M. III. Bupman, A. B. Ilymannkmni

JIVICKPETHLIN CIEKTP B JIAKYHAX
BOSMYIEHHOI'O IICEBAOPEJJIATNBNCTCROI'O
MATHNUTHOI'O TAMMNJIBTOHMAHA

Osnbre AnekcannpoBHe JlanbLkeHCKOM

BBEJEHUE

B mpocrpanctse Lo(R?), d > 2, paccMoTpuM MATHUTHEIH TaMUIh-
TOHUAH

1 2
M:(—,V—A(:p)) +1, zeRY d>2, (0.1)
7

u 6oxee obmuit oneparop lpemurrepa
G =M+ W(x). (0.2)

Tounble ycmoBUs HA MATHUTHBIM BEKTOD-TIOTEHIMAI A 1 Ha 2JIEKTPU-
yeckuil morerrmaa W npusonsrcsa mwke. llyers mamee, V — “ucue-
saromuit” npu |r| — oo morenmman BosMymnenus, V(z) = 0 u

Gi(la)=GFaV, a>0. (0.3)

Oycts A = A\ — peryaspras Toura nis G. O6Gosmaumu uepes
Ni(\ a;G, V) uncno coberBeHHBIX 3HaUeHuit onepatopa G4 (t), mpo-
e IMUX Yepe3 TOUKY A IIPU POCTEe KOHCMAHMb, C873U T OT HYIA 10 «.
B pabore [3] 6bina moayUueHa CIenyoOmas AaCUMITOTURA BEHIEBCKOTO
TUNA TPU  — 00!

Ni(\ ;G V) ~ (27r)_dwdozd/2 / VI2de, Ve Ld/z(Rd), d >3,

(0.4)
rae
wg = vol {z € R*||z| < 1},
O mHOBpEMEHHO OBLIO MOKA3aHO, UTO
N_(\,o;G, V) zo(ad/z). (0.5)
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88 M. III. BAPMAH, A. B. IYIIHUIKWUA

CymecTBeHHO, UTO IPU ®TOM Ha BEKTOP-IOTEHIMA] HaKIaIblBAIOCH
ML TokalbHoe ycaoue A € Lgjoc (RY).

3mech MBI paccMaTpUBaeM aHAJIOTUYHBLINA BOINPOC OJA IICEBIOPE-
AATUBUCTCKOTO MATCHUTHOTO ollepaTopa

Gijo =M+ W(z), z€eR? d>2 (0.6)

Kaxk u B [3], MBI ucxoauM U3 oHON abCcTPaKTHON T€OpEMBL, Oy UeH-
Holt B [2] (cM. Hwke TeopeMmy 1.1). I[Ipu npoBepre ee yciaoBuii HeKo-
TOpBIE OCIOKEHEHUs (110 CpaBHEHWIO co ciaydaeM omepartopa (0.2))
HOSIBISIIOTCA U3-3a HEIOKaIbHOTO xapakTepa omepartopa (0.6). Te-
opema 1.1 MO3BOJMSAET CBECTU BHIUUCJIEHWE ACUMITOTURU K CIYYAlO,
KorJa A IexuT adeee crmexTpa Gqso. aa Taxux A yswe mpuMeHM-
Ma BapUAaIllOHHAsA TEXHUKA; OJHAKO W 3/eCh HEJOKAJIbHBIA XapaKTep
onepatopa (0.6) IPUBOAUT K ZOMOIHATETHHBIM OCIOKHEHISIM.

Metoauuecky HaM yaoOHee paccMaTpUBaTh Doee obIuUil omepa-
TOP

Gi=M+W(z), 0<i<l, zeRY d>2 (0.7)

[TonyTHO MBI 3aHOBO moayudaeM acuMnToTury (0.4) mpu HECKOIBKO
Boaee 0BmMUX mpegIoNOKeHUAX o moTennmaae W(x) B (0.2).

B cymectBeHHOM MBI ciemyeM miaaHy paboTel [3], B KOTODBIH,
BIIpOUYEeM, BHECEHLI HEKOTOpPLIe YIPOIIeHUA. llpu ucciaeqoBaHUM 3a-
Aad ¢ MarHUTHBIM IOJeM OPUXOIUTCA MHOIb30BAThbCSA MOHATUAMU,
CBA3AHHBIMU C NOAYZPYNNAMU, QOMUHUPYEMBLMU TOAO HCUTNEADH LML,
3mech MBl ommpaeMcs Ha pabotsl [1] u [5], rie UMeTCsa CCBIIKA 1
Ha OpyTrue UCTOUHUEU. [lo moBomy marepuana cratbu [5] 1 6anskux
BOIIPOCOB MBI TOJB30BAJUCH KOHcyabTamuaMmu . B. Poserbaroma;
BEIpaKaeM €My CBOIO MCKPEHHIOI IPU3HATEILHOCTD.

