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Abstract

The origin of the moon is an important scientific problem which has
long-term controversial. Giant impact theory was proposed in 1974,
because it can better explain the system between the earth and the moon
in a series of facts and data, Giant impact theory has become the most
widely accepted theory in a variety of theories. The progress of
computing technology and analysis technology make it possible to have
high precision to simulate the details of giant impact theory. Since 2001,
the first standard model (Canonical) of giant impact simulation was built,
a new series of numerical models and theories were proposed from then
on, however, these numerical models and theories all had flawed on its
key details. Standard model cann’t meet the isotope restriction of the
system of the earth and the moon, and two high angular momentum
models need to remove excess angular momentum. The planet - disc
equilibration theory and the evection resonance theory were all
pioneering theories which were proposed to solve the defects of
numerical models, but they all have their own shortcomings .Since 2014,
many new views about the basic characteristics between the earth and the
moon were proposed, but they did not have significant influence on
numerical models.

(1) Simulation of the direct fusion of two impactors. It is found that
the smaller impact Angle, the smaller impact velocity, the smaller
Impactor mass is beneficial to the direct fusion of the iron nuclear
particles of the two colliding bodies. From the point of view of the
collision, the formation process of the earth's nuclear mantle is
unbalanced or partially balanced.

(2) Some key processes of the big collision are simulated. This
includes the process of a large collision on the global warming of the
original earth, as well as the process of massive iron particles moving
through the mantle into the earth's core. Found big collision heating
process of the initial particles are mainly affected by the impact pressure
and the influence of shock wave, then mainly by sputtering material falls
back to earth's energy and material movement, heat conduction may only

play the role of local homogenization temperature; And large chunks of
5



iron particles cross the mantle into the earth's core for shorter periods of
time and can generally be completed quickly.

The problem of formation of the moon is far from resolved that
needs to get more detection and experimental data, and also needs further
discusses the numerical model’s constraint conditions and process
mechanisms.

Key words: Giant impact theory; Moon forming; Numerical simulation
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Fig.1 Diagram of canonical impacts model
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Fig.3 Diagram of half-earth impact
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BRIFTE R (Canup, 2012). S FRHbIRAE AR Y (1) 32 SR i 2 kU5 T
AR, XA RANAASE L8~ 2T, , X FIRAIIE
ORI DLt R ANRF IR, A MZASE AL Al e e i 2K, X a3 ) &
G R IR 75 B — D TR o H T AR BR AR AR R A v e
BRA A AR P A 1 A B R RE AR, A LSRR MR 4
PR f5h & (High-angular-momentum) #7458 # =68 (High-energy)
MEREAR Y, A SOV AT — Wik

2.4 HEER R FIERHE

R 1 bR AERE AR RN = A S AT LLA, I8 — Le A A A
fe, EAERW A B FIR = AR RS .

Reufer et al. 7 2012 FF42 H 1Al f k% (Hit-and-run) #7484, AHLL
b VR A A RY L RS Ty D Al e 06 e A R P G G R v R IR, AR
12~1.25V,, REFEAEE /N, 218 325° ~40° , Rl R 20K
y~0.18 . FEAAEDEGERBEA R, fll A ) — & Y PR & BT T A
KRG, XEYFUEE T —AshE, HIX R A ) E AR T
fi = o RIASE 72 ll 3 8 R B B () e L 45 SR, B2 o 1B 9 -35% ~
-37%, BAWIMA RG A ENL8L,, » BIANEERE TR, ik
B EHL H R [F AL R A S B &E EIAAAESRAG . 5341 Asphaug
TN Ay 1R PRI S il Ao A ) 51 AT R 2 BB AR M IR TR 5 | o Al A 1K SR A
MR AIE T 45 B 4 Fis:



& 4 AR RRR R

Fig.4 Diagram of hit-and-run impact

Canup £ s All 428 155 70 % Joa 58 DA 5, o5 A8 T o v Alf 4 A2 7Y
(Canup, 2008), #A7 [ hlkfE Al ie4s (Pre-impact rotation) %Y, 7F
P Al A 70 v Jer s b BRFTVRIE 3 AT R v eI, {HAEAT B TR B
W, —HARE AR EE, Canup ¥ HEMABSHEIMARIBEA P,
RS RAR N, RN B e s, KR A | Rl A RN
BT 7 HE R W AN [F) 2 AT TR AR AR 1) JoT R TG N 1) iR 4
BRTEMN 20%, MRS S MBE N L~ 110, A3l E LS S bR i
bR AR BEAR . SR, A AR AR 25 () ) ot 3 AT SR RV Tl e Ak
HER 28 (L Ly, 8D RRESBIRRER, 558 oI 2 Bk AT H 3K [F]
PLERMIL) . SRS, RlEAE F e AT AT DL RO br Rl A 7Y ) —
FEIE
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3 KuHEREAAXER

- IAT I DR Rl BB R A AE & E B e, — e 3R T 46
e R TR AN X ek, o A8 P AP 1) 7 UL H BRITE iR .
W LR R 7 B AT - AR B4 (Planet-disc equilibration)
PRSI Z PR (Evection resonance) P12,

3.1 {TE-WFAEFE (Planet-disc equilibration) i

TEFRAERERE AR 52 21 [F A7 R B L IR LR, KR B2 filf 4
Jo JR A M 3R 5 WRRR A 22 T] [F) A3z 2= P47 17 @l . Pahlevan&Stevenson 7£
2007 32 T 94T B - A AP E B, BB SRR T
) R G R AL 2R Ak ) 7R

HEER

/
\

EEER

K] 5 Planet—disc equilibration EitrEE
Fig. 5 Diagram of planet—disc equilibration theory

1 2-N BT U RREEN R, A Reix2 P KeH
FRO A R AT 3 B SAK At i 1 P S A5 T R A PG i ) S AR 40
o5 RREAE T AR B 1 SRR o A 2B VR s (A IRAR A 5 R et
ER A 300E 2 18] 5 AP A e, TS BRI s AL 03 (01187, ol 5 B
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AN X BRSNS ELAL, AT LAEAS AL f2 AR 42 ot H &R & 18] 1)
FIAL L, SRR —FE i H BT A E R K 4.

OHHE Pahlevan&Stevenson Ffl 5, FEik JFE 46 HUBR 5 2 [H]
PTG P AT He s IX P AT R 28 /D B4 100-1000 4 I 8]
13 25 BIARAE R AR AL v H BRI WA TR st (Rl 22 2 0 14, DRAT A2
MR AR B TR FE BB R H BRI AR, KIS A] d
HTIH BRI 50 VF H BRIEARIS (AR B 120 4E 424, SRT, 1R
— B R SNBSS YRS IRIRAH ONF—4), R SERAMNK
BT KAV A, IR B4 2 R AR SR 1 ot (] RE 2= 1
RS R A, B IR AR Y, B AT SRAN BE 58 A il B4
Hi H 45 18] 1 [F) A7 25— i) R

@F% 1 Melosh £ 2014 fEf 5, TR AR R 5 W AR 8L 2 [R) 2 A
TR WD 5 AT e FEIA B [RIA7 22 2H A -1, A 8 ) 5 468 (0) 42 ok P 2K 24
AN RN 4.6 7%, WKLY ACHe, W 9RTE S5 4R Hh
R GRS 1A= BRI M sh &S e, 308 2 AR G VA 4+
£ H S HEE Fisi .

@I — I T —AN ol BEAE T R S A1 I TiO, S8 XEFE K T
KM A ML — 5 FA R —F (Zhang et al., 2012),
Pahlevan&Stevenson {ifi 5K A B N 3000K Afq, fEIX—iRE TR,
TiO, MUK AR AR, BERAR S RES A7 4E 100 4F LA B[R], 7E
X — B [B) Ve Py AR AELE TiO, S8 R n R WA IE I AR R 787y
AT IA B[Rl 2 40 7~ 11

