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BBEOEHUE

Panmorexuuka — 3TO Hayka 00 3JIGKTPOMArHUTHBIX KOJICOAHUAX U
OTpacib TEXHUKU, B KOTOPOU PEIIatoT BOMPOCHl MPUMEHEHHUS dTUX KOJeOaHUit
IUIsL TIepefaud, MpueMa W M3BICYCHUS HHQPOpPMAIMHM, COJAEpXKalleiics B
MPUHUMAEMbIX CHUTHaJaX. B CBSI3M C 3TUM BiaJicHUE TEOPUEH CUTHAJIOB,
METOJIaMM WX aHajJu3a SBJISIETCA JOCTATOYHO AaKTyaJbHbIM BO MHOYKECTBE
3HaHWUM, KOTOPBIE CTYJEHT NMpHOOpeTaeT, o0ydasch no crneuuanbHoctu 090302
«MudopmarmonHast 6€30MaCHOCTh TEIIEKOMMYHUKAIIMOHHBIX CUCTEM.

OtkpsiThs, caenanHble B XIX Beke, 3TO NEPBBIE OTKPBITUSA, KOTOPHIE
CIOCOOCTBOBANIM Havally pa3Butus paaunorexHuku. Tak B 1800 r. utanbsHCKui
¢u3uk A.BosbTa co3man nepBbId XUMHUYECKHII MCTOYHMK TOKa M OTKPBLI
KOHTaKTHYIO0 pa3HOCTh moTeHuuayioB, B 1820 r. ¢gpaniy3ckuii ydyeHsii A.M.
AMIOep OTKpbUI 3aKOH MEXAaHWYECKOTO B3aMMOJECHCTBHS IPOBOJHUKOB, IO
KOTOPBIM TPOTEKAET TOK, NOCTPOWJI Teopuro wmarhHetusma. B 1831 r.
anrmiickuil puzuk M.Dapaneid OTKpbUT AJIEKTPOMArHUTHYIO WHIYKIUIO, BBEN
MOHATHE DJICKTPUYECKOTO W MArHUTHOTO TIOJIeH, BBICKa3aJl HJICK0 O
CYILIECTBOBAaHUHU AJIEKTpOMarHUTHBHIX BOMH. B 1839 r. ¢umsuk b.C.Axobu
n300pen tenerpadHBIA ammapar ¢ 3aMChi0 CUTHANIA B BUJIE JIOMaHOU JTuHUH. B
1844 r. C. Mop3se co3gan tenerpadHbiii anmnapat u TenerpadHyo az0yky, B
KOTOPOM CUMBOJIBI 0003HAYAIOTCSI HAOOPOM TOUYEK U THPE.

bonbiioi BKJIaa B pa3BUTHE PAIMOTEXHUKU BHEC pycckui yuenbid A.C.
[TomoB. OH BpICKa3ad UJCK [0 TMEpeladye€ CUTHAJOB C IOMOIIbIO
AJIEKTPOMArHUTHBIX BOJIH U BIIEPBBIE OCYILIECTBUJI €€ Ha 3acenaHuu Pycckoro
¢usuko-xumuueckoro oomecrea 7 mast 1895 r. Ilozgnee A.C. Ilomos
MpoJIeMOHCTpUpOBaN paauotenerpaduyto cBsi3b. B 1898 r. momomuuk A.C.
[Toroa I1.H. PriOkuH ocymiecTBII mpueM paauoTenerpaHbIX CUTHAJIOB Ha
CITyX. DTO MO3BOJIWIIO CYIIECTBEHHO YBEJIUYUTh NAJIbHOCTh PAJMOCBSI3H.

B 1904 r. ®nemunrom ObLT M300pETEH AJICKTPOBAKYYMHBIM U0, a B
1906 r. Jlm me dopect, BBeAsS B JaMIIy TPETHH BICKTPOI-CETKYy, H300pen
AJICKTPOBAKYYMHBIM TPHOJA. DTO MO3BOJWIO, C OJHOW CTOPOHBI, KAYECTBEHHO
YIYUYIIUTh PAIUOTEXHUUECKHUE YCTPOMCTBA, a ¢ APYrod CTOPOHBI OOECIECUUTH
yCUJIEHHEe, T'eHEpUpPOBAHUE U MPeoOpa3oBaHUE DJIECKTPUYECKUX KOJICOaHUU B

IIUPOKOM JHUAIIa30HC YACTOT.
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B 1918 r. B Huwxuem HoBropose Obuia cosmaHa paauosiabopatopus,
KOTOpasi, 1O CyTH, SIBJISLIACH MIEPBBIM HAYYHO-HUCCIICA0BATEIILCKUM HHCTUTYTOM
B Poccun. Ona 3aHuMaiiach pa3pabOTKOW M COBEPIICHCTBOBAHUEM
AJIEKTPOHHBIX JIAMII, KOHCTPYHUPOBAHUEM MEPEAATUMKOB OOIBIION M Majou
MOITHOCTH, Pa3pabOTKOW paIMONPUEMHUKOB.

Pa3zBuTe pagMOTEXHUKHU TMO3BOJIMJIO CO3JaTh HOBBIC CPEICTBA IS
nepegauyn  uwHpopmarum  —  TeieBHjacHHE. B 1929 r. Hayaauce
AKCIIEpUMEHTAIIbHbIE TEJIEBU3MOHHBIE mnepenaur. B 1936 r. na bu-Ou-cu B
AHTJIMA OPraHU30BaHO MOCTOSIHHOE BEIIaHUE.

B CCCP nepen Benukoit OTeduecTBEeHHOM BOMHOM ObLa cO3/1aHa MOIITHAS
pagroTeXHUYECKasi MPOMBIIIICHHOCTh. B cTpaHe paboTano OoJbIIoe YHUCIOo
Hay4YHO-UCCJIEA0BATEIbCKUX HWHCTUTYTOB PAAUOTEXHUYECKOrOo Mpoduis. ITo
mo3BONIWIIO Y€ B 1939 r. mocraBuTh Ha BoopyxeHne KpacHoil ApMun nepBeie
paauoJiokaloHHele ctaniuu PYC-1.

I[Tociie oxoHuanust Benukor OtTeduecTBEHHOM BOWHBI JOCTH)KEHHUS B
00JIaCTH PaJUOTEXHUKH TPOJOKAIOT COBEPIICHCTBOBATHCA W Pa3BUBATHCAL.
[TosiBisitOTCSL  TEpBBIE  TMOJYNMPOBOJHUKOBBIE MpUOOpPhl. OHHU  MO3BOJIMIIH
MOBBICUTh CKOPOCTH Tepefayr MHPOPMAIMK MPU CYIMIECTBEHHOM CHIDKCHHUH
MOIIHOCTHBIX XapaKTEPUCTUK PATUOTEXHUUECKUX YycTporcTtB. Havanoch
IIUPOKOE OCBOCHUE KOPOTKUX U YJIHTPAKOPOTKHUX BOJIH.

[TosiByIsSIIOTCST TIEpBBIE CPEJCTBA BBIYUCIUTEIBHOW TEXHUKH, KOTOPHIC
CO3[Jal0T OCHOBY JIaJIbHEHMIIIErO0 COBEPIIEHCTBOBAHUSA PAAUOTEXHUYECKHX
YCTPOKCTB. Cozparorcs CpencTBa CBSI3H, MMEIOIINE BBICOKYO
MOMEXO03aIUIIEHHOCTh. CpelicTBa BEIYUCIUTEILHON TEXHUKU CIIOCOOCTBOBAIIH
CO3/IaHUIO0 PA3BETBJICHHBIX CETE MHOTOKAHAJIbHBIX CHUCTEM CBSI3H, KOTOPbHIC
MO3BOJISIFOT C BBICOKOM CKOPOCTBIO U JIOCTOBEPHOCTBIO IMEpeaBaTh Pa3InUHYIO
nHpopmaIrio: TeaedoHHYI0, TenerpadgHyto, THGPOBYIO H T.1I.

B CCCP 4okrsa0ps 1957 1. ocCyllecTBieH 3amyCcK  MEpPBOIo
VMCKYCCTBEHHOTO CITyTHHKA 3€MJIM. OJTa BO3MOXHOCTb IMpPSMO CBSi3aHa C
Pa3BUTUEM PAAUOTEXHHKU U  IJIEKTpOHUKU. KocMmuueckue —ammapaTsl
MOATOJKHYJIM K Pa3BUTHIO CITyTHUKOBBIX CpPEICTB CBs3u. Ha opOute 3emim
JIETA€T MHOXECTBO UCKYCCTBEHHBIX CIIyTHUKOB, KOTOPHIE MO3BOJISIIOT MEPEIAThH

m00y10 MHOOPMAIIUIO B JIFOOOM Yook 3emMIu.
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B 1958 r. roqy Obl1 M300peTeH MEepBbIN Jiazep. ITO MO3BOJUIIO HA4YaTh
OCBOCHME HOBOI'O HaIlpPaBJIEHUS PAAUOTEXHUKH — BOJIOKOHHO-ONTHYECKUE
JUHUU CBSI3M C paHee HEBUJAAHHBIMH CKOPOCTSMU Tiepenaud WHGOpMaIuu,
KpOME 3TOr0 C/IeJIaTh CBsI3b 00Jiee HAJIEKHOM.

PazBuTHe paguOTEXHUKM TO3BOJIMIO CO3[aBaTh M  HCIOJIb30BaTh
PaAMOTEXHUYECKHE YCTPOMCTBA B 00JacTIX MJalleKUX OT PaJUOTEXHUKH:
MEIUIMHA, pazuyHbIC oTpaciu MPOMBILIIICHHOCTH (Hampumep,
MPOMBIIIIEHHOE TENEBUJCHHUE), MUIIEBas MPOMBIIUIEHHOCTh U T.A. Ho mpu
5TOM  3HaHWE  TEOPUH  PATUOTEXHUYECKUX  CHUTHAJIOB  SIBIISIETCS
IJIaBEHCTBYIOIIMM, MOCKOJIbKY BBIOOp TE€X WJIM MHBIX CUTHAJIOB, KaK MPaBUIIO,
MPUIAET NOJOXKUTEIbHBIE CBOMCTBA PAIMOTEXHUYECKUM yCTPOIICTBAM.

Ha puc. B.1. npeacrasneHa cTpyKTypHasi cXeMa KaHaja paJuoCBs3U.

l—>2—:—>3—>4—>6—|>7—>8
|
|
|
|

—_——— — — — — — —

Puc. B.1. CtpykTypHas cxema KaHaJla paJiuOCBsi3U: 1 — HICTOUHUK COOOIIECHUS;
2 — TIpeoOpa3oBaTelb COOOIEHNS B CUTHAM; 3 — MepeIaTunK; 4 — JIMHUS CBS3H;
5 — UCTOYHMK TIOMEX; 6 — MPUEMHUK; 7 — MpeoOpa3zoBaTeIh CUTHAIA B
COOOIIIeHHE; 8 — MOJTyYaTesib COOOIIECHUS

HNctounukamMu COOOIIEHUNH MOTYT CIY>KWUTh, HalpUMEpP, YEJIOBEK,
MPOU3HOCIIIMN peub, Tra3 (KUAKOCTh), MNPOTEKAIIINIA B TPyOOMPOBOJIE;
W3MEHEHUE TeMIIepaTyphl, KAKOro-1n00 00bekTa U T.1. YemoBek, IPOU3HOCS T
WM WHBIE 3BYKH, BBI3BIBACT KOJICOAHUST MOJIEKYJ BO3AYIIHOW cMmecu. Bo
BTOPOM CJIy4yae MOJIEKYJbI ra3a, TEKyLIero B TpyOOInpoBoie, ¢ OJJHON CTOPOHBI,
MOTYT HMMETh PA3JIMYHYK) CKOPOCTb JBHXKEHHUS, a C APYrodl CTOPOHBI, —
OKa3bIBaTh Pa3IMYHOE JABJICHUE Ha CTEHKH TpyOompoBoaa. B Tperbem ciydae
MOJ] BO3JICUCTBUEM KaKUX-TO (PU3MYECKUX SIBICHUN MPOUCXOJUT U3MEHEHUE
TeMIepaTyphl.

Takum 006pa3oM, UICTOYHHUK COOOIIEHUSI CBOUM JICUCTBUEM MHHUITUUPYET K
NEUCTBUI0O T€ WM UHbIe (U3UYECKUE SBIICHUS, HANpPUMEpP, HU3MEHEHHE
JABJICHUS, CKOPOCTH, YCKOPEHHUs, 00beMa, TEMIIEPATYyPhl, HAMPABICHUS U T.J.
N3meHneHus: (u3nueckux SBICHUM MOTYT OBITh BOCHPHUHSATHI Pa3IMYHBIMU
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npeoOpazoBaressiMu  cooOlIeHnt B curHainbl. OAHUM U3 TpeoOpazoBartelieit
COOOIIEHUSI B CUTHAJI MOXET CIYXXUTb YTOJbHBIA MHUKPOGOH, B KOTOPOM
3BYKOBOE JIaBJICHHE, OKa3blBA€MOE€ Ha MeMOpaHy U COOTBETCTBEHHO Ha
YTOJIBHBIN MOPOIIOK, Tpeodpazyercs B CUTHAN. DTO MPOUCXOJUT 3a CUET TOTO,
YTO MpPU YBEJIWYEHUHU [ABJICHUSA YIOJbHBIA TMOPOMIOK YIUIOTHSETCS, 4YTO
OPUBOJAUT K YMEHBIICHUIO BHYTPEHHETO COMPOTUBICHUS MHKpodoHa W,
COOTBETCTBEHHO, K YBEJIMUEHHUIO TOKA B LIETIH U POCTY MaJCHUS HAIIPSIKEHUS HA
CONPOTUBIIEHNN Harpy3ku. Ilpu yMeHblIeHWH JaBIEHUS IPOUCXOIAUT
oOpaTHBII MpOUECC, NPUBOAAIINNA K YMEHBIICHHUIO TOKa B LIENU W MaJICHUS
HaANPsHKEHUS! HA COMPOTUBIICHUH HArPy3KH.

Curnas, moJIy4eHHbIN Ha BbIXOJE€ MUKPO(OHA, MPUOOPETAET HEKOTOPHIN
BH/JI, OTpaXKarOIui coodmieHue. Jlanee curHai nocrymnaer B nepeiaTiuk, riae, B
3aBUCUMOCTH OT TpeOOBaHUM pabOThI paluOKaHaIa, MOXKET OBITh:

— YCWJIEH 1O HaIPsHKEHUIO, TOKY WM MOIIHOCTH;

— c(hopMupoBaH MOAYTUPOBAHHBIN CUTHAT;

— TMEPEHECEH CIIEKTP CUTHAaja MO OCU YacTOT B 00Jiee BBICOKOYACTOTHYIO
00J1aCTh;

— TIPEACTAaBJIEH B BUJEC HEKOTOPOH KOJOBOM IMOCIECN0BATEILHOCTH.

COOTBETCTBEHHO, B INEpEJaTUMKE CUTHAJI TOJBEPraeTcs paziInyHbIM
npeoOpa3oBaHUsIM U NPHUBOAMUTCS K BUAY, YAOOHOMY HJisi NEpPEAadyd €ro Io
JIMHUU CBSI3U.

Bce curnanbl OTHOCUTENBHO OCH YaCTOT MOKHO pa30UTh HA PaJHOBOIHbI
U YNpaBJsIOLIME CUTHANBL. PaJMOBONHBI MMEIOT YacTOTy BO MHOIO pa3
OOJIbLIYIO, YEM YIPABIAIOIIME CUTHAJBI, M BBINOJIHSIIOT POJb MEPEHOCUYUKOB
uHpopmanuu (Hecyiee KoJie0aHue). VYnpasistoiye CUTHAJIBI
HEMOCPEACTBEHHO OTpaxkatoT B cebe wuHpopMauutoo. CHekrp yacTor
YIOPAaBIISIOIIEr0 CUTHANIA MOXKET UMETh KaK JOCTAaTOYHO HU3KHUE YaCTOTHI (pedb
yeynoBeka Oyaer pa3dopuuBa, €clid B HEW MNPUCYTCTBYIOT CHEKTpaIbHBIE
coctasyisiroiue yactoT oT 300 I'm mo 3 xI'1r), Tak U BecbMa BBICOKHE (CHEKTP
UMITYJIbCHOTO CUTHAaJIa MOKET BKJIKOYATh YaCTOThI B €IMHUIIBI U AK€ JACCATKU
Merarepir).

Hecymiee xonebanue MOXKET MMETh YaCTOTY OT HECKOJIBKUX JECATKOB
KWJIOTEpIl JI0 YacTOT CBETOBOTO nauana3zoHa. Ho mpu 3ToM BBIOOp TOrO WU



MHOTO YaCTOTHOTO JMara3oHa JUisi KOHKPETHOW PaJHOTEXHHUUYECKOW CHCTEMBI
(CHCTEMBI CBSI3M) OIPEACIISCTCS Pa3IMYHBIMU (PaKTOpaMHU:

— 0COOEHHOCTBIO PACTIPOCTPAHEHUS AIEKTPOMArHUTHBIX BOJIH JAHHOTO
YaCTOTHOTO JIMAara3oHa,

— XapakTepoM MOMeEX B JIaHHOM JIMAINa30He 4acToT;

— LIMPUHON CHEKTpa YNPaBIAIOIIETO CUTHAIA,

— rabapuTaMH aHTEHHBI.

Tax, Hampumep, paauoCBs3b, OCYIIECTBIsiEMas Ha CBEPXIJIMHHBIX U

JUITMHHBIX BOJHAX, UMEET JIBa OOJBIINX HEJ0CTATKA:

— TpeOyercs  Ooiblas  MOIIHOCTh  IEpPENaTuyhKa,  IOCKOJbKY
NOBEPXHOCTHAs BOJIHA, pACIpOCTpaHsieMas BJOJb IOBEPXHOCTU
3eMii, CHJIBHO TIOTJIONIAeTCs;

— HEBO3MOXXHO MepeIaTh YNPaBISIONIUE CUTHAJIBI C YaCTOTOM CIIEKTPa,
COU3MEPUMOM C YaCTOTOM HECYIEro KojaeOaHusl.

Cpennue BOJHBI HAIUIM I[IAPOKOE MPUMEHEHHE B PaJHOBEIIAHHH,
MIOCKOJIbKY OHHU OO€CIEeUYMBAIOT JIOCTATOYHO YCTOMYUBBIM mpuem. B To xe
BpEMSI OHHU HE IO3BOJISIIOT 00ECIEeYUTh OOJIBIIYIO NajJbHOCTh TMEpelayd U B
OCHOBHOM HCIHOJIb3YIOTCS B 30HE C paJJUyCOM B HECKOJIBKO COTEH KUJIOMETPOB.

KopoTkue BOHBI CTOCOOHBI 00ECTIeYUTh OOJBINYI0 TadbHOCTh TIEpeaaun
CUTHAJIOB TMPU OTHOCHUTEIHHO HU3KOW MOIIHOCTH Tepenatdyuka. Kpome Toro
OHM TIO3BOJISIIOT O0ECIEYUTh HAMPaBIECHHOE H3JIYYCHHE SJICKTPOMArHUTHOU
BOJIHBI.

Hcnonp30BaHne 4YacCTOTHBIX JUAMA30HOB METPOBBIX, JCIUMETPOBBIX,
CAaHTHMETPOBBIX M MUJUTMMETPOBBIX JJIUH BOJIH MO3BOJIMJIO Pa3BUBATh HOBBIC
o0jacTv paJvoOBeNIaHWs, B YaCTHOCTU TEJIEBUACHUE, WHIANBUAYaJIbHBIC
CpEICTBa CBS3HM, CUCTEMbl HABUTallud M T.J., YTO CYIIECTBEHHO PaCUIUPSET
MIUPUHY CHEKTpa YIPaBJISIONIMX CUTHAIoB. Kpome 3TOro, HMCHoJb30BaHUE
JaHHBIX JUANa30HOB YacTOT IMO3BOJSET IMEpenaBaTh COOOIICHUS MPAKTHYECKH
0€3 UCKaXXEHUH, MOCKOIBKY 3TU BOJHBI PACIIPOCTPAHSIOTCS B MPEeIax mpsiMOi
BUIUMOCTH.

Nmes necymiee kosjeOaHuWe W YNpaBISIOMIMNA CUTHAN, MX HEOOXOAMMO
OOBEANHUTH B OAUH PAAMOCUTHAII, 3TO OCYIIECTBIISIETCS IMyTeM MoIyisauuu. B
JaHHOM CiIy4ae TII0J] MOJIYJISAIMeld TOHMMAeTcs W3MEHEHHE OJHOrO U3



[apaMeTpoB HECYIIEro KoJie0aHus B COOTBETCTBUM C HW3MEHEHHUSIMU
YIPABJISIOLIETO CUTHAJA.

B mnpueMHuKe, CUTHAQJI, NPOLIEAIIMM MO JMHUM CBSA3H, IOJIBEPraercs
oOpaTHBIM MPeOOpPa30BaHUSAM C LEJBIO BbIACICHUS MH(OpPMALUU U IpeIaHUs
el TpeOyemoro Buja. B pmanpHelilieM curHaia npeoopasyercsi B COOOIIECHHE
(Harpumep, MpeoOpa3oBaHUE CUTHANA B 3BYK B TPOMKOTOBOPUTEIIE).

31ech B KpaTKOM BHUJE OIKCAaH Ipolecc padoThl PaJIuOTEXHUYECKOTO
ycTpoucTBa. MOXHO BHAETH, YTO B IPOLECCE IPOXOKICHHUS CHUTHAJIA IIO
KAaHAJIy CBSI3U BBIIOJHSAETCS MHOXECTBO PAa3IMYHBIX ONEPALMil HAJ[ CUTHAJIOM.
JUIsL OCyIIECTBIEHUS ASTOTO HCHOJIB3YIOTCS pPa3jIMYHbIE PaJUOTEXHUYECKUE
HeNd U YCTPOMCTBA: HHTErpupyromme #u aAudpdepeHuupyronme IenH,
(UIABTPYIOIIME 3JIEMEHTBI, YCUIIUTENH, IENU 00paTHOU CBSA3HM, aBTOI€HEPATOPHI
dopMupoBaTeNM  MOCIEAOBATEIBHOCTEN  MPSMOYTOJIBHBIX  MMITYJIbCOB,
MOAYJISATOPBI, ACTEKTOPBI, YMHOKHUTEIN YacTOT, KOTOPBIE OCYIIECTBIISIIOT TE
WIM HHBIE OIEpalyy HaJ CUTHAIAMH, 3HAHUE KOTOPBIX JKEJIATEIbHO JUIS
CTYJIEHTOB, oOydaronuxcs mno cneuuanbHoctn 090302 «MHpopmanroHHas
0€3011aCHOCTh TEJIEKOMMYHUKAILIMOHHBIX CUCTEM.

Henbro n3ydeHus OucHUAIUIMHBL « Teopus paIMOTEXHUYECKUX CUTHAJIOB
ABNsieTCd OOYyYEHHE CTYJIEHTOB OCHOBaM IIOCTPOCHMSI PaJAMO3IEKTPOHHOM
anmnapaTypbl CIIOXHBIX TEJIEKOMMYHUKAIMOHHBIX CHUCTEM. OJTO JOCTUIAETCS
oOy4eHHUEM CTyJACHTOB METOJaM aHajliu3a pPaJHUOTEeXHUYECKUX CUTHAJIOB,
O3HAKOMJICHHEM C BHJIAMH, XapaKTEPUCTUKAMHU M CBOMCTBAMU CHUTHAJIOB
IIPUMEHUTEIBHO K  TEJIEKOMMYHUKAIIMOHHBIM  CHCTEMaM  IepeJadyu
uH(popManuu.

3agaya juciurmumHbl  «Teopust paJgMOTEXHHYECKHMX CUTHAJIOB»  —
chopMUpOBaTh HEOOXOAMMBIH MHUHUMYM CHEHHUAIBbHBIX TEOPETUYECKUX U
MPAKTUYECKUX 3HAHUM, KOTOpble O00ECNeYnBalOT IOHUMAHUE MPUHIUIIOB
UCIIOJIb30BAaHUS CJIOKHBIX PAJAUMOCUTHAJIOB B 00JIACTH 3alllUThl JaHHBIX B
TEJIEKOMMYHUKAIIMOHHBIX CHCTEMaX U aHallu3 CBOMCTB TaKUX CHUTHAJIOB
NPUMEHUTEIBHO K PAIUO3TIEKTPOHHBIM cUcTeMaM 00paboTKU HH(OpMAaIIUU.

VYyebnas nqucuurmimHa « Teopus paauoTEXHUUYECKUX CUTHAIOBY» OTHOCHUTCS
K 0a30BOM YacTH MPO(ECCHOHANBHOTO MHUKIAa Y4eOHOro IUIaHa ITOATOTOBKH
CIIELHAIIKCTA.

B pe3ynbpTaTe 0cCBOCHUS AUCIHUILIMHBI 00YUYarOIIMICs TOKEH:



3HATH:

OCHOBHBIE IIOHSTHUS, CBA3aHHBIE C MAaTEMAaTUYECKUM OIIMCAHUEM
CUTHAJIOB U aHAJIN30M UX CBOWCTB, XapaKTEPUCTHUK U ITAPAMETPOB;
OCHOBBI CHEKTPAJIBHOTO, KOPPEISLUMOHHOTO AaHalu3a CUTHAJIOB,
IPEACTABICHUE CUTHAJIOB B YACTOTHO-BPEMEHHOM 00J1ACTSIX;
COBPEMEHHBIE BHUJbl CHUTHAJIIOB, HUX OCOOCHHOCTHU M CBOICTBA,
00€eCleunBalOIMe  OCHOBHBIE  XapaKTEPUCTUKH  3ANIUIICHHBIX
TEJICKOMMYHUKAIIHOHHBIX CUCTEM;

MOJIEIIN COBPEMEHHBIX CUTHAJIOB U AJITOPUTMBI UX (hOPMUPOBAHUS;
METO/bl aHalIh3a MpeoOpa3oBaHus IETEPMUHUPOBAHHBIX CUTHAJIOB B

JIMHEWHBIX U HEJIMHENHBIX LIEMIX.

YMerh:

COCTaBJISAITb MATEMATHYECKME MOJEIN JETEPMUHHUPOBAHHBIX U
CJIy4allHbIX CUTHAJIOB BO BPEMEHHOM M YaCTOTHOM 00JIacTsX;
IPOBOAUTH AHAJIU3 CUTHAJIOB BO BPEMEHHON U YaCTOTHOM 00JacTsIX;
OPOBOJIUTH AHAIM3 MPEOOpa30BaHUsSl CHUTHAJIOB JIMHEHHBIMU U
HEJIMHEVUHBIMU LEISIMU;

IPUMEHATh  3HAHHUS 1O  HUCIIOJIB30BAaHUIO  y3KONOJIOCHBIX U
LIMPOKOIIOJIOCHBIX CUTHAJIOB B TEJICKOMMYHHUKALIMOHHBIX CUCTEMAX;
I10JIB30BAThCS Hay4YHO-TEXHUYECKOMN uHdopmanuen 110
PAaIMOTEXHUYECKUM CUTHAJIaM B COBPEMEHHBIX CUCTEMAX CBA3U.

Baanersn:

HAaBBIKAMH IIOCTPOEHHUSI MOJEJICH NETEPMUHUPOBAHHBIX U CIIyYalHBIX
CUTHAJIOB B YACTOTHOM M pEMEHHON 00JIaCTSX;

HAaBBbIKAMU CIIEKTPAJILHOI'O aHAJIN3a CUTHAJIOB;

HaBBbIKAMU KOPPEIALMOHHOIO aHAIU3a CUTHAJIOB;

HaBBIKAMM  HMCIIOJIb30BaHMsT OBM 11 MalmIMHHOrO — aHaiM3a
[1apaMeTPOB U XaPAKTEPUCTUK CUTHAJIOB;

METOAOM MOA0Opa XapaKTEPUCTUK U MapaMeTPOB CUTHAJIOB, UX BUJA
OPUMEHUTEIBHO K OOECHEUYEHHUIO YIYYILIEHHBIX XapaKTEPUCTUK U

CBOMCTB 3alIUIICHHBIX TCJIICKOMMYHHUKAIIMOHHBIX CUCTCM.
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1. OBLLUME CBEAEHUA O CUTHATIAX

1.1. OCHOBHbIE MOHATUSA U onpeAeneHns NPUMEeHUTENbHO K
cUrHanam

TepMuH «curHam» MOXKHO BCTPETUTh BO MHOTHUX OOJIACTAX 3HAHUN U
KU3HENEATeIbHOCTH dYenoBeka. OmHako TOJa TEPMUHOM «CHUTHAI» BechMa
9acTO OTOXACCTBISIIOT TaKWe TOHATHSA, Kak wWHOpMAIs, COOOIIEHHE U
HEMOCPEICTBEHHO caMm curHai. OJHaKO 3TO HE BCErJa KOPPEKTHO, MOCKOIbKY
KOKIBIA W3 TEPMUHOB: HWHMOpMaIus, cOOOIIEHHE, CHUTHAJ, HECET CBOIO
CMBICIIOBYIO HAarpys3Ky.

TepMuH «cWTHam» MPOMCXOJMT OT JIATUHCKOI'O CJoBa  «Signumy,
KOTOpBIA 0003Ha4aeT 3HaK, (U3UYECKUNM TMpoIecC (SBICHHUE), HECYIIUi
coobmenne (mHpopMaIuoo) O KakoM-auO0 coObITHH. IlepBoHaYambHO TOA
uHpOpMAIMe, MPOMCXOAIIed OT JaThuHCKoro cioBa  «informatio»
(pa3bsiCHEHUE, W3JI0KCHHUE), MMOHUMAIA OOMEH CBEICHUSIMH MEXKIY JOIbMHU
YCTHBIM, MUCbMEHHBIM WU ApyruM crocodoM. C cepenuubl XX BeKa TEPMUH
«uH(pOpMaNKsA» TMPUHSIT OOIIeHaydyHOE TMOHATHE, BKIOYaromee oOMeH
CBEJICHUSAMH MEXKIY JIIOJbMH, 4YEIOBEKOM M aBTOMATOM, aBTOMAaTrOM M
aBTomMaToM. M3 onpeneneHuii BUAHO pa3audue MKy MOHITHAMHU «CHTHAD) U
«uHpopManusy». TakuM 00pa3oM, MPUMEHHUTEIBHO K BOMPOCAM PaAHMOTEXHUKH
noa cucHanom OyAeM TOHMMaTh (U3UYECKUN TMPOIECC WM SIBJICHUE,
MO3BOJISIIOIINME TPAHCTIOPTUPOBATH HH(GOpMALIHIO (COOOIICHUE) U3 OJHON TOUKU
MIPOCTPAHCTBA B JIPYTyIO C HCIOJb30BAaHUEM PA3TUYHBIX PATAOTEXHUUICCKUX
YCTPOMCTB M JMHHUU CBsI3U. IIpy 3TOM B XOl€ NAIBHEHIIETO W3JI0XKCHUS
MaTtepuaia pafioTeXHUYECKNE CUTHAIBI OyIeM MPOCTO HA3bIBATh CUTHAJIIOM.

[lon mepeuunvim cucnanom TIOHUMAIOT DJIEKTPUUYECKUN CHUTHAI,
MOJIYYEHHBIM Ha BBIXOJIE MpeoOpa3oBaTeNsi COOOIICHUS B JJICKTPHYCCKUI
curHasl. OQuH WIM HECKOJIBKO MapaMeTpOB IEPBUYHOTO CUTHANIA, 3HAYCHHSI
KOTOPBIX OJIHO3HAYHO OTOOpaXKaroT TMepeAaBaeMoe COOOIIEHHEe, Ha3bIBAIOT
npeocmasaaouwumu (MHOOPMAITMOHHBIMEI) TApAMETPAMH, HAIPUMED:

— aMIUTUTYyAa, 4acToTa WK (pa3a rapMOHHYECKOTO CUTHAIIA;

— HeTpepbIBHAs WIM JHUCKPETHAS TOCIEI0BATEIHLHOCTh BBIOOPOUYHBIX

(MrHOBEHHBIX ) 3HAYCHHUH ITEPBUYHOTO CUTHAJIA;
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— aMIUTATYJQ, JUIMTEILHOCTh WM TIEPHOJ CIICIOBAaHUS HMITYJILCOB H
T.JI.
K OCHOBHBIM XapaKTEpHUCTHUKaM IEPBUYHOI'O CUTHAIA MOXXHO OTHECTH
CIIeyoIIIee.
1. Jlnumenvnocmov nepeuunozo cuznana T,, KOTOpas OIpeaCsIcT
HEKOTOPBIM MHTEPBAJI BPEMEHH, B IIpejieiaX KOTOPOTO CYIIECTBYET CUTHAI.
2. Cpedonsasn mowHocmb nepeuunozo cuznana u(t) 3a uHTEpBal

ycpenHenus T onpenensercss BhIpaKEHUEM:
T

P = % j u?(tdt. (1.1)

0
3.Maxcumanvhana mowynocms nepeuuno2o cuznana Py, ., npeacrapiser

co00Oi MOIIHOCTh IKBHBAJICHTHOTO TapMOHUYECKOTO CHUTHAJIa C aMIUIUTYIOU
U max» KOTOpas TMPEBBINIAETCS MTHOBEHHBIMH 3HAYCHUSMH TIEPEMEHHOM
COCTAaBJISIIONIEH MEPBUYHOTO curHaia u(t) ¢ J0CTaTOYHO Majioil BEPOSTHOCTHIO
£=10%-10".

4. Munumanvnas mowsHOCmMb nepeuydHo20 cuzHana P;, mnpeacrapiser
co00Oi MOIIHOCTh IKBHBAJICHTHOTO TapMOHUYECKOTO CHUTHAJIAa C aMIUIUTYIOU
Upmins KOTOpass MOXET TMPEBBIIATHCS  MTHOBEHHBIMH  3HAYEHUSMHU
MEepeMEHHON cocTaBisifomed curHaima u(t) ¢ JA0CTaToyHO  OONBIION
BEPOSTHOCTHIO (1- €).

5. Junamuueckuit ouanazon nepeuunozo cuznana D, oTpaxaet pa3dopoc
MOIITHOCTEH IMEPBUYHOTO CUTHAJIA B KOHKPETHOM TOYKE KaHAJIa CBSI3H.

D, = 10lg=m2% ;1. (1.2)

Pmin

6. Iluk-gpakmop nepeuunozo cucnana Q. OTpaxkaeT MPEBBIIICHUE
MaKCHMaJIbHON MOIIHOCTH CUTHAJa HaJl CPEJHEN MOIIHOCThIO CUTHAIA!

Qc = 10lg™22%, 1B, (1.3)
cp

7. 3awuuienHocms nepeuuH020 cucHana A, OTpaxkaeT INPEBbILICHUE

cpenneli momrHoctr curHana (1.1) Hajx cpenHel MOIIHOCTBIO ToMexu P :

A, = 101g-2, 1B, (1.4)
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8. Cnekmp peanvnozo cuznana 3aHAMAET OECKOHEYHO MTUPOKYIO MOJIOCY
yacTtoT. B Toke Bpems , Bcerja MOXHO yKa3aTh JWana3oH 4acToT, B Mpeaenax
KOTOPOT'0 COCPEAOTOYEHA OCHOBHASI DHEPIUs CUTHAJA:

Fo = Frax — Fiin (15)
ra€ Fpax 4 Fpjn — MakcuMalibHas W MUHHMMaJbHAsg 4YacTOThl MNEPBUYHOTO
CUTHaJA.

9. Ob6vem nepeuunozo cuznana V. B coorBerctBum ¢ (1,2) u (1.5)
pENEAeTCs BRIPAKEHUEM

V. = D.T.F,, nb. (1.6)

1.2. Knaccudgumkauma pagunoTtexHM4eCKnNxX curHarnosB

PaccmoTpum  kiaccuuKaIMio CUTHAJIOB OTHOCUTEIBHO Pa3IMYHBIX
KpPUTEPUEB UX OIIEHKHU U cpaBHEeHUs. [Ipu 3TOM yuTeM cienyroiiee:
— CHUTHaJ MpeAHa3Ha4YeH IJIs TPAHCTIOPTUPOBKU MHGOPMAIIUU U3 OTHOM
TOYKH MPOCTPAHCTBA B JIPYTYIO;
— 1 TpUJAHUS CUTHANy CBOMCTB MepeHOCYMKa HUHGPOPMAIUU €ro
HEO0O0XOJIMMO MOJIYJIMPOBATh (OMPENEIUTh 3aKOH U3MEHEHUSI OJHOTO
U3 MapamMeTpOB CUTHANA);
— B COOTBETCTBHHM C METOJAaMH MAaTE€MaTHUYE€CKOTO OMUCAHHS CUTHAJIOB
MOCJICAHUE MOXKHO Pa3feUTh Ha MPOCThIC, KOTOPHIE OMUCHIBAIOTCS
AJIEMEHTAPHBIMH GbyHKIHUSIMU (ypaBHEHHE PSIMOMU,
TPUTOHOMETpPUYECKHE (YHKIUK SINX, COSX, SKCIIOHCHIIUATbHBIC
GbyHKIMH U T.J.), U CIOKHBIE CHUTHAJIBI, MAaTEMaTUYECKOE OTHCAHUE
KOTOPBIX TpeOyeT Kak CHelUaIbHBIX (PYHKIHM, TaK U CBOET0 MOAX0/a
K OMKUCAHUIO0 CUTHAJIOB,
— (usnueckne mnapamMeTphl CUTHAJIOB MOTYT 3aBHCETh OT BpPEMEHH,
YaCTOTHI WJIN/U TPOCTPAHCTBEHHBIX KOOPIUHAT.
Jns kiaccudukanuy CUTHAJIOB MOKHO MIPUHSTH PAa3IMYHbIC KPUTEPHHU.
[lepBu4HBIE CUTHAJIBI MOKHO KJIaCCU(DUITMPOBATH MO BUY MEPEaaBaeMbIX
COOOIIEHU. DTO — aHanozoevle, OUCKpemHvle, UUDposble, clyuailHble,
Y3KORnOJ10CHble U WUPOKONOJIOCHbIE CUZHAJIBL U T.]I.

CurHajsi, NPENCTABJISAIONIMNA TOK B DSJCKTPUYECKOW IIEMH, OTpa)kaeT
HaIIpaBJICHUE U KOJUYECTBO 3apsJia, IEPEHOCUMOr0 B €UHHUIY BPEMEHHU. 3BYK,
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U3JIy4aeMblii  3JIEKTPOAKyCTUYECKOW  CHCTEMOW, MpeACTaBiseT  coOou
BPEMEHHYIO 3aBUCHUMOCTh 3BYKOBOTO JaBjieHUs. HampsbkeHue Ha BBIXOE
MUKpO(dOHa OTpakaeT coOOM MPOCTPAHCTBEHHO-BPEMEHHYIO 3aBHUCHUMOCTD
3BYKOBOT'O JIaBJICHUsI Ha MeMOpaHy MukpodoHa. PacnpeneneHue curHaiga Ha
MOBEPXHOCTH MPUEMHOM aHTEHHBI 3aBUCUT OT HANPABIICHUS MTPUXOJa CUTHAIA.

B cooTBeTcTBUM € 3THM, B KadecTBE IEPBOr0 KIACCHU(DPHUKAIMOHHOTO
NpU3HaKa CUTHAJIOB MOKHO HCIONb30BaTh BHUJ (U3UUYECKOTO SBIICHHUS,
BBICTYIAIONIETO B POJM HOCUTENs WHGOpMALMU: 3apsi, TOK, HAMpsHKEHUE,
3BYKOBOE€ [IaBJICHHWE, WHTCHCHMBHOCTb CBeTa W T.J. B paauoTeXHUYECKUX

YCTPOWCTBaX B POJM HOCUTENS MH(POpPMALMU paccMaTpUBAIOT TOK (i, [) wiu
HanpspkeHue (u, U), 3aBUCALIME OT BpeMEHM t wiM 4dactorel f. [Ipu 3tom

pa3IMyaloT aHaJOTOBbIE, UMITYJIbCHBIE U CITyYallHbIE CUTHAJIBI.

