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MpeAcTaBneHbl MeTOAbl NAaHOPAMHOI0 PafiiOMOHUTOPUHIa 1 pa3paboTaHHble Ha X OCHOBE anropuTMmbl
COBMECTHOIo 06HapYXeHNUa 1 NefeHroBaHus B LUMPOKO nosoce YacToT. MpuBeAeHbl CTPYKTYPHbIE CXEMbI U
naHopamsl, UNNCTPUPYOLLME pe3yNbTaThl paboThl anropuTMOB.

AHTEeHHas pelleTKa, COBMECTHOE 0GHApY>KEHWe U NeNeHroBaHue, oLeHKa asnmyTa 1 yrna Mecra,
KB-, YKB-AnanasoHbl, ICTOUYHUKMN PafMOU3NyYEHUs, MepekpbiTUe CNeKTPoB, ha3oBoe neseHroBaHne

CoBMeCTHble uUccnefoBaHnsA COTPYAHUKOB Ka-
thelpbl pafnoanekTpoHHbIX cpeactB (PAC) CaHKT-
MeTep6yprckoro rocyfapCTBEHHOro 31eKTPoTexHUYe-
cKoro yHusepcutetra "/1I3TN" um. B. W. YnbaHoBa
(NeHnHa) n AO «HUW "BekTop"» No COBEpPLUEHCTBO-
BaHWIO W fAanbHellleMy pa3BUTUI0 MeTOJOB BeAeHUs
pasVMOMOHUTOPUHTIA B CNOXHbLIX YCNOBUAX CUTHANbHO-
NMOMeX0BO 06CTaHOBKM NPOBOAMINUCL B TeYEHUE MHO-
rux net. MNopg pykosoacTsom npod. B. A. borgaHoBnya
c 1970-x IT. MPOBOAMNNCL TEOPETUYECKUE U 3IKCne-
pUMeHTanbHble UccnefoBaHns B 061acT o6Hapyxe-
HUA, pasIMYeHns N OLEHNBAHUSA CUTHANO0B B YC/IOBU-
AX anpuopHO HeonpeAeneHHOCTU CUTHANbHO-NOoMe-
X0BO 06cTaHOBKM. Mony4eHHble pe3ynbTaTbl OTpa-
XKEHbl B AecATKax cTaTeit u B MmoHorpadgmax [1], [2].
JTOi TeMaTuKe NOCBALLAINCL AUCCEPTaLNOHHbIE UC-
CnefoBaHuUs, BbIMyCKHble paboTbl CTY4EHTOB.

BasoBasi Kadefpa CpefCTB chneuuanbHOn pa-
LIN03NEeKTPOHMKMK, aelicTBytowas B AO «<HUW "Bek-
Top» Cc 1978 r., BHeApsSeT HOBble 06pa3oBaTe/bHbIE
TEXHOMOrMm ob6yyeHUs 4yepes wuccnegobaHus, 6asu-
pyloLiMecs Ha NpuBIeYeHUU CTYAEeHTOB B Npouecce
06y4eHUs K BbIMONHEHUIO KOHKPETHbIX 3ajay npeg-
npuaTUS B TakMx 061acTax, Kak pa3paboTka cpeAcTB
M MeTOAOB aBTOMaTM3auuu npoueccoB 06paboTku

CUrHanoB; paspaboTka CMCTEM ynpaBieHUs U CBA3N
KOMM/EKCOB pafn031eKTPOHHOR TeXHUKN; pa3paboTka
CPeAcTB pagvoOMOHUTOPUHTA Ha 6a3e YHUBepPCasbHbIX
nporpammupyembiX npueMoaHanusnpyowmx Luppo-
BbIX MoAynei; pa3paboTka annapaTHO-NPOrpaMMHbIX
CPefCTB TMENEeHroBaHUA W MeCTOOMNpeAesieHns KOM-
NNEKCOB PafM03NeKTPOHHOW annapatypbl; paspaboTka
annapaTtHO-MporpaMMHbIX CpefcTB ANA 06paboTku
CUTHAaN0B CO CMIOXHOW YaCTOTHO-BPEMEHHONW CTpyK-
TYPOW 1 CUFHaNoB CUCTEM MOBU/IbHOW CBA3N.

MprobpeTeHHbIA ONbIT MNO3BOAUS COBEPLUEHCT-
BOBaTb CYLLECTBYHOLME MeTOAbl BEAEHUA pajuOMOHN-
TOpUHra u pa3paboTaTb HOBbIE MOAXOAbI U AITOPUTMbI.

OCHOBHbIMY 3aa4amy NaHOPaMHOro pagnomo-
HUTOPMHIa ABNAIOTCA 06HAPYXXEHME CUTHANOB OT UC-
TOYHMKOB pagunonsnydeHuns (MPW), oueHka HecyLlei
4acToTbl 06HAPYXEHHbIX CUIHANOB U MeneHrosaHue
VIPW, 3akntoyvatoLeecs B OLeHUBAHUW HanpaBAeHWi
npuxofa curHanos ot VIPW. HanpaBneHne npuxopa
curHanos ot IPW xapakTepusyeTcs asuMyToOM U yr-
NIOM MecTa, KOTOpble MHOr4a 06beMHAIOT B NOHATUE
yrnossie koopauHaThl (YK) IPW. 3agaveli otcnexu-
BaHUA uHTepecywwero NPW kpome neneHrosaHus
(oueHMBaHUS YacTOThI, a3UMyTa U yrna MecTa) fBns-
eTca onpefeneHne Buaa MoaynAauMU cCUrHana u ero
nepexsar.

1Mpu noaroToBkKe Ny6aMKaLUM NCNONb30BaANCL pesynbTaTbl paboT no OKP “Pa3paboTka NacCUBHOrO KOrepeHTHOro N0KaLMOHHOT0 KoMMieKca
[N 0XpaHbl BaXKHbIX 06beKTOB", BbinonHsemon CMN6raTY “ISTU" no porosopy ¢ AO «HW "BekTop"» B pamKax KOMMNEKCHOrO NpoeKkTa
M0 CO3/1aHMI0 BbICOKOTEXHOMOMMYHOIO NPOM3BOACTBA NPU PUHAHCOBOV NojAepXKe paboT No nNpoekTy MuHo6pHayku Poccuiickoit defepaumm
(noctaHoBnexue MpaButenscTBa Poccuiickoit depepaumnu ot 9 anpens 2010 r. Ne 218).
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MaHOpamHbI PagMOMOHUTOPUHT NPOBOAMTCS B
lWwupokon nonoce o63opa (100 kry...1 MIy m 60-
Nee) N xapakTepu3yeTcs BbICOKMM YPOBHEM anpuop-
HOW HeonpeaeneHHOCTU CUTHaNbHO-MOMEXOBON 06-
CTaHOBKMW, BblpaXKaloLLeics B CnefytoLLem:

* POM3BONLHOM PAaCMONOXeHUN COCeAHUX CUT-
HasioB Mo 4acToTe, BO3MOXHOM MEPEKPLITUN UX CMNEK-
TPOB 13-3a BHEMO/IOCHOIO W3/y4eHus, HecobnoaeHns
YCNOBWIA 3M1EKTPOMarHUTHOW COBMECTUMOCTMW, Hefo-
CTaTOYHOro ocnabneHus curHana ot yganeHHoro NP
B MeCTe MNpoBefeHNs PagNOMOHUTOPUHTA,;

* HEM3BECTHOM YPOBHE LWyMa B pPa3/inyHbIX Ya-
CTOTHbIX AMana3oHax v ero 4aCTOTHOM OKPaLIEeHHOCTH;

* MPOM3BO/IbHOW 3amnofIHEHHOCTW NpocMaTpuBa-
€MOro 4acTOTHOrO fuanasoHa,

* MPOW3BOJILHON ANIMTENBHOCTM CUTHaNoB oT VIPU;

* HeM3BECTHOM BUAE MOAYNALUKN cUrHanos oT VPW.

