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L= X, + ZDCHCCOS (pc15°t — de — ge) 2)

:EE:EP C= Ol; Kl; M2> SZ: M4: MS4; Z %ﬁﬁﬁ%ﬁﬁqﬁt%n; PC =1 (Xﬂ. 013 Kl)}

2 Moy 82) B4 G My, MS)o R(2)h D, 4 [EERENEE M. X1
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zw = Uy, Uf, Vi, UF, V5, U, Vi) (5)
Hrh
l’J(’)k == 24X0 -+ Z IUO,CZ_)-CHCCOS (t?c -+ gc — PC1502)
C
U = > Iy,cDcHeeos (@ + g — pcl5°%) (6)
C
V;k = Z IVq,CD-CHC sin (Ec -+ gc — pCISOZ)
C
XE, g=1,2,4; Tvies Tuges Ivge 550 8 ARBE R E B
Iy ¢ = 8cos 6o¢cos3occos1.50¢(1 + 2cosoe)
Iy c = 8sin 60¢sin 30¢cos 1.50:(1 + 2 cosoc)
Iy ,c = 8sin 60¢cos30ccos 1.50(1 + 2cosog)
IUz,C = —8cos 6Uc sin 3O-C sin 1'50C<1 + ZCOSO'C) (7)
Iy,c = —8cos60¢sin 30¢cos 1.50¢(1 + 2cosog)
Iy,.c = —16cos6occos30¢sin 1.50¢ sin o
Iy, c= —8cos6occos30¢sin 1. 50.(1 + 2cosayg)
HEGBELRE 1, HRFTLUEY, UF F1 v WEERECKRE 0, f1 K, 4#; R,
’Uz *ﬂ 172 Eg%g MZ ZED Sza U4 —ﬂ] 174 EE%E M4 %ﬂ MS40
ATHEITE,RIITIA
#£1 Iy,c, Iy,,05 Iy ,c; Ix,c5 I cy fr,c B Jxc5 qu,vc, Iy o BOEE{E
c 0, K, M, S, M, M,
Iy,c 1.81 —0.07 —0.84 0.00 —0.85 —0.43
Iy,.c 14.57 15.35 1.69 0.00 —0.02 0.00
Iy,,c 16.28 15.28 0.09 0.00 0.18 0.05
Iy,c —0.62 0.03 15.03 15.45 -1.71 —-0.86
Iy,,c —1.62 0.07 15.85 15.45 —0.09 -~0.03
Iy,,c —0.11 0.00 0.28 0.00 13.16 13.60
Iy,.c —0.69 0.03 0.80 0.00 16.00 16.12
Ixyc 0.075 -0.003 |  —0.035 0.000 —0.035 —0.018
Ix,,c 0.949 1.000 0.110 0.000 —0.001 0.000
Iv,.c 1.065 1.000 0.006 0.000 0.012 0.003
Ix,.c —0.041 0.002 1.000 1.028 —0.114 —0.057
Iy,.c —0.102 0.004 1.000 0.975 —0.006 —0.002
Ix,.c —0.008 0.000 0.021 0.000 1.000 1.033
Iv,c —0.043 0.002 0.050 0.000 1.000 1.008
Jxgsc ~0.075 0.003 0.035 0.000 0.035 0.018
Jx.,c 0.051 0.000 - -0,110 0.000 0.001 0.000
Jy,.c —~0.065 0.000 —0.006 0.000 ~0.012 —0.003
Jxpe 0.041 —0.002 0.000 -0.028 0.114 0.057
Jy,.c 0.102 —0.004 0.000 0.025 0.006 0.002
Jxu6 0.008 0.000 ~0.021 0.000 0.000 —0.033
Jy,c 0.043 —0.002 —0.050 0.000 0.000 —0.008
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(Xgepfxo,o,; IXO,Klz e ':IXO.MS4) = (U5, IUD.Ol) IUO,Kla °e ':IUO.MS4>/24

(X7, le.ox,IXI,Kla ° ';le,Ms,) = (U¥, Iul,ol.ful,xl,' : ',Itjl.z|frs,,>/lr_71,1r<l

(Y5 Ivn0,5Ivurys s Tvms,) = (V¥ Iy 0, Ty ks o Iy s )/ Ty ok,

(X5 Tx,0,5 Ik, 0 5 Ixpus,) = (U, Ty,o0lus s Tupus, ) Tum, (8)
(Y;k: Iyz,ola IYZ.KI;' e ;IY,.MS,,) = (V;k, Ivz,ola IVE.KX: ot >IV2,MS4)/IV2,M2
(X;kalx‘,ol, IX‘;,KX: e :IX4,MS4> == (U;k> IU4.01> IU4,K1: e aIU4,MS4>/IU4,M4

* . . —1 * . o .
(Y IvpoTvakys s Ivaus) = (Vi Iy 05Tk, s Ty ous ) v om,

iEsy

Xe =X, + Z IXO.CECHCCOS (d¢c + gc — pcl5°%)
C

X$= > Iy cDcHccos (dc + g — pcl5°%F) . (9)
[+

Y;k = Z IYq»C—'D—CHCSin (ZC + 8¢ — P(;15°Z) ..

C .

AT Ixpes Ixgos Ivgpe WEBREERE Lo
A5IA

X, = BolHolcos (301 -+ g.o1 — 15°%) + D-KlHchos (dg, + gx, — 15°%)

Yy = Do Ho,sin(do, + go, — 15°%) + Dy Hx, sin (dx, + gx, — 15°%)

X, = Dy Hy,cos (dy, + gy, — 30°8) + Ds,Hs,cos (ds, + gs, — 30°7) (10)

Y, = Dy, Hy,sin (dy, + gu, — 30°%) + Dy Hs,sin (ds, + g5, — 30°F)

X, = 5M4HM4COS (ZM,, + Em, — 6002) + 51\43,,[‘171(454 cos (ZMS4 + Eums, — 6002)

