíî èîííûìè
ñâÿçÿìè ïðè ìàëûõ èîííûõ ðàäèóñàõ êà-
òèîíîâ, îáëàäàþùèõ íåçíà÷èòåëüíîé ïî-
ëÿðèçóåìîñòüþ [Ïàðõîìåíêî, 1984].
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Õàðàêòåð çàâèñèìîñòè îò òåìïåðàòóðû
è ÷àñòîòû ýëåêòðè÷åñêèõ ïàðàìåòðîâ îá-
ðàçöà áàçàëüòà ñõîæ ñ àíàëîãè÷íûìè çà-
âèñèìîñòÿìè äëÿ ãàááðî, ÷òî ñâÿçàíî ñ ïî-
äîáíîñòüþ ìèíåðàëüíîãî ñîñòàâà èññëå-
äîâàííûõ ïîðîä (ðèñ. 7).

Â íèçêîòåìïåðàòóðíîé îáëàñòè â îá-
ðàçöàõ âíà÷àëå íàáëþäàåòñÿ óìåíüøåíèå
ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ (ïðè òåì-
ïåðàòóðàõ äî 100 °Ñ) è íåêîòîðîå åãî óâå-
ëè÷åíèå â ðåçóëüòàòå óäàëåíèÿ âëàãè èç
îòêðûòûõ ïîð (äî 200 °Ñ). Ñ äàëüíåéøèì

Ðèñ. 5. Òåìïåðàòóðíî-÷àñòîòíûå çàâèñèìîñòè ëîãàðèôìà ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ
îáðàçöà ãàááðî: â èíåðòíîé ñðåäå (à), â îêèñëèòåëüíîé (á).
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ïîâûøåíèåì òåìïåðàòóðû ýëåêòðè÷åñêîå
ñîïðîòèâëåíèå ðàâíîìåðíî ïàäàåò. Õàðàê-
òåð êðèâûõ äèýëåêòðè÷åñêîé ïðîíèöàå-
ìîñòè îáðàòíûé � ñ ïîâûøåíèåì òåìïå-
ðàòóðû ε óâåëè÷èâàåòñÿ, ÷òî õàðàêòåðíî
äëÿ èîííî-ðåëàêñàöèîííîãî ìåõàíèçìà ïî-

ëÿðèçàöèè, íàáëþäàåìîì â èîííûõ äè-
ýëåêòðèêàõ ñ íåïëîòíîé óïàêîâêîé èîíîâ
â êðèñòàëëè÷åñêîé ðåøåòêå. Ïðè ýòîì íèç-
êî÷àñòîòíàÿ äèýëåêòðè÷åñêàÿ ïðîíèöàå-
ìîñòü óâåëè÷èâàåòñÿ ñ íàèáîëüøèì ãðà-
äèåíòîì.

Ðèñ. 6. Òåìïåðàòóðíî-÷àñòîòíûå çàâèñèìîñòè îòíîñèòåëüíîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè
îáðàçöà ãàááðî: â èíåðòíîé ñðåäå (à), â îêèñëèòåëüíîé (á).
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Îáñóæäåíèå ðåçóëüòàòîâ. Áîëüøèí-
ñòâî ìèíåðàëîâ è ãîðíûõ ïîðîä ÿâëÿþò-
ñÿ èîííûìè êðèñòàëëè÷åñêèìè äèýëåêò-
ðèêàìè. Èîííàÿ ýëåêòðîïðîâîäíîñòü, êàê
ïðàâèëî, èñïûòûâàåò óâåëè÷åíèå ñ òåì-
ïåðàòóðîé. Îäíàêî íà êðèâûõ ýëåêòðîñî-
ïðîòèâëåíèÿ âûäåëÿþò íåñêîëüêî ðàçíî-
ãðàäèåíòíûõ îáëàñòåé, â êîòîðûõ ýëåêò-

ðè÷åñêîå ñîïðîòèâëåíèå ïðèáëèæåííî ÿâ-
ëÿåòñÿ ëèíåéíîé ôóíêöèåé òåìïåðàòóðû.

Î÷åâèäíî, îáëàñòè ðàçëè÷àþòñÿ òèïîì
ýëåêòðîïðîâîäèìîñòè. Âûäåëÿþò òðè òè-
ïà ïîñëåäíåé: ïîëÿðîííàÿ, ïðèìåñíàÿ è
ñîáñòâåííàÿ.

1. Ïîëÿðîííàÿ ïðîâîäèìîñòü. Îñóùåñò-
âëÿåòñÿ ýëåêòðîíàìè èëè èîíàìè, êîëåá-

Ðèñ. 7. Òåìïåðàòóðíî-÷àñòîòíûå çàâèñèìîñòè ýëåêòðè÷åñêèõ õàðàêòåðèñòèê îáðàçöà áàçàëüòà: à �
çàâèñèìîñòè ëîãàðèôìà ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ, á � äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè.
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ëþùèìèñÿ â ôîíîííîì ïîëå êðèñòàëëè-
÷åñêîé ðåøåòêè, õàðàêòåðíà äëÿ íèçêî-
òåìïåðàòóðíîé îáëàñòè (îò êîìíàòíîé äî
200 °Ñ). Âî ìíîãèõ äèýëåêòðèêàõ ïîäâèæ-
íîñòü ýëåêòðîíîâ è äûðîê ÷ðåçâû÷àéíî
ìàëà � â ñîòíè è äàæå òûñÿ÷è ðàç íèæå,
÷åì â ïîëóïðîâîäíèêàõ. Ñòîëü íèçêèå çíà-
÷åíèÿ ïîäâèæíîñòè ñâÿçàíû ñ òåì, ÷òî
ýëåêòðîíû íàõîäÿòñÿ â ýòèõ âåùåñòâàõ â
ñâÿçàííîì ñîñòîÿíèè, îáðàçóÿ êâàçè÷àñ-
òèöû (ïîëÿðîíû). Òàêèì îáðàçîì, êðîìå
ýëåêòðîííîãî ìåõàíèçìà ïðîâîäèìîñòè â
äèýëåêòðèêàõ ìîæåò ñóùåñòâîâàòü òàê-
æå è äðóãîé ìåõàíèçì ïåðåíîñà çàðÿäà,
ïîëó÷èâøèé íàçâàíèå ïîëÿðîííîãî. Ïî-
ëÿðîííàÿ ïðîâîäèìîñòü âîçíèêàåò â òîì
ñëó÷àå, êîãäà ýëåêòðîíû èëè äûðêè ñèëü-
íî ñâÿçàíû ñ êðèñòàëëè÷åñêîé ðåøåòêîé.
Ïðè íèçêîé êîíöåíòðàöèè ñâîáîäíûõ íî-
ñèòåëåé çàðÿäà â äèýëåêòðèêàõ ìîæåò ñó-
ùåñòâîâàòü ýëåêòðè÷åñêîå ïîëå, ïðèâîäÿ-
ùåå ê ñìåùåíèþ ñâÿçàííûõ çàðÿäîâ (ïîëÿ-
ðèçàöèè). Â ðÿäå ñëó÷àåâ ýëåêòðîíû ïðî-
âîäèìîñòè ïîëÿðèçóþò ñâîèì ïîëåì îê-
ðóæàþùóþ èõ îáëàñòü äèýëåêòðèêà è ëî-
êàëèçóþòñÿ â íåé. Ýòà îáëàñòü èñêàæåí-
íîé ðåøåòêè âìåñòå ñ íàõîäÿùèìñÿ â íåé
ýëåêòðîíîì (èëè äûðêîé), âûçâàâøèì èñ-
êàæåíèå, è ïîëó÷èëà íàçâàíèå ïîëÿðîíà.
Ïîä äåéñòâèåì ýëåêòðè÷åñêîãî ïîëÿ ýëåêò-
ðîí ïåðåìåùàåòñÿ âìåñòå ñ ïîëÿðèçîâàí-
íîé îáëàñòüþ, ò. å. ïðîèñõîäèò äâèæåíèå
ïîëÿðîíà.

Ïîëÿðîííàÿ ïðîâîäèìîñòü õàðàêòåð-
íà äëÿ èîííûõ êðèñòàëëîâ, ãäå êóëîíîâ-
ñêîå âçàèìîäåéñòâèå ìåæäó ýëåêòðîíàìè
è èîíàìè, îáðàçóþùèìè êðèñòàëëè÷åñêóþ
ñòðóêòóðó, îñîáåííî âåëèêî [Ïàâëîâ, Õîõ-
ëîâ, 2000].

2. Ïðèìåñíàÿ ïðîâîäèìîñòü (200�600 °Ñ).
Ýëåêòðîïðîâîäíîñòü â äèýëåêòðèêàõ îñó-
ùåñòâëÿåòñÿ â îñíîâíîì èîíàìè ïðèìåñåé
äåïîëÿðèçàöèåé çà ñ÷åò äåôåêòîâ êðèñ-
òàëëè÷åñêîé ðåøåòêè.

3. Ñîáñòâåííàÿ ïðîâîäèìîñòü. Ýëåêò-
ðîïðîâîäíîñòü ôîðìèðóåòñÿ çà ñ÷åò îñ-
íîâíûõ èîíîâ êðèñòàëëè÷åñêîé ðåøåòêè
(èíòåðâàë áîëåå âûñîêèõ òåìïåðàòóð).

Íà ïðîöåññ ïðîâîäèìîñòè â ãîðíûõ ïî-
ðîäàõ â îáùåì ñëó÷àå íàêëàäûâàåòñÿ ïî-

ëÿðèçàöèÿ, îáóñëîâëèâàåìàÿ ëèáî îðèåí-
òàöèåé äèïîëåé, ëèáî ñìåùåíèåì çàðÿäîâ
îòíîñèòåëüíî äðóã äðóãà. Ïîýòîìó íà çà-
âèñèìîñòÿõ lgρ = f (T) ãàááðî è áàçàëüòà
â èíòåðâàëå òåìïåðàòóð 200�400 °Ñ íà-
áëþäàþòñÿ ëîêàëüíûå ìàêñèìóìû ýëåêò-
ðîñîïðîòèâëåíèÿ. Ïðîâîäèìîñòü äèýëåêò-
ðèêà ïðè ïåðåìåííîì òîêå (òàê íàçûâà-
åìàÿ àêòèâíàÿ óäåëüíàÿ ïðîâîäèìîñòü)
ñêëàäûâàåòñÿ êàê èç èñòèííîé îìè÷åñêîé
ïðîâîäèìîñòè, âûçâàííîé ïåðåìåùåíèåì
íîñèòåëåé çàðÿäà, òàê è èç ïîòåðü ýíåð-
ãèè, ñâÿçàííûõ ñ äèñïåðñèåé. Ñêîðîñòü
ðàñïðîñòðàíåíèÿ çîíäèðóþùèõ äèýëåêò-
ðè÷åñêóþ ñðåäó ýëåêòðîìàãíèòíûõ âîëí
çàâèñèò òîëüêî îò åå îòíîñèòåëüíîé äè-
ýëåêòðè÷åñêîé ïðîíèöàåìîñòè (ε), êîòî-
ðàÿ õàðàêòåðèçóåò ñâîéñòâî âåùåñòâà ïî-
ëÿðèçîâûâàòüñÿ â ýëåêòðè÷åñêîì ïîëå.
Ïîñêîëüêó ïîëÿðèçàöèÿ ïðåäñòàâëÿåò ñî-
áîé èíåðöèîííûé ïðîöåññ, òî äëÿ åå ðàç-
âèòèÿ òðåáóåòñÿ îïðåäåëåííîå âðåìÿ. Êî-
ëè÷åñòâåííî çàïàçäûâàíèå ñòàíîâëåíèÿ
ïîëÿðèçàöèè õàðàêòåðèçóåòñÿ âðåìåíåì
ðåëàêñàöèè τ , â òå÷åíèå êîòîðîãî ïîëÿ-
ðèçàöèÿ ñïàäàåò ïîñëå ïðåêðàùåíèÿ äåé-
ñòâèÿ ïîëÿ.

Ðàçëè÷àþò íåñêîëüêî âèäîâ ïîëÿðèçà-
öèè, îñíîâíûìè èç êîòîðûõ ÿâëÿþòñÿ:

– ýëåêòðîííàÿ, âûçâàííàÿ ñìåùåíè-
åì â ýëåêòðè÷åñêîì ïîëå ýëåêòðîííûõ
îáîëî÷åê àòîìîâ îòíîñèòåëüíî àòîìíûõ
ÿäåð è õàðàêòåðíàÿ äëÿ âñåõ àòîìîâ (τ ≈
≈ 10–14 ÷ 10–15 ñ);

– èîííàÿ, íàáëþäàåìàÿ â èîííûõ êðè-
ñòàëëàõ, îáóñëîâëåíà óïðóãèì ñìåùå-
íèåì â ýëåêòðè÷åñêîì ïîëå ðàçíîèìåí-
íûõ èîíîâ èç èõ ïîëîæåíèé ðàâíîâå-
ñèÿ â ïðîòèâîïîëîæíûõ äðóã îòíîñè-
òåëüíî äðóãà íàïðàâëåíèÿõ (τ ≈ 10–12 ÷
÷ 10–13 ñ);

– àòîìíàÿ, îáóñëîâëåííàÿ ñìåùåíèåì
àòîìîâ ðàçíîãî òèïà â ìîëåêóëå ïîä äåé-
ñòâèåì ýëåêòðè÷åñêîãî ïîëÿ (τ ≈ 10–12 ÷
÷ 10–13 ñ);

– îðèåíòàöèîííàÿ, õàðàêòåðíàÿ äëÿ
ïîëÿðíûõ äèýëåêòðèêîâ (æèäêîñòåé è
ãàçîâ), ñîñòîÿùèõ èç ìîëåêóë ñ ïîñòî-
ÿííûìè ýëåêòðè÷åñêèìè äèïîëüíûìè
ìîìåíòàìè, à òàêæå äëÿ êðèñòàëëîâ, â
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êîòîðûõ äèïîëüíûå ìîìåíòû ìîãóò ïî-
âîðà÷èâàòüñÿ;

� ðåëàêñàöèîííàÿ (òåïëîâàÿ), îáû÷-
íî íàáëþäàåìàÿ ó èîííûõ êðèñòàëëîâ,
ãäå ñëàáîñâÿçàííûå èîíû ìîãóò èìåòü
íåñêîëüêî ðàâíîâåñíûõ ïîëîæåíèé, â
êîòîðûå îíè ïåðåõîäÿò ñêà÷êîîáðàçíî.
Äëÿ äâóõ ïîñëåäíèõ âèäîâ ïîëÿðèçàöèè
çíà÷åíèÿ τ ëåæàò â î÷åíü øèðîêèõ ïðå-
äåëàõ (τ ≈ 10–2�10–12 ñ) è ñóùåñòâåí-
íûì îáðàçîì çàâèñÿò îò òåìïåðàòóðû.
Â ïåðåìåííûõ ýëåêòðîìàãíèòíûõ ïî-

ëÿõ âûñîêèõ ÷àñòîò, êîãäà ïîëÿðèçàöèÿ
èç-çà ñâîéñòâåííîé åé èíåðöèîííîñòè íà-
÷èíàåò îòñòàâàòü îò ïîëÿðèçóþùåãî ïîëÿ,
â òîêå ñìåùåíèÿ ïîÿâëÿåòñÿ êîìïîíåíòà,
ñäâèíóòàÿ ïî ñðàâíåíèþ ñ ïîëÿðèçóþùèì
ïîëåì íà 90° , êîòîðàÿ ïî íàïðàâëåíèþ
ñîâïàäàåò ñ òîêîì ïðîâîäèìîñòè [Àóçèí,
Çàöåïèí, 2015]. Ïîýòîìó ïîâûøåíèå òåì-
ïåðàòóðû óâåëè÷èâàåò ìåæàòîìíûå ðàñ-
ñòîÿíèÿ, âñëåäñòâèå ÷åãî ñâÿçü ìåæäó îò-
äåëüíûìè èîíàìè îñëàáëÿåòñÿ, âçàèìíîå
ñìåùåíèå èîíîâ ïîä äåéñòâèåì âíåøíå-
ãî ýëåêòðè÷åñêîãî ïîëÿ îáëåã÷àåòñÿ, â ðå-
çóëüòàòå äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü
èîííûõ êðèñòàëëîâ âîçðàñòàåò. Ýòî ïîä-
òâåðæäàåòñÿ è çàâèñèìîñòÿìè ε = f (T).

Âûâîäû. Ñîçäàííûé ýêñïåðèìåíòàëü-
íûé êîìïëåêñ äëÿ èññëåäîâàíèÿ ýëåêòðè-
÷åñêèõ ïàðàìåòðîâ îáðàçöîâ ìèíåðàëîâ è
ãîðíûõ ïîðîä â øèðîêîì äèàïàçîíå òåìïå-

ðàòóð â íåéòðàëüíîé è êèñëîðîäíîé ñðå-
äå ïîçâîëÿåò èññëåäîâàòü îáðàçöû ìèíå-
ðàëüíîãî âåùåñòâà â íèçêî÷àñòîòíîì ñïåêò-
ðå ýëåêòðîìàãíèòíûõ âîëí, ÷òî äàåò âîç-
ìîæíîñòü ïîëó÷èòü íåîáõîäèìóþ íîâóþ
èíôîðìàöèþ î ïðèðîäå ïðîèñõîäÿùèõ
ïðîöåññîâ. Ïðè íåêîòîðîé äîðàáîòêå ýòîò
êîìïëåêñ áóäåò èñïîëüçîâàí äëÿ èçó÷åíèÿ
ýëåêòðè÷åñêèõ õàðàêòåðèñòèê ãîðíûõ ïî-
ðîä ïðè îäíîâðåìåííîì âîçäåéñòâèè äàâ-
ëåíèé è òåìïåðàòóð, ìîäåëèðóþùèõ òåð-
ìîäèíàìè÷åñêèå óñëîâèÿ ãëóáèííûõ ãî-
ðèçîíòîâ çåìíîé êîðû. Îñíîâíûìè ôàê-
òîðàìè, âëèÿþùèìè íà õàðàêòåð ïîëó÷åí-
íûõ çàâèñèìîñòåé ýëåêòðè÷åñêèõ ïàðà-
ìåòðîâ èññëåäîâàííûõ îáðàçöîâ, ÿâëÿþò-
ñÿ âëàæíîñòü, ìèíåðàëüíûé ñîñòàâ, ñîäåð-
æàíèå êèñëîðîäà è òåìïåðàòóðà. Ñ óâå-
ëè÷åíèåì ÷àñòîòû ïðèëîæåííîãî ýëåêò-
ðè÷åñêîãî ïîëÿ çíà÷åíèÿ ýëåêòðè÷åñêèõ
ïàðàìåòðîâ îáðàçöà óìåíüøàþòñÿ, ÷òî ñâè-
äåòåëüñòâóåò î ïðåîáëàäàíèè åìêîñòíîé
ñîñòàâëÿþùåé èìïåäàíñà. Ïîêàçàíî, ÷òî
îáðàçîâàíèå îêñèäîâ â êèñëîðîäñîäåðæà-
ùåé ñðåäå óâåëè÷èâàåò ýëåêòðè÷åñêîå ñî-
ïðîòèâëåíèå. Ïðè ïîâûøåíèè òåìïåðàòó-
ðû äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü èîí-
íûõ êðèñòàëëîâ âîçðàñòàåò, ÷òî ñâÿçàíî
ñ îñëàáëåíèåì ñâÿçè ìåæäó îòäåëüíûìè
èîíàìè. Íèçêî÷àñòîòíàÿ äèýëåêòðè÷åñêàÿ
ïðîíèöàåìîñòü íàèáîëåå ÷óâñòâèòåëüíà
ê äåôîðìàöèîííûì ôàçîâûì ïåðåõîäàì.
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A system of experimental studies of electric
properties of rocks in the inert medium

 M. V. Kravchuk, V. A. Korchyn, V. P. Kobolev, N. I. Novik, 2018

In the work presented, the construction and the hardware-methodological features
of the automated measuring system developed and realized at the Institute of Geophy-
sics of the National Academy of Sciences of Ukraine designed to study electrical pa-
rameters of the mineral substance at temperatures up to 1100 °C in oxygen-containing
and inert media are described in detail. The results of some experiments performed at
the stage of experimental tests of the complex in the temperature range from room tem-
perature to 700 °C are shown. The factors influencing the character of the obtained
temperature-frequency dependences of the electrical parameters of the investigated
samples are considered and analyzed. It is shown that the formation of oxides in an
oxygen-containing medium increases the electrical resistance. The difference in the
gradient of the change in ρ from the temperature, especially in the range 300�500 °C,
is due to the fact that the electrical conductivity is carried out mainly by impurity ions
and crystal lattice defects. As the temperature is raised, the dielectric constant of ionic
crystals increases, which is due to the weakening of the bond between the individual
ions. Low-frequency permittivity is the most sensitive to deformation phase transitions
and is a more informative parameter, since it varies with a larger gradient.

Key words: PT-petrophysics, electric parameters, measuring complex, inert medium.
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Ñó÷àñí³ ³íôîðìàö³éí³ òåõíîëîã³¿ â îðãàí³çàö³¿
ãåîô³çè÷íèõ äîñë³äæåíü

 Ë. Ã. Ñàâê³â, Á. Ò. Ëàäàí³âñüêèé, 2018

Êàðïàòñüêå â³ää³ëåííÿ ²íñòèòóòó ãåîô³çèêè ³ì. Ñ. ². Ñóááîò³íà ÍÀÍ Óêðà¿íè,
Ëüâ³â, Óêðà¿íà

Íàä³éøëà 15 ëèñòîïàäà 2017 ð.

Ðàññìîòðåíû õàðàêòåðíûå îñîáåííîñòè ïðîâåäåíèÿ ýëåêòðîìàãíèòíûõ èññëå-
äîâàíèé íà ðåæèìíûõ ãåîôèçè÷åñêèõ ñòàíöèÿõ  (ÐÃÑ), à òàêæå â óñëîâèÿõ ïîëå-
âûõ ýêñïåäèöèîííûõ ðàáîò. Èçëîæåíû ñîâðåìåííûå ïîäõîäû â îðãàíèçàöèè ãåî-
ôèçè÷åñêèõ èññëåäîâàíèé ñ èñïîëüçîâàíèåì IT -òåõíîëîãèé, â êîòîðûõ â îáùåì
ïðåäóñìàòðèâàþòñÿ àâòîìàòè÷åñêàÿ (ïîëóàâòîìàòè÷åñêàÿ) ðåãèñòðàöèÿ èíôîðìà-
öèîííûõ ñèãíàëîâ, àâòîìàòèçèðîâàííûé ýêñïðåññ-àíàëèç ïåðâè÷íûõ äàííûõ íà
òåêóùåé òî÷êå íàáëþäåíèé, àâòîìàòè÷åñêèé ñáîð, ïðèåì�ïåðåäà÷à ïåðâè÷íîé èí-
ôîðìàöèè ÷åðåç GSM-ñåòè îïåðàòîðîâ ìîáèëüíîé ñâÿçè, ðàáîòà ñ äàííûìè â ðå-
æèìå online. Äëÿ ðåàëèçàöèè óêàçàííûõ ïîäõîäîâ ïðåäëîæåí íàáîð îñíîâíûõ èí-
ñòðóìåíòàëüíûõ ñðåäñòâ: FTP-ñåðâåð ñ íàñòðîéêàìè äëÿ ðàáîòû ñ äàííûìè ðàçíûõ
ïîëüçîâàòåëåé, êîìïëåêñ ñåðâåðíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ LAMPP (OC Linux,
Apache, MySQL, PHP, Python), òåõíîëîãèè HTML , CGI, SSI, JavaScript, DHTML , CSS. Ýòè
ñðåäñòâà èñïûòûâàëèñü ïðè ìîíèòîðèíãîâûõ èññëåäîâàíèÿõ íà ÐÃÑ �Íûæíå Ñý-
ëûùý� (Çàêàðïàòñêàÿ îáë.), ïîëåâûõ èñïûòàíèÿõ ìåòîäîì ÇÑÁ. Äëÿ îïåðàòèâíîãî
àíàëèçà ýëåêòðîìàãíèòíûõ äàííûõ â ïîëå ïðîèëëþñòðèðîâàíà íà ñêðèíøîòàõ ðà-
áîòà ïðîãðàììíûõ ìîäóëåé ýêñïðåññ-îöåíêè äàííûõ ÇÑÁ, ðàçðàáîòàííûõ ïîä óï-
ðàâëåíèåì OC Windows. Òàêèå ìîäóëè ìîæíî èñïîëüçîâàòü ïðè ëþáûõ èçó÷åíèÿõ è
íà òåððèòîðèÿõ ëþáîé ñëîæíîñòè èëè ïðîáëåìíîñòè, ãäå äîñòóïåí ìîáèëüíûé Èí-
òåðíåò, âîçìîæíà ðàáîòà â offline.

Êëþ÷åâûå ñëîâà: ãåîôèçè÷åñêèå ìåòîäû èññëåäîâàíèé, ýëåêòðîìàãíèòíûå ìå-
òîäû, àâòîìàòèçèðîâàííûé ýêñïðåññ-àíàëèç, IT-òåõíîëîãèè, Èíòåðíåò-ðåñóðñû, Web-
ñëóæáû, FTP-ñåðâåð.

Âñòóï. Äëÿ äîñë³äæåíü âíóòð³øíüî¿ áó-
äîâè Çåìë³ âèêîðèñòîâóþòü ð³çí³ ãåîô³-
çè÷í³ ìåòîäè. Ïðè öüîìó âèâ÷àþòü ô³çè÷-
í³ ïîëÿ ð³çíî¿ ïðèðîäè ³ ïîõîäæåííÿ.

Åëåêòðè÷íà ðîçâ³äêà (åëåêòðîðîçâ³äêà)
ìàº ñïðàâó ç åëåêòðè÷íèìè òà åëåêòðî-
ìàãí³òíèìè ïîëÿìè [Òîëñòîé òà ³í., 2006].
Äîñë³äæåííÿ åëåêòðîìàãí³òíèìè ìåòîäà-
ìè ïðîâîäÿòü ó ê³ëüêîõ íàïðÿìàõ:

• ïîñò³éí³ âèì³ðþâàííÿ (ðîáîòà ðåæèì-
íèõ ãåîô³çè÷íèõ ñòàíö³é (ÐÃÑ)) � äëÿ ïî-
ñò³éíîãî ìîí³òîðèíãó ñòàíó ñåðåäîâèùà;

• ìîí³òîðèíãîâå âèâ÷åííÿ � ïåð³îäè÷-

íèé ìîí³òîðèíã îêðåìèõ òåðèòîð³é ÷è ðà-
éîí³â;

• ïîëüîâ³ äîñë³äæåííÿ � çîíäóâàííÿ â
îêðåìèõ òî÷êàõ, ïðîô³ëüíå òà ïëîùèííå
âèâ÷åííÿ.

Åëåêòðîìàãí³òí³ ìåòîäè ãåîô³çèêè çàñòî-
ñîâóþòü äëÿ âèð³øåííÿ ö³ëî¿ íèçêè ñêëàä-
íèõ ³ ð³çíîïëàíîâèõ çàâäàíü [Òîëñòîé òà
³í., 2006]. Òàê, åëåêòðîðîçâ³äêó çàñòîñîâó-
þòü ï³ä ÷àñ ïîøóêó ³ ðîçâ³äêè êîðèñíèõ
êîïàëèí, âèð³øåííÿ ³íæåíåðíèõ ³ ãåîëî-
ã³÷íèõ çàâäàíü, âèÿâëåííÿ âîäîíîñíèõ ãî-
ðèçîíò³â, îö³íþâàííÿ åêîëîã³÷íî-ïðîáëåì-
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íèõ òåðèòîð³é, äîñë³äæåíü çàáðóäíåíèõ
÷è çñóâîíåáåçïå÷íèõ çîí, îáâàë³â, ïðîâà-
ë³â, âèâ÷åííÿ àêòèâíîñò³ âóëêàí³â òà ³í.
[Äåùèöÿ òà ³í., 2014; Äåùèöÿ òà ³í., 2016á;
Ladanivskyy et al., 2017; Ñàïóæàê òà ³í.,
2017].

Äëÿ òîãî ùîá ìàòè âè÷åðïí³ â³äîìîñò³,
ïîâí³ø³ é òî÷í³ø³ äàí³ ó ïóíêò³ ñïîñòåðå-
æåíü, ñïåö³àë³ñòè-ãåîô³çèêè íàìàãàþòü-
ñÿ ç³áðàòè ÿêîìîãà á³ëüøå ïåðâèííèõ äà-
íèõ, âèêîíàòè ïîâòîðí³, à äåêîëè ³ êîíò-
ðîëüí³ âèì³ðè. Ìàëî òîãî, çàäëÿ ÿê³ñíîãî
ðåçóëüòàòó â ïðîöåñ³ îáðîáêè ÷è ³íòåð-
ïðåòàö³¿ òàêèõ äàíèõ äîâîë³ ÷àñòî ôàõ³âö³
âäàþòüñÿ ó ñâî¿é ïðàêòèö³ äî ïîºäíàííÿ
ê³ëüêîõ ãåîô³çè÷íèõ ìåòîä³â äîñë³äæåíü,
³, îòæå, íà äîñë³äæóâàí³é òåðèòîð³¿ ïàðà-
ëåëüíî ïðàöþº âæå ê³ëüêà áðèãàä.

Óíàñë³äîê öüîãî ðîçøèðþºòüñÿ êîëî äî-
ñë³äæóâàíèõ ïàðàìåòð³â, çíà÷íî çðîñòà-
þòü îáñÿãè ïåðâèííî¿ ³íôîðìàö³¿, à öå, ó
ñâîþ ÷åðãó, ñóòòºâî ï³äâèùóº íàä³éí³ñòü
³ äîñòîâ³ðí³ñòü ðåçóëüòàò³â îáðîáêè.

Ïðîòå îñîáëèâîñò³ íîâîãî ï³äõîäó äî
ïðîâåäåííÿ åëåêòðîðîçâ³äóâàëüíèõ ðîá³ò
äèêòóþòü ³ íîâ³ âèìîãè äî îðãàí³çàö³¿ ïî-
ëüîâèõ äîñë³äæåíü. Òîìó âèíèêàº íåàáè-
ÿêà ïîòðåáà ó ðîçðîáö³ ïðèíöèïîâî íî-
âèõ ìåòîäèê ÿê ó âåäåíí³ åêñïåäèö³éíî-
ïîëüîâèõ âèì³ðþâàíü, òàê ³ â ïðîöåñ³ çáè-
ðàííÿ�ïåðåäàâàííÿ äàíèõ, ÿê³ á çàâæ-
äè ãàðàíòóâàëè îïòèìàëüíó ðîáîòó â ïîë³,
ìàêñèìàëüíî ðåçóëüòàòèâíó é îïåðàòèâ-
íó îáðîáêó òà ³íòåðïðåòàö³þ ðåçóëüòàò³â
âèì³ð³â.

Ó ñòàòò³ îïèñàíî ãîëîâí³ çàñàäè íîâîãî
ï³äõîäó, ïðîàíàë³çîâàíî íàá³ð ³íñòðóìåí-
òàëüíèõ çàñîá³â, âèêëàäåíî îñíîâí³ ïðèí-
öèïè ðîçðîáëåíî¿ ñèñòåìè ç â³äïîâ³äíîþ
³íôðàñòðóêòóðîþ äëÿ îïåðàòèâíîãî âèð³-
øåííÿ ð³çíèõ ãåîô³çè÷íèõ çàâäàíü ñïîñî-
áàìè ³ ìåòîäàìè åëåêòðîðîçâ³äêè â³ä åòà-
ïó çáîðó ïåðâèííèõ ãåîô³çè÷íèõ äàíèõ
äî åòàïó îáðîáêè ÷è ³íòåðïðåòàö³¿.

Ïîñòàíîâêà çàäà÷³. Åëåêòðè÷í³ ìåòîäè
ðîçâ³äêè ïðèäàòí³ äëÿ ðîçâ�ÿçêó ð³çíîìà-
í³òíèõ ãåîô³çè÷íèõ çàäà÷. Äîñë³äæåííÿ
åëåêòðè÷íèõ ÷è åëåêòðîìàãí³òíèõ ïîë³â
ìîæíà ïðîâîäèòè ó ðåæèì³ ïîñò³éíèõ ìî-
í³òîðèíãîâèõ ñïîñòåðåæåíü ç ìåòîþ âè-

â÷åííÿ äèíàì³êè çì³í ïàðàìåòð³â ñåðåäî-
âèùà ç ÷àñîì, à òàêîæ ó ðåæèì³ íåòðèâà-
ëèõ ïåð³îäè÷íèõ çîíäóâàíü ðåã³îíàëüíî-
ãî ìàñøòàáó. Ïðè öüîìó ãåîô³çè÷í³ âèì³-
ðþâàííÿ ÷àñòî âåäóòüñÿ ÿê íà îêðåìèõ,
íàïåðåä âèçíà÷åíèõ ïóíêòàõ ñïîñòåðå-
æåíü, íàïðèêëàä íà ÐÃÑ, òàê ³ íà çíà÷-
íèõ ïëîùàõ ÷è ïðîáëåìíèõ òåðèòîð³ÿõ.

Äëÿ ãåîô³çè÷íèõ âèì³ðþâàíü íà ÐÃÑ
õàðàêòåðí³ òàê³ îñîáëèâîñò³: îäíîòèïí³ñòü
âèì³ð³â, ïîñò³éí³ñòü âèêîðèñòîâóâàíèõ ìå-
òîäèê, íåçì³íí³ñòü ñêëàäó àïàðàòóðè. Îñ-
íîâí³ âèìîãè äî ðîáîòè çàçíà÷åíèõ ñòàí-
ö³é íà ñüîãîäí³ � áåçïåðåðâíà àâòîìàòè÷-
íà ðåºñòðàö³ÿ òèõ ÷è ³íøèõ ïàðàìåòð³â ïî-
ëÿ, ïîâíèé äîñòóï äî äàíèõ ó ðåæèì³ online.

Çíà÷íî ñêëàäí³øîþ º ñèòóàö³ÿ ç ïðîâå-
äåííÿì ïîëüîâèõ ãåîô³çè÷íèõ äîñë³äæåíü,
ùî ïîâ�ÿçàíî ç íèçêîþ âàãîìèõ ïðè÷èí.
Ïåðåäóñ³ì çàóâàæèìî, ùî åëåêòðîðîçâ³ä-
êà ÿê îäèí ç ìåòîä³â äîñë³äæåíü ìàº ÷è íå
íàéá³ëüøå ìîäèô³êàö³é, òîìó äëÿ âèâ÷åí-
íÿ ïåâíîãî ðàéîíó àáî òåðèòîð³¿ ìîæóòü
ïîñëóãîâóâàòèñÿ íå îäíèì ºäèíèì ìåòîäîì
åëåêòðîðîçâ³äêè, à äâîìà-òðüîìà. Êð³ì òî-
ãî, äëÿ á³ëüøî¿ ³íôîðìàòèâíîñò³ ðåçóëü-
òàò³â äîñë³äæåíü ÷àñòî âäàþòüñÿ äî ïîºä-
íàííÿ ð³çíèõ ãåîô³çè÷íèõ ìåòîä³â [Òîëñ-
òîé òà ³í., 2006; Ìàêñèì÷óê òà ³í., 2016].

Äî ïðèêëàäó, ïðè âèêîíàíí³ ïîëüîâèõ
ãåîô³çè÷íèõ äîñë³äæåíü ñïåö³àë³ñòè Êàð-
ïàòñüêîãî â³ää³ëåííÿ (ÊÂ ²ÃÔ) ²íñòèòóòó
ãåîô³çèêè ÍÀÍ Óêðà¿íè âèêîðèñòîâóþòü
ó ñâî¿é ïðàêòèö³ ìåòîäè íå ëèøå åëåêòðî-
ðîçâ³äêè (ÏÅÏ, ÇÑÁ, ÌÒÇ, Ï²ÅÌÏÇ), à é
ìàãí³òîðîçâ³äêè, ñåéñìîðîçâ³äêè. Çà ïåâ-
íèõ óìîâ çãàäàí³ ìåòîäè ÷àñòî êîìá³íó-
þòü. Ïðè öüîìó äëÿ âèì³ðþâàíü çàñòîñî-
âóþòü íàéð³çíîìàí³òí³ø³ ïðèëàäè òà àïà-
ðàòóðó [Ìàêñèì÷óê, Ñàïóæàê, 2011; Äå-
ùèöÿ òà ³í., 2014; Ìàêñèì÷óê òà ³í., 2016].
Òàê, äëÿ ïðèïîâåðõíåâèõ äîñë³äæåíü âè-
êîðèñòîâóþòü ïðèëàä �Ñòàä³ÿ�, ãëèáèííèõ
� ïðèëàä �²ìïóëüñ�, à òàêîæ ÐÕ²ÍÄÑ,
ìàãí³òîìåòðè, ñòàíö³þ ÌÒÇ òà ³í.

Ï³ä ÷àñ ïðîâåäåííÿ ïîä³áíèõ ðîá³ò çíà÷-
íî óñêëàäíþºòüñÿ âèì³ðþâàëüíèé ïðîöåñ,
îñê³ëüêè íà ïóíêòàõ ñïîñòåðåæåíü äëÿ ð³ç-
íèõ ìåòîäèê ðîçãîðòàþòü ð³çí³ ñõåìè óñ-
òàíîâîê, çàñòîñîâóþòü ð³çíå òåõíîëîã³÷-
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íå îáëàäíàííÿ, çàëó÷àþòü ð³çí³ ãðóïè ñïå-
ö³àë³ñò³â. ßê íàñë³äîê, îòðèìóºìî ð³çí³ çà
òèïîì ³ ïðèðîäîþ äàí³ äîñë³äæåíü, âåëè-
ê³ îáñÿãè ïåðâèííî¿ ³íôîðìàö³¿.

