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ACHMITOTUYECKOE PA3JIOKEHWE PEIIEHUIA
KBASWINHENHBIX QJUIMNITUYECKUX 3AIIAY
B OBJIACTSIX C TOHKVIMY TIOJIOCTSIMU

© M.A. HaymoBA

Honenk, Yxpauna

PE31OME. IlocTpoero acuMnToTHYECKOE Pa3NOKeHNe NOCACIOBATENLHOCTH perrenui 3a-
naq Jlupuxne nns HeNMMHEHHBIX IUTMNTUYECKIX YPABHERMI BTOPOTO MOPANKA B 06IacTIX
C TOHKMMH TONOCTAME. M3y4eHO MOBENEHME YNEHOB TOrO PA3JIONKEHUs M JNOKA3AHA CXO-
IOUMOCTE OCTATOYHOIO 4iEHA.

1. ITocranoBka 3anmagm.

B pabore paccMaTpuBaeTCs aCHMITOTHYECKOE [IOBECHNE PELIEHNiA KPAeBHIX 33034 ons
KBA3W/IMHEHHBIX SIJIMITAYECKNX yYDaBHEHMH BTODOrO HOPSAKa C TPAHMYHBIM YCIIOBHEM
Hupuxne B mOCnenoBaTENILHOCTH OGIACTEH C MONOCTAMHE, KOTODHIE CONEPXATCS B TOH-
KAX OKPECTHOCTAX IJIANKHMX MHOrooOpasmii pa3Hoil pasMepHocTH. Takoe acHMOTOTHYEC-
KO€ Pa3JIOXeHNe PellleHn# BMeCTe C MOTOYeUHBIMY OIIEHKAMY PELIECHUA MONeTbHLIX 3134,
M3YYeHHHIX B (3], ABNIFETCSA OCHOBOM NOCTPOEHUS YCPETHEHHO! 3a0a9M A1 YKA3AHHOMH IO~
CIIeLOBATENILHOCTH 3a0ad. Y CPeNHeHne JMHeHHBIX JUIMNTAYECKHX KPaeBhIX 33034 B 06-
TACTAX C MENKO3ePHHCTOR rpaHuueld usyseso B.A. Mapuenxo u E.f. Xpycnoesm B [1],
HEJTMHEeHHbIX 3a[a4 B 001acCTAX C MENKO3EpPHHCTO! TpaHMIeR ¥ o6IacTIX ¢ KAaHAJIAMHU -
U.B. CxpummaukoM B [2]. MeTon mocTpOeHMS aCHMOTOTHYECKUX DA3JOXeHMH, paspabo-
ranaei W.B. Ckpeimankom B [2], B marHOA paboTe mepeHOCHTCS Ha CIydail 06IacTei C
TOHKHMU TIOJIOCTAMH.

Bynem npennmonararte, 9To ¢yrkuan a; (z,u,p) , j=0,...,n, ONpeNeNeH:l OpX T, OPUHAL-
nexamem orpanmyennoi obnactu () xnacca C' B R",u € R',p € R™ u ynoBiIeTBOPAIOT
YCIIOBHSAM:

1) a; (T, u,p) HEIPEPHIBHEL IO 4, p IPH DOYTH BCEX T € (), M3MEPHME! 110 & TIPH moﬁnx_
u, p; a; (z,u,0) =0 mpu z € 2, uERl,j—l

@2) CYLIECTBYIOT MOJIOXUTENLHEIE nocroanﬂue vl Vg, € TaKHe, ITO IPU HEKOTOPHIX M €
[2,0),2 <0 <n-1r € (0,n m) u Bcex 3HavYeHmsx r € O, u,v € R}, p,g € R*
BBITIOJIHEHBI HepaBeHCTBa.

Z [a; (z,u,p) — aj (z,4,9)) (p; — ¢;) > v1 (1 + |p| + |a])™ % |p — qI?,

ao (z,u,p)u >~ (1 —€) [p|™ — ¢ (z) 1+ |u]),
laj (z,u,p) — a; (z,v,q)| <ve 1+ [u|™ + |v™ + p| + |a)™ 2 (p— gl + lu—v]),

¢ cxdly
|ao (z,u,p)| < Vz(lul Y+ P + o (2),
rne ¢ (z) € L, (Q) ,r2 > =Ji=1,.
IIpn w3yuennu ycpenHeHHs B cnyqasuc 1 <m < 2,m = o TpebyoTCcs U3MEHEHHT B
OPEANOIOXeHNsX U pesynbraTaXx. OT™MeTEM, 9TO QyHKUME a; (Z,u,p) MOXEM CUMTATh

3aJaHHBIM ¥ YOOBIETBOPAIOIIMME YCTIOBASM a1) U a2) npH (z,u,p) € R" x R! x R™.
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Ilepeiinem K GOpMyIMpOBKE MPEANONOXEHNH HA MOCIeNoBaTebHOCTE obnacrei. Ipen-
IOJIOXMM, YTO IJIS KaXNOTr0 HATYPaJbHOro 4ucia s mpu ¢ = 1,2, ... I(s) onpenenesst

