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A,b61zact： idea ofthe芦 咖蛐j咖 ofllona鲫呵幻蜘 Iy stableln~oo ofthe ca1 妇皿sbyjnIr0蛐  

秤 m咖 y degrees offl~domwas advancedl thefirsttimeinpaper[1 J d陌五v ofthe叩叫ic m ∞the st~ldy 

。fLagm~n systmlw∞flxr,vninthe印。ci6c ex,qaa~le of dais paper，wI蚰 hasthe唧 que ．旧 sigt~mmee the sys- 

n0nli∞ rfrietkm andinelastic potea~l e~a,gy ate 刚 ．Itw撼 ~aowntl~attheprc~lnnofthe n日b cm be 

solved．mthe∞nIj∞ r [2J．ItWaS~aown衄 ttle oftlae pas~w stabilizatiou∞ be solvedinthe∞nIj∞ r and 

i Ia p。 alin曲 paper ． 

1 wO ：pB ％ stabilizalic~； IuⅡibfi岫 ；tltllllJil~ ；ge班霸li日。d farce 

DoomloTItaxle：A 

一 类 Lagrange系统的 PSM 问题的进一步研究 
田益祥 

(华中科教大学经济学院·武汉，43oo74) 

摘要：文献[1]第一次提出PSM思想，得到了广泛的应用．本文报据PSM思想，建立一个具有特殊意义模型，维 

文献[2]在非线性拉格朗日系统中，解决具有非线性摩攘的PSM后，进一步研究具有非线性摩擦和非弹性势船的 

P踟 ，解决了模型的PSM控制． 

关键词：非自治运动；平衡稳定性；非线性；广义力 

1 Statement of the problem 

The attimde of a satelliteis oft~l controlled by reac- 

live for~s requiting sO【nc additional energy．But the 

∞把Ili c孤 also be stabilized by m oftile relative 

motion of S01~~piece oftile sateUil~moving nonideal 

fluid as an oscillator with damping．This does not re- 

quire additkmal energy and is called“passive stabiliza- 

lion”． ttere we consider ve stabilization for 

LⅢ Ⅲlgl衄 syst~a from tlae specific example， which 

hastheindel3elldent sdentil~cmeaning． 

Fig．I The special ofPSM 

Let∞ absolutely rigidbodySwith aⅡI够sM performs 

Reeei-~~l d雎e：1999一O9—28；R ∞d date；2001—02—14 

pI蛐。- m0、|eInent under aeti~a of gravity as 

Ⅱ pa Ikl。邑m  pelldulurn(Fig．1)．Veet~ is~rltl- 

ld tO 1he vectorof 砌 ，lines O102andA xA2am 

ilealto V咖  dIⅡiⅡg the whole 1~ Ol1．The p0s 0n 

ofsin sl~ceis d￡耙m by∞g1e (Fig．1)．Mere- 

0ver，we卯 ，0se ablock withm够s is。c删 nedin 

S．Now we consider啪 cases．In th first c罄e，5 is- 

fixedto b0dys(0risfrozenin s)．In second onc， 

5c孤mo,cewith afriefie~(n0|1lin∞r)undertIle action 

of sp痂唱fixedto body s anditsm啦 diIec咖  

is verticaltoA1A2．The position of1he bleek 5to body 

sis dct既m砌 by oD眦djna忙Ⅱ(Fig．1)．Thus， c孤 

say，“ = = 帕staIIt'm 1he缸 t situation锄d Ⅱ = 

“(f)in吐Ie sec~od onc．∞vj删s1y，jIl吐Ie锄 situation 

eqmm 拙 defined by =O and u=I工。is 

stable，yetitis nc 町删p10ticaⅡy stable．Isthe e~filib— 

rim sta船嘲 np岫雠 Iy stable when 5 is deflmm ?Ifit 

is as 肛 cal|y stable，wec孤say problemof 
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ire stabiliz~on is solved．The following statement will 

