O BOCCTAHOBJIEHUN CUTHAJIOB IIO CIIEKTPY

I. I MATAPWJI-MJIBAEB, K. 0. OCUIIEHKO

MockoBckwuit rocymapcrennbiii yuusepcurer umenu M. B. Jlomonocosa, UncturyT mpobiem mnepenasin
undopmanuu um. A. A. Xapkesuua PAH, MockoBckuii aBuanuoHublii MHCTUTYT (HALMOHAIIBH DI
MCCIIeIOBATENILCKIH YHUBEPCUTET)

BoccranoBsienne curHaga mo ero cuekTpy (T. e. mo ero npeobpasopannio Pypbe win, Kak roBo-
PSIT, TIO €r0 YacTOTaM ), KOTOPBI 3a/1aH HEIOJIHO U/UJIM HETOYHO, — OJIHA U3 OCHOBHBIX ITPOOJIEM
BO MHOTHX TPUKJIAIHBIX 3asadax. CylecTByOT pasjindHble CIocOObI BOCCTAHOBJIECHHUS, HO HAU-
60JIee PACTIPOCTPAHEHHBIN W3 HEUX — 3T0 peryaspusanus mo A. H. TuxonoBy. OHa 3akmodaercs
B TIPEIbsIBJIEHNN HEKOTOPOTO AJITOPUTMa BOCCTAHOBJIEHUSA U JOKA3ATETHCTBY €0 CXOTUMOCTH K
HCXOJTHOMY CHUTHAJY (CKayKeM, B JTAHHOM TOUYKE) IPU CTPEMJICHHH K HYJIIO MOTPEITHOCTH H3Mepe-
uusi. 1lpu aToM ocrarorcs 6e3 BHUMaHUS, 110 KpaiiHeil Mepe, CJIEIYIOIIHe BOIIPOCH: BO3MOXKEH JIH
Jiydrnuit crioco6 BoccranosjieHus? MoxKHO 1 10Ka3aTh 3O} EKTUBHOCTE TPEIbIBJIEHHOTO aJIro-
pUTMa, HE YCTPEMJISs MOIPEITHOCTb K HYJII0, BEJb OHA 00YCJIO0B/IEHA HETOYHOCTSIMU U3MEPEHUS U
He MOKeT ObITh CIeaHa CKOJIb YTOMHO MaJIoi?

B nannoii pabore Mbl XOTHM ITPO/IEMOHCTPUPOBATD, HA PsiJjie COBCEM HPOCTHIX IIPUMEPOB, IO/l
X0 K 33JTa9€e BOCCTAHOBJICHUS CUTHAJA IO CIEKTPY, OcHOBaHHbIN Ha uaeax A. H. Kommoroposa.
DTOT MOIXO/T IIPEICTABJISAET OIPE/IEIEHHY IO aJIbTEPHATUBY PEryJIsipU3AIMOHHOMY TIOX0/Y B TOM
CMBICJIE, YTO OH [I03BOJISIET CTPOUTH HAWIYUIINE CPEJIM BCEX BO3ZMOXKHBIX METO/IbI BOCCTAHOBJIE-
HUS CATHAJA, W C YyIEeTOM TOHN TMOTPEITHOCTH, KOTOPasd eCTh Ha caMoM jene. [Ipu 3ToM BakKHO
OTMETUTH, 9YTO ONTUMAJIBHBIC METOJbI BBITINCHIBAIOTCA ABHO W WCHOJIB3YIOT AAJIEKO HE BCIO MMe-
0TIy 10Cst MHGMOPMAIHIIO O CIIEKTPE (J1azke €C/M OHa M3MEpeHa TOYHO), W eC/au 3Ta MH(MOPMAIHs
M3BECTHA C TOTPENTHOCTHIO, TO YKA3BIBAETCS TTOPOT (3aBUCANMNA OT MOTPENTHOCTH M3MEPEHUs),
3a TpefeaMu KOTOPOro WHMOPMAIH O CIeKTpe BOOOINe He HYXKHA — ONTHMAJBHBI MeTO
ee He ucnosb3yer. [losesnas xe wHbOpMaIUs, T. €. Ta, KOTOpas HUCIOJIB3YeTCs, TOABEPTALTCS
ompejiesienHOMYy “cryaxkuBanuio”. CrielyeT cKas3aTh, 9TO 3TO BIOJHE COOTBETCTBYET TOMY, UTO
OPOUCXOAUT Ha IIPAKTUKE — BBICOKHWE 9aCTOTHI OT6paCbIBaIOTC9[, d HU3KUE CIJIaKUBAIOTCH.

