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Ô³çè÷í³ åôåêòè â àòìîñôåð³ òà ãåîêîñìîñ³, 
çóìîâëåí³ íàçåìíèìè ïîä³ÿìè (íà ïðèêëàä³ âèáóõó 
ó Áåéðóò³ 4 ñåðïíÿ 2020 ð.). Ðåçóëüòàòè ñïîñòåðåæåíü

4 ñåðïíÿ 2020 ð. ó ì. Áåéðóò (Ë³âàí) ïðîëóíàâ ïîòóæíèé âèáóõ. Çà
îö³í êàìè åíåðã³ÿ âèáóõó â³äïîâ³äàëà åêâ³âàëåíòí³é ìàñ³ òðèí³òðîòî -
ëóîëó (ÒÍÒ) â 1 êò. Äåòàëüíî ïðîàíàë³çîâàíî ô³çè÷í³ åôåêòè âèáóõó â
ñè ñòå ì³ Çåìëÿ — àòìîñôåðà — ³îíîñôåðà — ìàãí³òîñôåðà. Ö³êàâèì
º àíàë³ç ðåçóëüòàò³â ñïîñòåðåæåíü ìîæëèâèõ åôåêò³â, âèêëèêàíèõ
âè áóõîì. Ïîòóæí³ âèáóõè ñòàíîâëÿòü çíà÷íèé ³íòåðåñ äëÿ ãåîêîñìî -
ô³çèê³â ³ ðàä³îô³çèê³â. Âîíè äîçâîëÿþòü âèÿâèòè ìåõàí³çìè ïåðåíå -
ñåííÿ çáóðåíü ÿê ó âåðòèêàëüíîìó, òàê ³ â ãîðèçîíòàëüíîìó íàïðÿìàõ,
à òàêîæ ìåõàí³çìè âçàºìîä³¿ ï³äñèñòåì â ñèñòåì³ Çåìëÿ — àò -
ìîñôåðà — ³îíîñôåðà — ìàãí³òîñôåðà. Ìåòà ö³º¿ ðîáîòè — îïèñ ðå -
çóëüòàò³â ðàä³îô³çè÷íèõ ³ ìàãí³òîìåòðè÷íèõ ñïîñòåðåæåíü ïðîöå -
ñ³â ó íèæí³é ³îíîñôåð³ òà ãåîìàãí³òíîìó ïîë³, ÿê³ ñóïðîâîäæóâàëè
ïîòóæíèé âèáóõ ó ì. Áåéðóò 4 ñåðïíÿ 2020 ð. Äëÿ ñïîñòåðåæåíü çà
ìîæëèâîþ ðåàêö³ºþ íàâêîëîçåìíîãî ñåðåäîâèùà íà âèáóõ âèêîðèñòî -
âóâàëèñÿ êîìïëåêñ ïîõèëîãî çîíäóâàííÿ ³îíîñôåðè òà ìàãí³òî ìåòð-
ôëþêñìåòð. Çà äîïîìîãîþ ðàä³îòåõí³÷íîãî êîìïëåêñó ïîõèëîãî çîí -
äó âàííÿ íèæíüî¿ ³îíîñôåðè âèÿâëåíî çá³ëüøåííÿ ôàçè ³îíîñôåðíî¿
õâèë³ äî 5.3° òà àìïë³òóäè ñèãíàëó äî 3.3 %, âèêëèêàí³ çáóðåííÿì
êîíöåíòðàö³¿ åëåêòðîí³â ïðèáëèçíî íà 3 %. ßêùî öå çá³ëüøåííÿ áóëî
âèêëèêàíå âèáóõîì, øâèäê³ñòü ïîøèðåííÿ çáóðåíü äîð³âíþâàëà 3 êì/ñ.
Çà äîïîìîãîþ ìàãí³òîìåòðà-ôëþêñìåòðà âèÿâëåíî çì³íè õàðàêòåðó
âàð³àö³é ð³âíÿ ãåîìàãí³òíîãî ïîëÿ ÷åðåç 5 ³ 79 õâ ï³ñëÿ âèáóõó. ßêùî ö³
âàð³àö³¿ ïîâ’ÿçàí³ ç âèáóõîì, òî øâèäêîñò³ ïîøèðåííÿ çáóðåíü ìîãëè
ñòàíîâèòè äåñÿòêè òà á³ëüøå ê³ëîìåòð³â çà ñåêóíäó, à òàêîæ
490 ì/ñ. Á³ëüøó øâèäê³ñòü ìàþòü ÌÃÄ-õâèë³, à ìåíøó — àêóñòèêî-
ãðàâ³òàö³éí³ õâèë³.
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Êëþ÷îâ³ ñëîâà: íàçåìíèé âèáóõ, àòìîñôåðà, ãåîêîñìîñ, êîñì³÷íà ïî -
ãî äà, ôàçîâèé åôåêò, àìïë³òóäíèé åôåêò, ôëóêòóàö³¿ ãåîìàãí³òíîãî
ïîëÿ, ÌÃÄ-õâèë³, àêóñòèêî-ãðàâ³òàö³éí³ õâèë³

