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3anucKM Hay4JHBIX
cemunapos [ITOMUA
Tom 306, 2003 r.

0. A. JIangprixkeHckan

O IMIOCTPOEHNUN BA3MCOB B IIPOCTPAHCTBAX
COJIEHOUTAJLHBIX BEKTOPHBIX MHOJIEN

§1. [IPEABAPUTEJBHBIE PE3YJIbTATHI

B cepennne 50-x romoB MHOIO OBIJIM TIPeAOKEHBI HOBBIE CITOCO-
OBl MOKA3aTENbCTBA TIOBANBHONW Pa3pelMMOCTH KPaeBBIX (CTammo-
HaDHBIX ¥ HeCTAIMOHAPHBIX ) 3a1a4 A ypasHernii Hasbe—Crokca u
ux auHeapumsammii. Haunbomee mpocTo 910 memaeTca B paMKaX BBe-
JEeHHBIX MHOIO (YHKIIMOHAJIbHBIX POCTPAHCTB COJIEHOWAAJbBHBIX 10-

[+]
et J(Q) u H(QY). TlepBoe m3 HUX ABIACTCA 3aMBIKAHUEM B HOPME
La(2; R™) = L2(£2) MHOKeCTBA
J°(Q) = {ullu € C=(Q), div u = 0}

rae C () ecThb COBORYIHOCTE BeeX GeCKoHedHO- mUu(p(epeHIMPY EMBIX
BeKTODHBIX Toieil u(x) = (u1(x), ..., un(x)), MUMEIMX KOMIAKTHBIE
HocuTenu, Jgexkamue B 2. MUTak, mpocTpaHcTBO

3(9) = {joo(Q)}ClLQ(Q)

OrHocuTenpHO Hero s jokasaia Teopemy (Teopema 1, rim. 1 [1]),
JEKAIYI0 B OCHOBE METO0B MCCIeA0BaHNA 3,029 THAPOAUNHAMUKHA,
HavaBIIUXCA ¢ cepeaunbl 50-X romos. A MMeHHO:

Teopema 1. Opmozonaavnoe & J(2) e La(§2) nodnpocmparncmeo G(Q)
COCTOUM U3 2padUERMOo8 00HOZNAUNNE PynKyul, mounee

G ={ullu=Vp, pe€Laic(Q), VpeLa()}.

Ilas orpanuuennbix obuacteit Q: G(Q) = {u||lu= Vp, pe Wi(Q)}.
Nrak:

Lo(Q) = J(Q) & G(9). (1)

Aptop 6naromaput Ponasr PP (rpant 01-03-00638) u “Benymue mayu-
HEle mEoNer’ (rpaHT 2261-2003-1).
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Hnsg @ = R® u pna § ¢ TIagkUMU KOMIIAKTHBIMU Tpanuramu Jf2
pasnoxenne (1) copnagaer ¢ pasinoskerneM ['eapbMrobiia—3apemba.
Bropoe u3 BBeAeHHBIX MHOIO TIPOCTPAHCTB ABJIACTCA 3aMBIKAHEM

J*°(Q) B HopMme nHTerpasa Jupuxie. Ero g o6osnaunia depes H(2).
CransapHoe Mpou3BeeHne B HeM JaeTCA paBeHCTBOM

(w, ) (o) = /ux cvgde. (21)

Q

o]
Ina orpannyeHHEIX ) nMeer Mecto Bioskenne: H(Q) C W3(Q) =

[+]
Wi(Q, R"). Ecau npu sTom 9 raamkas, To

H(Q) = THQ) = {ulju € WLQ), div u = 0} (2)

B nmanHo#i craThe MBI 6yZeM CUNTATE {1 — OrpaHUYEHHOH 06IaCTHIO
R”. Caydaum HeoTpaHWUYEHHBIX {) pacCMaTPUBAIOTCA IPUMEPHO TakK
’Ke, HO BBIBOJBI IJIA HUX HECKOJbKO OTJIMYAIOTCA OT aHAJOTUYHBIX
MpennoKeHNI A oT paHUIeHHBIX obiacTeii.

