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Ïðî âèñîòíó çàëåæí³ñòü îá’ºìíîãî êîåô³ö³ºíòà
ðîçñ³ÿííÿ àåðîçîëþ â àòìîñôåð³ Ñàòóðíà. 
I. ²íòåãðàëüíèé äèñê

Ðîçãëÿíóòî ïîòî÷íèé ñòàí äîñë³äæåíü âåðòèêàëüíî¿ ñòðóêòóðè,
ñêëà äó òà ì³êðîô³çè÷íèõ ïàðàìåòð³â àåðîçîëüíî¿ ñêëàäîâî¿ â àòìî -
ñôåð³ Ñàòóðíà. Â³äçíà÷åíî íåäîë³êè çàñòîñóâàííÿ ìåòîä³â ìîäåëü íî -
ãî àíàë³çó àòìîñôåð ïëàíåò-ã³ãàíò³â ç ïðèìóñîâèì ïðèçíà÷åííÿì
ê³ëüêîñò³ ³ ïàðàìåòð³â àåðîçîëüíèõ øàð³â, ÿê³ øòó÷íî âêëþ÷àþòüñÿ ó
ìîäåëü âåðòèêàëüíî¿ ñòðóêòóðè àòìîñôåðè. Ïåðåðàõîâàíî ïåðåâàãè
çàñòîñóâàííÿ ìåòîäó åôåêòèâíî¿ îïòè÷íî¿ ãëèáèíè, ùî äîçâîëÿº
âèçíà÷èòè ÿê³ñíó êàðòèíó âèñîòíîãî ðîçïîä³ëó õìàðíèõ ïîêðèâ³â ó
àòìîñôåðàõ ïëàíåò-ã³ãàíò³â, à òàêîæ ðîçðàõóâàòè ðÿä ì³êðîô³çè÷ -
íèõ ïàðàìåòð³â ¿õíüî¿ àåðîçîëüíî¿ ñêëàäîâî¿ áåç ïîïåðåäíüîãî ïðèçíà -
÷åííÿ ìîäåëüíî¿ âåðòèêàëüíî¿ ñòðóêòóðè. Çà äàíèìè ñïåêòðàëüíèõ
âèì³ðþâàíü â³äáèâíî¿ çäàòíîñò³ ³íòåãðàëüíîãî äèñêó Ñàòóðíà ó
ñïåêòðàëüíèõ ñìóãàõ ïîãëèíàííÿ ìåòàíó íà 619, 727, 842, 864 ³ 887 íì
ðîçðàõîâàíî çàëåæí³ñòü îá’ºìíîãî êîåô³ö³ºíòà ðîçñ³þâàííÿ àåðîçî -
ëþ â³ä òèñêó ó âåðõí³é ÷àñòèí³ àòìîñôåðè. Ïðè ¿¿ âèçíà÷åíí³ çàñòî -
ñîâàíî ìåòîä åôåêòèâíî¿ îïòè÷íî¿ ãëèáèíè. Ïåðåðàõîâàíî ïðèéíÿò³
äëÿ âèêîíàííÿ àíàë³çó ìîäåëüí³ äîïóùåííÿ, ê³ëüê³ñí³ ñï³ââ³äíîøåííÿ
îñíîâíèõ àòìîñôåðíèõ ãàç³â ³ ïàðàìåòðè ôóíêö³¿ ðîçïîä³ëó ïî ðîçì³ -
ðàõ àåðîçîëüíèõ ÷àñòîê. Íà äîñë³äæåíèõ âèñîòíèõ ð³âíÿõ àòìîñôåðè
Ñàòóðíà âèÿâëåíî ïîñò³éíó íàÿâí³ñòü àåðîçîëþ òà çì³íè éîãî ðîç -
ñ³þâàëüíèõ âëàñòèâîñòåé. Âèçíà÷åíî âèñîòí³ ð³âí³ ç íàéá³ëüøèìè çãó -
ùåííÿìè àåðîçîëüíèõ øàð³â. Íàéïîòóæí³øà â àòìîñôåð³ ïëàíåòè
õìàðíà ñèñòåìà ìàº äâà ìàêñèìóìè îá’ºìíîãî êîåô³ö³ºíòà ðîçñ³-
þâàí íÿ íà ð³âíÿõ áëèçüêî 270 ³ 430 ìáàð ³ ïðîì³æíå çãóùåííÿ íà ð³âí³
1.0 áàð. Íà ä³ëÿíö³ 2.2...8.0 áàð ðîçòàøîâóºòüñÿ ïðîòÿæíèé àåðî -
çîëü íèé øàð ç ìàêñèìóìîì ðîçñ³þâàííÿ, ÿêèé âèçíà÷àºòüñÿ â ä³àïà -
çîí³ çíà÷åíü òèñêó 3.8...4.8 áàð, â çàëåæíîñò³ â³ä àíàë³çîâàíî¿ ñìóãè
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ïî ãëèíàííÿ ìåòàíó. Âèÿâëåí³ çíà÷í³ äèñïåðñ³éí³ â³äì³ííîñò³ íà îá’ºä -
íàí³é çàëåæíîñò³ îá’ºìíîãî êîåô³ö³ºíòà ðîçñ³þâàííÿ àåðîçîëþ âêà -
çó þòü íà ìîæëèâó çì³íó ðàä³óñà àáî ïðèðîäè àåðîçîëüíèõ ÷àñòîê â
íèæí³õ øàðàõ àòìîñôåðè Ñàòóðíà. 
Êëþ÷îâ³ ñëîâà: Ñàòóðí, àòìîñôåðíèé àåðîçîëü, âåðòèêàëüíà ñòðóê -
òó ðà, ð³âí³ ìàêñèìàëüíîãî ðîçñ³ÿííÿ

