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N3obperenue OTHOCHUTCS K obmacTu
TMIPOAKYCTUKH U MOXET OBITh MCIOIB30BAHO IS
AKYCTMUECKOI'0O MOHUTOPHMHTA OKEaHOB, MOpeil M
BHYTPEHHUX BOJIOEMOB C LEIIBIO OOHApPYyKEHHS
HapylIMTellel B 9KOHOMHYECKOW 30HE CTPaHbl U
T.11. Crioco6 OOHAapyXeHUs! ABWXKYIIMXCS LEel B
TMIPOJIOKALMU 3aKJII0YaeTCs B
MOCIIEIOBATENIFHOM OOJIYUYeHUH KOHTPOIUPYEMOM
objacTh  aKBaTOpUM OKeaHa aKyCTHYECKUMH
UMITyJIbCaMH, IIPHUEME PACCeSHHBIX OOBEKTOM M
UCKa)KEHHBIX cpeznoit MMITYJIbCOB,
AJTOPUTMHUYECKOM COBMECTHOM obpaboTtke
MOCITAHHBIX W TPUHATBIX CUTHAJOB, IIPU 3TOM B
Ipefenax  OJHOTO  M3JIy4aeMOro  MMIIyJbca
NPUMEHSIOT TEPUOJMUYECKUM 3aKOH YacTOTHOM
MOJYJISINMY, TPUHUMAEMBI CUTHAT CKUMAIOT B
GbuIbTpe, COrNIaCOBAHHOM C OIHHMM IIEPUOJOM
BHYTPUUMITYJIbCHOM ~ YaCTOTHOM  MOIYJISILMH,

MPeoOpa3yIoT CKATHIM CUTHAII ITyTEM 3aJIepPXKKH Ha
BpeMsi  OJHOTO [MEpUOa BHYTPUUMITYIIHCHOM
MOJIYJISIIMM ¥ BBIYMTAHMSI 3aJIepXKAHHOTO CUTHAIa

u3 cBOEH HE 3a1EPXKAHHOMN KOIIMHU,
MPpeoOpa3OBAHHBIN CXKATBI CUTHAT IOABEPTarOT
KOI€pEHTHOMY HaKOIJICHUIO 3a BpeMs
JUIATEIBHOCTH  30HAMPYIOWIETO  UMIIyJbCa C

YYETOM OKHMIACMBIX 3HAUCHUM BPEMEHHU IpUXOoaa
OTPAKEHHOI'0 CUTHAJIAa M JIOTUIEPOBCKOM YaCTOTBI
00OHapyXMBAaCMOM IENIH, BBIACISIOT OTHOAIOIIYIO
HaKOIUICHHOTO CHUTHala, (OpMHUPYIOT Habop
OrMOArONIMX JUIS Pa3IUYHBIX 3HAYCHUN BpPEMEHU

OpUXoJa W  JOIUIEPOBCKOM YacTOThI M 11O
chopMuUpoBaHHOMY Habopy MOITy4YaroT
UHpOpMAIMIO O  HAIMYMM W XapakTepe

JIBUOKYIIMXCS TEJIeH C UCTIOJIb30BAHUEM HU3BECTHBIX
W/WIIM  CIIEUUAJIBHBIX aJITOPUTMOB. TeXHUUECKuit
pe3yiIbTaT: yMEHbIIIEHUE BPEMEHH OOHAPYKEHMUS. 2
H.II. -71B1, 1 Wi,
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(54) METHOD FOR DETECTING MOVING TARGETS BY SONAR AND DEVICE TO THIS END

(57) Abstract:

FIELD: physics.

SUBSTANCE: present invention relates to the
field of hydroacoustics and can be used for acoustic
monitoring of oceans, seas and inland water bodies
with the aim of intruder detection in the economic
zone of the country etc. The method of detecting
moving targets in a hydrolocation lies in sequential
irradiation of the controlled region of the water
area of the ocean with acoustic pulses, reception of
scattered object and distorted pulses, algorithmic
cooperative processing of sent and received signals.
In the limits of one transmitted pulse the periodic
law of frequency modulation is used, the signal
received is compressed in the filter, matched with one
period of intra-pulse frequency modulation; the
compressed signal is then transformed by a delay for
a period of intra-pulse modulation and removing the
delayed signal from its non-delayed copy.
Transforming the compressed signal is subjected to
coherent integration for a period as long as the
transmitted pulse taking into account the expected
values of time of arrival of the reflected signal and
Doppler frequency of the target located, the

accumulated enveloping signal is separated, a set of
enveloping ones is formed for different values of
time of arrival and Doppler frequencies and by the
formed sets we get information about the presence
and character of moving targets using known and/or
special algorithms.