AHanozoevle cucHanbl TPEICTABIAIOT COOOW CHUTHAjbl, 3HAYEHUS
KOTOPBIX B KaXKIbIH MOMEHT BPEMEHH MOTYT OBITh TOYHO TMIPEICKA3aHbI
(u3mepenbl). IlomoOHBIC CHUTHAIBI MOJAOOHBI (DHU3MYCCKUM MpOIEccaM, HX
nopaxpaatomux. OJHOMEpPHBIA aHAJOTOBBIM CHUTHAT MOXKET ObITh Kak
HenpepbiBHBIM (puc.l.1,a), Tak U ¢ TOUKaMu pa3pbiBa (MMIYJbCHBIM CUTHAT B
npeaenaax 0JJHOr0 UMITYJIbCa).

Hmnynwvchole cuenanvt IpefCcTaBisIIOT cOO0M MPoOIeCcChl, CYIECTBYIOIINE
JUIIL B MOpelenax KOHEYHOro OTpe3Ka BpPEMEHHM. 3JeCh pa3indyaroT
BUieonMITyIbChl (puc.1.1,0) u paguoummynbesl (puc.l.1,8). OHU oTAM4YarOTCS
cinenyromuM. Eciu GyHKUMS ug(t) ONUCHIBaeT (opMy BHIECOMMITYJIbCA, TO

TOTJa PagUOUMITYJIbC, COOTBETCTBYIOUIMNA HTOMY BHUACOUMITYJILCY, OyIeT
MPEJCTaBISITh COO0M BHICOKOYACTOTHOE 3aIT0OJTHECHHE up(t) =ug(t)cos(@pt+¢p) B
mpejenax OrudOaroIieil BUICOMMITYIIbCa ug(t), TI€ My — KpyroBas 4acToTa, a
(o — HadanmbHas ¢aza BBICOKOYACTOTHOTO KojeObaHusi. DYHKIUA ug(t)

Ha3bIBAaeTCs orubaromed paauouMmIysibca, a (QyHkous COS(wet+@g) ero

3aII0JIHEHUEM C HECYLIEH YaCTOTOM (.



U A Us - ug(t) "1 ) ﬂ P Uy (t)
¥ u,(t)
0 % o X 0_"!\ t r‘ulv_f
a 6 Al

Puc.1.1. HenpepwiBHBIN curHai (a), BUaeouMnyibe (0), paauouMITyjibe (B)

JlocTaTouHO AOJNTO0 B PAJUOTEXHUKE HCHOJIB30BAJIUCH AHAJIOTOBBIE
curHasibl. CO BpEMEHEM Ha CMEHY M B JIONOJHEHHWE K HUM B PSE CIIy4yacB
IPUIIUTM UMIYJIbCHBIE W JUCKPETHBIC CUTHAJBI, UCIIOJIb3YyEeMbIe B IU(PPOBBIX
YCTPOMCTBAX M yCTpoMCTBax aBToMaTtwuku. llox wumnynscheim curnamom
MMOHUMAIOT JETEPMUHUPOBAHHBIN CUTHAJ, SHEPTUSI KOTOPOrO OTJIIMYHA OT HYJIS
B TEUYCHUE OTPAHUYEHHOIO MHTEpPBaJa BPEMEHHU, a MO OUCKPEmHbIM — CUTHAI,
MPUHAMAIOIINN KOHEYHOE MHOKECTBO 3HAYECHUW B 33JJaHHOM JIMAIla30HE U B
OIPENICJIEHHOM HWHTEpBajie BpeMeHu. lIpocreiimas mareMaruyeckass MOJIENb

JUCKPETHOI'O CUTHAJIA s, (t) MPEACTABIIACT CYCTHOC MHOXKECTBO TOYEK {t j} Gg—

LIE€JI0€ YMCJI0) HA OCU BPEMEHHM, B KaXJOW M3 KOTOPBIX ONPENEIICHO 3HAUYECHHE
curnana sj.llar B3saThs BEIOOPOK (maz ouckpemuszayuu) At=tj,q —tj, Kak

MpaBUJIO0, BBIOUPAIOT MOCTOSHHBIM (puc.1.2). IlpeumymecTBo IHUCKPETHBIX
CUTHAJIOB IMEpEell AaHAJIOTOBbIMM CHUTHAJlaMH 3aKJIOYaeTcsi B TOM, YTO HE
TpeOyeTcs OTCleXuBarh (OpMy CHUTHAJIa BO BCE MOMEHTHI BPEMEHH,
HEOOXO0IUM JIMIIIh caM (PaKT HAJIMYUSI WJIU OTCYTCTBUS UMITYJIbCA.

Sy A
6

Puc.1.2. Moaenp TUCKPETHOTO CUTHAJIA

0 Al X

Iugppoevimu HA3BIBAIOT CUTHAIBI, y KOTOPBIX CYETHOE MHOKECTBO

3HAYCHUU OAHOI'O nu3 HIPCACTABIIAIOIINX [mapamMcTpOB OIINCBhIBACTCA
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OTPAaHUYECHHBIM HA0OpPOM KOJOBBIX KOMOWHAIUW (Hampumep, TtenerpadHbie
CUTHAJIbI, CUTHAJIBI TIEPEIaur JAHHBIX).

Cnyuaiinvie CUZHAbL PEACTABIISAIOT coOoi pa3JInYHbIE
(IyKTyallMOHHBIE MPOLECCHl, 3HAUEHUS KOTOPBIX B KOHKPETHBIE MOMEHTHI
BPEMEHHU MOXKHO MpEACKa3aThb TOJBKO C BEPOATHOCTHIO MEHBIIE E€IUHULIBI.
3a4acTyl0 3TH CHUTHAJBl MPOSABISIIOT ce0s Kak MOMEXH M MPENSITCTBYIOT
U3BJICUCHUIO HH(OPMAIIMH U3 PUHATOTO KOJICOaHMS.

Pa3smepHOCTh MpPOCTpaHCTBA, B KOTOPOM CYIIECTBYET CUTHAJT, MOYKHO
paccMaTpuBaTh B KAueCTBE TPETHEro KIACCU(PUKALMOHHOIO IpU3HAKA
curHaioB. TOK WM HanpsHKEHUE B PAJUOTEXHUYECKHMX YCTPOMCTBax B
OONBIIMHCTBE CIIy4aeB MOXKHO paccMaTpuBaTh KaK OJHOMEPHBIA CHUTHAI,
3aBUCAIIMKA OT BpEMEHHU. PacripeneneHue TOKOB U HANpPSHKEHUW B JJIMHHOM
JMHUU TPEACTaBIs€T CUTHAJN, 3aBUCSIIMA KaKk OT BPEMEHH, TaKk MU OT
IIPOCTPAHCTBEHHBIX KOOPAUHAT. 3BYKOBOE JIaBJICHHE, B 3aBUCHMOCTH OT LIEJIEH,
KOTOPBIE MNPECIEAYIOTCS, MOKHO paccMaTpUBaTh KaK OJHO-, JBYX-, TPEX- H
YETBIPEXMEPHBIM CUTHAJI, 3aBUCAILLMM OT BPEMEHHU U OJHOM, ABYX U Tpex
MIPOCTPAHCTBEHHBIX KOOPAUHAT.

PaccMOTpeHHbIE CHTHAIBI MOXKHO M3Yy4aTh C IOMOIIBIO Pa3IU4YHBIX
npuObOpOB M YCTPOUCTB (ocuuiuiorpad, BOJIBTMETP, NpuUeMHHK). OmHAKO
HaOJIIoaeMbple C TOMOUIBI0 MPUOOPOB SBJICHHS BCEr/a BBICTYNAIOT Kak
YacTHbIE TMPOSIBIICHUA. ODTO HE IMO3BOJIIET TOBOPUTH OO0 UX CBOICTBAx,
MpPEJCKa3bIBaTh IMOBEJICHUE CUTHAJIOB B MPOCTPAHCTBE M BpeMeHu. Jlid
YCTpaHEHUs 3TOTO HEJAOCTaTKa HEOOXOJUMO MOCTPOUTh MaTEMaTHYECKYIO
MOJI€JIb, ONHUCHIBAIOIIYI0 CHUTHAJA. OTO TO3BOJIIET a0CTparupoBaThbCsi OT
KOHKPETHOW MPUPOJbl HOCHUTENSI CUTHAlIa M MCHOJb30BaTh OJHY U Ty XK€
MaTeMaTUYECKYI0 MOJIENIb CUTHAJa Ui ONMUCAHUS PA3IUYHBIX SIBICHUH (TOKa,
HaIpSHKEHUS, HAMPSHKEHHOCTHU AJIEKTPOMATrHUTHOTO TIOJIS U T. 11.).

B Teopum CUTHaJIOB CYIIECTBYIOT pa3JIMYHbIE CIOCOOBI OMHCAHUS
CUTHAJIOB, HAllpUMEp, B BUJE AHAIMTHUYECKUX BBIPAXKEHUN WM TaOIULl IS
AQHAJIOTOBBIX CHUTHAJIOB, B BHJE BEPOSTHOCTHBIX (DYHKIMH Ui CIydalHBIX
mpoueccoB. B COOTBETCTBUM C 3THUM CHUTHal MOXHO KJIacCU(pUIUPOBATH
OTHOCUTEJIbHO MaTeMaTH4eCKOW (OpMBI HMX MPEACTABICHUSA. ITO JIEIUT
CUTHAJIbI Ha ICTEPMUHUPOBAHHBIEC U CTOXACTHUUYECKUE (CIIyUyaiiHbIe).
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/Jlemepmunuposannpimu CUTHATAMHU HA3bIBAIOTCS CUTHANbI, 3HAYEHUS
napamMeTpOB KOTOPHIX B JIFOOOW MOMEHT BPEMEHH SIBJISFOTCS] M3BECTHBIMH TOYHO
WIN MOTYT OBITh 3apaHee BhIUMCIEHBI. CIIOBO «JIETEPMUHU3M» MPOUCXOJUT OT
JaTHHCKOTO cioBa determinatio. OHO o3HauaeT omnpejeneHue, MO0 yuyeHue 00
OOBEKTUBHON 3aKOHOMEPHOW B3aMMOCBSI3M W MPUYUHHOW OOYCIOBJIECHHOCTU
BCEX SBIEHUW. AHamu3 JEeTEPMUHUPOBAHHBIX CHUTHAJIOB Oa3upyeTcss Ha
UCIIOJIb30BAHUU KJIACCHUECKON Teopuu aud@PepeHInaNbHbIX ypaBHEHUH.
JIrobass Maremarnueckas MOJENb, OINUCHIBAIOIIAS  JI€TEPMUHUPOBAHHBIC
CUTHAJbI, TO3BOJISIET MpPEJCKa3blBaTh HUX MIHOBEHHBIC 3HAUYCHHUS B JIOObIE
MOMEHTBI BPEMEHU C BEPOSATHOCTHIO PABHOM EIUHUIIE.

Cmoxacmuueckue (cayuainble) CUTHAAbl IMPEICTABISIOT  COOOIM
CUTHAJbl, MTHOBEHHBbIC 3HAYEHUS KOTOPHIX B JHOOOH MOMEHT BpPEMEHHU
ABJISIFOTCS CIIy4YalHBbIMH BeJMYMHAMU. CJOBO "CTOXaCTUYECKHM' MPOUCXOAUT
OT TIpedyeckoro cjoBa Stochastikos — ymeromuii yraapiBaTh, CIIydaidHBIH,
BEPOSITHOCTHBIM. AHAJIU3 ATUX CUTHAJIOB 0A3UPYyeTCsl HA TEOPUH BEPOSTHOCTEH
U TEOpUU CIy4YalHBIX MPOIECCOB. 3HAYEHUSl CIIyYaWHBIX CUTHAJIOB MOYKHO
MpEACKa3aTh TOJIbKO C BEPOSTHOCTHIO MEHbIIIE €IMHUIIBL.

Ctporo roBOpsi, B NPUPOJE JECTEPMHUHUPOBAHHBIX CHUTHAJIOB HE
CYLIECTBYET. JTO OOBACHAETCA TEM, YTO pPaAUOTEXHHUUYECKHE CHCTEMbI
B3aMMOJICUCTBYIOT C OKPYXKAIOUIUMHU HUX (PU3UYECKUMHU OOBEKTAMH, KOTOPHIC
OKa3bIBAIOT BIMSHUE HAa 3TU CUCTEMbl. B paguOKOMIOHEHTaX MPUCYTCTBYIOT
Xa0THYECKHE TeryoBbie (aykTyaruu. Kak mpaBmio, uMeeT MecTo HemoJHas
uHpopManus O HAYaAIBbHOM COCTOSSHUM CHUCTeMBbl. Bce 3To 3acraBisieT
paccMaTpuBaTh pealibHbIE CUTHAIBI KaK clydaiiHble (QYHKIIMY BPEMEHH.

[Ipu mocTpoeHnH MOJIENTU CUTHAIA UCCIIEI0BATENb CTPEMUTCS ONKUCATh T
CBOMCTBAa CUTHAJIOB, KOTOpbIe HambOOJee BaXKHBI JJIS HEro. OJTO TMO3BOJISIET
UCKJIIIOYUTh U3 PACCMOTPEHUS BTOPOCTENEHHBIE TMPHU3HAKM CUTHAJIOB H
COOTBETCTBEHHO YIPOCTUTh Mojelb. B ToO ke Bpems, onupasch Ha
MaTeMaTUYeCKUE MOJEJIN CUTHAJIOB, MOYKHO CPaBHUBATh MPOLIECCHI, TPOBOAUTD

KJ'IaCCI/I(l)I/IKaI_II/IIO, MNpCACKA3bIBATh UX ITOBCACHUC B TCX HUJIN MHBIX YCIIOBUAX.
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1.3. OnucaHne geTepMUHUPOBAHHbLIX CUTHaNoOB
rapMoHU4YeCKUMN (hyHKLUAMMU

lon zapmonuueckoit ynkyueit TOHUMAIOT (QYHKIUIO, 3HAYEHHE
KOTOPOH  BO  BpEMEHM  M3MEHSETCS 10  CHHYCOMZAIbHOMY  HIIH
KOCHUHYCOUIAILHOMY 3aKoHaM. [10100Hast QYHKIMS OMMCHIBAETCS CIIETYIOIMM
00pazoMm:
a(t)= A, cos(wt +y)=A, sin(ot + '),
e A, — aMnaumyoa TapMOHHMYECKOH (YHKIHMH; ® — YIJIOBas 4acToTa

(pan/c); v W Yy — HauaabHble a3pl B KOCUHYCHOM U CHUHYCHOW (opmax

COOTBETCTBEHHO, Wy =y +7n/2; O0=wt+\y — MmeHoeennasn ¢aza B
KOCHHYCHOM ¢dopme; 0’ = wt+ ' = 0 + /2 = wt + Y + /2 — MrHOBeHHAs
¢daza B cUHYCHOM (opme.

[Tox yriioBoM 4YacTOTOW MOHUMAKOT CKOPOCTh W3MEHEHHUS MIHOBEHHOM

¢azbl
do
w = a
[Mapmonunyeckas GyHKIUA — QYHKIIUS IEPUOAUYECKAS:
a(t)=a(t+nT),
rae N=0,1 2,... — mpou3BOJILHOE 1I€JI0€ YUCIO0; T — nepuood (c), ABIAIONTUNCS
HaUMEHBIIUM MPOMEXKYTKOM BPEMEHH, YEPE3 KOTOPBII MOBTOPSETCA 3HAYEHUE
GyHKIINN.
Benuunna, oOpatHas nepuoay, Ha3bIBACTCS 2JIeKMPUUECKOU YACHOMOIL.
f=1/T (I').
W3BectHO, uTO (yHKIMA, HampuMmep, cos(0) — nepuoaudeckas QyHKIUsS
OoT MrHoBeHHOU (a3bl 0. OHa u3MeHsieTcsi ¢ nepuogoM 27. B sToMm ciyuae
MOXHO 3amucaTh, 4To ®T = 27. OTCro/a ClieyeT, YTo:
T:2_n; f:E; OJ:E:an.
® 21 T
WNHuTepBan BpeMeHHM, B IMpenesiax KOTOPOTo rapMoHUYecKas (QyHKIIUS
MPUHUMAET TMOJOXUTEIbHBIE 3HAUYEHUS, Ha3bIBACTCA HOAO0HCUMETbHBIM

nwzynepuodom, 4 OTpHULATCIIbHBIC — ompuyameibHbim nwzynepuodom.
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\ 4

w
a
)
a
~+ Vv

Puc. 1.3. I'padux rapmonmndeckoii GyHkuu

[Ipu mocTpoeHur TapMOHMYECKOW (YHKIIMM YacTO B KayeCTBE OCH
abciucc yaoOHO TONB30BaThcsl HE BpeMmeHeMm, a (aszoi ot. Ilpu sTOM
cmemeHne Touyku ot=0  OTHOCHTENHHO  OMIDKaWIero  MaKCUMyMa
rapMOHUYECKOW (YHKIIMM paBHO HaudanbHOM (aze y. Ecim Touka wt =0
CMElIeHa BIPaBO OTHOCUTEIBHO Makcumyma  (QyHKOuM, TO  (asa
MOJIOKUTEIIbHA, €CITU BJIEBO — (haza OTpUllaTeIbHA.

1.4. OnucaHne curHanoB KOMMMEKCHbIMU PYHKLUAMU

Komnnexcnvim uuciom A Ha3blBaeTCs BBIpOKCHHE BHA
A=A+]jA",
rme A’ u A" — BCIIECTBEHHAs W MHHMMas YacTH KOMIUIEKCHOTO YHCIa
COOTBETCTBEHHO; j=+/—1 — MHUMasi €/IUHAUIIA.
B sMreparype BEIIECTBEHHYIO YacTh KOMILIEKCHOTO YHMCIa 0003HAYAIOT
Kak A'=Re|A], a MEIMyI0 wacTs — A” = Im|A].
Ha KOMIUIEKCHON IUIOCKOCTH KOMIUIEKCHOE YHCIIO TIPEeNCTaBIAETCS

Toukol A ¢ koopauHatamu: A’ 1o ocu abcuucc 1 A" 1o ocu opauHaT (puc.
1.4).
B nmokazarensHO# hopMe KOMIIIEKCHOE YHCIIO TIPEACTABIISIETCS] B BUJIC
A = |Alexp(a),

rue W = \/ (A'Y +(A"Y — MOy/b KOMILIEKCHOTO YHCHa, a 0= arctg(A"/A') —

apryMEHT KOMIUIEKCHOTO YHCIIA.
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»

Ima In

>

A" Arr ............................. E

» i »

0 A’ Re 0 A’ Re

a §)
Puc. 1.4. [IpeacrapiieHre KOMILICKCHOTO YHCIIa HAa KOMIUIEKCHON TIOCKOCTH

(a), MOZTyJTh M @PTYMEHT KOMIUIEKCHOTO unciia (0)

Moaynas KOMIIEKCHOrO uucia |A| Ha KOMIIEKCHOH IJIOCKOCTH
MIPEJCTaBIISIET COOOM paccTosiHUE (IJIMHY BEKTOpa) OT Hadaia KOOPAWHAT 0
Touku A (puc. 1.4, 0). ApryMeHT KOMIUIEKCHOTO YHCJa O Ha KOMILJIEKCHOU
IJIOCKOCTH OTpa’kaeT yros HaKJIOHa BEKTOpa, XapakTepusymomero |A|, k ocu
aocruce. IlonmoxkuTenpbHOE HampaBieHHE OTCYETa Yrja o IPUHITO TPOTUB
4aCOBOU CTPEJIKHU.

BemectBennas dacth A’ SBISETCS MPOCKIHEH TOYKH KOMIUIEKCHOTO
yycia Ha och abciucc, a A" — Ha OoCh OopAWHAT. B COOTBETCTBUU C ITUM
BEIICCTBCHHYI0 ¥ MHHMYIO YacTH KOMILJIEKCHOTO YHCJIa MOYXHO BBIPA3UTh B
BHJIC

A’ =Re[A]=[Alcos(@), A"=Im[A]=[Alsin(a).

B sTtoM cnydae, B TpPUTOHOMETpHUYECKOH (OpMEe KOMILICKCHOE YHCIIO
MIPEJCTABIISICTCS CASTYIOMIUM 00pa3oM:.

A = |A|cos(a) + j|Alsin(a).

Ceolicmea KOMNIEKCHBIX YUCe.

1. JIBa KoMIUIeKCHBIX uncia A=A’ + jA" = ‘A‘ej““ u
B= B’+jB”=‘B‘ej°‘B paBHBI MeXIy COOOM, €cIM MONapHO PpaBHBI HX
BelllecTBeHHbIe 1 MHUMBIE YyacTu (A'=B', A"=B") unu paBHbl ux Moayu
(|A] = |B]), a aprymenTsI oTamuarotcs Ha 201 (oL, — ol = +207).

2. JIBa KOMIUTEKCHBIX uncia A=A'+ jA" 1 A" = A’ — jA” Ha3bIBAIOTCS

CONPsAKCHHBIMH, CCJIM HMX BCIICCTBCHHBLIC YdaCTH pPaBHbBI MCKIY CO6OI>1, a
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MHHUMBICE 4YaCTH  OTJIIMYAKOTCA JIMIIb 3HAKOM. MOI[y.HI/I COIIPsAKCHHBIX

KOMIIJIEKCHBIX YKCEJI PABHBI, @ UX apIYMEHTHI OTJINYAIOTCS JINIIb 3HAKOM:
A=[Aler; A =[Ale.

3. CyMmMa (pa3HOCTb) ABYX KOMIUIEKCHBIX YHCET UMEET BUJL
A+B=(A"+jA")+(B'+jB")=(A"+B')+ j(A"+B");
A-B=(A+]A")—(B'+jB")=(A~B)+j(A"-B").

CyMMa JIByX KOMIUIEKCHO-COIPSKEHHBIX YHCENI MPEJCTaBIIAeT COO00M

JEVUCTBUTEIILHOE YHCIIO, SBJISIOIICECS YIABOCHHOM BEIIECTBEHHOM YacCThIO
KOMIUJIEKCHOT'O YHCIa

A+A =(A'+]jA")+(A'-JA")=2A".
4, YMHO)KGHI/IG, JACJIICHUC KU BO3BCACHHC B CTCIICHL KOMIIJICKCHBIX YHUCCJI

IIpU TIPEACTABJICHUHU UX B MOKa3aTeIbHON (hopMe ompenemnsieTcs CIeayronuMu
BBIPAKCHUSAMMU:

\A\ i [Blet =[AL Bl-¢t++)
Ale!*s A
5

e j(aa—0g).

A" =[Ae | =[A] el
[Ipy YMHOKEHHUM KOMILIEKCHOTO YMCJIa A:‘A‘e‘“’* Ha BEIECTBEHHOE

YUCJIO M OPUBOAUT K YBCIMYCHHUIO MOAYJIA KOMIUICKCHOI'O 4HMCjla B m pas. B
AAHHOM CJIy4ac apryMCHT KOMIIJICKCHOI'O YMUCJIa OCTACTCA HCU3MCHHBIM!

mA =m|Ale.
5. Tlpu npencraBieHNN KOMIUIEKCHBIX YUCEN B airedpandeckoit hopme,
WX YMHOXKEHUE U JCIICHUE NMEET BU/T

A-B=(A'+JA")-(B'+]B")=(A"-B'—A"-B")+j(A"-B"+A"-B);
E: A/+jAn _ (A'+jA”)(B'_jB”) _ AB +A".B" +jA"BI_ArB”
B B/+ jB” (Br+jBn)(Br_jB”) ‘B‘Z ‘B‘Z .

CurHaja, M3MEHSIOIIMICA 10 TrapMOHHYECKOMY 3akoHy s(t) =

A cos(wt + @), ¢ ydeToM TOHATHS U CBOMCTB KOMILUIEKCHBIX YHCET MOXKHO

npeaACTaBuTh B BUAC MI'THOBCHHOI'O KOMILICKCA
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5() = Ay explj(wt + @)], (1.7)
rae A, ®, @ — aMmIUINTyJa, 4YacToTa W HavaibHas ¢aza rapMOHUYECKON
(PyHKLIMH COOTBETCTBEHHO.

KoMIiekCHO-CONpsKEHHBI MTHOBEHHBIM KOMIUIEKC B COOTBETCTBUU C
(1.7) umeet Buj
§*(t) = A exp[—j(wt + @)]. (1.8)
Uckimrouast u3 Beipaxkenuit (1.7) u (1.8) equHUYHBIN BEKTOp BpalleHUs

exp(jwt) nam exp(—jwt), moIydUM KOMILICKCHYIO

S = Amexp(jo) (1.9)
U KOMILTIEKCHO-CONPSKECHHY O
$* = Ap exp(—jp) (1.10)

AMILIMTY bl OT TAPMOHUYECKOM (DYHKIIWH.

[Tpu HEOOXOAUMOCTH BEPHYTHCS OT KOMIUIEKCHOM aMIUIATY/IbI CUTHAJA,
NPEACTABIISIONIEH CO00H IMOCTOSHHOE YHCJIO0, K MIHOBEHHOMY KOMILICKCY
HEOOXOIUMO KOMIUIEKCHYIO aMIUINTYIy YMHOKUTh Ha €JUHHYHBIA BEKTOD
BpamicHus exp(jwt). DTo Ke OTHOCHTCA M K KOMILIEKCHO-CONPSKEHHOM
KOMILIEKCHON aMILIUTYA€ IPH TOM, YTO YMHOXKEHHE OCYIIECTBISETCS Ha

eIMHUYHBIN BEKTOp BpalleHus Buaa exp(—jwt).
1.5. OnucaHune curHanoB pa3pbIiBHbIMU PYHKLUAMU

[Ipy mpoBeneHMM aHanu3a CIOXKHBIX CUTHAJOB W IIpU  AHAJINA3E
MTPOXOKJICHHS CIIOKHBIX CUTHAJIOB YEPE3 PAAUOTEXHUYECKHUE LIEMU BO3HHUKAET
HEOOXOAMMOCTh ONUCAHUS CUTHAJIOB B BHUJE MATEMAaTHYECKUX BBIPAKECHUMH.
WMiynibCHBIE CUTHAJIBI MOTYT OBITh ONHCAHbI C UCIOJB30BAHUEM Pa3pbIBHBIX
¢bynkumit. Hampumep, Ha puc. 1.5,a mpuBeneH NpsSMOYTOJbHBIH HMITYJIbC,
KOTOPBI ONMUCKHIBAETCA CAEAYIOMIeH (pyHKIMEH

0 npu t<O0;
u(t) =4{U, mpu 0 <t<rT,;
0 npu t> T,
rae U, — aMmuTyaa, a T, — JVIMTENbHOCTD MPSIMOYTOJIBHOTO UMITYJIbCA.
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11 A 1A

] T

. < "G

0 a Ty t 0 T,_lj 5 Tu t

Puc. 1.5. IIpsmoyronbHblii () 1 TpanenenaaIbHbIN (0) UMITYJIbCHI

Jns  TpameuewpanbHoro  ummyibca  (puc. 1.5,0) copaBeniuBo
aHAJIMTUYECKOE OIpE/IeTICHUE B BUJIC

( 0 npu t < 0;
UT% pu 0<t<rTy
) U, pu Tp=e=T, — T
t—T, — T, IpU L O e
(1)
\ 0 c Ipu t =1y,

rae U, — aMIUIMTyJa MMIYIbca; tg, — JIMTEIBHOCTh (poHTa (TIepeHero)

UMIyJIbCa; T, — JJIMTEIbHOCTh cpe3a (3agHero (¢poHTa) UMIYJIbCA;, T, —

JUTUTEILHOCTh UMITYJIbCA.

W3 npuBeAeHHBIX MPUMEPOB BUIHO, YTO, IPOBOJIS pPa3OMEHUE CIOKHOTO
CUTHaJa Ha OT/AEJIbHBIE YaCTH B Pa3HbIe MOMEHTHI BPEMEHH, OIMHCHIBAEMbIC
npocTedmuMu  QyHKIUSIMHU ~ (ypaBHEHHUSI TPSIMOM, TPUTOHOMETPUYECKUE
(GyHKIIUU, SKCMOHEHIMATbHBIE (YHKIUU U T.J.), MOXKHO TMOJYYUTh (HOPMYITY
JUTsl OMUCAHUSI CIIOKHOTO CUTHAJIA.

1.6. IlMHaMmn4yeckoe onnucaHme curHasnoB

[Ipy aHanu3e CUTHAJIOB, MPUMEHUTEIBHO K PaJIUOTEXHUYECKUM
YCTpOWCTBaM, MO0 CHCTEMaxX CBSI3HM, OTKIWK YCTPOMCTBAa Ha MPOM3BOJIBHOE
BXOJIHO€ BO3JIEMCTBUE B JOCTATOYHO IIMPOKOM BPEMEHHOM AMAIMA30HE MOYKHO
NpEICTaBUTh  CyMMOM AJEMEHTAPHBIX CUTHAJIOB, BO3HUKAKOIIMX B
MOCJIEIOBATEIbHBIE MOMEHTBI BPEMEHHU. YCTpEMJsisl K HYJIO JJIMTEIbHOCTh
ATUX DJJIEMEHTAPHBIX CUTHAJIOB, B IMPEAENE IMOJYy4YaroT TOYHOE OIMCAHUE
CUTHaJIa aHAJIUTUYECKUM BblpaxeHueM. [1omo0HbI METO/T ONUCaHUsI CUTHAJIOB
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MOJIyYWJ1 Ha3BaHUE OUHAMUYECKUI, YTO TOBOPUT O 3aBUCHUMOCTHU
BBIYHMCIIUTEIHLHOTO MPOIECCa OT BPEMEHH.

Ha mnpakTuke MMPOKO UCHOJB3YIOT JBa METOJa JIUHAMHYECKOTO
OMHUCaHUsI CUTHAJIOB. B mepBOM MeETOJie B KaUeCTBE 3JIEMEHTAPHBIX CUTHAJIOB
UCMONB3YIOT  CTyINEHuYaThle  (DYHKIHMM, BO3HHUKAIOIIME 4YEepe3  paBHbIC
npoMexxyTku BpemeHun At (puc. 1.6,a). Beicora Kaxmol CTYNEHBKH

As; =s;-S,;, J]=12,... paBHa npuparenuio curuana 3a spems At. Bo Bropom

METOJIE B KAUECTBE DJIEMEHTAPHBIX CHUTHAJIOB MCIOJIB3YIOT MNPSMOYTOJIbHbIC
UMIYJIbChl  OJIMHAKOBOW  JJIMTENbHOCTH At, HO C  BBICOTOMU S
COOTBETCTBYIOIIEH AHAJIOTOBOMY CUTHAITY B MOMEHT BPEMEHHU
tj=jAt j=01, 2,...(puc. 1.6,0).

Ny \

ASI

A0 at Zat 3at 4at t O ab 2t Gt At T
a 0

Puc. 1.6. lunamuueckoe onucanve CUTHAIOB Ha 0a3e CTYNeHYaThIX (a) U

UMITYJIbCHBIX (0) QyHKUUIA
B ocHOBe METONOB AMHAMHUYECKOTO ONMCAHUS CHTHAJIOB JIeXkKaT IBE
byakuun: GyHkius BrarodeHus (dyHkmus XeBucaiina) U aenbTa—(pyHKIUS
(0 — dynkIus). PaccMoTpuM 3TH QYHKIIHH.
Dynxkyua exnwyenusn (Qynkuyua Xeeucaiioa). [loniyctum, 4to 3aAaH
curHan (puc.l.7,a), mMaremaTuyeckass MOJEIb KOTOPOTO OIKUCHIBACTCS

BBIpQKCHUEM
0 npu  t<-£/2
u(t)=<(1+2t/€)/2 npm -£/2<t<E/2;
1 npu t>¢&/2.

:—rv
—+y

¢

Puc. 1.7. JIunelinbiii 3akoH nepenauu (a) u Gynkius Xesucaiaa (0)
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[TonoOHast pyHKUMS OTpakaeT JUHEWHBIM 3aKOH MEpPEeXo/ia HEKOTOPOTO
¢u3nyeckoro mpoiecca U3 HYJEBOIO COCTOSHUS B €IWHUYHOE COCTOSIHHE 32
Bpems . MareMarudeckasi MOJiesib TOJOOHOTO nepexoja npu &, crpeMsieMcs
K HYJIIO, TOJy4rJia Ha3BaHWe (DYHKIIMU BKJIIOYEHUS WM PYHKIUU XEBUCAKTA.
Ee onucanue umeet BUa

0 mpu t<ty;

o(t-t,)= (1.11)

1opu t>t,,
rie t, — Bpems, KOTOpPOE€ XapakTepHu3yeT CMEIEeHUE (YHKIUHM BKIOYCHHUS
OTHOCHUTEIBHO Havaja koopauHart (puc.1.7,0).

K OCHOBHBIM CBOWCTBaM (PYHKIIMM BKJIFOUEHHUSI OTHOCST CIEAYIOIIHUE.

1. ®yHKIUS BKIHOYEHUS MO3BOJISET MOTYYUTh aHATTUTUYECKOE
MIPEACTABICHUE O IMOBEJICHUM MPOU3BOJBHBIX CHUTHANOB S(f) 10 M mocie
KOMMYTaIluu
0 mpu t<ty;

S(t)G(t_tO): s(t) mpu t>t,,

(1.12)

T.€. 10 U mocJie Toro, kak ¢pyHkiusa BkiatoueHus (1.11) npuobpereT enMHUYHOE
3Hauenue. M3 Beipakenus (1.12) BUAHO, 4TO (PYHKIMSA BKIIOUEHHS, KaK ObI
BKJIIOYACT IPOM3BOJIBHYKO (pyHKIMIO B MOMeHT BpemeHu t,. Kpome Toro,
PACCMOTPEHHOE CBOMCTBO TO3BOJISIET ONPEACTHUTH Il (GYHKIUH BKIIOYCHUS
aMILUTUTYY.

2. Pasnocts o(t) = o, (t) —0,(t) nByx dyHKIMIT BKIIOYCHHS
o,(t)=o(t—t,) u o,(t)=c(t—t,—7,) no3BONSET ONMUCATH WMIIYIbCHBIII

curtain S(t) mMTenBHOCTBIO T, U MOMEHTOM TosiBieHus t, (puc. 1.8)
s(t) =s1(t) —s2(t) = Alo1 (t) — o2 ()] = Alo(t - tg) —o(t —tg — 1) (1.13)

%1 CaA

to+T.

L i — Q

-.—r‘y
—

T

i

i

Ap--—--- ——

—+y

O tO 0 tO t0+1:; T

a 0 B
Puc.1.8. ®opmupoBanre IMIyJIbCHOTO CUTHAJA (B) C HCTIOJIb30BAaHUEM JBYX
bynkumid BkoueHus o1(t) (a) u 6,(t) (0)
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Onucanve WMITYJIbCHBIX CHTHAJOB C HCIOJb30BaHUEM  (YHKIUH
BKJIFOUEHHS IIUPOKO HUCIOJIB3YETCS] B TEOPUU PATUOTEXHUUYECKUX CHUTHAJIOB U
Y aHAJIU3€E PATUOTEXHUYECKUX YCTPONCTB.

Hcnonb3ys cBOMCTBA (YHKIIMM BKJIIOYEHHS, MOXXHO TPEJICTaBUTh
anamoroBblii curHanm S(I) B BHIE MOCIETOBATEIHLHOCTH MPSIMOYTOJBHBIX
BUJICOMMITYJIBCOB, CICAYIOIIMX APYr 3a JIPYroM uepe3 paBHbIC BPEMEHHBIC
unTepBaibl At (puc. 1.9). [lono6HOE OTHOCUTENBHO KAXkA0T0 UMITYJIbCA MOYKHO
BBITIOJIHUTH CJICIYIOIIUM 00pa3oM.

Wmnynbcel, crienyronpe ¢ uHTepBaioM At, B KOHKPETHBIE MOMEHTHI
BpeMeHH (POPMHUPYIOTCA KaK pa3HOCTh ABYX (yHkiuii BriatoueHus (1.13). B
MOMEHT (OPMUPOBAHUS HMITYJIbCAa MPOU3BOIUTCS OIIEHKA HMHTCHCHUBHOCTH
ananoroporo curHana S(f). 3HaueHHEe WHTCHCHBHOCTH aHAJIOTOBOTO CHTHAJIA
UCIIOJIb3YETCS B BUJIE aMIUIUTYAbl UMITYJIbCA

n
5, = z Apfo,(t — kAY) — 0, (t — kAt — 1,)],
k=0

rac Ak — aMHJ'II/ITy,Z[a I/IMHYJ'II)CH., COBITIagaronias C MHTCHCHUBHOCTBIO
aHAJIOTOBOTO CUTHAJIa B MOMEHT BpeMeHU KAt.
SiA
hit
| L s(t)
"N
7 \
7
N
”TI
>
0 At t

Puc.1.9. IlpenacraBienne aHaaIorOBOroO CUTHAJA MTOCIEA0BATEIBHOCTHIO

MPAMOYTOJIbHBIX UMITYJIbCOB

envma-gpynkyua (@ynxkyua Jupaxa). PaccMOoTpuM UMMIYJIbCHBIN

CUTHAJI TIPSMOYTOJBHOM (OPMBI KaK Pa3sHOCTh ABYX (YHKIMN BKIIOUCHUS

2

mmtenbHocTh — & (puc. 1.10,a). B gannom ciyuae mpu mobom mapamerpe &

v(t) :é G(t + éj —G(t — %) . Ammmtyna wummynbca paBHa 1/E, a

IUIOMIAAh MMIYJIbCa JUINTEILHOCTRI0O & W aMIuuTyaond 1/& paBHa enuHMIIC
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I, = Ivdtzl. CoOTBEeTCTBEHHO B clly4yae, Korja 3HaueHue ¢& Oyner

—00

CTPEMUTBCS K HYJIIO, JUIMTEIHLHOCTh MMITYJIbCA COKPAIIAETCS M CTPEMHTCS K
HYJTIO.
®Oyuknus V(L) mpu 3HaUeHMH & CTPEMSIIEMCS K HYJIO HA3bIBaCTCS —

dynkuueit (pynkuueit Jupaxka) (puc. 1.10,0)

V() 4 3(t)
1/€ l
(¢/°]

2 0 &2 % 0
a 0

Puc.1.10. [IpsiMoyronbHbIiA UMIYJILC () 1 CUMBOJIBHOE U300paXeHue
6—dynkuuu (0)

O mpu t#tg;

8(t—t0):{

oo npu t=t,.

1

JlenbTa—QyHKIIMA paBHA HYJIO BCIOAY B paMKax BPEMEHHOW OCH, KPOME

Touku t=1,, mpu 3TOM OHa 00IagaeT €AMHUYHBIM HHTETPATIOM J- o(t)ydt=1.B

o
CBSI3HM C 3TUM MOXKHO 3aKIIOYUTh, YTO O — QYHKIUS SIBISIETCS] MaTEMaTHIEeCKOM
MOJIETIbI0 OECKOHEYHO KOPOTKOTO IO JJIUTEIbHOCTH HUMITyJbca ¢ OECKOHEYHO
OOJILLION aMIUTUTYOM.

OyHKIMA  BKIIOYEHUS W O—(QyHKIOHMS CBS3aHBI MEXKIYy COOOM
CJICYIOIIMMH COOTHOIICHUSIMU:

0

o(t-t,)= [ (t—t,)dt, (1.14)
S(t—t,) Z%G(t—to). (1.15)

W3 »TuX COOTHOIIEHWN BUIHO, YTO (DYHKITUS BKIIOUCHHS MPEICTABISET
coboit mHaTerpas ot 6 - GyHKIUH, a O—(pyHKIHUS — MPOU3BOIHYIO OT (DYHKITUU

BKJIFOUCHMUA.
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OCHOBHBIM CBOMCTBOM O—(yHKIIMM MOXXHO Ha3BaTh (PUILTPYIOIIEE
CBOMCTBO
0 mpu t#t,;

s(t,) mpu t=t,. (1.16)

s(t)8(t—t0)={

DTO CBOWCTBO MPU MOCTPOCHUU MOJIEJIEH CUTHAJIOB, C UCIIOJIb30BAHUEM O

—(pYHKIMH, TO3BOJIICT OTCICAUTHh 3HAUCHHE MPOM3BOJIBbHOrO curHaia S(t) B
3aJjaHHbIl MOMEHT BpeMeHu t=1,. 13 Bepaxkenus (1.16) MOKHO BHIETH, YTO
BO BCEX TOYKAaX BPEMEHHOMN OCH, KpoMe TOYKH t =1, 3HaueHne npousBeacHUs

d—(pyHKIM HA MPOM3BOILHYIO PyHKIH0 S(t) paBHO HYIIIO.

