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An Experiment on a Mid-water Trawl

VI. Practical fishing experiment

Kiichiro KOBAYASHI and Naoichi INOUE

Abstract

The purpose in undertaking this project was to make practical test of a mid-water trawl
fishery set-up and to develop an efficient trawl gear. Construction of this gear is as follows: the
tapering box-shaped net of 63.€m total length, with the mouth 15m in length along one edge,
is made of amilan fibre which decreases the resistance of the vetting in water, on account of the
smaller diameter and yet retains greater strength than other fibres. Four aluminjium alloy
Phillips planing floats which are all 20cm in diameter and fourty spherical glass floats are lashed
to the hand-rope to keep it in a broad upward arch in shape. On the other hand, 120 porcelain
sinkers and two depressors having 0.8m? effective area, are used to give a downward thrust to
the ground-rope thus assisting in producing not only a maximum opening to the mouth of the
trawl net but also in depressing the gear against the uprising of the net caused by the resistance
of water.

Two V. D. type otter-boards measuring 2m in length and 1m in height, which are attached
to the ends of the sweep lines, spread sufficiently the mouth of the net. Two wire towing warps
of 1.€cm diameter and 400m length are employed, in one of them cabtyre cord was inclosed.

The depth of the net in the water could be easily measured by the electric depth indicator
installed on the deck, which connects to the electric pressure gauge, fitted to the ground-rope of
the net, through the cabtyre cord above mentioned. When a school of fishes appeared on the echo-
sounder the vessel is ready to set the gear rapidly to the very depth of this school adjusting the
towing warp length after the depth indicator has been consulted.

The speed of the trawler is less than about 3 knots.  The smaller trawler ‘‘Ryoan Maru”
(83 ton 300 HP) tried this gear several times in practice and could catch fairly abundant fishes
in the sea near Wakkanai from Decemter, 1957 to the end of April, 1958.

This research proved that the mid- water trawl gear would have possibility of practical
application on a commercial scale.
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Fig. 3. Plane view of bi-plane
type otter-board



Head-rope 1.4cm Cremona 33m .
Rib-rope 1.4cm 4 lines
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- 50

3 21Mesh 9.7cm 100 <964 (94m)

= 3/33 6cm
100 - 182 (11m

3/33 6cm
100+182(11m)

Fig. 4. Development of amilan mid-
water trawl net
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(reconstruted)

Bi-plane type otter-board

A Depth indicator "
i B Rotating contact ERYRSURITLTEL D
C Cabtyre cord inclosed in wire DTH B, L LEHEDERE
warp
D Cabtyre cord LR E SIIBEROEMBEOKX
E  Electric pressure gauge E L O TIHICHIR Y
F Air bag
G Rubber tube F35DThHaB0hL, TsLH

BEROEMIBET L L
&Y, & Y RRUEBERRY

Fig. 7.
deck and net.
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Fig. 8. View of fishing operation of mid-water
trawl
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Fig. 9. View of practical fishing experiment (V.D. type)
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Table 1.

Fig. 10. View of practical fishing experiment (D.F. type)
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1/10 model experiments of mid-water trawl gear

Bi-plane otter-boards, two depressors

Length of warp out (m) 25 25 25 25
Towing speed (knot) 2.5 3.0 4.5 4.9
Tension of warp kg) 34 6 90 97
Cross angle of warps (6°) 8§ — — —
Wire angle (a®) 11 - — —

1/26 model net, !/10 mono-plane V., D. type otter-boards, two depressors
Length of warp out (m) 10 10 10

Towing speed (knot) 2.5 3.0 4.5 3
Tension of warp (kg | 14.5 23 35
Cross augle of warps (8°) 15 15 15

Wire angle (&) 15 12.5 12.5

Depressor only

|

Towing speed (knot) 1.9 2.6 3.0 :
Tonsion of warp kg) ~%(5)~§(5) 3.2

Wire angle (a®) €9 65 62

Mono~plane V. D, type otter-boards, two depressors

Length of warp out
Towing speed
Tension of warp
Cross angle of warps
Wire angle

(m)

(knot)

ke)
%
(a®

15
2.0
35
9
8.5

15 15 30
2.4 3.5 3.3
55 70 57
12 1 8
7 — 7.5
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Two boats towing, two depressors

