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Îñîá ëèâ³ñòü ñî íÿ÷ íî ãî çà òåì íåí íÿ (ÑÇ) 147 ñà ðî ñà ïî ëÿ ãà ëà â òîìó,
ùî âîíî áóëî ê³ëüöå ïîä³áíèì. ÑÇ ïî ÷à ëî ñÿ 10 ÷åð âíÿ 2021 ð. î 08:12:20
UT, à çàê³í÷è ëî ñÿ î 13:11:19 UT. Ê³ëüöå âå ÑÇ ñïîñ òåð³ãà ëî ñÿ ç
09:49:50 UT äî 11:33:43 UT. Ôàçà ìàê ñè ìàëü íî ãî ïî êðèò òÿ äèñ êà
Ñîí öÿ ìàëà ì³ñöå ç 10:33:16 äî 10:36:56 UT. Çà òåì íåí íÿ ïî ÷à ëî ñÿ íàä
òå ðè òîð³ºþ Êà íà äè. Ò³íü ðó õà ëàñü ÷å ðåç Ãðåí ëàíä³þ (äå â³äçíà ÷à ëà ñÿ
íàéá³ëüøà ôàçà), Ï³âí³÷íèé Ëüî äî âè òèé îêå àí, Ï³âí³÷íèé ïî ëþñ, îñò -
ð³â Íîâà Ñèá³ð ³ Ðîñ³þ. ×àñ òêî âå ÑÇ â³äì³÷à ëî ñÿ ó Ìîí ãîë³¿, íà á³ëüø³é 
÷àñ òèí³ Êè òàþ, íà ï³âí³÷íî ìó ñõîä³ ÑØÀ, íà ï³âíî÷³ Àëÿñêè, ó âñüî ìó
Ï³âí³÷íî ìó Ëüî äî âè òî ìó îêå àí³, ó ï³âí³÷í³é ÷àñ òèí³ Àòëàí òèêè. ×àñ -
òêî âå ÑÇ ñïîñ òåð³ãà ëî ñÿ ³ íà á³ëüø³é ÷àñ òèí³ Óêðà¿ íè. Âè íÿ òîê ñêëà -
ëè ëèøå ï³âäåíí³ ÷àñ òè íè Îäåñü êî¿, Ìè êî ë à¿âñüêî¿ òà Õåð ñî íñüêî¿ îá -
ëàñ òåé, à òà êîæ Êðèì. Ìå òîþ ö³º¿ ðî áî òè º âèê ëàä ðå çóëü òàò³â
ñïîñ òå ðå æåí íÿ òåï ëî âî ãî (òåì ïå ðà òóð íî ãî) åôåê òó ÑÇ 10 ÷åð âíÿ
2021 ð. â Õàð êîâ³ ó ïðè çåìí³é àò ìîñ ôåð³, à òà êîæ ðå çóëü òàò³â ïî -
ð³âíÿí íÿ òåï ëî âèõ åôåêò³â âîñü ìè çà òåì íåíü, ÿê³ ñïîñ òåð³ãà ëè ñÿ â
îäí³é ³ ò³é æå ì³ñöå âîñò³ ó 1999—2021 ðð. Ñïîñ òå ðå æåí íÿ åôåêò³â ó
ïðè çåìí³é àò ìîñ ôåð³ âè êî íà íî â Ðàä³îô³çè÷í³é îá ñåð âà òîð³¿ Õàðê³â -
ñüêî ãî íàö³îíàëü íî ãî óí³âåð ñè òå òó ³ìåí³ Â. Í. Êà ðàç³íà (ïî áëè çó ì.
Õàðê³â). Âèì³ðþ âàí íÿì ï³äëÿ ãà ëè òåì ïå ðà òó ðà, òèñê, âî ëî ã³ñòü ïî -
â³ò ðÿ, íà ïðÿ ìîê ³ ñèëà â³òðó. Òî÷í³ñòü âèì³ðþ âàí íÿ òåì ïå ðà òó ðè
ñòà íî âè ëà 0.1 °Ñ. Îö³íåíî åíåð ãå òè÷í³ õà ðàê òå ðèñ òè êè ñî íÿ÷ íèõ çà -
òåì íåíü. Ïî êà çà íî, ùî â ðå çóëü òàò³ çà òåì íåí íÿ âíóòð³øíÿ åíåð ã³ÿ
ãàçó ó ïðè çåìí³é àò ìîñ ôåð³ çìåí øóºòüñÿ ïðè áëèç íî íà 5.3×1018 Äæ,
÷îìó â³äïîâ³äàº ñå ðåä íÿ ïî òóæí³ñòü 1.2 ÒÂò. Ïè òîì³ çíà ÷åí íÿ åíåð -
ã³¿ ³ ïî òóæ íîñò³ ñòà íîâ ëÿòü 4.5 êÄæ/ì3 ³ 1.4 Âò/ì3. Ïðî âå äå íî ñïî ñ -
òå ðå æåí íÿ âàð³àö³é òåì ïå ðà òó ðè ïîâ³òðÿ ó ïðè çåìí³é àò ìîñ ôåð³ â
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äåíü ñî íÿ÷ íî ãî çà òåì íåí íÿ òà â êîí òðîëüí³ äí³, à òà êîæ âè êî íà íèé
àíàë³ç öèõ âàð³àö³é. Ïðî à íàë³çî âà íî ñòàí àò ìîñ ôåð íî¿ ïî ãî äè â äåíü
çà òåì íåí íÿ òà ñóñ³äí³ ç íèì äí³. Â³äçíà ÷å íî, ùî ñòàí ïî ãî äè áóâ íå
äóæå ñïðè ÿò ëè âèì äëÿ ñïîñ òå ðå æåíü òåï ëî âî ãî åôåê òó çà òåì íåí íÿ. 
Îö³íåíî îõî ëîä æåí íÿ àò ìîñ ôå ðè ïî áëè çó ôàçè ìàê ñè ìàëü íî ãî ïî -
êðèò òÿ äèñ êà Ñîí öÿ. Çìåí øåí íÿ òåì ïå ðà òó ðè ñòà íî âè ëî áëèçü êî
1 °Ñ. Ïðî âå äå íî ïîð³âíÿëü íèé àíàë³ç òåì ïå ðà òóð íî ãî åôåê òó ó ïðè -
çåìí³é àò ìîñ ôåð³ äëÿ âîñü ìè ñî íÿ÷ íèõ çà òåì íåíü, ÿê³ ñïîñ òåð³ãà ëèñü
â îäí³é ³ ò³é æå îá ñåð âà òîð³¿ â 1999—2021 ðð. Â³äì³ííîñò³ åôåêò³â
ïî ÿñ íþ þòü ñÿ ð³çíè ìè ñå çî íà ìè ðîêó, ÷à ñîì äîáè, íà ÿâí³ñòþ õìàð íî¿
ñòðóê òó ðè, ñòà íîì ïî âåðõí³ Çåìë³ ³ ð³çíîþ ³íòåí ñèâí³ñòþ àòìî -
ñôåð íî¿ êîíâåêö³¿.
Êëþ÷îâ³ ñëîâà: ñîíÿ÷íå çàòåìíåííÿ, ïðèçåìíà àòìîñôåðà, âàð³àö³¿
òåìïåðàòóðè, êîíâåêö³ÿ, ïîð³âíÿëüíèé àíàë³ç.

