5520 4255 130
2022 42 H

B F s EHFR

JOURNAL OF DYNAMICS AND CONTROL

Vol.20 No.1
Feb. 2022

CEYS : 1672-6553-2022-20(1)-001-07

DOI:10.6052/1672-6553-2021-045

BE Hamilton FIEREFEIEX S WE=hINE

FRRE OWARS LR’

47

SETORNE EY

(LI TR YBESABE L 110036) (2. 10 7 K2 25 AR 5 HARDFIE RS, PEFH 110036)
(33T 7 K2 {5 Bk TR BE 110036) (4. 8 BHIRE A2 PRk F S5 H AR =B, PLFH 110036)

E RSO Hamilton /5 FH NS5 AR 305 A3 8 T —FeERRIEIZ 2000 Hamilton J5 2 , X 2805 R DA
Zh A Hamilton 75 % . W75 R 2 IR Fld — 2R RRIR 8 1 2 KRGz 87 12 . 1 Hamilton J7 B2 HA — 4
AR, I R A BUE SO YR 32 e sl T 2k RGP A5 R W], R Hamilon RGEHAA
[ FhifE Hamilton 77 R AR XM IAEEEAT T PRI HE .

K§EiE T Hamilton JFHE,
FES%ES:0316

5l

il

E | A I e L o S I T 3 M A | B T
Lagrange 3j ] “# FI=EAR i Hamilton 30 J) 27 . AEAR1E
Lagrange f (NSL) 8% ) [ 4k Lagrange 7 Arnold [
28 M 2 R TR T B AR B AR AR
Lagrange & 5 D 3J] B8 A1 # 6E Wi 4 ¢ 1iF 19 28
Lagrange £ AN [a] . Jr LA FHAAH 432, 3 9] E1-
Nabulsi®' 38 iz JF 475 ¥ Lagrange bR 5U7E 25 55 F 1R HI
R BAPy 7 rp i) — 2887 R3] 1 #E AR S )
S AL Y — S RRAE . R AR E Hamilton 31 )
20 TAE R PR T Dyson XF Feynman FT A T 7E ) 4%
I8, flu 5 H Poisson 4 %5 5C R AW B R GEh SLIVFIY
319 2 A AR 58 1 29 37 Hojman F1 Shepley ¢
FeynmanE@I{’E%xfﬁﬁﬁ?*ﬁﬁ%%“ﬁﬂﬁg%%@
B — 20 5245 A i 18— B0 AL T DA B0 22 AR v
() Lagrange it , 3 — Wiz 2h 7 #2571 Hamilton
BB AEbRES) ) R G AR AR LM AL R
AR ZBFERL SN 71 250  Friedmann-Robertson-Walker
B 22 AR I8 1A [ 45 7 T A5 3] 1 Ok
Z R TR IZ W A5 4E

Hamilton L #l 54 = SJL(qi, g t)dt = 0E Wy

B2 Ty 2 G — A A SRR T DUAE S H ) 3

2021-04-03 W F55 1 45 ,2021-05-28 Y F & .

BB 127, FE Hamilton J5
XERFRERD: A

EGUTE 2

L N MR R A iE 3 e 7 72, Hamilton JH
Ui R K o4 =5 [ pg - H(p.gt)] de= 010

ﬁ;/ﬂ\:’:ﬁL(qi, q, t)%ﬂH(pi, q, t)zEll: b5 MfE Lagrange
HFR#E Hamilton 5, ¢' 2 )7 SCARAR ¢ L p, 2 5 )
SCAR AR IR R 8 SO B AN LBl AH 2 AR AR e
Hamilton i A [6) F #5 # Hamilton & , dF #5 1
Hamilton 538 # A 378 3 AE 5 HREAAYIE 7R
FETAEPRME Hamilton HEAAELMES) Ty 277 v o 4
THREUE U Hamilton &, FF ] HI S5 A8 2309 75 2%
133 7 AEFRE Hamilton iz 3 77 #2 , FF0F9¢ 7 HAEE
Lt 1= H . Z S5 7EAEARE Hamilton 12 )
Jr R b, A7 52 X AEAR T Hamilton pR %3N )
22 R Y0 Norther XPFRMEHEAT T8, I & 1T
FrifE Hamilton PR SN 1 2% 2258 119 Norther 58 ' El
- Nabulsi'" F] I %t %t Lagrange p& % DL K %F 44
Hamilton #8015 5 Al B 19 42 3l J7 B8 F1 & 1E 1Y
Boltzmann 7 % , WHE 1 e (I 17EH & 3l 1 2= 9 i
A, W AR ARV Lagrange PR LA S AEFRUETE 2
(1 Hamilton BRI AT DL 38 S0 U AR S
R BB — A Hamilton 7R i, g B s
i S AR AR LA 3 g A i e h Ay I
ARSCEEHYNT ARG 1, R S5 AR S Y