Length of warp out (m) 10 20 20 20
Distance between two '
boats m 5 5 5 5
Towing speed (knot) 1.6 1.7 2.0 3.1
Tension of warp kg) 5 9 11 13
Wire angle (@®) 10 6 7 8
Mono-plane U. D. type otter~board only
Towing speed (krot) 1.6 2.5 2.6 2.7 3.5
Tension of warp kg 1.2 2.6 2.5 2.5 2.8
Dragging angle (€29 45 43 45 — 35 <
Bi-plane D. F. type otter-board only
Towing speed (knot) 1.3 1.5 1.7 2.8
Tension of warp (k&) | 1.5 2.0 2.0_33
Dragging angle () 72 60 75 68 < |

@

/s B BE T 2R

Table 2. 1/3 model experiments of mid-water trawl'gear

Depressor only

pa—

s
~

L\
—

Towing speed (knot) 2.3 3.0 3.2
Tension of warp (kgD 60 50 60
Wire ange (&) 38 27 —
Mono-plane V. D. type otter-board only
Towing speed (kuot) 1.6 2.3 3.4
Tension of warp (kg — 130 240
Draging angle (O] 45 45 48
Wire angle (e® 70 63 63 <
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Two-boats towing

Length of warp out (m) ‘
Distance between two

boats (m) i
Towing speed (knot) |
Tension of warp ke) t
Wire angle (@ t

40 40 40

20 22 20
1.6 2.0 2.4
150
~175 250 270
15 10 12

Mono-plane V. D, type otter-boards, two depressors

Length of warp out (m)
Towing speed (knot)
Tension of warp kg)

Cross angle of warps (8°)
Wire angle (=)

P20 20 20
1.1 1.9 2.3
300 500 470

| 20 25 30

i20—15

B3) EYAy x—F—FVEF7v Y ¥—I1CBT 285

Table 3.

Full scale otter-board and depressor experiments

Bi-plane D. F. type otter-board only

Towing speed (knot)
Tension of warp kg)
Dragging angle (@)

1.6 2.6 2.9 3.2 4.2

270 425 525 675 775

60 55 50 60 55

Canada D. F. type otter-board only

Towing speed (knot) 2.0 2.4 4.0
Tension of warp . .. ckg) 1 100 150 250
R ®
Dragging angle (%) 45 45 49
Wire angle (%) 22 23 35 C_‘
Mono-plane V. D, type otter-board only
Towing speed (knot) 2.5
Tension of warp kg) 270 ?
Dragging angle % 55 :——




XK Kk E B R

[(x,1

Bi-plane D. F. type otter-board (reconstruction) only

Towing speed (knot) 3 3.6 3.1 3.2 2.1 2.3 3.8

Tension of warp (kg) 200 350 400 400 150 230 500

Dragging angle @ 63 63 63 63 63 63 63 <_|
Depressor only

Towing speed (knot) | 1.5 2.7 3.8 1.5 2.1 3.4 3.6

Tension of warp  (ke) ~1%%~}gg 250 50 90 150 175:

Wire angle (@

66 62 61 52 61 65 47

Canada type depressor only

N
=

N\
m/
R
o

Towing speed (knot) 1.4 2.1 3.6
Tension of warp : kg) 45 60 110
Wire angle () 44 50 53
@ 28R

Table 4. Two boats towing of full scale net with Canada type two depressors
Towing speed (knot) 0.7 1.3 1.4 1.5 1.5 1.6
Tension of warp (kg) | 180 330 330 400 330 380
Distance between two

boats (m) 20 20 20 20 20 23
Cross angle of warps (8°) 5 7 8 7
Wire angle (a®) 1075 7 6 7 6
Mouth opening gauge (#A) ' 58 47 57 47 45 47
Height of mouth (m) :9.57.69.37.67.37.6