Y, = Dy Hy,sin (dy, + gu, — 60°7) + DasHuys,sin (dys, -+ gus, — 60°F)
M) 775

Xy = X¥ + > Jx,cDcHgcos (g + gc — pcl5°%)
(4

Xq = X;k + Z JXq,CECHCCOS (JC + gc — p(;15°i) (1:[)
(4

Yq = Y;k -+ Z ]yq,cﬁchsin (26 —+ gc — PCISOZ}
c

Krh J RS R S T Bk, B R BEFITE 1 e mETH, J 2%/
BB o

"L
F, cosp, = X, (12)
F,sinp,=1Y,
fo= @4 + q15%% : (13)
)54
{ A, = F,cosf, (14)

B, = F,sinf,
MRER(10),H
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Do Ho, cos(do, + go,) + Dx Hg cos(dx, + gx) = 4
EOIHOfSin (Zol + gol) -+ 5K1HK1 sin <2K1 + ng) = B,
Dy Hy,cos (dy, + gu,) + Ds Hs,cos(ds, + gs,) = 4, (15)
Dy Hy, sin (@, + gu,) + Ds Hs sin (ds, + gs,) = B,
§M4HM4COS (ZM4 + gM,) + 5M34HMS4COS <2MS4 -+ ng) = 4,
» 5M4HM4 sin (dy, + gu,) + 51»154HMS4 sin (dys, + gus,) = B
KB HTHOERSE 4,, B, ZHMNXR. HEFILER, RENHEFS Z
fEER Zw, REBERGINER, @HEE X5, Xi, Yie HROADFALE IR
EALNEHSE X, X,, Y, MMufEBh(12).(13).(1OME 4,, B,o HIEIEEIE
ERRIAIEEIAHE 4, B, RERSFITEBIAEMER BRKXADALE IR
R A& BRI ERE R, ERHTE J ENENE, STRIRAERE R /L5
FRRADEDE TS, XS, Xi, Yi 8 Xo, X, YV, EHBAEEHEEM
&, RERITRIRAMERARARAD, B EE RBEHN X, X, Y, o
_ ERBHTE KBRS ZWE, RIEETRTEA (15) K@=, HTA5)
A AZHBRE RN E, b IR L B IR AR
2. RREHNITR ,
EHRTE R e = A, E— kB B E & A R T H RN T E:
BMZHMzcos (du, + gu,) + -_D—SZHSZCOS (ds, + gs,) = 4, (16)
-D—MZHMzsin (;M, -+ gM) + ﬁsszz sin (zs, + gs,) = B,

{ —E—Mzcosz—l_Mz = ay, _—D—Mz sin_z?M2 = by a7
Ds,cosds, == as, Ds,sinds, = bs
{ HM,COs &M, = ¥u,> HM2 sin 8m, = Ium, (18)
Hg, cosgs, = x5,, Hs,sin g5, = s,
ML) T LA LR ITIRA
Ayxy, — byYu, + asrs, — bsys, = 4, (19)
bM’fMl + ayyu, + bsxsz + asys, = B,
BAA, I RHAT T HUE B, AT 7R, MR I B «, v B B2, RIAY
BARAOEHANE R ERAELBRPAN TRREHE, BH ST RKE ERAR
S, B — ke N > 2, RS HHEEEN RO BILE 2N NIRRT
A \
AMiXm, ~ bMinz + agixs, — bs:’}’sz = Ay (i=1,2,-++,N) (20)
- buiry, +oayiyu, + bsixs, + asiys, = By
A Hbs ¢ RoRSE I B MMEMEN EE o
— R, RCQORFENEELEA, TUURR/NIRIELE, KT EA

azxMz + ‘)’zxsz -+ 6zysg. == K3
Yy, — Oxxs, + 72¥s, = A2 (21)
7a%m, — O2¥u, + ﬁzxsz = Y2

Oxxn, + 72Vm, + 132}’52 =M
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A

B2
72

o = Z(aly + b)) = 2512\411'
= ¥(a%; + %) = 2D},
= Z(ayiasi + buyibsi) = ZDyDscos (dy,; — ds,;)
8 = Z(—anibs; + byas;) = Zﬁmziﬁszi sin (ZMzi - Zszi)
tz = 3(Ayar; + Bubyi) = ZFyuDyicos (fu — day)
by = Z(—dyby; + Butry) = SFyuDyysin (fy — durys)
pz = Z(Ayas; + Babs;) = ZFyDs cos (fo — ds,;)
vy = Z(—dybs; + Byas;) = ZFZ;'BSZ:’ sin (f — Eszi)

ﬁEZR%ZZO%EﬁM%ﬂﬁEﬁOD%%%

)
+H

Xy,
Yu,
xsz

Vs,

il

M2K2

- 52#2 — LYz

. 7]22:2 -+ L, — 627);

—'021‘52 -+ Lzl‘Lz -+ é‘z‘uz

Lk, — 62}/2

+ gz”z

{ (gu 725 025 Lz) = (O‘z,(gz, 725 52)/82'

— 2 2
8y = @ff; — v3 — 02

A(8),(12),(I3)EW XF, FI, 133

18

(3)EH F,, fu

RETER, R L EATTREIENT:
() MHE—FEEWEEFS Z, H50E zw, BEXW US, Uz, Vi, AEH

(22)

(23)

(24)

Gi) DL Fi, ff RE F,, f,, HER (22),(24),(23),(18) IR RN
Gif) K WA FOE UE RARAD, SRS MBI Xo, Xo, Yo, Mifr R (12),

Gv) ¥ F,, f, BE® (i) $I8, EEFNERER. BT RRfN 85k

xl BER MR

HoE: BT, 5°34N, 5°1I'E, BX; —0100

i i ] # & (B k)
L | 19512 A7 19 —8 A6k | 329 299 268 238 219 204 207 229 253 277 302 317
8H7N—8H 18K | 320 302 271 229 192 174 171 192 216 256 296 314
o, |1951%2 H8 R 19 —9 A6 Ry | 323 305 280 253 225 207 201 213 235 259 283 296
9@ 7 N—9 H 185 | 305 299 280 250 207 189 177 186 207 232 268 299
5 [195142 F13 B 0K—I3 A 1LRy| 265 247 229. 219 219 229 238 253 262 271 277 268
13 8 121—13 § 23 K| 262 253 238 222 225 238 247 259 268 280 289 280
s |19514E2 FI8 A 2I—I8 {13 1| 274 283 280 268 253 232 213 204 204 213 222 238
185 1419—I19 B 1 & | 259 280 286 283 268 253 241 235 232 238 250 268
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AR AE—ERE, XA RMEHTUBERREERMALE—FETENR.