@ J5 1 b BR 5 WA A 38 e 708 40 (R ) o A8 e ak B 1 R R LA
i, (H = FH IR TCRAERX — IR H AR R =45
T S R M G R A o A R AR T

17 BB THAT BRI AR 2016 52 XA 1 BT HIRERE, Lock&Stewart
7 2016 4F Lunar and Planetary Science Conference 42 T #i IR,
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WA R A s EA T Homre it g v, & RBURHEREEA
—/ HSSL (Hot spin stability limit) FPIRZS, X208 B BREE R £h
SRS RKAS GRD MIRE TG R 28 A IR LA, T H Bk
BAEAEX NG R A RAE B, WEl 6 BTs . X —# 3R Re i fiRAT
B -WRAR P i PR BIAF 1 BT kB, (EX — B BAR  oR I E UK R,
DR B AN 28 5 gn Sy, FEE VBRI — IR sh & . Aidix
— HRTE MR BRI R R B AR I — E M R PR, BARE
R TR Al AR A 2R ) [ 7 3% 1) 240 1) R, DR g s Al 2 A 20 1) Al 4 e =
AR, mEASTEAEA AR RS, 2 H AT m A SRR D4 ]
DL A2t H RGN RIS 2= 20 . ABTER W, X —Fr B &R vl DAFCR
(R TBORA BB ABE AR 1) (R Az R i 2

7/

& 6 ¥t Planet—disc equilibration EitR~EE
Fig. 6 Diagram of new planet—disc equilibration theory

17 B S WAREE T B A Se R T 0L 1 R AR R AE LS,
JEU G L BR 5 WA B A 03 PP TR e R T, TR AT IR
AT 2 BE 06 SR AN vEERIE AR R A7 AR (R, RIS — PP 4
RIEATE A, EYPR 20 BT ARl 3 B (R A R 7 A B S
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3.2 HEHIR (Evection resonance) Hip

e AR Bl TR AR RE A R A R SR I R B R A ALL 1)
TEIE, (eSS R 2o R BRI A sh &, 5 3RA TR I 2]
Wi H RGi M shE L, RAFFE . Cuk & Stewart 75 2 37 /= H g Bk
MEFE A RN sk B T H 25 3E4E  (Evection resonance) FRif, HiZEdtiR
SR HERS AR R =1kiash, KAELE 2 H BREGE T H 5
A B 5 1R TE 58 AR AT, ARATIA A a0 S AR R H BREERE AR
BHAf R M K At Z RS 3, 4 A AT e B I A 1 H R G800 1%
VLB s, X — BB R AT, AT DR OK el KRl A (1) #1 3))
eI

2L 8 AR H C'uk & Stewart T K2, Touma&Wisdom A
7 AEPRERL AR S Y ZE RIS xS ] R G sh E IR R,
(Touma and Wisdom, 1994) AN H Z LIRS B4 K A AR H BRIUIE
KA 4.6R. AL (R.NHIERFAE) . Cluk & Stewart 2 H I B g b BRAE
BRI S ] RELANELN 2L, , BHOERIERE 15 5k
TR Z LIRS AL B nE] 6.8R, , fEIX—FRES b, HERYY
HERHE N Z LIRS B IHL AR RGN . 24 H BR— 4B 3R 3
HZ L IRIZF), H EREUIE Bl -5 oK B — i BRI TE T4 45 [ 1
90° KAy, HbH HIEI 1 R BRI B L M s E ke 7 A EK, AR
Tt Z SR RIZ 0t H BRPE R B, RHIx A B 2 A ARk
HIERGEHIER A B s, XA A s BRI BT, sk
HH RGERK A A fAEIE. Cuk&Stewart HE—H 1B, HARTERL
LI AR AP ARATT LR ERBNE PR IF AR, (E 2R b, HIER 5 KBH Y E] fE 4
AN, HERSERBH B AR 2 A — MR/ B3G .
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Bl 3 < 3l(Re)

0.6
0.5
0.4
031
0.2
0.1

HLE RO &

REAE (° ) HIKEHEEAHY (hn)

L s L .
0 20 40 60 80 100
g (kyr)

B 7 & B ReHhERAEEAR A T Evection resonance STHLH RARIH (518
C'uk & Stewart )

Fig. 7 The influence of evection resonance on the earth and the moon system

in fast-spinning earth impact model (from C'UK & Stewart )

