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SMESMELS, WMEEABKTE, WoE—ERNMIEMA. HHREEH FE RS, A ERME
), MM HERREmAEERE L, SEATEER, #MATHHZ AR, Bz, HiTER
AXAATERHRER, SRS AECE SHERE R MER LR R REBOGER D, EERAREE
PR, it JLIEERR S, MR A SRR EERA R, FE o0 T R0 H a2k R .

CLie) B — AP 3 o, M ke, EAGEE TP TR 1lem, B! Hy = 011m, L= 1.Tm,
WAL (1) Af%, Fy = 68.1545N, HREERESR v = 0.2872m/s, B EAEELKX (2): #8
Verash = 0.1691m/ss, M vy < vopqeny BAHERTF—RBENHER DT 40cm, HHZ L. FkmES
FE[, 7 N7 (A A N SR AR A A, LLER R [ECo e R AN EE . D T e e R S A ), R R e
RRAE I DM AT E R AR, 230, 0 RIS R SR, a8
A R R B TR B & B BR A1, SUEHFERIZ S,  J ORUEFESER 0 B oy S L fg
R . R o i s e A O R VT LA BT R R

Q a

Figure 10: [ S/ # BE 52 S e = 0] 440 P
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6.1.2 BEN 2: AEESHNATRESROMNASEMAE, SEBEAEEMARE

IR L 1 bR, SRR NER S, FSEN RS EmEERNKTETm, BRE—E
FAESR R Sl A RE R G, (EFERR RS, SRS E AT A R, (AR R
M REAEN, AEESTAEOR -G mg gt —R A8, 8T —REERE T AR
fERERE. HEEAREREND —EEEE, SFEMHMZ2IE.

B, BrE S30A B W IR HEEREI R M ) B R, & AT S A M AR . SRR A

iz s BN B E T A R E fEREs) . SRR S EE T, 5 B s R
i, HHEEOEAN o EERMKEADTEEST, BEEREEEESE, W vy=1,

| S |

" 1 (‘-’l ‘ "

Se

Figure 11: gfifEfiemimraE
MECEFmMEBTARRE X — 0 Z, Wel ¥ Bt sm s mesissra, B

muy sin{e) = me) sin(f — o),
e 't-';_.

B ERAKATHER: a=58—a B a=058 W5, fERNE | &8 EMEs, SikefREES
Ny, BEHHEEEZEEER v, ETEHBESRENR ¢, HEENEEZEMRELHTRES

vy = v sin(a),

vy = v cosla’),

2t = gt
R AR CFIE S B

2v| sina' cos o'
Ay
g

AR, MAFHEONE L, BEAFASER, B o B, 1R EHE s 7EE A K

KOERT, ELCh—FHLE, BRBPEGSHNEEAANXANR S HIAXREES: /=20 &
ISR, SHRT K SEERENERN, R MmN 8, £, F28EMA
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RESE RS e R B b B L, W F O A R T M o FEE, HEER{EATHE T — MERE (6] 5
BEERE.

6.1.3 H¥m 3: EE N ATHREXIRR #EKFE A B EAiEEE

PR, SRIARENIPLETEHEE, o™= T TR A ACE 77 8 B G s,
REM AR EE = A KT e fa . EFEASEN RN AR, XMEHEDh. 7, FORZS
T8 H EMHARENSR, KB — M 0E, TEIBA L Al AR ANEE, B ELEHAKT
fre a2 N . 2T, SR A ERERE R, R R LR B R IE R ER
(EEm A MR, M BRI . S E A MR A R B — e e, HEERAAKT o R AT SR K
Tl i B e, AMEELH T RKAER SR LB, MmHeE. Bk, frEs%Ei
7 R AR 4R S iR A th HEER AUKCE iE S, AT HEER BT KT 2 5h s B AR s AT T, EHERR M AR T,
M A B AR R, G G G R B R S T, iR 2 b AT, SR A
Bf, FHEF—REERE, hibAEERETR RS, WHEME S REN R B s, B, #i i
H B8 diaT .