ÂÑÒÓÏ

Äîñòîâ³ðí³ ô³çè÷í³ õàðàêòåðèñòèêè, âåðòèêàëüíó ñòðóêòóðó ³ ñêëàä
õìàð â àòìîñôåðàõ ïëàíåò-ã³ãàíò³â ìîæíà âèçíà÷èòè ïðè ¿õíüîìó
áåçïîñåðåäíüîìó çîíäóâàíí³ êîñì³÷íèìè àïàðàòàìè [47]. Óñï³øíå
çîíäóâàííÿ àòìîñôåðè Þï³òåðà âèêîíàíî â 1995 ðîö³ çîíäîì ÊÀ
Ãàë³ëåî [37], à ï³äãîòîâêà ïîä³áíèõ ì³ñ³é äî Ñàòóðíà àêòèâíî âåäåòüñÿ
[25]. Â äàíèé ÷àñ äîñòîâ³ðíèõ äàíèõ ùîäî ô³çè÷íèõ ïàðàìåòð³â õìàð -
íèõ øàð³â ó àòìîñôåð³ Ñàòóðíà âñå ùå íåìàº, òîìó âèâ÷åííÿ àòìî -
ñôåðè ö³º¿ ïëàíåòè âèêîíóºòüñÿ ìåòîäàìè àíàë³çó äàíèõ ¿¿ äèñòàí ö³é -
íèõ âèì³ðþâàíü ó øèðîêîìó ä³àïàçîí³ åëåêòðîìàãí³òíèõ õâèëü [45].
Çîêðåìà, âèêîíóºòüñÿ àíàë³ç ðîçïîä³ëó çàëèøêîâî¿ ³íòåíñèâíîñò³ ñî -
íÿ÷ íîãî âèïðîì³íþâàííÿ ïî äèñêó Ñàòóðíà ó ñìóãàõ ïîãëèíàííÿ àò -
ìî ñôåðíèõ ãàç³â, à òàêîæ ôîòîçí³ìê³â ³íòåãðàëüíîãî äèñêà, éîãî îêðå -
ìèõ ä³ëÿíîê ³ øèðîòíèõ ïîÿñ³â, îòðèìàíèõ â íåïåðåðâíîìó ñïåêòð³ ³ ó
âóçüêèõ ñïåêòðàëüíèõ ñìóãàõ [2, 6, 16, 36, 39, 43]. Ïðè îáîâ’ÿçêîâîìó
äëÿ òàêèõ äîñë³äæåíü êîìï’þòåðíîìó ìîäåëþâàíí³ áàãàòîøàðîâî¿ àò -
ìî ñôåðè Ñàòóðíà áàãàòî äîñë³äíèê³â øòó÷íî ïðèçíà÷àþòü ê³ëüê³ñòü,
ñêëàä, à òàêîæ ô³çè÷í³ ïàðàìåòðè îêðåìèõ øàð³â ó ìîäåëüíîìó ñåðå -
äîâèù³, ùî ñèìóëþº âëàñòèâîñò³ ðåàëüíî¿ àòìîñôåðè ïëàíåòè-ã³ãàíòà. 
Íåð³äêî öå ïðèçâîäèòü äî íåîäíîçíà÷íîñò³ ðåçóëüòàò³â àíàë³çó é äî
³ñòîòíèõ â³äì³ííîñòåé çíà÷åíü ïàðàìåòð³â àòìîñôåðè, âèçíà÷åíèõ ð³ç -
íè ìè äîñë³äíèêàìè, íàâ³òü ïðè îáðîáö³ îäíèõ ³ òèõ æå ñïîñòåðåæíèõ
äàíèõ.

Íàòîì³ñòü çàïðîïîíîâàíèé ó ðîáîò³ [18] ìåòîä åôåêòèâíî¿ îïòè÷ -
íî¿ ãëèáèíè [5] (äàë³ ïî òåêñòó ÅÎÃ) äîçâîëÿº áåç ïîïåðåäí³õ ïðè çíà -
÷åíü øàð³â äî çàñòîñîâóâàíî¿ ìîäåë³ âåðòèêàëüíî¿ ñòðóêòóðè àòìîñôå -
ðè âèçíà÷àòè éìîâ³ðíó ê³ëüê³ñòü, ðîçòàøóâàííÿ é ïðîòÿæí³ñòü õìàð -
íèõ øàð³â ó âåðòèêàëüí³é ñòðóêòóð³ çîâí³øíüî¿ ÷àñòèíè àòìîñôåðè
ïëà íåòè-ã³ãàíòà, à òàêîæ ðîçðàõîâóâàòè óñåðåäíåí³ çíà÷åííÿ äåÿêèõ
ô³çè÷íèõ ïàðàìåòð³â àåðîçîëüíèõ ÷àñòîê. Ó ìåòîä³ ÅÎÃ çàñòîñî -
âóºòüñÿ ìîäåëü àòìîñôåðè ó âèãëÿä³ ï³âíåñê³í÷åííîãî îäíîð³äíîãî
ãàçîâî-àåðîçîëüíîãî ñåðåäîâèùà, ùî ì³í³ì³çóº ê³ëüê³ñòü âõ³äíèõ
ïàðàìåòð³â. Âèêîðèñòîâóþ÷è ìåòîä ÅÎÃ, ìîæíà àíàë³çóâàòè äàí³ âè -
ì³ðþâàíü ³íòåãðàëüíîãî äèñêà ïëàíåòè-ã³ãàíòà, éîãî îêðåìî¿ ä³ëÿíêè ³
òî÷êîâî¿ ïîçèö³¿ íà äèñêó [20, 21, 23, 24, 28—31, 33, 34].
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ÌÅÒÎÄÈÊÀ ÂÈÇÍÀ×ÅÍÍß ÇÌ²Í ÎÁ’ªÌÍÎÃÎ ÊÎÅÔ²Ö²ªÍÒÀ 

