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OnTuMajibHOE€ BOCCTAHOBJIEHUE PEINEHUS CHUCTEMBI
AuHelHbIX nuddepeHnnaIbHbIX YPaBHEHHI 110
nCcxXoaHOM mHopMaIum co ciaydaiiHo#i ommuOKoi

PaccmarpuBaercs 3aja4da onTUMaJbHOIO BOCCTAHOBJIEHHUS PEIIEHUSA CUCTE-
MBI JIMHEHHBIX v depeHITnaIbHbIX YPABHEHNH TI0 UCXOIHON MHMOpMAIIHN CO
cay4aiinoii omubkoii. Cpem BCEBO3MOMKHBIX METOIOB BOCCTAHOBJICHWS (HE
0043aTeNbHO JTMHEHHBIX) UILYTCA ONTUMaJIbHbE. [I0CTpOEHHBIE ONTUMAIBHBIE
MeTOIbl BOCCTAHOBJIEHWUS, OKA3aBIINECH JIMHEHHBIMU, WCIIOJIB3YIOT B 3aBUCH-
MOCTH OT 33JIAHHON JWCIIEPCUN CIAyYaWHBIX OMIMOOK JIUIIb YaCTh JIOCTYITHOMN
uHdOpMaIIHU.

Bubmmorpadus: 17 nHa3zBanwmii.

Kiro4deBble ciioBa: ONTHMAJIbHOE BOCCTAHOBJIEHME, CUCTEMBI JIMHEHHBIX
muddepeHnraabHbIX ypaBHEHN, nHGOPMAIUS CO CIIyYalHBIMU OIINOKAMIU.

§ 1. BBenenue

O6u1as nOCTAaHOBKA 331841 BOCCTAHOBJIEHUS 3aK/II09AETCs B ONPEIE/IEHNU 3HATE-
Huil 3a1aHHOr0 (DYHKIMOHAJIA MJIU OIIEPATOPA HA HEKOTOPbIX KJIACCAX (DYHKIMI 110
HeroHON nH(oOpMAanuu 0 HUX. KJIacchl OOBIYHO CBA3BIBAIOT CO CBONCTBAMU TJIaI-
KOCTW WJIM QHAJMTHIHOCTH BXOAAIINX B HUX (pyHKImiA. JIOKAIbHAS WA WHIABHLY-
ambHas WHGOpPMANUsA 00BIYHO COCTOMUT B TOM, 9TO HAM OKA3BIBAIOTCS JOCTYTTHBIMA
HEKOTOPbIE XapakTepucTuku GbyHKIMU (HAIPUMED, €€ 3HAYEHUs B OT/IEJIbHBIX TOU-
Kax, MOMeHTbI, Ko3(pdurmentol @ypbe unu Teitmopa, mpeobpazosanme Pypbe u
T.I0.). Dra uHOpPMaNU MOXKET 33/1aBaThCs C JETEPMUHMPOBAHHON OMMOKOM i
CO CJIy4YalHOM.

K HacTosIieMy BpeMeHHM MMEeTCsl 3HAYUTEJbHOEe YHUCJIO PabOT, B KOTOPBIX s
Pa3JIMYHBIX 3a/a4 BOCCTAHOBJIEHUS HAiiIEHbI ONTUMAJIbHBIE METOAbL. 3aJa4u C Je-
TEPMUHUPOBAHHHBIMU OIIUOKAMHU PACCMATPUBAIKUCH, HANpuMep, B paborax [1] - [9].

Bazaun co ciayvaltHbIME OmMOKaMu u3ydanuch B paborax [10] - [16]. B pabore
[11] oreHKa MeTOIOB BOCCTAHOBIIEHHsI GEPETCst TT0 JIMHEHHBIM (DYHKI[MOHAJIAM, B Da-
6ore [12] nosry4eHa OlfeHKa JIJIsi HEJTMHEHHOTO METO/[a BOCCTAHOBJIEHUS Y€Pe3 OIEHKH
JIMHERHBIX METOIOB.

3a1aua OEHUBAHNS TTOTPEITHOCTH METO/Ia BOCCTAHOBJICHUS IO CJIyUalHON BeIu-
Y1MHe, UMeIoeil HOpMaJIbHOe DAacTpesiesieHne paccMoTpena B pabore [13]. B wmeii
NOJIy9€HO HEPABEHCTBO /I OIIEHKH MUHUMAKCHOTO HEJIMHEHHOIO PUCKA.

3asa4a BOCCTAHOBJIEHUSI PEIIEHHsI CHCTEMbI JTMHEHHBIX OJIHOPOJHDBIX yPaBHEHUil
paccmarpuBajach B [17], HO B ciyudae JlerepMUHUPOBAHHON OLIMOKY.

Hacrosmas paboTa mocBsImeHa MoCTPOSHUI0 ONTHMANIBHBIX METOIOB BOCCTAHOB-
JIEHWS PEIIEHHs] CUCTEMBI JTAHEHHBIX nuddepPeHInATBHBIX OJHOPOIHBIX yPABHEHUIT
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0 WCXOMHON mHMOpMAINHU, 33JaHHON CO CJIydaitHoi omubkoii. Mbr ciemyem mo-
CTaHOBKE, NPEJIOKEHHON B padore [14], u ucnosbdyem psij uzieil u3 310 paboTh
JUI IOKA3aTesIbCTBA OOINEro pe3yjibraTa B KOHEYHOMEPHOM ciy4ae. Paccmorpe-
Hbl Pa3JIMYHbIE BAPUAHTHI 33aHMs MCXOMHON mH(MOPMAIMHU: 337a49a PEeIIaercs B
[IPEJIIIOJIO?KEHNH, YTO HadajbHad TOYKA IIPUHA/JIE?KUT HEKOTOPOMY 3JIJIUIICOUTY U
ee KOOPJUHATHI B HAYAJIbHBI MOMEHT BPEMEHH M3BECTHBI CO CJIyYalHON OIIUOKOIA.
Tpebyercss BOCCTAHOBUTH perieHne B MoMeHT Bpemenu 7 > (. Takike paccmarpu-
BAETCS 33744, B KOTOPOU peIreHne N3BECTHO C HEKOTOPOH CIydaiiHON OmmOKOoil B
MomeHT Bpemenu t = T;. Tpebyercs BOCCTAHOBUTH PEIIEHNE B HEKOTOPBIH MOMEHT
Bpemenu 0 < 7 < T7.

OO6mumit pe3yapTaT MPUMEHSETCs TaKXKe K 337a49e O BOCCTAHOBJeHHU k-0#f mpo-
M3BOMHON TPUTOHOMETPUIECKOTO TOJIMHOMA TI0 ero Ko3dduiimenram, n3BECTHBIM CO
CITy9aiiHO# OIMUOKOIL.

