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Приложение 6

ПАРАМЕТРЫ ВРАЩЕНИЯ ПЛАНЕТ И
ЕСТЕСТВЕННЫХ СПУТНИКОВ

Îïðåäåëåíèÿ

Ïðèíÿòûå îïðåäåëåíèÿ ïàðàìåòðîâ âðàùåíèÿ äàíû â Ãëàâå 9.

Ïðàìåòðû âðàùåíèÿ ïëàíåò è åñòåñòâåííûõ ñïóòíèêîâ ðåãó-
ëÿðíî ïóáëèêóþòñÿ â äîêëàäàõ Ðàáî÷åé ãðóïïû Ìåæäóíàðîäíîãî
Àñòðîíîìè÷åñêîãî Ñîþçà (ÌÀÑ) ïî êàðòîãðàôè÷åñêèì êîîðäèíà-
òàì è ýëåìåíòàì âðàùåíèÿ (IAU Working Group on Cartographic
Coordinates and Rotational Elements — IAU WG CCRE). Ïðèâåäåí-
íûå íèæå ïàðàìåòðû âçÿòû èç ïîñëåäíåãî òàêîãî äîêëàäà, ñîäåð-
æàùåãîñÿ â ïóáëèêàöèè (Archinal et al. 2018). Â ýòîé ïóáëèêàöèè
èìåþòñÿ îáøèðíûå îáúÿñíåíèÿ î ïðîèñõîæäåíèè ïðèâîäèìûõ ïà-
ðàìåòðîâ, ññûëêè íà èñòî÷íèêè è ðåêîìåíäàöèè ê ôîðìèðîâàíèþ
òàêèõ äàííûõ â áóäóùåì.

Â ñëó÷àÿõ, êîãäà âîçìîæíî ïðîñëåäèòü ïðîèñõîæäåíèå äàííûõ,
çäåñü íèæå äàþòñÿ ññûëêè íà èñòî÷íèêè. Â íåêîòîðûõ ñëó÷àÿõ ïî-
ìèìî äàííûõ èç ïóáëèêàöèè (Archinal et al. 2018) ïðèâîäÿòñÿ òàê-
æå íîâûå âåðñèè ïàðàìåòðîîâ âðàùåíèÿ, ñîïðîâîæäàåìûå ññûëêà-
ìè íà ïóáëèêàöèþ ýòèõ íîâûõ äàííûõ.

Íèæå äàíû ýêâàòîðèàëüíûå êîîðäèíàòû α0, δ0 ñåâåðíîãî ïîëþñà
êàæäîé ïëàíåòû è ñïóòíèêîâ â ñèñòåìå ýêâàòîðà è ðàâíîäåíñòâèÿ
ýïîõè J2000. Äàíû âûðàæåíèÿ äëÿ äîëãîòû íóëåâîãî ìåðèäèàíà W
êàê ôóíêöèè âðåìåíè. Àðãóìåíòàìè âðåìåíè ÿâëÿþòñÿ:
T — èíòåðâàë â þëèàíñêèõ ñòîëåòèÿõ (36525 ñóòîê) îò ñòàíäàðòíîé
ýïîõè J2000 — 12 ÷àñ. 1 ÿíâàðÿ 2000 ã. (JD 2451545.0) TDB,
d — èíòåðâàë â ñóòêàõ îò ñòàíäàðòíîé ýïîõè.
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Âñå óãëîâûå âåëè÷èíû èçìåðÿþòñÿ â ãðàäóñàõ. Ñêîðîñòè èçìå-
íåíèÿ óãëîâ ñîîòâåòñòâóþò ðàçìåðíîñòè âåëè÷í T è d.

Ïðàìåòðû âðàùåíèÿ ïëàíåò, èìåþùèõ åñòåñòâåííûå
ñïóòíèêè

Ìàðñ.
Êîîðäèíàòû ïîëþñà Ìàðñà, ðåêîìåíäîâàííûå Ðàáî÷åé ãðóïïîé

IAU WG CCRE ÌÀÑ (Archinal et al. 2018), îñíîâàíû íà äàííûõ,
îïóáëèêîâàííûõ â ðàáîòàõ Kuchynka et al. (2014), Konopliv et al.
(2016). Êîîðäèíàòû îïðåäåëÿþòñÿ ñëåäóþùèìè âûðàæåíèÿìè:
α0 = 317.269202− 0.10927547 T+

+0.000068 sin(198.991226 + 19139.4819985 T )+

+0.000238 sin(226.292679 + 38280.8511281 T )+

+0.000052 sin(249.663391 + 57420.7251593 T )+

+0.000009 sin(266.183510 + 76560.6367950 T )+

+0.419057 sin(79.398797 + 0.5042615 T ),
δ0 = 54.432516− 0.05827105 T+

+0.000051 cos(122.433576 + 19139.9407476 T )+

+0.000141 cos(43.058401 + 38280.8753272 T )+

+0.000031 cos(57.663379 + 57420.7517205 T )+

+0.000005 cos(79.476401 + 76560.6495004 T )+

+1.591274 cos(166.325722 + 0.5042615 T ),
W = 176.049863 + 350.891982443297 d+

+0.000145 sin(129.071773 + 19140.0328244 T )+

+0.000157 sin(36.352167 + 38281.0473591 T )+

+0.000040 sin(56.668646 + 57420.9295360 T )+

+0.000001 sin(67.364003 + 76560.2552215 T )+

+0.000001 sin(104.792680 + 95700.4387578 T )+

+0.584542 sin(95.391654 + 0.5042615 T ).
Ïðèìå÷àíèå. Ïîëîæåíèå íóëåâîãî ìåðèäèàíà Ìàðñà îïèðàåòñÿ

