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OJHOMEPHBIE L,-HEPABEHCTBA THIIA XAPJIU
JJId COEIIMAJILHBIX BECOBBLIX ®YHKIIINI
n nx NMPMMEHEHUNA

P.I. HACUBYJIJINH

Annorarua. Mper ycranasmBaem ogHOMepHbIE Lj,-nepaBencTBa Xapau C JOTIOJHUTE b
HBIMHU CJTATaeMBbIMU U TMPUMEHSIEM WX JIsT 000CHOBaHUS MHOTOMEPHBIX aHAJIOTOB B BBIMTYK-
JIBIX 0DJIACTAX ¢ KOHETHBIM 00beMoM. [lojiyaenbl BapuarimoHHbIe HEPABEHCTBA CO CTETIEHHBI-
MU BeCaMu, KOTOpbie 060BIIAI0T COOTBETCTBYIONINE YTBEPIKIEHUsI, TPEICTABIEHHBIE DAHEe
B cratbax M. Xodhdmanu-Ocrenxod, T. Xopdmanra-Ocrenxoda, A. Jlanresa u [Ix. Tu-
nbmoma. Mer hopMynupyeM u OKA3bIBAEM HEPABEHCTBA, CIIPABEIUBBIE [IJId TPOU3BOJIHHBIX
obJiacreil, 3aTeM CYIIECTBEHHO YIIPOIIAEM UX JIJIsT KJIACCa BRITYKIBIX obacTeii. KoncranTo
B JIOTIOJTHUTE/IBHBIX CJATAeMbIX B 9THX ITPOCTPAHCTBEHHBIX HEPABEHCTBAX 3aBUCAT OT 00be-
Ma wiu guamerpa obaactu. Kak ciaefcTBre noydeHHbiX Pe3yJbTaToB OyeM UMeTh OIEHKHT
[IEPBOT'O COOCTBEHHOTO UMC/IA JJIsl P-JIalljIACMaHA [IPU TPAHUYHBIX yeaoBuax Jlupuxiie.

KorodeBble cjtoBa: HepaseHCTBO Xap/u, JOIOJHATEIBLHOE CJlaraemMoe, OJJHOMEPHOe Hepa-
BEHCTBO, (PYHKIMS pacCTosgHus, o0beM obacTu, guamMerp, IepBoe COOCTBEHHOE YUCJIO 3a-
naun Hupuxie.

Mathematics Subject Classification: 26D15, 46E35

1. BBEJAEHUE

JlanHasi cTaThs MOCBsdIeHa 0DOOIIEHUIM HepaBeHCTBa TUIA Xapau, Jokazanuoro B.I. Jle-
BUHBIM B craThe [I]. A uMeHHO, cJieIyoIero TOYHOro HepaBeHCTBa

1

/%dt < /y’2(t)dt, (1.1)

0 0
CIIPABEINBOTO st JTIO60I HEPABHOI TOXKIECTBEHHO HYJIO a0COMIOTHO HENPEPHIBHON (hyHK-
nun y taxoii, aro y(0) = 0 n y' € L?[0,1]. Mut ycraroeum Ly-ananorn (1.1)).
Nnrepec x wepasencTy ((1.1)) BbI3BaH TeMm, 9TO OHO ABJAETCS YCUJIECHHEM YXKE CTABIIETO
KJIACCHYECKUM HEePABEHCTBa XapIu
1 1

/y2(t)dt < 4/y’2(t)dt (1.2)

t2
0 0
HA eJIMHUTIHOM OTpe3Ke I TOro e Kjaacca (pynknuit. Koncranra 1 B HepaBeHcTBe U T0-
crosinHas 4 B 1) ABJISIOTCS TOYHBIMU, HO HE CYIIECTBYET IKCTPEMAJIbHON (PYHKIIMK, HA KOTO-
pOfI B 9THUX HEPaBEHCTBAX AOCTHUIa€TCd PaBEHCTBO.
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102 P.I' HACUBYJIJINH

Crout orMeTuTb, 9T0 pojcTBennbe K (|1.1]) HepaBeHcTBA TAKKE HCTIOMB3YIOTCS JIJIsT YCTAHOB-
JEHHUST JOCTATOYHBIX YCJIOBHH OJHOJUCTHOCTH MepPOMOpPMhHBIX B Kpyre GYHKIHI B TepMUHAX
omenku mogysisi mpousBoauoit [Isapmua. Ha nepsoiit B3rjisi 10CTATOYHO CJIOZKHO MOHSATH KAk
HEPABEHCTBA Xap/u Jjid aOCOJIOTHO HEIPEPLIBHLIX (DYHKIUNA NPUMEHIIOTCH PU 000OCHOBAHUH
JIOCTATOYHBIX YCJIOBUI OMHOJUCTHOCTH aHAJIATHYECKNX (PyHKIni. OKa3bIBaeTCs, CyIecTByer
cBsi3b (eM. nompobuee [2]-[5]) omrommceTHOCTH DyHKIMK ¢ HEKOIEOIEMOCTHIO PEIEHNs CIIeTn-
AJILHOTO U PepeHITNaIbLHOIO yPaBHEeHUA, KOTOPOEe, B CBOIO O4Yepe/ib, OJIM3KO K HEePaBeHCTBaM
THUna Xapiu.

MBI JIETKO MOZKEM TIpeo0pa3oBaTh BecoByo gpyHkumio ¢~ (2 —t)~? n nepenucars (1.1) B Buge

/yt(j)dwz/ (y2 g)t)dt—i-/% <4/y'2(t)dta (L11)

0

110 KOTOPOMY Cpa3y CTAHOBUTCs $CHO, KAKMM HMEHHO O0Opa30M yCHJIMBAETCsl HEPABEH-
crBo ((1.2) — ¢ HOMOIIBIO JONOJHUTENIbHBIX CIAraeMbiX. B II0CaeHne JAeCsaTuaeTHs Ony0,im-
KOBAHO MHOXKeCTBO pabor (cMm., mampumep, [6]-[24]), nocssamenmbx nepaBeHCTBAM € JIOIOJIHA-
TeJIbHBIME CJIAraeMbIME, HO B JinTepaType (maxke cobcrBenHo B crarbe [I|) mpakTtnveckn He
yrnomMuHaeTcs 3TOT pedyibrar B.U. JleBuHa Kak ycujaeHne KjIacCHYeCKOI'0 HepaBeHCTBa Xap/in
C TOMOIIBIO TOMOJHUTETBHBIX CJIATaeMBbIX.