7 ETRIUNREXEEN S BirtMERERE

7.1 RBSH

BRI S RAE, T E—WEERE R, RAOTCSATEE 550 AR F N R LS fER
Bl ST AR R, W TRENHRESE O BNARMGE S Fy, IAREMHGR
HEHL t 5AE F), RATEVAT T SN 0 — S BUERE (o, 5,7) = angle(Fo,t, F). i, SH0E
F 4R AT LA IS BA B8 O W R 2R P e B B P -

fEi ARG, TR TR B, S IR R SR B E AR
. N THIRERE EF NN EE, RO R EECE T — RIERE S 0B 57 1 LA
B - — YCHTER AT iE RO T . WA BT ER r MORLRY, % i BB £,y ph 0 S Al R B RS
Rt B B RIS R LS RS, ik, AR AR N LR R R A 4
PR T — R ST AR, (B MU SRR B, TR R R MR 1 —
RS, FELURER T LU T 2 A ME BRI AN HA 18 BRI L .

AL YRR AL 0 2 B R A SR A AR IR e . B R T E AR B S S A . R
FHERATE e B ER AR T — R EERE SE WS IR, MR RN T, RILER
B\ BMER R B S RIE LR, WARBE AR BEWR: (1) T 0 A AR
G H B R AT B R A s (2) 0B\ AR B SRR TR A (3) SN B R T B M I
4, B AN G AT MR TR — B AT T R AR A B R R R A, R R AR
BRI BT Rk, PRI TE T — A £ 1 A e 1% ) .

LRI RN %0 IR AT, (1) MR, B EREE N A R R 2 S ER RS
E B T & R (2) B, B SR EF R A SRR AR, BRSSO A R A R
(3) REIH, SO RIEFFES ERR O RRAKER AN, R\ 5 48 0 LR i i B s

g AT, RANF ARS8 A AENMESE, T %0k E bR RN
HEAMERMRR, ROTVOTTRAIAR M EERET SRR, MSERHLR K B0 B, RIF
e AT AT TR, RS A 152k TR IV T OOANR, JUHF T R el By e — i
IER AT RIRI. TRATLRL — & 89T B 75 AR S5 AR LB I A WCRIOR 5, e 7R I 47 25 4R
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HE, HEERE e R,

7.2 BRI
7.2.1 HESFSEEEL

RIS CL &R A BT T i AR A R b Y H AR B LR, TR G B B A — — T RIE,
B 5 B M Bk B 2 iR, SRR BUREL T HEEREE T A 1° (R
. AT B B A — Ml S HEERACF R E T MR A A, A 4 = 0.5° TRATLAETE 0
Ky, BAHEERIEENIT A AACE SR MO8 12° MBARTT RN X S, BASAFR, BUhT DS B s
FOfETALER, NF TR

BV

sinn=cos| 29 5.5
sinfi=sinl2-sind.5°

_____
el

Figure 12: SRS 075 o i F 00 A4 b R 2

MW, SmEMEGERE - X

0 f —sina —sin(0.5%) - cos(12°)
;; = Toatasa 1 0 = —sin 3 = | —sin(0.5%) - sin(12°%)
1 cos o cos cos(0.5%)
HEF R H RS E AEE (o,.8.) N

a, | _ [arcsin(sin(0.5°) - cos(12°)))  [0.4891°
B.]  \arcsin(sin(0.5°) - sin(12%)) ) \0.1157°

EIFE, di— i TR R A 2, R EGE T — R B Bl B v, N

(emy — malu] + (1 + e)mavh .
Ve = E{TR], +‘iITI.g:|' 1 EI'F'UE = 3/ Eg}?

LR, RAITEIMNREEN FEHMEERN —mMEERE LSR5 LHRFLESE —EN
w2, HEREN eGSR AR e -SSR, BAFRELUTARMN, FEERIIMN T iR
B4 B} 7 wh FEE 25 A ] BERE 0 M B3 - BES 22, O T SRALORE A ] A R B RS AT SR SR R
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BATRGFHMBEBHEE (0,8, voraan) T (o, Bu, va) ZEFE—EMRE, HHMRE err BiFE
HITE 1077 BLA.

7.2.2 thiB*

1. BA R AR R f R A R EEE SR A 2 ZR AR, Fikid REE AR A RER T

| D
Fy

2. FEARE DI EISBEERAER, RIOBE P sRGENAZENENHZRET ind,p, Y

F'ru{::r: E F:I. ':I
Fmr.:z- = Fmiﬂ

indg =

ind,p = var(

3. FMEARRARHLZMARERAER, RO ¢ AL 5070 ZE N IERN WERE T
E.?I‘dv!,' EIJ

. tor — ¢
'E.ﬂ.(i.r_,t s ']_l'ﬂr{ TrLLE i ::I
s tmiﬂ

4. WE® HirRIMRME. SE S Hisibl & TEFRRRE, ATERER=1RIITME
WARLLEE, WA RS = E TSR ERE RS, B TFEESRANT 0 mEY FikR
e AR I FSE A B 0 AT R, BRI =28 MECEEHE ind 1F R BT
Hir, HFORBEIRASET RN —fg—th RS, HNE o IR THAERE
RiliE, dFEEEPHRERA=DEEANES, LU o) =w =ws = % R, Bl

min ind = wy % indp +ws % ind,p + waind,,, wi + we + wy = 1
i EATR, LR iR 9B MR 4 TR E.