verifythatthis problem c∞ be solved onlyin nonlinear 

case bythemethodinpaperl3j 

2 Movement equal~on and their redllc- 

蛆 to special form 

Block nx with ∞ inelastic potendal energy 

{阻 +{ ， o， o，andwith anonlin— 
earfrictionQu=一。1吐一。2吐 ，naⅡ1elythegc士lera 

force，wh目e。I> 0，。2> 0．Tnus，Ⅱ s扭Jdied腓 一 

ctI ical system has Lagnm_ge’s equation ofthe second 

type asf0U 

r̂f z 一 m／sin~a + 肼 g／sinr~ = 0， 

{ 一m／sin 一 c 一mg+ (1) 
【阻 + +口1 +口2 =0． 

Forthe sake of convenience weⅡdu∞equation(1)to a 

iHKlinlt~lgilyflalform byin~ ducing undiⅡ Onal 埘 r 

andk唱m M ectto 

t =√善r，dr=√ ，u =亍． 
Thus equation(1)can bewritten as 

∞  

sin~(一 + eos~+l一 u 一 u”一口缸 一。； ) 

，
一 sin2毋 

(2) 

=  > l， o， 

丝rag = >0l 

地  ． 

Equ撕0n(2)admits par~cular solution 

= 0，u =uo，1一胁 一 u0=0， (3) 

。0m Ⅺ她 幻a equilibrium state ofthe system． 

Sl叩p0 卫g = 蚰d u = “0+ inp田n捌 move‘ 

merit，we cm 出o 【lp0setheIi t side of equation(2) 

to ~'ies ab0ut perl~rbation ，t， ， till忱舢 of the 

third order印nallness(including the third order)as fol— 

k1ws： 

r掌=。Tx+bI (“o+ )+占2 + I +。2耐 +⋯， 

{ =1+dl(u0+ )+也 +Ⅱ1 + + 

61( + ) +62 +e( + ) +∥+⋯， 

(4) 

Ⅵ m  

一  = 一番I62=一等， 1 _- ，6l=一 ，62 一 ， 
c = = 古， 
d】=一 ，d2=一。i，e=一卢 ，f=一口i． 

Bymtme．~ variables 

=y， ="， (5) 

We havethefollowing d 蚵0Ⅱ，which ee~ists offottr 

differential equatiom ofthefirst order 

露 = ŷ， 

= 一 h +p1 +P2 + q1 + q2 +⋯ ， 

= " ． 

讪 = 1 + d2w一  ̂ + + +61 + 

62 + + + ⋯ ， 

(6) 

where 

61 62 

P1 ，p2 _Ⅲ， 

q1： ，q2： ĉ2，r ：一 ， ， 

1=一 一3 瑶<0， =一(n1+u061))0． 

Itis pc6s le幻阿 ntoutthattheliI蟥 zcd systemof 

equation(6)falls into two independent linear systems， 

thefirst 

= ŷ， =一 ， 

c。ncsp【釉出 to a pair of purely lary roots of its 

chi c equation，and the seeond 

="，∞=dlv+d2w (7) 

。0Ⅱ髓pOndsto ap rof。0mplexf00Bwith negative real 

parts．By ceaelmion of known L lpu∞v’s theorem 

(see[3])，we have a critical case，fromwhichitisira— 

lx~sibleto obtainthe∞nc1us about stability 0rinsta- 

bility of solution(3)in system (4)without using ilon— 

linear ∞ms． 

3 Cons~ tmg a1D【 [ulll~ orl of ra- 

l~lnov s type 

Since liIIelⅢ system (7)has eigenvalues of negative 

real part($inc~Il<o，d2<0)，there exists definitely 
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positive Lyapunov’s funcdm (口，")such that its 

time derivative ( )( ， )along equation(7)is nega— 

tire defirtite．Those conditions 5ati~ function 

(口， )={(m +2m12 +tn22~02)． 

(8) 

It sallies 9。【∞ conditions，makeits derivative 

f (口， )=一( 口 + )<0． (9) 

Moreover，according tothe methodology of critical c~lse 

of n pair Ie imaginaryL 
，
we construct auxilil 

fllnclJOll ( ，y，口， )as follows： 

V( ，y，口， )= 

等( + )+g ( ， )+ 

( ，y，口，t￡『)+ ( ， ， ， )， (1O) 

w± V( (口，")is出缸酣 byfen~lla(10)，and 

( ，y，口， )= ∑ o ，r：3，4 
‘⋯ ‘+⋯  

(11) 