JIoCTATOMHO MHTEPECHBIM HO COfAepXKaHuio 1 dopMe spisercs anajior nepasencrsa ([L.1])
na orpeske [0,2b] anst abcomoTHO HempepblBHBIX dyukmumit Takux, uro y(0) = y(2b) = 0.
A UMeHHO, HEpaBEHCTBO

2by2(t) 2b y2(t) 2b yQ(t) 20 i |
0/ p?(t)dt”o/ p(t)u(t)d”o/ 20 <40/ AOL )

rae p(t) = min{t, 20 — t} u p(t) = 20 — p(t). Bosee cnabasa sepcus (|1.1]')

O 0 o
O/pz(t)dt+0/—p(t)u(t)dt <40/y ()t (1.3)

HessBHBIM oOpas3om ucnosb3osara M. Xodhdmana-Ocrenxod, T. Xobdmanrnom-Ocrenxodhom u
A. JlarreBbim B craThe [I3] mis mokaszarenbeTBa CIeyIONEro MHOrOMEPHOTO HEPABEHCTBA

2
g
e+ L / oo < [ 9gtoa 14

CIIPABEINBOTO I BCEX ¢ U3 H3BECTHOTO CeMeHCTBA HemPEpBIBHO TuddepeHInpyeMbIx (hyHK-
nmii Cj(£2) ¢ KOMIIAKTHBIM HOCATENEM B OTKPBHITOIl BBITYKIO# obmactu 2 C R™ ¢ KOHEUHBIM
obbemom |, rae [S*Y — miowans nosepxHocTu n — l-MepHOil ejuHUYHOI ¢hepbl U HOCTOSH-
Has

n

(o) = [E] "

Muoromeproe HepasencTso (1.4)) umeer psa oTaHUHit OT OAHOMEPHOTO CJIyYasi: HHTETPHPO-
BaHUEe BeJeTCs IO n-MepHoit objacTu ) eBKAMI0Ba mpocTpaHcTBa R”, cTemeHn t 3aMeHEHBI
Ha crenenu dpyukinuu §(x) paccrosuus or Touku T € ) 10 rpanunpt IS obsactu €, T.e.

d(z) = dist(x, 0Q),
a IpoM3BOjIHAS (DYHKIINK 3aMeHeHa Ha ee IPajIdeHT

V() = <8gg>, - 6;;?) |
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dcHo, uTo ecom mosyuuTh yermstenus wepaserctsa (L.1["), To, ucnonbsys mogxon u3 crarbu |13
(em. makxke 23], [24]), MoxkHO TOSYUUTH HEpABEHCTBA THIIA ¢ 60Jiee TOYHBIMI KOHCTAHTA-
MU.

B craree [11] X. Bpesuc u M. Mapkyc nokazanu, aro ecsn {2 C R” — orpanndenunas 061acTh
¢ koneunbiMm guamverpom D(), To maa oot dynxuuu g € C}(£2) umeer MecTo HEPaBEHCTEO

L[ lgo)P 1 : :
! / U e+ e / 90 < / Vg(a) da. (15)

Taxke ormerum pesysnbrar @.I. Asxaauesa u K.-I1. Bupca u3 crarbu [6]. Onn qokaszanu, 4to
JIJIST BCeX HelpephIBHO JuddepeHnupyeMbiX (PYHKIUNR ¢ ¢ KOMIAKTHBIM HOCHTEIEM B BBIIIYKJIOMN
obaacTu {) ¢ KOHEYHBIM BHYTPEHHEM PATAYCOM 0g({)) CIpaBeTHBO TOYHOE HEPABEHCTBO

=V [lg@P PN [ ) Vo)l
4 Q/§(x>s+1dx+468(mg/6(x>s+1qda:ég/ 5(z) T dz, (1.6)

rie s >0,g>0,v e [0, ﬂ U KOHCTAHTA A SIBJISIETCsl PEIEHUEM CJIeIYIONero yPaBHEHUs TUTIA

JIamba ansa dyukmun Beccens J, nopsaka v

sJ,(\) + gATL(\) = 0.

Koucranter (s? — 1%¢?)/4 u ¢*\? /4 B 3TOM HepaBeHCTBe ABAAOTCA TOUHbIMU. OTMETHM JIUIID,

410 npu v > 0 cymecTByeT sKcTpeMasibHas (DYHKIMs, Ha KOTOPOH JOCTHTAeTCs PAaBEHCTBO,
anpu v =0 ®.I. Apxamues u K.-I1. Bupc nmocTponin MEHIMI3HPYIOILYIO HOCJIEI0BATEIbHOCTD,
Yepe3 KOTOPYIO MOKA3aJd TOYHOCTHh H HEJOCTHZKIMOCTH KOHCTAHTHI.

Cnenyst crarbsm [6]-[8], Beuauny A\ 6ymem naspBaTh noctosunoit Jlsmba (cm. rakxe [16]-
[18]). TTosicnum HasBanus «mocTosiHHast JIambay u «ypasaerue JIambay. [0 B TOM, 4TO 4acT-
HBI{T CJIy9aii 5Toro ypaBHeHus Biepsbie Ob1 paccmorper X. JIambom B crarbe [26]. TTozxke oo
pazsuBaioch 1 Tak Haspano O.I. Asxajmessim n K.-I1. Bupcom B crarne [6]. TTo sroit npuanue
GoJtee obIIMe ypaBHEHHUS TAKOTO BH/IA Mbl HAa3bIBAEM HapaMETPHICCKUMU ypaBHeHuAMHA J[3M0a,
a ero KOpHU MOCTOSHHBIME JI3mba.

3anada jgobaBiieHus B HEPABEHCTBA Xap/AH JOMOJHUTEJLHOTO CJIAaraeMoro CBsi3ana ¢ KJiac-
CHYIECKUMH OTEHKAMH TePBOr0 cOOCTBEHHOrO uuciaa Ap(€)) Jyisl JallacMaHa MpPH TPAHHYHBIX
yeqaoBugx Jupuxie u co ciaenyonuM HepaBeHCTBOM [lyankape:

(@) / 9(o)Pde < / Vo(@)Pdz Vg € CHO).
Q Q

[Iupoko ussectHnl onenka [Iyankape A;(Q) > 72/D?*(Q)) n 3HAMEHATOE H30MEPAMETPUIECKOE
nepapencTBo Pajies-Dabepa-Kpana

w2/n 9
A(Q) > ’m—Q/njn/Q—la

rae j, — nepblit nysib dbynknun Beccens J, mopsaka v (em. [28]).

Kak caencrBue storo pesyiabrara M. Xodbwmanu-Ocrenxod, T. Xodmanua-Octernxoda
u A. Jlanresa, nepsoe cobcrBenHoe uucio A(§2) Jsamiacuana B Cjydae BbILYKJIbIX OOjiacreil
¢ (pukcupoBaHHBIM 00BLEMOM MOZKET OBITH OIEHEHO CJIeLYIONIUM 00pa30M

1 K(n)
M) > - .
1( ) 4’9’2/71
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B nannoit paboTe MBI YIYUITUM KOHCTAHTY TPeIbIAyIeil oneHku 6oJiee ueM B TpH pasa. A uMeH-
HO, TIOJIYYUM, ITO
Q) S 5X2K(n)

1(Q2) > Wa
rje MoCcTosHHasd A\ =~ 1,25578.

Hepagencrso @.I". Asxaanena u K.-I1. Bupca 1) B CJIy4ae N-MEpPHBIX BBIMYKJbIX obJracTeil

SIBJISTETCSI BTOPBIM CIIOCOOOM JT0KA3aTe/IbCTBA M3BECTHBIX OIEHOK TEPBOTO COOCTBEHHOTO UUC/IA
A1(Q) mamnacuana (em. [27])

2 w2

> .
462(Q) ~ D2(Q)
Jx. Tunbaom B crarse [22] yeranosun L,-ananoru pesyasraros M. Xodmanm-Ocrenxod,

T. Xodmanna-Ocrenxoda u A. Jlanresa. Um g m060# (hyHKIUH ¢ 13 COOTBETCTBYIOIIETO
upocrpanctsa CobosieBa pu p > 1 10Ka3aHO CJaeAyIolee HePaBeHCTBO B BHITYKJIOH obacTu €

(pgl)pﬂ ‘gﬁgr |Q|p/n /| )IPdz < /IVg(x)lpdw, (1.7)

rIe TTOCTOSTHHAA

A () >

(=1 (18N VAT ()
alpr) = (B e
g n L) (3)
Yepes ' obo3nauena ramma-dyukius Jitiepa. B gacraoctu npu p = 2 JIx. Tugbaom umeer
KOHCTAaHTY 13 Hepasencrsa ((1.4)
1 K(n)
a(2,n) = IR

B pa6ore C. ®@uwrnnnaca, B.I. Masbu u A. Teprukaca [12] mokazano, 9T0 B BBILYKJIBIX
obmactax Q CR"mpul <p<nup<qg< n'f’p rounas Koucranta C()) B L,-HepaBeHCTBe

p/q

(}%)pﬂ IgizgpdxﬂLC(Q) Q/|g(x)|qu <Q/|Vg($)|pdx

MOZKeT OBITh OIlEHEHA C JIByX CTOPOH Yepe3 BHYTPEHHUIl PaJInyC CJeyIonuM 00pa3oM

(D, q.m)(Bo(Q)" T > C(Q)  ealpg,m) (o))

rae ¢1(p, q,n) u c2(p, ¢, n) — HEKOTOPbIE KOHCTAHTHI, CYMECTBOBAHNE KOTOPBIX OOOCHOBBIBACTCS.

