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B TREPHRE &, wEE G FE PR HIN /13550 BlES
IR T IRVFFHES T . EREETRRES T WA F RS 5
5, HORTEG ATES eI T SRR T o) B T 53 125 1 R G ) . {EL R A
T 77 323K LR R A AR 1) R 2 7 R A o L 1 B8 L L e A 2 R0 0] X 2D B ) R R
FTREJTERAR S, BT EM R B R ZrEAE R BT . X0 S
WigZ — IR, ¥I7FEML AR A RS LB KE e, i3
BIHAERMCRES TR, EXF7TZERERRRIER FRATH, Ehid2 K
AT RERBAIEHMSE R Bk, AT ZRECRAHE . J1#ERER L,
RRET AT ENE AR N ZE 0l B & R EARRU T, RO SRR T2 ) gk
WEENMEHRER. HIELESORSUIRAEHNBERU T EE: ARES
% (finite difference method, FDM). HPR¥.JG¥% (finite element method, FEM). i1
FIt¥k (boundary element method, BEM) FIE# 8. ITI% (discrete element method,
DEM) %, {Hatsc RN AR ZHm S, A PR Toik ™ A4 i i B 4 iz .

AREMEHED TR M T2, NEE EATIERL, RS TR
v R A RS SKARARKOT FR ) e e bR T oH EORE B RSR RS S R, B PR 2= S
TR A ) 2 DB D N - A R TTVE R T BRVEF 4 FE AR BAR, K IR 4,
¥R AVEZ /AN (BT), AXSEEBETNESHERERSW, AIEpREER
ANERITGA NS R, TZS H S BRI BE . TR AL, AR
fE AR B E LIRS, AR CERARGHRENE . EHESEAY. 17
TR R B ICIEZ JE ) —FEUE 7, ZIEAERT SRR X B A LRI 42 .,
B RA AR GERB LR AN A ERE, RN R (SR 834
fi#), BAERDNATARBENFELRE R RN, Hok WA TP e
R UWFITCERF BN MBEESNA, BRSO RBS T EFEEAME, B
PAAL B 53 2% o] N N 3L AR 4 R A AR S . BRI GHE R B R 1 Cundall
7E 20 HAE 70 ARG H K —FEUE T B RN, SRRER TR EAE AR AMB . K
BTG T 2%k A2 B R BR ) R4 B A R A, BT X R 4 o
JG, BT TEAELEES . Easd Y, Boos a2 R Lo R, Bon (A
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FIASEE DA, FAiE sk . B RCRCER] T 2 N S AR
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HHIRIFERERE A RATR N =P EERRE. 802 20 4 70 £, b
EF I HYMRGBEARAOERE, BRIGHZEHANT KRR SN, N AEE L
YRR T TR ST, W5 K REIF) )R8 FaE R, M
S 18] Ji) R A R 2] 25 ) ) AL L ARG IR L. W AURINT S R BRPE AT LY R B BB 1 . B
AYERI R APRIEE, /N 3 )8R R B R M AES el B, &R
ST RGBT R B, i E AR Y R B T R gk T BB R HUE S
ML S AR S 20, 15 R TTIE RN 20 BB TR T 3 2Rk
BEEMFFRER-

REGMREITTHE. UR T ESESNEUE T ERE T EXMERE, HfE
T 1] R A WTER N . A% 58 2T 0 % BRI ESE 7 V5 T IV 25 T B A e i ) . %oF
TG A PR B TIET 5, T e B 32 ) A FE:

(1) FA PR TCHESKAR ) BT, 75 25X ) Sl AT PR &I 43, i &l 20 P A R —
BRI TAE, P2 N DERTETRAE T Rl or W b, BIEA A RE T E 47 et
HHAKRE.

(2) BT HERETTEKA T 4 FELE RS, AR IREBK, #5
B R ICEFTRB N R ERAG, BN RIEELEN, HAERR P EEE S
FAFR I ) J5 AL BRI R

(3) BHARB TR KT RN, T M~ EREnSHTELER
RE.
(4) BAFTEAWTHIG RN, (5756 FR ook DRI AOE R E ke
RIBNAY .

(5) AR BTGIERIETEEA RN F BB EER, X R TSR
Y SR 7 .

