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Äëÿ âèâ÷åííÿ çì³í ëîêàëüíèõ âàð³àö³é ãåîìàãí³òíîãî ïîëÿ îáðàíî ïóíêò �Êàðàäàã�
ó çâ�ÿçêó ç âèÿâëåíèìè íàìè ðàí³øå ï³äâèùåíî¿ (ïîð³âíÿíî ç ³íøèìè ïóíêòàìè Êðè-
ìó) ñîíÿ÷íî¿ ³íñîëÿö³¿ ³ òåìïåðàòóðè çåìíî¿ ïîâåðõí³ â öüîìó ïóíêò³ çà îñòàííº ñòî-
ð³÷÷ÿ. Äëÿ àíàë³çó âèêîðèñòàíî äàí³, îá÷èñëåí³ àâòîðàìè íà êàëüêóëÿòîð³ 12-¿ ìîäå-
ë³ Ì³æíàðîäíîãî ãåîìàãí³òíîãî ñòàíäàðòíîãî ïîëÿ (The International Geomagnetic Refe-
rence Field � IGRF-12). Ïîáóäîâàíî ïîë³íîì³àëüíó ìîäåëü øîñòîãî ïîðÿäêó â³êîâèõ âà-
ð³àö³é ãåîìàãí³òíîãî ñõèëåííÿ â ïóíêò³ �Êàðàäàã� çà ïåð³îä 1900�2017 ðð. Îö³íêè
òî÷íîñò³ íàáëèæåííÿ ö³ºþ ìîäåëëþ îá÷èñëåíèõ íà êàëüêóëÿòîð³ IGRF-12 äàíèõ òàê³:
R-êâàäðàò äîð³âíþº 0,8892 (âåëèêó ÷àñòèíó äèñïåðñ³¿ âðàõîâàíî ìîäåëëþ); ñêîðèãî-
âàíèé R-êâàäðàò äîð³âíþº 0,8833; ñåðåäíüîêâàäðàòè÷íà ïîìèëêà íàáëèæåííÿ RMSE
� 0,01395. Ïðè ç³ñòàâëåíí³ ãðàô³ê³â â³êîâèõ âàð³àö³é ãåîìàãí³òíîãî ñõèëåííÿ â
ïóíêò³ �Êàðàäàã�, îá÷èñëåíèõ íà êàëüêóëÿòîð³ IGRF-12 ³ çà äîïîìîãîþ ïîë³íîì³àëü-
íî¿ ìîäåë³ ïîðÿäêó, âèÿâëåíî ñòðèáîê ó 1969 ð. Êð³ì òîãî, âèçíà÷åíî, ùî íàéð³çê³ø³
çì³íè ãåîìàãí³òíîãî ñõèëåííÿ â³äáóâàëèñÿ íà ³íòåðâàëàõ 1944�1945 ³ 1974�1975 ðð.
Óñòàíîâëåíî êîãåðåíòí³ âàð³àö³¿. Àíàë³ç îá÷èñëåíèõ ôóíêö³é êîãåðåíòíîñò³ äàº çìî-
ãó ïðèïóñòèòè ³ñíóâàííÿ ñòàòèñòè÷íîãî çâ�ÿçêó ì³æ âàð³àö³ÿìè ç ïåð³îäîì 36,4 ðî-
êó (êâàäðàò ìîäóëÿ êîãåðåíòíîñò³ 62 %) ó â³êîâèõ âàð³àö³ÿõ ãåîìàãí³òíîãî ñõèëåííÿ
â ïóíêò³ �Êàðàäàã� ³ çì³íè ç ðîêó â ð³ê òðèâàëîñò³ äîáè; ì³æ âàð³àö³ÿìè ç ïåð³îäàìè
10,5 ðîêó (êâàäðàò ìîäóëÿ êîãåðåíòíîñò³ 86 %) � ó â³êîâèõ âàð³àö³ÿõ ãåîìàãí³òíîãî
ñõèëåííÿ â ïóíêò³ �Êàðàäàã� ³ çì³íàìè ç ðîêó â ð³ê ÷èñëà ñîíÿ÷íèõ ïëÿì. Â³äçíà÷å-
íî ïîä³áí³ñòü òåíäåíö³¿ çì³í â³êîâèõ âàð³àö³é ãåîìàãí³òíîãî ñõèëåííÿ â ïóíêò³ �Êà-
ðàäàã� ³ òåíäåíö³¿ çì³í ï³âí³÷íî¿ ñêëàäîâî¿ øâèäêîñò³ ãåîìàãí³òíîãî ïîëþñà ó Ï³â-
í³÷í³é ï³âêóë³ çà îñòàíí³ ðîêè.

Êëþ÷îâ³ ñëîâà: ãåîìàãí³òíå ïîëå, â³êîâ³ âàð³àö³¿, �Êàðàäàã�.

