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Ha Boopyxenuun apmuii MHOTHUX CTpaH MHpa
COCTOSIT TaK HA3bIBAEMbIEC PAIMOJIOKAI[IOHHBIE CTaH-
mun (PJIC) nHasemHOW pa3BeakH, NMpeaHAa3HAUYEHHBIE
JUIs 0OHapyXEHWsl JIMYHOTO cocTaBa M 0OEBOH Tex-
HHUKH, B TOM YHCJIE MAaCKHPYEMBIX JUCTBOH JIEpPEBbEB
¥ KYCTapHHKOB.

B 6ompmmucTBe Takux PJIC mcmomeiyercs
JOIUICPOBCKUI peXHuM pabOThHl B JHANa30HE 4acTOT
30HAUPYIOLIETO CUTHAA OT HECKOJIBKUX COTEH Mera-
repIl 0 eAUHUI] rurarepil. Benencreue HU3KUX 3Ha-
YeHHH [OMJIEPOBCKOTO CJIBUTAa HeECylell YacTOTHI
oTpakeHHOTO curHajia ykazaHHble PJIC He mo3BoIs-
10T BBISIBIIATH CIa00 MOJBHMIKHBIC LENH TPH HUCIIOJNb-
30BaHMH KJIIACCHYECKHX METOJIOB JOMJIEPOBCKOH ce-
JIEKIUU ABIDKYLIUXCS IIeTIeH.

K obmmMm HepocraTkaMm OosbinuacTBa PJIC
Ha3eMHON pa3BeKM MOXHO OTHECTH Takxke Tpya-
HOCTbH PacIllO3HABAHMS BBISIBJICHHBIX IIEEH, IyBCTBH-
TENBHOCTh K OCaJKaM M IIOMEXaM, BBI3BIBAEMBIX pac-
KauMBaHHEM BETBEH IepeBbEB, KyCTAPHUKOB U TPaBbI.

VYcroitunBoe O0OHapyKeHHE JBHKYIIHXCS
00BEKTOB B IPUCYTCTBUU IIOMEXOBBIX OTPaXKEHUH OT
JINCTBBI, BETOK U CTBOJIOB JI€PEBBEB, KYCTapHHUKA U
Ip. NPEACTABISIET COOOI 3HAYUTENBHYIO NPoOIeMy
Jlake B yKa3aHHOM JMalla30He 4acToT, IIe 3aTyXaHue
PaIMOBONH CYIIECTBEHHO MEHBIIE 110 CPAaBHEHHIO C
6oiee BEICOKOYACTOTHBIMH Axana3oHamMu. JlepeBbs u
KyCTapHUKH O00JIafal0OT MHOTOYHCIICHHBIMH  JTUC-
KPETHBIMH pacCceuBaTesIMH, TaKUMH KaK CIydaifHO
pachpesieneHHbIe JINCThs, BETKH M CTBOJIBL. Pacmpo-
CTpaHEHHE PaJUOBOJIH B TAKHX CPElaX COIMPOBOXK/A-
€TCs. MHOTOJIyYEBBIM pPAccesHHEM, OTPaKCHHEM, pe-
(dpakuuedt, nudpakuyueldr M TOTIOMICHUEM H3Tyde-
HUS. DTH MEXaHU3MBI B COYCTAaHUM NPHUBOJAT K HH-
TEHCUBHBIM MHOTOJyYeBBIM 3¢ (eKTaM, ImoMexaM H
IponajaHusAM MIPUHUMAEMBIX CUrHaoB [1-3].

ITpn TpaaWIIMOHHOM TOAXOAE K 3ajade 00-
HapyXeHMsl Lelell CUrHajl, OTpaXX€HHbId OT pac-
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CMaTpUBAEMOTO 3JIEMEHTAa pa3pelIeHHs paJnuoiIoKa-
TOpa, CPaBHUBAETCSI C HEKOTOPBHIM ITOPOTOBBIM 3Ha-
YEeHHEM, 10 KOTOPOMY JeNaeTcs BBIBOA O IPHUCYT-
CTBHU Lienu. Bee anemeHTH! pasperieHust Haboiae-
MOT'O HPOCTPAHCTBA paccMaTpHBAIOTCS IOCIEI0Ba-
TENIFHO BO BPEMEHH IIPH CKAaHWPOBAHUH JTy4OM AHa-
rpaMMbl HaNpaBICHHOCTH BBIOPAHHOTO CEKTOpa
HaOmromeHus. Yder nH(pOpMaIuK B CMEXHBIX K pac-
CMaTpUBacMbIM JJIEMEHTaM pa3pelleHus] sYeiKax
MOT' OBl CYIIECTBEHHO YIIYYIINTh XapaKTEPHUCTHKH
oOHapy)XeHHs PaJANOJIOKAIMOHHON CHCTEMBI.