THER =V XA TIRM/LA RS R RE I (Ogidigbe) AIHHIH,
2% 1 TS RO S B R R b SR L 2 18 S B e R B S T SR, O B i E RS Y
HRAEAERS EABIT, T4+ RN N =4), ZHEEXNMFETERATERRD
T 2 REVEIRIER . ERRHEN, R I, Iv B NIK, XBEHRFIHE—-RPUTED
BIEABIT. & ML hERPENZXNRERS D EREATE 4 HABHIMI1IY
% 2 RER, R A AN BRIy 48 /N, BB AT R ER BB, XL
NI, B & IF B 24 /NN 2 o '

R0 XF R F}, ff (&
s BEE
LKA AN 19514E2 A8 B 6304, =6 304,

# =1
BT 12 /N 329 299 268 238 219 204 207 229 253 277 302 317
J& 12 /NI 320 302 271 229 192 174 171 192 216 256 296 314
X3 1 1 1 1 1 1 1 1 11 1 1 24.00
1 1 1 1 1 1 1 1 1 1 1 1
x* -1 -1 -1 =1 =1 —1 1 1 1 1 1 1 15.35
1 1 1 1 1 1 =1 —1 —1 =1 —1 =1
- -1 -1 -1 -1 -1 =1 =1 -1 -1 -1 -1 -1 15.28
1 1 1 1 1 1 1 1 1 1 1 1
. 1 1 ! -1 -1 -1 -1 -1 =1 1 1 1 15.03
1 1 1 -1 -1 -1 =1 =1 —1 1 1 1
- 1 1 1 1 1 1 -1 -1 -1 -1 -1 =1 15.85
1 1 1 1 1 1 =1 -1 -1 =1 -1 -1
x¥ 1 0 -1 -1 o 1 1 0 -1 -1 1 13.16
1 0 -1 =1 0 1 1 0 -1 =1 0 1
¥ 1 1 1. -1 —1 -1 1 1 1 -1 -1 -1 16.00
1 1 1 -1 -1 -1 1 1 1 -1 -1 -1
Xr=253.1; XF=14.6, YF= —13.7; X =168.3, Y¥=0.9; Xf=3.0, Yi=1.8,
ot =289, rFf=14 pf=1, Ff=168; ¢f=31, Ff=3,
¥=127, fF =196, f§ =61,

B of = YI/XE, Ff = (XF + VI, ff = of + 41577,
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z I, PRBELEECE
‘ s BREBR
i ¥ F¥ ¥ F¥ ¥ F¥
1 27 14 196 68 61 3
2 25 12 211 61 32 3
3 279 6 295 29 53 2
4 325 16 110 32 14 2
i f}“—gol F;"ﬁol cos sin Y f’z"—z?Mz F;“ﬁMz cos sin ¥ ff—t?M‘ F*D M, |- cos sin V)
1 289 19 6 18 147 74 - 62 40 323 4 3 -2
2 260 16 -3 —16 136 65 —47 45 241 3 -1 -3
3 46 7 5 5 117 26 —12 23 . 57 2 1 2
4 336 16 15 -7 180 27 —27 0 154 1 -1 0
= 23 -36 —148 108 -3
(OGH NG (;ﬁ)(k*)
i f¥-dg, F¥Dg,| cos sia® fr-ds, F#Ds, ! cos sin © |ff-dys, FfDys,| cos sin ®
1 56 18 10 15 174 78 ~78 8 346 4 4 -1
2 56 15 8 12 190 71 -70 -—12 295 4 2 —4
3 315 6 -4 276 34 4 34 229 2 -1 -2
4 3 14 14 1 94 39 -3 39 57 2 1 2
5 36 24 —147 _—147 1 6 -5
) EHOH eHEH
x’gl = k¥ — O,uF — Lv¥=6.0, x%, = mkf — O — ¥ = —35.2, x¥f, =ik — O —LwF=0.5,

YO = pAF + ypf — 0] —3.8, vk, = A + Lpf — 0¥ = 23.6, }"1:14 = uA¥ + Lpf — Q¥ =10.0,

oh = —0kF + LAF + Eipf = 8.2, x§,=—0:cF + LAY + Eopu¥=—16.8, x}‘C,S‘=—04fcf + tAF + GapF=0.8,

yK, = —ykf — 0.AF + EvF =1.9, yf, = —LaF — 0,4 + Ewf = 2.3, yM34 = —uk¥—-0AF + L =1.0,
g5, =328, HY =7; g, = 146, HY, = 42; f,=0, B =1;
g%, =13, H, =8; g¥, =172, H¥, = 17; gMS4—309 Hfs =1,
#: 1) cos, sin {43 F*ﬁolco's(f* —do,), F¥Dosin(f¥ —do); .
2) gt= ty lyk/xE, HE= (<8 + ¥,
#IV X, B F, f, 8
A BREHRI
BLRWAM, hENZ: 1951422 8 HG6 K305, =06IF30/}
S B r g* H* d b d + g¥ — p15¢  DH*
o, 1 328 7 98 1.34 328 9
K, 1 13 8 331 1.27 246 10
M, 2 146 42 49 1.09 0 46
S 2 172 17 22 1.15 359 20
M; 4 0 1 98 1.19 68 1
MS, 4 309 - 1 75 1.46 354 1
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Ed #® J
4 # a 50
Xo Xy Y, X, Y, X, Y,