ÂÑÒÓÏ

Ñîíÿ÷íå çàòåìíåííÿ (ÑÇ), ÿê â³äîìî, äîñèòü ð³äê³ñíå ïðèðîäíå ÿâèùå
äëÿ êîíêðåòíî¿ ì³ñöåâîñò³. Ïîâíå ÑÇ òðèâàº 2...3 õâ, à ÷àñòêîâå —
áëèçüêî 2...3 ãîä. Ñìóãà ïîâíîãî ÑÇ ìàº øèðèíó áëèçüêî 100 êì, à
÷àñòêîâîãî — áëèçüêî 4...5 òèñ. êì. Äîâæèíà ñìóãè áëèçüêà äî 10 òèñ.
êì. Çàëåæíî â³ä øèðîòè øâèäê³ñòü ðóõó ì³ñÿ÷íî¿ ò³í³ ïî ïîâåðõí³
Çåìë³ ñòàíîâèòü 0.5...1 êì/ñ.

Åíåðãåòèêà ÑÇ — çíà÷íà, ùî ïðèçâîäèòü äî âàð³àö³é óñ³õ ãåî -
ô³çè÷ íèõ ïîë³â, çì³íè ïàðàìåòð³â ïðîöåñ³â ó âñ³õ ï³äñèñòåìàõ ñèñòåìè
Çåìëÿ — àòìîñôåðà — ³îíîñôåðà — ìàãí³òîñôåðà (ÇÀ²Ì) [23, 29].

Â³äîìî, ùî ê³ëüêà òèñÿ÷îë³òü âèâ÷åííÿ ÑÇ áóëî ñïðàâîþ àñòðî -
íîì³â.

Â äàíèé ÷àñ äîñë³äæåííÿ ðåàêö³¿ âñ³õ çåìíèõ îáîëîíîê íà ÑÇ ñòàëè 
ì³æäèñöèïë³íàðíèìè. Äî àñòðîíîì³â ³ ãåîô³çèê³â ïðèºäíàëèñÿ ìåòåî -
ðîëîãè, á³îëîãè, åêîëîãè, ìåäèêè (îôòàëüìîëîãè, îïòîìåòðèñòè ³ íà -
â³òü ïñèõîëîãè), ñîö³îëîãè òà ³íø³ ôàõ³âö³ [41].

ÑÇ äàº äîñë³äíèêàì óí³êàëüíó ìîæëèâ³ñòü ïðîñòåæèòè çà äèíà -
ì³êîþ íàâêîëîçåìíîãî ñåðåäîâèùà òà ãåîô³çè÷íèõ ïîë³â ïðè çíà÷í³é
(äî 100 %) çì³í³ îñâ³òëåíîñò³ Çåìë³ ïðè ìàéæå íåçì³ííîìó (íå á³ëüøå
10 %) çåí³òíîìó êóò³ Ñîíöÿ. Â ö³ëîìó ïîâíå ÑÇ ïîä³áíå äî íàñòàííÿ
êîðîòêî÷àñíî¿ íî÷³, òîìó ³ ñóïóòí³ åôåêòè ÷àñòêîâî ïîä³áí³. ×àñòêîâå
ÑÇ ïðèçâîäèòü äî àíàëîã³÷íèõ åôåêò³â, àëå ìåíøèõ çà âåëè÷èíîþ.

