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2. On the Properties of the Directional Wave
Spectra Observed in Deep Seas
(1st Report : The Field Observation off Iwaki)

Toshihiko NAGAIL*
Noriaki HASHIMOTO"*
Tadashi ASAI**"

Synopsis

Directional energy distribution is one of the fundamental properties of ocean sur-
face waves, which induces current, sedimentation and the other many phenomena. How-
ever, little knowledge of the directional wave properties has been obtained yet, for
the following two reasons. First, it has been difficult to carry out the long term field
observation in deep seas, where the effect of the topography can be neglected. Second-
ly, no reliable method has been established to estimate the accurate directional wave
spectrum.

In 1986, the Second District Port Construction Bureau of the Ministry of Transport
started the field observation in deep seas, at Iwaki offshore wave observation station
(h=-154m), 42km off the Pacific coast of Japan, as one of the stations of NOWPHAS
(Nationwide Ocean Wave information network for Ports and HAbourS). To overcome
first difficulty, multiple wave gauge array is settled there by utilizing the existing
offshore oil rig. And for the second difficulty, authors have proposed new methods,
such as Maximum Entropy Principle (MEP) and Baysian methods, to improve the
accuracy of the directional wave spectrum estimation.

This paper describes the properties of the directional wave spectra obtained at
Iwaki offshore station, including the short term and long term statistics.

Concluding remarks are as follows,

(1) The properties of directional wave spectra at Iwaki offshore station can be well
explained by the climatic state.

(2) Multiple peaks appear in the estimates of directional wave spectra under the simul-
taneous occurence of complexed phenomena in weather.

(3) The representative wave direction, such as mean direction, cannot indicate the di-
rection of the most dominant peak in multi-directional seas, because it's also in-
fluenced by the other peaks.

(4) Statistical values of water surface elevation off Iwaki are closer to those of normal
distribution than the observation values obtained in the rather shallow area. The
ratio of each reference wave height, such as Hiw or H.., to significant wave height
is less than that assumed to the Rayleigh process.

(5) Significant wave heights off Iwaki are proportional to those at Onahama located
in the nearshore area of Iwaki offshore station. As regards the mean direction,
the correlation between the offshore and the nearshore is not well, because the wave
direction in nearshore area is effected more by the topography of sea bottoms.

Key Words : Directional wave spectrum, Field observation, Wave statistics, Wave cli-
mate, Deep-water waves, NOWPHAS
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HEDOEE R~ F VOHBSHE (B1H)
— LhEHOHANKER —

&-5(1) ARES LAREANOKAEEN (18)
IR ARYE - AREAN LRAER

3.0 4.0.50 6.0 7.0 80 9.010.0 10.012.0 13.0 14.0 15.0 16.0 17.0 18 0 19, 0(s)|TOTAL
(m) ~12.00 14 4 ( 9% ) ] .Y - por 0.08" 0.0
12.00~11. 00 967 605 T 0.0
11.00~10. 060 e / . 0.0
10.00~ 9.00 0.0
9.00~.8.00 0.0
8.00~ 7.00 0.1
1.00~ 6.50 0.4
6.50~ 6.00 0.1
6.00~ 5:50 1.1
5.50~ 5.00 0.4
5.00~ 4.50 0.8
4.50~ 4.00 1.5
4.00~ 3.00 9.5
3.00~ 2.50 9.8
2.50~ 2.00 4.5
2.00~ 175 8.7
1. 75~ 1. 50 15.1
1.50~ 1.25 18.2
1.25~ 1.00 14.2-
.00~ 0.75 4.1
0.75~ 0.50 T A0 0T 0.7
0.50~ 0.25 o 0.0
0.25~ Z g - 0.0
TOTAL 0.0 0.1 4.014.619.118.515.6135 65 59 1.5 0.4 0.1 0.0 0.0 0.0 0.0 |100.0
£-502) ARESCEREAYPOBAEESS QH)
28 AMBE - FRUAFN DAL E
3.0 4.0 5.0 6.0 7.0 80 9.010.0 11.012.0 13.0 14.0 15.0 16.0 17.0 18.0 19. 0¢s)| TOTAL
(m)~12.00] N4 6 ( 9% ) o 0.04" Pa 0.0
12.00~11. 00 Py 0.0
11.00~10. 60 d ’ 0.0
10.00~ 9.00 0.0
9.00~ 8.00 0.0
8.00~ 7.00 0.0
7.00~ 6.50 0.2
6.50~ 6.00 0.0
6.00~ 5.50 0.3
5.50~ 5.00 1.5
5.00~ 4.50 1.2
4.50~ 4.00 1.7
4.00~ 3.00 8.1
3.00~ 2.50 14.9
2.50~ 2.00) 20.7
2.00~ 1.75 13.7
1.75~ 1.50 18.2
1.50~ 1.25 15.2
1.25~ 1.00 2.9
1.00~ 0.75 ]
0.75~ 0.50 o 0.0
0.50~ 0.25 o 0.0
0.25~ | 0.0
TOTAL 0.0 0.0 1.8 3.914.121.523.920.0 86 3.5 1.2 0.6 0.0 0.0 0.0 0.0 0.0 |t00.0




ARIHCE - A - &HF L

£-5(3) AERHEEIERAENORAEENT (3A)
38 ARNEE - ARBAN BIAER

3.0 40 50 6.0 7.0 8.0 9.010.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18 0 19.0(s)| TOTAL

(m) ~12.008 B4 f7 ( % )
12.00~11.00

11.00~10.00
10.00~ 9.00
9.00~ 8.00
8.00~ 17.00
7.00~ 6.50
§.50~ 6.00
6.00~ 5.50
5.50~ 5.00
5.00~ 4.50
4.50~ 4.00
4.00~ 3.00
3.00~ 2.50
2.50~ 2.00
2.00~ 1.5
175~ 1.50
150~ 1.25
1.25~"1.00
1.00~ 0.75
0.75~ 0.50
0.50~ 0.25
0.25~

TOTAL 0.0 0.0 0.5 6.3 7.018.732.0250 7.6 2.1 0.7 0.6 0.0 0.0 0.0 0.0 0.0 [100.0

®£-5(0) HHREEIAREAYORAGEEST (A
4] A - ARMMAN NBHUER
30 40 50 6.0 7.0 80 9.0 10.0 110 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0(s)|TOTAL