Ââåäåíèå. Ïðîáëåìà çàðîæäåíèÿ è ðàç-
âèòèÿ îïàñíûõ è êàòàñòðîôè÷åñêèõ ïðî-
öåññîâ â ãåîñèñòåìàõ ÷ðåçâû÷àéíî øèðî-
êà è ñëîæíà äëÿ âñåñòîðîííåãî èññëåäî-
âàíèÿ è îáñóæäåíèÿ. Â ýòîé ñâÿçè ïåðâî-
ñòåïåííûì ÿâëÿåòñÿ ïîíèìàíèå ïðè÷èí íå-
ñòàáèëüíîñòè â ãåîñèñòåìàõ, êîòîðûå èíè-
öèèðóþòñÿ êàê âíåøíèìè (êîñìè÷åñêè-
ìè), òàê è âíóòðèçåìíûìè âîçäåéñòâèÿìè.

Íà àìïëèòóäû êîëåáàíèé ãëîáàëüíûõ è
ëîêàëüíûõ êëèìàòè÷åñêèõ è ãåîôèçè÷åñ-

êèõ ïðîöåññîâ îêàçûâàþò âëèÿíèå êîëå-
áàíèÿ ñîëíå÷íîé àêòèâíîñòè [Àâñþê, 1996],
ëóííî-ñîëíå÷íûå ïðèëèâû [Ñèäîðåíêîâ,
2008], êîëåáàíèÿ ñêîðîñòè âðàùåíèÿ Çåì-
ëè [Ñèäîðåíêîâ, 2002], à òàêæå âçàèìîäåé-
ñòâèÿ ãåîôèçè÷åñêèõ ïðîöåññîâ. Ãåëèî-
ãåîôèçè÷åñêèå ïðîöåññû âîçäåéñòâóþò íà
àòìîñôåðó è ïðîèñõîäÿùèå â íåé äèíàìè-
÷åñêèå ïðîöåññû [Áåððè, 1991; Êóðáàñî-
âà, Âîëüâà÷, 2014].

Ãåîìàãíèòíîå ïîëå èçìåíÿåòñÿ â çàâè-
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ñèìîñòè îò ïîëîæåíèÿ ïóíêòà íà ïîâåðõ-
íîñòè Çåìëè. Ýòè èçìåíåíèÿ âàðüèðóþò
íà âðåìåííûõ ìàñøòàáàõ, íà÷èíàÿ îò íå-
ñêîëüêèõ ñåêóíä äî íåñêîëüêèõ äåñÿòèëå-
òèé è äî òûñÿ÷åëåòèé [Kurbasova et al.,
1997]. Âëèÿíèå èçìåíåíèé ãåîìàãíèòíîãî
ïîëÿ íà çäîðîâüå, áåçîïàñíîñòü è ýêîíî-
ìè÷åñêîå áëàãîñîñòîÿíèå îáùåñòâà íå ïîä-
ëåæèò ñîìíåíèþ.

Ãåîìàãíèòíîå ïîëå, íàðÿäó ñî ñâÿçàí-
íûìè ñ íèì ÿâëåíèÿìè, ìîæåò êàê ïîìî÷ü,
òàê è óõóäøèòü íàâèãàöèþ è ïðîâåäåíèå
èçûñêàòåëüñêèõ ðàáîò; âëèÿòü íà ñîâðå-
ìåííûå ñèñòåìû ñâÿçè, êîñìè÷åñêèå àï-
ïàðàòû è ìíîãîå äðóãîå.

Îáùèå ñâåäåíèÿ è èñòîðè÷åñêàÿ ñïðàâ-
êà î ãåîìàãíèòíîì ïîëå Çåìëè. Ãåîìàã-
íèòíîå ïîëå, èçìåðåííîå â ëþáîé òî÷êå
çåìíîé ïîâåðõíîñòè, ÿâëÿåòñÿ ñîâîêóïíî-
ñòüþ íåñêîëüêèõ ìàãíèòíûõ ïîëåé, ãåíå-
ðèðóåìûõ ðàçëè÷íûìè èñòî÷íèêàìè. Ýòè
ïîëÿ íàêëàäûâàþòñÿ è âçàèìîäåéñòâóþò
äðóã ñ äðóãîì. Â ñâÿçè ñ îñîáåííîñòÿìè ãå-
íåðàöèè ïðèíÿòî ðàçëè÷àòü äâà âèäà ìàã-
íèòíûõ ïîëåé: ãåîìàãíèòíîå è ìàãíèòíîå,
à òàêæå ñîîòâåòñòâóþùèå èì ãåîìàãíèò-
íûå è ìàãíèòíûå ïîëþñà. Áîëåå 90 % èç-
ìåðÿåìîãî ïîëÿ ãåíåðèðóåòñÿ âíóòðè ïëà-
íåòû è â çåìíîé êîðå. Ýòà ÷àñòü ãåîìàã-
íèòíîãî ïîëÿ ÷àñòî íàçûâàåòñÿ ãëàâíûì
ìàãíèòíûì ïîëåì, â ïåðâîì ïðèáëèæåíèè
� ýòî äèïîëü, ìàãíèòíàÿ îñü êîòîðîãî ñî-
ñòàâëÿåò óãîë îêîëî 11,5° ñ îñüþ âðàùå-
íèÿ Çåìëè. Óãëîâîå ðàññòîÿíèå ìåæäó ãåî-
ìàãíèòíîé è ãåîãðàôè÷åñêîé îñÿìè â íà-
ñòîÿùåå âðåìÿ ñîêðàùàåòñÿ ñî âðåìåíåì
è ñîñòàâëÿåò îêîëî 9,7° â 2015 ã. è ïðîã-
íîçèðóåòñÿ íà óðîâíå 9,4° â 2020 ã. [Théba-
ult et al., 2015]. Ãåîìàãíèòíàÿ îñü ïðîõîäèò
íà ðàññòîÿíèè ïðèìåðíî 490 êì îò öåíò-
ðà Çåìëè (ïî äàííûì 1980 ã.) â íàïðàâëå-
íèè Òèõîãî îêåàíà (21° ñ. ø. è 147° â. ä.).
Òî÷êè ïåðåñå÷åíèÿ ìàãíèòíîé îñè ñ ïî-
âåðõíîñòüþ Çåìëè íàçûâàþò ãåîìàãíèò-
íûì ïîëþñîì. Êîîðäèíàòû ãåîìàãíèòíûõ
ïîëþñîâ: â Ñåâåðíîì ïîëóøàðèè 78,5°ñ.ø.
è 70° ç. ä.; â Þæíîì ïîëóøàðèè 78,5° þ.ø.
è 110° â. ä. Ìàãíèòíûìè ïîëþñàìè Çåìëè
íàçûâàþò òî÷êè íà åå ïîâåðõíîñòè, â êî-
òîðûõ âåêòîð èíäóêöèè ìàãíèòíîãî ïîëÿ