] 7 2y Cluk & Stewart 541 {1 vy [ JiE M BR A A58 R H R0 AR
tho WEVIGHERE %N 2.5h, Q~100 (Q MWW IEH ReEFE
B EZHD, HERAESHIRMEIE N 6.8R, AL B IR (HEIE
BCULJE Y 9000 4 A A A]D, F—EFFEE3] SR B E (HERIE LA
J& 1) 68000 72 41D o FEAERZH], HIRENIE LA RFF RSN (3F
Kb, B 7AD, RN FEEE 7 R.ORBIEm (B 78D, HEkOF
BEAR, H BRPE AR DR 1) W B2 SR, HIBR S . 78 H BRA 4
EX AR, HUERE E R RIZUNE, BRI 2.5h T EERIRL
6h (& 7C), X 54 HyHbIR 5 e IR AR ), 725Nl AR
HAIRAEE£180° £ 424 (K] 7D). C'uk & Stewart L% | H] 4G
FIEA I h LEZH Q, KImZA TS R 5hrdbRol (B D
FAR—F

th ZE L IRIE Bl AT DA ORI A3 A5 R ) M S i 24, 5 27 S0 v
RIERALIR . Wisdom WAyt Z IRz 8 A A ERP R S HuE N
Ahe LR MR, 1M H Cuk & Stewart K] J7:7E Q i _FAFAEBRIE
Wisdom £ 2015 -2k H 138 i £k Q F BT XS C'uk & Stewart 58147
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TR, £ H T ANFEI 45 SR, Wisdom 145 3R A E 2 LR E s,
fashE BAR R DI A8, (HRis BB A sl &, IR A ER
LLBLA M H RS f s Eib /b . Wisdom 842 H A Ah—Fh el gg, R
RIS S AR — M e IR, TR — A BT, FEIRI )
TR, fMshE R R ] LARD 2L G F A 3 B g 2 PIRERE, (HIX R
W7 08 A AHE M. IhAh, Ward&Canup Wi\ H Z L ARIE5)
FEA LKA PR LU E K E A&, A% AR (Ward and
Canup, 2013).
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4 KuERENERARMRER

Hh H 22 435 18] 14— 2R 51 000 S S AR P O A R AR B (1) A,
1B T RARBE T BRI A, X000 S5 SR AR A o AR 22 I I F AN
SE, TR I — 2B AR, X RREE AR A AR 3 | R
M

4.1 WA ARG =F R RER

WHRG=EFANMNE (AY0) HAl—8UE—MHEANH, X—
IR C & Ay KR EE AR RS ) — S S B 249 3K . Herwartz et al.
£ 2014 FHEH T HAAEGUARBER AR R, YONMBERS H Bk 1H]
ff) AY0 JE5E 44—, Herwartz et al. RGEUNEE 1 A BRAS R AL B K5
TRERE XA (MORB) DL b8 (0 F/ARK M FEA, DAK
Appollo11l. Appollo12. Appollol6 =N HERZ R AFEA, B ks
HIEAL R oK, R T HBH 2% AYO f74E 12+3ppm W ZE
RS RE AR 2o EL ZUFT EH BY M BRBLIR A, KNSk
ERUIWIEESME S, Herwartz et al IS 7 124 3ppm 4 2 % (G
BEAY 20, X — i 22 W] LAKE | oF; | B2 SRBCTE 21 2096~5006 75 Hil A,
of N AR A CE H Bk LR 43 £13%, FRIAIX — 45 R EEA K
FFRMEFE IR . Herwartz et al. &5 SR7e e Mk HAER B2, HiH RGHE
[F) 7 2 A AE 22 7 BV IR BE S A RSO BB B (1) 2 R 5% A, T4
SEET IR B AR R R B R R = o 1H Herwartz et al. {145
RAE e & B SEBR B A BRAY) R AR o A H5 AR 2R 1 [ 57 25 i) 24 i) it