OO6Hapy>XeHne curHanos u oueHunsaHne YK VIPU
npu NaHopamMHOM PagvOMOHUTOPWUHIe YA06HO NPOBO-
OUTb MeTOLaMU YacTOTHOM cenekuuu, No3BONSOLWMMU
NIErKo pasfenuTb CUrHanbl C Pa3/IMYHbLIMKU YacTOTaMMU.
TN onepauun peanusyembl B pPeanbHOM BpPEMEHU
6narogaps 6bICTPOAENCTBYOLMM anroputmMam 6o,

Hapsagy ¢ aTuM B Hay4HOI nutepaType 41S NaHo-
pamMHOro pagMoOMOHUTOPUHTA LLUMPOKO pas3BMBalOTCA Me-
TOAbl, OCHOBAaHHbIe Ha BblAENeHNUN CUIHANLHOTO W LWY-
MOBOrO MOAMNPOCTPAHCTB. [pn Takom nogxode obHapy-
YKEHME N OLEHMBAHWEe a3MMyTa W yrfia MecTa CUrHanoB
MPW npoun3BoaaTcs BO BPEMEHHOI 06/1aCTU Ha OCHOBE
MUSIC- nnn ESPRIT-nogxoga [3], [4]. 9Tn meToAbl
BbIYMCNNUTENIBHO 60/ee 3aTpaTHbI, 04HAKO o6ecneymnsatoT
60/1bLUYI0 TOYHOCTb MENEHroBaHMA U BO3MOXHOCTb BOC-
CTaHOB/IEHNA KBafpaTypHbLIX COCTaBAAKOLLMX CUTHana
MPW pgaxke npn NepekpbITUN X CNEKTPOB.

ANropuTMbl 06HaApYXXEHUs U MeNeHroBaHus Le-
necoobpasHo paspabaTbiBaTb Ha OCHOBe noAxopa
COBMECTHOr0 0OHapyXeHus n oueHuBaHWA. TepMuH
"COBMECTHBbIN" 03HayaeT, YTO O6GHapYy>KeHWe CUTHaNoB
MPW n oueHnBaHWe HampaBAeHU NX Npuxoga npouc-
XOAUT N0 OAHWUM U TEM Xe HabngaeMbIM BbIOOpPKaM.

CoBMeLlLeHMe MPOLECCOB OBGHapyXXeHuUs U oue-
HuBaHUa YK WIPW no3BonfeT MoBbICUTb CKOPOCTb
0630pa 4aCTOTHOrO [mana3oHa no cpaBHEHUIo ¢ Me-
ToAamMu, B KOTOPbIX 06HApyXXeHWe B LUMPOKOWA nono-
Ce 4aCTOT W MNefeHroBaHWe Ha (PUKCUPOBAHHOW Ya-
CTOTe MPOU3BOAATCA PasNUUYHLIMKU YCTPONCTBaMU
WAV Ha OCHOBE aHasn3a PasfINnyHbIX NPUHATBLIX AaH-
HbiX. Kpome TOro, coBMeLleHMe No3Bo/seT obHapy-
Xueatb MIPUI ¢ nporpamMmHoii nepecTpoikoi pabo-
yein yactoTel (MMPY) n onpegensats ux YK, onpege-
nAaTb YK MCTOYHWKOB KPaTKOBPEMEHHbLIX CUTHasoB,
LNVTENIbHOCTb KOTOPbLIX HE MPEBOCXOAUT BPEMEHM,

TpebyeMoro Ans HacTpOiKW MeneHraTopa Ha 3afaH-
HYH0 4acTOTy Npu pasfeneHun yHKumii obHapyxe-
HWA B LUMPOKOI MOMOCE W NEeNeHroBaHus.

Mpn naHopamHOM pPagVMOMOHWUTOPUHIE Heomnpe-
fLeneHHOCTb YacToT UPW TpebyeT NpuMeHeHUs To-
YeUyHbIX anropuTMOB OOHAPYXEHUS U NeseHroBaHus.
ToYeuHble anropuTMbl OBGHAPYXUBAKT CUTHaNbHbIE
cocTaBnswwme n QopmmpyroT oueHky YK UPW gns
KaXaoro 4yactotHoro otcyeta (UO). B UHTepBanbHbIX
anropuTmax, B OT/IMHYME OT TOYEUHbIX, OOHApYyXeHwue
NpoBOANTCA BO BCEM YacTOTHOM WHTepBane, AN KO-
TOporo (opmupyeTca eAMHCTBEHHasi oueHka [5].
B cBA3KN C 3TUM MHTepBa/ibHbIe anropuTMbl Lenecoob-
pasHO NPWMEHATb MPU CEXEHUN 3@ UHTEPECYOW MM
MPW B y3koii nonoce. Peann3oBatb MX B LLUNPOKOW No-
noce 0630pa B peanbHOM BpeMeHU 60ee CroXHO.

HabnogaemMmbiMW [JaHHbBIMU ANS PAAUOMOHUTO-
pUHra ABNAKOTCA BbIOGOPKU W3 KOMMEKCHbIX OTCYe-
TOB KBaApaTypPHbIX COCTaBAAKLIMX NPOLECCOB, NPU-
HATbIX M-KaHanbHbIM pagvonpUeMHbIM YCTPOIA-
cteoM (PIY), NOAKNOYEHHBLIM K M 3/1eMeHTaM aH-
TeHHOW peweTkn (AP). Bbibopku hopmupytoTcs Ha
BbIXOAAaX NIMHENHbIX TPaKToB npuemHuka (JITM) B
pesynbTaTe KBagpaTypHoro npeo6pasoBaHusa (KIM) un
ALM. Mpeanonaraetcd naeHTUYHOCTbH AUX n ®YX
TpakToB npuemMa. B peafibHbIX YCAOBUSAX MNOMHOWA
NAEHTUYHOCTU He A0CTUraeTcs; A/19 €e MOBblWeHNs
NMPUMEHAITCA CneymnanbHble MeToAbl U anropuTMbl Ka-
nnéposkm (cm., Hanpumep, [6]).

[ns Kaxnoro m-ro KaHana opmupyertcs maTpu-
LL1a OTCYeTOB C pasmepaMn N x L :

XTm = (xtm),i, m=0,M -1 I=1L n=1N. (1)

Mpy Hanuunmn B HabNOfaeMbIX AaHHbIX CUTHAN0B
oT d >0 VPW ¥ NpPUHATLIX JONYLWEHUaxX n-e ane-
MEHTbI MaTpuL, 3anncbiBalOTCA B BUe

d 1+ (1-1) N
(xtm)ni = X j bksk
k=11 i
I+(1-1)N
X EXP j 2ok - exP (n mk)
i
+(/\m)n| m:O,M - l,l :l, L,

roe d - obulee YMCAO CUTHANOB B HaB/IOAAEMbIX

[laHHbIX B LUMPOKOI nonoce 0630pa; bk - amnanuTyga
k-ro curHana WPW; sk - HOpMUpPOBaHHasi KOM-
nnekcHas ormbawwas k-ro curHana B HyneBoM Ka-
Hane PIY; fk - uacTtoTa k-ro curHana nocne npe-
06pa3oBaHUs LEeHTPaNbHOW 4acToTbl NpocmMaTpusae-

MOI MONMoCbl Ha HynesByt u4actoty; f - uacToTa



auckpetusaumm;  ymk =f ok, PK) - ¢a3oBblii

CABUT peanusayum k-ro curHana B m-m KaHane Py

OTHOCUTENbHO Hynesoro kaHana (yok =0) (Ok, Pk —

asuMyT u yron mecTa k-ro curHana); £m —peanuasa-

LUK WyMa HEM3BECTHOIO YPOBHS.