Äîñë³äæåííþ åôåêò³â ÑÇ â àòìîñôåð³ ïðèñâÿ÷åíî âåëèêó ê³ëüê³ñòü 
íàóêîâèõ ðîá³ò. Âñòàíîâëåíî, ùî ÑÇ âèêëèêàº ö³ëèé êîìïëåêñ ô³çè÷ -
íèõ ïðîöåñ³â â àòìîñôåð³ [1—5, 7, 13, 19, 23, 25], ³îíîñôåð³ [6—31, 34,
37, 40—44] ³ ãåîìàãí³òíîìó ïîë³ [32, 35, 36, 38, 39]. Äî íèõ íàëåæàòü:
îõîëîäæåííÿ ïîâåðõí³ Çåìë³, ïîðóøåííÿ ðåæèìó êîíâåêö³¿, îõîëîä -
æåí íÿ ïîâ³òðÿ (àòìîñôåðíîãî ãàçó), ãåíåðàö³ÿ àêóñòèêî-ãðàâ³òàö³éíèõ
õâèëü, çìåíøåííÿ êîíöåíòðàö³¿ åëåêòðîí³â òà ³îí³â ó ³îíîñôåð³, çìåí -
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øåííÿ ¿õí³õ òåìïåðàòóð, ïîðóøåííÿ äèíàì³êè ³îíîñôåðíî¿ ïëàçìè,
ãåíåðàö³ÿ çáóðåíü ìàãí³òíîãî é åëåêòðè÷íîãî ïîë³â, çì³íà âçàºìîä³¿
ï³äñèñòåì ó ñèñòåì³ ÇÀ²Ì. Âàæëèâî, ùî ðåàêö³ÿ ö³º¿ ñèñòåìè ñóòòºâî
çàëåæèòü íå ò³ëüêè â³ä ìàãí³òóäè ÑÇ, àëå ³ â³ä àêòèâíîñò³ Ñîíöÿ, ñòàíó
êîñì³÷íî¿ òà àòìîñôåðíî¿ ïîãîäè, ì³ñöÿ ñïîñòåðåæåííÿ òîùî. Òîìó
çàäà÷à äîñë³äæåííÿ ðåàêö³¿ íàâêîëîçåìíîãî ñåðåäîâèùà íà êîæíå
íîâå ÑÇ çàëèøàºòüñÿ àêòóàëüíîþ.

Ìåòîþ ö³º¿ ðîáîòè º âèêëàä ðåçóëüòàò³â ñïîñòåðåæåííÿ òåïëîâîãî
(òåìïåðàòóðíîãî) åôåêòó ÑÇ 10 ÷åðâíÿ 2021 ð. â Õàðêîâ³ ó ïðèçåìí³é
àòìîñôåð³, à òàêîæ ðåçóëüòàò³â ïîð³âíÿííÿ òåïëîâèõ åôåêò³â âîñüìè
çàòåìíåíü, ÿê³ ñïîñòåð³ãàëèñÿ â îäí³é ³ ò³é æå ì³ñöåâîñò³ ó 1999—
2021 ðð.

ÇÀÃÀËÜÍ² Â²ÄÎÌÎÑÒ² ÏÐÎ ÑÎÍß×ÍÅ ÇÀÒÅÌÍÅÍÍß 

ÒÀ ÇÀÑÎÁÈ ÑÏÎÑÒÅÐÅÆÅÍÜ

Îñîáëèâ³ñòü ÑÇ 147-ãî ñàðîñà ïîëÿãàëà â òîìó, ùî âîíî áóëî ê³ëü -
öåïîä³áíèì.

ÑÇ ïî÷àëîñÿ 10 ÷åðâíÿ 2021 ð. î 8:12:20 UT (UT — âñåñâ³òí³é ÷àñ),
à çàê³í÷èëîñÿ î 13:11:19 UT. Ê³ëüöåâå ÑÇ ñïîñòåð³ãàëîñÿ ç 09:49:50 UT
äî 11:33:43 UT. Ôàçà ìàêñèìàëüíîãî ïîêðèòòÿ äèñêà Ñîíöÿ ìàëà ì³ñöå 
ç 10:33:16 äî 10:36:56 UT. Çàòåìíåííÿ ïî÷àëîñÿ íàä òåðèòîð³ºþ Êàíà -
äè. Ò³íü ðóõàëàñü äàë³ ÷åðåç Ãðåíëàíä³þ (äå â³äçíà÷àëàñÿ íàéá³ëüøà
ôàçà), Ï³âí³÷íèé Ëüîäîâèòèé îêåàí, Ï³âí³÷íèé ïîëþñ, îñòð³â Íîâà
Ñè á³ð ³ Ðîñ³þ (ßêóò³þ, ×óêîòêó, Ìàãàäàíñüêó îáëàñòü, Êàì÷àòñüêèé
êðàé). ×àñòêîâå ÑÇ ñïîñòåð³ãàëîñÿ ó ï³âí³÷í³é ³ ñåðåäí³é ÷àñòèíàõ ªâ -
ðîïè, êð³ì ï³âäíÿ Àïåíí³í ³ Áàëêàí, Êðèìó, Êàâêàçó, ï³âäåííèõ ðàéî -
í³â Ñåðåäíüî¿ Àç³¿, Ïðèìîðñüêîãî êðàþ, Ñàõàë³íó, ï³âäíÿ ×óêîòêè.
×àñòêîâå ÑÇ â³äì³÷àëîñÿ ó Ìîíãîë³¿, íà á³ëüø³é ÷àñòèí³ Êèòàþ, íà ï³â -
í³÷íîìó ñõîä³ ÑØÀ, íà ï³âíî÷³ Àëÿñêè, ó âñüîìó Ï³âí³÷íîìó Ëüîäî -
âèòîìó îêåàí³, ó ï³âí³÷í³é ÷àñòèí³ Àòëàíòèêè.

×àñòêîâå ÑÇ ñïîñòåð³ãàëîñÿ ³ íà á³ëüø³é ÷àñòèí³ Óêðà¿íè. Âèíÿòîê
ñêëàëè ëèøå ï³âäåíí³ ÷àñòèíè Îäåñüêî¿, Ìèêîëà¿âñüêî¿ òà Õåðñîí -
ñüêî¿ îáëàñòåé, à òàêîæ Êðèì.

Ê³ëüê³ñíî çàòåìíåííÿ õàðàêòåðèçóºòüñÿ ìàãí³òóäîþ (ôàçîþ) M,
ÿêà äîð³âíþº â³äíîñíîìó çìåíøåííþ ä³àìåòðà äèñêà Ñîíöÿ. Ïðè ïîâ -
íîìó ÑÇ M = 1. Êð³ì ìàãí³òóäè, çàòåìíåííÿ õàðàêòåðèçóþòü ïàðàìåò -
ðîì À, ùî äîð³âíþº äîë³ çàò³íåíî¿ ïëîù³ äèñêà. Ì³æ À ³ Ì º òàêèé
ôóíêö³îíàëüíèé çâ’ÿçîê [33]:

A M M M M M= - - - -
2

2 1 22 2

p
( ( ) )arcsin .

