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BerynuTennHoe ciioBo

[Tepen Bamu MoHOrpathus M3BECTHOTO y4€HOTO JOKTOPA TEXHUYECKHX
Hayk, npogpeccopa I'opbans Urops Mnbuua. 3HaunTenbHas 4acTh ero uc-
CNEIOBAHHH OTHOCHTCA K TaKOil UHTEPECHOH M NpaKkTHUECKH Ba)kHOI 00-
JaCTH NPUKIATHOH (PH3MKH KaK THAPOAKYCTHKA.

B Gonbliom cnucke HaydHBIX M HHKEHEPHBIX NpoOIeM I'UIPOaKYCTHKM
0c000e MECTO 3aHUMAIOT BONPOCH! 06PaBGOTKM THAPOAKYCTHUECKUX CHIHA-
n0B. Meroapl 06paboTkH, OCHOBaHHbIE Ha ryGOKOM 3HAHHH dusHyeckux
0COGeHHOCTEH (POPMHPOBAHMS CHTHANIOB, PACTIPOCTPAHEHHS UX B OKeaHe 1
pHEMa, MO3BOMISIOT CYIIECTBEHHO IOBBICHTL 3((PEKTHBHOCTh THApPOAKy-
CTHYECKHX CPEJCTB.

B nauane 80-x ronos H.H. I'op6anb BbIABHHYN THIOTE3Y O BO3MOKHO-
CTH COBEPUICHCTBOBAHHA MOOHIIbHBIX THIPOAKYCTHYECKUX CPEICTB 33 CYeT
ONTUMHU3ALMK 00pabOTKN CHIHANOB B YCIOBHSAX CIOXKHBIX MepeMelIeHHUit
aHTCHH B IIPOCTPAHCTBE, BBI3BIBAEMBIX BOJHEHHEM OKeaHa M HeCTaBHITbHO-
CTBIO IBIDKEHMA HOcHTens. EMy ymamoch mokasath, 4To Mopckas Kauka,
TPaIULMOHHO paccMaTpHBaeMas Kak NecTabMImsupylowmii dakrop, Me-
WarouHit paGoTe, MOXeT ObITh 3P PEKTUBHO HCIIONL30BAHA IS YIIyUIIeHUS
XapaKTePUCTHK FHIPOAKYCTHIECKHX CTAHLIMI,

Jist BONTOLIEHHS 9TOH HEOPIHHAPHOI HIEH B HU3Hb OH MPOBEJT KOM-
IUICKC TCOPETHYECKUX H IKCMEPUMEHTANBHBIX MCCNIE0BAHUMN, HTOTOM KO-
TOPBIX CTalld TEOPHs MPOCTPAHCTBEHHO-BPEMEHHOM 00paGoTKH rupoaKy-
CTHYCCKUX CHIHAJIOB B CNIOXKHBIX THHAMHYECKUX YCIOBHSAX M TEOPHS OBICT-
poi MHOrOKaHaNbHOH 06paGOTKH CHrHANOB. Pe3ynbTaThl ero Hay4HOI pa-
OOTEI HCIIOJL30BAHBI NIPH NIOCTPOEHUH PANA COBPEMEHHbIX THAPOAKyCTHYE-
CKHX CTaHUHIH.

OcHoBHblE HIEH (HOPMYITHPOBAINCH U Pa3BHBAJIHCH ABTOPOM MpHMe-
HUTENLHO K rHApoakyctuke. Oanako riyOuHa nmpopaGoTKM BOMPOCOB H
cTenenb MX 0600LeHns 06yCIaBIMBAIOT ONE3HOCTD MOy YEHHBIX pesyin-
TaTOB JUIs PEUIEHHS MHOTHX NPoOieM, CBA3AHHBIX ¢ 06paboTKoil pammoo-
KallMOHHBIX W IPYTHX THUIOB CHTHAJIOB B CIIOMKHBIX JUHAMHYECKHX H OME-
XOBBIX ycioBusAX. [Toatomy cunTalo, 4To KHira GyeT MHTEpEeCHa He TONBKO
AnA CeHUANUCTOB-THAPOAKYCTHKOB, HO M JUISl LIMPOKOTO KPYra YHYeHBIX,
PaboTAKOIINX B CMEKHBIX 00NIACTX.

AxajnemMuk
Haunonannuoii akagemun nayk
Yxpanusl, npodeceop

B.T. I'punuenko -




Buorpadguyeckas cnpaBka

I'opbanb Urops Mnbuy — 1OKTOp TEXHUYECKUX HAyk, podeccop. Poauics
30 asrycra 1952r. B r. Kuese. B 1975r. 3akonumn Kuesckuit
MOJUTEXHUYECKUI HHCTUTYT MO CICIHATBHOCTH «THAPOaKyCcTHKa», B 1978 r. —
aCIMPAHTYPY 1O TOH ke CHelnaIbHOCTH.

Kanmunmarckyro  muccepramuro  3amuran B 1980r. B [HUU
«Mopdusnpubop», nokropckyto — B 1991 r. B Uncrturyre kubepueruku AH
YCCP. B 1989r. eMy npHUCBOEGHO Yy4YEHOE 3BaHHE CTApIIEro HAYYHOTO
corpyanuka, a B 2000 r. — nmpodeccopa.

Jo 1992 r. padoran B Kmesckom HUU rupponpudopoB, ydacTBOBal B
IPOBEACHUN PSia ONBITHO-KOHCTPYKTOPCKUX U HAy4YHO-HCCIIEA0BATEIbCKUX
pabor. brin MIEPBBIM 3aMeCTUTENIEM ['maBHOTO KOHCTPYKTOpa
ruapoakyctudeckoit cranmuu (TAC) ¢ ruOKoi NpOTsSHKEHHOW OyKCHpyeMoit
antenHoir (I'TIBA), OTBETCTBCHHBIM 3a AJITOPUTMUYECKOE OOECIICUCHHE
CTaHIMY, [JIaBHBIM KOHCTPYKTOPOM OIIBITHO-KOHCTPYKTOPCKOH pPaboThl IO
co3mannto [AC ¢ ITIBA Ha onTHYecKOW 3JEMEHTHOH 0a3e, HaydHBIM
pyKoBoJHTENEM IBYX THXOOKEaHCKMX HAYYHBIX AKCIEIULUN IO H3yYCHHIO
THJIPOaKyCTHYECKHX CUTHAJIOB.

C 1992 r. 12 ner paboran B MHCTUTYTE TPOOIEM MAaTEMaTUUYECKUX MAaIIUH
u cucreM HAH Ykpaunsl B JOKHOCTH IJTaBHOTO HAyYHOTO COTPYAHHUKA, 3aTEM
3aMECTHTENII JUPEKTOpa IO HAay4HOW paboTe. 3aHMMaics pa3paboTKOM
AITOPUTMHYECKOTO oOecHeyeHusl uisl paanonokannoHHoi craniuu. C 2004 r.
paboraer B VYxpHHUVI[ Tocnorpebcranmapra VYKpauHbl B JIOKHOCTH
3aMecTuTels [ eHepanbHOro AUpeKTopa 1o HayuHoi padoTe.

AKTHBHO 3aHMMAeTCSl HAyYHOM, HAay4HO-TIEJAarorndeckod H HayIHO-
OpraHu3allMOHHOW paboToil. Bbul HaydHBIM PYKOBOJIUTENIEM HECKOJIBKHX
HAY4YHO-UCCIIEIOBATENbCKUX paboT, mpenogaBan B KHEBCKOM HHCTHUTYTE
BOGHHO-BO3JYIIHBIX CHJI, Ha MPOTSHKEHUM psifa JeT SBIBUICS —WICHOM
skcnepTHoro cosera BAK  Vkpaumnbl. PykoBomutr Hay4HO#t paboroii
aCIMPAHTOB, SBJSETCS YJICHOM CIIELHAIM3HMPOBAHHBIX COBETOB IO 3aIHUTE
JOKTOPCKUX AUCCEPTALUi, YWICHOM PEIKOJUIETHI Hay4YHBIX JKypHAJIOB, WIEHOM
MEXIyHapOJHBIX OOIIECTB, B TOM 4HCIe AKYCTHYECKOIO OOLIeCTBa AMEPHKU
(ASA), HUncTHTyTa MHXEHEPOB B OOJACTH DICKTPOTEXHUKH M DICKTPOHHKH
(IEEE) u np.

SBsieTcst aBTOPOM TpeX TEOPUM: meopuu npocmpancmeenHo-6pemMeHHOt
006pabomky  2UOPOAKYCMUYECKUX — CUSHANI0O8 6  CIOJCHBIX  OUHAMUYECKUX
YCRoBUAX, meopuu 6blIcmpoll MHO2OKAHATLHOU 00PAOOMKYU SUOPOAKY CTNULECKUX
cueHanog (WX WM3IO0KCHHIO TOCBSIIEHA HACTOSIIAsS MOHOTrpadwus) U @usuxo-
MAMEMAMUYeCKol  meopuu  2UNEPCIyYatnbx  sgienutl (e  ONHMCAHHUIO
nocasimeHa MoHorpadust [53]).

Pesynbratel uccnenopanuit ['opoans M.UM. omyGnukoBaHbl Oonee yem B
150 Hay4HBIX TpyHZax, B TOM 4YHCIEe / KHHTaX, W BHEAPEHB B psje
THJIPOAKYCTHUECKUX CTAHIIHH.
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BBEJEHHUE

Hauamo moctpoeHus Teopun 0OpabOTKH CHTHAJIOB CBSI3aHO C
OypHBIM pa3BUTHEM pAJAMOJIOKAIIMOHHONW TEXHMKH Tocie Bropoi
MHPOBO BOWHBI. PaamoiiokanyoHHBIE CTaHIIMKM TOTO MEpHoaa ObUIH
OYCHb HECOBEPUICHHBIMH. /[l mOBBIIEHHS #X 3(PPEKTUBHOCTH
TpeOoBajlaCh TEOpHs, YYMUTHIBAIOLIAS OCOOCHHOCTH CUTHAJOB H
JeicTByrommx momMex. OCHOBHBIC TPHHIUIBI TaKOH TEOpUH ObUIH
c(OPMHUPOBAHKI B CEPEIUHE TPOLIOTO CTOJICTHS.

B konme 50-x romoB BO3pOC MHTEpeC K THAPOAKYCTUKE. 3amadd,
pelraeMbie PaJoIOKAIMOHHBIMUA U THAPOAKYCTHUECKUMH CPEICTBAMH,
CXO0XH, II09TOMY IIpU IIOCTPOEHUHM TUAPOAKYCTHUECKUX CTaHLUN
BHayajie TMBITAJHCh OINEPEeThCs Ha TEOpUIo, pa3paboTaHHyIO Ui
pamuosiokanyu. OJHAKO BCKOpPE BBIACHWIOCH, YTO BO3MOXHOCTH
HCIOJBb30BaHUA 3TOH TEOpUM MJI IOCTPOEHUS TUAPOAKYCTHUECKUX
CUCTEM KpaiiHe orpaHudeHbl. CBA3aHO 3TO C T€M, YTO B THAPOAKYCTUKE
cpelia paclpoCTpaHEHHsI CUTHAJIOB CYIIECTBEHHO 0oJiee HEOAHOPOAHAS,
4YeM B PAIUOJIOKAINU. DTO MPUBOINT K BBIPAXKEHHOMY MHOTOMOJIOBOMY
pacmpocTpaHEeHUI0 CUTHAJIOB B JMAala30HE€ HU3KHX YacTOT H
MHOTOJIyYeBOMY PACIpPOCTPAHEHHUIO CHTHAJIOB B JTUAMa30HE CPEeIHHUX U
BBICOKHX 4acToT. KpoMe Toro, moMexu B THIAPOAKYCTUKE CYIIECTBEHHO
Ooiee pa3HOOOpa3HEBIE, YEM B PaTHOIOKAIIHH.

Ha nporskenun 60 — 70-x romoB 0cob00oe BHHMaHHE YIEISIIOCH
U3y4yeHnio MHUpOBOTo oKeaHa M pa3paboTKe CIeM(YUIESCKUX METOIOB U
AITOPUTMOB 00pabOTKHM CHTHAJNIOB. B pesynbrate Oblia chopMupoBaHa
pa3BeTBIEHHAs TEOpHUs IMPOCTPAHCTBEHHO-BPeMEHHOH  00paboTKu
THUAPOAKYCTHYECKUX CHUTHAJIOB, YYHUTHIBAIOIIAs IPOCTPAHCTBEHHO-
BpEMEHHBIC OCOOCHHOCTH CHTHAJIOB, IIOMEX M HEOJHOPOIHOCTH CPEIb
pacnpocTpaHeHuss KonebaHuil. DTa Teopus HalUia  IIUPOKOE
NpUMEHEHHE Ha MPAKTUKE U JI0 CHX MOP CIY>KUT TEOpETHUECKO Oa3oi
MOCTPOEHHUSI THIPOAKYCTUIECKIX CPEJICTB.

Crnenyer  OTMETHTH, YTO  HOJABISIONEe  OOJBIIMHCTBO
THAPOAKYCTHYECKUX CHCTEM paboTaeT B CIOXHBIX JTWHAMHYECKUX
ycinoBusax. B pesynbrare BOJNHEHHS OKEaHa, IOABOJHBIX TEUYEHUH,
IOBIDKCHHST HOCHUTENS ¥ JAPYTHX JECTaOMIN3HPYIOMHX  (PaKTOpOB
AQHTEHHBI ATUX CUCTEM IIOCTOSHHO MEHSIOT CBOE MECTOIMOJIOKEHUE WU
OpHEHTAIIMIO0 B MPOCTpaHCcTBE. HekoTophle M3 HUX, HampuMmep THOKue
npoTsokeHHble  Oykcupyemble aHTeHHBI ([TIBA), MOryT H3MEHATH
¢dopmy B mporecce pabothl. [lepeMenieHnss aHTEHHBI U €€ 3JICMEHTOB,
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KaK MpaBWIO, CTOJb 3HAYUTENIBHBI, YTO WIHOPUPOBATH JBHKCHUE
HEIB34.

[losTOMy B wWHTepecax CO3JaHUS COBEPHICHHBIX MOOMIBHBIX
THIPOAKyCTHYECKUX CPEJCTB aKTUBHO BEJIUCH M MPOAOJIKAIOT BECTUCH
HCCIICIOBAHMS 110 M3YYECHHUIO AUHAMUYECKUX 3((EeKTOB U UX yuery. B
pe3ynbTare STHX padoT pa3paboTaHbl CHICIHANTBHBIE METOIBI 00PabOTKU
CHTHAJIOB, YYUTHIBAIOIINE PABHOMEPHOE MPSIMOJIMHEHHOE TIEPEMEIIICHHUE
antenusl [167, 176, 199, 200, 203, 205], paBHOMEpHOE IPSAMOIHHEHHOE
IepeMeleHne aHTeHHBl W Jorupyemoro obbekra [172, 173, 190],
JBIDKEHHE AHTCHHBI NpH IMPKyisiiud Hocutens [206], m3meneHue
¢opmer I'TIBA mnpu OykcupoBke [166, 174, 182, 185, 188] u mp.
HccnenmoBana TOYHOCTH WM3MEPEHHS IApaMeTPOB CHUTHANIA IIPU
PaBHOMEPHOM MPSAMOJUHEHHOM ABWKeHuH anTeHHsl [170, 193, 197],
paspabotansl Mozaenu moBeaeHHs Oykcupyembix Ten u I'TIBA mpu
OykcupoBke  [114,165], npemaokeHBI ~ METOABI  3JIEKTPOHHOM
CTa0WIM3alUU  XapaKTePUCTUK  HAIPABICHHOCTH TIPH  CIOXHOM
nepeMeNIeHUH aHTeHHbI B TipocTpancTse [108, 194] u mony4eHo MHOTO
IPYTUX BaXKHBIX PE3yJIbTAaTOB IO IEIOMY PSIY BOIIPOCOB.

B 80 - 90-x romax aBTOpoM MOHOrpaduu Oblia paspaboTaHa
TEOpHsl MPOCTPAHCTBEHHO-BPEMEHHON OOPa0OTKH THUAPOAKYCTHUSCKHX
CHTHAJIOB, YYHTHIBAIOIIAS B KOMILICKCE CIIOXKHOE JBIDKCHHE AHTCHH,
0COOCHHOCTH THAPOAKYCTUYECKHUX CHUTHAJIOB, TIIOMEX U  CpEHbl
pacmpoctpanenus konedanuii. OCHOBHBIC PE3YJIbTAThI OMYOIMKOBAHEI B
cratesx [49, 50, 51, 180, 181], kypce nekmwmii [179] u monorpaduu
[178].

U3 HOBO# Teopuu cienyeT psl HEOXKHUIAHHBIX M MapaloKCaTbHBIX,
Ha HePBbIii B3MJISA, Pe3yJIbTaTOB, B YACTHOCTH, CIIEIYOLINX:

— CIIOKHOE JIBIKEHUE aHTCHHBI, BBI3BIBAEMOE BOJTHCHHEM OKEaHa,

CO3MIaeT MPEAITOCHUTKH JUTS IMTOBBIMICHHUS TOYHOCTH H3MEPCHUS

4aCTOTHO-YIJIOBBIX apaMeTPOB CUTHAJIOB u
IIOMEXOYCTOMUMBOCTU CHUCTEM IIPOCTPAaHCTBEHHO-BPEMEHHOU
00paboTKH;

— IpU CIOXHOM JBIDKEHUU AHTCHHBI MOTEHIUANBHAs TOYHOCTh
MU3MEpPCHHS YIJIOBBIX MapaMeTpOB CHUTHajla OIpenessieTcsl He
pa3MepaMy aHTEHHBI, Kak B CTaTHYECKUX YCJIOBHAX, a
pa3MepaMu 007acTH, B KOTOPOI! IepeMeNaeTcsl aHTEHHa;

— TIOBBIIICHWE TOYHOCTH W3MEPEHHUS YIJIOBBIX MapameTpoB
CUTHAJIa OKa3bIBA€TCsl BO3MOXKHBIM Jla)ke B TOM cCllyyae, Korja
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HEU3BECTHBl YacTOTa CHUTHAla WM JOIUIEPOBCKUH CIBUT
YacTOTHI,

— BO3MOXXHO II€JICHAIIPaBJIIEHHOE MCIIOJIb30BAaHUE  JBMIKEHUS
AQHTEHHBI LI PEeHICHUs 3a/1a4, KOTOPBIE HE MOTYT OBITh PEIICHBI
B CTaTMYECKHX  YCIIOBUSX, HampuMmep,  yCTpaHEHUE
HEOJHO3HAYHOCTH  ONPEJCIICHMs]  HallpaBieHHMs]  IpUXoja
CHTHaJa IIPU NPUMEHEHNUN JUHEWHON aHTEHHBI U p.

Cramo  4CHO, 4YTO  BOJIHCHME  OKEaHa,  TPaJULUOHHO
paccMaTpuBaeMoe KakK BBIPDKCHHBIH JecTaOMIM3NpYIOmUi  (axTop,
MOXET CII0COOCTBOBATH Yayuuenuio XapaKTePHCTHK

THIPOAKYCTHYECKUX CTAHIMHA. JTO MPUBEIO K (OPMHPOBAHHIO B3aMEH
OOIIEPUHATON CTpaTern OOPHOBI C NECTAONITN3UPYIOMNMH (PaKTOPAMH
HOBOH CTpaTerul ucnoib306anus NeCTAOWIM3NPYIOMNX (aKTOPOB B
HHTEepecax MOBBILICHUS MOTSHIHANA THAPOAKYCTUIECKHX CPEICTB.

Kak  mpaBwiao,  auropuTMbl  IPOCTPAHCTBEHHO-BPEMEHHOM
00pabOTKH CHUTHAJIOB Uil OABM)KHBIX aHTEHH 3HAYUTENBHO CIIOXKHEE,
9eM IS HETNOABWKHBIX. KONMYEeCTBO KaHAOB, IO KOTOPBIM
HEOOXOIMMO MPOBOAUTH TaKylo 0O0pabOTKY, TOCTHUIaeT COTEH ThICSY W
Oonee. Peanmzanus cinoxHOW 0OpabOTKH MO CTOJb OONBIIOMY YHCITY
KaHaJIOB — cepbe3Has mpobiema. [IepCcrieKTHBHEIM ITyTeM ee pemIeHuUs
SIBISIETCS. MCIIOJIb30BAHME BBICOKOOKOHOMHYHBIX B BBIYHCIUTEIBHOM
OTHOILICHWH  OBICTPHIX  aJrOPUTMOB, TakKUX  Kak  ObIcTpoe
npeobpasosanne Pypoe (BIIP) u GricTpast cBepTKa.

B 60 — 70-x romax i1 CTaTHYCCKUX IHMHEHHBIX M KOJIBLEBBIX
anteHH Obutn mpeayoxensl [202, 171] wa ocHoBe BII® u ObicTpoii
CBEPTKH OBICTpBIC ANTOPUTMBEI (POPMHUPOBAHUS Beepa XapaKTEPUCTHK
HampaBieHHOCTH.  OCHOBHAas  CIIOKHOCTh ~ NPUMCHEHHS  TaKHX
ITOPUTMOB  JUIi MHOTOKAaHAJIBHOH  HPOCTPaHCTBEHHO-BPEMEHHOW
00pabOTKH CHUTHAJIOB B 0OJiee CIIOKHBIX CIIydasx 3aKI04YacTCs B TOM,
gro Tpebyemble Ui OOpabOTKM  CHTHAJOB  IpeoOpa3oBaHUs
CYIIECTBEHHO OTJIMYAIOTCS OT npeoOpa3oBanus Oypre win cBepTku. K
TOMY K€, B IMHAMHYECKUX YCIOBHSX THUI IpeoOpa3oBaHHs TOCTOSHHO
MEHSETCH.

ABTOpY yIanoch penuTh 3Ty npodiaemy B 80-X rogax u HOCTPOHUTH
TEOpPHIO OBICTPOM MHOTOKAHAIBHON IPOCTPAHCTBEHHO-BPEMEHHON
00pabOTKH CHTHAJIOB ISl AHTEHH CIIOKHOW KOH(QWTrypamuu u
MOJBIDKHBIX aHTeHH. OCHOBHBIE PE3yNbTATHl OITyOIIMKOBAHBI B CTATHIX
[46, 45], xypce nekiuii [179] u monorpaduu [178].



HoBble moaxoabl MO3BOJISIOT YMEHBIIUTH BBIYUCIUTEIBHbIE
3aTpaThl IPH CJIIOKHOH MHOTOKAaHAJIBHOH MPOCTPaHCTBEHHO-BPEMEHHOM
obpaboTke curHamoB (B YacTHOCTH, 00pabOTKE B  CIOXHBIX
JMHAMHYECKHUX YCIIOBUSX) B COTHH U JIaXe THICAYH pas.

Lens MmoHOTpaduu — pmaTh pasBepHYTOC OMNHMCAHHE TEOPHUH
MPOCTPaHCTBEHHO-BPEMEHHOMN 00paboTku THIPOAKYCTUIECKUX
CUTHAJIOB, YYMTBIBAIOIIEH CIIOXKHOE TEPEMEICHUE AaHTCHHbl B
OPOCTPAaHCTBE M OCOOGHHOCTM  CHTHala, TIIOMEX W Cpeasl
pacmpocTpaHeHUss — KoleOaHWd, a  TakKe TEOpHH  OBICTPOWH
MHOT'OKaHaIbHOU IIPOCTPAHCTBEHHO-BPEMEHHOMN 00paboTku
THJIPOAKyCTHIECKUX CHTHAJIOB.

Wznoxxenne marepuana B KHUTE BEICTCS C YYETOM CIEIYIOMINX
MPEIOJIOKEHUM

— AaHTEHHa MOXET CJOXHBIM 00pa3oM IepeMelarbcs B
IPOCTPAHCTBE B TPEX M3MEPCHUSIX C IEPEMEHHON CKOPOCTBIO U
MIOBOPOTaMH U JJaJK€ MEHSATH CBOIO (POPMY;

— MECTOIOJIOKEHUE BCEX NEMEHTOB aHTCHHBI H3BECTHO B JIIO0OI
MOMEHT BpeMeHHM (pacCUMThIBACTCS WM HU3MepseTcs C
MOMOIIIBIO CHIEIHATBHOTO 000PYI0BAHHUSA);

— B obmeMm ciaydae cpena HeogHopoiaHas M ¢yHkuuu I'puHa,
ONIMCHIBAIOIINE OCOOCHHOCTH paclpoCTpaHEHHs B  cpele
CHTHAJIOB W IIOMEX, HM3BECTHBHI C TOYHOCTHIO II0 HEKOTOPBIX

apameTpoB,;
— CHUTHaJbl U IOMEXHU UMEIOT CTOXaCTHUYECKYIO IPUPOAY.
Cnenyer OTMETUTbD, 4yTO KOPPEKTHOCTh MIOCJIEAHETO

MIPEATNIONOKEHUS TIPE/ICTABIIAETCS B HACTOSIIEE BpeMs THUCKYCCHOHHOM.
be3ycinoBHO, cTOXaCTHYECKHE MOJICNTH UTPA U OyAyT UrpaTh BaXKHYIO
pOJB IIPW ONHCAaHUH PEaTbHOTO MHpa. Bo MHOTHX CilydasX OHH IalOT
aZieKkBaTHOe  onmcaHue  (Qusmueckux  sBiaeHud. OpHako,  mO
CETOHSIIHAM IIPE/ICTAaBICHNUSAM aBTOpa, BCe (HM3NYECKHE BEIMYHHBI,
IPOLECCH M MOJsI, OOBIYHO paccMaTpHBAaEMBIE KaK CTOXaCTHYECKHE
SBIEHUS, B  JICWCTBHUTENBHOCTH  HMEIOT  0Oojiee  CIIOXKHYIO,
TUIIEpCITydaiiHyto IpUpOIy, U OATOMY OoJiee aJIeKBaTHO OMHCHIBAIOTCS
rUnepciIydaiHpIMu MOAEIAMH. YuTareiy, Kenaroliie I03HaKOMUTHCS C
pa3pabaThiBaeMOl  aBTOpPOM  (PH3MKO-MATEMAaTHYECKOH  TeopHer
TUTIEPCITYYAfHBIX SIBICHHUH, MOTYT 0OpATUTBCS K ero cTathsM [48, 47] u
MoHorpaduu [53].




* * %

Hactosias mMoHoTpadusi HamucaHa Ha OCHOBE OPHUTHHAIBHBIX
TECOPETHUECKMX W  DKCIICPUMEHTAIBHBIX  HCCIICIOBAaHUN  aBTOpA.
PesynmpraTthl  pabOTBI  WCIONIB30BaHBI HPH  MOCTPOCHUHM  psiaa
THIPOAKYCTHIECKUX CTAHIIHH.

Kuura sBiusiercss oOHOBIEHHOW Bepcwell Kypea Jekimid [179],
MMOATOTOBIIEHHOTO M Mpo4yWTaHHoro aBropoM B 1998 r. B pamkax
koH(pepenun Ocean’98, opranm3oBaHHOW WHCTHTYTOM HHXEHEPOB B
o0nacTy 3MeKTpoTeXHUKH | 3ekTpornku (IEEE).

Ona cocTtouT W3 JBYX YacTedl W npwioxkeHuid. [lepBas dacTb
MOCBAIICHA TEOPETUYECKUM BOIPOCAM KOMIUICKCHOM ONTUMH3ALUU
MPOCTPAHCTBEHHO-BPEMEHHON 00paboTKH THIPOAKyCTHIECKUX
CHTHAJIOB M COCTOMT W3 TPeX IJIaB, BTOpas — OBICTPHIM METOAaM H
JITOpPUTMaM MHOTOKAaHAJIEHOH 00paOOTKH M COCTOMT U3 JIBYX TJIaB.

B riaBe 1 npuBeneHbl pocTeilie JUHAMUYECKHE MOICH, o0mias
XapaKTepPUCTHKA THUAPOAKYCTUYCCKUX YCIOBHH, (popMamu3oBaHHOE
OMMCAHUEC AaHTEHH, a TaKXkKe MOJCNA MPUHUMAEMBIX KoJeOaHuH,
CHTHAJIOB M IIOMEX. B riaBe 2 ommcaHbl METOABI IPOCTPaHCTBEHHO-
BpPEMEHHOI 00pabOTKH THUAPOAKYCTHUCCKUX CHTHAIOB JJISI CIOKHBIX
OUHAMHYECKUX YCIOBHH. [71aBa 3 IOCBAIEHA TOYHOCTH H3MEPEHUS
YaCTOTHO-YIJIOBBIX TapaMETPOB CUTHAJIOB B CIIOXKHBIX JTHHAMHUYECKHUX
YCIOBUSIX W IIOMEXOYCTOMYMBOCTH  CHCTEM  IIPOCTPAHCTBEHHO-
BpEMEHHOI 00paboOTKH.

B rtmaBax 4 wm 5 paccMOTpeHBI JBa OBICTPBEIX METOJa
MHOTOKaHaJIbHOM MPOCTPaHCTBEHHO-BPEMEHHOM 00paboTKH,
TpeOYIOIINe MAIIBIX BEIYUCIHTENbHBIX 3aTPaT.

B npwiokeHus ~— NPHUBEIACHBI  PE3yIbTaThl  OPUTHHAIBHBIX
uccienosanuii s¢dexra dormrepa [54] u 3akonos Cuemuyca [52, 55] B
CIIOKHBIX JMHAMHYECKUX YCIOBUSIX, OOOOIICHHBIC XapaKTCPUCTHKH
BOJIHCHHUSI MOPSl M TapaMeTphl KauyKd, METOJAbI OMHCAHUS ITOBOPOTOB
AQHTEHHBI TIPH BOJHCHHH OKEaHa, a TaKKe HEKOTOpble 000OIICHHEIE
pe3yIbTaTEl MCCIENOBAaHUK ITYMOBBIX XapaKTEpUCTHK Kopabied u
CYZOB.

B chomcok muTepaTyphl BKIFOYEHBI PAa0OTHI OTCYSCTBEHHBIX H
3apy0eKHBIX aBTOPOB, HCIOIB30BAHHBIC TIPH MOJITOTOBKE MOHOTPaUH.

* * *

KHura Moxer mpeACTaBIATh HMHTEpEC JUIS  CICIHAIUCTOB,
paboTaromux Haa MNPoOJIEMON  ONTHMHU3ALUH  POCTPAHCTBEHHO-
BPEMEHHOH 0OpabOTKH CHTHAJIOB, TNPOTPaMMUCTOB, PEaTU3YIOIIUX
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QITOPUTMBI MHOTOKAHAIBHON IIPOCTPAHCTBEHHO-BPEMEHHON 00paboTKU
CHUTHAJIOB, ¥ pa3pab0TYMKOB T'HAPOAKYCTHUECKUX U PaJHONIOKALIMOHHBIX
CHCTEM.

Kuura opueHTHpOBaHa Ha YUTATENEH, UMEIOIINX 0a30BbIe 3HAHUS 1O
NPUKIAJHON THAPOAKyCTHKE U 00pabOTKEe CUTHAIOB B 00BEME THUIIOBBIX
KypCOB TEXHUYECKUX YHUBEPCUTETOB.

* * %

C 06maroapHOCTBIO aBTOP BCIIOMHMHAET CBOUX YUHTEICH, Mpexie
Bcero npodeccopa H.I'. 'arkuna, H.b. fIxy0oBa, I'eHepanbHOr0 KOHCT-
pykropa 'AK mpodeccopa O.M. AnemeHko, a TakkKe COTPYIHHKOB
KueBckoro HHU rumponpubopos, ero I['eHepaibHOrO IHUpPEKTOpA
Bypay 10.B., corpyauukos ITHUU «Mopdusnpubop», AKyCTHUECKOTO
uncruryra AH CCCP, IDIHHNU «Atomwr» u Tuxookeanckoro
OKEaHOJIOTMYECKOr0 MHCTUTYyTa [lallbHEeBOCTOUYHOrO0 HAY4YHOTO ILIEHTpa
AH CCCP, wMHorojietHsissi coBMecTHas paboTra C KOTOPBIMH
CIOCOOCTBOBANa CTAaHOBJICHHIO €r0 KakK CHENHAINCTa, YYEHOTO W
KOHCTPYKTODA.

C ugyBcTBOM ITy0OKO# CKOPOM BCIIOMHHAET HEJABHO YIIEAIIETO U3
JKU3HU TANaHTJIMBOTO KOHCTPYKTOPA M y4EHOTO, 3aMeyaTeIbHOTro Yello-
Beka u Onmuskoro apyra — ['masaoro xoHcrpykTopa I'AC Boxxka IOpus
AMmuTpreBnya, ¢ KOTOPBIM aBTOp HMEJ CYacThe IpopaboraTh Oonee
JECSITH JIET.

ABTtop OmaromapeH pereHseHTaMm — axageMuky HAH VYxpaunsr
B.T. I'punyesnko, YJIEHY-KOPPECIIOHAEHTY HAH YkpanHbl
A.A. Mopo3soy, npodeccopy U.B. Boeky u nipodeccopy A.M. Pe3nuky
32 KpUTHYECKHE 3aMEUYaHHs W KOHCTPYKTHBHOE OOCYXKICHHE
MoHOTpaduu, a takke npodeccopy B.II. Kiimmenko u reHepaipbHOMY
pupekropy I'Tl «YkpHUVIl» xanaupaty TexHuueckux Hayk A.Jl.
Iuuunmnano.

ABTOp BBIpaXKaeT mnpusHarenbHocTh [.P. BoiinexoBckoii u
10.C. KypckoMy, TUpHHHMABIIMX aKTHBHOE Yy4YacTHE B IMOATOTOBKE
KHUTH K U3JIaHUIO.

* * *

3amMedaHus ¥ PeKOMEHIAINH MOYKHO HAIPABJIATE 110 aapecy
I'll «YxpHHAYII»
ya. CearomuHckasn 2, Kues, 03115, Ykpauna.
E-mail: gorban@ukrndnc.org.ua
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YACTbH 1

TEOPUS ONITUMAJILHOU
IMPOCTPAHCTBEHHO-BPEMEHHOU
OBPABOTKHU CUTHAJIOB B CJIOKHBIX
JTUHAMMNYECKHUX YCJIOBHUSAX

I'/TIABA 1

NCXOAHBIE MOJEJIN

1.1. Ilpocreiimine AMHAMUYECKHE MOAETIH

JuHamudeckne YyCIOBUSL pabOTBl THAPOAKYCTHUECKHX CHCTEM
CYLIECTBEHHO CKa3bIBAIOTCS Ha HX MoTeHuuane. s momydeHus
NpPEJCTABIICHUST O BIUSHUM JBM)KEHUS TPUEMHON aHTCHHBI Ha
BO3MOXXHOCTH  CHCTEM  TPOCTPAHCTBEHHO-BPEMEHHOW  00paboTKH
curaanos (TIBOC) paccMOTpUM HECKOJIBKO MPOCTEHIITNX MOJIEIEA.

Mopeas 1. OavHOYHBIH HEHANpPaBIEHHBI MPUEMHBIA JIIEMEHT
IBIDKETCS B (DUKCHPOBAHHOM HANpPABICHUHU C MOCTOSHHON CKOPOCTHIO

V (puc. 1.1). Ilnockas BonHa ¢ wactoroii f, npuxomut n3 HenssectHo-

ro HalpaBJICHUS MOJ YriioM Ol. OTa BOJIHA BHI3BIBACT B OPpUEMHOM 3JIC-
MEHTE KoJIcOaHHeE C I[OHHGpOBCKOﬁ 4acTOTOM
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I'TABA 1. ICXOJJHBIE MOJEJIN

(1.1)

Puc. 1.1. 'eomerprueckast nHTepIpeTanys Mogenu 1

Ecnmu wacrora mpuHUMaeMoOro KoseOaHwUs f0 u ckopocty V u C

W3BECTHBI, TO, U3MEPUB JOTIEPOBCKYIO YaCTOTY fd , MOXHO oTIpefe-

JIUTH yroj o :

o = arccos| = i—1 : (1.2)
vi f,

TouyHOCTh M3MepeHUs yria O 3aBUCUT OT BEJIMYHMHBI CKOopocTu V
(or anmeprypsl L — paccTostHus, MPOXOAMMOrO MPUEMHBIM 3JIEMEHTOM
3a BpeMsl HaOMIOAEHHs | ): C yBEJIMYEHHEM CKOPOCTH V TOYHOCThH BO3-
pacTacrt.

IIpuBeneHHbI METOA U3MEPEHMS yIJla IPUXOAA CUrHAJA JIEXKUT B
OCHOBE HNIMPOKO U3BECTHBIX KIIACCUYCCKUX CUCTEM O6pa6OTKI/I CHUT'HAJIOB
C CHHTE3UPOBAHUEM allepTypHI.

OCHOBHBIM JOCTOMHCTBOM TaKHUX CUCTEM MABJIACTCA TO, YTO OHH
00eCTIIeUunBaIOT BBHICOKYIO TOYHOCTh M3MEPCHHS HANpaBJICHUS MPUXO0J]a
CHUrHajia MpHU HMCIOJb30BaAHWU AHTCHH MaJIbIX T'COMETPUYCCKUX pPaA3ME-
POB, CJ'Ia60HaHpaBJ'[eHHI)IX HJIKM BOBCC HCHAIIPABJICHHBIX. OI[HaKO OHH
HUMCIOT CYH_IGCTBGHHHﬁ HEIOCTAaTOK: M3MEpPCHHC yriua O BO3MOXKHO

JMILIb IPU U3BECTHOM YacTOTE CUTHAJA fO . Ecnu wacrora f0 HEU3BECT-

HA, TO OMpEAENUTh yroia O Hemb3s. Kak BumHO n3 Bhipaxenus (1.1),
BOTOM cllyyae OECKOHEYHOE MHOXXECTBO KOMOMHAIMKA 3HaYeHUN

( fO’ (l) BBI3bBIBACT OJHO U TO K€ 3HAYCHUC ,ZlOHJICpOBCKOﬁ HaCTOThbI fd .
12



1.1. IIpocTeiimune TMHAMHUYECKHE MOJEIH

B03MOXkHOCTb paGOTHI JIMIIb B yCJIOBHAX, KOIJA 4aCTOTa CUIHANA
M3BECTHA ANPUOPHO, CEPHE3HO OTPAHUYMBAET TPMMEHEHUE KIaccHye-
CKHMX CHCTEM C CHHTE3UPOBAHUEM aNepTyPHI.

Cutyanus, 0JIHaKo, CyIIECTBEHHO MEHSETCS, KOT/Ia CKOPOCTh MPHU-
€MHOTO 3JIEMEHTA TIEPEMEHHA BO BPEMEHH 0 BEJUYUHE WM HATIPABIIE-
Huto. Toraa I0MmIepoBeKas 4acToTa TAKKe MEHSETCS.

PaccMOTpUM MPOCTEHIYI0 TMHAMUYECKYIO MOJEIb ¢ HEePEMEHHOM
CKOPOCTBIO JIBHKEHHUS IPUEMHOTO SJIEMEHTA.

Mogaeas 2. IlycTs npHeMHBII JIEMEHT IepeMeniaeTcsi B GUKCHpPO-
BAHHOM HAINpaBJIEHHH C MEPEMEHHOI 1Mo BenuuuHe ckopocthio V(i) .
Torza miockas rapMOHHYECKast BonHa ¢ yactoroii f permcrpupyercs

Ha BBIXOJI€ IPUEMHOTO 3JIeMEHTa KaK YaCTOTHO-MOIYJIMPOBAHHOE KOJIe-
6anue. Ero gacToTa sBsiercs pyHKIMEH BpeMEHH, KOTOpasi OMICHIBACT-
Csl CIIEAYIOLIMM BbIpa)KEHUEM

f,(0) = f, 1+VTt)cosa . (13)

Eciu ckopocTh aBMKeHHs puemMHoro snementa V(1) seasercs rapmo-
HU4eCKOil pyHkuueii ¢ yacroroit F,, To Bepaxenue (1.3) Moxker ObITH

OpeaAcTaBJICHO B BUAC

f,(t)=f, 1+VF°COS(27IF0'[)COS(1 : (1.4)

Trac VO — aMIUIUTyJJa CKOPOCTU TMCPEMCUICHUA TPUCMHOI0O JJIEMCHTA

(puc. 1.2).

140 -

AN/
VY4

Puc. 1.2. 3aBUCUMOCTb JOIIEPOBCKOH YaCTOTHI IPUHUMAEMOTO
KoJIeOaHUs OT BpEMEHH
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I'TABA 1. ICXOJJHBIE MOJEJIN

AMHJ’[I/ITyI[a Fd HU3MCHCHUA I[OHHCpOBCKOﬁ YaCTOTbl PErucTpu-

pYeMBbIX KoJIeOaHUM U CpEelHss 4acToTa f 4o ATHX KoneOaHuil ompeje-
JISIIOTCA CICAYIOLIUMHA BBIPAKCHUSIMU
F, = fo\ﬁcow ,
C (1.5)
fio=To.
Yacrora IMPUHUMAEMOTr'0o CUrHajia fO 1 yroJ ero npuxoga o MOryT

OBITH OIIpEe/IENICHBI B TAHHOM CIIy4ae Ha OCHOBE M3MEPEHHS aMILUTUTYIbI
F, u cpeaneit yacrorsl fd o DerucTpupyemsix konebanuil. TouHOCTH

M3MEPEHHs yria O 3aBHCHT OT aMIUIMTYIbl V, CKOpOCTH mepemere-

HUS IPUEMHOT0 3JIEMEHTA: NIPU YBEJIMYCHUN aMILUTATY/IbI TOYHOCTh BO3-
pacraer.

OueBuHO, 4TO 3 (HEeKT nMeeT MEeCTO U B TOM Cilydae, KOrja CKO-
pocts V(1) mensietcs 1o M060My 3aKOHY, HEOOS3ATENLHO raApMOHUYE-

CKOMY.
PaccmoTpuM Mozens, B KOTOPOW TTOABYKHBIN MPUEMHBIN 3JIEMEHT
MEHSET HalpPaBJICHUE CBOCTO JABMIKCHHUS.

Moneas 3. [IpreMHBIH 3JIEMEHT B TEYCHHUE BPEMCHH Tl NBIKETCS
B (DMKCHPOBAaHHOM HAIIPABJICHUHU C IOCTOSHHOM CKOPOCTBIO V,, a 3aTeM
B TEUEHUE BPEMEHU T2 — B IpyTOM HaIPaBJICHUN C TIOCTOSTHHOW CKOPO-

cteio V, (puc. 1.3).

~/,

~ &

a'
~
~

~
~

Puc. 1.3. 'eomeTprueckast ”HTEpIpeTanys Moaenu 3
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1.1. IIpocTeiimune TMHAMHUYECKHE MOJEIH

OcoGEHHOCTRIO IBYX TEPBBIX MOJETEH SBIAETCS HEOHO3HAYHOCTh
W3MEPEHHsI HAMIPABJICHUS. BOJIHBI, IPUXOISAIINEC U3 CHMMETPUYHBIX Ha-
npasienuii (mox yrnamu o0 u o) (puc. 1.1), Hepasnnunmel. B ciyuae
TpeThel MOJIENM CUTYaldst WHast. [Ipy JIBHKEHHH PHEMHOTO 3JIEMEHTa
B MEPBOM HAIPABJICHUU PETUCTPUPYEMasi JOIUICPOBCKAs YaCTOTa OIH-
CBIBAETCsI CIEAYIOIIAM BBIPAKEHUEM:

v
f,, = f,| 1+-2cosa, |, (1.6)
c
a IIpyu IBUXXCHUU BO BTOPOM HaIllpaBJICHUU —

fo, =1, 1+V—2c03m2 : (1.7)
c

Vrael 0 u 0, B BeipaxkeHusx (1.6) u (1.7) cBsi3aHBI COOTHOLIEHHEM
o, =a,+Aa,

rae A0 — yros MexIy IByMs HAlPaBIECHHAMH JIBWKEHUS PUEMHOIO
JJIEMEHTA.

Ecnu mapamerpsl V;, V,, C, A0 W3BECTHBI, a BETUYUHBI fdl,

f4, M3MepsIOTCA, TO HAapaBIIEHNE IPUXO/IA CHTHANIA U €0 4acToTa |

MOTYT OBITb OAHO3HAYHO BBIYHUCIEHBI C MOMOIIbIO IPUBEICHHBIX
BBIpaKEHUH.
To4HOCTE M3MEpEHHsI MApaMETPOB CHTHAla 3aBHCUT OT BEIMYUH

ckopocreit V,, V, nyrma Ao .

Crnenyer 0co00 OTMETHTB, YTO B JHHAMHYECKHX YCIOBHAX MOJC-
nei 2 u 3 yaaercs o0eceunTh U3MEPEHIE HANPABJICHHS TIPUXO0JIa CUT-
HaJia ¢ TIOMOIIBI0 OJIMHOYHOTO TIOJBH)KHOTO MPHUEMHOTO 3JIEMEHTa, Ja-

KE €CIIM Yacmoma cuchania fO anpuopHo Heu3zeecmHa.

O4eBuIHO, YTO AP HEKTh, OTMEUEHHBIC TS Mojened 2, 3, Hado-
JAOTCS U B CIIy4ae MHOTOJJIEMEHTHOW AHTEHHBI, CIOXHBIM 00pa3oM
JBWKYIIEHCS B IPOCTPAHCTBE.

MOXeT CIOXHUTBCS NPEBpPATHOE BIIEYATIICHHE, YTO yJyUIlIeHHE Xa-
PAKTEPUCTHK CHCTEM IMPOCTPAHCTBEHHO-BPEMEHHOH 00pabOTKHM CHTHA-
JIOB 3a CYET UCIIOJIB30BAHUS AMHAMHYCCKUX 3()(HEKTOB BO3MOXKHO JIUIIb
MPY KOTEPEHTHOM CHTHAJIe. DTO HE TaK, XOTS CTEIEHb KOTePEHTHOCTH
CHUTHAJIa CYIIECTBEHHO BJIMACT HA TOYHOCTh U3MEPEHUS.
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I'TABA 1. ICXOJJHBIE MOJEJIN

PaccmoTpumM Mozienb co CTOXaCTUYECKUM CUTHAJIOM.

Mopeas 4. HeHanpaBiieHHbIN OJIMHOYHBIN MPUEMHBINA 3JIEMEHT I1e-
peMemaercs B QUKCUPOBAHHOM HAINPABJIEHUM B TEYEHHE BPEMEHH | C
MOCTOSIHHOM CKOpPOCTBIO V, 3aTEM MEHsET HallpaBlieHHE CBOETO JIBUKE-
HUS HAa IPOTUBOINOJIOKHOE U JBUXKETCS B 3TOM HAIIPaBJIEHUH B TEUEHUE
BpeMeHH | ¢ TOH ke CKOpOocThio V. M3 HEM3BECTHOrO HAIpPABIICHUS
O[T YTII0M Ol MPUXOIUT IUTOCKAsl BOJHA, MPEICTABILIIONIAs co00i cTa-
LMOHAPHBIN CIIy4aiHbIN MPOLIECC CO CHEKTPAIBHON IMIOTHOCTHEO MOIII-

nocrn Sy(f).

Crnextpansubie miotHoctd Momuoctn Sy, (f) u Sy, (f) xomne-

OaHUl, PETUCTPUPYEMBIX Ha BBIXOJIC MPHUEMHOTO DJIEMEHTa COOTBETCT-
BEHHO B IIEPBOI M BTOPOil (ha3ax MBIDKEHHS, OTIMYAIOTCS APYT OT IPY-
ra. [Ipu 5TOM OHM OTIMYAIOTCS U OT CIEKTPAIBHOM MIIOTHOCTH MOIIHO-

cru S, () npuxopsmeit BoHbI.
Ecnmu ciywaifHbpIil mporecc SIBISIETCST y3KOIMOJIOCHBIM CO CpPEIHEH

vacroroif f,, T0 B mepBoM mpuOMIKEHNH CHIEKTPAIBHBIE IOTHOCTH
mouoctu Sy, (), Sy,(f) ommuarorcs or cnexrpansroit oTHOCTH

momoctd S () cnsurom Brons ocu wacror (puc. 1.4).

(/) - -
SO~ | N\ ]
Sl )| \
B A A I
] T~ 1 1
] | |
0 fo  fo fa f

Puc. 1.4. CriexrpanbHsie miotHoctn Mommsoctn S (f), S, (), S,,(f)

COOTBETCTBECHHO MPUHHUMACMOI'0O CUrHaJila 1 KOHe6aHHﬁ, PETUCTPUPYEMBIX Ha
BBIXOJ€ IMPUEMHOTI'0 3JIEMEHTA B IBYX Q)a3ax €T0 ABUXXCHHUA
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1.1. IIpocTeiimune TMHAMHUYECKHE MOJEIH

B nepsoii dase asmwkenns casur Afy, = f,, — f,, a Bo Bropoii -

Afy, =f,—f,, tne fy; n fy, — wactors konebanmii Ha BBIXOZE

MPHEMHOTO 3JIEMEHTA COOTBETCTBEHHO B TIEPBOM M BTOpOil (hasax
newxenus (puc. 1.4):

fo=1, 1—%c03a , f, =1, 1+%c05a . (1.8)

IIpu m3BectHbIX nmapaMerpax V u C ImyTeM HU3MEpEHMs BEIMYUH

fq, fy, HeTpymuo u3 cucremsl ypasnennii (1.8) onpemennts cpen-

HIOIO 4aCTOTY fO IPUHUMACMOI'0 CUTHaJIa 1 yroJ €ro npuxoaa o .

Ecim curnan mpezacraBisier co0OW IIMPOKOMOJOCHBIA IpOIIecC,
3a/laya U3MEPEHUs HalpaBJIeHUs IPUX0/1a CUTHANIA YCIIOXKHSIETCS.

JIBM)keHHEe NPUEMHOTO 3JIEMEHTa BbBI3BIBACT CMEIIECHHE Kaxaoi
YaCTOTHOH KOMIIOHEHTHI NMPHHUMAaEMOro koJjiebanusi. CMelIeHrEe 3aBH-
CHT OT YacTOTHI, (Da3bl IBIDKCHUS M OIMCHIBACTCS OJHUM M3 BBIPaKCHHUH
(1.8). C moBbImeHueM yacToThl cMelieHre Bo3pacraet (puc. 1.5).

S(f) :
Salf)

Self)

0 f

Puc. 1.5. Criexrpanshbie miotsoctd Mownoern S, () u S, () xonebauui,

PETUCTPUPYEMBIX Ha BBIXOJAC NPUEMHOI'0 3JIEMEHTA B JIBYX (1)a3ax €r0 ABUKCHUA
(CI/IFHa.]'I COACPKHUT BhIPAXKECHHBIC TUCKPETHBIC COCTaBJ’[H}OHIHe)

B pe3ynbTaTe pa3HOTO CMELIEHHs YacTOT CHEKTPaIbHBIE MIOTHO-
cru momuoctu Sy, (f) u Sy, (f) xoneGanmii, perncrpupyemsix na
BBIXOJIE TIPUEMHOTO 3JIEMEHTA, OTJIMYAIOTCS OT CHEKTPATbHOM MIOTHO-
cru mommoctn S, (f) mpurnmaemoro curnana.
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I'TABA 1. ICXOJJHBIE MOJEJIN

Cwmeniennss 4actot, omnuceiBaembie (opmynamu (1.8), MoxHO
TPaKTOBaTh KaK M3MEHEHHe MaciiTada yacToTHOH ocH. [ToaTomy

f f
Sdl =Sd2 PR :So(f):

1-a 1+a

\Y
rae & — napameTp MacmtabupoBanus: & = —COSa .
C

Hcnone3yst 3TM 3aBUCHUMOCTH, IO pe3ylbTaTaM HaOIIOACHHUS
cnexrpanbblx motHocteii momuoctn Sy, () u Sy, (f) moxmo
HalTH mapamerp mMacmtabuposanust d. OAWH U3 BO3MOXHBIX CIIOCOOOB

OTIpe/ie]ICHHsT STOTO MapaMeTpa OCHOBAaH Ha BBIYMCICHHH MaKCHMyMa
(YHKIUHM HEONpeAeIeHHOCTH

f i
— s, | — |df
1-a) “\1+a

Onpenenus napaMmeTp &, HETPYAHO BBIYMCIUTH HallpaBlieHUE NPH-

a=arg maxISdl

X0J1a CUrHana 0L M CHEKTPaIbHY0 mIoTHOCTH MowmHoeTH S, ().

TodHOCTE U3MEPEHUH OpENeIIeTCS Pa3MEpOM TIIaBHOTO JIeTIECTKA
(hyHKIIMM HEONpeAeNeHHOCTH, KOTOPBIA 3aBUCUT OT CTENEHU KOppess-
UM CIIyYaifHOTO CHrHana. ECIU CUTHANl CONEPKHUT B CHEKTPE OOJbIINE
JHCKpeTHBIE cocTaBisironue (puc. 1.5), To CHrHaN CHIIBHO KOPPEIHpo-
BaH W TJABHBIN JIENIECTOK (YHKIIMH HEONpeNeNeHHOCTH y3kuid. Torma
MOXKHO TOYHO OIpPEIENIUTh MapaMeTp ¢ W HalpaBieHHUE MPUXO0Ja CHT-
Haya ol .

[Ipn cnaboif KoppessAM CHUrHaja TJIABHBIM JIEECTOK (YHKIIUH
HEONpeIeIeHHOCTH MHUPOKKH. Torga TOYHOCTh M3MEpPEHHs IapaMeTpa
A ¥ TOYHOCTb ONPEIEIICHHs HAPABICHUS PUXO0/IA CUTHANIA (L HU3KHE.
B npenene, korga curHan npeactasisier coOoi Oenblii ITyM, BbIYHCIIE-
HUE MmapaMeTpa a TepseT CMBICT U OIICHKA yria Ol HEBO3MOXHA.

[TocnenHee yTBep)KACHHWE HE O3HAYAET, YTO MpPH CIa0OW BpeMeH-
HOH KOpPENALUH CUTHAJIA WK JaXKe MPU OTCYTCTBUU KOPPEISINH BO-
ob1e nBrkeHne OGecrionesHo. B obmem cirydae 3to He Tak. PaccmoTpum
JUHAMHUYECKYIO0 MOJIelb, IEMOHCTPUPYIOIIYIO BO3MOXXHOCTD 3P PEeKTHB-
HOT'O HCIIOJIB30BaHUA NBUXCHHUSA B MHTEPECAX MOBBINICHUSA MTPOCTPAHCT-
BEHHOW N30MPATEILHOCTH CHCTEM 00pabOTKH JTake TIpH OEIIOM IIyMe.

Mogaeas 5. JIuneiiHas aHTEHHA ABUXXETCSA BIOJIb CBOEH OCH C IIO-
CTOSTHHOH CKOPOCTBIO. M3 HEKOTOPOTO HalpaBICHUS MPUXOIUT BOJHA,
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1.1. IIpocTeiimune TMHAMHUYECKHE MOJEIH

npezcTaBisiomas coooi Oensiit mrym. dopmupyercs Beep Xapakrepu-
CTUK HaIIPaBJIE€HHOCTH.

XapakTepucTUKa HAIpaBICHHOCTH, OPUEHTUPOBAaHHAs Ha CHUIHAI,
UMeeT MaKCUMalbHbIM ypoBeHb. Haxozas B Beepe 3Ty XapaKTEpUCTUKY
HAaIpPaBJIEHHOCTH, MOXHO C TOYHOCTBIO 10 HAaIpaBJ€HUS, CUMMETpHUY-
HOT'O OCH aHTEHHBI, ONPEEIUTh HalpaBleHUe NPUXoJa BoJHblL. B nan-
HOM city4ae (pakT JBIDKCHUS aHTCHHBI HE UTPAeT HUKAKOW POITH.

Cutyauus, 0JHAKO, MEHSETCS, €CIM aHTEHHA BHAyJale JBIKETCS
BJIOJIb CBOEH OCH B OJIHOM HaIpaBJICHUH, 3aTE€M U3MEHSET OPUEHTALUIO
U JBWKETCS BAOJb OCU B IpyroM HampasieHuu. Ha xaxxqoM orane iBU-
XKCHUS IMyTeM BBIOOpa XapaKTEPUCTUKU HANpPaBICHHOCTH, HMMEIOIIEH
MaKCUMaJIbHBIH ypOBEHb, MOXKHO ONPEIEIUTh HAIpaBiIeHHE IPUXOAa
BOJIHBI OTHOCUTEJILHO OCH aHTEHHBI.

[Ipu pemeHnu MIOCKOCTHOM 3aJayd HampaBjeHUE ONpeAesseTcs
OJIHO3HAYHO IIyTE€M COIIOCTAaBJICHUS PE3YJIbTAaTOB, IOJIY4YEHHBIX Ha IEp-
BOM U BTOpOM dTanax. Kak BUIuM, B JaHHOM CIIy4ae ABMKEHUE JIMHE-
HOHN aHTCHHBI 00ECIeYNBaeT CHCTEME HOBOE KaueCTBO. yCTPAHEHUE He-
OJIHO3HAYHOCTH ONPEJEIEHNs HallPaBICHUs IPUX0Ja CUrHAJIA.

* * *

Junamuaeckue 3QQeKTsl 3aBUCAT HE TOJIBKO OT MapaMeTPOB JIBH-
JKCHUSl aHTEHHBI, HO W IMapaMeTpoB CUTHaNa. boipmryio pois urpaer
COOTHOIICHUE MEXIy MapamMeTpaMH IBW)KCHHS aHTCHHBI U MHTEepBaJia-
MU KOTE€pEeHTHOCTH curHana. Ecnu ¢aszoBast CTpykTypa curHaiga He pas-
pyllieHa Ha BCEM MPOCTPAHCTBEHHO-BPEMEHHOM HHTepBaje HaOrole-
Hus (), 32 CYET MCHOJB30BAHUS JBMKEHUS AHTEHHBI MOXKHO CYIIECT-
BEHHO YIyUIIaTh XapaKTEPUCTHKH cHcTeMbl. [1o Mepe CHIKeHHUs Kore-
PEHTHOCTH CHUTHAJIA JHHAMHYECKHE (PQPEKTH 0CIa0beBalOT U IPH IOJ-
HOM HapyIICHWH KOTEPCHTHOCTH CHTHANIa BO BPEMEHH U MPOCT-
paHCTBE — UCYE3AaIO0T.

Jnsa moneneit 1 u 2, HanpuMep, MaKCUMANBHBIA 3G QeKT Habmoaa-
€TCsl, KOT/Ia KOTEPEHTHOCTh CHTHAJIa COXPAHSETCS] Ha BCEM MPOCTPAHCT-
BEHHO-BPEMCHHOM HHTEpBaJie HAOMIOJCHHSA, a IS MOJEIH 3 — Korja

KOTCpCHTHOCThL HEC Hapyll€Ha Ha BPEMCHHBIX HHTCpBaAjiax Tl’ T2 n
MPOCTPAaHCTBCHHBIX MHTCpBaJIaX, 3aHUMACMbIX aHTCHHOW Ha MpOTsKE-
HUHU 3TUX BPEMEHHBIX NHTCPBAJIOB.
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I'TABA 1. ICXOJJHBIE MOJEJIN

s omeHKH peanbHBIX BO3MOXKHOCTEH HCIIONB30BAHUS TUHAMUYE-
ckux 3(dexToB paccMOTpUM peasibHble YCIOBHS paOdOThl MOOMIBHBIX
THIPOAKYCTHYECKUX CUCTEM.

1.2. O6uias XapaKkTepUCTHKA IHHAMHYECKHX YCJIOBUH
padoThl MOOMJIBHBIX THAPOAKYCTHYECKUX CHCTEM

B MOOUJIBHBIX THIPOAKyCTUYECKUX CHCTEMaX U3JIy4deHUE U MpHeM
CHUTHAJIOB OOecTieunBaeTcsi aHTEHHAMH, Pa3MEIIaeMBIMH HENOCPEACT-
BEHHO Ha MOOMJIbHBIX HOCUTENSX, a TAK)KEe aHTEHHaMHU, OYKCUPYEMBbIMU
Ha HEKOTOPOM YAAJIEHUH OT HOCHUTEJIEH. B HEKOTOPBIX CIydasx UCIONb-
3YIOTCSl HETIOABUKHBIE U3ITy4aTelH.

JIB>KeHue HOCHUTENS M aHTEHHBI B PEajbHBIX MOPCKHX YCIOBHUSX
IpeAcTaBiIsieT coboi CIOXKHBIE TUHAMHYECKHE IpoIecchl. BeieacTue
BOJTHCHUSI MOPSI M APYTHX NECTAOMIN3NPYIOMUX (haKTOPOB OHH IOCTO-
SIHHO MEHSIOT CBO€ MECTOHAXOXKACHUE U OPUEHTALIMIO B IPOCTPAHCTBE.

[TepemenieHns: HOCUTEINS BO3MOXKHBI C IIECThIO CTEIIEHSAMH CBOOO-
nbl. [TapaMeTpbl ABM)KEHUS 3aBUCAT OT TUIIA HOCUTEJs, CTEIIEHH BOJIHE-
HUS MOp$, OPUEHTAIIUN HOCUTENS IO OTHOIICHHIO K MOPCKUM BOJIHAM U
np. Kak mpaBuiio, MOKHO BBIACTUTH ICTEPMUHUPOBAHHYIO KOMIIOHEHTY
JIBUKECHUS, CBA3AHHYIO, B OCHOBHOM, C JBI)KEHHEM HOCHUTEINA IO pac-
YETHOMY KYypCY, U HEPEryJsipHyI COCTaBIISIOIIYIO, CBA3AHHYIO C BOJ-
HEHHEM OKEaHa.

Paznuuaror cnenyromue ocHogHvle 6u0bl KAUKHU: GEPMUKANLHYIO
KauKy, TPEeACTaBISIONYyI0 COO0N BepTHUKAJIbHBIE MEPEMELICHUs LIEHTpa
Macc HOCHTEIIS, a TAKXKE O0pmosyro N KUiesyio.

K donoanumenvuvim uoam xadaku OTHOCAT puickanue (OTKIIOHSHHE
OT 3aZaHHOIO KypCa), HPOOOIbHO-COPUSOHMANLHYIO U  HONEPEUHO-
20pU30OHMAnbHYI0 KadKd, MPEACTABISIOMNE COOOH IOCTyIaTeIbHBIC
KoJie0aHUs COOTBETCTBEHHO B HANpPAaBICHMU XOJa HOCHUTENS U B IeEp-
MEHAUKYJIAPHOM HaMpaBJIeHUH B IJIOCKOCTHA TOPU30HTA.

BeprukanbHasi, Npor0JbHO-TOPU30HTAIBHAS U IONEPEYHO-TOpU-
30HTaJIbHAsl KAUKH BBI3BIBAIOT TaK HA3bIBAEMBIE OpOUMANbHblE nepeme-
Wenus LEHTpa Macc HocuTens. bopToBas M KujeBas Kaukd, a TaKxkKe
pBICKaHHE TIPUBOJAT K IIOBOPOTaM HOCUTENSI BOKPYT 3TOTO LIEHTPA.
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1.2. O0wmas xapakTepucTHKa JUHAMHUYECKUX YCIOBUI paboThI
MOOMJIBHBIX THAPOAKYCTHYECKHX CHCTEM

[puunH, BRI3BIBAIOMKX KauKy, MHOTO. [Ipexme Bcero, 3To BETpo-
BbIC BOJIHBI, BO3HHUKAIOIINE B PE3yJIbTaTe B3aUMOJICHCTBUS BETpa C II0-
BEPXHOCTHIO OKEaHa, M IpaBUTAIOHHEIC BOJMHEL. OOIiee omucaHne xa-
PaKTEpPHCTHK BOJHEHHS MOpPS M MapamMeTpOB Kauku MpHUBencHo B [Ipu-
JIOKEHNH 3.

AHTECHHBI MOXKHO Pa3[IelIUTh Ha aHTCHHBI IBYX THIIOB: J/CECMKOU U
MS2KOU KOHCTPYKITUH. AHTEHHBI [IEPBOTO THIA COCTOST U3 DJICMEHTOB,
JKECTKO CBSI3aHHBIX MeXay co0oif. Ilpu nBmkeHNH Takwe aHTEHHBI ITe-
PEMEIIAIOTCs B MPOCTPAHCTBE KaK TBEpAOE Teno. [IoBOPOTHI HOCHTEIsS
n OyKCHPYeMOTO Tejla OTHOCHUTEIBHO HEHTPa MacC BBI3BIBAIOT CIIOXK-
HBIC MTOCTYIATEIBHO-YTIIOBEIC NEPEMEIICHNUs aHTCHHBI. BepTukanbHas,
MPOIOJIBbHO-TOPU30HTANIBHAS ¥ MTOMEPEYHO-TOPU30HTAIBHAS KAYKH CIIe
OoJee YCIOXKHSIOT €€ IBI)KCHHE.

AHTEHHBI BTOPOT0 TUIA HE UMEIOT MOCTOsIHHOW (hopMbl. B mporiec-
ce NIBIKEHHSI PacCTOSHUE MEXIy MX 3JIEMEHTaMH IIOCTOSHHO H3MEHS-
eTcs. XapakTepHBIM IPUMEPOM aHTEHH TAKOTO THIIA SIBISIETCS] THOKas
npotshkeHHas Oykcupyemas antenHa (['TIBA), kotopas mpu mpsiMoJiu-
HEIHOM JIBM)KEHHHM HOCHTEIS BBITATHBACTCS B MPSAMYIO JHHHUIO, a TIPU
UPKYJIsiK (IOBOPOTE HOCHUTENS) HpHOOpeTaeT (Gopmy, OIH3KYIO K
IyT€ OKPYXHOCTH.

1.3. Moaeau aHTeHH

AHTEHHBI OBIBAIOT OUCKpemmubvle U Henpepulghvle. JINCKpeTHRIE aH-
TeHHBI (aHMeHHble peuienKi) COCTOST U3 JUCKPETHBIX, AIEKTPUYECKH
HE CBS3aHHBIX MEXIY COOOM, M3ITyqalolX WIH MPUEMHBIX 3JIEMEHTOB.
HenpepriBHBIC aHTEHHBI MPEACTABISIOT COOOH CILIOMIHBIE MTOBEPXHO-
CTH, U3NyYarolllie WU NPUHUMAIOLINE THIPOAKyCTUYECKHE KOeOaHus.

AHTEHHBIE pEIEeTKH OOBIYHO JOITYCKAalOT MPEACTABICHHUS B BHIC
COBOKYIHOCTH HEHAINpaBJIEHHBIX TOUEYHBIX 3JIEMEHTOB. B TpexmepHOM
MPOCTPAHCTBE MOJIOKEHUE ITUX DIIEMEHTOB MOXET OBITh OIMCAHO BEK-

topamu X;, rae | — nomep snementa (I =1,1), | - xonmuecrso sne-
MeHTOB. MHOXECTBO TOYEK Ha TOBEPXHOCTH HENpPEpHIBHOH aHTEHHBI

OIMUCBIBACTCA MPOCTPAHCTBCHHBIM BEKTOPOM X 1 MPOCTPAHCTBEHHBIM
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I'TABA 1. ICXOJJHBIE MOJEJIN

uHTepBaioM (001acThio) ero ompeneneHust X  (IPOCTPAHCTBEHHBIM
UHTEPBAJIOM HAOIIOACHHS).

JIisl HO/IBMIKHBIX AaHTEHH BEKTOPB X; U X SABIAIOTCS (yHKIMAMH
Bpemenn t: X. =X (t), X=X (t). Touku Ha MOBEPXHOCTH HENPEPHIB-

HOM aHTEHHBI XECTKOH KOHCTPYKLHMH, Pa3MEIICeHHON Ha ITOJBIKHOM
HocwuTene, onuchiBaroTes (puc. 1.6) mpocTpaHCTBEHHBIM BEKTOPOM

X(t) = X, )+ A(t)(l? + XO) , (1.9)
rie X(t) € X(t); X_(t) — Bexrtop, ONMCHIBAOMIMIA B HETOABHKHOI
CHCTEMe KOOPAMHAT IOJIOKSHUE [IEHTPa MacC HOCHUTENS B MOMEHT Bpe-
menn t; A(t) — mampuya nosopoma (spawenus), onpenensiomas B
MOMEHT BpeMeHH ! yIIIOBYI0 OpHMEHTAlMIO AHTEHHHI OTHOCHTENLHO
IIEHTpa Macc; R - BEKTOP, ONMCHIBAIOIINN MECTOIMOJIOXKEHHUE TEOMET-
PHYECKOTO IIEHTPA AHTEHHBI OTHOCHTEIHLHO IIEHTPa MAacC HOCHTEIS;
X, — BEKTOp, 3aJalOllMi IIOJOXEHHUE DOJIEMEHTOB aHTCHHBI B
MOJIBMKHOM CHCTEME KOOPJMHAT, CBSI3aHHOH ¢ aHTeHHOU (X, € X o)

—

X, — MPOCTpaHCTBEHHAst 00IACTb HAGMIO/IEHNS B IIO/IBHIKHOM CHCTEME

KOOpAWHAT.

Lo~ AORS) 5

X()

Puc. 1.6. Teomerpus 3amaqn: (€, €,,€,) — HEMONBIKHAS CHCTEMA KOOPIHHAT,
o ’ ’ ’
CBsI3aHHAas ¢ 3eMIIEH; (el, e, ea) — IIOJBMKHAS CUCTEMA KOOPAUHAT, CBSI3aHHAs C

HOCHTEJIEM U ITIOMEIIEHHAs B LIEHTPE €TI0 MACCHI, (em, €, e%) — MOJIBMYKHAS

CHCTEMA KOOPJANHAT, pasMEII€HHAasA B TCOMETPUYECKOM IICHTPE aHTECHHBI
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1.3. Mojenu aHTEHH

B Tlpunoxennn 4 OpUBEICHBI Pa3iUYHbIe BapUAHTHI OIMUCAHUS
MaTpHUIbI BPALICHHS.

JIs1st TOABMKHOW UCKPETHON aHTEHHBI KECTKOW KOHCTPYKIHU BbI-
paxenue (1.9) umeet Buj

X, () =%, () + AR +%,,), (110

rac )_(.Oi — BCKTOD, onpezxenmomﬂﬁ MOJIOXCHHUC | -I'o 5JICMCHTA aHTCHHBI

B IIOJBH)KHOM CHCTEME KOOPIHMHAT, CBA3aHHOM ¢ antennon (1=1,1).

OTMeTHM, 4TO MHOTZA YAOOHEee NMPeACTaBIATh IPOCTPAHCTBEHHBIC

Bektopsl X (1) u X; (t) B cnexyromem Bupe:
X(t) = X, () + A(t)X,, (1.11)
X; (t) = Xo. (1) + At)Xy; (1.12)

rae X, (t) — BexTop, onpesensomMii B HEMOABMKHON CHCTEME KOOP-

JMHAT TIOJIOKEHHE TeOMETPUYECKOTO LEHTPa aHTEHHBl B MOMEHT Bpe-
menu t; A(t) — marpuna, 3anaromas B Moment Bpemenu t mosopor

AQHTEHHBI BOKPYT 3TOTO IIEHTpa.

Jly1s aHTeHH KEeCTKOW KOHCTPYKLMH 3HAHHE B JTI000H MOMEHT Bpe-
MEHH YTJIOBOTO TIOJIOKEHHS HOCHUTENSI U OPOUTANBHBIX TapaMeTPOB MO-
3BOJISIET HAXOMUTH C moMortiibio Gopmy (1.9) — (1.12) mecromnonoxenue
JJIEMEHTOB aHTCHHBI. V3MeHeHHe BO BPEMEHH OpHEHTAIMH KOpadis U
MECTOTIOJIOKEHHUS €ro IIEHTPa Macc HOCHUT HeTIpe/ICKa3yeMbIil XapaKTep.
[losTomy mnst obecrmedeHHs] BBICOKOKAYECTBEHHOM ITPOCTPAHCTBEHHO-
BPEMEHHOW OOpabOTKM CUTHAIOB HEOOXOAMMO TOCTOSHHO H3MEPSATh
napaMmeTphl, XapaKTePU3YIOIIUE MePEMEIICHUE aHTECHHBI C IIECTHIO CTe-
NCHSIMU CBOOOJIBI, U YUUTHIBATh PE3yJIbTATHl 3TUX U3MEPEHHUU MpU 00-
paboTke.

st aHTeHH MSTKOW KOHCTPYKIIMH 3aBHCHMOCTH MEXIY Mapamer-
paMu ImepemereHHss Kopabiisi B MPOCTPAHCTBE M MECTOIOJIOKESHHEM
9JIEMEHTOB aHTEHHBI UMEET 00JIee CIIOKHBIN XapakTep.

Hna TTIBA y4yeT nMHaAMHUKHU TOBeJeHHUsS KopalJsl Mpu BOJHEHHUH B
psze CilydaeB IMO3BOJISIET C TOCTATOYHOH NSl MPAKTUKA TOYHOCTBIO
pacCUHTHIBATh TPACKTOPHIO JBIKCHUS AHTCHHBI M MECTOIIOJIOKCHHE
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I'TABA 1. ICXOJJHBIE MOJEJIN

OTHENBHBIX ee deMeHTOB. OTHaKO B HEKOTOPHIX CIydasx MPOTHO3 OKa-
3bIBAETCS HEYIOBJIETBOPUTEIbHBIM. YacTUUHO 3ajjaua perraercs ImyTemM
ydeTra, KpoMe JaHHBIX O JWHAMHKe Kopaliisi, JOMOIHUTEILHOW UH(OP-
Mali O MECTONOJOXKEHUHU, TIyOWHEe XoJa W B3aUMHON OpHUEHTALUU
OTJICNTIbHBIX OMOPHBIX (PparMeHTOB aHTCHHBI. [loNHOE pelieHne 3amadn
obecrieyuBaeTcs MPSIMBIM WM KOCBEHHBIM U3MEPEHUEeM MeCHONOa0Ice-
Hus B TPOCTPAHCTBE BCEX DJJIEMEHTOB AaHTEHHBI C IOMOIIBIO
CIeUANTbHON U3MEPUTENBHON CUCTEMBI.

1.4. Mopenun npocTpaHCTBEHHO-BPEeMEHHOM 00J1acTH
Ha0/II01eHHA

Jis  TUCKpETHBIX HETNOJBM)XKHBIX aHTCHH MPOCTPAaHCTBEHHO-
BpEMEHHasi 00JIaCTh HAONIONEHUSI MOXET OBbITh ONMCaHa MHOKECTBOM
Q =(T,l), IMCKpETHBIM IO MPOCTPAHCTBY M HEMPEPHIBHBIM BO BPE-
MEHHU.

Hpyroii cnoco6 onmcanus obmactu (2, IPUrOAHBIA I JIHOOBIX

THUIIOB @HTCHH, — C IOMOLIBIO 6pEMEHHO20 UHMePBAla Habmodenus 1 u
|

NPOCMPAHCMEEHHOU obnacmu HAba0OeHUs X t)= U X;(t), saBucs-
i=1

meii or Bpemenu t (puc. 1.7 u 1.8). Ilpu stoM npocmpancmeenmo-

epeMeHHas obaacmb HAOIOeHusi TIPEACTaBIsIeTCs Kak —00acTh

Q=(T,X(@).

Eie oaun crnioco6 onucanus odnactu {2 — ¢ MOMOIIBIO TIPOCTPaH-
CTBEHHOTO MHTepBaia HaGmoeHHss X ¥ BPeMEHHOI 0GIacTH HabIo-
nenus T (X), 3aBucsimeil or npocrpancTeeHHOro Bektopa X. Torma
OPOCTPAHCTBEHHO-BPEMEHHAs 00JaCTh HAOIIOJICHHUS HHTEPIPETUPYETCS
xak o6macts Q = (T (X), X).

JBa mocieaHux crocoda OMMCcaHusl MOTYT OBITh UCIIOIb30BaHBI JIJIsI

3aJlaHus HpOCTpaHCTBeHHO-BpeMCHHOI‘/'I obOactu Ha6J'IIOI[€HI/ISI Q xax
JAUCKPCTHBIX, TAK U HCTIPECPBIBHBIX AHTCHH.
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1.4. Monenu npoCTpaHCTBEHHO-BPEMEHHOW 00J1acTH HAOMIOACHUS

X, X, X()
T(x) /

X, X(1)
T(x) X (1) T(x)

Puc. 1.7. IIpocTpaHCcTBEHHO-BpeMeHHast 00J1aCTh HAOIFOJCHUS IS THHEHHON
HETPEePHIBHON aHTEHHBI. HETOABIDKHOM (@), mepeMeniaromeiics
PaBHOYCKOPEHHO (0), C MI3MEHEHHUSIMHU HAMpPaBJIEHUS IBUKECHHS (8) U pasmepa

arepTypsl ()

O6nacts T (X) MOXKeT COCTOATH U3 HECKOJNBKMX OJHOCBSI3HBIX 00-

macreit T (X) (T(X) = LJTp (X)), rne p - HOMep OHOCBA3HOI 06-
p

nactu (puc. 1.7, 6 u 1.8, 6). JIng HENOABMKHONW AHTEHHBI OHA COCTOUT

U3 0HOM oaHOCBsA3HOM obnactu T (X) (puc. 1.8, 6, 2), a mist quckper-

HOM TOJBMKHOW aHTEHHBI — W3 JWUCKPETHOTO MHOKECTBA TOUYEK
(puc. 1.8, a).
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T'JIABA 1. UICXOHBIE MOJEJIN

X

~ ><‘ =

3
1]

@]

il

0 t
a
Xt - -
/ X Xt)=X | _
-1
5
4
3
2 ~
1 T,(%)
0 - Tt
6
x (%)
X
I (o)
4: o
Nay
3 Nl
2 X(Ar,)
1 T T T T T
At 2At - 4At ... NA=T ¢

0

=1

D=y

T(x)/\IL(%)

7,(%)

0 Tt
6
X()=X
0 T(x)=T 't
2
X(Ar,)
T(X)
At 2At - 4At - NA=T ¢

e

Puc. 1.8. [IpocTpancTBEHHO-BpeMeHHAsT 00JIACTD HAOIIOICHUS
JUTSL TUCKPETHOH (&, 6, 0) 1 HenpepbIBHOIA (6, 2, €) aHTeHH: HEeMOIBIKHOH (8, 2)
U OJBHXKHOM (8, 0, 0, )
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1.4. Monenu npoCTpaHCTBEHHO-BPEMEHHOW 00J1acTH HAOMIOACHUS

Ecnu Bpemst auckperso (t, =Atn, n=1 N, rage At - nepuon
nuckpetusanuu, N — KOJIMYECTBO BpEMEHHBIX OTCYETOB), TO s He-
IIPEpBIBHOI AHTEHHBI IPOCTPAHCTBEHHAsT O0NACTb X (t,) cocrour u3

OIHOM WJIM HECKOJBKHX OTHOCBS3HBIX obOmacrteit (puc. 1.8, e), a misa
JMCKPETHOW aHTEHHBI — M3 OTAENbHBIX Touek (puc. 1.8, 0). Korma an-
TEHHA HEINpEPBIBHA U BPEMs JUCKPETHO, NMPOCTPAHCTBEHHO-BPEMEHHAs
o0acTh HaOMIOACHUS MOXET OBbITh MpPEJCTaBJiCHA B BHJIE MHOXECTBa

Q=(N,X(n)) wm Q=(N(X),X), me N u N(X) - muckper-
Hble MHOKECTBA TOYEK, COOTBETCTBYromue unrepsatam 1 u T (X).

Korna anteHHa u BpeMsi AUCKPETHBI, TIPOCTPAHCTBEHHO-BPEMEHHAsT 06-
NacTh HABIIONIEHUS MOXKET ObITh OMHCAHA, KPOME TOTO, B BHJIE MHOKeE-
crea Q=(N,I).

CJle/lyeT OTMETHUTD, UTO NPHUBEIEHHbIE CTIOCOOBI (HOPMATH3OBAHHO-
IO MpeJICTABIeH s TIPOCTPAHCTBEHHO-BPEMEHHOM 06/1acTH Ha6II0ICHHS
MPUTOAHBI IJIA 3aJaHUd THAPOAKYCTUYCCKOTO IMOJIsI BO BCEX TOYKaXx IPo-
CTPAHCTBA, a HE TOJILKO B TOUKAX M3JTyUeHHUs U TIPUEMA.

1.5. Moaesu u3jiyyaeMbIX U IPUHUMAEMbIX KOJIe0aHMii

KOHe6aHI/Iﬂ, H3JIy4a€MbI€ 1 MPUHUMACMbIC aHTCHHAMU, 3a/1al0OT Ha
NPOCTPAHCTBEHHO-BPEMEHHBIX HMHTEpBanax HaOmrojeHus. Hempepsis-
Hble KONeOaHus, TIPHHUMAaeMble HENpPEephIBHON AHTEHHOH, OMMCHIBAIOT
uenpepsiBaoit Qpynkmmeir U(L,X), rne (t,X) € Q, a muckperusupo-
BaHHBIE KONeOaHus, IPUHUMAEMbIE AHTEHHOH PEIIeTKOH, COCTOsIIEH U3
| npuemnsix snementos — IN -mepHBIM BexkTOpOM

u = {u(At, %, (At)),..., u(At, X, (At)), >
— U(2At, %, (2A1)),...,u(N AL, X, (NAL))}.