Kparkuit koMmMmenTapuit mo moBoay cpOPMYIUPOBAHHBIX 3/1€Ch YTBEPXKACHUN IPUBEICH B KOH-
e paboTHI.

Mpb1 HaunHaem ¢ npumMepa u3 yuebuuka B. A. Wnbuna u 9. I Tlozuska [1], gremoncrpupytormero
BO3MOXKHOCTHU DPEryadpuU3aluul 110 TI/IXOHOBy.

ITycrs 2m-nepuonnveckast dyuknus (+) rakosa, aro ee psajg Oypne

a
x(t) = ?04-

NE

(ay cos kt + by sin kt),

B
Il

1

Pa6ora Beinonmena npu ¢unancosoii mogaepxke Poccuiickoro donga dynmamenTaabHbIx nccreaosannii (rpan-

o1 Ne Ne 14-01-00456, 14-01-00744).
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rae

™

1 ™
ar =ai(z(+)) = / x(t)cosktdt, k=0,1,2,...,

—T

1 iy
b —ba(a(-)) = / o(t)sinktdt, k=1,2,. ..

™ —T

cxoauTest K x(+) paBHOMEDHO.
Bumecro Tounbix koaddunmentos Oypne GyHKIMU M3BECTHBI MX NPUOJIMKEHHBIE 3HAYCHUSA (A,
by, Takme, 9TO

~ 2 o0
(ap — ap) ~ \2 732 2
(1) — > ((ar — ax)® + (b — br)?) < 6%
k=1
ITo sroit waMOpManuK TpebyeTCs: BOCCTAHOBUTH 3HadYeHHe (DYHKINK Z(-) B HEKOTOPO TOUKE T.
HerpyaHo mokazaTh, 4To Kak 6bI OBICTPO HE CXOJIUJICS UCXOIHBIH Pl K (7) 1 Kak Obl He ObLITO
mao 0 > 0, MOXKHO yKa3aTh TAKHE YUCIA Af, bk, yaosaersopstomue (1), uro cymma psija
~ o0
ag ~ T .
5t Z(ak cos kt + by, sin kt)
k=1
6yzser oramuarhest or x(7T) Ha Ja060€ Haepe 3a1aHH0e YUCI0 WK JIasKe psjl Oy1eT PAcXoIuThCs.
Ilpemraraercsa ciaenyrormas mporeIypa BOCCTAHOBIeHNs. B KauecTBe NPUOIUKEHHOTO 3HATE-
oug HYHKIUY B TOYKE T PACCMATPUBACTC P

[o¢] 1 "
+ Z (ar cos kT + by sin k1),

2
k:11+k‘0z

ap
2

IJIe (v TOTO YK€ TOPSAIKA MAJIOCTH, 4TO 1 § (HAIPUMED, MOXKHO TIOJIOKUTD (v = 0).
Hoxkasbisaercs, uro ecim dynkuuga x(-) npunagnexkur npocrpancrsy Lo(T) (T — orpesok
[—7, 7] ¢ naeHTUOUINPOBAHHBIMYU KOHI[AMK) C HOPMOI

Ol = (£ [ pa)”

u x(+) HempepbIBHA B T, TO JaHHBIN Psiji cxoauTcest K x(7) mpu & — 0.

ITpu 3TOM aBTOPBI B 3aKJIIOUATETHHOM 3aMEUaHUM THIIYT (BBIAEIEHO JKUPHBIM MPUGTOM Ha-
MH):

oo DOADCHDL AU MbL, JHCEAQA NOAYHUMD KAK MOAHCHO Bosee mownoe npedcmasaenue 00 urme-
PECYOUEM HAC PUUYECKOM NPOUYECCE, HEOZPAHUMEHHO COBEPULEHCTBO6AMb TNOYHOCTS Npubopa
UAU NYMB K IMOMY AEHCUM YEPE3 PAZGUMUE MAKUT MAMEMAMUYECKUT MEMO0Jo8 06pabomKy
PE3YABMAMOE USMEPEHUT, KOMOPHIE NO3BOAANOM NPU UMEIOLIENCH TOYHOCTU UMEDEHUA Ya-
COMHBLT TAPAKMEPUCTNUK U3BAECHD MAKCUMAJILHYIO UHPOPMAYUIO 00 USYLAEMOM NPOUECCE.

