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1. Jhtnoolqci:mn

We wmnsider the motion O-F VLSLou s comrneSSL“Q bq'rof:vol.uc
Huid v & domain  SL C'R bounded 6 a free suvface

S‘t’ "!ﬁem_'— . The pwoblom ls  desenibed bj ezwa}f,oms :

(1.4) JOATE V) —ov M P\ = SV(L Ln 3{!’___3 Qfx{ﬁ)

~ <T
gt-l.ol&v(gxﬂ 0 o £2 )
~'T'_
T = - py °n S L et
gk_o—90>0 Ny ='\); SZ = =
)l ) t—'tzo &2, Sf}t:o =S )

W= weleady of S
whore 0= olxit) is the vdzoolt—n of the fhuld ) g=8(xt)
the dems&«j) p:p(g) >0  the presswre - m is the unl
okword  vedor womal to S y To is the posibive
exteymal.  constomd pressune Tlvp) is the stvess temsor

of the form
(1.2) Mhp) = D(ﬂ-—rI)

ohoe T is the und madrix omd DE) s the dida-
totion temsor o-F the 'Fuvw\

(13 D) = 7/‘(9,(61134-3,(1.«%) + () dive 3; 13 Lj=423 )
and. Py e constontk vLScosl{‘t) we,-FFLw'v«fs with V>—,« .
B‘j u'(xl%) we  demote the self- 9 ravitation (’O{DWJCL“L
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1y UG-k S
x-y| 3
7

L .
where ke s the S'Yo\vi,{:ai"tow Oovms'ka/vét

T‘\Q" LQ,)% Q,zuoi"t.on (/{,4_)5, :..S CCUUQ,OL 'U'\Q, k‘:nQVVIGhC oowou-'

ton. Y vu'u,.)v _o{ *L,Q' Qgtm*bovw o]r- oth'Lhu.i,%j Q’-i))\ a_Mol

(4.4)5— we have the comsevvakion o{- mass

(5) | J%g?&x =S§Lgdx = l“’l)
£ |

wWheve M s a d»osL%Lve Lgtven"coWS{’M.

Ouv OLwm S to prove Q%le, v tHme QXLS‘?'?/V\CQ,AO{* some
soludions +to  (A4). Thm{:ovt we  wntrodute some ezugu,q,{“m
soludiom Q.M& we prove istena  of such 9lo%q,L soludion
whidh  iniblally s close to  the Qzuiﬂibﬁum soluhiom
omd.  Memanms dose to £ fov ol Hme. Sine we
o free bomdow:g‘ problom we hove Fo have a
medhomism which kups the .th',o( fmjeﬂqw omd. -
gl the s\nare o{: S-t' This s the va'utaﬁom ance..
Swee the %fmvi:%o\kbow LS no‘e:a.ﬁoMoﬂ:) bvemant  we expeci"
thet  the zzu(ﬂb‘v'tuw_) solution wilk be v a domoin
di s o ball. Therefore  the global sobdion would
be  sudh thet &é vodd  pe close Ho the fmu,
Solonnkov (see ]:ﬂ) wounsidered Lwoomrve,ssiﬁ(.e VeSLOM 07[

- problom (@1), bk he considered the cate wth the surf-

ace. Temsion. Hemee Lv\s‘Qan& o-[— (A.'i\\g he has

wv\s'\dw
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ohow  F is the wellivat of +the surface tomsiom amd

AS{: v the Loploce - Beltwams ope,mion/ on S_:,: :

However the case with the. SWF“U?— temsion s *ecl\n'ccc\,Uj

more complicated  the Swf](:«c@, Temsion s the secondl

mechamism  whidh  keeps SZ{ dose to a ball.

The resutts of dhis Peper o mon oloi:aiﬁj descmbed
12,3,4].

2 Cowsevvakiom laws |

To prove aLo(bql existema  amd  existenar o{— the Qgul -
Lbvam  soludion we  meed
LQ,W\W\O\, 4. ) :
Assume. P= Ag >4 A s a posLQL\/e constonmt, Them fov
SOQA&LOMS o-[— ‘-,-yobh?/vw @-4) 7&"'12, -FeUnwlnj ooMSQWDJ:LOV’ Q-Q.LJS
holdl
@0 &Y devae + B, 2] ¢ § Il dx =0,