[eX 8 -5 —0.075 0.051 —0.065 0.041 0.102 0.008 0.043
K, -4 -9 0.003 0.000 0.000 —0.002 —0.004 0.000 —0.002
M, 46 0 0.035 —0.110 —0.006 0.000 0.000 -0.021 —0.050
S, 20 0 0.000 0.000 0.000 —0.028 0.025 0.000 0.000
M, 1 0.035 0.001 —0.012 0.114 0.006 0.000 0.000
MS, 1 0 0.018 0.000 —0.003 0.057 0.002 —0.033 —0.008
AXy=1.0; AX, = —4.7, AY, =0.3; AXy= —0.2, AY, = —0.5; AX,= —0.9, AY = —0.2,

X§=1253.1; X}=14.6, YF= —13.7; X¥<=68.3, Y¥=0.9; X¥=3.0, Y¥=1.8,
i X0—2)4 1; X, =—=0.1, Y, ="—13.4; X,=068.1, Y,=10.4; X, =2.1, V,=1.6,
¢ =270, F;=13; ¢, =0, F,= 68; §o4—37 F® =3,
fi=38, : f= 195, f =67
I¥: 1) a= DH*cos(d + g* — p15%), &= DH*sin(d + g”‘—plS"i)o

2) AX ZJXQ’C‘ZC’ AY = Z]yq’CbCo
3) pa= tEIYq/Xq: Fo=(Xy + Yz)l/z' fa= @4 + 4q15°%,

xRV @ 1 B %K _
WA, ®BEHEN HEX. —0100

7 f F, _ f2 F, fa F,
1 8 13 195 68 67 3
2 7 12 211 61 10 3
3 307- 7 298 29 65 3
‘_l 335 18 110 33 355 2
Z fl-a_fol Fxﬁol cos sin V) fz—JMz FzﬁMz cos. sin V 7‘4—EM4 F45M4 cos. sin
1 270 17 0 —17 146 74 ~61 41 | 329 4 3 -2
2 242 16 —8 —14 136 65 —47 45 219 3 -2 -2
3 74 8 2 8 120 26 ~13 23 69 2 1 2
‘_l 346 19 18 -5 180 28 —28 1] 135 1 -1 1
5 12 —28 —149 109 1 =1
[CDIEN) (£:2)(A2) ; (£)(As)
i f;-l?Kl F15K, cos sin ¥ fz‘gs, le—jsz cos sin ¥ f4-3M54 F45MS4 cos sin V)
1 37 17 14 10 173 78 —77 10 352 4 4 -1
2 38 15 12 9 190 71 -70 —12 273 4 0 —4
3 343 7 7 -2 279 34 5 —34 241 3 -1 -3
4 13 16 16 4 94 40 -3 40 38 2 2 1
X 49 21 —145 4 : 5 =7
KCHICHN GG ECHICH)
xo, = k1L — Oy — vy = 4.8, xpy, = ke — Oapte — Ly = —35.8, xpy, = urs — Ouprs — L= 0.4,

0, = 7712'1 + Ly — 6y, = —1-8, IM, = 7}112 + Loty — G20, = 23-8, YM, = 77424 + tapts — 0,v,= 0.8,
YK, = '—91K1 + Llll -+ ‘;1[J1 = 10-8, xs2=“‘ezf€z 4 122 + éz!—lz=—'16-3, st4=“64lf4 + l424 + Eapts ='0-9@
YK, = —lhk — 0.2 + Givy = 2.3, Vs, = —lk2 — 0222 + §2v.= 3.0, YMs, = — L4k4 — 0ils + Gavs = —1.5,.
gol—"=339, H01=5; _gMz=146’ HM2=43; gM4=63, HM4!)=1;

K1=12, HK1=11; g52=170, H52=17: ng4=301, HMS42)=25

¥ 1) cos, sin {43 Flﬁolcos(f} —do,), FiDosin(f: — do )i
2) gc = 'yc/xc, He= (x% + y£)'/%



FEE: BRI RN B D5 B G I R 2 AT 43

TER I 1, MR B N BFRNT 20 3T —RUM, B N =1 b, 5B
(20) (LEESTHAFB, TEEFH WA BT XN BFERFI 4 HRTE 2
HEEETRAENER. BRIEERRARRA P2 AR AZTRELSE A
B, XBNBRITHRZ AT MR E R Zh e BRI 2 8H 2t B
B RA, 2 SR B SRR B v O, SR AT DL TR M A O e B T
TR D AR o BRARSR— B, i ETHRIEMNE LM S O B EORRIEE 1o &% H
5391 1, TS N M 5 B 2 L 3K

'{gz”‘gs — 8m, . . . S (@25)
I'Iz_'Hs/I‘Lv,r2 '

AER, MASESRQOBWR T B FEBARNITER, Miiw f#HE HIRTE . Eéﬁ
WTF N =2 WBEREAEHNE L ARIRA, AERITX B FHEER RIRT—RWN, fi
RN N> 1 EEE. XELY N=1 N, BRERAFEL 4 N>2 8, A%
BN 1, WESRARE 2. BT | ARSI AR S E L EL B TR AR
BIAZELEREIIT B, s 2 WRIFRATIAZ BRI T E . R RV BX T
Jr ik S _
D31 2 IRTEI Y 507 1 AR RIA 57505 1 *ﬁf‘]ﬂ’)??ﬁﬁ% Ay By Bl Fys 1,

18 o B X R LS , W FE— 8 B T B EFHA 5B BA6) 7 & A1 H; B
AER T, FEAR RN RAE R T WA L5

{ Dy Hy,cos (dy, + gu,) + DsHHy cos(ds, + g + gu,) = 4 (26)

Dy Hy,sin (dy, + gu,) + DsH;Hy sin (ds, + g2 + gu,) = B;

Y . _
{ a; = Djcosd; = Dy cosdy, + DSZH;cos (dsz + g ' (27)
bz = 52 sint?z = EMZ sin 2M2+ ESZH; Sin (Zsz + g;)
s o
a2%m, — beMz =4, (28)

bzxM =+ @M, = B,
HF NV =1) REBNM (‘ﬂUJ "B REA

2%y, — 172;J’Mz Ay G = o ) : (29)
> byixy, + @5i¥u, = Bz : :
ABN_REEGREBITBHACHEA
' — 2 (Asia5 + Baby) — 2 F3:Ds; cos (f5; — dy)

LM T 2 72 R
- 2(“21 + bz;) 2'DZz' (30>
Yo = Z( — dAyby + Bzﬂz;) : sziﬁzi sin (fzi _ zz;)

(‘ZZI :+ bZI.) ) . 25%;

1) st b, 7&3)%*1153\@175‘?22!&%6EE3?1‘51—I‘Eﬂ%*ﬂﬁﬁﬁB’J%’l\ﬂﬁfﬂﬁiﬁzﬁ]%l/\?ﬁ%ﬂ’ﬂ%thﬁe XEFE
SIARATIAZ AR R MEREMS M Z N2 E.