íà êîîðäèíàòû ïîñàäî÷íîãî àïïàðàòà Viking 1, Òàêîå îïðåäåëåíèå
íàõîäèòñÿ â ñîãëàñèè ñ ðàíåå çàäàííûì ïîëîæåíèåì íóëåâîãî ìå-
ðèäèàíà, ñâÿçàííûì ñ ïîëîæåíèåì êðàòåðà Airy-0.

Þïèòåð.
Êîîðäèíàòû ïîëþñà, ðåêîìåíäîâàííûå Ðàáî÷åé ãðóïïîé IAU

WG CCRE ÌÀÑ (Archinal et al. 2018) è âçÿòûå èç ïóáëèêàöèè
(Riddle, Warwick, 1976):
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α0 = 268.056595− 0.006499 T + 0.000117 sin Ja+ 0.000938 sin Jb+
+0.001432 sin Jc+ 0.000030 sin Jd+ 0.002150 sin Je,

δ0 = 64.495303 + 0.002413 T + 0.000050 cos Ja+ 0.000404 cos Jb+
+0.000617 cos Jc− 0.000013 cos Jd+ 0.000926 cos Je

W = 284.95 + 870.5360000 d.
Çäåñü àðãóìåíòû òðèãîíîìåòðè÷åñêèõ ôóíêöèé âû÷èñëÿþòñÿ ïî

ôîðìóëàì:
Ja = 99.360714 + 4850.4046 T, Jb = 175.895369 + 1191.9605 T ,
Jc = 300.323162 + 262.5475 T, Jd = 114.012305 + 6070.2476 T ,
Je = 49.511251 + 64.3000 T .

Ïðèìå÷àíèå. Âðàùåíèå Þïèòåðà îòíîñèòñÿ ê âðàùåíèþ åãî
ìàãíèòíîãî ïîëÿ.

Ñàòóðí.
Êîîðäèíàòû ïîëþñà, ðåêîìåíäîâàííûå Ðàáî÷åé ãðóïïîé IAU

WG CCRE ÌÀÑ (Archinal et al. 2018) è âçÿòûå èç ïóáëèêàöèé
(Hubbard et al., 1993; French et al., 1993):
α0 = 40.589− 0.036 T ,
δ0 = 83.537− 0.004 T ,
W = 38.90 + 810.7939024 d.

Ïðèìå÷àíèå. Âðàùåíèå Ñàòóðíà îòíîñèòñÿ ê âðàùåíèþ åãî ìàã-
íèòíîãî ïîëÿ.

Óðàí.
Êîîðäèíàòû ïîëþñà, ðåêîìåíäîâàííûå Ðàáî÷åé ãðóïïîé IAU

WG CCRE ÌÀÑ (Archinal et al. 2018) è âçÿòûå èç ïóáëèêàöèè
(Mason et al., 1992):
α0 = 257.311,
δ0 = −15.175,
W = 203.81− 501.1600928 d.

Ïðèìå÷àíèå. Âðàùåíèå Óðàíà çäåñü îòíîñèòñÿ ê âðàùåíèþ åãî
ìàãíèòíîãî ïîëÿ.

Íîâàÿ ìîäåëü âðàùåíèÿ Óðàíà îïóáëèêîâàíà â ðàáîòå (Jacobson,
2014). Ñîãëàñíî ýòîé ìîäåëè, äëÿ α0, δ0 èìååì ñëåäóþùèå âûðàæå-
íèÿ êàê ôóíêöèè âðåìåíè:
α0 = 257.309980+

+0.000173 T + 0.000895 sinS1 + 0.000180 sinS2+
+0.000098 sinS3 + 0.000075 sinS4− 0.000818 sinS5,
δ0 = −15.172395−
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−0.000019 T − 0.000851 cosS1− 0.000173 cosS2−
−0.000094 cosS3− 0.000072 cosS4− 0.000818 cosS5,
ãäå
S1 = 328.616724 + 26.9601 T ,
S2 = 259.275089 + 2024.7285 T ,
S3 = 102.827444 + 182.8030 T ,
S4 = 185.361668 + 276.4108 T ,
S5 = 137.359959.

Çäåñü ÷ëåí ñ S5 äîáàâëåí òîëüêî äëÿ òîãî, ÷òîáû ñäåëàòü ñóììó
òðèãîíîìåòðè÷åñêèõ ÷ëåíîâ ðàâíîé íóëþ â íà÷àëüíóþ ýïîõó.

