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MATEMATWWKA

YIAK 517.951

O HEOBXOUMBbIX 1 TOCTATOYHbLIX YCJIOBUAX
HETEPOBOCTHU JJIA ITOJYIJUIMIITUHYECKOI'O
ONEPATOPA CO CHHEIIMAJIBHBIMH
KOO OUIIMEHTAMU

A.A. Napounsin, A.I'. Tymansn

Poccuiicko-Apusncruii ynusepcumem
armankril@yahoo.com, ani.tumanyan9 2(@gmail.com
AHHOTALUA

B nmaHHOU cTaTbe HCCICAOBAHA HETCPOBOCTR MOMYIJLIHIITHUCCKOTO OTIC-
paropa ¢ mepeMeHHbLIMH Kod((PHIHEHTAMH, HMEIOIHMH ONPEICICHHOE TOBEIe-
uue Ha OeckoneunocTr. Jlokazana HETCPOBOCTL MOMYIIHIITHICCKUX OMEPATOPOB
€O CIIe HHATBHEIME KOd (P dHULUHCHTAME B BECOBHIX COOOICBCKIX MPOCTPAHCTBAX.

KitroueBble cJ10Ba: HETEPOBOCTb, IONYIIIMNTHISCKHH OIEparop, aHu-

30TPOIIHbIC IIPOCTPAHCTEA.

JlaHHas paboTa MOCBSMIEHa HCCIEIOBAHMIO HETEPOBOCTH MOIY-
3JUIMNTUYECKUX ONEepaTopoB C NEPEeMEHHbIMU KO3(pguLMeHTaMu B aHU-
30TpoNHLIX npocTpancTeax Cobonena.

Hccnenopanmo HETEPOBOCTH 3/UIMOTHYECKMX OMNEPATOPOB IOCBS-

mena pabora [1], rme noka3aHa 3KBWBAJIEHTHOCTb HETEPOBOCTH W AJITUTI-
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TUYHOCTU B OMNpEeIEsIEHHBIX MPOCTPAHCTBAX HA KOMIIAKTHBIX MHOroo0pa-
susix. B pabore [2] B TepMuHaX mNpeNeIbHBIX OMEPATOPOB IOJYUEHBI
YCJIOBMSI 111 HETEPOBOCTH 3JUIUIITHUECKUX OMEPATOPOB B MPOCTPAHCTBAX
Cobornesa B R™.

B [3] nmokazaHa HeTepPOBOCTH MOJYSJUIMIITUYECKOrO Omeparopa ¢
MOCTOAHHBIMU KO3 ((ULHMEHTAMH B aHU3O0TPOMHBIX mpocTpaHcTBax Cobo-
JieBa B OrpaHmueHHON oOmactu. B [4] momydeno HeoOxomumoe W J0-
CTaTOYHOE yCJIOBHE HETEPOBOCTH JAJIsI OMEPATOPOB C MOCTOSHHBIME KO3(]-
¢durnmeHTaMu B aHH30TPOMHBIX mpocTpancTBax B R™. HerepoBocTu
MOJIY3JUTUIITUIECKOTO OTMEPAaTOpa B BECOBBIX MPOCTPAHCTBAX TOCBSIIICHBI
pabotsI [5-0].

Onpenesieane 1. OrpaHvdeHHBIN NWHEHHBIA ornepaTop A, onpene-
JICHHBIH Ha BCeM OaHaXOBOM MPOCTPAHCTBE X W NEHCTBYIOIIMUM B OaHaxo-
BOM MPOCTPAHCTBE Y, HA3BIBAETCS HEMEPOBBIM, €CITH BBIMOIHSIOTCS Clie-
OYOIINE Y CIIOBHS:

1) obmacte 3HadeHuit oneparopa A samkayTo (Im(4) = Im(A));

2) simpo onepatopa A siBnsietcst KoHedHoMepHBM (dim Ker(4) < ),

3) kostapo onepatopa A koneuHomepro (dim coker(A) = dimY/
Im (A) < o).

HHupexcom HeTepoBOro oneparopa A Ha3bIBACTCS Pa3HOCTb MEKIY
Pa3MepHOCTRIO SAPA U KOsIApa:

ind(4) = dimKer(4) — dim coker(4).