44 B % OB % &

AR, FE 2 EKHTEIRNT,

@ EFEL;

() Pl FE, 18 & F,, f,, BIER(30),(18),(25) T EE AT B0 DUE ;

(i) RFH:1;

Gv) A% F,, f, BEE () $IENEREYS

F L, 1L FI3E V'R 5 sk2iysepl, B e R R 7 2 1 0 Se o SE R &N,
TWHEEEER L, I, 1L, UL, v, V RFEET. BTFE L, Iv 9EE55% 1 ARGE
RIVEIRGERFERRNZESR, B 4R A7 888 iR 3R MG FERRD, 4%
BRI, XERTIH 3 UL BT AR Z SR EE RS (Takoradi, 4°53'N, 1°45'W)
HIRAAIR R g0, = 332°2', H,, = 2.3 [EkK; gx, = 6.0, Hg = 1195 gy =135.9,
Hy, = 44.95 g5, = 163.5, Hs, = 15.9(JLCRRI5 ], X By & B ALL —0100 WX Kk v
H’]%{E) #E.HX g4 g2> H4 2H20

= RTA AR

L7 1 iR o
RQDCDQOBILT w5 5 75,5 95, 5 sy Ba (6 = 1,2, ,N) 2K
@éﬂz%%,#Eﬁ%ﬁxﬂm%@ﬂﬁ%%,lﬁﬁ%ﬁ?—ﬁu& BHk: : |

 AM, "‘.“‘ 2[({92‘1Mz Yahsi F 8abs;) Ay + (ﬁsz — Ga5; — Yzbsi)Bz;_]
Yu, = ;‘ 2[("‘8sz1 + 32"’5:’ + A?’zbsi)AZi + (Batus — V2lsi =+ 6zbsi>BZi]
’ ' (31)
Xs, = S—ZK Y2t — 8obui + aasi) Ay + (S2ay; — vibai + obs;) B1:]
2
¥s, = 8—2[(—‘5‘241\4;' + by — “2_(75i)/42i + (=72 — 82bm; + eas;) Byl
2 . .

BT IREEY (EERSGOE BN AR EW, WMWIREN REARASFEENRE,
TR AL A RERE B R (B )R E o TRRISZ I AR T fE HIX B 3k AR 13 4
Sh, BEFEEE RE”, NEEN 4, B, tﬁﬁtmﬁﬂ%§ﬁ’3 I, XA IR 4
;5 B; B IRE", BEGH MR % E "

- BAMRRE 4w, By MIRZEBMRI AR, %]7@‘5:_‘&()}]5;%(““%[515% B
HERESMREMRERRENWEERE o *ﬂ*ﬁﬂﬂ’]ﬁiz*z vZO%E%FE’a T?I‘E%LW\T/P IS
T xu, HENET

”xMz = {E Z[(ﬂzdw Y245 + 52173;)2 = (ﬂsz: 82a3, zbe) 1 } vy = _15_)2 v
o 2 =93
RIEEFTLLKRE: yu,, x5, AT ysz H’J?i%,,n%ﬁlﬂ:
' { vyMz = z/,,M2 = -8—2 vy

v, =v, =%,
— Vx R ]
IS, s, :

(32)
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b 113 ”vaﬁmm“mﬁvﬁw + nomimﬁom = qm:.:.m-m ‘(8 + ﬁMNon&m“Mm + uommouaom =lpsod’q (z
: w018 + Nip)msiy'ag (18 + Hp)sooiy'Ag fopus’og “TOpsod’oq TN} uis ‘soo (1 1

B S BTRTRAR o PR 291 07 s 1S AR R 43 4

.

JTE

$8°6 =igx =*d
£€°0 19°0 ¥/LC 19°0— #0°0 91'0— 8¢°0 0970 mv.m ».mw.o 1€ | svro= $S0— 0.0 0z 4
€20 8Y°0 ¥6C ¥ 0— 0270 8¢°0— 09°0— 14°0 21T |- 1071 ¥8I 90°0— 08°0 08°0 9%¢ , €
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or°¢ =igx =20
65°0 LLTO j¥43 6v"0— 09°0 0€°0 1€°0 €0 144 [4AN) 9T 60— 67°0 $8°0 062 4
6v°0 0L°0 .2Z¢l €€70 29°'0— 0€°0 82°0 %70 Ly 811 61 €0°0 06°0— 06°0 84T ¢
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iq g ip | Fpusig ipsorg| o wis 503 WINMQ 5 4 Nmm «mm Nmm (s ) NEQ sz z
8y g1 =X ="'0
20" 1¢ g4 9¢¢ 88°0 7Z¢ 00— T10°1 ¢0°L  6b¢ ¢'¢l 8L
T6°¢C €S 8¢¢ UM SR 449 88°0— 99°0— 01°T  £¢T STIT €1
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46 B & B Z £ 7
=1L, EfEEECE BV BHRE XK
DA BEmN WA BEEFERI MIX: —0100

i f¥ F¥ f¥-d, F*D, cos sin U ; f1 F, f1-d; F.D, cos sin ¥
1 27 14 10 93 92 16 1 6 14 349 93 91 ~18
2 25 12 11 70 69 13 2 4 12 350 70 69 —12
3 279 6 292 29 11 =27 3 308 8 321 39 30 —-25
4 325 16 330 89 77 —45 4 335 18 340 100 94 —34
> 249 —-43 X 284 —89
(5780 =50 19 —0.3 Gros0) =3[0 _20_—0.7

