I'naBsa l

IIpeacraBiieHUe CUTHAJIOB

HenpepbiBHbIE WU TUCKPETHBIE CUTHAJIBI — 3TO COBOKYITHOCTh I0CTAaTOYHO
OOMBIIIOTO YKCIa TOYEK HA rpadKe WM YHUCENT B KOMITBIOTEPE, KOTOPHIC CaMH
1o ce0e CUTHAJl HUKAK HE XapaKTEPU3YIOT, 0COOCHHO €CJIM CaM CUTHAJI CKPHIT B
mymax. Hekotopoe mpeacTaBieHrue 0 XapakTepe CUTHaja MOTYT JIaTh €ro 3HEp-
U WA MOIIHOCTh, HO 0o0jiee MOJHOE — paslioskeHHe (WM €ro OMHCAHHE) IO
HEKOTOPHIM KOMMOHEHTAM WJIA MPOCTHIM KOJiIeOaHUsIM. AHAJIOTOM TaKOro MoJ-
X0/la SBJISETCS OMMCAHUE YEJIOBEKA MO €ro Hocy, rydam, OpoBsIM M T.I. 37€ECh,
KOHEUHO, UMEET 3HAUCHUE BHIOOP CaMMX KOMIIOHEHT: MPU HEYAAUHOM BBIOODE
WX MOXET MOTPeOOBAThCS OSCKOHEUHOE MHOXKECTBO, a MPHU YJIAYHOM — HA000-
poT. MHOXECTBO KOMIMOHEHTOB O0pa3yrOT CUCTEMY KOOPJMHAT MPOCTPAHCTBA
CUTHAJIOB, B KOTOPOM KaK/Iblii CUTHAJI MOXKHO MPEACTAaBUTh OJHON TOUYKOH. ITO
MPOCTPAHCTBO MOXET ObITh PA30UTO HA YACTH — MOANPOCTPAHCTBA, B KAXKJIOM U3
KOTOPBIX CHUTHAJIbl XapaKTEPU3YIOTCA HEKOTOPBHIM OOIIMM CBOMcTBOM. Tak, Ha-
MpUMEpP, MOXKHO PA3JCNIUTh BCE UYEIOBEUYECTBO HA JIIOJAEH C MPAMBIMH HOCAMH
WJIM KapUMH TJ1a3aMU U T.I1.

Hacrosias riaBa mocpsiiieHa BOMPOCAaM, CBSI3aHHBIM C MPECTABICHUEM

CUTHAJIOB, KOTOPOC ABJIACTCA OCHOBOW aHAJIN3a CUTHAJIA.
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1.1. MHoOKecTBA CUTHAJIOB

Bcst COBOKYITHOCTh CHTHAJIOB S, BCTPEUANOIIMXCSA KaK HA MPaKTHKE, TaK U
B TEOPETHMYECKUX HCCIEOBAHUAX, MOXKET OBITh pa3dWTa Ha pAJ TPynd WU
MHOJICECMS, KOKA0€ U3 KOTOPBIX O0BEAUHEHO KAKMM-THOO OJHMM OOIIMM H

€AMHCTBEHHBIM CBOWCTBOM P. YCJIOBHO 3TO 3ammuchiBaeTcs Kak: Vp ={S; P},
T.€. Vp €CTh MHOJKECTBO BCEX S, JUIA KOTOPBIX cipaseanuso P. Cregosarens-

HO, ONIPEJICTINB CBOMCTBO P, MBI ompeaesieM TeEM caMbiM MHOYKECTBO CUTHAJIOB.
MHoskecTBa yalle Bcero o003HauaeTcs 3arjlaBHbIMU OyKBamu, Hampumep,
SV,F,G,L u t.n. Kaxapiii curaan (uiu Apyroii 00bEKT) MHOKECTBA HA3bIBa-
€TCS €ro AJIEMEHTOM M 0003HAYAIOTCS MPONUCHBIMM OykBamu: S,U,V, f, Qg u T.x.
Ilepuoouueckue cuzHa1bl — MHOKECTBO TEPUOJNUECCKUX CUTHAJIOB C M-
puogom T

V,(T)={s;slt+nT)=s(t), —co <t < oo, ne Z} (1.1)

p

3amuce he Z O3HAYacT, YTO N MOXKET NPUHUMATH modoe OCJIOYHCIICHHOC

3Hauenue, .. N=...,—3-2,-1,0,1, 2,3, ....
T [IpumMepOM TaKMX CUTHAJIOB MOMKET
M1 rrl ¢ CIIY’)KUTh IIOCJICAOBATCIBHOCThL HMITYJIb-
COB, CJI¢ 170, r 3a roM ¢
Puc. 11 , AYIOIL APY APY
Tepuoouueckue npsvoyeonsvie ONPEACICHHBIM BPEMCHHBIM HHTCPBAJIOM
UMRNYIbCBE

(meprogom T ) (cm. puc. 1.1).
CuzHansl ¢ 02paAHUYUEHHOI IHEp2Uell. DTO, HAPUMEP, CUTHAIbI U3 MHO-

KCECTBa
Lg =4S ﬂs(t)\zdt<oo . (1.2))

O ¢ynxumax S(t), ONMUCHBAIOMIEX TAKOMH CHTHAI, TOBODPAT, YTO OHH HHTET-

PUPYEMBI C KBAAPATOM.
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OueBuaHo, uTO HepaBeHCTBO B (1.2) chopaBeUTHMBO, TOJBKO €CIH

lim s(t)— 0.
[t

HMuoraa roBopsT 0 CHTHAJIaX ¢ OrPAHUYCHHON SHEprueH, 3aJaHHbIX Ha KO-
HeuyHoM mHTepBane T =1, —t; (cm. (B.1)).

Torna (1.2) MokHO 3amicaTh B BHJIE

HOCHGI[HGG MHOIKCCTBO CUTHAJIOB MOZKHO PaCCMAaTpPUBATh TAKIKC KAdK CUI'HAJIBI C

OTPAaHUYCHHON MOITHOCTBIO!
1"
Lp(T)= S+ ﬂs(t)\zdt < oo
tl

B nanbHelimem mis TakKMX MHOXKECTB OyJieM TMOJIb30BaThCs 0003HAUEHUEM
L,(T), omyckas T mpu 6eckoHeUHOM MHTEpBae onpeaenenus — L, .

K muoxectBy curHanoB L,g (T) wm Lyp(T) otHOCATCA, B yacTHOCTH, (hu-
HUMHbBLE CUCHATIBL.

Cuznansi ¢ ozpanuuennoii nonocoii. Cnexrp ®ypse S(f) Takmx curna-
JIOB OI'PaHWYEH HEKOTOPOH mpeaenbHoit yactoror W I, T.€.

VB(W):{S; S(f)zO} I[J'IHBCGX“‘>W. (1.3)

NmenHO s TakuX CUTHANIOB (OPMYIHpPYETCsS HM3BECTHAS meopemd On-
cuemos.

CuzHaivl 02paHUYEeHHON OUMENbHOCMIL. DTO MHOXXECTBO CUTHAJIOB, KO-

TOPBIE PaBHBI HYJIIO 3a IPeAelaMi HEKOTOPOro uaTepsana t; <t<t,, r.e.

V,(Ty)=1{s;s(t)=0, mna t, <t<t;,Ty=t, —t;}. (1.4)
Komnuekchulit 2apmonuuecKkuil CuHa1 — 3T0 MHOKECTBO CUTHAIIOB
V, = {s; st)= Ael @ ”‘9)}, (1.5)
rae A, f,6 —ammiuTyna, yacTota U HavajbHasg ¢asa KojacOaHuii, | = J-1.
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OcranoBuMcs Ha HCKOTOPBIX OIICpalIuAX Haad MHOKCCTBAMH, ¢ KOTOPBIMH

OyJieM BCTpeUaThCs MO3KE.
Obveounenue MHOXKeCTB V] UV, 3aNKMCHIBACTCA KaK

1 WITIOCTpUpyeTca Ha puc. 1.2.

Puc .1.2.
Obweounenue mnoxcecms V, u V,

Puc. 1.3.
Ilepeceuenue mnooncecms Ny u 'V,

Ilepeceuenue  mmoxects  V; nm  V, OIMpENeNAeTCss  Kak

V; "V, ={s seV, u seV,} unnmocrpupyercs na puc. 1.3.

3anvch S€V 03HAuUaeT, YTO JIEMEHT S MPHUHAJJICKUT MHOXKECTBY V ; 3a-
muck V; CV, — KakIpli 3JI€MEHT MHOXKECTBA V; BXOJHUT B MHOMKECTBO V,
(urage roops, V; —noommnoxcecmso V, cMm. puc. 1.4)

[IpumepaMu 4acTO BCTPEUAIOLIUXCSA MHOKECTB SABJIAIOTCA!

N — HaTypajbHbIE YHCIIA;

R — BemiecTBeHnbIe

@ v, (mefiCTBUTENBHBIE) YHCIIA;

C — KOMIUIEKCHBIE YUCIIA,

Puc. 1.4. S — MHOJKECTBO CHUTHAJIOB;
Mnoxcecmeso V; aenrsemes ..
L — mMHOXECTBO (hyHKITHH;

NOOMHOJCECMBOM MHOMCEcmEa \,

Z —11enble unca.

Omoopaxcenue muoxcecms. llpeobpasoBanne Kaxxaoro snementa f; on-

HOTro MHOKecTBa F B anemeHT Q; Apyroro MHoxkectBa G HasbIBaeTcs omoopa-
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Jcenuem, WHoraa — npeobpaszoeanuem (cMm. puc. 1.5) DOnement f; HazpBaeTcs
npoo0Opa3oM, a 31eMEHT §; —

oOpazom. Ecnu mpaBuno win

3aKOH npeoOpa3oBaHuA
0003HAYNTh Q, TO
npeoopazosanme F B G
MHuoxecTBO MHuoxecTBO 3J1€- p p
3JIeMeHTOB F MECHTOB G MOKXHO BpraSI/ITb (bopMy_

Omoopadicenite MHOICECME
IIpeoOpazoBanue Oyaer

JIUHETHbIM, €CITHA JJTS1 HEKOTO-PBIX BELIECTBEHHBIX Yncen A, U A, BHIMOIHAIOTCA
YCJIOBUA QAJIMTUBHOCTHA U OHOPOJHOCTH:
QAF, + A:F, | = 4QIF |+ 4,QIF, .
[TpuBeaemM HECKOJIBKO IPUMEPOB IpeodpazoBanuii Q .

[Ipumep 1.