EFFECT: decrease in detection time.
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N300pereHre oTHOCUTCS K 001aCTH TUIPOAKYCTUKH, 4 UMEHHO K TMIPOJIOKALWH, U
MOET OBITh UCIOJIB30BAHO 71 OOHAPYKEHUSI B AKTUBHOM PEXUME ABUKYILIUXCS
MOJIBOJTHBIX LeJIel, OCOOEHHO MPEANOYTUTEIHLHO €r0 UCMOIB30BAHUE ISl AKYCTUYECKOTO
MOHUTOPUHTA OKEAHOB, MOpPEN U BHYTPEHHUX BOJOEMOB C LIEJIbI0 OOHAPYKEHUS
HapylLuTelield B 9KOHOMUYECKOM 30HE CTPAHBI.

H3BcTeH crmocob ceneknuu ABMKYyImxcs neaelt (mateHT PO Ne2058033, MIIK GO1S
15/00, onmy6mkoBaH 10.04.1996), ocHOBaHHBIN Ha OOJyYeHUHU UCCIIEAYEMOro 00bemMa
MPOCTPAHCTBA (MCCIIENYEMOM aKBATOPUU) CUTHAJIOM C TUIIEPOOIMYECKON YaCTOTHOMN
Moyisiuert (I'UM), mpreMe oTpakeHHOTO 3XOCHUTHAA 1M, U3MEPEHUHU pa3HOCTH (a3
U3JIyYEHHOT O U oTpaxeHHOro I'4YM curHaiaoB, BBIYMCIIEHUH paIMaIbHONM CKOPOCTH LieJien
1O U3BECTHOW CKOPOCTHU 3BYKa B CpeZie U pa3HOCTH (pa3 M MPUHSATUM PEIICHHUS 11O
pe3yiibTaTaM CpaBHEHUS pagUaIbHBIX CKOPOCTEN LENEH.

JlaHHbIl cr1oco0 MO3BOJISET MOBBICUTH PA3PELIAIONIYI0 CIIOCOOHOCTh MO pauaIbHOM
CKOPOCTH ABMXKYLIMXCS 1enelt npu uznydeHur ['YM curnanos. OnHaKo, MOCKOJIBKY 3TOT
croco® OCHOBAH Ha CPaBHEHUU PaJIMAJIbHBIX CKOPOCTEH Lieliel, B UCCIelyeMOM 00beMe
MPOCTPAHCTBA (MCCIENYEMOM aKBATOPUU) JOJIKHA OBITH XOTS OBl OJTHA LIEJIb C ATPUOPH
W3BECTHOM HYJIEBOU pauaibHON CKOPOCThIO. JINOO JOKHO OBITH U3BECTHO TOUHOE
3HAUEHUE CKOPOCTU 3BYKA MO MYTHU PACIIPOCTPAHEHUS U3TYUYEHHOT O U OTPAKEHHOTO
CUTHAJIOB, YTO MPUBOAUT K YBEIMUEHUIO BPEMEHU OOHAPYKEHUSI.

M3BecteH criocod oOHapy)eHUs IBUKYIIErocsi 00beKkTa B okeaHe (rmateHt PD
Ne2127890, MITK GO1S 15/52, onyoiukoBan 20.03.1999), npuHSTHIN 32 TPOTOTHII,
3aKJIFOYAIOIIMICS B MTOCIEI0BATEIbHOM OOJIyUeHNU KOHTPOJIMPYEMOI 00J1aCTh aKBATOPUU
OK€aHa aKyCTUUECKMMH UMITYJIbCAMH, IPUEME B YAAJIEHHON TOYKE PACCESTHHBIX OOBEKTOM U
MCKa)KEHHBIX CPEAOI UMITYJIbCOB, BBIJIEJICHUHA BPEMEHHOM MOCIEe10BATEIbHOCTHA UMITYJILCOB,
COOTBETCTBYIOIIUX PA3HBIM MYTSIM UX PACIPOCTPAHEHUS B CPEJIe, U OMPEAeSIEHUN Pa3HOCTU
MeX Iy ABYMS MTOCIE0BATEIHHO MPUHSITHIMU CUTHAJIAMMU, [0 KOTOPOU 0OHAPYKUBAIOT
JIBUXYIIUNCS 00beKT. B maHHOM crioco0e 0OHaApYKUBAIOT ABUKYIIIUECS OOBEKTHI 3a CUET
TOTO, YTO UCIIOJIb3YIOT U3MEHEHUSI B TIEPEIaTOUHOM (PYHKIMU CPEbl TPU aHAJIU3E PA3HOCTU
JBYX UHTEeP(EPEHIIMOHHBIX KAPTUH B MHOT'OJIy4EeBOM aKyCTHUUECKOM I10JIe, TTOTYYEHHBIX
MOCJIEI0BATENBHO YEPE3 HEKOTOPbIN TPOMEKYTOK BPEMEHH.