(6) A PREATTIEAEACEE bk 1) m) R 5 PO A R AE TS HL B, EEHT R4 MRS 2
— AR, FEA RN B RN =R RITMEL S, EARE— D EE PR
Je) 7

BT ERER, BN EE —BEEREFNEE %, BB ASGEESEER
TCHTIEMI NG, SR PIAS IR A, (L IR ISR 2, ATE & 43 EiR 5
e FEHHE R T, IEEREF LM EUE TR . TREE RS —H B8
B ROR GBI R AL, TiX e SR AR BT Y, S Te ek Hofh SR i 4%
FE XL EMZAIMERR, XAER T M T VEEMR R R BEd R . s
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ZOHT . PR ERIR S R R BRI . FIRERT. RAAAETH, M
KGR ERITEE I AE. 55, KRR T TEE.

HARH.ILE (natural element method, NEM) EA R EA R m s 77
TR TG L, WRGER N, A58 T0 M R R .

1.2 ToMIM R K e ttid

T B BIWE T AT LUE B E] 1977 4E Lucy® $2H M6W SRS R iksh 1 %
(smoothed particle hydrodynamics, SPH) J5¥. 1992 4£, Nayroles 25 Bl ¥ sh &/
ZHGEAUFIAMNIL £ (Galerkin) ¥, $H T VREERICEE (diffuse element method,
DEM), Belytschko %514l X DEM BT S0, $&tH T HHEITMNILE: (the element-free
Galerkin, EFG) ¥, ki T LML HAE . EFG KB 3) &/ 7
ITHZERIEPRIE, HEAMEARGTHERNMER, FAXKFIEEHE (Dirichlet)
AT AR AL BN BRI Belytschko S5 EFG X [ 4477 2 o IR 2 1] @LEAT
T4, AR T EFG 5HE RIS TIERY, DIRIER BRIH . Belytschko %
(™10) 3B 3¢ EFG ¥ BIBUERR 5 77 S8 UL R ALk ek B i S 4536 AT TR SR, 3
¥ EFG 7N TahARSE RABUERRI 12, 50k T BRIT A E7EBIRAL
TR 75 AW REAT PR BRI 2 MGk 1. 3C [13] X EFG KR IHABTE ML KB
N BT T 478 . thAh Krysl 20401 ¥ EFG HFR5EHHTH . Ponthot #1 Du
L0617 % BEFG A T =4 MiE RS 4. Cordes 18 ¥ EFG JiEMT
FHAR o] B 9T Krysl 1 Belytschko %t =4EghBRGF BAE T 2047191, Xt EFG
IR AR AR T BRI HESIAE A

BEMEEHILIR, CE@RBIEHRT 20 ZFARLHRETLME L, BT L
MBI A LASL, EEAITEME T ¥ER . AR S /1% (reproducing kernel particle
method, RKPM). /INEE i s 712 (wavelet particle method, WPM). BAL 4 f#i%:
(the partition of unity method, PUM). h-p zi% (h-p clouds method, HPCM), h-
p LMz B¥ (h-p-meshless clouds method, HPMCM). RS 5 ¥ (the finite
point method, FPM). JG&BiFt 2% (local boundary integral equation method.,
LBIEM). JEP#%&#B Petrov-Galerkin 7% (meshless local Petrov-Galerkin method.,
MLPGM). s{fi{E#%: (point interpolation method, PIM) %,

1995 £, REEFITH %¥%E Liu A AR FAEREER, 28 THA
R (reproducing kernel particle method, RKPM)(20, JF|F “/NE 4047
MR RE PR . Z0HESRS, RIETEREFEAEZR AT E (multiple-scale
reproducing kernel particle method, MSRKPM)[2! Fl/Ng i i /57 (wavelet particle
method, WPM)[22l 4§, STHL T %K A VEH BER T XF T EETIA T Rt
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WREHATIRZW, &S TR TABUNEE 7. Liu a7 K
5 BLE /N B AR, SR 2 | TR ) 2R RN G i 7 AR A A b K K ) AT
T B 123270,

1995 4, ZEE Texas K¥EMEZH¥E Oden MBI Duarte 3H T hp 1
W%z vk 128730, 07 A B ah i/ — 3R R B EE ST BN S R R BRI T B
FEEINRIE, RGHEIT Galerkin IR BHUBEL. XM A ERIES TH#ITE
ERHT o Oden SEXTXFH AT T P B8 #5017, IEFIH Lagrange FeFiExt
Dirichlet i1 57 5543547 T 402,

1995 4, Braun fl Sambridge F&T B RAREAHE B2 MR B S BR L,
P T —FRB IR T REK B AR TP 1998 4F, Sukumar 253439 NEM
FF A8 S 2 8. 2001 4E, Sukumar 25361 ¥ ET9E Sibson #H{E 3738 $2H
T BARER A ANIL £ (natural neighbor Galerkin method, NNGM), FFsKfgLk#
1 7725 H A B BU R 2 77 72

1996 4, EEVH M4 ¥E Babuska FLAIZEE Melenk $2H T #A14)
fiftid 59401, FEIXF TV, Babuska EEEFIHINREE B0 HEEHS,
X B o3 R T VEREAT T PR BB AE IR AT .