1.6.1. QuHamu4eckoe npedcmaesieHuUe cuzHana pyHkyueu
8KITI0YEeHUSs

PaccMoTpuM mpou3BONIBHBIN HempepbiBHBIM curHan  S(t) (puc.1.11).
Pa3oObem ocbh BpemeHu Ha uckperHble MomeHThl t, =KAt, K>1. Otm

MOMCHTBI BPEMEHHM KpaTHbI TOCTOSHHOMY IIary JUCKPETU3alHuH (B3STHS
BbIOOpOK curHaina S(t)) At. ITycte B MOMeHT BpeMeHHu t = 0 3HAUYCHHE CHTHaja
paBHo S, =S(t=0). CoorBeTcTBeHHO B MOMEHT BpemeHu t, curHan S(t)
npuaumaeT 3Hadenue S, =S(f, ). B aToMm ciyuae Tekyiiee 3HaueHHE CUTHaja
npu BpemMenu t,, <t<t, npubnusuTenbHO paBHO cymMMe (YHKUMH
BKJIIOUCHUS, aMIUTUTYABl KOTOPBIX paBHBl Pa3HOCTH 3HAYEHUH S, H S,
¢ynxmmn s(t) B MomenTs! Bpemenu t, u t, ;. B cOOTBETCTBHM C 3THM MOXHO

3aImcarTb

s(t) =S,0(t)+ (s, —Sy)o(t—At)+(s, =5, ) o (t—2At) +

+i -5, )o(t—KkaAt)

k=1

B nosiydeHHOM BBIpa)K€HHH, YCTPEMUM BpeMeHHOW uHTepBan At Kk Hy:rO.
B orom cmywae guckperHas mnepeMeHHas KAt MoxeTr OBITh 3aMEeHEHa
HEIPEPBIBHOW  IepeMeHHOM t. Mansle mpupamenus  AS, =S, —S, 4,
XapaKTEePU3YIOLIUE aMIUTUTY bl (DYHKIMI BKIFOUEHUS MPECTABISIOTCS B BUJE

ds =(ds/dr)dt. ITonoGHBIE TTpeoOpa3oBaHMs MO3BOJISIOT MOJYYUTH (HOPMYITY
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AUHAMHWYCCKOI'0 IIPCACTABIICHUA IIPOMU3BOJBHOI'O CHI'HAJla C HCIIOJIb30BAHHC

(GyHKITUN BKITIOUCHUS:

s(t) =so0(t) + | 95 S(t—)dr. (1.17)
o dt
'y
s
NS
o 2_S
AT AT At AT AT

S >

01;1'21'31;1},1

Puc.1.11. Jlunamuyeckoe npeacTaBieHre CUrHalIa (PYyHKIIMEH BKIFOUEHUS

1.6.2. JuHamu4eckoe npedcmaesieHuUe cuzHasna desibma-
¢gyHKyueu

PaccMoOTprM HEKOTOPBIN IPOU3BOJIBHEIN HelIpepbiBHBIN curHai S(t). Dtor

CUTHal B MOMEHTBI BpeMeHH [, , <t<t,, B COOTBETCTBUU CO CBOWCTBAMH
(DyHKIMI  BKIIOYEHMS, MOKET OBITb IPEACTaBIEH B BUAEC CyMMBbI
JJIEMEHTAPHBIX  UMIYIbCOB M, (1) =S, [G(t —t)—o(t-t, - At)] ,  TIe

aAMIUTATYBI KIMITYJIbCOB paBHbI S, =S(t,):

()= Y n, (0 (1.18)

B Beipaxennn (1.18), ommceiBaromiem curHan S(t), B BHIAE CyMMBI

UMITYJIbCOB B MOMEHTBI BpeMeHH [, , <t <t , He paBHBIM HyIIIO OyAET TOIBKO
OJIVH 4YJIeH, COOTBETCTBYIOIINHA K—My oTcUeTy.

[TonctaBnsis B (1.18)  3HaueHWe  3JIEMEHTAPHOIO  UMITYJIbCA,
OIHCBIBAEMOT0 PA3HOCTBIO (DYHKLMH BKJIFOYEHUS, U IPOU3BOISA [IEJIICHUE U
YMHO>KEHUE BBIPA)KECHUS Ha BEJIMYMHY 1l1ara B3sATHUs oTcueToB Al, Oynem uMmers

s(t) = i sk[c’(t_tk)_it_tk _At)}At. (1.19)

B Beipaxkenun (1.19) ycrpemum mmiar B3stus orcueroB At k Hymo. B

K=—oo

3TOM Cllydae JUCKPETHYIO IepeMeHHYI0 Al MOXXHO 3aMEHHUTH IIepeMEHHO dT.
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CoMHOXUTETh, B KBAAPATHBIX CKOOKax, TepexoAs K Tmpeaemy, Oyner
MIPEACTABIATE COO0H 8- yHKITHIO
. o(t—1)—oc(t—1t—-At
i Ot=1) —o(t-T-At) _
At—0 Al

B pesynbraTe sTOoro B BhipaxkeHuu (1.19) cymMmupoBaHuE MOKHO

S(t—r)

3aMEHUTh MHTETPUPOBAHUEM IO NEpeMEeHHON T. B pesynbraTe mnom0OHBIX
npeoOpazoBaHuil NoJIyYrM (HOpPMYJTy IUHAMUYECKOTO MPEACTABICHUS CUTHAja

C UCIOIb30BaHuEeM O —()YHKIIUU

o0

s(t) = [ s(7)3(t—1)dr. (1.20)

—00

1.7. PyHKUMOHANbHbIE NPOCTPAHCTBa CUrHarNoB

[Tpy mMaTemMaTHYEeCKOM OINHUCAHWU CUTHAJIOB MX YAOOHO paccMaTpUBaTh
KaK BEKTOPBI WM TOYKU B IIPOCTPAHCTBE CUTHAJIOB.

Ha mnpaktuke npu aHaiIu3e paguoOTEXHUYECKUX YCTPOMCTB YacTo
UCIIOJIB3YIOT CIIOKHBIE MO (POpME CHUTHAbI, KOTOPbIE HEBO3MOXKHO HArJISIHO
NpEeICTaBUTh B BUAE BEKTOpPOB. OJHAKO CJIOKHBIE CUTHAJIBI MOTYT OBITh
IIPEJICTAaBIEHBI B BUJIE CYMMBbI 00JI€€ MPOCTHIX CUTHAJIOB

oo
X© = ) aou(®, (1.21)
k=0
r7e Oy — KOd(PPUIIMEeHTHI TPOMOPIIUOHATBHOCTH; Py (t) — MPOCThIE PYHKIIUU U3
cooTBEeTCTBYyIOIIEro 6asuca; k = 0,1, 2, ... — enoe gucio.

[Ipocteie curHambl @p(t) ¥ COOTBETCTBEHHO CIIOKHBIE CHUTHAIBI, UM
COOTBETCTBYIOIIME, MOTYT OBITh NPEACTaBICHbl B BHUJE Habopa (CyMMBbI)
BEKTOPOB.

B COOTBETCTBUU C PUHITUTIOM CYTIEPITO3UIINH aHaIMn3
PAAMOTEXHUUYECKUX YCTPOUCTB MOXKET OBITh MIPOBEICH OTHOCUTEIIBHO KaXKI0TO
U3 TIPOCTHIX CUTHAJIOB, & OTKJIMK TIOJyYeH KaK CyMMa OTKJIMKOB OTHOCHTEIHHO
MHOKECTBA IIPOCTHIX CHTHAJIOB.

B tpexmeprom mpoctpancTse (puc. 1.12) pa3ioxkeHne ci0XKHOTO CHUTHAJA
Ha MPOCTEHINNE CHUTHAIBI CXOJHO C PA3JIOKEHUEM BEKTOpa X TPEXMEPHOIO

IIPOCTPAHCTBA 10 KOOPIMHATAM OPTOTOHAIBHOTO eMHNYHOTro 6aszuca (i, , K):
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X=X i+X,j+x;Kk. (1.22)

Puc. 1.12. PaznoxeHue BEKTOpa X M0 KOOPAUHATHBIM OCSIM TPEXMEPHOI
OPTOTOHAJILHOM CUCTEMbI KOOPAUHAT

Koadduimentsr X;, X,, X3 ABISIOTCS MPOEKIMSMHU BEKTOpa X Ha OCHU
KoopuHaT. OHHM TOJTHOCTHIO ONPEACIIAIOT BeKTOp X (1.22), SBISsICh BEKTOPAMHU
X1, Xoj ¥ x3K.

[lonoxeHus TPEXMEPHOTO OPTOTOHAIBHOTO MPOCTPAHCTBA MOYKHO
MEPEHECTH Ha N-MEPHOE MPOCTPAHCTBO. ITO MO3BOJISET MPEICTABUTH CIOKHBIN
CUTHAJI B BHUAE CYMMBI MNpocThix curHaioB (1.21). Paccmorpum mpumep

MPUMEHUTENBHO K puc. 1.13.
XA

] x(t)

N

x(kAt) .l,_|_¢
0 »

kAt T

At

Puc. 1.13. [Ipencrasnenue HenpepbiBHOM QyHKIMHU X() MOCIEI0BATEIIEHOCTHIO
IPSIMOYTOJIBHBIX UMITYJIBCOB

Wmeetcs HenpepbiBHbIA curHai X(t). C omnpeaeneHHON TOYHOCTBIO €ro
MOKHO TIPEJICTaBUTh MOCJIEAOBATEIBHOCThIO MPSAMOYTOJIbHBIX WMIYJIBCOB,
aMUTy bl X(kAt) KOTOpBIX ONpenenstoTCs UHTEHCUBHOCTHIO HEMPEPBIBHOTO
CHrHajia B TpejesiaXx BPEMEHHBIX HHTEPBAJIOB {(kﬂ)At-kAt}:At. B nanHOoM
Cly4dae MpsIMOYTOJIbHBIE MMITYJIbChl MOKHO paccMaTpuBaTh Kak IMPOCTEUIIINE
curHaibl ¢ aMuTyoi x(kAt) u putenbHOCTRIO At. Tora uCXOoaHBIN CUTHAI

X(t) Ha Bpemennom uHtepBajie {0, T} yCIOBHO MpeaCTaBIISIETCS BEKTOPOM B N-
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MepHOM TipocTpancTtBe. Ywucno koopauHaT X, =x(kAt) srToro BekToOpa
omnpeaensercs Boipaxkennem n=T/At. YuureiBas (1.21) u mo ananoruu ¢ (1.22),
curaai X(t) MOJKHO MPEACTaBUTH B BUAC CYMMBI:

n-1
X(O = ) 5 (0) (1.23)
k=0
rae @x(t) = @(t — kAt) — OGasucHble (QYHKIUH, OTBEYAIOIINE YCIOBUAM:

(t) _ {1; te [(k — 1)At, kAt]; 1 kot
PV =0, te [(k— 1AL kAL, acdk-Dac
[ToHATHE «IIPOCTPAHCTBO», HCMOJB30BAHHOE MPH TPAKTOBKE OIHCAHMS

e (Hdt = 1.

curHana (1.23), mo3BoJsieT NpuUaTh MHOXKECTBY CHTHAJIOB T€OMETPUUYECKUN
CMBICII U COOTBETCTBEHHO HAIJISITHOCTD MPU aHAIU3€ MOCIIEIHUX.

[IpuMeHUTENHFHO K CHUTHAJIAM MOKHO paccMaTpHUBATh Pa3JIUYHBIC BUJIBI
npoctpaHcTB. OCTaHOBUMCS Ha 3TOM.

Jluneitnoe (6ekmopnoe) npocmpancmeo cuzHa106. J1omycTuM, UMEETCs
HEKOTOpoe MHOXkecTBO curHanoB M = {s;(t), s,(t), s3(t),...}. Dtu curHassl
00BbEeIMHEHBI MEXy COO0M HEKOTOPHIMHU OOIIMMU CBOMCTBAMU U (DU3UUECCKUMU
napaMeTpaMu, 4TO TOBOPHUT O HAJIMYUU HEKOTOPOH CTPYKTYphl CUTHAJIOB. JTO
TOBOPHUT O TOM, YTO OJHHM CHUTHAJIBI U3 3TOI'0 MHOKECTBA MOTYT 00pa30BbIBATH
apyrue cursaibl. [IpUMEHUTENBHO K 3IEKTPUUECKUM CUTHAJaM MOYHO BECTH
pPa3roBOp O CJIOKEHUM CUTHAJIOB JAPYT C APYTOM U COOTBETCTBEHHO MOIYYEHUU
HOBBIX CHUTHAJIOB MHOXecTBa. KpoMe TOro, CHUTHallbl U3 MHOXECTBA MOTYT
YMHOXXaThCSl Ha MPOU3BOJBHBIA MAaCIITAOHBIN KOA(GHUITMEHT. ITO MO3BOJISET
BBECTHU B MHOXECTBO CHUTHAJOB CTPYKTYpy JuHEHHOro mpoctpanctea. C
y4E€TOM TOT0, YTO CHUTHAJIbI MOXXHO TMPEICTAaBUTh BEKTOpPAaMH N-MEPHOTO
MPOCTPAHCTBA, TO TOTAA ISl 3JEMEHTOB JIMHEMHOrO MPOCTPAHCTBA MOYKHO
3anucath CleIyoUue NpaBuia;

a) eciii HEKOTOpou (yHKIMU X(t) COOTBETCTBYET BEKTOp X = (X(, X,
X9, , Xp), @ GyHKIHH V() — BekTOP Y = (Vo, V1, V2, - » Vn), TO CYMME 3THX
BEKTOPOB OyJET COOTBETCTBOBATh BEKTOp Z =X+Y = (X + Yo, X1 + V1,
Xy + Y2, 5 Xn + Yn);

0) ecnmu HekoTopol (yHKIMH X(t) COOTBETCTBYET BEKTOp X = (X(, X,

X9y ey Xn) N UMCCTCA CKAaJLIpHas BCIMYKWHA Y, TO TOraa AJd HUX CYHICCTBYCT

npousBeneHne YX = (YXq, YX1, YX2, - YXp);
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B) B JIMHEHHOM IIPOCTPAHCTBE CYIIECTBYET HyJIeBOM AieMeHT X + 0 = X;

I) KaXKJIOMY BEKTOPY X JIMHEMHOTO MPOCTPAHCTBA MOYKHO IMOCTABUTH B

COOTBETCTBHUE MPOTHUBOIOJIOXKHBIA BEKTOP — X, TAKAUM 00pa3oMm, uto X + (—X) =
0.

B pamMkax JIMHEMHOIO0 NPOCTPAHCTBA MOYKHO BBECTH K PacCMOTPEHUIO
MHOYKECTBO BEKTOPOB {(y}, 00pasymommx JHHEHHO HE3aBUCHMBINA Oa3uc.
Toraa, ¢ yueroM ckamsipHbIX KOA((ULUHUEHTOB Xj, OTPAKAIOIIUX KOOPAUHATHI

BCKTOpPA X, BCKTOP X MOKHO ITPCACTAaBUTb B BUJIC
n—-1

X= ) X (1.24)
k=0
MHOKeCTBO BEKTOPOB {(y} 00OpasyeT JIMHEHHO HE3aBHCUMBINA Gasuc,

CCJIM YCJIOBHC
n-1

> Xy =0 (1.25)
k=0
BBITIOJTHSIETCS TOJIBKO TOT/Aa, Koraa Bee X, = 0.

Mempuueckoe  npocmpancmeo.  MeTpuueckKuM  MIPOCTPAHCTBOM
Ha3bIBAIOT JIMHEHHOE TMPOCTPAHCTBO, B paMKax KOTOPOTO OMpPEAeIICHO
pacctosiue d(X,y) MexAy BEKTOpaMH X Uy MPOCTPAHCTBA (T.€. OMpejesieHa
MeTpuka). Takum o00pa3oM, B METPUUECKOM MPOCTPAHCTBE OIPEACICHO
HEKOTOpOe HeoTpulaTreabHoe 4uciao d(X,y) ¥ crmocod omnpeaeiacHus 3TOro
YHCiIa, HA3bIBAEMOT'O0 PAacCTOSTHUEM.. PaccrosiHue (MeTprKa) JOJKHO OTBEYATh
CJIETYIOIIAM YCIIOBHSIM:

a)d(x,y) =0, ecmu X =y;
6) d(x,y) = d(y,x);
B)d(x,y) = d(x,z) + d(zy),
T7ie X, Y U Z — BEKTOpa MPOCTPAHCTBA.

Csoiicta (a) u (0) MeTpudeckoro mpoctpaHcTBa oueBHIHBL. CBOHCTBO
(B) Ha3bIBAIOT HEPABEHCTBOM TPEYTOJIbHHKA. DTO HEPABEHCTBO TOBOPHUT O TOM,
YTO JUIMHA OJTHOM CTOPOHBI TPEYrOoJbHUKA MEHbIIE (MM paBHA) CYMMBI JIJTMH
IBYX JIPYTUX CTOPOH TPEYTOJbHUKA.

Hopmupoeannoe npocmpancmeo. HopmupoBaHHBIE TPOCTPAHCTBA
3aHMMAIOT BOXKHOE MECTO CPEIH JTUHEWHBIX METPHUECKUX MPOCTpaHcTB. OHU
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XapaKTepU3yIOTCs TeM, YTO B HHUX 3agaeTcs HopMma Bektopa ||X]||, koTopas
YAOBJIETBOPSET CIACAYIOIINM aKCHOMaM:
a) [Ix|| = 0;
6) IlyxIl = Iyl [IxIl;
B) Ix + yll < lIxI[ + llyll,
rJie Y — MOCTOSTHHAS BEJIMYMHA.

AxkcuoMa (a) TOBOpPUT O TOM, YTO HOpPMa BEKTOpa SBIISIETCA
MOJIOKUTEIBHON BEIMYMHOW. [Ipr 3TOM HOpMa BEKTOpa paBHA HYIIO TOJBKO
TOTJIa, KOTJ[a pacCMaTpUBAeTCsS HYJIEBOW BEKTOp. AKcuoma (0) TOBOPHUT O TOM,
YTO YMHOXXEHHE BEKTOpAa Ha CKAISIPHYIO (IIOCTOSIHHYIO) BEJIHMYHMHY Y PaBHO
YMHOXKEHHIO HOPMBI BEKTOpa Ha MOAyJdb OT ckamipa |y|. Akcuomy (B)
Ha3bIBAIOT aKCHOMOM TpeyroiabHuKa. OHa TOBOPUT O TOM, YTO HOPMaA OT CyMMBI
JByX BEKTOPOB MEHBIIIC WJIM paBHa CyMME€ HOPM OT OTAEIBHBIX 3THX ABYX
BEKTOpPOB. 3HaK paBEHCTBA OyACT MMETh CMBICI, €CIM BEKTOPHI MMEIOT OJHO
HaIpaBJIiCHHUE.

Bewiecmeennoe  esknuooeo - N-mepnoe  npocmpancmeo.  ITO
npocTpaHcTBo 0003HadaeTcss R™. [1ox eBKIMIOBBEIM TOHUMAOT KOHEUHOMEPHOE
BCIIIECTBEHHOE BEKTOPHOE TIPOCTPAHCTBO, 00pa3yeMoe COBOKYITHOCTBHIO
BEKTOPOB, C BBCJICHHBIM HAa HEM TIOJIOKUTEIBHO OIPEACICHHBIM CKaJSIPHBIM
NPOM3BEAECHUEM, NIPEACTABISEMbIM BEMECTBEHHON (yHKIMEN Buma (*,%). D10
MIPOCTPAHCTBO 00JIa/IaeT CIACAYIOMIMMH TPEMS CBOHCTBAMH:

a) OWJIMHEWHOCTB: JIs TFOOBIX BEKTOPOB U, V, W H JIJIs TIFOOBIX
BEIIIECTBCHHBIX YMCEN A, b BBITTOIHSIIOTCS YCIOBUS:

(au + bv,w) = a(u,w) + b(v,w);
(u,av + bw) = a(u,v) + b(u, w);
0) CHMMETPUYHOCTH: JJIS JTFOOBIX BEKTOPOB U U V BBITIOJHSACTCS yCIOBUE
(u, v) = (v, w),

B) TIOJIOKHTEIbHAS OMPEICIEHHOCTh: JIJIs JTF0OOT0 BEKTOpa U
BIONTHsICTC  yemoBue (U, u) = 0, mpu 3TOM CKaJsIpHOE MPOU3BEICHHE
(u, u) = 0 ToapKO B cayyae, korma u = 0.

JIro6o#t BEKTOp B N-MEPHOM EBKJIIMIOBOM IPOCTPAHCTBE OMPEICIAETCS

COBOKYITHOCTBIO €ro KoopaumHaT: X = (Xg, Xq, .., Xp_1). JJuHa BekTOpa X

ornpenaesercs, Kak +/ (X, X) u obo3nauvaercs ||x||:


https://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%BE%D0%B2%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BB%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D0%BE%D0%B5_%D0%BE%D1%82%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5

Takum 00pa3oM, MOXKHO OTMETHTb, YTO HOpPMa BEKTOpa IpPEACTaBISET
coboii juuHy BekTopa. IlojoxxkurenbHass ONPEAENEHHOCTh CKaJISIPHOTO
ITPOU3BENEHUS TOBOPUT O TOM, YTO JUIMHA HEHYJIEBOTO BEKTOpa HEHyJieBas. M3
OWJIIMHEHHOCTH  CIEAYyeT, 4YTO JUIMHBl IPONOPLHMOHANBHBIX  BEKTOPOB
nponopiroHanshsl ||ax|| = |al[|x]|.

B kauectBe mnpumepa N-MEPHOrO €BKIWAOBA IPOCTPAHCTBA MOYKHO
paccMOTpeTh KOOpAMHATHOE MpocTpaHcTBO R, cocrosiiee n3 BCEBO3MOXKHBIX

N BEIIECTBEHHBIX YuCeN (Xy, Xq, ..., Xp_1). CKAIIPHOE MPOU3BEICHHE B 3TOM
n

—1 _
i=0 Xi¥i = XoYo T X1y1 T
v+ + X _1Vn—1. PaccTosHrE MeKTy ABYMsl BEKTOpAMH ONpEeNseTcs Kak HOpMa

pocTpaHCcTBe ompeaessercs (opmyroit (X, y) =

Pa3HOCTH BCKTOPOB:

n-1
dy) = Ik =yl = > G —y)2
i=0

3aaHHOTO Ha EBKIMJOBOM MPOCTPAHCTBE CKAISIPHOTO MPOU3BEACHUS
JOCTaTOYHO [IJIi TOrO, YTOOBI BBECTH B PACCMOTPEHHE €IIe OJHO
r€OMETPUYECKOE TIOHSATHE KaK YroJl. YTOod MeXAy BeKTopaMu XHUY
onpenaesieTcs mo hopmyie
xy)

IxIllyll )
N3 Teopembl KOCHHYCOB ClIeIyeT, YTO JJIsI JBYMEPHOI'O €BKJIMJIOBA

(p = arccos

MPOCTPAHCTBA (€BKJIUIOBOM IUIOCKOCTH) JAHHOE OMPENICIICHUE YIila COBIAIaET
¢ 00bruHBIM. OpTOrOHAJIbHBIE BEKTOpAa KaK M B TPEXMEPHOM MPOCTPAHCTBE,

MOKHO OTPEACIIUTh KaK BEKTOPHI, yTOJI MEXIYy KOTOPHIMUA PaBeH T /2.

X,
Jlnst ompeneneHuss yria ( HEOOXOIWMO, YTOOBI arccos (”(”ﬁ’)”) ObLIT
x|llly

onpeneﬂéH. 910 BBITIOJIHACTCS, CCJIN BBIIIOJIHACTCA HEPABCHCTBO

X,
arccos ﬂ < 1.

Iyl


https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BE%D0%BB
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D1%81%D0%B8%D0%BD%D1%83%D1%81%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%80%D0%B0
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DTO HEpaBEHCTBO Ha3biBaeTcs HepaBeHCTBOM Komm — ByHsSKOBCKOTO —
[IIBapia ¥ OHO JEHCTBUTEIHHO BBIMOIHICTCS B TPOU3BOJIBLHOM E€BKIIAIOBOM
npocTpancTBe. M3 3TOro HEpaBEHCTBA CIEIyeT HEPABEHCTBO TPEYTOJIbHHKA!
Ix + vyl < |Ix]| + [lyl]- HepasenctBo TPEYroJbHUKA, BMECTE C
MIePEYHCIICHHBIMUA BBIIIIE CBOWCTBAMHU JJIMHBI, O3HAYaeT, YTO JJIMHA BEKTOpa
SBJISICTCS. HOPMOM Ha EBKJIMJIOBOM BEKTOPHOM TIPOCTPAHCTBE, a (DYHKIUSA
dix,y) = |[x—y|l 3amaér Ha eBKIMAOBOM TNPOCTPAHCTBE CTPYKTYPY
METPUUYECKOTO TPOCTpaHCTBa (3Ta (QYHKIUS HA3BIBACTCS  EBKJIMIOBOM
METPUKOIi). B 3TOM BBIpa)K€HUU 3HAK PABEHCTBA UMEET CMBICI TOJIBKO TOT/IA,
Koraa

y = kx,
rie K — ckajspHas BeIMYrHa.

Jlns coorBercTByrommMX curHanoB X(t) M y(t) sro o3Ha4aeT, YyTO OHH
coBmagaroT mo ¢opme y(t) = kx(t) uw oTam4aroTCs TOABKO MACIITAOHBIM
kodpurmerTom K.

OpTOHOPMUPOBaHHBIN 0a3uC B €BKIMIAOBOM (BEKTOPHOM) MPOCTPAHCTBE
— 3T0 0a3uc, COCTOSIIIMI W3 TOMApPHO OPTOTOHAIBHBIX BEKTOPOB €AMHUYHOU
HOpMBI. OpTOHOPMHpPOBaHHBIE 0a3WChl HamOoJee YIOOHBI JJISI OpTraHU3alUH
BbIUMCIICHUU. Tak, Hampumep, CKAISPHOE MPOU3BEIACHUE BEKTOPOB C
koopauHaramu (a;, a,,.., a,) u (by, by, ..., b,) B opTOHOPMHpPOBaHHOM
0aswnce npenacrasnsercs B Buzae (a, b) = a;b; +a,b, + -+ a,b,.

B m0o60M eBKIMAOBOM MPOCTPAHCTBE CYIIECTBYET OPTOHOPMUPOBAHHBIN
0asuc. BriOpaB B JBYyX €BKJIMIIOBBIX IPOCTPAHCTBAX OPTOHOPMHUPOBAHHBIC
0a3uchl U TIepeBes OJIUH U3 HUX B JIPYTOil JIMHEWHBIM OTOOPaKECHHUEM, MOYKHO
J0Ka3aTh, 4YTO JIIOOBIE JIBa ©BKJIWAOBBIX TIPOCTPAHCTBA OJMHAKOBOM
pPa3MEepHOCTH U30MOP(HEI, T.€. OTBEYAIOT CIACAYIOIINM aKCHOMaM:

1.f(a+ b) = f(a) + f(b);
2.f(Aa) = Af(a);
3.ab = f(a)f(b)
JUISL TIOOBIX BEKTOPOB @, b 1 m1000i#1 cKansgpHO#l BEIMYUHBI A.

CylecTByeT MHOXXECTBO Pa3IMYHBIX OOOOIICHUN MOHATHS E€BKIWI0BA

npoctpancTBa. Hampumep, 3aMeHsisi Tojie BEHIECTBEHHBIX YHCEN Ha TMOJIe

KOMIUICKCHBIX YUCCJI, MOKHO ITOJIYUYHUTH OIIPCACICHUC SPMHUTOBA ITPOCTPAHCTBA.


https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%D1%81%D1%82%D0%B2%D0%BE_%D0%9A%D0%BE%D1%88%D0%B8_%E2%80%94_%D0%91%D1%83%D0%BD%D1%8F%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%E2%80%94_%D0%A8%D0%B2%D0%B0%D1%80%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%D1%81%D1%82%D0%B2%D0%BE_%D0%9A%D0%BE%D1%88%D0%B8_%E2%80%94_%D0%91%D1%83%D0%BD%D1%8F%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%E2%80%94_%D0%A8%D0%B2%D0%B0%D1%80%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%D1%81%D1%82%D0%B2%D0%BE_%D1%82%D1%80%D0%B5%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D0%BC%D0%B0_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%95%D0%B2%D0%BA%D0%BB%D0%B8%D0%B4%D0%BE%D0%B2%D0%B0_%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%95%D0%B2%D0%BA%D0%BB%D0%B8%D0%B4%D0%BE%D0%B2%D0%B0_%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D1%82%D0%BE%D0%BD%D0%BE%D1%80%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B1%D0%B0%D0%B7%D0%B8%D1%81
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B8%D1%81
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D0%BE%D0%B5_%D0%BE%D1%82%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%BC%D0%BE%D1%80%D1%84%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
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Otka3 oT TpeOOBaHUsI KOHEYHOMEPHOCTU 00ECTIEUNBAET MEPEXO]] OT €BKIIMI0BA
POCTPAHCTBA K MPEATrUILOEPTOBY MTPOCTPAHCTBY.

T'unvoepmoso npocmpancmeo. llpu n — c0 €BKINUIOBO MPOCTPAHCTBO
R"™ mepexomut B OCCKOHECUYHOMEPHOE MPOCTPAaHCTBO [ HMibOepTa, KOTOpOE
o6o3Hauaerca L2. T'mip0epTOBO NPOCTPAHCTBO — JHMHEWHOE (BEKTOPHOE)
MPOCTPAHCTBO HAJI MOJIEM BEUIECTBEHHBIX UM KOMIUIEKCHBIX YHCEI, B KOTOPOM
JUISL JIFOOBIX JIBYX JJIEMEHTOB (BEKTOPOB) X W Y OMNPEIENICHO CKaJIsPHOE
npou3BeneHne (X, y). Kpome TOro mpocCTpaHCTBO SIBISETCS TOJHBIM

ornocutensHo Metpuku d(x, y) =[x —y|l=/(x—y, x—y). Ecin osr0
YCJIOBHE HE BBIMOJHAETCS, TO TOBOPAT O IPEArHILOEPTOBOM IPOCTPAHCTBE.
OnHako OOJBIIMHCTBO M3 M3BECTHBIX M HCIIOJIB3YEMBIX IPOCTPAHCTB JIHOO
SBJISIOTCS TIOJIHBIMH, JIMOO MOTYT OBITH IONMOJNHEHBI. TakuM o0Opasom,

rIbOEPTOBO MPOCTPAHCTBO MPEJCTaBIsACT COOOM TOJIHOE HOPMHUPOBAHHOE

IPOCTPaHCTBO, HOopMa Kotoporo [|X|| =/ (X, X) mopoxmeHa IOJOKUTEILHO
OIPEACIEHHBIM CKAISPHBIM IIPOU3BEICHUEM.

HopmMa B NpOH3BOJILHOM HOPMHPOBAHHOM IIPOCTPAHCTBE  MOKET
HOPOKIAThCS HEKOTOPBHIM CKAISPHBIM IIPOM3BEIEHUEM TOTIA M TOJIBKO TOTJIA,
KOTJIa BHIIOJIHEHO CIIEAYIOIIEE PaBEHCTBO (TOKIECTBO) MapaeorpaMma;

(vx, y €eH) [Ix+yll*+lIx—yll* = 2(lIxII* + [lylI*).

[IpocTpaHCTBO,  yIOBJIETBOPSIOIIEE TOXIECTBY  IIapalljieiorpamMma,
SBIISICTCS BEIIECTBEHHBIM. B 3TOM cily4ae CKalspHOE MPOM3BEACHUE 3aJAETCsI

PaBEHCTBOM
2

wn =2 - P

2 2
Ecnm 3TO mpoCTpaHCTBO ABISAETCS KOMIUIEKCHBIM, TO OTBEYAIOLIEE €r0

HOpME CKAJIIPHOE TIPOU3BEIICHHE 3a1aETCSI PABEHCTBOM

x+y||2_ X_y||2+i x+iy||2_i x—iy”2
2 ]

(X’ y) - 2 2 2

KOTOpPOE MPECTABISET COOOU TOISIPU3AIMOHHOE TOXKIECTBO.

[TomHOTa TPOCTpAaHCTBA TIO3BOJISIET TMEPEUTH K  PACCMOTPECHUIO

¢yakunonanoB. Tak, Hampumep, MPOCTPAHCTBO [JIsi BCEX HEMPEPHIBHBIX
. T T
KOMIUIEKCHBIX (DYHKIIMA aprymMeHTa 1, 3aJlaHHBIX Ha WHTEpBaJC (_E’ E)’

OIIPCACIICHO CKAJIIPHOC IIPOU3BCACHUC B BUJIC


https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%B4%D0%B3%D0%B8%D0%BB%D1%8C%D0%B1%D0%B5%D1%80%D1%82%D0%BE%D0%B2%D0%BE_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE

37
T/2

xy = | 50y Od; (1.26)
~T/2
rae X(t) — xommiuekcHas, a y*(t) — KOMILICKCHO-CONPsDKEHHAS (YHKIIUN
aprymenra t.
KBazpar HOpMbI (YHKIMH PABEH:

T/2 T/2
Ix]|* = j)’((t)x*(t)dtz flx(t)|2dt. (1.27)
—T/2 -T/2

PaccmarpuBas 3TO BBIpaK€HHE, MOXHO OTMETHUThH cienyromee. Eciau
curHan X(t) mpezacraBisieT coOOH BEIIECCTBCHHBIH TOK, MPOTCKAIOIIMHA depe3
CONPOTUBIICHNE BeIUYMHON | OM MM BEIIECTBEHHOE HAIPSIKEHUE, M1A/Iaf0IIee
Ha compotuBieHur 1 Om, TOo Toraa kBaapar HOpMbl (1.27) OyaeTr oTpaxaThb
SHEPTUI0 CUTHAJIA, TOCTYMAIOUIYI0 B COPOTUBIICHHE:

T/2
Ix||? = f x%(t)dt = E. (1.28)
~T/2

Ecnu snemeHTsl ruib0epTOBa MPOCTPAHCTBA SBJISIOTCS BEIIECTBEHHBIMU

T T
CUTHAJIaMH, CYIICCTBYIOIMMHA HAa HHTCPBAJIC (— E, E)’ TO TOrga OTHOCHUTCIIBHO

SHEPTHUH CUTHAJIA BHITIOJIHSIETCS YCIOBHE
T/2
E= f x2(t)dt < oo, (1.29)
~T/2
a rWIL0EpTOBO IPOCTPaHCTBO 0003HauaT B Buae L*(T). B caywae, xorma
T — oo, ycnoBue (1.29) moxxker u He BBIONHATHCS. Torma paccMarpuBaroT
CPEIHIOI0 MOIIHOCTh CHUTHAJIa, XapaKTepU3YIOIIYI0 CKOPOCTh W3MEHEHUS
SHEPTHH | JIJIS1 KOTOPOU BBITIOTHIETCS YCIIOBUE

T/2
1
P, = TlggoT f xZ(t)dt < oo, (1.30)
~T/2

Torga ¢ pa3MEpHOCTHIO MOIIHOCTH, KOTJa TOKM W HaIpsHKEHUS
paccMaTpuBarOTCS Ha compoTuBiaeHun 1 OwM, CKalsgpHOE MPOU3BEACHUE,
HaIpuMep, OTHOCUTEIILHO KOMIUJIEKCHBIX CUTHAJIOB, OyI€T UMETh BU]T
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T/2

1

¥ =7 | KOy O (1.31)
~T/2

KBampaT paccTosHHMS MEXAy JABYMsS BEKTOpaMH B BEIIECTBEHHOM

rIbOEPTOBOM IIPOCTPAHCTBE OMPEACIIAECTCS COOTHOIICHUSIMHU:

T/2
Py =lx-ylP = [ 6@ -yt (1.32)
~T/2
ecim ycioBue (1.29) BeimonHsIETCS,
T/2
1
Py =lx-ylF =5 | &O-y©7d (1.33)
~T/2

eciu ycioue (1.29) He BbIoNHSAETCS.

Ilpocmpancmeo Xommunza. BaxHyro pojb B TEOPUU KOIUPOBAHUA U
aHanu3a MUQPPOBBIX CHUTHAJIOB WrpaeT MPOCTPAHCTBO XeMMuHra. Ero
ANEMEHTaMu (BEKTOpaMH) SIBJISIFOTCS JBOMYHBIE N-pa3psiAHbIE KOJOBBIE
KoMOuHaIKU X = (Xg, Xy, ..., Xp—1). B KauecTBe MpUMepa MOXKHO IIPUBECTH 1Ba
BekTopa rmpu N=5: x = (10110) my = (11010).

CnoxeHrne BEKTOPOB B MPOCTPAHCTBE XEMMHUHIA pPEAIU3yeTCsl Kak
MOPa3psIHOE CIOKEHUE PIIEMEHTOB KOJIOBOM KOMOMHAIIMY IO MOJIYJIIO 2:

x+y=10110
11010
01100.

[TpoctpancTBo XeMMHMHra OMNpEACICHO Haja KoHeuHbiM mojem GF(Q)
(mosie INanmya), cocTosIMM M3 KOHEYHOTO YHCa 3JIEMEHTOB, T/I€ ( onpeenseT
YUCJIO JJIEMEHTOB (MOIIMHOCTH) Toyisl. Ha mnpakTtuke Haubosiee YacTo
ucnonb3yercst =2, yto cooTBeTcTBYET Noito GF(2). 3To roBopUT 0 TOM, 4TO
MHOKECTBO CKaJIIPOB, C KOTOPBIMU B3aWMOJICMCTBYET JAHHOE MPOCTPAHCTBO,
COJICPKUT 2 3neMeHTa: — 1 (Jorudeckas envHuia) uian 0 (JIorudyeckuit HOJb ).

CkansipHoe NMpOM3BEJICHUE B MPOCTPAHCTBE XEMMHHTA ONpPEACIseTCS B

BUJIIE

(x,y) = Z (xi, yi)?.
i=0



39

B nanHoM ciyyae cyMMa NMOHUMAETCsi B OOBIYHOM CMBICIIE, a HE IO
moayJo 2. Tormna HOpMa JBOMYHOTO BEKTOpa OyIeT paBHa:

n-1 n—-1
Il = > %2 = > x,
i=0 i=0

MO0O3KHO BHUACTb, YTO HOpPpMa JABOUYHOI'O BCKTOpA OIPCACIIACTCA

nockonbky 12=11 0° = 0.

KOJIMYECTBOM COZAEPKAIIMXCS B HEM 1. DTy HOPMYy HAa3bIBalOT TAKKE BECOM
BekTOpa W.

Paccrosauune B IMPpOCTPAaHCTBC XeMMHUHTa UMEET BHU/
n—-1

n-1
A y) = Ix =yl = ) G5 —y) = ) (x@y),
i=0 i=0
rje 3Hak @ 0003HaYaeT CyMMHUPOBAHUE 110 MOJYJIIO 2.

B none GF(2) cinoxeHnue mo MOy 2 W BBIYUTAHHE MO MOIYJIIO 2
skBUBaJeHTHO. OTCIO/Ia CNEAYeT, UTO B MPOCTPAHCTBE XEMMUHTA PACCTOSHHE
MEXy IBOMYHBIMU BEKTOpPAMHU OMPEIETSETCS MO YUCTY MO3UIMNA KOJIOBOH
KOMOWHAIIMH, B KOTOPBIX BEKTOPAa UMEIOT Pa3HbIE CUMBOJIBI.

1.8. leomeTpunyeckue npeacrtaBneHUs CUrHanos

Pemass 3agaum, CBsS3aHHBIE C aHAIM30M M IIpeoOpa3oBaHHEM
pPaIuOTEXHUYECKHX CUTHAIIOB, HHOTAAa OBbIBaeT YAOOHO IPEACTABIATh CUTHAIIBI
BEKTOPaMH HEKOTOPOTO0 BEKTOPHOTO MPOCTPAHCTBA. JTO, KaK MPABUJIO, YaCTO
MO3BOJIACT YNPOCTUTH PEHICHHE 3aJaud. PaccMOTpHUM 3TO MPUMEHHUTENBHO K
pa3MyYHBIM BUIAM IPOCTPAHCTB, PACCMOTPEHHBIM B JaHHOM Y4eOHOM
MOCOOUHU.

