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YEERMREEBS N—18 %, BYRIMXENEE @ LA FYE
SRR, A AT ELEEH SR B R 2K IR . B P32 R 530 Computational
Physics” B i, BH AMEEEF R FIHHH LY HE % (computer physics) . 7E
W EENBHELK, ITREYER =2 B YEM =M T RENS TR FE, i’
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b AT B C SRS I Bl AR A KR . SR P B R LA SEKe FXi i oy 2
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PELEFRITRIENORT2EREN. AELFRANRELE S, E
HRSHERREMELE O SER T IHER, HE S ELIERBM
B Ry AT LU SC R B 0 e SC e o AR S S it 5 i, (R B SE T AT AR A AT
HEIEo T A CRNRERIENZETT, ASREMD T LRBIE .

— AR, H B E TR PR BT E KRBT LI w88 4, BRI R
HITELR ST T MBS 28 b . TESE Tk Ba 1 Tad 2 1 i A UL S BUESE TR B A B o
PTERRR N SE R MR . OB T B S B, TSR T HAE 5548 4 15 i -
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LB BIEICA BT BRI/ MR B & (T R R EOER)

(3) MRLEPRE . HEYLE N A E o b g P ER 0 2% T AR i 6 5C , o
i E R R AE LT . — EHBIAERELR, TEIEEHREER , E5ES
A B, B B B e AL S R AL B

(4) BIFEAELS . EXRATHE, HEZXRERBAOEERE R, BitRE
g F T AT . BESTHEERHERRENTREAIREN . &
— RN BRI RLEF , BB T B 1% — & Y 2RI FHHTH H) 5k
#, LN TERBFANESRER, XL EHRREN T MBS & ZHM
H kR REVLHEEOL, AEEL RS THEBIRE AR B, 5# LRt

BT P LT 5 B R 0 T R e SE TR B4 1K B3 PO i — 2P W MR 4 L 1 U
BRI TAE. BT YERBRTE X Y2 B 5 B AR 1 3580 2
AR R FISE R BB R T RS . BT Y BRI BIR 00 SCRT AR 43
PR TAE. — T REFAIRY; A —T—RYHEDS . FSEDERE T ELE
B, EEEXAREE R I EA R T REBEORD X MR
BRI EHASTYRNE T YESH(LIERERE R . JFm R FRps
)G, PRl R AL, 15 Bl N 5 LR BEEIC R R R R BB, WS
RS T ASNFETERREN, 7280 RIS 8 T r9fe 86T 6] K
HEE. VEMMMTEZRERENNETER S REFIRREMYES
HEL . HTHSENREEEXBEE, WEARURE. FETFANITE
HLZER T Yy 3BT I RINLA , B2 R T8 B RN “TH E B BEY B %" (computational
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high energy physics) 82 B

HHENEYHERRPEERMIFEZAEE. i, ATES CFLAHE GET T
BHME TR BB EUE A Wi %3 TEVA B %%, XERMAE
ik,

HEYEEETTAVNESRABERNN AT ERERNFRZ — BRER
R REYHELEE (HE TP AR R B HARN B AR s, £ 2/
FErt SRl e BgERF R AME A S SR TTEY P R — &
AR, EET R — S R ER AT DA & LR S QU R 9T TAE. ZEHEE
6], YR £ R B AR FENM SR SN VLN AR EER K
Wy HESE R, |




F_E EBFIAE

HEVBE R SR E AT b & F RO EEAHA . W BEHLERIK
W BRE, ERBAT LI RRER, —fMSRY YRR Sk g it il
B, NS R P (Monte Carlo) k. E &8 i A W= 4 VL BT 51 F i 4l o
2, BRAPHPEEA GBI E, RSP N FHEELE NT
EAFRPREEIRESE,. YRFHFP R D{EB B R ERDRAR A E#
BABIMERRESERE, 5—LAREEEUTE, EEad8ERE T
(kL T35 3 i PR R LI ARG AT R, AT R A 2 F 8h F1 % (molecular
dynamics) T . X TAFINFINERIEEEANERNA . WH EFXRER
JB T WA TR Tt L. BRITEEBNLENBMHEITMNE T ER
HR 2,

MR BB RN RE , BB AR S =ZFE . OEERFENF
B, CRABEIETFFIRENE AL RSN, OFFRF B, X2
FIR BRI R, BAaSREEE, ZTENRIUEREE., @
Metropolis 3245 £ & #LL, X R LR LAPTIB“ S /R AT K" (Markov ) BRI TE 3= 4E
EREWAMFES 2 BT U ERNBBHRERAR TN T REMN MM,

SR EP HENRHEATLLERE] 19 42K, (BRLR EHE 20 L 40 4F
KRG, FEEE FHEVNNER, ZHFEABINENKEMMNA. £ _IKitHF
KR, FERF S EENRERNA TR T RNUE . B —F
EEZIEzARYHENGE2aE. EERRSE LE BEEHE AYREE A
S P R — RIS R T X IR k. X EERFE R ITIE
T2 X AT E, RA M e L.

2.1 ZFERFFRZ HEREERIFIR

1. AAER

bR R A 5 g A BRI GE THERE G , 5100 o TN R P AL 38 R
AN ES, RATT U AEERS R YRR %07 K2 5% M8 5C b ) 22 B R
foE RS, B Pt AT EENERE RS HRERSEHT2%. 5#
R RFERERTSRIDSRERF LA B R LR, N 7E
VIS AR R R R Z M. BT AR E B BT T ALK
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27, T RFHERA LS H— 5@ MR R B R T K
MG, SRS R I R AR R B . o0t 3R B iE 1 fa] 42
ST RF k. T EBRNAEPABRIE A BFe 0 [] 58 45 R 2 7 B L FH Y Y
.

REENTENN AL LSBT R TAE BT T8 T, R G e
FE B ELERHTT. ERER et BB, REEP HERT
LUAFAPIRILT . FEBHERE (Buffon) B4 LTHRMEE KB 1777 F8H
BR n L RMERIT L. ERER T RR B R L —AHEEN s MFATE, 0
SR T FE R B BRI [ = s WA, BB MG 5 TR MR M AT LIS «
R

LR RAFERETRAR I IR T8 B M4, BITE LR h At S
FATERAKHBERER 2/ X TBEEG IS S5 R 7T LA i 30 T i 5
SHTRNEES KA N o BLAHESTITELEEN 0 ERENKE R
L+ cosal o SFTHEM o KM, M SPITERMHBR N BE KE S EHLE

Bz b, B0 L BT o R0, KBS T | cose | Y
S

lrh:ﬂsalda—g (2.1.1)
Y0

T

BRUWTE N KEsHP,F M KAFEITELMEIE. 24 N Fo0 KB, 838 8951 8
M/N R @S 5 EATEM SR, Fik, 444K 2.1.1) K183

I"‘#%J (2.1.2)

R, EABREEEBRITRSROMEAMERBE, RIRERTHE—-TE
n KBS ERE]  (HRME . & p AHE S FITERMEHEE(p=2/1) W5
AT ST B BN R I A, AR E np, FERHR np(1-p).

T 2/ (R EN p(1— p)/n ,ﬁ?ﬁiﬁéﬁ\/f(:ﬁ W b= 2/m AR

BME R« BRHEIRE 2.37A n (X BRI MIE « EkHHE, HdrT LU
SERBAEKAEITT o H) . XBHRELR BN « ERAHEEMEEIT .

%F 100 IKHE4,0.2374;

Xt 10,000 K £t 48,0.0237;

%f 1,000,000 X £LEFHR,0.0024,
SRR E LA EMAETR n H5 I ENABEREEKREL., Lk L,
BNAMERAXFH T ERTE . XERIMTRABRBEEIFEFD TEAER
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3 T 5 L s 3 0 o i B — 1
JRISE .
| Ve H 8 AT , BT B — R 2
RS

y= 1) I = j; fla)dz  (2.1.3)

BEHHRE y= () ERSHBENER
EXE 0<<y<<1, A 2.1.1 Fran, XAFH#
o TIRTLABE#LH [e) IE I N, |G St i
’ ' Y e T RIS M, M M BB N Tk
B2.1.1 ERAHEREE K, M/N AR ETRME]L.
BIEXBAH -, RMTLLEES R
FEAREABELSEWT AT IS 051 E K B s R R, WSy o
S—ME YRR R, B B BV A SRBEVLER X (I EEHT ey
FE LB, A S TR EG, RERSRRBEVIAER £, FE85R AR
ST NS B IR B REBEYL AR R B EE, REHITEDIEK BEE
KR EVLE G A (IR X, BEXEVLRSRHEToT Y, RH
A HEAMBER X FEHEENRBEGLR, XFFEBMaERES T
B

2. MMEFARMNEENSH

FEALAE B — AT LIBUA Ik —ME R & GBS X BBE) , 3 B A
ARELEFAME ERARE —REH. BRXMERBNELENS EXS 6L
ATRE TARAY. BUETAINTONELRBEYIA R, f FEYLAS & #9437 7] LI1E B B B
S ERIBEE, B

glu)du = Plu< u' < u+dul (2.1.4)
gCu)FEA u MRS HHEE R, CRRENER o B u Blu + du Z[EHAHE
R, VIRFERNVE B FAMRE R RPORRE o 0% BE B¥ AR
i eRBCE AN TTE . 76 RBUE R

Glu)= " glz)ds (2.1.5)

) glu)=dG(u)/du (2.1.6)
EE,G(u)BR—1T7E0,1 | KB B{ER RS R . B g(u)RP—4LH4
At 9% BE pR B, BRI T 22 e OV R A B o (ETE BT E R 290 1,
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3. MAMEFe MM

BNFEATZEBPFEULZER o F o B, W70 5 X w28 i K 5 57
HEFERB A (u,0), W FROBFZNERNERNRT R BEREE L (u,v)=
plu) q(v)XFFHRIENT, o Mo BEM LBV R X TR LR
R, BV ERM BT ERE R T . WS BN & 2Z [ 2 57
HEAEN, BEL L MrATRAGEWKAZRHEEM L, ME=TZRE, &
ZFEEZTRAOASZEFNRERXN, RATEEW FHFREH  FE » Fs £2H
BSSHAEL0,1 IR EIRAEE M MBS R, BRI TUWE =B R

Yy =5 (2.1.7)
z=(r+s)mod1l
Wit =, y, - WERHS N HERXRE (0,1 ]JMWMEILER, FHFTAEMN (2,y),
(¥, 2)f(x,2)AEHEM TR (FBSHE-TERENEBRHFEANES P A —
MEBRMBEREW) HEE (2, y, )P EEFNEBAEF LS E HE =1
AR RE, IR B Z B B R AR

4. BMBRE FEFHFE
— T eRE f(u" ) MIBUF B ERE SO R B H{E

r

Eifl =] f(u)dG(u) = | fu)glu)du (2.1.8)

ERXP,G(u) BB TR o M RE . B o BEa,b | XBIE5 40 HE
PSR, Bl dG=du/(b—a). XFHHEETUE R
Elfl= ﬁjjf(u)du (2.1.9)

Js, T LAE SR o ORI o B
O Elwh= [ wdG(u) = [ ug(u)du (2.1.10)
AR L 22 A T LR F R X
Vifl= El(f - Eif = [F-Elfi PG (2.1.11)

ER,ELRITE P BER, TEE KR, R T 2R ERE—KBD.
HERTFIRMERERE. B TIFERESEREAHRMESN, HmE
W EERAFYBRE S AR, SKERMERZE B §9°F 5 IR i BIERUE A B R AN J7
. REREWRE SRR FHEROITIRRE, MRKRPLEAKRTER
BREAEABA, BATRT LAUERA X LB AT RN B St A X L — ok
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AR, BN = Ay BREFIAER, o B— 1 EE W
Elcr + yl=cElxt+ E|v} (2.1.12)
Viex + yl= AVizl+ Viyl+2cE{(y - Elyl)(z - E{z})}
(2.1.13)
HMPEERMAR I RERERF, M ERFREXHRER. AXQ.1.13)AHH
BE—WPRA « My BRI T ZE., R « Fly BT FEYLER, N » Fy B
HENE, BEBHTERNEEN, R x My BIEXEK; RZ,ERNFF = My ([
BB, ARIMNEEBEEE:QORE »r Sy B FZERNF, BRINEAEBEE =
My BERM TR ;QREHFEBMEIELEN BIR » 1y B0 BE, W
Vie+yl= Vizt+ Viyl (2.1.14)

5. REEHN Ao PSR IREE

BRICHHRZENMAF LR RERESFTRY AR R8N iz bt
Tﬂ:ﬁﬁﬁﬂﬁ:’:#ﬂﬂ@*l&ﬁa MR a,b | X8, L5 FIHE R 040 % B AL B

DB, WA w T RBUE A (w; ), OBEE NIRRT X 2 R $E Z FIBR
L,.l n EE@E*JE!F&II#:@?@&& fEla.b ]IZHEFJEHE{E BfI

= (2.1.15)

~R(2.1. IS)MEEE%’ “E‘:Eﬂﬂﬁﬁﬁﬁﬁfgﬁiﬂﬁﬂ R B WHRAE T 24
2 BEZHREHRES G, T EAR RS RS R P ATHER RS T Z R E

PR A TXNWCETRE AT, FUh & F R EMA T, WZ 2 O RE
B,

AR PR B B W] LU Ul 5 R3] A R B A, B X AR » K15
W, RFRPAiHERINAI 2. %08 X8, Tie BEVLAS & 59 5/6 afi, ©&
) T Sz B AL AR B A e A R S 1 R B U o3 A (BR s B oA ) o 81l an, 3R 4
A—THIER 7, EMESHERER (). MERITE n MHEERSHEE
PRA f () KOS BEALECREIN : R, = g+ o+ + 9, , U R, TR EHH 7. T
Sy B] LIS E RO HAEEME o M £ 0% SELE TR GEHH N (u,6?)RFmR

N(p,o*)= le,_:xp[- (z - n)*720°] (2 1.16)
LR RERAT LIS HERFRZIEHENRE . mEAR(2.1. IS)Eﬂﬁﬁ‘E{lﬂ
BEN I, AREIH » KNSR RZHIENL FERER o, Y » 7
SHREIHEER 2 (1>0),8

+ o (f) ﬂ(f)} 1 [
lim Prob< — A <I,-1< 2 _ 1
e JIn Vn NG

2
et 2dt = 1 - a

(2.1.17)
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X, ZRAWHEE S R P EZ EZERE
a(f)

Jn
NEHER 1 —a,a RIBEKFE,1-a FHEBEKATE. o IEHEBMHEITEY
EIRE,° =V fl/n. a SAKXRRATUALAR(2.1.17)K%B. BFELIH
BeFHRTE, Pl BEEFEKFE1-a=99% , T UEE 1=3, XATLIEEY.

7ﬁ%ﬁ|fﬂ-1’|{3f_ﬁi‘£mﬁ$%9§%ﬂ AR 1 -a=95%0t,A =2, HERS

£ E—AFE .

A LEHIER, B FFTENRES 2 HR(AAR(2.1.18) ],
AT B/MRE BN SRR BB, R 2B/, SR EE, A
SR BN HHEFEAREIER, XN RN S FERTAZ. £hZEEE, 8 meil
KRBT LI BORm/MRE . LK R BOEhn 100 6%, W E R 10 %, LSRR
SURIN T HHERIILE,RE T RA. FTUEZBRERT NEARHER, RER
R ] R 30 T = A IR UK 3K, R B R AR B B, EDPLE#ESE o 8 % LK
T EMB AR RBE R 77 B4 RIARHE

KNI TEREOMESEAREN BT RS TRE, MREX—BFE,
HEWR—BMEEL TR TREE. R, SERTA IR, R REEM
HREZ KK REERAR—E, MARHE —ERAX MHE.

2.2 FENEShFENLE

L, — M REPLB ORI YL B AT I — M E . ERARE
FE AR P —FAEE T EFHEMARBE L. AMIEERACEH
FHRBIIRMET RPN XEBIING T E L B A RREILY, HEA
ASRIERRLBUF SRR, XEHFI TSGR =MARMER . K
AL EREYL RS AV REN B S . FEMRE MR EXFNAS, AR 7L
M HARERESRAESIRRE. ENEESIHNEISEMERS ., Lk

, — T SERHIBEPLEF 5 T RE R A R Fb oA (B0, 50016 BT i %) , (B 2
HARR A BE T E5E 2 RFEPLAY

1. AP

HEAYLES A AT B89, Bt A4S AT BB 3 5 7 A P -1~ () (9 SR DL 88
5. HEEYIER SRR BER AR = . Blin, BOHE B (B FiR &
RE T SRR MR ESE, mERABYESER LR R A

11, - 1| < A (2.1.18)




12 HEHESR

RIBERLEC, BEE AR AR . {BAESCBRA FE R, B2 480 ol BEAR R (H) in g8
A FEMESEO ARG B E GBS RIE T EMEN, AHER
R EMB T TE,

#f B & S BR (Frigerio) Z4E 1975 FE40E FREAHEN THE. 1A —4 « BiF
T IR A — 1 2 B ) T SR U 3R B, 7E 20ms B B N0 % T 24.315
o BT o MIHBONEEET , EERE HiCR 17, M0 a0 b0 A 5
BRI AEHRSET 12 S BARENRT TEBIE. XNERS/aT LS
A K2 6000 4~ 31 EuFs (bits) R EPEDLE . XLLBBAFMEERIN L, 38T —F&
SR HEPLE R B S AT R R PR Y,

XERNAHERRRE W TIEENF. AR LEAAOERERM 0" RH
“VHEBEIBOFF S ,0 1 1 HBABERE p ()R p(DATBHABHSET 12,
TN R M EBEHEUF P &, B3P ) —#H BB BT A A, IRX 4
BN BON ], & 25X BN TSR X A P BT R ] ﬁlllﬁé%% i~z
ﬁ?ﬁmﬁﬁ%ﬁ%—*ﬁ XA R — 18T B 51 B RAARE < 78 [RGB R
MHEMSLAEO T, 0" RS, X—RafTUAINTERHEFES .
“O" B IR REERN p(0)=p(1)p(0). XRBIFHFFIPA“0" R
ERBEFIFVUEERE O"HAHBE. RE1"EFFHPEAHER
p ()=p(0)p(1), EMEL p(0)F0 p(EFTHAE, p (0)F p" (1) ERAHEE,
HTFEMRFFIN, & T—HBHBEERR p2(0) + p2 (1), B p"(0) +
P (DAFF L MPFHRET 12, EXHHIER, FHAIMEAHEH —EEZE
DEER—DZHEE. BHAB, EHNEERER p(0)p(1)=p(1-p),HP
p AP (0)B p(1), HHEMBHEKREN25%,

AT BB — T 5 % BUA S B B Rk BB LI SR 1 B 7E H R VLS = 4= 28 +h
B TFYHEMWEG R ES, 8%, FE# 5 LK P 748 A B B AR —1
WA, FFEMERARENEN SEHKMHS, MRRITNER nER—F 141
ARBFE , XTERRAEHRLEHN AR NBRERFLAHEFRBT, IREEE
T ;5 =, IEF AR A RE T S ETRNER RIS B ;B =, RINEL
MRS BRI BRAFEN 2R RS AN HRIEREI BRI, 7]
DATER ST BT, ib4H BB e, R FIEEF 0 ER R B A R ST,
AN, B EM A FELARYSSHH, TRERK B S ABRRNARIT 7.
TESLRRR A, AT H LSk B X — 0 BB, H HEXT B 5 R MRS
LT A0 T R A B 7 B B ERE AT I R B IE .

2. AR
HEREDLEUF S A B A BEVLME B, (UL A& ok A 38 [m) RE B RE 4515 ) IE M6 45
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o HERPLBBESRR AT HFSL X OnPEPLBOR 5, BELBHTHBFE X L
FIBEOLIE, 7R3 L —RATTRER) , LN AP R EA X T LR, XEERRIE
“BEPL" BB RA R EHRENGRPLE S, SN, EFEHIMKRE
BOSEIBISE b, 24525 8] 3 1 s BB SI0A D A B 20 /Y, T 28 s i 5
Bl WL H AR R, AT RSB0 T 500 3 8 FELE 8 B
TAB, R, RITBATUATERNFEEDHHSERHERE. BLEEFL
BOLT X585 BB S 0 S P ERTE.

MRS LR, BT T TR BEVLE R ESR R AA R A “HEL 1R
PO T, BRIIESAEBBEPARS KD HTEREBG T . H2mRH% K
REWBET KBIQFEEREIEUT Y, IFATRRER Y —&, RAERITRE T
RIARE TR R TR — L R, I, ER LA TR R4S E
FRHEHMAEHEZERON SROEREX, EENEFHEROR D
BOOTERENBRD BN R RS ERRBRSES, FLE EEHF TR
R RFF R T TR B M AR AR R k. AT RN R P TR R
HESHERERT BB MREEN

3. PHRLALE

3C R A O BE AL 0E B 3828 B NN A T A DRI . X
MNP BB FEX LHEL— AR T . BR, REHEYIZESE
TEBEVLE — BRIV ZH R, BATR A LR E S/E KRN BmBCOHEA ., X
FERAIRER] LIRS o ib B R ™= A4 HBEPLE . XERTNIHR T M XTI E R
RV R E R OB I AR M R AR R, B b, RATZROIBEL
PO E R B LT : RIFOGIT 0 et B R O BELE™ & , DIBEVLEK
A RTERT AR, AR A B OB IE R A, K, WER
G ERRBREEN . RMLHFERONENE-EEFERA—TE T2
TRK. RERMERS AN REILEN S s T R TREZHIETTRR, LIME
AT, BIERFZLT AR SR EZNAREIBE RN A X
B BATE e — T EERRR AP, a0 = 4 fke 5o Oy BEDLE

(1) DOBEPLERY =4 Tk

PhRE VL™ A 288 A W SE R R OVBENLEUF Y . BEAR ARSI H
DHREPLE= 4% . B R DIBENE- LTI RRRE HHS P TP E. &hE
BARAE -2 NHE BRENTPEE » CEEEERE ISR RS
— P IBEVVECY Tt — B E 27 23K, PRI P B~ EEAPE SR - OhBEdL
e IMEAEBR R — BT 5. B0 ER T, M 3R AR RS
2r ¥ x, HRHEAR
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Zae1 = [10727 ] (mod 10°7)
£, = x,/107"
XA & BN BF P B MEL0, 1] B8, N S HEHEA N
(xp A 2r P ZiEHI%ED

(2.2.1)

Zns1 = [2772% ] (mod 277)
&, = x,/2"
FEARP[2)EBR 2 BE, ZBE A=B(mod M)FTRAZEFBEMEBRE
IR MREFVE x0 B, XML EALIBIRIEREILMN—K B
BRI BEEARBE AAECBRIOEH. XFTERBAIMZFESENTRTIAESR
A , A EH(INF)EERREEFEE HI,
SERRGE R DOBENL S AR L F BP / R, 4 B RAT, S
BREHRRIRTE4%. RITEZTWOTHEERRXRAFZTLEET
To+1 = (ax, + c)(mod m)
€, = x,/m
A, o MR T , HECHAMERRBBEEFINNAFREE. a,c,x9,m AKTF
FTHEBY, 2o+ ME EME, FANTEFABIEER » AEF
a,E1377 4 U BBV TER RS ER AR . 70 B BELBR KK A, =
RIS EA L. 70 WRXEHFARANBERKRELES . EHIE
Bl oz AEBIEREE, T o FEEc BINTER
a=4qg+1, c=2p+1 (2.2.4)
p Mg BIEBE . XAMTEFR p,q,x0, m EREE—BREE T E MR
TFEYLE R R #, (HR 28BS R EB KA EE, m B st
HREEE I — APINKE
X ¢ =0 BEOMIETRFI A, BT T — Nk, BB e RUEE ™= A D B AL
BB, XR = N LEGE AR N
Tpe1 = ax,(mod m)
£, = x,/m
xo,a,m WHIERE, 30 R ER{E T FE,
AV 2 HAL K P A AR SRR 7 g, FLINIR Mk O BEVL B 4 R L FF
fras (RNG) % , X B RITABEER
(2) BB ALt e
A 2SR 2, PABR LB PE IR Bl T & A S T TR B R B /Y, X e
ER SRS SRR HEMEEE B RERAR S ga 2 H
RS R TR SRS RN R . BTSSRI E[0, 1 IKEA

(2.2.2)

(2.2.3)

(2.2.5)
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KB X B) P BEALEC3 AR BSOS ARSE o 0 ST MR AR SE S I B T AL
P, BT RHHIRANTRENSEMMEEX, TERNEXHARE, BEi
B — R AREVL BT PR T REE S XM EER R H R B, AT EREE
SN EZFHER. ESHRBRE WP R Rt BT,

(a) BB E—FERE

MOHRRERFTARRTREEAN—F., BRI ERS. XBENME LK
%o WALEXME0,1] LRIBENEUFES] (&1, 6, 6] o TR ZIFENLER Y
S5, W0, 1 IR AR £ MM TR A, S ES T X RO REPLE
MEN; XA N/E . WERBHER. EHEITNEZE 0,=/ N, =V N/k. 4

Ry ¥%5E UMLK

k . — N/B )2 k
Z(NN,?; 2 ‘*E(N N/k)? (2.2.6)

x* TR R AR ¥2 (B — 1B . SBULTT LMBE — 1 B MK R #1T
R, RITTUN ¥ REBR-DAEHRHENBEKFEHN o« BH#e, E, MFE
MR(2.2.6)HEHEXM 2 /NF 6., WIARE « WEEKET, EUBEVSE
[0,1] XA GHAHBERER . MRITENBIN 2 KF ¢, , WA RTE
a MBEKFET, B R HESSENER, E¥RBEKER0.01 K
0.05. AT RS, ¢ WBERERD, BHERELRK, —HER
Wk H, REEEEFRIEEE T BN B &8

(b) MR E —XTEEKIKRK

XERNMERAAFMIEREE—F M R 5, WRE0,1] 85
FEHLEUTS | &1, 6,0, Ean | 3B

§1583, 5 62i-1s s Ban
§2,8457", 82457, oN

F—IENFEYER « KEBE, B _FIENFENER vy BUE., & vy PEAK
BAEFE [0<2<<1,0<y<<1 ] £, B LLEAT F R AR BB 7R, B E 5B
BT kX k AR E AR /NETTTE M. FETES AP N B RS SR n;
REMSET N /R, BILATLLE S 2 4

& kl’ N 2
X = -Zj.ﬁ("r;?) (2.2.7)

x° BRI x*((k—1)2) M4, ST ULR A SHAMKRIRE x> ik, BEH
BEHATRSAITRE , BT L IR HBENLEUTF 4 3 =51 5] e 5
b T TR ARAA R 5 ik 4T B 4 T PR I8

(3) ML TR AL A Dy BE LB A 58




+ 16+ HEBESF

FES A IR A B R ST E VLT R A I BB O %, K
FRRLF B, BRATE A A S E R AR SR EN L T, e EE =AM
DHBEHLECF 7 = 8% . R4 SS I SE B R E T T 8 B A8 SR = =4 (0,1]
DX f6) #y DR BRI 22 e 3, W DA R B 1 R (A T B LE bR e . i E Rk
RITTENL, NSRBI A BT B, AITE R R B T84
WEREHE ., —BORW, XA DIBENLE ™ £ 25 e A Dy BEAN B B & B B fn e
A= OO FEPL R B B AR A RS (B AT IE R BB ENL E T, X ERA]
LA CERN 2/ S BEILEG™ 4 FHF RN32 A#]. ZBFERE IBM iHEHL
) 32 i FRENB/MEE., B HRFEBICY 65539, tha] LI A “Fh 7" 1E it
PREER . WM (ERAT— BB T L 69069, 45 F RAR B EBRA 31 A5, X
31 EBOUERNT — P UBEVLE R “Fh 77 B A hBEN B EEL I T #EE
BB M T RERGE S M EF, URER S BB E R BE LG RTELL 273
SRR OHBEILE . AR EYL LA RN32 FRF K FORTRAN & E RIS
RTAAMAARE. THERLE RN32 FEFOFERFN CDC & IBM A, X
PABRESLE™ 4 2% = A B RT LA BUE R . R1=0.10791504-- ,R2=10. 58747506+,

FUNCTION RN32(IDUMMY)

C CDC VERSION F. JAMES, 1978
C IY IS THE SEED. CONS=2* * —31

DATA IY 65539/

DATA CONS/16614000000000000000B/

DATA MASK31/17717777T7T777B/

1Y =1Y * 69069
C KEEP ONLY LOWER 31 BITS

IY=1Y.AND,MASK31

C SET LOWER 8 BITS TO ZERO TO ASSURE EXACT FLOAT.
IY=1Y.AND.Q77777777777777774008B
YFL=]JY
RN32 = YFL * CONS
RETURN

C ENTRY TO INPUT SEED
ENTRY RN32IN
[Y=IDUMMY
RETURN

C ENTRY TO OUTPUT SEED
ENTRY RN320T
[IDUMMY =1Y
RETURN
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END

FUNCTION RN32(DUMMY)
C IBM VERSION, F.JAMES, 1978
IY IS THE SEED,CONS=2 % * —31
DATA 1Y/65539/
DATA OONS/Z39200000/
[Y=1Y * 69069
C ASSURE LEFTMOST BIT ZERO(POSITIVE INTEGER)
[F(IY.GT.0) GOTO 6
[Y=1Y+2147483647 + 1
CONTINUE
C SET LOWER 8 BITS TO ZERC TO ASSURE EXACT FLOAT
IY=(IY/2506) * 256
YFL=]Y
RN32 = YFL * CONS
RETTIRN
C EWTRY TO INPUT SEED
ENTRY RN32IN(IX)
IY=IX
RETURN
C ENTRY TO OUTPUT SEED
ENTRY RN320T(IX)
IX=1Y
RETURN
END

!

=)

2.3 EE IO REDLAR B A

ELPr AR, [0, 1 I X B S0 R RE AT @K T .. HRAZ
B hBEL R BRI AW R0, 1 IR EIMHSN 1, MR EASFHARER N5
BERB . EWXN—DRANHEBE R £ () B HBEYLAE B B3R BB LT
FRKEITH) B G, 70, 1] X R 535375 W DI BEVLEN , R G , B h
FESLBO B — 1 BT R, BEXANME B TR M A W R A B R f (),
HHA T IREVBAE E S . SEPR B RE (0, 1] X 8] k#5940 M i BE DL B BL AT 45
BB S, AR B9 ) B TRt —E R B R B M . B, SERIA 1
DR BEHLAE B fib e R S SRR IRV ] I 34957 43+ B D RIS B A b, S EUAF-8 F
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FOR B4 1 B R R A . X T ) 4 701 3 BE e B, 5 R R AR TR 4
. FREFFFPHETREENAEZ —

A& TR AR R D BEL AL B B9 30 AR 07 3K Z A0, AV SE - A REVL AL & A iy
— A R B R, BIR IR . R KA MR E LM HEE RN f(z)
RIBEDL AR BEEARG, AT UL f(2) R R E R £, () IFIHITE
2, Bf

flz)= 2 hi(z) (2.3.1)
FEEFT RS AR R by (o) BATRIREAE R £ (o) HORRBF 0, R 4 — 1

hi ()BT R BOURARYE | 1, (2)dx MOBAHEAE N AR ERE LR . SR

RERTFY TENBRMEN.

TE X B 2% 9 7 6 B ek SR R e R B, O BB 3E B il O B IR U R+ 2 A
B B, AR FHEITRD AEZTARX T FYEIEN R SR, X
BTH R, BEXT R Bah 1L i A 2 A 28 1Y R R ST AR AR & 8 P AT
. ITRENHTHTEEERAREFY HiE. MRARRNSEKERTE
FEZS 6] P A S (E S, AT LUF] AR BN JERAE it B R A R B R P ryErs,
PlanRAZ ERE FFMET RSN 2.57),

A. B3 5 BT R B

Xt— AT IR MERBEYL AR -, MR EUBR p, BUE 2, MEUBEE p,
BUH xp0 XBTNEE p= (1- py)o WAL, ROTMFI[0, 1] R B —45]41
BELE &, 5 EAER 6<p; , R 2 =2 ; IMHE RAFER £>p, , MW x = x4,
MRBEVER « AT =T EEUE, MR HEEAER 6<p, BRIV 2= x40
RWBRAZER 6<(pr+ 92), AN z = xp; HAMERNE 2 = 25, — B, W
FEBHAMILAR « UBER p, BUE x, (1 =1,2,- ), MHE 2B ECH

F(z)= D) p: (2.3.2)

r=x
Hep, p; ROWERB R 20 p = 1o EBENIAE B I EERMAE T 3R 0T - 1 2,

HEBAE(0,1 | X6 LSRR 6, R )5, BB R T A%
Flzjo1)< &< F(Ij) (2.3.3)
M 1E, 5 5 XN x; SRR TR PR — AN REE L BD 9= o, R TFHEBNE R
W F(z;), .
YE R &I A — TR AR E, BRI EE R v A F SV RMEEERSE
RIFHFERIE . RATHGE v Y F 5V RAHEAERAB =Fh2ER . 6B 30W B R
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17 F e, TR . e, YE R BN M T XN e FIRMGE R . B =R
B 5T5H 0., 0, M oy, WL EETEH AN

o1 = 0.+ o, + 0 (2.3.4)
B S HREVE ¢, 5 W EAFR <o /or, M RGN ; 7 E A FR
o /o1& (0t o,) /o, MELREWES ;& 62 (0.t o) /o, W= A 853X

R P

B. &9 HABEH T R

1. HEidH ik

HEMARE PR R R . BOESERIBHIER » M0 EEREN f(2),
TR BB R T R BN 5 A

F(2)=|" fla)da (2.3.5)

fin F(x )R RREF ' (x) L, 3 ¢ H7E[0,1 ) K H ¥ 541 B BEVLEL, &
E=F(n),MRMEAER », BN p=F " (&)BPAHEEIHHEEFRE f(2)B—
TFE, FTEE—TERAER Z TS <<z FEEN

plg<<zi=plF(&)<xl=ple<F(2)]
FCx)

=r;0'd_r+L l1+dxr = F(x) (2.3.6)

XM EAR AR AR, SRS, BRESMRE F (o) REM
S A BE R f () FRAOR e, B SR ) RO Sl R 0 0 T BRR
HEK X R T

Bl 1 388 R B R

B EAOHAREERTH TN F sl B BE TR SRR HES
VRERARESFSYRENE, © K56 %E RN

e ™ £ >0,A>0
( ={ ’ ’ 2.3.7
f(x) 0. b ( )

BRI HeERECH
Fo)=|" fae = [ ae*de = 1-e
& ¢ 20, 1] XA ERE A HBEIE, 4 6=F(n) =1—e M, @I FF15 3
7=~ In(1-¢)

EER1- & fe RAERM0, 1K BE SS9, 5E
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7 =- %Ina‘:‘ (2.3.8)
B2 AN B9 510 9 B R B
flz) = F—'—,l']z <z, r>1 (2.3.9)
z}

i X (2.3.9)895 75 % B SR BAIR 43 AR sR O
x J oo r-1
F(x) = L f(I)dI/j flx)dx =1 - (ﬂ)

I

o\ 1
E[O,llﬁlﬁtﬁﬁﬁﬁmdﬁﬂi@ﬂﬁﬁﬁﬁﬁﬁm&E,"%‘*E=F(r;)=1—(—“) SR

v

IR IFEER 1 - ¢ Mg #RR00,1 1R B KI5 A ) hBE LA, 18 3
p = 2ot V/ D (2.3.10)

2. BRI &

BB FENEADERE— 1 B E 240 R, B R A E L ER .
LB R SRR RO HERE . BN, BEXTIE R 0 B R f () DL B 7 HhkE,
WMRBXNEHAITEEMER CBEEN, XNMREES - HEIER 6, R
HREERBOY ¢ (y) KT R EEEE, 3 A e, R AR T LIE
EIER—TEHNERXR 2=g (). MF g WWRBEFE, ILH
g (z)=h(z), HHERREEA B ELIH. RESERLHIIH, XM 2

WERDSHEERBENG(h () R (2)]| . MNPEM g (y)IEBEE, HEWH
2]

flz)y=¢(h(x)) |h (z)] (2.3.11)

N E BRI RS 4 (y)HEEEAES, BETHR 7= g (8)BHHEEAAE

BERREf (o) MR . PR b, EEMEEER 4 (y) N7E[0,1]KiE LK a4

HEERBTFRER T, g(y)=F ()8R ERmMAE, BN EREHMER
FEERAE I o

THER TR S - SR F SR RN N R B

AR EERE (2, y) AR ¢, 6 M. NERINCRKIE T LB

BRI g (u, v ) MEEYIAER ¢, " MR DT B, AT LA FR—NE L
#

L = gl(H;‘U)
y = g(u,v) (2.3.12)
g1,2>» REB R REHFFFE,iCH

u = hi(x,y)
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v = holx,y) (2.3.13)
2R W R AT R

glhi(z,y),h(x,y)) 1 J1= flz,y)

EArh, | ]| 2R R B HE O] B (Jacobi )15
du du
dr dy
dy du
dr 3y
AR LLE R AR (2.3.12) AR E R R g(u, o) WHIEE 1,015
RIFFR AT R W BE RSN f (=, y ) IFIEE(E 7, 80

DL bR PR SR AR B pR B gy F gy B RRE by A by, BEA—BHEEEF R
¥ B FABCELAE TR DIZENENEREL . RHRMFENRGE: X
BB ERIAFEMT R LR FAERKBEREEN ., TERIMLUESS AR
A B, B — T AR A B A

WYL R » WRIESSM , B850 % E RPN

1 1 (x — p)?

fla)= = exp|= =3 I (2.3.15)

By

Jl= (2.3.14)

Eigl=u, Vigl=d (2.3.16)
M u=0,0%=1 BRI FRAIRHEERS A0 , 475 5 B R B0h
Flx)= v’lz_fm_ 272 (2.3.17)

ic A N(0,1). KRB AT H BAAMEESH BT R HAR
BBV R » WRTESHT, VR o B EREESSR, W » Mo 2R
KER

7= 00+ p (2.3.18)
WHEES DA EE RBA A — R EPFE TR KR E B F (), AMAGE
BN NS S 5 R E R BR B R ES S A e E. HEWMLCRA—
TGEF B Ip B P IS A RIBEVLE B u, v ROV IES 70 R BE L
TRr,y. XRRIELH

xr =+ - ZIHHCGS(ZT[TI)}
y =+ — 2lnusin(2xv)

(2.3.19)

FiER(2.3.19)183|
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1 :
U = exp —E(I3+}?E) = h,(x,v)

, (2.3.20)
v = Ertan‘l(yfr)E ho(z,y)
PRSIy MBS B B R
flz,y)=g(hi(z,y),h(z,¥) ) | ]I (2.3.21)

BT u Mo RS R SIAREYER, TS R g (u,v) =1,
MHAR(2.3.14) , 24 M B HTR , BEEE)

flz,y)= Ziexp —l(:r.z+y2) (2.3.22)
L 2
XHEA f(x,y)TLE A
flz,y)= flx) f(y) (2.3.23)
Hrp
f(.r)zxf%:exp{*.rzﬂi (2.3.24)
f(:;r')=v%texp{—y2f2} (2.3.25)

AL AR(2.3.19) FRMEE—XN 4 1 R E AR B ES 0

ERIESS A Fam A 2k 18 v LIVE Sl | X ik 2 B i 19 Maraglia 5 85,
HAhHe LR H T a2 B A .

(a) P24 10,1 ] X8 _E B SE 3551 M BEVLER « v,

(b) HH w=Qu-1)*+(2v-1)%

(c) WIR w>1,[HBZEER (a) ; &I, BAT(d) o

(d) T 2= 2In(w)/w]"?, M z=uz,y= vz,

EESHESITYEEOHETREREEN M AZ —, BRI HBZH
TR BV 3 AT R 2 — o LT AR B B RP IR 25 20 A6 59 5 e b O 1, il
#HERYCE FIR™E, B UAESSHERT , BRER T~ AL A8,
R AR (2.3 DEZEE, RER T FH . ERXMAZEE, WXLz
BRERIN . BRI EERE —LEH HES()BRERY 21%MiHERE

PR TR B i, (HEN A BIE X MIAR S, R ™= A B S B B, [EZR 4y
A Hh A 89 oA B LT SR EA A

3. e E

LR - 9P & (von Neumann) 2y 72 IR B B b F1 S Bl A Jy vk (4 R
BRRERE . EMENESBEREBAEN I EE R (o), B85
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MEREPLEURS | 6, | T & . SRMFENRE (o) KMy, BB LM
PLEX &5 f () /NSl R EBDHIBENLEL &, BRI FRED & MR
AHEERE S (2 ) ER ., X FENDIHEERY () EHEEENE R,
HEEFREZBINER, BRTTLURAN, SHERERTLRE, HHE b
R AGETE  BRXFTE, S F (o) 7E SR T P9 o R (B AR AL AR K
RIB R, R RBRER, A KBNS GHBESEEET. AT/ ER.E
R NTEFEA IS EFRN Y. TEBIINSGIEEE SN,

(1) F—LE&EkE

WHREYLER n E(a,b | EMAAHFERE R F(2), EXEa,6]F f(x)H
BXEFE,HET

1

L — xﬁ?ﬁ]f('r) = _A_ (2.326)

BRXE A (2)E2E[a, b JTERAMBUETEL0, 1] X 8] ., XX 2 A ISR 2
TR R

(a) EHXIZIH0, 1] XA RBEVLEL &), W[ a, b 1K E] 89357540 76 1 b
Pt d=a+(b—a)ty;

(b) F-GBUM L M504 F(0,1] X8l EBEHLE &, , BT 6,27 ()BT
WA R ISR, AT (o) s AT 2, WK [ S 55 (a) ;

(c) I p=0 1Eh—1-HkE1E,

BE FE="8, AT LU= B EEVLBUFES .|, TR K
fQx) A 2.3.1 Fis, LR (L) AR ZER 6,<<AF(0), BN TRIF
BEALE (0, &2/ )R F(x )M T E., BN » BB 2, 2 + de | RIBER %
THERE

{(.r)d:r = f(x)dx (2.3.27) d|
I flz)dx

X, BRI RB B MBEYIEBSI R T
THEERE ()W, B TR
(0,672 )ETEME f () AT ABER, I
BrEHE MG HEARRMR L (b-a) TG
B, R AT LAR SR B3 s i Rl R S R
H

—

0

=Y

be(x)dr 1
E = Lb-a) Lb—a) A2.3.1 %;iéfﬁé@#w@fu)
(2.3.28) /e




+ 24 - HEBESE

BARBMNADHREGRE L, R LBX[E () BRARE], W&k
PR . N7 BRI —R R, FATT ] LUK AISE R s ik,
B3 XTREYLAER 7 #hF:. E RIS 5 R RECY
2z, 0<zr<1

f(z)= 0. oy (2.3.29)
B WRAEEEEE, B AR B
F(z)= z*
FHECEE(0, 1] X &) _E B 5 s A B BEDLE &, 4
&€ = x°
&
z =4E (2.3.30)

x Ny WFER—ME, BRAKR(2.3.30)FFFEHBERK, Tl A kE
£

L= max f(x)= max2x = 2 (2.3.31)

x€[0,1] x€[0,1]

RIS — R BT, TRV AL [0, 1) X 8] LM 854 R BENLIK £,
EE :ﬁ]ﬁf

1
Ezﬂff($1)= 3

BB HROL, W =6 F FEASERABAL, T HEEY—4 &, 6
TEEXLE, Bk LE,ER 6,8 F2XRETESN, MR 6,<8 AR, HF
§1<&0 FTLUE &6 AL, REW ¢ M & B —T , XM ERM 0 E i
3o FrLARTEAHR

xTr = mﬂx(élt'sZ)

el AR OB BES T BLAET 51— ARAACTRRI L. 3% 7 WL M0 I e
— mu_l’ x € [0!1]111 =1,2,
flz) { 0 o (2.3.32)

P&k bR, RO = A S /[0, 1] X 8] LRI A0 A BEDLEL 6., &,,, &,,
L)

x = max(§1,&,, &) (2.3.33)
HIBE DL Z S B0 43 1p D e IR A2 (2.3.32) 4 Fi .
(2) FEoRERE

B r ()M f(2)FRTE €10, 1 1R S HE R, HE ()T
55

f(I)h(I)ELg(I}h(I) (2.3.34)

flx) = L'Lh{.:a:)
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Hor L OWESGEERE | g(2) | <LE L= max 252 S0, g2 ) a4 5 —

£[0,11h (.I)

TRV R B A E AR XTI 6 W R f (o) FBEYLAE B 7 B9 HhA,
QeI NP $ s I

(a) 7EL0, 1 JIX 6] EAHR ¥ 5 70 A BEALEL £, I i1 h () 504 % B ek B3 R 1%
@J T o

(b) AR ¢<g () AFRET B MR, WHEFERIL R (a) .

(c) BEEX 7=, ERIRMI B BEBREL f () B— P HlFEE.
ORI T IR SE IR E SR =R SRR RS Ol . HAEM BB T mihASE =KE
WIEE —H A, NAR(3.3.34)ATLIEH 2 h(2) =1 B, [RIRNLE 758 —
REEEOHL. BREFY r ()WL (o) R RE 2, 1 iE%
B X PPk O . XA R E=1/L.

B4 RAISH R SRR AR E S T BV, REES
S RBT LIS

f{x)=Lexp—£z —oo < g <+ (2.3.35)
T , L 3.
R B TR 53 A R R BN AR R, BT AR F &k vk .
2e
L=,]—

hix)=¢e"*, 0< r <+
glx)=expl- (z - 1)*/21, 0< 2 <+ (2.3.36)
HF f(x) R BERE,EMA] LATE(O, + oo ) KR B G K H( — «,0) K
8] ERIAhAEE . XRERATAT LA R B AF(2.3.34) M1(2.3.35) (0, + o) KB HY
I JJ:I:H]‘Ein(I) Lg(x)h (x) B &S, X b (2) B EE AT LU BEHAE
Hia EE /% 11’151 ﬁ:tﬂ L/ E{J{E %FFEF@M& Ezssﬂlﬂ] ngg( ?ﬁ)%%ﬁzi:
Ho B3| B A S =K

[l

(m — 1)* <-2Iné&, (2.3.37)
REB . WAL, W &3, BEHE h (o) EEMPE; RS, MBREE R 9,

DR R R Y E =J}Z c,

(3) H=RF®E
Q03RS A 5 BE R BT AR AR R TE

f(x) = Lji:] glx,y)dy (2.3.38)
HH, g(x,y) BRHEREVLN R (2, y) WSS HEE B, A (o) BUEE vy BIE X
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Wb, WELEXH
+eo rh(x)
L=1/] " |7 g(z,y)dzdy > 1 (2.3.39)

X AT LU T A0 T B 25 B A5 B .

(a) EKE 70 %R g (2, y) I 7, , 5,) BEVLIE BAE

(b) HF] »,<h (7. ) BRERT . ZHAR,BE(a),

(c) B2 B R f (=) IHEEE 9= 7.0
2T RERCE R 1/L . AT LGEB B FRET 0<x WBRETE ,<h
() 5T, <z HHWBEZR, B

)) = P(’?I%I}?y%h(?}r))
P(’?yih(’?:))

P(?%I): P(’?xéil’?y%h(’h

"x R{t)
| dh_{_ml g(t1,t2)de,

"+ oo R ()
dﬁj_m] g (t1,t2)de,

J— oo

- J.:., [L_ri:l) g(flsfz)dfz]dh

(2.3.40)
TEE, AT A T N 7 (Bayes) €3, ZEHMNAS MM F A PHAZR.
M,y HEMSIE,WE g(x,y)=g1(2)g:(y). HIMAK(2.3.38)A LA

e
hCaxd
()= Ley(x)| | galx)dy (2.3.41)
it — BB 0<h (2)<1,3¢ A
1, € (0,1
gz(I)=]0 7 [ﬂh ] (2.3.42)

WE f(z)=Lh(x)g(x), XIELFETHE &40 FEA 71 85 B R kR,
Bl 5 45w [R5 AL M R 5% R
R AT LR A EEERA L. B0, 1] XA BS540 mEEVER ¢ =4
0,27 | I 5] 5 Ao BEMLEX 6 =28, F AR ZRTEEEN n=cosé, HEATF
RELBHEBEK TUMABS =Rk,

iDL A% 54 ) 5370 3 BE R B
(1 1
, |z <1
flz) =9 T V1-z? (2.3.43)
L 0, Hith
B~ e7E[0,1 ] X 18] E¥5)4r 40 HIBENLEL &, F &, X
& -8

& + &3
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y = E% + E% (2.3.44)
REAR(2.3.44) iR H BB 3

3 :.\/—1*:#(1 +x)=h(z,y)

2
&=J%jU—I)EhﬂLy) (2.3.45)
AERNDERE (2, v) i 2B & 16 5 5 R R
g(I,_‘}') = fl(hl(-xr.}')ihi(xry)) . |JI (2*3 46)

He fih e, LRGN mEERE., T & M & B XE0,1] EA 7
SR BENE, BT f (ki (2,3), ha(z,y)) =1, [JIWHETUALAKX
(2.3.14), KB AHERYE g(x,y)IiTESG R A

1 , lzl<1,0< y< 1
glz,y) =494v1 - 22 (2.3.47)
0, oty
FIRAAR(2.3.47), 77 IEBAR(2.3.43) B X
f2) = 2] gta,y)dy (2.3.48)
A TFAR(2.3.38) 5 L = %,h(::): 1, AT DU AT B e 25 B R ST
2 _ a2
(a) 740, 11X [6] L #0157 4045 020 57 BE LI &, A0 &, 1K 2 = Z;+ Ejz‘ru
i 2
y=&+ &3,
(b) ¥ y<h(z)=1 BBERT. WARLIEE(a).
2 a2 2
(0) T RIBARIL cosd MRBE 7= 2 sing MAIREE N 7 = =2,
§1 &5 §1+ &5

XER EIAT SR Y singd AOFARME, (B AT sind B R IEH ., IR HTHENRER

E= -I—ﬁo.735,iiﬁ“~%‘§i${ﬁﬁ% HBSIF R . EIERY b IRATET A — 2 xR

B BRELE G , 40 T B BEATHIEE
(a) P=A(0,1] X3 FRYMSE IS s A RIREDLE &, F1 6, £ x=6,y=26,—1,
(b) AW =2 + y*<1 BREB . WRARLERAR, R FEIFE(a) .

2 2

(c) B cos$ HUREE =5 sind BURIBEIE Y 7 = =2

J:Z*Py I1+y

B G HY sind BIFHAER{EER AT LATER] LI 1A,
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4. B4tk

LAMEFE S AREIE RO, HEES0HRERIVER » BN
B 55— NREYUER y BRI . —BRE S 076 B BT AR N

flx) = Ji:g(r | y)h(y)dy (2.3.49)

K, g(z| y) BRESH y BRI = WERAFHEEREL T A (y) R y B
WL RRE . XTI DR 8905 Bk k. 1 56, B 40 A B R R ()
o ®RJE B g |y ) HER 2, BIH

& = Tyiay) (2.3.50)
ERmEEREE N
plr <& <z +dr) = ple<apuy) < z+dr)
= |7 gz 1 h(dydr = fla)de (2.3.51)
BFIL & RM A £(2) 0

(1) hndrAfhse
ERE ST RRERIE O, ZE LB e Bk . ¥ Einsg s —ig
| AW
f(x) = 23 poha(a) (2.3.52)
Hrp "

0< p, <1, D p.=1 (2.3.53)

XN RERAE SR UMEE p, WAH h,(2) AR (2.3.52)HBEAR
(2.3.499) % H|, WEENTEWT .
(a) B[O, 1]X[E F¥5) R TREEHLEL &, T AL KE »

D p<ES D) b (2.3.54)

(b) FKEUXTRLHY h, (), HXEHAHF, GBI WHEEE 7= 7, .
X RIRERE 2L BREC PR R 15 T ff et 4 3 A DR 0 ) R A

Ble ¥kFTHINMEMEE. BERFTASNEZDTH R, Ml R, BREHN— &
BUBRCBEREy r, U r 85015 9 5 BB

372
f(r) - R%—R%’

M FHE#HEMER B0, 1]XE LM HENE 6, W 5=

Ry< r< R (2.3.55)
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[(Ri—R3) &+ RI)VHIBUERERLL £(r )M B — MR
ATHREABEEREKNFFZE, TUSRAESHE, 4
rz(Rl—Rﬂ)I+Rg, AIR%+R1R|}+R%
WA (2.3.55) ] LIk A
Ri — Ry)’ - i
flx) = (R, A o) 3% + SRG(R; R“)ZI + % 1 (2.3.56)

B 2.3.2 Axtizm @SN RERFER,

FEE#LH él! ‘:Eigj*él

l

) T~ D
< S1<3R, 1A - 1
| —< EL<3RRIA? >§—
&
7
' Y
'.".l':g: J‘;:max{nﬁz,tf;} f}:max{ glkgﬁk'gl}

|

o =R =Re)7+R

i

B 2.3.2 BRFTIS 4 e E

(2) BAr bk
S A HAE 3 2 1 8 P R A
flzx) = Ajgi(x) - Azgz(I) (2.3.57)
x ENERE[a, 61 E,A, F1 A, HEREIE., & m Hg,(x)/g(x) TR, B
. g:(x)
m = min_ (%) (2.3.58)
B
Ez( )
0 < f(.l‘) - gl(I)[Al - Ag I(I ]{: gl(I){:Al Agm)
| (2.3.59)
Ej“] Al _Agm}ﬂ,ﬂfm
0< flz) <1 (2.3.60)

(Ai - Agm)m(;r)
4
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hi(z) = f(x) AL Ay efa)
(A, — Aym)gi(x) Ay - Aym A, - Aym 31(1‘)
(2.3.61)
W ()T R
f(z) = (A — Aym)hi(x)g(x) (2.3.62)

B AR(2.3.6)FIAER(2.3.60) , RATTLLHE 0< hy (2)<<1, BHMEP K
HEEAERI AT AR N

1

R Ve (2.3.63)
K ERFTE, BIITLE f(2)5H
A — A
flx) = : - Emhz(x)gz(x) (2.3.64)
H
- Am g1(x) A,m
ho(x) = AL~ Aom 2a(2) A - Aum (2.3.65)
0< hy(x) <1 (2.3.66)
MR SE R Erahhie sk , HBUR A
Er= 1 _”’Aim) = mE, (2.3.67)

ME f(2)RaR(2.3.62)8EF(2.3.64) ,BURTX g, (z) BOHHER T HLXT go(2)
MR E, Xt g (o) e, MR (2.3.62); R ZMAR(2.3.64), 2%}
g1(2) M g, (2 ) MEERYHEBEAE 2= T ILAF, BERE m > 1 58 m <1 R FI W B —Fh 5
BRI ECRER , B e R AR R % B A=~

(3) FehnsrAp e

W24 A 55 B R BOE AN

flz) = 2 H,(z)g.,(z), € [a,b] (2.3.68)

Hop H, (2) >0, 8, FERMREZBER (1 = 2) M. 8L
(n>2) H0L B — SR AT A AR
B 7t 43 A 5 B

f(x) = H(x)g(x) + Hy(x)gy(x) (2.3.69)

N2>
Py = EHI(I)B(IMI, P2 = J:Hz(x)gz(l)dx (2.3.70)
MBH p1+ pa=1. BERITTUNE f(2)H
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f(x) = p Hl(f)gl(I) T P2 Hi:)gz(f) = pr1g1(x) + prga(z)
(2.3.71)
b AR R 8 5345 B BE oR FOV 8k v AR A 2 A e v
HATRAT LR —F TR B AR(2.3.69)MEB N
flz) = (M; + M:}{MITIME H;;T)EI(I) + MITEME H;;j)gz(.r)]r
(2.3.72)
HH, M M M, 20502 H(2)F Hy(2)ERK [ a, 6] FRW ER, 4
M, M,
P1 = M, + M,’ P2 = M, + M, (2.3.73)
Ly=L,=M,+M,, H((x) = Mih(x) , H)(x) = Myhy(x)
(2.3.74)

|
flx) = i’l[Llhl(I)gl(I)]Jr ﬁz[Lzhz(I)gz(I)] (2.3.75)
R R 7 5 B eRFOE s vT LR FR A i e FNSE — 38 &k b . XMt
TERBREANMA—MF LR, BERETAR(2.3.70) MRS HE.
(4) FewisrFifhee
W B R f(x)WTER A
f(z) = Hi(z)g(z) — Hy(x)ga{x), x€la,b] (2.3.76)

Zs
. Hi(x)g(x)

" E @G T M a3

WA 0 F B K AR
H z
0< /(@) = K@) 1 - T s S < Hila)a(a) @ - m)

< M;(1 - m)g(z) (2.3.78)

.4
3 1 Hy(r)g,(x)

M) = 3o () - - RCERD

iy f(I) = Ml(l - m)h1(r)g1(r) (2*3+80)

HAF(2.3.78) 52 (2.3.79), ATAAIIE 0< Ay () <1, BT E X
(2.3.80) Al Pl LIRSS &k mhibis: . AW RT3, REdw 4
HEERE f(2)MBRH
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flx) = M, L ;mhz{I)gz(I) | (2.3.81)

He My B Hy(x) a0 [KEIR ER . H
B m H(z)gi(x)
ha(2) _Mg(l—m)[ e o) @38

ho(x)tELa, b 1K A B R 0< hy (2)<1, XHAR(2.3.81) A& SHImEA
. (2.3.80) By B[R .

5. IR T %

i F b DB TAEERSTH SR, ARAHREARRMERE],
HEDERPCEARBIER HE . BI{ES ot SRR THLZS i 50 A R BOE A, (HR
FH T A48 597 k1o W) RRAR XESE B AE 5 B R L AT LASCEL A A RO N4 i
SR R, (B AR 40 I B AR e R AR . PR T3 B (] B, A B 2R A
U B R B, AR NSRS W B BB R T 1R B 0 AT 0150 A 4 B oK
BERMBEEEANRE RN, RITER LR AE T [HEXF I EX 04 #E
oy J5C7E 1 R B R AR LR KR, SURRRERCRARAR . X330 20 i AT PR B R

IMERFH 2.4 RN RETIZ—K#T. BRI RANFEH TR T
73

(1) % i B P 45 th 0 50 A ) i A
— B H TR AR T R — YA B I Ekh ERUER
RGN ERAERE LR RE ()M MRE F(2)ME, R

SO BLAESS j SH RNy, MBI R RCD S v, | TR S
BRI LS N NUZESS J 30 5 R

.