ITo amamoruum c Lo-caydaeM 3afada 100aBIeHHSA JOHOTHUTENBHOIO CJIaraeMoro B L,-
HEPABEHCTBA CBA3aHA € OLEHKAMH LEPBOTO COOCTBEHHOTO 4ducaa A,(§)) st p-jlamiacuana mpu
IPAHUYHBIX yea0BuAX upuxie u co cieayiomum HepapeHcTsoM [lyankape:

Q) / g(0)Pde < / Vo(a)Pdz Vg € CHQ).
Q Q

B kadectBe ciencrBus pesyiabrara Jxx. Tugbaoma mogydum

(p )p-i—l ’Sn 1| p/n \/_F (n+p> 1
W) >, (n> L (B7) T (3) 1Qp

2

urepecHo cpaBHUTH Pe3yabTaThl JaHHON cTaThi ¢ HepasencTBamu u3 [20], [23] n [24]. Ha-
npumep, B crarbe [24] Gpran noxydens 0600meHNs u ycuiaenus HepaBencTsa (|1.7), HO B BuIe
CJIEJICTBUSI ABTOPBI TOJYUYAIOT TaKyl Ke KOHCTAHTY a(p,n) B JOHOJHUTEIBLHOM CJIaraeMOM.
B craree [20] koHcTanTa a(p,n) ycuiena npu p > 2. B BHIe cJIeJCTBHS HAIIAX OCHOBHBIX
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Pe3YJIbTATOB B ciiydae, Koraa p € [2,po], rae po ~ 2,314, mbl mosyunm GoJiee TOUHBIE ONEHKH
Ap(€2). A MMeHHO, TTOKaZKeM, UTO

TpA2 <p—1>P<|S”—1|)”/" Vil (52) 1
n L (22) T (3) |

2

i) > 8(p—1)2 p¥

rae A\ — IepBLIi HOJOXKHUTEIbHBI KOPeHb ypaBHeHud Tuia JIamba
(p—1)Jo (A1) =21 (A1) =0, Ay € (0, jo).

Taxum obpa3oM, B 1aHHOIl paboTe MBI YCTAHOBUM L,-Bepcun 7 IPUMEHUM UX I 000C-
HOBaHUA ITPOCTPAHCTBCHHBIX HEPABEHCTB BU /1A , n C 60.Hee JIyIYIIUMH KOHCTaHTa~
MH B AOIIOJTHHUTEJIbHBIX CJIar'da€MbIX. TaK}Ke B BuAe CJCACTBHUA MHOIOMEDHBIX HEPABEHCTB II0JIY-
UM OLEHKH MEPBOTO COOCTBEHHOTO ducaa A,(§2) Ay p-ramracuana IpH TPAHHYHBIX yCJIOBHSAX
Iupuxie.

2. YPABHEHUE U TIOCTOSIHHAS JISMBA

B mamHOM pasgene Mbl mpupejeM HeOOXOAMMBIE s JIaJIbHEHINero M3JI0XKEeHHs BCIOMOIa-
TeJbHble cBeJieHusi. B ocHOBHOM OHHE OyIyT KacaTbCs CBOWCTB JBYX BBEJICHHBIX CIEIHAJILHBIX

byHKIH.

2.1. IlepBas dbyukmusa. [Ipeanonoxum, aro g € (0,00), s € (0,00) u v > 0. Paccmorpum
dbynxmmio F), s ,, onpeeseHHyIo caeayIomuM 00pa3om

F,oqt)=t21/(2—1)J, )\( ! )2 , telo,1],

2t
e KOHCTaHTa )\ ABJIAETCA TTEPBBIM MMOJOXKUTEJIBHBIM DEHNICHUEM YpPaBHEHUA TUIIAQ I_[SM6&
(s —1)J, (A) +2¢AJ. (A\) =0, A€ (0,5,), (2.1)

g pynknun beccens J, nopganka v. Hamomuum, uro ¢gpyukmuio Beccesst MOXKHO OIIpeeIuTh
qepes3 CXOAAIIANRCT Pal
I > (_1)kt2k+u
/() = kz:% 2k EIT(k+1+v)

31ech u gajiee depes j, OyaeM 00603HAYATH IEPBBIHA MOJOKHTEILHBIN KopeHnb (pyHkmuu bec-
cend J,. [logpobuyio nndopmaimio o cBoiictBax dpyHKIuu beccens u ee HyIIX MOXKHO HalTH
B Mouorpacdun Ixx.H. Barcona [25)].

[Ipusejiem Jiniith HEKOTOpPbIE CBOHCTBA 3T0H (DYHKIMU, KOTOPbIE B JajbHEHIeM Mbl Oy/ieM
UCIOIb30BaTh. Hanpumep, u3BecTHO, 4TO:

a) u(t) = J,(t) asagerca kanonnvdeckum perniennem audepeHimanbHoro ypapaenns becce-
JId:

U () + td (t) + (12— v?) u(t) = 0;

0) mpU JOCTATOYHO MAJIBIX ¢ CIPABEIMBA CJEAYIONAs ACHMITOTHYIeCKas: (HOpMyIIa

et (3

Ilepeitnem x HeKOTOpPHIM cBoiicTBam dynknuu I, s .. exona us onpenenenns dbynknun bec-
cestst, umeeM F, ; .(t) > 0 mpu gocrarouno mansix ¢ u npu t € (0, 1]

A (%_t)g € (0,7,).

Ilostomy F), 5 ,(t) aBasteTcs crporo moozkuTe bHOH Takzke mpu t € (0, 1].
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HemocpeacrBennbie BHIKJIAJIKH JIAI0OT CJIEAYIONIEE BbIpazKeHue /st HPOU3BOIHON STOi PYHK-

1807051
y s2—t) ty? v Ly
HEE () = e, [ A [ 5— A |\ Mo ) |
() ) o))

Jnst ymobeTBa mepenuiineM 3TO PaBeHCTBO B H0jiee KOMIAKTHOM BHJIE

V(t)Ey (1) = w(t)y (2(1) + 22(2) ], (2(1))

rie

2152 —1 s+1  2s ( ¢ )3
vt:—, t+ 2w ) =2 —) .
(t) . w(t) = . . (t) 53

[Tpu kaxaom dbukcupoantom ¢ € (0, 1] pacemorpum ypaBrerne Tuna JIsvba

w(t)Jy (2(t)) +22(8)J), (2(t)) = 0.