Eciu F u G — uncna, Hanpumep X W Y, IPUHAAJICKAIINE OJHOMY MHO-
xecTBy R, To mpeoOpazoBanme Q mopoxkmaeT PyHKIIMOHATEHYIO 3aBUCHMOCTh
y=f(x) (pmc. 1.6). CsoiictBoM

JuHEeHHOCTH OoOjafaeT nuHeHHas (QyHK-

s Y = 4x+4,.
[Tpumep 2.
Ecm F uw G — s1t0 dyHKIMu w3
Puc. 16. L
Dynayuoncronas OJTHOTO W TOTO )K€ MHOKecTBa L, Hampu-
sasucumocms y = f (x). mep f(t) m g(t), To Q — 310 omepaTop

R — mnoorcecmeo wucen

npeoGpasosanns pyukimii f(t) B g(t)
g(t)=Q[f (t)] (puc. 1.7).

CBOMCTBOM JTMHEHHOCTH 37€Ch 00JIAIACT ONEPATOP YMHOKEHHUS HA CKAJISP

f(t)=19(t)
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FO=0[0]

Puc. 1.7.
Onepamop Q .

L — muoorcecmso ghynxyuii

[Ipumep 3.

u oneparop auddepeHnupoBaHus

S0+ 2, 1(0)]-

= Aoty )+ 4,1, (1)

Y HHTETPUPOBAHHUS

[l fy0)+ 2, £, 0l =
=4y [ f0)dt+ 2, | f, ()t

Ecnm muOMkecTBo F — 310 ymxmm f(t) m ¢(t), a MmEOKECTBO G —unca

g, To mpeoGpasosarne Q — 1o pynryuonan g=Q|f (t)] (puc. 1.8).

[TpumepomM (pyHKITMOHAJIOB SBJISIOTCS MHTETPAITBI

g=00x]
R

Munoorcecmeo
Qynryuii

Puc. 18.
OQynryuonan Q

Munoorcecmeo
yucen

L]

B L £

Puc. 1.9.
Omobpasceriie MHOJMCECMBA CUCHANO08
¢ KoHeuHoli sHepeueii F
6 oeiicmeumensnuie yucia G ;

Foy —noomunoocecmeo cuenanos

¢ snepeueil E;

g1 = °]f(t)fﬂ(t)dt,

0= [0l

(puc. 1.9).
[Mpumepom  nuneiinvix  PyHKIHO-
HAJIOB  SBJSICTCS  BBIPAKCHHE IS

mI0maau (PMHATHOT'O CHTHAJIA

S= J s(t)dt.

—00

Ecmu

¢yHKIIMM ~ 3amaHBl  HA

JUCKPETHOM MHOXECTBE TOYeK i, TO

HHTCIPaJIbl 3aMCHAIOTCA CYMMAMH.
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Fiey =05 ]

Munoorcecmeo Munoorcecmeo
¢ynxyuii nepe- ¢yuxyuii nepe-
Mmennot t MEHHOU

Puc. 1.10.

Dynxyuonansueii onepamop Q

Haubonee TMIUYHBIM OpUMEPOM

npeoOpaszosanue ®ypwe (puc. 1.11):

T 7@y

[Ipumep 4.

Ecrm F — mHOXecTBO (PyHKITHI
OHOW TICPEMEHHOM, HAIpUMEp @, a
G — wmHOXecTBO (yHKIMH  APYyrowu
MIEPEMEHHOMH, HaIIpUMeEp t, TO
npeoOpazoBanne Q — dyHKIMOHAIB-
HbI# onepaTop (puc. 1.10)

F(e)=Q[f (t)

(hyHKIIMOHATBHOTO OTepaTopa SBJISETCS

F(w)= o]f(t)e‘j“‘dt.

Eme omauM npumepom
SABJISECTCS XOPOIIO H3BECTHAA
ornepartus ceeptkn (B.6) hyHK-

mam T (t) ¢ pynxmmeit gt):

a) 6)
Puc.1.11.
IIpeobpazosanue Oypue:
a) f (t) — ynryus epemeni,
0) F(a)) — cnexmp Dypwe, hynxyus
yacmomsi .

V0= [fe-rlalekie

HNuorma paccmarpuBaroT
(byHKIIMOHABHBIA ~ OTIEPATOP

KaK Pa3HOBUAHOCTH (PyHKITHO-

Hajla Ha TOM OCHOBAHHWH, YTO KaXKJ0€ YMCIIOBOEC 3HAUCHHUE (DYHKIIHH F(a)), pu

(bMKCHPOBAHHOM (@ , OTIPEACIIACTCS MoBeACHHEM (yHKImn f (t) Ha BCEM WHTEP-

BAJIE U3MEHEHUA NIEPEMEHHOM 1 .
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1.2. IIpocTpaHCTBO CUTHAJIOB

Mempuueckoe npocmpancmeo. PaccmatpuBas >JIEMEHTBI, B CYIIHOCTH,
CUTHAJIBI OAHOTO U TOI'O K€ MHOXKCCTBA, HGO6XOI[I/IMO YCJIOBHUTLCA O IMPHU3HAKAX
WM TPU3HAKE, OTJIMYAIOIIMX WX APYT oT japyra. OOmuil 1 UHTYUTUBHO SICHBIN
moaxoa 3aKITKYacTCd B TOM, qTOOBI APTH DJIEMEHTHI HHTCPIIPCTUPOBATE B BUAC
TOYEK B HEKOTOPOM cucteMme koopauHaT. Oka3piBaeTcs, 4TO HaMOOJIEee MOIaXO0-
JAINWUM IIPU3HAKOM, OTJIMYAOIIKM ABa 3JICMCHTA MHOKCCTBA, HAIIPHUMCD XU y,
SBJIIETCS] PACCTOSIHHE MEXIY 3TUMH ToukaMu (0003HAYHMM €ro Yepes d(X, y))

MHOXECTBO ¢ MOAXOAAIINM 00pa30M OIPEICICHHBIM PACCTOSTHUEM Ha3bl-
BaeTcA npocmparncmeom. Eciu, KpoMe TOro, yCTaHOBJIEHO MPABUIIO, C TOMO-
IO KOTOPOTO BBIUMUCIISAETCS 3TO PACCTOSHUE, TO MPOCTPAHCTBO HA3BIBACTCS
Mempuyeckum, a caMo MPaBUJIO Ha3bIBaeTCsA mMempuroti. Pacctossaue d obmana-
CT CICAYIOMHMMHA dKCUOMATHUCCKUMH HpI/ISHaKaMI/I:

1) d(x, y) >0mn d(x, y) =0, ToIBKO ecii X =Y,
2) d(x,y)=d(y,x) (cummerpns), (1.6)
3) d(x,z)<d(x,y)+d(y,z) (repaBeHCcTBO TPEYrONBHEKA).

Tak kak paccTostHHME — 3TO YHCIO, a BJIEMEHTH X W Y MOTYT ObITh (hyHK-
LUAMHA, TO d(X, y) —93T0 (QyHKITMOHAIT.

IIpumep 5.

I[eﬁCTBHTeHBHaH OChb — MHOXKCCTBO HeﬁCTBHTeHBHBIX yucen R — aBiusercsa
METPUYCCKUM TIPOCTPAHCTBOM C METPHUKON

d(x,y)=|x-y xyeR.

To ectb PacCTOAHUC MCIKAY HeﬁCTBHTeHBHBIMH YUCJIaMH ABJIACTCA IIPOCTO
MOJYJIEM UX PAa3HOCTH.

Jluneiinvie npocmpancmea. Ilocne BBoa MOHATHS METPUKU JAJbHEUIITUM
MPOIYKTUBHBIM TIOJIXO/IOM K KOHCTPYHPOBAHHUIO MPOCTPAHCTBA IS TPE/ICTaB-

JICHUS CUTHAJIOB ABJLACTCA PACCMOTPCHHUC CUT'HAJIOB KaK BCKTOPOB, COCAMHAIOMINX
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HAYaJI0 KOOPJAMHAT ¢ TOYKOHM (JIEMEHTOM) 3TOTO MPOCTPaHCTBA. Torma Kaxmo-
MY BJIEMEHTY X, Y, Z,... MPOCTPAHCTBA COOTBETCTBYET HAOOp umcen (Bemect-
BEHHBIX WM KOMIUIEKCHBIX) O4,00,03,..., B, Bo, Bas--oys 4y A2, Ag,... B T, AB-
JISTIOIIUXCS TIPOSKITNEN BEKTOpa Ha KOOPAWHATHBIE OCH. Kpome ToTo, HCrmonb3ys
OTIepaIii BEKTOPHOU aireOphl, MOTYT OBITh ONMPEACIICHBI PAa3IMUHBIC B3aUMO-
CBS3M MEXKIy JIEMEHTaMU MpocTpaHcTBa. [1oCKONbKY 3TH onepanvu JIMHCHHEI,
TO W TPOCTPAHCTBO, 0OPA30BAHHOE MHOYKECTBOM BEKTOPOB, SBIISICTCS JUHET-
HoiMm. bollee TOUHO: MHOXKECTBO JIEMEHTOB X, Y, Z, ... 00pa3yeT JUHEHHOE MPO-
CTPaHCTBO, €CJTH B HEM OTPEIEIICHBI CICAYIONNE OTICPAITAH

1. Kaxxnoii mape BEKTOPOB X M Y MHOXeCTBA V COOTBETCTBYET BEKTOP
X+ Yy eV, Ha3bpIBaeMblil CYMMO X U Y

2. Kaxxnomy snementy X €V u kaxaomy uuciy (ckamsapy) A mocrasjieH B
COOTBETCTBHE OMpPEACICHHBIN dIeMEHT AXEV — NpoM3BeaeHHE HA CKAIIAP TaK,
9TO IS IFOOBIX AIIEMEHTOB X+ Y €V 1 00X CKasapoB A u U

a) CJI0KCHHE KOMMYTaTHBHO X+ Y = Y+ X;

6) cnioskeHue accormmatieHo X+ (y+2)= (X+y)+Z;

B) CylecTBYeT HyJieBoi anemMeHT 0 e V Ttakoi, uto X+ 0= X;

r) I Jo00ro X CYIIECTBYET €IHHCTBEHHBINM BEKTOP (— X) TaKOM, 4TO
X+ (=x)=0;

1) MHOXeHHe Ha ckajp accommatuao A(ux)= (Au)x;

¢) IX=X u Ox=0 mns moboro X;

K)  AX+y)=Ax+Ay;
3)  (A+u)x = Ax+ ux

( 3aKOHBI TUCTPUOYTUBHOCTH).

HpI/IBeI[eHHBIe BBIIIIE CBOMCTBA MO3BOJISIIOT BBECTH JOCTATOYHBIC ACHBIC aJlI-
Fe6paI/I‘leCKI/Ie B3aUMOCBA3HU MCIKAY CUT'HaJlaMU.

Ecmu B kauecTBe ckamsapoB «, 5, A, ¥ T.0. OEpyTCs BEIIECTBEHHBIC YHC-

Ja, TO TaKoe MPOCTPAHCTBO HA3BIBACTCS Geuyecmeennvim (OeticmeumerbHbim)
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JUHEHHBIM TIPOCTPAHCTBOM. B TPOTHBHOM clTydae, IMEEM JIEI0 C KOMNIEKCHBIM
JUHEHHBIM MPOCTPAHCTBOM.