B paccmarpuBaembix 3ama4ax Mbl HE OIPAHUYIUBAEMCH JIUIIb HOPMAJIBHBIM Pac-
pejiejieHueM CJ1y4aiiHoi BeJIM4YuHbI, & PACCMaTPUBAEM IIPOU3BOJIbHBIE paclpe/jielie-
HUS CJIYYIANHOTO BEKTOPA ¢ (DUKCUPOBAHHBIM MATEMATHIECKUM OXKUIAHUEM U (DUK-
CUPOBAHHON OIEHKON ajst gucrepcun. Kak u B 33Ja49ax C JeTePMHUHUPOBAHHOMN
OmuOKO 371eCh 00HAPYKUBAIOTCA Takue 3P PEKThI, KAK JTUHEHHOCTH ONTUMATIHLHOTO
MEeTO/[@ U BO3MOXKHOCTh WCIIOJIb30BATH HE BCIO JOCTYIHYIO i W3MepeHuil nudop-
MAaIIIIO.

§ 2. IlocranoBKa 3a/1a4y 00 ONTUMAaJIFHOM BOCCTAaHOBJIEHUN
pelleHus cucTeMbl JUHEeHHbIX nuddepeHInaTbHbIX YPaBHEHUN

Paccmorpnm 3amaay Kormm 7151 crcteMbl IMHEHHBIX OHOPOIHBIX auddepeH -
AJIbHBIX yPaBHEHNH

dx
@ A (2.1)
x(0) = xo,
rae x(t) ER™, ¢ >0m
aip a2 ... Qin
A= o ]y e ER
nl Gn2 - Qpp

IIpeamonoskum, 9To MaTpuiia A ABISETCS CAMOCOTPSIYKEHHOIM,

M1, 02y -y Un

n
— cobcrsennble ynciaa Marpunst A. O6osnadum 4epes {e; }j:1 OPTOHOPMUPOBAH-
Hblil 0a3uc u3 cOOCTBEHHBIX BEKTOPOB, COOTBETCTBYIOIIUX COOCTBEHHBIM 3HAYEHUAM

Wi, j=1,...,n. Ilycts
n
o ZZI’]‘B]’.
j=1

Torna pemrenve 3ama4u (2.1) 3anucsiBaerca B Buie

n

x(t) = Z e’”txjej.

=1
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IIpeamonokumM, ITO KOOPAUHATHI HAYATHLHON TOYKH Tg U3BECTHBI CO CIIydaiiHO
ommbkoii. Ilycrb, Kpome TOro, u3BECTEH HEKOTOPDIH IJIIAIICOU, B KOTOPOM HAXO-
JIUTCS TOYKA To. 1 pedyercss BOCCTAHOBUTH peIlieHre B MOMeHT 7 > (.

ITepeiinem K TOYHO! MmocTaHoBKe 3azaqn. Ilonokum qist @ = (z1,...,%,) € R®

n
W:{xeR":Zijﬁgl.}, Te = (e""xq,...,e" " xy,), ITr=(x1,...,2,).
j=1

Badukcupyem § > 0 u mus kaxkgoro © € W OymeM paccMarpuBaTh MHOMKECTBO
CAy4YalHbIX BEKTOPOB

Ys(z) ={y= (y1,....yn) : M(y) = Iz, D(y;) <6% 5= 1,...,n}.

O6o3HauMM 4epe3 [ TIPOCTPAHCTBO BEKTOPOB & = (&1,. .., &y, ) C HOPMOIi

n 1/2
lalls = (Z W) .
=1

Besiknit MeTO/ BOCCTAHOBJIEHNSI COMIOCTABIISIET CiIydaifHoMy BeKTopy y € Ys(x) ame-
MEHT U3 IPOCTPAHCTBa [§, IPHUHUMAEMBIH 3a NpuOnukeHue K 3Hadenuio 1'x. Ilo-
I'PEIIHOCTBIO METO/Ia BOCCTAHOBIIEHHA ¢: R™ — [} Ha3bIBaeTCA BEJIUYMUHA

1/2

. 2

erwirag) = (s (17 el ) )
ze€W, yeYs(x)

(paccMaTpUBAIOTCA TONBKO M3MEPUMbIE OTOODAXKEHUs ). 3anada COCTOUT B Ha-

XOXKJEHUU TIOTPENTHOCTU ONTUMAJIBHOIO BOCCTAHOBJIEHUA

E(T,W,1,6) = inf (T,W,1,6,9)
@: Rr—13

n METOJa, Ha KOTOPOM JOCTUTACTCA HUXKHAA I'DaHb, Ha3bIBa€MbIM OIITUMAJIbHBIM.

s pernenns chOpMyTHPOBAHHON 3aa9u MBI PACCMOTpUM 0oJiee OOIIyI0 33,12~
9y, PEIINM €€ U 3aTeM IIPAMEHUM IIOJIyYeHHBII Pe3yJIbTaT K IIOCTABJIECHHON NCXOTHON
3a7a4e.

§ 3. O6mmii pe3yabTaT

IIycts X — numHeiiHOEe MPOCTPAHCTBO, / — JIMHEHHOE HOPMUPOBAHHOE ITPOCTPAH-
crBo u T: X — Z — ymuefHbiit oneparop. Tpebyercss BOCCTAHOBATDL 3HAYUEHUS
oueparopa T’ na nekoropom muoxkecrse (kiacce) W C X 10 3HadeHusiM JuHERHOro
omeparopa [: X — R™, 3amanasiM cO ciydaitHoii ommbkoii. Bosee Touno, 3aduk-
cupyem d > 0 n qys Kaxaoro x € W GyieM paccMaTpruBaTh MHOYKECTBO CIIYIalHbIX
BEKTOPOB

Ys(z) ={y=(v1,...,yn) : M(y) = Iz, D(y;) < 62, j=1....,n}

Bcesikuii MeTos BOCCTaHOBJIEHUSI COLIOCTABIIsIET CJlydaiiHoMy BekTOpY y € Ys(z) aue-
MEHT U3 MPOCTPAHCTBA Z, IPUHUMAEMbIil 3a mpubimkenue K 3Hadenuio 1x. Ilo-
TPENTHOCTHIO METOJIA BOCCTAHOBIEHNS (: R™ — Z Ha3bIBAeTCS BETMIMHA

1/2
e(T,W,1,5,¢) = ( sup M(HTm—so(y)ll%))
zeW, yeYs(x)
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(paccMaTpuBaOTCS TOJILKO U3MEPUMBIE OTOOpasKeHUs ). 3a7ada COCTOUT B Ha-

XOXKJECHUU TTOTPEIMTHOCTU ONTUMAJBHOI'O BOCCTAHOBJICHUA

E(T,W,1,6)= inf e(T,W,I,0,¢)
p: R"—Z

(3.1)

n METOJa, Ha KOTOPOM JOCTUTACTCA HUXKHAA I'DaHb, Ha3bIBa€MbIM OIITUMAJIbHBIM.