Çåìëè íàïðàâëåí âåðòèêàëüíî: âíèç íà Ñå-
âåðíîì ïîëþñå è ââåðõ íà Þæíîì. Êîîð-
äèíàòû ìàãíèòíûõ ïîëþñîâ: â Ñåâåðíîì
ïîëóøàðèè 75° ñ.ø. è 100° ç. ä. (Ñåâåðíàÿ
Êàíàäà), â Þæíîì ïîëóøàðèè 68° þ. ø.
è 145° â. ä. (ôðàíöóçñêàÿ ïîëÿðíàÿ ñòàí-
öèÿ Äþìîí-ä�Þðâèëü). Ïîëÿðíîñòü ìàã-
íèòíîãî ïîëÿ Çåìëè â òåêóùóþ ýïîõó òà-
êîâà, ÷òî â Ñåâåðíîì ïîëóøàðèè íàõîäèò-
ñÿ þæíûé ãåîìàãíèòíûé è ìàãíèòíûé ïî-
ëþñà, à â Þæíîì ïîëóøàðèè � ñåâåð-
íûå. Îäíàêî ïîëþñà îáùåïðèíÿòî íàçû-
âàòü â ñîîòâåòñòâèè ñ ïîëóøàðèåì, â êî-
òîðîì êàæäûé èç íèõ íàõîäèòñÿ.

Òàê êàê ãåîìàãíèòíîå ïîëå ïðåäñòàâ-
ëÿåò ñîáîé âåêòîðíîå ïîëå, íåîáõîäèìî
êàê ìèíèìóì òðè ýëåìåíòà (êîìïîíåíòû),
÷òîáû ïðåäñòàâèòü ïîëå. Ðèñ. 1 äåìîíñò-
ðèðóåò ðàçëîæåíèå âåêòîðà íàïðÿæåííî-
ñòè ãåîìàãíèòíîãî ïîëÿ íà ñîñòàâëÿþùèå
è óðàâíåíèÿ ñâÿçè ìåæäó íèìè (1) [Jankow-
ski, Sucksdorff, 1996].

Ýëåìåíòàìè âåêòîðà F íàïðÿæåííîñòè
ãåîìàãíèòíîãî ïîëÿ ñëóæàò åãî ñîñòàâëÿ-
þùèå: X � ñåâåðíàÿ ñîñòàâëÿþùàÿ, Y �

Ðèñ. 1. Ðàçëîæåíèå âåêòîðà íàïðÿæåííîñòè
ãåîìàãíèòíîãî ïîëÿ íà ñîñòàâëÿþùèå.



À. Å. ÂÎËÜÂÀ×, Ã. Ñ. ÊÓÐÁÀÑÎÂÀ

194 Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 41, 2019

âîñòî÷íàÿ, Z � âåðòèêàëüíàÿ (íàïðàâëå-
íà âíèç), H � ãîðèçîíòàëüíàÿ ñîñòàâëÿþ-
ùàÿ, íàïðàâëåííàÿ âäîëü ëîêàëüíîãî ãåî-
ìàãíèòíîãî ìåðèäèàíà (ïîëîæèòåëüíîå íà-
ïðàâëåíèå � íà ñåâåð), D � ãåîìàãíèò-
íîå ñêëîíåíèå (ïîëîæèòåëüíîå íàïðàâëå-
íèå � íà âîñòîê) èëè óãîë ìåæäó ãåîãðà-
ôè÷åñêèì ñåâåðíûì íàïðàâëåíèåì è ãåî-
ìàãíèòíûì ìåðèäèàíîì (óãîë ìåæäó X è
H) è I � ãåîìàãíèòíîå íàêëîíåíèå (ïîëî-
æèòåëüíîå íàïðàâëåíèå � âíèç) èëè óãîë
ìåæäó âåêòîðîì ãîðèçîíòàëüíîé íàïðÿæåí-
íîñòè (H) è íàïðàâëåíèåì âåêòîðà ïîëíîé
íàïðÿæåííîñòè ãåîìàãíèòíîãî ïîëÿ (F).

