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Abstract

The swimming forms of Cyprinus carpio in the fish farming water tank (10m
in diameter, 2m in depth) were taken the photographs of with a 8mm camera. The
Kick-swimming form, moving of its caudal fin, was transferred into electro circuit
in order that the form might be simulated and observed. The grounds for its dashing
straight were ascertained ecologically and hydrodinamically.

The results were obtained that the kick—swimming form was the most efficient
one for fish swimming in water, and that the self-protection reflection functioned,
it might be induced, most sensitive in fish.

1. #&

)

ADKELICDOVTIE, a) EEIRETOREI2 L, b) AHEC X 2 BERED+

* IATASEEE A A KEZAKE RS (REREREHIP) cHFE (1973. 10. 18)
w BPE, HERFEBEERRT
w0k B, BEFEVERTESSER



84 RE e KIL—5L « EHAR

v JIKBY 3B, TS ODWEER A (Cyprinus carpio) O FHEHEMT, 8m, H A5 T
EU, EORLELBEHR U, BED) KLZRUhOBHEOIESR, 248k - 3Htox
v 7 DT DT analog computer T simulate L, BEEEET - EHIEE 08
BICOWTHEET B, RO+ v 7 HKIEIC LB EH#IZ, AEENIC, POEENZOE»S
BBENBEHETH-T, TOREEEIZO~18 (m/s) WHET BT EMH -7,

2. ¥ B #H K&
BUNODMEERBEKE DY —>

2-1 RBUNZEARMICIROIEET 2 EHREOKET, HN-1i1cny, ZAa0MFHEFK
MR DR I L » THIIS N5, ZELRRE CHET 5 REETHY,
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M1 W - BEEL S ROAOHE ORRE

K-1icB8T, m:F--H\EHA, fc: BUh, p: E—BEHf~( 7 aky, A HIESR,

B : fIEAMRR, T BE—BERE, F: Ak EMG: 8K, m.: HIER,

P BUNOBRK, Th-T, BHRHOIHH» 5 Mi#kicid150~200 (ms) 2EL, BU
NOEDLIRENC L 53X 13, 300~400 (ms) , 2~3 (H,) OREE 3, ORI
RO MEERL S AT, WAREORAEEbN S,

2-2 KEpoRBTELEED, ZIEWETLLDOUETH Y, ABRIMICE->TK
HICRABBRRIARETIRERED: vy 7 IkETH-T, H-2 3RO —ROMEHR
— P FERRRR R B R — A RARMED RO S [E RS 789104 7R3, K-21 BT,

e : #%&# (end-plate) , m: M (muscular fiber)

s : ¥+ 7% (synapse) , fc: BUN (caudal fin)

1 : fl#R2E (lateral line organs) ,

c : YR ZALE (cupula) , P vA4 7Bk, p.t RONDA Y0l 7 74527RT,
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Lid,r 1R, 2IREROBRE (A)

2L, Aidi, ®0~t, (sec) MO BEKES, ALt ~t, (sec) D& KEA TR L, ToOME
BoFEA

. di, , 1 (. di, _
Ri,+ L at + C fl,dt +M at = E
g I (1)
1 : at, _
M at +1,R, + L, a =

1R g =fidt, i =dg/dt ZFALTACODOTOFERICEHRT 3 &,

da, d'q, | 1 d'q, _
Rl dt +L1 dtz + C Q1+M dtzﬁ—E ()
......... 2
d’q, _da. d’q, _
M ar +R, at +L, ar =0

183,
2-4 EEETFFOAFAVE1-YOHEFIE

FaR2ROFERABEEET I/ oy Pa— 220 CHEL, Lao— S IKELERET A
»ic, BONORT 288 IEYORE Ai=103 (m) A, =27 (m) X1,
RIE a=A/A,=3.81=14

»vziE T, (sec) T, (sec) 7,+7,=T T/, (+¥=2lt)

2.2 6.4 8.6 3.91
2.5 9.6 12.1 4.84
3.3 16.0 19.3 5.85

RELa=4, ~V2HT/r=4%29 2 EE4215 2 EKRERKI,
L,=1.014(H), L,=0.0568(H), C=103.1(uF)
R,=22.34(Q), R,=5.03(Q), M=0.166(H)
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C:bL

aQ,

dT

&Q,
T2

time scale factor
d

Scale factor

z @ 3D machine equation 2R, Tuv /&4 ¥ 7 5 6% K-41T,  DFED
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pU*
2