Ñë³ä òàêîæ çàçíà÷èòè, ùî íà øâèäê³ñòü
òà ÿê³ñòü ïðîâåäåííÿ ïîëüîâèõ âèì³ðþ-
âàíü, êð³ì ³íøîãî, âïëèâàþòü ³ ïîãîäí³ óìî-
âè, ³ ãåîãðàô³ÿ ì³ñöåâîñò³, ³ êë³ìàòè÷í³ îñîá-
ëèâîñò³. Íåìàëîâàæíèìè º îïòèìàëüíà îð-
ãàí³çàö³ÿ ðîá³ò, øâèäêà é îïåðàòèâíà îá-
ðîáêà òà àíàë³ç äàíèõ.

Ðåàë³¿ ñüîãîäåííÿ äèêòóþòü ñâî¿ âèìîãè
äî âèêîíàííÿ åêñïåäèö³éíèõ äîñë³äæåíü,
à ñàìå:
1) àâòîìàòè÷íà àáî íàï³âàâòîìàòè÷íà ðå-

ºñòðàö³ÿ ³íôîðìàö³éíèõ ñèãíàë³â;
2) àâòîìàòèçîâàíèé åêñïðåñ-àíàë³ç ïåð-

âèííèõ äàíèõ íà ïîòî÷í³é òî÷ö³ ñïîñ-
òåðåæåíü;

3) ïðèáëèçíà (ïîïåðåäíÿ) îáðîáêà (³íòåð-
ïðåòàö³ÿ) ðåçóëüòàò³â ùå íà åòàï³ ñà-
ìèõ âèì³ðþâàíü.
Ó ïîëüîâèõ óìîâàõ, êîëè âñ³ ³ âñå ïðà-

öþþòü ó ðåæèì³ ñóâîðî¿ åêîíîì³¿ íàÿâ-
íèõ ðåñóðñ³â, áóäü-ÿêà êîìï�þòåðíà îá-
ðîáêà äàíèõ íåìîæëèâà: ïîëüîâà áðèãà-
äà çäåá³ëüøîãî çîñåðåäæåíà íà âèì³ðàõ,
à êîëè äîñë³äæóþòü çíà÷í³ òåðèòîð³¿ ÷è
ïëîù³ � âèêëþ÷íî ëèøå íà âèì³ðàõ, ³ òî-
ìó îòðèìàíó ³íôîðìàö³þ íå îáðîáëÿþòü.
Ó ïîä³áíèõ ñèòóàö³ÿõ äîðå÷íî çàáåçïå÷è-
òè çá³ð ³ ïåðåäà÷ó äàíèõ äëÿ ïîäàëüøî¿
îáðîáêè íà îêðåìèé ñåðâåð.

Ç îãëÿäó íà âèêëàäåíå âèùå, ñôîðìóëþ-
âàíî ñó÷àñí³ ï³äõîäè äî îðãàí³çàö³¿ åëåêò-
ðîìàãí³òíèõ äîñë³äæåíü:
1) àâòîìàòè÷íà àáî íàï³âàâòîìàòè÷íà ðå-

ºñòðàö³ÿ ³íôîðìàö³éíèõ ñèãíàë³â;
2) àâòîìàòè÷íå çáèðàííÿ�ïåðåäàâàííÿ

ïåðâèííî¿ ³íôîðìàö³¿;
3) ðîáîòà ç äàíèìè â ðåæèì³ online.

Ìåòîäîëîã³ÿ. Çàáåçïå÷èòè îïèñàí³ âèùå
ïðèíöèïè ìîæíà, âèêîðèñòàâøè ó ïðàê-
òèö³ ñó÷àñíå ãåîô³çè÷íå îáëàäíàííÿ ó ïî-
ºäíàíí³ ç íîâ³òí³ìè ³íôîðìàö³éíèìè òåõ-
íîëîã³ÿìè.

Íà ñüîãîäí³ âñÿ âèì³ðþâàëüíà àïàðà-
òóðà, ÿêà ïîáóäîâàíà íà âèñîêîòåõíîëî-
ã³÷í³é åëåêòðîíí³é áàç³, º öèôðîâîþ. Äî-
âîë³ ÷àñòî òàê³ ïðèëàäè çàáåçïå÷óþòü àâ-

òîìàòè÷íó ðåºñòðàö³þ ñèãíàë³â, çáåð³ãà-
þòü ôàéëè ç äàíèìè ó âíóòð³øí³é ïàì�ÿ-
ò³, îáëàäíàí³ USB /COM (³íòåðôåéñ îáì³íó
RS-232)-ïîðòàìè äëÿ ïîäàëüøèõ ìàí³ïóëÿ-
ö³é ç äàíèìè. Òîìó, âèêîðèñòîâóþ÷è òàê³
ïðèëàäè, çàâæäè ìàòèìåìî ³ àâòîìàòè÷íó
ðåºñòðàö³þ ñèãíàë³â, ³ àâòîìàòè÷íèé çá³ð
ïåðâèííî¿ ³íôîðìàö³¿. Ñêëàäí³øîþ º ñè-
òóàö³ÿ ùîäî ïåðåäà÷³ äàíèõ.

ßê çàçíà÷åíî âèùå, â ïîëüîâèõ óìîâàõ
ç ì³ðêóâàíü åêîíîì³¿ ðåñóðñ³â äëÿ ïîïå-
ðåäíüîãî àíàë³çó ÷è îáðîáêè ïàêåòè äà-
íèõ ïðîïîíóâàëîñÿ ïåðåäàâàòè íà îêðå-
ìèé ñåðâåð. Òàêà ïåðåäà÷à ìîæëèâà ëè-
øå çà íàÿâíîñò³ äîñòóïó äî ²íòåðíåòó.

ßêùî ãåîô³çè÷í³ äîñë³äæåííÿ ïðîâîäÿòü
ó ðàéîíàõ íàñåëåíèõ ïóíêò³â ÷è òåðèòî-
ð³é, äå äîñòóïíèìè º Wi-Fi-ìåðåæ³, ç ïîð-
òàòèâíîãî ÏÊ ç àêòèâíîþ ôóíêö³ºþ Wi-Fi
ïàêåòè äàíèõ ïåðåäàâàòè ìîæíà. Ïðîòå
íå çàâæäè º òî÷êè äîñòóïó Wi -Fi . ² íàé-
âàæëèâ³øå: äîâîë³ ÷àñòî ãåîô³çè÷í³ ñïî-
ñòåðåæåííÿ âåäóòüñÿ ó ãëóõèõ, âàæêîäî-
ñòóïíèõ â³ääàëåíèõ ðàéîíàõ. Çà òàêèõ óìîâ
äëÿ ïåðåäà÷³ äàíèõ íàéîïòèìàëüí³øå âè-
êîðèñòîâóâàòè ìîá³ëüíèé ²íòåðíåò, ÿêèé
íà ñüîãîäí³ äîñÿæíèé ïðàêòè÷íî ó áóäü-
ÿê³é òî÷ö³ íàøî¿ êðà¿íè. Òîìó â ïîëüîâèõ
óìîâàõ äëÿ ãåîô³çè÷íèõ äîñë³äæåíü ñë³ä
çàä³þâàòè âèì³ðþâàëüíó àïàðàòóðó, ÿêà
ìàº âáóäîâàí³ ôóíêö³¿ ïåðåäà÷³ äàíèõ ÷å-
ðåç GSM-ìåðåæ³ îïåðàòîð³â ìîá³ëüíîãî çâ�ÿç-
êó àáî îáëàäíàíà USB /COM-ïîðòàìè äëÿ
çîâí³øíüîãî ï³ä�ºäíàííÿ íåçàëåæíèõ ìî-
äóë³â ïåðåäà÷³ [Ï³äâ³ðíèé, 2013; Äåùèöÿ
òà ³í., 2014; Äåùèöÿ òà ³í., 2016à; Ëüâ³â-
ñüêèé öåíòð ²íñòèòóòó êîñì³÷íèõ äîñë³-
äæåíü, âåá-ñàéò].

Äîñòóï äî äàíèõ ó ðåæèì³ online çàáåç-
ïå÷óº íèçêà ²íòåðíåò-ñåðâ³ñ³â ³ ñëóæá. Ïðî
óñ³ ìîæëèâ³ Web- òà ²íòåðíåò-òåõíîëîã³¿,
ÿê³ ìîæóòü áóòè çàä³ÿí³ â ðîáîò³ ç ãåîô³-
çè÷íîþ ³íôîðìàö³ºþ, äîâîë³ âè÷åðïíî ³
ïîâíî âèêëàäåíî ó ïóáë³êàö³ÿõ [Ñàâê³â,
2017; Ñàâê³â, Ëàäàí³âñüêèé, 2017].

Ðåêîìåíäîâàíèé íàá³ð îñíîâíèõ ³íñò-
ðóìåíòàëüíèõ çàñîá³â òàêèé:

1. FTP-ñåðâåð, íàëàøòîâàíèé ³ ñêîíô³-
ãóðîâàíèé íà ïîñò³éíå ïðèéìàííÿ ïàêå-
ò³â äàíèõ ð³çíèõ ãåîô³çè÷íèõ ìåòîä³â.
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2. Êîìïëåêñ ñåðâåðíîãî ïðîãðàìíîãî çà-
áåçïå÷åííÿ LAMP :

• îïåðàö³éíà ñèñòåìà (OC) Linux;
• Web-ñåðâåð Apache;
• ÑÓÁÄ MySQL;
• ñêðèïòîâ³ ìîâè òà ³íòåðïðåòàòîðè: PHP,

Python.
3. Òåõíîëîã³¿: HTML , CGI, SSI, JavaScript,

DHTML , CSS.
Ðîáîòó ç ãåîô³çè÷íèìè äàíèìè, ùî çáå-

ð³ãàþòüñÿ íà FTP-ñåðâåð³, ìîæíà îðãàí³-
çóâàòè ÷åðåç çâè÷àéíó HTML-ñòîð³íêó ç êîì-
ïàêòíèì â³äîáðàæåííÿì óñ³º¿ êîðèñíî¿ ³í-
ôîðìàö³¿ àáî ÷åðåç îêðåìèé ïîâíîö³ííèé
Web-ñàéò ç³ çðó÷íèì ³íòåðôåéñîì êîðè-
ñòóâà÷à.

Íà HTML-ñòîð³íêàõ äîðå÷íî â³äîáðàæó-
âàòè òàêó äîâ³äêîâó ³íôîðìàö³þ:

• êàðòà òåðèòîð³¿ äîñë³äæåííÿ;
• ãåîëîã³÷íà õàðàêòåðèñòèêà ì³ñöåâîñò³;
• ïîãîäà òà ïîêàçíèêè ¿¿ ñòàíó;
• ñïåöèô³÷í³ îñîáëèâîñò³ ðàéîíó ÷è îá-

ëàñò³;
• ³íøå.
Íå çàéâèì áóäå ðîçì³ùåííÿ îïèñó ìå-

òîä³â äîñë³äæåíü, ñõåì óñòàíîâîê, âèì³-
ðþâàëüíèõ ïðèëàä³â òà àïàðàòóðè, ¿õ òåõ-
í³÷íèõ ïàðàìåòð³â ³ ÷àñòîò âèì³ð³â, ðîáî-
÷èõ ä³àïàçîí³â ÷è ³íøèõ õàðàêòåðèñòèê.
Íàéâàæëèâ³øèì åëåìåíòîì º ãðàô³÷íå çîá-
ðàæåííÿ íàÿâíèõ íà FTP-ñåðâåð³ äàíèõ.
Ïîáóäîâàí³ ãðàô³êè ìàþòü áóòè ìàêñèìàëü-
íî ³íôîðìàòèâíèìè, à ïðè âèáîð³ ³íñòðó-
ìåíò³â äëÿ ïîáóäîâè ðèñóíê³â ñë³ä áðàòè
äî óâàãè ³ ìîæëèâ³ñòü ñòâîðåííÿ çîáðàæåíü
ç ð³çíîþ ðîçä³ëüíîþ çäàòí³ñòþ, ð³çíîãî ðîç-
ì³ðó. Ó ãðàô³êàõ ìîæëèâå âèêîðèñòàííÿ
äîäàòêîâèõ øêàë, ïîëÿðíèõ êîîðäèíàò,
ë³í³éíîãî, ëîãàðèôì³÷íîãî ÷è á³ëîãàðèô-
ì³÷íîãî ìàñøòàáó.

Ñë³ä òàêîæ çàçíà÷èòè, ùî ³íôîðìàö³é-
íèé ìàòåð³àë íà HTML -ñòîð³íêàõ áàæà-
íî ïîäàâàòè ó çðó÷í³é äëÿ ñïðèéíÿòòÿ ëþ-
äèíè ôîðì³, òîáòî ó âèãëÿä³ ôîòîãðàô³é,
êîðîòêèõ ³ ëàêîí³÷íèõ òåêñòîâèõ îïèñ³â,
òàáëèöü, ãðàô³÷íèõ ñõåì, ä³àãðàì, ñõåìà-
òè÷íèõ çîáðàæåíü, ðîçìà¿òèõ ãðàô³ê³â. Ðîç-
ðîáëåí³ ñòîð³íêè ìàþòü íàäàâàòè êîðèñ-
òóâà÷ó ìàêñèìóì ³íôîðìàö³¿ , áóòè �ëåã-
êèìè� ³ íå ïîòðåáóâàòè áàãàòî ÷àñó íà çà-

âàíòàæåííÿ â áðàóçåð³ ëîêàëüíî¿ ìàøè-
íè íà ñòîðîí³ êë³ºíòà.

Ðåçóëüòàò. Çàïðîïîíîâàí³ ï³äõîäè äî îð-
ãàí³çàö³¿ ãåîô³çè÷íèõ ñïîñòåðåæåíü áóëè
çàïðîâàäæåí³ ó ê³ëüêîõ íàïðÿìàõ. Âèïðî-
áóâàíî äâà âàð³àíòè � ïîñò³éí³ ìîí³òîðèí-
ãîâ³ äîñë³äæåííÿ ³ ïîëüîâ³ äîñë³äæåííÿ.

Ó âàð³àíò³ ïîñò³éíèõ ìîí³òîðèíãîâèõ äî-
ñë³äæåíü äëÿ ïåðåâ³ðêè ³ òåñòóâàííÿ îïè-
ñàíî¿ ìåòîäèêè îáðàíî ÐÃÑ �Íèæíº Ñå-
ëèùå� (Çàêàðïàòñüêà îáë.) [Ñàâê³â, 2016á].
Íà ö³é ñòàíö³¿ âåäóòüñÿ áåçïåðåðâí³ ñïî-
ñòåðåæåííÿ ïðèðîäíîãî åëåêòðè÷íîãî ïî-
ëÿ (ÏÅÏ) ó äâîõ íàïðÿìêàõ: ï³âí³÷�ï³â-
äåíü; çàõ³ä�ñõ³ä.

Çã³äíî ç îïèñàíèìè âèùå îñîáëèâîñòÿ-
ìè òà ðåêîìåíäàö³ÿìè ùîäî îðãàí³çàö³¿ ðî-
áîòè ÐÃÑ, äëÿ ñâî¿õ ïîòðåá ìè âèêîðèñòà-
ëè ïðèëàä ç àâòîìàòè÷íîþ ðåºñòðàö³ºþ,
çáîðîì ³ ïåðåäà÷åþ äàíèõ ÷åðåç ìåðåæó
GSM [Ï³äâ³ðíèé, 2013].

Äëÿ äîñòóïó äî ãåîô³çè÷íî¿ ³íôîðìàö³¿
â ðåæèì³ ðåàëüíîãî ìàñøòàáó ÷àñó çàä³-
ÿëè FTP-ñåðâåð vsftpd. Ñåðâåð íàëàøòóâà-
ëè íà ïðèéìàííÿ äàíèõ ç êîíêðåòíî¿ ñòàí-
ö³¿, ¿õ çáåð³ãàííÿ ó ÷³òêî âèçíà÷åíîìó ì³ñ-
ö³, ñòðîãó ñèñòåìàòèçàö³þ, ïîâíèé/÷àñò-
êîâèé äîñòóï.

Íà ÐÃÑ �Íèæíº Ñåëèùå� âèì³ðþâàëü-
íà ãåîô³çè÷íà àïàðàòóðà ðåºñòðóº äâà ìà-
ñèâè êàíàëüíèõ íàïðóã, ôîðìóº ïðîòÿ-
ãîì äîáè ôàéë ç öèìè ïåðâèííèìè äà-
íèìè ³ íàïðèê³íö³ ïîòî÷íî¿ äîáè àâòîìà-
òè÷íî â³äñèëàº íà FTP-ñåðâåð.

Íà ñòîðîí³ ñåðâåðà â ñåðåäîâèù³ FTP
äëÿ ïðèéìàííÿ öèõ äàíèõ, à òàêîæ äëÿ
ðîáîòè ç áóäü-ÿêèìè ³íøèìè íàä³ñëàíè-
ìè ìîí³òîðèíãîâèìè äàíèìè â ðåæèì³ on-
line ñôîðìîâàíî â³äïîâ³äíó ³íôðàñòðóêòó-
ðó òà ðîçðîáëåíî ïåâíó ñèñòåìó êîðèñ-
òóâà÷³â. Òóò äëÿ êîæíî¿ ÐÃÑ, ùî íàäñè-
ëàòèìå ñâî¿ äàí³, âèä³ëåí³ íåîáõ³äí³ ³íôîð-
ìàö³éí³ ðåñóðñè ³ ñôîðìîâàíà ãðóïà êî-
ðèñòóâà÷³â. Òàêèìè ðåñóðñàìè ìîæóòü áó-
òè îäíà ÷è äåê³ëüêà äèðåêòîð³é ( ¿õ ê³ëü-
ê³ñòü çàëåæèòü â³ä âèð³øóâàíèõ çàâäàíü),
ÿê³ ïðîïèñóþòüñÿ ó â³äïîâ³äíèõ êîíô³ãó-
ðàö³éíèõ ôàéëàõ ³ ñòàþòü äîìàøí³ìè äëÿ
êîíêðåòíî¿ ãðóïè êîðèñòóâà÷³â. Ãðóïà êî-
ðèñòóâà÷³â, ÿê ïðàâèëî, ïðåäòàâëåíà:
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1) îäíèì êîðèñòóâà÷åì � ìàº îáìåæåí³
ïðàâà, â³ä éîãî ³ìåí³ äàí³ ç FTP ìîæíà
ëèøå ç÷èòàòè;

2) äðóãèì êîðèñòóâà÷åì � ìàº ìàêñèìàëü-
í³ ïðàâà íà äîñòóï, â³ä éîãî ³ìåí³ ìîæ-
íà çàïèñóâàòè äàí³ íà FTP, ðåäàãóâà-
òè, çíèùóâàòè.
Ç ì³ðêóâàíü áåçïåêè íà FTP âñ³ êîðèñ-

òóâà÷³ ñèñòåìè º â³ðòóàëüíèìè, äîñòóï äî
ðåñóðñ³â FTP àâòîðèçîâàíèé (êîæåí êîðè-
ñòóâà÷ ìàº ñâ³é ëîã³í ³ ïàðîëü), âñÿ ñëóæ-
áîâà ³íôîðìàö³ÿ ïðî êîðèñòóâà÷³â çáåð³-
ãàºòüñÿ â îêðåì³é áàç³ äàíèõ ÑÓÁÄ MySQL.

Ðîçðîáëåíèé ìàêåò HTML -ñòîð³íêè ì³-
ñòèòü òàê³ â³äîìîñò³ ³ äàí³:

• ôîòî ÐÃÑ �Íèæíº Ñåëèùå�;
• ðîçòàøóâàííÿ  ÐÃÑ  íà  ãåîãðàô³÷í³é

êàðò³;
• ñõåìà óñòàíîâêè;
• ñòèñëèé îïèñ òåõí³÷íèõ ïàðàìåòð³â ³

õàðàêòåðèñòèê âèì³ðþâàëüíî¿ àïàðà-
òóðè;

• ãðàô³êè çàëåæíîñòåé (ðèñ. 1).

Îòæå, êîðîòêî îðãàí³çàö³þ ðîáîòè ïî-
ñò³éíèõ ìîí³òîðèíãîâèõ äîñë³äæåíü íà
ïðèêëàä³ çãàäàíî¿ ÐÃÑ ìîæíà îïèñàòè ó
òàêèé ñïîñ³á:
• íà ïåðåäàâàëüí³é ñòîðîí³ (äå áåçïîñå-

ðåäíüî ïðîâîäÿòü âèì³ðè) ç âèêîðèñ-
òàííÿì íàëåæíîãî îáëàäíàííÿ áåçïå-
ðåðâíî òà àâòîìàòè÷íî â³äáóâàþòüñÿ
ðåºñòðàö³ÿ, çá³ð ³ ïåðåäà÷à ïåðâèííèõ
äàíèõ íà ñåðâåð;

• íà ïðèéìàëüí³é ñòîðîí³ çàïóùåíî ³ ïî-
ñò³éíî ïðàöþþòü: FTP-ñåðâåð, Web-ñåð-
âåð, ñåðâåð ÁÄ, ³íø³ ²íòåðíåò-ñëóæáè
³ ñåðâ³ñè, ùî â ñóêóïíîñò³ çàáåçïå÷ó-
þòü ðîáîòó ç ãåîô³çè÷íèìè äàíèìè â
ðåæèì³ ðåàëüíîãî ìàñøòàáó ÷àñó.
Çà îïèñàíîþ ìåòîäèêîþ ðîçðîáëåíó ñè-

ñòåìó âèïðîáóâàíî, âîíà ïðàöþº â ÊÂ
²ÃÔ ÍÀÍ Óêðà¿íè.

Ó ïîëüîâèõ äîñë³äæåííÿõ öþ ìåòîäè-
êó ìîæíà çàñòîñîâóâàòè, ÿêùî ãåîô³çè÷-
íà àïàðàòóðà çàáåçïå÷óº àâòîìàòè÷íó/íà-
ï³âàâòîìàòè÷íó ðåºñòðàö³þ ñèãíàë³â, ïå-

Ðèñ. 1. Ãðàô³êè ÏÅÏ çà äàíèìè ç ÐÃÑ �Íèæíº Ñåëèùå�.
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ðåäàº äàí³ ÷åðåç GSM-ìåðåæ³ àáî îáëàä-
íàíà USB /COM-ïîðòàìè, ÷åðåç ÿê³ ìîæ-
íà áóëî á ï³ä�ºäíóâàòè íåçàëåæí³ ìîäóë³
ïåðåäà÷³ [Ï³äâ³ðíèé, 2013; Äåùèöÿ òà ³í.,
2014; Äåùèöÿ òà ³í., 2016à].

Íà ñüîãîäí³ ó íàï³âàâòîìàòè÷íîìó ðå-
æèì³ â Êàðïàòñüêîìó â³ää³ëåíí³ ïðàöþº
ñòàíö³ÿ ÌÒÇ, â ÿê³é çàðåºñòðîâàí³ ñèãíà-
ëè çàïèñóþòü íà SD-êàðòó ïàì�ÿò³, òà ïðè-
ëàä ÐÕ²ÍÄÑ, äå çàðåºñòðîâàí³ ³ìïóëüñè
çáåð³ãàþòüñÿ ó âíóòð³øí³é ïàì�ÿò³ ïðèëà-
äó. Ïåðåäàòè äàí³ öèõ ïðèëàä³â íà FTP
ìîæíà çà äîïîìîãîþ ïîðòàòèâíîãî ÏÊ.

Íà FTP-ñåðâåð³ äëÿ ðîáîòè ç ïîëüîâè-
ìè äàíèìè òàêîæ îðãàí³çîâàíî â³äïîâ³ä-
íó ³íôðàñòðóêòóðó, ðîçðîáëåíî ñâîþ ñè-
ñòåìó êîðèñòóâà÷³â, âèä³ëåíî îêðåì³ äè-
ðåêòîð³¿ äëÿ ïðèéìàííÿ ³ çáåð³ãàííÿ ãåî-
ô³çè÷íî¿ ³íôîðìàö³¿, íàäàíî ïåâí³ ïðàâà
äîñòóïó óñ³ì êîðèñòóâà÷àì.

Ç îãëÿäó íà òå, ùî â ïîëüîâèõ óìîâàõ
ç óðàõóâàííÿì çàéíÿòîñò³ ãðóï ñïåö³àë³ñ-

ò³â òà ç ì³ðêóâàíü åêîíîì³¿ ðåñóðñ³â ³ ÷àñó
áóäü-ÿêó êîìï�þòåðíó îáðîáêó äàíèõ ïðî-
âîäèòè íåäîðå÷íî, íàéîïòèìàëüí³øîþ º
îáðîáêà äàíèõ íà ñòîðîí³ ñåðâåðà, à íà
ïîðòàòèâíîìó ÏÊ � ëèøå àíàë³ç ðåçóëü-
òàò³â ö³º¿ îáðîáêè ó âèãëÿä³ îêðåìèõ ãðà-
ô³ê³â, ä³àãðàì, çîáðàæåíü.

Ïðîòîòèïàìè òàêèõ ñåðâåðíèõ ïðîãðàì
îáðîáîê ìîæóòü áóòè ö³ ðîáî÷³ ïðîãðàìí³
ìîäóë³, ùî ðîçðîáëåí³ òà ïðàöþþòü ï³ä
óïðàâë³ííÿì OC Windows ³ ïðèçíà÷åí³ äëÿ
îïåðàòèâíîãî àíàë³çó äàíèõ åëåêòðîðîç-
â³äêè â ïîë³. Íèæ÷å íàâåäåíî ¿õ êîðîòêèé
îïèñ.

1. Ïðîãðàìà â³çóàë³çàö³¿ ïåðâèííèõ ãåî-
ô³çè÷íèõ äàíèõ ìåòîäó ÇÑÁ [Ñàâê³â, Ëà-
äàí³âñüêèé, 2016] (ðèñ. 2) � íàäàº ïîâíó
³íôîðìàö³þ ïðî ïðîâåäåí³ ïîëüîâ³ ñïîñ-
òåðåæåííÿ ïî óñ³õ ï³êåòàõ êîíêðåòíîãî
ïðîô³ëþ (êàðòà ïîëüîâèõ ðîá³ò ç³ ñõåìà-
òè÷íèì ðîçòàøóâàííÿì ï³êåò³â íà ïðîô³-
ë³, ñïèñîê ï³êåò³â), äàº çìîãó íàî÷íî áà÷è-

Ðèñ. 2. Ñêðèíøîò ïðîãðàìè â³çóàë³çàö³¿ ïåðâèííèõ ãåîô³çè÷íèõ äàíèõ ìåòîäó ÇÑÁ
(ãîëîâíå â³êíî (ôîðìà) ïðîãðàìè).
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òè âñ³ ìàñèâè çàðåºñòðîâàíèõ çíà÷åíü, â³-
çóàëüíî îö³íþâàòè õàðàêòåð ïåðåõ³äíèõ
ïðîöåñ³â òà îïåðàòèâíî àíàë³çóâàòè âè-
ãëÿä êðèâèõ çîíäóâàíü.

2. Ïðîãðàìà åêñïðåñ-îö³íþâàííÿ äàíèõ
ÇÑÁ íà ïîòî÷í³é òî÷ö³ ñïîñòåðåæåíü [Ñàâ-
ê³â, 2016à] (ðèñ. 3) � íàäàº ìàêñèìóì ³í-
ôîðìàö³¿ íà êîíêðåòíîìó ï³êåò³: òèï âè-
ì³ðþâàëüíî¿ óñòàíîâêè, ïðèëàä, äàòà ïðî-
âåäåííÿ âèì³ð³â, íîìåð îá�ºêòà, ïðîô³ëþ,
ï³êåòó, ãåîãðàô³÷í³ êîîðäèíàòè òî÷êè, ðîç-
ì³ðè ãåíåðàòîðíî¿ òà ïðèéìàëüíî¿ ïåòåëü,
çàðåºñòðîâàí³ çíà÷åííÿ ñèãíàë³â. Çà äà-
íèìè ïåðåõ³äíèõ ïðîöåñ³â áóäóþòü êðèâ³
ñòàíîâëåííÿ åëåêòðîìàãí³òíîãî ïîëÿ ó ë³-
í³éíîìó òà á³ëîãàðèôì³÷íîìó ìàñøòàáàõ.
Öå äàº çìîãó íà ïîòî÷í³é òî÷ö³ ñïîñòåðå-
æåíü îïåðàòèâíî îö³íþâàòè òà àíàë³çóâà-
òè ðåçóëüòàò çîíäóâàíü, à çà õàðàêòåðîì
êðèâî¿ ñòàíîâëåííÿ ó á³ëîãàðèôì³÷íîìó
ìàñøòàá³ ó ïåðøîìó íàáëèæåíí³ ðîáèòè
âèñíîâîê ùîäî éìîâ³ðíîãî ðîç÷ëåíóâàí-

Ðèñ. 3. Ñêðèíøîò ïðîãðàìè åêñïðåñ-îö³íêè äàíèõ ÇÑÁ íà ïîòî÷í³é òî÷ö³ ñïîñòåðåæåíü
(ãîëîâíå â³êíî (ôîðìà) ïðîãðàìè).

íÿ ãåîåëåêòðè÷íîãî ðîçð³çó íà îêðåì³ ãî-
ðèçîíòè.

Çà òàêîãî ï³äõîäó ìîæíà ñóòòºâî çåêî-
íîìèòè ðåñóðñè â ïîë³, à íà ï³äñòàâ³ ðå-
çóëüòàò³â ïîïåðåäíüî¿ îáðîáêè ãåîô³çè÷-
íèõ äàíèõ � ãðàìîòíî çîðãàí³çóâàòè ïî-
äàëüøó ðîáîòó ïîëüîâî¿ áðèãàäè òà îïå-
ðàòèâíî ñïëàíóâàòè íåîáõ³äí³ âèì³ðè.

Çà â³äñóòíîñò³ ìîá³ëüíîãî ²íòåðíåòó ìîæ-
ëèâà ðîáîòà â ðåæèì³ offline. Äëÿ öüîãî íà
ïîðòàòèâíîìó ÏÊ ïîòð³áíî âñòàíîâèòè ³
â³äïîâ³äíèì ÷èíîì íàëàøòóâàòè ñåðâåð,
à óñ³ ïîäàëüø³ çâåðíåííÿ ìàþòü â³äáóâà-
òèñÿ âèêëþ÷íî ÷åðåç localhost (IP 127.0.0.1).

Îïèñàíó ìåòîäèêó ö³ëêîì â³äëàãîäæå-
íî, ïåðåâ³ðåíî ³ ïðîòåñòîâàíî â ëàáîðàòîð-
íèõ óìîâàõ. Ïðàöþº êîðåêòíî.

Âèñíîâêè òà îáãîâîðåííÿ. Â ðåçóëüòà-
ò³ ïðîâåäåíî¿ ðîáîòè çàïðîïîíîâàíî ñó-
÷àñí³ ï³äõîäè äî îðãàí³çàö³¿ ãåîô³çè÷íèõ
äîñë³äæåíü ç âèêîðèñòàííÿì IT-òåõíîëî-
ã³é, ï³ä³áðàíî îïòèìàëüíèé íàá³ð ³íñòðó-
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ìåíòàëüíèõ çàñîá³â ²íòåðíåò- òà Web-ðå-
ñóðñ³â ³ íà ¿õ áàç³ ðîçðîáëåíî ñèñòåìó ç
â³äïîâ³äíîþ ³íôðàñòðóêòóðîþ äëÿ îïåðà-
òèâíîãî âèð³øåííÿ ð³çíèõ ãåîô³çè÷íèõ çàâ-
äàíü çàñîáàìè ³ ìåòîäàìè åëåêòðîðîçâ³ä-
êè. Çàïðîïîíîâàí³ ï³äõîäè çàáåçïå÷óþòü
àâòîìàòè÷íèé çá³ð äàíèõ, ïðèéìàííÿ�
ïåðåäàâàííÿ, åêñïðåñ-àíàë³ç åêñïåðèìåí-
òàëüíèõ ïîëüîâèõ äàíèõ, à òàêîæ ðîáî-
òó ç áóäü-ÿêîþ ãåîô³çè÷íîþ ³íôîðìàö³ºþ
â ðåæèì³ online.

Äîñë³äæåíî äâà âàð³àíòè: ìîí³òîðèíã íà
ÐÃÑ �Íèæíº Ñåëèùå� (Çàêàðïàòñüêà îáë.);
ïîëüîâ³ ðîáîòè çà ìåòîäîì ÇÑÁ.

Ðîçðîáëåíó ñèñòåìó â³äëàãîäæåíî, îïè-
ñàíó ìåòîäèêó ìîæíà çàñòîñîâóâàòè:
• íà áóäü-ÿê³é ÐÃÑ çà ïîñò³éíèõ ìîí³òî-

ðèíãîâèõ äîñë³äæåíü, äå ç òåõí³÷íèõ
ïðè÷èí äîñòóïíèé ëèøå ìîá³ëüíèé ²í-
òåðíåò;

• äëÿ áóäü-ÿêèõ äîñë³äæåíü � çà äîäàò-
êîâèõ íàëàøòóâàíü íà ïîðòàòèâíîìó ÏÊ
ó ðåæèì³ offline;

• ï³ä ÷àñ áóäü-ÿêèõ ãåîô³çè÷íèõ äîñë³ä-
æåíü, äå ³ñíóº íàéìåíøà çàãðîçà ÷è íå-
áåçïåêà äëÿ æèòòÿ ëþäèíè: âèì³ðþâàí-
íÿ íà çàáðóäíåíèõ òåðèòîð³ÿõ, åêîëî-
ã³÷íî ïðîáëåìíèõ çîíàõ, ó ðàéîíàõ êàð-
ñòîâèõ ïðîâàë³â, çñóâ³â, îáâàë³â, â³äïðà-
öüîâàíèõ øàõò ³ òîùî;

• ó ïîëüîâèõ óìîâàõ, äå âèêîðèñòàííÿ ïîð-
òàòèâíîãî ÏÊ îáìåæåíå àáî çâåäåíå äî
ì³í³ìóìó;

• ï³ä ÷àñ âàæëèâèõ òðèâàëèõ ìîí³òîðèí-
ãîâèõ äîñë³äæåíü, ùî ïðîâîäÿòü â åêñò-
ðåìàëüíèõ óìîâàõ áåç ó÷àñò³ ëþäèíè,
äå º âåëèêà éìîâ³ðí³ñòü âòðàòè, ïîøêî-
äæåííÿ ÷è ðóéíóâàííÿ ãåîô³çè÷íî¿ àïà-
ðàòóðè (äî ïðèêëàäó, âèâ÷åííÿ àêòèâ-
íîñò³ âóëêàí³â, çåìëåòðóñ³â).
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Modern information technologies in
organization of geophysical studies

 L. G. Savkiv, B. T. Ladanivskyy, 2018

The features of geo-electrical surveying on permanent geophysical stations and in
field conditions are described in this article. Modern approaches to geophysical study
with IT-technology application, which require an automatic or semiautomatic data re-
cording, express analysis of current experimental results, in a on-line or off-line mode,
automatic data acquisition and transmission by GSM net are represented. Described
approaches are realized using ftp-server with appropriate settings on a base of stand-
ard server�s tools i. e. LAMPP (Linux, Apache, MySQL, PHP, Python) and web techniques:
HTML , CGI, SSI, JavaScript, DHTML , CSS. The described approaches were tested on the
permanent geophysical station �Nyzhne Selyshche� (Zakarpatska oblast) for a natural
electrical field variations monitoring study and during in field study of the shallow la-
yers resistivity by the transient electromagnetic method (TEM). The express analysis of
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Â³êîâ³ âàð³àö³¿ ãåîìàãí³òíîãî ïîëÿ
íà ë³òîñôåðíèõ ïëèòàõ Çåìë³

 Ï. Â. Ñóìàðóê, Ò. Ï. Ñóìàðóê, 2018

²íñòèòóò ãåîô³çèêè ³ì. Ñ.  ². Ñóááîò³íà ÍÀÍ Óêðà¿íè,
Êè¿â, Óêðà¿íà

Íàä³éøëà 15 æîâòíÿ 2017 ð.