Ina pakTUIeCcKoro pelieHnA KPaeBhIX 3aad (CTallMoOHADHBIX U
HECTAIMOHADHBIX ) 9acTo MCIOJb3yeTcA MeToa [ajlepRriHa, IpudYeM
JmeflaeTcA »T0 B paMirax npoctpanctsa (). Hanpumep, ana mpo-
CTelIeld KpaeBoi 3aJaun

—Av+Vp=f, divo=0, wvlga=0 (3)

(paBHO Kak W anaA cucteMbl HaBbe—CToKca) A cTpomsa rajepKuH-
ckue npubnmxenus v Mo cienyoleii cxeme: 6pasach Kakad-Jaubo
GyHmaMeHTaNbHAA CUCTeMa (GYHKIMA {52, B npocrpanctee H(Q2)

m
u v (), B Bume y . cP'¢r(u), U3 paBeHCTB

(W era) = (fron), k=1,...,m. (4)

DT paBeHCTBa ABIAIOTCA CHUCTEMOW JIMHEWHBIX ajrebpandecKux
ypaBHeHU A14 KosdduimenTos ¢, k = 1,...,m. Ix oaHosHauHad
Pa3penmMMoCcTh U BaKHBIE OIEHKU JUIA v CIeNyIOT U3 COOTHOIIEHUA

(vzl’v?):(f’vm)’ (5)
ABJIAIOIIIErocAa cjaedCTBUEM (4) I/I3 HeEero moJgy4vaceTcs OIleHEa

v 12,0 < 1 fll-1).0- (6)
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OHa To3BOJNAET cAesaTh NpeAedbHLIA MeEPexoa Mo m — 00 W J0-
KasaTh, 4To caabeiM npegenom v B H(Q2) ABnserca oGobuieHHOE
pemnteare v € H(Q) samaun (3). Hocie sroro masiieHne p € Lo(Q)
HAXOAUTCA U3 CUCTeMBI (3), ToYHee, €€ MHTErPAIBLHOIO aHAJOTA.

Nmenno Takasa cxema PpelleHdii KpaeBbIX 3ajad AJA CUCTEMBI
Crokca n HaBbe—CToKca moIyunia MMpoKoe paclpoCcTpaHeHne cpe-
AV MaTeMaTHUKOB, 3aHMMAIOIINXCA TEOPEeTUUYECKMMMU MCCIIeT0BaHA-
vu. OHa Xopola [ MONyYeHNA 10Ka3aTelhCTBa TEOPEM CYIIECTBO-
BaHWA M JaJbHERIero kauecTBEHHOT0 aHaamn3a pemenuii. OHako, ee
JYKCcIleHHAA peaju3anua Tpebyer 3HaHUA KaKOU-1ub0 GyHaaMeHTalb-
Hoii cucreMbl {pgtr=1 B H(2). B maHHO# paboTe MBI mpemiaraem
OJMH M3 CI0CO60B ee mocTpoenus. /A »Toro NMpuBJIeYeM pelmeHns
clleyIoNlel 3aaaun.

Samaua 1. Haiitu B ) perenne w 3amadm
div w:1/), w|aQIO, (71)
IO TUNHATOIeeCA HePaBEHCTBY

llwell2,0 < BQ)|[4]]2.0- (72)

¢ KaKoi-mbo mocroAHHoR B(§1), HesaBUCAIIEH OT .
WUsBecTHaa QpyHKIMA ¢ TIpU 5TOM YAOBIETBOPAET HEOGXOIMMOMY
Y CIIOBUIO

/1/)dx =0. (73)

BaskHOCTB ®TOH 3amauu A MOHANA C CaMOro HadaJja MOWUX HCCIe-
JOBAaHUI 33124 TUAPOAMHAMUKY. B Moeil Mororpadum [1] umeercs
ee “IBOMHUE .

Samaua 2. Haiitu B {2 pelnenne 3agaun
divu=0, ulgg=a, (81)
rae « — 3aJaHHOE T0Jie, YI0BIETBOPAIOIIEe HEOOX0MMMOMY YCIIOBUIO

/a~nds:0, (82)

N

rae n — BHEIHASA HOPMAJb K 8(2
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Permtenne nmenno »roii 3amaum moTpeboBasioch MHeE MPU JAOKa3a-
renbcrBe Teopembr 1. B [1] ykasaH oauH U3 crioco6oB pelleHus 3a-
gaYu 2, U IpU 9TOM OTMEYEHO, YTO IMOCTPOEHHOE U YIAOBJIETBOPSAET
OTleHKe

luzll20 < B1(Q)llell1) 00 (83)

rae || - ||(%)yaﬂ eCcThb HOpMa B IIPOCTPaHCTBE Wzl/z(@Q). Hns norasa-
renbceTBa Teopemer 1 orernka (83) He TpebyeTcs, U MOTOMY ee JOKa-
3aTebCTBO He npuBegeno B [1].

