2 A Rk Ak 2 5 4
S Bulletin of Mineralogy, Petrology and Geochemistry
Vol. 36 No. 4, July, 2017

RIKF R KRIEIR R W ER TR TR
L T

LopEREBE M BRI EAT SR, B R e BR A 2 [ 5 R S 58, B PR 5500815 2. JRHR I TR~ , i #8 610059

W OEARNERE-NMKNAEASUWEARFAML, ABEELE O4FREUG, B TERRENBERA RS
Bl — R I E LA BT, TR ARG E MR P RE) h BN — A, B 2001 % — A E PR A AT R
A (canonical ) 2T DG, — AP MW H AR A MM X E AT HA, AX2EER T AABEBELLHEORRDZRTFRA
RANABTATRETENHEV AR EFENRE MXEROREIR, UREFRAENA R L - LERFEH LA

Wo BMXEFNEAEL A RGFALENRA, AN AT KEEA T ERAG P 8. ARG R AT R ER,
FERARELNHEN G LR RE, FEWR NIRRT HEE A NG RL L RNE,

X O W AREEEL; AP KEE

FE 45K S P68 X EHS:1007-2802(2017)04-0673-14  doi;10.3969/].issn.1007-2802.2017.04.020

Adevances of The Research on Numerical Simulation

for the Moon-Forming Giant Impact Theory
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1. State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry Chinese Academy of Sciences ,
Guiyang 550081, China; 2. Chengdu University of Technology,Chengdu 610059, China

Abstract: The origin of the moon is an important long-term controversial scientific question. The giant impact theory was
proposed in 1974. Since then, it has gradually become the most popular theory among various theories of the Moon forma-
tion because it can more reasonably explain a series of observed facts and acquired data for the system between the earth
and the moon than other theories. Since the establishment of the first standard model ( Canonical ) for simulating the giant
impact in 2001, a series of new numerical models and theories have been continuously proposed. This paper has compre-
hensively reviewed the progress and research status of the giant impact theory since its establishment, has introduced some
currently popular numerical models and their disadvantages, the development status of some related theories, and some
new viewpoints on some basic features of the earth-moon system proposed in recent years. However, these new numerical
models and theories have their own respective doubtful points, thus they have not significantly influenced on the standard
numerical model. The problem of the moon formation is far from resolved, as much more detection and experimental data
need to be acquired in order to furtherly discuss constraint conditions and process mechanisms of the numerical model.

Key words: giant impact theory; the Moon formation; Numerical simulation
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H,2014)

H BT i B A A il 3k 0 2 L LR
e R Al i Al 156, 1FL 33K 26 BRI 7 X b ) AR 40 2l 4 2 BT
i B b, B0 2 B R F 1E BE S ((Canup and
Esposito, 1996 ; Canup and Ward, 2001, 2006 ; Genda
and Abe,2002,2003,2005; Genda et al.,2007,2015;
Genda and Ikoma, 2008) ., 2 I 4L 428 H Bk
TS LB S, AR 1 T LR Y, KRR e H
BB 1 A 28 TR 0 3R i A B L, A JFG A T T AT E A
L B0 R st ] 2R BT 8] B BT AT 20 SR 25 0, TR G Ol it
e A 52 LR I LA 4F — AR H BRI U
g T o2 B9 — Fh (Ward and Canup, 2000;
Canup and Asphaug,2001; Melosh et al.,2013), X
il 428 PR OE ) BB AU A B e 4R DUk, — BB
& H ERWFFE B PO, AEL T P X 7 1A A 1 R T
J AR A 6 2 AT A B AR, A G R E , LA
L AERE IR A O 52 98 i, O PG 19 AR 48 B 07 1)
Canup et al.,2001 ; Canup,2005,2010) ,