Takoit cmocod umeeT psaa HeaoCcTaTKOB. it oOHapyKeHHUs C1a0bIX MOJIE3HBIX CUTHAIOB
Ha (OoHE MENIAIOIIUX OTPAXKEHUI U peBepOepalu HeoOXoauMa BbICOKAsI TOUHOCTD
W3MEPEHUSI BPEMEHHBIX 3aAEPKEK ISl PA3JEICHUSI CUTHAJIOB, PACIIPOCTPAHSIOLIMXCS 1O
Pa3IMUHBIM TPACKTOPUSIM-TTydaM, Tak Kak 3¢(HEeKTUBHOCTh MPUMEHSIEMOT0 METOAA
CHEKTPOMETPUU BPEMEHHBIX 3a/IEPKEK 00YCITOBIIEHA BHICOKOTOUHON CUHXPOHHU3AIMEN
U3JTy4yarolei 1 npueMHou cucteM. [li1st onpenenenrs JMHAMUKY IBU)KEHUSI 00BbeKTa
JUIMTENIbHOCTh CEPUN UMITYJIbCOB aKyCTUYECKOT'0 00JIy4eHUs HEOOXOIUMO COTJIACOBBIBATD C
JUTMHOM TPACCHI IBUKEHUS 00BEKTA, a It 3(pPeKTUBHOTO OOHAPYKEHHUS
cnabooTpakarIMx 00bEKTOB TPeOyEeTCsl COTIaCOBAHME YACTOTHI CIIEIOBAHUS UMITYJIbCOB C
MPOCTPAHCTBEHHO-BPEMEHHBIMU XapAKTEPUCTUKAMU OOBEKTOB, UTO MOKET YBEIIUYUTh
BpeMsi obHapyxeHus. Kpome 3Toro, mpu MOHUTOPUHTE OOJIBIINUX O0OJlacTel aKBATOPUU
HEJOCTATKOM SIBJISIETCS HEOOXOIUMOCTh TPOU3BOIUTDH MPUEM PACCESTHHOTO OOBEKTOM U
MCKa)XEHHOTO CPEAOM UMITYJIhCA B HECKOJIbKMX TOYKAX aKBATOPUH, PACIIPEACTIEHHBIX C
[IArOM, COTJIACOBAHHBIM C PaJIMyCOM OOHAPYKEHUSI 0OBEKTA, UTO MPUBOIUT K YBEJIMYCHUIO
BpEMEHU OOHAPYKEHMUSI.

H3BecTHO yCTPONCTBO OOHAPYXKEHUS NBMKYIIMXCS Henel (mateHT PAD No2058033,

MIIK GO1S 15/00, onybimukoBaH 10.04.1996), KOTOpOE COEPKUT T'eHEepATOP
TUINEepOOJIMYECKOT O YacTOTHO-MoayiMpoBaHHoro (I'YM) curnana, uznyyaTtelb, IPUEMHUK C
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o6moxom ALII, peupKyIsSUMOHHBIEC JIMHUY 3aJIePKKHU, YMHOKHUTEIH, (pazoBpaimaTensb,
BBIYUCIIUTENIN U COOTBETCTBYIOIIUE COCAUHEHHUS.

HenocraTkoMm maHHOTO yCTPOMCTBA SIBIISIETCS HEOOXOIMMOCTD OIMPEIeIeHUsI TOUHOTO
3HAYEHUS CKOPOCTH 3BYyKa IO NYTHU PACIIPOCTPAHEHUS U3JTYYEHHOTO U OTPAKEHHOTO
CUTHAJIOB JTMOO CpaBHEHUS paJIUMalIbHBIX CKOPOCTEH Liesiel, TpUueM CKOPOCTh OJHOM U3 HUX
JOJKHA OBITh U3BecTHA. Takue u3MepeHusl MPUBOAST K YBEIUUEHUIO BPEMEHU OOHAPYKEHUSI.