ÂÑÒÓÏ

4 ñåðïíÿ 2020 ð. ó ì. Áåéðóò (Ë³âàí) ïðîãðèì³â ïîòóæíèé âèáóõ. Çà
îö³íêàìè ðîáîòè [15] åíåðã³ÿ âèáóõó â³äïîâ³äàëà åêâ³âàëåíòí³é ìàñ³
òðèí³òðîòîëóîëó (ÒÍÒ) â 1 êò. Ó ðîáîò³ [15] äåòàëüíî ïðîàíàë³çîâàíî
ô³çè÷í³ åôåêòè âèáóõó â ñèñòåì³ Çåìëÿ — àòìîñôåðà — ³îíîñôåðà —
ìàãí³òîñôåðà (ÇÀ²Ì). Ö³êàâèì º àíàë³ç ðåçóëüòàò³â ñïîñòåðåæåíü
ìîæëèâèõ åôåêò³â, âèêëèêàíèõ âèáóõîì. Ïîòóæí³ âèáóõè ñòàíîâëÿòü
çíà÷íèé ³íòåðåñ äëÿ ãåîêîñìîô³çèê³â ³ ðàä³îô³çèê³â. Âîíè äîçâîëÿþòü
äîñë³äæóâàòè ìåõàí³çìè ïåðåíåñåííÿ çáóðåíü ÿê ïî âåðòèêàë³, òàê ³ ïî
ãîðèçîíòàë³, à òàêîæ ìåõàí³çìè âçàºìîä³¿ ï³äñèñòåì ó ñèñòåì³ ÇÀ²Ì.

Â³äî ìî âñüî ãî ê³ëüêà ö³ëåñ ïðÿ ìî âà íèõ åê ñïå ðè ìåíò³â, ÿê³ âè êî -
ðèñ òî âóþòü ïî òóæí³ âè áó õè (â³ä ñî òåíü òîíí äî 5 êò ÒÍÒ) [2, 5, 19—
23]. Íàé÷àñò³øå âèâ ÷à ëà ñÿ ðå àêö³ÿ ñèñ òå ìè ÇÀ²Ì íà ïî îäè íîê³ òà ìà -
ñîâ³ âè áó õè â³äíîñ íî íå âå ëè êî¿ ³íòåí ñèâ íîñò³ [4, 7—12, 14, 17]. Îòðè -
ìà íî ö³êàâ³, àëå äà ëå êî íå ïî âí³ â³äî ìîñò³ ïðî ðå àêö³þ ñèñ òå ìè ÇÀ²Ì
íà ïî òóæí³ íà çåìí³ âè áó õè. Òî ìó îñîá ëè âèé ³íòå ðåñ ñòà íîâ ëÿòü ñïîñ -
òå ðå æåí íÿ ìîæ ëè âî¿ ðå àêö³¿ íàâêîëîçåìíîãî ñåðåäîâèùà íà ïîòóæ -
íèé âèáóõ ó ì. Áåéðóò.

Ìåòà ö³º¿ ðîáîòè — îïèñ ðåçóëüòàò³â ðàä³îô³çè÷íèõ ³ ìàãí³òî -
ìåòðè÷íèõ ñïîñòåðåæåíü ïðîöåñ³â ó íèæí³é ³îíîñôåð³ òà ãåîìàãí³ò -
íîìó ïîë³, ÿê³ ñóïðîâîäæóâàëè ïîòóæíèé âèáóõ ó ì. Áåéðóò 4 ñåðïíÿ
2020 ð.

Äëÿ ñïîñòåðåæåíü ìîæ ëè âî¿ ðå àêö¿³ íàâêîëîçåìíîãî ñåðå äîâèùà
íà âèáóõ âèêîðèñòîâóâàëèñÿ êîìïëåêñ ïîõèëîãî çîíäóâàííÿ ³îíî ñ ôå -
ðè òà ìàãí³òîìåòð-ôëþêñìåòð.

ÇÀÃÀËÜÍ² Â²ÄÎÌÎÑÒ² ÏÐÎ ÂÈÁÓÕ

Ïîòóæíèé âèáóõ ñåë³òðè (í³òðàòó àìîí³þ) ìàñîþ ms » 2.75 êò ñòàâñÿ ó
ì. Áåéðóò, ñòîëèö³ Ë³âàíó, 4 ñåðïíÿ 2020 ð. î 16:08:18 UT (òóò ³ äàë³ —
âñåñâ³òí³é ÷àñ). Éîìó ïåðåäóâàâ ñëàáêèé âèáóõ. Ïîòóæíèé âèáóõ ñó -
ïðîâîäæóâàâñÿ ãåíåðàö³ºþ òà ïîøèðåííÿì ñèëüíî¿ óäàðíî¿ õâèë³, óò -
âîðåííÿì âèðâè ä³àìåòðîì 70 ì, à òàêîæ çíà÷íèìè ðóéíó âàííÿìè áó -
ä³âåëü ³ ïîæåæàìè. Íà â³äñòàíÿõ äî 10 êì ñïîñòåð³ãàëîñÿ ÷àñòêîâå ðóé -
íóâàííÿ áóä³âåëü. Âèáóõ âèêëèêàâ çåìëåòðóñ ìàãí³òóäîþ M » 3.5 (çà
äàíèìè í³ìåöüêèõ ñåéñìîëîã³â) òà M »  4.5 (çà äàíèìè éîðäàíñüêèõ
ôàõ³âö³â). Õàðàêòåðíèé ãðèá â³ä âèáóõó ï³äíÿâñÿ íàä ì³ñòîì íà äåê³ëü -
êà ê³ëîìåò ð³â, éîãî áóëî âèäíî íà â³äñòàí³ 20...30 êì ³ á³ëüøå. Çâóê
âåëèêî¿ ³íòåíñèâíîñò³ â³ä âèáóõó áóâ ÷óòíèé íàâ³òü íà î. Ê³ïð, â³ä -
ñòàíü äî ÿêî ãî áëèçüêà äî 250 êì.
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Çà äàíèìè ðîáîòè [15] åêâ³âàëåíòíà ìàñà âèáóõó äîð³âíþâàëà
ïðèáëèçíî 1 êò ÒÍÒ. Âèáóõ âèêëèêàâ ö³ëèé êîìïëåêñ ô³çè÷íèõ ïðî -
öåñ³â ó ñèñòåì³ ÇÀ²Ì.