Èññëåäîâàíà çàâèñèìîñòü âåëè÷èíû çíàêà âåêîâûõ âàðèàöèé ãåîìàãíèòíîãî ïî-
ëÿ, î÷èùåííûõ îò 3- è 11-ëåòíèõ ñîñòàâëÿþùèõ, îò ïîëîæåíèÿ îáñåðâàòîðèé íà
òåêòîíè÷åñêèõ ïëèòàõ. Äëÿ èññëåäîâàíèÿ áûëè âûáðàíû îáñåðâàòîðèè, èìåþùèå
äëèííûå ðÿäû íàáëþäåíèé. Ïîêàçàíî, ÷òî âåêîâûå âàðèàöèè ñîäåðæàò êîìïîíåí-
òû îò âíóòðåííèõ è âíåøíèõ èñòî÷íèêîâ, âåëè÷èíà êîòîðûõ èçìåíÿåòñÿ îò ïëèòû
ê ïëèòå è äàæå â ïðåäåëàõ îäíîé ïëèòû. Â ðåãèîíàõ ñ èíòåíñèâíûìè òåêòîíè÷åñ-
êèìè ïðîöåññàìè âåêîâûå âàðèàöèè èìåþò áîëüøóþ àìïëèòóäó. Âûäåëåíî 10 ðå-
ãèîíîâ, â êîòîðûõ ýòè âàðèàöèè èìåþò îñîáûé õàðàêòåð èçìåíåíèé. Âàðèàöèè ìî-
ãóò áûòü ïðîòèâîôàçíûìè íà ðàçíûõ òåêòîíè÷åñêèõ ïëèòàõ, îäíàêî ýêñòðåìóìû
êðèâûõ ÷àñîâûõ èçìåíåíèé è ñìåíà çíàêà âàðèàöèé â áîëüøèíñòâå ñëó÷àåâ ñîâ-
ïàäàþò ñ ìàêñèìóìàìè èëè ìèíèìóìàìè ñîëíå÷íîé è ãåîìàãíèòíîé àêòèâíîñòåé.
Ñäåëàíî ïðåäïîëîæåíèå ÷òî âíóòðåííèå è âíåøíèå èñòî÷íèêè âåêîâûõ âàðèàöèé
ãåîìàãíèòíîãî ïîëÿ âçàèìîñâÿçàíû. Âíåøíèå èñòî÷íèêè èãðàþò âàæíóþ ðîëü â
ãåíåðàöèè âàðèàöèé. Ìàêñèìàëüíûå àìïëèòóäû âåêîâûõ âàðèàöèé çà âåñü ïåðèîä
ýêñïåðèìåíòàëüíûõ íàáëþäåíèé óñòàíîâëåíû â äâóõ ðåãèîíàõ: ïåðâûé � âîñòî÷-
íàÿ ÷àñòü Ñåâåðî-Àìåðèêàíñêîé ïëèòû, Êàðèáñêàÿ ïëèòà è ñåâåðíàÿ ÷àñòü Þæíî-
Àìåðèêàíñêîé ïëèòû, âòîðîé � çàïàäíàÿ ÷àñòü Èíäèéñêîãî îêåàíà. Âåëè÷èíà êîì-
ïîíåíòû âåêîâûõ âàðèàöèé îò âíåøíèõ èñòî÷íèêîâ çàâèñèò îò ãåìàãíèòíîé øè-
ðîòû ìåñòà íàáëþäåíèÿ. Àìïëèòóäà ýòîé êîìïîíåíòû óâåëè÷èâàåòñÿ ñ óâåëè÷åíè-
åì øèðîòû îáñåðâàòîðèè. Ìàêñèìàëüíûå çíà÷åíèÿ êîìïîíåíò âåêîâûõ âàðèàöèé
îò âíåøíèõ èñòî÷íèêîâ íàáëþäàþòñÿ íà ìàãíèòíûõ è ãåîìàãíèòíûõ ïîëþñàõ. Âëè-
ÿíèå âíåøíèõ èñòî÷íèêîâ íà âåëè÷èíó âàðèàöèé íàáëþäàåòñÿ íà îáñåðâàòîðèÿõ,
íàõîäÿùèõñÿ ïîä ýêâàòîðèàëüíîé èîíîñôåðíîé ýëåêòðîñòðóåé. Îñíîâíàÿ çàêîíî-
ìåðíîñòü îáùåé êàðòèíû âåêîâûõ âàðèàöèé ãåîìàãíèòíîãî ïîëÿ â äàííîå âðåìÿ �
óìåíüøåíèå íàïðÿæåííîñòè ïîëÿ â áîëüøèíñòâå ðåãèîíîâ Çåìëè. Âî âòîðîé ïîëî-
âèíå 20 â. ðåãóëÿðíîå íåáîëüøîå óâåëè÷åíèå ïîëÿ íàáëþäàëîñü òîëüêî íà åâðîïåé-
ñêîé ÷àñòè Åâðàçèéñêîé ïëèòû.

Êëþ÷åâûå ñëîâà: ãåîìàãíèòíîå ïîëå, âåêîâûå âàðèàöèè, âíåøíèå èñòî÷íèêè,
ëèòîñôåðíûå ïëèòû.

Âñòóï. Ìàãí³òíå ïîëå Çåìë³ íåïåðåðâ-
íî çì³íþºòüñÿ ÿê ç ÷àñîì, òàê ³ â ïðîñòî-
ð³. Âàð³àö³¿ ãåîìàãí³òíîãî ïîëÿ ìàþòü ³ âíóò-
ð³øí³, ³ çîâí³øí³ äæåðåëà. Îäíèìè ç íàé-
³íôîðìàòèâí³øèõ âàð³àö³é º â³êîâ³. Â³êîâ³
âàð³àö³¿ (ÂÂ) � âàæëèâèé ³íñòðóìåíò ï³ä
÷àñ äîñë³äæåííÿ ïðèðîäè ³ äèíàì³êè ãî-
ëîâíîãî ìàãí³òíîãî ïîëÿ Çåìë³. Äóæå âàæ-

ëèâî ðîçä³ëèòè ÂÂ íà ñêëàäîâ³ â³ä îêðå-
ìèõ äæåðåë. Â³êîâ³ âàð³àö³¿ â³ä çîâí³øí³õ
äæåðåë ìàþòü êîðîòêîïåð³îäí³ ³ äîâãîïå-
ð³îäí³ êîìïîíåíòè. Êîðîòêîïåð³îäí³ êîì-
ïîíåíòè ìîæíà âèêëþ÷èòè, çãëàäæóþ÷è
÷àñîâ³ ðÿäè êðèâèõ çì³í ÂÂ á³æíèìè ñå-
ðåäí³ìè ç â³êíàìè â³äïîâ³äíîãî ïåð³îäó.
Äîâãîïåð³îäí³ ÂÂ â³ä çîâí³øí³õ äæåðåë
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òàêèì ìåòîäîì â³äô³ëüòðóâàòè ó ïåâíèé
÷àñ íå ìîæíà, îñê³ëüêè äîâæèíà ðÿä³â ÂÂ
íå ïåðåâèùóº 200 ðîê³â.

Åêñïåðèìåíòàëüí³ äàí³ ïîêàçóþòü íà-
ÿâí³ñòü ãëîáàëüíèõ, ðåã³îíàëüíèõ òà ëî-
êàëüíèõ äæåðåë ÂÂ, àêòèâí³ñòü ÿêèõ çì³-
íþºòüñÿ ç ÷àñîì. Ëîêàëüí³ äæåðåëà ÂÂ
ìîæíà âèä³ëèòè, ÿêùî ñ³òêà ïóíêò³â â³êî-
âîãî õîäó º ãóñòîþ, à ïîëîæåííÿ ðåã³î-
íàëüíèõ äæåðåë � ÿêùî ïðèïóñòèòè, ùî
âîíè ãåíåðóþòü îäíàêîâ³ â ÷àñ³ ÂÂ.

Àíàë³òè÷íå çîáðàæåííÿ ÂÂ íà îñíîâ³
òåîð³¿ ïîòåíö³àëó áóëî âèêîíàíî ò³ëüêè â
XX ñò. Öå ïîâ�ÿçàíî ç òèì, ùî ðÿäè ñôå-
ðè÷íèõ ôóíêö³é, ÿê³ ïðåäñòàâëÿþòü ïî-
òåíö³àë ÂÂ, ïîâ³ëüíî ñõîäÿòüñÿ [Êàë³í³í,
1984]. Ïîâ³ëüíà çá³æí³ñòü ñôåðè÷íèõ ôóíê-
ö³é äëÿ ïîòåíö³àëó ÂÂ, òîáòî âïëèâ âè-
ùèõ ãàðìîí³ê, çóìîâëåíà ëîêàëüí³ñòþ äå-
ÿêî¿ ÷àñòèíè âíóòð³øí³õ äæåðåë òà âïëè-
âîì çîâí³øí³õ äæåðåë. Äëÿ àíàë³òè÷íîãî
çîáðàæåííÿ ÿê âíóòð³øí³ äæåðåëà âèáè-
ðàþòü äèïîë³ ç ð³çíèìè çà âåëè÷èíîþ ìî-
ìåíòàìè òà îð³ºíòàö³ºþ â ïðîñòîð³. Äèïî-
ë³ ïîì³ùàþòü íà ð³çí³ ãëèáèíè. Êîìá³íà-
ö³ºþ òàêèõ äèïîë³â äîáèâàþòüñÿ íàéë³ï-
øîãî çá³ãó ðåçóëüòóþ÷îãî ïîëÿ ³ç ñïîñòå-
ðåæóâàíèì [Êàñüÿíåíêî è äð., 2002; Áîí-
äàð è äð., 2006; Äåìèíà è äð., 2008à]. Çà
òàêèì ñàìèì ìåòîäîì ìîæíà ïðåäñòàâè-
òè ³ ãîëîâíå ìàãí³òíå ïîëå Çåìë³ [Äåìèíà,
Ôåîôàíîâà, 2004; Äåìèíà è äð., 2008á].

Â³êîâ³ âàð³àö³¿ çîáðàæóþòü ó âèãëÿä³
êàðòè ³çîë³í³é äëÿ ïåâíî¿ åïîõè. Òàê³ êàð-
òè íåîáõ³äíî áóäóâàòè äëÿ êîæíî¿ åïî-
õè, îñê³ëüêè ëîêàëüí³ òà ðåã³îíàëüí³ çì³í-
í³ äæåðåëà ÂÂ íåïåðåðâíî çì³íþþòü ñâ³-
òîâó êàðòèíó ³çîë³í³é ÂÂ.

Â XX ñò. íàãðîìàäæåíî âåëèêó ê³ëüê³ñòü
äàíèõ ùîäî àáñîëþòíèõ çíà÷åíü åëåìåí-
ò³â ãåîìàãí³òíîãî ïîëÿ. Öå äàº çìîãó ïðî-
ñë³äêóâàòè çà êîíêðåòíèìè åêñïåðèìåí-
òàëüíèìè äàíèìè çì³íó ÂÂ ó ïðîñòîð³ ³ â
÷àñ³. Ïðîñòîðîâèé ðîçïîä³ë ÂÂ çà äàíè-
ìè ìàãí³òíèõ îáñåðâàòîð³é âèâ÷àòè âàæ-
êî, îñê³ëüêè ìàãí³òí³ îáñåðâàòîð³¿ ðîçì³-
ùåí³ íåð³âíîì³ðíî íà çåìí³é ïîâåðõí³. Çà-
âäÿêè ïîÿâ³ íàïðèê³íö³ XX ñò. ñóïóòíè-
êîâèõ äàíèõ ùîäî çì³íè êîìïîíåíò ãåî-
ìàãí³òíîãî ïîëÿ ó áëèæíüîìó (â ìåæàõ ìàã-

í³òîñôåðè) òà äàëåêîìó êîñìîñ³ (ó ñîíÿ÷-
íîìó â³òð³) ïîáóäîâàíî òî÷í³øó ñâ³òîâó êàð-
òó ðîçïîä³ëó ³çîïîð ÂÂ äëÿ öüîãî ïðîì³æ-
êó ÷àñó òà âèêëþ÷åíî ç ÂÂ ÷àñòèíó, ãåíå-
ðîâàíó çîâí³øí³ìè äæåðåëàìè [Langel, Es-
tes, 1985; Golovkov et al., 1997; Olsen, 2002;
Verbanac et al., 2007; Øåâíèí è äð., 2009,
Finlay et al., 2016].

Â³êîâ³ âàð³àö³¿ âèðàõîâóþòü ÿê ð³çíè-
öþ ì³æ ïîñë³äîâíèìè ñåðåäíüîð³÷íèìè
çíà÷åííÿìè ïîâíî¿ íàïðóæåíîñò³ ãåîìàã-
í³òíîãî ïîëÿ òà éîãî êîìïîíåíò. Ïðèïóñ-
êàþòü, ùî óñåðåäíåííÿ äàíèõ çà ð³ê ïîâ-
í³ñòþ âèêëþ÷àº ÷àñòèíó ³ððåãóëÿðíèõ âà-
ð³àö³é, ïîâ�ÿçàíó ³ç çîâí³øí³ìè äæåðåëà-
ìè, îñê³ëüêè ö³ âàð³àö³¿ º ð³çíîçíàêîâè-
ìè. Îäíàê, ÿê ïîêàçàíî ó ñòàòòÿõ [Suma-
ruk, 2000; Verbanac et al., 2007; Øåâíèí
è äð., 2009, Ñóìàðóê, Ñóìàðóê, 2013], â
îòðèìàíèõ òàêèì ìåòîäîì ÂÂ íàÿâíà êîì-
ïîíåíòà ïîâ�ÿçàíà ³ç êâàç³äâîð³÷íèìè, 11-
ð³÷íèìè òà ³íøèìè äîâãîïåð³îäíèìè âàð³-
àö³ÿìè ñîíÿ÷íî¿ àêòèâíîñò³. Âèêëþ÷èòè
¿¿ ìîæíà, ÿê óêàçàíî âèùå, çãëàäæóâàí-
íÿì á³æíèìè ñåðåäí³ìè â³äïîâ³äíîãî ïå-
ð³îäó. Î÷èùåí³ òàêèì ìåòîäîì ÂÂ ì³ñòÿòü
êîìïîíåíòè â³ä âíóòð³øí³õ ãëîáàëüíèõ, ðå-
ã³îíàëüíèõ äæåðåë, à òàêîæ ñêëàäîâ³ â³ä
äæåðåë çîâí³øíüîãî ïîõîäæåííÿ, ÿê³ çì³-
íþþòüñÿ ç ïåð³îäàìè á³ëüøå ÿê 11-ð³÷í³.
Òî÷í³ñòü ñïîñòåðåæåíü âàð³àö³é ïîëÿ â
XIX ³ ïåðø³é ïîëîâèí³ XX ñò. áóëà íåâå-
ëèêîþ ³ àáñîëþòí³ ïîõèáêè âèì³ð³â ïîëÿ
áóëè ñï³âì³ðíèìè ç âåëè÷èíàìè ÂÂ.

Ó äðóã³é ïîëîâèí³ XX ñò., ç ïîÿâîþ ïðî-
òîííèõ, ôåðîìàãí³òíèõ òà ³íøèõ ìàãí³òî-
ìåòð³â, ñòàëî ìîæëèâèì âèì³ðþâàòè çíà-
÷åííÿ ïîëÿ äî äåñÿòèõ ÷àñòîê íàíîòåñëà,
³ öå äàëî çìîãó âè÷èñëèòè ÂÂ ç òàêîþ ñà-
ìîþ òî÷í³ñòþ. Âîäíî÷àñ ðîçïî÷àëèñÿ âè-
ì³ðþâàííÿ ìàãí³òíèõ ïîë³â ³ ïëàçìè íà
Ñîíö³, ó ñîíÿ÷íîìó â³òð³ ³ âñåðåäèí³ ìàã-
í³òîñôåðè. Òàêèì ÷èíîì, áóëè îäåðæàí³
ïåðø³ åêñïåðèìåíòàëüí³ äàí³ ùîäî çîâí³ø-
í³õ äæåðåë âàð³àö³é ãåîìàãí³òíîãî ïîëÿ.
×àñîâ³ ðÿäè òàêèõ äàíèõ (áëèçüêî 50 ðî-
ê³â) ùå êîðîòø³, í³æ ðÿäè ÂÂ, âèçíà÷å-
íèõ çà äàíèìè ìàãí³òíèõ îáñåðâàòîð³é,
îäíàê çà íèìè äîñèòü íàä³éíî ³äåíòèô³-
êóþòü çîâí³øí³ äæåðåëà âàð³àö³é ãåîìàã-
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í³òíîãî ïîëÿ òà ¿õ çâ�ÿçîê ³ç ñîíÿ÷íîþ àê-
òèâí³ñòþ. Ñïîñòåðåæåííÿ çà ñîíÿ÷íîþ àê-
òèâí³ñòþ âåäóòü â³ä 1749 ð. [Âèòèíñêèé,
1973], òîìó îö³íèòè ãåîìàãí³òíó àêòèâí³ñòü
òàêîæ ìîæíà ïî÷èíàþ÷è ç öüîãî ðîêó. Öå
äàº çìîãó âèä³ëèòè ÂÂ â³ä çîâí³øí³õ äæå-
ðåë íà ³íòåðâàë³ ÷àñó â ÿêîìó âåëèñü ñïî-
ñòåðåæåííÿ ãåîìàãí³òíèõ âàð³àö³é. Íàé-
ñêëàäí³øîþ ïðîáëåìîþ º ðîçä³ëåííÿ ðå-
ã³îíàëüíî¿ òà ãëîáàëüíî¿ êîìïîíåíòè ÂÂ.
Íåìàº ñóìí³âó ùîäî íàÿâíîñò³ ðåã³îíàëü-
íî¿ êîìïîíåíòè, îñê³ëüêè º ôàêò ³ñíóâàí-
íÿ àíîìàë³é ÂÂ [Êàëèíèí, 1984]. ßê óêà-
çàíî ó ïóáë³êàö³ÿõ [Òÿïê³í, 1974, 1996] àíî-
ìàë³¿ â³êîâîãî õîäó ìîæíà ïðåäñòàâèòè ÿê

â³äîáðàæåííÿ áëîêîâèõ ïåðåì³ùåíü ìàã-
í³òîàêòèâíîãî øàðó òåêòîíîñôåðè â ³íäóê-
ö³¿ ãåîìàãí³òíîãî ïîëÿ.

Ìåòà äàíî¿ ðîáîòè: äîñë³äèòè çàëåæ-
í³ñòü â³êîâèõ âàð³àö³é ãåîìàãí³òíîãî ïîëÿ
íà ìàãí³òíèõ îáñåðâàòîð³ÿõ ñâ³òîâî¿ ñ³òêè
â³ä ïîëîæåííÿ îáñåðâàòîð³¿ íà ð³çíèõ òåê-
òîí³÷íèõ ïëèòàõ ³ íà ìåæàõ ì³æ ïëèòàìè.

Âèêîðèñòàí³ äàí³. Äëÿ äîñë³äæåííÿ
âèêîðèñòàíî ñåðåäíüîð³÷í³ çíà÷åííÿ ïîâ-
íî¿ íàïðóæåíîñò³ ãåîìàãí³òíîãî ïîëÿ íà
ìàãí³òíèõ îáñåðâàòîð³ÿõ ñâ³òîâî¿ ñ³òêè çà
1890�2010 ð. (www.geomag.bgs.ac.uk/gifs/
annual_means.shtml). Â³êîâ³ âàð³àö³¿ âèðà-
õóâàíî ÿê ð³çíèöþ ì³æ ïîñë³äîâíèìè ñå-

Ê³ëüê³ñòü ìàãí³òíèõ îáñåðâàòîð³é íà òåêòîí³÷íèõ ïëèòàõ

Íàçâà ïëèòè
Ê³ëüê³ñòü
ìàãí³òíèõ

îáñåðâàòîð³é

Ìàãí³òí³ îáñåðâàòîð³¿ íà ìåæàõ
ïëèò

ªâðàç³éñüêà (ªÀ) 67 (4)
ASH ç IP; KSA ç IP; AQU ç ÀÔ;

PEG ç ÀÔ

Ï³âí³÷íîàìåðèêàíñüêà (ÏÀ) 29 (5)
LVR, YAK  ç ªÀ;

SIT, VIC ç TO; TEO ç KA

Êèòàéñüêà (ÊÈ) 19 (11)
CPA, CZH, SHL ç IA; ESA, HTY,

KAK , KNZ ç TO; LSA ç IA;
MMB , YSS ç OX; KNY ç Ô²

Àôðèêàíñüêà (ÀÔ) 17 (0) �

Àíòàðêòè÷íà (ÀÍ) 17 (1) AMS ç IA

²íäî-Àâñòðàë³éñüêà (²À) 15 (4) AML , EYR, MCQ ç TO; SAB ç ÊÈ

Ï³âäåííîàìåðèêàíñüêà (Ï³À) 7 (0) �

Îõîòñüêà (ÎÕ) 0 (2) PET ç TO; MGA ç ÏÀ

Òèõîîêåàíñüêà (ÒÎ) 2 (0) �

Ô³ë³ïï³íñüêà (Ô²) 0 (2) CBI, GUA ç TO

Íàñêà (ÍÀ) 0 (2) EIC ç TO; HUA ç Ï³À

²íäîêèòàéñüêà (²Ê) 1 (1) TNG ç IA

²ðàíñüêà (²Ð) 0 (1) QUE ç ªÀ ³ ÊÈ

Êàð³áñüêà (ÊÀ) 0 (1) SJA ç ÏÀ

Êîêîñ (ÊÎ) 0 (1) TEO ç ÏÀ ³ ÊÀ

Äðåéêà (ÄÏ) 0 (1) ORC ç Ï³À

Àðàâ³éñüêà (ÀÐ) 0(1) MLT  ç ÀÔ

Õóàí-äå-Ôóêà (ÕäÔ) 0 (0) �
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ðåäíüîð³÷íèìè çíà÷åííÿìè. Îäåðæàí³ ðÿ-
äè ÂÂ çãëàäæåíî á³æíèìè ñåðåäí³ìè çíà-
÷åííÿìè ç â³êíàìè ó 3 ³ 11 ðîê³â äëÿ âè-
êëþ÷åííÿ êîðîòêîïåð³îäíèõ ³ öèêë³÷íèõ
âàð³àö³é, ïîâ�ÿçàíèõ ³ç çì³íîþ ñîíÿ÷íî¿ àê-
òèâíîñò³. Çãëàäæåííÿ ñåðåäí³ìè çíà÷åí-

íÿìè ç á³æíèì â³êíîì 11 ðîê³â âåäå äî
ñêîðî÷åííÿ ðÿäó ñåðåäí³õ íà 11 ðîê³â. Ó
òàáëèö³ ñêîðî÷åíó íàçâó òåêòîí³÷íèõ ïëèò
íàâåäåíî ó äóæêàõ ïðîïèñíèìè ë³òåðàìè
[Æàðêîâ, 1983]. Ó äóæêàõ á³ëÿ ê³ëüêîñò³
îáñåðâàòîð³é íà ïëèò³ âêàçàíî ê³ëüê³ñòü
îáñåðâàòîð³é, ðîçì³ùåíèõ íà ìåæàõ ïëèòè.

Íà êàðò³ òåêòîí³÷íèõ ïëèò (ðèñ. 1) ïîêà-
çàíî ðîçì³ùåííÿ íà íèõ ãåîìàãí³òíèõ îá-
ñåðâàòîð³é, äàí³ ÿêèõ âèêîðèñòàíî ó ñòàò-
ò³. Íà ðèñ. 2 ïîäàíî â³êîâ³ âàð³àö³¿ íàïðó-
æåíîñò³ ãåîìàãí³òíîãî ïîëÿ (ÂÂ(Ò) � ñó-
ö³ëüíà êðèâà) íà ôðàíöóçüê³é ìàãí³òí³é
îáñåðâàòîð³¿ Øàìáîí-ëà-Ôîðå (CLF). Ñë³ä
çâåðíóòè óâàãó íà çíà÷íèé ðîçêèä çíà-
÷åíü, íå çãëàäæåíèõ ÂÂ(Ò), íàïðèê³íö³
XIX òà â ïåðø³é ïîëîâèí³ XX ñò. Âåëèêèé
ðîçêèä äàíèõ äî 1940 ð. ìîæíà ïîÿñíèòè
àáî åêñïåðèìåíòàëüíèìè ïîìèëêàìè, àáî
â³äîáðàæåííÿì ðåàëüíîãî ïðîöåñó çì³íè
ÂÂ(Ò). Ìè ââàæàºìî, ùî îáèäâà ïðèïó-
ùåííÿ ìîæëèâ³. Ïðèïóùåííÿ ùîäî ðîç-
êèäó äàíèõ ó 1890�1940 ðð. º ðåçóëüòà-
òîì ðåàëüíîãî ô³çè÷íîãî ïðîöåñó ìîæíà

Ðèñ. 1. Êàðòà òåêòîí³÷íèõ ïëèò ³ ïîëîæåííÿ îáñåðâàòîð³é íà ïëèòàõ.

Ðèñ. 2. Â³êîâ³ âàð³àö³¿ íàïðóæåíîñò³ ãåîìàãí³òíîãî
ïîëÿ, çãëàäæåí³ 3- òà 11-ð³÷íèìè á³æíèìè â³êíàìè
ÂÂ(Ò)3, 11, òà íåçãëàäæåí³ âåëè÷èíè ÂÂ(Ò) íà ôðàí-
öóçüê³é ìàãí³òí³é îáñåðâàòîð³¿ Øàìáîí-ëà-Ôîðå (CLF).
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ï³äòâåðäèòè íàÿâí³ñòþ ó ÂÂ êâàç³äâîð³÷-
íèõ çì³í [Ñóìàðóê, Ñóìàðóê, 2009], à òà-
êîæ çì³íàìè êîðîòêîïåð³îäíèõ ÂÂ ó ôàç³
íà áàãàòüîõ îáñåðâàòîð³ÿõ. Öå òâåðäæåí-
íÿ ïîòðåáóº ñïåö³àëüíîãî äîñë³äæåííÿ.

Çãëàäæåí³ ÂÂ(Ò) äåìîíñòðóþòü, ùî â
³íòåðâàë³ ÷àñó ç 1897 äî 1926 ð. ÂÂ ïîâíî¿
íàïðóæåíîñò³ ïîëÿ íà îáñåðâàòîð³¿ CLF áó-
ëè â³ä�ºìíèìè. Â 1926 ð. ÂÂ(Ò) ïîì³íÿëà
çíàê ³ çðîñòàëà äî 1947 ð. Ó äàëüøîìó ñïî-
ñòåð³ãàëè êîëèâàííÿ ïîçèòèâíèõ ÂÂ(Ò) ç
àìïë³òóäîþ áëèçüêî 18 íÒë. Ìàêñèìóìè
ÂÂ(Ò) > 0 ñïîñòåð³ãàëè ó 1969, 2003 ðð., à
ì³í³ìóìè � ó 1960 ³ 1979 ðð.

Íà ðèñ. 3, à çîáðàæåíî çì³íè ÂÂ(Ò) íà
ìàãí³òíèõ îáñåðâàòîð³ÿõ çà 1890�1998ðð.;
ö³ îáñåðâàòîð³¿ ìàþòü íàéäîâø³ ðÿäè ñïî-
ñòåðåæåíü. ßê ìîæíà áà÷èòè, ÂÂ(Ò) íà
îáñåðâàòîð³ÿõ LNN òà NGK çì³íþþòüñÿ

ó ôàç³ ïðîòÿãîì óñüîãî ³íòåðâàëó ÷àñó ³
âåëè÷èíè ¿õ çá³ãàþòüñÿ äî 1969 ð. Ï³ñëÿ
1969 ð. àìïë³òóäà çì³í ÂÂ(Ò) íà ñóáàâðî-
ðàëüí³é îáñåðâàòîð³¿ LNN á³ëüøà, í³æ íà
îáñåðâàòîð³¿ NGK, òîáòî ³ç çá³ëüøåííÿì øè-
ðîòè îáñåðâàòîð³¿ àìïë³òóäà âàð³àö³¿ çðî-
ñòàº. Ìàêñèìóìè âàð³àö³é ñïîñòåð³ãàëè ó
1936, 1973 ðð., à ì³í³ìóìè � ó 1946, 1965,
1986 ðð. Íà îáñåðâàòîð³ÿõ HAD òà SVD
ÂÂ(Ò) ñóòòºâî â³äð³çíÿºòüñÿ â³ä ÂÂ(Ò) íà
îáñåðâàòîð³ÿõ LNN òà NGK. Ïî-ïåðøå, çì³-
íà çíàêà ÂÂ(Ò) íà îáñåðâàòîð³¿ HAD â³ä-
áóëàñü ó 1930 ð., òîáòî çíà÷íî ï³çí³øå í³æ
íà îáñåðâàòîð³ÿõ NGK òà LNN , ïî-äðóãå,
êâàç³ñèíóñî¿äàëüíèõ çì³í ÂÂ(Ò) íà ³íòåð-
âàë³ ÷àñó 1936�1969 ðð. íå ñïîñòåð³ãàëè.
Ìàêñèìàëüíó âåëè÷èíó ÂÂ(Ò) > 0 çàô³ê-
ñîâàíî íà îáñåðâàòîð³¿ HAD ó 1969 ð., ì³-
í³ìàëüíó � ó 1979 ð. Àìïë³òóäà êâàç³ñè-

Ðèñ. 3. Âåëè÷èíè ÂÂ(Ò) íà ð³çíèõ ìàãí³òíèõ îáñåðâàòîð³ÿõ ñâ³òó: à � çàõ³ä-
íîºâðîïåéñüê³ (1 � Õàðòëàíä (HAD), 2 � Í³ìåê (NGK)) òà ðîçì³ùåí³ íà Ñõ³äíî-
ºâðîïåéñüê³é ïëàòôîðì³ (4 � Âîºéêîâî (LNN), 5 � Ñâåðäëîâñüê (SVD)); á �
àç³éñüê³ (1 � ²ðêóòñüê (IRT), 2 � Øåøàíü (SSH), 3 � Êàê³îêà (KAK )); â � íà
²íäîñòàíñüê³é ïëàòôîðì³, ÿêà íàëåæèòü äî ²íäî-Àâñòðàë³éñüêî¿ ïëèòè (1 �
Àë³áàã (ABG), 2 � Êîäàéêàíàë (KOD), 3 � Òð³âàíäðóì (TRD), 4 � Àííàìàëàé-
íàãàð (ANN )); ã � íà Àâñòðàë³éñüê³é ïëàòôîðì³ ²íäî-Àâñòðàë³éñüêî¿ ïëèòè
(1 � Ãíàíãàðà (GNA), Çàõ³äíà Àâñòðàë³ÿ; 2 � Òóëàíã³ (TOO), Ñõ³äíà Àâñòðàë³ÿ).
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íóñî¿äè íà îáñåðâàòîð³¿ HAD çíà÷íî ìåí-
øà, í³æ íà îáñåðâàòîð³ÿõ NGK ³ LNN. Íà
îáñåðâàòîð³¿ SVD äî 1936 ð. ÂÂ(Ò) çì³íþ-
âàëèñü àíàëîã³÷íî çì³íàì íà îáñåðâàòîð³-
ÿõ NGK ³ LNN. Îäíàê ï³ñëÿ 1936 ð. ÂÂ(Ò)
çì³íþâàëèñü òóò ïîä³áíî äî çì³í ÂÂ(Ò) íà
îáñåðâàòîð³ÿõ Ñõ³äíîñèá³ðñüêî¿ ïëàòôîð-
ìè. ²íøèìè ñëîâàìè, íà îáñåðâàòîð³¿ SVD
ÂÂ(Ò) ìàþòü ôîðìó, ïåðåõ³äíó ì³æ ÂÂ(Ò)
íà Ñõ³äíîºâðîïåéñüê³é ³ Ñèá³ðñüê³é ïëàò-
ôîðìàõ. Îòæå, íà ºâðîïåéñüêèõ ìàãí³ò-
íèõ îáñåðâàòîð³ÿõ íóëüîâ³ çíà÷åííÿ ÂÂ(Ò)
ñïîñòåð³ãàëè ó 1897�1903, 1920�1930 ðð.,
à åêñòðåìàëüí³ � ó 1907�1909, 1936, 1947,
1970�1973, 1986 ðð.

Íà ðèñ. 3, á ïîêàçàí³ ãðàô³êè çì³íè
ÂÂ(Ò) íà òðüîõ àç³éñüêèõ ìàãí³òíèõ îá-
ñåðâàòîð³ÿõ. Îáñåðâàòîð³ÿ IRT ðîçì³ùåíà
íà ãðàíèö³ ì³æ ªâðàç³éñüêîþ (ªÀ) ³ Êè-
òàéñüêîþ (KÈ) òåêòîí³÷íèìè ïëèòàìè, äâ³
³íø³ íà KÈ-ïëèò³. Õàðàêòåðíèìè îñîáëè-
âîñòÿìè ãðàô³ê³â ÂÂ(Ò) íà îáñåðâàòîð³-
ÿõ º íàÿâí³ñòü äâîõ ÷àñîâèõ ³íòåðâàë³â, ó
ÿêèõ ÂÂ(Ò) < 0, òà êâàç³ñèíóñî¿äàëüí³ çì³-
íè ÂÂ(Ò), ïðè÷îìó ï³ñëÿ 1946 ð. êîëèâàí-
íÿ ìàþòü çàòóõàþ÷èé õàðàêòåð. Äðóãèé
³íòåðâàë ç ÂÂ(Ò)< 0 íà KÈ-ïëèò³ ñïîñòå-
ð³ãàëè ç 1960 ± 2 ðîêè äî 1979 ± 3 ðîêè.
Íà ªÀ-ïëèò³ éîãî íå ñïîñòåð³ãàëè, àëå ç
íàáëèæåííÿì äî KÈ-ïëèòè â³í íåçíà÷íî
ïðîÿâëÿºòüñÿ íà ìàãí³òíèõ îáñåðâàòîð³-
ÿõ SVD òà NVS. Âñ³ ³íø³ îáñåðâàòîð³¿, ÿê³
ðîçì³ùåí³ íà KÈ-ïëèò³ ìàþòü êîðîòø³ ðÿ-
äè ñïîñòåðåæåíü, àëå âîíè ÷³òêî çàô³ê-
ñóâàëè äðóãèé ï³ê ÂÂ(Ò) < 0. Òàê ñàìî, ÿê
íà KÈ-ïëèò³, çì³íþºòüñÿ ÂÂ(Ò) ³ íà Îõîò-
ñüê³é (ÎÕ) ïëèò³ (îáñåðâàòîð³ÿ Ïåòðîïàâ-
ëîâñüê-Êàì÷àòñüêèé � PET), íà ðèñ. 3, á
íå ïîêàçàíî. Àìïë³òóäè çì³í ÂÂ(Ò) íà KÈ-
ïëèò³ çðîñòàþòü ³ç çá³ëüøåííÿì øèðîòè
îáñåðâàòîð³¿. Îñíîâíîþ â³äì³íí³ñòþ ÂÂ(Ò)
íà ªÀ- ³ KÈ-ïëèòàõ º â³äñóòí³ñòü çì³í çíà-
êà ÂÂ íà ªÀ-ïëèò³ ó äðóã³é ïîëîâèí³ XXñò.,
õî÷à ñïîñòåð³ãàëè êâàç³ñèíóñî¿äó ìàëî¿ àì-
ïë³òóäè ÂÂ(Ò) > 0 ï³ñëÿ 1936 ð., ÿêà ðîç-
âèâàºòüñÿ ó ïðîòèôàç³ äî êâàç³ñèíóñî¿äè
íà KÈ-ïëèò³ â öåé ÷àñ. Ìåæåþ ïîä³ëó ð³ç-
íèõ òèï³â ÂÂ(Ò) íà ªÀ- òà KÈ-ïëèòàõ º
Óðàëüñüê³ ãîðè, ÿê³ ðîçä³ëÿþòü Ñõ³äíîºâ-
ðîïåéñüêó òà Çàõ³äíîñèá³ðñüêó ïëàòôîð-

ìè, ùî ï³äòâåðäæóº ðåçóëüòàò, îòðèìàíèé
ó ïóáë³êàö³¿ [Îðëþê òà ³í., 2016].

Íà ðèñ. 3, â çîáðàæåíî çì³íè ÂÂ(Ò) íà
îáñåðâàòîð³ÿõ ²íäîñòàíñüêî¿ ïëàòôîðìè.
Íàéäîâøèé ðÿä ñïîñòåðåæåíü ìàº ìàã-
í³òíà îáñåðâàòîð³ÿ ABG (âåäå ñïîñòåðå-
æåííÿ ç 1846 ð.). Õàðàêòåðíîþ îñîáëèâ³-
ñòþ ÂÂ(Ò) íà ²íäîñòàíñüê³é ïëàòôîðì³ º
äîäàòí³ çíà÷åííÿ ç 1847 äî 1962 ð., ÿê³ äî-
ñÿãëè ìàêñèìóìó â 1932 ð. Ç 1962 äî 1987 ±
± 2 ðîêè ÂÂ(Ò) < 0. Ìàêñèìàëüí³ àáñîëþò-
í³ çíà÷åííÿ ÂÂ(Ò) < 0 ó öåé ïðîì³æîê ÷à-
ñó ñïîñòåð³ãàëè â 1969 ð., çì³íó çíàêà �
â 1986ð. Òàêèé ñàìèé åêñêóðñ ó á³ê â³ä�ºì-
íèõ çíà÷åíü ÂÂ(Ò) ñïîñòåð³ãàëè íà ÊÈ-
ïëèò³, ùî çàñâ³ä÷óº ñïðÿæåí³ñòü äæåðåë
âàð³àö³é. Òàêèì ÷èíîì, ÿêùî íà ªÀ-ïëèò³
ÂÂ(Ò) çì³íþâàëè çíàê äî 1920-õ ðîê³â ³ â
ïîäàëüøîìó áóëè ïîçèòèâíèì, òî íà ²íäî-
ñòàíñüê³é ïëàòôîðì³ çíàê ÂÂ(Ò) > 0 äî ïî-
÷àòêó 1960-õ ðîê³â ³ íàäàë³ çì³íþâàâñÿ. Â³ä
1920-õ äî 1960-õ ðîê³â íà KÈ-ïëèò³ ñïîñ-
òåð³ãàºìî ð³ñò ÂÂ(Ò) > 0 (1946 ð. � ìàêñè-
ìóì) ³ ñïàä ÂÂ(Ò) > 0 äî íóëÿ íàïðèê³íö³
1960-õ ðîê³â.