Hopmupoeannbsie auneiinvle npocmpancmea. PacctosHue oT Havyana Ko-
OpAWHAT A0 KaKOH-TM0O0 TOYKH MPOCTPAHCTBA HA3BIBACTCA HOPMOT, a IPOCTPaAH-

CTBO, TJ€ OHA BBEAEHA — Hopmuposannvim. Hopma Bekropa X, o003Hauaemas
KaK HXH, A0JIDKHA YAOBJICTBOPATE CICAYIONIMM AKCHUOMaM.
a) HXH >0 u HXH =0, Toneko eciu X =0;
6) || =|4|; (1.7)
6) [x+y|<[x|+]y|— nepasencrso Tpeyromshuka.
COHOCT&BHHH MNPpUBCACHHBIC aKCHUOMEI C Tpe6OBaHI/I$IMI/I, KOTOPBIM A0JIZKHA

YAOBJIETBOPATH METPUKA d(X, y), JIETKO BUJETH, UTO

d(x,y)=[x-VY| (1.8)
€CTh METPHKa, KoTopas ymnomierBopsier ycimoBusMm (1.6). Eciau takas merpuka
UCTIONTB3YETCSI B HOPMUPOBAHHOM JUHEUHOM NPOCMpaHcmee, TO OHO OyaeT

MEMPUUECKUM.

[Ipumep 6.
ITycts R" — MHOKeCTBO, pecTaBAmOLIee cOOOH YIOps 0ueHHbIH HaGop

N BEIICCTBEHHBIX 4YHceNl (BEKTOp — CTpoK H3 N uyucen). Ilycts
x={oy,0,,...,a,} n y={B,B...., B}, Torna cnenyrommue QyHKIHOHAIEI

JAKOT TPUMEPBI METPUK:

a) dl X, y Z‘a ﬂl‘

1/2

6) d( Z\a ,B, ,

8) d3(x, y)=max{ |o; - B];i =12,...n}.
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IlIpocmpancmeo co ckanapusim npouseeoeruem. B3auMHOE OTHOLICHHUE
JIBYX BEKTOPOB, T.€. UX T€OMETPUUECKHUE CBOUCTBA, MOKET ObITh OXapaKTEPHU30-
BAHO C TOMOIIBIO YHCJIA, HA3BIBAEMOTO CKAIAPHBIM NpouszsedeHuem. VHbIMHU
CJIOBaMH, 3TO — OTOOpaXEHUE YNOPSAOUEHHBIX MAP BEKTOPOB JIMHEHHOTO MpO-
CTPaHCTBAa HA BEIIECTBEHHYIO 0Ch R wmimm xommiekcHyro miockocth C. Cka-

JSIPHOE TIPOM3BECHUE BEKTOPOB X M Y, 0003HAYaeMOe Kak <X, y>, 9acTo Ha3bl-

BAIOT GHYMPEHHUM NPOU3BEOCHUCM.
JIuHeWHOE BEIECCTBEHHOE MPOCTPAHCTBO, B KOTOPOM BBEIACHO TOHSATHE
CKaﬂﬂpHOFO HpOI/I?)BeI[eHI/Iﬂ, Ha3bIBACTCA e@KJZT/lOOGblM. 9HeMeHTI)I X Hu y CBKJIN-
JI0BA IMTPOCTPAHCTBA YAOBIETBOPSIOT CIIEAYIOIIHAM YCIOBHUSIM:
a) (x+Y,2)=(x2)+(y,2)
6) (ox,y)=a(X,y)
6) (%y)=(¥:x)

2) <X, X> >0, u <X, X> =0, ecau u Tonbko ecau X = 0.

(1.9)

B CBKIIMAOBOM IIPOCTPAHCTBEC CIIPABCAIMBO OYCHL BAXKHOC COOTHOLICHHC,

M3BECTHOE KaK HEpaBeHCTBO Kommu-byHAIKOBCKOTrO:

x ) < (xx)(y.y), (110

KOTOpOE BhITeKaeT u3 cBoicTB (1.9a, 0 M B) ckajisipHOTO Tpou3BencHUs. JleiicT-

BUTEJIBHO, 151 JIIOOOTO BEIIECTBEHHOTO A umeeM, coriacHo (1.9r),
(x—Ay,x—Ay)=0.
PackpbiBasi JIEBYIO 4aCTh HEPABEHCTBA, ITOIYUYHM:
(%, X) = 2A(x, y)+ 2*(y,y) 2 0.

Buano, uto kBamparHbiii TpexwieH (OTHOCHTEIbHO A) HEOTpHIATENcH,

CJICIOBATEILHO €0 TUCKPUMHHAHT OTpHUIlaTe/icH (MK paBeH HYJIIO), T.C.

(x¥)° ~(xx){y.y)<o0.

Ortcrona BeiTekaeT (1.10).
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BaxxubiM CJICACTBHUCM M3 CBOMCTB CKAJLAPHOTO IIPOU3BCACHHUA ABJIACTCA TO,

YTO HOpMa BCKTOPa X MOXKET OBITh OIIPCACIICHA KaK

=) (L11)

JleticTBuTenbHO, yeinoBus (1.7a v ©) 11 HOPMBI yIOBJICTBOPSIFOTCS.

JInst qoka3aTenbCTBa aKkCHOMBI TPEYroJibHUKa uMeeM ¢ yaetom (1.10):

X+ yH2 =(X+Y, X+ Y)=(XX)+(X,Y)+(y,x)+{y,y) <
<[]yl 21l = g+ )™
CrenoBaTrenbHO,
s <P+
u cootHommenne (1.11) ynosnerBopsier ycmosuto (1.78) st HOPMBI.
B coorBerctBre ¢ (1.11) MOXKHO yTBEpKIaTh, UTO CKAISIPHOE MPOU3BEIC-
HUE TOPOKIaeT HOPMY, KOTOpas, B CBOIO ouepenb, cornacHo (1.8), mopoxkgaeT
METPHKY, Ojaromaps 4yeMy MPOCTPAHCTBO CO CKAISPHBIM MPOM3BEACHHEM CTa-
HOBHTCSl METPHUYCCKHM.
BsauMHOe OTHOIIIEHHE IBYX BEKTOPOB B KOMAJIEKCHOM TPOCTPAHCTBE TaK-
e MOXeT OBITh 0XapaKTEPH30BAHO C IMOMOIIBIO CKAISIPHOTO MPOU3BEACHHS.
KomrmuiekcHOe TMHEHHOE MPOCTPAHCTBO, B KOTOPOM KAXKJIOW Mape €ro 3JIEMEH-

TOB X B Y (BEKTOPOB) IMOCTABJICHO B COOTBETCTBHE KOMIIJICKCHOE YHCJIO <X, y>

— CKQJIAPHOE MPOU3BEACHUE, HA3BIBAECTCA YHUMAPHBIM. DNEMEHTb X U Y YHU-
TapPHOTO TIPOCTPAHCTBA YAOBJICTBOPSIOT TeM ke yeroBuaM (1.9), 3a HCKITIOUCHH-

em (1.98), KOTOpOE 3aMKMCHIBACTCS B BH/E:

(x,y)=(y,x)", (1.12)

%
ra¢ —3HaK KOMINICKCHOI'O COIIPAKCHHAA.

3aMeTuM, YTO B YHUTAPHOM MPOCTPAHCTBE MJiA JIIOOOr0 KOMILIEKCHOTO

uyncia A umeem <X, /1y> = /1*<X, y> , Tak kak coriacHo (1.98) u (1.9 6):

(%, Ay)=(Ay,x) =X (x,y).
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B yHWTapHOM NpOCTPaHCTBE, TaK K€ KaK B €BKIMAOBOM, MOYKHO BBECTH

HOPMY HXH = <X, X> , VAOBJIETBOPAIOIIYIO BCEM aKCHOMaM O HOPME.

1.3. [IpeacraB/ieHHe 3J1IEMEHTOB BEKTOPHOTO NPOCTPAHCTBA

JIroOol BEKTOpP JTMHEWHOTO MPOCTPAHCTBA X MOXKET ObITh 0OPAa30BaH CyM-

MHUPOBAHHUEM HECKOJBKUX BEKTOPOB Uy, Us,..., U, CO CKaJApHBIMU KO3(dduiu-

CHTaAMH 061, 062,...,06n

n
X= Zai ui . (113)
i=1
MHOkeCTBO Beex JMHeHHbIX KomOuHaiui (1.13) BekTopoB {ul, Us,..., un}

Takxke 00pa3yer JIMHEWHOE MPOCTPAHCTRBO.

MHO03k€ecTBO BEKTOPOB Uq, Us,..... , U, Ha3bIBAETCH JIUHEIIHO-HE3ABUCUMBIM,

eciu JMOoOOW M3 HUX HE MOXKET ObITh BBIPAXKEH UEPE3 OCTAIbHBIE C MOMOIIbIO

JMHEHON KoMOuHaluy. MIHaue roBops, Korjia paBeHCTBO
n
D iy =0 (1.14)
i=1

CIPABEAJIUBO TOJIBKO IIPU BCEX & , PABHBIX HYJIIO.

O0o3HauuM vepe3 V JIUHEHHOE MPOCTPAHCTBO BCEX KOMOWHAILMUN JIMHEH-

HO-HE3aBUCHUMBIX BEKTOPOB {ul, Uy, ..., un}. Kaxnapiit Bektop XeV cooTBETCT-
BYET €IMHCTBEHHOMY HA0Opy CKaJIAPHBIX KOA(D(MUILMEHTOB ¢, CIENI0BATENbHO,
Ha OCHOBE BEKTOPOB {Ui;i =1..., n} MOKET OBITh BBIPAKEH JIIO0OH BEKTOP M3
V. MHOXECTBO BEKTOPOB {Ui }, oTBeuaromuxX ycIOBHMIO JTMHEHHON He3aBHCH-

MOCTH, HA3bIBACTCA 6a3ucom, CaMH BCKTOPbI UMCHOT CMBICII ocen KOOpAWHAT, a

COBOKYMHOCTDb YHCEJT ¢ — KOOPAMWHATBI BEKTOpA X.
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YHOpALOYEHHAs MOC/IEN0BATENLHOCTs KOYDOUIMEHTOB {; | MOKeT pac-
CMATPUBATHCA KaK N-MEpHas BEKTOPHAA CTPOKA. DTO 03HAUAET, UTO HAOOP U3 N
BemecTeHnHbXx R" wam kommnekcusix C" umcen spisercs npencTaBleHHEM

Bektopa X (B R" umm C") mo otrHomenuo k 6asucy {u; } .

