OIITUMAJIbHOE BOCCTAHOBJIEHUE 3HAUEHUI
®YHKIINN 1 UX ITPOU3BOJHBIX HA ITPIMOM I10
HETOYHO 3AJAHHOMY ITPEOBPA3OBAHIIO
OYPDBE

. I MATAPUJI-MJIBYAEB, K. FO. OCUIIEHKO

AHHOTALIMA. B pabore paccMarpupBatOTCs 334y ONTHMAJIBHO-
TO BOCCTAHOBJIEHWUSI 3HAUEHUsT MTPOM3BOIHBIX (hyHKIHi Mo mHbOp-
Maruu o mpeobpasoBarnu Pypwbe dTux DYHKIWHA, 33JAHHOM TTPU-
OJIMKEHHO Ha KOHEYHOM WHTEPBAJIE WJIU BCeH mpsamoii. 3ygaercs
TaK¥Ke TECHO CBA3aHHAas ¢ 31Ol npobiemarukoii 3a1a4da C. B. Creu-
KHHA O NPUDJIMYKEHUH MPOM3BOIHBIX OMPAHUYEHHBIMU JIMHEHHDI-
vy dyHKIMOHATaMU. [loydeHbl COOTBETCTBYIONIME ITUM I[IOCTA-
HOBKAM TOYHBIE HEPABEHCTBA I TTPOU3BOIHBIX KOJIMOTOPOBCKOTO
THIIA.

1. IIOCTAHOBKA 3AJJAY

Haunem ¢ opmy/iMpOBKN KOHKPETHBIX 337a4, KOTOPbIE H3Yy4aroT-
csi B JaHHON pabore, a 3aTeM HpHUBeaeM OOIIYI0 TMOCTAHOBKY 3a1a9u
OIITUMAJIBHOTO BOCCTaHOBJIEHUA beHKI_H/IOHaJIOB7 O6'be,ZLI/IHHIOH_[yIO 3TN
zagaqan. Ilycrs S — mpocrpancTso IlBapra 6sicTpo yObIBatomx Oec-
KoHeuHO auddepennupyeMbx Gyuknuii Ha R, S — coorBeTcTByIOIIee
HPOCTPAHCTBO 0000IIeHHbIX pyHKumii, [': " — S’ — npeobpasoBanue
Oypoe, n € Nu 1 < p < oco. [onoxkum

X7 ={a eS| Fa() € L(R), 2() € Ly(R) }

Gy = {a(-) € Xp | 12" () ramy < 1}

Bazaua 00 ONTHMATLHOM BoccTaHoBAeHHH 3Hadernms zF)(7), rae
0 <k <n, 7€ R, na knacce C} no uadopmanuu o npeodpasopa-
unu Pypoe Fx(+), 3amannom Ha unTepBate A, = (—o0,0), 0 < 0 < 00,
¢ norpentHocTsio § > 0 B Merpuke npocrpancrsa Ly(A,), 3ak1odaercs
B HaXOXKJICHNHN BCJINYHNHDBI

(1) Ep(n k,0,0) =inf sup (1) = o(y())]
? 2()eCy, YOIELy (Do)
1F20) 5Oy a0

Pabora Boeimosnnena npu dbuHaHCOBON moaIepxRKe Poccuiickoro douma dysma-
MeHTaJIbHbIX uccienoBanuil (rpantsl Ne02-01-39012 u Ne02-01-00386), nporpamm
TOCYJAPCTBEHHOM MOAAEPKKU BEIYINX HAydIHbIX IMKOa Poccuiickoit @eneparnym
(HIII-304.2003.1) u “Yuusepcurerst Poccun"(YP.04.03.067), a raxxke upu noi-
nepxke U.S.CRDF-R.F.Ministry of Education Award VZ-0100-0.

1
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(pae HurKHSA TpaHb OGepercs o BeeM dyukmuaM ¢: Ly(A,) — C), na-
3BIBAEMON N02PEUWHOCTNDIO ONMUMANLHOZ20 60CCTNAHOBACHUS, T (DYHK-
MU P, HA KOTOPOii JOCTHrAaeTCsi HUZKHsAsl rpaHb B (1), Ha3blBaeMOi
ONMUMANDHBLM MEMOOOM G0CCTMAHOBACHUA.

B pannoii paboTe M3ydaeTcs TakzKe 3a7a4a O HAMIYYIIeM IIpuOJId-
xemmu M) (1), 0 < k < n, 7 € R, na kacce C} o undopmanuu o
upeobpazosanun Pypbe Fx(-), 3anansom Ha uHTepBaie A, = (—0,0),
JIMHEHBIMEI HenpepbiBHbIME byHKImoHaaMu Ha Ly,(A,), HOpMa KO-
TOPBIX HE NPEBOCXOIUT HEKOTOPOTO (PUKCUPOBAHHOTO TTOJIOKHTEIHHOTO
qucyia N. OHa COCTOUT B HAXOXKJICHUU BEJTHIUHDI

(2) ep(n, k,o,N) =inf sup |2®)(1) — (y*, Fa("))|
y* z(-)eCp

(rae HUKHSSI TPaHb Oepercs 10 BceM JHHeHHbIM (dyHKImoHaTaM y* Ha
L,(A,) taknm, aro ||y*|| < N), a rakzxe dynknnonaa y*, Ha KOTOPOM
JOCTHUTAETCS HUKHSIST TPAaHb B (2), HA3BIBAEMBIM 9KCMPEMAADHOLM.