(m) ~12.001 N fir ( % ) M:?/' Sy 0.04" - 0.0
12.00~11. 00 R - 0.0
11.00~10. 00 vy Mi 003~ 0.0
10.00~ .00 BI85 U L 0021 00
9.00~ 8.00 ’ e o 0.0
8.00~ 7.00 ’ -~ e 0.0
1.00~ 6.50 e - 0.0
6.50~ 6.00 0.0
6.00~ 5.50 ’ 0.3
5.50~ 5.00 0.7
5. 00~ 4.50 0011 2y
4.50~ 4.00 -~ 2.8
4.00~ 3.00 - / 15.1
3.00~ 2.50 - 16.4
—
2.50~ 2.00 9.3 0.005-| 17.5
2.00~ 1.75 Ay, 10.5
175~ 1.50 - 10.6
1.50~ 1.25 e 1"
1.25~ 1.00 6.2
1.00~ 0.75 6o
0.75~ 0.50 0.7
0.50~ 0.25 [ 0.0
0. 25~ 2 - 0.0
TOTAL 0.0 0.0 1.5 7.413.923121.6 188 7.7 5.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 [100.0




MROHKERA S P VOHBSHE GB1HD
— LHEHOBMARER —

£-50) ARERIARMAHOEAHEESN (5A)
5A ARER - AREAN WBREAKE

3.0 4.0 50 6.0 7.0 80 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 57.0 18.0 19. 0(s)| TOTAL

(m) ~12.001 1§ @i ( % ) oy g ’ ’ 0.0
12. 00~11. 00 g6 6o 0.0
11.00~10. 00 o 0.0
10.00~ 9.00 A8t 0.0
9.00~ 8.00 4 0.0
8.00~ 7.00 0.0
7.00~ 6.50 0.0
6.50~ 6.00] 0.0
6.00~ 5.50 0.0
5.50~ 5.00 0.3
5.00~ 4.50 0.5
4.50~ 4.00 1.2
4.00~ 3.00 6.2
3.00~ 2.50 8.2
2.50~ 2.00 13.0
2.00~ 1.75 8.9
1.75~ 1.50 1.0
1.50~ 1.25 14.2
1.25~ 1.00 17.6
1.00~ 0.75 1.1
0.75~ 0.50 - 1.6
0.50~ 0.25 s 0.0
0.25~ / . . 0.0

TOTAL 0.0 0.0 0.2 6.5 9.430.324.120.9 6.8 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 |100.0

xR-5(6 AEESLBEHBAPOEAEESH (68)
6R FREE - FRUEBWM HBRAER
3.0 40 5.0 6.0 7.0 80 9.010.0 11.012.0 13.0 14.0 15.0 16.0 17.0 18.0 19. 0¢s)| ToTAL

(m) ~12.001 35 g (9 ) ey g 6.0
12.00~11. 00 ogf o f o5 0.0
11.00~10. 00 J o 0.0
10.00~ 9.00 L 0.0/,
9.00~ 8.00 Iy
8.00~ 7.00
7.00~ 6.50
6.50~ 6.00
6.00~ 5.50
5.50~ 5.00
5.00~ 4.50
4.50~ 4.00
4.00~ 3.00
3.00~ 2.50
2.50~ 2.00
2.00~ 1.75
1.75~ 1.50
1.50~ 1.25
1.25~ 1.00
1.00~ 0.75
0.75~ 0.50
0.50~ 0.25
0.25~ Lt T

TOTAL 0.0 0.0 1.) 6.12.23362.3 89 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 100.0




KICE - BRI - &BH E

£-5(1) HELELEREAPOKMEENE (TH)

1A AREE - ARNEN HBRAER
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0(s)| TOTAL

(m) ~12.00| §)i {7 ( % ) “/MZ/ nz‘bzl"' 0. 94,.:' // 0.0

12.00~11.00 o ; y
8 Lt S oy

11.00~10.00
10. 00~ 9.00
9.00~ 8.00
8.00~ 7.00
7.00~ 6.50
6.50~ 6.00
6.00~ 5.50
5.50~ 5.00
5.00~ 4.50
4.50~ 4.00
4.00~ 3.00
3.00~ 2.50
2.50~ 2.00
2.00~ 1.75
1.15~ L.50
1.50~ 1.25
1.25~ 1.00
1.00~ 0.75
0.75~ 0.50
0.50~ 0.25
0. 25~ Z .
TOTAL 0.0 0.0 1.6 5.221.237.625.3 7.1 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [100.0

%58 BAHRESLEEHAMOKAEESS (8A)
88 . A:E - BRI HBAER

3.0 40 5.0 6.0 7.0 80 9.010.0 110 12.0°13.0 14.0 15.0 16.0 17.0 18.0 19.0(s){TOTAL
(m) ~12.00( h§ 47 ( 9% ) =0y - p:'in."' ’
12.00~11.00 obs nxns""

11.00~10. 00 S

{10.00~ 9.00 S8 0gl

9.00~ 8.00

8.00~ 7.00
7.00~ 6.50
6.50~ 6.00
6.00~ 5.50
5:50~ 5.00
5.00~ 4.50
4.50~ 1.00
4.00~ 3.00
3.00~ 2.50
2.50~ 2.00
2.00~ 1.75
1.75~ 1.50
1.50~ 1.25
1.25~ 1.00
100~ 0.75
0.75~ 0.50
0.50~ 0.25 -
0.25~ S e