Konebanuns U(t,X) u U 0OBIMHO UMEIOT CIOKHYIO CTPYKTYPY, 4TO

BBI3BAHO MHOTOKOMIIOHEHTHBIM COCTABOM TIOPOY/IAIONIEr0 THAPOAKY-
cruueckoro nons U (t, X) . Tuapoakyctudeckoe mosie MOKHO TIpesCcTa-

BUTH CymMMOli coctanstomux U q (t,x)(q =m), KaxJas U3 KOTO-
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I'TABA 1. ICXOJJHBIE MOJEJIN

PBIX ACCOLUHUPYETCSI C OIMPE/ICIICHHON COBOKYITHOCTHIO BBI3BIBAIOIIHX €€
(hakTopoB:

U(t,x)ziuq(t,x).

MHOKECTBO COCTABIISIONIMX MOJISi MOKHO Pa3/eUTh Ha JBE TPYII-
nbl. B nmepeyto rpynmny oraecem cocrasistomme S, (t, X) (r :].,_R)
HECYIIME TOJE3HYH HMH(POPMAIMIO, a BO BTOPYID — COCTABJISIOIIME
N, X)(p= LP,R+P= Q) , He Hecymmume Takoil MHGOPMAIIHHL.

Yacts ruapoakyctuueckoro nons S(t, X), bopmupyemyro MuOMe-

ctBom coctaisomux S, (t,X) (r =1 R), 6ynem maswBats rumpo-
aKyCTHYECKMM cueHaioM (WM TIPOCTO CHTHAJIOM), a 4YacTh OIS
N(t,X), dopmupyemyio wmuoxectsom cocrasnsrommx N (t, X)

(p =1, P) - nomexoti. Mpu stom cocrasnsoume S, (t, X) Gynem pac-
CMaTpHBaTh KaK KOMIIOHEHTHI MHOrOKoMIonenTHoro curnana S(t, X) ,

a cocrasmsome N b (t,X) - xkak KOMIIOHEHTHI MHOTOKOMIIOHEHTHOM

nomexu N (t, X) .
AHaJIOTMYHO, 4acThb TIPUHSITHIX AHTEHHON KoneOanu

s, (t,X) (r =1,_R) HecyIMX Moe3Hyo HH(opManuo, 6yaeM Hasbl-
BaTh CHTHAOM, a acTh Konmebanmii N, (t,X) (P = LP,R+P= Q).

HE HeCYyIUX TaKoW WHPOpMAIIHU, — TTOMEXOH.

B monsitie coctaBisonux (KOMIIOHEHT) CUTHANA U TOMEXH MOXHO
BKJIQBIBATh PA3MHYHBIN (DU3N4eCKUi cMbICH. OTAETbHBIMH COCTaB-
JSIOMNAMH MHOTOKOMITOHEHTHOTO CHT'HAJIa MOTYT OBITh, HAaIpUMeD, JIy-
Y¥ MHOTOJYYE€BOI'O CHTHAlla, MOJbl MHOIOMOJOBOIO CUI'HAJa, CUTHAJIBI,
BXOJSIME B NAYKy CUTHajioOB, U T.1. COCTaBIAIOIIMMU MHOTOKOMIIO-
HEHTHOW TIOMEXH MOTYT OBITH ITOMEXM Pa3HOH (HU3NYECKOH HPHPOMBI
(LIyMBI JKHMBBIX OPraHH3MOB, IIYMBI CYJOXOJCTBA, peBepOepalnoHHAas
1oMeXa | T.[.) HWIN IIOMEXH ¢ Pa3sHbIMH (PH3HYSCKUMU CBOHCTBaMHU (He-
KOppEeIMpOBaHHas, U30TPOITHAS, AHW3OTPOIIHAS, ciyvaitHas u np.). ITox-
poOHee 3TH BOIPOCH PACCMOTPEHBI HIDKE.
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1.6. Mojenu curHanoB

1.6. Mogean CUTHAJIOB

1.6.1. O0mas xapaKTepuCcTHKA U MapaMeTPbl H3JTy4aeMbIX
U MPUHUMAEMBIX CUTHAJIOB
B ruapoakycTuke y3xononocHsvimyu TPUHATO HA3bIBATh CHTHAINEI,
JUISL KOTOPHIX OTHOIIEHHUE mojioca yactor curHana Af x cpemneit ero

HacToTe fO 3HAYUTCIbHO MCHBIIC CAWHHIIbBI. CI/IFHHJ’ILI, mapaMeETphbl

KOTOPBIX HE YIOBJETBODPSIOT 3TOMY YCIOBHIO, Ha3bIBAIOT WUPOKONO-
nocnvimu. Tapamerp C = Af T, rne T — nnurensnocts curnana, Ha-
3BIBAIOT CJIOKHOCTBhIO WM 0a3o0i curHana. CHUTHANBI ¢ MapameTpoM
C ~1 naswBaror npocmeimu, a ¢ napamerpom C >>1 — croocnvimu.

B pexume runposokannu (aKTHBHOM JIOKAIMK) JUTs 30HIUPOBAHUS
MIPOCTPAHCTBAa OOBIYHO NPHMEHSIOT OemepMUHUpOsaHHble Y3KOIOIOoC-
HBIC CUT'HAJIbI UMITYJIbCHOT'O TUIIA: IMPOCTBHIC 1 CJIOKHBIC. OCHOBHBIE BU-
JIbI TAKHX CUTHAJIOB YCIIOBHO M300pakeHbl HA puc. 1.9 B cuctemMe Koop-
JIMHAT YacTOTa — BPEMSL.

Tapmonuyeckuii NN MOHAIbHBII CUTHAT OTHOCHTCS K KJIAcCy Mpo-
CTBIX CHTHAJOB. Ero BpeMeHHOH CIeKTp Ha OSCKOHEYHO OOJIBIIOM HH-
TepBaJie  BpPEMEHM  TPEACTaBIseT  co0oi  JenbTa-(QyHKIHIO

S(f)=8(f - f,), a Bo BpemeHHOIi OGNACTH — rapMOHHMUECKOE KOJTE-

6anue (puc. 1.9, a).

Curnan ¢ yacmommuoii Mooyasyueil, B YaCTHOCTH, C JUHEUHOU Yac-
mommuou mooyusiyueti (JIYM) (puc. 1.9, 6), Tak *xe, Kak U BCE MEepeUHC-
JsieMble Jlaiee JIeTePMUHHUPOBAHHbIC CHTHAIBI, OTHOCHTCS K KJIaccy
CIIOXHBIX CHTHAIOB. Ero 4acrora MEHSETCS 1O OIPEICICHHOMY 3aKOHY.

Hauxa uwacmomno-mooyauposanHplx CUTHAIOB (B YACTHOCTH, C
JIUM) cocToWT U3 OTACIBHBIX (PParMeHTOB, KaX bl U3 KOTOPBIX IPE.I-
CTaBysieT COOO0M 4acTOTHO-MOyIUpOBaHHbIA curHan (puc. 1.9, ). Tlpu
3TOM ()parMeHThI (JIEMEHTAPHBIC CUTHAJBI) MOTYT CIEIOBaTh OJHH 3a
apyrum 6e3 nayssl (puc. 1.9, 6) unu ¢ 3aaepxkoii (puc. 1.9, e).

YacmomHo-MaHuUnRYIupOGarHbLIl CUTHAI COCTOMT W3 MAadyKH 3Je-
MEHTAPHBIX CHTHAJIOB, K&X/bIil U3 KOTOPBIX MPEJCTABISIET CO00M OO
¢parment rapmonuyeckoro (puc. 1.9, ), nubo nonueapmonuuecko2o
(puc. 1.9, 0) kosnebanus. DTOT CHUrHAI MOXKeT ObITh 0e3 mays
(puc. 1.9, 0), ¢ sxBuaucTanTHBIME Tay3amu (puc. 1.9, e) win ¢ HeIKBH-
JMCTAHTHBIMH T1ay3aMH.
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T'JIABA 1. UICXOHBIE MOJEJIN

S S
P 5
0 Tt 0 Tt
a o
S 1}5
Ja
s 57
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bA
0 Tt 0 Tt
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gfg — Eﬁ -
L/ T Sar m
yA A
0 I Tt 0 L | T Tt
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Puc. 1.9. OcHOBHbIE TUIIBI CUTHAJIOB: TOHANIBHBIN curnai (a), JIUM curnan (6),
MavKa YaCTOTHO-MOyIMPOBAHHBIX CHTHAJIOB (6), CIIOXKHBINA Pa3HOYACTOTHBIN
cHurHan (2), YaCTOTHO-MaHHITYJTHPOBAHHBIC CHTHAIIBI CO CIOKHBIMH (0) U
TOHAIBHBIMH (€) 2JIEMEHTAPHBIMH CHTHAJIAMU
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1.6. Mojenu curHanoB

B pexume mrymoreneHroBanusi (IIACCHBHOM JIOKAIMHU) IOJE3HBIC
CUTHAJIBI — UYMOBbLE CUTHAJIBI, TOPOKIACMbIC PA3IUYHBIME [IYMSIIIH-
MU OOBEKTAMHU.

Kak mpaBuiio, myMOBOH CHUTHal paccMaTPHBACTCS KAK MHOTOKOM-
MOHEHTHBIN cmoxacmuyeckuii (cayuaiineiil). XapakKTepHBIM PUMEPOM
€ro SIBIIACTCS IIyM IBIDKYIIErocs cyaHa. Cnekmp TAKOrO IIyMa 4acTo
COCTOUT W3 CHIOWIHOU 4acmu W OTIACIbHBIX Y3KOMOJOCHBIX OUCKpEem
(Oucxkpemnvix cocmasnsiiouyux), BRI3bIBAEMBIX PAOOTOM PA3IUUHBIX MOJ-
BHKHBIX ;[eTaneP'I " MCXaHHU3MOB.

IMons curHana B paiioHe M3NIy4YCHHS W MPHEMa 3aMETHO pasjinya-
FOTCSI, YTO OOYCJIOBICHO OCOOCHHOCTSMH H3JTyYeHHUsS] CUTHAIA, PACIpo-
CTPAHEHHsSI U OTPAKCHHUS.

IIpu pabote B Oauoicreti 30He (30HE @Ppenesns) GPOHT BOIHBI CHT-
Hanma OOBIYHO OJHM30K K chepuueckoMy, TpH paboTe B OwibHell 30HE
(3oHe Dpayneogpepa) npubIMKAETCS K IUIOCKOMY.

W3-3a HEOMHOPOAHOCTH CpPE/Ibl PACIPOCTPAHEHUs KoJeObaHUui BO3-
HHUKAIOT pa3jniHble UCKaxeHus. B 2nyboxom mMope, HanpuMep, HabIto-
JaeTcsl peghpaxyusi CUTHANA U €r0 pPacUICIUICHHE Ha OTHENbHBIC Jy4H,
IIPUXOJAIINE B OJIHY U Ty ’K€ TOUKY IIPOCTPAHCTBA C Pa3HOM 3aJepKKOH
W T0]] pa3HbIMU YIJIaMH K TOPH30HTY. B menxom Mope curaan npuobpe-
TaeT 0co0yH0 MHOTOMOJOBYIO CTPYKTYpYy, B pe3yibTaTe 4ero (QpoHT
BOJIHBI OKa3bIBACTCs PA3JIMYHBIM Ha Pa3HbIX F.]'IY6I/IHaX.

CurHan TaKke MOXKET CHIBHO HCKaXaThCs H3-32 OTPAXKECHHH OT
Pa3IMYHBIX MOBEPXHOCTEH, B YACTHOCTH, HAXOSIIUXCS BOIU3H TOYCK
preMa, HampuMep, OT JHA MOps, KOpIlyca CyJIHa HIIH ITOBEPXHOCTH
MODSL.

MHorre BaKHbIE MapaMeTpbl CHIHAJIA CYIIECTBEHHO 3aBUCST OT
JMHAMHYECKUX YCIIOBUM ero u3nydeHus. CUTHAJbBI, H3Iy4YCHHBIC He-
TNOABM)KHBIM W TIOABMXHBIM HMCTOUYHUKAMHU 3BYKa, OKa3bIBAIOTCSA pas-
anuabiMi. Haunbonee cunmbHOE OTiMYMe HAOIIOJAETCS B TOM Cliydae,
KOTJ[a UCTOYHHK JIBHXKETCS HEPABHOMEPHO, a Cpelia HeOOHOPOOHASL.

Bonbmoe pa3zHooOpasue (akTOpoB, UCKaKAIOUIMX CUTHAJBI, He-
MOJIHOE TIOHWMaHHe MEXaHH3MOB BO3HMKHOBCHHS HCKAXKCHHUi, HE3Ha-
HHE NapaMeTPOB STHX UCKAXKEHHM U MX U3MEHYHUBOCTh JEIAIOT HEBO3-
MOJXHBIM OIMMCAHUE MTPUHUMACMBIX CUTHAJIOB B paMKax JIMIIb ACTCPMU-
HHPOBAHHOTO TI0/IX0/a. JTO KacaeTcsi HE TOJBKO IIYMOBBIX CHUTHAJIOB,
HO ¥ CHTHAJIOB aKTUBHO# JIOKAIUH.
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I'TABA 1. ICXOJJHBIE MOJEJIN

OOBIYHO UCTIONB3YIOT alMapar cay4aHbIX QyHKIUH. B 3aBucHMO-
CTH OT XapakTepa pemraeMoi 3aladd MPHMEHSIOT Pa3IHYHbIC MOICIH
CUTHAJIOB (BpeMEHHBIE, MPOCTPAHCTBEHHO-BPEMEHHBIC, CIIEKTPAJIbHbIE,
HPOCTPAHCTBEHHO-CIIEKTPAIbHBIC, BOIHOBBIE U Mp.). [Ipu 3TOM omepu-
PYIOT TaKUMH MOHATHAMH, KaK KOPPEISIUOHHAS (YHKIHS, CIIEKTPAIb-
Has TUIOTHOCTh MOIIHOCTH, B3aMMHas KOPPESIIMOHHAA (YHKIHUS, B3a-
HUMHas CIIEKTPaJIbHAs INIOTHOCTh MOITHOCTH, (DYHKITHSI YaCTOTHOU KoTe-
PEHTHOCTH U JIp.

JJi1 KOMMYeCTBEHHON XapaKTEpUCTHUKH OCOOEHHOCTEH CHUTHAJIOB
WCTIOJIB3YIOT Pa3Hble MapaMeTphbl: WHTEPBAI BPEMEHHOW KOPPEJSIHY,
HMHTEPBAIBl NPOIOIGHON W IIOTEPEYHON IPOCTPAHCTBEHHOW KOppEs-
1y (B0Jb HAMPABJICHHS PACIIPOCTPAHEHUST BOJIHBI U IIEPIICHIUKYJISIP-
HO K 3TOMY HanpaBneHmo), HWHTEPBaJIbl KOTCPEHTHOCTU U CTAllMOHAp-
HOCTH CHTHaNa, KOJHMYECTBO Jydeld MHOTONy4eBOTO CHTHANa, BpeMs
3aJIep>KKHU JIydel, YIiIbl UX IPUX0Ja U MHOTHE Jp.

1.6.2. MoaeJin CUTHAJIOB, IPUHUMAEMBIX B pesKuMe
THPOJIOKATHY

I'uapoakycTuueckue CHUrHaiabl OOBIYHO OIKCHIBAIOT C TOMOIIBIO
ciay4aitHeix mosied. [Ipu ommcanny rUAPONOKAIMOHHBIX CHUTHANIOB, Kak
MPABHJIO, HUCIOJB3YIOT BOJHOBBIC KBa3HWICTCPMHHHUPOBAHHBIC MOJICIH
CO CIIy4aliHBIMU TTapaMeTpaMH.

Cursan, UMEIOUIHA CIyYalHyI0 HadallbHYIO a3y Win ciydaiiHyHo
HavaJbHYIO a3y U CIy4aillHyr aMIUIHTYIy, OOBIYHO Ha3bIBAIOT Ko2ce-
PEHMHbIM, @ CUTHAJ, IOMYCKAIOIINI MPEeACTaBIeHUE B BUAEC KOHEUHOTO
YHUClla KOTEPEHTHBIX CHUTHAJIOB, — YacmuuHo-KocepeHmHuuim. CUTHAIBI,
OIHCaTh KOTOPBIE TAKUM 00pa3oM HeE yJaeTcs, OTHOCAT K crmoxacmuye-
CKUM.

Keasudemepmunuposannwii  curnan  S(t, X, A, B), (t,X) € Q
OOBIYHO 3aBHCHUT OT UHDOpMamusHo2o (CyujecmeenHo2o) BEKTOPHOTO
napamMerpa A u CIIy4allHOTO Heunpopmamuerozo (HecyuwecmeeHHozo)
BEKTOPHOTO IapameTpa B . KommiekcHbIil curnan Ha3pIBalOT aHAJIUTH-
yeckuM. Kak npaBuiio, ero MOKHO IpEJICTaBUTDH B BUE

$(t, %, %, B) = a(B)s(t, %, 1), (1.13)
rae Q(B) — (yHKIMS, YYUTHIBAIOIIAs 3aBUCUMOCTh CHTHAJIa OT BEKTOpa
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1.6. Mojenu curHanoB

HEeMH()OPMATUBHBIX TTaPaMETPOB B; S(t,)?,X) — JCTepMUHHUPOBAHHAS
COCTABJISIOIIAs aHATUTUYECKOTO CUTHAJIA.

OOBIYHO MMOJArarT, YTO JJIsi KOTEPEHTHOrO CHrHaja IapaMeTp B
00 CKaISIp, MPEACTABIIIOMNN c000# Hauanvhyio ¢pasy @ , paBHOMEp-

HO paclpe/eieHHYI0 Ha UHTepBae [O, Zn), 00 BEKTOP, COCTOSIIHNI

W3 PABHOMEPHO paclpeaerieHHON HadyaabHON cba3LI (¢ ¥ aMIUTUTYJHOT'O
MHOXHUTEIA €, UMECIOILIETO onpe):[eneHHLIﬁ 3aKOH pacIpeACICHUS.

e=arga(B), &= ‘a(B)‘. (1.14)
3aKOH pacrpe/e/ieHusl AMILTUTYTHOTO MHOKMTENS € OINpeseNnser-
s 3aKOHOM DacIIpeeeHus 5(PeKmusHoll nowaou paccesnus oTpa-
S _
JKAoIero o0bekra S e ==2 e S, =M[S,] - maremaruue-
0
CKOE OXMJIaHHe BeIM4uHbl S,. YacTo 3aKoH pacnpeneneHus S, 3aia-

10T B BHIE 2amma-pacnpedenenus [137, 30]

m-1
K (S mS
f(Sy)=—2|=| expl——==2
25,1 S, S,
2m"™
C OINpCACJICHHBIM 3HAYCHUCM ITapaMcTpa m, rae m = s
r(m)

I'(m) - ramma-gpynxius. Ilpu M =1 ramma-pacnpesenenue nepexo-

JT B 9Kcnonenyuanvroe, a pu M =2 —Bo BTOpOe pacnpedenenie
Ceepnunea.
amma-pacnpenenenuio 3hGHEeKTUBHON TUIOIIAAN pacCcesHUsl oTpa-

Karomero obbekra S, ¢ mapamerpoM M coorsercrByer M-
pacnpedeﬂeﬁue Hakazamu AMIIUIUTY THOT'O MHOKHUTEIIA €.
2m-1 2
f(e) =K, e exp(-me?).

IIpu M =1 pacnpenenenne Hakaramu mnpesncrasiser coboii pene-
e6cKoe pacrpeieNieHne

f (e) = 2sexp(—¢?),
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I'TABA 1. ICXOJJHBIE MOJEJIN

ampu M =2 - ropoe pacnpejeneuaue Hakaramu
f () =8e” exp(—2¢?).

PeneeBckoe pacrpeneneHue XOpOILIO OMUCHIBAET paclperesicHHe
aMIUTUTYJbl CUTHANA, COPMHUPOBAHHOTO B PE3YyJbTaTe OTPaXXCHHU OT
00beKTa ¢ OOJBIINM KOJIMYECTBOM CIYYaliHO PaCIIONIOKECHHBIX dIIEMEH-
TOB, KOTOpPBIC HE3aBHCUMO ¥ IPHMEPHO OJWHAKOBO OTPAKAIOT IaJIal0-
i Ha HUX curHai. Bropoe pacnpenenenue Hakaramu xopomio moje-
JUPYeT CUTHAN, COOPMHUPOBAHHBIA B pe3yJbTaTe OTPAKEHHUS OT 00BEK-
Ta, UMEIOLIETO OJJMH OTPAXKAIOMINN TOMUHHPYIOMINI IEMEHT.

Wnoraa g omucaHWsi OTPa)XCHHOTO CUTHAla HMCIOJB3YIOT MHBIE
pacrpenencHusi, HalpuMep, JI02HOPMAAbHOe PACTIPEICIICHHIE

~(InSy—M[Ins,])°
\/_(5 p 202

(torma INS,; u In€ onucwisarotcs 2ayccosckumu pacnpenenennsavu).

£(S,) =

Cpenn TpuBEIEHHBIX paclpeiciicHHd Hanbosiee MOMyJIspHO
pelneeBcKoe.

Ecnu cpena pacnpocTpaHeHus kojeOaHU HEOAHOPOAHAS U JTMHEH-
Hasl, a ICTOYHUK KOJeOaHuil — TOUCUHBIH, TO IeTCPMUHUPOBAHHAS 9aCTh
AHAJMTUYECKOTO CHTHANa B OOJACTH IpHUeMa MOXKET OBITh 3amrcaHa

crenyromumM o6paszom ¢ nomomsto gyrkyuu Ipuna G (f,X, A, ), onu-
CBIBAIOIIEH 0COOCHHOCTH PAaCIPOCTPAHEHUs CUTHAJAa B CpeAe OT MCTOY-

HHKa K TOYKE IpHeMa X ¢ y4eTOM IIPOCTPAHCTBEHHOIH KOMIIOHEHTHI A,

UH()OPMATUBHOT'O BEKTOPA ) (puc. 1.10):

S(t, %, A) = j S(f,x)G,(f,%,X,)exp(j2nft)df , (1.15)

rae S(f,N\,) — Bpemennoit cnexmp cuznana B Touke uznyuenus, A, —

BPEMEHHAsI KOMITIOHEHTA MH(POPMATUBHOTO BEKTOPA A .
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1.6. Mojienu curHaios

L
Efch i eé
S(f.8)

0

Puc. 1.10. Curnan B 06;1acTu nipueMa: ¢ HCKPUBICHHBIM ()POHTOM BOJIHBI (@),
B BH/IE TUTOCKO# BOJHBI (6), MHOTOMOJIOBBI# (6) 1 MHOTOTy4eBOi (2)

B ciydae IIOCKOW BOJIHBI, NPHXOMALICH U3 HampasieHus I,
¢bynkms ['puHa
G,(f,X,0,)=exp(-j2nfnix) . (1.16)

Mnozosonnosas MOJC/Ib NPUHUMAEMOI'0 KBasSUACTCPMUHUPOBAH-
HOI'O0 CHTHaja MOKET OBITH npeacTaBjicHa B BUAC COBOKYITHOCTH R

—

BOJIH, XapaKTEPU3yCMbIX BPEMCHHbIMU }"tr " NMMPOCTPAHCTBEHHBIMU )\'XF

napamerpamu (I = ].,_R ):

R

St XA B) =D a(B,)s, (L X.A,), (L.17)

r=1

rue d([}r) — (yHKIUS, yYUTHIBAIONIAS 3aBUCHUMOCTH I -ii BOJIHBI OT
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I'TABA 1. ICXOJJHBIE MOJEJIN

cnyuaiineix  mapamerpos  Bektopa  P,; S, (t,X,A,) -—merepmu-

HUPOBAaHHBIN aHATMTUYECKUI CUTHAN, COOTBETCTBYIOIIMI I -if BOJHE:!
$.(t,%,X,) = j S.(f,%,)G, (f,% X, )exp(j2nft)df , (118)

S,(f,A,) - Bpemennoii criextp [ -it sommer; G, (f,%, A, ) — dynx-
uust Tpuna, yuuteiBaromas ¢opmy I -ii  BOMHBI, Xr = (Xtr : er) ;
A=Ay hg).
Korna somnust S, (t, X,Xr) [UTOCKHE,
G, (f,X%,0,)=exp(-j2xffi,X), (1.19)

rae Ny =\, — Hanpasienue npuxona I -i BOJHBL.

IT10CKOBOJTHOBAsST MOJIEIb CUTHAJA OIKMCHIBAET XapaKTEPHBIE IS
IIIyOOKOrO MODS MHO20Iy4esble CHTHAIBl M TUIMYHBIE IJIS MEJIKOIO
MOPSI MHO20MOO06ble CUTHAIBL.

O6o6miennass momenb (1.17) mnpejacTaBiser IMUPOKUEM  Kitace
CUTHAJIOB, NPUYEM HE TOJBKO COCTOSIINX M3 HECKOJBKHUX BOIIH,
OPUXOMSIIMX M3 pasHBIX HampaBieHuid. B o0imeM cioydae oHa
OPEJCTABIAET CUTHAA B BHAE MAYKH CHTHAIOB, KOTOPBIE MOTYT
OTJIMYATLCA  JAPYT OT Jpyra MOMEHTOM IIPMXOJa, YacTOTOMH,
HAIpaBJIeHHEM IPUX0Ja, BUIAOM CIIEKTPA H T.[.

B mozenu (1.17) cnyuaiinbie mapamMeTpsl IPEICTaBICHBI COBOKYII-

Hoctsio Bektopos B, (r=1R).

OOBIYHO PacCMATPUBAIOT TPHU CIEAYIOIIMX BAPUAHTA:

1) B, - ckamsp, npeACTaBAAIOMMIA COOOM CiydaiiHy 0, PABHOMEPHO
pacrpeJielieHHyI0 Ha MHTepBale [O,ZTE) HauanbHylo Gasy @, 3Haue-

HHE KOTOPOW HE 3aBHCHT OT HOMepa cocraBisitolero curnana I . [lpu
3TOM

a(B,) =exp(jo); (1.20)

2) B, — BekTop, cocTOSILIMIT U3 HE3ABUCSILETO OT HOMEPA COCTaB-

JSIIOIICTO CUTrHaJ1a CHy‘I&fIHOI‘O aMHHHTy,Z[HOTO MHOXUTEIII € U paBHO'
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1.6. Mojenu curHanoB

MEPHO  paclpeleleHHOM  ciy4yailHOM  HauanbHOH — dasel @,
(B, = (e,9,) ). ipi 510

a(B,) = cexp(io,) (L.21)

3) Br — BEKTOp, COCTOSIIINNA W3 CIYYaHOTO aMIUIHTYTHOTO MHO-

XKuTensd € U PaBHOMEPHO paclpeneeHHON clydJailHOH HaualbHOHU da-
300 ¢, (B, = (¢,,9,) ). B oTom ciyuac
a(B,) = e exp(jo,) - (1.22)

Mogens (1.20) COOTBETCTBYET KO2epeHmHOU HeGryKmyupyowe
nmauke curHaigoB, momenb (1.21) — wacmuun oxocepenmuoi OpysxcHoO
daykmyupyiowen nauke, a mogensb (1.22) — vacmuuno kozepenmmot
HeOPYHCHO hrykmyupyrouell auke.

1.6.3. Moaesn nryMoBbIX CHTHAJIOB

MHOrouucIeHHbIE TEOPETUUECKHE U SKCIEPHUMEHTAIbHBIE HCCIIE-
JOBaHMS MOKA3bIBAIOT, YTO MOJAABIISAONIEE OOIBIIMHCTBO LUIYMSIIUX HC-
TOYHHMKOB M3IY4alOT KOJNEOAHUsS, XOPOILIO OMHUCHIBAEMbIE I'dyCCOBCKUM
3aKOHOM pacHpeeIeHusl.

H3BecTHO, UTO rayCCOBCKHE CIy4aiHblE MPOLIECCHI OTHOCTBIO Xa-
paKkTepu3yloTCa MEPBBIMH ABYMs MOMeHTaMH. lloaToMy mpocTpaHCT-
BEHHO-BPEMEHHON IIYMOBOI CUTHAJ IIOJHOCTHIO MOXHO OIUCATh C II0-
MOIIBIO  NPOCMPAHCMEEHHO-BPEMEHHON  KOPPENAYUOHHOU — PYHKYUU

K (t,,t,, X, X,, A) , 3aBucsimeif oT cylecTBeHHOro napamerpa A .

Jlst cmayuonapro2o cursana

Ks(t 6, %, %50 A) = Ko (6, =, %, %5, 4) = Ko (1, %, %, 1),

B sTOM Citydae KOppessLUOHHas QYHKLHS MOKET ObITh IIPE/CTaB-
JIeHa B CIIEyIOLIEM BUJE!

K, (1, %, %,, k) = j Go(f, %, %, A)exp(j2nfr)df , (1.23)

rne Gg(f,%,X,,A) — esaumnan cnexmpanvnas niomnocms mowHo-

cmu CUTHAaJA.
Ecmu mponiecc cmayuonapmviii 1 00HOpOoOHbLil, TO
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I'TABA 1. ICXOJJHBIE MOJEJIN

KS(T’Xi1X21X) = KS(T’XZ_Xl’X): Ks(TJCaX),

U KOpPEISIMOHHAs (PYHKIHS MOXKET OBITH ITpECTaBIeHa KakK

Kot 1) = [ [ s (F,6)exp(i2n( fr—7))dfdg, (1.24)

—00 —00

rane O (f,Q) — vacmomno-eonnosoii cnexmp curnana, ¢ — eexmop

NPOCMPAHCBEHHBIX YACIOM.

CroxacTUUYeCKUI I'MAPOAKYCTUUECKUI CUTHAJl, IOPOXKIAEMblH 1I1y-
MMM MCTOYHUKOM, MOXHO IPEACTaBUTb MOJIENBIO, ONUCBHIBAEMON
KOPPEJALMOHHON (pyHKIHEH

KS(T:XilxzvX)=

° * L. - ) (1.25)
= [ 95(F)G,(f, %, NG, (f, %, 1) exp(j2nfr)df

TIae g S ( f ) — CnexkmpaibHas NIONMHOCNb MOWHOCMU CUTHAJIA.

B cnydae curnanma, TpeCTaBIsSEMOrO MAYKOM CHTHAIIOB, BBIpae-
aue (1.25) MoXxHO 3ammcaTh KakK

Ko (1.%, %, ) = [ g5, (F)x
I —o (126)

%Gy (f,%,%.)G, (. %, %) exp(j2nfo)df |

rae g, (f) — cnexkrpanbhas miotHocTh MOWHOCTH I -ro 31eMeHTap-

HOTO CHUTHAJA.

Ecmu Bomuel tutockue, To ¢yHknus ['puHa Beraucisercs mo ¢op-
mysam (1.16) u (1.19).

[IlymMOBBIE CHTHAJBI, KaK OTMEYAJOCh BBINIE, YACTO COJIEPIKAT
KOTepPEeHTHbIE KOMIOHEHThI. CHUTHAJIBI TAKOTO THIIA MOXHO OIHCATh C
MIOMOIIBI0  COCTABHOW KOTE€PEHTHO-CTOXACTHIECKOW MOJENH, OJHH
COCTABJISIOIIME KOTOPOM OITHCHIBAIOT KOTEPEHTHbIE KOMITOHEHTHI, a
JPyTHE — CTOXaCTHYECKHE.
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1.6. Mojenu curHanoB

1.6.4. llapamMeTpBI TPHHUMAEMbIX CHTHAJIOB

Hpe}ICTaBHeHHBIe MOJICJIN MTO3BOJIAIOT OMMMCBIBATDH PA3JIMIHBIC TUIIBI
peaNbHBIX THAPOAKYCTHUSCKUX CUTHANOB. OHAKO [UIS PEIICHUS IpaK-
TUYECKUX 3aJa4 3TOT0 He JocTtaToyHo. HeoOxonumo erie pacmonarath
uH(popManyeil 0 KOHKPETHBIX 3HAUCHMSAX MAapaMeTpOB MM XOTS OBI O
IIMana30He UX U3MEHEHUS.

HapaMeprI pPCaIbHBIX THUAPOAKYCTUYCCKUX CUTHAJIOB JICKAT B
OYCHb IIMPOKUX IpeneNnax, HaupuMmep, UIHTEIBHOCTh — OT MHKPO H
MUJUTUCEKYH]] IO MUHYT U 4acOB, YacTOTa — OT €IWHUII TepIl 0 JecCsT-
KOB KWiorepil U Ooiiee, paboyas 1mojioca 4acToOT — OT MaJIbIX JOJCH OK-
TaBBI 10 HECKOJIBKUX OKTaB.

IIpu pacmpocTpaneHnn KoneOaHUH B HEOIHOPOTHOM Cpeae CUrHail
CIJIBHO HCKaxaeTcst. OCHOBHBIMH HPUYMHAMH HCKAKCHUS SBITIOTCS
HEOJITHOPOJHOCTh Cpelbl paclpoCTpaHeHHs] KoJeOaHUil M JABHKEHHE
KOPPECTIOHAMPYIOINX 3JIEMEHTOB (M3JIydaromiell aHTeHHbl WM HCTOY-
HUKa IIyMa, OTPAKAIOUIEr0 00bEKTa U MPUEMHOM aHTCHHBI).

Ecin cpena mpakTudeckd OJHOpPOIHA M 3a BpeMs HaOIIOJCHHS
CHTHajla CKOPOCTH IBIDKCHHS KOPPECIIOHIMPYIOMIUX  AJIEMEHTOB
MPAKTHYECKH HE MEHSIOTCS, TO HCKaXEHHUS CBOJATCS K OOBIYHOMY
JIOTUIEPOBCKOMY HM3MEHEHHMIO Macmtaba CHrHajga IO OCH dYacToT.
B opyrux ke cnoy4asx, CHTHaJd MpeTepIeBacT Ooiiee CIOXKHBIC
usmenenus (cM. Ipunoxenue 1).

BaxHBIM mMapaMeTpoM CUTHAJIA SBISACTCS UHMEPBAT €TO KO2epeHm-

Hocmu T, . B maHHOM Cily4ae Imoj 3TUM IapaMETPOM MOAPa3yMEBaeTCs

BPEMEHHOI HHTEPBaJ, B TEYCHHE KOTOPOTO (ha3oBasi CTPYKTypa CUTHaJIa
HE IpeTepleBaeT Henpeacka3yeMbIX U3MEHEHUH.
Jdpyrum BaKHBIM MapaMeTpoOM SBJSIETCS HMHTEPBall BPEMEHHOM

KOppeisinuu TCOF . I[.Hﬂ TOHAJIBHOI'O CUTHAJIAa 3THU MapaMeTphbl COBIIAAarOT
( Te=Teor ) :
I/IHTCpBaH KOT€pCHTHOCTHU TC TOHAJIBHOI'O CHUI'HAJIa (BpeMeHHOﬁ

KOPPEJALMK) ONpENENSETCs B PaiOHE W3IydEHUS CMAOULbHOCMbIO
uacmomet Of wmcrounmka 3syka: T, ~1/08f . I'eneparopsl curnaios,

HCTIOJIb3YEMBIC B PEIKUME T'HAPOJIOKAINU, UMCIOT CTaOUIBLHOCTh YacTO-
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I'TABA 1. ICXOJJHBIE MOJEJIN

™ Of <107 fo, rue f0 — cpenHss yactora curHaia. Herpyano yOe-

IOUTHCS, 9TO B Auamna3oHe dactoT 10 10 kI mHTEpBaN KOTepeHTHOCTH
COCTaBJISIET HE MECHEE YETBEPTH Yaca.

HccnenoBanus ITUCKPETHBIX COCTABISIOIIMX CHEKTpa IIyMOU3IY-
ueHus cynoB (cMm. [Ipuoxenue 5) mokaszanu, 4To cTaOHIBHOCTD YacTo-
THI JMCKPETHBIX COCTaBIsrOImMX Of mnpumepHO ynoBneTBopseT Hepa-

-3 o o
serctBy Of <107 f , rme f - wactora muckpernoii cocraBmsrOmIEii.

-3
Ipyn 3TOM MHTEpBas KOrepeHTHOCTH curHana T, >1/(107° f). Pacuersi

o 3toi Gopmyne s yactotsl 10 [y Jar0T HIXKHIO TPAHUIY MHTEp-
Basta korepeatHoctH 100 c, a ans wactotst 100 I'm — 10 c.

Kak mpaBwiio, HHTEpBaa KOTEPEHTHOCTH CHTHAJIA, PETUCTPUPYEMO-
ro B TOYKE IpHEMa, OKa3bIBAETCS CYIIECTBEHHO MEHBIIMM, YeM B paii-
oHe ero m3nydenusi. CBA3aHO 3TO MPEXKIE BCETO C JABMKCHHUEM KOppeC-
MOHIMPYIOIINX DJIEMEHTOB B HEOTHOPOIHOMU Cpele.

W31y4eHHbIi HCTOYHUKOM KOTE€PEHTHBIN CHTHAJ, PacipoCTPaHssICh
B HEOIHOPOJAHOW Cpelie, IPUXOIUT B TOYKY NPUEMa B BUAEC MHOTOKOM-
MOHEHTHOTO CHrHana. Kakmas ero KOMIIOHEHTAa OTIIMYAETCS OT H3IIy-
YEHHOI'O CHTHaja M OT APYTMX KOMITOHEHT 3aIepP:KKOM M aMILIUTYIOM.
[Ipu oTCyTCTBHM IBIDKEHHS KOPPECHOHAUPYIOIIUX JJIEMEHTOB B CTa-
6I/IJ'II:H])IX FI/II[pOJ'IOFI/ILIeCKI/IX YCJ'IOBI/ISIX COOTHOIILICHHUEC Mexcz[y (1)333MI/I 158
aMIUIMTYJaMH OTAEJIbHBIX KOMIIOHEHT HE MEHSETCS BO BpeMeHH. Ilo-
9TOMY MPUHUMAEMBII CHTHAM, XOTS ¥ OTJIMYAETCS OT M3IYyYCHHOT'O CHUT-
Haja, OJHAKO, €r0 MHTEPBal KOT'€PEHTHOCTH MPAKTHYECKU TaKOH IKe,
KaK 1 M3Jy4eHHOTO CHTHAJIA.

B c10MCTO-HEOMHOPOIHOM Cpelle NMPH CHHXPOHHOM IepeMEIIeHUH
KOPPECHOHAUPYIONIUX JIEMEHTOB 0€3 M3MEHCHHUS PACCTOSHUS MEXIY
HUMH (ha30BbIE COOTHOIIECHHUS MEKIY COCTABIIAIONIMMH HE MEHSFOTCS.
IIpu 5TOM NpUHMMAEMBbI CHTHAI MMEET WHTEPBal KOT€PEHTHOCTH Ta-
KO e, KaK W TIPU OTCYTCTBHUH JBUKCHUSL.

Ecnu paccrosiHue MexIy KOPPECITOHAMPYIOMINMH 3JICMEHTaMH Me-
HSETCS, POMCXOIUT HapylueHue (a3oBBIX COOTHOIIEHHH, YTO MPHBO-
JUT K TIOTEpe KOTePEHTHOCTH CHUTHajda. MUHHMaIbHOE MpHpaIlcHHE
paCCTOHHI/IH, BBI3BIBAKOIIIECEC 3aMECTHOC Hapy]_HCHI/Ie KOFepeHTHOCTI/I
TOHAJILHOI'O CHTHAJIA, HA3BIBAETCSA IPOCTPAHCTBEHHBIM UHMEPEALOM

npodoashotl koppensyuu Ny, . ITa BeqnunHa 1T pAa3INYHBIX THAPO-
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1.6. Mojenu curHanoB

JJOTHYCCKHUX YCJ'IOBI/Iﬁ pasHas. Kak npaBuJIO, OHAa HE IPEBOCXOAUT
NOJyCOTHU JJIMH BOJIH.

Hapsiny ¢ unTepBanoM npogoisHoit Ay, KOPpEISUHH BaXHBIM
apaMeTpoM HEOAHOPOAHOCTU CpeIbl SBJISAETCS NPOCTPAHCTBEHHBIN
unmepsan nonepeunoui Ny | ... Koppensyuu.

B crnoucTo-HeomHOpOIHOW cpeie MHTEPBAJIBI MPOIOTHHON Axcor u

norepeunoit Ay, KOppesILuu CBsi3aHbl MeXxy coboit. Ilycts mpu-
€MHHK HaxXOJIWUTCSA Ha pacCTOAHHUU R OT UCTOYHHUKA TAapMOHHNYCCKHUX
Kosebanuii. THTepBa IpOA0IbHON KOppelsiiy curHaia pases Ay, .

OTO O3HAYaeT, 4TO KOTEPEHTHOCTh CHUTHAJIA COXPAHSETCS ITPH JIOOBIX
MepeMelICHUAX MPUEMHUKa B OOJIACTH, OTPAaHMYCHHON IBYMsI OKPYXK-

HocTsivu ¢ paguycamu R u R+Ay, .

[Ipu nomepeyHoM nepeMelIeHUH NPUEMHHUKAa KOT€PEHTHOCTh Ha-
pylmiaercs mpu AOCTHKEHUH NPUEMHHKOM OKPYXHOCTH C PaguyCcoM

R+ Ay - TIpoxoaumoe NPHEMHHKOM PACCTOSHHE IPEACTABISET CO-
6oii nHTepBan nomnepe4Hoit koppemsuun Ay | . .

W3 npuBeneHHBIX MPOCTHIX T€OMETPUUECKUX MTOCTPOEHUH cleayeT
cUCTeMa ypaBHEHHI

AY 1o
o _ tqq,
R g
XLCOI’ — Sin a,
R + AXCOF

rae O — YrioBO€ pacCcTOSHHE MEXIy NMepBOHAYAJIbHBIM M KOHEYHBIM
MOJIO’KEHUSIMH TIPHEMHHUKA.

Perenue 3Toi cucteMbl nipu 6oibIIoM 3HaueHud R gaet mpoctyro
3aBHCUMOCTb MEX]ly MHTEpBajlaMH IONEPEYHON M MPOJOJIBHON Koppe-

mwan: AY | o = +/2A% R - Pacuersl nokasbiBaior, a pesynbTarsl

AKCIIEPUMEHTOB TOJTBEPIKJIAIOT, YTO WHTEPBAJI MONEPEUHOU KOPpPEs-
UM OKa3bIBAaCTCS BO MHOTO pa3 OoJjbllie, YeM HHTEPBaJ MPOJOJIHHON
KOPPEJISIIHY.
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[Ipu npoaoIbHOM NEPEMEIEHUN KOPPECTOHIUPYIOIUX 3JIEMEHTOB
MHTEPBAJl KOTEPEHTHOCTH T, NPUHUMAEMOrO TOHANLHOIO CHTHAja Ol-

pejiensieTcst Kak cTabuibHOCThio Of MCTOUHMKA 3ByKa, Tak U BpeMeHeM
M3MEHEHHs PACCTOSIHHS MESKy KOPPECTIOHMPYIOIMMH 3JIEMEHTAMH Ha
Bemmunny Ay, : T. ® min(l/6f, Ay, /V), rne V - ckopocts B3a-

UMHOTO yalieHus! (IPUOTIKEHUST) KOPPECTIOHIUPYIOIIHUX 3JIEMEHTOB.
[Ipu monepeyHoOM TiepeMenIeHUH KOPPECIOHANPYIOIIUX SJIE€MEHTOB

HUHTEPBaJl KOTECPEHTHOCTU TC MMPUHUMACMOT'0 CHUI'HaJla OIMMCBIBACTCA

Beipakennem T, ~ Min(1/of , Ay, ., /V).

DneMeHTapHbIe pacyeThl MOKa3bIBAIOT, YTO pealibHbIe MepeMelie-
HHS KOPPECIIOHAUPYIOIIUX DJIEMEHTOB MPAKTUYECKH HE BIMAIOT HA UH-
TepBaJl KOTEPEHTHOCTH IMCKPETHBIX COCTABISIONIMX LIYMOBBIX CHUTHA-
JIOB, OJJHAKO B PEKUME T'HAPOJOKALHMU OBICTPOE MPOJOJILHOE HepeMe-
IIEHHEe KOPPECIIOHANPYIOMINX 3JIEMEHTOB MOXET NMPUBOAMUTH K COKpa-
IICHUIO HHTEpBaJla KOTEPEHTHOCTH CUTHAJIa Ha YeTBIPE-IIATh OPSIIKOB.

[puBeneHHbIe TeOpeTHYECKHE COOOPAXKEHHST XOPOIIO COTIaCyIOTCS
C pe3yJbTaTaMy IKCIEPHMEHTABHBIX HCCIIEIOBAHUH, MMOKa3bIBAIONIHX,
YTO B HU3KOYACTOTHOM M CPEIHEYACTOTHOM JHANA30HaX YacTOT:

— HMHTEpBaJ BPEMEHHOH KOppeisuuu (KOTepeHTHOCTH) OTPa)KCH-
HOT'O TOHAJBHOTO CHTHalla HAXOJMTCS B JHala3oHe OT COTEH MHJLIKCE-
KYHJI 10 HECKOJIBKUX CEKYHI;

— JIMCKPETHBIE COCTABJIAIOININE CIIEKTPa IIYMOB CyJOB M Kopaliei
HMEIOT HOJIOCY YacToT OT jAoJjeil o enuHul repu. IIpu 3TOM Ha HU3KHX
YacTOTaX MHTEPBAI BPEMECHHOW KOPPEISILMH MOXET OBITH Oojee 4eMm
5-10c; nHa cpemuux —Gomee coreH MumtHcekyHa (cm. [lpumoxe-
uue 5);

— HMHTEpPBaJ MONEPEYHOI MPOCTPAHCTBEHHOU KOPPENSLMH MPEBbI-
macT AJIMHY BOJIHBI B COTHHU pas, a HpOJIOHLHOﬁ — B ICCATKU pas.

ITpuBecHHbIE NaHHBIC CBHACTENLCTBYIOT, UTO B 00JIACTH HU3KHUX U
CPEIHUX YacTOT 3a nepuod Kauku anmennsl (Ui 3a docmamoyHo 6ob-
WYI0 4acmb 5Mo20 nepuooa) KO2epeHmHoCmy CUCHAA 0ObIYHO He Ha-
pyuiaemcs. ITO YPE3BEIYANHO BAXKHOE OOCTOSTENBCTBO CIIYXKHUT (QU3H-
YeCKOW OCHOBOM /U1l IOBBIIICHWS IIOTEHIHMAla T'MAPOaKyCTHYECKHX
CHUCTEM IIpH paGOTe B CJIOXKHBIX TUHAMHUYCCKUX YCIIOBUSIX.
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1.7. Moneau momMex

INomexy OyneM paccMaTpHBaTh, TIIaBHBIM 00pa3oM, KaK CiIydaifHOe
0JI€ C TayCCOBCKHUM 3aKOHOM pacHpeAeseHus], MIMEIOINUM HyJIeBOE Ma-
TEMaTHYECKOE OXHJAHNE M NMPOCTPAHCTBEHHO-BPEMEHHYIO KOPPEIISIIHN-

onnyto pynxmaro K (t,,t,,%,X,).
Eciu nomexa cmayuonaphast, To

Ky (1.%,%,) = [ Gy (f,%, %) exp(jenfr)df . (1.27)
a €CJIM K TOMY K€ OHa U odH;podHaﬂ, TO
Ky@@) = | [ &y (F.5)exp[j2n(fr—gX)]dfdp, (1.28)

e GN(f,)?l,)?z) u @ (f,$) — cOOTBETCTBEHHO B3aMMHasi Criek-

TpaJIbHas INIOTHOCTH MOIITHOCTH M YaCTOTHO-BOJIHOBOH CHIEKTpP MOMEXH.
Bynem monararh, 4TO ImoMexa MOXKET NPEJCTaBIATH cOOOH aau-
THBHYIO CMECh CIIEIYIOIINX ITOMEX!
1) nexoppenuposannou no npocmpancmey u épemeHu TOMEXH C
KOPPEIALHNOHHON (pyHKIHEH

Ko (1.%) = 560 (T, | % 1) (1.29)

2
rae G, — AUCIepcus 6enozo uyma,

2) pacnpedeneHHOl no NPOCMPAHCMEy TIOMEXU ¢ KOPPENSLMOHHON
¢byHKIHCH

Ko (1. %, %) = [ 94(F)G, (. %, %) exp(j2nfr)df , (1.30)
rae B Ciiy4dac usomponnoill IIOMEXH
sin2M |3, -, |
o % X

Gy (f % %,) =—— . (1.31)

2

a B clly4yae aHuU30MmponHou —
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2nf
ZJI[Tl X, — %, |cosay]

Gy (f,%,%,)= , (1.32)
2nf o
—| X, —X | cosa,
C
04(f) - croekrpanbHas IUIOTHOCT MOWIHOCTH —pacnpedeneHnol:

nomexu, C — ckopocts 3Byka, J;(X) — dynkums Beccens nepporo
poJia IepBOro NopsaKa, Oy — Y201 AHU30MPOnUl,

3) cmoxacmuueckoti 10KaIbHOU TIOMEXH C KOPPEISIIMOHHON
(hyHKIHEH

K (1.%,%,%) = [ g,(f)x
b (1.33)

<G, (f,%,7)G, (f,%,.%,)exp(j2nfo)df

rae Kl — BEKTOp, XapaKTepU3YIOIIUN MapaMeTphl JIOKAIbHOW MOMEXH;

0,(f) - crmexkrpanbHas MIOTHOCTH MOLIHOCTH JOKATGHOU NOMEXU;
G (f,X,,\) - ¢ynxuus TIpuna, COOTBETCTBYIOWIAS 1OKATbHOL
TIOMEXE.

B ciydae mIocKoii BOJIHBI BEKTOP A, OmNpeaenser Hanpasienue N,

nmpuxoja JokanbHOW momexu. Torma ¢ynkuus ['puHa mmeer cienyro-
NN BUI:

G (f,%, 1) =G, (f X 0)=exp(-j2nfix);  (1.34)

4) necmayuoHapHOl TOKANLHOU KO2EePEeHMHOU TIOMEXH C KOppes-
IIHOHHOH (PyHKIMEH

K, (t,,t,, X, %y, &) = 62 Re[s, (t,, %, &, )8, (t,, %, &), (1.35)

rue G|2 — mucniepeus roxanvrot nomexu, S (t,X,A;) — nerepmunupo-

BaHHas (l)yHKHI/ISI, OIMMCbIBaA€Mas BhIpaXKCHUEM

$ (L, X, A,) = T S,(f,%,)G,(f, % A, )exp(j2nft)df, (1.36)
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S,(f,\,) — cuektp 10KanbHOL NOMEXH B TOUKE M3TydeHUS; A, — BEK-
TOp, XapaKTePH3YIOLIHMi BPEMEHHBIE MApaMeTPhl JIOKATLHONH MOMEXH;
A

KaJIbHON MIOMEXH.

OTH MOJENU ONMKCHIBAIOT pa3iIudHble TUIBI oMeX. Llymel anmmapa-
TYypel W JIpyrHe CIa0OKOppEINpOBaHHbIE MOMEXW MOTYT OBITh Mpea-
craBiaensl Mogenbio (1.29). lymel okeaHa, KOPPEIMPOBAHHBIC IIyMBI
00TeKaHUs, 2 B HEKOTOPBIX CIIydasx M peBepOepallioHHasI IIOMeXa, MO-
ryT ObiTh ommcanbl Moeibo (1.30). JIokanbHbIE IO TPOCTPAHCTBY TIO-
MEXH, TOPOXKTaeMbIe MYMAIIIMHA 0ObEKTaMH, MOTYT OBITh Mpe/ICTaBIIe-
Hbl Mozienbio (1.33), B3auMHbIE TOMEXH M CHUTHAJbBI, OTPAXKEHHBIE OT
Pa3IMYHBIX 00BEKTOB, — MOJIEIBIO (1.35).

B ycnoBusIX MHO20601H06020 (MHO20IY4E8020, MHO2OMOO0B020)
pacripocTpaHeHHs KoJjeOaHWH MOKHO HCIOJIB30BaTh MOAENIH, OIHCHI-
BaeMYI0 KOPPESIIMOHHON (pyHKIMeH

— R 2
K (0%, % 4) =D [ 9, (f)x
=1 % (1.37)

<G, (f,%, %, )G, (%%, ) exp(j2nfr)df |

rae 0, (f) — cnexrpanbhas miotHOCTS MOWIHOCTH, COOTBETCTBYIOLIAS

|x — BEKTOp, XapaKTepU3yIOIUil IPOCTPAHCTBEHHBIE MAPAMETPHI JIO-

r -it sonme; G, (f,X,A,) — dynxuus [puna, cootsercTBytOmas I -i

BOJIHE.
Ecnu BontHa mnockas, To gynkuus ['puna

G, (f,X,A,)=exp(-j2nfA, X), (1.38)

rae N, =\, — HanpasneHue npuxoza I -0i BOJHBL.



I'JTIABA 2

OIITUMAJIBHASA ITPOCTPAHCTBEHHO-
BPEMEHHAS OBPABOTKA B CJIOKHBIX
JAAHAMUWYECKHUX YCJIOBUAX

Knaccuueckast Teopuss 00pabOTKH CHUTHAIOB (B COCTaB KOTOPOI
BXOJUT U TEOPHUSA MPOCTPAHCTBEHHO-BPEMEHHON 00paOOTKM CHTHAJIOB)
COCTOHT M3 JIByX YacTei: aHalln3a U CHHTE3a CHCTEM (MIIM aJrOPUTMOB)
00paboTKH.

[Tox aHaNM30M MOAPA3yMEBAIOT pacueT MapamMeTpOB MIIH XapaKTe-
PHUCTHK OTKJIMKA CHCTEMBI TIPU (PUKCHPOBAHHOM BXOJHOM BO3JCHCTBHH
(curnane, momexe, YCIOBUSX pPabOThI) M KOHKPETHOM alrOPHTME
00paboTKH.

[Tox cMHTE30M MOHUMAIOT MOCTPOCHHE ANTOPUTMA, 00ECIIeUnBaKO-
mero oOpaboTKy NMPUHUMAeMBIX KOJICOaHWH W TMOJyuyeHHEe Ha OCHOBE
pe3yabTaToOB 3TOM 00paOOTKU CTATUCTHYECKUX BBIBOJIOB O HEU3BECTHBIX
nmapaMeTpax WiIH XapaKTePUCTHKaX BXOAHOTO BO3JICHCTBHSI.

OOBIYHO TONAraoT, YTO BXOJHBIC BO3JICHCTBUS HOCST CITydYaiHbIN
xapakrtep. B 3ToM ciydyae aHamu3 U CHHTE3 pacCMaTPUBAIOTCA KaK CTa-
TUCTHYECKHUE 3a7adu. [Ipy 3TOM 3ajlauya aHaiIHM3a COCTOUT B ONpeiaee-
HUH TIapaMETPOB CTATUCTHYCCKUX XapaKTEPUCTHK, a 3a/1aua CUHTE3a — B
HOCTpOGHI/II/I aJ'IFOpI/ITMa HpI/IHHTI/IH CTAaTUCTHUYECCKOI'O pe]_HCHI/IH.

B Hacrosimiee Bpemsi MeTOJOJOTHMYecKas 0a3a KJIACCHYECKOM
TeOpuH 00pabOTKK XOopomio paspadorana. OHa MPUroaHA IS PELICHHS
mmpokoro kmacca 3amad [IBOC. be3 kakux-mmbo CyIIEeCTBEHHBIX
W3MCHEHWI OHAa MOXET OBITh YCIIENIHO WCIIOJIb30BaHa JUIsl aHAIHW3a U
cunte3a anroputMoB [IBOC u mpu paboTe B CIOXKHBIX TUHAMHYCCKHX
ycnoBusix. llpexkne deM mepexoAuTh K CHelu(pUYEecKUM BOIPOCcaM,
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BPEMEHHAS
OBPABOTKA B CJIOXKHBIX JTMHAMMWYECKHNX YCJIOBUAX

CBSI3aHHBIM C YYETOM JBIDKCHHS AHTEHHBEI, PAacCMOTPUM B OOIIKX
4epTax OCHOBBI KJIACCHYECKOH TEOpUH 00PaOOTKH CUTHATIA.

Cuctembl 00pabOTKH THAPOAKYCTHYECKUX CHTHAIOB PEIIAIOT Pa3-
HOOOpa3Hble 3amaud. OCHOBHBIMH SIBITIOTCS CIIETYIOLINE YeThIpe. 00-
Hapy>kKeHHE, MHOTOAJIbTEPHATUBHOE OOHAPYyKEHHE, OLICHKA MapaMeTpOoB
" QUIBTpaIys.

[Mon oOHapyxeHHWEM CHTHajda OOBIYHO MOHHMAIOT YCTAaHOBJICHHE
(hakTa HaJIM4YUS B MPUHATOM KOJEOAHWU 0XXKHUJAEMOTO IOJIE3HOTO CHUT-
HaJIa, 10J] MHOTOAJIbTCPHATHBHEIM OOHAPYKEHHEM — OTHECEHHE CHUTHA-
Ja K OMHOMY W3 3apaHee ONpPEIeNICHHBIX KJIACCOB IO pe3ylbTaTaM aHa-
nu3a mpuHATOro KojeGanus. OllgHKa MapaMeTpoB CHTHAJIa O3HA4YaeT
oTIpeeNiCHrEe 3HAYCHNH MapaMeTPOB MOJIE3HOTO CUTHANA, a (PUIBTPAIUs
CHTHala — OLCHKA CHTHaja Kak mpolecca (BbIIeICHHE MOJE3HOTO CHUI-
HaJia U3 IPUHATOTrO KoJicOaHus).

OTMeTHM, 9TO BO BCEX YETHIPEX 3aJadax IMOIpa3yMeBaeTcs, UTO
INPUHATOE KONeOaHUE COAEPKUT CIIydailHyro MOMeXy, W MO3TOMY BCe
3aJja4l HOCSAT CTATUCTUYIECKUIT XapakTep.

Hapsiny ¢ mpuBeaeHHBIME KITaCCHYECKUMH 3aJadyaMi, Ha TPAKTHKE
BCTpEYalOTCsl U WHBbIC, HANPUMEP, 3a/la4ya pa3pelIeHus] CUTHAJIOB. JTa
3ajada TPAaKTyeTCs] pa3HBIMH aBTOPAaMH II0-Pa3HOMY, Halle BCEro Kak
OIICHKA MApaMETPOB IIOJIC3HOTO CHUTHANA B YCIOBUSIX MOMEX IIPH HAIHU-
YUH OJAHOTO WM HECKOJIBKMX MEIAIOUINX CUrHaIOB. K Hekaccuueckoi
MOKHO OTHECTH KOMOMHHMPOBAHHYIO 3a7ady OOHApYXCHUS W OIECHKU
mapaMeTpoB HECKOJIIBKUX CHUTHAIIOB Ha (DOHE TOMeEX IPU yCIOBHUH, UTO
YHCJIO 3TUX CUTHAJIOB 3apaHee He U3BECTHO.

W3 npuBeneHHBIX ONpeAeeHui KIAacCHYECKUX 3a/1ad BUAHO, YTO
3aaya OOHapyXEeHUs SBISETCS YaCTHBIM CIIydaeM 3aJadyd MHOT0ajb-
TEpHATHBHOIO OOHAPY)KEHHs, a 3a/la4ya OLIEHKH MapaMeTpoB CHTHaja —
YaCTHBIM CITydaeM (HIIBTPaIHH.

Hetpynno yOeauThes, 4TO 3aa4u 0OHAPYKEHHsI, MHOTOAIbTEPHA-
TUBHOI'O 06Hapy>1<eH1/1$1 U pas3jindCHUs CUTHAJIOB SABJIAIOTCA YaCTbIMU
CITydasiMd 3a/Ia4d OLCHKH IMapaMETpPOB CHTHANA, a, CIICHOBATENHHO, H
3a1a4uu (QUIbTPALHH.

JleiicTBuTenbHO, 3a0a4y 0OHapyxkeHus npunstoro curnana S(t, X)

Ha Qoue momexu N(t,X) moxHO mepedopMmymupoBaTh Kak 3amady
OLICHKM MapaMeTpa A TIpH HpUeMe KoneGaHus
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I'JTIABA 2. OIITUMAJIBHA S ITIPOCTPAHCTBEHHO-BPEMEHHA S
OBPABOTKA B CJIOXKHBIX JMHAMMWYECKHX YCJIOBUAX

u(t, X) =As(t, X)®n(t, x),
rae oneparop @ 0003Ha4YaeT HEKOTOPYIO Orepaluio (Mpy aIMTHBHON
oMeXe OH IPEeACTaBIsIET cO00i 0OBIYHOE CyMMHUPOBAHUE).
B naHHOM ciydae mapaMeTp A MOYET NPMHUAMATH J[BA 3HAYCHHUSL:
HOJIb M eUHUIy. [IepBOMY 3HAYEHHIO COOTBETCTBYET CHTYAIMS OTCYT-
cteus curnana S(t, X) , Bropomy 3HaueHHIO — €10 MPHCYTCTBHE.

3ajauy MHOroajibTepHATHBHOTO oOHapyxenus curnana S (t, X,A)

Ha done nomexu (rae A MOXKET NPMHHAMATH OAHO M3 A  3HaYeHMiH

(A=1,A)) MOXHO TpaKTOBaTh KaK 3ajady OLEHKH IapameTpa A IIpH

npueme KoJIeOaHUs BuUJaa

u(t,X) =s(t, X,A) ®n(t, X) .
3ajady pa3lMuyeHUs CUTHAJIOB S (t,)?,X) u S(t, )?,XO) Ha QoHe

nomexu N(t,X) MokHO paccMaTpHBaTh Kak 3ajauy OIEHKH MapameTpa

A TIpY IIpreMe KoJieOaHusl CIIEAYIONIeTo BUa:
u(t,X) =s(t,X,A) ®s(t, X, A,) ®n(t, X).

HecMotpst Ha TO, 4TO BCe MEPEUUCICHHBIE 337a4M CBOJSITCS K OJ-
HOH, Ha MpPaKTHKE OHHM 4YacTO pacCMaTpHBAIOTCS pa3feibHO. B mams-
HelimeM Mbl OyJeM cTapaThCsl MPHUIEPKUBATHCS OOMMX MO3WIMi. B
JAHHOM KHHUTe BOIPOCH! (DMIBTPAIMH HE PACCMATPHUBAIOTCS, IIO3TOMY B
o01ell mocTaHOBKE 3ajaya 0OpabOTKU CUrHala IOHUMAETCs KaK 3afada
OLICHKH [1apaMeTPOB CUTHAA.

CunTte3 anroputma OOBIYHO IPEIIICCTBYET aHAIM3Y. YUHUTHIBas
3TO, U3JI0KEHHE MaTepualla HAUMHAETCS C BOIPOCOB CUHTE3A.

Jns cuHTEe3a ONTHUMANBHOTO alropuT™Ma o0pabOTKH HEOOXOoanM
KpuTepuil onTUManbHOCTU. Mcnonb3yroT pasHble kpuTepuu. OnuH u3
Hanbojee CTPOTHMX OCHOBAaH Ha MOHATHH (PYHKIHMH HpPaBIOIOROOUS.
OyHKIUS TPaBIONOA00H — yCIOBHAS INIOTHOCTD PacIpeAeNeH s Ipu-
HIMaeMoro KoyeOaHHs, paccMaTpuBaeMas Kak (YHKIHS H3MEpSeMBIX
apaMeTpoB.

OnTuManbHBIM aJTOPUTMOM CUHMTAETCS TOT, KOTOPBI oOecreunBa-
€T MaKCUMyM (DYHKITUH MTPaBIOTIOA00MS.

48



2.1. TIpocTpaHCTBEHHO-BpeMeHHasi 00paboTKa KOTEPEHTHBIX CHTHAIIOB

2.1. IIpocTpaHCTBEHHO-BpPeMeHHAas1 00padoTKa
KOT'epPEeHTHBIX CHTHAJIOB

2.1.1. O0uue 3aBHCUMOCTH

Cunresupyem ontumanbhelii anroput™m [IBOC npu cioxxHoM ne-
peMelleHNH aHTEeHHbI B IPOCTpaHCTBe. byaeM cuutaTh, 4TO 1OMYCTHMBI
MIPOM3BOJBGHBIC M3MECHEHHS MECTOIIOJIOKCHUS, OpUEHTAMH H (HOPMBI
aHTeHHbI. [Ipu 3TOM B 110001 MOMEHT BPEMEHH U3BECTHO MECTOHAXO0XK-
JICHHE €€ HJIEMCHTOB, T.€. 3a/IaHa IIPOCTPAHCTBEHHO-BPEMEHHAsI 001aCTh
HaOmonenuss (). B kauecTBe kpumepus onmumanibHOCMmu BBHIOPAHO
JOCTHYKCHUE MAKCUMYMA QYHKYUU NPABOON0000US.

IycTh anTenna npuaumaet konebanue U(t,X), cocrosimee u3 xo-
repentnoro curnana S(t,X,A,) u rayccoBckoii momexu, omuchiBae-
moit koppensumonnoit dynkumeit K (t,t,, %, X,) .

YduTHIBasi TayCCOBCKUM XapaKTep MOMEXH, YCIOBHBINA (yHKYUOHAN
npaso0onodo6usi MOKHO 3aIIHCATh CICAYIOIIIM 00pa3oM:

P/ 7) =K exp - [ [lutt, %) 500, %, P
o0 (2.1)
xeN<t1,t2,x1,x2)[u<tz.m—s(tz,XZ,X,E)]dtldxdtzdxz},

rae K — kospummenT nponopuuoHanbHOCTH, He 3aBUCAIIUN OT NPUHU-
maemoro konebarms U(t,X) u curnana S(t, X, A, ) , 0, (t,t,,X,X,) -
pelIeHHEe HHTETPATBHOTO YPABHEHUIUM

[[ Kt %, %,)0, (t, 1, %, %) dit, 0%, =

Q (2.2)

=0(t, 15, % —X,),
OIMCHIBAIOLIETO CTPYKTYPY ONTHMAIILHOH 00paOOTKH CHTHAJIA.
Venoeusiid ¢yakimonan (2.1) momobeH ycioBHOMY (DyHKIIHOHAITY

npaBaonoao0us ajsi HenoABwKHON antenusl [201, 89, 149, 61] mpu
rayCcCOBCKOW TIOMEXe:!
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I'JTIABA 2. OIITUMAJIBHA S ITIPOCTPAHCTBEHHO-BPEMEHHA S
OBPABOTKA B CJIOXKHBIX JMHAMMWYECKHX YCJIOBUAX

P/%p) = Kexp{—% JIJTuc %) - st %, B
X TX (2.3)

0t % ) %)~ o ARG, |
rae 0 (t,1,,X,X,) — pelenne uHTErpanbHOro ypaBHEHHS

[ Kt %, %,)0, (t, . %y, % )dt,dR, =
T X

=3, —15,% _7(3)-
Kak BuaHO, ycioBHbIe pyHKIHOHAIBI npaBaonoaoous (2.1) u (2.3)
TSI TIOJIBY)KHOM M HEMOABW)KHOW aHTEHH MOXOXKH. [TOX0XKH M COOTBET-
CTByIOLIME HWHTerpanbHbie ypaBHenus (2.2) u (2.4), omuckiBaromue
CTPYKTYpY ONTUMAabHON 00paboTku curHama. OTindue 3aKIryaeTcs
7Mbb B 00JaCTH MHTErpupoBaHus. [l HEMOJIBM)KHOW aHTEHHBI JTa

(2.4)

00J1aCTh COCTOMT U3 JBYX YacTeii: MPOCTPaHCTBEHHOH X M BpeMEHHOI
T, a A1 NOABMKHOM aHTEHHBI — U3 00nacTd HadmogeHus (2, B 06-
neM ciydae He (pakTopu3yeMoil Ha MPOCTPAHCTBEHHYIO M BPEMEHHYIO
YaCTH.

Jns HenoaBmxkHOM aHTeHHBI ontuMainbHas [IBOC mis curuana co
cityuaifHol HauanbHOH (Basoil [ = (0, pacnpeieNeHHON PaBHOMEPHO Ha
HMHTEpBaJe [O, 21t) , CBOJMUTCS, KaK HU3BECTHO, K BBIUMCJICHHUIO CJie-
JIYIOIIEro HHTErpaa;

QM) = [[ut, R)b(t, X, 7)dtdx

rae Q(A) - pesybTaT 06paGOTKH MPHHATOTO KOMEOAHNS, b(t, X, A) -
pellleHNE MHTETPAIILHOTO ypasHenus Ppedzorvbma

[ K (b, R R )B(t, %y, R)eltydR, = $(8,%,,5)

™
$(t, X,A) — OMIAEMBIi KOMILTEKCHBIH CHIHAIL.

Ucnonb3ys 3TOT pe3ynbTaT, HETPYJHO MOJYyYUTh BBIPAXKEHHUE, OIU-
ceiBarolee ontumManbHyo [IBOC 1t NOABMKHOM aHTEHHBI U KBa3uze-
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2.1. TIpocTpaHCTBEHHO-BpeMeHHasi 00paboTKa KOTEPEHTHBIX CHTHAIIOB

TEMHHHPOBAHHOTO CHTHANA CO CIyYaifHOM paBHOMEPHO paclpejielieH-
HOM HavanbHOU (azoii (puc. 2.1):

() = [[utt, V)b(t, %, Kotd, 25)

rne () - NpOCTPaHCTBEHHO-BpPEMEHHAs O00JAaCTh HAOIIOAEHUS, a
b(t, X, A) — pemenune uaTErpanbHOrO ypaBHEHUS

JT Kt % % )b(, %, Dt AR, = 8t %.5). 26)

Q

o)

Puc. 2.1. Anropurm ontuMansHo#i [IBOC ams monBmxHON aHTEHHBI
¥ KOrePeHTHOTO CUTHAIIA

Te xe dopmynsl (2.5) u (2.6) monyyarorcss 1 B Goyiee CIOKHOM
ciydae: Ui KOTePeHTHOTO CHTHaja cO CIydailHOW HadaibHOW (a3oi
(), pacmpesesIeHHO! 0 PABHOMEPHOMY 3aKOHY, M CIIy4ailHOW aMIUTH-

Tynoil €, pacnpejiesieHHol o peneesckoMy 3akony (B =(€,¢)).

AHanmu3 COOTHONIEHHH, onuchiBatonmx ontuMainbHyo [IBOC mist
HCTIOABUM)XHBIX U ITOJABHUXXHBIX aHTCHH, ITOKA3bIBACT, YTO CXOACTBO MCXK-
ny hopmynamu ToJbKO BHemHee. [1o cyTu oHU pasHbIe.

CnoxkHOe HEpPaBHOMEPHOE JIBMXKEHHUE aHTEHHBI, COIPOBOXK-
Jaromieecs: moBopoTaMu (a TeM Ooiiee U3MEHEHHEM (HOPMBI), TIPHBOIAUT
K 3HAYUTEIbHBIM HCKOKCHHUSIM KOJICOaHUH, MPUHUMAEMBIX dJIeMEHTaMH
AQHTCHHBI. DTO CYNIECTBEHHO YCIIOKHSET KaK aHaliHu3, TaK M CHHTE3
cucteM [IBOC. UYtoObl mpencTaBUTh BO3HHUKAIOMIAE TPYIHOCTH,
PacCMOTPUM TPOCTEHINYI0 CHUTYAIMIO CTAIMOHAPHOTO OJHOPOIHOTO
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I'JTIABA 2. OIITUMAJIBHA S ITIPOCTPAHCTBEHHO-BPEMEHHA S
OBPABOTKA B CJIOXKHBIX JMHAMMWYECKHX YCJIOBUAX

TONSt  TIOMEXH,  ONHCHIBAEMOTO  KOPPENSIHOHHOM  (pyHKIMEH
KN (tz =1, X, _Xl) :

B crarueckux yCIOBHSIX TMOJIE TIOMEXH Ha BBIXOJAX MPHEMHHKOB
AHTEHHBI SBISIETCS CTAIIMOHAPHBIM OJHOPOIHBIM C KOPPEISIIHOHHOM
dynxumein K(t,—t,, X i =% ), roe X, u X ; — BEKTODBI, OMTHCHIBAIOIITHE
MECTOMOJIOKEHHE | -TO M | -TO MPUEMHHUKOB aHTEHHbI COOTBETCTBEHHO.
O0paboTKa curHaja Mpu 3TOM OKa3bIBACTCS IOCTATOYHO MPOCTOH.

B IuHamMuYeckux ke YCIOBHSAX KapTWHa wHas. Ha BeIxomax ImpH-
eMHHKOB TOJBI)KHOI AHTEHHBI M0 CTAMOHAPHOW OJHOPOIHON MO-
MEXH TPEJICTaBIseT cO00M HeCTalMOHAPHBIH MHOTOMEPHBINA MpoIece ¢
xoppemsmonnoit pynkumeir K (t, —t;,X; (t,) —%;(t,)) . Aprymentamu
9TON KOPPENAIMOHHON (DYHKIIMH ABISETCSA HE PasHOCTH MEXKITY MOMEH-
tamu Bpemenu {;, 1,, a camu Bemmunner {) u t,, u He paccrosHue me-

Iy TPHEMHHKaMUd B (PUKCHPOBAHHBI MOMEHT BPEMEHH, a TEKyIlee
paccTosiHie MEeXIy MPUEMHHUKAMH, OTpelesieMOe paccCMaTpUBaeMbIMU

momeHnTamu Bpemenu [, t,. O6paboTka curnanga B 3ToM cirydyae OKa-

3BIBACTCS 3HAUUTEIIBLHO O0JIee CIIOKHOI.
OOmue aHAINTHYIECKUE METOABI PELICHUS! HHTETPAILHOTO ypaBHE-

uus (2.6) npu npoussonsrom Buae dyuxumn K (t,t,,X,,X,) u npo-

M3BOJILHOW 0OnacTh mHTerpupoBanus () me paspaboramnsl. Jlaxke s
HETOJIBH)KHON aHTeHHBI pelinTh ypaBHenue (2.6) He Bcerga MOXKHO.
DTO ynmaercsi CAeNaTh JIMIIb B YaCTHBIX Citydasx. J[Jsi MOABMIKHOW aH-
TEHHBI, [T KOTOPOH 00acTh nHTerpupoBanus () mnpeacrasiser coboi
He (paKTOpH3yeMYI0 00JIacTh, HAWTH pelIeHne HEMPOCTO.

B nmanHOM Ciy4ae W3BECTHBIC MOIXOMABI K PEIICHHUIO 3a/1a4d HYXK-
JAFOTCSl B CEPHE3HOM OCMEBICICHUU U normoiHeHun. [Ipexxae yem mepe-
XOOUTH K OITMCAHHUKO BO3MOXKHBIX nyTeﬁ €€ peUICHUA, OCTAaHOBUMCS CHa-
ganma Ha [IBOC mist monBwKHON aHTEHHBI B MPOCTEHIINX YCIOBHSX:
IIPY HEKOPPEIHPOBAHHOM I'ayCCOBCKOI IMoMexe.

2.1.2. TIpocTpaHCTBEHHO-BpEMEHHAs1 00pad0oTKA CUIHAJIA
NMPH HEKOPPEJNPOBAHHOM rayCcCcoOBCKOIl IoMexe
Korna moMexa HeKOppenupoBaHHASI MO MPOCTPAHCTBY M BPEMEHH,

dynxums b(t, X, A) , onuceiBaromas onTuManbHyI0 06pabOTKy CHTrHANA,
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2.1. TIpocTpaHCTBEHHO-BpeMeHHasi 00paboTKa KOTEPEHTHBIX CHTHAIIOB

KaK BHIOHO W3 BhIpakeHus (2.6), paBHa, ¢ TOYHOCTBIO 10 MOCTOSHHOTO
MHOXKUTeNs, aHanutuyeckomy curnamy S(t,X,A). Torma, cormacho
BeipaxkeHunto (2.5), anropurm ontumanshoit [IBOC umeer ciiemyromuii

BUJ;
QM) = j j u(t, X)s(t, X, &) dtdx . @.7)

T X(t)

Ecnu curnan npezacraBisier co00i IUIOCKYIO BOJIHY, IPHXOISILYIO
W3 HanpaBJIeHUS ﬁs U XapakTepU3yeMyl0 BO BPEMEHHOM 00J1acTH BEK-

TopHbIM napamerpom A, 1o S(t, X, 1) =S(t—N,X, ), u BeIpaxenne
(2.7) MoxeT OBITH 3aMCaHO KaK
Q) = j j u(t, X)s(t —fi.x, &, )dtdx, (2.8)
T X(t)
rae A= (A, 1)
Ecnu B TIpoliecce ABIKEHHsS aHTEHHA He M3MeHseT (opMy, mpo-
ctpancTennbiit Bektop X (1) MoxeT GBITH IIpecTaBIEH Kak
X(t) = X, (t) + A(t)X,,
rae X, (f) — Bexrop, onpemensrommii MONOKEHNE LHEHTPA AHTEHHBI B
HenoasmkHoOi cucteme koopaunat; A(t) — marpuna spamenus, onpe-
JeNsIomas OPMEHTALMIO AHTEHHBl B TEKYIIMi MOMEHT BpeMeHH 1
X, € X, — BEKTOP, ONpeeNsOmuii OI0KEHHE HIEMEHTOB aHTEHHBI B

TTOABM)XHON CUCTEMe KOOPAWHAT, CBSI3aHHOM C aHTEHHOM.
OTHOCHTEIBLHO TOABMKHOM CHCTEMbI KOOPAHHAT BhIpakeHue (2.8)
MOJKET OBbITh IPEJICTABICHO CIEAYIOIINM 00pa3oM:

QM) :j j U (t, %,) S(t —AX. (t) — i, A(t) %, &, )dtdX, |
T X,
rae U, (t,X,) — npunsteie xonebanust U(t, X), sanmcanubie B Buue
dynxumm ot aprymentos t n X;: U, (t, Xy) = u(t, X, (t) + A(t)X,).

HpI/IHI/IMaH BO BHUMAHUE, YTO HaA IPAKTUKE J00BIe U3MEHCHUS T10-
JIOXKCHUA U OpUCHTAIIMU AaHTCHHBI B IIPOCTPAHCTBE MPOUCXOIAT CO CKO-
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POCTBIO, CYILECTBEHHO MEHBINEN CKOPOCTU PACIPOCTPAaHEHMs Koeda-
a[t B ns Xc (t) B ns A(t) X0]
ot

ontumanbHo¥ [IBOC nprobpeTaet clieayonui BUI;

HUW B cpeJie, UMeeM

~1. Torga anroputm

Q) = [ [ ug(t+ %, (1) + MLAD) X, %) s(t, A, )dtd%, , (29)
T, X,
rae T, — HOBasi BpeMeHHas 06J1aCTh UHTErPUPOBAHNS, CABHHYTAs! OTHO-
CHTeNBbHO cTapoii obmact T Ha Benmauny M X, (t) + M A(t)X, .

U3 Beipakenus (2.9) BugHo, uto B maHHom ciy4dae [IBOC pacma-
JIaeTCsl Ha JIBE YaCTH. MPOCTPAHCTBEHHYIO M BpeMeHHY0. [IpocTpaHcT-
BeHHas 00paboTKa BKIIOYACT 33JCPKKY MPHUHATHIX KOJIeOaHUIl Ha BENu-

anny T(t, X) = A X, (t) + A, A(t)X,, 3aBucsiutyio oT HanpaBnenns mpu-
XOJla CUTHAJIA, 3aKOHA MIEPEMENIEHHS IEHTPA AHTEHHBI U €€ MOBOPOTOB
OTHOCHTENLHO JTOTO LEHTPA, M MHTETPUPOBAHHE 3aI€PKAHHBIX KOJE-

OaHuii Mo BceMy oObeMy aHTEHHBL. BpemeHHas oOpaboTka COCTOMT B
HMHTETPUPOBAHUN PE3yIbTAaTa IMPOCTPAHCTBEHHOW 00paboTKU 1Mo BpeMe-

HU C BeCOM, onpezensieMbiM curnanom S(t, Xt) (puc. 2.2).

(%) s(t,%,)

U

X

0

Caaddzeea >

T
T
|

Puc. 2.2. Anroputm ontumansHoit [IBOC it TOABIKHOM aHTEHHBI U
KOTEPEHTHOTO CUTHAJIA B CITydae IIOMEXH, HeKOPPETHPOBAHHOH
0 TIPOCTPAHCTBY M BPEMEHU

B GosblinHCTBE CllyuaeB 06JIacTH HHTErpUpOBaHUs 1, U | Malo

OTIMYAIOTCS APYyT OT Apyra. I[loaToMy Bce 0OCOOEHHOCTH ABWKEHUS aH-
TEHHBI B MIPOCTPAHCTBE MOTYT OBITh YUTEHBI Ha 3Tale MPOCTPAHCTBEH-
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HOU 00paboTku curHana. BpemenHas sxe 00paboTka ocTaeTcst TaKoH ke,
KaK U B ClIy4ae HEeTOABWKHOW aHTEHHHBI.