Çàëåæí³ñòü À(Ì) íàâåäåíî íà ðèñ. 1.
Ïðîòÿãîì ÑÇ 10 ÷åðâíÿ 2021 ð. â Õàðêîâ³ Ì max » 0.11 (òî÷í³øå

0.112), à Amax  » 4.4 %. Çàòåìíåííÿ ïî÷àëîñÿ î 10:42 UT (13:42 LT), à
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çàê³í÷èëîñÿ î 12:12 UT (15:12 LT). Ìàêñèìàëüíà ôàçà ìàëà ì³ñöå î
11:28 UT (14:28 LT).

Ñïîñ òå ðå æåí íÿ åôåêò³â ó ïðè çåìí³é àò ìîñ ôåð³ âè êî íà íî â Ðà ä³î -
ô³çè÷í³é îá ñåð âà òîð³¿ Õàðê³â ñüêî ãî íàö³îíàëü íî ãî óí³âåð ñè òå òó ³ìå í³
Â. Í. Êà ðàç³íà (ïî áëè çó ì. Õàðê³â). Âèì³ðþ âàí íÿì ï³äëÿ ãà ëè òåì ïå ðà -
òó ðà ta , òèñê, âî ëîã³ñòü ïîâ³òðÿ, íà ïðÿì ³ ñè ëà â³òðó. Äëÿ öüî ãî âè êî -
ðèñ òî âó âà ëè ñÿ ñòàí äàðòí³ âèì³ðþ âàëüí³ ïðè ëà äè. Òî÷í³ñòü âèì³ðþ -
âàí íÿ òåì ïå ðà òó ðè ñòà íî âè ëà 0.1 °Ñ.

ÅÍÅÐÃÅÒÈ×Í² ÎÖ²ÍÊÈ

ÑÇ íàëåæàòü äî âèñîêîåíåðãåòè÷íèõ äæåðåë çáóðåíü, ùî âïëèâàþòü
íà ñèñòåìó ÇÀ²Ì [23]. Íàéá³ëüøà åíåðãåòèêà ïðèòàìàííà ïðèçåìí³é
àòìîñôåð³. Îö³íèìî çì³íó òåïëîâî¿ (âíóòð³øíüî¿) åíåðã³¿ ïîâ³òðÿ ó
ïðè çåìí³é àòìîñôåð³ ïðîòÿãîì ÑÇ. Âðàõóºìî, ùî ïîâ³òðÿ íàãð³âàºòüñÿ
â³ä ïîâåðõí³ Çåìë³ çà ðàõóíîê êîíâåêö³¿, òåïëîïåðåäà÷³ ³ âèïðîì³íþ -
âàííÿ. Ãîëîâíèì ìåõàí³çìîì ââàæàòèìåìî êîíâåêö³þ. Çà ÷àñ t0  òðè -
âàëîñò³ ÑÇ â äàí³é ì³ñöåâîñò³ êîíâåêòèâí³ ïîòîêè çì³íþþòüñÿ ó ïðè -
çåìíîìó øàð³ àòìîñôåðè òîâùèíîþ

L D tt tmax
= 0 , (1)

äå Dt  — êîåô³ö³ºíò òåïëîîáì³íó. Ïðè Dt  » 1 ì2/ñ ³ t0  » 2.5 ãîä ç (1)

ìàºìî Ltmax
 » 95 ì.

Çì³íà òåïëîâî¿ åíåðã³¿ äîð³âíþº

D DE C V T= r0 , (2)

äå Ñ — ïèòîìà òåïëîºìí³ñòü ïîâ³òðÿ ïðè ïîñò³éíîìó òèñêó, r0  —
ãóñòèíà ïîâ³òðÿ á³ëÿ ïîâåðõí³ Çåìë³, V — îá’ºì îõîëîäæåíîãî çàòåì -
íåííÿì ãàçó, DT  — çìåíøåííÿ òåìïåðàòóðè ïîâ³òðÿ çà ðàõóíîê çà -
òåìíåííÿ. Çíà÷åííÿ DT  çì³íþºòüñÿ â³ä íóëÿ íà ìåæ³ çàò³íåíî¿ îáëàñò³
ïîâåðõí³ Çåìë³ äî DT max . Ó ë³òíþ ïîðó ïðè Ì » 1 íà òåðèòîð³¿ ïîâíîãî

çàòåìíåííÿ ìàºìî DT max  » 10 Ê [23]. Ïîêëàäåìî, ùî â ñåðåäíüîìó DT  »

» 5 Ê.
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Ðèñ. 1. Çàëåæí³ñòü äîë³ A ïîêðèòî¿ ïëîù³ ñîíÿ÷íîãî
äèñêà â³ä ôàçè çàòåìíåííÿ M



Ïðè ä³àìåòð³ çàò³íåíî¿ ÷àñòèíè ïîâåðõí³ Çåìë³ D » 4 òèñ. êì ³
ñåðåäíüîìó çíà÷åíí³ L Lt t= 2

max
/3 ìàºìî V » 8.2×1014 ì3. Òîä³ ïðè r0  »

» 1.3 êã/ì3 ³ DT  » 5 Ê ç (2) îòðèìàºìî DE » 5.3×1018 Äæ » 1.3 Ãò ÒÍÒ.
Ïðè õàðàêòåðí³é òðèâàëîñò³ ÑÇ Dt t= 0 /2 ìàºìî ïîòóæí³ñòü

P
E

t
= »

D

D
 1.2 ÏÂò.

Çàóâàæèìî, ùî âñå ëþäñòâî ñïîæèâàº ïîòóæí³ñòü áëèçüêî 20 ÒÂò,
òîáòî ó 60 ðàç³â ìåíøå â³ä õàðàêòåðíî¿ ïîòóæíîñò³ òåïëîâîãî ïðîöåñó
ó ïðèçåìí³é àòìîñôåð³, âèêëèêàíî¿ ÑÇ. Åíåðã³þ â 5.3×1018 Äæ âîíî
ñïîæèâàº ïðèáëèçíî çà òðè äîáè.