TOTAL 0.0 0.0 0.4 7.9 9.821.225.6189 86 56 2.1 0.0 0.0 0.0 0.0 0.0 0.0 |10




WROAMR 2 b VOB (B18H)
— Vb EHOHAEE —

&-500) FRESLARMANOLAEENS (9A)
97 AR - ARE[AN HRAER

3.0 40 5.0 6.0 7.0 80 9.010.010.012.013.014.015.0 16.0 17.0 18.0 19.0(s)|TOTAL

(m) ~12.000 18 (7 ( 9 ) ey < glop 0.0¢" o 0.0
12.00~11. 00 (N R T S A N Y 8.0
11.00~10. 00 o Py V : ooz | ®0
10. 00~ 9. 00 Rt A G . | oo
9.00~ 8.00 - 0.0
8.00~ 7.00 0.0
7.00~ 6.50 0.0
6.50~ 6.00 0.0
6.00~ 5.50 0.1
5.50~ 5.00 0.0
5.00~ 4.50 0.3
4.50~ 4.00 0.0
4.00~ 3.00 5.1
3.00~ 2.50 9.8
2.50~ 2.00 16.5
2.00~ 1.75 15.2
1.75~ 1.50 18.6
1.50~ 1.25 19.6
1.25~ 1.00 10.9
1.00~ 0.75 34
0.75~ 0.50 0.0
0.50~ 0.25 0.0
0.25~ Pl . 0.0
TOTAL 0.0 0.0 0.1 8119.926127.410.9 4.7 2.3 0.6 0.0 0.0 0.0 0.0 0.0 0.0 |100.0
K-500 FRESEIFREAPOEAEENT (10A)
107 AR - ARUAIN LB
3.0°40 50 6.0 7.0 80 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0(s)| TOTAL
(m) ~12:0[ gt g (9 ) -y g 0.04" S 0.0
12.00~11. 00 0 ;l e YTy 0.0
11.00~10. 00 o"&s" A g o 002 0.0
10.00~ 9.00 Rl - el 00
9.00~ 8.00 ’ e 7 0.0}
8.00~ 7.00 0.0
7.00~ 6.50 0.0
6.50~ 6.00 0.0
6.00~ 5.50 0.3
5.50~ 5.00 0.8
5.00~ 4.50 1.2
4.50~ 4.00 3.8
4.00~ 3.00 1.6
3.00~ 2.50 1.1
2.50~ 2.00 16.1
2.00~ L.75 1.9
1.75~ 1.50 13.3
1.50~ 1.25 12.4
1.25~ 1.00 12.2
1.00~ 0.75 4.2
0.75~ 0.50] . 1.0
0.50~ 0.25}" 0.0
0.25~ ST e 0.0
TOTAL 0.0 0.0 1.6 9.214.515325.419.6 83 3.1 11 L1 0.7 0.0 0.0 0.0 0.0 |100.0




KIHCE - RANE - &H Ik

®-50) HEHESLARMAMO/AEENT (11R)
118 AREE - AREAW WRAXR
3.0 40 50 6.0 7.0 80 9.010.0 1.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0(s)| TOTAL
(m) ~12.00{ Hi 41 ( % ) weo. o plor
12.00~1.00 . 08 b0
11.00~10. 00 P
10.00~ 900
3,00~ 8.00
8.00~ 17.00
7.00~ 6.50
.50~ 6.00
6.00~ 5.50
5.50~ 5.00
5.00~ 4.50
4.50~ 4.00
4.00~ 3.00
3.00~ 2.50
2.50~ 2.00
2.00~ 1.75
175~ 1.50
1.50~ 1.25
1.25~ 1.00
1.00~ 0.75
0.75~ 0.50
0.50~ 0.25
0.25~

TOTAL 0.0 0.0 223 81 12.016.72.518111.5 54 2.5 1.8 0.0 0.0 0.0 0.0 0.0 [100.0 |

0.2705 07 0.5 7 18

»z/ﬁsd;sgozs o.z/ oo | 28

£-50) BEESEEEHAPOREENT (128)
128 HRNE - FREHW WRAER

3.0 4.0 50 60 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0(s)|TOTAL

:;";u‘“:f gg B (%) sy o gl 0.04” gg
11.00~10.00 / ’ "0',95 a4 0.0
10.00~ 9.00 g 0.0
3.00~ 8.00 0.0
8.00~ 7.00 0.1
7.00~ 6.50 0.3
6.50~ 6.00 0.1
§.00~ 5.50 0.6
5.50~ 5.00 0.6
5.00~ 4.50 0.9
4.50~ 4.00 1.5
4.00~ 3.00 9.6
3.00~ 2.50 12.6
2.50~ 2.00 15.8
2,00~ 175 8.5
1.75~ 1.50 10.8
1.50~ 1.25 .5
1.25~ 1.00 0.1
1.00~ 0.75 10.1
0.75~ 0.50] 3.9
0.50~ 0.25 0.0
0.25~ : . 0.0
TOTAL 0.0 0.1 7.717.513.315.6 1.8 11.5 8.0 6.1 4.7 0.4 0.0 0.0 0.0 0.0 0.0 [100.0




OB R <Y P VOHESE (B18)
— LhEHOBRAKER —

&£-6(1) FRESEFOREOEAFENH (1 A).
1A AREE - FHmm IBBRPER

Y UNU NI NN N NNE NE ENE E ESE SE SSE S SST SY ¥SY | TOTAL
(m) ~12.00| 11 47 ( 9% ) 0.0
12.00~11. 00 0.0
11.00~10. 00 0.0
10.00~ 9.00 0.0
9.00~ 8 00 0.0
8.00~ 7.00| 0.1
7.00~ 6.50 0.3
6.50~ 6.00 0.1
6. 00~ 5.50 1.0
5.50~ 5.00 0.3
$.00~ 4.50 0.9
4.50~ 4.00 1.6
4.00~ 3.00 10.0
3.00~ 2.50 10.3
2.50~ 2.00 14.8
2.00~ 1.75 8.4
1.75~ 1.50 14.8
1.50~ 1.25 17.9
1.25~ 1.00 13.4
1.00~ 0.75 5.1
0.75~ 0.50 0.7
0.50~ 0.25 0.0
0.25~ 0.0
TOTAL 0.0 0.0 0.0 0.0 0.3 1.523.933.917.610.6 82 3.6 0.4 0.0 0.0 0.0 [100.0
%602 FRERLFHEEOEAEENS (2H)
2R ARUE - TORE LTALER
T UNY NT NNY N NNE NE ENE E ESE SE SSE S SST SV WSY | TOTAL
(m) ~12.00 3 47 ( 9% ) 0.0
12.00~11. 00 0.0
11.00~10. 00 0.0
10. 60~ 9.00 0.0
9.00~ 8.00 0.0
8.00~ 7.00 0.0
7.00~ 6.50 0.2 0.2
6.50~ 6.00 0.0
6.00~ 5.50] 0.3
5.50~ 5.00 1.6
5.00~ 4.50 1.3
4.50~ 4.00 1.8
4.00~ 3.00 83
3.00~ 2.50 13.6
2.50~ 2.00 19.§
2.00~ 1.75 13.9
1.75~ 1.50 19.0
1.50~ 1.25 15.9
1.25~ 1.00 2.8
1.00~ 0.75 1.8
0.75~ 0.50 0.0
0.50~ 0.25 0.0
0.25~ 0.0
TOTAL 0.0 0.0 0.0 0.0 0.0 0.5 6.7 30.635.211.5 8.0 65 0.8 0.2 0.0 0.0 [100.0