ÐÎÇÑ²ßÍÍß ÀÅÐÎÇÎËÞ Ç ÂÈÑÎÒÎÞ Â ÀÒÌÎÑÔÅÐ² 

Ìåòîäèêà ðîçðàõóíêó çàëåæíîñò³ îá’ºìíîãî êîåô³ö³ºíòà ðîçñ³þâàííÿ
àåðîçîëþ â³ä òèñêó â àòìîñôåð³ ïëàíåòè-ã³ãàíòà (äàë³ ïî òåêñòó —
Ìåòîäèêà) ðîçðîáëåíà ³ çàñòîñîâóâàëàñÿ àâòîðîì äëÿ àíàë³çó äàíèõ
âèì³ðþâàíü â³äáèâíî¿ çäàòíîñò³ ³íòåãðàëüíîãî äèñêà Þï³òåðà [29] ³
éîãî øèðîòíèõ ïîÿñ³â [34]. Òîìó íèæ÷å áóäóòü ïðåäñòàâëåí³ ëèøå
îñíîâí³ ïîëîæåííÿ Ìåòîäèêè, à çà äåòàëÿìè ÷èòà÷åâ³ ïðîïîíóºòüñÿ
çâåðíóòèñÿ äî âêàçàíèõ ðîá³ò.

Îá’ºìíèé êîåô³ö³ºíò ðîçñ³þâàííÿ àåðîçîëþ s a  â äîñë³äæóâàí³é
àòìîñôåð³ âèçíà÷àºòüñÿ âèðàçîì
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a  — çì³íà àåðîçîëüíî¿ ðîçñ³þâàëüíî¿ ñêëàäîâî¿ ÅÎÃ ç³ çì³íîþ

âèñîòè ð³âíÿ â àòìîñôåð³ íà âåëè÷èíó Dh. Ç óðàõóâàííÿì àä³àáàòè÷íèõ 
âëàñòèâîñòåé àòìîñôåðè ïëàíåòè-ã³ãàíòà:

Dh P P H Pi i g= - ×+[ ( ) ( )] ( )ln ln1 , 

äå Pi+1  ³ Pi  — çíà÷åííÿ òèñêó íà â³äïîâ³äíèõ âèñîòíèõ ð³âíÿõ, H Pg ( ) —
ãàçîâà øêàëà âèñîò, ÿêà âèçíà÷àºòüñÿ çà âèðàçîì
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 , 

äå R — óí³âåðñàëüíà ãàçîâà ñòàëà, T P( ) — òåìïåðàòóðà øàðó â
äîñë³äæóâàí³é àòìîñôåð³ íà âèñîòíîìó ð³âí³ ç óñåðåäíåíèì çíà÷åí -
íÿì òèñêó P P Pi i= + +( )1 /2, m — ñåðåäíÿ ìîëåêóëÿðíà ìàñà àòìîñôåðè,

ùî âèçíà÷àºòüñÿ ¿¿ õ³ì³÷íèì ñêëàäîì, g — ïðèñêîðåííÿ â³ëüíîãî
ïàä³ííÿ.

ÂÈÕ²ÄÍ² ÄÀÍ² ÄËß ÀÍÀË²ÇÓ

Â ðîáîò³ [30] ç âèêîðèñòàííÿì ìåòîäó ÅÎÃ âèêîíàíèé àíàë³ç äàíèõ
âèì³ðþâàíü ãåîìåòðè÷íîãî àëüáåäî Ñàòóðíà ó ä³àïàçîí³ äîâæèí õâèëü 
600...900 íì [12]. Â ðåçóëüòàò³ ó êîíòóðàõ ñìóã ïîãëèíàííÿ ìåòàíó
ð³çíî¿ ïîòóæíîñò³ ç öåíòðàìè íà äîâæèíàõ õâèëü l = 619.2, 727.6,
841.6, 864.0 ³ 887.2 íì (äàë³ â òåêñò³ — ñìóãè ïîãëèíàííÿ íà 619, 727,
842, 864 ³ 887 íì), îòðèìàíî çàëåæíîñò³ â³ä òèñêó â àòìîñôåð³ âåëè÷èí
àåðîçîëüíî¿ t a

s  òà ãàçîâî¿ t g
s  ðîçñ³þâàëüíèõ êîìïîíåíò³â ÅÎÃ àòìî -

ñôåðè. Òî÷í³ñòü ðîçðàõîâàíèõ çíà÷åíü âåëè÷èí â³äïîâ³äàº â³äíîñí³é
ïîõèáö³ 2 % âèì³ðþâàíü, âèêîíàíèõ Å. Êàðêîøêîþ â ðîáîò³ [12]. Äëÿ
ìîäåëüíèõ îá÷èñëåíü âèêîðèñòîâóâàëèñÿ ñïåö³àëüí³ êîìï’þòåðí³
ïðîãðàìí³ êîäè [17, 26, 29, 32]. Îòæå, ñàìå ðåçóëüòàòè îá÷èñëåíü
ñïåêòðàëüíèõ çàëåæíîñòåé âåëè÷èíè t a

s  â³ä òèñêó â ðîáîò³ [30] º
âèõ³äíèìè äàíèìè äëÿ âèêîíàííÿ àíàë³çó â äàí³é ðîáîò³.
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ÏÀÐÀÌÅÒÐÈ ÂÈÊÎÐÈÑÒÎÂÓÂÀÍÎ¯ ÌÎÄÅË² ÀÒÌÎÑÔÅÐÈ, 