Ilomoxum
n
W = {:L‘GR”ZZI/]'|$]‘2 < 1},
j=1
rae v; >0, j =1,...,n. Onpenenum juneitusie oneparopst 1: R® — I3 u [: R™ —

R"™ caemytomum 06pa3om

Te= (11, ..., pnTn), Iz=(x1,...,2,),

|,LLj| >0,7=1,...,n.
Bsenem obosnadenusa

NZ]

J i 1/2
Yi =7 1> .j:la"'vna fz( Vk<J_ )> 5 ]:1771

k=1

Bynem cuntarh, uto 71 < ... < ¥,. Herpyano ybemurnes, uto 0 = & < ...

< e

TEOPEMA 1. ITycmov 1/6 € (&, &s+1] npu nexomopom 1 < s <n—1 uau 1/d €

(&n, +00) (8 9mom caywae cwumaem s =n). Tozda

per w6~ o (1- 20=00))

k=1 n
20e
S l/k
52’71 —
— Tk
o =1-—2"=
1+ 062 Z Vi
k=1
a memod

e(y) = i <1 - %(1_61)) HkYkCr;

s 7

20e {er} — cmandapmnud 6asuc 6 Iy, A6AAEMCA ONMUMAALHBLM.

JIOKABATEJILCTBO. 1. Ouenka cuusy. 3adukcupyem snemenr 7 = (71, . ..

W rakoit, aTo
T =...=T1, > 0.

Brezem MHOX)KeCTBO
B={$€lgi LL’j:ﬂ:Tj, j:1,7n}
OueBugno, uro B C W. Ionoxum

52

= =1,...,n.
62_"_7_]27 ] i 7n

Dj

(3.2)

,Tn) €
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B cuny ycnoswmit Ha MOHOTOHHOCTB T; HEMeeM
O<pr <...<p, < 1.

IIpon3BonbLHBIN 3/IeMEHT * € B 3amucbiBaeTcs B BUIE

n

r=>_s;j(z)me;,

Jj=1

rae s;j(x) € {—1,1}. Bagamum pacupegesenue n(x) s Kazxiaoro ¢ € B

0, C BEPOSITHOCTBHIO P1,
S1 (ZL’)Tl
C BEPOATHOCTBIO Py — P1,
1—p
3 sj(x)ry
€j, C BEPOSITHOCTBIO P3 — P2,
—) 1-— Dpj
]_
M) =
n—1
sj(@)7 B
€j, € BEPOSTHOCTBIO Py, — Pn—1,
— 1—p;
J_
" si(x)T;
Z 122 J e, ¢ BepoATHOCTBIO 1 — pj,.
—) 1-— pj
]_
Takum o6pasom, Jyisi Koopausar Bekropa 1(z) = (n1(x),...,n.(x)) nmeem caeny-
IOIIUEe PACIIPEIEIICHHUS:
0, C BEPOATHOCTBIO D,
() = . . j=0,1,...,n.
73 () m, ¢ BepoaTHOCTLIO 1 — pj, J
1-— p]’
Hecmoxkuo yoemurnes, aro M(n;(z)) =z, j =1,...,n. Kpome Toro,
-2
D(nj(x)) = (1 —p;)—r—v —72=6% j=1,...,n
: ATy

Cnenosarensho, 1(z) € Ys(x) ans scex « € B.
IIycts ¢ — npOM3BOJILHBIM METO/] BOCCTAHOBJIEHUS. Y YUTHIBASA, 9TO YUCIIO dJjie-
MEHTOB B MHO)KecTBe B paBHO 2", mOoydaem

(T, W, 1,6,¢) > sup M|z ~ p(n(2))1

= sup (g:l(?j —Pj-1) ‘Tx - Sﬁ(jz:l slk(—xmek>

2
l;")

z€eB j=1 1 Pk
1 sy i Sk () Tk 2
> 50 X (S mon[re - o (X 5920 )| )
2€B Vj—=1 k=1 Pk i
1 ntl - Sk(l’)’]’k 2
= on 2 (pj —pj-1) Z Tz — SO(Z 1_pk€k> l”; (3.3)
j=1 zeB k=1 2




1n.C. MAKCHUMOBA, K.10. OCHUIIEHKO

3aech po = 0, a ppy1 = 1. Ilosmoxxum

j=1,...

b

Ecm x € B

Py

i — ‘—12

271

,,,,, s;1 =1 €B:si(z) =s1,...,5-1(x) =s;_1},

,n+ 1 (upu j = 1 310 MHOXKeCTBO coBuauaer ¢ B). Torua

1 Sk(CL')Tk 2
Te—p( 3 T

k=1 Iy

_Dbj —DPj-1 . SkTk
_ P 277,] Z Z HT‘@—@(; 6k>

zEB

81,0585 1 xelev"-wsj_l k 1 — Pk 53
81,..,85—13 TO
j—1 n
r= Z spTrer +2(x),  z(z) = Z sk () Tek
k=1 k=j

Hpnqu C KazKJbIM 3JIEMEHTOM

B MHOXKecTBe B,

Z SETkCk + Z(x) € By, Sj—1

COIEPIKUTCA U IJIEMEHT

j—1
Z SkpTrer — 2(x).
k=1

S5 —1

Takum obpazowm,

Pj —Pj—
Qn
2
- on
P —Dj—
=

>t
“1—pr

J
_¢<
k=

j — Dj—1 p 1
LRSS Tl = P S @) =

j—1 2
LYY (T )

S1y-+y85—1 IGBSD_”,S k=1

j—1

L E LT (o) (& )]

n
81,..,8j—1 TEBgy, k= 3

7j—1

“E LT G o dg i)l

| n
8155851 TEBsy a5 :

7j—1
MR % (o) 70
S1 k=1

8j—1 .LEB

1 j—1

. (Zsmek)— e o(3 750

2
)
l”L

zEB

n
= (pj —pj—1) > lml*77.
k=)