Iloaxost, KOTOpBII TpeAIaraeTcs 3/1eCh K UCCIE0BAHUIO [TOJI0OHOTO POJIA 33184, IPeJIII0Iaraer
HaJWYIHe HeKOTOPOoi anpuopHoit madopmanun o dbyukinun z(-). Ho Torga mossiseTcs BO3MOK-
HOCTb yYUTBIBATH UMEIOIIYIOCd TOYHOCTb U3MEPEHUsI U CTABUTH BOIIPOC O HAXOXKJIEHUU HAWJIY Y-
IIIET0 METO/1a CPESIN BCEX BO3MOKHBIX.

AnpuopHas uHOpMaNUsa 0 QYHKIUH OYIET COCTOATH B TOM, UTO 3Ta (PYHKIIHAS TPUHAJIIE-
JKUAT HEKOTOpoMy Kjaccy. O6osnauanM depes )/VQ1 (T) nmpocTpalcTBO 27T-TIEPHOMIECKNX abCOTIOT-
HO HenpepbIBHBIX MYHKIMI 2(+), y KOTOPbIX mepBasi mpoussojgHas &(-) npunaninexnt Lo(T). B
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JaHHoit pabore 6ymeM paccMaTrpUBaThH CAEIYIONMI Kaace QyHKITIN
1 1 -
W (T) = {a(-) € Wa(T) : [l( )| omy < 13-
Ecrmm z(+) € W3(T), To nst kaxzoro ¢t € T cipaBe//InBO PaBeHCTBO

z(t) = 204

5 (ax cos kt + by sin kt).

NE

i

1

IIpuBenem Teneps HECKOIBKO IPAMEPOB HAXOKIEHUST ONTHMAIBHBIX METO/[OB BOCCTAHOB/IEHI
bymrkimit nz xknacca Wy (T).

1. BoccraHoBsienue (pyHKIIUU B TOUYKe, KOT/Ia BCce KO3 duimnenTsl @ypbe M3BECTHBI
OpUOJINKEHHO B MEeTPUKe ls. 371eCh Mbl PACCMATPUBAEM TPUMED, TPUBEIEHHBIN BBIIIE, HO C
HOSHHHﬁ OIITUMAJIBHOTI'O BOCCTAaHOBJICHUA.

O6ozuaunM uepes lo MPOCTPAHCTBO CyMMUPYEMBIX ¢ KBaJPaTOM BEIECTBEHHBIX MMOC/EI0Ba-
TEJABHOCTEH CO CKAISIPHBIM IPON3BEACHUEM

no__ yoyé) - /
(o) = =30+ D vkt
k=1

rae vy = (yo,y1,---)s ¥ = (Y), ¥}, - ..) ¥ ¢ cooTBETCTBYIOMIEH HOPMOii

2o A\
Iyl = {2+ 4
k=1

Ecrm dbynkmus x(-) npuraanexut Wi (T), To ee kosdbdbummentsr @yphe npunatexkar lo. [lyers
F: W}(T) — ly — npeobpazosanue @ypre x(-), T. e. Fz(-) = (ao(z(:)),a1(z()), by(z(-)),...) —
Habop koabdurmenror Pypre byaruun x(-).

pemmonokmm, 9To o Kaxkoit dbyrkmmn x(-) € W4 (T) HaMm W3BecTHBI TPUOTIZKERHO ee KO-
dunmentsr ypre, a IMEHHO, U3BECTEH BEKTOP

Yy = (Zio,’dl,bl .. ) €l
TaKOM, 410
[1Fz() —yll, <96,
rae o > 0.

JIr060oit MeTo BoCCTaHOBIeHUs T(T) JIOJIZKEH COIIOCTAB/IATH BEKTOPY (HAOJIIOMEHUIO) i YUCI0,
KOTOpOE, COTJIACHO JTAHHOMY METOIY, €CTh HeKoTopoe mpubamkenue K (7). Takum obpasow,
JIO60H MeToI — 3T0 HeKoTopast GyHKIuda ¢: lo — R. [Toepewnocmvio TAHHOTO METO/Ia HA30BEM
BEJINIUHY

e(Wy(T), F,6,¢) = sup [2(7T) — ¢(y)].
z(-)EW(T), yel2
[1F'2(-)~ylli, <o

Hac unrepecyer Bemuunna

1 _ : 1
E(Wy(T), F,6) = inf e(W5(T), F,6,¢),
@Q: lo—R
HA3BIBAEMAA NOZPEWHOCTHIO ONMUMAABHO20 BOCCMANOBACHUA T METOT (p, Ha, KOTOPOM JOCTUTa-
eTCsl HUXKHSI IPaHb, HA3BIBAEMBII ONMUMAALHUM MEMOOOM GOCCTNAHOBAEHUA, T. €. TAKON MeTO I
©, 4TO