Ecau B (2) BMecto Fz(-) moctaBurh x(-), TO MBI MOJydIaeM KJIac-
cuveckyio 3agaay C. B. Creuxuna, tak uro (2) ecrb HEKOTOpOE ee
0b60b1Ienne, KOTOpoe Mbl TaKzKe HasbiBaeM 3ajadeil CTeuKuHA.

[TpuBeem Temnephb OOy MOCTAHOBKY 3a1a9i 00 ONTHMATHLHOM BOC-
CTAHOBJICHUU JIMHETHOIO (DYHKIMOHAJIA HA KJIACCE DJIEMEHTOB 110 HEKO-
Topoit mndopmanuu o camux gementax. Ilycrs X — BemecTBennoe
UJIM KOMILJIEKCHOE BEKTOPHOE TIPOCTPAHCTBO U C' — HENyCToe MOMHO-
xkectBo (ksacc smemenToB) B X. TIpo kaxkmapiii ssement x € C Mbl
pacnostaraem nadopmanmeii (z), rige I — orobpazkenne (Ha3bBaeMoe
ungopmayuornvim) u3 C' B Ipyroe BeNIECTBEHHOE WM KOMILIEKCHOE
BEKTODHOE TpoCcTpaHcTBO Y. B ciaydae, Korma wH(OpMAIMS 3aJaHa
HeTouHO, I — MHOro3HauHOEe oToOpazkeHue. IlycTh, mamee, 3aman Jiu-
Heitantii ynknnonan ' na X u cemeiictso ¢ bynkuuit ¢: Y — R(C).
Bajaua 06 oITHMaJIbHOM BOCCTAHOBJIHUH (DYHKIUOHAJIA &' HA K/acce
C' no undopmaiun [ ¢ momornbo GyHKIWHA (Memodos eoccmanosae-
Hua) u3 O 3aKI09IAETCS B HAXOKIGHUH BeJTHIHHbI

(3) E(z',C,1) = inf sup [(z,x) — p(y)],
pe® zeC,
y€el(z)

HA3BIBAEMOI N02PEUHOCBI0 0NMUMAAbH020 8occmanosaerus (DyHK-
muonasa ' Ha C' no madopmanuu ), U MeTOIA, HA KOTOPOM JOCTH-
raeTcst HUXKHSS IPaHb B (3), HA3BIBAEMOTO ONMUMAALHOM MEMOIOM
B0CCTNAHOBAEHUA.

Bagauan (1) u (2) yknaasiBaercs B obmryo cxemy. B mepBom ciydae
X=X,C=0CY =L,(A;), I: X} = Lp(A,), [2(:) = Fa(-)|a, +
§BL,(A,) (BL,(A,) — emunmansiii map B L,y(A,)), (2, 2(-)) = 2®) (1)
n & — coBokynmocts Beex dbynkuuii Ha L,(A,).
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s wropoit samaan X = X7, C = CF, Y = Ly(A,), 11 X} —
Ly(An), Ta() = Fa(la,, (o 2()) = 2¥)(r) u & = NBY*, e BY*
— eJIMHUYHBIN 1Tap B CONPIZKEHHOM TPOCTPAHCTBE K Y .

3ajia4a onTHMAIbHOTO BOCCTAHOBIEHHS JTUHEHHOrO (hyHKIMOHATA HA
KJIacce 3JIEMEHTOB JJIs cjydas, Korga I — JmHeitHoe orobpakeHue,
dimY < oo m & — muoxkectBo Beex dyurmuii u3 Y B R, ObL1a 10-
crapirena C. A. Cmonskom [1]. VM 6bLT0 I1OKA3aHO, UTO €CAH B ITOMH
curyamuu C' — BBIIYKIOE HEHTPAJLHO CUMMETPUYHOE MHOYXKECTBO, TO
cpeJiu ONTUMAJIbHBIX METOJIOB ecTh JimHelHbiil. /laiee s1a 3a/1a1a 0006-
MAJACh W PA3BHBAJACh B PA3/IMYHBIX HampasieHusx (cm. [2]-[7]).

3ajaun ONTUMAJTHLHOTO BOCCTAHOBJIeHUST (DYHKIWI W WX MPOU3BO/I-
HBIX B MeTpuke Lo (T.e. 337a9a ONTHMAJIBHOIO BOCCTAHOBJEHHUS OTle-
patopa, a He (GYHKIHOHAJIA) 0 HETOYHO 33JaHHBIM KO3 duimentam
Dypoe (a5 nepuogudeckux OYHKIU) U 10 HETOYHO 3aJaHHOMY Ipe-
obpazopanuno Pypbe (115 DYHKIME HA TPAMOI) U3y Iaauch B paborax
[8], [9]. Kpyr mpobiem, cBasanubix ¢ 3agadeil CTeYKuHA, OCBEIIEH B
0630pmoit crarwe [10].

Anagor 3azaun (1) B IepruoOIUIECKOM CJlydae MpH P = 00 PacCMar-
pusasca B pabore [11].

2. ©OPMYJIMPOBKU OCHOBHBEIX PE3VJIBTATOB

B cujiy MHBApMAHTHOCTH PACCMaTPUBAEMbIX KJIACCOB OTHOCUTE/IbHO
CABUTA BCIOAY B jajbHeiiiem cantaeM, uro 7 = (. Haunem co ciayyqas,
KOIJIa p = 00.