Takum oOpa3zoM, A yJIydIIEHHS XapakTe-
PUCTHK OOHApyXEHHUs HEOONBIINX JABMKYIIUXCS
00BEKTOB B CpeAax NMPH HU3KOM COOTHOIIEHWH CHT-
HaJ/TloMeXa MOXXHO HCIOJIB30BaTh METOJl OJHOBpE-
MEHHOTO OOHapy)XeHHs U CIIe)KEHMs, TaK Ha3bIBae-
MBI METOJ CIeKeHus repen obnapyxkenuem (Track
Before Detect method) [4]. B ocHoBe Takoro mMerona
nexuT npeodpasoBanne Xayga (HT) [4], xoTtopoe
Oazupyercsi Ha OOHApyXCHHU TPACKTOPHHA B BHIC
JIMHUHA Ha PaTvoJIOKallMOHHOM H300pa)KeHUH 3ajaH-
HOTO MPOCTPAHCTBA, HCKAKEHHOM MoMexamu. Heko-
TOpbIE U3 NPUMEHEHHH 3TOro NMpeoOpa3oBaHMs OIH-
cassl B [6-8]. B aToM MeToze ipu 0OHApYKEHUH He-
OouspInNX 1Ie7Iel HanboJiee MOJTHO HCIIOJNIB3YeTCs WH-
(dopmarys, KoTopasi COIEpP)KUTCS B COCETHHUX SUCH-
KaX MPOCTPAHCTBEHHBIX JJIEMEHTOB pa3pelICHHS.
bnarogapst Jydniemy HCIOJIB30BaHHIO IPOCTPaH-
CTBEHHO PAaCIpENe/ICHHOW SHEPTUH YIydllaeTcs: 00-
HapYKUBaeMOCTh 1enu. B paborax [9-11] memaetcs
BEIBOJ O ToM, 4To HT MokeT mpumeHsAThCs At 00-
Hapy>XCHUS U CIICKEHUS 3a LENSIMH IPH HU3KOM CO-
OTHOIIICHUH CHUTHAJI/TIOMeXa B OKPY)KEHHU CHIIbHBIX
HOMEX.

30HIUpOBaHUE B Cpejie, KOTOPOW SIBIISETCS
MECTHOCTb, TTOKpBITasi KYCTAPHHKOM M JIEPEBBSIMH, B
HEKOTOPOM CMBICIIE COBIIAJIaeT C 30HIUPOBAHHEM B
TIO/IIIOBEPXHOCTHOM TPOCTPAHCTBE, TaK Kak B 000MX
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ClIydasix MMEEeTCs HEKOTOpas YaCTOTHAs TUCIICPCHS
3aTyxaHus A (a30BOH CKOPOCTH PaCIpOCTPaHEHHS
panmoBonH. [ToaToMy a3oBast CTpyKTypa OTpakeH-
HBIX CHTHAJIOB MOXET HMETh HOJOOHBIE CIIydaro
MOJJIIOBEPXHOCTHOTO 30HJUPOBAHMS CBOMCTBA, OIH-
CaHHbIe, Hampumep, B [12], T. e. oHA IODKHA OBITH
YyBCTBUTEIbHA K M3MCHEHHIO (DM3WYCCKUX CBOMCTB
3JIeMEHTa MPOCTPAHCTBEHHOTO pa3pelieHus, Halpu-
Mep, B pe3yJbTaTe MOSABICHUS B HEM deloBeka. Mc-
MOJIB3YS OTOT MPUHIIMI, MOXKHO YJIYyYIIUTh XapakKTe-
PHUCTHKH OOHapyXEHHUS B DJIEMEHTE pa3peleHus JIro-
Jiel, MEeTaJNTNYeCKUX 00bEKTOB (BOOPY)KEHHMS) U T. II.