S1,eens Sj—1 TEBsy, ..., sj—1
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TMozacrasss 9Ty oneHky B (3.3), moaydaem

n+1

(T, W, 1,6,0) 2> (pj —pj }:IMH2n;—

]:
n

n
_ z(pj S el — py
k=j

j=1

n

n
52
2,2 2.2 2.2
Z |k Tk> :ij|ﬂj| j :meﬂ Tj-
j=1 j=1 J

k=j+1

B cuny mponsBOBHOCTH METO/Ia ¢ UMEET MECTO CJIEAYIONIas OIMeHKA

E*(T,W,1,6) >  sup Z 52 R |57 (3.4)
TEW 1
T1 .. >7—n>0j
Paccmorpum Bekrop 7 = (71,...,7%,0,...,0) € W makoii, uto 71 = ... > 13, > 0,
1 < k < n. HOna pocrarouno manbix € > 0 mosoxum 7. = (11(€), ..., 7(€)), rue
T]‘Q — &, 1 <] < ka
7;(e) =
Cy/e, k+1<j<n,
4 1/2
k
C— Zj:l Vj
Z?:kﬂ vj
Torna

n k k k
2. _ 2 _ 2 o 2

E vt (e) = E ViT; —€ E vi+C%e E vj = E vty <1

Jj=1 J=1 J=1 J=1

j=k+1

Tem cavbiv 7. € W. Ipu e < 72/(1 + C?) cnpaBeaanBo HepaBEeHCTBO

\JTE—e>Cye.

T1(e) = ... = m(e) > 0.

CiienoBaTeIbHO, IPU TAKUX €

U3 (3.4) BbiTekaer, 410

n

E(T, W, 1,0) Z T 72 jlusl*r e).
J
Ilepexons k npeneny npu € — 0, moaydaem
E 52
EX(T,W,1,6) > 77
(577) ;52+T|M]|
Takum obpazowm,

EXTW.1,0)>  sup Z 52 — QW ; (3.5)
TI>TE>T,1>03 1
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2. Onenka csepxy. HaiimeMm morpemsocTs METOIOB, HMEIOIIUX BH/I
n
y) = E ojyje;.
i=1

Honoxnm z(z) = y(z) — Iz. Torma M(z(z)) = 0, D(z;(z)) < 6%, j = 1,...,n.
Nmeem

AW, 1,6,0) = s M (|Te - ply(@)F) =

zeW
y(z)eYs(x)
= swp M (T2 —e(2) —¢(@)IE) = s (IT2—eU)l +
zeW zeW
y(x)€Ys () y(z)€Ys(z)

M(lle(2(2))llz) — 2M(p(2(2)), Tz — so(fx))) ;

3uech (-, +) — ckassipuoe npousseienue B 5. 113 Buga ¢ caepyer, 4ro

M(p(z(2)), Tz — ¢ (Zajzj x)ej, T — (m))—

= Z(ej,Tx —o(Iz))a;M(z;(z)) = 0.
j=1

Tak kak

M(lp(=()) ) = (Zm 5@ ) = Xl D)

TO

B+ Y logPD(z(2) | =

=1

62(T7VV7[7 (5’ 90) Sup ||T£C—(p([l‘)

y(w)eys(w)

n
= sup |72 — oIl + 5>l
zeW J=1
PaccmoTpum 3KCTpeManbHYIO 339y

[Tz — ¢(I)

12; — max, z&W

Ilepenuiiem 3Ty 3ama9y B BUJIE

n

n
Z \uj — aj|?|x;]* — max, Zyj|xj|2 < 1.

Jj=1 Jj=1

13 mepaBencTBa

n
S iy — Pl P = z'“f G 1,2 <
j=1 j=1
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oIy 9aeM

2 2
-« —a

sup ||T35—<,0(I:E)||12g < max{ i ! yeees ln = o] }

zeW " Un

Takum obpazowm,

_ 2 _ 2 n
ez(T,mlv§a§0)<maX{|Ml a1| 7"~,‘Mn 0‘"‘ }+522|aj2‘
j=1

141 Vn

ITosiozxum
o
_ @ o
c; = , J=1,...,n.
Hj

Tor,:a JJId TIOTPENTHOCTU METOda ¢ MMeeM

2 |1_Cl|2 |1_Cn|2 2 - 20,12
e“(T,W, 1,6, ) < max T 5 +4 Z|,uj| le;)=.
’Yl Tn j=1

2.1. Hycrs 1/6 € (&s,&s+1] npu nekoropom 1 < s < n — 1. Torma HerpymHo
[0KA3aTh, YTO BBINOJIHAIOTCH HEPABEHCTBA

S

2y

1 — Tk 1
< k=1

Vo1 d v

s+1 (

o+ 1+ 52 E Vg ?
k=1

Ecnu ompenenmuts ¢; paserctsoM (3.2), T0

1 1-— C1 1
< <

Vs+1 Y1 Vs

IIycTs
1761
cp=1—1% 5k:25 8, ¢ =0, k:5+17 y
At
Nmeem
1—cp)? 1—c1)?
( §k>—( 201)7 k=2
Vi 7
IIpu k> s+1
(1—cp)? 1 1 (1—cp)?
7 T Ven Vi
TlosTomy
1— 2 1— 2 1— 2
ma { al | 20”'}( ) (3.6)
71 Tn Y1
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CuitetoBaTesibHO,

2
62(T7I/V7L§ﬂ<p) ( +522|Mk|26k_ ) — T
1

- l—c¢c ® 2
£0 Y Il(0 - — (— e+ = SR S - -
k=1 1

1 k=1

—522:|#k|2’y (1—c1) +5ZZ|M|201«*5 Z|Mk|26k+

k=1
1-— v
7 < +522Vk 1—c1)— 712 k) _5QZ|MI@|2%+
1-—
2 ((1 —c) <1 + 62 Zuk> — 5%y Z ) = §2 Z |k Pee. (3.7)
1 k=1 k=1

MOTDPHM BEKTOD T UM uit BU
Paccmo eKTOp T € ly, nmero

?,?:(52(%—1>, k=1,...,s, T, =0, k=s+1,...,n
( )Yk

1—61
Nmeem
~ _ _ 8y Vi
;V}cﬂ?—é kz: (1_61 k—1>—1_01’;—5221/k_
(1+5221/k)5 Zukfl

k=1

Takum obpaszom, 7 € W. Ioxcrasusas T B ouenky (3.5), nosydaem

. R , o 2<71_1>
Pl M G Y

62 + 72 o 52 2!
- =t (1- Cl)%

> 1-—
:52 \,uk\2 (1 ( " ) 52Z‘uk‘2ck TWI 5,@)
k=1

E*(T,W,I,6) >

x~

OTCIO,HEL CIeayeT, 9T0 MeTO ¢ ABIAE€TCA ONTUMAJTbHBIM.
2.2. Tlycrw remeps 1/6 > &,. Torma

n

2 Vi
’ ,Z::Vk 1

1+(52in n
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ITosiozxum
n
Vg
52 —
,; Tk
C1 = 1-— 71 n .
1+ 52 Z Vi
k=1
Torna
1—c 1
L2
71 Tn
Ilycrs
1—
e =1— Cl, k=2,...,n.
§a!
Nmeem