Íà ðèñ. 3, ã ïîêàçàíî çì³íè ÂÂ(Ò) íà
Àâñòðàë³éñüê³é ïëàòôîðì³ ²íäî-Àâñòðàë³é-
ñüêî¿ (²À) ïëèòè. Íà çàõ³äíîàâñòðàë³éñü-
ê³é îáñåðâàòîð³¿ GNA ÂÂ(Ò) ïîä³áí³ äî ÂÂ(Ò)
íà KÈ-ïëèò³ òà ²íä³éñüê³é ïëàòôîðì³ äî
1979 ð. Çì³íè ÂÂ(Ò) ó Ñõ³äí³é Àâñòðàë³¿ ,
ÿêà ìàº ñêëàäíó òåêòîí³÷íó áóäîâó, ï³ñëÿ
1979 ð., â³äïîâ³äàþòü çì³íàì ÂÂ(Ò) íà Òè-
õîîêåàíñüê³é (ÒÎ) ïëèò³ ³ êðàùå êîðåëþ-
þòü ç âàð³àö³ÿìè íà Íîâîçåëàíäñüê³é îá-
ñåðâàòîð³¿ Àìáåðë³-Åéðâåéë (AML-EYR) (äèâ.
ðèñ. 4,à). Îáñåðâàòîð³ÿ EYR ðîçì³ùåíà íà
ìåæ³ ²A- i TO-ïëèò. Àìïë³òóäè ÂÂ(Ò) íà îá-
ñåðâàòîð³¿ GNA çíà÷íî á³ëüø³, í³æ íà îá-
ñåðâàòîð³¿ TOO. Ñïîñòåð³ãàºòüñÿ ïðîöåñ
çìåíøåííÿ àìïë³òóä ÂÂ(Ò) ç ÷àñîì. ßêùî
çì³ñòèòè êðèâó ÂÂ(Ò) îáñåðâàòîð³¿ GNA
ïî îñ³ îðäèíàò ïàðàëåëüíî ñàì³é ñîá³ íà
–36 íÒë, òî ÷àñ çì³íè çíàêà íà îáñåðâàòî-
ð³ÿõ áóäå îäíàêîâèé ³ ìàêñèìàëüí³ ÂÂ(Ò)
â 1947ð. çá³ãóòüñÿ. Ï³ñëÿ 1954ð. íà îáñåð-
âàòîð³¿ GNA çíà÷åííÿ áóäóòü â³ä�ºìíèìè
³ â 1969 ð. � íàéìåíøèìè çà àáñîëþòíîþ
âåëè÷èíîþ. Ôîðìàëüíà ïðîöåäóðà çì³ùåí-
íÿ êðèâî¿ ÂÂ(Ò) ïî îñ³ îðäèíàò ô³çè÷íî
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îçíà÷àº, ùî ÂÂ â öüîìó ðåã³îí³ ãåíåðó-
þòüñÿ äâîìà äæåðåëàìè � ïåðøå çì³í-
íå äæåðåëî ãåíåðóº îäíàêîâ³ ÂÂ(Ò) íà îá-
ñåðâàòîð³ÿõ GNA ³ TOO, äðóãå äæåðåëî äàº
ïîñò³éíó â ÷àñ³ ñêëàäîâó, ÿêó ñïîñòåð³ãà-
þòü ò³ëüêè ó Çàõ³äí³é Àâñòðàë³¿ (GNA). Òà-
êèì ÷èíîì, Àâñòðàë³ÿ ïîä³ëåíà íà äâ³ ÷àñ-
òèíè: íà çàõ³äí³é ñïîñòåð³ãàþòü ÂÂ(Ò) òà-
ê³ ñàì³ ÿê íà KÈ-ïëèò³ ³ íà ²íä³éñüê³é ïëàò-
ôîðì³, íà ñõ³äí³é � ïîä³áí³ äî ÂÂ(Ò) íà
ÒÎ-ïëèò³.

Íà ðèñ. 4, à ïîêàçàíî çì³íè ÂÂ(Ò) íà îá-
ñåðâàòîð³ÿõ, ðîçì³ùåíèõ íà ÒÎ-ïëèò³ òà
íà ìåæ³ ÒÎ-ïëèòè ç ²À-ïëèòîþ. Íàéäîâøèé
ðÿä ñïîñòåðåæåíü ìàþòü íîâîçåëàíäñüêà
îáñåðâàòîð³ÿ AML , ÿêà âåëà ¿õ äî 1978 ð.

(â 1979 ð. ïåðåíåñåíà â Åéðâåéë (EYR)),
òà API, ÿêà çíàõîäèòüñÿ íà îñòðîâàõ Ñà-
ìîà. Íà âñ³õ îáñåðâàòîð³ÿõ ñïîñòåð³ãàþòü
ìàëîçì³íí³ çà çíàêàìè ÂÂ(Ò). Ò³ëüêè îá-
ñåðâàòîð³ÿ AML  äî 1928 ð. ô³êñóâàëà íå-
âåëèê³ ÂÂ(Ò) > 0 òà îáñåðâàòîð³ÿ HON �
ÂÂ(Ò), ùî äîáðå êîðåëþþòü ç âàð³àö³ÿìè
íà ÏÀ-ïëèò³. Ìàëîçì³íí³ ÂÂ(Ò) íà ÒÎ-ïëè-
ò³ ïîêàçóþòü ñòàá³ëüí³ñòü òåêòîí³÷íèõ ïðî-
öåñ³â íà ïëèò³, ìàëèé âïëèâ çîâí³øí³õ äæå-
ðåë òà, ìîæëèâî, äåìïô³ðóâàëüíó ä³þ îêå-
àíñüêèõ òå÷³é íà ÂÂ.

Íà ðèñ. 4, á ïîêàçàíî çì³íè ÂÂ(Ò) íà
Àôðèêàíñüê³é òåêòîí³÷í³é ïëèò³. Íàéäîâ-
ø³ ðÿäè ñïîñòåðåæåíü ìàþòü îáñåðâàòî-
ð³¿ TAN íà Ìàäàãàñêàð³ òà HER ó Ï³âäåííî-

Ðèñ. 4. Âåëè÷èíè ÂÂ(Ò) íà îáñåðâàòîð³ÿõ: à � íà ÒÎ-ïëèò³ (1 � Ãîíîëóëó (HON))
³ íà ìåæ³ ÒÎ-ïëèòè ç ÃÀ-ïëèòîþ (2 � Ìàêóîð³ (MCQ), 3 � Àìáåðë³ (AML ), 4 �
Àï³à (API)); á � íà Àôðèêàíñüê³é òåêòîí³÷í³é ïëèò³ íà îáñåðâàòîð³ÿõ Ñõ³äíî¿
Àôðèêè (1 � Òàíàíàð³âå (TAN), 2 � Ìàïóòó (LMM ), 3 � Õàðòåáåñòîê (HBK), 4 �
Õåðìàíóñ (HER), 5 � Àä³ñ-Àáåáà (AAE)) òà Çàõ³äíî¿ Àôðèêè (6 � Ì�Áóð (MBO),
7 � Òàìàíðàññåò (TAM ), 8 � Áàíãó³ (BNG), 9 � Ãóéíàð (GUI)); â � ºãèïåòñüê³é
(1 � Õåëâåí-Ì³ññàëàò (HLW -MLT )), ãðóçèíñüê³é (2 � Òá³ë³ñ³ (TFS)), ë³âàíñüê³é
(3 � Êñàðà (KSA)), ðîñ³éñüê³é (4 � Êàçàíü (KZN)).
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Àôðèêàíñüê³é ðåñïóáë³ö³. Ïåðøîþ îñîá-
ëèâ³ñòþ ÂÂ(Ò) º òå, ùî çíà÷åííÿ ¿õ ó Ñõ³ä-
í³é Àôðèö³, ÿêà òåêòîí³÷íî àêòèâí³øà, çíà÷-
íî á³ëüø³, í³æ ó Çàõ³äí³é. Ó Ñõ³äí³é Àôðè-
ö³ ÂÂ(Ò) < 0 ³ çìåíøóºòüñÿ çà àáñîëþòíîþ
âåëè÷èíîþ ç ÷àñîì òà ³ç çìåíøåííÿì øè-
ðîòè îáñåðâàòîð³¿. Íà îñòð³âí³é îáñåðâà-
òîð³¿ TAN, ÿêà ðîçì³ùåíà áëèçüêî äî åê-
âàòîðà, íà ë³í³éíèé òðåíä íàêëàäàºòüñÿ
êâàç³ñèíóñî¿äà ç åêñòðåìóìàìè â 1947 òà
1969 ðð. Àáñîëþòí³ âåëè÷èíè ÂÂ(Ò) < 0
çìåíøóþòüñÿ ³ íà îáñåðâàòîð³ÿõ TAN, LMM ,
AAE â ³íòåðâàë³ ÷àñó 1989�2005 ðð. çì³-
íþþòü çíàê.

Íà îáñåðâàòîð³ÿõ MBO, TAM , BNG, GUI
âåëè÷èíè ÂÂ(Ò) ìàë³. Õàðàêòåðíîþ îñîá-
ëèâ³ñòþ ÂÂ íà Àôðèêàíñüê³é ïëèò³ º çìåí-
øåííÿì ¿õ àáñîëþòíèõ âåëè÷èí, ÿêå ðîç-
ïî÷àëîñÿ íàïðèê³íö³ 1970-õ ðîê³â. Öå çà-
ñâ³ä÷óº ðåëàêñàö³þ äæåðåë ãåîìàãí³òíîãî
ïîëÿ òà çìåíøåííÿ ãåîìàãí³òíî¿ àêòèâíîñò³.

Íà ðèñ. 4, â ïîêàçàíî çì³íè ÂÂ(Ò) íà
ºãèïåòñüê³é, ãðóçèíñüê³é, ë³âàíñüê³é ³ ðî-
ñ³éñüê³é îáñåðâàòîð³ÿõ. Îáñåðâàòîð³ÿ HLW-
MLT  çíàõîäèòüñÿ â çîí³ çåìëåòðóñ³â ³ ñó-
÷àñíîãî ãîðîóòâîðåííÿ íà ìåæ³ Àôðèêàí-
ñüêî¿ (ÀÔ) ³ Àðàâ³éñüêî¿ (ÀÐ) òåêòîí³÷íèõ
ïëèò, îáñåðâàòîð³ÿ KZN � íà ñõ³äí³é ìå-
æ³ Ñõ³äíîºâðîïåéñüêî¿ ïëàòôîðìè. ÂÂ(Ò)
íà îáñåðâàòîð³ÿõ çì³íþþòüñÿ ó ôàç³. Íàé-
äîâøèé ðÿä ñïîñòåðåæåíü ìàº îáñåðâà-
òîð³ÿ TFS, íà ÿê³é ó 1907 ð. ÂÂ(Ò) çì³íè-
ëà çíàê ç â³ä�ºìíîãî íà äîäàòíèé. Äîäàòí³
çíà÷åííÿ ÂÂ(Ò) çðîñòàëè äî 1936 ð. (ÿê ³
íà ºâðîïåéñüêèõ ñåðåäíüîøèðîòíèõ îá-
ñåðâàòîð³ÿõ (äèâ. ðèñ. 3, à)), ï³çí³øå ðîç-
ïî÷àâñÿ ¿õ ñïàä. Ìàêñèìóì ó 1936ð. íà îá-
ñåðâàòîð³ÿõ MLT , TFS âèïåðåäæóº òàêèé
ñàìèé ìàêñèìóì íà àç³àòñüêèõ îáñåðâà-
òîð³ÿõ IRT, SSH, KAK íà îäèí ñîíÿ÷íèé öèêë.

Íà ðèñ. 5, à ïîêàçàíî çì³íè ÂÂ(Ò) íà
ìàãí³òíèõ îáñåðâàòîð³ÿõ, ðîçì³ùåíèõ íà
Ï³âí³÷íîàìåðèêàíñüê³é (ÏÀ) ïëèò³. Îáñåð-
âàòîð³¿ ñõ³äíîãî Àòëàíòè÷íîãî óçáåðåææÿ
Ôðåäåð³êñáóðã (FRD) òà Àæåíêóðò (AGN)
ìàþòü íàéäîâø³ ðÿäè ñïîñòåðåæåíü ³ çà-
ô³êñóâàëè ÂÂ(Ò) íàéá³ëüøî¿ àìïë³òóäè,
á³ëüøó àìïë³òóäó ÂÂ(Ò) ñïîñòåð³ãàëè ò³ëü-
êè íà îáñåðâàòîð³¿ Òàíàíàð³âå. Åêñòðåìàëü-
í³ çíà÷åííÿ çàô³êñîâàíî ó 1920, 1947 ðð.

Ó 1968 ð. îáñåðâàòîð³þ AGN áóëî ïåðåíå-
ñåíî â Îòòàâó (OTT). ÂÂ(Ò) íà îáñåðâàòî-
ð³ÿõ çàõ³äíîãî (Òèõîîêåàíñüêîãî óçáåðåæ-
æÿ) ÏÀ-ïëèòè Ñ³òêà (SIT), Òàêñîí (TUC),
Â³êòîð³ÿ (VIC) ìàþòü ìåíøó àìïë³òóäó çì³í
ÂÂ(Ò). Íàéìåíø³ âåëè÷èíè ÂÂ(Ò) ñïîñ-
òåð³ãàëè íà àâðîðàëüí³é îáñåðâàòîð³¿ SIT.
Íà ö³é îáñåðâàòîð³¿ ÷³òêî çàô³êñîâàíî ï³ê
1969 ð.

Ôîðìè êðèâèõ ÂÂ(Ò) íà Àòëàíòè÷íî-
ìó òà Òèõîîêåàíñüêîìó óçáåðåææÿõ îä-
íàêîâ³, îäíàê ôàçè çì³í ð³çí³.

Íà ðèñ. 5,á ïîêàçàíî ÂÂ(Ò) íà îáñåðâà-
òîð³ÿõ ÏÀ-ïëèòè, ðîçì³ùåíèõ äàëåêî â³ä
îêåàí³â, àëå íà ð³çíèõ øèðîòàõ. ßê âèä-
íî, ñåðåäíüîøèðîòí³ îáñåðâàòîð³¿ ô³êñó-
þòü çì³íè ÂÂ(Ò) ïîä³áí³ äî çì³í íà Òèõî-
îêåàíñüêîìó óçáåðåææ³. Ç³ çá³ëüøåííÿì
øèðîòè íà ÂÂ(Ò) âèä³ëåíî äîäàòíèé ï³ê ó
1969 ð., îñîáëèâî äîáðå � íà ïîëÿðíèõ
îáñåðâàòîð³ÿõ BLC, CBB, MBC.

Íà ðèñ. 6 ïîêàçàíî ÂÂ(Ò) íà îáñåðâà-
òîð³ÿõ, ðîçì³ùåíèõ íà Ï³âäåííîàìåðèêàí-
ñüê³é (Ï³À) ïëèò³: Ôóêóåíà (FUQ, ϕ = 16°),
Òàòîêà (TTK, ϕ = 8°), Âàññîóðàñ (VSS, ϕ =
= –13°), Ï³ëàð (PIL, ϕ = –21°), Òðåëåâ (TRW,
ϕ = –33°) òà Õóàíêàéî (HUA , ϕ = –2°). Ó
äóæêàõ óêàçàíî ãåîìàãí³òí³ øèðîòè îáñåð-
âàòîð³é. Íà âñ³õ îáñåðâàòîð³ÿõ ÂÂ(Ò) < 0.
Ìàêñèìàëüí³ àáñîëþòí³ çíà÷åííÿ ÂÂ(Ò)<
< 0 ñïîñòåð³ãàëè íà ïðèåêâàòîð³àëüíèõ îá-
ñåðâàòîð³ÿõ FUQ, TTB, HUA ó 1969 ð., ùî
â³äîáðàæàº âïëèâ àòëàíòè÷íîãî â³ä�ºìíî-
ãî ôîêóñà ÂÂ. ÂÂ(Ò) íà îáñåðâàòîð³ÿõ TRW,
PIL ³ VSS íàé³ìîâ³ðí³øå â³äîáðàæàþòü âïëèâ
àíòàðêòè÷íîãî ôîêóñà ÂÂ. Îáñåðâàòîð³ÿ
HUA çàçíàº âïëèâó åêâàòîð³àëüíîãî ³îíî-
ñôåðíîãî åëåêòðîñòðóìåíÿ, òîìó ÂÂ(Ò) íà
îáñåðâàòîð³¿ äîáðå êîðåëþþòü ç ÂÂ íà îá-
ñåðâàòîð³ÿõ, ðîçì³ùåíèõ á³ëÿ ï³âäåííî-
ãî ìàãí³òíîãî ïîëþñó.

Íà ðèñ. 7 ïîêàçàíî ãðàô³êè ÂÂ(Ò) íà
íèçüêîøèðîòíèõ îáñåðâàòîð³ÿõ Òàíãåðàíã
(TNG), íà Ô³ë³ïï³íñüê³é (Ô²) ïëèò³, Òåî-
ëîþêàí íà ìåæàõ ÏÀ, Êàðèáñüêî¿ ïëèòè
(ÊÀ) òà ïëèòè Êîêîñ (ÊÎ) ³ ñóáàâðîðàëü-
í³é îáñåðâàòîð³¿ Äîìáàñ íà ªÀ-ïëèò³. Õà-
ðàêòåðíîþ ðèñîþ ö³º¿ ãðóïè îáñåðâàòîð³é
º íàÿâí³ñòü ÷³òêèõ ï³ê³â ó 1936 òà 1969 ðð.
Ï³ê 1936ð. çàô³êñîâàíî íà îáñåðâàòîð³ÿõ



Ï. Â. ÑÓÌÀÐÓÊ, Ò. Ï. ÑÓÌÀÐÓÊ

126 Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018

TFS, HLW-MLT , KZN (äèâ. ðèñ. 4, â) ³ íà áà-
ãàòüîõ ºâðîïåéñüêèõ îáñåðâàòîð³ÿõ, ïðè-
÷îìó àìïë³òóäà éîãî íà ºâðîïåéñüêèõ îá-
ñåðâàòîð³ÿõ çá³ëüøóºòüñÿ ³ç çá³ëüøåííÿì
øèðîòè. Ï³ê 1969 ð. � ÂÂ(Ò) çàô³êñîâàíî

íà âñ³õ ìàãí³òíèõ îáñåðâàòîð³ÿõ ñâ³òó, àëå
ð³çíîãî çíàêà. Íà íèçüêîøèðîòíèõ îáñåð-
âàòîð³ÿõ TNG òà TEO, ÿê³ çíàõîäÿòüñÿ íà
ïðîòèëåæíèõ çà äîâãîòîþ ÷àñòèíàõ Çåì-
ë³, âåëè÷èíè ÂÂ(Ò) àíòèêîðåëþþòü.

Ðèñ. 5. Çì³íè ÂÂ(Ò) íà ìàãí³òíèõ îáñåðâàòîð³ÿõ, ðîçì³ùåíèõ íà ÏÀ-
ïëèò³: à � ñõ³äíå Àìåðèêàíñüêå óçáåðåææÿ (1 � Ôðåäåð³êñáóðã (FRD),
2 � Àæåíêóðò (AGN), 3 � Ñ³òêà (SIT), 4 � Òàêñîí (TUC), 5 � Â³êòîð³ÿ
(VIC));  á � ð³çí³ øèðîòè (1 � Áîóëäåð (BOU, ϕ = 40°), 2 � Ì³íóê (MEA,
ϕ = 54°), 3 � Ôîðò ×åð÷èëë (FCC, ϕ = 59°), 4 � Áåéêåð Ëåéê (BLC, ϕ =
= 40°), 5 � Êåìð³äæ Áåé (CBB, ϕ = 69°), 6 � Ìîóëä Áåé (MBC, ϕ = 76°)).
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Ðèñ. 7. Çì³íè ÂÂ(Ò) íà íèçüêîøèðîòíèõ îáñåðâàòîð³ÿõ: 1 � Òàíãåðàíã
(TNG, ϕ = –6°, λ = 107°) íà Ô²-ïëèò³; 2 � Òåîëîþêàí (TEO, ϕ = 20°, λ =
= 260°) íà ìåæ³ ÏÀ-, ÊÀ- òà ÊÎ-ïëèò; 3 � íà ñóáàâðîðàëüí³é îáñåðâà-
òîð³¿ Äîìáàñ (DOB, ϕ = 62°, λ = 9°) íà ªÀ-ïëèò³.

Ðèñ. 6. Çì³íè ÂÂ(Ò) íà îáñåðâàòîð³ÿõ, ðîçì³ùåíèõ íà Ï³âäåííîàìåðè-
êàíñüê³é ïëèò³: 1 � Ôóêóåíà (FUQ, ϕ = 16°), 2 � Òàòîêà (TTK, ϕ = 8°),
3 � Âàññîóðàñ (VSS, ϕ = –13°), 4 � Ï³ëàð (PIL, ϕ = –21°), 5 � Òðåëåâ
(TRW, ϕ = –33°), 6 � Õóàíêàéî (HUA, ϕ = –2°)).
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Íà ðèñ. 8, à íàâåäåíî ÂÂ(Ò) ó âèñîêèõ
øèðîòàõ Ï³âí³÷íî¿ òà Ï³âäåííî¿ ï³âêóëü.
Çà äàíèìè îáñåðâàòîð³¿ GDH (ϕ = 69°, λ =
= 306 °E), ÿêà ðîçì³ùåíà ó Ãðåíëàíä³¿, ñïî-
ñòåð³ãàëè çì³íó çíàêà ÂÂ(Ò) ç â³ä�ºìíîãî

íà äîäàòíèé, òîáòî íàïðóæåí³ñòü ìàãí³ò-
íîãî ïîëÿ ïî÷àëà çðîñòàòè, â 1946 ð. Âå-
ëè÷èíà ÂÂ(Ò) ìàéæå ë³í³éíî çðîñòàëà äî
1969 ð. Öå ï³äòâåðäæóºòüñÿ äàíèìè îá-
ñåðâàòîð³é Òóëå (THU), Àëåðò (ALE ), Ðå-

Ðèñ. 8. Çì³íè ÂÂ(Ò) ó âèñîêèõ øèðîòàõ Ï³âí³÷íî¿ òà Ï³âäåííî¿ ï³âêóëü: à � ïîëÿð-
íà øàïêà Ï³âí³÷íî¿ ï³âêóë³ (îáñåðâàòîð³¿: 1 � Ãîäõàâí (GDH) (ϕ = 69°, λ = 306 °E), 2 �
Òóëå (THU), 3 � Àëåðò (ALE), 4 � Ðåçîëüþò Áåé (RES); âèñîê³ øèðîòè Ï³âäåííî¿ ï³â-
êóë³ (5 � Âîñòîê (VOS), 6 � Ìîëîäüîæíàÿ (MOL), 7 � Äüþìîí-ä-Þð-â³ëü (DRV), 8 �
Ìèðíèé (MIR), 9 � Ñêîò Áåéñ (SBA), 10 � Ìàóñîí (MAW )); á � àâðîðàëüíà çîíà
Ï³âí³÷íî¿ ï³âêóë³ (îáñåðâàòîð³¿: êàíàäñüê³ (1 �  Áàððîâ (BRW), 2 � Êîëåäæ (CMO)),
³ðëàíäñüêà (3 �  Ëåéðâîêóð (LVR)); ðîñ³éñüê³ (4 � DIK , 5 � TIK , 6 � CCS)).
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çîëüþò Áåé (RES), ÿê³ ðîçì³ùåí³ íà øèðî-
òàõ ïîíàä 70°. Ó âèñîêèõ øèðîòàõ Ï³âäåí-
íî¿ ï³âêóë³ íà àíòàðêòè÷íèõ îáñåðâàòîð³-
ÿõ Âîñòîê (VOS), Ìîëîäüîæíàÿ (MOL), Ñüî-
âà (SYO), Äüþìîí-ä-Þðâ³ë (DRV), Ìèðíèé
(MIR), Ñêîò Áåéñ (SBA) òà Ìàóñîí (MAW),
ÿê³  ðîçïî÷àëè  ïðàöþâàòè  ³ç  ïî÷àòêîì
Ì³æíàðîäíîãî ãåîô³çè÷íîãî ðîêó, â 1957
�1958 ðð. ñïîñòåð³ãàëè ð³çêå çá³ëüøåííÿ
â³ä�ºìíèõ çíà÷åíü ÂÂ(Ò), òîáòî ïðèñêî-
ðåíå çìåíøåííÿ íàïðóæåíîñò³ ãåîìàãí³ò-
íîãî ïîëÿ (ÂÂ(Ò) < 0). Íàé³íòåíñèâí³øèé
ïðîöåñ çìåíøåííÿ íàïðóæåíîñò³ ïîëÿ çà-
ô³êñîâàíî íà îáñåðâàòîð³ÿõ Íîâîëàçàðåâ-
ñüêà ³ Ñàíàº (ñåêòîð àôðèêàíñüêèõ äîâ-
ãîò). Ïðîöåñ çá³ëüøåííÿ ÂÂ(Ò) ó ï³âí³÷-
í³é ïîëÿðí³é øàïö³, òà çìåíøåííÿ � ó
ï³âäåíí³é òðèâàâ äî 1969 ð. Â³ä 1969 ð. ð³ñò
àáñîëþòíèõ âåëè÷èí ÂÂ(Ò) íà îáîõ ïîëÿð-
íèõ øàïêàõ çì³íèâñÿ çìåíøåííÿì ³ áëèçü-
êî 1979ð. ó ï³âí³÷í³é ïîëÿðí³é øàïö³ ÂÂ(Ò)=
= 0, à ó ï³âäåíí³é ïðîäîâæóº çìåíøóâàòèñü.

Íà ðèñ. 8, á ïîêàçàíî ÂÂ(Ò) ðîçì³ùåí³
ó ï³âí³÷í³é çîí³ ïîëÿðíèõ ñÿéâ. Êàíàäñüê³
îáñåðâàòîð³¿ BRW, CMO òà ³ðëàíäñüêà LVR,
ÿê³ ðîçì³ùåí³ áëèçüêî ïîëþñà, ô³êñóþòü
çì³íè ÂÂ(Ò) ïîä³áí³ äî çì³í ó ïîëÿðí³é øàï-
ö³ ìåíøî¿ àìïë³òóäè, à ðîñ³éñüê³ îáñåð-
âàòîð³¿ DIK , TIK  òà CCS çà ³íòåðâàë ÷àñó
ç 1947 äî 1979 ð. ðåºñòðóþòü çìåíøåííÿ
ÂÂ(Ò) > 0 ³ íàâ³òü çì³íó çíàêà. Òàêèé õà-
ðàêòåð çì³í ÂÂ(Ò) ó çîí³ ïîëÿðíèõ ñÿéâ
íå äàº çìîãó ïîÿñíèòè ÂÂ(Ò) ó âèñîêèõ øè-
ðîòàõ çñóâîì öåíòðàëüíîãî äèïîëÿ äî ï³â-
íî÷³. Êð³ì òîãî, ïåðåõ³ä ÷åðåç íóëü ÂÂ(Ò)
â³äáóâàºòüñÿ â àâðîðàëüí³é çîí³ â ð³çí³ ðî-
êè. Öå îçíà÷àº, ùî ÂÂ(Ò) ó ö³é çîí³ ãåíå-
ðóºòüñÿ äâîìà äæåðåëàìè: ³íòåíñèâí³ñòü
îäíîãî äæåðåëà çì³íþºòüñÿ ó ôàç³ ç³ çì³-
íàìè ó ïîëÿðí³é øàïö³; äðóãîãî � ïîñò³é-
íà, àëå çì³íþºòüñÿ ïðîñòîðîâî. Âåëè÷è-
íó ö³º¿ ïîñò³éíî¿ äëÿ ïåâíî¿ îáñåðâàòîð³¿
ÂÂ(Ò) ìîæíà çíàéòè, çñóíóâøè ïî îñ³ îð-
äèíàò êðèâ³ ÂÂ(Ò) ïàðàëåëüíî ñàìèì ñî-
á³ òàê, ùîá ïåðåõ³ä ÷åðåç íóëü â³äáóâñÿ ó
1979 ð. íà êîæí³é àâðîðàëüí³é îáñåðâà-
òîð³¿. Òå, ùî ÂÂ(Ò) ó âèñîêèõ øèðîòàõ íå
ìîæíà ïîÿñíèòè çì³ùåííÿì íà ï³âí³÷ öåíò-
ðàëüíîãî ãåîäèïîëÿ, çàñâ³ä÷óþòü ³ çì³íè
ÂÂ(Ò) ó ïîëÿðíèõ øàïêàõ îáîõ ï³âêóëü

ï³ñëÿ 1979 ð. Ó ï³âí³÷íèõ âèñîêèõ øèðî-
òàõ çì³íè ÂÂ(Ò) â³äáóâàëèñÿ çà êâàç³ñè-
íóñî¿äàìè ð³çíî¿ àìïë³òóäè, à ó ï³âäåííèõ
� çìåíøóâàëèñÿ çà àáñîëþòíîþ âåëè÷è-
íîþ ìàéæå ë³í³éíî (äèâ. îáñåðâàòîð³¿ MAW,
MOL, SYO, VOS, MIR). Ò³ëüêè íà îáñåðâà-
òîð³ÿõ DRV òà SBA, íàéáëèæ÷èõ äî ï³âäåí-
íîãî ãåîìàãí³òíîãî ïîëþñà, ïðîöåñ ë³í³é-
íîãî çìåíøåííÿ àáñîëþòíèõ âåëè÷èí ÂÂ
áóâ ïåðåðâàíèé ó 1991 ð. ³ ÂÂ(Ò) < 0 ïî÷à-
ëè òóò çðîñòàòè ïî àáñîëþòí³é âåëè÷èí³.

Îáãîâîðåííÿ. ßê ïîêàçàíî âèùå, â³êî-
â³ âàð³àö³¿ ãåîìàãí³òíîãî ïîëÿ, î÷èùåí³ â³ä
ñêëàäîâèõ, ãåíåðîâàíèõ çîâí³øí³ìè äæå-
ðåëàìè, ³íòåíñèâí³ñòü ÿêèõ çì³íþºòüñÿ ³ç
êîðîòêèìè ïåð³îäàìè, íà ð³çíèõ òåêòîí³÷-
íèõ ïëèòàõ ìàþòü ð³çí³ ãðàô³êè çàëåæíî-
ñò³ â³ä ÷àñó. Î÷åâèäíî, ÷àñîâ³ çì³íè â³ä
ð³çíèõ äæåðåë ìàþòü äàâàòè ñêëàäîâ³, âå-
ëè÷èíà ÿêèõ çàëåæèòü â³ä çì³íè ç ÷àñîì
³íòåíñèâíîñò³ êîæíîãî äæåðåëà. ßêùî äî-
ïóñòèòè, ùî ñêëàäîâ³ ÂÂ(Ò) â³ä ð³çíèõ äæå-
ðåë çì³íþþòüñÿ ñèíõðîííî ç³ çì³íîþ ãåî-
ìàãí³òíî¿ àêòèâíîñò³, òî ìîæíà ¿õ âèä³ëè-
òè, çíàþ÷è îñíîâí³ ïåð³îäè çì³í ö³º¿ àê-
òèâíîñò³. Âíóòð³øí³ äæåðåëà ÂÂ(Ò) ìîæóòü
áóòè ïëàíåòàðíèìè òà ðåã³îíàëüíèìè. Çã³ä-
íî ³ç ñó÷àñíèìè óÿâëåííÿìè, ïëàíåòàðíèì
äæåðåëîì ÂÂ º ñòðóìè íà ìåæ³ ÿäðî�ìàí-
ò³ÿ, ÿê³ ìîæóòü çì³íþâàòè ³íòåíñèâí³ñòü
³ ïîëîæåííÿ. Ç³ çá³ëüøåííÿì ³íòåíñèâíî-
ñò³ âíóòð³øí³õ ñòðóì³â ÂÂ(Ò) > 0 ³ , íàâ-
ïàêè, ç³ çìåíøåííÿì ³íòåíñèâíîñò³ ñòðó-
ì³â ÂÂ(Ò) < 0 ïî âñ³é Çåìë³. ²ç çì³íîþ ïî-
ëîæåííÿ ñòðóì³â çíàê ÂÂ(Ò) çàëåæèòü â³ä
íàïðÿìêó çì³ùåííÿ. Çì³íà ðåã³îíàëüíèõ
âíóòð³øí³õ äæåðåë âåäå äî òàêèõ ñàìèõ
çì³í ÂÂ(Ò) â îêðåìèõ ðåã³îíàõ. Àíàë³òè÷-
íå çîáðàæåííÿ òàêèõ âàð³àö³é ïîäàíî ó
áàãàòüîõ ïóáë³êàö³ÿõ [Êàëèíèí, 1984; Äå-
ìèíà è äð., 2008à,á], âèêîíàíî ïîøóê ô³-
çè÷íèõ ìåõàí³çì³â òàêèõ äæåðåë [Ðóçìàé-
êèí è äð., 1989]. Ïîð³âíÿííÿ ãðàô³ê³â ÂÂ(Ò)
íà ð³çíèõ òåêòîí³÷íèõ ïëèòàõ óêàçóº íà
çíà÷íèé âïëèâ òåêòîí³÷íèõ ïðîöåñ³â íà
ÂÂ(Ò), îñê³ëüêè ¿õ ÷àñîâ³ çì³íè ð³çí³ íà
ïëèòàõ ³ íàâ³òü íà ïëàòôîðìàõ îäí³º¿ ïëè-
òè. Òàê, ð³çíèìè º ÂÂ(Ò) íà ªÀ- ³ KÈ-ïëè-
òàõ, íà ñõ³äí³é ³ çàõ³äí³é ÷àñòèíàõ Àâñòðà-
ë³éñüêî¿ ïëàòôîðìè, íà Ï³âí³÷íîàìåðèêàí-
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ñüê³é òà Àôðèêàíñüê³é òåêòîí³÷íèõ ïëè-
òàõ. Íà êîæí³é òåêòîí³÷í³é ïëèò³ ãðàô³êè
çì³í ÂÂ(Ò) ñóòòºâî ð³çíÿòüñÿ. Âèä³ëåíî äâà
ðåã³îíè íà Çåìë³, íà ÿêèõ àìïë³òóäè çì³í
ÂÂ(Ò) ìàêñèìàëüí³. Ïåðøèé ðåã³îí � öå
ñõ³äíà ÷àñòèíà ÏÀ-ïëèòè, ÊÀ-ïëèòà òà ï³â-
í³÷íà ÷àñòèíà Ï³À-ïëèòè; äðóãèé � çàõ³ä-
íà ÷àñòèíà ²íä³éñüêîãî îêåàíó (îáñåðâà-
òîð³¿ TAN i PLS). Îáñåðâàòîð³¿ íà ÒÎ-ïëèò³
òà íà ìåæàõ ¿¿ ç ³íøèìè ïëèòàìè ñïîñòå-
ð³ãàþòü äóæå ìàë³ òà ìàëîçì³íí³ ÂÂ(Ò). Íà
ÂÂ(Ò), ùî ìàþòü âíóòð³øí³ äæåðåëà, òîá-
òî çàëåæàòü â³ä òåêòîí³÷íèõ ïðîöåñ³â, íà-
êëàäàºòüñÿ ñêëàäîâà, ùî ïîâ�ÿçàíà ³ç çîâ-
í³øí³ìè äæåðåëàìè, òîáòî çàëåæèòü â³ä
ñîíÿ÷íî¿ òà ãåîìàãí³òíî¿ àêòèâíîñò³.

Îñîáëèâî¿ óâàãè çàñëóãîâóþòü ÂÂ(Ò) ó
ïîëÿðíèõ øàïêàõ Çåìë³ òà íà øèðîòàõ çî-
íè ïîëÿðíèõ ñÿéâ. Ðÿäè ñïîñòåðåæåíü òóò
êîðîòê³ (íàéäîâøèé ðÿä ó öüîìó ðåã³îí³
ìàº îáñåðâàòîð³ÿ GDH, óñ³ ³íø³ ïî÷àëè âå-
ñòè ñïîñòåðåæåííÿ ó Ì³æíàðîäíèé ãåî-
ô³çè÷íèé ð³ê), òèì íå ìåíø õàðàêòåðí³
çì³íè ÂÂ(Ò) äàþòü çìîãó ïðèïóñòèòè, ùî
âîíè ò³ñíî ïîâ�ÿçàí³ ³ç ãåîìàãí³òíîþ òà ñî-
íÿ÷íîþ àêòèâí³ñòþ. Åêñòðåìóìè êðèâèõ
³ çì³íà çíàêà ÂÂ(Ò) çá³ãàþòüñÿ ³ç ìàêñè-
ìóìàìè ÷è ì³í³ìóìàìè ñîíÿ÷íî¿ àêòèâíî-
ñò³. Òàê³ ñàì³ çì³íè ñïîñòåð³ãàþòüñÿ ³ íà
ãðàô³êàõ çì³íè ÂÂ(Ò) ó ñåðåäí³õ øèðîòàõ
îáîõ ï³âêóëü Çåìë³, õî÷à àìïë³òóäà ¿õ ìåíøà.