' N
F(Ij) — Z ?I,'/Z n; (2-3.83)
TR LR AR BT, BB 51 A BE VLA &, 3R R A FK
F(zi) < § < F(x;) (2.3.84)

iy i fH,FEXT R o, EVERREEE, BV = ;. XFOEER ERE AT
R Jo MR I B Be P R E(E R F(2)

H—E AR, RNTUBKEREERBHEE. NAER
(2.3.8)EFHE i, x,_F =, BE,RH

r_ § — F(I, 1)
T ; = X + F(I)—F(Il l)(.r - I; 1) (23*35)

ﬁ 7? — I’;' 'ﬂ:“ﬁ:}m#ﬁm
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LR A TREZEWITEZRIT2H W F(x,), KA ES5REILE ¢ [5X)0
FIREAFEN(2.3.84) 1) x; H, HMARBI, HHET(F. James) YA ITESE
RIERLGH BB ¢ WF(x; - ) F(x,)BME, R B RIS E 1R D HIREE,
XA A AT AR S AR R . CERN B FE ) HISRAN TRt 2R i

Morg. HAXTFEFNAENT:
DIMENSION Y(NBINS)

CALL HISPRE(Y,NBINS)
CALL HISRAN(Y,NBINS, XLO, XWID, XRAN)

PR
Y(NBINS) : — 4804 I A S8 BT TR 246 50 B 7 B P & 38 4 Y
HE.
NBINS: SHIEE.
XLO: H5—MEAT R
XWID: %,
XRAN: HiZ~HF-5 i B REDLEL
(2) Xt th &R/ A B e
HHENEREEAN - EN M EFRBERHTLENLR AR F(2) B Het, %
M TR R AT Ak B, il X R 4 E TSR T EE; RG, EL
AT IX0E) P X 40 75 9% BE R BB 405 P B R T & S KT8] B9 4 A R B, B

FG)= 20 |7 fla)de B0 R 5 B B4 B P AR 3

i=1 Y,

SRR E . X R RAESR IR T & -7 K 8] 69— 20 2 A R B (e B e 3 #E R, /B 4k
P X B A B VLR 214 24 . CERN 8 5 P 3 3 FUNRAN FRE R
ERAT XM, SRR E 2R 100 2489 F X (8], 3B sl Bl
BRI NSRS S RERE ik, A 200 H B e

B, ZERFHERATENT
DIMENSION FSPACE(100)
EXTERNAL FUNC
XLOW =
XHIGH=

CALL FUNPRE(FUNC, FSPACE, XLOW, XHIGH)
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CALL FUNRAN(FSPACE, XRAN)

LR
FUNC: shibR¥G . M EE R .. SZHETN, ZRPRBFPNA
F#F FUNCTION FUNC(X).
XLOW: i AE, SERE ShRETE Bl T R/
XHIGH: % AMH, S BI%, fAETE B 5
XRAN: ¥ {8, #5310 % B R FUNC(X) 245 B BE(E .
(3) & eRER
WYL R » DA R U F(2) 0. REAEEMmES: B 9=F 1(&),Ma]
AN S s RN AL ¢ BRIV & » BORPEE, (HE7ESiRfe
FOAEERER F ' (y) MBI KRAE X, B ZCTE b ERE
FUy)=Q(y), U Q(y1EHR o WHFELIE, XMERBEEL. B
F Uy)BFWTFHE: vE [0,1},@331:“(:;) = - m#uin}F“(y)% + oo | JEHT,

ADRIFAS /D REMEIME F 1 (y) RS, FInIRATE
FlUy)x~Q(y) =a+by+cy*+all - y)lny+ Byn(l-y)
(2.3.86)
XL BREXTHYT 2R AR B ERET T P, B «,B.a,b,¢
REHESE. AR Q(y) WAl LIBIMEERRIER , ifiE (Pade)
APRHETEZS A3 N(0,1) 8 , X434 % BE BR B 7315 lR K F () IR TR
ARTE A —BREOR . HTR A MR TR, F 1 () LR
tho ERENTATLIKAEMMEE . FIASHREE XHAR, BI1TE

Fl'iy) 1 2 Q) 1 &
= ——e 2 dr & ~2d (2.3.87)
Y j_m me 2dx I_m me 2dx
B yﬁ——zfm,(k =1,2,-+,199), B [0, 1 ] X &) 43 A 200 453, RIX (Al A 199
TREE
(% LeSar,  (h=1,2,-199)  (2.3.88)
— E 2 Ig - ) ""1 - -
e
¥ 1 2
Qy)~| —e 2dz (2.3.89)
o=l e

FIFHZE A AR 302, 3.86) PRI B A RECH
a=—0.8268, b=1.6736, ¢=0

a = 0.3315, p=-0.3315
(4) i {LE IERhEE
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MPEBRCHB R EERY f(2), 5 f1(x)i f(2)8— w5
PR, B UL f () B REERT  iE2  Bd/, AT LS

m = fﬂ%ﬁ(é)) (2.3.90)
{35737 5% FE sR 3 PT LA 3R 3R n A R 1Y) 23 i T 20
f(z) = mfi(x) + Hy(x) f2(x) (2.3.91)
R, Hy(x) () BIMIEM f(o)=mf(z)—DEIE, B
H,(z) fo(x) = f(zx) — mfi(x) (2.3.92)

2 My =max Hy(x) ,BAK(2.3.90) R SFMam A 23 (2.3.69) L, 7]
UBRBIXEA Hi(x)=mo. XAFRIMBALURAE 2.3.3 fOfiAFE B R

e ik O3
Yes _— ~~_ No _
l < §y=m? -~ !
| M, RGEMRE, W, S |
Y
¥
=, < Sy<Hy( 1)/ M;? >

l Yes

n=Nsn

B 2.3.3 EMEIEREAHER

RS RS AE BHE BRR fy (o) BB IE, m BEE T 1, WK 353 My PR 7T 66 2
o AR 5, T VDRI 7, SR, 67 B 3R(2.3.91) 4345 — 0 HUE Xt

AT RE f1(x)WBIE. XM HETE f(x) B RPOE R LR E 240, f#
AR B

(5) PR BAB:

£ 2.1 TR AAR OB R EER LR =4 BE IEASH LT &
. EAREESAYBIEBRAR A ESARMmEE, B &,8,, ¢,
BEL0,1]XE L » PSS M BEYLAE B mEEREAS, ERSEE{ER/2,
FEN/12, FELE,RIE

E{5{=r:,r'f(.r)dx=ﬁx*1d¢r=

. |

1
2
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2
Viel=E{el-[Elgl ) =j;f'ﬂf)d1 ) (?1!) :1_12
BER, =&+ &+ +& M

n

+ 0o 1
E[R,,l:j_mnr-f(:r)dx=Jﬂn..1:-ld_r= >

VIR, = E{R2| - [E{Ry|J* = 2

12
REHORBREER, SIABTREILER 6,

n
2

|
lim p (8, < z) = E | e ”dr = N(0,1)

BEHEB =12, AR » BFIEG KT, Bk, BIITTRAEIER 6, »>>1 B4
HPHEIES A A, HETFEVLE & 6,0

62 = Ri -6
X R AR IR PRI k. HREEE, WRB 2 =12, R ke
B, x| >6 MBRCEETEZM, HEEE 2| <6 AMFR, LFE n>12
G g BER A OE i) 2 %

6. % hMME T At F ik

ZAEFEHL W B A RS F RN RS, EEVLE R &4 T AT
& , ()8 AT AKX &4 4 B A7 28 S 3 e , PR T REAS IRE P AT T v iR ot 0 &
. BRE—BEAT , ST BRREEHEEA, XmFERETEREL, TH
45 HH X RGBT B LRI AR 7 8

(1) &%k

iXBEPLEI AR 9 WERBI 9,02, 0

= (97278 )" (2.3.93)
EMERE D MEERECH (2,25, , 2,) , WFEEEFTLHEE
<21 <b,aa <z <by,a, <z, <b,]

N. STEXTEEN

L = max f(Il ,Ig,“",IH) < + o0 (2.3.94)
BT — R EEE B E, B8 » EEENBENT . HEZE n+1 4
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L0, 1] BRI A B AILER £, 6,, 0, &, 4 1, R FIWT 0 F A SR

1
Eﬂ+l < If[(bl ﬁal)El + al!(bz_'ﬂZ)EE-{_aE! "'!(bﬂ #ﬂﬂ)sﬂ +aﬂ']

(2.3.95)
REWRL . HAFRBL, WARE] 9 B— N EE, ZENE N RERN
= (b! o ﬂf)'Ef + ;s (i = 1121'":?1) (2;3.96)

HAFRQIG)ANM, BEHZE n+1 MV 6 EELEMNER EE
EAFAAL . XA RN

E = L (2.3.97)

LTI (b - a))
BRI AR, T H L BB R, R EHS TR T &M
.
(2) A

LAZSERaiLE BN E, /4 — T &% RPN BEE. B n= (9, 7)" WE
GEERBOY f(x1,2) BHEFR —FHERR o, &

+ oo
j - f(I] ,Ig)dIg >0

7 3

flzz | Il)::,f(ﬂlsld)/Ji:_f(Il,Ig)dxg (2.3.98)
ﬁ*!f(*rllxl)ﬁzﬁﬁ ’?1 =7 %{4-‘_[::: "?2 E{lﬁlﬁ:ﬁjﬁﬁﬁﬁﬁa igﬂ_‘j-ﬁj. [{uﬁ
f(Ils-IE)%?T_{EE

fla,x2) = flay | xq) - J‘fm flxy,x3)dxs (2.3.99)

-0

FAZSLRYJ7 3 AT LK = ZERE AL 1) B BR & 43 1 30 B RS R

f(Il,Iz,Ig,) — fl(Il) . fz(.:t.‘g | Il) - f3(I3 | I],Ig) (2.3100)
EEARP

400 M4 oo
fl(I1)=j_m _flz1, 22, 23)dxod,

folza | 1) = i:f(IhIz;Ia)dIaffl(Il)

fS(IE. I IltIZ)=f(II#IZ!I3)/[f1(I1) * fI(IE | Il)};

(2.3.101)
B HE B n ZEREL B LR A B K

flxy,x2,,2,) = filzy) » folxa | xy) » falzs | 2q,22)
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o folZy | ZysXas s Ty 1) (2.3.102)
HHEH n HEPEYLIE) B AR S 0 % B R BER A YA (2.3.102) KB 3, SEBLHHE
SUAT LRI T 2 ROk S
(1) # f1(x) A TEERB=HE g BEHEE 9= 1,0
(2) 7 = IR T, 970 55 B pR A fz(IﬂI]H’IﬂEK M =2X0
(3} ff M = T1s M = X2 ﬂ'@%ﬁ:_F, ﬂﬂﬁ'ﬂiﬁﬁﬁﬁ fg.(Ig. | vy Iz)ﬂ]ﬂ

3= T30

() TE =z, =z, a1 = 2,1 EGT B AHEERE £, (2, |
T1y X5 Ty -1 ) THER Mn= Tpo

BEREIT n= (957273 7) " BHREE (21, 22,23, ,2,) 6

Gl7 PFAHH(e, ) BRMNERS 7 5B BB

f(@,0) = l\(1 + V3singsind ) singsin? 6
a

J (2.3.103)

/2> ¢ =0, 0 0 n/2, a = (3+23)n/12
a AIF—LHE B MER WM HERIE 7= cosg, d = cost .
R ASUEX EXHITERAIRE, p M6 Ba o % E R BCh

flx,y) = 12 fl-y2[1+ﬁ~/(1-f)(1~f)]

(2.3.104)

) = 12 K .2_{.._3: a2
fi(zx) (3+2J_3)“4+3w’1 x

1

:+2;{§ﬂl—x2

folylz) = 1-y(1+3V -2 - )

(2.3.105)
M flx,y)=f1(x) folylx)e BTN £f1(2) e, BHAR

4
fl(I)=P1+P2'; 1-z°

4
3 243

T3r23 T aian
FHRE /8 A A ae, AT LU B E A EE (R 2.3.4), il 5= &,
5, B folyl &) 6 H, XBFTRIEER] LAER MMk, EHEERLE

P1
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2.3.5

PR3,

< £<3/(3+217 ]?>Lv

|

P

RS e

< ‘511+ ggz"{]? >?

2

n

&

B 2.3.4 BT AT ARE(cose) HHMFAEE

e k. O

—

P AR BLE S5 S 6

&

(3) n BEIEZSS A BEHLE & B A

l

‘_< &l +&4<1? >

B2

lﬂﬁ

(i LK TSR

Y

< 551+ §e<1? >ﬁ—~

S

d=&;

’2.3.5 PFASRARZEHEEER

% n HEREL ) B n- ( TsP2:73,7" " My )T HEL@EF%%EE%W%
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1 1 1
flxysxa, s xy) = exp|— x1/2} - expl— 2372} ——exp|— 5/2]

V2 Vv 2m V' 2m

(2.3.106)
FoBRETARMIA . AT DURH — 4828 & IE 55010 AR, X 4% 40 8 50 5l 3l

By, RSB = (7 M ey "5 7, )
X n HEIEZSA AR BIRERT LATEXS n HEARHE IE 250 i eR RO BBl E9EAT. 0
R n BEREULA R n R BIERG 5046 8 B BT LIRAR A0 T B IES g

n 1
f(Il,Ig,“',IH) - (2“)-5 * |M|-§ * exXp

- %(x —p) My - p)
(2.3.107)
H
x = (1,22, ,2,)"
= (pipm)
p=Eini, Bl p g BPRERHE, MHFRA g WHTEERE, ERIEEXNFE n Bt
TR, AT ok
o5 = E{(m—p) (= 5) = o (2.3.108)
HA M BIEESFHRE, FURFTLRB - EFRH T =AERE A, ¥ M 2@
H
M = AAT (2.3.109)
A LUES , — MR n BESSHHBFEE 7, , T LLEE X R (2.3.106) AR B »
HEATHEE S R TAEE ¢, , 23 B
N, = p+ An, (2.3.110)
KARE,
B8 —HEIEADAR R
B R g= (7,0 RAZEESSE, KB EER

M = [J" ﬂ”] (2.3.111)
021 02
HATor %, LB El M= AAT FIER. RITATLIBAIT=Z/AEKEA R
Jom 0 q
A =1 oy \/Juﬂzz — oh (2.3.112)
o111

“v J11

W g BPEER
B = (ﬂh#z)T
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TN BTSN ACHE 9= (n.n,)", NEAREWHESR
= (?:r"fi"'??"'"z)Tj;:—I
' Pe, = p1+V o0y,

. (2.3.113)
— e + 1 [512”?31 + (onoy - G%E}m%]

a1

2.4 Y RFITESRA T ENDTT

SN P HEREREITEZERN ERA T E, BAENITHRESE

REBA X, TSR ERLR, H 2.1 WHITHeP T LIAE 3 455F T KBS
ERN

ot = Vifl/n (2.4.1)
K, VIifFI s M E, 2X02.4.1) RBLBEMBEETLSAE » B, F4¥
FEHREORETLURIMNE, RN EREIEFT S, HANmERES It
BRI R BOk RS E ERFERKEWIN . XX TFEZERSPHFEEE
PR, FER TN E, ARNC.4.DBERRIN, A—TEOHTESRREN
BRERWLD fRFE VI, AWHITA-EREENB LT E VI,

1. 4 Bt

EREFEN:-FH P HERRRRERH THILARBARHSTEMN,
MR XL RREEY I AL 2 it Bk /M, YARERFWHARA
HABRERN, BREDTLEI—NERRZRBOERARE.

B b, B (siratified sampling) B2 TR E B

1 a 1
I =J f(x)dx :.[ f(x)dx +j f(x)dx, 0<a<1 (2.4.2)

AR KR 4 B KR FERE RS i R BT . (EREASE I TR
i, IFMETTRNRER AR, REFFHBEMEESERE T W TFILEER:

B G, BB KB (BREED RIS AAMZH FRE(RF =) RE,EH M F
X B (BN F=5 (6]) I n; DREALR, SR T XA K E (R FE EER)iE R
Vil BATR T X e (R T =) IFTA A LW R BUER FARERF i} /7, 258
R , SR E X AR X F X B R4 T HE; 85 7 X e R HE

BiER, REAERE X ERRSETHE. ZFRBIRSA(2.4.2) 8 HEH
HEH
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: 2 m - 12
Vill= X (M) 3 Vif(m)| = 3 e (2.4.3)

J ;) =1 ] Hj

AnSRIE SRR IXNE RSN FIBENLSH n, , BEAT DA S S5 R 1 O 2278 LA
N XBEFE I n WXBEETHEFRY F EFXEABOFSE, DR
t BORI S, BIERERRANAE X4, th o] s U K iR 2

GUSRFATAE B R BRI P , T 0] B2 K R 43 DX R 43 B A 45 19 F (XA
Lo} PSS F X R AR R B B BE DL S8 n, o SXFREIR T iR N 50 43 2
L. THERENU— 1 R—EERDHRE, RE S —T A4 Rk A
RIS R T ERBIM £, IR K

= J; f(x)dx (2.4.4)
B Bl LR (2.4.4) B AR
I =J; flx)dx EJ; glx) fi(z)dx (2.4.5)
EL0, 1IREHEA J - 1AL, HF 0= 20< 2, << zy=1, &
p=]] fila)ds
F(z) = f‘(xgjp" - ‘;m‘r S (2.4.6)
fj=_;_ g(x)ﬁ(:)dx i=1,2,,]J
# FER AT, E#ﬁ%%iﬁ
I = E pil; (2.4.7)

ﬂn%ﬁﬁﬂﬁm#ﬁﬁf?ﬁ%ﬁﬁmz 4. 4)MHRE,EE ;] AFXE LR
fi(x) o 7 B B BRI oy MR TR 2, (5=1,2,-,]), MR (2.4. )B4 MT

it HE N

I = E pil = Z pf,( 2 g(:r,-j)) (2.4.8)
2% ; RIERGS T EN o ﬁﬁﬁﬁﬁﬂ%iﬁiﬂ?ﬁé&ﬁﬁ:
= Vig(z;)|= r" g2 (z) fi(zx)dx - I? (2.4.9)

Ti-1

BRI S R BSEROTE VIR
J
ViL}= E,bf“l—l-ZVg(x)} ZP{'Z (2.4.10)
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MRAAENREEFRP FEITE USAFERE £ (o) HEB N [ RAF
B, AR (2.4. )M TRAETHE R

1 = —E g(x (2.4.11)
ERHEN

(2.4.12)
HH, 0% XA[LLERR K

':"g“_J. lg(x) - IT2fi(x)dx = E J‘ [g(x) - 1 f1(x)dx

j=1 "I

= S af" (8@) - L+ b= 1)

— i} pJIj [(g(x) - Ij)z +2( — I)(g(x) — L) + (I; - ”z])_‘}(I)dI

E pal + E pi(L —I)? (2.4.13)

=1

Lﬁﬁi‘%#ﬂiﬁﬂiﬂ‘] BHAEEH N, BRITHA

N=n+n++mn

FAAR(2.4.9).(2.4.10),(2.4.12) F1(2.4.13) , LB X HF H T E HWEE R
B E,RINE

J
VIiIl- Vil}= [2 piot + pi(L = D?]- E_"?

= EP;[ ]ﬂ’ "‘_E pi(L -1 (2.4.14)

=1 j—l

AR(2.4.14)NAERNE_ERRATENER, F—HHFANEBET4HEH
A I X B B R 2 A X R S B R S 3 . IR (2.4, 14) IE KT, W43

Em#ﬁﬁﬂﬁMﬁ§$¥%mE%§ﬁ%?ﬁﬁMﬁﬁg%Eg=—ED

= Np; , K A3 (2.4.14)FH—TNF, AKX (2.4. 14) BRKTE, ﬁﬁtﬁ'ﬁi

ﬁ& LBl ) 3 TR AR B T 25 LU IRUBR SR A R B i/ e IXRER A E TR 35 LA 5
RS WRRAS BT E K0, 11K E S J MESHFXE, 84

F K ) PR S, %ﬁﬂﬁ@ﬁ%t@f%w,w fi(2)=1,p, =%.az

B AR(2.4.14) P RE TN F B (2.4.14) AWEBREM. BRI®
TR i s X950 00 R R — /N T 22 B ORIG J7 8 , Rk X Rt i O 35 ) ik
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EAHE O F A REBCR A ERAR
2. ERhirik

BAVAE LB R f AR EEARRBR, AEF P T EITHE NS
SFRREHRA; BALRDF, R FTA 1954 K F ke < (BRR &) 1) R BE AR T
i, RSS2 HERRBRA . HNBRSHAR]. SEEF R F R, 1
B RRRL £ EKRHI IR A, AT HH BUE L MBS (B | B[R & N =
TERREL f (EAR KA X 3@ S50t /DB R R BU(H , AR 74 K £ gl A S (B A
). XFSTEBRE £ EAE B EM SR K N 2E1R 18, G Al
LA/ NGESR BT 2

B4 % (importance sampling) R BRE THF FHTRAHBE T ENR
8, Bl

: _ [ flx) [ f(x)
Jn flz)dx = Jﬂ g(r)g(x)d.r = L g(I)dG(I) (2.4.15)

B AT 0 T 450 0, TR L 20 1 B G o )4 0o 357 0 B B
% () RLUE 1/g(2). &ﬁ(z.4.1s)rng(3)=dif)n XE, () FHIR
AR M. W B £ () B R R, 5 B 55— 4 7 5 K

£ (.-r):; Ej: ;##&fﬁiﬁ?#;#ﬂﬁ%—ﬂ“ﬁﬁ g (). BRIEDL, 4 o

R £ (o)A —MEREFHE  ARREF—DE, MEARE g(2) . XFh
FEWHAREREE. XHNAXAABRSPHBRBFTER Vif/gl, MR
g ()R S, HFHEEERTEAR KRR LIRS F &L, Wiz E8 LIS
Bh. BEMBRE g(x)BEET 2B, TNEHELNT RM6E:

(1) g(x) N 22470 T B R85

(2) f(x)/g()AMEBRTBARRAKR, FZRBETER, URIETE
VIif/gtl VIifh;

(3) T HE R g(x) XN R0 BREX G (= ) BB LU (EHUARATOR 1

(4) BB ERb= A AR AR E A B G (2 ) RBENLA .

e ER R RBI R g (=), RITRAT LK T I TR RS

(1) BT EE R g ()4 BULE xo SRR REEE.

(2) RHBWMES « WEBIE f(2)/g(2) , 38R A LM ZRBHEEME
Xk, FBRLAROAE B n BB RIS R,

WATLIRA w=f(x)/g(x)VEHR5 1% B R, A H Sk & LB R K
THEVLEH «» BE. BTN, NEDaPELHEH w WBEKE, MR
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HREM f(x)/g(2)BIREH , EFH wono. BREREHEXELEEHDIN.

ERVHEAI PR B i) BN E AR, BREFBENTHAFEL
[P — L & x FFFE S BE, ARSEEAEER REEH. B
TLHENHE f(x) /g )EZRTBEENER x1, 22, 2n Bl v, y2, 0,y ERE
AR . XA BRI AT LATHIR | 92y, 2, 2n) vy, 32, s v ) | 38
ERNERTA,

EEMFEERERT R P A PREANERANHETZ—., EEBERE
HREEEMEMBES RV EE T ERERANE L. BREI/E —LER
Bl .

(1) REFIREFEDFEE R g (), FFREMABHTR U IR 81 A%k G ()
HERHAZ ., YRBATLTDABETEFERE G(o) ,[BE%E X AR
REG,EHERENRR, T HESROAHER.

(2) HPriEEEW g (o) ERE S RBUE AT MG T (Ing ¥ 44 ) , Xt
EZRNBEITREE RN, HFE Vif/gl il TES K. ERE
s ERE g (o) RAE, BRERDN, HE VI /g LaTgeR kA, X—mER
FHEHRIMNEERGHIT T EN T EDNR—ERRE ¥, IRHRSHTESER
AERE

3. el X EE(MXRHHE)

& HAE B ¥ (control variates) SEEMBBEMY, CHUBRERH— /5B %K
AT AMENTTRES g. RREEFITRES, RIVEXFE D B, A
BAERR . EFRAEF B RRNE

[ f2)dz = [ [£(2) - g() Vaz + [ g2z (2.4.16)

EFER g (o)W EEBE: g ()TEBIMRY K ABRESEAHE S, AE R
FAR—TRGER DX (f - g ) B2 MBS f BT EN.

ENFXFT SN EEMBR RS ITASN, Y g (o) BTN, BN
(f — g)BTERITANBEERAHFE, BT HHNARBEE LRF. ZHE
UATEMFHER R g(2), MITKHUDEEY G(2). BRI UF H
EFE g ()T BIRIPR G Lo B AR L B/

4. BB % Fi

R E SRR B R SR AR ST MRS R AT I . (BREX B R
1 (antithetic variates) HAE FIAH BRI SOR ST H B, BRAMESEHXER
ATEA R (ESRERHY , AT AR FRORBR B X M R RATRMER A RYUE £ A fL 2




- 46 + HHBHARF

MBI FER
Vifit fal= Vlfli‘*‘ Vifol+2E{(fi - E{fil)(fa - E{f2l)}
(2.4.17)
MRBOIE S, ENME A ML RO, XM LUE LR

ZW/Do HRXMEXRIEKRE £ F L AW . BAFEREERERT

AL FROKRK S HERIME . B2 — R B A B R 5B S A
R T RER B R B/ N T 22

B TR f(x)B—1H7EE 8 RE, IR
I = J:] flx)dx (2.4.18)

M OEG, R RS0, 1) K[k A A4 i i B AL S
{2} o WEMRBEA 2 AOERR[ () + fA-z)]/2 WiE, BHEFRE ALK
RGN B AR, I LA RS B BEHL A 2, BB (2.4, 18) BYRLSME . BY

[~ L3 () + £ - 2]/ (2.4.19)

RFE S EF PR P HETR (o) WEBINERSHER. &1 F f(2)B

B, [ f(x) + f(1—x,) ] /2 BB 24 Ho B B R (o )BT
HH, AMyEd/NG, XEFEERRAT ()M £(1 - z) MR BEK T
PHEME R, BT RAMRENREIES (x|, 88 () F(1- 2)FTREK
R I W () F(1- 2)FESBESMFEZHEN,

2.5 LR/ FFITRESHAR

2ANPERMNAATERS T HEMAPB/N T ZRERLA  EREAHHF
W ERRRE BRI RE SRR R SR, B A X DU O 2 B
NRA KRR, B0, 7668 A X S i 75 i i G T 4% g B R ey ARt Ak
BR, N T REBA LR A, RN R SRR R RBN R, B0, T&
PUT K R A SR 30 BB e B B 40, AU b 1T 9 D A8/ )N T 22 B9 T T
ROUEARE, BUAMNEZRT —SE SR RTHEER, WENAERERD
FEMEBEFERD MRS, SR EFH TN TR RBERS K
BIRRA B TRERNFL, ¥ BA LHMME.

1. EEHREHFFTFFHE

it W SR B & 5 B (adaptive Monte Carlo method ) &2—FfPEH ATt B il o
R, TR REE, REEH T RASES RV HIRB O ENE R,
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KR B0 FRFE R (G.P. Lepage) iy VEGASYS!, TRATFiItE £ %
RO FRF, ) IZ N BEREYESE, VEGAS HENEARBRKEE
A2 A B E S SRR A B, B LA 8 sh A%, X B T R 3
Rt EEPRIEHRBER KX E, L—%EH2R(2.4.4) 86, VEGAS #&
FF— FF i Ak FiRRB B, B IR X ] [0, 1 R4y M IEAE FIX (8], HTEB—P F X
R HTHSRAERBENFREBRSBANSE R R AR FX B F/PUELE T —
WAEAGHE PR T IX 1) K /) A SR D) R 2 B8 2 X ) o) 8 BRL 40 TRk 9 K/ DR R 52
TR KA FREIFRSE /D —5%, "/ FREEAREEFE XX —2%, VEGAS B
FFRAXA T RERESRRRATEEMAE, ©RBENE REOR IR F X 6 B R
MR R . ZREEREE BT X

f(x)
1
.L] f(x)dx

MFRLE(d 40)BUr AR, h THEMTEE, RITLIRE S ETRNHERE K
1

polx)= (2.5.1)

plutsuz,=yug)= p(uy)s p(uz)e =+ p(uy) (2.5.2)
B o B E TUOGEA AR EEREE T , & F XA (2 F 25 8] MG - E R
AHSE, MFANTRE TR FRE (R F=0E). EHEFRE(EFZE)TE
R T BT X (8] (2R 723 [8) BIZUE AL, F X 6] (F2sfa]) A/ Mo RSB 3 A —
PRV, ERFRE R, FXE (F20) MBREE TR T, 38085 5
SR EFHFEAREXEEATRE(FEE) PEAHEREENFRLIER, &
PR EBR—MHE E{LIA—1HE VI

T I R ol L =t

(2.5.3)
He N, FREE _BBE; 0GR =1,2,,m ) FOHMEILE . TEEZH
B j WBAMEXN BB Sk E I YN
N;
“ T v I; |
RraEIOECHRMER L SBEH N, A E2HEEHNE(RQ.5.OR]RAEE
K EE, WERFRAMEITHER

ElI}= Ewﬁtl}/i‘, [EN’EMMEL]

(2.5.5)
W5k, VEGAS B2 73R 81 45 H 41 B B BE (per degree of freedom) ) y?

(2.5.4)
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~ (E{L{-E{I})?
E/daf-—m_LZ]} VI (2.5.6)

RN ERTUMEARBEEHERE B BITPE v*/dof FEHK 1 X1R
£,

W FE B, VEGAS B H E B AR MBI I TF .

(1) BRI (S 25 18) R4 K AR HIZE R F X 8 (R F2s81) o BRI BT
DT ERISY B0 T A ER R, 8 R ARSI R4 8 8

(2) FFHEEE B EGTTE N TRE (R FEE) EWBRAE, BEE4
U (8 BN SRAE R A UM RS

(3) AR FRE(ETF=0) AR, FEERREESTTEE (T2 MHE)
AR A B %

(4) BE(1)~ Q) B R, ARRRES T i ESRERIB it
{8, EFEERETEEET , 8 FXE (S FE0E) ORMEHERES, a4
BEINFRE(RFSEAEE TR U EIERTBENE -, £X—H
B, SN BOT B — 26 3 RTX AN B BRI AR T (B — RO 2= HR ) 6

(5) B)5, RASHEED i, HBAR(2.5.3) A& FXiE (R F25 6 #
SEMFTE, REFAAR(2.5. 588 R T E RS E MR BN TE158 2%
BATE R KB BMEHE, AR Q.5.6)HESEM A REN ¥2. B
RANBETESE R, XRBFTENE ME,

VEGAS ) FORTRAN R LK% F.

2. 3 EHTFFHF X

AR ABIE R (2.4.4) IR — 4 E B A, tn SRR R £ (o) R
X EHRE, NEHAREANSFTFRFPRINEREEFTERMBARAB. 3%,
ATLCR AR R, 35 PR AR 05 15 , R BB el B0 A e (B e 1k TR A B BE VL AR B 43
MR T L, FEERRATREH, IMFTEELLERSERFERISE.
(B, THSA TEMFEN  SHIREE () EHERX B AR RIEAE Z1MFRY
Rig, FEXFBET , FEATEHERB— TR, CBRBRK THREBREN
WEEAFE , B A B H AT 2 S A W FEAL B . BEFSF R ik (multi-
channel Monte Carlo method) LR $H X R FRE /(2 ) BB B RERHRE TR
Fk. EMERBEEET 2.3 W BEMEREFFF HE&EmEN I - EE i
%o BT EN BRI 2S5 R 0 e U 1 % B R 2 & A
H, BMERTERFE A —EH. RIS ¢ A EMAE, BT R

BOH b (x)o RIS I RO IE SE A — A, RATA: | deh(2)= 1,
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(i=1,,m),HH i HEBEH. 2 o HEAKETE, AR

i=1
B THA1E X

W)= ah(2) (2.5.8)

t=1

XRAREA , %504 B T R AR o () ARRT , BT LASY FURE Ay (2 VAR o 1B R BEHE X1 48
i M5 0 B IR B R A o, . HABIBRRE (o) 5O HERE R
h(x) RA R ZEESH. FAXRER(2.5.8), RITEES T E0THRM

T
= Jl flx)dz = Jl (}{E )))h(.x)du'ﬂ = Zm‘) J; (f:;)a,.h,.(x)dx
= Z} I (ﬁi;]dmi) (2.5.9)

M BRI £ () /h () TP E WA SRR BT B (A T, 3% SO (A B 2
B EEES b () M. XRERIIZUEHR T I EH BB A2
Ko MARFA IR, RATAT B X 44N £, Be 4075 5 By (o) [ R
SARRYCH H, (2) 7= BIHA x,:,_c, 140, BL Pk B R BT B PR R e

= H7'(&,) (2.5.10)

KRB, ﬁﬂ&ﬁﬁﬁﬁﬂﬂiﬁiﬂﬁfk LA a; J9BU50 0 3 BE R R, (o ) R AR,

HEERERBN N, HESE | B TR AKEKAR N, ~aN, REXERY
%, Al AR BIBUr O SR A R B A HE N

Ef{I}= —Z Z} ))} (2.5.11)
ZENEFERRAESEE R
[W(a)- I?
N N (2.5.12)
HP , W(a)EXLN
W(a)= ‘f" r (}{EI;) dH. (z) (2.5.13)

ﬁﬁ?ﬂ%ﬁﬂﬂ‘ﬂ%ﬁt—%ﬁ%ﬁﬂ a;o KEPHEETAESE o, W(a)ib
BB/ MERMA S H o BIET. B LBUNHTRE | N 538 o, ER®RETE,
BUZE BT BRI LABUE o, WE, TASEEBUMERN M. MYAXES
Wit AERAIRER .
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XER[6 B E e X A—HMESE (o | ARBEENANSBHTILE
KRRV IHERE, BiHE

2
W. (o) = ﬂ (ﬂi;) b (2 )da (2.5.14)
EEEBRTEHAXNEFRESH o
ﬂ-’rf(w(ﬂ'#)i)ﬁ
a; = o (2.5-15)

D1 aj(W(a');)

i=1

RELE, 2N FEARPHSE pEBRAE[14,12]2E7,

2.6 BE ML U E

AL E W R —FF R T2 A0, 1] X 8 A9 553 16 BE VLU 51 3 3 T 1+,
F-IE 1906 F Pearson Si4R ) T “BEULIFE" MIRE, LUSHEE LN ES TE,
MEHLIER NS EYFEM SRR ER S N E, FEHB £+
FRAT AR B ETEE SRS TV 8 BUAH B EYN A G B F % b e
FRRHIRE B TR E AT SR BRI T BB R A 0 B S5
KPR . BATENB RN HAZH, A LEY EME— TR,

TATA— BRI — 4173 MEVE R R AP T . BIUFEN—BBLTN
VEH R (REIRA 2 =0, BFRFEAENIE, AR, BERNHEER 1,1b
ERESE— PRI REEVA, SE—F R E X, RBNES R &R H
B RTE—BHEERR p, WELEE—EBEEY g=1- p, RIVTCFHBNEE
ET ng B, 0EET np 25, EHET N=ng+n. . BLABNETET N
LUE  BEHEEFREEREN 2= (ng - n) [, B - NI<<e<<NI, RFiR(TF &
HKBHRMNIETE N ZLE, BHETHRERN » WBE Py (2), TEHER
MEEEE | N RV ZREE((an), (A HTE AR,

NI
(xn) = _EMIPN(I) (2.6.1)
(Axf) = (zk) = {zn)? (2.6.2)
N
HH (%) = 2, x22Pyn(2) (2.6.3)
=-NI

APRRERRIER N $ A TR E RO, FE RS 6L
S BT A R B MMM . (o VR A ) BT 2%

{xn) = (p - @)NIL,  {(Azk) = 4pgNi? (2.6.4)
FEIANEME. MAENHKHUEFELXT, B p=q =12, Eﬂﬁ&iﬁ(z_.ﬁmiﬁﬂ
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(IN>=00 '

EAXER T RERENOHET T EBRARX(2.6.4), HE—BIFESNT, EXEH
RBUERERBEARANARXER A, EWFFEERN LA LB TIERE, &
MMEESEMERNES Hik.

EEREP MAEEMITESSE N BEAI# o, BERIEIER A e 88—
AR AR P R AR E Tk, X RSB ISR, &0, 5 F
N=3,l=1 KN —-%7ENT, HMERRTLUBE P3(2=-3)=4°,
P3 (x=—1)=3pq", P3(x=1)=3p’q,Ps(x=3)=¢*, L AT LABE i

(x3) = 2J aPs(x) == 3¢% ~3pg”* + 3p%q +3p> = 3(p - q)
(x32) = D) 2%P3(x) = 9¢° + 3pg> + 3p2q + 99> = 12pg + [3(p — ) 2
(2.6.5)
1l (Ax3) = {x3) — (x3)? = 12pq (2.6.6)

MERBHATLER, EREREELSEH N B/ ARIEH, N |
BOKB AR LB AT o W HERE, B9 P T BT REFEFH
XAWIME, R B Z R Vet . 3% R F 7 ko] LA 2 4 Wi E o B kAT
fEE, Bl N~10°~10°, AT LATE IR IE S ROBE R, M B E R N P24 & /]
BERMITTERA . JRI | HEER AT b Ae A9, BR DI m AR R SR T 8RR,

HATLAREHLHEE M SR K 5 7 e R oA B3 oy Jr R b B R B ], 5
EE AR S8 Sk I 6T
faz‘if' +32¢, _ q{I y)

J9x%  ay? S
¢ 10 = F(s)

T ARG XD B5A 5, s AAF T ERIR

(2.6.7)
X, BATRBFLK A WIEF R SRIEZER . FEXE D AER{EEIEMA
RO (FLABSREY Y SAREERI D W)W BB BUE v LA B R B U A 480 4 1,2,3,4 |

FIREERFT . WRAEFNEPBEEN AN, IMRIRFUTESTBRER
[(Z2RAR(4.2.22)]

ﬁ[l = ‘i—(¢1+¢'2+¢3+¢4_’h2qi]) (2-6-3)

K, qo BEXR D MIEMN S0 EHRE (o, y) . AREHHEK 14
A LREOAEER . BRMNA

h° 1 _
o = 2 Wy, # - 7 905 Z Wy, =1, Wo,; = 1’ (j =1,2,3,4)

j=1

(2.6.9)
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VR R RALIE Rt A T TS 9. W RSB 25— 1[0, 1K)
9515 ROBRHLIK & O A €< RATEESE F— MIE B SO0 1 A

WA | <6< HUEBIN T FH 2 ﬁ;%ﬁﬁ%ﬁ%asﬁ%,ﬁﬁw

EBNT— 50 3 50 € FEFABMRR T, RATUANEESS 4 5. MBERITHE L

EHHHESET 0 SR A2 — m LB (2.6.8) 1 0 4 E% 4, BOAHH
2

(7= b~ qos T m AR DI S B n R, m R

2
B4, BTN 1, = b, — 5 g BB O SRS $y WRHHERATLIE S 7, =,

2
—f’-—<q.:.+qm) ****** L FEAENAEE, RN 0 ST T T
,mws: go= g\ TES j HWERIE AR, IE F iR oo, y) WREUE ¢V H
BIZMEE R TO% IR T s ST, B R Mt , 10 T 53X 4 8
R F(sV), B RATATIEE) 0 5 1 RS b — M HHE

(1)

2" = F(sM) - = i}q;” (2.6.10)

LB EAR (1) RBRE—KEH Dﬁtﬂﬁiﬂﬁiﬁiﬁﬁﬂﬁiﬁﬁ 3o HIfETHHE . B
BARS[HVERE s RF(s)RPUE WFELL TV RBIEE ¢ H.WEBLI

Fo MBEEEMN 0 SIFHRHEST N R BRI BEHLUE , BATE B —1- k% 4, BfG
HHEF3

IR SRERE I b (2.6.11)
Hr

j{)

1?3:1:' = F(s{ﬂ}) _....._2 q(n}’ n = 1,2,'",N (2.6.12)
i 0 AR 6, FIBEER

N N hzj"
z ]?31:) E [F(s{”))'—izq}“}
#o = Elpl ~*=5— == N — (2.6.13)
XM E B ¢ HROMETHERIIN T 2R
gzzﬁff—l[(qﬁ)—p:iqﬁi] (2.6.14)

XFPREILIFE RHOE, LR ER AN ERIE. B EARIEEREENL
Wik o
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R EE Al LA R — R g R R R R, £
P R BRI R RN E &, MR AT RBHUNRREFTRE TR
PRBUERT & R TR BRI

il T i R 25 R Y BE ML BB (chain) B8 I F R 1E . BFENEE P —Br BRI
1 REA B ICHTIEE SR80 P 52 By B , B X 38 PN 89 53 0T LA 2 K 17 18], X b AL
i E S BMAE D /RAI R (Markov)id#8 . XEBHFERALSLIETEA R L, 8 E
R X A E MR N SR K ik, ThR AT R BE IE B A AR gk 5 SRS, B
#185— " RERBRI—REFEE W 20 FrEf . BHn] DUREH 48 R
SZEMRFEE LK., S/RARER? T3 1FEPHIE3 T BRE R PETERR
E I EBX N KT FIINFEFESNERE). Rt 1 EREHTERF
PREAGTEBE 3.6 RN G . BSAEF—MIED/RAREE., BALERMOLTFE
HERERTX—%., XM ERPER—FRUEMBEES BRI E b ER N
s, AR A v AR R L R AT e T b . FEVLIEEX —HE IR
AR REIEHE A AR,

FHEA AR REIRE D T RAREYLIE TR T R R T I E N EEFE.
B EEEERMIEEIRAICR2HEILEUFF M REE 2N, FEBANE
REMOEITE. FEXMEOTHENBRRSHARGTE, HEB/D, e rERER
A EPERLR /]

RPN ERN SRR £ HikP, H — /8% B BN Metropolis 78,
ERMENBEHEEWMEEN— MR ER . RARFETUSEEELI AN
BEHLEL, 5 LS — bR 7 B B R B . Metropolis 75 & 2l 1o R 7 20 n “ B
PLEEE"RELBMN . REXNREIIGE S EE B —EMNRET, R ATEHETKE
HlFE, HF R BFH/RZE, I ESW AR ERERY M. DI—4%m
Metropolis 7 &5 R 81 , & Bk A B I E N R X E— TN = RIFER 2" KRBT
R w(z—2"),FHREEREPIEINA xo, 21,22, W HBRBBNRLEE
BT-E R M2 f(x), BEXRBXIHESTHEERF ATEXN L ERR
wi =,z )RR FEYLARBRH . 7TLHER . RE N E e “ o JEa "7 2
T i) B

f(z)w(x—2") = fl£)w(z" — z) (2.6.15)
AT LGERI I 2/ R (o) XEMNBEN. B2, XREHEK(2.6.15)8
MBE/FTFRE—TRAFM , FAR—TDEZRG. ZREIF A GEPE—HTH
EFERE w(z—>2")o B, SEERRE w(a—2 ) NRFERFR XY EBE.
BB ] B 1 BB R B R R AR aE ik . #E Metropolis 73— R A —1
A S R AR R YA L B
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f(:n‘:‘)}
" f(x)
BARR#RERXER . BINFEARIEZRR)X o, B, BAETERE 2, . S0
&, BATRWT B TRHET:

(1) BAER—TRENVE, BEXSMEBERN 24 = 12, + 7., 2 n, H1EME
bl — 6,0 INBS I FEHLE

2) it r=L2 ((f) FI%E

(3) MRAFR r2=1 BRIHAR(2.6.15) 8 LIHEE it w(x,—~zy) =1,
w(xyy=x,) =1/r |, RREZ X —BWE, B 2,41 = 2o REEE(1) T
SHEER x, o M HRAE

(4) IR r<1[BH, w(z,>24w) =1, w(zg>x,) =11, BLREH =4 —
0,1 IR 1B 5 40 AR I BEHLEK &,

(5) R 6<<r, M AWBEZ XL WE, FBXEWEMBEN SN
Tpi1= Tyyo WIGREIFEIR(L),FH T —HFFE x, 4 BWE

(6) WIRIMLET &> r BRIELIFESD) «,, X— &, IEE », SEERE,

(7) REFEEQ) , EHFEHED] 2, . 80BN E K —RER.

AR, R E B, RAEESE T KBNA 20,21, 12, 5,
AREERENSBIWMES A ()W EE, XBEF 1B EERE, 5L 0
B 0 RIR/D, A RER B ERRE? 1R & B KK, IF AL KT EN T
HPHSEER, RBEXBEH LM ; R, R & WG KN, B2 4K/ R HE
FER SRS, X R LA B Fr 8R4 7 . RIELPRM AP RHER, 1k
B o B — MRS FRMER S 2 S BEE Y & K/DARNIREE P EMRIFE SRS,
A 13312 KRB P B ER, BN EREEIN o, RTU KK
EEIFERNRRE, 75— 17 Metropolis 8 1R B2 « 4T X HERIBEHLIEEE , A
BR— st A 7 B LA EL e PR 3k B0 S A A R 2 R b B, WA — A4 b B
KERA R A BRA T REMIA R 00 , RITBF EERTE 158

BRI B, X AR ea A B Y RTE R E R AT E R W ES G FE ()R
KX,

(2.6.16)

w(x = x') = min| 1

S I |

(1) RASKERRIE[ZBRAR(Q.2.3) P4 IBENE. Ba=5,c=1,m=16 8 zo=1. e
T HAE 20 MG EREAEBSIM R R L7

(2) Bl a=137,c=187,m =256 Ml xy=1 , AR FREEFTE N =HEH 1 £,,6,,1,6, - | RI— %
BHIE 611 RGNS H =S — R HETE,
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(3) H“BERET A 0 A A R RE, s B PR ER, FREET.

(4) CHETEDRTOERRET op = ogpw + oxa + onry, RS HBE FEYEERHEIE
FHIR AR E B AR Y

(5) WE—TEFIKM = — 27 Ing PAEREVLEGFF { 5 | HF 2 BRI 2 4 35 5 R
B

Ae™, >0,A>0
0, oAt
(6) t BEFHTHHFRAIAXIO B, ZEHR NP B FEEREEDPUREF v SN T
FFEAHERFERANERF.
(7) EH& RS R AE 0, o MEREF (A2 =sindddde) .

(8) MATEEEBA f(2,y) = 25— (Hot, 21,520, n HEH) RS thFE A2

BF.
(9) IEBH Breit-Wigner 4346

flx) =

I 1
“{I_IQ)I-FPZ

f(x) =

W LU x; = 29 — DCeot(n &) MItRE R,
(10) H—Au R 5 A A

f(x)dx =

15 _
(El—l)dl (ﬁ“l‘x—k_r)

IEBA AT 3 2 RAS B MBI A 2 5 62 L B9 45 , SR B R R
ESE AL L FTRETEAS MR 68/ ME

>, 14 > &t/ 90
i=1 ]

REE = -%m(.sgesassmw & % [0,1]) KiEH540 A B DBEALEL,
(11) 6 TE DU 5 857 43 ¥

ﬂd-

- 2
pla)dr = — E"p{— (:-.:2;) ]dI

(12) Gamma pRELHY—BIE N

Hi"t

(n —1)17

flx)dx =
R UE B LR B B aT LAY
7= (&6 i)

n-lgmarg, x =0

(13) 2 3 f—IER N
flx)dr =
A UE B R T BT LR

1
222P(n2)"

nA e a2/l x>0
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7= D) 2 I oz, BRI o MU HRL

(14) EFERG M EE R g(z) = * , A EFEEMAERT Y
‘[: e Tdx

(15) &RE — 1,k Metropolis BEFLUFE 1 5 & B4 16
f(z) = Aexpl - 22/(24°) ], (g2 =1)
BV FEPHESE A HETENEE? @ S5 AR 0, 3L V&5
Tyt fE] 5 B REERE K 6 MIXFR., (B HHTH HWIEER(L®)~c%. )0 HE K
GE: ¥

(16) H Metropolis BEHLIFE B F it R4
j:fe-rdx, 0< = < 4)

(17) Laplace AR MK %MK
] Vip(x,y)=0
elx,0)=o(x,1)=0, p(0,y)=(l,y)=1
MBI E R R P FERERBENEGR (0<:<1, 1<y<1)M¥EH.

B F XM
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1981

3 L L Carter and E D Cashwell. Particle Transport Simulation with the Monte Carlo Methods. Oak
Ridge, TN: USERDA Technical Information Center, 1975
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8 N Metropolis, A W Rosenbluth, M N Rosenbluth, A H Teller, E Teller. ] Chem Phys, 1953,
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2=ZE EBEFTFREMNETNHA

SR 7 g A A LA B B — D BUE R IR 152U E (RS LR RO 2
[EHBTE. N5 RP HENRAR LUKESG AWE F—RKREFRAEREA ™
WHE M BCEEIE L, BlIsKR E RS R T R AL R A
%, XX MEEE HEE AR R R HMA T B /TR RS, R 5 A BER A
S RYHERM. B—REFGHERREFHITERA PR, Wb F 2B+
R R F RALE R RS R F T, XRAEA LLEERARS RS kit
THAEVL LR, OREREYHEE ., L L, EHERFRATEYEN T
U AR B A BT R TS . XEIBRMEISEESEEE TiERARN P
HEENE, GRYENRRYROURAGE TARAMIIE. AmS5&E0E
PESEARDL, EREVEMRFR) ZRATRE RS k. BRlERFEIRT
PRI, BR T EBIRITE T R TEERE S B0 R —8 AR
BT, BRI BRI BRER R BB LU RS R R F S T EERA
X%, FIE R BN ZNATRITYENER T IERTEZ S, B
4 X LA RIS GeiT B 5 AL BRI GE T Y B AR 1 ) 2 ) R ) 3 R

3.1 FEHEZPHEERMTEHBN

SR B 7B LU TP B S50 R E R %, a0 s 4 2 A0 &
B REOTBEA SREEM SRFEE CRERGTENRET TREF. RAXR
iR & BEAUSIOL R 75 74 SR A X 251 8 ¥ O B W 3 ) LY, ¥ S b A ¥ — A
B8 HIBERERL, A B RTACUOT LA 8 oK 8 , T B b oAt R B 06 B 73 Y
FEVLE ARG TSR FM TROR R . R FP R 8 Y )
R, BT OB B, T B RIRE SR BN 5F BB 0K, [ 7E o 48 0
BEAE O AREDRFN 2R B et SEFHBEEITETEML,
BN SRESCE RS RXARHENERTENMBREHITER. &
R FERMNZITBERT T EPRMNAH, ERFEEINFYEBR S, T LR
BT ERSBRZFHBFE RS, AAEZERS . TERRINIEN-ZEERTA
FHITEZEERNHIRTFF TR
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1. —#HERy P HEE(REMAETE)

81T ek i PR AF - B MG AR — B | g(2)ds,
z€[a,b],0<L<g(z)<M. EhrLXMTERTLLETERRH « = (= -

D /(b-a),x € [0,11% EEMBSE NI ——| ¢(x)des IR L0,

1
M-L

[ (2 VST L5 G BB AR A T 0 R0 31

M7=1, MR EREIRR g () BN g" (2) = [g(x) - L], WA

= fdz, 0<z<1, 0<f@)<1 (LD

Xk RFIEN T —fb" 88, FEHIRI 17X AR — ik b 25 f8 anfe] FE H{E
RGO DEEH—FEERT . WRTE = € X3[0,1] EH5HEEILIR A,
ZEASHNEIERICH & RITEXL—HIZR » A
n = f(§) (3.1.2)

N B RE

Eipt = E{f(&)l =1 (3.1.3)
n WIHEBEETFTHRME . REHBRERZHREILS, BNEREILSE » 28K
B, f( &) EHE

I, = iif(s;) (3.1.4)

BRREBSY T H— TR EATLME B R R, BAERITHE 7 8
i

Vinl = [ [f(2) - 17da (3.1.5)

BR Vi KB TFHERE ((OH)ERIE LA E. 4 () x BEXEHNA
ARAVSEIE  BIAD T B A AbER B /N, A /N B 3.1.1(a) s RZ, M EH
AIRE 3.1.1(b) ],

MX B ] UE H, REBRE/ SRR BRI ER 2, 7] A/ THE
B2, IR, M 2R, REER PR BESEUEREAN T Z. IR
RESRED bR/ e, e — RN, BEXE R, SRR
B f () RSN AT 28R, BT AR A 2.4 WA AR SRS, IR
HEMFE B ()W FTERED g(o) P E XIHFBRPB—IERRBH
i (z)=f(x)/g(x)FERE SRR YT, MRATEXG.1.DBHEZE R
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yi yi

fx) fx)

| N & C

=y

(a) (b)

E3.1.1 #FmRBSHEE

1 lf(I) L
1= fode = [ T = [ 1 (g G.1.6)

LRI 7 WM A B R g () B R £ (o) OSBRI, X g (o) B AR
P43 B R, RRAT17B )

I=Ely] (3.1.7)
R P-4

Iﬂ=iiu§ =%Zﬂ;f*(x,-} - (3.1.8)
QT 10— BRI, RMREY
Vig't= ‘:[f'(*r) -~ I1g(x)dx
‘l[f(.r)
olg(zx)

— 1 ]zg(.r)d:c

=) p (3.1.9)
Jo g(x)

SRR, il FRB SR
fzﬂizywaﬁw—ﬂigfmmbz

AP, ARESOFRRIEENE TR0, 1]1KE, & g(x) 727 LA R

BUFH | ;| 5L 00 R SR P 1. FRANSE T £ () | RFH

(F*2) B TRFR S () | PHERTEY (7). FRAUSRES B
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V%f*l

2= L2 (3.1.10)
mn

Mt RITBRHREFEHE £ #(0, 1]3@%7‘3‘%&&& HHox1ANn, X5
AR PR E B AT AR B 45 SR — B

WA (3.1.9) AT LA, I L A 4 g(:)ﬁf'ﬁ“"") A Vig'] =0, I

PR sE T E A RA RN . h20(3.1.10), AT LA i BB AL R i Ay
AHE R g (o). YRBEMEEAGERTERSNITE, 1E A
TEFRF RN — TR, XRERNFD 7k Ir 22, g s R 2z

i

2. —HERGIT FHHE K

HERG. L) LU AR ZEE 3.1.1(b) PR EMIEHTEN
BSR A, BT ARSI (2, ), BN AN A, MRBEHERER 5,<
flz;) BZEE 3.1.1(b) P SETE f(2) AT, Mg R TR AW AR N
) R2Z, MR KE R, AR RS WG s kF, LR LN £, 6. W

R 6 <f(&), MIAARBEI ;R 6> (&), MHERK, HE N KEARF
B om W, WA m /N B4 H T B— " TmihitE

rn
fﬁﬁ (3.1.11)
5| ABEHLA B
1, &< f(&)
781 6) =Jl0 : };fr(;) (3.1.12)
il
I = E{n(&,6)! (3.1.13)
BE N KRETH—A I WERETHER
1 N
In = EE?}(&:‘A,&;) = ﬁ (3.1.14)
X I —NHEME, BN ERN
Vigl = E{g?l - [Eigl P =1-1 (3.1.15)

KRR BT E W EEHERNTEKR
Vigh = Vipl=I- 2] [f(z) - IPda
"1

= 1P| o) + ZIEf(:;:)dx _p
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=J;f(I)[1—f(I)]dI?f0 (3.1.16)

A LA2A XFENERE? FATTUS M REIEN, MREEREIER
n(&1, &)W EE, BN XN

[z endz = [ gz endr + [ p(z.ede = 18
I 62)dz = | (. 6)de f{E;,]T?I’E r = f(&

(3.1.17)
MAEEERES [=Eig i =E{f(O BT 908,603 & WIRBEERET
7(&1,62)0 XEATLIRBRIBI/NTT 2 , IRYEREI X —1 R, XHRAEREMS
FERS B B A B R AU B B 304D [R5 PR T B A 0 384
FAERULRE . b bR B RT A/ Jr 2 iR W S 2 B 2 B 28 8
FA—DIRE R R S S/ RER, IR L8R BB ERAR 106, &), R
ReEBU/NTE, U RS, SEE RIS BE A 5 RS RBER .
HRWARPTA KRR AESENN R, WA R ESARE R TET .
LA_EBATIr 4 X BN/ Ty 22 s e IR, IE R 7E 2.5 W e &t
B BRI RS MR RA XA SR B R 5

3. 3FxmaditE

VHE LTSRS REZEER D, Hl, — TR THEER n KRS
HZ AP, B TR ARASEFRASIRNER U, BB FHER
REA TR BT BB 6E SR FE, W B RAHZRIRSER N 3n — 4. IENY
HOEEARTEERER D . B, 5T E PR — 22 BUMT R EEA
B AR AT 2, B TS EE T E . TR AOE RN , iR
SRR BB, RN EX B A BRLERSREHMEE. 4T s %
ZEB, AT AT AR EHR R H— " %, E 8RS ER € [0,1],
(i=1,,s5) , WRREEFDEEARE 0<f (2, 22, 2, )<1. RFEERD

[l (1
Iﬁf(l];,.Ig,"‘,Is}dIIdIE“‘dI, (3.1.18)

I”JJ
LR F T SRR BRS8N &R R F X 88 B2 51k 7T gEsR 5l
WA, WRBATAERS @S F RS, RN ABRATEFER 5O
MXEREFIAN BRI EANIRE, IREFBHB ARG EE, MK
. 1.10O)WATLIES, HERDEA (2,25, , 2, T ZB K, R4 X
MR, RTRAOXENRZNER BINEEILIBREAELHBAE
| flay,xg,2) |BUAKMIK AL, XBMER, RAEBEMENEREERLF

o REBEXRE . B, BT HHELERANBHBITEERE g (21,
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v ay) 'HaIs)j;t;%R

f(xy,20,0, )

f* (IlaIza'“rIs) = 3 E(IlsIzs‘“sIs)’

g(I]!rIE!"':Ig) :}“:0

0, glxi,x2,",2,) =0
(3.1.19)
518 £ (21,25, x, ) EFBARFZEE/N, MR (3.1.18) [ IUE K
I=E{f"(x;,x3,,x,) |

111 i
- .[ ."Iﬂf* (Il s L2y 1Is)g(~rl 1o L2, ,IS)dIldIz'"dIg

0< 0

(3.1.20)
RRIMETEEERS g (2,20, Is)le O<<x;<<1,(i=1,-,s)SEHPHEP N |

TRz, z0,x,),1=1,2, N,IEF BB £ (21,20, ,z,) BFEEHE Y
Iy = P—\,Z}f*(.rn,.rﬂ,---,xﬁ) (3.1.21)
i=1
EHET I B— XMW HHE, T RMER T 85 E.
MRAE s BB WIESER = || (21,2, 2,)drday—da, BY,
iy
TR Q N (2,20, , 2 ))RIFEHARK, BT EILEE, SR
lfﬂr (Ilsxis"'afs) E [y,
g(IlrIEr"'sxs) 2{

0. fth (3.1.22)
X IE 3% R BCH

f(IlrIE&"'sI,;)
g(II?IE!"'*Is)

& s BEBO RIMBEEVVER (2,1, 20, 2 ) RES Y, EHE N MEEZ B

ﬂ N
EZ, Sy i) (3.1.24)

F i x1y2,,2,) = = OQf (xys22,,2,) (3.1.23)

a7 T R E.

MATTE AT AR BN T ZRE A EN T, ERASE RS FEHEZ
HAUTET, INRAEH H P I I LE RS T 3R B, 7 244 R b 5 AR
o EERENR/N T 2, B

AT EERTHRAERRN BB S ENE A, RATT OB 2 100 RiF £
MIFMABI 25 6], 7R8> F 25 18] P AR B L AR R 3K B BOBEDLAS , TR0 384 B
PUriRzE. RERAEE 2.4 WM AR BB L. XFRL 7Bt
B R R Rk,

RAERMNEG—TRFRF T EATIHEEHON R BFH A B4, 85 F
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PHEEERASEEE SRR ER LK, AAK(2.1.18) il LIFH,
FLRREESHBT K, R EFHERERFHREMUEHZE VIfFIATF
AR » AKX, M5 THFRGERENESTE Q WHBEX. BoRERTH
AEBEAC, BR T 5 MRE X B AT A B ST A R A E R A . X
UL, I RZITEAL B 2 AR IR, e e , AR B, 55— A%
¥+ PR R R Z R RN . RERSE N Q AT AR SR
A G, A e BT Ry R 2%, BATHRAT LAUAIR (3.1.24) 48 B 5 1Y
it MEZT, MR BERERDHITENR Q K RREIHR A, B
¥R & ik R % J LT =S ) E B A B BT i

3.2 B4R

SO FYHM R, R BE S 2B EL T S, S
SR FRATI I, ARLRTEEFTENE, Bt LB IMREHEES K E
CENSECEREEWE K, XHFHERES LHAMERMSEERARL,
FELRHFEMA =B ARTRS . XEFE— SRS E S H 5, BT sF
SChe e BANME S5 4%, M RXAE M 2 BIERAT AR 2 L RA AT RERY . BP0 e —
e B O] LURHTAR W (B R SR e B INek 3h , 5 Z B IAH K I AR 25
[BIHEEZ A . AT A EHBT R . B, RIOTETB LR me, A
A BT B AR . AR B IR T Lo AT 5 X B, R AR S R R4
ZRREME 2. B/5BEREMIEER , BRINFATES B4R 28 AR, UM
SIABFEEYLE T HIBN . ARHTORER 5 B O 33 Bk 30 T ik A 3 28 4 ) B, T
HEERISREF F RO R BT B Rk, BHENRUBEFREFHES D EH
FraERR. FrREHCERR - REUL A I FH B . “JEmE A
B SRR AR B H 09 30 B HRT 98 A9 T B R 7= A B9 o R 27 A AR A Y
XEE G, B 0] UGB 2B B R R T BfGTHE, RAEE=AES, RITERE
B 53 AN A E S F AR AE 36, RPN T ZEERM8m, wm
AEILRIERN, B ETARNEA 5L HFFRNERREMERRN . B,
FATTAT LR X B 52 5 = 5 3840 2= e 2340

BEM B A X AWM TR SRR

do =-——(x)dx (3.2.1)
dx

B, x FAKTFEENEHSER . RIEERFB L, BT o = |do 1038
Rk B Al
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- L340 fas (3.2.2)

- dx
X, x; BSOS HEHHEILAR. ATEPENFFDEATRBMNE, 7T LLAE
o' N % ELA 0T B FRE
(1) 2§ N RAKB, o it T o;
(2) o W% T 0;
(3) 3 N EiEKH, J'EHMLFKWEH@

@) o (x)[fN]

%iﬁf?l’fﬁﬂﬂ o (EL AT 7 1522 AT Ll o 8 N E\zzﬁwmﬁ“—"—’{x)ﬁaﬁﬁ

KEUN. E—MTEEEEABCR, AWML 4{RETUEE, Tﬁﬁiﬂﬂiﬁﬁﬁﬂ
ﬁ%ﬁﬁ o #ﬂ%ﬁ'ﬁ?fﬁﬂ"ﬁﬁfﬁa JEENTHERICH oo
PR B =22 Fe R P AR AR INAUEE B, 06 A9 5 B R IR o — o i o 4l
FE(SR 2.5 WPHENERERZ T K, ERBEEMFEN S EHELS
BEEMRENFE: F—FAEREMEE . BB/ B AT E,
SEO™ AR P OR FE Rt AR R B, TR E AT B X M

() WP — L T A, BT B S TR SRR . SRR e

A= 3R A G A4 PO A 25 TR SEBAY -

(1) BEbLHERE—F5E, XETFHEMRSREN TS EP FERF
EfTE—E B3 AR FXEIAL RERN.

(2) EXNF2E PV B — D E B, X BRI E w, Z
BE SCHXT RN TR E ISR B E SEX S RSB ESEES o

(3) FAEHEEERSIH R0,1] LM WEEILE &, HE 6w, i%F
Blgi S 2, 2B O EF

(4) ER LE (D ~3), HBRBIFEN SR

FRGTEBRRA —ENERE, FN E RBERNSENHSEEARSH
&, AT LASERp= A B, (HRZESCIRA P M — M Sk, i
R RESTY A 1R B B RIS E R, SOR S %00 36 7 A 1R i A U
REMAXHE R A F e, QEE e DARR R

o = j?ﬂipdv (3.2.3)

M AR L BRIEREITTET, SEBRRKEMKH S FIH NS EE>S ;0 A
SRR, ERIESNFERN RN, BURX A WIZE ¥R E o
HTH . ARIBFETTF I M BRSHEA B, 758 R B R IR
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ﬁ?'lﬁiE'F KX AR B 3h AR 25 18] 01 5 0038 R 3R 45 B MR B ) P A
SEEARBAY . BRI RIFH LB ERE T 7 8 B A BT T/,
S HEM R0 ZEREICE T HEEA Z 6, KRR R R4 T X
[B] AT HEA KB , (H A0 REBAR L0 , BRI E X . RATH TR AK R4
FRFERNB. SORFNHHANSEREHERTT A8, i gta
BEFE R M SRR R D TR T I B AR I B RIS BRI LS R

T HREMFERNIENERAEREFURANFRERN AR, &
ERGIHEA L TR .

(1) et — BB (x) B DA . Pl Fe s A AT S

18 PN, 4 2 A BT AT AR, 3 B R B AR A '3—"(x)ﬂﬁﬁﬁﬁﬁﬁitﬁ$ﬂﬁﬂﬂi%

{E 4544 .