Teopema 1. Ilycmov 0 >0, kkne€Z,0<k<n, 0<o < oo,

_ (W@n ;512)((22:_—]{2)/{ - 1)) m

Q)

u 0o = min(o, 7). Tozda

k+1

o 0 1 T 02

Esln, k,0,6) = 20 _
(ko 0) ===\ 31+ 2n—2k—1(a§”+1 2n—|—1) ’

a memod

(4) B() = -

27 Jjy1<a0

(it)" (1 — SA[t*"F) y(t) dt,

—2n+k 52 -1/2
(5) A= £ 2:+1 - ’
V2n —2k —1 \ o} 2n+1
ABAACTNCHA ONMUMAADHBIM.

3 reopembl 1 BeITEKAET, YTO NPU T > T

2n—2k—1

(6) Eoo(n, k,0,8) = K& 2t
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- o (n+1/2)E m—k O\
 k+1 m(2n — 2k — 1) '

Tem cambiM B paccmaTpuBaeMoii 3ajade umeer MecTo 3ddheKT “Hachl-
IeHns ' TOrPeITHOCTH ONTHMAIBHOIO BOCCTAHOBIEHUSI, 3K TI0IATOIIII-
¢ B TOM, 4TO Ipu PUKCHpoBaHHOM 0 > (), 3HAHHE TpPeodPaA30OBAHUSI
Dypoe dyrkmn u3 C, 3aJaHHOTO ¢ TOTPENTHOCTHIO 0 B PABHOMEDHOIH
MeTpuKe, Ha HHTepBaJax, O0JbINX, YeM Az, He BeJeT K YMEHbBIIEeHUIO
IIOIPENTHOCTU ONTUMAaJIbHOI'O BOCCTAHOB/IeHHsI. TakuMm oOpa3om, Hapy-
IIIEeHNEe COOTHOIIEHNSI

7(2n+1)(2n — 2k — 1)
2(2n — k)

(8) 5202n+1 S

MPUBOJIUT K TOMY, YTO TOJy4aeMas uH(pOpMANud O Mpeodpa3oBaHuu
Dyphe OKa3bIBACTCT M3OBITOUHON. ITOT (PAKT HAM TPEIACTABIAETCS
BayKHBIM /I MPUJIOXKEHUH, KOT/Ia HY’KHO CIATATHCSA C Te€M, ITO MOJTY-
YeHue JTOTOJHATENbHOU HHMOPMAIH TPeOyeT OlpeieIeHHBIX 3aTPaT.

13 pasencTBa (6) B CHJIy HHBAPDHAHTHOCTH MPOCTPAHCTBA X[ OTHO-
CUTEJbHO CJIBUTA BBITEKAET CJIEAYIONTUN pe3yJbTar.

CaenctBue 1. Ilycmo k,n € Z u 0 < k < n. To2da umeem mecmo
MouHOE HEPaBEHCMBE0

(k;) 2n—2k—1 ( ) 2k+2

2n+1 n 2n+1
12 ()| ooy < KN FzCL 2 12 O R
ede konemanma K onpedenena pasencmeom (7).

[Tepeiigem Teneps k 3agade (1) gma p = 1. Ecmm k> 0w 0 < oo,

TOJIOKUM
2
g2(2n—k—1) (/g(x"" — a2 dx)
4r 1

(3mech M jasee Jist KPATKOCTH 3alMCH HE HPUBOIATCS BBIPAYKEHUS
JJIsl HHTEIPAJIOB, KOTOPbIe MOTYT GBITh SIBHO BbIYHCJeHbI). OUeBHIHO,
gro dbyuknus P(-) HenpepbisHa Ha (1, +00). Herpyauao y6eauThbest, 910
®(e) > 0npu e - 1 u $(e) — +oo npu € — +00. Tem campim 151
Jgoboro ¢ > 0 ypaBHeHUe

9) D(c) =62

UMeeT pelienne, TpuHaIekaree narepsaty (1, +00).
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Teopema 2. ITyemv 6 > 0, kkn € N, 0 < k < n, 0 < 0 < o0.
THonroocum

(
o/es, 0< o< oo,

a= ( 27(2n — 2k — 1) )2—
, 0 =00,
\2@n—1)@n—k—1)

(9 Im—k—1 [€
5 <§> / (2% — 1)~ du, 0<o < oo,
o
A= 2n—2k—1 ' _k
ko~ 21 27(2n — 2k — 1) -1 o= o
(T(2n —2k—1) \ (2n - 1)(2n —k —1) LT
ede €5 — pewenue ypasuenusa (9). Toeda
)
Ei(n,k,0,6) = X+ %ak,
a Memod
- 1
(10) PO =5 [ sttt
T Jit|<o
2de

(11) pa(t) = {(mk’ =

(ia)*signt®, a < |t| < o,

asasemces onmumanrvroim. Ipu k=0

J 1
Ei(n,0,0,0) = — +
2r - on12 /7 (2n — 1)

U memod

(12) B() = -

== y(t)dt
2m [t|<o

— ONMUMAADHBL.
W3 TeopeMbl 2 IPU 0 = 0O BHITEKAET

CaenctBue 2. Ilycmov k,n € Z u 0 < k < n. Tozda umeem mecmo
MOUHOE HEPABEHCNEO

2n—2k 2k

2n—2k—1 ST
0O ey < FalF2O, Tyt 1™ Ol
(R) (R)

20e

W 1 < o — 1 )%1
L @n—k— 1)z \27(2n — 2k — 1)
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[Tepeiigem k caydaio p = 2. Ecan 0 < 00, TO MOJOKAM

oh
27T0.2n—2k—1h4n—2k—1/ x2k<1 +x2n)72 dr
U(h) = 0

oh ’
(oh)2n—2k-1 / 2?1 4 2?2 dr 4 (2n — 2k — 1)
0

Herpynuo y6emurnest, uto dbyuknus V(-) mempepoiaa Ha (0, 400),
VU(h) - 0upu h — 0 u ®(h) — 400 upu h — +oo. Tem cambim
Juist Jsiroboro 0 > 0 ypaBHeHHe

(13) U(h) = 6
nMeeT pelienne, npuHaiexkariee nareppary (0, 400).