Íåïòóí.
Êîîðäèíàòû ïîëþñà, ðåêîìåíäîâàííûå Ðàáî÷åé ãðóïïîé IAU

WG CCRE ÌÀÑ (Archinal et al. 2018), âçÿòû èç ïóáëèêàöèé
(Jacobson, 1990; Warwick et. al. 1989). Ïðè ýòîì ñêîðîñòü âðàùå-
íèÿ âûâåäåíà â ðàáîòå (Karkoschka, 2011) èç íàáëþäåíèé äåòàëåé
íà ïîâåðõíîñòè. Êîîðäèíàòû îïðåäåëÿþòñÿ ñëåäóþùèìè âûðàæå-
íèÿìè:
α0 = 299.36 + 0.70 sinN ,
δ0 = 43.46− 0.51 cosN ,
W = 249.978 + 541.1397757 d− 0.48 sinN ,
N = 357.85 + 52.316 T .

Àëüòåðíàòèâíûå ïàðàìåòðû âðàùåíèÿ Íåïòóíà, îïóáëèêîâàí-
íûå â ñòàòüå (Jacobson, 2009), è âàðèàíò, ïîëó÷åííûé â ðàáîòå
(Emelyanov, Samorodov, 2015), ðàññìîòðåíû â Ãëàâå 9.

Ïëóòîí.
Êîîðäèíàòû ïîëþñà, ðåêîìåíäîâàíû Ðàáî÷åé ãðóïïîé IAUWG

CCRE ÌÀÑ (Archinal et al. 2018). Çäåñü ïî ïðàâèëàì îïðåäåëåíèÿ
ïîëþñà ìàëîé ïëàíåòû ñåâåðíûé ïîëþñ íàïðàâëåí ïî âåêòîðó ìî-
ìåíòà âðàùåíèÿ Ïëóòîíà. Íóëåâîé ìåðèäèàí Ïëóòîíà îïðåäåëåí
ïî ñðåäíåìó íàïðàâëåíèþ íà Õàðîí.
α0 = 132.993,
δ0 = −6.163,
W = 302.695 + 56.3625225 d.

Ñåâåðíûé ïîëþñ, ñâÿçàíííûé ñ íåèçìåííîé ïëîñêîñòüþ Ëà-
ïëàñà Ñîëíå÷íîé ñèñòåìû, èìååò ñëåäóþùèå êîîðäèíàòû (Archinal
et al. 2018):
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α0 = 273.85,
δ0 = 66.99.

Êîîðäèíàòû ñåâåðíîãî ïîëþñà Ñîëíöà (Archinal et al. 2018)

α0 = 286.13,
δ0 = 63.87,
W = 84.176 + 14.1844000 d.

Ïðèìå÷àíèå. Ôîðìóëà äëÿ W çäåñü çàïèñàíà ñ ó÷åòîì ïîïðàâ-
êè çà âðåìÿ ðàñïðîñòðàíåíèÿ ñâåòà (äëÿ ìîìåíòà ñòàðòà ôîòîíîâ ñ
Ñîëíöà) è áåç ïîïðàâêè çà àáåððàöèþ.

Ïðàìåòðû âðàùåíèÿ åñòåñòâåííûõ ñïóòíèêîâ

Âñå óãëîâûå âåëè÷èíû èçìåðÿþòñÿ â ãðàäóñàõ. Ñêîðîñòè èçìå-
íåíèÿ óãëîâ ñîîòâåòñòâóþò ðàçìåðíîñòè âåëè÷èí T è d.

Ñïóòíèêè Ìàðñà.
Ïàðàìåòðû âðàùåíèÿ ñïóòíèêîâ ðåêîìåíäîâàíû Ðàáî÷åé ãðóï-

ïîé IAU WG CCRE ÌÀÑ (Archinal et al. 2018) è âçÿòû èç ïóáëè-
êàöèè (Stark et al., 2017).

M1 Ôîáîñ.
α0 = 317.67071657− 0.10844326 T−
−1.78428399 sin(M1) + 0.02212824 sin(M2)−
−0.01028251 sin(M3)− 0.00475595 sin(M4).
δ0 = 52.88627266− 0.06134706 T−
−1.07516537 cos(M1) + 0.00668626 cos(M2)−
−0.00648740 cos(M3) + 0.00281576 cos(M4).

W = 34.9964842535 + 1128.84475928 d+ 12.72192797 T2+

+1.42421769 sin(M1)− 0.02273783 sin(M2)+

+0.00410711 sin(M3) + 0.00631964 sin(M4) + 1.143 sin(M5).

M2 Äåéìîñ.
α0 = 316.65705808− 0.10518014 T+

+3.09217726 sin(M6) + 0.22980637 sin(M7)+

+0.06418655 sin(M8) + 0.02533537 sin(M9) + 0.00778695 sin(M10).
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δ0 = 53.50992033− 0.05979094 T+

+1.83936004 cos(M6) + 0.14325320 cos(M7)+

+0.01911409 cos(M8)− 0.01482590 cos(M9) + 0.00192430 cos(M10).

W = 79.39932954 + 285.16188899 d−
−2.73954829 sin(M6)− 0.39968606 sin(M7)−
−0.06563259 sin(M8)− 0.02912940 sin(M9) + 0.01699160 sin(M10).

Çäåñü
M1 = 190.72646643 + 15917.10818695 T ,
M2 = 21.46892470 + 31834.27934054 T ,
M3 = 332.86082793 + 19139.89694742 T ,
M4 = 394.93256437 + 38280.79631835 T ,
M5 = 189.63271560 + 41215158.18420050 T + 12.71192322 T 2,
M6 = 121.46893664 + 660.22803474 T ,
M7 = 231.05028581 + 660.99123540 T ,
M8 = 251.37314025 + 1320.50145245 T ,
M9 = 217.98635955 + 38279.96125550 T ,
M10 = 196.19729402 + 19139.83628608 T .

