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│∕─ ╩ ∂≡╒╓ ⌐ ™ ─ ≢ 1 1 ─

╩⇔≡™╢≤ ⅎ╠╣≡™╢(e.g. Stancey and Davis, 2008⅜ ─☿꜠ⱡ▬♪(

─ ⱳ♥fi◦ꜗꜟ )│∕─╟℮⌂ ╩∆╢ ─ ⅛╠∏╣

≡™╢(Innanen, 2006)⁹↓─ ╩ ⅝ ⅛⇔≡™ↄ⌐ √╡⁸ ≢│ ≈─

▪ⱪ꜡כ♅╩ ™≡ ─☿꜠ⱡ▬♪╩ ⌐ ∆╢ ╖╩ ™⁸ - ─

─ ╩ ⇔√⁹ 

 ≈ ─ ◙כ꜠⁸≡⇔≥ (LALT)⌐╟╢ ≥(Araki, et al., 2009)♃כ♦

⸗♦ꜟ(SGM100h, Matsumoto et al., 2010)╩ ™⁸ⱴ☻◖fi ─ ≤☿꜠ⱡ▬♪─

╩ ⇔√⁹ ─ │ ─ ≤ ⇔≡ ⅜ ↄ Murase and R. 

McBirney, 1970⁸ ─ ⅜☺○▬♪─ ╩ ⇔≡™╢─≤ ⌐⁸ ⅜

─☿꜠ⱡ▬♪─ ╩ ⇔≡™╢ ⅜ ⅎ╠╣╢⁹ ≢│ ╠≢

─☿꜠ⱡ▬♪╩ ⇔≡™╢ ─№╢5≈─ⱴ☻◖fi ─ ─ (Mare Imbrium⁸

Mare Serenitatis⁸Mare Humorum⁸Mare Crisium⁸Mare Nectaris)╩ ⇔√⁹ 

 ╕∏ ─ ─ ⅜ ⌐ ─☿꜠ⱡ▬♪╩ ⇔≡™╢⅛╩ ∆╢√╘⌐⁸∕╣

╠─Ώ ╖ΐ─ ╩ ∫√⁹ⱴ☻◖fi ─☿꜠ⱡ▬♪│⁸ⱴfi♩ꜟⱪꜝ◓╛ ─

⌐╟∫≡ ⌐ ╠╪≢™╢⁹Mare Imbrium⁸Mare Serenitatis⁸Mare Humorum─

≈─ ─ ⌐⅔™≡⁸ ⸗♦ꜟ⅛╠ ╘╠╣√☿꜠ⱡ▬♪≤ ─

─ ╠╖╩ ∆╢↓≤⅜≢⅝√⁹↓─↓≤│⁸↓─ ≈─ ⅜ ☿꜠ⱡ▬♪─ ╩

╙ ⇔≡™╢ ╩ ⇔≡™╢⁹ 

 ≈─ⱴ☻◖fi ─☿꜠ⱡ▬♪│⁸ ─ ╠╖⌐ ⅎ≡⁸ ⌂ ⌐

⇔≡ ⌂ ⅝╩ ⇔√⁹Mare Serenitatis⁸Mare Humorum─ ⌂ │⁸

─ 2 ─ (J2 : C22 = 10:3)≤ ∆╢ ╩ ⇔√⅜⁸ ≢ Mare Imbrium│

⌂╢ ╩ ⇔√⁹ 

≈ ─ ≤⇔≡⁸↓─ ╩ ∆╢√╘⌐⁸ ◌ⱷꜝ(TC)⌐╟╢ ╩♃כ♦

⇔√ sinuous rille─ ─ ╩ ∫√⁹sinuous rille│ ─ ≢⁸∕─

ↄ│ ─ ≤ ⱳ♥fi◦ꜗꜟ⅜ ⅜╢ ⅝⌐ ╣≡™╢⅜⁸ ─☿꜠ⱡ▬♪

⌐ ⇔≡ ┼ ⅜☻כ◔╢™≡╣ ↕╣≡⅔╡⁸↓╣│ ≤ ─☿꜠ⱡ▬♪

─ ⅝⅜ ⌂╢ ╩ ⇔≡™╢⁹∕─ ≢ ⌐ ⅜☻כ◔™ Rima Suess≢

№╢⁹Rima Suess│ Mare Imbrium─ ⌐ ⇔⁸∕─ │ ─☿꜠ⱡ▬♪

⌐ ⇔≡ ┼≤ ╣≡™╢⁹⇔⅛⇔⌂⅜╠↓─ │⁸Mare Imbrium ─

⌂ ⌐ ⇔≡⁸ ─ 2 ─ ╩ ∆╢ ╩ ↄ╟℮⌐ כ♦

♃⌐ ─Ᵽ▬▪☻╩ ⅎ╢≤⁸ ⌐⌂╢⁹↓─↓≤│ Mare Imbrium⅜ ⌂

╩ ⇔√ ≤⇔≡⁸ ⌐ ⌂ ╩ ↓⇔√ ╩ ∆╢↓≤⅜

≢⅝√⁹  
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1 │∂╘⌐ 

≢│⁸ ⌐≡ ™╠╣√ ₈SELENE₉─ ⌐ ∆╢Ⱶ♇◦ꜛfi─

╩ ∆╢⁹╕√⁸Ⱶ♇◦ꜛfi─ ≤∕╣╠╩ ™√ ─ ⌐≈™≡ ∆

╢⁹ 

 

1.1 (Selenological and Engineering Explorer, SELENE) 

2007 9 14 ⁸ ─ SELENE │15─ ╩ ⇔≡ ∟

→╠╣√ Table.1⁹↓─ ⌐│ ─ ╩ ≤⇔√ 2≈─ ₈⅔⅝⌂₉(Rstar)≤₈⅔

℮⌂₉(Vstar) ┘ ₈⅛←╛₉⌐ ◙כ꜠√╣↕ ⁸ ◌ⱷꜝ╙ ╕╣≡™╢⁹

Rstar│ 4way Doppler⌐╟∫≡ ─ ─ ╩ ⁸Vstar│ VLBI (Very Long 

Baseline Interferometry)╩ ™√ Rstar─ 3 ◙כ꜠⁸ ≤ ◌ⱷꜝ│

─ ╩ ≤⇔≡™√⁹ 

 

Table.1 Ⱶ♇◦ꜛfi . (JAXA) 

   

 

(XRS) 
X

  

(GRS) 
U Th K

H  

 

(MI) 

 

(SP) 

 

 

(TC) 

(10m)

 

(LRS) 

(

km )  

(LALT) 

 

 

(LMAG)  

(CPS) 

  

http://www.kaguya.jaxa.jp/ja/equipment/xrs_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/grs_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/tc_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/tc_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/tc_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/lrs_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/lalt_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/lmag_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/cps_j.htm
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(PACE) 
 

(RS) 

VRAD

 

(UPI) 

 

 

(RSAT) 

  

(VRAD) 

VLBI  

  

 
(HDTV) 

 

 

⌐ SELENE─ ⱳ▬fi♩≤⇔≡⁸ ─ ─ ⅜№╢⁹ ╩

≡ ∆╢↓≤≢ ⌐™╢ ─ ⅜≢⅝╢(Fig.1)⁹↓╣⌐╟╡ ─ ⸗♦

ꜟ⅜ ⌐ ↕╣√⁹ Namiki et al., 2009  

 

 

Fig.1 SELENE⌐╟╢ 4-way Doppler ─▬ⱷכ☺  

http://www.kaguya.jaxa.jp/ja/equipment/pace_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/rs_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/upi_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/rsat_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/rsat_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/hdtv_j.htm
http://www.kaguya.jaxa.jp/ja/equipment/hdtv_j.htm
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─ ≤≤╙⌐ ≢ ⌐∕─ ╩ ◙כ꜠⁸│─√⇔ (LALT)≤

◌ⱷꜝ TC ⌐╟╢ ─ ⁹╢№≢♃כ♦─ ⌐ ─ ⁸SELENE│♃כ♦

≢│Clementine⅜ ⌂ ╩ ∫≡™√⅜⁸ ♃כ♦ │ 72300⌐≤≥╕╡⁸

─ 80 ─ │≢⅝∏⁸ ╙ 20~60km╒≥≢№∫√⁹ 

SELENE─ LALT ≤ TC─ │ Fig.2⁸3⌐ ∆⁹ 

 

 

Fig.2 SELENE/LALT⌐╟╢ ◙כ꜠─  

 

 

 

Fig.3 SELENE/TC⌐╟╢ ─ . (JAXA) 
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LALT Fig.2 │ ╩☻ꜟⱤכ◙כ꜠╠⅛ ⇔⁸∕─ ⅜ ∆╢╕≢─ ╩

╢↓≤≢ R╩ ╢⁹r│ ♪♇ⱪꜝכ ┘ VLBI ≢ ↕╣≡™╢─≢⁸ ─

⅛╠ ╕≢─ r0⅜ ╘╠╣╢⁹ ⅜ ╩≤╡⁸ ─ ╩ ⇔≡

∆╢ ╩ ⅎ≡™⅝⁸ ⌐╦√╢ r0─ ⅜ ╦╣╢⁹ 

 