Hwxe |- | — cragmaprsas mopma B C?. Cumson [ mpeamomara-
et warerpuposarue mo R Uepes C,c (Bo3mosxHO, ¢ MHAEKCAMIY)

0
00603HAYAIOTCSA PA3IUYHBIE OIEHOUHBIE TOCTOsAHHBIe. Riuaccewr H®, H?
cyTh oObrunble kiaacckl CoboneBa mopsaka s > 0 ¢ ruabbepToBoOi

MEeTPUKOH.
§1. IIPE/JBAPUTEJBHBIE CBE/IEHUS
1. Hwke H — kommIekcHoe cemapaberbHOE THUILOEPTOBO IIPO-
CTPAHCTBO, ||-|| —HOpMa B H. s camoconpskeHHOro B H omepaTopa

B uepes p(B), 0(B) 0603Ha4AIOTCA COOTBETCTBEHHO €TI0 PE30ILBEHT-
HOe MHOMkecTBO U crektp. Haaee, Ep(+) — cmekTpanbHas Mepa s
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B, a 2B4 := |B|+ B. Uepes S, 0603HaUAETCA KIACC BCEX KOMIIAKT-
HBIX JMHEHHBIX omepaTopoB B H; depes S,, 0 < p < 0o, — KIacce
Hetimana—IMarrena. Has T € S, BBoAUTCA QYHKIUA paclIpemene-
HUS S-UNCe

n(s,T) = card {k | sp(T) > s}, s>0.
Huoa T =T* € S, monaraem
nt(s,T) =n(s,Ty).

Knacc ¥,, 0 < p < oo, — mHOXKecTBO Beex T € S, A1a KOTOPBIX
KOHeUeH (YHKI[MOHAT

1%, = sups'n(s,T),
s>0

onpemenaomuil B Y, kBasuHopMmy. llpocTrpamcrso X, — Hecemapa-
OenbHOE; ero cemapabelbHOe MOAIPOCTPAHCTBO, BHIAEIIEMOE YCIO-
BUEM

n(s,T)=o0(s"?), s— 40,
obo3HaUaeTCsa yepes Eg. Hna T € Seo 1 p > 0 monoxum

Ap(T) = limsup sPn(s, T),
s——+40

e e p
6,(T) = 1£IE>}|—%fS n(s,T),
anma T =T" € S, onpenenum
ABD(T) = ATe),  66H(T) = (T,

DTU QYHKIMOHAJIL HEIPePHIBHEL B 3,. Bomee Toro, oHu onpeneneHsl
. 0
U HEIPEePBIBHBI HA PAKTOP-IIPOCTPAHCTBE EP/EP.

2. Ilycte Tenmeps omepatop A = A* > I n a — ero xBagpaTuvuHas
dopma ¢ obracteio onpenenenus dfal. llycts Z — onpenenenueil Ha
d[a] samBIKAEeMBIT OonepaTop B 'H 1 v — dopua

vlu,u] = | Zu|?, u € dld], (1.1)

KOTODAs MPEeIoIaraeTcsa KOMIAKTHOW B IMIbGEPTOBOM IPOCTDAH-
crBe dla] ¢ meTpukoit af,-]. Torga raknas us Gopm

atr(a) :=aFav, a>0, dax(a)]=da], (1.2)
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moayorpaHudeHa cHusy u saMiHyTa. CooTBeTcTByomwme QGopmam
(1.2) omeparopsl 6ymeMm obo3Hauath uepes Ay (a), a Takke IuCaTh

Ar(a)=AFaV, V=27
[IycTs Tenepwb f, — HeoTpumaTeabHas popma Ha d[a] u
Felu,u] < ealu,u] + c(e)||ul?, Ve € (0,1], (1.3)
a f — BemecTBennaa Gopma Ha d[a], Takas dTO
| flus u]l < fulu, ], u € dla].

Torma gpopma
b::a—l_fv d[b]:d[a]v

moJayorpaHuJeHa cHU3y u 3aMmkHyTa. C ee IMOMOIBI0 BBOIUTCA Ce-
MelicTBO (hopM

bi(a) =bFav, «o>0,
1 omepaTopsl Bi(a) =

(a
B F aV. Craenymwomee yTBeprkoeHUE COmED-
s#&UTCA B Teopeme 1.2 us [2].