Âèñíîâêè. Â³êîâ³ âàð³àö³¿ íàïðóæåíî-
ñò³ ãåîìàãí³òíîãî ïîëÿ íà îáñåðâàòîð³ÿõ,
ðîçì³ùåíèõ íà ð³çíèõ òåêòîí³÷íèõ ïëè-
òàõ, ñóòòºâî ð³çíÿòüñÿ ÿê çà àìïë³òóäàìè,
òàê ³ çà õàðàêòåðîì ÷àñîâèõ çì³í. Çà ÷àñ
³íñòðóìåíòàëüíèõ ñïîñòåðåæåíü àáñîëþò-
íèõ çíà÷åíü ïîëÿ ìàêñèìàëüí³ çíà÷åííÿ
ÂÂ(Ò) ñïîñòåð³ãàëè íà ÏÀ-, ÊÀ-ïëèòàõ ³
íà øåëüô³ ÀÔ-ïëèòè. Îáñåðâàòîð³¿, ãðà-
ô³êè ÷àñîâèõ çì³í ÂÂ(Ò) ÿêèõ î÷èùåí³ â³ä
êîðîòêîïåð³îäíèõ âàð³àö³é, ãåíåðîâàíèõ
çîâí³øí³ìè äæåðåëàìè, çà õàðàêòåðîì çì³í
ìîæíà ïîä³ëèòè íà 10 ãðóï, ùî íàâåäåí³
íèæ÷å:
1) âèñîêîøèðîòí³ îáñåðâàòîð³¿ Ï³âí³÷íî¿

òà Ï³âäåííî¿ ï³âêóëü Çåìë³, ÿê³ îõîïëþ-
þòü ïîëÿðí³ øàïêè òà àâðîðàëüí³ çîíè
ªÀ-, ÏÀ- òà ÀÍ-ïëèò;

2) íèçüêîøèðîòí³ ïðèåêâàòîð³àëüí³ îáñåð-

âàòîð³¿, ÿê³ ðîçì³ùåí³ íà ÏÀ-, ÀÔ-, ²Ê-
ïëèòàõ;

3) Çàõ³äíîºâðîïåéñüê³ îáñåðâàòîð³¿ (NGK,
HAD) òà îáñåðâàòîð³¿ íà Ñõ³äíîºâðîïåé-
ñüê³é ïëàòôîðì³ ó ñåðåäí³õ øèðîòàõ ªÀ-
ïëèòè (LNN, SVD);

4) îáñåðâàòîð³¿, ùî ðîçì³ùåí³ íà Çàõ³äíî-
ñèá³ðñüê³é, Ñèá³ðñüê³é ïëàòôîðìàõ, ªÀ-
òà ÊÈ-ïëèò³;

5) îáñåðâàòîð³¿ ²íäîñòàíñüêî¿ ïëàòôîðìè
²À-ïëèòè;

6) ñåðåäíüîøèðîòí³ îáñåðâàòîð³¿ ÏÀ-ïëèòè;
7) îêðåìà ãðóïà îáñåðâàòîð³é: MLT  � â

ªãèïò³, KSA � â Ë³âàí³, TFS � â Ãðóç³¿
òà KZN � íà Âîëç³;

8) ãðóïà îáñåðâàòîð³é, ðîçì³ùåíèõ íà Ï³À-
òà ÊÀ-ïëèòàõ;

9) îáñåðâàòîð³¿ íà Àâñòðàë³éñüê³é ïëàò-
ôîðì³;

10) îáñåðâàòîð³¿ íà ÒÎ-ïëèò³ òà íà ¿¿ ìå-
æàõ.
Ãðàô³êè ÂÂ(Ò) íà êîæí³é ç âèùåïåðå-

ë³÷åíèõ  ãðóï  îáñåðâàòîð³é  çì³íþþòüñÿ
îñîáëèâèì ÷èíîì ò³ëüêè äëÿ ïåâíî¿ ãðó-
ïè ñïîñîáîì. Çíàêîçì³íí³ ÂÂ(Ò) ñïîñòå-
ð³ãàþòü ò³ëüêè íà ªÀ-, ÊÈ- òà ²À-ïëèòàõ
³ âèñîêîøèðîòíèõ îáñåðâàòîð³ÿõ Êàíàäè
(FCC, BLC, CBB, MBC). Íà îáñåðâàòîð³ÿõ,
ÿê³ ðîçì³ùåí³ íà ìåæ³ ì³æ Ñõ³äíîºâðî-
ïåéñüêîþ òà Çàõ³äíîñèá³ðñüêîþ ïëàòôîð-
ìàìè (SVD, NVS), ñïîñòåð³ãàºìî ãðàô³êè
ÂÂ(Ò) ïåðåõ³äíîãî òèïó. Çíàêîçì³íí³ êîëè-
âàííÿ ÂÂ(Ò) íà Ñèá³ðñüê³é ïëàòôîðì³, ªÀ-
òà ÊÈ-ïëèò³ � àíòèêîðåëþþòü ç ÂÂ(Ò)< 0
êîëèâàííÿìè íà ÏÀ-ïëèò³. Çíà÷íèé âïëèâ
íà â³êîâ³ âàð³àö³¿ ìàº ³íòåíñèâí³ñòü òåê-
òîí³÷íèõ ïðîöåñ³â. Öå äîáðå ï³äòâåðäæó-
ºòüñÿ ÂÂ(Ò) ó Ñõ³äí³é ³ Çàõ³äí³é Àôðèö³,
Ñõ³äí³é ³ Çàõ³äí³é Àâñòðàë³¿, íà Àòëàíòè÷-
íîìó ³ Òèõîîêåàíñüêîìó óçáåðåææÿõ ÏÀ-
ïëèòè. Ó ïîëÿðíèõ øàïêàõ ³ çîíàõ ïîëÿð-
íèõ ñÿéâ, íà ºâðîïåéñüê³é òà àç³àòñüê³é
÷àñòèíàõ ªÀ-ïëèòè ÂÂ(Ò) ì³ñòÿòü çíà÷íó
çà âåëè÷èíîþ êîìïîíåíòó, ïîâ�ÿçàíó ³ç ñî-
íÿ÷íîþ òà ãåîìàãí³òíîþ àêòèâíîñòÿìè. Òà-
êîãî ñàìîãî âïëèâó, àëå ìåíøîãî çà âåëè-
÷èíîþ çàçíàº ÂÂ(Ò) íà ñåðåäíüîøèðîò-
íèõ îáñåðâàòîð³ÿõ. Öå ïèòàííÿ ïîòðåáóº
îêðåìîãî äîñë³äæåííÿ.

Îñíîâíîþ çàêîíîì³ðí³ñòþ çàãàëüíî¿ êàð-
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òèíè â³êîâî¿ âàð³àö³¿ ãåîìàãí³òíîãî ïîëÿ
º � ïîäàëüøå çìåíøåííÿ íàïðóæåíîñò³
ïîëÿ íà âñ³é Çåìë³. Ðåãóëÿðíå íåâåëèêå
çá³ëüøåííÿ ïîëÿ ñïîñòåð³ãàºìî ò³ëüêè íà
ºâðîïåéñüê³é ÷àñòèí³ ªÀ-ïëèòè, ïðè÷îìó
ïðîöåñ çá³ëüøåííÿ òóò â³äáóâàºòüñÿ ó êî-
ëèâíîìó ðåæèì³ ó ôàç³ ç³ çì³íîþ ãåîìàã-
í³òíî¿ àêòèâíîñò³.
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Secular variations of the geomagnetic field
on litosphere plates of the Earth

 P. V. Sumaruk, T. P. Sumaruk, 2018

The dependence of the value and sign of the geomagnetic secular variations (SV)
refined of 3- and 11-year components on the position of observatories at different tec-
tonic plates is investigated. The observatories of the long row observations were used
for the studies. It is shown, that SV contain the components from internal and external
sources. The values of the components change from plate to plate and even on the sa-
me plate. The secular variations have greater amplitudes in the regions with the inten-
sive tectonic processes. Ten regions, having peculiar character of the SV, are distin-
guished. Secular variation may be of opposite phases in different tectonic plates, but
extremes of their curves of hourly changes and the change of SV sign in most cases
coincide with maximums and minimums of solar and geomagnetic activities. The as-
sumption is made that internal and external sources of SV of the geomagnetic field are
mutually connected. External sources play an important role in generation of SV. The
maximal amplitudes of SV during all observational period were observed in two regi-
ons: the first region � the eastern part of the North-American plate, Caribbean plate
and the northern part of the South-American plate, the second region � the western
part of the Indian ocean. The value of SV component from the external sources de-
pends on the geomagnetic latitudes of the observation places. Its amplitude increases
with the increase of latitude of the observatories. The maximal values of SV compo-
nents from external sources are observed at the magnetic and geomagnetic poles. The
influence of the external sources on SV value is observed at the observatories placed
under equatorial ionospheric electrojet. The main peculiarity of the nowadays geomag-
netic field secular variations is decreasing the field intensity in the most regions of the
Earth. In the second half of the twentieth century the regular small increasing of the
field is observed only in the European part of Eurasian plate.

Key words: geomagnetic field, secular variation, external sources, lithospheric plates.
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ÏÀÌßÒÈ Ó×ÅÍÎÃÎ

Àíäðåé Íèêîëàåâè÷ Ãåðàñèìåíêî ðî-
äèëñÿ â Ãàëè÷å 13 äåêàáðÿ 1947 ã. â ñå-
ìüå ñëóæàùèõ. Äåòñòâî Àíäðåÿ ïðîøëî
â Ëàí÷èíå, ñòàðèííîì ìåñòå÷êå â æèâî-
ïèñíûõ ìåñòàõ Ïðåäêàðïàòüÿ íà áåðåãó
ð. Ïðóò. Ñðåäíþþ øêîëó çàêîí÷èë â Èâà-
íî-Ôðàíêîâñêå. Â 1966 ã. Àíäðåé ïîñòó-
ïèë íà ãåîëîãî-ðàçâåäî÷íûé ôàêóëüòåò
Èâàíî-Ôðàíêîâñêîãî èíñòèòóòà íåôòè è
ãàçà, ãäå ïðèíèìàë ó÷àñòèå â ðàáîòå ñåê-
öèè ôèçèêè è ìàòåìàòèêè ñòóäåí÷åñêî-
ãî íàó÷íîãî îáùåñòâà ïîä ðóêîâîäñòâîì
ïðîôåññîðà Å. Ì. Ñêóáëåâñêîãî. Â 1967 ã.
íà 5-é ñòóäåí÷åñêîé íàó÷íî-òåõíè÷åñêîé
êîíôåðåíöèè ÈÔÈÍÃ À. Í. Ãåðàñèìåíêî

â ñîàâòîðñòâå ñ À. À. Ñíàðñêèì1 áûëè ïðåä-
ñòàâëåíû äîêëàäû: �Îïðåäåëåíèå çåìíî-
ãî òÿãîòåíèÿ ìåòîäîì ïðóæèíû� è �Îá
îäíîì âîïðîñå, ñâÿçàííîì ñ ôóíêöèåé ãðà-
âèòàöèè�, îòìå÷åííûå ïðåìèåé ñòóäåí-
÷åñêèõ ðàáîò ïî ôèçèêå ÂÄÍÕ â Ìîñê-
âå. Îäíà èç ñòàòåé �Îá îäíîì âîïðîñå ...�
â 1968 ã. áûëà îïóáëèêîâàíà â �Çàïèñêàõ
Ëåíèíãðàäñêîãî ãîðíîãî èíñòèòóòà, ñåðèÿ
ôèçèêà�. Àíäðåé òàê ïðîêîììåíòèðîâàë
åå ïóáëèêàöèþ â ïèñüìå ê Àíäðåþ Ñíàð-
ñêîìó: �Ìíå ïðåäëîæèëè íàïå÷àòàòü òó
ñòàòüþ, êîòîðóþ ìû âìåñòå ïðåäñòàâ-
ëÿëè íà êîíôåðåíöèè â ïðîøëîì ó÷åáíîì
ãîäó â ÈÔÈÍÃå êàê äèñêóññèîííóþ � ýòî

ÏÀÌßÒÈ ÀÍÄÐÅß ÍÈÊÎËÀÅÂÈ×À
ÃÅÐÀÑÈÌÅÍÊÎ

(13.12.1947�06.08.1982)

1Ñíàðñêèé Àíäðåé Àëåêñàíäðîâè÷ � äîêòîð ôèçèêî-ìàòåìàòè÷åñêèõ íàóê, ïðîôåññîð êà-
ôåäðû îáùåé è òåîðåòè÷åñêîé ôèçèêè ÍÒÓÓ �ÊÏÈ�.
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êàñàåòñÿ, ïðåæäå âñåãî, ïðèìåíåíèÿ ê
ãðàâèòàöèîííûì âçàèìîäåéñòâèÿì óðàâ-
íåíèé Ìàêñâåëëà (à ïîýòîìó äëÿ ìîëîäå-
æè ËÃÈ âåñüìà ïîëåçíóþ) � çäåøíèå ôè-
çèêè ñî÷ëè âîçìîæíûì íàïå÷àòàòü�.

Ñîâìåñòíàÿ ðàáîòà ñòóäåíòîâ, äâóõ Àíä-
ðååâ, ñòàëà íà÷àëîì ìíîãîëåòíåé ïåðåïè-
ñêè ìîëîäûõ ó÷åíûõ (ñ 1967 ïî 1976 ã.).
Äàëåå ïî òåêñòó êóðñèâîì îáîçíà÷åíû âû-
äåðæêè èç ïèñåì Àíäðåÿ ê À. Ñíàðñêîìó.

Èç ïèñüìà Àíäðåÿ ñ ãåîëîãè÷åñêîé ïðàê-
òèêè ÈÔÈÍÃà â 1967 ã.: Âñå ýòè äíè çà-
íèìàþñü ìàòåìàòèêîé, â ÷àñòíîñòè, ñ
îäíèì èç êðàñèâåéøèõ ðàçäåëîâ åå � òåî-
ðèåé àíàëèòè÷åñêèõ ôóíêöèé. Íåäàâíî,
âïðî÷åì, íàòêíóëñÿ íà îäíó êíèæîíêó â
çäåøíåé áèáëèîòåêå (óäèâèòåëüíî, îò-
êóäà â òàêîé ãëóøè áèáëèîòåêà âçÿëàñü),
íàçûâàåòñÿ îíà �Ìîäåëèðîâàíèå ñëîæíûõ
ñèñòåì� Àìîñîâà Í. Ì., ê êîòîðîé òàê
ïðèñîñàëñÿ, ÷òî íå îòðûâàÿñü, ïðî÷åë åå
â îäèí äåíü. Ìîäåëèðîâàíèå îòíîñèòñÿ,
ïðàâäà, ê òàê íàçûâàåìûì áèîëîãè÷åñêèì
ñèñòåìàì, òåì íå ìåíåå, ÷óâñòâóåòñÿ ñè-
ëà ýòîãî ìåòîäà è íå òîëüêî â îäíîé áèî-
ëîãèè, íî è â äðóãèõ ñëîæíûõ ïðîöåññàõ
âñåâîçìîæíûõ îòðàñëåé åñòåñòâåííûõ
íàóê, â îñîáåííîñòè òàì, ãäå êîëè÷åñò-
âåííûé ìåòîä ìàòåìàòèêè ñòàíîâèòñÿ
áåññèëüíûì. Ïîýòîìó óñïåõè ðàçâèòèÿ
ìàòåìàòèêè â âûøåóêàçàííûõ ðàçäåëàõ
åñòåñòâîçíàíèÿ â ïîëíîé ìåðå çàâèñÿò
îò ðàçâèòèÿ ìîäåëèðîâàíèÿ. Ñëîæíûå
ïðîöåññû ðàçâèòèÿ îðîãåíåçà, ãåîñèíêëè-
íàëüíûõ îáëàñòåé, ïëàòôîðìåííûõ ó÷à-
ñòêîâ è äð. ñ ïîìîùüþ ìîäåëèðîâàíèÿ ìî-
ãóò áûòü ïðåäñòàâëåíû â ñòðîéíûé ðÿä
ñèñòåì óðàâíåíèé àëãåáðû, ÷òî ñäåëàëî
áû âîçìîæíûì âñêðûòèå ïðè÷èí âîçíèê-
íîâåíèÿ ýòèõ òåêòîíè÷åñêèõ è ñòðóê-
òóðíûõ îñîáåííîñòåé çåìíîé êîðû.

... Ãäå-òî â ñåðåäèíå ïðàêòèêè ìû õî-
òåëè âíåñòè â îò÷åò ïî ãåîëîãè÷åñêîé
ïðàêòèêå îäíó ãëàâó , ñîäåðæàíèå êîòî-
ðîé âûòåêàëî áû èç íàøèõ íàáëþäåíèé
íàä çàâèñèìîñòüþ ðàñïðîñòðàíåíèÿ ðàñ-
òèòåëüíîñòè îò âûõîäîâ â òåõ èëè èíûõ
çîíàõ âèäîâ ãîðíûõ êîðåííûõ ïîðîä. Òà-
êàÿ çàêîíîìåðíîñòü áûëà íàìè ïîäìå÷å-
íà. Íàïðèìåð, áåðåçà ðàñòåò òîëüêî ó

âûõîäîâ ïåñ÷àíèñòûõ ïîðîä; ó âûõîäîâ
àðãèëëèòîâ (ãëèíèñòûõ) ïîðîä ðàñòóò,
êàê ïðàâèëî, ìàëèíà, øèïîâíèê è íåêî-
òîðûå äð. Âàæíîñòü ïîäîáíîãî èññëåäî-
âàíèÿ ñòàíîâèòñÿ ïîíÿòíîé, åñëè ó÷åñòü
öåëûé ðÿä òðóäíîñòåé, ñâÿçàííûõ ñ î÷åíü
ïëîõîé îáíàæåííîñòüþ ñêðûòûõ ïîä äî-
âîëüíî ìîùíûì ÷åõëîì ÷åòâåðòè÷íûõ îò-
ëîæåíèé äðåâíèõ ãîðíûõ ïîðîä. Íî òðóä-
íîñòü èññëåäîâàíèé òàêîé çàâèñèìîñòè,
êàê ýòî îêàçàëîñü ïðè ïåðâûõ íàøèõ ïî-
ïûòêàõ, ïðîèñòåêàëà îò ñîâåðøåííîãî
íåçíàíèÿ íàìè áîòàíèêè. ß ñðàçó æå íà-
ïèñàë äîìîé ðîäèòåëÿì ñ ïðîñüáîé íåìåä-
ëåííî âûñëàòü êíèãó �Ãåîáîòàíè÷åñêèå
ìåòîäû ïîèñêîâ ïîëåçíûõ èñêîïàåìûõ�,
êîòîðóþ êóïèë åùå, áóäó÷è â ïðîøëîì ãî-
äó íà ÂÄÍÕ â Ìîñêâå. Îòöà, ê ñîæàëåíèþ,
íå áûëî â òî âðåìÿ äîìà, à ìàìà âûñëà-
ëà ìíå êíèãè ñîâåðøåííî íå ïî òîé òå-
ìàòèêå, êîòîðóþ ÿ ïðîñèë.

Òîò ôàêò, ÷òî îáúåêòîì èññëåäîâàíèé
ó ãåîëîãîâ è ãåîôèçèêîâ ÿâëÿåòñÿ Çåìëÿ,
ñëóæàùàÿ ïðè îáû÷íûõ ëàáîðàòîðíûõ èñ-
ñëåäîâàíèÿõ îñíîâíîé ñèñòåìîé âíèìà-
íèÿ, äåëàëî íåïðèãîäíûìè öåëûé ðÿä èäå-
àëèçèðóþùèõ äîïóùåíèé, èñïîëüçóåìûõ
ïî÷òè ïîâñåìåñòíî â ôèçèêå. Âñå ýòî óñ-
òðàíÿåòñÿ, îäíàêî, ñ ïîìîùüþ îáùåé òå-
îðèè èíôîðìàöèè. Ñîáñòâåííî ãîâîðÿ, ýòî
åñòü, íà ìîé âçãëÿä, îäèí èç ìåòîäîâ êè-
áåðíåòèêè, ñóëÿùèé â ãåîôèçèêå ðÿä ðå-
âîëþöèîííûõ ïðåîáðàçîâàíèé åå ìåòî-
äîâ, à ñîâìåñòíî ñ ìîäåëèðîâàíèåì òðóä-
íî ïåðåîöåíèòü åå çíà÷åíèå â ãåîëîãèè.
Èñïîëüçîâàíèå â òåîðèè èíôîðìàöèè òà-
êèõ ðàçäåëîâ, êàê òåîðèÿ ãðóïï, ìíîæåñòâ,
òîïîëîãèè, ìåòîäîâ êâàíòîâàíèÿ ïîëåé,
ïðàâäà, íåñêîëüêî çàòðóäíÿåò, à â ñîîò-
âåòñòâóþùèõ ìåñòàõ äåëàåò ïî÷òè íå-
âîçìîæíûì ïîíèìàíèå èõ. Çäåñü ñêàçû-
âàåòñÿ ïðîñòî íåäîñòàòî÷íîñòü ìàòå-
ìàòè÷åñêîé ïîäãîòîâëåííîñòè, õîòÿ íà
ýòî, ìíå êàæåòñÿ, ñòîèò îáðàòèòü âíè-
ìàíèå.

Â 1968 ã. Àíäðåé, âäîõíîâëåííûé ñòðî-
êàìè ïðåäèñëîâèÿ êíèãè �Ìàãíèòîðàç-
âåäêà� À. À. Ëîãà÷åâà îá èñïîëüçîâàíèè
â ëàáîðàòîðèÿõ Ëåíèíãðàäñêîãî ãîðíîãî
èíñòèòóòà íîâîé âû÷èñëèòåëüíîé òåõíè-
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êè, ïîäàåò äîêóìåíòû äëÿ ïåðåâîäà â ýòîò
âóç. Ïåðåâîä ñîñòîÿëñÿ îñåíüþ ïðè ïîä-
äåðæêå äåêàíà ãåîôèçè÷åñêîãî ôàêóëü-
òåòà È. Ã. Êëóøèíà.

�Íåäàâíî, ñîâñåì íåäàâíî ïîëó÷èë ÿ ,
íàêîíåö, âîçìîæíîñòü îòïðàâèòü äîìîé
òåëåãðàììó ñ òàêèì òåêñòîì: «Ïðèíÿò
Ãåîôèçè÷åñêèé îêîí÷àòåëüíî. Àíäðåé». À
äåíü ïåðåä òåì ÿ îòïðàâèë ïèñüìî òóäà
æå ñ ñîâñåì èíûì ñîäåðæàíèåì, ñ÷èòàÿ
ïðèåì â Ãîðíûé èíñòèòóò áåñïîâîðîò-
íî è îêîí÷àòåëüíî íåóäàâøèìñÿ. Íå ïðàâ-
äà ëè, � êàêàÿ áûñòðàÿ è ñòîëü íåîæè-
äàííàÿ ïåðåìåíà íàñòðîåíèé? Âïðî÷åì,
áóäó÷è åùå äîìà, â Èâàíî-Ôðàíêîâñêå, â
êàêîé-òî ìåðå ÿ ïðåä÷óâñòâîâàë ýòî îá-
ñòîÿòåëüñòâî, íå ïîçâîëèâøåå áû ìíå ïå-
ðåéòè íà Ãåîôèçè÷åñêèé ôàêóëüòåò Ãîð-
íîãî èíñòèòóòà, ÷òî, îäíàêî, ïîìåøàëî
ìíå ïðèíÿòü ñîîòâåòñòâóþùèå ìåðû (îêà-
çàâøèåñÿ áû òàêæå áåçíàäåæíûìè) çàðà-
íåå, òàê ýòî � «íàäåæäà � âåðíàÿ ñåñò-
ðà». Äåëî â òîì, ÷òî �ïî ñîñòîÿíèþ çäî-
ðîâüÿ ê îáó÷åíèþ â ËÃÈ� ÿ ïðèçíàí «íå-
ãîäíûì». Íåñìîòðÿ íà òî, ÷òî öåíîé è
ïîòåðÿííîãî âðåìåíè äàðîì, è çäîðîâüÿ
è ïð., à òàêæå è ïîòåðÿííîãî âðåìåíè
ó÷àùèõñÿ â Ëåíèíãðàäñêîì Ãèäðîìåòåî-
ðîëîãè÷åñêîì Èíñòèòóòå èâàíî-ôðàíêîâ-
öåâ, ÿ âñå-òàêè ïðåäñòàâèë óäîâëåòâî-
ðèòåëüíûå ìåäèöèíñêèå ñïðàâêè. Â ìåä-
ïóíêòå íà íèõ ïîñìîòðåëè äîâîëüíî ðàâ-
íîäóøíî è ïîïðîñèëè ïîêàçàòü âîåííûé
áèëåò, â êîòîðîì óêàçàíà ñòàòüÿ ïî ðàñ-
ïèñàíèþ áîëåçíåé è ïî êîòîðîé ÿ äàæå
ñíÿò ñ âîèíñêîãî ó÷åòà, à òåì ïà÷å � è
ñ âîèíñêîé îáÿçàííîñòè. Íèêàêèå óãîâî-
ðû, äîêàçàòåëüñòâà, ðàññóæäåíèÿ ýôôåê-
òà íå ïðîèçâåëè íà íèõ íèêîãî âïå÷àò-
ëåíèÿ, è ìíå êàçàëîñü, ÷òî âñå óæå êîí-
÷åíî. (Â ñïðàâêå ñ ìîåé ôàìèëèåé ñîîá-
ùàëîñü îòíþäü íå î ìîåì óäîâëåòâîðè-
òåëüíîì ñîñòîÿíèè çäîðîâüÿ, ðàçóìååò-
ñÿ.) Íî âñå-òàêè ÿ íàæèìàë íà òî, ÷òî â
íàñòîÿùåå âðåìÿ, ñóäÿ ïî ðåçóëüòàòàì
ìåäèöèíñêîãî îáñëåäîâàíèÿ, ïðåäñòàâëåí-
íûì â ìåä. ñïðàâêå, ìîå çäîðîâüå âïîëíå
óäîâëåòâîðèòåëüíî è ÷òî ÿ íèñêîëüêî íå
â ñîñòîÿíèè ïîíÿòü � ê ÷åìó âñÿêîå òàì
ðûòüå â ìîèõ äåòñêèõ áîëåçíÿõ è ò. ä.

è ò. ï. Íî ïîçæå, âñå-òàêè, âñå îêàçàëîñü
â ïîðÿäêå. Äåêàí ñîãëàñèëñÿ ïðèíÿòü ìå-
íÿ, íåâçèðàÿ íà ïðîòåñòû «èíñòèòóò-
ñêèõ êðûñ-ìåäèêîâ», è âîò òîëüêî íåäàâ-
íî ïîëó÷èë ñòóäåí÷åñêèé áèëåò, äàâøèé
ìíå âîçìîæíîñòü ïîñåùàòü ÷èòàëüíûå
çàëû è áèáëèîòåêè. Ïîñòîÿííîå ìåñòî â
îáùåæèòèè ïîëó÷èë òîëüêî â÷åðà. Ýòî,
âïðî÷åì, îãðîìíîå âîñüìèýòàæíîå çäàíèå,
íàõîäÿùååñÿ â î÷åíü òèõîì, ñïîêîéíîì ìå-
ñòå Âàñèëüåâñêîãî îñòðîâà, â êîòîðîì æè-
âóò ñòóäåíòû Ãåîëîãîðàçâåäî÷íîãî, Ãåî-
ôèçè÷åñêîãî è Øàõòîñòðîèòåëüíîãî ôà-
êóëüòåòîâ, à òàêæå ñòóäåíòû-èíîñòðàí-
öû, êîòîðûõ çäåñü, êàê ãîâîðèòñÿ, ñïëîøü
è ðÿäîì; ïðåèìóùåñòâåííî � êóáèíöû,
àçèàòû è àôðèêàíöû.�

�Íåäàâíî ïîëó÷èë ñòóäåí÷åñêèé áèëåò,
äàâøèé ìíå âîçìîæíîñòü ïîñåùàòü ÷è-
òàëüíûå çàëû è áèáëèîòåêè. Ãîòîâëþñü
ñåé÷àñ ê äîñäà÷å ýêçàìåíîâ è çà÷åòîâ ïî
óðàâíåíèÿì ìàòåìàòè÷åñêîé ôèçèêè è
ñïåöèàëüíûì ôóíêöèÿì, âû÷èñëèòåëüíîé
ìàòåìàòèêè, âû÷èñëèòåëüíûì ìàøèíàì
è ïðîãðàììèðîâàíèþ, à òàêæå ìàãíèòî-
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ðàçâåäêå. Ðàáîòû ïîêà î÷åíü ìíîãî. Äó-
ìàþ, îäíàêî, ê ñåðåäèíå îêòÿáðÿ êîí÷èòü.
... Çàíèìàòüñÿ ôàêòè÷åñêè ïðèõîäèòñÿ
ëèøü 12 ÷àñîâ â ñóòêè è íå áîëåå. Â ñàìîì
äåëå, ÷èòàëüíûå çàëû Ïóáëè÷íîé Áèáëèî-
òåêè ðàáîòàþò äî 22 ÷., çàíÿòèÿ â Èí-
ñòèòóòå ÷óòü áîëåå 6 ÷., íà÷èíàþòñÿ â
8.50 óòðà. ×òîáû òîëüêî äîáðàòüñÿ èç
îäíîãî êîíöà ãîðîäà â äðóãîé ïîñðåäñò-
âîì, äîïóñòèì, òîëüêî îäíîãî ìåòðî, íóæ-
íî îêîëî ïîëó÷àñà. Âîò ïî÷åìó æèòåëè
áîëüøèõ ãîðîäîâ òàê áåãóò, ñïåøàò, à â
âàãîíàõ ìåòðîïîëèòåíà, òðàìâàåâ íåðåä-
êî ìîæíî âèäåòü ÷òî-òî ÷èòàþùèõ è ïðè-
÷åì â áîëüøîì êîëè÷åñòâå äîâîëüíî. È
÷òîáû íå òåðÿòü äàðîì âðåìåíè, ÿ óæå
òîæå ïðèñòðàñòèëñÿ ê ÷òåíèÿì â äîðî-
ãå, � òóò, ïîíèìàåøü, èíà÷å ïðîñòî íå-
ëüçÿ. Âïðî÷åì, â ýòîì ñìûñëå äîøåë äî òà-
êîé ñòåïåíè, ÷òî êîãäà îá ýòîì ïðîñëû-
øàë äåêàí, âûçâàë îí ìåíÿ â äåêàíàò è
çàÿâèë, ÷òî åñëè áóäó ïðîäîëæàòü çàíè-
ìàòüñÿ è äàëåå â òàêîì æå äóõå, òî èëè
îòäàì êîíöû èëè äî ýòîãî îòîøëåò ìå-
íÿ îáðàòíî â Èâàíî-Ôðàíêîâñê. Ñîâëàäàòü
ñ ñîáîé, îäíàêî, íå ìîãó � âðåìÿ ñëèøêîì
äîðîãî, à òåì áîëåå â ìîëîäîì âîçðàñòå
è äàåòñÿ êîòîðîå îäèí ðàç â æèçíè. Âñå-
ãî-íàâñåãî îäèí ðàç.�

Ïîñëå ïîñòóïëåíèÿ íà ãåîôèçè÷åñêèé
ôàêóëüòåò Ëåíèíãðàäñêîãî ãîðíîãî èíñ-
òèòóòà, íà ïåðâîì æå îáùåèíñòèòóòñêîì
ñîáðàíèè Àíäðåé ñòàâèò âîïðîñ î äåÿòåëü-
íîñòè ÑÍÎ. �Äàëüíåéøàÿ ïëîäîòâîðíàÿ
äåÿòåëüíîñòü ìíîãèõ ó÷åíûõ íà÷èíàëàñü
èìåííî ñî ñòóäåí÷åñêîé ñêàìüè. È ðåçóëü-
òàòû ïåðâûõ íàó÷íûõ èçûñêàíèé ñîîáùà-
ëèñü íà êîíôåðåíöèÿõ ñòóäåí÷åñêèõ íà-
ó÷íûõ îáùåñòâ� � ïèñàë Àíäðåé â èíñ-
òèòóòñêîé ãàçåòå ïîñëå êîíôåðåíöèè ÑÍÎ.
Åãî ïîääåðæàëè íà êàôåäðå ãåîôèçèêè
è äàëè ïîíÿòü, ÷òî íåîáõîäèìî â òàêîì æå
äóõå âåñòè ñåáÿ íà Ó÷åíîì ñîâåòå, êóäà
íàñ ïðèãëàñèëè, â òîì ÷èñëå è ìåíÿ.

Ó÷åíûé ñîâåò óòâåðäèë ïðîãðàììó óâå-
ëè÷åíèÿ ìàòåìàòè÷åñêîé ïðîãðàììû îáó-
÷åíèÿ ñòóäåíòîâ-ãåîôèçèêîâ è ñîñòàâ ïðå-
ïîäàâàòåëåé.

�Â ýòîì ñåìåñòðå çàêîí÷èëè ÷òåíèå
ïåðâîé ÷àñòè òåíçîðíîãî èñ÷èñëåíèÿ (íà

óðîâíå êíèãè Êî÷èíà «Íà÷àëà âåêòîðíî-
ãî è òåíçîðíîãî èñ÷èñëåíèÿ»); íà ñëåäó-
þùåì ñåìåñòðå � ïðîäîëæåíèå (íà óðîâ-
íå êíèãè Ðàøåâñêîãî). Ïî òåîðèè Ô.Ê.Ï.
â ñëåäóþùåì ñåìåñòðå � àíàëèòè÷åñêîå
ïðîäîëæåíèå ïî äèíàìè÷åñêîé òåîðèè óï-
ðóãîñòè � ðåøåíèå çàäà÷ ñ ãðàíè÷íûìè
óñëîâèÿìè. Âîçìîæíî, íà÷íåòñÿ ÷òåíèå
êóðñà ïî âàðèàöèîííîìó èñ÷èñëåíèþ. Íàì
óäàëîñü âíåñòè ýòè ôàêóëüòàòèâíûå êóð-
ñû â ó÷åáíóþ ïðîãðàììó ôàêóëüòåòà. Çà-
òåì áóäóò ÷èòàòüñÿ êóðñû ïî òåîðèè
èíôîðìàöèè è òåîðèè àíàëèçà îïåðàöèé.
Ïðîøëî óæå íåñêîëüêî ëåêöèé ïî òåîðèè
ôóíêöèé êîìïëåêñíîãî ïåðåìåííîãî, êî-
òîðûå ìû îðãàíèçîâàëè ÷åðåç ÑÍÎ (òî÷-
íåå � îò èìåíè ÑÍÎ). Òàêèõ ëåêöèé ìíå
íèêîãäà íå ïðèõîäèëîñü ñëóøàòü � ÿ èõ
âîñïðèíèìàþ ïðÿìî êàê îòêðîâåíèå. ×è-
òàþò èõ äâà ðàçà â íåäåëþ.�

ßäðî ÑÍÎ ñîñòàâëÿëè ñòóäåíòû, æèâ-
øèå ñ Àíäðååì â îäíîé êîìíàòå. Ýòè ÷åò-
âåðî ðåáÿò óæå áûëè íà çàìåòêå ó ïðåïî-
äàâàòåëåé � õîðîøèå ïðåïîäàâàòåëè èõ
ëþáèëè, à ïëîõèå áîÿëèñü, ïîñêîëüêó îíè
áðàëè èíòåãðàëû, îáúÿâëåííûå íåáåðóùè-
ìèñÿ â íåêîòîðûõ ñïåöèàëüíûõ ãåîôèçè-
÷åñêèõ ìîíîãðàôèÿõ, ðåøàëè óðàâíåíèÿ,
òàêæå ÷èñëèâøèåñÿ ñðåäè íåðàçðåøèìûõ.

�Çàäàâàë, êîíå÷íî, òîí â ýòîé ÷åòâåð-
êå ëèäåðîâ Àíäðåé, êîòîðûé áûë ÿâíî èç
èíòåëëèãåíòíîé ñåìüè è óæå òîãäà ÷èòàë
íà òðåõ ÿçûêàõ (àíãëèéñêèé, íåìåöêèé,
ôðàíöóçñêèé). Îí îáëàäàë íàèáîëüøåé
íà÷èòàííîñòüþ, êðóãîçîðîì è ÷óòêîñòüþ,
íî áûë ÷ðåçâû÷àéíî ðàíèì è, êàê ñëåäñò-
âèå, èíîãäà èçáûòî÷íî ùåïåòèëåí. «Êîí-
âåíöèÿ», âèñåâøàÿ íà ñòåíå â èõ êîìíà-
òå îáùåæèòèÿ íà Øêèïåðêå, áûëà ÿâíî
ñîñòàâëåíà èì è ââåäåíà ïî åãî èíèöèà-
òèâå. ß íå âñïîìíþ ñåé÷àñ èç ñêîëüêèõ
ïóíêòîâ îíà ñîñòîÿëà, íî â íåé òî÷íî áû-
ëè ñëåäóþùèå: 1) çàïðåò èëè, ïî êðàéíåé
ìåðå, îãðàíè÷åíèå íà óïîòðåáëåíèå ìà-
òåðíûõ âûðàæåíèé � ïîëàãàëñÿ øòðàô;
2) êóðåíèå â êîðèäîðå, à íå â êîìíàòå �
ïîñëåäíåå, ïî-ìîåìó, ïîçâîëÿëîñü ëèøü
â ñëó÷àå âå÷åðèíîê è ïîÿâëåíèÿ êóðÿùèõ
ãîñòåé; 3) îãðàíè÷åíèå íà âêëþ÷åíèå ðàäèî.

Ïî åãî æå èíèöèàòèâå íå òîëüêî âñå
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ðåáÿòà, âõîäèâøèå â ýòó ÷åòâåðêó, íî è
âñå æèâøèå â êîìíàòå, à âïîñëåäñòâèè è
â ñîñåäíèõ, îáðàùàëèñü äðóã ê äðóãó íà
�Âû�. È êîãäà ÿ ñòàë èõ ÷àñòûì ãîñòåì è
ñîáåñåäíèêîì, òî Àíäðåé, âèäÿ, ÷òî ÿ ïðè-
âûê ê áîëåå ïðîñòîìó îáðàùåíèþ (íà òû),
ìíå ñêàçàë: �Êîñòÿ, Âû íå ïîäóìàéòå, ÷òî
ìû îáðàùàåìñÿ ê Âàì �íà Âû� ïî ïðè-
÷èíå îôèöèàëüíîñòè íàøèõ îòíîøåíèé.
Ýòî ïîòîìó, ÷òî ìû Âàñ óâàæàåì� (èç âîñ-
ïîìèíàíèé ñòàðøåêóðñíèêà, à âïîñëåä-
ñòâèè ó÷åíîãî-ìàòåìàòèêà, äèðåêòîðà Èí-
ñòèòóòà èííîâàöèîííûõ òåõíîëîãèé ÑÏá,
Êîíñòàíòèíà Âèêòîðîâè÷à Ìàíóéëîâà).