7.2.3 HWEH

b b o] B AT AT R, ARl R0 BE Eh 5 R N R R R B E bRiE a R, FIE RS
—ERHEIRFRNE, AT LB LA R R AR

» BERFELH:
{Eﬁ .H'- ':I":I' = ﬂﬂgfﬁ{Fﬂi t, F}

e
Verash = %_%{F_Fﬂ]

P, 1. _ana _ 2
Err = (o —a)” + (Be = B)" + (Ve — Veraan) < tol, tal =107 3

as + 82 + v
o (B 24 BT R B ) o LR T b h AR A

» FREEERRAEAE, WENNREAD I ER AR RERES IEREE, X EERRRE
LT E 1K 5y i

F'I:I < F'E < EFmin: _tILT-ﬂﬂ‘h: < t':' < E-I‘l'l"l’.lh‘:lh
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7.3 WBAGRBERERSH
7.3.1 HRLEAEEENT Y

BRALR K B (SA) B T —Fhill I p P 2 Bak . JUER AR ) B AR SRl T E R R O R, B —Fh
TREEMEE: BEAMEER S &, bR, niRn, FEid AR AN TR, W
WK, I riaE F. £8 T RERNED IS, BIGESRNERERE, NEREVED.
LA A o) B8E A R A B O B R DL D B, 3 iR R Y T P AR, sl T BRI SO I 8
AR E 3. AR AR K B R R A B R T

Algorithm 1 SA HUTUE S B AR A0
1. ¥k Ti, To, a, Ly, Result, Xo = [Fy, F, t]
2: Xeirrent = X, Xveat = Xo, indeurrent = inf, indpeq = inf
3: while T, > T, do
40 fori=1to Ly do
X = BEHLIEE ( Xeurren )

5
6 if Al 22 # then
T: continue
5 end if
g ind = optfun({X ., rent)
10 if ind < ind. e then
11 arued s =l A
12: if ind < indy.q then
13: irtlyegy = ind, Xpegt = X
14: end if
15: else
16: if rand< exp (- #24=ifduest ) then
17: indeyrreny = tnd, Chotcecyrreny = Choice
18: else
19: X = Xeurrent
20 end if
21 end if
22:  end for

23: T = Ty
24: end while

7.3.2 FIRTIITHE

BANE KRR R TIES —YOR KGR, RESSTEVIME T T AT S A = 4 — B vl AT R
O R R O e e ST AR S BT AT IBAE, TR Sl A i s AR — AT AR X
fEREEHIGEREN—MIGE. €2 5T BRSNS 0 R AR AT R B AR A1
HIRT AT
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7.3.3 E@s~4%

FRER) R TR AR SR EE 2, T RAE MR B ATH 1 4 B AT RE A R ELILED,
E T HER G RR M R AR B B A R RN, AU 14+10x2=21 MERRETT, B
VE SRR PR P R A P AR Y 1.2 x 21 x 10° CIRED SR AR,  DAGRAE L4 e St .

7.3.4 XBIAENEESWMOTE

1 Metropolis B2 HER 21, BUESTHES S00M B 5 a 22 iR, &

AC' = iﬂd{"]{mﬁ'eﬂl] 3 iﬂ'd{x&tu!]

