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AI~TRACT W e prove the existence of infinitely many non-eollirion T-periodlc solutions fc~ 

N-body。type proU~ ：一讧 (“，f)·Where ( ⋯， )I~．ERkand )一1《 ( 一 

，
f)，the potentials ( )are T-period~in f and singular at 一0 which satisfy

, the strong l ce 

condifion  of G~don． 

：Ibe口 如．alw．based on a variant 忡  on me．thods~ b kw．Dhig，P 

Ma andS Terracini． |lIⅢ ： 

KEYW ORDS N-body-type problems； infinitely ma ny non—collision periodic solufions~ 

usternik-Schnimlma nn theory 

0 Introduction'and Main ResulIs ’ ’ ·‘ ‘、 
， 。 

． 

： 一 ． ： ‘· } ：’ 

Concerningthe n-body-type problems，symmetrical have
． 1 l'

bee n stu
， 

di
．．ed [1 7-,§a + 

Concerningthethree—body—type problem，non-symme咔aI casa~have been irea．t—ed by脚 and 
j · · · 

RabinowJtz in[7]． 
， 

InIs]。P．Majer presentedtwo vafiafibnalmethods on n'mnifolds th bo~ ry．1Kstheoryis 

essentially a perturbation argument of avoiding the difficulties of a lack of the Pa1a 

con&fion or other c㈣ c12less conditions of the v始afibnal 矗c碥词 ．'Majdr。a甜 1毛mci [9~tt3， 

Ambro tti，Tanaka and’Ⅵd1far。[1习appl ed the aT meni南the study the perl6dic lu丘ons of 

Hamilmnian systerr~and obtained 0d results．n1e perturbation method for harinb；a~n矗 hd 

other TI1 from which the critical c)in协of 0Im energy integrals may'be fa曲 丽 as q 0sed 

byKUhlenbac!d~s3 and W．Din ⋯．Inthis paper，we shaft deal the b0d 障帅 自 f啊 

non．symmetrical potenfia~using a variant of由eperturbation,me thodof ～ ． 

Welookforperiodic solff66ns ofN-body-type probhh~s。fthe ’ 一 * Ot：et)~ 

where ∈c】((R̂＼{0})XR，R)are T-periodic in ．We au consider the f01量0 n 酬衄p n 

on the,potentia1 ( ， =1，⋯，Ⅳ，iT~j)： ．一 ‘ ：’'． ’ i 

(Ⅵ )V,j( ， ) (一 ， )，V《 R．＼{0}|。： ! ：‘ ：． --Jl_ 

(、r2) ( ， )≤O，V《；R̂＼{0}，V ∈R； ． · ． 、：：̈  、 ．1· 

(V3) ~fidiesthe strongforce condition ofGordon([1 5])，thatis there，．are >9 U6 
(( {O)}R)Sl／chtlmt ：_ - 。 
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limU(曲=+oo，～ (∞f)≥ l (曲l ，for 0<l l<P0． 

(V4)1kre are P>O and o≤ <等such that ang( (而f)， ≥H一 ，v ， >P 

、v1一 (∞f)derlote(击 ( )，⋯， ( )J ERk and in any euclidean SlXlCe O~ang 
(a ≤ denotes the angle between xand ‘ 

We will say that a function (f)=(ul(1)，⋯。uN(t))∈ (R，(R．) ＼{0))is a T-periodic 

non—collision solutionof--／~= ( ，f)if“is8 T-wAodic solution 0f一五= (“，f)and (f)≠畸 

(f)for all ≠ andtER． 

Our main results are the following! 

Theorem 1． A~Lgllma (V1)～(V4)hold，then一玉= (“，f)has infinitely many Don- 

coilision  T-periedic solutions． 

Condilions 

TypeTheorem withPerturbationPalais-Smale 

lVbfivated bythework[143 0fDing andthework[8]of m have 

Theonma 2． Let be a Banach sp~ce andA be aD open sulx~et ofX，let，∈C (̂ ；R)．We 

pose the following assumptions on fand g 

(A0)lira ，( )=+co，if —·而∈aA， 

(A1)fis houndedfrom below!g≥O and ll ( I1 is bounded orl any set where 0 is 

hounded． 

(A2)For >0， +2gmtlsfies(PS)condition． 

(A3)If{ }CAisa sequence suchthat，( )一c，，(*)一0 and *)ishounded，then cis a 

crificaI value of 

(A4)There exist 2>0 and ≤oo withthe propertythatfW any c<jthere exists卢=卢(c) 

suchthatif“is a critical point 0ff+,1．gvdth ∈[O，工]and，( )+ _呈( ≤c．then ≤ Let 

“=“(力 =inf{supf(u)lcat~(A)≥ k)， 1≤ k≤caB(A) 