ÏÐÈÉÍßÒ² ÄÎÏÓÙÅÍÍß É ÄÀÍ² ÏÐÎ ÂÈÑÎÒÍÈÉ 

ÏÐÎÔ²ËÜ ÒÅÌÏÅÐÀÒÓÐÈ 

Ïðè âèêîíàíí³ àíàë³çó äàíèõ äèñòàíö³éíèõ ñïåêòðàëüíèõ âèì³ðþâàíü
ìåòîäîì ÅÎÃ àòìîñôåðà Ñàòóðíà ââàæàºòüñÿ ìîäåëüíèì ï³âíåñê³í -
÷åí íèì ãàçîâî-àåðîçîëüíèì ñåðåäîâèùåì, ùî ì³ñòèòü ïîë³äèñïåðñ -
íèé àíñàìáëü ñôåðè÷íèõ îäíîð³äíèõ àåðîçîëüíèõ ÷àñòîê ç ä³éñíîþ
÷àñ òèíîþ êîìïëåêñíîãî ïîêàçíèêà çàëîìëåííÿ nr  = 1.44 ³ òàêèìè
ïàðàìåòðàìè ôóíêö³¿ ìîäèô³êîâàíîãî ãàììà-ðîçïîä³ëó ÷àñòîê çà ðîç -
ì³ðàìè: åôåêòèâíèé ðàä³óñ råô = 1.4 ìêì, äèñïåðñ³ÿ v åô = 0.07. Ö³ çíà -
÷åííÿ ïàðàìåòð³â âèçíà÷åíî â ðîáîòàõ [3, 4] ³ ï³äòâåðäæåíî â ðîáîòàõ
[7, 13, 30, 40]. Äëÿ ðîçðàõóíê³â ãàçîâî¿ ðîçñ³þâàëüíî¿ ñêëàäîâî¿ ÅÎÃ
âèêîðèñòàíî çíà÷åííÿ ìîíîõðîìàòè÷íèõ êîåô³ö³ºíò³â ïîãëèíàííÿ ìå -
òàíó [11], ïåðåâèçíà÷åí³ ç óðàõóâàííÿì ô³çè÷íèõ óìîâ ó àòìîñôåð³ Ñà -
òóðíà [19]. Âèêîðèñòàí³ âåëè÷èíè â³äíîñíî¿ êîíöåíòðàö³¿ àòìî ñôåð -
íèõ ãàç³â âîäíþ, ãåë³þ ³ ìåòàíó áëèçüê³ äî â³äïîâ³äíèõ çíà÷åíü, íàâå -
äåíèõ â ðîáîòàõ [10, 14, 43]. Ïðè öüîìó ïðèéíÿòå äëÿ ðîçðàõóíê³â çíà -
÷åííÿ êîíöåíòðàö³¿ ìåòàíó ââàæàëîñÿ íåçì³ííèì íà âñ³õ ãëèáèí íèõ
ð³âíÿõ àòìîñôåðè, íà â³äì³íó â³ä ðåçóëüòàò³â [46]. Ï³äêðåñëèìî, ùî
ïðè àíàë³ç³, ÿêèé âèêîíóºòüñÿ ìåòîäîì ÅÎÃ, çì³íà çíà÷åííÿ â³ä íîñíî¿
êîíöåíòðàö³¿ ìåòàíó íå âïëèâàº íà çàãàëüíèé âèãëÿä âåðòè êàëüíî¿
ñòðóêòóðè àåðîçîëüíî¿ ñêëàäîâî¿, ùî âèçíà÷àºòüñÿ, àëå â³äïî â³äíî äî
âèñíîâê³â [27] çì³ùóº âñ³ àåðîçîëüí³ øàðè âèùå àáî íèæ÷å ïî âèñîò³
ïðè ¿¿ çá³ëüøåíí³ àáî çìåíøåíí³.

Äëÿ îá÷èñëåííÿ çíà÷åíü âåëè÷èíè H Pg ( ) âèêîðèñòàí³ êîìá³íîâàí³ 
äàí³ ïðî çàëåæí³ñòü òåìïåðàòóðè â³ä òèñêó â àòìîñôåð³ Ñàòóðíà â³ä
ð³âíÿ ñåðåäíüî¿ ñòðàòîñôåðè äî òèñêó á³ëÿ 9.0 áàð ç ðîá³ò [9, 15]. Äëÿ
ãëèáøèõ ð³âí³â àòìîñôåðè âèêîíàíî åêñòðàïîëÿö³þ çàëåæíîñò³ òåì ïå -
ðàòóðè â³ä òèñêó ç óðàõóâàííÿì àä³àáàòè÷íèõ âëàñòèâîñòåé àòìîñôåðè 
ïëàíåòè-ã³ãàíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯ÕÍª ÎÁÃÎÂÎÐÅÍÍß