W3 Beipaxenus (2.9), yctpemus 061acthb Xo K HYJIIO, MOKHO IO-

JYYUTh QJITOPUTM 00pa®OTKM CHUTHajJa ATl OAMHOYHOTO NPHEMHOTO
JJIEMEHTA, ABWKYILETrOCs 110 CJI0KHOU TPACKTOPHH:

Q) = [y (t+ % () s(t. 7, )dt

B stom cnyuae ontumanshas [IBOC cocTout B 3anepiKke MpUHS-
THIX IpHeMHUKOM KoneGanwii na Bemmuuuy N X, (), saBucsmyro or

HampaBJICHUS NpUXOda CUTHAJIa W 3aKOHA MNEPEMECIICHUSA IMPUEMHOI'0
OJIEMEHTA B MPOCTPAHCTBE, a 3aTEM MHTCTPUPOBAHUU 3aACPKAHHBIX KO-

*

nebanuii ¢ Becom, cosnanatoumm ¢ curnanom S(t,A,) (puc. 2.3).

Kak BUIHO U3 MOCIEHEr0 BhIPAKESHHS, TPU ABMKEHUH OAMHOYHO-
ro MPUEMHOTO 3JIEMEHTa MO CIOXHON TPAEKTOPHH pean3yeTcs JIHIIb
O/llHa BpeMeHHas o0paboTKa, KOTOpas YYHTHIBACT BCE OCOOCHHOCTH
JIBHKEHHS 3JIEMEHTA B IIPOCTPAHCTBE.

i 5.(1) s(t,%)

|

Ganadmea X |

0(%)

5 u(X)

Xa
X

Puc. 2.3. Anropurm ontumansHoit [IBOC Bo BpeMeHHOH obnacTi
JUISL OIMHOYHOTO TTOJIBIDKHOTO IIPHEMHOT0 3JIEMEHTa X KOTePEHTHOTO CHTHAlIa
B CIIy4ae MOMEXH, HEKOPPEJIMPOBAHHOH IO IPOCTPAHCTBY M BPEMEHU

Bepremcs x oOmeii 3amave: ontummszanmu [IBOC B ClIOXHBIX
JUHAMUYECKHUX YCIOBHSX TPH  BO3ICHCTBHH  KOPPEITMPOBAHHBIX
rayCCOBCKHX TMOMeX. PaccMOTpHM HECKOIBKO IMOAXOAOB IS PEIICHUs
3TOM CIIOKHOM 3a/1auH.
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2.1.3. OnTuMu3anusi TPOCTPAHCTBEHHO-BPEMEHHOM 00padoTKu
KOTrepeHTHOro CUrHajia (Bapuant 1)
[TycTh momexa — CTalMOHAPHOE OHOPOJHOE TI0JIE, CIa00KOPPEH-

POBaHHOE II0 MPOCTPAHCTBY M BpeMeHU. Torma ypaBHenue (2.6) Moxer
OBITh 3aIIMCAaHO KaK

ﬂ. Kyt -1, %, — K)b(tzlxznx)dtzdiz =s(t, X, X) .

o
YMHOKMM 06e uacTu otoro ypasuenus Ha XP[—j2n( ft, — ¢ X)]

v npounterpupyem B obnactn Q mo t; u X, . Torma
”H Kyt —t,%X, - %)b(tzv Xz’x) X
Q0

xexp(—j2n( ft,—  %))dtdxdt,dx, = S(f,$,1),

rue S( f,o, X) — YACTNOMHO-60IHOBOU CNEKMP CUSHANA.
S(F,8.2) = [ s(t, %, ) exp(~j2n( ft, - $ X,))dt,dx, . (2.10)
Q

3amennm nepemennsie t, u X; coorBercrBenHo Ha t, —t, =T u
Xo =X =%
[[I [[ K@) exp(jznur—@x»drdz}
a L (2.11)
xb(t,, %,, k) exp(—j2n( ft, — §X,))dt,dX, = S(f, 5, 1) ,

rae Q' - obnacts nepemennsix (T,Y) .

YuuteiBas cialdyro KOPPESLHUI0 MOMEXH IO BpPEMEHHU U MPOCTpaH-
CTBY,

[ Ku (e exp(ian( fo-gp)dedy = u(F,5),  (212)
!

rae O, ( f ,(T)) — YACMOMHO-B0IHOBOU CNEKMpP NOMEXU.
Torna, npeHeOperas oMMOKaMH aNIIPOKCUMAITHH, TIOTyJaeM
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B(f,,1) =M, (2.13)
On (f,0)
rue

B(f,5,%) = [[b(t,, %, %) exp(-j2n( ft, - $%,))dt,dx,. (2.14)

B cniekTpanbHoii o6mactu anroputm [IBOC MoXHO 3anucath Kak

00 00

Q@) = [ [U(F.5)B(f.5,7)dfdg, (2.15)

—00 —00
rae U(f ,(T)) — YACMOMHO-60IHOB0U CHEeKMp NPUHUMAEMbIX Kojeba-
HuUl

U(f,)= j j u(t, X)exp(—j2n( ft —ex))dtdx.  (2.16)

Kak Bugno, B manHom ciyuae [IBOC coctouT u3 AByX 3TaroB
(puc. 2.4): Bbiuncnenus yacrorHo-gosHoBoro crnekrpa U (T,¢) u un-
TErPUPOBAHKS HTOTO CIIEKTPA 10 YACTOTE M MPOCTPAHCTBEHHBIM YaCTO-

*

tam ¢ Becom B(f,®,L), onpenensempiM 4acToTHO-BONHOBBIMU CIIEK-

pamn currana S(f,$,A) 1 nomexn o, (f,¢).

expl-j2n( fi - x)] (X3
X3 P
) Ry

i

Puc. 2.4. Anroputm ontiumansHON [IBOC B 4acTOTHO-BOTHOBOW 00JaCTH IS
MOJIBUKHOW aHTEHHBI U KOT€PEHTHOI'O CUTHAJIA B CIIy4ae IOMEXH,
c1ab0KOPPENUPOBAHHON 10 BPEMEHU U IIPOCTPAHCTBY
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3amerum, uto B ainroput™e (2.15) 0cOOEHHOCTH IBHIKEHHS aHTCH-
Hbl B IPOCTPAHCTBE YYUTHIBAIOTCA TPU BBIYMCICHUHM YaCTOTHO-

sonuosbix crektpos U (T,¢) u S(f,0,A).
Jlns aHTEHH JKECTKOH KOHCTPYKIMHM YacTOTHO-BOJHOBOM CIIEKTp

U (f,®) moxeT GbITh BBIUMCIIEH CHEAYIONMM 0OPa3OM:

U(f.¢)= IUO (t, A()9) exp(-j2n(ft - 6%, (1))dt, (2.17)

rae Uo (t,®) — BoMHOBOI CIEKTp IPMHUMaEMbIX KOJeOaHMmii:
Uo(F, A)F) = [ uy(t, %) exp(i2nAt)§%,)d%, . (218)
Xo

W3 Beipaxkenwmii (2.17) — (2.18) BuaHO, YTO B 3TOM CIIy4ae 4acToT-
HO-BOJTHOBOH CIEKTP NPHHAMAEMBIX KOJIeOAaHUH MOXET OBITh MOIydYEeH
MyTEM BBIYHUCIECHUS JUI KaXIOT0O MOMEHTa BPEMEHH BOJHOBOTO CIIEK-

tpa U, (t,§), MrHOpUpYS ABIHKEHHE aHTCHHBI, IOCIEAYIOLIETO yUCTa
MIOBOPOTA AHTEHHBI TIyTEM TepecyeTa Uo(t, ¢) B Uo(t, A(t)®) , xom-
neHcalyu nepeMelenns uentpa antenns ymuoxennem U (t, A(t)®)
Ha BecoBoil muoxutens eXP(j2meX, (t)) u sarem Boramcnenns Bpe-
MEHHOTO CIIEKTPA.

Ecmu noMexa — nexoppenuposantas, o B(f,$,A) ¢ Tounoctsio

JI0 KOHCTaHThI paBHA S(f ,(T),?»), n anmroput™ [IBOC omnuckiBaeTcs
CJIEYIOLIUM BBIPAKECHHUEM:

QM) = [ [U(F.)S(f.5.0)dfdp. (2.19)

®opmyist (2.15) — (2.19) npencraBnsitor 00pabOTKy B CHEKTpalb-
HOW obOmacTH. Bo BpeMeHHO# o0nacTu OHa ompenenseTcs (popMmysIon

(2.5), roe b(t, X, 7»5) HAXOUTCS M3 BBIPAKEHHUS

b(t, %, %) = | jwexp(jzn(ﬁ—az))dfda (2.20)
o= O (f,0)
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Paccmorpum BTOpO# croco6 ontumusaru [IBOC B ClOXHBIX -
HaMHUYECKUX YCIIOBUSX.

2.1.4. OnTuMu3anus NPoCcTPAHCTBEHHO-BPEeMEHHO 00padoTKu
KOIrepeHTHOr0 CMIHAaJIa (BapUaHT 2)
ITycte moMexa craumMoHapHas U Cl1abOKOppeNInpoBaHHAs MO MPO-
CTPaHCTBY U BPEMEHH.
[IpocTpaHCTBEeHHO-BpEMEHHYIO 001acTh HaOdrojeHus OyaeM WH-

tepripetuposath kak obaacts (T (X), X) . Ins cranmonapHoi nomexu

ypaBHenue (2.6) nmeeT BHI
[ ] Kty =t %, %)b(t, %, R)dt,dX, = $(t, %, ).
X T (%)
YMHOKHM 00e yactu 1oro ypasHenns Ha €XP(—j2nft)) u mpo-

unterpupyem no t, na unrepsane T (X)) :

,[ J. I Ky (tZ_t17211i2)b(t21XZ,X)eXp(—jZEﬂl)dtl X

XT(%) [ T(%)
xdt,dx, = S(f,X,, ),
rne S(f,X%,\) — cnexmp cuenana:
S(f,%,0) = [ s(t,%.N)exp(-j2nft)dt,.  (221)
T(%)

3amenus nepemennyto t, va T=1, —t , momyunm

[ ]| ] K@% %)exp(j2nt)de |x
XT(%) [ T'(%)
xb(t,, X,, 1) exp(—j2nft,)dt,dx, = S(f, %, ),
rue T'()_('l) — UHTEPBAJl U3BMEHEHHUS IEPEMEHHON T .

[IpuHrMas BO BHHMMaHHE ClIa0yl0 KOPPESALHI0O MOMEXH IO Mpo-
CTPAHCTBY ¥ BPEMEHHM, IPUOTMKEHHO
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[Gn(f %, %)B(F %, )ik, =S(F,%.0),  (@222)

X
rne G (f,X,,X,) — B3anmHas crekTpaibHas IIOTHOCTH MOUIHOCTH

IIOMEXH:

G, (f,%,%,) = j K, (1, %, %,) exp(—j2nfr)dr,

B(f,%,,A)= j b(t,, X,, X)exp(—j2nft)dt,.  (2.23)
T(X;)

Vpasuenue (2.22) 1o Buay COBNAJACT C YpaBHEHUEM JJIs HEMOJ-
BIWKHOW aHTCHHBI MPH CTAIIMOHAPHOHN CI1a00KOPPEIMPOBAHHON TIOMEXE.
3TO 00CTOATENBCTBO MO3BOJISIET MCIIONB30BATH METOABI PELICHUS ypaB-
HCHUS, U3BECTHBLIC JIsI HEIIOABUKHBIX aHTCHH, IJI HaAXOXACHUSA CTPYK-
typsl [IBOC B ITMHAMUYECKUX YCIOBHSX.

Auroput™ 00pabOTKH CUTHAJIA B CIIEKTPaJIbHON 00JIaCTH, COOTBET-

creytomuit crpykrype B(f, X, X) , IMEET CIIEyIONIHil BUI,

QM) = [ [U(f,%)B(f,%,A)dfdx, (2.24)
o X

rae U (f,X) = cnexmp npunumaensix xonebanui:

U(f.%)= [ u(t,%)exp(-jenft)dt (2.25)
T(X)

Ortotr anroputMm BiIouyaeT (puc. 2.5) BBIYKCICHHE YACTOTHO-
BOJIHOBOTO CIIEKTpa IPHHUMAEMBbIX KOJIeOaHHl Ha HHTEPBalaX BPeMEHH
T(X), a 3aTem uHTErpUpOBaHKE BHIYMCIEHHOTO CHEKTPA MO YacTOTE U

k3
npoctpanctBy ¢ Becom B(f,X, ).
W3 Beipakennii (2.23) — (2.25) BHAHO, YTO OCOOEHHOCTH IEpEMe-
IICHUS AHTEHHBI B TIPOCTPAHCTBE B JAHHOM CIyYae YUHUTHIBAIOTCS TIPH

soruuciiennn cnektpa U (f, X) npunumaembix koneGanuii u Becosoit

GynKIMN é(f , Y,X) .
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exp(-j2mfr) . b(t,EX)

Iy U 9)L, o

u(t, )

R

Puc. 2.5. Anroputm ontumansroi [IBOC B 4acTOTHO# 061aCTH JIJIsI TOIBIKHOM
AQHTEHHbI U KOTEPEHTHOTO CUTHANIA B YCIOBUAX CTAllMOHAPHOM
¢1a00KOPPENUPOBAHHON TI0 BPEMEHH U IPOCTPAHCTBY OMEXHU

Ort anroputma (2.24) HeTpyaHO mepelTH K anroputmy (2.15), B ko-

TopoM cTpyKTypa obpadotkn B(f,$,A) momywaetcs m3 dymxumm

B(f,X,\) nyrem ee mpeobpasosanusi dypbe BAOIL NPOCTPAHCTBEH-
HBIX KOOP/IHHAT:

B(f,5.4) = [ B(f,%, 1) exp(j2nR)d.
X

Cremyer OTMETHTB, YTO PACCMOTPEHHBIH CHOCOO ONTHMH3ALNH
MOJKET OBITH HCIIONB30BaH HE TOJIBKO B Ciydae, KOrza IomMexa ciabo-
KOpPEINPOBaHHAs 110 POCTPAHCTBY, HO U KOT'Zla OHA CHJIBHO KOPpEiH-
pOBaHHas1, OJIHAKO NepeMeIleHNs] aHTeHHBI Majbl. [loBTOpSs paccyxie-
HHSI, KOTOPBIE [IPUBEH K YpaBHEHHIO (2.22), MOKHO I0Ka3aTh, 4TO, €C-

mu narepsan 1'(X) mpakTuueckn He 3aBHCHT OT X;, TO ypaBHEHHeE

(2.22) MOHO MCTIONB30BATH IS HAXOXKAEHHS (QYHKIIUN B( f,X,A) us

cllydae IOMEXH, CHIIBHO KOPPETUPOBAHHOMH 110 IPOCTPAHCTRY.
[lepeitnem K pacCMOTPEHUIO €IIe OJHOTO CIOCO0a ONTUMH3ALUH
IMBOC nipu paboTe B CIOXKHBIX JUHAMHYECKUX YCIOBHSIX.

2.1.5. OnTuMu3anus NpocTPAHCTBEHHO-BPEeMEHHOI 00padoTKn
KOrepeHTHOr0 CUrHaJIa (BapuaHT 3)

[ycrs T, — uHTEpBaI BpeMeHH, 3a KOTOPBIIl AHTCHHA HE yCIIeBaeT
CYIIIECTBEHHO MEPEMECTUTHCS B MIPOCTPAHCTBE, M TIOATOMY Ha 3TOM HH-

TepBajle e¢ MOKHO CUMTaTh HemojBikHOW. Torza Ha mHTepBame |,
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KOPPENAIMOHHAs (DYHKIMS TTOMEXH Ha BBIXOJaX NMPUEMHHUKOB aHTCHHBI
MMEET CIIETYIOINNA BUI

Ky (b, % (6), % (1) = Ky (4,1, X (5), %, (1)),

rae T, — cpennss Touka pacemarpusaemoro untepsana T, .

Pazo6bem untepsan | Ha M cexumit, nmurensrocts T, kaxaoi
U3 KOTOpbIX MeHee 1, (puc. 2.6). ByaeM mosnarars, 4T0 OTCYETHI ITOMe-
XM U3 Pa3HBIX MHTEPBAIOB |, HekoppenupoBaHHble. [Ipu oTux mpes-
HONOKEHUAX 006macTs () NMPUOMMKEHHO MOXKET OBITH IPEACTABIECHA B
Buge  mHokectBa  obmacreit (T, X (1) = (T ,X(T)=Q,
(m=1,M).

X
X
5 A
X, 2 " ™
i M
L>
0 T, Tt

A

Puc. 2.6. Paz6uenne untepsana Habmronenns | Ha M cexumit T n

MpeaACTaBJIICHUC obnacTu Ha6J'IIO,Z[eHI/I${ Q B BHJIC MHOXKXECTBA

obmacreit Q (M=1M)

Toraa unTerpanbHoe ypaBHenue (2.6), ompeaensioliee CTPYKTYpy
orntumanpHO [IBOC B ycnmoBHsSX ABMKEHUS AaHTCHHBI, MOXET OBITH

3ameneno Ha M Gostee IPOCTHIX MHTErPaTbHBIX yPABHEHUH, THTTHIHBIX
JUIS HENOJBYD)KHOM aHTEHHBI!
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” KN (tl't21 )?1’ 22) bm (tzv szx)dtzdiz =
Qn (2.26)

=$,(t, %, 1), m=1M,
rae bm (tz, 5(2 ) X) — (YHKIHSI, OTIPEEISIONasi CTPYKTYPY ONTHMAIbHON

[IBOC na nurepsane T, S, (L, X, 7:) — CUrHAJI Ha MHTepBae |, .

Anroputm [IBOC B 3TOM cilyuae BBIIIAUT KaK

. — M * —
QW =) j j u(t, X)b. (t, X, A)dtdx . (2.27)
m=1T, X (%)
TIe fm — CpeIHsA TOYKA CEKIINU Tm .

U3 Beipakenus (2.27) BUOHO, YTO B JaHHOM ciydae o0OpaboTka
curHaia i moaBrykHOM aHTeHHBI cBoauTces K [IBOC Ha oTmennHBIX

MallbIX BpeMeHHbIX uHTepBanax (cexmmsx) 1, (M=1,M) u nocne-

IyIOIIEeM KOTEepEeHTHOM OOBEIMHEHHUH MOJYyICHHBIX pe3yiapTaToB. Obpa-
6OTKa Ha KaXIOM BPEMCHHOM HHTEpBAle |, YYHTBIBACT KOPPEIUPO-

BaHHBIM XapakTep MOMEXH, HO MPU 3TOM (PaKT ABMKCHUS aHTCHHBI WI-
Hopupyetcs. KorepeHTHOe ke 00beJUHEHNE PE3yIbTaTOB CEKIIMOHUPO-
BaHHOH 00pabOTKU OCYIIECTBISETCS C YUIETOM H3MEHEHHSI MECTOIOJO-
XKEeHHsI, JOPMBI U OPUEHTALIMU aHTEHHBI, HO MPH 3TOM MPEINOoIaraeTcs,
YTO OHM COZAEPIKAT y’Ke HEKOPPEINPOBAHHYIO TIOMEXY.

Taxkoii criocod 006pabOTKM cUrHajia MO3BOJIAET PELIUTh 3a1ady Ofl-
TUMU3AIUN B CIOXHBIX JTUHAMHYECKHX YCIOBHSIX IPH CHIBHOH MpO-
CTPAHCTBCHHOU KOpPPEJLIIUU MOMEXH. B 3TOM OCHOBHOE €ro IOCTOWH-
CTBO U CYIIECTBEHHOE OTJIMYHE OT CIIOCOOOB, ONMCAHHBIX BBIIIE.

Ecnu momexa cranuoHapHas U €€ BPEMEHHOM MHTEpBal KOppens-

uuu menbine untepsana 1, (M=1,M), 1o ypasuenus (2.26) moryr
OBITh TIPEJCTABJICHBI B BUIE
[ Gn(f.%,%,)B,(f,%,N)d%, =
X (%) (2.28)

=S, (f,%,L), m=1M,
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rac

B (f,%,A)= j b, (t,, %,, A)exp(—j2xft,)dt,,  (2.29)

Tm

Sm (f, X, 7:) — crekTp M -if ceKIMu CUrHaa:
Sp(f.%,2) = [ S, (t, %, ) exp(-jenft)dy.  (230)
Tm

C yueroM 31X cooTHOoIeHuH anroputM [IBOC moxeTt ObITh Tipe-
CTaBJICH B CIIEKTPAILHOW 00JIACTH KaK

Q(X):i? [ U, (F.00B, (% 0)dfdx,  (231)

M=l X (f)
rue Um(f,i) — CHEKTp KoyieOaHWH, MPHHUMAeMbIX Ha HHTEpBaje
BpeMenu T, :
U, (f,%)= j u(t, X) exp(—j2nft)dt . (2.32)
T,

Hpyroit criektpaneHsiii anroputM [1BOC, BeITekaromuii u3 ¢op-
My (2.31) — (2.32), MmokeT OBbITh 3amKCaH CICAYIOIUM 00pa3oM:

QM=) [ [Un(1.5)B,(f.5.0dfd5, (239

m=1_o o0
rne U, (f,0) - gactorHo-BONHOBON criekTp KoneGaHuii, NpUHUMae-

MBIX Ha HHTEpPBAJIC BPEMEHH |

Un(f.8)=[ [ Ut X)exp(-j2n(ft—gx))dtdx. (234)
T X (T0)

Crnemyer OTMETUTh, YTO BTOPOH M TPETHiA CIIOCOOBI ONTUMH3AINH
[1BOC, B mpuHLMIIE, MOXXHO HCIOJIB30BAaTh COBMECTHO, IIPHHHUMAsI BO
BHUMaHHE OCOOCHHOCTH ABM)KCHHS aHTCHHBI HE TOJBKO HA BTOPOM, HO
¥ Ha IepBoM aTane obpaboTtku. L{enecooOpa3HOCTs MPUMEHEHHUS TAKOTO
IpHeMa Ha IPAaKTHKE HE BCErAa ONpaBlaHa, T.K. 33jada ONTHMH3ALUH
CYILECTBEHHO YCJIOXKHSETCS, & BBIUIPHILI OT O0oJee KOPPEKTHOTO ydera
JBVDKCHHUS aHTCHHBI, KaK PAaBHJIO, OKA3bIBACTCS HE3HAYUTEIILHBIM.
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2.2. IIpocTpaHCTBEHHO-BpPeMeHHAas1 00padoTKa
CTOXAaCTHYECKUX CUTHAJIOB

2.2.1. Oouue 3aBUCHMOCTH
PaccmoTpuM 3agady cMHTE3a ONTHUMAIbHOTO MO KPUTEPUIO MAKCH-
MyMa OTHOIIIEHUs mpaBaonoaoous anroputMma [IBOC mist ctoxactude-
CKOTO CHUTHAJIa B YCJIOBUSIX CIIO)KHOTO JBYDKEHHS aHTCHHBI B TIPOCTPaH-
cTBe. bylleM cuMTaTh, YTO CUTHAI M TIOMEXa rayCCOBCKOTO THITA HMEIOT
HyJIEBOE MaTeMaTUYeCKOE OXHJAHHE W XapaKTePHU3YIOTCS KOPPEISIIH-

OHHBIMH (DYHKIUAMU Ks(tl,tz,)?l,)?z,X) u Ky (t,t,,X,X,) coor-

BETCTBEHHO. Torma omuowenue npag0onodobusi UMEET CIeAyOmuil
BUI!

L[u(t,i)/X]:kexp{—%””u(t (X)X
X[ON(t1’t2’)?1’iz)_eNs(H’tzy)?i’Xz:X)]X (2.35)
xu(t,, %,)dt,dx,dt,dx, }

rae 0 (4,6, %X,%,) u 0, (L, 1, X, X, X) — pelleHUs] UHTErPaIbHBIX
ypaBHEHUH
[ Kty % %,)0, (8., %, %, )dit, 0%, =
a (2.36)
=08(t, — 15, X, — X3),
”[KN (8, X, %) + Ko (t, 1, X, szx)]x
a (2.37)
xOps (8, b5, X,, Xg, M)At X, = 3(t, —t, X, — X5).
W3 Beipakenuit (2.35) — (2.37) ciemyer alropuTM ONTHMAIbHOM
IMBOC:
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QM) = [ [Jutt. %)H(E 1, %, %, %) x
xu(t,, X, )dt,dx,dt,dx,,

(2.38)

rae
H(tlvtz ) 21' )_(.2’}”) :eN (t1’t21X1’ )?2)_
_eNS (H,tza%izﬂ)-

Beipaxxenus (2.35) — (2.38) mo KOHCTPYKIIUH COBIAAIOT C M3BECT-
HBIMH BBIP2KECHHUSMH ISl HEMOABMKHON aHTEHHBI, OTHAKO OTIHYAIOTCS
[pejielaMd MHTETPUPOBaHUst. J[Jisi HEMOABMIKHON aHTEHHBI HHTETPHPO-

(2.39)

Banue mposoautcs no obnactu Q= (T, X), a ana nogsuxkHoit — Mo

obnactu Q= (T, X (t)). B o6oux ciyuasx onepaTopHoe IpesicTaBie-
HYE BBRIPOKEHUH OMHAKOBO!

Q(X) =(U,HU), (2.40)
H=K - (K, +K)™. (2.41)
[Ipu c1abom curHaie, Korjaa
(Ky + Ks)_l ~ Kﬁl - Kﬁle Kﬁl’
UMeeM
H=K/KK (2.42)
WM B Pa3BEPHYTOM BHIIC
H(t,t,, X, lex) = JIIIQN (4, X, %) %
Q 0 (2.43)
K (Lt X5, X4, A)O,, (b, 1, X, , X, )dt,dX.dt, X,
B mpocreiiem ciydae, Korja moiie MOMEXH HEKOPPEIUPOBaHHOE,

dynxuus 0 (tl,tz, X, )?2) npezcrasisier coboit O -pynkuuio. Torma ¢

TOYHOCTBIO 110 mocTostuHoro Muoxkutens ¢ynkums H(t,t,, X, X,, 1)

pasHa koppemsiunonnoil Gpynkuun curnana K (t,t,, X, X,,A) u amro-
put™ ontumanbHoi [IBOC MokeT ObITH 3amucaH Kak
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Q) = [] [ Ut %K (bt R, %y 2) x
xU(t,, X, )dt,dxdt,dx, .

Ecnu curnan — CTaHHOHapHLIﬁ MJIOCKOBOJHOBOM IMpoLecc, OMUChI-

(2.44)

BaeMblil criekTpaibHOl miotHocThi0 MommocTH (g () m BekTOpoM
HanpasJieHus npuxoza M, To ero KoppensuuoHHas GpyHKIUs
Ks(t, —t, X, — X, i,) = f)exp(—j2naf (t, —1,))x
(-t %%, 0) = [ gs(DexnCiant @ —t)x ) o
xexp(j2=fi, (X, — X,))df .

Torma anroputm ontumanbHoi [IBOC MoxeT OBbITh 3amucaH B BU-
JIe CTICTYIOIIEr0 BhIPAKCHUS:

_ ° . 2
Q@) = [ gs(H[U(f, fii)| df , (2.46)
rae U(f, fﬁs) — YaCTOTHO-BOJHOBOW CIIEKTp, BBIUHMCICHHBIA IIO
ob6nactu €.

W3 Beipakenus (2.46) criemyer, 4TO NMpU HEKOPPEITHUPOBAHHOM TMO-
MeXe M CTAIl[MOHAPHOM ILIOCKOBONHOBOM curHaie [IBOC cocrout B

BBIYMCIICHMH ~YacTOTHO-BONHOBoro cmekrtpa B Ttoukax (T, ffi,)
(f =var), a 3areM HeKOrepeHTHOM HAKOIUIEHMH Pe3yJIbTaTOB MO Yac-

Tote ¢ BecoM (). B aTom ciyuae Bce 0COGEHHOCTH ABHKEHNS aH-

TEHHBI YYUTBIBAKOTCS Ha STalle BHIYMCIEHHs YaCTOTHO-BOIHOBOTO CIIEK-
mpa U (f, fii,).

Kak BugHO, 00paboTKa CTOXaCTHUECKOTO CHUTHAa IIPH HEKOppeIu-
POBaHHOI1 TOMeXe OKa3bIBACTCS OTHOCUTEIBHO MPOCTOH.

B cimydyae xoppenmupoBaHHOH MOMEXH 3aJaya CYIIECTBEHHO YCIIOXK-
HsieTca. [Ipu cHHTE3e ONTHUMAaIbHOTO alropuT™Ma oOpabOTKH TiIaBHas

TpyaHocTh coctout B Haxoxkaennu dynkumn H(t,t,, X, X,, ), onpe-

TSSO CTPYKTYPY 00pabOTKH.
Paccmorpum aBa cmocoba onpedeneHuss 3TOH (QYHKUUH IpH
Pa3IMYHBIX IOMYIICHUSX O CBOHCTBaX MOMEXH M XapakTepe JBHKCHHS
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AHTEHHBI B MPOCTPAHCTBE. 3aMETUM, YTO OHH MOJOOHBI CHOCODAM,
OIMCAaHHBIM B mojpasaenax 2.1.4 u 2.1.5.

2.2.2. OnTuMu3andsi TPOCTPAHCTBEHHO-BPEMEHHOM 00padoTKu
CTOXaCTHYECKOro cCUrHaia (BapuaHT 1)
[TycTe moMexa cranMoHapHas W CabOKOppeIHpoBaHHas MO HPO-
CTpPaHCTBY H BpeMeHHu. Torma u3 BbipakeHus (2.36) MOMKHO MOIYYUTH
CIICIYIOIIEE BBIPAKCHUE!

[Gu(F. % %)B (F,%,,%)d%, =8(%, ~ %), (247)
X

rne Gy (f,X,,X,) — B3aumHas crekTpaibHas IUIOTHOCTH MOLIHOCTH

nomexu, By (f,%,X,) — cnexrp dynxuan 0, (1,%,,%,):
By (f.%, %)= [ 0,(1,%, %) exp(-j2nfrydr.  (2.48)

Eciu curHan crannoHapHEBIH, TO, coriacHo Beipaxkenuio (1.25), ero
KOPpEIAIMOHHAs (DYHKIHS MOXET OBITh MPEJCTaBJIICHA B CIIEAYIOIIEM

BHJIE C TIOMOIIBIO pyHKIMK ['prHa Gs (f,X, 7:) :

Kot —t, %, %) = [ 95 (F)G.(F, %, 1)
s 334>Lgs() (FBDx o

xG, (f,X,, ) exp[j2nf (t, —t,)]df .
Ipu sToM BeIpakeHune (2.43) MoXkeT ObITh 3aIIMCAaHO B BUJIE

H(t, _tl’)_(l’XZlX) :“_U T Oy (t; =1, %, X;) x

Q Q -0
%G (F) G, (F,%,, 1)G, (F,%, 1)0 (4, —t,, %, %)% (250)
xexp[j2nf (t, —t,)]dt,dx,dt,dx,df

VYuuteiBas cnabyro Koppensuuio rnomexu, Boipaxenue (2.50) mo-
KeT OBITH 3alMCaHO B BUJIE
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H(t, ~t, %, %, 4) = [ B(F,%,%,,8)x

xexplj2xf (t, ~t,)]df,

(2.51)

rae B(f,)?l,XZ,X) — OGyHKUMA, oNpeneNsIomas B CHEKTPaJbHOI
obnactu ctpyktypy [IBOC:

B(f,%, %, %) =g (F)D(f, %, )D(f,%,0), (252

D(f,)?z,K) — (ynkus, ompenensomas B CHEKTPATbHOW 001acTH
CTPYKTYpPY IPOCTPAaHCTBEHHON 4acTH 0OpabOTKU:

D(f, %, %) = [ By(F.%,,%)G,(f, %, ))d%,. (259
X

OtH BBIpAXCHUSA MOT'YT OBITh KCIOJIb30BAHEI AJI ONMpECACIICHUSA

dynxmm D(f, )?,7:) v uBbIM TyTeM. [lepenncas Beipaxenue (2.47) B
BULIE

[Gu (%, %) By (F,%,, %)d%, =8(% ~%),  (254)
X

YMHOKUM 00e 4vacth Beipaxenus (2.54) na dynkuuo I'puna
GS( f,X;,A) n npounterpupyem no X,. C yuerom pasencrsa (2.53)

HETPYIHO MMOJYYHUTh YpaBHEHHE
[Gy (%, %)D(f. %, D)%, =G,(f.%.0),  (255)
X

AHAJIOTMYHOE YpaBHEHHIO (2.22) /1yIsi KOTEPEHTHOTO CUTHANA.
OTMeTHM, 4TO CTPYKTypa 00pabOTKH, OMKCHIBAEMAsl BHIPAKECHHSIMH

—

(2.51) — (2.53), onpenensercss MPOCTPAHCTBEHHOM 00MacThio X M He
3aBUCUT OT BpeMeHHo# o6nactu T (X). Benenctue 3toro dyHKIuH,

ONpEIENSIONINE Il AaHTEHHBI, IBUKYyIIEics B o0nactu X , CTPYKTYypy
TIBOC, Ttakue e, Kak ¥ [UI HEIOJABW)KHOW aHTEHHBI, 3aHUMAIOIIEH

o6macte X .

69



I'JTIABA 2. OIITUMAJIBHA S ITIPOCTPAHCTBEHHO-BPEMEHHA S
OBPABOTKA B CJIOXKHBIX JMHAMMWYECKHX YCJIOBUAX

B cnektpanbHoit o6nactu anroputM [IBOC MoxeT ObITh HalcH
u3 Beipaxenus (2.38) ¢ yderom coorHomenuit (2.25) u (2.51) B cre-
JIyIOIIEM BHJIE:

QM) = ]0 ”U(f,xl)s(f,xl,xz,X)G(f,xz)dxldxzdf,(2.56)
-0 X X

rae U (f,X) — cnexrp npunumaembix koneGanmuii.

IMoxcraBus Beipaxenue (2.52) B cootHorieHue (2.56), momyunm
anroput™ IIBOC B cnenyromem Buze:

QM) = [ g4(f) df . (@57)

[U(F.%)D(f. % K)dx

Hepexozm K 9aCTOTHO-BOJIHOBOMY IIPCIACTABJICHUIO, MOXHO 3aIiu-

catb anroput™ [IBOC B npyroit popme:
2

Q) = [ g5(1) T

JU(f.8)D(f,6,2)d¢

rae
D(f,6.7) = [ [ By(F,%,,0)G, (. %, %) exp(~ j2nX)dR,K
X X

AuroputMm o6pabotku (2.57) npeaycmarpusaer (puc. 2.7) BbIUKC-
nenue criektpa konebanuii B obnactu T (X), unterpuposanue ero mo

.
npoctpanctBy ¢ Becom D(f,X,A), Bbumcnenne xpanpara moayns u
3aTeM HHTETrpUPOBAHHE TONYYEHHOTO Pe3ybTaTa MO YacTOTE C BECOM
0 (1),

Auroput™ (2.58) npennonaraer (puc. 2.8) BbIYHCIICHHE YaCTOTHO-
BOJIHOBOTO CreKTpa B obsacti (), HHTErpUpOBaHUE €ro MO IPOCTPaH-

;
ctBeHHbIM wacTotam ¢ Becom D(f,®,A), Beruncnenue kaapara mo-

AYyJsl U UHTETPUPOBAHUEC MOJYYCHHOI'O pE3yJjibTaTa MO YaCTOTC C BECOM
gs(f).
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exp(-j2nf) D(f,%7)

®u(,3)

2()

——

><:(>T(L)¢>x:'>[:(>\\2¢>

Puc. 2.7. Anroput™ onrtumanbroi [IBOC B wacToTHO# 00macTH st
CTOXAaCTHYECKOTO CUTHAJIA B YCIOBUIX CIOXHOTO JBHKCHHUS aHTCHHBI B
MPOCTPAHCTBE U CTAIIMOHAPHON CIA00KOPPETHUPOBAHHOM MOMEXH

expl-j2n( i - $%)] D(f,$,8)

S u(t, %) 7
x BT« B IRk [

XT (%) ®

——,

Puc. 2.8. Anroputm ontumansHoit [IBOC B 4acTOTHO-BOJHOBOM 00J1acTH 11st
CTOXACTHYECKOTO CUTHAJa B YCIOBUSIX CJI0XKHOTO JABH)KEHUS] aHTCHHBI
B IIPOCTPAHCTBE U CTALIMOHAPHOMH C1a00KOPPENTUPOBAHHON MOMEXH

[Ipn HEKOppenMPOBaHHON MO MPOCTPAHCTBY OMEXE

D(f,3,%) = 93 (F)[ G,(f, %y, &) exp(—j2n%,)dlX, , (2.59)
X

rae gy (f) - cnexrpansnas mnorHoCTS MOWIHOCTH TTOMEXH.

B ciyyae, xoraa curHai npecTaBliseT cOO0H MIIOCKYIO BOJHY,

D(f,.f,) ~ g3()8( - fri,) (2.60)

IMoacranoBka 3TOr0 cooTHOuIeHus B Gopmyny (2.58) maer cie-
JYIOIIUI anropuT™M 0OpaboTKH:

P8 e e
= [ 2220t f
Q)= [ =i m)

Kak Buano u3 BeipaxeHus (2.61), B 3TOM mpocreiiieM ciydae
IMBOC (puc. 2.9) cBOAUTCS K BBIYKCICHHIO YaCTOTHO-BOJIHOBOTO CITICK-
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Tpa B obnactu € jans Beex wactoT f M MPOCTPaHCTBEHHBIX YACTOT

¢=fn,,

BBIYMCJICHUIO KBaJApaTa MOAYJ CIEKTpa WU HUHTCTPHUPOBAHUIO

gs(f)
pe3yiibTaTa o 4aCToTC C BECOM 27 .
gy (f)
exp[-j257 (¢ - 71, ¥)] g.(Nlgx(f)
X3 u(t,)?) @ J_I - '[ Q(;l‘\)
XI::>>2T(1)::>H::>X::>T4'

Puc. 2.9. Anroputm ontumansHoit [IBOC B yacTOTHO-BOIHOBOH 00nacTy 1yist
CTOXaCTHYECKOr0 CUTHaJIa B BUJIE TJIOCKOH BOJIHBI B YCIIOBUSIX CJIOJKHOTO JIBUYKSHHS
AQHTECHHBI B IPOCTPAHCTBE M IIOMEXH, CTAIIMOHAPHOW BO BpEMEHH U
HEKOPPEeINPOBAHHOMN 110 IPOCTPAHCTBY

Crnemyer OTMETHTh, YTO PACCMOTPEHHBIM CIOCOO ONTUMH3AIUH
MOJKET OBITh UCIIOJIE30BaH HE TOJBKO MpPU CIaO00KOPPETHMPOBAHHON 1O
MIPOCTPAHCTBY MOMEXE, HO M TOTJA, KOTJIa OHAa CHJIBHO KOPPEITHUpPOBaH-
Hasl, OTHAKO MEePEMEIICHU aHTCHHBI Malbl. B 3TOM cinyvae Habmonaer-
Cs TIOJIHAS aHAJIOTHS CO BTOpPHIM criocobom ontumusaiuu [IBOC s
KOT€PEHTHOT'0 CUTHAJa, ONIMCAaHHOTO B mojapaszene 2.1.4.

2.2.3. OnTuMu3anus NPpocTPAHCTBEHHO-BPEeMEHHOi 00padoTKu
CTOXACTHYECKOro CUrHaJia (BapuaHT 2)

[TycTh BBIMONHSIOTCS BCE MPEANONIOKeHUs mojapasaena 2.1.5, T.e.
WHTEpBaN HaOmoxenus | mpeactasum M ceKuusaMu, IIMTENBHOCTS
T,, xaxmnoii u3 xoropsix MeHee 1, (rae T, — Bpems, B TeueHHE KOTO-
POro TOJIOKEHHE aHTEHHBI MPAKTHYSCKH HE MEHSETCS), U [PU ITOM OT-
CUCTHI TIOMEXH M3 PasHBIX MHTEPBAIOB CEKUMIl |, OKAa3bIBAIOTCS He-
KOpPETHPOBAaHHEIMU. [IONONHUTENRHO OyAeM mojaraTb, YTO CHUTHAN H
ImoMexa — HOJIs, CTAlMOHAPHBIC U CIIa00KOppEeNrpoOBaHHBIC HA HHTEPBa-
e BpeMeHd T .
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Torga MOXHO anmpoOKCMMHMPOBaTh 001acTh HabmoaeHus € MHO-

xecteom obmacreii (T, X (1)~ (T, X (T )=Q, (M=L,M) u
3aMEHUTh UHTErpalibHOe ypaBHeHue (2.36), ompeaensioliee CTPYKTypy
ontuMmanbHoil [IBOC B ycioBHsSX IBUKEHHUS aHTEHHBI, HA M Gonee

MOPOCTBIX MHTCTPAJIbHBIX ypaBHeHI/II‘/JI, TUIMMYHBIX IS HEOABHKHOM aH-
TEHHBI:

[ Kt %, %,)0, (t, 1, %y, %, )dlt,dR, =
Qp (2.62)
=8(t, —t5, X, —X;), (m =L_M)

Pewienus 9TuX ypaBHeHuit st Momentos Bpemenn ty,t, € T no-
3BOJIIOT HATH CTPYKTYPy 00pabOTKH B CIIEIYIOIIEM BHIE!

H,_ (t,—t, 1,X2,7»)—IB (F, %%, 1) % (2.63)

xexp[j2=f (t, -t )]df,

rme Bm(f , X, X,,A) — dyHKUMSs, Ompenensiomas B CeKTPaILHON 06-

JIACTH CTPYKTYPY 00pabOTKH Ha M -M WHTEpBae:
B, (f,%,%,,7) = g5 (1) D, (F, %, 1), (1,%,7), (264)

Dm(f,)?z,X) — (yHKIMS, ONpeAenstonas MPOCTPAHCTBEHHYIO YacTh
CIPYKTYpPBI 06pa60TKH Ha M -M uHTEpBAJIE:
D (f,% j By, (f,%,,%,)G,(f,%,, \)d%,, (2.65)
X (&)

BNm (f,X,,X;) — peurenyne HATErPaNBLHOrO YPaBHEHHUS

[ Gu(f.%.%,)By (F.%,, %)d%, =3(X, —%).  (266)
X (T)
MosxHo nokasats, uto ¢pynxuns D (), )?Z,X) ABJIAETCS PElICHH-

€M ypaBHEHHS, aHAJIOTHYHOTO BhIpaskeHuto (2.55):
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I'JTIABA 2. OIITUMAJIBHA S ITIPOCTPAHCTBEHHO-BPEMEHHA S
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[ Gu(f.%.%)D,(f, %, 1)dxX, =G,(f,%,). (267)
X (&)
B o06mem Buae anroputmsl cekinonuposantoii [IBOC moryT ObITh
3aMuCcaHbl CICAYIONMM 00pa3oM:

—_ M —
Q) = [[ [ ult, R)H, (t, ~t, %, %, 1) x
= (2.68)
xu(t,, X, )dt,dx, dt,dx,,
— M2 . . —
QM =2"[ | [ Unlf RB,(f,%,%,0)x
m=1 0 X (5,) X () (2.69)
<U_(f,%)dfd%d,,
rae U, (f,X) — cnexrp xoneGanmit U_ (t,X), npunnmaembix na un-
Tepane I, .

U3 popmyn (2.69) u (2.64) cneayior nse GOpPMBI CHEKTPATIBHOTO
anropuT™Ma 00paboTKH:
2

Q@%—I%(DEZ df | (2.70)

m=1

j (f,9)D, (f,%X)dx
()

X
2
. .71)

QM) = j%(ﬂ}]

m=1

ju (£.5)Do(f.5,1)dg| d

—00

rmae

D,(f.6.0= [ [ Bu(f.%%)G,(f,% i)x
% (5) X (5) (2.72)

x exp(—j2neX)dx,dX.

B caydae, korna nomexa HEKOppEITHPOBaHHAS TI0 TPOCTPAHCTBY,
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D, (1,60 =g (f) | G,(f,%,1)x
)Z(ﬁn) (273)
xexp(—j2meX,)dX,.

Torma mis curHana, MpecTaBIIIONIero co00i MIOCKYIO BOIHY, ajl-
roput™ 06paboTku (2.71) MOXKeT OBITh 3aMncaH B CAEIYIONIEM BHIE:
19 (F) &y N
Q(ns)=j%2‘um(f,fns) df . (2.74)
0 m=1

— N

Aunroputmber - (2.69) — (2.71), (2.74) HaMOMHHAIOT aITOPUTMBI
(2.56) — (2.58), (2.61), nomyuyeHHbIC ST MOABUKHON aHTEHHBI IIPH KC-
MOJIB30BaHUM MEPBOTO CIOCO0a ONTHMH3AIMK 00pabOTKH CTOXacTH4e-
ckoro curHana. HecMoTpst Ha BHEIIIHEe CXOJICTBO, OHU Pa3HBIE.

Pa3nuuHble ¥ BO3MOXKHOCTH IO ONTHMH3ALHKA 00PabOTKH B CIIOX-
HBIX IMHAMHYECKUX YCIOBUSX. B MaHHOM ciyuae mpu OBICTPBIX mepe-
MENICHUSAX aHTCHHBI B MIPOCTPAHCTBE ONTUMHU3UPOBATh 00pabOTKY OKa-
3bIBAETCSl BO3MOXKHBIM HE TOJIBKO B YCJIOBHAX CIIA0OKOPPEITUPOBAHHBIX
MOMeX, HO M TOrJa, KOrja IIOMEXH CHIIBHO KOPPEIHpOBaHBI IO IIPO-
CTPaHCTBY. B 3TOM COCTOMT OCHOBHOE JIOCTOMHCTBO paccMaTpHBAaEMOro
crocoba ¥ ero OTINYKe OT MEPBOro COCcO0a ONTHUMHU3ALUH ISl CTOXAC-
THYECKOTO CUTHAJIA.

KoHKpeTHbIE alrOpUTMBbl, WILTIOCTPHPYIOLIHE BO3MOXHOCTH OITH-
muzaiuu IIBOC B cIOXKHBIX JAMHAMHYECKUX YCJIOBUSAX NPU HAJIU4UU
CHJIBHOW IMPOCTPAHCTBEHHOW KOPPEJSILIMM MOMEXH, MPUBEJCHBI B Clie-
JYIOIEM TT0J[pa3iene.

IMpexze YeM NepexoauTh K OCBELICHHIO STHX BOMPOCOB, OTMETHM,
YTO PACCMOTPEHHBIC [[BA MOAXO/a ONTUMHU3AIUN 00pPAaOOTKH CTOXACTH-
YEeCKOro CUTHaJa, B IPHHIHIIE, MOTYT NPUMEHSThC coBMecTHO. Ho Tak
e, KaKk U B Clly4yae KOTepPEHTHOI'O CHTHala, BbI3bIBAET COMHEHHE Iielie-
co00pa3HOCTh TAKOTO Ilara, T.K. 337a4a CHJILHO YCJIOXKHSETCS, a BBIUI-
phil OT Gojiee TOYHOIrO y4era OCOOCHHOCTEH IBHMIKECHHS AaHTCHHBI B
HPOCTPAHCTBE, KaK IPABUIIO, OKa3bIBACTCS HE3HAYUTEIHHBIM.
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I'JTIABA 2. OIITUMAJIBHA S ITIPOCTPAHCTBEHHO-BPEMEHHA S
OBPABOTKA B CJIOXKHBIX JMHAMMWYECKHX YCJIOBUAX

2.3. IlpocTpaHCTBEeHHO-BpeMeHHasi 00padoTKa CUTHAJIOB
B YCJIOBHMSIX MHOTOKOMIIOHEHTHBIX NMOMeX

Metonsl ONTUMH3ALUK, MPUBEACHHBIE B mompaszfaenax 2.1 u 2.2,
MOTYT OBITh MCIIOJB30BAHbI JIJIsI CHHTE3a alTOpPUTMOB 00pabOTKH Kore-
PEHTHBIX U CTOXaCTHYECKHX CHTHAIOB B CIIOXKHBIX JUHAMHYECKHX M
MOMEXOBBIX YCIOBHSIX.

B macrosiem mompasnene OyaeM monaraTh, YTO MOMEXa HMEET
MHOTOKOMIIOHCHTHYIO CTPYKTYPY, & aHTCHHA CIIOXHBIM 00pa3oM mepe-
Memiaercs B npoctpanctse. CuHTesupyem BHauane aaroputMsl [IBOC
JUIL KOTEPEHTHBIX CHTHAJOB, a 3aTeM IepeiaeM K aiaropurMam obpa-
OOTKH CTOXaCTHYECKUX CUTHAJIOB.

2.3.1. KorepeHTHBIIi CHTHAJI, IOMeXa CO CTOXACTHYECKOM
JIOKAJIbHOI cOCTaBJISIOIIEi
[TycTs mOMexa COCTOWT M3 HEKOPPEIWPOBAHHOMW, paclpeneeHHON

M CTOXaCTHYECKOM JIOKAJILHOM COCTABJISIOMIMX, OIMCHLIBAEMEIX COOTBET-
crBerno Boipaxkenusmu (1.29), (1.30) u (1.33). Byaem cuurars, 4to BO
BPEMEHHOI 00JacTH momexa ciiabokoppenupoBanHas. Toraa, kak cie-
nyet u3 noapasaena 2.1.5, [IBOC mist KOrepeHTHOTO CHTHajla Orpee-
JISIETCS MHTErpalbHBIMK ypaBHeHusAME (2.28). PaccMoTpuM citydaid, Ko-
I/1a KOMIUIEKCHBIH crieKTp M - CEeKIUM 0XKHMIaeMOT0 CUTHAJA TpeJIicTa-
BHMM B BHJIE

S, (f,%x,)=S, (f,X)G,(f,%L,), (2.75)
rae Xs = (Xt ) sz) — BEKTOp MH(POPMATHBHBIX MaPAMETPOB, COCTOSIIHHA

U3 BPEMEHHOI A, ¥ mpoctpancTBenHoit Ay, uacreil; G (f,X,A,) —

¢ynknus ['puHa curaana.

VYdauThIBask YKa3aHHbBIC BBIIIE OCOOCHHOCTH MMOMEXU U CHUTHAJIA, BBI-
paxenue (2.28) MOKeT OBITh 3aIHCAHO KaK
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B YCJIOBHSIX MHOTOKOMITOHEHTHBIX ITOMEX

[ 103(% %)+ 8,(1)G, (%, %,) +
X (&)

+0,(F)G, (f,%, Ay ) Gi (f, %y, Ky )] X (2.76)
me(f 1 )_(.Z’XS)d)_(Z = Sm(f 1Xt)Gs(f 1 )_(1’7\'5)()1
rae g, u gy (f) — CHEKTPaJbHbIC IIIOTHOCTH MOILIHOCTH COOTBETCT-

BEHHO HEKOPPEIHPOBAHHON U PACIpPECIeHHON COCTABJISIONINX MOMe-

xu, Gy (f,X,X,) — mpocTpaHCTBeHHas 4acTh B3aMMHOW CHEKTpAIb-

HOM IUIOTHOCTH MowHOCTH pacnpenenenHoii nomexu, G, (f,X,A,) —

¢yukius ['prHa JI0KaIbHOM COCTABIISIONICH TOMEXH.
Pemrenvie ypaBuenus (2.76) uMeeT Clie Xy O BULI:

Bm(f1zz1xs): J. BOd(f,23,22)[S'm(f,7<3,is)—
X (@) (2.77)
B (F Koo S (F1 %, ) 0%,
rue BOd (f ) )?3, )72) — pEeLICHHE UHTETPAJIbHOIO YpaBHEHUSA
I Bod(f ) st )?2)[905(7(2 - )?1)+
X (G) (2.78)
+94 (F)Ga(f, X, %,)]dX, =8(%, - X;),

B (f, Ay, Ay) — BecOBOH MHOXHTENb, ONUCHIBACMbII CIECAYIOLIM

BBIPAKCHUAEM!
g,(f) G, (f,%,ky)
B (f by 7\1): X (%) X (%) N
g (f) [ | GUERL) (279
X (%) X (%)
Bog (%1, %)G, (f, %, k)%, %,
By (T, %, %,)G, (f,%,, kg )d% %,
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S, (f,%;,A,) — kommekcHbIi crektp M -if ceKUMHM JOKANTLHOH CO-
CTaBIIAIOLIEH TOMeXH, XapakTepusyemblii Bektopom A, = (A, Ay ) :

S, (f,%,A)=S_(f,%)G (f %,%,). (2.80)

Ilpr OTCYTCTBHM pacrpejielieHHol moMexu (opmyisl (2.77) u
(2.79) ynporatores

B (F,%00) =[S, (F, %, 0)
do (2.81)

B (1 A ) Sy (£, %5, A,
B (f’xswxlx):

() o
G, (f, %, 1 )G (F, %,k )X
] goxjtm(xl.)(z) 282
14 9 [ G(f.%, 7,06/ (f,%,%,)dR
Y% X ()

AnroputMm [IBOC B cnekTpaiapHOH 00JIaCTH ¢ YIETOM paBEHCTBA
(2.81) mosxeT OBITH 3aIMUCaH KaKk

Qi) = U, (f, 0[S, (f,%%,) -
zg LX({“) (2.83)
B (R ) S (F,%, 7, )R,
0 =Y = [ [Un(F DB (F5.5,)-
w902, % (2.84)
B (F 1 E Ko) S (6, 7)]df,

a BO BpeMeHHOI/I — KakK
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. R 1 o0 00 ] _ % =
Ql) =Y = [t Ds, (t X)) —
m gO —00 —00 (285)
—c, (t,%,X,, %, )]dt dx,
e
(.:m(":i)a('}\’s'}\’l)zJ;)Bm(f’>\‘sx’)"lx)>< (286)
xS_(f,%,X,)exp(j2n ft)dt.

Ecou B dopmynax (2.83) — (2.85) packpbITh CKOOKH, TO MOKHO
MOJTYYIUTh ATOPUTMBI KOMITEHCAIIMOHHOTO THTA. B aToM ciyyae [IBOC
CTPOUTCA TO JBYXKaHAIbHOM cxeMe o06pabotku. OmuH KaHail
(curHaIBHBIN) COTTIACOBAH C CHUTHAIOM, APYrod (KOMIIEHCAHOHHBIH) —
C JIOKAIbHOW cocTaBisfoleil momexu. JUmsi Kaxgoro MHTepBana [

MpoBOAUTCS 00paboTka 1o obowM kaHajgaMm. PesynbraTel 00paboOTKH
BBIYUTAIOTCS C BECOM M HAKAIJIMBAIOTCS [0 HOMEpaM CEeKIIUH.
[lycTh MOJIE3HBIM CHTHAJ — IUIOCKAas BOJIHA, OINMChIBaeMas CIeK-

TpanbHoii moTHocTEI0 MommoctH S (f,A,) u Bekropom Hampasie-

HUs npuxoga Ay =M, a momexa COCTOMT M3 JBYX COCTABJISFOLUKX.

S 1
OzpHa M3 COCTaBISIIOIIMX IIOMEXH — HEKOPpPEIMpPOBaHHAs, a BTOpas
TIpeaCTaBIsIeT co00 IUIOCKYIO BOJHY CTOXAaCTHYECKOTO THIA, KOTOpas

NPUXOIUT M3 HANpaBlIeHWs A, =M, U ONUCHIBACTCS CIEKTPAIBLHOIM

motsoctsio Mommoctn S (f,A,), coBnamaroweii co crexrpanbHOi

IIJIOTHOCTBIO MOITHOCTH ITOJIC3HOI'O CUMI'HAJIA.
HpI/IHI/IMaH BO BHUMAHHE, YTO

G, (f,%,x,)=exp(-j2nffi.X),
G, (f, X, X, ) =exp(—j2nfA,X),

BeipaxkeHus (2.82) u (2.83) MoryT ObITh 3alHCaHbI KaK
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Bm(f’ﬁs’ﬁl):Bm(f’ﬁs_ﬁl):
(2.87)

jexp —jenf (A, -1)x]dx| [ dx| ,
X(ty) X (&)

O) ==Y [ (f. fi,)-
9 = (2.88)

B (F, A, —A)U, (F, )18, (F.3,)df.

Beipaxenue (2.87) onuceiBaeT HOPMHUPOBAHHYHO XapaKTCPHCTHKY
HAIPaBJICHHOCTH aHTCHHBI, 3aHUMAIOLICH B HPOCTPAHCTBE IIOJIOKCHHUE

X (t,) B mMoment Bpemenu . TTosTomy Benuuuna Bm (f,n,—ny) -

o

3HaueHue 3TOH xapakTepuctnky B Touke (M, — N, ) na vacrore f .
XapaKTepuCTHKA HAMPABIECHHOCTH 3aBUCUT OT (OPMBI 06IACTH

X (t,). ee pasmepoB u pacronoxenus B npocTpanctse. [lostomy Bec,

C KOTOPBIM BBIYMTAETCA CUTHAJ KOMIICHCALIMOHHOIO KaHalla, TaKXke
3aBUCUT OT J3THX MNapaMeTpoB. s MOABIKHON aHTEHHBI 00JACTh

npocrpanctea X (f,) MeHsercs Bo BpemeHH, NP 5TOM MPOHCXOAUT

u3MeHenne Becosbix Muoxutenert B, (f, A, —0).

Cornacao ¢opmyie (2.88) IIBOC Bxirouaer (puc. 2.10) pasgene-
HHe BBIOOPKH TOJISI HA OTMAENBHBIE CEKI[MH, BBIUMCICHHE JUTS KXo

cexuun 3Hauenmii yacrotno-ponnosoro cnextpa U (f,§) B Touxax
(f,fi,) u (f, i), soranranme cnexrpa U _(f, fii,) u3 cnexrpa
U o (f, fiy) ¢ secom B, (f,A;—N), nnrerpuposanne pasnoctu c

*

Becom S, (f,A,) ucymmmpoBanue pe3ynbraToB cekumii.
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sul(f27)

expl-j20/ (¢-n, %) -
‘ Um (fv(Ps @

o(t.)
e I = I e I = [l

T X (fn)

TuX (fn)

o2 (-7 B (fi. -i)

Puc. 2.10. Anroputm [IBOC B 4acTOTHO-BOTHOBOI 001aCTH IJ1s1 KOTEPEHTHOTO
CHTHaJIa KOMICHCAIIMOHHOTO TUIIA

Cnexrpm U _(f, fi,), U_(f, i), tax xe, xax n Bec

B, (f,f,—0), sasucsar or oGnactn npocrpancTea X (£ ). Tostomy B

JaHHOM aJITOPpUTME CHeHI/I(l)I/IKa JABWXXCHUA aHTCHHBI YUHUTBIBACTCA U IPpU
BBIYHCJICHUHN CIICKTPOB U ITPU ONIPEACIICHNHU B3BCIICHHBIX pa3HOCTCI>'I.

JUsi  TOHQILHOTO CHTHAlIA €  9acTOTOM Xt =f, cnexrp
Sm(f ,Xt) ~9(f —f,). Torna amropurm (2.88) mpuoGperaer cie-
JIYFOIIMH BU/I:

Q(ﬁs>=giztum(fo, 1) B (o, B — )

xU., (o, foi)].
Kax BuaHO U3 BEIpaxkeHnus (2.89), aNropuT™ BKIIOYAET pa3jieieHHe

BPEMEHHOTO HMHTEpBaja HAOJIOJCHUS HA OTACIBHBIC CEKIIMH, BBIYKC-
JIEHWE Ui KaXIOW CEKIMM YaCTOTHO-BOJHOBBIX CIIEKTPOB B TOYKaX

(2.89)

(fy, fong) u (f,, foNi,), BbIUMCHEHME pasHOCTH STHX CIEKTPOB ¢

;
secom P, (f,N, —M) n cymmupoBanue momydeHHbIX pasHOCTEH 1O

HOMEpaM CEeKIHUH.
st ysacuenus ¢usuueckoit cytu anroputma (2.89) paccmorpum
JIMHEHHYI0 aHTEHHY, MOBOPAYMBAIONIYIOCS B MpocTpaHcTBe. Ecnmu mo-
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Mexa HEKOppeIHpOBaHHas, To coracHo dopmyie (2.89) IIBOC omuck-
BAeTCs BHIPAKEHUEM

o(,) =gizu‘m(fo, f,) .

3navenne ¢ynxumn U (f,, f,A,) B Touke (f,, f,A) npen-
CTaBISIET COOON OTKIIMK CHCTeMbI 00pabOTKM, HACTPOCHHON Ha IpHEM
07KH/IAEMOTO TIOJIE3HOTO CHrHana ¢ yactoToil f, u Hanmpasnennem mpu-
xona M. ViHaue roBopsi, ocyiecTsisieTcs: (POPMUPOBAHUE XaPAKTEPH-

CTHUKH HAIMpPaBIEHHOCTH, KOTOPask BHE 3aBUCHMOCTH OT TEKYIETO TOJIO-
JKEHHsI aHTEHHbI B MPOCTPAHCTBE OPUCHTHPOBAHA CBOMM IJIABHBIM Jie-
MIECTKOM B HaIlpaBjeHuH Ha curHai (puc. 2.11).

ETéaéuiay rTiada ediaé ETéaéufay 1Tiada Nearaé

Ay

180 “"T‘“ “@!ﬁﬂ 0

240 300
270

o

Puc. 2.11. XapaKTepHCTHKH HAPaBICHHOCTH ITOBOPAaYHBAIOIICHCS
JIMHEHHOH aHTEHHBI

Eciiu momexa COJIEPKUT CHJIBbHYIO JIOKAJIbHYIO COCTABJISIONLYIO C
napamerpamu ( f, f,fi,), To crenens BamsnMs nokanbHON cocrasms-

fomeld Ha OTKIIMK 3aBHCHUT OT YPOBHS OOKOBOTO JIETIECTKA XapaKTepu-
CTHKH HAIPaBJICHHOCTH B HampasieHuu N, . [Ipx MaioM ypoBHE 3TOro

nenectka (puc. 2.11, a), BausHKUE TOKAIBHOM! cocTaBIsIoNnel Maio. [pu
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GoJbIIOM ypoBHE GOKOBOrO Jjemnectka (puc. 2.11, 6) BIMsIHHE JOKalb-
HOMW COCTaBJISAOIIEN OKA3bIBAETCS CHIIHLHBIM.

[TonsiTHO, YTO A7 OOECIIEYeHHs] BBICOKOTO KadecTBa 00paboOTKH
CHrHaja ciieayeT GOpMUPOBATH XaPAKTEPUCTHKY HAIIPABICHHOCTH OCO-
00ro BUIa, KOTOpas BHE 3aBUCHMOCTH OT YIVIOBOTO TMOJIOXKCHHS aHTEH-
Hbl OPHEHTHUPOBaHA CBOWM TJIAaBHBIM JICTIECTKOM HA HAIIPaBIICHHUE MPH-
X0Jla OKUJIAeMOr0 CHTHAJIa U MMEET B HANPABJIICHUH U Ha JIOKAJIHHYIO
COCTaBJISIFOILYI0 TIOMEXH MAaJIblii YPOBEHb OOKOBOTO JIeTIECTKA. TakKyro
00paboTKy peanusyet anroputm (2.89).

CrnenyeT OTMETUTh, YTO BCE PACCMOTPEHHBIC W paccMaTpHUBacMbIe
Jlajiee ONTUMANTBHBIC M KBa3nonTUMalbHbie anroputmel [IBOC Ha ¢done
IIOMEXHU C JIOKAJLHOH COCTAaBIISAIONIEH 00eCIeunBalOT BHE 3aBHCUMOCTHU
OT TOJIOKEeHMsI, (GOPMBI K OPHUEHTAIIMH AaHTCHHBI B MPOCTPAHCTBE Kaue-
CTBEHHBII MPHEM IOJIC3HOTO OXKHUIAEMOT0 CHUTHAala M IMOJABJICHUE JIO-
KaJIbHOM COCTABIISIOIIEH TOMEXH.

2.3.2. KorepeHTHBIii CHTHAJI, TOMeXa ¢ KOTePeHTHOM
JIOKAJIbHOM cocTaBJIsIIONIEH

[TycTh moMexa COCTOUT U3 HEKOPPEITHUPOBAHHOM, pacrpeaeIeHHOMN
U JIOKAJIbHOW KOTEPEHTHOW COCTABIISIONINX, OMHCHIBAEMBIX COOTBETCT-
BeHHO Bhipaxkerusmu (1.29), (1.30) u (1.35).

[MockonmpKy moMexa COIEPKUT HECTAIIMOHAPHYIO CHUIIBHO KOPPEIH-
POBaHHYIO MO BPEMEHH KOTEPEHTHYIO COCTAaBJISIOIIYIO, OMHMCAHHBIC B
1. 2.1 cnocoObl ONITUMU3AIUY OKA3BIBAIOTCS HENPUTOHBIMH.

s onpenenenus pynxuuu D(t, )?,ks) BOCIIONIB3yeMCsl ypaBHe-

HueM (2.6), onuceiBaromuM cTpykTypy [IBOC B 0oO1iem Buze. YUuThI-
Basi 0COOCHHOCTH MOMEXH, 3TO BBIPAXKEHHE MOXKET OBITh 3aIIUCAHO KaK

L0200t ~t R = %)+ Ky (1 %, Ro) +
+9? Rels, (tl,il,Xl);|(t2,Xz,Xl) x (2.90)

xb(t,, %y, L )dt,d%, = $(t,, %, A, ).

Pemenue sToro YpaBHCHHUA 6y,ueM HMCKaTh B CIICOAYIOIIEM BUJC:
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b(tzvizvxs) :_U Bog (3,15, X5, X, ) X
Q

(2.91)
X[S(ta’ Xg, M) =B(Ags A) § (6, X5, 2, )} dt,dx;,
rae By, (t5,1,,X;,X,) — peluenne uuTerpanbHoro ypaBHeHust
” BOd (ta’tzy Xs’ )72)[055('[2 _t1’ Xz - )_(1) +
(2.92)

+K, (t, 1, X, X,)]dt,dX, =8(t, —t;, X, —X;) .
IMoacranoska Beipakenwii (2.91) u (2.92) B ypasuenue (2.90) maer

nuHeHHoe anrebpanyeckoe ypasHenne otHocutensHo PB(Ag,A,). Pe-

MICHUEM 3TOI'0 YPAaBHCHUS ABJISICTCA

s
Bk, 1) = % e
+% ] s,(tz,xz,k) (2.93)

S 00
N Boy (3, 1,, X5, X,)S(t5, X, Xs) dt,dX,dt,dx,
Boa (£, 1, X3, X;) 8, (83, X, A, )dt,dX, dt,dX,

[Ipu oTcyTCTBUHM pacHpenesieHHON IOMEXH UMEEM

e = 1. .
Bt %, %) = 80t %K) =B T8 (o Ko )], (2:94)
0
{151t %, 7)S(t, %, 7, dt 0%,
5 . (2.95)
o ]85t %, %), (t,, %, %, )dtydx,
0o S

(5
7
%

BheA) =~

Aunroputm ITBOC, cootBercTByromuii Beipaxkenuto (2.94), Mmoxer
OBITh 3amKCaH CIEAYIOIINM 00pa3oM:
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(L) == [ utt, 0)s(t, %.%,) -
Go 2 (2.96)

* *
—B(hy, ) S, (8, X, %, )]dtd.

PackpbiB CKOOKM B BbhIpaskeHHH (2.96), MOKHO IOIYYHTh APYTYIO
(dhopMy anroputmMa — JITOPUTM KOMIEHcalMoHHoro Ttuna. OH mpeny-
cMatpuBaeT 00pabOTKy MPUHATHIX KOJeOaHWH MO ABYM KaHalaM, OJWH
13 KOTOPBIX COIVIACOBAH C OKUAAEMBIM IIOJIE3HBIM CUIHAJIOM, a APYrou
— C JIOKaJbHOM momMexoi. Pe3ynpTaThl coriiacoBaHHOW 00pabOTKH MO

*

STUM ABYM KaHasaM Berautarores ¢ Becom B(Ag,A,).

B uacrotHoii o6nactu anroputm (2.96) BBIDISAUT CIEAYIOMUAM 00-
pasom:

- 1 ¢% o, ot
Q) == [ [UFDIS(f.x1,) -
cs0 X —oo (297)
CBGLK,) S, (f %, ,)dfdz,
a B 4aCTOTHO-BOJIHOBOI
= (O
Q) == [ JUF.9)IS(f.8,%,)-
G0 —o0 —o0 (298)

By, %)) S (F,,%,)]dfd.

B uactothoit o6nactn Becosas Qynkumus P(Ag,A;) Moxer GbITH

NPEJICTaBIIeHa B CIEIYIOIIEM BHIE:

2 ©
%jjs,(f,z,x,)s(f,x,xs)dfdx
B(h A)=—2K= . (2.99)

0k

2
1+%”S,(f,X,Xl)S,(f,X,X,)dde

0 X —o

a B 4YaCTOTHO-BOJHOBOM 00JIaCTH
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2 ®© ©

o %jjsl(f,a,m(f,@,is)dfdé
BT =2 10
1+%I .[Sl(f,@,?»|)5|(f@’7‘l)dfd¢’

0 -0 -0

Teneps nepeiinem k cunTe3y anropurmoB [IBOC mnst croxactuue-
CKOI'0 CUT'HAJIA.

2.3.3. CToxacTHYeCKHd CHIrHAJI, MHOTOKOMIIOHEHTHAN
cToXacTH4YecKasi moMexa
[Tycth curHan npencrapisgeT coboi croxactuaeckui mporecc. [lo-
MeXa COCTOMT M3 HEKOPPETUPOBAHHOM, paclpeeleHHON U JIOKaJbHON
CTOXaCTHYECKOH COCTABIISIOIINX, ONHCHIBACMBIX COOTBETCTBEHHO BBI-
pakennsamu (1.29), (1.30) u (1.33). Curnan u nomexa ciaaboKoppearpo-
BaHHBIC 110 BPEMCHHU.

Tpu stux npexnonoxenmsix ymxman D (f,X,X,), onpene-

mstrorpe ctpyktypy IIBOC, MOTYT ObITh HaiijIEHBI ¢ MOMOIIBIO BBIpa-
sxennst (2.67). Tlogcranoska Beipaxenuit (1.29), (1.30) u (1.33) B BHI-
pakenue (2.67) qaet ypaBHeHHE, aHAJOTMYHOE ypaBHEHHIO (2.76):

[ 1963(% = %)+ 94 ()G, (%, %) +
X (%)
+g|(f)GI(f1XpX|)GI(f17(215'\4)])( (2101)
xD, (f,%,A,)d%, =G, (f,%,L,).
PelieHne 3TOr0 ypaBHEHHS OMMCHIBAETCS YPABHEHHEM
Dm(f’XZ’Xs): _[ BOd(f’XS’XZ)X
X (G) (2.102)
X[ G, (F, %, 2) =B (F. ARG, (F,%, 1)) | %,
rae BOd(f,)?s,)?z) — peuienue ypaHenus (2.78); Bm(f,XS,X,) -

BE€coBas (l)yHK]_II/IFI, npeacrassieMas 1nmpu CHaGOM CUT'HaJI€ COOTHOUICHU-
em (2.79).
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2.3. IIpocTpaHcTBEHHO-BpeMEHHAsi 00paboTKa CHUTHAIOB
B YCJIOBHSIX MHOTOKOMITOHEHTHBIX ITOMEX

Korma  pacmpesmeneHHas — IOMeXa  OTCYTCTBYeT,  (yHKIHUS
D, (f,X,\;) onucbiBaercs ciey oMM BbIpaKEHHEM:

Dm(f'XZ'Xs) =i[Gs(f7X27Xs)_
9o (2.103)

B (F 24, 2) G (£, %, 2],

rae Becosas Qynxums P, (f,A ,A) ompenensercs coorHomennem
(2.82).

VYuuteiBast Beipakenus (2.70) u (2.71), MOKHO HONYYUTH CIIEIYFO-
e anroputMel ontumansaoi [IBOC:

Q)= [ £ [ U (1.0
X(tn)

0

(2109
x[és(f,i,is)—ﬁm(f,XS,X,)él(f,X,X,)}dX df,
Qa)—jg“” >|[Ua (.9
G ml . (2105)

x{és(f,@,Xs)—ém(f,is,i,)é,(f,@,XI)}d(p‘ df |
rae

G.(f,§.%,) = j G, (f,% X,)exp(j2npX)dX .  (2.106)
X (&)
Kaxk cnenyer u3z dopmyn (2.104) u (2.105), nepsbiM 3tarnoM oopa-

6oTku sBasteTcst Bhraucienue sactorroro cnextpa U (f,X) wm wac-

TotHo-BonHoBoro crnekrpa U (f,®) n unrerpuposanne nomyuennsix

CIIEKTPOB COOTBETCTBEHHO IO MPOCTPAHCTBY WJIM IPOCTPAHCTBEHHBIM
4acTOTaM C BECOM, YUUTHIBAIOIIMM MHOTOKOMIIOHEHTHBIH COCTaB IMoMe-
XHW. DTOT 3Tal COBMAJACT C MEPBBIM 3TAIIOM OOPaObOTKH KOTEPEHTHOI'O

curnana. Ilocnenyromas oOpaboTka BKJIFOYAET XapaKTEepHBIE IS CTO-
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I'JTIABA 2. OIITUMAJIBHA S ITIPOCTPAHCTBEHHO-BPEMEHHA S
OBPABOTKA B CJIOXKHBIX JMHAMMWYECKHX YCJIOBUAX

XaCTHUYECKOT0 CHUTHaJIa MPOLEAyphl: BBIYUCICHHE KBaJpaTa MOy,
HAaKOIJIECHUE 110 CEKIUSM U WHTETPUPOBAHKE MTOJYISCHHOTO PE3YJIbTaTa C
BECOM I10 YacTOTeE.

Ecnu curnan u jokanbHasi momMexa MpeACTaBiIsIoT cOO00H TIOCKHe
BostHbI, TO [IBOC cBOMUTCS K anroputMmy, OMMCHIBAEMOMY CIIETYIOITIM
BBIPOKEHUEM:

o) = j%

; (2.107)

xS WU, (F, 1) =B, (F,0, —)U, (f, fiy)| df,

rne B, (f,A,—N) — BecoBas QyHkumsa, onpexensiemas BBIPAKEHH-
em (2.87).

B atom cityuae anroputm [IBOC coctout B pa3OueHnH BpeMEHHO-
ro WHTEpBaja HaOMIOACHUS Ha OTIACIBHBIC CEKIUH, BBHIYUCICHHUU IS
Ka)/IOTO BPEMEHHOTO MHTEPBajla 4YaCTOTHO-BOJIIHOBOTO CIEKTPa B TOY-

kax (f,fi;) u (f, fii,), Beruncnennn pasnoctn nomyuenusix Benw-

;
ann ¢ Becom P, (f,A; —,), yanteiBarommm yposens 60K0Boro serme-

CTKa XapaKTEPUCTUKH HAMPABICHHOCTH B HAIPABICHHH HA JIOKAIBHYIO
IIOMeXYy, HaXOKICHUU KBaJpaTa MOIYJIS Pa3HOCTH, CYMMHPOBAaHUH II0
CEKIUSM M MHTETPUPOBAHKE MOJYYEHHOH CYyMMBI IO 4acTOTE C BECOM,
YUUTHIBAIOLIAM CIIEKTpP CHTHAJA.

[IpuBenennble mpuMepsl 00paOOTKH KOTEPEHTHBIX W CTOXACTHYE-
CKUX CUTHAJIOB IPH BOSHGﬁCTBHH MHOI'OKOMIIOHCHTHBIX ITOMEX ITIOKa-
3BIBAIOT CYHIECTBEHHOE oTiiHane anropuTMoB [IBOC s moaBMKHBIX U
HCIIOJABMXHBIX aHTCHH. B YCIOBUAX CIIOKHOTO ABUIKCHHSA AHTCHHBI B
npoctpancTBe ontuMmzanus [IBOC mpu BO3AeiiCTBHM MHOTOKOMIIO-
HEHTHOI TOMEXM MOJDKHA MPOBOJUTHCA B KOMILUIEKCE. C Y4EeTOM Kak
0CcOOCHHOCTEH W MmapamMeTpoB IBW)KEHHSI aHTCHHBI, TaK U CTPYKTYPHI U
apaMeTpoB MOMEXH.
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BpeMeHHasi 00paboTKa CUTHAJIOB IIPU MHOTOJIY4E€BOM
¥ MHOTOMOJIOBOM PAacIpoCTpaHeHUHU KonebaHuit

2.4. IIpocTpaHCTBEHHO-BpPeMeHHAas1 00padoTKAa CUTHAJIOB
MPH MHOT0JIy4€BOM U MHOTOMO/I0BOM
pacnpocTpaHeHUH KoJieOaHui

2.4.1. KBa3nieTepMIHUPOBAHHBIE CUTHAJIBI
Hccnenosanust ocobennocreil [IBOC B ciydae MHOTOIYYEBBIX U
MHOI'OMOJOBBIX CHUI'HAaJIOB HAYHEM C PAaCCMOTPEHUA KOFepeHTHOI;‘I MHO-
TOBOJIHOBOW MOJEJM CHTHaja, onuchiBaeMoi BbipaxkeHusiMd (1.17) u

(1.20).

B atom ciyuae unTerpagbHoe ypaBueHue (2.6) MoxeT ObITh 3aIu-
cano 1s kaxnoit I' cocrapnsomeit (r =1, R) cnenyromum o6paszom:
[ K (st R )b, (1, %, 2, ety dR, =8, (4, %, 2,). (2108)
Q
Pemerms D (t,, %,,A,) (r =1,R) oTix ypasmenuii onpefensior
uckomyo gyrxmmo b(t,, X,, ) , KOTOpast MOKeT BbITh TIPE/ICTABICHA B

BUJIE

. — R . — — — —
b(t,, %, ) =D b, (t,, %, %), A=(h...h5).  (2.109)
r=1
Pesynbrat [IBOC onucsiBaeTcs BRIpaXKeHUEM

QM =2.Q.(x,). (2.110)

rae Qr (Xr) — pe3ynbrat [IBOC 11 I-if KOMIIOHEHTHI CUTHAJA:

Q)= j [utt, %)b, &, %, %, )dtdx . (2.112)
Q
B criekrpansHoit hopme Beipaxkenue (2.111) nmeer Bux
Q()=[ [U(f.§)B (f.§1)dfd§,  (2112)

rue U(f ,(_f)) — YaCTOTHO-BOJIHOBOW CHEKTP CHUTHAJIA, OMUCHIBAEMBIN

BhIpaxenuem (2.16); Br (f,o, Xr) — (yHKIMS, ONPEENAIONIas B CIIEK-
TpaJbHON 00JIaCTH CTPYKTYpPY 00paboTKH st I -if BOJTHBI CUTHANA!
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I'JTIABA 2. OIITUMAJIBHA S ITIPOCTPAHCTBEHHO-BPEMEHHA S
OBPABOTKA B CJIOXKHBIX JMHAMMWYECKHX YCJIOBUAX

B.(f,%%,) = [[b, (t, %, %,)x

xexp[-j2n( ft, - )]t X,

W3 Beipakenuii (2.110) — (2.112) BuaHO, YTO A1 MHOTOBOJIHOBOTO
CUTHaJIa, TMPECTABIIEMOro KorepeHTHo! monensio, [IIBOC cBoguTces k
HE3aBHCUMOIT 00paboTKe KaXXJ0H KOMIOHEHTHI C YIETOM 0COOCHHOCTEH
NBIDKCHHST ~ aHTCHHBI, a 3aTeéM CYMMHPOBAHUIO  IOJYYCHHBIX
pe3yJIbTaToB.

MoXXHO TmOKa3aTb, 4YTO B ClIydyae YacTHYHO KOTE€PEHTHOTO
IPY’KHOQIIOKTYHPYIOIIEr0 CHTHANa, OMICHEIBAEMOTO BEIPAKCHHSIMHU
(1.17) u (1.21), omrmmamsHas ITBOC cocToMT B pacueTe OTKIHMKa

(2.113)

Qr (Xr) Ha BO3JCHCTBHE Kaxaol I - BOJIHBI WU MOCIEAYIOIIEM

HCKOTCpCHTHOM HAKOINICHUH MOJY4YCHHBIX PE3yIbTaTOB:

R . —
DIQ )P mpn p, <<V,
Q=15 (2.114)
MIQ ()| mpu p, >>1vr,
r=1

rae W, (A,) —oneprus I-if BonHbI

he () = [[8 ORI X5 )dtR.  @115)
Q

Ecan yacTHYHO KOTepeHTHBIM MHOTOBOJIHOBOW CHUTHAJ IIPE/ICTaB-
JseT co00H HeApy>KHO(DIIOKTYHPYIOIIYIO Ta4Ky, ONUCHIBACMYIO BBIpa-
xenusmu (1.17) u (1.22), ontumansuas [IBOC npexycmarpuBaeT pac-

ger orkimka Q,(A,) Ha Bo3meiicTBue kaxnol I -if BonHEI, a 3arem

HaXO0XKJIEHUE BBIXOIHOTO 3¢ deKTa Mo Gpopmysie

Q) = ZlQ(iX)) |1 (2.116)
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BpeMeHHasi 00paboTKa CUTHAJIOB IIPU MHOTOJIY4E€BOM
1 MHOTOMOJIOBOM PaCIpOCTpaHEeHHHU KonebaHuit

2.4.2. CToxacTHuecKkuii cUrHAJ
Paccmotpum ocobennoctu I[IBOC npu MHOTOBOJIHOBOM CTOXacTH-
YECKOM CHUTHAJIe C HE3aBUCHMBIMH KOMIIOHEHTaMH. B 3ToM citydae kop-
peNsIOHHAs (PYHKIIHMS CHTHAJIa MOXET OBITh IPEICTaBIeHa KaK

Koot % %) = 3 K (b, %% %), (217)
GbyHKLMS, onpenessIonas CprKTyIr);l 00paboTKH, — KaK

H(t, t,, %, %,,A) = iHr(tl,tz, X,%,k),  (2118)
a BeixoaHoM 3¢ dext [IBOC — kak -

Q) =3Q(). 2.119)

e K, (tl,tz,il,iz,ir) — KOppensiuoHHast (GyHKUUs I -il BOJHBI
H, (t,t,,X, Xz,Xr) — (GyHKLUS, ONpeAeNAIoIas CTPYKTYpy o0padoT-

k# I -1l BOJIHBI, Q(Xr) — BBIXOJHOH 3¢ppext 00paboTku I -if BOTHBEL:
Q) = [] [Jutty %)M, (bt %, o K, ) x
Q Q
xu(t,, %,)dt,d,dt,dx,

Otcrona creayet, uro ontumanbHast [IBOC cocrout B 06paboTke,
ONTHMAJIBHOW [UIS OTAENIBHBIX BOJIH, W MOCIEAYIONIEM CYMMHPOBAHUH
MOJIYYEHHBIX PE3yIbTaTOB.