ÑÒÀÍ ÊÎÑÌ²×ÍÎ¯ ÏÎÃÎÄÈ

×àñîâ³ âàð³àö³¿ ïàðàìåòð³â ñîíÿ÷íîãî â³òðó, ì³æïëàíåòíîãî ìàãí³ò íîãî 
ïîëÿ, K p  ³ Dst -³íäåêñ³â ïðèâåäåíî íà ðèñ. 1. Âèäíî, ùî 2 ñåðïíÿ 2020 ð.
ñïîñòåð³ãàëèñÿ ñïëåñêè êîíöåíòðàö³¿ ÷àñòèíîê äî nsw  » 18×106 ì–3.

4 ñåðïíÿ 2020 ð. çíà÷åííÿ nsw  íå ïåðåâèùóâàëè (1...2)×106 ì–3.

Øâèäê³ñòü ÷àñòèíîê ó ñîíÿ÷íîìó â³òð³ çá³ëüøèëàñÿ â³ä 350 êì/ñ
1 ñåðïíÿ 2020 ð. äî 600...700 êì/ñ 3 ³ 4 ñåðïíÿ 2020 ð.

Òåìïåðàòóðà ÷àñòèíîê ó ñîíÿ÷íîìó â³òð³ 1 ñåðïíÿ 2020 ð. áóëà íå
á³ëüøîþ, í³æ 0.5×105 Ê, à 2 ³ 3 ñåðïíÿ 2020 ð. âîíà çá³ëüøèëàñÿ äî
(2...3)×105 Ê. 4 ñåðïíÿ 2020 ð. âîíà ïîñòóïîâî çìåíøóâàëàñÿ â³ä 3×105 Ê
äî 1.2×105 Ê.

Òèñê ÷àñòèíîê ñîíÿ÷íîãî â³òðó 1 ñåðïíÿ 2020 ð. íå ïåðåâèùóâàâ
1...2 íÏà. 2...3 ñåðïíÿ 2020 ð. â³í çá³ëüøóâàâñÿ äî 4...4.8 íÏà. 3 ñåðïíÿ
2020 ð. òèñê çìåíøóâàâñÿ â³ä 4.8 íÏà äî 1.5 íÏà. 4 ³ 5 ñåðïíÿ 2020 ð. â³í 
ôëóêòóþâàâ ó ìåæàõ 1...2 íÏà.

Ôëóêòóàö³¿ ð³âíÿ ì³æïëàíåòíîãî ìàãí³òíîãî ïîëÿ áóëè íàéá³ëüø
ñóòòºâèìè (äî 5...8 íÒë) 2 ³ 3 ñåðïíÿ 2020 ð. 4 ³ 5 ñåðïíÿ 2020 ð. âîíè íå
ïåðåâèùóâàëè 1...2 íÒë.

Íàéá³ëüøèé ñïëåñê (äî 14 ÃÄæ/ñ) ôóíêö³¿ Àêàñîôó eA  ìàâ ì³ñöå
3 ñåðïíÿ 2020 ð. 4 ³ 5 ñåðïíÿ 2020 ð. âåëè÷èíà eA  íå ïåðåâèùóâàëà
1...2 ÃÄæ/ñ.

3 ³ 4 ñåðïíÿ 2020 ð. ãåîìàãí³òíå ïîëå áóëî ñïîê³éíèì. ²íäåêñ K p

çì³íþâàâñÿ â³ä 0.3 äî 1. Çìåíøåííÿ Dst -³íäåêñó íå ïåðåâèùóâàëî
–22 íÒë. Ïîáëèçó ìîìåíòó âèáóõó K p  » 1, à Dst  » 5 íÒë. 5 ñåðïíÿ

2020 ð. ³íäåêñ K p  çð³ñ äî 3...3.3, ôëóêòóàö³¿ Dst -³íäåêñó íå ïåðåâè -
ùóâàëè 8 íÒë. Ìàãí³òíå ïîëå áóëî çëåãêà çáóðåíèì.

Òàêèì ÷èíîì, ñòàí êîñì³÷íî¿ ïîãîäè 4 ñåðïíÿ 2020 ð. áóâ ö³ëêîì
ñïðèÿòëèâèì äëÿ ñïîñòåðåæåííÿ åôåêò³â âèáóõó.

ÇÀÑÎÁÈ ÒÀ ÌÅÒÎÄÈ

Çàñîáè çîíäóâàííÿ ³îíîñôåðè òà ìàãí³òîìåòð-ôëþêñìåòð ðîçòàøîâàí³ 
â Ðàä³îô³çè÷í³é îáñåðâàòîð³¿ ÕÍÓ ³ìåí³ Â. Í. Êàðàç³íà (ãåîãðàô³÷í³
êîîðäèíàòè: 49°38¢ ïí. ø., 36°20¢ ñõ. ä.) ïîáëèçó ì. Õàðê³â, Óêðà¿íà.