« [H 5 IRBIEIE A YERI H (11872030, 11972177,11772144) il TR EE T A AFRAI H (1LJC202003)

T i 5 /E#H E-mail: liushixing@lnu.edu.cn



2 3 0

n2
2

5

wodl % 2022 44 20 %

J5 545 3 75 4 Hamilton 1 12 3 7 B  7E55 219
o 45 T AERRE Hamilton J7 B AEAE MRS ) R GE
AN )RR B HT, S5 AR 3 25 i

1 E1E Hamilton 572

TEAT A B A 44 3 Hamilton R, 1 H.245
H 5 & At Hamilton 5 7 X0 W 19 E PR 1 Hamilton J7
BRI RGN B 0 AT AR
¢'(i=1,2, -, n)PE, HEAEA Hamilton 7 FH & 4™

A:j[picf—H(p,-,q",t)]YHdt (1)

b (pogist) = H(pogot) =2 € fIR%L
q¢,p;eC([a,b]; R')
H(pwgit)e C([a.b]x R X R"; R)
B, ZAEN T ¢ (a) = g, ¢'(b) = ¢, FEHT B
BB RS ¢ e C' a, b)) BA WA, BT LAKR 525
R .

aA:j[p[q'i—H(p[,qf,t)}wdt=0 (2)

AEE 15 2 AE bR Hamilton J7FE .
EELL MR ¢'() BT REQ)BIFE, ¢ ()W 2T
A HEFRIE Hamilton J7 2 «

i
v ap;
. —oH vp
P50 T e
(pia—H(pi,q‘Qt)) (3)
Di
d[0H| _oH oH oH
Prac\op, |~ ag ap, ~ o

7 A2 (3) 1 44 R B T % At Hamilton J& #H A9 5
Hamilton J5 72 (PHE ).

IERA X APH SR FHAF I AR 23 1 s, % SR 21
q'(a) = q., q'(b) = ¢, FFHIRAH , AT LAFE] )y T2

. OH

¢ ap;

B e (4)
% (p,:q" - H{p, q‘}l))
. dH
Pq *piq Tt

X H ( py g, t) KAy
dH _oH  oH . aH (s)

—— =+ —— D+
de e apip‘ aqlq

7 R (4) IR — AR IRACAE A%

=X, AT LIS 3EC(3).
WL 1.1 Yy=08, 75 3) "] f i bR ifE
Hamilton J5 2
ot
ap;
o (6)
i 3¢

it 1.2 4y = 0 H Hamilton I H A & & B H]
apaa—f’ = 0, JiFR(3) WML

oo OH
v ap;
oH Yp;
Y (7)
; 7
(p,-am—H(pnq,t))
d(oH) _oH oH
Pra ap; dq' p;
AN AR A e X
d[oH)\ _ oH oH
il ) )
jiibuna pEANRYEE D
df oH\_|[.  9H\oH
dt piGpi -\ P dq' | op,
oH - ,
ﬂﬂ%é\p[g=K,ﬁ¢K%—¢ﬁE,mUﬁ$%(7)

A LT A bR 1 Hamilton 752 (6).

Wi 1.3y — RS, BA TR DUy
R AIZ S , PRy o] il R i S
THE1.2 4 H(p,v, q, t), Hamilton pR 0 A & —
ASFILEE Uy = 050, = KL,
MEB WURIRH ( p., g o) WFRF IR S, 753

dH(p.g) _oH(poq)  oH(p.q) |
= Pi + q

dt ap; aqi
[ oH _ YP: |
dq' oH ‘
oH (p.q') (piapi—H(p,-,q)) L oMl
apl aql ap:
dfam) om o
pidt ap; dq" Ip;

Yp:

(pi;g - H(p. q’))[

oH oH d [ 0H
dq' p; Pl 9p;



513

ARRIESS R Hamilton )5 g SOHAEARZANE Sl Ty 2 ()3 3

ﬁ%ﬂﬁy=%ﬂ@ﬁﬁdeﬁ%€Kﬁj,

dH (p.q')
ds

FEL3 M H=H(p.t), Bhq R, 5

Asf (] AH S 4 TE I Bl i p, AN —>SFAE

B O H = H(pt) R3¢, U (3) AT L

AP

= 0, Hamilton PRZX H(pi, q[)%%ﬂ“ﬁ%_

ol
T ap,
. ~YD;
pPi = oH 9)
i 9
(pian_ - H(pnq,t))
dfon) o
e ot

W, Xy =0,p, = 0,34 p, &~y E i (HEY

o d|oH oH L
v=#0, %éﬁitpldt(ﬁp) —Eﬂiﬁ—ﬁﬁi,

I p, AT

R T R B Hamilton J5 F2 A — 261k 5T, Fe A7)
B g1 2 — L6 g EIf (] A 25 I R HLEAT IR ER AR AR
f) Hamilton bR &, 7EFTAT BB 5 rf C B3 L.