Vcnonb3oBaHne M-3/1EMEHTHbLIX JIMHERHbIX (He
KpyroBbix) AP no3BonseT 06Hapyutb M -1 UPU n
NnoTeHUManbHO cHopMUpoBaThL OLEHKN M - 2 NPW Ha
OfHOW YacToTe. YBeNMYeHMEe YMCNa aHTEHH M Takxe
CNocoBCTBYET MNOBLILIEHUIO TOYHOCTU (HOPMUPYEMbIX
OLLEHOK a3uMyTa 1 yrna MecTa, 0gHako TpebyeT yBenu-
YeHUs KOMIMYEeCTBa KOMEPeHTHbIX KaHanoB MPUEMHMKA
UNn peannsaum KOMMYyTMPYEMbIX TPAKTOB Npuema.

YBenmyeHme Konnmyectsa aHTEHH, OCOBEHHO npu
paguomoHuTopuHre B KB-gmanasoHe npuBoauT K
HexenatesbHOMY AN MOGWUNbHBLIX CPeAcTB YyBenu-
YyeHUo rabapnToB M Macchbl paguoannapaTypbl, CHU-
YKEHWUIO CKOPOCTK ee pa3BepTbiBaHWA HA MECTHOCTH.

Mpu cuHTe3e anropuTMoOB COBMECTHOro o6Ha-
PY>XEHUSA 1 NeneHroBaHusi Ha OCHOBE METOAOB C Ya-
CTOTHOW cenekumeli BO3MOXHbI [iBe CTpaTeruu, pas-
Nnyawwmecs nNocnefoBaTeNbHOCTLIO NPOBEAEHMA
06Hapy>XeHUs 1 neneHrosaHmsa VIPU.

CTpaTeruns nepBMYHOr0 0OHapPY>XXeHUs 1 BTOPUY-
HOFO MNEeNeHroBaHUsA 3aKM4YaeTcd B MNEPBUYHOM
3HEpPreTM4eckKoM 06HapyXXeHWW CUrHanoB C nocne-
AYHOWMUM MefeHroBaHMEM B OTCYeTax, B KOTOPbIX
06Hapy>XeHbl CUTHaNbHbIe cocTaBnstoLme. CornacHo

3TOW cTpaTerum o6Hapy>XeHue OCHOBaHO Ha cpaBHe-
HUW CTaTUCTUKKU, ONpefenseMoit amnanTygHbIMK
AW 3HEPreTUYEeCKMMM CNeKTpamMu MPUHATBIX Npo-
ueccoB S f(n) (n —Homep YO) Ha uHTepBane Habnto-

[leHns, C NOporom 3afaHHOro YPOBHS BEPOATHOCTU
NOXHOW Tpesoru (puc. 1, a). Ans ctabunmsaymm nox-
HO TpeBOTrW TpebyeTcs OLEeHKa YPOBHSA LWyMa. OUEeHKU

asumyta 0 U yrna mecta P (hopMupytoTcs TOMbKO B

YO, B KOTOpbIX 06HApPY>EeHbI CUTHaNbHbIE COCTaBsAO-
wpe. [puMep 4acTOTHO-a3MMyTaNbHOW MaHopambl,
chopMUPOBAHHOI HA OCHOBAHWUW 3HEPTeTUYECKOro 06-
Hapy>xeHus (puc. 1, a) npeAcTtasneH Ha puc. 1, 6.
CTpaTterns nepBMYHOr0 MefieHroBaHWa M BTO-
PUYHOTO 0OHAPYXeHWsA COCTOUT B MEPBUYHOM (op-
MWUPOBaHUM OLEHOK asumyTa u yrna mecta VIPAN B
KaxgoMm YO, no KOTOpbIM 3aTeM BbIHOCUTCS pelue-
HWe 0 HaM4mMmn nnm 06 oTCyTCTBUM cuUrHana ot UIPW.
B 3Toi cTpaTeruy OUEHKM a3umyTa (GOopMUpPYHOTCS
ana kaxporo YO. MNpusHakoMm curHanbHbix YO dB-
nseTcs rpynnupoBKa OLLEHOK asnMmyTa, Torja Kak
OLleHKM, C(HOPMUPOBaHHbIE U3 LIYMOBbLIX OTCYETOB,
pacnpefeneHbl No Bceil obnacTu 3HayveHuit ot 0 Ao
360° (puc. 2, a). BropuuHoe 06Hapy>XeHne 0CHOBaHO Ha
thmkcaumm obnacTeld rpynnuMpoBKM OLEHOK (puc. 2, 6).
Pelwatouieli CTaTUCTUKOW MOXET CNYXWUTb Ancnep-
CUA OLeHKMW asnmyTa B oTcueTe. INpu TakoM nogxone
He TpebyeTca OpMUMPOBaHME OLLEHKN YPOBHSA LLYMa,
HO AnA o6Hapy>XeHus Heobxoaumo He MeHee 10
C(hOPMUPOBAHHbIX OLEHOK a3uMyTa.

0, ..



CpaBHeHWe yKa3aHHbIX cTpaTeruii 06HapyxxeHus
N neneHrosaHua VIPN npu OTCYTCTBUWN NEpPeKpbITUA
CNEKTPOB COCeAHMX CUTHANO0B NOKasano cnegytollee:

1. Mpwn 0gHNX N Tex e AaHHbIX BTOPUYHOE 06-
Hapy>XeHuve Mo OLUEHKaM asnumyTa He WMeeT npe-
MMyLLecTBa B NOPOroBOM OTHOLUEHMW “"curHan/wym"
nepes NepBUYHbLIM 3HEPreTUYECKMM O6HapyXeHuem
no amnanTyAHOMY CMeKTpy.

2. BbluncneHue oueHOK asamumyTa B Kaxxgom YO u
nocnegytouiee ob6Hapy>xxeHue TpebyeT 60/1bWLINX Bbl-
YNCANTENbHBIX PECYpPcoB M 06beMa XpaHUMbIX B Na-
MATU [aHHbIX MO CPaBHEHWID C O6HapyXeHuem no
aMnaNTyaHOMY CMeKTPY U AafbHeAlunm neneHrosa-
HMEM B OTCYeTax, B KOTOPbIX MPUCYTCTBYIOT CUT-
Ha/bHblE COCTaBNAOLWMe.

3. CTpartervsa nepBMYHOro 3HepreTU4eckoro o06-
Hapy>eHUs No amniuTygHOMY CMeKTpy W nocnegy-
loLLee neneHroBaHne B cUrHanbHblX YO npu ogHoOM
M TOM e obbeMe HabnoAaemMbIX AaHHbIX 0becneyn-
BAET /IyULly TOYHOCTb OL,EHOK a3nuMyTa Mo cpaBHe-
HWIO C OLeHKamK, ChOPMMPOBAHHBLIMUW NO CTpaTeruu
MepBUYHOIO MNeneHroBaHus.

CnefyeT 0XXunaaTb CHUXEHUS 3 (EKTUBHOCTH BTO-
PUYHOI0 06HApPYXeHUs No OLeHKaM asumyTa B YCno-
BMAX MHOr0NYYeBOro pacnpocTpaHeHuUa npu neneH-
roBaHMM CU/IbHbIX CUTHANOB W3-3a MOABNEHUA aHO-
ManbHbIX OLUEHOK asumyTa [7]. BTopnyHoe o6Hapy-
XXEHWe No OLeHKam asumyTa HefonyCcTMMO MpPU Ha-
nmumn B YO cocCTaBnsaoWwmMX CUrHana oT HeCKObKUX
MPW, Tak kak B YO 6ygeT opmMupoBaThbCA TOMbKO
OfHa HefjocToBepHasa (CMelleHHas) OLeHKa asumyTa,
KOTopas He COOTBETCTBYeT HU ogHOMY VIPU.

XapakKTepucTuKy oBHapy>XeHUs 1 TOYHOCTMU ne-
JIEHT0BaHUA, a TaKXe BblYMC/UTENIbHbIE NMpenmyLie-
CTBa CBMAETENbCTBYIOT O LenecoobpasHOCTM npak-
TUYECKOI peannsauny nepBUYHOro 06HapyXXeHUs no

amnMTygHOMY CMEeKTPY M BTOPUYHOrO MesieHroBa-
Hua B YO, cofilepxalymx curHanbl.