Jlerko BumeTh, 4TO, pemmB 3aAady 1, MBI pemdM W 3a1avdy 2,
u HaobopoT. /lasg »Toro HaAO MPUBJEYhL JWIL OJHO W3 M3BECTHBIX
YaCTHBIX pelleHuii ypaBHenus div v = 1) U U3BECTHBIE TEOPEMBI BJIO-
KEHUA.

3amada 1 6blta Bckope BocTpeboBaHa MPY M3YyYeHUM MHOTUX BO-
IPOCOB, HAIIPUMED, ITPU UCCIEIOBAHUN MPOBIeM pas3penmMMoCcT 3a-
[ad TrUApOAMHAMUKN B 06J1aCTAX, MMEIONAX Pa3HbIe BBIXOILI Ha Hec-
KOHEYHOCTh. B ¢BsA3u ¢ oTuM mocienauM Mbl ¢ B. A. CoToOHHUKOBEIM
paccmoTpesu B pabore [2] sazauy 1 u 3azauy 2, a Takke 3amavy

n
3 o maskopupoBaHuu ||p — pl|2,q BemmuMHAMYN Z [ fill2.2 7 | f]] 22 q,

i=1 n+2?

€CJIN N3BECTHO y 4To
— ?

T
i=1 a t

Vp +f (91)
MBI moKazad, Y4To JUIA NIMPOKOro Kiacca obnacteid  (“obnacreit
kyiacca k”) BepHO HEPABEHCTBO

o= Bll3.0 < B2(2) D 1 fillza + B3(DNIf || 2250 (92)
i=1

e ﬁ:fpdx.

Q

Hac ocobeHHO MHTepecoBala 3aBUCUMOCTh KOHCTAHT G5 (£2) or Q.
M&u1 BLIABUAM pa3Hble CBA3M MeXAy 3aadamMu 1, 2 m 3 ¥ mokazaiu,
4TO JUIA 3asavud 3 ciaydaii aoboit obaactu 2 “rumna k7 cBoaMTCA K
PEIEeHNIO OAHOW M3 ®TUX 3aJau B Kakoi-ambo “mpoctoir” obmacTu
Q, manpumep, B mape. K usydenuro 3amad 1-3 A npuBiekia MHOTUX
U3 CBOUX y4yeHUKOB, B uxX uucie JI. B. Ranmuranckoro u K. [Iunenka-
ca [3]. Hozxke oTH 3a1aum CTANUA [PEAMETOM U3YUEHUA B IIPOCTPAH-
crBax Ly(2). B paGore M. E. Boroseroro [4] mis o6nacreii, 3Besn-
HBIX OTHOCUTEJIBbHO KaKoro-iumbo Imapa, AaHo ABHOE IpECTaBIIEHUE
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aas pemtenna 3axadn 2. Huske Mbl mokaskem, 4To (PakT yma0BIETBO-
peHrA ypaBHEHWIO He TpebyeT HUKAKWUX MoACYeTOB (KaK T0 mesaeT-
ca B pabore [4], a Takke B Monorpadgun P. Galdi [5]). On cnenyer
n3 paeHcTB (125). Hanmporns, moka3aTelbcTBO olleHKH (T2) Tpebyer
NIpUBJIEYEHNA TIpeAebHO TOYHBEIX HEPABEHCTB: HEPABEHCTB Xapani—
JurrensByna n Kanbaepona—3urmynga. Mur yaemum (72) ocoboe
BHUMAHIE C [eJbIO BBIACHUTH KaK MMEHHO 3aBUCHT KOHCTaHTA B (73)
oT §2. DTo Ba;KHO JJIA MHOTHX IeJIell, B MX YMCJIe U JJISA TI0CTPOEHUs
6a3UCOB B MIPOCTPAHCTBAX COJECHOUJAJIBHBIX (YHKIMUA.