COBOKYIHOCTD JABYX YHCEI X;, Y, ONpPEIEIICT KOOPAUHATHI BEKTOPA Z B
JABYMEPHOM npoctpancTee (puc. 1.14).

JInrHa BEKTOpP Z paBHA €r0 HOPME

d= |zl = /Xf +yi. (1.34)
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0 X1 7X
Puc. 1.14. JIBymepHbIii BEKTOP

Paccrosiane mexmy Bektopamu 7, u Z, (puc. 1.15) ompenmensiercs

CIIEAYIOIIUM BBIPAKECHUEM

d(z1,2;) = ||z — Z,|| = \/(Xz —X1)? — (Y2 —y1)* (1.35)
YA
V|- 2

0 )I(l Xz >X

Puc. 1.15. PaccTosinne Mexay IByMsl BEKTOpaMu

CkalsipHOE MPOU3BEACHUE BYX BEKTOPOB OMPEACIISICTCS B BUJC
(21 - Z2) = X1X2 + Y1¥2, (1.36)
(z1 - Z3) = [|1z4]| - l|Z;[|cos(a). (1.37)
Beipaxxenue (1.36) ompenenser ckKaaipHOS MPOU3BEACHHE dYepe3
MPOCKIIMH BEKTOPOB Z; U Z, Ha OCH KOOPJHUHAT X M Y, a Beipaxkenue (1.37)

ompeeNsieT CKAISIpHOE MPOU3BEICHUE Yepe3 MPOU3BEACHUE JJIMH BEKTOPOB
Ha KOCUHYC yTJIa MEXIy HUMHU.

YcnoBre opTOTOHATBEHOCTH BEKTOPOB UMEET BU/]T

(2 - 23) = X1X; + Y1y, = 0. (1.38)

CBolicTBa N-MEPHOTO MPOCTPAHCTBA SBISIOTCS 0OOOIIEHHEM CBOMCTB
ABYMEPHOro mpocTpancTBa. C ydeToM 3TOro, ucnoiib3ys Beipaxenus (1.34) —
(1.38) nmns IBYMEpHOTO MPOCTPAHCTBA, MOJKHO 3alMcaTh aHAJOTHYHBIC
BBIPKCHUS I N - MEPHOTO IIPOCTPAHCTBA.

Jlimaa n - MepHOTO BekTOpa U(uq, Uy, ..., U, ) OMPEACISIETCS B BUIE



Paccrosgnune mexnay IOByMs N-MEpHBIMU BEKTOPAMU IMPEACTABISAECTCS

HOPMOM OT pa3HOCTH JABYX BEKTOPOB

duv) = lu=vl = | (- v)2

CxkansipHO€ MPOU3BEAEHUE ABYX N - MEPHBIX BEKTOPOB UMEET BU/I
n

(u-v) = z u;v;.

i=1
PazButnem TIOHATHUS BEKTOPHOTO IIPOCTPaHCTBA SIBIISICTCS
dyHKUIMOHATBbHOE (TWJIKLOEPTOBO) mpocTpaHcTBO. Hopma dynkuu u(t)
OTIpEICIISICTCS BRIPAKECHUEM

T/2
el = | | wo, (1.39)
~T/2
rae T — WHTEpBaJ BPEMEHH, Ha KOTOPOM ornpeaeaeHa pyHkuus u(t).
Paccrostnue mexny @yHkuusmu u(t) u v(t) paBHO HOpME OT Pa3HOCTHU

TUX QYHKIUN

T/2
n© -vol = | [ @ -vord
-T/2
CkansipHoe mpousBefeHrne IByX (QyHKmmi u(t) m v(t) ompenemseTcs B

BUJIC
T/2

(u,v) = j u(t)v(t)dt. (1.40)
-T/2
Ecmu ¢pynkmum u(t) u v(t) opTOrOHAIBHBI, TO HHTETPaAT OT UX

IMPONU3BCACHUA UMCCT BUJI
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T/2

j u(t)v(t)dt = 0.

~T/2

1.9. QHepreTUYeCKMe XxapakKTepUCTUKU BeLLeCTBEHHbIX
CUrHanos

K YUCIIY OCHOBHBIX OJSHCPICTHYCCKHUX XAPAKTCPHUCTHK BCHICCTBCHHOI'O

curHasia s(t) OTHOCST CleayroIIee.

1. MruoBeHHass MOIITHOCTh P. DTa MOIIHOCTh OMNpeEaeseTcsl Kak KBajpar
MTHOBEHHOT'O 3HAYCHUSI CUTHAJa
P = s2(t), (1.41)
rae s(t) — HanpsbKeHue (TOK), MPUKIIAIbIBAEMOE K COTPOTUBIIEHHIO B 1 OM.
2. Oneprua W. DHeprus Ha uHTepBane BpemeHu (i, t,) ompenensercs

CJIEAYIOIIMM BBIPAKEHUEM
W = f s? (t)dt. (1.42)

3. Cpennsist MOMHOCTH P, . OTa MOIIHOCTH ONpPEACISIETCS] dHEPTUeH

CUTHaja, OTHECEHHONM K MPOTHKEHHOCTH pPACCMATPUBAEMOIO HWHTEpBaa
BpeMeHH (1, t,)
t2 t2

jsz(t)dt=%j s?2(t)dt, (1.43)

tq tq
rae T=t,—t, — uHTEpBAJI BPEMECHU, HA KOTOPOM 3aJ1aH CUTHAaJI.
2 1

t,—4

B cmywae, xorma curHam S(t) 3amaH Ha OECKOHECYHOM WHTEpBaJIC

BpCMeHI/I, CpeI[HSISI MOIIIHOCTH OHpeI[eJIHCTCSI B BUC
t2

1
= lim T s?(t)dt.

£

P,

Jna nByx curHanoB S(t) u S,(f), KOTOpBIE 3aJaHbBl HAa WHTEPBAJIC

BpemeHu (t,, t,), DHEPTUs U CPpEHsI MOLTHOCTh UMEIOT BUJL
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t2 t2 t2

W= j[sl(t)+sz(t)]2dt= j sZ(t)dt + f s> (t)dt +

t t1
t2

+2 j s;(Ds,(Hdt =W, + W, + 2W,,; (1.44)

t
t2 t

P, =lj[51(t) +sz(t)]2dt=lf s?2(t)dt +

T T
t1 ty
1 t2 5 t2 (1.45)
+ TJ s2(tdt + Tj s;()s(D)dt = Py + Py + 2P12,
tq tq

rae W, u W, — sHepruu nepBoro u BTOporo curuanos; P, U P, — cpentue
MOIIIHOCTH IIEPBOTO W BTOPOro curHainoB; 2W;, — B3auMHasi SHEPIUs IEPBOro U
BTOPOTO CHI'HAIIOB; 2Py;1, — B3aUMHasl CPEIHSA MOIIHOCTD [IEPBOTO U BTOPOTO
CUTHAJIOB.

OHepruss U MOIINHOCTH JIBYX CUTHQJIOB Ha IPOU3BOJBHOM HWHTEpBAJE
BpEMEHU MOTYT OBITh Kak pPaBHbIMU CYMME MOIIHOCTEH (dHEpruil) STuX
CUTHAJIOB (B3aMMHAasl YHEPrys WM B3aUMHAasi MOILIHOCTh JIByX CUTHAJIOB PABHBI
HYJII0), TAK U HEPAaBHBIMHU, KOTJa B3avMHas dSHEPrusi (CpeIHssi MOIIHOCTh) HE
paBHa Hynwo. Ecin B3anMHasi 3HEprusi U B3auMHas CpPEHSAS MOLIHOCTH JBYX

curHaios s,(t) u s,(t) paBHbl HyIIO, TO curHaiusl S,(t) u s,(t) Ha uHTEpBaAIE

BpemMeHH T =t, —t, OPTOrOHaAILHBI.

1.10. QHepreTnyeckue XxapakTepMCcTUKN KOMNIIEKCHbIX
CUrHanos

OTHOCUTENIBHO KOMIUIEKCHBIX CHTHAJIOB TAKXXE ONEPUPYIOT MOHATHIMU
MTHOBEHHOM MOIIHOCTH, SHEPTUM W CpeaHer MomHOoCTH. lIpm sToM 31H
BEJIMYMHBI JIOJDKHBI OBITH JICHCTBUTEIBHBIMU, HECMOTPSI Ha TO, YTO CUTHAJIBI
KOMILUIEKCHbIE. PaccMoTpuM 3T10.
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1. MrHoBeHHas MOIIHOCTh KOMINNIICKCHOI'O CHI'HaJIa OIIPCACILICTCA

MIPOU3BEJCHUEM KOMIUIEKCHOTO curHaia $(t) Ha KOMIUIEKCHO-COIPSKEHHBIM

curnan $ (t)
p() =388 =[s) +js O] [s®O-iSO]=[s®O] +[s®T, (1.46)
rae s(t) u s (t) — melicTBUTENbHAS U MHMMAasi 4aCTH KOMIUIEKCHOTO CUTHAa

COOTBCTCTBCHHO.

2. DHeprusg KOMIUIEKCHOrO curHaia $(t) Ha HHTEpBAJE BpPEMEHU

T =t, —t, onpeneasaeTcst BEIpa)KCHUEM.

t

W= TS(t)S*(t)dt - | {[s'(t)]z + [s"(t)]z}dt | (1.47)

tl
3. Cpenssisi  MOIIHOCTh KOMIUIEKCHOrO curHaia $(t) Ha uHTEpBaje

BpemeHH T =t, —t, UMeeT BUI

P, = %ttjjsa)s*(t)dt = {jj{[s'(t)]z s @] Jet. (1.48)

BHCpF WA 1 CPCAHAA MOIMHOCTb OT CYMMBI JIBYX KOMIIJICKCHBIX CHUI'HAJIOB

$,(t) u $,(t) Ha uHTEpBANIe BpeMeHn T =t, —t, IpUHUMAET BUJ

W= tf[sl(t) +8,() |[5:(0) +85(t) ]dt =tfs'1(t)s; (t)dt +

t, t, t,
+ 8,03, (0dt+ [ 50, (Dt + [3,(0)3; (Ot = W, + W, + W,
t t t

1

P, = ?I[Sl (1) +8,(0) ][$1() =$,(1) Jdt =$Is'1(t)s'?(t)dt +

cpl cp2 cpl2*®

1t2' 7 1t2.* . 1t2. L x
+ ?{Sz (t)Sz(t)dt + ?{51 (t)sz(t)dt + ?{Sl(t)sz(t)dt =P +P . +P
t,
B narnnom BipaxeHum: lefél(t)é’{(t)dt — DHEprus NepBoro curuaia; W,
t

ty ty t
= I §,(1)$,(t)dt — smeprus BrOporo curnama; W,= I $, (D), (t)dt + I $,(1)s,(H)dt —

L’} L5} b
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1.,
B3aWMHAas SHEPrus MEePBOTO U BTOPOrO CUTHAJIOB,; Pcplz? I $,(t)s,(t)dt — cpennss
%]

i A
MOIIHOCTh TEPBOr0 CHUTHAJA; PCPZ:? I $,(1)s,(t)dt — cpenHsAs MOIIHOCTH
L%}

1} (i S
BTOPOI'0 CHUTHAJIA; Pcpu:? I Sl(t)Sz(t)dt+? I $,()s,(t)dt — B3ammHas cpenHss
t t

MOIIHOCTDB IICPBOI'0O U BTOPOIo CUI'HaJIOB.
Kak oTHOcHTEIbHO BCIICCTBCHHbBIX CHI'HAJIOB, TdK H OTHOCHUTCIIBHO

KOMIUIEKCHBIX cuUrHaioB $,(t) u S,(t), paccMarpuBacMbIX Ha WHTEpPBAJEC
BpemMeHu T =t,—1t,, BBIIOIHACTCA YCIOBUE OPTOTOHAJIBHOCTH, €CIU HX

B3aMMHas CPEIHSA MOIIHOCTD P

12 FUTH B3auMHAast 3Heprust W,, paBHBI HYJTIO.

1.11. OpToroHanbHble CUrHanbl n 06006LWeHHbIe psaabl Pypbe

Oneprusi cur"ana s(t), BsiaensieMas Ha conpoTtuBieHun 1 Owm,

ompejeNseTcs MHTEerpatoM OT KBampara curHama s2(t) (1.42) mo Bceil ocu

BPEMEHU

0
W = | s?(t)dt.
—0o0
Hcnonp3yst 3TO BBIPAXXEHHE, MOXXHO IIPOBECTH CPABHEHUE CHUTHAJIOB
OTHOCHUTEJIBHO YHEPIUU UM COOTBETCTBYIOIIEH.
Jomyctum, 4TO0 Ha BXOJ HEKOTOPOrO YCTPOMCTBA BO3JEUCTBYIOT JBa

CurHasia S1(t) m sy (t). DHepruu 3TUX CUTHAJIOB UMEIOT BU/I

o0 o0
Ws, = j 312 (Ddt u Wy, = j s%(t)dt. DHEpPrusi CyMMBbI ABYX CUTHAJIOB OMpPEAECISAETCA
—0 —o0
BeIpakeHueM (1.44). 13 Beipaxenus (1.44) BUAHO, 4TO DHEPTUS CYMMBI JBYX
CUTHAJIOB B OOILlEM BHJI€ HE paBHA CyMME€ SHEPTHM 3THUX CHUTHAJIOB. DHEPTHUs

CYMMApPHOI'0 CUI'HaJIa BKJIFO4AaCT B cebs Tak Ha3bIBaCMYI0 B3aMMHYIO SHCPI'HIO

curHanoB W, =2 J s,(t)s, (t)dt. IIpu sToM curHamer si(t) u S,(t) Ha3BIBAIOT

—00
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OPMO2OHAIbHBIMU, €CIIA B3aWMHAs DHEPTUs OT CYMMBI JBYX CHTHAJIOB PaBHA
HYJIIO

W, =2 j s, (t)s, (t)dt =0.

JlomycTuMm, 4TO Ha BPEMEHHOM HHTEpPBAJIE [ty,t,] 3a4aHO MHOXECTBO
CUTHAIOB {Sg,S1,52,...}, HOMAPHO OPTOTOHAJIBHBIX APYT APYTrY U OOJaarouIux

HYJIEBOM B3aMMHOW 3Heprueid. B »TOM ciyyae ycioBHE OpPTOTOHaJIbHOCTH
CUTHAJIOB UMEET BUJ]

Wes = [si()sj(t)dt = {1 mpwi =) (1.49)

0 mpu i # J.

PaBeHCTBO equHMIIE HHTETpAJIa OT KBaJpaTa CUTHAJIa TOBOPUT O TOM, YTO
CUTHAJ HOpMHUpOBaH, a ycioBue (1.49) onpenenser B MpOCTPAHCTBE CUTHAJIOB
OPMOHOPMUPOBAHHDLIL Oa3uc, OOpa30BaHHBIN CUTHAJIaMH S;. B COOTBETCTBUH C

5TUM 0a3MCOM MPOU3BONEHEINM curHan S(t) MokeT GBITh IPECTABIEH PAIOM
o0
s(t) =D _cisi(t). (1.50)
i=0

Psan (1.50) HaswiBatOT 0000wennvim psaoom @Dypve curnana S(t) B
BBIOpAaHHOM 0a3uce OPTOHOPMHUPOBAHHBIX (PYHKIIUHN S;.

Koaddumuent c;06001menH0r0 psina Oypwe onpeaensieTcsi BeIpakeHHEM

t
¢, = [ s(t)u; (t)dt npm k>0, (1.51)
t
riae GyHkms u;(t) — i-g1 GyHKIMs U3 6a3uca OPTOHOPMUPOBAHHBIX (PYHKIIH.
Oo6o6mmennbiit psag @ypee (1.50), ¢ onpeaenennbiMu o Gopmyie (1.51)
kod(pduureHtraMu C,, U MHOXECTBOM (YHKUMH M3 BBIOpaHHOro Oas3uca

OPTOHOPMUPOBAHHBIX (PYHKIIMI, MOXHO HCIOJb30BaTh IS allPOKCUMAIIUU
J000T0 CJIIOKHOTO CHUrHaia. B JgaHHOM ciydae IMOJI amnmpoKCUMAaIueu
MMOHUMAIOT PAa3JIOKEHHUE CIIOKHOTO CHTHajla Ha Ooyiee MpocThie (DYHKIHNH
(curHasipl) u3 0a3uca OPTOHOPMUPOBAHHBIX (YHKIUH, Kaxaas U3 KOTOPBIX
UMECT aMILTUTY Ty, onpeaeacHHyo Gopmymoii (1.51).

[IpencraBieHne CUTHAJIOB B BHUAE OOOOIICHHBIX psoB Dyphe HMEET
BAXHOE TPAKTHYECCKOE 3Ha4YeHHWe. Bmecto Toro droObl  H3ydarth

(I)YHKLII/IOHaJIBHYIO 3aBUCHUMOCTD CJIOXHOT'O CHUT'HaJI1a B OECKOHEUYHOM
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MHOKECTBE TOYEK, MCCIIEI0OBATEIb MOXKET XapaKTepU30BaTh CUTHAJ CHUCTEMOM
k03¢ punreHToB 06001eHHOr0 psiga Dypwe (1.51).

K 4uciay opToHOpMHpOBaHHBIX 0a3ucoB, HambOojee NPUMEHHMBIX B
PaINOTEXHUKE, MOKHO OTHECTH CJICTYIONINE Oa3HCHI.

Opmonopmuposannas cucmema 2apmMonudeckux Qyuxkyui. Jlomycrum,
YTO TIEPUOJ M3MEHEHHsI CJIOKHOTO curHana paBeH T. Jlyis maHHOTO Citydas B
Ka4yeCTBE OPTOHOPMHUPOBAHHOTO 0a3rca MOXKHO HCITOJIb30BaTh IOCTOSIHHOE

4iCio Up =1/~/T M MHOXECTBO TPUIOHOMETPUYECKHX (DYHKIHMII ¢ 4acTOTaMH

2nm /T, KpaTHBIMH YacTOTe H3MEHEHUs HMCXOAHOro curHaima o, =2m/T

(puc.1.16):

\F 2nt). 2 ont)
u, =,/=-sin ; U, =,[=C0S| — |; ...;
T T T T
JE. [2nmtj 2 (2nmtj
Uy y = 4[— SiNn ; Uy, =,[=CO0S .
T T T T (1.52)

Puc.1.16. ba3zucHble pyHKIMM TPUTOHOMETpUYECKOTO psaga Pypee: nepas (a),
BTOpas (0), TpeThs (B) u ueTBepTas (T) PyHKIIUN

JInst mpoBepKU OpTOrOHAILHOCTU (PyHKIUM (1.52) BBIYMCINM B3aUMHYIO
SHEPTHUIO JJI1 HECKOJIbKUX Map 3TUX QYHKUUN, HApUMeEp:

}J'[S”(mjdt_ Nid o 5(2)
S S

= cos(2m) + — cos(O) 0;

.
W =I gsin 2nt gc 2nt dt—lg sin ant t+lg sin(0)dt =
we T INTTUT NT LT ) 2T LT ) 2Ty
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T

:—ilcos(ﬂj +O:—icos(4n)+icos(0)=—i+i:
T4n T 47 47 4n  4n

T T T
= Pin( 220 Zin 42t 1 2 Fos{ 22 os{ -
SVt ATNT AT 2T \T /) 2Ty T
_ilsin(@y _ilsin(ij _sin(2m) _sin(0) _sin(6m) _ sin(0) _
T 2% T ), Tén T o 2 6 .

MO>XHO BUIETh, UTO B3aWMHas 3HEPrusi OT Nap ATUX (PYHKUUN paBHA

0;

0.

0

HYJIIO, YTO TOBOPUT 00 WX OPTOTOHAIBHOCTH. JlampHEeNIe BRIYUCICHUS TaKKe
OyIyT NPUBOIUTH K PABEHCTBY HYJIIO B3aUMHBIX dHepruii map ¢pynkiuii (1.52),
YTO TOBOPUT 00 MX OPTOTOHAIBHOCTH.

Opmonopmuposannasa cucmema Qyukyui Yoawa. [IJpuMeHUTENBHO K
JUCKPETHBIM CHUTHAJAM IIMPOKO HCIOJB3YIOT OPTOHOPMHUPOBAHHYIO CHUCTEMY
bynkuuit Yomnma. 9Ty GyHKIME HA OTpe3Ke CBOETro cyiecTBoBanus [-1/2, T/2]
MPUHUMAIOT JIMIIb 3HadeHus +1. [ paccMoTpeHus: 3Tux (YHKIHUI BBEIEM
oe3pazmeproe BpeMs V=t/T. O6o3znaunm K-to ¢yHKIMIO Yonma CHMBOJIOM
wal(k, V). Omnucanme ¢GyHKUi Youma aHAIUTUYECKUMH BBIPAKCHUSIMHU
cinoxHO. OHAKO MOCTPOCHUE CUCTEeMbl (PYHKIMN Y OJIIa MOKHO MPOCIECAUTD
no puc.l.17, tne mpuBeneHsl rpaduKud HYJICBOM W TMEPBBIX TpeX (YHKIIHMA

Yomma.
vral(0v)A val(2 v)A
1 [ R
0 T > 0 T -
05 1V 05 1 v
a 1 B I
val(l,v) Ar vral(3 v)A
I S — 1 —
[] }4} [] T —>
05 1V 05 1V
-1 -1
B

T
Puc.1.17. I'padmikn HECKOTBKHUX MEPBBIX PYHKIIUNA Y OJIIIIa

OptoroHaibHOCTh  (DYHKIIMNM YoOJIIIia BBITEKAET W3 MPUHIUIIA HX
MOCTPOCHUS ¥ MOXKET OBITh IMTPOBEPEHA NMPU BHIUUCICHUN B3aUMHOM SHEPTUH:
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t/2 T/2 0 T/4 T/2
[ wal v)wal2, v)dv="| (-1)%dv + [ (odv+ j12dv+ J1u-ndv=o.
-t/2 -T/2 -T/4 0 T/4

B »TOM ciydyae anmpokcuMaIius CIIOXHOTO CHUTHaJIa, 3aJaHHOTO Ha
otpeske Bpemend [-T/2, T/2], B 0000menHbii psag Oypbe no PyHKIuaM Y olria
MIPEACTABIISACTCS B BUJIC

s(t) = ickwal(k,lj. (1.53)
k=0 T

ba3zuc sxcnonenyuanouvix ynxyuii. Jns 3anvcu oO0OIIEHHOTO psia
®ypoe (1.50) ObiBaeT yAOOHO WCIONB30BATh KOMIUIEKCHBIC (YHKIIMH B
KauecTBe 0a3uca OPTOHOPMHUPOBAHHBIX (PYHKIIMK. ba3uc 3Tnx QyHKIMNA MOKHO
MPEICTaBUTh B BUJIE
P (=jKkant),..., exp(—j2mt), exp(-joqt), L exp(jert), exp(j2emyt)...., exp(jkeont),....  (1.54)
OprtoronanbHocTh 3TUX (yHKIUE (1.54) BBIMONHSAETCA HA BPEMEHHOM
WHTEpBAJIe, pAaBHOM mepuoay u3MeneHus 1 =21/ ®, ucxoauoro curnama S(t).
JUis  TOpoBEpKH H3TOTO MOXKHO BBIYHMCIUTH CKaJSIPHOE IPOU3BEICHUE
OTHOCUTENIbHO [JIByX TIPOM3BOJBHBIX (PyHKUMII Oa3uca, B3sB, Hampumep,
¢yukuun exp(—j2w,t) uexp(j3w,t):

T/2 T/2
j exp(—j2w4t) - exp(j3w,t)dt = j exp(jw,t)dt =
~T/2 ~T/2
1 , T/2 1 2n T 2n T
= Eexp(]wlt) o = o [exp< e E) — exp (—] - E)l =
1

= ]K [exp(j2m) — exp(—j2m)] =

1
= cos(2m) + jsin(2m) — cos(2m) + jsin(2m) = 0.

N3 mnocnenHerd CTPOKH BBIPAXKECHUS MOYKHO BHJETh, YTO CKAaJISPHOE
npousBencHre oT  pyakmmii  exp(—j2w,t) uexp(j3w,t) paBHO HyIIO,
IIOCKOJIbKY HYJIIO paBHBl (DYHKIMH CHHYC, a (DYHKIMH KOCHHYC B3aHMHO
BBIYMTAIOTCS.
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2. CNNEKTP AETEPMUHUPOBAHHbLIX CUTHAIIOB

2.1. Annpokcumaumsa npon3BoOsibHbIX curHanoB. OCHOBHbIE
NOHATUA

B Teopun pagmoTEXHUYECKUX CUTHAIOB JIETEPMHUHUPOBAHHBIE CUTHAJIBI
NENAT Ha TEPUOJMYECKHE W Hemepuoauueckue. lleproandeckue CHUrHabI
OTBEYAIOT YCIIOBHIO

s(t) =s(t+nT), (2.1)
rje N — aro0oe 1enoe Yucio; T — nepuo.

Takum 00pa3oM, B COOTBETCTBUH C BhIpakeHUEeM (2.1), MOKHO OTMETHTb,
YTO MTHOBCHHBIE 3HAYCHUS MEPUOAUUYECKOrO CHUTHAJIA IOBTOPSIOTCA 4YEPE3
paBHbBIEC POMEKYTKH BPEMEHU T , KOTOPbIE HA3bIBAIOT IEPUOOM.

COOTBETCTBEHHO HEMEPUOJIUUECKHUE CUTHalIbl ycioBuio (2.1) He
YAOBJIETBOPSIOT.

K OCHOBHBIM 3HEPTETUYECKHM XapPaKTEPUCTUKAM CHTHAJIIOB OTHOCSIT €r0
MomHOCTh U 3Hepruto (1.37) — (1.41).

AHaIN3 PaTUOTEXHUYECKUX CHUTHAJIOB Oa3upyercss Ha MOCTPOCHUU
MOJICJIM PEAJbHBIX JETEPMUHUPOBAHHBIX CcHUTHAIOB. [locTpoeHune Moaenu
CUTHAJOB MOXHO paccMaTpuBaTh KaK allpOKCUMAIIMI CUTHAJIOB BO
BPEMEHHOW WM 4YacTOTHOM oOnacTsax. [Ipu mpoBeaeHUM CHEKTPaIbHOTO
aHajM3a CUTHAJIOB IMOCJIEJAHUE pAacCMATPUBAIOT B YACTOTHOM OOJacTu M
COOTBETCTBEHHO aIMPOKCUMAIINIO CUTHAJIOB MPOBOJST B 4aCTOTHOM 00acTu. B
POJIM KPUTEPHUS, MO3BOJISIONIETO OLICHUTh KAY€CTBO AMMPOKCUMAI[UU CUTHAJIOB,
HCMOJIB3YIOT PA3HOCTh CPEAHUX MOIIHOCTEN WIIM SHEPTUN PEAIbHOTO CUTHANA U
npejiaracMoi MO CUTHajIa. JTa pa3HOCTh JOJKHA ObITh MUHUMAJIBHOM.

ITycte mMmeeTcsi mpom3BONbHBIA curHaa S(1), KOTOpeIi HEOOXOAUMO

annpokcumupoBath QyHkuueir 1M(t) Ha unHTepBane Bpemenu [t,t,]. B aTom

cllydae MOKHO 3alKMcaTh PAaBEHCTBO, TOBOPSIIEE O COBIAJAEHHH HCXOIHOTO
CHTHaJIa ¥ €r0 MOJIENN

s(t) =cn(t), (2.2)
rae ¢ — K03 HIMEHT, XapaKTepU3yIOIIUi CTEIIEHb HECOBIAACHHS UCXOTHOTO
curHana S(t) u anmpokcumupyromei Gyaxpm 1(t).
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JIns OLIEHKH CTEMEeHHW HecoBmaaeHuss wucxomHoro curHaga S(t) wu
anmnpokcumupyromeid yakuun Cr(t) OTHOCHTENBHO UX CPEAHHMX MOIIHOCTEMH
3alMIIeM BhIpakeHue, ompeaessromee (ynknuto ommoku () =s(t) —cn(t).

Torma cpenHEKBaApaTUYHOE OTKJIOHEHHWE (YHKIUU OIIUOKH  (CpeaHss
MOIITHOCTh CHUTHaJIa OITMOKH) OyJIeT UMETh BU/T

]_- tl I&Z (t)dt =

t

[[stt)—cn(®)] dt.

1y

2
O =

t, t,—t

MuHUMaTbHOE 3HAYCHHWE CPETHEKBAAPATHYHOTO OTKIOHEHUS (DYHKITUH
OmMMOKKA 3aBUCUT OT Koddduumernta C. Jag HaAXOXKACHUS 3HAYCHUS
ko3 dumenta C, NOpH  KOTOPOM  CpPEIHEKBAJAPATHYHOE OTKJIOHCHHE
MHUHUMAJIbHO, BO3BMEM TIEPBYIO NPOU3BOJHYIO IO KOI(PPUIIMEHTY C OT
CPEIHEKBaIPAaTUIHOTO OTKJIOHCHHS:

do? 2
=— s(t)n(t)dt +
- tz_tli (Hn(t)

2c %,
tjn ()dt=0.

t, - 1y

B cooTBeTCTBHM C 3TUM BBIpAXKEHUEM Hal1eM 3HaUeHue K03 PUIMEHT C:
t, t,

c=[s(n(vdt / [n*(t)dt. (2.3)
t t

MOXHO BHZI€Th, YTO 3HAUEHUE AMMPOKCUMHPYIONMIETO KOdPUIIEHTA C
(2.3) ompenensercss OTHOIICHUEM B3aUMHOM SHEPTUH MPOU3BOJLHOIO CHUTHAJIA

S(t) u anmpoxcumupyromei ¢pyakuun M(t), K d3HEPrUU ANIPOKCHMHUPYIOIIEH
yukmuu M(t). Torma, ¢ yuetom Beipaxkenuit (2.2) u (2.3), HCXOIHBIN CUTHAI

S(t) MoeT OBITH OIUCAH CIIEIYIOIINM BBHIPAKEHHEM:

f s(t)n(t)dt
s(t) = ——n(b).
[ ()t

B o6mem Bume koddduimeHT C HE paBeH HyI0. B To ke Bpems B

cllydae, KOIJa CHrHalbl IONHOCThI0 He momoOHbl (curHanmsr S(f) u m(t)
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t2
OpTOrOHAJBHBI Ha HWHTepBaie [t t,], To _[ s(t)n(t)dt =0, u korddumment c
tl

OyJzieT paBeH HYJIIO.

Ilpumep 2.1. AnnpokCUMHPYEM TEPUOUYECKYIO IMOCIEN0BATEIBHOCTD
Pa3HOMOJIAPHBIX MPSIMOYTOJIHBIX HMITYJIbCOB aMIumutTygon +A (puc. 2.1)
dyukrmmesi  n(t)=sinwt. Ilepuox MOBTOpEHHMS CHUTHAIA ©  TEPUOJ
annpoOKCUMAallUU PaBHBI | .

Pewenue. JIns1 annpokcuMaIuy CUrHaja UCIOJIb3yeM HHTEPBAJl BpPEMEHH
[0, ].

Onpenenum 3HaueHHe kodddunrenta ¢ mo gpopmyie (2.3)

t TI2 T
[sm®dt A [ sin(t)dt-A [ sin(ot)dt
c=4 __0 T/2 _
t T
[ n? (et [sin (atydt
ty 0
T/2 T T/2 T
A sin(tdt-A [ sin(eyde A0S+ Acos(al)
_9_0 T/2 —9 @ 0 @ T/2
T T _ T .
[ dt - [ cos(2et)dt g - Sin(2et
0 0 0 20 |,

N3BecTHO, YTO IJi MEPUOJUYECKUX CHUTHAJIOB BBIMOJHSIETCS YCIOBHUE
®=27/T. B cOOTBETCTBUH C 3TUM BBIPAKECHUE CBEIEM K BUIY
ATcosmt ATcosO ATcos2n ATcosn
B * * - 4A
) 2n 21 21 21

T-—

Tsindr T
47
C yuerom 3HaueHums Kodpdummenta c¢ curHan S(t) omuceBaercs

dbopmynoi (puc.2.1):
s(t)=cn(t) = ﬂs.in(oat).
T

Crenens coBmagenus curHaiga S(t) w ammpoxcumupyromend (GyHKIHH
cn(t) ompenmenmsiercss 3HaueHneMm Koddduimenta C=4A/ T, SBISAIOMIETOCT
amrmiTy ot ¢pyaknuu Sin(mt). B coorBercTBuM ¢ mpuMepoM 2.1 MOXKHO

BUACTDH, 4YTO PICXO)IHBIﬁ CUTHAJ MU alllIpOKCUMUPYROIIAA (I)YHKI_II/IH COBIIaaKOT
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MEXJy CO0ON OTHOCUTEIIBHO JHEPTHMM UM COOTBETCTBYMOIIEH. OmHAKO Mo

(bopMe UCXOAHBIN CUTHAT U alIPOKCUMUPYIONIas GyHKIHS HE COBMAAAOT.
: en®
A

4N /T
A ,, \\ W
! \ |
\ / >
0 kr2 AT ¢
\ !
AL o
AN/t ~

Puc.2.1. Ucxonusiii curaan S(t) u annpokcumupyomias ¢pynkius cn(t) B

npumepe 2.1

Kak mpaBuiio, MOKHO MPOBOJUTH AMMPOKCUMAIIMIO CJIIOKHBIX CUTHAJIOB C
WCIIOJb30BAaHUEM OJHOM anmpokcumupyromeit ¢ynkuuu. OjgHako B 3TOM
Clly4ae TOJYYUTh BBICOKYIO TOYHOCTh OTHOCHUTEIBHO (OPMBI HMCXOIHOTO
CUTHaj1a HEBO3MOXHO (cM. puc.2.1). B To ke BpemMsi MOXHO HCIOJb30BaTh
MHOKECTBO aMMPOKCUMUPYIOIUX GyHKmid 1, (t), n,(t), n, (1), ..., n, (1),...,
rne K — HOMep ammpokcumupyronieil ¢yHkiuu. Kaxaas w3 anmpoKCUMUpy-
omKUX (QyHKIME OyJIeT BHOCUThL CBOM BKJIAJ, B TOYHOCTh AallPOKCHUMAIIUU
MCXOJIHOTO cUTrHana. B 3ToM ciyuyae Mojenib UCXOIHOTO CUTHana OyaeT UMETh

BU/I
s(t) =Cono (1) +Cm, (1) + M, (1) +...+ ¢, () +...= D cm, (1), (2.4)
k=0
rae M, (t), n,(t), n, (), ..., N (t),... — 6azuc anmpokcumupyromux GYHKIHM, a
Co» €1, Cp, «e) Ck, . — KOOI PUIIMEHTBHI ANIIMTPOKCUMALIUH.

[Tomyuennoe BeipaxkeHue (2.4) Ha3pIBaIOT 000OIICHHBIM psigoM Dyphbe.
B naHHOM Cilydae TOYHOCTH ANPOKCHMAIIMK MCXOAHOro curHama S(t)

MHOKECTBOM ANMPOKCUMHPYFOIIUX GyHKIHIA Mo (1), ny (1), N, (1), ...

OTIPENIeTISICTCS TeM, YTOOBI Pa3HOCTh YHEPTUN MCXOHOTO CUTHAJA

U anpOKCUMUPYIOIIUX QPYHKIUN
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t »

W, = [ > cini(t)dt = Zc j N2 (t)dt

t1k0

Obula paBHa HyJ0. Eciim 3TO yciioBHE BBINOJHSETCS, TO TOIAA 3HAYCHMS
k03¢ purrentoB C,, K >0 MoryT ObITh paccunuTaHbl O GOpPMYIIE

~ [som,dt / [n . 25)

JlokazaHo, 4to eciau KOd(PIUIMEHTH anmpOKCUMHUPYIOIIEH (YyHKIIUN
ONPEACNSIIOTCSI B COOTBETCTBUU C BBIpaXXEeHHEM (2.5), TO CIOXHBIN
NEPUOIUYECKUI CHUTHAl MOKET OBITh ONucaH 0000HIeHHBIM psagoM Dypbe
(2.4).

B Beipaxkenun (2.4) B KadecTBe AamnmpOKCUMHUPYIOMIMX (QYHKIUN

{nk, kZO} UCIIOJIB3YIOT OPTOHOPMHUPOBAHHBIE (PYHKIMU, KOTOpPHIC MOMApPHO

OTBCYAIOT YCIIOBUIO OPTOI'OHAJIBHOCTH

b
jnn (Hn,, (t)dt=0 mpu n #m;

b (2.6)
jnn (Hn, ()dt =0 mpu n=m.
Ecnu qist pyrkuuu M (t) BBIIOJHSETCS YCIOBHE
b
[n2(dt=1, 2.7)

TO T0100HAsT (DYHKIIMS HA3bIBACTCSI HOPMHUPOBAaHHOW. DYyHKIMH, OTBEUYAIOLTUE
ycinoBusiM (2.6) u (2.7), Ha3pIBAIOT OPTOHOPMHUPOBAHHBIMHU, & MHOXKECTBO
MoA00HBIX (YHKIMA HA3bIBAIOT 0a3MCOM OPTOHOPMHUPOBAHHBIX (DYHKITUH.
CooTBeTCTBEHHO 0a3uC OPTOHOPMHUPOBAHHBIX (PYHKIUN W HCIOJIB3YETCAd B
Ka4eCTBE CHCTEMBI JICHCTBUTEIBHBIX (YHKIIMHA MTPU anpOKCUMAIIAN CIIOKHOTO
NIEPUOJNYECKOT0 CUTHAIa 00001eHHBIM psiioM Dypee (2.4).

B kadecTtBe anmpokcuMupyromux (GyHKIIMH MOXXHO HCIIOIL30BaTh 0a3uc
OpPTOHOPMHUPOBAHHBIX, MPUHUMAIONIMX KOMIUIeKcHbIe 3Hadenus {1, (t), k > 0}.

B sToM ciiydae yciioBre OpTOrOHaJIbHOCTH 1 HOPMUPOBKHU UMEET BUJT

N,(ON, (1)dt=0 npu n==m;

D ey T
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i, (O, (Bdt = [ |7, @O dt

a

D ey T

rae 1 () — QyHKIMS KOMIUIEKCHO—COMPSUKEHHAS K KOMILICKCHON ()YHKIIMH
n(t); |ﬁ(t)| — MOZYJIb KOMIIEKCHOU (DYHKIHH 1(t).

Kommekcupie koddduimeHTsl 0000meHHoro psga Dypbe MOXKHO
OTIPEICIIUTh B COOTBETCTBUU C BHIPAKECHUEM

b b
g, = j 5(H)7; (t)dt / j 7, (O dt, (2.8)
a caM 00001eHHbIN psig Dypbe nmeeT BUA
§(t) = &,Tio () + &7, (0 + &, () +. 4 &7, (0 4= D ERMD. (29)
k=0

CuctemMbl ~ OPTOHOPMHUPOBAHHBIX  (PYHKUUH,  KOTOpPbIE  MOYKHO
MCIIOJIH30BaTh MPH AMMPOKCUMAIIMH CJIOKHBIX CUTHAJIOB OOOOIIEHHBIM PSIOM
®dypbe, MOTYT OBITh pa3IUYHBIMU. Vcmonb3oBaHWE TOW WM MHOW CHUCTEMBI
GyHKUMA ompeaenseTrcss TEMH LENISIMH, KOTOpble MpecieAyloTcs MpH
anmpokcumanuu. K yuciy 3Tux menei Mo)KHO OTHECTH CIEAYIOLIEE:

HauboJee TOUHOE IMpecTaBiIeHue (POpMbl IEPUOINUECKOIO CUTHAJA B
€ro MOJICIIN;

— TMOJy4YeHue MUHUMAJIBHOTO YHCia WIEHOB 00001eHHOoro psijga dypoe

IpH 33JJaHHON TOYHOCTH anpOKCUMAIIUU.
HaunbGonee yacTo mpu anmpoKCHUMAIIUU CIIOKHBIX CHUTHAJIOB UCIOJB3YIOT

OPTOHOPMHPOBAaHHYIO CHCTEMY TapMOHHYeCKuX QyHKiui Sin(Mot) u
cos(nwt) , 94To OIpeaeIAETCs CIEAYOMIMM:

rapMOHHUYECKOE KoJieOaHue ABISIETCS mpocTeiiied (QyHKuuend u He
NOJIBEPKEHO Pa3JI0KEHHIO HA APYTUE CIEKTPAIbHbIE COCTABIISIOIINE;

— TapMOHHUYECKHE KOJIeOaHUs SIBJISIOTCA €AUHCTBEHHBIMU (DYHKIMSIMU
BPEMEHH, KOTOpble MpU  MNPOXOXKICHUM  Yepe3  JIMHEHHbIe
PaIMOTEXHUYECKUE IIeN HE H3MEHSIOT CcBoed (opMbl, y ITHX
GyHKIUE U3MEHsAETCA JIMIIb aMIUIMTyJa M HauvajdbHas  (¢asza
KOJICOaHM;

— HWCIMOJB30BAaHME  TapMOHHUYECKMX  KojeOaHMM B~ KauecTBe
anmpOKCUMUPYIOIIUX (PYHKIUNA TMO3BOJSET NPUMEHSATH CHMBOJIbHbBIC
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METOABl  aHaJIM3a JIMHEHHBIX  PAAUOTEXHUYECKUX  LEened B
YCTAaHOBUBILIEMCSI ~ peXuMe (Hampumep, MeToJ  KOMIUIEKCHBIX
aMILTUTY ).