TC(Fig.3)│ ⅛╠ ≤ ┼ ↑√ 2 ─◌ⱷꜝ⌐╟∫≡ ─ (☻♥꜠

○) ⅜ ╦╣√⁹ │ 10m/pixel⁹ 

SELENE≢│ 2009 2 ╕≢⌐⁸ m⁸ │ 1300 ╩ ⅎ⁸

╙ 0.5 ╩ ⇔≡™╢⁹ ⅜ LALT ≢ ↕╣√ ╩♃כ♦ ⇔√

≢♃כ♦♪♇ꜞ◓ ⇔√ ≢⁸ │ 16pixel/degree(2^4)≢№╢⁹ 

 

Fig.4 SELENE/LALT─ ╩♃כ♦ ⇔√  

 

 

Fig.5 SELENE/TC─ ⇔√₈ ╣─ ₉ (JAXA) 
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1.2 ─  

 

│ ⁸ ─ ╡╩ 60Re Re│ ─ ⁸ 0.055≢

≤ ⅜ ⇔™ ╩ ∫≡™╢( , 2005)⁹ ─ ⌐│ №╢⅜⁸

46 ⌐ ⌐╟∫≡ ─ ≢ ⇔⁸∕─ ⌐╟∫≡ ─

╕≢ ⅜ ⇔≡™∫√≤ ⅎ╠╣≡™╢ e.g. Stancey and Davis, 2008⁹↓─╟

℮⌂ ˈ ─ ╩ ∂≡ ⅜ ↕╣≡™√ ⁸ │∕─2 ─

C20 (¹-J2)≤C22─ ⅜C20 C22 = 10 3≤™℮ ⌂ ⌐⌂╢↓≤⅜ ⌐ ↕╣╢⁹  

⇔⅛⇔⌂⅜╠ ⌐ ╠╣√ │ J2/ C 22 = 9.09 ⅛←╛⌐╟╢ , Namiki et al. (2009) ≤⌂

∫≡⅔╡⁸ ⌐ ⇔≡ J2 ⅜ C22⌐ ═≡ ⅝∆⅞╢⁹↓─☼꜠⌐ ⇔ ╕≢⌐

⌂ │⌂↕╣≡⅔╠∏⁸ - ─ ⌐⅔↑╢ ─ ≤⌂∫≡™╢⁹ 

↓─ ─↕╠⌂╢ ─√╘⁸ ₁│ ─ ─ ⅛╠ ─☿꜠

ⱡ▬♪─ ╩ ⇔⁸ ˈ ─ ─ ╩ ╖╢⁹ ₁│ ⅜ ─

╩ ╘√ ─☿꜠ⱡ▬♪─ ╩ ∆╢√╘⌐⁸ ≢│⁸ - ─

⌐ ⇔ ≈─ ▪ⱪ꜡כ♅≢ ⅎ≡™ↄ⁹ 

╕∏1≈ ─ ≤⇔≡⁸LALT─ ♃כ♦ Araki, et al., 2009 ≤ ─ ⸗♦ꜟ

SGM100h, Matsumoto et al., 2010╩ ⇔⁸ⱴ☻◖fi ─ ⅜☿꜠ⱡ▬♪≤

≢№╢⅛ ═√⁹ ─ │ ─≥─ ╟╡╙ ⅜ ™─≢ Murase and 

R. McBirney, 1970⁸ ⅛╠ ─☿꜠ⱡ▬♪─ ╩ ≢⅝╢⁹ ≢│

╠≢ ─☿꜠ⱡ▬♪╩ ⇔≡™╢ ─№╢ ≈─ⱴ☻◖fi ╩ ⇔√⁹

∕⇔≡⁸LALT≢ ╠╣√4≈─ ─ ─☿꜠ⱡ▬♪╩ ⇔⁸ ─☿꜠ⱡ▬

♪≤ ∆╢↓≤≢ ─ ⌐≈™≡ ∆╢↓≤╩ ⇔√⁹ 

↓─ ╩ ╠⅛♃כ♦─ ∆╢═ↄ⁸ ₁│ TC♦כ♃⅛╠ sinuous rille─ ╣√

╩ ═√⁹sinuous rille│ ╙⇔ↄ│ ≢⁸ ─ ⌐╟∫≡≢⅝√≤↕╣╢⁹

↓╣╠─ ╣√ │ ─ ≤ ⱳ♥fi◦ꜗꜟ⅜ ⅜╢ ⅝≢№╢⁹⇔⅛⇔

2011, pers. Comm. │⁸Rimae Plato ─ ─ ⌐ ⅜⁸ ─☿꜠ⱡ▬♪⌐

⇔≡ ⅝⌐ ╣√╟℮⌐ ⅎ╢↓≤╩ ⇔√⁹↓╣│ ≤ ─☿꜠ⱡ▬♪─ ⅝

⅜ ⌂╢ ╩ ⇔≡™╢⁹ ─ ⌐│ ↄ─ sinuous rille⅜ ∆╢⅜⁸

Rimae Plato ⌐╙™ↄ≈⅛─ sinuous rille⅜ ─☿꜠ⱡ▬♪⌐ ⇔≡ ⅝─ ╣╩

∆⁹∕─ ≢™ↄ≈⅛─ ╩☻כ◔™ ∆╢⁹ 
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2 ─  

2.1 ⸗♦ꜟ 

 

─ ⱳ♥fi◦ꜗꜟ│⁸ ─╟℮⌐ ⇔≡⸗♦ꜟ ↕╣╢ Matsumoto et al., 

2010⁹ 

 

Gravity(ʒ,ʇ,r) =  В В ὅӶÃÏÓά‗ ὛӶÓÉÎά‗ὖ ÓÉÎ•   (1) 

 

↓↓≢ Gravity(ʒ,ʇ,r)│ ⱳ♥fi◦ꜗꜟ⁸ʒ│ ⁸ʇ│ ⁸r │ ⁸G│

⁸M│ ─ ⁸R│ ─ 1378.0km; Matsumoto et al., 2010⁸ὅӶ ,ὛӶ│

↕╣√ ⱳ♥fi◦ꜗꜟ─ ⁸ὖ │ ↕╣√ꜟ☺ꜗfi♪ꜟ ⁸n,m

│∕╣∙╣ ≤ ≢№╢⁹↓─╟℮⌐⁸ ─⸗♦ꜟ│ ה ─

☻◒כ♩☻ ὅӶ ,ὛӶ╩ ™≡ ↕╣╢⁹ ⸗♦ꜟ─ ≤⇔≡⁸

SGM100h SELENE Gravity Model with the maximum degree and a version number; Matsumoto et 

al., 2010 ╩ ™≡☿꜠ⱡ▬♪ ─☺○▬♪ ⱳ♥fi◦ꜗꜟ ╩ ↄ⁹☿꜠ⱡ▬♪

V(ʒ,ʇ,r)╩ ╘╢ (2) ≤∕╣⌐╟∫≡ ™√ Fig.6 ╩ ⌐ ∆⁹ 

 

V(ʒ,ʇ,r) = RВ В ὅӶÃÏÓά‗ ὛӶÓÉÎά‗ὖ ÓÉÎ•    (2) 

 

 

Fig.6 ☿꜠ⱡ▬♪ ─☺○▬♪ ⱳ♥fi◦ꜗꜟ ─ (SGM100h; 

Matsumoto et al., 2010). 
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2.2 J2≤ C22⌐≈™≡ 

 

 ⌐⅔↑╢ ─ ╩ ∆ ≤⇔≡⁸ ╩ ⇔√ ─ ☻

☻◒כ♩ ⅜⇔┌⇔┌ ™╠╣╢⁹ ≢│ ─ ╩╖╢√╘⌐⁸ ⌐ 2

─ ─ J2 (¹-C20)≤ C22╩ ∆╢⁹↓╣╠│ ⌐╟╡ ─╟℮⌐ ≢⅝

╢ (Sagitov et al., 1986) ⁹⌂⅔ ♃כ♦≡⇔≥ ↕╣≡™╢ ⌐│⁸

─√╘⌐ ≤ ⅛╠ ╕╢№╢ ⅜⅛↑╠╣≡⅔╡⁸ ─ ≢№╢ ─

≢ ╘╠╣√ ≤ ☻◒כ♩☻╘√─⧵⁹╢™≡∫⌂ ─ ╩ ™≡ ∆╢

│ ⅜ ≢№╢ 

J2 ¹ - C20 = ᷿ „ ὼ ώ ςᾀ Äɱ   (3) 

C22  ᷿ „ὼ ώ Äɱ    (4) 

 

↓↓≢ M │ ─ ⁸R│ ⁸ʎ│ ⁸x,y,z│ ⌐ ╩ ↄ

≢─ ≢№╢⁹↓╣╠─ ─ ⅜ ∆ ╩ ∆╢≤ ─╟℮⌐⌂╢⁹ 

 

 

Fig.7 ≤ ⅜∕╣∙╣ J2≤ C22 ╩ ∆. ─ ™ ≤ ™ ⅜ ה

∆╢. ⱡכ♩ ╟╡. 