F1 AXERELHIILE

Table 1 A comparison of the Moon formation theories

EES
IR O @) @) X X X
4B x vV e ¢ vV Vv
LAY O @) x X X vV
Kt Vv Y Y vV v o)

e VAlif; O—ds, x—3%,

1 KA 396 iy R R A K&

R 1 RS 1 4 S g AT DL ) 3] 1946 4
Daly (1946) % 3CH U i A BRI BT — WK All 3 7Y
WA HX — BRAB 7E 24 I JF A 32 B OC T . R fi
R UG TR 32 Y AE 1974 4F ,Hartmann F1 Davis /£
FEAR IR RS 2847 1 — OR TAT BRI R SO 4 B
P, AR — A R 8 Y NAT R K, D A A
14 b 5 ) J5 4 ) 35K, AT DL A ) BR B4R R Ay AT
BRAZ IS5 AT , JF AT LA R 3k IR — WL =
S, —HRE X 2 W B WA ] T Cameron FI
Ward ) 37 #F, Cameron Fl Ward & JE — A i BH filf i
AR DR /N I 32 R KR AR, G Al AT 20 S AE 1975 48
1976 42K 28 B IR T 31X — WL, X #3388 A N
K Rl 4 M i A T ¥ ( Hartmann and Davis,
1975; Cameron and Ward, 1976) , {H JCfilf 45 ¥ 8 3F

JEIEAS BRIV Bl 48 0 114 5 (A SR BIT 5 i e

BARRBL T 2 M5 BE A& 80k B2 Y B )%
TR i S T BRI A R s B, O 1 B A 43 B Ik 4
AR HEL B 6 K 32 T BOR B SRR Rl A B8
A 1984 478 B R A AT 1Y 5 — A BROR I K
FEl Br 280 B, T BROE 800 R Rl 48 B 38 A 75 DL L IE )
SEL IR H BRIE BB P B BT O 1 ) — A
BUJETE 1998 4 52 57 A fil 2013 4F 8 2817 1Y 58 —
VN SRRl B2 Nt N E e O = B PN T L
P A2 B 0 [ 067 2% A 249 45 1] 50 A R G, L35 3 1)
WL IR, JORIE A PR 45 AR 2 H R RE 0% i B 3 7 &R
ik 2 B Ik Y B U 9 IS (Tda, 1997; Ward and
Canup, 2000; Canup and Asphaug, 2001; cuk and
Stewart, 2012; Reufer et al., 2012; Melosh et al.,
2013),

15 1974 4 Rl 88 B8 9 F8 2 th LIS, Rl
1f Y A9 AR BB 5 Ak 2, B Cameron
F1 Ward, Melosh F1 Sonett, Stevenson %5, {H X &b FL 1}
1 5E AL TAEARR R BR 3 22 M R 4R . LR &
SCE R BUERAYLG T 1984 4F 19 55 — A 2R IR Y
R PRz i, Kipp & Melosh SR il 3% % S8 WL k4
R i CTH J5 3 % Rl A 5 R R A7 AU, (EL A 25 I i
— 75 AR TC 1 A TR Al 48 X — S % 3, Benz &
Cameron W AR T —Fp 1977 £ H Lucy 2 H 1Y
% h G BT AL A 3 71 2% ( Smoothed particle hydro-
dynamic, i #& SPH) 1 J5 ¥, SPH J7 ik B A7 H & W
PE TC RS P FORL T 5, AR H 3 AL PR OR R B A
s 200 [R) R, g IS LA AR R B, SPH 7 ik Bl
KAl 15 (B AL U A 32 % U7 i (Kipp and Melosh,
1986; Benz et al.,1986) . {H3Z %] T {154 g8 J) FIAL
PS5 1 1) 24, 55 Y 7 G Wk J s A ) 40 T AN 4
Ro B—DRORF P2 0 BAE B Canup F
Asphaug T 2001 4F # 57 ( Canup and Asphaug,
2001) , IZBERIAE — DB SRR I WG 25 F T 722
I BN Ay R LSRR BT A A b ] R SRR AL, X — T
BEFR A A Efilf 13 ( Canonical impacts) B, {HAR PR
KRG K BRAR HE i 18 45 Y I 32 it B 3t H & 2 1) 1) [+
A7 28R R, AT 0k 0 i R Al 4 A5 Y ) F 5 AR
SRR TN TS L, — J7 T KR R A BO{E R R RAR
B o o il R RY LG R D B A R B b K Al
( Fast-spinning earth impact) # B | % FR Hb BR filf 15
(Half-earth impact) 15 &Y | DL A filf 48 -3k 3% ( Hit-and-
run ) 15 7R 1R 3 i€ #% (Pre-impact rotation ) 5 71 4
(Canup,2008,2012; éuk and Stewart,2012; Reufer et
al.,2012) , {H 3 S8 i) K {468 70t AR A A 4% B0 ik
M3 93— 7 T AR T T R A B R Ok Rk B
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A B AR Y B SR, R A B A AT R - AR
SEf ( Planet-disc equilibration ) B¢, H 22 3L 4 (E-