E(Wy(T), F,6) = e(Wy(T), F,6,3).
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Teopema 1 (|2]). Jaa arw6oz0 § > 0

E(W3(T), F,6) = (@+ 6 —
( 2( )7 ) ) (a’+ )<kZ:1 (1+ak2)2> )
2de a = a(d) — eduncmeennoe peuwerue YpasHeHU

o0

1 1
9 T Z (14 ak?)?

k=1 — 52
0 k2 .
Z (14 ak?)?

k=1

Memod @, deticmeyrowuii no npacusy
N | ~
o(y) = 50 + ; 1T (ar cos kT + by sin k7),
ABAAECNCA ONIMUMANOHBILM.

Kak BugHO 13 POpMYJIUPOBKEA TEOPEMBI, JiJist JiIo60r0 § > 0 MeTO[ peryIsapusalini, Tpeio-
Kennprif B [1], sapasgerca ontumambabiv Ha Kracce Wi (T) mpu a = @(§). Kpome Toro, MurmMah-
Hag ommbKa onenmBanns x(7) naercs semmamnoit E(W3 (T), F,§), KoTopas cTpeMuTcs K HYJTIO
mpu § — 0.

2. BoccranoBienne (pyHKIUM B TOYKE [0 HETOYHO 33JaHHOMY KOHEYHOMY Habopy ee
k03 dunmenToB Pypbe. 37eCh TakKe MOJILJUPYETCsl CUTYAIs, PACCMOTPEHHasl BBIIIE, HO B
BoJiee eCTECTBEHHOM, Ha HAI B3LJIfAJl, MOCTAHOBKE: MbI PACIIOIaraeM JIMIIb KOHEYHBIM HabOPOM
k03 dunnenTo Pypbe, UIBECTHBIX 10 MOJYJIIO ¢ TOYHOCTHIO 10 HEKOTOPOIO 4.

Urak, paccMaTpuBaeTcs 3aa9a BoccTanostenns dynkmun x(-) € W4 (T) B Touke 7 € T 1o

CTeYIONIel WHMOPMAIAN: U3BECTHBI YUCIA G, bk, JJIsT KOTOPBIX
lag —ag| <6, k€A, |bp—by| <6, keB,
riae A u B — nekoropsie KoHeurbie MuOXKecTBa 13 N. Tlosoxkum N = card A + card B n

Fapz(-) = ({artrea, {brtren)-

Yepes 1Y o6oznaunm mpocTpancTBo BEKTOPOB Y = (Y1, ..., YN) C HOPMOiL
||?JH15,Vo = lg}fLSXN Yk |-

TaxuM 06pa3oM, MOJKHO CKazaTh, uTo mHbopMarmsa o dymkmun z(-) € Wi(T) cocrour B
TOM, 9TO BMecTO Habopa ee Koaddunuentos Pypne F4 px(-) HAM U3BECTHBI UX IPUOJIIZKEHHbIE
BHAYECHST N

y = ({ar}rea, {be}tren)
Takue, 9TO
[Fa,pz(-) = ylliy <.

Kaxk u BbIIe, 119 KaXKI0TO METOIA (0 : lévo — R ero morpermHocTs OTIpemeasteTcs Tak

e(W3(T), Fa,6,¢) = sup (1) — (y)]-
z(-)eWS(T), yelll
1Fa,p2() =yl y <6



BOCCTAHOBJIEHUE CUI'HAJIOB 5

IlorpemuocTs 0OITUMAIBEHOTO BOCCTAHOBJIEHUsT OLIpeiesgercs hopMysioit

B(Wy(T), Fap,0) = inf _ e(Wy(T), Fap,0.¢).

e: 1%
MeTO,JI {5 Ha3bIBa€TCA OIITUMAJILHBIM, €CJIN BBIIIOJHACTCA COOTHOIICHUE
1 . 1 ~
E(W,(T), Fa,p,6) = e(W5 (T), Fa,0,9).