2  E{ Hamilton F RN A

2.1 R &/ EHR Hamilton R
Bl R T IE XA AERRE Hamilton PRAL
H=pgt+q (10)
4 Hamilton BRZL (10) R AR 5 2 (3) v, Al LA
152 EPRE Hamilton 75 2
q=qt
{p'=—(1+v)pt—1 Y
DR (1) myfig i

tZ
q= CIGXP(E)

(e 7272 - 2o 15

p=
2y -2

(12)

2 [exp( — ") de 1525 Wi 4

NI 0

y =0, (1) AT LML

Horperf(z) =

ﬁ:“ (13)
p=-pt—1
RN TR B

t2
1= o]

)- ;(imeﬂ(;iﬁ) + 2Cz)exp(_2t2)

(14)
WS BRI A R q(0) = 1,p(0) = 1, & 1 45
T3 MR T AR A, B 2 45 TR PR
A 4y BUE AL 7E ¢ — p P10 LI R A (12) ()42
L AEEI 2, ] LUE T A 8y BUE L Y
KAE ¢ - p Vil L BARFE sk e R T
Sy BRI RS NIE D).

1 My = 07 R2(13) B AR B ) 1 722 4k

Fig.1 Variations of the solution of equation (13)

with time when y=0

B2 W FHCIE AR ME Hamilton AL H = t'l(p -q)
FFH ¢ # 0, M H 7 #(3) 7T A4S 2 JEAR ME Hamilton
.

|
. i w o (15)
PEy T w T
i (15) Wi o
g=In(1)+C,
p= exp(f(zl— ;)dt)(jiexp(—qu;tl dt)dt + 64)
(16)



2022 R4 20 &

e R o Pt e ek

2 ARy BYIE T B (12)7EF ¢ - p 1T LAY BLIE
Fig.2 Behavior of solutions (12) on the plane ¢—p

with different y-value.

BRI N q(1) = 1,p(1) = 1, F 34 M T4
y = 207 AR (15) (O fgt BE R ] 9 A8k, R4 45 8 T
AF )y BUEANTE ¢ - p P10 E 7R (16) )iz
BN .

ig o5
5 6
0T 8 e

F3 My =2 B REC1S) i R ) i A5 fk
Fig.3 Variations of the solution of equations (15) with

time wheny = 2

m 3 B 4 % #E  Hamilton MR
H(p,g,t)=psint + ¢, R AR FE(3), 1] LAFE 53
B

q = sint

=

|- ypsint (17)
q
Ji R (LT) BT fie Ay

q = cost + C;

p=-

p= expf( _Yzlm)dt(f—exp(’yjﬁ;tdt)dt + CG)

(18)

—_—5 - =-2.5; Vo M w=0.25
— =05

1.4

1.2

.- ."‘.. ./‘
024 " 7
./)/h

—— T - Ll T T T T 1
Do 04 05 06 07 08 0% 10
q

P4 ARy BE SRR (16)1E ¢ — pF-I0_E AL
Fig.4  Behavior of solutions (16) on the plane ¢ — p with

different y-value

K5 My = LEIFRECLT) (g B il A2 1
Fig.5 Variations of the solution of equations (17)

with time wheny =1

Flo Ay rUE R (18)1E ¢ — p P10 _EAYHLIE
Fig.6  Behavior of solutions (18) on the plane ¢ — p with

different y-value



513

ARRIESS R Hamilton )5 g SOHAEARZANE Sl Ty 2 ()3 5

B th 41 q(0)=1,p(0) =0, F 54 H T4
y =2 BF O RE(17) B fg B RS Tl B 28 b 6 4 T
ANE By BUEANTE g - p P10 I D5 R (18) iz
B)L7IRU