1996 4, FAFEFEE 4T Ca 1 Ofate 1 Idelsohn 2548 H T 75 R 5 Ak l41-43],
ER—MAFEE BT EIETME 7k, KA BN —FRRHEREER R, =
2R T W ARs) 22 44491,

HeAb, 32223 Liszka R T “h-p-meshless clouds method” 48], XFh 5k
Oden %§HJ “h-p clouds method” AR EETERANER AR, EAFE R
BITAE AR, PP aRE MG k. HARSE# Yagawa #IREET SFI K
B, T B M (free mesh method, FMM)H7, %78 v 80 72 oh St
BN R BTSRRI = AT MR, RIEEAT S R, o S R TS AT
W FMM 8 D3 5 A F =4 B & R ik 72 R - A 48], 1998 4F, 4
T %A Atluri SR T WM G RERAR TR (local boundary integral
equation method, LBIEM) FIJCR#% /S Petrov-Galerkin 7% (meshless local Petrov-
Galerkin method, MLPGM)!49-51 , iXER AR RE T B ah /N — Tl kg L%
PREIEIRIE, TR AT EE Mg, £5EENEME .

2001 4, Liu S5EHx B &/ — 3 (MLS) LK Galerkin R /&EE Petrov-
Galerkin 2276 ELB M AN A< T2 5745 (0 000 1 B, SR 26 0 X 32k R 5011 4% [ 22 B 0
SE RUAEAE, SR T T RIS s AR VR 5258, ARG T T FLICBRAR . R 3
FLH 5 . HAAE ) .

2003 4, Liu 1 GulP%®! $2H T M 55-58 K (meshless weak-strong, MWS)
%, R TRt 2 . £ MWS o, X T4 T e S 3 A i R
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M EHSE SR R ERSL RS, W FALT Neumann 425 ERIES i HAR 5 95
BRI RGENE, REHE T WA R, [EBRENRTTTE.

TP AR, R EETTIT T PIRE R U7 SR EUE S
BOrE, MEHIT SRHRMOSEOHK T Mg, MERBEE (multiquadrics
method, MQM)©6 | 3 fikmR A E A% (node-by-node method, NNM)B7 | F [RE
3% (finite cover method, FCM)P8l | 4 fREKIE (finite spheres method, FSM)IP9 | i1
ATMk&EE (boundary element-free method, BEFM)IS0 &, X B RFANA

[ Py 25 0 TE A it E T KR BF AN A . o [ 445 01 e o id 55102
ot 6 P A& v O 9T 3E JE AT T 4538 o Chen 226651 342 m R B S ih ook 45
&, BRHETETRRFERRMNLIAS SIE (boundary knot method, BKM) Flil 5t
FiF¥% (boundary partical method, BPM), Frs¥H 117715 R 7 A SR sk i it 47
B 4RI 0 BRI A IR T CEM&EY —BjE, Ade Tl K%
FIXIBE BT R T (MRS RN A DY, [FREBREZ R A RBAZ
XA AT Z o o rb 7 HE K2 1) i B 7 3805 R0 Al 0952 S SLAF 9 /N 68,690
X TG MRS BUE 5 AT TIRA R R GG, # B RN A T s, B2 T AH
IO ) TG P A 9 (7074 R T SR AR 18 g 2 vl o BT v D I PO A 2 PR R R
L, (EREHTEER S, WHEEKR, BFEIIABRS M. 2T AT MEE
WERES, BHREME, BEMR. TRKESERMITESEREK, #ETHE
/NS RUTE ARSI 72 FINA R /s 3R TE AR VTR, R T P AR R, A TEM
LR R R BT 7 17 W R K2 IR 5855 74761 Xf MLPGM BT T R4 1
WEET, 5o A TRt S a8 . HEBESR (], AR . 25 AR . SREE M
MRS . RS RFEEKEZ R H T HT Voronoi HFIRAH HAH
TG (NEM) EARL % R £ MLPGM., AT LA b/ v+ B BT 75 1 i 1) A dR ik
fREE IR RE . P IR 20 T OR K 2% 1A 01 Ji e I T 7 i FEVARL I G T 4 51
Tk BIEN TGRS T . BALS A FRT AN AR AT TG M AS BUE VAT T R
SRR ST 178-801, gh 5g ZE AR 31 82] L T ) BB AL XU AL R B, R VR RN R/
TR BAH S5 A o0 iy AT REHEAT L, 5L T Helmholtz 72 B/ —3fRc s A% X,
SR T Helmholtz 77 FERIBE AL 3K ] AL 2 M . Cheng S T =4k30
PEJ) % . SRS ) 2 5 e A SR B vk B3] LT 1) 2 bR U SR I SRR 4
HREITEER, bt BFREBHMMHARARRRE, BTEE A BAHE—
N4,