vection resonance ) ¥l % ( Pahlevan and Stevenson,
2007 ; ¢uk and Stewart,2012) ,{H X #6358 H §ij 4 77
— B ST, BT AY ORRE f A (AR A
EEVELT%%%%%XH BRI B AL A, S Al i

VB Y 2% i 249 B8 % R A 2ok R L B OA S B IR F
ﬁ%ﬂfﬂﬂ‘( Agnor et al.,1999; Barr and Canup,2008,
2010; Barr et al. ,2010) ,

2 KEEEE I R AEAR T EE N

AT R A8 2 8 A fie T2 A U7 i SPH (O
TORLF A 3 ) 2%) ik MAh, BE A T AR R I
FORK) K & e, AMR-CTH 45 J5 12 .45 3] — 28 )i
i ( Crawford et al.,2006;Citron et al.,2015)

2.1 SPH i@

SPH J5 ik & —Fh JC W A% | B 3 B A B A% )
H R BT 8l ) 2R 7 125, O 125 1 S B2 A — 41
AT 78 53 A R 2 X D B 23 Jr A 1 SR Ak Ik AT g
[ QAT DRSO S AR i VR S N TR R TR
oy 5 Ry — R A B A RS LA DGR
VI I =R BUR LS WL Q1N T RPARIN SR A G
Jite . SPH JFiE &0 iy 2 4> 20 SRt 02 A% ek B0 oA
of B M kL T i L #2 ( Yonezawa et al., 2003;
Nakajima et al. ,2007) ,

211 mEdcEmat A o FAEREE(x) 5
LR 7 SR Fk K
) = [fa)8(x = x)da! (1)

A fRRAER « FAEEREG Q BT « ;RS
s 6(a — ") RIKHLE & R UNSRR AT eR AL W«
=’ h) BURECCD) B 2K 58 & BRI, U /() A9
oy FRA T LIS A

< f(x) > =ff<x')W(x — x') da’ (2)

. WRR A% #R 4L (Smoothing function ) B, 4 #%
PR 20 (Kernel function) ; h &5 X G REL W B9 5210
DIRADOEE K E. B TR RE WA K5 6 B
B (2) R B A KA, L& —Fh
LKL,

2.2.2 mFaEma AR FRBLAY, BURL
I3 AL R j AR TC I AN AR TRTT Ao IR A B
o AL B 0 s AT LR — 20 5 0 Ak i ke
T
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< f(x) > =ff(x’)W(x — x')dx'
= S f(e) W(x = x, ) AV,

= S )W =) (3)

/

P, FE L1 i A A9 R XUME /() B SPH KL T3 U
KN

<ﬂm>=ZT%%wq (4)

(4) BEWTRL ¥ @ 1Y bR H{E—JUEB KL 1) 3 5K
PRI AR T 114 R KR 3R A 4% 1 19 R O BR LS
%8 B, SR JE IR, e SR A4S 2]

TERLT i AE R R BT R V- f(x) B9 SPH KL
AT LA O

<v¢u»>=27%un-vwﬁ (5)

A (4) FxC(5) 1 5 AE T4 37 ok B0 H 5 5o i
ﬁ*ﬂﬁi’%ﬁjiﬁ%%ﬁTf1£i/\?ﬁﬂﬁﬁ?iEI’Jr%%
AR ARG 2, X A5 SPH Jy i 1 BUE AR 4 o
(SREN=S= LIk