B [4] un [5] crazano, yto KoHCTaHTa B (72) 3aBUCUT OoT £}, HO Kak
VMEHHO — He yKa3aHo. B »Tux mybamkalmsax ecThb CIMCOK paboT pas-
HBLIX aBTOPOB, MOCBAMEHHEIX 00Cy K IaeMbIM 3adavaM. V3 mociesHux
paboT, OTHOCAIMXCA K AaHHOW NpobieMaTHKe, yKaxkeM Ha paboTy
[6]. Mbl HauHeM cO caydas ONpaHUYEHHBIX objacTeil ), 3Be3aHBIX
OTHOCUTENBLHO Kakoro-ambo mapa. IloMecTnM Hauvaso KoopamHaT B
IEHTp ®TOro IMapa M OyAeM CUMTaTh, YTO €ro paiuyc paBeH 1, a
HamboJbIee pacCTOAHME TOYEK TpaHumbl J§) 10 Havada KOOpAMHAT
obosHauMM depes d.

Haa Takux obiacTell MMeeTcs ABHOE TNpeACTaBIEHNUE A OJTHO-
ro u3 pemennii 3amaun 1 (cm. [4], [5]). CHagana MBI TOKaMkeM, UTO
oTa GopMyJia CleAyeT U3 U3BECTHOIO MPeACTABIECHUA [IPOU3BOIbHON
GyHEIMM p depe3 ee TpamuenT Vp (ona gaHa B. M. CMuUpHOBEIM B
[7 ]; B kaure C. JI. CoGoiieBa uMeeTca mpeicTaBileHUe p yepes ee
MpOM3BOAHBIE Kakoro-ambo mopsaara [ > 1). OHo umMeer Bua

pa)=p-3 / A, )0y p(y)dy = f— / A, y)Vp(n)dy  (10,)

193
riae
p= /W(y)p(y)dy, (102)
193
y—x r—Yy n—1
Alx,y) = —— /wx—i—t—t dt 103
=y | ey (10s)
ly—=|
a W — KaKaH—HH6O JladkKas (I/IJ'H/I KyCOLIHO—F.Ha,,HKa,H) (i)yHKL[I/IH C

supp w C B1(0) = {z||(z) < 1} u

/w(x)dx ~1. (104)

Q
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Kpome storo 6ynem cunrath w(z) > 0. 3aMeTnm, 410

Az, y)|yean = 0. (105)

ITpoctoe mokazatenbcTBo popmynsl 10, garo B [7].
PaccmorpuM Temeps moite

w(z) = / Ay, 2)b(y)dy = AW)(x) (11,)

Q

IS TIPOU3BOJBHOM TITaIKOM 1), YAOBIETBOPAIOIIEN YCIOBUIO

/1/)(x)dx =0. (112)

Brarogapsa (105) w|sn = 0, n oHa ABidgeTcA raankoil pyukmmeii. Io-
KasKeM, 4TO OHa yHOBJIETBOPAET YpaBHEHUIO

divw=1v B €. (121)

JIns »TOro Bo3bMeM MPOM3BONBHYIO THaIKyI0 GpyHEIWMO p(2), © € Q,
U BOCIIOJIB3yeMCsA cielylollell IelloUKol paBeHCTB

(div w,p) = —(w, Vp) = — / / Al 2)o()dy | Vple)de =

Q Q

= —/1/;(31) /A( 2)Vp(e)de | dy = /1/) dy.  (129)
Q Q
Mpu srom mbl yumi (113). B cuny npowmssona p us (122) cmenyer
(121). BaiiMemcA Teleph MOMyUYeHMEM OIEHKN (72), IPUUEM CAelaeM
oro (kak u B [4] m [5]) mpm moGom ¢ € (1,00). Jaa sroro ymobHO
MOJB30BATHCA TPEMA CIEAYIONMMHI NpeacTaBienuamu aiaa (111):

= / () 4] (x, y)dy (115)

riae
[ee]

Af (2, y) i — Yi) /w (y+r(z —y))r"dy, (114)
1
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a TaKxKe

Al (z,y) |n/|x ylw( y—l—t )t"_ldt (11s)