Ñïåêòðàëüí³ çàëåæíîñò³ îá’ºìíîãî êîåô³ö³ºíòà ðîçñ³þâàííÿ àåðîçîëþ
â³ä òèñêó P â àòìîñôåð³ Ñàòóðíà s a P( ), ðîçðàõîâàí³ çà äàíèìè âèì³ðþ -
âàíü ó êîíòóðàõ ñìóã ïîãëèíàííÿ íà l = 619, 727, 842, 864 ³ 887 íì,
ïîêàçàíî íà ðèñ. 1, 2. Ä³ëÿíêè çàëåæíîñòåé, ùî ìàþòü ìàêñèìàëüí³
ðîç ñ³þâàëüí³ âëàñòèâîñò³, â³äçíà÷åíî ñòð³ëêàìè ³ ïîñë³äîâíî ïðîíóìå -
ðîâàíî ç³ çðîñòàííÿì ãëèáèíè ¿õíüîãî ðîçòàøóâàííÿ â àòìîñôåð³. Íà
ðèñ. 1 ïðèâåäåíî îá’ºäíàí³ çàëåæíîñò³ êîåô³ö³ºíòà s a P( ), ðîçðàõîâàí³
ó âñ³õ äîñë³äæåíèõ ñìóãàõ ïîãëèíàííÿ ìåòàíó. Äëÿ äåìîíñòðàö³¿ âèÿâ -
ëåíèõ âèñîòíèõ îñîáëèâîñòåé êîæíó ç öèõ çàëåæíîñòåé ïîêàçàíî
îêðåìî íà ðèñ. 2, äå âîíè ïîð³âíþþòüñÿ ³ç çàëåæí³ñòþ s a P( ) äëÿ ñìóãè 
887 íì. 
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Çã³äíî ô³çè÷ íè ìè îñîáëèâîñòÿìè ïðî öå ñó ôîðìóâàííÿ ñïåê ò ðàëü -
íèõ çíà÷åíü âåëè÷èíè ÅÎÃ ó ïîë³ âèïðîì³íþâàííÿ, ÿêå äèôóçíî â³ä -
áè âàºòüñÿ ïëàíåòíîþ àòìîñôåðîþ ç äóæå âåëèêîþ îïòè÷íîþ òîâ ùè -
íîþ [1, 5], ÿäðî ïîòóæíî¿ ñìóãè ïîãëèíàííÿ íà l = 887.2 íì ó âè êî ðèñ -
òî âó âà íèõ íàìè äàíèõ âèì³ðþâàíü ãåîìåòðè÷íîãî àëüáåäî Ñàòóðíà
[12] ôîð ìó âàëîñÿ ó øàð³ àòìîñôåðè, ùî ðîçòàøîâàíèé ì³æ ¿¿ óìîâíèì
çîâí³øí³ì êðàºì òà âèñîòíèì ð³âíåì ç òèñêîì áëèçüêî 0.06 áàð. Íà
öüîìó íàé âèùîìó äîñòóïíîìó äëÿ àíàë³çó ìåòîäîì ÅÎÃ âèñîòíîìó
ð³âí³ àòìî ñôåðè Ñàòóðíà âèÿâëåíî íàÿâí³ñòü ñòðàòîñôåðíîãî ñåð ïàí -
êó ç³ çíà ÷åí íÿì êîåô³ö³ºíòà s a  » 0.2×10–6 ñì–1 (äèâ. ðèñ. 1). Çàãàëüíèé

õ³ä çà ëåæ íîñò³ s a P( ) ó ñìóç³ ïîãëèíàííÿ íà 887 íì âêàçóº íà éìîâ³ðíå
çìåíøåííÿ ö³º¿ âåëè÷èíè ç³ çìåíøåííÿì òèñêó. Ç ïåðåõîäîì â³ä ð³âíÿ
ç òèñêîì 0.06 áàð äî ãëèáøèõ øàð³â, êîåô³ö³ºíò s a  çá³ëüøóºòüñÿ äî
ñâîãî ìàêñèìàëüíîãî çíà÷åííÿ s a  » 1.26×10–6 ñì–1 ó âåðõí³é ÷àñòèí³

àòìîñôåðè ïëàíåòè-ã³ãàíòà. Ïðè öüîìó íà âèñîòíèõ ð³âíÿõ áëèçüêî
0.27 é 0.42 áàð ñïîñòåð³ãàþòüñÿ äâà ìàêñèìóìè, ðîçä³ëåí³ ïðîøàðêîì
ìåíø ù³ëüíîãî àåðîçîëþ. Íàâåäåíå ìàêñèìàëüíå çíà÷åííÿ îá’ºìíîãî
êîåô³ö³ºíòà ðîçñ³þâàííÿ àåðîçîëþ â³äïîâ³äàº îö³íö³ ö³º¿ âåëè÷èíè
s a < 5×10–6 ñì–1 ó ðîáîò³ [42]. Òàêîæ âîíî áëèçüêå äî âèçíà÷åíèõ ó
ðîáîò³ [44] çíà÷åíü îá’ºìíîãî êîåô³ö³ºíòà ðîçñ³þâàííÿ ãàçîâî-
àåðîçîëüíîãî ñåðåäîâèùà â øèðîòíèõ ïîÿñàõ Ï³âí³÷íî¿ ï³âêóë³ Ñàòóð -
íà: s 0  = (1.0...1.8)×10–6 ñì–1, îäíàê º â³ä÷óòíî ìåíøèì çà çíà÷åííÿ ó
Ï³âäåíí³é ï³âêóë³: s 0  = (1.6...2.5)×10–6 ñì–1. 
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Ðèñ. 1. Îá’ºäíàí³ ñïåêòðàëüí³ çàëåæíîñò³ îá’ºìíîãî êîåô³ö³ºíòà ðîçñ³þâàííÿ àåðîçîëþ â³ä
òèñêó â àòìîñôåð³ Ñàòóðíà, ðîçðàõîâàí³ â ñìóãàõ ïîãëèíàííÿ ìåòàíó íà l = 619, 727, 842, 864 ³
887 íì