HOBEPXHOCTH H(s) B () pasmepHOCTE N — 0,2 < 0 < N — 1 U NONOXATENbHLE UACIA

’} d(") , VIOBETBOPSIOLLNE C HEe 3aBHCALIMMY OT 1, S MOJOXUTEIbHEIMH ITOCTOSHHBIMHI
c;,cz, A, Po CTIEOYIOLMM YCAOBUSIM:

by) (2 +¢1) d) <l lim r® =0, roe r® = max ),
1<i<I(s)
(s) m{oc—m) m;—l
(4

> “—FF)]T' < e 1

=1

by) CYLLIECTBYIOT riauKue MHOI‘OOG])&BHSIFG)' 8 Bl d B boacd ([0 2= oo Ll &
2,0

Pa3sMepHOCTH N — ¢ — 1 Takue, YTO IPU NPOU3BOIILHBIX t,(‘s) € [d&s] k r§3}] BBHIITOJTHEHO BKITIO-
JeHne
L(i,s)

U (T ({#7}).47) ¢ U v (T 4),
U U (I,£9) u E)Q}

I=1
(s) (1) — (s) 4(s)
e 719 ({t°)) =0 (. 4°) n{ Y U (1.4
3nmeck u manee mns maoxectsa G C R™
U(G,R)={z€R":p(z,G) < R},
p(z,G) - paccTosHEe OT TOYKH X N0 MHOXecTBa G;

bs) mpm xaxmoMm s = 1,2, ... IOPANOK CEMENUCTB MHOXECTB
{U(m,r®),i=1,..,1(s)}

U@ an9),i=1,.,I(s),1=1,..,L(i,5)}

He IPEBOCXONUT YHCIIA Do ; AMEIOT MECTO BKIoueHus U (HES), (8)) cfl. IF (I"(’) ,\rgs)) T

il
Quopui=1,..1I(s),l =1,...,L(i,s). IIpu 3T0M MOPSOKOM KOHEYHOTO CEMEHCTBA MHO-
XKEeCTB Ha3bIBAeTCs Hambomee mennoe YuCio p, A KOTOPOro MMeeTCs p + 1 MHOXECTB [aH-
HOT'O CceMeicTBa C o0Luei TOYKOM.

Bynewm ertie mpennonaraTh CIeAyIOLIME YCIOBUS OTHOCATENEHO IOBEPXHOCTEM IIE"} 1""} 2

l;) npm nponanonsm s =1,2,.,1=1,.,I(s),l =1,..,L(i,s) cymecTsyoT mud-
deomopdmamer gL, ,, xnacca C!, g : ( (s) 1) - g,“”U (HE’),I) e 1Y f(“’} :
U( f?, ) f(s) ( E?,l) C R™ Takwue, 9TO

o’ (IP) c{ye R :lyl<1,;m=..=y, =0},

RN clyver p<tu=..=gnu=0}

COOTBETCTBEHHO;
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l2) cymecTByeT He 3aBuUCALUAS OT i, S, mOMOXuTenbHas HOCTOsHHAs k > 0 Takas, 4TO
BHINIOJIHEHBI HEPABEHCTBA

29 (x) 057 e ) (9)
S R i I, B :
52 < k,det Da > K upnzeU(II, ,1),
i dfiy (z) DfS (z)
1, (s)
6.’}3 Sﬁ.,detD—wZ IlpHirEU(F”, )

roe D%{fl - sxkobueBa MaTpuua oTobpaxenns u(z) B Touke . OTCI0ONa, B JaCTHOCTH, CIENY-
€T, 9YTO ¢ HEKOTOPOU MOCTOSHHOM C3 , 3aBUCAILEH JUIIB OT 7, K , BHIIOJIHEHE HEPABEHCTBA

" 21— 22| < [0 (21) — 0 (22)| S eslor — 72, 71,32 € U (I, 1),
¢t o1 — 2ol < | (21) = £ (22)| S eslma =32, 2,22 €U (T,1).  (2)
Bynem nmpenmonaraTh, 9TO IPH KaXIIOM S
B el 47) =1, 70, (3)
H pacCMOTPHM IIOCJIEONOBATENIBLHOCTE 'PAHMYHEIX 33039
B du du
T R =5 = ot Q) = Q\ ()
E dxjcr,J (x,u, 3:::) ao (x,u, 83:) T € \F&) (4)
0
u(z) - f (z) € WA (Q9) (5)

I(s)
npu HekoTopoit dyrknuu f (z) € WL (Q),F6&) = U F}(S}
i=1

Hcnonb3ys MeTons! obirieit TeOpHyE MOHOTOHHEIX ONEPATOPOB MOXHO JOKa3aTh CYILECT-
BOBaHME peleHns u; (z) 3amavn (4), (5) ¥ anpUOPHYIO OLEHKY

”“s (z)”W&t(Q(s)] =R

¢ He 3aBUCcALei oT s mocrosuHOX R. Ilpomomxmm ¢ymkumio us (z) Ha MHOXECTBO (2,
nonaras ee papuoit f(z) e Q). Tax onpenenennas GyrkuMs, 0603HaYaEMAL Najee TAKXKe
gepes u, (z) , npunannexut W (Q) u ynoenersopser omerke

llus (2)lwa @) < B+ 1f (@)llw (o) - (6)

Otcrona cremyeT, 9T0 U3 NOCIENOBATENLHOCTH {Uus ()} MOXHO M3BIIEYb NONIOCIENOBA-
TENBHOCTD, CTa60 CXONAIIYIOCS K HEKOTOPOMY 37IeMEHTY ug (z) € Wy, () . He orpammum-
Bas OOILLHOCTH, MOXEM CIMTaTh, ITO BCA IOCIIENOBATENBHOCTD Us (a:) cnabo cxomuTes K

uo (z) 8 W7, (Q).