* i — Yi Y n—
Ai<x,y>=m/w(xwm)«pﬂx—yb dp.
0

Oudpepentmpysn (113) mo &;, momydnm

2 —yi)(z; — y;
Op,wi(x) = /1/)(y)8xjA?(x,y)dy+1/;(x)/( i |xl)_(y]|2 ])w(y)dy
Q Q
(12)
rJie IepPBEI MHTErpadl MOHUMAETCA KaK CUHTYJIADHBIA MHTErpad, T.e.
KaK

. *
lim / () A7 (x, y)dy (13)
le—y|20

31ech n majee OyaeM CUMTATh, YTO MHTErPAJLI 0 obaacTu £, 3aMe-
HEHLI Ha MHTErpaJibl o Becemy R™) a GYHKIMA 1) TpoMoIBKeHa HyTeM
c Q ma R™.

Kak u B [5], npeacraBum sapo Oy, A7 (x,y) B BULe CyMMBI Clleiry-
JOIUX CJIAaraeMblX:

Ou,; A7 (2, y) = Kij(x, 2 —y) + Gy (x, y), (141)
rie
- kl(l‘,l‘_y)
Kii(z, 2 —y) = =222 2/ 14
]( ) |l‘—y|n ( 2)
c
kij(z, 2 —vy _6f/wx—|—r Py
]( |x—y|)
0
| /6x]w x—i—r |) rdr, (143)
r—y
) (x.1)
gig(x, Yy
Gij(z,y) = —~ (144)
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2T e =yl 4 )"

dr—l— / x—i—r [(|]e — y(+2)"
2 — L)l - y(+2)
—2")dr}|z -y~ (145)
ITon BEIpaskeHMEeM w(x—l—rlx yl) MBI IIOHMMAEM IIPK TOM BeJIUUNHY
6 _— - y
Lw(z) mpm z=x 47 :
|z =yl

Tarum o6paszom O, w;(x) mpeacTaBileHO B BUAE CYMMEl TpeX MHTe-
rpaJtioB

O, wi(x) = Jij(x) + Lij(x) + F(2)®5(), (151)
riae
@ () = / (@i —|i/i)_(z]|'2_ yj)w(y)dy, (152)
_ kij(z,x —y)
_R/n e P (152)
/1/) Jij l°|ny)1dy (154)

ITpu srom HamomunM, 4To w(y) = 0 BHe B1(0), a ¢(y) = 0 BHe Q.

I oLeHEM MHTerpasioB J;; MOMHO HPUMEHATL TeopeMy IKaib-
mepoHa—3urMmyHia (8] (cm. tawxe [4], [5]) 06 omenke HopM L (R")
CUHTYIAPHBIX MHTerpasioB. OJHUM W3 TJIABHEIX €€ KOHCTPYKTHBHEBIX
yCIOBUIA ABNACTCA TpeboBaHUE

/ kij(x,z)dsz = 0, (161)
|z|=1

a Takxe kij(z,az) = kij(z, z) ona Va > 0. Ofa oHM BLITOJHEHE! I
ki; m3 (153). Do mpoBepseTcsa mpocTo, HO HeTpuBraabHo. Eme ogmo
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yCIIOBHe KacaeTcA olpaHUvIeHHOCTH ki;(z,z) Ha chepe S1 = {z]||z| =
1}. B KadecTBe HEro MOMKHO B3ATH yCJIOBUE

sup lm|ax|k”(x ,2)| < /NCZ']' < 00 (162)
Tz€ER™ =

D To mocaenHEE BRIMOJIHEHO, HAIPUMED, TIPU YCIOBUAX

< po < 00 \Y < py < o0. 16
xg]lgai%)lcu( )] < po < 00 ma)(<0)| w(@)| < p < oo (163)

B mpeanmonoskennsax (163) B kadecTBe k;; MOMKHO B3ATH ClleLyIOIIUeE
BEJUYMUHBI

ki = 8152+ )" = (d = 1)) Bl D = (4= 1) (164)
Corgacuo Teopeme KRambaepona—3urmyHaa

1 Jisllgmn < Mi(q,n)kij|[1]]g 5 (17)

rae My = Mi(gq,n).
s onenrun ||1;;]]4,0 HMcmonb3yem HepaBencTBo Xapau—JIuTrens-
ByJa (cM., HampuMep, [9])