OOpaTM BHUMaHHE Ha TO, YTO B JIAHHOM Cllydae crieruduka aBu-
JKCHWS1 aHTEHHBI YYHMTBIBACTCSA TOJBKO Ha IEepBOM dTame. Ha BTOpOM
9Tane — OObEIUHEHHs MOIYYEHHBIX PE3yJbTaTOB (haKT IABMIKCHHS aH-
TEHHBI HE UTPAET POJH. DTO XAPAKTEPHO KakK JJIs KBa3HUICTEPMUHHPO-
BaHBIX, TAK U CTOXaCTHYECKHX CUIHAJIOB.

Jns monmydyeHus: 6oJiee MOJHOTO MPeACTaBIeHus] 00 0COOEHHOCTAX
00pabOTKKM MHOTOBOJIHOBBIX MOJIEH PACCMOTPUM HECKOJIBKO MPUMEPOB.

[TycTh moOMexa HEKOppeIUPOBAHHAS O MPOCTPAHCTBY U CIIA0OKOP-
penupoBanHas 1o BpeMeHH. CriekTpajibHas IIOTHOCTh MOIIHOCTH I10-

(2.120)

mexu onuceiBaetcs Gynkumein g, (). Curnan — wactuuno xorepent-

HBIN MHOFOBOHHOBOﬁ, COCTOUT U3 R BOJIH, XapaKTECpHU3YEMbIX CIICK-
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I'JTIABA 2. OIITUMAJIBHA S ITIPOCTPAHCTBEHHO-BPEMEHHA S
OBPABOTKA B CJIOXKHBIX JMHAMMWYECKHX YCJIOBUAX

tpamu S, (f,A, ). Cpena pacnpocrpanenus koneGaHuii OMUCHIBAETCS

¢Gyakusmu  ['puna Gsr ( f, X, er) (I’ = ].,_R) , Pa3HBIMH, B 0OIIEM
cilydae, ISl PasIHYHbIX BOJIH.

Torma ¢ yuerom Beipaxkenus (1.15)
: _ o =S.(f,x
b, (t,%,%,) = J'M
—00 g N ( f )
x exp(j2nft)df.

B crniexTpansHOM IpencTaBICHNUHN (QYHKIMS, ONPEACIIIoNnas CTpyK-
Typy 00pabOTKH, MOXKET OBITh MOJIYYECHA B CIEAYIONIEM BUJIC:
: - S, (f, &) ~ -
B.(f,9,A,) =G, (f,0,A,,), (2.122)
gy (F)

Cull XL )%,

rmae

G, (F,8.4,) = [ Gy (f, %4, ) exp(j2ngR)dX . (2123)
X

Ecim cHTHAN cOCTOMT M3 R Iydeil, KOTOpbIE ONMCHIBAIOTCS IIIO-
CKUMH BoNHamMH ¢ Hampasnenumsmu mpuxoma Ny (=1, R), o, kak

crenyeT u3 Boipakenust (2.112),

e RS ()
A)=|U(f, fi, )22 rigf
Q)= JUF )= =

Ecnu curHai onuceiBaeTcss R MomoBoii Monenbio, B KOTOPOH Kax-
nast I -Tast MoJia IPEACTABIISETCS AP0 TUIOCKUX BOJH C HANPaBIICHUS-

(2.124)

=1

MU npuxozna N i’ u aMIUIUTyaMHU a; (f) , a;’ (f) , TO U3 BBIpa-

sr? sr

sxenns (2.112) cnenyer
QCL) = [ [a (FU(F, fii, )+
~ (2.125)

o S(fy)
+ar (F)U(f, fiir )] =" df.
an ()
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BpeMeHHasi 00paboTKa CUTHAJIOB IIPU MHOTOJIY4E€BOM
1 MHOTOMOJIOBOM PaCIpOCTpaHEeHHHU KonebaHuit

Kak BugHo w3 Beipakenmid (2.114), (2.115), (2.119), (2.124),
(2.125), IIBOC kak B ciay4ae MHOTOJYYEBOIO, TaK U MHOTOMOJOBOTO
CHTHAJIa COCTOUT U3 JIByX ITAIOB.

JIJist MHOTOITYY€BOTO CHTHAJIA TIePBBIi 3Tar 00pabOTKH 3aKIoYaeT-

CiA B BBIYUCIICHUH YaCTOTHO-BOJIHOBBIX CIIEKTPOB B TOYKax (f, f ﬁsr)

(f =var,r =1 R), a 3aTem — B UHTErpUPOBAHUH PE3YJILTATOB C Be-

COM, 3aBHCSIIIM OT CIIEKTPOB CHTHAJIA U TOMEXH.
JIiss MHOTOMOZIOBOTO CHUTHaJIa TEPBBINA dTarm 00pabOTKH COCTOUT B

BBIYUCJICHUHN YaCTOTHO-BOJIHOBBIX CIICKTPOB B TOYKax (f, fﬁsr) u

(f, fﬁ;r) (f =var, r= ].,_R) , MHTETPUPOBAHUU PE3YyJIbTATOB C Be-

COM, 3aBHCSIIMM OT CIIEKTPOB CHTHANIA U MOMEXH, a 3aTeM IOCIeayIo-
[IEM CYyMMUPOBAHHHU PE3YJIbTATOB HHTETPUPOBAHHUSL.

Bropoit atanm 06paGoTKH pasHBIi IS Pa3IMYHBIX THIIOB CUTHAJIOB.
B ciyyae korepeHTHOro CWrHama o0paboTKa CBOIUTCS K CYMMHpPOBa-
HHUIO Pe3yJbTaToB coriacHO Bhipakermto (2.110), B cmyuae mpyxHOG-
JTIOKTYMPYIOIIETO CTaboro CHrHala — K WX CYMMHPOBAHHIO COTJIACHO
BhIpaxkeHnio (2.114) (puc. 2.12), B ciyvae HeAPYKHODIIOKTYHPYIOIIETO
CHIHAJIA — K UX CYMMHPOBAHHUIO C BECOM COTJIACHO BhIpaxkeHuto (2.115).

Ecnu curnan — crnydvaifHoe moiie, MPencTaBiIIeMOE MHOMKECTBOM

IJIOCKHMX BOJIH, ONHMCHIBAEMBIX CHEKTPAIbHBIMU ILIOTHOCTSMH MOIIHO-
ctu Qg (f) n Bexropamm nanpasnenns mpuxoma fi, (r=1R), a

rmoMexa ci1aboKoppeMpoBaHHast, UCIoJb3yst Beipakenus (2.61), (2.118)

u (2.119), MOXKHO MOIY4YHTh Clemyrommii anropurm ITBOC:

ot -3, [ LD m)f

df . (2.126)
= =, On(f)
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TJIABA 2. OIITUMAJIBHAS ITPOCTPAHCTBEHHO-BPEMEHHA I
OBPABOTKA B CJIOXKHBIX JMHAMMWYECKHX YCJIOBUAX

expl-i28/ (t-ii, B s(f.8.)/ g ()
O
—E>><:>H:>x¢>{¢>2

TX(t)

exXpL28f (¢ - 7,y ] (/B ny) 2 (1)
L @ ” I ] o)
d X ::> TX(t) E:> X :> f ::> i

Y
|

L

S <l J < Tl
i

OXPL2Y (=¥l (3 Vig, ()

Puc. 2.12. Anroputm ontumansHo# [IBOC B 4acTOTHO-BOTHOBOI 001acTH
B CIIy4ae MHOTOJIyYeBOTO APYKHO(IIOKTYHPYIOIIEro ciaboro curuaia

B nanHOM citydae oOpaOOTKa COCTOMT B BBIYMCIEHHHM YacTOTHO-

BonHOBoro crektpa B Toukax (f, fii,) (f =var,r= ].,_R) , BO3BE-

JI€HUM B KBaJpaT CIIEKTPaJIbHBIX OTCYETOB, COOTBETCTBYIOIIUX OXKHae-
MBIM HalpaBJICHUAM MPHUXO0Ja BOJH, UX MHTEIPUPOBAHHUU C BECOM, OII-
peAensieMbIM CIIEKTpaMU CUTHAJIa ¥ TIOMEXH, 1 CyMMUPOBAaHUU Pe3yJib-
TaTOB MHTETPUPOBAHUS 110 HOMEPAM BOJIH.



I'JTIABA 3

TOYHOCTD OIIEHKHU TAPAMETPOB CUT'HAJIA U
MOMEXOYCTOMYUBOCTHh CUCTEM
IMPOCTPAHCTBEHHO-BPEMEHHOMN OEPABOTKHA
CHUI'HAJIOB B CJIOKHBIX TMHAMHWYECKHUX
YCJIIOBUSAX

B monpaszmene 1.1 paccmarpuBaiuch MPOCTEHIINE TUHAMHYECKUE
monenu. [lpeaBapurenbHBIE WX aHANU3 TIO3BOJHI  YCTAHOBHTH
HEKOTOpHIE BaKHBIE 3aKOHOMEPHOCTH. BBUTO MOKa3aHo, YTO IABMIKCHUE
AQHTEHHBI B TPOCTPAHCTBE, B OCOOCHHOCTH CJIOKHOE JIBIDKCHHE,
OKa3bIBaeT CYIIECTBEHHOE BIMSHHE Ha YIJOBYIO H30HMPaTENbHOCTD
cuctem [IBOC. Ilpum mnepemerieHMM aHTEHH C TEPEMEHHOW IO
HAMPaBJICHUIO ¥ M0 BEIUYMHE CKOPOCTHIO WM TMPH H3MCHECHHH
YIJIOBOTO TOJIOXKCHUS aHTeHHBI B psAAc CIlydyaeB HaOmogaercs
Ka4eCTBCHHOE YIY4IICHUE YTIIOBOH H30HMPaTEeIbHOCTH.

Hactosimias riiaBa mocBsiieHa Oojiee TIyOOKOMY HCCIICIOBAHHIO
BOIIPOCA, B YaCTHOCTH, UCCIICIOBAHMIO TOYHOCTH COBMECTHOT'O M3Mepe-
HUs (OIIEHKH) YacTOTHO-YIJIOBBIX MApaMETPOB CHIHAIa M IMOMEXO-
ycroiunBoctd cucteM [IBOC mpu C0KHOM MEpEeMENICHUU aHTCHHbI B
MPOCTPAHCTBE.
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I'JIABA 3. TOYHOCTb OLIEHKU ITAPAMETPOB CUTHAJIA U
IIOMEXOYCTOMYMBOCTDL CUCTEM IIBOC

3.1. ToYHOCTH COBMECTHOI OLIEHKH
YaCTOTHO-YIJIOBBIX MAPAMEeTPOB CUTHAJIA
B CJIOKHBIX TMHAMMYECKHX YCJIOBHAX

3.1.1. Meroauka uccaeI0BaHus

Bynem monaraTh, YTO CHTHAJ NPEACTaBISET COOOW CIyYalHBIH
rayCCOBCKMH TPOIECC, MOPOXKJIAEMbIM yIajJeHHbIM HCTOYHHKOM, a
rmomexa — rayccoBckasi. OpOHT BOJIHBI CUTHANA IJIOCKUI M OIHCHIBACTCS
BEKTOPOM HAIIpaBJIEHUs pUxoaa N, a CIEKTP COCTOMT U3 JBYX YacTei:
CIUIOLIHOM YacTH U MOIIHBIX JUCKPETHBIX COCTABIISIONIHX.

Jlis omucaHWs TaKOrO CHUTHAala B aHAIUTHYECKOH (opme Oynem
M0JIb30BATHCS CIEAYIONIEH MaTEMaTUYECKOU MOJIEIBIO!

N
$(t, X, 1) = $,(t, X, i) + > _a, exp[j2nf, (t—AX) +¢,], (3.1)
n=1
rae S, (t,X, M) — cocrapnsromas cureana, coOTBETCTBYIOMIAs CIUIOLI-
HOH 4acTH cHeKTpa; a4, fn, U (p, — COOTBETCTBEHHO aMILIUTYJa, Yac-
TOTa ¥ HavyalbHas (a3a N - AUCKPETHON COCTABISIONICH CUTHAIIA.

—

B 1aHHOM Cilydae BEKTOp CYLIECTBEHHBIX MMAPAMETPOB A 00pa3o-
BaH yIJlaMH, XapaKTepU3yIOIMMHU HalpaBieHHE IPUXOAA CUTHala, U
HabOpOM 4acTOT COOTBETCTBYIOLIMX TUCKPETHBIX cocTaBisAommx. Eciun

HAIPaBJICHHUE TPUXO0/1a CUTHANA 11 ONpeseNAeTcs NENEHroM () U yIioM
MecTa 3, TO BEKTOP CYLIECTBEHHBIX TIAPAMETPOB
*=(9,9, T, F). (3.2)
1 N

By,I[CM noJjiraratb, 4TO YPOBCHBb JUCKPCTHBIX COCTABJIAIOIIUX CYIIIC-
CTBCHHO IMPEBOCXOAUT YPOBCHb CIUIOIIHOM YacTH CIICKTpa, a 4aCTOThI

f, (N=1,N) snaunrensuo ommuarorcst apyr ot apyra. Toraa, uHTe-

pecysch TOJIBKO OJTHOW JIFOOOH JUCKPETHOW COCTaBISIONICH fn , MOKHO

CUHUTATh, YTO BEKTOP CYIMICCTBCHHBIX MMAPaAaMETPOB COCTOUT U3 TPEX KOM-
TIIOHCHT.

A= (A hg,h3) = (9,9, ), (3.3)

a KOMILJIEKCHBIM CUTHAJl UMEET BHU]]
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CJIOXKHBIX TUHAMHUYECKUX YCIIOBUAX

$(t, X, 1) = &, exp{ j[2af, (t - iX) +¢,]}, (3.4)

o1 . L
rae N ==(cosesinY, sinesing, cosY).
c
B kauecTBe HecylleCTBEHHBIX MapaMeTPOB B JJAHHOM CIy4yae MO-
KT BHICTYINATh MO0 CloyuaiiHas HauanbHasd (asa @, N -i JUCKpeTHOMH

COCTaBHH}OHICI;‘I, 1160 CJ'Iy'-IafIHI:Ie HavdaJlbHas (basa (Pn U aMIUITyJa

a, . B mepBoM ciydyae BEKTOp HECYLIECTBEHHBIX MapameTpoB =@, ,

Bo Bropom — B = (0,8, ).
Koppemsumonnas marpuria K., xapakrepusyrolmas To4HOCTS cO-

BMECTHOM OLIEHKH T1apaMeTPOB BEKTOPa A, MOXKET ObITh OIIEHEHA C MO-
MoIIbto Hepasencmea Kpamepa — Pao [29, 56]:

K, >J7, (3.5)

rae J — unpopmayuonnan mampuya Puuiepa, KOMIOHEHTI KOTOPOI
UMEIOT CJEeNYIONINI BU:

oln f(t,%;%) oln f (L, X; )

J =M (i,j=13),

y o\, 7y
f('[,)_(';X) — IUIOTHOCTb PAaCIpENENIEHHsI BEPOSITHOCTU IPHHATOTO
KOJIeOaHus.

YyuThiBasi TayCCOBCKUI XapakTep paclpeleleHus, MOKHO I10Ka-
3aTh, YTO ANEMEHTHI MaTpulbl Duniepa

565D 1 5,%)-
Q Q i

(3.6)
Molt dededx, | (i j=123)

i

rae MB — OII€paTop BBIYHUCICHHUA MAaTEMATUYCCKOI'0 OXHUAAHUA I10
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BEKTOPHOMY Tapametpy i 0, (t,t,,%,X,) — dynkuus, obparHas

koppensiunonHoii gpynkunn nomexu K (t;,t,, X, X,) (onpenensercs
BeIpakeHueM (2.36)).

Korma momexa HexkoppenupoBaHHas, Beipaxenue (3.6) ymporraer-
cst:

3, =-2omy | [[ELXM OEX Mgz | G, j-13). 37
N U e o

Boruucisisi nmpou3BOJHBIE W MOJACTABIsIE WX B BhIpaxenue (3.7),
MOXHO TIOJIY9HUTb 3JI€MEHTHI MaTpullbl duiepa B ciueayromneM BUIE:

1 :Ni(znfn)z M, [a21[] (,%)’dtg, (38)
0 Q
J, =N£(2nfn)2Mﬁ[a§] j j (h,%)2dtdx, (3.9)
0 Q
2 X\ .
Jas :N—O(zn)zmﬁ[aj]g(t —r::—xj dtdx, (3.10)
J,=Jdy :i(znfn)z Mg[ar?]x
HNO B (3.11)
x j j (h,X)(h,X)dtdx,
=35 = _i(zn)z ang[aﬁ]X
'f'f (3.12)
«[[ (t —%j(ﬁ¢z)dtdx,
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3.1. To4yHOCTH COBMECTHOM OLICHKH YaCTOTHO-YTJIOBBIX NNapaME€TPOB CUTrHAJIa B
CJIOXKHBIX TUHAMHUYECKUX YCIIOBUAX

. (3.13)
X ), 2 o e
x j t —— |(h,X)dtd¥,
S C
rac
- on 1 . . .
h, =—==(-sinesin 3, cosesiny, 0), (3.14)
Jop ¢
on 1 . .
N :ﬁz—(cos«pcos& sinpcosy, —sinY).  (3.15)
c
Ilo CyTH, pacu€T TOYHOCTHU OILCHKU MNapaMETPOB — HECJIO0KHaA
3amada. Heobxomumo Berumciautsh 1m0  (opmyraam (3.8) — (3.15)

aNeMeHTsl Marpuipl Duimepa, a 3areM HAWTH OOpaTHYIO MaTpUILY,
JJIEMEHTBl KOTOPOH al0T HIKHIOKO I'PAaHUILy OLIEHKU KOPPESLUOHHON

MaTpuIbl KX’ XAPAKTCPUSYIOIIYHO TOYHOCTH COBMECTHOH OILICHKHU

HapamMeTpoB BEKTOpa A .

Onnako u3-3a rpomo3akoctd Beipakeruii (3.8) — (3.13) pacuer
OKA3BIBAETCS TPYAOEMKUM JIaKe ISl AHTEHH TIPOCTEHIIeH GOPMBI U TIPH
MPOCTEUIINX 3aKOHAX MX [IEPEMEIICHHUS B IPOCTPAHCTBE.

JIoist BBIICHEHUSI BITMSHUS PA3JINYHBIX THIIOB TIEpEMEIeHUI aHTeH-
HBI Ha TIOTEHIHATBHYIO TOYHOCTh M3MEPEHHs YaCTOTHO-YTIIOBBIX Mapa-
METPOB CHTHAJIA POBOAMIOCH KOMITBIOTEPHOE MO/ICTIUPOBAHME.

3.1.2. OnucaHue MeTOANKH U Pe3yJIbTATOB MO1eJTHPOBAHUSA

To4HOCTP HM3MEpEeHHs] YaCTOTHO-YIJIOBBIX IapaMeTPOB CHTHaa
MOXET OBITh OXapaKTepH30BaHa Pa3IMYHBIMU TapaMeTpamu. Hambonee
MOJHYI0 XapaKTePHCTHKY IOTEHIHATBHON TOYHOCTH H3MEPEHHs IaeT

KOppEsALMOHHAs MaTpuLa KX (B mamHOM ciydae pasmepoM 3x3).
MeHnee nonHOe, HO JOCTATOYHO UH(POPMATUBHOE MPEACTABICHUE O TOY-
HOCTH, JAl0T MapaMeTpbl, XapaKTECPpU3YOIIUE TOYHOCTb USMEPCHUA OM-
HOTO MapamMeTpa CUrHajia: cpeaHekBaaparnueckoe otkinonenune (CKO)
0 TEeJIeHTY, Iy MecTa W 4acToTe. DTH MapamMeTpbl PaBHBI KOPHIO U3

JIMATOHABHBIX AJIEMEHTOB KOPPEJSIIMOHHOW MaTpPHIIBI KX' YV no6HBIM
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napaMeTpoM Uil HCCIIEOBaHUS TOYHOCTH COBMECTHOTO W3MEPEHHUs
YaCTOTHO-YTJIOBBIX MapaMeTpOB CHrHala Ciy>kuT npousBeaeHue CKO
II0 TIETICHT'Y, YTIIy MECTa M 4acToTe.

Ans mpoBeneHHsT MOACIHPOBAHMS pa3paboTaHa KOMITBIOTEpHAs
mporpamMma, TO3BOJISIOIIAs NPOBOAUTH pacueTbl KOPPESHOHHON

-1
MaTPUIBI KX =] JUIS Pa3IMYHBIX AHTEHH, TMEePEMEIIArOIINXCs B

MPOCTPAHCTBE C MIECTHIO CTETICHSIMU CBOOOIBI.
[Ipennonaranock, YTO CUTHAJl YaCTUYHO KOT€PEHTHBIA U COCTOUT

u3 Q KOrepeHTHBIX (PparMeHTOB, KAKIBIH M3 KOTOPHIX MMEET CBOIO
HagambHylo gazy @, (0=1,Q). 3akon mepememeHus MPHEMHHKOB
AHTEHHBI OMMCHIBACTCS BBIPAKEHHEM
X, () =X () + AR)(R+ Xy;) (3.16)
(cM. puc. 1.6).
Bekrop X, (t) mpexcraBnen BhIpakeHHeM, YUHTBHIBAIOIMM PABHO-

YCKOPEHHOE [BWXEHHE W TapMOHHYECKUE TepPEeMEIeHHs] HOCUTEINs
BJIOJIb MIPOCTPAHCTBEHHBIX OCEH:

%, (t) = (V + at)t + X, cos(@ot + @) . (3.17)

rae V 1 @ — COOTBETCTBEHHO BEKTOPBI CKOPOCTH M yCKOPEHHs, X, —
BEKTOP aMILUIUTY/] TAPMOHUYECKUX TIEPEMEIIEHHUI aHTEHHBI BIOJbL OCEM
KOOpAMHAT, O U ¢, — COOTBETCTBEHHO BEKTOPBI KPYTOBBIX 4acCTOT U

HAYaIbHBIX (pa3 rapMOHHYECKHX TepeMEIleHH aHTeHHBI BIONb IPO-
CTPAHCTBEHHBIX OCEH.

Matpuna A(t) npencrapneHa BbIpaKEHHAMH, YYHTHIBAIOIIUMH
spartentie nocutens sokpyr oceii (€7, €, €4 :

A) = A2 () A (1, (D) A (v5(1)). (3.18)

(1) = (1 (1), 7, (1), v5(t) =&t +Beos(@,t+6,), (3.19)

rne A(v,), A(y,), A(y;) — marpuusl noBopoTa BOKpyT OCei; E -

BEKTOp, KOMIIOHCHTHI KOTOpOTo XapaKkTEepU3yIOT PETYIIAPHBIC
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CJIOXKHBIX TUHAMHUYECKUX YCIIOBUAX

COCTaBIISIONIME TIOBOPOTA HOCHTENsS BOKpYr oceil; B, ®, n @, -

BEKTOPBHI, OIMHUCHIBAIONINE COOTBETCTBEHHO aMIUIMTYBI ITOBOPOTOB
HOCHTEJISl BOKPYT OCeif, X KPyroBble YaCTOThI U HayabHbIe (a3bl.
OO01miee KOIUYIECTBO MAapaMeTPOB, OJJHO3HAYHO ONPEIEIITIONIUX MO-
ACJIb CUTHaJIa U MOJICJIb ABUKCHUA aHTCHHBI B IIPOCTPAHCTBE, paBHO 4-8
Oukcupyst 006 47 TTapaMeTpoB, MOXHO HCCIEIOBATh 3aBHCHMOCTh

KOMITOHCHT MaTpHIIbI KX OT BCJIMYHHbI HeSa(I)I/IKCI/IpOBaHHOFO 48-ro

napamerpa.

3ameTuM, uto Gopmyssl (3.5), (3.8) — (3.18) (u popmyis, HCTTONB-
30BaHHbIC [P PacyueTax) OMUCHIBAIOT TOYHOCTh U3MEPEHHS TaAPaMETPOB
CTOXaCTHYECKOTO CHTHAala C TUCKPETHBIMH CHEKTPaJbHBIMH COCTaB-
asronMy. Takumu sxe GopMysTaMu OMUCHIBACTCSI TOYHOCTh U3MEPECHUS
napamMeTpoOB KOIePEHTHOTO FAPMOHUYECKOTO CHrHaja, OTPaKEHHOTO OT
obbekra. [Ipu paboTe B aKTHBHOM PEXUME C TAPMOHUYECKUM CUTHAIOM
BEKTOP CYIIECTBEHHBIX TAPAMETPOB OTPAKECHHOTO OT OOBEKTa CHrHaia
MMEET CIIEAYIOMUN BUI!

k=(ghohs) = (9,9, ), (3.20)
raec f — YacCToTa OTPAXECHHOT'O CMIHaJia.

Hexortopsie pe3yibTaThl pacyeToB, MOIYYCHHBIC ¢ TOMOIIBIO MTPO-
rpamMmbl st 1 X 8 X 4-31eMeHTHOM TJIOCKOW aHTEHHOW PEIIETKH pa3Me-
pom 1,6 m X 0,8 M, mokazansl Ha puc. 3.1 — 3.6. OcHOBHBIE 3HAYECHUS

f =3000

ImapaMeTpoOB CJICAYIOLIUC: pa60qa${ qacToTa I'u, nenenr

-0° 0
¢= , YTOJl MecTa =90 , BpeMsi 00paboTKH 5 ¢, BEKTOP KPYTOBBIX
&, =2r(0,2, 0,25, 0,2)
I', BEKTOp KPYTroOBBIX 4acTOT
®, =2n(0,2, 0,3, 0,25) '

d =0,45¢c/f
MECXKIAY NPUEMHHUKAMH aHTCHHBI ! / , BEKTOp, ONHMCBIBAIO-
UM MOJI0XKEHUE HEHTPpAa aHTCHHBI OTHOCHUTECJIBHO HCHTpa TAXKCECTH HO-

CHUTEI, R= (O’ 30, _3) , pETYJIsIpHAast COCTaBIISAIONIas [IOBOPOTA é =0.
OcranpHble MapaMeTpsl ykazaHsl B Ta0i. 3.1. B JIeBBIX 9acTsIX pUCYHKOB
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I'JIABA 3. TOYHOCTb OLEHKU ITAPAMETPOB CUT'HAJIA U
IIOMEXOYCTOMYUBOCTb CUCTEM IIBOC

(a) HempepbIBHBIME JHMHUAMHU H300paskeHbl 3aBucumoct CKO mo me-
JIEHTY OT MapaMeTPOB JBIKCHUSI aHTEHHBI, & yHKTUPHBIMU — 3aBUCH-
moctu CKO 1o yriy Mecra OT Tex e 1apaMeTpoB.

0,00904
0,00902
0,009

2 0,00898
< 0,00896
@ 0,00894
2 0,00892
0,0089
0,00888
0,00886

R 2 4
Al T éeodaa Al T 880633
&8l 361 167 808 a0 & eé,1 éei 461 0167 808 a0 & éé,1
a o

Puc. 3.1. BaBucumoctr CKO yrnos (a) u CKO gactoTsi (6)
OT aMIUTUTY /bl JINHEHHBIX TIepeMeLIeHUH

0,7 0,011
0,0108
06 0,0106
< 05 : _0,0104
= 04 < 0,0102
> — 001
@ 03[\ 20,0098
Z 02|\ ! 0,0096
N 0,0094
, — 0,0002
0,009
0 10 20 30 0 10 20 30
Al T 880648 868, DA Al T 880648 868, D
a o
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Puc. 3.2. 3aBucumoctr CKO yria (a) u CKO uactotsl (6)
OT aMILTHTY/Ibl KAYKH
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15— —— 0,06
0,05
g 1 g 0%
@. — 0,03
- v
4 o5 0,02
0,01
0 10 20 0 10 20
Néi a1 ol Néi a1 Aol
éei 8671 (107 808 &U & &é,1 /i éei 86710107 808 &L & &é,1 /i
a o

Puc. 3.3. BaBucumoctu CKO yrinos (a) u CKO gacrotst (6)
OT CKOPOCTH JIMHEHHBIX MepEeMEIICHHI

1,5 : 0,03
0,025
g 1 2 0,02
e <
@ 0,015
Z 05
0,01
0,005 L
0 1 2 3 0 1 2 3
Oniat 8& @4, 1 /it Ol a4 ea, 1 /it
6
a

Puc. 3.4. 3aBucumoctu CKO yrnos (a) u CKO gacrotst (6)
OT YCKOPEHUSI JIMHEHHBIX NepeMEICHHI
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CJIOXKHBIX TUHAMHUYECKUX YCIIOBUAX

06

05
«j 04
“03
@
Z 02|

01

0_ 10 20
K& a1 Ao
o7 261 0167 308 A0 & &6, 1 /i
a

0,06
0,05
0,04
003
L

Z 0,02

0,01

20

o

o1
NEi 81 nou
O 804l au & eé, i /i

o

eef aéi

o VWSS

Puc. 3.5. 3aBucumoctu CKO yrios (a) u CKO gacrotst (6)
OT CKOPOCTH JINHEHHBIX MEPEMEIICHNH IPH CI0KHOM [IBIKCHHN aHTCHHBI

03
0,25
8
){8 0,2
T 015
0.1
0,05 -
o 2 4
Al T 6éa0sa
681 861 161 A081 &l &f &6, 1
a

0,05
0,045
004
0,035
L
Z 0,03
0,025
0,02 .
o 2 4
Al T séo0aa
681 367 (161 2081 &l & &6, |
6

Puc. 3.6. 3aBucumoctu CKO yrios (a) u CKO gacrotst (6)
OT aMIUTUTY bl JINHEHHBIX TIEPEMELICHUH IIPH CII0XKHOM JIBIKCHUH aHTECHHBI
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I'JIABA 3. TOYHOCTb OLIEHKU ITAPAMETPOB CUTHAJIA U
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Tabmuma 3.1.
TMapamMeTpbl, IPHHATHIE MPH PACYETAX
Homep IMapameTtp

pHuCyHKa )ZO,M B, 2pao \7,M/c é,M/c2
3.1 Var (1,1,1) (0,0, 0) (0,0, 0) (0,0, 0)
3.2 (0,0, 0) Var (1, 1, 1) 0,0, 0) (0,0, 0)
3.3 (0,0, 0) (0,0, 0) Var (0, 1, 0) (0,0,0)
3.4 (0,0, 0) (0,0,0) (0,0,0) Var (0, 1, 0)
3.5 (0.5,05,1) (5, 18, 3) Var (0, 1, 0) (0,0,0)
3.6 Var (1,1, 1) (5, 18, 3) (0,5, 0) (0,0, 0)

W3 puc. 3.1 BuaHO, 4TO JuHeliHble nepuoduyeckue nepemeujeHis
HOCUTEJI BIOJb OCEM KOOPAMHAT CYIIECTBEHHO IOBBIIAIOT TOYHOCTh
U3MEpEHHUs YIJIOBBIX IapamMeTpoB. Tak, rapMOHMYECKUE MEepeMEIIeHUs
HOCHUTEJS C aMIUTUTYI0H 4 M (U Takue JKe MepeMeIeHNs] aHTCHHbI) TIPH-
BOIST K TIOBBIIICHUIO TOYHOCTH M3MEPEHUs IEJIeHra IOYTH B 5 pa3 u
yria mecta B 10 pas. [Ipu 5TOM TOYHOCTH M3MEPEHHS YaCTOTHI TIPAKTH-
YeCcKH He MEHAETCS.

Ilepuoouueckue nogopomsi HOCUTEINSE BOKPYT OCEH Takxe MPHUBO-
JIT K TIOBBIIIEHUIO TOYHOCTH M3MEPEHHUS YIJOBBIX MapaMeTpoB
(puc. 3.2), XOTs ¥ K MeHee 3HAUUTENbHOMY. Kak BHJHO W3 PUCYHKA,

HOBOPOTHI Ha yron 25° (aHTEHHA MPU 3TOM MEepEeMEIaeTcs B BEpPTH-
KaJIbHOM U TOPU30HTAIBHON IIOCKOCTSAX NPUMEPHO Ha 13 M) BI3BIBAIOT
MOBBIILICHHE TOYHOCTH M3MepeHwus menenra B 1,5, a yria mecra — B 3
pa3a. TOYHOCTH W3MEpPEHHS YacTOTHI IPH STOM OCTAETCS MPAKTHICCKU
HEU3MEHHOU.

INocrosiHHas cocTapisAoIas ABMKEHUS HOCHUTENs BAONb ocH X,
BBI3BIBACT MOBBINICHUE TOYHOCTH M3MepeHwus nenenra. OQHako OHO He
CTOJIb 3HAYUTEIHHO, KaK B CIIy4ae MEPUOJHUCCKUX KOJICOAHUN aHTCHHBI
BIOJIb OCEH KOOPIMHAT, U COMPOBOXKIACTCS CYIIECTBEHHBIM YXYAIICHH-
eM TO4YHOCTH H3Mepenus: dactotsl (puc. 3.3). Hanpumep, xorma cko-
POCTh JBYOKEHHUS HOCHTENS 18 M/ ¢ (mpu 3TOM 3a Bpemst 0OpabOTKH CHr-
Halla aHTEHHA MPOXOAUT IyTh, MPEBOCXOIIUIA €€ pa3Mep BIOIb OCH
X, B 56 pa3), TOYHOCTh M3MEPEHUs MEJICHTa OBBIIAETCS B 6 pa3 u BO
CTOJIBKO JKE€ pa3 CHIDKACTCS TOYHOCTh M3MEpEeHHs 4acToThl. [Ipu MeHb-
e CKOPOCTU ABUIKCHUA aHTCHHBI MPOUTPHIII B TOYHOCTH U3MEPCHUA
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YacTOTHI 1aXKe MPEBOCXOAUT BBIMIPHIII B TOYHOCTH U3MEPEHHUS IEJICHTa.
[Ipy ckopocTH JBWXKEHUS HOCUTENs S M/ C OTHOUICHHWE TIPOWT-
PBILL/BBIMIPBIII 3THX BEJUYUH cOCTaBisieT 5/2.

VcKopeHHOe IBUKEHHE HOCHUTEINSA BIOJb OCH X, IPHBOIUT K IO-

BBIILIEHUIO TOYHOCTH M3MEPEHMs IeJeHra U HEKOTOPOMY CHUKEHUIO
TOYHOCTH wu3Mepenust dactothl (puc. 3.4). Ilpu yckopeHHH, PaBHOM

2
2,8 M/c” (npu sTOM 3a BpeMs 0OpaGOTKH CHUIHAJA AHTEHHA MPOXOIUT
nyTs B 40 pa3 GonpImii, 4eM ee MPOTHKEHHOCTh BIOTb OCH X, ), TOU-

HOCTh M3MEpPEHHUs IeJICHra BO3pacTaeT B 6 pa3, a TOYHOCTh M3MEPEHUs
4acTOTHI CHMXKAETCs B 3 pasa.

B CHIO0XHBIX JUHAMHUYECKHUX YCIIOBHUSIX IIPU HATMYUU KaK MEPUOHU-
YEeCKUX, TaK M AlePUOJANYECKUX JUHEWHBIX U YIJIOBBIX IMEpeMEICHHUM
AHTCHHBI, COXpAaHAKOTCA OTMCYCHHBIC BBIIIC 3aKOHOMCPHOCTHU
(puc. 3.5 u 3.6).

3ameTuM, 4TO B CITy4asiX, KOT/Ia MOBBIIICHHE TOYHOCTUA U3MEPEHUSI
YIJIOBBIX MAPAMETPOB COMPOBOXKIACTCS MPOMOPLIUOHATBHBIM CHIKCHHU-
€M TOYHOCTH M3MEPEHHsI YaCTOThI, UCIIOIb30BATh BBIUTPHILI OT IOBbI-
UIEHHsT TOYHOCTH M3MEPEHHUS YIIIOBBIX MApaMeTPOB MOXHO JIUIIb IIPH
YCIIOBHUH, YTO YaCTOTa CHTHAaJa alpuopHO u3BecTHA. Eciu ske oHa Heus-
BCECTHA, TO BBIUT'PLIII HUBEJIHUPYCTCA CHUKCHUCM TOYHOCTU U3MEPCHUA
no dacrore. [loatomy mpu paboTe B aKTHBHOM PEKHME PEaln30BaTh
BBIMIPBIII MOYKHO JIUIIb TPH YCJIOBHH, YTO OOBEKTHI JIOKAIUK HETOI-
BIDKHBI, a IIpU paboTe B MACCUBHOM PEXHMME — IIPH YCIOBHH, UTO aIlpu-
OPHO M3BECTHA C BBICOKOW TOYHOCTHIO YaCTOTA U3JTy4aeMOro CHUrHaa.

B cnyyasix, korna Habmomaercst 6ojee ObICTpOe yBEIHUYECHHE TOY-
HOCTHU U3MCPCHHSA YIJIOBBIX NMapaMETpPOB, YEM CHUIKCHUEC TOYHOCTU U3~
MEpEHHUsI 4acTOThbl, HAOIIOJAETCS IMOBBIIICHHE TOYHOCTH COBMECTHOM
OLICHKH YaCTOTHO-YIJIOBBIX MapaMeTrpoB. Torma B aKTHBHOM pPEXHME
MOJKHO PEaTM30BaTh BBIMIPHIII [IPU JIOKAIUH MTOIBIKHBIX OOBEKTOB, a B
MACCHBHOM — J[a)K€ MPU OTCYTCTBUM MH(MOPMAILMH O YaCTOTE CHTHAINA,
H3JTy4aeMOro HCTOYHHUKOM.

3.1.3. YcrpaneHue HEOTHO3HAYHOCTH ONpe/IeSIeHUsl HAPABJIEHUS
MPUX0Aa CHTHAJIA
To4HOCTH M3MepeHus TapaMeTpOB CHI'HAJIa CBsI3aHa C YIJIOBOW H3-
OUPaTEILHOCTHIO CUCTEMBI 00PabOTKH.
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Jns Goyee TONHOTO MOHUMAHUS MEXaHHW3MA BIHSHUS CIOXHOTO
JBWKCHUS aHTEHHbI Ha YTJIOBYIO H30MPaTeIbHOCTh MPOBOJUINCH HUC-
CJIEJIOBAHUS XapaKTEPUCTUK HATIPABICHHOCTH.

Hexoroprie pe3ympTaThl pacdeToB sl CHCTEM OOpaOOTKH C JIU-
HEWHOW aHTeHHOU mpencTaBieHsl Ha puc. 3.7. KpuBas 1 cooTBeTCTBYyET
ontumanbHo#l cucteme [IBOC B nuHaMu4eckux ycIoBUSIX IPU MTOBOPO-
Te aHTeHHHI (cM. puc. 2.11), a xkpuBas 2 — cucreme [IBOC B craruue-
ckux ycnoBusax. CurHan — rapMmoHuueckuii. Kak BHAHO U3 pUCYHKA,
kpuBast 1 uMeer ofuH GOJBLION JiernecToK (IJIaBHBIN), KpuBas 2 — 1aBa
TaKUX JierecTKa (IJIaBHbIH M 3ePKaIbHbIMH).

0,9
0,8
07
0,6 ,'
0,5t
]
0,4 I'
0,3 "I
0,2
01/ I ’\ /1 Iy
T e V\‘A N~ 1 N ~
0 50 100 150 200 250 300 350 o, 3daa.

Puc. 3.7. XapaKTepHCTHKH HAIPABICHHOCTH MOABMKHOM (1) 1 HemoaBrxHOM (2)
CHCTEM C JINHEITHOH aHTeHHOW. 3a BpeMsi 00pabOTKY MOABMKHASI aHTEHHA
moBopavnBaetcs Ha yromu 45°

OOyCIIOBJICHO 3TO CIEAYIOIUMH puYrHaMU. B 00oux cinyyasx Ha
BCEM BpPEMEHHOM HHTEpBalle HAOJIOJIEHHS] OCYIIECTBIISIETCS COTJIACO-
BaHHAs MPOCTPAHCTBEHHO-BpeMEHHass o0paboTka KoJeOaHWH, MPUHH-
MaeMbIX 3JIEMEHTaMU aHTCHHBI U3 HAlPaBIeHHs, B KOTOPOM OpPUEHTH-
POBaH TJIaBHBIH JICTIECTOK XapaKTePUCTUKU HAIlPaBICHHOCTH. B cTaruc-
THYECKHX YCIOBHSAX JUIA KOJICOAHUH, MPUXOAANIMX M3 HampaBICHUs, B
KOTOPOM OpPHEHTHUPOBAH 3€pKaJIbHBIN JIETIECTOK, 00paboTKa OKa3bIBaET-
Csl TAKXKE COTIIACOBaHHOM. BeiencTBre 3TOro ypoBeHb 3ePKAIBHOTO Jie-
MeCTKa pPaBeH YPOBHIO TJABHOTO. B IWHAMUYECKUX YCIOBHSX IS
pPa3HBIX MOMEHTOB BpPEMEHHM OpPUEHTALMs 3EpPKAIBbHOTO JIeNmecTKa
pasnuyHasi.
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3.1. To4yHOCTH COBMECTHOM OLICHKH YaCTOTHO-YTJIOBBIX NNapaME€TPOB CUTrHAJIa B
CJIOXKHBIX TUHAMHUYECKUX YCIIOBUAX

[pu sTOM 115 KONMEOAaHUH, MPUXOMSIINX U3 IF0O0T0 HANPaBICHUS,
OTJIMYHOTO OT HANpPaBJIEHHUS OPUEHTALMU TIJABHOIO JIENECTKa, IMpo-
CTpaHCTBEHHO-BpEMEHHasi 00paboTka HecorjacoBaHHas. B pesyibrare
3epKajbHbIH JIENECTOK OTCYTCTBYET.

Hanuune nByx 00JbIINX JIEECTKOB AJIS HEMOABMKHOW CHUCTEMBI U
JUIIB OJHOTO OOJBIIOTO JIETIECTKA JAJISl TIOABMXKHOM, yKa3blBaeT Ha He-
OJTHO3HAYHOCTH OTPEJICIICHUS HATIPABJICHHUS MTPUX0/ia CUTHANIA B TIEPBOM
cilydae ¥ Ha OJHO3HaYHOCTb — BO BTOPOM.

YpoBeHb OOKOBBIX JICTIECTKOB XapaKTEPHCTHKH HAIPABICHHOCTH B
30HE MOJAABIECHUS 3€PKalIbHOIO JICIIECTKA 3aBUCUT OT MHO>KECTBA Iapa-
METpPOB. pa3Mepa aHTEHHbI, OPUEHTALMHU €€ B IIPOCTPAaHCTBE, CKOPOCTH
JIBMO)KEHUS, MAKCHUMaJIbHOTO yIjia IOBOPOTa U Ip.

B npuBeneHHOM MpuMepe MMPUHA TJIABHOTO JIENIECTKA XapaKTepu-
CTHKH HAIPAaBIECHHOCTH MOABI)KHOW CHUCTEMBI YK€, YeM IIMPUHA TJIaB-
HOTO JICTIECTKAa HEMOIBIKHOM cucTeMbl. OOYCIOBICHO 3TO TEM, UTO B
JAaHHOM Clly4yae TMOABM)KHAS aHTeHHA TIOBOPAYMBAETCS B CTOPOHY YTJIOB,
I/ XapaKTepPUCTUKA HAINPaBICHHOCTH HETOJBMKHOW CHUCTEMBI UMEET
Oonee y3kuii pactBop. Ilpm moBOpoTE aHTEHHBI B HPOTHBOIOIOKHOM
HanpaBJeHUU LIUPUHA TJIABHOTO JIENECTKA MMOJABUXKHON CUCTEMBI CTaHO-
BUTCS ILIUPE.

XapakTeprcTHKa HalpaBJICHHOCTH, W300pakeHHasi Ha puc. 3.7 Jis
MOJBIDKHON CHCTEMBI, IOJTyYeHa Ha (PMKCHPOBAHHOW wacToTe. Ha mpy-
TUX 4acToTax pabouero AuanazoHa OHA WHAas, OJHAKO Ha BCEX YacTOTaxX
MMeeT TOHMXEHHBIA 3epKaJIbHBIN JienecTok. [103ToMy He TONBKO y3KO-
[I0JIOCHAs, HO W IIMPOKOIOJIOCHAas XapaKTepPUCTHUKAa HaIpaBIEHHOCTU
OKa3bIBaeTCs OJHOHAIpaBleHHOH. OTKyJa cieyeT, YTo INOBOPOT aH-
TEeHHBI 00ecreunBaeT yCTpaHeHHEe HEOJHO3HAYHOCTH OMpeeNieHus Ha-
HalpaBJeHUs NPUXOJa CUTHAJA U B CIy4yae CTOXAaCTUYECKOIo CUTHaa
HMMEIOLIETO CIUIOIIHOM CIIEKTP.

Crnenyer oOpaTWTh BHHMaHHE Ha CIEAYIOIIME 3aKOHOMEPHOCTH,
Kacaronuecss TOUHOCTH U3MEPEHHS MapaMETPOB KOT€PEHTHBIX CUTHAJIOB
U CTOXACTHYECKHUX CUTHAJIOB, COAECPIKALINX MOIIHBIE TUCKPETHRIC CIIEK-
TPaJIbHBIC COCTABJISIOIIME:
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1) moboe ABMKEHHE aHTEHHBI MPUBOJIMT K TMOBBIIICHHIO TOYHOCTH
W3MEPEHHUs OJTHOTO I HECKOJIbKUX YTJIOBBIX MapaMeTpOB, OJJHAKO Ja-
JIEKO HE BCErja K NOBBIIIEHUI0 TOYHOCTH COBMECTHOM OLIEHKH 4acTOT-
HO-YTJIOBBIX IapaMeTPOB;

2) TMOCTOSIHHASI COCTABIISIOIIAS CKOPOCTH JBM)KCHHS aHTCHHBI I10-
BBIILIAET TOYHOCTh M3MEPEHUs YIJIOBBIX MapaMEeTPOB CUTHANa, HO CHHU-
’KaeT TOYHOCTb OLIEHKM YacTOTHl. BelMuuHa BRIMIPHILIA COTIOCTABUMA C
IPOUTPBILIEM;

3) mepeMeHHasl IO BEMYMHE COCTABIISIONIAS CKOPOCTH [(BIIKCHUSI
AHTCHHBI TIOBBIIIAET TOYHOCTh U3MEPEHUS YIIIOBBIX MMapaMeTPOB CUTHA-
Jla, HECKOJIBKO CHM’Kasi TOUHOCTh M3MEPEHMs 4acToThl. B memnom, Tou-
HOCTh COBMECTHOHM OLIGHKHM YacCTOTHO-YIJIOBBIX IapaMEeTpOB CHUTHaia
BO3PACTaeT;

4) mepeMeHHbIC [0 HANPABICHUIO COCTABIISIONIME [BIDKCHUS aH-
TEHHBI, B YACTHOCTH, MEPHOJAMYECKUE KOJICOaHUs BJIOJIb OCEH KOOpPIIU-
HaT, NOBBIIIAIOT TOYHOCTh U3MEPEHUS YIJIOBBIX ITapaMEeTPOB CHUTHAJA U
MPAaKTUYECKH HE CHIKAIOT TOYHOCTH OLEHKH 4YacTOTHl. B pesynbrare,
JlakKe TIPH MabIX, COTMIOCTABUMBIX C pa3MepaMH aHTCHHBI, aMIUIUTYIaX
KOJIeOaHWMI TOYHOCTH COBMECTHON OIIEHKHM YaCTOTHO-YTJIOBBIX MapaMmeT-
POB CHTHaJa OUIYyTUMO MOBbIIaeTcs. [Ipu 0oJbIINX aMITUTYdax KoJjie-
0aHUIl aHTEHHBI TOYHOCTh M3MEPEHUS YIIIOBBIX IApaMeTPOB OINpees-
eTCsl He FeOMETPUYECKUMH pa3MepaMu aHTEHHBI, KaK B CIy4ae OTCYyTCT-
BUs JIBM)KCHUS, a pa3MepaMH IPOCTPAHCTBEHHOW 00JacTH, Te MpOoucC-
XOJUT NepeMeIIeHNEe aHTEHHBI.

[IpuBeneHHble pe3ynbTaThl MOKA3bIBAIOT, YTO MPU CIOXXKHOM JIBU-
JKEHUM aHTEHHbl TOYHOCTh COBMECTHOM OLIEHKM YacTOTHO-YIJIOBBIX Ia-
paMeTpoB CUrHaJjla CyIIECTBEHHO BO3pacTaeT. PeanpHble TUHAMUYECKHE
YCIIOBHSI DKCIUTyaTallil MHOTHX THAPOAKYCTHYECKHX CHUCTEM TO3BOJISI-
10T 32 CUET KOPPEKTHOI'O Yy4eTa JBMXKEHMsS aHTEHHBbI B HECKOJIBKO pa3
MOBBICUTH TOYHOCTh COBMECTHOM OLEHKH YaCTOTHO-YTJIOBBIX MapameT-
POB, KpoMe TOTO, MPHU HCIOJIb30BAHUU JIMHCHHOW aHTEHHBI PEIIUThH
npo0OsieMy yCTpaHEHUS HEOJHO3HAUYHOCTH ONpEIeNIeHUs HalpaBiIeHHS
MPUX0JIa CUTHAJIA.
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I'JIABA 3. TOYHOCTb OLIEHKU ITAPAMETPOB CUI'HAJIA 1
IIOMEXOYCTOMYMUBOCTL CUCTEM IIBOC

3.2. [TomexoycTOYMBOCTH CHCTEM MPOCTPAHCTBEHHO-
BpPeMEeHHO# 00pad0TKH KOTePEeHTHBIX CHTHAJIOB

3.2.1. IlapamMeTphbl, XapaKTepPU3YIOIIHe TOMEX0YCTOHYNBOCTH

JIBI>KeHUE aHTEHHBI CKa3bIBACTCS HE TOJBKO Ha TOYHOCTHU H3Mepe-
HUS TapaMeTpoOB CHUTHAja, HO U Ha MOMEXOYCTOWYMBOCTH CHCTEMBI
I[MBOC. Uccnenyem moMeX0yCTOMUNBOCTh PA3HBIX CUCTEM B PA3TMUHBIX
JUHAMHUYECKUX CHUTyalusx. lccienoBaHue HayHEM C KOTE€PEHTHOIO
CHTHaJa, 3aTeM PacCMOTpPHM croxacTudeckuil. [lomexy Oymem cumrarhb
rayCcCOBCKOM.

[Ipu npoBeneHUH UCCIEAOBAHUI TOMEXOYCTOWYMBOCTH OyaeM
OPHEHTHPOBAThCS Ha BEPOSTHOCTHBIC XAPAKTEPHCTHKH KaK Hamboiee
MTOJTHO OITUCHIBAIONINE KA4YeCTBO pabOThI JIIOOOW CHUCTEMBI 00pabOTKH
CHUT'HaJIa B YCJIOBUAX CHy‘laﬁHLIX IIOMEX.

B monpazmene 2.1 Obuio mokaszano, yto ontumansHas [IBOC B
Cllydae KOT€pPEHTHOTO CUTHaja, KaK MPU OTCYTCTBHH, TaK W HaJTUYUU
IBW)KEHUS aHTEHHBI, CBOIMTCSA K JAByM OJrtamam. llepBeiii sTan
MPENCTaBIACT cO00# JHMHEHHYH 00pabOTKY, BTOPOH — HEIHHEHHYIO.
Jnst MoABMKHOW M HETOABM)KHOW aHTEHH IEPBBIM dTal pa3iudHbBIH,
BTOpOM — OJIMHAKOBbIM. JIMHEHHBIM XapakTep IEpPBBIX JTaloB
00pabOTKM W  COBMAJCHHE BTOPHIX YIPOIIAIOT  HCCIEIOBAHUE
MIOMEXOYCTOHYMBOCTH B AMHAMHUYECKUX YCJOBUsAX. OcTaHOBHMCS Ha
3TOM BOIIPOCE HECKOJIBbKO OoJjiee moIpoOHO.

VYuuThIBasi COBMAJCHHE alTOPUTMOB BTOPOrO 3Tama oOpabOTKH,
kadectBO cucteM [IBOC MOXXHO OIICHHBATH IO pe3yJibTaraM 00paboTKH
auib nepsoro srana. Ilockonbky nepselid 3tan IIBOC npencrasiser
co00ii IMHeHY0 00paboTKy, TO Pe3ysbTaT MPH IayCCOBCKOM BXOJTHOM
BO3/ICHCTBUM OINMCHIBAETCS TayCCOBCKMM paclpeiesieHHeM, KOTopoe
HOJIHOCTBIO  Xapaktepusyercst omuowenuem cuehan-nomexa (OCTI).
Orcropa cienyer, 4To 3ajjaya MCCIEeIOBaHMUA BEPOATHOCTHBIX Xapak-
tepuctuk cucteMm [IBOC cBogutcs k 3amaue nccnenoBanust OCII mocne
MIepBOTO 3Tarna o0paboTKH.

Herpynno yGenmutbes, uro OCII Yy 18 HOABMXHOM aHTCHHBI

OIMMCBIBACTCS BBIPAXXCHUCM, TIOXOKHMM Ha BBIPAXCHUC, KOTOPLIM
onuckiBaercs OCII JJ1 HeHOI[BPI)KHOfI AHTCHHBI.
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2

([ stt, %, %)bet, %, Kydtdx

Y= : = - - , (3.21)
[[]Ibet, %, MKy (.t %, %,) b(ty, %y, R)dt,d%,dt,d%,
Q Q

rae S(t, Y,X) — ananutnueckuit curnan, b(t, X 7:) — (ynxuus, onpe-
2

nensomas ctpykrypy 1IBOC, K (t,,t,,X,,X,) — xoppensunonnas

(YHKITHSI TOMEXU.

B 3THX BBIpaKEHHSAX OTIMYACTCS JIHIIH 0071aCTh WHTETPUPOBAHUSL.
s HemOIBMXKHOW AHTEHHBI OHA MOXET OBITh MPENCTaBICHA B BHIE
obnacty, GakTopu3yeMoil Ha MPOCTPAHCTBEHHYIO U BPEMEHHYIO YacTH;
JUIS TIOJBWKHOH — B o0mieM ciiyyae B BHAC HePaKTOPU3yeMOH
obmactu Q.

Beipaxenue (3.21) crpaBeuBo npu ar060i TuHEHHONW 00paboTKe
curnana. Ecmu o6paboTka onrumanbHas (0 KPUTEPHIO MAaKCHMyMa
OTHOIIEHUS MPaBIOoa00Ms), To BhipaxkeHue (3.21) MoxeT ObITH TIpH-
BEJICHO K CIIeIYIOIEeMY BUJLY:

y= [[$(t.%.Z)b(t, %, Eydtdx. (3.22)

Paccmorpum momexoyctorunBocth cuctembl [IBOC mpu pa3abix
nmomMexax.

3.2.2. HexoppeaupoBaHHasi ToMexa
ITycTh moMexa HEKOppPEeIUPOBaHHAsI [0 MPOCTPAHCTBY U BPEMEHU.

Torma b(t, X, A) = (1/6(2)) S(t, X, X) 1 BeIpaxenue (3.22) MOXKHO 3aru-

CaThb KakK

y == [ $(t %7 s(t, X, Kycta. (3.23)
(O o

Ecim ammuTysa curhana Ag He 3aBHCHT OT BPEMEHH M IIPO-

CTPAaHCTBEHHBIX KOOPJHMHAT, TO BhipaxeHue (3.23) MOXKHO MPEACTABUTH
B CJIEYIOLLEM BUJE!
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BpPEMEHHOI 00paboTKH
KOTEPEHTHBIX CHTHAIOB

_ AV (3.24)

rie Vg, = J.J- dtdX - mpocTtpancTBeHHO-BpeMeHHOI 00beM 001aCTH Ha-
Q
omonenns €.

Kak crnenyer u3 Beipaxenusi (3.24), B ciiydae HEKOPPEIMPOBAHHOM
TIOMEXH MTOMEX0YCTONYMBOCTh cucTembl ontumansHoi [IBOC He 3aBu-
CHT OT (hOpMBI AHTECHHBI U TAPAMETPOB €€ ABMKCHUS B IPOCTPAHCTBE, &
OTIpeieNsIeTCs JIIIb aMIUTUTYJOW CUTHaja, AUCIIEpCUE TOMEXU U Tpo-

CTPaHCTBEHHO-BPEMEeHHBIM 00beMoM V, obnactu HaGmoneruns .

3.2.3. MHOTrOKOMIOHEHTHASI CTOXACTHYECKAs IIOMeXa
[TycTs mOMeXa COCTOHMT M3 ABYX COCTaBIISIONINX. HEKOPPEIUpO-
BaHHOM M JIOKAJIbHOM, 33/1aBA€MbIX COOTBETCTBEHHO KOPPEJIALHOHHBIMH
¢dyuxmmamu (1.29) u (1.33).
Hcnonesyst onucanHslil B moapasaene 2.1 tperuii cmocob ontumu-
saruu [IBOC mist KOrepeHTHOro curHana, BeipaxeHue (3.22) MOXKHO
MPEICTaBUTh KaK

M < ~ —
yzzljw [ﬂ %,L,)B, (f, %1, )dfdx.

B mannOM cimydae QyHKIHs Bm( f,X, 7:5) , OIIpeNeJAoLIas CTPyK-

Typy omrtumaibHoi IIBOC, omuceiBaercs Beipakenusmu (2.81) wu
(2.82). ITostomy mapamerp OCII

yz J'J.S(f ) X

Oo % x(%,) (3.25)
x[sm(f,i,is)—ﬁm(f ,XSX,X,X)Sm(f,X,Xl)}dfdi.

VYuuteiBast paBencta (2.75) u (2.80), Beipakenne (3.25) MOKHO
3ammcaTh KakK
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1 @ N . =
=2 [IS,(FR)F | G.(F,%%)x
m 9o % X ()

x[&(f,x,&x)—sm(f,XSX,X.X)G.(f,x,i.x)}dzdf.

BseneMm o0o3HaueHME

Pm(f’xsx’)"lx): - 1 — X
\/Vms ( f 7>“sx)vml (f ’A’Ix)
(3.26)
x| | G(f,%1,)G,(f,% A, )d% |,
X(t)
rae
V. (F.h)= [ G(f, %X, )G (f, % A,)dX,
X (%)
. (3.27)
Vo (F.5) = [ G(F,%%,)G,(f,%%,)dx
X (t)

Oynxuus P (f ,X

HYI0 (YHKIUIO HEONPEISIICHHOCTH, KOTOpask IPEBPaIacTcsi B OOBITHYIO
XapaKTEePUCTUKY HAlpaBIEHHOCTH B Clyyae OJHOPOJHON cpelbl pac-

o M) TIPEACTAaBNseT oGOl MPOCTPaHCTBEH-

*

npocTpaneHus Konebannii, koraa o6e ¢pynxuun Ipuna G ( f, X, sz) u

G, (f,X,\,) onuchIBAIOTCS IKCIOHEHUMATBHBIMH (YHKLHMSAMH.

[Ipunumas Bo BHEMaHue paBeHcTBa (3.26), (3.27) u yuurTsiBas co-
orHoienue (2.82), Beipaxkenue s napamerpa OCIT MOHO mpejcTa-
BUTH B BUJIC

v=giZI|sm(f,5£t)|2vms(f,sz)Rm(f.sz-Xlx)df '
0 m _
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riue

1+Mvml (f ’Xlx)

Rm(f’}"s>('>\’lx)= g g (f) -
|
1+ g, (3.28)
|:1_P2m(f'7\‘sx1ilx)}
le(fvxlx) .

ITycTb CHrHAI y3KOIONOCHBIN U ero aMIuiuTyfa Ag He 3aBHCHUT OT

BpeMeHu. Torma Beipakenue, omnuchiBaomee OCII, 3HaunTenbHO yII-
poiaercs:

2

T -

v = S VR, (fo e o) . (3.29)
gOM m

rne V.. =V (f,, A, ), f,— cpemmss wactora paGoueii nomocs vactor
CHTHAIA.

B psaze ciyuaes (B 4aCTHOCTH, KOT/Ia CPeJia PACTIPOCTPAHEHHUS KO-
neGaHnui OTHOPOIHASN)

Vms(f !sz) :le(f !Xlx) :me’

eV, = j dX — o6bem aHTEHHBI.
X (%)
Torma, mpubIIKEHHO B paiioHe HyJIeH MPOCTPaHCTBEHHOH (DyHK-

LMK HeoTpeseNeHHoCTH (pu Pm(f,x Xlx) << 1), mapamerp OCII

sx !

OIMUCBIBACTCS BBIPAXKCHUEM

2

A;T (ﬁz‘ymx}, (3.30)
0 m

X)) =1 (m=1,M))-

a B paifone riasHoro snenectka (mpu P (f, A,

BbIPpAXKCHUEM

1 V
AT =YY | (3.31)
v=A (M ;gwg.(fo)vmxj
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U3 seipaxennit (3.29) — (3.31) BuaHO, YTO B Cilydae MOCTOSHHOTO
o6wsema antenns (V,, = const =V, ), mapamerp OCII mensiercst B mpe-

ATV, AN T
pi(e]
gO go+g|(f0)vx
xapaKTepa Hu HapaMeTpOB JBUXCHUA aHTCHHBI. OI{HaKO HpI/I 3TOM TeKy-

1lee 3HaueHHUe apamerpa Y MOXKET MEHAThCS, IPUYEM B pAJIE CIIydyaeB
CHJIBHO.

Jciax oT

. OTH Opeaciibl HE 3aBUCAT OT

Jns mnmrocTpalliy CKa3aHHOTO PacCMOTPUM 3aBHCHMOCTH Tapa-
merpa OCII oT yrma mpuxoja 0 JIOKaIbHOH COCTaBIIAIOLIECH MOMEXH

(puc. 3.8). KpuBble moiydeHsl Ui BOCBMHAJIEMEHTHON JTHHEHHON aH-
TEHHBI.

—<&
\

0 40 80 120 160 200 240 280 320 ., &
a

T,
5
0

20 v

Nt~
'

20

o\ iy

0 40 80 120 160 200 240 280 320 O, 034
o

Puc. 3.8. 3asucumoctr napamerpa OCII y 0T yrma @, . Yron npuxosa

curnana o, paser 80 (a)u 20 (6). Yriosas ckopocts & HOBOpOTA aHTEHHbI

pasHa O (HemozBIKHas aHTeHHa), 1, 2, u 3 rpagycam 3a Bpems T

(coorBeTcTBeHHO KpHBBIC 1 — 4)
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BpPEMEHHOI 00paboTKH
KOTEPEHTHBIX CHTHAIOB

Kak BuIHO, Bce KpHBbIe UMEIOT ABa MuHMMYyMa. OnuH U3 HuX (01
YTIIOM 800) COOTBETCTBYET TJIABHOMY JICTIECTKY XapaKTePHUCTUKH Ha-

IpaBIeHHOCTH, a Apyroii (B paifome 280° ms pucynka (a) u 340° ans
pucyHka (6)) — 3epkajJbHOMY IJIaBHOMY JierecTKy. JIJisi HenoABHKHOM
AQHTEHHbl YPOBHU O0OMX MHUHMMYMOB OJMHAKOBBI, sl MOJBMXKHOM —
pasHble: YpOBEHb MHHHMYMa, COOTBETCTBYIOILETO 3€pPKAJIbHOMY TIJIaB-
HOMY JIENIECTKY, B HEKOTOPBIX ClIydasiX OKa3bIBaeTCs BO MHOI'O pa3 BbI-
11e, YeM ypOBeHb MUHHUMYMa, COOTBETCTBYIOIIETO IJIABHOMY JIETIECTKY .

CpaBHeHHE KPUBBIX JJISl IOJBMKHOM M HEMOJBHKHOW aHTEHH I10-
Ka3bIBaeT, 4TO B pailoHE IJIaBHOIO JIENIECTKAa XapaKTePUCTUKU HaIlpaB-
JICHHOCTH U B 00JIacTH OOKOBBIX JIeTecTKOB 3HaueHus mapamerpa OCII
MpaKTHYeCKH coBmagatoT. OnHako BennunHa napamerpa OCII B obnac-
TH 3€pKaJBHOTO TIABHOTO JICTIECTKA OOJIBIIE IS TTOIBIKHONW aHTCHHHI,
YyeM U1 HemoABWKHOH. I1pu Bo3pacTaHuM yTIOBOi CKOPOCTH TIOBOPOTA
aHTEHHbI OTJIMYHE BO3PACTaeT.

B monpasznene 3.1 mgns cucremsl [IBOC ¢ nmoBopavymBaromeicst u-
HEHHOW aHTEHHOH 00CY’KJaJICsl BONPOC MOJABJICHHUS 3€PKaJIbHOTO IJ1aB-
HOTO JIETIECTKAa XapaKTEpPUCTHKHM HampaBieHHocTH. OTMmedanoch, 4TO
IIpY MOBOPOTE aHTEHHBI MOKHO OJHO3HAYHO ONPEIENUTh HaIlpaBieHHUE
npuxoja curHana. IlogaBieHue 3epKajbHOTO JIENECTKA, YCTpaHEHHE
HEOJHO3HAYHOCTHU ONpPEIENICHUS IPUX0Aa CUTHANIA U MOBBIIIICHUE YPOB-
Hs1 OCII B paiioHe 3epKaNBEHOTO JIETIECTKA CBSI3aHBI MeXIy coboil. OHU
SIBILSIFOTCSL PA3TIYHBIME MTPOSIBIICHUSMH OHOTO U TOTO K€ (PU3HUECKOTO
s¢deKxTa, BEIZBAHHOTO TOBOPOTOM AHTCHHBI B IIPOCTPAHCTBE.

[TomexoycroitunBocth cuctembl [IBOC, paboTaroniei B yCIOBUAX
JIBUYKEHUS! aHTEHHBI, 3aBUCUT OT THIIA JIOKAIBHOM COCTaBJISIOLIEH TO-
MEXH, B YaCTHOCTH, OT CTETICHN KOT€PEHTHOCTH BO BPEMEHHOW 00JIACTH.
i nosiy4eHus npeAcTaBieHys O BIMSHUM KOT€PEHTHOCTH [IOMEXH Ha
nomexoycroiiuuBocts cucrteM IIBOC paccMoTpuM Mozenb IOMEXU €
JIOKJTHHOU KOT€PEHTHOM COCTaBIISIIOIICH.

3.2.4. MHOTOKOMIIOHEHTHAS MIOMEXa ¢ KOTePeHTHOI JIOKAJIbHOI
COCTaBJIAIOIICH
ITycTh moOMexa COCTOMT M3 HEKOTEPEHTHOM COCTaBIISIOIIEH, ompe-
nessieMoit BeipaxkenueM (1.29) U KOrepeHTHO# JOKaIBHOM COCTABIISIO-
iei, onpenensieMoit Beipakernem (1.35).
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B coorBerctBun ¢ BeipakenuneMm (2.94) mapamerp OCII mosxer
OBITh MpEACTaBJICH KaK

1= [[s.02) s 1)~

O Q

(3.32)
—B(XS,X|)S|(t,X,Xl)}dtdx.

Vuureias Beipaxkenue (2.95), mapamerp OCII MoxeT ObITh 3amu-
CaH B CIJIEyIOIIEeM BUJIE:

2
1+ 20V, (1-P(A, 1))
Y= Aé\z/“ % > , (3.33)

i 1+

rie V, — 00beM mpOCTPAaHCTBEHHO-BPEMEHHOH 00J1aCTH HAOIIOJCHHS

Q:
V,, = [[dta = [[[s,t. %7, dta, (3.34)
Q Q

P(A,\;) — mpocrpancTBeHHO-BpeMeHHAs (DYHKIMS HEONPEIEIEHHO-

CTHU.
2

P(,, A

s (t, %, %,)8(t, %, 2, )dtdx (3.35)

BHe TmaBHOTO JemecTka (YHKIMH HEONpeaeeHHOCTH (IpH
P(A,A) <<1) napamerp OCII onuchIBaeTcs NPUOTHKEHHBIM

BBIPAKEHUEM

Y =—==, (3.36)
a B IpeJieiax rIaBHOro Jierectka (mpu P(?: o 7:,) ~ 1) - BeIpakeHnem
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a/
Y= ZAS—Q (3.37)
ol +olV,
U3 Beipakenuii (3.36) u (3.37) BuaHO, YTO KOT/a MapaMeTphI XS "

A, cunbHO OTIMYaROTCs APYT OT Apyra, mapamerp OCII onpenensercs

TOJIBKO HEKOPPEINPOBaHHOW COCTABISIONICH ITIOMEXH; KOTAa K€ 3TH
mapaMeTpbl MPaKTHYECKH COBIATAIOT, — OOCHMHU COCTABILIOMINMHE IIO-
MeXHU: HEKOPPEIUPOBAHHON M JTOKAITBEHOH.

IMapamerp OCII cymiecTBEeHHO 3aBHCHUT OT THIIA JIOKaJbHOW CO-
cTaBJsitoniei momexu. PaccMoTpum mpocToit mpumep.

[IycTh curHanm mpencTaBisieT cO00H IUIOCKYIO BOJIHY, ITOMEXa CO-
JePKUT HEKOPPETMPOBAHHYIO M KOTEPEHTHYIO JIOKAJIbHYIO COCTaBIISIO-
mue, a B Ka4YCeCTBC AHTCHHBI CITYXKHUT 0,[[HHO‘IHI:II71 HeHal’[paBJ’IeHHLIﬁ
MPUEMHBIHA 2eMeHT. B manHOM ciydae, cornacHo Beipaxenuoo (3.35),
(GYHKIMS HEONpeIeIeHHOCTH OIUCHIBAETCS CIeAyIomen GpopMyIIon:

1 0 - - f
j s, (t— i, X(t), &, )$(t — i, X(t), A, )dt| . (3.38)
AVo 1

ITpu oTCyTCTBUM JBMXKEHHUS NMTPUEMHOTO dJieMeHTa (QyHKIMs Heorl-

PEIeNeHHOCTH MOKET OBITh MIPEACTaBIICHA B BHIIE

P(XS’X|) =

2

P(L,, i) = ASLV [t )87, )dt] - (3.39)
QT

ITpoananusupyeM 5TO BbIpaxkeHHe. Eciy BpeMeHHBIE HapameTpbl
CHTHalla ¥ JIOKAJIbHOH COCTABIISIOIIEH MOMEXH COBIANArOT (Xst = X,t),
TO MpHU JTIOOBIX HANpPaBICHUAX NMPHUXOAA CHTHAJA U JOKAIBHON COCTaB-
nsromeil momexu (yHKIUS HEONpPEAENeHHOCTH P(Xs,il) =1. Ilpu

stom mapametp OCII omuckiBaetcsi BeipaxkerueM (3.37) u onpenensier-
Csl HEKOPPEIUPOBAHHOM U JIOKAJIIbHOM COCTABJISIOUIUMH ITOMEXH.

—

s TOIBMKHOTO MPUEMHOTO 3JIEMEHTA MPHU YCIOBUU Xst = k,t u
HaIpaBJICHHSIX ﬁs Hu ﬁ| , CYIIIECTBEHHO OTJIMYAIONINXCS IPYT OT IPYTa,

HKLUS HeompeneieHHoctd P X ,X <<1. Ipu »ToM mapamer
Yy p sV p p p
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OCII onuceiBaetcst BeipakeHreM (3.36) u onpemensieTcst TOIbKO HEKOp-
peNMpPOBAaHHON COCTABIISIOIIEH TOMEXH.

B nmanHOM ciyuyae NBWKEHHE MPUEMHOTO 3JIEMEHTa CYIIECTBEHHO
BIMsIeT Ha noMexoycroiuuBocth cuctembl [IBOC. Ecnu ke nokanbHas
COCTAaBJIAIONIAs TIOMEXHU CiTy4aiiHasi, TO BHE 3aBUCUMOCTH OT TOTO, JBU-
JKETCS JIM MPUEMHBIA 3JIEMEHT WM HET, QYHKIUS HEONpeaeICHHOCTH

P.(f ’sz , Xlx) , COIJIACHO BhIpaxkeHuio (3.26) paBHa €JMHMIIE IPH JIFO-

OOM COOTHOIIICHHH mapaMeTpoB ﬁs n ﬁl . Torga nBuxeHue OPpUEMHOTO

JJIEMEeHTa BOOOIIEC HE CKa3bIBAETCS HA MOMEXOYCTOWYHBOCTH CHCTEMBI
MIBOC. TIpu stom mapamerp OCII omuckiBaetcst BoipaxkeHuem (3.31) u
oTpenemnsieTcsi 00EMMHU COCTaBJIIONINMHU OMEXH.: HEKOPPETHPOBAHHOM
U JIOKAJIbHOM.

[IpuBeneHHbIN MpUMEp MOKA3bIBACT, YTO (PAKT JABMIKESHUS aHTCHHBI
B MIPOCTPAHCTBE HTpacT Ooiiee CYMIECTBEHHYIO POJb MPH KOT€PEHTHOM
COCTaBJISIOIIEH MOMEXH, YeM IpPU CTOXAaCTUYeCKOH. DTa 0COOEHHOCTH
IpUcylla HE TOJbKO ONTUMAajbHBIM, HO M HEONTHUMAaJbHBIM
cucremam [1BOC.

B moarsepxkaeHue 3Tomy Ha puc. 3.9 mpencTaBieHbl pPe3yJIbTaThI

pacueToB 3asucumoctd napamerpa OCII ot yrima nmpuxoga O, JIOKallb-

HOM COCTAaBJIAIONIEH MMOMEXHM I OaHOU M Tou xe cucremsl [IBOC u
Pa3IUYHBIX TIOMEX.

PacueTsr npoBOAMITUCEH ISl OIMHOYHOTO HEHAIIPABICHHOTO TPHUEM-
HOI'O 3JIEMEHTA, JBHIKYILETrocs ¢ yckopenueM (kpusbie 1, 2), u Hemon-
BIOKHOTO 3j1eMenTa (mpsmbie 3). [Tomexa — TpexkoMIOHeHTHas. B mep-
BOM cIlydae OHa COCTOsUIa M3 HEKOPPEIUPOBAHHOH, aHU3O0TPOITHOW M
KOTEPEHTHOW TrapMOHMUYECKOM JIOKAIBHON COCTABIAIOMKX (d), BO BTO-
POM — M3 HEKOPPEIUPOBAHHOM, U30TPOITHOW M KOT€PEHTHOW TapMOHU-
4yecKkoi JoKambHOM cocraBisomux (6). KoppensunonHsle (GyHKIHA
3THX COCTABILIIOIINX omucanbl Bhipakerusmu (1.29) — (1.32), (1.35).
CurHan mpejacTaBiisiil cOOOH TapMOHHYECKYIO BOJIHY C YacTOTOM, paB-
HOM 4acTOTe JIOKAIBHOM cocTaBistolled momexu. Bo Becex ciywasx
CTPYKTypa OOpaOOTKH CUTHAJIa HE yYUThIBaJa MHOTOKOMITOHCHTHBIN
XapakTep TOMEXH M OblJa ONTUMAIBHON JJIsi HEKOPPEIUPOBAHHOMN
ITOMEXH.
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Kak BusHO, OTJIMYHE B COCTaBE MOMEX MPAKTHUYECKH HE CKa3bIBaCT-
cs Ha moMexoycToiunBocTH. COOTHOIICHHE KE MapaMeTpoB, XapaKTe-
PHU3YIOIIMX HAIpaBlieHHE MPHUXO0Jla CHTHAJIA U JIOKAIBHOW COCTaBIIIO-
el moMexu, uMeeT OoJbloe 3HaueHne. Korma HampasieHus: mpuxoaa
JIOKaJTbHOW COCTABIISIONICH TIOMEXH M CHTHAJA OJM3KH, MMOMEXO0YCTOM-
ynBocTh cuctembl [IBOC Hu3Kas, KOorja e OHM CHIBHO OTJIMYAIOTCA
JpyT OT Apyra, IOMEXOyCTONYUBOCTb — BBICOKA.

[MomexoycroitunBocth cuctemsl [IBOC cymiecTBEeHHO 3aBUCHT OT
mapaMeTpoB JBIDKCHUS MPUEMHOTO diieMeHTa. [Ipu oTcyTcTBHM IBIHOKE-
Hust (psiMble 3) TOMEXOYCTOMYMBOCTh HHU3Kas MPU JFOOOM Harpasiie-
HHUM TPUXOJA JIOKAJBbHOM COCTaBisolmed noMmexu. llpum Hammunm xe
nprxeHus (Kkpusbie 1, 2) OHa HU3Kasl JIUIIb B palloHe MAKCHMyMa TJaB-
HOTO JienecTka (PyHKIMKM HeomnpeaeaeHHOCTH. [locTossHHAs cOCTaBIIA0-
Iass CKOPOCTH BMIKCHUS (KPHBBIC 1) BBI3BIBACT IOHIKCHUE ITOMEXO-
ycroiunBocTd. DPPEeKT OTPUIATETFHOrO BO3ACHCTBUS ITOCTOSHHON
COCTaBJISIIONICH CKOPOCTH IBHKEHHUS MPUEMHOTO dJIEMEHTa Ha MOMEXO-
YCTOMYHMBOCTH MOOOCH paccMOTpeHHOMY B moxpasnene 3.1 addexty
OTPUIATEIEHOTO BIUSHUS 3TOH COCTABIAIONICH HA TOYHOCTh U3MEPEHHS
YacTOTHO-YIJIOBBIX TMapaMeTpoB curHaia. B oboux cmydasx Qaxruye-
CKH MIMECT MECTO OJMH M TOT k& (pM3HUeCKHi dPPEKT ¢ pasTHIHBIMH
(hopMamu ero posIBIICHUS.
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3.3. [loMexoycTOHYMBOCTH CHCTEM NMPOCTPAHCTBEHHO-
BpeMeHHOH 00pad0TKHU CTOXaCTHYECKMX CUTHAJIOB

3.3.1. ITapameTphl, XapaKTepU3yIolie NOMeX0yCTOYHNBOCTh

B nonpaznene 3.2 paccMaTpuBanzach TOMEX0YCTOWYMBOCTh CUCTEM
[IBOC B ciy4yae KOT€pEeHTHOTO CUTHala NpPU ABWKEHHUH aHTCHHBI B
IPOCTPAHCTBE. Y CTAaHOBJIEHO, YTO MPH I'ayCCOBCKOIl MOMeXe BEpPOSTHO-
CTHBIC XapaKTCPUCTUKH ONTHMAIBHOW CHUCTEMBI OOpaOOTKH CHTrHajia
MOJTHOCTBIO Xapaktepusytorcss mapamerpom OCII mocne nuHEHHOTO
sTana 00pabOTKH M TO3TOMY HCCIIEIOBAHWE TIOTEHIIMAIHHON MOMEXO-
YCTOHYMBOCTH B Pa3lIUYHBIX JAMHAMHUYECKUX CHUTYaIMsIX MOXKET OBbITh
MIPOBEICHO Ha OCHOBE aHAIN3a 3aBUCHMOCTH ITOTO Mapamerpa OT Imapa-
METpOB JABIXCHUS aHTCHHBI.

Amnanu3 nomexoycroiuusoctu cucteM IIBOC B ciaydae croxactu-
YEeCKHX CUTHAJIOB TaKXe MOXXET ObITh MPOBEEH Ha OCHOBE CpPaBHEHUS
napameTpoB OCII.

[lycte curHam © TmoMexa TPENCTaBISIOT  Cco0oi  ciabo-
KOPPETHPOBaHHBIE MO BPEMEHH T'ayCCOBCKHE MPOILECCH M AITOPUTM
ontumaibroi [IBOC onuceiBaetces BoipaxenueM (2.70) wmwm (2.71).