AIHTE - RABEE - B IE

%-6(3) HHRESETEEAORAEENT (3A)
38 AsgE - Pome WRAESR

o Y UNY NY NNF N NNE NE ENE E ESE . SE SSE S SSF: SV WSY | TOTAL
(m) ~12.001 B £ ( % ) 0.0
12.00~11. 00 ' 0.0
11.00~10. 00 0.0
10.00~ 9.00 0.0
9.00~ 8.00 o
8.00~ 7.00 0.0
7.00~ 6.50 0.0
6.50~ 6.00 0.0
6.00~ 5.50 So2f
5.50~ 5.00 0.2 |
5:00~ 4.50 2.6
4.50~ 4.00 L7
4.00~ 3.00 12.4
3.00~ 2.50 1.8
2:50~ 2.00 - 18.0
2.00~ 1.75 112
1.75~ 1.50 12.2
1.50~ 1.25 1.6
1.25~ 1.00 1.6.
1.00~ 0.75 6.2
0.75~ 0.50 0.4
0.50~ 0.25 0.0
0. 25~ 0.0

TOTAL 0.0 0.0 0.0 0.0 0.2 3.019.119.129.4159 7.5 4.3 1.3 .0.2 .0.0 0.0 {100.0

-6 AHREEEVGEEORSEEN WA).
1A ERLE - PoRm WBUAER

. . | ¥ VWY N NNY N NNE NEENE E ESE SE SSE S SSF, ST WSV | TOTAL
(m) ~12.00( 48 4 ¢ % ) IR : 0.0
12. 00~11.00 0.0
11.00~10. 00 0.0
10.00~ .00 0.0
9. 00~ 8.00 0.0
8.00~ 7.00 0.0
1.00~ 6.50 0.0
6.50~ 6.00 0.0
§.00~ 5.50 0.2 0.2 0.4
5.50~ 5.00 0.4 0.2-0.2 0.2 0.9
5.00~ 1.50 0.2 0.2 0.6 0.2.0.2 0.6 0.6 2.4
4.50~ 4.00 L 04, 0.2 0. 32
4.00~ 3.00 3 Lw,sﬂ.—o 179
3.00~ 2.50 /0 TT 2.4 2 ey
2.50~ 2.00 . ST Tl
“2.00~ 115 ] 82
.75~ 1.50 1.5
1.50~ 1.25 1.9
1.25~ 1.00 0.2 6.5
1.00~ 0.75 0.2 6.9
0.75~ 0.50 0.9
0.50~ 0.25 0.0
0.25~ 0.0}

TOTAL 100.0']

0.0 0.0 0.0 0.0 0.0 1.3 36.4 15.5 9.7 24..-1]4.1']2.7 5.0 0.4 00 0.0




HEOHEA T F VOHBREE (18
— VO EHOBARER —

&£-60) ARERLVIRMOEEEENR G A)
SR AREE - TFoke HIAEER

T NT NV NNI K NNE NE ENE E.-ESE SE SSE S - SST ST WSY | TOTAL
(m) ~12.000 8§ 45 ( % ) 0.0
12.00~11. 00 0.0
11. 00~ 10. 00 0.0
10.00~ 9.00 0.0
9.00~ 8.00 0.0
8.00~ 7.00 0.0
7.00~ 6.50 0.0
| 6.50~ 6.00 0.0
6.00~ 5.50 0.0
5.50~ 5.00 0.5
5.00~ 4.50 0.8
4.50~ 4.00 1.9
4.00~ 3.00 6.9
] 3.00~ 2.50 0.3 9.0
2.50~ 2.00 o 12.2
2.00~ 1.75 0.3 5.6
1.75~ 1.50 3.4
1.50~ 1.25 © 9.5
1.25~ 1.00 18.5
1.00~ 0.75 15.3
0.75~ 0.50 16.4
0.50~ 0.25 0.0
0.25~ A A _ 0.0
- TOTAL: 0.0 0.5 0.0 0.0 0.5 2.113.011.921.225716.9 7.1 0.8 0.3 0.0 0.0 ]100.0
£—660 HHRESLIVYEEOEAHEENN 6 A)
6A8 AWM - TEgnkm - USRS
7| Y TNT ONY NN N NNE KE ENE E ESE SE SSE S SST ST WSY | TOTAL
(m) ~12.00 43 g7 ( 9% ) ' : 0.0
12.00~11. 00 0.0
11.00~10. 00 0.0
10.00~ 9.00 0.0
9.00~ 8.00 0.0
8.00~ 7.00 0.0
'7.00~ 6.50 0.0
'6.50~ 6.00 0.0
6. 00~ 5.50 0.5
5.50~ 5.00 0.5
5.00~ 4.50 0.9
4.50~ 4.00 1.4
4.00~ 3.00 31
3.00~ 2.50 0.2 0.5 0.2 5.9
2.50~ 2.00 0.270% 13.7
2.00~ 1.75 0.2075 0.2 9.9
175~ 1.50 - 15.1
1.50~ 1.25 0.2 14.6
1.25~ 1.00 0.2 0.2 | 14.6
1.00~ 0.75 1.5
0.75~ 0.50 2.4
0.50~ 0.25 0.0
0.25~ 0.0
TOTAL 0.0 0.0 0.0 0.7 24 0.7 1.913.714.420.328.513.4 2.4 1.4 0.2 0.0 [100.0




KIHCE - BANH - &BH E

%-6(1) BHRESLVOHEOHARENT (TA)

A AREE - PHkA WRAER

Y UNT NY NN N NNE NE ENE E ESE SE SSE S SST ST ST | TOTAL
(m) ~12.00 B8 41 ( % ) 0.0
12.00~11. 00 0.0
11. 00~10. 00 0.0
10. 00~ 9. 00 0.0
8.00~ 8.00 0.0
8.00~ 7.00 0.0
.00~ 6.50 0.0
6.50~ 6.00 0.0
6.00~ 5.50 0.0
5.50~ 5.00 0.0
5.00~ 4.50 0.0
4.50~ 4.00 0.0
4.00~ 3.00 2.2
3.00~ 2.50 4.4
2.50~ 2.00 12.4
2.00~ 1.75 8.1
1.75~ 1.50 9.4
1.50~ 1.25 19.0
1.25~ 1.00 29.2
1.00~ 0.75 14.4
0.75~ 0.50 1.1
0.50~ 0.25 0.0
0.25~ 0.0
TOTAL 0.0 0.0 0.0 0.0 0.2 2.0 0.013117.029.225.911.3 0.8 0.4 0.0 0.0 |100.0
%—6(8) BEEEELTHREOKAEENN BR)
8A AR - PeMm  HBRAER
¥ UNT NV NNV N NNE NE ENE E ESE SE SSE S SST ST WSV [ TOTAL|
(m) ~12.00]  H§ f& C % ) 0.0
12.00~11. 00 0.0
11.00~10.00 | 0.0
10. 00~ 9.00 0.6 0.6
9.00~ 8.00 0.0
8.00~ 7.00| 0.2
7.00~ 6.50 0.4
6.50~ 6.00 0.2
6.00~ 5.50 1.0
5.50~ 5.00 1.4
5.00~ 4.50 1.2
4.50~ 4.00 2.6
4.00~ 3.00 5.9
3.00~ 2.50 10.1
2.50~ 2.00 16.6
2.00~ 1.75 10.1
1.75~ 1.50 18.5 |
1.50~ 1.25 19.3 4
1.25~ 1.00 6.1
1.00~ 0.75 53|
0.75~ 0.50 0.8 [
0.50~ 0.25 0.0 |
0.25~ 0.0
TOTAL, 0.0 0.0 0.0 0.0 0.0 0.0 0.2 4.3 8517.636.325.8 7.1 0.2 0.0 0.0 (100.0