Ïèòîìà òåïëîâà åíåðã³ÿ

D
D

e =
E

V
, (3)

³ ïèòîìà ïîòóæí³ñòü

p
P

V
= . (4)

Ç (3) ³ (4) ìàºìî De = 6500 Äæ/ì3, p » 1.4 Âò/ì3.

ÑÒÀÍ ÀÒÌÎÑÔÅÐÍÎ¯ ÏÎÃÎÄÈ

Â³äì³ííîþ îñîáëèâ³ñòþ ïîãîäè ç 7 ïî 13 ÷åðâíÿ 2021 ð. áóëî òå, ùî ç
ðàíêó íåáî áóëî íà 60...90 % ïîêðèòå êóï÷àñòèìè õìàðàìè. Òèñê
àòìîñôåðíîãî ïîâ³òðÿ áóâ áëèçüêèì äî 1015 ãÏà, øâèäê³ñòü â³òðó w »
0 ì/ñ. Ó ñåðåäèí³ äíÿ (ïðèáëèçíî î 12:00 LT = 09:00 UT) âèíèêàëè
êóï÷àñòî-äîùîâ³ õìàðè. Ïðè öüîìó w » 4...6 ì/ñ. Ï³ñëÿ öüîãî ñïî -
ñòåð³ãàëèñÿ îïàäè. Çàçâè÷àé äîù òðèâàâ áëèçüêî 20...30 õâ. Òåìïåðà -
òóðà ïîâ³òðÿ çìåíøóâàëàñÿ íà 2 °Ñ, à ï³ñëÿ çëèâè 12 ÷åðâíÿ 2021 ð. —
íà 3 °Ñ. Âîëîã³ñòü ïîâ³òðÿ ñòàíîâèëà 90...95 %.

Ïîêðèòòÿ Ñîíöÿ õìàðàìè ïðèçâîäèëî äî çìåíøåííÿ òåìïåðàòóðè
ïîâ³òðÿ â³ä 2 äî 3 °Ñ.

Ñòàí àòìîñôåðíî¿ ïîãîäè â äåíü ÑÇ áóâ òàêèì. Ç 09:00 LT íåáî íà
70 % áóëî ïîêðèòå êóï÷àñòèìè õìàðàìè, øâèäê³ñòü â³òðó w » 0 ì/ñ,
òèñê ïîâ³òðÿ — áëèçüêî 1015 ãÏà, âîëîã³ñòü — 80...85 %. Î 09:15,
09:30, 10:00, 10:30, 10:45, 11:15, 11:45, 12:30, 13:15, 13:30, 13:45,
14:00...17:00 LT õìàðí³ñòü ñòàíîâèëà â³äïîâ³äíî 70, 60, 50, 90, 60, 40,
20, 20, 10...15, 40, 70...80, 85 %. Ç 13:15 äî 13:37 LT òà ç 14:23 äî 14:45
LT Ñîíöå õìàðàìè íå çàêðèâàëîñÿ.

Ç 17:30 LT äî 19:00 LT åï³çîäè÷íî ñïîñòåð³ãàëèñÿ ñëàáê³ îïàäè ó
âèãëÿä³ äîùó.

Òàêèì ÷èíîì, ñòàí ïîãîäè ïðîòÿãîì ÑÇ íå ö³ëêîì ñïðèÿâ ñïî ñòå -
ðåæåííþ òåïëîâîãî åôåêòó çàòåìíåííÿ.
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ÂÀÐ²ÀÖ²¯ ÒÅÌÏÅÐÀÒÓÐÈ ÏÎÂ²ÒÐß

×àñîâà çàëåæí³ñòü òåìïåðàòóðè ïîâ³òðÿ äëÿ äåííîãî ÷àñó äëÿ äîáè ç
ÑÇ òà ñóñ³äí³õ ç íèì íàâåäåíà íà ðèñ. 2. Êð³ì òîãî, íà ðèñ. 2 ïîêàçàíî
÷àñîâ³ âàð³àö³¿ ö³º¿ òåìïåðàòóðè, óñåðåäíåí³ çà 30 ä³á (ç 1 ïî 30 ÷åðâíÿ
2021 ð.). Âèäíî, ùî â ðàíêîâèé ÷àñ ³ ó ïåðø³é ïîëîâèí³ äíÿ
òåìïåðàòóðà ïîâ³òðÿ â ñåðåäíüîìó çðîñòàëà. ¯¿ òèì÷àñîâ³ çìåíøåííÿ
áóëè ïîâ’ÿçàí³ ç íàÿâí³ñòþ õìàð, ÿê³ åï³çîäè÷íî çàêðèâàëè Ñîíöå.
Ï³ñëÿ 13:00...14:00 LT â³äçíà÷àëîñÿ çìåíøåííÿ òåìïåðàòóðè ÷åðåç
âïëèâ õìàð. Ï³ñëÿ 15:30 LT òåìïåðàòóðà ïðîòÿãîì òðüîõ ãîäèí
çì³íþâàëàñÿ ñëàáêî. Âèíÿòêîì áóëî 11 ÷åðâíÿ 2021 ð. Î 17:45 LT íåáî
âêðèëîñÿ êóï÷àñòî-äîùîâèìè õìàðàìè. Î 18:42 LT ïî÷àëàñÿ çëèâà.