B onHOM M TOM € MPOCTPAHCTBE CYIIECTBYET HE OJHO MHOKECTBO JIH-
HEWHO-HE3aBUCUMBIX BEKTOPOB, U COOTBETCTBEHHO, B HEM MOXET ObITh OIMpEe-
JieH He ofuH 0a3uc. UToObl yTOUHUTD, KAKOH ke 0a3UC UCTOJb3YETCs, TOBOPAT O
npocTtpancTse V , namsanymom Ha 3ToT 0a3uc.

OnHO M TO € MPOCTPAHCTBO MOXKET OBITh Pa30OMTO HA MOANPOCTPAHCTRA,
TaK K€ KaK 3JIEMEHTHI OJIHOTO MHOKECTBA MOTYT ObITh Pa3OUTHI HA PAJ MOA-
MHOXECTB. Eciu  B34Th  MOJMHOMXKECTBO {al,az,...,am} MHOXECT-
Ba {051,052 yeees Ocn} , TIe M< N, TO MHOXKECTBO JIMHEHHBIX KOMOUHAITUN BEKTOPOB
MOJAMHOKECTBA 00pa3yeT JMHEHHOE MPOCTPAHCTRO, SBJISAIONICECS MOANPOCTPaH-
CTBOM HCXOJHOTO JIMHEHHOTO MPOCTPAHCTRA.

bonee crporo, noamMuoxKecTBO V) U3 V ABIIIeTCA NOONPOCMPAHCMEOM, €C-
JInA.

a) s BceX X U Y m3 V) X+ Y Tarxke MPUHAIICKUT Vy;

0) mmaBcex X 3V, u A m3 R umu C

Asthy AX mpuHAIIEKHAT V;.

B 3aBucuMocTH OT BEJIMYMHBI N

BEKTOP X MOKHO paccMaTpHBaTh B JIBYMEp-

A4
e HOM, TPEXMEPHOM H T.J., N-MEPHOM IIPOCT-
Puc. 1.12. paHcTBE. B 1ByMEpDHOM NpPOCTpPaHCTBE ABa
IIpeocmasnenue 08ymMepHO2O
8eKMOpA X HA NIOCKOCMU (ul’u2) mapauiCJIbHBIX BCKTOPaA Ul u U2 JIUHCHHO-

3aBUCHMBI, T.K. MCKIY HHMH CYHICCTBYCT

OYeBUIHASA JIMHEIHAS CBA3b U, = AU,. /IBa mepeceKarommxcs BeKTopa — JIMHE-

HO-HE3aBUCHMBbI, TaK KaK MEXIy HUMHU HET TAKOW CBA3M, HO JIIOOOW TPETHUIl BEK-
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TOP X MOXHO TIPEICTABUTh B BHJE JIMHEWHON koMOmHammu X = AU; + AU,

(puc. 1.12).

Jlerko BWAETH, YTO B TPEXMEPHOM MPOCTPAHCTBE OYIyT JHMHEHHO-
HE3aBUCHUMBI TOJIBKO TPH BEKTOPA, B YETHIPEXMEPHOM — uUeThipe W T.A. Makcu-
MaJbHO BO3MOXXHOE UYHMCIIO JTMHEHHO-HE3aBUCHUMBIX BEKTOPOB OMPEAENACT pa3-
MEpPHOCHb TIPOCTPAHCTBA.

Ecnu yrisl Mexay GasMCHBIMA BEKTOPAMH PAaBHBI 77/2, TO Takas CHCTEMA
KOOPAMHAT SABJACTCS OeKapmoeoii, a 0a3ucHas CUCTEMa OPTOrOHAIBHOM.

BekTop X, TOBODAT, OPTOTOHAIEH MHOXecTBY Bektopos Vi ={y;}, ecim
<X, Yi > =0 mns Beex | . Oro obo3Havaror kak XL1V;. /[Ba moampoctpanctsa V; u
V, Ha3bpIBAIOTCS OPTOTOHAJIBHBIMH, €CJIM BCE BEKTOPBHI M3 V; OPTOrOHAJIbHBI
BCEM BEKTOpaM U3 V,, 3TO 3aIUCHIBAIOT Kak V1V, .

[Tycts Bextopel U B (1.13) 00pa3yroT NMHEHHO-HE3aBUCHMYIO CHCTEMY.
Torma mns onpeneneHus ¢; YMHOXKHM CKaJsApHO JIEBYIO W mpaByro vacTu (1.13)
Ha BEKTOPHI V,,, IOMApHO OPTOrOHaJIbHbIE U; , T.€.

(Ui, Vi) = S, (1.15)
rae O, —cumeon Kponexepa, O;m =1 misi=mu 6;,, =0 mia i #m

n

(X, V) = Z(ui Vo) A - (1.16)

i=1
s o, ¢ yaerom (1.15), momyuaem
o =(X,V;). (1.17)
Kosduuments! ¢; HasbiBaroTes kodhduuuentamu Oypwe B 6asuce {U;},
a 6asuc {v,,}, ynosnersopsommii (1.15), HassiBaeTcs 63aumnbiv Gasucom. He-

TPYJHO BUJIETh, UTO:

n n

X = 4 (X, vi )y =Z<x, Ui )V, (1.18)

i i=1



15 iroboro Xe Vo u nro0oit napsl B3auMHBIX 0a3ucoB i V .

Ecnu cuctemMa KOOpJAMHATHBIX BEKTOPOB {ui; i=12,..., n} OPTOTOHAJIbHA,

TO TaKOM 0a3MC HA3BIBACTCS CAMOB3AUMHBIM (CAMOOYANbHBIM)

X = Zn:<x Ui U . (1.19)
i1

OpTtoroHanbpHbiii 0a3UC ¢ HOPMOM KOOPAMHATHBIX BEKTOPOB, PABHBIX €/H-

HHUIIC, HA3BIBACTCA OPMOHOPMAIbH bIM.

)=

B cnyuae opToHOpMajbHOrO 0aswca B €BKJIIMIOBOM IMPOCTPAHCTBE JIETKO

1, mpui=m,
0, mpuizm

BBIYHUCIIACTCA CKATAPHOC IMPOU3BCACHUC BCKTOPOB YCPC3 UX MPOCKIKMHK HA KOOP-

JUHATHBIC OCH

(xy)= Z“i Ui, Z:Bmvm = Z“i B (1.20)
= -1

m=1

U HOpMa

(1.21)

Paccrosanmne Mexay IByMs TOUKaMH B TAKOM MPOCTPAHCTBE PABHO:

[x=y|=.]> (@ -5). (1.22a)

i=1

Hepasencrso Kommu-bynskosckoro (1.10) umeer Bu:

n 2 n n
o <) o) B (1.226)

KOHGLIHOMepHOG BCKTOPHOC IIPOCTPAHCTBO, AJA KOTOPOro CIpaBCAIIUBO

COOTHOHLICHUC
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o6o3Hauaror |,(n).

BeckoHeuHOMEpHOE BEKTOPHOE MPOCTPAHCTBO, UTS KOTOPOTO CITPABETHBO

COOTHOHLICHUC

[}

Z‘“i\2<°°’

i=1
0603Ha4aroT |,.
SlcHo, uto ecim X B Y BXOAAT B |,, To u Y= AX BxomuT B |, nipu so-
oom A, m cymma BekTopoB X+ Y BXoauT B |,. [lna |, cnpaBemiBbl COOTHO-

menns (1.20), (1.21) u (1.22) npu 3ameHe N Ha oo.

1.4. ITo1noTa 0a3uca

basucnas cucrema { Un} HA3bIBACTCS MOJIHOH, €CIIU PasMCPHOCTL COOTBCT-

CTBYIOIIIETO MPOCTPAHCTBA PaBHA Pa3MEPHOCTU MPEACTABIAEMbIX B 3TOM CHCTE-
Me BekTOpoB. Hampumep, eciv B TpeXMEpHOM NPOCTPAHCTBE 3adaH 0asuc

{ uj,u,}, TO BCe BEKTOPHI, HE JEKAIINE B TUIOCKOCTH 3TOTO 0asuca M, Clie0Ba-

A TEJABHO, HE NPUHAMLICKAIIUE IBYMEPHOMY
U;

MPOCTPAHCTBY, OYAYT MPEACTABJICHbI HE TOU-

X | HO, TaK KaK IJI1 UX TOYHOI'O IPCACTABJICHHUA

| HEOO0X0UM elle TpeThil Oa3uCHBIA BEKTOP

Aty x| U; (puc. 1.13). OngHako, wHOTHA AN yIIpO-

iy
HHICHUA HpI/IXOI[I/ITCH HUATHU Ha COKpaH_[eHI/Ie
Puc. 1.13.
Ipeocmasnenue mpexmepno2o PasMEPHOCTH TPOCTPAHCTBA, MPEACTABIIAI B

sexmopa X na nockocmu (Ug,Us );

& — owba npedcmasienus HUX BEKTOPbI ¢ OOMIbIIEH PA3MEPHOCTHIO. ITO
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JOCTATAETCS C TIOMOIIBIO TMPOTIEAYPBI OPIMOCOHAILHO2O NPOSKMUPOBAHUS BEK-
TOpa, HE MPUHAMJIEKAIIETO 3aJaHHOMY ITPOCTPAHCTBY V,,, HA 3TO MPOCTPAHCTBO.
Teopema npoekmupoeanusi yTBEPKAAET, UTO AJid JIIOOOro Bektopa Xe V cyiile-

CTBYET €AUHCTBEHHBIN BEKTOP X B V,, 3a1aBaeMblil pazinoxkenueM (cMm. 1.18
n

>

=) (X ViU, (1.23)
1

i
TaK 4TO PasHOCTh (X — X) OpTOroHabHA KO BCeM BEKTOpaM 13 V., Tak Kak

n

<x— X,V > = <x,vi >—Z:<x,vm><um,vi > =

m=1

:<x,vi>—<x,vi>=0; i=12,...n.