AHa.nor:uqu IOKa3aTeNnbCTBY TeopeMHl 2.1 m3 raaBwl 9 [2], MOXHO MOKa3aTh, 4TO IS
HEKOTODOM, HE 3aBUCSILEH OT S, HOCTOAHHOK M BHINOJHEHA OLEHKA

vraimax |u, (z)| < M.
Onpenenm 4UCNOBbIe HOCcHenoBaTensHOCTH {A,}, {/ts} paBeHCTBaMH

=1 Qup|™
m+1 Y%
Ay = max [111 (8)] ;UZ) [ 5z

+ fuo ()™

m+tf(w)l“‘] ib

T :
Hs = /\s Xo=m s (8)
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rme UC) = U U( e, 'ES}) o) = ‘d(‘?) [ {3}] °~! | 3ameTuM, UTO B CHJIy yCJOBHs b3)
BHINOMHeHa OlieHKa
I(s)

> []) < e (9)

=1
C HEKOTOPOil TIOCTOSHHOM ¢4 , He 3aBucames ot s. U3 (7)-(9) MOXHO NONy4IUTH paBEeHCTBA

g—1m

AP E 20, (10)

hm)« =0, llm,u,s—oo llm

Onpenenum nanee npr s = 1,2, ...,¢ = 1,...,I(s) 9uCIOByI0 NOCTIENOBATENHHOCTD ,ois)
YCIIOBUSMHU:

o) =4t ecu 1€ I'(s) = {i =1,..,1(s) :d{" > [Tz{s)] = P‘S} (1
o) = 2c2 [ris)] el

ecmu i € I" (s) = {z’ =1,..,I(s) :d® < [ (3)] == ps} ; (12)

rie c3 - HOCTOsHHAs U3 HepaBeHcTBa (2). He orparmdmBas oGUIHOCTH, MOXeM CYHTATh,
a0 2320 < r{® npu i € I (s).
PaccmoTpum mpu s = 1,2, ..., 4 € I" (s) MEOXecTBa

[0 = {o e p (o7 ({26))) 2 267} (13)

Tpencrasuym L B sune L) = (s) U LE‘;), roe L(s) 06beNVHEHNE BCEX TEX CBA3HBIX

KOMIIOHEHT MHOXECTBA LE ), KOTOpHM npuuannema'r TOYKHE T € L&’}, YIOBIIETBOPSIOLLTE
()
yCIOBHIO p (:L', /i ({29(3)})) > 2o + B, L(s) Te KOMIOHeHTH MHOXecTBa L"), ko-
TOpBIe He MMEIOT Takux Todek. CmemaeM 3ameny IEPEMEHHBIX Y = gfs) (z), rme g{ ?) (z) -
muddeomopdusM, onpenenernsit B yenosnu [;). Torma xaxnasd KOMIOHEHTa MHOXECTBA
L(1 nepeineT B MHOXECTBO Todek, Bxomsuee B {y € R*:yp = ... =y, =0, af] % y(‘) <
bf,»’), el Ly M) f,"J ,b{’) nocrosuHble. Kaxnrit u3 0TPe3KoB a(’) 4 y(“} < b(")
j=o0+1,...,n pazobbeM Ha KOHEYHOE YHUCJIO C TAKMM YCJIOBHEM, q'roﬁn IJIAHA o'rpe3xos
(s} (s)

BOBHMKAIOILIETO MOAPA36UeHNs IPHHANLIEXKANA CETMEHTY [;A 5 ] Yepes TOUKH MeMeHHS

o € [ 53},653)] ;m=1,.,M?,j=0+1,...,n nposenem mI0CKOCTH

Agst)n = {y € R*: 1= _gi?myl = Yo 0} .7_ a+1,...,n,m = 11"'aM}3]a KOTOpEI€,

Iepecekasch, pasobbIOT Hallle MHOXECTBO g (L{s)) Ha KOHEYHOE YMCJIO NOIMHOXECTB

IO k), k=1,..,K(,s).

0O6o3ra98M
08)(0) = U (91 (), ) , @8 (c ) =697 (690) -

Bo3Bpalnaics K MepeMeHHBIM Z1, ..., T, B HTOre IPAXONUM K IPENCTABICHHIO
K(i,s) it
1= U LO®), eI (k) =[] (0 ®). (14)
k_
MoxHo nokazaTs, 9TO NpH noc:ra:roquo 60nBIIOM, He 3aBUCAILIEM OT S, % 4ucie ¢ cmpa-
BeIUIUBHl YTBEPXICHUS: -
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a) pu QUKCUPOBAHHBIX S, i MHOXECTBA GES,Q (¢') momapHO He mepeceKaloTCs, rue

G (@) =U (L (%), 26) \@F) (o) (15)
b) uMeeT MeCTO BKIIOYEHHME
ot T fett (oot (4ol Yo i)
1 _ !_ A
HpOBO.E[ﬂ AHAJIOTH4YHbBIE ITIOCTPOEHHUA, NONYYUM CIIeNyluee BKITIOYEHHE
P(i,k,s)

K(i,s)
U (Y, 247) U {Gi,?( )U U B (23 (), (¢ +1)p(8’)}
)3} Q(' I)S) p_s
oU U B[ @25 ) (16)

=1 q—

Ecnu ¢ € I'(s), mOBepXHOCTH H,: pa3buBaeM AHAJOTMYHO Da30MEHMIO MHOXECTBA
L(S) ,4 € I"(s) ¢ ToOil nuuIb pa3HMIEH, YTO HIMHA OTPE3KOB BO3HHKAIOWIETO mOnpa3bue-

d;
HHA NIDUHAONEXNUT CETMEHTY |:—‘— d(s}] B wuTore IIpUXOONM K IIpENCTaBIICHUIO

U (", 2d?) c RE]s) B (£, 2d) (17)

ra=1

IIPM COOTBETCTBYIOLLIEM BEIOOpE TOYEK g,if,’. Wcnone3ys ycnosue bs), Bmrovernus (16), (17),
MOXHO HOKa3aTh CIEOYIOLIYIO JEMMY.