1. KpaTtkoe onucanue nNpoToTUNA Paguo-
JIOKaTOpa, MeTOAMKH TEeCTHUPOBAHMSA U pe3yJibTa-
TOB 30HAUPOBaHHA. J[J51 IPOBEPKU HJICH U MOTCH-
[UATBHBIX BO3MOKHOCTEH MeToma ObLT HCIIOIB30BaH
npototun PJIC ¢ 30HAMPYIOMIMM CHTHAJIOM CO CTY-
MEeHYaThIM M3MEHEHHEM Hecylled 4acTOThI B Juaria-
3oHe 1 200...1 800 MI'.. B xone skcnepumenTa uc-
MOJb30BaJIach TOJBKO 4YacTh JTOrO JMaIa3oHa,
1200...1 400 MTI'1, 4TO COOTBETCTBOBAJIO pa3pelia-
ouei cnocooHocTy no gansHoctd ~ 0,8 M. Beixona-
Hasl MOIIHOCTH TepeaaTdnka Oputa = 1 Bt. B cocras
CHCTEMBI BXOAWIIM TaK)Ke CHHTE3aTOp YacTOT, LIUPOKO-
MOJIOCHBI  IGMOJYJIATOP, YMHOXKHTENIN YacTOTBI,
MHUKPOIIPOIICCCOPHBIA OJIOK, JBa aHAIOTO-IIH(POBBIX
npeoOpazoBaresisi Uil KaXIOro U3 KBaJpaTypHBIX
curHanoB U 1p. CBs3p MeXIy paaHOIIOKATOPOM H
MEPEHOCHBIM KOMITBIOTEPOM OCYIIECTBISUIOCH C TI0-
MOIIIBIO pajFioKaHana Ha paccTosHun 10 100 M.

Brura BeIOpaHa BepTHKaIbHAS TOIAPU3AIHS

M3JIyYeHUs] W NIPUEMa, YTO 3aBEJIOMO YXYJIIAIO CO-
OTHOIIICHUE CHUTHAII/TIOMEXa 10 CPaBHEHHUIO CO CIy-
YaeM TOPU3OHTAJIBHOW MOJSIPU3ALMK, TaK KaK CO-
riacHo [4] moroHHOE 3aTyXaHHE B JIMCTBE OIMUCHIBA-
eTcst opMyJIoit:
An=p1% M
rne f —wuacrora; @ u f — koHcrautsl (o =0,79,
£ =005 — n18 TOPU3OHTAIBHOW NONSPU3ALNY,
a=0,5, =045 — 111 BepTUKANBbHON NOIAPU3ALUH
V3ITyYeHHS U TIPHEMa).

TectupoBaHHE OCYIIECTBISUIOCH BECHOH H
aerom 2016 r. [Ipototun PJIC pacnonarancs BoamM3u
HeOoMb1I0H UBHI (puc. 1).

TectupoBaHHe NPOBOAMIOCH B JBa 3Tama.
Bhauane ocCylECTBISUIOCH 30HAMPOBAHHME CaMOM
BBl C AMcTaHUMU npumepHo 7 M. Ha cnenyromem
9Tare 30HAUPOBAIOCH TO K€ MPOCTPAHCTBO IIPHU TOM
JKE IOJIOKEHUH DPaJHOJIOKAHOHHOW CHUCTEMBI, HO
MIPY CPABHUTEIBHO MEUICHHOM IIEPEMEICHUH YesIo-
BEeKa B IIPOCTPAHCTBE, HEIIOCPEACTBECHHO 32 KPOHOM
nepeBa. JIBIKEHHE deJOBEKa OCYIIECTBILUIOCH K

JIepeBy B HAIIPABJICHUH, OJIM3KOM K MEPIECHANKYISPY
K OCH JMarpaMMbl HalIpaBJIEHHOCTH aHTEHH, T. €. TaK,
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49TOOBI pajnaibHas CKOPOCTh ObIIa MHHUMAJHHOM.
CpaBHUBasE pe3yjbTaThl M3MEPEHUH B JTHUX JIBYX
ClIy4asiX, MOXXHO OBUIO OLICHHTh HOTEHIHUAJbHBIC
BO3MOXHOCTH METOJIA.

Puc. 1. BHemHnii BUJ pagrionoKaTtopa 1 MECTa TECTUPOBAHUS

Pacctosiane 7 M ObuTO BBIOpaHO M3 cooOpa-
JKEHUH o0ecIieueH s IPUMEPHO TOTO XKe pa3pelIeHHs
B TOPU3OHTAJIHHOM HAIIPAaBIEHHH HA pPAaCCTOSHUH
500...800 M, koTopoe OyaeT JOCTUTHYTO B pealibHOM
CUTYyallMM ITIPH KCIOJb30BaHWM AHTEHHOHW pEIETKH
niuHOM ~ 10 M.