JInst annpoKCUMaluy MEPUOANMYECKUX CUTHAJIOB MOYXHO MCIIOJIb30BaTh
CUCTEMbl OPTOHOPMHUPOBAHHBIX (YHKLUHMA THIA MOJUHOMOB (MHOTIOYJIEHOB)
YeOrimena, Opmura, Jlarepa nnm Jlexxanapa.

OpnHako, HCIOJB30BAHME OSTUX IIOJMHOMOB, KaK NPAaBWIO, HE JAET
BBICOKOM TOYHOCTM AaNIIPOKCHMALIMM MPU YMEPEHHOM YHCIIE YJICHOB

o6o6menHoro psama Pypee. Hampumep, cpemHekBagpaTHdeckas ONIMOKA G
anMPOKCUMAIIMA  TEPUOAUYECKON  TOCIEIOBATEIPHOCTH  IPSIMOYTOJIBHBIX
HMMITYJICOB, MPEICTABISIONINX COO0M pa3HOMOJISIPHYIO (DYHKITUIO
1 mpu —1<t<0;
s = -l mopu 0<Lt<],

noavuHomMoM  JlexaHnapa ¢ 4YeTelppbMs uieHamu psga  paBHa 28 %.
Hcnonb3oBanue xe 0azuca TPUTOHOMETPUYECKUX (PYHKIUN MPU TOM KE YUCIE
YJICHOB psifa oOecleynBaeT OmuOKy ammpokcumaruu 6,75 %. Crnemyer
OTMETHUTh, YTO HCIIOJIb30BAHME TPUTOHOMETPUYECKUX (YHKIHMA B KauecTBe
0a3rca OpTOHOPMUPOBAHHBIX (QYHKIMI obecreunBacT B 4 paza 0ojee TOUHBIN
pe3ynbTaT MpU OJAMHAKOBOM YHCIIE WICHOB psifga Dypbe, ueM anmpoKCHUMaIus
CUTHaJa MoJIMHOMOM JlexxaHpa.

2.2. CnekTpanbHoe npeacTaBneHne nepmMoanyecknx CUrHanos
PaCCMOTpI/IM AllIIPOKCUMAIUIO  CJIIOKHBIX IICPHOIUYCCKHUX CHI'HAJIOB,

oTBevaromux yciaoButo (2.1). OauH W3 BapuaHTOB IMOJOOHOTO CHUTHaJA
MIPUBEEH Ha puc. 2.2.

T/2

Puc. 2.2. IIpumep nepruoaudecKkoro CUrHaja CiI0KHOU (GOpMBI
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ATIPOKCUMUPYEM 3TOT CHrHaja o0000meHHbIM psigoM Pypee (2.4). B
KauecTBe Gasuca yHKIUMHA OPTOTrOHAIBHBIX Ha OTpeske Bpemenn [—T /2, T/2]
UCIIOIb3YEM FapMOHUYECKHE (DYHKIHH:

N (1) =1 My, (t) =sin(e;t); ny (t) = cos(e,t);
M, (1) =sin(2e;t); M, (t) = cos(2m,t); ...
Ot QYyHKIUH OTBEYAIOT YCJIOBHMIO IepuoauuHoctd. Kpyrosas wacrora

®, =2n/T onpenensercs mepuogOM T M3MEHEHHS MCXOJHOTO CHTrHAIIa,

MOJIJICKAIIETO alllPOKCUMAIINH.
Jns  anmpokcumanuu curHaima o0o0meHHbiM psigoM  Dypee  (2.4)
BBIYHCIAM KOdPPHUIMEHTH C, 1o Gopmyre (2.5). B xoxe BeIYMCICHHN yuTeM,

4TO KaXIbIH KOI(Q(GUIMEHT C, ONpeneNseTcs CyMMOH JIBYX T'apMOHHYECKUX
Gyskmmit - 1M, +n, =CoS(kw,t) +sin(km,t) ¢ oaMHAKOBEIMH  KPYrOBBIMH

qactotTamMu Ko,. Torna 3Hauenue ko3 duirenta C, TPUHUMACT BH]

T/2 T/2
[ sOn.dt | s(t)[cos(ket) +sin(keyt)dt
C =35 =5 -
| ni(at [ Isin(ke,t) +cos(keyt)dt
-T/2 -T/2
T/2
[ s(®)lcos(ke,t) +sin(ke,t)]dt
— -T/2
T/2 '
j [sin? (keo,t) + cos? (Ka,t) + 2sin(ke, t) cos(ke,t)]dt
-T/2
B 3HAMCHATCIIC IIOJIY4YCHHOI'O BBIPAKCHU A nMEEM

sin®(km,t) +cos’ (ko,t) =1. WaTerpan ot mpousBeaeHHs (GYHKIMHA CHHYC H

KOCHHYC paBeH HyJt0. B 3Tom ciyuae 3HaueHue ko3 duuuenta C, paBHO
T/2 T/2

ckzi | s(t)cos(kwlt)dui [ s@sin(kot)dt =c,, +c,, (2.10)
T—T/2 T—T/2
1 T/2 1 T/2
c..=— | s(t)cos(km,t)dt, C.. =— | s(t)sin(km,t)dt —
rae kc T_L() (k1) o T_lez() (koyt)

KOCMHYCOUAAJIbHAA W CHUHYCOWAAJIbHAA COCTABJIAKOIIUC KOB(I)(bI/IHI/IeHTOB Ck

COOTBCTCTBCHHO.
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Nmest 3naueHus: KOdIPQUIMEHTOB C,, M C,, U 0a3hUC OPTOTOHATIBHBIX
byukumii - My (t) =1 my (1) =sin(m,t); (1) =cos(mt);  m, (1) =sin(2eot);
Ny () =C0S(2,t); ... CIHOXKHBII MEPUOIMICSCKUI MOKHO OIHCATh 000OIICHHBIM
psagom Dypee (2.4)

s(t) = > _[c,, cos(ka,t) + ¢, sin(kayt)].
k=0
[Ipeobpa3yst TpUroHOMETpHYECKHE (DYHKIHM B COOTBETCTBHH C

I[IpaBuJIaMHu, OTOBOPCHHBIMU B MATCMATUKC, BBIPAKCHHUC MOXXHO IIPCACTABUTH B

OoJiee HarsAIHOU popme:

s(t) = 3 A, cos(kayt - 0,), (2.11)

2 2 C
rie A, :\/(Ckc) +(C ) — ammmryga, a ©, :arctgcﬁ — HayaibHas (asza
ke

rapMOHUYECKOW (DYHKIIUH C KPYroBOi 4acToTol Ko, .
Ipumep 2.2. meetcs nepuoanyeckuii curuan S(t), mpeacraBiacHHBIN Ha

puc. 2.3

A npu 0<t<T/2.

SA

-A -T/2<t<L0;
S(t):{ pu

A

Y

o A T t
-T/2 T/2
Puc. 2.3. [lepuoanueckuii CUTHAII K mpumepy 2.2

HeoOxoaumo anmpoKCUMUPOBATh 3TOT CUTHaANI OO0OOIIEHHBIM psigoM Dypbe,

WCITIOJIB3YSl TPUTOHOMETPUYECKUN 0a31C anmpOKCUMHUPYIOMHNX (DYHKITHH.
Pewenue. VIcXonHbI CHUTHAN SBISETCA TEPUOIUYECKOW (YHKIIHEH,

U3MEHSoIIeHcs ¢ nepuogoM T. B cBs3u ¢ 3TuM OyAeM anmpoKCUMHUPOBATH

CUTHAJI BO BpeMeHHOM auarnaszone [—T/2, T/2].
Jlnst anmpokcumaruu curnana S(t) Beraucium 3HadeHus: K03()OUIHEHTOB

C, » ICTIONB3ys BhIpakenue (2.10).
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B coOTBeTCTBUM C HTUM BBIPAKEHUEM BBIUUCIUM KOCHUHYCHBIE U
CHUHYCHBIE COCTaBJISAIOIMUE KOYPPUIUEHTOB C,

T/2 T/2
ckC:% Js(t)cos(kcolt)dt—? j (-A) coskoyt)dt+ [ Acos(kayt)dt | =
-T/2 -T/2 0

T/2 _

A
= sin(koqt
T l(m1)|

sm(k ot)|,
01

T/27

:k—[—sm(O) S|n(km1T/2)+S|n(km1T/2) sin(0)] =
1

L T2 T/2

Cs =7 j's(t)sin(koalt)dt—? j (-A)sin(kopt)dt+ [ Asin(koyt)dt | =
-T/2 -T/2 0

T/2

A 0 A
= cos(kmqt — COS(Kmqt
Tk(Dl (k 1 )|_T/2 Tk(Dl (k 1 )|

= ——[1—cos(keyT/2)-cos(kanT/2)+1]= A [1-cos(kn)]
koal kr

B cootBeTcTBHHU C INOJIYYCHHBIMHU 3HAYCHUAMU KOB(I)(i)I/II_[I/IeHTOB Ckc nu Cks

HaiiieM 3HadeHus ammuTyq A, U HavaibHOM (a3pl O, rapMOHMYECKUX

cocraBistomux psaga Oypee (2.11):

A, \/ckc +(Cys) =A(1—coskn);

— (1 cos k)

®, =arct "S_arct Km ==,
gckC : 0 2

Torma mopmens ucxomHoro curHama (puc. 2.3), OyAeT ONUCHIBATHCS

cleAyonUM 00001eHHBIM psiioM Dypbe (2.11):
s(t) = > A, cos(kot-0,) =" A (1-coskn) cos(koalt —Ej .
k=0 k=0 krt 2

ITepBbIe TATH citaraeMbix 3Toro psiaa dypese OyayT UMETh BUI:
k=0 ¢cmp(t)=0;

1 cmy(t) =(2A/7 mt)sin(w,t);

2 c,my()=0;

=3 cn,(t) =(2A/3n)sin(Bw,t);

4 ¢, (1)=0;
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k=5 c¢mn(t)= (2A/5n)sin(5(olt).

[IpoBe/icHHBIC BBIUMCIICHUS MMOKA3bIBAIOT, YTO HMCXOJHBIA CHTHaN (pHC.
2.3) anmpoKCUMHUPYyeTCss 0ECKOHEYHOM CYMMOM CIIEKTPaIbHBIX COCTABJISIOIIMX.
Kaxxnmass ciekTpanbHas COCTABIISAIONIAs Psiia M3MEHSIETCS C 9acTOTOM, KpaTHON
gactote o, =21/ T wucxogHoro curHana. [Ipm 5TOM dYeTHBIE CIIEKTpaIbHBIC
COCTABJISIIONIME Psifia PaBHBI HYJIIO, TOCKOJIBKY HYJIO PaBHBI MX aMIUTATYABI, a
P COOTBETCTBEHHO OIMCHIBAETCS MHOXKECTBOM HEYETHBIX CHEKTPaIbHBIX

cocrapsironux (k=1, 3, 5,....)
s(t) =%(sin (olt+lsin 3m1t+lsin Sot+.. j
T 3 5

Psan ®ypee (2.4) MoxeT OBITh 3amucaH B KOMIUIEKCHOH Qopme ¢
MCIIOJIb30BAaHUEM 0a3rca OPTOHOPMHUPOBAHHBIX KOMIUIEKCHBIX (DYHKITHUMA
..exp(—jkayt),..., exp(—j2m,t), exp(—jo,t), 1, exp(jm,t), 2.12)
exp(j2m,t),..., exp(jko,t), ..., '
OPTOrOHAJIBHOCTh KOTOPBIX BBIMIOJIHSAETCS HA BPEMEHHOM HHTEpPBAJE, PABHOM
nepuony u3mMeHenust T =271/ o, ucxoaHoro curnaia S(t).
Psan ®dypbe B KOMIIEKCHBIA (OpME B COOTBETCTBHM C CHCTEMOM
OPTOHOPMUPOBAHHBIX QyHKIHH (2.12) nMeeT BUI:
5(t) =...C_, exp(—jkot) +...4+C_, exp(—j2m,t) + C_, exp(—jo,t) +
+C, +C, exp(jm,t) +C, exp(j2w,t) +...+ C, exp(jko,t) +...=  (2.13)

= > €, exp(jkayt).

k=—o0
Kommnexkcubie koapdunuents €, paga @ypse (2.13) Haiinem, ncnonan3ys
Beipakenus (2.8) u (2.9). B coorBercTBUM ¢ (2.8) ompenenuM B3aMMHYIO
SHEPTrUI0 JBYX KOMIUIEKCHO-COMNPSDKEHHBIX (YHKIUMN (MOMapHO HMCIOIb3yeM

¢ynkmmu ¢ kodpdumumentamu —k u k) u3 0asmca OpPTOHOPMHUPOBAHHBIX
byukimii (2.12)

T/2 T/2

[ [fc®f dt=" Texp(~jkoyt) + exp(ika,t)ldt =T.

-T/2 -T/2

Hcnionbsys hopmyny (2.9), Haxoaum 3HaueHus kodhdunuentos €, psaa

Dypre
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1 T/2
C== | s(tyexp(-jkaoyt)dt.

-T/2
B COOTBETCTBHH C npeoOpa3oBaHueM Diinepa
exp(—jko,t) =coskot — jsinket, xoddpdunmenter €, psga Dypre B

KOMILUIEKCHOM (pOpME MOXKHO BBIPAa3UTh YEPE3 TApMOHUYECKHE PYHKIUN

C, =C. — JCy, (2.14)
1 T/2 1 T/2

e Ce=x [ s®)costkayt)dt  u Co=—7 [ s@sinkot)ydt -
-T/2 -T/2

KOCHHYCOMJIAJIbHAsI U CHHYCOUAAIbHAS COCTaBIIsAoNIMe K03 duuneHTos C, .
Torna, UCTIOJIb3Y S MPECTABICHUE K03 HUIIEHTOB Cy B

TPUTOHOMETPUUECKOU dbopwme, HalaeM aMILIATY Iy (Momynb)

€| = \/(Ckc)z +(c,)” m apryment (wauanbmas Qasa) O, =-arctg(c /c,)
3TuX  Kod(pdunumentoB. B  pesymprare 3TOro  3amuiieM — 3HAYCHUS
k03 uuuentos €, B MokazaTeapbHOU Gopme
Ck :|6k|exp(j®k),
rae |(~:k| — MOJyJib, a ®, — aprymeHT ko3 uienra c .
B atom ciiyuae psg @ypbe B KOMIUIEKCHOUM hopMe TPUHUMAET BU/T

50 = > 6 Jexp[ i(kont-0,)]. (2.15)

k=—o0

B mnosiydueHHOM BBIp@KEHUHU, MOJYJHU |Ck| k03 Pummentos  C,
COOTBETCTBYIOIIIAE OTPULATEIIHHBIM |f:_k| U TIOJO0KUTEIbHBIM |(~:k| nHAeKcaMm K,

paBHBI MEXIy COOOMH, a apryMeHTel ® , U ©, CUMMETPUYHBI OTHOCUTEIHHO
Hauana koopauHaT (Kot =0 npu k =0). B cooTBeTcTBUM C 3TUM ciiaraembie B

psane ®dypre (2.15) MoxkHO pa3duTh Ha aBe rpynmbl. OfHa rpymnmna OyaeT
COOTBETCTBOBATh OTPULIATEIBHBIM — K, @ BTOpasi — NOJIOKUTEIbHbIM K . B 3TOM
CJlydyae MOXHO MPOU3BOAUTH CyMMUpOBaHUE B psje Dypoe (2.15) He oT —o0, a
OT HyJIsl. DTO MO3BOJISIET 3anucath paj Oypbe B CIEIYIONIEM BUJIE:

5(t) = g|&k|{exp[— i(kot-0,)]+exp[ j(kot-0, )]}
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Torna, MPUMEHSS npeoOpa3oBaHue Ditnepa
exp(jko,t) =coskm,t + jsinkm,t k BblpakeHHSIM B KBaJpaTHBIX CKOOKaX,

3aMMIlIeM KOMIUIEKCHBIN psij Pypbe ¢ MCHOIB30BAHUEM YIABOECHHON (PYHKIUU
kocunyca 2€0s(ko,t—0,)

s(t) = Zi|(”:k|cos(kcolt -0,). (2.16)
k=0

PaccmarpuBas Beipakenue (2.16), MOKHO OTMETHTH, uTo mpu K=0 B

0a3uce OPTOHOPMUPOBAHHBIX PyHKIMH (2.12) MMeeTCs TOJBKO OHA (YHKIIHS,
paBHas eaunuie. C ydetom storo psa Pypee (2.16) MOKHO MPEACTaBUTH B
OoJiee yaoOHoM dopme:

s(t) =¢, + Zik:k |cos(kayt—0,).
k=1

Ucnons3ys 3HaueHuss kodpduumentoB C,, u C, (2.14), csenem

MOJIYYEHHBIN TpUroHOMeTpuueckui psag Dypbe Kk 0Oojee ymoOHOMY K
IIPUMEHECHUIO BUY

(1) = %0 +3 [a, cos(kayt) - jb, sin(keyt)] =
k=1

:%MiAk cos(kat+0,), (2.17)
< T/2
re A, =2[6|=y@)*+(0)*; a,=2c, =$ Tj/ 2s(t) cos(ke,t)dt
b =2c = 2 sz s(t)sin(ko,t)dt; ©, = —arctg&.
‘ « T -T/2 ' ’ ‘ ak

[IpoBonst ananu3 TpuroHomerpuueckoro psaa Dypee (2.17) wu
K03 (HHUIIMEHTOB, BXOAIINX B HETO, MOXKHO OTMETUTH CIICIYIOIICE:

— €CJIM UCXOJHBIM NEPUOANYECKAN CUTHAII ONMCHIBAECTCS YETHON
¢yHkuue (CUrHaJl CUMMETPUYEH OTHOCUTEIBHO Hayaja KOOpAMHAT
S(—t) =s(t) m mocturaer makcumanbHoro 3Hadenus npu t=0), To B psame

Dypbe kodpduireHTsl D, paBHBI HYJIIO;

— €CJIA UCXOJIHBIN MTEPUOJUUECKUN CUTHAJI OMTMCHIBACTCS HEYETHOM
dbyHKIMeN (CUTHAJI HE CUMMETPHUYEH OTHOCUTEILHO Hauyaja KOOPJWHAT U MpHU
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t=0 mocTHraeT MUHUMAJIBHOTO 3HAYCHHUS), TO B psne DPypbe KodDPUIHECHTHI
a, PaBHBI HYJIIO;

— COCTaB M MapaMeTPhbl YaCTOTHOT'O CIIEKTpa UCXOAHOTO curHaia S(t)
HOJTHOCTBIO OIpENEsIeTcs CHEKTPOM aMIUIMTYA (MOAyiau Ko3(p¢uuueHToB C,
win A, ) 1 cnekTpoM (a3 (apryMeHTsl ®, KOMIUIEKCHBIX KO3((UIEHTOB);

— CIIEKTP aMIUTUTY]] KCXOHOTO IMeproudecKkoro curHana S(t)
NPEJCTAaBIsAET COOOW TUCKPETHYIO (JIMHEHYATYyr0) IOCHIEI0BATEIBHOCTh, OH
COCTOUT M3 MHOXKECTBA CIEKTPAJIbHBIX COCTABJSIONMINUX, KaXAas U3 KOTOPBIX

umeer coto uyacrory 0, o, ®, =2m,, ®; =30;,... U CBOIO aMIUIUTYIy; Ui
npuMepa Ha pHC. 2.4 IPEACTaBIEH CIEKTP aMILTHTY] [Cx| Mt ko3ddumuenTos
C,, a Ha puc. 2.5 — 111 ko3 PuuneHToB Ay = 2[Cy|, COOTBETCTBYIOIIHUX OXHOMY

M TOMY KC CUTHally,
CA

C, F C,
(o c,
« 71 [T 5

-k(D;l -2&1 'ﬂ)l 0 (Dl 201 kol a

Puc. 2.4. CniexTpanbHbIid COCTaB KOMIUIEKCHOTO psifia Dypbe
AA

A A,

0

A

g

0 o,20, ko,o

Puc. 2.5. CnekTpanabHbIi COCTaB TPUTOHOMETpHUUECKOTO psiia Dypbe

Ilpumep 2.3. llepuoandeckuii CUTHAJ, paCCMOTPEHHBIN B mpumMepe 2.2 u
MPEACTABISIOMMNA COO0M MOCIEA0BATEIbBHOCTh PA3HOMOJISIPHBIX HMITYJIbCOB
ammmatygaod  A(-A)  ® mepuooM  cileloBaHHA |,  HEOOXOIUMO
anmpoOKCUMHUPOBATh, UCOJIb3Ysl TPUTOHOMETPUYECKUH psify Dyphbe.

Pewenue. llpm pemeHun 3amadyd  ydTeM TO OOCTOSITEIBCTBO, YTO

MCXOJ/IHBIM CUTHAJ MPEJCTABIISIET COOOM HEUETHYIO (DYHKIIHIO, TTOATOMY ISl €r0
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anmpoKCUMAIMX BBIYUCINM K03 ¢unueHtsl a,/2, b, u apryment ©, psaa
®ypee (2.17).
[IpoBoguM pacuer Koa(bq)nuneHTa ay/2

T2 T/2
a_:_f (t)dt_— j (- A)dt+—jAdt_—ﬁ+§:o
2 -T/2 —T/2 2 2

PaccuntsiBaeM Koa(b(bHuHeHT by

T/2 T/2
== j s(t)sm(kcolt)dt—— j (- A)S|n(koolt)dt+— j Asin(ko,t)dt =
,T/z 7T/2

:—[1 cos(kn ]_— in (knj 4A[1 (—1)k].
2 k7
CurHan B paccMaTpUBaeMOM MpPHUMEPE MPEACTABISIET COOOM HEYETHYIO
(QyHKIHIO, T03TOMY KO3(pduiueHTsl a, psaga Pypee OyAayT paBHbI Hylw0. B

CBSI3U C 3TUM apryMeHT O, psaa @ypwe Oyner UMeTh BUJ

®, =-—arctg (&j = —arctg (&j =—arctg(e0) =—7/ 2.
a, 0

B cooTBercTBMM C paccuMTaHHBIMH Kod(pduuueHtamu a,/2, b, un
aprymeHta ©, psax @Dypbe, ONUCHIBAIOIIMA NEPUOJUYECKUI CHUTHAI,

MPEICTABISIOLINAN cobom MIOCJIEI0OBATEIBbHOCTD Pa3HOIOJISPHBIX
MPSIMOYTOJIbHBIX UMITYJIHCOB, OYyZI€T UMETh BHU]T

s(t) = ik—A[l— cos(kn)]cos(koalt - gj =i%[l— cos (k) Jsin(ken,t) =

k=1
_—A|:Sin(0)1t)+l3in(3(01t)+l5in(5(01t)+...:|.

T 3 5

Psner @ypre, nonydeHHsie B mpuMepax 2.2 u 2.3, no ¢popMe COBMAIa0T
Mexay co0oil. COOTBETCTBEHHO MOXHO C/€JIaTh BBIBOJI, YTO JJIsl BHIYMCIICHUS
CHEKTPOB MEPUOJINYECKUX CUTHAIOB MOYKHO MCHOJIb30BaTh Kak psan (2.15), Tak
upsn (2.17).

[TpriMeMm, 94TO aMIUTUTY B UMITYJILCOB B TIpuMepax 2.2 u 2.3 paBHbl A(-A)
= 1 (-1). B cooTBeTcTBHM C 3THM Ha pHUC. 2.6 TPEICTABJICH AMILTUTYIHBIN

CIICKTP Ak HGpHOI[PI‘ICCKOfI IHOCJICAOBATCIbHOCTHU PA3HOIIOJIAPHBIX UMITYJIBCOB

(puc. 2.3), noJy4YEeHHBI B COOTBETCTBUM C BbIpakeHuem (2.17), a na puc. 2.7
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MOKa3aH CHEKTP |Ck| =A, /2 xommutekcHoro pspa @ypee (2.15) s sToro xe

CHUT'HAJI1a.

Ak A
4/r

4/3rn
4/5n

| IR

0 o, 20, 30, 40, 50, 6o, O,

Puc. 2.6. AMIUIUTYIHBIN CHIEKTP MEPUOAUYECKOM MOCIIEI0BATEIbHOCTH
Pa3HOMOJISIPHBIX UMITYJIbCOB, MOJYYEHHBIN B COOTBETCTBHH C BhIPAXKECHUEM

(2.17)

|Ell A
2/m 2/

2 /5 2/37 2/3T

T T

T | I T T T T T T T
-60,-50,-40,-30,;-20, -0, 0 o, 20, 30, 40, 50, 66, ®

2/5m
T

»
>

Puc. 2.7. 3naueHus ko3pPUIIMEeHTOB KOMILIEKCHOTO psiyia Dypre (2.15) ais
NEePUOANYECKON MOCIIEI0OBATEIIbHOCTH PA3HOIMOJSIPHBIX UMITYJILCOB

Jnsg HarnmsgHOCTHM Ha puC. 2.8 NOKA3aHO CYMMHMPOBAHHME Pa3IUYHBIX
CIEKTPAJIBHBIX COCTABIAIOMMX psifga Dypbe, MOTydeHHOTO B mpuMepe 2.3.

PaccmarpuBas puc. 2.8, MOKHO OTMETUTH CIEayroniee. ANMPOKCUMALINS
CHOXHBIX CUTHAJIOB psAioM Dypbe MO3BOJISIET PA3JIOKWUTh 3THU CUTHAIBI HA
MHOECTBO 00Jie€ TPOCTHIX CUTHAJIOB, U3MEHSIOIMIUXCSA MO TAPMOHUYECKOMY
3aKOHY C YaCTOTaMH, KPAaTHBIMU YaCTOTE (); MOBTOPEHMSI UCXOJHOTO CHUTHAJIA.
CyMMma MHOXECTBa MPOCTHIX AMMPOKCUMHUPYIOIINX TAPMOHUYECKUX CUTHAJIOB
JA€T OMMCAHUE UCXOJHOTO MEPUOUYECKOTO CUTHAIA.
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k=1 s@)=fk=1k=3)
\ 2

b

/
\\;/ T]: (D lt
-A k=3

- SO=tk=1k=3k=5)

Puc. 2.8. CymmupoBanue 1-it u 3—ii rapmonuk (a), 1-i, 3—i1 u 5—i1 rapMOHUK
(0) psna @ypre, MOITYUYEHHOTO B IipumMepe 2.3

2.3. AHanun3 NpoxoXxaeHusa nepuognyYecKux CUrHanoB Yyepes
NIMHEeUHbIe uenu

AnmpokcuManusa CJHOXKHBIX TMEPUOJIUYECKUX CHUTHAJIOB B YacCTOTHOM
00J1aCTH MO3BOJISECT PA3JI0KUTh ATU CUTHAJIBI HA CIIEKTPAIbHbIC COCTABJISIONINE.
OTO TIO3BOJIAET TMPOBOJAUTH AaHAINW3 MCKAXEHHUS CIEKTpa CUTHalla IIpu
MPOXOXKACHUM €ro 4epe3 JjuHeHble 1enu. [logoO0HbI MeToa Ha3bIBAIOT
METOJIOM CIEKTPAJIIBHOTO aHaiau3a. PacCMOTpHUM 3TOT METOJ U €r0 MPUMEHEHUE.

JomycTrm, 4TO UMEETCA HEKOTOpas JIMHEWHas 3JleKTpuyeckasa uens. Ha
BXOJ 3TOM ILIENMH BO3JCUCTBYET CJIOXHBIM NEPHUOAUYECKUN CUTHal. B xoje
pelieHns 3aa41u Heo0X0MMO HAaWTH CUTHAJI Ha BBIXOJIE IICTIH.

[TocnenoBaTenbHOCTh ACHUCTBUM BBITJISIAUT CICAYIOIIMM 00pa3oM.

1. Ci1oXHBIY MEPUOIUUECKUNA CUTHAII alllpoKCUMUpyeTcs psjgom Dypbe,
HaIrpuMep, B TPUTOHOMETPHUIECKOHN hopme

u_(t)= %0 + 3 A, cos(kot +©,).
k=1

Hns 3anucu paga Dypbe BBUMCIAIOT aMIUIMTYael A, W aprymeHtel O,
CIIEKTPAJIbHBIX COCTABIIAIOIINX.

2. B COOTBETCTBUU C TOMOJOTHEW, BUIOM M IMapaMeTpaMu 3JIEMEHTOB
JMHEWHON 3JIEKTPUYECKOM LENU ONPENesioT KOMIUIEKCHBIH KO3 (ULIUEHT
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nepenayv  JIMHEMHOW — [eNW,  HalmpuMmep, KOMIUIEKCHYI0  YacTOTHYIO

XapaKTePUCTUKY KO3 UITMEHTA Mepe1adun HampsKEeHUSI

K(jo) = K(w)exp(j¢).,
rae K(O))=|K(j0))| — Moaynb Kod(duienta mepeaadd (aMIUIATYIHO-
yacTOTHAs Xapakrepuctuka), a () — aprymedTt koddduupeHTa nepenadn

(pazouacToTHAs XapaKTEPUCTUKA) TUHEHHOU 1IETH.
3. Oyukmus  C0S(X) cBsi3aHAa € OKCIIOHEHIMANBHOH  (PyHKIHEH

CIICAYIOLIUM COOTHOIIIeHHEM COS(X) = [exp(jx) + eXp(—jX)]/ 2. C y4eTrom 3Toro

3aIllMIIEM MTHOBEHHBIM KOMIUIEKC sl K—# CHEKTPAJIbHOW COCTABIAIOLICH

BXOJ/IHOT'O CHTHAJIa, OMKMChIBAEMOTro psiioM Dyphe

G, (1) = Ay (ko )exp {J [k0)1t +0, (kml)]} ,
rie A(ko) n O(ko,) — ammmTysa u apryMeHT K-—ii CIEKTpalbHOM
cocTaBJIAIOIIeH Ha yacToTe Ko, .

4. Wcnonb3ys MTHOBEHHBII  KOMIUIEKC BXOJHOTO CHTHAJIA U
KOMIUIEKCHYK) YaCTOTHYK) XapaKTEPUCTUKY JIMHEMHOM LN, 3aluIleM
MTHOBEHHBIM KOMIUIEKC OTKJIMKA CWUTHajla Ha BBIXOJE JIMHEWHOM IIeIH

OTHOCHUTEJIBHO K —if CIIEKTPajJIbHOM COCTABJISIIONICH BXOTHOTO CUTHAJIA
uBLIXk (t) = uBXk (t)K(J(D) =

= A, (ko )exp{ j[ kayt +©, (ko ) ]} K (keo,) exp[ jo (ke ) | =
= A, (koK (keo,) exp{ j[ ket +©, (ko )+ (ke ) ]},
rae K(k(ol) 151 (p(k(ol) — MOAYJIb M apryMEHT KOMIUIEKCHOM YacCTOTHOMN

XapaKTePUCTHKHU JIMHEHHOM 11enu Ha yactore Ko, .

5. Ucnonb3ys naHHbie 1.4, 3alIMChIBAEM MTHOBEHHBIM KOMIUIEKC OTKJIMKA
Ha BBIXO/€ JIMHEWMHOM 1IeTIN

0,0, (0= A, (Ko, K (ko Jexp{ [ koot +©, (Ko, ) + (e, )]}

6. OcymecTBiasieM OOpaTHBIN MEPexo] OT SKCIOHCHIHAIbHON (YHKITUN
exp(X) k ¢yukouu COS(X) u ompemensieM CIEKTPalbHBIM COCTaB CHTHAlA Ha

BBIXOJIE JIMHEWHOM 1IENN:
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uBbIX (t) = Z uBLka (t) = ZAk (k(Dl)K(kO‘)l)COS[k(Dlt + ®k (k(Dl) + (P(ko‘)l )] -
k=0 k=0

— a?o K(O) + Al(oal)K((Dl)COS[OJlt +0, (o) + (P(ml)] +

+A, (20,)K (20, )cos| 20,t + 0, (20, ) + (20, ) |+ ...

MeToa CeKTpalbHOTO aHaJIW3a MIMPOKO HCIOJIB3YIOT MPU CTPEMIICHUU
OLICHUTh HCKaXEHUS  CIEKTpa NEPUOJWYECKOr0 CUTHAJIA, IPU  €ro
IPOXOXKJICHUHM 4Yepe3 JMHEHHYI0 AJIEKTPUYECKYIO Ienb. MeTon HarisaeH B
npumeHeHnn. OTHaKO OH UMEET CYIIECTBEHHBIN HEJOCTATOK. DTOT HETOCTATOK
3aKJII0YAETCS B TOM, YTO MCXOJHBIE CUTHAJIBI MOTYT UMEThH CIOXHYIO (opMmy,
4TO MOTpedyeT OOoNbIIOro uucia wWieHoB psaa Dypbe Npu CTpeMIICHUU
MOJIyYUTh MNPUEMIIEMYI0 TOYHOCTh aHaiM3a. OJTO HIPHUBOJUT K OOBEMHBIM
MaTE€MaTHYECKUM BBIYUCIICHUSIM.

Ilpumep 2.4. Hcnonb3ys pe3yJIbTaThl aIpoOKCUMAaLUU
MOCJIEIOBATENIbHOCTH TPSIMOYTOJIBHBIX PAa3HOMOJSPHBIX HMITYJIbCOB PSIIOM
®ypre U3 npumepa 2.3, B KaueCTBE BXOJHOIO CHTHaja W JIMHEWHYIO IIEMb,
NpEICTaBICHHYI0 Ha pHUC. 2.9, HEOOXOOUMO HAWTH OTKJIMK Ha BBIXOJE
JMHEWHOM 1enu (3aXuMbl 2—2), WCIOJB3YS CICKTPaJIbHBIA METOJ aHaju3a.

3axuMbl 1—1 9BISIOTCA BXOIHBIMH.

1 R 2
O |' |' 4 O

U ® A c uw 0
O » O
1 2

Puc. 2.9. Jlunelinas 3nekTpuyuecKkas elb

Peuwienue. Curnan Ha BXOJ€ JUHEUHOM IEMU MOXKET OBITh MPEJICTABICH
psaaoM (cM. pasnokeHnue B mpumepe 2.3)

s(t) = g%[l— cos(kn)]cos(kcolt - gj

KommiekcHasi 4acTOTHas XapakTepucThka KoddduimeHta rmnepenadu
HaMpsHKEHUS JIMHEWHOM 1ENH OT 3aKUMOB 1—1 k 3axkumaM 2—2 ONKUCHIBAECTCS B

CJEYIOIIEM BHUJIE:
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(e 1 1 |
K _ - - exp| —jarct ,
200 =R 1/ 00 Trjot s (oo Pl -Jarctg (o)

rae T=RC — nocrosHHas BpeMEHU IICTIH.

Ja K—ii CrieKTpajabHOM COCTABJISIOIIEN BXOJHOTO CUTHAIA MTHOBEHHBIN

KOMILUIEKC OyeT UMETh BU]T

Bxk(t)_—[l cos (k) ]exp{ {k@t (ZH}

B cooTBeTcTBUM €O 3HAUEHUSIMH MTIHOBEHHOI'O KOMIUIEKCA It K—ii
CIIEKTPAJIbHON COCTABIIAIOIIEH BXOJHOI'O CHUTHAja M KOMIUIEKCHOM 4aCTOTHOM
XapaKTEPUCTUKOMN JIMHEMHOM LIENIM, MTHOBEHHBIM KOMIUIEKC OTKJIMKA JUISA K —ii

CIIEKTPAJIbHOM COCTABJISIOLIEH MPEACTABUTCS B BUIE
GBLIXK (t) = quk (t)K(JO‘)) =

__[1 cos(kn) ]exp{ (kmlt_zﬂ l ~exp| —jarctg (keyt) | =

1+ (ko,t)

2A —[1-cos(kn ]exp{ {kcolt—a—arctg(kcolr)}}

i ky/1+ (koo,t)°

HpOBOI[H CYMMHPOBAHHNC MI'HOBCHHBLIX KOMIIJIICKCOB CIICKTPAJIbHBIX

COCTABJISIIOIIMX OTKJIMKOB Ha BBIXOJE JIMHECMHOM IENH, MOJIYyYUM IOJHBIN

MT'HOBEHHBIN KOMIUIEKC OTKJIMKA Ha BBIXOJE JIMHEUHOM 1IETH

0 ()= i 2A |:1 cos(kn ]exp{ {kwt—a—arctg(koa r)}}

kmy[1+ (k1)

Hepexoz[ﬂ oT MI'HOBCHHOI'O KOMIIJICKCAa OTKJIMKA K OTKJIIUKY,
U3MCHAIOIMCMYCA 110 TapMOHHUYCCKOMY 3aKOHY, IIOJYYHUM CIICAYIOIICC 3HAYCHUC

OTKJIMKA Ha BBIXOJIC JINHECWHOH 1IN,

Uy, () = i 2A [1-cos(kn) | cos[koalt = g —arctg (kmlt)} =

@ kny1+(kot)’
Z‘; 2A | 1—cos(kr) |sin| ket —arctg (koyt) |.

@ kny1+(koyt)’

B cooTBeTcTBHU C IIOJIYYCHHBIM BBIPA)KCHUCM, OIIMCHIBAIOIICM OTKIIMK Ha

BBIXO/C JIMHEUHOM oenu, pacCunuTacM aMINUIUTYAbl HCCKOJIBKUX CIICKTPAJIbHBIX
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COCTABJIAIONIUX OTKJIWKA. J[JIs HArMsaAHOCTH MPUAAAUM 3HAUYEHUST HEKOTOPHIM
BenmunHam: A =1B, R =1xOm, C=10000®D, ®, = 10°pan/c,
o,T=0,RC=0,1.

[IpoBeneHHBIE pacU€eThl AaIU CICAYIOIIMNA PE3YJIbTAT:

1-cos
npu k=1 UBHX('[)—E[ (n)]_ 4 =121B,

- m . 1+(0,1)? 1005m

2 [1-cos(3m)] 4

npu k=3 U__ (t)=— = =0,407B,
p Bblx( ) 371: /1+(0’3)2 3,13275

1-cos(5
npu k=5 uBHX(t):i[ ( n)]_ 4 =0,227B.

5t J1+(0,5) 5.6m

PaccmarpuBas mosrydeHHBIE pe3ynbTaThl, MOKHO OTMETUTH CIIEAYIOLIEE.
[Ipy mnpoXOXKIAEHUU CHUTHAJa CIOXKHOW (OpMBI 4Yepe3 JHUHEHHYIO IIeNb,
PacCMOTPEHHYIO B mpumepe 2.4, aMIUIUTYIbl CHEKTPAJIbHBIX COCTABJISIOIINX
CUTI'HaJa YMEHbIIAIOTCA. Tak aMIUTyAa epBOM rapMOHUKN YMEHBIINIIACh HA
0,5 %, Tperbeil rapmMoHuku — Ha 4 %, a nATod rapMoHuku — Ha 12 %.