Bosee Toro, st soboro X u3 V,,: HX— )A(H < HX— )7”

~

Bektop X Ha3bIBaeTCs OPTOrOHATBHOW mpoekimei X Ha V,, €=X—X —

HOTPEITHOCTD MPHUOIMKEHHS X BEKTOPOM X. TOUHOCTH MPHOIIMMKEHUS £, WK

MOJIHOTA 0a3uca, XapaKTepu3yeTcs HOPMOU
2 A2 2 a2
Jel” = x=%" = " =" (1.24)
Bonee TouHOE ompeneneHne MOTHOTHI 0a3uca MU COOTBETCTBYIOLUETO €MY

MMPOCTPAHCTBA 3aK/IIIOYACTCA B CIICAYIOIICM. HYCTB MBI UMCCM ITOCJICOOBATCIIb-

HOCTb BEKTOPOB {Xn} B V,, KOTOPYIO Ha3bIBAIOT cxoosuyelics kK X B V , eciu

no
HX— XnH —0 npu N —> oco. IloCIENOBATENEHOCTS BEKTOPOB {X,} HA3BIBAETCA
NOCIEA0BATENBHOCTEIO Koutu, ecnu Hxn - XmH — 0 nmpu N,Mm — . Ecnu kax-
Jas nocienosarenbHocTh Komm u3 V, exoaures k Bektopy u3 V , TO npocTpaH-

ctBo V HasbiBaeTca noiaxwvivm. IlolHOE OECKOHEUHOMEPHOE HOPMHPOBAHHOE
MPOCTPAHCTBO, B KOTOPOM HOPMa TMOPOXKACHA CKaJIAPHBIM MPOU3BEACHUEM, Ha-

3bIBaeTCs [ wivbepmosvim npocmpancmeom H .
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1.5. ®yHKIIMOHAJILHOE IPOCTPAHCTBO

IKeUusaIeHMHOCMb NPOCMPaHcme. PaccMOTpUM MHOKECTBO CHUTHAJIOB C
OrpPaHWYCHHOW SHEPruci, 3aaHHBIX Ha KOHCYHOM (WM OECKOHEUHOM) WHTEpBA-
Jie BpPEMEHH, U MOKAXEM, YTO Ha OCHOBE JIMHEHHOIO0 BEKTOPHOTO MPOCTPAHCTBA

|, MOXXeT OBITh CKOHCTPYMPOBAHO (DYHKIMOHAIBHOE MPOCTPAHCTBO, 0003HAUNM
ero L,, B KOTOPOM KaxJIOW TOUKE COOTBETCTBYET ONpenaeseHHas (QyHKIUs Bpe-

MeHH. [/IBa TakMX HOPMHUPOBAHHBIX MPOCTPAHCTBA HA3BIBAIOTCS AJIreOpanuecKu
U30MOP(HBIMA ¥ M30METPUUYCCKAMH, €CITH MEXAY WX JIEMCHTAMH MOKHO YC-
TAHOBUTH B3aUMHOOIHO3HAYHOE COOTBETCTBUE, TAKOE UTO:

a) anreOpanyecKuM OmepanyaM HaJ 3JIeMEHTaMH W3 |, COOTBETCTBYIOT Te
JKe onepanuu Haja ux odpasamu B L, ;

0) HOPMBI COOTBETCTBYIOIIMX JAPYT JPYTY SJIEMEHTOB W3 O0OWX MpPo-
CTPaHCTB PaBHEI.

MosXHO MOKa3aTh, YTO BCIKOE OCSCKOHEUYHOMEPHOE cemapadeabHOE THIIb-
OepToBO mpocTpaHcTBO H anreGpawmdeckn M30MOP(PHO W H3OMETPHUYHO IIPO-
CTPaHCTBY |,.

Takum o0Opa3oM, MHOXKECTBO CHUTHAIOB L, C OrpaHMYEHHON >HEprueu
(ni MOIIHOCTBIO) 00pa3yeT MPOCTPAaHCTBO L, Ha OCHOBE €ro 3KBHBAIECHTHO-
cruc l,.

CkanspHoe npoussefeHue B L, onpenendercs kak

(f.9)= j £4(t) g(t)at, (1.25a)

HOpMa

(1.256)
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a HepaBeHCTBO Koy - byHSIKOBCKOTO MMEET BU/T:

2 ) )
< [[F@)et- flglt)ct. (1.258)

o}f (t)g(t)dt

[TpowmmocTpupyeM u3oMOphU3M HA TMPUMEPE KOHEYHOMEPHBIX TIPO-

ctpancts. Ecim B BekTOpHOM Tpoctpanctse |,(N) cymecrByer opToHOpMEPO-
BaHHBIH Gasmc {U, |, To B m30MOp(HOM eMy TIpocTpaHcTBe curaanos L, (T) 6y-
JeT CYIIECTBOBATh OPTOHOPMAaJIbHAs Oa3WcHas cUcTeMa (pyHKIUi, 0003HAUNM
ee {(p(t,k) = (pk(t)}, k=01,...,n-1, te.
U & @y (t)
3Hak (<) 03HaYaeT B3aUMHOE M OJJHO3HAYHOE COOTBETCTBUE.
Tormaa, B coorserctBuH ¢ (1.13), OyAeT cyinecTBOBaTh Pa3IOKEHHE CHTHA-

na s(t) < x mo cucreme dynxnmii {o, (t)}:

n-1
s(t)= D A (t), (1.26a)
k=0

rJie TIPH YCIOBHH OpPTOHOpManbsHOCTH ¢y (t) aHanornano (1.17)

A =(s{t), oy (t)). (1.266)

Onpenenum HOpMY CUTHaJla Kak

s = j\s(t)fdt (1.27)

T

U TIOKaXkeM, uto ¢ yuetom (1.26) ona cosnazaaer ¢ (1.21).

JIeHCTBUTETBHO,
) n-1 2
j\s(t)\ dt = I‘Zﬂk(pk(t) dt =
T T 1k=0
n ) n-1 n-1
=Yl ok ct+ D" D | m| [0 Dpm(D)e
k=0 T k:0m:k0 T
#Mm
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C yueToM OpTOHOPMAJIbHOCTH 0a3MCHOM CHCTEMBI, UMEEM

[en=S 14

W (1.28)

T.e. HOpMa cHrHana, onpeneseHHas 4Yepe3 €ro SHEPruro, SKBUBAJIEHTHA

HOPME €BKJIMJOBOI'0 BEKTOPHOI'O NPOCTPAHCTBA.
|s(t)] <> -

AHaJIOTHYHO MOKHO IMOKa3aTh, YTO CKAJIAPHOC IMPOU3BCACHUC IBYX CHUI'HA-

JIOB paBHO CYMMC IIPOU3BCACHHA UX HpOGKHI/Iﬁ Ha KOOPpAWHATHBIC OCH

n
(s505) = [s)s" Ot =D AA (1.29)
T k=0
yT0 SkBUBaeHTHO (1.20)
(s1.%2) & (%),
a PaCCTOSTHAE MEXTy JBYMs CUTHAJIaMH PaBHO
n-1
|si—s2] = .| > (A= B) (1.30)
k=0
qT0 ’KBHUBAJICHTHO (1.22a):
|s1= 52| & [x= .

Bripakenus (1.28) u (1.29) Ha3siBaroTcsi paBeHCTBaMU [lapcesars.
Takum o6pazom, npoctpanctsa L,(T) u |,(n) momHocTsio SKBHBaANEHTHEI.

DTa SKBUBAJICHTHOCTH MPOCTPAHCTB MOPOKAAET QYHKIIMOHAITHHOE MTPOCTPAHCT-

BO, 0a3UCOM B KOTOPOM SBJISCTCS CHCTEMa JIMHCHHO-HE3aBUCHUMBIX (DYyHKITHI

1o (t)}

Tak kak L,(T) o6pasosano muokecTBoM Lo (T), TO ero mHaspiBaroT eme

MPOCTPAHCTBOM KBAJPATUYHO UHTETPUPYEMBIX (DYHKITHIA:
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[IF @) dt<ee.

teT
VYcnoBHO n000# CHTHAI B TAKOM MPOCTPAHCTBE rpapuuecKd MOKHO H30-

Opa3uTh, Kak MmokaszaHo Ha puc. 1.14.

A @3 (fr) . ﬁ)
St @
| S @ ’ AL
’4‘3 - - | L |’
00 17 ot s/
s [ - ¥
A / XY & o
g > > @
f/ ’:L.f 7 i
/ g
Az .1
o,
: Puc. 1.15.
Puc. 1.14. IIpeocmasnenue cmecu cuenana 1)

Ipedcmasnenue cuenana S(t) ¢ urymom n(t)

6 N -meprom pynryuonansHom npo-
cmpancmee

AHAJIOTUYHO, MOKHO T€OMETPHUUECKN NPEACTaBUTh CYMMY CUTHANA M LIy-
ma &(t) ¢ muenepeneit 62 (oM. puc. 1.15);
x(t)=s(t)+n(t).
Tak xak N(t) — cydaiteerit BexTOp, TO KoHel BekTopa X(t) Gymer nexats

Ha runepcdepe paauyca o .

1.6. lucKkpeTHOE NpeAcTaAB/IeHHEe CHTHAJIOB

Takum 00pa3oMm, B OCHOBE MPEJCTABJICHUS M, KaK OyAET BUIHO W3 AaJib-
HEWINEro, aHaJIN3a CUTHAJIOB JIEKUT MOHATHE MHOTOMEPHOTO MPOCTPAHCTBA, B
KOTOPOM OMNpeaeeHbl aaredpanyeckue onepanun Haj ero nemeHtamu. Koop-
JWHATHBIMU OCAMHM B TAaKOM TMPOCTPAHCTBE CIYKUT CHUCTEMA JIMHEUHO-
HE3aBUCUMBIX (DYHKIIHHA {(pk (t)}, KOTOpasi MOXKET ObiThb WM HE ObITh
OpTOroHaBHOW (OpTOHOpPMHPOBaHHOM). Eciu 3Ta cuctema (yHKIHI OpTOHOP-
MHUPOBAHA, TO MPOECKIMH JIHOOOT0 CUTHAjA S(t) BBIYHCIIAIOTCS Hanbosee MpoCTo
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o ¢opmyie (1.26.0). JIuckpeTHOE IPeACTaBICHHE LieJeco00pa3HO paccMaTpu-
BaTh JJI1 CUTHAJIOB, 33/JAaHHBIX HA KOHCYHOM HMHTEpPBaJICc BpeMEHU | . YBemuue-
HUC WHTEPBaja BEACT HEM30C)KHO K YBEIIMUCHHMIO UYHCIIA Oa3MCHBIX (DYyHKIIHI
(Tak Kak BO3pacTaeT YKCJIO TOUEK UCXOMHON (DYHKIIMH), UTO AEIACT TAaKOE IPe/-
CTaBJICHHE TPOMO3AKMM. B wacTHocTH, /it (DMHUTHBIX CHTHAJIOB HMHTEPBAI
npeacTaBiaeHus | 1enecooOpa3Ho OrpaHUYMBaATh 00J1aCThiO, B KOTOPOW OHU OT-
JUYHBI OT HYJIS.

Ioonpocmpancmea u3 L,(T). Ilycts V., — N-MepHOE MOAIPOCTPAHCTBO
u3 L,(T), naranyroe na 6asuc ¢ (t). Ecnu curnan npuamtexur V,, T0 oH

CAUHCTBCHHBIM 06pa30M MOET OBIThH IPEACTaBJICH B BUIC.

s<t>=f_§zq-¢i 8

st)eV,, teT,

(1.31)

rJIc BEKTOP-CTPOKA A = (20,21,227 A1) ABIISETCA HCKOMBIM TIPEICTABICHHEM

CUTHana yiKe B MPOCTpaHcTBe BemiecTBeHHbx R" (uam xommnekcHbix C") unm-
celnl.