 

 ♩ⱷfiכ⸗ 2.3

 

│♩ⱷfiכ⸗  ╩₈ ∆₉≤⅝─ ↕≢№╢⁹ ♩ⱷfiכ⸗ I╩ ↔≤─

m≤ ⅛╠─ r ╩ ™≡ ∆≤ 

 

I = ВÍÒ     (5) 

 

≤⌂╢⁹ 
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2.3.1 ≥♩ⱷfiכ⸗ ─  

 

 ─ ─ ╡─ ≡™≈⌐♩ⱷfiכ⸗ ⅎ╢⁹ ─╟℮⌐ x,y,z ╡─

╣∙╣⧵╩♩ⱷfiכ⸗ A,B,C(Fig.8) ≤∆╢≤ 

 

A = ᷿ ώ ᾀ ”ÄÖ    (6) 

B = ᷿ ὼ ᾀ ”ÄÖ    (7) 

C = ᷿ ὼ ώ ”ÄÖ    (8) 

 

≤⌂╢(Sagitov et al., 1986)⁹↓↓≢M│ ─ ⁸R│ ⁸ʍ│ ≢№╢⁹ ─

╟℮⌂ ⅝⌂ │ ⌐ ™─≢⁸(6)~(8) ≢ ↕╣╢ ≈─ │♩ⱷfiכ⸗

╒≤╪≥ ∂ ≤⌂╢⁹ 

 

 

Fig.8 ─ x,y,z ╡─ ♩ⱷfiכ⸗ A,B,C. 

 

ⱷfi♩│⁸כ⸗  ─ ⌐⅔™≡ ⅜ ⌐ ∆╢ ™╩ ∆ ≤

⌂╢⁹ ─ │♩ⱷfiכ⸗ ─≤⅔╡≢№╢(Stancey and Davis, 2008)⁹√∞⇔M│

∕╣∙╣─ ─ ⁸a│ ≢№╢⁹ ⌂ ╩ ≈ ─ ♩ⱷfiכ⸗

─ │ 2/5 (=0.4) ⌐⌂╢⅜⁸ ─ ─ ─⧵⅜♩ⱷfiכ⸗ ╟╡ ↕™─│

─ ╩ ⇔≡™╢⁹ 

 

Spherical shell  (2/3)Ma 2        

Uniform sphere  (2/5)Ma 2        

Moon   0.391 Ma2        

Mars   0.366 Ma2        

Earth   0.3307 Ma2        

Homogenized Earth 0.3727 Ma2     (9) 
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≥♩ⱷfiכ⸗ 2.3.2 ─ ⅔╟┘ ─  

 

 ╡─ ♩ⱷfiכ⸗ A,B,C╩ ™≡⁸ ─ ╩ ∆ Ɽꜝⱷכ♃╩ ∆╢↓≤

⅜≢⅝╢⁹╕∏ ─ ─ ╩ ∆╢₈ ₉ɻ,ɼ,ɾ│ 

 

ɻ= ( C ɀ B ) / A ; ɼ = ( C ɀ A ) / B ;   ɾ= ( B ɀ A ) / C    (10) 

 

─╟℮⌐ ≢⅝╢⁹(Sagitov et al., 1986)⁹ ⌐ ─ 2 ─ ─ C20⁸C22

│⁸ 

 

C20 =  ;        C22 =     (11) 

 

─╟℮⌐ ≢⅝╢⁹(Sagitov et al., 1986)⁹ 

 

2.4 ─  

 

 ─ │ ⌐╖≡ ⅛╠∏╣√ ─ ≤⌂∫≡™╢⁹∕─ ≤⇔

≡№→╠╣╢─⅜(i) ─ ⅛╠ↄ╢ ⌐╟╢ ≤⁸(ii) ⅛╠─ ⌐╟╢

─ ≢№╢⁹ ─ ⅛╠─ ⌂∏╣│⁸ ╩ ʃ≤⇔≡ 2 ─

P20(sinʃ)≢ ∆↓≤⅜≢⅝╢⁹ 

 

P20(sinʃ) = 
—

     (12) 

 

 │ ⁸ 1 1 ─ ≢ ─ ╡╩╕╦∫≡™╢⁹↓─

─(i)≤(ii)⌐╟╢ⱳ♥fi◦ꜗꜟ╩ P20(sinʃ)╩ ™≡ ∆⁹ 

 

2.4.1 ⌐╟╢ ─ ⱳ♥fi◦ꜗꜟ 

 

 ╕∏ ⅛╠ↄ╢ ⌐╟╢ ╩ ⅎ╢⁹╕∏ ─√╘⌐ ╩ ─ 1 ─

⌐≈™≡ ⅎ╢⁹↓↓≢ F≤∕╣⌐╟╢ⱳ♥fi◦ꜗꜟɮ│ 

 

F = R‫        (13)  

ɮ = 2᷿‫ ÄÒ = ‫
ς
2
ς     (14) 



12 

 

≤⌂╢⁹ ⌐⁸ ʃ≢│ 

 

F = R‫ cosʃ      (15) 

ɮ = 2᷿‫ ÃÏÓ—ÄÒÃÏÓ—= ‫
ς
2
ς
ÃÏÓ
ς
—   (16) 

 

≤⌂╢⁹↓╣╩ 2─ P20(sinʃ)≢ ⇔≡⁸ ╩≤╡∞∆≤ 

 

Urotation(ʃ) = ‫
ς
2
ς
P20(sinʃ)    (17) 

 

≤⌂╢⁹√∞⇔ R│ ─ ⁸│‫ ≢№╢⁹ 

 

2.4.2 ⌐⅔↑╢ ─ ⱳ♥fi◦ꜗꜟ 

 

 │⁸ ─ ─ ─ ≢ ⌂╢ ≤ ⌐╟╢ ─∆═≡─

≢ ∂ ─ ⌐╟∫≡ ↓╢ ≢№╢⁹ ╩∕╣∙╣ fd⁸fr ≤∆╢≤ 

 

fd =        (18) 

fr =        (19) 

 

√∞⇔ G│ ⁸M│ ─ ⁸r │ ─ ⅛╠ ─ ╕≢─ ⁸d│

─№╢ 1 ⅛╠ ─ ╕≢─ ≢№╢⁹↓↓≢ ─ 1 ╩ ─ ⌐⅔ↄ≤ d=r

≢ │♀꜡≤⌂╢⁹ 

 

 (Fig.9)─╟℮⌐ ʃ⁸ʃ́╩≤╢ ʃ│ ⅛╠ √ ─ ≢№╡⁸ ⌐⅔↑╢

≢│⌂™↓≤⌐ ⁸⁸ ╩ fth⁸ ftv ⌐ ↑╢≤ 

 

fth = fdh ɀ frh = GM
—ǰ
 ɀ 

—
     (20) 

ftv = fdv ɀ frv = GM
—ǰ
 ɀ 

—
     (21) 
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Fig.9 

 

Fig.9╟╡ 

 

sinʃ́ = sinʃ      (22) 

cosʃ́ = 
—

      (23) 

 

╟╡ 

 

d2 = r 2{ 1 + (  )  2 ɀ 2(  )cosʃ}    (24) 

 = { 1 + (  )2 - 2(  )cosʃ}-3/2  ḥ ρ  σ   )cosʃ  (25) 

 

√∞⇔(  )<<1 ≤⇔≡ ╩ ⇔√⁹ ─ 4≈─ ╩ (20)⁸(21)⌐ ∆╢≤

─ ⁸ │ 

 

fth = sin2ʃ      (26) 

ftv = 3 { cos2ʃ   }     (27) 

 

≤⌂╢⁹╕√ ─ⱳ♥fi◦ꜗꜟ Utide│ ─╟℮⌐ ↕╣╢⁹ 

 

Utide = { cos2ʃ   } =  P20(cosʃ)  (28) 
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2.4.3 ─  

 

Fig.10 ∕╣∙╣ ה ─ⱳ♥fi◦ꜗꜟ. 

ⱡכ♩ ╟╡. 