Ðîçãëÿíåìî äîêëàäí³øå ïîâåä³íêó òåìïåðàòóðè ïîâ³òðÿ ïîáëèçó
ÑÇ. Î 13:37 LT Ñîíöå ïîêðèëà âåëèêà õìàðà. Çà 15 õâ òåìïåðàòóðà
çìåí øèëàñÿ â³ä 29 äî 26.4 °Ñ. Ï³ñëÿ 13:45 LT òðèâàëî ïàä³ííÿ òåì -
ïåðàòóðè. Òåïåð âîíî áóëî âèêëèêàíî çàòåìíåííÿì. Ïîáëèçó ìàêñè -
ìàëüíî¿ ôàçè ÑÇ òåìïåðàòóðà ñòàíîâèëà 24.7 °Ñ, â ê³íö³ ÑÇ âîíà äîð³â -
íþâàëà 24.5 °Ñ. ßêùî ³íòåðïîëþâàòè çíà÷åííÿ òåìïåðàòóðè äëÿ ³íòåð -
âàëó ÷àñó 13:45...15:15 LT (äèâ. íà ðèñ. 2, øòðèõîâà ë³í³ÿ), òî âèÿ âèòü -
ñÿ, ùî çàòåìíåííÿ ïðèçâåëî äî çìåíøåííÿ òåìïåðàòóðè ta max  ïðè áëèç -
íî íà 1 °Ñ.

ÎÁÃÎÂÎÐÅÍÍß

Ó 1999—2021 ðð. âèêîíàíî îäíîòèïí³ ñïîñòåðåæåííÿ çìåíøåííÿ
òåìïåðàòóðè ïîâ³òðÿ Dta  â îäí³é ³ ò³é æå îáñåðâàòîð³¿ (ïî áëè çó
ì. Õàðê³â) äëÿ âîñüìè ÑÇ. Ìàêñèìàëüí³ çìåíøåííÿ Dta max  äëÿ öèõ

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2021. Ò. 37, ¹ 6 39

ÒÅÏËÎÂÈÉ ÅÔÅÊÒ ÑÎÍß×ÍÎÃÎ ÇÀÒÅÌÍÅÍÍß

Ðèñ. 2. ×àñîâà çàëåæí³ñòü òåìïåðàòóðè ïîâ³òðÿ çà ³íòåðâàë ÷àñó 09:00...19:00 LT (06:00...16:00
UT). Òðèêóòíèêè — äëÿ 9 ÷åðâíÿ 2021 ð., òî÷êè — 10 ÷åðâíÿ, êâàäðàòèêè — 11 ÷åðâíÿ.
Ñóö³ëüíà ë³í³ÿ ç äîâ³ð÷èìè ³íòåðâàëàìè — ñåðåäíº çà 1...30 ÷åðâíÿ 2021 ð. Øòðèõîâ³
âåðòèêàëüí³ ë³í³¿ — ìîìåíòè ïî÷àòêó ³ ê³íöÿ ÑÇ, ùî ñïîñòåð³ãàëîñü íàä ì. Õàðê³â, ñóö³ëüíà
âåðòèêàëüíà ë³í³ÿ — ìîìåíò ìàêñèìàëüíîãî ïîêðèòòÿ. Øòðèõîâà ë³í³ÿ â ³íòåðâàë³ ÷àñó
13:45...15:15 LT — î÷³êóâàíà ïîâåä³íêà òåìïåðàòóðè ïîâ³òðÿ çà â³äñóòíîñò³ çàòåìíåííÿ



çàòåìíåíü íàâå äåíî â òàáëèö³. Â³äîìîñò³ ïðî Dta max  äëÿ ïåðøèõ øåñòè
çàòåìíåíü çàïîçè÷åí³ ç ìîíîãðàô³¿ [23], äëÿ ñüîìîãî ÑÇ (20 áåðåçíÿ
2015 ð.) — ç ðîáîòè [25].

Äëÿ ë³òíüîãî ÷àñó ïîáëèçó îï³âäíÿ â ðîáîò³ [23] îòðèìàíî ðåãðå -
ñ³þ

D Dt t Aa mmmax max= , (5)

äå Dtmm , °C — ïà ðà ìåòð ðåã ðåñ³¿, Amax = 0...1. Ç âè ðà çó (5) âèïëèâàº

ãðàíè÷íå çíà÷åííÿ Dta max  » 10 °Ñ ïðè  Amax  = 1 (= 100 %). Òàêå çíà÷åííÿ 

Dta max  çóìîâëåíå ³íòåíñèâíîþ êîíâåêö³ºþ â ñåðåäèí³ ë³òíüîãî äíÿ.
Äëÿ ³íøèõ ñåçîí³â òà ³íøîãî ÷àñó äîáè çíà÷åííÿ Dtmm  çíà÷íî ìåíø³.
Êð³ì òîãî, Dtmm  íå âðàõîâóº ìîæëèâó íàÿâí³ñòü õìàð, ùî åêðàíóþòü
Ñîíöå, ³ îïàä³â.

31 òðàâ íÿ 2003 ð. Amax  » 66 %, à Dta max  » 2.1 °Ñ. Òà êèé â³äíîñ íî

ñëàá êèé òåï ëî âèé åôåêò ïî ÿñ íþºòüñÿ òèì, ùî ÑÇ ìà ëî ì³ñöå íå çà áà -
ðîì ï³ñëÿ ñõî äó Ñîí öÿ, êî ëè êîí âåêö³ÿ ùå âè ðà æå íà ñëàáî.

3 æîâòíÿ 2005 ð.  Amax  » 13 %, à Dta max  » 2 °Ñ, òîáòî ïðèáëèçíî íà

1 °Ñ ìåíøå î÷³êóâàíîãî. Öå ïîÿñíþºòüñÿ òàêîæ äîñèòü ñëàáêîþ êîí -
âåêö³ºþ (îñ³íü, ïåðøà ïîëîâèíà äíÿ).