— 24—
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Table 5. Fishing experiments
sohi - L | m | mi{2n|2s |6 | D |m']e® SpeedD'\Do
Date | Fishing rigion | (103 | (m)| (m) | (m) |(m) |~ |(w)|Cmd|  |Gknot)] (m) | (m)
3, Dec. Amilan fiber net, V.D. type otter-boards’ 1/; dep. 2, /s dep. 3
1957 {
Lat 45°-35'N, . ! 16~ l
10°10" AM. | Tong 141°240'E | 50| 45 . 63.6 10\ 20| 20 Opg 465 18| 20| 1
3, Dec. Amilan fiber net, V.D. type otter-boards, /1 dep. 2, /3 dep. 2
1957 ot
10095 AM. | pon A g | 140 | 45 [63.6 18| 37| 15| 30 |46.5 14 2.4 k |14
|
27, Dec. Amilan fiber net. V.D. type otter-boards, /1 dep. 2, 1/3 dep. 2
1957 ; 100~ g | T
5° 40’ P.M. 300 ' 45 | 63.6 3L4 6.m549“&5 |
29, March Spun nylon net, V.D. type otter-doarbs, /1 dep. 2, /3 dep. 1
\ o \ ‘
1958 200 | 30 42~ 13| 28 9‘ 47 ——]i 15'| 2.4 40, 7
. L i !
24, Dec Amilan fiber net, D.F. bi-plane otter-boards (reconstructed), */1 dep. 1, !/s dep. 2
1957
3°207 ~ ‘
5040’ P.M 100, 45|63.6 9115.5 9| 29| 49| 13| 2.4
Table 6. Amount of catch while fishing V AEEORK
experiment . N
pome B . MR, R v — RO Y
Date | Species 1 Catch WET B ETIS 0, Yo, s, Ma, MEDH
97 Dec. 1957 ; Atka mackerel 6 Bz onTH L OEBPMERIT 21 bOTH
| Sculpin 3 B55, 20 b OWEMIHE_ERROREEECH
T v Ol - BTN, BHEENEO TS, HMAR
28, Dec. 1957 ‘ Atka mackere | 300 kg PB4 L, b RS A DY
m,Mm.w%lAmﬂamm& ' 19 kg OPEEEORIEENC X ©C i b ONEEIE
27, Mar, 1958 | Sole 20 kg BT USRI E SO T LD, 18
Alaska pollock 6 L 5% OER LTI L > THAC R
e sHiskl- & B E 2 E b, #L T
2, Apr. 1958 | Alaska pollock | 20 kg DEFHUBRIC L bE O WhilibRE, TLT
| Herring 6 0 ERERHIEE % B 5 L HICii% { OliES

B, W EBRSEE Y H O TRS C ORHY

SR T RS BT TH Bo RIHTUED D4 TN L TIBL N HIEE S b RO L R0
(1) F7vy+—DiERE (Table 7)
CORR b AT 7 U » F—OMBEL , ERIOHEEL 13 & < —HL T30

(2) # vy x—F—FOHEE  (Table

8)

WA v ¥ —F— FORBEET, T 2WAAY —BROERT, TS TL R

HELREZHL DL TV,
(3) MWoESL (Table 9)

OB 2 W A FIIERI R TH 5o M bIE, PIcHy X—HK—FLF 7V o F—¥EELLT
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Table 7. Performance of depressors
Towing speed (knot)
Depressor Dimmension
1 2 3 4
T | 06) 15| 31| 6.2
o
Vs model @ 15 29 28 \ 35 15cm in length
Dv 0.6 1.4| 2.7 5.2 | 15cm in breadth
Du | 0.2 0.6] 1.5| 3.5
T 11 30 62 | 123 . .
gkg weight in
1/3 model @ 27 27 27 27
Dv 9.8 27 56 | 112 water (3
Du | 5.6|15.2|31.5 65
T 30 90 | 180 | 310 . D
‘ 35kg weight
Full scale @ 23 25 27 29 3 T
Dv | 27.5 82 | 162 . 270 in water
Du | 12.2 38 82 | 150
T . 40 60 90 | 130 . )
15kg weight
Canada type @ 48 50 52 54
Dv 27 38 54 70 in water
Du 30 46 72 | 106