Êîìïëåêñ ïîõèëîãî çîíäóâàííÿ ³îíîñôåðè. Äëÿ ö³ëåé àâòîìàòèçî -
âàíîãî âèì³ðþâàííÿ ñïîòâîðåíü õàðàêòåðèñòèê (ôàçè é àìïë³òóäè) ñè -
ã íàë³â ê³ëîìåòðîâîãî ä³àïàçîíó ïðè ¿õíüîìó ïîøèðåíí³ ó ïðèðîäíîìó
õâèëåâîä³ Çåìëÿ — ³îíîñôåðà ñòâîðåíî ïðèéìàëüíó ñèñòåìó íà áàç³
óäîñêîíàëåíîãî ïðèéìà÷à-êîìïàðàòîðà ÏÊ-66 [18]. ßê çîíäóâàëüí³
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ñèãíàëè âèêîðèñòîâóþòüñÿ ðàä³îñèãíàëè ñòàíö³¿ ÐÁÓ ñëóæáè åòàëîí -

íèõ ñèãíàë³â ÷àñòîòè òà ÷àñó (f = 66
2

3
 êÃö), ðîçòàøîâàíî¿ ïîáëè çó

ì. Ìîñêâà, Ðîñ³ÿ (ãåîãðàô³÷í³ êîîðäèíàòè: 56.75° ïí. ø., 37.5° ñõ. ä.).
Äëÿ âèçíà÷åííÿ ôàçîâèõ âàð³àö³é ðåàë³çîâàíî àïàðàòíèé ìåòîä

ñèíõðîííîãî äåòåêòóâàííÿ óñåðåäíåíèõ íà ÷âåðòüïåð³îäíèõ ³íòåðâà -
ëàõ ÷àñó êâàäðàòóðíèõ ñêëàäîâèõ ñèãíàëó ç ì³êðîïðîãðàìíîþ ðåàë³çà -
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Ðèñ. 1. ×àñîâ³ âàð³àö³¿ ïàðàìåòð³â ñîíÿ÷íîãî â³òðó: âèì³ðÿíèõ çíà÷åíü êîíöåíòðàö³¿ nsw ,
òåìïåðàòóðè Ò sw , ðàä³àëüíî¿ øâèäêîñò³ Vsw  ÷àñòèíîê (çà äàíèìè ftp://ftp.swpc.noaa.gov/pub/
lists/ace2/) òà ðîçðàõîâàíèõ çíà÷åíü äèíàì³÷íîãî òèñêó psw ; âèì³ðÿíèõ çíà÷åíü êîìïîíåíò³â Bz

òà By  ì³æïëàíåòíîãî ìàãí³òíîãî ïîëÿ (çà äàíèìè ñóïóòíèêà ACE); ðîçðàõîâàíèõ çíà÷åíü
åíåðã³¿ eA, ÿêà ïåðåäàºòüñÿ ñîíÿ÷íèì â³òðîì äî ìàãí³òîñôåðè Çåìë³ çà îäèíèöþ ÷àñó;
K ð-³íäåêñó òà Dst-³íäåêñó (çà äàíèìè http://wdc.kugi.kyoto-u.ac.jp/aeasy/) çà ïåð³îä 01...07
ñåðïíÿ 2020 ð. (äàòè âêàçàíî âãîð³)



ö³ºþ âèçíà÷åííÿ çà íèìè ôàçè é óñóíåííÿ íåîäíîçíà÷íîñò³ çâîðîòíèõ
òðèãîíîìåòðè÷íèõ ôóíêö³é â ³íòåðâàë³ êóò³â 0...360°. Ñòàá³ëüí³ñòü ÷à -
ñî-÷àñòîòíèõ ïàðàìåòð³â ñèñòåìè (çíà÷åííÿ äîâãîòðèâàëî¿ â³äíîñíî¿
íåñòàá³ëüíîñò³ ÷àñòîòè çðàçêîâîãî ñèãíàëó ïîðÿäêó (1...2)×10–11 òà
â³äíîñíà ïîõèáêà óñòàíîâêè éîãî ÷àñòîòè íå ã³ðøå 10–10) çàáåçïå÷óþòü 
ðóá³ä³ºâ³ ñòàíäàðòè ÷àñòîòè: âíóòð³øí³é (òèïó FE-5680A) äëÿ âèì³ðþ -
âàëüíî-ðåºñòðàö³éíîãî áëîêó àáî çîâí³øí³é (×1-69). Â³äë³êè ôàçè é
àìïë³òóäè, óñåðåäíåí³ íà ñåêóíäíèõ ³íòåðâàëàõ ÷àñó, ùîñåêóíäè çáå -
ð³ãàþòüñÿ ó ôàéëàõ íà çîâí³øíüîìó USB-ôëåø-íàêîïè÷óâà÷³. Ïîõèá -
êà çíà÷åíü ôàçè ï³ñëÿ îáðîáêè åêñïåðèìåíòàëüíèõ äàíèõ, ÿê ïðàâèëî,
º áëèçüêîþ äî 0.1...0.3°, à â³äíîñíà ïîõèáêà âèì³ðþâàííÿ àìïë³òóäè
ñòà íîâèòü äåê³ëüêà â³äñîòê³â.