HEOBEZ <7 F L OMBEE (B 18)
— LbEHOBAKERE —

R-600) HRKE L TERAOKAEENE (98)
9A  ARUE - FHRE HBHETE

T NI NY NN N NNE NE ENE E ESE SE SSE S SSY ST ST TOTAL
(m) ~12.00 Hi fif ( 9% ) 0.0
12.00~11. 00 0.0
11.00~10. 00 0.0
10. 00~ 9. 00 0.0
9.00~ 8.00 0.0
8.00~ 7.00 0.0
7.00~ 6.50 0.0
6.50~ 6.00 0.0
6.00~ 5.50 0.2 0.2
5.90~ 5.00 0.0
5.00~ 4.50 0.3 0.3
4.50~ 4.00 0.0
4.00~ 3.00 5.8
3.00~ 2.50 9.2
2.50~ 2.00 16.0
2.00~ 1.75 13.9
1.75~ 1.50 19.1
1.50~ 1.25 20.5
1.25~ 1.00 .1
1.00~ 0.75 4.0
0.75~ 0.50 0.0
0.50~ 0.25 0.0
0.25~ 0.0
TOTAL 0.0 0.0 0.0 0.0 0.0 0.012022911.913.021.517.8 0.8 0.0 0.0 0.0 100.0
B-600 HERMGEPHRRIOSAEEN T (0)
0R TRk - Faum LTTR
¥ UNY NF N\ N NNE NE ENE E ESE SE SSE S SSY ST WSY | TOTAL
(m) ~12.00( 4 4ir ( 9% ) 0.0
12.00~11. 00 0.0
11.00~10. 00 0.0
10. 00~ 9.00 0.0
9.00~ 8.00 0.0
8.00~ 7.00 0.0
7.00~ 6.50 0.0
6.50~ 6.00 0.0
6.00~ 5.50 0.0
5.50~ 5.00 0.9
5.00~ 4.50 1.1
4.50~ 4.00 0.2 4.0
4.00~ 3.00 0.2 0.3 0 1.2
3.00~ 2.50 10.6
2.50~ 2.00 14.8
2.00~ 1.75 12.2
1.75~ 1.50 13.7
1.50~ 1.25 13.4
1.25~ 1.00 13.1
1.00~ 0.75 4.2
0.75~ 0.50 0.9
0.50~ 0.25 0.0
0.25~ 0.0
TOTAL 0.0 00 0.0 0.0 0.3 1.8 5526.925.12.8 7.2 6.8 0.2 0.3 0.0 0.0 [100.0




AFACE - WA - B3t

%-6(0) HRESLFOREOBAEEAT (1A
118 A&E - Fom LIRRARE

Y UNY NU NNV N NNE NE ENE E ESE SE SSE S SST SY WSV | TOTAL
(m) ~12.000 M £7 ( % ) 0.0
12.00~11.00 0.0
11, 00~10. 00 0.0
10. 00~ 9.00 0.0
9.00~ 8.00 0.0
8.00~ 7.00 0.3 0.3
7.00~ 6.50 ’ 0.0
6.50~ 6.00 0.0
6. 00~ 5.50 2.1
5.50~ 5.00 2.9
5.00~ 4.50 0.8
4.50~ 4.00 1.8
4.00~ 3.00 8.9
"3.00~ 2.50 3.2
"2.50~ 2.00 . 15.5
2.00~ 175 8.7
1.75~ 1.50 16.6
1.50~ 1.25 17.6
1,25~ 1.00 8.7
1.00~ 0.75 2.6
0.75~: 0.50 0.3
0.50~ 0.25 0.0
0.25~ 0.0
TOTAL 0.0 0.0 0.0 0.0.00 0.0 682003.329.2 7.4 3.9 0.8 0.5 0.0 0.0 {100.0

=600 HHHEETHEROBAEEST (128)
12J) ke - Tankr  HBUAKH

. ¥ ENY NY NN N NNE NE ENE E ESE SE SSE S SSV ST WSV | TOTAL
(m) ~12.00| 1t fif ( % ) 0.0
12.00~11. 00 0.0
11.00~ 10. 00 0.0
10.00~ 9.00 0.0
9.00~ 8.00 , 0.0
8.00~ 7.00 0.2 0.2
7.00~ 6.50 0.3 0.3
6.50~ 6.00 0.2 0.2,
6.00~ 5.50 0.2 0.5 0.7
5.50~ 5.00 0.7 0.7

5.00~ 4.50 0.8 0.2 Lo |
4.50~ 4.00 1.0 0.2 1.2
4.00~ 3.00 0.2 A TN, 0.2 0.3 0.7 0.5 9.6
3.00~ 2.50 j A 0.2 0.2 0.3 0.2 0.3 13.2
2.50~ 2.00 0.2 0.2 0307051 16.2
2.00~ 1.75 0.2 OJC) S Ka%{m%s 0‘5/}'3 8.6
175~ 1.50 0 . Ml ) 9.9
1.50~ 1.25 helds 2.1 930N 0.3 12.5
1.25~ 1.00 g 10.7
1.00~ 0.75 1.2
0.75~ 0.50 4.0
0.50~ 0.25| 0.0
0.25~ 0.0
TOTAL 0.0 0.0 0.0 0.3 0.5 3.0239261124150120 3.1 21 1.0 0.5 0.0 4i00.0