GEELERE A FEEER A8, A FrREE R Y,
XFIL| oFr | 9 35%~37%), [FJ I th i3 A3 Ut B 8 — B[R o7 2 e H Ta] Y
Z Rt
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2016 4EH5¢E TAEXT Herwartz et al. i 45 S BB T 3R 2Bk .
Young et al.7f 2016 “F[FIFf RSt 7T 7 H RGFE AR &R, 8@
i g ) R B R 2R A BT R OR SE A i B 204 1 14 A H BREE St A
32 MHLERFE A, Young et al. [ 45 SRR B 1 H B R4 18] = Rz 2= 4 Ak
) O 22 A AN AE -1 = 5ppm 22 [8] , 1117 ) 35 8 25 Bk A 70 B2 IR AE 1ppm
KA, IX—4E RAERN T Herwartz et al. 30, Young et al.i\ JyHh F %
Gilal AYO ik BRI ZE BN, RN Sppm 2 22 BRI AT 2 A
PG R T AR AR AN SR AR B IR R A IS5 R, DR At e 25 SR AT A
SRR B E Re M AUE Y (A=A, 5L 1 Young et al.
25 Bk H 2R G0 R 2R 2 R s [l B AR — B iR b, 2012 4F
(RPN 5 A B AR R AE 3 HH IS A B gl B 10X — IR S 1Y, BRIt
X —25 BARE T AN A S E AL I SRR, A B R )
K] @AE T F EHh Z RISk R R 2 R MmahE, i ZERIREX—
B A 5 BA IR KA TE AT RR). 54, Bao et al. WA
MERIVLFEE KR, A Herwartz et al JU & w2 AR5 f)s, BRfdiZE
HuBk b, IXFEUINE ZE R AEAE ), B RAE A ] R4 TR =4
A7 2R A A7 AE I 22 [P EYE (Bao etal., 2016)

4.2 RATKIER G}

HERI B T K TR (K. Pby Bi 28) 52— 3 B0
F58, PERMETCER 1T R — R A R R 3 i 1) R AR B I AE O
PRLILE F BR 45 R M0 3R — B A A Rl i P 1) B S

Salmon&Canup 7£ 2012 FHifE#EH 7 — MBI AREAL, X
— A, WRRR AL AT A3 g A IRCRR 2 A 7R R 2 (LAY A IR BR A 5D
BB B AMRARSEL G & A A SR 53 BRI TR0, 2> 8 S
PO HIEE HER, 55 B Be N RRR B OB & A A BR &6 3D
JRAE FAORE FE VAR R WI46 A BRI 5] J13ERIER T, Bud i & IR,
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e 5, HZEHBRIER. X8 RS 28 H BRI IR AN
I [E] R 22 ~100 ZE /24 (Salmon and Canup, 2012, 2014).

B RIR

MRFR

& 8 Wl BIRAEE R EE

Fig. 8 Model for the two stages of accretion

Salmon&Canup — 46 HIX MR AY i Bt H RSt [R A7 23 4 70— 5L
7] . Salmon&Canup W\ SR FREL 23 15 SE AR TE il— A0 46 H Bk,
17 PR AREE (R 1 A5 IR0 20D 7E il 251 K DR AR A Rk R 8 4
WAIRES, 1247 B-R AP e, IR R = 5 IR AR Hh ke
FRER IR SRES 7 2 K AR A, A5 N RAR A 5 IR AR MR IR 18 2 [R] ik
B FEAL R AR WP I6JE, ERIA6 H BRI 51 3LaRFnE FE i 7R F
T, WSR2 4k8:5 5 AR, B2 ABRIER. XK
J TR AR S B L S MR AR BE D RRAS , BT IR I i 4
5 ERiA 217, Salmon&Canup A\ AIX —id FE & 45 H BkANZE W
S SR —BUG FA R AR, BRI FEA R A G,
N 9 PR e X —BRKHAR 2 Z3 i H BRI RS i e iE. (1H H i JF
Tk EHIREB BN, R IX — PS5 B 18 5 1 A B 3 v
HAFIT B RIREE o AT 5 5 3% — W0 AU AT DA 43 SRR bm e Al Je A5 Y
BTz e ey, BER T —M .
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o Btz A
o SMRIREMR