Herpynuo ybeantoes, aro ecan 0 ¢ A, TO IOIPENTHOCTD ONTHMAIBHOTO BOCCTAHOBJIEHHS PaB-
Ha GECKOHETHOCTH (OCTATOYHO PACCMOTDPETh JIHITL KOoHeTanThl 13 Kiacca Wi (T)). ITostomy B
nanbHeiieM OyaeM caurtarh, 910 0 € A.

Iomoxnm A = A\ {0} 1 pacemorpuy BekTOp

(2) Ive| > ... > ||

— MOJLY/TM KOMTIOHEHTOB TOTO BEKTOPA, yHOps0UeHHbIe To yonmanmio. Ecmn v, = k; 2 cos kT,
TO COOTBETCTBYOIIU MHIEKC Oyjem obo3HadarTh uepes ks(A), a ecam vs = k;2 sin kg7, TO —
uyepes kg(B). g xaxmgoro 2 < s < N obosnauum uepe3 Ay m Bs MOAMHOXKECTBA WHIEKCOB
ka(C), ..., ks(C) mpu C = A u C = B, coorsercrBenno. Ins ymobcra obo3HaueHnit Gymem
cuntath, uTo A1 = By = () (cymmMa 1o mycToMy MHOXKECTBY HHJIEKCOB OYIET CINTATHCH PABHOMN
HYJIIO) .

TTotoxkmm

p=p(8) = max{ 5192, <1 Sy l<:2>

keAsUBs

2 .2
> Z 0022k7+52 Z sin kT,QSSSN}

kEN\ A, keN\Bs

(camrast p = 1, ecqim MHOXKECTBO B CKOOKAX IIyCTO),

cos? kr sin? kr 12
Y. ot X
5= keN\A, keN\B,
1-6> ) K
keApUB)y

A,
B

Mo = K2(C) (s — M), @ = {81 r(0) C
S1gn Y bk’s(C)a C

Teopema 2. /Jlas arwbozo § > 0

5 p
E(W}(T), Fap,0) = 5 +6) A+ A
s=2
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U ONMUMaAbHBLT Memod umeem 6ud
~ P
~ a ~
(3) @(y) = ? + z; >\scs-
—

OrMmeTuM, 9TO, BO-TIEPBBIX, ONTHMAJBHBI METO/] UCIIOJb3YeT, BOODIE T'OBOPs, HE BCI) HMe-
OIYIOCsT HHMOPMAITHIO (CYyMMUPOBAHUE UIET /10 P, KOTOPOE MOXKET ObITh JOCTATOYHO MAJIBIM,
ec § J0CTATOYHO GOJIBIIOE), BO-BTOPBIX, UCHOJIb3yeMas HHOPMAIUs “CriaaKuBaeTcss’ Kodd-
durmentamu Ay u HakoHer, Ko3dgduinenTl Pypbe, KOTOPLIE BRIONpPAET ONTHMAJILHBIA METO,
ujtyT, BOODOIIE rOBOPsi, HE IOJPsi. DTO CBOMCTBO XapaKTEPHO JJIs TAK HA3BIBAEMbBIX ‘2KAJHBIX'
AJITOPUTMOB.

Hoxasameavemeo. Onpemenmm OCTE0BATETLHOCTH Gy W by, TI0 TpaBuTy

dsigncoskr, ke A,U0; dsignsinkr, ke Bp;
Uk = coskr bk = 9 sin kr
W, k%APUO. W, k¢Bp.
Herpynno y6eauThes, 9T0 IMEET MECTO PABEHCTBO
o0
(4) Yo kR@R+0y) = 1.
k=1

Iokaxkem, ato |ag| < 6 qst Becex k € A u |bg| < nas Beex k € B. Ilpu p = N 310 01ueBHIHO.
Ilycts p < N. Eciu pu nekotopom k> 0un k € A\ A4, BBITTOTHSATOCH OBl HEPABEHCTBO [ay| > 0
wi upu HekoTopoM k € B\ By, Bbinonsioch 661 HepaBeHcTso |by| > J, To Harrescs 6bl 971eMeHT
¥s, 2 < s < N, gaaa KOTOPOro mmMesio 061 MECTO HEPABEHCTBO

72> 522
B cuny (2) orcroga BeiTekano 6bl HEPABEHCTBO
(5) ’ySH > §2A2
[Ipeamosoxkum, 9T0
7£+1 _ costpH(A)T
p+1(A)