HEOHER <2 P VOHBRE G5 1HD
— LhEHOBARLE —

F-7() FREAPEFEGERMOEAHENS (1 8)
1A ARMLEN - FH¥R  LBIAKER

0.0 0.0 0.0 0.0 0.0 0.5 6.730.635.211.5 80 65 0.8 0.2 0.0 0.0

Y UNY KT NNY N NNE NE ENE E ESE SE SSE S SST ST ST | TOTAL
(s)~19.00) B fir ( %) 0.0
19.00~18. 00 0.0
18.00~11.00 0.0
17.00~16. 00 0.0
16. 00~15. 00 0.0
15. 00~14. 00 0.1
14.00~13. 00 0.4
13.00~12.00 1.6
12-00~11. 00 5.9
11.00~10. 00 6.4
10.00~ 9. 00 12.8
9.00~ .8.00 5.1 |
8.00~ 7.00 9.6
7.00~ 6.00 0.1 0 0.1 18.5 |
6.00~ 5.00 0.1 1 0.4 15.3
5.00~ 4.00 0.7 .4on 
4.00~ 3.00 0.1 0
3.00~ 0.0
TOTAL 0.0 0.0 0,0 0.0 0.3 1.523.733.717.510.5 8.2 36 0.4 0.6 0.0 0.0 [100.0
%702 FBRERMLEEEROEAEENS (2A8)
2R AR - gk LBBIER
T YNT NT NNY N NNE NE ENE E ESE SE SSE S SSV - SV ESY | TOTAL
(s)~19.00( B4 ( %) | oe
19.00~18. 00 0.0
18. 00~ 17. 00 0.0
17. 00~16. 00 0.0
16. 00~ 15. 00 0,0
15. 00~ 14. 00 0.0
14.00~13. 00 0.2 0.3 0.5
13. 60~12. 00 0.2 0.7 0.5 1.3
12. 00~ 11.00 161§ 0.2 3.4
11.00~10.00 : 'q,.a_z}{z 0.2 1.3 0.3 9.3
10.00~ 9.00 ZETTING N0 10 0.5 21.4
9.00~ 8.00 4 ?3\&\6 10 24.4
8.00~ 7.00 . .l\;/ 'S 2:)0 2.8
1.00~ 6.00 N6—31872. 147 1.0 12.9
6.00~ 5.00 0.3 0.2 0°8—1.8-0.3 0.3 0.2 0.2 41
5.00~ 4.00 0.5 0.5 0.7 0.2 1.8
4,00~ 3.00 : 0.0
3.00~ 0.0
TOTAL 100.0




KHACE - BAE - BH E

%-703) ARRAMLFHRAOKAEEANE (3 A)
3 HRWEAN - TR HRAKE

Y UNY NY NN¥ N NNE NE ENE E ESE SE SSE S SS¥Y SY UWSY | TOTAL

(s)~19.00 H& 4L (% ) 0.0
19. 00~18. 00 0.0
18.00~17. 00 . ‘ 0.0
17. 00~16. 00 : 0.0
16. 00~15. 00 0.0
15. 00~14. 00 0.0
14.00~13.00 0.0
13.00~12. 00 0.7 0.7
12.00~11. 00 L1 0.7 0.2 2.1
11.00~10. 00 ‘ ' 1.9
10.00~ 9.00 2.1
9. 00~ 8.00 31
8.00~ 7.00 S ERA /)t 18.1
7.00~ 6.00 0.2 L1 T2 0.7 0.4 0. 7.1
6. 00~ 5.00 0.9 15 LI L1 L1 0.4 0.2 6.4
5.00~ 4.00 0.2 0.4 0.6
“4.00~ 3.00| - 0.0
3. 00~ : 0.0
TOTAL | 0.0 0.0 0.0 0.0 0.2 3.019.119.120.4159 7.5 4.3 1.3 02 0.0 0.0 [100.0

&-7(4) BRHEAYLEHERAOERASEEST (4 A)
4R HHWGREW - Pamm  HIRIAEHR

¥ UNT NY NNT N NNE NE ENE E ESE SE SSE S SSI S WSV | TOTAL

(s) ~19.00] B8 ( % ) ' 0.0
19.00~18.00 0.0
18.00~17.00 0.0
17.00~16. 00 0.0
16.00~15. 00 0.0
115.00~14.00 . 0.0
14.00~13. 00 ) 0.0
13.00~12. 00 0.0

12.00~11.00 ﬂ\oz 0.7 0.2 0.4 4.1
11.00~10. 00 0.4 8.2

10.00~ 9.0 0. \\ /\s;,l\z\o\o 4 2.9

9.00~ 8.00 0.4\2.6 Jo \s. 21.4
8.00~ 7.00 0.2 %G/I'd 29, Ly 0.2 20.7
7.00~ 6.00 0.2 0.9 1.5 2 14.3
6.00~ 5.00 0.2 0.9 0\1\1.4.9/1 0.6 0.2 8.0
5.00~ 4.00 0.2 0.2 1.1 0.4 1.9
4.00~ 3.00 ’ 0.0
3.00~ 0.0 |

TOTAL 0.0 0.0 0.0 0.0 0.0 1.316.4155 9.724.414.7127 50 0.4 0.0 0.0 |100.0




HBOARRA RS F VOB B1H)
— LWhEHPOBAKER —

%705 HRRENEPORAOHAEEM (5 8)

50 ARHEAN - TORA HRAES
T UNY NU NNV N NNE NE ENE E ESE SE SSE S SST SY USY | TOTAL

(s) ~19.00} B4 fir ( % ) 0.0
19.00~18. 00 A 0.0
18.00~17.00 |- 4 0.0
17.00~16. 00 ‘ 0.0
16.00~15. 00 0.0
15. 00~14. 00 : 0.0
14.00~13.00 0.0
13.00~12. 00 0.0
12.00~11.00 2.4
11.00~10.00 , 1.9
10.00~ 9.00 0.3 22.8
9.00~ 8.00 23.3
8.00~ 7.00 0.3 26.1
7.00~ 6.00 8.2
6.00~ 5.00 8.5
5.00~ 4.00 0.3
4.00~ 3.00 0.0
3.00~ 0.0

TOTAL 0.0 0.5 0.0 0.0 0.5 2113.011.921.225.716.9 7.1 0.8 0.3 0.0 0.0 {100.0

2-7(06) BREENE VSRAOBAEEME (6 )
68 RN - TOmm IR R

¥ ONT NT NNV N NXE NE ENE E ESE SE SSE S SST SV WSV | TOTAL

(s)~19.00( it 4 ( % ) 0.0
19.00~18. 00 0.0
18.00~17. 00 0.0
17.00~16. 00 0.0
16.00~15. 00 0.0
15. 00~ 14. 00 0.0
14.00~13. 00 0.0
13.00~12. 00 9.0
12.00~11. 00 0.0
11.00~10. 00 2.4
10.00~ 9.00 0.5 0.5 0.2 0.7 5.9
9.00~ 8.00 0.7 0.5 0.2 | 2.4
“8.00~ 17.00 0.2 0.7 0.5 0.2 0.5 32.8
7.00~ 6.00 0.2 0.5 0.5 20.0
6. 00~ .00 0.2 0.2 0.2 68|
5.00~ 1.00 1.7
4.00~ 3.00 0.0
3.00~ ' 0.0