B crarbe [6] @.T. ABxaaueBsim u K.-I1. BupcoM mOKa3aHO, 9TO PEIMICHHE 3TOTO YPABHEHHST 2(t)
MOHOTOHHO BO3pPAcTaeT npu yeiundenuu w(t) u upu stom z(t) < j,. Ilosromy Tax xak dyuxmms
w(t) — ybObiBatoIasi, TO MBI TOJYUYHNM, 4TO pertenue z(1) = \ ypaBHeHust

w(1)J, (2(1)) +22(1)J, (2(1)) = 0

SIBJISICTCSl HAUMEHBITUM | JIesKHT B uaTepsase (0, 7,). DTor hakT cymecTBeHHo 6yIeT HCIOTb-
30BaThes ganee. Hampumep, orciona caeayer, uro F, () > 0muput € (0,1) u F/, (1) =0.

V,8,q v,5,4
Heitcreurensuo, nmeem F),  (t) > 0 npu jgocratoano Majbix t. Eciu nogoxuTh npoTuBHOe,
/ 5] / _
uro ) (1) < 0 a1s wexoropwix t, To Hafinerca Touka ty € (0,1), ansa koropoit F, (to) = 0,

T.e. Hafizercs pemenne z(ty) < z(1) = A ypaBuenus

w(te)d, (2(to)) + 22(to)J,, (2(t9)) = 0.
YT0 NpoTHBOPEYUT MUHUMATILHOCTH .

Hcnonssys caeayonyto (popMyaIy, CBA3bBamOmyo (QyHKIuo Beccens u ee Ipon3BOIHYIO
(eMm., manpumep, [25]),

T(2) = Jua(2) = ZL(2),

HOJTY THM
Fagll) s@—t)—t . #h" qJ; ()\ (ﬁ)%>
Fuad® ~ 2020 " 2= (3 (1))
s@—t)—t 2t i e (AGR)?)
G g

CaenoBarennno, ypasaerne JIsmba (2.1) MoxKHO nepenncars cieayonmum 06pa3om
(s = 2vq — 1)J,(A) +2gAJ,1(A) =0, A€ (0,4,).

[Tpumenssi coiicTBo a) dyHKnuE Beccenst, mMeeM Tak:kKe PaABEHCTBO JJisl BTOPO# TPOU3BOIHO
bynxmmm F, ;5 ,

F'. (t E, 222 4—t 4\ q?

i) g el ST g gy ATt N

Fs4(t) tF, 54() t t(2—1) (2 —t)*ta

Hakomer, ucrnonb3ys pasJioxkenue B psji pyHKInu bBeccesis, moaydnm

tF) () s+uq
. v,8,q
llflr% ) 2 (2.3)

(2.2)
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(em. Takxke [6]-[8] miasa Gonbmieit madopmanum).

2.2. Bropasa dbyukmus. Tenepsb npeanosnoxum, aro g € (0,00) u s € (0,00). dajee Takke
HaM Oyger HeobxoquMa dynknug P ,, onpeseseHHad caeLyOMUM 00pa3oM

), t €[0,1],

e KOHCTaHTa )\1 ABJIAETCA MEPBBIM IMOJIOZKUTEJIbHBIM DEHICHUEeM ypPaBHEHUA

SJO()\I) — 2q)\J1()\1) == 0, /\1 S (0,]0)

) (v (55) )

Beime Mbl Bocmosb3oBaucs reM, dato J)(z) = —Ji(2). Hocaeanee paBeHCTBO HepemnimeM cie-
JIYIONTAM 00pa3oM

KA
vy
Q
=
|
S
S
RS
>
et
VRS
o)
|-
~
~_
N

HenocpejicrBentbie BbIKJIAJAKNA J1AI0T

R
NS

N

2(2 - 1 H (1) = 5(2 - 1)y (Al (z5)

V()P 4(t) = w(t)Jo (2(t)) — 22(t) /1 (2(1)) ,
e
2 s S 25 :
v(t)= =2 —-t'2, wlt)=-—"t+ =, z(t) =\ (—) :
(t) q( ) (t) i () =X\
[Tpu kaxaom dbukcupoantom ¢ € (0, 1] paccmorpum ypaBHeHHe

w(t)Jo (2(t)) — 22(t)J1 (2(t)) = 0.

ITo anmamoruu ¢ dynknueit F, ,, tax kak ¢ynkinus w(t) — yOblBaOmas, TO MbI [OJLY9UM,
aro perrenne A\ = z(1) ypaBaenus

w(1)Jo (2(1)) = 22(1)J; (2(1)) = 0

SIBJISIETCS HAMMEHBIITHM.
— /

dAeno, uro @,,(0) = 0, Dy4(t) > 0 m O (f) > 0 ana jgocrarouno maniwix t. Menombsys
orpe/ie/ieHue mocTossHuoi JIamba A, umeem

P, (1) =0, Py u(t)>0 mpm te(0,1], @ (t)>0 mpu te(0,1).

TakKe CTOUT OTMETHUTh, UTO HPUMEHsIst CBOUCTBO a) (yHKIuE Beccelst, MOKHO MOy IUTH CJie-
JIYIOTIee PaBEeHCTBO

Phall) | (1 - g Zea® 5" ¢’ WL (M 5))
—s = T T Tamaro v M4 N
tDg (1) 462 1279(2 — t)2ta (2 —t)a ()\1 (ﬁ)i)

B KOTOPOM YYaCTBYET, KaK MBI MOKayKeM HUxKe, Bospacratomas npu z € [0,2] dbynkuusa

J1(2)/(20(2))-

JleficTBUTENBLHO, CIIPABEJINBO YTBEPXK ICHUE

J1(t)
tJo(t)

JIemma 2.1. Henpepwisnasa gynruyua h(t) = aeagemes sozpacmarowet; npu t € [0, 2]

U il’lfte[ovg] h(t) = %

Jlokasamenvcmso. Tlokaxkem, aro npoussognas h'(t) > 0 npu t € [0, 2]. Mcnonb3ys cieayonie
M3BECTHBIE PABEHCTBA Jist (DYHKIUK U Ipou3BoAHONH dbyHukuuu Beccens (cm., Hanpumep, [25 c.
45 u 152))
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Jo(t) = =i(0), tJ’( ) = i(t) = =t Ja(),

J1() Jo(t = ZQ—}—QJ J2+2] t),
=0
HOJLY YU M
15 (0) 272(0)
JE(t) = Jo(t) (1) _ 4 o
- =— ) (2+29)J5.,:(t) > 0.

tJ3(t) 13 J;O( +25)J540;(1)
Caenosaresbno, Gyukius h(t) sapiasercs Bo3pacTamoIeil i, yIuThiBas CBOHCTBO 0), mMeeM

: . 1

teu[%,fm ht) = H%h(t) Ty

[IpunuMasg BO BHUMAHUE 3TY JEMMY, Oy UM
d, (1) th,,(t) A2 292 —t)2te 2 (2 — )2
Taxke, CIOIB3Ys pa3/iozKeHHe B psijl GYHKIUU Beccens, nmeem
10, (1) s

| = —.
30 D, (1) 2

3. OJHOMEPHBIE HEPABEHCTBA

B aanHOM paszesie Mbl TOJY4YUM OJHOMEDHBIE HEDABEHCTBA HA eJAuHUIHOM orpeske [0, 1]
u Ha orpeske Buja [0, 2b]. Mbl Oy/eM CyIecTBeHHO HCIOIB30BATH CBONHCTBA (DYHKIHI, OHpeie-
JIGHHBIX B MPEJIBIIYIIEM ITyHKTE.

CripaBe JInBO CJIeyIoNee YTBEPZK IeHUE.