Àíäðåé ó÷àñòâîâàë â ðàáîòå ñòóäåí÷åñ-
êîãî íàó÷íîãî îáùåñòâà, Ñîâåòå ìîëîäûõ
ó÷åíûõ ËÃÈ, Ëåíèíãðàäñêîãî îáùåñòâà åñ-
òåñòâîèñïûòàòåëåé. Äîêëàäûâàë íà ëåíèí-
ãðàäñêèõ ñòóäåí÷åñêèõ, îáùåèíñòèòóòñ-
êèõ è ôàêóëüòåòñêèõ íàó÷íî-òåõíè÷åñêèõ
êîíôåðåíöèÿõ �Ê òåîðèè ïîâåðõíîñòåé
âòîðîãî ïîðÿäêà� (1969), �Ê âîïðîñó î äè-
íàìèêå ìàãíèòîóïðóãèõ ñðåä� (1970), �Èí-

âåðñèÿ � êàê ýëåìåíòàðíûé ïðèíöèï ñèì-
ìåòðèè� (1970); ïðèíèìàë ó÷àñòèå â îðãà-
íèçàöèè ñîâåùàíèé �Ñèììåòðèÿ â ïðèðî-
äå� ñíà÷àëà êàê ñëóøàòåëü (1970�1971), à â
1976ã. � êàê ó÷àñòíèê c äîêëàäîì �Î ïðèí-
öèïå äèíàìè÷åñêîé ñèììåòðèè â ãåîëîãèè�.

�Ñåãîäíÿ öåëûé äåíü òîð÷àë â Ïóáëè÷-
íîé áèáëèîòåêå, ïðîñìàòðèâàÿ ïîñëåä-
íèå æóðíàëû ïî ôèçèêå. Íàòîëêíóëñÿ íà
íåñêîëüêî, óæå ïðîäåëàííûõ â ÌÃÓ, îïû-
òîâ ïî èçó÷åíèþ äîìåííûõ ñòðóêòóð ôåð-
ðîìàãíåòèêîâ ñïîñîáàìè, êîòîðûå ÿ î÷åíü
õîòåë ñäåëàòü ñàì. ... Ìíå âñå-òàêè õîòå-
ëîñü áû ïîëó÷èòü ìàòåìàòè÷åñêîå îáðà-
çîâàíèå â ïðåäåëàõ óíèâåðñèòåòñêèõ ïðî-
ãðàìì. Äåëî â òîì, ÷òî ïðîñòî íå õâàòà-
åò âðåìåíè. Ïðèäåòñÿ, âåðîÿòíî, ó÷èòü-
ñÿ ñàìîìó � ñîñòàâëÿòü ïëàíû çàíÿòèé,
âûðàáîòàòü æåñòêèé ðàñïîðÿäîê äíÿ, ó÷åò
êàæäîé ìèíóòû è ïð.

Ïî âñåé âåðîÿòíîñòè, ïðàêòèêà ìîÿ
ïðîéäåò ãäå-òî äàëåêî îò äîìà, ïîæàëóé,
÷òî è â Êàçàõñòàíå. Ïðîôåññîð Øàëàåâ,
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î êîòîðîì ÿ êàê-òî óïîìèíàë Òåáå â ïè-
ñüìàõ, ñîáèðàåòñÿ ïîñëàòü ìåíÿ â Àëìà-
Àòó, â âû÷èñëèòåëüíûé öåíòð Êàçàõñêî-
ãî ãåîëîãè÷åñêîãî òðåñòà, åñëè òîëüêî
ðàçðåøèò çàâ. êàôåäðîé ãåîôèçè÷åñêèõ
ìåòîäîâ Ëîãà÷åâ. Ñåé÷àñ çàíèìàþñü ÷åì
òîëüêî íè ïðèäåòñÿ: è ðàñïðîñòðàíåíè-
åì ý/ìàãíèòíûõ âîëí â ñëîèñòûõ ñðåäàõ,
è äèíàìèêîé óïðóãîãî òåëà, è òåíçîðíîé
àëãåáðîé, è ÝÖÂÌ è ò. ä. Ïåðåøåë íåäàâ-
íî íà èíäèâèäóàëüíûé ãðàôèê, â ñâÿçè ñ
÷åì äîáàâèëè íåñêîëüêî ïðåäìåòîâ: äè-
íàìèêó óïðóãîãî òåëà, âàðèàöèîííûå èñ-
÷èñëåíèÿ è ÝÖÂÌ. Íåäàâíî òîëüêî ñäà-
ëè çà÷åò ïî òåîðèè ôóíêöèé êîìïëåêñíîé
ïåðåìåííîé � êóðñ, â îáùåì-òî, íåïðîñ-
òîé, ÷òîáû îäîëåòü åãî â íåñêîëüêî äíåé.
Íà äíÿõ áóäåì ñäàâàòü I ÷àñòü òåíçîð-
íîãî àíàëèçà. ×òåíèå II ÷àñòè äàâíî óæå
íà÷àòî � íà óðîâíå ãäå-òî êíèãè Ðàøåâ-
ñêîãî «Ðèìàíîâà ãåîìåòðèÿ è òåíçîðíûé
àíàëèç». Âàðèàöèîííîå èñ÷èñëåíèå íà÷-
íóò ÷èòàòü ãäåòî íà äíÿõ (åùå íå ðåøå-
íî íà çàñåäàíèè êàôåäðû ìàòåìàòèêè).
Ñëóøàòåëåé íàáðàëè è ñðåäè àñïèðàíòîâ,
ïîìèìî ñòóäåíòîâ-ãåîôèçèêîâ è ãîðíîãî
ôàêóëüòåòà ïî ñïåöèàëüíîñòè «Ôèçèêà
ãîðíûõ ïîðîä».

Ó÷åáíàÿ ïðàêòèêà ñîñòîèòñÿ â ïðè-
ãîðîäå Ëåíèíãðàäà, ïîñ. Êàâãîëîâî, íàõî-
äèòñÿ â 30 êì îò ãîðîäà. Òàì � ñâîÿ èí-
ñòèòóòñêàÿ �äà÷à�, â êîòîðîé ïðåäïî-
ëàãàåòñÿ ïðîæèòü äî ñåðåäèíû èþíÿ ìå-
ñÿöà. Çàòåì � ïðîèçâîäñòâåííàÿ ïðåä-
äèïëîìíàÿ ïðàêòèêà � áîã çíàåò ãäå îíà
ñîñòîèòñÿ. Âíà÷àëå ïðåäïîëàãàë , ÷òî â
Àëìà-Àòå, â Âû÷èñëèòåëüíîì öåíòðå ïðè
Êàçàõñêîì ãåîôèçè÷åñêîì òðåñòå, çàâ. êà-
ôåäðîé îòêëîíèë â ñòîðîíó ñàìó âîçìîæ-
íîñòü îá ýòîì äóìàòü � åõàòü òóäà ìíå
êàòåãîðè÷åñêè çàïðåòèëè ïî òîé ïðè÷è-
íå, ÷òî ÿ � íå ìàòåìàòèê � ãîðíûé èí-
æåíåð-ãåîôèçèê.�

Íà ïðåääèïëîìíóþ ïðàêòèêó Àíäðåé
áûë íàïðàâëåí â Íåáèòäàãñêóþ Êîìïëåêñ-
íóþ ãåîëîãî-ðàçâåäî÷íóþ ýêñïåäèöèþ Óï-
ðàâëåíèÿ ãåîëîãèè Òóðêìåíñêîé ÑÑÐ. Ðà-
áîòàÿ â êàìåðàëüíîé ïàðòèè íàä ïÿòèëåò-
íèì îò÷åòîì, Àíäðåé ïîëó÷èë âîçìîæíîñòü
àíàëèçà ôàêòè÷åñêîãî ìàòåðèàëà áîëüøî-

ãî ðåãèîíà, â êîòîðûé îí óãëóáèëñÿ ñ ãî-
ëîâîé.

�... ÿ íå æàëåþ, äàæå áîëåå òîãî, �
ðàä, ÷òî òàêèìè ñóäüáàìè ïîïàë ñþäà.
Òàì âðÿä ëè äàëè áû ìíå âîçìîæíîñòü ðà-
áîòàòü, äóìàòü ñïîêîéíî è áåç èçëèø-
íåé ñóåòû, ïîñïåøíîñòè. Òû íå ïîâåðèøü,
íî ýòî òàê: ÿ íèêîãäà åùå â ñâîåé êîðîò-
êîé ÷àñòè æèçíè íå äóìàë. È íèêîãäà åùå
íå äîõîäèëà äî ìåíÿ ìûñëü, � ÷òî çíà-
÷èò äóìàòü? � â òàêîé, ïî êðàéíåé ìå-
ðå, ñåé÷àñ, ÿñíîñòè. È ñ äðóãîé ñòîðîíû,
ÿ âñå áîëåå è áîëåå ñòàíîâëþñü ãåîëîãîì,
òî÷íåå, òåêòîíèñòîì, è åùå áîëåå òî÷-
íåå � ãåîòåêòîíèñòîì.

Íà ïðèìåðå Òóðêìåíî-Õîðàñàíñêèõ ãîð,
ïðè òùàòåëüíîì èçó÷åíèè èõ òåêòîíè-
êè è ïàëåîãåîãðàôèè, ïðè ñîïîñòàâëåíèè
ñ äðóãèìè ãåîëîãè÷åñêèìè îáúåêòàìè (ãîð-
íûìè ñèñòåìàìè, ïëàòôîðìàìè è ïð.) âñå
áîëåå è áîëåå óáåæäàþñü â òîì, ÷òî âñå
ÿâëåíèÿ â ãåîëîãè÷åñêîé æèçíè íå òîëü-
êî ìîãóò, íî è äîëæíû îáúÿñíÿòüñÿ ñ òî÷-
êè çðåíèÿ ñèììåòðèè ãåîòåêòîíè÷åñêèõ
ÿâëåíèé; ïîñëåäíÿÿ � åñòü èñòî÷íèê íà-
ðóøåíèÿ èçîñòàòè÷åñêîãî ðàâíîâåñèÿ çåì-
íîé êîðû â îïðåäåëåííûõ çîíàõ. Æèçíü
Çåìëè � ýòî íå ÷òî èíîå, ìíå êàæåòñÿ,
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êàê ïîñòîÿííàÿ áîðüáà ïðîòèâîïîëîæíûõ
íà÷àë � òåíäåíöèé ê ðàâíîâåñèþ è òåí-
äåíöèé, íàðóøàþùèõ åãî. Ïîñëåäíÿÿ èìå-
åò â êà÷åñòâå ñâîåãî èñòî÷íèêà òåêòî-
íè÷åñêèå óñèëèÿ, íîñÿùèå ãëîáàëüíî (íå
ëîêàëüíî, íå îáÿçàòåëüíî âî âñåõ òî÷êàõ
çåìíîé ïîâåðõíîñòè) ñèììåòðè÷íûé õà-
ðàêòåð. Íà ïðèìåðàõ îáðàçîâàíèé Òóðê-
ìåíî-Õîðàñàíñêèõ ãîð, Êàñïèéñêîé âïà-
äèíû, Öåíòð.-Êàðàêóìñêîãî ñâîäà è ò. ä.
ÿ õî÷ó ïîêàçàòü ñïðàâåäëèâîñòü ïðèíöè-
ïà ñèììåòðèè â ñâîåé äèïëîìíîé ðàáîòå.
Òåì áîëåå, ÷òî ýòà èäåÿ íå ÿâíî, íî âûðè-
ñîâûâàåòñÿ â ðàáîòàõ ïî÷òè âñåõ ñêîëü-
êî-íèáóäü ìûñëÿùèõ èññëåäîâàòåëåé. Ìà-
òåðèàëà â ãåîëîãèè íàêîïèëîñü óæå â äîñ-
òàòî÷íîé ìåðå, ÷òîáû èäåÿ ñèììåòðèè
â ãåîòåêòîíèêå íå îêàçàëàñü ïðîñòî ãè-
ïîòåçîé. È áîëåå òîãî, çà÷àòêè ýòîé èäåè
áûëè âûñêàçàíû ãèïîòåçàìè è Êàíòà, è
Ëàïëàñà, è Øìèäòà, íî, ê ñîæàëåíèþ, ýòè
ïðèíöèïû îíè îñòàâèëè èñêëþ÷èòåëüíî
äëÿ ýòàïîâ çàðîæäåíèÿ Çåìëè. Äîëæåí çà-
ìåòèòü, â èçâåñòíîì ñìûñëå íå èìååò
çíà÷åíèÿ, � ÷üÿ ãèïîòåçà îá îáðàçîâàíèè
Çåìëè è äðóãèõ ïëàíåò Ñîëíå÷íîé ñèñòå-
ìû âåðíà. Ãëàâíîå è ñóùåñòâî äåëà â òîì,
÷òî ìåòàôèçè÷åñêèé âçãëÿä (ïî ñóòè äå-
ëà � ðåëèãèîçíûé) íà Çåìëþ áûë ïðîòè-
âîïîñòàâëåí äèàëåêòè÷åñêîìó, ò. å. òà-
êîìó, êîòîðûé ðàññìàòðèâàåò, â ÷àñò-
íîñòè, çåìíóþ ìàòåðèþ, ðàçâèâàþùåé-
ñÿ, ïåðåõîäÿùåé èç îäíîé ôîðìû â äðó-
ãóþ â ïðîöåññå ïîñòîÿííîãî è íåèçìåí-
íîãî ðàçâèòèÿ è äâèæåíèÿ. Íî åùå ðàç
ïîâòîðþ, âåðíàÿ èäåÿ ïðåäïîëàãàëàñü âåð-
íîé äëÿ îïðåäåëåííîãî ëèøü ýòàïà æèç-
íè çåìíîé ìàòåðèè � íà÷àëüíîãî. À ÷òî
æå äàëüøå? À äàëüøå � íè÷åãî. Òî÷íåå,
òàê: èññëåäîâàòåëüñêàÿ ìûñëü ãåîëîãîâ
ñìîòðåëà ñ äðóãîãî êîíöà, ñ òîãî, ñ êîòî-
ðîãî ëåã÷å ñìîòðèòñÿ. Äàëüíåéøåå ðàç-
âèòèå èäåé Êàíòà, Ëàïëàñà, Øìèäòà è
äð. íà îïðåäåëåííîì ýòàïå ðàçâèòèÿ ãåî-
ëîãè÷åñêîé íàóêè íå ïîëó÷èëî ïðîäîëæå-
íèÿ, ò. ê. íå áûëî âîñïðèíÿòî â íèõ òîãî
ðàöèîíàëüíîãî, âåðíîãî, ÷òî íàçûâàåòñÿ
äèàëåêòèêîé, ðàçâèòèåì. Ïî ñóòè áûë ïðî-
ñòî âûðâàí êóñîê è ïîñòàâëåí â ñòîðî-
íå äëÿ îáîçðåíèÿ âîñõèùåííîé, à òî ÷à-

ñòî è ñîìíåâàþùåéñÿ, êîïàþùåéñÿ â äå-
òàëÿõ è ïðî÷åé ïóáëèêîé, ïîä ìóçåéíîå
ñòåêëî. Ñ äðóãîé ñòîðîíû, Òû çíàåøü èç
Øàôðàíîâñêîãî È. È., ÷òî îäíèì ëåíèí-
ãðàäñêèì èññëåäîâàòåëåì áûëà ïîäìå÷å-
íà ïðèóðî÷åííîñòü íîâåéøèõ òåêòîíè-
÷åñêèõ äâèæåíèé ê çîíàì, ðàñïîëîæåííûì
ñèììåòðè÷íî ê ãåîãðàôè÷åñêèì ïîëþñàì,
ïðè÷åì íà òàê íàçûâàåìûõ, êðèòè÷åñêèõ
ïàðàëëåëÿõ. Îáîáùàÿ âñå ñêàçàííîå è ãî-
âîðÿ ÿçûêîì ìàòåìàòè÷åñêîé ôèçèêè (è
òåîðåòè÷åñêîé ôèçèêè â ñìûñëå, èçëîæåí-
íîé Ëàíäàó è Ïÿòèãîðñêèì (ñì. ââåäåíèå
â «Òåîðåòè÷åñêóþ ôèçèêó», ò. 1, Ìåõà-
íèêà, 1940)), ìîæíî ñêàçàòü òàê.

Â ãåîëîãè÷åñêîé íàóêå â îòíîøåíèè
Çåìëè (è íå òîëüêî Çåìëè!) íå ñîñòàâëå-
íû çàâèñèìîñòè ìåæäó ôèçè÷åñêèìè âå-
ëè÷èíàìè. Ïðàâèëüíåå áûëî áû ñêàçàíî òàê,
ó÷èòûâàÿ ÷ðåçâû÷àéíóþ ñëîæíîñòü ãåî-
ëîãè÷åñêèõ ïðîöåññîâ: íå ñîñòàâëåíû çà-
âèñèìîñòè ìåæäó âåëè÷èíàìè, õàðàêòå-
ðèçóþùèìè òåêòîíè÷åñêóþ äåÿòåëüíîñòü
(ïðîöåññû) Çåìëè è íåêîòîðûìè äðóãèìè
ôèçè÷åñêèìè âåëè÷èíàìè, èìåþùèìè íå-
ñîìíåííûé, ïî êðàéíåé ìåðå ëîêàëüíî ñèì-
ìåòðè÷íûé õàðàêòåð. Ðàçóìååòñÿ, ÷òî
íèêàêîìó óìíèêó íå ïðèäåò â ãîëîâó ôàê-
òè÷åñêè ñîñòàâëÿòü òàêèå óðàâíåíèÿ.
«Ñëèøêîì òî÷íûå âû÷èñëåíèÿ ñ ó÷åòîì
íåñóùåñòâåííûõ ôàêòîðîâ íå òîëüêî áåñ-
ïëîäíû è èçëèøíå óñëîæíÿþò ðåçóëüòàò
ðàñ÷åòà, íî ìîãóò äàæå ïðèâåñòè ê òî-
ìó, ÷òî ñóùåñòâóþùèå â äàííîì ÿâëåíèè
çàêîíîìåðíîñòè âîîáùå âûïàäóò èç ðàñ-
ñìîòðåíèÿ. Äåëî â òîì, ÷òî ïðèáëèæåí-
íûì ìîæåò îêàçàòüñÿ íå òîëüêî äàííûé
êîíêðåòíûé âèä çàêîíà, íî è ñàìî ñóùå-
ñòâîâàíèå ôóíêöèîíàëüíîé ñâÿçè ìåæäó
õàðàêòåðèçóþùèìè äàííîå ÿâëåíèå âå-
ëè÷èíàìè, è çà ïðåäåëàìè äàííîé òî÷íî-
ñòè ýòè âåëè÷èíû ìîãóò âñòðå÷àòüñÿ â
ïðîèçâîëüíûõ êîìáèíàöèÿõ» (Ëàíäàó, Ïÿ-
òèãîðñêèé, «Ìåõàíèêà», 1940). Ãèïîòåçû
Êàíòà, Ëàïëàñà, Øìèäòà â ýòîì ñìûñëå
ðàññìàòðèâàþòñÿ, ïî-ïðåæíåìó, êàê ãè-
ïîòåçû, íî óæå ðàáî÷èå, ïðè÷åì, êàê íà-
÷àëüíûå óñëîâèÿ äëÿ «ðåøåíèÿ ñîîòâåò-
ñòâóþùåé çàäà÷è ìàò. ôèçèêè» (ñì. òàì
æå � â êîíöå ââåäåíèÿ).
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Çàäà÷à æå òåîðåòè÷åñêîé ôèçèêè ñòà-
âèòñÿ, èñõîäÿ èç çàäàíèÿ äîñòàòî÷íî áîëü-
øîé ìàññû (äëÿ âûïîëíåíèÿ øàðîâîé ñèì-
ìåòðèè) ïëàñòè÷åñêîãî òåëà, íàõîäÿùå-
ãîñÿ ïîä äåéñòâèåì îñåñèììåòðè÷íîãî ïî-
ëÿ. Òðåáóåòñÿ îïðåäåëèòü ïîëå íàïðÿæå-
íèé è äåôîðìàöèé (äëÿ ïëàñòè÷åñêîãî òå-
ëà � ïåðåìåùåíèÿ). Ïåðåõîäû æå «èç îä-
íîãî ñîñòîÿíèÿ â äðóãîå», ðàâíî êàê è ïî-
ñòåïåííûå, íåïðåðûâíûå, óñìàòðèâàþò-
ñÿ êàê çàäàííûå â óñëîâèè çàäà÷è è íå áî-
ëåå. Â ýòîì è ñîñòîèò èäåÿ ìåòîäà, êî-
òîðûì ÿ ñîáèðàþñü âîñïîëüçîâàòüñÿ äëÿ
àíàëèçà ãåîëîãè÷åñêîé (òåêòîíè÷åñêîé,
â ÷àñòíîñòè, ïðåæäå âñåãî) èñòîðèè Òóðê-
ìåíî-Õîðàñàíñêèõ Ãîð (Òóðêìåíèÿ, Èðàí,
Àôãàíèñòàí, Óçáåêèñòàí, îò÷àñòè Êàçàõ-
ñòàí), à òàêæå Êàâêàçà è Ïðèòóðèíñêîé
âïàäèíû.

Äîëæåí çàìåòèòü, ÷òî ïîÿâèëàñü íå-
áîëüøîãî ðàçìåðà ñòàòüÿ Óèëåðà «Ïðåä-
âèäåíèå Ýéíøòåéíà» � âåëèêîëåïíåé-
øàÿ èç ðàáîò, êîòîðûå êîãäà-ëèáî ìîã ÿ
óâèäåòü. ßñíîñòü, ÷åòêîñòü, èñêëþ÷èòåëü-
íàÿ ïðèíöèïèàëüíîñòü, èäåéíîñòü, â òî
æå âðåìÿ è åå âûñîêàÿ äóõîâíîñòü, ýìî-
öèîíàëüíîñòü � âûçâàëè ó ìåíÿ â âûñ-
øåé ñòåïåíè íåâåðîÿòíûé ïîäúåì è íå-
áûâàëîå æåëàíèå ïðîäîëæàòü èçó÷åíèå
ðèìàíîâîé ãåîìåòðèè.

Â òî æå âðåìÿ ÿ ïðî÷åë êíèæå÷êó íà-
øåãî ïðîôåññîðà Øàôðàíîâñêîãî È. È.
«Ñèììåòðèÿ â ïðèðîäå». Íàñòîÿòåëüíî!
ïðîøó Òåáÿ ïðî÷åñòü åå. Â âûñøåé ñòå-
ïåíè ïîýòè÷åñêîå ïðîèçâåäåíèå! ß ïîëó-
÷èë îãðîìíîå óäîâîëüñòâèå è â òî æå âðå-
ìÿ îíà âäîõíîâèëà ìåíÿ íà äàëüíåéøèå,
áîëåå ñåðüåçíûå, çàíÿòèÿ. «Ñèììåòðèÿ»
Âåéëÿ Ã. ñïîñîáíà óâëå÷ü, íî íå âäîõíî-
âèòü. Â ñâîåé êíèæêå, â ÷àñòíîñòè, îí
ðàçáèðàåò âîïðîñ î êðèâîëèíåéíîé ñèì-
ìåòðèè, èäåÿ êîòîðîé ïðèíàäëåæèò, êàê
îêàçàëîñü, òîìó æå � íàøåìó, íî àêàäå-
ìèêó Íàëèâêèíó Ä. Â. Ýòà ñèììåòðèÿ áû-
ëà èì îòìå÷åíà â æèâîòíîì ìèðå � â
ðàêóøêàõ è ïðî÷èõ ðûáåøêàõ. Íî ãëóáè-
íà åãî ìûñëè óøëà äàëüøå ðàêóøåê.

... Çíà÷åíèå êðèâîëèíåéíîé ñèììåòðèè
ñîñòîèò â òîì, ÷òî îíà îòðàæàåò êà-
êèå-òî ñêðûòûå îò íàñ äâèæåíèÿ, ðàç-

âèòèå, à ñòàëî áûòü, è äèàëåêòèêó. À
ñìûñë åå çàêëþ÷àåòñÿ â òîì, ÷òî ôèçè-
÷åñêè � â äâèæåíèè, ôèëîñîôñêè � â ðàç-
âèòèè, â äèàëåêòèêå, ìàòåìàòè÷åñêè �
â ñîîòâåòñòâóþùèõ ãåîìåòðèÿõ, â äâè-
æåíèÿõ, âðàùåíèÿõ (ñîáñòâåííûõ, íåñîá-
ñòâåííûõ), îíà íîñèò ïðèíöèïèàëüíî ýëå-
ìåíòàðíûé è èíâàðèàíòíûé (ê ÷åìó-òî)
(âíóòðåííå!) õàðàêòåð. Âíåøíå îíà (ñèì-
ìåòðèÿ) ïðîÿâëÿåòñÿ êàê êðèâîëèíåéíàÿ.
Â êà÷åñòâå ïðèìåðà ÿ ïðèâåäó äàëüíåé-
øåå ðàçâèòèå èäåè ñèììåòðèè â ãîðîîá-
ðàçîâàíèè (à ýëåìåíò, êàê áóäåì è íàçû-
âàòü, ïðèíöèï ãîðîîáðàçîâàíèÿ âñêîëüçü
îïèñàí ó Øàôðàíîâñêîãî È. È.): Ïàëåîí-
òîëîãè÷åñêèå, ïàëåîãåîãðàôè÷åñêèå, à òàê-
æå ïàëåîìàãíèòíûå èññëåäîâàíèÿ ïîêà-
çàëè, ÷òî ãåîãðàôè÷åñêèå, à âìåñòå ñ íè-
ìè è ãåîìàãíèòíûå ïîëþñà ïîñòîÿííî ñî-
âåðøàëè ïåðåìåùåíèÿ, ïðèòîì âåñüìà çíà-
÷èòåëüíûå. Ôèêñèðîâàííîå ïîëîæåíèå íà
Çåìíîé ïîâåðõíîñòè ãåîãðàôè÷åñêèõ ïî-
ëþñîâ îáóñëàâëèâàåò òèï ñèììåòðèè L ∞
∞ ÏÑ, ÷òî íàêëàäûâàåò ñóùåñòâåííûé
îòïå÷àòîê íà õàðàêòåð òåêòîíè÷åñêèõ
è ãîðîîáðàçîâàòåëüíûõ äâèæåíèé è ïðî-
öåññîâ, âíóòðåííÿÿ ïðè÷èíà êîòîðûõ, êðî-
ìå îäíîé, � âðàùåíèÿ Çåìëè âîêðóã ñâî-
åé îñè � èíòåðåñîâàòü çäåñü íàñ íå ñòà-
íåò. Äàííûé òèï ñèììåòðèè èìåííî îá-
óñëàâëèâàåò øèðîòíîå ðàñïðåäåëåíèå óêà-
çàííûõ ïðîöåññîâ � âîçíèêàþò �øèðîò-
íî ðàñïîëîæåííûå ãîðû�. Ýòî èìååò ìå-
ñòî â êàæäûé ôèêñèðîâàííûé ìîìåíò âðå-
ìåíè. Ïåðåìåùåíèå æå âî âðåìåíè ãåî-
ãðàôè÷åñêèõ ïîëþñîâ, åñëè óãîäíî, � îñè
âðàùåíèÿ Çåìëè, � ñîçäàëî òàêóþ ñëîæ-
íóþ ñèñòåìó ãîðíûõ õðåáòîâ è ò. ä., êî-
òîðóþ âèäèì ìû íà íàøèõ êàðòàõ.

ß âñå-òàêè íå ïîêèäàþ íàäåæäû çà-
íÿòüñÿ êîãäà-íèáóäü ïðîáëåìîé äèíàìè-
÷åñêîé ñèììåòðèè â ãåîòåêòîíèêå. Êîã-
äà-íèáóäü îñèëèòü òåîðèþ óïðóãîñòè, òå-
îðèþ ïëàñòè÷íîñòè è äîêàçàòü, ÷òî ñó-
ùåñòâóþò êðèòè÷åñêèå ïàðàëëåëè (ïà-
ðàëëåëè ýêñòðåìóìîâ íàïðÿæåíèé è äå-
ôîðìàöèé) è ñóùåñòâóåò ïîëíåéøèé äå-
òåðìèíèçì â ãîðîîáðàçîâàíèè, îáúÿñíå-
íèå êîòîðîãî ëåæèò â ìåõàíèêå íàøåãî
íåáåñíîãî òåëà. Êîãäà âñïîìèíàþ îá ýòîé
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ïðîáëåìå, ìîè òåêóùèå ïðîáëåìû è çà-
äà÷è êàæóòñÿ òàêîé ìåëî÷üþ è ïóñòÿêîì,
÷òî ñòîÿò ëè îíè ýòîãî? Õîòåëîñü áû,
î÷åíü õîòåëîñü áû ïîãîâîðèòü ñ ÷åëîâå-
êîì, ïîíÿâøèì îäíîâðåìåííî áû è ìîþ
èäåþ, è ìåíÿ.

Î÷åíü çäîðîâî, ÷òî çäåñü ÿ ïîïðàâëÿ-
þñü â ñâîåì çäîðîâüå. Ãîëîâíûå áîëè èñ-
÷åçàþò è ïîÿâëÿåòñÿ óâåðåííîñòü â ñâî-
èõ ñèëàõ. Ñàìîå áîëüøîå áëàãî ÷åëîâåêà
� çäîðîâüå â ñàìîì øèðîêîì ñìûñëå ýòî-
ãî ñëîâà: íå ïðîñòî íå áîëåòü, íå íåäî-
ìîãàòü è ïð., à èìåííî áûòü çäîðîâûì è
òåëîì, è äóõîì. Â ýòîì îòíîøåíèè äðåâ-
íèå ãðåêè óëîâèëè ñàìîå ñóùåñòâåííîå è
ãëàâíîå. Âñå îñòàëüíîå � ïðîèçâîäíûå.

Æèâó ñåé÷àñ â Òóðêìåíèè, â Íåáèò-Äà-
ãå. Ñðåäè ïóñòûíü, ïîä ÿðêèì è æàðêèì
ñîëíöåì. Ðàáîòàþ òåõíèêîì-ãåîôèçèêîì
â êàìåðàëüíîé ëàáîðàòîðèè îïûòíî-ìå-
òîäè÷åñêîé ñåéñìîïàðòèè. Óäàåòñÿ òàé-
êîì çàíèìàòüñÿ. Ñåé÷àñ ÷èòàþ Ðàøåâñêî-
ãî. Òû çíàåøü, ó ìåíÿ ñîçäàåòñÿ âïå÷àò-
ëåíèå, ÷òî èçó÷àòü ôèçèêó, íå èçó÷èâ îñ-
íîâàòåëüíî ãåîìåòðèþ, � íå ÷óâñòâî-
âàòü ôèçèêó êàê íå÷òî «ôèçè÷åñêîå», ðå-
àëüíîå. Â ïðîòèâíîì ñëó÷àå, íåóäîâëåò-
âîðåííûé ãåîìåòðè÷åñêèìè àáñòðàêöèÿ-
ìè óì èùåò â ôèçèêå «êîëäîâñòâî», íå
ðàçëè÷àÿ êîíöà ÷èñòî, ïîäëèííî ôèçè÷å-
ñêîãî è íà÷àëà ÷èñòåéøåé âîäû óìîçðè-
òåëüíûõ èäåàëüíûõ ìàòåìàòè÷åñêèõ, ãåî-
ìåòðè÷åñêèõ è ïðî÷èõ ïîñòðîåíèé. Îñî-
çíàâ ÷åòêî òî è äðóãîå � çíà÷èò, îñî-
çíàòü åäèíñòâî è áîðüáó ïðîòèâîïîëîæ-
íîñòåé â òåîðåòè÷åñêîé ôèçèêå, çíà÷èò
äî êîíöà îñòàòüñÿ â ôèçèêå ðåàëèñòîì
(ôèçèêà è ðåàëüíîñòü!). Îáíèìàþ, ñ æå-
ëàíèåì íàêîíåö-òî âñòðåòèòüñÿ ñ Òîáîé,
Òâîé ïîêîðíûé ñëóãà Àíäðåé. P. S. Íàâåð-
íîå, â áóäóùåì ãîäó æåíþñü. Âîò òîãäà-
òî Òû äîëæåí áóäåøü íåïðåìåííî ïðè-
åõàòü â Ëåíèíãðàä.�

Ïîñëå çàùèòû äèïëîìà â 1972 ã. Àíäðåé
íà÷èíàåò ðàáîòàòü èíæåíåðîì íàó÷íî-èñ-
ñëåäîâàòåëüñêîãî ñåêòîðà Èâàíî-Ôðàíêîâ-
ñêîãî èíñòèòóòà íåôòè è ãàçà. Ðàáîòàÿ íàä
òåîðèåé ëèíåéíûõ ñèñòåì ïðåîáðàçîâàíèé
â ñåéñìîðàçâåäêå, îí ïðîäîëæàåò èíòåðå-
ñîâàòüñÿ âîïðîñàìè �áîëüøîé ãåîòåêòîíèêè�:

�Áîëüøîå ñïàñèáî çà êíèãó Êàìêå Ý., à
òàêæå ïîëó÷åííîå ðàíåå ïèñüìî. Ñåé÷àñ
óæå óñåëñÿ çà Êàìêå Ý. Íî âñå æå âñïî-
ìèíàþ Ýëüñãîëüöà Ë. � åãî ïðåäåëüíóþ
ëàêîíè÷íîñòü è ïðîñòîòó èçëîæåíèÿ. Õî-
òÿ Êàìêå Ý., êîíå÷íî, áîëåå «ïîëíàÿ ìî-
íîãðàôèÿ». ... Ìíå èçâåñòíû òîëüêî äâå
ðàáîòû, îòíîñÿùèåñÿ ê âîïðîñó î ñâÿçè
ãîðíûõ ñèñòåì ñ ïàðàëëåëÿìè ìàêñèìàëü-
íûõ íàïðÿæåíèé. Ýòî ðàáîòà Á. Ë. Ìÿ÷-
êîâà «Ê îñíîâàì ñîâðåìåííîé òåîðèè Çåì-
ëè», èçä. ËÃÓ, 1965 è Ì. Â. Ñòîâàñà «Ê âî-
ïðîñó î êðèòè÷åñêèõ ïàðàëëåëÿõ», Àâòî-
ðåôåðàò, Ë-ä, 1951. Â ýòèõ ðàáîòàõ çàëî-
æåíû òå îñíîâû, ê êîòîðûì ÿ â ñâîå âðå-
ìÿ ïðèøåë íåçàâèñèìî îò íèõ. Íà äíÿõ
ÿ ïåðåâîðîøó âñå ðåôåðàòèâíûå æóðíà-
ëû è, íàñêîëüêî ýòî âîçìîæíî, ïîëó÷ó áî-
ëåå ïîëíîå ïðåäñòàâëåíèå î ñäåëàííîì â
ýòîì íàïðàâëåíèè. Ïî êðàéíåé ìåðå, áó-
äó÷è çíàêîì ñ ñîäåðæàíèåì âñåõ íîìåðîâ
æóðíàëà �Ôèçèêà Çåìëè�, ìíå äóìàåòñÿ,
÷òî ýòîò âîïðîñ (ñì. âûøå) íå ïîëó÷èë
åùå äîëæíîãî ðàçâèòèÿ.
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Çà äíè ìîåé «áîëåçíè» ïðî÷åë «Òåîðèþ
óïðóãîñòè» Ëàíäàó Ë. è Ëèôøèöà Å., à
òàêæå Àìèíçàäå Þ., ðàçîáðàëñÿ ñ ïîëó-
÷åííûì äëÿ ýëëèïñîèäà âðàùåíèÿ ðåøå-
íèåì çàäà÷è î äåôîðìàöèè è íàïðÿæåíèè
â ðåçóëüòàòå âðàùåíèÿ ýëëèïñîèäà âîê-
ðóã îñè åãî îñåâîé ñèììåòðèè (Ëóðüå À.).

Ìàêñèìóì ìîäóëÿ âåêòîðà ñìåùåíèÿ
ïðèõîäèòñÿ ïî ïðåäâàðèòåëüíîé ÷èñëåí-
íîé îöåíêå ïðèáëèçèòåëüíî íà 50° ñåâåð-
íûõ è þæíûõ øèðîò (â ãåîãðàôè÷åñêèõ
êîîðäèíàòàõ), ÷òî ñîâïàäàåò äëÿ ñåâ. øè-
ðîòû ñ ïîëîæåíèåì Àëüïèéñêî-Ãèìàëàé-
ñêîé ãîðíîé ñèñòåìû. Âîïðîñ â öåëîì î
ôèçèêî-ìåõàíè÷åñêîé ìîäåëè ãåîòåêòî-
íè÷åñêèõ ïðîöåññîâ âåñüìà ñëîæåí, ãëàâ-
íûì îáðàçîì, âñëåäñòâèå ÿâëåíèé «ïàìÿ-
òè» äåôîðìèðóåìîé ïëàñòè÷íîé ñðåäû,
âûðàæàþùåéñÿ â óïðî÷íåíèè ïëàñòè÷íî-
ãî òåëà â ðåçóëüòàòå äåôîðìàöèè, â ôîð-
ìèðîâàíèè íåîäíîðîäíîñòåé òåïëîâûõ ïî-
òîêîâ è âëèÿíèè èõ íà ôèç.-õèì. ñâîéñò-
âà ãîðíûõ ïîðîä (äèíàìîìåòàìîðôèçì)
è ò. ä. è ò. ï. è íàëîæåíèè ðåçóëüòàòîâ

òåêóùåé äåÿòåëüíîñòè (äåôîðìàöèè ñ íå-
îáðàòèìûìè ïîñëåäñòâèÿìè) íà ðåçóëü-
òàòû ïðåäûäóùèõ. Ïåðâûé øàã â òàêèõ
èññëåäîâàíèÿõ äîëæåí ñîñòîÿòü èç ïðîñ-
òåéøèõ äîïóùåíèé è èçâëå÷åíèè âñåõ ñëåä-
ñòâèé èç íèõ ñ ïîñëåäóþùèì óñëîæíåíè-
åì ìîäåëè è óâåëè÷åíèåì ÷èñëà äîïóùå-
íèé (ïàðàìåòðîâ ìîäåëè).