Bripakenue (1.31) MmoxkeT OBITH 3aITMCAHO B MATPHYHOM BHJIE:
slt)=2e'(t), (1.32)
rae @'(t) —BexTop-cTONGEN GasHCHBIX BYHKIHI @ = ((pl(t), @5 (1), ..., ¢, (t)).
Jlns ompeneneHuss A YMHOXHM CKaJIIPHO JIEBBIE M MpaBbie YacTH BhHIpa-

skennsa (1.32) a @(t), nomyuum:
A1), olt)) =(s(t), o(t),
IZle BCeBO3MOXKHBIe cKamsiphbie nponssenenns (@'(t), @(t)) obpasyror marpuiy
CKaJIIpoB NX N, o603Haumm ee G .
Ecim cymectByeT obparHas marpuna G2, o

A= <s(t),e—1>

041

42



A = (s(t), @, (1)) = j s(t) @, (t)dt, (1.33)

rae @, (t)umeer cmbicn B3auMHOTO 0asuca (aHamoruuHo 6azucy V, B (1.17)).

[Tpuuem,

n_

@ (t)= Zlyik(pk(t), i=0,1..,n-1,

TOE Yj — DIEMEHTBI MATPULIBI Glu

(0,00 (0) = ”zfyrkm 0.0 (0) = 5.

Beipakenus (1.31) u (1.33) HOCAT Ha3BaHWsA, COOTBETCTBCHHO, MPSAMOTO U
obparHoro obob6menHoro npeodpaszoanus Oypre. Koaddummentsr A Hazb-
BAlOT CHEKmMpoM  CUTHAja S(t) B 0Oasuce {(pk (t)} Ecnmu  dynkuu
{o(t), k=12,...} opronopmuposausi, To Gopmymst (1.31) u (1.33) coBnanaroT
¢ (1.26). Ilpencrapnenue currana B puae (1.31) nHOrMA HA3BIBAIOT ANMPOKCH-
Marpeld curHajiia o0oOImIeHHBIM psitoM Dypbe WM MPOCTO MPEACTABICHHUEM
CUTHAJIa B BHJIE PsIaa.

Ecmu dynkmmn {(pk (t), k=0,1,2,...} oproronamsrel, To popMyIB 0606-

HIEHHOTO NpeoOpazoBanus Oypbe NpUoOPETAIOT BUA!

n-1
st)= D A1), (1.349)
k=0
1 1
=g Tj st (t)ct 5T Tj st (t)et, (1.346)

rae: Eg = ﬂ(pk (t)‘zdt — SHeprus 6asucHOM (QyHKIMH,

7
E, .
P, = T~ MOIIHOCTb 0a3UCHOM (PYHKLIH.
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Haromunm, 9T0 17151 OpTOHOPMHUPOBaHHBIX cuctem B, =1.

OpmozonanbHoe npoekmuposanue. PaccMoTpuM Ciaydai, KOrja CHrHam

S(t) He npuxaoiescum MOANpOCTpaHcTBY V. B 3ToM ciydyae aHaJOTMYHO ¢

meopemoii npoexmuposanusi 1 BeKTopos (1.23) MoxeT ObITh TOJIYUYCH €¢IHH-

CTBEHHBIA CUTHAII §(t), ABJIAIOLIUKACS OPTOrOHAJIBHOW MPOEKIUEN S(t) Ha V,

n-1

8(t)=> (s ()@ t)e t).
i=0
Tak xe xak U B CIy4ae BEKTOPOB, PA3HOCTb S(t)—é(t) OpPTOroHajJbHA KO

BCEM CHrHanam w3 V,, u

s(t) - &(t)] < [s(t) - 5(t)].
rae S(t) moGoii apyroii curuan u3 V,, .

[oepeutnocmv npub.IusMCeHUss YACIICHHO XapaKTePU3yeTCs HOPMOit

e = |stt) - 80 = [ls(0)- &(t) ot =

2

- [ls0- 3 An(t] at= 139
= st et~ st ot = st - s0)”

[Tpubmvxkerne ¢ HopMol (1.35) HaspBacTCS TPUOMIKCHHUEM B CpeoHe-
K8AOpamu4ecKom,
EcTecTBEeHHBIM TyTeM YMCHBIICHHUS OIMWOKWA MPUONMKCHHS £ SBIACTCS

yBEJMUYEHNE PA3MEPHOCTH MPOCTPAHCTBA V,, MyTeM YBEIWYEHHUS dncia Oa3uc-
HBIX (YHKIWH B ipeactaBiacHuu (1.31), Toraa oka3pIBaeTCs, uTo
n
lim 8(t) = lim Z<s(t),§bi (t)); (t) = S(t).
N—oo N—o0 4
i=1
Takoit crioco® yMEHBIIICHUS TOTPEITHOCTH BO3MOXKEH TOJIBKO TOT/Ia, KOTIa

M0 KaKUM-TM00 COOOPAKCHHUSAM YHCIIO Oa3WCHBIX (PYHKIIMI MOXKHO YBEIHUH-
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BaTh. Yaille BCEro BO3HUKAET JApyras 3ajaya. Kakum oOpa3oM BbIOpaTh Oaszuc-

Hy!0 (YHKIHIO, YTOOB MHHAMH3HPOBaTh uyncio kodddummentos 4 B (1.31),

AOCTUI'HYB IIPH 3TOM HAWJIYUIICTO HpI/I6J'II/I)KeHI/I$I.

N3 (1.35) a1 OpTOHOPMHUPOBAHHBIX CUCTEM CIICAYET, UTO:
n
Js(t)-3(t)|° =[s(t)]* = D"l (1)
i=1

041

> |4 s()] (1.36a)
i=1

Coornomenune (1.36a) HOCHUT Ha3BaHWE Hepasencmea beccens, yTBEp-
XKIAOMIee, YTO CyMMa KBajapaToB KOX((UIIMEHTOB Pa3IOXKEHUS OTPaHUYCHA
CBEPXY DHEPTrUECH CUTHANA.

IlocnnenoBaTeIbHOCTH
n
sa(t)=) Ao (t)
i=1

ABIAETCA TocTenoBaTenbHocThio Komm; ecmm { g (t)} monmas opromopmupo-
BaHHAA CHCTEMA, TO 3Ta TOCJIEN0BATENbHOCTh cxoauTes K S(t). s momHoii op-

TOHOPMHPOBAHHOW CHCTEMBI HepaBeHCTBO beccens (1.36) mepexoauT B paBeH-

ctBO [lapceBass:

n

st =" Al ? (1.366)

k=1
Hetpynno yoeauThcss B TOM, 4TO AJisi OPTOTOHAJIBHBIX CUCTEM PABEHCTBO

ITapcesans OyaeT uMeTh BHUA.

n
Is° =" AlEx. (1.368)
k=0

DT0 00CTOATEIBCTBO MOTYEPKUBACT BAXKHOCTh OPTOHOPMHPOBAHHBIX (Op-

TOFOHaJ'IBHBIX) 0a3UCHBIX CHCTEM I MIPEACTABIICHUA CUTHAJIOB. 3I[€CI> HYXHO
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OTMETUTb, YTO BCErJ1a MOKHO MOA00PaTh TaKOE YUCIO OA3UCHBIX (PYHKIMHA Ny,

4TOOBI AJIs1 331aHHOHN BETMYMHBI OIIUOKU £y > 0 BBIIONHAIOCH HEPABEHCTBO!

n

st)— > (slt). o (V)i ()

i=1

<&oy (1.37)

npu N> nNg.

Opmozonanuzayua. He Bcsakas nuHelHO-HE3aBUCUMAs cUCTeMa (PyHKIHIA,
oOpasyroias 0a3uc, ABISIETCS OpTOroHaabHONW. OHAKO, ¢ TIOMOIIBIO, HAIPUMED
nponenypsl ['pama-IIImMuara, U3 3TOM CHCTEMBI MOKHO CHHTE3WPOBATh OPTOTO-
HaJIbHBIA Oa3muC.

ITycts {uk(t)} — cUcTeMa JIMHEHHO-He3aBUCUMBIX (DYHKLUHM, U3 KOTOPOil
TpeOyeTCsl CHHTE3UPOBATh OPTOrOHAIBHBIN 0a3uc {(pk(t)}. Cnoco6 ['pama-

[IImuaTa OcCHOBAH HA MPUMEHEHUH CIACAYIONTUX PEKYPPESHTHBIX (popMyIt:

Po(t)= Uy t),
o1 (t) = y1000(t) + Uy t),
02(t) = Y2000 (t)+ 72101 (t)+ U, (1), (1.38)

(1) = Vmo®0 (1) + Va1 )+ -+ Vin 102 (8) + Uy (8).
Haiinem ckansipHoe npousBeieHHE MPOU3BOIbHON QYyHKIMU @, (t) ¢ pyHk-
LUEH @y, (t) [Tomyunm (OmyCTHB IS IPOCTOTHI IEPEMEHHYO t):
(@2 Pm) = Vo @0 P0) + Vea (@7, 1) +
oot Ymea{@r + Pra) + (@ Uy ).
Tak kaK MbI XOTHM, uTo0bI yHKIEE {@, (1)} GbUIM OpTOrOHANBHEI, TO HX

CKAJIAPHBIC ITPOU3BCACHHUA C PA3HBIMH MHACKCAMHA OOJIZKHBI OBITh PaBHBI HYJIIO.

OTtcroa Noay4um:

0= ¥y <¢r,¢r>+<¢r ’um>
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Yor = {0 tn) (1.39)

(pr.0:)
ITpunasas B (1.39) unaekcy r 3nauenus r=0,1 2,..., m—1, nonyunm Bce
KO3(MUIMERTBL Y110, ¥t »- - -» ¥mm-1, HEOOXOMMMEBIE UIs onpeaeneHns GpyHKuun
Pm(t).