Ñëåäóþùèå îñíîâíûå óðàâíåíèÿ ñâÿ-
çûâàþò êîìïîíåíòû ãåîìàãíèòíîãî ïîëÿ:

;222222 ZHZYXF +=++=

;222 YXH +=

;cosDHX =

;tgsin DXDHY ==

;tgsin IHIFZ ==

( ) ;tgarc XYD =

( ) .tgarc HZI = (1)

Â íà÷àëå XVIII  ñò. Ýäìóíä Ãàëëåé îò-
ìåòèë, ÷òî ïðÿìàÿ ëèíèÿ íóëåâîãî ñêëî-
íåíèÿ D íà ãðàôèêå ñêëîíåíèé ìåäëåííî
äâèæåòñÿ íà çàïàä. Ñ òåõ ïîð áûëî òî÷íî
óñòàíîâëåíî, ÷òî íåêîòîðûå îñîáåííîñòè
âåêîâûõ âàðèàöèé äðåéôóþò íà çàïàä ñî
ñðåäíåé ñêîðîñòüþ îêîëî 0,2° â ãîä. Îä-
íàêî çàïàäíûé äðåéô íå âåçäå îäèíàêîâ.
Â Àòëàíòè÷åñêîì îêåàíå îí ñèëüíåå, ÷åì
â Òèõîì, è ìåíüøå, ÷åì ñðåäíèé äðåéô â
Ñåâåðíîé Àìåðèêå çà ïîñëåäíèå 150 ëåò
(http://geomag.nrcan.gc.ca/mag_fld/secen.
php).

Ãëàâíîå ãåîìàãíèòíîå ïîëå èçìåíÿåòñÿ
ìåäëåííî âî âðåìåíè è ìîæåò áûòü îïè-
ñàíî òàêèìè ìàòåìàòè÷åñêèìè ìîäåëÿìè,
êàê Ìåæäóíàðîäíàÿ ãåîìàãíèòíàÿ ðåêî-
ìåíäóåìàÿ ìîäåëü (The International Geomag-
netic Reference Field � IGRF), (WMM) � Ãëî-

áàëüíàÿ ãåîìàãíèòíàÿ ìîäåëü (http://www.
ngdc. noaa.gov/IAGA/vmod/igrf.html).

Ìåæäóíàðîäíàÿ àññîöèàöèÿ ïî ãåîìàã-
íåòèçìó è àýðîíîìèè (The International Asso-
ciation of Geomagnetism and Aeronomy � IAGA)
âûïóñòèëà íîâóþ âåðñèþ ñòàíäàðòíîãî ìà-
òåìàòè÷åñêîãî îïèñàíèÿ îñíîâíîãî ãåîìàã-
íèòíîãî ïîëÿ Çåìëè � Ìåæäóíàðîäíîå ãåî-
ìàãíèòíîå ñòàíäàðòíîå ïîëå 12-ãî ïîêîëå-
íèÿ, øèðîêî èñïîëüçóåìîå â íàñòîÿùåå âðå-
ìÿ äëÿ èçó÷åíèÿ ãëóáèííûõ ïðîöåññîâ Çåì-
ëè, åå êîðû, èîíîñôåðû è ìàãíèòîñôåðû.
Êîýôôèöèåíòû äëÿ ýòîé îñíîâíîé ìîäå-
ëè ïîëÿ äî 13-é ñòåïåíè áûëè çàâåðøåíû
ðàáî÷åé ãðóïïîé IAGA  â äåêàáðå 2014 ã.
IGRF ÿâëÿåòñÿ ïðîäóêòîì ñîâìåñòíîé ðà-
áîòû ìåæäó îòäåëüíûìè ó÷åíûìè è èí-
ñòèòóòàìè, êîòîðûå çàíèìàþòñÿ ñáîðîì
è ðàñïðîñòðàíåíèåì ïîëó÷åííûõ ñî ñïóò-
íèêîâ äàííûõ î ìàãíèòíîì ïîëå è íàçåì-
íûõ íàáëþäåíèÿõ îáñåðâàòîðèé ïî âñå-
ìó ìèðó.