1.3 SRR M IR BIE T &
R IR T P 221 ) 32288 22 S T T 3R PR OSEE L MR 53 77 72 10 25 7
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AR, (BER AT LLE MU & SR R S B M BT . RE RSO
BRI BB Ak E L, BB ES 2 AR K PSR, B SOR R B R
BE06 5 (0 BT ik ER AT AR b T M AG i .

H 76 G P A% 3 A I AU R B 3 B . B sl 3Bl R BOE .
AL, AL SRR B . SRR . R R B R A E R B T
PUARAE DA £ B S BOR B A RIE S, B LM & T 5036 5% LM
K& VN N IR B AT Ak, &k, R 8 % R-niL 4728 A
BNk, MMM T ER AR AR, &R . /RFEET R e%
Ffse /N — IR T # o A8 57 SR R 5y — P RIB LA T 2F M R A4 e,
A5 oy SR SR R LAY IR ) 2F 1)L B SR AN R F R AN R Bz mEEE{E, fEfF7E
AN B2 BB, AT &V 5B MES B RS R . THE ENREEMNIEES
15 FH A0 AR R B T A 3 T AT A 48
1.3.1 XiBRA\RENHE (SPH) A&

SPH FERWE ¥ P EEBIKEMER T /7, B Lucy M Gingold %
(2:85] 7E 1977 FE4r BIMOLIR o ZEIXF LR R B LA B, O A Y.l 3= 22
JRBRAE 5 R AR EEEAH S I, 56381, plnfE RSB RMTE RS KRS, X_H
F B SPH J5 ¥ B — S ek AL S RIE AR TR 57 -

SPH VAR OAREE EEAEE 6E . B M “Gifksh e X=4
ARiEH . S FRE R ABERLFHEAT AT T 18 258 ROEHEE L oh:
¥ RIRLE SPH 7T, RANPRESEH —RIIMK T R#ARN, XLER FaE
ST IR, T B3 B PR N I A O F FZ 3 7 1, “Wiikah 1%
R EEENHT RS 2R B .. SPH J7ik3 A BA R &g H
FHEAER BB R 4R R, &M m EARE SRR, OFRE. EE%,
TH SRR R A B 2 T IR RER R AN R RN IE S, REBENRAM 1%
1T . SPH FIESETERL —MAER Lagrange /7%, W LLiEE% Euler 77 ¥EH#IIR
o 4ab 2 BRhr 0 A% AR S S ) L, R IOE A T SRR R TR R S B A AR
B AT

SPH 77 ¥A R HH & ri 2 Rl —ANE FHZE R FE VS P A% o B3 3 25 1] (ks 7 5 3L
LBERLFHRIAHEXRR, | F(o) A—NaRE, LHEURBTERRA

ul(x) = /ﬂu(:i)'w(w —x,h)df2; (1-1)

Hi, w(e — 2, h) REEEC W RERBKEEEE. ¥ BT LA T
N

ul(z) = w(x — xzy)uyAVy (1-2)
J=1



1.3 LRI Tk A T 5 o &

Hrf, AV, A4S oy BT NEER . 78 SPH B4 SV sk 7, &4 8
Fixt AR AV, =my/ps. MK (1-2) /B R
N

ul(x) = Zw(m = =B.1)7Z—JJHJ (1-3)
J=1

) E R w(e) BUEREBULEN

Vouh@) =3 V(e - zs) - uy (1-4)
= PJ
H (1-2) FRSHRECIERS) p(a), WS EBOLLA
N
p(x) = wix—z5)m, (1-5)
J=1

DRI, G5 50 1 AbFR R BT R e R I PR B A ) R 2 e T A T 75 3
N
plxr) = Z w(xr —xy)my (1-6)
J=1
— ROk UL, WABh )RR FE W] LARIE R —4 Lagrange FE AR 77
2, I3 A/ Navier-Stokes HFE4, HPQUEHR . ELHTEMERSE, 2
MFRTShESE. HETFEMRETEER, BAEHRRAEHN TR, Tk
RAOERR, #RRAKZESARASR RS 2T RA N
V.o=pv
/5-.¥-pV~'v.=0. (1-7)
pPE=0-+ Eg
=1