86, =172'v6,/v6, =351, H, =

gk, =85, + &1 =125, HE, = H{H% =9.8,

(et + y5DY =19,

8o, =gy, [x0, = 342, Ho =(x}, + yh )2 =2.2,
gx,=go, + g1 =16, Hx, = H{Ho = 11.4,

i | F¥ | f#~d, FiD, cos sin il f F, frd. F,D, cos sin U
1 196 68 147 102 --86 56 1 196 68 147 102 -86 56
2 211 61 143 88 —70 53 2 | 211 61 | 143 88 -70 53
30 295 29 143 20 =16 12 3 296 29 144 20 -16 12
4 110 32 149 25 —21 13 4 109 33 148 25 —-21 13

= —193 134 s —193 134

(e, 980,) = Z‘/pz —~35.7 24.8 (xMz,yMz) = 2/,02 —35.7 24.8

gM =15\ yh, /2%, =145, HY, = (x§f + VIO =43.5, gum, =187y ur, [0, =145, HMZ—'OCMZ + ¥ig,)'*=43.5,

85 _gMz+gz—-173 Hsz—‘HzHM 15.2 gs —gM2+gz*—173 Hg,= HzHM =15.2

P ¥ F¥ fE-d, Fi‘ﬁf cos sin D i IA F, f~-d, F.D, cos sin )
1 61 3 321 7 5 —4 1 74 3 334 7 6 -3
2 32 3 253 6 -2 —6 2 12 3 233 6 —4 -5
3 53 2 119 1 -1 1 3 67 3 133 1 -1 1
4 14 2 100 1 0 1 4 355 3 81 2 0 2
o =2 —8 z 1 -5
("fml”}f«) =3[ps 0.2 ~—0.8 Cenpoym) = =/pe _ 0.1 _—0.5

g =1g~ y}ll4/xM4_'284 Hfu = (x )’/z gM4=tg_lYM4/xM4=281, HM4=(x}u4 + y}m)‘/’ =0.5,

gM54 = gh, + gi =312, HMS4_H4HM4 = 0.6,

e 1) cos, sin {83k Fi"ercos(f;"—a’l),
FfDysin(ff — d); -y

‘T@ﬂ’a{nﬁﬁ
v, =
ﬁﬁum¥5%mﬂﬁ%ﬁﬁ§%%§ o

V2=

gms, = gum, -+ g4 =309, Hys, = HiHy, =0.4

#: 1) cos,sin {43 FiD,cos(f, — d,),
F Disin(fy — dy); e,

—l— Vi, -+ Vys (33)
2e + 8, S N €D

=33

HEILEET%H AFE IR ZESMNRZ ARG ERLEA, H I:Mﬂ,%ﬁﬁﬂ]—mizﬁmmﬂﬁ
ERMAK BAX MR SN E LRI EE @y, Du,, ds,, Ds, B4, BATTE



JiEEE: Y 5 TR KV TR £ W 07 1 TS AL A3 A 47

ERAMDFT—TEARR _
BT Dy, 1 Ds, BEEET 1, ME—EWRURBNOEL T, o F1 6, FIELIE
BEARRR, REMMRZEWMAMANMIZERE o0 BRQOTM22)H,
€ = Zﬁﬁlzi ° 252&‘2:‘ — [ZEMliD—SziCOS (gMzi - El—szz)]z [ZDM zDs ; sin (dM i 2521‘)]2
(35)
AT BUNERR B, B e RETREHIR A —E MR ST, MR Y i
' 73+ 8= [;‘DM Dy ,i COS (dM i ds DI+ [ZDM :Ds 2 SH} (szi — Eszz')]z (36)
RATREH/ N0 MBRE—RE LI 4y, — ds, (EN'BIH, DuDs, EAEHKE, NBT
HEWMEHXFRENTNRENET ]+ oD HREBIERIIBTIHEL, M
= SRR ERBEEANN, LUB/ N R BRI K B R & U (B i AR 88430
dy, — ds, Eﬁ*ﬁﬁ%ﬁ%ﬁ,mﬂﬁﬂﬁxﬂiﬂﬂiﬁ?ﬁg,%%Kﬁ‘éﬂﬁﬁ% 1 BRI E R,
M, HEE (734 oD /afy < 1, BATRIAMEIR KGR 1 B XTI RBIFI;
76%&?1 MRRRE o FERBIRIGAET Y (7 + 0D/of ~ 0 BB T, 2,
%ﬂ xsz, Ys, K52 A o

) Ve, = v, = s
. M. M. .
a ‘ { 2 2 oy

1

s
z 2

y”sz,

S {BIER D—Mzi i 552;' ~1, W&

M, M, Sz Sa N

FTRA, R BN ROFE—BROKE  ERESSET NREENE, IE

HPRAARFRE, BRNBRZENFER ¢, K, NRUBLERHOFHENIRER
TR »/No XU, iR e Nk A B SLRERTE 3, BV B HE R8T, TRk
RO B T LK B 530 AR SR O e — Y BEGETT N R E B B R
ERENER. E—REER T, NATEEREAN B RE Z.

- EEREDER S, X TF 4B SRR ﬁn%ﬂﬁi%NU’(FﬂE
FRMURIN TSR 2 B VAR R B IR, AEER &, RATHER, i A BER & H R &
MR FTREHIR o BRFE SCRREERENLIN B 3 , I 4 RIS 2% R B R4 B )ﬁﬁ’ﬁi)’(%#o
THAHEK.HE e M e, ZERSRANEARB/N, RAEMER-

TR IR EE LT RMRE, 4 T SRR SR g M, AN
- FAMRERCNTE o HHTT R XRESIEEIR, REE T ERARE G, B EIR

ABIRQOOMEL, HHES AN ER, % AAZ,, ABy(i =1,2,--+,N), H Bessel

ARME

S, CS(Adl+ ABE) | 37
U3 2N ( 2) ) : ( )