Torma HepaBeHCTBO (5) MOXKHO 3aITMCATH TAK
2 2 ;2
cos® kp1(A)T cos® kT sin® kT
p+1 1-62 k2 2 2
— 1= >0 ——+0 —_—
L (A) > > >
p+t k€ A,UB, keN\A4, kEN\B,
Iockombry Apt1 = ApU{kpi1}, a Bpp1 = Bp, TO HOCIIEfHEE HEPABEHCTBO 3AUCBIBAETCS B BHIE
2 2 .2
cos® kp1(A)T cos® kT sin® kT
p+1 1- 62 12 2 2
— 11— >0 ——— +94 —_—
k4 1( A) Z Z k2 Z k2
P+ keAp+1 UBerl kEN\Aerl keN\BpH
Ho raxoe nepasencTBo mpotuBopednT onpeaenennio p. Caydaii, korma

72 . sin? kp1(B)T
" kL (B)

paccMaTpUBAeTCd aHAJIOTHIHO.
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Hokazkem, 9t0 Jyisi JoObIx mocseposaresnshocreit {ax}, k = 0,1,..., u {bx}, k = 1,2,...,
TaKHX, 9TO

Zk%a% +b3) < o0
k=1

nMeeT MeCTO TOXKACCTBO

[e.9] p (0.9]
(6) Z(ak cos kT + by sinkt) = Z AsCs + A Z k2 (Qpay, + biby),
k=1 s=2 k=1

rue

Co — Sign’Ys a’ks(C)a C= A)
° sign s by, (c), C = B.

HeficTBUTETBHO, TMeeM

p 00 p p
D Ases + A KA (Grag + biby) = Z K2k lcs — A6 Y ke
= s=2

s=2 k=1

+)\5sz08+/\ Z choskT T Z stka

k2 k2
EEN\A, kEN\B,
o
= Z(ak cos kT + by sin k7).
k=1
Bamernm, ato A\, > 0 B cuny onpegenenus p, a As > 0 B cuny (2) gy Becex s =2,...,p — 1.

Haiijilem renepb BeJMUMHY HOIPENIHOCTH ONTUMAJIBHOIO BOCCTAHOBJICHUS U [TOKAXKEM, Y4TO Me-
toy (3) siasiercst onrumasbibiM. Ouennm ero norpemsocts. [lycrs dynkuua z(-) € Wi (T).
Ucnonwsys (6) n nepasencrso Komn-ByHsikoBckoro, nosiyunm

o] p
~ ap . ap ~
lz(1) — @(y)| = 5 + ;(ak cos kT + by sin k1) — 5 z::)\scs
+Zx\ s — Cs —i—Z ay cos kT + b sinkt) — Z)\ Cs
k=1
§2+52A3+A; (@2 + b}) Zk a2 +b2) < = +6Z)\ + A

TeMm caMbIM
5 p
e(W3(T), Fap,6,) < 5 +6) As+ A
2 s=2

OTcrona BBITEKAET OIEHKA CBEPXY JJIsi ONTUMAJIBHON TOTPEITHOCTH BOCCTAHOBICHWS

p
(7) E(W}(T), Fag,d) < 0 +6) A+
2 s=2
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Ilonyaum Teneps oleHky cauzdy. Paccmorpum byHKIUIO

~

(o9}
z(t) = % + Z(ak cos kt + by, sin kt).
k=1

U3 (4) soitexaer, wro Z(-) € W(T). Kpome Toro, 65110 TOKa3aH0, ¥TO 1 Fa,BZ( )iy < 6.
Jj1s1 IPOU3BBOJILHOIO METOJ/A BOCCTAHOBJICHUSL (0 UMEEM

21z(7)| = [2(7) — ¢(0) — (—2(7) — ¢(0))| < |2(7) — w(0)| + | = Z(7) — ¢(0)]
< 2e(W3(T), Fa,p, 6, ¢).
BenencrBre mpon3BOILHOCTH ¢ TOJIYIaeM

o0
+ Z ay cos kT +6k sin k7)|.
k=1

ao
E(W3(T), Fap,6) > |Z(1) =5

YaureiBas TOxKAeCTBO (6), mMeem

5 p
1
BOVAT) Fap ) 5 +53 0+

Orcroma n (7) creayer, 9To
5 P
E(W3(T),Fap,8) =5 +06Y A+,
2 5=2

a MeToJ g/ﬁ ABJIAETCA OIITUMaJIBHBIM. ]

3. BoccraHoB/ieHHE IO TOYHBIM 3HaueHUsM K03(pduiinentoB ®ypbe B MeTpuke Lo.
Paccmorpum curyanmio, aHaJIOrMYHYIO NPEABIAYIIEMY CIyYai0, HO BOCCTAHAB/IMBATHL (DYHKIIUIO
OyzeMm He B TOuke, a B MeTpuke Lo. [Ipudem crauama 6yaem mpeanosararTh, 9ro Ko3(hGUuimeHTs!
®ypbe HYyHKINN BOOOIIE U3BECTHBI TOYHO.