1, AC <0,
Pr.l.r.'-r:E_p! —— -
e T, AC=0.

e 23
Te=1200, Ty=1 a=09, L;=1000,

7.3.5 REBERESH

A SR B2 F ERNARZEET 10 K BULRIFES R, nTL B30T Hir s E
L — LU B

 HEHAR R A AR | |

[EREHCE R T
i

-------

___________

AL R AT RN

Figure 13: ¥4k H b5 i Sl ih £

ik, SRATATLUE SIERT R BT R e, Bra WA R BATH 80 A1y 50N, T LA
SRRV HE A y 09 0.4008°, JLr RS T3 — AN\ 5 4 AR A RO 18 B SRR L T 22

Table 2: G HEhG AL B AL (s) AR (N) BEUE
MO8 1 2 3 4 3 fi T 8 9 10

KA HL -0.13  -0.17 -0.07 -027 -0.20 -0.11 -0.03 -0.06 -0.08 -0.10
el i 80.85 91.69 B6.84 96.73 T0.43 8312 T4.72 96.96 94.62 T3.66
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MR RE, SR ENPEETESR A E AL, S5 b
SHAAFAAZRANERFAHEERLR, AX FHLEENE, SRHARMERS TGN FEHIHAX
NS HLRAE S TR R, TR AR KB R AT IS AR AR B AT BUR I, (RT3 A — B
S FIBEHL IR 24 2o A R f AR s i ) T A A RO IIR R, B R N RS e N e G
CASERATY R — R, BRI “R)Cosi™ i 2 B BN — 5 ol 2 ) e FEE R 0 ) I — 3

8 1REFMN

8.1 #WAULS

1. ALFEIEES. SEMaH 7 B R R E, BRAETSRENREL, ARAFEER T DR
IR A 2 T SR

2. ARG [F] L ETE T A) A AT R P R Bl A 2105 B MAE s, BRI HETT R IMAR A, WAER
Bt BEETEMT, TR E SRR T R MR B

3. AT R R BOy S SRR KR, R BRSNS BN R e
4. FEMERE, CRPHARS SRR ST HERE .

8.2 #WMAFRS

1. SEBLEEEE, SRR R GEEOCAFEBENMTEEA [ R, R
TR RE = — IR E

2. FEBBUEDAHENINRERT, WEMEEHEARE - oEmmNER, ERENBHMER
FARMITE ST, B A RETEAE BN AR 2

3. fiidk F B 00 s B E b E AL BB R, BT & Bz R R ERORF G, Fitas
FI S R A AT 5 SRAE B T AT T B
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MR
PR —:

E]E—F2F :

(i kel T1-1 A 2 F speed2 | #HA | RAEEN AT S HEER S SR B

function [v10, v20, v1, v2]=speed2 (h)

g =923

e=0090; %KERN
ml = 0.27;

m2 = 3.6;

v10 = sqrt (2%g*h) ;

vl = -v10;

v20 = v10- (2kv10k(ml+m2) ) / ( (1+e) *m2) ;

v2 = v10+(ZHy10k (e*ml-m2) ) / (m2* (1+e) ) ;
disp{[v10, v20, v1, v2]);

%HEERET S R R B, FEER R [R)0 B A T T I

o)l — 32 FF :

BARE | 12-1 | 4% | x alpha beta | 1 | HERK, WHEESSEELE

funetion [x_gu end, alpha, beta, gamma|=x_alpha_beta(t end, n_question)
tspan=[0 t end]:

[xx0 aal bb0 tt0]l=tigian{n_question);

x0=xx0{end) ;

dx0=1{xx0 (end) ~xx0(end-1) ) / (1 t0 (end) -t t0{end-1) ) ;

al=aal (end) ;

da0=1{aal (end) -aal (end-1) ) / (tt0 (end) -t t0{end-1) ) ;

bO=bb0 (end) :

db0=1{bb0 (end) -bb0 (end-1}} / (tt0 (end) -t t0{end-1) ) ;

1 gu0=[x0 dx0];

alpha0=[a0 da0];

beta0=[b0 db0];

[t, xrad]=ode4b (@odefunxab, tspan, [x pud alphal betall, [],n question):

x_gu=[xx0:xrad(:,1)];

x_gu_end=x_gu (end) ;

degree alpha=[aal;xrad{:, 3) |*180/pi;

alpha=degree alpha{end):

degree beta=[bb0:xrad(:, 5) [*180/pi:

beta=degree beta(end) :

gamma=asin{sqrt (sin(beta*pi/180) "2+sin{alpha*pi/180) "2) ) *180/pi:
fprintf (" [FLGESKFERREfgammay: %4 4f° ' |, gamma) ;
fprintf (" \n');

tt=[tth;t];

figure;
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plot{tt, x_gu, k-5, Linewidth',1.5);

titleC A E m{TEME (#NRELE) 7, 18);
grid on:

figure:

plot{tt, degree alpha, r-o', Linewidth ,1.5);
hold on;grid on;