Teopema 3. llycmo 6 > 0, k,n € Z, 0 <k <n, 0 <o < oco. Feau
0 < 0 < 00, mo uepes hg obosnawum pewenue ypasnenus (13), a ecau
0 = 00, MO NOAOHCUM

2k +1)62  \ 2
hs = :
2w (2n — 2k — 1)
Toz0a
1/2

62 + 2wh3" ohs
Ex(n,k,0,0) = +—k7:1f2 (2/ 2%k (1 4 %) 2 dx) :
2mohyg 0

a memod
i k
0 =5 [ g0

ACAACITNCA ONMMUMAADHDIM.

[Ipu 0 = oo moydaeM

2n—2k—1

EQ(TL,]C,OO,(S) = K25 2n R

rae

2n—2k—1

2%k +1\ '/ 2%k + 1 n
Ko = ( 2k + 1)si
2 << T lsinr—o] ) (2w(2n—2k—1))

OTciona cieiyeT TOUYHOe HepaBeHCTBO

oY Ol aisy < Kol o)y 1o Ol e

2

B cuny pasencrsa [lapceBais
1F2( )] @) = V2r[|2()l| L)

OHO MOXKeT OBITh 3alMCAHO B BUJIE
2n—2k—1 2k+1
(k) (. e N A
1o O ey < @0 2F2 Kol Ol 12202,
D10 HepaBeHCTBO ObLIO JoKazano JI. B. Taiikobim [12].
[epeitnem Teneps k 3agade Credknna o npubanzkenuu k-oi Tpous-
Boanol Pynkiuu u3 Kinacca Cf 10 urdopmanum o ee npeobpazoBanum
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Qypre Ha wHTEPBaIE A, C TOMOIILIO JUHEHHBIX (DYHKIIMOHAJIOB, HOP-
Ma, KOTOPBIX HE TTPEBOCXO/IUT (PUKCHPOBAHHOTO MOJTOKHUTETHHOTO YUCTIA

N.

Teopema 4. [lycmon, k€ Z, 0 <k<n,0<o <00, N>0,

o (WN(k +1)(2n + 1)) T

N 2n—k
u on =min(o,0y). To2da

—ntk+1/2 3

o 1 v2(o, N)
14 w(n, ko, N) =X A
(14)  ew(n, k0, N) Jr Vo —o—1 " 2uy1

2de N
1 T
’Y(O',N) = maX{O,(Zn—l— 1) (kj——f—l — W)},
U PYHKYUOHANA

(15) (¥, Fz()) = %A‘K (it)* (1 — (o, N) (%) : ) Fz(t)dt

ABAACTINCA IKCTNPEMAAOHBIM.

I3 TeopeMbl 4 BhITeKaeT, uTo npu dhukcupopanioM N g 0 > Oy

2n—k
2k + 2 2n — k 2k+2  op_9k—1
wo(n,k,o,N) = N~ 2k+2
€oo(, K, 0, N) \/2n—2k;—1<7r(k:+1)(2n+1)> .

DT0 03HAYAET, YTO AHAJOTHIHO 3ajade BOCCTAHOBJIEHHS B PaCCMaT-
puBaemoii 3ajade CTedkuHa Takzke HaOJ0gaeTcs PpdekT “HachiIe-
HUS 3aKJIIOYAONIUICH B TOM, 4TO 1Ipu pukcupoBannom N 3HaHue mpe-
obpasosanus Pypbe Ha uHTEpBaJIAX, 6O/ILIINX, YeM (—0N, Oy ), HE Be-
JIeT K YMEHbBITEHHIO TTOTPEITHOCTH € (1, k, 0, N). AHAIOroM COOTHOIIIE-
Hust (8) 37eCh SBJIACTCH HEPABEHCTBO

ohtl < m(k+1)(2n+1)
N — 2n — k ’
HapyIIeHHe KOTOPOro BeJeT K U3OBITOYHOCTH I0jIydaeMoit nadopma-
nuu o npeodbpazosanun Pypbe.