Àëüòåðíàòèâíàÿ ìîäåëü âðàùåíèÿ Ôîáîñà, ïîñòðîåííàÿ â ðàáîòå
(LeMaistre et al., 2013), îïèñûâàåòñÿ ñëåäóþùèìè íèæå ôîðìóëà-
ìè.

α0 = 317.65171− 0.108 T +

+ 0.325245 cosP1A + 1.758464 sinP1A +

+ 3.7879 · 10−3 cosP2A − 9.9870 · 10−3 sinP2A +

+ 8.0360 · 10−3 cosP3A + 2.0727 · 10−2 sinP3A −
− 5.0099 · 10−3 cosP4A + 1.5865 · 10−2 sinP4A −
− 1.3858 · 10−2 cosP5A − 2.6599 · 10−2 sinP5A −
− 3.0986 · 10−2 cosP6A − 3.4267 · 10−3 sinP6A,
δ0 = 52.875277− 0.061 T +

+ 1.059273 cosP1D − 0.200688 sinP1D −
− 5.8509 · 10−3 cosP2D − 3.1664 · 10−3 sinP2D +

+ 6.2752 · 10−3 cosP3D − 2.3877 · 10−3 sinP3D +

+ 9.5540 · 10−3 cosP4D + 3.2837 · 10−3 sinP4D +

+ 1.6049 · 10−2 cosP5D − 8.3571 · 10−3 sinP5D +

+ 2.0673 · 10−2 cosP6D − 1.8695 · 10−2 sinP6D ,
W = 34.78084 + 1128.844585 d+ 8.864 T 2 −
− 0.260555 cosP1W − 1.403236 sinP1W −
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− 8.1901 · 10−3 cosP2W − 2.1305 · 10−2 sinP2W +

+ 3.9954 · 10−3 cosP3W − 1.2650 · 10−2 sinP3W +

+ 1.1051 · 10−2 cosP4W + 2.1210 · 10−2 sinP4W +

+ 0.177178 cosP5W + 1.085406 sinP5W +

+ 2.4709 · 10−2 cosP6W + 2.7324 · 10−2 sinP6W −
− 2.7638 · 10−3 cosP7W − 8.2309 · 10−3 sinP7W ,
ãäå
P1A = (360.0/826.2093)d ,
P2A = (360.0/686.9689)d ,
P3A = (360.0/413.1034)d ,
P4A = (360.0/0.8430)d ,
P5A = (360.0/0.5133)d ,
P6A = (360.0/0.2313)d ,
P1D = (360.0/826.2098)d ,
P2D = (360.0/686.9603)d ,
P3D = (360.0/413.0996)d ,
P4D = (360.0/0.8430)d ,
P5D = (360.0/0.5133)d ,
P6D = (360.0/0.2313)d ,
P1W = (360.0/826.2082)d ,
P2W = (360.0/413.1050)d ,
P3W = (360.0/0.8430)d ,
P4W = (360.0/0.5133)d ,
P5W = (360.0/0.3190)d ,
P6W = (360.0/0.2313)d ,
P7W = (360.0/0.1595)d .

Íîâûå âûðàæåíèÿ äëÿ êîîðäèíàò ïîëþñîâ ñïóòíèêîâ Ìàðñà ïî-
ëó÷åíû è äàíû â ïóáëèêàöèè (Jacobson, 2017).

M1 Ôîáîñ.

α0 = 317.670722− 0.1084132486 T−
−1.784328 sinM1 + 0.022113 sinM2,
δ0 = 52.886261− 0.0613383599 T−
−1.075191 cosM1 + 0.006656 cosM2,
W = 35.187741 + 1128.8447592753 d+ 12.722 T 2+

+1.424227 sinM1− 0.022751 sinM2.

M2 Äåéìîñ.
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α0 = 316.656987− 0.1046750020 T+

+0.007782 sinM3 + 0.025076 sinM4+

+3.022942 sinM5 + 0.064064 sinM6−
−0.005241 sinM7,
δ0 = 53.509843− 0.0599874462 T+

+0.001912 cosM3− 0.014719 cosM4+

+1.796415 cosM5 + 0.019065 cosM6+

+0.003205 cosM7,
W = 79.399489 + 285.1618889679 d+

+0.016999 sinM3− 0.029333 sinM4−
−2.626250 sinM5− 0.065368 sinM6−
−0.184398 sinM7.

Òðèãîíîìåòðè÷åñêèå àðãóìåíòû äàíû â âèäå
M1 = 190.752833 + 15917.1197346 T ,
M2 = 21.510735 + 31834.5296590 T ,
M3 = 196.381549 + 19139.7201379 T ,
M4 = 214.896971 + 38279.9940271 T ,
M5 = 125.675097 + 660.2084573 T ,
M6 = 251.350194 + 1320.4169146 T ,
M7 = 215.675097 + 660.2084573 T .

Ñïóòíèêè Þïèòåðà. Äàííûå âçÿòû èç îò÷åòà Ðàáî÷åé ãðóïïû
IAU WG CCRE ÌÀÑ (Archinal et al. 2018). Íèæå äàíû òàêæå íàé-
äåííûå ññûëêè íà èñòî÷íèêè äàííûõ.