Teopema 1.1. IHycms A = \ € p(A), u = ji € p(B) u npu nexomopom
p > 0 evinoanenst ycaoeus

ZATVr €3y, (1.4)

-1 0
ZAT Xy, (1.5)
Tozda (npu COCAAGHHBT 8 PMOM NYHKME npe@no&ootcenwrw)

su

lim { e }a_pN+(/\, a; A, V) = lim {

{ Ja TN (s BV),(1.6)

inf

N_(p,a; B, V) =o0(a’), «o— . (1.7)

Cwuerica coorromenns (1.6) B ToM, YTO BBIUMCIEHNE aCUMITOTIUE-
CRKUX XapaKTePUCTUK JOCTATOUHO BHIMTOJHUTEL TOJBKO IS OMEPATOpAa
A, mpuuem B Touke A = 0, T.e. neBee o(A). DTO NO3BOIAET UCIOIDL-
30BaTh BAPUAIMOHHYIO TEXHUKY.
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§2. POPMYNUPOBKU PE3YJIbTATOB

1. Beemem ocuoBble 06bexTe. Onmeparoper B H = Ly(RY), d > 2,
HU/KE ONPENeNAoTCsa depe3 cBou kBaapaTuunble GopMmbl. [Ipu sTom
mexonEbie GOPMBI 3a7ai0TCA mepBoHauambHo Ha kracce CEO(RY),) a
3aTeM 3aMBIKAIOTCA.

Omneparop (0.1) BBoguTCS Uepes KBALPATUUHYIO (POPMY

= [ (| (2= 4).

A€Lyoc(RYmpud>3; A€L,c(RY), 0>1lmpud=2. (2.2)

2
+ |u|2> dz, (2.1)

Ilna oneparopa M;:= M' 1€ (0,1), kagparuumas dopMa ecTb
mlu,u] = | M7,

Omnepatopet M, M; n popMsl m, m;, COOTBETCTBYIOIINE CAyUa0 A =
0, obosnaumm uepes H°, H) u h°, LY. Ilazee BBOOuTCA omepaTop

H; .= M; 4+ U uepes popmy

hilw, u] = mqfu, u] —|—/U|u|2d:1;, 0<i<l, (2.3)
U(z) 20, UE Lo (RY), (2.4)
= d/2l. (2.5)

Hapsimy ¢ U BBemeMm elre BelecTBEHHBIN moTeHUAT F', 0I5 KOTOPOTO
BLIMTOJIHEHO CJIenyIolee “HesBHoe  yCIoBUeE:

/ Pl Ju2de < chO[u,u] + CO)lful?, Vee (0,1]  (2.6)

Hwxe (cm. 3ameuanue 2.2) MBI YKaskeM YCIOBUs, HOCTATOUHBIE IS
cupaBemarBocTr cooTHomerus (2.6). [lonoxnum Temeps

W(x)=U(z)+ F(x) (2.7)

n BBegeM onepatop Gy Buga (0.7) ¢ moMompbio (GpopMel

giu, u] = hyfu, u] + /F|u|2d:1; = my[u, u] —|—/W|u|2d:1;.
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2. [IycTe Temepsb MOTEHIMAT BO3MYIEHUA V yAOBIETBOPAET YCIO-
BUAM

V(z) 20, VeL(RY, d=2, 0<Il<l.
O6osraunm Z = V/? u pacemorpum popumy v Buma (1.1), a Taxxke
hbopMBI

mi+(a) =mFav, hila)=hFav, a>0, (2.8)

gr.+(a) =gr Fav, a>0. (2.9)
Popuer (2.8), (2.9) onpenensor cobolt omepaTops
M t(a)=MFaV, Hi(la)=H FaV, a>0,
Gie(a) =G FaV=M+U+FFaV, a>0.

Hamr ocHOBHOII pe3yabTaT — clIeayiolas TeopeMa.

Teopema 2.1. Ilycms d > 2, 1 € (0,1). Hpu coerarnnnz enwe nped-
noaoncenusst o nomenyuanar A, U, F, V dag awbozo X = X € p(G))
CNPABEOAUBDL COOMHOULEHUS

lim a Ny A\, a; G, V) = (ZW)_dwd/V”d:L‘, (2.10)

N_(M\a; G, V) = o(a™), (2.11)

ede noxasameny x onpedenen & (2.5).

Sameuanue 2.2. I[Ipusemem »ieMeHTapHBIE AOCTATOUHBLIE YCIOBUA,
obecneunsaromue (2.6). Jlerxo soBecTn (2.6) U3 CIeqyIOIIEro cooT-
HOITICHUA:

/|F|1/l|u|2d:1; < 5/(|Vu|2 + |u|?)dz + c(e)||ul]?, Ve € (0,1]. (2.12)
Hamnee, mycts QF — emummumeii ky6 8 RY, u BrIOIHEHO yCIoBLE

| 1|im |F|*dz =0, yeR? d>3. (2.13)
y|—o0

Q4 +y
Torza cupasegauso (2.12), a sHauur, u (2.6). Banuskoe, HO HeCKOIb-
KO nHoe ycioBue npuronuo mist d > 2. Vmenno, (2.12) BuIOIHEHO,
ecau
sup / |F|"dx < 0o, 1 >3x, d>=2. (2.14)

yERY
Qr+y
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3. Cayuaii oneparopa (0.3) popMansHO oTBedaeT 3sHaUeHno | = 1.
OHako Temepb IPUXOAUTCA CUUTATDH d 2> 3; MOSCHEHUA HA ®TOT CUET
cM. B 3aMeuanuu 3.2. B ocranbHOM, cOOOparkeHns, NCIOIb30BAHHBIE
npu mokas’aTelbCcTBe TeopeMul 2.1, coxpausror cuny npu !l = 1, npu-
YeM €O 3HAUUTEIbHBIMU YIPOUIEHUAMU. TakuM 0O0pa3oM HoIydaeTcs

Teopema 2.3. Ilycms d > 3 w nomenyuaavr A, U, V ydosaemeopsiom
YCAOBUTM

A € Ld,loc (Rd;Rd)v 0 < U e Ld/2,loc (Rd)v 0 < Ve Ld/Z(Rd)v

a 0ng F' ewnoamnerno coommowenue (2.12) npu [ = 1. ITyecmy onepamopu
G, Gi(a) onpedeaens 6 (0.1)—(0.3), (2.7) u nyems» A = X € p(G). Toz0a
cnpasedauen, gopmyar (0.4), (0.5).

IIpu U = 0 »Ta Teopema mepexomut B Teopemy 1.1 uz [3]. Ta-
Koe 0DO0DIeHne HeNMb3sA CUUTATh CKOIBKO-HUOYIbL Ty OOKUM, HO OHO
MOKeT OKa3aTbCs IOJIEe3HBIM.

Sameuanue 2.4. Ycaosue (2.12) npu [ = 1 obecneunBaercs n11006bIM
ns yenosuit (2.13), (2.14) npu » =d/2, d > 3.

§3. IIOJATOTOBUTEABHBIE IPEJJOKEHUA

1. JdorasatenscTBO TeopeMsl 2.1 onnpaercsa Ha Teopemy 1.1 (mpn
p = ). Ponu oneparopos A, B cefiuac urpatot H;, Gi; dopmsl f, f.
U U CYTh COOTBETCTBEHHO

[Flufas, [1FNuPdr. ofu)= [ViePae = |Zalfs

omeparop Z = V/? — oneparop ymuomenusa. Hammesur npoBepursb
yveaosua (1.4), (1.5), (1.3). OrMmernM mpesxge BCero cilefylollee
IpeIoKeHIE, KOTOPOEe OUEBUIHBIM 00pPa30M BHITEKAET (B CHIY He-
pasercTBa U(x) > 0) U3 BAPUAIMOHHBIX COOOparKeHN.

IIpemnoxenue 3.1. Yeaosus (1.4), (1.5), (1.3) ewnoanenwt npu A =
H;, ecau onu evinoanens, npu A = M.

2. Ipuctynmum & mpoBepre ycaosuit (1.4), (1.5), (1.3) oma A =
M; u p = ». Cuauvana ycranosum (1.4). Hoayrpymna exp(—tH?)
domunupyem (cM. [5]) momyrpymmy exp(—tM). DrTo osHauaer, UTO
nomoweyro (MOUTH BCIOAY )

[(e™™2)(2)] < (e_tH0|z|)(:1;), t>0, ze€LyRY, d>2. (3.1)
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Uz (3.1) cregyer (cm. [4] nan [5, n. 2.4]), uro upu [ € (0,1)

(™M) (2)] < (7 )2]) (), >0, z€Ly(RY, d>2. (3.2)

Coorromenne (3.2) BMecTe ¢ SBHBIM BBEIDAKEHMEM I ALpa
Q?(t; x,y) naTerpanbHoro onepatopa exp(—tH} ) mo3BoageT BOCIOIH-
30BaThCA Teopemo#t 2.4 uz [5], UTo IPUBOAUT K OIEHKE

dimRan Eyj,_qv(—00,0) < C(d, Z)oz%/V%d:Jc,
a>0,d>2, 1€(0,1). (3.3)

CymectBenno, uro nocrosHHas B (3.3) He 3aBUCUT OT MOTEHIUATA
A(z). Rak usBecrHo,

dim Ran Eygi—av(—00,0) = n(a™", 207 2) = n(a™2, 20471,

a moroMmy (3.3) paBHOCHMIBHO OIlEHKe

1237 2|z = 2307 Pz < @ [ Ve, d =2 1e .1
(3.4)

Tarxum o6pasom, (1.4) ewnoaneno npu A = M;.