Ha puc. 2 noka3ano pacnpezeneHue MOIIHOC-
TH PaJHMOJOKAIMOHHBIX CHTHAJOB, OTPAXEHHBIX OT
JepeBa U ero kpossl. ITo ocu abcruce OTIOXKEHO pac-
CTOSIHHE OT PacKpblBa aHTEHH, a 10 OCH OpJIUHAT —
MOIIHOCTh CHUTHAJIOB. BuiHo, 4to Hambosee cHIIBHO
OTpa)kaloTCs CUTHANBI OT OJIDKHEH W JajbHEel Kpo-
MOK JiepeBa.

9
8

Moumuaocts, MBT

0
o 1 2 3 4 5 6 7 8 9
PaccrosiHue OT packpbiBa aHTEHH, M

Puc. 2. PacmpezneneHne MOIIHOCTH OTPaXKEHHBIX CHUTHAJIOB IO
JMCTaHLU

Ha puc. 3 npeacTaBjicHa BpEMCHHAsA 3aBU-

CHMOCTh OTPa)KCHHBIX CHTHAJIOB B CHCTEME KOODIU-
HAT, B KOTOPOH OCh abCILcC COOTBETCTBYET BpeMe-
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HHU, OCb OpPJIMHAT — JAWCTAHIIMK OT PACKpPhIBA aHTCHH,
a CTENeHb 3aTEMHEHUS Ha W300paKeHUH XapaKTepH-
3yeT MOIIHOCTH CUTHAIIOB. Bpems, HeoOXxoanmoe st
OLIEHKH OJIHOTO pAaCIpeNelIeHHs] MOIIHOCTH OTpa-
JKEHHOTO CHTHaJa 10 JaIbHOCTH, COOTBETCTBYET
npuMepHo 2 c. Crnenyromee u3oOpaxenue (puc. 4)
MMOKa3bIBaeT (a30BYIO CTPYKTYPY CHTHAJIOB B TOH XKe
cucreMe koopauHat. PakTuuecku (a3oBasi CTPYKTY-
pa mnpexacraBiseT co0oil  (a304aCTOTHBIH CHEKTp
KBaJIpaTypHBIX CHTHAJIOB Ha BBEIXone (ha30BOTO Jie-
TEKTOpa TPUEMHHKA TIPH CIIEHHAIFHOM €ro Ipen-
CTaBJICHUH, KOrjga JIMHUAMH BBIJICIAKOTCA 3HAYCHUA
¢azpl, paBHBIE N7 (Ha W300pa)kKEHHUH 3TO KPUBHIE,
COOTBETCTBYIOIIME STHM (ha30oBbIM crasuram) [13].
[Ipu orcyrcTBUM U3MeHEeHHH B (Pa30BBIX cABUrax Nz
10 JATEHOCTH 3TH JIMHAH SBJISIOTCS TPSAMBIMU.

0 ~N N L B~ WN

PaccrosiHue ot PpacKpbIiBa aHTCHH, M

Bpewms, ¢

Puc. 3. Pacnpenene}me MOIMHOCTH OTPAX€HHBIX CUT'HAJIOB BO
BpEMCEHU
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Bpewms, ¢

Puc. 4. ®azoBast CTPyKTypa CUTHAJIOB, OTPAKCHHBIX OT HabIIOAa-
€MOii CIICHBI B OTCYTCTBHE JIBH)KCHHS YEJIOBEKA

Ha puc. 5 npuBeneno anajornyHoe u300-
paxenne (a30BOH CTPYKTYpbl CHI'HAJOB B TOW JKe
cucTeMe KOOpJAMHAT MpH ABMKEHHUU YeJIOBEKa, Me-
JICHHO BXOJSILEro B NPOCTPAHCTBO HEMOCPEICTBEH-
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HO 3a JaepeBoM. M300pakeHre MOIHOCTH CHTHAJIOB,
OTpa)XCHHBIX OT HAOJIOJAEMOW CIIEHBI, B 3TOM CIIy-
Yyae NPaKTUYECKH UACHTHIHO PHC. 2.