\ / / PO oty < Ml Al el (182)

cuopaBennuBoe s Mo6ex f € Ly(R™), g € Ly(R"), rae p, ¢ u A
YIOBJIETBOPAIOT YCIOBUAM
{ p.g €(1,00), A€[0,n),

1 1 A (182)
Z_7+5+5_2'

M1 ero ncnonb3yem A GyHKINUNA f M ¢ ¢ HOCUTEIAMN B Q. U3 (185),
k=1,2, cnmenyer, 4To mis

l9(y)]
u(z) = d 19
( ) |l‘— y| ( 1)
CIIpaBEJINBa OIICHEKA
llullpr < Ma[g, A, n)l|gllq (192)
¢ 11 A
— =24+ 1
Poq T (19)
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HOua A =n— 2"—q YKUCITO 1% = % — 21—(] = 21—(] u moroMy u3 (192) ciemyer
n
[lull2g < Ma(g, n 2q,n)||g||q,ﬂ (20)

HpI/IMeM Telmepb BO BHMUMAaHUE, YTO HJIsI OT'PAHNMYECHHBIX Q BEPHEBI
HepaBEHCTBa

lullg.o < [lull-al€™1 (21)

npu v > ¢ u notomy u3 (20) u (21) cmenyer

lully.0 < Ma2(g, n )22l e (22)

2q’

Ucmonb3yem »T0 HepaBeHCTBO MIA oleHkN |||, A uMenHo,

gl
IZ 0 / 'l/) dy Q 231
Hijllg0 <1 [ | ||l° Y|Pt Ilg (231)
Ona g > 2 uucnio A =n—2 >n—1mn N
A— +1/ ’ 2‘1 - lo—y[mt [P P
%' B orom cayuae us (231) cuenyer
125 |lg,0 < §i(2d) 1——||/ ) (23)
Il‘—yl
< ﬁq(?d) 2q Moy(q,n — Z n)(Q )1/2”1/)”(] o (24)

3nech ¢ 2 5, a gi; = const , MJIA KOTOPBIX BEpPHBEI HEPABEHCTBA

max [gi;(z, y)| < gij- (24)
T,y €N

O ¢ < n Bemmunsa ||L;;||; o MoxHO omeHnMTh ¢ moMmomnpio (192) ¢
A=n—1. A nMmenHo,

||IZ]||P'Q gw||/| |n 1dy||p Q%X gZ]MZ(q’ an))||1/’||q,ﬂ

rae p' = 7z > ¢q. Orcrona n (21) cnenaewm BbiBoa: AndA ¢ € (1,n)

1Zijllq.0 < [ llpr ()™ < gig Ma(g, n = 1,0) Q= |4l 0 (25)
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Sarmmrrem (235) u (25) Tak:

Hijllg.0 < Gij Ms(n, ¢, d)|[¥|lg,0- (26)

riae

_n q_nn 1
2 ~Ed E sy >

A43(naQad):: {

Ms(q,n — 1,n)d%§, anA g < n.
3meck 3, = mes By — Mepa mapa B; B R” pamuyca 1.
Wz (151), (17) u (26) cnenyer
102 willg. o < [Mi(g,n)kij + Ms(n,q, )iy + Ulllen (27)

B rauecTBe ];’Z']' MOKHO B3ATH BEJIWUNHY, BhiMucatuyio B (164). Toa-
cYMTaEM, UTO MOXKHO B3AThL B KaUeCTBe §;;j. LA 9TON0 MCIOIL3yeM
npeactaBienue (145) u npuMemM Bo BHMMaHMe ycioBus (163), a Takxe,
7o, 4o w(z) =0 mna |¢| > 1. Braroxapsa stomy tpu n > 2

a+2
g3 (& )| < |2 — |~ {6 o /[<p+2>"—1 Yy

a

a+2 a+2
i / [(p+ )" — rJdr} = 8 g / [(p+2)"

a+2
Hp+2)" P T dr 4 / [(p+2)~"

a

o4 (251)
Hoan=2
a+2 a+2
lgej ()] < & po / dr + /(p+2r)dr<6¥2uo+8md. (282)

ITpu sTom Mbl uctoabzoBaiu |¢ —y| = p<2dua<d—1. Tuan=3
n3 (281) cmenyer

lgij] < 8] po8d + 11 (26d% + 2). (283)