[Ipumepsl opTOroHaNBHBIX cucTeM. llpumenenune npoueaypsl [ pama-

[IImuara k cucteme pyHKImiA t,t1,t%,... Ha UHTEPBAJIC [— 1,1] JIAET MOJIHYIO Op-

m(t):

TOTOHAJIBHYIO CUCTEMY, MTOPOKIaeMyto noimHoMamu Jlexanapa P

S

o

~—+

N—

1]
5l -

S
=
N—
Il
N | W
ot

NI oTo
VRN
N | Ol

~—

N

|
N W

—
%/

P2 (t)

N
N w
N
|
N |-
%/

S

w
—+

S~
Il

2n+1
¢n(t): 2 Pn(t)’
n
rae {P,(t)} —momurom Jlexannpa P, (t)= an | ;jt—n(t2 —l)n.
n:

HHTepecHbIe pe3yabTaThl JaeT MpUMEHEeHHe npoueaypsl [ pama-IlImuara k
ATOU XKe cucTeMe (PYHKIIHMi, TOTOHEHHON HEOTPUIIATEIHLHOW 8€C080l (hyHKYU-

et W(t). B 3TOM ciy4ae OpTOroHaIM3aIMH MOABEPraeTcs CHUCTeMa (DYHKIIHIA

{«/Witi -tm} HA Pa3JHYHBIX MHTEPBanax. [lonmydaemele TIPH 3TOM OPTOrOHAJIb-

HbI€ MHOTOYJIEHBI OPTOTOHAJBHBI C BECOM W(t). K HHM OTHOCSTCS XOpOIIO

U3BeCTHbIE MHOrowieHsl YeObimesa (BecoBas (DyHKIIHS (1—t2)%, UHTEPBAII
—t2 —t

[—1,1]),9pMHTa(e ,(—oo,+oo)),Hareppa(e ,(0,+oo)).
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[{empiit psim OPTOTOHAIBHBIX CHUCTEM TOPOXKAACTCS pereHuemM nuddepen-

HUAJIbHOI'O YPABHCHUA BTOPOro NopsaKa.

d’y dy
—+ f,(t)—+ f,(t)- y=0.
ai2 1()dt 2(t)-y

OTO NWHEWHOE YPAaBHCHHE C TEPEMEHHBIMH KOd(hdHUIMeHTaMU WMEeT
MHOKECTBO PELIEHUI B 3aBUCUMOCTH OT BbIOOpa (pyHKLIMI fl(t) u fz(t). B ua-
CTHOCTH, OJHUM M3 PEIICHUIN 3TOTO YpPaBHEHUA SIBJSICTCS HAOOp (PYHKITHH, KO-
TOPbIN ABJISIETCA OCHOBOM Oazuca dypbe:

{y, (t)}={Acoskt + Bsin kt},
rae A u B onpeneneHHbie KOHCTAHTHI.
OnHo BpeMs OOJBIION MOMYJAPHOCTHIO TMONH30BATUCH (PYHKIMHM THMA
"IPAMOYTOJIBHOM BOJIHBI" — cHcTeMa (pyHKIuA Youma, o0pa3yromas MoJHYO

11
OPTOHOPMHPOBAHHYI0 CHCTEMY Ha HWHTEpBaJe [_EE} C BEcOM W(t)=1.

Oyaknpm Yooama, B CBOIO odepelb, 00pa3yroTcs NEpPeMHOXKEHUEM (DYHKIIHH
Panemaxepa: I, (t)= Sign(sin 2"r t), n=1273....

Oynkmuu Yoama, kak 1 pyaknum Pagemaxepa mpHHUMAIOT TOJIBKO JBA
sHaueHus —1 m 1 (SIgN — QyHKIMA 3HAKA apryMEHTAa).

BaxHbIM CBONCTBOM Oa3UCHBIX CUCTEM SIBJISETCS CBOMCTBO MYIbMUNIUKA-
MUGHOCMU, 3AKITIOYAIOIIEECS B CIEAYIOIIEM:

a) Oa3ucHas cucrema {(pk (t)} BMeCTe ¢ (DYHKLUAMHU @, (t) u @, (t) cozep-
KHT Takke PYHKIHMIO, 00Pa30BaHHYIO UX MTPOU3BEACHUEM
@: (t)= (bl (1);
0) moMuMO QYHKIUH @) (t) CHCTEMA COJICPKHT TaKKe (PYHKITHIO
o (t) =1 g, (t).
CBOHMCTBO MYJBbTUIUIMKATUBHOCTH OA3MCHBIX CHCTEM OCOOCHHO IIEHHO AJIA

pElIeHUs Pa3IMYHbIX 3a7a4 00pabOTKH CUTHANIOB. TakuM CBOMCTBOM, B YaCTHO-
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.o jkayt
CTH, 00JlaaeT KOMIUIEKCHbIH Oa3zuc Dypwe {ej 0 }, TaK KakK JJig BCEX

m,n, ke Z
elModt  qinat _ ej(m+n)a)ot
)41
1 _ gilwed
ejka)(,t )

[Tpuuem, 310 cBOMCTBO AJisg Oa3zuca Oypbe MPOSABIACTCSA KAK MO MEPEMEH-
HoM K, Tak u 1o mepemenHoM t. MyIbTHIZTMKATHBHBIMHM CBOMCTBAMH 00JIaaeT
Takxe O6asuc Yoomma.

Hexomopuie 3ameuanua. 11pn quCKpeTHOM MNPEJACTABJICHUA CUTHAJIOB HE-
00x0IMMO, 9T00BI Oa3uCHbIE (PYHKIIMA OTBEYAIM CICAYIOMAM YCIOBHAIM:

1. MuTepBasl ONpeaeaeHrusa CUrHajga U MHTEpBaJl OPTOrOHAIIBHOCTH Oa3uc-
HBIX (DYHKIIMH JOJDKHBI COBHAAaTh. B MpOTHBHOM cilyuyae Kakas-TO 4acTh CHT-
Haja HUKAK HE OyaeT mpeacTaBicHa kKoddduimeHTaMu B BEIOpaHHOM Oasmce.
JIns Toro, yToOBI IPUBECTH MHTEPBAJ ONPEACICHHUA CUTHAIA S(t) (mycTh OH Oy-

JeT paBHEIM T ) M HHTepBan oproroHambHocTH {@, (t)} (mycTs OH Gymer pas-

HbIM X ), MO’KHO BOCIOJIb30BaThCs CIICAYIOIIUM HMPHEMOM. BEIOJIHUM 3aMEHY

T T n n
MEPEMEHHBIX tzyx. Torpa 6a3ucHas GyHKUUSA @) YX pactsHeTcs” (vu
"coxxMmeTcs") Tak, UyTO €€ Hauvajo W KOHEI[ COBMAmyT ¢ CHUTHajoM. [Ipm Takoii
OIepaliy MOUTHOCTh (PyHKIHH ¢, (X) OCTaHEeTCA HEM3MEHHOM, a YHEprus yBe-
auanTCs (YMEHBIIUTCS) B %< pas.

2. Cucrema ¢QyHKIHI {(pk (t)} JOJKHA OBITh YynopsiooyeHHoti (10 WHACKCY,

MOKA3aTeIII0 CTETICHU W T.I1.), YTO MO3BOJISIET ONMPEACTUTh €€ MECTO B psay Oa-
3UCHBIX (PYHKITHH. [[prMepoM Takoro yrnopsAIodYeHHs SIBISETCS CUCTEMA

1 sn wt, Sin 2wt, ..., sin kwt,... .
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3. basuchsle ¢pynxunn { @, (t)} Ha KOHEUHOM MHTEpBaNe OPTOrOHATEHOCTH

T AOJIZKHBI UMCTh KOHCUHYIO SHCPIHIO

2
E, = j\(pk (t) dt < oo (1.41)
T
H, COOTBCTCTBCHHO, KOHCYHYIO MOIITHOCTDb
1 2
Pp=2 ﬂ(pk (t) ‘dt. (1.42)
T

Ha Geckoneunom uHTEpBasie T — oo 3HEPrus 0a3WCHBIX (PyHKIHNA OECKO-
HEYHO BeJIMKA (MIOMHUMO TEX, Y KOTOPHIX MHTEPBAJ OPTOrOHAIBHOCTH OECKOHE-
yeH). [loaToMy s Takux 0a3MCHBIX (DYHKITHI UMEET CMBICT OPTOTOHATbHOCTH
0 MOIITHOCTH.

4. enatensHo, uto6hl GasucHas cucrema { ¢, (t)} Gbu1a HOpMEpOBaHA MO

SHEPTUH, TOraa E(p =1, uau mo MOIHOCTH (111 OSCKOHECUHOI'0 MHTEpBajia Op-
TOTOHAJILHOCTH), TOTa P(p =1.

5. Cucrema dyukumii {¢, (t)} Ha maTepsane onpemenenns HomKHA GHITH

OPTOTOHAIBHOM, T.€. B3aUMHas SHEPrus (MM MOIIHOCTH) JBYX pa3jHUYHBIX Oa-

3UCHBIX (DYHKITUH JOKHA OBITH PaBHA HYJTIO!

O,k #I,

Ep, g = (0001)= [o(thoi (= E,0(k-1), {E PRAEES

0, k=0,

rae &(k) — cumpon Kponekepa: 5(K)= {
1, B ocTaNIbHBIX ClTyUasX,
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1.7. HenpepbiBHOE (MHTErpaJjibHOE)

NpeaAcCTaBJICHUC CUTHAJIOB

/;(I)

RN
1 7
st
y )
@, (1)
AN

Puc.1.16.
Hnmocmpayus s¢hghexma
Oehopmayuu 6azucHoil hynkyuu
npu yeeauyenuu UHmepeand
onpeoeyenus CueHaNd

JIMCKpPETHOE TMPEACTaBICHUE CHUTHA-

JIOB, PACCMOTPEHHOE B MPEIAbIAYLIEM
MyHKTE, YA0OHO NJii pelIeHUs 3aaad 00-
pabOTKKM CHUTHAJIOB, TaK KaK KaXKIbI CHT-
HaJl MOXXET OBITh TIPEACTABIICH KOHEYHBIM
YUCJIOM KOMITOHEHTOB.

OpnHako, B TEOPETHUYECKUX HMCCIEIO-
BAHUSAX, OCOOCHHO TMpPU PACCMOTPEHUU
CUTHAJIOB HAa OECKOHEYHOM WHTEPBAJIE,
TaKoe€ TMpPEACTaBjeHUE JHUOO HEA0CTa-
TOYHO, JTUOO HEBO3MOKHO.

Hwxe mnoxaxem, 9TO HEMPEPHIBHOE
MPECTABJICHUE CUTHAJA S(t) BBITCKACT U3
JUCKPETHOTO aHaJiora mpu | — oo U BBe-

JACHHNHN BMCCTO HHACKCA K gacToTs @, a

BMECTO KOA(DPHUIUCHTOB Pa3IoKeHHT A,
— CIeKTpaibHO# mioTHOCTH S(@).

PaccMoTprM HENpepbIBHBIA CUTHAI,

T
3aJIaHHBIM HA WHTEPBAJIE [—2,2}

npcacraBum 0666, YTO 3TOT MHTCPBAJI

yBenmmuuBaeTess  (pacmmpsiercs)  (cwm.
puc. 1.16).
[Ipennosioxkum, 4YTO  PaA3JIOKEHUE

9TOT0 CUI'HAJIa IIPOU3BOJUTCA 11O CUCTCMC
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X

X
6asucubix dysxmmii {@, (X)} ¢ uaTepBaTOM OpTOrOHAMBHOCTH [—E,E} Kax

OBLIIO0 OTMEYEHO BBIIIIC, 9TOOBI COBMECTHUTH STOT HHTCPBAJI ¢ HHTCPBAJIOM OIIPC-

. T
nenennst GyHKIUH, HEOOXOUMO BBITIOJIHATH 3aMEHY TIEPEMEHHON t = YX' Orta

3aMeHa Hen30eKHO TpuBeAeT K aedopmaruu 0a3ucHON (YHKITUU: TPU YBEITH-

yeHun T oHa pactsaruBaercs (cMm. puc. 1.16, e B kauecTBe Oa3ucHOW JUIS Ha-

TJIATHOCTH BhIOpaHa HEKOTOpask TapMOHMYECKast QyHKITHS).