JIEMMA 1. IIpu xadxcdom s = 1,2, ... nopgdox cemelicms MHONCECTNS

{KL(T) {G(s} ( ) U P{GS] B( (s) 2 (p),(@+1) p{s))}

k=1 p=1
L(i,s) Q(i\l,8) (s) p{ s) .,
U B ),2=—|,i€I"(s
H qL_Jl N (s)

r=1

R(i,s)
{ U B(&,2d),ier (s)}
He NPeBOCTOOUM YUCAA D] .

s GOpMyIMPOBKE OCHOBHOTO peaynyra'ra CTATHH ONpenenuM IpH s = 1,2,..., 1 €
I"(s) kK =1,..,K(i,5) dysxoun v, & ) (z, {) KaK pelleHme BCIOMOTaTeIbHOM rpammnon

3amaqu. J{s IpOM3BOIBLHOTO OTKPHITOr0 MHOXecTBa G C R™ m comepxainerocs B G 3a-
MKHYTOro MHOXecTBa F' 0603HaunM npu p € R! wepes v (z, u; G, F) peluerre 3anaqm

5 20;(2,0,82) =0, € U(G,})\F,

- (18)
- 0 :

v(2) — wh (2) W3 [U (G, 3) \F],
roe ¢ (z) - pukcupoBaHHaASL YHKIES KIacca Cg° (U (G, %)), paBHas enuHENE B U (G, }) .

Onro3HayHAas paspemmMocTsh 3anaqn (18) ciemyer m3 raasu 1 [2].
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Onpenenum mpu s = 1,2,...,1 € I" (), k=1,.... K(3, )
o (@) = (2,168 (), FO 6T @) (19)

2. IlocTpoeHre aCMMIOTOTHYECKOrO PAa3jIOXKEHUS M CXOMMMOCTL W (X)
OGosnauum mpu i € I"(s), k = 1,..,K(i,8),p = 1,..., P(i,k,8),l = 1,...,L(3,s),
g =T, Q01 8); 7€' (8); =1+ R 8) .

G =G6R(e) . BY = B (8, esp® (2+ 1)) 2 62(€),
&

()
Bj},=B (-’BE,? (p), (¢ + 1)p§3’) BY = B( 9 (g, oPi_ ) (20)

As
i 2di7),

B =B(

1T

roe )\s,p?) onpenenens! cornaceo (7), (12), ¢; - mocrosHHas u3 HepasencTBa (2), c/, &
s)

MMEIOT TO Xe 3Hadenue, 4To 1 B (16), Ek IEHTD IIapa MUHUMAJILHOTO Pamnyca, COmep-
XaIllero G(S} (c).

I/Icnom;aya (16), (17), MoxHO onpenenuTs GeckonedHo muddepernupyeMsle B R® dbyHK-
J187%0 905‘2( ),wif,c},p( 9 x‘,q(:z:) mpi i€ 1"(8);, k = 1y 6e;8), 1 = 1,..,L(i;8), p=
1.0 &8 e=1,...,Q0 15" w(s) (z) mpum j € I'(s), r = 1,..., R(j, s)Tak, 4T06HI
BBIONHSIINCH YCIIOBUA:

1) HocmTemM GyHKIMIA rp (x) @bfi) (@) xﬁ‘?q( i w}s,.} (z) comepxaTcsi COOTBETCTBEHHO
BO MHOXECTBAX GE?, stk) 5 Bf’;)q, BJ.E *) 3HAUeHNS BCEX YKa3aHHBIX (byHKIWi IPUHAMIEXAT

orpesky [0,1];
2) BHINONHAETCS PABEHCTBO
I(s)

Y ¥ @)+ S o (@)=1 mpm ze|J U_( E”,pfs)) (21)
JEI'(s) i€I"(s) i=1
R(j,5)
rme w;” (2) = % wf? (2),
(s) K(i,s) P(i.k,s) L(i,5) Q(id,s)
a; (_r)z Z: (?oak(x e Z "’bt,k,p + Z Z th,q(x
k=1 p=1 =1 g¢=1
3)
el @) =1 mr zeU(IYn")NGE ([ +1); (22)
4) ¢ HEKOTOpO nocromnoﬁ Co, He 3aBMCsILeH oT s,impu k =1, ..., K(¢,8),l =1, ..., L(3, 5),
p=1,..,P(,ks),qg=1,..,Q(1s), r=1,.., R(i,s) BHIOTHEHH ONEHKH
‘—w,{j.) (z d{s} mpu i € I' (s),
Co
55 @)+ |20, 0 <% (23)
;
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npu i€ I"(s);

0
‘a Xllq( )

