120

HRERERERE

ggoououoooooooobb, oo ooo,bbbobobobbboooood
goob.obboooobobboooobboooooboooooo.

2.1 Lagrange 00O O (Lagrange 00O 0O)

000000,00000000000000000,00000000000000
000000000000, 00000000000000000000000000
0000000000. 0000 NOOOOOOOOOOOOOOO,0000000
0i00 (i=1,2,...N)0OOODODOOOO ¢t000000 (z,y,2) 000000.
000000000 (000000)000.00,000000000,000000
00000000000 00. 00000000000000000000000000
00000,0000000000000000000000000000. 00000
00 (t=0)000000000.¢t=000000000 (a,b,¢) 000000000
00000000000 (a,b,¢)00000. (a,b,¢) 000000 material coorinatesC
ooooo.

0000000000000000 20000.

e J00UDs0000C00O0DDO,000C0O00ODO (a,b,c)000OOODODO.
e O0OODOOODOOOODLOODDODDODLODODOODLDD. DLODLOODOODOD,0000
0000000000000O00 (b0oo0oDO0oUO0)0D0oO0DoooDOooDOooOo.

13



020 00000

D000 (Lagrange D0 0) | 0000 (0ODO)

000000 | 0000 (a,be): 0000 i0 0000
o000 = %

021 00000000 Lagrange 00000000 OODOOOOOO.

Lagrange 00 O
O000000D000DO00DO000000D,0000,0 LagrangeO0 OO OOQO0O
0 0 0O, material differentiationd O O O

D

Dt
000" Lagrange 00 000,000 F(a,b,c,t) ((a,b,c) 000000000000
0000.000,00000,0000)0 LagrangeO OO

DF oF
Bi <E)a,b,c 21

d
goboo.bboooobobbooouoobob aDDDDDDDDDD.

0
00000000000 »0O Lagrange0OOD0O, 000000000 »0O00O. OO,

Dr

'U:E.

gbo,0booooooon %DDDDDDD.

OOoboobooobo,021000000.

22 EulerO000O (Euler0ODO)

Lagrange 0000000000 OODODODOODODOODOO,000000000000O
gooboboooobobob.oobboo,jodobbboooobLb.oobn,obb
gogooobooobo. oboobobobobobobobobobooobobobobh,0oboboboboboboboobobn
OO0000D000,000000. 000000, LagrangedOOOOODOOO,000

*l 00000000, Lagrange 000 & 00000000 DDOO.



2.3 Lagrange 0O 0O Euler 00O 0O

15

go00oo0o0ooooooooooo,0oo0ooooooo,00goooooog, ™
0,00)0000,000.00000,0000000000 EuerO0O00D0DO0O.*2
000ooo0o0o0ooo00 t0oo0,00000 (r,y,2) DO0O0O0DOOOODOO
O00ooodoooOoOooo. 0boog,0oooooo. ooogooo,oo0ooog
000o00oo0o0ooOdooO0oO,0000000f00O00. JooooOooogooooo
gooobooboob. oouoouooooouooooooooooouooga
000,000000000000000D000D0DO00DODO00OooOoOoooOO.
Euler 0000 Lagrange 000000000000, 00 z,y,z 0 Lagrange O 0O O
000000 (0000000000000 0)00000,Euler000000O00O0O0O
ooooooo.

2.3 Lagrange 0O 0O Euler0 00O

00000000000000 FOEuerOOOO F(x,y,2,t) D00, 0000
Lagrange 000 Euler 00000000000 D0OO0. OD00OO0 t0 r=(x,y,2) 0
00000000,00 t+At0000 r+vAt = (x +ult, y +vAt, z+wAt) 00
O00000.00000oooooooono FOOO AF O,

AF = F(x + uAt, y + vAt, z + wAt, t + At) — F(z, y, z, t)
oF oF oF OF
Y Al DN At)?
<at+u&x+”ay+waz> t+ O ((At)?),

DF . AF OF oF oF OF

R = _ = - - 2.2
Dt e At ot "ar TV ay TV oz (2:2)

D0D0000. 000 O((At)?) 0 At0D00D0000D000. FOOOOOOOO,
Lagrange 000 Euler 00O 00O

D 0 0 0 0

=—+4v-V (2.3)
goo.

000 (23)0020000000000000.»-VOOOO V-oOOOOOO
OO0 vOoOoooObooooooooooooboooooobooobooo. oo, o
ODoO00oo0OoO0ooooDoooooo.»-VOOoooo,booooooooooo

*2 0000000000000000000,00,000,000000000000000,00000
00000000000 Lagrange OOOOODOOOO.



16 020 00000

00000000 (000 o-VOOOOUOO)OOOO,V-o0OOOOOOOO
gooboooon.

OO0 20000000000000DOO0.

Langrange 0 0 O Euler 00O

0o oo 0
ooodo a,b,c,t x,Y, 2, t
ooood xay7z;p7paT7"' 'LL,’U,’LU;p,,O,T,...