EE:X’P*:—?X?%E&I v; AREY N?I‘Eéﬁﬁﬁﬁ{%z“l:t?“—fﬁéo
RIM 3G, 4 T EEI SR AR S, I TRV RS, S BT RS2 50,
LR AT B, 3 B BB/ NUR S , M3 B B IE B R R S A% 1, SR B WL SRV A BE 5 o



4 | woE OB ¥ % W

2. 5% 2 By IR 2= B’
TR & 2 TR ERINIRZEN, TL%%@?H%@J HeFHh EEREILIRZE
(XMIRZEMEATZE . RF),MABREZRELBATREENRE S

{ x5 = Hjcos g} - . .(38)
= H,sin g}
BAVBE » 71y, WIRERSHEILRY, #EUB‘ZEBTFFE% ﬂﬂd‘ﬁiﬁﬁ bﬂ]ﬁ’ﬁi%*ﬁ% il
v; RidBo. BAZELEIRZE SR ZZAE LI
BHOHRARC, B |
: @y = ay; + a5, — Yibs; , (39)
by = by + b5 + J’;ﬂSi
AR XARTRARG), HH(22), 7778 :
x _ 2Capudy + by;Bay) + %32 Casidy + bs;By) + J’zz( bsidy; + as;B2i)
7 = o + 2925 + 2523’2 + ﬁz(xz -+ yzz)
Z( by Ay 1 ﬂMzBZz> + x22< bsidy + as;BZz) yzz'(ﬂSiAzi + sz:BZi>
oy + 27,%; + 28,95 + B:(a + 37
WIS, 43 RME T ERERRCOFEN, TS BE
{ xs, = x;xMz - J’EYMZ . (4D
Vs, = yéxMZ + JC;LVM2 ‘

(40)

Yu, =

B (40), ,
Xs x;E(ﬂM'Az' + bM'BZi) J’ZE( szAh + ay: B, ) -+ (xz + )’zz)z(dsiAzi + bSiBzi)
z oy + 2910 + 2523’2 + {32(xz + yzz)
xZZ'( bui Ay + ﬂM;Bm) + y22<ﬂM Ay + szBZx) + (xz + }’22)2< bs Ay + as; Bz:)

' Ys, =
az + 29,5 + 28,9; + (%) + ¥7)

» (42)
iﬁ(40)$ﬂ(42)§%7}"{% XuM,s. Y, %s,5 Vs, SN EE Alz;‘, By,%5 93 2!@&@@%&%%;
BREZREEMSRT . —BKD, FEXEHEINZENEIHEE, HRENXE
BEiRE, RRMRAN, EXAEEHHEZA, ARBHETUEEREINEERR. X
I, BB T ER B BB H o BTz, B EEH T REMER:

=[5 3 o] () + (2Tl
v,y vts,y s, WEERRE. 4T REET %ﬂﬂ?ﬂéﬂl_gfﬁiﬁlﬁﬁbﬁﬂ’]ﬁﬁl_ﬁ &
U ERERR B, X BRI &/EHR:

. 1 (P + Q%)HY, ,
Ve = Uy = — 3 —_—
M, M, . . 2
1] 02 ‘ 1(44)
ap | (P4 0WHE,
Ve, = vy, N —=uvpt —y
2 2 P2 05

A
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Py = Z(“z;'ﬂzw + babai) = ZﬁziﬁMzi cos (dy; — ZMZ:')

Ou = Z(—ﬂéibMi + byayi) = ZD—ZiBMzi sin (dy; — 31\),:')

Ps = X(ayas; + bybs;) = Zﬁziﬁszi cos (dy; — zszi) : (45)
05 = X(—aybs; + byas;) = 252.'5.?2; sin (dy — 282i>

pr = 3(a}; + b)) = 2D}

RRGOTURABHES, S H <1, Y Hy, <H, N,WUREN M, 5 8ERE
HIEHELL S, S#k. MR, ELFORENT M, 15 BUNGEN X 2R
M, SERERT S, W, HE d—dy, BRI +45° 2 N HUE, T d—ds, WT BT
0°—360°, iR —MRIKBEH Ph + 0% > Py + 0% BR3Lo # ;> 1, NHGsA Rk
To
5055k 1 —FRE, M 4 R0 E B IRIER S SR S R L RO ARG E XS
ty v, {EUER , |
20+ HD | 2<P12u + O} + Py + QDHj

V, = - 2 v, ' (46) "
02 Pz .

HERDE-TIREE HMNEES I BIRE, $= ﬁﬁ%%mfﬁﬁm%wﬁ%ﬂﬁ
IR, 0, O o) BUTERORBOR S BIRR WL IR 22 B A SR L HOR Z B A Ko
CRTF o WEETECEAY N AR BT o KBS R R E
Eb 3% T IR H A OB R L BRI e 1 , FE4E R R R IR AR I (5, (E7E S 20
B TERAURE—RHHRNRREBE. PluE—MERAE TSNS BTNk 2
VL, A L S S E BOR AR 28 45 BERO BRARAA 2, U RTDA 3 K o BV SR B
ST SLAB I VF £ 3OS O TRRTE 3Ok B2, VB SHNNA R R B B E T
tﬁhﬁ?*%ﬁ%oﬁaﬁvﬁﬂWMTﬁTﬁﬁm%ﬁMTﬁﬁfﬁmﬁG@ﬁGw
{H%,
ﬁ&z%%%&%%%ﬁﬁﬁﬁ%ﬁﬁ%%%ﬁy@%m=dm;mﬁ%o@%ﬁ%
FAJF B 2 WA AT B, N S R B KW D, ERIA SIS R
ZLHOREEMARBTBRAEROBR, BE 0 WERRLEN BT 0 A
BN, BEBIRRME 0, — 00, BHAXET 0, HAREE, LM HEERENER
LN MATEEITE IR E . RITEME— T HABEE IEH , — A B FTE W 2E
AT, B—ABIA WEE/ NN T, AR Dy, ~ Dy, ~ 1, KMNE
Zy—ds, &J%@ﬂﬁ)ﬁ&ﬁoh—Dm+mfn~andh Doy = ds; + gho
BB (45)R1(46) B8 - |

