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CEJEKIIUUA IBU/KYHIUXCHA TEJ B PJIC
YIIPABJIEHUA BO3YUIHBIM /IBUKEHUEM

Ilpusedenvl pezynomamvl 3KCNEPUMEHMAILHO20 UCCLE008AHUS CNEK-
MpO8 NA4eK 9X0-CUSHANIO8 HA BbIXOO€ CUCEMbl CeNeKYUU OBUNCYUJUX-
ca men u ogyxkoopounamuwix P/IIC ceputi “VYmec” u “Jlupa-A10T".
Paccmompen memoo dononnumensvHotl cnekmpaibHol 00pabomku na-
YeK dXO-CUCHAI08 HA 8bIX00E CUCTEeMbl CeleKYULU OBUNCYWUXCS mell, NOo-
3601A0WUL NOBbLCUMb nomexo3auunyerHocms smux PJIC. Pesynomamoi
ucnoimanuti PJIC, mooepHuzuposanuou 6 coomeemcmeauu ¢ npeodioHceH-
HbIM MemoO0OM, NOKA3aaU, YMO NOMOK NOMEXO8bIX KOOPOUHAMHBIX MO-
yeK, nepeoasaemvix Ha MpaekmopHyro oopabomxy, chuxcaemcs 6 10-30
pas.

E-mail: solovgrigory@rambler.ru; solovgr@mx.bmstu.ru

Knrwoueswie cnoea: cenexyus osusxcywuxcsa yeneu, P/IIC, ynpagnenue 6030yui-
HbIM 08UMCEHUEM, CHeKmpP 800YIUPOBAHHOU NAYKU, OYeHKA OONIePOBCKOU CKO-
pocmu.

B nocnenHee necartuiieThe B COCTaBE PaguOIOKALIMOHHBIX KOMILIEK-
coB (PJIK) cucrembl ynpaBieHus: BO3AyIIHbIM JBHkeHUeM (YBJl) nanuiu
MIPUMEHEHUE COBPEMEHHBIC IEPBUYHBIC PAJAMOJIOKATOpPHI cepuil “YTtec”,
“JIupa-A10” ¢ momHocthio 1UppoBOK 00paboTKoi curHanoB. Itu PJIC
MMEIOT KOCEKAHCHYIO JuarpamMmy HampaBieHHOCTH aHTeHHbl ([IHA) B
yriaoMecTHOU miockoctr oT 0° mo 45°. Jlyu takux PJIC mHem3bexHO 3a-
XBaTbIBAET MOJCTUJIAIOLIYIO IOBEPXHOCTh. B pe3ynprare B 3HAUUTEIbHON
4acTH 30HBI 0030pa MPUXOIUTCSI UCIOIB30BATh CUCTEMBI CEJICKIIUU BU-
xymmxes uenet (CAL). Hecmotpst Ha Oonblnyto IyOMHY TOAABJICHUS
MACCUBHBIX TOMEX B 30HE pexekiuu (6osnee 60 1b) 4MCiIO JIOKHBIX OT-
paXeHHUI OT MAaCCUBHBIX MOMEX MPU paboTe B THKEIBIX METEOYCIOBHUSIX
MPUBOJIUT K HEMPHUEMIIEMO OOJIBIIOMY YHUCIY JIOKHBIX Tpacc, 3aBsi3bIBac-
MBIX CHUCTEMOM TPAEKTOPHOM 0OpabOTKH MO OCTaTkaM IIHWPOKOIOIOCHBIX
naccuBHbIX nomex. Llens Hacrosimel paboThl — pa3paboTKa U HCCien0Ba-
HUE METOJIa JOMOJIHUTENbHOM 00paOOTKHU CUTHAJIOB JJIsi CHUYKEHUS 4Yucia
O0OHapy>KEHUM JOKHBIX TPACC MO OCTaTKaM IIHUPOKOMOIOCHBIX MACCUBHBIX
MTOMEX.