Urak, nycts A C Zy ={0,1,2,...} w B C N ={1,2,...} — KoHeUHbIe MHO}KECTBA (OHO U3
HIX MOYKET GBITH yCTHIM) I 0 Kask 1ol dynkimm x(-) € W4 (T) mam nsBecTHBI ee K03hpUImenTH!
®ypoe {ar}rea 1 {bptren, T. €. x(-) coorBercrByer HabGop Fa px(-) = ({ak}kea, {bk}ren) u3
N aucen, rne N = card A + card B. Bynem cunrars, naa oupenestentocts, 9to Fy pr(-) =
(akl""7akN1’bll7"'7blN2)7 roe k1 < ... < kNl nlh <...< lNz-

JIioboit MeTos ¢, MpU3BAHHBIA BOCCTAHOBUTEL Z(-) 10 Habopy Fa px(-), comocTapisier SToMy
rabopy dymxmmo ¢(Fa pz(-))(-) € La(T), T. e. ¢ ects otobpaxenne us RY 5 Lo(T). TTorperm-
HOCTBIO 9TOTO METO/Ia HA30BEM BEJTUTHHY

(WD), Fapp) = swp o) = o(Fasa() ()l
z(-)EW5 (T)
Kaxk u pambIe, Hac HHTEpECYeT TOT METO]T, TOTPENTHOCTE KOTOPOTO MUHUMAIBHA. ToUHee TOBOpSI,
HAC WHTEPECYET BETMINHA, MOTPETTHOCTH ONTHMATBLHOT0 BOCCTAHOBIEHMUST:

1 _ : 1
BVH(T), Fap)=  inf  e(WH(T),Fap.¢)

~>2(

" OTITUMaAJIBHBIE METOABI, T. €. TaAaKNEe METOIbI {5, qTO

E(W21(T)a FA,B) = €(W21<T>, FA,37 (/’5)
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CaszkeM co MHOXKecTBaMu A u B gucio

8 ko = ko(A, B) = mi in k in k}.
() 0 0( ) ) mll’l{ kIGIlI\lIIQA ’krer%\}{lB }

Teopema 3.

+oo, 0¢ A,
EWH(T). Fan) =4 .
— A.
T 0e
Ana mobwix nabopos wucea o = (a, ..., o5 —1) u B = (B1,...,Bry—1) makux, wmo
k k
-1 < — -1 <—, k=1,...,kg—1
|Oék |—k07 |6k’ |7k‘0, ) s VO )
Mmemod
a ko—1
Bap(Fapz()(t) = 5” + ) (ona cos kt + Biby sin kt)
k=1

ABAACTNCA ONTNUMAABHHIM.

OrMeruM, 9T0 ONTUMAIbHBLIX MeTOHOB “MHOr0”. B wacrHocTu, nogxomdr ducia oy = B = 1,
k=1,..., kg — 1, u Torma Mbl TOJIYy9IaEM TAK HA3BIBAEMBIH €CTECTBEHHBIN METOJ: MMOJCTAB/ISEM
To, uTo Habmomaem. Ecam gobaBuTh croga Bce ocTaabHBIE HAOJIIOIEHWS, TO JIETKO ITOKA3aTh,
9TO METOJ, OCTAHETCs OnTMMajbHbiM. HO NpuHIMIIMAILHO BaXKHO TO, YTO J1aXKe TOr/d, KOTJA
k03 duimentor Pypbe U3BECTHBI TOYHO, Jjis [OCTPOCHUS ONTUMAJILHOIO METOA JOCTATOYHO
guins 2kg — 1 ko3 durinesToB.