Paccmotpum Temeps BeIpakeHWE IS anmpoOKCUMAIui (GyHKIIAHA PAIOM, B

KOTOPOM YyJI€pKaHO N YJICHOB

Sa(t)=D Ao (t). (1.43)
k=1

IIpun yBenmuyeHuwn uucna 4WiIEHOB psAga S, (t) OyZleT CXOIWUTBCA K S(t) B

Stkf
il
.mﬂ” ‘G Mhh.n k,
..mﬂﬂ””m ! HHH]HHHE k,
Puc.1.17.

Yeenuuenue yucna CHEKMPA/IbHBIX
COCMAsIAIoWUX NpU pacmAM©NCerHuU
unmepedaild

52

CPEIHEKBAAPATHUYECKOM CMbIcie. Ommo-
Ka MpUOIMKEHUA MOXKET OKa3aThCsAd He-
YIAOBJECTBOPUTEIILHON TPH  YBEIMUYCHUH
WHTEPBAJIa 1 HEKOTOPOM (PHKCHPOBAHHOM

n=ny (cm. 1.37). [leno B TOM, HTO

BeaeacTere d(pdexra pactskenns Oaszuc-
HOW (YHKIIMH €€ CpeaHss dYacTtoTa
YMCHBIIIAETCS W B PE3YJIbTaTe OKA3bIBACT-
csl, uTO Jaxke OasWcHast (PyHKITUS BBICIIIE-

ro mopsanka ¢, (t) He cnocoGHa ammpok-

CUMHUPOBATh OBICTPbIE U3MEHEHUS CUTHA-
na. CnenoBarenbHO, I COXPAHEHUS
TOYHOCTH MPUOIMKEHUS HEOOXOIUMO
OJIHOBPEMEHHO C YBEJIMUYEHHUEM HHTEPBA-

7a A00aBIATh CIEAYIOLMIUE MO MOPSAKY



6a3ucHbie (PYHKIMH. ITO MPUBOIAUT K YBEIIMUCHUIO YHCIIA CIICKTPAIBHBIX KOM-
MIOHEHTOB M K YMEHbBIICHHUIO WX UHTEHCHUBHOCTH (puc. 1.17), B CBSI3K C TEM, UTO
Py 3TOM JOJDKHO coOmoaarhcs paBeHcTBo Ilapcesans (1.360). CoxpaHHTh
TOYHOCTh MPHOJMKEHHST MOXKHO, MOAACpKHBas oTHoumreHue N/T mpubnmsu-
TEJPHO TIOCTOSHHBIM (YBEJTHMUHMBAsT HETPEPHIBHO T , TIPUXOIMTCS IUCKPETHO,
"ImakkaMu" yBeJTHIHBATH N ).

B npenene, nosisisiroTcst 6a3ucHbIe PyHKIMH OECKOHEYHOTO TIOPSAIKA U HY-
JeBbie KO3(UIUESHTHI Pa3jIoKEHUA B P, UYTO, B OOIEM, BBI3BIBACT OOJIBITHE
TPYIHOCTH B MOHUMAHWUW. UTOOBI W30eXKaTh STUX TPYMAHOCTEH, BBOMSIT MOHATHE
yacToThl @ (aya 0000I1eHHOro npeodpasoBanus Pypbe — 0000MICHHOM YacTO-
Thl, KOTOPYIO MOXHO TPAaKTOBAaTh KaK CPEIHEE UYMCJIO 3HAKOMEPEMEH Oa3uCHOU
(YHKIIMH B €IWHHUILY BPEMEHH) M CIICKTPAIBHON TUIOTHOCTH S(a)) Yacrota w
IPH 3TOM HUMEET pa3MepHOCTh pamuan/cex, w =27z f, roe f wmMeer pasmep-
HOCTH [ 11.

O0o0I1IeHHad yacToTa
w=—. (1.44)

Yacrora @ npuHUMAET JI0ObIe (HE TONBKO NETOYMCIICHHBIC) 3HAUCHUS, HO

CpOCTOMﬁk OHa COCTABJIACT YIIOPAJOUYCHHYIO ITOCIICA0BATCIbHOCTD

w=0,=*

C HHTCPBAJIOM a)o = ? .

Teneps B cuctemy 6aszucHbIX PyHKITHI {(pk (X)} MOXET ObITh BBEJICHA Yac-

TOTA.
[ ()} = p(x.K) = q)(m,;tj

Koadhduuments pasnoxenus A, Ui OPTOrOHAIBHBIX CHCTEM OYIyT UMETh
BHJ!
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1 1 J
P T
Kak 6buto otMeueHo, A(w) yMeHbImaeTcss ¢ yBelMueHHEM T, MOITOMY,

ec BBecTH mpomsseneHne S(w)= A(w)T , HasEIBaEMOe crekmpanbHol AIOM-

HOCMbIO, €€ BEJIMUMHA YK€ HE OyJeT CTPEMUTHCS K HYNO mpu 1 — oo, Crek-

TpaJlbHasd INIOTHOCTh UMCCT CMBICIT JOJIN KO3(1)(1)I/II_[I/IGHT3 PAa3JI0KCHUA B 4dCTOT-

HOM HMHTEPBAE By = —.

Urak, npu T — oo cnekTpajibHasA MIOTHOCTh AUCKPETHOTO CHEKTPA OyAeT
paBHa:

1 [}
. JS
P

—00

Jlitst psina ®ypwe GyHKIMN S(t) npu T — oo OyJeM UMEThH

= Ilmz/1k¢k = Im—ZﬂkT kt

T—eo

YuuteiBag, uto
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Buipaxenne (1.45a) sBisercd MCKOMBIM HpeicTaBlIeHHeM curHama S(t),
npuHauiexamem L,, a (1.450) — menpepeiBHBIM npeobpazoBanreM Dypbe 310-
ro curHana. Beipaxxenue (1.45a) sieisiercs ¢opmysioi obpamienwus, a (1.4560) —
(hopMyITOl pasIoKEHNUS, S(a)) — o6pa3 Oypre B Hazuce {(p(a), t)} :

Breipaxkenus (1.45) monydeHbl B TPEANONOKEHWH, YTO TMOPOIAMBINAS HX
cucTeMa GasucHEIX pyrkumit { @, (t)} oproronamsna. B 6HOpTOroHATEHOM ClTy-

gae pmecto (1.45) Oynem uMeTh:

s(t):% [s@lplo o, (1.46a)
S(w) = o]s(t)qb*(a),t)dt, (1.466)

rae @(w,t) — B3anMHbIiT 6asHc.
Huorpa, nonp3ysach TEPMUHOIOTHEN MHTErPAJIbHBIX YPABHEHUH, (DYHKIIHIO

(p(a),t) Ha3BIBAIOT OA3UCHBIM S0pPOM WHTETPANBHOTO TIpeoOpa3zoBanus, a (PyHK-
o D(w,t) — conpsoicennvin Gasucrviv sopom. Oyaxima S(w) xapakTepusy-
et pacnpedenenue S(t) orrocuremsro ¢(w,t).

Ecnn Gasucubie ¢ynkumn {@, (t), D, (t)} orseuaror ycnosmio Guoproro-
HajbHOCTH (1.34), TO Ga3MCHEIC sAapa {(p(w,t),@(a},t)} JIOJKHBI OTBE€YATh ATOMY

K€ YCIOBUIO:
j o, 1)0* (w,7)=8(t—7), (1.47)

rae &(t) — nenpra-ynxuus Jupaxa (cM. HEKe).
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1.8. IlpeacTaB/ieHHe M AHAJIN3 CHTHAJIOB

®opmyast (1.31) m (1.46a) MO3BOJISAIOT MPEACTABUTH CIIOKHBIM CHUTHA W3

L, B BUIE HEKOTOPOH KOMOMHAMU KOMIIOHEHTOB — 00JIe€ NPOCTBIX KOJIeOaHU

(curnanos). Ecnu 5Tu koieOaHKUsS MMEIOT SICHBIM (DU3HUECKHMEM CMBICI, TO CBOM-
CTBAa CaMOTO CHUTHajia MOTYT ObITh OOBICHEHBI B TEPMHUHAX CAMHX KOJICOAHMM.
OTO MOJABOAUT HAC K MOHSATHUIO aHAJIu3a CUTHAJIOB. AHAIU30M CueHanIO8 HA3bIBa-
€TCA TPOIIECC OMPEACIICHNS M OICHKA BEJIWYHMHBI KOMIIOHEHTOB, OCYIIECTBIIsIC-
MBIl HEKOTOPBIMH TEXHUYECKUMH cpeacTBamu 1mo ¢opmynam (1.33) u (1.4606).
HaubGonbinee pacnpocTpaHeHrne B PaAUOTEXHUKE TMOJYUYHIHM TapMOHHYE-
CKHE KoJeOaHMs, KOTOPhIE JIETKO T€HEPUPYIOTCSA, HATJIAIHbI, TIOHSITHBI U 00bsIC-
HSIOT MHOTHE CBOMCTBA TEXHHUYECKUX cHCTEeM. [loaTOMYy mpeacTaBieHne CUTHA-
JIOB B CUCTEME FapPMOHHMYECKHX KojicOaHuii (CHHYCOB M KOCMHYCOB) U MX aHAJIM3
(TpamurnoHHbI ®yphe WM YaCTOTHBIM aHAIN3), TOJYUMIH HauOOJbIIEe pac-
npocTpaneHue. [Ipyu M3ydeHHn CBOMCTB APYTUX OAa3MCHBIX CHCTEM HCMOJIB3YIOT
TaK K€ TPaAWLIMOHHBIN aHau3 Oyphe, MO3BOSAIONINNA CPaBHUTh 0a3MCHBIE CHC-
TEMBI MEXKTy CO00M U 0OBACHUTH MEXAaHU3M HX B3aUMOACHCTBHUA C CUTHAJIAMH.
ITpuGopsel, KOTOPHIE OCYIIECTBIISIIOT aHAJIM3 CUTHAJIOB, HA3bIBAKOTCS aHAIU-

samopamu cnexkmpa. B coorBerctBum ¢ dopmynon (1.33) Takue aHaIM3aTOPHI

—) 7t crpositcs  mo  cxeme  puc.  1.18.
L
st %l@@ 1. A, AHAJIOTUYHO CTPOATCA AHAIM3aTOPBI JUIS
I fji_ﬁ% _________ OIIEHKH CIEKTPAIbHON TnoTHOCTH S(w)
| A
| ’%@ . S nmo (1.460). T'enepatop  0Oa3UCHBIX
l n
HKYUET .
Pyt mHOXKecTBo (ynkmmii (k4 ,t) ¢ marom
Puc. 1.18.
IIpumep ananuzamopa 4,, 1o JacToTe @ .

OQUCKPEeMHO20 CReKmpa

Jlurepartypa
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