1— 2 1— 2
( ;k) _ ;1), k=2 ... n
Vi 71

TeMm caMbIM, KaK U B IPEIBIAYIIEM CIydae, CIpaBeinBo paseHcTso (3.6). ITosro-
pss, BRIKIQAKE (3.7) 1y1st § = n, TOIydaem

(T, W,1,8,0) <62 |ul*ex.
k=1

MOTPHUM BEKTOD T UM uit Bu
Paccmo eKTOp T € 13, umero

~2 2 At
o2 ) k=1...n
i ((1—01)% )

Nmeem

n

k=1 k=1 (L= e L= i k=1
n n
—(1+8Y ) -2 Y n =1
1 =1

k=

Takuwm obpaszom, 7 € W. Ioucrasisas 7T B ouenky (3.5), Hosydaem

n o n 54|,Uk|2 <’Y1 — 1)
2w, >y Sl SVl =

62 + 72 52 M
k=1 k=1 (1 — Cl)'yk:
n 1 . C i n
=3l (1= ) 23 o> AW )
k=1 g k=1

OTCIO,ZI& cjaenyer, 9To MeTo ¢ ABJIAETCA OITUMAJIbHBIM.
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§ 4. OnTuMaJIbHOE BOCCTAHOBJIEHUE PEIIEHUS
cucTeMbl JUHENHBIX quddPepeHnuaibHbIX yPaBHEHANR

3mech maercs perieHure 33/1a9d O BOCCTAHOBIEHWU JIJIsl HAYAJIBHON TOYKU B -
JINTICOHJIE, 3aTeM PACCMATPUBAETCH 9acCTHBIA ciaydait mapa. Ilorom 3amada o Boc-
CTaHOBJIEHNHU 110 KO3 dUIueHTaMm B MOMEHT BpeMeHu 1’ W /i KOHEIHON TOYKHU B
SIUTAIICOnIE. 3aTeM MPUBOJIUTCS YACTHBIN CIIydail mapa.

4.1. BoccraHoBJIeHUe pelieHnit JUHENHBIX Aud depeHITnaIbHbIX YpaB-
HEHU 110 MCXoaHOoU mH(OpMaIlN! CO CJy4aiiHOl OIMMMOKOI B HadYaJIbHbBIN
MomeHT BpemeHu. Paccmorpum 3anady Ko /i cucreMbl JIMHERHBIX OJHOPO/I-
HbIX audPepeHuaIbHbIX YPaBHEHU

dzx
@ A (4.1)
x(0) = xo,

rae z(t) e R", t > 0u A= (a;;) € R.
IIpemonoKuM, 9T0 MATPUIA A ABIAETCS CAMOCOTPSKEHHOMH,

M1 > 2 > .0 > Uy

n
— cobcrBennble uncna marpupl A. O6oznadum uwepes {e; /=1 OPTOHOPMHPOBaH-
HbIH 0a3uc n3 COOCTBEHHBIX BEKTOPOB, COOTBETCTBYIONIUX COOCTBEHHBIM 3HAYEHUSM
i, j=1,..,n.
IIycrs

n
To = E Zj€j.
j=1

Torpa perrenne 3a1a4u (4.1) 3anucbiBaeTcs B BUIE

n
x(t) = Z etilzse;.
j=1

IIpeamonokumM, ITO KOOPANHATHI HAYATHLHON TOYKM Tg U3BECTHBI CO CIyUaNHOMN
ommbOKoii. IlycTh, KpoMe TOro, M3BECTEH HEKOTOPBIN IJIIUIMCOU, B KOTOPOM HAXO-
JIUTCS TOYKA, To. 1pedyercs BOCCTAHOBUTH DEIIEHNe B MOMEHT T, 7 > (.

Monoxum ajsg x = (x1,...,T,) € R®

n
W:{xER":Zl/jxigl}, Te=(e""xq,....e" " x,), Ir= (x1,...,2,).
j=1

Kaxk u B 00I1ieii TOCTAHOBKE, BCAKUN METOJ BOCCTAHOBJIEHUSI COMOCTABIISIET CITy-
vaitnomy BekTopy y € Ys(x) snement uz nupocrpancrsa R™, npunumaembiii 3a 1npu-
Oonmzkenne K 3Hadennto Tx. Takum oOpa3om, mocTaB/eHHAs 33,1498 BOCCTAHOBJICHUS
CBOIWMTCS K 33Ja4e, pacCMOTpeHHO# Bhimie. [Ipumennm teopemy 1.

O6o3naunM
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TEOPEMA 2. ITycmov 1/6 € (&, Es+1] npu nexomopoiz 1 < s <n—1 uau 1/d €
(€n, +00) (8 9mom caywae cuumaem s =n). Tozda

E(T,W,1,6) = 5(2 2057 (1 B %(1_01)»1/27

b1 71
20e
52’71 <
— V&
Cc1 = 1-— ki; y
1+ 02 Z Vi
k=1
a memod
s 1—c¢
ply) = (1 ”ﬂ(71)> " Tyrey,
1

k=1
ABAAECTINCA ONTNUMAABHBIM.

IIpeamnonoxkum, 9To MaTpuia A sBJISETCS CaMOCOIPAZKEHHOM,
AL> A > > A\,

— cOoOCTBEHHBIE YHCJIa MATPUibl A M 7y — KpParHoCTh COOCTBEHHOIO 4YHCJIA g,
k =1,...,m. Obosnaunm uepes {ey;};%; OPTOHOPMHPOBAHHYIO CUCTEMY BEKTO-
POB, COOTBETCTBYIOIIYIO0 COOCTBEHHOMY 3HAYEHHUIO \;. Torma cucrema BEKTOPOB