Ãàëèëååâû ñïóòíèêè (Lieske, 1979; Smith et al., 1979).
J1 Èî:

α0 = 268.05− 0.009 T + 0.094 sin J3 + 0.024 sin J4,
δ0 = 64.50 + 0.003 T + 0.040 cos J3 + 0.011 cos J4,
W = 200.39 + 203.4889538 d− 0.085 sin J3− 0.022 sin J4.

Ïðèìå÷àíèå. Íóëåâîé ìåðèäèàí îïðåäåëÿåòñÿ íàïðàâëåíèåì íà
ïëàíåòó.

J2 Åâðîïà:
α0 = 268.08 − 0.009 T + 1.086 sin J4 + 0.060 sin J5 + 0.015 sin J6 +

0.009 sin J7,
δ0 = 64.51 + 0.003 T + 0.468 cos J4 + 0.026 cos J5 + 0.007 cos J6 +

0.002 cos J7,
W = 36.022+101.3747235 d−0.980 sin J4−0.054 sin J5−0.014 sin J6−

−0.008 sin J7.
Ïðèìå÷àíèå. Ìåðèäèàí 182 ãðàäóñà îïðåäåëåí êðàòåðîì Cilix.
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J3 Ãàíèìåä:
α0 = 268.20− 0.009 T − 0.037 sin J4 + 0.431 sin J5 + 0.091 sin J6,
δ0 = 64.57 + 0.003 T − 0.016 cos J4 + 0.186 cos J5 + 0.039 cos J6,
W = 44.064 + 50.3176081 d+ 0.033 sin J4− 0.389 sin J5− 0.082 sin J6.

Ïðèìå÷àíèå. Ìåðèäèàí 128 ãðàäóñà îïðåäåëåí êðàòåðîì Anat.
J4 Êàëëèñòî:

α0 = 268.72− 0.009 T − 0.068 sin J5 + 0.590 sin J6 + 0.010 sin J8,
δ0 = 64.83 + 0.003 T − 0.029 cos J5 + 0.254 cos J6− 0.004 cos J8,
W = 259.51 + 21.5710715 d+ 0.061 sin J5− 0.533 sin J6− 0.009 sin J8.

Ïðèìå÷àíèå 1. Ìåðèäèàí 326 ãðàäóñà îïðåäåëåí êðàòåðîì Saga.
Ïðèìå÷àíèå 2. Íîâûå çíà÷åíèÿW0 äëÿ ñïóòíèêîâ J2 Åâðîïà, J3

Ãàíèìåä, J4 Êàëëèñòî ïîÿâèëèñü êàê ðåçóëüòàò âû÷èñëåíèé íîâûõ
êîíòðîëüíûõ ñåòåé, âûïîëíåíûõ Davies M., Colvin T.R. è Katayama
F.

Áëèçêèå ñïóòíèêè.
J16 Ìåòèäà:

α0 = 268.05− 0.009 T ,
δ0 = 64.49 + 0.003 T ,
W = 346.09 + 1221.2547301 d (Lieske,1997).

J15 Àäðàñòåÿ
α0 = 268.05− 0.009 T ,
δ0 = 64.49 + 0.003 T ,
W = 33.29 + 1206.9986602 d (Nicholson, Mathews, 1991).

J5 Àìàëüòåÿ (Smith et al., 1979)
α0 = 268.05− 0.009 T − 0.84 sin J1 + 0.01 sin 2J1,
δ0 = 64.49 + 0.003 T − 0.36 cos J1,
W = 231.67 + 722.6314560 d+ 0.76 sin J1− 0.01 sin 2J1.

J14 Òåáà (Óòî÷íåííûå çíà÷åíèÿ ïîëó÷èë Nicholson P. D., Cornell
University, â 1996 ã)
α0 = 268.05− 0.009 T?2.11 sin J2 + 0.04 sin 2J2,
δ0 = 64.49 + 0.003 T − 0.91 cos J2 + 0.01 cos 2J2,
W = 8.56 + 533.7004100 d+ 1.91 sin J2− 0.04 sin 2J2.

Òðèãîíîìåòðè÷åñêèå àðãóìåíòû äëÿ ñïóòíèêîâ Þïèòåðà îïðå-
äåëÿþòñÿ ôîðìóëàìè
J1 = 73.32+91472.9 T , J2 = 24.62+45137.2 T , J3 = 283.90+4850.7 T ,
J4 = 355.80 + 1191.3 T , J5 = 119.90 + 262.1 T , J6 = 229.80 + 64.3 T ,
J7 = 352.25 + 2382.6 T , J8 = 113.35 + 6070.0 T .
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Ñïóòíèêè Ñàòóðíà. Äàííûå âçÿòû èç îò÷åòà Ðàáî÷åé ãðóïïû
ÌÀÑ IAUWG CCRE (Archinal et al. 2018). Íèæå äàíû òàêæå ññûë-
êè íà èñòî÷íèêè äàííûõ.

Ãëàâíûå ñïóòíèêè (Roatsch et al., 2009).
S1 Ìèìàñ: α0 = 40.66− 0.036 T + 13.56 sinS3,

δ0 = 83.52− 0.004 T − 1.53 cosS3,
W = 333.46 + 381.9945550 d− 13.48 sinS3− 44.85 sinS5.