Teopema 5. IlHycmv n,k € N, 0 <k <n u N > 0. Toeda npu o < 0o
1

61(n7k707N):W

2k2€2n—2k—1 25_k 5—2]6
“N@n—2k—D@n—k—D@n—1)  2n—k=1 2n—1
2de

o O'k
=% _ Ny=mind{N =
9 (27TN0)1/k7 0 mln{ 727{_}7



8 I. T. MATAPWI-UJIBAEB, K. 0. OCUIIEHKO

U PYHKYUOHAN

(16) (7, Fa() = %/W@ PO

+ Noi® / sign t* Fo(t) dt
(27 No)Vk<|t|<o

ABAACTNCA IKCTNPEMAAOHBIM. Hpu o =00

_ 2n—2k—1

V2k(2nN) "
VT(@2n —1)(2n —k —1)(2n — 2k — 1)’

e1(n, k,00, N) =

a PYHKUUOHAN
]. / . k
= — i) Fx(t)dt
2m \t|<(27rN)1/k( ) Fali)

+N i* sign t* Fa(t) dt
> (2mN) 1/

(", Fz(-))

— akempemarvunl. Feau k=0, mo

( 1
0, 0<N<—,
2
! N > ! <
= - U OO
61(71,0,0',]\[) O—n—l/? 7T(2n—]_)7 - 27'('7 )
1
O N Z -, 0 =00,
\ 2T
npu aMom GYHKUUOHAA
1
(", Fz()) = — Fx(t)dt
27 Jjy<o

ABAACTNCA IKCTNPEMAAOHBIM.

Pacemorpum teneppb 3ajady CredkuHa Jijid cjoydas, Korjga p = 2.
Iomoxum

1 i 2k 2n\—2

Oyuxmusa 2(h) menpepoisra mpu h € (0, 4+00). [Ipu sTom

o2+
lim Q(h) = ————
— (7) 2122k + 1)
a limy, o, Q(h) = 0. ITosTomy mpu BCex
okt1/2
O0<N<—m———
T/2(2k + 1)
ypaBHEeHHe
(17) Q(h) = N?

AMeeT perreHue.
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Teopema 6. Ilycmo n,k € Z, 0 < k <n u N > 0. Toeda npu scex
0<o <@

- ~ 1/2
p2n—2k=1  pohy  2(k+n) o~ (2n—2k-1)
ko N =[N e —
e2(n. k0 N) m /0 (14 a2)2 v 7(2n — 2k — 1) ’
2de
N h 0 N ]/\\[ R k+1/2
= N < < IV, N— o

0, N>N, 202k + 1)

a hy — pewenue ypasuernus (17). Ilpu smom Pynryuonan
A 1 (it)*

18 v, Fx())) = —/ ———y(t)dt

( ) < ( > 27 [t|<o 1+ (hNt)2n )

ABAACTINCA IKCITMPEMANABHBIM. Hpu o =00
2n—2k—1
V2k+1 2n — 2k — 1) 2(Zk+D)
Y

2%k + 1 21511( 2mN?
2n )

62(71, k? o0, N) =
(4n2 sin 7

a pynryuonan (18), 6 komopom
T
2n — 2k —1
2k +1 ’
n

hy =

8mn?N2sinm
— KCMPeManbHoLi.

OTMeTuM, 9TO B CJIydae 0 = 00 Pe3yabTar, ¢hopMyIUPOBAHHBIA B
9TOM TeopeMe, MOKeT ObITh ToJydeH u3 pabors [12].

3. JOKABATEJ/ILCTBA

B ocHoBe noKazaTenbcTB cOPMYJIUPOBAHHBIX TEOPEM JIEKAT CO00-
pazKeHUus, CBSI3aHHBIE ¢ OOIMMH MPUHIUIIAMHA TEOPUH SKCTPEMATbHBIX
z3azad. CyTh Jea 3aKJII09aeTcd B TOM, YTO PACCMATPUBAEMBIE 37€Ch
3a/la49U PEJIYIUPYIOTCH K HEKOTOPHIM BBIILYKJIbIM 3ajadaM, JJisd KOTO-
PBIX HEOOXOIUMBIM U JIOCTATOYHBIM YCJAOBHEM TOIO, UTO JIOIYCTUMAst
TOYKA €CTH PeIeHne JAaHHON 3a/1a4H, SBISETCS PABEHCTBO HYJIIO MPO-
W3BOHON (MM MPHHAIEXKHOCTE HyJ1s1 cyOand depentmany) dysKinm
Jlarpan:ka B 310l TOuKe. Takoe ycjaoBHUe IpecTaB/sgeT U3 cedsS HEKO-
Topoe ToxKmecTBO. C Ipyroif CTOPOHBI, caMa 3aJ/1a4a BOCCTAHOBJIEHUS
SABJIETCS TBOMCTBEHHONW K YKA3aHHBIM BBITYKJIBIM 33/1a9aM M MOITO-
My, peIuB uxX (T. e. MOJYUYHB HYZKHOE TOXKJECTBO), MBI, BOOOIIE IO-
BODsI, pelllaeM U JIBONCTBEHHYIO 337a4y (HOIpOGHee 0 TAKOM TOIXOJIe
K DEIIeHUIO Pa3/IHIHbIX SKCTPpeMasibHbX 3ajad cM. [13]-|15]. Caeryio-
mag TeopeMa IpejcTaB/isger coboil UTOTOBBIN Pe3yJIbTAT MTPUBEICHHBIX
CcOODparKeHNii.
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Teopema 7. Ilycmv n,k € Z, 0 < k < n, 0 < 0 < o0, 0 > 0,
1 <p< oo unpuecex x(-) € X' 6bNOAHACINCA PAGEHCTNGO

(19) o(0) = (77, Fa() + 1 [ a0 dr

R

ede y* — nexomopouli aunetinoni nenpepuerul Pyrnkyuonan na Ly(A,),
AERy, aZ(-) € X} u ydosaemeopaem caedyrousum Yerosuam

(@) 1F2()|z,a0.) = 9,
(i) 70y = 1
(@i) (¥, F2(-)) = d|ly* |-
Tozda
(20) Ep(n7 ]{3,0,6) :)\+5||§*||a

ay* — onmumanvrulli memod socemanosaenu. Kpome mozo, 6 3adaue
Cmeuxuna daa N = ||y*||

ep(n,k,o,N) = A,
Sk

ay* — IKCmpemasvroii GYHKUUOHAA.