JIemma 3.1. IIyemv p > 2, s > 0, ¢ € (0,400), v € [0,s/q] u Pynryua y asasemca
abCoNOMHO HeNnPePuleHoll Ha OMPEIKE [O, 1] u maxoti, wmo y(0) =0,

|y ()|t PP e 170, 1]
TOZ()CL UMEETTT MECTIO HEPABEHCITGO
1
()P P 1—22%¢% p(4—1t)t 2022 14
P yOP ., Iy()l (1 v p( -t 2pNq

= dt,
(s2 — V2q2>p/2 ts—p+l s+l 2 —1222(2—1)2 | 2 —12¢2 (2 — t)2+q)
0 0

2de A — nepsuiil NoAOHCUMENOHBT KOPEHD YPAGHEHUA

JV_1<Z) .
Ju(2)
oxazameavcmeo. Bes orpanndenus OOIUIHOCTU MOKEM CUHUTATH, YTO Y ABJISETCS OJIOKUTE/ b=
HO# n HeyObIBalonieit pynknueii. Ha camom jsiesie, eci g npon3BoJibHas adCOJIOTHO HENPEPbIB-
Has Gyaknus Takasg, 1o ¢(0) =0 u
t
~ [1gar

—1—2vqg+ s+ 2qz
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H K TOMY 2K€ BLIIIOJIHEHO HEPABEHCTBO

[rowoa<c: [youo

¢ HeKOTOPOil KoucTauTO# (| 1 BeCcOBbIMEU (DYHKIMAME W U U, TO, TAK KAK

a(t)] < / @l =y, () =190,

HUMeeM HePpaBEHCTBO AJid IPOU3BOJBHOIO CJy4dad

b b b
/|9(t)|pw(t)dt < /yp(t)W(t)dt < Cl/y”’(t)v(t)dtZCl/lg’(t)lpv(t)dt-

Hecnoxuo mnokasarsb, 910

1 2
YA () ( ooy 28,1 >
0P ::/ Y (x == —y(t) | dt
/2 4 1 4 1 yp(t) F2 (t)
= dt = Flsa " RLAX AU
0/ 81 p20/ ”37‘1 t81y<>+ O/tSIng,q@)

I/IHTerI/IpOBaHI/IeM 110 9aCT4AM IIOJIYIUM

1
00 FoalD) | 97(0) Plagl)
p= LU gy ey e ’
0/ e VR L0 T T R0

p<t) in:s,q (t> Fli,s,q (t)
i ( (1= s) e e (t)> dt.

Ncnionib3ys orpejeienne mocTOASHHON A, mMeeM

FL.0 ) ()
P(1)-22 = —-1-2 202 = 0.
pp =g (-2 s an )
st 06oit abcomorHo HenpepwiBHOi dyuakunu y : [0,1] — R rakoit, uro y(0) = 0

u |y (1)|tP===D/P ¢ [P[0, 1], npumenss nepasenctso Lesbaepa, mosyanu

t " (e, ) e P o)
s—ptl y(7)P p—1 y(7)lP
/|y’(7’)|dr < /T rtdr Fs—pt+1 dr = (T) t* Fs—pt1 dr.
0 0 0 0
CnenoBarenbHo, npuanmas Bo BuuManue (2.3), nveem

y(t) Flsg(t)

i 25 Frog)

Uctnionib3yst paBeHcTBO , MOJTY I M

1

1
o [YPTE() /p S_VC] 2 9y 41 ANg?
1-— dt.
p/ tsl = RS 7wy R T g e
0

0
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Takum ob6pasomM,

1 1
2 p—2 /2 D 1,22 _ 2. 2492
p /y (t>y(t)dt>/y(t)<l+1 v 4t ANt )dt
0

s2 — 12¢? f5—2 U \2 22— 1222 —1)2 | (s2 — 12@?)(2 — )2t

[Ipumensis TeopeMy o cpeianeM apudMeTHYECKOM, 3alHCAHHYIO B cjeayomleit ¢opme

(em. [29])
+
P < (M)

P1+ P2
AJ1d BEeJINYUH
PP Yy (t) 2

(32—1/2q2)p/2t5+1*p’ pl:l_; Ho p2=

N

nMeeM

1 1
A P F Y AT .

dt.
(s2 — V2q2)p/2 ts—p+1 -l \ 82 T 22— 1222t(2—1)2 ' (52— 12¢?)(2 — t)2+q>

Yro 3aBepriaer J0Ka3aTebCTBO JIEMMbI O
IMpu s =p—1u ¢ =1 u3z geMmbl HECJI0YKHO TIOJIYYUTH CJIELYIONee yTBePHK IeHue.

CaencrBue 3.1. Ilycmov p > 2, v € [0,p — 1] u Pgynryua y asasemca abcoatomuo nenpe-
pusnot na ompesre [0,1] u maxod, wmo y(0) = 0, |y (t)| € LP[0,1]. Toeda umeem mecmo
HEPABEHCTNEO

/I t)rdt > ‘y()‘ (1+ pl=vh) 4=t | 2pX° t)3)dt’

w2 \E - DA (0 1) — A2 -

_b o )
ede ¢, = pP((p — 1) —V?)72 u A — nepeuiti noA0HCUMEALHVLT KOPEHD YPAGHEHUA

J;_l(Z)
—-1-2 2 =
v+s+2z J,,(z)

[Tepeiiziem K HepaBeHcTBaM Ha orpeske [0, 2b] B TepMmuHax dbyHKImit

p(t) =min{t, 20 —t} wu  p(t) =2b— p(t).

HNmMeeT MecTO Teopema.

Teopema 3.1. Ilpednoaoscum, wmo 0 < b < oo, p € [2,00) u v € [0,p — 1]. FEecau
y : [0,20] — R saeasemca abcorromuo nenpepuwenotls gyrnkuyued marot, wmo y(0) = y(2b) = 0
u ly'(t)| € LP[0,2b], mo umeem mecmo caedyrouiee Hepasercmeo

2b 2b
p 1 2
%/wﬁwﬁ> nmn(& La e pA m%>%
0 0

20 \2(0)  p(Ou(t) k20 T 2((p— 1)? — ) 3
ede
o — P’ C_p(2+)\2)—2u2 C_p(1+2)\2)—21/2
p_((p—l)z—l/?)%7 L 2(p-1)2_y2’ 2_2((]9_1)2_1/2)

U A — NEPBLITT NOAOHCUMEALHBIT KOPEHD YPAGHEHUA

J;_l(z)
—-1-2 2 =0.
v+ s+ ZJl,(z) 0
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Zoxazameavcmeo. HepaBeHCTBO caeicTBUAA MOXKHO Ipeobpa3oBaTh CJAEAYIONIAM 0Opa30M.

1 1
HP /1 A2 t
Cp/ly'(t)l”dt> vl (t—2+ a2 4 P )>dt.
0 0

=2 12—t 212 2((p—12—12)(2—¢t)

C moMoIIBbIo 3aMeHbI mepeMenHoit ¢ = 7/b B moc/e1HeM HePABEHCTBE MOy ITUM

b b
P A2 t
o [Wrars [LOE (Lo oy e o)
0 0

TP—2 T(2b—7)  (20—1)2  2((p—1)2—1v?)(2b—71)3

OGbe/uHsis I0CIe/[Hee HEPABEHCTBO CO CJIAYIONIUM COOTBETCTBYOIMM HEPABEHCTBOM Ha MH-
TepBadie [b, 20]

2b 2b
P 1 c A2 2b— 1
R G| 1 p )
CP/ y()fdr / @ -2\ @72 72— 7) A 2A(p— 12 —2@) 7 )7
b b

s dyukiun y € C(b, 2b) Taxoit, uto y(2b) = 0, HoJyUYNM yTBEPK/ICHHE TEOPEMBI. ]

Jamee Mbl OyeM IPUMEHSITH CBOMCTBA BTOPOil BBEJICHHON BbIIe (DYHKIUN s 0OOCHOBAHUS
HOBBIX HepaBeHCTB. IIMeeT MecTo ciemyiomee BcmoMoraTeIbHOE YTBEPXKICHUE.