0 ~N O UL b W N

Paccrosiame ot pacKpbIiBa aHTCHH, M

12 14 16

02 04 06 08 10
Bpewms, ¢

Puc. 5. ®a3oBast CTpyKTypa CUTHAIOB, OTPAXXEHHBIX OT HaOIIoga-
eMOH CIIeHbI IPH HAJIMYUH ABHKEHHS YeIOBeKa

CrnenoBaTenbHO, C IOMOIIBIO TOJIBKO JHEP-
TeTUYECKUX XapaKTEePUCTHK OYEHb CJIO0XKHO UICHTU-
(unMpoBaTh CUTHAIIBI, OTPAKEHHBIE OT JBIKYIIETO-
cst yenoBeka. OHAKO HAa PUCYHKAX, COOTBETCTBYIO-
MUX M300pakeHnIo (azoBOM CTPYKTYpHI CHUTHAJIOB
(puc. 4 u 5), MOXKHO YETKO BBIIACIUTH 30HY, COOTBET-
CTBYIOIYIO OTPA)KEHHSAM OT JBIDKYIIETOCS YETIOBEKA.
OTo maeT OCHOBaHWE UIA Pa3pabOTKH airopuTMa
oOHapy)XeHHsI JIBIKCHUS YeJIOBEKa 3a JINCTBOM Kyc-
TapHUKOB U JEPEBBEB, IOCTPOSHHOTO C UCIIOJIB30Ba-
HHEeM (a3oBOH CTPYKTYpBI CUTHAJIOB.

2. Aaroputm BbleJieHUs MH(pOpMaluu o
JABUIKYyIIeMcs 00beKTe HA OCHOBE MCIO0JIb30BAHNUS
HTPONMM CHUTHAJOB. PaccMOTpuUM OJIWH U3 BO3-
MOXHBIX aJITOPUTMOB BBIJCICHUS HH(POPMALMHA O
JBIDKCHUH YETIOBEKA 32 JINCTBOM.

IMpu nBmkeHMHM OOBEKTa 3a NEPEBBSIMH U
KYCTapHHUKOM Pe3yJIbTUPYIOUIUIl CUTHAT MOXKET OBITh
MIPEACTaBICH COBOKYITHOCTBIO INPSAMOIO CHTHAla H
CHTHAJIOB, 00YCIIOBJICHHBIX MHOTOJIY4EBBIM pacIpo-
CTpaHEHMEM, 3a CUET OTPAKEHHS OT JINCTBHI, BETOK U
CTBOJIOB JepeBbeB [3,4]. OTo mpUBOAUT K MHOSBIE-
HUIO (DIyKTyalMidi TPHHMMAaeMOIo CHIHana, o0y-
CJIOBJICHHBIX CIy4allHOU (ha30if CyMMapHOTO CUTHAIA
MIPY IBMKEHUH 00BEKTA.

CrhemyerT TMOMYEPKHYTh, YTO MOJOOHBIC
(iryKTyanmy curHasla BO3HUKAIOT TOJBKO B Cilydae
JBIDKCHUSI O0BEKTa 3a KYyCTApPHUKOM M JICPEBBSIMHU,
Tak KaK MPOUCXOIUT HETPEPHIBHOEC M3MEHEHHE U~
HBI IyT€H pacrlpoCTpaHEHHUS M KOJIMYECTBA OTpaka-
IONMX DJJEMEHTOB. [l yOpoIeHHs pacCMOTPUM
nepenaromuii curaan S(t). Torga orpakeHHbINH cHr-

HaJl, COOTBETCTBYIOUIMH paccMaTpuUBaeMoOil sueiike
JATbHOCTH, COJAEPXKAIIEH LeNIb, ONMUCHIBACTCS BBIPa-
KEHUEM!
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P
r(t) =st-7o)+ Y a,slt-7,), 2)
p=1

IlIE To— BpeMs 3aJIepKKU CUIHajla MEKILy pajuolio-
KaToOpOM U 1IeJIbI0 BJIOJIb NMPSIMOTO Jiyda. Kpome Toro,
a, U T, — aMIUIMTY/Ja U BPEMsI 3aiCPKKH MHOTOJIY-

YEeBBIX KOMIIOHEHTOB CHUTHAJIOB MEXIYy paIHoNIOKa-
TOPOM M LEeNbI0. 3aMETHM, 4YTO B pacCMaTpHBacMOU
cpese ¢ MHOTOYMCICHHBIMH OTPa)KAIOIUMH KOMIIO-
HEHTaMH U 0e3 KOHKPETH3allui T'€OMETPHH MHOTO-
TydeBble 3P QEKTH! ABISIFOTCS HACTONBKO CIOXHBIMH,
YTO WX NPHPOAA MOXKET PACCMATPUBATHCS KaK CIIy-

vaiiHasg. Torma BeIWYHHBI ap, T, H P momxHBI

(ITyKTyHpOBaTh OT 3J€MEHTa Pa3pelIeHus K dJIeMeH-
Ty pa3pelieHus B Mpeeax KOrepeHTHOro WHTepBa-
JIa HAKOIUICHHSI.