Hanuuue B 30He 0030pa KpoMe OTpa)X€HUH OT MECTHOCTH U IIeJieH
elIe U OTpaKeHUIl OT MeTe00Opa30BaHHM MPUBOAUT K MHOTOMOJATBHBIM
CHEKTpaM MPUHUMAEMBbIX 3XO-CUTHAJIOB, YCIOXKHSIIOWUM pPa3padoTKy -
dextuBHbIX cuctem CJ/ILI. Bombmias manbHOCTH 0OHapyxkeHus 3tux PJIC
(300...400 kM) 1 1OCTATOYHO BBICOKHM TeMIT 0630pa (5. .. 10 ¢) garot ma-
JIO BPEMEHM AJi1 KOHTaKTa ¢ Bo3AylIHbIM oObekToM (BO). Kpome Toro,
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CYIIECTBYIOT OTPaHUYECHHUS MO OBICTPOJACHUCTBUIO M O0BEMY ammapaTyphl.
DTO HE MO3BOJSIET UCIOJIB30BaTh sl 00padoTku B cucteme CJ/III Oomee
4—8 mepruoa0B MOBTOPEHUSI IXO-CUTHAJIOB.

B paccmarpuBaembix PJIC ncnonb3yeTcs KOMIIO3UTHBIA 30HIUPYIOITUN
curHan (3C). B mporpamme o030pa 4epeayroTcs JJIMHHBIE U KOPOTKHE
nepuoabl nopropeHust 3C creayromuM o0pa3oM: BOCEMb 30HAMPOBAHUMN
MPOCThIM UMNYJIbCHBIM (MAM) CHUrHaJIOM C OJHO3HAYHOM JAJIbHOCTHIO
20...30 kM 6e3 BoOymsiLMM, 3aTeM TATh 30HAUpoBaHuN JIYM curnaiom c
BOOYJIALIMEN Mepro/ia MOBTOPEHUS JIsl OAHO3HAYHOTO U3MEPEHHUs OObIITNX
nanpHOCTEW. sl yCTpaHEHHs CIIeNbIX CKOPOCTEW HAa KOPOTKOW JIMCTaH-
MU UCTOJIB3YETCSl MEXKIayeuHasi BOOYJsIUs MepuogoB noBTtopenuss UM
CUTHAJIOB.

Cucrema CHL] paccmarpuBaembix PJIC mocTpoeHa mo MHOTO(QHUIBTPO-
Boi cxeme. Bekrop W koadduiineHToB Kaxaoro Gpuibrpa CUHTE3UPYIOT
10 U3BECTHOM MeToauke [1], uCXoad M3 anpuopu U3BECTHBIX KOPPEIALU-
OHHBIX MaTpull curtana (R) u nomexu (B):

W = eigenvect(R" - B)|

max (eigenval(R—1-B)) ’

rae eigenval() — GyHKIHMS ompeacneHus COOCTBEHHBIX 3HAUCHHN MaTpH-
1bl; eigenvect( ) — QyHKIMS HAXOXKIEHUS COOCTBEHHOTO BEKTOpA MaTPHUIIbI,
COOTBETCTBYIOILIETO HAaMOOJIbLIEMY COOCTBEHHOMY 3HAYEHUIO.

Ha puc. 1 npusenenbl vactoTHbie Xxapakrepuctuku H(f) ¢unbrpos
CAL nns 8-umnynabcHOM nayku 0e3 BoOyssauu (puc. 1, a) u S-uMIynbCHOU
nayku ¢ BOOyJsiMel nepuoja nopropenus (puc. 1, 6).