JIemma 3.2. ITyemov p > 2, s >0, q € (0,+00) u Pynkyus y Acasemea aOCOAOMHO HENDE-
puerol na ompesxe [0, 1] u makod, wmo y(0) =0,

[y ()= e L7[o, 1],

Tozda umeem mecmo HEPABEHCIGO

1 1
YOF, s [l@F (| 28 0 phg et
ts—p+1 = PP ts+1 g2 (2 _ t)2+q 52 (2 _ t)2+q ’

0

2de A\| — nepsuitl NoA0HCUMEALHBIT KOPEHD YPABHEHUSA
sdo (A1) —2gM1J1 (M) =0, A1 € (0, j0).
loxazamenvcmeo. J10Ka3aTebCTBO aHATOTHYHO J0Ka3aTeabcTBY Jlemmbl [3.1] O
[Ipu ¢ = 1 umeem

CnencrBue 3.2. [Tycmov s > 0, p = 2 u fynkyua y A6AAMCA AOCOMOMHO HENPEPLBHOT Ha
ompesxe [0, 1] u makot, wmo y(0) =0

ly'(1)] € L7[0,1].

Tozda umeem mecmo HEPABEHCIMEO

1
P 222p 1 A2 1
/ Iy( )7 (L, 2Aip LA it
ts+1 v 4 | 1 t2 2 t2—tP 2 (2—t)3
0 0

2de X — nepsuiil NoAoAHCUMEALHBIT KOPEHD YPAGHEHUA

SJO ()\1> — 2>\1J1 ()\1) = 0, /\1 - (0,]0)
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Teopema 3.2. IIpednoaoocum, wmo 0 < b < oo, p € [2,00) u v € [0,p — 1]. Ecau
y : [0,20] — R asaaemea abcoromno nenpepueroti gynkyuet marot, wmo y(0) = y(2b) = 0
u |y ()| € LP[0,2b], mo umeem mecmo caedyrouiee HePaseHCmMBo

2b 2b
()P )P 1 A2 1 3 20(t
(E)p/ \zil(i)l dt > \yfl)\ (2 +P_;{ TR §(>Ddt’
s/ e p(t) ) P (t) \p2(t) 28 [p(t)u(t)  p2(t)  p3(t)
2de \{ — nepsuill noaosHcumesvholll Kopers ypasHeHUs
sdo (A1) —2M1 (A1) =0, A € (0, jo).

ﬂonasameﬂbcmso HepaBeHCTBo CJIEJICTBU S MOZKHO Ipeobpa30BaTh CJIEAYIONUM 00pa3oM

/' HiFde > ‘i( e (t12 * gﬁ L(zl— 0 (21)2 e itt)SD d.

B mocsemmeM mHepaBencTBe cesiaeM 3aMeHy IepeMeHHoi ¢t = 7/b u moaydnm

b b
p)p ' ()P ()P (1 pA 1 3 27
- dr > St + dr.
<s gst+l-p s o=\ 72 282 [7(20—7) + (20 —7)%2  (2b—1)3 T
0 0
O6beaungs mocaeHee HepaBeHCTBO CO CJICAYIONMM COOTBETCTBYONIMM HEPABEHCTBOM HAa WH-
teppaJe [b, 20]

2b
Pl @) y(r)? L N[ 13 2@
/ b—7>s+1—pd72/<2b—7>8—1 (<2b—7>2 T [w+_+—]>d

b

g bynkmun y € C1(b, 2b) Taxoit, uto y(2b) = 0, MOAYYIAM yTBEPZKICHAE TEOPEMBL. O

4. MHOTOMEPHEIE HEPABEHCTBA

B sTom naparpade Mbl OJIyduM MHONOMEPHbIE HEPABEHCTBA THUIIA Xap/d B MPOU3BOJILHBIX
O6JIaCTHX B TepMHUHAX PACCTOAHUA B CpEeJIHEM. PaCCTOHHI/Ie B CpeJHEM TaKKe€ MHOI'la Ha3bIBalOT
paccrogareM 1o JIsBucy. IlonydeHHBIe HepaBeHCTBA HPHHUMAIOT OoJiee YIpPOIIEHHBIH BHI B
BBIITYKJIBIX 00JIACTSX.

[Ipe:x e BBeIEM OCHOBHBIE 0003HAYEHHS, HCIOIB3YeMble B JaHHOM maparpade. [Iycrs () — or-
KPBITOE CBA3HOE COOCTBEHHOE MOAMHOMKECTBO €BKIMI0BA MpocTpancTsa R™, n > 2, dS"1(v) —

. dasn—1
9JIEMEHT ILJIOMIA/M HOBEPXHOCTH e uHuIHOl cepbl u dw(v) = |Sn,1(‘y) — HOPMHUPOBaHHAad Mepa

Ha equaIaHOl cdepe. s moboit Toukn x € Q, v € S*! nonaraem
7,(z) :=min{s > 0:x +sv & Q}
— paccTosiHUe OT TOYKHU T JIO TPAHUIIBI 00gacTw ) 110 HANPABICHUIO BEKTOPA V,

i(z) = lélf (@),

— paccTosgHie OT TOYKH I JI0 TPAHUIBl 001acTh €,

pu() :=min{7, (z), 7, ()}, p(z) = max{7,(z), 7-,(2)},
Dy(a) = 1(x) + 7(x), D@ = sup Dy(x),
zeQ,vesSn—1
W DACCTOSTHHEM B CPeJHeM HasbiBaeM BeauduHy (cM., Hampumep, [23, c. 83])

—\/EF (nTer) P(r)dw(v
remr J e
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Yepes || oboznauum 06beMm obaacTu ) u gepes (), — JEeMEHTH MHOZKeCTBa ), KOTOPBIE «BH/I-
HBI» U3 TOUKH .

OrmMeruM, 9TO jajee Mbl HPUMEHsIeM IIOJXOJ K JIOKA3aTeIbcTBY TeopeM u3 crarbu [13]
(em. Takwke [22]-[24]).

[IpenonokuM, 4ro geficreurensuoznadnad Gyukius g € CF (). Yepes 0, 0603na4nM yacT-
HYIO TPOM3BO/IHYIO 1o Hanpasieruio v. Apryments E.B. Ispuca (cm. [30]) Bmecre ¢ ogHOMEp-
HBIM HEPaBeHCTBOM TeOPeMH [3.2] JaroT

/|an 9@ N [ g (bl 2

R L R R L RN SR BT R

Ecn mponHTErpHpyeM 9T0 HEPABEHCTBO IO HOPMUPOBAHHOI Mepe dw (V) U BOCHIOIB3yeMCsl OTpe-
JeJieHueM TPOU3BOJIHON IO HATIPABJICHUIO

10,9| = |v - Vg| = [Vgl|cos(v, Vg)|,

TO TOJIYYUM

O Py

> / o1 / > }@) (pumluym Uz?a» *ipéj(%))d”(”)dx'

B [22] Txx. Tunbaomom nokaszano, 94to npu p > 1 cupaBejiuBbl COOTHOTIEHHS

rEH(E)

2 2

\/_F (n+p) !

