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mV(1) = F(t)- 5CAPV(1), (1)
F(t) ., m . P . Ca M)A
V() , ; Q. F(1)
u(t):
F(i)
u(t) = 0 (2)
* 1200404 29; 1 20050617
(020330)
(1979—), , , (Tel: + 86937 2466445 ; E_mail: wangx infeng @ tsinghua. org.
cn) ;
R s ( .Tel/ Fax: + 86_10_62771824; E,_mail: wanglz@ tsinghua. edu. cn).

105



106

0<u(t) <1, A Q

R .
=

a

b =

SR

Vi) =- évz(z)+ bu(t)*

E(t): K—P—N— R,

R
100 m 80%°1e
( 200 m)

E(t) == bou(t)*V(t)

2
[7, 8]
N
X= ,
E
|- aV? + bu]
f= |: - buV ’
w(t),0 Su(t) <1
0
X(t) lizo= Xo= |:EQ-|
tf,
E(1) 20,
Jlu(*)] = J:)- Vdse
3

E(1)

[2,3]

(4)

(3)

(6)
LP= bu(t)V(t) N
50 m 95%,

(10)

(11)

(12)

7.9
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Jlu(*)] = - BE(t) + fo‘[- V+ N(f- X)]de, (13)
N= [ N(1), R(t)]" 0 , B
B 20, BE(t) = 0 (14)
( Hamilton) H :
H(X, Nu)=- V+ Nef=— Vi No(= aVP+ bu)+ Xo(- buV) (15)
S(X(t)) =~ BE(10),
Jlu(*)] = S(X(t))+ .f;‘(H(X, Nu)- NX)dee (16)
[ 10]
(1) -
AM=- g%: 1+ 2aMV+ Xbu, -
. oH .
AN=-— O = 0]
(1) :
0S(X(t1))
N T N
_ OS(X(11)) e (18)
Mt = ToE(n) T
(i o u(t) u(t) = f* (t) :
H(X" (1), Mt),u" (1)) = O\Migle(X* (1), Mt),u(t)) (19)
(1v) H ,
H(X (1), Mt),u (1)) = H(X (tr), Mt), u (tr)) = conste (20)
i, (20) (17) (18)
X(t) =- B, (21)
N(t) = 1+ 2aMV-— Bhur (22)
H(X, Nu)=- V- ahV'+ ( M+ BV) bus (23)
( iii) Lu (t) H
1, N+ BV< 0,
w(t)=140, N+ B> 0, (24)
undetermined, N+ Br= 0
undetermined( ) 0<u (1) <1 (700,19,
(tit;) C [0, te], N+ BV=0 ,
01 - N+ BV=0 (5)
(17)
1- 3aBV’ = 0, (25)
B> 0
V= [55 (26)



108

1

u(t) = ue= 35 (27)
B> 0 , B=0 B> 0 .
, . B .
1) B= 0 u 01 — Eo
E(t)>0 , (14 B= 0 u = {1}
V(1) = &%V‘* 1 €70, 11, (28)
r=2Jab, V.= Jb/a,
Fo+ J-- pele v, XROLI= Ly, g f elp@)—v dt > 0, (29)
0 “exp(rt) + 1 0 exp(rt)+ 1
(28) . 0, T.
{1} , tr ST ,{1} . ir> T, ,
12 , tt 0, , 12
> Te E(tt)=0 , B Z0,
Jlu(*)] .
2) B> 0 ,

0, : 0 t €
(0, tr) ,  V(t)> 0O 1, (24) N(t)
<=-Byv, B>0 N(t) , g

N(t) & €< 0, )\.l(tt)— 0 .

0}{101(}{101010
{1 uc,(} {1 uc,l(§ {101@(} {101&,10 {1 uc,Ol(}210lu0®

{1 uc, 0, 1, ue, O

. Eo, i, a, b ,

?01(}{101010} 0 B6>0 {1m(}{.luc,l® 1>0<ut,(%

I, u,0,1,00 ¢ ,O, u, 1,0 {IOIuL,®

27 a, b , Ey -
[ 12] a= 0.32/my 27
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50 m 100 m 200 m 21.98 s 48.30 s 105.35 st"
50 m s 50 m , S50m
T'so( 100 m T o0, ), ti= Tso <1>
'rom Z—iﬁ%ﬁ- V.dt = 50, (30)
Tso= 21.98 s Ve=237Tm/s, b= 1.79N/kg r = 1.52 /5,
, (28) Eo> 89.9 J/ ke 100 m {1}
. ti= Tww= 48.30s  (28) Eo< 201.9 J/ke* 10 ,
Eo [89.9, 201.9] 1 , 100 m
200m {1, u(} Ey = 176 J/ kg,
tr= 48.30s  tr= 105.35s , 1 .
Eo To= 42.23s, 1= T.= 42.235, Dnox= 9B.2m, &>
T.= 42.23s , {1, w:,(},
1
ti/s D/m D" /m e/ (%)
21.98 50 50. 00 0
48.30 100 107. 55 7.55
105.35 200 182. 01 - 888
1, t €70, 117,
uo= o U t €[4, 2], (31)
0, t €[5, 1,
2 37:;?((11'. 5522;))+ 12 31 L€ 0T,
Ve =<V t €[, 6], (32)
V. .
0.32Vo(i- 1) + I e €[00,
y o 23Texp(1.520) = 2.37 (33 3.5 ° [ d
exp(1.52¢t1) + 1 ’ ° ot
uw = 0.18V2 34 .Y . o ,
ok h % o7 f
t t2 Ly , 1.5 °2°;’° 160
.1 tr [44,105] ot o g,
. 0.5 : °2999000000, 140
tr= 48.30s 40 30 6 70 80 %0 100 1o
2 3 Y
1 2. A4 s, 2 1

47.61 s, 2.27 m/s, 0. 92 (G F 0. )

, Lo
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Preliminary Probe Into the Optimization on
Propulsion in Short Distance
Competitive Swimming

WANG Xin feng, WANG Lian ze
(Department of Engineering Mechanics, Tsinghua University,
Beijing 100084, P.R . China)

Abstract: Based on the modeling of dynamics and energy conversion in competitive swimming, the
optimal control theory was used to make an optimization analysis of the distance traveled in a given
time. Using the records of the 27th Olympics and the results from previous research, an optimal solu
tion of propulsion was derived using some hypotheses and constraints. Correspondingly, the optima
tadic for velocity and energy was put forward which was in agreement with the practice.

Key words: competitive swimming;, energy; optimization; propulsion



