51 8 2002 8
1000-3290/2002/51 08 /1661-05

Vol.51 No.8 August 2002
©2002 Chin. Phys. Soc.

ACTA PHYSICA SINICA

Raitzin
*
1 2 1
! 150030
: 150001
2001 11 21 2002 1 20
Raitzin
Raitzin
PACC 0320 0200
1 qn Lagrange
' daL oL _,
dt 5y, 9¢. = *°
a = 1 2 n
Qa
1961 Maria "
R
Hamilton S -
Noether 1979 Lutzky Te = o4, Se = 4.
Lie Rtsr =1L-rgq, a=12 =n
Lie . .
3-10 L=L 1t q q Lagrange
1 ' OR oL _ R _
9s, 9q. = Pe or, e
Raitzin
_ doR
KT or,
d OR ~
Raitzin e = q D -0, a =12 n
éa t s r
2. Raitzin
2.2.
. . doR ~
2.1.Raitzin (ra - o Qa)Ga
n 91 4>

19872022




1662 51

d @R ~ G, KB 2,.
(ra_dtaa""oa)ga 1
d]oR oR 5 6 .
Edt{asaGa K[asasa— R+rqa] B}
] 2 10
OR =
+/\a(ra dt os, +Qa) 7 G, K B 2,
KB A 9
10
G, =G, t 6
“r G, KB 2A,.
6 7 10
10
d[oR
d{as K[ R+, ] B} 10 9
d @R ~
- A"(r“ ~ dt os, 0 ) 8 Vujanovic'’ B 10
2.3.
3 5 6
5 6
d 9 d[9R\?
OR OR _ __( )
D = aisaG“ - K a_SaSa - R+ T4, -B. 9 di ot de\or, 8%
-
G, tPe gy 12
6 G, KB 2,
8 3. Killing
R > d OR OR, d 9R
Kaz: + KO, dt or, asaGa + G, dit
—K[—R+%5sa rg)-B+l=0 10 K=K tqgp B=B1qp
G,=G, t ¢ p . 10
5 6 dRaR KB ¢
I = Aa(ra = di os, + Oa) 11 Killing Killing
G, KB 2, 10 :
9 1. 10 11 12
|
O9R ~ d OR aRaG ac(g@).a_(:a d oR ( )
Kar + R0 qy o *aslar *og,\ " dion,) *Peop, |+ G di o, R+ = Tele
oK aK( g@) . oK| _©°B @( daR) . OR A( g£+@)_0
ot aqﬁ dt Org tPe opg or qs dt org Pe 8pﬁ+ A\ T dr o o =
13
|
6 14 13 rg s

p.lgzr,g'l‘Q'g 14



Raitzin 1663
oR d oR  [oR 2C, ( OR )aK aB] d OR  OR
Ko+ KO0 g o + 1o, ap, ~\ " B¥agh )5, 05+ G g 3, * o,
oG, acnia(;a) (_R+%s_ )(SK %i%) OR OB d oR A(@ _i%)_o
ot g dt org] S ot 9qy dt Ory aqﬁ dt ory P de osg)
15
OR 96, ( L )aK 9B
3s, dpy _R+83a“_ Toqq o apﬁ+ s = 0. 16
|
Ktqgp Btqgp Gt
q p A, t g p 9 _ob . doR
C. =5, " Kaiar 18
n+1
2n 42 o 18
OR 2D
=asaapa‘D+KR+’a% 19
n+1 n+ DD
= 14
B OR OR Y
83(10"_[{873(18"_1{4-”(]’1 -B=D1i1gqp
2. 10 112 20
: doR
6 | OR
p,? dtabﬂ pa = asa .
OR d O9R OR
K5, + KO, dor * o, 18 19 20 G, B K.
(aGa a(hi@) d oR
“\ o ‘aqﬁdtarﬁ T Ve dr o, 3 D
( )(aK aK d aR) q p Raitzin R Qa
at aqﬁdtarﬁ D Gn KB
OB @_@ , 4 OR| 9R 9C, 18 1920
T ot T 9gy dtory T dias,| 95, op,
( ) 5.
|- =0. 17
apg
n+2
R PR B __ 2
K B G, L_zq—6q Q_—tq 21
2 17 KB G,
9 21
1 2 oL
_ = = _ 5 .
r_aq_ q 5_(]. 22
9 Raitzin
G K B 1, 5 & P 2
“ R=L-rq=-—=s +—_-¢q Q=-—"s
10 10 2" 6 t
15 16 17 n+2 23
¢, K B 9 15 16 p=oL ok _ o 2k oy
oq os or
9 17
9 9B 16