Ïðèìå÷àíèå. Ìåðèäèàí 162 ãðàäóñà çàäàåò êðàòåð Palomides.
S2 Ýíöåëàä: α0 = 40.66− 0.036 T ,

δ0 = 83.52− 0.004 T ,
W = 6.32 + 262.7318996 d.

Ïðèìå÷àíèå. Ìåðèäèàí 5 ãðàäóñîâ çàäàåò êðàòåð Salih.
S3 Òåôèÿ: α0 = 40.66− 0.036 T + 9.66 sinS4,

δ0 = 83.52− 0.004 T − 1.09 cosS4,
W = 8.95 + 190.6979085 d− 9.60 sinS4 + 2.23 sinS5.

Ïðèìå÷àíèå. Ìåðèäèàí 299 ãðàäóñîâ çàäàåò êðàòåð Arete.
S4 Äèîíà: α0 = 40.66− 0.036 T ,

δ0 = 83.52− 0.004 T ,
W = 357.6 + 131.534931 d.

Ïðèìå÷àíèå. Ìåðèäèàí 63 ãðàäóñîâ çàäàåò êðàòåð Palinurus.
S5 Ðåÿ: α0 = 40.38− 0.036 T + 3.10 sinS6,

δ0 = 83.55− 0.004 T − 0.35 cosS6,
W = 235.16 + 79.6900478 d− 3.08 sinS6.

Ïðèìå÷àíèå. Ìåðèäèàí 340 ãðàäóñîâ çàäàåò êðàòåð Tore.
S6 Òèòàí: (Stiles et al., 2008; Lorenz et al., 2008; Stiles et al., 2010)
α0 = 39.4827,
δ0 = 83.4279,
W = 186.5855 + 22.5769768 d.
S8 ßïåò (Davies, Katayama, 1984):
α0 = 318.16− 3.949 T ,
δ0 = 75.03− 1.143 T ,
W = 355.2 + 4.5379572 d.

Ïðèìå÷àíèå. Ìåðèäèàí 276 ãðàäóñîâ çàäàåò êðàòåð Almeric.
Ïàðàìåòðû âðàùåíèÿ ãëàâíîãî ñïóòíèêà Ñàòóðíà S7 Ãèïåðèîí

íå ïðèâîäÿòñÿ, òàê êàê îí èìååò õàîòè÷åñêîå âðàùåíèå.

Áëèçêèå ñïóòíèêè (Thomas et al., 1983).
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S10 ßíóñ: α0 = 40.58− 0.036 T − 1.623 sinS2 + 0.023 sin 2S2,
δ0 = 83.52− 0.004 T − 0.183 cosS2 + 0.001 cos 2S2,
W = 58.83 + 518.2359876 d+ 1.613 sinS2− 0.023 sin 2S2.

S11 Ýïèìåòåé: α0 = 40.58− 0.036 T − 3.153 sinS1 + 0.086 sin 2S1,
δ0 = 83.52− 0.004 T − 0.356 cosS1 + 0.005 cos 2S1,
W = 293.87+ 518.4907239 d+3.133 sinS1− 0.086 sin 2S1.

S15 Àòëàñ: α0 = 40.58− 0.036 T ,
δ0 = 83.53− 0.004 T ,
W = 137.88 + 598.3060000 d.

S16 Ïðîìåòåé: α0 = 40.58− 0.036 T ,
δ0 = 83.53− 0.004 T ,
W = 296.14 + 587.289000 d.

S17 Ïàíäîðà: α0 = 40.58− 0.036 T ,
δ0 = 83.53− 0.004 T ,
W = 162.92 + 572.7891000 d.

S18 Ïàí (Showalter, 1991):
α0 = 40.6− 0.036 T ,
δ0 = 83.5− 0.004 T ,
W = 48.8 + 626.0440000 d.

Ñîîðáèòàëüíûå ñïóòíèêè. Äàííûå î âðàùåíèè îñíîâàíû íà îðáè-
òàëüíûõ ïàðàìåòðàõ ñïóòíèêîâ (Synnot et al., 1983).

S12 Åëåíà: α0 = 40.85− 0.036 T ,
δ0 = 83.34− 0.004 T ,
W = 245.12 + 131.6174056 d.

S13 Òåëåñòî: α0 = 50.51− 0.036 T ,
δ0 = 84.06− 0.004 T ,
W = 56.88 + 190.6979332 d.

S14 Êàëèïñî: α0 = 36.41− 0.036 T ,
δ0 = 85.04− 0.004 T ,
W = 153.51 + 190.6742373 d.

Äàëåêèé ñïóòíèê S9 Ôåáà (Colvin et al., 1989):
α0 = 356.90,
δ0 = 77.80,
W = 178.58 + 931.639 d.

Òðèãîíîìåòðè÷åñêèå àðãóìåíòû äëÿ ñïóòíèêîâ Ñàòóðíà îïðåäå-
ëÿþòñÿ ôîðìóëàìè:
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S1 = 353.32 + 75706.7 T , S2 = 28.72 + 75706.7 T ,
S3 = 177.40− 36505.5 T ,
S4 = 300.00−7225.9 T , S5 = 316.45+506.2 T , S6 = 345.20−1016.3 T .