Chopmynupyem uzinoskeHHoe B GopMe TEOPEMBI:
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Teopema 2. Jlag oepanusennwviz obaacmet  C R”, z8e30nvr omuocu-
meavno wapa B1(0) C £, 3adava

divw=1, wlsa=0, /1/)dx =0 (29)
Q

umeem pewenue w, onpedeagemoe popmyaot (113). Nradxocms ezo pa-
emem ¢ zaadkocmuio . Ipuy € Ly(Q), ¢ € (1,00), pewenue w € W;(Q)
u cnpasedausa ouenxa

IVwllg.a < Bn, g, d)[¢llg.0 (30)

20e maxmcopanma B szaeucum om n,q u d = dist {02;0}. e

Wz (27) v Hepabencts (164) u (28;), k = 1,2, 3, BuaHO, YTO MOKHO
B3ATE 3a ((n, ¢, d) B onenke (30).

OrMernMm BaskHOe CBOCTBO MaskopaHTH §(n,q,d): oT obmactu )
OHAa 3aBUCUT TOJNBKO 3a CUET BXOMIEHUA d; mpu aujatarmu 2 »To
urciio He MeHgeTcsA. [leficTBUTeIbHO, OHO PABHO OTHONIEHUIO “BHEIII-
Hero pazauyca Q7 T.e. sup,cq |%|, k¥ “BHyTpennemy paamycy Q7 T.e.
K paamycy Hanboubmrero mapa 3,(0), momematomerocs B . HeHnTph
5TUX “BHeIHero” W “BHYTpeHHero” Imapa MBI IIOMECTHUIN B TOYKY
x = 0.

Mosicaum o270 AeTanibHee.

Mycth w(x) ecTh pellieHre 3amad4n, rapaHTupoBanHoe Teopemoii
2. Mepeiiaem ot x € Q, w(x) n ¥(x) K MepeMeHHBIM &, W(Z) 1 1/3(3%) 1o
dopmymam:

r=2Az, w(x)=wAd)=w(z),

F(i‘) = AF(x); A > 0. Jlerko momcumTarth, 410 w(#) e€CThb pelleHune
3a0a4K

div s(z) = (), wl,g=0, B Q. (31)

Bousee Toro, Aad w MMeeT MecTo NpeACTaBJeHAE TOTO e BHAA UTO
u npeacrasiienne (11;), k = 3,4,5,6, nua w(z), a uMeHHO

w@) = [Py 2 [S st e = sl g, (32

rae O(z) = s — Nw(Az) = XN'w(z). Samernm, uro [§o(#)di =
Jqw(x)dz = 1. TloABITOMMM 9T0 B BUIE CIICICTBUA:
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Caencreme 1. 3adava (31) 6 awbodl obracmu Q, 38e30n0l ommuocu-
meavno wapa Br(0) C Q, umeem pewenue W, daeaemoe popmyaot (32)
¢ 21060W 2aadkol Pynryued O, paenoldl nyaw sne Br(0) u nopmuposan-
noll yeaosuem [O(x)de = 1. Jax nezo sepna oyenka

IVall, & < B, ¢, D[Vl o (33)

¢ mofl ace seaununot f(n,q,d), wmo u e (30), moarko & well d =
R7lsup |z]ycon. e

§2. O IOCTPOEHUM @YHIAMEHTAJIBHBIX CUCTEM B H((2)

CrenaHHoe BBIIE MBI MCIOJb3y€EM JUIA TJIaBHOUW 1€l »TOW cTa-
ThHU — MOCTPOeHNA QyHIAMEHTAIBHBIX CHCTEM B TpocTpaHcTBe H(£2).

o]
Cra3zaHHO€ HIWKE CIIPABEUIMBO U JIJIA 6aHAXOBBIX TPOCTPAHCTB J;(Q)
c mobeM ¢ € (1,00). Ho MBI orpaHnumMcA 37ech ciydaeM ¢ = 2. B
COOTBETCTBUM C ®TUM MBI MCTIOIB3YeM TeopeMy 2 (Ui ee CJleACTBUE)
A g = 2.