TOTAL 0.0 0.0 0.0 0.7 24 0.7 1.9137 14.420.328.513.4 2.4 1:4 0.2 0.0 [100.0




KIFRE - AN - Bt IE

®-7(1) GREAYLFOEFORAEEST (TA)
1A BREAN - FoRn WRHEE

Y NI NY NNT N NNE NE ENE E ESE SE SSE S SSY ST WSY [ Tomal|
(s)~19.00{ B QL (%) ‘ ' 0.0
19.00~18. 00 0.0
18.00~17.00 0.0
17.00~16. 00 0.0
16.00~15. 60 0.0
15. 00~14. 60 0.0
14.00~13. 00 0.0
13.00~12. 00 0.0,
12.00:~11. 00 0.0
11.00~10. 00 . 2.8
10.00~ .00 0.4 8.9
9.00~ 8.00 - 0.2. 15 23.7
8.00~ 7.00 35.3
1.00~ 6.00 20.3
§.00~ 5.00 6.3
5.00~ 4.00 2.6
4.00~ 3.00 0.0
3.00~ 0.0
ToTAL. | 0.0 0.0-0-0-0.0 0.2 20 0.013.117.029.2.25.9 11,3 0.9 0.4 0.0 0.0 |100.0
%=—7(8) AHEHEAPLEEERORAEENT (8A)
8A  HBUMN - THME  LBALR
S ] Y W NYNNT N NNE NE ENE B ESE SE SSE S SST ST WSV | TOTAL|
(s) ~19.00) “hY {8 ( % ) i s ' X
15.00~18.00 0.0
18.00~17. 00 0.0
17.00~16. 00 0o
16.00~15. 00 0.0
15. 00~14. 00 0.0
14.00~13. 00 0.0
13. 00~12. 00 20
12. 00~11.00 5.1
11.00~10. 00 1.1
10. 00~ 9.00 [ 183
9.00~ 8.00 2.8
8.00~ 7.00 21.3
7.00~ 6.00 95
6. 00~ 5.00 1.9
5.00~ 4.00 0.4
4.00~ 300 | 0o
3.00~ 0.0
fora [0.0, 070,700 0.0.0.0.0.0 0.2 4.3 85176363258 7.1 0.2 0.0 0.0 |100.0




MEOAER I P VOHBEE (B18)
— LhEFOHEAEE —

&-70) ARERAYSFOREOBSBESS (98
98 AREEM - PHBE HRAESR

T N ONY NNY N NNE NE ENE E ESE SE SSE S SST ST ¥SY | TOTAL
(s) ~19.00 B8 61 C 9% ) 0.0
15. 00~18. 00 0.0
18.00~17. 00 0.0
17.00~16. 00 0.0
16. 00~15. 00 0.0
15.00~14. 00 0.0
14.00~13. 00 0.0
13.00~12. 00 0.5 0.2 0.7
12.00~11. 00 0.3 15 0.3 2.1
11.00~10. 00 4.3
10. 00~ 9.00 10.7
9.00~ 8.00 28.2
8.00~ 7.00 24.8
7.00~ 6.00 20.1
6.00~ 5.00 8.1
5.00~ 4.00 0.2
4.00~ 300 0.0
3.00~ 0.0

TOTAL 0.0 0.0 0.0 0.0 0.0 0.012.0229 11.913.0 21.5 7.8 0.8 0.0 0.0 0.0 |100.0
xR-700 FHREFHEFEEROKRASEENSE (10A8)

L0 ARERI - Pk  WBSAER

.Y UNV NV NNV N NNE NE ENE E ESE SE SSE S SSY ST ¥SY | TOTAL
(s)~19.00( B fir ( 9% ) 0.0
19.00~18. 00 0.0
18.00~17. 00 0.0
17.00~16. 00 0.0
16. 00~15. 00 0.0
15.00~14. 00 0.3 0.3
14.00~13. 00 0.2 0.5 0.3 0.9
13.00~12. 00 0.2 0.2 0.6 0.9
12.00~11. 00 0.9 0.3 0.8 1.5 35
11.00~10. 00 0.3 ZI~-4—-8 1.5 09 8.3
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RIICE - BAH - &H &

HBEA ARARY MIOHEESEREZORE

A. 1 BORORMEBEEOER

(1) FHEABEOTBRHEE

WE, wOROILRETSBE, BHOMMRIEOIE
WHEOBEREOELELTHVER e THIRTHAIEOR
ROHE1EME LTREYRFETH D, BEEHRERY
LHBHNAETHELDLBHDTHB, i, BA
OHFHBERCEATE 3FEAZELTLEDT, KX
bTDEZILEM-THERETH>SDET 3,

WE, EHKED > OBEDOLREnE =0, y; 1)
T&kTE, ThRRNDXHIKEBTE 3,

n(x,y;t)= Zla,.cos (k.x cos 6,
=
+h,ysinf,tw.t+o,) (1

ZIT, x y: ENENKPEE ¢ KA, a. k. w.
BXU 6, ThZFWERABORE BE AREES
L URAEORBWT 2HEE xBDETH, o, HLHE
BhATHY0~2 nOMIKEEBETS v AR/ L
TWV3, CDEE, WMRIBRORED» >, Bk, &
BRAEY 0. 13, AHBRRQ)EHRT 5,

w?!=ghk.tanh k. h (2)

T, h:KE g BENMEETHB, LItH-T,
BRABOBBETIS, BEHHZVIAEKDOEL L
LEEOBKTER TR &Iy, AT X
L VX —-BEEMAERTROERICHLTRO DK
EXRTILHBTES,

k+ 6k 8

% %a,.’ =8,(k, 8) kSO

@ +
M
S

=S, (w, 8) dwé o

=S (, 6) 656 @3-

oS, (kR 8), So (w, 8) 350V S (f, 6)
REOHFR R <7 FVEEEED 3 \VIRBICARIR <Y
PVEREERTWVW S,

(2) BERR%ER

RBAHOFTRAEOEED» SHLPII L ST, RB
TERHOFEIZ ] DICBETESHO0TIREL, B8&K7
WEICRLBABOFVEL->TAHBLTNS, £ T,
Longuet-Higgins” RABRRAIE Icx 3 285 BB O 5
T S Hhh 3 EGHSEREE ZOAHOEEZHVT,
KRB 2HOREEEEHREPEEERL TV 5,