 

Fig.10─╟℮⌐ʃ⁸ʒ╩ ∆╢≤ ⱳ♥fi◦ꜗꜟ≤ ⱳ♥fi◦ꜗꜟ│⁸ 

 

Urotation  = ‫
ς
2
ς
 P20(cosʃ)    (29) 

Utide =  P20(cosʒ)     (30) 

 

─╟℮⌐⌂╢⁹◔ⱪꜝכ─ 3 GM = r3n2╩ ™╢≤ 

 

Utide = n2r2P20(cosʒ)     (31) 

 

√∞⇔ n │ ⁹ │ ʖ≤ n ⅜ ⇔™─≢⁸

(29)( 30)─ ─ⱳ♥fi◦ꜗꜟ│ ≤⌂╡⁸Urotation ≤ Utide─ │ 1 3 ≤™

℮ ⌂ ⌐⌂╢⁹∕─√╘ Fig.11─╟℮⌐⁸ ─ ⁸ ≢

─ ≤ ∆╢ ⁸ ─ ╡ ⇔ ─ ⅛╠─∏╣ │ ⌐╟

╢ ╡ ⇔ 1:1:-2≤ ⌐╟╢ ╡ ⇔ 2:-1:-1╩ ⇔√╙─╩ ⇔≡⁸ ≢

7 -2 -5≤™℮ ⌂ ≤⌂╡⁸∕─ ─ ⌐⌂╢⁹ 

 

Fig.11 ─ ⌐≈™≡─ ⌂ . 

 

╕√↓─≤⅝⁸2 ─ C20⁸C22─ ╙⁸C20⁸C22 = 10 3≤™℮ ⌂ ⌐⌂╢⁹ 
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2.5 ≤ ⌐ ↕ↄ⌂╢ ─ ◌►ꜝ─  

 

 ─ ⱳ♥fi◦ꜗꜟ─ ≢⁸Kaula (1963)│ ─ ⌐⁸ ⱳ♥

fi◦ꜗꜟ─ ─№╢ l ⌐⅔↑╢ │⁸ ⅜♀꜡≢∕─ ╡─ s ὅӶ

ὛӶ ⅜⁸ ≤ ⌐ ─ ─╟℮⌐ ↕ↄ⌂∫≡╝ↄ↓≤╩ ⌐ ⇔√⁹ 

 

ίὅӶ ὛӶ  ¹ 
В Ӷ  Ӷ

  ρπ ὰϳ   (32) 

 

 Kaula(1963)│⁸ ╩ ∆╢ ⅜ ≤ ─ ╩ ≈≤™℮ ≢⁸↓─◌►ꜝ

─ ─ ─ ɼ╩ ⇔√⁹ 

 

ίὅӶ ὛӶ    ɼ zρπ ὰϳ   ɼ= 35.7  (33) 

 

 ≢│ ╩ ∆╢ ⌐⁸ ⅜♃כ♦ ⌐ ∫≡™╢ ⅛←╛

≢│∕╙∕╙ ─♪♇ⱪꜝכ♦כ♃⇔⅛ ╠╣≡™⌂⅛∫√ √╘ ≢ ⅜

⇔≡⇔╕℮⁹ ⅛←╛≢╙ │≢↑∞♃כ♦ 60 ─ ⌐⌂╢≤ ⅜

⇔⌂™√╘⁸ ≤⇔≡◌►ꜝ ╩ ⇔≡™╢ Namiki et al., 2009⁹ ≢

⇔≡™╢⅛←╛─ ♃כ♦─ SGM100h≢│ɼ 36≤⇔≡™╢ Matsumoto et al., 2010⁹ 

 

 כ◦♃☻♁▬▪─ 2.6

 

 כ◦♃☻♁▬▪2.6.1

 

⁸│≥כ◦♃☻♁▬▪  ™ │≢ꜟכ◔☻ ─ ⅝™ ─ ⅜ ╩

∆╢√╘⌐ ─ ─ ⅜∕─ ⌐╟∫≡ ╦╣╢ ≢№╢⁹ 

♇ꜝⱢ▬☻◌Ⱡfi⸗♦ꜟ(Fig.12)⁸(2)ⱪהכꜞ▪◄(1)⁸≡⇔≥ꜟ♦⸗─כ◦♃☻♁▬▪ 

╩╠╣⧵⁸⅔╟┘(3)(Fig.12)ꜟ♦⸗♪כ◊Ⱬ▬ⱨה♩ ↕∑√⸗♦ꜟ(Fig.14)⁸⅜№╢⁹ 

 

Ɫ▬☻◌Ⱡfi⸗♦ꜟ(Fig.12)│⁸הכꜞ▪◄ │ ≢⁸ ─ ™≤↓╤╒≥∕─

⌐ ⅝⌂ ─Ȭȭ╩ ∫≡™╢≤™℮⸗♦ꜟ≢№╢⁹ 
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Fig.12 ◄▪ꜞהכⱢ▬☻◌Ⱡfi⸗♦ꜟ─ . ♥◐☻♩(web ) 2004╟╡. 

 

 ⱪꜝ♇♩הⱫ▬ⱨ◊כ♪⸗♦ꜟ(Fig.13)│⁸ ─Ȭȭ─ │ ─ ↕≢⁸ ⌐╟∫

≡ ─ ⅜ ∆╢⸗♦ꜟ≢№╢⁹ 

 

 

Fig.13 ⱪꜝ♇♩הⱫ▬ⱨ◊כ♪⸗♦ꜟ . ♥◐☻♩(web ) 2004╟╡. 

 

 ─ ≈─⸗♦ꜟ╩ ╖ ╦∑√⸗♦ꜟ⅜⁸ ╙∫≤╙ ⌐ ™≤ ⅎ╠╣≡™╢⁹

(2)─⸗♦ꜟ≢│ │ ≤ⱴfi♩ꜟ─ ≢№╢⸗ⱱ ⌐ ⅛╣≡™√⅜⁸ ⌐

⌐ ⅜№╢─│▪☿ⱡ☻ⱨ▼▪⌂─≢⁸ ╩ꜞ♁☻ⱨ▼▪≤▪☿ⱡ☻ⱨ▼

▪─ ⌐≤╡⁸ ─Ȭȭ│ꜞ♁☻ⱨ▼▪─ ⌐╟∫≡╙ ⅎ╠╣≡™╢⸗♦ꜟ≢№╢

(Fig.14)⁹ 

 

 

Fig.14 ◄▪ꜞהכⱢ▬☻◌Ⱡfi⸗♦ꜟ≤ⱪꜝ♇♩הⱫ▬ⱨ◊כ♪⸗♦ꜟ 

─ ⸗♦ꜟ─ . ♥◐☻♩(web ) 2004╟╡. 
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2.6.2 ─ ─ ⱷ◌♬☼ⱶ 

 

 ≢│ ⌐ ≢│ ⁸№╢™│ │כ◦♃☻♁▬▪⌐ ╡ ∫≡™╢─∞╤℮

⅛⁹ ⌐╟╢ ─ ⌐ ∆╢ ╩ ╢↓≤≢ ∆╢⁹ 

 

2.6.2.1 ◄▬♩◔fi כ◦♃☻♁▬▪─  

 

 ⌐⅔↑╢ ─ ≤⇔≡ ╠╣╢ ◄▬♩◔fi ⌐≈™≡ ⅎ╢⁹Fig.13│

⅛←╛⌐╟╢ ⸗♦ꜟ SGM100h Matsumoto et al., 2010╩ ™≡ ™√ ─ⱨꜞכ

◄▪ ≢№╢⁹LALT─♦כ♃⌐ ≠™≡ ⅛╣√ (Fig.16)≤ ═╢≤⁸

◄▬♩◔fi ⌐╟╢ ⌂ ⅜ ╠╣⌂™⁹↓╣│ ◄▬♩◔fi ≢│▪▬

⅜כ◦♃☻♁ ⇔≡™╢ ─┼↓╖⌐ ⇔≡∕─ ⌐⸗ⱱ ⅜ ╡ ⅜∫≡™

╢ ↓≤⅜ ⅛╢⁹ 

 

 

 

Fig.15 ─ Matsumoto et al., 2010 . 
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Fig.16 ─ Araki et al., 2009 . 

 

2.6.2.2 ─ ⱷ◌♬☼ⱶ 

 

 ⅛←╛⌐╟╡ ─ ⅜ ↕╣⁸ ╘≡ ─ ™ ─

⅜ ↕╣√⁹∕─ ⁸ ─ │ ⅝ↄ 3 ≈─♃▬ⱪ⌐ ↕╣╢↓≤⅜ ╠⅛

⌐⌂∫√⁹Namiki et al.(2009)│∕╣╠╩ Typeзbasin⁸Typeиbasin⁸Primary mascon basin

≤ ╪∞⁹Typeзbasin⁸Typeиbasin│ ╛ ⌐ ⇔≡⅔╡⁸Primary mascon 

basin│⁸ ⌐№╢ ⱴ☻◖fi ≢№╢⁹ 

 3≈─♃▬ⱪ─ ∆═≡⌐ ∆╢↓≤│⁸ ⌐ ─ ⅜╖╠╣╢↓≤≢

№╢(Fig.15)⁹↓╣│ ─⸗ⱱ ─ ⌐╟╢ ⅜ ≤ ⅎ╠╣≡™╢⅜⁸

⌂ⱷ◌♬☼ⱶ│↓╣╕≢ ↕╣≡™⌂™⁹ 

כ◦♃☻♁▬▪  ─ ─ ≢ ⌂─│⁸ⱨꜞכ◄▪ ≤ ≤─

≢№╢⁹ ≢ Typeз ┘ Typeиbasin│⁸ ≢ ⌐╟╢ ─ ╩ ∆

⅜⁸∕↓⅛╠ ⌐ ⅛∫≡ ≤ ↄ ⇔√ Ȥ Ȥ ─ ─ꜞfi◓ ⅜╖

╠╣╢(Fig.15)⁹ ≤⇔≡ Typeи⌐ ↕╣╢ Korolev ─ ≤ⱨꜞכ◄▪ ≤

─ ⌐╟╢ ╩ ∆⁹ Fig.17 כ◦♃☻♁▬▪│╣↓⁹ ⌐╟╢⸗ⱱ ─ ⅜

⅝≡™⌂™↓≤╩ ⇔≡™╢⁹ 
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Fig.17 Korolev basin≢─ ( )≤ⱨꜞכ◄▪ ( )─ profile ─ . 