(2) MRS BRI R 2 0, BEAL B A

(3) M EREHIMRE, EANERF w ST %ZE 6000 608 038 m1E 5%
VA BlaR (VY. Ga g AT T el s 8

(4) KA EEMBEMESR ., B0, 1]X @ NSRS &, & e<lw/
Wi, WIRWPOZ BB 2, M EFZEH], SREE D A5 BD A 3E IR,

(5) BHQ2)~ )38, EEHBRAEERAEFNE,

B, EZRTLESRALEHRNEBRERBEY ., AROHRLER EER
R SE 16 2 OB 49 16 5L, R E B AR IR, B2 RAAF BG4
BRF . B -5E N vEI R ™ 4 S b, BB R R ™ 4 0 7 A B By
PRIXE . BEZEEEIAFAE B 58 A DR R [F) AR Rt B 2 %0 R 0 7 B (e Ak
RENEDN . BT TRBNHE R, X RGN LR 2 Ea £ B ey
RRMR W 2.5 WA B, A ERETEMFER, HEEBE:E BEHMN
B do BT do BN, B4 do, A AC HWEESHEE, RERN
M do; WER LIRS BRTERGMFE8EF., EAKE4A BN, L
PP —F AR, MRS | NFIEERMNMERRIE TR T o, B9 &1

o0 MTHE i MERT=LENFOTENERT w, = do,/d o, RIGAEEL
BB do M B, WIEFABHIERIE BN w, 7T UE S SREE R

o = Ida = gj.dcr = é(wﬁd;i o; =(w)ao

K
N —— —_ —_—
= E Tis g =jdﬂ't', (I = 1121'"1N) (3-2¢4)
i=1
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XA, (w,;)gs BRI EE d o, S RNEFBHRER T w, 87 1E;
(w) TR T S ERHINER T w K, BIREE0,1 ]R8 LY
SInAEEALEL €, T R A E R

> 5/i<e< 2 s,/s (3.2.5)

1=1

B i fH, RJatE d o, A=A 34
18— B T A AR BB E SO

E=— (3.2.6)

REA B H G A SR ARCR E AT LAE 85 B 78 35 18] V8 Bl 9 7 A6t e e in A 3
BB BAR, ZEETASEF LA R PR U —3FTE Lk,

3.3 KRR SRS R =4

R RERETE SC K b, 3 A A R AR AN BT —HER

N
A= CI‘I’H(P;: + Pﬁarﬁ]r'”ipn) F(Aiplr'":}"n) (3-3-1)
-,[ 8K(s)

Heh, p, Flp, BASIREBOR FOUSHE , KE » MNHEIPRFRZHBFIEH by, -,
Puo W AZHAZT FEFFRITICH dP,. 1/(8K (5)) A Mandelstam A5 &
s= (P + pp )RR, ERBIFEF, KRR AFEN AR T AR 8 (B2
VAR TFARAETHRES WA, M EMAXIENERTES, ERE—1 3n -4
TSI FEFZHRIRE . F(A, p1,, p) RBE TN E M R R R, HPh
EETA LR EE, BRI V TULRRANEAES R, BT R —
#Bar. B, ERBEFIHEREESEREAE AR (3.3. D)#ER A W&, 5%
Tig TR SRR B RRS EABAEEN, FRFEIE S, 58
HENRITBEIBMENTFFREATEEMN, # W, 25 G HERWIGH
PYTHIA 2 B4 = 4 2807 AR EUE TR . SR PR FRESENE
BT 7 S b S = P B AL R AR 3 . W 0, (U B R AE R &
TFZ2 50748 HHATHK R, SR HIBREEATIEE., K5, EHEr4
FIER ¥ FRF RS0 7, X B BOBE W R AR TR B RS 38, &5,
T D i R ME R B R A AT LI B A5 . fEX MBS R D, K
PHITREBSEATRAAR . EEHETH T WO THEE . O i’ R g sk
AR, XEFEAMMEEHINERHTESRNERER, OHHERETERTFHE
{7 ¥E , Rl UR0 B p it B SR T R B P T XthEB R FEESIRER
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B AR/, R AT LA R . XAE, FERETTF 7 M AR BRe  A] LA B ittt A T B

TER DU AR = A 25 R o, 76 40 25 18] o BEATL ™ A R A SR T i a3
BEFSHBEY, BEXNT » M TRE, EMBEEAZENEEICH py, -,
b XIREEIEERN ey, oo, m, , WHISR AL R E AT do, RR K

n 4

" d ;
4, (P, p12p) = (200D (P = 3 p) 11 (ziga@?)a(ﬁ - m?)
i=1 i=1

(3.3.2a)
ZARTHHEEEERITTHN T AXRAEFL

1
dtpH(P!pl!“‘ipn — ﬂdQEde(Qipl!.“?pj)d@n—j+l(P1Q!Pjﬂl-l!”'fpu)
(3.3.2b)

ﬁq:e Q= lejcr
A(3.3.2a) X T HRBEMAF (my == m, =0) A5 [AHEFR

T n—1
8, = |dd, = Qo> (2) (P YID()l(n - 1] (3.3.3)

ELPRT IS, S ZE REFUTR R K S RE P 1 o B, Pt
SR RN R emmEm oy f, hal 25 (3.3.1), 188 » R FREMN R
BREEmHTRATUE R

5, = | ddp, (@)M(@) (3.3.4)

F(3.3.3)% & FRTE 3n — 4 A [A] A~ F 23 (8] 5 B9 AR AR, XS A b 26 19 2k
W] RIEE—Hizg#A R, AXNPHHRS XS v WERR N RS [E 28
B WER, R £,(D)=p, (D) M(D)BHE K TG 5402 (6] 5% fF 14 T
. HZEBRIEE o, (D)RFKBX ¢ BB AT ETH~EHFHREH, H
BAFER ™A R F AR AR LE T,

HERBSHEAMFERETE— I RELSEHY, SEHEH PN & K
¥R EAEERBRAHRENESBNRMNEGERES. FEHPTER
WA RERAERM . — MR, W PR R AR R, M2 A FR 48 LB {88, B B Xt
ZHRCREHNEN  ME LR/ 2R AR, B AZS RS T e A B
RRFTEARRB K, MXENRIBREHNAERNHERERASSE RS i,
THEEINB =N S [

1. WAHEF) &
PP N FHZEIM TR —BETREMAEFELAR(3.3.2b), KA
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() n B TR R RBTFHES R A, REFAAAR(3.3.2b) R 148
3

1
d®, (P, p1. s pn) = (QH)H_EdMi—l”‘dﬁf%d@z(H)*”d"l’z(z) (3.3.5)

ﬁEP,M%:Q%’ 9 = ZPJ ﬁd¢2(£)=d¢l(QE*qi"l!pi)u mﬁﬁﬁﬂ{lfb#?ﬁ

E(?R1 Tt mi)z“*{mM%*‘-{m(Mf+l T M )2 X 8], 7F qi HIR AR R, IR
*ﬁﬁrﬁ] dé?(?ii‘?f*l!?{)ﬁﬁu?%ﬁ

1 \/}*(Q%wqg—lvm%)

d@E(Qi?Q:' lrﬁ:') = d?’,d(ﬂﬂsa,) {3.3.6)

(2m)* 8q%
r h*!ﬁﬁ%%ﬁ A(I:F1f)ﬁxﬁ
AMa,y,2) = 22+ y2 + 22 =22y = 2yz — 2zx (3.3.7)

A S (B AR AT 22 5%

(1) g%,k i=n,q;=P #M M, =\/E?;

(2) WBIEZETHET q; WIFRIEAAR;

(3) P=AERAL0, 11X B DIBEPLEL &1, &, , I8 ¢ =2n&;;,c080; = &ip;

(4) iR i Z3 =B = REILE &a, 3 Mo = (my+ o+ m; ) +
553(M;' —m;);

(5) Bt

'\/A(MéﬂM%—l!m%)
2M.
*H p.=|pi| + (sind;sing; ,sinb;cos¢; ,cosf; ) , iH—HH

pi = (WIpiZ+mepi)s  dia=WTpiZ+ M, - p})s

|pi| = (3.3.8)

(3.3.9)
(6) ZFHE P FRAMBIEIERE;
(D#i=i -1, MR =2, NEBZER)E, ZRZ,E p1=q
Z O B A VLS B R E N
_ ~3nAl—2n 1 - ‘\f}l(M%rM%-lrm?)
w = (2m)* 372! M]]; M (3.3.10)
2. RAMBO J-i&

EREVEIRFET,ZERFFHEAESSIERRSIAHANTR. —8
MATTH B BEOR B ) 7= A 28 7 Ak 3 R o0 T o A B9 SR AL R B, BP BT A AR LU 41
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SHELHEGHRNBRE MR b b, FHFERD A BBV 4 b
TEAEAR T A AU, AR f B RE R T 7 M S (B B R . b T 8 BRI
FFHPRE= BN BHMNESEFENRSEFH N B EIMEL [ LAR
(3.3.10) Jo FATANRA S ™= A JE A At 2451, 39 B2 SR 2 bt b 25 ] o 1 50 40 A S 490
LETMBIAE . RAMBO T FF 82— 1 B8 % 7640 55 8] o 7= A= kA 3 0 i 72
¥ RAMBO Bkt Rilst 4x 40, 1] K8 #5576 6 thBENLEL, =4 RO B

BER oV PPLT n MRBR TSR, MERBHASET KT HNEL
B SAE T £, BATE TS XML

B P=(w,0,0,0) ARMUKE, RORERHD o 87 NEHRBER TR
= RN

n n d4 I_'
¢, = J(Zn)‘*ﬂ{“(P D) =208 (3.3.11)
i=1 i=1 (2n)

it RAMBO Bk, 1505 2640 T 5 i
n Pa. oo n
R, = J@nr s [T - *50(a08(aD) = Qry* ([ 2f(2)dx )

i=1 (2m)3
(3.3.12)
R, BAILIEERMER » MERER T, WBIE N ¢ WEKHSH, W3HE ¢ &
ZRFERS BEEHARENE £ URFEERAR., NER ¢ @81 FR
SIYIER DG 3 A K B
p! = I(Tq? +b-gq;), p; = x(q; + bg? + a(b - g;)b) (3.3.13)

He
@ =2, M=VQ@, b=-ig
i=1
J"='Qf-“'”~-a’1+n",r2 a = 1 = = (3.3.14)
M ’ 1+ y’ T M T
AR X E A B R R K
pi = xHy(q;), ¢ = iHEb(p;) (3.3.15)
fEERABREE
R =J(2n)434(P~— i}p-)ﬁ s 0(p%)8(p?)
" -1 s (2r)d t
n l (PZ)E
: (Htf( IHQE(Pf)))IIH+1yd3de (3.3.16)

®HE f(x)=e 7,5 b Flx R
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R, = ®, -5, (3.3.17)

Hp

S, = zx(PE)I‘”P(%)P(n — 1)P(2n)/r(n + %) (3.3.18)
XA THBHEZSER G310 ETFEEN FUSR o R EFHE,
EATRERT L BE XN BN SR .

(1) PPHEAEEMS B » D REER TR g, BN EA AES I FEMS A,
BEE ¢! MM EERE g (¢?) = g% %, FIH 4n [0,1] X 61545316 B9 £4
FEALEL &, WIRT EARZLL T /A A8 B Bk A i U sh iR o

c; = 28— 1, ©;, = 2n&p, q7 = — In(€:364)

gt = g/ 1 —cicosg;, g = ¢"/ 1 —clsing;, ¢ = q%;

(3.3.19)

(2) MIAARK(.3.13)K KR ¢f THRANEKE ps
ERERBINFTREARMAERNNE, SREST

n—1
)P rr(n -] (3.3.20)

wy = (211:)4_3"(5

MR BER A B & A LA TR B T G 4, R e AR R B E
KA R, XREMTERTEAN: §5%, ik pf b —~HERER F#3h
g AT RER T A = [ H G iR

2,121 = [@0te® (P~ 235 |

4

a(pa(p?) (3.3.21)

(2n}3
M T2/ pf 8B Y A
= mi+ (P02, k= ¢, (3.3.22a)
1, ¢ ORI A RRR

w = Zn:'\/m§+(p?)2§1 (3.3.22b)

TR, BRE ke AR ¥ S 1Y B p¢ W] AR )
0 =V (&P - m?) /2,  p = k[t (3.3.23a)

5 bwAa, ¢ T A EAR

w = E N m*) /¢ (3.3.23b)

B (3.3.22b)F1(3.3. 23b}ﬁf~ﬁﬁskﬁ%1%¥u AR ¢ {HS %E%Hﬂ —F,
—HRFSL F(3.3.22b) 80 (3.3. 23b) IR I E ¢ @b i, IR R 68 A 30{E 3
BoRk ., &d—8RFIHEE, RINED
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n

2, (1p1) =[ @049 (P - 2 k)

o [ B [ LKD) [ L)
e [ 2R

n d*k;
- 11

-1 (2n)3
Hep, i ptflel 30— AT BER B R p¢ Mey . BHE M, IOTATLIF RIS P
mazhi | pl Ak, RG.3.2OPHNESFEXRWE HER, HHSHERF D
A ETTE R

(k) &(k: — m?) (3.3.24)

n 0 " |2 n k. 27 -1
w(ipl, lk]) = f;“"'”[]l :—ﬂ] [2} |';,| HZ}) lk‘ql ] (3.3.25)
HAR(3.3.23b) HATEH
¢ = 21kl /o (3.3.26)
DA 55T
(S on-a [y LRl ) g Leal?)
w, = o (2 kel )7 L 07 1 20— (3.3.27)

5700 B R E O EU A, XM E A R W, R e F AR R

BELE—THEMZBEP =L » MM RERSHFRIFZER, EEHEUT=
0z T

(1) 4 n FLHEBRENFHZH;

(2) BUESKM# T2 (3.3.23b) HUAR ;

(3) FIAAR(3.3.22) 1B RIAFEN FHIIE,

X H B E N

w = w, * W (3.3.28)

HA, wo f w,, FITEARSRIN(3.3.20)F1(3.3.27). HX RAMBO B/
PEANERAS W 3CHk (4] . RAMBO T#2F#) FORTRAN THFEF L% F.

3.4 REEYHELBTRERT ITERNLH
L. RBRHTORRFF 0 A

FERH— TR RBHELEE N, S B — 15 BRI, R X
KRR RS ITR YR AR AR RS REPE
M HRMBHBOTEHESHTHI . I TRALERBEMLRENEMNELEZ




e 72 - HEBEF

A, BIEHLEFHEABREANME. SEAAMERF FFRULBRSEY, A
1T LURA B Sl 3 BT , B A XMW S H, KB & #0532 3F Bl o W
PSSR — 8 TRLRE B4R SRR, AT AT LIFEIR B3
HESRMORTIE T RfLiRH, B, i TREATEE, TERIMENETRESR
MIPERE X 28 R AT TR P RS R T 07 1E 0 72 B8 .
(1) LR BEHERIR
B Rk F RN RO LR T E SR 2% P a0 iz B MRE 22 1 . R s R d
FARSHFERXPFILRS, T REEE S (B BRIIFEERRELS
B FRESE, MGER SR 23 AR R SE, BN, EHE T A TR
shE, AT A B ORI 3 PR B i ROk 2
p = 3x1072BZp(GeV/c) (3.4.1)
Hi,p BRTHE, Z AZKFHEA(LIBFHEGRNEN). B ABEFERE, H
KGS HEANL, o AR, LA mOK) AEAL, 2l 8 iRl BUR £ 5 )
ARARI A TR B RA . XA R L A3 B s A T B X2 5 B R A
PR R G R AIRE , DR 7R FAEE F I RSN E, E P &R R LR
Z R & AR ZE o
XL R BEBENLE . BN A ERARR R BT 5 R X 28U
MBUE. BITHETEX TR FRISIE p BBIELITTE, R e BB R 5
FEENET(BERNCERMEB NG RE SN B WEY) .. 828
FEEd EEE R R — /DB 2 B, AR B 2 B EU ARl , RPRLT
B2 sh i AT IE . 2B STHREE M 57 B B sRBGE 1 8 B By 4 A7
f(O0x)d0 = %E}m{ ﬂém }dﬂ (3.4.2)

T ﬂl
G0 R WHISTHI M BT ARE, AN IREE . ESMHRRFIER xo (S B K
B) A EREEE L RNTHEEZ, 31  p EER ﬁ%@

= DOV, [T, 1L 03

ﬁ?iﬁﬂ—d%ﬁ%ﬁﬁ%ﬂi,EﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁkﬂﬁM%%ﬂh X R E
FRFEZNAPREHRE 20 —BIERERFH, X E/NEEAREGRE,
BEE B ARTBOR, BB AT LOERRORLF7E X/ NE R A K BE L AR FHEX — /)
R S R B ERIER | xi1 — x [ RIEML. FIALK(3.4.2)#1(3.4.3),
WA SR N FEIY R/ N ERR N RE A Osm. BEBRHET -1
INEBRE RIS I —F — B MR T &, BUAT KABE A SPR 77
B SRR R . FELPREREOR RO R, AT R EH BRI HRW R0 F R
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BER o FTHRABNL . XL EOR W TR — /MR T B A BERME x, 2R
o WY R o A VEBIRIALEE, B4R N (x;, o) B 20 7 25 7 ol B 00 2 X — ot 40 2 ) A
PME xo B XFRREDE, EE— R R ARME, BRAAK(3.4.1)
HHE BN TR BN HE. HFIE S A B30 3% B 0 sh B EE
BB AR B BRI R B R B B

—AES T RET AR BRI R PR EN TS E A R {H2 W RE
FA 500 % B A Sh B ar PR EAR K, BRI B X 3 3 s M B . B
o, SRR R HER R LI B 2 0= R AR S B R S B
ol B | B e/ MECR B AR R RS

B AL BB LR 2 1 7 75t R AR B T 3800 2% A 8B 2 BRI R e Y 2R A
BRENRZAGRRENEW, URESHBRENEATRARENE W, FEE&HE
R, BERAKENBRNBRRAFIRE.

SChr b, FEXT SER R BT RO A B B, T = X BREOC R 2 E T A+ B
HOBRIURT 5T, LA T 203 B P 4 IR U 8% RO L, - i — 5 B i i B R T RB I &2
FINFEAR B ZOR DA RIS 0 ZHEM BT BB S 3.

(2) 3BT RATHEDTR

HEEV LR HAZ —RER BRI RIS SRR ERYE, FHERR — &)
RERVERIE MBS, PR 7EXT S b e B E 47 PRl i, 4 B e B 4 S B0 % i sl B ik
HREREHRAOZR. fm, BIOVEZA AR LR AN — RS ® 8 k.
B B#ie B OB R B BERT RER 0 3K 15 3 BANR B B8N 0, BN F R
i LE AR P B A 0 O R A T R s SR B BEN 1, AR SR F7E# IE R PR
AR M IE T o’ . BERNMBEHN — FZEEREREM 30 MEFNE
R EBESN 0 A AT REYE I RATTAT AVEAN R Bidie .

Flan, EAPRA 100 M%F R P LR EBAX N LR, URBX LR
REEP AT, EXLRLE"P, BN TR"EFET 30 M) KB
FreA gy ES HLH 2 58 B BEN 1 BT DORBIA R BL KR P LR E N
RV 3R 05 SR 25 Y 43 B R LI B 9 K 20K F 4 A I R B RN

X SRR Y LR R — RN BEATIE SR, REHTRRE L
‘KRR B BE SRS BN 0 B, RSB F 5076 & i) 7 1 57 1 5 M3 (E A8
— . MBI LE"BAFIL, BITHE S XA LRERBRA SPHLRS
HEEN 0 30 1 BRE o XA ERATBER BE M3, fERHIBOCTF 30 =k (fn)
REZRER AP,

L Y SIANKEREYELBABENFHRER AT T KBNS
BRIV RATE, IS EEEHFZRSANFZLRM A RAMEXER
REA1TH
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2. REREFESMFOEF T F MG E6 R

ERREYHEE D, F AR 2N EF R EREIEM LR
WEHITREE A, R TR IS AR 7 i Al S, AT DL SR R i A — S5 2 1 BB 5 X
WEFFEFER, UK ZEFET SN E R ARE. XFFEIEESE
F. I BEELREEETZH, RARFE RPEIBEEXEREFREALE,

BIAE —R NF5 B EEMEER AL 6 MIRER F15il, X201
S E AR R B EER S, & AR BB 8Es ke f, B 50280
KRS HE T Z B . ROTO TR F & oD IS B2 3 IR PR,
B 7 4 72 25 1 _EIRAR B9 AR AR S0P, TP AR X 1 (RPX B F R — MR 742
EH) o ARG UHT X ERRZEGTE N TS, B A F R AshE,

X XFRRE, BATATUE - PRI RIBFERTZERERFRIL. BHEEZE
BTSSRI FEAEZ . ZHEN A EMNBENRERELRIERLE LT
S5& MY m S ERS, HHEWNZ S LR ETRIRZEEEB AL, N EF
IR E RS ISR EMmM S BN ERNEL R BESFRIREH PN

— RS, AL R RIS E RO BAELR, SiFNTEREELT
LR EE, FABE T LA R FF HH, =4 — A REESBNHEGRSE, X
BRI AR, LIS 35X S48 75 25 i 52 00 2 B A it Ak b B 4 . R
JEEXTENT#HAT EEC A F T B0 8 2 B R S A B AR, A IR TR
B ERMB R EEN SR (RBEMNR RS FRZhBMEIBEFRAE X, W
AN 18] 1 BE R AT R R SR S 3R, X LB SC P SE R b S H R 28 9 P BE S
BNLELH L B E 2Rl B A= AL T R R R R A BN W),
R HEZ 0 AN SRS R P BH MRS SRR LR s 2 5 6480
ST OB, SR AT LAG T IR SR R B AR I R 4 HEER

FEX T R E AR R B RB R Z AT, RS SREE
I TAEB IR

BEMTRFRES RS, BRI ER R RS R N SRE,BRTER B
BRI RN, B ATOR HE— TSR RSB AT E RN A K, B
L ERTRAEERARER EXRUMEN TP ERBSZHGE. H+a
FEXTE 22 TR R R B TR RS, DU RTER L o0 12 H % Xt —
Y3 B N EETE AR SRR N R R HI R, ERREMER T SR &4,
KUHRKIBRAOBE AT 2HR. R FYHELE D, BTV BEF T LUAR
HE RIS, A i I R AAR S B, e RSB T B A Rl
S8, REFRXERTSEE A D -0 FF b sk aT RIS H 205 B A4 00 3 R A
VNP R 0 e AT IRIUR: A
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PRl A< 5 BT BA A S0 DR 7 R B etk R B — A S AR BT = 4 1
PR, BIA0, o A FHERR b TE A bR TR AT B S ;
FRIVNEF LS R BRSO M — B3R p MR T, 65— T8

B R ATRUE B E A TR () | DA R S A BT BUR 8 B S BB B, I

NI m = p/BARF| W R AT LU W HORL 728 B R BT A X2 B ER N BEARIE
LA 100 % B A] 3 5 IR ZE A OB TR M AVREFROR B, ARBRITEERE
f i 2 FE R R B L, L P e AT R O ik A BE 5 R 00 0 43 A 1) S B B
FORLF IR R B m o B A 3 6] (9 BRI B AN SR M 38 i HE B 24, i B
E SRR S5 HA SRR A AR R FHER A %,

B ERF T BB EER AT, AT U ARG RN IERS A, B
LRBIANGRUTFESREIMELEH S A8 RITERLF RN . FEZ KW a5
BEWL, X TSR ER . REXER DT, BT A — 3 kP xn”
(HER0f 100 MREFM“EKER”) . BT H™A B SEk PR R
HOIBAHR, XERRTFF LG RIERITERR NI =4, &
¥ RP X" BER PN Y BRI RN BB, A TETFEEERN
T, BT UK AR R LRSI EYHEENITEELEE TR L, 2
FrEELEMBIMNZYBEEES SN LR AMBBME -3, mEEHEBE
B BIANZYERNSHEE, ASELLRNENE, WZEBLHE 5LReE
REZEA W, ZMAFENYHRBHREZIESRSGRER, BIEESH
. FEXFEMER P EENSETRR T EAEEH.

BAFRMNENER TR BRI N YHEBEN GG, BSFHRT“LH"E3
B R HEAT L . XA R — 2, B0, B F7RE S B/ R BB 4 st
BT XM KT, EIEREFEA 30GeV LI ERFR.O R ERMXHENL L,
SR A LR 2 — i

e e >y —>qq (3.4.4)
q Mg ASHMRER, ENHENERNBT. TASSO L8 H K LK A (R
B 3.4. DURZEIHFLH O RFET TR MR (B 3.4.1 R ELR)AR
A, HERMIE

e" e >y qgg (3.4.5)
HAEB(ZAERZES W, BF — M EF. SR B FRNUEHEVEF).
XHFRANER T HHMR SR S F4RTF(E 3.4.1 TRITR) o XELIEH
T BEFHIFFTE,

B 3.4.1F pr HOUE“SFHFEmE" R ER T, EH TR o,
KT W Bl AR B 1 9 5E WL SRR (M. Althoff etal. Z. fuer Physik, 1984,
C22, 307)o {(pT)uk pr FHEIFHIME,
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H3.4.1 " e =HBTHBARTFS
RSBV LK

TR R T ENG TR FRIERESBTF PRI . XRPHT
FRERS FEELEATHRENSHAE ., RAESFE FHIHES— 0,
T2 0 of 7 ) JoE B AELAL AR TE— 3R HR TS ISR A R R, MR IR S, B
REXBSAES, FE BB ATHRERR SN RIRHE T 5SEHALN
BT TE 7 T RER . SRR EEEER.

(a) I THIRESARENEAN, TEME B BRER, HH<5 EiiRE
EAERBIE EFRARHE

(b) B TR TREXT LB ~EITH,

(c) B FREEFD R ILNBF B 2 3 B/, BAEL HE X LN RF
WAERREE L AESIANBEESE,

(d) EFFBESPRTFEILTHER T, HEATRBRN A EE M AT R
BAG, R —SASHELHaXRSHFET=H R

BRI EME, TLUCRASERS P EEDES I . RONEEISX 3 BH#T
Bl BEEIPAREAE ZIRSHAER, AR S LB RSN AMEAE., A
RFEMRERT LR 100 K, RELH 100 MERBHE. b HEE
BR[O AERESHAEI 101 K, $¥XLEETHFLRBRAFEH, L MNX 101
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sk E Ik 5 kB REATRERA LIRETFERNE, IRX 5 kPaETHAESLE
KPR R A EEREE, WM 9S%HBERKE L, TRBEPLITH
RS, AR RS E B AT AR i ek 5 R/ .

LT, RINBEREHE —THERSHEE, BLFAERT $S%HNER
K ERFIWr . B E AR S5 AT B4 A6 B P, R — NG TR K
HAE LR T, BRGINEREFERER L&,

3.5 EETHHPHEE RS HiE

BT HEPHERPREE SERFEAMHLHER, SHEREMEHR I HER

RBEAXRK
plx,t)dx = ¢| ¥(x,t)|?dx

Ho, o AIR—LHE, HLE R v(x, ) WEHRAMRIEE, B AMNBAR
AR AF S EY FERRKBE T HERE. AP RBRFRENEERE
FROFESE KPR EER IR FRGE R k. AXRNAPFEARKRER
R EF T (PIMC), B4R RF Fik(VMC) MR B EE P ik
(GFMOC) 5§, fEAT BATIG A X & B ER RS 3 F U S .

1. FFhF9m

B R T EREE S R
H¥(x,t) = ik i—f (3.5.1)

HA, 6= 2n FRRLCAEITER S, h HEBHEER . H HMWE& R s &
WREA. MEOA T, S HWBERS H TSR

H =—2"‘—;v2+ \% (3.5.2)
V ARRPER. KEBRFEEER H i fER A ESHE R R A
IHERBRTF I¥MBEFTAST. FHMEWHR S RECH (x,ty), BEah &
(3.5.1))NAEME—MIERBFBE UG Z O BEEE | v|°, NBEPWMEERSE,
— PR FERNEZ ¢ RS HEAE x BT BB YR ¥ 8 A My EA B %

&7 BN 2 SRR o B
C(x,0)= | DpCx,tsx0,t0) ¥(xo, 20)dxg (3.5.3)

EXRHE Dp(x,t5%0, t0) KA MEET". ERRTEVHRE A 10, S EALE xo &
M BRBEX T —I %] ¢ 7E x S LB BRBUER FTMIRE ., RIE\/F TR
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Exp(— -::H(zt - rﬂ)) I{}} (3.5.4)

R ¢, (x) SR EILRMGEER H HALESERE, NEkENEES I’
A

DF(I,I;IQ, Iﬂ.) = {.I-‘

Hy,(x) = E,(x) (3.5.5)
AR (3.5.3) iR RBETUARFRER N
V(x,t) = 2, c,(t)¢,(x) (3.5.6)

n

B, () = | depl (0 W(x,0) o BIKEEFRAR AT SIS T 00—
CESSY
De(x,t3x0,20 = 0)= 2 {x | e Bt (¢, | x0)

= D20 gu(x) ¢y (xg)e Tt (3.5.7)
BEZEELERD ¢« HBEMIRE, S = —ic,WF
De(x,t5x0,29 = 0) = D, ¢ (x) ) (xg)e B/ (3.5.8)

U - RGKR, BHRTE o>k /(E, - Eo)M (B, RESIER, E, NP — MRS
Beit), (3.5, 8) B4 £ E R K A R BN ESIER E, 7t mERA]
B x = xo 32200 ELA B0 SRR, WIS

DF(I, - i‘.’.‘;x,fﬂ — 0) == ‘gﬁi}(.‘r)'ze-EﬂT;ﬁ (3.5-9)
il

| go(x)|? = Eo**Dp(x, — ir;x,0) (3.5.10)
R —ALRER . | | go(e) [2dx = 1, MAS B RBA X AT 7 7T AL T
RN
| go(x)|? = rl_i,mm[DF(I* - ir;x,O)(J: Dp(x, - ir:x,{})dx)fl]

(3.5.11)
BAVRAELTTRAZE T, W ¢ — oo BEIEBES K N ~250F R E M e B9/NXIE],

muﬂtrmﬂﬁ:rgs-—-“;“,#ﬁ b=t ke, (E=0,1,N).t = tno HBIEBEES

58 & ¥ %

E:dx’ lx H{x 1=1 (3.5.12)
NA(3.5. )9 IE X
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+ oo . .
DF(I,I;IQ, t[].)"—‘ J_mdxldxz-"dxﬁ_l(xw 1 'E_IF'HwIL | IH—1)<IN—1 h g ieH/A | IN_2>

‘*'<I1 fE_iE:H’fﬁ | Iu)

4o N-1
=J dxgdxydxn_y || De(xper.tx + €53, 3) (3.5.13)
- k=0
g N—I-DDHI‘I'
2
—ieH /b _ el p°
(x, | e | X,_1) = (xﬂ exp( (Zm + V(I))) .r,,-1>

= (x,|[1 - iHe/k + O(e®) ]| x,-1)
= 8(x, — x,_1) — ie/klx, |H|x,41) (3.5.14)
FIATEEBSIREL, W

ol exp( 2 (22)) ) = 7 SEenplip (x, — o)~ e 22 )

b \2m w 2n 2mh
:ﬁm’(‘%u" - %, 1)) (3.5.15)
W % SE AR PR 15 2]
D(x.t3x0.10)= Jim (22) [ ﬁ. dx,
]
= A”J 1] dxjexp[iS[x0,x] /4] (3.5.16)

J=1

HP KB ANA= ./ , S ABRHERIERE,

S = LnLdr - j(%m(%) - V(x(e)) )de (3.5.17)

AHR(3.5.16)BAEHETRBERME (x, , 10) IR (x,, ) T HBEER B A
BT exp[iS/E ]I TmR. HP, L RESEHHEKE, AR(3.5.16) F
Slxo, x JRPTA &R AT RERY Sr R H R B IR B4R (x, > x, + > —>x, = x, +
Ne)Z MBI BERE . [FEe, R RAMVBEEWKEE ¢ 23 P BB B, J:ﬁ%iﬁ
{J}?ﬁﬁiig t=—ir, X (3.5.17)FI{ERE S[-tk:xk+l]—]‘uﬁtﬂjg

S[xp, xpe1]= E*”L(x % .t)dz = - J:**‘ (——"2"5(%)2 - V(x))dr

— i M E(x, £)de (3.5.18)

T
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FIAERKERG.5.160)H « KB, 2GS 1D LEHEHN
NE 1 [ _
| go(x)|? = E!_lj dej[exp(— —L Edr”Z ! (3.5.19)

h
Hrp
1

z = || f[dx_,-exp("— ;L Edr | (3.5.20)

EPAR(3.5.13)~ 3. 5.1 MHES, EXFHEPAE — T ERT, e
B x=x, =xo—>x, +e>—>x, = x, + Ne=x, BIIRAE#RARTIT 1Y% 8] R
R xo T xn AR x B W A

1 _EN[”‘ xp — X\’ ]“i
ﬁJﬂEdr B ﬁ;; 2( € ) +Vin) | = hE(.r,xl, XN )

(3.5.21)
BRI T X o 4 — 2R B , i — 1 RER . A3 (3.5.19) FRA W R

| go(x)|? = z-lj f[ldxj[exp(— fE(x,xl,"-,xN))} (3.5.22)

BB x = xq, 3 xo HETRS, WAt A E—4~ 6 (x — xo) BBEHE R R T+,
i EXAfLLEME AN

| go(x)|? = Jdrufﬁdrjﬂ(x ~ xq) Z ! [exp(— fE(xmxl,---,m})]

(3.5.23)

Hdr, Z KB 5r R
Z =Jf[ldxj[exp(—fE(xﬂ,xl,"',IN))] (3.5.24)

LERARGHBET HEFHR BB KRN ZHFRR, HRHET
Bt 5% hFZ EBRAK R . X8RRS5l BB E R T £
FIE) , A ERATE LR LRG0 FE 7 MBI EE R T B AR R .

2. BRERFRoETERFF 7

TERITRARZRORIFRY FIERBREE ST REOESREMAES R
BHBE., M EE(3.5.22)F1(3.5.23) AN AR A MERTREBBUR KR
[(Z2RAKGB.6.3)], KFER | x| WAHBERBUEFRBFI/RESSH P

kET ﬁﬂﬁh/ﬁn | r}bﬂ(I) 2 ﬂﬁlﬁmﬂﬂﬁﬁ a(x o I{])Eﬁ-ﬁé%xﬂix] !H‘EIN} (ﬁ
LB R — 2R B8 12 ) A FRERIE, HafiER®ms N

N N
p(xn,xlr",xm)ﬂclxj = E‘-"‘EP[‘ fE(Iﬂ,Ih'”,IN)]E - dej
j=1 i=1

(3.5.25)
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X EFER— N RBREE: FEARPHLEBEE p(xo, x1, -, xy) BEERIHHE
HEHAHTE., EHER—ALE®RZ o, 8871 HhK(3.5.24) BRI 4.
XMTHEER L EFENZSERTHITR. RERERSPEKKHTRRRX
3.5.23) PRI R BMRFTERAN R R P HHE NG, X e8RS TR
DL EUE R X B2 SR Fl, B 23R F — AR BEHL A BT s R Ik , BOR AR A .
JLERAE I R 4% B P SR EERT , T e 8RO MG, KB S &% 3
XK M TTERIE A /DRI, R, InRIRTR A SR 0 RV EN EEME S
——Metropolis 73 , 8T BRI Metropolis /¥, # B (3.5.25)
2B IR 25 B A B 53 REOR I ECE T | xo, x4, 00, xn |, AT LB

AR(3.5.22) RSB RE | ¢o(2) | * BIETHE, R JE X% A THER 19 (15 2

| o) |2 FOMEL

R ETOR R — AT R EMUEEFAHE. BREEFEZRHNETN
it S RABRES FERE AR RS, XTERHTHEARNG
TR R, SR B AE R R PR O s e b B A s T ZEBR 24 h , B 8 R U
ABER B PR KEER, BL LEEMEHITENZIR, sl—F S
SYEF T EARA B, B X PSR AT /E A M A8, A AMMER K. R
AP, BTGB L R E R ARSI RE . B—1EaRE ket
2 BRUL A& A XA R BUE B LR (R, A, R Metropolis #F7E 77 3k
HELAREENSRZIEEAHN . BOTEAMAT AR &R A MR
3R, AR X BN _L AR , AR IEZER A5 A5 b B B R 23 RE 3 B LA 23 i
MHEIEHI BRI,

YERFIALAR(3.5.23), FH Metropolis FERITERAR BH WA T, T
AT HE - ERRERTFHOESER. BERAPE—NFHEED m BRF, H—
o R B fe S S

Viz) = mw?z?”2 (3.5.26)
KAV &/ mow HBHIRE ,1/0 HEE t = —ir P« BBA, AF(3.5.21) 0]
N
17, e<v[mfxz — 7y
hLEdr i ;[2( : ) ¥ V(I‘*)}
N —
= ‘:—E(Iu X1, INJ:%E[(Ik EIkhl) + I%]
= eE(xg, x5 s IN) (3.5.27)

B, EBFREEW . EE N IEREER.H oy=x0 B—FK2,HTER
(3.5.27)PHIGER, R, BEEE—RIBRE, BRABRESH—&RERLZOA
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B 3.5.1 XA Metropolis 77 0 B B§IE 5+
B PR RN G (2,0 (o, )PP RER.

FE—TE 2B <) , AARHHBERIZE B (WE 3.5.1) . KA Metropolis 77 2: ¥
EWRE FEERGF L, HPREEVLE T HLHF o, MEE 2, Mt EERY
wy-=min[1,exp( — eAE) |,AE AWRD FNEIETE ¢; IR LR N 2} Flx; BIFER
R, HAR (3. 5.2 BHANERE, IHEMNEIIFERFESRNZERFS
Si— TR, SFRlREE, A AR (3.5.23)#(3.5.24) B #EH
BREL 6 (x — x) BMETHE, I BINBIRAIZ h, BEZRMAEHE SRS
F BB B B, BB | go(2) | MBESR. R FE BERBE

RS, BRATRATIES » S Em| ¢olx)|? ffE.

EBERBALR, r BERKEBEA T URIEARX(3.5. 1A XTRERE
RARME RO W SRR E, MK A LR R AN, - [E—BEE
10~ 168 TEH LB Sih . B B R BUEAT , A ] + 53 A9 BUEE B T d 2 50K
B, TEXBIRATERUL: (R A BIIE AR 9+ 8 807, - BUETEBZEX B[ - 3,3]
Mo VRN ZIRBEERE o= 2y =0 HEER., BLRB RGN X5 BA
FERRFEIR,

B R BDE T Ok fE , BARER AT LLRI S W A7 76 Tk eR ok 18 21, B

E 1 3
2= ~fg (- Tt )%d:c (3.5.28)

HTRESFEEBEES LB
golx) = V | o) |? (3.5.29a) .
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I i 250 A=
Pf _ fla—h)-2f(zx) + f(x + k)
3 x? h?
M=(3.5.28) , AT AT LA AN BEHUE = FRORRBEERIRSEE,

3. X FFERFIT 7k

SE—TEBTER, ENEFEBEHAR(.5.2)8H. ¢, (x) F5RE L L
HIPG R H AL RS, EWE MR EB HEN(3.5.5), BERINEER
BESHILAER E, MESRIEST R go(x).o

RATE fet B — AR BE R ¢, KRGS R F 5T BRI R R K
FRZSTRER, AT S RESEREMESER . XERFRRERE ¢ EXY
BERGH, EETUA— BN AN SEOR M ERE, BERERE LR
B0, W28 5 [ B R AE MR B R BT BB B SE B AT 2 K TR S T RS R(E,
Bp

(H) (¢ | HI ¢) J'ﬁ'z(x)[sb_l(x)Hgb(x)]dx
Etr}r - H = —
W) J¢2(x)dx

= E

(3.5.29b)
Hh, ¢ () Hp(x)ATLAE BN RBEER"e . MRREREH ¢ REED K
PR3, EXFEIFES B . —BRES T 30 R R 3 R B R — R M AG
R, HRFWENFRRA(3.5.2), TUBAZRRERNHAR

2 2
EES{,*IH‘#:.—;—W‘&_IE Vg + V (3.5.30)

AR AL & B J735 , B30 R A Metropolis 73, 1% ¢ (x) BB/ =4 N 4
DiFE x5 20,00, en |, (3. 5.29b) AT RAFS 33 #4538 6 300 1 A9 BE B S ¥4
Ewh

N
E. = (H)%—;-st(x,-) (3.5.31)
i=1

AW B R BE, IR R IR R R M (H), ARS8 /)
{8 . XIS IR BB R FHE(H) T RREES R ME AR A
fiE{E Eq.

FEBEMNU—T—EHE T EROBIERRE R T EREBE AR

(1) EFE YR ESEAECESERE ¢ (o) ERRITRERE

(2) KA Metropolis 77k , #& PR 4376 % B R B .2 (2 ) BEVLIHERL N M | 24,
x2, s an |, FIAAK(3.5.30) M(3.5.3D) T BERFIHE EY)
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(3) MR RIRE BB PR SBUE , E15 ¢ (o) WEEXRE][ -, ]ABEDL
AL —AS/NE LB ¢ (2)—> ¢ () , BE Q) FRERFHERMTBER ELTY,

(4) ITERBRFHENSEE AE, . =ELY - EQ) IR AE; <0, W# %
XA @ ()1 () BIAEAL; T, (8 40 485X N oo 28 [ 356 (3) &, T &k
B A S HUE , BRI R B (E -

(5) BEFE _F, REBAEIEFIEAFEHENSENIE.

MESEE M REEZHERRTLR, . EREFHEABTAEHE M5, N
(M EM G HRESERBAESHERAMLHE. ToRFFRF HFESH
PLIEE = AT B BRI B3R el B, B TR tH AR M B EE S RER .

4. BRRBFTERFTFF &

A - MEFRERFDTHEMERKRBER R FEST RENF T Tk
(diffusion Monte Carlo method)!”), X773k BABAE KAZE SRR RKBES
TPk HR 2 A iris A AW SRR 58 R B B VA G

RITEENE TV AT B BB A BAZ T (Langevin) H . —4ER R
By BAEN

2
aﬁ(;*” =~ o "";;‘” (3.5.32)
2 B HOABER BREALR T EM R . iR BB RECH
1 2
Golz,yit) = ~(z=y) /(4ar) 3.5.33
ol@:y3t) = e (3.5.33)

EEZRE, AT A E R AW T AR 55, MR y BE, B UFERE—

Az Fe BRELFAFTLAIERA XM ERN (3.5.32) My A B, 5=, R
t—~0,Go N 6(x — y)eR%EL, B

HGE(I,JJ;E) = 8(x — v) (3.5.34)
XA B RRE T LLAREREEED M p(x,0) BB [EIEA A
p(3,1) = [daGo(z,y31)p(x,0) (3.5.35)

AR(3.5.35) AT LUH Go BH AR FLURE . MMEBHIA—LRER Y
[dsGo(a,y5e) = 1. ALRHEME—~HARKRILS « e BREX, PR

b, X ARREBT ARREAE ¢ =0 %], 7 =z NBEHENELUENBSES
o BHCEATAT AR BRI 2

Talx—y) = Golx,y;At) (3.5.36)
FAE ST Y BB — TSR RSR, BRERKRERERE, ° LFH
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ZO/RA RSB EFBEAABFEERZGEN TR(B.5.35)WBSEA. B, %
ORA e BE S FEE T HRG.S.32)MENT BT RE. BB A3 hEE
WEYE B AFRG.5.35)M3.5.33)MEMI/RA XS B A LB RINT g

x(t +Ar) = z(¢) + v At (3.5.37)
Hep 258 9 BRI TFERNE, TEN 2« BB (N(0,2q))
1 2
= e 1 7(4a) 5.
f(n) N (3.5.38)

#H(3.5.37) R R FA A AE B et 8] 9 B Z 05 5 8 GX BB AT A A e B
Z I B 1% (B DB A EE AT LARIESCRR 6 ])
T —RREY BOT R, RN

d
5-:-’ = Lo(z,t) (3.5.39)

Hb L A—1P BB/ TUEIEEEE TEROEXER p(x,1) =
exp(tL)n(x,0), KHF o(z,0) AREIHEERR. NRFXAKPRMAS, HWE
P ROTE(3.5.39) MR REOE AT LIE

Go(x,y;t) = {x lexp(tL) | y) (3.5.40)
H5#RR(3.5.32) BB RBHELL, AR Go(x,y; ) EER y Ft
RIREY,TE ¢ =0 BYSETF 8(x — v)o WRZBHBE R H—LS ¢ XX, WE

JGﬂ(I,y;I)dy =1 (3.5.41)

TEOFFR(3.5.39) A ek /R e, BR, EREHFALRMMNE, &
NTEBEEEAN THSEET B RE
1 &

I _ I P
32 = (T+ V)p(x,7) = [2 w: V(I)]p(:,r) (3.5.42)

K, r=it AR, ITHFEREERBHE 4N, RARUEREF, =1 0¥
MEEEST R, BLHE3.5.39)MERR,(3.5.2)WEXBRHA
plx,t) =exp[— (T + V) ]p(x,0) (3.5.43)
Hep, T=p?2=-12(2/022) hsh A . BTHA T AV A5, B
WLEREE, R« EFED,BITLAE
expl— t(T + V) ]=exp(— T )exp(— tV)+ O(z*) (3.5.44)
AT HAEBAERATHIEL, RMNLARE R (3.5.4)F5H50EBEMFN
HEFETT,. HTERPEEMRE » HR%, BMEERETIHEARZREB, ®TEY
REHASEEANERT, ENESRN

Gu(z,y37)= {x | exp(zp?2) | y) = Jdp(:r | prexp(ep?2){p | y)
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=l el= (v = 2)2/020)] (3.5.45)

v 21t
EREFPAAT [dp | p)(p 1= 1Rz 1 ) = ——explipm), (h = 1) M

REEY BT BR(V=0)MHREBTEN . B, SHReRBR ShEERR 4, BE & 15
MY B BRARAKRE, HXLEE V=01, BREEE F RSB
MR, XX (3.5.2)K0F BT BHZBEMREECY

Golz,vy;7) = Gz, y;t)expl— tV(y)] + O(z?) (3.5.46)
(R, S & REEE 2 IR TR AR IS —4, X R T RITAEk
Fa 1 5y /R Al R RS, FRATTAT LUET IS —46, B mad IR 8 O SR AT R,
B 4% MR pR B0 |3 MBI F exp(cE7) BB, MR, RAITF LI AMBE X I
HAFRMEINCRZ D HERNIET B HA MBI EHERN T %, H—i
UG BB AR R I E A TR 18 (3.5.42) BAR AR el 8K, 1T R 7 2 (3.5.42)

FR R BB Er BB HE
0 _[L2 yi
It { 2 9x° (Viz) ET)]P(LT) (3.5.47)

BRI QISR ATH Er M85 -K Mk BB E — A, SR R T —
ATH IR B K E R, I LB T A — A R A A, A B 5 A R 7
(3.5.47) FFORSEN . BRI AR L 7 (3.5.47) S
2
-3 V(@)p(a) = Eapla) (3.5.48)
R ERRIVIE N E ST H e

RN IAEE T Fokker-Planck (F-P) F 1, RiTieFE—RANBAZ R A BER.
BEiZ F-P FENER N

HP F()RR I, E5HERT p(2)FXR,FFWMFXRER
1 de(x)
F(I)_P(I) 1, (3.5.50)

A LATR 2 S oA 06t - B SR 7 8 (3.5.49) Zh BB (B R P B VR, o (= ) B R
W 2T R o
FHBEMNAR(3.5.40) R H K (3.5.46) 8 K e P S BB 5 445
BARPITT, 3 28 O Y M RERN DS, BRITHTE
Golz,y;At) = {x | expl— Atp(p — iF(z2)) 2] | y) (3.5.51)
¥E S BREAR AT EHEEMN R G 152 8 et 8% B S 3B
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LEETR B A ARREHT Ar B— BRI A

JZLm_.texp[h (y — 2 — F(x2)At22)*/(Q2A¢) ]

Go(x,yilAt) =

(3.5.52)
EXREE R, AR AT L& SR A ke, HBELIEE M2 RELIINT
TSR B S, NIRORALE = ERILE « + F(x)Ae 2, R 5 BN E—A-BEdL
Gi# v/ Aro XH g RIEN 1, FHEK 0 MbrEESS A BV, 2k
H9FE 7T LU R R
x(t+At) = () + AF[x(2)172 + v/ At (3.5.53)
XR—PREN"F, X E R B T
AR T—HMARRBEITE G R T U R RIIEARE L, R R=
(ri,r,e,rn) 0 3N BRI R B, B —ZERT B 8O 8 (3.5.32), AT IR 8] 53X

(3.5.33) R HUIRY, 3N 4ET LY’ R (o = 12) B RES
1

Go(R,R ;) = (zw?mexp%— (R - R)*/(2t)} (3.5.54)
) — AR MR (3.5.52),3N 4Ef Fokker-Planck 77 72 A& Ak s 5 1| 24
,. 1 ,.
Go(R,R ;A1) = (zﬂt)jmexp{- [R" - R — AtF(R)22]*/(2At)
(3.5.55)
Hep , F(R) =8R8, e L 5R(3.5.50)H#l, F#RH
F(R) = Vp(R)/p(R) (3.5.56)
FIN AN ZRESHEES ABER LBAIUT R
Hy,(R) = E,¢,(R) (3.5.57)

¢, (R)YHE, 53 H R n DANEZS P QBN H X S 49 e B E AT RE R AME(E .

KEBEO FRITCERIR D Z A BO®E. —BRE, £ EREHEOTR
o RERFBRITELGEEN TS, TEARMNENBFRARKREE TEHED
YR B AR FITRFMPESER, ZTRBEEEIBOESHESEY 'O
HIESMRALE, EREEN TZEAZ A, RATE ZE 7T LR R A0 5253 R
8. ENEERTENERV(BNTER t=m=1)

_3‘1’;‘:*1‘3‘ = [H-E;]%(R,z) = [T + V(R) - E-]%(R, 7)

(3.5.58)
XE—THEBERRBMYT BB, FB(3.5.58)F (R, r) HEITHE AR,

N
TW(R.z) = [_ %2 v ]w(n,r) KB, BT B ER . (V(R) -
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E)W(R,t) X, E+ I AER, EFRUPIUET EHEMARE
V(R,7)5 Vo(R)WAEN 1 HWER. MWHF(3.5.58) T LAF i, shAE I AY1EH
S R M. FfiliE A IH— L7 T RS ek X
G(R,R ;A7) = expi— [V(R) — Er]Act -
1

(2rAr)3N72
He,expl —-[V(R) — Erl]act AA—4EF. L& ARREIE 2 BN B A
exp! — (H— E7) o} WA ELEM . RITMRABBEESESR |4, ) REFER,
A

exp|— (R — R)*/(2A7) | + O(Ar?) (3.5.59)

expl— (H—-Ep)ztl = ) | ¢)expl— (E, — Er)ci{s, | (3.5.60)

M BB, FHNEE S>/(E - E) B (E, BESHR,E, AF—-HATH
RER),:X(3.5.60) WA FERKEEESRER E) k. BME ¢ 248 K6,
XNEAFT A INEAE R E R AP R A . AR 38 SR B % K R B B IR, 347
ERAREEE R FEA D, Ot iT KE KSR B E Ry 825, R EHa
ERWEESEER. SMEFEEaRNMHER TS XS, VESR
IR AP B4 B W BRE R B RN ANIBA R, B SahEEa X FH 2.
LEHRPETES B RLEE, A TFHEEBNFAEET, A\ R WHFEB R
MNEMNETERIEF expt —[(V(R)+ V(R))2-Er]Act, Hilt, XHE
PR ERAER

B, BAT A Reynolds % R B — M MBERURE T W ik, B B —
A2 R B X Ok BRI AT RAELS) . X TF % 3N L IKRIE, RATTT LLBIEE
B 21 ) B2 R B RS AR R K (3.5, 59) T/ A AL R

w(R.7) = jG(R,R:r — )YW(R’, 7" )dR’ (3.5.61)

ﬁ{niﬁﬂ-ﬂfﬁﬁﬁmﬁ:@ﬁfmﬁﬁﬁﬁﬁﬁmﬁ ¥(R,0)=®(R),1BREZE
2N A (3.5.58) B B [a] 48 S BBk i 5k R Bl

V(R,7r) = expl— (H - Ep)r| ®(R) (3.5.62)

] P R 4 TR PR U 1 — T~ 2 B 2R ) R 2K
P(R,z) = ¥(R,7)®(R) (3.5.63)

A LAUEBR, P(R, o)W 2 FEAYT B &
i—f: =%‘G‘£"{?P—FJP— [Er - E(R)]P (3.5.64)

He, “H"EXLH
F(R) =2U = 2VIn®(R) = 20 (R) - VO(R) (3.5.65)
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U ﬁgﬁ'ﬁﬁc E%ﬁﬁi% R = (rl,rg,"',rw)ﬂ@ﬁjiﬁﬁ!%j{%
e(R) = &1 (R)HP®(R) (3.5.66)
RS AR Z] - KRERIEE

(@(R) | H | w(R,z)) |PR.DE(RIR
(O(R") | (R ,7)) IP(R’,r)dR’

E(r) =

(3.5.67)

EATT LR B R SEREEN

| E, = EEE(T) (3.5.68)
A3 5.6DPHEERSALIRASFET FOHT, R P(R, )RS A
W R R, AT LUIRRY R CHK A P(R, o) MR AT B E B B4, TES
Frit 8 BERR P(R, o) Y BFE(3.5.64) EHE HESER

P(R .z + 1) :IP(R,r)G(R’,R;r')dR (3.5.69)
K ,G(R,R; o )RYBARE(3.5.64) AR R H, I8 o IE% /), KAk EREK
] L

G(R,R;t" )~ W(R',R;7)Gy(R',R;7) (3.5.70)

HF, Gy (R, R; ') 8 3N %K) Fokker-Planck F B [l - HFBERD
(3.5.49) 1Ak ead , KB A XA IR (3.5.55) B H

1 \3N2
Go(R ,R;7) = (5;) expl— [R"— R - U 1?27’V (3.5.71)
ERERK —MEETF, HOTHFH
W(R,R;7") = exp{— {{E(R) + E(R")]1/2 - Er(z)} 7"} (3.5.72)

FH P(R, o) B R AA %R B, W E LR IEE R, EHETRPR
HIEGE 7 R (fixed-node) LRI E:, BIFE P(R, ) I FR{EBT IR THE BT, XFH
TSRS ESRERITHIIRRME T LFR , In R 58k el B 18 438 77 LT /)
ARGHBEH LS FRERE, RHUIBASH ISR .V HAS LR, AT #
e , W 5 - 1-H i B A9 5 2 B 4 AR R B YT BB 4 (B ShBE B3 ) e & s 4>
XHBEERREHTREM . TEHELFERRESES ET FENEEHESE
BT,

(1) B55, e 2085+ RN iR ERH TS BUE,

(2) KA FR/F R EATERE S MM B RAVIALE | Ry,

(3) )~ (AT HMHrB. NEBMIBMIEFIE, WER T — A% E &
HINLTE S8 T AT — B R A i _E— 1~ BB WA — > B S BEVLIE AL 0,
HFTLIE K

R;sy = R, + Ur" + 7 (3.5.73)
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Hi, g B—A 3N @A (N, =) ) BRI

(4) B—HED TS HEBEZHOMER

p = min[l,w(R;;1,R;;7)] (3.5.74)

HA, w(R;+1, R /) B/ 2 TT 2 |
‘I'(RHI)EG(R:'!RHliT;)
‘ﬁ(Ri)IG(RHlst;Tf)
PMESEH R, .5 R, S EIMABOEE ., 1E B E 77 A0 OE S AR TR T s lr
ERBEE

(5) EE R TH B %453 (branching) =4 B ALTE , Bl T8

M= [W(R;1,R;;37,) + €] (3.5.76)

X, [s]FRnE s BBEE ;6 80,1 | KAHT0mHHENE. 2 M=[5]70
i, PR BT EMEE ;Y M=[s]=0 i, IEEHEHF . X—FPBFFEIE W B S5
FEMAE . r, B o RIE AR ®ET R, K G RS T2 ERN DY
FIEESEEWFENITREEZL.

(6) 7% i +1 M AFEE M REFHEER e (R ) FTLLET BHAVIER ¢(R)
Fe XTI ERF W(R, .1, R 7,) RA\E, 5 i +1 PR CEKAER
EG+D i FRE WG T LU, LURE PR il
E(R5)+ZE(R,-+1) (3.5.77)

FRRRAITT RS R, O EBEZRMER FALR, FHREHWHIREEE
Kk EBGITRE, BHEEREAS BRI EH P AL EHER KRG RRKTEY)
Fohal LR B A B B R BKeRBOR B E . ARG A AT AN RUR IR E K
[RIRE BE A 28 FIOR 1

3.6 HERITANFPRRFFE L

it FHRR P EE T AOEYLAEE, BMEX SRR R E
IE R — SAAER . FEERERE, 4 R RN T RR R & 7EAH = R
AR EHERRE ¢ X YEBRAME, RARSFY a0 EFEE
HEXSYEREMRT HOREREHE, REAERERITRE—ERERD . &
Giit PR ER BRI REERRER RS, R E - REE
8 )R LR SR 5 A A REGARER R 1Y 404 R BRI AC 70 ROk T 3/ BT A3 B AT WL
B, XERF I RUHXEEREF @M, 4 fE% 13 2 vl WL & 5
FHI{H.

‘IU(RHI,RHTJ) — {3575}

(i+1) _
EY =
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B TS — AL TR EAER (TR R BRI, Mz 22 EER A1
mTRRE. BAE-1TEE N METHERMEESRE, RNETEZRER
AT R A, Bl YR8

(A(T)) = E‘IJA(x")f(H(x’))dx’ (3.6.1)

4
K, Hx YA RKHG BB R, f(x") 0008 RE, Z VRS R, ©
R IH— LR

Z = [f(H(x))ax’ (3.6.2)

LA " BAREME R P RER (B, KT & MR TF RS E R SR
AR, ES HBRREEMER AR, BREAENARITERES RHE
RAEBHBRE, ST SERERRE S, IEREASE . GiER TS,
4 Ising RBVSFR DB B M ] LABAT H =4 A R, TE R BHIER T
AARXG.6.DIHHEYHEE(A), RITREEB TEMFERY, MERAZEE Y
TIERB e, R R AE L T L RiRE, RS ET FEm A
BHFEAGEITHRE UL B FHENARFE KSR BEE R AR, ks
—AFEEMIMBAE IR, RTGEITREMGTRFELS RKBERTLIE
wiEy, RERE EBK, FREBK,RTUBNDREE, BERNZSEB AR
(3.6.1) FHIBUUMTRFEA R ANHE,

THXRE T HARN R FERITER(3.6.1), BEMHNWARSZRT
MRALG, REMN TR FHNESRSHEER x R SHE Y Hx) =

E p22m; + O(x")o MR FH BV 1 55 B K36, AT LA H (x) E9 3

ﬁﬁlﬁ%ﬁg X B T B B BB 9 SRR BT AR FR B, W76 S 25 s AR 3R 4y
T R B IR %% 2 (Boltzmann) 2346 . B 43 75 %5 B s 8CH
p(x, T)dx = (Z)7' f(D(x))dx = exp|— D(x)/(ksT) }(Z ) Vdx
(3.6.3)
x X B ERAREIEB AR, by WBU/RZE B, XD RS BN

Z = deexpi* ®(x)/(kgT) !

M EZFRT LR, BT 2 B T R RE R AR x XX (3.6. 1) TS ST EBR
ho AAFREREA TRBR . FHHBRINBOTE ©(x) KT LI M54 REE
U E I . SR A R BULE YRR A MRS TFHEET
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DY A(x) £(B(x,))
(A(T)) = = (3.6.4)
23 f(D(x:))
RAITPREL IS 7 MR x, (i =1, -, ), R FRRR AL 7 3 5 54

(3.6.1)PHR . ERPHRSEL, YEE A FHEMETSIEEH. 8 TH
R RBERN, XMEEZE RKEARESE, A E P KIS AR R A 7T
BREAEE /D, A TERER LA BT, RITRAEERAFIERNEAR
XN EAEEERESA - T RENFES, T HI RN

p(x,T)dx = exp]— @(x)/(ksT)}(Z ) ldx (3.6.5)
R R A RGN FEE T, TRREGHYERE A B-FHHEBN
LRI X REFEEGREY

(A(T)) »iiﬁ(m (3.6.6)

n AHBEPRER . » @K ESBINEERE. XBSEREHPORRBE
HERUER . BTRATEEMFE, BRMNUABHRE T B{ERBEGS T 1FRER
(3.6.1)EITHEZE,

T IR AT 2 A AR B A T = A R = (3.6, s)ﬁ*a’ﬁﬂﬁﬂ@»{ﬂW%%
Metropolis 29 $# i K F /R Al kb, s NE R — M S &, ﬁ—ﬂiiﬂ—’i“
REFFN(ZBN2.6 7). BEALERPRETEESHE p(x)=p(x, T)5 . &
TIEM—THRE xo HE. BEFERMETEZE - TREFF x> x>
x3—>, WITMEERMUMEANREH—TRE x 815 —NRE <" 893

Fhw(x, ) =min| 1,25 | ke s REX RN, CEERITH

HEPREFREWMERNFFESSA p(x)o ABFERN wlx,x)p(x) =
w(x’,x)p(x )RR KERGWHBIFERBASFHTS &4, BHFFELE
. EBUREET MR R, BEAARRN IS XTS5 1 st
BT T BN AN . MK AA B B RRE TR0 0K U E
X—HELAT BB - EERNSE, DhETREK A RE BTN N T 659
p(x)=2Z 'f(O(x)), AU HLAEHEIR 2B Z ASH AT ERE, X4
EWIERBEXNFENERZA . HREHTFREBE—RELD D EETAEDE
SR FERAZ T ENEABERERE N EHE F= - pTnZ &fiS=(U-F)/
T. HBOGTEMPE R w(x, x)ZE,BIIRTLIZHNTERATERFRRFIE
3.

(1) EHZRFHE —TEBERS xo0 HTHRAIRBEREXNPIESH
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itz AT AERAEE LRERESHIFRUBERH AHAEE, BERMEWER
35 3 5 [l B G 36 BIFR — BR 43 K0 2 [8] HR B, 6 T S8 40 A B eSS0 1 J0) K A PRI
— R BE AT GRS ALTE 4 A A 3 B R K X e

(2) MREAEUWERSE » &, AEBRFERS n +1 5, FE—-TRERSE
FATE x iy B Xy =, + 7, (P 9, HERBB[ -0, IHNB N HHREILE) .
RS HNEER  BF o BUEEE . HAFAKKBLK/, BB A8 ME W S BN F 4 946
T 6 X/DRISREREM 13 3] 12 Wik RESE|ES.