BB A ERBEREAVWTAMRA RS bV ER
RO ESKEZELET,

1+ 81 m+6m1
Y X —a'=EUm dldm 4)
k m 2
ZCT,

l=kcosO, m=Fksinb

R=Y1I'+m? 8=tan' (m/D

COE( m) XL, BEHOFAIELTINITE
A FLVEER (7, m) 2EX5%, TOLE,
U&icBT 3 pkOE—A VMM, (8) BRBIDOLS
W53, 72120, EW, m) OfREERIHLT, RE .
ThBIEIERT S,
M,(8) =fE (1) I adl

=ffE (', m) > dI’ dm’

=[fE (I, m)(lcos@+msin6)® di dm

(5)

T, Ee () =dl' S EW, m’) dn’ THD,
EQ, m) O @~OHEEZEKL TS, RIS,

EU,m) ® (p,@ RE—AV I M, BRROGDOLD
I2iE 3,

M. (8)=fEU, m) Pmidl dm (6)

KEEWVWT, 1KRE—A YV 2HETEERMNHBES
h3, ‘

M, (8) = My cos 8 + Mua siné
= v M% + M% cos (‘0—07)
=% Mucos (6 —8) (7

8 = tan™! (Mu/Mw),

k=Y I +m’ 1= Mu/Moo, m = Mo/Ms

LT, Mi(6) i3 6=0 ©&XBKME kMn %
LB, CDEEDOHFDEEEHS R TH, (I, m)
BE(, m) OBELBEERLTVWE, 0D, m
OEERAIHT 3 EEZERLTEY, 0L EHK
5, 01FEERE (mean direction) EFREH TV
B,
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HHEOFEZ~2 b VOB (F18)

— LWhEHoE
2RE—AVMZOWT S, FIRRIHET 3 ER(B)
DL B,

M; (8) = Mx cos® 8 + 2 Mu cos 6 sin 6

+ My sin® 6

(M20 + MO?)

\/(Mno—‘Moz)’ + 4M’n

1
2
1

Ty

X cos2 (6—6,) (8)

CCT,

2 My

M?D - MM )

= itan‘l (

9.=3

XO@»5, Ma(0) B 0=0,%nr 0L xicBAlE
LB, COXINHME 6,%, XA (principal
direction) &FESs, EBRHL SO LI & S i XA
Rz HEOZE, THbL, HO#T  FITORMNET
BT EMTEIN,

£f, ERRXLD M, (0) REHO 2EORATH
355, M. (0) /My BEBOABERTREL B,
CDELE, 0=0,0HETREHOEDIHBEIC
By, chicl, 0=60,t7/2 04ETRELHED
BORNMIMEL B, £IT, ThZhOBAOHHD
RERAVWTRODL IS5 4 5~y 2EHL, HiE
&/¥5 2 ¥ — (long-crestedness) &FFA T3,

(M
v M)

}1/1

- (M20+M02) _\/(Aﬁta_'Mm)x + 4M211
(Mza + Mox) - \/ (Mn ‘Moz) '+ 4 M'u

172

9

%7, AHY BEERE/ S5 29— v 082 HEKRBRRIC
HLTC2oOHRBOBMOELRTIEIC Y LN
EEEHEL, CThichb3b0E LTFORICRT S
28— 8 EFIIREL, HYNEA (mean sprea-
ding angle) LFRAT,

0.=tan"' (r/k)

= tan" { \/ Moo \/M?DMW_ZMIOMUIMII +M7xoMM

Mo + M }

a0

¢
e

—107—

HRER —

(mi-Tm)’

=1 T dldm

Mo

r JIEC, m)

ITI’ Mzo - 27 Y72M2n + 272Moz
I+ m") Mo

I

m: Mo — 2 Mlo Mo Mn + Moz
(M’w + Jmn) Moo

ri3BARR7 P VOEED S DA ERLTED,
E ERVTRRITILET-> TV 3,

BE —RBocEbhTcwagEoEEdssth
DL DTHBHM, THhORBTRTIARI FPADIKRE
TOE—2 Y M oBhh, SHEROELD ZWViIRE
Bl chicals 208A L OBAD SERL-RTS 3,
LIcHio>T, ARIZNZ M VORFTRBEBA TV 518
AP 2HEFBOERICHLTE, BHT 2 E xicaEs
VBTH3, LdL, +cHRAEDEORER (F7
D5 long-crested 1) BAICRZOERIVBINTS 3
e, BEROGHELEEEEBEZT ROBERIC->
WTREBERYLEETRTELTDLY, 2019, B

 ETHINSOEIEHERERE LT—BICH Vb h

T3,

A. 2 FRSHEH

(1) ARSHEHOES

RIfIICR Ltk S i, BERFZREARZR RS b LD
IRFINB2ROE— AV HOEBEB NI A Y —TH
570, TIhOBONAERBRICIBY S5, Li-
MoT, RISV TEDEMISRAETS 12dicid,
HERR7 b VEEERGRT 546805 3,

CCT, CHhETOWRRL SHBEHMR <2 b ico0n
TROYAVWARAAENEBONTED, FA OEELHHE
RBIhTWV3, ChoomBEELTBI, RO
LORBBEHR < P LS BEHHEROBOE THIE
ANI PVEEEL, BERZ~I P AVEFRICOWT
NHSEZOB—RULEURVETH 3,

S8 =S(HGIP an

Lcd->T, ARAHBEMESEIC>LWTHEAT S &1

iK%, $74bb, HER~<2 P LEHEISOTES

THERBEHARI FMICRBEVWS T ETH B,
JGo1p) do=1

EZd ¢ 12

s 8)de=5s ()



AHACE - BANY - &3 E

COBK G (6 | f) 2HENHBIKEFES, FRNH
BESO3 FRBE f DERSIHS & DWD T X A ¥ — DA 6~
ONTEERLTVDH, EOBE—RIERMICX -
RIE50DT, fLODBEKELTERSNS, T OMK
BieoWTidB 2D bOMBREINTEYD, Z0REN
BLDORUTIRT EBD TH B,

2) RBRIFESHEED O

KBS, 79— =74 RERE 2 13
RIS ESVT, HRAHBMARE L, COK

ARBEBEENRE L THERPESE REUICBFRE ST

TW3H, TENBEVPT IO SAH - BRIERE
HAEDEDOREAME S XS24 9 - LTRDB D
EHIBHIcHBEHBE 1,

Go1pH =Gocos’-<i> u

Omax

AL, Golk Go = [f,"cos™ (6/2) d617 T
EHESNBEHTHY, u=—17, Ou=7 OLE
BRUWOMEE 5, ~

1 gy _LP(S+D)

Go=_2251

7 T (28+D o

¥ 7o, HEBHE S 25— S BB f OBMTS

D, SOBKHES.. ZHVWTRBDOLS>ickEh 3,
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