ITocraBum Temepnb Takoit Bompoc. 1lycTh nMeeTcss BO3MOKHOCTD n3MepuTh N K03 PUIIeHTOB
Dypre. Kakne kKoadpUIMEHTH! Ty dIle BCero B3ITh, YTOOBI MOTPEIIHOCTh ONTUMAILHOIO BOCCTa-
HOBJIEHHSI ObLIa MUHAMAJLHON. 3 TeopeMbl 3 BBITEKAET CJAEIYIOMIMA pe3yabTar.

Teopema 4. IIycmv N € N. Tozda

N wemnoe,

2
N’
inf E(WX(T), Fap) =
CardA—i—lgrdBSN ( 2( )7 A7B) 2

9y
N+1
Ecau N wemmno, mo muooicecmea Ay u B, Ha KOMOPHT HUNCHAA 2panb 00CTMULAEMCA U OAA
xomopwux seaununa card A + card B munumasvra, maxosvt

N newemmnoe.

A ={0,1,...,N/2—1}, By ={1,...,N/2 -1},

npuvem B1 =0, ecau N = 2.
Ecau N neuemmno, mo muoocecmsa As u By, Ha Komopuil doCmu2aemes HUNCHAA 2PAHD UME-
1om eud

A ={0,1,...,[N/2]}, By=A{1,...,[N/2]},

npuvem By = 0, ecau N = 1.

Bamerum, uro card A1 +card By = N — 1.
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4. BoccraHoBJjieHHE 110 HETOYHbIM 3Ha4YeHusIM Ko3ddunuenros Pypbe B meTpuke Lo.
3/ecb Mbl UMEEM TOYHO TY 2K€ CHUTYallMI0, 9TO U B IYHKTE 2, HO BOCCTaHABIUBaeM (DYyHKITUIO B
meTpuke Lo.

B janHOM ciydae morperrHocts Merona ¢ 1Y, — Lo(T) u HOrpemnocTs onTHMAILHOIO BOC-
CTAHOBJIEHUST OTPEIETAIOTCST, €CTECTBEHHO, (DOPMyTaMu

e(W3(T), Fa,p,0,¢) = sup 12(-) — () () Locr)
z(-)EWS(T), yel
1Pa,B2()—yll,y <3

E(W(T),Fap,o) = . l&igfbm e(W3(T), Fap, 6, ).
OnTrManabHBIe METOABI O — 3TO T€ METOJbI, JIA KOTOPBIX
E(W3(T), Fa,p,0) = (W5 (T), Fa . 6, 3).
ITonoxxum
p=p(0) =max{peZy:plp+1)(2p+1) <3}
u po = po(A, B,d) =min{ p, kg — 1}, rne ko omnpeneseHo B MpeabAyIIEM TyHKTE.

Teopema 5.
+00, 0¢ A,

E(W3(T), Fap.96) =

1 52
14+ — 1)(8pg + 13 3), 0€A.
p0+1\/ +6(p0+ )(8pg + 13po + 3)

Memod

k
po+1

~ Po 2
Bll(ahen e =5 + 3 (1= (-5) ) @ucoske + Busin )
k=1

ABAACTINCA ONTNUMAADHYIM.

OrMmeTnM, 9T0 OMTUMAJIBHBINA METOJ, KaK U B MPEIbIIYINEM MPUMepe, UCIOIb3yeT He BCe JI0-
cTynHbie Aaa ndMepenns kodddurmenter Pyphbe, a Te, KOTOPBIE UCIOAB3YeT, “criaaxkusaer . [Tpu
9TOM, 4eM XyzKe m3mepenus (§ GOJIBIIOE), TEM MEHBIIE p.

Ormernm eme, 9To ecam B 310 Teopeme dhopmaabao mom0xkuTh § = 0 (T. e. K03bdunuen-
o1 Dypbe w3BECTHBI TOUHO), TO Po = ko — 1, ¥ MBI TOTy9aeM yTBEPXKIEHUE TEOPEMBI 3, HO C
ONTUMATbHBIM MeTOJ0M, Korma oy = B = 1 — (k/ko), k=1,..., ko — 1,

Kommenrtapuii. Teopema 2 siBasgercs, dbakTudecku, pacimdPOBKOii 60Jiee 00IIero pe3yabrara
u3 paborsl [3]. Teopemsr 3 u 5 nokaszausl B [2], HO B Gosee obmieit curyanun. Psj pesynbraros
0 BOCCTAHOBJEHUN (DYHKIIWM W €€ MPOU3BOAHBIX 10 mpeobpazoBannio Pypbe MOKHO HAWTH B
pa6orax [4]-[8].
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