223 EGNMRAFEARTREFARY SPH A X
K SPH % 3% S 47 it ) 2 Be AR ¥ 45 J7 2 ( Navier-

Stokes ) 75 2% [A] 3 | F 47 8§ BT 0L, 25 7 N 2 1
IT, FON TR H, /Y5200, 3% 224 B A4 ) 2% 45
7’7*{9’] SPH 230k -
N oW,
P S
dv! v oW
- me(p++nr). a/
j=1 pi P ox;
d N oW (©)
i=i2m &+& IT.| ° ij+Hi
L A VI Z
dx:'x —_ (43 . m « (43
e =" - EZ —(xf-x7) W,

Horr, p N#OKIES), « Rz AR, o REE R
i, bR o 1B RS A AR JT 1, p R, e 2
WHE, t ENFE], & B ANT AR, m AR, N
B SR KL TR, WO R
2.2 AMR-CTH 7%

SPH J7 3% B9 06 s 32 22 2R FORL - T A A% 58 1Y
WA 7 R B, A T T RS ) 0 A
— R R, U0 by T B A UKL B0 I T A
IR A L I 9 AR A ML, A R s [ JC{EL AR UL ] LA
AR LT A7 A R AE o (L SPH J5 ik il TAE
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R AL AN 3R A T ¥ AR AR R AR 55 i, B O
KEHEEA . Wada 55 (2006 ) 1Ay SPH A8 3 AN GEAR
By 14 Ak PR Ailf 4 I B W ARG AR, —J& i T SPH ik
Je AT Lagrangian 1 38 /Y, %) T4 8 X 880w 19 73 B
A JUH R XS T W ARk U, kL T B R A 2
K19 23 22 L, AR ME TS 3 o o i R AR B A f s —
Je1E SPH Jr i, 43 [a] 43 B 3802 dy A% ek BC45 1 1
XF T4k TR DAY W AR A A ek R S A B )
PAR BRI R A — K, X 23 3 B0 Bk I AR ]
IR, 2 R 2

A, — 26 1 58 & ( Kipp and Melosh, 1989;
Wada et al. ,2006; Crawford and Kipp,2010; Canup et
al.,2013) 22385k 2% T BRBL 9 4% 19 J5 ik (CTH
AMR-CTH) % K filf 4 P3¢ #E 47 A 40h . CTH d5 9] &
H1 3% [ Sandia [& 5¢ 52560 % IF & B9 H] T 4k PR A2 B
AN i 1R) A — 2 AR, O R AL R il i i
e, Ja W 1 47 N-body 51 773158, M-ANEOS Ak
TR, LA KB RS I (AMR) 8532, ot s
77 BB FR iy AMR-CTH J7 . #H Hb SPH J5 %,
AMR-CTH J7 ¥ B A 5847 (4 K5 B2, (5 380 325 58 iy
A WA RR B R W TR R
LB T DR P A% 114 DRl R AL T2 R 3 O R R
KHER, — 2 TAER &5 R JF A58, 2 2013
4F Canup Ml Barr f) TAEA H A7 SLPRE 2o

#i& Canup I Barr 7 2013 4F (45 3R , 75 flf i T
R LA /NI Z A, AMR-CTH (9 45 R #l SPH Y 45
REEAR —F0; FERAEITIR S S~ 10 h 5 i [A] A
THEMERA M T 2R £ 25~50 /N
UG 2 ik R 8 M s A s R Z 24 10% LN
EARBEIA N IX 10% 1% 22 5¢ 4 th SPH J5 53 i, P
i AMR-CTH J5 % 19 MUA% &) 70 A — €Y [, % T K
Hlf 3% A — AN & B R GE, W — LB T A
Fil , AMR-CTH J7 3 M DL 3A B, X W2 S BUR 22 10
7o, BVAT E, Canup A1 Barr 1Ay AMR-CTH Jy
005 LT 2R R R f8 A A 8L 235 2R 7l >R TR 19 32
Wi o fH Asphaug I\ AL A 5 AMR-CTH J7 3% i
SPH J5¥kis A7 45 R B , IR A BEIN Dy SPH J7 %
A 1), — 26 5L R 0 A 125 1 45 2R op I AR B A7
e 5 ZUE oh i PR ¥, 3 AT 2> AE Ak IR AR A 0, 1R A
SPH J7 i 1 JF oK Hh X — B4 (Asphaug,2014)