L, LAVEL TEHERY B2 R205Td 5,
(4) LAy 2—F—~FRUF7Vvy +—LOPAH
a) ZoOKEFETOWT (Fig. 11

EOEHT

BRI h BEN

SEH e h BES

BFORERA

FWOEEAA

F v 2—F— FOHE

iz |mlc 50

BREOR S

FHEORE

FROERZ LOFORE

dy F—H—FiZmb 25
g

Ticos i — Ta2cos Gz =
Tisin @& + Tasni @2 =

S =1 sinh
2Tacos 2 = Ts

n=S§ —m sin &2

Ts
T
Tz

6

€2
2S

kg

kg

kg (F7Lv v v—OBH Y &)

)3

;23

m

m

m

m 45m

m

kg

== TR ceeereveererennens W

= T'§ ceccereorconares Cg)

)

.................. (4)
.................. (5)

ORI LD THELLKMED 1 i ¥ Fig 1NIHHFEL 22,
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Table 8. Performance of otter-boards
Towing experiment otter-board only With net
Otter-boards speed ‘ i Dimmension
(knot)1l2}314‘1|2’3‘4 112i3|4
Te 151 39 77 143 31‘ 65/ 162| 154
175 model Ts | 38 77 122 172 37, 77 122 184
0, 68, 68 56 50 500 50 50 50
— LELEL .
110 monoplae | T* | 0-6 1.1 1.6 2.5 0. 2\ 0.5 1.0 1.8 1.3 2.9 4.7 7.3
V. D. Ts | 0.6 1.4/2.2/3.2/ 0.3 0.9 1.6, 2.9 1.5 3.5 5.6 8.7
fo | 45 51 54 51 59 59 59 59 50 50 50 50
[} | | I r T
110 bi-plane Tz | 0.2 0.7 1.3 2.3 0.6 1.9 3.5 5.5 1.1 2.6/ 4.3 6.5
D. F. Ts | 0.6 1-8 3.6 6.3 0.7, 2.2 2| 4.2 6.5 1.3 3.1 5.2/ 7.8
0, 70 70, 70 70 50, 50 50 50 50 50 50 50
Full scale mono | T 31] 128| 253 38| 104] 166] 264 122 sokg weight
V. D. plane. Ts 64| 158 306| 56| 125| 198 306 230 ' in water
o, 50, 50 50| 50| 50| 50| 50 1
Full seale, Ts | 82 170| 273) 391 L | soke weight
bi-plane, Ts | 131 270 434/ 622 | ' in water
~ D.F. 9 55, 55 55 55 | ‘
Full scale, Ts | 11 29 55 90 21| 45 69 97 . 160 kgweight
Canada type, Ts | 11) 29| 55 103 21 45 €9 77 To in water
D. F. o 45| 45| 45| 41 45 45, 45 41
Fulll scale, s | 27 72 165 270 Te 0 kg weight
bi-plane .
(reconstructed) Ts 54| 143 320, 540 in ater
D. F. 0, 63 63 63 63
Table. 9. Reristance of nets
Towing velocity ‘ : : i” e
o0 12 334|12,3412’3]4 112.34
net 1/10  model 1/5 model 1/3  uet ‘ 1/! net
i
\ measured from two boats towmg t&st
Resistance of vet | o 15| 30 50| 199) 494) 980) 1258} 456792 | 15610942060

1/10 model net

/10 model net

|

1/s net with V.D.

1

/1 net with U.D,

net with mono-plane | with bi-plane A o
V.D. otter-boards | D.F. ottor—boards] otter-boards otter-boards
t measured from one boat towing test
i ! : PR ‘ ]
Resistance of net 119 24 40 s712.2) 17 28 40 150 2908 452 616 | (2600,
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Ts To b) ZOHEFE->vT (Fig. 12)
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Fig. 11. Plane view of equilibrium of force acting on HTH Do SHARFERBICRTHRACS

mid-water trawl ‘ P HSHE R, FROTHEOHEW
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UERDL, Inety 2—+
—FiCo» 3 EEXT) B