A

P(x,D) = aq(x)D7, (1)

rnes € N,v € N®, (a:v) =%+---+ %,D“ = D" ..D", Dy =
1 n

.1 @
i 1g,x = (x4, ., Xp) € R™. O603HaUMM Yepes3
k

PD)= D au(0D @)

(a:v)=s
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raBHy0 dacts nuddepenunansroii popmer P(x, D), a uepes
(56 = Y au(0E 3)
(a:v)=s

cumBon Py(x, D).

Onpenenenne 2. Tosopsr, uro auddepenumanpaas dopma
P(x, D) noaysmiuntudna B Touke Xy € R™, ecmu 04(xy, &) # 0 mpu Bcex
§eRY & #0.

Onpenenenne 3. [osopar, uro nuddepenumanvuad ¢dopma

2

P(x, D) nonysnnauntuyna B R™, ecnu P(x, D) mOny3IMNTHYHA B KaXKIOi

Touke x € R™,
Hns ke N,ve N" obo3Haunm:
Ck,v — Ck,V(Rn)

= {a(x): Dfa(x) € C(R™), sup [DPa(x)| < oo, Vp
XERM

€ 7n, (B:v) < k},
Qk,v — Qk,V(Rn)

- {CI(x) € C*V:q(x) > 0,Vx € R™ L L O]
= : =
' q() 7 q(x)
I 0mpu |x| >0 VB EZY,(B:v) Sk}.
Jntv E N k€ Nug € QFVnepes H* u “(I; " 0003Ha"MHM, COOT-

BETCTBEHHO, MHOMKECTBA M3MEPUMBIX (PYHKIHI {U} ¢ KOHEYHBIMU HOP-

MaMH:

lulley = D 1D g, ey
(a:v)sk

lullewg = D (D% - g @)
(awv)<k

Ly(R™) '
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Venosue I Ilycts k € N,k 2 s u xo3gduumenTsl a,(x) riaBHOM
gactu auddepenuuansioi opmbl P(x, D) mpu (a:Vv) = S NOCTOSHHBIL,
ag(x) € C*¥=5Y mpu (a:v) < s u, IpH 3TOM, CYIIECTBYIOT MOCTOSHHBIE (g
takue, uto DF(a,(x) — @, ) = 0 mpu |x| = oo s Beex f € Z1, (B:v) <
k—s.

[Iyctey nudpdepenunansuas Gopma P(x, D) suna (1) ynosnersopsier
ycaouro 1. Torma P(x,D) mnopoxjgaeT OrpaHHYEHHbIH JIHHEHHbI
omeparop, AeiicTryromuii u3 H* g H*=SV(P: H*Y —» Hk=5V),

Jst andppepentnanvroit gopmer P(x, D), ynosnersopsitoinei ye-
JoBHi0 1, 0003HauMM

P(D) = 2 aD% + Z oD%,
(a:v)=s (av)<s

st M ER,,EER™ u v EN™ oboznaunm Ky = {x € R™:|x| <

1
M3 [¢l, = (B &)

Teopema 1. Tlycte mudepennuansaas dopma P(x, D) ynosiuer-
sopsier ycnouio 1. Torma P(x,D): H¥Y — H*™SY ggpsercs nereposbiM
TOrZa M TOJBKO TOrMA, KOrAa CYLIECTBYET IMOJIOKHUTENbHAS MOCTOSH-
Hast & Takasi, 4TO

|P(O)] = 81 + |€],)%,vE € R™
JdokazareaberBo, O003HAUNM
T,D) = ) (ag(x) — @)D"
(awv)<s
HMeer MeCTO ClieayroLIee MPeICTaBICHHUE:
P(x,D) = P(D) + T(x, D).

Jlokasem komnakTHocTs onepatopa T(x, D): HEV — HE=SV.

Tax kax DP (a,(x) — @, ) 3 0 npu |x| = oo s seex (B:v) < k — s,
(a:v) < s, To nast npomsBoabHOroO € > 0 cymectsyer N(g) > 0 Takoe, 4T

|DB(ap(x) — @, )| < & Vx € R"\Kn(ey, (B:v) <k —s,(a:v) <s.
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Iycte @(x) € Cy° Taxast, uto O< @(x) < lu p(x) =1 mpu [x| £ 1
u @(x) =0 mpu |x|>2 Torma @ (x):=¢ (ﬁ) € Cy°, supp@, C
Kongey 9:(x) = 1mpux € Ky(e).