HAIK A , AMR-CTH J5 3% JF R X SPH [ 45 4
SER 7 HERI PR, SPH J7 AT R I H A AR X R fi
U R R TS o BT AMR-CTH J5 ¥&1E
B Be B S8 s, B ROR TS RE 1 B0 A Wi
J#& , AMR-CTH J7 YA A7 15 5 Ra B I A5

JEIEAS BRIV Bl 48 0 114 5 (A SR BIT 5 i e

3 FEWARHMEREEARFAE R

TS 1 BUAT B R Al 38 0 R0 A8 78 LA, 2 200 1
H ARG ] A — 26 A WL I 5 52 0 2 o R, X R
F 5 KRB B8 6 35 ( Shukolyukov and Lug-
mair, 1998 ; Shukolyukov et al.,1998; Shearer et al.,
2006; Ward and Canup,2006a,2006b,2010) ,

(1) H BR M85 J8 (3. 34 g/em’) ILF 41 3K (4.2
g/em”) J A Py R BH R AT A, X R MR X BRI A Bk
Bi# A RN A (<5%)

(2) AR BA R R & A A sh &, H B3R5
BRIV ik ) 1:81. 3, 1 HA 2 i T2 52 b
17 R e — MR/ T 1:1000, JF H A sk 4574 1 3
RELVEES W iR E

(3) Hu Bk H BRAY 18] B 78 AN W74

(4) A BREYIE JC g ) A 5 (2= 40 B T K B &
B RS 30 Ma) |, 3% — I ] J2 322 e 5 5 5 3R oLy
iy B 5

(S)VFZ U6 R W A BR& Iy i 4 F 1% 1 1 Rl
CEITE) FAF, M EEHER, A BRI S5 R 0 R
(K.Pb Bi &) " H K

(6) VF ZMERE T R 19 [R] o 28 4L AE 3 A R 58
[F1) —F0, T 7E R BH 28 A o 1) 28 )R AN ]

3.1 #RAER#E ( Canonical impacts) # 2 K [F i &
EED)

PRUEREFEAE AY ) Canup A1 Asphaug T+ 2001 4F
AT, IE T 2004 AR %R AR S T B AT T B IE
(Canup and Asphaug, 2001; Canup,2004) , K35 #Hr
YER AR (1 B A7 25 2R, T 308 BT — AR, filf
B v, ~ 1.0~ 1. 1o, (v, RpHER % {E
H1L. 2k m/s)  REE A BT 29 KRR/ 0.1 <y
<015,y = M/(M, + M,) | RS0 BE 25 45°( b
~ 0.7) W — Rl . i 58 LA O B 5 iR
HERA SRSt L 5 R fhahit Ly,
i, 220 L < 1.2L,, , WA AL A I EE 29 3000 ~
4000 K, W FRAE Y o i 2 22 O A4 ) BR B 1 P A
(M, <2M, ). WRIGHEALA 25 F Wl 1344 1) 2k 4% L
- 4 A D e M R B I AT, L RR A TR i ) T e R
W3 (>80% ) R UL TR . P 1 Sy by v il 438 A5 Y
IR RAE AN

o ol A A AL 4 DA, B W) A Ry LT il o
T AR BRI R, W AR A R B ) o A R R
O3 ARV TR A, HOA AR D — 8 3 R IR T A6 b BR
Hug , 3% — 45 R A O N 2 R ] 3R FeO 1Y
— AN UEE , {H K — DR R A s A il 48 A R 9 R R 58
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JE U 3t 2R