2.2 AEEHEEA Hamilton 5%

B4 BUERRHE Hamilton PREL H(p, q) =pq + q, F
JAFE(7) ,453) Hamilton 77 F2E R

q9=9q

: (19)

p=-l-p-v
IR 19) Y FEATT i

q= Ce

1 (20)
_ “(y+ 1) _

p=Ce v+ 1
L dH . w S Py
My= O,g = 0 B, Hamilton PR %X H & —5F{E

ORI A& R q(0)=1,p(0)=0,4C, =1,
Co=1U(y+ 1), BI7THIM T 5y =20 7B (19) 1Y
il AT R A2 Ak, BT 8 25 Y T AR y BUE AL TE g -
p VI b R AR (20) B sl . B9 T
Hamilton PREL H fifi ¢ B RIS AS L, v AR H 2 y = 0
A} Hamilton PREL H ASJ&—A>SFIH &

P72 y = 2 W5 A2 (19) YAk Bl ] (4725 4k

Fig.7 Variations of the solution of equation (19) with time wheny = 2

& 5 W dF Fr #E  Hamilton PR %X
H(p.q) = Klopp + [, e 5850 JE 41k (8) 3 FLK
B A FIFTFR(6) , 151 Hamilton 7K

. K
a=
o (21)
p:

2./q

KIITHRE QLA MR #E Hamilton 52, 31 H 24 &
4 (8) 5 i 2 B 48 i = 80 v WA H BLTE 7 2 (21)

-6

K8 MU y IR R (2007 ¢ — p Tl EAHLEE
Fig.8 Behavior of solutions (20) on the plane ¢ — p

with different y-value

Y H=pg+tqg

9 My = 0Fly = 0HF Hamilton pRET PR 18] (14728 1k

Fig.9 Variations of H with time when y = 0 andy # 0
i, 5340, BT LIAIE W] Hamilton PR%E H ( p, q) 22—
SPfE
23 AEE ¢ B Hamilton &£
Bl 6 Mt dE k5 #E  Hamilton PR %
H( p,t) = psint + cost, M| I 7 F2 (9) g 0% 15 3 JE 5
YE Hamilton J5 &

q = sint
. —ypsint (22)
p=——"—"
cost
M AR DT R (22) A AT A
<q=—cost+(]9 (23)
p = Ccosyt

it Fak X (23), 1T LA BT Hamilton BRELH A
B q, p R JE— A spiE i BRI AN
q(0)==1,p(0)= 1, 10451 T 24 y = 02 B J7
T (22) Y f btk [a] B A8 4k, B 11 265 T AR y B
{HANTE ¢ — p VT LI i (23) Bz shik .



6 g 1 % 5 o OH 2 il 2022 44 20 %
1PN b (iTH ng +27HQ=O,FJ?UHamiltonl%|
q

FI10 4y = 0.2 BF 58 (22) B At BE T ] 925 1k
Fig.10 Variations of the solution of equation (22) with time when
v =02

-
T T T T
06 07 08 09

04 05
g
P11 ARy BOBUE T RE IR (23)7E g — p 10 LAY
Fig.11  Behavior of solutions (23) on the plane ¢ — p

with different y-value

17  HAEARE Hamilton PRECH ( J R t) = peost , 8
ATiFE (9) 155

g = cost

520 (24)
TiRE (24) A Un T fE v fig

g = sint + C,, (25)

{P =C,

W Sk 3, g A A AR AR I 5% 8 BRAR AL, p 2T AR
B8  HdkE ARk Hamilton pRECH (p) = Klnp + €, 38
15 (9) , #5 2AER 1 Hamilton J5 F2 0

._K
) (26)
5=0
Jr & (26) A 4 T AT i
q=2Kt+C
c, " (27)
p_Cm

JITLL q B BERS 1] e AAEAZ 1L, p R— A fE . [F]

FEARSC R 3 3 (5 S AR 43 ) 5 % L ) A5
B 7 H T4 AR —Fh LU Hamilton BRECH FEAE 1Y
FRIR S 128 R G5 8 )5 8, FRZ N FEA8E Hamilton J5
AR TR A — DA S8y RO E R 2
B, n] LLd s R y ok s W iRz sh sl sh e R 58
Bk . FE Hamilton J5 FRAEAS Bt I 58 AN [R) TAR e
Hamilton J7 F# , HJ& 78 KL 200522 244 1% 05 fE ml LA
{8 A AR HE Hamilton J7 A% R Bl JE Xt THERLE) 1 &
gt AR AR AL R A H )5S, JEFRUME Hamilton
Ty FR AR AT DR Ak, DR R0 7 R g e i
(R B ) 2 ) T ] 42 )t

=

Z> % X B

1 Arnold V I. Mathematical methods of classical mechanics.
New York: Springer, 1978

2 El-Nabulsi R A. Non-standard magnetohydrodynamics
equations and their implications in sunspots. Proceedings
of the Royal Society A, 2020,476:1471~2946