Jlokasamenvemso. YaurbiBag paBeHCTBO (19), nMeem

|2 (0) = (7", y(-))]

21) E,(n,k,o0,0) < su
( ) D g vy Uy p
z(-)ECY, y()ELp(As)
1Fz()=y( )Ly (a,) <o
< sup [zW(0) = (@, Fz(-))| + 81771l = A + 81|77 .
z(-)eCy

C napyroit ctopoust, B cuay (i) st JTIOGOrO METO/a BOCCTAHOBICHUST
¢(y(+)) nveem

2(zM(0)] < [2%(0) — @(0)] + | = 24(0) — ¢(0)|

<2 sup 25(0) — @(y())].
2()ECE, y()ELp(Aq)
1F2() =y ()l Lp(ag) <6

Otciona crenyer, ato E,(n,k,0,6) > |2 (0)|. Yaurssaa (19), (i) u
(14), moaygaem

Ey(n,k,0,6) 2 [Z(0)| = (7", FZ()) + AZ" ()l za | = A + 6117

13 sToro mepasencTBa n (21) BbITeKaeT paseHcTBo (20) W ONTHMAIL-
HOCTb MeTOIa Y*.

[Tepeitnem Kk 3ajgade Creukuna. [To pokasaHHOMY B 3ajade ONITH-
MaJIBHOT'O BOCCTaHOBJICHUA CpeAr OIITUMaJIbHBIX METOJ0B CYIIECTBYET
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MeTO/I, 33/1aBaeMbIil JJUHEHHBIM HENPEPBIBHLIM (DYHKITMOHAJIOM, MO3TO-
My

Ey(n,k,0,0) = inf inf sup 128(0) — (v, y())]
N>0 [y*|| <N @(-)eC, y()eLp(Ar)
IF() =y ()l (a0) <

< inf sup |2®(0) = (y*, Fx(-))| + 6N = ey(n, k, o, N) + 6N.

Iy I<N 2(-)eCy

CnenosarenbHo, npu Bcex N > 0

(22) ep(n,k,0,N) > E,(n,k,0,6) —0N.

Orcrona u3 (20) anss N = ||y*|| momyaaem
ep(n,k,o,N) > A.

C xpyroii croponst, B cuiy (19)

ep(n ko, N) < sup [20(0) — (7, Fa()| = \.
z(-)eCy
U

Jorasamenvemeo meopemur 1. Hokaxkem, aro mas Beex z(-) € X7
HMeeT MEeCTO PaBEHCTBO

1 Nk (1 2n—k\ [
/ltKUO(zt) (1= ON[¢|*" %) Fa(t) dt

(23) 2M(0) = o~

+ A / ™ (H)zM(t) dt,
R
rae dynknus () € X7, Takosa, 4TO
(—i)kdsignt®, |t| < oy,

(=)

\2n—k ’

Fa(t) =
|t’ 2 9.

B cuny teopemsr [Lianmepesist nmeem

(24) /R 2™ ()T (1) dt = L /R t" Fa(t)FZ(t) dt.

2m
[TosTomy
1 _
— (it)F (1 — SN[t %) Fa(t) dt + A / 2™ (£)Z0) (¢) dt
2m [t[<oo R
1 . n— nok s
= ((it)* (1= S ") + M i*d sign t*) F(t) dt
lt|<oo
1
— ith:L’tdt:—/ithxtdt:x(k)O.
5 ], 0 Fr@dt= o [ 0t Faoyar = 0
Pasenctso ||Z(-)|1,® = 1 Jerko mposepsierca. Jlokazem, |TO

|FZ()||lLw(a,) = 0. IIpn g > 0 310 HEMOCPEICTBEHHO BHITEKAET N3
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onpenesennst Fz(-). Tlycts 09 < o. Torma o9 = ¢ u HeTpyaHO ybe-
aurhes, uro (Ag2VF)7L = §. Tem camwbiv |FZ(t)| < § upu [t| > G.
[IpoBepuM Temepb BBIOIHEHHE yCa0BHs (i47) TeopeMmbl 7. Mmeem

(25) (7", Fz())) = % /|t< L% (1 — SA[E[F) dt.

Jokazkem, uro 1 — SA[t[>" ™% > 0 upu |t| < 0. B cuny onpejenenus og
nMeeM

§202mt12(2n — k) < 0%6712(2n — k) = m(2n + 1)(2n — 2k — 1).
Orcroa BEITEKAET, 9TO
o™ (2n+1) < (2n — 2k — 1)(7(2n + 1) — §*0g™™)
_ O_O—2n+2k+1 (2n + 1))\—2’

T.e. SAoa" % < 1. Tem campiv npu [t| < o 1—6A[t)*"F > 16 o2"* >
0. CrenoBaresnbHo, paBas dacTb (25) pasna o||y*||. das 3aBepimenust
JIOKA3aTeJIbCTBA OCTAETCSL IIPUMEHUTD TeopeMy 7. O

Lokasamenvcmeo meopemo, 2. PacemorpuM cradasa ciaydait 0 < k <
n. JokazkeM, 9To0 s BeexX z(-) € X{' UMeeT MeCTO paBeHCTBO

(26)  z®(0) ! / ps(t)Fa(t) dt + X / 2™ (1)zM(t) dt,

rae Gyukius () € XJ' Takosa, 9T0

1] < a,

0,
- _-k|t|k_ak dom F "
Fz(t) = { (—1) Tgen lent a<|t] <o,
(it)*
/\th’

[eiicTBUTe1bHO, yauThiBast (24), nmeem

t] > o.