AMIUINTY/1a KaXJOW TMOCIEAYIOMIE TapMOHUKM BBIXOJAHOTO CHUTHAJA

CHIDKAIOTCSl  TIPOTIOPIIMOHATIEHO ]/ \fl+(kw1RC)2. Kpome Toro, aprymeHt

KaXJIOW CHEKTPAIbHOM COCTABIISIFOIIEH BBIXOJHOIO CUTHAJIA M3MEHSETCS Ha
ennunny —arctg(ko,RC). Bce 3T0 mnpuBOOMT K TMOSIBICHUIO JIMHEHHBIX
HMCKaXEHWHM CHUTHAJIa, U3MCHSIOTCS aMIUIUTYIbl M apTyMEHTHI CIIEKTPaIbHBIX
coctaBsifonx. Ho mpu 3TOM HOBBIE CHEKTpPalIbHBIC COCTABJISIONIAE HE
BO3HHMKAIOT, COOTBETCTBEHHO, NP IMPOXOKJICHUN CHUTHAJIOB Yepe3 JUHEHHBIC

e CHGKTpﬁJ’IBHLIfI COCTaB CUTHAJIOB HE U3MCHICTCA.

2.4. 3aBUCMMOCTb CNeKTpa nepMoanyeckomn
nocrneaoBaTeNbHOCTU UMNYNLCOB OT ANIUTENbLHOCTH
umnynbca

PaCCMOTpI/IM NEPUOINYICCKYIO ITOCIICAOBATCIILHOCTL TIPAMOYTOJIBHBIX

umiryinscoB  S(t) (puc. 2.10). AMIumTyga KakIOro HMIIylbca paBHa A,

JJINTCIBHOCTh KaXXA0I'0 HMIIYJIbCA ITIOCICHOBATCIIbBHOCTH paBHA T,, a4 IICPHUOI
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CJICAOBAaHUsA HMITYJIBCOB — T. COOTBETCTBEHHO CKBa’XHOCTB ATOM

mocJe0BaTeNnbHOCTH Oy/er papHa =T /71,.

A

A

-
T >

T T2 W2 0 w2 TR T t
Puc. 2.10. Ilepuoanueckast mociie10BaTENbHOCTD NPSAMOYTOJIBHBIX HMITYJIBCOB

BpluncauM  CHEKTpalbHBIA ~ COCTaB  3TOM  IOCIEI0BATEIBHOCTH
UMIyiabcoB. Jliug  »Toro  ucmoiandyeM  Beipakenme  (2.17).  Ilycts,
paccMaTpuBaeMasi Mociaeq0BaTeNbHOCTh UMITYJILCOB, OyJAE€T YETHON (PyHKLIHEH.
Torna koaddunmentsr b, u aprymentsr ®, psga @ypbe OyayT paBHBI HYJIIO.
COOTBETCTBEHHO  /JI1  NPOBEACHUS  aNMpPOKCUMAlUU  MEPUOJUUYECKON
MOCJIEIOBATEIbHOCTH UMITYJIbCOB HEOOXOAMMO BBIUUCIUTH KOA(PPUIIUEHTHI
a,/2wua,.

Koaddunuenr a, /2 Oyaer umers Buj

T/2 /2
3 _1 .[ s(t)dt=é .[ dtzAT_H:é.
2 T -T/2 T —7,/2 T g

Koadduuuenr a, nns k—it rapMOHMKY CIIEKTpa PaBeH:

2 T/2 2 1,12
a, =7 _[ s(t)cos(koolt)dtz? J' Acos(ko,t)dt =

-T/2 —1,/2
2A . knt, 2A . kn
= SIn = SIN—.
kn T kn q

B coorBerctBUM ¢ Kodhduumentamu a,/2 wu a, pag Dypse,

ANMpPOKCHUMUPYIOIIMK  MOCIEI0BATEIBHOCTh  MPSIMOYTOJIBHBIX ~ UMITYJIBCOB

(puc.2.10), npuHUMAaET BUA

T 2&1 . kot
s(t)=A| 2 +=) Zsin—2=cos(kwm,t) |=
(t) ( nZk 5 (wl)j

sin %cos(kwlt)j.

Il
>
TN
o |-
_|_
almno
M s
x|~
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W3 BbIpakeHH MOXXHO BUAETH, YTO MOAYJIb K—ro Ko3(¢uuueHra a,
paBeH:

|ak|:Ak:2—Asin kT || = 2B gin | KT
k7 T k7 q

B orom Bepaxkenun, apryment ¢yukimu Sin(kmt, /T) ymHOXKHM 1

pa3fenuM Ha T, .

|ak|=Ak:%sin kZleg _2AGin| Kk EE S | (2.18)

k7 T T k7 T 2

n u

DOTO HE W3MEHHUT CYTH BBIP@XEHHUS, OJIHAKO, TIO3BOJMUT TMOJYYUTh
BBIp@XECHHE, KOTOpOE OOECIedyrBaeT MPOBEJCHUE aHaln3a CIEKTpa CHUrHaja
(puc. 2.11) nepuoauyecKoil MOCIeA0BaATEILHOCTA UMITYJIbCOB.

At A A A,
N .
N
a2 |
mmﬂllllllllllllllllll T o
@, 0\)3:30)1 2n/t, 47/t
0,=20,

Puc. 2.11. CniekTp neproan4ecKoil mocae0BaTeIbHOCTH UMITYJILCOB

Beipakenne  (2.18) mo3BojseT  cAenaTh  CACAYIONIME  BBIBOJBI
OTHOCHUTEJILHO CIEKTPA NEPUOAUYECKOM MOCIIEI0BATEIbHOCTH UMITYJIBCOB.

1. ®ynkuus sin(knt, / T) Gyzer pasHa Hymo Ha yactoTax ®=k27/1,.

2. MuHAMAaIbHAS 9acTOTa CHEKTPa IMEPUOTUIECKOM MOCIEI0BATEIbHOCTH
(4acToTa CJIEIOBAHUS MUMITYJIbCOB B MOCIEAOBATEILHOCTH) paBHa @, =271/ T.
DTO TOBOPUT O TOM, YTO YHCJIO CIEKTPAIBHBIX COCTABIIONIMX B AMAlla30HAX
qacToT O<w<2n/t,, 2nlt, <ow<4nlT, u T.J. paBHO
(o/w)=(T/1,)=kq. Takum obpasom, YHCIIO CIIEKTPAJIbHBIX

COCTAaBJIOIINX B CIICKTPC HCpHOI[H‘-IGCKOﬁ MOCJICAOBATCIBbHOCTH HMIIYJILCOB

pPacTeT C YBCINMYCHUCM CKBAKHOCTHU g= T/ T, ¢JIeA0BaHUsA NMITYJIbCOB MJIN KC
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C YMCHbBHICHUCM JUIMTCIBHOCTH T, HMIIYJIbCOB. YacToTHBIN HHTCpBAII MCKAY

CIICKTPAJIBbHBIMH COCTABJIAIOIUMU YMCHBIIACTCA, 4 aMIINIMTYAbI CIICKTPAJIbHBIX
COCTAaBJIIOIIKUX MCAJICHHO Y6I-:IBaIOT.

3. M3 MareMaTuKu M3BECTHO, YTO MPHU MaJbIX K (yHKIUSA Sin(km:H / T)
npusumaer  Bug  Sin(knt, /T)~knt, /T. B oroM ciydae aMmmumaTysl

CHEKTPAJIbHBIX COCTABISAIOIIMNX MPEACTABISAIOTCS B BUIE
A, = 2A knln = 2A :
ke T ¢

W3 BbIpakeHUST MOXKHO BHUAETh, YTO IMPHU MalbIX K aMIUTATYAbI
CHEKTPAJbHBIX  COCTABJISIIONIMX  MEPUOJUYECKOW  MOCIEI0BATEIHLHOCTH
HMITYyJIbCOB OOpPaTHO MPOMOPLIMOHAIIbHBI CKBAXKHOCTU CJIEIOBAHUS UMITYJIbCOB,
T.€. aMIUIUTY/Ibl CHEKTPAJIbHBIX COCTABIISAIOMINX YMEHBIIAIOTCS.

4. CrnexTp nepuouYecKoi mociea0BaTEIbHOCTA UMITYIbCOB (puc. 2.11)
COCTOUT M3 OECKOHEYHOI0 MHOXECTBA <JICMIECTKOBY», PACIOJOKEHHBIX B
nuamazoHax — gacror O<ow<2n/t,, 2nlt, <o<4n/t, ..

(n-2)n/t, <ow<nm/t,, .., 1 IMCIOIIMX CBOU CIIEKTPAILHBIC COCTABIISIOIINE.

C yuerom 3Toro0, Beipaxkenue (2.19) MOKHO CBECTH K BUY

2A | . 21 T
A, =—1sin| nl——= |,
nnl T, 2q
rae N=12,3,... — HOMep CIEKTPaIbHON COCTABIISAIONIEH B «JICTIECTKE» CIIEKTPA;
1=1,2,3,...— HOMEp «IeTeCTKay CIeKTpa.

Ha I'paHUIAX YACTOTHBIX JHUAIIA30HOB «JICIICCTKOB) CIICKTPA aMIIIIHUTY/AbI

CIICKTPAJIbHBIX COCTABJIAIOIIHWX PABHBI HYJIIO. HpI/I BBIIIOJIHCHHMHM PAaBCHCTBA

: 21 T
sinf nl——* ||=1 aMmIUTyasl CHOEKTPANbHBIX COCTABISIOIIMX  HMMEIOT
T, 2q
2n t  In
MakcumanpHoe 3HaueHue A,  =2A/(nnl). 310 Bo3MOKHO mpu n|—2— =5
max
T £q

T.c. ipu N =0 /2. Makcumanpnas avmmaryna A, =4A/(nql) cnextpanbubix

COCTAaBJIOIIUX B <«JICIHICCTKC)» CIICKTPA YMCHBIIACTCA IIPOIIOPHHMOHAJIBHO Kd4K
HOMCDPY «JICIICCTKa», TAK U CKBA)KHOCTHU CJICAOBAHNA UMITYJILCOB.
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5. HpOTfDKeHHOCTB HYaCTOTHBIX  AHMAIIa30HOB  KaXIOI'O <«JICIICCTKa»

CIIEKTpa UMEET BU]I
0 - 2n(1+1) 2nl _2=n

T T T

" u "

[Mockonbky T, =T/(Q, TO 4acCTOTHBII AMANA30H «ICMECTKa» CIIEKTpa PaBeH
II, =m,q, T.€. 3aBUCUT OT CKBAXHOCTHU CIEAOBAaHMUS HMMIyJbcoB. C pocTtom

CKBa)XXHOCTHU q CJICOOBaHHUA HMITYJbCOB IrpruHa CIICKTpa pacTeT

MMpOoNnopurOHAaJIbHO CKBAKHOCTH.
2.5. MowHOCTbL crieKTpa nepmoan4ecKkoro curHana

Paccmorpum  curnan  S(t), KOTOpPBIM ONMUCHIBAETCS aAHATUTHYECKHM

BBIPQXKEHUEM W TIPEACTABISACT COOOM CIOXKHYIO IMEPHOJUYCCKYIO0 (DYHKITHIO.
CpeHIOI0 MOITHOCTD ISl TOJOOHBIX CHUTHAJIOB OIKMCBHIBACTCS B CICAYIOIIEM

BHUJIE.
T/2

[ s (.

-T/2

1
P, = =
rae T — nepuo/; M3MEHEHUSI CUTHAJIA.

PaccMOTpHUM Teneph pacipeelcHie MOIIHOCTH B crekTpe curnama S(t).
DTa MOIIHOCTh JO/DKHA OBITh paBHA CPEIAHEH 3a MEPUOJ MOIHOCTH UCXOTHOTO
CIIO)KHOT'O CHTHAJIa, OMIMCHIBAEMOT0 aHATUTHYSCKHM BBIPAKECHUEM.

CurHan S(f) MOXHO anmpPOKCHMHPOBATH 0000MICHHBIM psitoM Pypbe B
KOMIUIEKCHON Qopme (2.15). B 3TOoM cilydyae kaxaas W3 CIEKTPAIBbHBIX

, a OasucHele (QYHKOUH 1),

COCTABJISIOIIUX HUMEET CBOI aMIUTUTYIY |Ek

MpUHAJIC)KaT OPTOHOPMUpPOBAHHOMY Oasucy. Torma cpeaHsii MOIIHOCTh
MEPUOJUYECKOTO CUTHAJIA C YYETOM €ro CIEKTPAJbHOTO COCTaBa U 3HAYCHHIA
Kod(ppurmeHToB € MOKET OBITH paccunTana mo Gopmyiie

© _ 1 T/2 - .
P, = Z|Ck|2 = J. exp( jko,t)exp(—jko,t)dt
k=—0 ~T/2

B »sTom BBIPAXKCHUNU HHTCIPAJI B KBAAPATHBLIX CKOOKax 6YJ1€T paBCH

neproay T w3MeHeHHs: McxomHoro curHaga S(t). C ydeTom 3TOro 3HaueHHe
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cpez[Heﬁ MOIDHOCTH CUI'HaJIa, UCXOJA U3 €I'0 CIICKTPAJIbHOI'O COCTaBa, CBOAUTCA
K BULY
N a2
PCP - z |Ck| )
k=—c0

N3 10JIy4eHHOro BBIPAXKEHUS MOKHO BHUIETh, YTO CPEIHSAS MOLIHOCTb
NEPUOIMYECKOr0 CHUTHaja OIpEaeseTcss CyMMOM KBaJIpaTOB aMIUIUTY]
CHEKTPAIBHBIX COCTABIIAIOIINX, HA KOTOPBIE pa3jaracTcs 3TOT CUTHAJ IIPU €ro
anmpoKCUMAIIVH.

[Ipu “cnosIb30BaHUU B KaU€CTBE OPTOHOPMUPOBAHHOTO Oa3uca (GyHKIUH,
U3MEHAIOIIUXCA II0 TapMOHUYECKOMY 3aKOHY M, COOTBETCTBEHHO, IIpU
anIMpOKCUMALUKA CIIOKHOTO curHana psaoM Dypbe B TPUTOHOMETPUYECKOU
dbopme, CpeaHsIsE MOIIHOCTh 3TOTO CUTHAJIA MOXKET OBITh OTIPE/ICIICHA B BHJIC

1 T2l 2
Pcpz?J. D> A cos(kot+0,)| dt=
~Tr2Lk=0
1 0 T/2 1 T/2 1
==Y A; f ~dt+ J' = cos( 2kt +20, )dt |=
Tis -T/2 -TI2 2
1

2 2
==Y Ab+——=> AL j cos(2ka,t +20, )dt.
2 k=0 2T k=0 T/2

B 5TOM BBIpa)KEHHUH MHTETPAJ BO BTOPOM ClIaraeMoM OyeT paBeH HYIIO.
B cootBeTcTBHH C 3THUM BBIPpAKCHHUC, OIIMCBIBAOIICC CPCIHIOO MOIIIHOCTDH

IICPHUOAUICCKOIO CUI'Halia, IPUHHUMACT BHU]]

2
= A (a 1
PCPZZ_k: — +_ZA12<'
ko 2 2 213
MOHO BHAETH, YTO CPEIHSS MOIIHOCTHh CJIOXKHOI'O IEPUOIUUIECKOIO
CUTHAJIA, WCXOIS W3 €ro CIEKTPAJIbHOrO COCTaBa, MOXKET ObITh OIMCAHA
b b

CYMMOHM KBaJpaTOB AMIUINTYJ CIEKTPAJbHBIX COCTABIISIIOIIMX, Ha KOTOPHIE
pas3naraeTcs CI0KHbBIM CUTHAM, JCJICHHOW MOIOJIaM.
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2.6. CnekTpanbHoe npeacraBneHne HenepuoanyYecKknx
CUrHanos

JleTepMUHUPOBAaHHBIE CHUTHAJIBI MOTYT OBITh Kak MEPUOJUYECKUMH,
oTBeyHaromuMu yciaoButo (2.1), Tak u HenepuoguyecKuMH. OTHOCHUTEIBLHO
NEPHOJUYCCKUX CHUTHAJIOB B II. 2.2 TOJIy4eHbl BbipaxeHus (2.15) u (2.17),
MO3BOJISIIOIINE ANMPOKCUMHUPOBATH MOJ00HBIE curHan psaom dypee. Ho mpu
3TOM B PAAUOTEXHUKE IMPUMEHUTEIBHO K Pa3JIUYHBIM PAJTHUOTEXHHUYECKUM
YCTPOMCTBAM pPacCMaTPUBAECTCS MHOMXECTBO CHUTHAJIOB, NPEACTABIISIOLIUX
coboii Henepuoanueckue GyHkuU. C y4eTOM 3TOro PpacnpoCTpaHUM
BBIPAXKEHUsI, OTHOCSIIHUECS K psiiy Dypbe HA HENEPUOANYECKUE CUTHAIIBI.

Paccmorpum Henepuoawueckuii curHan S(t), mpencTaBiICHHBIA B BUJC
OJIMHOYHOIO uMIydbca (puc. 2.12). DTOT CUTHaN OTJIMYCH OT HyJsS Ha

BPEMEHHOM HHTEpBase [1y, t,].
SA

t, t, T

—~V

Puc. 2.12. OauHOYHBIN UMITYIBC

OnpenenuM aJist 3Toro uMmiyjbca uarepan Bpemenu (0, T), Ha koTopoM
OH CYULIECTBYET. DTO IO3BOJISIET MPEACTAaBUTh OAWMHOYHBIA HMITYJIBC B BHUJE
MIEPUOIUYECKON IOCIIEI0BATEIbHOCTH UMIIYJIbCOB C IEPUOJOM IMOBTOPEHUS T
(puc. 2.13). Jlns aHamm3a HCIOJIb3yeM MEPHOAMYSCKUN CUTHAN, KOTOPBIH
omnuckiBaeTcs psiioM Pypbe B KoMILIekcHO# Gopme (2.15):

o]

5(t)= D [e|exp(jkayt), (2.19)

k=—00
rae o, =21/ T —xpyroBas 4acToTa HNOBTOPEHUSI UMITYJIECOB MEPHOANICCKOTO
CUTHAJIA.
Koadpdpumuentor psma Dypbe B KOMIUIGKCHOH ¢GopMe MOTYT OBIThH
paccuuTaHsl 1o popmyJie



I -
g, :?js(t)exp(—kalt)dt. (2.20)
b
S A
ol t t, T 2T ;t

Puc. 2.13. IIpuBeneHre 0TMHOYHOTO UMITYJIbCA K IEPUOAUYECKOMY
CUTHAILY

[Moacrarss (2.20) B (2.19), noay4uum

e} t2

s()=2= [3(t)exp(—ikayt)dt exp(jkot). (2.22)

k=—o0 t,

Paznoxenue B psg  @Dypbe CuUTHAIA, MPEICTABIAIONIETO  COOOI
NEePUOINYECKYI0 (YHKIHIO, TPUBOJUT K TMOJYYECHHUIO JMCKPETHOIO CIEKTpa.
Kaxnomy koaddunmenty €y psana Dypbe COOTBETCTBYET CBOS Kpyromas
yacToTa Km;, a COCTABJIAIONIME CIIEKTpa CHUTHAja OTCTOSAT APYr OT JIpyra Ha
BEJINYMHY (.

B psne @ypre (2.21), onuckiBaromeM nepuogudeckuii curuai, nepuoa T
YCTPEMHUTh K OECKOHEYHOCTH. DTO MO3BOJSIET BEPHYTHCS K PACCMOTPEHUIO
OJIMHOYHOTO MMIYJIbCa, T. €. HEMEepUOoauuecKoro curaina (puc. 2.12). B satom
ciydae KpyroBas yactora @, =21/ T Oyaer cTpeMHUThCs K OECKOHEYHO Masion

BenuunHe O®. YacToThl CHEKTPAbHBIX COCTABISIONMX Ko, Oyayt

MPEACTABIATH COOOM TEKYILIUE YaCTOThI ®, MOCKOJIBKY
limko, = lim kﬁ =Kkdo = .
T—oo T—ow
OTO0 MO3BOJISIET 3aMEHUTH B BhIpakeHUH (2.21) onepanuio cyMMUpPOBaHUS
OTHOCHUTEJIbHO OECKOHEYHO MaJIbIX BEJIMYMH Ollepalueil mHrerpupoBanus. B
pe3yabTaTe 3TOro OyJIeM UMETh
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k=—x

0 t2
s(t) = Z% IS(t)exp(—jka)lt)dt exp(jkao,t)=
Ui
1= . (2.22)
=£L9Xp(1wt) {S(t)eXp(—J(Dt)dt do.

B 3TOM BbIpaskeHHM UHTErpall B KBAAPATHBIX CKOOKaX SIBIsIETCS PyHKIMEH
YaCTOTHI () M HAa3bIBACTCS CIIEKTPAIIbHOM IJIOTHOCTHIO curHaia S(t)

S(jo) = ]%s(t)exp(—jcot)dt.

Cremyer OTMETHTh, 4YTO, KOIJla WHTEpPBal HWHTEIPUPOBAHUS HEOIPEEIICH,
CIIEKTpaJibHasl IJIOTHOCTh CHUTHAJIA PACCMATPUBACTCS B JIHUANA30HE YACTOT OT
— 00 JIO + o0

0

S(jo) = [ s(t)exp(—jot)dt. (2.23)

—00

[MoxcraBmss (2.23) B Beipakenue (2.22), nmoiayunM onucanue curaana S(t) B
COOTBETCTBUU CO CIEKTPAJIbHOM IUIOTHOCTHIO, €My COOTBETCTBYIOIICH B
CJIEIYIOILEM BHJIE:

s(t) :2—1n [ stiw)exp(jot)dt. (2.25)

Beipaxkenne (2.23) Ha3pIBaeTCsl HHTErpajioM mpsimoro, a (2.24) —
MHTErpajioM o0patHoro npeodpazoanusi Pypoe. Beipaxkenue (2.23) mo3Bossier
MPOBECTH AHAJIU3 HENEPUOJUYECKUX CHUTHAJIOB B YaCTOTHOM oOmactu, a
BbIpakeHue (2.25) — BO BpeMEHHOM 001acTH, T. €. BOCCTAHOBUThH CUTHAJ MO €T
CIIEKTPAIIbHOM TNIOTHOCTH.

CrexkTpasibHasi TUIOTHOCTh cuTHanma (2.23) B o0mem Bujie sBIsSETCA
KOMIUIEKCHOM BeanuuHOW. OAHAKO XapaKTEPUCTUKHU PEANbHBIX (U3UUECKUX
MPOIECCOB MPECTABIISIOT COOON ACHCTBUTENbHBIE BETMYUHBI. C y4E€TOM 3TOTrO
cBemeM  BeIpakeHue (2.23) k  mokazarenpHOM  (dopme. Jlms  aToro
AKCTIOHCHIIMAIbHYIO (YHKIHIO B BbIpakeHUU (2.23) mpeactaBuM B BHIIEC
cymMmbl GyHKIUH COS(wt) u sin(wt):
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S(jo) = _Ls(t) cos(wt)dt — jLS(t)Sin((ﬂt)dt = (2.25)

= A(0) - JB(o) = S(o) exp(jy (),

rie A(o)= j s(t)cosotdt u  B(w) = j s(t)sinotdt — neifcTBuTenbHAS U

—00

MHHUMAasi 9aCTH CHCKTPAJbHON IUIOTHOCTH CHTrHajia; S(m)= \/A2 (0) +B?*(w) u

B(® .
y(w) = —arctg % — MOIyJdb M AapryMEHT CIEKTPAJIbHON IUIOTHOCTH
®
HEMEePHOIUYECKOTO CUTHAA.
ITpumep 2.5. VimeeTcss OMMHOYHBIN MPSAMOYTOJBHBIN UMITYJIbe (puc. 2.14)

JUTUTENIBHOCTHIO T, U aMIUUTY0i A. HeoOX0auMO BBIUUCINUTD CIEKTPATIbHYIO

IIJIOTHOCTBH OTOI'O CHUT'HAJIA.
SA

T O T, 1
2 2

Puc. 2.14. OguHOYHBIN NPAMOYTOJIBHBIA HMITYJIBC

Pewenue. Jlnsi BBIYUCICHUS CHEKTPAIbHOM IUIOTHOCTH OJWHOYHOTO
UMITyJIbCa BOCIOJIb3yeMCs BeipakeHreM (2.23):

1,12
S(jo)= [ Aexp(—jot)dt=

-1,/2

T,/2 T,/2 Sln[()\)rznj (226)
=A | cos(ot)dt—jA [ sin(wt)dt=Ar, .
-1,/2 -1,/2 0—r

2
W3 Beipakenus (2.26) MOXHO BHJAETb, YTO MOJIYJb CIEKTPaIbHOM
MJIOTHOCTH [IJI TPSAMOYTOJBHOTO UMIYJIbCA OMPENECACTCS ACUCTBUTEIBHON

H4aCTbIO CHGKTpaHBHOﬁ IIJIOTHOCTH
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sin(wrt, /2)

S(w)=A
(0)=Ac, ot, /2

(2.27)

I[Ipy ®=0 Mogyns CHOEKTpPaIbHOW IUIOTHOCTH S(®)  IOCTHraer
MaKCUMaJbHOTO 3HaueHus. B BelpaxkeHun (2.27) npu ort,/2=krn QyHKOUA
CHUHYC paBHa HYJIIO, YTO BBINIOJHAETCA HA 4acToTax o= 2kn/t,. B aTOM ciryyae
MOJlyJIb CHEKTPAIbHON IUIOTHOCTU S(®) MPSMOYTOJIbHOIO HMIIYJIbCa TaKKe

OyneT paBeH Hymo (puc. 2.15).

SA
At,

6 4% 2m 0 2n 4m 6T @
@u TM TM ‘Ell f[,t Tu

Puc. 2.15. Moaynp crieKTpaibHON MIIOTHOCTH MPSIMOYTOJIBHOTO UMITYJIbCa

AprymeHT (2.25) crnekTpalbHOW IJIOTHOCTH MPSMOYTOJIBHOTO HMITYJIbCA
MIPEACTABIISIETCS B BUJIE

_ Blw) 0
y(o) = arctg—A(m)— arctg R sin(or, 72) |
TI/I
ot, /2

MHuMasi 4acThb CHEKTPaIbHOW IUIOTHOCTH MPSIMOYTOJIBHOIO HMMITYJIbCA
paBHa Hymo. C yd4eToM »3TOro aprymMeHT CIHEKTPalbHOM IIJIOTHOCTH
MPAMOYTOJIBHOTO HMMIIYJIbCA B PA3JIMYHBIX JHANa30HAaX YAaCTOT NPUHUMAECT

cieayrorue 3HaueHus (puc. 2.16).
LN

37
27
%,
6r _4n 2m 21 in 6m o
Ty T e T WM T, Tu  Tu
x| I_'—l_

_3m,

Puc. 2.16. 3aBUCUMOCTb apryMeHTa CIIEKTPAIbHON MJIOTHOCTU

NpAMOYI'OJIbHOI'O MMIIYJIbCa
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B nmanasone wactor —2n/t, <®<2m/tT, apryMeHT paBeH HyJI0. B
nuama3zoHax 4actor —4n/t, <o<-2n/t, u 2n/t, <®w<4n/t, aprymeHT
paBeH m U —7m COOTBETCTBEHHO. B nuanaszonax wacror —6n/t, <o<—-4n/t,
u 4n/t, <®<6m/T, apryMeHT paBeH 2n M — 27 COOTBETCTBEHHO U T.JI.

PaccmaTrpuBasi CHEKTpPaJIbHYIO IUIOTHOCTh TPSMOYTOJBHOTO HMITYJIbCA
(2.26), MO’KHO OTMETHUTD CJIEIYIOIICE:

— yBETWYEHUE INTEILHOCTH HMMITYJIbCa MPUBOIUT K TOMY, YTO MOIYIb
CHCKTPaIbHOM MIIOTHOCTH TIpH yacTotre =0 yBemuuuBaeTcs,

— TIpU yBEJMYEHUHW [UITUTEILHOCTH HWMITYJIbca 3HAYEHUE YacCTOTHI, HA
KOTOPOU MOYJIb CIIEKTPAILHOM TNIOTHOCTH 00paIiaeTcs B HyJIb, YMEHBIIIACTCS;

— MpU YBEIWYEHWH UINTCILHOCTH HWMITyJbCa IMHPUHA  CIIEKTpa
MPSMOYTOJIFHOTO UMITYJIbCA CYXKASTCH.

ITpumep 2.6. imeetcs TpeyroibHbld uMITysbe (puc. 2.17). dopma 3toro
UMITYJIbCA OTIMCHIBACTCS BEIPAKEHHUEM

0 npu t<t,/2;
2t
Al —+1| npu -1, /2<t<0;
T
s(t) =+ !
2t
All-— | mpu O0<t<rt, /2
TH
0 npu t>t, /2.
SA
A
_L 0 L
2 2

Puc. 2.17. TpeyronpHblii UMITYJIBC

H606XO)II/IMO onpCACIINTh CIICKTPAJIbHYIO IINIOTHOCTL 3TOI'0 CUIrHaja.
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Pewenue. [Insg BBIYUCICHUS CHEKTPAJIbHOW IUIOTHOCTH TPEYTOJIBHOIO
UMIYyJIbCA HCHOJIb3yeM BbIpakeHue (2.23). B 3To BbIpakeHHUE BBEAEM

AHAUTMTUYECKOE ONMCAHUE TPEYTOJIBLHOIO UMITYJIbCA, B PE3YJILTATE YETO HANEM
0 T,/2
S(jo)=A | 2t exp(—jot)dt+A | -2t exp(—jot)dt =
T
—1,/2 u 0 u
2A 0 0 T,/2
= j texp(—jot)dt+A j exp(—jot)dt+A j exp(—jot)dt— (2.28)
0

Ty -1,/2 -1,/2

2A " . At sin’(or, /4)
~ 2t —jot)dt =—2 —
'([ exp(-jot) 2 o’t’/16

T
B mony4eHHOM BBIp@KEHHH, MHOXHUTENb AT, /2 omnpeaenser IUIOMAab

u

TPEyroJibHOro ummyJibca (puc. 2.17). Bropoii MHOXKWTEINb B BBIPAXKEHUU PAaBEH
HYJIIO TOTJa, KOT/Ia HYJIIO0 paBHAa (PyHKIUA Sin((mﬂl 2):0. OyHKIUS CUHYC
paBHa HYyJIO, NpPU BBINOJHEHWW YycinoBuit ot,/4==*m, £27,..., tKm, £ ...
Tornma 4acTOThl, HA KOTOPBIX MOAYJb CIEKTPaJIbHON MIOTHOCTU PAaBEH HYIIIO,
umeroT Bun: o=14n/t,, £8n/t,, ..., £4kn/t,, roe k=12,...(puc.2.18).

PemmB npumepst 2.5 u 2.6, MOXKHO c/ienaTh CIEAYIOIIUE CPAaBHUTEIIbHBIC
BBIBOJIBl OTHOCHUTEJIBHO CIHEKTPAJIbHOM TUIOTHOCTH CUTHAJIOB, HMEIOIINX
paznuyHyo hopmy:

—  MAakCHMaJbHO€ 3HAYEHHWE MOAYJA  CHEKTPAIbHOM  IJIOTHOCTH
TPEyroJibHOro uMItyjbca (2.28) B 1Ba pa3a MEHbIIIE MAKCUMAIbHOTO 3HAYCHUS
MOJIYJISI CIIEKTPAIBLHOM IJIOTHOCTH MPSIMOYTOJBHOTO UMITyJbca (2.27);

— MIMPUHA CTIEKTpa TPEYroJbHOTO UMITYJIbCa B JIBa pa3a OOJbIIE MTUPUHBI
CIEKTpa MPSIMOYTOJBHOTO UMITYJbCa TMpPU OJMHAKOBOW JUIMTEIBHOCTH
HUMITYJIbCOB;

S A

gy

T T 1 T
st _4m 0 4m SW

Puc. 2.18. CnekrpanbHas INIOTHOCTh TPEYTOJIBHOTO UMITYJIbCA
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— MOIYJb CHeKTpaHBHOﬁ IUDIOTHOCTA OOKOBBIX JICTIECTKOB CIICKTpa

TPEYroJIbHOTO HMIyJbca YObIBa€T NPONOPUUOHAIBHO 1/ ®?, T.e. MOZYJIb
CHEKTPAJIbHON TIUIOTHOCTH OOKOBBIX JIEMIECTKOB TPEYTrOJIBHOTO HMMITYJIbCA
CHUKAETCSl CYIIECTBEHHO OBICTpee, YeM MOIYJIb CHEKTPaIbHON IUIOTHOCTH

IPSMOYTOJIBHOTO UMITYJIbCA.

2.7. NMpoxoxaeHue Henepuoan4YeCKUX CUrHarioB Yyepes
NIMHEeWHbIe uenu

AHallU3 MPOXOXKJICHUS HENEPUOJNYECKUX CHUTHAJIOB 4Yepe3 JIMHEUHBIC
1enu Oa3upyercss Ha HCIMOJb30BAHUM CIEKTPAIbHOW IUIOTHOCTH MCXOJHOIO
curHania (2.23):

S(jo)= j u(®)exp(ot)dt,

U uHTerpaisa oOpaTHoro mnpeoOpazoBaHus Dypbe, KOTOPBI MO3BOJSET
OIIPECIIUTh CUTHAJI TI0 €r0 CIIEKTPaIbHOM IJIOTHOCTH (2.24):

u(t)z% j S(jm)exp(jot)do.

[IpeoOpa3oBaHne HENMEPUOAMYECKUX CHUTHAJIOB, TMPOXOISAIIMX 4Yepes3
JUHEHHBIE TENsSIMU, MOXHO PAacCMOTPETh B COOTBETCTBHU CO CIICTYIOIIMMHU
paccy X ACHUSIMHU.

Kommnekcnas yvactotHas K(jw) wm mmmynscHas h(t) xapakrepuctuku

JUHEHHON 1eMU CBS3aHBI MEXIYy CO000UM MpsiMBIM TipeoOpaszoBanuemM Dypbe
(2.23):

K(jo)= J h(t)exp(-jot) dt.

CroekTpaibHYIO IUIOTHOCTh CHUTHAJAa HAa BXOAE JUHEHHOM IIEMU MOKHO

TaKXKe HalTH, UCIIOJIb3Ysl MHTETPaJl MPsMOro rnpeodpazoBanus Oypee (2.23):

S, (i) = [ U, exp(—jotydt
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[lycTe omepaTop, ompeneysiouuMidi XapakTep NpeoOpa3oBaHUs CUTHaAJa
JIMHEWHOM LIETIbIO, 3a/1aH B BUJIE MHTErpaia Jroamens

Uy (1) = [ U, (DN(t—T)dr .

YuuThiBasg BBIIIE CKA3aHHOE, CIEKTPAIBHYHK IUIOTHOCTh CHUTHAjla Ha
BBIXOJI€ JIMHEHHOU IIENU MOKHO 3aIT1CcCaTh B BUJIE

S0 () = [ U (D exp(—joot)dt = [ [ u,.(DN(t—D)exp(-jotydids.

—00 —00
B 3TOM BBIpa)X€HUMM BEIMYUHY t— T BbIpa3uM uepe3 Z: z=t—T. B
pe3ynbTaTe NOJIYy4YnuM

S, (i0) = [ U, (v)exp(~jor)de | h(z)exp(-jwz)dz.

B 5TOM BBIpaXXEHHM TEPBBIA HMHTETPAT OTPAKAET CIEKTPAIBHYIO

IUIOTHOCTh BXOJHOTO CUTHAJIA S, (jo)= _[ U, (r)exp(—jot)dr, 4 BTOPOI

—00
MHTErpaJl — KOMIUIEKCHYIO YAaCTOTHYIO XapAaKTEPUCTUKY LENH, CBA3aHHYIO
npsiIMbIM npeoOpazoBaHueM Dypbe C UMITYJIBCHON XapaKTEPUCTUKOU ATOM XKe

wern K(jo) = | h(2) exp(—jwz)dz

OxoHYaATEIHFHO MOKHO 3aIIUCATh

S (10) =S, (Jo)K(j)-

B cooTBeTCTBMH C IOJy4YEHHBIM BBIPAXKEHUEM MOXKHO CIEJIaTh BBIBO,
YTO CHEKTPAJIbHAS IUIOTHOCTh CHUTHAJIA HA BBIXOAE JIMHEHHOW LENH
ONpENEIAECTCA MPOU3BEACHUEM CIIEKTPAIIBHOM IIOTHOCTU CUTHAJIAa HA BXOJE
LIEU ¥ KOMIUIEKCHOW YaCTOTHOW XapaKTEPUCTUKU ITOU LIETIH.

CurHas Ha BBIXOJI€ JJMHEWHOM LIEMU MO>XHO HANTH B COOTBETCTBUU C €T0
CHEKTPaIbHOM TIOTHOCTBIO, HCTIONB3YsI MHTETrpasl 00paTHOro mpeoOpa3oBaHus
Dypre

o0

(=5 | Sus(o)exp (oo [ suGokgoexpiondo

-00
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2.8. CoOoTHOLIEeHUe MexAay cnekTpaMu OAMHOYHOIo UMNysbca U
nepuoaunyeckomn nocnenoBaTensHOCTU UMNYNbLCOB

3amaauM OJMHOYHBIA UMIyJbe Si(t), mpencraBieHHbIH Ha puc. 2.19, a.
ITycTh eMy COOTBETCTBYET CrieKTpasbHast INIOTHOCTE Sy (jw) = S; (j2mf), rae Ha

puc. 2.19, 0 u300paxkeH MOIYJIb CIIEKTPAIbHON IJIOTHOCTH curHaa Sy(t).

Sﬂ
S t S(I)A

—~+ VY

a) 0 Ty 6) 0 ?
SA
5,(t+T) /T(t) /Yt D) S(4
T -T+T, 0 T T+T, t 0\ \ t
B) F ‘fz fl fl fz

Puc. 2.19. OguHounbIi uMITyJIbC S1(t) (a), MOy CIICKTPAIBHOM TUIOTHOCTH
sTOro curHana (0), mepuoauveckas MocieA0BaTeIbHOCTh UMITYJIbCOB Syi(t) (B) 1
€€ JUCKPETHBIH criekTp (T)

byaem moBropste mMmiynbe Si(t) ¢ mepuogom T. B pesympraTe 3TOrO
MOJIYYUM TOCJICI0OBATEIbHOCTD UMITYJIbCOB (prc. 2.19, B). JIMHeHYaThIl CIICKTP
ATOM MOCJEI0BATEILHOCTH UMITYJIHCOB M300paxeH Ha puc. 2.19, r. YactorHbiii
HHTEpPBaJ MEXIy JIOOBIMHA JBYMS COCEIHUMH TapMOHHMKaMHU CIIEKTpa paBeH
f, = 1/T, rne T — nepuof ciaenoBaHus UMITYJIbCOB Sy(t).

Jliis maHHOTO CcriekTpa Kodd(GuuueHT K-ii rapMOHHMKH, B COOTBETCTBHH C

BeIpakeHueM (2.20), umeer Bua

t2
1
Ok =7 f s; (t) exp(—jkw,t) dt,

t1
rae o; = 2n/T; t; u t; COOTBETCTBYIOT BpEMEHHU CYIICCTBOBAHHUS OAMHOYHOTO
ummyibca (puc. 2.12).
CrekTpaibHas IJIOTHOCTh OJUHOYHOTO MMITYJIbCa Ha ATOM e YacTOTe
= kw; OyzeT onpeaensaTbes BhIpaKeHUEM
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t2

S(jw = jkw,) = j s, (t) exp(—jkw;t) dt.
t

W3BecTHO, 4TO creKTpanbHas MmI0THOCTE S(jw = jkw,) oTnmuaercs ot
kodduimenta cx psaga Dypbe, ONUCHIBAIOIIETO CIEKTPaIbHBI COCTaB
NEPUOIUYECKON TOCIEIOBATEILHOCTH HMMIYJIbCOB, TOJBKO OTCYTCTBHEM
MHOXxHuTeNd 1/T. B cooTBETCTBUM € 3TUM MOXHO 3aMMcaTh

e = S1(0kw)/T = £5;(kw,). (2.29)
[Tpr 5TOM KOMIUIEKCHas aMIUIMTyAa K- TapMOHHMKH B COOTBETCTBHH C
BbIpaxkeHuem (2.17) paBHa
Ayx = 2¢ = 21,5, (jkw,). (2.30)
Moayns ko3 uiuenTa ¢, onpenenseTcs BhIpakeHueM
ekl = £15; (kwy).