CrenoBarenbHO, YTOOB! yMEHBIIUTE dPdek-
TBI, CBSI3aHHBIC C MHOTOJIYYEBBIM PacCIpPOCTPAHCHHU-
€M, ¥ BBIJICTUTh TPACKTOPHUH ABMKEHHS [IETTH, MOXKHO
NPUMEHUTH B3BEIICHHOE C HCIONB30BAHUEM JHTPO-
MM KOTEPEHTHOE HAKOIUIEHHEe WH(pOpMaruu. OH-
TPOMIHSI — 3TO CBOETO pojaa Kod(p(HUIMEHT OICHUBA-
HUS, KOTOPBIH MO3BOJISIET YYECTh YPOBEHb CTaIHO-
HAPHOCTH WH(POPMAIMU B sYeiiKax pa3pelicHUs B
npezienax KOTEPEeHTHOTO WHTEpBala HAKOIUICHUSL.
DHTponus B j-il ssueiike dJIeMeHTa pa3pelieHus onpe-
JensietTcs B cienytomiem sune [13, 14]:

|
Ej=-) Rlogh ;.

i=1
i=12,...1,
%)

rac |Xi J| — aMIiuTyJa CUTHajla B i-M BPEMCHHOM

i=12,...,3, 3)

P =

UHTEPBAJIE B j-M 3JIEMEHTE Pa3pelieHusl M0 JAUCTAH-
nuy; | — KOJIMYecTBO paccMaTpUBACMBIX BPEMEHHBIX
WHTEPBAJIOB B TIpE/IeNax KOTEPEHTHOTO HHTEpBaia
HAKOIUICHHS; J — KOJMYECTBO  pPacCMaTPUBACMBIX
JJNIEMEHTOB pa3pelleHus] No AucTaHiuu. [loguepk-
HEM, 4TO JBIIKYLIASCS 1I€Jb JO/DKHA OCTaBaThCS B
OJTHOM M TOM JK€ JJIEMEHTE NAbHOCTH B Mpejenax
KOTE€PEHTHOT'0 HHTEPBaJIa HAKOTUICHHUSI.

Ecmn Ej = logl, To aMIUIMTYABI CHIHAIOB

B j-i sueiike MUCTAHIUM SIBJISIOTCS OTHOCUTEIBHO
CTallMOHAPHBIMH U B HEH MOXXET HAXOJUTHCS LENb.
Torna uHbOpMAIHS IOJKHA HAKAIUIMBATHCS B TOJ-
HoM oObeMe. Eciim E i~ 0, TO aMILTUTYABI CUTHA-

JIOB, OTHOCSINUECS K j-H sYeiKe JUCTAHIMH, CIabo
(IYKTYHUPYIOT U B HEHl MOTYT OBITH TOJIBKO MTOMEXO-
BbIe CUTHAJBI. Torna 3ta nHopMaIys J0KHA ObITH
YMEHBIIICHA TIPH HakoIIeHHH. OCHOBBIBAsCH HA SH-
TPONIUHU KXKJOM SYEHKH MO JaJbHOCTH, KOTE€PEHT-
HBI pe3yibTaT HAKOIUIGHWS B TIpeieiiaX KOTEepeHT-
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HOTO UHTEpPBAJIa MOXKET OBITh 3alMCaH B CIEAYIOIEM
BUJIE!
| E.
AjZZﬁ Xi,j- 4
| log
Cornacuo (4), uHpopMalus B paccMaTpH-
BAa€MBIX JJIEMEHTAaX pa3pelieHus] 10 JAaJIbHOCTH
B3BEIIMBACTCA C  IMOMOIIBI0 KO3 (HHUIIUEHTOB

(E il Iogl)"l B KOTEPEHTHOM HWHTepBaie. Torma

MHOTOJy4eBbIe 3()(EKTH B CITydae OTCYTCTBHS JBH-
Kyniencs: e O0yayT 3pQEeKTHBHO MONABIATHCS, a
MPY HAJIMYHU CIa00r0 JBUKCHUS — IO TYCPKUBATHCS.
Tako¥l MOAX0J MOXHO HPUMEHHTH NPH 00paboTKe
(ha3oBoro Habera CHWTHAJIOB B DJIEMEHTaxX pasperie-
HHUSL, T. €. K (a30BOM CTPYKTYpe ITHX CHUTHAJIOB.