29 áåðåçíÿ 2006 ð. ÑÇ ñïîñòåð³ãàëîñÿ ïðèáëèçíî îï³âäí³. Îäíàê
ïðè Amax  » 72 % çíà÷åííÿ Dta max  » 2 °Ñ. Õî÷à ÑÇ ìàëî ì³ñöå ïîáëèçó

îï³âäíÿ, òåìïåðàòóðíèé åôåêò áóâ ñëàáêî âèðàæåíèé ÷åðåç âèñîêó
(~80 %) õìàðí³ñòü ³ ïîðó ðîêó (ïî÷àòîê âåñíè). Êîíâåêö³ÿ áóëà âè -
ðàæåíà ñëàáî.
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Äàòà UT Mmax  Amax, % Dta max, °Ñ Ïðèì³òêà

11.08.1999 09:57...12:29 0.81 73 8 Õìàðí³ñòü â³ä 0 äî 15 %
Øâèäê³ñòü â³òðó 5...7 ì/ñ

31.05.2003 02:16...04:17 0.73 65.5 2.1 Õìàðè â³äñóòí³. Øâèäê³ñòü â³òðó 1... 
2 ì/ñ. ÑÇ ìàëî ì³ñöå â ðàíêîâèé ÷àñ

03.10.2005 08:36...10:42 0.24 13 2 Õìàðí³ñòü 30...35 %. Øâèäê³ñòü â³ò -
ðó 3...4 ì/ñ, åï³çîäè÷íî — 6...8 ì/ñ

29.03.2006 10:02...12:21 0.77 69.7 2 Õìàðí³ñòü 20...30 %. Øâèäê³ñòü â³ò -
ðó 3...4 ì/ñ. Ïðîòÿãîì çàòåìíåííÿ
Ñîíöå áóëî çàêðèòå õìàðàìè

01.08.2008 09:11...11:17 0.42 31 2 Ñîíöå åï³çîäè÷íî ïîêðèâàëîñÿ õìà -
ðàìè (30 % â³ä ÷àñó ñïîñòåðåæåííÿ). 
Øâèäê³ñòü â³òðó 4...6 ì/ñ

04.01.2011 07:30...10:29 0.78 70.2 ~ 0.1 Õìàðí³ñòü 100 %. Øâèäê³ñòü â³òðó
2...3 ì/ñ

20.03.2015 09:09...11:21 0.54 44 1 Âñå íåáî çàêðèòî íàï³âïðîçîðèì
ñåð ïàíêîì

10.06.2021 10:42...12:12 0.11 4.4 1 Çíà÷íà õìàðí³ñòü (äî 90 %). Ñîíöå
çàêðèâàëîñÿ õìàðàìè

Òåìïåðàòóðíèé åôåêò ñîíÿ÷íèõ çàòåìíåíü



1 ñåðïíÿ 2008 ð. ïðè Amax  » 31 % çíà÷åííÿ Dta max  » 2 °Ñ, ùî ïîÿñíþ -

ºòüñÿ ÷àñòêîâèì (áëèçüêî 10 % ÷àñó ïðîòÿãîì ÑÇ) åêðàíóâàííÿì Ñîí -
öÿ õìàðàìè. Ïàä³ííÿ òåìïåðàòóðè, âèêëèêàíå íàÿâí³ñòþ õìàð, ùî ïî -
êðè âà þòü äèñê Ñîíöÿ, â çàëåæíîñò³ â³ä òðèâàëîñò³ ïîêðèòòÿ ñòàíî âèëî
â³ä 1 äî 4 °Ñ. Ïðî öå ñâ³ä÷àòü ñïîñòåðåæåííÿ â êîíòðîëüí³ äí³ [23].

4 ñ³÷íÿ 2011 ð. ïðè Amax  » 72 % îò ðè ìà íî Dta max  » 0.1 °Ñ. Ó öåé ³

êîí ò ðîëüí³ äí³ õìàðí³ñòü ñòà íî âè ëà 100 %, ïî âåð õíÿ Çåìë³ áó ëà ïî -
êðè òà ñí³ãîì. Êîí âåêö³ÿ áó ëà ïðè äó øå íà, ùî â³äïîâ³äà ëî çè ìî âèì
óìîâàì.

20 áåðåçíÿ 2015 ð. ïðè Amax  » 44 % âåëè÷èíà Dta max  » 1 °Ñ. Ó äåíü

ÑÇ íåáî áóëî çàêðèòå íàï³âïðîçîðèì ñåðïàíêîì. Êîíâåêö³ÿ ïîáëèçó
îï³âäíÿ ìàëà ñå ðåäíþ ³íòåí ñèâí³ñòü, ùî ïðèòàìàííî ïî÷àòêó âåñíè.
Âàæëèâî, ùî ñí³ãîâîãî ïî êðè âó íå áóëî.

10 ÷åðâíÿ 2021 ð. ïðè Amax  » 4.4 % çíà÷åííÿ Dta max  » 1 °Ñ, ùî ïîÿñ -

íþºòüñÿ çíà÷íîþ õìàðí³ñòþ (90 %). Ïðîòÿãîì ÑÇ ç 13:37 LT äî 14:26
LT, à òàêîæ ç 14:45 LT äî 15:30 LT Ñîíöå áóëî çàêðèòå õìàðàìè. Ïðî -
öåñ êîíâåêö³¿ ïðè öüîìó ñïîâ³ëüíþâàâñÿ, îñê³ëüêè òåìïåðàòóðà ïî -
âåðõ í³ Çåìë³ çìåíøóâàëàñÿ, à ñë³äîì çà íåþ çìåíøóâàëàñÿ òåìïåðà -
òóðà ïîâ³òðÿ.

Åôåêòè â³ä ÑÇ ³ õìàð íàêëàëèñÿ, ùî ïåâíîþ ì³ðîþ óñêëàäíèëî
îö³íêó âåëè÷èíè îõîëîäæåííÿ ïðèçåìíî¿ àòìîñôåðè çàòåìíåííÿì.