Otter-board
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INMHFHETLZ2E S Rk 5 Fig. 12. Profile of mid-water trawl
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WRTIHT CR T, RPN ERPN DDAt R FEeiids bh, THIHEERR (5)
2B, Ay A rvyBYRACNIANEBLDOTH B85, ARy +4 v irOHIEbD50, 18
LBOBHHMOH 50T, WOKES ¥ ILFSH 5, WROP T4y ¥—F—FLF 7L v F—D
ZPE RS R DB FIFR N U 2o CHIBEROK S S LEIICL 5 bDTH B4, WL
Jui3 83ton THRE ¥ <, HERWMEYTEMEL Tk, MR vEEeIn s nhonE, +
ya—ﬁ—F%Tﬂm®fayr%jff,:nu*ya~£~F%%Tuéﬁ%uﬁ1ﬁHﬁ<%£ph
T, BEFEE T~ E P HRICOCbH DOl XYy MIDWTIRBHEANC A » ¥—#— FEH
DHw— AT HFEICL VERBEMRL 05, WShEE200ke Bty ¥ —F— FORFVIIRETH
3, BREANES QREHIHAD WANOV—71% 724 v 2a— P RHHATAHIL ST, fBhbty
2 —F— FEGIFEICERCHERNR D, FMIRDEE R 7 24T 2—FI2, B9 0, LIFL
IR L 1o
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TEARBOFO Y FHOI L8 Lvve Uh bibe D  TRNEMORAOBBIILE T 50, T
MroF, BF 7vy P=2 T B DIIIEFEAT Y 2— VEINELUTHS I,

KISFHDOOKR & X TH B, THIFHOESU T 20 HEEROXE JIC k> TEB YT 2, X
ZRICH O 3 I THIZ.2ton Th Do REDTINICH vy F—F—FRF I L v F—% DI 12354
(ZhE, 3.0~4.0 tonDIEHH L, BEEHD

3000x1.5 __ 4000x1.5
75 75

BEICET LG, MOISmBEOWEIC L VERET 2 LT1iE, 120~200ton, 300~50CH TEZEH 0%
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PORENS 5, BHEED 3MYUT Thhid, HIompi#Es—EBRbE F v~ 1 EBoREREICx 3
DTS D b

HEHC OV T, BEHZBAO v L k0517 3 5y < TV DOTHY TH 20808010 < BIR
RThHa2rb, AIAEEENTSTAMENE STV BIMEREFHX v > Iur R E b Eibnd
Jo

WROKRS Th 555, HERIED 210D, 4~FHEEI XICEY, BERESEEON. D& bE
DRI ZVEES B DT, MONBITICERSHABEL L 5T, BEHES ZOEICEZ» D,

HEWCDWTIE, BEISICE o TED 2D, AFETIL, =2 vk yrDE8 &8V v 2.5~ Hr e %
ACHEIT, 25FARSSEALL, P ARICRTE, 4.2+, 3.8, 3+, 1F19%% < HwTw
5o AHIHOFHBEIY, HAOFBEBEICK & 2 B8 H 2,

W, 2OREOFMIIHIT 5 & 5 HEIEMILL 00O T, BOFAEHD L Y OO ¢
BRTH %o

b) vy ¥—F— F Ol 4

HEr r— L Ay ¥ —F— FOREL, ZThosEEOPHYToTEL— B v~ Bty 2—g—F
EEY, KPEEDIRICH Do WHEIT D 4 v F—F— Fldkbs Kk & 8L 0 oT, Pk & 2R
FLEOREBAYBUHZEDS v, APrEsBac3ZeEl B L VBB, 1
BiEE>» i, BRI AE , AEBHOMEVWESVET, T8> LBESEIIN S, KCERMT
MHEIGIT 205, FWOMBUITE > TR0 2 VERAREICIRT VTR EEY b e b
Vo L bBERT A0, R Z EFICHLAHOFT 7L » $—OHBEL $FIGL TV iE ke b v,
KPR TESCHEN T 203 EFICE 05 Y, TR0 BB Tt b
Vo ZOEEDLEE ST, BEMOD 2HSET Ly, HIOEZRIBEL T53 LahTEEE
RUTEHEIIRE LT 2, 4y Z~F—FOXKFEELH B L, 2hsBBHL o THREY S 3002
BEEs L, KRPEEFERD L, 4y 2—F—PUERALRICY &, BExLEVvd b, ThYErSw
TREN® DU S LTIV BABEBIRAT 2, Tho ¥SAEICERL THAEBL 23 hE s & aiic
PErr— Aty IR FOHL S5b 2,

