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1. MeTpunyeckue u NIMHeUHbIE NPOCTPAHCTBA




OCHOBHbIE NMOHATUA WU ONPEAOEJIEHUA

MHOXECTBO — cCOBOKYNMHOCTbL OnpeaenéHHbIX BrosiHe pasfimyaeMbiX 00 LEKTOB,
paccmaTpuBaeMbIiX Kak eauHoe uenoe.

OtpenbHble 00BLEKTbI, U3 KOTOPLIX COCTOUT MHOXeCTBO, Ha3biBaroT AJIEMEHTAMU
MHOX>ecCTBa.

Onsa 0603Ha4YeHUA KOHKPETHbIX MHOXECTB UCNOMb3YHT Pa3finvyHble NPONUCHbIe OYKBbI
A,S,X... unNn nponucHble OYKBbl C UHAEKCaAMM A, B

Onsa o003Ha4yeHUA 3NeMEeHTOB MHOXeCcTBa B oOwem Buae UCNonb3ylT pasfinyHble
CTPO4HbIe OYKBbI a,S,X... UIIU CTPOUHbIE DYKBbI C MHOEKCaMM a4,a;...

OnA yKaszaHuA TOro, YTO HEKOTOPbIA 3NIeMeHT a SABJIAeTCA 3JIeMeHTOM MHoOXecTBa S
MCNosib3yeTcsl 3anucb: a € S. MHoOXecTBa ObIBAalOT KOHEYHbIMU U OECKOHEYHbIMMW.
MHoxecTBO HasbiBaloT KOHEYHbLIM, ecnu 4ucno ero 3nemMeHToB KOHe4yHo. MHoXxecTBO
Ha3biBaroT BECKOHEYHbIM, ecnn oHO cogepXut 6€CKOHEeYHOEe YMCIO 3NTIEMEHTOB.

MHoxecTBO, HanenéHHoe CTPyKTypoun, HasbiBaoT [IPOCTPAHCTBOM.

MoxHo pgaTtb pApyroe onpegeneHue nNpoCTpaHCTBaA: MHOXeCTBO O0OBLEeKToB (noooun
¢manyeckon npupoabl), HAOENEHHbIX HEKOTOpbIM o0wumMm cBoucTtBoM. CBOMCTBA,
KOTOpPbIMU UenecoobpasHO HaaenATb MPOCTPAHCTBA CUrHaNoOB, [AOOMMKHbI OTpaXaTb
Hanbonee cyuwecTBeHHble CBOUCTBA peanbHbix curHanos: T,,E .,P. uT. A.




METPUYECKUE MPOCTPAHCTBA

METPUYMECKOE TNMPOCTPAHCTBO - 3TO npocTpaHCTBO C noaxogswum obpa3om
onpeaenéHHbIM PacCTOSSHUEM MEXAY ero afieMeHTaMum.

Camo 3TO paccTosiHMe, Kak M cnocob6 ero onpegeneHUss Ha3bIBalOT METPUKON W
obo3HavarwT: d(X,VY).

MeTpuka pomkHa npeacrTaBnATb cobonm dyHKUMOHanN: oToOpaxeHue nwbOOM napbl
3IEMEHTOB X W Yy MHOXeCTBa Ha [OeUCTBUTENIbHYK OCb [OO0JDKHO YAOBNETBOPATb
akcuomam:

1. d(x,y) > 0 (paBeHCcTBO 0 NpM aKCcMoma UOEHTUYHOCTH).
2.d(x,y) = d(y,x) —akcuoma CUMMETPUMN.
3.d(x,y) <d(x,z) +d(z,y)- akcuoma TpeyronbHMUKa.

NUHEUHbLIM MPOCTPAHCTBOM L Hag nonem F Ha3biBalOT MHOXECTBO 35IEMEHTORB
X =(X4,X5,...X,,), Ha3sbiBaeMbIX BEKTOpamMu, AN KOTOPbIX 3a4aHbl ABe Oonepauuu:
CrOXeHMe BEeKTOPOB; YMHOXeHMNe BeKTOPOB Ha 3nemMeHTbl u3 nons F.

Cneayrowun Wwar B COBEpPLUEHCTBOBAHUN CTPYKTYPbl NPOCTPAaHCTBa CUrHanoB —
ob6beamHeHne reomeTpu4ecKnx u anredbpanyeckmux onepaumm nyTémMm BBeAeHUA
OEeUCTBUTENbLHOIO YMCNa, XapakTepu3yrLero «pasmMep» 3fieMeHTa B NPOCTpaHCTBe.
Takoe uucno HasbiBaetcs HOPMOW BEKTOPA u o603Havaetcs [X|-

T
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2. [lpocTpaHCcTBa CO CKansApHbIM Npon3BeaeHUemM




BEWECTBEHHOE EBKINMMAOBO NMPOCTPAHCTBO

CKANAPHOE NMPOU3BENEHUE - onepauua Hag ABYMSA BEeKTOpamu, pe3ynbTaToM
KOTOpPOM AABMIAETCH YMCNO (CKansip), He 3aBUCSLLEe OT CUCTEMbI KOOPAUHAT U
Xapakrtepusymwuiee AfMMHbI BEKTOPOB — COMHOXUTENEN U Yron Mexay HUMW.