3 Dyson F J. Feynman’ s proof of the Maxwell equations.
American Journal of Physics,1990,58(3), 209~211

4 Hojman S A, Shepley L C. No Lagrangian? No quantiza-
tion, Journal of Mathematical Physics. 1991, 32 (1) .
142~146

5  Hojman S A. Non-Lagrangian construction of Hamiltonian
structures. Physics, 1994,1:1~20

6 Corichi A, Jr Michael. Ryan. Quantization of nonstandard
Hamiltonian systems. Journal of Physics A: General Phys-
ics,1995,30(30):3553

7  Gomberoff A, Hojman S A. Non-standard construction of
Hamiltonian structures. Journal of Physics A: General
Physics, 1997,30(14) :5077~5084

8  Musielak Z E. General conditions for the existence of non—
standard Lagrangians for dissipative dynamical systems.
Chaos Solitons & Fractals, 2009,42(5) :2645~2652

9  Musielak Z E. Standard and non-standard Lagrangians for
dissipative dynamical systems with variable coefficients.
Journal of Physics. A: Mathemtical and Theoretical,
2008, 41(5):295~302

10 Gladwin R, Pradeep V K, et al. Nonstandard conserved

Hamiltonian structures in dissipative/damped systems:

Nonlinear generalizations of damped Harmonic oscillator.



513

RIS T Hamilton Jy i SOHAEARZR P30 g2 P A L 7

11

14

15

16

Journal of Mathematical Physics, 2009, 50(5), 052901
EL-Nabulsi A R. Non-linear dynamics with non-standard
Lagrangians. Qualitative Theory of Dynamical Systems,
2013,12(2):273~291

Zhou X S, Zhang Y. Routh method of reduction for dy-
namic systems with non - standard lagrangians. Chinese
Quarterly of Mechanics, 2016, 37(1):15~21

EL-Nabulsi A. R. Non-standard power-law Lagrangians in
classical and quantum dynamics. Applied Mathematics Let-
ters, 2015,43,120~127

Carillo S, Ragnisco O. Nonlinear evolution equations and
dynamical systems. Berlin: Springer- Verlag Berlin Hei-
delberg, 1990

Corichi A, Jr M P R. Quantization of nonstandard Hamil-
tonian systems. Journal of Physics A: General Physics,
1997, 30(10)

El-Nabulsi R. A. From classical to discrete gravity

through exponential non -standard lagrangians in general

17

18

19

20

relativity. Mathematics , 2015,3(3) : 727~745

Liu S X, Guan F, Wang Y, Liu C, et al. The nonlinear
dynamics based on the nonstandard Hamiltonians. Nonlin-
ear Dynamics,2017,88:1229~1236

R H T ARARAERIAR 9 F ok ORI R A o 255 1 R 5L
(8 I3 27 R GERI X FRMERIT IR M < A2 238 3. F5RM
BHE KA, 2018(Song J, Symmetries for dynamical stys-
tems with non-standard Lagrangians and non-standard
Hamiltonians, Suzhou : Master Thesis. Suzhou University of
Science and Technology, 2018)

El-Nabulsi R A. Gravitational field as a pressure force
from logarithmic lagrangians and non-standard hamiltoni-
ans: the case of stellar halo of milky way. Communica-
tions in Theoretical Physics 2018, 69(3):233

Song J, Zhang Y. Noether’ s theorems for dynamical sys-
tems of two kinds of non-standard Hamiltonians. Acta Me-

chanica,2018,229(1) :285~297

POWER-LAW HAMILTONIAN EQUATIONS AND ITS
APPLICATION IN NONLINEAR DYNAMICS *

Li Yuanyuan'® Zhang Shaocheng’

Hua Wei'

Liu Chang'”’

Liu Shixing"*"  Guo Yongxin'?

(1.College of Physics, Liaoning University, 110036, China)
(2.Institute of Space Science and Technology, Liaoning University, 110036, China)

(3.Informatization Center, Liaoning University, Shenyang 110036, China)

(4.College of Physics Science and Technology, Shenyang Normal University, Shenyang 110036, China)

Abstract

In this paper, a non standard Hamilton equation called the power-law Hamilton equation, is obtained by ap-

plying the isochronous variational method to the power-law Hamilton action. These equations are used to describe a spe-

cial class of dynamical system. There is a controllable parameter vy in the power-law Hamiltonian equation. We can

change the trajectories of motion of bodies or the behaviors of dynamical systems by adjusting y. Some examples demon-

strate that the power-law Hamiltonian systems have characteristics different from the standard ones, and some additional

features are discussed in detail.
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