plot(tt, degree beta, b-—%*", Linewidth ,1.5):
legend (" halpha', \beta'}:

title( SEAYA EHEDMEE (ML) ', 18),

e [ T2-2 | e | Mo | R-0. 1s 0s AL RS

function [Mx, Myl=MO(theta, alpha, beta, n_question)

r=0. 2;

vec r=zeros(8, 3):

vee_r(l, :)=r*[cos(alpha) 0 sin(alpha)]; vec_r(2, :)=r*sqrt(2)/2%[cos(alpha)
cos({beta) sin(alpha)+sin(beta)];

vee_r(3, :)=r*[0 cos(beta) sin(beta)]: vec r(4, :)=r*sqrt(2)/2%[-cos(alpha)
cos(beta) —sin(alpha)+sin(beta)];

vec ri5:8, :)=—vec r{l:4 :};

vee F=zeros(8, 3):

[FF, tt]=member (n_question) :

FF (tt==0}=68. 1545;

F=FF:

vec_F(1, :)=F(l)*[cos{theta) 0 sin(theta}]; vec F(2,:)=F(2)*[cos(theta) /sqrt(2)
cos{theta) /sqrt (2) sin(theta)];

vec_F(3, :)=F(3)*[0 cos(theta) sin(theta)]; vec_F(4, :)=F{4)*[-cos (theta) /sqrt(2)
cos (theta) /sqrt(2) sin(theta)];

vec F(5, :)=F(B)*[-cos{theta) 0 sin(theta)]: vec F(&, :)=F{6)*[-cos(theta) /sqrt(2)

-cos{theta) /sqrt (2} sin(theta)];

vee F(7, :)=F(T)*[0 -cos(theta)  sin(theta)]l: veec FI(8,.:)=F{B)*[cos(theta)/ /sqrt(2)
—cos{theta) /sqrt(2) sin(theta)];

M=zeros (1, 3) ;

for i=1:8
M=M+cross (vec_r{i, :), vec_F(i, :)):
end
Mx=—-M(2) ;
My=M(1) ;
BErems [T2-3 | wffE#HK | M W | 3K 0s 5 L p R
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function [Mx,My]=M{theta, alpha, beta, n_question)
r=0. 2;
vec r=zeros(8, 3):
vee r(l, :)=r*[cos{alpha) 0 sin(alpha)]; vee r(2, :)=r*sqrt(2)/2%[cos(alpha)
cos{beta) sin(alpha)+sin(beta)];
vec_r(3, :)=r*[0 cos(beta) sin(beta)]; vec_r{4, :)=r*sqrt(2) /2%[-cos (alpha)
cosi{beta) —sinlalpha)+sin(beta)]:
vee r{5:8, :)=vec r{l:4 :};
vec F=zeros(8, 3):
[F, " ]=member (n_question) ;
vee F(1, :1=F(1)*[cos(theta) 0 sin(theta)]: vec F(2, :)=F{(2)*[cos (theta) /sqrt (2)
cos(theta) /sqrt (2} sin(theta)];
vec_F(3, :)=F(3)*[0 cos(theta) sin(theta)]; vec F(4, :)=F(4)*[-cos(theta) /sqrt (2)
cos(theta) /sqrt (2} sin(theta)];
vec_F{(5, :)=F(8)*[-cos(theta) 0 sin(theta)]; vec_F(6, :)=F{6)*[-cos(theta) /sqrt (2)
—-cos{theta) /sqrt (2} sin(theta)];
vec_F(7, :)=F(7)*[0 -cos(theta) sin(theta)]; vec F(B, :)=F(B)*[cos (theta) /sqrt(2)
-cos (theta) /sqrt(2) sin(theta)];
M=zeros (1, 3) ;
for 1=1:8
M=M+cross (vec_r(i, :}, vee_F(i, :J):
end
Mx=—M{2) ;
My=M{1) ;

Brrme [ 124 | o#4%k | newber | #8179 THMER

function [F, t]=member {n question)
switch n_question
case 1
F=[90 80 80 80 80 80 80 80];
t=zeros (1, B) :
case 2
F=[90 90 80 80 80 80 80 80];
t=zeros (1, 8) ;
case 3
F=[90 80 80 90 80 80 80 80];
t=zeros(l, 8) ;
case 4
F=[80 80 80 80 80 80 80 80];
t=[-0.1 zeros(l,7}];
case 5
F=[80 80 80 80 80 80 80 80];
t=[-0.1 -0.1 zeros(1,6)];
case B
F=[80 80 80 80 80 80 80 80];
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t=[-0.1 0 0 -0.1 zeros(l,4}]:
case 7
F=[90 80 80 80 80 80 80 80];
t=[-0.1 zeros(l, 7}1;
case 8
F=[90 80 80 90 80 80 80 80];
t=[0 0.1 00 -0.1 0 0 0];
case 9
F=[90 80 80 90 80 80 80 R80];
t=[0000-0.100 -0.1};
end
end