Ha puc. 6 u 7 mpencTaBieHBl pe3yibTaThl
TAKOTO B3BCIIMBAHUSA, MPUMEHEHHOTO K (UIyKTyalusIM
(ha3bl OTPaKEHHOTO CHUTHAIA B KaHAJax JalbHOCTH B
paccMaTrpuBaeMoM 3JeMeHTe npocTpaHcTBa. PakTu-
YEeCKU Ha ITUX PUCYHKaX MPEICTABICHBI PE3yJIbTaThI
B3BelIMBaHus (a3bl B KOKIOM 3JIEMEHTAPHOM Bpe-
MEHHOM HHTEpBAJE i, T. €. B COOTBETCTBHHU C (HOpMy-
JIOM:

E;
D= Tog! Pij» %)
rae ¢ j— 3HaucHue (asoBoro Habera B j-M KaHaie

JaJIbHOCTHU B i-M BPEMCHHOM HHTCPBAJIC HAKOILIC-
HUs.
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PaccrosiHue ot pacKpbIiBa aHTCHH, M
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Bpewms, mun

Puc. 6. ®a3oBast CTpyKTypa paJjHONOKAalMOHHBIX CUTHAJIOB, B3BE-
LICHHBIX JHTPONHEH (uIyKTyauuid (assl IpH OTCYTCTBUM ABIIKE-
HHS 32 ZIEPEBOM

H3o0paxkeHue Ha puc.6 COOTBETCTBYET
CIIy4al0 OTCYTCTBHsI JIBUKYILErocs oObekra, a Ha
puc. 7 — cIy4ar0 HaJM4YWs IBIKYIIETOCs 00BeKTa 3a
JUCTBOM JiepeBa. BumHO, 4TO CHrHANBI BO BCEX dlie-
MEHTaX pa3pelICHHs, HE CBI3aHHBIX C JBIKYITUMCS
00BeKTOM, 3(p(PEeKTHBHO TOMABICHBI, a CHTHAJIBI OT
JIBIDKYIIErOCs 00bEKTa OKA3aIKCh TTOTYEPKHYTHIMU.
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Jnst pa3paboTKy anropurMa aBTOMAaTH4e-
CKOTO OOHapyXeHHs C1adoro IBIKEHUS 00beKTa 3a
JHUCTBOH B KAaKOM-THOO SJIEMEHTE pa3peuieHus II0
JIaJIbHOCTH MOXKHO HakaruliBaTh MH(OpPMAIHMIO, CO-
OTBETCTBYIOIIYIO (IIyKTyarusMm ¢a3bl CHIHAJIOB, B
Ka)XJIOM U3 BCEX pacCMaTPHBAEMBbIX KaHAJIOB TAJIbHOC-
TH IT0CJIE IPUMEHEHHUS SHTPOITUIHOTO B3BEIIINBAHMU.
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JIepeBOM

B pesysnbrate MOXHO MOJNYyYHTH H300paske-
Hue (puc. 8), riae mo ocu abCHUCC OTIIOXKCHA Jallb-
HOCTB, @ 110 OCH OpJWHAT — 3HAYCHUE HAKOIUICHHOTO
(azoBoro capura 3a BRIOPaHHOE BPEMsI B COOTBETCT-
BYIOIIIEM KaHaJle JaTbHOCTH.
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Paccrosiaue ot pacKpbiBa aHTCHH, M

Puc. 8. Hakomnenue OHTPOIIMH B KaXXJAOM 3JJIEMCHTE Pa3pClICHUA
110 BpEMCHHU HaAOJIOICHUS

Haxorutenue ¢aspl mpoucxoaut 3a Bpems
HaOmonenust 1,6 MUH, 4TO COOTBETCTBYET BPEMEHH,
OTJIO)KEHHOMY 110 OocH albcuucc Ha puc. 6 1 7 B COOT-
BeTcTBUH ¢ popmynoii (5). [IyHKTHPHBIMU JTHHUSIMH
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BBIJICTICHBI HAKOIUICHHBIC 3HaUCHUS (a3bl B sSUEHKax
JaTbHOCTH, B KOTOPBIX HAOIIONANIOCH JBHIKCHHUE
o0pexTa. CrumomrHast KpHBash COOTBETCTBYET IIPH-
CYTCTBHIO IBIDKYIIErocs OOBEKTa, a IyHKTHUpPHAs
KpHBasi — €0 OTCYTCTBHIO.