[na onpefeneHns ypoBHS Wyma B KaHanax uc-
nonb3yeTtca ycTonumsas npu 80 %-i1 3aN0NHEHHOCTH
4acTOTHOrO AMana3oHa KBaHTW/IbHAs OLEeHKa YPOBHS
Wyma no LieH3ypMpoBaHHOW BbIGOPKe OTCUETOB ne-
pruogorpammsl [8].

CoBMecTHOe 06HapyXeHWe W MefeHroBaHne Ha
OCHOBE METOJ0B C YaCTOTHOW CefieKLueil BbIMOMHS-
eTca Mo Cxeme, NpPMBEAEHHON Ha puc. 3. Matpuua

HabnofaemblX faHHbIX XTm, m =0, M —1 (1) npe-

obpasyeTca B 4aCTOTHYK 06nacTb: Xm = (xm
n=1LN, I =1L, rge
N
(xm)nl X i(xtm)u w(i)expl j’\%nl'lr
i=1
n=\~n, I =m

npuyem w(*) - PYHKUNA BPEMEHHOIO OKHa.

L BbIGOPOK 00pa3ytoT cnekTporpaMmy, U3 KoTo-
poii  opmMupyeTCs HAKOMMEHHbIN aMNANTYAHbINA
CNEeKTP AaHHbIX M-r0 KaHana, B3aMMHbIA CREKTp
[aHHbIX KaHanoB, OLleHMBAETCA YPOBEHb LUyMa, 00-
Hapy>XMBaKTCA 4acTOTHbIE COCTaBAsOLNE CUTHa-
noB; onpegenatotca YO, B KOTOPbIX NPUCYTCTBYHOT
COCTaBAsilOL e OAHOr0 CMrHana; Ha OCHOBE MpPOBEp-
KW NPUHAANEXHOCTW COCTaBNAKLWMX B COCEAHUX
YO ofgHOMY curHany opMUpyOTCA OLEHKMN 4acToT-

HbIX WHTEPBANOB CUTrHanoB U oueHkn YK  k, Pk)

(ha30BbIM METOLOM.

MUWHUMaNbHOE YMCNO aHTEHH, Heobxoaumoe ANS
0AHO3HAYHOro (hoOpMMPOBaHMSA OLEHOK asumyTa U yr-
Nna mecTa, paBHo Tpem (M =3) (puc. 4, a, A - pac-
CTOSIHUE MeXAy anemeHTamm AP).
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Puc. 4

ANropnTM, peann3oBaHHbIi B Beluncautene (puc. 3),
no3Bo/seT 06HapYXUTb curHansl ot P un cpopmu-
poBaTb HeCMeLLeHHble OLEHKM a3umyTa U yria Mecta
Npu OTCYTCTBUWM NEPEKPbITUSA CMEKTPa COCEAHUX CUT-
Hanos. OfHaKo NPy HaNU4YMUW BCEro NNLLb TPEX aHTEHH
B AP HEBO3MOXHO CPOPMUPOBATL OLLEHKU Mepekpbl-
Batowuxca no cnektpy WPW Ha ogHoli vactote. Mo-
3TOMY [NS UCK/OYEHUS (HOPMUPOBAHUA HeOoCTOBep-
HbIX OUeHOK ans YO, B KOTOPbIX MPUCYTCTBYET He-
CKO/IbKO CMTHAM0B, OLEHKN asuMyTa He (hopMUpYIOTCS.

Mepexol OT PaBHOCTOPOHHEN TPeX3NeMEHTHOW
AP (puc. 4, a) K 4eTbIpex3/1eMeHTHOI KBajpaTHO
AP (puc. 4, 6) (M = 4) B KB-gnanasoHe nossosnset
(hopmmpoBaTb OUEHKKN asumyTa gByx VIPW, yacTuyHo
WAV MONHOCTLIO MepeKkpbIBalOLWMXCA N0 cnekTpy. Ye-
ThipexaneMeHTHas KBafpaTHas AP ob6nafaeT CBOWA-
CTBOM [BONHOW MHBApMaHTHOCTW K CABMTY, KOTOpOe
MCNonb3oBaHO npu paspaboTke anroputma [9].
[BoliHasa nHBapnaHTHOCTb AP (puc. 4, 6) K caBury
NPOSBNAETCA B ClefYOLEM:

« (ha3oBble CABUTK K-ro curHana B mojgpeLleTke,
o6pa3oBaHHOW aHTeHHamu 0, 1, npeobpasylTcs B
(hasoBble cABUTY NoapeLleTkn 3, 2 AOMHOXEHUEM Ha
MHOXUTenb exp ((2rcAk sin 0 k cos Pk):

exp(m k)
exp (j y2k)_

exp(m k)
_expjlY k) _

eexp (j2%Ak sin 0 k cos pk)

roe Ak = fk A lc —paccTosHue mexay anemeHtamn AP

B A/IMHAX BOSH AN K-ro curHana; ¢ —CKOpocTb CBETa;

* (hasoBble cABUTY K-ro curHana B nogpetuetke 0, 3
npeo6pasytoTcs B a3oBble CABUMM MOAPELLETKN 1, 2
OOMHOXEHMEM Ha MHOXWTENb

exp (j -KAk cos 0 k cos Pk).

OCHOBHbIE 3Tanbl anropMTMa COXpaHwuau npeem-
CTBEHHOCTb MCMO/b3YyeMOro B HaCTOfLLEe BPeEMA a-
ropuTMa TpexaneMeHTHoW AP Peanusauus anroput-
Ma ANs YeTbipexanemeHTHOW AP noTpe6oBana HesHa-
YnTeNbHOW AOPabOTKM NPOrpaMMHOro 06ecrneyeHus.

[na kaxporo n-ro curHanbHoro YO dopmupy-
eTca Bblbopka

(xon)1 e (XOn)/y
(XIn)1 eee (xIn)1
(x2n)1 -«
(x3n)1

e (x2n)l
e (X3n)1

COCTaBfieHHasA M3 n-X anemeHToB Matpuuybl (1). Bbl-

yncnsieTcs KOppensuMoHHas MaTpuua R = 7n24

( H —cCuUMBON 3pPMMTOBA COMPSKEHMUs), KoTopas
packnafblBaeTcs No CO6CTBEHHbLIM BEKTOPaM

E:[EO E1l e E3],

Ei =[EOi E1li E2i E3i]t, i=0 3

( T —CMMBON TPaHCMOHWPOBaHMA) U COOBCTBEHHbIM
yucnam J1=[*0 X X2 X3], "0 >~1 >X2 >3,

CobcTBeHHble Yncna J1 cpaBHMBAKOTCA C NMOPOroMm,
ornpegensieMbiM YPOBHEM BEPOSITHOCTM NI0XHOW TpeBo-
rm. dukcupyeTcsa KoMyecTtso curHanos ot IPU, ko-
Topble NpuUcyTCTBYIOT B n-m YO. Ecau d <2, ¢op-
MUPYeTCH CUTHANbHOE MOAMPOCTPAHCTBO

E =fEO, d =1,
s \[E0O El1],d=2

Ecnm d =2, TO ¢ MOMOLLbIO MaTPUUHBIX Npeo6-
pa3oBaHMii ¢ BEKTOPaMU CUTHANLHOTO NOANPOCTPaH-
cTBa (OPMUMPYIOTCA OUEHKM YXn M Yyn oneparto-

poB MoBopoTa:
exp (j2%A'n X

xC°s0 nlcos pnl)

n 0 exp (j2%A'n x

0

xc®s0n2cospn2)

exp (j 2%An x 0
xsin 0 nlcospnl)

n 0 exp (j = %An X

xsin0 n2 cospn2)_

OnepaTopbl NOBOPOTa CBA3bLIBAIOT MeXAy C060i
371eMEHTbI BEKTOPOB CUTHA/NbHOTO MOAMNPOCTPaHCTBA:

E3l E32  EOL EO2 vy
E2l E22_ Ell ER_ 7"
'Ell E12  EOL EO2 y,

_E21 E22_ E31 E32_
C NomoLLbo CO6CTBEHHbIX Yncen J'Iyn, J'I,>1<n oLe-

HOK onepaTopoB NMoBoOpoTa



* X, = Txdiag (Axn) Tx"; * = Tydiag(N,,,) TV
(Tx, Ty - cO6CTBEHHble BEKTOPbl OLEHOK oneparto-

pOB MOBOPOTA) BbIYNCASIOTCA OLLEHKN a3MMYTOB
on =(0n1 0n2)=- arctg [®b (Jlyn)/®B (JIxn)]

nyrnoe mecta

Pn = (Pn1 Pn2)=arcco™arg2( ~ )+arg2 (Jx, ).