o HIRFARM
B9 B R SR

Fig. 9 Moon forming from the two stages accretion Model

Canup et al. 7£ 2015 4 HixX — R BRURMRE H BRIE Ry B4 2%, A
R Ay BB R AT g2 BT H BRIE SO R i AR SE AR T 245 R 4y 1
VAR, IS RARYE T & . Canup et al. % MAGMA CODE
X IX—HT IR AR A AT T e Ak, IR A, WA R H v
A IR 70 IR AR B AN AR AR AL, AR AR B AR PRI (A E 146,
ISR R AT T2 20 AR E], AR BV BUT IR gk 22 5
HERRIRAR, T NIRRT AL T S ORI 7 4
AR THE R, BEEWARELRIAH, ERMFFIRFIGRER, H
X — R R IR G S A EAER T, A BRI 1 AR,
SER TR, X I AR A2 100 4F, Kb H BRECRBL T ALk
DA B3R TGER . X —id i, SMRARS SR At i & b H 3R
Vit & 40%, WIRAREETRME 1R 60% I B )& . X — IR
M XAE TR T H BRI R 2R 1) o — el g, JF HAE K 1 H BRI
WRCRR S T] R B FEAS BEHERR Ry RS T A AR P o 2 kit % S5 A
KUER RIS WX — B ST, ASATE H BRIAHA — e RE S
A AR To R & & GO BT AMRAR B AR S 4 H I H
RFEED .

PR I B R A 2R o DA Al B % ) 5 T A T T PR, — D7 TH S 1R
FARSTE], #B SCRE 7 AT B-IRAR AT EIS (RIS 2 k), 5—J7
IR R AT BT 2oL, B ABE R H BRI e, Rk
Tl 43 7 A2 R IRCRR B AT DAFR A SRR IX A — IR - AL, e A0 9
B ARSI AL SR A 7 b H 2H 7y — B 3 —MeT e o AR IR B AR A

20

A

~




M5, PP BRI SR i A s s
4.3 flifEES R ERAY R RE L

Bl A AT SR AR O BR () R R A A0 AR (s AY0) —E Bk
e MNEARINR . FEJEFA M A O AR T K FH R AR
B F A E, X2 TEHERPUER Trojan & (Trojan &2
fA#IE Lagrangian s HH N UE R AT B ARBRIE RT 7 A S 77 60°
WAL ED b, FEARARTRE R — K E RN, @MORH RAT
BRI EE, TR R OARUE LR 2K, NiZEH
SEAAFIRIFIAL A, MIRALE CLATR R BH 28 PO AS B SRR R B3 A A i
K&, EMM=EFNME (AY0) Aaise e AH, wik 2 SNC Bt
B R /INT B AT AR o B DL A6 Hh SRR RIEAE 400 SR BAG AN [ () 7]
PR AR

BT Battisti et al. F1]FH N-body J5 VA 7ER ALK BH 5247 B T Al 7
132 7R, WG E R A BRI 1 47 B AR R 5 A A [R] ) 1)
AR AR — N/ MRS, Battisti et al. kA T Mercury Code
BEAT 1 40 RALALL, BERBLLLIVE DY 0.5Au-4.5Au, % T 85-80 4
LA 1000-2000 N2 5, VO[S ER A UM KR 1) & kAT
AL, BUOEBLEE R TS5 BRI REE AT 34 MTA .
Pahlevan&Stevenson {50 AL AL TAE, Al Ti 25 10 2 Al e 44 A
1T BRI R A5 — BUN MR IRME, {H Battisti et al. A5 ) T A
HERANG, AT R FeRR S T, RN 1 RIES R,
Battisti et al. 7E 40 AL AR 20 I, G HURIFRIHE 2 B ) B BeK
lf 2 PR lf A4 R AT B2 22 /DR 50 ASRLT-#4 ¢ (Battisti et al., 2015).