Ñïóòíèêè Óðàíà.Äàííûå ðåêîìåíäîâàíû Ðàáî÷åé ãðóïïîéÌÀÑ
IAUWGCCRE (Archinal et al. 2018). Âçÿòû èç ïóáëèêàöèé (Jacobson,
1985a; Jacobson, 1985b).

Ãëàâíûå ñïóòíèêè.

U1 Àðèýëü: α0 = 257.43 + 0.29 sinU13,
δ0 = −15.10 + 0.28 cosU13,
W = 156.22− 142.8356681 d+ 0.05 sinU12 + 0.08 sinU13.

U2 Óìáðèýëü: α0 = 257.43 + 0.21 sinU14,
δ0 = −15.10 + 0.20 cosU14,
W = 108.05− 86.8688923 d− 0.09 sinU12 + 0.06 sinU14.

U3 Òèòàíèÿ: α0 = 257.43 + 0.29 sinU15,
δ0 = −15.10 + 0.28 cosU15,
W = 77.74− 41.3514316 d+ 0.08 sinU15.

U4 Îáåðîí: α0 = 257.43 + 0.16 sinU16,
δ0 = −15.10 + 0.16 cosU16,
W = 6.77− 26.7394932 d+ 0.04 sinU16.

U5 Ìèðàíäà: α0 = 257.43 + 4.41 sinU11− 0.04 sin 2U11,
δ0 = −15.08 + 4.25 cosU11− 0.02 cos 2U11,
W = 30.70− 254.6906892 d− 1.27 sinU12 + 0.15 sin 2U12.

Áëèçêèå ñïóòíèêè.

U6 Êîðäåëèÿ: α0 = 257.31− 0.15 sinU1,
δ0 = −15.18 + 0.14 cosU1,
W = 127.69− 1074.5205730 d− 0.04 sinU1.

U7 Îôåëèÿ: α0 = 257.31− 0.09 sinU2,
δ0 = −15.18 + 0.09 cosU2,
W = 130.35− 956.4068150 d− 0.03 sinU2.

U8 Áüÿíêà: α0 = 257.31− 0.16 sinU3,
δ0 = −15.18 + 0.16 cosU3,
W = 105.46− 828.3914760 d− 0.04 sinU3.

U9 Êðåññèäà: α0 = 257.31− 0.04 sinU4,
δ0 = −15.18 + 0.04 cosU4,
W = 59.16− 776.5816320 d− 0.01 sinU4.

13



U10 Äåçäåìîíà: α0 = 257.31− 0.17 sinU5,
δ0 = −15.18 + 0.16 cosU5,
W = 95.08− 760.0531690 d− 0.04 sinU5.

U11 Äæóëüåòòà: α0 = 257.31− 0.06 sinU6,
δ0 = −15.18 + 0.06 cosU6,
W = 302.56− 730.1253660 d− 0.02 sinU6.

U12 Ïîðöèÿ: α0 = 257.31− 0.09 sinU7,
δ0 = −15.18 + 0.09 cosU7,
W = 25.03− 701.4865870 d− 0.02 sinU7.

U13 Ðîçàëèíäà: α0 = 257.31− 0.29 sinU8,
δ0 = −15.18 + 0.28 cosU8,
W = 314.90− 644.6311260 d− 0.08 sinU8.

U14 Áåëèíäà: α0 = 257.31− 0.03 sinU9,
δ0 = −15.18 + 0.03 cosU9,
W = 297.46− 577.3628170 d− 0.01 sinU9.

U14 Ïàê: α0 = 257.31− 0.33 sinU10,
δ0 = −15.18 + 0.31 cosU10,
W = 91.24− 472.5450690 d− 0.09 sinU10.

Òðèãîíîìåòðè÷åñêèå àðãóìåíòû äëÿ ñïóòíèêîâ Óðàíà îïðåäåëÿ-
þòñÿ ôîðìóëàìè:
U1 = 115.75 + 54991.87 T , U2 = 141.69 + 41887.66 T ,
U3 = 135.03 + 29927.35 T ,
U4 = 61.77 + 25733.59 T , U5 = 249.32 + 24471.46 T ,
U6 = 43.86 + 22278.41 T ,
U7 = 77.66 + 20289.42 T , U8 = 157.36 + 16652.76 T ,
U9 = 101.81 + 1872.63 T ,
U10 = 138.64 + 8061.81 T , U11 = 102.23− 2024.22 T ,
U12 = 316.41 + 2863.96 T ,
U13 = 304.01− 51.94 T , U14 = 308.71− 93.17 T ,
U15 = 340.82− 75.32 T , U16 = 259.14− 504.81 T .

Ñïóòíèêè Íåïòóíà. Äàííûå ðåêîìåíäîâàíû Ðàáî÷åé ãðóïïîé
ÌÀÑ IAU WG CCRE (Archinal et al. 2018).