‘ 3 Ee ‘
t €
where

t €
(22) E(g,&)-pal 47)+x-1_83 x—i‘ (f,,x)zi )ol o(:,

l‘Da("ﬂl = g(’c?x-bvj#;xsvh +(V7.3 ld&vo’}z)
}SL{[ = on_, .Sl% ) QMDK

(2‘33 (g—; S g’«r.ezdx :,O)

L

where "Z=°\+(3xx v)m)% ovre MbL‘e'/m/Vt:) constamt V?-JBYS)
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arndh Finally

d ,
(24) ;&_é grdx = ggodx.
< -D:e
3. EZWLQLQ)’VU*M SOlAL*‘LO’“:

To dekermime  the egutlibrium  goltion we examine
the fre emevdy Qv\ffbo""‘“( @-’Q- ™ finol, the azuifilnim
soQMfLovy We  CXOMME O MURMIMUM O{ E[SISLL,\ whh 'respec,‘t
to some vamakioms 0{' S omd 52‘6’ /'-01\9/& ‘SZ'E s close |
to o bou. BK' Thw»q?m—c, WL  Oassume the Q_XLSI-QM% o)C G
O'Yl.iLV\tC\t'LOM~ r'resefrv'(.nﬁ %Mvrusw (_[; :ER ——)__Q:e - Thew

we weplace  the olws'ubj g3 Om .?1{ by & demsif:j §

o 75& by e %*Wlk $6 = 3&)3(‘?(@))

§ ¥k = 5 80636 dx = § g6yde =1,

Br Be R,

omd 3T(X) is  the Jawhiom of Hhe %VD\MSFOVMQ*LOM Tt
.b,

Momvw we Ir\a.ve,

— A =X 1
B, 90 = S B de v 2 S’L@JTUX E( ¢ 3089 g,
Bp\ t BK -t B B 'mé‘)‘r’;{ﬂ)

= I(@"’EC)}
omd. we  ouside~r I[g’qvfy Ciag 'H"Q 45€:t
0,5 ~ ) 1/2 .
D) = {5eC(B) : 36441 >D xe B Jr{TeC (8,):

TJ‘: ts ome -to-ore amdk ’J,‘.%[;\)>O —Fmr XE é;(s
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To examine  vamokioms 04‘ T( § ,'T{,) we wmsioley
I(g—{—sf} LJBR+ Su>/ whee S s & povameter $>0 PIS’GCO@R)}

ue CH®R)  omd Y« ove voriekioms,

Lemma, 2
Assume  that spec"’(E&)/“eCi(EK)I § Yde =0. Them
BK
0{ - . —
2 i(ggcsf} LOlBP\'i'S(L)}S:O ——0}

where 3&58('0 omd v is the sadius v{— S,)l.g,nu:l coovd{na -
tes, i equivaleak  To  the rw@(n/m

. X-‘L —_—
@4) Se(x) = l(..("(. i) S fe,(b) 0{ 4 C n BRU
X _
Re 9l
on ag
S (A 2 d’o R)

where ‘C Ls amy constond

Next we have

LQ.MMQ: ,S
Rov  solubiomg o-{— (3-’1.) we  have
8 Tlersn
L T(S+sp od. +
1 Setsy, B“e Su)szo >0,

Tkm!\"’"ﬁ the  funckion E(g,&g otboins  minimum ot
=8 amd =3 (), whor g, is o sobdiow of GA).

guw\mcvv:. LLMS 'H\Q above e oﬁtw:.w (SQQ, [2])
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Theoream Ll ; ‘
Assume. M>0 amd W°>O ot 5Lvem. Ther, Hhore  exists

on\ckhj ome mumber Ry, D0 amd owme ‘Puhcii()"’) ‘ge: [O,Re]
- ]:O,tn) with Se & CQ)(EO,RQ]>' such  that S Sed)( -=m
omdk e
x4 -
G As, ) =- l%f(/%? Se(*) ) Age)L(RQ: po-

This  soludtiom has the dvml;w‘tj that  +hore s am €30
amd  om -Z>O sucdy that f

- "‘T’ W\B [ H'T " Le
(3'3) C'c8 R€> HZCB‘%) ’
§ Sx = M 18-8. 1 - <&
B, ) | “Tc &)
| them
60 TOM-T6,, dg ) > Bogl” +W’dl) 1
L) b,

b, S‘tc.b.\,Qd:3 0{» eg wlibvium  soludhom.
F(',rrs% we have o dwovi X L_s‘-(’m g OI— Locoi SO,[AA}\‘ ons.
To do ¢ we iwbwoluw  the LO\CXYO\W()LM cwordimates ‘f f)j

4.1) g‘é = okt ) ) x't*o =Y,

So "kae,cfvcuki,ns @i) we obtaim  Hhe relation
| +

b2)  x=T+lugode = x(1t),

wher *&C?,JC) = nf(x(‘f,t)/%). |



117

dn vaw o-‘ the lkinematic condation (’1.'05_ we hove
5, = {xe R : X=Xf‘i’,t),‘f€-_(l‘5) va{xeﬁlj: x:x(‘f,é)’ ‘;’eSj.