O6oznaunm T, = (1 — @ )T, T. = @.T. Torna ¢ HEKOTOPOH mO-

crosinHon C > 0

ITullkmsw = 1L = @ITullisy < Cellulliy, Vu € HEY,
aT!' = ¢.T — xomnakTHeIii orepatop u3 H*V 8 H*™SV. Cnenosatensto, B
cuny Teopemel 8.3.2 paGotwl [7] omepatop T(x, D): H*Y — H¥™SV xom-
TIaKTEH.

ITosTomy Ha ocHoBaHHU meopemsr 8.5.10 pabotsl [7], omepatop
P(x,D): H®Y - H*=SV gpnsieTcs HeTepOBBIM TOTAA U TOJNBLKO TOTA, KOTAA
P(D): H®Y - H*™S" gpnserst HETEPOBBIM.

B meopeme 3 paboTsl [4] ycTaHoBEHO, uto onepatop P(D): H*Y —
H¥™5Y nerepoB Torna u TONLKO TOrNA, KOIJA C HEKOTOPOH NOCTOSHHOM
5>0

[P = 601 +[€1,)°,v¢ € R™

3ameuanne 1. Tak Kak U3 yCIOBHs |ﬁ(§')| >6(1+1¢],)°,v¢E R
cnenyer monysmmantaaHocts P(D), To u3 nereposoctu P(x,D): H*Y —
HR®™SY cnenyer, uro P(x, D) Takke MOMy3JUIHIITHYEH B R™,

Yenosue 1L Tycts k € N, k = 5, € Q%Y u kosdpduuuents aq(x)
rnaBHOM wactu jauddepeHumansHoit  popmel P(x,D) mpu (a:v) =
S nocTostiHbl M npu (a: V) < S MMEET MECTO CJIEYIOLIEE NPENCTABIEHUE:

aq (%) = a3(x) ()@ + ab(o),
rne a2(x) u al(x) ya0BAETBOPSIOT CIEAYIOUUM Y CIOBUSIM:
1) DF(al(x)) = o(q(x)s~@M*+EM) npu x| > oo ana Beex
(a:v) <su(f:v) <k-s,
2) al(x) € C*SV u cymecTsyroT d, KOHCTAaHTHI Takue, uTo al(x) =

g npn |x| — oo nuist Beex (a:v) < s.
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ITpu ycnoeun Il nuddepermmansuas dpopma P(x,D) mnopoxnaer

OrpaHHYEHHBIH JIMHEHHBIH oneparop u3 Hy' kv g Hg e

s muddeperumansroit popmer P(x, D), xoahdvmmenTsr koTopoi
YAOBNETBOPAOT ycnosuio 11, obo3Haunm
P(x,D) = Z a D% + Z b, q(x)s~(@v) pa,
(awv)=s (av)<s
Ycaopue II1. [IycTe
Z 1, 6% + Z G A5 (@V) £@ 2 0 ¥E € R%, 1> 0.
(a:v)=s (av)<s
Teopema 2. Ilycts auddepenunansuas dopma P(x, D), kodddu-
LIFIEHTHI KOTOPOH yaosieTsopsiroT yenosusiM 11, 111, nonysmannriuna B R™.
Toraa P(x,D): HZ;'V - HZ;_S "V HeTepoB.
Moka3zareabcerso. Ha ocroBanuu ycnosus Il npencrasum P(x, D) B
CITEAYIOLIEM BHIIE:
P(,D) =P(6D)+ ) (@) - Eq() @D+ H ak(x)D?
(av)<s (av)<s
n 0603HAYMM
D) = Y (a3 - G)a) @D,
(a:v)<s
T2(x,D) = z al(x)D,
(a:v)<s