DTO TOBOPUT O TOM, YTO MOAYJIb CIEKTPAIbHON MJIOTHOCTU OJUHOYHOTO
uMmIyibca (puc. 2.19, 6) u orubaromnias JMHEHYATOTO CIEKTpa MEPUOTUIECKON
nociegoBaTrenbHocTl (puc.2.19, r), KOoTOpas MOJy4eHA B COOTBETCTBUU C
MEPUOJUYECKUM TTOBTOPEHUEM 3aJaHHOTO0 HMIYJIbCca, COBMAAAarOT Mo (opme,
IIPY TOM OHU OTJIMYAIOTCS TOJBKO MacCIITa0oM.

PaccmarpuBas puc. 2.19, r, MOXHO OTMETUTh, YTO C YBEIUYECHUEM
nepuona T crenoBaHus HMMIYJIBCOB CHEKTpPalIbHBIE JIMHUHM CONMKAIOTCS U
KO3 GUIMEHTBI C, yMeHbInaloTcs. [Ipu 3tom otHornenue |[cy|/f; ocraercs
noctosiHHbIM.  [Ipu  T—o0 mnpuxoaum K OJUHOYHOMY HMIYJIBCY CO
CIIEKTPAJIbHOM IIJIOTHOCTHIO

S;(jw) = lim (C—k)
f, \f;

B COOTBETCTBHMU C 3TUM BBIPAKEHUEM MOXHO CJlieJIaTh BBIBOJ, 4YTO
CIEKTpajbHas ITUIOTHOCTh CHUTHaIa S(j®) XapaKTepu3yeT aMIUIUTYy CHTHaa,
npuxojsirytocs Ha 1 'y B 0eCKOHEUHO y3KOM MOJ0CE YacTOT, BKIIOYAIONIYI0 U
paccMaTpUBaeMyl0 4acTOTY.

2.9. CBouncrtBa npeobpasoBaHua dypse

Jns  pemieHuss TPAKTHYECKUX 3a4a4 yCTAaHOBUM  CBSI3b  MEXIY
CHEKTPAJIbHON TIUIOTHOCThIO CHUTHAIOB (2.23) W BPEMEHHBIM OIUCAHUEM
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curHaioB (2.24). Jlyist 5Toro pacCMOTPUM PsiJl MOJOKEHUHN, XapaKTePU3yIOIIUX
npeoOpa3oBaHMs CUTHAJIOB U UX CIEKTPOB.

2.9.1. COsue cuzHasos 80 epeMeHU

HomyctuMm, umeercsi curHan Sp(f), KOTOpBIA cymiecTByeT B mpeaenax
BPEMEHHOTO MHTepBajia [t;, t;]. DToMy cHUrHamy COOTBETCTBYET CIEKTpasibHas
mw10THOCTH (2.23) S(jw)

Casunem curHain S;(t) mo ocu BpeMeHu (3aJep>KUM CUTHAJ) Ha BEJIMYUHY
o, HE U3MEHA €ro CHEKTPalbHOW IUIOTHOCTHU. B pesyibrare 3TOro Inojay4uMm
CUTHAN Sy(t) =s1(t—tg). CrekTpanbHas IUIOTHOCTh 3TOr0 CUTHAJIA MPUHUMAET
BU]

t,+t, t,+t,

Sp(jo)= [ sp(hexp(-jot)di= [s(t—to)exp(-jot)dt.

ty+to t;+to

B 3TOM BBIpaK€HMH 3aMEHUM NIEPEMEHHYIO MHTErpUpOoBaHus t Ha T=1—1;:
t,+to

t;
Sa(jo) = [si(Dexp(-jor)di = [sy(x)exp(-jor)dr =S(jo) exp(joto).

t, t+to

B OTHOLIEHMHM CHEKTPaJIbHOW IUIOTHOCTH So(jo) curHama So(t),
MOJIYYEHHOI'O IYTEM CHBUTIA MO0 OCU BPEMEHU CUTHAIA Sq(t), MOKHO OTMETUTH
cienylee:

— CIIEKTp aMIUIATYJ S(®) CHEKTPaAJIbHOM IUIOTHOCTH CHUTHAJIA OCTAETCS
HEU3MEHHBIM;

— (¢a3oBasi XapaKTEPUCTUKA CHEKTPAIbHOM IIJIOTHOCTH H3MEHSIETCS Ha
BCIIMYMHY * wtg;

— mpu a00aBiIeHNN K daze KaKIO0N CIEKTPaTbHOU cOCTaBistomen Si(jm)
MCXOJIHOTO curHana s;(t) (a3zoBoro ciBura + wty MOXHO TOBOPUTH, YTO CHTHAI
CIIBUTAETCS BO BPEMEHU Ha {.

Ilpumep 2.7. Imeetrcs nocienoBaTeabHOCTh N paBHOOTCTOSIIITUX JIPYT OT
IpyTra NPSMOYTOJbHBIX HUMITYJIbCOB. [[JIUTENBHOCTh MMIYJIBCOB pPaBHA T, a

ammutyna — A (puc. 2.20). HeoOXoauMo HaWTH CHEKTPAIbHYIO TIOTHOCTH
ATOM MOCJIEA0BATEILHOCTH (ITaUKH).
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SA

0 T pEu T
(N-1)T

N

Puc. 2.20. TlocnenoBaTenbHOCTh OAMHAKOBBIX PABHOOTCTOSIIINX
MPSMOYTOJIBHBIX UMITYJIHCOB

Pewienue. B nameM ciiyyae CrieKTpajbHasl IIIOTHOCTh MEPBOTO UMITYJIbCA
MOCJIEA0BATEIbHOCTH OMMUCHIBAECTCS BBIPAXKEHUEM JJISI OJMHOYHOTO WMITYJIbCA
(2.26) (mpumepe 2.5)

Sy (joo) = At sinwt,, /2
oty /2

CnexkTpanbHble IUIOTHOCTH BTOPOrO UM MOCIEIYIOIIMX HWMITYJbCOB B
nociegoBarenbHocT  (puc. 2.20) mnpenctaBisioT COOOM  CHEKTpasibHBIC
IJIOTHOCTH MEPBOTO UMITYJIbCa ¢ (ha30BBIMU XapaKTEPUCTUKAMU, U3MEHEHHBIMU
Ha BenuuuHy +onT, rae n=1,2,3,....,N (cm. m. 2.8.1)

S2(Jjo) =Sy (Jjo) exp(-joT);
S3(jo) = S (jw) exp(-j20T);
Sn(i0) =Sy (jo) exp[~ {(N - L) T]

B cootrBercTBMM ¢ 3TUM CyMMapHas CHEKTpajJibHas IUIOTHOCTb

nocJyenoBaTeabHOCTH U3 N UMITyJIbCOB OyI€T UMETh BUJ
S(jo) =S (o)L +exp(—joT) +exp(—j2oT) +... +exp{— (N-DwT}].

Ha ocHOBaHMU TIPOBEICHHBIX BBIYMCIECHUM OTHOCHUTEJIBHO CJIaraéMbIX B
KBaJIpaTHBIX CKOOKaX MOJyYEHHOTO BBIPAYKEHUSI OTMETUM CJICTYIOIIHE:

— Ha yacToTax w=n2n/T, tae N=1, 2, 3,..., N-1 xaxxmoe u3 ciaraeMeIx B
KBaJ[paTHbIX CKOOKax paBHO 1. B oOkpecTHOCTH KaxAoW W3 3TUX YacTOT

®=n2rn/T pacrnojaraercs CIEKTpalbHasg IUIOTHOCTh IIEPBOTO HMMITYJbCa
S1(N2x/T);

—B MOCJIICAOBATCIBHOCTHU COACPIKUTCA N HUMITYJIbCOB, B COOTBCTCTBHUU C

9TUM MOXHO OTMCTUTL, 4YTO MOIAYJIb CHeKTpaHBHOﬁ IUDIOTHOCTU 3TOU
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MOCJIeI0BAaTEILHOCTH OyAeT uMeTh BHA S(w) = NSy (n2n/T). ChnekTtpajbHbIC

COCTABJIAIONIUE C YaCTOTaMU o =Nn2rt/T CKJIaABIBAIOTCS C (PA30BBIMU CIBUTAMU
KpaTHbIMU 27. B CcBS3M ¢ 3TUM MOIyJdb CIEKTPAJbHOW IUIOTHOCTH
MOCJIEA0BATEILHOCT UMITYJIbCOB B N pa3 Oosbllie MOAYJSA CHEKTPAIbHOM
IJIOTHOCTU OJIMHOYHOTI'O UMITYJIbCA;

— Ha dvacrorax o=2n/(NT) u Ha Yyacrorax, IJ€ CyMMa CiaraeMbix
exp(—jkoT)B KBaJpaTHBIX CKOOKaX BRIpAKEHHUs 0Opallaercs B HyJb, CyMMapHas
CIIEKTpajbHas IUIOTHOCTH IOCIEA0BATEIBHOCTH UMITYJILCOB paBHA HYIIIO;

— Ha 4actoraXx o=27nN/T, OTIWYHBIX OT YacToT ®=n2rn/T, MOAYJb
CIIEKTPAJIbHOM  IUIOTHOCTb  ONPEACNSAETCS  IeOMETPUYECKONM  CyMMOU
CIIEKTPAIIbHBIX IUIOTHOCTEW OTHEJIBHBIX UMITYJIbCOB IPHU OJIMHAKOBOW YaCTOTE.

Jl1st mpumepa Ha puc. 2.21 npencTaBieH MOYJb CIEKTPATbHOM MIIOTHOCTH
MOCJIEAOBATEIIBHOCTH, COCTOSIIEN U3 TPEX PABHOOTCTOSIIUX IMPAMOYTOJbHBIX
MMIYJbCOB. JIMUTEIBHOCTh HMIYJIBCOB paBHA T,, a IEPUOJ CIECAOBAHUA
uMnyibcoB — T=3t,. Ha puc. 2.21 nyHKTUpHOU JMHUENW MNOKa3aH MOIYJIb

CHCKTpaHLHOﬁ INIOTHOCTH OAMHOYHOI'O UMIIYJIbCA.
g A

I
0 2m/3T 2~/T
Puc. 2.21. Moaynb crieKTpajabHOM MJIOTHOCTH MOCEA0BATEIBHOCTH,
BKJTIOUAIOIIEH TPU PAaBHOOTCTOSIIUX MPSIMOYTOJIBHBIX UMITYJIbCA

2.9.2. N3ameHeHue macwmaba epemMeHU hbyHKLUUU epeMeHU

PaccMoTpuM TPOM3BOJBHBIN MMMYJIbCHBIM curHan Sp(t). JInureabHOCTH

CUTHAJIa paBHA T, (CIUIONIHAS TUHUA HA puc. 2.22). I3MeHnB macmtad BpeMeHU
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ATOr0 CUTHaJIa Ha N, MOJYYUM HOBBIM CUTHAI So(t) =s1(nt). DTOMY CUTHAILY MPH

n>1 Ha puc. 2.22 COOTBETCTBYET IMMyHKTUPHAs, a MpU N<1 — MTPpUX—TTyHKTUPHAS

JIMHUMH.

0 Tu t
Puc.2.22. cxonnslit uMnyibCHBIN curHai (1), ero cxaras (2) u

pacTsaHyTas (3) BO BpeMEHU KOMUU

Hcxomaomy curHainy Si(t) COOTBETCTBYET CIIEKTpaibHas IMJIOTHOCTD Sq(jw).

CrnekTpasibHasi MIOTHOCTh CUTHAJIA, MOJYYEHHOTO MpPHU CKATUM (PACTSKEHUN)

CUTHAJIa 110 OCH BPEMEHH, MPUOOPETAECT BUJ

T, /n T, /n
Sp(io)= [ sa(ep(-jotydt="[s (ntexp(-jotydt.
0 0

3Menstst HEpEMEHHYI0 MHTErPUpOBanys t Ha T=Nt, mOay4uM:
T
. 17 N0 1.(.o
Saio) = - [aen|-i2¢ =152
n 0 n n n

B coorBercTBUM C TPOBEACHHBIMU BBIUMCICHHUSIMH, [UJIsl CUTHAJA,
MOJIyYEHHOTO TMpPU CXKAaTUM Ha OCH BpPEMEHHM B N pa3, MOXKHO OTMETHUTH
clIeyIolee:

— CIEKTp CUTHaJIa Ha OCH YacCTOT paclupsieTcs B N pas;

— aMIUIATYAbl CHEKTPAJIbHBIX COCTABISIIOIIMX MOAYJS CIEKTPAIbHOM
IUIOTHOCTH CUTHAJIa YMEHBIIAIOTCS B N pas.

[Ipu pacTskeHUM cuUrHajza Ha OCM BPEMEHHU B N pa3 €ro MIUpUHA CIEKTpa
YMEHBIIAETCS, a AaMIUIMTYIbl CHEKTPAJbHBIX COCTaBIAIONIMX  MOIYJS

CHeKTpaHBHOﬁ IJIOTHOCTH YBCIIMYUBAKOTCA B N pas.
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2.9.3. CMeweHue cnekmpa cuz2Harsa rno ocu 4yacmom

YMHOXHUM MPOU3BONIBHBIN curHan S(f) Ha CUrHam, W3MEHSIONIMKUCS TI0
rapMOHUYECKOMY 3aKOHY cos(wpt +©®g) 158)051 sin(wgt +©g) , rae

wo U 0y OpencTaBIsiiOT COO0N MOCTOSHHBIC BETUYUHBI.

B coorBercTBUM ¢ BhIpaxkeHHeM (2.23) BBIYHMCIUM CIEKTPajbHBIC
TUIOTHOCTH OT MPOU3BEJCHUS ITHX CUTHAJIOB

Scos(i®) = [(t) cos (ot + Op) exp(—jot)dt;

—00

Sein (j©) = j s(t)sin(wpt + Og) eXp(—jot)dt.

B 5TMX  BBIpAKEHUAX  3aMEHHM  CHUI'Hal cos(mpt +©Op) Ha
{exp[i(wgt + g )]+ exp[- (gt +©@g)]}/2, a  curman sin(wpt + @) Ha
{exo[i(wgt + ©g )] — exp[- j(wgt + ©g)]}/ 2j. B pesyabrare 3T0ro Oyaem UMeTh

Seos(i69) =5 ©0(i€0) [ s(Del- Jo o )thit+ S ep(-00) [shexp|- j(w+wo)kt

U S : 1 7 :
Ssin (j0) = - ©9(j€0) | s(t)ep[-j(o—wo)thit -2 exp(-j®g [s(t)exp[- i(e+mo)tJt
] —00 —00
B 3TuX BbIp@XEHUSAX TEpPBbIE HHTErpajibl MPEACTABIAIOT  COOOM
CIEKTpaJbHbIE TUIOTHOCTH HMCXOJHOTO CHTHAajla B OOJAcTH 4acToT (w—wg), a

BTOpPBIE UHTETpabl — (®+ wy) . B COOTBETCTBUU € 3TUM MOKHO 3alKcaTh
] 1 ) ) 1 ) )
Seas (i) = > exp(jO0)S[i(e - wp )]+ > exp(~j®g)S]j(e+ wp )}
] 1 ] } 1 ) )
Ssin (Jjo) = 2 exp(jO0)S[i(w— mg)] - > exp(~j®g)S[i(e + wg)]

[lony4deHHbIE BBIPAXKEHHS TOBOPSAT O CIEAYIOMIEM. Y MHOKEHUE UCXOIHOTO
POU3BOJILHOTO curHaiia S(t) Ha CHUTHAJ, M3MCHSFOIIUNCS IO TAPMOHHUYECKOMY

3aKOHY COS(wgt) miaH sin(mgt) , MPUBOAUT K PACIIECINIEHUIO CIIEKTpA CUTHAja Ha

ABC 4aCTH. OTH YyacTu CIICKTpa CMCIOCHEI 11O OCH YaCTOT HA —wg U + 0.
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2.9.4. Cesi3b CYMMbI CU2HaJ108 U UX criekmparsibHbIX
niaomHocmeu

[TIpeoOpazoBanne Dypre (2.23), omnpenensdoiee CICKTPAIbHYIO
IUIOTHOCTh (DYHKIIMU BPEMCHH, SIBJISICTCS JTUHEHHBIM. JTO FOBOPUT O TOM, YTO
cymme s(t) =s;(t) +s,(t) + - curnagos s,(t), s,(t),.., obmamaromux
cunektpamu S, (jw), S,(jw), ..., Oymer  COOTBETCTBOBaTh  CIEAYIOIIAs
criektpanbHast IoTHOCTh S(jw) = S; (jw) + S,jw) + -

2.9.5. UnmeepupoeaHue u dughghepeHyuposaHue cuzHasos

..... PaccmotpuMm nuddepeHurpoBaHie W HMHTETPUPOBAHUE HEKOTOPOTO
curHana Si(t). IMox auddepenmpoBaHreM CUrHajga MOXXKHO MOHHMMATh Kak
auddepeHIIMPOBaHNE BCEX COCTABJISIOLIUX CHEKTpa CUTHANIA, U3MEHSIOLIUXCS
M0 TAPMOHUYECKOMY 3aKOHY.

..... [Tockonbky mpousBonHas ¢yHkuuu exp(jot) paBHa jw - exp(jot), TO

MOJKHO 3aIIiucaTb CJIGI[yIOHII/Ie COOTBETCTBUMA.
ds, (t

s1(0) + S (jw); s, (1) = dt + joS;(jw) = S, (jw).
K nomobHoMy pe3ynbraty MOXHO TMpHUNTH, paccMarpuBas U
npeoOpazoBanusi ypee

[00]

j i exp(—jwt) dt = s; (Dexp(—jwt)|Ze +j0S; (jw) = jwS; (jw).

dt

—00

B 5TOM BBIpaXeHHM MEPBOE cllaraeMoe B MpaBOM 4acTh oOpamiaercs B
HYJIb, TIOCKOJIBKY TIpu t — to0o Si(t) cTpeMuTCsl K HYJIIO, YTO BBITCKACT W3
YCJIOBUSI HHTETPUPYEMOCTH CUTHAJIA.

[Tomo6HBIM 00pa30M MOKHO MOKa3aTh, YTO CUTHAITY
t

s,(t) = fsl(x)dx

— 00

6y21€T COOTBCTCTBOBATL CICAYHOIIAA CIICKTPAJIbHAA IIJIOTHOCTD

1
Sz(jw) = ].651(]'0))- (2.32)
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2.9.6. CnekmparnibHasi nfIomHocmb ripouseedeHusi deyx
cuz2Hasos

JlomycTuM, 4TO HMMEeTCs HeKOTOpbii curHan S(t), KOTOpBIH sBIIseTCS
npousBeeHneM ABYX QyHKImi Bpemenu f(t) u g(t). B cooTBeTcTBHU € 3THM,
ucnoin3ys (2.23), HaiineM crextp curnaia S(t)

S(jcw) = j S(t) exp(—jot) dt = f f(Dg(t) exp(—jot) dt.  (2.33)

Kpome »otoro, kaxmyro ¢yakmuio f(t) u g(t), kKak CcOCTaBISIOLINX
curnaga S(t), MOKHO TpEACTaBUTL B BHJIE HHTErpajga oOpaTHOro
npeoOpazoBanus Oypee:

(0 = 5 [ #Ge) expeon do

1 [o/]
&) = - j G(jw) exp(jt) do.

Torna, moacrapiiss B (2.33) BTOPOI U3 3TUX UHTETPATIOB, Oy/1€M UMETh

[00)

S(jw) = % f f(t) [ J G(jx) exp(jxt) dx] exp(—jwt) dt =

— 00
(0e]

= [ cao

— 0o

(o]

f f(t) exp[—j(w — X)t]dt] dx.

— 00

B 3TOM BBIp@KCHHH MHTETPal B KBaJPATHBIX CKOOKax IO MmepeMeHHOM t
IPEJICTAaBIsET CO00M CcrieKTpanbHyto MIoTHOCTh F[j(w — X)] dyukuun f(t) mpu
gacToTe (W — X). B COOTBETCTBUU € 3TUM MOJYYIHUM CIICTYIOIICE BHIPAKCHUE

S(j0) = o [ 66l - 9lax (2.34)

Beipaxkenue (2.34) TOBOPUT O TOM, YTO CHEKTP MPOU3BEACHHS IBYX
ynxmii Bpemenn f(t) u g(t) pasen ceeprtie ux crektpoB F(jw) n G(jw) (c
ko3 durmenrom (1/2m)). Ha wacrore w = 0 u3 Beipakenuit (2.33) u (2.34)
BBITEKAET PaBEHCTBO:
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[00]

1 (00]
j (gt = - f GG%)F(=jx)dx.

— 0o

3aMeHss B MMOCJIICAHEM BBIPAKCHHHU X Ha W, I10JIydacM

[00]

1 [ 1 [
j f(Dg(dt = - f G0 F(~jo)dw = > f G(io)F*(j)dw, (2.35)

rae F*(jw) — pyHKIMs KoMIUIEKCHO-conpsukeHHas K GyHkuun F(jw).

[TogoOHBIM e 00pa3oM MOXHO IOKa3aTh, YTO NPOU3BEIACHUIO JIBYX
cuektpoB F(jw) - GGw) = S(jw) coorBercTByeT (QyHKuus Bpemenu S(t),
sBISTIONIasiCs cBepTKoM (ynkiuii f(t) u g(t):

S(D) = f f(y)g(t — y)dy = j f(t — y)g(y)dy =
~e0 —e0 (2.36)

—_ 1 [ 1 1 1
=5 JF(}@)G(]w)exp(]wt)du).

Ecnu npennosioxuth, uto (QyHKIMs Bpemenu f(t) sBisercss BXOAHBIM
CUTHAJIOM JIMHEWHOH 1ieny, a g(t) — UMIMyJIbCHOM XapaKTEPUCTUKOM ITOH 1enH,
kpome 3toro, F(jw) sBiseTcst crieKTpaibHO# IIOTHOCTRIO curHana, a G(jw) —
nepeaaToyHor (GyHKIUK (KOMIUIEKCHOW YaCTOTHOM XapaKTePUCTHKOW) IEIH,
TO Toraa BeipaxeHue (2.36) MOXKHO HMCIIOJIb30BATh MPU AHATN3E MPOXOXKICHHUS
CUTHAJIOB Yepe3 JIMHEHHBIE LIeTH.

2.9.7. OcobeHHOCMU crneKmpoe cu2Hasios

PaccMoTpuM  BBIpake€HHE, OIMCHIBAIOIICE CIEKTPATBbHYIO IIJIOTHOCTH
cur"aina (2.23) v BbIACHUM CBOMCTBa QyHKIIMU S(jw) U pa3IudIHbIX (QYHKITUI
Bpemenu S(t).

1. CrekTpalibHy10 TUIOTHOCTh CUTHAIA (2.23) MOXKHO CBECTH K BUTY

S(jw) = j s(t) cos(wt) dt — j f s(t) sin(wt) dt.

[TpuMeHUTETEHO K 3TOMY BbIpakeHHI0, eciau S(t) sBisieTcs dYeTHOU
(GyHKIIMEH OTHOCUTENBHO t, TO B BBIPAKECHHUH, OMUCHIBAIOIIEM CIICKTPATBHYIO
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MJIOTHOCTh CHUTHAja, BTOPOM MHTETpaj paBeH HYJIO, TOCKOJIBKY POU3BEICHNE
s(t)sin(ot) sBnsgercs HeueTHOW (yHKUIHEH OTHOCHTEILHO t, a mpeaensl
MHTETPUPOBAHUS CHUMMETPHUYHEI.

CootBercTBeHHO, eciau  (yHknus BpemeHu S(t) sBisercs dYeTHOMH
OTHOCHUTEIIBHO t, TO Torna pyHKIug S(jo), onpeneiaseMas IEPBbIM HHTETPATIOM,
OyzeT BelieCTBeHHOHN (DYHKIIMEH U YeTHOW OTHOCHUTEIIBHO (.

2. Ecan curnan S(t) siisiercst HedeTHOU (YHKIIMEH OTHOCHTEIBHO {, TO B
BBIDOKECHUU I CIICKTPAIbLHOW TUIOTHOCTH B HyJb oOpalaercs IepBbIi

HHTCIrpall, a CIICKTpaJIbHas IINIOTHOCTb HIPUHUMACT BU/L
00

SGw) = —j j s(t) sin(wt) dt.

— 00

B sToMm ciiydae S(jo) — HeueTHast ¥ YMCTO MHUMAsST (QYHKITHSL.

3. Ecnu ¢yskims Bpemenu S(t) He sABIASCTCS YETHOW WIM HEUYCTHOM
OTHOCHUTEIIBHO t, TO €e MOXKHO Pa3JIOXKUTh Ha JBe (QYHKIMH: 4eTHYIO Si(t) |
HeveTHYIO Sy(t). B aTOoM ciyyae crniekTpaibHas IIOTHOCTh S(j®) mpencTaBiseT
co00M KOMIUIEKCHYIO (DYHKIIUIO, Y KOTOPOH JIEMCTBUTENIbHAS 4YacTh YETHA, a
MHHUMasi HEY€THA OTHOCUTEIHHO (.

2.9.8. Bo3MOXXHOCMb 83aUMHOU 3aMeHbl Yacmombl U 8peMeHU
e npeobpasoesaHusix ®ypbe

N3 n. 1 pazgena 2.8.7 BeiTekaer cieayromiee. Jns udetHod (yHKuuun
BpemeHn S(f) MOKHO TPOHM3BOJIBHO BHIOMpAaTh 3HAK mepen t B oOpaTHOM
npeodpazoBannn Pypre (2.24). Beibepem 3HaK MHHYC M 3amuiieM (Gopmyity
obpatHoro mpeodpazoBanusi Dypbe B BUJIC

s(t) = % J S(jw) exp(—jwt) dw.

B stom BBIPpAKCHHUN 3aMCHUM IICPCMCHHYIO MHTCIPUPOBAHUA (O HA t, a

napametp t Ha ®. DTO MO3BOJISAET NOJIYUYUTH CIAEAYIONIEE BHIPAKECHUE

1 (0]
s(jw) = g j S(t) exp(—jwt) dt.
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WHTerpan B 5TOM BBIPAKEHUH MOYKHO pacCMaTPUBATh KaK CIIEKTPATbHYIO
IUIOTHOCTh HOBOW QyHKIuH S(t), KoTOpas mojgydeHa 3aMEHOW ® Ha t B
BBIPAYKCHUH CIIEKTPAJIbHOM MIIOTHOCTH curHaia S(t).

O003Ha4YMM 3Ty CIIEKTPAIbHYIO IIOTHOCTH depe3 S’ (jw). B aTom ciyuae
MOJKHO 3aIiCaTh OYCBUIHOC BHIPAKEHHUEC

S'(jw) = 2ms(jw).

[TonyueHHOE BBIpaKCHHE TOBOPUT O TOM, 4YTO IIEpEMEHHbIE ® M B
npeoOpazoBanusx Dypbe B3auMHO 3aMeHUMBI. Ecim dyetHOMy curHaimy S(f)
COOTBETCTBYET CIEKTpalibHas IIIOTHOCTh S(j®), To curnany S(t) cooTBeTCTBYyET
CIICKTpaJIbHAS IJIOTHOCTH 27S(j®).

2.10. CneKTpanbHas NSIOTHOCTb MOLHOCTH
AeTepPMMUHNPOBAHHOIoO CUrHana

[Ton sHeprueli Npou3BoJILHOTO curHaia S(t) MOHMMAIOT BEMUNHY
oo

E= jsz(t)dt.

— 00
[Tepenuiem 3TO BBIpaKe€HHE, BBIpa3UB CUTHAI S(t) B COOTBETCTBHUH C
UHTErpajioM o0paTHOro npeodpasopanus Pypwe (2.24):

(o]

- |

— 00

[IpoBeas cooTBETCTBYIOMKUE MTPEOOPA3OBAHMS STOTO BBIpAKEHUS, OyaeM

s(Os(D)dt = f s() [% j S(j) exp(jot) do| dt.

HUMETH

[00)

Ezi fS(jw) Js(t)exp(j(ot) dt| dw.

—00
WuTerpai B KBaJpaTHBIX CKOOKaX 3TOTO BBIPAXXEHUS IPEACTABIISIET COOOM
KOMILUIEKCHO-COTIPSDKCHHYIO CIIEKTPaJIbHYI0 TUIOTHOCTH S*(jw) curnama S(t).

YunutsiBas 9TO, IIOJIYYCHHOC BBIPAKCHHUEC CBCACM K BULY

S
E:E jS(]w)S (jw)dw. (2.37)
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[TpousBeneHre KOMIUIEKCHOTO YHCIa HAa KOMIUIEKCHO-COMPSHKEHHOE
gncao S(jw)S*(jw) paBHO kBagpary mMoayis |S(jw|? oT KOMIUIEKCHOTO YuCIIa.
DTO0 MO3BOJISIET CBECTU BhIpaxeHue (2.37) cneayromiemMy BUAY:

1

E= oy jIS(jw)IZdoo (2.38)

YuuteiBas, uTo w = 27tf, B cooTBeTcTBHH C (2.38) 3ammiinem cieayrolee

PaBEHCTBO:

(0e] co

E = jSZ(t)dt= f|5(jw)|2df.

—oo
OTO BBIpaXEHUE HA3BIBAIOT paBeHCTBOM IlapceBama. OHo ompenenser
SHEPTUI0 CHTHAla dYepe3 BpeMeHHYI ¢yHkuuio S(t) HIH CHeKTPaIbHYIO
MJIOTHOCTh JHepruu, koTopas pasHa |S(jw)|? WM XxapakrepusyeT BeIMYMHY
SHEPTUU CUTHAaJa, Mpuxosiytocs Ha 1 I'm.
Jlis curHana, CyImeCTBYIOIIETO Ha OrPaHWYCHHOM HMHTEPBAJIEC BPEMEHU
[-T/2, T/2], paBencTBo [lapceBais 3anmuCchIBaeTCS B BUIC

T/2 00
] s2(0)dt = ] 1SGioo) 2.
-T/2 —o0

Pazgenum neByto U MpaBylo 4acTH 3TOTO paBeHCTBA Ha BpeMsi, paBHoe T.
Ycerpemum Bpemsi T k OeCKOHEUHOCTH. B 3TOM citydae mojiydum clieyrouiee

PaBEHCTRO:
1 IS(ow)|
. - 2 — . L et —
'Il‘l—r}(}OT f s*(t)dt fTh_)rgo T df jG(w)df.
-T/2 —o00 —o00
Y
. 1S(jow)
B orom Bolpaxennu Bemmunay O(®) = lm% Ha3bIBAIOT

CIIEKTPAIbHOM INIOTHOCTHIO MOIIHOCTH CUTHAJA.
. 2
C yBemmueHmeM BpeMeHH T 9Heprusi u  BenmumHa  [S(jo)|

HE3aTyXamlINX CHUTHAJOB KaK WPaBWJIO BO3PacTalOT 10 JOCTAaTOYHO
OobIIUX BEMYUH. B TO e Bpems crieKTpajibHas MOIMHOCTh curaaia G(w)
CTPEMUTCS K OIpPEIEICHHOMY IpeJey, 9YTO ObIBaeT yA0OHBIM IPH aHAIHM3e

PaIMOTEXHUYECKUX CUTHAJIOB U YCTPOWCTB.
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2.11. CneKkTpbl TUNOBbLIX HEUHTErPUPYEMbIX CUTHANOB

OCHOBHBIM YCJIOBHEM NMpUMeHEeHHs TpeoOpasoBanus Dypbe Kk QyHKINN
Bpemenu S(t) siBiiseTcs ee aOCONMIOTHAS HHTETPUPYEMOCTD:

fls(t)ldt < oo, (2.39)

OTO yCIOBHME HAKIAJBIBACT CYIIECTBEHHOE OrPaHUYEHHUE Ha TO
MHO>KECTBO CHUTHAJIOB, I KOTOPBIX BO3MOXHO NMPUMEHEHUE MPEeoOpa3OBaHMUs
®ypre (2.23). Hampumep, B TCOpUH PaTUOTEXHUUYECKHUX CUTHAIOB M IICTCH
BECbMa LIMPOKO HCIOJIB3YIOT TapMOHHUYECKUE KOJIEOAHUs, KOTOPBIE 3aJ1at0TCs
Ha MHTEpBaie BpeMeHn — o < t < +oo. [TogoOHbBIe curHambl yciaoBuio (2.39) He
yAOBIETBOPAIOT. MIMeroTcst U npyrue (yHKIWU, KOTOPhIE HE YAOBIETBOPSIOT
ycioBuio (2.39), HanpuMep, eAMHUYHBINA cKadok (pyHKIus XeBucaiTa).

B pa3a. (1.6) paccMoTpeHbl CBOKMCTBa jaeiabTa-(QyHKIMH. DTH CBOMCTBA
MO3BOJISIFOT HAMTH CIIEKTPAIbHYIO INIOTHOCTh HEUHTETPUPYEMBIX CUTHAJIOB.

PaccMoTpuM  OaMH W3  HEMHTETPUPYEMBIX  CUTHAJIOB,  CHUTHAI,
U3MEHSIOMINACS M0 TapMOHHWYecKoMy 3akoHy S(t) = Agcos(wot + 0y).
[lomoOHBIN curHan He ABISETCS aOCOMIOTHO UHTErpupyeMbiM. OpHaxo,
3alyIIeM JJisi HETO BBIPAXKEHHE, ONMPEEIIAIONIee CIEKTPAIbHYIO MJIOTHOCTh B
cooTBeTCcTBHH C (2.23):

oo co

S(jw) = j s(t) exp(—jwt)dt = A, f cos(wot + 0,) exp(—jwt) dt =

— 0o — 00

exp[—j(w — we)]dt +

Ay exp(jo ‘
= %00) f exp[—j(w + wy)]dt.

Apexp(—ij6y) f
2

M3 maTeMaTHUKHU U3BECTHBI BBIPAKCHUA

(o]

21 8(w — wg) = f exp[—j(w — wy)t]dt;

— 00
co

21 6(w + wy) = j exp[—j(w + wy)t]dt.

— 00
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B coorBercTBUM ¢ 3THM nepermeM CICKTPAJIbHYIO IINIOTHOCTb
rapMOHHUYCCKOI'0 CUIroajia B BUJC

A
S(jw) = 70 [2mexp(jB,) 8(w — wg) + 2mexp(—j6y) 8(w + wy)] =

= Aom[exp(jBy) 6(w — wy) + exp(—j6y) 6(w + wy)].
[TosydeHHas CIIEKTpalibHas IJIOTHOCTh PaBHA HYJIO HA BCEX YACTOTAX,

(2.40)

KPOME 4YacTOT W = Wy M W = —w,. Ha »Tux yactorax S(jo) oOpaimaercs B
O0eckoHeyHOCTh. Takum o0O0pa3oM, CHrHajdy C KOHEYHOW AaMIUIMTYJO0M U
U3MEHSIOIIEMYCS IO TapMOHMYECKOMY 3aKOHY COOTBETCTBYET OECKOHEYHO
OoJpIIas CrieKTpalibHAS INIOTHOCTH MPH JTUCKPETHBIX 9acTOTaX Wy U — Wy

Ecnu npupaBHATE ®p HYIIO, TO MOXHO TOJYYHUTh CHEKTPATbHYIO
IJIOTHOCTh CUTHAJIa Ha HYJIEBOW YacTOTe, T.C. VISl MOCTOSHHOTO HAIpPSKEHUS
(Toka) Ao:

S(w) = Ag2md(w). (2.41)

Beipakenne (2.40) MOXHO COOTHECTM K TapMOHHKaM JIF0OOTo
MEPUOIMUECKOr0 CHUrHaja. B 3ToM ciiyyae chekTpaibHas IUJIOTHOCTb
MIPOU3BOJIHLHOTO MEPUOINYECKOTO CUTHAJIA TIPEICTABUTCS B BUJIE:

S(jw) = Ap2ms(w) + A;mt[exp(j6,) 8(w — w,) + exp(—jd;) 8(w + w,)] +

+A,m[exp(jO,) 6(w — 2w,) + exp(—jB,) 6(w + 2w, )] + -+ + (2.42)
+A,m[exp(j0,) 6(w — nw,) + exp(—jd,) 6(w + nw,)] + -

OTO BBIpaXEHUE BBOJUT TMOHSTHE CHEKTPAIbHON TIJIOTHOCTUA IS
MEePUOINYECKOTO CHUTHAJa B BHUAEC CyMMBI JenbTa-QyHKIHA, 4YTO ObIBaeT
yAOOHBIM TP aHAIU3E PATUOTEXHUIECKUX CUTHAIIOB.

B cootBercTBUM ¢ BbIpakeHueM (2.42) W C ydeToM CBOWCTB JelbTa—
(GYHKIIMA MOYKHO OTMETHTh CIIeTyIOIIee:

—  aMIUIMTyZJa MOJIYJs CIEKTPAIbHOM IUIOTHOCTHM S(w) CUTrHalIa,
W3MEHSIONIETO 0 TapMOHMYECKOMY 3aKOHYy Ha 4YacToTe w,, paBHa An
(puc.2.23). CrnekTpajibHbI€ COCTABJISIONIME ATOTO CHUTHAJIa PACIOJIOXKEHBI Ha
JacTOTaX w=wg U ®0=-0g. L[IpU o#wyg 1 ©#*-0y aMIUIATYAbl MOIYJISA

CHGKTpaHBHOﬁ IJNIOTHOCTU CHUTI'HAJIa PABHbI HYJIIO,
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SA
2MA
TA A
- ®g 0 ®p ®

Puc.2.23. Moaynp crieKTpaibHOM IIJIOTHOCTH CUTHAJA, OMMMChIBAEMOTO

rapMOHUYECKOUN yHKITuEH

— IPHU MTOCTOSIHHOM HANPSDKCHUN WK TOKE (g =0) MOIYJIb CIIEKTPaIbHOMN
wioTHoCcTH curHana (puc.2.23) paBen S(m) = 2nAS();

Ilpumep 2.8. IlycTh uMeeTCS MPOU3BOJBHBIA TMEPHOJIUYCCKUNA CHUTHAI,
KOTOpbIA MOXHO omnucarb psaoM @Dypse B TpuUroHOMETpUYecKod (opme

o0
a
s(t) = 70 + Zak coskant+@©y). HeobxogmmMo  BBIUMCIWUTHL  CIEKTPAIbHYIO
k=1

IUIOTHOCTB ATOTO CHUTHAJIA.

Pewenue. Bo3bMeM  BbIpOKEHHEM, OIKCHIBAIONICE  CIEKTPATbHYIO
wioTHocTh curHana (2.23). IlomctaBum B 3TO BbIpaxkeHwe curHan S(t),
ONMCaHHbIN psAoM Dypsbe:

0

S(jo) = T s(t)exp(—jot)dt = I [a—z‘) + iak cos(kot+©, )}exp(—jkmt)dt =

—00 —00

_ & j exp(~ J@t)dt+ﬂiakcos(k@1t+® )}exp( jot)dt.

—o L k=1

YyuteiBasg, 4to 2c0sX =exp(jx)+exp(-jx), monydeHHOe BbIpaKEHHE

npeoOpasyercs K BUILY
S(joo)—— _[exp jot ) dt+— I Zak exp {— j[(o — kaxy )t — O Jidt +

? kel (2.43)

gj ki;lakexp{— o+ kop )+ 0 it

[TpuMeHuTENBEHO K BhIpakeHUIo (2.43) yureM CBOICTBA AeibTa—()yHKIINU:
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— MHTETPaJ OT MPOU3BEICHUS HEKOTOPO# PpyHkimu Bpemenu S(t) Ha O-

(GyHKIHIO paBeH 3HaueHuto GpyHkiuH S(f) B MoMeHT, koraa 3(t) =0, T.e.

0

j s(t—1)5(t)dt = s(—1);

—0o0

— CIIEKTpajibHas IJIOTHOCTh O-(DYHKIIUM paBHA €UHUIIC

S(jo) = [8()ep(-jotdt=1;

—00
— o0paTtHOe mpeobOpazoBaHre Dypbe MO3BOJISIET BBIPA3UTh O-(YHKIUIO B

BHJIC
5(t) = Texp( jot)dt
27 i .