ÎÑÍÎÂÍ² ÐÅÇÓËÜÒÀÒÈ

1. Îö³íåíî åíåðãåòè÷í³ õàðàêòåðèñòèêè ñîíÿ÷íèõ çàòåìíåíü. Ïîêà -
çàíî, ùî â ðåçóëüòàò³ çàòåìíåííÿ âíóòð³øíÿ åíåðã³ÿ ãàçó ó ïðèçåìí³é
àòìîñôåð³ çìåíøóºòüñÿ ïðèáëèçíî íà 5.3×1018 Äæ, ÷îìó â³äïîâ³äàº
ñåðåäíÿ ïîòóæí³ñòü 1.2 ÏÂò. Ïèòîì³ çíà÷åííÿ åíåðã³¿ ³ ïîòóæíîñò³
ñòàíîâëÿòü 4.5 êÄæ/ì3 ³ 1.4 Âò/ì3.

2. Ïðîâåäåíî ñïîñòåðåæåííÿ âàð³àö³é òåìïåðàòóðè ïîâ³òðÿ ó
ïðèçåìí³é àòìîñôåð³ â äåíü ñîíÿ÷íîãî çàòåìíåííÿ òà ó êîíòðîëüí³ äí³, 
à òàêîæ àíàë³ç öèõ âàð³àö³é.

3. Ïðîàíàë³çîâàíî ñòàí àòìîñôåðíî¿ ïîãîäè â äåíü çàòåìíåííÿ òà
ñóñ³äí³ ç íèì äí³. Â³äçíà÷åíî, ùî ñòàí ïîãîäè áóâ íå äóæå ñïðèÿò -
ëèâèì äëÿ ñïîñòåðåæåííÿ òåïëîâîãî åôåêòó çàòåìíåííÿ.

4. Îö³íåíî îõîëîäæåííÿ àòìîñôåðè ïîáëèçó ôàçè ìàêñèìàëüíîãî
ïîêðèòòÿ äèñêà Ñîíöÿ. Çìåíøåííÿ òåìïåðàòóðè äîð³âíþâàëî áëèçüêî
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çåìí³é àòìîñôåð³ äëÿ âîñüìè ñîíÿ÷íèõ çàòåìíåíü, ÿê³ ñïîñòå ð³ãàëèñÿ â 
îäí³é ³ ò³é æå îáñåðâàòîð³¿ â 1999—2021 ðð. Ð³çíèöÿ â åôåê òàõ ïîÿñ -
íþºòüñÿ ð³çíèìè ñåçîíàìè ðîêó, ÷àñîì äîáè, íàÿâí³ñòþ õìàð íî¿
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íî¿ êîíâåêö³¿.
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L. F. Chernogor

V. N. Karazin Kharkiv Na tional Uni ver sity, Kharkiv, Ukraine

THER MAL EF FECT OF THE 10 JUNE 2021 AN NU LAR SO LAR ECLIPSE 
IN THE AT MO SPHERIC SUR FACE LAYER

A char ac ter is tic fea ture of the 10 June 2021 so lar eclipse (SE) was that it was an an nu lar
eclipse and a mem ber of Saros 147. The SE first con tact oc curred at 08:12:20 UT on 10
June 2021 and the fourth con tact oc curred at 13:11:19 UT. The max i mum magnitude of
the an nu lar eclipse was ob served from 09:49:50 UT to 11:33:43 UT. The annularity took
place from 10:33:16 to 10:36:56 UT. The so lar eclipse be gan over the area of Can ada. The
shade moved across the Green land (where the annularity took place), the Arc tic Ocean, the
North Pole, the New Si be ria Is land, and the Rus sian Fed er a tion. The par tial eclipse was
noted in Mon go lia, in a ma jor part of the Peo ple’s Re pub lic of China, in the North-East of
the U.S.A., in the North Alaska, over all of the Arc tic Ocean, and in the North At lan tic. The 
par tial so lar eclipse was also noted over ma jor part of the Ukraine, ex cept for the Odessa,
Nikolaev, and Kherson prov inces, as well as Cri mea. The pur pose of this work is to pres ent 
the ob ser va tions of the ther mal (tem per a ture) ef fect of the 10 June 2021 SE in the
at mo spheric sur face layer in the city of Kharkiv, as well as the intercomparison of the
ther mal ef fects ob served dur ing eight eclipses that oc curred in the same area dur ing
1999—2021. The ob ser va tions of the ef fects in the at mo spheric sur face layer were made at
the V. N. Karazin Na tional Uni ver sity Radiophysics Ob ser va tory, in the vi cin ity of the
city of Kharkiv. The stan dard in stru men ta tion ac quired mea sure ments in the tem per a ture,
at mo spheric pres sure and hu mid ity, and in the di rec tion and speed of the wind. The
mea sure ments of the tem per a ture were made to 0.1 °C ac cu racy. The so lar eclipse en ergy
bal ance has been eval u ated. The in ter nal en ergy of gas in the at mo spheric sur face layer has
been shown to de crease by about 5.3´1018 J as a re sult of the so lar eclipse, which
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cor re sponds to an av er age power of 1.2 TW. The spe cific en ergy and power are 4.5 kJ/m3

and 1.4 W/m3. The ob ser va tions of vari a tions in the tem per a ture of the at mo spheric sur face 
layer were taken dur ing the day of the so lar eclipse and on the ref er ence days, as well as the
anal y sis of these vari a tions was con ducted. The state of the tro po spheric weather on the
day of the so lar eclipse and on the ad ja cent days has been an a lyzed. The state of the weather 
has been noted not to be con du cive to ob serv ing the ther mal ef fect of the so lar eclipse. The
at mo spheric cool ing oc cur ring dur ing the max i mum magnitude of the eclipse has been
es ti mated; a de crease in the tem per a ture amounted to about 1 °C. The com par a tive study of
the ther mal ef fect in the at mo spheric sur face layer ob served dur ing eight so lar eclipses at
the same ob ser va tory dur ing 1999—2021 has been per formed. The differences in the
effects arise from variations in the season, local time, the structure of the cloud cover, the
state of the Earth’s surface, and atmospheric convection. 
Key words: solar eclipse, atmospheric surface layer, temperature variations, convection,
comparative study.
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