(3) THESEBRR wix,, xw)o

(4) PPHE—1[0,1 ] X BIAIHE) 5 HBEVLE o

(5) IR r<wl(x,, %) RABEZX—HWE, B x, 1= Xuyo

(6) IR r>wlx,,xy) , WBERELYEFTFRE BB x, 4= x,, HEHE
2 (2) %5,

BE FEASRE, RMNAATUERRENREETEL, IHWENSEE
R RXTET RIS, B, X R XA ZS 8] R BERT R AR 1L A9iE ShEE E R
BETAEY . Gt PR RP RIS, R AEARR S R EN R 555
REFE MENRSEFREED TS SREEREFHR P FE . ETN RS
HRBFE

RATLA Ising BB EE A TN REFHFET Hik, Ising HAI0 RHF
BREGEERN— T EFLARNSITE R, ZEMNEX WM T2 G=LY 3—1d
B HENIERWEREEBMEF i LB 1B TURE FRBFTHH
B, ABEERE s, kFR

1, R AkE 4
&‘!~L ool (3.6.7)

K e BIES-— R BB SEE T MEERA. REFEE—1H 8% B, Nk
REYPS AN

N N
H:-%Z S5 S - uBY S (3.6.8)

oo, G, )RR AR | ARRPENES R, o REBEAD AIRMBEIE.
A(3.6.8) B MERE J NIER, DRBERRAE, &4~ B B T F 7 i #
Bl J A ERT O RBRRETE BAR A, &1 B IR T R A P, B R K
KRR R, B2 T SHSEXKIRFHIIEE, MU R8T RHESEF
R EVERIRE, BIER U R AR B BUE . Ising SRV E /4., [H 2 F
EAMRA LR BT B R/ B S HERE

THERBNMBEEMAEERRKEETER, B J >0, #iA 0 R R B 5 k3N

Z = >, M) (3.6.9)
5
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K, p=1/(ksT),S={S; | NERGH S L BRESMNE ., £ BE g LIH
ECArPRERE] . Bl EIRE T B REALIR TN
1 dln 2

= - “ﬂf{S} .
M 2 2B ZS]M(S)E (3.6.10)

Hoeh
M(S) = _Esi (3.6.11)

AR BALR R EREM(S)) REE (M (S)) — (M(S))? A% KR
B RSN 5 80 FL RO . T H A 2

(M(8)) = Z 71 D M(8)e ™) = 3T M(8)e @S [ D7 &IS)
L g g
(M1(5)> = 71 Z MI(S)E—H-I(S} — EW(S)E-,H'HS:'/Z e AHLS)

(3.6.12)

& EEARXPERAERITERITEERE KK, E?F‘Iﬁ‘éﬁﬁi&ﬁm,'u:ﬁﬁmn E S
FEF T ENEETHEEME NTERESWES D, - REFES, #1B
M F R A RENFY SRS EL, ANTB B E¥E. Ri=4d
XREFE S BT — BT RE LU 4 52 B A st BT 7 3k
SCHEH

FATE RIS G 8 S B B BERIG1E S;, RIG BN, B HX86
THRRZERE S FENREFE R HELSBRRE ERE DD —MRERERFA
Ar, Xt BREMNEMERN —fFRAE A ER Metropolis 5. HEKHMAEL B
MBS, EEEENWMGNIE §= 151,50, 5, sn . RIG ¥ 1/N RS
R — TR A GEE LB M, BRI FNAE S = 15,5,
s s I RBERAAN(3.6.8)HHEBRERE AE=E(S)-E(S), %
AEO, B A, BE SR, fIESRE §,—~8 "0 XXMTF p(S)>p(S)H
W(S—>S) =1, MR AE>0, MBE ™4 —4[0, 1 KB RHWEILE ., I r, <
e PO MR {NA R, B E IERAE S—S7, 2 (B) r,.==e #F) | § IH{REIERAE,
X Xt W

W(S = S") = expi— H(S")/(kgT)| /expt— H(S) /(kgT)}
FEZRAE S , — AU E LB T E &5, 82 8in Rk 8 amh
p(x,T)dx = (Z) ' f(H(S))dx = exp|— BH(S)}(Z ) ldx

BERMNCEHT T m WHENR ARG CEBTFES, B 2R 2 I, TR
AL 38 BE B BI{EL A

et

(M) = i Z M(S,) (3.6.13)

F=mt
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FEAHESRE 2N MERRME AR SR, X FiF S AR TR E WY
FRATR R TS . A Tt ERRE TR, RATEFS R mn £ A
HAPED R &, BD

A(x) = A(x+ L)), (i =1,--.d) (3.6.14)
H+,L;,=(0,--,0,L;,0,--,0),L;(i=1,,d) BT HEBEER Y, X
ATLADRGE TR FERB LA FHEIEM. 7£ LA Ising B8 o B 7 R{UY
i AR S LR ez 8, XN R ERE N E BB ENER. A
HAPE N R AR T AR, RTERAEE LR T REB

3.7 BLFHniEN B R P ER

ERFZ IR, TR ITE AR 2. MRIESEH
BRI PR 2 2k M FROT IR B 78 SO 3 Th 3R 4 A 0 5 40 B i FE AR
R FF k. NRIDEARRITRRAE, P FiREEXRER. P FER
R HEHE S ANHE B 1R D U B S B PR R . B R R B HERT , o 3 AR
THEBRANER . — T RRVERE X P FHEIT T AR R, UARIE R AR
SEARFNBENER; 3 — 1T RERE AT T ERENE A BAEN . EE
Pr_b R —~ P FHaiiz A1, 5 AR O “Iks SRR, A TER T AR SRR R B kit
BLEARR T

BFTEY R PR R T R B RIS TS R, — B BEE TR B R T A
AT o GAF R P T IAXHR OB T &3 264 B gt B A Ge i T4t i R) BB 2 2 4
HAHEMA . XeF hFRERERN TR AR M kTR~ T L
AFEATTEN THRERENRS FF R, RITENFEERDE, LRI
Al bR R R MR EEMGIHE A

1. AR E

HEEMG R TR iz B R BV T A MR R, A S U 3 i aT e
i Rt R A BB T RAT LR TR T R . B, R RSB — 1 —1
B R fes , A ENEY R P REYLE 3R P 2, i AR 12 3R RS i P 3
BRI TR, X RN T BT KRN EEELIZ G, BT L5
BURATHIT Y, BT RN YES R,

RAVBUAE FI S £ F k0o R B HE B ob o758 5 R i [B) R, X SEFF b
AP FHFRYRENRU. FE -1 RMUCNPEER SFITASNPTFRN O 8
i, EHEASE—TREN o« WORZ(ZRE 3.7.1), PTFSYREMAE, -5
HEWEN, B—HMrad ZRBH R eFEYREEF N E. PTFS5YUREE
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B 3.7.1 FFFRYEEELRER

HGPTRE ST WAL T, H T mAL RS, RATAE B X K b - 1) 1
B WRPFHYEARTE m BIEFEERNESERE N

| o"(E) = ¢"(E) + 7 (E) (3.7.1)
o (E)M of (E)MFERPFHE—TIEFE m WESAREER. mFANEK
BUE m MR TFERAOBBRICH o, , WP FEAERMETRA,E m FLELHE
#E o7 (E) MBS # M| o7, (E) A AERHK

7 (E) = po(E), o ,(E) = puo"(E) (3.7.2)
BasR A SR TE P T 5 EME R B SR E Y
or(E) = 2 0" (E) (3.7.3)

BETFIH m METEBN R RERN dof (E)/dQ, Z 85 f 7 6%t
TP @ RAF R, TR ¢ AT AR a3, 8 B2 B & do)” (E)/
d(cosfl) o TR ERIE dol” (E)/dQ B do? (E)/d(cos) , HATEB AT LLFG B4
A4 /N W

WERE 3.7.1 7 O RE—IEERNE, WHhFEEAHIYRE . R
ICRXBF R FHPRBMIE N 50 = (29 =0, Eq, 0086 = 1), B33 55 — K HlE 18 5 &L
HERENHE 51 = (21, Eq, cos0y), BELHE _RRE G BHBREMUE s, =
(z2,E7,c086,), -, MLHFT T 25, BATAT LURWGC P FEWEEFiE30h
52 EEINE R BB

Sp > 51— 7' > Sp (3.7.4)

BIE sy RE, P THYEZWI, FH ST S K, SUERE sy AR PFROGE
B Ey TR —B{E, WERFE R

MERTNHERF T R AEEBIREX (3.7.4) iR NE3 HE. MERE

(BRI TR T 28 W, BEIEH so=(20=0,Eq, c0s0p = 1), BMAEZ R
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§i-1 :(If—l,E;—l,ensﬂf_l)ﬁﬁhF—+ﬁﬁfﬁ% §; = (IisEi:C{}Ee{)ﬂ ﬁﬁ]%ﬁﬁjﬂ
TEBRERERS s, HETSH

(1) BEMELIFSE x,. T s; REKLAT, 255 i - 1 Kl
EMSIEE S ZEE, REHNEmE y MESHEERK f(y) =0r(E,_1)-
expl —yr(E, 1) ], RITATLCRABEEMAESE A HRE y Wil E

= - L In
Y UT(Ee—l)

& (3.7.5)

W] z; d17F & H
Iné

or(E;_q)

(2) e R TRk, MEAX(3.7.2)(3.7.3), FF5YHEEF
& om R EREAEE RN

pi D = o (Ei—1)/ or(E;_1) (3.7.7)

WA] LA h B A R BEYI A B R H MY, RE S W R A REN B RIRTF
%o

(3) B piE AR EREGE RS . BBAXG.7.DPFFE5F » FKFH
R A HIBERN

x; = x,0 + yeost_y = x; — cost; (3.7.6)

pii-d = o (Eis1)/ o (Eiy) (3.7.8)
[ElRE AT LR B R BN B A LR e B, A5 TR &5 S R W ie , D) 42 1 | BB B [
B 5o RE, TG =T FHERER ; FHELE R RS, M#H AL (1) #,
(4) BaEH FHETA 6, MR E,, BT E—A LR FORPHHE
B BE AR (Ei-1)/deosh; 1, AN BRINBEY LHBROLEVHS B E
BB I 9% cosb, , cos, TR B0 % R 3L

_ dﬂf(Ei—l)/ 1 dof"(Ei-1)
Fleost) = Z | S = dost, (3.7.9)
#ig b, 8 Em s TRER E TR EE
E;, = %Eiq{(l +7r)+ (1 - 7)cost, ] (3.7.10)
—_ 2
st = (251) A RRTRERS T FRRZ . Ko RKSHA 0, LU

THEARRE N ALRE RNES A6,
cost, = (1 + Acosf.)/\/1+ A? + 2Acosh. (3.7.11)
BETHHRM =ML, EdERERMIAH 6, KT,

cost; = cosl;_ycosf + sind;_;sinf; cosg (3.7.12)
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L o RN, FEH P FRU SEEES MRS, T A o BiETHIR
¢ = 2n ST EEEE

R ERATELR, RITMTH TN ;1B s; REWBRE. EE L7
BEHA SR, EAP FEYREPEIHENE S, MRBT W T N
HFEEE TR, B TR, AT E X BGE AR YR B 1750171 .

TR ATLATHES 3 A5, 3688 el @ X B o B BR BR |, TH3 ] IR A4
PR, RINEXEERELUIERPE » NPT BEHBEHOTMR 9, H

{1 , Ty = @
"0, oy <o SHRI

Hp, FPts M AZPFEYRRPREARE. BINBIAFEYEZHFPFH

(3.7.13)

N, K
Ni= 27, (3.7.14)
n=1
i AR BE B R —MATHE R
P=—" = —Z} T (3.7.15)
:-t—l
£ 1-o BEKET,P E@i%%ﬁﬁjb
|P-P|< tp,/N (3.7.16)
o, B, BT E. BHTF 9, B—DZIA 00 HBEHLAE R, BT LA
= P(1-P)~P(1-P) (3.7.17)

B KBPFEdBNBRE, RMNBBESRLEEN P FHREEMEIH.
HENRBER FE MiRA 6 4 A T4 /DX ], fn
Eo>E; >E, > > Epin
0=0,<0,<0,< < by = /2 (3.7.18)
HESPFREERE E AR A 0 i AT N KE, Gt %A ER X G f B

XA BY A3, SRR BT B o AR R ATTRRAS B AR R A B F R RE R - i i A
pa iy

2. RE%

MRTERNA, BT U REZ I EEEDEREARNRAR B BEE TY
S EMVE BB R S, EREETEENRNNR A SR, YY)
JEZBER, B FLMWAD, FERER K, Lht, BRI AKRE TFEREY
FZEE, HAERABEN 73T & RE 7Tk, NAR(3.7.16)M(3.7.17)TTLLE
i, XA ES R THER R EFE BB AT TR S, 7T USRI X RS
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SEIMERN L. BAERR, B E D XE - REN DT UM
H w, a0, MABARTFREESBERW. SPFEAYESER/DTFE—
BRELRT , BhA5 L XS B HE s R AR B

KAREERN , RITH BN MEERIE w, MBREHCIE S, i F
RPRZSHE N

s = (x,E,cos8,w) (3.7.19)
Hop, w BPRBSNER T, RUEESEREDEP, ERE— P Tal, BANE
FIRI e REALIE 59 = (x, Eg, cosly, wo), B wo =10 FENLIE 5,-1 = (z;-1,
Ef-]aﬂﬂsﬂ—pwf—])iﬁﬁﬁ !—F—fﬁkﬁﬁ{i% §; = (It-,Ef,cuaﬁf,wf) :‘B{J#ﬁ i
E;,cost; RIBAE J5 5 Al ik o) B RENEMER . w, B FEAKEE

. ﬂ?,s(Ei—l}
w; = Wi_q 2 (E. ) (3.7.20)
ERd, EAR m RIEHRE m BIEFE . X o NP PSSR K TR
5 _{m;‘—]t r >a (3721)
" o, HAtb o
BERN—ILBEET NP7, MBS F P RS ITHE R
N
P = NZ} 8, (3.7.22)
TR ERN
ol = ——231 ~- (P')? (3.7.23)
B AR (3.7.17)F#1(3.7.23), wm%@mﬂ:ﬁm@ﬁémﬁu
o2 — oh A~ E(a — 62) (3.7.24)
BT 6, <1, rHFEERER
ﬂ-‘% > g% (3.7.25)
XM AEREANEEN T EZ/ D THEENERN T £,

3. gtttk

ENEEY,F « THRENPTFES PREBAMES, = (4, E; ,cosb; , w;)
#id, HREZSH «,,E;,c080, WHESEEE B, i — M RES28 -, _,,
E;_1,cos0; \HA%E ; 2% w; HNEEPHAR(3.7.200E. EX—REHF

THEFEVRERNBEERN
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! a — x;
pi ={*w,-exp{ ; ool }, cosf; > 0 (3.7.26)
.0, HoA,
ERXTP s hES, B ML A TR P, E5 &, BRI
TR FAX—EE, A AT B XA 7335 5 R 8 Tk

M-1
P, = > P (3.7.27)
=1

Reh M RBIRESS « P FIEW R PR A S MERI—HBET N
AT MRS B EIE S R HHE X N ﬂwmmnu

P~ p—ﬂ P, z;zp« (3.7.28)
M ER
%%i (P2) - (P") (3.7.29)
SR 3 R R e A o

BR T BT 8 o LB AR S35 AR IO EE R b & R AR R i AU Bk MG Al ik
Ab B HAVT B &8 R B9 T 2, 0, R A AR R R AT S SRy
5o XETTEE K BRNPIR SR ZA O R B 07 22 , 3 AT SBR[

5] 2]
(1) FERFFF FEITE =4 DU T A 428 B R RN R BRI,
(2) HEASDHEERY f(2)=Ae “HEEMB KBS, HONBELE5REHNEER,
I = Lm 524y
(3) S HIIEASE R F R iR 2 Y
o2 = (A2) - (A)? e ﬁ
Hrp, A by, N hE8EES A,
(4) K HH Metropolis F =4 —HEF 3 E 2 10 % 8 _¥CN

flw) = Cvle'“'"z
RIBFERE A S, PR A R 4 A BR B SR T LB (R P CLa B EE).
(5) Btk Metropolis TEM EHr i f(2) = Aexp( — 2° 20 ) WHIRERMBF (A Mo X
B0 .

(6) 45 R H Metropolis B8 —% 4
_[i: exp(— z2/2) z¥dx
HEFE. HZBFiTE =484
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rm IEdII+m yzdyj+m zexp(— r*/2)dz

REREANNS RSB HTEAIRERSRATT LR, o Rl E R B S RENX
#o
(7) XELF —4E #OT &

) (U(x,0) = f(x)
a-UJ JlJ
—_— = — U0,t) = U
K3 2= 3 (0,t) 0
LU(1,1) = U,

A LGB B X v BAER R A B RUBENLEFE SRR B L A, B3N 2 ¢ RIS
BE)o TE x 77 R B A 5 W R BER ) Wo, = Woy=[2+ A% /(o) 171, TRFE ¢ Fy 1) (o] AT A4
1) e W E AR AR Wi = Wou = (1+ 2k /h%) 71 SET LR

(8) REREF , RAMERR T HEREFF HERES He' tEE0ER

(9) E#HF  KAZETRT AKX RYTERET THESER. HPFPR TP TR
LR DUk RGERAL

(10) BB KRR RAMAKRKE TG TP INERES TESHEE, 59898
BRI HE

XXM
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FNE BRESFZE
4.1 5l B

PEF M EA =R TS Z R B EEY R 25, & LRSS R %
WA R BRRST 7T AR AR, — MRSk , AL B —N 4 B R ), B T 7
FTHE TR RECFE RS, B N 2 5] i R XA (R Y SE R A, R E A R
HITZBERATE T EREKF . BRESERE MR Z N AR B I BUER
RO

ERBESTED, RIVBGE T 43 7 Bl AR B 7] DLBGE SEE M ARIE,
¥ A > A5 B S HOBUEL S AR Y R B . {HR AT b U6, iX R O AT AR AT LA 3K
PERERBENITREREE, oy n0 S 300E /% ol DOdad s/ 7 28 3 BURE
(I (R} 4%, B3 B AR R RBUEEE T ERE SR, XM FEREEITE
PLASREA: FIN T R Rk M . Hit B AmEr it s g wmeE g, A
m, RN SR TR R ENEEA NS . BITEX—
B A G R T AR E RN R

A RE2 R RIEBRES AN ORZEMREB RS R PO K%
SRR A B, AT BIE T BARNBFIER ; OKRBEED TEA. 755
—, BRATTE o i R MR 23 F R R B0 LA KBS MAE SN X
S, EERAGERANEE TR XA LUETFHHEY A LA it H
B, MERRTHZRHFERI TR, HF5REANTE P HPHY SR E L
AT AL P AAENT A RZ,H5WE P AMTEE SN AAE
A0 PGS FROFAEIEN T & o 7255 20w, BUE R Y SC B R B 1 A& M T
Fik RIBEE R Fr A X 555 5 B EOEUE .

— M RBTE x K BB — B A R , 7T LA (s A B I U B PR AR ) B
BEMESRF R —TBEREE (o), x AENERXEa,b ] ELEDT
B, LIPK =0 Bla, b |XBIEBA, BTG —RIVA x1=a,12= 21t h,
r3=xyth=a+2Az, 2, 1=z, th=0b,RERE F(z)FEXEE TN
H, BREK h B/, ERBAEERET. 578 o HSHWHEE 2, - b A
x; +h BT 2, ST UWEINFERNEE

flxi+h)— f(z;)
f(I;‘) _f(Ii‘h)
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f(I£+h)-f(If_h)

SRR R 2 B—BrEAT EEMPOES . RINVWES , SAASH A
RIEERITX AT LIS R

2 3 4
Pt = h) = Fa) = B )+ 2 f () = 317 () + () = o
(4.1.1)
2 3 4
Flai + h) = fa;) + hf (z) + %f”(x,-} " %f*(xi) ; %f’”(_ri.) .

(4.1.2)
# LR T AR, 3 20 k87 FUE BB A0S B — BB o b 22 B R

x;t+h)— f(x; - h
f,(Ii)%f( + )th( ) (4.1.3)

AR (4.1.1)F(4.1.2) A1 7] LIS B — K B BT MG — M E B EA
f(zi +h) - f(z;)

fx) =~ h (4.1.4)
; — . — h
f(z;) ~ £ fI’ ) (4.1.5)

R (4. 1. D)F(4.1.2)4800, B8 h 8957 T R E R KIS B s i oo =

RIR

flz; + h) = 2f(x;) + f(x; — k)
h?

flz;) ~

X (4.1.6)BWHEZER O(R?),

AAR(4.1.3)~(4.1.6) , NPT I B FEANZMER, XBE
8 B e R e E A e, SN R R, B SRR P EESRERTRR
B B RS SR, I 2R R 1S B 59 2 43 7 TR AR RO R 8 T A S
RFER. RIBTAREAD) 2 4% X B B AR

LR ERAT LAE) B TR flan, s F =z, y) WHR, By
PATBERE O ﬁf’ﬁﬁ&%@ﬁtﬁﬂ{ﬁ(?zﬁ (g+ g) ) AR LRI A9 5 b
HIRBERAHEE(WE4.1.1, B hiy=hy,=hy=hy=h B)
fHit fat fat fa—4f - 2}12(5‘4)" \ 34f)

h? 41 \ax* a4t

— B AEXT A TR B R BRI P, REARBA R B —, FEIEE R
BTiRE ). XERETREAVITESEFSIEMEZ, flin, FERIA B2
KR, RANREBEARNBTEE n + 1 T HBBHRERECE O, A

(4.1.6)

Vif ~

(4.1.7)
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VRO 15 B IR 22 B BOR o T 7E B BUIG A B A B 4. TR by SOtk S5 0 s AT A/ NG
WrRE. B, FAREEGTERE). ZERHTHREIAHBRFKINEREHE
FHREIFRFRHRARE. EHFILEENEES, EERREREME A
RESBRABHRK. WREBKEZREG, FARENEER WEA R, L2514
RERBEDN, BNEARBEN . MaERRZRZNERT.

2 P AR B 25 0 2 R AR E A S B e, RER T EM AR
RASERN. DTSR R & F 20820, AT R e R 7 ki 2
B YE L SR 'R

LGy | Gan | 2 (i+1, j+1)

J (1.5 (L)) (i+1,/)

hy 4 (i+1,j-1)

j_l {i_lr.f—]} {‘r.}'"]) 'hl

J=1 i i+

BE4.1.1 50 KR A

4.2 BRENEMRE D T

AR 4.1 T BRI ER RN, RITRBRE 7 b o T B iR
ENTBRANIEA, BRBZSFEABHMT LB TRRMS F AR
IEMRNEDHE EFrAmEs, AR R ENEL U SIIEEITERANAMN,
R B, RNBB PG - KRRV HERE; B —RRDEKE
AR, ERMRERE S, F AR ERRBUEAR SR RERFERL EN.
EHEEXRPBPHM LR —REE ¢ EHFERES, AR LEHERR
BREW . ABPEIUGTRIE—KFE, EERIFOALSE 0K 1],

BEFETBEEX EATUER

L$¢ = g (4.2.1)
HA, L AZWMEERNEN . ERARFG—RITEN
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b+ a0 2] = mis) (4.2.2)
XH,G #RGED ﬂ‘{]iﬂﬁ‘wgl(ﬂagz(s)ﬂyiﬂﬁi s RWIZ SR, B TXieih
?;J:E{]@ﬁ;ﬁlﬁj sﬁ{n-ﬁﬁ'ﬂj;ﬁﬁﬁqzﬁa
(1) BN FFKM, BFRAKF T3 (Dirichlet) R (g, =0, g,70)

g = g(s) (4.2.3)
(2) %—%ﬁlﬁ%ﬁz oy FF i P8 (Neumann) (8] ( g0, g, =0)

J¢

— lg = gls) (4.2.4)

an

(3) B=3KN A&, HIB ST 2,50, 2,70),
X TR L - X 4E /R (Sturm-Liouville ) B AF R R E 1 0C, BD
=-V(pV)+ f (4.2.5)
NIRTH p M f BREEERRE. RITESBI—RBEENMY TR, CRER
I FE TR RS b, PR B e RF 2R Y i A
8o % p=1, =08, RAVEFIR(4.2.1) BREFEAE R —IEM (Poisson) .
RS, B RAEE SR W] LLEE T N AMEE B d A5 X s 3
ERHFTHFERENFIN, IENATELCEERNET - ERZIHMTA
BRRTG T 1R BEEAES DN BRRIEZ T A iR K& 315 Tt i3S
EAE; R & EEEE R, ROV AT A2 h D R iz ahid 8. BBRiE a1
J1AT UL Bl o B R BRI EAE A A B A R A R, (AR N R KE, XA
MERBBITETRESRE, AL &MBEME. BHERIEHRERREORTHE
XLy, R E IR T — 02 B R RRE, BT ARn 2, [
B, TEXT AN FIR 88 4044 F B s S5 B T R B 9 b, AT T AR AU LE 531
EHERS RN, WAERVEPP RSt R XML FBRYEEN
o BERIRE AT ARE M A& T B R B SLFiIEFRE,
RITAEZER(4.2.5)F p HEHEHFR,
“HRFREG.2.)PUER
LT 315& -

yl

a2 ay + f(z,y)? = q(x,y) (4.2.6) e ™~
BEPREN ¢ FEDXID MR 8 (4.2.6) (XK D # \ DI |\
HNHKARNG), KAESEHRITE, RIELEFEBKX \

B D Bk, BVl R MR R X R, D N =
BB S 2 H/NETE, RN b SRR R 4 N
RAT TR BRSNS, ¥ ERRELR ° x
G HBR, RAREE BRARENAROBAE Ma.2.1 REKANETHE
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E RN ERDE . FHANAIETEaRENER S #% (E 4.2.1), /A
BHA=MEEE(RE 4.2.2) XTEP X8, N HE 4.2.3 B B95% R 95 # X
P, X PR IUE PR ILR

=Y
|
ol J

0

B 4.2.2 SKBXKEE =/ oHE B4.2.3 SRARD IR AR R 455 3

THERBAIHES S ERSOBERY S LR BESRFER R, #RIEATRE
TR OMHERETRAME 4.1.1 iR, XBERIMBEK h FHEFHRE—BRFNR.
LA 0,81, 92,93, 04 THUNEAEN K 0,1,2,3,4 4 ¢ MREUE. WETFTE,0 /Y
—FrR- S BT LB RS ERER L, B 1 A3 AEUE N

ﬁ .
(%)ﬂ% %};ﬁ" (4.2.8)

BARXFPAMEFRIREBRK, MWREIFRERAHPEDTHEX, BRITTLUSIAR
EW o, B, H ¢ T ¢ HFEHESF , AEHMTHXERK

2
a($y — $g) + B(#3 — ) = (%)u(ﬂhl = fh3) + %(g—;)ﬂ(ﬂhﬁ + phsy’) + -
(4.2.9)

3% ¢ .
é(;;)“ TR REONE, WEE] o BB 2R 4 2
a =— E_f (4.2.10)
-~ 2.
2$

WAR(4.2.100FAR(4.2.9) & ERHT, 8850 ) 05— 2HRBER

9z /o
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a¢ ha? () — $0) — h2($5 — $g)
(a.-.-;).;.’“’ WRTRT (4.2.11)
MRS hy=hy=h, B, FREH
- 28\ b -
(ax)u"“ T (4.2.12)

AR R AT WE MBI OERRAR, TG AERT O FHE2% ) %
B HR(.2.99 RS (5] MRHAF WA o g R ELER

« =P (4.2.13)

B LA (4.2.9)9 , 3208 1 =Fr LA BRI, M18 33K
(92_95) _, ha(B1 = $0) + b8 - )
azx? [, hihy(h, + hy)
YRFELK hy=hs=h, 8, EXAH
(ﬂ) 95'1 —2‘a£'ﬂ + ¢'3
0

2 o b2 (4.2.15)

(4.2.14)

Eﬂﬁ%% O(h,rz)ﬂ
2
mﬁémlﬁjﬂﬁﬁﬁﬁﬁ.ﬁ{nﬂuﬁﬁﬁ(gﬁ) M HEER
0
(_3_35) ) ha($y — $0) + ho($s — $p)
dy* | - hohy(hy + hy)
HRAFEK hy=hy=h, B, F
ﬂ o ¢'2 — 2'#":_] + 564
(H}};3 )ﬂ ~ (4.2.17)
BAR(4.2.14) (4.2 16 )R AFE(4.2.13) , BITREBRZFBRESEER Y
) B ha($y — $g) + hi($3 — $g)  hy($y — $) + hy(dy — &)
(V7#)o= 2[ hihs(hy + h3) ¥ hahy(hy + hy) }J' fo?o
= qq (4.2.18)
QRTE = M y T RIRIEAL ST FIAHSE, B hy = hy=h, T hy= ha= b, B, 0] ERIER
551"2¢{|+?!'3 ‘551—2‘#“*’5&4
4
h,’ h,?
— ] R ARk REA T Simd, B LB R

1 1
-!;_z(ﬁm,j — 29+ $i1,;) + E(ﬁ,jﬂ =28 b0t fib = a
X y

(4.2.16)

+ fo%o = qo (4.2.19)

(4.2.20)
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AR 6, T 124 R, BTN TLAR R AR, S
h,=h,=h i, R{145 3]

Bivr,; bt bt bt (hzfi,j ~4)¢; ; = hz'?:',j (4.2.21)
T =0 BRI TE(4.2.6) MM TR, 1 (4.2.21)5F)

Bt TPt bt 49 = hzfi'i,j (4.2.22)
MF f=q=0KREEFR.2.6) FhrEh iy, A=X(4.2.21)78
?!'f+1.j + 9‘;’—1,;‘ + 9!'1',1+1 + ?sf*j—l —4¢;,, =0 (4-2-_23)

XFHFFZAEPERAHLE R . ZGENMET SMEEALR G L,
W PR HT B, BRE—MHER T, UF G BRAMMA . M S AT 8k
EEELEDAR G b IR (4.2.3) 5 HBE 0 7 %, 8 %A B LB I
%o —MREMEBMERERE R 0 VEARFLHR, WEETRIL 0 S MRS
ERIREAER 0 SR EE., X —FHBHEBERERl, 55— ER_RE NS
KRR EE . X8 =2 R R4 DL EER MG 7 5 E A
BiE, FERRNANE— .2 ZRO R RO BULS BTN A,

(1) BE—Lh R %&H

BT, F—RAFFEWMAK(4.2.3)n . R FTSE
HEENR G L B AT BEGL AL, R S RBERE T 7 &4
R(4.2.3)BHMEBE., HRE—EHFRTMELRATEAELRE, RITEARH
LA =ZF 5 e b,

(a) EEFBE:

EE4.2.4 PRB R ETEIE LKA
ho O RNFEIAR G —AFRT &, 1 02
RIBFT R RATBUREEE 0 AKAFFR1 L
HIRBUEIE S O RHBRBUE. B $p~é1o X
R TR N BRI, AR T UE(ETE

! (b) kMR
1 4 N 4.2.4 FiR, X8 - BRI A
e LA y F7 I R 2 2 B— T 0 L
B 0 A WET LU « R e 1
H4.2.4 a2 B &G 0 B R
fo = LI (4.2.20)

WRDFAT R 2EET 0 &, AT LIRRIH A v il 2,4 HRT SR REBUE ¢,
$, IR MER{ER 1 0 S eRBUE 4,
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hi&z + hy ?sq

$o = h+ h, (4.2.25)

LEBITRFA A F A, RIHART R 1,238 0 SBBER, XA EAIRER
O(h?), EAMBIIFTERRAAIEE. WHR Ay =oh, ho= G BENRAL
H(4.2.14)M(4.2.16) FEE, XE h,=h,=h), HHE4.2.18)18 8| 0 SMITH

ZTE R R,
1 1 1 t 1 h? _ h?
-::e.=(1+.g;)‘jﬁ ,3(1.;.'3)95 953 +‘35‘{' ‘(;‘*E)‘ﬁn‘F zfn?"n— 5 90
(4.2.26)
(2) B ME =N &M
BB =RNRRET UG —B R
d
(£+a¢”ﬂ=g (4.2.27)
K, a=0 M, BIR8 Z0 R &M « 70 B, BY —
AB=ZLKHF &, BRIPXEAH—Fh LB EE
AL T, WK 4.2.5 FiR,iE O ARG Q \
BEX PQ AR T Q 5, XMLE VR F P, — o At
5 OP, PR M VP BB 9 R ah , bh #lch , MR ch / bh
ON=¥:] vi7p |r
‘iﬁu — ¢p aP
prie (a—“}ﬂ+ O(h) (4.2.28)
WA P R—BARYALHMEN KU V AMR &
HHE A s E4.2.5 HEMIBESHREH
¢p = bpy + cpgr + O(h?) (4.2.29)
\ g\ [ )
HfARR @220 30 F(50) =(37) +o0h), @5
H n Q
1 =L
(b= thyv-ch)=(32) +owm) (4.2.30)
Mih R %GR (4.2.27) , HLER
(2) =-a(@¥e+ (@) (4.2.31)
n'g

e EEEANAR(4.2.30)F1(4.2.31), 3% ¢, b0 RIEM,BREBH O Hpyx
TTREAR

i(%-mﬂcﬁﬁ)m(awﬂ = ¢(Q) (4.2.32)
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ilaﬁm:rzzﬁ—n:gf 89 1515 U R T 4T B AS TR AR 5L mg'—ﬁ  F A, B

4.2.5% O RER REF, WX (4.2.28) A

ag\ _ (IP) _ fo— Py
(E)D . (g)ﬂ"“ . (4.2.33)
BE O MIEMTEARY
i—(%—#vh a(Q)#o = g(Q) (4.2.34)
ﬁn%‘—ﬁy AT, R 4.2.5 5 V A5 R HEA, MR (4.2.28) RN
dé d¢ ?‘{j - ?!'R
(a_;)ﬂ _ (a_.y)ﬂ ~ (4.2.35)
B9 O HIEHHEARY
-f(%-sﬁﬂ)m(msaﬁg(m (4.2.36)

4.3 AREITFTBEAMERME

AERNFH T TR ZEX, T— S ERES BN XK &
AR T o WANEBRBEIHE(4.2.6) REXMERNMEALR G LKA
RS, HRBOXER D BN RAEE KR (0<y, y<1). RITEFTT =,
y BiEI AN 1A M+ 1 DRSS KRERSEN S, AR G LY SR
BUE R g (B 4.3.1 FiR). WA NXM MR8 RAAETE KRB X E D

y
y=(M-1)h
y=2h
(1,2) ((NV=1,2)
y=h
(1,1 ] (2,1 FN-I,I)I
x=h x=2h x=(N-1)h ;

4.3.1 R NxM - Moy a5 #2
(4.2.6)RBAME—HRNEEXE D
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F,z,y TEREESHER=1/N #fk=1/M, 356 RBR 22T B %
AR[AKE.2.20) ], B M=NB h=F),MHE(4.2.6) AT LLERE R
Pivr;t iyt it b~ [4- RIS 18, = Rigy, #H#XE DA
Pii = &i,js # D WARG L (4.3.1)
BT B VEREE R 0, RITEFR £F=0(/,; =0)BFFRENR,

i BR R A R KR S R B RIAN TR BV LIS BN

92 BL

= +3~;§ - olzry), TEDWH

$lc = g(p), EDMAAG | (4.3.2)
W R (4.3.2) M ELS T RARN S RAR(4.3.1)]

$; — ‘j:(?siﬂ,j t bt Pt b)) = %%Qiji DA
b = &ijs £EDWARG L (4.3.3)
5IA y FHEEEER AT x FHESENERE)
(b, (h2q1;
2.5 1| kg,

’ Qj='1

PN, 5 (h%gN-1,j.

MARH4.3.3)RATLLE R

o
o
}

o

(4.3.4)
Hep, K s ER
G - 1/4 - 0

-1/4 G -1/4
K= : : t —1/4 (4.3.5)
.0 0o - 174 G
I R(N-1)? BRI . G AN -1k, HEkER N
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(1 —-1/4 0
1/4 1 ;
G = 4.3.6
: : : — 174 ( )
0 - 1/4 |

WA (4.3.3)~(4.3.6) , RATATLIES y=h EETTRANELTEEMTR
2y

1 —1/4 - 0 { %11 ‘10 o 0| P12
-1/4 1 o : f0 | 1|0 1 - i $22
: : : - 1/4 : 41: 0 :
0 Lee - 1/4 1 x'i!’N_]‘lJ 0 e 0 1 HEBN—I.IJ
hl‘?l,l — £go,1 — £1,0 1
B B2 _
_ —1 QE,I‘ 82,0 s (4.3.7)
4
Lh%gN-1,1 — &N,1 — &N-1.0
&l
1
-6551_11952: by (4.3.8)
EREYE y=2h ERIS TR RI LS ES TRN
1 1
181+ Gy~ 19y = b (4.3.9)
Hr
[ h*q12 - 802
_ h?
by = —1 12.2 (4.3.10)
4 :
h%gN-1,2 — gN.2)

TR T2 (4.3.2) RAEC LR ARMAA(4.3.4) WEHERBOTE.
B b, BERATHRER IR 88/, XA R LS BIER. ERERMERR
24 R A KT B 5 FORRMA T (4.3.2) s &R, H&EEKR
ZIER B TRHES AR WM TR EEKET, ﬁﬁ%&?&ﬁ?‘fﬁ
(4.3.4) RAAFEWFEEEE » ERTEUERERMESHE. REFE
(4.3. ) BEEMSHENTE, KRKNA=FITE.
¥R HEERAEBRMERE I (4.3.4), XREIRABAERS K 1
AR B R AT B 07 R Y

& = K'B (4.3.11)
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LR ZE AT, M FER K WEBGEFSER, BEHBEIHENSAIRELTE
VUL RARE , B AELPrR AP RS R E M, {BEXHEIaH 7 f2ixh
RARRE , U] LR EEYE . HMFBEAEENTHRNE R, R EER &\
BodEdH ., XWBARBRITEEARZENS PN,

BMTERERREIGEE . BIIEAE 2.6 WP T HEAN A,

Sk b, ERAERESERBH I T ENLERPERT ZHNANRYE =/
JrEk, B AR, oot LU A b R B8 FIBUR Bt . ARk sehr
RBe—FiR R 77, AR R T BRARE R, AN RI{GERAN B R

METER S UE R ESFEA4.3.OPFHEBUERE K BT BT,
RPUER K BR—MUELBAAZHTRORERBEN ., K E8ENE—177T
EHRHAEPBUNAAZTHEETUN FARNGEN LSBT EY. ©HE
—HTRARTPEFTRENNEABE S T AMERFET RFICHERERER K +
HWIEFTREEB N EECRAEN —EHAHPHUENEEEREE T . R
WMATEHEITBEYW T E, YA SMEYSESH, B K B RIEEESE
B, HIEF o R R LR, WTLHEBXEERE K B (N -1)2 MEZRARE M,
LT R ¥ ASE{E K

Ag(K) = 1—%(cnspﬂh+msqnh), (p,g=1,2,~,N-1)

(4.3.12)

B, AT SMEY S AEGH, K BXTREE SR, K EEEREATY
B, BRI 3% 05 R AN RE By L A 3 — 304 B R AR

AERNTHRIEESE K X 85, RPHESR BT 12 4H.(4.3.4) B R R

Ro RMBENTEA(4.3.4) BN BEIERIER rsk, X EEERE, R

fIIRT LR 22K (4.3.4) St S B an T iR
® = RO+ B (4.3.13)
HP,R=1-K,I REUEE. ZARARRERERENEALNK., MECZ

B8 —HHRBAETHE oV, MFRATAT LB 10 F ARB N “Bos” 5 iGiHE
.I,{.k}ﬂ EI]

o) = Re*-D + B, ¢V = DTR $*V 4 B, (4.3.14)

MR K BN FRERE, W R EREHBMN YR FREMS, R MR AR
(Jacobi) EIEME, XPMEBEMN—INEERIUERTE —MEERIEER o(R),
IFERETEHEERERAMEENENEH. N\ K EERATEEERR(4.3.12)7]
HERE R WAGEE R

Ao(R) = > (cosprh + cosqmh),  (prg = 1,2,++,N = 1)
(4.3.15)
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ISR RATIF LA BT 44— AR B R I S B 0@ = [ ¢}, |ATT AT LAIE A7 %
SERAR(4.3.14)8%RE, 2B F A BHEESBHEEZ S T HRHA.3.3)F
(4.3. K% o= 19,1, BRTES r WEREH—HIRENEN® = g8 — 6. FriHn
REN EO =9 — ¢ BRATEH
E{H - @(H _ D = Rq_r,{.&—l} +B-(R® + B) = R(@,{k-li —P) = RE(&-—I?
(4.3.16)

El

E" = RE® (4.3.17)
R* R[4 TE b—> oo BT BN BB, B B M E A I S DI R R (4.3.4)
g, IFH SR EEN 0V XX, HEL, RF >0 fI5LHR R ERREERN
WRAEN p(R)<1, ARX(4.3.5)f(4.3.6) T UFEH R EENE—FTTEZ
HMPYNF 1, MR ES TR ZANF 1, Wi R EMAAHERNE R
o(R)<1 B¥etE. BEZFEZEMFERAR(4.3. 13)MERETUB B SR IHE
OV ERAW R ENFTBH(4.3.4) 19/

SR ER B MEAERENTEECY

N
[EW = (20 eP?),  IRI=max(2 |Ry|)  (4.3.18)

BTN R | R M RE R 1E 76 B R S b B BB A Bk B P T A 3t
(4.3.16) AT

|E® | |RIE®D| (4.3.19)
2 p BEICE, MR (4.3.19) 7 UIE R (SE @[ 2])
|E® | < o(R)|E*D| (4.3.20)

HIFEME R FiERaEEn 1, NS SoE e,
BB EEERAR(4.3.14) BEE RN

1
iy = E(ﬁﬂ,j + o8+ + 8 - R2q; ) (4.3.21)

HEARTENEFRITESRE: 56, TRA HENH S iskdE 40,
RAEEFF(4.3.21) AR, RHEE RS RS — R Rk R BOERIE 40,
G MKKEIR T2, A% & DOECERERUESRR 1k + 1 IRBERUE . XA BT
IBIAHIEfOIERIBR N R : BT EMEFELIT, 47 5708 P XA SR I BE 48 1Y sR %
IELME, AT G AR AR R, A, Z RS Ewig, AT hRBs
HAa L FAHE

—Fhe s A T E R PTERN & - R/ R ERY. EERERTE
k+1 KERP, HELEBIMFEEHEET S LS b+ 1 REREVUEMRAST
HE, Bk, mBEE vy FR(E « FH)KRKBT y= G-k (8
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z=G-1DR)ES b+ 1 RERME,WMATE y=h (8K 2= R BF HBHTE S, B
mEMNRECAR &+ 1 RERERAFTITE, XZFEERESHEERAR
4.3 20 THRE

1
B = (B, + BB+ SR ¢ 0 aZg, ) (4.3.22)

XL - TR ERN . BRATH AT LUK AR B ot M E I L
g:+l} _ Lq‘;.{kﬂ} + U‘I’{H + B (4.3. 23)
Hop EEERGFEXRA L+ U=1-K=R., L BEMFATALMTAL

R@:n:ijﬁ M U ERFA TR AL ALU THTENT. ZER TR
IRERERE LT EARZE W/ MY

|E® | = 2(R)IE*V] (4.3.24)
RS EUR A SRR AR B B A e St B VT BB He T B BB A e ks (B
RARMBHEE . 7 INRICSGERE B RS A—MEF o, AR (4.3.22)
ERTBEHRERERN—NPRISGER, ERETRH

plbsD = —wi*‘-' + A0+ ) + S — k%, ;) (4.3.25)

B R+ 1 WK ERUE Y #0080 $4) gy AL 1 , B
D= 3+ w(BED - 4 = B + (1- @)Y

= gk 4 %(g,:{ﬂ’j + ) 4 gD 4 gl

:;+

- hzq;,j - 45555}) (4326)
XER PR s . FIAAR(4.3.23)R11153

= R®¥™V + (I - wL)'B (4.3.27)
EREM R, WERRN
R,=(I-wL) U+ (1 -w)I] (4.3.28)

HP, 8 L,UMEXHE. R(4.3.27)5@.3.13)HL, ZUS5HiTEHAR
(4.3.13)FdX(4.3.16) , BATAT IR (4.3.26) 3 H

EW = R E*-1 (4.3.29)
i, X b R, A (4.3.29) 0I5 3
|E® < p(R)IE4D] (4.3.30)

p(RONIERE R, Wi, Fik, @i Rnm R SEEREFRBEF o
IR . 223 (4.3.30) EVREAN] M EF o MERBRIRAER 242 E/NME
BER, FIBRRFEBENEE. o HREBEE 1<o<2 B, R FERITF, X4
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w =18, X RBT-FBRENE. BB THE o WREMH 0, JERE
FORGER . HXFIET T KIS — SN E MR, BAEH) o 7T WIS F3EN

2
1+ sin(wn/1) (4.3.31)

[+ 1 AREART R AR X, AT Mg S8, 80010 S 5505

[+1F m+1, Wa] 3B
mg=2—nJ2(é+i§) (4.3.32)

— bk, REREAIE T o YAEE, BT LA PRk SO B, 7T LU E
BBk
HFRITEERTRAEHRETRG.3.)MERME 0= |4 |, EREEp
EREWEEEER| Y - 4| <ed;, RITTLURBHHMAER
| A® |
lo® |
REWR, MBEHRE, MBEATULHE, Kb, HiTEaasgEE, sk
AR ESCH

Wp

<e (4.3.33)

AW = A= {8 - $F V] (4.3.34)
— R e (EEUE HEDRFFEE /D 10 5LA L, LURIESCFRPTER 1985 B

4.4 KA TEMNERE

FAERERKRBES TBEAGETERIERT K, SR, RITTLURA 4.3
T 4 ) — SR R I RN R A BR 22 77 1 BUEDK W O S0s B . (B2, BP
R, AR BB BRI PROR 3 E BOR BA PR . B0, AT 17EAR
o B 3 o e B IR T R AR A, R LA RS RO e 1] 18] R R 2 B R G P R T A
ERFHEIIRE, HRITEREN x,y,z ZEZEP,LIFEEK 0 MIEFE
SYERERN 5 PR IERE — A S 2.y, 2 ERFEE&R/2 KEHEBTAH
B2 B 1o 2 BE(E M T R R B . MER T  A 3 R B AT LU SR 2=
AARARE, B PR RO 25 6] AL AR T R AT AR B B a - E A SR
F1o AR AT UBE s X Eoh 175 ) B9 T 832 sh B , #E 1 AT AT
HEZ A BfEERE, & TR EHNEMEREIME RERITLLME
DRI TR, - B RANTER LT R P B AW X 3850 07 B SR LA 15 3]
2R R P 18] ) BRALARL , T 33X AR AR B 18] S RESZ S K A48 o oA B v+ e ]
BN 5 T R X — TR KB RET , BEIR G T A 8RR 0 R Gt L 74K
B SR EXRMBTF , — BB R AN AR AR AR 40 8] B R 1 O T X 3
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BRECRME . £ T EREMEFR, RITTRES AR BB RE,

AP NI A Hockney T 1970 4F4R th 9 2 T 47 BRAY - 95 350 FE FIYE 3R AR
TR EL R AL . RATRA— R % 0 B A0 8 — 20 SR & R 00 T 0 4A 5
BERHRERIEOR B, AR EEE R R

?¢ 22
3;*"3;5 g(x,y), (z,y) €D
$lg =0, (G AD Wi #t) (4.4.1)

Hi, 58 D A— KA L WIEFE, FEHIR G IS REES AT, RITE
AR EEN BRI T E, HF L BERRAMERE f(2)(f(2)=
fla+mL),m=1,2,-, L HEABEREEEHERBAWIER S

f(I):A_ﬂ+g[Aj(I)CﬂS(2?I) B(.r}sm(an” (4.4.2)

2 L
MIES %3 D WIEEFRE N « 8 AR 4 (2, ) By WERWERE
B RBRTIT, MBS (4.4.2) X A% FRAE 2 M-S B0k

$(xr,y)= % + Z [A (I)cm(zjfy)+ B, (I)sm(zw‘y)] (4.4.3)

XE L =nAx=nAy. %ﬁﬁiFﬁﬁ%mﬁEﬁﬁE%}Zﬁhﬁﬁ]ﬂ n=2(H
F e HIERE) . NEBRBF FUEATHHFHEER, ERAPEEMHREYE

B
An(2)=0,  A(2)=0,  B(2)= 7| #(x,ysin( 2 )ay,
(j =1,2,,n/2) (4.4.4)
MR (4.4.3) 55 %
#(z,y)= f} B, (x)sin( 22 ) (4.4.5)

mRERIHER (4.4, S)fb/kiﬁ#“?a@ (4 4.1), 3 F = A R BH E A, )48
BNRE B () B4R RN

41!:2;

B (x)~--Bj(zx)= C;(x} (; =1,2,-,n72) (4.4.6)

C, E%ﬁﬁ*ﬁq(x,y}ﬂﬁ%mx, Ly HEBRNEEMRBEFORE. &%
a:.

Ci(z)= ) q(.:r v Isin (4.4.7)

X EA] LUA 2 -l BRI R BUR T, RATE LT R R AM I (4.4.1)
RIS PREL 8 (= ,y)ﬁﬂﬁfﬂﬁﬁﬁiTﬁﬁLﬁZiiﬁjHﬂ%ﬁBj (x ) {E (7E B 7] o

2 ZEjy)dy
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Aj(x)=0), FrLAT HZ A0 3 gl R XA R BN WL B T (4.4.6)

BRITFRHAEDERBBT T E4.4.6), BE NHEFEHE D XAHIET
o B R, BD % HE =, y TRFELK A FIRERIS, #1F L =nh. AR5, 7
AAR(4.2.15) B FR(4.4.6)NTRES TR, XREFEE—TREHANT
B o= ih FREBREB; () BMREE, AEMY SR RBEERER . AFRTT
#, RITICAEY B, (x:) B . TRENGRIK (4.4.6)XRiMETHTERN

BE:’—]] _ Aija'} + B,EHH = h‘?Cj”,

(i =1,2,,(n-1), j=12,+,n/2) (4.4.8)
He  RATEXLT
232
A = ("’?zh + 2) (4.4.9)
Cl9) = —E q:. sm(zwmj) (4.4.10)

Ha?ﬂ:ﬁtﬁ‘iﬁ%ﬁm%#ﬁi[xit(d.d.l)],Eiﬂﬁ-ﬁ?ﬁtmﬁﬁ B
B{") MLTAFT . BITRAEEENZ0 B4 (4.4.8) KM, sl £ 7 7€ 1
j?J:jh )%Efﬂﬁ*ﬁ%ﬁt,i‘l‘ﬁ ﬂ-’? &%ﬁﬁ BJ{FI](J = 1!21'”1 H’Q)ﬂ jﬁﬂﬁ&ﬁ
B, FIHAR(4.4. 5 RATMAE B HEAT S EBRBHERN AKX

P(zin) = E Bf”sin(g’fﬁ) (4.4.11)

i=1 n

B FEABEFERES  BATT UG KL B A = QX i A BRI E B
fEEH R, RAR(4.4.10); QRBHEHAM.4.8)FH n(n -2 1TREK
B{?;@F A B! BIBHEEAR(4.4.11) T M E M 287, 515 26 & R B # .
SHXEER =S RELE R, HER—-BREER AN, HRERNEREIEXRES
WAV AR — P55, ATRITE n =2 2 HEEE), BRI
PTES—ME =P RARESENBHRE T, AN (4.4.8) B LR
B HITEE T R . FEIBATLA—NFR B3R AR IE 7 B iR 1@
F

R T RRGE, BRI HR(4.4. 1) 835 D /EH#H—P IR, BATFE =
y I EAr R IEFE S D 5 R {XRE 8 X8 A~/hXE]L,Bl L =nh(n=8),
WEER (G=1,2,,8), RINTUHE T EHM4.)FH =T i KEREBIE
KRS H

B;;:'—E] _ /liji_” + B}l} — hlcﬁ_:’—l}
BE:’—I] _ A]B?} + B‘EHI} — hZCEH
B{9 — ABY*D + B{i*D = p2Ci+D (i =1,2,---,8) (4.4.12)
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BR,AK(4.4.12)88 « FEFE EHRBERRE—E. ¥, REEEHE
P RE 2, B S AN, RS2
B{" — 2’ BS + B{D = p2Cl ) (i =2,4,6)  (4.4.13)
Hr BfiTE X
A= )‘? -2, C;:i}’ — ij-l} + Ajc}i} + Cjiﬂ}
¥R LT — R B, AT AT LB 3]
B — AB{ + BY* = p2Cf, (i = 4) (4.4.14)
Bp B{Y - VB + B® = p2c@” (4.4.15)
AR (4.4.12)F1(4.4.13)F LE X
A= (A0 -2, CL= cl D’ 4 A CH & cln
A (4.4.15)6H BiY aTLAHE AR S AZREB, B® kA3 (4.4.10)
PR R C\Y kFR, A8 B s BRAR(4.4.11) %8 451k 2 F0 6,
W B #B® sl LB AMBERR . &5, RITENAREC2830%K
ERALTE4.4.12), ATLLHTHEE TR BV, B, B M B, XEEXT
TR ERRBCHFT WM B R R e SR T .
bR b TRINFETE T IR E R X 2240 B4 (4.4, 8) (o S 4RI, HBI R
BT AR LORBETRE ., MR, XM ENNAEEORERY, ERESTF
RAFRRRIMN A S RMAEN , HBAEZRN AT, aE it - mprRe s i
RRFRERNBL . (HRIAEFLFHRER T , RETEE 228 BER LB
EAEEY,
KT MR R T B B ROR BB A LISRA LR, Hockney 7
1970 £ Lt g,

3 A

(1) RERESERE—ABF , BERS EHEHE (0<<x<1,0<y<1) BHri i 7 &

1 Vig(z,y)=10

gﬂ(x,ﬂ)=¢?(1,l)={], ;r(ﬂ,y):tp(l,j!)'—‘ 1
(2) HAREMEZRE— BT, SER AR AR T RIE 52

Vig(r,0) =—4xp(r,8)
I‘P(-:lgﬂ)= Vl! @(ﬁ,ﬂ)= Vz
Rig &H oCr,0)=0,8F &M a=1,6=2,V,=0, V, =15, B§4 B B h 8544 .

(3) BB

(r.6) {—li)expﬁ—(r—a)fa], a<r<b
r,_ =
0, HoAth
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AR BUEHRIR] , {8 K % 5 1~ (50 B o B 9 3 A
(4) TE—P4 L x L WERNMED, pFRT B ER
2
(aizz + ;}; - ﬂz)w(r,y:’ﬂ- sm(%)mn(f—;‘z) =0
M h,=h,=h BIEG TP BELE  IEERNFRET TR E

oo = (2 Jan( 52 ) [+ st (51)]
B % XM

1 W F Ames. Numerical Methods for Partial Differential Equations. New York: Academic,1977; GD
Smith. Numerical Solution of Partial Differential Equations. Oxford: Clarenden, 1978; L Lapidus
and G F Pinder. Numerical Solution of Partial Differential Equations in Science and Engineering.
New York: John Wiley, 1982

2 G D Smith. Numerical Solution of Partial Differential Equations. Oxford: Clarenden,1978

3 R W Hockney. Methods in Computatinal Physics ed. B Adler et at vol.9. New York: John Wiley




ELE BRXERE
5.1 ARTRTEHEREE

ESRNED, RI1EL T EFHA RESERR WD TR, BREEARE
REFREE 2 X I IR 20 AR ROR B AR . 7EX —FEPRNENZE —FrEEER K
BE L RRARES S —RSNE RITRE

ARTTRER—ERBHD T EOARGUBHEA R &, CHASMERE
Hipse AR, M E B E M, R RE R TF AR o REHIR B T X T B b
PERR , T AR Al LS, BT B 20 42 50 sFALUR, B ELEC S T, HRouE
REYHATRGHIAENFZSSEEREA T ZHMNA. 2 EAUER T Bk
S inl R R A , L Rons Fofth B 52 2% 0 (8 1R) R B 30 P B 07 B SR8 Tk B G BB Y
I¥ke X EESKARI IR R FROTK Ik, SEhp b 2 7 6 )l B A0 O BUE R %
Jitho

—BORVE, — M E RGP E R A R ME— ), SRR R RN EER®
ARTTE, RERBRAHANEEAR . N—ESBWE I, FanE 81 /)
R ER SRR, SRR RE XRSE R RBN RS TR, B —F
J7 R SR VR P R JR S8R LA F RO S P R RSN N 5 9 A — 2l B9 JR N , ) an R
SHEM BRI LEN, NBEMAER, IRS5IRTE2ARBME RS
R TR, BIIRE R T

MBEE R UL, ARITETERETESRE . EARENERFELR LR
R H R, TRRE— T2 RBUR/MERZE R, FRIUURIERER R
HOEERH E Rl A A B R BEXR S, B 20 R PERALERN#E - K&,
ERAMEZRRRBRAAERX R ERAF R THOREYERFERNIE S, ],
AW —FHBSERMBE R E . EHARESTENEE MBS HEESRR E
EOhEHE, EREE AKX EMEZG0 R KA E FEAEY, RAARITRER
REME YRR ERA I S, HEBE MRS - P R2IRIE. ER-RHTHR
TERAEEIF—SES, RERTEBA BRI R BNRERSHERETES
EMZEHRYETAEERE. FEREBENR FARTAFREDE
LASEEE Y ) AT ) AR A PRIT R

ATH—HHATRIRGTENELDE, RITEB— T REFEE R,
BN RTHE T - 1R &R FE, KL &R FERERN ro, RIMER
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BRHL 7 AR o (r) o HX RGBT FHFRE T, ER S LR
LT A N 2 R 51, AR ERFR AR . 8% Ul W i, EN R
B T 75 AL B9 ERTH Z Bl 2= 8], 4F A AN 2 E,, BREEXN FEIE
(] e e e B EE B AL A F . MIFE L ZE (AR RIRER N

ot = 2150w 2128 o - 2of (2
r f'{.

(5.1.1)
[l 2% AR ST Y BE BN 4 TR /IMEL, BN AR Gt 69 RE B A8 7 g 408 2

_ 2 Q@ @

d3U(p(r))= 4E:tJ.rﬂ T o dr
B 290 |t [t ( 2 99 3
— 4511;11' 3, dg . J‘fu . 3, ) 'o‘qﬁdrl =

(5.1.2)
XE, e MR B, BRI RSN M #TH. B SEAR

I AL H B o, T TALREAINE . MAAFK(S5.1.2)ATLIRERGER U (p)
B/ MERI T ERE ¢ ﬂ*ﬁﬁﬂﬁﬁ%ﬂﬁ%ﬁﬁﬁﬂ?ﬁ%ﬁ?ﬁﬂ R T

Vi = ;r( fg‘f—) 0 (5.1.3)

P, SR R AR, T LIRS E EEM TRB AR ¢, {ﬁﬁﬁﬁ'
U (@) BUR/IMERIRIRE

P b EHAER SERMEE KRRV RE, TZ 0K W2 AR S i R, B
SRR R T . L RIH BRI o (r) R AL Z FIM R EBEE, RERGE
FER U(e(r)MEEXELZRTETH—TZR,ICHN I(e(r)). RIUTERE
PREUBUAREL A R , B2 08 T (@) F oo AEBEIRAR, AR A 1Z BRI AR AL B A8 43 i 2
NE. ABFEAERRN

3I(@o(r)) =0 (5.1.4)

SEBR BRI #(5.1.2)3KZ R R AH AR RR B0 12, FERE L #RmT AR R
— A YE R, XMRERBIEUHSREARERNRR. HEELRTE S, WG
R R PRI RS , T X i 28 SR A R0 I 3 5 IR A K R

FERG.1.D)PHESAHESBEIFGEER U(o) W EEBE ¢ 89— MZF, X
L RS RBIN B TEG. 1.3) SHEEF ol -, = M ol -+ =0
E—FNERESZEER U 2400 R BRZMH

HIRZERFTERMA AN o, WX FFENEMHESG BEER U(e) TR
DRI AT RARANE BRI ¢ BRI, WIRAE K.
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I(g) =H%]v¢lf—p¢}dv (5.1.5)

— RV T 2 REREFR T ¢ RBWERXRFTEERN . HE
PR _E FeATTAT AR A HH 4 s BORE R ¢(x,y,2,0), HP 0 SFRFN Nk
SR 0, FHiTBEZ R [(¢), R85 ABUR/MER &G

II($)
38,

BRI NAFR,XNHFRATRARKRESE 6 Wf. REERESEF—
X R ¢ MRERGWMA T REAEM, B, TR U7 RESEAR > K, i
R BB

ARTTREEREMEY S ERRE o MEBEERSE, MMETEREARZ
PR BRI R R 2 AR EM B E S S L XS RERE, ETUEER
TR —REERIES . SN, RATEBEA =R BB REBRER 5 AHTK
BRI R4, 3F3Z oA I () 3RKER/IME, SEERRIT R B R MM B RENE , ARG R AL
TEES, AT LRBE- N =ZATE CEANNEE — S (x,y) LB REE. WFE
EARESEF—F  ARTRENRERELRBIEX LY S EMWMAITE. &
TR SKIZ BB/ IMEL IR SRR S BLAY 28 1 37 (8 el g, DR T A 48 B0 0 1 A8 B3 R
BUEH AR . SAMESHERM, ZEWHRE T LLESE/N T EMR T
BB F R R BI T BORFEMS,

R EHR B EY NS, BG4 2 SN s RERY¥ b
#R AT LA SS R T m i A A -0 4k /R (Sturm-Liouville) 043 77 #2

=0, (z =1,2,~,N) (5.1.6)

L¢=—?(p?go)+g?:.=p (517)

BHENF T EEHRRST 0 R A~ KR Te 3k H 8, B
¢ = F(s) (5.1.8)

M HARRDF W LA S RE RS AT KM, EMATUE N
2L q(s)p = b(s) (5.1.9)

adn
X T EE R TG L)l R RER(5.1.8),(5.1.9) Kz RN 4 &

I(p) = J(plvgn|3+g¢1—2p-;o)dtf+ J(q¢2~2bm)d8 (5.1.10)

vir) 5

Hep, V(D) R D il Ra R R = a8 s AR KOS (o —4E (0 ) ; S /T
AR LR —8 R S ER BB RER SR EBR(5.1.9), TE4HM
F,ANR p=c,qg=ea,.b=eB8,g=0,S" WA hFRHBELT ., S HEG.1.7)
B &R (5.1.9)F LB R
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; 32 2
g_ﬂg N j_g _ f, EHEHE A D, L D BhR,s KR ErE
x y

(5.1.11)

R (5.1.10) , HeHT 2 p& AT LU,

1) = | (elVgl2=20p)dV +e | (ag?-2pp)dl  (5.1.12)
D{L) s

THEHIRINTEER REZBA (S L12))MRESHE L RO FRET MY FT#E
(5.1.11) WK R FM Y .

BAMEZ B (5.1.12) 34y

83I=2 | {e(Vep » Vdp) — pdpldxdy + ZE(ﬁ (apdep — Bd¢)dl
D(L) L
‘ ¢
=2 | {eVyp -'{?’Bq:w—pﬁ?sfdirdy—Zefhl[; In ddl (5.1.13)
D(L) L
AR AR
ﬂiu?%+?w-?uidxdy= §u?v'ﬂdf (5.1.14)

D L
(n D XBEGAR L ERIIMNAR T M A0 ER)AR(5.1.13)% K

_ 9P sodl —2ed 22
ol ZJMH?%;J + pldpdxdy + ZESE P opdl 25% on ded!

(5.1.15)

H30(5. 1. 10) BiZ RBUR I R4 8o RAEBHEBAE R TAR(5.1.11) F AR
B,

AR AT (5. 1. 13)FE—Bei 0, M4 RS T A 25 dsh 4 e B
S| 0,0 bp WFEREE, AR (5.1.13) A TR WE, BT LRI —

L

K FHEF 9 MR K

I{@) = J (elV@l|?-200)dxdy (5.1.16)
D(L)
SRS A HE L BY a =0 B, BN Z RN
I(p) = J (e|Vol?—20p)dzdy —25513,3‘;9&1 (5.1.17)

D(L) L

RERIR D F K E R, b TR ERE R ALK, WA R LA o BB 0.
AT (5.1.17) AT RAME R
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I(g) = I (E|v§a|2—2p¢)dxdy—25qgﬁn (5.1.18)

D{L)

~R(5.1.18)FH) ¢ HRAERE EHHATE,

F AR5y IR B ] LARIGE X R EARA T B — = K H SR AT L%
Bt A R eRARAE (BRAR MR 0 R A ) SR AL 3, AT LIt el LAE B, %t
Z 08 () RIRMES B SR B FRA . FA PR L PR 56 e, 4%
AR RATEA b o S0 AR K BRBUAE e, XA TR BB KA A .
AT EEHTREL, MR T AR R k. X BB R P
BRI, AAE 5 R EIE R 3 R 3 o | R LAZE S RAFIE AR .