a∞ fora~ofd third andthefourth oId口 about ，Y，F， 

， here I are constant 0∞ 蚯c and its algorithm 

willbe giv∞ later，P and q am alNtrary。om雠 ． 

The derivative along equation(6)by virtue ofequali— 

ty(10)hasthefollowing fonll： 

(*，y，口，")= 

一 g( + )+ (3]( ，y，口， )+ (4)( ， ， ， )+̈ ·， 

whtl1~ (3)and (4)aIe the f0rms 0f third and the 

fourth oId口Ie w|1y definedby： 

( ( ，y，口， )= 

、

a r- ， a r) a r) 

y百 一 百  

( +d2w) + r=3I4l 

(12) 

where 

)( ，y， ， )： 

py(ptm +p2j )+ 

g(mI2 +m丝 )(一 + 广+ )， 

( ，y，口， )= 

(g1 +g2 )+g(m止口+m∞ )(61 口+62 + + 

I捌+ ) +(_~2x2+a2 ) ． 

(13) 

We caⅡseek d e~efficients ofthe向m ( ，y， 

． )fromthe c0n on 

( ( ，y，口， )= 

，
aV(，)

．

aV(3) 
一  

O VO

+【d

)
_  

如 ) 【3) 0， (14) 

w1l∽ )is de6nf，d by f~nula(13)． 

A~rdingto[3]，d1is e 斌i∞ intheform ( ， 

y，口， )has a mli 】c solmion． 

Subsfim~g ( ，y， ， )defined by eqt~tion 

(12)in主0~lltioll(14)，we c鼬 窜巴e that all n0I屹e【o 

coefficients of are function of al_bi血 y p村朝蛳 懿 P 

and g．In 

( ，y，口， )： ∑ “，(15) 

we only need to find out d c0d 商m博 4帕，， 0帕o， 

102200，which Dec to solutionof problem 

of pf stabiliz~ ． 

Now wc c seek coefficients of form ( ． 

，口， )丘咖 the cc皿di妇  

( ( ， ，口， )： 

，
a 舯 

．

a ) a ) 
一  ̂

( +d2w) + )： 

c( +y ) ， (16) 

4]and a defined by eqmtiom (11)and 

(15)r pecdveIy． 

From le~maaof[4】，there exists a c，in 

which equation(14)has soluti~ in岫 form ，and 

also 

c=i1(3 40o0+ +3we~)=萼(口 1一d锄】)． 
(17) 

In ．(14)and(17)．We first gI】Pp0 p=1，q= 

0，thenwe obtain nmcIi0Ils as如U0ws： 

cP=c I； 6=一{ o I= 

一  

2M 岛 ⋯ 一 ．[(4 + 1) +4 ]‘ “ 
Thus obtain 

= 号( +广)+g ( ， )+ 
)( ， ， 。 )+ ( ，y，口， )，(19) 

where吐Ie coef~eientsof aI己lineaffIⅡ ons ofarbi． 

wary p Ⅲl曲 P and g asⅡl∞e of ”
， anditsi~riva- 

tive along dluad皿 (6)is 
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=一口(̂ + )+(p +瞩 )( + ) +⋯， 

(20) 

wherethe ellipsesdenote~ Lrately smalltelmswhose or— 

ders a hi 目 tIlm thefotlrth． 

SothepaltiCUl~ff solutionin equation(3)is asymptot- 

ically stable．This shows that the problem ofpassive sta— 

bilization about oscilladng of b0dy Sis solved byi~tro· 

ducing supp／emeataty dt offreedom hi曲 is d芒 

minedby~oodillate u(n~ely block 5is defrozen)． 

R咖 锄．k We pomt outthatifWe use a geostafion· 

ary satellite to take a picture of a certain object On the 
ground，itis Vcryilnpol'tantforthe caIn廿atotake arm， 

n~aelythemotion ofthe salellitemustbe asymptotically 

stable．Usually．the cf陆 t brought by a small pertuba- 

tionj5 rm oved bythel'e~ion of ajet snⅫ ，whichis 

producedby bitmingfuel，butthe astronauticfuelis very 

expemiw(Fig．2，Fig．3inthe paper[2])．Thete~lt 

dbm删 by us showsthatthe satellite can also be stabi— 

lizedbyⅡ ans ofthe relative motion of目口nc piece of 

the satellite movi~ in a zlonide~ flttid as aⅡOf~ llllOl" 

with aam~~ and tiffs does xzot 恤 additional 

energy． 
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