H3BecTHO yCTPONCTBO OOHAPYKEHUS CEICKIMU ABMKYIIUXCS 1ieJIel B TUAPOIOKAIUU
(matenTt CIITA Ne4(084148, MIIK GO1S 7/52, omyonukoBan 11.04.1978), npunsToe 3a
IIPOTOTHUII, COJIEpIKALLIEe TEHEPATOP U3IIYyUYaEeMbIX UMITYJIbCOB, U3/1y4aTellb, IPUEMHUK U
apupMeTHKO-JIorHueckoe ycTpoicTBo (AJIY), KOTOpoe COAepKUT OJUH YMHOXHUTEIh, OJIMH
BBIUUCIIUTEIh, TIEPBBIA U BTOPOI OJIOKH MpsiMOro nmpeodpazoBanust Pypwe, OaUH OJI0K
obpaTtHOTrO npeodpazoBanus Dypbe U creayrolne COEAMHEHUS: BBIXO T€HEpATOPa CBSI3aH C
U3JIy4yaTesieM U ¢ BXOAOM IEepBOro 010ka npsMoro npeodpazoanus Dypbe; BBIXO
nepBoro 010ka npsaMoro npeodpazoBanus Dypbe cOeTMHEH C BXOIOM BBIUMCIIUTES; BBIXO
BBIYMCIIUTEISL COEMHEH C IIEPBBIM BXOAOM YMHOKUTEIS; BBIXOJ IIPUEMHUKA COEUHEH C
BXOJIOM BTOpOTo 0j10Ka npeodopazoBanust Pyphbe; BHIXOJ BTOPOro OJ10Ka MpeoOdpa3oBaHUs
®ypbe COeIMHEH CO BTOPBIM BXOJOM YMHOXMUTEJS; BBIXOJI YMHOXKUTEIS COEIMHEH C OJIOKOM
obpatHoro nmpeodpazoBaHus Dypbe, BHIXOI KOTOPOTO SIBIISIETCS BHIXOJOM YCTPOUCTBA.

Henocratkom JaHHOTO yCTPONCTBA ABJISIETCS HEBO3MOXHOCTh OCYIIIECTBUTD CEJIEKLHUIO
JBUXKYILENCS LENH, UCIIONIb3Ys OJIMH UMITYJIbC 30HIMPOBAHMS, TO €CTh TpeOyeTcs OoJibliiee
BpEMsl, PABHOE HECKOJIbKUM IIEPUOAAM 30HIUPOBAHUS.

TexHuueckom 3a1auent U300PETEHUs IBIISIETCS YMEHbIIEHUE BPEMEHU OOHAPYKEHUSI.

[TocraBneHHas 3agaya JOCTUTAETCSl TEM, UTO MPEIaraeTrcs crnocod ceiaekuuu
JIBUXKYIIMXCA LeIe B THIPOIOKALMH, 3aKTI0UAIOLIUICS B TIOCIEA0BATEIbBHOM O0IyUeHUH
KOHTPOJIUPYEMOUN 00JIACTH aKBATOPUU BOJTHOTO MPOCTPAHCTBA aKYyCTUYECKUMHU
MMITYJIbCAMMU, TIPUEME PACCETHHBIX OOBEKTOM U UCKAKEHHBIX CPEeION UMITYJIbCOB,
AJITOPUTMUYECKON COBMECTHOM 00pabOTKe MOCTAHHBIX U TPUHSTHIX CUTHAJIOB, IPUYEM B
peaeaax OAHOrO U3JIy4aeMOr'0 UMITYIbCa IPUMEHSIOT NEPUOINUECKUI 3aKOH YaCTOTHOM
MOJYJIUUU, TPUHUMAEMbII CUTHAJI CKUMAIOT B GUIBTPE, COTJIACOBAHHOM C OJTHUM
MEPUOIOM BHYTPUUMITYJIbCHOWM YACTOTHOM MOYJISILIMU, TPEe00pa3yroT CXKATHINA CUTHAI
IIyTEM 3aJE€P’KKU HA BPEMS OJJHOI'O MEPUOJA BHYTPUMMIIYIIbCHON MOAYJISLMUA U BBIYUTAHUS
3aJIep’)KaHHOrO CUTHAJIa U3 CBOEH He3aIepKaHHOM KOMWU, TPeoOpa3OBaHHbINM CxKATHIN
CUTHAJI ITIOABEPrarOT KOLEPEHTHOMY HAKOIUIEHUIO 34 BPEMS IIIUTENBHOCTH 30HAMPYIOLIET O
HMMITYJIbCa C YYETOM OXKMIAAEMBIX 3HAUEHUI BPEMEHHU IIPUXOJa OTPAKEHHOI O CUTHAJIA U
JOTUJIEPOBCKOM YACTOTHI OOHAPYKUBAEMOI €U, BBIICISIOT OTMOAIOIIYI0 HAKOIIIEHHOTO
curHana, GOpMUPYIOT HAOOP OTrUOAIOIIUX IS PA3IMYHBIX 3HAUSHHUN BPEMEHU MTPUXO0a U
JOTUIEPOBCKOM YaCTOTHI U 1O ChOPMUPOBAHHOMY HAOOPY MOIy4aIOT UHGOPMAIHIO O
HAJIMYMM U XapaKTepe ABUXKYLLIEHCS LEIU C UCIIOJIb30BAHUEM U3BECTHBIX W/WUIIM CHELAAIbHBIX
AJITOPUTMOB.