[Lns onpefeneHns yKasaHHbIX OLEHOK Heo6Xo-
AMMO, YTO6bl COBCTBEHHbIE YMCNa OLEHOK onepaTo-

POB MOBOPOTA * x W *Yyn COOTBETCTBOBANM APYr

apyry. CooTBeTCTBME AOCTWUraeTCcsl BbIUMCIEHUEM B3a-
VIMHOi KOppensLum co6CTBEHHbIX BEKTOPOB Ty U TX.

Mpn d =1 ANa BblYUCNEHNSA OLEHOK asumyTa npu
AP no puc. 4, 6 MOXHO UCMO/Ib30BaTb BblpaXXeHNsA
On = - arctg[argfan )/argfan)]

nnn

On = -45 - arctg 2r9fan)-argfan)

Pe3ynbTaTbl CTAaTUCTUYECKOTO MMUTALUOHHOTO
MOZENNPOBaHMS MoKasanu, 4to ans HopMupoBaHus
HeCMelleHHbIX OLEHOK a3umyTa [ABYX CUTHanoB
Heo6xoAMMO MMeTb L > 30.

Ha puc. 5-7 npuBegeHbl parMeHTbl aMOAnTyA-
HOro CMeKkTpa U 4YacTOTHO-a3nMyTanbHbIX MaHopam
peanbHbIX 3amuceil CUrHaN0B, MOMYYEHHbIX B COOT-
BETCTBMM CO CXEMON Ha puc. 3 gns M = 4. KoHpu-
rypayus AP cooTBeTcTBOBana puc. 4, 6, paccTosHue
MeXxgay aHTeHHamu [ =54 M. 3anucu caenaHbl B
nonoce 1 MrI'y, yactota guckpetusaymm 1280 kIu.
MepekpbiTMe CNEKTPOB [BYX CUTHaNOB CO3[aBasiocb
nepecTpoOKOli 4aCTOTbl MECTHOTO FreTepojmnHa.

Ha puc. 5, a n3obpakeH parMeHT aMnanTygHO-
ro cnekTpa 3anucu 6e3 nepekpbITUS CNEKTPOB reTe-
pOAMHA 1 W 3()MPHOr0 CUrHana ., PacnoNOXKeHHOro
JleBee CuUrHana retepoAmHa Ha vactoTe 8172 kIu.
YacToTHO-asuMyTa/bHble MaHopambl B OTCYTCTBUE
nepekpbITUA N306paxeHbl Ha puc. 5, 6. And cpaBHe-
HUSA Ha puc. 5, B NpuBefeHa YaCTOTHO-asuMyTasnbHas
naHopama, Mojsly4yeHHas HemnocpeAacTBEHHO U3 (aso-
BbIX cABUros YO 6e3 MPOBEPKU HAIUYMUA B HUX CO-
CTaBNAOLWMNX 4BYX CUTHANOB.

Ha o6enx naHopamax B OTCYTCTBME MNEPEKPbITUA
OUeHKM asumyTa VP MecTHOro retepoauHa u ajup-
HOr0 CUrHana O4WMHAKOBbl M COCTaBnAT 260° n 58°.
Ha naHopame (puc. 5, 6) Ha yacToTe 8040 KI'L, BbIgBNe-
HO 2 PW ¢ asnmyTtamm 250° n 125°. Ha puc. 5, 6 Ha
yactoTe 8040 KL, OLEeHKN a3UMyTa He JTI0OKaNnM30BaHbI.

PesynbTatbl, cootBeTcTBYytoWwme 100 %-my nepe-
KPbITUIO CMEKTPOB reTepogmHa v 3QUPHOro CUrHana,
npvBeaeHsl Ha puc. 6, a 30 %-my - Hapuc. 7.

Sf Sf Sf
80 ’ \ ' 80 - 80 -
60 60 - 60 -
40 40 - 40 -
20 20 - 20
0 oLi. =—li.il . -1 0l..Jg. iLA L
8000 8050 8100 8150 f, Ky, 8000 8050 8100 8150 f, kl'y 8000 8050 8100 8IS0 f, kIy
a a a
0,..° 0,.° 0,.°
250— o 250, f . 250 .
200 ° . 200 ) 200 ™
150- 150 - 150 -
100 — . . 100 — . 100 — .
50— 50— T 50-
0 1 1 1 0 1 1 1 0 1 1 L
8000 8050 8100 8150 f, Ky 8000 8050 8100 8150 f kM 8000 8050 8100 8I50 f, Ky
6 6 6
0 . 0 0
250 | * 1 250 250-
200 ° L 200 200"
150 4 . 150 - 150—
100 100 * 100-*
50— j . 50— 50- I
0 1 B E . 0 L L L 0 L L
8000 8050 8100 8150 f, Ky 8000 8050 8100 8T50 f, kI 8000 8050 8I00 8IS0 f, kY
B B B

Puc. 5

Puc. s

Puc. 7



YacToTHO-a3uMyTaslbHble NaHopaMbl Ha puc. 6, 6 1
7, 6 NOMyYeHbl C NPOBEPKOW Hanu4ms cocTasBasto-
WMX ABYX CUTHANO0B Ha 0fHOI YacToTe. Ha puc. 6, 6,
7, 6 oueHka asumyTta VPW retepogmHa npumepHo
ofnHakoBa: 260 * 2°, oueHKa ahMpHOro cmurHana 57°.

AHOManbHble OLUEHKKW, 06YCNOBNEHHble WHTepgde-
peHLMel curHana reTepofmHa U 3PUPHOro cUrHana
Ha yvactoTe 8172 «kIly, oTcytcTByloT. Ha uacToTe
8040 kI'L BO BCex cny4vasx 06Hapy>XeHbl 2 3 UPHbIX
CUTrHana v copMmnpoBaHbl OLEHKN UX a3uMyTa.

[nsa cpaBHeHWA Ha puc. 6, B, 7, B U306paXKeHbI
YaCTOTHO-a3uMyTasibHble MaHopaMbl, MONYYeHHbIe
HernocpeACcTBEHHO U3 (ha30BbIX caBuros YO 6e3 npo-
BEPKW Ha/nyuMsa B HUX COCTABAAKLWMX ABYX CUTHa-
noB. Ha ykKasaHHbIX naHopamax npu nepekpbITUn
CNEeKTPOB CWUrHana retepoAmHa ¢ 3UPHbIM CUTHa-
NOM BblfensATcA ABe 061acTU rPYNNUPOBKIN OLLEHOK
asumyta B o06nactu nepekpbitma: 210...280° nu
41...85°. OpfHako, BO-MepBbIX, 3TU OUEHKU CYylle-
CTBEHHO XY>X€ N10Kann30BaHbl, YeM Ha puc. 6,6 U 7, 6
COOTBETCTBEHHO, W, BO-BTOPbIX, B KaXAOM TaKTe 06-
paboTku gns ogHoro YO opmupoBanach TOMbKO
04Ha OuUeHKa asumyTa, KoTopas npuHUMana OfHO
NMpPOu3BOJIbHOE 3HAYEHWe B 3aBMCUMOCTU OT YPOBHSA
3aMupaHunii 3MpPHOro cUrHana.