Íà âèñîòí³é ä³ëÿíö³ àòìîñôåðè ç ä³àïàçîíîì çíà÷åíü òèñêó 0.43...
2.0 áàð âåëè÷èíà s a  çíà÷íî çìåíøóºòüñÿ. Òóò íà çàëåæíîñòÿõ s a P( )
âèÿâ ëåíî íåâåëèêèé ìàêñèìóì, âèñîòíå ïîëîæåííÿ ÿêîãî ó ñìóãàõ
ïîãëèíàííÿ íà l = 727, 842 è 864 íì â³äïîâ³äàº ïðèáëèçíèì çíà÷åííÿì 
àòìîñôåðíîãî òèñêó 0.95, 0.92 ³ 1.05 áàð â³äïîâ³äíî (äèâ. ðèñ. 2à—â). 

Ãëèáøå â àòìîñôåð³, â ä³àïàçîí³ çíà÷åíü òèñêó 2.2...8.0 áàð,
êîåô³ö³ºíò s a  ñïî÷àòêó çá³ëüøóºòüñÿ, äîñÿãàº ìàêñèìàëüíî¿ âåëè÷èíè 
ó ä³àïàçîí³ çíà÷åíü òèñêó 3.8...4.8 áàð, à ïîò³ì çìåíøóºòüñÿ (äèâ. ðèñ.
2á—ã). Çóìîâëåíå ðîçðàõóíêàìè ïîëîæåííÿ ìàêñèìóìó çì³ùóºòüñÿ, â
çàëåæíîñò³ â³ä àíàë³çîâàíî¿ ñìóãè ïîãëèíàííÿ. Àáñîëþòíà âåëè÷èíà
ìàêñèìàëüíîãî çíà÷åííÿ s a  òàêîæ çíà÷íî â³äð³çíÿºòüñÿ. Ï³äêðåñëèìî, 
ùî êîæíà ³ç çàçíà÷åíèõ îñîáëèâîñòåé 1...4 íà çàëåæíîñò³ êîåô³ö³ºíòà 
s a P( ) ïîâòîðþºòüñÿ ïðè îá÷èñëåííÿõ ó äåê³ëüêîõ ñìóãàõ ïîãëèíàííÿ,
òîáòî âîíè íå º âèïàäêîâèìè â³äõèëåííÿìè íà çàëåæíîñò³ â îêðåì³é
ñìóç³. 

Â³ä âèñîòíîãî ð³âíÿ àòìîñôåðè ç³ çíà÷åííÿì òèñêó ïðèáëèçíî
1.5 áàð ³ ãëèáøå íà îá’ºäíàí³é çàëåæíîñò³ êîåô³ö³ºíòà s a  ñïîñòåð³ãà -
þòüñÿ çíà÷í³ äèñïåðñ³éí³ â³äì³ííîñò³ (äèâ. ðèñ. 1). Çã³äíî ç âèñíîâ -
êàìè ðîá³ò [27, 30] öåé åôåêò ìîæå âêàçóâàòè íà çíà÷íó çì³íó ïàðà -
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Ðèñ. 2. Òå æ, ùî ³ íà ðèñ. 1, àëå â îêðåìèõ ñìóãàõ ïîãëèíàííÿ, ïðåäñòàâëåíèõ ïîïàðíî ç³
ñìóãîþ íà l = 887 íì: à, á, â, ã — äëÿ l = 864, 842, 727, 619 íì â³äïîâ³äíî



ìåòð³â àå ðî çîëü íèõ ÷àñòîê ó íèæí³õ øàðàõ ùîäî ¿õí³õ çíà÷åíü ó
âåðõí³é ÷àñòèí³ àòìîñôåðè Ñàòóðíà. Â³äçíà÷èìî, ùî ìîæëèâ³ñòü
çì³íè çíà ÷åíü ïà ðà ìåòð³â ÷àñòîê àåðîçîëüíî¿ ñêëàäîâî¿ ç ãëèáèíîþ
äîñë³äæåíî â àòìîñôåðàõ Þï³òåðà [22] ³ Ñàòóðíà [31].