P14 RO R
Fig.1 A sketch of the canonical impact model

Moo FEE SRR R TR K RE, — &R 51 [H]
A7 2R HOHE XoF A o Al A RS Y R TR ZU A Pk R )
{7 2 (A2 1 Wiechert 2 (2001) 1E 3042 i, {H 2552
EBA R R R RO ME X —F %, kR
SNC Bt 1 i = 4 ALAL (A 70) 5y Bk 2 i 77
T8 525 1 i 22 (22 X — i 22 1 20 A ks 8 19 158 22 B
M) , HOX — i 22 76 K B & P AS [ 9 fi] 35 3k A7
TE o AHHBR AT H 3K Y = 4[] 7 3 20 80 SR k4 —
B, IX R A BRY AN T RE T SRR TR A

HuBERAN A BR Z 18] /9 [6) £ 3R i 29 I A AUAL & A=
TEE RN R F. FAE 1995 45, Humayun #1 Clayton
AR UK/ K A A R R A BR 2 ) 3 A R T
(Humayun and Clayton, 1995a, 1995b ) , Lugmair #l
Shukolyukov (1998) & B ity Bk Al BR 11y *Mn—""Cr4]
B AR H AL, 2007 4F 3 5K A1 BR A ] 42 3 5 0 A
Ty HcF *Si, ¥si, USig Ctw/tw Hodg s
W PR i 22 W B EE T ARSI BR  H 55 0K B AR A AR )
Fofr 22 ] 7Y 2 BECAH LG, 33X — e 22 80T H 6 ( Georg et
al. ,2007 ; Touboul et al. ,2007) ., Zhang % (2012) #iff
FERBIMERE T HR T/ T AR M BR 5 H BRI
AR B, BRI, il 48 810 28 52 31 Ok 8
Z b 7 22 G2 1) ) o2 2R 2H Y PR

TE X B[] 37 28 ] 29 24 b, B P A% B 2 ROk IR T
S A2 2R [A] s R B 28 A [ 4 ol 1] 19 2% R[] 432 38 21
e A = i A DR IR AP S © Sl (18 0 & 1) B O
Canup #4387 | 8f, | T FRALME 13 /5 W AR 8 5 b 5k
B ZERCL 8 =0 KM A H W —50) , )
VR A 1) 5t 2 0y K [l A 3R A R AL T K R Y
TEOUT A 70X 1 of, | R ZRA | 8f, 1 < 2% i
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AARE T/ OTE X | 8f, | EHIESR N1 §f, 1 < 10% ,
TCoXt |8, | (HIESR N | S, | < 42% o MK, SLBR
AR AR 8 S5 A e R R, P A A 1A ) o 2H
A3 W] RE Uk Sl [, DL RS BT R IR A e s A
2, KA A R |8, | E A B R AT URCTE 2 1 8, |
<15% (VG El. TERZERI T, | of, | Bl
i &R Ge B 4 o 5 R LR 25 S 59 R T 4R bR
(Canup,2008,2012) ,
3.2 S BiEHIkfliE ( Fast-spinning Earth impact)

BARANEFNL

FH T A 7 Al AR Y G 3k R R A R AR AR 1Y [
FLR 29, — 260 1 BO(E B R B 4 . duk FNI
Stewart J* 2012 £E @7 1 /&5 [ i€ b 2K Al 5 455 Y, X
— LT R X A v il R AR TR R, Al R A T )N
(M, =0.03 ~ 0.1M), Wl fEHEEH K (1.5 <
v,/v,, <2.5) ,WEMAEE/NCH ~ - 0.3), 6 HE
I ER AT AR W R R B OREE B (A e T O 2.3
~2.7 h, 3R JFULG BRI BEH R 30% ) o flf i 58
BELAE R e b R 1 A5 R 7 AR T — S AH AR i
filf R AL R B R (1.8 ~ 2.6M, ) By AR, IR AR
Fery Wy Bt ORI T IR Bk A b e, 0 AR A
L of, | EIE I 6% ~15%, R D Mol LA
1.9 ~ 2.8Ly, Z I8, &2 Sy e b 3K mlf 48 4 2 )
A4 R~ B Bl (¢uk and Stewart,2012)