Ìàãí³òî ìåòð-ôëþê ñìåòð. Îñíî âîþ ìàãí³òî ìåò ðè÷ íî ãî êîì ï -
ëåê ñó º ³íäóê òèâ íèé ìàãí³òî ìåòð-ôëþê ñìåòð ²Ì-II ðîç ðîá êè ÎÊÁ
²íñòè òó òó ô³çè êè Çåìë³ ÐÀÍ. Â³í ìàº âè ñî êó ÷óò ëèâ³ñòü (0.5...500 ïÒë
ó ä³àïà çîí³ ïåð³îä³â 1...1000 ñ â³äïîâ³äíî) ³ äî ñèòü øè ðî êó ñìó ãó äî -
ñë³äæó âà íèõ ÷àñ òîò (â³ä 0.001 äî 1 Ãö). Ìàãí³òî ìåòð ²Ì-II ï³äêëþ ÷å íî 
äî ñïåö³àë³çî âà íî ãî ì³êðî êîí òðî ëåð íî ãî ðåºñòðà òî ðà, ÿêèé âè ðîá ëÿº
îöèô ðîâ êó òà ïî ïå ðåä íþ ô³ëüòðàö³þ íà ³íòåð âà ëàõ 0.5 ñ ìàãí³òî ìåò -
ðè÷ íèõ ñèã íàë³â, à òà êîæ çáå ðå æåí íÿ â³äô³ëüòðî âà íèõ â³äë³ê³â ³ ÷à ñó
¿õ íüî ãî îò ðè ìàí íÿ â USB-ôëåø-ïàì ’ÿò³. ²íôîð ìàö³ÿ ïðî ïî òî÷í³ äà òó
òà ÷àñ, ÿêà îò ðè ìóºòüñÿ â³ä ïðè é ìà ÷à GPS-ñèã íàë³â BR-304, ùî âõî -
äèòü äî ñêëà äó êîì ïëåê ñó, âè êî ðèñ òî âóºòüñÿ äëÿ ùî äî áî âî¿ êî ðåêö³¿
âëàñ íî ãî åíåð ãî íå çà ëåæ íî ãî (ÿêèé ìàº íåçàëåæíå áà òà ðåé íå æèâ ëåí -
íÿ) ãî äèí íè êà ì³êðî êîí òðî ëåð íî ãî ðåºñòðà òî ðà. Çàâ äÿ êè öüîìó ïî -
õèá êà ÷àñîâî¿ ïðèâ’ÿçêè ìàãí³òîìåòðè÷íèõ äàíèõ íå ïåðåâèùóº äå -
ê³ëü êîõ äåñÿòèõ ÷àñòîê ñåêóíäè.

Çà äîïîìîãîþ çàçíà÷åíîãî ìàãí³òîìåòðà-ôëþêñìåòðà âåäóòüñÿ
áåç ïåðåðâí³ ñïîñòåðåæåííÿ âàð³àö³é ð³âíÿ ãîðèçîíòàëüíèõ (H- òà D-)
ñêëàäîâèõ ìàãí³òíîãî ïîëÿ Çåìë³.

Á³ëüø äîêëàäíå îïèñàííÿ ïàðàìåòð³â êîìïëåêñó ïîõèëîãî çîíäó -
âàí íÿ ³îíîñôåðè òà ìàãí³òîìåòðà-ôëþêñìåòðà íàâåäåíî â ðîáîò³ àâòî -
ð³â [18].

Äëÿ ñïåêòðàëüíîãî àíàë³çó âèêîðèñòîâóâàëèñÿ îïèñàí³ â ðîáîò³
[13] â³êîííå ïåðåòâîðåííÿ Ôóð’º (ÂÏÔ), àäàïòèâíå ïåðå òâî ðåííÿ Ôó -
ð’º (ÀÏÔ) òà âåéâëåò-ïåðåòâîðåííÿ (ÂÏ), ùî âçàºìíî äîïîâíþþòü
îäíå îäíîãî.

Ñèñòåìíèé ñïåêòðàëüíèé àíàë³ç (ÑÑÀ) ÷àñîâèõ âàð³àö³é ð³âíÿ ãåî -
ìàã í³ò íîãî ïîëÿ âèêîíàíî äëÿ ä³àïàçîíó ïåð³îä³â 100...1000 ñ.

ÐÅÇÓËÜÒÀÒÈ ÑÏÎÑÒÅÐÅÆÅÍÜ

Ôàçîâèé åôåêò. ×àñîâ³ âàð³àö³¿ ôàçè ðàä³îõâèë³ íàâåäåíî íà ðèñ. 2à
äëÿ äíÿ ç âèáóõîì ³ äâîõ êîíòðîëüíèõ äí³â. Âèäíî, ùî 4 ñåðïíÿ 2020 ð.
ïðèáëèçíî ç 16:24 äî 17:10 ìàëî ì³ñöå çá³ëüøåííÿ ôàçè ïðèáëèçíî íà 
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Dj » 5.3°. Çà íèì íàñòàëî çìåíøåííÿ ôàçè, ÿêå òðèâàëî ïðèáëèçíî äî

17:35. Äàë³ çíîâó â³äçíà÷àëîñÿ çá³ëüøåííÿ ôàçè.
Ó êîíòðîëüí³ äí³ â³äçíà÷àëîñÿ çìåíøåííÿ ôàçè â ³íòåðâàë³ ÷àñó ç

16:00 äî 17:30...17:40.
Àìïë³òóä íèé åôåêò. Ç ðèñ. 2á âèä íî, ùî â êîí òðîëüí³ äí³ ç 16:00

äî 17:00 A t0 ( ) » const. Ïîò³ì ïðî òÿ ãîì 20...25 õâ ñïîñ òåð³ãà ëî ñÿ çìåí -
øåí íÿ àìïë³òó äè. Ï³ñëÿ 17:20...17:25 â³äçíà ÷à ëî ñÿ ¿¿ çðîñòàííÿ.

Ó äåíü âèáóõó ïðèáëèçíî ç 16:25 äî 17:00 ðåºñòðóâàëîñÿ íåçíà÷íå
(äî 3.3 %), àëå ñò³éêå çá³ëüøåííÿ A t0 ( ).