[+]
Onpenenum B W3(2) npoekrop P na H({2) ¢ nmomomibio paBeHcTs:

Plp) = ¢ — Qp), (341)

riae
Qp) = A(div ), (342)

a oneparop A ompenenen B (111) (v, 910 TO Ke, B (32) ana obna-
ctu Q, conepskamteit map Br(0)), R = A~1).
Kak mokaszamo B §1

1Q(p)ll2,2 < B(n, 2,d)|| div ¢l[2 0 < B(n, 2, d)n||Vel|2 q, (343)
U [IOTOMY HOpMa ollepaTopa P MMeeT OIeHKY
Pl <1+ B(n,2,d)n = fi. (35)

[+]
Bumso, uto P ecth mpoektop B W1(Q) ma H(Q). Bmaromapa stum
dakTaM BepHa

Teopema 3. Feau {pp(x)}72, ecms gyndamenmaavrad cucmema e

o]
npocmpancmee Wi(2), mo cucmema {y(x) = Plpr)(2)}52, 76agem-
e Pyndamenmansrofl 8 npocmpancmee H(Q). Obaacms Q npu smom
00AMCHA Y)OBAEMEOPTME YCAOEUIO MEOPEMBL 2.
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MgI He BRIOYaeM B TepMuH “®yHmaMeHTaIbHBIE CUCTEMBI. CBOM-
CTBO JVHERHOW HE3aBUCUMOCTU DIIEMEHTOB ®TOW CHCTEMBI, a Tpe-
OyeM OT Hee JUIIb clenylolee: ajiasa Jwoboro ¢ > 0 m moboro

o]
¢ € Wi(Q) maitmerca Takas cymma plf) = ch\f; arpr, N < 00, 4TO
V(e =)z <e.
B cuny orpanuuennoctu npoekropa P scuo, uro {1} obpasyior
pyrmamenTanpHyo cuctemy B H(Q). Ina ee ncrmonbzoBaHus Ieile-

o]
cooBpaszHo NpoBecTH ee opToroHadusanuio B L2(Q) uau 8 Wi(Q).
Teopema 2 MO3BOJNAET MOCTPOUTL (YHIAMEHTAJNLHBIE CUCTEMBI B
H(Y). Ilna s1oro Hamo B3ATH (PYyHAAMEHTAJBHYIO cHUCTeMY {¢n} B

I/%/%(Q), KayKJIbIf 9JIEMEHT @) KOTOPOW MMeeT KOMITAKTHBIA HOCHUTEND
Qr C Q. Kpome sToro, uncia dy, paBHbBIE (rkak 1 B Teopeme 2) or-
HOIleHWIO “BHemHero” paamyca 2p K ee “BHyTpeHHEMY paauycy”,
HOJKHBI HE TIPEBOCXOAUTH Kakoe-anbo umcio d < co. Hud rammoi
u3 ¢(2) (paBHoii Hymo mnA x € Q\ Qi) mocTpoum B ) Mpoek-
Top Py, Takoii ke, Kak B Teopeme 3, n monoskum Yi(x) = Pr(er)()
s x € Q. Buae € nonosxkum 1, = 0. Tak nocrpoennble GpyHKIMN
Y, k > 1, npuraanesxkar H () u, Kak HETPYAHO BUAETH, 06pPa3yIOT
pyrmamenTaapHyo cuctemy B H(Q). Wrak, Mbl ybemumnch B clipa-
BEUIMBOCTU CIIEAYIONIEN TEOPEMBI.

Teopema 4. ITycmsy Q — npousgoavrad obaacms ¢ R u {pr}ie, pyn-

dAMERMAABHAT CUCTIEMA 8 I/OV%(Q) c supp v = Qp, umenuumy di <
d < oo. Toeda cucmema {Yp(x)}r=1, 6 xomopod Yi(x) = Prler)(x),
€ U, Yp(x) =0 dag k € Q\ Qi, a Pr — npoekmop das obaacmu Uy,
onpedenennnd eviwe e (345), s = 1,2, ssagemea Pyndamenmanrnol e

H(9).

ITomguepkreMm, 4To HOPMBI TIpoekTOpoB P Giaromapsa Teopeme 2
UMEIOT OBIYI0 MajKopaHTy.
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Ladyzhenskaya O. A. On a constraction of basises in spaces of
solenoidal vector-valued fields.
It is given a construction of fundamental systems in the space H(Q2) C

[+] [+]
W3(Q) with the help of an arbitrery fundamental system in W3().
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