1.Ecrm (X,yY) =0 ;710 BEKTOpa X U Yy OPTOroHanbHbI.

2.Ecm {X; } = (X, Y;) = 0jj — cumson Kpowekepa: &; =1npui=j nd; =0
npui # j , cuctema BeKTOPOB — OPTOHOPMUPOBAHHaS.

B nuHenHoOM npocTpaHCTBE CO CKansipHbIM TMPOU3BEAEHUEM HOPMY U METPUKY
Lernecoobpa3Ho onpeaensaTb 4Yepe3 cKanspHoe npousBeaeHue. B TAOC Hambonbwumn
uHTepec npeactasnsioT cneayowmne MTMHEUHBIE HOPMUPOBAHHBLIE NMPOCTPAHCTBA:

1.R n — N-MepHoe BelecTBEHHOe eBKNUAOBO NPOCTPAHCTBO, B KOTOPOM KaXAbI BEKTOP
onpeaensieTcsi COBOKYNHOCTbLIO N ero KoopauHar.

CkansipHoe npousBeAeHne BEKTOPOB B 3TOM NPOCTPaHCTBE:
(X,Y) = Z XirYi-

OHO nopoXxaaet HOPMY U pacCTOsAAHME:

i = VX %% d(x,y) = X (xi - yi)?.




NMPUMEP OMPEOENEHUA HOPMbI U METPUKWU
EBKNNOA B JEKAPTOBOU CUCTEME KOOPOUHAT

3apaHbl ABa BekTOopa (curHana) S;u S j» MOMOXeHNe KOTOPbIX NOMHOCTLIO OnpeAerneHo
UX KoopAuHaTaMm C; U C ;.
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Pacctosiume d jj MeXay BeKTopamu onpeaenser pasfiMiMMOCTb CUrHanoB. Yem Oonblue
paccTosiHue (MeTpuKa), Tem nydwe pasnmuumbl curHanosl. MeTtpuka EBknunaa npumeHsieTcs
npuM A[eKoOAUPOBAHUM CBEPTOYHbLIX KOAOB C MOMOLWbLI anropyutma ButepOu ¢ mArkum
peweHueM. Bbimrpbill OT NPUMEHEHUS MACNKOro peleHuMs B OTHOLIeHWU curHan/wym no
CPaBHEHUKD C XKECTKMM peweHuem coctaBnsier 2,5 b (npun KBaHTOBaHUM

NPoAeTeKTUPOBAHHOIO CUrHana Ha 8 yposHen).




BECKOHEYHOMEPHOE NPOCTPAHCTBO NJIbBEPTA
U XEMUHTA

2. L,(T)— OeckoHeyHOMepHOe npocTpaHcTBO [unbbepra, KOoTOpOE oOOpasykT
HenpepbIiBHbIe KOMMJIEKCHbIe UMW BelecTBeHHble (PYyHKUUWU, 3afaHHble Ha UHTepBane
(0,T):

(x,y) = J'x(t) .y *(t)dt. ||X ||2 = _HX (t)|2 dt - kBagpat HOpMbI — 3TO 3Heprus

curHana, ecnv nog UMeTb BBMAY HanpsikeHue (Tok) Ha conpoTuBrieHnn 1 OM. JHepruro
Pa3HOCTHOroO CUrHasna MOXHO NnpeacTaBuUTb CleayroLwWmM BblipaXXeHneMm:

d?(x,y) = [[x(t) - y(t)] *dt.

B npocTtpaHcTBe NMnbbepra onpeaensiercss KBagpat pacCTOSHUA Mexay nbon napoun

curHanoB (BekTopoB). BenuuuHa d?(x,y) NMONHOCTLIO XapaKTepuayeT pasnuuve mexay

CUrHanamm.

3. 2n — n-MepHoe NPOCTPAHCTBO X3aMMMUHra, KOTopoe 06pa3yroT ABOUYHbLIE
Nn-nocrnegoBaTenbHOCTU, LWWMPOKO UCNONb3yeMble B CUCTEMAX CBS3M.

Hopma, MeTpuka B 3TOM NpPOCTpPaHCTBE:

X1} = 22 xi;
d(x,y) = 3 [x; @ yil,

rae ©© - cyMmupoBaHMe NO MOAYyNKo «2».




NMPUMEP OMNMPEOENEHUNA HOPMbI
B MPOCTPAHCTBE XEMUWHTA

3apgaHa kopoBasih KoMOuHauusa (Bektop B npoctpaHcTtBe Xammwuura): 1011010.
OnpepnennTtb HOpMY.

x[|[=1+0+1+1=0+1=0 =4

— HOpPpMa 4aHHOIro BeKTopa.