¢) V.D.RX¢D.F.RXA v #—H— FORH L85

V.D .ok y Z—F— FIIRMEFME ORI v #—8— P A BN, 858, SRECEBUE AL
THET 2WIMBUSRA 1IN Th 208, TOBIEINABATS 50 “HICKLTD.F.RD~+v t
WIS VRBE VBN THEET 2HDOF v F—HF— R, ¥4y 2 E DO THME RS ¢ TRA NS
2L, B AREIch, BEEYEDL ¢ CEROMBETEY 2o sk 2, o THEOFFEIELE VI35
IRESBELTH B0 V. D RUEIEBH 2 rFirFWCRBIBLN TV 30T, 4 v F—H— FOFk
T AMAFNL T FA FATRELR T IO LA E—RBIBLN DT, BEANIMEED 2 - 4]
LML, HEELRFTH 3, I khERSERO TV T S 0EHIC L > TRSIBIET b 20T
B U CTEBBEAYET 2 3 TOFEER ML, D.F.RICHL T % —FD. F.RUEEISHAICSL TR
BEHAFATEATEPREE L2V e ZDLBIZEBIAEROME OB BETH 2, UL IOREN
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DEMEAE BN 52D T, HEOELIIRL TRICET 52— 2y P OBML, v ¥—F—F2EKD
PHHEIMBO2OT 2 T, WAFESBDT 5, (5o TRV T 28N H 505, ROTHEES,
R, TIERIRCER S LETH 5, MEOINERA G T TEILLEL T 5—F, KbhERIIL D
LBl LT, MOPEERTH, 4y ¥—F—FBKRPICHATIFL OB E DI LEFN v fMA
vy Z—H—FoEO s 5B BN TV 2L, AR YEH T 2H 0P uKEHTH L LV 9T EL BN S,
d) F7rv v +—olEE

FFV gV —dty 2—F—F LI, FOE LT, ZAIERTARDLDOTH b, * OLARBIEOY
FICHFFR L ONDEIC LD TR Y £ DEFUAFTED TUD 2ER Y vt Ldle F7 vy ¥4y
Z—F— P L THIEAIO K & T & E, FNERCOURBLR Y, F7r o ¥—2Uh S T80T, ¥
ORI T ETRBL K B0 HILT 7L o Pl v ¥ —F— ¥ LAEESL THfETA X 30T, Bk
IEELLNE VY, AFERICEG LT v » P13, £ ORBEINIEE 3R T v 2—FK— FOREEN
CREUSEIL , SSEBRAT (~— VBRI YRR L TEEOW 1.7 TCHEIL THEES ST A< L,
BFERDFT 7V o V—13REE T, TUFHCEESN TEICKELIAYET 2K DT 5, L
U EOEEEHEEIRYREL 2L, HBEAD D, UL, ThiEPE Y 4 v 2—FK— FOMEE L MHE
HFL T AEIERL TLvy,

e) FWMOFEEIzonT

A OREREETI, fidtd vy F—F—F LY T2 T 305, FTHOFMOREE ¥ FllOZh LY b
BAULBTHE, SMIEBEICE GV, €D THREUC EFMIt45m, TIRHI46.5m (B2 T49mIHBID
LU, ZORFIIRBRICEDOTED B4 v ABET b SN O FHAENCH TR D 2 BTy
B EDRFOIDOTOMIHEILize LA LI IHEENES LHEOMES ETLT, ETOMEDSHET
Do CHEYEFRBDIC ATV Yy F R ANZELEL LN 3,

(3) BE ol

ARG AAEDWIFIREN Y IRME L, ZOFEOBERRE L, BIb12BL V3 BETE—
BOHB R BV oo HIB1I ARy ¥, A7 Y, ZA=vy, A7 7, 1AMFEy >, 1A~3 A%y 7, A
HRIKE4OM~T0mICB L+ 288 vhb oo, ZoHiE:, 4520, B3 EoEEgz T hAK
BREEEI R 1o RE Y m— B E LTI, WK D 10~15mifTIc L, BEOPL VR
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FTRMET AEIBETH b, THIIRBOESTHIE, MR SEET S L TICHM»EL2VE,
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