B xone skcriepuMEHTaNbHBIX MCCIEIOBAHUNA HU3Y4YaJUCh CIEKTPHI OT-
pakeHHBIX CUTHAJIOB, npouenmux cucremy CHLL. Ha puc.2 npuseneHsl
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Puc. 1. Hacrorubie xapakrepucTuku ¢puabrpoB CIAL nis nauku 6e3 BoOyasiuuu (a)
U VISl MAYKH ¢ BOOyJIsiniueli nmepuoaa nosropenus (0)
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Puc. 2. CnekTpsl nayek 30HAMPYIOLIUX UMILYJIbCOB:
a — mauka 6e3 BOOYIsIuK;, 6 — Madka ¢ BOOYJISIHEH epruoia MOBTOPEHUS

CHEKTPhI JIJIsl 8-UMITYJIbCHOM HEBOOYIMPOBAHHOW U S-UMITYJIIbCHOU BOOY-
nupoBaHHOM madek 3C. CHekTpbl MO AKCIEPUMEHTAIBHBIM JAHHBIM IO-
Jy4deHsl ¢ momolibio 1600-TouedHoro AUCKpeTHoro npeodpazoBanus Dy-
pee (HAIID) u, kak BUAHO U3 PUC.2, UMEIOT BEChbMa CJIOKHBINA XapakTep,
0COOEHHO B ciiydyae BOOYIMpPOBaHHOM Madku. COMOCTaBICHUE CIIEKTPOB C
yacTOTHBIMU Xapakrepuctukamu C/IL[ moka3siBaeT, 4TO MOSBIEHUE OCTAT-
koB Ha Bbixoae CJ/IL] oOycioBiaeHO OOBLION MUPUHON CIIEKTpa MOMEX Ha
ypoBHsix HUxke —20. .. —30ab, T.e. criekTp crnagaeT MeAJICHHEE TayCCOBOIO,
3as10keHHOro ipu cuHTe3e punsrpo CLI.

Pe3ynbrarsl aHanm3a MOJYYEHHBIX CIEKTPOB U BO3MOXKHOCTH ITPUEMO-
nepeaaronieil annaparypbl MO3BOIMIM pa3padoTaTh 10CTaTOYHO MPOCTON U
3¢ PEKTUBHBIN METOJ TOMOIHUTEILHON (DMIBTPAIMKM MEIIIAOIINX OTpaKe-
HUW Ha 3Tane NepBUYHON (KOOpPAMHATHOM) 00pabOoTKH UH(POPMAIUH.

Cucrema nepBuyHoil o0pabotku unpopmanuu (IION) paccmarpuBae-
MbIx PJIC dopmupyeT makeTsl U3 OTMETOK OOHApYKEHHS, MOCTYMAIOIINX
¢ Bbixosia cucrtembl CILI. Kaxapiii maker accouuupyercsi ¢ OAHOM LEIIbIO
B IIpeZesiax AIEMEHTA Pa3pelICHHs 110 TPOCTPAHCTBY. DTU MPENEIIbI OINpe-
nenstoTes mupruHo JIH aHTEeHHBI M JTUTEIbHOCThIO BPEMEHHOM KOppeis-
MOHHOW (PYHKIIMM Ha BBIXOZE cornacoBaHHOro ¢uisrpa. [Ipu sTom mpo-
TSPKEHHOCTB ITaKeTa 0 JaJbHOCTH COCTABIIAET 1-5 OTMETOK, a IO a3UMyTy
MPOTSHKEHHOCTHh cooTBeTcTBYeT 1-5 maukam 3C. Kaxkmas ormeTka oOHa-
PYKEHUS COMPOBOXKIACTCA KOMIUIEKCHBIMU OTCUETAMHU CHUTHAJIA HA BXOJE
CALI, unciio KOTOPBIX PAaBHO JUIMTEIBHOCTH MAYKH 30HIUPYOIINX UMITYJIb-
coB. Bricokas monroBpeMeHHasi cTaOMIBHOCTH (DA30BBIX XapaKTEPUCTUK
TpakToB PJIC n xorepenTHOCTh 3C MaeT BO3MOXKHOCTH IMPOBOAUTH KOTeE-
PEHTHOE HAKOIUICHHE CHEKTPOB OTPAXKEHHBIX CUTHAJIIOB B TEYEHHE BCETO
BPEMEHM KOHTAKTa C LIEJIBIO.