Íà ðèñ. 3 ïî êà çà íî âè ñîò íå ðîç òà øó âàí íÿ ³ àá ñî ëþòí³ çíà ÷åí íÿ êî -
åô³ö³ºíòà s a  ó ìàê ñè ìàëü íèõ õìàð íèõ çãó ùåí íÿõ ó âåðõí³é ÷àñ òèí³
àò ìîñ ôå ðè Ñà òóð íà, ðîç ðà õî âàí³ â ð³çíèõ ñìó ãàõ ïî ãëè íàí íÿ ìå òà íó.
Ïî ðÿä êî âà íó ìå ðàö³ÿ öèõ çãó ùåíü â³äïîâ³äàº ðèñ. 1, 2. Âè ñîòí³ ð³âí³
ïà ðè ï³ê³â õìàð 1 ³ 2 ìàé æå òî÷ íî çá³ãà þòü ñÿ â ñìó ãàõ ïî ãëè íàí íÿ íà
l = 727, 864 ³ 887 íì. Çíà ÷åí íÿ òèñ êó, ðîç ðà õî âàí³ ó ñìó ãàõ íà l = 619,
842 ³ 864 íì íà ð³âí³ ìàê ñè ìó ìó ù³ëüíîñò³ õìà ðè 3, òà êîæ â³äð³ç íÿ -
þòü ñÿ íå ñóòòºâî. Â³äçíà ÷è ìî òà êîæ çá³ã àá ñî ëþò íèõ ñïåê òðàëü íèõ
çíà ÷åíü êî åô³ö³ºíòà s a  íà êîæ íî ìó ç âè ñîò íèõ ð³âí³â ìàê ñè ìàëü íî¿
ù³ëüíîñò³ õìàð 1...3. Íà òîì³ñòü çíà÷ íî ð³çíÿòü ñÿ âè ñîò íå ïî ëî æåí íÿ
ð³âíÿ ìàê ñè ìàëü íî¿ ù³ëüíîñò³ õìà ðè 4 òà àá ñî ëþòí³ çíà ÷åí íÿ êî å -
ô³ö³ºíòà s a , âèç íà ÷åí³ ó ñìó ãàõ ïî ãëè íàí íÿ íà l = 619, 727 ³ 842 íì.

Çîê ðå ìà, íà éá³ëüøå çíà ÷åí íÿ s a  » 0.62×10–6 ñì–1 îò ðè ìà íî äëÿ õìà ðè 4

ó ñìóç³ ïî ãëè íàí íÿ íà 619 íì, ³ óòðè÷³ ìåí øå çíà ÷åí íÿ s a  »

» 0.2×10–6 ñì–1 îò ðè ìà íî ó ñìóç³ íà 842 íì. Éìîâ³ðíîþ ïðè ÷è íîþ âêà -
çà íèõ ñïåê òðàëü íèõ â³äì³ííîñ òåé õà ðàê òå ðèñ òèê ó ìàê ñè ìóì³ ðîçñ³þ -
âàëü íèõ âëàñ òè âîñ òåé õìà ðè 4 ìî æå áó òè âæå â³äì³÷å íà âè ùå çíà÷ íà
çì³íà çíà ÷åíü ïà ðà ìåòð³â àå ðî çîëü íèõ ÷àñ òîê ç ãëè áè íîþ â àò ìîñ ôåð³
ïëà íå òè-ã³ãàíòà. 

ÏÎÐ²ÂÍßÍÍß Ç ÎÏÓÁË²ÊÎÂÀÍÈÌÈ ÐÅÇÓËÜÒÀÒÀÌÈ

Âèçíà÷åí³ ó äàí³é ðîáîò³ íåïåðåðâíå àåðîçîëüíå íàïîâíåííÿ àòìîñôå -
ðè é âèñîòíå ðîçòàøóâàííÿ õìàðíèõ çãóùåíü 1...4 áëèçüê³ äî ìîäåë³
âåðòèêàëüíî¿ ñòðóêòóðè àòìîñôåðè ó ï³âäåíí³é ïðèïîëÿðí³é îáëàñò³
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Ðèñ. 3. Âèñîòíå ðîçòàøóâàííÿ ìàêñèìóì³â õìàðíèõ çãóùåíü â àòìîñôåð³ Ñàòóðíà



Ñàòóðíà, çàïðîïîíîâàí³é ó ðîáîò³ [41]. Òàêîæ âîíè ÷àñòêîâî â³äïî -
â³äà þòü ìîäåë³ «ðîçìèòî¿ ïî âèñîò³ õìàðè» [8], àëå ç íàáàãàòî âèùèì
ðîçòàøóâàííÿì éîãî âåðõíüî¿ ìåæ³. Äóæå ñõîæó óñåðåäíåíó âåðòè -
êàëüíó ñòðóêòóðó àåðîçîëüíî¿ ñêëàäîâî¿ àòìîñôåðè ïëàíåòè-ã³ãàíòà
çà ïðî ïîíîâàíî â ðîáîò³ [38]. Çíà÷åííÿ òèñêó íà âèñîòíèõ ð³âíÿõ ìàê -
ñè ìóì³â 1...4 êîåô³ö³ºíòà s a  â³äïîâ³äàþòü âåðòèêàëüí³é ñòðóêòóð³
àòìî ñôåðè Ñàòóðíà, îïèñàí³é íà âåá-ðåñóðñ³ 
https://www.bri tan nica.com/place/Sat urn-planet/The-at mo sphere