Ìàòåìàòè÷åñêîå îïèñàíèå ìîäåëè IGRF
(http://www.ngdc.noaa.gov/IAGA/vmod/
igrf.html, ñ. 2) ïðåäñòàâëÿåò ñîáîé ñåðèþ
ìàòåìàòè÷åñêèõ ìîäåëåé ãëàâíîãî ãåîìàã-
íèòíîãî ïîëÿ è åãî èçìåíåíèé èç ãîäà â ãîä
(âåêîâûõ âàðèàöèé). Ãåîìàãíèòíîå ïîëå
íà ïîâåðõíîñòè Çåìëè è íàä íåé îïðåäå-
ëÿþò â òåðìèíàõ øêàëû ãåîìàãíèòíîãî ïî-
òåíöèàëà:

∑ ∑
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n Pmth (2)

ãäå r � ðàäèàëüíîå ðàññòîÿíèå äî öåíò-
ðà Çåìëè; a = 6371,2 êì � ãåîìàãíèòíûé
ñðåäíèé ñôåðè÷åñêèé ðàäèóñ Çåìëè; θ �
ãåîöåíòðè÷åñêàÿ øèðîòà; φ � âîñòî÷íàÿ
äîëãîòà.

Ôóíêöèè )(cosθm
nP  � êâàçèîäíîçíà÷-

íûå ïî Øìèäòó àññîöèèðîâàííûå ôóíê-
öèè Ëåæàíäðà ñòåïåíè n è ïîðÿäêà m, êî-
ýôôèöèåíòû Ãàóññà m

ng  è m
nh  ÿâëÿþòñÿ
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ôóíêöèÿìè âðåìåíè è îáû÷íî ïðèâîäÿò-
ñÿ â íàíîòåñëà (íÒë) [Thébault et al., 2015].

Âåêîâûå âàðèàöèè ãåîìàãíèòíîãî ïî-
ëÿ â ïóíêòå �Êàðàäàã�. Ïîä âåêîâûìè âàðè-
àöèÿìè ãåîìàãíèòíîãî ïîëÿ ïîäðàçóìåâà-
þòñÿ èçìåíåíèÿ åãî ñîñòàâëÿþùèõ èç ãî-
äà â ãîä. Èõ âåëè÷èíû â ëþáîì ïóíêòå Çåì-
ëè íà òðåáóåìóþ ýïîõó ìîãóò áûòü âû÷èñ-
ëåíû ñ ïîìîùüþ êàëüêóëÿòîðà IGRF-12.

Âåêîâûå âàðèàöèè ãåîìàãíèòíîãî ïîëÿ
íå òîëüêî ìåäëåííî èçìåíÿþòñÿ, íî è ñêëîí-
íû ê êðàòêîâðåìåííûì ñêà÷êàì. Ýòî ÿâ-
ëåíèå âïåðâûå îáíàðóæåíî ãðóïïîé ôðàí-
öóçñêèõ èññëåäîâàòåëåé [Courtillot, Mouël,
1984]. Îíè çàìåòèëè, ÷òî íà ìíîãèõ ìàã-
íèòíûõ îáñåðâàòîðèÿõ òåíäåíöèÿ â âîç-
ðàñòàíèè âåêîâûõ âàðèàöèé äî 1969 ã. çà-
ìåòíî îòëè÷àåòñÿ îò òåíäåíöèè ïîñëå 1969ã.
Îíà íàèáîëåå çàìåòíà â Âîñòî÷íîé ñîñòàâ-
ëÿþùåé ìàãíèòíîãî ïîëÿ íà åâðîïåéñêèõ
îáñåðâàòîðèÿõ, íî áûëà îáíàðóæåíà íà
ìíîãèõ îáñåðâàòîðèÿõ ìèðà (http://geo
mag.nrcan.gc.ca/mag_fld/sec-en.php).

Ñ ïîìîùüþ êàëüêóëÿòîðà IGRF-12 áû-
ëè âû÷èñëåíû âàðèàöèè ãåîìàãíèòíîãî ñêëî-
íåíèÿ â ïóíêòå �Êàðàäàã� (dD) è ïîñòðîå-
íà ïîëèíîìèàëüíàÿ ìîäåëü èõ èçìåíåíèé.
Íà ãðàôèêå äàííûõ (dD) ðèñ. 2 îáíàðóæè-
âàåòñÿ ñêà÷îê â 1969 ã., à íàèáîëåå ðåç-
êèå èçìåíåíèÿ ãåîìàãíèòíîãî ñêëîíåíèÿ
íàáëþäàþòñÿ â 1944�1945 è 1974�1975 ãã.

Ëèíåéíàÿ ìîäåëü ïðåäñòàâëåíà ïîëèíî-
ìîì 6 ñòåïåíè â âèäå

f
 
(x) = p

1
x6 + p

2
x5 + p

3
x4 + p

4
x3 + p

5
x2 +

+ p
6

x + p
7
,

ãäå êîýôôèöèåíòû (ñ 95 % äîâåðèòåëüíû-
ìè ãðàíèöàìè) ðàâíû

p1 = –3,634 e–012 (–6,784 e–012,

–4,833 e–013) ;

p2 = 1,29 e–009 (1,615 e–010, 2,419 e–009);

p3 = –1,866 e–007 (–3,415 e–007,

–3,169 e–008) ;

p4 = 1,457 e–005 (4,4 e–006, 2,474 e–005);

p5 = –0,0006258 (–0,0009507, –0,000301);

p6 = 0,0108 (0,00629, 0,0153);

p7 = 0,06124 (0,04146, 0,08103),

x îòñ÷èòûâàåòñÿ îò íà÷àëà 1900 ã.,
åäèíèöû îòñ÷åòà 1 ãîä.