YCTpoicTBO i1 peaiu3aluuu NpeagaraeMoro crnocoda CoaepKUT FreHepaToOp U3ITydaeMbIX
MMITYJICOB, MIEPBBIA U BTOPON (OPMUPOBATEIN ONTIOPHOTO CUTHAJIA, U3TTydaTellb, TPUEMHUK
Y apu(pMeTUYECKO-IOTUIECKOE YCTPOMCTBO, MTPU 3TOM apUPMETUIECKO-IOTUIECKOE
YCTPOMCTBO COAEPIKUT: MIEPBbIN U BTOPOM OJIOKU 3a1€PKKHU, TIEPBbIN U BTOPOH OJIOKU
BBIUMTAHUS, IIEPBBIA, BTOPOW U TPETUH YMHOKUTEIIH, IEPBBINA, BTOPOH U TPETUIA
BBIYUCITUTEIU, TIEPBBIA, BTOPOM U TPEeTUit 0JIOKK npssMoro npeodpazoBanus Dypbe u 6110k
obpaTtHoTro nMpeodpazoBanus Dypbe co CIENYIOMKUMU COETUHEHUSIMU: BBIXO/I TeHEpATOpa
COEMHEH C BXOJOM MEePBOro (hOPMUPOBATEIISI OTIOPHOTO CUTHAJIA, C U3TTyUaTEJIeEM U C
BXOJIOM BTOPOT0 (POPMHUPOBATEIIS OMOPHOTO curHaia. [lepBriit hopMupoBaTenb OIIOPHOTO
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CUTHaJja CBSI3aH C MEPBbIM BXOJIOM BTOPOI'0 OJIOKA BBIYMTAHUSI HEMTOCPEICTBEHHO, 4 CO
BTOPBIM €0 BXOAOM - YEpE3 BTOPOM OJIOK 3aAEPKKH; BBIXOJ BTOPOrO OJI0Ka BHIYUTAHUS
COEJIMHEH C BXOJIOM TpeThero 0j0ka npsMoro mnpeodpazoBanus Dypbe, BHIXOI KOTOPOTO
COEIMHEH CO BTOPBIM BXOJOM BTOPOT'O YMHOKHUTENS; BbIXO/I IPUEMHUKA COEIUHEH C
MEPBBIM BXOJIOM MEPBOTO OJI0KA BHIUUTAHUSI HETIOCPEACTBEHHO, & CO BTOPBIM €0 BXOAOM -
yepe3 MepBbIii 070K 3aJIePKKHU; BEIXOJI BTOPOTO (OPMUPOBATEISI OTIOPHOTO CUTHAJIA
COEJIMHEH C BXOJIOM IepBOTO OJI0Ka mpsimoro mpeodbpazoBanust ypbe, BIXOH KOTOPOTO
yepe3 MEePBbI BBIYUCIIUTEb COSAUHEH C MTEPBBIM BXOJOM MEPBOTO YMHOXKUTENS U C IEPBBIM
BXOJIOM BTOPOT'O YMHOXUTEINs. BTopoii BXoA NepBOro YMHOKUTENS CBA3aH C BBIXOJIOM
MepBOro 0JI0Ka BEIYMTAHUS Yepe3 BTOPOH OJIOK mpsMoro npeodpazoBanus Dypwe; BHIXOI
MIEPBOTO YMHOXUTEIISI COEIMHEH C TIEPBBIM BXOAOM TPETHETrO YMHOXUTENS, BTOPOIl BXO[T
KOTOPOI'0 COEIMHEH C BBIXOAOM BTOPOrO OJI0Ka YMHOXUTENS Yepe3 BTOPON BbIUYMCIIUTED;
BBIXO/JI TPETHET'0 YMHOKHUTEJIS COSAMHEH C BXOA0M OJI0Ka 0OpaTHOrO Mpeodpa3oBaHUs
®Dypbe, KOTOPBIA COEIMHEH C BXOJM TPETHETO BBIYUCIUTENSA. BBIXO TPETHErO BEIUYMCIIUTENS
SIBJISIETCS BBIXOJIOM YCTPOMCTBA.