ÂÈÑÍÎÂÎÊ

Âèçíà÷åíî éìîâ³ðíó âåðòèêàëüíó ñòðóêòóðó àåðîçîëüíî¿ ñêëàäîâî¿ ó
âåðõí³é ÷àñòèí³ àòìîñôåðè Ñàòóðíà. Ó äîñë³äæåíîìó ä³àïàçîí³ âèñîò
àòìîñôåðà çàïîâíåíà ãàçîâî-àåðîçîëüíîþ ñóì³øøþ ç³ çì³ííîþ ù³ëü -
í³ñòþ òà áåç îçíàê íàÿâíîñò³ â í³é ÷èñòî ãàçîâèõ ïðîøàðê³â. Ìàê -
ñèìàëüí³ çãóùåííÿ õìàð âèÿâëåíî íà ÷îòèðüîõ âèñîòíèõ ð³âíÿõ, ç ïðè -
áëèçíèìè çíà÷åííÿìè òèñêó 270 ³ 430 ìáàð (òóò çíà÷åííÿ àåðî çîëü -
íîãî îá’ºìíîãî êîåô³ö³ºíòà ðîçñ³þâàííÿ ñâ³òëà ìàêñèìàëüíå â àòìî -
ñôåð³); ç òèñêîì áëèçüêî 1.0 áàð (ñëàáêî âèðàæåíà ïðîì³æíà õìàðà);
âèñîòíà ä³ëÿíêà 3.8...4.8 áàð (òóò îòðèìàíî íàéá³ëüøå çãóùåííÿ àåðî -
çîëüíîãî øàðó, ùî ðîçòÿãíóâñÿ ïî âèñîò³ â ä³àïàçîí³ çíà÷åíü òèñêó
2.2...8.0 áàð). Âèÿâëåíî îçíàêè éìîâ³ðíî¿ çíà÷íî¿ çì³íè ïàðàìåòð³â
àåðîçîëüíèõ ÷àñòîê ó íèæí³õ øàðàõ àòìîñôåðè Ñàòóðíà, ïî÷èíàþ÷è
â³ä âèñîòíîãî ð³âíÿ ç òèñêîì áëèçüêî 1.5 áàð ³ ãëèáøå. Ñë³ä ï³äêðåñ -
ëèòè, ùî ðåçóëüòàòè ðîáîòè îòðèìàíî çà äàíèìè âèì³ðþ âàíü ³íòå -
ãðàëü íîãî äèñêà Ñàòóðíà, òîìó ïðåäñòàâëåí³ âèñîòí³ õàðàêòåðèñòèêè
õìàðíèõ øàð³â àòìîñôåðè º óñåðåäíåíèìè ïî âñüîìó äèñêó ïëàíåòè-
ã³ãàíòà ³ ìîæóòü íå â³äïîâ³äàòè âåðòèêàëüí³é ñòðóêòóð³ àåðîçîëüíî¿
ñêëà äîâî¿ íà êîíêðåòíèõ ä³ëÿíêàõ ¿¿ àòìîñôåðè.

Àâòîð ùèðî âäÿ÷íèé ä. ô.-ì. í. Î. Â. Ìîðîæåíêó çà ïðîôåñ³éí³
ïîðàäè ïðè ðîçðîáö³ ìàòåìàòè÷íèõ àëãîðèòì³â äëÿ ðåàë³çàö³¿ ïî ñòàâ -
ëåíîãî çàâäàííÿ. 
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ON THE ALTITUDINAL LEVEL DE PEND ENCE 
OF AERO SOL VOL UME SCAT TER ING CO EF FI CIENT 
IN THE SAT URN’S AT MO SPHERE. I. IN TE GRAL DISK

Mod ern state of re searches on the ver ti cal struc ture, com po si tion and microphysical
pa ram e ters of aero sol com po nent in the at mo sphere of Sat urn is con sid ered. The
dis ad van tages of ap ply ing the meth ods of model anal y sis of the giant planet at mo spheres
with the com pul sory as sign ment of the num ber and pa ram e ters of aero sol lay ers ar ti fi cially
in cluded in the model of the ver ti cal struc ture of the at mo sphere are noted. The ad van tages
of the ef fec tive op ti cal depth method using are listed. This method makes it pos si ble to
de ter mine a qual i ta tive pic ture of the altitudinal dis tri bu tion of cloud cover in the gi ant
plan et at mo spheres, and also to cal cu late a num ber of microphysical pa ram e ters of their
aero sol com po nent with out pre lim i nary des ig na tion of a model ver ti cal struc ture. The
re flec tivity mea sure ments data of Sat urn in te gral disk in the spec tral ab sorp tion bands of
meth ane at 619, 727, 842, 864, and 887 nm are in use. The aero sol vol u met ric scat ter ing
co ef fi cient de pend ence on the pres sure in the up per at mo sphere is cal cu lated. The method
of ef fec tive op ti cal depth was ap plied. Model as sump tions, quan ti ta tive ra tios of the main
at mo spheric gases, and pa ram e ters of the size dis tri bu tion func tion of aero sol par ti cles are
listed. On the stud ied al ti tude lev els of Sat urn’s at mo sphere, the con tin u ous pres ence of
aero sols with vary ing scat ter ing prop er ties was found. The al ti tude lev els with the high est
aero sols thick en ing have been de ter mined. The most pow er ful in the planet’s at mo sphere
cloud sys tem has two max ima of the vol ume scat ter ing co ef fi cient at lev els of about 270
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and 430 mbar and an in ter me di ate peak of about 1.0 bar. In the pres sure range 2.2...8.0 bar,
there is an ex tended aero sol layer with a scat ter ing max i mum de ter mined in the pres sure
range of 3.8—4.8 bar, de pend ing on the an a lyzed meth ane ab sorp tion band. The re vealed
sig nif i cant dis per sion dif fer ences in the combined dependence of the volumetric aerosol
scattering coefficient indicate a probable change in the radius and / or nature of aerosol
particles in the deep levels of Saturn’s atmosphere. 
Key words: Sat urn, at mo spheric aero sol, ver ti cal struc ture, max i mum scat ter ing levels.
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