G 7o duTg) - 7V Ub) i 2 = Sxto),
m toy divu.=0 | e Q.T}
T, fag)7, = - " = L o,
Ueeo=3, “ro™ % oo

ohove, % (1) = §G(1E)E), a(t4)= P(Z(‘fﬂr))) V‘Lé ZJCV

x T
M= m(5)E), U ( )C‘f,f = l@f_).___« | d$' .
) U R)(re) glx(%)—x(?*)l x(gle) T, omd

the o«xwa&ovs olivu)rﬂ"w wre  obtoined from 0!*\/', r ,bfj

u .

Bb the Galerlin method amd & ‘Rxe& doou\i' anrsoLmevi’

L&MMU\ 5’ (5% '[:3])
ASSu_rv\e, 9 TV, € H (ﬂ/\ L s a 3(.\/% f)omdeol oLon.QlM w\H-» ‘H\e_
bowndom ge H/L-Tk% there exbs%s & time TS0 which

olepvv\ols om "'0‘ "HY )+ I S’o" HYn ) SU\(J\ that ’FJY +<£ T
there ex‘\.s‘g‘s a SOQMJ{.'Lo\q +o @4) suchy that
we LT HID) N Ly (0T HTRY) ) 4e€ L0 Ty HM) ALy (0T L (),

=26 € H/L 7e Lo (0T Hz(m)) 7. € Lo (01T LL(mM LT HT)
7& € Lz[& )) Lno(&rp) amo

| +1 + fu ll + Jlu,
&) "u"Lw(olT) H*(n)) . ,szo Tp) b Loo(O)T; () i ‘°T Hi@)

| N
i "7 ]L,D(o T HWY) t ﬂ,y‘e”'-m(ol_'} Ll(f0)+ : WILZ‘OIT—) H(D) T



118

+ Il'yﬂ_llemq,) + | i";_w(&rr) < %(’F’})

uoL\em. % LS O i.nc/:gqs(nﬁ J»osl{ive, AFMMCtl:O’Y).

To prove al,obnl existonce of solutioms %o @'i) we.
need.  mone wsulw Locell  solukion Khaw the ome obtay-
ned  in Lemma 5 Nomvwl st we are able fo prove
3Lo%ql axistome. o solubioms 1o QM) whidh e
close #o the o_zwiuLv‘buM solution (32) we have #£o
Lovmudobe  a sy stom  fov 2%0/“/{‘(:5.2,5 whidy deser be
Voriodioms  meay  the Qzulﬂi&v&km soMLom.

Assume that  the  wnbial  domoain 0 s close o
the ball BRQ" Thew n vaw of the focal solution the
domoin _Q,c_ ,'térr) QL\M the time T of local existence
LS smq:éu:q,nﬂj swalll ) wll be close £o the ball BRe too0.

H?J«cz, We  Com Lntwo&&ce, om orrm'm‘htiom— Jrvese/vv(,hg OL«‘-F{:e,omov,MSm

Gs) T iB P

Th F the Qzud;g,,;uw\ SOMLOM 8Q,P€, Com he ‘bro\hs]co'Ymeo(_

- - -4
(4.e) Se = 80Ty , Te= 0T

The t~&h§Fo¥makLw T: RN com‘roslﬁow, 0-‘— LRy ty"\mr“f'
mc\f\.ofv\s } rQ = 'T, °‘T’ bol')'e,fe_ Tl-' B —-?_E-Z uol«icjf\ LS 9Lv¢m
by kol doko o\ T JL 7_Q whidh s detevmined
53 the oladion  between f"\e LO\YV&P\ﬁLC\/\n amd  the Eulemom

wovdinakes. Hemce ’1‘6(‘?) Y"'Su(‘ft\dl’—" X,
Now we formulate o dmbum for the guilibnam



119

-1
solutiom 3o, P Let xe-BRt omd x= T, (X')} x'eﬂé,
Then the O_Zu.;ﬂfyvium so Ltiom