≤ ─ │∕╣∙╣ ≤ ─ ≢№╢. 

 

≢ⱴ☻◖fi │⁸ ─ ⅜ ╠⌂ ⌐⌂∫≡⅔╡⁸Typeз ┘

Typeиbasin ≢╖╠╣╢ ≤ ↄ ⇔√ Ȥ Ȥ ─ ─ꜞfi◓ ⅜│∫⅝
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╡≤│ ╘╠╣⌂™↓≤⅜⁸ ─ ⌐╟╢ ≢╟ↄ ≡≤╣╢(Fig.18)⁹↓─↓≤

│ⱴ☻◖fi ─ ⌐ ⅜כ◦♃☻♁▬▪⁸≡⇔ ╡ ∫≡™╢↓≤╩ ⇔≡™

╢⁹ 

 

 

 

Fig.18 Humorum basin≢─ ( )≤ⱨꜞכ◄▪ ( )─ profile ─ . 
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3 ─ ─ ⅛╠ ∆╢ ─  

3.1 Garrick-Bethell et al.(2006)⌐╟╢  

 

 (§2.4)─╟℮⌐⁸ ─╟℮⌂ ─ ⌂ ≢│ 2 ─

─ ⅜ C20 C22=10 3≤⌂╢⁹⇔⅛⇔⅛←╛≢ ╠╣√ ─ ⸗♦ꜟ(Namiki 

et al., 2009)⌐╟╢≤∕╣╠─ │ C20/ C22 = 9.09≤⌂∫≡⅔╡⁸ ⌐ ⇔≡ J2 ─ ⅜

⅝∆⅞╢ │ C22─ ⅜ ↕∆⅞╢ ⁹ 

─ ⅜ ─ ⅛╠☼꜠∏╣≡™╢↓≤─ ≤⇔≡⁸

Garrick-Bethell et al. (2006)│⁸(1) ⅜ ⌐ ─ ⅝⌂ ╩≤∫≡™√⁸╕√

│(2) ≤ ─ ⅜ 3:2─ ╩≤╢ ─ Fig.19 ≢№∫√⁸≤™℮

≈─ ╩ ⇔√⁹ ≢│ ╠─ ⌐≈™≡ ⌐╕≤╘√™⁹ 

 

 

 

Fig.19 ─ 3 2─ ─ . Innanen (2006)╟╡

. ↓↓≢ ─ ⅜ ה . ─ │ ≢⁸1~6 ⅜ 1

⁸8 14 ⅜ 2 . 

 

3.1.1 ─ ⌐⅔↑╢ꜝfi♄ⱶ ≤ ⌂  

 

 ─ ╛ ─ ⅛╠─∏╣─ ⌐ ⇔≡⁸(i) ╛ ⱳ♥fi◦ꜗꜟ⌐╟╢

Ᵽꜟ☺≤⇔≡─ ⁸(ii) ₁⌂ ⌐ ∆╢ ⌂ ⌐╟╢ꜝfi♄ⱶ⌂

Lambeck and Pullan, 1980 ─ 2≈⅜ ⅎ╠╣╢⁹(ii)⌐╟∫≡ ─ ╩ ╘√

─ ╩ ≢⅝╢≤∆╢ ╙№╢⅜(Goldereich and Toomre,1969; Lefftz and 

Legros,1993; Bills and Lemoine,1995)⁸Lambeck and Pullan (1980)│ ─ ─ ⅝↕⅜

ꜝfi♄ⱶ ⌐⇔≡│ ⅝™↓≤⁸ ┘ C22⅜ S22╟╡ ⌐ ⅝™ Ᵽꜟ☺⅜

─ ╩ ™≡™╢ ↓≤⅛╠ (i)─╟℮⌐ Ᵽꜟ☺⅜ ─ ─ 3 ─ ⌐ ⌐

⇔≡™╢≤™℮ ⅎ╙ ≢№╢⁹∟⌂╖⌐ Garrick-Bethell et al. (2006)│(i)─ ⅎ ⁸
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∆⌂╦∟ ─ ─ │∕─ ⅜ ≤ ─ⱳ♥fi◦ꜗꜟ╩ ⇔≡™╢≤⇔

≡™╢⁹↓─ ⅎ ⌐ ∆╢ ⌐≈™≡│ 3.3 ≢ ∆╢⁹ 

 

3.1.2 ─ ─ ─ ╘  

 

 ↓↓≢ Garrick-Bethell et al.(2006)⅜ ⇔≡™╢ ─ ─ ⌐≈™≡

∆╢⁹ ╠│⁸ ─ ╩ ≈─ ⌂ ≤⇔≡ C20 (☿꜠ⱡ▬♪─ ╩ ∆ ,ɼ

ɾ(™∏╣╙ ≢ ↕∑√ C22│∕╣╠─ ╖ ╦∑≢ ∆↓≤⅜≢⅝╢√

╘ ≢│⌂™ ⁹↕╠⌐∕╣╠─ ╩ ─ ─ a ≤ e ─

≤⇔≡ ⇔⁸ ─ C20 ɼ ɾ─ ⅜ ↕╣╢ a≤ e ─ ╖ ╦∑⅜ ∆╢⅛

⅛╩ ⇔√⁹ ╕∏ ─ ( 1 1)│ 

 

ὅ  ὢ ȟȟὩ            

‍  ὢ ȟȟ Ὡ  ὢ ȟȟὩ           

‎  ὢ ȟȟὩ      (34) 

 

3 2─ │ 

 

ὅ  ὢ ȟȟὩ           

‍  ὢ ȟȟ Ὡ  ὢ ȟȟÅ           

‎  ὢ ȟȟὩ     (35) 

 

↓↓≢ M│ ─ ⁸m│ ─ ⁸R│ ─ ⁸a│ ⁸e│ ⁸

ὢȟȟ Ὡ│Ɫfi☿fi ≢№╢(Garrick-Bethell et al., 2006)⁹ 

 ─ ⌐ ⌐ ↕╣√ C20 ɼ ɾ─ ╩ ╣⁸∕╣∙╣≢ 3≈─ ╩ √∆ a≤ e

─ ╖ ╦∑╩ ⇔√ ⅜ Fig.20, 21≢№╢⁹ 
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Fig.20 ─ ( 1 1)⌐⁸C20 ɼ ɾ─ ≈─Ɽꜝⱷכ♃⅜

─ ≤⌂╢√╘⌐ a≤ e⅜ √∆ ─ ╩∕╣∙╣ ⁸ ⅔╟┘

≢ ⇔≡™╢. ∕╣╠⅜ ≢ ╦╣┌⁸∕╣⅜∆═≡─Ɽꜝⱷכ♃⅜ ─

╩≤╢↓≤╩ ∆╢ ╖ ╦∑≤⌂╢(Garrick-Bethell et al., 2006). │

C20─ ╩ ─ ╟╡ ↕⌂ ⌐ ⇔√ ─ a≤ e⅜ √∆ ╖ ╦∑

╩ ∆. 