Sameuanue 3.2. 1) [[ceBropenaTuBUCTCKUI MATHUTHBIN omepaTop
obcyxmaerca B [5, m. 3.4]. Tam moayuena oueHka mis
dim Ran Ep(—00,0), tme I' = (M;/, —I) — oV u d > 3. DroT cuyuait
Boaee caoskeH, deM omneHka (3.3); B mpaBylo UacThb OLEHKN BXOIUT
[(VE+V?)de.

2) Ilpu I = 1 omenra (3.4) coxpaHserT cUIy, HO TOIBKO ILIpU
d > 3. B aToM cayuae oHa ABISETCS CIeNCTBUEM IIPUHAIIEKAIETO
JIuby “maramTHOTO BapuanTa’ wusBecTHOR omenkn lBukemsa—JIuba—
Poszenbaoma (cm. [5]). Umenno orcyrerBue ouenku (3.3) mpu [ =1,
d = 2 npuBoguT K TpeboBanu d > 3 B Teopeme 2.3.

3. Ycraumosuum teneps (1.5) mpu A = M;. B cuny (3.4), nocratou-
HO yeramoBuTh (1.5) mmas kaxoro-im6o mrotsoro B L, (RY) mmomxe-
ctBa ¢yurnuit V. BDygem cuurath, uTO

VeL.(RYNL(RY, d=2.

Torpa, oueBUIHO,

Zexp(—H}) € Ss. (3.5)
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Anpo Qi(t; x,y) nuTerpaasuoro oneparopa exp(—tM;) Mamopupyer-
ca (eum. [5, m. 2.4]) aapom QV:

Qi(ti2,y)] < Q(tx,y), t>0, me. 2,y €R"
Orcroma u us (3.5) caenyer, uro
Z exp(—=Mi) € S,
a cremoBaTeabHO, Ipu db6oM R > 0
Yi(R) :=Z M;'Epn,(0,R) =
= Z exp(—M;)((exp M;)Ep, (0, R)M; ') €S, C 25 . (3.6)

C mpyroii cTopoHHI,

Yi(R) = (ZM ) (M Eag,(0, R)) =5 Z M) (3.7)

o710 caenyer us (3.4) u Toro, uro npu R — oo
172 By (R, 00)]| — 0.
Coommowenus (3.6), (3.7) npueodsm x (1.5) dag A = M.

4. Ocranocs nposeputs (1.3) nms A = M;, T.e. yCTaHOBUTH OLEH-
Ry

/ Pl Jul2de < emfu,u] + COlul?, Ve e (0,1 (3.8)

[Iycrs v 2 0. Ormernm, uro coorromenus (3.1), (3.2) coxpamar

cuiry, eciu B HUX 3aMeHuts M; u H) coorserctsenno ma M|+ I u

H} +~I. Yuuroxas zatem (3.2) Ha t~/? u uETErpUpyYa MO MOTYOCH
R, monyumMm HEpaBEHCTBO

(M4~ 7Y 22|(2) < (HP4+41)"Y22)(2), z € Ly(RY), d =2, 1€ (0,1).
(3.9)

OTCIO,ZLEL BEITCRAECT

IIpenmoxenme 3.3. ITycms o(x) = 0 — usmepumas dynxyus. Tozda
npu y = 0

le(My+ D)7V < lo(H] + D72 d=2, 1€ (0,1).  (3.10)
HeftictButensro, us (3.9) cremyer, uto mas z € Lo(RY)

lo(My+ D) 22| < Nlp(HP + D)2 2] | < No(HY + D)2 Izl
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uro u npusouT k (3.10). e
BameTunM Temeps, uro Bemwuuaa ||@(M; +~+I)7?||? coBmamaer
Hawayuleil nocrosuuoil C' B olleHKe

lpull® < Clmalu, u] + yllull?). (3.11)
Orcroma u u3 (3.10) Bugao, urto (3.11) BBIIOIHEHO, KOIb CKOPO
lpull® < C(hyu, u] + [|ul/*), (3.12)

npuueMm nocrosHHas C B (3.11), (3.12) — oxua u ta xe. CrasanHOe
osHauaeT, 4To (3.8) aBnsercsa ciencrereM HepaseHcTBa (2.6). Urax,
(1.3) Bemonneno mus A = M.

OTMeTuM, UTO PACCY/KIEHNUA B 9TOM IIYHKTE B 3HAUUTEJBLHON Mepe
caenyotT pabore [1] (cm. Teopemsr 2.4, 2.5 B [1]).

§4. BABEPIIEHUE JTOKA3ZATEJBCTBA TEOPEMBI 2.1

1. O6benuussa pesyabTathl §3 ¢ Teopemoit 1.1 (mpu p = ), Bu-
nuM, uto (2.11) yixe yeranosieno (uro ciaenyer us (1.7)), a (2.10)
[OCTATOUHO mokasaTb nas H; Bmecto G (r.e. mpu F = 0) u npn
A =0. Tax xax H; > M; > I, o Ttoura A = 0 Haxomurcs aesee o( M)
u, TeM 6oxee, nesee o(H;). Ho torma N4 (0, «; H;, V') coBnanaer ¢ un-
CIOM OTpUIATENTbHLIX COOCTBEHHBIX 3HaueHUl omepatopa H; — aV,
a > 0.