Ãåîìàãí³òíèé åôåêò. ×àñîâ³ âàð³àö³¿ òà ðåçóëüòàòè ñèñòåìíîãî
ñïåêòðàëüíîãî àíàë³çó ð³âíÿ D-ñêëàäîâî¿ (íàïðÿìîê ñõ³ä — çàõ³ä) äëÿ
3, 4 ³ 5 ñåðïíÿ 2020 ð. íàâåäåíî íà ðèñ. 3, 4 ³ 5 â³äïîâ³äíî.

Ç ðèñ. 3 ìîæíà áà÷èòè, ùî â êîíòðîëüíèé äåíü ôëóêòóàö³¿ ð³âíÿ, ÿê 
ïðàâèëî, íå ïåðåâèùóâàëè ±0.4 íÒë. Ïåð³îä êîëèâàíü çì³íþâàâñÿ ó
øèðîêèõ ìåæàõ. Íàéá³ëüøó àìïë³òóäó ìàëè êîëèâàííÿ ç ïåð³îäîì 
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Ðèñ. 2. ×àñîâ³ âàð³àö³¿ ôàçè é àìïë³òóäè ðàä³îõâèë³: 1 — 3 ñåðïíÿ 2020 ð., 2 — 4 ñåðïíÿ 2020 ð., 
3 — 5 ñåðïíÿ 2020 ð. Ìîìåíò âèáóõó ïîêàçàíî âåðòèêàëüíîþ ë³í³ºþ



T » 300...500 ñ, T » 700...800 ñ. Çíà÷íå çðîñòàííÿ (äî 0.5...0.7 íÒë)
àìïë³- òóäè â³äçíà÷àëîñÿ â ³íòåðâàëàõ ÷àñó 14:00...14:25 òà
15:00...15:30.

4 ñåðïíÿ 2020 ð. ç 14:00 äî 17:25 ð³âåíü ôëóêòóàö³é íå ïåðåâè -
ùóâàâ 0.2...0.3 íÒë. Ñïåêòð ñèãíàëó ì³ñòèâ ãàðìîí³êè â³ä 300 äî 900 ñ,
âèä³ëåíèõ ïåð³îä³â íå ñïîñòåð³ãàëîñÿ. Óïåðøå õàðàêòåð ñèãíàëó ïî -
ì³ò íî çì³íèâñÿ ïðèáëèçíî î 16:13 ³ äî 17:10: ç’ÿâèâñÿ êâàç³ïå ð³îäè÷ -
íèé ïðîöåñ ç  T » 10 õâ ³ àìïë³òóäîþ áëèçüêî 0.2 íÒë. Ç 17:26 äî 19:00
õàðàêòåð ôëóêòóàö³é çíîâó ³ñòîòíî çì³íèâñÿ. Àìïë³òóäà çá³ëü øè ëà ñÿ
äî 0.4...0.5 íÒë é äàë³ — äî 0.7 íÒë. Ó øèðîêîñìóãîâîìó ñïåêòð³

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2021. Ò. 37, ¹ 4 41

Ô²ÇÈ×Í² ÅÔÅÊÒÈ Â ÀÒÌÎÑÔÅÐ² ÒÀ ÃÅÎÊÎÑÌÎÑ²

Ðèñ. 3. Ðåçóëüòàòè ÑÑÀ ìàãí³òîìåòðè÷íèõ äàíèõ (D-ñêëàäîâà) äëÿ 3 ñåðïíÿ 2020 ð. Ïàíåë³
çâåðõó âíèç: âèõ³äí³ äàí³, ðåçóëüòàòè â³êîííîãî, àäàïòèâíîãî ïåðåòâîðåíü Ôóð’º òà âåéâëåò-
ïåðåòâîðåííÿ. Ïðàâîðó÷ — åíåðãîãðàìè (ðîçïîä³ë åíåðã³¿ çà ïåð³îäàìè)



âèä³ëÿëèñÿ ãàðìîí³êè ç  T » 300...500 ñ ³  T » 700...900 ñ.
5 ñåðïíÿ 2020 ð. ð³âåíü ôëóêòóàö³é çì³íþâàâñÿ â³ä 0.2...0.3 äî 0.4...

0.5 íÒë. Áëèçüêî 16:00 ³ 18:30 ïåðåâàæàëè ñêëàäîâ³ ç  T » 700...900 ñ.
Ñë³ä ìàòè íà óâàç³, ùî 5 ñåðïíÿ 2020 ð. ìàãí³òíå ïîëå áóëî ïîì³òíî
çáóðåíèì (K p  » 3). Òîìó êîíòðîëüíèì äíåì ñë³ä îáèðàòè 3 ñåðïíÿ

2020 ð.
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Ðèñ. 4. Òå æ, ùî íà ðèñ. 3, äëÿ 4 ñåðïíÿ 2020 ð. Ìîìåíò âèáóõó ïîêàçàíî âåðòèêàëüíîþ ë³í³ºþ



ÎÁÃÎÂÎÐÅÍÍß

Ôàçîâèé åôåêò. Âèì³ðÿí³ çíà÷åííÿ âàð³àö³é ôàçè j òà àìïë³òóäè ñë³ä
â³äíåñòè äî ³îíîñôåðíî¿ õâèë³. Ë³í³éíî-ïîëÿðèçîâàí³ õâèë³ â ³îíî ñôå -
ð³ ðîçêëàäàþòüñÿ íà çâè÷àéíó (O) òà íåçâè÷àéíó (X) õâèë³. Âèêî í àíî
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Ðèñ. 5. Òå æ, ùî íà ðèñ. 3, äëÿ 5 ñåðïíÿ 2020 ð.