 

 

Fig.21 3 2─ ─ Ɽꜝⱷכ♃⌐╟╢ (Garrick-Bethell et al., 

2006). │ Fig.20≤ . 
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Fig.20, 21≢ C20 ɼ ɾ─ ─ ╩ ∆╢√╘⌐ √∆═⅝ a≤ e─ ╖ ╦∑╩ ∆

≈─ ⅜ ⅛╣≡™╢⁹∕╣╠─ ⅜ ≢ ╦╣┌⁸∕↓⌐⅔↑╢ a≤ e ─ ⅜

╩ ≢⅝╢ a≤ e─ ╖ ╦∑∞≤™℮─⅜ ╠─ ≢№╢⁹1 1─ ≢

│⁸ ⅜ ╟╡ ⌐ ⅝⌂ ≢∆═≡╩ ∆╢ ⅜ ≈№╢ Fig.20 ⁹╕√

3 2 ─ ≢│⁸ ─ ⅝™ ≤ ↕™ ─ 2≈─ ⅜ ∆╢

↓≤⅜ ↕╣≡™╢ Fig.21 ⁹ ╠│↓╣╠ 3 ≈─ ─™∏╣⅛─ ≢ ⅜ ─

╩ ≈⌐™√∫√≤ ⇔≡™╢⁹ 

 ⇔⅛⇔ Fig.20≢ ∆╟℮⌐ C20─ ⅜ ─ ╟╡ ↕™≤ ∆╢∞↑≢⁸ ⇔

√│∏─ ≈─ ─ │ ⅎ≡⇔╕℮↓≤╙ ↕╣≡™╢⁹≈╕╡ ─ C20╛ C22─

⌐│ ∂√ꜝfi♄ⱶ⌂ ╒≤╪≥ ⇔⌂™↓≤⅜ Garrick-Bethell et al. (2006)─

─ ≢№╢⁹ 

 

3.2 ἍἽἳ, M.(2010)─  

 

 #ÕË, M.(2010)│⁸ ─ ─ ⅛╠ ─ ─ ╩ ⇔ ╢≤™℮ ⅎ⌐ ≢

№╡⁸ ⌐ ─ 3≈─ ⅛╠ Garrick-Bethell et al.(2006)╩ ∆╢ ─╙─≢№╢⁹

(1)  Garrick-Bethell et al.(2006)⅜ ╢ ─ ↕(2) ⌂ ⁸3 2

⌐ ∟ ╗ⱪ꜡☿☻(3) ⌐╟╢ ┼─ ⁸≢№╢⁹ 

 ╕∏(1)⌐≈™≡⁸Garrick-Bethell et al.(2006)│ C20 ɼ ɾ╩∕╣∙╣ ™⌐ ≤⇔≡

∫≡™╢⁹⇔⅛⇔#ÕË, M.(2010)│ C20╩ɼ ɾ≤ z ╡─ ♩ⱷfiכ⸗ C╩ ™≡

─╟℮⌐ ≢⅝╢↓≤╩ ⇔≡™╢⁹ 

 

ὅ       (36)  

 

↓↓≢m│ ─ ⁸R│ ⁹↓╣≢ C20│ ♩ⱷfiכ⸗ C⅜ ⌂ ─╖

≢№╢⁹ ⁸C│ɼ ɾ≤ ≢№╢⅜⁸⇔⅛⇔ὅÍ2ϳ │ ⌐╟╢ │ ⌂ↄ⁸

(◖▪─ ⅝↕)⌐╟╢≤↓╤⅜ ⅝™⁹↓─↓≤⅜ Garrick-Bethell et al.(2006)─

╩ ↄ─ ⌐∆╢╦↑≢│⌂™⅜⁸#ÕË, M.(2010)│↓─ C20 ɼ ɾ─ ⌐╟╡⁸

Fig.20, 21≢ ∆╒≥⁸Garrick-Bethell et al.(2006)─ ≤ ─ │♪ꜝⱴ♥▫♇◒⌐│

∫≡™⌂™≤ ⇔≡™╢⁹ 

 ⌐(2)⌐≈™≡⁸↓↓≢│ ⌐ Garrick-Bethell et al.(2006)⅜ ⇔≡™╢ 3 2

⌐ ⇔≡⁸#ÕË, M.(2010)│↓─ ⌐╟╢ ≤ ─ ─Ώ ≤ ΐ ╩ ⇔≡™

╢⁹≈╕╡⁸Garrick-Bethell et al.(2006)│ ─ │ 3 2 ⌐╟╡ ─╟℮⌂

╩ ⇔≡™╢≤™℮ ⅎ∞⅜⁸∕╙∕╙ 3 2 ≢ ∆╢⌐│∕─╟℮⌂ ╩╙

≤⅛╠ ∫≡™⌂↑╣┌⌂╠⌂™≤⇔≡™╢⁹ 
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 ╕√⁸ ╩ ╢ ╩ ⅎ⌂↑╣┌⌂╠⌂™⁹ ╙ ⌂╙─│ ─

─ ⌐╟╢╙─ ∞⅜⁸↓╣│ Touma and Wisdom(1998)⌐╟∫≡ ↕╣≡™╢⁹

─ ─ ─ ⅜ ↓∫√ ─ ≢№╢─≢(#ÕË, M., 2007)⁸

─ ⌐ ⅜ ↄ⌂™≤⇔≡™╢(#ÕË, M., 2010)⁹ 

 ⌐(3)⌐≈™≡⁸ ⌐(2)⌐⅔↑╢ ╩◒ꜞ▪⇔≡ 3 2 ╩╙∫√ ─

╩ ⅎ≡™╢⁹↓↓≢─ │⁸Garrick-Bethell et al.(2006)│ ─ ⅜

∆╢─⌐ ⇔√ │ 10 ╒≥≤⇔≡™╢⅜⁸∕─ ⌐ ⇔≡ ╩

≢⅝╢─⅛⁸≤™℮╙─≢№╢⁹ │₈NO₉≢№╢⁹Imbrium ( 1160km)╩

∫√ ─⁸ ╡ ↕™ ─╙─≢╙ ─꜡♇◒⅜ ╣≡⇔╕℮(Lissauer, 1985)⁹

↓─√╘⁸#ÕË, M.(2010)│√≤ⅎ ⅜ ⌐ 3 2 ╩╙∫√≤⇔≡╙⁸∕─ ⌐

╟╢ ╩ ⌐ ∆↓≤│№╡ ⌂™≤⇔≡™╢⁹ 

 

3.3 2 ─ ─  

 

 ↓↓≢⁸◌►ꜝ ╩ ™≡ ─ 2 ─ ─ ⌐ꜝfi♄ⱶ⌂ ⅜≥─

╕╣╢⅛╩ ⅎ╢⁹╙⇔ꜝfi♄ⱶ⌂ ⅜ №╣┌ Garrick-Bethell et al. (2006)─

⅜∕╙∕╙ ╡ √⌂™⅛╠≢№╢⁹◌►ꜝ ⌐≈™≡│ ⌐ ≢ ⇔√⁹↓↓≢

│ ╛ ⱳ♥fi◦ꜗꜟ≤ ⌂ 3 ─ ⅛╠◌►ꜝ ─ ╩ ⇔≡⁸∕╣

╩ 2 ─ ⌐ ⇔≡╖╢⁹∕─ ⅝↕⅜⁸ꜝfi♄ⱶ ─ ⌐⅔↑╢ ⅝↕≢№

╤℮⁹↓℮⇔≡ ⇔√ꜝfi♄ⱶ ⌐ ═≡ ─ 2 ─ ⅜ ⅝™ ⁸2 │

ꜝfi♄ⱶ ╩ ⅎ╢ ╩ ∆╢ Ᵽꜟ☺≤⇔≡─ ╩ ≈ ≤ ⅎ╠╣╢⁹ 

 

 

 

Fig.22 ⇔√ ─  
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─ │ ↕╣√ SGM100h; Matsumoto et al., 2010⅛╠ ╠╣√

─ RMS (root-mean-square)⁸ ─ │ ⌐ ╙ⱨ▫♇♩∆╢╟℮⌐◌►ꜝ ─

ɼ╩ ⇔√ ─ (y = ‍ ρzπ ὰϳ ; ‍ =11.4)⁸ ─ │↓─ ⸗♦ꜟ─

⌐№√∫≡ ≤⇔≡ ™╠╣√◌►ꜝ (y = ‍ ρzπ ὰϳ ; ‍ =36)≢№╢⁹60

≢│ ╘╠╣√ ≤◌►ꜝ ⅜╒╓ ⇔≡™╢⅜⁸↓╣│ ⌐⅛←╛─

⅜∕─ ─ ─ ┼№╕╡ ⅜⌂™↓≤╩ ∫≡™╢⁹ ─ ≢

─ ™ │ ─ ─ ‍╩ ╘╢─⌐ ⇔√ (3֔degree < 60)╩ ∆⁹

ɼ─ ⌐│⁸ ─ ⅜╒╓ 100 ≢№╢ 60 ─ ╩ ™√ Fig.23 ⁹60

≢│ ⅜ ≢⅝⌂™ ≢ ∂╡⁸◌►ꜝ ⌐ ∆╢ ╩ ╕⌂™≤ ⅎ

╠╣╢√╘⁸ɼ─ ⌐│ ⇔√⁹2 ─ ⅜ ↄ ⅎ╢╟℮⌐ ╩Fig.23⌐ ∆⁹ 

 

 

Fig.23 ─ ┼─ ╩ ∆ Matsumoto et al., 2010 . 

⅜└≤ ─ LP100K⸗♦ꜟ⁸ ⅜ ⇔≡™╢ SGM100h⸗♦ꜟ. Γ1.0Δ

│ ─ ⅜ ⌐ ─╖⌐╟∫≡ ↕╣≡™╢↓≤╩ ⇔⁸ ⌐Γ0Δ

│ ─ ⅜ ⌐ ─╖⌐╟∫≡ ↕╣≡™╢↓≤╩ ∆. 