Äëÿ óïðóãîé ìîäåëè Çåìëè ïîëó÷àåòñÿ,
÷òî ïðè ëþáûõ óãëîâûõ ñêîðîñòÿõ ω ≠ 0
âðàùåíèÿ ìàêñèìóì ìîäóëÿ âåêòîðà ñìå-
ùåíèÿ íàõîäèòñÿ íà îäíîé è òîé æå ïà-
ðàëëåëè, ò. å. ÿâëÿåòñÿ ïîñòîÿííîé âåëè-
÷èíîé ïî îòíîøåíèþ ê óãëîâîé ñêîðîñòè.
Çàâèñèò ýòà ïîñòîÿííàÿ (çíà÷åíèå øè-
ðîòû) òîëüêî îò êîýôôèöèåíòà ñæàòèÿ
ýëëèïñîèäà è êîýôôèöèåíòà Ïóàññîíà.
Îñòàåòñÿ ïîýòîìó ïðåäïîëîæèòü, ÷òî è
â äðóãèå âðåìåíà (ãåîëîãè÷åñêèå) ñ òî÷-
íîñòüþ äî óïðóãîé ìîäåëè çíà÷åíèÿ êðè-
òè÷åñêèõ ïàðàëëåëåé äëÿ ëþáûõ îñåé âðà-
ùåíèÿ îñòàâàëèñü òå æå. Ýòîò ðåçóëü-
òàò ÿ ïîëó÷èë íåäàâíî. Íåîáõîäèìî èñ-
ñëåäîâàòü íàïðÿæåíèÿ è äåôîðìàöèè â
ãëàâíûõ îñÿõ è ñäåëàòü çàêëþ÷åíèå ïî ïî-
âîäó «ñîïðîìàòíîãî» ïîâåäåíèÿ ñðåäû, â
÷àñòíîñòè ïîëó÷èòü íàïðàâëåíèÿ ëèíèé
âîçìîæíûõ ñêîëîâ (ëèíèé ×åðíîâà). Ê ñî-
æàëåíèþ, îêàçûâàåòñÿ íåâîçìîæíûì ïî-
êà ÷òî-ëèáî ñêàçàòü î ãëàâíûõ îñÿõ, ò. ê.
íè÷åãî íå ìîãó ñêàçàòü î êîðíÿõ èçâåñò-
íîãî êóáè÷åñêîãî óðàâíåíèÿ äëÿ íàõîæäå-
íèÿ ãëàâíûõ íàïðÿæåíèé. À èìåííî, êîð-
íè êóáè÷åñêîãî óðàâíåíèÿ íåîáõîäèìî ðàñ-
ïîëîæèòü â ïîðÿäêå èõ âîçðàñòàíèÿ: ò.
å. σ1 > σ 2 > σ 3. À çíàÿ ýòîò ïîðÿäîê è
íàïðàâëåíèÿ ñîîòâåòñòâóþùèõ èì ãëàâ-
íûõ îñåé, ìîæíî äâèãàòüñÿ äàëüøå.�

Â ýòî âðåìÿ Àíäðåé ðàáîòàë íàä öèê-
ëîì ñòàòåé ñîâìåñòíîãî ðàçäåëåíèÿ ñèã-
íàëîâ â ñåéñìè÷åñêèõ çàïèñÿõ, ïðèåìíî-
èçëó÷àþùèõ è èíòåðôåðåíöèîííûõ ñèñ-
òåì â ñåéñìîðàçâåäêå ÌÎÂ, êèíåìàòè÷åñ-
êîãî ïðèíöèïà âçàèìíîñòè â ñåéñìîðàç-
âåäêå ÌÎÂ è ÌÏÂ, îïóáëèêîâàííûõ â
1977 ã. â �Ãåîôèçè÷åñêîì ñáîðíèêå� Èí-
ñòèòóòà ãåîôèçèêè ÀÍ ÓÑÑÐ [Ãåðàñèìåí-
êî, 1977, âûï. 75�78].

Â 1976 ã. Àíäðåé ïîñòóïèë â àñïèðàí-
òóðó Èíñòèòóòà ãåîôèçèêè èì. Ñ. È. Ñóá-
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áîòèíà ÀÍ ÓÑÑÐ ê íàó÷íîìó ðóêîâîäè-
òåëþ Âñåâîëîäó Áîðèñîâè÷ó Ñîëëîãóáó.
Îí îïóáëèêîâàë ñòàòüè î ñèñòåìàõ ôîð-
ìèðîâàíèÿ ñåéñìè÷åñêèõ èçîáðàæåíèé,
òåîðèè ñåéñìè÷åñêîé ãîëîãðàôèè. Çà öèêë
òåîðåòè÷åñêèõ ðàáîò �Âîïðîñû ðàçäåëå-
íèÿ ñåéñìè÷åñêèõ ñèãíàëîâ è àíàëèç íå-
êîòîðûõ èíòåðåíôåðåíöèîííûõ ñèñòåì�
â 1979 ã. Ïðåçèäèóìîì ÀÍ ÓÑÑÐ Àíäðåé
Íèêîëàåâè÷ Ãåðàñèìåíêî áûë íàãðàæäåí
èìåííîé ìåäàëüþ Àêàäåìèè íàóê è ïðå-
ìèåé ïî èòîãó êîíêóðñà ìîëîäûõ ó÷åíûõ
çà 1978 ã.

�Â êîìíàòå â îáùåæèòèè æèâó ñåé÷àñ
ñàì. Ðàáîòàþ ïîýòîìó, íèêóäà íå âûõîäÿ,
ðàçâå ÷òî â èíñòèòóòñêóþ áèáëèîòåêó.
Äâà ðàçà â íåäåëþ � àíãëèéñêèé; äâà ðà-
çà â íåäåëþ � ôèçêóëüòãðóïïà �Çäîðî-
âüå�. Ïðèâåç ñ ñîáîé ëûæè, îñòàëîñü êó-
ïèòü áîòèíêè, � è ýòî áóäåò åùå òðè
ðàçà â íåäåëþ. Òàê ÷òî â èòîãå � 7 äíåé
� ïåðèîä öèêëîâ ãàðìîíè÷íîãî äóõîâíî-
ãî è ôèçè÷åñêîãî ðàçâèòèÿ ìîåé ñîáñò-
âåííîé ëè÷íîñòè. Çàíèìàþñü ñåé÷àñ ïðèí-
öèïîì âçàèìíîñòè: îêàçàëîñü, ÷òî åùå â
30�40 ãã. áûëè ñîçäàíû òåîðåòè÷åñêèå
îñíîâû ìîåé äèññåðòàöèîííîé ðàáîòû â
âèäå ôîðìóëû Ãðèíà�Âîëüòåððà � àíà-
ëîãà èçâåñòíîé èíòåãðàëüíîé ôîðìóëû
Ãðèíà�Îñòðîãðàäñêîãî. Â 60-õ ãã. áûëî
ïîêàçàíî, ÷òî èç ôîðìóëû Ãðèíà�Âîëü-
òåððà âûòåêàåò ïðèíöèï âçàèìíîñòè äëÿ
äèíàìè÷åñêèõ óðàâíåíèé òåîðèè óïðóãî-
ñòè. Ñåé÷àñ ýòîé ôîðìóëîé, êàê èç ïóø-
êè, ñòðåëÿþò ïî âîðîáüÿì. Íå ïîïàäàëèñü
äëÿ íåå áîëåå äîñòîéíûå öåëè. Îäíàêî òîëü-
êî ïîñëå òîãî, êàê ÿ îáíàðóæèë ýòó ôîð-
ìóëó Ãðèíà�Âîëüòåððà, ìíå óäàëîñü âñå
ðàññòàâèòü ïî ïîëêàì, â ÷àñòíîñòè äàòü
âñå íåîáõîäèìûå îïðåäåëåíèÿ ïðåäìåòó
ñâîåãî èññëåäîâàíèÿ � áèíàðíîé ñåéñìè-
÷åñêîé ãîëîãðàôèè. Ñàìîå èíòåðåñíîå òî,
÷òî òàê íàçûâàåìàÿ áèíàðíàÿ ñåéñìè÷åñ-
êàÿ ãîëîãðàôèÿ, òî÷íåå åå ïðèíöèïû, äåé-
ñòâóþò íåçàâèñèìî îò òèïîâ âîëí â ñðå-
äå, ò. å. äåéñòâóþò äëÿ ëþáûõ òèïîâ âîëí
â ñðåäå ñ ïðîèçâîäíûì ñòðîåíèåì, ò. ê.
ïðè âûâîäå ïðèíöèïà âçàèìíîñòè íèêà-
êèõ îãðàíè÷åíèé íà òèï âîëíû è ñðåä íå
íàêëàäûâàåòñÿ.

Ïîæàëóé, òîëüêî çà ýòè ïîñëåäíèå ïðî-
øåäøèå íåäåëè ó ìåíÿ ÷åòêî ñôîðìèðî-
âàëñÿ ïëàí ìîåé ðàáîòû, î êîòîðîé ÿ óæå
ïðåäñòàâëÿþ ñåáå ñîäåðæàíèå êàæäîé ãëà-
âû, âïëîòü äî åå ðàçäåëîâ è ïóíêòîâ. Ôîð-
ìóëà Ãðèíà�Âîëüòåððà, íà êîòîðóþ ÿ òàê
óïîâàë, ñâîè íàäåæäû îïðàâäàëà. Ïðàâäà,
íå â òàêîé ôîðìå, êàê ÿ âíà÷àëå îæèäàë.
ß ïîëàãàë, ÷òî âñå íåîáõîäèìûå ñëåäñò-
âèÿ ïîëó÷ó èç ýòîé ôîðìóëû. Îêàçàëîñü,
÷òî êîãäà ÿ äîáðàëñÿ äî ôîðìóëèðîâêè
íóæíûõ ìíå ñëåäñòâèé, ñïðàâåäëèâîñòü
ôîðìóëû Ãðèíà�Âîëüòåððà ÿâëÿåòñÿ ëèøü
íåîáõîäèìûì óñëîâèåì. Âñå-òàêè, çíàÿ ïðè-
áëèçèòåëüíî òî, ÷òî ìíå íóæíî áûëî äî-
êàçàòü, è óçíàâ, ÷òî ôîðìóëà Ãðèíà�Âîëü-
òåððà ëèøü íåîáõîäèìà, óæå áûëî íåòðóä-
íî çàìåòèòü óñëîâèÿ äîñòàòî÷íîñòè, íà
ôîðìóëèðîâêè êîòîðûõ íå æàëü áûëî ïî-
òðàòèòü ñòîëüêî âðåìåíè, ñêîëüêî íóæ-
íî. Â îáùåì-òî, ðàáîòà êàæåòñÿ ïîêà ñòðîé-
íîé, îáîñíîâàííîé, èñïåùðåííîé ïðîíó-
ìåðîâàííûìè îïðåäåëåíèÿìè, èìåíàìè,
òåîðåìàìè è óòâåðæäåíèÿìè, âñåìè íå-
îáõîäèìûìè ññûëêàìè è êèâêàìè, ëþáåç-
íîñòÿìè è ðåâåðàíñàìè. Âïåðåäè ìàÿ÷èò
äëÿ ìåíÿ ñàìîå òðóäíîå: óæå âñêîðå ïðè-
äåòñÿ ïåðåõîäèòü ê ñîñòàâëåíèþ àëãîðèò-
ìîâ ðåøåíèÿ òåõ çàäà÷, êîòîðûå âîçëî-
æåíû íà ñèñòåìó, ãðîìêî èìåíóþùóþ ñå-
áÿ áèíàðíîé ñåéñìè÷åñêîé ãîëîãðàôèåé.
Íà ýòî óéäåò âñå çîëîòîå âðåìå÷êî.

... Õîòÿ æàëü, ÷òî íå ïðèäåòñÿ íàì óâè-
äåòüñÿ â Êèåâå, òàê êàê óæå íà äíÿõ äîë-
æåí åõàòü â ýêñïåäèöèþ. Êîãäà ÿ áûë â
Èâàíî-Ôðàíêîâñêå, òî îòòóäà â Êèåâ ïå-
ðåâåç âåëîñèïåä. È òåïåðü, ïðàâäà, èìåþ
õîðîøåå è ñíîñíîå óòåøåíèå. Çäåñü, íå-
äàëåêî îòñþäà, � áîëüøèå ëåñíûå ìàññè-
âû. Îíè âèäíû äàæå ñ îêíà îáùåæèòèÿ.
Ñîñíû, äóáû, áåðåçû. À ñåé÷àñ òàì � ëàí-
äûøè. Êàæäûé äåíü ïåðåâîæó èõ îãðîì-
íûìè áóêåòàìè è íàñëàæäàþñü èõ ñâå-
æåñòüþ.

Â ïîñëåäíåå âðåìÿ çäåñü, â Èíñòèòó-
òå, áûëî íåñêîëüêî èíòåðåñíûõ ñåìèíà-
ðîâ ïî ñåéñìîðàçâåäêå. Îäíî èç íèõ ñ ó÷à-
ñòèåì Òèìîøèíà Þ. Â. è äðóãîå � Ïóçû-
ðåâà Í. Í. Æàëü òîëüêî, ÷òî îíè ñëèøêîì
ðåäêè. Ðàáîòà ìîÿ â öåëîì ïðîäâèãàåò-
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ñÿ. Îáùèå ìåñòà óæå â îñíîâíîì çàêîí-
÷åíû è â öåëîì ÿñíû. Ïåðåõîæó íà ðåëü-
ñû òåîðèè èçîáðàæåíèé. Ê ñîæàëåíèþ,
îáíàðóæèë, ÷òî ñäåëàííàÿ åùå â Èâàíî-
Ôðàíêîâñêå òåîðèÿ èçîáðàæåíèé áóäåò
âûïîëíÿòü ëèøü èëëþñòðàòèâíûå ôóíê-
öèè. Îíà äîâîëüíî êðàñèâà, íî óæå ïîñ-
òàðåëà. ß åé äàë íàçâàíèå: èíòåðôåðåí-
öèîííàÿ òåîðèÿ èçîáðàæåíèé áèíàðíîé
ñåéñìè÷åñêîé ãîëîãðàôèè. Îíà ÷åðåñ÷óð
êëàññè÷åñêàÿ è òîëêó îò íåå áóäåò ìàëî.
Ïîìèìî ýòîãî ÿ îáíàðóæèë åùå îäíó âîç-
ìîæíîñòü ïîñòðîåíèÿ òåîðèè ñåéñìè÷åñ-
êèõ èçîáðàæåíèé â áèíàðíîé ñåéñìè÷åñ-
êîé ãîëîãðàôèè. Îíà ñîñòîèò â òîì, ÷òî
èç äâóõ ñåéñìè÷åñêèõ çàïèñåé, ïîëó÷àå-
ìûõ íà êâàçèâçàèìíîé áèñèñòåìå, ÿ ñî-
ñòàâëÿþ îäèí-åäèíñòâåííûé îáúåêò �
ôóíêöèþ ),,(

~
tR δ∆δ∆ , îïèñûâàþùóþ ïðî-

ñòðàíñòâåííûé ñïåêòð ñðàçó äâóõ ñåéñ-
ìè÷åñêèõ çàïèñåé è ïîëíîñòüþ õàðàêòå-
ðèçóþùóþ âîëíîâóþ êàðòèíó äëÿ îáåèõ
ïðèåìíûõ áàç êâàçèâçàèìíîé áèñèñòåìû.
Îò ôóíêöèè ),,(

~
tR δ∆δ∆ ìîæíî ïóòåì ñî-

îòâåòñòâóþùèõ èíòåãðàëüíûõ ïðåîáðà-
çîâàíèé ïåðåõîäèòü ê ïîëó÷åíèþ ñåéñìè-
÷åñêèõ ãëóáèííûõ ðàçðåçîâ (êàê äëÿ îòðà-
æåííûõ, òàê è ïðåëîìëÿþùèõ âîëí). Íà-
çâàë ÿ ïîêà ýòó òåîðèþ � ñïåêòðàëüíîé
òåîðèåé ñåéñìè÷åñêèõ èçîáðàæåíèé è çà
íåå ïðèäåòñÿ ìíå äåðæàòüñÿ. Â èíòåðôå-
ðåíöèîííîé òåîðèè, êàê îêàçàëîñü, åå ïî-
ñòðîåíèå çàâèñèò îò çíàíèÿ ôóíêöèé èñ-
òî÷íèêîâ èçëó÷åíèÿ, à ýòî ïðàêòè÷åñêè
òðóäíî óçíàòü. Ïîñòðîåíèå ñïåêòðàëü-
íîé òåîðèè íå áàçèðóåòñÿ íà çíàíèè èñ-
òî÷íèêîâ è ïîýòîìó â ïðàêòè÷åñêîì îò-
íîøåíèè èíòåðåñíà.�

Ëåòîì 1976 ã. Àíäðåé ðàáîòàë èíæå-
íåðîì êàìåðàëüíîé ïàðòèè ñåéñìè÷åñ-
êîé ýêñïåäèöèè Èíñòèòóòà ãåîôèçèêè èì.
Ñ. È. Ñóááîòèíà ÀÍ ÓÑÑÐ.

�Â Âåëèêèõ Ñîðî÷èíöàõ ÿ óæå ïî÷òè
ïîëòîðà ìåñÿöà. Âðåìÿ áåæèò áûñòðî,
íåçàìåòíî. Ìåñòà çäåñü âñå î÷åíü æèâî-
ïèñíû, â òèïè÷íî ìàëîðîññèéñêîì äóõå.
Ðå÷êà, ëåñà. Çàõâàòèë ñ ñîáîé âåëîñèïåä.
È ïîýòîìó ìîãó îáúåçæàòü âñå îêðåñò-
íîñòè Âåëèêèõ Ñîðî÷åíöåâ. Óæå åçäèë íå-
ñêîëüêî ðàç â Ãîãîëåâî, îäèí ðàç � â Ìèð-

ãîðîä. Â îñíîâíîì åçæó ïî ëåñàì çà öâå-
òàìè. Çäåñü òàêèå öâåòû, êîòîðûå ÿ íè-
êîãäà è íèãäå íå âèäåë. À èõ ÿ ïåðåâèäàë
äîâîëüíî ïîðÿäî÷íî, îñîáåííî â Êàðïàòàõ
è â îêðåñòíîñòÿõ Èâàíî-Ôðàíêîâñêà. Ïîä
Êèåâîì � òîëüêî ëàíäûøè è áàðâèíêè,
ò. ê. â ëåñó áûë òîëüêî âåñíîé.

Ëèêâèäàöèÿ ðàáîò ïðîèçîéäåò â êîí-
öå ñåíòÿáðÿ. Ê ýòîìó âðåìåíè ÿ áóäó â
Êèåâå è, âèäèìî, íàâåðíÿêà, ò. ê. íåîá-
õîäèìî áóäåò äîñòàâèòü òóäà ñâîè âå-
ùè, à òàêæå îôîðìèòü êîìàíäèðîâêó â
Ëåíèíãðàä (íà ñîâåùàíèå ïî ñèììåòðèè
â ãåîëîãèè).

Çà âñå ýòî âðåìÿ, êîòîðîå ÿ ïðîâåë â
Âåë. Ñîðî÷èíöàõ, çàâåðøèë ïî÷òè â ïîë-
íîì îáúåìå òåîðèþ ñèñòåì áèíàðíîé ñåéñ-
ìè÷åñêîé ãîëîãðàôèè, õîòÿ íåäîäåëîê åùå
ïîðÿäî÷íî è ìåæäó òåì ñîâåðøåííî íåò
æåëàíèÿ èõ óñòðàíÿòü. Ïåðåõîäèòü ê ñëå-
äóþùåé ÷àñòè ðàáîòû � ê ïðèêëàäíûì
àñïåêòàì � àáñîëþòíî åùå íå ãîòîâ. Ïî-
ýòîìó ðåøèë âñå ýòî äåëî çàáðîñèòü íà
íåäåëüêè äâå è ïîñëåäíèå äíè âñå ìîòà-
þñü íà ñâîåì òðàíñïîðòå ïî çäåøíèì ëå-
ñàì. Â÷åðà óäàëîñü äàæå íàñîáèðàòü ãðè-
áîâ � áåëûõ. Âèäåë ëèñó. Ïðåäñòàâëÿåøü
ñåáå, îíà ïåðåáåãàëà ÷åðåç ñâàëåííîå ïî-
ïåðåê ðåêè äåðåâî, îãðîìíàÿ è îãíåííî-
ðûæàÿ. ß ïîäóìàë âíà÷àëå, ÷òî ýòî áûëà
ñîáàêà êàêîé-òî íåîáûêíîâåííîé ïîðî-
äû. À åùå ÿ âèäåë â÷åðà ðàçâåøàííûå íà
îðåøíèêå ãðèáû, íå êàêèå-íèáóäü, à áå-
ëûå, ÷òî ïðèâåëî ìåíÿ â ïîëíåéøèé òðàíñ
è øîê. Ãîâîðÿò, ÷òî ýòèì çàíèìàþòñÿ
áåëêè, ãîòîâÿñü ê çèìå. Â êîíöå êîíöîâ,
ÿ â÷åðà òàê óâëåêñÿ, ÷òî ñîâåðøåííî çà-
áëóäèëñÿ. Òî÷íåå, áûñòðî íàñòóïèëà òåì-
íîòà (à â ëåñó âåäü åùå òåìíåå) è ÿ ïî-
ñòîÿííî íàòûêàëñÿ òî â êàêîé-òî ïðóä,
òî â áîëîòî, òî íà ïåñêè (à ñ âåëîñèïåäîì
òÿãàòüñÿ ïî ïåñêó � îäíî íàêàçàíèå). Íà-
ñèëó ê ÷àñàì 9 �10 âå÷åðà óäàëîñü âû-
áðàòüñÿ â ïîëå, à çàòåì è ê äîðîãå.

Ñåãîäíÿ ñíîâà ïîåõàë â òî æå ìåñòî
è � íè îäíîãî ãðèáî÷êà. Ïðè÷åì åäâà îò-
òóäà âûáðàëñÿ. Õîòÿ ëåñà çäåñü äåéñòâè-
òåëüíî î÷åíü æèâîïèñíû. Áîëüøîå êîëè-
÷åñòâî ïðóäîâ â ëåñàõ ñîçäàåò êàêîé-òî
íåïîâòîðèìûé è èìåííî ýòèì î÷åíü õà-
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ðàêòåðíûé îáëèê çäåøíèõ ìåñò. Êîãäà
ãóëÿåøü ïî ýòèì ëåñàì, òî íå ñòàíåøü
óäèâëÿòüñÿ � èáî ýòî òàê åñòåñòâåííî
� ðóñàëêàì, ÷åðòÿì, âîäÿíûì è ïðî÷åé
íå÷èñòè, êîòîðûìè òàê èçîáèëóþò ðàí-
íèå ïðîèçâåäåíèÿ Ãîãîëÿ. Îíè, âñå ýòè
ïðóäû, áîëîòöà, � òàêèå çàðîñøèå è çà-
áðîøåííûå, êàæóòñÿ ÷åðåñ÷óð òèõèìè,
ñëèøêîì òèõèìè. È ñëèøêîì îíè òàêèå
çàðîñøèå è çåëåíûå, ñ ïîäîçðèòåëüíî ñïî-
êîéíîé è òåìíîé âîäîé. À âîîáùå, ÿ íè-
êîãäà, îêàçûâàåòñÿ, íå ïðåäñòàâëÿë ñåáå
âåðíî ïðèðîäó Óêðàèíû â öåëîì. ß ñóäèë
î íåé ïî Êàðïàòàì, ãäå ÿ ïðîâåë ñâîå äåò-
ñòâî, è ïî Íèêîëàåâñêîé (è ñîñåäíèì ê íåé)
îáëàñòÿì, ãäå ÿ î÷åíü ÷àñòî áûâàë (òîæå,
â îñíîâíîì, â äåòñòâå). È êîãäà åõàë ñþ-
äà, òî íå î÷åíü äîâåðÿëñÿ, îòêðîâåííî ãî-
âîðÿ, âïå÷àòëåíèÿì òåõ, êòî çäåñü áû-
âàë óæå. Â ëó÷øåì ñëó÷àå ÿ îæèäàë óâè-
äåòü ÷òî-òî âðîäå ñòåïåé Íèêîëàåâñêîé,
Õåðñîíñêîé èëè Îäåññêîé îáë. Íî çäåñü âñå
íàìíîãî êîëîðèòíåå. È ïðèðîäà, è ëþäè
(ìíå äàæå õîòåëîñü áû ñêàçàòü � à, ñëå-
äîâàòåëüíî, è ëþäè).

Çíàåøü, Àíäðåé, ÿ î÷åíü õî÷ó ïîïðî-
ñèòü Òåáÿ îá îäíîì îäîëæåíèè, î÷åíü ïî-
òîìó, ÷òî ïîòîì áóäåò ïðîñòî ïîçäíî.
Ñåé÷àñ âûøëè êíèãè, êîòîðûå ìíå íóæ-
íû ïîçàðåç. Íî ÿ â Êèåâå îñòàâèë àäðå-
ñà ìàãàçèíîâ �Êíèãà-ïî÷òîé� è íè÷åãî íå
ìîãó çàêàçàòü. Î÷åíü ïðîøó Òåáÿ: íàïè-
øè çàêàçû íà êíèãè (íàçâàíèÿ èõ � íà îò-
äåëüíîì ëèñòêå) è âûøëè èõ ïî àäðåñàì.�

Ïåðåïèñêà ñ Àíäðååì Ñíàðñêèì çà÷à-
ñòóþ ïðåâðàùàëàñü â äèñêóññèþ ïî ñà-
ìûì ðàçíûì âîïðîñàì ôèçèêè è ìàòåìà-
òèêè. Â 1976 ã. Àíäðåé ïèøåò:

�Äîáðûé äåíü, Àíäðåé!
Ñåãîäíÿ ïîëó÷èë óæå âòîðîå Òâîå ïèñü-

ìî. È îòêëàäûâàòü îòâåò óæå íåêóäà,
ïîýòîìó ñîáèðàþñü ñ äóõîì (â ñîîòâåòñò-
âèè ñ ïðàâèëîì Ê. Ïðóòêîâà: Ïðèíèìà-
ÿñü çà äåëî, ñîáåðèñü ñ äóõîì!) è ñàæóñü
ïèñàòü. Ãîâîðèòü åñòü î ÷åì. Íî ïðåæ-
äå íà÷íó ñî ñâîèõ äîëãîâ è, â ÷àñòíîñòè,
î ñïèðàëüíîì òåíçîðíîì ïîëå. Íà ñëåäó-
þùèé äåíü ïîñëå íàøåé ïîñëåäíåé âñòðå-
÷è ÿ òîò÷àñ æå ïðîñìîòðåë íåêîòîðûå
âàðèàíòû è îñòàíîâèëñÿ íà îäíîì, íàè-

áîëåå ïðîñòîì è äîïóñêàþùåì êîìïàêò-
íûå çàïèñè âàðèàíòå. Âîïðîñ, êàê ÿ ïîíè-
ìàþ, ñîñòîèò â òîì, ÷òîáû îïèñàòü òà-
êîå òåíçîðíîå ïîëå, îäíà èç ãëàâíûõ îñåé
â êàæäîé òî÷êå êîòîðîãî ñîâïàäàåò ñ êà-
ñàòåëüíûìè ê ñïèðàëÿì â òåõ æå òî÷êàõ.
Âòîðàÿ ãëàâíàÿ îñü îðòîãîíàëüíà ê ïåð-
âîé. Èíà÷å ãîâîðÿ, ñëåäóåò ðàçûñêàòü òà-
êóþ îðòîãîíàëüíóþ êðèâîëèíåéíóþ ñèñ-
òåìó êîîðäèíàò, â êîòîðîé îäíîé èç ñå-
ìåéñòâ îñåé ÿâëÿåòñÿ ñåìåéñòâî ñïèðà-
ëåé, à âòîðîå ñåìåéñòâî íàäî, ñîáñòâåí-
íî, ðàçûñêàòü. Çàäàòü ñèñòåìó êîîðäè-
íàò � çíà÷èò çàäàòü ìåòðè÷åñêèé òåí-
çîð è íàîáîðîò.�

Îñåíüþ 1978 ã. Àíäðåé ïðåäñòàâèë â
ñïåöñîâåò ïî çàùèòå äèññåðòàöèé Èíñòè-
òóòà ãåîôèçèêè ÀÍ ÓÑÑÐ äèññåðòàöèþ
�Ïðîäîëæåíèå ãåîìåòðè÷åñêèõ èíâàðè-
àíòîâ â çàäà÷àõ ñåéñìè÷åñêîé ãîëîãðàôèè�
[Ïðîäîëæåíèå ..., 1979]. Ïîñëå îáñóæäå-
íèÿ íà Ó÷åíîì ñîâåòå îäíèì èç îïïîíåí-
òîâ áûë ïðåäëîæåí Á. ß. Ãåëü÷èíñêèé,
ïðîôåññîð êàôåäðû ãåîôèçèêè ãåîëîãè-
÷åñêîãî ôàêóëüòåòà Ëåíèíãðàäñêîãî óíè-
âåðñèòåòà. Á. ß. Ãåëü÷èíñêèé äàë ñîãëàñèå
íà îïïîíèðîâàíèå, íî âñêîðå, â ñâÿçè ñ
ïðåäñòîÿùåé ýìèãðàöèåé, îí áûë óâîëåí
èç ëåíèíãðàäñêîãî óíèâåðñèòåòà è óæå íå
ìîã âûñòóïàòü â ðîëè îïïîíåíòà ïî çàùè-
òå äèññåðòàöèé. Îí îáðàòèëñÿ ñ ïðîñüáîé
îïïîíèðîâàòü ðàáîòó Àíäðåÿ ê ñâîåìó ó÷è-
òåëþ Ã. È. Ïåòðàøåíþ, êîòîðûé äàë ñî-
ãëàñèå. Âåñíîé 1979 ã. ñîñòîÿëàñü äîáðî-
æåëàòåëüíàÿ âñòðå÷à äèññåðòàíòà è îï-
ïîíåíòà, äàòà çàùèòû áûëà íàçíà÷åíà íà
19 íîÿáðÿ 1979 ã.

Íåëüçÿ íå óïîìÿíóòü î âîçíèêøåé äðóæ-
áå âûäàþùåãîñÿ ìàòåìàòèêà-ãåîôèçèêà,
ñîçäàòåëÿ �ëþ-ìîäåëè� ðàñïðîñòðàíåíèÿ
ñåéñìè÷åñêèõ âîëí Áîðèñà ßêîâëåâè÷à
Ãåëü÷èíñêîãî ñ Àíäðååì. Êàçàëîñü, ýòè
äâà ÷åëîâåêà äàâíî çíàþò äðóã äðóãà. Â
àóäèòîðèè óíèâåðñèòåòà è äîìà ó Áîðè-
ñà ßêîâëåâè÷à, íå çàìå÷àÿ âðåìåíè, îíè
îáñóæäàëè ñëîæíåéøèå âîïðîñû ãåîôè-
çèêè, ëåãêî, ñ óâàæåíèåì îòíîñÿñü ê ñî-
áåñåäíèêó. Àíäðåé ðàññêàçûâàë, ÷òî åãî
óäèâèë áûò, â êîòîðîì æèë Á. ß. ñ äî÷å-
ðüþ � â îäíîé êîìíàòå êîììóíàëüíîé
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êâàðòèðû, ðàçäåëåííîé ôàíåðíîé ñòåíîé.
È àáñîëþòíîå ðàâíîäóøèå ê ýòîìó ïðî-
ôåññîðà Á. ß. Ãåëü÷èíñêîãî.

Êîãäà äî çàùèòû äèññåðòàöèè îñòàâà-
ëîñü íåñêîëüêî ìåñÿöåâ, Àíäðåé ïîëó÷èë
îò Ã. È. Ïåòðàøåíÿ ïèñüìî î âîçíèêøèõ
ó íåãî ñîìíåíèÿõ âûáîðà â äèññåðòàöèè
ìàòåìàòè÷åñêîãî àïïàðàòà ðèìàíîâîé ãåî-
ìåòðèè ñ ïðåäëîæåíèåì äðóãîãî ïîäõîäà
ê ðåøåíèþ çàäà÷è. Àíäðåé, ïðèëåòåâ â Ëå-
íèíãðàä, íà âñòðå÷å ñ Ã. È. Ïåòðàøåíåì
óáåäèòåëüíî äîêàçûâàåò, êàê åìó êàçàëîñü,
öåëåñîîáðàçíîñòü ïðåäëîæåííîãî ìåòî-
äà. Îíè òåïëî ðàññòàëèñü, íî çà íåñêîëü-
êî äíåé äî çàùèòû â ñïåöñîâåò ïðèõîäèò
ïèñüìî Ã. È. Ïåòðàøåíÿ ñ ïîëíûì ðàçãðî-
ìîì äèññåðòàöèè. Îòçûâ Ã. È. Ïåòðàøåíÿ
èñòî÷àë òàêóþ ñèëó, êàê áóäòî øëà áîðü-
áà ìåæäó äâóìÿ âðàæäóþùèìè êëàíàìè
èëè íàó÷íûìè øêîëàìè, à íå äàâàëàñü îöåí-
êà êàíäèäàòñêîé äèññåðòàöèè. Ñêîëüçèâ-
øèå ìåæäó ñòðîê ôðàçû âðîäå: �Â ãëàâå
1 íåò ïðèíöèïèàëüíî íîâûõ ðåçóëüòàòîâ
..., îäíàêî ïðèâåäåííûå ôîðìóëû, ñâÿçû-
âàþùèå ãåîìåòðè÷åñêèå ïàðàìåòðû ôðîí-
òîâ ñ ñîñòàâëÿþùèìè ïåðâîãî è âòîðîãî
ôóíäàìåíòàëüíûõ òåíçîðîâ, îêàçûâàþò-
ñÿ ïîëåçíûìè, ÷òî è äåìîíñòðèðóåòñÿ âî
âòîðîé ãëàâå�; èëè �â ãëàâå 2 ïîëó÷åíû
íîâûå ðåçóëüòàòû, ïðåäñòàâëÿþùèå áåñ-
ñïîðíûé èíòåðåñ ñåéñìèêè�, òåðÿëèñü â
ïîòîêå ìíîãî ðàç ïîâòîðÿþùèõñÿ ôðàç î
�íåêîìïåòåíòíîñòè àâòîðà�, î �ãðóáî-îøè-
áî÷íûõ óòâåðæäåíèÿõ, íåäîïóñòèìûõ â
äèññåðòàöèè� è ò. ä. è ò. ï. Îïïîíåíò äå-
ìîíñòðèðóåò ñâîå âèäåíèå ðåøåíèÿ çàäà-
÷è, ïîêàçûâàÿ �ýëåìåíòàðíûé âûâîä óðàâ-
íåíèÿ ïåðåíîñà�, ïðàâèëüíûé, íî äðóãîé.
�Äëÿ ïîëó÷åíèÿ óðàâíåíèé ïåðåíîñà ñîâ-
ñåì è íå òðåáîâàëîñü ïðèáåãàòü ê ñïåöè-
àëüíîìó àïïàðàòó ðèìàíîâîé ãåîìåòðèè
è òåíçîðíîãî àíàëèçà, áîëåå ãðîìîçäêèì,
÷åì îáû÷íûå äëÿ ñåéñìèêè ïîäõîäû. Ïðè-
ìåíåíèå òàêîãî àïïàðàòà ïîäîáíî ñòðåëü-
áå èç ïóøåê ïî âîðîáüÿì: ñëîæíî, ãðîìîçä-
êî è ìàëî ýôôåêòèâíî�.

Àíäðåé íå ïîâåðèë, ÷òî ýòî íàïèñàë
Ã. È. Ïåòðàøåíü. Áîëåå òîãî, îí ðâàëñÿ â
ïðîöåññå çàùèòû ïðåäñòàâëåííîé èì äèñ-
ñåðòàöèîííîé ðàáîòû äîêàçàòü öåëåñîîá-

ðàçíîñòü íàïðàâëåíèÿ, åùå íå ïîëó÷èâ-
øåãî ðàçâèòèÿ â ãåîôèçèêå, òàêæå, êàê
îí äîêàçûâàë ýòî Ã. È. Ïåòðàøåíþ ïðè
âñòðå÷å. Ñïåöñîâåò ïðèíÿë ðåøåíèå îá
îòñðî÷êå çàùèòû äèññåðòàöèîííîé ðàáî-
òû À. Í. Ãåðàñèìåíêî, îïàñàÿñü ïðåîáëà-
äàþùåãî ãîëîñà îïïîíåíòà � ó÷åíîãî ñ
ìèðîâûì èìåíåì � íà ðåøåíèå ÂÀÊà.
Ñ. Â. Ãîëüäèí ïèñàë âïîñëåäñòâèè: � . . .
Îáèëèå ñïåöèàëèñòîâ, âîâëå÷åííûõ â ðå-
øåíèå çàäà÷è ïðîäîëæåíèÿ êðèâèçí âäîëü
ëó÷à, ... èìåëî è ñâîþ íåãàòèâíóþ ñòîðî-
íó � êàæäûé èç íèõ ïðèâíåñ ñâîþ òåð-
ìèíîëîãèþ, ñâîé ÷àñòíûé ìåòîä, ñâîþ ñè-
ñòåìó ïîíÿòèé. Ýòî íå Âàâèëîíñêàÿ áàø-
íÿ, íî ÷òî-òî áëèçêîå ê íåé. Íå ñëó÷àéíî,
îäíà è òà æå ñèñòåìà óðàâíåíèé èìååò
ñòîëüêî ðàçëè÷íûõ ìîäèôèêàöèé, êîòî-
ðûå íå òàê-òî ïðîñòî ñîïîñòàâèòü� [Ãîëü-
äèí, 1983]2.