5.2 _#FNARITEE

AT AT RER RTREN T AR, RINEX TP UBREE -LALF
RUH P ISR TR IO AR, BEZBEEERERE N D &
Xo M S. 19 RTHEFERATE M , X 2 5] B 28 438 b 38 7 DL IS 45 0 5K fl ik 2
HFEE @l =F(s)H ¢(z,y), EENTHEER 6‘;::,-*"‘-5\."(5 1.16) BT/~ HYZ pR
Bnih%F, Bl

8I(p) = 0
FEFR S R BB AR X L K932 oK R EL AR 4 RIRR LA UG, BT B R e X el it
frRl5y B EEENARAN ARNES  REHTH R EEE L EER

1. BB 5684

RAFERTRERENCmFHR D 286, § AN DPERA-ELHELRE D
AW EZ AT RG(IE 5.2.1 in). XEEAN=AE FREINHERRE
BRARRR . RAZARTENI S8, RITAFZRAEZS A TEN KD
BIBRAT LA —8, bR L, ZAF TR/, 7860 8l , 7158 608 B
SHE . EMAELENADREEENER R ESRASL=AETEN KX
e HRRMN—BAZEN=AECEN=aNh K R, RERE=
AECREARKNES, —BBEKN—RIABATFREDN =/, EL8H
NERE=ZAETRZE RELUTUEAHAR, RHESH =AE cRA AT
R R—REFEKHAID ., HEARIE- M =MEHTEIRTER — N =AE/T
L. bR E5.2.2 FiRBRISEARGTN. AR, BIOITLLE=/ATE
TLER B PR 1T BT i 2R 1, 3 el b X 1 TS TR i = A TE LR 7
EXBrhge . 2448 K)o By 24 v B R b {5 ey AR 4B 1 AT A 2 IR B2 B BT T
A R 28 2 8 63 . IR D WA REBA R, N FHEE A RR L mHLE
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BT EILR . B LR = AR RN, AT LA X 8 R E N T
BRE 2T AR A 3880 .

y

0 X 0 -
As5.2.1 RiFM=mFETE AR5 B 5.2.2 Eﬁi#ﬂﬂzﬁ%ﬁﬁﬁﬂﬂﬁ

HAERXE=AERTHTSCAT A, XF#T T =AER 25, REX}
GIEANFATEMTESINATHE NIRRT, B o(x, ) EFTEL(I=1,7,
m)BNE (2, y)FRHAFTRER. I THEPMREABRRANE —, ST TETA
HRSIFE—3, — B EF N CEN T AH S0 F SRR £ 7w, nE
5.2.1 PRIAGE ()W AT RSIMFRH 1,7, m. TEXFE Y S #ETEAE
SR, BN Y ERREBAKRE T, EXRPRAGSENB/ NMESEHZE
R AKEBZRA RN, X LUESREEAMAAETBANREERRTRR
/N N H BV FHEE. A TE BB, AR ESMLRTE AN YA
—&KNEEHNFME L, X —OEPTEBRES N i, FEKITERLES, B
SERATEFE R A LR A e tE s

SERGHBHR 22 )G , SR EZ /] IR B = AT ke

I(p) = Z_}If(go“f') (5.2.1)
2. i EM Xk

X FHE—PTE(e) , BITRARE ¢{9=0 (2, y)(I=1i,j,m)RtRiE=
AETR=ZATE EMEBETEASH) . MR ()TEBR/D, BE (2, )T
(e)NELUHA R -,y RETHK . IHYTEXPRBEAERN, HTLUER
RIS . XHERMTTU AKX EE W ETETE ()R — & F 3
PREUE ¢(x,y) (LA TFIRIIEZITE () B _E4R) , B

¢ = o(x,y) = gy + g,z + g3y (5.2.2)
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HA, 81,8, M g3 HITE (e) LR =1 S RBUERRE . B LA RBIDr
Eiﬂ

g1+ gaxi + g3yi = ez y) = ¢
g1 1 82x; + g3y = ‘P( +J’;) = % 4
&1 + £2 Xy, + g3Vm = 'il’(Im ym) = 'Pm

F BLAR A 57 i th

g1 = (a@; + ajp; + appn)/24)
g2 = (bwp: + b + bppn) 24 ¢ (5.2.3)
g3 = (cipi + cjgj + Cpupm ) 24

K, A R(e) mEN=ZHAERB
1z,

A= -%— 1 z; y|= %(b,fj - bjc;)
1 zn Vm
a; = Zjym — LpV; |
b = ¥ = Ym > (5.2.4)
C; = Ty — X
HRH a; by ¢; Bay,sb,ycnm MATLAH/AR(5.2.5)8 P45 1,5, m WINFE#E
?'Jg 9 A=A R R ¥ (the shape functions for the triangle) , HE X K

N(z,y)=(aq;+ bx + cy) 24, (Il =1,7,m) (5.2.5)
AL, HFER(GS.2.3)RAXG2.DFRBAT () TERRNEE—8 (2, v)H
HRF AR

plx,y) = EN@: (5.2.6)

FEM AR T T REL RIE= ﬁiiﬁjﬁﬁ(e)ﬁﬂ&ﬁ-—,ﬁﬂﬁﬁﬁ{ﬁ olz,y)
REVILRN=NPRBE o(x, ) (1=i,j,m)E—FE FRK, B ¢(x,y)
E/AN TR T RRBERER . H H B R 7 2 15 1 IR (E R 3 B AR 7T L)
PRIEFEPI BT R 04360 L sREUA %4k .

FREMA S =R EITTHT AT, #E SR B2 S 777 W B
TS L EZ R FRICEIE RSB B 5, TATHE 55 — 351 18 69 70 4 - T 390 1) 25
SR RIREEFH Y T T EARF

I(g) =0
oo = [5162) + (56 T b 520

¢ lL = @o
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REAE, MR ZA0(5.2.1) , X6 B2 BB & =MIE TR _EEZ ki ry (%30, Bp

o= ST S22 ) + (22 oets - Jrieis

‘0
= E_}[fh(qa) ~I()] = Ii(g) - L(g) (5.2.8)

A TRAN(GS.2.8)FPH I (o) HMBIEEHEFER, BRI =ZAEHITT(e) T S5
TR i, j,m FEXF| AR

. N,
(@)= % |, (N).=|N;
(P ) N,y )
MARK(5.2.6) BN
o(z,y) = (N)(D), = (®)I(N), (5.2.9)
HAZ(5.2.6) AT LARIGEITTE (o) AT R ¢ BB N
gi = 21& ;‘m, % - ﬁ::f’@’ (5.2.10)
ZicFim &
9
(Vo), = ;:_
dy
FHE X
1 |6 b by
(B)E—EL_ . c'm]
MAFR(5.2.10) LI E H
(Vo). = (B) (D), (5.2.11)

TRE

L= | 5 (V@)[(Vg).dzdy = < [[ [(B).(@), ][ (B).(®), dzdy

L

| :%(@)E[HE(B)E(B)EdIdy](d-"),:= C(@K)L(@),  (5.2.12)

HAp, (@), ARATRH RE, BRI LS EBEEAN S, #ER(5.2.12)F
BITEXT

(K), = [|e(B)T(B),dzdy (5.2.13)
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T

B, (B), WA RALFRE RE, T LI R S5h. XHEEMMRE R FH(K), B
Fik

RS
(K)o= |k K5 K

€ € e
hkmi kmj kmmi

b+ ¢t b+ cicj bbm t+ cicm|
— % bb; + ¢ b? + .-::f bib,, + citm (5.2.14)
buabi + cmc; bpb; + cpc; bi, + .':fﬂ J

HEAT L (K), B— 1T =BrIEEX 7 B, e —BIB TS N

kﬁ5=k§,=—f£'(brb,+c,rs}f (rys =i,5,m)  (5.2.15)

BEENRE (@) MMBRRHA

Lig) = D 1(g) = 5 2 (K (@), (5.2.16)
e=1 e=1

MERMNKER L(o)WRICE. BE=MAETRREB/D, o EATLUIERFT o,
o; M p, BIFHE oo BWAR(GS.2.9)RAK(5.2.8)F L TR, WA LIGE]

L., = [[opdzdy = [[0.()T(N) . dzdy = (@)1 [[0.(N).dzdy

(5.2.17)
E X
{(P), E_[l‘p,,{N)EdIdy (5.2.18)
FRA(.2.17TUE X :
l‘l
I, = (®)YI(P), = (®)] —ﬁ—p,, 1 (5.2.19)
1,
FEERHES D, RMBIWT =FEANREHNBRSARN(Z2 R D)
20 = _[[dexdy =B (k=igem) (5.2.20)
ME(5.2.19) A LLE K
(ple) i
(P), = | p$ | = %pe 1 (5.2.21)
pie
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BEENBE L(e)MEEICEN

[L(g) = Ersz — Z(@"‘(P) (5.2.22)

HER(5.2.16)F1(5.2.22), ﬂéﬁmqﬂﬁjﬁiﬁﬁﬁﬂ
I(g) = Il(gr:-) - L( o)

- % (0)T(K).(), - E(@JT(P} (5.2.23)

AR ZR IR (o) EHIFR E‘»ﬁﬁﬁ%ﬁﬂ‘ ﬁ‘[ﬂ Bl A—A 3 X n Wi %0 BY R B
(R )E'!' n yyi&*%%ﬁﬁ

0 0 1+ 0 0 - 0
(R),=10 0~ 0 1= 0= - 0 (5.2.24)
0 0+ 0 0+ 1 )
| | |
1 7 m
A
(@), = (R) (D) (5.2.25)
He (O RGEAMEN S LHRBERE, R~
(@) = (1502, @a) T (5.2.26)

XER AT LR A(5.2.23) KZ REF R N

I(@)= —(m)’*‘[ E(R)T(m (R), |(®) — (&)7] E(R)T<P) ]

e=1

= 3(¢’JT(K)(¢) - (®)'(P) (5.2.27)
He , (P)RGENIENE LS o MEHEXNWME[ SR (5.2.21) ], ERRN
(P) = (PerEr'"iPn)T (5-2-28)
%iﬁ&ﬁ{iz.zﬂﬁﬁfﬁﬁmﬁ{ﬁ TR R
d% ——(I(p)) =0, (i =1,2,,n) (5.2.29)
A 5 12 (5.2.29) 07 LLAS 20420 16 B RSBy R4
(K)(®) = (P) (5.2.30)

BR p=0 WX HTBRATERFTE. AR (5.2.30)FHEE(P) R (0)F M
B/, BIRUE i A X M R FROCE TR N ST IR A ERBOT A, B

(K)(®) = (0) (5.2.31)
X BRATS B RPEERE(K) T B (P)E—2iiB, B EEKITIRATLIE S,
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(K)BER TR R BN ZAE TR ZEE TR, Bk, 31
Xt ERIFIRETT by R LA L AT SRS = MY 0 R 28 R TR SRR A, B

by = DK (5.2.32)
e=LIIAV SN =MEK

HEFEILR by LA Im iﬂj@%ﬂlﬂﬁ%ﬁi’i‘iﬁﬁ@ﬁﬁﬂﬁﬁﬁ ki Z o B UL, TR
#ﬂf*ﬁﬁ*ﬁ%ﬂﬁiﬁﬁml my, s mi VA (K)BIE [ TR T 3 AT R,
558 my,ma, e, m; FIMZZALBFERE TR A, ¥ h F . FFLA(K) B KA
FREAE RS REIﬂ:(K) e IE X AREY, B (K )RR 2 R IER X FRRY . TR
[l F% B 932 B R T R R S O RE B, DY e BY UL AL B S 550 (K ) AR 2
IEER o FIFERATA LUHGE : (P)RIE - BB ESHRH A TETRZ M,

3. ARFHLRE

HTRMNLEA N EE G AER LR LI F R ol = oo, EHHIITIX
—ENKRHHEHEE S RARTE A BEYP L, BdENTARSH, B 2 METE
FRIRT ng AN R, ng+1 8 n HiAFTE B

Pn+i = w0, (1 =1,2,-,n — np) (5.2.33)
AR(5.2.33)ATUKREIMERA, hikzE X
(¢'2) = ("Pr:u+l !"F’n“+1!'“ s Pn }T
(Po) = (@015 902" s Po(n-n,)) (5.2.34)
FEER(5.2.33)AIE R

(D) = (D) (5.2.35)
FAi— 25 FE X
(@) = (@1,02,75 @) (5.2.36)
B8(K), (P)#PE BAER 53 HIE K, MR #41(5.2.30) 38
(Ky) (Kipp) (‘IH)]: {(PI)] (5.2.37)
(K2n) (Kx)) ((9,) (P3) o
ERE—FTRY
(Kp)X (@) = (Py) = (K2)(®,) (5.2.38)

AR TR AT, BRATTET AR P an & £ (@,) = (@), XHE AR B T 3R
R AR R

(Ki1)(®y) = (Py) - (Ku)(@z)}

(P;) = (D)
H, (K )& no X ng Br I FRIT B, (P) 2 no S mE, BRMWEHARK
(5.2.39)ME— 1T HEHN

(5.2.39)
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ku o kit R | (@)

kyy ko ctt kan || @2

hkﬂ 1 kﬂﬂl "t kﬂnﬂ'ﬂ_j thﬂ{l.-]

Py ~ ki) Pot ~ Ri(n+2) P02 T 7 T R1aP0(n-ny)

P@) = ka(ngr1)Por = ko(mr2)Po2 = 0 R2aP0(n-n,)

(5.2.40)

Hp{ﬂ{.} - knﬂ(nﬂﬂ}"pﬂl - kuu{ ngt2) P02 T 7T T kuﬂﬂfpﬂ(n—ﬂﬂ],

(5.2, 40) B A] LLTE SR bl Sk
(K (®y) = (Py) (5.2.41)

4. FRAFRE LM

BE—PHREFHEEXNARITHE(5.2.41)KF. ERAENES.2 T
R B = AT TR AT R (K) B SR IE X AR KR B, A0
DR AEBEER B AR THEE TRENRE, EREFRIMIEHERNEAR
EmEPIHRE R ERERRFE . MHET-FEREREAWTF AKX

™
plmtD) (Zkﬁ;}”‘*” e D kypl™ = p) b (= 1,2, mp)

j= i+l

(5.2.42)
kBRI, B AR
(plém+1}: ‘;ng} + ttJ.REm]

= ;™ + W[(_ :kﬂ’;mﬂ} E ktﬁ"’;m] + P‘ /k“ B (mJ]

= (1 - m)gﬂi’"] n r.u[( Ekutpﬁ"”” E kfﬁm} + f-’ /k ] (5 2.43)
ﬁuﬁ&‘ﬁﬁﬂ%ﬁiﬁ:ﬂi‘ﬁﬁﬁﬁﬁfﬁﬂﬂﬁ &5, skﬁ:b‘ﬁéﬂ(s 2.41) R R it
IBTEE AR

HTARTTRELEERAF RN RARIFORTEE, FEENT=AF
TUE B AAT13E AT LA n7E sR AR AL R 20 B0 X N 7 S B, LA B R BE Y
FUESR , A FH RIS RE T2 BEE.
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5. AR EE—RTR

WA G , RITITUSE —THERTRETAEN —BEE.

B, HEFHSSENAFFRRES HRBENKEZ RER,

B ORBHRBA=MAETREUS APEET, RENENTEN=MA
BT R & B4 AN 25T RS

=, FIAAKX(5.2.14) . (5.2.15)F1(5.2.18) ~ (5.2.21) , it B HE A=A
KR ()N RBIERE(K), F1(P)..

SN ST AR THREERE(K), #M(P), REESERE(K)M((P),
TE A FRITTH A , 2R )G F s hnh B &80 A BRIT BT IE .

e, M R IE R A RIT 24, WS ZE AT A EHRE ¢
{5,

5.3 ARITEESHBENER R

MBS G R RATHE . A BRTEELR E RETHE 5 R, BT
SURBRIYE R E BRBEN— SR BRI AZE SRR HRER
SHRIB R T 8, 8 TR R 0 B d i RO AR R A, HEOR A B2 08 43 7 AR IR R
BRI T BA, KESENARTR T B BYERE, RAER
FLE S W T X —E R, I B Y B RS B B B B R s
KBAATBEE X ARTIER FA BR 22 20 3 R SR ffe 47 38 ) R A 00 A B,
I So NP EAR Y 2R, 5] A L B DR 800 0 12 B e A, SR 5 s Rl
D053 iy 78 E) R e ) BB B LA A 0o 22 40 O R O BESR R o BRI T P PR O ik
Y H B R E ], AL R R A B O i E AR K ZES .

AREMEMARTREEN XSNE R LA AB LR, EHRE
R, ER R AR M4 X8R4, AR E M S ER S P A E
SHF AR EF DA REFEE, WARTEERAN—RE=ATERE S
5o XFERIRI M KAE KA R B 7 X 8RB, HECE 7 AT LR 57
AR TR LR FE . DR A ATER IR o & et , 73 4R 7T LA s 8 R4 A
SEEMEXBHNF L ANMELF LT BB AEIR, R EhRFEN
L BB S SO R R R B P SR AR B, FRATT P LUK RUREE R TR A JR X 48 38
b SRR RH XIS, ¥ AR AR EE L, ISR A R .
—BEFRTREPRA=ZARSE, R = AETTERYE /D, B R ITE R
THGE DL PSRBT RREN SR, TRIEHEFE=AELE
ABK, ZABTRAKKREE 1, 11EA3MERERY . ARTREAIT
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BRES =AU BA=ZAEAK b BX, EBHEE NS, W BEHER
=5 n° e, FBRES L BB (S 2 BTEF /). FRESEERAER
Mg BB SHEE BAGAK » AR, RS H KRR AR R
BT, TR AR X, B RRHARESER LB GE, AR
TRERNT REEEBER TERXEI R EE 2B L. HEXHITER
XA IEE FIT AL L B SR, A S MR PR AL, AT X AR R E R
SRR o

FABRITRE K R W E R SR, B - G — AL X K A B35 S i A
ARV RS, XMERS TR RENE & EBmiE. b, FRTR
EEIT AR PR (K) BA BT s PR R, Bl e B — %R I ) KB B
AR, XA R BT T BET R E, TARESIENREIL AR HE
BT R SR8 5 BB 22 43 T 2, R T 4515 AR BE B E R — 3,

EEARITREEROTBEIINFRIERK, FEESWM AN BIER B
RZRENR[LZ—, FEXLE, ARESENEHBERILARTEE 25
%, ARZYM D E AREARAA RTRE RS, BERAN SR LURAER
EIHE . TR RAEA TR LB B R RETERBGER . S8, Afl]
TE X6 B B i ol o 7 BRR R, A PROU R L E B AR E ML N . BRITTE

Wt T 40 B RO T R SRR, (EL R YLl R e o0 7 AR SR e, A BROT R i
HRETARELD .

> &
(1) AR(5.2. 200 R E -y /A =
_[I.MMMdId}'= kllInld

/ (B+1+n+2)!
HIFERRTE O K55 tHiERd .,
(2) HARKTRERAR—TEF, BUERBEAEHE0<<<1,0<y<1)WHAERIT &
I Vi(x,y) =0
¢(x,0) = ¢(z,1) =0, o(0,y) = ?J(l,y} = 1,
(3) B QQ)EFHERF . DRRAABRTEREBERB=ARHE DE (0<2<1,y<1 - 1)
GOEATE DA

Vilz,y) =0
?(110) = 0: "p(ﬂrj-") == ‘F{I!J’ = 1-.I} = 1;




BENE SFhERE
6.1 5| 7

7E 3.6 Wb, ATHE— P Z R4 2 59 3250 08 0l 4y 28 it ¢ B2 7T DL B /0
V19538, (BREXBERIEE K, #lum, —fmKRaEsE T8l 10°79190KaF, R
IR REIHHERBIAFE S LS D EBREEW SV, L, BEBEEAEME
BRI, BRAITAWEFTEXNERK— RSN BIEL T,

F—RKRHEIBRL A L. XRTFXNFE, RIECEE3.6THETNA. B
RELHL Gibbs MG i+ ¥R E. ERTEP. AR ARE ST SI/RA L
(Markov) i3 #2 , H FEALAE RIS EE . XBERNS/RAREEBAYTENES N
FAEMFE S AN Y. 205 AT LA B A (1] A B3 AR AR & i 4
Lo BVURETETHRERFRE, S ALY BEZT EXE TR F A N
i

HRIBRIPRE - KW EHEN AL, ISR P R INEs P s
¥ (molecular dynamics method), XM AL ZHAHTHRESHN R FERRY
B, ZTEREZERATY AR ENERITBEHFENTENEE. ©
BAWERL A FHEsh 2, ETHEN RETH— M1 FEST B
HATBUER &, B RIE N 2SN T s Sah i, RIEAZ B0 E sk, H
MASIHITETERAZE RN S SR, NME B R0 % W K.
Hil, e hFRU T EAUEERAERE-BRNEINNERISBHER, £
XA EPRITTUES 2 FNEFTEPAEERAEILEER. £9
Fah Sz A A R, R T 28 o 3T YA RN ROREE R A
. EX RO YEERS 800 & BRNERAO4H %, 80T
BN S 1R AEIE 1% EWR B EEE RS H Bk R, Tl E
BRI EHEZ TR IR . B E RS BU/R % 8 (Boltzmann) K1 5811 1127
B, XF A LA SRR A L) TR, el A IE L&A R &, B2
FRZTENEBFEEER TREEX, KAFRE , AERNEF T ¥ ER
HW Ao

Em']_l:,ﬁ?ﬁbﬁ%ﬁ?ﬁmﬁﬁﬂgﬁﬂﬁﬁﬁiﬁ;iﬁAﬁﬁﬁﬂo XA T BE
R RBE AT IR ME RS, WAl IR B ARG BEv] IR SR FRR, LA LI
BA NS R A4 ERRREARBE AR 2F, B0 DR EALR MR T,

l_'




© 136 - HHEBEF

SEPR b, 43 F 3 AT R BT 3 — R AR e P T A BR ) - —
AR R e B] A RR s B — P BA R AL A/MIBRE . 8 F ANEBXERN 2
ERERSFHRRT (BRI FRH B TIHE ) AR BRITHIURAFIE
RAR/NEHERASFRR/MMEZ AT RES HBA RN T /A RR
RN, AMITEESIARAYE 28 @ R FhF R, HRUFRFHTIA
BRET A RBFLMR,

YRR F 2 3 AR AT BT BUER e, 7 ZoRH2 3 T R AR
WHERERHTBR(SNENE). B AR ERTRRLE AR %
HEF(S MR C) . BUEH AN RENT BRI T FrR A s BER M7 M
ERABTE JFN b, REGTEAITRER RS X, NFRE S, O LU ITRER
Z R/

WMFSFRNFRE, RERONANREBRENRS . XA EREZINH
B, R, SRMNEEFABEN(R)EHNREBOAREN, REFHFREHN,
glan, BE N EBRORETUADRFERBMEBERBH. YR, EFFhh¥
HEFBEMNARERETEREBMARB T, Lh b, EHREHHE S BT R
OB R X — 0 B B BEI AR . B0, FEE R A REERT , AR F3ER
—MAER, XA AR — 1A, PSR ARE— 1T SEE L.
HTFRX TR, RIMNHARERELE - IEMRES, MLk EUREHR T XA
RENAERSY . REX —ARABIEMN—MRED S —MREM SR REF
t, IFBIEM R ERN . ALHEHINESERTELSZIX—AROPM.

B 20 42 SO F AT R, A FRI A EFERB T ZHNA. E5RE
FEHE—REELENHTEIEINER %, MASTFNETEBRB THS
HERR, Al RS A RS TR AR RIER R M R SE , DL 3R P R

5. HAFACAE RN A=Y E B B E i 7R % 12 8 R 5
e

6.2 Tl fIFEERFNIR

1. 2 FTEFHFBRERBIELH

R FI5F 3 S 2T iR, b AN — L4 Fid s sy TR R R . Wit HE
BEHAERE , R R—IOERNENES T BOFE. LFEEHBBERT
RGP BELRR T IFZ R, (FRIEFRIA 13X He 5 05 3R AT LA Ak w
RY B, TERITGU 48R T A8, R E—T e A BEILEE T
BT ERBOERS, —4FR TSR EmeE sy
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2
H=;—m+%hr1 | 6.2.1)

X B e (BRI AR E) h<FiER ., BEwmBEREN 2(0),p(0), T K HH
77 R X B [8) B — B 5 o0 7 7

dz _0H_p  dp_ _3H_

iy Hp o E-_E—-kr (6.2.2)
BAERNBZABUER S T ETEEME RS HEF PR (2 (¢),p(2)). BITF
FIARRE N AT B NERE SR, LEE B L ERR R, 315
B2 [8) BRI B BEFER AR AL R R . B, RITMEMTE W EE KN b, R
RARMNERNERHTA—REIIEXNERER, CREEZHEFT A
H— i 38 8 & T A X

Fle+h)=f(¢)+h j—fm(m

HIEEE)]

df f(z+h)-f(2)
1 . (6.2.3)

WG T8 (6.2.2) AT LABEERS 4 ] BT 22 0B X
dx _x(t+h)-—x(t) p(z)
dr h om
de _p(e+n)—p(e)
v . kx(t) (6.2.5)

B BN ARG, TSR FFR(6.2.2) WERBL(Euler) B ¥: (2 LI
#C)

(6.2.4)

hp(t)

m

x(t+h)=x(t)+

(6.2.6)

plt+h)=p(2)— hkx(z) (6.2.7)

XA,z (1), p() —HBRAR. BTWHERG 2(0),p(0) , RTU—H—%
H A A AT — B 20 R A by S B 2 T — B 2 B9 2845 B RE, X TER—28:
LRI F

M TEEFRPEITTREN » B R/NER RE), AmE LRSS b siE sk
ANEME TR BREREN . AJLHEA—SENRERLIRES SR
ERAAFHN AN OLH)WEBR, EXLFENAT, BN %EE L WM THE
B h BURBKK, BBIMERREOK, BETHERSATE; » BN, F
WSS RAAR AL, XMBERBNTSH T E L, — 5B 5,

WE 4.1 FHPAK(4.1.3)H1(4.1.6) Fr4s B 8 — B R O 2R /i i
SRR LERER, BITTUSH _Fri—nS8i AR
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.;Ff
1.2 [f(r+h) 2F(e)+ f(t—h)] (6.2.8)
aT

df_f(r+h} f(t—h)

2
& F(e) =2 (o), FIALEE - wBAR F(t)=m i_; AR (6.2.8)E HAFRY
BHEAR
F(t)

m

z(t+h)=2x(t)—x(t—h)+h?
wR(6.2.9) 5 ATEIIRP A

p(t)=mz(t)= mﬂ(t)‘zh[x(r R)Y—z(t—h)] (6.2.11)

XFERATHUME T T — 1 EE3X(6.2.6)#(6.2.7) MR HE AR . KRB
H)—Fb, RN Verlet 7k B4 Hfh—22 T 53, A% - 3% (Runge-Kutta) 77
EF(BUHx O, XEARET S

LREABE T LIRS E S S0k, A ERB 7 ET R R
NEFHL— BN PEMFTENRRL I AR ER TR T &2 HEAOK
RS ERNER, NFNFTRENE R, FEASHHTHIRNNARAR
RAA, B ARFANESHEETREATOERENHTEIITR, Vele B
R el R SR Wl T R Bl R T A

EXPREETE b, RNV EEEARENBEERE, 5 7 Eb&
ARE, BATT LR AR E TR, JF B2 8 S AT K/ B, LR B R F A
ZRKBIPA-BAR M R T

2. 3R RGENEABMEES THAFFT &

NRFREGEF,— T n ﬁiﬂ’ﬂﬁﬁﬁﬁ—ﬁﬁjlﬂﬁﬁ
1
Tz (N ~ n)'

Hep, W(R) RIS RGN MEER, Z = | W(R)AR X REMTS B, R il

BHAHREFHAANTRLR IRARNESEHPREE—S. £ 2n=1/1F

TR FEEREN p(r)=p1(r). MAREERE SRR g (¢ —r)H
3%, 8P

(6.2.10)

j W(R )dr,,ﬂdr,ﬁg .dr ry (6.2‘12)

o2(r,r')=p(r)g(r —r)p(r’) (6.2.13)
AW g(r’ — r)BARXTRER PREL, & R 1R 5 i (8] T 56 R F (8] RERHER B BE
gr' —r)WYHEEE - HESE r £F TR, ES - ZTHEHMAE r B E
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JB A AN RBS — DR ME. RITEBRESED

o2 (r, e )= (r)p (r'))—8(r —r)p(r) (6.2.14)
Hep , ARXGHE—T/ERE LR, o (r) W EFEA KXl
p(r)= 21} o(r—r;) (6.2.15)
ARG EE N EEEANEE, B
o(r)=(p{r) (6.2.16)
R ARG B RE — MBS RBERE g (v — P) AT R — B IER
g(r) =$<§3(r_ﬁj)> (6.2.17)

XF, o Br =0/ r SHEERT, XBRUFRHHOIA 0 Mtk ¢ REHE,
19 B4 % SR eR BUCH
1

g(r) = E;Jg(r)sinﬂ dé do (6.2.18)

X SRR BRE ] ASRELF X T RE R FE iSRS 25 8. Hln, Bl
SR X KB R A B AR F R B E R TS B A RBIE, EREY
BRSBTS T R BOE R FE L R A R, 38
FIL I 5, 3 —1H st i i 25 .

ST FBRUNEETTED AT REA ENBEERE o (r)Th TR
X
Yo (6:2.19
HAP,0(r, Ar) R STEEERAARF O r 4,220 Ar BRRER., N(r,Ar)
NEZEBRNERRL 8. XERNALOE L FBAZ Ar, kB IEERENF
H HSEHEE R o (r) . ERAPEORE R X8 6 25 BT

KRALLIR I, i LSRR A BRI B, & r BN —DMEERT
DB r, RNFRGARERER, BE LK THERE g (r)RERD —MB FEBE -
RO BLEIBER , A IEH

p(r)=

AN(r,Ar)
p‘lm‘zﬁr
AN Cr,Ar YATERAr; ABRL, r ¥R, Ar REIERFTE N KR T3,
DFHNFRUTEEER THRRRY RS EHE T @R, AL
HRREUA TRV RIS KN RET#HT. BFLLLHE#H—4 87310
FOMBERIT, DgR—MEEMER . WEMBiA, R S ERES L,
HHRGETRFERENHERT , BAXMEROBREL X EEW, 3T

g(r)= (6.2.20)
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MR, TREERESREWAY . B TIHERE, N TEMB I, RATH—
LTRSS T 1T . W Fal i uMm&E RN R L, WEAAE
By L. BTSRRI TERBET B E 6 MRINAFBHINERT, B
H il 7500 0 ) 3R T BB 0 24 48 S B BT 2N e M P 38, 498 51 B 0 3 B AR 20 Y
REL, ARXLREBOFEN REREM—FHERERSEERAE M.

AT IHRRG | ASTHE B9 L, FHE B — AN METC ST K A B ok 3506 8 b AR
REMRG, BAVEEXREAEE , BISKF R0 5 %404, ik /ME TR 8 Jo i i ik 70
— N EF KK R+ . AR REENEESETRERN

A(x)=A(x+nlL), n=(ny,ny,n;3) (6.2.21)
Hp A BEBRRTRE, ny,ny, ns HIEBER. ITAFRGREMGSEES
DFHNETRELFRMBEHI LT B ZlF &0 B LT EXHERE
W Y8 — AT F A EER D T3 TR S R RS, BEikX R F LA ]
AR BE SF I 3R THDV T AR AT A T3l 122t N . SERRIERH . R FH A 3
Y R R, BB MG 5 T3 ¥ TR B FENREEL T BREL K
RGO,

F b=~ Rl R AN A B[R] 43 -F 80 J) 22 ST & F PR F R A BEAE .
WMRMEAERARER S, ROV AEREE r BN XB, V() BHE RS/,
UERASBERRIELIER, RENSFI ¥ TRRE L B%%E T
re KR%Z. BIEEEBETEREWEASAEZS L2>r EREEKXT L2
RIRLF R EAE R W DA B8, LB R A BRR T8N, % L ABERN M %81R
Ko HEHE BB TR A AER R, E W KA NMOO Y. B/MR Y5 RIS
EHEERENT TR ¥EATRS , 8 — T R RS FER A TN K 5 5
N-11TH(EELTHEART N MEF)RE M FREESERE RN F L4
MEER. ml6.2.1 i, HP -1 HEME T ELE L RBLES, STERET

A R TR R FHIE AR, 2 F r, ALAORLF i [ r, ALBORLT j 2 /6]
HIBE B K

rg=min(|r;—r;+nl|), (G40 n) (6.2.22)
KPR EXANAERRE S HBRAEREMS . <L2 kBFH. RARPMRA
Yl , TTRNSE | TPRF5RER FRAEEERSREEER N
U;(R) = :Zf u(ry)

J=1.N

i
F.(R)= > F(rj)r; (6.2.23)

i=1LN

R=1{r,ry...,rn, | 2R TG BT AR R AR AR F;‘jE?ﬂ' r,—r; P ]S LRV S
B, RAB/MRAAELSEREBHEN FHZNAE -1 RBNFRE, X4
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Am6.2.1 FIINFEREMB/MRNAE

ERPUTHATRRE. ARADEZMHRE, RINSTURHEERALED B
V(r) =V (r.), MREERMEHEER I

6.3 AFEINFEHMREARLE

EHREVL LS F RENN T FREE LR 5T LIRS A S 5%
= RERH TR RS T AR AT S =, AT REN T EIE; B
REVYH RN TE, TR ERIIIER RN

1. BEDBEA 69382

BERBRL TR FBAINE—E T, P, E— 12 TFREH, BEMN
o3 F RN EAE RS RS, KRB R RN

MR r<o
MR r=0

Lhr b, B AMRERE 6.3.1 Fi/AM Lennard-Jones i #, TR EHERD

U(r)=4e[(r£)lz-(£)ﬁ] (6.3.2)

r

U(r)=|+0m’ (6.3.1)

K, ~ e RAEEBR/ME(e 7T LABAE RER A BAL) , XN E/ME H BL7ERE B » %
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4F fE V)
/

3 /|

2t P

1+

oL\
N
-2k
3| THFJ] %8|

06 08 10 12 14 16 18 20 22 24 26

B 6.3.1 Lennard-Jones #

F 215 Ry A [TEITE YL MD Biitldh | o W LA < BE B9 807, B [a) 4 R B 457 F
(mo?/48e)'?]), r=0c BB HF . 7E Lennard-Jones i #4ER T .58 i MRTF 5
TCHEA A N-1 PN FERERSFIENESEN FRMEEERNE - FRISRH
N 14 B
()3 ()] oo

j#i T

EW y Mz 2BREFRRLES EXAHM
REHESS AR E S Y B ER RN T UHGE T RS PR <FE#t

Bilan, MEMIER R REUTEER SR MASN RS N TER. BRG]
ARIFRR A

E=2 [3m()+ V(r)] (6.3.4)
P = Z p; (6.3.5)
M= D) r Xp (6.3.6)

Hip, pi=mro RTHEGE, RAVB T3 % Lk, STt 2R BE K
N LAY L, RIEAEEE o MIREMWAN TR TN, #E

oK L H. RITKAAMELRRGME MO AE. ABELR KRG

BERREANRK(6.2.21). B/MEOART, THASE i MREFHZHERLA
#(6.2.23).
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2. B E A&

B IR RS AR R A TR A RER R, e B AER T
HFI RN BEAEE MRE. ARBEEERAFEGSRME. HI0, Verlet J7 8k
i 2 A AR ROR IR BT 3 — R TR R AR, B — R ATHE— B R R B
AR, ER—HAFTH AN EEE, BERE, —BORERRE ARG RA W G
R, REEFEXR MR, LhFE, MREEFRRENGEFMREA T
AR SCH), OIS ] R KRBT, RAMS TG R . ERMG KNS
PR IR R RS TV . FRBE R LS. O MR BEE
415 PR EOAS T L, B0 46 B | AR 2% 8 47 AR FEH LA RIS 2] @ 2 B IG AL B B
AL ) B8 22 o R 53 RS O AR 1, B AR R BE 0% s @ W0 i A B REAL b I B8 22 0 Rl 53
A% BT, B0 40 8 Bt R A BUR 28 S 0 A BED LA AR 2 .

3. AT FH

% M b 48 H Yia sh 5 R LA R EG SR A, RURT LA T 4 3 ) SR
HE. HE, XFTEHNRESSEAMERNARLARE I EXMRER S0
BAR—TFES. A THERRLDVE, EUPRFE-NEGTE. EX T
B AN RETB R, ERRARARERNER. RE, HxE
A BRPHE B E T ERaES AR HE. RIHFINRSE
ELRPPES. XEXP P& B PRV MBE R, EaF3h il
FLEFEIR A BR/DERR T EEMN ., BIRE TERUPIREAEE . 8T
INRE K b WRBUS/N—E B RBUE AN, RGN BN BB K, X
HREHRA—ENRUEER , B8E SN EEK A, 0, —1TREJLEITEH
(Ar) 5 FRIEAR ,, R KA Lennard-Jones fi %y, ATEBE A S 10 8%, 5K 7]
IR ERE . XEAFN h REA BN, LR EXFEEER A X R A6 E]
£ 10" Us WBRR . R 1000 25, RGUAFEES , & 2F 107 s,

4. 0B ENITE

KRR HZ WY EBEERES T FRUN RGN BH#EITHR . ERIEE
A RPLEREERITER RN, flm, N F—-ERYER A, E KRR
HAFEE A, MRCHVIRALEMSHE R+ (0) R p™NY (0) | (LB N &
IRFREEN PRFH AR S B S H) , B EM 2 T B RBRAY
{ERBRE AR, ERBMEEHGE( ™Y (), 1™ () D)o XH#E - H
R E A WRRH
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[“aeA ™ (1L, 1p™M (D) (6.3.7)

R Z WY RN FEE, ERIFIN

Ey = lim i) e (9™ (0)]) (6.3.8)

g’—l--:-:-
£y

TR B P E H RS E R AR EEE ERE, Hi/AX(6.3.8)1]
VAR HTERRIE AT RIRR ¢ B3R SRER ¥ 2(E
I

T4 T 3 M o R R LM B TR R 45 SR B
WaBEL . ARYESEEEA T, BT AT S A (8 A B

E,

%Nkﬁ

HF,d BB ITNTHEEE, MRAFTBRAEFTZHRNR, N d=3, RERTH
(M EHER B I{E Y

(6.3.9)

T = (6.3.10)

T=—1-3 S () (6.3.11)

= Nop>a, i<
BENMBTE r. B8R, R4 LT EENERBULAHKEANAEEREEE
wE. AT REBHBBIE, RITFRAX KB REOoEE RN

U/N = ZﬂPJ‘: u(r)g(r)ridr (6.3.12)
2 on(r) REBEIER r Blr+Ar Z[H] Eg:Fﬁﬁ?ﬁ:%ﬂﬁﬂ‘ﬁ(ﬁ-lZﬁﬂﬂﬁﬂ
g(N= 0 (6.3.13)

o R A RERELE S TR SHBE, BB A S A
REKRBAIE. B 6.3.2 NH A VERBIS BRI A AR SET 3 B R Y
BIF2, BT AR, X BRI - <L2 UTHIEREEL. AR
(6.3.11)9, BrA KALREAR DB BMATRE B O 1k, BHME IE 7T LIBUY

U, = anjmu(r)g(r)rzdr (6.3.14)

Fe3R AT OB R AT R OG dA MITEER DT 8] B3l B 5 % R a8 P2 {E RS 2],
AT AR & X XK R E R RESFTRITE .. BEEREFEALUE R

2 roo d
P = oksT - £ [ g(r) S anrdr (6.3.15)
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20k ) ' ' ' - 20F

T*=253 T*=2.53
E 'I:;u R p.zﬂ#ﬁ‘jﬁ' _ E I.I} i P*=ﬂ.33]34 i

I I rc'lrﬂc - ) T rc"rﬂ'c
0 10 20 30 40 50 0 1.0 20 30 40 5.0
e rior

A 6.3.2 HITBIELHSRIEFARFSET M8 KT

ET EXPHRERIE, KNI LHERS R AR, — TR HEEERANBZ A
HOFTRRS | HY , — TR (2 348 M Y BUE T

2 3
5 — - Ju
P = okgT ng i 5y P, (6.3.16)
Hi KBUET R
ﬂzf‘m aﬂ. 3
P, = 6Jrcg(r) S dnridr (6.3.17)

6.4 SRS T s f1FER

TR TR FENFHEAIN A Y P, FEENFF RERENSTFH
FER, —MENFEESRSFRI S, B —RBRWEFESH S Fahh¥
- B, XS R T A SFAERURI A4 i T 2R S0E ) B LR T3
NFE(NVE) B EMRGH T HE(INVDE . SREE RS T ¥
(NPT) BHIMFRBFERE RT3 1122 (NPH) BRIZ(RARESE 2],
FEBADOEER 2 T3 1% P RIPIRERMER A A4,

1. #OER & 56 9F 30 A F M

FEVEATRHOE W R SR 6950 T 30 77 8, B SE AT 0 e B sk F B A LA

FRE BAMBE - ICLM SRR R, R FRIMAR B A BRI R,
WM E R ATUE R

= LE p—% + Z ul(r;) (6.4.1)
25 m i<j !
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Hep, r B MRTF 558 DRFZEMEER. X MOEN RS, T4
ARG EUE DA B b BA B CH, A ALK WEERE N TER, REHM
FRMBEL T BWREAER . Wi, B TR REHKET, TUBSRENEHE
PEETE. ARERGZIMLNAR,

H X AR GC R e R AT AHE B Y 47 BRI Uiz s R 4

dzr:'(f) 1
dtz — ;;Fi(rtj}! (3 = 1,2,'",N) (6_4_2)
<.}

WRFHA 6.2 FTHAFH Verlet ek, BUE KRB HBRH6.4.2), K11
FOR M T REH(6.4.2) SR A BCR iR A R4

rt-(t+h)=2ri(r)—r_;(r—fl)+Fi(r)?12fm, (i=1,2,'",N)
(6.4.3)

EH B R, BT ¢ M — h B 20X P95 A9 25 8] A bR 47 B K ¢ BRI 48
JL,MAT IR T —28 ¢+ h BRI BRI R, THEATER(6.4.3) ERER
HIER, &4

t, = nh, r'::‘n]=ri(tu)r Fi(ﬂ}=Ff(Irt) (6.4.4)
WA (6.4.3)ATLIGEIINT 20 B4 KIER
ret V=200 =V A PR /m, (i=1,2,,N)  (6.4.5)

MRE AR AE—BpsEAE (e eV @R A R4 (6.4.5)—
BRI e, BZS M AER AT UAE R T 0953 B R N

FEH}=(r5n+1}_rEn—l})Qh (6.4.6)

KBS o+ 1 SR HARBERA 621, B8 2 003 E ., Bfsigem s
%ﬁEH{Ji-I-ﬁ%EHiE‘ﬂ

MR 3R SR B R AT AT LUK R T RO SE AR L B B A E I N R 45
(NVE)KI > F B =R U BB T .

(1) fremE=RaE  r2 rPH L (i=1,2,,N)o

(2) HWETESE n SRR THRZHIF L FY=F(1,),

(3) MAAR rit V=270 — ¢ 4 FOOR2 /o HEES 0 + 1 BB A
BT AFAERZSRIFIE [ rint V],

(4) THESE n BHEFE v = (71" = r7D) 2,

(5) BEFNHER), FET—E B

GnE TR _ERTE R Verlet B3k, SIBERH B BRI ERIE—%. I,
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ShXFEEARABREIN. BEEFRBMES TR (6.4.2) MR, R TEEAL
VIR RGLE  r O BB R BANAE — S A B rV), LB, BHESR
FAMHE S B9 B T B 5 (8 : BIIE N MR T A0 86 17 B M e RIS B 48 25 1
RIGINLIIR SN . a0 SR Hh A& A e 2 1B o7 S8 R0k FBF , TSR P F 1 90 2 ke 8 2
8 {riV

ri) = p0 4+ gy 3 FORZ 24 (6.4.7)
RIGEE L RERSBRTIE,

Verlet % 103 B A R 208 2 8 HBETH R R E AR, FmRA]
SLLTER T4, &

{n} (r{""”-r{”})ﬁh (5.4.8)
MAR(6.4.5) B ¥
r(W =pla-1D 4 paln-1)
{zgﬂzzgﬂ"lu e~V D (6.4.9)
ERAERE E5K(6.4.5)BFMH), FHRAMMER . Hilk Verlet B 53 FEE
R EE TR a] R R R
(1) BEMHRSELE | rV],(i=1,2,,N),
(2) asEmtaaE vV,
(3) FAAR r D = ¢+ gyl 4 FOOR2 2m HETES n + 1 BTG
B TR A FALE | ri Y
(4) HHEES n+ 1 BRFTERFREE | vin D],
(ﬂ"‘ll _ “}+h(F{“+l}+F{“})x’2mg

(5) REZEIR3),FHHEFE n +2 LHERTE.

Verlet @ ETEN MR E AT — MR EFE . AT AFETT 8 45 8| 5 —at
[B]8 b #92s af BAEBE , H HRUE T R R E iR E T,

—BER T N THERBORAEATRALHHNOHRMS, XNTEEL
SHE—TESENYGRAT, R EEDIRPERAY KGR A HS EME, |
RN A Z I BARBE TSNS R ?#F#ﬁﬂiﬂﬁﬁﬂuﬁﬁ.ﬁ#ﬂﬁﬁﬁ
EAETHEEEM, MBS EEH AR LTHRERTE, ol g LU
— P (scaling) P l? A ey 13 )

T"(N -1)]17?
B [ 162 v, :l
REBERZE L N F-N2M0Ezi rBRk%., REH T LEOIR, BERRE
BB, XERELT B WA PR E

(6.4.10)
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SR P B A B Bk, AT DM R AR R KA. i T TH BR T BB 3R B 3K
B, IMEAR RBRE Al REBRE PG, ERREEN B, SRR
THEEMMREFEERHFH- LRI

2. BN RT3 A F RN

ESIHHE AR IEN R EEBES N — MR TR N AR V.BE T &5
B(P=2p =0) BTFEBRAENVT), XAFSLRINE—RGEE T B

ZH L E R BER AT RER BKIE B R A RENC EAFEFEE. EIEMREH
MD S P AR SHIEMNREGEF A, EMNREGSFI1¥EFERTE
B A ARE En b ahRBiE E (BIREEE & ) M43, A BB BOEN RE /) 0F 3
TR P AES RN EREREERA R . EENRSG S Fa hF &bt
Erp , H PR (velocity scaling) AF—Mx T EBIERB hEE
(3N - 4)pT |17
=[‘Emﬁ ]

BRATTH ENRED TN %8 Verlet B MEBL R MBI AL BIET
I -

(1) EMRZERMGE [ riV],(i=1,2,,N),

(2) ek vV |,

(3) FIHAR: ri*V=rW + W+ FOOR22m HHEESE 0 + 1 BE AR
FRTAL Rz R E | rY ,

(4) HEBEHESE n+ 1 B FERFHEE: v = pi0 4

A0+ F0) 2m |, i MEERRERT: B = > 3 m(o™))2,8 =

(3N — 4)kET
]:E m(,v(nﬂ})zil

(5) WRHEEEE | vi™' | LR BB F g M, LB R T — YT 5
B on+1BRFREE: VTRl
(6) REFEE3),FHEE » +2 BRBRIUTE.

KR IR, W R#HT— 2 R, FRASEFHE, WEBHTE
o XMEENRLEGH MD REEE.

TR — - BCIE T 7R 550 533 17 S 46000 1 L7 30 T B 9 45
RO,

Bl X—1 ERERBE R RET ()BT RER DT 3 SER TR

(6.4.11)
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oAl AR ZEER 256 B TR, R T 5 894 B AE A1 2% Lennard-Jones
2

V(r}=4e[($)u—(i)ﬁ] (6.4.12)

r

HH, — e AMFERBRAME(E e HRERHN), HABTE r =2"%0 4b. ZERKE
FRWFE— L AT+, AR RAB/MNYIE . BITRA B RANIH,
K BE A 8] B9 45 BE A7 20 B R o B (mo? /48e )12 (R R F i A [a] B 2R 3 X
107 1%s) , XERFEEEHHFBEALTENE R, BERTRITERF M HE LA
(T",p")=1(2.53,0.636), (0.722,0.83134) , BN 14 B BAG B f L ik R~
B L=7.83F L=6.75, PWRFMHEERERN : ENEFAT—TTHSL H#F R
s T E AR AR E T B /R 2GR 0 i BUE, MBI NME . =

2.5 r.=3.6, HUHBHMNRUGRAREW, ERTEEHATEP, AVRTF
% i a 0L 2N ISR

[T*(N - 1}}“2
- (6.4.13)

| 16D 22
RE LHEEEERY, HARERERARSEME, EX T, L dBBT
1000 & MD ##l, BEPERATE6.4.1 9, BPFWIRENFHEIRE, EER
BRI EHE 6.4.1 8, b AP B BAERE 2GRk
PP T K 6.4.2 NBR A RER LR, REERER A Pkl 2 B

B 6.4.3 RN, K-8 A R it i %R 3 BE B R T BRER sk Bl i, B 6.4.4
SRR A A, AU B BRI BN ©=0.3654, ML L XEMN Y2 7 =

1.13v T* /24=0.3668, XMERERRMYARE T, HIRITEN 256 TMRF
MRS HTTHEY. MAEEREKTEYEENE FETSE LS EE
46.7% h—3 ., RPWBIERZUEASERSrARNENEEETITRR 8.

F6.4.1 X256 MRFHEFFRSEHIT 1000 FRUEN RE MD BRGNS R
D T" =2.53,5" =0.636

. E; U* E

2.5 966.58 +22.1 - 864.78+22.4 101.79
3.6 972.15+22.6 ~920.10+22.9 52.05
r. m'r_—ﬂg 7 7L k%
2.5 2.53%0.06 0.3654 +0.007 46.33
3.6 2.54+0.06 0.3667 +0.007 46.71
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BEP T =0.722,0" =0.83134

ZE
r E U E
2.5 1 279.13+9.57 - 1421.98420.15 —1142.92
3.6 275.11+9.72 B h-_—_-‘l:gﬁ.ﬂfﬁﬁill.ﬁ] —1221.38
" T* ] 7 7kl F%
¥ 0.7297+0.025 0.1965+0.003 47 .08
36 0.7192+0.025 0.1949 +0.003 46.42

L’#

1000
900
T*=2.53 )
P*=0,636
800
r.=2.5
?{]{] 1 1 1 1
100 600 1100 1600
MDA ¥
E6.4.1 BhEEEMALEE(T =2.53)

I'*=2.53
P*=0.636
r.=2.5
= 1500
100 600 1100 1600
MD 2 ¥
F6.4.2 {ugElEfbidREE(T" =2.53)
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r*=2.53

El

P*=0.636

r.=2.5

100 600 1100 1600
MD 3 3

M6.4.3 SREREMALEE(T =2.53)

IIIIIIIIIIIIII

50 Tr*=253
. p*=0.636
" r.=2.5
. ."
H guE =
y 3 L
= . .
® 25 LE
H wau® o,
« ..- u . ?':
s -
- 4" .
. . (L
o oot B,
-100 0 100
Ek—E*

K 6.4.4 BHEERIMHE(T" =2.53)

2 I |

(1) REH Verlet BEEEERBE=40 T sl BEMERF.

(2) ME—1=4, TR0 L HRABARRFTEER.

Q) A EERBEENARTRAEN T Tah ¥R, TR L.=L,=L.=10,%4Hk 10X
10X 10 EHTERE. THHNEFHE N=64, RTFHER m =1, fi#¥H Lenard-Jones #,
Hep e=o=1, 1 F &R AL R R, 9 G0 B2 BEEND K L, 95 EE

i — 11 BB . 5 T3 KAy A =0.02, #5100~ 200 %5 B F IO
BE AR R S A il 7

(4) R BFETRENT T NFRLY. RERE T=0.85 KFFEE, BUSHEHME
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{2 il o I

8 % 3 W

1 L D Landau, E M Lifshitz. Statistical Physics, Vol.5, 3"ed. Oxford Pergamon, 1980,42

2 [ 18 MR % (Heermann D W) 3G E P it BRI . Br0miFE, U LR KE AR
#,1996



FtE HENRE

7.1 5l B

BBV ETR PR AR ESE TR | . RITERE#HE
HE&EMIHEYEFE EEFN Y AR IBER TREITE LR, X4
HES HITERNRERENFE. WERRPHBETREEEFRANITRES
A :BASIC, FORTRAN, C,PASCAL, ALGOL X EHENBRIES . RN
R Z 2 H FORTRAN il CiES,

EtEYERE S, AMMTERAABETEERES BEARMELFRFTEN,
FHEER, FEFWT A HHE:

B, YRR KRBT EHTIEELEHOMR BE B2 3
LN R EFFINS A, AKX AT E R A A EEM LA
AERH . MXEHEEHATEIOBIET B ETERRY . 5 AR
BEERFEFEBUHIT B SR ERE, BB SR PHRYEAR, Fl, &
RFYHEEMNRN R TSR, FEBIAT R A ZERHE, IRE
I eHEEITE, Z8E3 —ENETETER LB, B 51838
th AR — s BiR el B R . R, RER B E R4 LU T RIEGR E , WX A~45
REEMEERENETYEITOABERESHETE. YR, 2EH2ER
ZHEN T RABBFEI-REESEN, B2, FEFERENELERSZEBRT 2 H
PrALE , SO BT B3R 4 S AR A i R BUE TR KR H e, tid AT LAY 4 KT B L
pLEt, HiE, A A/SZEREZPEF RABFE2AESHETRESSERNITR
YA, WU AEEZ B E s a3

B EREEAT,CRAREIT B ESHEECE A TRAN B,
R NS RERE N HRENEREXEAEABEZEN TR iitE
&, WA LU BIH B LSRR B, R0 BETHE SER 0 R KL B
S, BME A B ENRET AR BN R EBREEN, EREEXHABRNY
BB A FAE X FP BRI o .

B=,EYHRENFEHRIEAN, FEHTKEBITKEROF TABARXHE
S XHEMESE TR, MBS EHE. AMEFHEEM TR 35 7 B8
U T HERR ALK H , AE R R AR E N F L35 sh P s Ok, 36 AT89%
ERBE T RV AR ES A BT,
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LR b, REBAM BB A TS B SHAN D efRA  FERE —5&
K5 . B, RATEITEN BB — 0, BZ X EFRE ST AFEFHFE
(a+b), MBIIFTHEHEAR(a + 6) TR c. XNTESRESTHNH 5 B DR HR
VERREEN c=(a+b), HEXHERAHR, HINEZHE M ITHFEDLERER, AT
MELETHSLH, LFE EENMSAEMTIRSESER T ERLUFSTA”
HB" R, IEMNEBEREMZ . MWHFSHTREEHS FRMABEIEM
*o

K LRE BEHITEESN Y S5HENAB0ES R4 LIE R &89 5
ma. HE, WEELAK FRTE—HH. X£EFNBRITERKITEIRR
B—Ff R AT BN, CF FH SRS ER SRR S RS A R
AHEVLH TR, BT XRAREKR, TEWEERRESSdsEN TG,
AT AR B ATHEIREGES , RN T AR A EREL I EE, HRMB AL
R E—FFEGT R, B ARA A B CF A5 101, I A X TS 3
R RENFRRTLE T MA UEREH T SEET ., ERNESH, R
W ARE B B R TR R .

PR S B RE LR EREEFMEKGRNEGS. BRI ANTS
RBARFEHEHEE, RITATEE NS HNE . BRESYE TIEERR, §HA—%
HEVARBERSG AT LSRN T .

(1) MACSYMA TEE£H LISPiEE N —HMINEETREAI N 5 Franz Lisp 5 1%
. MACSYMA & i1 3% B k& B T 2B (MIT) B3 F LK F iR 8 4 (Mathlab
Group) T FWFHIE . ER—1EBATTANRE RS .

(2) REDUCE ERt# B (A.C. Hearn)i#itH, ZiES A LISPIES K
FF SLISP(standard LISP) 5 AL, B— MBS BB RS, A A MY 28
EAREAHEIEE, LB RN ITTE RE,

(3) Mathematica RS &E EEH Wolfram 2 5l 7 & B — 1 ThEE 58 K 6038
VUERB RS HEARZEFTERA CIES AN, BT LB A S il
AEMITEIMETHE L. CREYZHTT ZHRSRBLE RS,

(4) Maple EXRE—TEV™Mm. HIESZFEAREBRFPFEH XHE—%E
a8, WAMR R EeR . Bk R Maple A& T KB EHE

(5) GiNaC R C++ WA SIHHEE. B ERMR B & LR R MY
FREBAFPBCHWBEMRESN ., TR KRR  EXENRK T, KEFEE
A 5 F A FORM 824,

(6) SCHOONSCHIP X BREAKB YT AN TEVARBRE. &
A — B REEE , RHA Y L ETRERIRA RS . ZBEFEH CDC & 60
BPOTE VLA 6800 RFITEHANLHES S MM, B AR R T & & ARLE
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(7) FORM LR HEE/RARA LR RBBEREES. E8 22T
RAEP A R R ) A F AL B MR F . AR AR E R SCHOONSCHIP
AR RET

HARAEA MathWork 23 7] Matlab, MathSoft 23 7] # Mathcad 45

HREIRB RS T UM AR SAEAREGTESRP A HER. B0 #
fit 7 AR — RPIERIBCE R AW L5 E A P e Ese Bl A At
BFROENEE. BRArA T EIEA G AT LR 4 55 K25 B &L
RBREMERATBVNRERE. OEHREMNBEFABESREZEQATENE
S FMNTBFERRE, TATEAb T 1K) [A) SR B A AR MR , M R TR KR 363
. TANBERLTRBERN, BmfEHE AR S8 LR A,
LRI BV RBERBAERTHEPE., BN XLRLEEH LG BB A%
BE BIBURTES ZHEEEE. ERXERERVNSHIEERRER
TERTAR WBCERBRIF R, B Ak My B mE, AimT R ) ~ (S)fitE
NRERGRERTX 28, QXHAAZEMS T EENSEA#THF SRS
BHMRE, EHBFEBRESRBRETEEE, BFNETAN YT MK K
INFER R, RN RN S A TR AR R MR . AP R RS LA
% AT A H B C BRI AR, 3R A8 BB L T | B8 47 M Sk Al i th 1Y 11 1)
B, TERFYERF, ¥ AR SCHOONSCHIP, FORM {88 FiXx—2%, 7ZE5C
PR TAES , AR AR A8 A R R — BB r Y B TE(W T UERRER
il bR R E T SIS & K AR ERHTE W SBRA TE), RN
SCHOONSCHIP, FORM RStk AR & 18 P —8 T4k,

EBUHRARER G R R, B R AT BV RS E AT LLHER R 20
g 60 L. BN REILTFZLEET LISP #AHIES ., LISP B—HEE
BE,ENMERNEFERNES X, ERARLEEZEN, BN TRMASITER
PR BN, BT e R — B A BB R W F FORTRAN &%, X4
B, REDUCE B W B C SR —ERFR K . MET LISP WERF
AR KXAFRERE SCHOONSCHIP, E&£ M. Veltman lILRIEFTEMN, ETNHT
BFYBEE, CHRABHNASETHEUBENEEITERF R F B8
FRACES) , N T B R 240 E B EEGHI B RN T 8. BT ANZESAR
X BRFNEEM, 1998 4F M. Veltman BILIKE TN /R, FeHES
—RHEE F Franz LISP #) MACSYMA R4, T3 A TEBEEWEERRE, I
1980 E LK, T HIRBAREF L RA CIBEERE. I-NASSRBES
LISP tH L , BB S 4r M A FEALBE IR , I GBI RF 12 FF ) AT BB A 1, T 53X IE 1R 7%
BE AR, XM EERT RERE LB E S, Hh Mathe-
matica il Maple B AE % . 70, LPEKERABFHRHIT,). Vermaseren HE
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FORM M E— TR TEFYHEMRRANVNERF. EEUYEBHN, FIARE
SCHOONSCHIP RGHEHERF . LA, B X KERBRF ] 4400 I B A8 15 8k
FRBEE, LBOBOHEARAIE TR THRMN R RBERBES
EMCZER C++, X GiNaC FEREZ RBEXR, EXF C++ FETHHAEH
B, SKUHBENRERGE L AR T S/4NFRFELRAEE S, ENSMT R BE T
BEF, CFMERLERBF, U RS KB NARKRSSEENRED.

7.2 RATYHEPHTEIAL

FERL T W IUR , AMTHEH i ohh F B F A S Sk R Ak 7 ) e R
YERAGRAR AR . X0 BB 745 0t 22 B JLOMR HH 8 R AR E B AR ) Tk
SN BFBIE. 8 (R. Feynman) JFE5|3 TS B M S N ABLE, 55t
BT, R TEFERORAT ., FRMOMXDTE, BESETREYE
AR B TR R LUA RS EEHE R RS R E Rk, AT AR EA18 LR
MR X E AT, AT A E T EHTASA., MEHREENITE
(MR ERNTE) BE— MR E+2E 2, i X HFRBEN R E EUE T
HedE. BR, N TYEER S MERU LR HTESEERRRTE 4T
K, B ToE5BE. B A TR, # RSN R 50wk
pE X2 =File

HETEVRBRZEE L 0N F BT R TR T E, %BIHTt
BRI B R AW EMAPEERNFERRTRZER. BLE AR NBEESR
HHEIRBARZE, RITRBAEXEH#ITH S LM ERR FYEMBE SRS
MFZTE. EXENHLER B TFHEMHTENHECZ2H TEA YK,
FEXTRENERITBNABRENE S, CH B 2B HREE RS B IEE R R
Al fiE.