7. ¢
F'lowovw) S-t 38&

olzh?/fmv\e.ol "j
@F) V‘)(ge(xD = kge(x)VS 93(3) o[J )xeBRe)

“e,

P(3,09) )xes = o

Re
become s o solution o-{l the Jnoﬂ)(ems

@-g) VXI "G:;, X')) = “?Q(X’)V ge.('J') /Aj ( ’)o[ /
' ng ) - T 17

)
P (<) = ave(rljf(x')) =fo Xlngc .
Tkom_,‘:mt we Lm{'/wa'u.w. the QMWVJCLk;LS

@'%) ¢ =8- SQ) Pe= ¢ PP,)
amdl  the {ou,owLMj. JMQ(Q/W\
(‘MO) g(ﬂ;i—«y-vxr)-ohv Ml PF) = gvu g) S’Q VL( [&,J ™ Q-é)

Sep t Vgt glivy = | i

gelt:oz 90_§Q’{:0 = gwo) A))-t_::o:‘u:? “ ‘Ql

_‘T(", ps)m =0 ou 3,
where {-e(o,‘T) om d.
G U () =k [ Sl

l'b ¢ S ”1‘16(\ Tr--l()l ,7) J
We  introdace ﬂ\% guc/\q fnf:ubs
) 2
= lalzb + 19, pel) oo

@.42) \{3(&\ Z ( | f\r! (52 ) I . Pe Hz L(‘Q{)>)
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%(ﬂ = Z ( ”Q «r” 3-\,( 2,) + 1l atf’F”HZ“?(ﬁf)))

ow,a[ ﬂ\e SPAce,s
@) MU ={ep): e < oy
M) = ope) : 2@ + j%mat <)

Thow we  have

Lemmoa. 6 (see EH]B

Lot the wibial  olade %;PS‘O,S o{ (/H) be sudy that (’U'(O),PF(O))
eNLP) omd SeHZA Lok §>0, €50 . Let % | Pro be sudh

thet

() p(o) € g

Uhlm‘?fr{, Aé’l \@,(E) P(‘e) £ Cz‘(’ ("7) NL‘H\ COV\S%C\M{?S ’ l’ l.. der%—
dent  ow  doka. o.[. the locak  soludrion ’Froh Lemma, 3, ) amdl

~A _ 2, ¢
Q—(.IS‘ ) 1T, (x)~x "LL(M £ ¢ .

Then  fov g, omd €, swfﬁc&uﬂj smell.  there exists o local

Csoldion  (op) of (4) suck thek (vl pk) € ML) £< T
T s the time of Locql existene  determined b") lemma &
omd.  thore QXLSQ:: o comstomt ¢ sudy Ehat

(416 Y + é%(ﬂolt ‘<¢¢(€z+ i,_)/ t< T,

Next

Lemmq¥ (see [‘*D |
Fo~ 'H\e, LonJ_ So/fu}‘LOw d&%mx’.ngd bj LQ-VV'MC\S 5%0‘ 6

W kowe,

W) L vaE € PEL i+ e IV i&)»
L)

1Y 1774 - <
+c3653) I, I (v XllleJc) )t l)
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ohore Yl = ll«ﬁ!f“m + "F'”lee) )
2 2

236(0,1) Omo| <, és Om
Lhc/rcu.s'\v\%.

Fom the energy Lnezw:ld?:’ (2-4) we have
+

G 1 S ow'ue+ EG,2)- El, B )+ ot ( ID (o) dx
2 (> o
t | ‘_ ° R

t

Z :
=3 Sgo«rodx + Elg,, 2)- Els,, BKQ-
JL

Fom  the vamatiomal comsidevatioms we have

(449) E(3, Bz ) = wmin E(39.).
SQ,) RQ) 3,51{: S 't)

Therfore
Lemma, 8 (see t‘t])
Lot >0  omd

(1.20) ;L_Jﬂlgoxrfdx + El3o, )~ E(3¢, 8, ) S,

Them

2
s £ )
From  Theorom [1, @‘1‘8\ omd 4(‘4,20) we have
2
o) Ml ) <ot

amak ) 2
23) T, 6 - x I)let) <Ge,.

In vaw 0{; the obove we have the [emma O]L Jno@onaaﬁov;

Llowmmo. 9 (see [41)
thot thove exists a locak solbkion ('Yﬂ.(t)/ t<T,

ASSLLme,
SoJELS('an:) .q‘ssumy\{"bo"n; 04[- Lemyuo\s 67 C) L)‘L'H\ 51 MJ £2_ 5)04
smadll  thet  lemma 7 holds.  Assume 4Lhat
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(b.24) Y’[o)é‘()
wheve ¥ s Sw{‘FiodzM%Ln small , Lek & e Su#uémfbj Swmall .