Ha geptexxe n3obpaxeHa CTpyKTYpHasi CXeMa YCTPOKMCTBA IO 3asIBJICHHOMY CIIOCO0Y.

YCTpoicTBO coepkUT: 1 - TeHepaTop, 2 U 3 - IepBbId U BTOPOH popMupoBaTeIn
OIIOPHOTO CUI'HAJIa COOTBETCTBEHHO, 4 - U3JIy4aTeslb, 5 - IPUEMHUK, 6 U 7 - IEPBBINA U
BTOPOIi OJIOKU 3aJIePIKKU COOTBETCTBEHHO, 8 U 9 - TIepBbIi U BTOPOMH OJIOKK BBIYMTAHUS
COOTBETCTBEHHO, 10, 11 1 12 - mepBbIii, BTOPOH U TPETUH OJIOKU IMTPSIMOTO TpeoOpa3oBaHus
Dypbe COOTBETCTBEHHO, 13, 14 1 15 - nepBbIi, BTOPOU U TPETUN BBIYUCITUTEIN
COOTBETCTBEHHO, 16, 171 18 - mepBbIil, BTOPOW U TPETUHA YMHOKHUTEIIM COOTBETCTBEHHO, 19 -
6110k ob6paTHOTrO MpeodbpazoBanust Pyprwe.

Cxema nMeeT ClleqyIolIMe COeIMHEHUS: BBIXOI FeHepaTopa 1 COeAUHEH ¢ BXOAOM NIEPBOTO
(hopMupoBaTess OMOPHOrO CUrHajia 1, ¢ u3nyyartenaeMm 4 U ¢ BXOAOM BTOPOTO
dhopmupoBartens onopHoro curiaia 3. [lepBreiit popmupoBaTesb OMOPHOro cUrHaia 2
CBSI3aH C TIEPBBIM BXOJOM BTOPOTO OJIOKA BBIUMTAHUS 9 HEMOCPEICTBEHHO, & CO BTOPBIM €T0
BXOJIOM - 4epe3 BTOPOU OJIOK 3aAepKKH 7; BBIXOJ BTOPOTO OJIOKA BBIUMTAHUS 9 COSAUHEH C
BXOJIOM TPEThEro OyioKa mpsiMoro npeodpazoBanusi Pypwe 12, BBIXOA KOTOPOTO COSTUHEH
CO BTOPBIM BXOZOM BTOPOTO YMHOKUTENS 17; BBIXOJ MPUEMHUKA 5 COEUHEH C MTEPBbIM
BXOJIOM IIEPBOTr0 OJI0KA BBIYMTAHHUS 8 HETIOCPEACTBEHHO, & CO BTOPBIM €0 BXOJ0M - Yepes
MePBbIN OJIOK 3aAePKKU 6; BEIXOJ BTOPOTO (POPMUPOBATEIISI OIIOPHOTO CUTHANIA 3 COEUHEH
C BXOJIOM IepBoOro 6Ji0ka npsimoro npeodbpazoBanus Oypobe 10, BBIX01 KOTOPOro yepes
MIEPBBII BEIYUCIIUTEND 13 COEAUMHEH C IEPBBIM BXOJOM MNEPBOTO YMHOXKUTENS 16 U C ITepBbIM
BXOJIOM BTOPOTO YMHOXUTeNA 17. Bropoil BXoa nepBoro yMHoOXuTeNns 16 cBsA3aH
BBIXOJIOM MEPBOTO OJIOKA BHIUMTAHUS 8 Uepe3 BTOPOM OJIOK MPSIMOTO MPeoOpa3oBaHUS
Dypoe 11; BBIXOJ MEPBOTO YMHOXKUTENS 16 COEIMHEH C MEPBBIM BXOJIOM TPETHETO
YMHOXUTENS 18, BTOpoi BXOJ KOTOPOTO COEIMHEH C BBIXOJIOM BTOPOTO OJI0Ka
YMHOXUTEIS 17 yepe3 BTOPOH BBIUMCIUTEND 14; BBIXOJ TPETHEr0 YMHOXKHUTENS 18 coeqMHEH
¢ BX0oJI0M OJioka obpaTtHOro mpeodbpazoBanust Pypwe 19, BBIXOJ KOTOPOTO COSAUMHEH C
BXOJIOM TPETHErO BBIYUCIUTENS 15. BbIX0a TpeThero BeIuMcauTens 15 sSBIsIeTCS BIXOA0M
YCTPOUCTBA.