(4.1)

B(n,p) / | cos(v, Vg)|[Pdw(v) =

sn—1

[ (5i) w0 > [ ]

Sn—

a A A. Banuuckuii, B.JI. 9sanc, P.T. JIstouc B [23] ycranoBuiu cieyromniyue oneHKn

Sn—

Hamnee npu p > s + 1 paccMOTPUM 4YeThIpe CJIydasd.
Cuaywuaii 1: s € (0,1]. Vcnons3ys onpeenenns OYHKIUA p,, [, U TPAMEHsIS TPeJIbITyTIHe
JeTbIipe (DOPMYITBI, TOTYIAM

_dwy) Mwy N —2/n
/ L)) 2/ B a) > 017) gl

du(v) P, 8@ [ T
| e | G > " Exlal

S§n—1 S§n—1

/ i(sggd”(”) 2 (Df@))gd‘”(”) > el

S§n—1 S§n—1

\ w
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CrenoBaTesbHO,

(g)ﬁDsH—p(Q)B(n’p)/‘vg(gj ‘pdx_/‘g x)[P / %das

5]?)\2 Sn 1‘ /lg |p51 s d +]9_)\2 |Sn—1| 2/‘ ( )’pé?_s(x)d
Z U2 [ |2/n 82\ n AN TONE T
Q

Cuayuaii 2: s € (1,2]. Anamorngno caydaio 1 nvmeem

[ s [ Gt > [ (o) e

[ttt | () | it > 8 [

Sn—1 Sn—1 Sn—1

[Tosromy nosrydaum

<B>pDS“*p(Q)B(n p)/|Vg( |de—/|g / dw(v)

s pst ()

O N A CO PO s 1) RC:
= 2 é+1 Qa2 | 3/n
8s n Q.| TS ’Q |

Q

Cayuait 3: s € (2,3). Tak Kak cnpaBe/JIUBbI OICHKH

N

S§n—1 Sn— Sn—

s+1

S/ o1 ) (pjm)s# dw<y>,sn[1 > |

S§n—1

TO B 9TOM CJIYy9ae uMeeM CJeaAyloniee HepaBeHCTBO

(&) @) ”p/ Vs(e 'pdl"/ sl / pzﬂ((i)d‘”

2 IS”‘ll "L g
2 ? ( n ’Q s+1 d:[;

Cuyuaii 4: s € [3, +00). [lo anajgoruu ¢ UpeabIyIAME CJIYYasgMU HOLY 9UM

/Mdu;—i)(ﬁ / <py<fc§i+sff2m>>zdw@> >S / (%@)SHMW,

[ e ? | atermayw = | (DV2<Q>>SHd°“’(”)’

Sn—1 Sn—1 Sn—1

_ dwv) 4p) *(x) s L[n —

S§n—1 S§n—1
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CaenoBaTesbHO,
p p s+1— dW(V)
(2) DB [ Vgl - / (@) / mdw
Q sn—1
9pA? [ |Sm! P
L0 (BN [lotl
452 n |Q
Taxum 00pa3oM cripaBejinBa TeOpeMa
Teopema 4.1. ITycmv 0 — npoussoavhas obaacms  eskaudosa npocmparncmea R™,

geE C’é (Q),p=22up>=s+1. Ecau s € (0,1], mo umeem mecmo Hepasencmso

(E)pD8+1_p(Q)B(n,p)/|Vg($)‘pd37_/|g(x)’p / dw_<u)dx

s py ()

pAL (18" lg(@)Po"(z) ,  pAL (1" 0°*(x)
> (e ] LEASAPA N P :
Z 442 n ERER dz + o5 Q52 n /‘9(95” ‘Qx‘s/ndx
Q Q

Feau s € (1,2], mo enpasedauso nepasercmeo

(2o emnen [roseras— [oor [ o5

L TPAL (18" gl o DA (1S 1| /| 52 &)
~ 8s? n Q|5 852 €2, |3/”
Q

€2,

Ecau s € (2,3), mo eunoaneno nepasencmeo

p P st p p _ (V)
() p Bn.p /'Vg Wz /'g /pw( )d‘”
_pA !S" T
/ 82 z
Q

FEeau s € [3,4+00), mo umeem mecmo nepasercmeo

i [ for | 2

/\2 Sn—l n p
o (| . |> o,
]Q

3decv A\ — nepsuiii nosoAHcUmMEALHBLT KOpeHs ypasrenus muna JIomba

sdo (A1) —2gM1J1 (M) =0, Ay € (0, jo).

Ecuiu nojiozkum, 4to p < s+ 1, TO 110 aHAJIOIUH ¢ JOKa3aTeJIbCTBOM TeopeMbl (4. 1| Oyaem uMeThb
CIIEYIONee YTBEePZK IeHHE.
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Teopema 4.2. Ilycmv € — npoussoavnas obaacmo  eskaudosa npocmpancmea R™,
geCH), p=2up<s+1. Ecau s € (1,2], mo cnpasedauso nepasencmeo

P\? Vg(x w(v)
(g) B(n,p)/58+1_p /| |:D/ 10 )dx
Q
TpAT (|S" lg(x pA? S~ 1\ 52 °(x)
> 71
~ 82 ( / S“ T3 /l 2, W”d

FEeau s € (2,3), mo umeem mecmo nepasercmeo

(8 s | ity [ [ e (B N* [l

Q

W
t

FEeau s € [3,400), mo 6u0noaHeHO HEPABEHCMBO

() e [ S [ [ ithars %2 (51) [t

Q

3decy \; — nepsviti nososcumesv Ll Kopens ypasrerus muna JIomba
sdo (A1) —2g 11 (A1) =0, A €(0,50).

[Ipeapiayiue TeopeMbl MOXKHO paccMaTpuBaTh B Oojiee y3KuX Kjaccax obsacreit. Mozxkuo
MOJIOYKUTH, ITO 00aCTh ) ABISETCS PEryasapHOil B cMbicae 3Buca, moTpedoBaTh /s HEEe BhI-
IIOJIHEHUE YCJIOBHs BHELTHEIO KOHYCa WM Ha 061acTh HAJOXKHUTH yCJIOBHE BBIIYKJIOCTU. B aTnx
caydagx obmacteit GopMyIibl cytecTBeHHO yiporaoTes (M. nogpotuee [20], [23]). Hanpuwmep,
H3BECTHO, 9TO ecin §) — BhIyKJIas obaactb, 1o |, | = || u, kak nmokazauo, B [22] cupasenmuso
HEPABEHCTBO

/ dw(v) >B(n,s+1).

pyti(x) — 0vt(a)
Sn—1

B Buje ciaegcrsuii Teopem u COOTBETCTBEHHO TOJIYUUM CJIEYIOIIAE YTBEPKICHUS.

Teopema 4.3. Ilycmo ) — oz2panuvennas 6vNYKAGA 00AGCTIL E6KAUOOSA NPOCTNPAH-
cmea R™, g € CH(Q), p=2up>=s+1. Ecau s € (0,1], mo cnpasedauso nepasencmeo

(91) D**77(Q)B(n, p) / Vg(x)[Pdz — B(n, s+ 1) (ng()a’:: dx
Q

5pAt (IS"] |g(x)[” pAL (S
> B [ gy P
12 (nym 5 10) ™ T8 \ nj

Q

FEeau s € (1,2], mo umeem mecmo nepagercmeo

S
3o

lg(=)[”
Q/ 5-2(z) dz.