Hev, B W BAERRRER; By RABMEN XN RITR; 0. ¢ HRIRTNY
QUG EL S -

KABBERETHETEN, X (1-7) ERELS S LERHL, RN
Xt [ ARAR U R RGE R 7R . A8 3 5 R I B U R -

N
. 1 mj
v = — —o;Vu(x —x _ 1-8
= ng - ( g ) Pm— (1-8)

MY K, FTH e N SR A e B R I B, BT E e S Ak A
B 4 t1/2 IR ERER ¢+ B2 AL R -

- 1 '
o = o TR g S (A2 4 A )i (1-9)



!l = g} + A2y H2 (1-10)

AR (1-4) A743 7012 W 2R KR

N
m, n p
Vo =% p_flvz“/ ? Vu(x — )|
J=1 **

(1-11)

=z

HETI AT /2 2R AR R KR

SR % (Vo + voT)[1H72 (1-12)
/2 i 2 B R U T R R A
N
v - v;‘“/? S ZmJ(UvIlﬂ/z B U3+1/2) - Vu(z — ) ,—, (1-13)

J=1

) LT REA R ZE R TR et R

N
Pt = pi 4 AP {Z my (o — "2 (e — m,,)|m,} (1-14)
J=1
BEERANEANFBEMERFRE, a8 o HZKNS o FNEE Br,
i EEAE R LU M, 6 BB % (SPH) KA R ZIELL
(=Nt WL R

1.3.2 BEERE] (RKPM) BZREBEZKRAE (MSRKPM)
MBI SR, Wi T FR R fE a] ARy 59

+o0
uP(z) = [ w(w)d(e — y)dy (1-15)

Her, ¢ REREEEFRE, HEAMEAT - IMREET, ofi(z) £ u) BIF
Hefid, X —RMEIT LR B VA (I SPH F¥ERU/INEE %) BRFR A E M 75 i
(reproducing kernel method). XF 77k K —> FZH S 2T T R X 8 ) &3 7 2
TR M AR, Wkt ARid AL B . B RURL Tih AL FE . Bk T ik
00, XRHT ERIEMT AR — B ERITE . Liu %20 i WEE S0
AFE IERREL, TE A R R — BUE BRI EE AL, Bk T SPH 5
ERNEITEPREN AR RS, HEE T S8R E.
MNTARKXE, TEEAERRRN

uR(z) = / ul{p)d(@: @ - y)dy (1-16)
o



1.3 SRRSTER T R T % -9 -

He, ¢(x;z—y) =Clz;z—y)d(x — y) ABERZEE; Cle;z—y) WAFBIE
PR

BT HAEROBRS —BAERHSTRTEAY, FEBEERL, £ RKPM
Hr, SRR ECER v AT LLEE — N EREB RS ¢ (z — z;) B BHERBRN S
PP

VE={¢1,--,8j - sbup}, J€[1,np] (1-17)

Hef, np IS E. HTAEREREN T RS A TK A 1) 25 (8] BT REAN I 2 58 %
PERIEISK, R 75 X8 1E 1 B BR BB i — L 4 AT B 5 & MR R K

dzx—y)=Clmz—y)dlx-y) =) by dx-y)  (1-18)

k=0

AR TEEVEER, TEREREA b B B GERL T 554

mo(z) =1
mr(xz) =0, k=1,2,---,n (1-19)
ﬁt’l' np
k(@) =Y (@ — z;) p(x — ;) Ax; (1-20)
j=1

KXt 0 2 n BYE B ER I TE ER &R EBTART +5; (o) KIn+1 1Mk
PEJTRE, JEIL XA 795 7T LAAS B 2 n B 56 4 46 TE 2R B0 B AR R X948 TEAZ o6 B
B IENERZE U EBIER A

np
ufn(z) =Y NFFM(z g )u(x;) (1-21)
i=1
Hrep, NREPM = O(g — &;)¢(x — x;)Ax; HTEERH.
Liu 8F7E3C [22] TR N TS I AEMZIEMF, 8 T 2 REEERR
R (multiple-scale reproducing kernel particle method, MSRKPM), % RESHTHI
IEIEL 2 (6] i — R P B RS 4% (B 4 k-

{0}=VocC---CcViCVoCV1C--C Voo =L3%R) (1-22)
A I 2 ] Bk BR BOR AR S (0 RUBE BR B, RRE BR BT o 7 R AR R A i
233

¢m"(‘z):2-m/2¢(2%_n)’ m‘nEFz[”' !—170§1‘r'..] (1-23)