N1 Òðèòîí (Ïàðàìåòðû âûâåë J. Lieske íà îñíîâå îðèòàëüíûõ äàí-
íûõ, ïîëó÷åííûõ â ðàáîòå (Jacobson, 1990)).
α0 = 299.36− 32.35 sinN7− 6.28 sin 2N7− 2.08 sin 3N7−

−0.74 sin 4N7− 0.28 sin 5N7− 0.11 sin 6N7−
−0.07 sin 7N7− 0.02 sin 8N7− 0.01 sin 9N7,
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δ0 = 41.17 + 22.55 cosN7 + 2.10 cos 2N7 + 0.55 cos 3N7+

+0.16 cos 4N7 + 0.05 cos 5N7 + 0.02 cos 6N7+

+0.01 cos 7N7,
W = 296.53− 61.2572637 d+ 22.25 sinN7 + 6.73 sin 2N7+

+2.05 sin 3N7 + 0.74 sin 4N7 + 0.28 sin 5N7+

+0.11 sin 6N7 + 0.05 sin 7N7 + 0.02 sin 8N7+

+0.01 sin 9N7.

Áëèçêèå ñïóòíèêè (Owen et al., 1991).

N3 Íàÿäà: α0 = 299.36 + 0.70 sinN − 6.49 sinN1 + 0.25 sin 2N1,
δ0 = 43.36− 0.51 cosN − 4.75 cosN1 + 0.09 cos 2N1,
W = 254.06 + 1222.8441209 d−

−0.48 sinN + 4.40 sinN1− 0.27 sin 2N1.

N4 Òàëàññà: α0 = 299.36 + 0.70 sinN − 0.28 sinN2,
δ0 = 43.45− 0.51 cosN − 0.21 cosN2,
W = 102.06 + 1155.7555612 d− 0.48 sinN + 0.19 sinN2.

N5 Äåñïèíà: α0 = 299.36 + 0.70 sinN − 0.09 sinN3,
δ0 = 43.45− 0.51 cosN − 0.07 cosN3,
W = 306.51 + 1075.7341562 d− 0.49 sinN + 0.06 sinN3.

N6 Ãàëàòåÿ: α0 = 299.36 + 0.70 sinN − 0.07 sinN4,
δ0 = 43.43− 0.51 cosN − 0.05 cosN4,
W = 258.09 + 839.6597686 d− 0.48 sinN + 0.05 sinN4.

N7 Ëàðèññà: α0 = 299.36 + 0.70 sinN − 0.27 sinN5,
δ0 = 43.41− 0.51 cosN − 0.20 cosN5,
W = 179.41 + 649.0534470 d− 0.48 sinN + 0.19 sinN5.

N8 Ïðîòåé: α0 = 299.27 + 0.70 sinN − 0.05 sinN6,
δ0 = 42.91− 0.51 cosN − 0.04 cosN6,
W = 93.38 + 320.7654228 d− 0.48 sinN + 0.04 sinN6.

Òðèãîíîìåòðè÷åñêèå àðãóìåíòû äëÿ ñïóòíèêîâ Íåïòóíà îïðåäå-
ëÿþòñÿ ôîðìóëàìè:

N = 357.85 + 52.316 T , N1 = 323.92 + 62606.6 T ,
N2 = 220.51 + 55064.2 T , N3 = 354.27 + 46564.5 T ,
N4 = 75.31 + 26109.4 T , N5 = 35.36 + 14325.4 T ,
N6 = 142.61 + 2824.6 T , N7 = 177.85 + 52.316 T .

Ïðèìå÷àíèå. Ïàðàìåòðû âðàùåíèÿ äàëåêîãî ñïóòíèêà Íåïòóíà
N2 Íåðåèäà â ïóáëèêàöèè (Archinal et al., 2018) íå ïðèâîäÿòñÿ, òàê
êàê ïîêà íåò ïîäõîäÿùåé ìîäåëè åãî âðàùåíèÿ.
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Ñïóòíèê Ïëóòîíà Õàðîí.Äàííûå ðåêîìåíäîâàíû Ðàáî÷åé ãðóï-
ïîé ÌÀÑ IAU WG CCRE (Archinal et al. 2018). Çäåñü ñåâåðíûì
ïîëþñîì ñïóòíèêà ñ÷èòàåòñÿ íàïðàâëåíèå åãî ìîìåíòà êîëè÷åñòâà
äâèæåíèÿ. Ïîëîæåíèå íóëåâîãî ìåðèäèàíà îïðåäåëÿåòñÿ íàïðàâëå-
íèåì íà Ïëóòîí.

α0 = 132.993,
δ0 = −6.163,
W = 122.695 + 56.3625225 d.

Ñïóòíèêè Ïëóòîíà P2 Íèêòà, P3 Ãèäðà, P4 Êåðáåðîñ, P5 Ñòèêñ
(Ẇ – óãëîâààÿ ñêîðîñòü âðàùåíèÿ). Äàííûå âçÿòû èç ïóáëèêàöèè
(Weaver et al., 2016). Îáîçíà÷åíèå Ẇ èñïîëüçîâàíî äëÿ ñêîðîñòè
èçìåíåíèÿ W .

P2 Íèêòà: α0 = 350, δ0 = 42, Ẇ = 196.83 ãðàä/ñóò,
P3 Ãèäðà: α0 = 257, δ0 = −24, Ẇ = 838.18 ãðàä/ñóò,
P4 Öåðáåð: α0 = 222, δ0 = 72, Ẇ = 67.80 ãðàä/ñóò,
P5 Ñòèêñ: α0 = 196, δ0 = 61, Ẇ = 111.11 ãðàä/ñóò.
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