(g)p D 17P(Q)B(n, p) / IVg(z)|Pdz — B(n, s + 1) ;ffﬂ: da

TpAT (1S P/\2 S* N\ [ lg(a)]?
P> p .
852 (n|Q| /' e+ \ Tl 52(g)

Q

3 e




OAHOMEPHBIE L,-HEPABEHCTBA THIIA XAPIH. .. 117

Ecau s € (2,3), mo cnpasedauso nepasencmeo

<§>st+l_p(Q)B(n,p) / Vg(z)[Pdz — B(n,s + 1) (Lgf()’p) dx

A2 S” 1|
Z— /lg )|[Pda.
s
Ecau s € [3,400), mo evinoaneno nepasencmeo

(2)" D+=r()Binp) [ 1Vgte)ds = Bl s+ 1) / ('Sfif() ’pf“

9pAT (18"
> x)|Pdx.
3decv A\ — nepsuili NOAOAHCUMEALHBLT KOPEHD YPABHEHUA TUNG JI9M6a

SJO ()\1) — zq)\ljl ()\1) = O, )\1 € (0,]0)

Teopema 4.4. Ilycmo Q) — o2panuvennas 6vnYyKAGA 00AGCTIL E6KAUOOSA NPOCTNPGH-
cmea R™, g € CH(Q), p=2up < s+ 1. Eeau s € (1,2], mo umeem mecmo nepasencmeo

(g)p B(n, p) %dm — B(n,s+1) (lfif()‘p) dx

A2 [ [sn / pv S /|g<x>rp

> p

7 82 (nrm gl + 55 \ 5o-2(a) ™"
Q

Ecau s € (2,3), mo gunoaneno nepasencmeo

P\? Vg(@) lg(x)[” pA? |S" T T
Q Q

Ecau s € [3,400), mo cnpagedauso nepasencmeo

P\P [Vg(x)P |g(z) | IpAT (IS"] /

= LI S — > 2 p

<s> B(n,p) 5S+1_p(x)dx B(n,s+1) 5S+1(I)dx Z I ] lg(x)|Pdx.
Q Q

3decw )\1 — nepewi NONOAHCUMENLHBLT KOPEHD YPaGHEHUA TMUNaQ JIomba
SJO ()\1) — 2>\1J1 ()\1) = 0, )\1 € (0,]0)

JI1s1 cpaBHEHUS ¢ U3BECTHBIMU pPe3yJIbTaTaMH PACCMOTPHM caydait s = p — 1. CupaBeainBo
cJIeIyIoNIee YTBEPIK/IeHHE.

Caeacrsue 4.1. ITycmv Q — oepanuvennas eunykias 00Aacmod e6KAUIOBA NPOCTPAH-
cmea R"™, g € C3(Q), p = 2. Ecau p € (2, 3], mo umeem mecmo nepasencmeo

p_Y vde — Blnp [ 19O 4
(-2) Bon / votePas - 5 [ G55

AE ST\ " pAT SN [ (gl
> rd dz.
8(p— 1) ( n|Q| /|g(x)| v 8(p—1)> \ n|Q 53 (x) "
Q Q
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Ecaup € (3,4), mo cnpasedauso nepasencmaeo

(%)pB(n,p)Q/\Vg(a:)\pdx—B(n,p)Q EE(?LPM? (ppj‘? (in;”) /’g .

FEeau p € [4,400), mo 6bnoaHEHO HEPABEHCMBO

(1) B fvserras o) | ooty (S [ weras

Ucnoansys oupeaenenue Ay(Q) u caegcrsue [4.1], noxyanm

CaencrBue 4.2. B swnyravz obracmazr Q ¢ dukcuposarnvm obsemom npu p € (2,3],
UMEEM, MECTO OUEHKA

A2 (p— 1) (|s"—1|>”/” vl (52) 1
-1 7\ o) TE T
2de \1 — nepsuili nososcumervhoili kKoperns ypasrerus muna Jomoa

(p—1)Jdo (M) —2MJ1 (M) =0, Ay €(0,J0).

Bameuanne 4.1. Jucaennvie pacuemo, noKa3veaom, 4mo

To\?

_PAT >p—1
8(p—1)?

Ap(2) 2

npu p € [2,pol, 2de py =~ 2,314.

Eciin B Teopeme HOJIOKUM § = 1 U p = 2, TO MMeeM Pe3yJbTaT, YCHJIUBAIOIUIA HepaBeH-
crBo M. Xobdmanu-Ocrenxod, T. Xoddbmanna-Ocrenxoda u A. JTanresa (1.4). Cupaseiupo
CJICJIYTONIEE yTBEPZK ICHHE.

Canencrsue 4.3. Ilycmov ) — oepanuuennan evnykaas obaacmdv e6kaudosa npocmpar-
cmea R", g € C3(Q). Toz0a cnpasedauso nepasercmeo

5 1 ( ) BATK(n) [, MOEm)n [

2de >\1 ~ 1,25578.

CraenctBue 4.4. B swnykavx obaacmaz ) ¢ dukcuposarovim 065emMom

5A2K(n)

A (Q) > 2
1(2) 8|2/

2de \1 =~ 1,25578.

TaK}Ke umMeer MeCTo HepaBeHCTBO € AOIOJIHUTEJbHBIMU CJ/lal'a€MbIMHU, 3aBUCAIIUMU TOJIbBKO
ot nuamerpa obyactu. CrnpaseinBa TeOPeMa.

Teopema 4.5. [lycmwb ) — ozparuvennasn 6unykias obaacmys eskaudosa npocmparncmea R"
up = 2. Tozda dan moboti pynxuyuu g € C3(Q) swinoaneno nepasencmeo

/ V()P — B(np) ‘g§(>';dx

TpA2

1 D T p)\2 P
>2(p_1)2Dp(Q)Q/|g<x>|d + e /|g ol
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3decv A\ — nepsuiii nosodHcumesvbull Kopers ypasnenus muna JIomoa
(p = 1)Jo (A1) = 2AJ1 (A1) =0, A1 € (0, o)

oxazameavcmeso. Vcnonbdys uepasenctso (4.1) u ompenenenne mmamerpa obmactu D(2),
npu s = p — 1 B ¢y O4eBUJIHBIX HEPABEHCTB

1 4 4
/ @) ) 2 / ool F @R ) Dy

Sn—l Sn—l
1 1
——dw(v) > ,
/ wolap ™) D)
OJTYIM
lg(z)|P
/|Vg )[Pdz — B(n, ) 5 )dx
Tp\? P p)\2 \p
22(_12Dp /Ig |d56+ 12070 /Ig )Po(x
OTKy/a ciiejlyeT yTBep:KIeHue TeOpeMbl. O

CaencrBue 4.5. B swnykavx obaacmaz ) ¢ pukcuposannvim duamempom
TpA2
2(p — 1)2D*(Q)B(n, p)’

Ap(§2) 2>

2de A\ =~ 1,25578.

AHajornanbie pe3yabTaTaM 3Toro maparpada HepaBeHCTBA MOYKHO MOy YNTh TAKKe, HCITOb-
3ysd Teopemy Beikmagku n obocHOBaHUS OYAyT IPAKTHIECKH TAKUMHU »Ke, HO OyIyT OTJIH-
9aThCs KOHCTAHTBI B HEPABEHCTBAX. DTU Pe3yJIbTAThl HHOIIA OYIYT UMETh HEKOTOPBIE IIPEHMY-
mecTBa. Hanpumep, B BBINYKJIBIX 001acTaX () ¢ (PUKCHPOBAHHBIM O0BEMOM MOYKHO IIOJIYYHTD
OILIEHKY
J't K(n)

9 Q[

rae j'; ~ 1,84118 — nepsblil 00U TENIbHBIT KOPeHb npou3BoAHoil J;' dyukuun Beccenst Ji.

A () >
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