=BfF, b :LEErLORERER,

v= - BRERE, P
U: —%‘Hf%,
2-4. 2 B ME R,
IBYIES R, D0, RUKBWHICHL, EENHTHD, »oORBE TS 3HEOME
3, * v 7 KEORBEEICH L TR, BHEEEMICT 3EH TR C O MNEBSh B H
5, € OROBKERRENEND R, T5D, R,=3muUb THbENE, R-T,

2
Ru=Re+R,=CLbPS + 3zulb --ooeo @)

ERicBnT, AELRBEEZCHENTIETHD, bREVNOH &ITX-> TAKIER
2ENTIERZAL, REROTEHICHEET L 0L HML 7,

FHE1. 2R3RUN (caudal fin) ®MTHh (pectoral fin) 75 & @ B & &R E OBEFR
ZRTHDT, #HAM (10m, diometer, 2m, depth) D=4 > T, FUJICA single
8, 2800, ¥ a<HISTHY, BEEMEHEIC XD, AXOE X, EBlGEE v EHEL K,

v =1/t=1/g=1 X18(m/s)

1131 a<Hic#EfT Lc a4 OEEE(m),
tidl a<EDICEL M (sec), WmELLBELID a1 DEKE (BL:30~60m) TH
7o 1=1~1.5(m), t=1/18 (sec) THa» o,

v =1X18~1.5X18=18~27 (m/s)

KhEL, —FH/NEBETLFRDORK (W=0.5~1, L,=6, D=0.3~0.5[m]) ® 24
(BL10~30cm) TiZ 1 =0.5 (m) PIFCTH-7, #-T

v =0.5X18=9 (m/s) 75,
D& ICHRERE v SREICEL,

v=9~27 (m/s) ILdET, COTEILDONT, BT ILEOSHTIE, WELTOHERK
HABERAP (W) i3, SFHBA P (W), HEEBRT (ps) , HEEELME T, (us) &
FUOBBREHIC LB ¥EkELT,

P=k:T,/T:P, 705BFR® cHHEND, —RICHBERERIITL, EYBHBICIZE
THERBEZY, ULALIAELNIBERICEANAEE {, BUNBKKRD 2 &, FIEORE
Hoa=A/A==4~6, vzt =T/7, BIUKHHEE (Cruising speed) v, (m/s) kb,
£ ¥ a3 (dashing speed) Vdii,

Vd=ae«rv, (m/s) - (5)
a =103/27 (k& OFeEk) =3.81==4

=21/5.5 (¥ 2 3 L—Ri&) =3.81==4
T =8.6/2.2 (k¥ DIH) =3.91=4

=0.032/0.008 (¥ = I V— 28 =4.0=14
Ve=4 X 4 X0.75=12 (m/s)
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ca=fH LT, A4 F2afBICE S, RUNEROAUTHEICEIELTE D, 3—23KHTRUNIIILOIRE
C— L TH D, ZDMUE NN,

T=21X1/18=1.16 (sec) , f=1/T=1/1.16=0.86 (Hz) 72D, MHAEZLLH, WRIZEWD
WD EkNTO BTN 5

HM-2 10Tk EIE, AL2-2TH L7z, +v 7ikET, /281 £DAca<ih LT 155K EIC
£5, FHED

it 1 ~11, 12~15, 16 ~27, 28 ~31 ( # )

12 4 12 4 (=)
0.66 0.22 0.66 022 (#)
71 1 ~22, 23~27, 28 ~42, 43 ~47 ( f )
23 5 15 5 (a=)

1.27 0.27 0.83 0.22 (# )
Firth, 4, 5SHORONZRS MRy, % 701320~228H O AASEBT T, A, Jifkl# o7
12, WO RUNAEE L THOE L TE D, Tl olr, =<512, 15, 23K ilid 2 peikici
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OEVIKPT, 1080 EE FRICHL T, BIIZ10045CED, RERHE ERZPF{TER
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