BeiBoabl. Pe3ynbTaThl OLEHKH BO3MOXKHO-
CTH OOHapyXeHHs cIa00 IBIKYIIHXCS OOBEKTOB 3a
JHUCTBOM KYCTApHUKOB M JEPEBHEB, MOJYYCHHBIE C
ucnonb3oBanueM mpototuna PJIC co crymeHYaTsIM
W3MEHEHHEM HECyIleH 4YacTOTel B JHWAala3oHe
1 200...1 400 MI'1, naroT BO3MOXHOCTH yTBEPKAAThH
cIieyroniee:

— WCIONBh30BaHHE HHGpOpMAIMUA 00 W3MEHEHHH
(ha30BOM CTPYKTYPHI B DJIEMEHTaX pPa3peuICHUs MO
JaIbHOCTH B PaJMOJIOKaTOpPE C 30HIUPYIOIINM CHI-
HaJIOM CO CTYIEHYaThIM M3MEHEHHEM HecylleH dac-
TOTBHI TMO3BOJISIET CYNIECTBEHHO YBEIMYHUTH HAOIIIO-
JIAEMOCTh TaKUX OOBEKTOB, KaK ABMXKYIIUHICS Helo-
BEK;

— WCIIONIb30BAaHME B3BCIUMBAHUS  (IIyKTyanui
(ha3sl B KaHalax JAJBbHOCTH MX DHTPONHEH MO3BOJIS-
€T CYIIECTBEHHO YBEIHYUTHh OOHAPYKUBAEMOCTD
c1a00 MOJBYDKHBIX LIENeH ¢ MCHONB30BAHUEM aBTO-
MaTHYECKOH NMPOLEAyphl 0€3 yJacTHs 4eI0BeKa.
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V. G. Sugak

USAGE OF RADAR SIGNAL PHASE
STRUCTURE ENTROPY FOR DETECTION OF
GROUND OBJECTS WEAK MOVEMENT
BEHIND FOLIAGE OF SHRUBS AND TREES

The article presents the results of research on opportu-
nities of revealing a weak target movement in foliage-penetration
environment with the use of Stepped Frequency Continuous Wave
Radar in the frequency range of 1 200...1 800 MHz. The entropy
weighed coherent integration (EWCI) algorithm is adopted to
phase fluctuations of radar returns and it allows the multipath
effects to be mitigated and the detectability and visibility of targets
behind foliage brushes and trees to become significantly better.

Key words: radar system, target detection in the foliage
environments, phase spectrum, entropy.

B.T. Cyrak

BUKOPUCTAHHS EHTPOIIIT ®A30BOI1
CTPYKTYPU PAJIOJIOKALIIMHUX CUTHAJIIB
JJIA BUABJIEHHA PYXY OB’€KTIB
3A JIUCTAM KYIIIB TA IEPEB

V crarTi HaBEICHO PEe3yNIbTATH TOCIIIKCHHS MOXIIMBOC-
Tell BHSIBICHHs CIaOKOro pyxy Linedl (momeidl ado 00’ekTiB) 3a
JIMCTSIM YarapHHKIB Ta JepeB MPH 3aCTOCYBaHHI pajionokaTopa 3
TMOKPOKOBOKO ~ 3MIHOK ~ HECydoi  4acTOoTH y  Jiama3oHi
1200...1 800 MI'. B sikocTi OCHOBHOTrO METOAY OOPOOKH CHTHA-
JIB 3aPONOHOBAHO BHKOPUCTOBYBATH 3Ba)KCHI EHTpPOMi€I0 (Iryk-
Tyanii a3y BiTOMTHUX CUTHANIB y KaHajax HajbHOCTI. [Toka3aHo,
10 BUKOPHUCTAHHS TAKOrO 3Ba)XKYBAaHHS J03BOJSE CYTTEBO 30i/b-
IIUTH BIPOTiHICTb CIIOCTEPEIKEHHS Ta BUSBJICHHS LIUX 00’ €KTIB.

KuouoBi ciioBa: pagionokaniifHa ciucTema, BUSIBICHHS
00’€KTIB 32 IUCTAM, (ha304aCTOTHUI CIEKTP, CHTPOIis.
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