Îöåíêè òî÷íîñòè ïðèáëèæåíèÿ ýòîé
ìîäåëüþ äàííûõ dD ñëåäóþùèå: R-êâàä-
ðàò = 0,8892 (áîëüøàÿ ÷àñòü äèñïåðñèè ó÷è-
òûâàåòñÿ ìîäåëüþ); ñêîððåêòèðîâàííûé
R-êâàäðàò = 0,8833; ñðåäíåêâàäðàòè÷åñêàÿ
îøèáêà ïðèáëèæåíèÿ RMSE = 0,01395.

Ðèñ. 2. Ãðàôèêè äàííûõ îá èçìåíåíèè ãåîìàãíèòíîãî ñêëîíåíèÿ
â ïóíêòå Êàðàäàã (dD) è ïîëèíîìèàëüíîé ìîäåëè f (x).
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Ïðè ñîïîñòàâëåíèè ãðàôèêîâ íà ðèñ. 2
è ãðàôèêà äàííûõ îá èçìåíåíèè ñåâåðíîé
ñîñòàâëÿþùåé ñêîðîñòè ãåîìàãíèòíîãî ïî-
ëþñà â Ñåâåðíîì ïîëóøàðèè íà ðèñ. 3 îá-
íàðóæèâàþòñÿ ñõîäíûå òåíäåíöèè.

Óñòàíîâëåíèå êîãåðåíòíûõ ñâÿçåé. Â
àíàëèçå ñïåêòðàëüíîãî ñîñòàâà èñõîäíûõ
äàííûõ èñïîëüçîâàëñÿ ìåòîä ñïåêòðàëü-
íûõ îöåíîê, îáëàäàþùèõ âûñîêîé ðàçðå-
øàþùåé ñïîñîáíîñòüþ äëÿ îãðàíè÷åííûõ
ïîñëåäîâàòåëüíîñòåé äàííûõ [Courtillot ,
1978; Ìàðïë, 1990]. Â ïîñòàíîâêó çàäà÷è
âõîäèëî óñòàíîâëåíèå êîãåðåíòíîñòè âå-
êîâûõ âàðèàöèé ñêëîíåíèÿ ãåîìàãíèòíî-
ãî ïîëÿ â ïóíêòå �Êàðàäàã� è òàêèõ ãëî-
áàëüíûõ ïðîöåññîâ, êàê âàðèàöèè äëè-
òåëüíîñòè ñóòîê (http://hpiers.obspm.fr/)
èç ãîäà â ãîä è âàðèàöèè èç ãîäà â ãîä ÷èñ-
ëà ñîëíå÷íûõ ïÿòåí (http://www.sidc.be/
silso/datafiles).

Èç àíàëèçà ãðàôèêîâ íà ðèñ. 4 ñëåäó-
åò, ÷òî ìåæäó âåêîâûìè âàðèàöèÿìè ãåî-
ìàãíèòíîãî ñêëîíåíèÿ â ïóíêòå �Êàðàäàã�
è èçìåíåíèÿìè äëèòåëüíîñòè ñóòîê è ÷èñ-
ëà ñîëíå÷íûõ ïÿòåí èç ãîäà â ãîä ñóùåñò-
âóåò ñòàòèñòè÷åñêàÿ ñâÿçü êîëåáàíèé ñ ïå-
ðèîäîì 36,4 ãîäà è 10,5 ëåò (êâàäðàò ìî-
äóëÿ êîãåðåíòíîñòè ðàâåí 0,62 è 0,86 ñî-
îòâåòñòâåííî).

Âûâîäû. 1. Ãåîìàãíèòíîå ïîëå èçìåíÿ-
åòñÿ â çàâèñèìîñòè îò ïîëîæåíèÿ ïóíê-
òà íà ïîâåðõíîñòè Çåìëè, ïîýòîìó èçó÷å-
íèå åãî âåêîâûõ âàðèàöèé, èõ ñâÿçè ñ âðà-
ùåíèåì Çåìëè è ñîëíå÷íîé àêòèâíîñòüþ
ÿâëÿþòñÿ íåîáõîäèìûì çâåíîì â ïîñòðî-
åíèè ëîêàëüíîãî ïðîãíîçà ýêîëîãè÷åñêèõ
è êëèìàòè÷åñêèõ èçìåíåíèé. Äëÿ èçó÷å-
íèÿ èçìåíåíèé ëîêàëüíûõ âàðèàöèé ãåî-
ìàãíèòíîãî ïîëÿ âûáðàí ïóíêò �Êàðàäàã�
â ñâÿçè ñ îáíàðóæåííûìè ðàíåå ïîâûøåí-
íîé (ïî ñðàâíåíèþ ñ äðóãèìè ïóíêòàìè Êðû-
ìà) ñîëíå÷íîé èíñîëÿöèåé è òåìïåðàòóðîé
ïîâåðõíîñòè Çåìëè â ýòîì ïóíêòå çà ïî-
ñëåäíåå ñòîëåòèå.