[Ipennnaraemoe ycrpoiictBo paboTtaer cieayromum odbpazoM. 'enepatop 1 popmupyer
30Haupytomuri curiai U(t) B BUI€ UMITYJIbCAa C BHYTPUUMIYJIbCHOM niepuoauueckoin JIUM:

ut) = a3 ufe - (k - 1] T
k=1

rac
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Am
U, (t)=cos| (e —Ae/2)t+—t* |, 0<t<T,
2T,
T - AMTENbHOCTD 30HAUPYIOIIET0 UMITYJIbCA,
T, - AIMTETEHOCTD OHOTO MEPUOA MO JISILHH,
N - KOJIMUYECTBO NMEPUOIOB MOIYJISUMU B OJTHOM 30HIMPYIOLLEM UMITYJIbCE,
0, - IeHTpasbHas yacToTa crnekTpa JIYM,

Aw - neBranust JIYM B ogHOM TepHOIE MOJISIIUM.

ChopmupoBanHbiii TeHepaTopoM 1 curaai U(t) u3imydaeTcss B BOJIHYIO Cpemy
uznyyateneM 4. OTpakeHHbIN OT ABMXKYIIErocsi 0ObEKTa CUTHAII TOCTYNAET Ha IPUEMHHUK 5.
Hanee curnan U__(t) 3aAepXKUBACTCSI C TIOMOLLBIO IIEPBOTO OJI0KA 3aICPXKKU 6 HA BpeMsl T n

BBIUUTAETCS U3 CBOEH He3a/Iep>KaHHOM KOIMM Ha MEPBOM OJIOKE BBIUUTAHMUS 8:
1 P — — .
Ul(t)=U_()-U_(e—T,)
Bo BTOpoMm Gioke mpsimoro npeoopazoBanust @ypee - BITIID 11 BEIYUCISIIOTCS OTCUETHI

criekTpa F(w) curnama U'(1). Bropotii hopMupoBaTens ormopHOTo curiaja 2 popmupyer
CUTHAaI Ua(t), KOTOpBIH noctymnaeT B nepBbiii 0710k BITTIM 10, riae BEIYUCISIOTCS OTCYETHI

€ro CIIeKTpa Fa(oo), Jlajiee 9TU OTCUYETHI ITOCTYITAIOT HA NIEPBBIA BBIYMCIMTEND 13, TAe
BBIYMCIIAIOTCS OTCUETHI KOMIIEKCHO-COPSKEHHOT o criekTpa F! ,(w). B iepom O10Ke
YMHOHUTEIb 16 BBIUYUCIISIETCS] TPOU3BEACHUE MEX Y oTcueTamu cnekTpa F(w) sxocurnana
Ul(t) W OTCUETAMHU CIIEKTPa F! 3((D) cUTrHaJja U3(t).