Paccmorpum 3amauy o mociaemqoBaTelbHBIX MaKCUMyMaX OTHOIIe-
HUA KBaAPATUYHBIX (OPM

/V|u|2d:1;/hl[u,u], u € dlhy]. (4.1)

(Hamomumum, uro Gopma h; onpenenena B (2.3)). llocnenoBarensusie
MAKCUMyMBbl OTHOIICHUA (4.1) COBHAZAIOT €O CHEKTPOM KOMIIAKTHO-
ro omepatopa X > 0, KoTOpHIZ mOpoOEIaETCA GOPMON UMCIUTENA
B ruibbepToBOM mpocTpancTse d[hy| ¢ merpuroit hy[-,-]. Bapuanmon-
HBIZ TOXO M K Beuncaernio acuMmarotust N4 (0, a; Hy, V) ocHoBan Ha
WU3BECTHOM COOTHOIIEHUN

Ni(0,a; Hi,V)=n(s,X), as=1. (4.2)

B nanbmelimem 6y meM NOIb30BaTHCI 0bo3HaUeHUAMY Tuna n(s, (4.1))
BMecTo n(s, X ); anamoruuno Gymem mucaTb Ay((4.1)) Bmecto Ay(X)
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n T.0. Takum o6pasom, B cuny (4.2), 1oKa3aTeIbCTBO aCUMITOTIYE-
ckofi popmyasl (2.10) cBOOUTCA K IPOBEPKE PABEHCTB

AL((41)) = 6..((4.1)) = (ZW)_dwd/Vdd:L‘. (4.3)
Hapsazny ¢ (4.1) paccMoTpuM OTHOIIEHME

/V|u|2d:1;/ml[u,u], u € dlmyl, (4.4)

u JIsI HETO YCTAaHOBUM PABEHCTBO
AL((4.4)) = 6..((4.4) = (27r)_dwd/V%d:1;. (4.5)

[Tocae »Toro nonyunts (4.3) yike HECIOKHO.

B cuny omenru (3.4) mocTaTouHo YCTAHOBUTH cooTHoUIeHNE (4.5)
ST KAKOTO-u60 L ,,~TIIOTHOTO MHOMKECTBA HEOTPUIATEIBHBIX TIOTEH-
manos V. Mer yeramosum (4.5) 0 DOTEHIMATOB, HOCTOSHHBIX Ha
ky6ax (g, obpasylomux Komeunerit mabop {Qrtl_: V(z) = Vi > 0,
r € Q. Mu1 mpengmonaraemM, 4To KyOBI TOMAPHO HE MEPECEKAIOTCA U

L
V(z) =0, ectm x € Qp := R\ (kL_Jl Qk> B sTux mpeamomoskenusax

VIAeTCsA UCIoAb30BaTh “Buaky lupuxie—Helimana”, obxomsas Tpya-
HOCTU, CBSI3AHHBIE C HEJTOKAJIBLHOCTBIO omepaTtopa M.

2. Hwmwume acmmnrormueckme omeHknm A (4.4). Cysum
obnacTh ompenenenus Gopmel m (cM. (2.1)), BBeAs JONOIHUTEIb-
HBEIe TPaHUJHBIE YCIOBUA

u\an =0, k=0,1,...,L,

U MOy UMBIILYIOCSA 3aMKHYTYI0 GopMy obosuaunm . COOTBETCTBYIO-
muii eit omepatop M, oueBUIHO, €CTh OPTOTOHAIBHAA CYMMa Ollepa-

TOPOB M(k), KarRIOBI U3 KOTOPBIX melictByer B Lo(Qy), k=0,..., L:
L
M=) aM®. (4.6)
k=0

BBemewm, mamnee, omepatop
L L
M= (M) =" e =3 e (4.7)
k=0 k=0
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o aplk
Omnepatopam M, Ml( ) COOTBETCTBYIOT KBaAPATUUHBIE (OPMBI

. ~ . (k k
iluu) = | Mypul®, i fu,u] = 1M Jul3 00 (4.8)

I[Ipu aTom

L
=Y gt 1€ (0,1), (4.9)
k=0

[Mockonvxy M < M, To u3 HepaBeuctBa ['afinna caenyer, uto M; <
M;. IlosTOoMYy CHEKTP OTHOIIEHUS