T 43 R AL 2 SR 3 W D JRE AR 47 22 140 4L o ARVRA PR A L 43 T
PLIAE] 20%~40% 8], BF B i s )72, fea M B i R fl i 254
Tl 2 44 547 B2 40 25 B ARV R BL e [ B BE 7« Baattisti et al ff) TAE A&t
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T R T MR RG0IR RN R AR — BT e, SCRE T AR AL AR A
{H Battisti et al. il TA/EAUNITE T AYO, KRt — DR A &
Guim e R R AR — 08 (i 8Si, 2°Si, 0Si 5 82w/,
ith 41 Battisti et al. >R 1) A 7O i ZE bRy 124 3ppm, W 4% EGH (1)
AYO fwZkriE-1+5ppm, NI Battisti et al. (14516 75 ZiH AT F. [N
BT X4 RS ELE S, I T 245 & 1 H RS0 — Lok
ML= se, i H Battisti et al. i) kR F,  y FIs/MEA 0.206,
SRR A ZE R

00 Tl e B AR Y AN B 78 R H R G RRIE I, &
A0 5 BRI BEAR SROR AN A Y (R, Ao v il J8 A5 T 5 e 1ok
17 B AR P A B SR A R G R ALK, = B e ERAL
PR G Bk b ER AL A2 AR TR AT DL IR A 5 SRR HLER 0 4 R 2L, 1H
EATTHRE R ZIIRIZTR LRI A RA 2 RIANE, MR
W 75 B A R R A . AT BB - P e 5 22 SRR B A
WIHATER, A2 DURANE R B EE BRI . B R G0l R AR
P Stk AR R AR TR 4 S B B, I A R 45 SRR i A e B AT
HE AR P A AR AR I R
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5SPH FZEHNEREBSEAREE
5.1 SPH {RB W E A B

HERBIE A IR 7028 AR UL, HIX SR v Hi- H &
GiHVE L OB Aoy KA E A DL e iR . H BRI BUR) KL
USRS L, KRR R U B RTER T £ SR FAL R
Bl b SeE, A E )7 A REAR I AR IR 1) j . KAl e 5t
R B AR AN, A2 SR R Al A R (1) EE AR, H A KAl e A5 2 5 (s
1) E B 772 K H SPH (smoothed particle hydrodynamics) &7, 5%
TRRITHEMA T, EANCA KR 1T Z RIAHRSCE, B E N5
B H. SPH OGHRLFiiAs) /152) Jiike—MBEA M. Hik
Ry FasE BRI B B YE R BN /1 R 1% . SPH J7 ik it O )
P D BRI A% B O A IS AR AR 7 DU A

X TAEEREL f(x), #A] LR T E AR RIE
F0) = [ F(x)3(x—x)dx = (D

Q

X, FRAREXNMERERE: o R2BE XM o(x-x)7&2
AL s BRA ARR A BR W (x—x ) BUAGG (1D ARGk 5 0 bR

B, N (x) AR RIE AT LB .
<f(x)>_jf(x»N(x—x)dx = (2)

A, wHRAEIE %L (smoothing function) BEE 1% %L (kernel
function); h 2 7€ SOGTE B Ew HIFEI XEEDGEC R . BTG
Bow ARIFr v s s, B (2) MRS RIEXAREHN, R

e — MRk
X TAE R R 2 (8] ALV - £ () [FRER F B B0 AL, 25 o6
PR S SCE, PT LAAR 217 R B HCKR FH A% eR B AL AR 7 ik 2K
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<V () >=—[ £(x')- VW (x—x', h)dx & (3
Q T

B FAE FRL AR AV, BURE AT A AR ) A TE 55 /0 (R 1A
gedx, Rtz R BEL AR R 7 Ron 2Un] BLtt— 25 5 il B i iR 1

YK VW
< £ >= [ ()W (x—x)x'

Q

if(x MW (x=X;,h)AV,

i=

Nf W ,h
=100 )

j Y
PR, AERLF T AL R EE f(x) 1 SPH R =N
(£00) = 3 1 W,
= X (5

0 (5) Ui BIRL 71 eR H8UE AT A H iR ) 58 SO B R 1 1Y
PR HUE T DA% E o B R L& E I, SR AU eR R RS 2

TERLT- AR R T ELV - £ (x) 1) SPH AL F-IE L AT LU A

<v.f(xi)>=i—lf(xj).viwu X (6)

= Fj

2\ (5) MIZN (6) MR AL T3 R B AL S B E SR 0 RiE
AN T AR B 0 A R BRI O R AR IA S, X E15 SPH

TE RV BABE R 0 TE AT S A
Language iR T P AA 1 Z 3z 5 #2 8E 44 11 Navier-Stokes 77

R, TTREER T N RITTE.