W3 »THX BBIpaXXeHUW BUAHO, YTO AITOPUTM OOPaOOTKU COCTOUT U3
TPEX JTAIlOB; JMHEHHOM, HEJTMHEHHOM (BBIYMCIIEHHE KBajpaTa MOMYJIA)
W ONATh JUHEWHOW. IlocKONBKY cHrHal M momexa ciaboKoppeIrpo-
BaHHBIC, TPeTUil 3Tanm 00pabOTKU Hopmanuzyem BHIXOTHOH 3(deKT, B

pe3yiabpTar€ 4YEero MOXHO CUYUTaTb, 4YTO BCJIMYMHA Q()\,) HUMECT

rayccoBCKO€ pacupezesicHHe.

PaccmoTrpum 3amauy oOHapyskeHUs curHana. [loMmexoycToHYnBOCTb
CHCTEMBI OOHAPYKEHHS HCUEPIIBIBAIOIIE XaPAKTEPU3YIOT J[BA BEPOSTHO-
CTHBIX TIAPAMETPA: 6ePOSMHOCHIb NPAGUILHO20 obnapyscenus D u ee-
poAMHOCMb 10J4CHOL mpegozu 3. DT BEPOSTHOCTU MPHU TayCCOBCKOM

3aKoHe pacnpeneienns Beixoasoro sddexra Q(A) onmcwBarotcs cie-

AYIOLIUMHA BBIPAKCHUSIMU

D:TL(Q/HO)dQ:1—<I> h=my, , (3.40)
h

GHO
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p= [LQ/H,)dQ :1—cp£m}, (3.41)
h (¢

Hl
rae h - mopor o6napyxenns, L(Q/H,) — dynxumns npasnonono6us
npu Hamauu currana (runoresa Hy), L(Q/H;) — dynxuus npas-

nonoso6ust npu orcytcTBuy curnana (runoresa H,), ®(X) — unme-

epai 6ep0}1mnocmui
D(x) = % j exp(—t*/2)dt, (3.42)
T —0

2

My, # G} — COOTBETCTBCHHO MATEMATHYCCKOE OXKHMIAHHE M JUCIIEP-
2

cnst oTkmKa npu rumotese Hy, My u G}, — cooTseTcTBeHHO MaTe-

MATHUYCCKOC OXKUAAHNEC U AUCIIEPCU OTKIIMKA IIPH TUIIOTE3C H 1

Mo>kHO MOKa3aTh, YTO MPHU OJIMHAKOBOM JITUTEILHOCTH CEKIIMA TC

2 2
MaTeMaTHYECKUE OKUIAHUS mH0 , mHl ¥ JUcHepcuu Gy , Gy, OIHu-

CBIBAKOTCSI CIICAYIOIMMHU BBIPAKCHUSIMU

My, =T, [ 2] 9 (Yo (F.2)+ g2 (HY(F.2,) |df, (3.43)
m,,, =TCT 9s(F)D Y, (f,1,)df, (3.44)
o2 :2TCT 05 ()XY 2n(F, )L+ gs (1Y, (F,7,) ] df, (3.5)

o, = 2T, f 9s(F)DY2(f,A,)df, (3.46)

L (Ri)= [ [ G(F, % A)B, (f,%,%)G,(f,%,%,)dx%dg,
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I'JIABA 3. TOYHOCTb OLIEHKU ITAPAMETPOB CUTHAJIA U
IIOMEXOYCTOMYMBOCTDL CUCTEM IIBOC

2 2
Ilpu manmom ypoBHe CHrHana Gy ~ Gy Ka4eCTBO PabOTEHI CHCTe-

Mbl [IBOC MosxeT ObITh 0XapakTepusoBaHo ¢ nmomoiisio OCII, onpene-
JSIEMOTO KaK MpHpaIleHHe MaTeMaTHYeCKOTO OXHJIAHHUS OTKJIHMKA IPH
HAIMYUH U OTCYTCTBHHM CUTHAJIa K CPEIHEKBAIPATUICCKOMY OTKIIOHE-
HUIO OTKJIMKA MPH OTCYTCTBHU CUTHAJIA!

my, —m,

y=—toTH (3.47)
On

1

W3 Beipaxenwii (3.40), (3.41) BuIHO, Y4TO 3TO OTHOIIEHUE OMpEe-
JIAETCS BEPOATHOCTHIO TPABUIIBHOTO 00Hapyx)eHus D u BeposTHOCTHIO
JNIOKHOM TpeBory 3

y=0"(1-B)- 0 (1-D).,

Ortcrona cnenyer, uto napamerp OCII Y ucuepnbiBarolie Xxapax-
TepusyeT kauecTBo cucteMsl [IBOC.

Ionacrasnss Beipaxkenust (3.43), (3.44) u (3.46) B BBIpaXKEHHE
(3.47), ¢ yuerom cootHotieHus (2.65) MOXKHO MOMYYUTH CIEAYIOILYIO

(hopmyny, onmchIBaronIyto 3aBucuMocth napamerpa OCII ot mapamer-

POB CUrHalia, IOMEXU U CPEIbI.

T. |
v= -5£gafw

. G®
| | G,(f,%,7.) D, (f,%,i.)dx | df
m L X(%)

Ucnonw3yst 3TO BbIpaXK€HHE, HCCIEAYeM IOMEXOYCTOHYHNBOCTD
cuctrembl [IBOC B pa3HbIX JTUHAMHYECKUX YCJIOBHSAX NP BO3JAEHCTBUU
pa3UyHbIX MOMeX. PaccMOTpUM HECKOJIBKO MOJIEIel MoMeX.
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3.3.2. HexoppenupoBaHHas moMexa
[TycTh MOMexa HEKOPpENUpPOBaHHAS IO MPOCTPAHCTBY M BPEMEHH.
Tornma

. o 1 N N
BN (f 1 X Xz) = _8(X1 - Xz)

m
0

u
A EON
27 9
, 12
D[ G(F,%,K,)G(f,%,,)dx | df
m | X&)
Ecim mabopMaTHBHBIN TTapaMeTp 7:5 CUTHaJIa HEOHEPTETUIECKUH
u
. -2 _
Vo= [ [G(F.RE) dR= [ dX=V,,  (349)
X (%) X (f)
to napametp OCII MoxeT OBITh 3aIKCaH B BUJIC
12
VT, .,
2T g
Y= > (3.50)

2 5 9

U3 seipaxkennst (3.50) BuaHO, uto, Koraa oobem V., mpocTpaHcT-

BenHoit obnactu mabmogenus X (t,,) mocrosmen (V,, =V,), mome-

XOYCTOHYHUBOCTh CHCTEMBI OOpPa0OTKH HE 3aBUCHT HH OT MapamMeTpOB
IBIDKCHMSI aHTEHHBI, HU OT ee ¢opmel. Toraa mapamerp OCII onmcriBa-

€TCsl CICAYIOIIMM BBIPAKCHUECM
12

1
T 79s(f)
=V {— | =2~df : 351
T 2'[0 do N

Cornacao Beipakernto (3.51) moMexoyCTONYHUBOCT ONTHMATBHON
cuctemsl [IBOC ¢ moaBuKHONM aHTEHHOM, KaK U CUCTEMBI C HEIOIBIK-
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HO} aHTEHHOM, OIpeeNseTcss 00beMOM YacTH HpocTpaHcTsa V, , 3aHu-
MaeMbIM aHTCHHOH, JUINTEIFHOCTHIO BPEMEHHOTO MHTepBajia Habmroe-
Hus | ® crekTpanbHbiMu TioTHOCTaME Mommuoctn Jg(f) u g,

CUTHaJa U TIOMEXH.
Crenyer oOpaTuTh BHUMAaHHE HA TO, YTO TP 3TOM (DaKT JBIDKCHHUS
AQHTEHHBI BOOOIIE HE UTPacT HUKAKOM PoNu.

3.3.3. MHOrOKOMIIOHEHTHAS CTOXACTHYECKAas MOMexa
Ilycth moMexa COXEPKHUT HEKOPPEITHPOBAHHYIO COCTABIISIOINLYIO
Buna (1.29) u JIOKAJbHYIO CTOXACTHUYECKYIO COCTABJSIIONIYIO BH-

na (1.33).
B stom cryuae gymxmus D (f,%X,1,) omuceaercss opmymnoit

(2.103). ITpu sTom BeIpaskerue (3.48) MOXKeT OBITH MPEACTABICHO B Clie-
JYIOTIEM BHIE:
1/2

© 2
- %Zj&j)v;s(f,xsx)R;(f,Xs,X,)df .(352)
~ gl

rne R, (f ,XS , Xl) — yHKIMs, onpeaensemMas BeipakenneM (3.28).
Ecnu curnan yskononocusiii (Af << ), To Bepakenue (3.52)

YHOpOIaeTCs:
1/2

= ﬁZvst;(fo, hoM)p . (353)

AFT g2(f)
2 gl

rae AF - nonoca nponyckanus npecesexropa.
B paiione GOKOBBIX JIEIECTKOB (PYHKIUH HEONPENeNIeHHOCTH (KO-

rna P (f ,7:5 : Xl) << 1) napamerp OCII paBeH BeIUUMHE

12
_ g.(f)VAFT Ly 1

\/Ego M - ms !
a B paﬁone MakCuMymMa TJIaBHOT'O JICOECTKa (KOF,Z[a

Pm(fo,Xs,Xl) ~1 (m=1,_M))—BeJ'II/I‘{I/IHe

(3.54)
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1/2
— 2
y= gs(fo) AFT iz Vms
V2g, | M T o+, (fo)Vi
Ecin B mporecce ABMKEHHSI aHTEHHBI O0BEM MPOCTPAHCTBEHHOM
obnacti HaONIONEHUS HE MeHSeTcs W MH()OPMATUBHBIA Tapamerp
nesnepreruueckuii (V,, =V, ), 10 mapamerp OCII Haxomutcs B

9s (f)VivVAFT  gg (fo )V, VAFT
\/E(go+g|(fo)vx), \/Ego '

I'panuLpl 3TOrO 1Mana3oHa He 3aBUCAT OT XapaKTepa U MapaMeTpoB
JIBWKCHUSI aHTEHHBI, XOTs TeKkylue 3HaueHus napamerpa OCII 3aBucsr
OT HUX.

Jns cuctembl 00paOOTKKM C JIMHEHHON aHTEHHOW, MOBOPaYHBAlO-
mekcst B MpOCTpaHCcTBe, uccieqoBaiack 3apucumoctb OCII oT Hampas-
JICHUS TIPUX0/Ia JIOKAIbHOH cocTtaBisitorieii momexu (puc. 3.10).
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Puc. 3.10. 3aBucumoctu napamerpa OCII 7y oT yryia 0, . Yros npuxojia CHrHajia
0, paBeH 80° (a) u 20° (6). YrioBas ckopocTs & MOBOpOTa aHTeHHbI paBHa 0

o
(memonBikHas anTeHHa) M 1 3a Bpems [ (CoOTBeTCTBEHHO Kpusbie 1 1 2)
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U3 pucyHka BUAHO, 4TO, KaK U B CIIy4ae CHCTEMBI 00pabOTKH Kore-
PEHTHOTO CHUTHAJA, MOBOPOT AHTEHHBI B MPOCTPAHCTBE BBI3BIBACT IO-
JaBJICHHE 3EPKAJBHOTO TJIABHOTO JIENEeCTKA (PyHKIHMU HEOoNpeAeIeHHO-
CTH, YTO TO3BOJISIET PEUINTH IPOOJIEMY OIHO3ZHAYHOTO OIPEIEICHHS
HATPaBICHUS TIPUXO0/A CUTHATIA.

Cpasuenne kpuBbix 1 u 2 (puc. 3.10) ¢ COOTBETCTBYIOIUMH KPH-
BeiMH (puc. 3.8) mOKa3bIBaET, YTO IS CTOXACTHYECKOTO M KOT€PEHTHO-
IO CHUTHAJIOB XapakTep 3aBHCUMOCTEH coBmamaer. OTIHYUE COCTOUT
Tk B 3HadeHusx napametpa OCII.

3.4. CpaBHHUTEJIBLHBII aHAIN3 OMEX0YCTOHYHUBOCTH
PA3JIUYHBIX CHCTEM MPOCTPAHCTBEHHO-BPEMEHHOI
00padoOTKHN CUTHAJIOB

Jlisi OLIGHKM TOTEph, BBI3BAHHBIX HEONTHUMAILHOW 00pabOTKOM
CUTHAJIa, TPOBOAMIIMCH HCCIIEIOBAHUS MOMEXOYCTOMUMBOCTH pa3Iny-
HBIX CHCTEM 00pabOTKH CUTHAJIOB.

PaccuuTpiBasiach TMOMEXOYCTOHYHMBOCTh ONTHMAIBHBIX CHCTEM
TIBOC, mOIHOCTBIO COrIaCOBAHHBIX C IIOMEXOM, CUTHAJIOM, 0COOEHHO-
CTSIMH CpeJlbl PAcIIPOCTpaHEHMsI KoleOaHii U TTapaMeTpamMu JIBH)KCHUS
AHTCHHBI, & TAKXXE PsJa HEONTUMAIIbHBIX CHCTEM 00pabOTKH, COIJIACO-
BaHHBIX C YCIOBUAMHU (PYHKIIMOHUPOBAHUS JIUIIb YACTUYHO.

HexoTopble pe3ynabpTarhbl, NOJyY€HHbIE [UIsl JIUHEWHOM IOPU30H-
TaJIBHON AHTEHHBI, pabOTArOIIEH B YCIOBUSAX HEOJHOPOIHON Cpelbl
pacnpocTpaHeHus KoJeOaHWUN W JIBYKOMITOHEHTHOW IOMEXH, COJIepKa-
el HEKOPPENUPOBAHHYIO U JIOKAIBHYI) CTOXAaCTHYECKYIO COCTaBIISIO-
e, mpeactaBieHsl Ha puc. 3.11. KpuBble ONMUCHIBAIOT 3aBHCHMOCTH
OCII or yrna nmpuxoja JOKaJIBHOW cocTapisitomeld nmomexu. HeomHo-
POJHBIN XapakTep Cpelbl PacpoCTpaHeHUs KoieOaHu MOACIIMPOBAJICS
¢ nomomipio GyHkmmid ['puna. [Ipu 3TOM monaraiocs, YTo CHUTHAJ U JI0-
KaJlbHasi COCTAaBIISIONIAs TIOMEXH MMEIOT TPEXIydeBYIO0 CTPYKTypy. Pe-
3ysbTaThl monydensl gt cucteM [IBOC B ciydasx korepeHTHOro (a) u
CTOXaCTUIECKOTO (6) CUTHAJIOB.
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Puc. 3.11. 3aBucumocts napamerpa OCII oT neneHra J0KaabHON COCTABISIONICH
nomexu i paznnusbix cucteM [IBOC. Cpena pacnpocTpaHeHus KoineOaHuit
HEOJHOPOIHAsS, aHTEHHA COCTOUT M3 128 3KBHIUCTAHTHO PACTIONOKEHHBIX

o
MPUEMHBIX 3JIEMECHTOB, ICJICHT CUT'HaJla paBCH 15 , YT'OJI IIOBOPOTA aHTCHHBI 3a

o
BpeMsi 00paboTku curaaia coctasiser 10

KpuBbie 2 mpeacTaBisioT ONTUMAIBHBIE CHCTEMBI 00pabOTKH, pa-
0oTarolKe B CTATHYCCKUX YCIOBHSAX, a OCTAaJbHBIC KPUBBIC — Pas3iIHy-
HBIC CHCTEMBI, (DYHKIIMOHUPYIOIINE B JUHAMHIECKUX YCIOBUAX (aHTEH-
Ha OyKCHpYETCsl TI0 KpUBOJIMHEWHOW TPaeKTOpHH, MpH 3ToM ee (popma
COXpaHseTCs JIMHEHHOIH).

KpuBbie 5 COOTBETCTBYIOT ONTHMAIBHBIM CHCTEMaM 00pabOTKH,
MOJIHOCTBIO COTJIACOBAHHBLIM C JBM)KEHHEM QHTECHHBI, IIOMEXOM, CHI'Ha-
JIOM W CpeIo¥ pacrpocTpaHEeHUs KoJIeOaHU.

KpuBbie 1 monyueHbl I HEONTHMAIBHBIX CHUCTEM, UTHOPUPYIO-
mmx (akT ABMKEHVs] aHTCHHBI M HAJIMYHE JIOKAJIbHON COCTaBJISIOIICH
MTOMEXH.

KpuBble 4 moxydeHsl UIsI CHCTEM, B KOTOPBIX WTHOPHUPYETCS JIO-
KaJIbHasA COCTaBJIAKOIIAsA ITOMEXH, a q)aKT JABWIKCHUS YUYHUTBIBACTCA, HO
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HEONTUMAIILHBIM 00pa3oM. B 3THX cucTeMax INIaBHBIN JICIECTOK (YHK-
LMW HEONPEEICHHOCTH OTCIEKUBAET U3MEHEHUS YTII0BOTO MOJIOKEHHS
AHTCHHBI B MPOCTPAHCTBE TaK, YTO B JIFOOOW MOMEHT BPEMEHH OH OKa-
3BIBACTCS OPHEHTUPOBAHHBIM B HATIPABJICHWN HA CUTHAI.

KpuBble 3 mpeacTaBIsSOT CHCTEMbI, HTHOPUPYIONINE HANUYUE JIO-
KaJbHOM COCTABIJIIOLIEH IOMEXUW M HEONHOPOIHBIA XapaKTep Cpelbl
pacrnpocTpaHeHus: koyiebaHuid. B 3THX cucteMax (akT IBUKCHHS aH-
TEHHBl YYUTHIBAETCA TaKUM >K€ 00pa3oM, KaKk W B IPEIbIAYIIEM THIIE
CHCTEM.

AHanmu3 MOyYeHHBIX PE3YIFTATOB PACUETOB MMOKA3BIBACT:

1) wrHopupoBaHHe (aKTa JBWKCHUS aHTECHHBI M HATWYHME JIOKAJb-
HOM COCTaBIIAIOLIEH MOMEXU MPUBOJUT K MOTEPSIM IOMEX0YCTOMUUBO-
ctu (cpaBHuTE KpuBbie 1 ¢ kpuBbIMH 5). BennduHa morepb 3aBUCHUT OT
OTHOIIEHMS yTria MOBOPOTAa AHTEHHBI K IMUPWHE XapaKTEPUCTHKH Ha-
npaBjieHHOCTH. [Ipy yBennUueHUu 3TOT0 yriia NoTepy BO3pacTaroT;

2) TpY OmpeeNeHHBIX COOTHOIICHUSAX MapaMeTpOB MOMEXOYCTOM-
YUBOCTH onTUMaNbHBIX cucteM [IBOC ¢ moaBMXHON aHTEHHOH OKa3bl-
BaeTCs OJIM3KON K MOMEX0YCTOMYUBOCTH COOTBETCTBYIOIIMX ONTUMAJb-
Hbix cucteM [IBOC c HenmoaBu»XHOW aHTEHHOW. DTO MMEET MECTO He
TOJIBKO, KOTJa TIOMeXa HEeKOPPEIUpPOBaHHAs, HO U KOT/Ia OHa KOPPEIH-
pOBaHHas M ee JIOKaJbHasi COCTABJIAIONIAs IPOHUKAET B CUCTEMY 4YEpe3
TJIABHBIN JICTIECTOK XapaKTEPUCTHKK HAMPaBICHHOCTH WX 4epe3 O0Ko-
BBIE JIENIECTKH (CM. KpuBbIe 5 1 2);

3) ecnu JIOKaJIbHAs COCTABIIAIONIAsI IOMEXHU MPOHUKAET B CHCTEMY
yepe3 3epKajbHbIN TJIABHBIH JIETIECTOK, TO ONTHUMAaJIbHbIE U KBAa3HOITH-
MaJIBHBIE CHCTEMBI 00paOOTKH C MOABIIKHOW aHTEHHOH 00namarT 00-
Jiee BBICOKOH ITOMEXOYCTOWYMBOCTHIO, YEM ONTHMAIIGHBIE CHUCTEMBI C
HETOJIBYKHOM aHTeHHOU. Bemmrpeim o Benumunne OCII ObicTpo pacteT
MIPH BO3PACTaHHHM yTila TOBOPOTA aHTSHHEI 32 BpeMs HAOJIIOICHS;

4) neontumanbHas cucremMa [IBOC, B koTOpod (akT ABHIKSHHS
AHTEHHBI YUUTHIBAETCSI, HO UTHOPUPYETCS] HAINYUE JIOKAJIBHOM COCTaB-
JSIOLIEH IIOMEXHU, UMEET NOoTepU IoMexoycToiunsBocTd. Korga ngokans-
Hasl COCTABJISIFOIIAs] TOMEXHW MPOHHUKAET B CHCTEMY 4Yepe3 TJIaBHBIN Jie-
MECTOK XapaKTePUCTHKU HANPABICHHOCTH HIIM 4Yepe3 OOKOBEIE JIETecT-
KM, TIOTEPHU TNpakTU4decku He3zameTHbl. OJHaKo, KOrja MPOHUKHOBEHHE
JIOKATPHOW COCTABIISIONICH MPOWCXOAUT Yepe3 3EpKATbHBIA TIIaBHBIN
JIETIECTOK, ITOTEPH OKa3bIBAIOTCS OIIYTUMBIMH (CpaBHHTE KpUBEIE 4 1 5).
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MIPOCTPAHCTBEHHO-BPEMEHHON 00pabOTKU CUTHAIOB

Hecmotpst Ha moTepu, HEONTUMAIBHBIE CHCTEMBI, YUYUTHIBAIOIIHE (DakT
JIBWOKCHHUS aHTEHHBI, UMEIOT B PalilOHE 3epKaJIbHOTO TJIABHOTO JICTIECTKA
MPEUMYIIECTBO B CPAaBHEHHUHU C ONITUMABHOM CHCTEMOH, paboTarolieii B
CTaTHYECKHX YCIOBUAX (CpaBHUTE KpuBbIe 4 U 2);

5) cucTeMbl, B KOTOPBIX YYHUTHIBACTCS IBUKCHUE aHTCHHBI, HO HT-
HOPUPYIOTCSI 0COOGHHOCTH Cpelbl PaclpoCTpaHeHHus KoJjeOaHUi, Teps-
0T B IOMEX0YCTOHYMBOCTU. BennunHa noreps HEBENUKA, €CIU OTAEIb-
HBIC JIYYd MHOTOJIYYE€BOTO CHTHAJIA MM OTJIEIBHBIC MOJIBI MHOTOMOIO-
BOT'0 CHTHAJIA HE PA3JIMYUMBbI, U MOTYT OBbITh 3HAYUTEIBHBIMU B TIPOTHB-
HOM city4ae (cpaBHUTE KpuBbie 4, 3 u 5).

Takum ob6pazom, cucremsl [IBOC, paboraroniyie B CIOXKHBIX JHHA-
MHYECKHX YCIOBHSAX M YYHMTBHIBAIOIIHWE MPU 00pabOTKe IBWKCHHE aH-
TEHHBI, MOTYT 00JIalaTh CYIIECTBEHHO 0ojiee BHICOKOW MOMEXOYCTOM-
YUBOCTBIO, UEM CHCTEMBI, paOOTAIOIINE B CTATHYECKUX yCIOBHSIX.

* * %

[IpoBeneHHBIC KCCIICAOBAHUS TOYHOCTH H3MEPEHHS ITapaMeTpPOB
curHasa u nomexoyctonuuBoctu cuctem I[IBOC mno3BossitoT crenarb
CIIC/TYIOIINE BBIBOJIBL:

1) TOYHOCTH U3MEPEHHs YACTOTHO-YIJIOBBIX TAPAMETPOB CHUTHAJA
U TMOMEXOYCTOHYUBOCTh CHCTEM OOpabOTKH MOXKET BO3pacTaTh IpU
CJIOKHBIX IEpeMEIIeHHUIX aHTCHHBI B pocTpaHcTBe. Habmogaercs ma-
paloKcaJIbHOE SBICHHE: AeCTA0MITH3NUPYOMHe (aKTOPHI, IPHUBOASIIINE K
CIIOKHBIM TIEPEMEICHUSIM AHTEHHBI B IPOCTPAHCTBE, CIOCOOCTBYIOT
MOBBIIICHUIO KauyecTBa 00padOTKH CHUTHANA,

2) crTpaTerusi ONTUMH3AIUK 00Pa0OTKH CHTHAJIA C YYETOM peajb-
HBIX YCJOBHUH JKCIUTyaTalliH IIPEICTABISIETCS OoJiee MPEAIIOYTHTENb-
HOM, ueM ctparerus 60pbObl ¢ AeCTaOUIM3UPYIOIIKUMHU (PaKTOpaMu, BbI-
3BIBAIOIIMIMY CJIOXKHBIE TIEpEeMEIICHISI aHTEHHEI B IPOCTPAHCTBE,;

3) B HWHTepecax IMOBBIMICHHsSI TOYHOCTH H3MEPEHHsS MapaMeTpOB
curHana u nomexoycroiunsoctu cucteM IIBOC uHorma nenecoobpas-
HO CO371aBaTh YCJIOBHSA, IPH KOTOPHIX AECTAOMIM3HpYIOMKE (aKTOPHI
BEI3BIBAIOT OOJIee CHIIBHBIC M CIOKHBIC TIEpeMEIIeHHsI aHTEHHEBI B TIPO-
CTpaHCTBe (HAapUMep, pa3MeIiaTh aHTCHHY KaK MOYKHO JAlbIe OT IIeH-
Tpa TSHKECTH HOCUTEsI, pab0TaTh Ha IIUPKYIISIUH U JIp.);
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4) B cucteMax ¢ JMHCHHON aHTeHHOI muHaMudyeckue 3GHeKTh
MOTYT OBbITh 3()()eKTUBHO HCIONB30BAHBI ATl YCTPAHEHUS HEOJHO3HAY-
HOCTH OIIPEJEJICHUS HAaIIpaBJIEHUs IPUX0/la CUTHAJIA,

5) mnoebienne kayectBa cucteM [IBOC MOXeT OBITH JOCTHTHYTO
3a c4eT KOMIUIEKCHON ONTHMU3AIMs 00pabOTKU C YIETOM BCeX 0COOeH-
HOCTEH M MapaMeTpoB JBW)KEHUS aHTEHHBI B IIPOCTPAHCTBE, CUTHAJIOB,
MIOMEX W Cpedbl pPacmpocTpaHeHHs KoieOaHuid. YacTHuHas oNTHMH3a-
LUsl, UITHOPUPYIOIAsi HEKOTOPbIE OCOOEHHOCTH YCJIOBUI pabOTHI cUCTe-
Mbl IIBOC, npuBoaUT K OTEPSAM KadecTBa.



YACTbD 2

METO/Ibl BBICTPOI1 MHOI'OKAHAJIbHOM
IMPOCTPAHCTBEHHO-BPEMEHHOM
OBPABOTKH CUTHAJIOB

B nepBoii yactu kHurH, nocesuleHHoW ontumuzauuu [IBOC B
CIIOKHBIX JHHAMHYECKHX W IOMEXOBBIX YCIOBHSAX, OBUIN TPEICTABICHBI
METOJIbl CHHTE3a M aHaJIM3a ONTUMAJIbHBIX M KBa3HONTHUMAJIbHBIX aJro-
PUTMOB 00pabOTKH, YUHMTHIBAIOIIME B KOMIUIEKCE CIIOXKHOC IBIKCHHE
AQHTEHHBI B IPOCTPAHCTBE, MHOTOKOMIIOHEHTHBII COCTaB IOMEX U HEOJ-
HOPOJHOCTh Cpebl pachpOCTpaHeHusi KoleOaHuid. DT MeToAbl ObUIN
WCTIOJIb30BAHBI ISl CHHTE3a M aHaji3a HOBBIX aJITOPUTMOB, 00ECIICUH-
BAIOLIUX B CJIOXHBIX JMHAMMYECKUX YCIIOBHAX BBICOKOKAUECTBEHHYIO
00pabOTKy KOT€pEHTHBIX U CTOXaCTUYECKUX CUTHAJIOB. BbI0O moka3zaHo,
YTO CJIOKHOE JIBM)KEHHE aHTEHHBI MOXKET NMPUBOAUTH K 3HAUYUTEIIBHOMY
MOBBILIEHUIO TOYHOCTU H3MEPEHMS YacCTOTHO-YIVIOBBIX IapaMeTpOB
curHana u nomexoyctounoctu cuctem [IBOC.

PacnpocTpaHeHre HOBBIX aJrOPUTMOB OOpPaOOTKU CHAECPKUBAIOCH
CephEe3HBIMH TPYIHOCTSIMHM WX TpPaKTUYECKON peanuszanuu. [ naBHbIE
CpeM HHUX — CYIIECTBEHHOE YCIOKHCHHE alrOPUTMOB W HEOOXO.IH-
MOCTb yBEIIMYEHHUSI BO MHOTO Pa3 YUCIIa KaHaJIoB 00pabOTKH.

Crnenyer OTMETHUTbH, YTO COBPEMEHHBIE CIIOXHBIE THAPOAKyCTHYE-
CKHE€ CHUCTEMBI, KaK MpaBWJIO, UMEIOT MHOIO KaHAaJIOB MapajlieJbHON
o0Opabotku. Hepenko MX 4HCIO HCUUCHSETCS MHOTHMH JAECATKAMH U
COTHSIMHU ThICS4. MHOTOKaHaJIBHOCTh CBSI3aHA CO CICHU(PHUKON pernae-
Moii 3amaun. OTKa3aTeCsl OT Hee WK XOTS OBl YMEHBIITUTH YUCIIO KaHa-
JIOB HEBO3MOYKHO.
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CylecTBEHHOE YCIIOKHEHHE AITOPUTMOB M 3HAYHUTEIBHOE YBEINH-
YeHHE YHUCJia KaHaJIoB 0OpabOTKU MOTPeOOBAIO TOWCKA HOBBIX TEXHH-
geckux perreHuid. Oco6oe BHUMaHUE OBUIO YIENCHO CHEHUANBHBIM TaK
Ha3BIBaEMbIM OBICTPHIM METOJIaM MHOTOKaHAJIBHOH 00pabOTKH.

HccnenoBanus, TOCBSIICHHBIE BHICOKOOKOHOMHYHBIM B BBIYHCITH-
TEIIFHOM OTHOIICHHH OBICTPBIM aropuTMaM MHorokananpHoi [IBOC,
Ha4yaJMCh JaBHO. B KOHIE MIECTHAECATHIX T'OJOB MPOLUIOrO CTOJETHS
obuT0 OOpameno Buumanue [202] Ha TO, YTO 11 TAPMOHMYECKOTO CHT-
Halla B BUJIE TUIOCKOM BOJIHBI C HEM3BECTHOM vactoroit f u Heumssect-

HBIM HAIIpaBJICHUEM IIPpUXOJa (Xu B YCJIOBHUAX HeKOppeJ’[HpOBaHHOﬁ 10~

MEXH OINTHUMallbHas MPOCTPAHCTBEHHO-BPEMEHHasi 00paboTka Koeba-
HUH u(t, X) , IPUHUMAEMBbIX JTUHEUHON HEMOJABMXHOW aHTEHHOM, Mpei-

CTaBJSIET co00i AByMepHOe mpeodpazoBanue Pypoe:

Q) = [[u(t, x)exp[j2xf (t—n,x)]dtdx,

~ 1
rre A=(f,0,), n, ZECOS%'

JIMCKpETHBIN BapuaHT AIrOpUTMa 0OPaOOTKH MOXKET OBITh 3amicaH
CJIETTYIOIUM 00pa3oM:

Q) :ZN:iu(Atn, Axi)exp| j

n=1 i=1

2—nnk exp —jz—ni
N P

rme N - komuuectBo 06pabGaThIBaEMBIX BpEMEHHBIX OTCYeTOB, | —
YHCIIO MPUEMHBIX 3JICMEHTOB aHTEHHOH pemeTkd, N— TeKymmid HoMep
BPEMEHHOTO OTCYETa, | — TEKyIMii HOMEp IPOCTPAHCTBEHHOTO OTCYe-
ta, Al — untepBan muckperuszamum Bo BpeMenu, AX — MHTEpBan jauc-
KPETH3aluu B TIPOCTpaHcTBe, K M |L — COOTBETCTBEHHO YACTOTHBIH M
BOJIHOBOM MTapaMeTphl CUTHAJIA.

OTOT aNTOPUTM MPEACTABIIET cO00H Juckpemuoe npeobpazogariue
@Dypve (JIID), xoTopoe MOXKET ObITh 3DPEKTUBHO PEATU30BAHO C IMO-
MOIIBIO AITOPUTMA Gblcmpo2o npeobpazosaus Pypve (BIID).

B Hacrosimee BpeMsi M3BECTHO MHOTO Pa3HYHBIX MOIM(HKAIIUIA
anroputma BII®. Cpenu HUX BBIACSIOTCS JBE IPYIIBI AITOPUTMOB.
Onna — Ha 0ase areopumma Kynu — Toroxu [168], Bropast — Ha OCHOBE
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aneopumma Bunoepaoa [204]. Anroputm Bunorpana tpeOyer MeHbliie-
ro Koiau4ecTBa apH(METHYECKHX olepauui, yem amroput™m Kymum —
Terokn. OmHaKo ero CTpyKTypa MeHee peryisipHa. [losTomy Ha npakTu-
ke OoJipliiee pacrpoCTpaHeHHe MOIYYMIN aJrOPUTMBI MIEPBOI TPYIIIbL.
B nmanbHeliieM Mpl OyieM OpUEHTHPOBATHCS HA HUX.

Konuuectso onepaumit ymuoxenus N, u cnoxenust Ny, Heo6-

xomumbix juist BeimonHenuss N toueunoro BII® B cooTBeTcTBHM € all-
roputMoM Kynu — Teloku, paBHsAETCS

N
NH=?|092(N), N; =Nlog,(N) .

[Ipu BeimonHenun 1P oObI9HBIMU METOAaMHU TPEOYETCsI COOTBET-
creero N = Ny =N 2 oneparmii. Kak BujHo, BII® tpebyeT cyie-
CTBEHHO MEHBINEro uucia omneparmid, yeM oOsranoe JIID. IIpu stom
BBIIPBILI GBICTPO pacTeT ¢ yBenuuenueM N .

ITpu muorokananpHoi [IBOC st HEMOABWIKHOW JIMHEWHOW aH-
TEHHOM pEIIETKH BBIUTPBHIII OT HcTonb3oBaHus BIID moxer OBITH
OYeHb OIIyTHMBIM (cM. Tabu. 4.1). Hanpumep, KOra YHCIIO BPEMEHHBIX
orcuetoB N =1024 w umcio snementoB antenHoi pemerku | =128,
BBIMIPBIII COCTABIIAET 10 YMCIY ONEpaluid YMHOXEHHS M CIIO0XKEHUS
cootBeTcTBeHHO 15000 u 7500 pas.

Tabmuma 4.1
BoluncauTeabHbIe 3aTpaThl Ha peaanzanuio NI / 2 xanaabnoii IBOC nas

HeNOoABHKHON JTUHEHO! aHTEeHHOH peLIeTKH

HeoGxonumoe \nciio Heo6xoqumoe 4uc10
Tun IMIBOC onepauui Hu
onepauui cia0xKeHus
YMHO:KEeHHSI
O6sranas [IBOC (N|)2/2 (NI)Z/Z
[IBOC c¢ ucrnonbp3oBaHueM NI NI
BII® Tlogz(NI) 7|ng(N|)
BoMrpsim 2Nl /log, (NI) NI /log, (NI)
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B cepennne ¢ 70-x TOOB Ul HETOABI)KHOW KPYTOBOH aHTCHHOM
peutetku Obu1 npemtoxker [171] 6sictpeiii anroputm IIBOC Ha ocHOBE
BII® u 6vicmpoii céepmiu. ITOT aNTOPUTM, TaK K€ Kak, W OBICTPBINA
anmroput™ [IBOC st HemoABWMKHOW JTMHEHHOW aHTEHHOW pEIIeTKH,
IpY MHOTOKAaHAJBHOM peanu3aluy TpeOyeT 3HAYMTENbHO MEHBINETO
YHCIIa ONepaIuid, 4yeM OOBIYHBINA aITOPUTM 00PaOOTKH.

Paboter [202, 171] crumyaupoBanu HCCIEIOBAHUS, OPUEHTHPO-
BaHHBIe Ha pa3paboTky ObicTpbix IIBOC nist aHTeHH Oosee CIIOKHOM
KoHurypauu. B pe3ynprare ObUTH IPeIOKeHBI OBICTPHIEC ANTOPUTMEI
[MBOC pmns psana HEMOABMKHBIX aHTEHH: MPSMOYTOJILHOM, Mapalere-
MUTEeI000pa3HOM, IMITMHAPUYECKON U CPEPUICCKOH.

OpHako Bce MOMBITKA CUHTE3UPOBATh ObIcTphle anroputmsl [IBOC
JUIA aHTEHH 0oJjiee CIIOKHOW (OPMBI U IJsl TIOJBUKHBIX aHTEHH ObLIM
0e3pe3ynbTaTHRIMU. Hauano ckimameiBaThcss MHEHHE, YTO OBICTpPBIC aj-
roputMbl [IBOC MOryT OBITh TOJYYEHBI TOJBKO JJISI POCTEHUIIINX TH-
MIOB aHTEHHBIX PEIIETOK, MPHYEM HETOABIKHBIX. B 3T0ii cBA3M MHTEpEC
K pa3paboTke ObIcTpbix anroputMoB [IBOC Havan yTuxaTh.

HUccnenoBanusi, mpoBeicHHBIC B TIepBOi mojoBuHe 80-X roioB, mo-
kaszanu [46], 4TO CyliecTByeT Cepbe3HOe MPOTHBOpEYHE, CO3MAIoIIee
00BEKTUBHBIE TPYJTHOCTH B pa3paboTke ObICTphIXx anroputMoB [IBOC
JUIS aHTEHH CIIO’KHOW KOH(MUTYpallMu U MOJBWKHBIX aHTeHH. CyTh Tpo-
OJIEMBI B CIICAYIOIICM.

BII®, ObicTpas cBepka u apyrue ObicTpble (YyHKIHMOHAJIBHBIE Tpe-
00pa3oBaHus, WCIONB3yeMbIC JUISI CO3NAHHS OBICTPHIX aJTOPHTMOB
[MBOC, uMeroT XeCcTKyI0 HEM3MEHHYIO CTPYKTYpY. B To e Bpemst st
peaymzanuu cinoxHoW MHOToKaHanbHOW [IBOC HEoOXomuMBl THOKHE
AITOPUTMBI, CTPYKTYPY KOTOPBIX MOXHO OBUIO OBI MepecTpanBaTh IMOJ
TEKyIlHe YCIOBUS pabOTHI.

Penienne npo6GiieMsl Ob1TO HaiieHo B cepenure 80-x ronoB. beiau
paspaboranbl qBa noaxona [179, 46]. Hinke mpuBOIUTCS MX OMUCAHHE!
B Ti1aBe 4 — memoo pacuupennoi ITBOC (dHOTOa HA3BIBASMBIH Memo-
00M ¢ pacuupenuem 8bl6OpKU N0 WIH MemoOoM ¢ 000asieHueM Hy-
JIe8blX OMCUenmos), B TIaBe 5 — Memoo cekyuoHuposanHou oopadomxu.
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I'/IABA 4

BBICTPBIE AJITOPUTMbBI PACIIIUPEHHON
MMPOCTPAHCTBEHHO-BPEMEHHOM OFPABOTKH
CUTI'HAJIOB

4.1. TeopeTu4eckne OCHOBBI PaCHIUPEHHOMI
NMPOCTPAHCTBEHHO-BPEMEHHOI 00pa00TKH CUTHAJIOB

4.1.1. KorepeHTHBIii CUTHAJ
Paccmotrpenne Meroma pacmmpenHoi [IBOC waunem ¢ uHTET-
palibHOI ero MoauUKaMH Uil KoeepeHmHo2o curHana. bynem
1ojaraTth, YTO AHTEHHA CIIOKHBIM 00pa3soM IepeMelnaeTcs B Ipo-
ctpaHcTBe. [Ipy 3TOM BO3MOMKHBI HM3MEHEHHsS €€ MECTOIOJIOXKEHMS,
OpUEHTALUH U (POPMBI.

Curnan S(t,X,A,B) onpenesnen Ha mpPoOCTPaHCTBEHHO-BpEMEHHOI
oonactn nabmonenns Q= (T, X (t)) u xapaxrepusyercs BekTOpoM
CYILECTBEHHBIX TAPAMETPOB A 1 BEKTOPOM HECYLECTBEHHBIX TTapaMeT-
poB 3. HecylecTBeHHbIe TapaMeTphI IPECTABIAIOT COGOM CIydaiiyo

HavyaJpHYIO a3y ¢ (E =( ), pacupe/eleHHY0 PaBHOMEPHO Ha HHTEp-
Basie [0, 271 ), uiu paBHOMEPHO pacrpe/elIeHHYIO0 HaYalbHy0 (Basy @

U CIy4aiHyIO aMIUITUTYIy €, paclpeelieHHYIO 10 PEIEeBCKOMY 3aKOHY

(B=(¢, @©)). B oboux cnyyasx KOMIUIEKCHBIH CHUTHAJT MOMET OBITh
npezacTaBiieH B Buae Boipakenus (1.13).
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4.1. Teopetrueckne 0CHOBBI paciupernoit [IBOC

OntumanpHas [IBOC Ha QoHe agIMTHBHON rayCCOBCKOH MOMEXH
MOJKET OBITh OIHCaHa CIICIYIOIIAM HHTETPAIOM:

() = [[ut, )b, %, Dydtd, 1)

rae Q(X) — pesymbrar IIBOC, U(t,X) - npunumaemoe konebGanue,
b(t, X, X) — (QyHKIMS, onpenensomas CTpykTypy o0padoTku.

PacimpumM mpocTpaHcTBeHHYH0 o6nacth uaterpuposanus X (t).
[lycth pacmmpeHHas o0acTh MPEACTABISIET COO0H napaiienenunedo-

obpasnyio obnacte X, , MOJTHOCTBIO oxBatbiBatomyto obnacts X (1)

npu mobsix t €T (puc. 4.1).

X3

=Ny

X2

X1

Puc. 4.1. PacumpenHas napaiienenunes0o0passas oonacts Habmonenus X,

BBeneM pacmmpeHHYI0 NPOCTPAHCTBEHHO-BPEMEHHYIO 00JIACThb

nabmonerns Q, = (T, X,). Tlyrem 106aBieHHs HyTeBbIX OTCUETOB
OTIPE/IENINM Ha PACIIMPEHHON 06macT HOBYIO BBIGOpKy mons U, (t, X)
u nosyio ynxmmo Dy (t, X,N), XapaKTepu3yIomyo CTpPYKTYpY

00paboTku:
u(t,x) mpu (t,X)eQ,

0 nmpu mpyrmx (t,X)
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[JIABA 4. BBICTPBIE AJITOPUTMBI PACIIMPEHHOM [IBOC

bo(t,)?,X): b(t,X,}\,) npu (t,X)EQ , (4.3)
0 mpu mpyrux (t,X) .
Torna, anropurm [TIBOC (4.1) MOXHO 3amucaTh Kak
Q) = j j U (t, X) by, (t, X, X)dtdX. (4.4)
T X,
B crnexrpanbHoit hopme Beipaxkenue (4.4) uMeet BU
QM) = [ [Uy(f,3)By(f,5,X)dfdg, (45)

e Uy (f,9) u Bo(f , O, 7:) — Y4aCTOTHO-BOJIHOBBIE CTIEKTPBI KOJIE0a-

mus U, (t, X) u pyukimm bo(t,X,X)I

Uo(F,8) = [ uy(t, X) exp(—j2n( ft —§x))dtdx,  (4.6)
B,(f,§,A) = j j by (t, X, &) exp (—j2n( ft — %) ) dtdX. (4.7)

Kak Bugno u3 Beipaxkenuii (4.5) u (4.6), pacumpennas [IBOC cBo-

JUTCS K BBIYMCIICHHIO 4acTOTHO-BonHOBoro crekrpa Uy (f, @), ymuo-
*

KeHHIo ero Ha Becosol Muoxutens By(f,®,A) u unrerpuposanuro

no wacrore f wu npocrpancTennoii wactore @ .

I'maBHOM 0COOEHHOCTBIO 3TOTO ANTOPUTMAa SBISIETCS TO, YTO BHI-
YHCIICHHE YaCTOTHO-BOJHOBOTO CIIEKTpPa IIPOBOAUTCS HE IO CIOXKHOM

obmactu Q= (T, X (1)), 3aBucsameii or GOpMbI aHTEHHBI U MapameT-
POB €€ JIBUKEHHs B MPOCTPAHCTBE, & MO MPOCTON MapajLleNenyIes0-
o6pasuoit obnactu Q, = (T, X,).

B passepuyToM Bujie Gopmyiia (4.6) MokeT ObITh 3anucana Kak de-

TBIPEXMEpHOE Mpeodpa3zoBanue Oypbe pacIIMPEHHOT0 KOJIeOaHMS:
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4.1. Teopetrueckne 0CHOBBI paciupernoit [IBOC

U,(f,) = ot X —j2n(ft—§X))x
(.9) Hjju( X) exp(—j2n( ft—§x)) .

xdtdx,dx,dx,.
Ecnu momexa cinabokoppenrpoBaHHAs M CUTHAI — IUIOCKAs BOJHA,
XapakTepusyemMas napamMeTpamMu V H L, OIIpEeAenArOIUMU COOTBETCT-
BC€HHO BCIMYMHY OOIUICPOBCKOTO HMCKAXXCHHA CHUI'HAjla Y HAIIPaBJICHUEC

ﬁH €ro MMPHUXO0/a, TO B COOTBETCTBUH ¢ (popmyJoi (2.13)

e o S(F)
B (f,0,A) » ——— (1) o(¢— fr,), (4.9)
On(f,0)

rae S (f) - cnexrp V -oii konuu curnana.

Torna axroputm 06pabOTKH yIPOITAETCS:

Ot = [Uo(F, fi) ) gf. (a9
2 @, (f, fA,)

@®opmynsr  (4.5), (4.8) u (4.10) omMCBHIBAIOT JABYXATAIHYIO
00paboTky. IlepBhIii 3Tanm — YeTsIpexMepHoe npeoOpazoBanue Dypse,
BTOPO# 3Talm — MPOCTPAHCTBCHHO-BpeMeHHast (B COOTBETCTBUH C
anmroputMoMm (4.5)) unu BpemenHast (B COOTBETCTBUH C airOPUTMOM
(4.10)) noob6padoTka.

PacumpeHHas IPOCTPaHCTBEHHO-BpeMeHHas o6iacTs €2, MOXer

ObITh J0OOW (hopMmbl. ['MaBHOE TpeOOBaHWE, MpEeAbABIIEMOe K HEl —
4TOOBI OHA JIOMyCKala BO3MOXKHOCTh MPOBeACHHsS (DYHKIMOHAIBHOTO
npeoOpa3oBaHusi C MATBIMK BHIYHUCIUTEIbHBIME 3aTpaTaMu.

Ecnu npoctpancTBeHHas 4acth X, pacIIMpeHHON 06JiacTv Ha-

e
omronenns Q, = (T, X o) HMeeT yunundpuyeckyio dopmy (puc. 4.2), T
pacumpennas [IBOC takxe omuceiBaercst Gopmynamu (4.5) — (4.7).
Onnako ¢GyHKIMA Uo(f ,()) B LITMHIPUYECKON CHCTEME KOOPAMHAT

npuoOpeTaeT Apyroi BU;
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[JIABA 4. BBICTPBIE AJITOPUTMBbI PACIIMPEHHOM [IBOC

R| 27

Uo(f,(ﬁ)zjf I juo(t,r',(ﬁ’,z')x

0LOLT

xexp {—jan (t — r—COS((p —@')sin 3 ~Zcos SJ} X (4.11)
C C

xdt }d(p' dr’ |dz’,

rie Z u R - cooTBeTcTBEHHO BHICOTA U PaUyC PACIIMPEHHOM IIHIHH-
npuueckoii obmactu X, (r',0',2") - ocu unnmaapuyeckoii cucremsl

KOOPAMHAT, CBsi3aHHble ¢ ocsiMu (X, X,, X3) J€KapTOBOii CHCTEMBI KO-

OpIauHaT CIIEAYIOLIUMU COOTHOILICHUSIMU.. X, = r'cos (p',
X, = r'sin (p' , X; = z , Q@ u 9 - nenenr u YroJl MECTa, CBSA3aHHBIE
c yIJIaMu 0y, Oy, O CIEAYIOIIUMU COOTHOILLICHUSIMU:
cosa, =Cos¢sin g, cosa, =sinesin 9, COSa, =COS Y,

¢= %(coswpsin 9, singsing, cosY).

P

A

X2

Puc. 4.2. PacimpenHas [uIMHApHUecKas 061acTs Habmogenus X
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4.1. Teopetrueckne 0CHOBBI paciupernoit [IBOC

U3 Beipaxenus (4.11) BUAHO, YTO BBIYHCICHUE YaCTOTHO-BOJIHO-

; - 0
Boro crekrpa U (f,®) B obnactu yrinos 3 ~90° coaures k npeo6-
pasosanuio Dypbe MO BpeMeHH, CBEPTKe MO (', HHTErPUPOBAHHIO TIO

Ir' u npeo6pazoBanmio Pyphe Mo MPOCTPAHCTBEHHON KoopauHaTe Z' .
Ecin aHTeHHa He3BYKONPO3pauyHasi, TO CHIHAJ, NMPUXOMSLIANA W3

M000T0 (PUKCHPOBAHHOTO HAIPABJICHUS, IPUHUMACTCS HE BCEMH IIPH-
EMHBIMH 3JIEMEHTAMH OJMHAKOBO XOpPOIIO. HEKOTOpbIE 3JIEMEHTHI MO-
ryT OBITh YaCTHYHO WJIM IIOJHOCTBIO 3aTEHEHbI. DTy OCOOEHHOCTH
HETPYAHO YYeCTh MPH HCIOJB30BAaHMM DPACIIMPEHHOH 06iacTu
HaOmroneHus OuIMHApHYecKoi ¢opmel. [locTatoyHo mo0aBUTH B
popmyny (4.11) muoxutens f (@ —@'), yuursiBarommii skpanupy-
FOIIMIE€ CBOMCTBA aHTEHHBI!

_ z[ R[ 2z

Uo(F.@) =[] ]| | [ flo-0Nust.r,0"2)x

0 T

00
xexp{—j2nf | t——cos(p—-¢’)sin9—Z-cos9 |bdt |dg’ [dr' |dz’
c c

B npocreiiniem ciryyae 3TOT MHOKUTENb MOXKET PAaBHATHCS €AMHU-
1€ B KaKOM-JIMOO cekTope yrioB AQ =@ — @' ¥ HyJI0 BHE 9TOTO CeK-

Topa. B Gonee cioxHOM cityuae MHoxkuTenb (@ — ") moxer onuch-
BaThCs KaKOW-IIMOO TNagkod (yHKOMeH, Hampumep, (QyHKIUCH
sink(p—9")
r
k(o -9

B uHTepecax 3KOHOMHM BBIYMCIUTEIBHBIX 3aTpaT Ha 0OpabOTKy

e K — HEKOTOPBIH KO3 PHUITHEHT.

JKeJaTeNbHo, uTo0bl pacumpennas obnacts Habmomerus Q (T, X,)
He Hamuoro npesocxoamwita oomacte Q= (T, X (t)) wm, gro TO *e
camoe, MPOCTPAHCTBEHHAsS YacTh X, PacIIMpPeHHOI o0nacTn Habmoe-

HHS HC HAMHOT'O IIPE€BOCXOAnJIa o0J1acTh XO' 3aHUMACMYI0 HETIOABUK-

HOM aHTEHHOM.
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[JIABA 4. BBICTPBIE AJITOPUTMBI PACIIMPEHHOM [IBOC

Eciu anTeHHa MMeeT MpoCcTeryro GopMy U MEAJICHHO TiepeMelna-

eTCsl B IPOCTPAHCTBE, TO 001acTh X, MOXKeT ObITh BHIOpaHa OJIM3KOI K

obacTu Xo- OpHaKo, eclM MPOUCXOAT OBICTPhIC NEpEeMEICHUs aH-

TEHHBI, TO IaX¢ B CIydae aHTCHHBI MpOCTeimedl KoHpUTypamuu 00-

JacThb X ¢ OKa3bIBACTCs CYyLICCTBCHHO OoplIeH 00JIacTH X 0-

YroObl YMEHBIIUTh O00BEM pACIIUPEHHOW O0JACTH HAOIIOICHHS

Q. (T, X,) nnpubausuts npocrpancTeennyio ee yacth X, K obnactu

e

Xy, MOXKHO TOCTYNHTH Cilemyloumm obpaszom. [IpencraBuM BeKTOp
X(t), xapakTepusylomuii TONOKEHHE DJIEMEHTOB AHTEHHBI B MpO-
CTpaHCTBe, B BHje cymmbl aByx coctasisoumx: X(t) = X, (t) + X'(t),
rae X, (t) — BexTop, onuchBaOmMiA MepeMeLIEHHE TEOMETPHYECKOTO

uentpa antennbl, a X (t) — BekTOp, onuchIBaroUMil TeKylee TONOXKe-

HUE NIPUEMHOT0 3JEMEHTa OTHOCUTEIBHO 3TOTO LIEHTPA.
[Ipu stom anroput™m [IBOC MoxeT ObITh MOMYYEH B CIEAYIOLIEM
BUJIE:

QM) = [ [U5(F,§)By(f,5,1)dfdg, (4.12)
riue

Ul(f,¢) = j j U (t, %, (t) + X') exp[—j2x( ft —§ X)]dtdX’, (4.13)

T X

By(F,,%) = [ [ by (t, %, (1) + X, %)
TX; (4.14)
xexp[—j2n( ft —§ X')]dtdx’,

)Zé — pacliupCHHasA 06J'IaCTI> MMPOCTPAHCTBA, COOTBETCTBYIOIIIAsd aH-

TEHHE C HETOABIKHBIM [IEHTPOM.
[lpn OonpmMX IUHEHHBIX TEPEMEIICHUAX IPOCTPAHCTBEHHAS

7 !
O6HaCTL Xe 3HAYUTCJIBbHO MCHBIIIC 06HaCTI/I X H, CJIC€A0BATCJIbHO,

e
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4.1. Teopetrueckne 0CHOBBI paciupernoit [IBOC

' vai
pacumpennas o6nacts nabmonenus Q) (T, X]) 3nauutensHo menbiie

pacumpennoit  obmactu Q. (T, X.). B osrom ciyuyae cornacto

¢dopmyinam (4.12) — (4.14) yuer moBopoTa aHTEHHBI BOKPYT LIEHTpa U
ydeT MepeMelIeHHs] OTACNbHBIX €€ JJIEMEHTOB OTHOCHUTENBHO LICHTpPa
(ecnn aHTeHHa rHOKast) OCYLIECTBIAETCS HA TEPBOM JTare 00paboTKH

IpH BeMHCIEHHH YacToTHO-BonHOBoro crektpa Ug(f, ). YVuer xe

JIMHEHHBIX MepeMelIeHH aHTeHHbBI — HAa BTOPOM JTare HpH HHTEr-
PUPOBAaHUM TMOJYYEHHOIO YAaCTOTHO-BOJHOBOTO CIIEKTpa C OIpe-
JIeJICHHBIM BECOM.

Ecnu curnan mpezacraBnsier co0OH IUIOCKYIO BOJIHY, BBIPaXKCHUE,
ananorudnoe ¢popmyie (4.10), umeeT Bu:

. - S'(f, i)

v,u) = | Ug(f, fii ) ———=df, 4.15

Q= [U(F 1) g - (4.15)

rne UJ(f, fil,) — wacrotHO-BOMHOBO CrieKTp MpHHATOrO KONEGAHHS,

soruciennbiii B Touke (f,9)=(f,fn) mno dopmyne (4.13),
S; (f, fn,) — xommnexcmiit ciexrp curnama $, (t -, X, (1)) :

Si(f, fi,) = [, (t—1,%. (1) exp(~j2nft)dt.
T

Crienyer oOpaTUTh BHHMAHWE Ha TO, YTO B OTJIMYHE OT CIEKTpa

. A 12 -
S, (), ucromssyemoro B popmyse (4.10), ciexrp S (f, 1), dury-
pupyroumii B gopmyre (4.15), 3aBucut ot Hanpasienns M, nprxona

CHUI'HaJ1a.

4.1.2. CToxacTHYeCKHil CUTHAJ
Paccmorpum pacmupennyo [IBOC B cinywae, koraa CurHai cmo-
xacmuyueckuil. JIJi1 TayCCOBCKOTO CTOXAaCTUYECKOT0 CUTHAJIa ONTHMAaib-
Has [IBOC omnuceiBaeTcs cleayomuM BhIpaXKEHUEM

Q) = [[ [ utt Mt b % %, T, %, )t 0 A, 0X,, (4.16)
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[JIABA 4. BBICTPBIE AJITOPUTMBI PACIIMPEHHOM [IBOC

rae H(tl,tz,)Yl,)?z,X) — (yukuwms, omnpenensieMas BBIPAKESHUSIMU
(2.39), (2.36) u (2.37).

Ipu ucnonb3osanun pactumpennoit obnactu Q, = (T, X,) Bbi-

paxerue (4.16) MOKeT ObITH 3aIMCAHO KaKk

Q() = [ ] up (ts R)H (6, b, %, %y, 1) x

XU, (t,, X,)dt,dx dt,dX,,

(4.17)

rae

Ho(tvtz')_(.l’ Xz’x) =
~ {H(tl,tz, %,%,,A) mu (t,%)U(t,,%,)eQ, (418)
0 npn (H’&)U(tz’ )_(2) Q.
B cniektpanbHO# 00nacTi nMeeM
Q(X) = J. J. _[ J.Uo( fl’(T)l)BO( f, fz!(T)l’(Pz’X) X
LR (4.19)
xU, (f,,9,)df,d¢,df ,d¢,,
rae Uo( f,®) — gacrorHo-yryI0BOI crIEKTp, OnpenensieMblii pOpMYIIOH
(4.6) u
BO(f1’ f2’(_|5ll(_|52'}\‘) =
= [[ [[ ¥t b, %, %, R exp[j2n( fit, - F,t,)]x  (4.20)
Q, 0,

xexp[—j2n($,% — ¢,%,)]dt,dx,dt,dx, .
Kak Bumno u3 ¢dopmynsr (4.19), B nannom ciyuyae IIBOC Takxke
OCHOBaHA Ha BBIYMCIICHHH YaCTOTHO-BOJHOBOTO CIIEKTpa B PacCIIHPEH-

Hoit o6mnactu nabmonenus , = (T, X,). Ecau npoctpancTBenHas ee

YacTh MMEET MapajuIeNenuIe000pasHyo GopMy, TO CIIEKTP PACCUUTHI-
Baercs mo Qopmyne (4.8), ecnu MUIMHAPHUYECKYIO, TO — MO (QOpMyJe
(4.11).
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4.1. Teopetrueckne 0CHOBBI paciupernoit [IBOC

Korna curHan i momexa CTaldoHapHbIe U C1ab0KOppeInpOBaHHbIE,
¢dopmyina (4.19) ynpormaeres:
2

Q) = [ gs(F)[ [ Uo(f,6)Dy(f,,1)dg| df,  (4.21)
rue Do( f ,(_|3, X) — 9aCTOTHO-BOJHOBOH CIIEKTP (PYHKIHU

d(, %, :]‘

v ’
Ipu ucrnonb3oBaHuu pacmuperHoit obmactu €2, anropurm IIBOC

D(f,,A)exp[j2n( ft—§x)]dfdé . (4.22)

8'—-.8

MOJKET OBITh 3aIIUCAH B CICAYIOLIEM BH/IE!

Q) = [ [ [ [Ug(.8)B(f,, 1,,6,,,,0)x
LA (4.23)
XU (5, 6,)df,d¢,df,dg,,
rae Ué(f ,()) — YACTOTHO-YTJIOBOM CIEKTP, ONpEEIIeMbli POpMyIIOi
(4.13),
BO'( f1' fz’([)l’(f)zlx) =

”” ot b %o (0) + X, R, (6) + %, ) x

xexp[j2n( f.t, — f,t,)]
xexp[—[2n(@X, — §,%,)] dt,dx(dt,dx; .
Hecmotpst Ha cxoxects popmyi (4.23), (4.24) u (4.19), (4.20), mo-
nyuuTh (hopmyiy, aHanoruunyio (4.21), ve ynaercs. IlomsitaeMcs BbI-

SICHUTD TIPUUUHY.
HyCTL CHUTHAJI — TPOIeCcC C KOPPEIAIMOHHOH (QyHKIHEH

(4.24)

Ks(t, —t, X, 2,7») AHTEHHa CIOXHBIM 00pa3oM IMepeMelaeTcsl B
npoctpancTBe. [10cKoIbKy KOppemsiuoHHas (YHKIHS CUTHANA MPSIMO
HE 3aBHCHT OT MOMeHTOB BpemerH 1, 1, , a onpenensiercst mumb ux pas-

HOCTBIO t2 —tl, OTHOCHUTEIHHO HETOJABUKHOW CUCTEMBI KOOPJIUHAT CHUT-
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Hayi cranuoHapHelid. KoppensunonHas (QyHKIHUS 3TOTO K€ CHrHajla B
TMOJIBUKHON CHCTEME KOOPIMHAT, CBSI3aHHOW C aHTEHHOM, MMeeT Clie-
JYIOIAN BUA!
! ’
Ks (tz _tl’xc(t1)+ Xl’xc(t2)+ Xz)-

OTcroia BUIHO, YTO OTHOCUTEIBHO MOIBHKHONW CHCTEMBI KOOP/IH-
HAT KOPPEJAIMOHHAS (YHKIUs ONPENENAETCS HE TOJIBKO PasHOCTHIO
(t, —t,), Ho u Mmomentamu Bpemenu t,,1,, T.e. mone okasviBaetTcs He-

crauroHapHbIM. TakuMm 00pa3oM, B pa3HBIX CHCTEMax KOOPAMHAT (IO.-
BIDKHOW M HEMOJBIIKHOI) MOJIe MOXET OBITh Pa3HOro THma. JTa 0Co-
OEHHOCTH HE TIPOSBIIACTCA B O6]J_[I/IX BBIPpAXCHHUAX, HO UI'PACT BaXXHYIO
POIIB, BBI3BIBAS ONPEEIECHHbBIE TPYAHOCTH IPH PEIICHNH MPAKTHIECKHX
3ajad.

Ecnu curnan mpencraisieT co0oil CTarioHapHOE II0JIE IUIOCKOM

BOJIHBI C HAIIPABJICHUEM IIPUX0/1a, OIIUCHIBAEMBIM BEKTOPOM ﬁH , kKoppe-
JSIMOHHAsS (PYHKIUS CHTHAJIa
S o N = o o S S
Ks (tz _ti’ X1' le}V) = Ks (tz _t1 - nu [Xc(tz) - Xc(t1) + Xz - Xl]) :
Kak mpaBuiio, mapameTpsl JBHXKEHHsI aHTCHHBI OOBIYHO TaKOBBHI,

4UTO Ha BpECMCHHOM HMHTCPBAJIC KOPPECIALUHA IMOJIOKCHUC aHTCHHBI ITpaK-
THYCCKH HC MCHACTCA. HOSTOMy

Ks (tz —-1,%, Xz'x) ~ K (tz -t - ﬁu(ié - Xi)) =

= | go(F)exp [j2nf (t, —t,)]Jexp[ - j2nffi, (X; - X;) |f .

Torna npu cnabokoppenupoBannoii nomexe [IBOC onuceiBaeTcs
CJIEYIOLUM BBIPAKEHHUEM!

Ay [ 9s(F)
Q) - [ S0,
s a(h)
2
x j j u(t, X, (t) + X' exp[j2nf (t -, x)]dtdx’| df,
T X
rne 95 (f) u g, (f) — cnexrpanbubie moTHOCTH MOMEHOCTH CHTHANTA

U TIOMEXHU COOTBETCTBEHHO.
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4.1. Teopetrueckne 0CHOBBI paciupernoit [IBOC

B crnekTpansHO# (hopMe 3TO BBIpaKEHHE MOXKET OBITh 3alHCaHO
Kak

T g(F) e e P
Q)= | =5—-|Uy(f, )] df (4.25)
(fi,) s (f)\ (f, )

rac

Ug(f, ) = [ Ju(t, %, (1) + %) x

T X!
xexp[-j2nf (t— i, X")]dtdx".

B coorBerctBuu ¢ dopmyoii (4.25) B maHHOM Cllydae pacIInpeH-
Has [IBOC cBoauTcs K BBIYMCIEHUIO YaCTOTHO-BOJIHOBOIO CIEKTpa B

pacmnpeHHoﬁ obOactu Ha6J'H-OI[eHI/I$I Q;, a 3aT€éM HUHTCTPHUPOBAHUIO

KBaJpaTa MOIYJIS MOJTYIEHHOTO CIIEKTPa C BECOM, ONPEIEIIEMBIM CIIeK-
TPOM CHTHAJIa U TIOMEXH.

B 3akiroueHne HACTOSILNEro Mojpa3szeia MOAYSPKHEM, YTO PACIIH-
peHue o0JacTH HAONIOJIEHUS OTKpPBIBAET BO3MOXKHOCTh 3()()EKTHBHO
HCTIOJIF30BATh OBICTphIe (HYyHKIMOHAIBHBIE TPeoOpa3oBaHus sl aHTEHH
000l KOH(QUTypalMy, NMpUYeM KakK HEMOJBIDKHBIX AHTEHH, TaK U
CJIOKHBIM 00pa3oM MepeMEINaroIInuXcsl B IpocTpaHcTse. [Ipu 3ToM Ka-
4ecTBO 00paboTKH curHana He cHmwkaercs. Oanako merox [IBOC Ha
OCHOBE PaCIIMPEHUs BBIOOPKHU IMOJIST OKA3hIBACTCS HE CTOJb YK YHHBEP-
CaJIbHBIM, KaK KaXXC€TCs Ha HepBbIﬁ B3IJIA4, XOTd U UMEET ONPEACIICH-
HYIO, TOCTaTOYHO IIHPOKYIO, 00yacTh mpuMeHeHus. K paccMoTrpeHmio
BOIIpOCa O IIeNIecO00pa3Hoil O0NAaCTH TMPHMEHEHHS METOAa BEpHEMCS
MoCIie paCCMOTPEHHS COOTBETCTBYIONIMX MU(POBBIX allTOPHUTMOB 00pa-
OOTKH.

4.2. BpicTpble aIrOPUTMBbI PACHIUPEHHOM
NMPOCTPAHCTBEHHO-BPEMEHHOI 00pad0TKN KOTepeHTHBIX
CUTHAJIOB

4.2.1. HenmoABM:KHBbIE pACIIMPEHHBIE 00J1aCTH HADII0IeHUS
B nwckpeTHOM cCilydae MpUHHMAaeMble KOJeOaHWs MOTYT OBITh
npeactaiaensl N - | -mepupiM  BekTOpoM U ¢ KOMIOHEHTaMu
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U(Atn, x, (Atn)), a gynkuus, onuceiBaromas CTPyKTypy ONTHMAIBHOI
o6padorkn, — N -1 -mepuemv Bextopom D(L) ¢ Kkommomentamu
b(Atn, X; (Atn),X), rie N — HOMEP BPEMEHHOIO OTCYeTa, | — HOMEp
npreMHOro sneMenta antenHoit pemerku, (N,i) € Q= (N,1), At -
MHTEPBAJI BPEMEHHON IMCKpeTH3aluu. TOrja ajiroput™ ONTHMANBLHOM
IIBOC moskHo 3amucars B Bruae Q(A) =u’ E)(X) :

Beenem Bcriomorarenbhoe muoxkectso €, =(N,L), rme L -
MHOKECTBO Y3JI0B HEMOIBMKHON ~MapasuieNenueoo0pasHoi  mpo-

CTPaHCTBEHHOMN perueTku ¢ ManbiM marom AX . B muoxkectse (O, BbI-
nemam  moamuoxkecto Q= (n,L(N)Vn=1,N), rtme Bekrop

L(n) € L npencrapnser moaMHOXeCTBO y310B MHOXecTBa L, Grn-

JKaWIIMX Ha MOMEHT BpEMCHHA Atn K ONPpUEMHBIM 3JICMCHTAM aHTECHHOH
PCIICTKH.
I/ICHOJ'II)?;YSI KOMITOHECHTBI BEKTOpa U, BOCCTaHOBUM HUHTEPIIOIAIU-

OHHBIM IIYTEM OTCYECTBI kosiebanuii B Toukax (2. MHOXECTBO 3THX OT-

CUETOB IIPEICTABUM BEKTOPOM a :{G(Atn,AxT(n))}. AHaNOrMyHo,

MCTIONB3Ysl KOMIOHEHTHl BekTopa D(A), BOCcTanoBMM mHTepmonsuu-
OHHBIM ITyTE€M OTCYEThI BeCOBOM (yHKuMH B Toukax (2. MHOXeCTBO

5THMX OTCUETOB MPEACTABUM BEKTOPOM 6(5;) ={b(Atn,AxI) }.

Torna ontumaneHbiid anroputM [IBOC npuobperaet BuI

Q) =d" é(i) . (4.26)

OTO0T AJITOPUTM MOXKXHO 3allMCaTb TAKXE C HMCIIOJIb30BAHHUEM pac-

mupennsix Bektopos U, u Do(L) pasmepom N L, rme L — kommue-

CTBO 3JICMCHTOB MHOXXCCTBA L.
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Ompenenum paciIMpeHHbId BEKTOp U, KaK BEKTOD, COCTOSIIMN M3
BOCCTaHOBJIEHHBIX oTcueToB st Beex Touek (N,l) € Q muoxecra
), u Hynesbix orcueto s Beex Touek (N,1) € Q (mas Beex oc-

TaBUINXCS TOYeK MHOKecTBa (), ). Onpenennm pacluMpeHHBIH BEKTOP

by(A) xax BexkTOp, cocTOSMIMI U3 BOCCTAHOBJIEHHBIX OTCYETOB JUIs
Beex Touek (N,1) € Q) muoxkectBa ), M MPOM3BOIBHBIX OTCYETOB

(manpumep, Hynesbix) — s Beex Touek (N,1) € Q.

Toraa Beipakenue (4.26) MOXKeT ObITh MEPENUCAHO B SKBHBAICHT-
HOM BHJIE KaK

Q) =] bo(L). (4.27)
IMpu cnaGokoppeaupoBaHHo# (MPAKTHUECKH HEKOPPETUPOBAHHOMN)

oMexe, KOorja BEKTOp b(X) ={ b(Atn, X; (Atn),X)} MIPUOTN3UTENHEHO

pasen Bextopy currama $(1) ={ $(Atn, X; (Atn),i) }, a uHTEepIONMHpO-
BAHHBI BEKTOP 6(7:) ={ B(Atn,AXr,X)} — Bexropy curnara S(L)=
:{S(Atn,AxT,X) }, UMeeT CMBICH ONpENeNUTh PACIIMPEHHBIH BEKTOP

bo (L) ma Beeii o6nacTH f)e KaK BeKTop { é(Atn, AXI, ) }.

PaccMoTpuM Citywai, Korja IpocTpaHcTBeHHas yacth L pacium-
peHHol obnactu Habmoxenns (2, mpeacrasisier coOOH Mapasieneny-
11€/1000pa3HyI0 CETKY C YHCIIOM Y3JIOB BJIOJb MPOCTPAHCTBEHHBIX OCEH
L. L, L.

Torza uist CUTHANIA B BHJIE TUIOCKOH BOJIHBI C IAPAMETPOM V JIOTI-
JIEPOBCKOTO MCKa)KeHHs 1 yIiioBbiM mapamerpoM [ (A = (V,1)) BbI-

paxenue (4.27) MOKHO 3amucarh KaKk
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L1, -1, -1N-1 o= _
Q(v,p) = z > 0, (Atn, AxI') b, (Atn — i AxI), (4.28)
15=0 1,=0 1,=0 n=0
rue bv (Atn— T) — KOIMS  AHAJIMTHYCCKOIO  CHrHaja

S, (Atn — ﬁquI ) .

Eciu Bpemsi pacnpocTpaHEHUs! CUTHajla BIOJb AHTEHHBI CYLIECT-
BEHHO MEHBIIIE €T0 JUINTEILHOCTH, TO CIIEKTP KOIIMY CUTHAJIa

B, (Awk, AXI', 1) = B, (Awk) exp(—jo,, (k,p)AXI ),  (4.29)
rae BV (A(Dk) — CHEKTp KOINHWHU AaHAJIUTUYCCKOI'0 CHUrHajla B TOUYKE

[=0:
N-1
B, (Awk) = b, (Atn) exp(—jAoAtkn) ;
n=0

®,, (K, 1) — BonnoBoii BexTOp:
o, (K,pn) = Ao(k + K, ;
AwK, - HWKHSA rpaHMYHas KPyroBas 4acTOTa pabOdero JAuanas’oHa

JacTOT.
C yuerom paBeHctBa (4.29) Boipaxkerue (4.28) MoxeT OBITH 3aIu-
CaHO Kak

Qv = 3 Uy(80k,6, (k) B (A0K), (430

k=0
rie
1L,-1L-1N-1 ~
U o(Aok, o, (k,un)) = ZZZZGO(AIH,Axl ) X
=0 1,=0 1,=0 n=0 (4.31)

xexp(—jAoAtnk) exp(j&,, (k, L) AXI).
W3 Beipaxkenuii (4.30) u (4.31) BumHo, uto pacmupenHas [TIBOC
CBOAUTCS K BBIYHCIICHUIO YaCTOTHO-BOJIHOBOT'O CIIeKTpa

U,(Aok,®, (K, 1)), ymHOKeHHIO €r0 HA KOMIUTEKCHO-CONPSIKEHHBIH

CIICKTPp KOIIMHW AHAJIMTUYCCKOI'0 CUTHaJIa U CYMMUPOBAHHIO IMOJTY4YCH-
HBIX B3BCHICHHBIX KOMIIOHCHT CIICKTpaA. B nanHom Clly4a€ BBIYHCJICHUEC
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YaCTOTHO-BOJIHOBOTO CIIEKTPa MOXKET OCYIIECTBISITHCS C HCIIOJIBh30Ba-
HueMm BII®, a manprelimas 0O6paboTka — 0OBIYHBIM CIIOCOOOM 03 TpH-
MEHEHUS OBICTPBIX MPOLIEAYD.

Komuuecteo onepaunit ymuoxenns N, u cnoxenust Ny, neo6-
xonuMmbix misa peanuzauuu [IBOC nmo Nu MIPOCTPAHCTBEHHBIM U Nv

AOIUICPOBCKUM KaHaJIaM, 0e3 yde€Ta 3aTpaT Ha UHTCPIIOJIAIIMOHHOC BOC-
CTAaHOBJICHHUEC COCTaBJIACT

LN
N. =——log,(LN)+ N N_N ,
I1 2 gZ( ) potv (432)
N; =LNlog,(LN) + NHNVN ,
e L=L,L,L;.

PaccMoTpuM ciyyail, Korja MpoCTpaHCTBEeHHas vacth L pacuim-
peHHolt obnactu HaGmropenust (), mpejcraBiser cOOOH LUINHIPUYC-
CKYIO CETKY, y3JIbI KOTOPO#l OMUCHIBAIOTCS CICAYIOIIMM BBIPRKCHUEM:

(Arlr,A(pI(p,Azlz), . =0,L, -1, |¢ =0, LqJ -1 1,=0,L,-1

O0603HaUNM YIJibl, ONPEACIAIONINE |[L-€ HaIpaBJICHUE NpUXOoJa

CUTHama, 4epes @, H SH. Torma 4acTOTHO-BOJHOBOW CIIEKTP HMEET

CIIEIy IO BUI:

&, (Aok, &, (K, 1)) =

L-1lg-1L-1N-1
=Y. & (Atn, Arl,, Aol , Azl,) x

,=0 1,=0

H
Z

o
1l
o

o n

xexp(—jJAmAtnk) x (4.33)
><exp(jAT°°kArlr cos(A¢l, —¢,)sin SPJx
><exp(jAkaAzlZ cosSHj,

e @, (K, p) = Ck(COS(p sin9,,sing, sin9,,cos 9, ).
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B coorserctBuu ¢ popmynoii (4.33) pacuupennas [IBOC Bkmtoua-
€T MHTEpIOJISALMOHHOE BOCCTAHOBJIEHHE OTCUETOB B Yy3JIaX LMJIMHIPU-

YECKOU PEIICTKH, JOMOJHEHHE OTCYETOB HYJsIMU ((OpMHUPOBAHUE Mac-

cusa orcueros Uy (Atn,Arl , Aol ,Azl,)), nposenenue auckperHoro
npeo6pasoanus Gypre M0 BpemenH, cBeptky mo yriy A@l, , cymmu-

posanue no pamuycy Arl, u mposenenue muckpernoro npeo6pasosa-

Hus Oypbe B0ML 06pasyoIMX MIMHAPUYeckoil obnactu AZl, .

B srom anroputme auckperHoe mnpeoOpasoBanue dypbe MOKeT
OBITH OCYIIECTBIICHO ¢ TToMOINbI0 BIID, a cBepTka — ¢ MOMOMIBIO OBICT-
poii cBepTku. [Ipu 3TOM KONMHUYECTBO ONEpaluii YMHOXKCHHS U CIIOXKE-

HUs, TpeOyeMbIX Ui peanu3auuu MHorokaHansHou [IBOC B HeGosb-
o 0
IIOM paboyeM CeKTope yrioB mecta (B paiioHe 9“ =90"), Oe3 yuera

3aTpaT Ha HMHTCPHOJIALNMOHHOC BOCCTAHOBJICHHE OTCUCTOB COCTABIIACT

COOTBCTCTBCHHO

LLLN
N, =%(|092(NL2¢)+1)+

1
+E L,L,Nlog, L, + N NN, (4.34)

N; =L, L,L,N (log, (NL?%)+1)+
+L,NL, log, L, + N, N, N.
Ecnu aHTeHHa HE3BYKOINPO3payHas, TO €€ SKPAHUPYIOIINE CBOMCT-

Ba MOT'yT OBITH YYTCHBI IPU BBIYUCIICHNHU YaCTOTHO-BOJTHOBOI'O CIICKTpPA.

B stom cayuae B dopmyny (4.33) cimemyer m0GaBHTH MHOKHTENb

f(A(pI(p —(pu):
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o (Book, B, (k1) =

U
L-1lg-1L,-1N-1
D> Gy (Atn, Arl, Al , Azl ) x

=0

o
>

1,=0 1,=0 |¢:

xf(Ael, —9,)exp(-jAwAtnk) x

f(A
xexp(J—Arl cos(Ael, —9,)sing, |x

. Awk
xexp j%AZLCOSSH

OTMETHUM, YTO HAJIMYHE DTOTO0 MHOXKUTES HE CKa3bIBaeTCs HA 00b-
eMe apu(MeTHIECKUX orepanui, TpeOyeMBbIX I pealn3allid MHOTO-
kaHanbHOM [IBOC.

4.2.2. lloaBuKHbBIE paclIMPeHHbIE 00J1aCTH HAGII0IEHUSA
B nogpazaene 4.1 oTmedanoch, 4TO B MHTEpECaxX CHIIKCHUS BbI-
YUCITUTENBHBIX 3aTpaT IeJIeco00pa3HO HCIONb30BaTh PACHIMPEHHYIO
MPOCTPAHCTBCHHO-BPEMEHHYIO 00JIACTh HAOJIOJICHHS, MaKCHMAaJIbHO
MPUOIMKEHHYIO K MCXOJIHOM oOsiactn HabmoneHus. C 1eNIbl0 YMEHb-
IICHHUS PACIIMPEHHON 00JIACTH TpeyIarajioch 3aJaBaTh e¢ MPOCTPaHCT-
BEHHYIO YacTh B IMOJBHXKHOW CHCTEME KOOPJIWHAT, NepeMeINaroniencs

BMECTE C TEOMETPUUYECKUM IICHTPOM aHTEHHBI.

DTa mpocTpaHCcTBEHHAas 001acTh )Zé B JIICKPETHOM CITy4ae MOXKET
OBITH TIpeCTaBIeHa MHOKECTBOM Yy3JIOB L’ nomsmskoit napasuiesnenu-
meT000pasHol WM IMITHHIPUICCKOW TPOCTPAHCTBEHHOH pPEHICTKH.
Torna pacmupeHnHas 001acTh HAOMIOIEHUS ﬁ; =(N, |:') .

B cnyuae curnana B BuUJE IJIOCKOH BOJIHBI M MPAKTHUECKU HEKOP-
penupoBanHOKH momexu anroput™ [IBOC, aHanoruuHbBld anroputrmy
(4.12), umeert cneayromuii BUI:
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[JIABA 4. BBICTPBIE AJITOPUTMBI PACIIMPEHHOM [IBOC

Qi) =3 Ui Aok, (k)

(4.35)
x B! (Aok,®,,(k,un)),
1 IpsAMOYTOJIbHOM CUCTEMBI KOOPIUHAT
”(Awk @, (K, 1)) =
N —
= z (Atn, X_(Atn) + AxI") x (4.36)
13=0 1,=0 1,=0 n=0
xexp(— JAcoAtnk) exp(j&, (k, n)AxI"),
a JUIsl IWITHHAPUYECKON
L-1Lp-1l,-1N-1
U oAk, o, (k) = ZZZZU (Atn, X_(Atn) +
;=0 1=0 I,=0 n=0
+Arl € + Aol € + zI}€) exp(— jAwAtnk) x
Awk ) (4.37)
xexp —ArI;cos(A(pI(;—(pH)sm\‘}u X
C
. Aok
xexp(JiAzlz’cos\()Hj,
C
rue é;,é;,é; — OpTHl UWIMHIAPUYECKOW CHUCTEMBbl KOOPJAMHAT;
B'(Acok ®, (K,1l)) - KOMIUIEKCHBIH CIEKTp KONMM CHTHAIA
S(Atn —n X.(Atn)):
N-1
B! (Awk,®, (K, b, (Atn — Atn
A0k, (kW) = X, (M- Az (Am)x

xexp(— jAmAtkn).