apﬂ



1664

51

_ doR
P=dr os
. d 9R
r=p-0 S == or- 25
Killing 17
20, (26,26, -y - 2))
th +88t+8qs +G—q—ts
(Lo Ly)(k, oK) o8 _o
“\2° Tel\ar Tt T e Tt
( 5 g) 870 (iz is)
+\-¢ -7 Sap_ 2+ 64
oK 9B
Xap_ap =0 26
26
K=-1¢ G:%tq B = 0. 27
27 10 1
9

D S TS S S I I I I
D_zsqt+23t+6qt = const. 28

l. 1. 1
D = 54 qt’ + quf + EthS = const. 29

R TR U G
D_zsqt+23t+6qt

=%pqt2 + %p2t3 + %qﬁtz = const. 30
18 20

_ob _pdoR _ 1 o s
G_ap_Kdtar_ S8l + pt + Kp

pG - K(%p2 + %cf) - B

Noether A E 1918 Nochr. Akad . Wiss Gottingen Math . Phys. KI.
I 235
Lutzky M 1979 J. Phys. A Math. Gen. 12 973

Li Z P 1981 Acta Phys. Sin. 30 1659 in Chinese 1981
30 1659
Liu D 1989 Acta Mech . Sin. 2175 in Chinese 1989
2175

Mei F X 1999 Applications of Lie Groups and Lie Algebras to Con-
strained Mechanical Systems Beijing Science Press p90 in Chi-
nese 1999

90
Zhao Y Y 1994 Acta Mech . Sin. 26 380 in Chinese

10
11
12
13

1 1 1
:qutz+§p2t3 +€(]6t3 31
b3 -4od
K = L, 1 . 32
P g4
3 1 2
B=0 K=-1 G=?gt. 33
5 27
1994 26 380
Luo S K 2000 J. Shangqiu Teachers College 16 5 in Chinese
2000 16 5
Qiao Y F and Zhao S H 2001 Acta Phys. Sin. 50 1 in Chinese
2001 501

Mei F X 2000 Acta Phys. Sin. 49 1207 in Chinese

2000 49 1207

Zhang R C and Mie F X 2000 Chin. Phys. 9 801

Djukic’ D S and Sutela T 1984 Ini. J. Nonlin. Mech. 19 331
Maria R C 1961 An. Soc. Cient Argent 171 50

Vujanovic” B 1981 Int. J. Engng . Sci. 19 1739



8 Raitzin 1665

Integrating factors and conservation laws for the
Raitzin’ s canonical equations of motion of
nonconservative dynamical systems™

Qiao Yong-Fen'  Zhang Yao-Liang®  Zhao Shu-Hong'

' Engineering College of Northeast Agricultural University ~Harbin 150030  China
Second Department  Harbin Engineering University Harbin 150001  China
Received 21 November 2001  revised manuscript received 20 January 2002

Abstract
A general approach to the construction of conservation laws for classical nonconservative dynamical systems was presented.
First the definition of integrating factors was given. Next necessary conditions for the existence of conserved quantities were
studied in detail. Then the conservation theorem and its inverse for the Raitzin' s canonical equations of motion of nonconservative

dynamical systems were established. Finally an example to illustrate the application of the result wsa given.
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