Ha puc. 3, a—2 npuBeneHsl npuMepbl 3KCIIEPUMEHTATBHO MOJYYECHHBIX
criektpoB UM curnanoB u BoOyaupoOBaHHOW MocienoBareabHocty JIUM
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Puc. 3. DxcnepuMeHTANbHBbIE CIEKTPHI MaYeK 30HANPYIOINX UMITYJIbCOB:
a v ¢ — JUIsl OMHOM MMadku 6e3 BOOYJISIINKN 1 ¢ BOOYJISAIMEH TIEpHoa MOBTOPEHUS;, 6 U 2 —
IS TpexX madek 6e3 BOOYISIIK U ¢ BOOyIsIuei

CUTHAJIOB JJIs1 OAHOM Madku (a, 8) M Tpex madek (6, 2) 30HAUPYIOIMHNX UM-
MyJIbCOB, MOMABIIMX B MakeT. BUAHO, 4TO C yBEJIMYEHUEM YMCIIA TAYeK
pacTeT KOHTPACT OCHOBHOTO IMHKa IO CPaBHEHHMIO ¢ TTMKaMW Ha WHTEpBa-
JaX HEOJHO3HAYHOTO M3MEPEHHS. ITO MO3BOJISIET MOTYYUTh OJHO3HAYHYIO
OIICHKY CKOPOCTH OOBEKTa C JOBOJIbHO BHICOKON TOYHOCTHIO MPOCTHIM OT-
0OpOM MaKCHMaJbHOTO CIEKTPAJIBHOTO OTCYETA.

OcHOBHasi ujesi pacCMaTpUBaEMOI0 METOJa COCTOUT B OIIEHKE CKOPO-
CTH 00HAPYKEHHOT0 00BEKTa Ha OCHOBE CIIEKTPA, PACCYNTAHHOTO TI0 BCEM
KOMIIJIEKCHBIM OTCUETaM B TaKeTe, MOJIYYEHHBIM 3a BPEMsI KOHTAKTa C 00b-
€KTOM, C IMOCJIEAYIOIICH celeKIue 00HaApYyKEHHBIX 00BEKTOB 110 CKOPOCTH.

JlaHHBIN METOJ JaeT HETIOXHE PE3YNbTaThl, €CJIH B Pa3peliaeMoM 00b-
€M€ HAXOJIUTCS TOJBKO JBMXKYIIUMCS OOBEKT MU TOJIBKO IMaCCUBHAS TTOME-
xa (I1IT). B cryuae mabmrogenus oobekra Ha pore moraHoM I1I1 Bo3HUKaeT
HEOOXOJIMMOCTh YCTpaHEeHUs cocTaBisrolen, ooycnosnennoi [1I1. C atoi
LEJIbI0 UCTOJIB3YETCSl BHIUUTAHUE CPETHUX YPOBHEUW U3 OTCUETOB B MaKe-
Te. IlocKombKy TONydeHHBIE OTCUeThl mpoMoayiaupoBaHbl JIH aHTeHHHBI,
TO BBIYUTAHHE CPEAHUX yPOBHEH MPOBOAMUTCS Pa3ACIbHO JJIsI OTCUETOB,
COOTBETCTBYIOIIMX OHOM 30HJUpYIOIIEH madke. J{Jig NpUHATHS pelieHUs
0 HEOOXOAMMOCTH MPUMEHSATH BEIYUTAHHUE OMPEICIIICTCS ITyOrnHA MOTYIIs-
M1 OTCYETOB Mauyku. BelduTaHue cpeHero ypoBHs BBITIOIHSIETCS B ClIydae
MaJIol NTyOMHBI MOJIYJIALIMU, YTO COOTBETCTBYET MPUCYTCTBUIO JJOCTATOUYHO
MOIITHOM TTOMEXH.

