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+g2(t) + (e — 1))}, (72)

RGBT TTHE N
2mdjy (t) +mgi (t — ©) +mgi (t + ) + 2kqi (1)
+kqi(t—1)+kq(t+7)=0,
2mép (t) + mda (t — T) + md (¢t + T) + 2kqa (1)
+kqa(t —7) +kga(t+17) =0,
7], (73)
méi (1) +méi (t —T) +kq1 (1) + kqi (t —7) =0,
mia(t) +méa(t —7) +kqa(t) +kga(t — 7)

tE |t th—

=0, te(t—r1,n). (74)
Xt € [t,10 — 7] B, H Noether 2538 (35),
—k2q:1(t) +q1(t — 1) + @1 (t +7)]&
—k[2qa2(t) + q2(t — 1)+ q2(t + 7)) &
+m[241(6) + 41 (t =)+ (1 +0)](&1 — i &o)
+m242(t) +a(t = 7) + 4o (1 + 7)) (&2 — §280)
+LE = —G, (75)
TFE (75) A

S =0, & =2q1(t)+q:(t—1)+q(t+7),
& =2¢2(t) + ot —7) +¢a(t + 1),
G = m{ 1)+ n(t — ) +ar(e+ D)
+ [242( £+t —7) + 421+ 7))}
+ k{2q1 Y+ qi(t—1)+qi(t+7)
+20(1) + (1= 1)+ @t + )P} (76)
Xt € (tp—1,10] I, B Noether 23, (36), H
—klgq1 () +q1(t = 7)]G1 — klg2 (1) + g2 (1 — )&
+mlq1(t) +¢1(t — 1)](&1 — 41 50)

+mlga(t) + 4o (t — 1)) (& — do&o) + LE = —G, (77)
IR (77) BE
&0 =061 =q1(t) +q1(r—1),

& =¢(t)+¢o(t — 1),

G——*m{ g1(1) +¢1(t = 1) + [g2(1)

+612(f— )’}
+ k{m )+aqi(t—1))
+la2(1) +q2(t = 7)1}, (78)
KT (76) A1 (78) MR T R GE ) Noether X F
PE HERER 2, BARE): Hren,n—1 M, A
S{241(6) +dn (1= 1)+ a1 +9))
[242@+Q2(f—f)+6iz(f+f)]2}
+ k{qu )+qi(t =) +q1(t+ 7))
+[2¢2(t) + q2(t — T) + q2(t + 7)]*} = const.  (79)

Hre(t—1,0 A

*m{ q1(1) +d1(t = 0)] + [2(1) + 4o (t = )]}
+ k{ a1 (1) +q1(t = O +q2(t) + g2t — 0)1°}
=const. (30)

(79) 1 (80) A& T 16 & I W ) Lagrange % i A5
T Noether #EXTFR4: (76) F1 (78) H) Noether 5715 &.

%

BAVESCH AL T S ut s AR IR R A3 7
%) Noether X FRPE 5 spfE &, WNAEIRSF R G
Hamilton J 38 HH &, 57 1 & B FHER T RAH
AR5y JREE (11) A1 Buler-Lagrange J5 2 (13), & i i
] Lagrange R4 )7 #2727 FE (13) MIRRHI; &7
1 & W ) Hamilton fF FI & (15) fEMA T ) SCH
FE R TERR/NEEAR 4 (17) " BIAZ 43 B AN FE AR A 5
(23) A1 (25), %2> XON S22 I i Noether X F% 1
B AR B T A @ T AN IR AW
Noether X #% 45 fll Noether #E X #1454 1 & AN
FIHE, St T ERE R 1 RER T EERE X,
BT T S B AEDR SF 715 R G Noether JE #.
Y E MW= JE T Frederico M Torres29 ()45
R: M Lagrange 4 #i & B — AR R 5F R 50, WA
I SCAV A T B R] ) AR 4 A R 31— M A
LT SCIHEE, ) SCAAFR A (8] 4 T BR 2N A2 4
#£; M Noether X FR A5 # 44 f&& 31| Noether # X FR A8
o, AR iERAEENE, AT LU — P RS
B 3 ) B AR A ) R 4, & B AR SE B 2R R 4R,
DA% &5 i} (¥ Birkhoff 24055
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Noether symmetries of dynamics for non-conservative
systems with time delay*
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Abstract

The Noether symmetries and the conserved quantities of dynamics for non-conservative systems with time delay are proposed

and studied. Firstly, the Hamilton principle for non-conservative systems with time delay is established, and the Lagrange equations

with time delay are obtained. Secondly, based upon the invariance of the Hamilton action with time delay under a group of infinites-

imal transformations which depends on the generalized velocities, the generalized coordinates and the time, the Noether symmetric

transformations and the Noether quasi-symmetric transformations of the system are defined and the criteria of the Noether symmetries

are established. Finally, the relationship between the symmetries and the conserved quantities are studied, and the Noether theory of

non-conservative systems with time delay is established At the end of the paper, some examples are given to illustrate the application

of the results.
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