BR[| T2-5 | CfF#FK | x gu | SRFE R AR

function x=x_gu(t, n_question)
[F, “]=member (n_question} ;
omega=sqrt { (sum(F) )/ (3. 6%1. 7)) ;
x0=0.11:

C=9. 8/omega” 2:

Cl=x0-C;

x=Cl*cos (omega*t) +C;

BRES [ T2-6 | CH&HK | odefun | W | MAHEAW

function dx=odefun(t, x)
dx=zeros (2, 1) ;

dx(1)=x(2);

dx (2)=-(7%*80+90) /(1. T*3. 6) *x (1) +9, 8;
end

s | T2-7 | XF¥F | degree_alpha | 8] | HE o HaIMENR

function degree alpha(t end)

tspan=[0 t end];

a0=[0 0];

[t, al=oded5 (@odefuna, tspan, al) ;
degreea=a(:, 1)*180/pi;

figure:

plot(t, degreea, r—o , Linewidth ,1.5):

P& | T2-8 | XFEHH | degree alpha beta | 8] | MR %@ o . B HahAIHR
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function [alpha, betal=degree alpha beta(t end)
tspan=[0 t_end]:

al=0; b0=0;

alpha0=[a0 0];

betal=[b0 0];

[t, rad]=oded5 (@odefunab, tspan, [alphal® beta0]):
degree alpha=rad(:, 1)*180/pi;

alpha=degree alpha{end):

degree beta=rad(:, 3)*180/pi:

beta=degree beta(end) :

figure:

plot{t, degree alpha, 'r-o', ' Linewidth', 1. 5}
hold on

plot(t, degree beta, b—%, Linewidth , 1.5}
legend (" \alpha', ' \beta'};

title( BAIA I H RN M EE (H/hmEE) *, 18);

T

BrEsS | 12-9 | HEHK | odefuna | B | R o BEIMS AN

function da=odefunaf(t,a)
Jx=1/2%3. 6%0. 2" 2+1,/12#%3. 6%0. 222

da=zeros (2, 1) ;

x=x_gult, 1);

theta=asin(x/1.7);

da(l)=a(2};

da(2)=0. 2/ Jx* (-80%sin (thetata(1) ) +90%sin (theta-a(l)}) ;
end

B | T2-10 | XK | odefunab | #HH | EMfE#a . B EiFMS RGN

function drad=odefunab(t, rad)
Jx=1/2#3, 6%0. 27 2+1,/12%3. 6%0, 22" 2;
drad=zeros (4, 1) ;

n_question=3:
x=x_puflt, n _guestion) :
theta=asin(x/1.7) ;

[Mx, My]=M{theta, rad (1}, rad{3}) :
drad(1)=rad(2) ;

drad (2) =1/ Jx*Mx;
drad(3)=rad(4) ;

drad (4)=1/Jx#My;

end

Brreams | T2-11 | & | tigian | | RENEA TR FHSHE
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function [x_gu0, alpha0, betal, tt0]l=tigian(n_question)
[™, t]=member (n_question);
if Tany(t)
¥ pu0=[0.11 0.11]"; alphaO=[0 0] ; beta0=[0 01" ; tt0=[0 0.001] ;
%t SR ELEEN, NUGEREEEEARE, MR TN
else
tapan=[-0.1 0];
[t, xrad0]=o0de45 (@odefunxab0l, tspan, [0.11 0 0 0 0 0], [], n_question);
ttl=t:
x_gul=xrad0(:, 1) :
alphaO=xrad0(:, 3) :
betal=xrad0(:, 5):
end

[ PO 32 FF -

BEGY |14 | SR | odefungFt [ 8 | M HERK

function dxrad=odefungFt(t, xrad, FO, FF, tt, index)
if nargin=—=
n=10; M=3.6; g=9.8; L=2; r=0.2; H=0. 22;
else
n=index(1) ; M=index{(2): g=index(3):
L=index(4) ; r=index{(5); H=index(6) ;
end