2. Òåíäåíöèè èçìåíåíèé âàðèàöèé ãåî-
ìàãíèòíîãî ñêëîíåíèÿ â ïóíêòå �Êàðàäàã�
äåìîíñòðèðóåò ïîëèíîìèàëüíàÿ ìîäåëü
íà ðèñ. 2. Íà ýòîì ðèñóíêå ìàêñèìàëü-
íûå îòêëîíåíèÿ îò ãðàôèêà ïîëèíîìèàëü-
íîé ìîäåëè ñîâïàäàþò ñ ìîìåíòàìè ðåãè-

Ðèñ.3. Ñåâåðíàÿ ñîñòàâëÿþùàÿ ñêîðîñòè ãåî-
ìàãíèòíûõ äèïîëüíûõ ïîëþñîâ â Ñåâåðíîì
(êðóæêè) è Þæíîì (êðåñòèêè) ïîëóøàðèÿõ,
îöåíåíà íà ñôåðîèäå WGS84 [Thébault et al.,
2015, ñ. 17].

Ðèñ. 4. Êâàäðàò ìîäóëÿ êîãåðåíòíîñòè ìåæäó
âåêîâûìè âàðèàöèÿìè ãåîìàãíèòíîãî ñêëîíå-
íèÿ â ïóíêòå �Êàðàäàã� è èçìåíåíèÿìè èç ãî-
äà â ãîä: à � äëèòåëüíîñòè ñóòîê, á � ÷èñëà
ñîëíå÷íûõ ïÿòåí.
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ñòðàöèè ñêà÷êîâ â íàáëþäåíèÿõ âàðèàöèé
ãåîìàãíèòíûõ ñêëîíåíèé íà äðóãèõ ñòàí-
öèÿõ.

Âèçóàëüíîå ñîïîñòàâëåíèå ãðàôèêà ìî-
äåëè íà ðèñ. 2 è ãðàôèêà èçìåíåíèÿ ñå-
âåðíîé ñîñòàâëÿþùåé ñêîðîñòè ñåâåðíî-
ãî ãåîìàãíèòíîãî ïîëþñà íà ðèñ. 3 îáíà-
ðóæèâàåò ïîäîáèå òåíäåíöèé è ñîâïàäå-
íèå ìîìåíòîâ èçìåíåíèÿ èõ çíàêà.

3. Îäíèì èç ãëàâíûõ ãëîáàëüíûõ ãåî-
äèíàìè÷åñêèõ ïðîöåññîâ, âëèÿþùèõ íà
èçìåíåíèÿ ëîêàëüíûõ ãåîôèçè÷åñêèõ è àò-
ìîñôåðíûõ õàðàêòåðèñòèê, ÿâëÿåòñÿ âðà-
ùåíèå Çåìëè âîêðóã ñâîåé îñè è åå ïîëî-
æåíèå íà îðáèòå. Àíàëèç ãðàôèêà íà ðèñ.
4, à ïîçâîëÿåò ïðåäïîëîæèòü î ñóùåñòâî-
âàíèè ñòàòèñòè÷åñêîé ñâÿçè ìåæäó âàðè-
àöèÿìè ñ ïåðèîäîì 36,4 ãîäà â âåêîâûõ âà-
ðèàöèÿõ ãåîìàãíèòíîãî ïîëÿ â ïóíêòå �Êà-

ðàäàã� è èçìåíåíèÿõ èç ãîäà â ãîä äëè-
òåëüíîñòè ñóòîê.

4. Ïîä àêòèâíîñòüþ Ñîëíöà ïðåæäå âñå-
ãî ïîíèìàþò óâåëè÷åíèå ÷èñëà ñîëíå÷íûõ
ïÿòåí è ïðîöåññû, åãî ñîïðîâîæäàþùèå.
Â öåïî÷êå ñîëíå÷íî-çåìíûõ âçàèìîäåéñò-
âèé âëèÿíèå ñîëíå÷íîé àêòèâíîñòè íà âíåø-
íèå è âíóòðèçåìíûå ïðîöåññû ïðîÿâëÿåò-
ñÿ â ñîáûòèÿõ, ïåðèîä ïîâòîðåíèÿ êîòî-
ðûõ ñîñòàâëÿåò â ñðåäíåì 11 ëåò. Ïðîâå-
äåííûé ñòàòèñòè÷åñêèé àíàëèç (ðèñ. 4, á)
îáíàðóæèë âûñîêóþ êîãåðåíòíîñòü èçìå-
íåíèÿ âåêîâûõ âàðèàöèé ñêëîíåíèÿ ãåî-
ìàãíèòíîãî ïîëÿ â ïóíêòå �Êàðàäàã� ñ èç-
ìåíåíèÿìè èç ãîäà â ãîä ÷èñëà ñîëíå÷íûõ
ïÿòåí: êâàäðàò ìîäóëÿ êîãåðåíòíîñòè âà-
ðèàöèé ñ ïåðèîäàìè 10,5 ëåò ðàâåí 86 %.