Tax xax s seex (a:v) < sal(x) 3 d, m 30 npu |x| - oo, TO

( )
1uist ipom3BosibHOTO € > (0 cymmecrsyer Ny (g) > 0 takoe, 4To
DY (ag(x) — @a)|

q ()
[ycte @(x) € Cg° Takast, yro 0 < @(x) < 1lup(x) =1 opu |x| £ 1

<&Vx €E R"\Ky (o) (y:v) <k —s,(a:v) <s.(4)

u @(x) =0 npu |x| =2. Torma ¢.(x) := (p(N (E)) € Cy°, supp, C

K2N1(£)l (pf(x) =1 nmpux € KNl(E) Tt = (1- (ps)Tl + §0£T1~
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B cuny oneHku (4) ¢ HeKOTOpbIMH HocTosHHbIMU Cy, C, > 0 1iist
Bcex (B:v) <k —su (a:v) < s umeem
ID#((1 - 9:(0) (@) - aID"u())g = E?|,

<a Y [or((-em)@w

0sys<p

— ) ) D**F V() q ()5~ F)

Ly(R™)

< CZE z ||Da+[?—yu qk—(ﬁ:v)—(a:v)+(y:v)||
0<y<p
OTtcrona ¢ HEKOTOPBIMU TIOCTOSHHBIMU (3, C4 > () mOmy4uMm, 4TO

[1(1- o) Tl(x: D)u”k—s,v,q

¢ > D o ((- e

(Bv)<k-s (a:w)<s

~ 2)D“u()) q(0)*

L (R™)’

< Cuellu
oy < Cotlelling

Yu € H%V,

kv k—-s,v
Tax kak @,T1: Hy” — H, KOMIIAKTEH, TO OTCIOJa Hd OCHOBAaHUU

meopemvr 8.3.2 pabotul [7] moJyduM, 4TO OmepaTop Tl(x,D):Hf;"’ -

k—-sv
H q TAKKE KOMIIAKTEH.

Paccmorpum oneparop T2 (x, D): HL’ZW N H;‘_S v
B cumy nynkra 1) ycnosus II mis npoussonbroro £ > 0 cymectsy-
er N,(&) > 0 takoe, 4TO

DY ag(x)]
q (x)s—(a w)+(yv)

< E,VYx € RM\Ky, (o), :v) <k —s,(a:v) <s.
Torna

X 00 —
Pe(x) == (m) € (o’ suppy: © Kony(ey Pe(x) = 1mpu x €

Kn, (e
HpOBO,I[ﬂ AHAJIOTUYHEIE paccymneHI/m KaK HpI/I O0Ka3aTECIBECTBE KOM-

naktHocTu onepartopa T (x, D): H(I;'v - H";_S'v, c 3amenoii T! na T2 u ¢,
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Ha Y, B cuy meopemst 8.3.2 pabotsl [7] nomyuum, uto T2(x, D): H,’;'V -

k—-s,v
H

q TaK K€ KOMIIAKTCH.

Tax kak MpH YIOBUSIX TEOPEMBI B CHITy meopemss 2 paboTsl [5] orre-
) kv k—sv
patop P(x,D):Hy" — Hg HETepOB, TO HA OCHOBaHUM TeopeMel 8.5.10
K K-
padotsl [7] momyuaem, uro omeparop P(x,D):Hg” — Hy ™" rtak ke
HETEPOB.
Pabora BbImONIHEHA B paMKax TeMaTHYeckoro GpuHaHcupoBaHus PAY

u3 cpeacts MOBH P® u nmpu nmopnep:kke TeMaTHUECKOrO (PUHAHCHPO-
BaHus1 Komurtera Hayku ipu MOH PA (kox mpoekta SCS Nel15T-1A197).
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ON NECESSARY AND SUFFICIENT CONDITIONS FOR
NOETHERICITY OF SEMIELLIPTICAL OPERATOR
WITH SPECIAL COEFFICIENTS

A. Darbinyan, A. Tumanyan
ABSTRACT

We study Nocthericity of semiclliptical operator with variable cofficients
that have certain rate at infinity. Noethericity is proven for the special class of
semielliptical operators in weighted Sobolev spaces.

Keywords: Noethericity, semielliptical operator, anisotropic space.