6117"'7617‘17"')em17"'7e’l’n’l‘7n

SABJISIETCST OPTOHOPMHUPOBAHHBIM Oa3ncoMm B R™.
IIycrs

m

Tk
o = E E Ckj€kyj-

k=1j=1

Toraa peutenue 3ama4u (4.1) 3anucsiBaercs B Buje

m TE
At
x(t) = E er E Chj€hyj-
k=1 j=1

Temnepp TpeanIonoKuM, 9TO B HAIAJIbHBIH MOMEHT BPEMEHU TOYKA X( HAXOIUTCSI
B HEKOTOPOM Trape pajaunyca R:

m Tk

D ai <R

k=1 j=1

Torma 3amada BOCCTAHOBJIEHUS PEIEHUsT B MOMEHT BpeMeHU 7, 7 > ( CBOOHMTCSA K
npeapLIymend 1ya

m

W:{wGIQ:ZiRgxijgl},

k=1j=1
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AT AT Am T AT
Tr=(e"T11,. s € T X1y €7 E1, oo €0 T ),
Iz = (T11, -, T1ryy e o oy Tondy e -« s oy, )

ITonoxum
k

1/2
fk:R_l(er (e(/\j_’\k)T—l)> , k=1,...,m.

j=1

TEOPEMA 3. ITycmv 1/5 € (&5, &41] npu nexomopwz 1 <s<m—1 uau 1/§ €
(&m, +00) (8 amom cayuwae cuumaem s =m). Tozda

s 1/2
E(T,VV,I, 5) _ 5(2 €2>\kTTk (1 _ e(/\17>\k)7(1 o Cl))> ,
k=1

20e i
§2R2e~ M7 Zrke’\”
c1 = 1- k:i )
14 62R~2 Z L
k=1
a memod
S Tk
ey) =Y _ (M =M (1= 1)) Y ynjen;,
k=1 j=1

ABAAETCA ONTNUMAADHBIM.

4.2. BoccraHoBiieHue perieHuil JiuHelHbIX quddepeHnnaibHbIX ypaB-
HEHUH M0 MCXOTHOM MH(POPMAIINK CO CJIyUaifHOl OIMMOKOii B MOMEHT Bpe-
menu T7. Paccmorpum 3amaay Komm nis cucteMbl THHEHHBIX OJHOPOIHBIX TUd-
depeHIraIbHbIX YPABHEHU N

dx
@ A (4.2)
z(0) = xo,

rae Z‘(t) eER"t>0u A= (aij), ;5 € R.
IIpeamnonoxkum, 9To MaTpuia A sBJISETCS CaMOCOIPAZKEHHOM,

AL> X > >\,

n
— cobersennsle yuciaa Marpunst A. O6osnadum 4epes {e; }*_; oproHOpMuUpOBaH-
HbI#l 6a31C U3 COOCTBEHHDBIX BEKTOPOB, COOTBETCTBYIOLIUX COOCTBEHHDIM 3HAYEHUAM
)\j,j = 1,...7n.
IIycTs

n
To = E Zji€y.
j=1

Toraa peutenue 3ama4u (4.2) 3anuUCbIBACTCH B BUIE

n
z(t) = Z eMlzje;.
j=1
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Kpowme Toro, cauraercs, 9T0 B HAYAIbHBII MOMEHT BPEMEHU T IPUHAJIEIKUT HEKO-

TOPOMY 3JLIMIICOMJLY:
n
B:{xER":ijm?SL}
j=1

Tpebyercsa BOCCTaHOBUTH perienne B MOMeHT T, 0 < 7 < Ty. Ecim wepes z; obo3Ha-
YUTH KOOPJAMHATHI PEIIeHrs B MOMEHT BpeMmeHu 171, TO yCJIOBHE TPUHAJIEKHOCTH
TOYKH X JUTUICOUILY OyJerT 03HAYATH, 9TO

n

Z bjefw‘le:E? <1

j=1

Taxkum oOpa3oM, OCTaBJIEHHAS 33/1a4a BOCCTAHOBJIEHUSI CBO/INTCS K 3a/1a4€, Pac-
CMOTPEHHOM BBIIIIE, I

n
W:{xelgzzijigl},
=1

rae v; = bje’Q)‘jTl,j =1,..,n.
Monoxum ausg x = (1,...,T,) € R?
Tx = (eAl(TlfT)zl, cel e)‘"(Tl*T)xn)7
Iz = (x1,...,25).

Kak u B 00111t IOCTAaHOBKE, BCAKUI METOJ, BOCCTAHOBJIEHUSI COMOCTABIISIET CJIY-
qaitnomy BekTopy y € Yj(x) snement u3 npocrpancrsa R”, npunumaembiii 3a mpu-
O6mmkenne K 3HaveHuio 1T'x. s perreHusi MOCTaBJIEHHOW 332491 BOCCTAHOBJICHUS
npuMeHuM Teopemy 1.

O6o3naquM
j 1/2
VT (v, (v -
’Yj—ef,\j(TlfT)’ § = ZV’“ %_1 v J=Loon

Bynem canrars, 9To 71 < ... < Yy

TEOPEMA 4. ITyemov 1/§ € (&5, &s4+1] npu nekomopoiz 1 < s <n—1 uau 1/6 €
(&€n, +00) (8 9mom caywae cwumaem s =n). Tozda

s 1/2
E(T,W,1,6) = 5<Ze2kk<Tﬂ> (1 k- 01))> ,

h—1 n
20e
S I/k
52’)’1 —
— Tk
SR
1+ 62 Z Vg
k=1
a memod

oly) = (( _ l’ﬂ(l _ 01)) e MT=T) o
b1 4!

ABAAECTMCA ONMUMANDHDBIM.
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Paccmorpum 3amaay Kormm 1151 cucTeMbl JIMHEHHBIX OJHOPOIHBIX uddepeH -
AJIbHBIX ypPaBHEHUM

dx
— = Az
dt ’ (4.3)
x(0) = xo,
rae Z‘(t) € R™, t>0n A= (aij), Q;j € R.
[Ipeanonoxum, 9T0 MaTpuna A SABISIETCS CAMOCOMPSIKEHHO,
A1 > A > >\,
— cOOCTBEHHBIE YHCJIa MATPHUIbl A M 7, — KpParHOCTh COOCTBEHHOIO 4YHCIa g,
k=1,...,m. Oboznaunm uepes {ekj}§’;1 OPTOHOPMHUPOBAHHYIO CHCTEMY BEKTO-

POB, COOTBETCTBYIOIIYIO0 COOCTBEHHOMY 3HAYEHHUIO \j;. Torma cucrema BEKTOPOB

€115++-5C1lry5++-5€6mly -5 Emr,,

SABJISIETCST OPTOHOPMHUPOBAHHBIM Oa3ucom B R™.