/V|u|2d:1;/ml[u,u], 1e€(0,1), (4.10)

aeT HWKHIOI OLEHKY Misa cmekTpa orHomenus (4.4). Ucnonbsys
(4.9), a Tawke corumamenue o cBoiicrBax V, HaxozmMm, uto (4.10)
pacmagaeTca B OPTOTOHAJBHYIO CYMMY OTHOIIEHU

vk/|u|2dx/m§’“>[u,u], k=1,....,L, (4.11k)
1 HYyJ€eBOI'O OTHOIIeHUs, coorBercrBylomero k = 0. B cuay (4.8),
(4.9)
L
,(4.10)) = n(s, (4.11k)) (4.12)

k=

n(s, (4.11k)) = n(sV, 1 (MW™)=h = n((sVHYE ()71, (4.13Kk)

—_

CroerxTp onmeparopa (.M(k))_1 €CTh CIEeKTDP OTHOIIECHU

Q[de/l (‘(%V—A)u

Bes usmenenus GpyHKIMOHATOB O4/2, Ag/y B 3HaMeHaTee (4.14k) Mosk-

2
+ |u|2> de, ue€ HY Q). (4.14k)

HO y6paTb WIeHLl, cofep:kamue A, MOCKOAbKY, B CUIY YCIOBUSA
(2.2), Tu unens moposwkgaoT Gopmbl, kommakTaele B H'(Qf). Ta-
KM 06Pa3oM, IeJ0 CBOAUTCA K CIEKTPY OTHOIIEHU

/ |u|2d:1;/ /(|Vu|2 + |u|®)dz, u € Jg_fl(Qk) (4.15k)
Qr Qr
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Rak X0opoIo u3BecTHO,
Agya((4.15k)) = 64/2((4.15k)) = (27) " wqmes Q. (4.16k)
B urore moxyuaem
Aga((4.14k)) = 642((4.14k)) = (27) " “wymes Qy,

1 IpocToit mepecuer Ha ocHoBanuu (4.13k) u (4.12) gaer

AL((4.10)) = 6,.((4.10)) = (ZW)_dwd/V%d:Jc, (4.17)

a IIOTOMY

0((4.4)) = (27) wy / V*dz. (4.18)

3. Bepxame acmmnrormueckme omeHkm mis (4.4). 3mecws Bce
OeaaeTcss MO CXeMe MPEabIAyINero IMyHKTa, HO 00JacTbhb ompemeie-
HUA GopMel m pacmupserca. Vmenuo, ¢yaruuu us d[m| zexar B

Hl

Toc (RY); »T0 ycmoBue MBI ocaabuM, TpeGys MU

U‘Qk c HY(Qr), k=1,...,L;

KpoMe Toro, curiraceM, 4IToO U‘Q COBIIaOa€T C CYyKEHVIEM Ha QO KaKoIi-
0

ambo GyHrnuu us djm]. AHaAIUTUUECKOE BEIpaKEHUE IS PACIIUDEH-
HOUM (opMBl (0GO3HAUNM ee 1) HO-IPERHEMY RaeTCsA UHTErPaIoM
(2.1). Omepatop, moposxmeHHBIN GpopMoit M, obosraunm M u oTme-
T, uro M < M u My := (M)! < M;. CipaBeqiuBBI OPTOTOHAIBHEIE
pasnoskenus, aHagoruunsle (4.6), (4.7). Jdanee BBogsaTcsa GpopMeL my,

~ (K
mg ) 1o amamormu ¢ (4.8) m paccMaTpUBaeTCs OTHOIIEHNTE

/V|u|2d:1;/ml[u,u], 1€(0,1). (4.19)

flcno, uro cuexrp orHOmennsa (4.19) naer OLEHKY CBEPXY M CIEK-
tpa ortHomenusa (4.4). OcranpHble PACCYHRLEHUA TaKKe TOBTOPSIIOT
OoBOOHI II. 4.2 ¢ oUeBUOHBIMU U3MeHeHUAMU. Jleqo cBOOUTCA K acuM-
ITOTUKE CIEKTpa oTHOIeHus Buna (4.15k), Ho Teneps mus Bcex pyHK-
mutt v € H'(Qr). AcumnroTura — Ta ske, uto u B (4.16k). B urore
OKa3BIBAETCA, UTO

AL((4.19)) = 6,.((4.19)) = (ZW)_dwd/V%d:Jc,



100 M. III. BAPMAH, A. B. IYIIHUIKWUA

u cileqoBaTeJNbHO,

AL((4.4)) < (27) %wq / V*de. (4.20)

Hepasenctsa (4.18), (4.20) npusogar & (4.5).