Ðàáîòà ÷àñòè÷íî ïîääåðæàíà Ïðîãðàì-
ìîé 28 ÐÀÍ è ãðàíòîì ÐÔÔÈ 19-42-910002.
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Secular variations of geomagnetic
declination in the �Karadag� point and the

global helio-geodynamic processes

A. E. Volvach, G. S. Kurbasova, 2019

To study the changes in the local variations of geomagnetic field, the �Karadag� point
was chosen due to the fact that we found previously on increased insolation and the
surface temperature of the earth at this point over the last century (compared to other
Crimea points). For the analysis, the data calculated by the authors with a calculator of
the 12th model of the International Geomagnetic Standard Field (The International Geomagnetic
Reference Field � IGRF-12) were used. A polynomial model of the sixth order of secular
variations of geomagnetic declination was constructed at the �Karadag� point for the pe-
riod 1900�2017. The estimates of the accuracy of approximation by this model of the da-
ta calculated with the IGRF-12 calculator are as follows: R-square = 0.8892 (most of the
variance is taken into account by the model); corrected R-square = 0.8833; mean square
error of approximation RMSE = 0.01395. When comparing the graphs of secular variati-
ons of geomagnetic declination at the �Karadag� point calculated by means of the IGRF-12
calculator and using a polynomial order model, a leap in 1969 is detected. In addition, it
was found that the most drastic changes in geomagnetic declination occurred at inter-
vals of 1944�1945 and 1974�1975. Coherent variations are established. An analysis of
the calculated coherence functions suggests the existence of a statistical connection
between variations with a period of 36.4 years (the square of the coherence modulus is
62 %) in the secular variations of geomagnetic declination at �Karadag� and in changes
from year to year of day duration; between variations with periods of 10.5 years (the squ-
are of the coherence modulus is 86 %) in the secular variations of geomagnetic declina-
tion at �Karadag� and changes in the number of sunspots from year to year. There is a si-
milarity between the tendency of changes in the secular variations of geomagnetic de-
clination at �Karadag� and the tendencies of changes in the northern component of the
velocity of the geomagnetic pole in the Northern Hemisphere during recent years.

Key words: geomagnetic field, secular variations, �Karadag�.

References

Avsyuk, Iu. N. (1996). Tidal forces and natural
processes. Moscow: Moscow: Publication of
the United Institute of Physics of the Earth
RAS, 186 p. (in Russian).

Berri, B. L. (1991). Synchronous processes in the
Earth�s shells and their cosmic causes. Vest-
nik Moskovskogo universiteta. Ser. 5, (1), 20�
27.

Kurbasova, G. S., & Volvach, A. E. (2014). Wave-
let analysis for ground-based and space mea-
surements of local insolation. Kosmicheskaya
nauka i tekhnologiya, 20 (4), 42�49. doi: 10.
15407/knit2014.04.042 (in Russian).

Marpl, S. L. (1990). Digital Spectral Analysis and
Its Applications. Moscow: Mir, 584 p. (in Rus-
sian).

Sidorenkov, N. S. (2002). Atmospheric proces-
ses and the rotation of the Earth. St. Peters-
burg: Gidrometeoizdat, 200 p. (in Russian).

Sidorenkov, N. S. (2008). Lunar-solar tides and
atmospheric processes. Pripoda, (2), 23�31
(in Russian).

Courtillot, V., Ducruix, J., & Le Mouël, J.-L.
(1978). Sur une accélérations récente de la va-
riation séculaire du champ magnétique terre-



ÂÅÊÎÂÛÅ ÂÀÐÈÀÖÈÈ ÃÅÎÌÀÃÍÈÒÍÎÃÎ ÑÊËÎÍÅÍÈß Â ÏÓÍÊÒÅ �ÊÀÐÀÄÀÃ� ...

Ãåîôèçè÷åñêèé æóðíàë ¹ 1, Ò. 41, 2019 199

stre. C. R. Acad. Sci. Paris., D287, 1095�1098.

Courtillot, V., & Le Mouël, J.-L. (1984). Geo-
magnetic secular variation impulses. Nature,
311, 709�716. https://doi.org/10.1038/311709a0.

Jankowski, J. & Sucksdorff, C. (1996). Guide for
magnetic measurements and observatory prac-
tice. Publ. by International Association of Geo-
magnetism and Aeronomy, 235 p.

Kurbasova, G. S., Korsun, A. A., Rykhlova, L. V.,.
Rybalova, M. N, Shlikar, G. N. (1970). A com-
parison of low-frequency variations in two da-
ta series on the coordinates of the Earth�s po-
le. Astronomy Reports, 41(5), 699�704.

Thébault, E., Finlay, C. C., Beggan, C. D., Alken, P.,
Aubert, J., Barrois, O., ... Zvereva, T. (2015). In-
ternational Geomagnetic Reference Field: the
12th generation. Earth, Planets and Space, 67,
79. doi: 10.1186/s40623-015-0228-9.