O0BeM apuMeTHYEeCKHX OTepalyii, HeOOXOJUMBIH Il poBe/Ie-
Hust MHOrokaHanpHoM [IBOC, 3aBHCHT OT THIA CHCTEMBI KOOPIMHAT,
HCTIONB3yEeMOH TIPH PACIIMPEHHH MPOCTPAHCTBEHHOW 00jgacTu HaOIIo-
nennst. Korma mpuMeHseTCs MOABYIKHAS HPSAMOYTOJbHAS CHCTEMa KO-
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OpJAMHAT, KOJIUYECTBO ONEPANN YMHOKCHHS M CIOKCHUS OIpEICIsIeT-
cst hopmysamu, mogo0HsIME (hopmyiam (4.32):

N, =%Iogz(L N)+N,N,N,

N, = L'Nlog, (L'N)+N,N,N,

KOTJa JK€ MPUMEHSCTCS ITOIBIKHAS [IMITHHAPUIECKas CHCTEMa KOOpAU-
Hat, — popMyaamu, oao0HbIME hopmyiam (4.34):
th Lq,) LZ' N 12 1 ryr '
N, —T(Iogz(NLkp )+1)+E L/L:N log, L, + N,N,N,

Ny = L/LLIN (log, (NL;?) +1)+ L,NL; log, L] +N,N,N.

1
IIpu GBICTPHIX IEpeMeNIEHHIX aHTeHHbl 00nacts L' cymecTsenno

MeHbIIe obmactH L . [Tosromy IIBOC B cootBercTBHH C (hopMyTaMu
(4.35) — (4.37) TpeOyeT 3HAYUTENLHO MCHBIIUX BBIYMCIUTEIBHBIX 3a-
TpaTt, yeM obpabdoTtka o popmyaam (4.30), (4.31) u (4.33).

4.3. BpicTpbIe aJrOpUTMBI MPOCTPAHCTBEHHO-
BpPeMEHHOM 00pa00TKH CTOXaCTHYECKUX CUTHAJIOB

Ji CTOXacTUYEeCKOro CUTHala, Tak JKe, KaK M JUIs KOTe€pEeHTHOTO,
nepBbIM 3TanoM pacuirnpeHHoit [IBOC sBnsercs BHIYHCICHHE YaCTOTHO-
BOJIHOBOTO criekTpa. Korma curaan nmpeactasisier coboi IIIOCKYIO cia-
OOKOpPENNPOBAHHYIO BOJHY, a TIOMeXa — CIa0OKOPPETPOBaHHOE TOJIe

CO CIEKTpabHOM mIoTHOCTBI0 MomHocTH Jy (A®K) , anropurmer muc-

kpetroii [TBOC, cootserctBytomue Boipakenusm (4.21) u (4.25), mo-
I'yT OBITh 3aITKCAHbI B CIAEAYIONIEM BH/IE:

Q) = Zgiiwi))w (Aok B, ()P, (439)
! g, (Aok)
Q) = z T e 0ok B, () (@)
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Cpasuenue Boipaxkenuii (4.30), (4.35) 11 KOrepEHTHOTO CHTHANA C
BeipakeHusamu (4.39), (4.40) aas cTOXaCTHYECKOTO CHUTHAJNIA TTOKa3bIBa-
€T, UTO B CIIy4ae KOTEPEHTHOTO CHTHANA TIEPEX0/l OT PACIINPEHHOMH 06-

V2 va
nactn HaOmonenns X, k obnactu X, NPUBOAMT K M3MEHEHHIO BECO-

BOTO0 MHOXMTENS. B cilyuae e CTOXaCTHUECKOrO CHIHajda BECOBOM
MHOKHTEIIb OCTaeTcsl 0€3 N3MEeHEeHNH. JTa 0COOCHHOCTD CBS3aHA C TEM,
gyro anroput™el [IBOC ast KOrepeHTHOTO CHTHajla YYHTHIBAIOT Tepe-
MEIIEHHS B MPOCTPAHCTBE T'€OMETPHUUECKOTO IIEHTPa aHTEHHBI, a aJiro-
putMmsbl [IBOC a5 cTOXacTU4eCKOTO CUTHalla — UTHOPHUPYIOT uXx. Ilpu
3ToM o0a THIa alrOpUTMOB YYMTHIBAIOT ITOBOPOTHI aHTEHHBI B IIPO-
CTPaHCTBE U, B ClIyyae '’MOKON aHTCHHBI, U3MEHECHUE €€ (POPMBIL.

4.4. TpeOoBaHUS K HHTEPHOJISILIUU

Huckpernas pacumpennas [IBOC wncronb3yeT BOCCTaHOBIICHHBIE
MyTEM UHMEPNONAYUY OTCIETHI, COOTBETCTBYIOLIHE y3JIaM BHPTYaJIbHOM
YEeTBIPEXMEPHOHN PEIIETKU. BhluncauTenbHble 3aTpaThl Ha pean3alluio
I[MBOC cymiecTBEHHO 3aBHUCST OT IIara 3TOW PEHIeTKH W METOoj/1a HHTEp-
noJisinuy. B mHTEepecax CHMKEHHS BBIUYMCIUTENBHBIX 3aTpaT JKeJlaTelb-
HO NPUMCHATH UHTCPHOJIALMIO HEBBICOKOI'O MOpsAAKa U BLIGI/IpaTI) mar
BUPTYAJILHOW PEIIETKH Kak MOXKHO Oonbimmid. OJHaKO HAaJlO0 MMETh B
BUJY, YTO TIPH HEBBICOKOM KaueCTBE BOCCTAHOBICHUSI OTCUETOB MOTYT
UMETh MECTO 3HAUUTENIbHBIC NOTEpU KadyecTBa 0OpaboTku. s moctu-
JKCHUST KOMIIPOMHCCa MOKHO 3a(MKCHPOBATh BHI HHTEPIOILIIUHA U,
KOHTPOJIUPYS MOTEPH, ONPEENIUTh JOMYCTUMYIO BEIMYHMHY IIara pe-
IIETKU.

Y4auTHIBas CI0KHOCTH YETHIPEXMEPHOTO BOCCTAHOBJICHUS OTCUCTOB
U OBICTPBI POCT BBIYMCIUTENBHBIX 3aTpaT Ha €ro pealu3aluio Hpu
YBEIMUCHUN TOPS/IKA HHTEPHOJIALINH, OTPAaHHIUMCS PACCMOTPEHHEM

MHTEPIIOJSILMK HYJIEBOro Topsika. JUis BupTyanbHOH pemrerkn (2,

(wmu Q.,) npouesypa MHTEPNONALUMOHHOTO BOCCTAHOBJIEHHS COCTOUT B

HAXOKJIEHHH IS KaKIOTO MPOCTPAHCTBEHHO-BPEMEHHOTO OTCYETa KO-
nebanms  U(AtN, X; (Atn)) OmuKalIero  TPOCTPAHCTBEHHO-

BPEMEHHOIO y3/1a BUPTYaJIbHOM PEIIETKH, a 3aTe€M 3allUCH B SUeiKy ma-
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4.4. TpeboBaHHS K HHTEPIOISINN

MSTH,  COOTBETCTBYIOIIEH  OSTOMY Y311y, 3HAauYeHHS  OTCYETa

u(Atn, x; (Atn)) (puc. 4.3).

212--- nooe NL
T\
RARIZON

7 :
/ b 2
\ 1

0 T t

Puc. 4.3. YcnoBHas cxeMa HHTEPHOJSIIHOHHOTO BOCCTAHOBJICHNSI OTCUETOB

(Ha npuMepe JMHEITHOI aHTEHHOM PEIICTKH, IePEMEIIAIOIICHCS BIOJIb CBOCH OCH
C IIEPEMEHHOMH CKOPOCTHIO)

ITycTh curHan — y3KONOJIOCHBIH MPOIIECC, a TOMeXa COCTOHT U3 He-
KOPPETMPOBAHHON W JIOKAJLHOM COCTAaBIAIOMUX. ByneM momarars, 9to
MOTPEITHOCTh HHTEPIIOJISIIY HOCHUT CITyYallHBIN XapakTep.

Toraa moTepu MOMEXOYCTOHYHNBOCTH CHCTEMBI 0OpaOOTKH, CBS3aH-
HBIE C MHTEPHOSINCH, MOKHO OIIEHUTH W3BECTHBIM BBIPAKCHHEM, OIIH-

ChIBAIOIIUM OTHOCUTEJIbHBIC NTOTEPU IO OTHOIICHWA CHUIHaJI-IIOMEXa 3a

CycT cnyqaﬁﬂoro CMCHICHU MMOJIOKCHHA TPUEMHHUKOB aHTCHHBI OT pac-
YETHOI'O.

o

A’ 1+j2
Ioz:l-"'sA 2 02’
RS

Gy

rac AX - MaKCUMaJIbHOEC CMCUICHHUE IMOJIOXKCHUA IMPUEMHHUKOB, A -

2 o o

CpCaHssa OJIMHa BOJIHBI, GI — AUCICPCHA JIOKAJIbHOU COCTABJIAIOIICH
2 o o

IIOMCXH, GO — AUCHICPCUSA HECKOPPCIMPOBAHHON COCTABJIAIOLICU TTOME-

XH, RI — 3HAUCHHUEC XapPAKTCPHUCTHUKU HAIIPABJICHHOCTH AHTCHHBI B Ha-

IIPABJICHUN HA JIOKAJIBHYIO TIOMEXY.
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[JIABA 4. BBICTPBIE AJITOPUTMBbI PACIIMPEHHOM [IBOC

PesynbTaTsl pacueToB 1o 310 GopMmyse npuBeneHs! Ha puc. 4.4.
l° Nay,
: 3
v
6 /
4

A
2
e
of
0,1 1 10 100 o

Puc. 4.4. 3aBHCHMOCTb OTHOCHTEBHBIX NOoTEPH HOMeXOyCTOﬁ‘IHBOCTH oT
OTHOCHUTEJIbHOI'O YPOBHS JUCIIEPCUA JIOKQJIbHOUM TTOMEXH. KpI/IBaﬂ 1 COOTBETCTBYECT

AX/X:O,ZS, R =0,05 ,KpnBa;{Z—AX/k:O,125, R, = 0,05, kpusas 3 —
AX/%=0,25, R =0,2 uxpusas 4 - Ax/A=0,125, R =0,2

W3 pucyHka BUIHO, YTO NTOTEPU IOMEXOYCTOWYMBOCTH CYIIECTBEH-
HO 3aBHCAT OT YCJIOBUH paOoThl. IlpyM HaIMYUM CHIIBHOH JIOKAJIbHOM
COCTaBJISIIOIEH MOMEXH HeOOJbIINEe MOTPEIIHOCTH B MOJOKEHUU TPH-
E€MHHUKOB BBI3BIBAIOT 3HAYUTENbHBIC TIOTEPU TTIOMEXOYCTOWIHBOCTH. OJ1-
HAaKO CUTYyallusl MHas MPpH cllaboKOppenupoBaHHO noMexe. Toraa naxe
MOTPEUIHOCTH MOPSJIKA YETBEPTH JAJTUHBI BOJIHBI MOTYT OKa3aTbCs BIIOJ-
HE MPUEMIIEMBIMHU.

1 mpoBepKH M yTOYHEHUs I0JIyYEHHBIX PEe3yJIbTaToB MPOBOIU-
JUCh MOJIEJIBHBIE HUCCIEA0BaHUs airopuTMoB pacimupenHoit IIBOC.
HekoTopslie pe3ynbTaThl pacueToB i JUHEHHON aHTEHHBI, ABIKYILEH-
cs B pocTtpaHcTBe ¢ yckopenuem 0,05 m/c?, npejicTaBeHs! Ha puc. 4.5.
Bpems nabmronenns T =25 ¢. Kpusbie 1, 3 momy4ens! s rapMoHude-
CKOTO CHTHANA NP OTCYTCTBHHM JIOKAJHHOW IIOMEXH, a KpUBBIE 2, 4 —
IUIS 3TOTO K€ CHTHaja, MPUHUMAeMOTo Ha (OHE rapMOHHYECKOH Jio-
KaJbHOM IMMOMEXH, NPUXOSMIEH W3 HampaBlIeHUS, COOTBETCTBYIOIETO
MEpBOMY HYJIO HAealbHON XapaKTepUCTHKH HarpaBiieHHOCTH. Yucio
TOYEK MpocTpaHcTBa L, MCHONB3yeMbIX Ui BBIYMCIEHUs BOJHOBOTO
cnektpa, pasanuno. Ha puc. 4.5, a kpussie 1, 2 monyuens! misn L = 16,
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4.4. TpeboBaHHS K HHTEPIOISINN

a kpusble 3, 4 — i L =64. Ha puc. 4.5, 6 xpusbie 1, 2 paccuuTaHbl
s L =128, a xpussie 3, 4 — na L = 256. Ha puc. 4.5, 6 xpussie 1, 2
nonydenst s L =512, a kpussie 3, 4 — qa L = 1024,

RO) S— T R(o) R
i D\ )
0,15 [\ 0,75 5 0,75 L\
5 ‘\ 13
N~
01 2 0,5 > 05 2

Y

N
%\/ | 0,25 \\

0,05 \ 0,25
\ —f ~ — o~ o \
ot Jaal |~
N P~
0 10 20 «,@adad 0 10 20 o, @ad3a. 0 10 20 o, 3034

a 0 8
Puc. 4.5. XapakTepucTHKH HANPaBICHHOCTH JTMHEHHOW 48-3]1eMEHTHOI aHTEHHBI

U3 rpadmkoB BUAHO, UTO €CIHM PACCTOSIHHE MEXIY Y3JIaMH BHPTY-
albHOW TNPOCTPAHCTBEHHOW PEIIETKH OYEHb Majio (AX/ A <0,08, uTo

coorBeTcTBYyeT L >512), B palioHE ITIaBHOTO JENECTKA MCKAKEHUS Xa-
PaKTEpUCTUKU HAIMpPABICHHOCTH MPAaKTUYECKH HEe HaOmonaroTcs. Ecnu
paccTosHIE MEXIY y3JIaMH PEIISTKH OOJbIINe YETBEPTH JIMHBI BOJHBI

(AX/X>0,32, uto cooterctyer L <128), nckakenus xapakrepucTH-

KM HaIpaBIEHHOCTU OKAa3bIBAIOTCS CYILECTBEHHBIMU. VICKaskeHHs IMpo-
SBJISTFOTCS. B YMCHBIICHUHM YPOBHS IMIAaBHOTO JICTIECTKA U «3AIUTBIBAHIN»
HyJEH.

Ha puc. 4.6 nmpuBeaeHs! HEKOTOpPBIE PE3yJIbTAaTHl PacyeToB, HONY-
YeHHbIE I KyOMd4ecKol aHTeHHBI, IIOBOPAYMBAIOIIECHCS 3a BpeMsl Ha-
omonenust Ha yron 30°. KpuBble MpeaCTaBisiOT XapakKTEPUCTUKU Ha-
MPaBJIEHHOCTH, COOTBETCTBYIOIINE FAPMOHHYECKOMY CHTHAly MpPH OT-
cyTcTBUM Tnomexu. Kpusbie 1 u 2 momydeHsl Juii BHPTYaJIbHOH IIPO-
CTPAHCTBEHHOW PEIIETKH C IIaroM, PaBHBIM COOTBETCTBEHHO BOCHMOM

YacTU W YETBEPTHU JJIMHBI BOJIHBI (AX/ A=0,125u AX/ A =0,25). Kpusas

3 nonydena i anroputma [IBOC, urHopupyomero GakT JBUKESHUS
aHTEeHHBI. 13 pUCYHKOB BUIHO, 4TO Uil KyOWYEeCKOH aHTEHHBI, TaK e,
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[JIABA 4. BBICTPBIE AJITOPUTMBbI PACIIMPEHHOM [IBOC

KaKk W OIS JTUHEHHOW, mpu AX/K<O,25 WCKQKEHUSI XapaKTEPUCTUKH

HaIrpaBJI€HHOCTU OKa3bIBAOTCHA HEOOJIBIITNMU.

R(a)

v
0,75 >

L
0.5

/ 7]

e

0 10 20 o, adaa.
Puc. 4.6. XapakTepHCTHKH HApaBIeHHOCTH KyOudeckon 5 x 5 x 5 -
9JIEMEHTHOW aHTEHHBI

0,25

[IpuBeneHHbIE peE3yNbTATHl PACYETOB MOKA3BIBAIOT, YTO METOX
pacumupenHoi [IBOC umeer cMBICI UCTIONB30BATh MPU CIA00KOppesH-
poBaHHOIT momexe. LlemecooOpa3HOCTh €ro MPUMEHEHHS B CIydae, Ko-
r7a IIoMexa CHIIBHO KOppeNUpOBaHHAs], MPEACTABISETCS POOIeMaTHd-
HBIM, TOCKOJIBKY H3-3a CYLIECTBEHHOTO BO3PACTaHUs KOJIMYECTBA JIO-
0aBIIIEMBIX HYJIEBBIX OTCYETOB OOBEM BBIYMCICHHI 3HAYUTEILHO YBE-
JTUYUBACTCS.

Crpeminenue >QpPeKTHBHO HUCIOIB30BaTh OBICTPhIC (DYHKIIMOHAIB-
HBIe TIpeoOpaszoBanus i [IBOC npu Bo3xeiicTBUM HE TOJBKO ciiabo-
KOPPEIHPOBAaHHBIX, HO M CHJILHOKOPPEIHMPOBAHHBIX MOMEX, CTUMYIH-
poBajio pa3paboTKy Ipyroro Metoaa OblcTpoil MHorokaHansHoOU [IBOC,
paccMaTpuBaeMoro B CIeIyOIeH riaBe.



I'JIABA 5

BBICTPBIE AJITOPUTMbI MHOTI'OKAHAJIBHOM
CEKIIMOHUPOBAHHOM MTPOCTPAHCTBEHHO-
BPEMEHHOM OBPABOTKH CUTHAJIOB

5.1. OcHOBBI CeKIMOHMPOBAHHOI MPOCTPAHCTBEHHO-
BpeMeHHOIi 00padoTKN CUTHAJIOB

5.1.1. HemoaBuskHasi HempepbIBHASI AHTEHHA, HeMpPepPbIBHAS
odpaboTka
O3HaKOMJIEHHE C METOJOM CEeKYUOHUPOBAHHOU TPOCTPAHCTBEHHO-
BpEMEHHOI 00padOTKM CUrHalla HayHEeM C ero MoauduKauuu i He-
MIOJIBMYKHON HETIPephIBHON aHTeHHBI. PaccMoTpum 00paboTKy Kore-

pentnoro curnana S(t,X,A,p), 3amanHOro Ha NPOCTPAaHCTBEHHO-

BpemenHoM unTepsasie Habmonernus (t,X) € Q= (T, X). Byznem nona-
raTh, YTO CUTHAJI — MIOCKas BOJHA. BekTop MH(pOPMATHBHBIX Mapamer-

pPOB A mpejCcTaBjeH MapaMeTPOM JOMIEPOBCKOrO HCKAKEHUS 9acTOTHI
V U napaMmeTrpom ﬁp , XapakTepU3yIOIIUM |l -€ HalpaBJIeHUuE NpUxoja

curHaia. Bekrop HeMH(MOPMATHBHBIX NAPAMETPOB [} MpeaCTaBieH Win
CIlyJaifHOW HadanbHOU (ha3oi () , pacrpeesIeHHOW paBHOMEPHO Ha WH-
tepane [0,27), wnu ciy4aiiHOii PaBHOMEPHO pACTIPEENIEHHON Ha-
JanpHOHM (Pazoil (¢ ¥ ciaydaiiHON aMIUTUTYHOH £, pacupeneneHHOH 1o

peneeBckoMy 3aKOHY. B KoMIiekCHOH (opMe CHUTHaT MOXKET OBITh
npezcrasieH Bopakeruem (1.13)
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['JIABA 5. BbICTPBIE AJITOPUTMBI MHOI'OKAHAJIBHOM
CEKIIJMOHMPOBAHHOMU IIBOC

$(t, X, X, B) =a(B) S(t, X, A,
IJie B IaHHOM cJiydae wiockoii Bomusl (1, X, 7:) =S, (t- ﬁp)?) .

KBasuontumanbpHas 00paboTKa TaKOTO CUTHAja Ha OHE aJIUTUB-
HOH TayCCOBCKOW CIIA0OKOPPEIMPOBAHHON IIOMEXHM OIMCBHIBAETCS Clie-
,Z[yIOH_[I/IM I/IHTeraJ'IOM:

Q(v,p) =hu(t,7<) lJ:(t—ﬁpX)dth(, (5.1)

rre Q(v,1) - pesymsrar IIBOC, U(t,X) — npurnvaemoe Kkonebanue,
b, (t —f,X) — xommst kommutexcroro curmana $, (t— i X) .

Paznenum untepBan Habmonaenus | Ha M Hemepecekarommxcs
cexumit T, = ((M-1)T_, mT,) wwrensnoctsio T,(M=1,M). Toraa

Beipakenue (5.1) MoXkeT OBITh 3aMTUCAHO KaK

Q(v,p) = ji j u(t,i)gv(t—ﬁui)dtdi.
X m=1(m-1)T,

*

@ynkunn U(t,X) n b, (t) onpenenenst Ha koneuHoM BpeMeHHOM

untepsasie | . [Tocnennss Gopmyiia MOKeT ObITh Ipeobpa3oBana ¢ uc-

nosnb3osanneM Qynkumii U, (1, X) u Dun(t), onpenenennbix na Gec-

KOHCYHOM BPEMCHHOM HMHTCPBAJIC.

0 (LX) = u(t,X) nputeT,,
"0 mputeT ,

b, (t) npntefm,
0 mpu teT

va (t) =

rae T, — pacuwupennbiii BpeMeHHOM nHTepBan 1.

C C
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5.1. OcHoBbI cexiponupoBanuoit [IBOC

X max — MAaKCHUMaJIbHBIM Pa3MCp aHTCHHBI, C - CKOpPOCTDH 3BYKa.

[IpeoOpazoBanHas opma anropuTMa UMeeT BHU]

Q(v,p) = ji T u,, (t,X) D (t— 1, X)dtdx . (5.2)

X m=1_q
BHyTpeHHUi HHTErpall B BhIpakeHnH (5.2) sIBJIsieTCs CBEPTKOM, KO-
TOpast MOXKET OBITh MPOCTO BBIYUCIIEHA C MOMOILBIO CIIEKTPOB (DyHKLUI

U, (t,%) u bun(t).

IMonaras, 4to ‘ﬁu)?‘ < Xinax / C, MO’KHO 3amucarb

. M 2 . *
Q(v,p) = %Z | { [Un (0. %) exp(jo ﬁ”z)dx} Bun (0)do, (5.3)
m=1l_ox| X
rae U (®,X) — cnextp M -0#f ceKuMM NIPHHUMAEMBIX KOJIEOaHMIA:
m,
U’ (0,%) = j u(t, X) exp(—jot)dt,
(m-1)T¢

"
Bvn(®) - xommnekcHo-conpsikeHHbli crextp pacuwupennoi M -

on cekyuu KOMIIJIEKCHOM KOIIMM CUTHAaJIa:

X max
c

Ba(@)= |  b.(exp(jot)dt (5.4)

(m-1)T, — X
c

mT, +

B Beipaxenun (5.3) BHYTpEHHHUI MHTErpan — 4acTOTHO-BOJIHOBOI

cexrp U, (0,0 n,) xomeGarms U, (t,X):

mT,
U, (0,0f,)= j j u(t, X) exp(- jo(t - f,%))dtdx . (5.5)
X (m-1)T,
ITosTomy
. 1 M= *
Q(v,n) =z2 [Un(0.01,) Ba(o)do. (5.6)
m=1_o,
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['JIABA 5. BbICTPBIE AJITOPUTMBI MHOI'OKAHAJIBHOM
CEKIIJMOHMPOBAHHOMU IIBOC

U3 popmyi (5.5) u (5.6) Bugno, uto ITBOC cBOIUTCS K pa3OHEHHIO
OPHUHSTHIX KONEOAHUH Ha OTAEIBbHBIC CEKLHH, BBIYUCICHHIO YaCTOTHO-
BOJIHOBOTO CIIEKTpa KaXXIO¥ CEKIMH, HHTETPUPOBAHHIO CIIEKTPOB C OII-
peJIeNeHHBIM BECOM M CYMMHPOBAHHIO PE3YJIBTATOB. J[aHHBIH anropuT™
MpernoaraeT ampHopHOe 3HAHME MOMEHTa Mpuxojia curHaiga. Korma
3TOT MOMEHT HEHM3BECTCH, HEOOXOIMMO MOBTOPSTH 00PadOTKY CO CABH-
TOM BO BPEMEHH.

PaccMOTpHM JUCKPETHYIO (hOpMY alrOpUTMA.

5.1.2. HemoaBu:KHAsI aHTEHHAs pelieTKa, AMCKpPeTHas 00padoTKa
[IpencraBuM NpUHUMaeMOe KoJicOaHHE W KOMIUICKCHYIO KOIHIO

cUrHasa cootBeTcTBeHHO B Bue U(AtN, X,) u bv (Atn), rne At - me-

puon uckpetnsamuy, N — Homep Bpemennoro orcuera (N=0,N —1),

X, — paamyc-BeKTOp, ONpEEIAIOWMH OJOKEHHE | -T0 NPUEMHHUKA B

npoctpanctee (I = Ll ).
B muckperrom citydae Beipaxkenus (5.4) — (5.6) Moryt ObITh 3amu-

CaHbI B BUJC
N -1 %

va(Aoa k)= Zb At(n, +L,,)]exp(jAd Atkn,),  (5.7)

n.=0
U, (A®k,Adkn,) =

Ng-1 |
ZZ [At(n, +L,), X |rect TAN x (5.8)
=0 i=1

c

xexp(—jAa Atkn,) exp(jAa, (k + Ky)A X;),

Qv,n) =
Ne-1 % 5.9
:iiZUm(A@Ck,A@CkﬁH)va(Achk), 9

s m=1 k=0

rie N, =N_+2AN,, N_ —konnuectBo BpEeMEHHBIX OTCYETOB B

ucxonHol (nepacwupennoti) cekumn, N, — KOIMY4eCTBO BpPeMEHHBIX
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5.1. OcHoBbI cexiponupoBanuoit [IBOC

X e 1(CAD)] +1,

orcuetoB B pacwupennot cexuun, AN, :Ent[

A®, = 27[Af~C — paspelIeHue Mo KPyroBoi 4acTore, Afc = ]/ (AtN,) -

paspewienue no yacmome,
1 mpu 0<Xx<],

rect(x) =
0 npu x<0; x>1,
L, =N.,(m-1)-AN,,

A® K, — HuKHss rpaHuYHAs KPYroBas 4acToTa.
®opmyist (5.7) — (5.9) MoryT OBITH HCIONIB30BAHBI IS TOCTPOE-

HUs ObICTpBIX anroputMos [IBOC.

5.1.3. BeICTpBIit aITOPATM 06PAOOTKH 1151 HETIOABUKHOI
JIMHEHHOH AHTEHHOM pPelIeTKH
PaccMOTpUM HENOABUIKHYIO JIMHEHHYIO aHTEHHYIO PELIETKY C paB-

HOMEPHO PACIIOJIOKEHHBIMU B IMIPOCTPAHCTBE NPHUEMHBIMHA 3JICMEHTAMU

EyneM CUMUTAaTh, 4qTo pacCcTosdIHuC MCXAY OJICMCHTaMH1

Ax=c/ (2Af~C (K, + NC)) (paBHO MPUMEPHO TIOTOBUHE JUTHHBI BOJIHBI).
Torma, u3 popmyn (5.7) u (5.8) cienyer
U, (Ad.k, Ad.kA, ) =

p=a]

2“ 1um [At(n, +L,,), AX, ]rect(N—AN}

i=0 c

xexp(—ij—"kmjexp(ﬁ—%(k)ij,

o

n,=

—l*
va(Am k) = Zb [At(n, + L )]exp(j—kn ]
n.=0 c
rae

N, —k
(k) = H[l—m) (5.10)
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['JIABA 5. BbICTPBIE AJITOPUTMBI MHOI'OKAHAJIBHOM
CEKIIJMOHMPOBAHHOMU IIBOC

np=(l/2)cosa,.

B osrom cmywae ocnoBHOW wacteio [IBOC sBmsercss mpeoO-
pasoBanmne dypre, KOTOpoe MOKET OBITH 3(P(PEeKTHBHO peaar30BaHO C
nomouisio BIID.

BoruncaurtesnbHble 3aTpaThl Ha pealu3alMi0 CEKLIMOHMPOBAHHOM
I[IBOC 3aBucsT oT criektpa curHana. Ha mpakTiuke oObIYHO HCTOJB3Y-
IOTCSl UM TapMOHUYECKHE, UM YaCTOTHO-MOJAYJIMPOBAaHHBIE CHUTHAJIBL.
Jlns curnanos Broporo Tuna mpomsomHas f'(f) Texymed wacToTsl

f (t) no Bpemenu t Gnuska k BenmuuMHE AF/T (rne AF - neBuanus
gacrorsl) 1 nonoca acror AR mr0Goit M -oii cekuuu curHana cyiue-

cTBeHHO yxe aesuauuu AF  Bcero curmama. D1o o3Hauaer, 4To CrEKTp
mo6oii M -0if ceKIMW CUTHAlda COACPKUT HECKOJIbKO KOMIIOHEHT
OOJIBIIIOTO YPOBHS, KOTOPBIC TPpy0O XapaKTEPU3YIOT CEKIMIO, U KOMIIO-
HEHTBI MaJloro YPOBHS, KOTOPbIE XapaKTepH3yloT ee jgetayid. [Ipu ym-
POIICHHOI 00paboTKe CHrHajla dHEPrOEMKHE KOMIIOHEHTHI OOJIBIIOrO
YPOBHS JIOJDKHBI YYHUTHIBATHCS B 00SA3aTEILHOM TOPSIKE, Cladble XKe
KOMIIOHEHTBI MOTYT OBITh MPOMTHOPHPOBaHbI. OTOpackiBaHUE OOJBIIO-
ro YHuclia CIa0BIX KOMIIOHEHT MO3BOJISAET 3HAYUTEIBHO YIIPOCTHTh 00pa-
OOTKY ¥ CHH3WTH 3aTPAThl HA €€ PCATH3AIIHIO.

PaccmorpuM ycioBue, Mpu KOTOPOM JIOCTHUTAETCS MaKCHMajlbHas
SKOHOMHUS BBIYMCITUTEIbHBIX 3aTpar.

B crmextpe m000# CEKIMU CHUTHAj A MUHHUMAJIbHOE YHCIO KOMIIO-
HEHT OOJIBIIOTO YPOBHS HAOIIOaeTCs, KOTaa

AF, < AT,.

OTcro/ia ONTHMAaIbHOE unciio ceximii M o ONPENENSAETC PaBEHCT-
Bom AF,, = Af,.

Ilycth curHam — JMHEWHO YaCTOTHO-MOAYJIHpPOBaHHBIA (JIUM).
Torna AR, =AF / M . IMpunumas BO BHHUMAaHUE, 4YTO

Af, = M/(T +2MX  / C) , MOSKHO mOTyHTE

2

+C |, (5.11)

AFX . AFX
+

M, = Ent
C C
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5.1. OcHoBbI cexiponupoBanuoit [IBOC

rme C = AFT - crnoxsocts curnana.

IIpn TakoMm 3HaueHUH |\/|O B CIIEKTpPE KaKJOM CEKLIHHM CHUTHaja

MPUCYTCTBYET OT OAHOTO A0 JABYX OTCYETOB OOJBLIOrO YpoBHS (OAMH

OTCYET, €CJIA CPEHSAS YaCTOTa CEKIMM CUTHAJIA KPaTHA Pa3peIICHUIO 110
4acToTe AFC ). Ucxomst u3 xyuiero ciydvas (HaMHYus B K&KIOH CeKLUH
CHI'HaJIA JIBYX CHEKTPaJbHBIX OTCYETOB OOJBILIOIO YPOBHS), HETPYAHO
OLIEHHTb KoJNM4ecTBO omepaumii ymHoxenus N n cnoxenms Ny,

HEOOXOMMOE ISl PeaM3allii Ha MHTEpBAle |  CEKIMOHMPOBAHHON
[MIBOC. [lns nuHEHONW aHTEHHBI MpU ucnoiab3oBannu bIID onm ompe-

JIENSAETCA CIEAYIOIUMH BBIPAXKEHUSMMU:

N, =M.l &logz(lN”c)vaNt :
2 (5.12)

N, = Mol [ N, log, (IN;)+2N,N, |,
rac Nv — YHCJIO AOIICPOBCKHUX KOITNH CHUT'HaJ1a, Nt_ KOJIMYECTBO

BPEMCHHBIX KOITMi1 CHUTHAaJIa Ha HWHTEPBAJIC T.

5.1.4. CpaBHeHMe BbIYUCIUTEIbHBIX 3aTPaT
CpaBHUM BBIYMCINTEIBHBIC 3aTPATHl HA CEKIIMOHUPOBAHHYIO 00pa-

601Ky curHaina, onuceiBaembie Gopmynamu (5.12), ¢ 3arparamu Ha pea-
Iu3anuo 00paboTKU B COOTBETCTBUU C JABYMS M3BECTHBIMU JUIS JIMHEH-
HOU aHTeHHBI ObICTpbIMU anroputMamu [IBOC [123].

[lepBblii M3BECTHBI aJrOPUTM NPEAYCMATPUBAET BBIYMCICHHE
YaCTOTHO-BOJIHOBOI'O CHeKTpa ¢ nomoiubio bBII® s kaxaoro Bpemen-
HOIO 3J€MEHTa pa3pelleHMs], YMHOXKEHUE IOJIY4YEeHHBIX CIIEKTPOB Ha
JOIJIEPOBCKME KOIMM M CYMMHUpPOBaHHME pE3YyJbTaTOB IIO 4YacToOTe.
Bropoii anroput™m ocHoBaH Ha cBepTke. OH BKIIIOUAET BBIYUCIEHUE CO

CIBUIOM Ha WHTEpBal BpeMeHH | (Ha JUIMTENBHOCTh CHUIHAJIA)
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CEKIIJMOHMPOBAHHOMU IIBOC

Y4aCTOTHO-BOJIHOBOTO CIIEKTpa Ha uHTepBajse 21 ¢ nomoinpio BIID,
YMHOXXEHHE TMOJyYeHHBIX CIEKTPOB Ha [OIUICPOBCKHE KONUH U
obparnoe BII® mo wacrore.

Jlnst peanusauun nepsoro amroputma mpu N, =1 HeoGxoxmmo

BBIITIOJIHUTD

NI
Ny == [log (IN) +2N, ] (5.13)

Ny = NI[log, (IN)+ N, ]

COOTBECTCTBCHHO onepaunﬁ YMHOKCHHA W CIIOXCHHUA Ha HWHTCPBAJIC

BpeMeHH | , a jurst peanusanuu Broporo anropurma npu N, =C -

Ny = NI[log,(2IN)+2N_ +N, log,(2N)],

(5.14)
N, =2NI[log,(2IN)+ N, log,(2N)] .

3aBHCHMOCTH 3THX BEJIMYMH OT cioxkHocTh curHana C, a Taxxke
AHAJIOTUYHBIC 3aBUCUMOCTH ISl CEKITMOHUPOBAHHON 00pabOTKH CHUTHA-
na, onuceiBaemble popmynamu (5.12), mpeacrasienst Ha puc. 5.1 u 5.2.

[Ipy pacueTax BBHIOMpANHCh CJEYIONIME COOTHOIIGHMS Iia-
pametpos: M, = \/E N, = N/(ZC).

Amnanu3 Beipakennit (5.12) — (5.14) u npeacTaBiIeHHBIX 3aBHCHMO-
CTeH MOKa3bIBAET, YTO alrOpUTM cekiroHupoBanHoi [IBOC no o6semy
BBIYMCIUTENBHBIX 3aTpaT B JECSATKU pa3 AKOHOMHYHEE IEPBOIO ajro-
pUTMa U BBIMTPHIII IPAKTUYECKH HE 3aBUCHUT OT CJIOKHOCTH CHrHana. B
CPaBHEHUHU CO BTOPHIM H3BECTHBIM AJITOPUTMOM aJTOPUTM CEKLHOHU-
poBanHoii [IBOC mpu HeOONBIIONW CIOXHOCTH CHTHAJIAa OKa3bIBACTCS
emie Ooyiee SKOHOMHUYHBIM, OJHAKO MPH BO3PACTAaHUU CIOXKHOCTH CHUT-

Hajla ero NPEHMYIIECTBA YMEHBIIAIOTCS M TPH OOJBIIOW CIOXKHOCTH
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5.1. OcHoBbI cexiponupoBanuoit [IBOC

(cBeimre 700 — 1000) BBIUMCIUTENBHBIC 3aTpPaThl, HEOOXOAWMBIC IS

peajim3anuy aJIrOPUTMOB, OKa3bIBAOTCA NPUMEPHO OTUHAKOBBIMH.

10— —=—=13 10° 5= ==1
, >/ , /,\/
10 ¢ 10
2 2 2
8
" 10° )/_ @ 10° 1)/_
— 1\’/"— @ ST
510° [, D 10° [
2 1\ 3;.83 1
bl
Ig 104 /_ 104 L
3 L 3
10 500 1000 96 500 1000
T adi 1ol iRl aéa N aef 1 Aol feal aea
a o

Puc. 5.1. 3aBUCHMOCTH BBIYUCIIMTENBHBIX 3aTPaT OT CJI0KHOCTH curHana C s
aJIrOpUTMa CEKIIMOHUPOBAHHOW 00paboTku curHana (kpusbie 1, 2) 1 nepBoro
u3BecTHOro anropurma (kpussie 1 ,2") mpu oxsom (kpussie 1, 1" ) u 128
(kpuBBIe 2, 2' ) MPUEMHBIX DIIEMEHTAX aHTEHHOM PElIeTKH

10° i 10°

10°

0 500 1000 0 500 1000
&7 o 1 A0l fedl aéa N&T o T FoU feal aga
a 9]
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CEKIIJMOHMPOBAHHOMU IIBOC

Puc. 5.2. 3aBUCMMOCTH BBIYMCIMTENBHBIX 3aTPAT OT CI0kKHOCTH curHana C s
aJIrOPUTMa CEKIIHOHUPOBAaHHOW 00paboTku curnana (kpusbie 1, 2) U BTOpOro
u3BecTHOro anroputMa (kpusste 1’ , 2" ) mpu ommom (kpussie 1, 1' ) u 128

(kpuBble 2, 2') HPHEMHBIX IEMEHTAX AHTEHHO PelieTKH

U3 soipaxenus (5.10) Buano, uto 3nauenus napamerpa W(K), ne-

o0xoaumMble i peanuzanuu cekimonnpoBanHoi [IBOC, moryTt ObITh
KaK LENbIMH, TaK M HeueJdbiMd uuciamu. [lpu pacdere mnpo-
CTPaHCTBEHHO-BPEMEHHOTO CrieKTpa ¢ nomomnisio BIID mapamerp (k)

IIPUHUMAET JIMLIb LIeJIble 3HaueHusl. B HEKOTOpBIX Cilydasx OKpyTJeHHe
3TOro MapaMerpa [0 LEJOro 3HAayeHHs NPUBOIUT K CYLIECTBEHHBIM
uckaxeHusm (cM. puc. 5.3, kpuBas 2).

OTOT HEeraTuBHBIN A(PPEKT JETKO YCTpaHAETCSA IMTyTEeM HHTEPIOIS-
OUOHHOTO BOCCTAaHOBIICHHS TPEOYEMBIX CIEKTPAJIbHBIX OTCYETOB HOCIIE
nposenenus bII®. [laxe npu Ucnonb30BaHUHU NPOCTENILIEro TMHEHHOTO
WHTEPHOJISAIMOHHOTO BOCCTAHOBJICHHUSI OTCUYETOB (DOPMHUPYIOTCS MPHEM-
JeMble XapaKTepUCTUKHU HanpasieHHoctu (cM. puc. 5.3, kpusas 3).

0,9 N
N\ .
0T/
0.6 / —
0:5 //\ '\/
047/ \.\ =
0,3 / ) r-\\l
0,2 // I\A \‘| _ -
L [T - V \ '\\.‘KJ P/:
0 50 100 150 o, 8938,

Puc. 5.3. XapakTeprCTHKN HaNpaBIEHHOCTH JUTS IMHEHHON aHTEHHON PELIeTKH,
| =8. Kpussie 1 u 2 COOTBETCTBYIOT IrOPUTMY G€3 HHTEPIIONISIIUY,
KpHBasi 3 — arOpUTMY C JIMHEWHOM HHTepIOsIIne

Onucanneiii Metoy ceknuoHupoBanHoit [IBOC mpumeHnm He
TOJILKO JIJIsl JINHEMHON aHTEHHBI, HO W JJISl aHTEHH CIIOKHOW KOH(UTY-
pauumu.
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TpbIE AITOPUTMBI 00PabOTKH ISl AHTEHHBIX PELIETOK
CJIOXKHOU KOH(UTYparun

5.2. BbIcTpbIe aIropuTMbI 00PAGOTKH /151 AHTEHHbIX
PelIeTOK CI0KHOM KOHpuUurypauuu

AHTCHHBI MPAKTUYECKH JIFOOOH CIIOXKHOM KOH(GUTypanud MOTYT
OBITh MIPEJCTABICHBI B BUJIE COBOKYIHOCTH CyOaHmeHH TPOCTON (op-
Mbl. Hanpumep, npsiMoyronibHbIe, Napajuieenune1000pa3Hble, HInH-
JPUYECKUE U KOHYCOOOPa3HbIE aHTEHHBI MOTYT OBITh MPEIACTABICHBI KaK
COBOKYIHOCTb JIUHElHbIX CYOaHTEHH, a IWIMHIPUYECKHE, KOHYCO000-
pasHbie, chepuvecKre 1 Pynoponog00HbIe aHTEHHBI — COBOKYITHOCTBIO
KOIbYegblx CyOaHTEeHH.

5.2.1. AHTeHHAasl pelIeTKAa, COCTOSIIAS U3 JUHEHHBIX CYyOaHTEeHH
Paccmotpum cexnmonupoBannyio [IBOC anst aHTEHHBI, coJiepika-

meii Q nuHEHHBIX CyGaHTeHH, KaXaas U3 KOTOPBIX COCTOMT M3 P ok-

! ! =’
BUJMCTAHTHO PACIHOJIOKEHHBIX INPUEMHUKOB. IlycTb (elq,ezq,egq)

Y
CUCTEMAa KOOpAWHAT C 0a3HCHBIM BEKTOpPOM elq, OPHUCHTHUPOBAHHBIM

BIONb ocH (] -0it cybanTeHHs! (puc. 5.4).

X3

X
Puc. 5.4. TeomeTpus 3a/1au¥ 1JIsl AHTEHHBI, COCTOSIIEH U3 IMHEWHBIX CyOaHTEHH

Toraa BekTop X;, ONPEAEISIOUIMI MONOKEHUsST |-TO JIEMEHTA B

6asuce (€, ,€,,6,), MOXKHO IPEACTABUTH KaK

X, =X,y = %q + AL, (5.15)
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rae X, — BEKTOp, ONPENeNAIONIMI MONTOKEHHE CHCTEMBI KOOPIUHAT
(64,651 6,) B Oasuce (€ ,€,,6;); A, — marpuua, onpesensomas
opuentammio  cucrempl  koopmunar  (€],,8,,€,) B Gasuce
(€ ,€,,6;); = AXPE], — BEKTOp, ONPEIEIIOUIH MONTOKEHHE

p -ro osnementa B cHCTEME KOOpPAUHAT (elq,ezq,e3q); AX -

pacCTossHuE MCEXAYy IMPpHUEMHUKaAMU B Cy6aHTeHHe; p — HOMEp

MIPUEMHUKA B CyOaHTEHHE.
IMoncrasus Beipaxkenue (5.15) B popmyiy (5.8), nmeem

U, [AGK.G, (k)] =

PlN—l AN
_z ZZU [At(n, +L,,), qu}rect[ N ]x

p=0n.=0 c

(5.16)
xexp(—jAd,Atkn, ) exp| jo,, (k, 1, q)AXp] } x

xexp| jo, (K,1,)%, |,
rne ®,(K,1t,q) - kpyroeas mpocTpaHCTBEHHAs 4aCTOTA, COOTBETCT-
ByloIIas GasuCHOMy BeKTOpy & :
0 (Kot 0) = 6, (K W) AL 6.17)
®,,(K, L) — BexTOp KpPYrOBOI MPOCTPAHCTBEHHOH YACTOTHI B CHC-
teme koopauuar (€, ,€,,6,):
@, (K,n) = Ao, (kK + Ky,

ITpu ucnons3osanuu BII® ¢ muckpernsiv mapamerpom | (K, w, Q) ,

MPUHUMAIOIIUM LECJIbIC 3HAYCHU A, HpOCTpaHCTBEHHO'BpeMeHHOI\/'I CIIEKTp
OIIMCBHIBACTCS CIICAYIOIIMM BBIPAXKCHUCM
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U, (AdK, B, (k,p) =

p-1 N1 AN
pz;nZu [At(n +L,), pq]rect

(5.18)
xexp| - i,— kn, exp[jz—;uk,u,qm}

c

xexp| jo, (K0, |,
ere 1(K, 11, ) = Ent[%mw(k,u,q)+0,5}.
T

W3 dopmyn (5.9) u (5.18) Buano, yro cekunonuposanHas [IBOC
IIPE/NONATaeT BbIYMCICHNE CIIEKTPOB HA BPEMEHHBIX MHTEpBanax | .

BBIYUCJIICHUE BOJIHOBBIX CIICKTPOB [JI BCEX CY6aHTeHH N KOTCPEHTHOC
HAKOIUICHUE PE3yJIbTaTOB CIIEKTPalbHOW 00pabOTKH Uil BCeX CyOaH-
TEHH, CIIEKTPAJIbHBIX OTCYETOB W cekuumil. Cxema Takoi 0OpaboTKU ¢
ucnonb3oBanreM bII® mpencrasnena Ha puc. 5.5.

. o, (b1)F,]  Bun(A®K) -
: @ U o, )
E=—c PR x I R x I P I

q
X2
Xy

Puc. 5.5. Anroput™m cekrmonnpoBantoi [IBOC 11 aHTEHHBI, COCTOSIIICH
W3 JIMHCWHBIX CyOaHTCHH

O

5.2.2. AHTeHHasl pelIeTKa, COCTOSIANA U3 KOJbIEBBIX CYOAHTEHH
Paccmotpum ceknmonnpoBannyto [IBOC aiis aHTeHHBI, cocTOsIIEeH

3 Q KONbLEBBIX CYyOAHTEHH C SKBUAMCTAHTHBIM PACTIONOKEHUEM TPHU-

eMHHKOB. IlycTh (] -4 cucTeMa KOOpAWHAT (é{q ) ééq : ééq) pacrosoxeHa

B 1leHTpe ( -i KoublieBO# cybanTeHHs! (puc. 5.6).
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CEKIIJMOHMPOBAHHOMU IIBOC

Torxa Bektop X;, ONPEAENSIOUIMI MOJNOKEHUE |-TO JIEMEHTa B
cucreme koopausar (€, ,€,,€, ), MOKeT ObITh IIPeJICTABIEH KAk
_ !

X =X, + Aqquq, (5.19)
riae )?q — BEKTOD, OINMUCHIBAIOLIMK IOJ0KEHUE CUCTEMBI KOODJMHAT
(8,.8,,6,) B basuce (€ ,€,,8,); — MaTpHIIa, ONpeeIIsoLas

elq’2q’3q 1’2'3’Aq puna, pen 111,

= =’ =

OpUECHTALMI0  CUCTEMEI  KOOPJIHHAT (elq,ezq,e3q) B  Oazuce
= & =B v o

(€, ,€,,65); quq — BEKTOp, ONpeeNsIONuii B CHCTEME KOOPAUHAT
a8 & g >

(elq,ezq,e3q) nonoxenne P, -ro dnemMenTa (] - cybanTennsl. Ecnm

BEKTOPbI é{q, ééq PACIIOJIOKEHBI B INIOCKOCTU (| -if CyOaHTEHHBI, TO

=’

v/ a! :
Xo = R, COSQ, By + R,sin ?p,a€2q1 (5.20)
rae Rq — paguyc ( -" Cy6aHTeHHH; (quq — yroJi, 3aJar0ui TOJI0XKe-

HUe [, -ro dneMenTa (| -1 cyOaHTEHHBI; (ppqq = A(pq Py A q ~ Yrio-

BOC PACCTOSIHHE MEXy IPUEMHUKaMHU B (] -0ii cCyOaHTEeHHE.

X3

Puc. 5.6. ['eomeTpust 3aga4un U1t aHTEHHBI, COCTOALICH M3 KOJIBLEBBIX CYOaHTCHH
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ITycts P, H Su — JBa yIJIa, ONpEJENsIonye |l -€ HalpaBlIeHHe

MpUXoJia CUTHaja B 6asuce (elq , ezq, 'q) . Torna, BOJTHOBOI BEKTOP

R - AQ
B, (K, 11, Q) = Ay (K, 1) = == (k + K,)
c (5.21)

x{sinSHq [COS(pﬂqé +Sln(p” ]+cosS €, }

C yuerom Beipaxenuii (5.19) — (5.21) coorHomrenue (5.8) moxer
OBITh 3aITUCAHO B CJIEIYIOIIEM BUJIE:

U, (Ad.k, &, (K, W) =

—Zi Zu (At(n,+ L), pq)rect(n —aN, ]x

q pg=L | n.=0 N,

xexp(—jAo Atkn, ) x (5.22)

| A® :
><epr[Rq - ¢ (k+K,)sin 8% COS((quq —(puq)}}x

xexp(jd, (K. WX,).
U3 Beipaxennit (5.9) u (5.22) ciaeayer, 4TO CEKIMOHUPOBAHHAS
I[MIBOC cBOAXTCS K BBIYHMCIICHHIO CIIEKTPOB HAa BPEMEHHBIX WHTEPBAIax

T

NPUEMHHUKOB CyOaHTEHH U MOCJEIYIOIIEMY KOTepeHTHOMY CyMMHPOBa-
HUIO Pe3yJbTaTOB O00paOOTKU I PasHbIX CYOAaHTCHH, CIEKTPaIbHBIX
OTCYETOB U CEKITUH.

ITpu ncnons3oBanuu BII® u ObICTPOI CBEPTKH BBIYMCIUTEIIBHBIC
3aTpaThl HA PEATH3AIUI0 IPOCTPAHCTBEHHON YaCTH CEKIIMOHWPOBAHHOMN
IMBOC oxa3pIBaloTCs CyIIECTBEHHO MEHBIIUMU, Y€M MPU OOBIYHON 00-
pabotke currana. Cxema Takoi 00pabOTKH MpeCcTaBIeHa Ha pHc. 5.7.

m BCCOBOMY CYMMHUPOBAHMIO CIICKTPAJIbHBIX OTCYETOB II0 HOMCpaM
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expﬁﬁw(k,‘l ))?q]

=

X

Puc. 5.7. Cxema peanuzaiuu npoCcTpaHCTBEHHOM YacTH OBICTPOi
cekronupoBannoi [IBOC 11 aHTEHHBI, COCTOSIIICH U3 KOJBLEBBIX CyOaHTCHH

5.2.3. BeluHCIUTeIbHBIE 32aTPAThl HA Peaan3aluio ObICTPBIX
AJITOPUTMOB CEKIIMOHUPOBAHHOM 00padoTKHN
Jlnst antennsl, cocrosmei u3 Q nuHelHBIX cyGaHTEHH, NpU pea-
nu3anuu Ha uHTepBane | cekiponupoBantoil [IBOC ¢ ucnonb30BaHu-

eM bI1® HeoOXoauMO clieayroniee KOJIMISCTBO ONepaliuil YMHOXKCHHS U
CJIOJKEHHUS:

N, =M

P'\;Q log,(PN,)+ N, N.Q+SN NN, |

(5.23)
N, =M [ PN,Qlog, (PN,)+N,N.Q+SN,N,N, |,

rae S — KOIMYECTBO CHNEKTPalbHLIX OTCUETOB OOJBLIOrO YPOBHS BO
BPEMEHHBIX CIIEKTPaX CEKIIHi.

3aBHCHUMOCTH BBIYMCIUTENBHBIX 3aTPaT OT KOJIMYECTBA BPEMEHHBIX
cexkuuii M mpencrasnensl Ha puc. 5.8. Kpuseie 1 — 4 paccuuransl ajis
CUTHAJIOB CO CJIIOHOCTBIO cooTBeTcTBeHHO 1024, 256, 64, 1. Hempe-
PBIBHBIC KPUBBIC COOTBETCTBYIOT KOJMYECTBY OIEpaIMii YMHOXCHUS

N, a myHKTHpHBIE — KOnMuecTBY oneparmii cinoxenust Ny .
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\{\ ~ -
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20
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N

Puc. 5.8. 3aBHCHMOCTD BBIYHCITUTETBHBIX 3aTpar OT KOJINYCCTBa CeKL[I/Iﬁ M.

3uauenus napamerpos. N =1024, P =64, Q =16, N}l =390,
N, =C+0,04N, N, =1

Jna aHTeHHBI, COCTOSILEH M3 KONBLEBBIX CyOaHTEHH, MPU pealu-
3allMKM Ha WHTEpBaje | anropurMa cexuuonuposanHoii [IBOC ¢ wuc-

nonb3oBaHueM bBII®D u OwicTpoii CBepTKHM TpeOyeTcss COMOCTaBUMBIH
00BbEM BBIYHUCIICHUH!

N, =M |'\;° log, N, +

+N. X PN, (log, P, +2)+ N, N.Q+ SN NN, |,
q
Ny =M [ IN, log, N, +
+2N. > PN, log, P, +N,N.Q+ SN NN, |,
q

rie Nu — KOJIMYECTBO KaHAJIOB 00Pa0OTKHU MO yIiTy MecTa SH .
q q

PacueTbl NOKa3bIBAIOT, YTO AJISL QHTEHH CJIOXKHOH (hOPMBI aNrOpUT-

Mbl cekiponnpoBanHoil [IBOC ropasno sxkoHoMuuHee (B BBIYMCIIH-

TEIBHOM OTHOIICHUHM) IPYTUX W3BECTHBIX alITOPUTMOB, B TOM YHCIIC
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MCTIOJB3YIOMUX OBICTPBIE ANrOPUTMBI 06paboTku. Hanpumep, mis au-
TEHHBI, COCTOSIIEH M3 JIMHEHHBIX CyOaHTEHH, M CJIOXHOCTH CHTHAJA
C ~300 npu COOTHOIIEHMM TAPAMETPOB, YKA3aHHBIX B MOJIIMUCH K
puc. 5.8, anropur™ cexuuonuposantoii [IBOC o0ecneunBaeT BbIUI-
poii 6onee yem B 50 pas.

OTMETHM, YTO B CIIy4ae He38yKONpO3PAYHOU aHTEHHBI aJrOPHTMBbI
00pabOTKH YCIIOKHSIOTCS HE3HAUMTENBHO: B Boipakenuu (5.18) nobGas-
nsiercs mEokutens T (W, Q) , yduThIBaromuMii SKpaHUpYIOIIHME CBOMCTBA

aHTEeHHbI, a B BbIpakeHun (5.22) — aHAJOTWYHBIA MHOXXHTEIb

f ((quq _(qu) :

5.3. BbICTpBIE AJITOPUTMbI CEKIIMOHNPOBAHHOM 00padoTKHU
AJIS1 NOABHKHBIX AHTEHHBIX PeLIeTOK MPH
cJ1200KOPPEJIMPOBAHHOM MTOMeXe

5.3.1. BeicTpble AJITOPUTMBI
Jns KOTepeHTHOro CWrHaja B BHJE IUIOCKOH BOJHBI NPH C1abo-
KOPPETHPOBAHHOI I'ayCCOBCKOI MOMeXe KBa3HONTHMAIbHBIA aITOpPUTM
[IBOC B ycnoBusix ABUXKEHHsS AHTEHHBI MOXKET OBITh 3alucaH B
CIIEIyIOIIEM BUJIE!

I *
Q(v,) =Y Ju(t, % ©)b, (A% (t)dt.
i=L T

Pacemorpum anroputm cexkumonupoBanHoit I[IBOC, cootBerct-
BYIOLIMIA 5TON (opmyJie. Pasienum uHTEpBai HAOMIOAEHUS | Ha Cek-
uum mrensrocteio 1, = (6t ), m= l,_l\/l , CTOJIb KOPOTKHE, UTO
OKa3BIBACTCS] BO3MOXKHBIM IPEeHEOpedb N3MEHEHUEM ITOJIOKECHUST aHTEH-
HBI, IPOMCXO/ISIINM 3a BpeMst |, .

Torna pesynbrar [IBOC npencrasisieTcs B Buze

m+1

QW= [UEXEIBE-AXE ), (529

m=li=1 ¢
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5.3. BeicTphie aITOPUTMBI CEKITMOHUPOBAHHON 00pabOTKU ISl MTOIBIIKHBIX
AQHTEHHBIX PEIIETOK NPH CIa00KOPPETUPOBAHHON OMEXe

rae T, =t +T,/2 - cepenuna nurepsana T, .

[IpoBoas mpeoOpa3oBaHus, aHAJIOTMYHbIE AJISi HEMOJBUKHON aH-
TEHHBI, HETPyAHO moiayuuth ¢Gopmyay (5.6), B koropoit ¢yHKIus

*

Bvn(®) ompenensercs suipakenuem (5.4), a GyHkuus Um((D, (Dﬁp) -
BhIpaKE€HHEM, TOJOOHBIM BeIpaxkeHuio (5.5):
U, (0,00,)=
I tna o . o (525)
=> [ ut. % () exp[ —jot(t-1,% (T,)) Jdt.
i=1 tn
Jlnst muckpeTHoro curHana ¢ nepuogoM Al Moxuo momyuuts dop-
Myiay, coBmagaomyio ¢ ¢Gopmymnoir (5.9), B xoropoil GyHKIHS
Byn(A®K) onuceiBaerca Boipaxennem (5.7), a HpOCTPAHCTBEHHO-
BPEMEHHOM CIEKTp Um(Aa)ck,AG)ckﬁu) — BBIPOKCHHEM, AHAIIOTHY-
ueM (5.8):
U, (Ad.k, Ad.ki, ) =

\ - n, —AN
= u n. + , X rect] ——— [x(5.26
3 o[ At(n,+ L), % (AtL) ] t[ c N j (5.26)

xexp(—jAd Atkn, ) exp| jAd, (k + K, ), % (AtE,) ]
rme L =L+ Ent[l\ic / 2:| — HOMEp BPEMEHHOIO OTCYEeTa, COOTBET-

CTBYIOIIETO MOMEHTY BPEMEHHU fm .

Bekrtop Xi (AtEm) , 3amaromuid g M -0l CEeKIMU ITOJIOKECHHUE
| -ro NpUeMHMKA B TIPOCTPAHCTBE, NPEICTABIAETCA B CIIEAYIONIEM BUIE!
X (AtL,) = X_(AtL,) + A, Xy »
rae )?C (Atfm) — BEKTOD, OMUCHIBAIOIINH MOJI0XKEHHE T€OMETPUUECKOTO

IIEHTpa aHTEHHBI B MOMEHT BPEMEHH Ath ; )_(Oi — BEKTOD, OIKCHIBAIO-
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CEKIIJMOHMPOBAHHOMU IIBOC

HII/H\/‘I IIOJIOXKCHUC | -I'0O DJICMCHTA aHTCHHBI B HOﬂBI/I)KHOﬁ CHUCTEME KOOp-
JVMHAT, CBS3aHHOM ¢ aHTeHHOI;, A = A(AtEm) — MaTpHIa BPaleHHs,
XapaKTEPU3YIOIIAs yIIOBOE MOJIOKEHUE AHTEHHBI B MOMEHT BPEMEHH
AL, .
Tornma
U, (AdK, Adkii,) =
—AN,
—ZZU [At(n, +L,,), % (AtL,) ] rect( jx
T 720 N, (5.27)
xexp(—jAd Atkn, ) exp| JAD, (k + K, ), A, %y |
xexp| jAd, (k+ Ko, X, (AtL,) |.

BOCHOHB3yeMCﬂ 6])ICTpBIMI/I aJropuT™MaMu  1Jis1 - HCIOABUKHBIX

autenn. Iycts  Q (K) — mMHOKecTBO ~3Hauenmii BekTOpa ImpO-

CTPAHCTBEHHBIX YaCTOT, COOTBETCTBYIOIIMX BCEM XapaKTEPUCTHKAM
HAIIPABIECHHOCTH HEOJBHUKHON aHTEHHBI, (TJL(k, m) — Gmwkaimmii K

AAD (K + Ky ), onement muoxectsa Q. (K). Tlpu manom pac-
crosmu Mexy Toukamu AL A® (K + Ky)i, n @, (k,m) cnexrpams-
miit orcuer U (A®K, A® KR, ) st nommkHOM anTenHer G0k (¢
TOYHOCTBIO 10 MHOMKHUTEISI exp[jAoBc (k +Ky)n X, (A'[Em)]) K CITeK-
TpaJbHOMY OTCUETY U,;(Ad)ck,(b;(k,m)) , TIOJTy4aeMoMy TIpu 0bpa-

00TKe KoNebaHuil ¢ MpUMEHEHHEeM OBICTPOro aliropuTMa 0e3 ydera Ie-
peMeleHus] aHTEHHBI.
Tornma

U, (Ad.k, Ad.kA, ) ~

. ) _ (5.28)
~U; (Adk, @, (k, m) exp[ jAd, (k + K,), % (AtL,) |,

rae
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5.3. BeicTphie aITOPUTMBI CEKITMOHUPOBAHHON 00pabOTKU ISl MTOIBIIKHBIX
AQHTEHHBIX PEIIETOK NPH CIa00KOPPETUPOBAHHON OMEXe

U/ (A®k, Ad, (k,m)) =

N1 _
=" u, [ At(n, + L), %y (ALL,) |
e w (5.29)
xrect % exp(—jA®d,Atkn, ) x
xexp| jA®, (k,m)Xy |

U3 popmyn (5.9), (5.28) u (5.29) cremyer, 4TO0 MHOrOKaHAJIbHAS
IMBOC moxeT ObITh peain3oBaHa cCieAyromuMm obpasom. IIpuHsATHIC
MPUEMHHUKAMH aHTEHHbI KOJEeOaHHs ETISAT HA CEKIHH, KAKIYI0 CEKIHIO
JOTIOJIHATIOT HYJICBBIMU OTCHETAMHU, a 3aTCM IMOJABEPratoT BpEMCHHOMY U
MPOCTPAHCTBEHHOMY CIIEKTPATHLHOMY aHAIH3y, IOMYyCKAloMEeMy WC-
MOJIb30BaHUE OBICTPOrO AITOPUTMA; M3 MACCHBOB IMOJIYYCHHBIX OTCYE-
TOB JUTS K&XKIOTO |l -TO TIPOCTPAHCTBEHHOTO KaHalla C YUYeTOM ITOBOPOTA

antenHoil pemerku BeOupator orcuerst U (A® K, @ (K,m)); s

KaXI0ro V-ro JIOINICPOBCKOTO K [l -TO MNPOCTPAHCTBEHHOI'O KaHalla

BBIOpaHHBIC CIIEKTPAIbHBIC OTCUETHl CyMMHUPYIOT M0 YaCTOTE C Ompe/e-
JICHHBIM BCCOM.
5.3.2. IloTepu MOMeX0yCTOHYMBOCTH MPU THCKPETHOI
00paboTKe cUrHaJja
[ToTepr TOMEXOYCTOWYMBOCTH CHCTEMBI OOpabOTKH, BBI3BAaHHBIC
JUCKPETHOCTHI0 00pabOTKH, OMPEASISIOTCS MPHU CIA00KOPPEITUPOBaH-
HOW MOMEXEe YaCTOTON CIICIOBAHUS XapaKTEPUCTUK HATPABICHHOCTH U

napamerpoM &, XapakTepH3yIOLMM OTHOLICHHE YIJa II0BOPOTA aH-

TEHHBI 3@ BpeMsi | K LIMPHHE PacTBOpPa XapaKTEPUCTHK HAIPABICHHO-
cTH. 3aBUCHMOCTH OTHOLICHHMs CUIHai-niomexa Y OT mapamerpa &,

MpeJICTaBlIeHBI Ha puc. 5.9.
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CEKIIJMOHMPOBAHHOMU IIBOC

s

A
— |
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yd
7

i

0,5 1 1,5 &

Puc. 5.9. 3aBMCHMOCTH OTHOIIGHHS CHHANI-TIOMeXa Y OT napamerpa &,

Kpusele 1, 2 COOTBETCTBYIOT alrOPUTMY, YUUTHIBAIOIIEMY JBHIKE-
HHE aHTEHHBI, a KpUBasg 3 — alrOpPUTMY, UTHOPUPYIOIIEMY JBH)KEHHE.
KpuBast 1 cCOOTBETCTBYET MEPECCUCHHUIO TTIABHBIX JICTIECTKOB XapaKTepH-
CTHKH HarpaBieHHOCTH Ha ypoBHe 0,7, a kpuBas 2 — Ha yposHe 0,64.

W3 puc. 5.9 BuaHO, YTO aNrOpUTM CEKIIMOHHUPOBAHHON 00pabOTKH,
YUUTHIBAIONINN YTJIOBBIE ITIEPEMEIICHHsT aHTCHHBI, 00NamaeT BBICOKOH
MIOMEX0YCTOHYMBOCTBIO JJaXKe IpU OBICTPBIX MOBOPOTaX. JTHM OH BBI-
TOZHO OTJINYACTCS OT AITOPUTMOB, HTHOPHPYIOMUX ABIbKeHHe. [loTepu
[TOMEXOYCTOHYMBOCTH, CBsA3aHHbBIC ¢ anmpokcumaruei (5.28), HesHaun-
TENBHBI JaKe MPH MEPECEUCHUH TIABHBIX JICTIECTKOB XapaKTEPUCTUKU
HarnpasJieHHOcTH Ha ypoBHe 0,64. IIpu HEoOXOaUMOCTH NMOTEpH MOMe-
XOyCTOWYHBOCTH MOTYT OBITH YMCHBIIIEHBI TIOBBIIICHIEM YacTOTHI ClIe-
JIOBaHUS TJIABHBIX JIETIECTKOB XapaKTEPUCTHUKHM HANPaBICHHOCTH WIIH
MyTEM UCIIOJIb30BAHUSI HHTEPIIOJISAIMH HEBBICOKOTO TIOPSAKA.

5.3.3. BeluncJIHTeNbHbIE 3aTPATHI
Brruucnurenbhbie 3aTpathl Ha peanuzanuio [IBOC ObicTpbiMu Me-
TOJIaMU CYIIECTBEHHO MEHBIIE, YeM IMPH HUCIOJIb30BAHUN OOBIYHON 00-
paboOTKH.
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5.3. BeicTphie aITOPUTMBI CEKITMOHUPOBAHHON 00pabOTKU ISl MTOIBIIKHBIX
AQHTEHHBIX PEIIETOK NPH CIa00KOPPETUPOBAHHON OMEXe

Hanpumep, 3arparsl Ha BpEMEHHOM MHTEpBaJE | Ul JIMHEHHOM
MOJIBUKHON aHTEHHBI OMUCBHIBAIOTCS BBIPAKEHUSIMH

Ny = MN,I]0,5log, (N, 1)+N,N, +1] ,
Ny = MN,I{log, (N, 1)+ N,N, .

Jiis cpaBHeHHUs, 3aTpaThl Ha peaju3alfi0 AITOPUTMA TPaIUHOH-
HOTO THIIA, 0a3UPYIOMIETOCS HA BBIYUCICHUSAX 0€3 MCIIOIL30BaHUS ObI-
CTPBIX AITOPUTMOB, COCTABIISIOT

Ny =Ny = MIZNCNVNt
oTieparyii yMHOXXEHUS U CIIOKCHUS.

U3 npuBeneHHBIX BBIPAXCHUI BUAHO, YTO LIS aJTOPHUTMA CEKIHO-
HuposanHoii [IBOC tpebyeTcs BO MHOTO pa3 MEHbIIEE KOJIMYECCTBO
apU(pMETUIECKIX OIEPalUil, YeM I TPATUIIMOHHOTO anroputMa. [Ipu
YBEJIIMYEHUN KOJIMYECTBA 3JIEMEHTOB aHTEHHBI BBIMTPHILI pacTeT.

Jnst peansubix cucteM [IBOC BBIMTPHIINT OKa3bIBAECTCS HA YPOBHE
JIECSITKOB U COTEH pas.

5.4. BpicTphIe AIrOPUTMbI CEKIIMOHUPOBAHHOM
00padoTKM CUTHAJIA C MOJAABJEHHEM JIOKAJIbHOU MOMeXH

Brictpeie metomsr IIBOC, paccmoTpenHsle B mogpasaenax 5.1 —
5.3, MO3BOJIAIOT COKPATUTH BHIYUCIUTEILHBIC 3aTPAThl TIPH MIPHEME CUT-
Haja Ha oHe CIIaboKOPPENUPOBAHHON MTOMEXH I aHTEHH MPOCTOU U
CJIOKHOHM (hOPMBI, KaK MOJBHKHBIX, TaK U HENOJBWXKHBIX. OTHCaHHBIN
MOJIX0J] MOKET OBITh WUCHOJB30BAH M JJIsl MMOCTPOCHUS OBICTPBIX ajro-
PUTMOB MHOTOKaHAJILHOW O0pa0OTKH, YYMTHIBAIOIIUX BO3JICHCTBHE
CHIIbHOKOPPEINPOBAHHBIX (JIOKAJBHBIX) COCTABIIAIOIINX TOMEXH.

B crnepyromux aByx maparpadax MpencTaBICHBI IBAa THIA TAKUX
QITOPUTMOB. B anropuTMme MepBOro THIA JIOKaJIbHAS COCTABJISIOIIAS
MMOMEXH peXeKTupyercs (IogaBisieTcsi) B Iporecce (GOpMUPOBAHHUS
Beepa XapaKTePUCTHUK HAMPABJICHHOCTH, a B AJITOPUTME BTOPOTO THIA —
nocie (GopMHUPOBaHUS Beepa XapaKTEPUCTUK HAPABICHHOCTH.
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CEKIIJMOHMPOBAHHOMU IIBOC

5.4.1. BbicTpble AJTOPUTMBI CEKIMOHMPOBAHHOI 00padoTKHU
CHTHAJIa ¢ oAaBJIeHHeM JIOKAIBHOI NoMexXH B npouecce
(¢opMupoBaHus Beepa XapaKTePUCTUK HANPABJIEHHOCTH

[lycTh curHanm — KOTEPEHTHBIH C CYIIECTBCHHBIMH IapaMeTpaMH

}\,: (V'}\'SX) , IOME€Xa — rayCCOBCKOro Tuma ¢ HeKOppeJ’IHpOBaHHOﬁ u

JIOKAIBHOHW COCTaBJSIONMMH, OmnuchiBaeMbiMu (Gopmynamu (1.29) u
(1.33). Tlpuem curHaia OCYIIECTBISACTCS HEMOIABUKHON JIMHEHHOW aH-
TEHHOM PEIETKOM, cocTosmei n3 | mpuemHBIX 3mEMeHTOB, pacnono-
JKEHHBIX APYT OTHOCHUTEJIBHO JIpyra Ha PacCTOSHUHU TOJIOBUHBI JIMHBI
BOJIHBI.

B muckpernom cnmydae ontumanbHas [IBOC onmceiBaercs cie-
IYIOLIUM BBIPAKEHHEM:

Qi) = ¥, XU (Aok, Axi) B,(Awk,AXi, %),  (5.30)

rae U (Awk, AXi) — muckpeTHslii BpeMeHHOI CHEKTp TIPHHATOrO Kojle-

OaHus, BV (Awk, Axi, sz) — (hyHKUUS, ONpEeNstomas CTPyKTypy Om-

TUMAaJILHOW 00pabOTKH B CHIEKTPaIbHOM 00MacTu:

B, (Awk, AXi, X, ) =— S (Awk) [ G, (Awk, Axi, i) -
9 (5.31)

~B(Awk, Ty, 7 )G (Ak, AXi T,

sx !
S,(Awk) - chmektp AMCKPETHOrO —AHAIMTUYECKOrO — CHIHANA;
G, (Aok, Axi,Ay) u G,(Awk, AXi,A,,) — dynkuun puna, cooTet-
CTBYIONIME CMTHATy M  JIOK&JIBHOH  COCTAaBISIONUIEH  MOMEXH;

B(Au)k, sz : Xlx) — BECOBOM MHOKHTEJIb:
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5.4. BeicTpble anropuTMBbl CeKIIMOHUPOBAHHOH 00pabOTKH CHrHANIa
C MO/IaBJICHNUEM JIOKAIBHON TOMEXH

B(A(Dk’ sz ! 5(’Ix) =
9, (Awk)

3 G, (Aok, Axi, X,,) G, (Awk, AXi, 7,
9 i

(5.32)

)

2

s g.(gwk) > |6 (Awk, Axi, %)

— [apaMeTp, XapakTepU3yOLUil HanpaBieHUe NPUX0a JIOKAIbHON

A

COCTAaBIISIIOLIEN TTOMEXH.
Ecnm curmanm - mutockas BONMHA C HampaBiIeHHEM MPUXOJa

Ix

—

sz =N, , a sHeprus JIOKAJILHOW COCTABJIAIOINIEH MOMEXH CKOHIICHTPH-
S

pOBaHa B Y3KOM CEKTOPE YIJIOB CO CPEIHMM HampasieHueM I, , T co-

OTBETCTBYIOMAs cUrHainy GyHKus ['prHa MpUOIIKEHHO MOXKET OBITh
3amKcana CIeAyIIM 00pa3oM:

exp| i i1, 0 -1, ()|

G, (Aok, Axi, %, )

G, (Awk,Axi,X,,) = , (5.33)

rae W (K), 1, (K) - uemoumcnennsie mapamerpsl, CBS3aHHBIE ¢ Ha-
NPaBJICHUAMH MPUXO/a CUTHANA U JIOKAIbHOW COCTABISIONIEH MOMEXH

nus , nul CJIIEAYIOUMH COOTHOLICHUSMMU:
u (k) = Ent[ XAf (k+K,)n, +0,5],
w, (k) = Ent[ X Af (k + Kg)n, +0,5].

IMoxacrasus Beipaxenue (5.33) B Gopmyiny (5.32), HerpyaHO moka-

3atb, uro npu uenouncnennbix [ (K) # p, (K) Becosoit Muo)mTENH

B(Awk,n, k) =0.
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ITosTomy
Q(XS)=izzu(Amk,Axi)A(Amk,Axi,X,X)x
go ki
) (5.34)
xexp{jzl—nius(k)}SV(Amk),
Tae
2m.
| i exp[—Jflu.(k)}
A(Aok,Axi, X, ) = (5.35)

G, (Aok, Axi, X, )
Aunroput™m  (5.34) MokeT OBITh pEaNM30BaH C HCIOJIB30BaHHEM

BII®. MuorokanansHas [IBOC Bxmouaer BII® no Bpemenu, ymHOXKe-
HUE CHEKTPAJIbHBIX  OTCUYETOB  HA  BECOBBIE  MHOXHUTEIH

A(Aok,AXi A, ), BII® no npocTpaHcTBYy M IS KakI0TO Mpo-
CTPAHCTBEHHO-BPEMEHHOTO KaHAJA, ONKMCHIBAEMOIO BEKTOPHBIM Iapa-

METPOM )\,5 = (V, nus), CYMMHPOBAHUC CIICKTPAJIbHBIX OTCYETOB C BC-

com S (Awk).

B atom anropurme, Grmaromapsi YMHOKEHHIO CIIEKTPaIbHBIX OTCYE-
TOB Ha BecoByI0 QyHkuuio (5.35), obecreunBacTCsl PEKEKIUS JIOKATb-
HOW COCTaBISIONICH TTOMEXHU IS BCEro0 Beepa XapaKTEPUCTHK HaIpaB-
nennoctu (puc. 5.10).

BrruucnutenbHbIe 3aTpaThl HA pealM3alMi0 TakoH o0paboTKH Ha
MHTEPBAJIE BDEMEHH | OIHUCBHIBAIOTCS CIIEAYIONIUMH BHIPAKEHUIMU:

Ny, = NI[0,5log,(NI)+1+N,N,],
N, = NI[log, (NI)+N,N,].

Kak BUIHO, KOMTUYECTBO apU(PMETHIESCKUX OMEPALIUil TAaKOe JKe, KaK
npu  o0paboTKe cWrHalla, MNpUHEMaeMoro Ha ¢oHe ciabo-
KOPPEITHUPOBAHHON TOMEXH.

B marpuunom npencrasiennu anroputm (5.34) umeet Bu

Q(&)=giZ[UT(k>A(k)v9<us(k»}§V(Awk), 6.37)

0 k

(5.36)

186



5.4. BeicTpble anropuTMBbl CeKIIMOHUPOBAHHOH 00pabOTKH CHrHANIa

C MOJAaBJICHUEM JIOKAJIbHOM TTOMEXH
R() poOwE
I \ : “l L.
1\ VETedgliayiti &va
‘ .
0.5 T I .
T W R E=1
I A .
Z~ ~ 1) R
2 N\ TNy D AN AN P

R(o)

0.5

=73\
0 20 40 60

80 100 120 140 160 ©., 30a4.
6

Puc. 5.10. Beep xapakTepuCTUK HAIIPaBICHHOCTH JINHEHHOW aHTEHHBI TIPU
ucronb3oBanun BecoBoil pyrkumn A(Awk, AXi, A, ) , He obecneunsaroueii ()

u obecrieunBaroleii (6) mogaBIeHUE JIOKATEHON TOMEXH
rae U (K) 1 W (i, (K)) — Bexropsi pasmepom | ¢ kommonenTamu co-
. . 2T . ;
oreercteenno U (Awk,AXi) u exp —jTIuS(k) , A(K) - nuaro-

HanbHas Mmarpuma pasmepom | x|

A(Aok, AXi, L, ).

C JHuaroHaJlbHbIMHU DJJICMCHTAMH

Beipaxenue (5.33) onmceiBaer dyHkipo I'puHa curaana npuoiu-
eHHO. [loaToMy mMosyuyeHHBIN ajaropuT™M, HECMOTPS Ha IOJIHYHO pe-
JKEKIUIO JIOKAIBHOM COCTaBIISIOIIEH NOMEXH, HE SIBJISETCS ONTHMallb-
HbIM. [loTepu MOMEXOyCTOMYMBOCTH MOXKHO OXapaKTepU30BaTh IMapa-

metpom a(K) = v, (K)/v(K), rae vo(k) u y(k) - otHomenns cur-

HaJ-IOMEXa Ha BBIXOJAaX IOACHUCTEM IPOCTPAHCTBEHHOH 00pabOTKH,

peanm3yIoMuX COOTBETCTBEHHO ONTHUMAJIBHBIA M paccMaTpHUBACMBIN
anroputmsl [IBOC.

HetpynHo nokasats, uTo
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Yo (k) =W (5 (K)) x

S (5.38)
{W(us(k)) p(k.n,, . %,)G (k,m},
W (12 (<DAGOW G, (K))
y(k) = —— _ -
W (u, (K)A(K) .39
1

_>

{I +E(K)G, (K, 7)) G (k,X.x)}K(k)vv (k)

rae [.(K) — mapamerp, xapakTepusyrommii HEOKpYTIEHHOE 3HAYEHHE
nanpapienns npuxona curnana: W(k) = XAf (k+Kg)n, 5 &(k) -

OTHOIICHUE CIIEKTPaJIbHBIX IUIOTHOCTEH MOIIHOCTH JIOKAaJbHOM MU He-

9,(A0K) (Aok) |
9
G, (k,X,X) — BekTop pasmepoM | ¢ kommoneHTamMn G, (Awk, AXi,Xb() ;

KoppenupoBanHoil  coctaBmsomux  nomexu:  &(K) =

B(k, n,, Xlx) — BECOBOUM MHOXKHTEIID.