ULZLUJESS G, AUYUN U TUSTULLEN NHNTUYR
ANrovyrsLGrd YbUUELDNSPY ONGrUSOAMUEGD
LBNSGr3ULNRE3UL ZUUULS

U.U. Trupphiywi, UG Cncdwiyub
UUuenNeNhu

Uoluwwnwipnid  hbknwgnindws £ wadbpempniinid  npnowiljp
Jupp nitkgnn gnpéwlhgubpny Yhuwkbihywnhl oywbkpwwnpubnh tynunb-
puunipjut hupgp: Unwggws bu pudwpup wupdwiutbp Jhuwbhynhly
owbkpwwuinpubph Ununbpwinipyut hwdwp Unpojbh opwghtt withgn-
wnpny] wpwsnipnlutbpnud:
Zhdtwpunkp” nunbputniemt, Yhuwkhwynhl owbpuwnnp, wih-
qnuipny imwpwsnipinil:
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rm (MPOHyMepoBaHb! Lidpamy KpacHOro ugeta) uau ¢oHa (MpoHymeposa-
Hbl Lnpamm 6enoro Lpeta). Pasmepbl y4aCcTKOB NPUMEPHO OAMHAKOBbI, HO
He (DMKCMpOBaHbl (MMUTaUMA peasbHOW cuTyauun npu nonete BJ1A).
Cwmbicn 3TO nanocTpauyumn B ToM, 4to BJTIA B nocneaoBaTesibHbleE MOMEH-
Tbl BPEMEHUN PeaslbHOro NosieTa MOXKET HaxXOAMTbCA Haf YYacTKOM, UMEHo-
LeM BUZ TUNa OAHOMO U3 N306paXKEHHbIX B MPAMOYTO/IbHUKaX. B KaxXabli
MOMEHT MosieTa peLleHre 0 BbIbope HanpaB/ieHns faibHelLwero AB/KeHNs
B/TA MOXeT NpvHUMaTb B 3aBMCUMMOCTU OT 3HAYEHWI paccMaTpyBaeMblX
[BYX XapaKTepuCTUK — CTEeMeHN CXOACTBA TeKYLLEro yyacTka C 3apaHee
BblOpaHHbIM Yy4acTKOM (0603Ha4YeHO HOMepOoM 1) M HarpaBieHWeM [OMU-
HaHTHOr0 Hanpae/eHNs M306paXKeHNs TEKYLLIEro y4yacTka (Yron Mexay fAo-
MWHaHTHbIM Hanpae/eHNeM OTHOCUTEIbHO FOPU3OHTa/IbHOM OCK). ITW 3Ha-
YeHMs npuBefdeHbl B Tabnuue. B neBoit nonoBuHe Tabnuubl pasMeLleHbl
[iaHHble, OTHOCALLMECH K yYacTKaM C JOpOromn (y4acTku ¢ Homepamu ot 1 go
7), a B NpaBoVi pa3meLLeHbl y4acTKu ¢ hoHOM (C HOMepamm OT 8 fo 14).

Takum 06pa3om, NpeaoKeHHas MeToAuKa MpeACcTaBNseTCsA BrOHE
paboToCrnoCOBHLIM 1 MOXET ObITb peasi3oBaHa B cMcTeMax NporpammMHOro
obecneueHns BJ1A npu peLleHnn 3aa4umn CReXeHUs 3a JOPOroi ¢ UCnosib-
30BaHMEM fIULLUb Pe3y/IbTaTOB BUAEOCHEMKN W MOKa3aHW! 3/1eKTPOHHOIO
KoMnaca 6e3 NpuBeYeHNs HaBUraLMOHHbIX CUCTEM.

CpaBHeHMe jaHHbIX TabanLbl NMOKasbiBaeT, YTo 3HaueHns W2 13 ne-
BOM 4YacTu Tabnuubl CyLWecTBeHHO 60/iblle 3Ha4YeHUId M3 NpaBoOi YacTw.
3T0 pasnunume No3BONSET MPU KOPPEKTMPOBKE HarnpaBfeHUs [BMKEHUS
BJ1A C yBEPEHHOCTbLIO BbIGpaTh peLleHne B CTOPOHY YuyacTKa C 60/1bLUNM
3HaueHneM W? 1, TakuM 06pa3oM, OCYLLECTBASTb CREXEeHWe 3a [0poroi
(CM. TaKkXKe anropmMTm KOPPEKTUPOBKK, ONncaHHbIN B [13]).
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