BFEENAHENRBN - NEESR, EESRETHEIARK RS
RIS o XU RREH T HAENWRBRENRE, ThHEFSHENRERS
B E T HEEYH AP K , SCHOONSCHIP 2 & B Th s k& 7%t
HWEBRFZ—. EiBATHEEZ BRI RS E REDUCE, Mathematica,
FORM H1 GiNaC. EfffUIBRAZHBENRE RS FAERREYE bR A B2
FI—#Par. KEBP, EEAENHTEIRERRAERELRIENEE,

KA EVRBRGR T B E Z B T35 ] A4 Ky w2 . 45— 3K [A) 5
RN ARERGENES IRAHE ., #lin, ROEL I EEE, 7T USHERR L
AR, T A5 TUERAE R S F HAB T B 4 HI4b B, XA R 2e b T E R T
FREH A FTREEBMER, EXFHERT, RERITEIRKRZS 40 F A




¥ HEMKRE - 157 -

EAREEE, Lk, KB REYRARERE T L. fln,E—-TEEA
JIAZBeFAEEAE ATUR AW B B E A R . RTAE, =K F
TR A EAE AR 3 2 AN N

’Tﬁg = gf [ g (ks — ka)* + g% (ky — k3) + g” (k2 — k)" ]

(7.2.1)
MR T AR AT, MBESFAEEETENPEREATBH/RE, F2
RRENEEE NERTE T E, EIIBERTLCRAREANERERER
X9, EEEE—ERE FHEiTRI R R G TR R) 7] LR FH#4 45E [
BRHEREYE:  MEAaArEBERNETHEEE., XBE,Ai8IRERENH
BESEWEMSROEFRSHNE I RABRXCE. SR, IFWHEREARTEE
FET R4, B, W ELUEN AR, NFELBERBYHENHEL. BTHE
WEEBE B ETERR TX—2, TERRMNBE K FYER PRIHTH
M EVARBERE, NEERE FIFA TR REENTENITRE, BREEEK
AP RECHE , AR 2 EEBRSE . BENEFLWET
BEHERHEIRERF

1. A 4

ERFHICHHMHEIEP, AEEHH TERREERERE SHRELR
HEXNRSE, I TREEAXPVHSEMS , FLARMIE U A HXH %
SRR TR~ HBBHAINER. AMYEIEBPLILETEEZEESHREAR
BRI KB B T A e ARSI RN B RS, kB REW
A REE 2N RER.

Thomas Hahn R T — B AR - EHXREEABNEEL, FEL
FeynArts BFAEUEH, EBFEERABEEESE T g XA
., HIIMNETE — AR TFRE SRS EENRE, S EE SR

B o FevnArts B AE RN RHEERNH, BRI o 4R ] —F 4
F/OEST-MEB TS HAB S ER, BFETAS -2, AR BOMEM TR
ic, T MR FREE S N ArE 53 € NS EE R EERATURRE.
FE I 5 Bt , A BB B0 PR SRl 52 A B 1S T Bt 2 B, 0 HX PR
Fo

LA FeynArts B2 FF . 051 : RS, B 5B MBI BE /A

< FeynArts. m (8{#iRi%35 4 11 B) Mathematica TAE B F K init. m 3 ,)

—BRPHEDN RSB T, BT E OB, & S B, F A FeynArts Bt
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ALUERERTRMREE . AT REaRERSRIT USRI %R,

(1) CreateTopologies| l,e] F=H | B e T~ B D

(2) InsertFields| top, ext , Model — > {modl,mod2, -} ] ¥ modl,mod2, - #&
R BISNERN ext BIFIN top H 5,

(3) Paintlexpr]| TEFH LEY InsertFields i expr B3 8 EHE .

2. % EHe A ARG

EFERARSEELE AR BRENBF QR UH—2 A RS
AN R8BI H R B A EIRIBABERER, B0, FeynArts B H, R
FeR¥ CreateFeynAmp[expr] SRATLAXY InsertFields i expr I —HBRBE 4
R BTG _

XAETE 508 E B R, Bk R 2% & B BT B o BT 6t L B R0 A7 -
SheRXt N B B B R, R BB %38 sR g, TS S HY AR EERTIUS . fE R 8 H

W B —~ B F- BT 46 Hh BV AE RS 80 JBE 1% R 09 B U 25 B B 1 R LA
il

TVVO = ;‘[gﬁp—(l &) "k" 5

’U‘U’< = igy"T? (7.2.2)

H_EAA R EMNE I ATRIBHRELNPAE T EEHRRM, Fln, B4E
2R RWCHE VT LA I A s B AR LA B S S B

g8t = gi 8wl = Pus Y = Vs gy =D

" = g, pY* = p, vy =D (7.2.3)
IR Z XS — B K hL 58 ( Dirac) 5 B BRI B B 18050048 (BN v,7,7) , BATAT LL4E
RS ERF IR X B R T 7,0 7. | =28, R DK P TTERE R Rl — N8, R
JRERAAR(7.2.3) /LM . TERIEEREITE D, — 8828 I s 58 B 195K BT
R, BTH R v BEEREGHEETEETEN 0 B 3 KM, HhHE 24500,
B ph T4 SR AR R M R JIUANBLO B LEERARARFEIANAEREN

i, AT RAXERBEOPH, XFETERBEERERBLAERST . BN EX
THRITERMRABS RN E WS RE; Trl =4, B8 v B
PR T R AT AR 245X

Ir Ty Yy yf‘z:: gr“:f-‘:Tr }’“3'"}1“2.? — Buypy Ir Ta“z }’Fd‘*.}}tin
o gF‘l-"‘znTr Y, Vg (7.2.4)
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B 2n)A y ERERRBAED T EEE RN (2n - 2)8 ¥ BRI
it FREERAART.2.4), CQn) KA REREREEEE 2 -1)(2n - 3)
3 1=Qnu -1 T, XTEBERE » HMINMIEEEER. WREFREF 11, 12,
ZEREA BRI X R, X kR ERER (20 )4 ¥ 56 R e B 5 B 5 45 SR 1 T
o :

R E PR s B, SRR, E4EBUEFIL S X BRI 75
H—HHENL., —MENXE t Hooft-Veltman TR, ©¥ s BOY—— A W 4
MR, XFERU X PR D=4 —2¢ MR, EXNFEP,.DBENKT
4, H—EENE TSR - 2e) W T ERIERLN. HEPTERAEH

B oy R — AR S (ABRFF S — R ) M— (- 2e) EX I (B TS AR
)

80 =8uwt8pms Y= YwtTw (7.2.5)
XERWEUTXRAR
gl=4, Bl=-2¢,  g.87=0 (7.2.6)
BR4 ¥s BRAT LARE S — AR Y O 4 ot 42
?sziEaﬁyﬁ;”;ﬁ;T;’a (7.2.7)
G ys SUBEKPIRERR S B SR AL 5
(75,7, =0,  [75,7.]=0 (7.2.8)

FORM 72 F713) A0 11 9% & R A (16 G 2K AR bR A y JE B RS 8 M By O I
A —, & 't Hooft-Veltman 7 £33k hr 75 i3+ 8 £ TRACER B4 e
BLASLHL,

3. ¥ B4 Rt H A Passarino- Veltman 4 8

%t F— R b fit 0 7k B FR 4 BR B T35, Passarino fll Veltman B4 B 45 T
EMARSEHEED, HiHEH R4 BER RS KBTS HHEAR TR E
B, AR R A R B AL Spence BREAITTH. . RITFAENTAKBEBR
At (Bl n, B sh B B BESF LS Bl — M REE R mES (B, 2
F5RBzRIENTS). UTEHN=SAFHHE A

e :J d’% kR
in?2 k2(k = p1)*(k — p1 — p2)°
K, py fl p, RIS R, Passarino #l Veltman KW 14 5 RE—BHIE
i, BVAERE FRU/NE RN () EHKBREROEN, U EHEHF2 8
1TREZKEHRYE AR

(7.2.9)
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B =pipiCaut phpsCun+ | P p5l Cs+ g”°Coy (7.2.10)

XE, P05 = pips + pipho REER HF BRI ST E pips, phr4,

Lo 05 | FIEE RO B o~ WR SRR IERIAF Cuiy Cpy Cos Ml Coyo BRI GER
REBAERTESREE &+ S5/AEEZ AR ERFNIER, Fln

2p1°k=k*— (R~ p1)*+ pi (7.2.11)

ABRTREIEE T EEF MBE—-MEE5BsRIX. #EF, AR HX

(7.2.10) B ALUEFERBILRAET Crio EX—H, KN FBETH Gram 1751
b2

pt b1 2
P11 P2 3
EPMEENRSREREN XN THIRNOHE LE. RE—1 py M p,
BIAE B, Gram 175 G0 TF , XN TEREAFRESBIRKHME , £ EMZE
Al B tH B ABUEE , X R g M HaE K BRETH RENBEITER
FAE+oEd, BB 2% X Passarino-Veltman B8 #80sk #) 7 ik, X R K
BEEEBET Gam 77X H. ETHRENENUHEEALUZE 6],

EERHI T BASRBETHE—BEYN—K. A A WS EER A Ha
RE IR, LoopTools " SEEXBE— M EIFBRAKELBEHSNERFS.
B T2 RN ERSBEA W LIRAIA% N Spence BT HE A4, X
AR RTURAHTAINRB ARG AR E TR EE. AT _EL EMzhE
Rt ENASREX—H  ARSR —NEY: , BHATEIARB RS OE R
Rt CHFERME. SR, FNEFERBEARS, REERITER, 29
R EVRBRSEM R, BRIXHTES TARERMTZH . Ya B -8

AR T ERERETE %, XENEESEREITETREHZITEN
TR T Py 02 Yy 28 G R A O A o

4. HH-ETHEH 8 FRREER

HETHBEZ R, AT REESHN QCD BN HHE , ETIHHENABNE

FRAUTHA'S, BATHARREQAHAARMER, BNER EREE
KA

(1) FeynArtst®!, FeynCalc''®), FormCalc1!, LoopTools'”!, TwoCalc!'2!
2lsel 13

FeynArts, FeynCalc, FormCalc Fl TwoCalc iX P41~ FF f1 & B Mathematica
158 5, FormCale B 8R4 &2 B FORM B, FeynArts XN,
FEEER TATRNTA RSEENERFCQ, ZIEE £ L. Mathematica ¥ 2,8

ﬂ3=4 (?.212)
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AR UL H MM REE, FeynArts BF AMEFAHLEMB T, & H
B REH MAAAHRMMEEN TR A ERLTEOIRETAE, Fey-
nArts P P8 PR A FE PR R R (SM) , I Higgs —E A K (THDM) , B/ 8 X FR
BLR T W E 55 R R A AR R AR S (S B8 HN)) . FeynCale 1 FormCalce 2
P S FeynArts RN ER, AIDABE BsiibitEm it a8 g s
B =R A ASMEE S EEREF . FormCale BFEANHAE S FORM O,
IETEFERT FENFRITHREIBER. 7E LoopTools BFF FRIE T HEMNIRER .
BESVBETE FERF, FormCalc BFRA I HES T8 @ H. LoopTools
BFEEET FFEFERERN, FRHEET FORTRAN # C++ BFEE., TwoCalce
EFZ2IBKBERSRTRENEFE. EVTUARkEsHFEERE. 3IE
HMAES B BRERE. CEVMURRES Qlse HEH, 2lse RFC+H+ B
AR, B AT LU SR T RN A B R S R R B B

(2) GEFICOM!*!, QGRAF!S) | MATAD" 8! 1 MINCER!'7],

GEFICOM, QGRAF, MATAD # MINCER % FJ T4y 3 W i) 8 %9 QCD 1
QCDBEXITH . GEFICOM S FEEFNAL, BRAELGHERE., B
A Mathematica #1 FORTRAN F#/F , b 85415 F AWK # PERL 7R FF.
FORTRAN #fF QGRAF BEF M ™4 REE, TR RS EARAN SR,
H FEREE R, QGRAF X &3EH L8 (~10*) 4514 FH. GEFICOM Ik
HTREEITE, FASRPHHS REH MINCER 1 MATAD BFitH.
MINCER #FX BT A WAMRR. T AT RE, B UL — 4R s B3B8 51 7T LA
BB =EH R R, FHH MINCER £ SCHOONSCHIP E i, Bi7E i fii 4
72 FORM 51y, MATAD BRiRITAERE—-MREEGREM (BN EETF
FELAIRER , EAMERBENER), BE=BrESHY.

{3) DIANFL[]B] ,QGRAF“S]ﬂ ON-SHELLZEIQ]Q

DIANA R CEFEF, EHEITARMBFHEHENERTF. NS
BENTRALMENTER. WRAFEEE UFHEHKIRTN, DIANA 889533
QGRAF BFfRH , M ENREEE., EiHERSEN, ZiHH FORM £,
Filan {8 ONSHELL2 HHE SR RFE A EBBR T RE— 1T E2FHEENN
LR REMF T ERHER).

(4) xloops'?#1 GiNaC!2!],

xloops BT Maple BP0, A FHHEAREERNPREGAFHABRMEEE, ©
= AABETEBEERS HC++ FREF ., ¥R RITE GNaC BIF L ER %
& xloops IFF ST A GiNaC RAC+H+ BB ITH—1T 8%,

B BEVARBEFYNACERNRERBAERTFHICHENE TP
WA, IEINBIEANENREERITERFARH . HEIREEESHARKE
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AT A BRI EER , XN EF A RRRBUE TR  CF A B
FE R XERUNEFQ, Ll SR HE & R E BT REIURER

Gio REHKA T ERXFRICHL, A1 Z MR FAR B P R AR,
DL K% B SR B4 AN [R) 3R Gt 18] 4% 3 R ) D BE -

7.3 Mathematica 1& & %hi#e

Mathematica f&3€ E Wolfram HF5X B AR ThEER KB UAF S48 R
G, EREFSREZE EERENEETERNEE B RIETF—FHNERL
Gt Mathematica RGLER— T IEEBIEMBFRITIES, AWM EMNEFINEE
HWRAESY . EHNEARGTERH CESHEN, BMELBRAESBHIILH
WHEALMEITAE L, Flan, £ SUN TYEsL . DEC T4E%5 . IBM R-600 1 SGI T
ek EERET LLZAT RS . ZEMAL E AT LU MS-DOS #l MS-Window F ] Math-
ematica W4,

Mathematica R& ] ITERZ ERAKRE FiEeir. AMTATUEBEEN—I B R
HHELSR GBS P S ARG ZENE BB SR E T/E; thal LLAR A B
HREBETEAENEFAEFE. fEA—FITEVES, EXTEHYE.ER. R
W NRBERBEAMENIHE LB BERKRMME . F X Mathematica R4 A X
o RAEN], PTLAZ % LR [22], (23 | e B 5% Do AT RANA 4 F FH Mathematica
R R WENERAIR,

N F—PNERNITELR, AP EEREERF G 2 B Mathematica
RiE S AN RFSE TR RIS W , 2 BRI A e S, A R 7E 75 B0t ek % R Y
PR BT R MR L.

1. it 42

Mathematica REPUARZEERFEH—TR T 2FHIED, HE I —1
FAETEMTAESRE, XA REA Ak, Mathematica REERI“TE"
REXMEAN, EEBFPHEALAEHNZ —, ERERSEE TR F 1 FOR-
TRAN &5 PHFF (Function # Subroutine) f#i{8l. 178 — % R B 5 (Mod-
ule) RIZ5H .

Module| { <REFPZER AR > |, REK 1;F5K 25 RER n]
f£ Module P | < JRFE B AR > | ERTRHAF /N HE N AH LR, EXNE
BERPHEFR, (XX TE Module 4558 P4 7 9 38 4E T A 258 e 55 #4 41 1% [7) 4% 35
. Module FREANMBRA—RIIAR SR RNE SRER, FiBfT6,
BRI ATENRIER, MBE—1FEANMEHBIEESRENNER.
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FFH Module 7] LLSE L—A-sRZCCGHLI) , H—8E R -
<HBBE>[<ERAZLFTE>):=Module[ {<AFHEREFE >, FER 1;
FTiERK 2;. . s FIER n]
<TRAER>SEABAIEITRLMEMAKNSE], HU0.
unit{x , y_, z_] : = Module[ {len}, len = Sqrt[x2 + y2 + z2];
N[ {x/len, y/len, z/len }] ]

#HEWEXKBRE unit ¥, F =R, 2HER—T=HKBE =, v, = L5
MER =B, FHER len VZ=HRENKE. 4 HERK, H—
PMRARGHZREPEROESRAL , ERETRGFRASE _IFRAEKXAHT
ZR, FAIBZH—LERREBE =, v, = =400 EROBEKE,

ERFER T AN ERERAERRTESFRAR, MAREA N 2RI
Block M IE R DI R XFhER . H—BIERX K.

Block[ { < AR AR > | ,FiAK 1; RERK 2;. . ;8ER «]

Block FHIFE 7~ 5 Module FHI5E 2 —3 . {HE# A Block B, REF R A FZPE
15680 ) 28 B Y SR E SE PR BB R — MR ; 245X 1 Block #2 11 B, AF £ i R 3R {H X
PR HPIKE o *F— M P R #R 8 A Module 4544, B8 & Module ) N P45 #48 T

Block, {HE7ZE Mathematica 1.2 B4 R A& Block £&5#, i %A Module &#y, R
A 7F Mathematica 2.0 D) _F A S A H Module G5 .

2. ¥kt

EGAE PR BET P Mathematica IB S PHITIREMTE S G B —Hk
TR AT E . NI Mathematica RFERME T —EMBIHHE THEWMMHATHIES
S50, IR i) E TR P AT . X E SR IEINT AR AR,
JEIEH MIEBF A H B 5 F w45

(1) M4 il |

Mathematica 4L HHIMUF R S EES T TREAZE U5 0RNE
BREN. HER BN UBHE NS, WRAFPESEM LSS WAL 3 E
ZEGRAXNGRME—T Null, SH8% Nl HERBNESERMEEHS, W
[FI7E Module 8% Block i1 n PREAMWME GFEAXER —FF, BMEaRER
HAEHROERN YR R8N TREXE , HBE 1R EB2EER
R ARBIEERRE, MEFRNFREHE HREFRERER.

(2) AR

Mathematica RELIRM T =F 5 R XHBE G XXM ZEH

HIRER SR — BT B ALE F BT S R &8 XERF A MR 2 A R A &4
&0 T N S AR R R
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HEFEWE.  EH5HEARRFRIHESNAGEREDSHHL. BRH
If 154 P2 AW RA TR LSRR R EBRFIITHRER . i50H =fME
%) 7 W
2/ ERR, Tk ]
RAE S FEEARBITEMEN Troe b, W RZBHPHESSRE, B EREENE
PEWRE, 2BBFRXNMEN False F1“IE True 3E False” Bt GE H 2 LN E
B ), 85R 4 Null,
BB EEX, B 1, FBEK 2]
B R IRATHHEA Troue B REX 1 BIHEEEIBNESWHE; 42
BRIANNIBAERN False 8,0 355 2 BOEVE M Z0EE BIHE.
H[ZEFRR, TR 1,FER 2, #BER 3]
HBHRIARXNPITEMEN True B B FAR | BHHEEENB N ESWEE; 142
BMFEXBHHERN False 07 2 REX 2 BEFERZEHE; ZE R LD
{E 2% “HE True 3 False”B , ¥ ik 3 WEMENKIBAMNE. &6 IEA/EE
ANEREF A RATAUARBEZWTREMEBIXER, Flin.
flx_]:=H(x>0) || (x=0) , N[Sqrt[x]], Print[ “x is negative.”],
Print[ “x is not numerical. ” ]
XE N I iERE R flx]. 3 x ARTHREZTEFORE, BE0AR{E RN
X x FFHEFRRME ;2 = H/DTFHOE, MEB/R “x is negative.”; 75 » WA R
B, W 87K “x is not numerical.” .
Which I87%51, BER—BRIERX A
Which[ &4 1,RARK 1, %82, 8ER 2,, £H n,FE5K 0]
BIT&EA R, RKUEOTE S — N RENE, SHHES - RBEHR Troe BI&GFE,
SREZFHR D RERE AN ENEWHE, EHE FFA18 5] False 16, M
FIEN Null, IRE —-PFREAEKEZRE, WS &0, BNEH LK
RIERITER NG R, w~p:
Which[ 2==3,x,3==3,y ]
HEGRN yo RRETHRM 2==3 WERA False, MKM 3==3 HF R K True.
Switch IR S, ER—RIER N
Switch[ #iF|FER , BR 1, 25K 1, 8K 2, 85K 2, -+, BR n, #3535 n]
B eRA AN FER SR S8 1, 'K 2, HATHE, BIFE -1 54
AR A VL EC AR ECET , X R MR A E VBN EMKE. WREE S5HH
FEEA L ELR B, MM BRI ISR N Null, =45 .
i=1
Switch[i2,0,x,1,y,2,2z]
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BIEERN y.
(3) 15
EEFPAEREEE M— AN HERER — S EES. lin, X
— AR —YEE AN BRBEAENE T EAE., EEHEFIHESPHRETE
FIATRITEREHIESR] . & Mathematica IR T = FPEFFEH .
Do iBHI&H . H—MEX R
Dol &=, { fE3F R ]
He EH RN RERH IR ENFREXEAR, FESKXEH LS XK SH.
s 4 WA TS B AR E, =R T LA A {j=n0,n1,n2}, {j =n0,nl} F
in0}. B—FERXFZREHRER ] M n0 B nl, BRIEMEK R n2; E - FERY
RN 1, AEBAE ; F =R FEXBEAHTE n0 K, BN,
Dol Print[2"],1{i,1,5} ]
RIESHERERIEAFTEH 27,(i =1,2,3,4,5) 818 2,4,8,16,32,
For AR5, ER—BIEA R
For[ 1IR3, &4, B TR R, EARER ]
FER A For MTERNE BT , B SO RBIEGRARNME, REHEATEIF KR &4, #
HRRR, AN REANE, BRIEFTRENERR AR NE R X ERSEH Y

fHo SXFRMAREABER 2] True B, SLENEEREA For &H, B SRNER
Nl.lun ﬁjﬁn:

For[ i=0,i< =10, ++1,Print[i] ]

ZIRSTHGE i MEAIF,ERE <10 &G T, MEFITEH  OE, BIKITE
faR « W{EHnE 1, BMBRIFTENEM /1 528 0,1,2,3,4,5,6,7,8,9,10,

While iBH)Gi# . ER—BIER A

While[ &4, lEFHFEA ]
BITEIRINGH , S0 R A RIE R True B, TG TR 2 AME ; R G 1K [F13R &4
RERMTERR R A AE, BRI R HIE N False BHEFFE L, M%4H3E True 5
Ik False B , &t AEEMT SN . BN .
i=0 |
. While[ i< =10,Print[i];i++ ]

AT TS EFENERS L For #8418 FME .

(4) Bradh ‘

—AEFERA M TREASHES.

BeginPackage[ “TBFF 048" ]

ZF 1 rusage= “FHR B, BHFEPE LRI LUE KRB BB S 1 4L F
A AR




tttttt

Begin[ “ Private'” ]

End[ ]

EndPackage/ ]

RIF S WER L —R—FEREENS . 75X %0 R — A X B sR 3
BARE A — 1A, ©ERFEATN RS RS S5 E ¥ ; W45 H

— M E R IR AN R RRIEX . XMEFaSEHXEEEN—
ASSCAAE I, B F B PR SO 3 Mathematica RS0, WA O< AY pR B0sk AT LA
AT ;3 HEFONEN R RS HRAFERS, wa] L PR AR S
K7 ) R A ML ER B .

5 Module 544 L85 , R R G5 H0W] DARIE % 2 b (58 & R sR JU AR B2 7R,
mALB S SHIARECUFRENERFTHEEMEREEZME., XERATEF
LM TMA R ARV .. XML R FESIEITEIES FORTRAN #
#F#2FF Subroutine MK $ Function P I . 7 FORTRAN BT+ LK
H B B F R P 2 B, Function B BR%4 A & COMMON 3 o )75 B, R 2
5% FEF IR IR

2 &

(1) F Mathematica i 5 & R —TC K H R ax® + br + c =0 FIRE, Z R PR E R AEAL H
HFHER a,b,c BTG

(2) F Mathematica i & £ X— T B E W EEEE n HIIE n BT R

(3) H Mathematica 1B 5 E L — T 1RERB, ETAEL E B v FHRXE, EEEFK
hyyhy, B FETEPIRE, IR P AR R L 2,31

(4) ##F LR, A Mathematica i 5 & X — 1~ AE R ¥, I HEL B n , E—FE oy FHHER
b n AR 5) 5 A B BE AL E A

(5) H Mathematica & 5 LB — 7= A £ BB L P 2 W XA Mathematica #2740, #il 8
Z I B HEA AN

Po(z)=1, Pi(z)=z, Pox)=[Qn+1D)aP,(z)-nP,_1(2)]/(n+1)

(6) A Mathematica iF & LB —T /4 £ BB p JE K £ 0 X 1 Mathematica B F . JEKXEZM

A HEREA TN
Hy(x)=1, H(x)==x, H,,1(x)=2zH,(x) —2nH, (x)
(7) Mathematica i§ 5 5 — "MW a il B R Z 0 R BHH R/t KEMRFE.

(8) Hi Mathematica if 5 — M EF @, ERRLI T E L8 (a) T8, (b) BEFE, (o)X = 215
) L5
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ORI EX AN TEBEAAREB RN ITEPHS B E 08 EiHE R
B, FHEEERRITESROIEHETELSAESBR I TN H L RIS
FInHE, AMEEARATER Tt T KB 6B NN E, REENSSH
RO, BRATEBA 2B F AR TIHHE T, BREF ERHFL
{8l F Mathematica X IHTHIRBEFELRQLRIMNBVITEFRERT EdH,
Mathematica MY S8 B KBUETHE , T ELiE S8 AT L0 o8 A0 R4
WH. K, T —BME T YB3 e R AR, 57 LA Mathematica
BEMNPRAEXRBHIEBEITIBE LK, HESERABE R R. FFH Mathe-
matica REF] UETEHRRXNF TIHERER Lo LR R T, X Fit
BERNKRR BT UL AR ER, X EUNEFSERIIF THE T/,
HEHX A REFTE T

EATEP, BRI LS B L) Mathematica R 4828 T B 3 #% e 4y 78 2 [a) 131 1) 4]
. HEWREZE RS H Mathematica TEYHFZH R PR EEN, EX BRI
Zﬁfﬂﬂiﬁ Mathematica 1 & RIWEEE, TR B2 HERARESHER . 756
FHEYREFRAXN AR TEEBRYEFL P LR T H¥RE, X586 F

R 2ZBH Mathematica RAAEYHEFHBE L, ERF LM AENERPREES
25 ]: 08

8.1 MTFEP.CHHFR BB AE

EARAP, RINEFEBIYEEDLHGPEaIN B, XARFHEER
R e RO A b, BN, EXE YT EEFHEPNES, 5 R
THEPRBETFERTFEECEHPIESIRBIR, E& 11EH T NIRRT 80
HEF, BMEPLIGEATRESERER AN EENHAL, TERITE
R FERFENELHER T RE sV —6), B~ Mathematica {UB R %
#nz (2% k1)) .

BT SRTEROUIRS =T (1 FRFERE MEATHT

2
BT m,, BT e m,) , BROERR B .0 1548 RBCR V(1) = —é LRGN
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T

R hlﬁl hEvZ

20 + V(7r) =- 2 + V(r) (8.1.1)

Ho, r BRI L E B O E IR R RBER , BV TERLRPHERRA
2
Pma-L[Z(p2)s L 2 2], L 2]

F2Ldr B—"F sind 30 a6 sin 8 39:,-2
_1 _3_( z_‘f{) L_‘?}
L(25)-5 (8.1.2)

A (8. 1.2) FRITABI T ASNE VT HER L ERBIFPHRRA

1 a(, a) 1
2:— 2{— — 6_ +
L k sind 36 sin 30 Einzﬂaqaz

TR TR L B R M RS AR AT o (T
2 2
. zzrz[aar(rzip (-5-—1;& = (simo 32 )+ Si;a 312)}515'(1',6',?)
= (E - V(r)y(r,8,9) (8.1.4)
BB BB L L=r X p. TSBERERRS Y, BL, H=0, L%
SELRIER, X RSN H S R T EESE, fT S
L2 (s RETI) BT R . R0 TR TR T 8 B B AE 7

mat, (H. L LOYMB YR EFN— sk EMEBENyhEfxesEr
M EN ., MR EENSNRRZLRE T RGNS, RERTTE =21
B IS RAR B — B ER R, BEEENRG.1.4O)TUEN

2ra9(,a\ L?
‘erz[ar(?‘zé—?")—;]ﬁb(r,ﬁ,?): (E—-V)¢(r,0,¢) (8.1.5)

ERLAHPERE ¢(r,0, ) 5HhA 8( - n2<0<n2) MANA ¢ (0<p<n)

MXBRBEAL AL, REN. BEWEESEFBNATEREER ¢(r,0,0)
AU BEERERA
g(r,0,¢) =R(r)Y(0,¢) =R(r)B(0)2(¢p) (8.1.6)

[, AR RR YL, = — ik % SRR A B R A S R

(8.1.3)

d
— ik a—;ﬁ(qﬂ = L&(g) (8.1.7)

KkED, HEB.1.7)HE N
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D(p) = Ael#" (8.1.8)
HTFR(8.1.8) Frm i R BUR L M — B, Al B L EW ARG 2(p) =

P(2n+ o) HEMMBERL, WAMEN Y EEHM, HAMEERRN: L, =
mh,(m=0,%1, £2,*)o HAMEFRBAE—WRA, THEB.1.7) 3 —1LHIHF
ALy

1
) -
(o) =
Aol , X 7 — PR R —— BT, BT A R

. 1 3 J 12
L°Y(8,9) =~ #* (sm@") 20 957 Y(6,9)= L*Y(6,9)
(8.1.10)

ag
FREBLI0)HNBRERIERE Y, o WRAMEBEHRE L° =1+ 18> FTE
(8.1.10)5 %
1 d J 1 32
ng a—ﬁ(smﬁ E) 20 39

MBRAL EFAFERERE Y, ,, FMWAEHARETFHI=0,1,2,HRE

ST FHEMARFR [ BHFL WAMEEN R (2 +1) 52, R FE8 m W
WEZANBE : B LR E . EWBERE AN m=0, £1, £2,-, 1, X#E
U R ENASIER TR LV YE 2L+ 1L AR Y, o MERTFE W
IEBT I O, BRI BB e R A AN

— 1 i
Y, m(0,0) = (=1)" Ei " :;, (254; ”P"’(c&sﬂ)e'm (8.1.12)

Her, PP ()0 [ SE m AMEREEEE RS, INREETFEIAN(-m]),
ﬁﬁt&@ﬁfﬁEﬁHTiﬁﬁ

Yf,—|m|(5v§0) — (— l)lml

e'™? (8.1.9)

sind 34

S+ 1L+ 1Y, . (8,0) =0 (8.1.11)

(I =1 ml)!
(L+1m i)}

B RIERE Y, B RHEFL, WAMEEE. S IEREMR(S8.1.7), KRk K
BY R

Y/ im(0,9) (8.1.13)

d
LzYLm =- ik _Yf,m — thLm (81.1‘1)
I

AMERIERE Y, BAEAGBEMS LI URADBEARNN « HEL, KA
PR¥, 7E Mathematica PERIE R FE 7~ SphericalHarmonicY[ 1. #1788 45 11 =X,
R K LegendreP[ ],

K (8. 1.6 ) NABER HHE(8.1.4), HIA LMHEES & MBI R
B ERIEEES TR, TR SRR ¢(r, 0, o) BAPHERFS R(r)
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R 24 7 2 1 7 12
d#R 2 dR [2px[. Z*)_ lU+1)|.
dr? N r dr ¥ ﬁE[E+ r }_ 2 !R =0 (8.1.15)

Z WETFRIH EA. T ART 2= 1, RMRT (He' , Lit Bet™ ),
: 2
241 FERITA LT R BT 447, 2 XBURER ag=—

2
mee

2 e
HIRBERAL B p = r/ag; VURT MR BIRER Eo= 5 - ﬁf ~13.5¢V HhE R
LBl e =E/Ey; EXRMBE R(p)=ulp)/p. X F(8.1.15)F R

2
%ﬁl+[s+zf—i(gpzlj}u(p) =0 (8.1.16)
FER ¢ FER M AFE(8.1.16) WAIEEMAME RBURE R
RANEEBBERECRAR) Bl <0 FRZE. T RHARE u (o) 7] LIFER
NEMXKERREOER . AT R w(p)WEMK, RIMNEIFREE r—0 M

r—>oo it AR BRAT , R BL 1 3% lRB Y £ IEME 4, Bk R PR Rk 5 U R AR )
LA H

~25.29x10 "'m

u(p) = p*le £ (p) (8.1.17)
KR (8.1.17)RARK(8.1.16) J5 , KFE B LT &%k (, Fp ) TE A #

ﬁ(P) = E1F1(5+1—§,2£+2;2}’p) (8.1.18)

H, y=v —e. BERNTHIN(8.1.17)8 3 T FECEH BB R BRI 42 17 38
i |

R(p) = Nﬂ,ﬂgﬂe_zﬂf’“n lFl(i +1-n,2! +2;2H_ZP)

BT H— e R ER, (8. 1. 18) R B R /N AR B H R X4~ PR 5L vl
LAZG i RE R, RE X

(8.1.19)

Z
n, =— (£+1—?), (n, =0,1,2,-) (8.1.20)
HIERAN1E 2
B VA
T_n,+£+1 (8.1.21)
By Me B9, 0]
B E Z* - E,Z*
E=- e (8.1.22)
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K, n %Iﬁ?ﬁ(n=l,2r“}n EEABEAETHE 1,.(n,=0,1,2,-- ) FEE
APBEBEFH 1(1=0,1,2, )REW. EXERMNSIA—EKRN “HLFJR
(Laguerre) BT, MM BR IE A LW, LY, PLEi/REW A B REBCE A

L (z) = E (- 1)1( T)"J

i=0 k=3 /!

FARL YIS — R

'(y+k+1)
k!

[ dzzvexp(= 2)LEP (2L (2) = Buw

LT R B S hr s /R BB 40 F R R

I'in+a+1)
(a) — _
Ly (x) AT+ ) ({Fi(—n,a+1;x)

X FEECE P RBEE R T2 RET LS N
R(p) = N;,;p’e‘z*”“LEEﬂ”(i—Zp) (8.1.23)

BRI BRI (8.1.23) FHIHLEE /R (Laguerre) I B £ T C#K[2].
7 B L A B BR R

brton(p:0:9) = Ny e/ Fy(1+1 - n,20 + 2,550 ),,,(8,9)

(8.1.24)
ER(8.1.19)F1(8.1.24) R IH—4b ¥k

1 (n + )1 [2Z\!*37 |
N’”_(2£+1)'\[2n(n—£—1)'( | 8:1.25)

£ Mathematica RGP Hi 55 RE MR FIR K Laguerrel.[ ]; 8 JLFAToRE(F,) Fik
7 HypergeometriclF1[ ]. T HHEFE Coulombp.m £t TH FHERIIRFE
CH PR AT REL, LA B BRBTERR M 47 T B4R ) B 40 70 A BE SR B 8 - ) 3=
o ASE{EE PR A2 (51 3 eR BCHR 4 A BE SC K I pR 3B 40 4 31| Mathematica PR
HoE X K WaveF[ ], WaveR[ ]l WaveAl ] ENMTWNE¥EAS DTNk AR
(8.1.24),(8.1.25),(8.1.19)#1(8.1.12), Efi1H Mathematica V3.0 &5 HIE
N FRABUTF

Matha'natma Package flle Couinmbp m

BengackagE[ CodmbPﬂtentlaI‘ ]
Clear[ WaveF, WaveR , WaveA ] ;

WaveF . usage="WaveF[Z , r_, theta ,phi , n ,1 , m_ JitEHHBEFEELH
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PRI RBER. Z AR TR EEGr A F3 .01 S BEE; theta
0 phi FERBIRPAAE;n, | Fl m HEBAASBESNE TH."
WaveR: : usage="WaveR[Z , r_, n_, | _] iWHBFEECEPHRMERBEEM
HAHER. Z HRTFEAMEEE;r PR TFAHOLHEFESNER n f1 AEERFM
HRERF BT

WaveA: | usage="WaveA[ theta _,phi _,l_,m _JitEHFHEELCE P RMER BB A
BEREXER ST N . theta #I phi HERABERPAIAE ;1 Al m FR AT BREROETFHL

(% ——— EXAIHER ——— )

I..usage

n..usage

|2 2 usage

m. . usage

theta: :usage

phi- . usage

Begin[” ‘Private’ ”]

(% —— FEECH PR LIEMET —— *)

WaveR[Z ,r ,n_,1_]:=
Modulel {unit, tmpt,
(% —— H—4bHE —— *)

unit =(Sart[(n + DI 7/2n(n -1 - DN QR 2Z) /)1 + 372)) /21 + 1)
(% ——— P HERBRE RS E L~ %)

tmp = unit r'l Exp[ = ((Z r)/n) ] HypergeometriclF1[1 + 1 — n, 21 + 2, (2Z
r)/n]
]
(% ——— PPAEELH PRI R A BEAHER S —— *)

WaveAltheta , phi ,1 , m _]:=
Module[ {tmp} ,
tmp = SphericalHarmonicY[l, m, theta, phi]

]
(% ——FHEREFEESCHPRFRMERRAR ——— * )

WaveF[Z ,r ,theta ,phi_ ,n_,1 ,m_J]:=
Module[ { tmp},
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tmp= WaveR[Z, r, n, |] WaveA[ theta, phi, |, m]
]
End [ ]

EndPackage | |

S FRAT 7 B i F TR B A B 3 b i A AE 82 ol B T Mg AT S BB, FRATTAT LA

55V A FF 42, Coulombp. m, 4R V8 FR FF 42 1 2 RO BRI, BN, BB 77 T
A4

X Coulombp.m
Plot [WaveR[1,r, 1,0), WaveR[ 1, r, 2, 0], WaveR[ 1, r, 3, 0], RaveR[ 1, r, 4, 0],
{r, 0, 35, AxesLabel =>"r","u", Prolog —>Thickness[ 0.001] ]
Plot [ Abs|[WaveA| theta Pi/2, 2, 1]]2
{theta 0, Pi}, Axeslabel —>"theta","Y", Prolog —>Thickness[0.001] ]
Plot3D[Abs[WaveF[1, r, theta Pi/2 3,2, 2] -2 {r, 0,15},{ theta 0, Pi}, Lighting ->

--------------------------------------------------------------------------------------------------------------------------------------------

AR =4 HE8.1.1,8.1.2#8.1.3, B8.1.1 K8 Z2=1,I=0f n=1,2,
3,4 B, A AE I PRER MR B M SRR . BN HIE »r FIA0,1,2,3 1T R
n,=n—1-1(r BUFERF¥BHEN). B8.1.2H o=n2,l=2F m =18,
AL P R BE BRI A e X {E - HFER A 0 BLMiZR. X 0 =n/2 B, BEH
FR K, B8.1.3 K8 o=n/2,n=3,l=2F m =2 &}, At 3 R B 4 XHEF 5

B (AR NBA) FIR A 0 B =4Edhs . » BATEHR[0,15];0 28
WA B A0, 7],

0.0735
0.05
0.025

—=0.025
- 0.05
-0.075

-0.1

B 8.1.1 AMEPRBAEEFIAIEEIK (Y Z=1,/=0f n=1,2,3,4 8)
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0.14F
0.12f
0.1f
{r.-:]E::
:
0.04F
0.02

Al 8.1.2  AHEJ pRBUA B S 0 48 MHELF- 5 BlAR /8 0 B AL il 48
(M o=n2,l=2F m=18])

8.1.3 ANEJeRBAEXHE T BE » AR A 0 B =4k th 2
(% o=n2,[=2H m=1H8})

ol L

8.2 RARMHXHETEREE 5 /7 R AE Rl R PR

1. 5|

FATVRNE AHR S Yy 5 () R TC 0 A AT SR A 1, B 4 St — AN B AT
O o AT R GBS B T RUEH 375 8 AR L 1) 8 T4 — M E RS . R
11T, S 4 A T e — 1 R M, B st A2 AT G 06 44 ) O BB AR 8 SR T Sk
AR BT, 30 BESR AT b 3 SR 1) AR , — FF R4 R B X B A5 S — AN
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F 0 T, B o (SR A BT T BB HH I R — N KBt RARIERE B
%, EmES R R RE—A SR T FK, S0 B B R 2 R BUH &
B/ ME—AFE W 5 ARG, T R X — “FE I AT AR i, AR RIE T
ISR
Mathematica i& 5 B A RIBIBFFF S LS, B ARMNBEE T —TEHR
HLERESHEREBHRETE. £, RATEE R WTF F Mathematica 1
B AL, AT AR R R E T
FERE R AE(E I PR %5 B 2 I B# R, FF
NBIMTTEZ R G T i FEUE 7 ik
HRAFERIR R
B, RITPENA I EE 2 HEH
(dimension) 43 B F9 77 I , Q04A] Xf B RE V5 7
BT RN ES L. 5| AL b
HEEE, RITE—FERAE + "R
)71, 55— 75 3% Fi] Mathematica * 3R fi#
K 8.2.1 ERTFRRT DEREER P s TR AL (E BRI
15 = — vy Vi B 5 A HE R PR RS T HEL
Mathematica 15 5 R G H A & TH it
B 5E R FHEIE S5 HRRIEE S I 8.2.1 /& Mathematica £l K 2R FHH T D A
ER BRI FTE oy Pl LR AR R EE

2. FWRHH

FRATARANGE , EARAE K - 58 - BV B T HE R R AR AR W R AR AR

BRI, A6 R0 F P BRI 9T o, 3 SR A B AR B T R AT Ak B A A R RO MEBE , HLE

h=c=1

A RBT PSR ER, c b, RITEBBEGT EzH"BR”

BRI AR RN, R E WEHN. BEREINNBW FEN
Dim[#]=Dim[c]=1
R R
Dim[ Et ] =Dim[ E]Dim[ ¢z ]=Dim[ A ] =1

FATAT LAAE  BE] ¢ YRGS RE B AN H R IR

1
" Dim(E]
WA Z AT E R REL R (m ME, MR LA R TR MEER)

Dim| ¢ | =Dim[E ']
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Ey = mc?

i m HENSEER R4

Dim[m ] = Dim[E]
HT

Dim[ p] = Dim[mc] = Dim[m ]

i p WERDLSEREN—IK

Dim[ p] = Dim[ E ]
ZlajAety = BB H TG H

Dim[ pr] = Dim[&] = 1
MFEATF R4 = HER
1

Dim(x] = Diml 7] = Dim{ E™']

B L E M, R T AR T B L B B R R e, e — AT

KITTLGRBEE BB RY ¥ WEBH, TARTERR S, EEBEREA—
BE.-Zv

| @xv () w(2) =1

XiRAERN FA5
Dim[ 2°W¥?] = 1
P
ko 1
Dim[ ¥“] = Dim[ 2°]
PR i AT 48

Dim[ ¥'] = Dim[ E*?]
BE—NOT, L RITEARAST T ERES 1/p” WAEMNER, X—
RIERMBITRBAREZH . HHHEE N

—ip*x

Jore
p
REHE, FEU ERa x RME—KEH B S B TRISELRRER NI E

RIE px, ROERECE R x B8 x | KRB RITFERS PP R
RIZE B BAPRX RN
3

mm[§]= Dirn[ 5] = Dim[E] =
B, BUM S R M BT | x | 0 B

g Py A
deP > _ —
P | x|

1
Dim[ x ]
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¥4 P8 F (Laplacian) A= V- VIEFRIZE LA P, A TGEB IR 24 5 Hb g ) ol
HE A, BEXER

A = — 46 (x)
VAR ARG =
[ @pe® = (20269 (x)
AP RO EAERLE 1/p® 8o B 28 m] AR

—ipx

aj &£p Epz =—Jd3pe'i""r == Q2n)°0%(x) = A7 = - 4nAs? (x)

H b AT PA1 3

(2n)®
P = 2t

H AT LR &, U0 i — S R A P B R N7, RITRE R I TR
R

A=

JdSP p? x|
EX—HERF, RIDPRERBEFREFER ST . EEU LSRR, RITENTH
IR L PR R R 0t 9 — AR PE R BN EL ), Sk B P B T e Yy B
[}, -

3. KM RIFH AR T AL F ik

ARFT A, R R E S R EN ERE—TAEERE W TAE, R, A&ESRT
EAMUT EBRAMEME E 5828 R AN BHSE A B HERGER, 3
TMIHATEN FREEHT RS, MAUCRBEL TN EEE T BORER N
XN YIS R IRBRITTIBMNBHER

(1) #ETH

X BT RRT ISR MmN r=| x| A XKHP0 0GR/ 1HE
0L ZBERBAE V(r)=ar WER, EFEAHGESR D, SHELXHESE
EBHBRERN

(— ZE 4 ar")‘?‘(x) = E¥(x) (8.2.1)
7

FF, p AWK FRGSH AR R, FE XA

Ty

F-_ml+mg
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EX R, BITF5IA—TMEREFENSE « K5 E LR x BB, H

T = K (8.2.2)
B xR
K
Y94
r = kp"

16 B S A

Eﬂ

[.- —% + ax”p"lq}(ﬂp) = EW¥(«kp)
2

FRPLTLL 2, WA

(= V2 + 2pan* "0" )W = 2’ EW
BAE, E RN RE —FRITIEES T R#AITXMEGRENERERKNREZ
ft27 IBEAR, TATT DLE SR BGE 8 « B, GBI 2u BFHEK

2+n _1

K

2pa
W a5
. (_L)lf{2+n] (8.2.3)
Zpa
EIE B B E R AR E R E IS RERE R
(-2 + "W = ¥ (8.2.4)

Hi, e RERBUERENECETERRENEM RN E., FERUBNE,
REBFENECSABEOELEAN. RN ESFESEALE, BEEM
“BiTREER B HE T X ABE THRES R AP
2uc’E = ¢
BARB.2.3ABNBEIEHERARIEE E 5HETIASE a, p M n FER
a! 1/(2+n)
E=[Qhw} ¢ (8.2.5)
i, BAITEEAXEEE T EMARFREL T e SAERERN r FEXRIERX
RO R RBCT MR B RIEEE MIHET A
EeH(n=-1DEERT,HAK(8.2.5)15 3
E = 2ua’e
FRERERANMMESAEEMBSEEFARIENL. B TEERIEIIARN
SHTHAERE « WRERERN, FUMBRAIMEME FE v 5HKMRIE. AW, KA
TpE BRI HESHERANM E SEAFR OFHSH ) ZE M
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*HK.
ZHFE(a=1)ERT,HARK(8.2.5183
az 1/3
E = (ﬂ) e (8.2.6)

S5ECHEAR, EHANEREMEHE E FHTHREESE « AR 13K,
EXMNPH(n=0)ER T, BB AMEE AT LA 2 =0 FHEGAK(8.2.5)15 3]
E = ae
HE, WHERANE E ESHELXN . IBREKEEZALLRE » BUAFRIE
B, MR SHRERAMEEZ ZEHE—F.
AR RS T EOE T, RINVE TEHEES T EREREATEESH
TSI AS BN BRBUREIC R . B, AT BB E o R B & H A Bk e 3 E
RKBHRHERTE. XTHERSSE « LXMW, FIUREL A

E _ [ [ﬂ " ] 2 “s } 173
E, azj m
fEB TR, ROV BE TR AORRES — AR,

(2) & (L5 EER)

B T IRATOU AR 7 A BB R B RS, B T X B AT A G B kT
¥ ERRERRE, FEERERES AR EIMAT SR 3.5.3 M
XHR[S], [6]A(7]. EANHFRMNAT TR XN T—ARASIMEME E (2 =1,

2, WS EEERH,FIA-EASESISH A WEX“BHE ERHE v, 8ditH
MEBAFEERR ¥, FREETAI USRS E, /9 ERE EPe, HE 0
EP(AOERTER S 2 ME/MUALE, BN a X — - R{EEL R AIEE M

“HE . ARBRRERBIRASAME ER, LA F e BERE (E; ) #4T
A4, RIRAERNT .

(i) BR—HMEEIERR“EHEE|7.(1), BINF(TQ) [ ¥;,(1)) = ;.

(i) 85 AR B R E e H R H W RETT
E;(A) =(%:(2) | H1 ;(1)),
(iil) SRFHAL T BHR
detl Ej(1) — E"(2)d;]1 =0 (8.2.7)

(iv) SEEEFNESSH A ARNFTERE (1) KERR LR,
(v) 3R{E EPP(A)BUBR/MERI S A (BISRA# A,0), URERER L RE. &
T EARERFTERE A

IEPPr (1)
dA

=0 (8.2.8)
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(vi) ¥ AmafOA EQQ), B[ 18 3] E, B9R/D LR, BRI BR/R(E%
(Hilbert) =S 18] Ky 5 /)y b FR1E
Ey < E¥F™(Amn) (8.2.9)
VL EJFER] Lz HTFARIARE » BR800 .0 1 53R EE N

4. XG5 EALAR M

FECH RBR R BB ME R RAFL, AR ERE H JLRM PR
NA
vz

H=-—-% (8.2.10)
2u r

Hp, o NEBRALGHE R, 5%, RIMTEER —HSE KNSR BERE X

B R RISR T 8RS AR R R (ARt vl AR B A B0 TE 3R EE, a0 & i
PREAF il R %)

Y(r,A) = Nexp|— Ar}, A*=2>0
Ko, 2 ARS8, N A—HEF, EMUHETAHE

Jd3IT* ¥ =1 ‘:-'NEI &P rexpl—2ar!

_ > _ r()
_Nzﬂl'n:J‘“ rlexp|— 2iridr = 4nN? (21)3
R T F AR
[: rexpl~ Artdr = P(:ﬂ: 1) (8.2.11)

7E Mathematica V4.0 &89 Sk —dBATFiR Y.

MATHEMATICA V4.0

(x B4 =)
In[1]: = J.: E~*pndr

Out[1]= If[Re[n]> -1&&Re[A1]>0,A 1" "Gamma[l+ n], I: e Yridr]

X — G R E LR IR Re[A]>0,H Re[ n]> — 1, WA LR K45 R
A AT (1 + n), B HE

oo rﬂ
jﬂ expilrfdr

XERE Mathematica TIERF I . BT LIRS —CEF
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‘13:"2
N = ~—
Jr
IH—4L B AR B R BN
V(r,A) = A
¥ ,J';: e

AREEN, AT UK —T X B2XMARIES ., #4358 ATRiHE, ATRE X
AN ENR DIm[ E*?), WEHRPEEH expl — Ar | BB, T Ar DR

KRR B Dim[ar]=1. HHAE Dim[A]=Din:[r]=Dim[E],El]

Dim{ ¥ ] = Dim[ E*?] = Dim[A%*]
BEREULHSIPRRLPENRERMA, T EIRNER—T WA= A Mathe-

matica 15 5 1ELA LB X5 .
F H Mathematica V4.0 8% H8E K .

MATHEMATICA V4.0

In[2] =4-mj: RE-2d (% B )
Out[2]=4n If{RelA ]bﬁ,#, J: e 224,
MR E R Y Re[A] > 00, B RN o/ A3, BN, Mathematica ToH: R
AR ATER dn| ¢ 7 2dr SERHILE R

423

=%, BATHE B TIA R “Wx” iﬁﬁﬁ*@bﬁﬁﬁﬁﬁ%éiﬁa AT &A%
SHRERARIEE, WX EER T8 [ =0, WETFER @ F.0 58T o] R A%
WA TN

d? d
_— 2:
A=V 1|:hj+ 1
HREER
A3 ol 2 d
3 * _n 3 Ar - Ar
| dawt w2 =] dret (5 rdr)e

AB

‘—4nj dr(r2A% - 27A )E—Mr
iy
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@) 2y

1
A3 2y 42
=417 4,1) A

AT LR Bl X BB RARE R R IEFRK, JIEFXF4EEE T Dim[ - ]S

¥ %w — ETPEE*EY? = B2 = °

T

:4A3[A3 r(3) I'(2) ]

Zh BT Y A B {E N

2 2
P _ . _A _ A
(2#>—Jd31? (r,.l)( ZF)’P'(I',A) Yy (8.2.12)
AN B Mathematica V4.0 i+ E R .
MATHEMATICA V4.0
1372
In[3]:=¢lr _,A _]:=-J:E“""(* ESCAIRT BB + )

e

m[4):=glr 4 _1:=Dlylr,al,1r,2]+=D0glr,2), (r,1]]
(+ BUBAMBHBNBOARIIHTAR *)

o

In[5]:= 41rju rPglr,Alglr,Aldr

Ja e _ [ 2”32 ™12
Out[51=4Vn 1¥* IfRe[A]>0, ———, A2 — + d
[5] P fIRe[ A] = j e r = = r]

Mathematica FiA 3, D psilr,lambdal, ir,n| JSHREA, LA » AEBI ¥ (r,A)
K on RKIF. BRREFEERY V(r)=a” WAEEN

. A’ o . AP I'(n+3)
3 _ N +2 —2ir _ N
Id 20 (r,A)V(r)¥(r,2) = “4ﬂﬂju e Ydr = 1r|:-ilv:rl:.::l (1)
B
_ * - P(ﬂ + 3)
(V(r))=jd3xT (r,A)V(r)¥(r,a) = 4ar’ (2173 (8.2.13)
BT EK

V=a®™ —- gk "—E
B EHE o« HEEHN

a —>» En+l
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WA HE(8.2.13) M Hth & EwRY, B
dA_ﬂ—""Eﬂ-l-lE_ﬂ = E
5 2Z X} i #) Mathematica V4.0 B384 R :

------------------------------------------------------------------------------------------------------------------------------------------------

MATHEMATICA V4.0

Iﬂ{ﬁ}: — J: rn+2E"21rdr( * ﬁﬁ.* )

Out[6]= If[Re[A ] >0&&Re[ n 1> - 3,27 "A > "Gamma[3+ n], J: e M2 dr]

------------------------------------------------------------------------------------------------------------------------------------------------

EET(8.2.12)M(8.2.13), | B RER TR N

A2 aIln+3)

ER) =202 )y |
FPFAE A >0 BE, X—REBRIGARRERE AR W LR E<EQ), @
KAME EA) B/ MEMAE S8 A B, IR A, U1 LUIR 2 5 s U X — B
BER,EHELAER. 2R, B TRAH
JE(A)
IA

(8.2.14)

=0

AE(8.2.14) K RF, 75
FE(A) A 'n+3)

P2 = ; — an (2271 =0
RFZ R/
1/(n+2)
Amin = [“"*‘I;iff 3)] (8.2.15)

Rx—ERRAEXRK(8.2.14), IR Gkt /5 I RE B A TE (B | R

1 ( { )m’(n+2}[aﬂr2(:+1+ 3) ]M’”mh + %) (8.2.16)

— E(A )= —
2\ p
Xt W B Mathematica V4. Oﬁﬁﬁﬁ%

MATHEMATICA V4 0

In[?] =E[A ] -—Azf'(ZJu)'l*aﬂ Gamma[n-l-?J]/(ZA)“ (* %}Lﬁﬁ
E(A) =)

In[8]:=Dle[A],A]
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(> X% A VERGr (B :DlelA], 1A, 11 ]3BF DlelA],21)): %)
1

Out[8]1=——2"'""and "' "Gammal[3 + n)
H

(% EITFER A * )|
In[9]: = Solve[A/p =271 ""an A" '™" Gamma[3+n]1==0,2]

Outf9]={{A=>(2 " "anp Gamma[3+n] )2+nH

In[10]: =e[(2 ' "anpy Gammal[3+a])V?*] (*3HHE E(A L) *)

2
(27" "any Gamma[3+ n])2+s

2p

Out[10] = +2"'_”a((2'1_”any6ﬂmma[3+

n])2+ﬂ)wnGamma[3+ n |

(* #3842 PowerExpand| expr | HIZHREHE AT AR EAERFRBIF . % U
Mathematica fijth B B¢ 5 B — TR, FE Wy ke F — &R, BP

Out[11]4, *)

In[11]: = PowerExpand[ % ]

(—4-3n) 2 2 2 (=2-2n) 2 L

Out[11]= 27 2+n a2+an2+npu 2+::Gamma[3+n]:+ﬂ+2 Stn altan 2+n

__n_ 2
p 2+aGammal3+ n]2+n

AR LR M Out[11 | A HENERE AR (8.2.16) B—EK., TH
TATR(8.2.16) 0 i T— Lo B Y (88 pR & T
Et#H Ba=—-aFfin=-11CA,7H

2

- 5

FUEH, ZFERANEATTHFEARTFESER, ISSE™BENN., B8R, X
Em%‘ﬁafr]f&ﬁ?ﬁﬁﬁl?ﬁ?ﬁﬁﬁﬁﬁ{’m ‘DR REEIRE . XF a=1H
=1 18§80, ﬁﬁﬂi{ﬁﬁﬁ E=-0.5, X—4bHE A Mathematica V4.0 ERA N

MATI—[EMATICA V4 0

-----------------------------------------------------------------------------------------------------------------------------------------------

In 13):=elA_,n_,a_,p _1:=A%/Qu)+ a2 Gammaln+3]/(22)"
(# B XTFER/IMEARE * )
In[14]: = FindMinimum({e[A,~1,-1,1], {1,0.5}]

(* A SE A=0.5 ARB A, KR/IME *)
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Out[14]= {-0.5,{x = 1.}]
(% XATLABR N A =1 87, 8BRB/ME E = —0.5%)

YT BEON B V(r)=ar, BITHE n=1fLAXEA(8.2.16),157]

3 5/3 -‘:12 173
Fome < Ewe = (3] (;)
BiX—E R X AR (B.2.0) B EGHkK, H
35!’3

E e < o5

true == 7473

HE 173 24,173
) = 2.4764(_) (8.2.17)
2 2

MESEERK EMR” E T8 Airy BB BT S4AH

4'.’12 1/3
Eiwe = 2.3381(—)
2p

HEB RS RREE R, AT IR BIFRATR G A RES ER E.. 5 BEMHEXHRZEER /D
Evar = E e
E e
B RN AR i €W T B E LT it S i RN R AR IERE R,
HPES RSB ARERER .

=6%

MATHEMATICAV4.0

In[15]:=elAd_,n_,a_,u _|:=4%/QRu)a/2 Gammal[n+3]/(21)"
(* ESRER pRBN * )
In[16]: =FindMinimum[e[A,1,1,1],1 1,0.5}]

(* IS8 A =0.5 G A, RB/ME, *)
Out[16]= {1.96556,{A — >1.14471}|

¥ n=a=1RALK(8.2.15).(8.2.16)F(8.2.17), AT LANT LA b 45 B 4T
R, B ITRERALEEREX, IR TFHATHE, 4 2.=1,R112
HLH BB E,.. = 2.3381a* Fl E,,, = 2.4764a%>, R |5 {& B) Mathematica [¥)
Show 1844 P MEE & E—&H#1T HEL,

MATHEMATICA V4.0

TE X R R
In[17]: =etruela ]:=2.3381 a*(2/3)
In[18]: =eupper[a_]:=2.4764 a*(2/3)
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In[19]: = plotl = Plot[ etrue[a] , {a,0,3} , AxesLabel — >{"a" ,"E"} , TextStyle — >
{FontSlant — > "Italic” ,FontSize— >14}] (* £#] E . .(plotl) *)
( * AxesLabel : T AR PRI E A ; TextStyle & LFRIFAFAHE RN, *)

E E

=t 3 Rad e
—_—  kJ e LA

A 8.2.2 KNP ESEREIMEE,. F8.2.3 AMHEENED LR
fER E.

In[20] : = plot2 = Plot[ eupper( a], {a,0,3}, AxesLabel — >1{"a","E" | , TextStyle — >
{FontSlant — > " Italic” , FontSize — >141 ] (%22 E,.(plot2) *)
In[21]: = Show|[ plot1, plot2 ] ( ¥ {plotl} 5 {plo2 | FFHLH| *)

E

—_ kL LA

K 8.2.4 SLMHESHEBAMEMES LR

5. BEy¥E &6t AR P M

E—/NEHE T RS RERAMEE RS, T EBA PRSIk m R
SRR ERR, X—REIERWFENBTLUSEIIR6], X ERITREKRFE—
MRS FA RS F —BRSRER, UFUR R K ME N — BTk, A
5, BERR AT (RRHEE) . X FES, BATEIEH SR T AL K5

AJ:’E
To(r,A) = —e ¥

Jr
X TS, Bl 1EH
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)= A2 e ( )
Y (r,A) = —(3—-2Ar)e ¥ §.2.18
‘ /3n ~

R ZSHIBE R ECRA 1 R, RATER A “RK" REULA R X — . F—¥
EEA DA, R AR R A — T, W0%X(8.2.18) i . H—MW
RASH) AR R RE R SRS AL R B E ERR

{?ﬂ ‘ ?1) =0
FATAT LAz A Mathematica V3.0 i85 REHER R K ERLH—H.

MATHEMATICA

[T I SE—

In[22]: =psi0[lambda _,r _]: = Sqrt[lambda3/Pi] Exp[ — lambda r]

(% & LS 58”7 sRE I, * )
In[23]: = psil[lambda _,r ]: = Sqrt[lambda-3/(3 Pi)] (3 — 2 lambda r) Exp
| —lambda r]

(* & XH WA DL " HRE ¥, * )
In[24]: =4 Pi Integrate[ r2 psi0[lambda,r]*2, {r,0, Infinity} ]
(* % v, E—H )

1

Out[24]: =4Pi E

In[25]: =4 Pi Integrate[r2 psill lambda,r]-2, |r,0, Infinity} ]

Out[25]: =4Pi 1

4 P;
In[26]: =4 Pi Integrate[ 12 psi0[ lambda,r] psil[lambda,r], {r,0, Infinity} ]
(*» BRI RY ¥, M ¥, HIERHE * )

Out[26]=4Pi 0
In[27]:= 4 Pi Integrate[ r2 psiO[lambda,r] a r psi0flambda,r], {r,0, Infinity} ]
(% LRHEFIAE Voo=(Yo|ar| W) *)

- . 3a
Outl27)= 4 Pi & lambda Pi

In[28]: =4 Pi Integrate[ r2 psi0[ lambda,r] a r psil{lambda,r], {r,0,Infinity} ]
(* RUBHEHTT Vo= Vio={(Tolar| ¥y) *)

Out[28]=4 Pf( - SSqr;ib]daa Pf)

In[29]: =4 Pi Integrate[ r2 psil[lambda,r] a r psil[lambda,r], {r,0, Infinity}]
(* RHELMBEE V= (¥i|ar| 1) *)
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. 5 a
Outl29]=4  Pi o= P

In[30]: = laplacepsiO[ lambda _,r _1: =D psiO[ lambda,r], {r,2} | +2/r

D[ psi0 lambda,r],r] ( * EXLESHH R ¥, BHEHHTE * )
In[31]; =laplacepsil| lambda ,r ];=D| psil[lambda,r], {r,2} ] +2/r

Dl psil[lambda,r],r] (* EXFE—BAE ¥ WRLERHE =)
In[32]: =4 Pi Integrate[ r2 psi0[ lambda, r]{ — laplacepsiO[ lambda,r] /(2 mu)),

2
11,0, Infinity] ] (% EHRETUSELE Too= Vol —%mm

lambda?
Out[32}=4 P; Y
In[33]: =4 Pi Integrate[ r2 psi0[lambda, r] ( — laplacepsil|lambda,r] /(2 mu)),
72
{r,0,Infinity| ] ( * SHBETHERETC To = Tio=(Po| _'_J ¥y) *)
B _ lambda®
Out(331=4 Pi ¢ Sqrt[3]muPi
In[34]: =4 Pi Integrate[ r2 psil[lambda,r] ( - laplacepsil[ lambda,r]/(2 mu)),
2
1,0, Infinity} ] ( * BHRETHAEME T, = (¥ ——# V) * )
7  lambda*
Out 34| = ;
34]=4 P 24 mu Pi

RIE FEMIEE X, A RE HR(8.2.7), {142 Mathematica iI5 5 , 7+
'Juﬁﬁﬁﬁﬁﬁﬁﬁitiﬁﬁﬂﬂiﬁﬁ

R TR Emm A EET EMm - TEEE T = = EWEWET——G FWEm—= == mm NT= == W W mmmmg WP e e g W mmmmmmmmm = m = memmm - e g EE NPT~ " EEWEE "= —EEEET= == g m EWe—= == mmEre— == by em—m———EE -

......................................................................................................................................