5) nopsu:{ox CEMEACTBA MHOXECTB Supp cp(s)( ), supp r/;f‘k)p( ), supp xﬁ}q (z),

supp (.:.J (17) (3 EI”( ) k = 11 ...,K(%,S), P = 11'“1P(i1k:3): l = 1,..-,L( %8 )'! q =
,Q(z l,8),j€I'(s), r=1,..., R(j,s)) orpaEuden CBepxy HOCTOSHHOM, HE 3aBUCSIIICH

o'r s; 3mech supp ¢ () - HocuTens GyHKUUA @ () . &
Beenem npu nponanonbﬂoﬁ dyukuuu g (z) € Ly () cnenyrouine cpenHue
1

M () = mes B) f z)de, MP,le) = — B9 f g (z)dz,

BY) MES Likp pio)

i.k,p

M!S’[]=; [ 9@z, 1Pl=—— [ g(@)ds

31,9 g B(S) ’ T mes B{S) :

3" g Bs(al)q T B(s)

1 € I”(S),k = 1,...,K(‘l,8),p - 11'“5P(i:k:3):l = 1)“'1L(= ): g = 1,...,Q(i,l,3),
jeI'(s),r=1,..,R(js).
ITycTs

512, uisgp, i), @ - coorsercrenno cpenume My} [uol, My, [uol, My, [uol, Mj; [uo],

F9 e F9 o f,‘}’)q, J.,(,} COOTBETCTBEHHO DAaBHBI {5} D1f], M il (s) L[ M(s) [f);
ﬁg) =v (:'B H Bs(‘:']’B[S) n F(S}) v(sk},p =v (11: M Bz(‘;c)p’ Bs{?,p n F{S}) ) fsl}q = (xa Hy Bt{i)qa
ng?q N F(s)) roe vf';) (z, ) - dyskuus, onpenenennas B (19).

Onpenenum aCHMITOTHYECKOE PA3TIOXKEHHE:

0. (2) = 10 (@) + 74 (2) + 219 (0) + 4 ), (24)
=1
roe =
K(i,s)
= Y ¥ oll(a sl -ul) bl @),
zeI"{.s} k=1
T{l) Z z {[U.Es,?—uo ] [f(l?) 8}]} (8}
:GI’(s) r=1
3993 ({[“w—“o )]+ [f @ - £} el (@) +
iel"(s) k=1
P(i,k,s)
+ 3 {[ui, —w @) + [f (@) - £5,]} i, @)+
p=1

L(i,8) Q(i,l,s)
+ 3 2 Y {[a - u@)] + [£ @) - F] 1D, @),
i€l"(s) I=1 g=1
R(is)

W= Y 3 8 (279 - 1)l @),
iel'(s) r=1
FENPED FO 4 ) 4@
s s s
1.(3)(3: Z Z Z vsk,p( zk,p-' f.k,p)ilbtk,p(z)}
i€l"(s) k=1 p=1
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L(i,8) Q(i.l,s)

T(4) (.‘B Z Z Z 1 I g (3 t,!,q Esl},q) Xssl)q ( )

i€l(s) =1 g¢=1
B (24) w, () - ocTaTOUHENA WieH Da3lOXKEeHU:, BLIACHEHUE MNOBENEHHS KOTOPOIO IIpHU
§ — 0O ¥ COCTABJIAET OCHOBHYIO Lielb CTATHH.
OTMmeTHM HepaBEHCTBO, ClenyloLiee U3 r[oc'rpoennﬁ n. 1 u ycmoens bs):

(s
K (i,s) ['0' }] <O " (25)

— 1
5

¢ mocrosuHoi ¢!¥, He 3aBHCAILIed OT s.

JIEMMA 2. IIpu evinoanenuu ycaosut b1) — bs) umerom mecmo pasencmea

(s) :
: P;
B0 G [,\ Lo 5 ) - (26)
i€l (s) s i€l(s)
lim > R(,s) [d°]" =0, (27)
ST e s)
p(s) o+l-m .
. * 1 P
SIBEO ’ Z L (Z, 3) |:A_:1 =0, (28)
iel'(s) #
p(s) o+1
" . i "
lim ; L (i,s) B ={. (29)
iel'(s) :

Crenyorme yTBepXIeHUs HOKa3BIBAIOTCS Kak B r1.10 [2].

JIEMMA 3. Ilycmb 6vinoanenst ycaoeus ay), az), by) —bs). Tozda nocaedosameasnocmu
M (z), P (z) ,r® (z) ,rV () cuavro czodames x nyawo 6 WL (Q) .

Hoxazameabcmeo. PaccmoTpum onHO THOHYHOE cnaraemoe B ri) (z) . Mmeem

K(i,s) i [ (s)]
> Z[u ]905313() < Ki '3 K(s) =2
i€l(s) k=1 Lm() i€l(s)

3necs u nanee vepe3 K, j = 1,2, ... 0603HaYeHEI HOCTOSHHEIE, HE 3aBACIIIME OT §. IpaBas
YaCTh CTPEMUTCA K HYJIO B CHIIY (26)
Wcnonesys mepaBesctso Ilyankape u onpernenesme \,, ameeM
=1 e | 3
5 —_
3&:2 > [‘u." — (T ]tp,k(a:) SK2(1+)«3’“)Z

i€l(s) k=1 Lm(R) iel{‘) ( @ (24 1)p<s))

311.0 W

oz oz

U IIpaBasg JacTh CTPeMHUTCA K Hymo B cuiy (7), (8). AanoruussiM 06pa3oM MOXHO oOre-
HETB OCTaibHHE craraemse B () (z).