Hopma BekTOpa B npocTpaHcTBe X3aMMMHra coBrnagaeT C KOJIM4eCTBOM eguHUL B

Ko#oBOM KOMBGuHaumum, T.e. c BECOM KOOOBOU KOMBUHALIUA.

2. 3apgaHbl aBe kogoBble kKomouHauum: 1001011 n 0110010. OnpepnenuTb paccTosiHue
(MeTpuKy) B npocTpaHcTBe X3aMMUHIa Mexay KoaoBbIMU KOMOUHaUUAMMN.

d(x,y) = ¥ |x; ® y;| > 1001011 @ 0110010 =1111001 =5

MeTpuka (pacctosiHne) wmexay KoAoBbIMU KOMOMHaUMAMMU
paBHa. MeTtpuka X3aMMMUHra HaxoguT LUMPOKOE MPUMEHEHue npwu
AeKOAUPOBaHUU CBEPTOYHBLIX KOAOB no anroputmy Butepdomu c
XKECTKUM peweHuneMm. Yem Oonbwe MeTpuka X3MMUHra, Tem
CUNnbHee pa3nMinmMma KoaoBble KOMOUHaLUM.
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3. PasnoxeHue curHanoB B 0600LWEHHbLIN psaa Pypbe
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PA3JNNOXEHUE CUTHAJIOB B PAL PYPbE

Onsa Toro, 4ToObl Takoe pa3rioXeHue cylwecTBoBaro, hparMeHT curHana griMTenbHOCTbLIO

B OAMH Nnepuoa AOIMKEH yAOBNEeTBOPATL ycrnoBuam upuxne:

1. He gonxHo ObITb pa3pbIBOB BTOPOro poaa (¢ yxoaswmmm B 6€CKOHEeYHOCTL BETBAMU
pyHKUMN).

2. Yucno pa3pbIiBOB nepBoro poaa (CKa4ykoB) AOMMKHO ObITb KOHEYHbIM.

3. Yncno 3KCcTpeMymMoB AOSMKHO ObITb KOHEYHbIM.

Mpou3BonbHLIN NEePUOANYECKUIA CUrHan X(?») BblpaXaeTcs 4yepe3 GeCKOHe4YHOe 4UCIo
rapMOHMK C BO3PacTaloLMMMN YacTOTaMM:

X(A) = %ao +a,Cos A +a,cos2A+a;cos 3A +... +by;sinA +b,sin2A +b; sin3A...,

roe COS A U Sin A — OCHOBHbIE YneHbl; COSNA U SiNNA — rApMOHUYECKNe YreHbl;

1 e
a, U b, — koadduuNeHTbI rapMoHKK; 530" MOCTOSAAHHBbIN YNEH UNu
COCTaBnsoLWas NOCTOAHHOrO TOKa.

Beeném B npoctpaHcTBo MNmnbbepra 6asuc: {‘Pi (t)} Ons ynpolweHus 6yaemM nonarathb,
4YTO OH OPTOHOPMUpPOBaHHbLIA. Toraa nwbyr dyHkuuo X(t) 3 npocrpaHcrea NunbbepTa

MOXHO NpeacTaBuUTb Yepe3 npoekuun C ; BekTOpa X Ha ocu 6asnca 06O0OLWEHHLIM PSAOM
dPypbe:

X(t) = 3 C; - ¥;(t)dt; Ci=(x, ;)= [x(t) P;(t)dt .
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Takum obpa3om, B pe3ynbraTe
n3yydyeHusa nekumm Ne 6 yganocb cgenartb
crieayrouime BbIBOAbI:

= CO0O00LeHns, CUrHanbl U NOMEeXM KaKk BeKTOpPbI (TOYKU) B IMHEUHOM
NPOCTPaHCTBE MOXHO onucaTb Yepe3 Habop KoopaMHaT B 3agaHHOM
0asuce;

- ana TOC HaMbonblnn MHTEepec Npu oTodpaxxeHun CUrHanos
npeacraBnsieT n-mepHoe npoctpaHcTBO EBKNuAa , 6eckoHe4YyHoe
npocTpaHcTBO MMnNbLOGepTa MU AUCKpPETHOe NPOCTPaHCTBO XaMMUHra. B
3TUX NPOCTpPaHCTBaX BBOAUTCS MOHATUE CKanNsApPHOro npousBeaeHus
ABYX BEKTOPOB (X,Y);

- N6y HenpepbIBHYH (DYHKLUUIO BPEMEHU KaK 3fIeMEHT MOXHO
npeacTtaBUTb 0606LWEeHHbIM paaoMm Pypbe No 3agaHHOMY
OPTOHOPMUpPOBaAHHOMY Ga3ucy.
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CNACMBO 3A BHUMAHUE!