B6au3mn yactoTbl 8040 KI'LY, Ha puc. 6,8, 7, B, KaK 1
Ha puc. 5, B, HabnoJalTCsa pacnpefeneHHble B LLMPO-
KOM [uMana3oHe 3HayeHWi oueHKM asumyTa. Cyue-
CTBeHHble (MNYKTyaLuMM OLEHOK asumyTa fno 0651actu
3HauYeHW XapakTepHbl MPU HEKOTOPbIX YC0BUAX MHO-
rofyyeBOoro pacrnpocTtpaHeHua curHana ogHoro WPU
NnnM60 NHTepEPEHLMIN CUTHANOB HECKOMbKMX VIPA.

IMoCKONbKY anropuTM C NPOBEPKOW NepekpbITUA
CMeKTPOB [ABYX CWUrHanoB Ha 4actote 8040 «kIy
C(hOpMUPOBaAN B K&XOM TaKTe ABe OLEHKU, KOTopble
XOpOLO JIOKANNM30BaHbl, MOXHO cAenaTb BblBOL O
Hannumm curHanos aeyx IPW Ha vactoTe 8040 kI'u.

CoBMecTHOe 06HapyXXeHWe 1 MefleHroBaHue nNpu
KpyroBoi KomMmyTupyemoin M-anemeHTHOW AP.
B YKB-gnanasoHe pfna paguoneneHrauynm npume-
HAKTCA KPYroeble KOMMYTUpyeMble M-3/1€MeHTHbIE
AP, KOHCTPYKTMBHO peasin3oBaHHbIE B O4HOM M3[e-
JINN, YTO MO3BOJISET HE TPATUTb BPEMSA HA pasBepThbl-
BaHWe Ha MeCTHOCTH.

KommyTaums KaHanoB MO3BOJISET WUCMOJb30BATb
OBYX- WU TpexkaHanbHoe PIY BMecTO M -KaHanb-
Horo. B aTom cfyyae OAMH KaHa/ ABNSETCA OMOPHbIM,
a Apyrue —KOMMYTMpyeMbIMU. TTOCKOMbKY KOTrepeHT-
Has 06paboTKa Npy KOMMYTaLWUW HEBO3MOXHA, NeNeHr
OLEHMBAETCA Ha OCHOBEe OLEHOK pasHocTel (a3 onop-
HOr0 M KOMMYTVPYEMbIX KaHasoB.

Mogenbo HabnfaeMbiX AaHHbIX TakxXe ABMdeT-
ca matpuua (1), 3a UCKIKOYEHUEM TOrO, YTO B Kax-
[bli MOMEHT BPEMEHW AOCTYMHbI OTCYETbl ONOPHOTO
M MOAKMOYEHHOr0 K OAHON M3 m KOMMYTUPYEMbIX

aHTEeHH KaHana, m=1 M -1.

PasHocTu a3 mexgy n-mu YO o0nopHOro u
KOMMYTMPYEMOTO KaHafoB npu Kpyrosoin AP onpe-
LenaTca cefyowmm obpasom:

2 %r

ymn i

cos pk cos10k - M I-cosOk

m=1M -1,

rge r —pagnyc AP; Xn —annHa BonHbl B n-M YO.
Mpwn BbINONHEHUN ycnoBuA r/ X< 0.25 oueHKu
pasHocTel a3 ymn (hOpMUPYHOTCSA O4HO3HAYHO, MO-
3TOMY MOXHO WCMOJIb30BaTb ONTUMANbHYI OLEHKY
asumyTa
M-1 . 2 %m
y ymn sSin
m=1
On=arctE .1 )
cos : m
Y ymn M
m=1
C pocTtom yacTtoTbl ycnosue r/X<0.25 Hapy-

waetcA. Mpy 3TOM HEKOTOPbIE OLEHKM pasHOCTei
(ha3 CTaHOBATCA HEO4HO3HAYHbIMWU W OLEHUTb asun-
mMyT NPW no (2) HeBO3MOXHO.

Mpwn r/X>0.25 MCcnonbL3ylTCA OLEHKW, MaKCu-

MU3NPYOLLMe MOAY/b MPOW3BefeHNA BeKTopa oue-
HOK B3amMHOro cnektpa Yn = {YmnJ n oxugaemoro

BekTopa oueHokGn (0, p)={Gm (0, p), m=1L M ,
ONS MMetoLLerocs oTHoweHua r/Xn :
On, pn =argmax|gn (0, p)Yn]. (3)
0p

CocTaBnsiolUiMe OLEHOK B3aMMHOIO CMekTpa onpe-
JENATCA CNeAyL MM 06pa3oM:

1o
){mn :J_§ (
L=l

a 3/IEMEHTbI OXXNaaeMoro BeKtopa

xm)n/ (x0)mi

Gmn 10, p) =
.2 %r
=expi-j' cospcos|0-~ ~ |- cospcosO
Xn
CxemMa COBMECTHOro 06Hapy»XXeHusa 1 nefeHroBaHus
CUIHaN0B Ha OCHOBE AaHHbIX M-3/1eMEHTHON KOMMYTU-

pyemoiit AP YKB-anana3oHa npusefeHa Ha puc. 8.



Puc. s

BpemeHHble Habnopaemble gaHHble (1) OT KOM-
MYTMPYEMOro M OMOPHOr0 KaHanoB npeobpasyroTcs
c NnoMoLbto BIM® B YacTOTHYO 061acTb:

X0l [(x0)1 e (xO)NI
xml = [(xm)Ly e (xm)NI],
m=1LM -1, I =TTL

[Lanee onpegenseTcs B3aUMHbIi CNeKTp

(Xm)l = _(xm)y (x0)y, +  (xm)NI (x0)NI

OLEHMBAETCH YPOBEHb LIyMa B3aMMHOIO CMEeKTpa
Cml 1 B3aUMHbIIi CMIEKTP HOPMUPYETCS Ha 3TOT ypo-

BeHb: (XmAljAm I.

O6HapyeHne B Kaxaom YO BbIMONHAETCS MO
HaKOM/JeHHOMY CyMMapHOMY B3aMMHOMY CReKTpy

1 f.'v (n
LM - y;y '

X =

OTcueTbl HAKOMAEHHOr0 CyMMapHOro B3avMHOTO
cnekTpa X = (Xp..X n ) CpaBHMBAKOTCA C MOPOroM,

YCTAHOBMEHHbIM B COOTBETCTBMM C 3afaHHOMN Bepo-
ATHOCTbIO JIOXKHOW TPeBOrn, U ONpefensoTCcs cur-
HanbHble YO. B curHanbHeix HO onpegensercs yuc-
no VPN, curHanbHble coCcTaBngaoWme KOTopbIX Npu-
CYTCTBYIOT B OTCYETE.

[na kpyrosoii AP makcumanbHoe uucno UPWU,
[ONS KOTOPbIX Ha O4HON 4YacToTe MOXHO CthopMuUpo-
BaTb MPaKTUYeCKN HECMeLleHHble OLEHKW a3umyTa,
paBHo (M /2 - 1) [10].

CurHanbl oT pas3nnyHbiXx PV npuxopsat ¢ pas-
HbIX HanpaB/eHWi, ¥ YPOBHU UX CMEKTPabHbIX CO-
CTaBMAOLWMNX He KOPpPenuMpoBaHbl MeXAy co60i BO
BpemeHU. MoaTomy Ana oueHkn ymucna PN cnepyet
cthopMmnpoBaTb MaTpuLy
12

(x1)nl (x°) (x1)nL (x0)nL

(x0)n1(x0>ml (x0)nL (x° L

(M-1)nl(x°)m ( M-1)nL (xOL

(x0)nl (x°),m (x0)nL (xOL

COCTOSLLYIO W3 B3aWMHbIX MPOM3BeAeHN O0TCUETOB
OMNOPHOT0 U KOMMYTUPYEMbIX KaHafoB, HOPMMPO-
BaHHbIX HA MOLYHOCTL OTCYETA OMOPHOFO KaHana:

Ccmnl(x0)ni " _ gy =1L

(x0)nli(x0)nl
KOonnuecTBo 3HAUMMBbIX CUHTYSAPHBLIX YMCEN Zn

MO  COOCTBEHHbLIX uYucen zZnzn COOTBETCTBYET

yucny CMrHanos, NpucyTcTByOWMX B YO.