4. Ham ocranocs, onupascs #a (4.5), monyuuts (4.3). [Tockonbky
U(x) = 0, To cupaBenauBo HepaBeHCTBO n(s,(4.1)) < n(s,(4.4)), a
OTOMY

AL((4.1) < (27) %wq / V*de. (4.21)

Y cTaHOBUM Telephb HILKHIOI OIeHKY. B cuny mpemmosxenus 3.1
onenka (3.4) mepenHocurcs Ha omepaTop Hj, a mOTOMY JOCTATOUHO
pPaccMOTPeTh TOT sKe Kiacc moTeHnuailoB V., urto u B mm. 4.2, 4.3.
Bymem nmoabzoBatbes obosnavenusvu 1. 4.2. OueBUAHO, MBI TOIY-
UMM HIDKHIOIO OLEHKY MJIs CIeKTpa oTHomenus (4.1), ecau sameHuM
€ro OTHOIIEHUEM

/V|u|2d:1;/(ml[u,u]—|—/U|u|2d:1;), u € d[my]. (4.22)

DTo oTHOmeHNE pacnagaeTcs (¢p. ¢ (4.9)) B OPTOrOHAIBHYIO CYMMY
HYJIA U OTHOIIEeHU

Vk/|u| da [ (" [u /U|u| de), k=1,...,L.  (4.23k)
Qk

BOCHOJIB3'_Y€MCH TEIIEePh CIAEAYVIOMVM IIPOCTBIM YTBEDARICHUEM.

IIpenmoxenne 4.1. Jag omnowenus gopm

/U|u|2dx/m§’“>[u,u] (4.24k)
Qk
B8blNONAHEHO
AL ((4.24k)) < o0, k=1,...,L. (4.25k)

HoxkazarenbcTBo. Ilyctes Uy — npomomxenue HyaeM (QYHKIUN U‘Qk

wa RY\ Q. Slcno, uro ormomenue (4.24k) ecTh cyskeHUe OTHOIICHU

/Uk|u|2d:1;/ml[u,u], (4.26k)
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a moromy n(s,(4.24k)) < n(s,(4.26k)). Hamee, CIeKTp OTHONIEHS
/Uk|u|2d:1;/ml[u,u] (4.27k)

aeT OLeHKY CBeDPXY IJsl crekTpa oTHoueHus (4.26k), oTkyga moay-
vaem: n(s,(4.24k)) < n(s,(4.27k)). B cuay (2.4) cupaBeniuBo BKIO-
uernne Uy € L,.(RY). TlosTomy, B cooTBeTcTBUM ¢ (4.5), HAXO0AMM, UTO
AL ((4.27k)) < 0o, a Torma Bepuo u (4.25k). e

Coorromenus (4.25) IOKa3bIBAIOT, B YACTHOCTH, YTO (POPMA B UL~
caurene (4.24k) KOMIAKTHA OTHOCUTENBHO (popMbl 3HaMeHaTexsa. O1-
cioga cilIengyer, uTo

§,.((4.23k)) = 6,.((4.11k)), k=1,... L,

a Torma, ¢ yaerom (4.17),

6,((4.22)) = 6,.((4.10)) = (27r)_dwd/V”(:1;)d:1;.
CremoBarensso,

0((4.1)) = 6,.((4.22)) = (27r)_dwd/V%(:1;)d:1;.

Bumecte ¢ (4.21) 10 naer (4.3). Teopema 2.1 norasana.

Sameuanue 4.2. Ycnosue (2.4) UCHONB30BANIOCH TOIBKO IPU IO-
kasaTeilbcTBe cooTHomeHusa (4.25). OnHako (aKTUUECKM MBI IOJIb-
30BANNCH JIUIIb KOMIAKTHOCTBIO uncaureids B (4.24k) oTHocurens-
HO 3HaMeHaTedsd. DTO JaeT BO3MOKHOCTDL HECKOJIBKO OCIabUTh YCIO0-
Bre (2.3), Ho B L,-TepMHUHAX yMEHBIIUTDL [IOKA3ATEIb P =  HEIb3s.
ABanoruusoe zaMevyaHue BEPHO M OTHOCUTENBHO ycaoBuii (2.2) Ha
BekTOp-mIoTeHnnaa A(x). Mbr He 6ymeM 3mech BXOIUTE B HOAPOOHO-
CTH.
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Birman M. Sh., Pushnitskii A. B. Discrete spectrum in the gaps of
perturbed pseudorelativistic Hamiltonian.
Pseudorelativistic Hamiltonian

Gija =((—V—AP+ D'+ W, zeR’ d>2,

is considered under wide conditions on potentials A(x), W(z). It is as-
sumed that the real point A is regular for G /5. Let Gy /2(a) = Gy —aV,
where o > 0, V(z) > 0, V € Lyg(R?). Denote by N(),«) the number of
eigenvalues of G /5(t) that cross the point A as ¢ increases from 0 to «.
The Weyl type asymptotics for N(A, «) as a — oo is obtained.
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