If c < ，whel~ is given by(A4)，thenf．is critical value of If =o。and “=oofor蛐  

，then the cr／tica1 value~of fare unbounded． 

Proof． Notethat alack of completeness aboutAis duetothefact￡ tthe doma in offis 

open；Condition(A0)is a standardwayto avoidthis difficulty
．  le ofthe proof ofThaorera 2 

is similar to that 0f Ding[14]and M r IS]． 

E= {“一 ( ，⋯，蜥)l*∈日‘(R／TZ)R*)) 

http://www.cqvip.com


第2l卷第6期 张世靖： N体型问题的无穷多非碰撞周期解 1 35 

岛一{”∈EI 

A= { ∈El~-(t)≠屿(￡)，V ，i≠ } 

山=A／R*={ ∈Al 

Where／-p(R／7Z； )is the Sobolev space of T_pe 0dic function th square summable first 

derivatives underthe nonTi 『1 II r=l 

1 f 
where[ = Ju(t)dt denotes theⅡ坨an value of“ 

In ordertol~*oveTheorem 1．，We shall applytheol~m 2．inthefollowing situation： 

， 

)=寺I I I。tit—Ig(u，f)山， V ∈Ao 。 

=  = 罐({ 卜删山) 
It is easy to know that a critical point of fort山 is a noneollision solution of一 = ( ， )． 

I．emma 1．[15] Condition(V3)implies(Ao)，that is，for eIy c>O，there is (c)> 0 such 

that ，( ≤ c nfinl*( )一 uflt)l≥ 故c) 

Lemma 2． Condition(V2)implies(A1)． 

Proof． Obviously g( ≥0 and by(V )，、ve knowthat，( )≥0for any ∈山． 

Now for any ， ∈ o，we have 

lg( + )一g( )一2[ [ l一 

击I(J c + 1 一(f础l。一z J础f础I= 

；il f础I ≤ ( [『I 山】{]2=、 
击(r-II II 】一71 II II ≤亭II II 

So we obtain( ( ， ) =2[ [ ，V ， ∈岛 

⋯
su p

。 。
l ‘ ' ⋯su p

。 。
IzE~3[v31= 

_ 
≤ 

Thatis II ( )II ≤2l[ I 

Let0={ ∈山lg( =[ 。≤d)，then for any uG0， ． 

II ( )II ≤ 2I[ I≤ 2√ 

Thatis Il (∞ Il h~unded 0n any set here g(∞ is bounded． 

Lemmm 3． If(Ⅵ )～ (V3)hold，then (A2)also holds，that is for every 2 Z>O and f∈R， 

every sequence{ )c山such that，(uD+ g{ )+c，，{‰)+ag{‰)一0 po~esses a conve哂ng 

sub8equence． 

● 

一 

一 

]  
啮 

[  ∑ 

0  
11 

]  

∑ 

}  

[  
+ 

出 

" 

r ● ● J O  
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proof． For every >O and cER，every sequence{ }[A such that ％)+ ％)斗c，we 

know that ll L2 and[ ] 8Ll"e bounded by(V2)．Hence％is Eo—bounded and therefore the 

existence。f a sukl朗uence convergingin the weaktopology 0{Eo and in the uni{orm topology t0 

∞H1e uE五 ，from Lemma1．itfollowsthat uEA．Hence( (％，f)，“一％)~oriver~$uniformlytO 

zero．Since， {％)+  ̂ {％卜 O and ％is E。一bounded，and is compact，we have 

ll圳l 一1im I1西11 ：lim l( ， 一 )出： 

， i(，(“)+ (％)，“一％)一 ( (％，“一％)+J‘V (地， )，“ >出}=0 
"Inerefore“~orlverges to strongly in岛． 

L目I埘 4． me(V1)，(V2)and(V3)h0ld，then(A3)hdds． 

Rm The proof of LernlTla 4．is similart0that of Lemma 3．． 

Len-~m 5．(c∞erlrIgLemma[9])LetP≥0 and 0E『o，号)befixed real number．Let = 
{B( ，，} be a~ivenfamily of n balls af ，．Then( )thereis anotherfamily。f halls ={B 