Ecnn 3TO KONMYECTBO paBHO eAuHULE, TO Ana dop-
MMUPOBaHUA OLEHOK a3MMyTa MPUMEHMMbI BbIPaXXeHUs
(2) nnn (3). Mpun HanMuUKM 60nee 0AHOro0 CUrHana OLEH-
KW asumyTa (hOPMUPYHOTCA Ha OCHOBE anropuTtMoB
ESPRIT nan MUSIC [3], [4], [11] 3 cuHTyNspHbIX BEK-

TOPOB Zn Unn COBCTBEHHBIX BEKTOPOB ZnZn, .

KomMMyTupoBaHue MPUEMHbIX TPAKTOB OrpaHu-
YmBaeT BO3MOXHOCTM 06pabOTKM U CHUMXAeT nome-
X0YCTONYMBOCTb aNrOPUTMOB OOHApYXEHUs U ne-
NEeHroBaHusa. Vcnonb3oBaHWe MHOrOKaHanbHbIX KO-
FePEHTHbIX LUMPOBLIX NPUEMHbIX YCTpoincTe YKB-
fLnana3oHa, paspaboTaHHbix B CM6r3TY "NISTU" 1
NPOXOJAWNX HATYpPHble WUCNbITAHWUA, MO3BOMNT W3-
6exxaTb KOMMyTalL MK CUrHaN0B 3nemeHToB AP u pe-
ann3oBaTb KOrepeHTHble anropuTMbl 06paboTKu.

CoBMecTHOe 06HapyXeHue W nefeHroBaHue
Ha OCHOBe MeTOAO0B BbIfE/IEHUA CUTHANIbHOTO U
LWYMOBOro NoAnpocTpaHcTs. O6HapyxXeHWe u oue-



HMBaHME NPOM3BOAATCA BO BPEMEHHONW 061acTu Ha
ocHoBe MUSIC- nnn ESPRIT-nogxoga. N3 mMHoro-
KaHaNbHbIX MPUHATBIX AaHHbIX (HOPMUPYIOTCA KOp-
pensunmoHHble MaTpulbl HabnogeHuin. Konmyectso
COBCTBEHHbIX YNCEN UAWU CUHTYNAPHBIX YUCEeN TaKoi
MaTpuLbl, NPeBbICUBLUMX NOPOr, ONpefeNneHHbIA nc-
X04S W3 3aflaHHOr0 YpPOBHS BEPOSATHOCTU JIOXHOI
TpeBoru, ykasboiBatoT uncno NPW, a cooTBeTCTBYIO-
Wme UM COBCTBEHHbIE (CUHTYNSPHbIE) BEKTOPbLI 06-
pasytT CUTHanbHOe nognpocTpaHcTeo. OcTaBwuecs
BEKTOPbI 06pa3ytoT WYMOBOE NOANPOCTPAHCTBO.

Mpu ESPRIT-nogxoge oueHkn napameTtpos NPU
(hOpMUPYIOTCA Ha OCHOBE BEKTOPOB CUTHa/IbHOro
nognpoctpaHcTea, npn MUSIC —Ha 0CHOBE BEKTO-
pOB LUYMOBOIO MOAMNPOCTPAHCTBA.

Ha ocHoBe ESPRIT-nogxoga paspaboTaHbl anro-
PUTMbl COBMECTHOIO O6HAapYXXeHUA U NefeHrosaHus
Npv NCMOMb30BaHUMN TPEX- U CEMU3NEMEHTHOI AP Bo
BpeMeHAaan obnactu, nogpobHO onucaHHble B [11].

ANTOpUTMbI, CUHTE3NPOBaHHbIE HAa OCHOBE Bbl-
[eNneHnsa CUTHaNbHOro 1 WYMOBOro NOAMNPOCTPAHCTB,
no NpUHLMNY AelCTBMS SBAAKOTCS anropuTMaMuy CoB-
MeCTHOro 0OHapyXXeHUs 1 MeneHroBaHus.

[unckpeTusaums rapMoHUYECKOro  KonebaHus
00ycnoBnuBaeT NosABAEHNE (PA30BbIX CABUTOB MEXAY
OVCKPeTHbIMW OTcyeTamMu B Bblbopke. Da3oBbIit
CABUT Mexay n-m n (n +i)-m oTcyeTamu, nNpuHag-
nexawmmy npuHatomy ot k-ro UIPW curHany, B
Kakgoh M3 BPeMeHHbIX Bbl6OPOK (1) cocTaBnsieT

ok =271/ .

MPW, HenepekpbiBalOLWMXCA NO CNEKTPY, OCHOBAHO

®opMMpoBaHME OLLEHOK 4acToT

Ha onpegeneHun $k , k =1, d. Torga oueHKM YacTo-

Ta fk = kfag"(2raX k =K d-
BbluncneHve oueHkn $k ocHOBaHO Ha (opmu-

poBaHUM XOTA 6bl O4HOW MaTPULbl, CTPOKN KOTOPOWA
o6pa3oBaHbl OTCYETaMU HabMOLAEMbIX BPEMEHHbIX
[LaHHbIX KaHana, CABMHYTbIMWU Ha KaXoW nocnepy-
OlWen CTPOKe Ha OfHY MNO3ULMI0 OTHOCUTENbHO
npegbigyuieii [4]. Yncno cTpok onpegensietca napa-
MeTpoM caBura V <NL/2, V >d.

[na COBMECTHOro 06Hapy>XeHWs U OLEeHWBaHWSA
yacToThl 1 YK VIPU TpebyeTcs chopmmpoBaTtb Takue
MaTpuLbl AN KaXKA0ro m-ro KaHana:

(xtm)1  (xtm)2 (xtm)NL-V+1
77 = (xtm)2  (xtm)3 (xtm)NL-V
(Xtm)V  (xtm)y 4 (xtm)nL

m=0,M -1.

Puc. 9
[Ana nonyyeHua oueHOK asMmyTa W yrna Mecra
thopmupyeTcsa Matpuua

Zm =[ZTO e ZTM-1]X,

obpasoBaHHad matpuyamum ZTm, m =0, M -1. Bbl-

yncnsetTca KoppensaumoHHas matpuua R =ZmZ ™,

KOTOpas packnagblBaeTcsd MO COOCTBEHHbIM BEKTO-
pam n yucnam. Konnyectso 3HaUMMbIX COBCTBEHHbIX
yncen, NpeBbICUBLUMNX YCTAHOB/EHHbI/ NoOpor, onpe-
[eNeHHbIN 3a4aHHbIM YPOBHEM BEPOSATHOCTM TOXKHON
TpeBoru, onpegensiet obwee yncno MPWN B paccmart-
pusaemoli nonoce. Mpu yronkosoii AP, o6pa3oBaH-
HOW ABYMS NUHERHbIMWU AP, pacrnonoXXeHHbIMU Noj,
yrnom apyr Kk gpyry (puc. 9), B cnyyae M =3 (Tpe-
yronsbHas AP) Ha 0fHOIA YacTOTe MOXHO ChopMMpO-
BaTb OUEHKM ToNnbkKo opgHoro WPW, npuy m =5 —
OBYX, npu M =7 —Tpex NPW.

OueHKM asnmMyTa, yrna Mecta u 4actoTbl hopMu-
PYHOTCSl HA OCHOBE MAaTPMUYHbIX MPeobpa3oBaHU BeK-
TOPOB CWUMHA/IbHOTO MOAMPOCTPAHCTBA, COCTOALLEro
13 CO6CTBEHHbIX BEKTOPOB, KOTOPbIM COOTBETCTBYIOT
COGCTBEHHbIE YMCna, NpeBbicMBLIME nopor [11].