( * fERIERETT: * )
In[35]: =e00[lambda _,mu ,a_]:=lambda2/(2 mu)+ 3 a/(2 lambda)
In[36];: =ell[lambda ,mu ,a ]:=7 lamhda2/(6 mu) + 5 a/(2 lambda) -
In[37]: =elO[lambda _,mu_,a_]: =lambda2/(Sqrt[3Jmu) — Sqrt[3]a/(2 lambda)
In[38]: =ematrix[lambda ,mu ,a !:=1{eD0]lambda,mu,a],el0]lambda,mu,a]},
{e10[ lambda, mu,a],el1[ lambda, mu,a]}}
(» EXVUBE A, x Mo HEERMEEESITE, (A) *)
In[39]: =eeigen[lambda ,mu _,a _]: =FEigenvalues[ ematrix[ lambda,mu,a] ]
(* EXVSBE A, p Mo YATRAERREEE) *)
In[40]: = eeigen[ lambda,mu,a] ( * BTHESRAIEE *)
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Out[40] = {(5 % lambda4 * mu + 12 * a * lambda * mu~ — 2 * lambda * mu * Sqrt
[4 * lambda6 ] —6 * a* lambda*3 * mu+ 9 * 22 * mu2]) /(6 * lambda~2 * mu2),
(5 % lambda4 * mu+ 12 * a * lambda * mu™2 + 2 * lambda * mu * Sgrt[ 4 * lambda6
—6 % a* lambda” * mu+9 * a2 * mu2]) /(6 * lambda2 ¥ mu2) |

In[41]: =FullSimplify[ % ] ( * 4kfaj B3 *)

Out[41]={(5 * lambda3 + 12 * a* mu— 2 * Sqrt[ 4 * lambda"6 — 6 * a * lambda"3
*mu+9*a2*mu2])/(6*lambda * mu), (5 * lambda3 + 2% (6 ¥ a* mu+
Sqrt[ 4 * lambda6 — 6 * a * lambda3 * mu+9 * a2 * mu2]))/(6 * lambda * mu) |

In[42]: =eeigen[1,1/2,1]

(*7EA=1GeV.u=0.5GeV K a=1(GeV)* BT, FERMFAIMMBEE * )
(*TEA=1GeV,x=0.5GeV R a=1(GeV)* T, BERBAIEME E » )
Out[42]= {(11 — Sqrt[13])/3, (11 + Sqrt[13])/3|
In[43):=N[%] ( *Z{E4k Mathematica $§4 N[ expr] I3 K %A expr FIBUE * )
Out[43] = {2.46482, 4.86852]

B _EFCATR, RERAME(E R 53 LR34
E e (1S) =2.46482 GeV

E e (2S) =4.86852 GeV

FAHN K RAERE Y (8 Airy RBKSERTZRSAH)
En(1S) =2.33811 GeV

E . (2S) =4.08795 GeV

T ES(UISFER), RIS D FIRME E N HEHREE S
E ipper(1S) — E o (1S)
E...(18)
X—E R AT 28 H 1 6% X IREM G —28, haT LIE &, 3338 m R B K
KM R 1 X1 2R 2% 2), AT AR & EFRIEREREE ., N TFHE—HEE
(UL 2S ), B0 B BRIE E e AIARXT IR ZE K
Euﬁiﬂ(zs) — Etm(zs)
E e(29)
X—REEH R —&, RINATLLERAF2(8.2.8) 1 (8.2.9) ki i#rx — 4R,
XA RER BN AL Frik AaX 4 56 " % R ¥ b A BB B AAE (BB /ME
(HE MBS A FESHEIRRE TR LS L8 5 R B IE R
o FIE AFERBEHFERFEB.2.7)4 . XFX—FHMRTEAITTHES R L
BA(6]. FRIX—EE, FEHBNPEMRETES 1SHiHe, HAESAW REXR

= 35.4%

= 19.1%
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PRI (] R,

iz Fs/MEd R B/ MeAE R e B R R E;;E‘{]ZIEE{E E, , RATEEBLACH]
B RUERATER LR, {88 Mathematica $§4 Part[ expr,i] DHHE: B RKiA
expr 5% 1 FRTBUIHAR (8], SR RERE A AE (S B 45t RO PR 8 SR P SR BRLHE SR

MATHEMATICA

[n[44]: = e00eigen| lambda _]: = Part[ Eigenvalues| ematrix[ lambda,1/2,1]],1]

(* £ p£=0.5 GeV Ka=1 (GeV)* HKHET,EXLLA HBERERPE
SAME(E * )
In[45]: = e00eigen[ lambda]  ( * f#HTiHHESRERALEE * )
Out[45] = (6 * lambda + 5 * lambda*4 — lambda * Sqrt[9 — 12 * lambda-3 +

16 * lambda6]) /(3 * lambda2)
In[46] ; = FindMinimum[ % , {lambda,0.5} ]

(* F1S TEEMNB/MELL 1=0.5GeV FEIER) * )
(» BRTATH EEE % H Mathematica ¥§ 2 FindMinimum [ e00eigen [ lambda ],
{lambda, 0.5} 3R 18 IE B ) B¢/ ME , (H S PriE 1T B. /8 Mathematica T 8] 4 2B it
BAMEE HBUERE TR R S/ME . Bk, EERERS, RITEBH
AR AR o LI 2 R TR, * )
Out[46] = {2.4322, {lambda — >0.665633! |

@ X A S8/ MU BB G R A
E...(1S) = 2.43220 GeV
i = s
Amin = 0.665633 GeV
BR BRI LI/ T X HRZE
E ..(1S) - E .(1S)
E, ..(1S)
IR E A, B/MEE R — B SBES B ESEAEAARNESSEIE A+
Ao HIL, A XEE—BHAEIER. B
S ACHIR ACHIES
B, A G (B (R A HAE R (8. 2. 7)) N
det]_(“?,—(ﬂ,-) |H| ‘E(%)) - Eupper{ ‘R‘(Af)l q{;(-l;])' J =0

£ AR, BATRe Al 5 R R/, Skl — 2 IR B E 15 hE
2 PREREIE -

= 3.9%
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6. & R (Laguerre) EFR

METERTIE R AR, KR e R LR B P REEE—HEEN
“RER" R RITXEIA—HRFREMA LY, RS RIE" B RB A
fE. HiH#H—ESIAFNESTSE . THRBEERHANSE A REENHSER; AR
LR E S AR [ TR m B 5" B eRE ¢ 1 (x) , FLAH LA A 45 %3 (8]
TR K

Grom(x) = N1x 1" lexp(—A 1 x DLYQ2A 1 x 1Y, (2)  (8.2.19)

BRI — R ERZET S BEAE B 2A>0, X8, Y, (QBRES
AR Q MRAShEN 1, KRR m MBRIERY, HIEZXRAERN

| dav:, (@) Yin (2) = 6u8,m (8.2.20)

A (8.2 19 E X R ERLT— , MEWE TH—LHER N, EXNSE v i
BUE MBS y =21 +28, HkATi8

21428+1 4, )
b, tm (X) =\/r(2(fi)2ﬁ+ :; ¥ 1B lexp(— A | x ILEF (22 | x 1) Yy(Q)

BN IERRH—1LREH

| @ 204im ) i () = 848U O
RBR, EZZET— LRI X8 AN S8 p B FRE 28> — 1, BV EUE N
B>~ oo HETIHE, RITBELT A6 KEARE m, = m, = 16V, 4 S K

A=1GeV K 8= 1. TR —Bod B2 LUK AE T H8, AR e gt 31
0L V=ar, B a=1(GeV)?, XERITHEZDEERERN KB 4 x4 Hrid,
A T BARESHEIORB(FLES) . X—-THEESEEEN 1%, THE
# 7~ i& ] Mathematica & & ZHTITR R

o FESCHTEHUH “IHIR" BEeRE i, (x)

o HENHRINBEAT(SEET) KERETT;

o HRAZRALT r (FHET) BIRERETT;

- MERMBHEREEMR E; Q)RAIEE ER);

o HCBOA R B R/ B B RE B AR, PAB RN BB T A

MATHEMATICA

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

In[47]):=psix[k ,1 ,m ,r ] := Sqrt[2°(21+3) k! /Gamma[2 1+3+k]] rl
Exp[ —r] * LaguerreL[k,2 1+ 2,2 r] * SphericalHarmonicY[1, m, theta, phi]
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(* B SR E B PREL gy (x) %)
In[48]:=psi(k ,r_]:=psix[k,0,0,r]
(* A TRIMGHE S TIEO, ATEE” L BREBAE [=m=0 *)
In[49]: =delta[k _,r _]: =D[psilk,r], {r,2} ] +2/r D{psi[k,r], {r,1}]
(* ENXPENHERFERE [=0STE)EZLEM A (r) *)
In[50]): =intks[k ,s ,r ]:=psi[s,r] deltal k,r]
(* BT o (r)Ag(7) %)
In[51]: =kinen[k _,s_]: = —4 Pi Integrate[ r2 intks[ k,s,r], {r,0, Infinity} ]

(% BHREWAF T = - AWVEHETE|  drr?e,(r)(~ A (r)) G i FEBPTRLF R

BHA my = my = 1GeV, LI E . BWEET 1/2GeV) » )
In[52]: =potenlk _,s_]: =4 Pi Integrate[ 3 psi[s,r] psilk,r], {r,0, Infinity| ]

(» BRBH V() = r WEHETE| drrg, (1) rpu(r) +)
In{53]: =toten[ k _,s_]: =kinen[k,s] + poten[ k,s]

(» REERPEIT « )

(* PR Table 84 XM EHE M. HPEMHEIREM 0 FFiHHEH,
RIBEEEHN CSUERE, ME o =184 1} 1 EFS%E, )
In[54]: =totenmat[x _] : = Table[ toten[k,s], {k,0,x—1},{s,0,x—1}]
( * {51484 Eigenvalues| M ], & X ¥} eeigen[ x ], X—IESH B » ¥ » ByiERE
M BIAAE(E, IRBIXHE R = ¥ = BHEREX fifh. *)
In[55]: =eeigen[x _]: = Eigenvalues| totenmat[ x |

[n[56]: = eeigen[1] (% 1x1 RERMEFFAILE * )
Ourls6]= |2

[l 57, = eeigen[2] (% 2X2 RERSEI: K AIEAE * )

mt[57}=i%-{11—m), -%(rw@)

In[58]:= N[ %] (*BF N[ %] #4543 A% H# T EEAEHE ~ )
Out[ 58] = {2.46482 .4 . 84852} (* BUEALEESE HMASEER +)
In[59]; = eeigen[ 3] (*3X3 BEREEFERAMEE * )

Ouls91=|2, 5-7, 5+47]

In[60]:=N[% | (*i&8F N[ % J45< Xt b=kl kA TiE RUBUE TS * )
Out[60] = {2.35425,4.5,7.64575}  ( » BUEALHIRENE — B _WRSHER «)
(*@EH,—4 5X5 BEHENARIEERTEBITRALN . RODRAITEA R ~ )
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In[61]: =N[eeigen[5]] ( *REXFH 4 MEERSHREERITABIE * )

Out[61] = {2.34136,4.13334,5.72535,8.11424,15.519|

In[62): =Nleeigen[10]] ( * ¥ :10 X 10 RERIEFEAMEER) H B FER—E VAT * )

Out [62] = [2.33812, 4.08858, 5.53209, 6.83859, 8.14892, 9.91409, 12.195,
14.096,17.146,49.70261 ( » FEFAET 9 M2 B AESHEER * )

T2 8.2.1 H, FRATXFHES A SRR REHE S5 RERER /DR X R
1?T“""¢Hﬁﬂ Hf:ﬁ o

#£8.2.1 AERX/NERERENERFTEANREGLER

FERE R/ 1% 257
1% 1 6% —
2%2 5% 19%
3x3 0.7% 10%
5%5 0.1% 1%
10x 10 4x10"*% 2x107%%

AL, XA B R BRI EE ., TER LR, R ALE B
WEARS , AR TRER V=" 98K V (r), UEARTIEMXE p?2m
MBI RARRE A B, JATA LA — 7 R K@ E R B AR

RER A AEH AR, AL B & F HF RARXTIESIREE AV p? + m? MMERE MBI
B B—HE, T HET 4x4 NEERERM E BREESAITT AL, X—i5H
[ERNIGEES XA E T ES BN RHTEN . HE, RINTFEEICKAHES
HEABES R, NEFREEREERELTRY LR . E L <EQ),

B& AT P, BAHE T 2032 F Mathematica 15 5 Fil — £ F A< 4y 74 JF 71
ey (B HbAL PR A AR A, HF H T B A MM BESE R AA BB E., RI1E
RS IHARRIED R REMNBE RS, R, AT FAHEAHE B
Ui, REEEREEER, BIELHN FHREHTEEEENEIL. 5—F @, %
F/AARBEEMNS , — Ak EME RSB 4 B A0S R Y, R T R e 4
FEA T 2 B E) 15 R B

YER—A6F, TEHBLH c=0F E=5FMAT “BRE"HRHNW=4£EE,
DIE B T — P X fBBE R 288,

......................................................................................................................

N e e e e e e e - e s m e s ST ST TR AR NN AN TS BN E T E EE N NSNS E @SR & RS Sk S e om e m e e m = m e mm E RE R E T R W N N KW N M N EE N EEE B EES S ke e m m e —— m = e EE M EmEmEE EE

In[63]: =psix[k _,I _,m_,x_,y_]:= Sgrt[2°(2+3) k! /Gamma[2 1+3+k]]

Sartlx2 + y2]1 Exp[ — Sqrt[x2+y2]] LaguerreL[k,2 1+2,2 Sqrt[ x
2+y2]]
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(= R SIR" IR () AR ©,y WETEREL ¢ 1e (2, y) %)
In[64]: = Plot3D[ psix[0,0,0,x,v], |x, — 4,41, 1y, —4,4], TextStyle — >
i FontSlant — >"[talic” , FontSize — >121} ]
(% 22 k=1=m=0 10T “EE" BB & 1 (2, y) I =HERTE .
XA B PR A E RS . LA 8.2.5 )

Kl 8.2.5 k=1=m=00/"XE"FRE & . (x,v)

(% FE:XF 270, BREL Py, i (2, 3) FFARIT L FHEE N BAESR R
BRRR . A M IR R B R A R R R A AR R SRk, RIS U bR
PO AR5 R B & n, *)

In[65]: =Plot3D[ psix[5,0,0,x,v], {x, — 4,4}, |y, — 4,4}, TextStyle — >
{ FontSlant — > "Italic” , FontSize — >12/} ]

I 8.2.6 £=5H [=m=0 K" SE" KR g o (x,y)
(228 =5 H l=m=0 888" R ¥ G i (2, VI =HEE ., WHE
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8.2.6. *)

8.3 KREEE SRS R

[EANETET 400, FER BB R AR, R EF T SIS EER T B E

15 0 BATELUKAG AT . SRS Tl Bk FR AT A AR AR

TXEMEL, X TAHERNGRENERE(V(r),r=I1rl, P r IHESHEXT A

R RRARENEES R, RNCEE SN FTHHNTTHES . EEARBAKT

(h=c=1), HESEHERTEYN LIEL KRS BHERAER, B IRMABDT
B(ZRAK(8.1.15)]

L4 (P R)-evin-0+ B k=0 63.0)

TADX T ETIAZE

RHJ(F’) _ }rﬂ,i‘( ?'}

MR — 1 H B R v, (7)) HE

2
[_'21;(_ aa—rj + I(ET,-IE- 1))+ V(T)]yn.i(f) = Eﬂ,ﬂ"n,ﬁ(r} (8*3*2)
HY MESFETFEN o HEASHEBBR TRy 1(1=0,1,2,),E, [ HREEX
fEE, n=0,1,2, tBFEFXTR RS BBAE € (0,00 ) K [a) By AL, XLy
R BRI NEREES. EENEHENEEESFBHNSHEEHR v, (1)
MM EFMTIA—L& 4

j: drly., (r)]? =1 (8.3.3)

A RATHE B —4 Mathématica BFE (R FE F), ©REA K -HEE
(Runge-Kutta) 775 ( WL 3% C) X BR 3T FF A 3 sR F A BY 1Y B 8 18 7 B AUESR
#%. BT Mathematica R4t F B FFEKRET HiFTE M BB TEYL, B,
*H Mathematica P KT 7 B2 R A FORTRAN B FHFEE S/ HE AT
8], {E5—TH,7E Fortran R4t N EB40 H ER R HH X4 8 4418, BB £ FORTRAN &
4 P TFEEFN R RS EEEERE—HmiF—aITRFNIE., Filk, &
3T & P A A 92 PR BB [0 9 BB , Mathematica REEE L FORTRAN RS HE, 7
Mathematica R4t T & P R¥L, HHESERMTT, D RS HEE T EMEREEEL.

BERRE AR (8.3.2) I RHRALSRIBH R B R, 7
(8.3.2) A LAE AH F{EAL B

Yo i(r) = [ Veg(r) = e dyn i (r) (8.3.4)
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BB T HEE: Vg () =2,V () + LD sns b s A A e

2
XK e, ;=2uE, ;o

ATHREEREEE A TR, LB V(ADELRBENTFEE. AV (rH)E
BAEN AETFFARE (N V() EK -1/ BWEFRMEN) . MO HFR(8.3.4)8T
H— AR ER AT U THRAERLH  y(F)ecA 1 [1+0(r)]. B, RIH
— AR BREL v (7 )TE »—0 B BIBFITIE K

E{ﬂ-}'(r) — r{+1

IH— A3 (8.3.3) BRI BRBAE r—>ocofif, y(r)—0. HIlk, FREBAMEME
E BRX RIS R y M EREHME . F AR G.8.)PENH ¢ HEHEKESS
6, BT — R T MR, FE L R FRTE r—> ool , R v(r)—>0 4489 € 8.
BAIA K — A B 7E R A M v N IEME, B y(0 +) =0, 4347718 215 I iR
W oy(r) BT AT .

(1) X+F R/ e, Vag— € _@.ﬁf’gﬂz;ﬂ% r—'mﬂﬂL,y(F)—'+ S

(2) e (HIEK, y(r)FE r—>ooBf 1) A BT FE DL 249855

(3) e (EMREEH A, 7E r WHREREBEN Vy—c BHAE, MRXANPTEE
RBXR, MAAEE ¢ BOENMER, 18 r—>o0,y(r)—=0(WE 8.3.1), XEtE
BATHESE MENKBRRRAESRERRE, HHE,

F:ﬂ' nY

H8.3.1 AHF Vu5SHESHEER y(»)WEESREE

(4) e HBEWK, y(r)BESAEFXLEER OME, HERA r—>obt, y(r)—
_ mﬂ{]ﬁiﬁﬁﬁa

(5) BE—EHK e X FREANMFEN e EH, y(r)BWRE: Y r>ooff, y(r)—
0- ,ME—FmPRSEEAME E, ,TTLIBBE Tk,

AERNE AR RRBER AL T A (8.3.4) B R AT
o MARBEBERSATR, MMNEBRERABEN—& r=06 Fif, ERIIR
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1t

y(8) =81

y'(8) =(1 +1)¢ (8.3.5)
B, RITFEEIFEE—IT2HAEN S r, EBNEER > ry , RIE V(#) >
€u 1 e r g BRI Va(r) =e, MEXr H. 5=, RINBFTEEXN TR
r>rqg,signly’ (r)]=sign[ y(r)]. XBHERKREONIE (FA)ERE, HiZ
SMOMFEE. B TEER r>>rg,y(rs) >0 8 3 (75) >0, MEIRE
y(r)—=>+ o (Xf r—>00 )0 y(r) <0 y (r5) <O, WMEKRE y(r)—>— (X}
r—o0 ), BARTEX BIFMES T B e LI Ik,

AR IR AESFE LGB AMEEEICTE . B BUE 3 R & A
AHETHEESRE . At T LaERESERBEN R (n=0),MXHE » &
WESERBNNEn A (n=1,2,), NTHREN—IFEHEH
A, INEER ¢ BAE— V0L e KRB TR EL M ER Ey. B{ERD R
A e A% -1 3E (Runge-Kutta) i (SE % O W r =8 HIRFE 2, MM R &
HRANR(B.3.3), MERAEREHE(E, + Ey) /2, BaodBPETLRED
XE(EL,Eg)RMENT AW »n, FEEERPSBEPELYHRE EL M EG W
H. MR E 5S5EBEAY, c AL TERLMERAMEEEEEN —11

o MATE(EL, E)BEERAME, s xR R EES (S B R F
FHIREF) o

BLfE, B A4 4B 1) 52 i Mathematica 2 FF 3k 35 Hl | o oK g B A8,
Schroedinger. m Ml W A EBE 7, £~ BOKH SBE R B A B H R/
H, ETEETR , BFSR/MEN E—MFK A DRE—1T EF . 58,3
TR kR, ISR PG R0 B, R RAME T UL LARIr e R A d . X TR A
) BERER Y X R/ ME Al UG BT B m . BN, X T —SEBRXT R I 2 0R
B V(r)=r, €N, HEBHWR/MEFET

o [f(f + 1):|ls'(k+2]
Ry
XS A s F R B, R MENIT HEUE T Rt . X—TAERH xwmill #2
RERGFEHNFREFEEFHIRATEFR I B THERIOEZK L, EF R
FERRB/MERE R weit LRI F0HPME wrar . Fb 1, h RIEFF schroe B
SERPERER, SBEAA xwmill B, weit HER 0.5, xrat {HFF R 200X
PIAME TS S ME R B AR L i R 558, (BB AT LAEE R P BUR schroe FRNLLE
). Schroedinger.m BF FRHAKE 4 i E-EE HE. N TEXAMFE C
AR(CHMERS AR, K4 Ra-EEEBEBIRAMR C AKX
(C.12), M TFRFFEIMS IRV, (r)=[Vaulr) —e, v, (r), WPEHA
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¥h.2' = flx,y,2),y =2,v(a)=yp,z(a) =y (a) =z BITBUER -

7EM#R Schroedinger.m LA , BF B RG HM AT E LS TRE L., &
B EHPTRIE '

¥ A : schroedinger.m

80 0 < SR A B 07 1

B BeRE v _ (B, R [ _]:=12)

$i A :schroe[ 0,20,2,1,0.01,1,1]

bR B 53 B R A ;

BERAIE(H ¢ FIRIEE, FEASRRERBAL FRBUE(=0);

REEAEE ¢« ERIEEy EEFRERAN T HRBIE(=20);

VR n=REBREE(=2);

ASHRE T I =HEHERS(=1);

oK h TEAPRRER AL FRYPUE(=0.01);

R my, m, EABRERESEM THBE(m, =m=1).

it REE AR H7E R FERE B B0 T RYEUH , 5555

E =13.,L =1, N = 2,

Integration stePs =5 89, h=0.01, del =0.001, el =0, eu =20,
Largest x, upper integration limit, XMAX =5.881,
Smallest x, lower integration limit, XMIN = del =0.001,
The not normalized reduced wave function is yschr|x].
The normalizationfactor is given by:
1/NIntegrate|yschr[x]"2, {x,del,xmax}]

N BERBEERN— DM BEESE RS, WREFEE, A0 DS HEKRB—4k
W B R y(B TP FRA yachn) B » (B PHN o) B E ., HERUT .
BATBFER] LA Mathematica WP REGHRENERT<1/r>,

Input : HIntegrate[l/r yschr([r]*2, {xr, del, xmax}] /
Nintegrate[yschrir]"2, {r, del, xmax}]
Output : 0.625982

% 8.3.1 M8.3.2 55 T M ERTHMECH T, K h MR K del
AETIETTRBINGIR . RAS, WA BE y(0)BIREF, Ty (0) L
=0 WISAARE, XS TP ERIRE, SRR THR R E UK
BT R TR . AT LR, A 41 Mathematica BIF R ML T —/15 T
BAFREXE MR SR R BB R T H A TR
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HEBEF

#*8.3.1

BiERTFE V(r) =r TREREEE, ERANHR.ERHNRE

(KRB BEH my=my=1GeV,h =0.01(GeV) ™', E  =0GeV 1 Ey=20GeV, HERMIREEN
E,;=(4n+20+3)GeV; it HEMREUUR G TRNBETRTEORES » #9XKE.)

B 8.3.2 ZHBeRE y(EPHN yachr) i r (AFHRN ) EHKIHE

0.2}

0.1

n ! E,. /GeV (W/r)/GeV (1) AGeVY?E [w(0)]2/GeV  [0'(0) P /(GeV)?
0 0 2.999997 1.1284 1.9977 0.0000 2.2567
1 0 7.000003 0.9403 1.9966 0.0000 3.3851
2 0 10.999999 0.8369 1.9958 0.0000 4.2314
0 1 4.999995 0.7523 0.6667 0.0000 0.0000
1 1 9.000001 0.6770 0.6667 0.0000 0.0000
2 1 12.999997 0.6260 0.6667 0.0000 0.0000
0 2 7.000003 0.6018 0.4000 0.0000 0.0000
I 2 10.999999 0.5588 0.4000 0.0000 0.0000
2 2 15.000005 0.5266 0.4000 0.0000 0.0000

yachr BT VT — AL R 3

0.3

%£8.3.2 ELH vir)=1/r TRISERAEME, 3R EFR SR 18,28 F0
2P S AR ESEAFTK h HEMTHER
(BA SHo=h/N10iABE. ZENSEEEN m=m;=1GeV,h=0.01(GeV) !, EL= —1GeV #l

Ey= +1GeV, MUHERGERERSAHSH.)

RE 1S 28 2P

hA(GeV) ™! 0.1 0.05 0.1 0.05 0.1 0.05

— E,.;/GeV 0.249973 0.249996 0.062496 0.062496 0.062504  0.062504
(0.25) (0.0625) (0.0625)

(1/r) /GeV 0.4999 0.4999 0.1250 0.1250 0.1250 0.1250
(0.5) (0.125) (0.125)

(1772 /(GeV)? 0.4947 0.4974 0.06185 0.06221 0.02082 0.02082
(0.5) (0.0625) (0.02083)

[ (0)2/(GeV)®  0.4897 0.4949 0.06123 0.06190 2,108 4,1077
(0.5) (0.0625) (0)
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3 &

(1) BEARER TR ERTFE . T, SRR RENE - BELEE, FiHeE
THE Z BERER.

(2) BHARER TR EEFE L, n T, 85T 0, o 755 REE 0 1 o REILR =4
&

(3) RAIEF SR (Numerov) (S RH R C)  RE—TEFRBHTH—EEEE T EN
BACHA T ERAMEE R, 2B FHESBNE BTN (RIEFRTRA a.u.,
Bl m.=e=h=c=1)

V(I}:'IIGI* 0< <5 )
50, HoAl

4) WERBAFSHEENREN —SSHET S rBERBERENETFE. 20w

L O
Vigy=| Vo lxl<e
0, Hifh

(5) iR H Schroedinger. m BFHE V(r) =7 HEREFEFBRHES SRR ESHNERE.HS

AR o oR B E Rk T .

2% XK

1 Gerd Baumann. Mathematica in Theoretical Pliysics. TELOS Publicaticns, 1996

2 M Abramowitz and I A Stegun. Handbook of Mathematical Functions. New York: Dover, 1964

3 Han Liang, W Lucha, Ma Wengan and F F Schoeberl. Bounds on Schroedinger Energies. HEP-
HY-PUB 69098, UWThPh-1998-29, hep-ph/9807300

4 S Wolfram. The Mathematica Book, Fourth Edition. Cambridge: Cambridge Unioversity Press,
1999

5 A Weinstein and W Stenger. Methods of intermediate Problems for Eigenvalues-Theory and Rami-
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6 D Flamm and F Schoeberl. Introduction to the Quark Model of Elementary Particles. New York:
Gordon and Breach, 1982 |
7 M Reed and B Simon. Methods of Moderm Mathematical Physics I'V: Analysis of Operators. New
York: Academic Press, 1978, Sections XIII.1 and XIII. 2
8 M Abramowitz and I A Stegun. Handbook of Mathematical Functions. New York: Dover, 1964
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EAE MHETMBETTERHNBEM

WAETRE T ERITBIENN - EETEZ — ERAMIEHTEN L
{5 ABRIZE A, BERLA S K # 42 T 4R B S/ AT 8, T L B A A A 3 4
P RA TR 2 Rz BN W TME (neural network) J K B A B i)
AbR BT Z EREH R E MG, EX T AATHE TGS, ERANEITH
PLEFZERBAE 23T AR AR BT B o R R 2R & Rk . BEMEE
TETHHE DL BT A5 b ARt , B 508 3 S0 2L 4 T BB ST R 4 o A 2R Br i A%
FIANLHZITMERRERILE, 29 KIHEVN AN EEPF M. HE Mg
Bl R RMM T SR T it 282 AREHE LGB Bl BB 5.
BREARLEEFE VHESFFHOER, K5k, METMEER DR PR
NARBRER KW ER. DB BEIE N F), KRE GE Y HE 10 3 B EdE A
HYORRERTOENN. ERPFFMERNYIERIRS, v 68 24 KR T3 R
N8 % R F ARl i et o R ME, BT, R AR A TN AT E
REBE T R F RS BIFARC R BB MERM LS L Fm 2,

9.1 MZEITMLELE

RILUR , AMITAAZE B C KM E55 898 B — BRE 1o B FdE LUEE A
AMIAEHAE LR ME LR FRRNEREIMHFREZTHG . SRREE
I RAE ARt 200 ) B A 45 1 S L Bt O B 58 L3RR 77 Rtk
&, (B RAIAABRZ b #5 K SL T WM B BUB 5518 . AT KB AR R B 77
EFZEEM . A, 4 REATATLAR, AT ETEMMENNERRRERE S
A T2 T %, BATA IR TR L R R 2 A 400 A I K i 4 8 AN A 5
ERHEE . NEWFERRGRE , S0 EITH S M BEAR R I 5 & a9, (B

KEMEITTTHEANHETNENRSET ARERERMFEEZSENITH, &1
AT B LT LA A T

1. B RE

EARBIKIE T, HETTRMERFEMWBHIESFIT, KIFATEAM, E£
B A AR AR RPN R TR (L 9.1.1) . R RIEZESHE AN,
AMENEZIE S SEARIREPRR, B3 5IEM ST X SN . M
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Zug W shet, WE g s — AR R R ES . HETRME LRSS
TSNV BB TR EME . EARMRBPAE 10" HETUR R E ZRH
T A R B 2T 4%

R

N o

i
E9.1.1 WEmRAGEH

ZARKBEGHHE R, EALHETMNE T RITEREMZTEMETTME
R ERTEE T, E—-REZ IR ARN—
M, AT — A BUs A B Y AR St

Wt F9.1.2 B— A EMME T, TR » - —
hH— M EE B HAM—RE, N EE g
RA “BEF” WA % REEKEHNHET, g

BAEMA RS HOMABIRARS S o,y I
A TR ¢ i R S (R L )
TOAR i =1), MRITATE L —MRggy 912 WETER

RET
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E = —E Z (yi(p)— A;(p))? (9.1.1)
Hrp, A XS a0t E%{Ea ﬁﬁ]ﬁﬁl%ﬁﬁfﬁ:‘b
1, X{ESEA

A=lo,  xARHM (9.1.2)

K2 ik KRR GETH R R IR D M 48 B0 A, Al i % "R T
MEFEEPRSE, FERRERE E WER/D. XERITA LI B HHFE HX
ARE DSBS ERE N F I ML r R

2. Mg HARA

BN 22 0 HBESE 57 i — LU 18] B A9 DO RE , X B RO M 2 U R R RO A 2 T R 4%
ARER ERIRHFES GCIZMBLERGES . FriEMSHNEWRERREFHEITE
HER R O — N PEB B . XA B o 2 (B R R A E R R/
RS G535 , AT R A SRR, B 9.1.3 B—THExMR5S

WRBRRE T, B o AMABRREA, b HERBZENR L, v NV HE W
o

WAE R = Wiz

B 9.1.3 WETMELH
EEMATTHTEZORMAGSHERN Dz, MAGER B2 TTH A T2

BIFTRLA B AR R, RITE LA — ISR R REOR R XFI R R, HF 18

Hl— v, RERMNEHEAZRIRBEESHXERANT REHHIE,
144

= 3wz + 1, (9.1.3)
k
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. q='giﬂj§ﬁﬂ§ﬁ?,fj %mﬁa ﬂ“ﬁﬁﬁgﬁgﬁﬂifﬁ%ﬂﬁ
hjzg(ﬂ_j} (9.14)

ERFR g FREOE R, BOE KRBT LA 2R R B R H0E R, 8 # U
TR M4t R

(1) B{EAFIE RS
1, X =0
glx)= 0. %< (9.1.5)
XRERBEBRERHNAN—FMEHEIGF{ERE, KEERE 9.1.4(a)
(2) STEZH ¥R R%L
glx)= ! (9.1.6)

1+ e—r:"T
AR9.1.6)FH T HRESH, IRWMAMEHE SEMERIRR, HiFTER
BB T # 2 TCRA LM R 28 e T R GUA “[R48” MM " oAt K
FIEA XA SRR T R G, W LR R F 1R =, B 7 A5 5 /DAY RS
&, = AR RS B RYEA G SRR JUNEB A BRI, Hi ks
SEREFHORECE 5 | REMMER AR NS N . S ERBAE PRy SR

X EATF/MESHB A FmAREARX, &4 TRESHERKR. HEELE
9.1.4(b),

(3) X IE VI R AL

glx)=tanh(x/T) (9.1.7)
Hi, T HBESH .. ARERESECESUE R EREH AT AR, 75 W) W 45 /)
EgITHh. 4 T EPAsE, A3R09.1.7) PHIREIT MR T BB IT . W
BIEY) R E S EYFEF AR R EYHZCE PR, ErEIE R B
9.1.4(c).

X = b RS R ESE R0, LKA, XA AT LIE R T — Bl
WA LR ERNAERERTEMEMUM . SRMAETR R LK AR A
FRBEIFHERE . X EARNFME— R4

KE 9.1.3 i ARRREENE HK X R (9.1.3)F(9.1.4),
TATAT LR B i R R 2 Bl th B R B &K

G; = D, wghy + (9.1.8)

E

y; = gla;) (9.1.9)
RKMAR(9.1.3)M(9.1.4), w, IWEE T, 2, NRE, ¢ JEIERE. FATC
RN SRS . RERIMTEHE R e CrEEREE(9.1.1),
FrE IR 45 2 Br ERR SR w (@) ¢ (2) B, B RERE E BUR/ME,
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T E&w(w)M ¢ () WIERHE R %, B A 88 F — R 4R A 69 7 3 33k
w(w )M ¢ (F)BE,

g(X.) g(X)
[ T

08 08F

06 XYy

04

02|

(a)
g(X)

P 9.1.4 ME5TREREE

3. W B89 %

VIGR3CPR LMY HFE IR, RARE B G T AR, 77 A4 th A AT R i
YERIRTRYE T BBt HE R IERARMIRY ST B M, I BB R —
BHERGr. RAMARBITANIGRIEEBEEBNEANETE —ARAN, 25
FIRE ENETMEREESH —ARMFEMNE AN TR, NEWBEME
X R R P IS BUEHTRR, RN A — AR BN, MR —
THHERRERE, WEMEEERE - MIAXRE (2,) SHEWEFEER
(ADBEXTH R PIE—EIRA IR, ﬂllijﬁi—”’“ﬁfﬁﬁfﬁﬁﬁ?ﬁﬁ‘lﬁ@ﬂllﬁfﬁ
Bilan , XA SRAT LI anF 4 BT

(1) MYISREHI 5 P B — iﬂﬂ'l%ﬂ,ﬁiﬁ)\%ﬁ(n)ﬂfjhﬁ:éﬁﬂﬁﬁi)\;
(2) HERE L RE(y,);
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B) IHERMEMmERE (y) SIGENFHBRER(A)EBHFE[RLAR
(9.1.1)]:

(4) B AH b R R TR 2B —EZ, W 72 87 ] T8 8 R 4E b AT
HEMREZRAK9.1.3)];

(5) MEpETE - PEHAERE LEHA) - @) F, HEFEMIgGE
M2 ARK9.1.1) KB,

R dBEER ERREEHEBEEB-P)RIIGEE, ER—ITUBEIISEEZE
MEMENE Y. EXFBES, F— U6 7E W 4% b 253 B &8,
F—REEAERITE B A R RERE R, R BG4 — 1R, 18
Bl — R AT R R R 2R R R R 8 R T, WK
HEFIFE—FEZENIE, FATEXENNEENRERTEEBY,

9.2 EREYH SRR IC 2% D FH B

E R BV SCIR R, BRI 2300 B iR i Wy BAE B ok A A e 2 R OB T 7
RFRZENDHEFZRKOEE, FHL HEPFRBEEEFIR, HELd — 5%
B, MW B T YEERKE, YWY Z A TEE 3 38R Bta X L9
HAR BN B E/ T, R RS TR, R BT, Xt IRAT AT L
BT — T TR S, B R B A Z FIBGHEUZ A R0 s 205 v 3540 ) 0 B P 15 4 2
ARABAERE , TS HE RE W, XRER M2 TP 44 AT Bk Sk 2 3t
ESFBIFE

THENTHEXFWE 9.1.3 iAl), RAARAR—REZ—MLE=EEHEY
$ih 22 JC P 455K FL R A1 A& 9 ik (B-PO X M 4 AT 5, 1 58, IRATR RS> = R ¥
FAERSHRFINEESEON —AYETRME () [EMHAKE, BN, HE
B BEEAE A E SO, TR AR B FUE AR, X EEEBHNESS
PIFEAER S F 0l R SR g, S B & M A B, PR e I M 4%
B A o B0, XA BIAE w (@) MBE ¢ (7)7EF — X6 N FEOL R L 1,
—HETER R -0.1,0.1]. RfF, RAVROTHERRIFIREII O RAEME, Fi2
Z R EIR/ME, HEKIIGDIREAR T (B WIH5])

(1) 724 tH = BURBUR Z 6], 01T @, B STEE B 588 BE 7 ) A8 4k, FRATT L 24

A
A, = - p2E
o " 0w, (9.2.1)
aE ; X l' . L [
sa = 2 (= Adg @Dk = 288 (@) h;
L P

Wy p
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dg
FRPELT 8=y, —A;,g'(a;)= a; ).j MAR(9.2.1) 8] L5 3
ﬁﬁj; - 1}2 31'5;({‘1",-);1';; (9.2,2)
P
B XRANAN(9.2.2)HENAZK
Awy; =— 52,0 (a;)h; + abwd (9.2.3)

FEAR(9.2.3) R AR AL TH — T, 5B % T SRS T3 A, & —Ti0
Esh B, Aw™H E—BIESBBIRE, - Fy% TR, FRER 7, RAE

P
(2) HREERIMARNIHESRIES (1) B0 Xeth T
ok _ E E@g (@)W (a;)z, = 2313 (aj)azx  (9.2.5)

31_1.!*}

(XEBRITEXT & = Eb‘g (a;)w;;o) A7(9.2. 5)'3(9 AHRE RS

Jlﬁu.Eﬁuﬂiﬂa’i{m%ﬁéﬁliﬁ)\%ﬂﬂﬁﬁﬂnm#&mﬂﬁ(g*2*3)111(9.2.4),H%
FXPPN AP H 6, B8, kA

TEYI Zhp — B o 7E(0.2,0.8]3EE W, ¥ R E » B EBUEZE X 8]
[0.001,0.5]; p ZEFFEEUNGRaT UK — 2o {H , BEE TG IR U B AY E 0, » BUE 2 #T0
/o BIRTER PRV ER — M55 HHIM— AR B FIER ML A , A
P AU E OB {H ; SEBR R, R ML B Aw (AT )T At (A7) KB7EE 5—10
W(p=1,2,,SHI0)MAEEF —XERHREEIT . MBENGHPHHEER
ERBE HAREAPAEEEFESHY, REAEGFESHN, XIEAREHRNLSE
Aoy EREZHNYHER . —BGFEILTBJLE HIKER,

Rieg— BN LA , IF A I E MR AR E &€ T RAFHHE . XM
BT RBENRE T, ERII—-1TRENBARREEE - TMRERNR T,
B AT — B — A R FHNZ PSS HTRE, RS R SIS Rit
frHat . B TFUIZGRMERIBIRME T AR, U EIIgG 3B PR RNRE M H
VAR A RMERON , YN SRFEAS 25 B 45 SRR U FESC IR R FH AP B iF — 88, Lund K2
A1 7225 (C. Peterson) 2 fif % JBR) JETNET,JETSET7.2 £ B F G LT
RIERHEFREEDPS MR TFEELRN . YRHRE MR mE,
FHRERHEEN 0.5 B, RS A FBERAEE A LIRS 85% , XU
DR ALK 2% , A A B HREIR 3] 65% o

2 0 M A& R E R BT EIPE AR R AR B B Jn R H 8 TCE i B 2 T M 45
R an ] AR, BT B4 o0 BB R A 22 ) BEE AR B L [RlAsdE . FTilg2E
TR R T LURESNSA S A S B 5 R HIBT TR, X £ H T R4 HE
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S = REE VL& i Bk, T O 4% BBl A I SR VS 4R TR € B B AT . FTIRHE
AR M A2TMEENSE, RA —ENEHET . BERHBGEDEEME
B EAZHEARMARELD B R KRB EITT M4 R R SRIE M Z R FrigHhix
Tk R M2 M 2% BA RIS A AR B E AR IRThAE . X IE/R B T W& T
M E R AN ERE R BENE, AR ALY R MITNENAEZE
B R FrE, e P B R EANER R R

2 XXM

1 P Wasserman. Neural Computing: Theory and Practice. New York: van Nostrand Reinhold, 1989
2 L. Loennblad et al. Nucl Phys, 1991, B349.675

3 L Bellantoni et al. Using Neural Network with Jet Shape to Identify B Jets in e + e— Interactions.
CERN-PPE/91-80

4 1.3 Collahoration, Badeva et al. Nucl Instr And Meth. 1990, A289.35
5 9, a5 . MAEYIHE 5P, 1994, Vol. 18:769



£+E BHEITEMHFHTEE
10.1 51 F

PP R SR B AL A B B BRI DG, XEFE A IRR
YEffLALEE, H Al K BB Y BEERBNREH TIHERB KM AGEHEAEILEH
HEM LR, flan ‘i1 QCD MEFHBIEITH %, £ Emi 30 4F
B, AL TRV FIEARMRELE, RARAETS EITEVLAOMHEEE
MR AR REES. — T ETEINEEREEAHFA RS 5—HFE
HEVA TSN BEARH T . 5K, RITET S LEEEB R E AL TE
PERERU AT BB i B i &+ & BB AL AR . 28, HRTR9THEILBORTS
R A REH R YR ITHERNRE.

R RETT B VLRSI B i X, — MEIA IS B3 A R R AT AL
A LU B SRR T E L. Rk, BRI B ALRE— TR B R RE {4 (3K
I WA FMFEENESHE, “SHE"MIrEREMEBRARAN RN EN . ik
THARFZTBARXBHER ZCHE SN BARTT B, A8 U7 0] 3 B f1 N 56
REFASE R, BB ARG EN ITREED SR, U REVIHES.

R EILED &R SR, B R P o A A A A A il
FMRL. RRALFERR A BIE RES A A RS (O FERA  BRFRE TEL
ML) KR, EXRRNSW P, 85— B Ab ¥ 50 B &0 2 8 i 3 ge 4b
i, P I 40 F 2% A O 45 R ] 8 O I B T 2 S8 LR A PR E . BT B IRYLE TR
AT REZ R B OCH B , AT EVLAE B B 23 T PR, — R iZ R 1 -
FEMI, A T7TEEBX WM, AMTIRETHEM AT R S WAHEXEK
HREARBB AN, —NEIF1TEIE (parallelism) , 7 — MR FLK B AR (pipelin-
ing) o EFr L, XWANTRVERS HITHE X IFTRBESR MR —F R OUXE E B
WIFHAT, B TR LT B, 75— EE R et 6], B2 | EHATHHATIHEN. H
T ENLB R —HaF , 525 HudE il Br A b 38 28 Be 5 B AT AR R AE B 7 R 23 (8] |
BT, XN R ER R FES £ 20 B4R RKEREM .

FKRBEARERT Tk Bhfb A= P RRKERERE., E4E>RAKEL L,
— MR ER B LS, HATUKEN T —BSE S — M ERI 5 8
WKL L FBF ™ o T AR & TR, BEXBE, KLERK
— M BEF ¢t HBBEA—RINFEF 1,60, b, TH— B FAES 1, AL
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ar PR, R R FALST ¢, BERT LASZ BP TR A6, - DL RIAF A BE A T . KR
ANt b 2 17 B B U R B M R BB AE A BRGR A BE D, T =4 T [RIB 3K
S FIL(BEFREREIFERNTFR2TF AR REH), 370, %
KEBARR—IMEZHHTHEA, Bl S LEERITEILN TIES BRI 28
N A

MBS, AN ER s RN ER 28 %2 B A eRE
AR B o 18 BRI SR T A4 DR R ok M 3 I K 2R R A, U R 3E R IR ATH B
Bh—, (B, ZXEEN , 1w B A MBI LRI THBEREMNASARN
VI B L RO ZHIPLEA

H T RERITAILE SRTRES R A BT HE AR, B e 5# T8 %
MFKEEAREEEVINERR . FEBILREE DM S/ H A7 a0
WIBEE EAR 0 ERFEHAMERRAEEA, MAEREN TR, DELIT
RYBETAEN BRI RVAS I 2EMN TR,

10. 2 FHATIFAEYLAHITE S

FATHTREILR B 2 A0 38 48 48 AR (7E X S 4b FR 28 2 (8] 38 W] LA A B 38 i1 A B
1), IR AR M T E A MBI B R ELR L. T ENNEZ
MM TRITIHEIMEN . $THENRE AR TR, I F Tt 8
Fr AL, AR RIBUF B T BAE R ERAR , B2 20 2 70 4F4L
FHIR LR, ZESEFIEIVFRNERIET . ZHERMMNFCIHZBHITH
RE 1 8 B ARG .

AT RSN B R AT £ &4, A B 2N BRI E . Tt
BULRHITIHENEE, B4, MHAERRFTHER? RITBESAHEWE
BB, TR AT DU s S B, BV 8 48 Y B 18] P 52 BUHH IR B+ i
BB FORRANEITTAMIEEE MRS, $ =, FERTEIR T EEE—
75 T S22 Py EE | S i BR AR A R A BR L 55— T L B R S R R
BN T T2 BRE R RG] BB LR /N, HIERA ek m R
%o B=,HTIHEMNRARBRARM, BT AT E X ERRITEES . L
B2 R EASREA TR, SRR EHTERNBEAENE
W, Flan, 7E8 Y S BB G~ AR T P, X B8Ryl 4 e i s
Bl B BH SRS HAE G A 7= A B IR, BN B TR ARE .

EERPAEZSMHEBIIITHRENES . EH TR REAERENARATT, it
BHXEFPIARTS LN . RAKLRLFREXEHFFTERRKR — H
PSRRI T B AR AT B R G M E — M S 40 B — R X BEBIE M

-
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—4y, i, BRI EE—NEEF 105 MEHEBOAHMEHFTIHE RS S, &
10° ANERCT RN i R EH . BATATLUE RE AR 10° N EoT, BRI EH ™
HRY10° N

HENE - HREHEVLEE T SISD(single instruction single data stream

computers) H3E S BB FITENERTENL, EM4H RA — 1A B4, R a]
PAAb R — A PRI . LR T T B A B A TR SR U S Bl A LY
BAEFH .
AT ANE XA SRR RGN S RBEH , NS E BB IINEE
HEILRGEHAEBMNGFERAE SN TTRERES . BATAT LRE— 173t
BHLEEB RN ITHIE S SABEE R 24, B4 ZERNG W RT3
# . SIMD( single instruction multiple data stream computers) B4 ZHE R I+H
#L; MIMD(multiple instruction multiple data stream computers) 2§84 2 8 IE R T
BAl. B/2HE 4180 AT UARIBAE B AL B AT 846 S 58, /BB s 1Y
R E VLR ] 2B A — SR B N EBEE R . SIMD #1 MIMD & R& #3471t
B +oEE.

SIMD HEHLRA 2L B AR 8% 4B 5, Bl i B2 H B OTORER DR & .
XA~ i BT ) B A AL B AR R A R BIIRATTE &, BE S B A AL B A8 X i A AN TR
BAR W THRIERIE. FIa7E SIMD H1THHEN EERANREZH

X=X+1

BUFRINEE 8 4 3 8 X WFTA TR FIRE 1 B984E. TTLUE 7 SIMD
HA AL LA RE A H#AT B (B MR, © R4 ] LALIR & 69 4 28 3 BF
HE L FXMER

MIMD i+ 8 HLEA 7] LA R 8T B & 48 2, AR BER T H#E. 6
n, MBAMMTER A=B* C+D+E+F/G, 0 LA AR (B * C), Ik
(D+ E)MExE:(F/G)HEAZ S MIMD A VLR B # 4 B3R #THE

FEIEEROBETAERF P, KB4 TR EEREEE R &R RE.
SIMD £y E A FAb B 26l A 8. BECAEREEMMAL T, SIMD R R 4514
FAL 3 28 7T AT LU Lt MIMD HEVLR BT A AL B8 B . B2 MIMD i+ &l
B B bR AL T R R GV, AT LUREZ A PP BL, X 7E SIMD i+ &8l L2
AR EEAY .

1 BB E A AT F AR HHEVL AT L4 28 : SPMD(single program mul-
tiple data stream computers) B F £ 548 H 3£ 47 E LA MPMD (multiple pro-
gram multiple data stream computers) ZBF EHRAFFITIHEI . XFHHE
BIAT AR AR 2 T RRF . SPMD HAT1HH RV —R R B 2R e T Lak
AbFERREHI L ; T MPMD FHATHHFRE VLA TR DL EAL B 2 R 2 A R 8, 484 T
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AR, BT 5T TEHRAN, B e DR EFE Z45 A R M EF RS MP-
MD FHATHH L LT, 8 X R iE — Bt SR A EE 5. 3% SPMD #
MPMD HATiHEVNR TN TR EME R SHHE A B TR RN ERE R
KAR

HATH RV AT A BN S AR R o il e A A A =N
MERAEHHHITHAE. EAARXEEPENLEBACECHWRENE, R
FAAEA O] AT, S A0 PR A8 BT LU oF 18 0 448 B4R S (i, 5418
B NFAEBREIE) . WX ERINTATUBEGERN FHARXNEFITHEINE
ZEM. EXMITEV EREHTEREREEBNEFELBEEEW, iR
NG, iR AL B A AR RE 088 i el IR 4R D Rl 3L = 3 AR (R BT e Td T
V15 o) B fF4n s AL B 2R AU B S 2R ph AR A 28 0000 ) . (U R B sb bt 25 ]
HEL T , AZXNTFEHEINANGEEETHE. BRI HEXNETEN
WIS SR PP A TIB BURAE 248 5 10 , (BR80T H L N FE VT I i R,
HERSMEHASEDFIN S, Bl fEH A, DG RNGFRERE R
BB S BRYRGEFESHEY, EIINBELSE R, BARIFNT B
o XN FRBEESS IUMESOT BV THTEILT/ES EC 2%, X
BT HEN EBEFS TR AN mEA . A, BaTRTHOVLEEH
5 (cluster computing) X F4 RO R EAFER L,

HFTREREAEHITEA T —MEEHRNTE T SR, HaXE
ARG EFE . REBHITHEESFHRNDE, TSR =% OB EHTE
. EMMERTREESABRKNITERABRELNTERF. Q4B EHFE
. EFMERITREFABR/IITREANREMNTERRF, OPREHiTEE.
EUE N REFNOMITERFORKEEHNENSNEFRLRNE R
B, EEHFITHRRER/ DN, MBERETFEAEZHNHTH. . REBFEITH 1T
5, (BB 1B 5 TR B AR B S 1 I, X R S B A R R . BRI, BRI
M ER GEIRE TR RS TE S S B EE YRR, UEEARE
MEMITE,

REHTIHEREEIF R LUK  BE TR MIERE T E ., Lk
EPEZEF TR EBETB OSSR TERERET S, ]l itaP
SR ER ERSFIFBUEHFEERD . SChadkn, TERBE TEN T BE
LB LA B 25 WA T 38 i o I b

RBEHITHEHABRRIMEKBART LIS N OREHTEE., ZEEEE T
— 2 R YRR i B 8000 B9 20 4R R 5 P & SR T R 4 b 16 R
QREHTHEE. EHITHERMTEERZ BBA KB, EARE  EREFR,
ENRETE IR AR B E F5F SES & 1k, XF SIDM 3471 H L —

el g




214 - HEBHEF

BUE & AR FATR L, T MIMD H7tBAUNE & AR 2 H TR

10. 3 HF 17 4 &

SHERERR, T TR, RAEFANEREHTHTRE. R
i, Wit — TR HITEEFR I —HE N, EHRIT I R BEE R, 8%
R B UE L 1Y 0 iy o111t 2R

{E 55 % 41 (partitioning) o ZK T BOG A8 830 Th RE 70 8 iR — 25/ A T BT
%, ER B MRBE SRR FTIGHNZ.

8 {5 (communication) 7387 o 1 1£ 45 R 73 7 4 B9 & AT 55 — AR ER A BB 57 56
%, Al GBS B 5 AL 55 I il R e B BUE A b R - U E 5 3T T, SB1R A Hr
AT LUK 7E 4 95 R0 43 B B R 4 ) B

%544 & (agglomeration) . ¥ BB P BEZE SR A1 32 3L 1 48 4 20 2 22 R 5 1~ B BE Y
LER L ERA] DO — 5N S S BUE KB RS PATSEM R E (E
vini:

Sb PR AE BRI (mapping) . X RRITHERERE ., EREWE—MEESE D)
PR~ ALBERS E BT, B RRERIME 2 R AT R A R A, B A Ak AL F
AR,

ERIRER A PCAM i3, BAX BXIEMERR—#$— 51T
A, (HR LR R LAF S —FF5 B, BN EE R, B ERFE K5
BRI T, (B SEBR b 3RAT o 8 S i i ad 2 B S A A

B AT EE NI T aRiE B RA PRl , — R 2338 317 (data parallel ) BERY (2 #)
PIE AT SIMD H78L) , A —Fh B1H B 1% 1% (message passing) BB (HPEE R
TEHEN) . WM FLEFEER pHEEERS , HR T8N HE A R
M PR AREE R . BB TR R R RER I LR, AR R 8, (H R 1T
UE R TR HATRE; E B AR REENMRER SRS RR, B EEFE Z
F o7 65 B

BAEHTHE RS HRMERERBERTFARRBEE, B AEE R TE
SIMD 8 L E L3, AT AIFE SPMD HA7iH BVl Lz 17T, XS TRE Kb,
SIMD B#FEEF XIS RPN EIF T, SPMD BF EEHF X FREF &
B AT . AEmI RO i B TR R (R ) SE R th IR A BB AT AT LA
HEMBR—KEREMTETRNE, FEAITREENRE—FEFEKX L
BRR, CREAEREE - TRt E, —BXFIE R AIE S A SRt
TIATHIE Lo X TERfEE , SEBIBEE TR R, R E R P38 BT 43
FrERE LA BOFITEMEXT . B, XT FHEARZ R #3155
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A =B+ C(aiHmREFTR)

FRATLASEEE B #IC A MR T EMMEE RS A, HEEHAITHRE
KRB EY, EATEREE XL IHFTYLR N XHZBREHET TN
T8, M TFAEBAE I T MBS PR R, an 58 oo 3 A B 317 A0 O 2ok ke, —
LB R RCR, B OAR S RE , R 2 XERAHMIE RN HITRIE . %
EHITHEENEEN FEMERELHABRNRIF. AT BRI RFR, BB
HABRFRATUEXERNFRSAANFRHF TN LEREREHRGTRE. ETH
M GRiEaR , el IR E TR AR, REHTBF R T,

HEFEREENEAES N HTIITH s ZEEREE, ME AR, HET
LIRS B REESHPHESE. HEEE—BREMN G RNFEHFTIHE
LA i (B RBR IEH FRERXAFAFITHENL. HEEE hHmEE R
TERENERFEMERIFITHRE, — 8 AR TE MR R HATH 585
URAHSFRmMEREDRLH, HEFBmERR L BIEHFITHRERERER
& AR AAMHEEREFE, IMTMERF BB EEIT. HEHEBRFER
2O HEAN, BT HERAFECHENL. B TRAHEBARREEET ESH
BRERERD AHBESRBENAR, A O FEREEN TEREM, HaE
RIR A B K. BAXH R ERRNEREGHEAEMN BMFEREN, EIMEE
XA A A, B K AT R IR R R B A E T REE R

HTEFRFEELHITIBES RRTE, HMEFSHNEA =X OiFit
2FHITIET OV BERPITIES WGENS, B EXFIHTRHE QB
EERETEYHITE, FARERITIES . BRIEHANREOHMOMAM AR,
BERNREEQOR, IHMTESHRETRE, HTESWHARBEL ,HREE
FRHERFHT ZEZESTSAEZEL/L. ¥ FORTRAN #Hl CEFHY TR &
ERAHTES=ENDE. I MPI #E FORTRAN Ml CIBES S A RFEIHR
a2l

8k XMk

1 BRE R AR ENRIT S 447 U R F8HF HiRit, 2002
2 M. RAERBH R ZHTREEARA—MPI HiTEF R



W =

iR A DURER

5518 P — A B A e FE e I (Bayes) . G MK BFERE S
KT EBEAEWT : MRE - BEYL A, TR e R A ;B B
AFBEHUI;AFRMBEAHIN, B AHAKEREY P(A);B HEAKBEE RN
PB;A M B#MEHBHEZE B P(AB);BHEMEMHT, A HBAMWBENR
P(A|B) WA

P(A,B)=P(AIB)P(B)=P(B|A)P(A) (A.1)
ERENHER, ELHTHRERENRRN. AX(A. DA
P(B|A)=P(AIB)P(B)/P(A) (A.2)

RABTENR " 2 8 BRI b i) T BT E AT E AR EfE— T H . BRER
B HEERE f(2]10), MEKHHR  Worfh, WREELBERT 0
B {8 A B B eR B, BARFRATT R LA BN A DU 3y s 2

P(0|t)=P(2|0)P(8)/P(t) (A.3)
AR(A ) PR RLFE R R > M EFERE L d0 5L dz,

ik B —&H F 9 H % &M HEF

TEX ERATH R — 2o R oA 9 B ik, (B T el
FRAIBATE T

1. " 5%
I 5 % B e B — e A
f(x)= :

a
I'(n )I

I B EE R n/a, FERN n/a®. M n=1KFFEERE, RS BB

o3 7 5 B R A

nleter 23>0,  a>0, a>0 (B.1)

flx)=ae ™ (B.2)
D BT EST =1, n>1 F0<a<l =FENR. HiHiefe, RITAK
—MEHEHLBE a =1, X o1 BER T B, RHHBE o =1 688 T 2 HHhEE
EEELLa BPE] . X n=1 &0, a4 AR (B.2) FTr s 8 h. BUMEEER
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p=—Iné. X 0<n<1BHEOR,RASFEE. HE,RINFD R

‘ Iu—l
P(ﬂ) ) O'E‘.""...Iﬂl

glx)=y (B.3)

*P(H)l x>1
A flz) AL RE. T HERR

| = Iﬂ_l! 0‘-':;.._.1:%1
etn

h(x) =+ (B.4)
EiﬂnE_I, I:"”l

A5 g(x) BIE LR FER R GEP e HARY) , K REBE T, X,
RAVEBIHHL RN -

(1) B vi=1+n/e,
(2) P2HAEL0,1]IX B 250410 B P IS DHBEVLER 61,6, 8 v = v 610
(3) IR 0, <1, B 7= v'"; MR RE &<le =, MK ¢ JHE(E; TN
BEI(2),
(4) WE 0,>1,8 9= —In[(v; —v)/n s IRWRE &<z"" 1, MEZZ 5
R B R (2)
T n>1 FEN, BATRAMLAR
e 1 (n—l)"_le_{“"”
'(n) I'(n). (z-(n-1))?
1+
2n —1

n>1 (B.5)

BFENT LT
(1) Bb=n-1,A=n+bFMs=VA,

(2) P=A[0, 1] KBS AREILE &, 3 & ¢ = stan(x(&; ~-12)) A
7}‘=b+f+::-

(3) In# <0, E(2).,
(4) P=H[0, 11X [ 35 A B thBEMLEL &, , InR w5 2

Ez%e.xp( bln(f) —:+1n(1+§)) (B.6)
W B Z wFEE 7, BNIBRE(2) .
2. ¥: oA

ﬁu% T14""" 9y Ty ﬁﬂ“ﬁﬂ +N(#iia%)!(£:11"‘?H)Eﬁﬁjﬁﬁﬁﬁﬁgﬂj—
HAEERAFE, B 5 2K A
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n T o— pA
x = ; (2 a;zl) (B.7)
WRE n BHER Y (n)2 . 2 HHEEERN—BERR
—_ 1 ﬂ«‘?—le-:e‘? T
1= S >0 (B.8)

Y2 (n) AR EMER n, TER 2n, WEFTEN

7= E x3 (B.9)
H, x, 20, x, HARELESOHE n NS HIREE
AR S n MBEET, 9= - 2In(£,.8,-¢,0) , 5 n HEFTEET,

n= —2[1'1(45152"'5(“— 1}#"'2) + yzrﬁtj y ﬁﬁ&mﬁﬂaﬁ.Mﬁgﬁr& j’EI[ﬂ,I]IZfETIiﬁJ
145 M Sr R PR BE AL

3. ok
B 4V H B R A — DR
flo)=— -V, << (B.10)

MRFTTEN TRE N 1 ABEPLE &, BRI 47 E#THES , FOWF fn
R

&8 << Ny

) LAk AR Ay
N=ENsi (B.11)
4. ZRXH5H
IR R R —RIE A
H! ¥ n=r
f(r)=r! (ﬂ_r)!p(l—p) (B.12)

H,r=0,1,2, B, 0<p<<1l, TG EHER np, FEH
np(1—p) AR n HWE/N, AR I SHEE »=0,-, n B9BHT AN
TR ERSPHEI:

(1) Bl r=0# m=0,

(2) A0, 1 X EE M OhBEHLE &, IR 6<p ¥ r=>r+ 1,

(3) ¥ m=>m+ 1,108 m<an,BEFQ2),FURE r,

ZHEBBE n BN, FrRE T B YL 2R I,
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5. ARG

EEE MG HGER T n—>0, p—=>0,np = p BF, KT BRI, X
KA p B, WS ER oM, IR AEREE RN —BERX N

.l"

plr)=—e™#, r=0 FBE, >0 (B.13)

ERE [ —TRTEYR “ﬂﬂ BYERN d B OXYRPRTHFHIEHER A,
XBREN p=dA), 5YRPLFHMER . BBEFER . =4[0,1]REHS
SrA KA FEPLERFS 61,65, - SRR EAER

k+1

HE}E"‘}HE (B.14)

i=0

B ke {H. Bk 2 (HAE A —RHEHEE, = £ %Tﬁﬂﬂﬁ?ﬁﬁa RATE &6=15
M EHA A AR T E N INT =2,
(1) MesiefE »=0,A=1,
(2) A0, 1K EH5 ARV 6, B A AS IR A<le #, MBS
r AR, IFER (1),
(3) % r=>r+1,;REFI(2),

6. t 47 (student’s distribution)
WER x My, -, 2, BRIVFEESSAHMEMSE, T

S S B.15
t T H: ;-ZI:I’ ( )

W RECH » BHER t 2%, ERNSHEE /BN —BE RN

r ntl el
2oy
v P(j) [1+5)

t BHKTEEN] -0, +oo],n WA—FERERER. WT n=23 0K t 07, B

RIEER O, HEHR n/(n—-2) X D06 ¢« H AT LRI T BT~
E— T HEIESOHOMAEE « I—NMEBI(a=k2,a = 1) HEEE v,

B
_ . |2k
1=z, (B.17)

MERRHXREBEER LB 2.
MR k=1,t 53R E Breit-Wigner 437

f(e)= (B.16)
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fy=+1 (B.18)

]+ 2

EXFFREOLT R E R A I T HhAe B IR =40, 1] X (81353 43 4 9 75 4
T 7 Ok R LA 1,8, m=286-1 H =28 -1, R 7?1 + T;‘z*-{-ql WHL ¢ =
m’ e, 750 =] B i B 'R

L ETE 3 PR |
B4 A ) — B R A S B FUAF (Watt) i Rk R
f(E)=cexp —f 'sinhv' BE,  E w<E<E,., (B.19)
H,0<E<©,A=0.965MeV,B=2.29(MeV) !, c HIT—LEH . RITEX
K=1+(AB8), L=T(K+/K!-1), M=K-1+/K?-1

HELL0, 1] X B 515040 P B SLEEVLER & #1 &, TR X P BEVLEOH 2 0 T
A%

— BLIné,=[ M (1 —In&,) +In&, )? (B.20)

WEKBER A E = - Llné&, . MNULHEFRNFR BN 2 5347 R (B. 19) BB B bR (E
3.