äåòàëüí³ ÷èñëîâ³ ðîçðàõóíêè ïîêàçíèê³â çàëîìëåííÿ òà ïîãëèíàííÿ, à
òàêîæ óìîâ â³äáèòòÿ O- òà X-õâèëü. Âñòàíîâëåíî, ùî äëÿ óìîâ

åêñïåðèìåíòó íà ÷àñòîò³ f = 66
2

3
 êÃö O-õâèëÿ â³äáèâàºòüñÿ ïîáëèçó

âèñîòè z » 80 êì, à X-õâèëÿ — íà âèñîò³ áëèçüêî 88 êì. Â³äíîñíå
çáóðåííÿ êîíöåíòðàö³¿ åëåêòðîí³â d dN p» , äå d p  — â³äíîñíå çáóðåííÿ
òèñêó, ÿêå íà âèñîò³ 80 êì çíà÷íî ìåíøå, í³æ íà âèñîò³ 88 êì [15]. Òîìó 
çì³íó ôàçè Dj ï³ñëÿ âèáóõó ñë³ä â³äíåñòè äî X-õâèë³.

Äëÿ âèçíà÷åííÿ çì³íè ôàçè Dj ñêîðèñòàºìîñÿ ñï³ââ³äíîøåííÿì ç
ðîáîòè [16]:

D Dj
p

l
»

8 z

R
zr

r

r ,  (1)

äå l = »c f/  4.5 êì — äîâæèíà ðàä³îõâèë³, z r  » 88 êì — âèñîòà â³äáèò -

òÿ ðàä³îõâèë³, Dz r  — çì³ùåííÿ âèñîòè â³äáèòòÿ çà ðàõóíîê çì³íè
êîíöåíòðàö³¿ åëåêòðîí³â, Rr » 782 êì — â³äñòàíü ì³æ ïåðåäàâà÷åì ³
ïðèéìà÷åì. ²ç ñï³ââ³äíîøåííÿ (1) âèïëèâàº, ùî ïðè Dj » 5.3° ìàºìî 

Dz r » 0.16 êì. Äëÿ ë³í³éíîãî ïðîô³ëþ

N N
z

L
r= +

æ

è
ç

ö

ø
÷0 1

D
,  (2)

äå N0 — ïî÷àòêîâå çíà÷åííÿ êîíöåíòðàö³¿ åëåêòðîí³â, L — õàðàê òåð -
íèé ìàñøòàá çì³íè N(z). Ïðèïóñêàþ÷è L » 5 êì, ç âèðàçó (2) îòðèìà -
ºìî, ùî d N rz L» »D /  3 %. Òàê³ çáóðåííÿ ö³ëêîì ðåàëüí³ â íèæí³é
³îíîñôåð³ íà â³äñòàíÿõ â³ä åï³öåíòðó âèáóõó äî ñåðåäèíè òðàñè R » 
» 2150 êì.

Äàë³ îö³íèìî õàðàêòåðíó øâèäê³ñòü ïîøèðåííÿ çáóðåíü. ßêùî
çá³ëü øåííÿ ôàçè âèêëèêàíî âèáóõîì, òî ÷àñ çàï³çíåííÿ ñòàíîâèòü Dt »
» 16 õâ. ×àñ ïîøèðåííÿ çáóðåííÿ â³ä ïîâåðõí³ Çåìë³ äî âèñîòè 80 êì 
Dt0 » 4 õâ. Òîä³ ãîðèçîíòàëüíà øâèäê³ñòü ïîøèðåííÿ çáóðåííÿ äîð³â -
íþº

v
R

t t
=

-D D 0

. (3)

Îö³íêà çà ôîðìóëîþ (3) äàº v » 3 êì/ñ. Òàêó øâèäê³ñòü ìàþòü
ñåéñì³÷í³ õâèë³ [1, 6]. Òàêèì ÷èíîì, ÿêùî çàô³êñîâàíå çá³ëüøåííÿ
ôàçè ïîâ’ÿçàíå ç âèáóõîì, éîãî ìîãëè âèêëèêàòè çáóðåííÿ â ³îíîñôåð³, 
ÿê³ ïåðåíîñÿòüñÿ óçäîâæ ïîâåðõí³ Çåìë³ ñåéñì³÷íîþ õâèëåþ.

Ïîâ³ëüí³øèõ çáóðåíü, íàïðèêëàä ïîâ’ÿçàíèõ ç ïîøèðåííÿì ÀÃÕ,
ÿê³ ìàëè á øâèäê³ñòü áëèçüêî 0.3 êì/ñ [3] ³ ìåíøå, âèÿâèòè íå âäàëîñÿ.
Ïðèáëèçíî ï³ñëÿ 17:10 âàð³àö³¿ ôàçè òà àìïë³òóäè áóëè çóìîâëåí³
á³ëüø ïîòóæíèì äæåðåëîì åíåðãîâèä³ëåííÿ, à ñàìå âå÷³ðí³ì òåðì³íà -
òîðîì.