PaspaboTaHbl 1 MccnefoBaHbl NO peasbHbIM 3a-
MUCSAM CUMHANOB anropuTmbl NIpU M =3 n 5.

Ha puc. 10, a npefctaBneH (parMeHT cnektpa
3anncuy peanbHbIX CUrHANOB Ha YactoTe 18 537 klyl
B 30HE NEPEKPbLITUA CNEKTPOB CUTHAN0B AByx VIPW.

YacToTHO-asuMyTasbHaa naHopama, nosayyeHHas
anropMTMOM Ha OCHOBE CUIHa/IbHOTO0 MOAMPOCTPAH-
cTBa Npu M =7, npusBefeHa Ha puc. 10, 6, npwu
M =3 —Ha puc. 10, B, a aNirOPMTMOM Ha OCHOBE METO-
[IOB C YaCTOTHOM cenekuymen npu M =3 —Hapwuc. 10, T.

Puc. 10, 6 ns ybeauTenbHO AEMOHCTPUPYIOT
Hanuune AByX NPW, nepeKkpbiBatoLWwmMXcsa no Cnekrpy.
OueHKN asumyTa U yrna mecta chOpmMMpoBaHbl BO
BCei MoN0Ce 4acToT CUrHaN0B 6e3 pa3pbiBOB.

CpefiHue 3HaYeHnsa 1 cpegHeKBagpaTuyeckne oT-
K/IOHEHUA OLEHOK asumyTa anroputMma Ha OCHOBE Bbl-
[leNeHns CUTHanbHOro NOANPOCTPaHcTBa Nnpu M =7

1 Ha puc. 102 no ocn abeumce OTNOXEHO OTKNOHeHWe YacToTbl Aft
OT LleHTpasbHOM YacToThl 18 537 KkI'y,
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cocTaBnAawT ans nepsoro MPW 72° n 1.3° cooTBeT-
CTBEHHO, a Ana BToporo - 152.8°wn 2.8°; npy M =3
onsa nepsoro PN 72° n 1.7°, a gns BToporo - 148°
n 4.7°. OueHka asumyTta BTOoporo P nmeet cme-
weHue 4°.

CpegHue 3HauyeHUs W CpefHeKBagpaTuyeckue
OTK/IOHEHUA OLEHOK, C(HOPMUPOBaHHbIE Ha OCHOBE
OLLeHOK, MOIYYEHHbIX afifOPUTMOM C 4acTOTHON ce-
nekumuei (puc. 10, r), npu M =3 cOCTaBNAT ANA
nepsoro PN 72° n 2.7° COOTBETCTBEHHO. B 30He
nepekpbITUA oLeHKKU 060uX MPU He cthopMUpoBaHbI.
Ecnn 6bl B anroputMe OTCYTCTBOBana MpoBepka
Hannuua cocTaBnsAlWUX ABYX curHanos B YO, 10 B
30He MepekpbITUA (opMmMpoBanacb Obl HEJOCTOBEP-
Haa oueHka asumyTta MPW 145° n 4.1°, He coOTBeT-
cTBytOwWasa H1 ogHomy NPW.

ANropuTMbl Ha OCHOBE CUTHANbHOrO MOAMNPO-
CTpaHCTBa MO3BONSAKT TakKXe cPopmMupoBaTh KBagpa-
TYPHblEe COCTAB/IAIOLLNE CUTHANO0B, NPUHAaANeXaLnx
pasHbiMm VPW, nepekpbiBalowmmca no 4yactore. Am-
NAMTYAHbIE CNEKTPbl OLEHOK CUrHanoB oboumx WPWU,
chopMUpOBaHHbIE anroOpUTMOM MpU M =7, Npuseje-
Hbl Hapuc. 11, amn 6, anpu M =3 - Hapuc. 12, a n 6.

CpaBHeHue puc. 11 n 12 nokasbiBaeT, 4To 060U-
MW anroputMamum cHOPMMPOBaHbl  MPaKTUYECKM
OAWNHAKOBbIE OLUEHKN curHana ot nepsoro WPU
(asmmyT 72°). Ha puc. 12, 6 cnekTp curHana BTOpOro
VPV B 06nactu nepekpbITUA CO CNEKTPOM MepPBOro
VIPV nmeeT npoBas, Hanmyue KOToporo obycnosne-
HO MI0XOl pa3feMMOCTb0 BEKTOPOB CUFHANLHOIO
NoANPOCTPAHCTBA, OTHOCALWMXCA K NMepBOMYy W BTO-
pomy UPU, nppy M = 3.

Ha puc. 11, 6 cnekTp oueHku sToporo NPW npo-
Basa He COAEPXMUT, NOCKO/IbKY M =7.
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Pe3ynbTaTbl 3KCNEPUMEHTA/IbHOTO UCCNef0BaHNA
CTaTUCTUYECKMM WMUTALMNOHHLIM MOJENNPOBaHNEM
M NO peasibHbIM 3aMnCAM CUTHaNa CBUAETENIbCTBYIOT
0 TOM, YTO anropnTMbl COBMECTHOTO O6HAPYXEHUA U
MeneHroBaHWa Ha OCHOBE BbIAENEHUS CUTHANIbHOTO
NMoAMNPOCTPaHCTBa:

* Npn 04MHaKoBO AP obecneynBaloT 60see Bbl-
COKYH TOYHOCTb MENEHroBaHWs, YeMm alropuTMmsbl,
CUHTE3MPOBaHHbIe Ha OCHOBE MeTO4a C YacTOTHOW
cenekumei;

* M03BONIAIOT CHOPMUPOBATL OLLEHKWM KBagpaTyp-
HbIX cOCTaBnaWmMx curHana IPU;

e TpebytoT 60MbLIMX BbIYUCAUTENbHBIX pecyp-
COB, YeM anropuTMbl, CUHTE3NPOBaHHbIE Ha OCHOBE
MeTOfa C YaCTOTHOI cenekuuen.

B HacToAwWei cTaTbe nNpefcTaB/iieHbl OCHOBHbIE
MeTOfbl N peann3oBaHHbIE Ha UX OCHOBE a/iTOPUTMBbI
COBMECTHOr0 O0GHapyXeHUs 1 NefeHroBaHus, npeg-
Ha3HayeHHble A4/15 MaHOPaMHOro PagMoOMOHUTOPUHTA.
ANropuTM Npu TpexanemMeHTHOW AP Ha OCHOBe Me-
ToAa C 4acTOTHOM cefekuMei yCrnewHo peann3oBaH
N MPUMEHSETCA Ha MPaKTUKe.

AHanuns 6a3 gaHHbIX oueHoK YK VPW noka3sbiBa-
et Hannume 10 % aHoMasibHbIX OLEHOK. 0osABAAOLWN-
ecsl aHoMalibHble M3MepeHns 06ycnoBieHbl B OCHOB-
HOM MHOrO/yYeBbIM pacnpocTpaHeHueM. Pa3paboTka
anropuTMa rnesieHroBaHWA Mpu MHOroJly4yeBOM pac-
NpoCTpaHeHUN N peanu3aums B peanbHOM BpPEMeHMU
ABNATCS CMIOXHON 3agadeii. Mo3aTomy ceilvyac akTmB-
HO BeAyTCS McCnefoBaHWUA NO BTOPUYHOW 06paboTke
pesynbTaToB M3MepeHnin YK NPU.

lMpoBoAuTCA peanu3auunsd anroputmMa Yevblipex-
anemMeHTHoOl AP B peaflbHOM BPEMEHU C YYeTOM ne-
PeKpbITUS CMNEKTPOB [LBYX CUTHaN0B W anroputma
npyv KOMMYTUPYeMOW KpyroBoi AP.
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Methods and Algorithms of Wide Band Radiomonitoring under Small Element Antenna Arrays

Methods ofpanoramic radiomonitoring and developed on their basis algorithmsforjoint detection and direction find-
ing in a wide band offrequencies are presented. The block diagrams and panoramas illustrating the results of the algo-

rithms are given.
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