PSR C KNS 7 EREAT &

1. BRI 4K &
RFE—NER D TR FIG R
%:f(:c,y) !

(C.1)

y(x=z¢) =y
£ x BN a,b | LUK h=0x R4 B—FRFTFXE, T AICH 20=a
Lx1< 2 L2y <Zpp+1 = b, LMBTE— B 2 JAAE R (C. )RS, 83

ﬂ+h - by
y(x ; y(x )=f(:c,,,yﬂ)

Ly, BREV R x, b y(z,) WIELUE, FARA LR, W53

Ynt1=Yn T hf(-rn *.}'u)
XA U B RR AL L ) A

yﬂ+11yn+hf(rﬁ,y,,)}

T, =xot nh

(C.2)
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H yo & 38 P EREAT R S I, BAT AR y1u v, 0 300 MEEBIRTFAR
A5, RRRA IR E RRE O(h2). FILRITHEEE —MME., KR
SR RAET X 1A, FTTR A RS, P BE R R . B = SO, i
TRURBON , R 2 WA . {FJRBOFh ik HA 2, 70 R A I Ja] AR A K, 4
R SRR AT LA |

RAVR B ARHABE], R LURSIE 192 R AL R (C. 1) P ABLET, Brt Al
Lhiee

}'n+1=yn+hf(1u+n}*n+1} (C.3)
B3y, BELE, KRS v, BE, SRR — 12X TF v, B E(C.3), AT
FRix— 2 AR, MR (C.2)MES AR ERM,

IR, &5 RO ZEARER(CORRE, 53

Vn+1= Yn—-1T2hf(zy,3,) (C.4)
X AR 3,4 AT RAMIERITN v, My, WE. EXFRXR S AP
%, METE B PIR T BB, BRSBTS BIE 5, BHIEHR
(C.OMC. A EA N _E.

2. Wy kAo A R

FEE LU R BRALTE B — KB R . o T BB R B , — 1 Ik RS AT 2
i (C.2) MBE M ZE A (C.3) MBAR T, BIE

Jﬂu:yn+%[f(a:n,yn)+f(.rn+1,yﬂ+1)] (C.5)

X PNRRBIEAE X, AT LIGER E RO B 0 — B, RN B30, X Fh B4 X
PSR AT LRGSR AR, B

W =y hf (2, 5) )

+ h
yEI*"'ll}:yﬂ+E[f(*rﬂ?.}'n)+f(In+1!}'E;k-l?1)] 4 (C-'ﬁ)

=0,1,2, )
iz LT FE A, 7778 1 (AR A HE B 24 AR A DU R PR, T A AR

BB B G TBALF o WH R RAETT R BB A Bl R ok, 8D Rk AR
—K

h ~
Vnt+1 = Vn +E[f(=xn !.yr:) +f(*rn+1!j"ﬂ+l):|

R(C.DFHRB—-NAFHRIBIRAX, HRELARIRE 5, .1 B9 — BRI
By o1, RIGHH 3, RAR(C.T) FHE R — R IE AR A, 23 B

5’u+1 = Vn T hf(-rn!yn)
(C.7)
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FITEREFHBRENE v,.410 BRIFEMAHBERIBRPIES T & ZMT
YA SRR A et B BR LR A

THEMAABRKE-FEEE. RINEREEX(C.7),HTLEEXRERN
Ya+1= ¥ T h(Riky+ Riki)}

le1 zf(I,, !.}'ﬂ)
ky=f(x,+ah,y, + bhky)
BT RESVREFELPHSE R,Ry,a,b,FHITHRHEREFRTERNIFE

BELBRTE y(x,) =y, BRET, 58 y(z,4+1) — v, 1 NIRZEMRATER . ik, %
k, fEEEIBTT

k2= f(Iﬂ'yu) + ah

(C.8)

af If l( 9 i)z
3I+bhkla‘}'+2 ﬂha,r-l_bhklay f+

af

= f(Zn,3n) + ah
A

+ bhf(Zy s v,) 3—f+ O(h?)
dy
AT A
3 3
Ynt1= Yn T+ thf(In :.}'.-t) + hREf(Ir: :.}'n) + hz[ﬂRE ?; + bRZf(IH:J'n) ;j]"' D(ha)

, 3 2
= yn t h(Ry + Ry)y', + hz(ﬂRz 3_}: + bR,y a_f)+ O(h?)

x y
T

h?
}'(Iu+1)=.}'ﬂ+hy’n+?y”n+0(h3)
HTHE y(x,41) — yu e 1 REFHR O(R3), ML FIER
R,+R>=1, aR>=bR,=1/72
HEMNMBM R, =R,=12,a=b=18,8E3 TR(C.8); MERIIE R, =0,
Ry=1,a=b=1/2 ,Ji85 _Friv EsE-EE AKX
Yn+1= 3, T hks |
k1= f(xn,30) } (C.9)
ky=f(x, +h/2,y,+ hky/2)

%fﬂﬂ?ﬁ%ﬂlﬂﬁﬁﬂiﬁ% .}’(In+1) R O(hq)ﬂiﬁ?ﬁﬁ-ﬁﬁﬁiﬁ
y,,+1=yﬂ+%(k1 tdky +ky)

kl:‘f(-rn!}'n) > (Cl{})
ko= f(x,+h/2,y,+ hk1/2)
k3=f(1'n +h1j’n _hkl'kzhkz};
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miEHEYHE SR SRERNERR OR)BENREZH M A FEE AR
}'n+1=yu+'2(k|+2kz"‘2k3+k4} |

klzf(-rﬂi.}'n)
h

h
kz=f(rn+5,yn+5k1} - (C.11)

k3=f{-rﬂ+%1.}'n+_g-k2)
f(.IZ +h yﬂ+hk3}
%’%ﬂﬂ‘]ﬁ#‘IuE E&?Eﬁif?’f“-itg P IR LAk, ﬁ{ﬂ_IuE'FERﬁ B

G x|

.}':':fi(*rﬂyhyh'"!ymy
vi{xo) = yio - (C.12)
1=0,1,2,,m

B ek FEE AR N
h
Vin+1=Yint E(kf,l +2k; yt 2k, 3t ki y)

k:‘,] :fE(IH :J«'m:.}':m“‘:}'mﬂ)
h h h h
ki,zzﬁ(lﬂ +E!J’lu + Ekll!yzﬂ + ?kil:"'i.}’m +Ekm1) . (C13)

h h h h
ki,J:f:'{In-l-_2_#.}'1n+_2'k121.}"2n+_2_k22:'”:.}'mﬂ +Ekm2)

Ri 4= filx,t h,yi, t hkia, van t hko3, " Youu T hRpa)

Beja L SRR MRS T RN 2 EEE, St HRA R 8. Bak
We-PER AR I —Fr LR BB RLECOR M I 8 2, URERDERUEE , R
FYATFE BAERNER . E—FMFOLT MR E AL U8 2 FI KDL , HE
BEEERMEFE, HEHTFROERE R WEEHR, T EESROERSE, B
UL B i 3807 15 I AR R R B ) SEBR R LR E . A—EE RN —E
HOR BE AR A T IR 5

3. Sturm-Liouville # 4~ 7 A2 L K 7 iE—— 47 & % £ (Numerov ) 3%

VI E P 2 EE RS HEE T LUEZ B Sturm-Liouville [A] 8, 40 #)

iE#8 (Legendre) H#2, N 2 /R (Bessel) F B S # & TiXxFE A, Sturm-Liouville i
BENA

Lé¢=gq (C.14)
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Hrp, L=-A(pA) + £, RATATAS it 778 (C. 14) ¥ —4E 8l E A
[p(2)u’(2)] +q(x)ulz)=5(x) (C.15)

HP, Y s(2)=0f ¢g(x)= - r(z2) +Aw(x) (A HFHFREAMEE) B, ERIY

MAEEBRRNEN. FR(C.ASREF O )BEHREN =SB AR

Cn+1lUn+11 Cpo1Un-1= Coiy + d, (C.16)
H
Cns1 = 24P, + 12hp’, + 2h%q, + 62 p", — 4h*(p"0 ) /p, + B3P,
+20°q = K> P 30a/ bn — BP0 0/ Py |
.= 48p, — 20h%q, — 8h2 (0 ) /p, + 12h%p" + 2h*p’ 0 /D, — 2R,
Cn-1= 24P, — 12hp’, + 2h%q, + 6R%p", — 4R*(9'0)*/p, — K*p7, - 2h%¢,
+ B3P 4qn/ Pn + 7P 0/ P
d,= 24h®s, + 2h*s", - 2R*p 5",/ p, (C.17)
TE p(x) =1 B HER T, ERARTT AR R

Cp+1= 1+ h—z(l + q, — 1
n+l — 12 2 qﬂ‘l']_ dr 2 qﬂ']

5h*( 1 4 1
€= 2~ 6 |10 T 5%~ g%

Cn-17 12 2 T+l T 2 Tn-1

hl
d,= ‘1—2(5,,+1 + 10s, + sﬂ_l) (C.18)

YRR, N BAERNHRAIEN R E - SRS R T —
ESiV
HHSERERTE p(2) =1 HHERT , M FR(C.15)R — i 18
BB w(x) R |
2
u{“(.r)=$[mq(.x;m(.xm(m (C.19)
B FEAFRBRBEA=RETAR, FER(CA)HMFFERNT, K EH H
AR (C.16) , MFEFRBERAEW ¢, v 1,c0rc, 1 d, H
h? 5h?

Cn+l— 1+ EqﬁH—li Cp = 2 - ?QH
h? h?
1= 1+ -1 d, = E(sm + 105, + 5,-1) (C.20)

HTE LT ENEFTRERB=AZ5 0, BTG SERE RN L
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HERA OhY), BEMFE—A R, B L#RKRM Sturm-Liouville 77 # B 77 i
HCR U e k8- PEIR SRR Bl S RS AR .

RD =MERREASIHIENR

HE = A REEES ¢, = || Nodedy,(a = i.j.m) B XRB=ABHH

W= R () M E A RS E 5.2 %, e
Nix,y)=(a,+ bax + cy) 2A

N(x,y)=(a; + bz + c;y) 124 (D.1)
Np(x,y) =(a, + bpx + c,y) 24
ai = Tm = Tod;
bi = ¥ = ¥m } (D.2)
C; = Ty — X

HRM a;,0;.¢; Bam, by, c, WATLIHARX(D.2)E TR 1,7, m BT8R
2. FEAR(D. 1)%&7(1,y)IFI]ﬁ@J(N,,N,)IFEEﬂfEﬁn BT
Ni(z:y:) =1, Nij(z;,») =0
N;(z;,y;) = 0, Ni(z;,y) =1
Ni(zpm,ym) =0, Ni(xp,ym) =0 (D.3)
A (x, y)FEEEDBUR 7,5, m 2128 (N;,N;)FE L8 R(1,0),00,1)H
(0,0), HAR(D. 1), B2 AR TE TR

IN; IN.
dr dy 1 |6« 1
dN;dN; = dxdy= dxrdy=-—dxd D.4
iTlaN, aN, |V T aatly, o |7 28 (D.4)
dr dy
HH
Iz
A= \1 z 3 |=— (b~ be) (D.5)
1 x, .
FrLA, i85
1- N
r—ﬂNdIdy—ZﬂﬂNdeN—Zﬁj NdNJ dN——(Dﬁ}

0

KA, TEBE] a =, m BRI 1, = || N,dedy R, EHRITE
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A .
t, = HNadIdy =3 (a =1,7,m) (D.7)
A EARMEE, ATUEER GXEARESH)
rm=HN§Mdy=%, (a = i,j,m) (D.8)
. =HNﬂﬁdxdy=1£2, (a,b=i,j,mastb) (D.9)
A o
tﬂbﬁ' zﬂ‘NaNbNngdy="6_01 (ﬂrbgf = Igfpmiﬂ#l‘f?#f")([)*lo)

B3R E Mathematica BRI HIFS

MR IRAES h— 2 A RBMNTE 2R E L . 3KFR E7E Mathe-
matica 4L °] H B R B HE S RAHF 1200 1~ BEH 7 LASFH Mathematica F
it BRE TENNE Mathematica RS “7?7 BRBEIE LA, BRI ERR P X B
BIE LRI

B, EMNEH —-SEEBETHIANEENHES.

lhs=rhs HHHAARRBN, FHRERBAL LD RSB, AXBHEZED K
HAEAANAKNRBEXAE, WH hs 1 rhs BEFE, B {1, 12,---] = {r],
12,1 A i B4 RHAES X R 1o

lhs — > rhs T lhs FH AL rhs BIFLI

expr /. rules 1& F—/MELI Y E — PR £ e AEFR A expr E—1 T84
R,

lhs : = rhs ¥ rhs FIFRIRE lhs HWIER{E, B) rhs RERKRITEBMIER, B
K= lhs HBLET, Ths EPRFHE rhs BT B A RITRE .

lhs : > rhs AU ths B rhs BIFN , T rhs #3552 7 B FHZHL ) B A
HAT

lhs = = rhs N lhs Fl rhs #[E], W& B] True.

expr //. rules A #aEATHLN) A A He, B expr PAREAR L.

AppendTols, elem] ®ITE s ;BMF] elem F,

Apply[f,expr] BE f @@ expr { YERT expr. #)30: Apply[ Plus,2,3] 8945 R
H So

ArcSin[z] 5 ER = BRIEZIE.

ArcTan[z] HHER z WRIEVME. ArcTan[x,y] H¥ », y BE¥, M4 H
y/x W IEY],

Begin[ “context” ] FFiE— 1~ +F T 3.
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BeginPackage[ “context” ] FFiE— A, -

Bessell[n,x] AHBIFHE R NE/RBH I1,(2),

Bessel] [n,z] 43 H & —RA D ZEI/RBEL T, (=),

BesselK[n,x] £ B IERSE —RIa) N /KRB K, (=),

Bessel Y[ n,x] &35 —RIf) I /R Y, (2).

Block[ {x,y, |, expr] FiERFF expr E LIEZER |x,y, | T3,

Cli] B7EM Dsolve sRIFMSF H B P4 055 | NS

Chopl expr] 7EEEUEM T B F MR E R/ T 107 P,

Circle _4EEJE%XI, Circlel {x,y},r]liz, vI RHELL, LL r HE2HEE.
Circle[ {x,yl, [rx,ryt JEAM 2, y} ABL, BA{r,, vyt A ERMEBEE . Circle
[ix,yl,r, {thetal ,theta2| JBA{ =, y | KB, B » SRR A2 09BN .

Clear[ symboll , symbol2, -+ ] & symboli BI{EFIE X,

ClearAll[ symboll ,symbol2, -1 EERFTE S5 symboli #XME . EX.JB
HEMBRIAE

Coefficient| expr, form ] 45t} B expr ' form TH E ¥, Coefficient[ expr,
form,n] 25 H ZI =, expr P form™ T R H,

Conjugate z] AHI R = MIFLIEE,

ContourPlot[ {, {x, xmin, xmax!, {y, ymin, ymax} ] B H £ ZEFEE | x, xmin,
xmax|, {y,ymio,ymax|NKFHELRE.

Coslz] HFHER = FIRZIE,

Coshlz] BHER = BB KILE.

Cot[z) BHHIER = KIRVIE,

Dlf,x] % fF R F¥of/92;Dlf,x,n] & f B n BriRSE"F/02",

expr([i]] B#& Part[expr,i] A expr FHIEE i F4y, i H AR EREARE
5

Det{ m] FARXTITEE m RITHIR,

Disk[ {x,y},r] Z#EE. BLE Iz, yI FBH r BB, Disk[ {x,y],
{rl,12}, {thetal , theta2} ] —4EEE ., RO |z, vl ELHH r # r, AILE
thetal FIIYLE theta2 EHIHEIETK

Displayl channel, graphics] % 7 & 8t #& B ¥ B #5 graphics B A 3 4 5% 58 18
channel #,

Dol expr, {i,imin,imax} , {j,jmin,jmax} ] 7 i f1j WIEFREEHNEBEFT expro

Dsolve[ eqn, y[x], x] 845 77 eqn, b y BRI, z A&, Dsolve

{ qunl,eqn2,'"l y {Flpﬂ, . } ’ ixlpﬂr'”}] ﬁﬁﬁjﬁ E‘ql'lhﬁ':lz' Vi %%ﬁ!xi
BEE.
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Dt[f,x] LI, df/dx. Dilf] HELMS dfs

EllipticK[m] TS —RH RS K(m).

EllipticE[m] #1358 209 BBS E(m),

End[ ] Z5R XM F Begin B 4BIA A .

EndPackage| 1 45 % 24 Bl B Package, EF R T $ Cﬂntext 1 $ ContextPath HJ

EulerE[n] BXFi¥ E, . EulerE{n,x] BRPIZIWL E (),

EulerGamma BR$ H % .

Evaluate| expr] #ITIEFTEE K expro

EvenQl expr] X4 expr NBEHT, HAE N True, X Z N False,

Exit[ ] &1k —~ Mathematica I F B .

Explz] 88 RE e*

Expand| expr ] ﬁﬁﬁﬁ expr PR IEBRETFRIT .

ExpandAll[ expr] # 31k expr HH A OB

FindRoot[ lhs==rhs, {x,x0} ] 3k 7#2 |lhs=rhs # = M xo EHIEIE®H -

Flatten[ list] ZHFF|HxE.

Floor[ x] HH/NFHRFTF « KRB RKEBH,

Function[ body |84 body & 4 RE I E X3, Function| x, body LA x A2
B A4 /¥, Function[ {x1,x2,---|, body]LA{x1,x2, | AR HISERE .

< <name BEEA—XH, HHEXHRE —-PNREX, BEEE — 1 FER
BT EE R . Get[ “name” ] 5 < <name ZREHE

Gemmal 2] H KR IS EH D(2), [(=x) = | e de.

Graphics| primitives,options] FIEJEJC &K primitives 2 #% £ T options #4 15 F
HEE . ATLLAH Show B7~ Graphics & HEKEIE . B ITE primitives A] LU
A Circle, Line #l Polygon 5§ ; #%31 options A Aspectio #1 Axes,

GraphicsArrayl igl,g2, -} FRETE BRI,

HermiteH[ n,x] &1 n B Hermite W=,

Hold[ expr] #&AR expr 8 AEBFTRIETEAE R,

HoldForm[ expr] -3k 3 expr TFAEBTIRE T,

If{ condition, t,f,u] A condition A True FiHfH 1; WHE condition K False
Z5RA f3 MR condition BEA A True, AN False, G5H K u,

Im(z] BEE = KB

Infinity /R IETLIT KB

[nput[ ] ZZERHTA—PFREL . Input[ “prompt™] F prompt 1E R R FF
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KERWAFREIR,
IntegerQl expr] 24§ expr HEEBAE, HE K True, L 2Z N Falses

Integrate[ f,x] i’ﬂiﬁﬁﬁﬂ f(x)dx i+E, Integratelf, { x,xmin, xmax} ] E

ERTTTR . Integrate[ f, {x,xmin, xmax} , {y, ymin,ymax!| ] fEZEEFiTH.

InterpolatingFunction| range, table] XTHE{H 3% table 7L range Wi+ L i
PREL

Inverselm] "TE HFE m 8B RE,

InverseFourier| list] i+ B E T list B8 B -2

Join[ listl, list2, -+ ] KF listl, list2, --- FF 3 E B K o

LagurreL.[n,x] 4 » BB /REMA,,

Length[ expr] £ expr FILEKEH .

Lhs == rhs 10 lhs 5 rhs #[F] , W& B{E True,

Limitlexpr, x— >x0] 1% expr £ = 88 F =, BT AIRPR{E

Line[ iptl,pt2, -} ] T4l =4E B P iERE S pd 3l p2, p2 Bl pt3, -
WHZLE .

lel,e2, | ‘A—NRBIFTAITE,

ListPlot[ {y1,vy2,-- ] &R &5 list B F LR, X« BARREBCH 1,
2,

Loglz] Fn z M ERMB(WBUEN e)o Loglb,z] EBRIEN b BIXTEL

Mapl| f,expr]aiE f @ expr Xt expr PE—PNEXKNE—PITEMNA f.

MapAt[f,expr,n] XI expr FEE » MIBHITTERNA fo

Max[x!,x2, -] @&l x; PHRRKE, », AR FEHHEE.

MemberQ| list, fcrm] 3 list F— TR S form REES, HAEH N True, R 2
#7 False,

Min[x1,x2, ] &5t x; FHBR/AME, x; ABFRBMAE R

Mode[m,n] & m # » BEHRE, X MRBIGTFSE » #HFH.

N[expr] 3R H expr BI%{E. Nlexpr,n] UL n (VK EiTE expr WEA{HE .

NDSolvel eans, y, { x, xmin, xmax| ] ZEZE# + K E | xmin, xmax| PR FE 52
s TR EER

Needs| “context” , “file” ] ¥ A4 context,

Nest| f,expr,n] fYEFHT expr | n IEFIBRIA)F XK

NestList[f,expr,n] f#E expr FYEF 0 B n WEFFR I H B EUFH .

Nintegrate[ {, { x, xmin, xmax} | B E{HR 45 ﬁm f(z)dz ,( AT LA EE
(=520
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Normal[ eqns] ¥ expr N & FIFRBERE B HBGE T HIRS

Nsolve[ eqns, vars] T8 LA var A B LA, H B H O BUE#H .

NumberQ[ expr] 2§ expr FEUEBT, H{E A True, WA False.

Off[s] XA S5/E s HXMER

On[s] RIS s ARAER.

ParametricPlot] | {fx,fy], lgx,gyl, -}, {t, tmin, tmax| ] ZZS8EE R,
Hp z,y edr5r 5l R ¢ BRE,ZIELSM LILE LTS8 4.

ParametricPlot3D[ { {fx, fy, fz}, {gx, gy,gzl ,***}, {t, tmin, tmax} ] =ZZ#ESH4E
EIRE . Ht x,y,z BAR251E  WRE,ZIBL A LB IS8 4.

Partition[ list, n] ¥ list 7@ AL B F5], HKEN n.

Pi B2 W8, HEUE N 3. 14159

Plot| {f1,f2,::+}, {x,xmin, xmax| ] Fiﬂﬁﬁﬁiﬁsﬁs”‘fﬂ@ﬂ%mﬁ,%
FIVEETE 2 € [ Zmins Tmax] o

Point[coords] —#{z, yiS =K1z, y, 2| BRIV E

PowerExpand! expr] %t expr B Frf FREEF .

Print[ exprl,expr2, ] $itt expri, i 52 G ¥17. Expri Z B AR #1T,

Protect[sl,s2, -] XI55 s5; BRI EIE.

Quit| | &1} — Mathematica BBt .

Random[ ] f=4 —~[0, 1] X (8 #3543 % 608 BE VL%, Random| type,
range] H P A fEHIE R A : Integer, Real Ml Complex; 45 B9EETE B [0,1], 40
A] 45 11 78 Bl [ min, max | .

Re[z] # i EH = WLEF T

ReleaseHold[ expr] ZBR7E expr F#Y Hold #1 HoldForm,

Replace| expr, rules] XT#&iAF expr W H— 1L CEAN rules.

SameQ[ lhs, rhs] 2§ lhs I rhs FZEHT , HAE K True, R Z WK False,

Save[ “filename” ,symbl,symb2, -+ | ¥ FF-5 2 E LK) RE symbi FABEFTE
A% filename E .

Scaled[ {x,y! ] B EIFEIT IR,

Series[ f, {x,x0,n} ] HERE f 7 x =z RABRITRBETIN n KRR
SetDirectory[ “xxx” ] ¥ B M7 #9 TE H #3 xxx, 3 B3 xxx A H FR
sl

SetPrecision[ expr,n] ¥R AR P A REMKEERER » 3

Showl[ graphics, options] % options & BY £ B 7~ B} graphics, 3 Show
[gl,g2,- ] FILAEJLBE—E R R

Simplify{ expr] ¥R ER expr L F F I ER /LM BREIER .
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Sinlz] B¥ 2 BIEZREUE

Sinh[z] B = B [F 7% RBE .

Solve[ eqns, vars] K H B a8 17 FE4 eqns 75 B vars %
SphericalHarmonicY( 1, m, theta, phi] Z5 HBRIEEE Y, (0, ¢)0
Sqrt[z] £ = H’?FF?':TFIE

Sum|[ f, {i,imax} ] i+5 Ef, 217l LA Sum[f, ti,imin,imax| ], Sum/[f, {i,

imin, imax,di} ] (di %‘ﬁﬁ);‘z Sum[f |1,imin,imax/ , |j,jmin,jmax} ] o

Tablel expr, {imax} ] PR nad™, K expr (BN ITCE B F, Tablel expr, |1, i-
max| ] FFAERNERFPICEN i A1 3| i B, expr BI{H, Table[expr, {i,imin,imax} ]
PEHERIRPILEN @ M i in B e, expr BI{H. Table[ expr, {i,imin, imax!, {j,
jmin, jmaxt, ] FFERRPICEN M) M i3] a8, expr BH

Take[list,n] BXHiFE list 3k n ITE, Take[list, —n] BB FE list FJ5 »n I
JCE . Takellist, {m,n} JBUH 3 list P58 m P2 n PIGE,

Tanlz] E4 = B 1EV] REE

Tanh[z] E ¥ = KU IE V) R B

TeXFormlexpr] $FAT expr B TeX HEOE T B

Transpose[ list] T# list FHIRTF R 2 list AR, 45 H list HEE
¥R

TrueQ[ expr] FTiER expr FHEA True BF, HAEH True, R ZH False,

Unprotect] s1,s2,+] BUiH s; FH) Protect JRYE.

ValueQ[ expr] @R expr PFTAFEEEF E X, F{EHHN True, X 2ZH False,

Which[ test1, valuel , test2, value2, -+ | KB testi , IRE{ERTESF —IK
83 testi BY{EHN True B, Fr BB A valuei .

While[ test, body] 24 test A True B}iZ4T body, B Fl test A% TF True B A 1k,

With[ {x=x0,y=y0, |, expr] $E expr PHIK =, y, B xq, yo, L
¥

Xorlel,e2,-| ZHRFE. WR e, e, - PHBEMEN True, HAR A False,
WIEAE A True, & WA False,

Zeta[s] BB R C(s) = 2 k™5 o Zeta[s,a] U BREEFRR ¢(s,a) =

E (k + ﬂ)_-s o
E=1
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MiFFr RBAEFER

1. 2 ¥4 4 Fortran F# /5 ——VEGAS.F

SUBROUTINE VEGAS(FXN,ACC, NDIM, NCALL, ITMX, NPRN, IGRAPH)

FXN = FUNCTION TO BE INTEGRATED/MAPPED
ACC = RELATIVE ACCURACY REQUESTED
NDIM = # DIMENSIONS
NCALL = MAXIMUM TOTAL # OF CALLS TO THE FUNCTION
ITMX = MAXIMUM # OF ITERATIONS ALLOWED
NPRN = PRINTOUT LEVEL:
=0 ONLY FINAL RESULTS
>=1 ADDITIONALLY INF. ABOUT INPUT PARAMETERS

>=2 ADDITIONALLY INF. ABOUT ACCUMULATED VALUES PER IT-
ERATION.

>=3 ADDITIONALLY INF. ABOUT PARTIAL VALUES PER ITERATTON.

O 0O 000 a0 a

O 0

>=5 ADDITIONALLY INF. ABOUT FINAL BIN DISTRIBUTION (NU-
MERICAL MAPPING).

IGRAPH =HISTOGRAMS LEVEL (DUMMY IN PC MACHINE VERSION)
=() NO HISTOGRAMS AT ALL
=1 ONLY STATISTICS ABOUT THE INTEGRATION
=10 ONLY HISTOGRAMS DEFINED BUT NOT STATISTICS

R R W G N R N T T W R S N M S M MR N N W W T SR W RN Wy O EcE e sy s e i mwmw ommomw s Ew mw o v s e sl g S s s omie S s owbeommh oS i i ol ooy
I T I I T e ar kil SSRGS ST RSN E TR MSF T SFF TSRS TR TSESAESS TR T A

IMPLICIT REAL * 8(A—-H,0-Z)

C COMMON/RESULT/IT, CHI2A, AVGI, SD, TI, TSI
COMMON/RESULT /AVGI, SD, ERR
COMMON/INPARM/TTMX0, ALPH
COMMON/OUTMAP/ND, NDIMO, XI(50,20)
COMMON/DELP/RATIO, FMAX

DIMENSION X(20) ,XIN(50) ,R(50),1A(20),D(50,20) ,RAND{(20)
DATA ALPH0/1.5/

O 0O G 0 0

3

C A)) INITIALIZING SOME VARIABLES



ITMX0 = ITMX

NDIMO = NDIM

[F(ALPH.EQ.0.) ALPH= ALPHO

CALLS=NCALL

XND= ND

NDM=ND- 1
CC IF(IGRAPH. NE. 0) CALL INBOOK(0,FUN, WEIGHT, IGRAPH)
(:..u._ o S & B A s
C INITIALIZING CUMMULATIVE VARIABLES

IT=0

SI=0.

SI2=0.

SWGT=0.

SCHI=0.

SCALLS=0.
C DEFINING THEY INITIAL INTERVALS DISTRIBUTION

RC=1./XND

DO 7 J=1,NDIM

Xi(ND,])=1.

DR=0.

DO 7 I=1,NDM

DR=DR+RC

XI(I,])=DR
7 CONTINUE

[F(NPRN.GE.1) PRINT 290,NDIM,NCALL, [TMX,ND
[::i::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
C B)) ITERATING LOOP
(::::::::::::::::::::::::::::::::::::::::I::::::::::::::::::::::::::::::::::::::::::::::::
9 IT=IT+1
C INITIALIZING ITERATION VARIABLES

NZERO=0
TI=0.
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SFUN2=0.
DO 10 J=1,NDIM
DO 10 I=1,ND
D(L,])=0.
10 CONTINUE
cC [F(IGRAPH. NE. 0)CALL REBOOK(0,FUN, WEIGHT, TGRAPH)
DO 11 JJ=1,NCALL

WGT=1.
C -
C COMPUTING THE POINT POSITION
C e
CALL RANDA(NDIM, RAND)
DO 15 J=1,NDIM
XN=RAND(J) * XND+1.
IA(J)=XN
XIM1=0.
IF(IA(J).GT.1)XIM1 = XI{IA(]) — 1,])
XO=XI(IA(]),]) - XIM1
X(J) =XIMI1 + (XN -IA(])) = XO
WGT=WGT % XO * XND
15 CONTINUE
C o
C COMPUTING THE FUNCTION VALUE
o LSOO

FUN=FXN(X) * WGT/CALLS
IF(FUN. GT.FMAX)FMAX = FUN
RATIO= FUN/FMAX
I[F (IT.NE. ITMX) RATIO=0.
[F(FUN.NE. 0. YNZERO=NZERO+ 1
FUN2=FUN % FUN
WEIGHT = WGT/CALLS

CC IF(IGRAPH. NE. 0) CALL XBOOK(0,FUN,WEIGHT, IGRAPH)
TI=TI+ FUN
SFUN2 = SFUN2 + FUN2
DO 16 J=1,NDIM
[A]=1A(])
D(1AJ,J) =D(1A],]) + FUN2

16 OONTINUE
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llllllllllllllllllllllllllllllllllllllllllllllll

C COMPUTING THE INTEGRAL AND ERROR VALUES
E S rrsmssrmrEsrsssEsmsmsarmsasmsasasesssasssasssass.a

TI2=TI * TI

TSI=DSQRT((SFUN2 * CALLS-TI2) /(CALLS—1.))
WGT=TI2/TSI * %2

SI=SI+TI * WGT

SI2=SI12 + TI2

SWGT=SWGT + WGT

SCHI=SCHI + TI2 * WGT

SCALLS=SCALLS+CALLS

AVGI=SI/SWGT

SD=SWGT = IT/S12

CHI2ZA=10.

IF(IT.GT. 1)CHI2A=SD * (SCHI/SWGT - AVGI * AVG]) /(IT~1)
SD=1./DSQRT(SD)

ERR=S8D+* 100. F/AVGI

[TO=1IT

llllllllllllllllllllllllllllllllllllllllllllllll

C PRINTING

2020

20
21

08

IF(NPRN.GE.2)PRINT 201,IT,AVGI,SD,ERR
[F(NPRN. GE.3)PRINT 211,TI, TSI,NZERO, CHI2A
[F(NPRN.GE.5) GO TO 21
DO 20 J=1,NDIM
PRINT 202,]
XIN(1)=XI(1,])
DO 2020 L=2,ND
XIN(L) =XI(L,]) - XI(L-1,])
PRINT 204, (XI(I,]),XIN(I),D(1,]),I=1,ND)
CONTINUE
CONTINUE
[F(DABS(SD/AVGI ). GT. DABS(ACC) . AND. IT. LT. ITMX)GO TO 98
PRINT 777,AVGI,SD, CHI2A
IF(IGRAPH. NE. 0)CALL BOOKIT(2,FUN, WEIGHT, IGRAPH)
RETURN
CONTINUE
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CC IF(IGRAPH. NE. 0)CALL BOOKIT(0,FUN, WEIGHT , IGRAPH)

C SMOOTHING THE F * * 2 VALUED STORED FOR EACH INTERVAL
C‘-“........ e A A sA A Esmeme e e e

DO 23 J=1,NDIM
XO0=D(1,])
XN=D(2,])
D(1,]) = (XO+ XN) 2.
X()=D(1,])
DO 22 [=2,NDM
D(1,))=XO+ XN
XO=XN
XN=D(I+1,])
D(1,])=(D(1,])) + XN) /3.
X(])=X(J) +D(L,])
22 CONTINUE
D(ND,]) = (XN + X0O) 2.
X(J)=X(J) + D(ND,])
23 CONTINUE
C COMPUTING THE " IMPORTANCE FUNCTION OF EACH INTERVAL
DO 28 J=1,NDIM
RC=40.
DO 24 1=1,ND
R(I)=0.
IF(D(1,]).LE.0.) GO TO 224
XO0=X(])/D(L,])
R(I)=((XO-1.)/XO/DLOG(X0)) * * ALPH
224 RC=RC+ R(I)
24 CONTINUE
C REDEFINING THE SIZE OF EACH INTERVAL
RC=RC/XND
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K=0
XN=0.
DR=0.
[=0
25 K=K+1
DR=DR+ R(K)
XO=XN
XN=XI(K,])
26 IF(RC.GT.DR) GO TO 25
I=1+1
DR=DR-RC
XIN(I) =XN - (XN-X0) * DR/R(K)
IF(1. LT.NDM) GO TO 26
DO 27 I1=1,NDM
XI(1,]) =XIN(I)
27 CONTINUE
XI(ND,J)=1.
28 CONTINUE
C

GOTO®9
(CoIIooooooIooooooososoITIITITIooIIoSIISIIIIIITIIIIooISISSSSISSIIITIISISIIISISSIIIIIZICIC
C D)) FORMATS FOR PRINTOUTS
CozzzzoozssscsooosoIoooooooooosooIoIoIoITIooISSISSSSITIEISLITCSICCISSSoSISoIooTzzzzzzzes:

290 FORMAT(’1 % % % % INTEGRATION PARAMETERS :’/
" # DIMENSIONS =",I8/,
" # CALLS TOF PER ITERATION =",I18/,
" # ITERATIONS MAXIMUM =’ I8/,
" # BINS IN EACH DIMENSION ="’,18)
201 FORMAT (/’ ITER. NO’,13," ACC.RESULTS==> INT =’,Gl4.5," + /- ',G10.4,

¢

+++++ % ERROR=",G10.2}
211 FORMAT(20X, 'ITER. RESULTS=",Gl14.5," + /- ",G10.4,
. (F=/=0)=",16,"..... CHI* #2=",(G10.2)

202 FORMAT(14HODATA FOR AXIS, 12 /
. 7X,'X’,9X,'DELT X’ ,6X, 'SIG(F2) ',
. 13X,X",9X,’DELT X’,6X, 'SIG(F2)' /)
204 FORMAT(1X,3G12.4,5X,3G12.4)
177 FORMAT(’ "//* ",25(’ +7),” FINAL RESULT ’,25(" +')//
" INTEGRAL VALUE =",Gl14.5,’ + /-",G10.4,6X,
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WS

a0

11

r I:: CHI* *EZE‘G:{D."’!)!K){H !‘M(i_l_i))
END

SUBROUTINE randa(n, rand)

subroutine generates uniformly distributed random no’s x{i),i=1,n

IMPLICIT DOUBLE PRECISION(a—h,o0—z)
DIMENSION rand(n)

COMMON /msd/iseed

EXTERNAL ran

DO1i=1,n

rand(i) = ran(iseed)

RETURN

END

--------------------------------------------------------

FUNCTION ran(idum)

from "numerical recipes” p. 197. set idum to any negative

value to initialize or reinitialize the sequence

PARAMETER (m=714025,1a=1366,ic= 150889, m=1. /m)
DIMENSION ir(97)
DATA iff 0/
IF(idum.LT.0.OR.iff. EQ.0) THEN
iff=1
idum = mod(ic ~ idum, m)
DO115=1,97
idum = mod(ia * idum + ic,m)
ir(j) = idum
continue
idum = mod(ia * idum + ic,m)
1y = idum
END IF
j=1+(97 * iy} /m
[F(j. GT.97.0R.j.LT.1) PAUSE
iy=1ir(j)
ran =1y * rm
idum = mod(ia * idum + ic,m)

ir(j) = idum
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RETURN
END

2. 3#-F48Z 0N * £ Fortran 4 5#——RAMBO.F

C

O o o oo

SUBROUTINE RAMBO(N,ET,XM,P,WT)

-----------------------------------------------------

RAMBO
RA(NDOM) M(OMENTA) B(EAUTIFULLY) O(RGANIZED)

A DEMOCRATIC MULTTI - PARTICLE PHASE SPACE GENERATOR
AUTHOR: S.D. ELLIS, R.KLEISS, W.]. STIRLING
THIS IS VERSION 1.0 — WRITTEN BY R. KLEISS

N = NUMBER OF PARTICLES (>1, IN THIS VERSION <101)
ET = TOTAL CENTRE — OF - MASS ENERGY
XM = PARTICLE MASSES ( DIM=100 )
= PARTICLE MOMENTA ( DIM= (4,100) )
WT = WEIGHT OF THE EVENT

.....................................................

IMPLICIT REAL * 8(A-H,0-2)
EXTERNAL RN
DIMENSION XM(100),P(4,100),Q(4,100),Z(100) ,R(4),

- B(3),P2(100),XM2(100),E(100),V(100) , IWARN(5)
DATA ACC/1.D-14/,ITMAX/6/,IBEGINA/, IWARN/S * 0/
SAVE TWOPI, PO2LOG

C INITIALZATION STEP: FACTORIALS FOR THE PHASE SPACE WEIGHT

101

[F(IBEGIN. NE.0) GOTO 103

IBEGIN=1

TWOPI=8. * DATAN(1.D0)
PO2LOG=DLOG(TWOP1/4.)

Z(2) = PO2LOG

DO 101 K= 3,100

Z(K)=Z(K-1) + PO2LOG - 2. * DLOG(DFLOAT(K - 2))
DO 102 K=3,100
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102 Z(K)=(Z(K) - DLOG(DFLOAT(K—-1)))

C
C CHECK ON THE NUMBER OF PARTICLES
103 [F(N.GT.1.AND.N.LT.101) GOTO 104
PRINT 1001,N
STOP
C

C CHECK WHETHER TOTAL ENERGY IS SUFFICIENT; COUNT NONZEOR MASSES
104 XMT=0.

NM=0

DO 105 1=1,N

IF(XM(I).NE.0.D0) NM=NM+1
105 XMT=XMT + DABS(XM(1))

IF(XMT.LE. ET) GOTO 201

PRINT 1002,XMT,ET

STOP
C
C THE PARAMETER VALUES ARE NOW ACCEPTED
C

C GENERATE N MASSLESS MOMENTA IN INFINITE PHASE SPACE
201 DO 202 I=1,N

C=2. *»RN(1) - 1.

S=DSQRT(1. -C*C)

F=TWOPI » RN(2)

Q(4,1) = — DLOG(RN(3) * RN(4))

Q(3,1)=Q4,1) *C

Q(2,1)=Q(4,1) * S* DCOS(F)
202 Q(1,1)=Q(4,I) * S* DSIN(F)

C

C CALCULATE THE PARAMETERS OF THE CONFORMAL TRANSFORMATION
DO 203 I=1,4

203 R(I)=0.
DO 204 1=1,N
DO 204 K=1,4

204 R(K)=R(K) + Q(K,I)
RMAS=DSQRT(R(4) * *»2-R(3) ®» #2-R(2) * *2-R(1) * *2)
DO 205 K=1,3

205 B(K) = —~R(K) /RMAS
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G=R(4)/RMAS
A=1./(1.+G)
X=ET/RMAS
C
C TRANSFORM THE Q’S CONFORMALLY INTO THE P’S
DO 207 1=1,N
BQ=B(1) * Q(1,1) + B(2) * Q(2,I) + B(3) * Q(3,1I)
DO 206 K=1,3
206 P(K,I)=X* (Q(K,I) + B(K) * (Q(4,I) + A*BQ))
207 P(4,1)=X* (G* Q(4,1) + BQ)
C
C CALCULATE WEIGHT AND POSSIBLE WARNINGS
WT=PO2LOG
IF(N.NE.2) WT=(2. * N—-4.) * DLOG(ET) + Z(N)
IF(WT.GE. - 180.D0) GOTO 208
IF(TWARN(1).LE.5) PRINT 1004, WT
[WARN(1) =TWARN(1) +1
208 IF(WT.LE. 174.D0) GOTO 209
[F(IWARN(2).LE.5) PRINT 1005, WT
IWARN(2) =TWARN(2) +1
C
C RETUEN FOR WEIGHTED MASSLESS MOMENTA
209 [F{NM.NE.0) GOTO 210
WT=DEXP(WT)
RETURN
C

C MASSIVE PARTICLES: RESCALE THE MOMENTA BY A FACTOR X
210 XMAX=DSQRT(1. - (XMT/ET) » #2)
DO 301 1=1,N
XM2(I) =XM(I) * *2
301 P2(1)=P(4,I) » *2
ITER=0
X=XMAX
ACCU=ET * ACC
302 FO=-ET
GO=0.
X2=X#*X
DO 303 I=1,N
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E(1) =DSQRT(XM2(I) + X2 = P2(I))
FO=F0+E(I)

303 GO=G0+P2(I)/E(I)
[F(DABS(F0).LE. ACCU) GOTO 305
ITER=ITER+1
IF(ITER. LE. ITMAX) GOTO 304
PRINT 1006, [TMAX
GOTO 305

304 X=X-F0/(X *G0)

GOTO 302

305 DO 307 I=1,N
V(I) =X *P(4,1)

DO 306 K=1,3

306 P(K,I)=Xx*P(K,I)

307 P(4,1) =E(I)

C

C CALCULATE THE MASS-EFFECT WEIGHT FACTOR
WT2=1.
WT3=0.
DO 308 I=1,N

WT2=WT2 * V() /E(])
308 WT3=WT3+ V(I) * * 2/E(I)
WTM= (2. * N-3.) * DLOG(X) + DLOG(WT2/WT3 * ET)

@

C RETURN FOR WEIGHTED MASSIVE MOMENTA
WT=WT+WTM
IF(WT.GE. —180.D0) GOTO 309
[F(IWARN(3).LE.5) PRINT 1004, WT
IWARN(3) = IWARN(3) +1

309 IF(WT.LE.174.D0) GOTO 310
IF(IWARN(4).LE.5) PRINT 1005, WT
IWARN(4) = IWARN(4) +1

310 WT=DEXP(WT)
RETURN

1001 FORMAT(’ RAMBO FAILS: # OF PARTICLES =",i5," IS NOT ALLOWED")
1002 FORMAT(’ RAMBO FAILS: TOTAL MASS=",F15.6, IS NOT",
— " SMALLER THAN TOTAL ENERGY =',F15.6)
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1004 FORMAT(’ RAMBO WARNS: WEIGHT = EXP(’,{20.9,’ ) MAY UNDERFLOW’ )
1005  FORMAT(’ RAMBO WARNS: WEIGHT = EXP(’,20.9,”) MAY OVERFLOW")
1006 ~ FORMAT(’ RAMBO WARNS:’,i3,” ITERATION DID NOT GIVE THE’, ~ ’ DE-
SIRED ACCURACY =",F15.6)
END

FUNCTION RN(IDUM)

*  SUBTRACTIVE MITCHELL — MOORE GENERATOR
*  RONALD KLEISS — OCTOBER 2, 1987

¥ THE ALOGRITHM ISN(I)=[ N(1-24) - N(I-55) ] MOD M,
*  IMPLEMENTED IN A CIRUCULAR ARRAY WITH IDENTIFCATION
* OF NR(I+55) AND NR(I),SUCH THAT EFFECTIVELY:

* N(1) <--— N(32) - N(1)

* N(2) <—-—— N(33) - N(2)--
* = N(24) < — — — N(55) — N(24)

* N(25) < === N(1) - N(25)-
* *N(54) < - - — N(30) - N(54)

* N(55) <-—— - N(31) - N(55)

* [N THIS VERSION M=2 # * 30 AND RM=1/M=2.D0# * ( —30.D0)

*  THE ARRAY NR HAS BEEN INITIALIZED BY PUTTING NR(1) =1
*  AND SUBSEQUENTLY RUNNING THE ALOGRITHM 100,000 TIMES.

IMPLICIT REAL * 8(A-H,0-2Z)

DIMENSION N(55)

DATA N/

980629335, 889272121, 422278310,1042669295, 531256381,
335028099, 47160432, 788808135, 660624592, 793263632,
998900570, 470796980, 327436767, 287473989, 119515078,
575143087, 922274831, 21914605, 923291707, 753782759,
254480986, 816423843, 931542684, 993691006, 343157264,
272972469, 733687879, 468941742, 444207473, 896089285,
629371118, 892845902, 163581912, 861580190, 85601059,
899226806, 438711780, 921057966, 794646776, 417139730,
343610085, 737162282,1024718389, 65196680, 954338580,
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642649958, 240238978, 722544540, 281483031,1024570269,
602730138, 915220349, 651571385, 405259519, 145115737/
DATA M/1073741824/
DATA RMA. 9313225746154785D - 09/
DATA K/55/,L./31/
IF(K.EQ.55) THEN
K=1
ELSE
K=K+1
ENDIF
[F(L.EQ.55) THEN
L=1
ELSE
L=L+1
ENDIF
J=N(L) = N(K)
IF(J.LT.0) J=]+M
N(K) =]
RN=] * RM
RETURN
END

3. KM RG4S R % 5 249 Mathematica #2 f——Schroedinger. m

( # Author:Franz F. Schoberl
Institute for Theoretical physics
University of Vienna
Boltzmanng. 5
A-1090-Vienna
E-Mail ; Franz. Schoeberl@ Univie. ac. at
SOLVING THE SCHROEDINGER EQUATION FOR BOUND STATES
WITH MATHEMATICA 3.0
This software is based on:Solving the Schriddinger Equation for Bound States by
p. Falkensteiner, H. Grosse, Franz F. Schoberl, P. Hertel
computer Physics Communication 34 (1985) 287 — 293
The energy and the reduced radial wave function for a bound state with given number of nodes

n0 and angular momentum 1 is calculated. The potential has to be spherical symmetric. * )
Print[ StyleForm[ “ Usage:

\nel..... lower bound of the energy,



\ neu. ... upper bound of the energy
\ nn0. ... radial excitations, number of nodes

\nl...... orbital excitations,

\ nfeh. ... error on the energy,build in as FEH=0.00001

\nh...... integration stepsize,determines the number of the integration
steps

\n and thus the accuracy of the determined energy

\ nml,m2..... constitutent masses ,

FontColor —> RGBColor[ 0.0156252,0.234379,0.980484 ] , FontWeight —>

"Bold” , FontSize —>14] ]

Print[ StyleForm[ “schroe{ el, eu,n0,1,h,ml,m2]. .. .. calling procedure” , FontColor —~> RGB-
Color[ 0.996109, 0, 0] 1] Print [ StyleForm[” The output reduced wave function ( not normalized) is
called yschr| x].

\ nThe plot of the wave function is called yschrplot.

\ nExample, harmonic oscillator:

\ n(1)Define potential: v1(x-): = x2", FontColor —> RGBColor[ 00.0156252,

0.234379,0.¢80484 ],

FontWeight —>"Bold" , FontSize =>14] ]

Print[ StyleForm["Note: The name of the potential must be vl”, FontColor —>RGBColor
[0.996109,0,0] ] |Pririt{ StyleForm[ "(2)Start solving the Schroedinger equation:schroe[ —1,20,1,
2,0,1,0.336,0.336]

\ n The above procedure will solve the equation for the first radial and second
\ n orbital excitation.”, FontColor —>RGBColor[ 0.0156252,0.234379,
0.980484 ] ,FontWeight —>"Bold” , FontSize —> 141 ]

Print[ StyleForm[ “The equation to be solved is(with b=c=1,p= —LT2 .

my + ms |
\n[ﬁ( —j;+ “*’r;'” )+ V(1) 17y, () =E,, Y., 1(r), ysche[ x]=Y,, 1(1),

\ ¥, 1,m(P) =L E vy ), J: (Ya» £(x))2dlr=1.", FontColor —>
RGBColor[0.996109,0,0]1]

Print{ StyleForm[ “The accuracy can be increased by decreasing h, this increases the number of

\ nintegration steps. The higher the number of integration steps the more accurate

\ nthe eigenvalues as well as the eigen functions. The reduced wave function will

\ nbe plotted in addition . A measure for the accuracy is also the shape of the wave

\ nfunction. It should vanish for the largest numerical x,otherwise one has to

\ ndecrease h.",

FontColor —> RGBColor [ 0.0156252, 0.234379, 0.980484 ], FontWeight —>" Bold” , FontSize — >
14]]
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Print] StyleForm[”If you run schroe[el,eu, n0,1,h, ml, m2]you automatically will be asked if you
like to plot the reduced
\ nwave function. ", FontColor —>RGBColor[ 0.996109,0,0]] 1;
{ * xwmill calculates the minimum of the potential most to the right. The minimum is called
xwmin. xrat is some guessed x-value most to the right (here xrat=20).weil is the
stepsize of the minimum search( here is xweil =0.5). * )
ewmill[11 _,hl _,weil _,xratl ,wwl J: = Module[ {1=11,h=hl, weit = weil , xrat = xratl,
ww=wwl|,
del= h/10
XS = Xrat;
If[ xs<del, Goto[11] ];
If[1<1,Goto[3]];
Label{1];
[ xs< weit + del, xs = del; Goto[ 2] ] ;
ms=ww * vl xs] + 1% (1+1)/xs2;
rs=ww * vl[ xs+ weit ] + | * (1+ 1) /(xs+ weit)}*2;
ls=ww % vl[ xs — weit] + 1% (1+1)/(xs— weit)"2;
If{rs>ms & & ms>ls,xs= xs - weit; Goto[ 1]];
[flrs<ms && ls>ms,xs= xs+ weit; Goto[ 1] ];
If{rs=1s,Goto[ 2] 1;
Il rs>ms & & ls>ms, Ifl weit< h, Gotol 2] ] ; weit = weit/10; Goto[ 1] 1;
Print["SOMETHING IS WRONG, ANALYZE POTENTIAL" };
Goto[ 10];
Label[3];
Label[ 1a];
I xs<weit + del, xs= del;Goto[21];
ms= ww * vl[ xs]:
rs= ww+ vl xs+ weit |;
ls= ww * vl[ xs— weit] ;
H rs>ms & & ms>ls,xs= xs— weit; Gotol 1a] ] ;
[ rs<ms & & Is>ms,xs= xs+ weit; Goto[ 1a] ]
Hlrs=1s,Goto[2]];
[ rs>ms && Is>ms, I weit<h, Goto[ 2] ] ; weit = weit/10; Goto[ 1a] ] ;
Print[ "SOMETHING IS WRONG, ANALYZE POTENTIAL" J;
Goto[ 10];
Label[ 11];
Print["XMIN TOO SMALL"];
Goto[ 10];
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Label[2];
XWImin = xs;
Label[ 10];
Return["end” ] ]
( * The program schroe * )
schroel ell _,eul _,n01 _,11 _,h1 _,ml _,m2 _]: =Module[ {el = ell * ww,eu= eul * ww,n0
=n01,l=11,h=hl,wl=ml,w2=m2{,
( * Determinig the minimum of the potential most to the right * )
ww=2*wl * w2/ (wl+w2):
xwmill[l,h,0.5,20,ww];
xwmin= xwmin+ h;
del = h/10;
feh=0.00001 * ww;
( * Defining diffl = Veff — e,y = (Veff —e)y * )
diffll xxx _,1_,een _]: =ww * vi[xxx] + 1% (1+1) /xxx2 — een;
Label[300];
seh=eu — el;
eps= (el + eu) /2;

( * Starting the integration with the boundaries y(del) =del~(1+ 1),y (del) = (1+ 1)del"1 and
with the energy eps equal to the arithmetic mean of the preceding lower and upper
bounds of energy el and eu * )

X = del;

y=x(1+1);

yp=(I+1) * x1;

yole=1;

n0x=10;

( * If the desired accuracy (prescribed error feh)has been obtained, the bound state energy
is taken as the arithmetic mean of the last el and eu * )

H[ seh<feh,Goto[ 1]]1;

( * Integrating y = (Veff —e)y one step h further with the Runge-Kutta method * )
Label[2];

al =yp* h;bl =diffl[ x,l,eps] * h* y;a2= (yp+ bl/2) * h;hh=diffl[x + h/2,],eps] *
h;
b2=hh* (y+al/2);a3=(yp+b2/2) * h;b3=hh * (y+a2/2);ad=(yp+b3) * h;

x=x+h;u2=diffl[ x,],eps]; b4 =12 * h* (y+a3);
y=y+(al +2*a2+2*a3+a4)/6;

yp=ypt+t{(bl+2*b2+2*b3+b4)/6;
( * Counting the number of nodes by n0x until the presctibed n0 is reached * )
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If[ v * yold>0,Goto[ 3] ];
ndx=nlx+1;
[f[n0x>n0,Gotol 4] ];
Label[3];
yold = y;
( * If the following condition is not fullfilled, x is greater then the classical turning point(u2
has the value of Veff-eps at the point x). * )

[ (u2<0 1: x< xwmin) ,Goto[ 2] ];

( * I (after stating that x greater then the classical turning point)y * yp is greater than 0
(i.e.y and yp have the same sign),one is sure that vy goes to infinity without having
additional nodes. Otherwise one has to integrate further * )

Z=Y* yp;

If[z<0,Goto[ 2] ]
( * If y goes to infinity,a new el is established by eps. * )
el = eps;
Goto[ 300 ]
( * If nox exceeds n0),a new eu is established by eps * )
Label(4];
eu= eps;
Goto[ 300];

( * In the following lines the wave function y is calculated using the above calculated bound
state energy({ the last eps)by the same method as above. In addition y is stored in feldl
at x which is stored in xcoord, and the number of integration steps is counted by j. * )

Label(1];
ep = eps;
1=0;
Label[20];
=it
feld1[j]=y;
xcoord[j] =del + (j—1) * h;
i1=j;
xmax = xcoord| j1 ] ;

( * Integrating y = (Veff — e)y one step h further with the Runge-Kutta method * )

al = yp * h;bl = diffl[ x,1,eps] * h* y;a2 = (yp+bl1/2) * h;hh=diffl{ x + h/2,1,eps] *
h;

b2=hh* (y+al/”2);a3=(yp+b2/2) * h;b3=hh* (y+a2/2);ad4= (yp+b3) # h;
x=x+ h;u2 = diffl[ x,1,eps] ;b4 =u2 * h * (y+a3);
y=y+(al+2 % a2+2% a3 +ad)/6;
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yp=yp+ (bl +2%b2+2*b3+b4)/6;
If[ y * yold>0,Goto[30]1;
n0x=n0x+1;
If[ n0x >n0, Goto[ 40] 1;
Label[ 30];
yold = vy;

[ (2<0

" x< xwmin) ,Goto[ 20] ];

Z=Y*yp;
H[2<0,Goto[20]1;
Label[40];
( * The reduced radial wave function yschr obtained from the interpolation of the data
stored in feldl and in xcoord * )
yschr = Interpolation[ Table[ | xeoord[j],feld1(j]}, {j,1,j11]1];
xmax = xcoord[ j1 ] ;
( * Output of the resulting energy eigenvalue and the input data * )
Print|
StyleForm["E=", FontColor —>RGBColor[ 0.996109,0,0], FontWeight —>" Blod",
FontSize ->16],
StyleForm[ N[ ep/ww, 10 ], FontColor —> RGBColor [ 0.996109, 0, 0 ], FontWeight — >
" Bold" ,FontSize ->16],",",
StyleForm[" L =", FontColor —>> RGBColor [ 0.996109, 0, 0], FontWeight —>"Bold",
FontSize —> 16 ],
StyledForm( |, ForitColor —> RGBColor{ 0.996109,0,0], FontWeight —>"Bold" , Font-
Size->161,",",
StyleForm [" N =", FontColor — > RGBColor [ 0.996109, 0, 0], FontWeight —" Bold",
FontSize —>16],
StyleForm{ n0, FontColor —>RGBColor[0.996109,0,0 ], FontWeight—"Bold" , FontSize
—~16],",",
" \ nlntegrationsteps =", j1,",","h=",h,",","del =", del,",”,"el = €ll,",", " eu=",
eul,
StyleForm[" \ nLargest x, upper integration limit, XMAX =", FontColor —>> RGBColor
[0,0,0.996109], FontWeight ~>"Bold” , FontSize —>16] ,
StyleForm [ xmax , FontColor —> RGBColor[ 0,0, 0.996109 ], FontWeight —>" Bold”,
FontSize—>161,","
StyleForm[" \ nSmallest x, lower integration limit, XMIN=del=",
FontColor —>RGBColor[0,0,0.996109 ], FontWeight —>"Bold" , FontSize—=>16],
StyleForm [ del, FontColor —> RGBColor [ 0,0, 0.996109 ], FontWeight —>" Bold",
FontSize—>16],".",
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StyleForm[" \ nThe reduced not normalized wave function is yschr[ x].
\ nThe normalizationfactor is given by:
\ nl/NIntegrate[ yschr[ x ]2, | x, del, xmax| ", FontColor —> RGBColor[ 0.996109,
0.500008,0.250004 ],
FontWeight —>"Bold" , FontSize—>16] 1;
( * Preparing the plot of the reduced wave function yschr * )
gy =
InputString[ " You like to plot the(not normalized) reduced wave function? Type yes and
click OK, otherwise click just OK”" ];
[ zz=="yes",
yschrplot = Plot [ yschr x], | x, del, xmax| , PlotStyle —> GrayLevel [ 0], AxesLabel —>
{"x","yschr"{,
DefaultFont —> {" Times-Bold”, 12} , Background —> RGBColor[ 0.996109, 0.996109,
0],
PlotLabel —> FontForm[" Not normalized \ t reduced \ n wave function”,
("Helvetica-Bold” , 14/ 1], |
Print[ StyleForm["OK NO PLOT", FontWeight —>"Bold", FontSize —> 18, FontColor —>>
RGBColor[ 0,0.500008,01117;
Return( } ]