D 0 0
LagrangeDD,ﬁ g E—I—U-V

(23) 00000000000, »-VOOOOUODODODOOOO. OOOOO0O0O,000
goboboooobbbooooboobboooooobooon.

0gd

O0000050km 000000000000 3.0KO00000DO000. 00 10ms™' 000
gooooo,0000000000000000D0. 0D000,0000000OOOOOOOOO
goooooboobboog.

OO0 T0O Lagrange OO0 Euler OO OOOODOO,

DT oT
= _ 97 VT
D o TV

oogoooag. DDD,%—TDDDDDDDDDDDDD,%DDDDDDDDDDDDDDDD

0.00,0000 22 =0000,00000000000000

oT

E:—’UVT

goobbooboooo. bbb y-0booooobbbooan v:vj,v:—lOm/sQDElDEl
og. DD,DDDDDDDDDDDDDDDDDDD,VT:g—Zj,g—z;:—SK/50kmDDD.
goooo

%—f = v -VI=-60x10""K/s=-22K/h

gooooooooooooobb,oooooooooobooboobobbobobo,bbbbbbbon,
ggboboooobbooobbooo,bbboodg,gbbooobboobbobooobbooon.

24 000

00000 ADODOOO000000,0000 AD0DODODOoOooOooooooOO, “A0
OO000”00000. 000000 ODODOOoOoDoOo 2DDDDDDD,%D %,D
gobobooooobobbooon.



25 DO0O0OO0O

17

A0 Lagrange 00000000

DA
D_t:O (2.4)
000, “A0 Lagrange 00000007, 0000 “A0D0OO0OO0ODODOOOODOO
0 A is a conserved quantity following the motion0” OO O. ODOO0OO0OOOO AO
Lagrange 1000, 00000000000000.
gooooboboobobooboboobboobboooboo,0ob0boobob 31
goooo.

O
00000000000,00000000 Lagrange 0000000, 00O0000O
0000 6m, 000 p,000 6V OODOO,

Dom  D(péV) . Dp DoV
ot~ bt Ve tPr ~OF
Dp p DoV
__p DoV 2.
3 Dt 5V Dt (2:5)

(25) 000000000000 Lagrange 000000000, 00000, 00000
00000000000000000,0000000,0000000000000C
Doooooooo. (25000 Y opoooooooo, 3 sooooooo,
DV <0oDO0DDODO0D. 00000000,00000000000000,000
0000000000, (25 00000000000000000.

25 000000

gogodboboboboboobooouoou,gbobobooboouoobo. obo
Fuler 00000000 O0DOO,0000 LagrangeOOOOODO.

251 OO

ggoooobobobobobobooo. ooobbbbbbbooo »0bObbObObOObObOO0
ggooobooobodoooooo,gobobodoooooobob. oL 00O
ooooooooooDbO de, 0000D00O0ODO0O0OO0O0ODO0OODOIDOOD. DOODO
dr=Ildr 000000000O0. 00D0O0O0ODO

dr //v (2.6)



18

020 00000

ooo,
do _dy _dz @.7)
u v w

oon.

252 000

goobobboboooooobobobbtboooooobobbboooo. bbboooog
OO000000obO0obOOooOO0obO0o0ob0obOobDOooOO0ob0. oboooboobD e OO
0000000000 dze0O0ODODOOODO,

dx = vdt (2.8)

goo.
gogooouooo,ogooooogooo.

goooe:

1. 0000000 f(a,bc) 000000,0000 9f/8a00,0000 b,cl
O00000,0000 «0O fO000D0OO0DODOOOOOO.OO0ODOOOOO
000000000000 (8f/da). 000000, 00000000000,
oo, goboogbbooobobooooon
O000.000000000, Lagrange0O 00000 9/0t0 Euler 0000
000 9/ot00000000D00D000OUD0OO0OO0O0OO0OODODO.

2. Lagrange 00O Euler 000 (23) 00000 »-VOOOOOOOOOOOO
ggd.

3. 0000000000000 0D0DO0 0.3kPa/180km DOOOOOOODO.
0000 10km/h 0000000000 DOOOOODOODO 0.1kPa/3h 000
U. jgbooouoooboooo, bbb oogouooooooon
000000O0oooooooog. *

Dalz0000,200000000 « 000000 o-VpOGOoOooooooad
ggaog.

ObOOODODODOOODOODOODOOODOODOODOODOOOOOd.

4. 000000000000000000 5Pakm™ ' 000000ODOO. OO
000 10kmh~' 000000000000 O00DO0OO0OOOOO 100Pa/3h
goubod. oo boooo, 0o boooon
goooooooon.




25 DO0O0OO0O

19

5. 000000 50km ODO0OOODODOODODO 3 KOODODOOOODO. OO
20ms~ ! 0000000000,0000000000 1Kh 'OoOOODODOO
o, jobbboooobobbuoooobobooon.