Àíäðåé íå èçìåíèë ïîäõîäà ê ðåøå-
íèþ çàäà÷è. Âåñü ñëåäóþùèé 1980 ã. îí
ïåðåïðîâåðÿåò ïîëó÷åííûå äèôôåðåíöè-
àëüíûå óðàâíåíèÿ è õàðàêòåðèñòèêè âîë-
íîâûõ ôðîíòîâ âäîëü ïðîèçâîëüíîãî ëó-
÷à â ñðåäå ñ êóñî÷íî-ðåãóëÿðíûì èçîòðîï-
íûì ïîëåì ñêîðîñòåé. Îòòà÷èâàåò ôîðìó-
ëû çàêîíà âîññòàíîâëåíèÿ è îòðàæåíèÿ-
ïðåëîìëåíèÿ äëÿ òåíçîðíûõ õàðàêòåðèñ-
òèê ïîëåé âðåìåí ëó÷åâûõ òðóáîê ãëàäêèõ
ïîâåðõíîñòåé ðàçäåëà ïðîèçâîëüíîé ôîð-
ìû, ïîçâîëÿþùèå ðàçäåëÿòü ñðåäû ñ ïðî-
èçâîëüíî ðåãóëÿðíûìè ñêîðîñòíûìè ôóíê-
öèÿìè. Ñòðåìèòñÿ, ñîãëàñíî ôîðìóëèðîâ-
êå àìåðèêàíñêîãî ôèçèêà Ä. Ó. Ãèááñà
�îòûñêàòü òó òî÷êó çðåíèÿ, ñ êîòîðîé èçó-
÷àåìûé ïðåäìåò ïðåäñòàâëÿåòñÿ íàèáî-
ëåå ïðîñòûì�, âñå áîëåå óáåæäàÿñü â îò-
êðûâàþùèõñÿ âîçìîæíîñòÿõ èñïîëüçîâà-
íèÿ àïïàðàòà òåíçîðíîãî àíàëèçà è ðèìà-
íîâîé ãåîìåòðèè äëÿ ïîëó÷åíèÿ ðåçóëü-
òàòîâ â èíâàðèàíòíîé ôîðìå, óäîáíîé äëÿ
èñïîëüçîâàíèÿ íà ÝÖÂÌ.

Çàùèòà äèññåðòàöèè �Ïðîäîëæåíèå ãåî-
ìåòðè÷åñêèõ âàðèàíòîâ â êèíåìàòè÷åñ-

2Ãîëüäèí Ñ. Â. Î êíèãå À. Í. Ãåðàñèìåíêî
�Ëó÷åâîé ìåòîä â ãåîìåòðè÷åñêîé ñåéñìèêå
ñëîæíî-ïîñòðîåííûõ ñëîèñòûõ ñðåä�. Ãåîôèç.
æóðí. 1983. Ò. 5. ¹ 5. Ñ. 93�94.
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êèõ çàäà÷àõ ñåéñìîðàçâåäêè� ñîñòîÿëàñü
â ìàå 1981 ã. [Ïðîäîëæåíèå ..., 1981] Îï-
ïîíèðîâàëè äèññåðòàöèþ Ñåðãåé Âàñèëü-
åâè÷ Ãîëüäèí è Âèòàëèé Íèêîëàåâè÷ Ïè-
ëèïåíêî. Â ñïåöñîâåò ïðèøëè ïîçèòèâíûå
îòçûâû ñ ðàçíûõ ãåîëîãè÷åñêèõ îðãàíè-
çàöèé Ñîþçà � ä-ðà òåõí. íàóê Þ. Â. Òè-
ìîøèíà, êàíä. ôèç.-ìàò. íàóê Â. È. Ðîìà-
íà (ÓêðÍÈÃÐÈ), êàíä. òåõí. íàóê Â. À. Äÿ-
äþðû, êàíä. òåõí. íàóê Å. Ë. Öàöêî (ÎÌÃÝ
ÏÃÎ �Óêðãåîôèçèêà�), êàíä. ôèç.-ìàò. íà-
óê À. È. Êîáðóíîâà (ÈÔÈÍÃ Èâàíî-Ôðàí-
êîâñê), êàíä. òåõí. íàóê À. Í. Ëåâèíà (ÍÏÎ
Íåôòåãåîôèçèêà, Íàðîôîìèíñê), ä-ðà òåõí.
íàóê Â. À. Ïàäóêîâà (Ãîðíûé èíñòèòóò, Ëå-
íèíãðàä), êàíä. ôèç.-ìàò. íàóê Â. À. Öåõî-
õè, êàíä. ôèç.-ìàò. íàóê Â. À. Øàðàôóò-
äèíîâà (âû÷èñëèòåëüíûé öåíòð ÈÃèÃ ÑÎ
ÀÍ ÑÑÑÐ, Íîâîñèáèðñê), êàíä. ôèç.-ìàò.
íàóê Ð. Â. Òåäååâà, êàíä. ãåîë.-ìèíåð. íà-
óê Ñ. Â. Êëóøèíà (Áåë ÍÈÃÐÈ).

Ïîñëå çàùèòû äèññåðòàöèè Àíäðåé ðà-
áîòàåò íàä ìîíîãðàôèåé �Ëó÷åâîé ìåòîä
â ãåîìåòðè÷åñêîé ñåéñìèêå ñëîæíî-ïî-
ñòðîåííûõ ñëîèñòûõ ñðåä�. Óãëóáëÿÿ çà-
äà÷ó ïðîäîëæåíèÿ âòîðûõ ïðîèçâîäíûõ
ýéêîíàëà âäîëü ëó÷à, íà÷àòóþ åùå â 30-å
ãîäû àêàä. Â. À. Ôîêîì è Þ. Â. Ðèçíè÷åí-
êî, Àíäðåé �ïîêàçûâàåò âíóòðåííþþ ïðè-
ñóùíîñòü ÿçûêà ðèìàíîâîé ãåîìåòðèè êè-
íåìàòè÷åñêîé êàðòèíå ëó÷åé ôðîíòîâ â
ñëîæíîé ñðåäå�[Ãîëüäèí, 1983]: ñòðåìÿñü
�èçëîæèòü õîä ðåøåíèÿ çàäà÷è â ÷ðåçâû-
÷àéíî ïðîñòîé ôîðìå� (èç îòçûâà Â. À. Ïà-
äóêîâà). Âñïîìèíàåòñÿ ðåàêöèÿ Âèòàëèÿ
Íèêîëàåâè÷à Ïèëèïåíêî íà òîëüêî ÷òî âû-
øåäøóþ â òðàãè÷åñêîì àâãóñòå 1982 ã. êíè-
ãó Àíäðåÿ: �Ñ ýòèìè ôîðìóëàìè ìîæíî
ðàáîòàòü!�.

Îïïîíåíò äèññåðòàöèîííîé ðàáîòû Ñåð-
ãåé Âàñèëüåâè÷ Ãîëüäèí îòîçâàëñÿ íà êíè-
ãó Àíäðåÿ ñòàòüåé â �Ãåîôèçè÷åñêîì æóð-
íàëå�: �À. Í. Ãåðàñèìåíêî ïîäîøåë ê óêà-
çàííîé ïðîáëåìàòèêå � âû÷èñëåíèÿ êðè-
âèçí ôðîíòà ñåéñìè÷åñêîé âîëíû â íåîä-
íîðîäíîé ñðåäå ... , çàíèìàÿñü çàäà÷àìè
ïðîäîëæåíèÿ âîëíîâûõ ïîëåé. Îí îáðà-
òèë âíèìàíèå íà òî, ÷òî ÿäðà äèôðàêöè-
îííûõ èíòåãðàëîâ ôðåíåëåâñêîãî òèïà îï-
ðåäåëÿþòñÿ êâàäðàòè÷íûìè àïïðîêñèìà-

öèÿìè ôðîíòà ñåéñìè÷åñêîé âîëíû, ò. å.
âòîðûìè ïðîèçâîäíûìè ýéêîíàëà. Ñðåäè
èçâåñòíûõ íàì ñïåöèàëèñòîâ òîëüêî íå-
ìåöêèå ãåîôèçèêè Ï. Õóáðàë è Ò. Êðåé
áûëè â òî âðåìÿ áëèçêè ê ýòèì èäåÿì.
Î÷åíü áûñòðî À. Í. Ãåðàñèìåíêî ïîíÿë
çíà÷èòåëüíî áîëåå øèðîêîå çíà÷åíèå ðàñ-
ñìàòðèâàåìîãî êðóãà çàäà÷ äëÿ ðàçâèòèÿ
òåîðèè ñåéñìè÷åñêèõ ìåòîäîâ, çàíèìàÿñü
èìè â ìàêñèìàëüíî âîçìîæíîé îáùåé ïî-
ñòàíîâêå.

Îñíîâíàÿ íàó÷íàÿ çàñëóãà À. Í. Ãåðà-
ñèìåíêî ñîñòîèò â òîì, ÷òî îí ñèñòåìàòè-
÷åñêè èññëåäîâàë äàííûé êðóã ïðîáëåì
íà îñíîâå íàèáîëåå îáùåãî è, ïî-âèäè-
ìîìó, íàèáîëåå àäåêâàòíîãî ÿçûêà ðèìà-
íîâîé ãåîìåòðèè. Ôàêòè÷åñêè â ðåöåíçè-
ðóåìîé êíèãå, óâèäåâøåé ñâåò óæå ïîñ-
ëå áåçâðåìåííîé ñìåðòè òàëàíòëèâîãî ìî-
ëîäîãî ó÷åíîãî, èçëîæåíà âñÿ ãåîìåòðè-
÷åñêàÿ ñåéñìèêà (ñ àêöåíòîì íà çàäà÷àõ
ïðîäîëæåíèÿ âäîëü ëó÷åé õàðàêòåðèñòèê
âòîðîãî ïîðÿäêà) ñ òî÷êè çðåíèÿ ôóíäà-
ìåíòàëüíûõ ïîíÿòèé äèôôåðåíöèàëüíîé
ãåîìåòðèè è òåíçîðíîãî àíàëèçà.

Â òåðìèíàõ ðèìàíîâîé ãåîìåòðèè òå-
ðÿåòñÿ ôîðìàëüíîå ðàçëè÷èå ìåæäó ãåî-
ìåòðè÷åñêèìè ñåéñìèêîé, àêóñòèêîé, îï-
òèêîé, à â íåêîòîðûõ îòíîøåíèÿõ � è òåî-
ðèåé îòíîñèòåëüíîñòè. Áîëåå òîãî, îêàçû-
âàåòñÿ, ÷òî öåëûé ðÿä îòíîñèòåëüíî òðóä-
íûõ ðåçóëüòàòîâ, êîòîðûé áûë ïîëó÷åí â
êàæäîé èç óïîìÿíóòûõ íàóê, ÿâëÿåòñÿ ÷à-
ñòíûì ñëåäñòâèåì èç äàâíî èçâåñòíûõ ôàê-
òîâ áîëåå îáùåé ãåîìåòðèè. Êàê ýòî ðàñ-
öåíèâàòü? Äà òîëüêî òàê, ÷òî ðàçâèòèå íà-
óêè åñòü æèâîå äåëî, à íå ìåðòâàÿ ñõå-
ìà. Êàæäàÿ íàóêà èäåò ñâîåé äîðîãîé �
ñî ñâîèì êðóãîì çàäà÷ è ñâîèì êëàññîì
ìîäåëåé ñðåä. Âíà÷àëå ýòè ìîäåëè áûëè
ïðîñòû, è íàäîáíîñòè â áîëåå îáùåì ÿçû-
êå ïðîñòî íå áûëî. Íî ïî ìåðå íåèçáåæ-
íîãî óñëîæíåíèÿ çàäà÷ è ìîäåëåé íàñòó-
ïèë òàêîé ìîìåíò, êîãäà ñòàë íåîáõîäèì
ïåðåñìîòð ïîíÿòèé ñ áîëåå øèðîêèõ ïî-
çèöèé ïðè áîëåå ïîëíîì âçàèìîïðîíèê-
íîâåíèè ðàçëè÷íûõ îáëàñòåé çíàíèé. Â
ýòîé ñèòóàöèè ñòàíîâèòñÿ âåñîìîé ðîëü
ñïåöèàëèñòîâ, êîòîðûå ìîãóò ïåðåëîæèòü
çàäà÷è ñâîåé ñïåöèàëüíîé îáëàñòè çíà-
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íèé íà áîëåå îáùèé ÿçûê. Òàêèì ñïåöè-
àëèñòîì è áûë À. Í. Ãåðàñèìåíêî.

... Íåñîìíåííî, êíèãà À. Í. Ãåðàñèìåí-
êî â ÿðêîé ñòåïåíè îòðàçèëà òîò êà÷åñò-
âåííûé ñêà÷îê, êîòîðûé ñîâåðøèëà òåî-
ðåòè÷åñêàÿ ñåéñìèêà âî âòîðîé ïîëîâè-
íå 70-õ ãîäîâ â ñâÿçè ñ ðåøåíèåì îñíîâ-
íûõ ïðîáëåì ëó÷åâîãî ìåòîäà (â øèðîêîì
ïîíèìàíèè ýòîãî òåðìèíà)�.

Ñåðãåé Âàñèëüåâè÷ Ãîëüäèí óïîìèíà-
åò î êíèãå À. Í. Ãåðàñèìåíêî â êíèãå �Ââå-
äåíèå â ãåîìåòðè÷åñêóþ ñåéñìèêó� [Ãîëü-
äèí, 2016, ðàçäåë 4, ñ. 148]3.

Òîì �Ãåîìåòðè÷åñêàÿ ñåéñìèêà� Ñ. Â.
Ãîëüäèíà, ãîòîâÿùèéñÿ ê èçäàíèþ Èíñòè-
òóòîì ãåîëîãèè è ãåîôèçèêè ÑÎ ÐÀÍ â
ýëåêòðîííîì âèäå â ÿíâàðå 2018 ã., ïîñâÿ-
ùåí óêðàèíñêîìó ãåîôèçèêó Àíäðåþ Ãå-
ðàñèìåíêî ïî çàâåùàíèþ àâòîðà.

�... Óøåë èç æèçíè è îñòàëñÿ ðÿäîì ñ
íàìè ðûöàðü äîáðà, ÷åñòè, èíòåëëåêòà,
êðàñîòû, ñàìîé ñèëüíîé ñòðàñòüþ êîòî-
ðîãî áûëî ñàìîîòâåðæåííîå ñëóæåíèå íà-

óêå� � íàïèñàëà Íåëëè Ôåäîðîâíà Ïîç-
íàíñêàÿ â 1982 ã. �Ïåðâûå âñòðå÷è ñ àñ-
ïèðàíòîì Àíäðååì Ãåðàñèìåíêî ïðèíåñ-
ëè îùóùåíèå ÷åãî-òî ñòðàííîãî, íåîáû÷-
íîãî: íàïðÿæåííûå çàíÿòèÿ, êóðåíèå, ÷àé,
ñàìîóãëóáëåííîñòü, îòúåäèíåííîñòü îò ñè-
åìèíóòíîãî. Áîëüøîé, ñèëüíûé, ìóæåñò-
âåííûé ÷åëîâåê ñ äîáðîé, çàñòåí÷èâîé
óëûáêîé âíåøíå âûãëÿäåë ïî-ðàçíîìó: îò-
ðåøåííî, ñïîðòèâíî-äåìîêðàòè÷íî, èíîã-
äà íåóêëþæå, ïîðîé ýëåãàíòíî. Íî âñåã-
äà áåñêîíå÷íî óâëå÷åííûé ðàáîòîé ïðî-
ôåññèîíàë è âìåñòå ñ òåì ñêðîìíûé, îò-
çûâ÷èâûé ÷åëîâåê, ëþáÿùèé æèçíü âî âñåõ
åå ïðîÿâëåíèÿõ.

Ïîõîæå áûëî, ÷òî ïðåîäîëåâàÿ èçâåñò-
íûå àñïèðàíòñêèå áàðüåðû (ñåìèíàðû,
ðåôåðàòû, ýêçàìåíû, ñòàòüè), îí ñòàâèë
ñåáå çàäà÷è áîëåå îáùèå, âûñîêèå, òðóä-
íîðàçðåøèìûå. Ðàáîòàë Àíäðåé íåèñòî-
âî, óïðÿìî, çàêëàäûâàÿ îñíîâû ñâîåãî ïó-
òè â íàóêå. Ýíåðãè÷íî âûñòóïàÿ íà ñåìè-
íàðàõ, îí óìåë ïîðàçèòåëüíî ÷åòêî ïðî-
íèêíóòü â ñóòü âîïðîñà, ïðåäñòàâèòü åãî
çàòåì â ðàçëè÷íûõ àñïåêòàõ, îïðåäåëèòü
ñïîñîáû ðåøåíèÿ, îñóùåñòâèòü åãî, íà-
ìåòèòü ïóòè ïðèìåíåíèÿ. Âñå ýòî òðåáî-
âàëî íàñòîé÷èâîé ñèñòåìàòè÷åñêîé ðàáî-
òû íå òîëüêî â èçáðàííîé èì îáëàñòè òåî-
ðåòè÷åñêîé ñåéñìèêè, íî è â íåîáõîäè-
ìûõ ðàçäåëàõ ìàòåìàòèêè (âåêòîðíûé è
òåíçîðíûé àíàëèçû, òîïîëîãèÿ), è ôèçè-
êè (îïòèêà, ìåõàíèêà ñïëîøíûõ ñðåä, âîë-
íîâûå ïðîöåññû). Îí ïîáåæäàë âðåìÿ îã-
ðîìíûì òðóäîëþáèåì, öåëåóñòðåìëåííî-
ñòüþ, íî ïîäâîäèëî çäîðîâüå. È âñå æå
áûë âñåãäà ïîäòÿíóò, â ôîðìå, øóòèë. Øè-
ðîêàÿ îáðàçîâàííîñòü, ìÿãêîñòü, âîñïè-
òàííîñòü, èíòåëëåêò è áåçìåðíàÿ äîáðî-
òà � âîò ÷òî ïðèâëåêàëî ñàìûõ ðàçíûõ
ëþäåé ê Àíäðåþ. Åãî èíòåðåñîâàëî ìíî-
ãîå: ôèçèêà, ìàòåìàòèêà, ãåîëîãèÿ, êðèñ-
òàëëîãðàôèÿ, èñòîðèÿ, ïîëèòèêà, ëèòåðà-
òóðà, ÿçûêè, æèâîïèñü, ñêóëüïòóðà, ìó-
çûêà. Âñå ýòî ïî-íàñòîÿùåìó ãëóáîêî, ïðî-
äóìàííî, íî áåç âñÿêîé ïîçû, ïðîñòî, åñ-
òåñòâåííî.

Ïîìíþ ðàçãîâîð î �Çèìíåé ñêàçêå� Ãåé-
íå: åùå ñ äåòñòâà Àíäðåþ íðàâèòñÿ ñðàâ-
íèâàòü òåêñòû îðèãèíàëà è ïåðåâîäîâ,

3Ãîëüäèí Ñ. Â. Ââåäåíèå â ãåîìåòðè÷åñêóþ
ñåéñìèêó. Íîâîñèáèðñê: Èçä. ÈÍÃÃ ÑÎ ÐÀÍ,
2016. 203 ñ.



ÏÀÌßÒÈ Ó×ÅÍÎÃÎ

150 Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 40, 2018

îòûñêèâàÿ âñå íîâûå íþàíñû è ïëàñòû
áåññìåðòíîãî ïðîèçâåäåíèÿ, íàïèñàííîãî
êðîâüþ ñåðäöà ïîýòà. Åùå ìîìåíò � çâó-
÷èò ìóçûêà Øîñòàêîâè÷à. Ëèöî Àíäðåÿ
çàäóì÷èâîå, ñâåòëîå: �Ñëûøèòå, êàê èäåò
âðåìÿ? Íåâåðîÿòíî!�. Ñîâìåñòíîå ïîñå-
ùåíèå âûñòàâêè ÿïîíñêîé æèâîïèñè. Ãäå-
òî ìèíóò ÷åðåç 20 ñëîâà Àíäðåÿ: �... êàð-
òèíû êàê ÿïîíñêèå ñòèõè-òàíêè, êîãäà ïî-
ýò äàåò îáùóþ ôîðìóëó, à äåëî ÷èòàòå-
ëåé � ðàñêðûòü è ïîíÿòü åå. Ýòî âäîõ-
íîâëÿåò�. È óæ ñîâñåì íåîæèäàííîå óâ-
ëå÷åíèå öâåòàìè (�äóøà ïðîñèò�), óêðà-
øàþùèìè ðàáî÷óþ êîìíàòó áóéíî, ñâî-
áîäíî, ñ ðàçìàõîì.

Êàçàëîñü, ýòîìó ÷åëîâåêó âñå ëåãêî: è
ýêçàìåíû, è ðàáîòà, è íåóñòðîåííîñòü
áûòà, è ðàçëóêà ñ ñåìüåé. Òîëüêî èíîã-
äà ïðîðûâàëîñü ñëó÷àéíî: �×òî-òî áîëèò
ãîëîâà, óæå ìåñÿö; çíàåòå, òàê òðóäíî ïðå-
ðâàòü ðàáîòó; âåäü íî÷üþ, çíàåòå, êàê-òî
ëåã÷å äûøèòñÿ, à ñïàòü äíåì íåêîãäà�.

Íà îáîðîòå ôîòîãðàôèè, ïîäàðåííîé â
1969 ã., Àíäðåé íàïèñàë ñòðîêè èç ïîý-
ìû Èîãàííà Âîëüôãàíãà Ãåòå �Ôàóñò�:

�Ãäå, âðåìåíè êèíóâ ñêâîçíóþ êàíâó,
Æèâóþ îäåæäó ÿ òêó áîæåñòâó�.

�... So schaff ich am laufendenWebstuhl der Zeit
Und wirke des Gottheit Lebendiges Kleil�.

Êîãäà ïðèåõàëà ñåìüÿ, Àíäðåé ñðàçó
óñïîêîèëñÿ: íàêîíåö, âñå âìåñòå. Áûò óñ-
ëîæíèëñÿ èç-çà òåñíîòû, íåõâàòêè äåíåã,
âðåìåíè. Àíäðåþ âñå íåâàæíî, ãëàâíîå
� íàäî �âêëàäûâàòüñÿ� â äåòåé. Îí è
çäåñü ñïåøèë: ÷èòàë è ôàíòàçèðîâàë ñêàç-
êè, ìíîãî çàíèìàëñÿ ñ äåòüìè íåìåöêèì
è ïîëüñêèì ÿçûêàìè, íåçàìåòíî ïðèó÷àÿ
èõ ê ðàäîñòíîìó, òâîð÷åñêîìó òðóäó.

Áûâàþò ñåìüè, ãäå ïàõíåò áîãàòñòâîì,
áëàãîïîëó÷èåì, � çäåñü áûë çàïàõ òðóä-
íîãî ñ÷àñòüÿ. Êàê õîðîøè áûëè ñåìåé-
íûå ïðîãóëêè â ëåñ íà âåëîñèïåäàõ! Êàê
ïðèÿòíî áûëî â óþòíîì ñåìåéíîì êðóãó
âñòðå÷àòü ãîñòåé, áåñåäîâàòü îáî âñåì íà
ñâåòå, óãîùàòü ìóçûêîé, ïèðîãàìè! Ñ îò-
êðûòîé äóøîé, òåïëî ïðèíèìàëè õîçÿå-
âà è ïðîôåññîðà, è ïÿòèëåòíåãî ìàëü÷è-
êà. Ñåìåéíûå ïðàçäíèêè � â òåñíîòå, íî
òðîãàòåëüíûå, íåñòàíäàðòíûå, âåñåëûå,
çàïîìèíàþùèåñÿ íàäîëãî ...�

Îëüãà Ãåðàñèìåíêî
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Ñïèñîê ïóáëèêàöèé À. Í. Ãåðàñèìåíêî

Áàáèé À. È., Êîáðóíîâ À. È., Ãåðàñèìåíêî À. Í., Ïàíàñåíêî Â. Í. Îïðåäåëåíèå ðàñïîëîæå-
íèÿ òî÷åê è ëèíèé ãåîôèçè÷åñêèõ íàáëþäåíèé. Â ñá.: Ïðèïÿòñêàÿ âïàäèíà. Ãåîëîãè-
÷åñêèå ðåçóëüòàòû, ìåòîäèêà è öèôðîâàÿ îáðàáîòêà ãåîôèçè÷åñêèõ èññëåäîâàíèé.
Ìèíñê: ÁåëÍÈÃÐÈ, 1974. Ñ. 152�156.

Ãåðàñèìåíêî À. Í., Âåðåâêèí Å. Å. Ê âîïðîñó äâîéíîãî ïðåîáðàçîâàíèÿ ÐÍÏ: Ìàòåðèàëû
VI íàó÷. êîíô. ìîëîäûõ ãåîëîãîâ Áåëîðóññèè. Ìèíñê: ÁåëÍÈÃÐÈ, 1976. Ñ. 31�33.

Ãåðàñèìåíêî À. Í. Î ñïåêòðàëüíîé îöåíêå èñêàæåíèé ðåçóëüòàòîâ îáðàáîòêè ñåéñìè-
÷åñêèõ çàïèñåé ìåòîäîì äâîéíîãî ÐÍÏ: Ìàòåðèàëû VI íàó÷. êîíô. ìîëîäûõ ãåîëîãîâ
Áåëîðóññèè. Ìèíñê: ÁåëÍÈÃÐÈ, 1976. Ñ. 34�37.

Ãåðàñèìåíêî À. Í. Î ïðèíöèïå äèíàìè÷åñêîé ñèììåòðèè â ãåîëîãèè. Ñá.: Ñèììåòðèÿ
ãåîëîãè÷åñêèõ òåë. Ìàòåðèàëû Âñåñîþçíîãî ñîâåùàíèÿ. Ëåíèíãðàä: ÂÑÅÃÅÈ, 1976.
Ñ. 20�22.

Ãåðàñèìåíêî À. Í. Î âîïðîñå ñïåêòðàëüíîãî ñèíòåçà èíòåðôåðåíöèîííûõ ñèñòåì äëÿ
ðàçäåëåíèÿ ñèãíàëîâ â ñåéñìè÷åñêèõ çàïèñÿõ. Ãåîôèç. ñá. ÀÍ ÓÑÑÐ. 1977. Âûï. 76.
Ñ. 23�35.

Ãåðàñèìåíêî À. Í. Î ïðèíöèïå ñîâìåñòíîãî ðàçäåëåíèÿ èíòåðôåðèðóþùèõ ñèãíàëîâ â
ñåéñìè÷åñêèõ çàïèñÿõ. Ãåîôèç. ñá. ÀÍ ÓÑÑÐ. 1977. Âûï. 78. Ñ. 62�66.

Ãåðàñèìåíêî À. Í. Îá èñïîëüçîâàíèè ìåòîäà íàèìåíüøèõ êâàäðàòîâ â çàäà÷å î ðàçäåëå-
íèè ñèãíàëîâ â ñåéñìè÷åñêèõ çàïèñÿõ. Ãåîôèç. ñá. ÀÍ ÓÑÑÐ. 1977. Âûï. 79. Ñ. 62�66.

Ãåðàñèìåíêî À. Í. Îá îáîáùåíèè ïðèíöèïà îáðàòíîé ôèëüòðàöèè íà ïðîñòðàíñòâåííî-
âðåìåííûå ñèñòåìû â ñåéñìîðàçâåäêå ÌÎÂ. Ãåîôèç. ñá. ÀÍ ÓÑÑÐ . 1977. Âûï. 77.
Ñ. 67�71.

Âàñèëüåâ Þ. À., Ãåðàñèìåíêî À. Í., Ãàíæåíêî À. Ñ. Î ðàçðåøàþùåé ñïîñîáíîñòè íåêîòî-
ðûõ ìåòîäîâ îáðàáîòêè ñåéñìè÷åñêèõ ñèãíàëîâ. Â ñá.: Ìåòîäû è óñòðîéñòâà ñáîðà è
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To Editor-in-Chief of “Geophysical Journal”
V. I. Starostenko

In the article N. V. Olali, D. B. Vengrovich, M. P. Malezhyk “Mathematical modeling of the
elastic behavior of structured geophysical media” published in “Geophysical Journal” Vol. 39, No. 5,
2017, we have made a serious mistake. Considering for digital finite element solution the mathematical
model of elastic behavior of structured geophysical media, which allows to obtain analytical dependence
between elastic parameters and structure we have used solutions of G. A. Vanin, obtained from his
monograph “Micromechanics of composite materials”, Kiev: Naukova dumka, 1985, while the cor-
responding binding reference to the source was omitted. Recognizing the non-acceptance of such a
point the authors sincerely apologize for the error of omission. We apply for article retraction because
of the unlawful borrowings in a significant amount and ask to consider this article as is not published.

N. V. Olali, M. P. Malezhyk, 25 October 2017

Ãîëîâíîìó ðåäàêòîðó �Ãåîôèçè÷åñêîãî æóðíàëà�
Â. ². Ñòàðîñòåíêî

Ó ñòàòò³ N. V. Olali, D. B. Vengrovich, M. P. Malezhyk �Mathematical modelling of the
elastic behavior of structured geophysical media�, ðîçì³ùåí³é â �Ãåîôèçè÷åñêîì æóðíàëå� Ò. 39,
¹ 5, 2017 ð., íàìè äîïóùåíà ñåðéîçíà ïîìèëêà. Âèêîðèñòàâøè â³äîìó ìàòåìàòè÷íó ìîäåëü
ïðóæíî¿ ïîâåä³íêè êîìïîçèòíîãî ñåðåäîâèùà òà àíàë³òè÷í³ çàëåæíîñò³ ì³æ ïðóæíèìè ïàðàìåò-
ðàìè ³ ñòðóêòóðîþ, ïåðåä ðåçóëüòàòàìè ÷èñåëüíîãî ìîäåëþâàííÿ ìåòîäîì ñê³í÷åííèõ åëåìåíò³â
äëÿ âèÿâëåííÿ ìåæ çàñòîñóâàííÿ àíàë³òè÷íèõ ôîðìóë áóëè ïðèâåäåí³ ðåçóëüòàòè Ã. À. Âàí³íà ç
éîãî ìîíîãðàô³¿ �Ìèêðîìåõàíèêà êîìïîçèöèîííûõ ìàòåðèàëîâ�, Êèåâ: Íàóêîâà äóìêà, 1985.
Ïðè öüîìó â ïîäàíîìó äî äðóêó ðóêîïèñ³ áóëî ïðîïóùåíå â³äïîâ³äíå îáîâ�ÿçêîâå ïîñèëàííÿ íà
äæåðåëî. Ç îãëÿäó íà íåïðèïóñòèì³ñòü öüîãî, àâòîðè ïðèíîñÿòü ñâî¿ ùèð³ âèáà÷åííÿ. Ïðîñèìî
â³äêëèêàòè äàíó ñòàòòþ ÷åðåç âì³ñò íåïðàâîì³ðíèõ çàïîçè÷åíü â çíà÷íîìó îá�ºì³ òà ââàæàòè ¿¿
íåîïóáë³êîâàíîþ.

N. V. Olali, Ì. Ï. Ìàëåæèê, 25 æîâòíÿ 2017 ð.

Ãëàâíîìó ðåäàêòîðó �Ãåîôèçè÷åñêîãî æóðíàëà�
Â. È. Ñòàðîñòåíêî

Â ñòàòüå N. V. Olali, D. B. Vengrovich, M. P. Malezhyk �Mathematical modelling of the elastic
behavior of structured geophysical media�, ïîìåùåííîé â �Ãåîôèçè÷åñêîì æóðíàëå� Ò. 39, ¹ 5,
2017 ã., íàìè äîïóùåíà ñåðüåçíàÿ îøèáêà. Èñïîëüçîâàâ èçâåñòíóþ ìàòåìàòè÷åñêóþ ìîäåëü
óïðóãîãî ïîâåäåíèÿ êîìïîçèòíîãî ìàòåðèàëà è àíàëèòè÷åñêèå çàâèñèìîñòè ìåæäó óïðóãèìè
ïàðàìåòðàìè è ñòðóêòóðîé, ïåðåä ðåçóëüòàòàìè ÷èñëåííîãî ìîäåëèðîâàíèÿ ìåòîäîì êîíå÷íûõ
ýëåìåíòîâ äëÿ âûÿâëåíèÿ ãðàíèö ïðèìåíåíèÿ àíàëèòè÷åñêèõ ôîðìóë áûëè ïðèâåäåíû ðåçóëüòàòû
Ã. À. Âàíèíà èç åãî ìîíîãðàôèè �Ìèêðîìåõàíèêà êîìïîçèöèîííûõ ìàòåðèàëîâ�, Êèåâ: Íàóêîâà
äóìêà, 1985. Ïðè ýòîì â ïîäàííîé â ïå÷àòü ðóêîïèñè áûëà ïðîïóùåíà ñîîòâåòñòâóþùàÿ îáÿçà-
òåëüíàÿ ññûëêà íà èñòî÷íèê. Ó÷èòûâàÿ íåäîïóñòèìîñòü ýòîãî, àâòîðû ïðèíîñÿò ñâîè èñêðåííèå
èçâèíåíèÿ. Ïðîñèì îòîçâàòü äàííóþ ñòàòüþ èç-çà íàëè÷èÿ íåïðàâîìåðíûõ çàèìñòâîâàíèé â
çíà÷èòåëüíîì îáúåìå è ñ÷èòàòü åå íåîïóáëèêîâàííîé.

N. V. Olali, Ì. Ï. Ìàëåæèê, 25 îêòÿáðÿ 2017 ã.
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Âíèìàíèþ ÷èòàòåëåé!
Â ÈÍÑÒÈÒÓÒÅ ÃÅÎÔÈÇÈÊÈ
ÈÌ. Ñ. È. ÑÓÁÁÎÒÈÍÀ ÍÀÍ ÓÊÐÀÈÍÛ ÈÇÄÀÅÒÑß ÐÅÖÅÍÇÈÐÓÅÌÛÉ

ÃÅÎÔÈÇÈ×ÅÑÊÈÉ ÆÓÐÍÀË
ñîçäàííûé â 1979 ã. íà áàçå îñíîâàííîãî â 1956 ã. è ïóáëèêîâàâøåãîñÿ Èíñòèòóòîì ãåî-
ôèçèêè ÍÀÍ Óêðàèíû «Ãåîôèçè÷åñêîãî ñáîðíèêà». Íà ñòðàíèöàõ ýòîãî æóðíàëà îñâå-
ùàþòñÿ íîâûå äàííûå òåîðåòè÷åñêèõ è ýêñïåðèìåíòàëüíûõ ãåîôèçè÷åñêèõ èññëåäîâà-
íèé, ìàòåðèàëû î çàêîíîìåðíîñòÿõ ðàñïðåäåëåíèÿ ðàçëè÷íûõ ôèçè÷åñêèõ ïîëåé Çåìëè,
âîïðîñû êîìïëåêñíîãî èçó÷åíèÿ ãëóáèííîãî ñòðîåíèÿ ëèòîñôåðû, ñîâðåìåííîé ãåîäè-
íàìèêè è ïðîãíîçà çåìëåòðÿñåíèé, ðåçóëüòàòû èññëåäîâàíèé ôèçè÷åñêèõ ñâîéñòâ ìèíå-
ðàëüíîãî âåùåñòâà â ðàçëè÷íûõ ÐÒ-óñëîâèÿõ, ðàáîòû â îáëàñòè ãåîòåðìèè, ïàëåîìàã-
íåòèçìà, ãåîôèçèêè Ìèðîâîãî îêåàíà, ïîèñêîâ è ðàçâåäêè ïîëåçíûõ èñêîïàåìûõ ãåî-
ôèçè÷åñêèìè ìåòîäàìè è äð. Ïóáëèêóþòñÿ òàêæå ìåòîäè÷åñêèå è àïïàðàòóðíûå ðàç-
ðàáîòêè, ìàòåðèàëû äèñêóññèé, ðåöåíçèè, ñîîáùåíèÿ î íàó÷íûõ ñîâåùàíèÿõ è äðóãàÿ
èíôîðìàöèÿ.

      • Ðàññ÷èòàí íà øèðîêèé êðóã ãåîôèçèêîâ è ãåîëîãîâ: íàó÷íûõ ðàáîòíè-
êîâ, ïðåïîäàâàòåëåé, èíæåíåðîâ, àñïèðàíòîâ, ñòóäåíòîâ, ðàáîòíèêîâ ïîèñêî-
âûõ ïàðòèé è ýêñïåäèöèé.

      • Ñòàòüè ïóáëèêóþòñÿ  íà ðóññêîì, óêðàèíñêîì èëè àíãëèéñêîì ÿçûêàõ.

      • Ïåðèîäè÷íîñòü � ðàç â äâà ìåñÿöà.

      • Èíäåêñ 74116.

      • Òîëüêî ñâîåâðåìåííî îôîðìëåííàÿ ïîäïèñêà èëè çàêàçû â íàøåé
ðåäàêöèè è ÎÍÒÈ Èíñòèòóòà ãåîôèçèêè ÍÀÍ Óêðàèíû ìîãóò ãàðàíòèðîâàòü
Âàì ïîëó÷åíèå æóðíàëà. Êðîìå òîãî, âîçìîæíî ïðèîáðåòåíèå åãî îòäåëüíûõ
íîìåðîâ çà ïðîøëûå ãîäû. Ïîäïèñêó íà «Ãåîôèçè÷åñêèé æóðíàë» äëÿ äàëü-
íåãî çàðóáåæüÿ ìîæíî îôîðìèòü íà ñàéòå ÄÏ «Ïðåññà» www.presa.ua

Ïîäïèñûâàéòåñü è çàêàçûâàéòå
«Ãåîôèçè÷åñêèé æóðíàë»!
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