 

 

Fig.24 Fig.22─ ─  
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2 ─ ≤ 3 ⅛╠ ↕╣√ ╩ ∆╢⁹↓↓≢ ─ │ RMS

⌂─≢⁸2≈─ │ 

 

τȢσυÅυ  ɀ ςȢψυÅ υ  = 3.29e-5    (37) 

 

≤⌂╢⁹↓╣│ ─ 3/4 ≢№╢─≢⁸₈2 ─ ─ 3/4 │ ≢№╢₉

↓≤╩ ⇔≡™╢⁹Garrick_Bethell et al.(2006)─ │⁸ ⅎ┌ C20─ ⅜ ⌂∫√

∞↑≢ √╪∆╢↓≤⅜ ⌐╟∫≡ ↕╣≡™╢⁹ ∫≡⁸2 ─ ─ ─ ⌐

⇔≡ ─ ╩ ⇔√ ╠─ │ ⅜ ≢№╢↓≤⅜╦⅛╢⁹ 

 

↓─ │ 2 ─ ⅜ ─ ⅜№╢ ⌂ ╩ ≈↓≤╙ ⅛≢№╢↓≤

╩ ∆╢⁹ ⅛╠│↓↓≢ ↕╣√ 2 ─ ─ ⌐ ≠⅝⁸ ─ 2 ─☿꜠

ⱡ▬♪─ ⅛╠ ─ ⌐≈™≡─ ╩ ╖≡™╢⁹ 
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4 ─ ╩ ™√ ☿꜠ⱡ▬♪─  

 

≢│ⱴ☻◖fi ╩ ╘≡™╢ ⅛╠⁸ ─☿꜠ⱡ▬♪╩ ⇔√ ╩

∆╢⁹↓↓≢ ™╠╣╢─│⁸LALT ⌐╟╢ ─ ♃כ♦

16pixel/ degree ≢№╡⁸ ⌂ ╙ ╟ↄ ↕╣≡™╢⁹ 

ⱴ☻◖fi ╩ ╘≡™╢ │⁸ 40 ⌐ ⌐ ⌐╟∫≡

ⱴ☻◖fi ⅜ ↕╣√ ⌐ ⅛╠ ⇔√ ⌐╟╢ ≢№╢⁹↓─

│ ─╙─≤ ═≡ ⅜ ⌐ ↄ⁸ ─ ≢№╢↓≤⅜ ╠╣≡⅔

╡(Fig.25; T. Murase and Alexander R. McBirney, 1970)⁸↓─ │ ⅜ ⅎ ╕∫√

─☿꜠ⱡ▬♪ ⱳ♥fi◦ꜗꜟ ╩ ⇔≡™╢ ⅜№╢⁹ ≢│ 5 ≈─

⌂ⱴ☻◖fi ⌐ ⇔⁸ ─☿꜠ⱡ▬♪╩ ⇔≡™╢ ─ ≤⁸∕─

─№╢ⱴ☻◖fi ⅛╠─ ─☿꜠ⱡ▬♪─ ╩ ∫√⁹╕√⁸ ↕╣√ ─

☿꜠ⱡ▬♪─ ⅛╠⁸ ─ ─ ─ ⌐≈™≡─ ╩ ∆⁹ 

 

 

Fig.25 ≤ ─ ─ (T. Murase and Alexander R. McBirney, 1970) 
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4.1 ─ ⌐⅔↑╢ ☿꜠ⱡ▬♪─ ─  

ⱴ☻◖fi ─ ⅜⁸ ⅎ ╕∫√ ─☿꜠ⱡ▬♪─ ╩ ⇔≡™╢

⅛≥℮⅛─ ╩ ℮⁹∕─ ≤⇔≡⁸ⱴ☻◖fi ─ ─ LALT ⌐╟╢

≥♃כ♦ ─☿꜠ⱡ▬♪(SGM100h)≤─ ╩ ℮⁹ⱴ☻◖fi ─☿꜠ⱡ▬♪⌐│

─ ⌐╟╢₈ ╡ ⅜╡₉( Ᵽꜟ☺≤ ∆╢)⅜ ⇔≡™╢(Fig.6; §2.1)⁹ⱴ☻

◖fi ╩ ╘╢ ⅜⁸☿꜠ⱡ▬♪≤ ─Ᵽꜟ☺╩ ⇔≡™╢⅛≥℮⅛≢⁸

─☿꜠ⱡ▬♪─ ╩ ⌐ ↕╣≡™╢⅛≥℮⅛─ ╩ ∫√⁹ 

≢│ 5≈─ⱴ☻◖fi ⁸Imbrium⁸Serenitatis⁸Humorum⁸Crisium⁸Nectaris (Fig.26)

╩ ™√⁹↓─ 5≈│ Primary mascon basin─⌂⅛≢⁸ ⅜ ⌐ ⌐ ⅜╡⁸

─ꜝfi♄ⱶ⌂ ⅜ ⌐ ↕™≤ ⇔√╙─╩ ⇔≡™╢⁹ 

 

─ │⁸ ⱴ☻◖fi ⌐⅔™≡⁸☿꜠ⱡ▬♪─Ᵽꜟ☺╩ ╟ↄ ≢

⅝╢╟℮⌂ ─ ⱪ꜡ⱨ□▬ꜟ╩⁸LALT ─ ─♪▬ⱡ꜠☿≥♃כ♦ ≢≤╡⁸

⇔√⁹ ⱪ꜡ⱨ□▬ꜟ─ ╡ │⁸1 ☿꜠ⱡ▬♪─Ᵽꜟ☺─ ⅜ ─ ⱪ꜡ⱨ

□▬ꜟ─ ≤⌂╢⁸2 ─ꜝfi♄ⱶ⌂ ─ ⅜ ⌐ ↕ↄ⌂╢⁸ ╩ ⇔≡

⇔≡™╢⁹ 

 

 

Fig.26 LALT ⌐╟╢ ( )≤ ( ) ─ⱴ☻◖fi (Crisium, Humorum, 

Imbrium, Nectaris, Serenitatis) 
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1.  

2.  



31 

 

3.  

Fig.27 1. Mare Crisium─ ⱪ꜡ⱨ□▬ꜟ─ ᵑ,ᵒ, 

2. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵑ),  

3. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵒ) 

◓ꜝⱨ│⁸☿꜠ⱡ▬♪─ ⱪ꜡ⱨ□▬ꜟ( ) ─ ⱪ꜡ⱨ□▬ꜟ( )

─ ⱪ꜡ⱨ□▬ꜟ⅛╠ ⌂ ⅝╩ ╡ ™√◓ꜝⱨ( )  

1.  



32 

 

2.  

3.  

Fig.28 1. Mare Humorum─ ⱪ꜡ⱨ□▬ꜟ─ ᵑ,ᵒ, 

2. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵑ), 

3. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵒ) 

◓ꜝⱨ│⁸☿꜠ⱡ▬♪─ ⱪ꜡ⱨ□▬ꜟ( ) ─ ⱪ꜡ⱨ□▬ꜟ( )

─ ⱪ꜡ⱨ□▬ꜟ⅛╠ ⌂ ⅝╩ ╡ ™√◓ꜝⱨ( )  
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1.  

 

2.  
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3.  

 

4.  
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5.  

Fig.29 1. Mare Imbrium─ ⱪ꜡ⱨ□▬ꜟ─ ᵑ,ᵒ,ᵓ,ᵔ 

2. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵑ), 

3. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵒ) 

4. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵓ) 

5. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵔ) 

◓ꜝⱨ│⁸☿꜠ⱡ▬♪─ ⱪ꜡ⱨ□▬ꜟ( ) ─ ⱪ꜡ⱨ□▬ꜟ( )

─ ⱪ꜡ⱨ□▬ꜟ⅛╠ ⌂ ⅝╩ ╡ ™√◓ꜝⱨ( )  

 

1.  
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2.  

3.  

Fig.30 1. Mare Nectaris─ ⱪ꜡ⱨ□▬ꜟ─ ᵑ,ᵒ, 

2. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵑ), 

3. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵒ) 

◓ꜝⱨ│⁸☿꜠ⱡ▬♪─ ⱪ꜡ⱨ□▬ꜟ( ) ─ ⱪ꜡ⱨ□▬ꜟ( )

─ ⱪ꜡ⱨ□▬ꜟ⅛╠ ⌂ ⅝╩ ╡ ™√◓ꜝⱨ( )  
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1.  

2.  
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3.  

 

4.  
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5.  