Ãåîìàãí³òíèé åôåêò. Ó äåíü âèáóõó õàðàêòåð âàð³àö³é ð³âíÿ ãåî -
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ìàã í³òíîãî ïîëÿ çì³íþâàâñÿ äâ³÷³. ßêùî ö³ çì³íè ïîâ’ÿçàí³ ç âèáóõîì,
òî ÷àñè çàï³çíåííÿ çáóðåíü ñòàíîâëÿòü Dt1  » 5 õâ ³ Dt2  » 79 õâ. Ó ïåð -

øîìó âèïàäêó Dt1  ïðèáëèçíî äîð³âíþº ÷àñó ïîøèðåííÿ óäàðíî¿ õâèë³
äî âèñîòè z » 100 êì, òîáòî äî âèñîòè äèíàìî-îáëàñò³ àòìîñôåðè. Ðóõ
ãàçó òà ïëàçìè â ãåîìàãí³òíîìó ïîë³ Çåìë³ ïðèçâ³â äî ãåíåðàö³¿
ãåîìàãí³òíîãî çáóðåííÿ, ÿêå ïîøèðþºòüñÿ ç³ øâèäê³ñòþ, ÿêà çíà÷íî
ïåðåâèùóº øâèäê³ñòü çâóêó. Ç ö³º¿ ïðè÷èíè ÷àñ ïîøèðåííÿ äî ì³ñöÿ
ðåºñòðàö³¿ º íàáàãàòî ìåíøèì çà ÷àñ Dt1 .

Ïðè ÷àñ³ çàï³çíåííÿ Dt2  ìàºìî øâèäê³ñòü êâàç³ãîðèçîíòàëüíîãî
ïîøèðåííÿ

v
R

t t
=

-
»

D D2 1

 490 ì/ñ.

Òàêó øâèäê³ñòü, à òàêîæ ñïîñòåðåæóâàí³ ïåð³îäè 300...500 ñ ³
700...900 ñ ìàþòü ÀÃÕ. Äîäàìî, ùî çà ðîçðàõóíêàìè T1 » 250...340 ñ, 
T2 » 500...680 ñ [15].

Òàêèì ÷èíîì, îáèäâà ãåîìàãí³òíèõ åôåêòè ìîãëè áóòè ïîâ’ÿçàí³ ç
âèáóõîì ó ì. Áåéðóò.

ÎÑÍÎÂÍ² ÐÅÇÓËÜÒÀÒÈ

1. Çà äîïîìîãîþ ðàä³îòåõí³÷íîãî êîìïëåêñó ïîõèëîãî çîíäóâàííÿ
íèæíüî¿ ³îíîñôåðè âèÿâëåíî çá³ëüøåííÿ ôàçè ³îíîñôåðíî¿ õâèë³ äî
5.3°, à àìïë³òóäè ñèãíàëó — äî 3.3 %, âèêëèêàí³ çì³íîþ êîíöåíòðàö³¿
åëåêòðîí³â ïðèáëèçíî íà 3 %. ßêùî öÿ çì³íà âèêëèêàíà âèáóõîì,
øâèäê³ñòü ïîøèðåííÿ çáóðåíü áóëà áëèçüêîþ äî 3 êì/ñ.

2. Çà äîïîìîãîþ ìàãí³òîìåòðà-ôëþêñìåòðà âèÿâëåíî çì³íè
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EXAMPLIFIED BY THE EXPLOSION AT THE CITY OF BEIRUT 
ON AUGUST 4, 2020: OBSERVATIONAL DATA

On Au gust 4, 2020, the mas sive chem i cal ex plo sion rocked the city of Bei rut, Leb a non.
The ex plo sion yield has been es ti mated to be equiv a lent to 1 kt of TNT, and the phys i cal ef -
fects of the ex plo sion on the Earth — at mo sphere — ion o sphere — mag neto sphere sys tem
have been an a lyzed in de tail. The pos si ble ef fects of pow er ful ex plo sions are of con sid er -
able in ter est to geo phys i cists and ra dio phys i cists to an a lyze. They al low the mech a nisms
for trans port ing the dis tur bances to be de ter mined in both the ver ti cal and hor i zon tal di rec -
tions, as well as the mech a nisms for cou pling the sub sys tems in the Earth — at mo sphere — 
ion o sphere — mag neto sphere sys tem to be es tab lished. The pur pose of the pres ent pa per is
to de scribe ra dio and mag ne tom e ter ob ser va tions of the pro cesses that ac com pa nied the
pow er ful ex plo sion at the city of Bei rut on Au gust 4, 2020 in the lower ion o sphere and in
the geo mag netic field. The ob ser va tions of the pos si ble re sponse of the near-Earth me dium
to the ex plo sion have been made with the fluxmeter mag ne tom e ter and the ra dio sys tem for 
sound ing the ion o sphere at oblique in ci dence. The lat ter sys tem de tected an in crease of up
to 5.3° in the phase of the ion o spheric wave and an in crease of 3.3 % in the sig nal am pli tude 
caused by an elec tron den sity change of ap prox i mately 3 %. If these in creases are due to the 
ex plo sion, then the speed of prop a ga tion of the dis tur bance is es ti mated to be about 3 km/s.
The fluxmeter mag ne tom e ter have de tected changes in the char ac ter of vari a tions in the
level of the geo mag netic field oc cur ring in 5 min and in 79 min af ter the ex plo sion. If these
vari a tions were as so ci ated with the ex plo sion, then the speeds of prop a ga tion can be es ti -
mated to be tens of km/s and greater, as well as 490 m/s. The MHD waves have the greater
speed, and the acous tic grav ity waves have the smaller one, re spec tively. 
Key words: sur face ex plo sion, at mo sphere, geospace, space weather, phase ef fect, am pli -
tude ef fect, geo mag netic field fluc tu a tions, MHD waves, acous tic grav ity waves.
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