( ， ))圬 and a subjectivemap ：{1，⋯， }— {1，⋯， )suchthat，for every矗≤ ，B(再，r) B 

( ( ‘(r))； verifies： 

V i≠ J，V z∈ ， )，V ∈ 弓， ) 

fIz一 l> P 

1 ng 一 一弓)<詈一口 。 (1’ 

andfor every ≤ ， 

(_i)If，in addiuon 

then n ≥2， 

W here 

f n一 1 if 0— 0 

R ’ ’ 11 1 if >。 【c( )一 ⋯ 
剐)一 ·+ ) 

(2) 

(3) 

4) 

(5) 

Lem  6． 舡 uTne(v1)，(V2)and(V3)hold，then f口 < D。and =。。we have that for 

any c<三there exists卢一卢0)suchthatif，( + (“)=0with ∈[O， ]and，(“)+ 窖( ≤ 

c，then “)≤ ，that is( )of 111㈣ 1 holds． 

卢 NR(N ( + ㈤ 
To prove Lemma 6．，it sufficestO pmvethatfor any ≥̂O and uEAwith，( + 窖(“)≤f， 

窖( ≤卢，there exists a ∈ such that ． 

： 0 ㈤ 【V窖( · > 一 
毋 (V1)，，(“)+ 窖( ≤c，and Sol~lev inequality，we have 一 

● 

— 一2 

r 斗  

卜 南 卫2 + ∞ 南 

> 

哥 

≤ 一 

∑ 

一 
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一  ≤㈢ (2c){一 (8) 

ole ha。 (f)∈B( ，，)f0r every ≤Ⅳand everyf6R，wi出r一(警)i，and蔷：[地]1Applying 
the coveringlemmatothefarrfily B={B( ，r)) Ⅳ，we getthe cover／9'；{B( ，，。)} andthe 

TrIa阱№ⅫerⅣ，≥2， e have supposed 南 J 一≈f2 “)>卢 
we define，f0r 1，⋯ ，N q； cf】∈ R  ̂

th即 ( ． =一 ∑ J ( 一 ，￡)．(毫O)--X ~, )出 
N cethatthe onlyindices(t，j)which cont6hutes∞the sum Ritethoseforwhich 【f】≠ ‘ )； 

inthat casefrom (8)weha ve 

(f)∈ B( ，r)and uj(t)∈ B(弓，r)fort∈ R 

We get bY(2)that，for all tER，(denoting for simplicity*一 ( )， =uj(t)) 

f1 一 l> P 

1a g( 一 ， ( )一毫(，))<鲁一0 

From thefirstofthe．~einequalities andfrom the hypothesis(V4)onVowe alsohave 

ang( (琦一 ，t)， 一 )≥ 一 口 

So that ang( ( 一 ，幻， ∞一毫 )>号 

So we infer V,s( 一 ，f)，(t【fj一毫u))<0 

Thus l厂( )v>0．In a similar way，we have 

g( )‘ 2‘南 [ 一 ]‘( >。 
for — ]·( ∞一毫cj))>o whenever 【{】≠ 1(no血e：here enters the fact that ≥2)． 

Notice that山= ／̂R̂ and is a finite dimensional Euclidean space，we have 

L口m∞7．(Waddl。Husseini[5]) "／he Cat,％( o)for the Ljustemik-Schnirelmann categ6ry of 

山 isinfinite． 

h删 8． C+ 一c佃 ( =ird{sap(u)lca ( 一+。。)一+。。． 

Proof． Obviously．it suffices t0 prove that for any ∈̂R，Cat％{uE山I，(“)≤ )̂<+。。． 

The proof ofthisfactis similart0that ofMajet[16]． 

The丁he。咖 1 is pmved by Lemma 8． 
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N体型问题的无穷多非碰撞周期解 

张 世 清 

重庚大学理学院，重庆·400044t32岁，男，教授，博士) 

Z 

摘 要 证明了毗下的N体型问题无穷乡个非碰撞T-周期解的存在性；一面一 (“， 

f)．其中“一(ut，⋯， )， ∈R̂ 且V(u-f)=
， ． ． 

(*一砷，})，势函数 (})对f是T-周期且 ． 

在 0奇异但满足Gordon的强力条件。证明基于K lYahmbeek，丁伟岳及P． jer—S． · 

Terracini的扰动方法的一个变形。 
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