Fig.31 1. Mare Serenitatis─ ⱪ꜡ⱨ□▬ꜟ─ ᵑ,ᵒ,ᵓ,ᵔ 

2. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵑ), 

3. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵒ) 

4. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵓ) 

5. ⱪ꜡ⱨ□▬ꜟ─◓ꜝⱨ( ᵔ) 

◓ꜝⱨ│⁸☿꜠ⱡ▬♪─ ⱪ꜡ⱨ□▬ꜟ( ) ─ ⱪ꜡ⱨ□▬ꜟ( )

─ ⱪ꜡ⱨ□▬ꜟ⅛╠ ⌂ ⅝╩ ╡ ™√◓ꜝⱨ( )  

 

Table.2 

Basin RMS[m]  

Humorum  25.5 

Imbrium  29.4 

Serenitatis 32.7 

Crisium  44.8 

Nectaris 45.5 

 

 ⱴ☻◖fi ─ ⅜⁸☿꜠ⱡ▬♪─Ᵽꜟ☺╩ ⇔≡™╢⅛≥℮⅛╩

∆╢⁹ ⌂ ≤⇔≡⁸ ─ ─ ╡ ⅜╡( ◓ꜝⱨ)≤☿꜠ⱡ▬♪─ ╡

⅜╡( ◓ꜝⱨ)─ ─ (RMS)─ ╩ ™⁸ ↔≤⌐ ⇔√(Table.2)⁹

≢│⁸☿꜠ⱡ▬♪─Ᵽꜟ☺─ ⅝↕│ 200[m] 300[m] (Fig.6; §2.1)≢№╢↓≤⅛

╠⁸RMS─ ⅜∕─ 1/10 ≢№╢ Imbrium⁸Serenitatis⁸Humorum─ 3≈─ⱴ☻◖fi
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≢│⁸ ─ │☿꜠ⱡ▬♪≤ ─Ᵽꜟ☺╩ ⇔≡™╢≤ ⇔√⁹↓╣

│↓─ ≈─ ─ ⅜ ─☿꜠ⱡ▬♪─ ╩ ⇔≡™╢ ╩ ⇔≡™╢⁹ 

 

4.2 ─ ⅛╠ ☿꜠ⱡ▬♪╩ ∆╢ 

─☿꜠ⱡ▬♪─ ╩ ⇔≡™╢ ⅜ ↕╣√ Imbrium⁸Serenitatis⁸Humorum

─ 3≈─ⱴ☻◖fi ⅛╠⁸ ─ 2 ─☿꜠ⱡ▬♪─ ╩ ∆╢↓≤╩ ╖√⁹ 

 

4.2.1 ☿꜠ⱡ▬♪ ─  

2 ─☿꜠ⱡ▬♪─ │Ώ ↕ΐ╩╙∫≡ ↕╣╢⅜⁸ ⌂ ⌐ ∆╢ ≤

™℮ ⌐ ⇔≡ ∆╢↓≤⅜≢⅝╢(Fig.32)⁹ ∫≡∕╣╠ 3 ≈─ⱴ☻◖fi ─

⅛╠∕─ ⌂ ╩ ╘╢≤⁸∕↓⅛╠ ─ 2 ─☿꜠ⱡ▬♪─ ≢№╢

≤ ⅎ╠╣╢⁹ 

╩ ∆╢ ╩ ╘╢ ≤⇔≡⁸ 

1 ╩ ⇔℮╢ 1≈⌂™⇔ 2≈ ─ ─ ╩ ∆╢⁹ 

2 ╩ ™⁸∕╣╠ ─ ⌐ ⇔ ╙╟ↄ ℮ ╩ ╘╢⁹ 

3 ─ ⌐ ∆╢⁸1 ≈⌂™⇔ ─ ─ ─ ⌐╟╡⁸∕─

╩ ∆╢ ╩ ╘╢⁹ 

 

 

Fig.32 ─ 2 ─☿꜠ⱡ▬♪( )≤∕─ ─ ╩ ⌐ ⇔≡ ⇔√ (

). │ ⅜ ↄ⌂╢ ╩⁸ ↕⅜ ─ ⅝↕╩ ⇔≡™╢  
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1.  

 

2.  
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3.  

Fig.33 Mare Humorum(1.)⁸Mare Imbrium(2.)⁸Mare Serenitatis(3.)─ ⅛╠⁸

─ ╩ ╘╢  

( ) ─ ╩ ∫√  

( ) ⌐ ∆╢ ─ ─ ( )  

( ) ─ ⌂ 2 ─☿꜠ⱡ▬♪─ ( )  

( ) ─ 2 ─☿꜠ⱡ▬♪─ ( )  
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Fig.34 ( ) ⌐ ∆╢ ─ ─ ( )  

( ) ─ ⌂ 2 ─☿꜠ⱡ▬♪─ ( )  

( ) ─ 2 ─☿꜠ⱡ▬♪─ ( )  

 

4.2.2 ↕╣√ ☿꜠ⱡ▬♪⌐≈™≡─  

∕╣∙╣─ ─ ≤⁸ ─☿꜠ⱡ▬♪─ 2 ─ ─ ≈ ⁸

╩⇔≡™╢ ─ ⌐≤∫≡ ⌂ j2/c22 ╩ ∫√ 2 ─ ─ ≈ ╩ ⇔⁸

∕╣⌐╟∫≡ ⅜ ↕╣√ ─ ─☿꜠ⱡ▬♪─ 2 ─ ⁸└™≡│ ─

─ ─ ╩ ╖╢⁹ 

Mare Serenitatis⁸Mare Humorum≢│⁸ ╘╠╣√ ─ ≤ ⌂ j2/c22 ╩

∫√ 2 ─ ╩ ≈ ≤╟ↄ √ ╩ ∆↓≤⅜╦⅛∫√(Fig.34)⁹↓╣│↓─ 2

≈─ ⅜ ↕╣√ ⁸ │ ≤ ⌐ ╩⇔≡⅔╡⁸ ≈∕─ ─

ⱳ♥fi◦ꜗꜟ≤ ⱳ♥fi◦ꜗꜟ╩ ⇔≡™√↓≤╩ ∆╢↓≤⅜≢⅝╢⁹ 

⇔⅛⇔⌂⅜╠ Mare Imbrium≢│⁸ │ ┼─ ╩ ⇔≡™╢⅜⁸

⌂ │ ╩ ⇔≡™╢⁹↓─↓≤│↓─ ⅜ ⅎ ╕∫√ ─ 2 ─

☿꜠ⱡ▬♪─ ⅜⁸ ⅛⇔╠ ⌂ ⌐╟∫≡ ⇔√ ⅜ ⅎ╠╣╢⁹ ⌂

╢ ⌐╟╡↓─ ⌂ ─ ─ ╩ ⇔⁸∕─ ╩ ⇔ ™≡ ⇔√

⅜ ╩ ∆↓≤⅜≢⅝╣┌⁸ ─ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹

≢│∕─√╘⌐ sinuous rille ≤™℮ ⅛╠⁸∕─↓≤╩ ∆ ╖╩ ∆╢⁹ 
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5 ─ ╩ ™√ ☿꜠ⱡ▬♪─  

≢│⁸ ◌ⱷꜝ(TC)⌐╟∫≡ ↕╣√ ╩♃כ♦ ™⁸sinuous rille≤™℮╟

╡ ⌂ ⅛╠ ─☿꜠ⱡ▬♪─ ╩ ∆╢ ╖╩ ∆╢⁹ 

 

5.1 sinuous rille─  

Sinuous rille≤│ ⇔√ ─ ⌐╟∫≡ ↕╣√ ╙⇔ↄ│ ≢№

╢⁹ ≤™℮ ⅜ ╣√ ≢№╢√╘⁸ ─ ⅜ ⅛╠ ⌐ ⅛∫≡

╣≡™ↄ↓≤≤ ⌐⁸ ⱳ♥fi◦ꜗꜟ─ ™ ┼≤ ╣≡™ↄ│∏≢№╢⁹⇔√

⅜∫≡ sinuous rille─ │⁸ ⅜ ╣√ ─☿꜠ⱡ▬♪─ ╩ ⇔≡™

╢≤ ⅎ╠╣╢⁹ 

ↄ─ sinuous rille│ ─☿꜠ⱡ▬♪⌐ ⇔≡ ┼ ╣≡™╢⁹⇔⅛⇔⌂⅜╠⁸

⌐╟╡ ⌐ ™ sinuous rille⅜ ↕╣≡™╢(pers. Comm.)⁹Imbrium ⅛

╠ ⌐ ∆╢ Rimae Plato│⁸ ─☿꜠ⱡ▬♪⌐ ⇔≡ ┼≤ ╣≡™╢╟℮

⌐ ⅎ╢(Fig.38)⁹↓╣│ ≤ ─☿꜠ⱡ▬♪─ ╩ ⇔≡™╢ ⅜№╢⁹ 

 

 

Fig.35 Mare Imbrium ─ sinuous rille─  
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1.  

2.  
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3.  

Fig.36 Rimae Aristarchus⌐ ∫√ⱪ꜡ⱨ□▬ꜟ  

1. , 

2. ─ⱪ꜡ⱨ□▬ꜟ ,  

3. ☿꜠ⱡ▬♪ ─ⱪ꜡ⱨ□▬ꜟ  

 

1.  
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2.  

3.  

Fig.37 Rimae Plato⌐ ∫√ⱪ꜡ⱨ□▬ꜟ  

1. , 

2. ─ⱪ꜡ⱨ□▬ꜟ ,  

3. ☿꜠ⱡ▬♪ ─ⱪ꜡ⱨ□▬ꜟ  
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1.  

 

2.  