= _— = | d ﬂ
REFIESE d—f:—pgi—ﬁ £ (D)
. a af
HEFESIE v _ 100 £ (8)
dt  p ox’f
— o aB B
s B opiESTE de _o" v £ (9)
at p ox’
RSS2 d;t £ (10)

Hrp, xZZEMERE; vEEERE: ocRENMIKE; &



bra g RS B ARBRHI TR p R RE: e e NAE: taEI A,
KH SPH VEXTIESA Y 57 ) H AR Sy 1E 7 RE A AR 7 (R _b kAT 25
Hﬂllﬁ“ BN TAEYE o, AN TG H, sz, B s AR
B PR 1 245 ) T AR SPH A2\ -

XN oW,
%=ijvuﬁ-—”
dt < ox!’
——Zm (—+—+H) Z G ’ ) 7
X.
" % S % (11)
aw,, u
—:—Z —+—+H VP + e +H,
J1 Pi pj aXﬂ 2,0|
dx” i
-& (X7 =x5)-W,
dt Z;‘p,

Hot, e BT i FINASIRE,  w NBIJIRYE R AL, PONEOKIE
AR
BN TRE MG H, 52, £ 5%, BAaH

FLom FE HES Y R /1242 DT RE R SPH 2300k

do, _ . W
™ o

j=1
N ap

o
oy m @+ Do, 5.2
dt = Iz ; OX ﬁ )
o 1 o W X (12)
ﬁ:l m](_+_+H )V'B ij +iriaﬂg;1ﬁ+Hi
dt 2% " p pj ox/ p

dx® N m;
: :vf‘—EE — (X" =x)-W,
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B 10 Twins—impact ALl (B NEHE g/cm3)

Fig. 10 Twins—impact simulation
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Fig. 13 Impact result of impact angle is 0 degree
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Fig. 14 Impact result of impact angle is 15 degree
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Fig. 15 Impact result of impact angle is 30 degree
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Fig. 16 Impact result of impact angle is 45 degree
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Fig. 18 Impact result of 10km/sec—20km/sec of (0.40776Ms)

Disk Analysiser Disk Analysiser
1le9 1le9
3 3
3.05hr Corel 3.05hr Corel
Core2 - Core2
2] Mantlel 2 - Mantlel
Mantle2 - Mantle2
1 14
g o- g o-
> >
-1 -1 4
2 R, -
-3 T T -3 T T
3 2 2 3 3 2 2 3
1e9 1e9

54



Disk Analysiser Disk Analysiser

5 1e9 PR 1 1 1 1 1 1
3.05hr Corel 6.1hr Corel
. Core2 3 4 . Core2 |
27 - Mantlel - Mantlel
. Mantle2 24 - Mantle2
14 L i
g 0 - 5 0 L
>~ >

3 T T T . T 4 T T T T T
3 2 1 0 1 2 3 4 3 -2 1 2 3 4
X [cm] 1e9 X [em] le9
Disk Analysiser Disk Analysiser
PR 1 1 1 1 1 1 PR 1 1 1 1 1 1
6.1hr Corel 6.1hr Corel
3 4 + Core2 + 3 4 + Core2 -
- Mantlel - Mantlel
24 - Mantle2 2= - Mantle2
1+ - 1 - -
g L § o I
> -
L 1 4 L
- 2 -
L 3 4 -
T T T 4 T T T T T
1 2 3 4 4 3 -2 1 2 3 4
X [cm] 1e9 X [cm] 1e9

K& 19 (0. 16948Ms) FE 10km/sec—20km/sec T Ak 55 B
Fig. 19 Impact result of 10km/sec—20km/sec of (0. 16948Ms)
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