Jx=1/24M%r " 2+1/12%M*H " 2;
dxrad=zeros(6, 1) ;

F=FF:

F(tt>t)=F0;
theta=asin(xrad (1) /L) ;
Fx=sum(F) *xrad (1) /L;
[Mx, My]1=M_jisuan(theta, xrad(3), xrad(5},F,n, r):
dxrad(l)=xrad(2)
dxrad(2) =—Fx/M+g;
dxrad(3)=xrad (4) ;
dxrad(4)=1/Jx*Mx
dxrad(5)=xrad (6) ;
dxrad(6) =1/ JTx*My:

end

BRGE  [142 | XHESFK | ganma F t | 309 | SRih ganma B Ft RO2ELL
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function [x_gu_ end, alpha, beta, gamma|=gamma F t (FO, FF, tt, t_end, index)
SEEIX Rt endd] BLHHEE R t_end=pi/2%sqrt (MeL/ (sum(FF} )} ;
if nargin<=3
n=10; M=3.6; g=9.8; L=2; r=0.2; H=0. 22;
t_end=pi/2%sqrt (M*L/ (sum(FF))): index=[n M g L r H]:

else

n=index(1) ; M=index(2); g=index(3): L=index(4);
end
x0=asin (Mkg/ (n#F0) ) *L; AR SR M dr ARG L AL
tspan=[min{tt) t_end]; YEAREMT TELTR
[t, xrad]=ode45 (@odefungFt, tspan, [x0 0 0 0 0 0], [], FO, FF, tt, index) ;

SRR T

x_gu=xrad(:, 1) ;
x_pgu_end=x_gulend) ; %ok HY A B
degree_alpha=xrad(:, 3} *180/pi;
alpha=degree alpha{end) : i o i Zlalpha (RS )
degree beta=xrad(:, 5)*180/pi;
beta=degree beta(end) ; i G i #lbeta (FABESR])

gamma=asin{sqrt (sin{beta*pi/180) 2+sin{alpha%pi/180) 2))*180/pi;
fprintf ( [-DA" AOeEefilepliDiCeamma " £°%4. 478", gamma) :  %4idigama CHAEEH]D
fprintf (' \n');

BFGS | 143 | CH&Hk | M jisuan | 0] | RIGERE FRAEE

function [Mx,Myl=M_jisuan(theta, alpha, beta,F,n, r)
if nargin=—4
n=10; r=0.2;
end
angle=0:24pi/n: 24pi;
angle(end)=[1;
I zhuan=[cos(alpha}) 0 -sin{alpha) ;0 cos(beta) —sin(beta):sin(alpha) sin(beta)
cos (alpha) *cos (beta) ] ;
vec_r=zeros(n, 3):
for i=l:n
vector=[cos(angle(i}) sin(angle(i}) 0] ;
v_zhuan=1 zhuan#®vector;
vec_r{i, :)=r¥v_zhuan;
end

vec F=zeros(n, 3):

for i=1:n
v_fangxiang=[cos(angle(i})*cos (theta) sin(angle(i})}#*cos(theta) sin(theta)];
vee F(i, :)=F(i})#*v_fangxiang;

end




M=zeros (1, 3) ;

for i=l:n
M=M+cross (vec_r(i, :}, vec F(i, :));

end

Mx=—M(2) ;

My=M(1) ;

BEre | T44 | Sofk& | disturbtt | BEBH | A ARIB kBB iR ENE

function tt_dis=disturbtt (tt)
for i=1:10

tt{i)=tt (i) +0. 02#randn () ;
end

tt {tt>0)=0:
ind1=0; ind2=0;