HUcnonssys Beipakerns (5.38) u (5.39) HETpYAHO MOIYYHTH

) = | 2\P(k)*
Mwuxk»A(k)wms(k»

=, (5.40)

rae

¥(k) :TZ ;
" G, (Awk, Axi, X )G (Awk,AXi,X,,)

Ecnu nokanwHas cocraBistonias IoMeXH — IIJIOCKasi BOJIHA C (bYHK'

uueit  ['puna G, (Aa)k,AXi,Xlx) = exp(—jzl—nip;(k)j, e

(5.41)
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5.4. BeicTpble anropuTMBbl CeKIIMOHUPOBAHHOH 00pabOTKH CHrHANIa
C MOZAABJICHUEM JIOKAJIbHOH ITOMEXH

(k) - mapamerp, xapakrepusyroumii HEOKpYIJIEHHOE 3HAYEHHE Ha-

MpaBJICHUS MPUXOJia JIOKAITBHONW COCTaBIISIONIEH MTOMEXH, TO ‘P(k) =1
U JIJIs IPOCTPAHCTBEHHOTO KaHajla, HACTPOCHHOTO Ha MPUEM CHUTHAJIa
a(k) =
2
|

= , ><2,5.(5.42)
e 120040 41,001,

U3 dopmyier (5.42) ciemyer, 4ro moTepr MOMEXOYCTOMYMBOCTH HE
MIPEBOCXOAST MOTEPh, OOYCIIOBIEHHBIX KOHEUYHBIM YHUCIIOM MPOCTPAHCT-
BEHHBIX KaHAJIOB 00pabOTKH.

Anroputm ObicTpoii [IBOC 115t IOJBMXHOM aHTEHHBI MOKET OBITH
MOJTy4YeH B BHJIE

Q@FiiEPMMMWMJW}

0 m=1 k=0 (5.43)

XV (g (K)) S, (AdDK),
rae M — ungexe, ykaspisatoumii na nomep cexkuun; U . (K) — Bexrop ¢
xommonentamn U_(A® K, AXi):

U, (A .k, AXi) =

et . n. — AN o _
= > lu, (At(n, + L), Axi)rect T exp(—jAd Atkn,);
n.=0 c

A, (K) — BekTOp BecOBBIX MHOKHTEJEH IM -0l CEKIMH, KOMIIOHEHTHI

KOTOPOro
2m.

oxp| i i)

G, (A®K,AXi,L,)

W, (K) — nenouncnennsiii napametp, xapaxrepusyroumii npuGImKeH-

A, (A® K, AXi L, ) =

HO B MOMEHT BpemeHH [ :Att HarpaBJICHUE IIPUXOJa CUIHAIa,
m m
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['JIABA 5. BbICTPBIE AJITOPUTMBI MHOI'OKAHAJIBHOM
CEKIIJMOHMPOBAHHOMU IIBOC

Wi (k) - uenouncnenuslii napamerp, XapakTepu3yrOIUil TPUOIHKEH-
HO B TOT K€ MOMEHT BpPEMEHH HalpaBjieHHE IIPHX0Ja JOKAILHOU Co-
crassoweit momexu; V, (K, (K)) — MHOXuTEND, yunThIBaromwumii me-

PEMCIICHUE LICHTPa AHTCHHBI.
Vi (n (K)) = exp (= jAd, (k + K,)i, % (AtL,)).

[Ipr MHOTOKaHATFHOW peaM3alK STOT AITOPUTM JOITycKaeT d¢-
(extuBHOE Hcnonb3oBaHue BIID mis [IBOC oTnenbHBIX CeKIuit ¢ yue-
TOM CIEUU(HUKH MOMEXH, a 3aTeM THIIMYHOE IJIS CEKIUOHUPOBAHHOMN
00pabOTKH KOTepEeHTHOE CyMMHUPOBAaHUE MOYYEHHBIX PE3yIbTATOB.

[HonoOHEI anropuT™M MOXKET OBITH TONy4YeH IUIS aHTCHHBI, CO-
CTOSIIIEH W3 TUHEHHBIX cyOaHTeHH. B 3ToM ciydae (OpMyIIbl, ONMUCHI-
BAaIOLIE AITOPUTMBI 00paOOTKU I HETOABIXKHOW M MOABIKHOW aH-
TEHH, COBMAMAIOT ¢ cooTBeTcTBYIOMmUME dopmynamu (5.37), (5.43) mus
nuHelHoW anTeHHBI. g kaxmoit cyOaHTeHHBI [IBOC MoOXeT OBITh
peanuzoBana ¢ momouisio BIID, a nmocneayromiee 00beMHEHUE PE3YIb-
TaTOB — OOBIYHBIM 00pa3oM. ANTOPUTMBI IOAOOHBI PAaCCMOTPEHHBIM
BBILLIE AJITOPUTMaM JUIsl HEKOPPEIMPOBAHHOW MoMeXu. Brruucnuresnsb-
HBIC 3aTpaThl Ha peaM3aluio0 00paOOTKH OKAa3bIBAIOTCS MPAKTUYECKU
TaKUMHU XKe.

Herpynno momyunts anroputmel [IBOC anis cTOXaCTHYECKHUX CHT-
HaJIOB. B IIMPOKONONIOCHOM cilyyae Ajisl HEMOABHKHON aHTEHHBI ajro-
pUTM 00pabOTKH UMEET BUJT

. Aok | . .
O(L,) - Z% U™ (RVAKIW (s, (5.44)
k 0
AHanorI/IqHLIﬁ aJIFOPI/ITM JUTS TIOABMKHOM aHTEHHEBI
gs(Aco k) i
Q) = Z 02 Z UT(K)A, (k)W (Hgy (K))| - (5.45)
0

U3 comocrasnenus Gopmyit (5.44) u (5.45) ¢ (5.37) u (5.43) BumHO,
YTO JUIsl KOTEPEHTHOTO M CTOXACTHYECKOI'0 CHUTHAJIOB IPOCTPAHCTBEH-
ueie yactu [IBOC mwaentnunsl. Pasnuyne 3aknrodaercs TOIBKO BO Bpe-
MEHHBIX YacCTsX.

OcTaHOBUMCSI Ha BOMPOCE aJANTUBHON OLEHKH DJIEMEHTOB MaTPHI]

A(K) u A, (K) npu otcyrcTBUM anpHOPHBIX TAHHBIX O HATIPABJIEHHH
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5.4. BeicTpble anropuTMBbl CeKIIMOHUPOBAHHOH 00pabOTKH CHrHANIa
C MOZAABJICHUEM JIOKAJIbHOH ITOMEXH

MPUXO0Ja JOKAJIbHON COCTaBIAIONICH moMexu. s HemoABMXKHOM aH-
TEHHbl OAWH W3 BO3MOXHBIX aJANTUBHBIX AJITOPUTMOB TOIYYECHUS
OIICHKH TMpejmnoaraeT GopMUpoOBaHUE Beepa XapaKTEPHCTUK HaIpaB-
JICHHOCTH Ha psjic GUKCUPOBAHHBIX YACTOT YaCTOTHOTO JMAIa30Ha, OIl-

penenenye Ha Kaxoit K -oif 4acTOTHI HOMepa IPOCTPAHCTBEHHOTO Ka-
nana [, (K), cormacosannoro ¢ mampaBneHmeM NpHXO#a JOKATBHOH
COCTABJIAIOIEH TIOMEXH, OLIEHKY C MCTIONb30BAHHEM 3TOH MH(OPMAIH

dyukimu puna nokansHoii coctasnstomeit nomexu G, (K, A, ) u pac-

yer snementos mMatpunsl A(K) 1o dpopmyze. (5.35).

B xauectBe onenku Qynkuuu I'puna Ha kaxaoit K -oif wactorte
MOJKET BBICTYIIATh BEKTOP

S Imean{UT (W, (U (K)
Gi(k, &) = : o (546)
mean {[UT (k)W (s, (K))

nonyyaemsiii myrem ymuoxenns Bekropa U (K) ma otk , (K) -ro

IPOCTPAHCTBEHHOTO KaHalla, YCPEAHEHHs! IMOIyUYCHHOTO MPOU3BEACHUS
[0 peanu3alusM U COCEJHUM 4acTOTaM U HOPMHUPOBAHUS HA yCPETHEH-
Bl MO106HBIM ke 06pasoM kBaxpar moxyns otkianka ans W, (K) -ro
KaHaja.

st paccmaTpuBaeMoi JBYXKOMIIOHEHTHOW MOMEXH, COJeprKaleit
HEKOPPEJIIUPOBAHHYIO U JOKAIBHYIO COCTABISIOLINE, 3TOT BEKTOP PaBCH

Wy (€)) + E(R)GT (K T )W (i, ()G, (k. )

|+ ()G (k. T, )W (i, (K))
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['JIABA 5. BbICTPBIE AJITOPUTMBI MHOI'OKAHAJIBHOM
CEKIIJMOHMPOBAHHOMU IIBOC

Korjia ypoBeHb JIOKaIbHOH COCTABISIONIEH MOMEXH BBICOK
(&(k) — ), BekTop

él(k17‘|x)_> _ IGI (k'}\’lx) .

G (K, L, )W (u, (k)

Ecnu JUIA HeHO}Z[BPI)KHOﬁ AHTCHHBI BO3MOXHO YCPCIHCHHUEC 110 aH-

CaM6J'H-O, TO JJIsI TIOJABUKHOM AHTCHHBI, IIOCTOSAHHO MEHSIOILIEH TMOJI0XKe-
HUC U OPUCHTAWIO B IPOCTPAHCTBE, TaKOMW THII YCpCAHCHUA HNAaHHBIX
HETIPUCMIIEM. B 3TOM ciy4dac OLICHKH BEKTOPOB

G',m(k,X,m) (m=1,M) wmoryr 6mITE chOpMHPOBAHEI HA OCHOBE

¢dopmyier (5.46), B KOTOpOH ycpeaHEHHE TPOBOIUTCS TOIBKO 110 COCEI-
HHM CIIEKTPATHHBIM OTCUETaM.

5.4.2. BpicTpble AJITOPUTMBI CEKIIMOHUPOBAHHOH 00pabOTKH
CHTHAJIa ¢ oAaBJIeHHeM JOKANBHOIi moMexH nocje (popMupoBaHus
Beepa XapaKTepUCTHK HANPABJIEHHOCTH

B npenpinymem naparpade ObLIH pacCMOTPEHBI AJITOPUTMBI OBICT-
poit mHorokananeHOM [IBOC ¢ mopaBneHneM JOKaNbHOW COCTaBIISIO-
mei moMexu B mporecce (OPMHUPOBAHHS Beepa XapaKTEPUCTHKH Ha-
IpaBIEHHOCTH. Bo3MoxeH Apyroii OBICTPBII MHOTOKAHAJIBHBIN METOX
I[IBOC, npu KOTOpOM IOJaBJICHUE JIOKAIBHOM COCTaBIIAIOLIEN MOMEXU
OCyIIeCTBIsAETCA nocae (GOPMUPOBAHUS Beepa XapaKTEPUCTUK HAIpaB-
JICHHOCTH.

[IycTh curHam — KOrepeHTHas IDIOCKasi BOJIHA, MPUXOAAIIAs U3 Ha-

MIPaBICHUS ﬁll C V-M JIOIUIEPOBCKUM HcKaxeHueM. [lomexa — aByx-
S
KOMITOHEHTHAsI, COAepKaliasi HEeKOPPEIHMPOBAHHYIO COCTABILIONIYIO H

JIOKQJIbHYIO KOMIIOHEHTY, IPUXOALLYI0 U3 HAIIPaBIICHUS ﬁm . AHTeHHa

nepeMernaercs B npoctpancTse. Ee KOHUrypalys MO3BOJISET HCIOJb-
30BaTh Mpu GOPMHUPOBAHUH XAPAKTEPHCTUK HAMPABICHHOCTH OBICTpHIC
(hyHKITMOHATEHBIC TIPE0Opa30BaHUSI.
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5.4. BeicTpble anropuTMBbl CeKIIMOHUPOBAHHOH 00pabOTKH CHrHANIa
C MO/IaBJICHNUEM JIOKAIBHON TOMEXH

Torma anroputm kBazuonTuUManbHON muckpetHoit [IBOC moxer
OBITH 3aMKMCaH CISAYIONIUM 00pa3oM:

Q(v,p,) =

[U (Adk, Aockn, ) - B(A(ok

i )x (5.47)

-y 1

~ Nc s P! u
XU, (A®K, AB K, ) ]S (AdK),

rie Um(A(TJCk,A(T)CkﬁHS) — YaCTOTHO-BOJIHOBOM cmiekTp M -ii cekiuu

NPpUHUMACMOT O KoJieOaHus:

U, (Adk, Ad kA, )_NZlZU (At(n, +L,), % (AtL,)) x

xexp(— jA(BCAtknc)exp( JAB, (K + KA, X (AtL,)) x  (5.48)

n,— AN,
xrect| ———= |;
N C
L, n L, — HOMepa BpeMEHHBIX OTCYETOB, COOTBETCTBYIOIIME HAYATY 1
cepenrHe m -i CEKIIHH: L,=N.(m-1)-

L, =L, +AN +Ent[N./2]; B,(Adk,A

JKHTEIb, ONpenesseMblii popmyoii (2.82).

N A I) — BECOBOIl MHO-
Jlns nuneiinoit antennst Bec P (A®.K,A A ) moxer GbITH
m c Hs ]

OpeaACTaBJICH KaK

B (Aa)ck’np’ H|)_

g.(zw k)ZG (Ao k, Axi, i )exp( j2r lus(k)) (5.49)
0 i
1. g,(zco k)ZG (A@ck,AXi,ﬁul)Gm(A@ck’AXi’ﬁu.)

0 i

AJ'II‘OpI/ITM npeanojgara€T BbIYMUCICHUE IJIA Kaxaon M -i cexuuu

4acToTHO-BONMHOBOrO  criektpa B Toukax  (A®K,A®KA, ) u
S
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(AdK,A® KN, ), Borauranmue w3 mepsoro crekTpa BTOPOro ¢ Becom
*
Bn(Awk,f, ,f,) u cymmmposamme pesymsTaToB ¢ Becom

Sum (AGK).

1 CTOXaCTHYIEeCKOro CUTHANIA, IPUHUMAEMOTro Ha (hOHE JBYXKOM-
MOHEHTHON NIOMeXH, KBa3uonTUMaibHbIi anroput™ IIBOC moxeT ObITh
3aIlucaH B BUJE

A® K - - -
Q(us)=ZZ%§;)\Um(chk,Amcknps)—
m k cY0

, (5.50)

By (MG, L1, U, (Adk, Ad kT, )

IIpocrpancTBennbie yactu anroputmos (5.47) u (5.50) naeHTHYHEI,
a BpEMEHHBIE — OTIMYAIOTCS IPYT OT IPYyTa.

Oba anropurMa [IOMYCKAIOT pAIlMOHANBEHOE HCIOJIH30BAHHE
ObIcTpBIX IpeoOpaszoBanuil, B yactHocTH, BIID m OBICTPYIO CBEPTKY.
3arparhl Ha peanu3anuio 0OpabOTKU OKa3bIBAIOTCS MPUMEPHO TAaKUMHU
ke, KaKk W s aHAJOTMYHBIX OBICTPBIX aJrOPUTMOB 00pabOTKH,
pacCUMTaHHBIX HAa TPUEM CHUTHanNa Ha (OHE HEKOPPEIUPOBAHHON
MTOMEXH.

Ecmu  ¢ynkmus  I'puna G,m(AGJCk,)?i,ﬁul) HEU3BECTHA, Beca

B, (A®K, ﬁus’ﬁul) MOT'YT OBITh BBIYKCIIEHBI AAlTHBHO. B KauecTBe

OILICHKH 3THUX MHOXWTEJICH MOTYT BBICTYIIaTh OLCHKH KOX(PPHUINCHTOB
KOppeJIILMM MEXAY «CUTHAJIbHBIMM» KaHajlaMM U  <«JIOKaJbHBIM
MOMEXOBBIM» KaHAJIOM:

B, (AdoK, i, ,fi, ) =

mean {u’ (Adk, AT, YU, (Ad K, Ad, kA, )}

mean {u’ (A k, AT, YU, (Ad K, Ad ki, )}
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5.4. BeicTpble anropuTMBbl CeKIIMOHUPOBAHHOH 00pabOTKH CHrHANIa
C MOZAABJICHUEM JIOKAJIbHOH ITOMEXH

Ecin aHTeHHa HEMOJBW)XKHAsS, CpeIHEe 3HAUCHHE B ATOH (opmyie
paccuuTBIBAaETCS yCpeIHEHHEM 0 YacTOTe M pealu3alusiM, ecld JIBU-
JKETCA — TOJILKO YCPETHEHHUEM 110 YacTOTe.

Takum 00pa3oM, OBICTphIC MPeOOpa3oBaHMs MOTYT OBITH d(dek-
TUBHO HCIIOJIb30BaHbl NMpH MHOrokaHanbHOi ITIBOC B ycnoBusix He
TOJIKO HEKOPPEIUPOBAHHBIX, HO U KOPPEITUPOBAHHBIX MTOMEX. DTH Tpe-
00pa30BaHUsl MOXHO UCIIOJIB30BaTh KaK B CTATHYECKHUX, TaK U B CIIOXK-
HBIX JMHAMUYECKHUX YCJOBUAX. BRIUMCIUTENbHBIC 3aTPaThl, HEOOXOIH-
MBI JJI peanu3aluu OMHCAaHHOW ObicTpoit MHOrokaHanbHOU I[IBOC,
CYIIIECTBEHHO MEHBIIIC, YeM JIJIs peain3alui 0ObIYHOM 00paboTKH.

* * *

[MoaBozst uTory, XOTEIOCh OBI €Ile pa3 aKIEeHTUPOBATh BHUMAHUE
yuTaTe’aed Ha ABYX JABHO M3BECTHBIX (PMIOCO(CKUX MPUHIMIAX, IIH-
POKO HCIIONIB30BAHHBIX TIPH TOCTPOSHHUH OTIMCAHHOW TEOPHH IPOCTPaH-
CTBEHHO-BPEMEHHOH 0OpabOTKH CHUTHAIOB B CIIOKHBIX JTUHAMUYECKUX
YCIOBUSX U MpH pa3paboTKe OBICTPBIX METOJOB U aJTOPUTMOB MHOIO-
KaHaJIBHOM MPOCTPAHCTBEHHO-BPEMEHHON 00paboOTKH.

1. 3agactyro pasymHee He OOpOTHCS ¢ HEONIArONPUATHBIMH YCIIO-
BUSAMH M (DAaKTOpPaMH, a UCKATh MYTH HCIOJIb30BAHUS WX VIS PELICHUS
BO3HUKAIOIIUX MPOOIIEM.

2. O dexkTuBHBIM cIOCOOOM pelieHUs MPOOIEMBI SBISETCS TpPE-
CTaBJICHUE €€ B BUJIEC MHOKECTBA IPOCTHIX 3a7ad, JJIsI KOTOPBIX H3BECT-
HbI pCIICHUA.

BHavane 3TH MCTHHBI HCTIONB30BAIHNCH ABTOPOM HHTYWTHBHO Ha
MOJICO3HATEIFHOM YPOBHE, 3aTe€M, M0 Mepe yrIyOleHHUs B M3ydaeMble
BOIIPOCHI, Bce Ooliee u Oojee 0CO3HAHHO. B KOHEYHOM UTOre OHU OIpe-
JICITTAITH CTPATETHIO UCCIICTOBAHUSL.

[IprMeHeHNe MEPBOTO TONOKEHHS TTO3BOJIHMIIO YCTAHOBUTH (DAKTHI
MOJIOXKUTEIBFHOTO BIUSHUS CI0XKHOTO JBIDKCHHUSI aHTCHHBI, BHI3BIBAEMO-
To Ka‘IKOﬁ, Ha TOYHOCTb U3MEPCHUS HAIIPABJICHUA NMPUXOda CUrHaJIa U
MOBBIIIICHAE TTOMEXO0YCTOHYNBOCTH CHCTEM OOpabOTKH IpH BO3JEHCT-
BHU IOMEX C JIOKAJIBHBIMU COCTABILIIOMIMMH, a TAaKXKe PEIIUTh Mpooire-
My YCTpPaHEHHs HEOTHO3HAYHOCTH HM3MEPEHHUsS HANpaBICHUS MPUXO0Ia
CUTHAJIa IpU paboTe ¢ TMHEHHOW aHTEHHOM.
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Hcnonp3oBaHue BTOPOrO Te3WCa TIO3BOJIMIO  PACHPOCTPAHHUTH
W3BECTHBIE I CTATUYECKUX YCIOBHA METOABl  ONTHMH3AIUU
00pabOTKH Ha CIOXHBIE JIMHAMUYCCKHAE YCIOBHS, a TaKXKe CBECTH
CJIOKHBIE TIPOIIEyphl MHOTOKAaHAJILHOW MPOCTPAHCTBEHHO-BPEMEHHON
00paboTKKM cUTHAJNA JUISS aHTEHH CII0KHOW (DOPMBI UM TOIABUKHBIX
AHTCHH K MHOXECTBY OBICTPHIX alTOPUTMOB MPOCTPAHCTBEHHO-
BPEMEHHOW OOpa0OTKH CHUTHAJOB, HW3BECTHBIX JJIsi HENOJBUKHBIX
AHTEHH NpoCTeIeld KOH(PUTYypaluy.



MMPUJIOKEHHUE 1

IPPEKT JOIVIEPA ITPH CJIO)KHOM JIBUKEHUUN
KOPPECITIOHAUPYIOILIUX SJIEMEHTOB

SIBeHMEe WM3MEHEHUS YaCTOTBHl THAPOAKYCTHYCCKUX KOJeOaHMUH,
BBI3BIBAEMOE BIKCHHEM KOPPECIIOHANPYIOIINX 3JIEMEHTOB, M3BECTHO
Kak a¢hghexm Jlonnepa.

Hecmotpst Ha MHOTOJIETHEE HCCIIEJOBAHUE ATOTO dPEeKTa 1 MHUPO-
KO€ HCIIOJIb30BaHUE €r0 Ha MPAKTHKE, IIOCTOSTHHO OTKPHIBAIOTCS HOBBIE
HioaHChl. B 80-x— 90-X rojax mpouuioro CToJIeTHs OCHOBHOEC BHUMaHHE
UCCcIeIoBaTeNei ObUIO CKOHIICHTPUPOBAHO Ha OCOOCHHOCTSX IMPOSIBIIE-
aust ¢ dekra Jomaepa B HEOMHOPOAHBIX MOABWKHBIX cpemax [18, 17,
110] u B ycioBusx paccesuus 3Byka [7, 8, 6]. B crarse [54] Obu1n nc-
CJICZIOBaHbI OCOOCHHOCTH MPOSBICHUS d(deKTa mpu CIOKHOM JIBHKE-
HHUM M3JTy4arolei aHTCHHBI, IPUEMHON aHTEHHBI M OTPAXKAOIIEro 00b-
eKTa. Pe3ysIbTaThl 3THX MCCIICIOBAHNN ITPEICTABIEHBI HIKE.

II1.1. D¢ dexT donjiepa npu cJI0KHOM IBHKEHHHU B
O/THOPO/IHOIi cpe/le HCTOYHUKA U MPUEMHHKA

PaccmoTpuM M3MeHeHue 4acTOThl CUTHajla, HaOronaeMoe IpH B3a-
WMHOM TEPEMEIICHUH MCTOYHHMKA aKyCTUYECKUX KOJICOaHWW U MpHUEM-
HUKa. Bysem cumTats, 94TO cpema pacrpocTpaHeHHs KoueOaHUi — OJJHO-
pOIHAs, a HCTOYHUK W NPUEMHUK MPEACTABISIOT cOOOW TOYCYHBIC He-

nanpasiennsie snementsl. Iycts X (t) u X, (t) — sexropsi, onuce-

BAIOIIME BO BPEMEHH MEPEMEIICHAE COOTBETCTBEHHO UCTOYHUKA U TIPH-
emuuka (puc. I11.1).
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JTHOPOJHOH cpene
MCTOYHHKA U IPHEMHHKA

Puc. [11.1. ['eoMeTpus 331241 IPU B3aHMHOM MEPEMEICHUN HCTOYHUKA H
MPUEMHHUKA B OJTHOPOJTHOH cpesie

INonoxuM, 4TO UCTOUHHK U NPHEMHHUK HAXOIATCA Ha OOJBIIOM
PAacCTOSHUM JIPYT OT Jpyra, MepeMeILeHHs] HEBEIIUKH, YIIIOBOE MOJIOXKE-
HUE MEXIy KOPPECIOHIUPYIOUIMMU 3JIEMEHTAMU IIPAKTUYECKH HE Me-
HSETCS U CIIPaBEUINBO JIy4eBOE MPHONMKEHHC.

KoneGauusi, perucTpupyempie MPHEMHUKOM B MOMEHT BpemeHH 1,
M3IY4ar0TCS MCTOYHMKOM B CpPely B MOMEHT BpemeHu t— T, orcraro-
muii or t  Ha BenmuMHY T — BpeMsi pacnpoCTpPaHEHHUs CHTHAjlIA OT HC-
TOYHMKA K MIPUEMHUKY. [T0CKOJIbKY HCTOUHUK U MPUEMHHUK JIBUXKYTCS, B
obmiem ciydae BenuunHa T sBisiercs QpyHkipeit Bpemenn t. Oua 3aBu-
CHT OT MapaMETPOB ABUKECHUS HCTOUHUKA U IIPUEMHHKA:

T(t) =A[X, (t) - X (t-1)], (I1.1)
rae X, (t) — BexTop, OnMMCHIBaOMMIi TIONOKEHNE IPUEMHHKA B MOMEHT

Bpemenu ] Xl(t —1T) — BEKTOp, ONKCHIBAIONIHIT TIOIOKEHHE HCTOUHHKA

B MOMEHT BpeMenu t{—T; [ — BeKTOp, XapaKTEepU3YIOIIUii HATpaBJie-

_ 1
HHe u3nydeHus curnana: i = —(COSa,,COSa,,C0S0,); C — CKOPOCTH
C

3ByKa B CpeIe, (11, (12 ' (13 — YyIJibl, ONMCBHIBAIOIIHUE HAIIPABJICHUC H3JIYy-

YCHH cUI'Halia.
H}’CTL HUCTOYHHK HU3TTYy4YaCT rapMOHHYECKOC KoJiebaHue ¢ 9acTOTOM

f,. ®asa rtakoro konebanus @, (t) onmceiBaercs BhIpaxkeHuem
®, (t) = 2nft. Konebanue, perucrpupyemoe mprueMHUKOM, OTJIMYAET-

cs ot usnyuaemoro. Ero paza D, (t) = 2x[t —1(t)] f,, a vacrora
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I[MPMJIOXXEHUE 1. DPOEKT JAOIUIEPA ITPU CJIOXKHOM JIBUXKEHUUN
KOPPECIIOHAWPYIOIINX SJIEMEHTOB

fa%_ldQ(U 0
dt
rae T — NPOM3BOIHAS 110 BPEMEHH 3a/CPKKH T .
Huddepennmpys o6e yactu Boipakenus ([11.1) mo t u perras mo-
JIy4eHHOE ypaBHEHHE OTHOCHTENBHO T , HalieM
T = (X — Xl) ,

_._.y

nx,

rae X, u X; — npoussoanbie Bemuunn X, (t) u X, (t) mo t, paccun-

) f, (I11.2)

TaHHbIE COOTBETCTBEHHO B Toukax t m t — 1.
IMoxacraBuB 310 cooTHolieHue B Beipaxkenue (I11.2), moxyuum

——

f(o—I;Q%f (11.3)

Kak Bumno u3 ¢dopmysnsr (I11.3), wactota mpuHUMAaEMbIX KoJeba-
HUH B oOmem ciyuae siBisiercss (pyHKOuell BpeMEHHM M ONHCHIBAaeTCS
MTHOBEHHBIMHU CKOPOCTSIMH JIBUKEHUS UCTOUHUKA U IPUEMHUKA.

[Ipu paBHOMEPHOM [BHXEHHU KOPPECIOHIUPYIOIIUX 3JIEMEHTOB

COOTBETCTBEHHO CO CKOPOCTBIO \72 u \71 Beipakerne (I11.3) mprobpe-
TaeT OOLIEN3BECTHLIN BUI;

1-nv, i
1-nv,

W3 Beipaxenus (I11.4) cnenayer, 4To mpu paBHOMEPHOM JIBHKCHUH
MPUEMHUKA U MUCTOYHUKA YaCTOTa MPUHUMAECMBIX KOJIeOaHUW HE MEHS-

f, = (I11.4)

€TCA BO BpeMeHI/I U B O6HleM cnyqae OTJIMYACTCA OT 4aCTOThI fl I/I3J'IY'
YEHHOT'0 KoJIeOaHus.

’
YuuTeiBas, dYTrO TEpPEMEIICHHUS MaJbl (‘X1

¢dopmyisr (I11.3) u ([11.4) moxHO mpeoOpa3oBaTh K Oojiee MPOCTOMY

BUAY:
f,(t) ~[L- (G -1, (11L.5)
f, ~[L—fi(v, —%)]1,. (T1L.6)
Eciii uCTOYHMK H3ITydaeT 4aCTOTHO-MOJYJIMPOBaHHOE KoJieOaHue C
vactoroit f, = f,(t), Gopmynsl, onuceisaromue sdpdexr Jlomnnepa, ne-
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JTHOPOJHOH cpene
MCTOYHHKA U IPHEMHHKA

CKOJIBKO YCIIOXKHSIOTCSA. Bbipaxenue, aHaisoruunoe ¢opmyse (I11.3),
UMeEeT BUJ

1-nX;
f,(t) =—7{(t-7)f/'+ f}, (I11.7)
1-nX]
!
rac fl — MNpOon3BOJAHAA YaCTOThlI H3J1y4aeMOI'0O KOJICOaHUS fl (t) B

Touke 1 — 7.

Kax BUIHO, 4aCTOTa MPUHUMACMOTO KoJIeOaHUsI B MOMEHT BpPEMCHHN
t ompenmensercs mnapamerpaMd JBIDKCHHS MCTOYHHKA B MOMEHT
n3nydenus: { —T u npuemHuka B MOMEHT mpuema t, a Takxke 3aKOHOM
M3MEHEHHS YaCTOTHI M3Ty4CHHOIO CHIHAJa B MOMEHT m3nydeHus [ —1
U CKOPOCTBIO H3MEHEHHMS! 9TOr0 3aKOHA BO BPEMEHH.

Crnenyer OTMETHTb, YTO AJIS IIMPOKOMOJIOCHBIX CHTHAJIOB (B 4acT-
HOCTH, YacTOTHO-MOAYJIHMPOBAHHBIX) MPH JABIKCHHH KOPPECIIOHIHU-
pyromux 3JIEMCHTOB, KakK IPaBUJIO, IMPOUCXOAUT HU3MCEHCHUC I10JIOCHI
qyacToT KoneOaHuil. Korna curHanm OTHOCHTENBHO Y3KOIOJIOCHBIH WIIH
W3MEHEHHSI MECTOIOJIOKECHHSI HCTOYHHKA U MPUEMHUKA HEBEJIUKH, LIH-
pHHa TI0JIOC YaCTOT NMPHUHUMAEMOI0 U M3JIyYeHHOTO CHI'HAJIOB MaJo OT-
nuyaercsi. Torna B 9acToTHOH oOmactu »¢dext [omnepa mposBiseTcs
JMIIb B CMEIIECHHUHU MOJNOCH. B o0mieM xe ciydae Habomaercs U cMe-
IIeHNe, U N3MEHEHNE IIMPUHBI MOJIOCHI YaCTOT CUTHAJIA.

[Ipy KOHEYHOM JUIMTENBHOCTH | WU3Iy4eHHOro curHana (oexr
I[ormepa BbI3bIBACT U3MCHCHUC NJIMTCIBHOCTH CHUTHAJIA. HpI/I IIOCTOSH-
HOM COJIM)KCHHH KOPPECIIOHAMPYIONINX 3JIEMEHTOB HAOIIONAaeTCs Cxka-
THE CUTHAJa, IPU MOCTOSHHOM YAAJICHHU — pacTshkeHue. B oTux ciyda-
SX JUINTENBHOCTh NMPUHUMAaEeMOT0 CHTHajla OINHCBHIBAETCS BEIWYHUHOM

T+1(T)—1(0).

I11.2. ddexT Jonnepa npu cjI0KHOM ABUKEHUH B
OTHOPOJHOI cpe/ie HCTOYHMKA, OTPAKAKIIET0 00beKTa
U PUEMHHUKA

PaccMoTpuM M3MEHEHHS YacTOThl TAPMOHHMUYECKOIO CHUTHaja IMpH
JBW)KCHUU WCTOYHHKA, OTpa)karollero oobeKTa W MpueMHuka. bymem
CUMTaTh, YTO Cpella OAHOPOJHAsA, a UCTOYHUK M NMPUEMHUK NpPEICTaB-
JSFOT 000 HeHanpaBeHHbIe dieMenThl (puc. 111.2).
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I[MPMJIOXXEHUE 1. DPOEKT JAOIUIEPA ITPU CJIOXKHOM JIBUXKEHUUN
KOPPECIIOHAWPYIOIINX SJIEMEHTOB

| 58l
Puc. [11.2. 'eomeTpus 3a1a4u IpH B3aUMHOM TIEPEMETICHUH HCTOYHHUKA,

OTpaXkaromiero 00beKTa ¥ NPHEMHNKA B OTHOPOIHOM HPOCTPAHCTBE

Kak n B mpexmsinymem nozppasgerne, OyaeM mosarats, 94TO BCE 3TH
JJIEMEHTBl HAaXOAATCA B JalbHEM IIOJ€ APYr OTHOCHUTENBHO Apyra, Ie-
peMelleHNs] HEBEJIUKH, YIVIOBOE IMOJIOKEHUE MEXAY KOPPECIOHIUPYIO-
LIMMU 3JIEMEHTAMHU NIPAKTUYECKU HE MEHAETCS M CIIPABEINBO JIy4eBOE
MpUOITMKEHHE.

IIpyHuMaemblii cUTHAl 3aJepXkKaH OTHOCUTEIIBHO H3JIy4E€HHOI'O
CHT'HaJIa Ha BENMYHMHY, NPECTaBIIONIYI0 cO00H cyMMy BpeMEHH pac-

npoctpanenuss T, =T,(f) curnama or ucrounuka k orpakaromemy
00beKTy M BpeMeHH pacrpocTpanenus T, =T, () curnama or orpa-
JKAIOIIETO 00BEKTA K MPUEMHHKY. 3aJEPKKU T,, T, CBA3aHBI ¢ QyHK-
msmu X, (), X, (t) u X, (t), onuceiBarouumu cootseTcTBEHHO Me-

CTOIIOJIOKCHHUE MCTOYHHUKA, OTpaXKarolero 00BEKTa U IMPpUEMHHKA, CJic-
AYHOUIUMHA 3aBUCUMOCTSIMU:

T, =% -1,)-X (-1 -1,)],
T, = M[X (t—1,) — %, ()],

rae N, u N, — BEKTOpHBI, XapaKTEPU3YIOIIUE COOTBETCTBEHHO HaIpaB-
1 2

(I11.8)

JICHUE U3NIYyYCHHs CUTHAJIA MCTOYHUKOM W €ro MEepeH3IydeHHe OTpa-
JKAIOIM OOBEKTOM.
Crenys ONMCAHHOW BBIIIE METOMOJOTMH, MOXHO, B HPHHIIMIIE,

HAUTH 3aBUCUMOCTb YaCTOThI f2 (t) MPUHHUMACMBIX KoJieOaHui OT apo-
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pexne
HCTOYHHKA, OTPAXKAIOIIETO0 OOBEKTa 1 IPHUEMHHUKA

’ !/
U3BOJIHBIX 3ajlepikeK T;, T,, a 3aTEM C IOMOUIbIO CHCTEMbI ypaBHe-

Hui (IT1.8) — 3aBHCHMOCTb 9TOH YacTOTHI OT MAPaMeTPOB BHKCHUS
KOPPECTIOHANPYIOMINX 3JIEMEHTOB. DTOT IyTh JOCTATOYHO TPYIOEMOK.

[Moctynmum wmrHaue. Pazgenum paccmaTprBaeMblil Mpollecc Ha ABa
srana. K nepeomy atamy oTHECEM H3IyueHUE KONCOaHUH HCTOYHUKOM H
IIpUeM UX OOBEKTOM, KO BTOPOMY 3Tally — Hepen3TydeHue KojeGaHui
00BEKTOM U IPHEM MX IPHEMHHUKOM.

Ha kaxaoM M3 3TamoB MPOMCXOAUT M3MEHEHHE YacTOThI Koyeba-
Hul, onuceiBaemoe Qopmyinoit (I11.3). IIpuHumas Bo BHUMaHue, 4TO
HallpaBJIeHHs PACIPOCTPAHEHHsI CUTHAJIOB Ha IIEPBOM U BTOPOM JTamax

pa3Hble, 9acToTy f 2 (t) MO>KHO HAaWTH B BHJC

fz(t)—( :f)(“”f) y
(AR 1,%)

rae X|, X, X, — npoussonusie dynxumit X, (t), X, (t), X,(t) no t,

(I11.9)

paccunTaHHble cooTBeTCTBEHHO B Toukax (t—1,—1,), (t—1,) n t.
[Ipy paBHOMEPHOM [BMXKCHHH KOPPECIIOHAMPYIOLIMX SJIEMEHTOB
COOTBETCTBEHHO €O ckopocTsivu V., V, u V, u3 Gopmymnsr (I11.9) cre-
JyeT, 9TO 4acToTa
_ (@-nvy)(A+1,Y,) f
= 1 227 f
(1_ nlvl)(1+ nzvo)
IMpu Maneix ckopoctTsix aBmxeHus Boipaxenus ([11.9) u (I11.10)
MOTYT OBITH IPE/CTABICHBI COOTBETCTBEHHO B BUJIE

F,(0) = @, + )% +1X + %) f,
f, = (L= (i, + )V, + A, +1,9,) f,.

Ecimu KOJ'[e6aHI/IC, n3j1y4aeMoe HNCTOYHHKOM, YaCcTOTHO-

(11.10)

MOAYJIUPOBAHHOC II0 3aKOHY fl (t), TO B ClIydya€ MHOPOU3BOJIBHOIO

JBW)KEHUS KOPPECIOHAMPYIOLUX 3JIEMEHTOB 4YacTOTy IPUHUMAEMbIX
MIPUEMHHUKOM KO0JIe0aHN MOYKHO HAWTH B BUIE

() = X [(t )+ f ], (I11.11)

2
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KOPPECIIOHAWPYIOIINX SJIEMEHTOB

rae fo — dactoTa KoJeOaHWl, BOCIpUHUMAeMas JBHKYITUMCS
00BEKTOM:
1- ﬁ
fo = 1_##,[(t T, —1,) '+ fi], (I11.12)

! !
f, — npoussoanas wacrorsr f,(t) mo t B rouxe t—1,, f — npous-
BOJHAsh 4yacToThl wu3nydenHoro konebamus f, (1) mo t B Touke
t—1,-1,.
Kak BumHo 3 Beipaxenuit (I11.11), (I11.12), gacrora mpuHHMae-
MBIX HOPHUEMHHKOM KOJeOaHMil B IaHHOM Clydae ONpPEAeNsieTCss MTHO-

BEHHOM CKOPOCTBIO KOPPECTIOHIUPYIOUINX 3JIEMEHTOB, YIJIOBBIM MOJIO-
JKEHHEM STHX 3JEMEHTOB, a TAK)KE 3aKOHOM YaCTOTHOM MOIYJISILUU

f, (t) usnyuennoro curnana u ero MPOU3BOHO.

I11.3. D¢pdexT Jonsiepa npu cA0:KHOM IBHKEHUN B
HEOJHOPOJXHOM cpeJe MCTOYHMKA M PHUEMHHKA

PaccMoTpuM HM3MEHEHHE 4YacTOThl TapMOHHYECKOTO KOJieOaHus,
OPOUCXOJIAIICE MPU JBIKCHUH HCTOYHHKA U MPUEMHUKA B «IOKAILHO
00HOpoOHOU» cpene. 1o 3THMU ClIOBOCOYETaHHEM OyJeM IOHMMATh
HEOJTHOPOJHYIO Cpelly, KOoTopas BHE 30H IepeMEIleHHs HMCTOYHUKA U
MIPUEMHHUKA MOXXET OBITh MMPOU3BOJIILHO HEOJHOPOIAHOM, OJJHAKO B 30HAX
MepeMEIICHUS SBJISACTCS MPAKTUICSCKHA OTHOPOTHOH.

N3-3a HEOMHOPOTHOCTH CPEJbl UMEET MECTO MHOTOJIyueBOE pac-
npocTpanenue kojebanuii (puc. I11.3). Tlpu 3ToM KosicbaHHE B TOYKE
npHeMa MpeCTaBRIsIeT COO0H CYNEepIO3UIHI0 KOIeOaHHH, MPUXOISIIHX
10 Pa3HBIM JTyJaM.

Jomyiienre o «JI0KaJbHOH OJHOPOJHOCTU» TO3BOJISET MpeiacTa-

BUTB 3a/I€PXKKY T, s I -TO Jyda B CIEAYIOLIEM BUJE:

T, =T, + 0, [X, (1) = X0 ] -1, [X, (1) - X, (111.14)
rae T,, — BPEMEHHas 3ajepxkKa I — ro Jyda [l HyJIEBOrO MOMEHTA
spemernn (t =0); X, u X,, — BEeKTOpbI, ONMCHIBAIOLIME MECTO-
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pexne
HCTOYHHUKA U IPUEMHHKA

TIOJIOXKEHNE COOTBETCTBEHHO HMCTOYHMKA M TPHEMHHKA B MOMEHTBI
pemenn t=-t, u t=0; X,=X({t-1,) - Bexrop,
ONHCHIBAIOIIMIT T0JIOKEHHE MCTOYHMKA B MoMeHT Bpemenn (t—T,);

N, , N,,— BEKTOPEI, ONMUCHLIBAIOLINE HAIIPABICHNS M3IIyYCHUS U IIpHEMa
I —ro myy4a.

Puc. I11.3. T'eomeTpus 3a1a4u TPy B3aMMHOM TIEPEMEIIEHUN UCTOYHUKA U
NPUEMHHKA B «JIOKAJIBHO OJHOPOIHOI» cpejie

U3 Boipakenus (I11.14) cnexyer, 4to mpou3BOgHAast 3aACPKKH T,

OTHUCHIBAETCS BHIPAKEHUEM
fi, X o
T, = q—:xl (I11.15)
1 nlr

=1 o - -
rae X, u X; — npoussonusie senuunn X, (t) u X, (t) coorsercraenno
B Toukax { u t—1,

IMoacranoska Beipaxkenus (I11.15) 8 popmysy (I11.13) maer
i, X,
for (t) = #jr 1
1-n, X

1r r

(I11.16)

U3 Boipaskenus (I11.16) Buano, uto yactora f,, (t) ompenensercs
MTHOBEHHBIMH CKOPOCTSIMHU JIBH)KCHUSI UCTOYHHMKA M TPUEMHHKA COOT-

BETCTBECHHO B MOMCHTBI BPEMECHU t— Tr ut , @ TAKXKE BEKTOpaMH ﬁlr u

ﬁ2r , OIIUCBIBAIOIIIUMU HAIIPABJICHUSA U3JIY4YCHHUS U IpUEMa KOJICOaHMIA.
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KOPPECIIOHAWPYIOIINX SJIEMEHTOB

HpI/I PaBHOMCPHOM ABMKCHHU HCTOYHHKA W NNPUEMHUKA COOTBET-

cTBeHHO co ckopocTsimu V; u V, dopmymna (I11.16) npuoGperaer Bua
1
—= 2 f. (r11.17)

B stom CJIydya€ 49acToTa er HE 3aBUCHUT OT BpPCMCHU. Ona nunib

C/ABMHYTA Ha BEIMUHMHY, ONpeenseMyio ckopoctamu V, u V, aBuKe-

HUA UCTOYHHUKA U IPUEMHHUKA, a TAKXXEC BEKTOpaMH ﬁlr u ﬁ2r y XapaKTe-

PU3YIOIIMMH HaIpaBIICHHUE M3ITyUSHUS U IpueMa KojieOaHui.

[Ipu MasbIX CKOPOCTSIX MEPEMELIEHHUS, KOT/Ia |X1'r| K C, X
(r :]_,_R) , Beipakenus (I11.16), (I11.17) npeoGpasyrorcs K Gonee mpo-
CTOMY BUIY:
fZr (t)=@Q-n,% +n,X,)f, (I11.18)
for = (-1, V, + 1, %) f,
Ecnu u3nydyaemplii CUTHAT — YaCTOTHO-MO/LYJIMPOBAHHBIN C 4acTo-

toit f,(t), bopmyna, ananornunas Gopmysne (I11.7), numeet Bun

!

-1,
f2r (t) - — ﬁz [(t Tr) fl’r + flr]l (Hllg)
— i, X,
rac f]_:, — M[pou3BOJHAsA YaCTOTbl H3JIYYCHHOI'O Kojaebanus

f,, = f,(t), paccuurannas B Touxe t — 1, .

B oToM citydae s I -ro Jiyya 4actoTa KoieGaHus B MOMEHT Bpe-
Menn U onpesensercs napameTpamMu ABHKEHUS HCTOYHMKA M TIPHEM-
HMKa COOTBETCTBEHHO B MoMeHThI Bpemenn { —T, u { , nanpasnennus-
MM M3JTydeHHs U pueMa KoslebaHuii, a Takke 3aKOHOM H3MEHEHHs yac-
TOTHI KOJIeOaHHIT, H3Ty4aeMbIX B MOMEHT BpeMeHH { — T, , 1 ckopocThio

N3MCEHCHUS 3TOI'0 3aKOHA BO BPEMEHU.
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I11.4. Dddext [Jomnepa npu CI0XHOM IBHKEHHH B HEOJHOPOAHOM cpesie
MCTOYHHKA, OTPAXKAIOIIEro 0ObEKTa U IPUEMHHKA

I11.4. dpdexT doniiepa npu cI10:KHOM ABHKEHUH
B HEOTHOPO/IHOIi cpe/ie HCTOYHHKA, OTPAKAIOLIEro
00beKTa M NIPHEMHHUKA

PaccMOTpiM M3MeHEHHE YaCTOThI TADMOHUIECKOTO KOJIEOaH s MpH
JIBIDKCHHH B «JIOKATHHO OJHOPOIHOI» Cpeie HCTOUHMKA, OTPaKalolle-
ro oOBeKTa U npueMHuKa. [IpejmonaraeTcs, 4To «JI0KadbHas OJHOPOI-
HOCTB» PAacTpOCTPAHAETCA HA PAHOHBI MepeMeNIeH s HCTOUHNKA, OTpa-
JKAIOIIEro oObeKTa ¥ MpueMHuKa. [lepeMelienne KoppecroHIHpyONIHX
snementos onuckiBaetcst Gynkmmamu X, (1) , X, (t) u X, (t) . B neon-

HOPOJHOW Cpefe MMEeT MECTO MHOTOJydeBoe pacipocTpanenue. Ilo-
9TOMY CHTHAJI, U3IyYEHHBIH MCTOYHUKOM, MPUXOAUT K OTPaKaromeMy

o0bekTy 1o R, IsydeBbIM TpaekTOpHsM, OTpakaeTcs OT OOBEKTa H

NPUXOINUT K NPUEMHHKY B Bune R, myueii (puc. IT1.4).

Puc. [11.4. 'eomeTpus 331241 IpH B3aUMHOM TIEPEMEIICHUH B «JIOKAJIBHO
OJHOPOAHON» Cpelie HCTOUHHKA, OTPAXKAIOIIETO 00BbEKTa U IPUEMHHKA

Curnan, npuxondmuii k o0bekTy no I -i j1y4eBodl TpaeKTOpuH,
3aJlepKaH  OTHOCHTENBHO HW3JYYEHHOTO CHUTHaja Ha BEJIHYUHY
T, =T, (t), a curnan, npuxomsumii Kk npuemHuky no I, -ii ydeBoit

TpacKTOpHuH, 3aJACPKaH OTHOCUTCIIbBHO IICPCU3ITYUCHHOI'0 CUIHaJla Ha
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BEJMYMHY T, =T, (t). Mostomy obmas 3amepxka (f,F,)-ro myua,
NPUHAMAEMOTO MPUEMHUKOM, paBHa T, + T, . IIpuHumas Bo BHUMaHNE

coornomenue (I11.16), gacrora xoneGannii f, . (t) sroro myua mo-

2nr,

JKeT OBITH 3amucaHa B BUIC

f2r1 r =

@-n, X, )1+n, X))
- Ol’ij(orz _'2r2 _3 fl’ (leo)
(1_ n2r2 Xlr1 N, )(1+ nOr2 XOr2 )
rie )_qu [ Xo [ X, - mnpomssommste dymkumit X, = X, (t),

Xo = X(t), X,(t) coorsercrsenno B Toukax t—t, —7, , t—7, W

t;fiy, , Ay, g, w il

o Nog s Nop — BEKTOPBI, XapaKTepHU3yIOlIUe Halpapie-

2r,
HHUE COOTBETCTBEHHO M3JIY4YeHHs MCTOYHMKOM I;— ro iyda, mpuema
o6bextoM I;— ro nyda, usinydeHus oobektom I, — ro Jiyua u npuema
NPUEMHUKOM [, —ro nyya.

Ilpr paBHOMEPHOM JABHKCHHH KOPPECIOHAMUPYIONUIMX 3JIEMEHTOB
cootserctBento co ckopoctamu Vi, Vo u V, wacrora f,  (t) me
3aBHCHT OT BDEMEHH U OIMCHIBACTCS BHIPAKEHUEM

_ (1_ ﬁOrlvo)(l—l_ﬁZerz)

2n

1 —— ——. (I11.21)
(1_ n1r1 Vl)(1+ nOrzvo)

’
[Ipu ManbIx CKOpOCTAX ABMXKEHMSI, KOTAA ‘Xlrl 6

<C, [X.|<C,

X;

< C, dhopmysr (IT1.20) u (T11.21) npuobpeTaroT BHI
f2f1 P} (t) = [1_ (ﬁ0r1 + IFiOrz ))_((;r2 + ﬁ1r1 )_qu r + r_'inz X;] fl’
f

Ecnu m3nydaemoe konebaHHe — 4aCTOTHO-MOIYJIHPOBAHHOE, TO B
o0miem ciryvae

= [1_ (ﬁ0r1 + ﬁ0r2 )\70 + ﬁ1r1\71 + ﬁ2r2\72] f1-

2rir,

— =t

1+n2r2x2 ,
for () =—2[(t—1, ) g+ for ] (I11.22)
1 2r,0r,
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MCTOYHHKA, OTPAXKAIOIIEro 0ObEKTa U IPUEMHHKA

rme f yacToTra KoJeOaHMit (I’l, I’Z) -TO Jy4a, NPUHUMAEMOTO

orr,
00BEKTOM:
f =%[(t—r -t )f, _+f ] (111.23)
oryr, 1_ ﬁ X.l, n L/l Il '

1

ol n
'

onr, — TMpomssoxmas wactotsr fo. . (t) B Touke t-t,, f

i,
!

4aCTOTa M3JIy4acMOro CUrHajla B MOMEHT Bpemenn t —T, —T,, T, . -

nponssommas yacrotel f,. . (t) Brouxe t—t, — 7, .

B nanHoM ciyyae, kak cieayer u3 Beipaxenuit (I11.22) u (IT1.23),
yactoTa curnaia, coorsercteytomero (I ,I,) -y aydy, npuHuMaeMoMy

OPUEMHHUKOM, OINPEACTACTCA TEKYIIMMHU CKOPOCTAMU MNEPEMEIICHUA
KOPPECIIOHANPYIOIIUX 3JIEMCHTOB, HAIIPpABJICHHUEM H3ITYYCHUSA CHUIHAJla
HUCTOYHHUKOM, HAIIpaBJICHUAMHU IIpUE€Ma W MECPECU3ITYUCHUSA CUTHaAJIa OT-
paxaromum O6’I>GKTOM, HaIrpaBJICHUEM IIpHE€Ma CUTHAJIa IIPUEMHUKOM, a

TaKX€ 3aKOHOM 4YaCTOTHOM MOOYJIAIINN fl (t) N3JIYYCHHOT'O CUTHaJIa U

€ro MpOM3BOAHOW. PesympTHpyromme KoneOaHUs, COOTBETCTBYIOIIHE
pa3HBIM JIy4aM, pasHbIe.

* * *

W3 BeIpakeHw, MpUBEICHHBIX B JAHHOM pasfiele, CIeayeT, 4To B
MO00M CliTydae 4acToTa MPUHUMAEMOT0 CHUTHAja ONpeAeseTCs MepBbl-
MU TPOU3BOIHBIMU OT (DYHKIIHM, OMUCHIBAIOIINX MEPEMEIICHNE B TPO-
CTPAHCTBE KOPPECTIOHIUPYIONIUX 3JIEMEHTOB, T.€. MTHOBEHHBIMHU CKO-
POCTSMH, U HE 3aBUCHT OT IPOU3BOIHBIX 00JIee BRICOKOTO TIOPSIIKA.

Orcroila HE CclIeqyeT, YTO IPOM3BOJHBIE BBICHIETO MOpsiAKAa HE
BIUSIOT HAa YaCTOTY IPUHUMAEeMOro curHana. HerpyaHo yoeauTsces, uto
KOT/Ia 3T TIPOU3BOJIHbIE HE PAaBHBI HYJIO, MTHOBEHHBIE CKOPOCTHU 3aBHU-
CAT OT BpeMeHHu. Torna mpuHIMaeMblid CUTHAJT OKa3bIBAETCSl YaCTOTHO-
MOJYJIHPOBAHHBIM, AK€ MPU H3ITyYEHHH TOHAJIbHOro curHana. Korna
K€ TPOU3BOAHBIE BBICUIETO MOPSIIKA PaBHBI HYJII0, MTHOBEHHBIE CKOPO-
CTH SIBJISIIOTCS KOHCTaHTaMH M 3(PQPEKT YaCTOTHON MOIYNAIMH HE Ha-
OJroaercs.

Takum o0Opaszom, cymectBeHHas i d¢¢ekra Jomnepa uH-
dopMarysi 0 CIOKHOW JMHAMUKE TOBEICHHS KOPPECIIOHIUPYIOIIMX
9JIEMEHTOB TIOJHOCTBIO COCPEAOTOYE€HA B MTHOBEHHBIX CKOPOCTSIX.
[IpousBoaHbIE K€ BBICHIETO MOPSAKA CYIIECTBEHHON TOMOJHUTEIbHOMN
uH(pOpMAaIMK HE HECYT.
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MMPUJIOKEHHUE 2

3AKOHBI CHEJIVINYCA B CJIOKHbBIX
JANHAMUMNYECKHUX YCJIOBUAX

[Ipu oTpakeHuH curHana oT MJIOCKOH I'paHUIIbI pa3jieia AByX cpea
C IWIOTHOCTAMHU p,, P, U CKOpocTAMH 3ByKa C;, C, COOTBETCTBEHHO
YIOJI MajieHust O PaBeH yrily OTPaKEHHs [3 ¥ OTHOILIEHHE CHHYyCa yria
najfeHus Ol K CHHYCYy yIjia MpeloMJIeHHs Y paBHO kod3dduiuenty npe-

nomnenus N=C,/C,: sina/siny=n. Dt wraccuueckue 3aKoHbI

OTpakeHUs1 U mpenomiieHust (3akoHbl CHeiuyca) W3BECTHBI IaBHO U
IIHPOKO UCIIOJIL3YIOTCS Ha TIPAKTHKE.

HccnenoBanusi, TPOBEACHHBIC pa3jMYHBIMH aBTOpaMH, B 4YacT-
noctu [18, 17, 110, 57, 111, 109], noka3siBatoT, 4TO HAKTOP JABHUIKECHHS
CYIIECTBEHHBIM 00pa30M MEHSET MHOTHE W3BECTHBIC 3aKOHOMEPHOCTH.
He sBnstoTcst uckimoueHueM W 3akoHbl CHemnmyca. B HacTosmiem
NPUIOKEHUU TPUBEJICHBI PE3yJIbTaThl MccnenoBanuii [52, 55] pnusHus
JIBUKCHUS TPaHUWIBl pas3iena cpell Ha OTPaXCHHE W IPEJIOMIICHHE
JTy4dei.

I12.1. OcHOBHBIE 3ABUCUMOCTH

[TycTh J1yd mamaeT Ha MIOCKYH OECKOHEUHYIO MOJBMKHYIO [PaHU-
1y pasjerna JByX XKuIKocTe# (uiu sxunkocTr U rasa). [Ipeanomnaraercs,
9YTO UMEET MECTO IUIOCKO-TIapajUieNIbHOe TepeMerieHue rpanunbl. Cxa-
THE Cpel MIPEeHeOPeKUMO MaJo.
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I12.1. OcHOBHEIE 3aBHCHMOCTH

BBB}Z[CM JABE TPAMOYTOJIBHBIC ANEKAPTOBBLIC CUCTEMbI KOOpAWHAT C

napaUieNbHBIME  OCAMH:  HenOABIKHYIO  (Xg, Yo, Zy) M HOABHIKHYIO
(X,¥,2), cazannyio ¢ nepememaromeiicss rpanuneii (puc. 112.1). Ocu
Z, ¥ Z COpHUEHTHUPYEM INEPIEHMKYIIPHO MaJalolleMy JIydy W mapai-
JIeNEHO TPAHUIE, OCH Y, ¥ Y — NEPHEHIUKYIAPHO FPAHUIE, a OCH X,
u X — napamienbHo ei. [Ipu TakoM pacronoxeHun oceit Bce nyun (ma-

JAIOMKi, OTpaKeHHbIH U NpeaoMIeHHbIH) nexaT B miockoctd Z =0 u
TpexMepHas 3a/1a4a CBOJUTCS K IBYMEPHOU.

Yot

(X, Y(»), 0)

20

Puc. [12.1. T'eomerpus 3amaun

IlepecueTr 0HOM cUCTEMBI KOOPAMHAT B APYTYI0 0OECHEUMBACTCS
CIICAYIOIUMHU (hOPMYTaMH:
X, = X+ X(t),
Yo =Yy+Y(1),

rne X (t) u Y (1) — Benuuunbl cMeIueHNs OABMXHON CUCTEMBI KOOp-

(112.1)

JMHAT OTHOCHUTENBHO HEMOJBMXHOW B MOMEHT Bpemenu { coorBerct-
BEHHO BIoub ocelt X, u Y, (X (0) =Y (0)=0).

B ycnoBusix JBM>KEHUS IpaHULIBI YACTOTHI MAAAMOLIEH, OTpaXKeHHOU
U MPETOMIIEHHON BOJIH MOTYT OTJIMYAThCs ApYyT oT apyra. ITosaromy mo-
TEHIMadbl CKOPOCTU 3TUX TPEX BOJH ONMCHIBAIOTCS B KOMILIEKCHOM
BUJIC BBIPAXKECHUSIMU
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IMTPMJIOXXEHUE 2. 3AKOHbBI CHEJUVIMYCA B CJIOXXHBIX JMHAMNWYECKUX
YCJIOBUAX

(bi — A exp{jwi[t —Cl(XO sino— Y, COS (X)]},

1

O = A exp{jwr[t —Ci(x0 sin+y, cosB)]}, (12.2)
1

(bt =A eXp{jwt [t _Ci(xo siny -y, COSy)]},

2
e ALA LA 1, ®,,® —aMIUIMTYIsl 1 KPYTOBBIE YaCTOTBI COOT-

BETCTBEHHO MMaal0NIeH, OTPaKCHHON U MPETOMIIEHHOM BOJIH.

Huddepennmpys mo t Beipaxenns (I12.2), MOXKHO 3amucarhb JaB-
JIEHHs, CO3/IaBaeMBble Maarolell, OTPAKEHHON M TIPETOMIIEHHOW BOI-
HaMHU, B BUJIE

I:)i = plmiq)ﬂ I:)r = plmrq)r’ Pt = ch‘)tq)t- (HZ'S)
Breraucnsas IpaaIruCHTHI IIOTCHIINATIOB (H2.2), MOXXHO IIOJIYYHUTH KO-

nebaTenbHbIe CKOPOCTH MagaroIeH, OTpa)I(GHHOﬁ u HpeHOMHeHHOﬁ
BOJIH B BUJIC BI)Ipa}KeHI/Iﬁ

V. =V (sina,—cosa)",
V. =V (sinB, cosp)’,
V, =V, (siny,—cosy)",
rac vi , Vr , vt — KOMILJICKCHBIE MOAYJIM BEKTOPOB K0J1€e0aTeIbHbBIX CKO-
POCTEi, OIIMCHIBAEMBIC BHIPAKECHUSIMHU
. ) . .0 . " .M .
Vi=j—o, V,=]—L0, V,=]—L0,. (112.4)
G G C,
\/tx ¥ HOPMAaJIbHBIE Viy, Vry, Vty KOM-

IOHCHTBI 3THX KOMIUICKCHBIX BCEKTOPOB OMNHWCBIBAKOTCA CJICAYIOIIUMHA
BBIPAKCHUSIMU

V, =V.sina, V. =V sinp, V. =V,siny,
V,, =-V, cosa, V,, =V, cosB, V,, =-V, cosy.

Tanrennuaissse V. , V.

IX ! rx?
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I12.1. OcHOBHEIE 3aBHCHMOCTH

Ha TrpaHrule TOJDKHBI OTCYTCTBOBATH CKAa4YKU AaBJICHUA U HOpMaJlb-
HOU cocTaBJIstoNIeH KonedbaTebHoi ckopocTh. [loaTomy

(P| + Pr) |y:O: Pt |y:01 (viy +vry) |y:O:vty |y:0 :

DTH TpaHUYHBIE YCIOBHS UMEIOT MECTO JUTS Beex 3HaueHuidt X u i,
ecIi paBHBI 3KCTIOHEHTHI B Beipaxkenusx ([12.2). Torma, mpuHHMas BO
BHHMaHue Beipaxenue (I12.1), umeem

o {t —Ci[(x+ X(t))sina—Y(t) cos(x]} =

1

=, {t—é[(mX(t))sinB+Y(t)cosB } (112.5)

= {t——[ X+ X (t))siny - Y(t)COSY]}

OTH paBEeHCTBa MPEBPAIIAIOTCS B TOKIECTBA, €CITN

ﬂsinoz:&sinB:&siny, (112.6)
Cl Cl C2
o {t —X—(t)sin a+mc03a} =
C G
=, {t— X (1) sinB—Y(t) cos[_%}z (112.7)
G G
=, [t— X siny + Y cos@.
C2 CZ

W3 seipaxkennii (I12.6) u (I12.7) MOKHO IIOJITyYHTh

{ c(l)Cosa}Smm YOsinacosp=tsina, (28

{H%cow}siny—?sin aCcosf :C—Ztsina. (112.9)

1 Cl
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IMTPMJIOXXEHUE 2. 3AKOHbBI CHEJUVIMYCA B CJIOXXHBIX JMHAMNWYECKUX
YCJIOBUAX

W3 seipaxennit (I12.6), (I12.8) u (I12.9) BuaHO, 4TO YIIIBI OTpaXke-
HUS U TPEJIOMIICHUS, & TAK)KE YAaCTOTHl OTPAKEHHON M MPETOMIICHHON

BOJIH HC 3aBUCAT OT IMapaME€TpOB ABMXCHUS I'PaHUIbI BAOJb OCH XO n

OMMPECACIIAIOTCA MapaMeTpaMu €€ ABMXXCHUA BAOJb OCH yO U CKOPOCTA-

MU 3ByKa B IPaHMYAIINX CPEIax.

I12.2. O60061meHHbIe 3aKOHbI 0TPAKEHHUS U MPeTOMIIeHUS
NPH ABHKEHUH I'PAHUIBI pa3/iesia cpej
€ MOCTOSTHHOM CKOPOCTHI0

ITycTes Tpanuna JBHXKETCS BIOIb OCH Y, C IOCTOSHHOM CKOPOCTBIO

V (r.e. Y (t) = vt). Torma u3s Beipaxenuii ([12.8), (I112.9) crnenyer

v . vV . .
(1+—c03u]sm[3+—sm acosP=sina, (I12.10)
G G

v . V. C, .
1+—cosa [siny——sinacosy=-2sina. ([2.11)
G

Cl Cl
Otkyna
sin(B+¢)=Ksina, (I12.12)
sin(y—o) = KC—Zsina, (I2.13)
C1
riue
V.
—sina
¢ =arcty—2—— (I12.14)
1+ —cosa
C1
K= ! . (I12.15)
2
v v
\/1+2+ 2—cosa
G G
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[12.2. O6001IeHHBIE 3aKOHBI OTPAXEHHUS 1 MPETOMIICHHS TIPU IBIKSHUH
IPaHHMIIBI pa3Jiesa cpesl ¢ MOCTOSHHOM CKOPOCThIO

KpyroBele 9acToTBl KONCOAHMHA OTPAKEHHOW H IMPEIOMICHHOM
BOJIH OTKCHIBAIOTCS BHIPAXKEHUSIMHU

sin
L (112.16)
sinB
c, sina
O, =0, 2——, (I12.17)
c, siny

psAMO clieyrommmMu 3 Beipakenuit (I12.6). [IpuHuMas BO BHUMaHHE
pasenctra (I12.10), (I12.11), umeem

v
1+—cosa
o
o, =0 ——, (112.18)
v
1-—cosp
G
v
1+—cosa
C
o, = o 1 (I12.19)
Vv
1+-—cosy
CZ

U3 dopmyn ([12.12) — (I12.19) Buano, uTO IpU (PUKCHPOBAHHOM
yIie majeHus O yribl OTpaKeHus [} W mpeiomyeHus Y, a TAKKe dac-
TOTBI KOJIEOaHMI OTPaKEHHOH (O, W NPETOMIIEHHON (D, BOJIH HE 3aBH-
CAT OT BPEMEHHU M OIPEIEIIOTCS CKOPOCTBIO V IIBHKCHHSA I'DaHULBI
BJIOJIb OCH Y, M CKOPOCTSMH 3BYKa B rpaHuyainux cpegax C;, C,.

Beipaxenus (112.12) u (I12.13) 060611ar0T GopMyIibl, OMUCHIBAO-
IIMe KIACCHYECKHE 3aKOHBI OTpakeHHst U mpenomieHust CHemnnyca, a
Boipakerus ([12.18) u (I12.19) — 3aBUCHMOCTH, OMUCHIBAOIIHME KIIACCH-
yeckuit s ekt Jomnepa.

U3 dopmyn (I12.12) u (112.13) npu orcyrcrBuu asmxenus (V =0)
CllelyloT M3BeCTHbIE cooTHomenus o0=f, C SINy=C,SiNa, a u3

¢dopmyier ([12.18) npu ABMIXKEHHWH TPAHUIIBI C MOCTOSIHHON CKOPOCTHIO
V ¥ HyJieBOM 3HaueHuu yria nagenus (o= =0) — npyroe usBecTHOE
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IMTPMJIOXXEHUE 2. 3AKOHbBI CHEJUVIMYCA B CJIOXXHBIX JMHAMNWYECKUX
YCJIOBUAX

COOTHOIICHHUEC, OIIMCBIBAIOIICC IJIA OTpa)KGHHOﬁ BOJIHBI OOINNICPOBCKUEC
HCKaXXCHHUA 4YaCTOTHI.

1+

Cl
O =0 — -
1——

G

I12.3. Oco0eHHOCTH OTPaKEHUS U NMPeJTOMJIEHUS BOJTH
NP ABH:KEHUHW TPAHMIIBI Pa3iesa cpej
¢ MIOCTOSIHHOH CKOPOCTBLIO

3aBHCHMOCTH CMEIIEHUI YTJI0B OTPaXCHUSL AB U MPEIOMIICHUA

A’Y OT BCJIMYMHBI yIJla NMagCHUud NPEACTAaBJICHBI HAa PpHC. H22, a 3aBH-

O o
CUMOCTH OTHOCHUTECIIBbHBIX 4YACTOT _I’, —t OTpa’>XCHHOHU U MPEJIOMJICH-
o o
] |

HOW BOJH OT TOW e Beau4yuHbl — Ha puc. [12.3. Ha atux pucyHkax
AB=B—-By. Ay=7—7,, By, Yo — YIiIbl OTpaskeHHUs U IPETOMICHHSL
B OTCYTCTBHMH IBIKEeHHUS. KpWBBIE MONyYEHBI C MCIIONB30BaHHEM (op-
myn (112.12) — (112.15), (I12.18), (I12.19). OHU COOTBETCTBYIOT CKOPO-
CTAM 3BYKa C; =34OM/c, C,y =1500M/c. Puc.112.2, 6 n puc. I12.3, 6
TPUBEACHBI IS <10 KPUTUYECKUX» 3HAYCHUH yIiia mageHus O, Korga
YTOJI IPETIOMIICHHS Y SIBIISICTCS BEIIECTBEHHON BENINHOH.

W3 rpadukoB BHIHO, 4TO AaXe MpH HeOONbIIONH (B CpaBHEHHH CO
CKOPOCTBIO 3ByKa C;) CKOpPOCTU V HaOIIONAIOTCS 3aMETHBIC CMELICHUS

YIJIOBBIX M YacTOTHBIX IapaMETPOB OTPAKEHHONM U IIPEIOMIIEHHOU
BOJIH. BenuunHa cMelieHusl 3aBUCHUT Kak OT aOCOJIIOTHOTO 3HA4YEHUs
CKOPOCTH JBMXKEHHSI TPAHUIIBI, TaK U OT HampasieHus ABikeHus. Cume-
IICHUS YTIOBBIX ITapaMETPOB BO3PACTAIOT C YBEIHICHUEM a0COIIOTHOTO
3HaYEHUS CKOPOCTH.
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[12.3. OcoOeHHOCTH OTpaXKeHHs ¥ IPETIOMIICHUSI BOJIH TIPH JIBIKSHUH
TPAHULIBI Pa3/ena cpel ¢ HOCTOSHHON CKOPOCTHIO

AB,

adaa.
1

LT
/
|

0,5

0

-0,5

=
<
BN

0 10 20 30 40 50 60 70 80 «,@daa.

I
~—

e~

-1
-1,5

-
/
L—
—
e —
~—
\

T~

SN/I\\ .

a

Ay,
doaa.

AN oo |~

O SN N

0 5 10 o, a0aa.
o

Puc. [12.2. 3aBucumoctu cMelieHuii yrios orpakenus AR (a) u npenomiuenus

Ay (6) ot yrna nagenus Ay npu ckopocTu nBmxeHus rpanuus V =—4, -3, -2, —

1,0,1,23,4 M/C (cootBeTcTBeHHO KpuBbie 1 — 9)
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TPUJIOXEHUE 2. 3AKOHbI CHEJIJIMYCA B CJIOXHbBIX TMHAMWYECKHUX
YCJIOBUAX

l:lf‘
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o, 80aa.

Puc. [12.3. 3aBHCHMOCTH OTHOCHTEIBHBIX YaCTOT OTPAKECHHOM BOJTHBI

o, / ®, (a) n npenommnenHoi Bomuel ©, / 0, (6) OT yria NajeHus o npu

ckopoctu V=-4,-3,-2,-1,0,1,2,3,4 M/C (coorBeTcTBeHHO KpHBBIe 1 — 9)

[Ipu ynaneHuy rpaHuIlbl OT UCTOYHHUKA YTOJ OTPaKeHHUs B OTKIIO-

HSETCS B CTOPOHY I'paHMIBI, C BO3pACTaHHUCM yrIJia magcHus O cMeIie-
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[12.3. OcoOeHHOCTH OTpaXKeHHs ¥ IPETIOMIICHUSI BOJIH TIPH JIBIKSHUH
TPAHULIBI Pa3/ena cpel ¢ HOCTOSHHON CKOPOCTHIO

uue AP cHavana yBenuumBaeTcs, a 3aTeM YMEHbLIAETCS 10 HyJs. [Ipu
NpUOJIMKEHUH TPAHHIBI K HCTOYHUKY Yrojil 3 OTKJIOHSETCS B CTOPOHY
OT IPaHUILBI; ¢ yBeIudeHneM O cmemienne AP MOHOTOHHO pacTer o

a0COJIIOTHOM BEIMYHUHE.
[Ipy OmpeneneHHOM COOTHOIIEHHH MAapaMeTpoB yroia [B Moker

NPUHMMATE 3HaYeHHs!, KoTopble Gonbiie 90 rpamxycos. DTOT CTPaHHEIH,
Ha MepBbIi B3, 3bdeKT HabmoaaeTcs TOIBKO NPH YANEHHH TPaHH-
11BI OT HCTOYHHUKA.

[lo Mepe yBenudeHHs: MOAYJIs CKOpocTH |V | 3Hauenme yrma o,

pU KOTOPOM HaOIIoJaeTcs 3TOT 3PQEKT, CMENAeTcs B CTOPOHY MEHb-
mmx yrioB. Eciu 1iist cpaBHUTENBEHO HEOONBIINX CKOPOCTEH OHO HAaXo-

nuTes B paiione o =90° (cm. puc. [12.2, a), T0, KaK cieayeT u3 BbIpa-
xennit (112.12), (112.14) u (112.15), mmst V —> C; oHo ctpemutcs K 0.

Ilpu V =C, oTpakeHHE OT I'PAHUIBI OTCYTCTBYET, YIOJ OTPaXKCHUS

B =180° u oTpakeHHas BONHA COBMAIAET C NaIAIOMIEH.

XapaKTep 3aBUCUMOCTH CMCUICHUA yTIJIa NPECJIOMJICHUA OT yIJjia ma-
JICHUS WHOM. HpI/I YAQJII€EHUHU I'PpaHUIIbl OT UICTOYHUKA YT OJI IMTPEJIOMIICHUA
Y OTKJIOHSETCS B CTOPOHY I'PaHULbI; C YBEIUYCHUEM yTIjia MaJCHUSA o

MNPpOUCXOOUT CHavdaJla YBEJINICHUEC CMCIICHHS YyTIla MPEJIOMIICHU A’Y , a

3aTEM YMCHBIICHUC OO HYJIA. HpI/I HpI/I6J'H/I)K€HI/II/I T'paHULbI K HCTOUYHHUKY
YTOJI IPEJIOMICHUA Y OTKIIOHSACTCA B CTOPOHY OT I'DAHULIBI; C YBEIIUYC-

HHEM yria Ol CMCEIICHHUE A'Y BHa4daJI€ pacCTeT 110 a0COJIFOTHOH BEJIMYH-

HE, a 3aTEM MagacT a0 HYJIA.
3HaucHUe 9KCTpEMyMa CABUTA A’Y, a TaKXC COOTBETCTBYrOLIas

€My TOYKa (lm yria naacHuss O 3aBUCSAT OT CKOPOCTHU ABMIKCHUS Ipa-

unupl. C Bo3pacTaHneM abCONIOTHOTO 3HadeHus |V| 3uauenwe 0,

YMEHBIIAETCS.
W3 Beipaxkenns ([12.11) cnemyeTr 3aBUCHMOCTDh KPHUTHYECKOTO yIjia

najgeHus O, OT CKOPOCTH IBMKEHHA V M CKOPOCTH 3ByKa B IpDaHHYa-

IUX Cpeiax:
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IMTPMJIOXXEHUE 2. 3AKOHbBI CHEJUVIMYCA B CJIOXXHBIX JMHAMNWYECKUX
YCJIOBUAX

) o
o, =arcsin———+ arctg —
¢ +v? Cz

IIpu manoit ckopoctu V KPUTHUYECKHI YroJl OKa3bIBa€TCA MPaKTH-

YeckM KOHCTaHTOH. B paccmaTpuBaeMom mpumepe ams |V |< 4OM/ c
BEJIMYMHA O, JIEKHT B uanazone 14 -15".

ITo Mepe yBenuueHust aGCONFOTHOTO 3HAUEHUs CKopocTh |V | cme-

IIEHUS  YaCTOTHBIX  [apamMeTpoB, KaK TMPaBWIO, BO3PacTarOT
(cm. puc. T12.3). VICKiIt0YeHHEM SIBIISICTCS 4aCTOTA OTPAKCHHON BOJIHBI

(O, IpU OTPUIATENBHBIX CKOPOCTAX V: B palfoHe OOJBIIUX YITIOB O
BO3pacTaHUE BENUIUHBI V COMPOBOKIAETCS HEOOIBIIUM yMEHBIICHHEM

CMEUICHUSA (Dr .

I12.4. O6006111eHHBIE 3aKOHBI OTPAKEHUSI
U MpeJIoMJIeHNsI IPU IBMKEHHH IPAHUIIBI pa3jiesia cpej
¢ epeMeHHOi CKOPOCThI0

Korma rpanuma aBYKeTCs HEpaBHOMEPHO, u3 Bhipakeruii (I12.6),
(112.8) u (I12.9) cnenytor dopmyisl, anamoruunsie (I12.12), (I112.13),
(112.18), (112.19):

sin(B+o(t)) = K(t) sina, (I12.20)
sin(y—o(t)) = K(t)—sma (12.21)
1
t+Yét)c03a
o, =0 — e (112.22)
t— MU cosf
Cl
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[12.4. O6001IeHHBIE 3aKOHBI OTPAXXEHHUS 1 MPETOMIICHHS TIPU IBIKSHUH
TPaHMIIbI pa3jiesa cpejl ¢ IEPEMEHHON CKOPOCThIO

t+ Y(ft) Cosa
Y Y E— (I12.23)

t+ @cow

C2
rmue
wsin o
o(t) =arctg —S{l © : (112.24)
t+—~>cosa
Cl
K(t) = __! | (112.25)
\/tz o gt) 120 o5
G G

W3 seipakenwnii (112.20) — (I12.25) BuaHO, YTO MPU HEPABHOMEPHOM
JBHKEHUH TPAHHUIIBI YTJIBI OTPAKEHUS U MPEJOMIICHHS, a TAKKE KPYyro-
BBIE YACTOTHI OTPAKECHHOM H TIPETOMIICHHOM BOIH SIBISIOTCS (PYHKITHS-
MH BpeMeHHU. Buj 3THX 3aBHCHMOCTEH OMpENeseTCsl 3aKOHOM JIBHIKE-

HHJ I'paHUIbI BOOJIb OCU yO , @ TAKIKE CKOPOCTAMMU 3BYKa B I'paHUYAIINX

cpenax.
I12.5. Koa¢puuueHThI OTPaKeHUs U NpeToMIeHUs!
NPH ABHKEHUH T'PAHUIBI pa3jieia cpej

C yuerom coornomenuit (I12.2) — (I12.7) rpaHWYHbIE YCIOBHS
MOXHO 3aIUCaTh B BUJIC

PO A +po A = p,o A, (112.26)
&A, cosa—&A cosB:&A COSY. (I12.27)
Cl Cl C2

Pemas 3TH ypaBHEHHs] OTHOCHTEIBFHO OTHOILICHUS AMIUIATYH, C
yuetom cootromenuii ([12.2) u (I[12.5) momyynM BeIpaKeHUE I KOM-
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IMTPMJIOXXEHUE 2. 3AKOHbBI CHEJUVIMYCA B CJIOXXHBIX JMHAMNWYECKUX
YCJIOBUAX

IUIEKCHBIX K03 duumeHtos ompascenus Ky wu npoxoocoenus Ty 1o
HOTEHIHATYy CKOPOCTH:

@, A of(gcosa—cosy)
o= - x )
D, A o, (qcosp+cosy)
, (12.28)
D A _ ®;2C0Sa
) o A on(gcosa+cosy)’
_ PG .
rac q = —— — OTHOILIICHUEC BOJHOBLIX COHpOTI/IBHeHI/II/I.
P:C

U3 Beipakenuii ([12.20) — (I12.25), (I12.28) Buato, 4T0 KO3PPHITH-
CHTBI OTPAKCHUSI U MPOXOXKICHUSI HE 3aBUCAT OT [IAPAMETPOB JBHKEHHS

BIOIIb OCH X, @ ONIPEACISAIOTCSA TapaMeTpaMy NEPEMEILEHNS BIOIb OCH
Y, ¥ mapamMeTpaMyu rpaHAYaIIuX CPE.

Ha ocuoBanuu Beipaxenuii (I12.3), (I112.4), (I12.28) uerpyauo mo-
JTy49nuTh (HOpMyJIBI, ONMUCHIBAIOIINE KO3(DMUIIMEHTH OTpaskeHHUs U IIpe-

JIOMJIEHHS 110 TaBJIEHUIO KP , Tp , Koje0aTeIpHOU CKOPOCTH KV , T u

mooyno eexmopa Ymoea — Iotimunea KU , Tu :

Ko=tr| —Qcg, To=tt POy
Pl = o Pl = po
ily=0 i ily=0 i
v v (112.29)
r . O‘)l’ . . .
szv :KP:_KEI)’TVZV} _tan:n
ily=0 ; ily=0 ;
. Lo 2
K.u :& —R\ir :KPKVZ&Km '
U : .
I y=0 F>IVI y:0 I
. , (I12.30)
. U PV, . P, Flog
Ty=5H = 't A =TT 2Tyl
U, 0 PV, 1o Pr O
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I12.5. KosdduimeHTs! 0TpaXkeHHs: 1 IPEIOMIICHUS IPH ABHKESHUT
IpaHMIbI pa3ziena cpes

rre U,, U, , U, — xommiekcHbie Moy BekTopoB YmoBa — [loiTuH-

ra, CBsI3aHHBIE C gexmopamu Ymoea — Iloumunea Ui , Ur , Ut hopmy-

JJaMHu

U, =U,(sina, —cosa)’,
U, =U, (sinB, cosp)’,
U, =U,(siny, —cosy)".