2014 HY) 4 .

= ZUHHD A
NG F Yy 2T AT my

INEARSE dyy — dsy = gy + 180°, F{PIHNET EIG LR

2(C1 + HY) ’, 4 Y
N<1 ""Hz)z (1 ’_Hz)z M

HREXWHER T v, #, T%Ekﬁﬁ%(ﬂ%‘ﬂ%%ﬂ'}ﬁ*ﬂ%%ﬁ%tbd\ﬁﬂﬁ’ﬂﬁ‘ Feal2

2

V=



50 w2 B % &= o

Hy 855 T 1 BIEEFA S 80 RIE AT NG A 8o

BRI P O 1 2 TR, VR BB A M A T o 244K, BRE 6 ) EHTIR 2
RN, BV R BB S B ERE B ESEAEN NS B BRSER, B
MZEAR % 5XEMAMRNZLE) . 7E4 H EIRFRE H MREETRNHAKSEER
HEIBL), ERE KT, 4 B IR a2 A 5 B N, R 2 IR R Tie
RXLEWE, MFAENRERET RN RN, B b —WRE B AR, 5
KX EAFWERBEL L MMMRIEBES N, R—EERaRMlEaES B 3
N H M AR AR AL AT, (B R 46 TS R LSS ZE 4 B B/ NI ER B0 32 B s
BMERTo AN T H WHE B BEAET 1, §TF 2R PR G nE BT
=k,

3. 4% 1 5% 2R

ST N =2 WiEG, EA RO ST . BEE ALY, B
I FTDASR AR5 AZE B 50 J7 8, BEAR DL B S T — POy B LB, T IR A3 A T 32
BEBESIA T Hi0iR 2, MTIHAROREER. HEBudtdsdmto % THIX
— 5, FTER N — A BRIIEE

BRFTHEATE N RIS T 5 i 1 5k B BT R4, B

v2=0;=0 (47)
HEHRI, I Dy, ~ Ds, ~ 1o WA 1 HEMARTERO BT ENR
| V, = —Z‘-\’;— 72 (48)

AT REIEXFFAT R 2 IR RNETE, BRITRER (45), 39 T
QDBRUOBEH
2(1 + H?)
a, + HP 8, + 2(x37, + y262)
2[(052 + i+ 83) + HP(B + v+ 83) + 2(ey + 8,) (ahrs -+ 926,) 1

[@; + H8, + 2(z5r; + 936,) P Hz (49)
]ﬂﬂfhl_ﬁ_fﬁﬁjipé 2 BEBNBRNERNRTEN
=2, 4 2 2 0
_ Vz ~ 2+1+H2HM 2 ) (50)

w?u@mawjﬁua&ﬂfﬁlﬁﬁ RGBT, (LR BT
AT BOR S T Z T 2 Rk —f5o WLESXPIRE T A, 3%
1 /<L 1 Vs
A4 H? NH2
ﬁnﬁﬁﬁ&zwfélﬁommmm%%mAmBmmﬁ@&%EH%mu%,ﬁ‘
w95 ROFMEERZ UK 0.05, WART N <4 WHHR, RYRANE 2, TE Bh
KA 1o REIRESGRTROZLI, ROTEA L2 o
EBRWHMEERRHE, YNRA, BRIXEHRIT, Hik 1R MEE EELL

(51)
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ERHN(ERITE 289 v, POREZELBIR MR NTRE—5E, XN TR A
1o JUSM, BN S ZE L B B SR AE N, RS SR AT 1o

T —BEIBT, REEE 0, B v, BEUE, BAT AR GOMU) S BIE N HIA
VAR R 7 2L BB T AN, M8 B R 5 2R IF O 4518 o

XEVINEIRH, LRSI EER A BRI T EORAMRSEL. =
%k, @C{IJTIA?E‘KZ0)$H“E(25)El](41)$% BE—BMBR—IE 20V + DAFEH
FRAYER M 7 T4 : :

w(xyey, — 93¥u, — %5,) =0
w<y;xMz + x;yMz - y5‘2> =0 . (Z == 192: oo ':N> (52)
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QUASI-HARMONIC CONSTITUENT METHOD FOR ANALYSIS
AND PREDICTION OF TIDES

Ii. ANALYSIS OF SHORT PERIOD OBSERVATIONS*

Fang Guohong

(Institute of Oeceanology, Academia Sinica)

ABSTRACT

The treatments of the observations of short period are necessary often for tidal '
stereams and sometimes for tides. In the present paper some methods for extraction

of harmonie constants from short period observations are suggested on the foundation
of the quasi-harmonie expression (2) or (8).

Method 1 or 2 deals with the observational series, which consists of several sets,
each of them including 24 records at hourly intervals. Both methods use Doodson’s
hourly multipliers (4) to separate the species 1, 2 and 4 for each set, then the least
squares method is applied for determining the harmonic constants.

When the number of the sets N > 2, the method 1 is applicable for computating
the harmonic constants of the constituents O;, K;, M,, S,, M, and MS,, while the
method 2 may be applied for N > 1. In the later method the values of epoch-dif-
ferences and amplitude-ratios between the two constituents of each species must be
given in advance. The praectical procedure of method 1 is shown in tables T—V,
and if method 2 being used, then the tables III” and V’ should be computed instead
of tables IIT and V respectively.

. The errors of the harmonic constants due to the random perturbations existing
in the observations (for method 1 and 2) and the inaccurate values of the epoch-
differences and amplitude-ratios (for method 2) are discussed theoretically. It is
shown that the reliability of the results is relevant to the values of the amplitude
coef$icients D, especially to those of the epoch corrections d of the dates for observa-
tion, and therefore it is important that the dates for observation should satisfy
certain astronomical condition. The accuracy of the two methods has also been com-
pared. ,

Method 3 is preferable if the computations are carried out on an electronic com-
puter. The observational series is divided into several sets too, each having nearly
the same mean sea level. In this method the least squares method is applied to the
observational series directly, so that the results obtained should have slightly higher
accuracy, and at the same time this method permits some observational sets used
having gaps or being fragmental.

* Contribution No. 365 from the Insttue of Oceanology, Academia Sinica.