IIycrs
m Tk
To = E E CkjCkyj-

k=1 j=1

Torma perienve 3ama4u (4.3) 3aIUCHIBAETCA B BUE

m Th
At
z(t) = E er E Chj€hyj-
k=1 =1

Ipeanonoxum, uro perierre 3a1a49u (4.3) ©3BECTHO C HEKOTOPBIMHY CJIy YAHBIMY
MOTpentHOCTsS MU B MOMeHT Bpemenu t = T7. Kak u B 00mmieil mocTraHOBKe, BCAKMiA
METO/ BOCCTAHOBJIEHHsI CONOCTABJIAET CJydaifHOMy BeKTOpY y € Y3(x) asiemMent u3
npocrpancrsa R", npuHIMaeMblii 3a npuOamkenne K 3uadenunio 1Tx. Kpome Toro,
CYUTACTCS, YTO B HAYAIBHBIA MOMEHT BpeMeHH ||zg]| < R (|| - || — eBkamzosa HopMa
B R™). Tpebyercs BoccranosuTh peiierue B MoMmeHT 7, 0 < 7 < Tj. Eciu uepes
Zj; 0DO3HAMHUTH KOOPAUHATHL PEIIEHNsI B MOMEHT Bpemenu 1, To ycioBue ||zo|| < R

Oyer O3HaIaTh, 9TO
m

Tk
E e 2 E xij < R%
k=1 j=1

Taxum o6pa3zoM, IOCTABIEHHAS 33/1a9a BOCCTAHOBJIEHNST CBOAUTCSA K 3a/1a9€e, Pac-
CMOTPEHHOW BBIIIIE, HJI

W{xel;l:irzkuijijgl},

k=1 j=1

Lje Vg = Vgj = R2e2MT0 E=1,...,m,

M (Th—7 - (Th—71 A (Th1—7 A (Th1—7
Te= (e MDDy ey ey e DT ),

Iz = (11, -y T1ryy ooy Tondy - - o s Tonyy )
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ITosiozxum

k

1/2
& =R! (Z rje 2T (e(,\j—Ak)r) _ 1)) ., k=1,...,m.

j=1

TEOPEMA 5. ITyemwv 1/6 € (&, E&s+1] npu nexomopwxr 1 < s<m—1 uau 1/6 €
(&m, +00) (8 9mom cayuae cuumaem s = m). Tozda

s 1/2
E(T,W,1,0) = 6(2 e Pe(Ti=7) (1 —eMimA)T(] cl))> ,

k=1
20e
S
62R—2e—>\17— Z Tke(_2T1+T)>\k
k=1
C1 = 1- s )
14+02R2 Z rrpe 2T
k=1
a memod
S Tk
ply) = (ew’mq) — T - 01)> > Ukies,

k=1 j=1

ABAAECTCA ONMUMANDHDBIM.

§5. BoccTanoBiieHue TPUTOHOMETpHUYIeCKUuX IIOJIMHOMOB

Ob6o3uaunm yepes3 T, — MHOKECTBO TPUTOHOMETPUYECKUX TTOJTUHOMOB

n
a
pn(t) = 50 +3 (a; cos jt + by sin jt). (5.1)
j=1
Tlomoxum
To = {pn() € T 1P (Mo < 1,7 > 13,
rae T = [—7, 7] ¢ upeHTudUIUPOBAHHBIMU KOHIIAMHY, 8,

12| Lage) = (i /T |x(t)|2dt>1/2.

PaccmarpuBaercss 3a7a9a 0 BOCCTAHOBJIEHWM k—OH MPOM3BOIHON TIOJIMHOMA W3
MHOXKeCTBa 7, 10 ero koadgunuentam, U3BECTHLIM CO CIyJaiHOil omubKoi, npu
0 < k < r. Ceeuem 31y 3a1a4y K obueii 3agade (3.1). Muoxkecrso 7, npezacrasisier
U3 cebg MHOXKECTBO MOMHMHOMOB (5.1), 7151 KOTOPBIX

> (a] +6) < 1.
j=1
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IlosTomy, momoxKuB

x = (ag,a1,b1,...,an,by), W= {x € Rt ijr(a? +b?) <1 },
j=1

Qo k k ]., k= 0,
I = s T = = 9 7b g ey ny bn Py ==
X X X <\/§Xk ai,01 n ap,Nn > Xk {07 i > 17

MbI IpuxoauM K 3azade (3.1). Hamxo ormerurs, uro 3nadenus oneparopa 1 mpej-
CTABIAIOT U3 cebs KOIP(DUIIMEHTHI PA3TOKEHUs 10 OPTOHOPMHUPOBAHHOMY 0a3HCy

&cos t—i—W—k sin t—i—Lk cos nt—}—W—k sin nt—}—Lk
\/57 ) ) ) L] 9 ’ 9 .

K nocrasiennoii 3a7a4ye Heb3s NPUMEHATH Teopemy 1, Tak Kak 3z7ech 1 = 0. B
CBSI3H C 9TUM IIPUXOIUTCS IIPUMEHATH MOAU(PUITUPOBAHHBIN BAPUAHT ITOI TEOPEMBI.
Paccvorpum muokecTBo W u oneparop T ans caydas, korma v1 = 0, a up = 0.
Beenem o6o3HaueHUS

j 1/2
e ()
;= — :27.'.77’% .= 14 7_]_ B :2,...71.
5 gl G2 ’

Bynem caurarpb, 910 Y3 < ... < Yo

TEOPEMA 6. ITycms 1/ € (&s,&s+1] npu nexomopom 2 < s <n—1 uaul/é €
(&n, +00) (8 amom cayuae cuumaem s = n). Tozda

5 1— 1/2
B w18 =0t + 3 (1- 2L22))

k=2 72
20e
s Vi
52’)’2 —
— Tk
cp=1-— =2 (5.2)
1+ 62 Z Vg
k=2
a memod

u k 1—c
o(y) = myrer + (1 - M) HEYrer
2 72

ABAAECTNCA ONMUMANDHDBIM.

JOKABATEJILCTBO. Te ke paccyXIeHns, KOTOPbIE HCIOIb30BAINCH TTPHU OIIEHKE
CHU3Y IIPU JI0KA3ATEIHCTBE TeOPeMbl 1, IPUBOAAT K HepaBeHCTBY (3.5).
IIpu omenke cBepxy MOrPEMIHOCTH METO/OB, MMEIOIINX BHU/T

ply) = Z Qjyje;,
j=1
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CHOBA TIOJIyYIaeM PAaBEHCTBO

(T, W, 1,6,0) = sup [Tz - p(Ia)l|7 + 0% loy]*.