3Hast BekTOpel YMoBa — IloliTuHra, JI€rko paccuuTarb GeKmopbl
UHMEHCUBHOCIU

J =Re[U], J.=Re[U.], J, =Re[U,]. (231
U3 dopmyan (112.29) — (I12.31) BuaHO, 4TO Ha)ke B TOM Ciiydae, KO-

rAa rpaHu4daniyue Cpeabl HE OTINYAKOTCA MEKAY cO0O¥ O MIOTHOCTH U
CKOPOCTH 3BYKa, HO MMCCT MCCTO HUX B3aMMHOC TNEPEMCIICHUC BIOJIb

ocH Y, HabIIOaeTCca OTPaKEHUE U TIpeNoMIleHre BoJH. [Ipu aTom yr-
JIbl TMAJEHHs], OTPAXEHUS U MPEJOMIICHUs OTIMYAIOTCS APYr OT Apyra,

OTJIMYAIOTCS M 4YacTOThl MaJarolicH, OT‘pa)KCHHOﬁ u HpeJ’IOMJ’IeHHOﬁ
BOJIH, a TaK)K€ UX aMILIUTYIbI.

I12.6. O60061IeHHbIE 3AKOHBI OTPAXKEHHUS U MPeJIOMJIeHUsI
AJISl TBEPABIX TeJl, ABHKYIIMXCS B 5KUTKOCTH

OtpaxkeHue JIydel OT TBEPIOro Tela, ABHXKYLIErOCS B KHMIKOCTH,
MOAYMHAETCS 00OOLIEHHOMY 3aKOHY OTPAKCHHS, CIPABEIIHBOMY IS
KHUIKUX Cpel, OJHAKO 3aKOH MPEIOMIICHHsSI HECKONbKO HHOH [55].
OTiuune BBI3BAHO TEM, YTO B KHIKON Cpe/ie MOTYT PaCpOCTPAHSThCS
TOJIBKO IPOAOILHbIE BOJIHEL, & B TBEPAOM TeJlE€ — TAKKE M MONEPEUHLIE.
CKOpOCTH pactpOCTPaHEHUS STHX IBYX THUIIOB BOJIH pa3id4HbIC: VI

HPOJONIBHBIX BONH OJgHA ckopocTh (C,), a i IIONEepeYHbIX —

npyras(Cy,, ).
Ipo/obHEIE U TIOTIEPEYHBIE BOJIHBI B TBEPIOM Tejle POPMHUPYIOTCS
TaK K€ KaK U IPOJIOJIbHbIE MPEIOMIICHHBIC BOJIHBI B JKHIKON cpene. 13-
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IMTPMJIOXXEHUE 2. 3AKOHbBI CHEJUVIMYCA B CJIOXXHBIX JMHAMNWYECKUX
YCJIOBUAX

3a OTJIIMYHSA CKOPOCTEH pPacIpOCTpaHEHUs] BOJH HAMpPaBJICHUS HX pac-
MPOCTPaHECHUS — TOXKE pa3HBIC.

DopMyIbl, ONUCHIBAIONIME TMapaMeTpPhl nonepeuHol BOJHBI, Clie-
IyIoIye:

sin(5-g(t)) = K(t)%sina,

()

Cosa

Oy = (Di v\
Y(t) c058

Cat
rae O — yros mpenoMiIeHHs U (O, — KPyroBasi 4acToTa IPeIOMICHHOM
MOTIEPEYHON BOJIHBI.

* * %

Taxum 00pa3oM, B yCIOBUSIX JBM)KEHUS 3aKOHBI OTPaXXEHUS U IIpe-
JIOMJICHHS OTJIMYAIOTCSI OT KIIACCHYECKUX 3aKoHOB CHemmmyca. J|Bmxke-
HUE T'paHMLBI pa3liena cpell BI0Jb HOpMaJld MEHSET MapaMmerpbl oTpa-
JKEHHBIX U PEJIOMJICHHBIX BOJIH: MX YaCTOTbI M YIJIbl OTPAXKEHHUS U Mpe-
nomJeHud. Jaxe mpu MaibIX CKOPOCTSIX BUKEHHUS TPAHMIIbI TPOUCXO-
JT 3aMETHbIE M3MEHEHHsS YTIIOBBIX W YACTOTHBIX MapaMeTpOB OTpa-
JKEHHBIX M MPEJIOMJICHHBIX BOJIH. Beln4ynHa u3MeHeHus 3aBUCUT OT ab-
COJIIOTHOT'O 3HAYEHUS] CKOPOCTH JABIDKEHHS TPAHUIIBI U HATIPABIICHUS ee
nBrkeHus. [lpu HepaBHOMEPHOM JBM)KCHUHM TPAHMIIBI YaCTOTHI OTpa-
JKEHHBIX U IPETOMIIEHHBIX BOJIH, a TAK)KE YIJIbl OTPaXXEHUs U IPEIoM-
JICHUS SBISIOTCS (PYHKIUSAMH BPEMEHH.



MNPUJIOKEHHUE 3

XAPAKTEPUCTUKHU BOJIHEHUSA MOPS
N ITAPAMETPbBI KAYKHN

JInst onmMcaHusi CTENIeHW BOJIHEHHMS MOPS HCIOJb3YIOT Pa3nyYHbIC
IIKaJIBl, XapaKTepU3yIONIie BHICOTY BOJH, 3BI0M M CKOPOCTH BeTpa:
mkany /[yrinaca, mkamy koga Ne75 BceMupHOil MeTeopoioruyeckoin
opranuzauunu u mwkaity bodopra [163].

Criemyer UMeTh B BUAY, YTO B OKeaHOIpa(uu 1oJ; TEPMHHOM «<MOp-
CKue 8onHbl» TIOHUMAIOT BOJHEI Ha TIOBEPXHOCTH OKEaHa, BOSHUKAIOIIUC
O] ICWCTBUEM BETpa WM MOJICPKUBAEMBIC BETPOM B Mpeleiax 3apo-
KIICHUS, a TI0Jl TEPMHHOM «3bl0b» — BOJHBI Ha TOBEPXHOCTH OKEaHa,
HaOII0JaeMble BHE 3TOM 00JI1aCTH.

B pa6orax [163, 186] mpuBeneHbI JaHHBIC O TOBTOPSIEMOCTH BOJH
pa3HOM BBICOTHI IO OTHAENBbHBIM pallOHaM MHPOBOIO OKE€aHa U yCpel-
uernble (Tabm. [13.1) maHHBIE 10 BCEMY MHUPOBOMY OKEaHy.

Tabmwma I13.1
YacToTa NOBTOPSIEMOCTH BOJIH Pa3HOii BLICOTHI B MHPOBOM OKeaHe

Bricora Booin,m (0-09109-12(12-21|21-3,6|3,6-6,0 |boxnee 6,0

YacToTa noBTO-

psiemocti, % 20 25 20 15 10 10

BounHBI Ha MOpE B YCIIOBUSX BETPa OOBIYHO COCTOST U3 MHOXKECTBA
MEJIKAX BOJH, HAJIOKCHHBIX Ha Ooyiee KpymHble. [lepmoguyHOCTs MX
CIICIOBAHMUS, KaK MpaBWIIO, HapymieHa. Mx rpeOHu Oojnee ocTpele, 4yeM
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MMPUJIOXEHUE 3. XAPAKTEPUCTUKHU BOJIHEHM A MOPA
U ITAPAMETPBI KAYKU

rpeOHM CHHYCOMAAIBHBIX BOJH. JliMHA TpebHel comocTaBuMa 1o pas-
MepaM ¢ JUTMHOM BOJIHBIL

BouHb! 36101 6oliee yropsii0ueHbl, IMEIOT OoJiee JUIMHHBIE TPEOHH,
0oJiee 3aKpyTJICHHBIC BEPIIMHBI U O0Jiee CTaOMILHBIN MEPHOJI CIeI0Ba-
HHSL

Cpennuii mepuo MOPCKUX BOJIH T KOJICOJETCS B AMama3oHe OT 3
no 10 cexyun, a cpennexBaapatudeckoe otkioHenne (CKO) opmunart
6 — ot 0,2 1o 2 metpos (tabum. 113.2) [145, 150].

Ta6mua 113.2
IMapameTpbl cHEKTPa MOPCKOr0 BOJTHEHHsI

Mapamer CTeneHb BOJHEHHUS, 0AJLTbI
pamerp 3 4 5 6 7 8
BpbicoTa BOJIHBI
h 1,25 2,0 3,5 6,0 8,5 11
3% * M
Cpennuid
nepuoa BOJH 3,7 45 6,0 7,8 9,2 10,5
T,c¢
?‘ﬁ OpAuHAT 0,24 039 | 066 | 1,13 | 1,6 | 208

CpenHuii mepro/1 BOJH 310K OOJIBIIE, YeM MEPHO MOPCKUX BOJIH.
OH konebiercs B auanasone ot 5 10 30 cekyH,I.

Yarmie Bcero BOJHEHHE, HAOMIOAaEMOE B OKEaHE, SIBJISETCS Pe3ylib-
TAaTOM HAJIOKCHUA BeTpOBOFO BOJIHCHHUS U HECKOJIBKUX BOJIHOBBIX CHUC-
TeM 3bI0M. AHaMH3 OOJBIIOTO KOJHUYECTBA HAOJIOJICHHA B CEBEpO-
BOCTOYHOM YacTH ATJIIAHTHYECKOrO OKeaHa mokasai [23], uro BeTpoBoe
BoJIHEHHE HaOmoaaercs B 18 — 21% ciyvaes, uncras 36106 — B 3 — 5% un
CMEIIaHHOE BOJIHCHUE C PAa3IMYHBIM COUYCTAHHWEM THIA BOJH — B 74 —
75% ciy4aes.

Jns riryGoKoil BOJBI KJIacCHYeCKasi BOJIHOBASI TEOPHS YCTAaHABIIH-
BaeT ciedylolee npuMepHoe cootHomrenue [191] Mexny minHON BoJI-
uel L B MeTpax, mepuosom T B ceKyHAax M CKOPOCTbIO V B METpax 3a
cexynay: L ~1,5t%, v=241.

Ha6mronenns mokaseiBaroT [163], 4T0 OTHOIIEHHE BBICOTHI MOP-

CKHX BOJIH U 3bI0M K [UIMHE BOJHBI B OOJIBIIMHCTBE CIIy4acB JICKHUT B
nuamnasone ot 0,1 xo 0,008.
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XAPAKTEPUCTHUKU BOJIHEHU S MOPA
U TTAPAMETPBI KAYKHA

Mopckre BOJHBI W BOJHBI 36I0M PACTIPOCTPAHSIOTCS C Pa3sHON CKO-
pocteio. B padore [163] mpusenmeno pacnpenencuue (puc. I13.1), xa-
pakTepusyrolee pa3opoc CKOPOCTEH ABIIKECHHS BOJIH.

w

0,9
0,8 AN
0,7 A\

’ N\
0,6 \

0,5
0,4 AN

0,3 \\
0,2 \

0,1

0 05 1 15 2 v, 1/
Puc. I13.1. Pactipenenenue ckopocreir V ABHKEHHS MOPCKHX BOJIH

ITo oxuum manubiM [163] sHEpreTHyeckuii CIIEKTP MPAKTUYIESCKH HE
3aBUCUT OT BOJHEHHs MOpsi, 0 Apyrum [184] — mupuHa criekrpa mpu-
MEPHO IIPONOPLNOHATIBHA CKOPOCTH BETpa.

PacueTsl m sKCIepUMEHTANBHBIE JAHHBIE MOKA3BIBAIOT, YTO YTIIBI
KpeHa, TudQepenTa u prICKaHus 3aBUCAT HE TOIBKO OT BOIHECHUS MOPS,
HO Tarke OT MOPEXOJHBIX XapaKTEPUCTHUK KOpaOiisi, CKOPOCTH XOja,
OpPHEHTAMN OTHOCHUTEIHHO HANPABICHUS PACIPOCTPAHEHHUS MOPCKUX
BOJTH U APYTHX MIApaMETPOB.

UYeMm MeHbIIE KOpabiib, TeM OoJblliee BIMSHHE HAa HErO OKa3bIBACT

BoJHEHHUE Mopsi. [Ipu cHbHOM TopMe amIuuTyaa kpena ® kopabieit
Maroro Bogom3melnenus goxomut 10 30 — 40°, muddepenra ¥ — n0

10 — 15°, poickanns @ — 10 5 — 7°, a BepTUKAIBLHBIX HepeMeIIeHH I
Z —105-8m.

[epuonrr kpena, muddepeHTa ¥ BEpTUKATBHBIX IePEMEIICHUN Jie-
’KaT B guana3zoHe coorBerctBeHHo 5—15¢,4-10cub5-20c.

YcpenHeHHbIE 3aBUCHMOCTH IMaPaMETPOB KAYKU OT OPHEHTAIUH
KOpalJIsi OTHOCUTEIHHO HAIPABICHUS PACIIPOCTPAHEHHSI MOPCKHUX BOIH
W CTCNCHH BOJHEHHMS MOps TpeacTaBieHbl Ha puc. [13.2 u I13.3
COOTBETCTBEHHO.
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MMPUJIOXEHUE 3. XAPAKTEPUCTUKHU BOJIHEHM A MOPA
U ITAPAMETPBI KAYKU

]
5 5o
5

oN OO O DN

(-1 |||| il I A

45 90 135 180 ¢, a0 45 90 135 180 ¢.adaa
0
a

= o mmnniE
[ ]
0

Puc. I13.2. XapaxrepHsle 3aBucumocty ammutyn ©, Y (a)

H IIepHooB T, TW (6) xauku oT KypcoBoro yrina { MOPCKUX BOJH (4epHbIE

CTOJIOIBI COOTBETCTBYIOT OOPTOBOM KauKe, a CBETIIBIE — KUIIEBO#)

0,7, Zi
EREEY
20 4
10 2
0 0
3 4 5 8 f 3 4 5 8 [/
a o
T,.T,, T,fi
i
5 10
0 0
3 4 5 8 3 4 5 g8 /)
6 Pl

Puc. I13.3. Xapakrepnbie 3apucumoctd ammuutyn ®, W (a), Z (6) u nepuonos

T, T, (), T, (e) xaukn ot crenenn BonHenus Mops f_ (ua puc. a, 6 yepubie

CTOJIOLIBI COOTBETCTBYIOT OOPTOBO# KauKe, a CBETIIbIE — KHIICBOH)
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MMPUJIOKEHHUE 4

MATPHUIIA ITIOBOPOTA

Mampuya noéopoma antennst A= A(t) npencrasiser coboii op-
TOrOHAJILHYI0 MAaTpHILy, OMMCBHIBAIOLIYIO TaK HA3bIBAEMOE COOCTBEHHOE
spamenue. B nerepmunant det(A) =1, a ATA=AA"=E  rne T
— omepaTop TpaHcrnonuposanus, E — equununas matpuna. Jlo6sie Tpu
oneventa @; (I, ]=1,3) wmatpumsi A ompenensior octanbHbie
IIECTh €€ DJIEMEHTOB.

DyeMeHTBI ;; MPEJICTABIAIOT COO0M KOCHHYCHI YIJIOB My Oa-
3ucHbIMH BekTopamu € cuctembl koopaunat (€, €,, €;) u nosepHy-

TEIMA ~ Oa3UCHBIMU BEKTOpaMu e = Ae CUCTCMbI KOOpJAWHAT

= A

€.8,8): a,=6 & =&Ag, (i,j=13).

Matpuiry A MOXHO ONMHMCHIBATH PA3IMYHBIMU CIOCOOAMM: 3Iie-
MEHTaMH & WM ApYruMH mapamerpamu. OOBIMHO HCIIONB3YIOT Clie-
JYIOLUE MapaMeTphl:

1) yeon nosopoma M wn nanpasraiowue kocunycet C;,C,,C; ocu
BpalleHus;

2) yrast Diinepa o, B, v ;

3) yrast Dinepa — Kpoiiosa oy s Bk, Vs

4) yriet kpena 0, ougppepenma Y ¥ poickanus @ ;
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IMPMJIOXXEHHUE 4. MATPULIA IIOBOPOTA

5) yron peickauus (O W yribl Hakiona V, & K TOPH30HTAIBHOIM

IJIOCKOCTH COOTBETCTBEHHO OCEH X{ n X; .

PaccMmoTpuM Bce 3TH apaMeTpal.

IMpu nepBoM cnocobe 3ajaHusi Matpuily A pacCMaTpHUBAIOT Kak
MaTpHILy, TOBOPAYMBAIOIILYIO PAJANYC-BEKTOP X KakJIO0W TOYKH MPO-
CTPAHCTBA HA YTOJI MOBOPOTAa 1| BOKPYT OCH BpallcHMs. YTOJI IOBOPOTA
T u HampaBlsrole KocuHycel C;,C,,C; ocH BpallleHUs ONPENEIIOT-

cs popmynaamMu

Sp(A) -1 a,—a
cost = P(A) . o =%
2 2sinm
(14.1)
C_a13_a31 C_a21_a12
1 - 1 1 - ’
2sinm 2sinn
rae yron 1 >0 coorserctByeT npaBomy Bpamenuio, a SP(A) — cnen
matpuipsl A .
B sTom Cllyda€ MaTpulla BpalllCHU L A uMeeT cne[{y}omnﬁ BUI.
100 ¢ cC, CC,
A=cosn| 0 1 0 |+(1-cosn)| c,c, €  C,C+
0 01 cC ccC, C’
3¥1 3%2 3 (H42)
0 —¢, ¢,
+sinn| ¢, 0 —C|.
-c, ¢ O

JIBe crlefyrolMe CHCTEMBI MapaMeTPOB OCHOBAHBI HAa MATpHUIIAX
A©), A©), A(L), onuceiBaromux mpasbie Bpamenus Ha yroa (
BOKpYT ocel X, X,, X5:

1 0 0
A()=| 0 cosg =-sing |, (114.3)
0 sin{ cos(
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IMPMJIOXXEHMUE 4. MATPULIA IIOBOPOTA

cos¢ 0 sin
A@Q)=| o 1 0 |, (114.4)
—sin{ 0 cosg

cos¢ -sin{ 0

AQ)=| sinC cosC 0f. (I14.5)
0 0 1

Yrubel Diinepa — yriel TPEXITAITHOTO MTOBOPOTA BOKPYT ABYX OCEH
KOOpAWHAT (BOKPYT OJHOHM OCH, IIOTOM BOKPYT BTOPOH M 3aTeM OISTh
BOKpYT IepBoii). Oreparop moBopoTa He KOMMYTaTHBEH, MIO3TOMY CY-
LIECTBEHHYIO POJIb UIPAET MOCIIEN0BATEIILHOCTD II0BOPOTOB.

B03MOXHBI IIECTh BAPMAHTOB OMUCAHUS MATPHILI A ¢ TIOMOIIBIO
yrioB Oizepa. Yarie Bcero 3TH YIIIbl ONMPEACISIOT KaK yTiibl MOCIe0-

BaTCJIbHOI'O IMOBOPOTAa BOKPYT OCHU X3 Ha yroa O, 3aT€M OCH XZ Ha
yrojia B , 4 IOTOM CHOBA BOKPYT OCH X3 Ha yroma Y. HpI/I 9TOM MaTpula

Bpauienus A npecTaBiser co6oi MPOU3BENICHNE TPEX MATPHIL

A=AMARA(). (I14.6)

Vsl Diepa 0, 3, Y cBA3aHBl C YIJIOM [OBOpoTa T

seipakerusmu (I14.1), (I14.6), U3 KOTOPBIX ClieayeT
o+
COSH = COS—Y COSE.
2 2
Yrasl Diinepa — Kpsutosa 0, , B, Y, HpeacTaBasior coGoi yris

MIOBOPOTOB BOKPYT TpEX ocell. B maHHOM ciydae MOCIIe0BaTEIFHOCTD
MIOBOPOTOB TAaK)X€ HWIPAET CYLIECTBEHHYIO pOJIb. BO3MOXHBI IIecTbh
BapHaHTOB 3aJjaHHs MaTPHIBI C MOMOIIBIO yriioB Ditnepa — Kpreuiosa.

Yaie BCEro MCTIONB3YKOT BAPHAHT C MOBOPOTAMHU Ha yribl Y, B, O
o ! ’ !
BOKPYT COOTBETCTBEHHO oceil Xz, X,, X, ¥ Ha yrusl Y, , O, ,3, Bokpyr

COOTBETCTBEHHO OCeH X5, X, X,.
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IMPMJIOXXEHHUE 4. MATPULIA IIOBOPOTA

B 5Tux ciny4asx mMaTpuna nosopora A MokeT ObITh IpeCTaBieHa
B BHJIe Ipou3sBeaenus Tpéx marpuil (114.3) — (114.5):

A=A (w)ABIAM), (114.7)
A=A BIA () A (114.8)
VYrue Ditnepa — KppimoBa cBs3aHbI CIEAYIOMIMMA COOTHOIICHUSIMHU
[129]:
tga, =tgo, COSP,,
tgp, =tgp, cosa,, (114.9)
Ve = Yk
VY1 Ditepa — KpbuioBa u yritel Diiiepa OQHO3HAYHO XapaKTepH-

3y10T Matpuily nosopora A. OHAaKo HEKOTOpbIe MOBOPOTHI Oceil He-
OJIHO3HAYHO OIHUCHIBAIOTCS HAOOpPaMH YKa3aHHBIX YIJIOB, HamNpuMep,
IIOBOPOTHI, pu KOTOPbIX B popmyie (I14.6) =0 wam npu KOTOpHIX B

dopmyse (14.7) B, =7/2.
PacueThbl OKA3bIBAIOT, YTO MPHU yIiax KpeHa u auddepenrta MeHee
20° otyuume yriaoB O, , P, COOTBETCTBEHHO OT yriuos O, P, cocTas-
y kr Pk y kr Pk

nsieT He Oosiee mecsITKOB MUHYT. [1o Mepe Bo3pacTaHus yriioB KpeHa U
TG depeHTa 3TH OTIINYHS BO3PACTAIOT.

Hano uMmets B BHy, 4TO HA MPAKTHKE OOBIYHO HMCIIOJIB3YIOTCS [[BA
BapHvaHTa OMPEACIICHUA 3TUX MOHATHUH. By]leM CUHUTAaTh, YTO IIJIOCKOCTH

(X,, X,) — ropusoHTanbHAs, OCH X, OPHEHTHUPOBAHA BJOJb PACYETHOIO
Kypca kopabiis, och X; MPOXOJHMT Hepe3 THAMETPATbHYIO JUHUIO KO-
pabuis B HaIpaBIEHUH KOPMa — HOC, @ IIIOcKocTh (X[, X;) mapanienbHa
nany6e. Torna B 060X CIIydasX YIJIOM pblCKaHUs HA3BIBAIOT YTOJ Me-
Iy NpOeKIMel ocH X; Ha TOpM3OHTAIbHYIO wiockocts (X, X,) u

pacyeTHBIM KypcoM KOpaoIs.
B nepBom cnyuae yriom dugghepenma Ha3bIBAIOT Yroyl HaKJIOHA K

v !
FOPU30HTAJIBHOM IIOCKOCTH OCH X; , @ YIJIOM KpeHa — yroil B INIOCKO-
! ! ! v 19}
cta (X;,X;) Mexmy ocblo X, ¥ JMHUEH NepeceueHHs IUIOCKOCTell

(X0 X;) 1 (X0 X5).
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IMPMJIOXXEHMUE 4. MATPULIA IIOBOPOTA

Bo BTOpOM ciydae yriioMm oughgpepenma Ha3bIBaIOT yTod B IIOCKO-
! ! ! o o
ctu (X[, X3) Mexay ocblo X, U nuHHell MepeceueHus MIOCKOCTeH

(Xi', Xé) U (Xl, Xz) , @ YIJIOM KpeHa — YroJl HaKJIOHa K TOPU30HTAIbHOI

!

mockoctn (X, X,) ocu Xj .
VI3 NpHBE/IEHHBIX ONpE/IEIeHHH CIETYET, 4TO B [IEPBOM CITydae yr-
nbl kpena 0, nuddepenta Y u phICKaHMs () COBMAJAIOT COOTBETCT-

BC€HHO C yrjaMu (Xk, Bk' 'Yk, a BO BTOPOM — COOTBECTCTBEHHO C yIjlaMHU

s Bies Vi

OOBIUHO TOJIOKUTENBHBIME CUUTAIOTCSI KPEH Ha IpaBblil 0opT,
muddepeHT Ha KOpMy M PhICKaHHE BIPABO, €CIIM CMOTPETh HA KOPadib
CBEPXY.

HHorna BMecTo yrioB KpeHa U AuddepeHTa UCIOIb3YIOT YIbl V
u &, usMepsemble HHKIMHOMETpamMu. OHU ONpPENENSIOTCS KAk yIibl

HAaKJIOHA K FTOPU30HTAJILHOM IIJIOCKOCTH OCEH X{ u X; . OTHU yIJbI CBS-
3aHbI ¢ yritamMu Diiepa — Kpbutosa cienyromumu GpopMyiamu:
sinv =sina, cosf,,

(I14.10)
E.» = Bk'



INPUJIOKEHHE 5

ITYMOBBIE XAPAKTEPUCTUKH
CYA0B U KOPABJIEN

OCHOBHBIMH ~ COCTaBIISIIOIIMMU  IIYMOB CYIOB H  KopaOmei
CUHTAKOTCSL:

— COOCTBEHHBII  IIyM  TIpeOHBIX  BHMHTOB,  BKIIIOYAIOIMINI
KaBHTAI[MOHHBIN IIIyM, IIIyM BPAIICHUs BUHTOB U BUXPEBOH IIyM;

—IIyM Kopmyca KopaOms, oOycIOBIEHHBIH ero BHOpammeill mof
BO3/ICHCTBUEM BpAIICHUS TPEOHBIX BUHTOB, PA0OTHI TIABHBIX U BCIIOMO-
raTeabHBIX MEXaHH3MOB, CPBIBOB BHXpEH C KOPMOBOH OKOHEYHOCTH
KOpaOJIs U KaBUTALIMEH Ha TUIOX0 00TEKaeMBbIX YaCTsIX KOpIyca,

— IPOYHE IIyMbI, B YaCTHOCTH, IIyM, CO3/JaBaeMbIid MOrPAHUIHBIM
CJIOEM KopIryca Kopabiis, iiyM HOCOBOTO OypyHa U Jp.

CIjIoniHas 4acTh CIIEKTpa MyMOB CyHA NEPEKPBIBACT THATIA30H OT
JIECSITKOB JI0 THICSIY Tepll, TUCKPETHBIE K€ CIEKTPANbHbBIE COCTABIISIO-
e 0OBIYHO COCPEOTOUYCHBI B 001aCTH HU3KUX YaCTOT.

Crnemyer OTMETHTD, YTO C TTOBBIIIIEHUEM CKOPOCTH JBH)KCHUS CYIHA
YPOBEHb CO3/1aBAaCMBIX UM IIYMOB PacTeT MPONOPIHOHANBHO MpHOIH-
3UTEJIPHO TPEThEH CTEIIEHN CKOPOCTH X0J1a.

JMCKpeTHBIC COCTABIIAIONIME CIEKTpa LIYMOB CYAOB CBS3aHBI, B
MIEPBYIO OYepeslb, C BPALICHHEM JIoNacTel TpeOHBIX BUHTOB, a TAKXKE C
OMECHUSAMHU Bajla JIBUTATENS W Pa3jIM4YHBIX PabOTAIONIMX MEXaHH3MOB.
JIucKkpeTHbIE CcOCTaBJIsIOIIKE, OOYCIOBICHHBIE BpPAlICHHUEM BHHTOB,
MPOSBJISIOTCS HA YacTOTaX, KPaTHBIX OCHOBHOW TapMOHHKE, KOTOpas
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MokeT ObITh paccumtana 1o dopmyne f =KL/60, roe K — umcno

000poTOB TpeOHOro BUHTA B MHHYTYy, L — KoiamuecTBo nomacreid
rpeOHOr0 BUHTA. JIMCKpETHBIC COCTABIIONINE, CBS3aHHBIE C PabOTOM
MEXaHU3MOB,  OOBIYHO  KpaTHBI  IOJOBUHE  YaCTOTBI  CETH
anexrponutanus (25 'y mpu gacrore cetn 50 ' m 30 'y ipm yactote
ceru 60 I'm).

HccnemoBanust MOKa3bIBAIOT, YTO HU3KOYACTOTHBIC COCTABIISIOLIHEC
CIIEKTpa IIYMOU3ITYYEHHS YaCTO MOJUSPKUBAIOTCS PE30HAHCOM KOpITyca
CyaHa.

B ¢opmupoBaHuH MIyMOBOTO TONS CyJHA BaXKHYIO POJIb UTPAET Ka-
BUTAIIUs, BO3HUKAOIIAs HA KOPIyce, TPeOHOM BHHTE M B HOCOBOM Oy-
pyte. [Ipu MambpiX CKOPOCTSX XO/a BO3HHUKACT «ra30Bas KaBUTAIIUS,
MPOSIBIIAIONIASACS B KOJEOAHUSIX Iy3BIPHKOB BO3MyXa BOKPYT cyaHa. C
YBEJIHUYCHUEM CKOPOCTH X071a Ta30Bast KABUTAIUS [IEPEXOIUT B TAPOBYIO
KaBUTALHIO.

[MapoBast kaBHUTAIMs XapaKTEPU3YeTCsl OBICTPHIM POCTOM MY3bIPh-
KOB 1 TOCJICAYIOMIMM HX CXJIOTIBIBAHMEM, BBI3BIBAIOIINM yIapHYIO BOJI-
HY OOJIBIION aMITTUTY IBI. FIMIYJIbCHI Ta30BOM KABUTAIIMN OIHCHIBAIOTCSI
3aTyxarolle CMHyCOMJI0M, MapoBOM KaBUTAIMU — 3KcHOHEeHToH. Crek-
TPHI UMITYJIbCOB KaBUTAIIMA UMEIOT MaKCHMYMBI Ha YacTOTaX, OIpere-
JISIEMBIX CPETHUM Pa3MEPOM KaBUTHUPYIOIIUX ITY3bIPHKOB.

CHexTpsl IIyMOB Pa3IHYHBIX CyIOB OTIMYAIOTCSA. JTO 0OCTOSTEb-
CTBO CO3/aeT MPEANMOChUIKUA Ui HACHTUPHKAIMK (KIaCCUPUKAIINH)
CyZ0OB 10 uX crekrpaM. OIHAKO TOYHOCTh HUACHTH(UKAIIMYA HEBBICOKA.
CBs13aHO 9TO € TeM, YTO IIPU M3MEHEHUH PeKUMa JBIKECHUS U BKIIOUE-
HUM — BBIKIIOYCHUH PAa3IMYHBIX MEXaHU3MOB CIIEKTPAJbHBIA MOPTPET
cynHa MmeHsieTcs. Ha puc. [15.1 — I15.2 B kauecTBe MpUMEpOB, HILTFOCT-
PHUPYIONINX CKa3aHHOE, MIPUBEACHBI CIIEKTPHI IBYX CYIOB, ITONydCHHBIC
B XOJI¢ IBYX HAYYHO-HUCCICIOBATEIBCKIX THXOOKCAHCKUX IKCIICTUITINI.

W3 pucyHKOB BHIHO, 4TO B OONACTH HH3KHX YacCTOT CIIEKTp Mep-
BOTO CyIHA CONEPIKHUT MHOXKECTBO JUCKPETHBIX COCTABIIAIOIINX, CIICKTP
BTOPOTO Cy/IHA — TOJIBKO JIBE IUCKPETHBIE cocTaBistiomue. B nuanasone
gacrtor 0,1 — 1 [ crekTp MepBOro CymHAa MMEET BCETO HECKOIBKO
JMCKPETHBIX COCTABJIIONIMX, & BTOPOro CyaHa — Oosbinoe uuciao. Ha
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pasHBIX peXHMax JBWKCHHS IEpBOTO CyAHA CIEKTPHI IIyMOB
(puc. T15.1, 6 — 2) 3aMETHO OTIIMYAOTCSI.
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Puc. I15.1. CriekTps! IyMOB HEPBOTO CyAHA IIPH PA3HBIX PEXUMAX IBHKEHHUS:

HHU3KOYaCTOTHBIH (@) U BRICOKOYACTOTHBIN (6 — 2) CIIEKTpPBI
U,
30

B R e O N e

o
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Puc. I15.2. HuskovactoTHbli (@) ¥ BBICOKOYACTOTHBIH (6) CIIEKTPHI [IIyMOB
BTOPOTrO CyIHA

Ha HHU3KHUX YaCTOTaX, KakK HpaBI/IHO, I_I_[I/IpI/IHa ,Z[I/ICerTHLIX COCTaB-
JISIFOIIMX CYIIECTBEHHO MEHBIIIE, YeM Ha BBICOKHMX yacToTax. OopaboTka
KOJICOAHWii ¢ MCIOJIh30BAaHUEM alMapaTypbl CBEPXTOHKOTO CIIEKTPAIIb-
HOI'0 aHaJIM3a I10Ka3aa, 4YTo

— B nuanazone yactor 10 — 60 't mmprHa AMCKPETHBIX COCTaB-
JSFOIUX MOKeT goxoauTs 1o 0,025 — 0,05 'y (puc. I1.5.3),

— B auamnasone yactot 100 — 400 I'it — 5o 0,1 I,

— B quarna3one yactoT 400 — 1000 I'qy — 00 0,5 -1 I'm.
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Puc. I15.3. I'ncrorpamMma pacrnpeaesieHus IUPUHBI JUCKPETHBIX COCTABIISIOLINX
CHeKTpa IIyMOB CyoB B o6iactu yactoT 10 — 60 'y
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CIIUCOK OCHOBHBIX COKPAIIIEHU
OBO3HAUYEHU

Cnucok coxpameHnmii

BII® — 6icTpoe nmpeobpazoBanue Dypse;

I'TIBA — rubkas npoTsbkeHHas Oykcupyemasi aHTeHHa,
IMBOC — npocTpaHCTBEHHO-BpEMEHHas 00pabOTKa CHrHANIA,

OCII — oTHOIIICHHE CUTHAJI-TIOMEXa;

CKO - cpennexBapaTH4eCKOe OTKIOHEHHE.

O0o3HaYeHUs TpeYecKUMHU OyKBaMHu

0L — yroj, ONHUCHIBAIOIINI HaMpaBICHUE
OpHXOJa BOJIHBI, YroJ MaJeHUus,
YIIIOBOE PACCTOSIHHE MEXIY Iep-
BOHAYAJIBHBIM W KOHEYHBIM I10-
JIOKEHHEM TPHUEMHHKA WM YroJ
Diinepa;

O, — KPUTHYECKHii YroJl najieHus;
a,, ﬁk y Y, — yrust Oiinepa — Kpbuosa;

(X(B) — (byHKIUS, YIUTHIBAIOIIAs 3aBUCH-
MOCTb CUTHajJa OT BEKTOpa HEHH-

(hopMaTHBHEIX ITapaMETPOB [3 ;
(l(k) — Iapamerp, XapaKTepU3yIONHNH
HOTEpH OMEX0YCTOHIHBOCTH,

0L, — Yros aHM30TPOINH,

0L —yrom mpuxona IUIOCKOH BOJNHBI W3

!.,L -0 HaIrpaBJICHUS,
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B — ciTy4aiHbIi HEenH(OPMATHBHEIN

(HecymiecTBeHHBI)  CKaISIPHBIN
mapaMeTp CHIHAla, BEPOSTHOCTh
JIO)KHOM TPEBOTH, Yrol OTpaxe-
HUs WK yroin Ditnepa;

B — cily4aiHbIi HEenH(}OPMATHBHBIN
(Hecy1ecTBeHHBII)
[apaMeTp CHUTHala;

Y — OTHOIICHUE CHTHAJI-TIOMEXA,

BEKTOPHBIN

yroJa
TIpEJIOMJICHHSI WM yroi Dijepa;
Y(k) — OTHOLICHHE CHTHAJI-TIOMEXa

[ocie 3Tana HPOCTPAHCTBEHHOM
00paboTKH Ul pacCMaTpUBaeMo-
TO anropuTMa oopaboTKH;

Yo (k) — OTHOIICHHUE CHUTHAJI-TIoMeXa

Hocie 3Tana HPOCTPAHCTBEHHOM
00pabOTKH JUTs ONITHMAIBLHOTO all-
roput™Ma o0paboTKH;

I'(m) - ramma-dysKims;

B(t) — ienbTa-yHKIHMS;



CIIMCOK OCHOBHbIX COKPAILIEHUI 1 OBO3HAYEHHNIA

Of - crabunsmocTh YacCTOTHI,

A0l - yron Mexmy JBYMS HATpaBICHHS-

MH JIBIJKEHUS HPUEMHOTO 3Jie-
MEHTa;

AP - cMemenwe yrima oTpaxenus;

AV — CMEIICHHUE yTJIa MPEJIOMIICHUS,

AX,,, —HMHTEpBAl IDOAONBHON  TpO-

CTPAaHCTBEHHON KOPPEISIIIUK CHT-
Haua;

Ax Lcor — MHTEpBA  TIONEPEYHOM  TIPO-

CTPAaHCTBEHHOI KOPPEISLUK CHI-
Haa,

A(pc| — YIJIOBOE PacCTOSHUE MEKIY MpH-
émuukamu B ( -oit cybanTeHHe;
A® - paspemenne 1o KpyroBoii 4acTore;

A(JL)c — paspelieHne 1o KpyroBoi 4acTo-

T€ NMPU CEKLIMOHUPOBAHHOI 00pa-
0OoTKE;

A(J)KO — HIDKHSSL TPaHUYHAs KpPYrosas

JacToTa pa6oqero Jauaria3oHa 4ac-
TOT,

Af —nonoca wactor cursana wwm pas-
peIIeHue 10 YacToTe;

AfC — pa3speleHne 10 4acToTe TPH CeK-
LIMOHUPOBAHHOI 00padoTKe;

AxI — KOOPJIMHATHI y3JI0B Mapajuieielu-
ne1000pa3Hoii ceTky;

(arl, A(le , Azl ) - xoopmuHatel

Y3II0B IUINHIPUYECKOH CETKH;

AYr x AQ X AZ - pasmepsl sueex HHIHH-
JIPUYECKOM CETKH;

At - unTepBan aucKkpeTH3anMM BO Bpe-
MeH™,

AX — uHTEpBAT MCKPETH3AIMH O TIPO-

crpaHcTBy (pasmep seek mapal-
JIETICTUIEA000Pa3HON CETKH) WIIH
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MaKCHMAJIBHOC CMCHOICHHUC TI0JI0-
JKCHHS IPUEMHUKOB;

AF — [I0JIOCAa IPOITYyCKaHUsS MPECEIEKTO-
pa Wi aeBUalMs YaCTOThI;

AF_ —nonoca wactor M -oif cexuun
CHTHANa,

€ - aMHHHTyI[HBIﬁ MHOXHUTCIIb
PEHTHOTO CUTHAla,

H(tl,tz s 5(;, 22 , X) — yskuus, onpe-

JIeISIOIAsl CTPYKTYPY ONTHMAIb-
HOIT 00pabOTKH CTOXaCTHYECKOro
CHrHANa;

H, (tl,tz , Xl, )?2 ,A) — dynkmms, ompe-

JeISOIAsl CTPYKTYPY ONTHMAIb-
HOIT 00pabOTKM CTOXaCTHYECKOro
CHTHana JUIsl PAacCIIMPEHHOH BBI-
OOpKH 1OIs;

Kore-

0 — yron kpena;
9 — yron mecra;

9 — YroJl MecTa, OHpeAeIsIOIINi -€
0

q

HampaBJICHUC MPUXOJa CUTHAJIa B

Gasuce (é’llq ,é;q s é;q) ;

® - ammuTyna KpeHa;

A — [IHHA BOIHSL

A — uH(pOPMATHBHBI  (CYIICCTBEHHbII)
BEKTODHBIH [TapaMeTp CUTHANA;

}“| — BEKTOp, XapaKTepU3yIOUH Iapa-

METPBI JIOKATbHOMN TIOMEXH,

}\'Ix — IapaMeTp, XapakTepH3YIOUMHA Ha-

MPaBJICHHE MPHUXO0JA JIOKAIBHOM
COCTaBJISIIONIEH TOMEXH;

)»sx — IapaMeTp, XapaKTepuU3yIomuil Ha-

MIpaBJICHUE MTPUXOJIA CUT'HAA,

7\, n 7\, — BEKTOPHI,
X

¢ 00pa3oBaHHbIE

COOTBETCTBEHHO BPEMEHHBIMH H
MIPOCTPAHCTBECHHBIMH KOMITOHEH-



O0603HaYeHUS TPEUECKUMH OyKBaMH

TaMH HHGOPMATHBHOIO BEKTOPA

A

7»" —  BpEMcHHas KOMIIOHEHTa HH(Op-
MaTHBHOTO BEKTOPA, COOTBETCT-
Bytomas I -oii BonHe;

er — MPOCTpaHCTBEHHAS KOMIIOHEHTa

UHGOPMATHBHOTO BEKTOPa, COOT-
BeTcTBYIOIas I -oii BojHE;
L — BOMTHOBOIf TapaMeTp CHTHaNa,

M (k), K, (k) — LICJIOYUCIICHHBIC Tapa-

METpBI, CBs3aHHBIC C Harpa,Jie-
HUSMH TIPUXOJia CUTHalIa W JIO-
KaJIbHOHM COCTaBJIAIONIEH TOMEXH;

! o

K, (k) — IapaMeTp, XapaKTepH3YIOUIMH

HEOKPYIIJIEHHOC 3HAUYCHUEC
MpPaBJICHHUS NPUX0Jia CUTHAJIA;

Ha-
1 (k) — LIEJIOUHCIICHHBIN napameTp,
XapaKTePU3YIOMTHi MPHOTHKEHHO
B MomenT Bpememm f = AtL

HAarpaBJICHHE MPUXO0/a JIOKAIBHOM
COCTaBJISIONIEH [TOMEXH;

Ko, (k) — LIEJIOUHCIICHHBIN napameTp,

XapaKTEePU3YIONTHi MPHOTHKEHHO
B MomeHT Bpemenn [ = AtL
m m
HanpaBIeHHe NPUX0/a CUTHANA;
M, (Xr) —oHeprust I'-oif BOJIHBI,

V —napaMmeTp, XapaKTepU3yIOUUH mom-
JICPOBCKHE UCKaKEHHSI CUTHAJIA,;

& — BeKTOp, KOMIOHEHTEI KOTOPOTO Xa-
PaKTEepU3YIOT PpETYJSIPHBIE  CO-
CTaBILSIIOIINE MOBOPOTA HOCHTEIS
BOKpYT Oceif;

é(k) — OTHOIICHHE CHEKTPATHHBIX IIOT-

HOCTEH MOIIHOCTH JIOKaJbHOM H
HEKOPPEIUPOBAHHOH COCTaBIISIO-
LIUX IOMEXH;
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@0 — napaMeTp, XapakTepU3yIOUUH OT-
HOILICHKE YIiia TIOBOPOTa aHTECHHBI
3a BpeMsa | K WMpHHE pacTBOpa
XapaKTEPUCTUK HATPABICHHOCTH;

P — IIOTHOCTH CPEJBI;

PO\,s ) 7\.| ) — MPOCTPAHCTBCHHO-

BpeMeHHas (YHKIHS Heompese-
NEHHOCTH,;

Pm(f’xsx’

(YHKIHS HEOIPEACICHHOCTH;

XIX ) — mpocrpancTBenHas

2 o
GI — JAYCIICPCHUs JTOKAJIbHOU MTOMEXH,

2 2
G, =n GH] — JIUCIIEPCHM OTKJIMKA TIPH

o
TUNOTE3aX H0 u H , COOTBETCT-
BEHHO,

2
O, — Aaucnepcns Gestoro myma (HEKoppe-

JIMPOBAHHOM COCTABIISIONIEH I10-
MEXH);

T —BpeMs PacHpOCTPaHEHUs] CHTHAJa OT
U3ITy4aTelst K IPUEMHUKY;

T - [POM3BOIHAS 110 BPEMCHHU 3aJCPIKKH
T

T — cpe/IHMii MEPUOL MOPCKUX BOJTH;

T, — MHTEpPBAT KOTEPEHTHOCTH CHTHATIA,

T(t, X) - 3amepkxa mnpuHATEIX KoneGa-
HMIA,

(0 — HavampHas (pa3a KOTECPEHTHOTO CHUI-
HaJIa, IeJICHT MMM YTOJ PHICKAHH;

(_\[')y — BEKTOP, OMHUCHIBAIOMIMI HA4aIbHbIC
(ha3bl MOBOPOTOB HOCUTEJIS;

onpenensomui | -oe

HarpaBJICHUE MMpUXoJa CUTrHalla B

Oasuce (é.l,q ,é;q s é;q) ;

¢ —mnenewr,
uﬂ

¢, —HauanbHas pasza N -oif auCKpeTHOlH

COCTaBJIAIONIEH CUTHAJA,
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¢, , —yroxm, 3a1aI0IIKH MOTI0KEHHE pq -
o
ro aneMenTta (] -oii cybaHTEHHBI,

() — BOJHOBOI BEKTOD;

(, — BEKTOp HauaNbHBIX (a3 rapMOHHYE-

CKHUX nepeMemeHnﬁ AHTCHHBI
BI0JIb ITIPOCTPAHCTBEHHBIX 006171;

(D — aMILINTYyJ1a PICKaHUS,

Oi, O, O —norentmansl  ckopocTH

COOTBETCTBEHHO I1aJ[afOIIEH, OT-
paXeHHOH U MPEIOMIICHHOI BOJIH;

D(t) - dasza konebanns;

®(X) - unrerpan BeposTHOCTH;

@, (f,9) - uacrorno-BonHoBOI
CIIEKTp MOMEXH,;

@ (f,@) —uacrorno-onHosoit
CIIEKTp CHTHAJA;

Y —yron quddepenra;

Y — amnnnryna muddepenra;

), — BEKTOp, ONHMCHIBAIOWMA KPYroBEIS
YaCTOTHI TOBOPOTOB HOCHTEIS;

o (k, m) - Gnmxaiimmii
n
A A® (K + K )i snemenr
n
muoxkecrsa 2 (k)

®;, @O , O, —KpyroBple 4YacTOTBl COOT-

BETCTBEHHO MaJaloIIeH, OTpakeH-
HOM U MPEeTOMIICHHON BOJIH;

(Dw(k, p.) —BEKTOp  KpPYroBOM  IpO-
CTPAHCTBEHHOW 4aCTOTHI B CHUCTe-

Me KOOpJIMHAT (61 €, ,§3 );

o, (K, 1, q) —xpyrosas  mpoctpanct-
BEHHAs YacTOTa, COOTBETCTBYIO-

!
miasi 6a3MCHOMY BEKTOPY elq ;

(D, — BEKTOp KPYrOBBIX YacTOT rapMOHH-

YECKUX IIepPEMELICHUH aHTEHHbI
BJI0JIb TIPOCTPAHCTBEHHBIX OCeil;

Q) —npocrpaHcTBeHHO-BpeMeHHas  00-
JIaCTh HAOTIOICHHUS;

Qe — pacUIMpeHHasi  MPOCTPAHCTBEHHO-
BpEMeHHast 00J1aCTh HAOIOICHHS,;
ée — MHOXXECTBO Y3JIOB HEIOJBHKHOM

napasuleNienunea000pasHoi  mpo-
CTPaHCTBEHHO-BPEMEHHOM pe-
MIETKH;

Q) — NpOCTPaHCTBEHHO-BPEMEHHas 00~

JacTh HAOJIOJCHUS, COOTBETCT-
Bytomas M -oit cexuuwy,

Q (k) — MHOXXECTBO 3HAYCHUU BEKTOpa
w

MIPOCTPAHCTBEHHBIX 4acTOT, COOT-
BETCTBYIOIIHUX BCEM XapaKTepH-
CTHKaM HAalpaBJICHHOCTH HEMOJ-
BIDKHOW aHTEHHEL

O06o3HaveHHs TIATHHCKUMH OyKBaMu

a — napamerp MaciuTabUpoOBaHus;
a —avmwmrysa  N-0if  IUCKpeTHOI

COCTaBJIAIONIEH CUTHAJA;

d — BEKTOp YCKOPEHUsI HOCUTEJIS;
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AI y Ar ) A — aMIUTUTYAbl COOTBETCTBCHHO

najaromielf, oTpakeHHON M mpe-
JIOMJICHHOH BOJIH;

Aq — MaTpHIIa, ONpEeIeNsrolas OpueHTa-
18%8:0)

— —1 -
(€,.6,4.6,) B

(€, 1€, ,€,);

CHUCTEMBI KoopauHat

6asuce

Pg — aMIUIMTY/Ia CUTHANA;

A(t) —MaTpuna I[OBOPOTa (BpAICHHS)

AQHTCHHBI,

Al(’Yl)’ &(’Yz)’ &(’Ya) — MaTpULbI

MOBOPOTA BOKPYT OCEH;

b(?u) — BEKTOP, ONHUCHIBAIOIIUI CTPYKTY-

Py ONTUMAIBHON 00paboTKH;

€ -
b()\,) — BEKTOp, OIHCHIBAIONIHUI CTPYKTY-

py onTHManbHOW 00pabOTKH Mpu
BOCCTaHOBIICHHU KOJIEeOaHUI,

£ - N
b0 (7») — pacUIUpEHHbIH BEKTOp, OINHUCHI-

BAaIOUIUN CTPYKTYpPY ONTHMAaIbHOMN
00paboTKU HpPU BOCCTAHOBICHUH
KO0JIEOaHMIA,

b(t, X, X) — yHKIMsA, ompenensomas

CTPYKTYpY ONTHMajbHOW o00pa-
OOTKH CHTHAIA;

bo (t, X, \) - gynxims, onpenensromas

CTPYKTYPY ONTHMajbHOH o0Opa-
GOTKHM CHTHAJTA ISl PACIIHPEHHON
BBIOOPKY TOJIST;

B — BEKTOp, ONUCHIBAIOIIINI AMIITATY AbL
NOBOPOTOB HOCUTEIIA,

B(f,X,X) u B(f,$,A) - pysiun,

OIIpeeIIONIHEe CTPYKTYPY OITH-
MaJIbHOW 00pabOTKM KOTe€peHTHO-
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TO CHUTHajlla B CIEKTPajJbHOU 00-
JIaCTH;

Bo (f ,(f), X) — (yHKUHUS,  ONpEIeIso-

masi CTPYKTypy ONTHUMalbHOI 00-
PabOTKM KOTEPEHTHOTrO CHUTHAIA B
CIIEKTpabHOI obnacTh Juist pac-
IIUPEHHON BBIOOPKH MOJIS;

B( f, )?1, 5('2 , 7\.) — QyHKLYS,
JSTFOIIAst B CHEKTPaIbHOM obnactu

CTPYKTYpy OOpaOOTKH CTOXacTH-
YECKOT0 CHIHAJA;

B, (Awk, AXI , 1) - nuckperniit
CTIEKTP KOMHMH AHATHTHYECKOTO

CUTHaNa sl PacHIMPEHHOU BBI-
OGopKH moJs;

B (f,xX) u B (f,§ L) dynx

[IWH, OIpPEACTSIOIINE CTPYKTYpPY
ONTUMAIBHONH 00pabOTKH Kore-
PCHTHOTO CHTHAlla B CHEKTpalb-
HOM oOyiactv i1t M -0ii cexumu;

Bm ( f, )—(1, 5(2 , X) — yHkuus, onpene-

JSTIOINast B CHEKTPabHOM obacTh
CTPYKTYpy OOpabOTKH CTOXacTu-
yecKoro curaanga mig M -oi cek-

ompene-

LN,

Br (f,o, Xr) — GyHKIUA, ONpEnensio-
mas B CHEKTPaIbHOM oOmacTi
CTpyKTypy oOpabotku must I -oit
BOJIHBI MHOT'OBOJIHOBOT'O CHT'HAJIA,

C — CKOpOCTb 3ByKa B CpE/Ie;

C - cnoxuocts (6a3a) curnana;

D - BepostrocTs mpaBmisHOTO 0GHApY-
KCHHS,

D(f , X, 7») — yHKIMS, ompexaensomas
B CIIEKTPAJbHOW 00JacTH CTPYK-
TYpy IPOCTPAaHCTBCHHOIl 4acTH
00pabOTKH CTOXaCTHYECKOI'O CHUI-
Hauna;

Dm ( f, X, 7\) — (GyHKUIMSA, OmMpenenso-

miass MOPOCTPAHCTBEHHYHK  4acCTh
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CTPYKTYPbI 00pabOTKH CTOXaCTH-
4yeckoro curHana Ha M -oM HH-

Tepaaie,
((E'1 '€, ,83) — HEMOJBIKHAs ~ CHCTEMa
KOOPJIMHAT;
(é-! é-! é-! )
1q 1 €q1 64, ) —cucrema xoopaumar ¢

1
0a3UCHBIM BEKTOPOM elq , OpUEH-

TUPOBAHHBIM BJONL ocu (] -oii
CyOaHTEHHBI;
E - eqummunas marpura;

f —wacrora curnana (Bonmsr);

fO — Cpe€aHss 4aCcTOTa CUTHAlla WK Yac-

TOoTa KOJeOaHWl, BOCIpPHHHMAe-
MBIX JBHOKYIIUMCS OOBEKTOM;

fd — JOILICPOBCKAs 4acTOTa CUTHAJIA,

fd 0~ CpeaHss IOMICPOBCKasl 4aCTOTa,

fn —u4acToTa N -0i1 AUCKpEeTHON cocTaB-
JISIFOLIEH CHUTHAJA,
f(t,X;\) —mwiorHoets  pacnpenenerus

BEPOSITHOCTH IPHHATOTO Koyeba-
HHS,
!
f(p—¢') —vuoxurens,  yunreBaro-

IMH  3KpaHUpyIOIIKMe CBOMCTBa
AQHTEHHBI;

'
fl — OpOU3BOAHAS YACTOTHI U31y41aeMOT0

ronebamms f,(t);

FO — 9acTOTa M3MCHEHHUs CKOPOCTH [BH-
JKEHUS IPHEMHOTO JJIEMEHTA;

Fd — aMIUIMTYJ]a HM3MEHEHHS JIOTLICPOB-
CKOW 9acTOTHI;

g, ( f ) — CHeKTpaybHas IJIOTHOCTh

MOIIHOCTH pacHpeieiéHHON Mo~
MeXH;
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g, () - cnexrpanbuas morsocTs MoII-
HOCTH JIOKAJIbHOH OMEXH;
g, (f) - cnexrpansuas IUIOTHOCTh

MOIIHOCTH, COOTBETCTBYIOIIAs
I' -if BoJIHE JIOKAJBHOM ITOMEXH;

g, (AoK) - cnexrpanphas muotHOCTS

MOIITHOCTH ITOMEXH,

g, (f) - cnexrpansnas MIIOTHOCTh
MOIL[HOCTH CUTHAJIa;
g, ( f ) — CIIEKTpajibHas IUIOTHOCTh

MomHocTH I -ro sneMeHTapHOro
CHTHaIa;

gO — COEKTPAJIbHBIC INIOTHOCTH MOIIHO-

CTH HEKOPPEIMPOBAHHOI COCTaB-
JISIFOIIEH TTOMEXH;

Gd ( f y )_(.1, )_(.2) — B3aUMHas1 CHEKTpalib-

Hasi IUIOTHOCTh MOIIHOCTH pac-
MpeeICHHON TOMEeXH;

G| ( f, Xz, XI) — ¢ynkuus 'punHa, coot-
BETCTBYIOIIAs IOKATEHOH IIOMEXe;
Glr (f,X, klr) — ¢ynxnus I'puna, coot-

BeTcTBytomass [ -if BomHe 10-
KaJIbHOHM TTOMEXH,

GN (f, 5(;, XZ) — B3aUMHas CIIEKTPaJb-
Hasl IUIOTHOCTh MOIIHOCTH ITOMe-
XH;

GS (f VX, lx) — ¢ynkuus 'puna curHa-
na (QyHKUHS, OMHUCHIBAIOIIAS HC-

KOKEHUS CHTHala IpH €ro pac-
HPOCTPAHEHHH B IPOCTPAHCTBE);

Gsr ( f, X, er) — pyskuus I'puna cur-

Hajma,  yuyuThBaoomas  Gopmy
I' -0ii BOJHBI,
GS (f, )71, )?2 ,A) — B3aummHas CIIeK-

TpaibHas IUIOTHOCTh MOIIHOCTH
CUTHAJA;
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h — nopor o6Hapyxenus;

| —HOMep mnpuemHoOro siemenra (mpo-
CTPAHCTBEHHOTO OTCYETA);

I — KOJIMYECTBO IIPUEMHBIX 3JJICMCHTOB
AHTECHHOU PEIICTKH,

J - undopmanmonnas Marpuna duirepa;
Ji ) Jr, Jt — BEKTOPBI MHTEHCUBHOCTH

COOTBETCTBEHHO ITaJAIOIIEH, OT-
Pa’KEHHOI U MPETOMIIEHHON BOJH,

K — wactorHbIit mapamerp curHana;

K o — KOMIUIEKCHBIH K03 uument or-

paXX€Hus 1no IOTECHIHAIy CKOpO-
CTH,

KP, TP — K03 QUIMEHTBI OTpaXKEHUS H
HPENOMIICHHS 110 [aBICHHUIO;
KU ) Tu — KOG (UIUEHTEl OTPaXKEeHUS U

MPETOMIICHUS TI0 MOJYJIO BEKTO-
pa YmoBa — [oiiTuHra,

Kv , TV — KOOGUIUCHTBI OTPaKECHHS U

IpeIoMICHUs. O KoIeOaTelbHOM
CKOpOCTH,

Kd (T, S(;, )?2) — KOppEIAIUOHHAsA

(GyHKIUA TIOMEXH, paclpefierieH-
HOM IO IPOCTPAHCTBY;

KI (T, )?1, )72 y 7\.|) — IPOCTPAHCTBEHHO-

BpeMEeHHasI KOppESIAOHHAs
(YHKIMA CTAl[MOHAPHOM JIOKAJIb-
HOM IOMEXH,

KI (tl,tz, X, X,, XI) — MpPOCTPaHCTBEH-

HO-BpPEeMEHHAs  KOPPEISIHOHHAS
(yHKIMA ~ HECTAalMOHAPHOM  JIo-
KaJIbHOM TTOMEXH,;

KN (t1vtz ' X Xz) — NIPOCTPaHCTBEHHO-

BpeMeHHasI KOpPEISIIIOHHAs
(yHKIMA TTOMEXH,;

KN (T, )Kl, Xz) — MPOCTPAHCTBEHHO-

BpEMEHHas KOppEJSALMOHHAS
(YHKIMS CTAllMOHAPHOM IOMEXH;
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KN (’l?, X) — NMPOCTPaHCTBEHHO-
BpPEMEHHas KOppeAMOHHAast

(GyHKIMA ~ CTAal[MOHApHOH  OJHO-
POIHOM noMexw;

KS ([1 L, XX, \) - npocrpancTBeH-

HO-BPEMEHHAs  KOPPEJSLMOHHAS
(DYHKIVS IIyMOBOTO CHIHAJIA,

Ks (T, X1’ X2 , X) — IPOCTPAHCTBEHHO-
BpEMEHHas KOppeJALMOHHAS

(YHKIUA CTAIMOHAPHOTO IITyMO-
BOT'O CHT'HAJIa,

KS (‘C ) )z, 7\,) — MPOCTPaHCTBEHHO-
BpPEMCHHast KOppesAMOHHast

(YHKIMS CTallMOHAPHOTO OJIHO-
POJTHOTO IIIyMOBOT'O CHT'HAJA;

KX —MaTpHla, XapakTepu3yromas To4-

HOCTb COBMECTHOW OLICHKM Mapa-
METpPOB BeKTOpa A ;

K0 (T,)z) — KOppeAUOHHAs  (YHKIHSA

MOMEXH, HEKOPPETHPOBAHHOH 110
HPOCTPAHCTBY M BPEMEHH;

IO — OTHOCHUTEJIbHBIC MMOTEPH,

L - xomuuecrBo  onementoB  (y3ioB)

MHOXECTBa L W KOJHUYECTBO
Jonactei rpe6H0ro BHHTA,

L,,L,, L, - xomuectso ysnos napamre-

JIETIUIEN000pa3HON CEeTKH BJOJb
oceil MPSMOYTOJIBHOW CHUCTEMBI
KOOP/IHAT;

L — mMHOKecTBO  y37OB  HEMOABMKHOM
HapasIe/ieune000pasHoi  mpo-
CTPaHCTBEHHOI PeIIETKH,;

L(n) — IIOJIMHOKECTBO Y3JIOB MHOXKECT-
Ba L, Gmmkaiimmx Ha MOMeHT

spemenn AtN k npuémubiv sme-
MEHTaM aHTEHHOH pelIeTKH;
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L , L —Homepa BpeMeHHBIX OTCUETOB,
m m

COOTBETCTBYIOIIME Hadyaly U ce-
peaune M -if cexuuu,

L(Q/ Ho) — ¢yHKIUS mpaBaonOAOOUS
HpU HAIMYMU curHana (THIoTesa

H,)

L(Q/ H1) — pyHKIMS  TIpaBIONIOAOOUS

TIpA OTCYTCTBHUHU CHUTI'HaIa (FI/I]'[OTC'

sa H.);

Llu(t, X)/ X] — OTHOIIEHHE MPaBJOTIO-
noowus;

m, , M, —maremaTU4YecKUe OKUIAHUSA

HO Hl

OTKJIMKa MpH THUIIOTE3aX H0 u

H , COOTBETCTBEHHO;
M - komuuectso cexuuii;

M 0~ ONTHMAJIBHOEC YHCIIO CeKHHﬁ;

N —HOMep BpPEMEHHOrO OTCYETa MU
K02 HHUIMEHT MpeIOMIICHHS;

n(t, X) — oMexa, NpUHUMaeMasi aHTEeH-
HOM;

N — BekTop, XapaKTepU3yIOUUI Hampas-
JICHHE W3]Ty4eHHUs CHIHAJIa,

n un,
COOTBETCTBEHHO HAIPABICHUE H3-
JIyYeHUs CHUTHANA H3ITydaTelleM H
€ro NepeusayyeHne OTPaKaloIiM
00BEKTOM;

— BEKTOPBI, XapaKTepH3YIOIIHe

N, —BeKTOp, ONKMCHIBAIOIIMI HAmpaBIe-

HHUE NPUXO0Ja JIOKAJBHON TTOMEXH,
MPEJCTAaBISIEeMO IIIOCKOW  BOJI-
HOIi;

n, (t,X) - p-a cocrapnsiomas nomex,

MIPUHUMAEMOI aHTEHHOM;
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N, - Hanpasnenue npuxona I -0if BONHBI

JIOKaTbHON TIOMEXH,

N, —BexTOp, ONNCHIBAIOLIMIT HalpaBiie-
HHE NpUXOJia CUTHaNa, Mpe/CTaB-
JISIEMOTO TJIOCKOM BOJTHOM;

N_ — HanpaBnenue npuxona I -oii mio-

sr

CKOU BOJIHBI CHTHAJIA;

np — HalpaBJIeHHE MpPUXOJa  IUIOCKOM

BOJIHBI U3 l,l. -I0 HaIlpaBJICHUS,

N — HampaBlieHWE NPUXOJA JIOKAIBHOM
:

COCTABIIAOIICH NOMeXH U3 [, -To
HanpaBJICHHS,

N, — HanpaBjCHUC MPHXOJA CHIHANA W3

us -0 HanpapJICHU,

n ,n ,n ,A

or 1 Mo+ Ny, = BEKTOpBL,

Xapak-

TEPUSYIOIIHUEC HAIIpaBJIEHUE COOT-
BETCTBCHHO H3JIy4YCHUA HCTOYHH-

koM I — ro ny4a, npuema 00bek-

ToM [} - T0 JyHa, u3nydeHus 06mb-
extoMm I,— ro nysa u mpuema

npuemuukoM I, —ro nyua;

N — KOJIMYCCTBO BPEMCHHBIX OTCUETOB
WA JUCKPETHOE MHOXKECTBO TO-
Y€K, COOTBCTCTBYIOIIUX BPEMCH-
HOMY HHTEpBAlly Ha6.TIIOI[eHI/I$I

T;
Nl'l y NZ — COOTBCTCTBECHHO KOJIMYECTBO

onepaum‘/i YMHOXKCEHUA U CJIOXKE-

HUS;
N  — konnuecrso MIPOCTPAHCTBEHHBIX
n

KaHaJIOB;
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Np — KOJIMYECTBO KAaHAJIOB 00pabOTKH
q

IO yriIy MecTa SH ;
a

N , — KOIIMYECTBO JIOIICPOBCKUX ~ KaHa-
JIOB;
N o — KOIMYECTBO BPEMEHHBIX OTCYETOB B

HCXOAHOW (HEepacIIMPeHHO) CeK-
i,

N_ - Kom1uecTBO BpeMEHHBIX OTCUETOB B
pacIIMpeHHO ceKLuHy;

N (t, X) - npocrpascreenHo-BpemMenHOe
T0JIC TIOMEXH;

Np (t,X) - p-a cocrapnsiomas mons

MIOMeXH;

N (X) - muckpernoe MHOXECTBO TOUEK,
COOTBETCTBYIOIINX ~ BPEMECHHOMY
UHTEpBay HaOIIOICHUS T (5() ;

P — HoMep npuémHuKa B cyOaHTEHHE,

R R
MaJlaollef, OTPaKeHHOH W mpe-
JIOMJICHHOI BOJTHAMH,

P(u/ X,E) — YCIIOBHBIH

MIPaBJI0II0100uS;
(] — oTHOIIEHNE BOJHOBBIX CONpPOTHBIC-

R — JaBJICHUHA, CO31aBa€MbIC

(yHKIFOHAT

HMIA,
Q - komuuectro cyGanTen;

Q(X) — pe3ynbTaT 00pabOTKM HPHHSTO-

T0 KoJIcOaHus;

Qr (7\.() — pe3ysbTat  00paboTku I -oii
KOMITOHCHTHI CUTHAJIA;

R - paccrosEne 1o merounnka curmana,
(DUKCHPOBAHHBIA TapaMeTp WM
paanyc pacIMpeHHON HAITHHIPH-
YecKou obmacTu;
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R

, — 3HAYEHHE XapaKTEPUCTHKU HAIpaB-

JICHHOCTH AaHTCHHBI B HalpaBjc-
HHUHU HA JIOKAJIbHYIO MIOMEXY,

Rq —paguyc ( -oii cybaHTeHHBI,

R — BEKTOp, OIKMCHIBAIOIIMKA  MECTOIO-
JIO)KEHHE TEOMETPUYECKOTO LICH-
Tpa aHTCHHBI OTHOCHTEIBHO ICH-
Tpa MacChl HOCHTEJIS;

S('[, X) — CHTHAJI, NIPUHUMAEMBbIH aHTeH-
HOM;

S(?\.) —BEKTOp, ONHUCHIBAIOIIUH  Kore-
PEHTHBIN CUTHAIT,

$,(t,X, ) - nerepmunnposanmas
GyHKIMS, ONMHCHIBAIOIIAst KoOre-
PEHTHYIO JIOKAJIbHYIO TIOMEXY,;

S, (t,X) - r-s cocraBmsomas curnana,
MIPUHUMAEMOTO aHTEHHOH;

S(t, X, 7») — JIETePMHHUPOBaHHAs co-
CTaBISIOIAsT KOMIUICKCHOTO CHI-
Halla,

S, (t,X,X,) - nerepmunnposannas
COCTaBIIAIOMAs  KOMILIEKCHOTO
CHTrHana, COOTBETCTBYIOIIETO
I -oii BoHE;

s(t,X,\,B) - xBasumerepmMuEMpoBaH-
HBIH CUTHAJ;

$(t, X, A, B) — xommexcuprii  KBasmme-
TEPMHHHUPOBAHHBIH CUTHAT,

$,(t, X, M) - cocrapmsoman  curnana,

COOTBETCTBYHOIIA CILJIONITHOM

YacTH CIEKTPA;

S - kommaecTBo CIIEKTPAJIbHBIX OTCYETOB
0OJIBIIOrO YPOBHS BO BPEMEHHBIX
CHEKTpax CeKIUH;

SV (AO)k) — CIIEKTp JHCKPETHOrO aHa-

JATHYECKOTO CHUTHAaJIa B V
IJICPOBCKOM KaHalle,

-M J10-
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SO — 93¢ QeKTHBHAS TUIOIAIb PACCESHUS
OTpakaloIero 0ObEeKTa;
S(f) - crexrpanpmas mwioTHOCTH MoOI-

HOCTH CTallMOHAPHOTO CIydaiHO-
o Ipoliecca;

S(f) - crexp

CHUTHAJIA;

JACTEPMUHUPOBAHHOTO

S( f, 7»‘) — BPEMEHHOIf CIIEKTp CUTHaa;

S| ( f, 7‘n) — CIIEKTp JIOKaIbHOH moMe-
Xu,

Sm ( f, X, 7\) —cnektp M- cexuun
CHTHaNa;

Sm ( f, )—(3'}‘1) —cnektp M -l cexuum

JIOKQJIbHOM COCTaBJISIFOIIEH Mome-
XH;

Sr (f ,XU) —BpeMeHHOH cmektp I -i
BOJIHBI;

S d ( f ) — CIIEKTpalbHAast IJIOTHOCTh

MONTHOCTH cnyqaf/'moro npormneccea,
TIOABCPTIIECTOCH JOIICPOBCKUM
HCKaXXCHUSM,

S(t, X) - runpoaxycruueckuii curnar;

Sr(t, X) = r -1 cocrapusomas THAPO-
aKyCTYECKOTO CUTHATIA;

SO — 93¢ QeKTHBHAS TUIOIAb PACCESHUS
OTpaXKAIOLIErO 00BEKTa;

1 - Texymiee Bpems;

{, — MOMeHT BpemeRH, COOTBETCTBYIOIHI

N -My BpeMEHHOMY OTCYETY,

t - cepenuna unreppana T0 ;

tm — cepe/lMHA MHTEpBaa Tm :

T — BpeMms: Ha6moz[e1-m;1 WX JJIUTCITb-
HOCTb U3JIyYCHHOI'O CUTHAJIa,
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Tq) — KOMIUIEKCHBII KO3 (HUIUEHT Ipo-

XOXKAEHUS 110 MOTEHIHATy CKOpO-
CTH;

T - nmaurensrocTs M -if ceKuu;
m

Tm — paClIMPEHHBIN BPEMEHHOU UHTEPBAJ

T

m

T(X) — BpeMeHHass o00macTh HabIroze-
Hus (BPEMCHHON WHTEpBal Ha-
OMrOZIeHns), 3aBHCSMIAst OT IPO-

CTPAaHCTBEHHOI'O BEKTOpa X;

TO — MHTEpBal BPEMEHM, 3a KOTOpBI

aHTCHHA HE YCIIEBACT CYIICCTBCH-
HO TMEPEMECTUTHCSI B TPOCTPAHCT-
BE;

U — BeKTOp, OMNMCHIBAIOLIMI KoeOaHMs,
NpHHAMaeMble aHTEHHOM pemreT-
KOW B JIUCKPETHBIE MOMEHTBI Bpe-
MEHH;

& — BEKTOpP, OINHMCHIBAIOIINI BOCCTAHOB-

JIEHHBIE KOJI€0aHUsI B TOUKAX é ;
l.% — PACIIMPEHHBIH BEKTOP, OMHCHIBAIO-

I_[II/II\/'I BOCCTaHOBJICHHBIE KOJieOa-
HUS,

u (t, X ) — HENpPEPHIBHbIE KoneOaHus,

MIPUHAMAEMbIC HENPEPhIBHON aH-
TEHHOM;

u, (t,X) - pacumpennas BriGopka moms;

Ui ) U i) U[ — KOMIIICKCHBIC MOy

BeKTOpoB YMoBa — Iloiitunra co-
OTBETCTBEHHO IaJalolIel, oTpa-
JKEHHOH U MPEeTOMIICHHOH BOJIH;

u,u,uU
1 r
THHTAa COOTBETCTBEHHO TIaJlaro-
e, OTPaKCHHOW M IMpeIoMIICH-
HOM BOJIH;

—BEKTOpsl  YMoBa — [loii-

t

U (t, X) - runpoaxycruueckoe morne;
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U (f,X) - crexrp npumumaemsix xorme-
OaHMii;

U " (f,X) - cnexrp xoneGanwuii, mpuunu-
MaeMbIX Ha HHTEpBale BPEMCHH

T

m

U n ( f, (p) — YaCTOTHO-BOJIHOBO# CIIEKTP
KoJsieOaHui, MPUHUMAEMbIX Ha MH-

TepBaje BPeMEHH Tm ;

U (f ) (_|5) — YaCTOTHO-BOJIHOBOM  CIIEKTp
NPHHIMAEMBbIX KOJIeOaHuIH;

U, (t, ¢) —Bommosoii crextp mpuHu-
MAaeMBbIX KOJICOAHHUI;

U0 (f ,(_|5) — YaCTOTHO-BOJIHOBOM CHEKTP

IOpHHIMAaeMbIX KoleOaHuil Ipu
PpacIIMPEeHHOI BBIOOPKE OIS,

U ((D,(Dﬁ ) — 9acTOTHO-BOJIHOBOM
m n

criextp xonebanus U(t, X) ;

V' — CKOpOCTh B3aMMHOTO yzxajeHus (Ipu-
OIIKEHNUST) KOPPECTIOHANUPYOLIHX
3JIEMEHTOB,

V(t) — CKOPOCTb JIBWJKEHHS ITIPUEMHOTO

JJIEMEHTa, paccMaTpuBaeMasi Kak
(yHKIMS BpEeMEHH;
V — BEKTOp CKOPOCTH JBH)KCHUSI HOCHTE-

JIS;

me — 00BEM IIPOCTPAHCTBEHHOH 00IacTU
HaOmoeHnst (00beM aHTeHHBI) Ha

HWHTEPBAJIC BpEMEHHU Tm )

\/m (psm (K)) - muo)uTens, yuuthBaro-

Ui NepeMelleHne LeHTpa aH-
TCHHBI,

VQ — IPOCTPAaHCTBEHHO-BPEMEHHOH 00B-

ém obnmactu HaGmonenns
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Vi,Vr,Vt — KOMIUJIEKCHBIE MOJYJIM BEK-

TOPOB KOJIEOATETBHBIX CKOPOCTEH
Majiaronield, OTpakeHHOH M Tpe-
JIOMJICHHOM BOJIH;

V.,V

i rx’V!x — TAHT'CHLUAJIbHBIE ~ KOMIIO-
HEHTHl KOMIUIEKCHBIX MOJIyJei
BEKTOPOB KOJIEOATEIbHBIX CKOPO-
cTell majaoliei, OTpaKeHHOH u
MIPEIOMIICHHOH BOJH;

V ,V ,V - HopManbHEIC KOMIIOHEHTEI
iy Yy Vy

KOMIUIEKCHBIX MOJyJIel BEKTOPOB
KoyiebaTeNIbHbIX CKOpOCTeH  ma-
Jaromiei, OTpaXXeHHOW M NpesoM-
JICHHOW BOJTH;

V.,V ,V

. \ KoJ1e0aTeNbHBIX

— BEKTOPBI

CKOpOCTE#l Mmajaromiel, OTpaKeH-
HOM U NPEIOMIICHHOH BOJIH;

V0 — aMIUIUTYJa CKOPOCTU IepeMeleHHs

MPUEMHOTO JIEMEHTA;

X — BEKTOp, OIUCHIBAIOIIHI MOJIOKEHHUE B
MPOCTPAHCTBE INPHEMHOIO  dJie-
MEHTa HEeTIPEPbIBHON aHTEHHBI;

X(t) — BEKTOp, OIMCHIBAIOIINI I0JIOXKE-
HUE B MPOCTPAHCTBE IPUEMHOTO
9JIEMEHTA HETPEPHIBHOW aHTEHHBI
B MOMeHT BpeMerH | ;

XC (t) —BexTop, ommchBarommit B He-

IOJBHKHOM CHCTEMe KOOPIHHAT
TOJIOEHHE LIGHTPa MAacChl HOCH-
Tels B MOMEHT BpeMenH 1 ;

X (AtL ) - sexrop, OTHCHIBAOLIHIT
NOJOKEHHE  TEOMETPHYECKOr0
LeHTpa AHTEHHBI B MOMEHT Bpe-
MEHH Ath :

Xi — BEKTOpP, OMHCHIBAIONIUH TMOI0XKEHHE

B IPOCTPAHCTBE I -ro NIPpUEMHOTO
3JIEMEHTA aHTEHHOU PCIICTKH,
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Xi (t) — BEKTOp, ONHUCHIBAIOMIMI MOJIONKe-

HHE B [IPOCTPAHCTBE | -ro IpHeM-
HOTO 3JIEMEHTa aHTCHHOI pemier-
KM B MOMEHT BpeMenH 1 ;

X;q — BEKTOp, OMpPEENAIONINI MOJI0oXKe-

HHEC p-FO JJIECMCHTA B CHUCTEMC

xoopunmar (&, 8., &)

=/

Xp q ~ BEKTOD, OIpeAEAOIIUii B cCUCTEME
q

!
KOOpAMHAT (elq s

ey a—
€,,:€,) mo-
JokeHue P, -To sneMeHTa q -oit
KOJIBIIEBOH CyOaHTCHHBI;

Xq — BEKTOP, ONpeAEIIIIONINI TOI0KEeHHE

CHCTEMBI KOOp/IMHAT
& & &) 6
101 €241 €34 B asuce

(€ /€, .6 );

(X, Y, Z) — MOJBMKHAsA CHCTEMa KOOp-
JIMHAT,

(Xo’ Yor Zo) — HEMOJIBMKHASL ~ CHCTEMa
KOOpP/IMHAT,

X, —BEKTOp,  3a/JalOlMi  MONOKEHHE

0
JJIECMEHTOB AHTEHHBI B TOIBHIXK-
HOM cHcTeMe KOOpJIUHAT, CBSA3aH-
HOU C aHTECHHOM;

%,. (1)

— BEKTOp, ONpEACISIONNi B He-

MOJBMKHON CHCTEME KOOpAMHAT
OJIO’KECHUE TEOMETPHYECKOT0
LIEHTpa aHTCHHbl B MOMEHT Bpe-
menn t;

X0| — BEKTOp, onpeuensnomnﬁ TIOJIOXKCHUEC

| -ro sjeMeHTa aHTEHHBI B MOJ-
BIDKHOH crcTeMe KOOpJIWHAT, CBSI-
3aHHOM ¢ aHTEHHOM,
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X — IPOCTPAHCTBEHHBIH MHTEpBAJI Ha-
OJo/IeHNsT B CIIydae HEIOJIBHXK-
HOW NTUHEHHOI aHTEHHBI,

X' —mpoctpancrBennbli uTepBan (06-
JIaCTh) OINpeJeieHus Bektopa X
(mpocTpaHCTBEHHBIIH HHTEPBAI
HAOIIOIEHH);

X(t) u Y(t) - cmemenus noxsmxHoit

CHUCTEMBI KOOpAUHAT OTHOCHUTEIb-
HO HeHOI[BPDKHOﬁ B MOMEHT Bpe€-
MCHHA t COOTBETCTBCHHO BIOJIb

oceit X, u Y,

X e pacmupeHHas MPOCTPaHCTBCHHAA

001aCTh HAOMIOACHNS

!
Xe — pacuMpeHHas 00nacTb MPOCTpaH-

CTBa, COOTBETCTBYIOIAasA AHTCHHC
C HETIOJIBIDKHBIM LICHTPOM,

X (t) - npocrpancreennas obnmacTh

HaOJIIOICHNs], 3aBHCSIIAs OT Bpe-
menn 1t ;

X — MaKCUMaJIbHBIN pa3Mep aHTCHHBI,
max

X — IPOCTPAHCTBCHHAA

o 00nacTh

Ha-

OJIIOJICHUST B TIOJIBMDKHOM CHCTEME
KOOPJIMHAT WM BEKTOP aMILUIUTY
TapMOHMYECKHX  TMEpeMEIIeHU I
AQHTEHHBI BIIOJIb OCEH KOOPANHAT;

Z - BBICOTA PACIIMPEHHON IHIHHAPHYIC-
CKOIl 00JacTH WM aMILTHTYZAA
BEPTHKAIBHBIX MEPEMEUICHUH KO-
palus.



Omnepartopsl

OmnepaTtopsl

Ent [X] — esas 4acth ynucia X |

mean {X} — ONepaTop yCPEeTHEHUS
BEIWYMHBI X |

M — omepaTop MaTeMaTHYeCKOTO OXKU-
TTaHHS;
Mf} — OMepaTop BBIYUCICHUS MaTEeMaTH-

YECKOTO OXHJaHUsS MO BEKTOPHO-

My Hapamerpy B ;

1 ogpu 0<x<],
rect(x) =
mpu X< 0; Xx>1;

T - oneparop TpascmonnpoBanms;

TOYKA HaJl BEJIMYNHON yKa3bIBaeT Ha KOM-
IUIEKCHBIN XapaKTep BEIUYMHBI;

3Be3M0UKAa HaJ BEIUYHHOH — OIepaTop
KOMIIIEKCHOTO COTIPSDKEHUS.
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