Jlanee mo BceM KOMIUIEKCHBIM OTCYETAM B MAKETE€ PACCUUTHIBACTCS
CIIeKTP M MaKCHMaJbHBIH OTCUET CHEKTpa HAa YaCTOTe fmax. I ymeHb-
IIEHUS YUCTIa JIOXKHBIX 0OHAPYEHUM MaKCUMaJIbHBI OTCUET CPAaBHUBACT-
csl ¢ moporom. B ciiyyae npeBbIlIEHUs TOPOTa pACCUUTHIBAETCS OIIEHKA IA/;I
JOTUIEPOBCKOM (paauaibHON) CKOPOCTH OOHAPYKEHHOTO 00BEKTa, COOTBET-
CTBYIOIICH 4acTOTE fax.
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[IIar pacueTa cieKkTpa Mo YacTOTE ONMPEEACTCS MAaKCUMaIbHON MPOTS-
KEHHOCTBIO ITAKETA BO BPEMEHU, KOTOpasi cocTarisieT nmopsaka 20. . . 30 mc.
[Ipu “cnonb30BaHUM AITOPUTMA C OTOOPOM MAKCUMAJIbHOTO CIEKTPAIbHO-
ro OTCYeTa Iar mo 4actore BeiOMpaercs mopsaka Af = 12,5 . Yucno
TOYEK CHEKTpa OMPEACISIETCS MaKCUMAJIbHOM CKOPOCThIO OOBEKTOB, KO-
Topast mis cucteM YBJI cocrtaBnsier nopsnka +600 m/c. Pacuer cniekTpa
npoBoauTcs ¢ moMoibo 1P, koTopoe 1pu MajaoM YHUCIIE OTCYETOB B Ma-
KeTe OKa3bIBaeTCs d(PPEeKTUBHEE MIMPOKO UCIOIB3YEMBIX B CIIEKTPaIbHOU
00paboTke anroputMoB BI1D.

[To monmydeHHO# OIleHKE CKOPOCTH BBITIONHSICTCS CENEKIHUSI OOBEKTOB:
ecnu Vﬂ HIDKE 3aJ1aHHOTO TTopora Vi, TO OOBEKT CYUTAETCS MAJIOTIOIBUXK-
HbIM U MH(OpMaIMsi, COOTBETCTBYIOIIAsI €My, HE MEpPeaeTCsl Ha CUCTEMY
BTOPUYHOU (TpaekTopHOi1) 00padboTku (BON).

Ha puc. 4 u 5 nokazanbl CHUMKH WHJIUKAaTOPOB KpyroBoro o63opa [IOU
u BOU B mratHoM pexkume pabotsl PJIC (puc.4,a u 5,a) u B ciaydae
MIPUMEHEHUSI PACCMOTPEHHOIO0 ajnroputMma (puc.4,6 u 5, 6).

BuaHo, 4TO 4MCIIO KOOPJIMHATHBIX TOYEK, OOYCIIOBJIECHHBIX IMOMEXOU,
3HAYUTENIbHO yMeHbIaercs. [loacuer uncina KOOpJMHATHBIX TOUYEK, Mepe-
JlaBa€MbIX Ha TPACKTOPHYIO 00pabOTKY, TOKa3bIBACT, YTO MOTOK MTOMEXOBBIX
KOOPJIMHATHBIX To4uek cHuxkaercsa B 10-30 pas.

[ToMHUMO CHUKEHHUSI TTOTOKA MOMEXOBBIX KOOPAUHATHBIX TOUYEK MPEI0-
’KEHHBIN aJITOPUTM 00€CIIEYMBAET JOCTATOYHO BBICOKYIO TOYHOCTH OICHKHU
panuansHoi ckopoctr BO. Ha puc. 6, a B kauecTBe npumepa npeacraniie-
HBI SKCIIEPUMEHTAJILHO MOJTYyYEeHHbIE IPpaUKU OLIEHOK JIOMIJIEPOBCKOM CKO-
pocTH ‘A/,I (crutoIIHas JIMHKA) U OLIEHOK PaUalIbHON CKOPOCTH V/, (INTpHXO-
Bas JIMHUS) B 3aBUCMMOCTU OT HOMepa o03opa N,. I'padux oneHok paau-
aJIbHOM CKOPOCTH V), IOCTpOEH IyTeM Au(p(GEpEeHINPOBAHNS U3MEPEHHOM
paauanbHON JaTbHOCTU MO BPEMEHHU.