Iloxaxem Temepsb CXONUMOCTH HOCTeRoBaTensHOCTH 72 (z) mpu s — oo. Hns r® (z),
() (z) — mOKa3aTENBLCTBO AHANOTWYHO.

Hcnone3ys mepaBerncTsa (1.9) u3 rnass 8 [2] (2.3) u3 rnasw 9 [2], mmeem

<K;

(s}( '(8) -{8))

N Uir |L (B(s)) <
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m

0 s
5 (2, f7 — &) <

<k T @Y

i€I'(s) = |10 Lm(U(B,?;’)J)) B
<Ks ¥ R(,s)[d]".
ieI'(s)

U3 (27) u ycnosus by) cienyeT, 9TO mpaBas JacTbh HEPABEHCTBA CTPEMHUTCS K HYIIO IIPU
s — 00. -

AHAIOTMYHO NOIydaeM
0

2= (@)

oz

m

<Ks ¥ R(is) [d]""
Lm($2) iel’(s)

¥ paBad YacTh CTPEMUTCH K HyIIo B cuiy (27).

JIEMMA 4. ITpu evinoanenuu ycaosui ap),az),b;) — bs) nocaedosameavrocmy 7, ()
cmpemumes & nyato cuabrno 8 Wi (Q) npu aobom p < m u caabo 6 Wy, ().

lloxasameabcmeo. W3 ~ DaBHOMepHOR  OTDAHMYEHHOCTH  IOCIENOBATENLHOCTH
o) (x, 9 - uE"g) crenyer
' (s)
o]

n—o’
As

lIrs (x)ll?m{g) <Ky Z K (i,s)
i€I(s)

¥ paBas YacTh CTPEMHUTCH K Hymo B cuny (26). Mcnome3ys omenky (1.9) u3 rnape 8 2]
1 HepaBeHCTBO (25), momyvaeM

2, @

m LBm [ ()]
bz <Ks ) K(i,s) [ﬁﬁﬂ] g a2 + [T [ <

Lm() icl(s) .Ogﬂ AT -

< K, Z [dgs)]d—m’

iel(s)
¥ OTPaHMYEHHOCTH paBoil gacTu cienyer u3 (1), (9). Tax xax HocuTens GyEKIHE (,053,3 (z)

COIEPXUTCH B Gﬁf,g, TO MpEMEHsA HEPaBeHCTBO ['enbnepa, nMeeM

m @* Y5~
{ > K(i,s)-[l:;%} :

L (9) \i€l(s)

m

0
32" (z) < Ky

0
—7s (Z)
Ly(®) oz

TIpaBas 9acTh MOCIIENHErO HEPABEHCTBA CTPEMUTCS K HyJIio B cuay (26). Jlemma moxazana.
OCHOBHBIM pe3yIIbTATOM CTATHH SBISETCA CIENYIOIIas TeOpeMa.

TEOPEMA. Pynxyug w; (T) - 0cmamounbili uien GCUMNMOMUYECKO20 PA3AOHCEHUL

0
(24), npunadaexrcum npu 604bWUT S NPOCMPAKCTNEY wk (Q("}) . IIpu evinoanenuu ycao-

uti a1), az), b)) — bs), l1), l2) nocaedosamesvrocms w; () cuavno crodumed K Kyt 6
W, ().

0
Joxazameascmeo. TlpuragnexnocTs w; (z) mpocrpasctsy Wy, (Q{’)) HENOCPEeICTBEH-

HO CJenyeT W3 mpencTasnenus (24), ompenenenus byHKImA v,gfk) ,v,gfk) ol ﬁgﬂq ’ 1‘),5,’,} ¥ paBeH-
cTBa (21). Y3 nemm 3,4 cnenyer cnabas cxomaMocTh w, (z) X Hymo B W, ().
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Tak xak mocnenoBaTenbHOCTH T (z) ,7Y) (z) ,j = 1, 2, 3, 4 ABAAIOTCS OTrPAHAYCHHEI-
MI, TO #3 YCTAHOBJIEHHOR B JleMMaX 3,4 CHIIBHON UX CXONUMOCTH K HyTO B L, (Q) ciemyer
CANbHAA MX CXONMMOCTH K Hymo B L, () npu mobom r < 00, YTO SBISETCA COPaBel-
JUBEIM W OTHOCHTENIBHO CXONUMOCTH U, (Z) K ug (z). Takum o6pasoM, mmeeM CHIBLHYIO
cxomuaMocTh Ws (z) B L, () npu mobom 7 < oo.