Torma, B coorBeTcTBUM ¢ BhIpaxkeHueM (2.43), BBIpaXeHHE s
CHEKTPaJIbHOM MUIOTHOCTU NEPUOINYECKON (DYHKIIMU CBOJUTCS K BUIY

S(jw) =apmd(0) + 1> _{ak[exp(jO)d(kwy — w) + exp(—jOK)3(—kwy —w)]}.  (2.44)
k=1

Panee ObLTO TOJTY4EHO BBIPAXKEHUE, armpoOKCHMHUPYIOIIEe
HIOCJICIOBATEILHOCTD MPSIMOYTOJIBHBIX UMITYJIbCOB psiioM Dyphe
2AT, & sinkayt, /2
T (o kopt, /2

s(t) = ZATTPI + coskat.

B cooTBeTCTBUM € 3TUM BBIPAKEHUEM MOXKHO OINUCATh AMIUIUTYIbI
KaXX/I0M M3 CIIEKTPAIbHBIX COCTABJISIONIMX B BhIpakeHUH (2.44)

oA T sinko,t, /2 |
T koyt, /2

MOI[y.TIB CHCKTpaHBHOﬁ INIOTHOCTH IOCIICAOBATCIILHOCTH MPAMOYT'OJIbHBIX

MMITYJILCOB TIPUBECH Ha puc. 2.24.

B cooTtBeTcTBHHM ¢ BhIpakeHueM (2.44) u puc. 2.24 MOXHO OTMETHTD, YTO
CIEKTpPAJbHBIC  COCTaBIIAIONINE  TOCIEIOBATEIBPHOCTH  MPSIMOYTOJBHBIX
UMITYJIbCOB TIPEACTABISAIOT co0ou O-pynHkimu. Kaxmod w3 3TuX QyHKIUN

COOTBCTCTBYCT CBOA 4aCTOT4, KpaTHasA 4aCTOTC 1 CICAOBAHHUA HMMIIYJIBCOB B

HCpHOI[H‘ICCKOfI IIoCJaACA0BAaTCIIbHOCTH. AMHJ’II/ITYI[LI CIICKTPAJIbHBIX



102

COCTABJIIOIIUX C POCTOM YacTOThl YOBIBAIOT MPOMOPLUUOHAIBHO (YHKIUU
(sinkayt, /2)/(kont, /2).

kw,7,/2 u

[

Ay -3em 2 -em 0 h 2em 30 dan @
Puc.2.24. Moayib cieKTpajibHOU MIIOTHOCTH MEPUOANYECKOMN

MOCJICAOBATCIIbHOCTH IIPAMOYT'OJIBHBIX UMITYJIBCOB

Jljig mpumepa paccCMOTPUM €lIe OJHY SIBHO HEUHTETPUPYEMYIO (PYHKIIHIO.
Haiinem cniekTpaibHyIO MIIOTHOCTh €IMHUYHOTO CKayka ((hyHKIHsS XeBUCANTA)
(puc. 1.8). DTy QyHKIINIO MOKHO MPEACTABUTH B BUJIC CICTYIOMIEH CYMMBI:

1 1
s(t) = 3 + 3 sing(t), (2.45)
1 x>0
rae sign =30 x =0 — curHymM-QyHKIUs, paBHas €IWHUIE, KOTJa 3HaK
-1 x<0

(YHKIIMU U3MEHSETCS IIPH IePeXo/ie MePEeMEHHOH t uepe3 HyJIb.

B BeipaxkeHuun (2.45) mocrosHHOM cocraBistomeld 1/2 cooTBeTCTByeT
criekTpaibHas IUIOTHOCTH (2.41) md(w). CrekTpaibHas MJIOTHOCTh HEUETHOU
dyukuun (1/2)sign(t) pasua nuddepenumany ot 3toil pynkuuu. [Ipu sTOM
npousBoaHas ot ¢yHkiuu (1/2)sign(t) paBHa Hyi 0 Ha BCEl OCH BpEMCHH,
kpome MomeHTa BpemeHu t = 0, rage mnpousBomHas paBHa O-(PYHKIUU.
CriektpaibHas TUIOTHOCTh O-(PYHKIMM paBHA €MHHIIEC. B COOTBETCTBHH C ATHM
MOKHO OTMETHUTh, YTO CIEKTpalIbHas IJIOTHOCTH oT (hyukumu (1/2)sign(t) oymet
umeth Buj 1/(jo).

B cOOTBETCTBUH C 3THM MOJIYYUM CHEKTPATBHYIO INIOTHOCTh SUHUIHOTO
ckauka ((pyHkIuu XeBucaita)

S(jw) = md(w) + l (2.46)
jw
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3. KOPPENALUNOHHbIA AHANTU3 CUTHAINOB

3.1. ABTOKOppEensaAunoHHana PyHKLUUS OeTePMUHUPOBAHHbIX
CUrHanosB

AHanu3 paanoTeXHUYECKHUX 1ernen (YCTPOMCTB) MOXKHO MPOBOAUTH KaK B
YaCTOTHOW, TaK M BO BpeMEHHOU oOsactax. [lpu aHanuze paanoTEXHUYECKUX
Lernel B YaCTOTHOM 00JIaCTH ONEPUPYIOT CHEKTPAIbHOM IUIOTHOCTHIO CUTHAJA,
a TpU aHajJu3e IIeneil BO BPEMEHHOW 00JacTH, OINEPHUPYIOT, HAMpHUMED,
uHTerpainom Jlroamens. OnHako MpU aHalu3e Ienedl BO BPEMEHHOW o0iacTu
4acTO Ha NPAKTUKE OKa3bIBAETCS HEOOXOAUMOHN XapaKTEepPUCTHKA, IaroIast
MPEACTABICHUE O HEKOTOPBIX CBOMCTBAX CHTHANA, TAaKUX KaK CKOpPOCTh
M3MEHEHHUSI CUTHAajJla BO BPEMEHHU, JJIUTEIBHOCTh. [l mONydYeHuss OTBETOB Ha
3TH BOIPOCHI IIIMPOKO UCIIONB3YIOT KOPPEAAUUOHHYIO (PYHKYUIO CUTHAIIA.

PaznuuaroT 1Ba THNa KOPPEISAUUOHHBIX (PYHKIUNI:

— aBTOKOPPEIALMOHHAS PYHKIHUS;

— B3aMMHO KOPPETSAIUOHHAA (PYHKITHS.

[Tox aBTOKOppEISAIMOHHON (QyHKIMEH curHaia S(f) MOHUMAIOT BETMYUHY

[00)

R(1) = j s(Os(t + T)dt. (3.1)

“oo

ABtokoppensiimonHas  GyHkust R(t) xapakTepusyer CTENeHb CBSI3U
(xoppessiiun) curnana S(t) co croelt konue s(t + T), CABUHYTOM HAa BEIUYHHY
T IO OCH BPEMEHH.

ABTOKOppEIALMOHHON DYHKIIMHU XapaKTEPHBI CIEAYIOLINE CBONUCTBA.

1. 3naueHue aBTOKOPPENALUMOHHON (YHKUUU MPU BPEMEHHOM CIBHIE

t=0 JocTuraer MaKkCUMyma U paBHO dHEPTUU curHaia E:

R(0) = f s(Os(t)dt = f s2(t)dt = E. (3.2)

2. ABTOKOppenAnuoHHas (QyHKIHUS TPU BPEMEHHBIX caBurax T > (
MPUHUMAET 3HAYCHUS, MCHBIIINE SHEPTUU CUTHAJA!
R(t) < R(0) =E.

3. ABTOKOppEIALMOHHAA QYHKLIUS SIBIISIETCS YeTHOU (PYHKIIM il
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R(t) = R(—1).

CrpaBe/yIMBOCTh  TEPBOTO  CBOWCTBA  BBITEKACT W3  BBIPAKEHUS,
OMHCBIBAIOIIETO aBTOKOPpEIAIMOHHY0 (PyHKIuio (3.1). M3 3TOr0 BBIpakeHUS
BUJIHO, YTO, KOTJIa BPEMEHHOM CIBUT paBeH HYyMO T=0, aBTOKOPpEISAIMOHHAS
(YHKIMS ONpEAENseTcs] HHTErPajloM OT KBaJpaTa UCXOJAHOIO CUTHAJA, a 3TO €CTh
SHEprus CUTHaIA.

B cnipaBennmuBoCTH k€ 2-TO M 3-TO CBOWCTB MOYKHO YO€IUTHCS, pACCMOTPEB
npuMep, B  KOTOPOM  BBIUMCISIETCS ~ ABTOKOpPPENSIIIMOHHAS — (YHKIUS
MPSIMOYTOJIBPHOTO UMITYJIbCA U €T0 KOTHH, CABUHYTOM BO BPEMEHHU HA BEJIUUHHY
1 (puc. 3.1, a).

CormacHo  Belpaxkenust  (3.1),  aBTOKOppenALMOHHAsS  (QYHKIUS
OTPECIIACTCA HHTErPaIoM OT npou3BeacHus GyHkuu S(t) HA ee CABHHYTYIO
Ha Bpemsi t=—1 kxommio Ss(t+ t) (puc. 3.1, 6). [lmomans, ompenensemas
rpadukom npousBeneHus ¢pynkiuii S(t) u s(t + t), npuBeneHa Ha puc. 3.1, B u
onpenensiercs  BoipakenueM A%(t, —1). Torma aBTOKOPPENISALHMOHHYIO
(GYHKIHIO I IPSAMOYTOILHOTO UMITYJIhCa MOYKHO 3aIicaTh B BHJIC

R(D = [ s(s(t+1)dt = A2(t, — T) = AT, (1 - l).

tI/l

PaccmaTtpuBasi 5TO BbIpaX€HHE, IPUMEHUTEILHO KO BTOPOMY CBOMCTBY
MO>KHO OTMETHUTH CIEYIOIIECE. ABTOKOPpEJISIITUOHHAS byHKIUSA
IPSIMOYTOJILHOrO uMITyibca R(T) onpenensiercs ypasuenuem mnpsimoii (puc. 3.1,
r). OHa U3MEHsIeTCsl OT MaKCUMyMa, paBHOIO SHepruu curHana E mpu 1=0, 10
HyJs ipu T=7T,. [Ipu 3Hauenusx T, =120 Bemonnsercs HepaBeHCTBO R(T) <
R(0).

Jlns  yOexaeHuss B CHPaBEIJIUBOCTH 3-TO CBOMCTBA  BBIYHCIHM
ABTOKOPPEIANMOHHYI0 (yHKIHMIO R(T) NOpPAMOYroapHOro MMIIyJIbCa ISt
OTPULATCILHBIX 3HAYE€HUH T, T.e. CABHMHEM Kommio curHaia S(f) Bmpaso. B
pEe3yJIbTATE 3TOTO MOJYYUM

o0

R(—7) = j s(t)s(t — 1)dt = A?%t, (1 — %)

—oo
N3 sToro BBIpQAKCHUA MOKHO BUIACTDL, YTO U IIPU OTPUIATCIIbHBIX
3HAUYCHUAX T, ABTOKOPPCIAIIMOHHAA (I)YHKIII/ISI IIpAMOYTOJIBHOT'O

MMIYJbCA OMMCBIBAECTCS YPABHEHUEM IIPSIMOU.



OKOHYATEJILHO BBIPAXKEHUE JJII aBTOKOPPEISIIIMOHHON (DYyHKIIUU
MPSIMOYTOJILHOTO UMITyJIbca IpuHUMaeT Buj (puc. 3.1,r)

R(t) = A%1,

[IpoBeass BbIYMCIIEHHE aBTOKOPPEISALUOHHON (DYHKIUU MPSAMOYTOIBHOTO
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T
1 ——
T

HMITYJIbCa MOKHO OTMCTUTD CJIICAYIOHIICC!:

— JUIMTENIbHOCTb aBTOKOPPEJSIIMOHHON (YHKIMK paBHA YyIBOCHHOU

JIIATCIIbHOCTHU UMITYJIbCA,

— IIpU BPEMEHHOM CJIBUT€ paBHOM HYJIO T=0 aBTOKOPpEALHOHHAS

(yHKLIMS paBHA SHEPTUU CUTHAIIA,

— MpU  YBEIMYEHUM BPEMEHHOIO CJBHra T aBTOKOPPEISLHUOHHAS
byHKuMs  yOBIBaET;

MOHOTOHHBIM,

— npu capure curHaigoB S(t) m S(t+1) Apyr OTHOCUTENBHO Jpyra Ha
BpeMst, OoJblliee JJIMTEILHOCTH MMITYJIbCa, aBTOKOPPEISIMOHHAS

yObIBaHME MOXET ObITb HE 0053aTeIbHO

GbyHKIMS o0palaercs B HyJIb.

s(t)A
A

a)

0
s(t+1) 4
A

Ty

—~+VY

6)

-t O
s(t)s(t+1) 4
A2

—

—~Y

B)

r)

Puc. 3.1. K BbIUHCIIEHUIO aBTOKOPPEISIIUOHHON QYHKIIUH MPSIMOYTOIBHOTO
UMITYJIbCA: @ — MPSAMOYTOIbHBIN UMITYJIbC; O — IPSIMOYTOJIbHBIA UMITYJIBC,
3a/1Ep/KAHHBIN BO BPEMEHH HA BEJIMYMHY T; B — IPOU3BEACHUE UMITYJIbCOB; I —
aBTOKOPPENSIMOHHAs (YHKIUSA

“Tn n

T

>
T
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Ha puc. 3.2. ayis npumepa npuBEAEHO MTOCTPOSHNUE aBTOKOPPEISIINOHHOMN
(GYHKIIUU JJI9 TPEYTOJLHOTO UMITYJIbca. MOXKHO BHIETH, UTO MPSIMOYTOJIBHBIN
(puc. 3.1) u TpeyronbHbIH (puC. 3.2) UMITYIBCH OTJIMYAIOTCS 10 hopMe, OTHAKO
aBTOKOPPEIAIMOHHBIE (YHKIIMHA, WM COOTBETCTBYIOIIHWE, WMEIOT OOIIHe
CBOMCTBA, 3 UMEHHO:

— JUIMTENBHOCTH 00E€MX aBTOKOPPEISIIIMOHHBIX  (PYHKIIMH  paBHBI

yIBOCHHOM JITUTEIILHOCTH UMITYJIbCOB;

— TIpU BPEMEHHOM CJBHUTE, paBHOM Hym0 T=0, aBTOKOpPPEISIIMOHHBIC
GYyHKIIMM TPSAMOYTOJBHOTO W TPEYTrOJIBHOTO WMITYJIbCOB PaBHBI
OHEPTUU CUTHAJIOB;

— TIpU  YBEIWYEHUHW BPEMEHHOTO CABHUTAa T aBTOKOPPEISIIHOHHBIC
byHKIMH yOBIBAIOT, MPU ATOM (PYHKIUS MPSIMOYTOJIBHOTO HMMITYJIbCa
yOBIBaeT 1O JWHEWHOMY 3aKOHY, a TPEyrojbHOTO — IO 3aKOHY,
0JIM3KOMY K THUIIEpOoJIE;

— TP CIABUTE MPSAMOYTOJBHBIX WM TPEYTOJbHBIX HMITYJIBCOB JAPYT
OTHOCUTENILHO Jpyra Ha BpeMmsi, OOJbIlee JIUTETbHOCTH UMITYJIbCOB,
aBTOKOPPEIAIMOHHBIE (PYHKITMH, ©M COOTBETCTBYIOIINE, OOpaIIaroTCs
B HYJIb.

N3 oOmiero ompenencHusi aBTOKOPPEIAIUOHHON (PYHKIIMU, a TakKe W3
MPUBEJECHHBIX  MPUMEPOB W CBOMCTB  (PYHKIIMM  BHJHO,  4YTO
aBTOKOPPEIALMOHHAS (PYHKIUS SIBISETCS YETHOM (yHKIHEH. ITO TOBOPHUT O
TOM, YTO HE MMEET 3HAYCHHUS B KaKyl CTOPOHY (BIPAaBO WJIM BJICBO) IO OCH
BPEMEHU OTHOCHUTEIHHO CBOCH KOMWW CIABUTaTh CHUTHAJI Ha BEIWYUHY T. B
CBSI3M C OTHUM BBIPaXCHHE, OIMCHIBAIOIIEE ABTOKOPPEISAIMOHHYIO (YHKIIHIO,
MOYKHO TIPEJICTaBUTh B OoJsiee o01IeM BU/IC:

R(1) = j s(t)s(t+ t)dt = .[ s(t)s(t — t)dt.
B  o0mem  Buie  curLaig, Ui KOTOPOIO  ONpPEeseTcs

aBTOKOPpENALMOHHAS (YHKLHS, MOXKET HMMETh paszinyHyio ¢opmy. OTO B
KOHEUYHOW MEpE HAKJIAAbIBAET OTIEYATOK Ha BHUJ aBTOKOPPEISLUHUOHHOU
(yHKIIMM, YTO MOXHO HaOMIOAAaTh TNPUMEHUTENBHO K  CHUTHAJIaM,
PaCCMOTPEHHBIM BbILIE. /{151 ySICHEHHSI IPYTUX CBOMCTB aBTOKOPPEIALIMOHHBIX

(GyHKUMA pacCMOTPUM CHUTHAJ, MNPEACTABISAIOMMM COOOM Mauyky u3 Tpex
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OJIMHAKOBBIX TMPSAMOYTOJIBHBIX HWMITYJILCOB. VIMITyIbCHI CIEAYIOT APYyT 3a
Ipyrom ¢ BpeMeHHbIM uHTepBasioM T (puc. 3.3,a). Ha puc. 3.3, 6 npeacrarneHa

aBTOKOPpEIALMOHHAS (PYHKIMS, COOTBETCTBYIOIIAS STOMY CUTHAIY.
s(t)

—~VY

o

™

s(t+1)

—~V

~+V

R(7)

>
>

-T.. 0 T. T

Puc. 3.2. K BeIUHCIICHHIO aBTOKOPPEISIIIMOHHON (DYHKIIUHA TPEYTOJIHBHOTO

MMITyJIbCa

[IpMEHUTENBHO K 3TOMY CIIy4ar0 3HAa4€HUE BPEMEHHOTO CABUTA T IIyCTh
paBHo 0, £T u +£2T. PaccMarpuBasi aBTOKOPPEIAIMOHHYIO (QYHKIMIO TSl TAYKH
U3 TPEX NMPAMOYTOJIbHBIX UMITYJIbCOB MOKHO OTMETUTH CJICIYIOLIEE:

— 10 BUAY 3Ta aBTOKOPPENSALUOHHAS (DYHKIMS OTHOCUTEIBHO OIHOTO
UMITyJIbCa COBNAAAET ¢ (PYHKIMEH, MpeicTaBlIeHHOoN Ha puc. 3.1, T ans
OJIMHOYHOT'O UMITYJIbCA,;

— MAakKCHMaJIbHOE€ 3HAUYEHHE AaBTOKOPPEISLUMOHHOW (PYHKIUM TpU
BpeMeHHOM casure T = (0 paBHO YTPOECHHOW DHEPTUHM OJMHOYHOI'O
VMITYJIbCA;

— MPHU  YBEIWYEHWH BPEMEHHOTO CABUTAa DJHEPrUs  WMITYJIbCOB
aBTOKOPPENMALMOHHON  (QyHKIMUM  cHWxkaerca: npu T = FT
aBTOKOppeNALUOHHAs  (YHKIUS  paBHA  YJABOEGHHOM  SHEPIruu

OIWMHOYHOTIO HMMIIYJIbCAa, IIPpH T = iZT — OHCPruu OJAHHOYHOTIO
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UMITYJIbCA;

— YHCII0O BPEMEHHBIX CIBUTOB, KOTJA aBTOKOPPEISIMOHHAS (YyHKIUS
JUIS  TAYKW ~ UMIYJCOB  OTHOCHUTENBHO  IOJOXKHUTEIBHBIX |
OTPHUIIATCIIbHBIX BPEMEHHBIX CABUTAaX HE PaBHA HYJIO OINPEACIIeTCS
BhIpakeHueM [(N-1)+1], rae N — 9uciio UMIYJILCOB B MavKe;

— TpH  YBEIMYCHWHM  4YHCJIA  WMIIYJIBCOB B  TA4YKe  DHEPTUs
aBTOKOppesiiuoHHOM Qynkumun npu 7t = 0 onpenensercs
BhIpakeHueM NE, rae N — 4ucio MMIyJIbCOB B Madke, a E — sHeprus

OAMHOYHOI'0 MMITYJIbCA.
s(t) A

T

[ 4

2T

<o T
\2E
T oT
0)

0
3
0

R(t)
E
2F
2T T T

A\ J

T Ty

Puc. 3.3. [Tauka u3 Tpex nNpsMOYTroJIbHbIX UMITYJIbCOB (@) U KOPPEISIIUOHHAS
(GyHKILIMS, COOTBETCTBYIOIIAS AaYKEe UMITYJIHCOB (0)

3.2. ABTOKOppensaunoHHasa PyHKLUS NnepruoanyeckmMx CUrHanoB

Paccmotpum aBTOKOPPEISALUOHHYIO byHKIINIO OTHOCHUTEIILHO
MIEPUOTUYECKOTO CUTHAJIA. DHeprus MIEPUOTUIECKOTO CUTHaJja,
M3MEHSIOMIEr0Csl OT —00 JI0 400, CTPEMHUTCS K 0ECKOHEYHO OOJIBIIION BEIMUUHE.
DOTO TOBOPUT O TOM, 4TO BbIpaxkeHue (3.1) Henb3s HCMHOJb30BATh IS
BBIYHMCJICHHS aBTOKOppesimonHoi Ppynkiuu. HeoOxonuma dyHkIus, koTopas
Mpyd BPEMEHHOM WHTEpPBAJIC CYIIECTBOBAHHUS CHUTHala, CTPEMSIIEMCS K
OCCKOHEYHOCTH, caMa CTpeMuiIach 0a K KOHEYHOW BennunHe. B KkadecTBe
0T00HOM (DYHKITMH MOYKHO HCITOJIb30BaTh (DYHKITHIO, HMEIOIIYIO pa3MEPHOCTh
cpeaHed MOIIHOCTU. B »TOM ciyyae aBTOKOppeNnAlUoHHAs (YHKUUS s
MEePUONYECKOTO CUTHAJIA Oy/IeT UMETh BUJ
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T/2 T/2
R = i ! dt = li . d (3.3)
nep(T) = leglof j s(t)s(t+ t)dt = TIE}OT f s(t)s(t — t)dt. :
~-T/2 -T/2

N3  Beipakenus (3.3) MOXKHO  3aKIO4YUTh, 4ro npu 1=0,
aBTOKOppensaiuonHas QyHkimsa R,.,(0) Oynmer paBHa cpeaneil MouiHOCTH
MEPUOUYECKOT0 CUTHAA.

Wcxonupnii curnan S(t) sBisercs nepuoandeckoi GyHkiuei. B cBs3u ¢
ATUM MOYHO 3aKJIFOUHTh, YTO MOJTYUYECHHE CPEAHUX 3HAYEHUN OT MPOU3BEIACHUM
s(t)s(t+t) mmum s(t-1)s(t) mo OeckoHEYHO OOJIBIIOMY BPEMEHHOMY HHTEPBATY
T —» 00 nomKHO COBIANAaTh CO CPEIHUM 3HAYEHUEM STHX IMPOU3BEICHHUMN 32
nepuosy T; W3MEHEHMs] MCXOJHOTO CHUTHajla. DTO TO3BOJISIET MPEACTABUTH
BbIpaxkeHue (3.3) B CleAyOUIEM BUE:

T1/2 Tl/2
1 1
R (D) = o j S(Os(t +1)dt = = j s(Ds(t — )dt. (3.4)
Lt )2 Lt )2
B OTOM  BBIp@KEHMH  HHTETpaibl  [PEACTABIAIOT  COOOM
aBTOKOPPEISAIMOHHBIE QYHKIIUK
Ty/2 Tq/2
Ry (1) = j s(Ds(t+)dt = j s(t)s(t — t)dt. (3.4%)
-T./2 -T./2

MCXOJHOTO CUTHAJIA U €r0 KOIMUHU 32 IepUo] |1 MX U3MEHEHUS.

Takum 00pazom, sl NEPUOJUYECKUX CUTHAJIOB MOXHO paccMaTpUBaTh
aBTOKOPPEJALMOHHYI0 (DYHKIMIO, HMEIONIIYI0 pa3MEPHOCTh Kak CpeaHei
MourHocTH (3.3), Tak ¥ — 3Hepruu (3.4’), Korja paccMaTpUBaeTCA OJIMH MEPUOJ
M3MEHEHHS IEPUOANYECKOr0 CUTHAJIa. Torga B COOTBETCTBUM C BBIPAKEHUSIMU
(3.4) u (3.4’) MOKHO 3anKcaTh OYEBUIHOE PABEHCTBO

Rrlep (v) = RT1 (D/T;.

B CcOOTBETCTBMM C MPOBEJACHHBIM AHAIU30M MOXHO 3aKJIIOYUTh, YTO
nepuoguiyeckomy  curHamy — S(f)  cooTBeTcTByeT W TepUOAMYCCKAs
aBTOKOppeNsAMOHHAs (GYHKIUS Ryep(t).OTa dyHKIMS Oyaer moBTOPATHCA €
nepuoaom 1.

Ilpumep  2.8. Boluucianure  aBTOKOPPENSUMOHHYIO  (DYHKIIHIO
rapMoHudeckoro kosebanus S(t) = AyCoS(wot + o).
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Pewienue. B cootrBeTcTBUM ¢ BbIpakeHueM (3.4) aBTOKOppEISIIUOHHAS
(GyHKIHSI TApMOHUYECKOTO KOJIeOaHus IPEACTaBUTCA B BUJIC

Ty/2
AZ 1
Riep(T) = T—O j cos(wot + 0y) cos[wy(t+ 1) + 0,] dt = EA% cos(wgT),
1
~Tq/2

2T o
rac wg = T_1 — KpyTroBas 4aCToTa rapMOHHYCCKOU q)yHKHI/II/I.

Hcrnonb3yss TPUTOHOMETPUYECKHE MPeoOpa3oBaHUsl, BBIPAXKEHUE IS
aBTOKOPPEIALMOHHON (DYHKIIMH TEPETHILIEM B BUE

Ty/2 Ty1/2
A% A%
Rpep(T) = o j cos(2wot + woT + 20,)dt + — f cos(w,T)dt.
2T, 2T,
—-T1/2 —-T1/2

Berauciaasa HHTCTPaJibl, IOACTABIIAA IPCACIIbI HHTCIPUPOBAHUA U 3aMCHSS
2T
Wo HA Wg = T_’ IIOJIYy4YHUM
1

2
[sin(2m + 41t + 0,) — sin(—2m + 4mt + 0,)] +

2
+ 70 cos(w,yT).

A
Rrlep (v) = ﬁ

N3 coobpaxenuit Toro, 4To (PyHKIMS CHHYC MOBTOPSIET CBOW 3HAYCHUS
gyepes3 2T, MOKHO 3aKJIF0YUTh, YTO MEPBOE CIaraéMoe B 3TOM BBIPAKEHHUH OYJIeT
paBHO Hymi0. Torma aBTOKOPPENAINMOHHAS (YHKIUS OT TapMOHHUYECKOTO

CUraajia npcacTaBUTCA B BUJC
2

0
Rpep (1) = 7cos(wot).
B COOTBETCTBHHM C OTHM BBIPAXKEHUEM MOYKHO CEIATh BHIBOIBL:

— mpu BpeMeHHOM caBure T = 0 aBTOKOppessuMoHHas QyHKIUS
1
Rpep (D) = EA%; 3TO TOBOPUT O TOM, YTO B JIAHHOM Clly4ae 3HAYCHUE

aBTOKOPPESILIMOHHOW  (YHKIIMM  PaBHO  CpPEAHEH  MOIIHOCTHU
TapMOHHMYECKOTO KOJeOaHUsI C aMILTUTY 101 Aj;

— aBTOKOppensauronHas Gynkuus Rye,(T) rapmonnyeckoi GyHKIMU HE
3aBUCHUT OT HaYaJIbHOU (ha3bl Kojaebanus 0;

— aBTOKOpPCISIIMOHHAS  (PYHKIMSA OT TapMOHHYECKOW  (PYHKIIUN

HNEPUOAUICCKAA MW IIOBTOPACTCA C IICPHOAOM T1 HU3MCHCHUA
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rapMOHUYECKON (PyHKIIUH.

Jlns  mpumepa W HarasgHocTH Ha  puc.  3.4,0 u3o0pakeHa
aBTOKOppESLIMOHHAS  (PYHKIMS  CHTHalla, MPEACTABJISAIONIETO  coOoM
MEPUOINYECKYI0 TOCIIEIOBATEILHOCTh TPEYTOJIBHBIX HUMITYJIbCOB (puc. 3.4,a).
MOXHO BUJETh, YTO KaXIAbIi UMITYJIbC aBTOKOPPEISIIMOHHON (QYHKIIUU Rnep(r)
COBHNAJaeT Mo (GopMe C KOPPEISIIUOHHON (DYHKIIMEH OJUHOYHOTO HMITYJIbCa
(puc. 3.2, r). Cieryer OTMETUTH, YTO MaKCHUMAJIbHBIC 3HAYCHUS Ryep(T) paBHBI
HE DHEPrUM UcXoaHoro curHaia S(t), a cpeaHelt MOIHOCTH UCXOAHOTO CHTHAJIA

s(t), onpemensieMoil KBafpaToM OT HCXOMHOTO cHrHana S°(t).

n_ A

‘T1

v

J\

_Tl Tl f

0)
Puc. 3.4. Ilepnonnueckas mocie0BaTeIbHOCTh TPEYTOJIbHBIX UMITYJIHCOB () U
ee KoppensitnonHas GpyHkius (0)

3.3. BzaumHana koppensaumoHHasa (pyHKLUMA cUrHarnoB

[Tpr HEOOXOIUMOCTH MPOBEACHUS OLCHKH CTEICHU KOPPEISIIUA MEKIY
ABYMsT pasnu4HbIMH  curHamamu  Si(t) u  Sp(t) HMCmosp3yroT  B3aMMHYIO
KOPPEIIHUOHHYI0 (PYHKIHIO. DTa (QYHKIHS ONPEICIIeTcs CJeIyOIHM
BBIpAKEHUEM:

(0]

B(t) = j s; (D)s, (t + T)dt. (3.5)

— 00
13 BeipaxeHus (3.5) MOKHO BHJICTh, YTO aBTOKOPPEISAIIMOHHAS (DYHKITHS
R(t) sBRsleTCA YacTHBIM CIIy4aeM B3aMHOW KoppensnuoHHoN (ynknuu B(t),
korma Si(t) = s,(t).

Ha puc. 3.5 mpeacraBieHO NOCTPOEHHE B3aUMHOW KOPPEIALIMOHHOU

U U
GyHKIMK UIS ABYX CHTHAlIOB S, (t) = —zt+U u s, 1 = -t orme U -
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MaKCMMaJbHOE 3HaueHHWe curHaioB. Ha puc. 3.5,a 1OKazaHO NOJIOXKEHUE
CUTHAJIOB TIPU BPEMEHHOM CJIBHTE, paBHOM HyI0 (T = 0). DTOMY MOJIOKESHUIO
CUTHAJIOB COOTBETCTBYET HEKOTOPOE 3HAUYCHHE B3aUMHOW KOPPEISIMOHHOU
¢yukmmu (puc. 3.5, B). Ilpu casure curnana S,(t) BieBo o ocu Bpemen# (t > 0,
puc. 3.5, 0) B3auMHas KoppeisIiuoHHas PYHKIMS CHavYajia BO3PAcTaeT, a 3aTeM
cHikaercs a0 Hys nupu T = T (puc. 3.5, B). IIpu casure curnana S,(t) BmpaBo
(t < 0) B3amMHass KoppelslUOHHAs (PYHKIMS HAYWHACT cpa3dy yObIBaTh M
gocThraeT Hyds mnpu T = -1. DTO TOPUBOAMT K TOMY, YTO B3aWMHAas
KOppeJIHOHHas PYHKINS HE SBISETCS CHUMMETPUYHONW OTHOCHUTEIHLHO Hadajia
koopauHat (Tt = 0) U JocTHraecT MaKCMMaJIbHOTO 3HaueHus npu T > 0 (puc. 3.5,

B).

SO s s s()4s,(t)  si(t)
u u

AV

0 T 10 To| T t T 0 8
a) 6 B)

Puc. 3.5. [IpuMep noctpoeHus B3auMHON KOPPEIALMOHHONW (PYHKIUU: a —
noJjioykeHue curaaios npu t = 0; 6 — cuBur curHaina Sy(t) Ha t; B — rpaduk
B3aMMHOM KOPPETAIUOHHON (QYHKIINH

PaccmarpuBas mOCTpO€HHME B3aMMHOM KOPPENSALMOHHOM (DYHKIUU IS
JBYX CUTHAJIOB OTJIMYHBIX 11O (hOpMe, MOKHO CIIeIaTh CISAYIOIINE BEIBOJIBI:

— 3Ha4YCHHWE B3aMMHOW KOPPEISAIUOHHOW (PYHKIMHM HE W3MEHUTCS, €CIIH
BMECTO caBura curHama Sp(f) Oymem caBurath curHan S (t)
(oOecrieunm 3amepxkky curHany Si(t)); B COOTBETCTBHHM C 3THUM
BbIpaxkeHue (3.5) MOXKHO MPEJICTABUTh B O0Jiee 00I1IeM BHJIE

B(1) = j s;(D)s,(t+ )dt = j s,(t)s;(t — 1)dt = B(—1);

— B CPaBHEHMM C aBTOKOPPEISAIMOHHON  (yHKIMEH B3auMHas
KOppensalnoHHasT (DYHKIUS HE 005S3aTeNbHO SIBJISETCS YETHOU
OTHOCHUTEJIBHO T,

— B3aWMHasg KOppeaslHUOHHAas (QYHKIUS MOXKET W HE JIOCTUraTh
MaKCUMaJIbHOTO 3HaueHuss npu T = 0; oHA MOXET UMETh

MAaKCHUMAJIbHOC 3HAYCHHUC IIPHU APYI'MX 3HAYCHUAX T.
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3.4 . CooTHOLWEHUE MexXay KoppenaunoHHoN yHKUMen n
CMNeKTparibHOMN XapaKTepUCTUKOU cUrHana

ITokaxkeM  CBsI3b  aBTOKoOppesimuoHHOW  dyHKmuu  R(T),
COOTBETCTBYIOIIEH curHainy s(t), co CreKTpaabHOU TNIOTHOCTHIO S(jw)
ATOTO K€ curHana. J|js atoro B aBTOKOppensaiimoHHou ¢yukimuu (3.1)
CABUHYTHIM BO BpeMeHH curHaia s(t-+ T) BBIpa3suUM dYepe3 €ero
CIICKTPAJIbHYIO IIJIOTHOCTH S(jm) !

s(t+ 1) = i ffooo S(jw)exp(jw(t + 1))dw. (3.6)
[ToncraBum BeIpaxkenue (3.6) B ¢opmyny (3.1), omuchIBaroOIIyo

aBTOKOPPEIAIIMOHHYIO pyHKIIMIO. B pe3ynbrate nojayuyum
co oo

R(t) = js(t) % jS(ju))exp(ju)(t+T))du) dt =

(o]

1

=— jS(jw) fs(t)exp(jwt)dt exp(jowt)dw =

2T (3.7)

— 00

_1 joS('u))S*('w)ex (o) - jo|3('00)|zex (JwT)
21_[_ ) ) Py 21_[_ ) pywT).

W3 nonyuenHoro Beipaxenus (3.7) BUIHO CleayroIIee:

— TIOCKOJIBKY aBTOKOPpENSIMOHHAs (QYHKIMS HWMEET pPa3MEpHOCTh
OHEPTHH, TO B COOTBETCTBUU CO CICKTPaJIbHON TUIOTHOCTBHIO CHUTHAJIA,
DHEPrus CUTHaNA MPEICTABIACTCS KaK MHTETPall OT MOAYJsl KBajapara
CIIEKTPAIIBHOH IIOTHOCTH CUTHAJA JICJICHHOE Ha 2TT;

— npu T=0 aBTOKOppeSIMOHHAS  (QYHKIMS, TOJIy4YCHHAs B
COOTBETCTBUU CO CIIEKTPAIBHON IUIOTHOCTHIO CHUTHAJA, JIOCTHTAeT
MaKCHUMAaJIBHOTO 3HAYCHUSI.

[IpousBenss oOparHoe mnpeoOpa3oBaHue BbIpakeHHus (3.7), MOXKHO

HIOJIY4YHUTh CIICIYIOIIEee PABEHCTBO!

Sjo)|” = [ R(x)exp(-jor)dr, (3.8)
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KOTOPOE TOBOPHUT O TOM, YTO B COOTBETCTBUM C ABTOKOPPEISILIUOHHOMN
dyHKIIMEel MOXHO NOPOCIECAUTH 3aBUCUMOCTH MOIYJISI OT KBajpara
CIIEKTPAJIbHOU IUIOTHOCTHU CUTHaJA.

Jiis  curHajnoB C HEOTPAHUYEHHOW HJHEPIrUEU Ha HHTEpPBAJIE
BpeMeHHU T — 00 aBTOKOppEIsSIIHOHHAas (PYHKIIUS MOXKET ObITh CBeAcHA
K BUJLY Y MPEJICTABISITH COOOU CPEIHIOI0 MOIITHOCTh CUTHAJIA!

T/2
R, (1) :m@:m j u(t)u(t +7)dt.

-T/2
B cooTBeTrcTBUM € DTUM BBIPAXKEHUEM, W YUYMUTHIBAS CBS3b
aBTOKOPPEJISIIIMOHHON  (DYHKIIMHM CO  CIIEKTPAJIbHOM ILIOTHOCTBHIO
CUTHAaJIA, 3aIlulleM

00 - 2 00
R, (1)= Z—i:[olm@exp(jwr)dm = 2—17T__[OG(03) exp(jot)do, (3.9)

rae G(w) — crekTpanbHas IIOTHOCTH MOIITHOCTHA CUTHAJIA.
CIIeKTpaJIbHYI0 IUIOTHOCTh MOIIMHOCTH CHTHAjda MOYKHO HaMlTH,
npeoOpaszyst aBTOKOPPEIISIIIMOHHYI0 (PYHKIUIO 110 (popMyJie

G(w) = T R(t)exp(—jwt)drt. (3.10)

PaccmarpuBasi CBsI3b aBTOKOPPETSALUOHHON (DYHKIIMU CO CHEKTPaTbHON
MJIOTHOCTBIO CUTHAJIA, MOKHO OTMETHUTH CIIAYFOIIIee:

— aBTOKOppEISIIMOHHAS (YHKIHS SBIISICTCS YeTHOW (DYHKITMEH, B CBSI3H
C OTHM 3HaK Mepejl JOT B TOKa3aTelie CTEHCHH SKCIOHCHIIHATbHOM
bynkumu (3.7), (3.9) MoxkeT ObITh MPOU3BOJIBHBIM;

— wu3 BeIpakenui (3.7) u (3.8) MOXKHO NMPOCICAUTH CBOKWCTBA, TOBOPSIIIHE
O TOM, YTO YeM IIHpe CrekTp S(®) curHajia, TeM MEHbIIE BPEMEHHOM
CIBUT T, B Mpejenax KOTOPOro KOppeNsirOoHHas (PYHKIMsS HE paBHA
Hy10; COOTBETCTBEHHO, YeM OO0JIbIIIE BPEMEHHOM CABUT T, B Mpeeax
KOTOPOTO KOppesAIMoHHas (YHKIMS HE paBHA HYJIO, TEM YKe
CIIEKTp CUTHAJA,

— 3 BeIpakenuit (3.7) u (3.9) MOKHO BHJIETh, YTO aBTOKOPPEIISALIMOHHAS
bynkuuss R(t) He 3aBucHUT OT (Ha309acCTOTHON XapaKTCPHCTHKU
CIEeKTpa CurHajga. M3 3Toro MOXHO 3aKIIO4YUTh, 4TO curHaigam S(t)
pasmuyHeiM 10 (GopMe, HO  00JaAIONIUMH  OJWHAKOBBIMH
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CIICKTPAJIbHBIMH INNIOTHOCTAMHU CHI'HAJIOB, 6YILYT COOTBCTCTBOBATH

OJIMHAKOBBIC aBTOKOppeIsauuoHHbie GyHkmuu R(T).
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