Opnnako, Kak TOKa3bIBAET aHAINU3 OOJIBIIOTO YHCIa TPACKTOPHM, KOTa
BO HnaOmtomaercs Ha (pOHE MOIIHBIX MECTHBIX OTpa)kaTesieil, BO3MOKHO
MOSIBJICHUE aHOMAJIbHBIX OI[EHOK JOIUIEPOBCKOM CKOPOCTH CO 3HAYEHUSIMH,
onmm3kumu K Hymo. Ha puc. 6,6 B kauecTBe mpumepa Moka3aHbl rpaduku
3aBUCUMOCTEMN OIICHOK VH (Toukn) u V}, (uTpuxoBas) oT HoMepa 0030pa I
Takou Tpaektopun. Ha rpaduke BUAHBI BEIOPOCHI OIIEHOK CKOPOCTH MEKIY
155-m u 160-m 0630pamu. O HAKO BIMSHUE STUX BHIOPOCOB HA Kau€CTBO
conpoBoxeHrnss BO He3HAUNTENbHO, TaK KaK TaKue BHIOPOCHI BBIXOIAT 3a
IPAHUIIBI IKCTPANOIUPOBAHHBIX CTPOOOB COMPOBOXKACHUS MO CKOPOCTH U
MIPOCTO HE UCIOIb3YIOTCS.

Kak moxaspiBaeT aHaJIN3 SKCIEPUMEHTAIBHBIX JaHHBIX, B OOJbIIEH ya-
ctu 30HbI 0030pa PJIC CKO o1ieHKH CKOpOCTH ‘A/H, MOJy4aeMOM C TTIOMOIIIBIO
paccMaTpUBaEMOro aJropuT™Ma, cocTaniset 2. . . 3 M/c. Takas BbICOKas TOY-
HOCTh OIIGHKH CKOPOCTH ITO3BOJISIET CBOEBPEMEHHO OOHApYyKMBaTh MaHe-
Bpbl BO, 4TO MOBBINIAET YCTOMYUBOCTh UX COMTPOBOK/ICHHUS.
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Puc. 4. CHumMkn uHAUKaTOpa Kpyroporo oo3opa IIOU B mrarHoM pe:kume padoThI

PJIC (a) u npu 10NOJHUTEIbHON pexexkunu (6)

Puc. 5. CHUMKH MHAWKATOpPa KPyrosoro oo3opa BOU B mitaTHOM pe:kunMe padoThl

PJIC (a) u npu 10NOJHUTEIbHON pexexkunu (6)
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Puc. 6. I'paduku 3KcrepuMEeHTAJBHBIX OLEHOK J0IUIEPOBCKON W PaJMajbLHON CKO-

pocreii

ISSN 0236-3933. Bectauk MI'TY um. H.3. baymana. Cep. “IIpubGopoctpoenne”. 2012. Ne3 91



Takum oOpazom, MPOBENECHHBIE UCCIEAOBAHUS BBISIBUIN BBICOKYIO 3(h-
(EeKTUBHOCTH MPEJIaraéMoro MeToia TPy OTHOCUTEIBLHO NPOCTOU €ro TeX-
HUYECKON peanu3alfu, 4TO MO3BOJISAET CYIIECTBEHHO YIYUYIIUTh MOMEXO0-
sanueHHocTh PJIC cepuit “YTec”, “Jlupa-A10” cucrem YB/I.
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