Thew the Locall  solutioy bdﬂ'\ﬂss to fYZ(f‘),‘l:'érT’, amol

1.25) LR £+<T

To prove alolmk existemee  we have to comtmol Ahe
slqa\rq, oF ‘H'\Q. LOMS{M OLO'w\ou‘..lq -Fo-\/ aXL ﬁmq, amo(,
to Su,wvw\d’ee, fhet & dose To a ball. To this
wm  we  ntvoduce a S(ds’e'em O\c wovodimobes with the
W 'H‘tQ bﬂ/i\:)wh'a’”'e, 0‘{» ﬂ'&/ +>2 0, For the QZnu:—
I, solutiom the l’“ﬂjcemtn oincdes  with the cemter
ol BRQ, )wk&d« we locate i the bw‘rjcom‘bvt o-f: .Sl_t too.
Finally we  witwduce o wnt  sphere S with e same coitre,

(0] YLC)LVI

Lemma, AO

A Ssume

(426 § 8wy dy =0,

thom  the BM\JMAM of Q, s Fixed v sowe  aexternal
Ssz‘tew\ O“' wovdimotes,

Assume
G (gydy=0
n

thewm the bwwrjcgm{'re s lowked  in the o'n'.:)in o.,[ the

535{—QM 0{: o vodimates.
Thearem 14 (slobel  existemee) (see [4I)

P20, M>0. Assume that =0, gQ}BRQ_ is
that  the iwdial olota

Asft&me

the Lguiulw'u&ws sobutiom,  Assume
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Cdor (A1) ore sudh  thak V3, Seo € /Y'uo))
(4.28) Yo)< ¥ <¢
wher ¥ s Su-F{'io\imtlj soma ¥ amol

©.29) S 80%&\{:0) S go\dego, S goof‘f =M.
I 03 2

Assume  that Se H% omd.  the f:anvcam*/r{, of SL cotnuioles
W'L‘Q:l\ 'bL\Q CQM‘LT{_ O‘— BRQ . ASS({MQ thqi— b:‘ >O ‘:5 ‘ 9("\/%
omd,

G30) X6 ()] €y, €8 seS) ) T0)es, % €38,

amadl S:L s e wut S(J\m with  #he some.  cembre as

BRQ' ASS&MQ, Hno(i’ H\Q k'Y‘QWSF'YMQﬁiOM -E is olef—\‘.neo( b:j

E(YRQ(O) =%6) ,s¢ S - Assume g, e Hs(Bnt) Lk €70 be
- Quen SM{:QMML’U smadl amd.  Lleb

EGo,0) — ER,, By ) <.
Lot & omd & be suffiantly  small.
Thon *hore  exists o olbal sobdiow to ({4) whidh is
close to  the ogulibvium  solubion  for ll £ DO
sudr  that

) éz’} Ix($G)4)- ‘;’R ()| < Y, <x, sé S amd
0y / 4
n

€
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Referemeces

4. Solpnm.\uo\/ V, A Om mons%af;.onan:) moﬁov) O](: (P;V\L%Q,
bSo(o&e& mass o{l SCQ-F C{Va.vx'gfajlhj .[mw.OQ. A(-ﬁ omd AnaJ.)
1()(1388) 207 - 248 (in Russiom ).

2. Strthmey G, Z&Ao:czkowslcu W, M. i Eguikbrvio of compre -
ssible _{:Quupls Tndiome, T’(NH. J. (o he ru.bliskt&.)

3. Stodhwer, G, Zajasu.\cowslu W. M.+ Locall existemcn of
soludioms o](. Lree f)oumolamj ‘mU.QM fov the qumi‘éoms
‘o{ mmpnssd)l,& bmf:'voric viscous  self -gmv'd:ahns
Hads  (to ke published)

g. ”Stwiil\w@r‘ G- y Zai%cv.\oowsu’t\k) M.: Om Staﬂ)(,h%j o{~ ceitatn
szhk«wm solution  for tompressi ble barotropic  viswous
seu— 3(&%{:&;9:»\/\3 -FLM& haot\,OU)f& bOWWOLG-& »Gj a ‘Fﬂe
SM—FC\UL) Nowlinear AaljSLS (to he rub‘&?L@o@)