Hns moxasarenscTsa cuabHOM cxomumocty B W2 () mocnenosarensrocTn w; () mon-
CTaBUM B COOTBETCTBYIOLLIee IPAaHAYHOM 3anaye (4), (5) uHTerpaIbHOE TOXIECTBO

i f a; (a:,us, %%) agx(:)dx+ f ag (:c,us, %)tp(x)dz =0 (30)

Q)

0
npu ¢ (z) € W}k (Q("’)) BMeCTO ¢ (z) dyHKUMIO W, (T).
Honyunm

Efaj(, ,,?&)3"’8 d+/ao(:cus, )ws(a:)dw 0. (31)

Uzyuum nosenenme nesoit gacTu (31) mpu s — 0o0. B ey oTMewerHOM cCHIBbHOM cxoqu-
MocTH X Hymo B L, () dyskmum w, (z) npu 7 < 00, yCI0BHS ay) u oneHk# (6) momydmm,
9T0 :

S—Ho0

s,
lim [ ag (:c, Us, ——ui) w;(z)dz = 0. (32)
oz
Q
IIpencraBum mepBoe ciaraemoe seBoit dactu (31) B Bume

/ > ( S 63:) 00 &) go = 19 4 10+ 19 10, (39

& oz;
1= £ o 32) o o -3 50
Q
e[ ) o - )]
£l o 23 o )]

g L ors\ Ow, (z
I§)=f.zaj($, 816) 31:(3)

HUcnonb3ys ycnoeme ap), aMeeM s I{s) OLEHKY

roe

dw, (z) |™ (s)
21 f |8_:c dz < I)”. (34)
Q
Ilokaxem ceirgac, 9TO
lim I =0, lim I{Y =0. (35)
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OneruBas N0 yCIOBHIO Gz) M HEPABEHCTBY l'enbaepa, mOIyduM

() dus| |Ows| |Ouo| |O7s[]™ e
I |SK11{£2/[ =+ 52+ |5 3:1:] d:r:} x
arM| |ar@] |or®| |ort dw, |™
X{ﬂ/[ o0z Oz 3z | T Bx] } {f‘ }

[IpaBas 9acTh 3TOr0 HepaBeHCTBA CTPEMHTCH K HYJIO B CHJY JIEMMEl 3 B OrpaHHYeH-
HOCTH NIEPBOr0 ¥ TPETLEro MHTErPaJIoB NOCTOSHHOM, He 3aBucAllel ot s. OTciona cnenyer
mepBoe paBeHCTBO B (35).

Ilns mposepku BTOPOTO paBeHCTBa B (35) BBemeM GYHKLUIO X (Z) - XapakTepuCTHIeC-

K(i,s)
Ky ¢yuxkomioo mMHOXecTBa | U Gi’k}, PaBHYIO eOWHUIE Ha 3TOM MHOXECTBE H HYIIIO
i€l"(s) k=1
BHe ero. Umeem .
P f E hej (2) ‘”*“dx + I8, (36)
o J=1

rme hyj () = [1 — x5 ()] a; (‘” Us, ?9':: )

K(i,s)
9 = uo ars\ _ Or,\ | dws
z > f lﬂj (:z: Ug, = + 83:) a; (:c,u,, 3:::)] 9z, dz.

i=1 SEI"(S) k=1 (,)

Hcnons3ys (26), MOXHO JI0Ka3aTh, 4TO IIPH § — 0O MOCIIENOBATENLHOCTS h, ; (T) cAIBHO
cxomures B L= (Q) x aj (:.r:,ug, %‘;‘1). Otciona crenyeT CTpeMieHWe K HYJIIO IIEepBOro
ciaraeMoro B mpasoit gactu (36). Onenam Ié‘), NPEMEHSA YCIOBHE G2) M HEPaBEHCTBO

Temsrepa:
8 o bl A m “m
lIé}ISKlz{f[l+ 61: + 6—;] d:c} X
b
sl _ 2
Ow, " o K (i) Aug m
g = 2z1 % 37
{nf % } i & Gf 5 @)

ik
B npagoit vacTu (37) mocienEmit MEOXHUTENH CTPEMHETCS K HYIIO B caiy (26), ocTanbHEIE

OrpaHMYeHEl MOCTOSHHOM, He 3aBHCsIeH oT s. OTciona momydaem, 9To Ié"’) — 0, u, TeM
caMeM, #3 (36) cienyeT BTOpOe paBeHCTBO B (35).

Tpencraeau I." B Buge
() _ 61‘, Ow,
I f E ( ) 5z, dz+

j=1

K{(i,5)

B b))z

!eI”(ﬁ) k=1 G(‘g

Amnanormuro (37) mokasmBaeTcs, 9TO BTOpOe cilaraeMoe B (38) cTpeMETCS X HYIIO NpH
5 — 00. '
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Teneps u3 (33), (34), (35), (38) nomywaem

§

vlfawm
Q

dzr < I, + R,, (39)

rme
K(i,s) n
= > % [So (002 (2 (02 ) Al 0] 5t @
i€l"(s) k=1 g j=1

u Ry — 0 mpu s — oo.
Beenem mpu ¢ € I"(s),k = 1,...,K(i,s) 6eckoneuno muddepernupyemsie byHKIAN
'r-(‘} (z) Taxk, ‘I‘I‘OGH YIOBJIETBOPSIIACE YCIIOBHS:

- HOCHTeNb ‘r ) (z) comepxurcs B U (HES},pES)) G(.s) (d+1);

o
- dyBKIHA T }( ) paBHa ennaune B U (HES}, —‘2—) NG (¢ +2);

- 3HaYeHne YHKIUiA Tf 9 () npuranmexar [0,1];

- ¢ HEKOTOPpOIf, He 3aBUCAILEHR OT S, 1, k mocTosHHO# c(!) BEIMOMHAETCS OmEeHKA

) Tsf(;} (z)
oz

o)

= Y

[IpencraBuMm mETerpas I, B BUIE

K(i,s) (s)
= Y ¥ /Za, (:B 0, Ovi ) _3?3:_ [ws (z) TSJ (:z:)] dz + I + 1, (41)
j

i€l"(s) k=1 q j=1

rue

K (i,s) 5 8 v (s) {8) |
P T fZaj(x,o, [ax ])am e (2) (1 - 7 (2)] da,

i€l"(s) k=1 _pp 5=1 i
Et',k

npub=1,2n

B = U (1, 267) \v (00, 47)| n 6% (¢ +2),
(42)
ESP =GE()\GH (¢ +2).