1 1
— ps(O)Fx(t) dt+ A / ™ () ZM (t) dt = — (it)*Fa(t) dt
27 Jiy<o 8 27 Jii<a
1
+ — ((ia)" signt* + i*(|t|* — a*) sign t*) Fa(t) dt
2m a<|t|<o
1 1
+ — (it)FFa(t)dt = — / (it Fa(t) dt = 2%)(0).
m [t|>o 2T R

HGHOCpe,ZLCTBeHHbIMI/I BbIIUCJICHUAMM MOZKHO y6€,ZLI/ITbCH B CIIpaBedJ/In-
BOCTHU PaBEHCTB

(27) IFE) I pyan =6 12 )o@ = 1.

Ocraercss npuMeHUTH TEOpemMy 7.
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[Tycts Tenieph k = 0. Ecsim ¢ = 00, TO B CHJIy paBeHCTBa

2(0) = % /R Fa(t) dt,

pacemorpes o6y (yHKIuIO Z(+), YIOBIETBOPSIONLYIO YCJIOBUSM
IFZ()|i®y = 0, 2™ ()|l1o®) = 1, n npuMenns Teopemy 7, moy-
yaeM yTBep:KaeHue reopeMbl qid k =0 u o = oo.

Cayugait k£ = 0, 0 < oo Tpebyer OTAeIbHOrO paccMmorpenus. s
JOCTATOYHO MasbiX € > 0 onpegennm GyHKIHIO Tc(+) € X' Tak, 91066

0, It] <e,
~ €1
FZ.(t) = s €< t| < o,
Ca
tz—n, ‘t’ > 0.

Tonoxkus

c1:<2”_1>5< I )‘1’

2 8277,—1 O—Qn—l

B ) N\ 1/2
ey =2n — 1" /2 (7? — (2n — 1)0 ( b1 ) ) )
4 €2n—1 O-2n—1

HETPYAHO yOeAuThCsi, 9TO Jyist (DYHKIUUA T (-) BBIIOJTHEHbI YCJIOBHS
(27). AHATOrH9IHO TOMY, KaK 9TO GBLIO CJeJaHO B JIOKA3ATEIbCTBE T~
peMBI 7, MOXKHO TTOKa3aTh, 9TO

1 N
Fi(n,0,0,0) > [7.(0)] = —/F:cs(t) dt
21 Jr
1 Y 1 > Co 1) Co
27 Jitj<o Te(t) dt + 7r/c, t2n 27 + on=lx(2n —1)

YerpeMmitsist € K HYJTIO, ITOJIyYaeM OIEHKY

J 1
Ei(n,0,0,0) > — + .
1 ) 2m - gn12\/7(2n — 1)
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C mpyroii CTOPOHBI, LIS METOJIA, ONPE/IeJIeHHOTO paBeHCTBOM (12), mmve-
eM

e - L [y dt\

27 Jj<o

Ei(n,0,0,0) < sup
z(-)ECT, y(-)EL1(As)
1F2()—y()llLy (ag) <O

2(0) — i/lmm( )dt‘ + 2

< sup
z()eCT

) 1
=2 | F dt<— 120 Fp(£)]2 dt
27r+x(s>u%n7r/ ()] T \/ [Fz(t) \// 2
5

2 a”*1/2 7T(2n — 1)
Il

2 2T

JlokazaTesbCcTBO TEOpeMbl 3 HMPOBOJUTCS 110 TOH Ke cxeme, 4TO H
TeopeM 1 m 2, HCTIOJIB3YS TOXKIECTBO

1 (it)* / T
¥ (0) = Fx(t)dt + X\ [ 2" ()2 (t) dt,
( ) 27 /II;<O' 1 (h'(;t)Qn ( ) R ( ) ( )

B KOTOPOM

p2n—k=1/2 ohs 1/2
\ = 6T (2/ 2 (1 4 2?72 d:r;) ,
0

a dynknug z(-) € X7 Takosa, 410

L GO

iy 0 1+ (hgt)Qn’ ’
Fz(t) = (it

Ttk_2n, |t’ Z 0.

Jlokazamenvecmeo meopemv, 4. O603nauum uepe3 N(§) Hopmy JinHeii-
Horo dbyukmuonasna (4) (kak dyaknuonana sa Lo (A,)). veem

N =L (D o
T \k+1 2n+1)"

rie

g, 0 <9 <9y,

0= [r2n+1)©2n — 2k — 1)\ 7T o s
26%(2n — k) ’ o

R m(2n+1)(2n — 2k — 1)
% =0 \/ 2(2n — k) ’
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Tem cambim, yuntbiBast (5), mpu 0 < 6 < dy

5 _
okt 1 (02"+1 2n + 1)

T | k+1  @n+1)v2n—2k—1

HerpynHo y6emurbes, aro npu 0 < § < dg dyrkuusa N(J) MOHOTOHHO
yobiBaeT or Ny 10 Ny, 171
k+1 k190, —
Npe T Nk
m(k+1) m(k+1)(2n+1)