HlE 4 £y 1
Jii iy b 3R -17.5°

2 St TR AR A AR R 3 PR
Fig.2 A sketch of the fast-spinning earth impact

Asphaug (2014 ) TA 4y 3% — filf 18 A5 7 119 5K Jig & —
AS/NBURE R T AR JEULG M Bk, il TR
IR MR 7> 2, 3 B MU Wy B i T A Bk i T4
JIEH BR8P o 44 R o3 o T UG d Bk, BT LA A
RURE 8 W 2 3 H R G W) AL R 29, (H B iR & 2™
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A EE A (BMmshE LA 1.9 ~ 2.8L,, ) ,iX
HMAWMH ZRE MR RN K
Tl 13 = PRS2 L DA S L M BR 0 B A 29 S b it )E
o4l 8] A 9 4 R, ok 0 ff 3l AL 2=
B, T b R i) 19 A R A 32 T n ) B4 1 24 b g
J BRI 5 HbBR A (B BE 0 2 3 m, B ~ 2. 9R, B4
FARY ~ 60.3R, o X —iF B, ] REEAY
i1 8l R DR AT I, R % A T P R T IS A R
BERWUR — SR (A X — 2R X b ] R 58 A ol i
(520 AN 8 1 10% , Rl 1 = 1 J5 , 3 ) &R e PR AR
R B 2928 1. 1Ly, o 5 FRE b KR 13 A B p
SAEhE LRy 1.9 ~2.8L,, A BRI R,
XS (R T RO 1 AR A Y B KBk R AR X
— TR A T i R D iy M R 1 R 0 A B
3.3 X #R #o Bk fili 4= ( Half-earth impact) 2 5

HEFY

Xof R by BR Al A AR A () Canup 7E 2012 4F 457, 1
AU ) SR AR 0 SRR R AR 65 K, KB E DL R A b
B4 43 77 A 3 R e, I B A FS A 4 T AR
TR W) o 20 B A 5 1 AR 2 il 4 A ) ) 5, W AR
B85 D 4 1 3K 22 (8] T3 9K RTRE 2L A I RL Y W) AL 3R 4H
Jif (Canup, 2012 ) o — P B s A9 1 20 S il 13 14 5 Dt
BRI SE 2 —8(y=0.5) JF&H T —R5%E %
Xof R F Al A, O e 2 T S 1 W AR A 5 A 4 S D A
Bk B 58 4 — B0 [ A7 R R, AR | 8f, 1= 0,
Xof R 35K il 1 A5 AR A W) 46 S HOR — DB SRR Y
Y0 [ Bl A S i S R A KRR (0.4 <y < 0.5,
y=M/(M, +M,) ) WiEEERK] <v,/v, <1.6,
Wi AR 0.35 < b < 0.7, BB BEITRAN
8,1 S 0. 3% ~ 15% , [ B BT L 7= A — A fik 4
Ay 3 AL 0 DA el 3R g I AR R R 7 A A i AR
SRR R 1.7 ~ 5.5M, % FR M Bk A 8 4 R 7=
ETERM MR, REL MR LN 1.8 ~
2. 7Ly, (E13)

Xof % by 3K Al 4 A5 A 1) A0 AR T X — R R R
()M 23R HG G Al 455 %0 B K, Canuap A R 78 47 A2 T i
RGBT B2 MR EAMAYWE F (0.4 < y <
0.5) &A= i 4 AR B e, T — DN BN B T 5 —
MERIE T (y ~ 0.1) K A B 09 48 R BLIR
(Canup,2012) . Raymond % (2009 ) {9 45 48] 52 5 1,
KU TR RIGB, vy = 0.46 1Y & T [H] &
A filf 42 AR AT LAGK F) 10%

Xof A% b 35K Al 48 AR AR 7 A g e FR A B e W RO
B, LT~ 5.5M, (H i TR R AR A IR B TR

JEIEAS BRIV Bl 48 0 114 5 (A SR BIT 5 i e

JE 4 3t 2R

Pl 3 xR Al 4 A R 7R
Fig.3 A sketch of the half-earth impact
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Fig.6 A sketch of the new planet-disc equilibration theory
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Fig.7 The influence of evection resonance on the earth and the moon system in the fast-spinning earth impact model
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Fig.8 Sketches for the two stages accretion model
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