(s)

Ilo onpenenenmio dbyHKIUH ; x MHTErpajl B NE€PBOM CIIaraeMOM IIPaBO# JacTH (41) 06-

paIlaeTcs B HyJIb, TaK YTO
I,=IY 4+ 1®  (43)
Ins msygerus mosemerus IV | I? mpm s — 00 HCHONB3YIOTCA ClENyIOMIME ONEHKH
byHKImi v(") (z, 1) , xoTOpHE CnexyoT 3 [3]:

g—m

o) ()| < @ |yl hﬁ[’q—] = mpr z €U (G (),}), (44)
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6) J [1+|2v @ w2 @) do <

B (45)
()] F=1 [,]™ 7 o—m o (o m-—2
< @y [if_)] [%,_] EU Y
m g n-ot+m o-m
B) [ Ugsk} (, Ju)l dz < 0{2)#m [F’E )] [d‘gs)] ’ (46)
=
m—2 2
R @ |Fuik ) do <
ELY (47)
o—m m—2 n—o
< @ { " [dgs)] [dgs) + ”] [ pgs)] [ pis]] }
C He 3aBUCALLEH OT $, %, k, mocTosHHOM c?).
Otmerum emme npu b = 1,2 oneHku
K{ias) 1) m
X [ Tlw@rde<Ke[d]” 1 |52 des
=R pabo=l U(rf!",r?’))
i (48)
Bl
i m
e I lws (@) dz o,
" u(ngn,fgﬂ)
KOTOpHIE IONYYaloTCs aHAJOrMYHO onerkaM (3.44) u3 ruasu 10 [2].
C yuerom mepasencts (48) onermm [V, I(?). Umeem
m=1
K(i,s) =
(®) (s) ()™
II" 1 = Kmielz*:(s}{ ’El ({b) [1 . |a"’ ( 'kgo'k)| ]d:c 3 .
| - (49)
(a)
x{ [ |o= 1 [ lw@)"de
U(Hf’), ‘(3)) Ti U(H‘ga),r‘ga))
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Orciona u u3 (44), (45), (12), (25) mveem

v [g0] ™R ; i
|I£1)| <K 2 {Hs_"'“l 'ﬂm??‘ T [91{55}] } X

iel"(s) [r . 1

(8) o—m
5 f " dz+ er I -lws(z)|"dey <
U(nf.” (a) U(n(” m)

m—1

m) By &=
4t e
< Klﬁ#s = J:—J‘—:z" [p?}r X (50)
zEI"(s) ) aEI"‘(s)
ﬁ 4 YRIT
m
X{f|§5‘-"f dﬁ:} + Kis L]T—i-
Q :eI"{s) o
i
ﬂM‘Z[fq} [ e @ d
i€l (s)

U (l'lg") ,rg"))

IIpaBas wacTh HepasencTsa (50) cTpemmTCcs K Hymo mpu s — oo. B camom nene, B
IEepBOM Ci1araeMoM o6e durypHEle CKOOKM OIDAHWYEHbl B CHIIy YCIOBHS by), HEpaBeHCT-
Ba (9) m OTMewaBmmiicss pamee ciaboi cxomumocTh w, (z) K Hymo B W (). Tak uro
nepBoe ciaraeMoe mpapoit wactu (50) cTpemuTcs K Hymo Ha ocHoBanuu (10). Bo BTopom

craraemoM mepBas (GETypHAs ckobka OrpaHWYeHa B CHIy yciosus by), HepaBeHCTBa (9)

OLpeNeNeHns (s , pi ) a BTOpas CTpeMUTCH K HYWO W3-33 CHIBLHOR CXOMUMOCTH W, (T) K

HymI0 B IpOCTpAHCTBe Ly, () . Takum o6pasom nokasaxo, aro I — 0 mpu s — oo.
Onennm I®, mcnonsays (49), (46), (47), (12), (25). HonyqaeM

m=1
|I£2)| < K7 iez‘zﬂ:(s) {)\?"’ [dﬁs)]o_m + AP? [PES)]U} "X
>3
20, m+”; [ l@rd) <
( ial’r(")) " U(n"”,r(") (51)
< Kghl*™"% { [d¥]” [P }—.,,— { = } -
iel” (s) zef "'{s]

i
L RA T N .usT { ¥ [dﬁ”]d_ [ ’)] } { [ ws|™ }
i€l (s) tEI”(s] Q

U cTpemienze k Hymo mpasoit gacTu (51) mpm s — oo ofecneunBaeTcs onenkamu (9),
(11), cma6oit cxommmocTsio W, (z) ¥ Bymo B W (Q), a Takxe pasencrsamu (7), (8),
ONIpeneNSIOLMMHE BEIOOD Ag , [s.

OxoruaTensHO noydaem u3 (43), (50), (51)

lim I, =0
$—00

W, TeM caMmIM, B3 (39) mMeeM CHIBHYIO CXONMMOCTb W, (z) k Hymo B W (), uro

3aKAHYMBAET HOKA3aTEIbCTBO TEOPEMEL.
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