Ho skcrpemanbuas 3amata

1Tz — p(Ix)

123 —max, ze€W

B CHJIy TOTO, 9TO V7 = () IepEeNuChIBAETCA TENEeph B BUIE
n n
212 2
E | — aj|*|z;|* — max, E vilz;|* < 1.
=1 i=2

Ilpu v # w1 3HaUeHwe 3a7a49u paBHO 00. [lo3TOMY B majbHEHIIEM CYUTAEM, YTO

a1 = p1. I3 HepaBencTBa

S — |y — ayf?
D ol —aPlaP =" %Vﬂxﬂz
j=2 j=2 J

oJIyqaem

sup |72 — p(I2) [ < max{ .
zeW

Takum obpazowm,

_ 2 _ 2 n
62(T7WI’(57QD)<H1&X{|M2 a2| 7"'7“1% an‘ }+62Z|aj2
Jj=1

1) Vn
TTosio2xum o
_ % c_
cj=—, Jj=2,...,n.
Hj

Tor,zga JJId TIOTPENTHOCTH METOda Y UMEeeM

9 5.0 < |1 — co)? [T —cnl 521 |2 + 62 = 12012
e (T7W’Ia ,ga)\max 72 s ’YQ + ‘:U’1| + Z|/”LJ| |C]| :
1 n j=2

Iycre 1/6 € (&5, &541] npu mexoropom 2 < s < n— 1. Torma HeTpyIHO MOKA3aTh,
YTO BBUIOJHAIOTCA HEPABEHCTBA
v
ke
Tk

1 —
< k=2

Ver1 s v

s+1 s

o 1+ 52 E Vg ?
k=2
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Ecnu ompenemuts co paserctsoM (5.2), TO

1 1—cy 1
< < —
Vs+1 72 Vs
IIycTs
1 — C9
ck=1—7 , k=3,...,8, ¢=0, k=s+1
V2
Nmeem ) )
1-— 1-—
( ;k) _ | 262), k=3,...,s
Vi Y3
Ilpu k> s+1
(1 —cp)? 1 1 (1—cp)?
2 =5 < 3 2
Vi Vi Vs+1 72
IlosTomy
1— 2 1— - 2 1— 2
max{ 202', ,\ ;I} ( 202) (5.3)
72 rYn 72
CrenoBaresibHO,
2 s (1—cp)? 621 |2 4+ 62 - 2 2
€ (TaVV7[7 790) < ,72 + |,LL1| + Z‘Hk‘ Ck
2

k=2
Ucnonb3ys npeobpazosanus, aHajgoruanbie (3.7), moaydaem
S
(T, W, 1,8,0) < 6| |* + 6% |l e
k=2

Paccmorpum BekTOp T € [§, mmerommit Bu

F=m, T=02(—L2 1), k=2...,s m=0, k=s+1,....,n
(1= c2)me

Nmeem
2 o (1 —c2)y L—ca = —
s S
—(1+8 Y n) - -t
k=2 k=2

~

Takum obpazom, 7 € W. Ioucrasnsis 7T (upu 71 = 7T2) B ouenky (3.5), Hosyuaem

72
2 — 02?7} PP O Ol ((1—02)% _1)
E“(T,W.,1,6) > —" = ’ —

(T, W, 1,9) TR M HD D
(1—02)%

k=1 : k=2
52\,“1 71 52 2 — C2) Wk 52|N1 71 52 2
= 1-— = .
52 + T 2 Z“L | Yo 52 + T 2 Z|Nk| Ck
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Verpemsiss T; K OECKOHEIHOCTH, MOy IaeM

S

EX(T,W,1,8) > 8|1 + 62> |ml*ex > €*(T, W, 1,6,¢).
k=1

OTcroma ciemyer, 9To METO, (0 SABJISAETCS ONTUMATHHBIM.
IMycrs reueps 1/6 > &,. Torna

— <
1+522Vk "
k=2

Ilosozxum
n
Vg
52 —
,;2 Tk
ca=1-—" T
1+ 02 Z Vk
k=2
Torna
1-— C2 1
Y2 Tn
IIycTs
1—
ce=1—"v 02, k=3,...,n.
V2
Nmeem ) )
1-— 1-—
( k) :< 02), k=3,...,n.

2 2
Vi 72
Tem caMbIM, KaK U B IPeJbLIYIIEM CJly4ae, cupaseliuso pasencrso (5.3). Hcuosb-
3ysl LpeobpazoBaHus, aHaoruunbie (3.7) mist s = n, 1O0JydaeMm

(T, W, 1,6,0) < 8| |” + 0> |unlcx.
k=2

Paccmorpum BekTOp T € I, mMeromuii Bus,

F=m, 72=42 ((72)%—1>, k=2...,n.

1-— Co
Nmeem
~2 2 2 2 k 2
VT =0 uk<—1>: — =9 Vg
2ot e ) ek T

= (1+52§nzl/k> —(52zn:l/kzl.

k=2 k=2
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Taxkum obpasom, 7 € W. Tloncrasnsisi T (npu 71 > T2) B OLEHKY (3.5), mosydaem

n 52| |2A2 (52‘ |2 2 n 54|/~Lk|2 <(1 72) - 1)
T, T —
EQ(T, VV,I, 6) 2 1225 ,-\2k — M1 21 + Z C2)Vk
02+ 77 02 + 11 5212
k=1 k=2

(1 —c2)k

5 ‘N1| 71 2 2 —C2) V% 52|H1|2T12 2 S 2
- 62+ 2 +5Z|/‘L| 1_ 72 = 52+T12 +5 Z|N’k| Ck'
k=1

Verpemnss 71 K 66CKOHEIHOCTH, MOy daeM

EX(T,W,1,68) > 52|u1|2+522|pk|20k (T, W, 1,6, ).
k=1

Orciona cieyet, 9To METO, (¢ SBJSETCS ONTUMAThHBIM.

[IprMeHUM MOJIyYeHHYIO T€OpeMy JJIsl PellleHnsi TocTaBIeHnoi 3agaun. O6o3Ha-
UM

1/2

& = (2 P i (e Y (A 1)"—’“)> , j=2..n+1

=2

TEOPEMA 7. ITyems 1/5 € (&, Es+1] npu nexomopom 2 < s < n uau 1/ €
(€nt1,+00) (8 9mom cayuae cuumaem s = n+ 1). Tozda

2 S 1/2
E(T,W,1,6) = 5<X2k + 22 (=1 — (1)1 - cQ))> ,

=2

2de .
2462 Z(l _ 1)r+k
cp=1- =2 , (5.4)
14262 (1—1)*
=2
a memod

_ 4o ~ e e
@(y)—ﬁxm-;(l (1=1)"*1 =) x

: (U ~ Dftircos <(l — e+ W;) + (L= 1)Fbiysin ((l ~ i+ W;))

ABAAEMCA ONMUMANLHUM, 20e Yy = (Gg,a1,D01, @, bp).
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