while{indl=ind2)
indl=ceil (rand. *10) ;
ind2=ceil (rand. *10) ;
end

tt_dis{indi)=tt (ind2} ;
tt_dis{ind2)=tt (indl) ;
end

B4 | T4-5 LfEFEF | optfun W | BKEEN BRRRE

function aim=optfun(X)
FO=X(1); FF=X(2:11); tt=N{12:21):
[™, alpha, beta, gamma]=gamma_F_t(F0, FF, 1) ;
it 8 H il alpha beta gamma{EFH P
alpha final=asin(sin (0. 5%pi/180)%cos (12%pi/180))+*180/pi:
beta final=asin(sin(0. 5%pi/180)*sin{12%pi/180) )*180/pi:
gamma_final=asin(sqrt{sin(beta final#*pi/180) 2+sin(alpha final#pi/180) "2))*180/p
13
%t E & EHiR
aiml=abs (mean (FF)-F0) /abs (max (FF) -F0) ;
aim2=range (FF. /norm(FF)) "2; aim3=sum(tt. 2);
aim4={alpha-alpha final) "2+ (beta-beta_final) 2+(gamma-gamma final) "2;
if (aim4>0.3) || (FO>min(FF}) || (max (abs{tt))>0. 15)
aim=100000;
else
omega=[1/3 1/3 1/3]:
aim=omega (1)*aiml + omega(2)*aim2 + omega(3)*aim3d; %omega (4) *aimd ;
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end

Ehs | T4-6 JCfF#FE | find opt W | mEREr, RRESEE

function
[alpha best, beta best, gamma best, FO best, FF_best, tt_best]=find opt (F0OO, FFO, tt0, T
k, TO, Lf, alpha)
alpha final=asin(sin(0. 5%pi/180)*cos(12%pi/180))*180/pi:
beta final=asin(sin{0. 5%pi/180)*sin{12%pi/180))*180/pi;
gamma_final=asin(sqrt{sin(beta final#*pi/180) 2+sin(alpha final#pi/180) "2))*180/p
13
if nargin=—
Tk=1000;
TO=1;
Lf=2000;
alpha=0. 5;
end
FO current=F00;
FF_current=FF0;
tt_ecurrent=ttl;
FO best=F00;
FF_best=FF0;
tt_best=tt0;
pur_current=optfun([F00 FFO tt0]);

pur_best=optfun([F00 FFO tt0]);
result=[];
while Tk>TO
for i=1:Lf
FO=disturbF0(F0_current)
FF=disturbFF (FF_current) ;
tt=disturbtt(tt current)
fprintf { CHRATHERAICEHSD \n' , 1) ;
X=[F0 FF tt];
pur=optfun(X) ;
if pur<pur current
pur_current=pur;
FO current=F0;
FF_current=FF:
ti_current=tt;
if pur<pur best
pur_best=pur;
F0 best=F0:
FF best=FF:
tt _best=tt;
end
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else
if rand(l, 1}<exp{{pur current-pur)/Tk)
pur_current=pur;
FO_current=F0;
FF current=FF;
tt_current=tt;
else
end
end
fprintf (" ah2 5B H A7 i BB HO0%1. 4f \n ', pur) ;
fprintf (Z5E7 A B b7 6 828 0h%1. 4F \n , pur_current):
end
Tk=alpha*Tk
fprintf (" SEAE— K ~dei H F@E RS HOWL. 4F \n 7, pur_best) ;
result=[result, pur _best]:
end

[*, alpha best, beta_best, gamma_best]=gamma F t (FO best, FF_best, tt_best) ;
forintf (Sidil kA E, FOE S mayE L% fganma_best

H: %4 4f° \n', gamma_best) :

forintf [0 5K Fim e bR f3E figanma_ finall: %4 4f° ‘\n ', gamma_final) ;

figure: hold on; grid on;

plot{result, r—', " LineWidth, 2);

xlabel (" SCIELM 2R ¥n ° |, ' Fontsize', 18, Fontname',’ Times'}:
ylabel (' H#r# ¥ {8br{’ , Fontsize', 18, Fontname , Times'):
title (Bl -k i ELRBNANEHT®E , Fontsize ,20, Fontname’, ' Times') ;

end

function FO dis=disturbF0(F0)
FO dis=F0+0. 5%randn{) ;
end

function FF_dis=disturbFF (FF)
for 1=1:10
FF (i)=FF (i) +0. 5%randn () ;
end
indl1=0; ind2=0:
while(indl1=ind2)
indl=ceil (rand. *10} ;
ind2=ceil (rand. #10) ;
end
FF_dis=FF;
FF_dis {ind1)=FF (ind2) :
FF_dis(ind2)=FF (indl) ;
end
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function tt_dis=disturbtt(tt)
for i=1:10

tt (i)=tt (i) +0. 001*randn () ;

end
tt (tt>0)=0:
ind1=0; ind2=0;

while{indl=ind2)
indl=ceil (rand. *10) ;
ind2=ceil (rand. #10) ;

end

tt dis=tt:

tt_dis{indl)=tt(ind2) ;

tt_dis{ind2)=tt (indl) ;

end
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