Caenosarensuo, mpu Ny < N < N, ypasuenue N(§) = N umeer
eIMHCTBCHHOE PeIleHHe

PRp—Y m(2n+1)(2n — 2k — 1)
N (2n+ 1)y 2(o,N)+2n — 2k — 1°

[Ipu sTom, yuutsiBagd, aro npu Ny < N < Ny oyx = 0, u3 T€opeMbl 7
BBITEKAET, YTO IKCTPEMATbHbIH (DYHKIHOHAT OyaeT uMerh BuI (15).
Ecim § > §p, TO

k+1

N() = m(2n+1)(2n — 2k — 1)\ 2»#1 2n — k
B 202(2n — k) m(k+1)2n+1)
[Tpu 6 > 0y byukuus N(§) monoronuo yowisaer or Ny jo 0. Orcioja

npu Bcex 0 < N < Ny cylmecTByer eJIMHCTBEHHOE PENICHUE YPaBHEHUS
N(9) = N, BeipazkaeMoe paBeHCTBOM

2n—k 2n+1
on — k 2k+2 1 2k+2
= n—k—-1/2 ——- — .
O = / (7r(2n+1)) ((k:+1)N>

IIpu 0 < N < N; ony = Oy ¥ 3KCTPEMAJbHBINA (DYHKIMOHAT UMEET
cuoBa Buj (15). Beipaxkenne st ex(n,k,0,N) upu 0 < N < N
HOJIy9aeTCs B COOTBETCTBHU € TeOpeMoil 7 HOICTaHOBKOM B (5) § = .

[Tycts Teneppr N > Ny, Torma us (22) caemnyer, aro npu Beex § > 0

exo(n,k,o,N) > E(n,k,0,0) —IN.

Yerpemutstst 0 K HYJTIO, TOTydaeM
1
on=k=1/2, [r(2n — 2k — 1)

eoo(na k’ 0-7 N) Z

Henocpeacreennast onenka dbyukmonasa (15), koropsiii mpu N > N
OpUHUMaeT BUJ

(28) @ Fa()) = — [ (it)Fu(t)dt

2T Jjt<o
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(HopMma ero paBaa Ns), gaer

N 1
@9) 1O0) ~ 7 Fa0) < 5 [ 1Eso) i

1
=5 [t | Fa ()]t dt

27 Ji>o

1
g—/ ]tP”\Fx(t)Pdt/ [t[2-2n g
21\ Ji>o t]>0
1
<

T oonTk12y /n(2n — 2k — 1)

i

Jlokasameavemeo meopemut 5. Tlycrs k> 0,0 < 0 < 00, € € (1, +00),
a ¢ onpezeseno papeacTBoM (9). Ob6oznaunm vepe3 N (€) HOpMY JHHETH-
noro ¢yukrmonana (10) (kaxk dynkmmonana na Li(A,)). meem

o.k

T omek
Tostomy pun 0 < N < o%/(27), yaurmiBas Toxaectso (26), yTBep-
JKJIEHHE TeOpeMbl HEMOCPEJACTBEHHO CJIeyeT U3 TeopeMbl 7. Feaun N >
ok /(2m), To u3 (22) cauepyer, uro npn Beex § > 0

ei(n,k,o,N) > Ey(n,k,0,0) —IN.
Yerpemitsist € K egunune (mpu srom 0 — 0), nosaydaem
1

on=k=1/2, /r(2n — 2k — 1)

[Ipu N > o%/(27) pynkumonan (16) npunumaer suz (28). YuuThiBag
onerky (29), umeem

N(e)

er(n,k,o,N) >

1
on=k=1/2, [r(2n — 2k — 1)
[Ipu k > 0 u 0 = oo HOpMa JimHeliHoro dhyukimonana (10) pasua
k
1 27(2n — 2k — 1 2n-1
N(§) = — m(2n ) .
2r \0?(2n —1)(2n — k — 1)
[Tosromy nipu Bcex N > 0 Haiimercs dy, mias koroporo N(dy) = N, u
¢ ydeToM ToxJecTBa (26) yTBepKIeHNe TeOPEMbl BHITEKAET U3 Teope-
MBI 7.
[Iyctes Temeps k = 0. Torma mpu Beex § > 0

el(”? k70-7 N) S

1 1
0,0,N)> E(n,0,0,8)—6N = ——N|§ :
e1(n,0,0,N) > Fi(n,0,0,0) (27r ) +0n71/2 T(2n — 1)

Yerpemitsis 0 K OECKOHETHOCTH, IOy YaeM

e1(n,0,0,N) = oo.
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Ecamu N > 1/(27), To ycrpemssig 0 K HYJII0O U3 TOTO Ke HEPaBeHCTBA
OyeM mMeTh
1
e1(n,0,0,N) > .
o= 12\/w(2n — 1)

O6parHoe HepaBeHCTBO caeayer u3 (29) npu k = 0. O

JlokazaTebeTBO TeOpeMbl 6 TPOBOAMTCS 1O TOM YKe cXeMe, KOTopas
HCIIOJIB30BaIaCch B JOKa3aTebCTBaX TeopeM 4 U 5.
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HUKW U ABTOMATUKU (TEXHUYECKUIN YHUBEPCUTET)
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MATU — POCCUCKNl TOCYJAPCTBEHHBINT TEXHOJIOTUYECKNN YHUBEP-
CUTET uM. K. 9. IIMOJIKOBCKOI'O