CdopMupoBaHHBIN IEPBBIM (hOPMHUPOBATETIEM OMTOPHOTO CUTHaja 2 curHai U(t, QC)
MOCTYNAeT Ha BTOPOU OJIOK 3a€P>KKH 7, TJe CUTHAIT 3aIeP>KUBAETCS HA BpeMsl T3 u
BBIUMTAETCS U3 CBOEH He3aIep)KaHHOM KOTTMM Ha BTOPOM OJIOKE BBIYMTAHUS 9:
uthe, Q) = Uk, Q) - Uit — T, Q)

B tpetheMm O0ke npsimoro npeodbpazoBanus Dypobe - BITTID 12 BHIUUCISIOTCS OTCYETHI
CIIEKTpa Fl(oo, QC) curHalia UH(t, QC), MOCTYIAIONIETO C BTOpOTro Ojioka BeiuuTanus 9. [lasee
BO BTOPOM 0JI0KE€ YMHOXUTENS 17 BBIYUCIISIETCS TPOU3BEICHUE MEXKY OTCUETAMHU CIIEKTPa
Fl(oo, QC) peodpa3oBaHHOTO OMOPHOT'O CUTHAJIA UH(t, QC) Y OTCUETAMHU CIIEKTPA F! 3(oo)
cUrHaja Ua(t).

Bo BTOpOoM Bbrunciuresie 14 BBIYUCISIIOTCS OTCYETHI KOMILIEKCHO COMPSIAKEHHOTO
crexTpa F, Yo, QC) CUTHAJIa, MOCTYNUBILETO C BBIXOJIa BTOPOT'O YMHOXUTENA. B TpeTbem

0J10Ke YMHOXUTENS 18 BBIUUCIISETCS] TPOU3BEACHUE MEXTY OTCUETAMMU C BbIXOAa OJ0Ka
MIEPBOr0 YMHOXUTENSI 16 U OTCYETAMU C BBIXO/1a BTOPOTr'O BeIUMcauTeNs 14. B Gi10ke
obpatHoro npeodpazoBanus Dypee - BOIID 19 BpIUMCIAIOTCA OTCYETHI KOMILIEKCHOM
(dbyHkuun obpaTHoro nmpeodpazosanus Oypre. Jlanee B 0J10Ke TPETheTrO BBIUMCIUATENS 15
BBIYMCIISICTCS] MOAY/Ib KOMIUIEKCHON pyHKkumu U (t , € ) OTCUETHI KOTOPOM IIOCTYIAIOT C

BbIxoaa omoka BOIID 19.

Hanee popMupyroT HaOOpP OrubarOMIMX IS Pa3IMUHBIX 3HAUCHUI BpEMEHHU ITpUXoaa 1
JOTUJIEPOBCKOM YACTOTHI U IO CPOPMUPOBAHHOMY HAOOpy MOIYUYAIOT PEIICHUE O HAJTUIUU
LEJIA C UCTIOIb30BAHUEM U3BECTHBIX AJITOPUTMOB.

PacueTsl moka3pIBaIOT, YTO MPEATIOKEHHBIM CIOCOOOM MOXHO MOBBICUTH OTHOIIICHHE
curHaj/moMexa Ha 10-33 1b kak npuy HEMOABMKHBIX MEIIAIOIIMX OTPAXKATENSAX, TAK U MIPU
(ITYKTYUPYIOMIUX C HEOOIBIION CKOPOCTHIO.

Heo0xoauMo 0OTMETUTh, YTO IpeAsiaraeMblil Clioco0 peaanu3yercs He3aBUCUMO OT

BBIX

Crpanuua: 7



10

15

20

25

30

35

40

45

50

RU 2357269 C2

METOJ0B OOJIyUeHUs UCCIIYyeMOT0 00beMa MPOCTPAHCTBA. TO €CTh MOXKET OBbITh BBIIIOJIHEHO
HEHANpPaBJIEHHOE (MJIM CEKTOPHOE) U3JIyYeHHE U ITPUEM Ha HAIIPABJICHHYIO AHTEHHY B
HEKOTOPOM TEJIECHOM YIJI€, B KOTOPOM OCYIIECTBIISIETCS CEJIEKLUS IO BPEMEHH (110
TUcTaHuK). JInO0 MOXKET OBITh BBIMOJIHEHO HAMPABIEHHOE U3TYYEHUE B Y3KOM TE€JIECHOM
yIJIe U IPUEM Ha HEHANPABJIEHHbIN MPUEMHUK C IMOCIIEAYIOLIEH CeJIEKIUENR BO BPEMEHHU.
Taxoke MOXET OBITh BBIIMOJHEHO HAMIPABICHHOE U3IyYSHHUE U CEKTOPHBIN IMTPUeM WU
Ha00O0pOT.

JIOMOTHUTEILHBIMU MTPEUMYIIIECTBAMU MPEAJIaraeMoro crnocoba MOXHO Ha3BaTh €ro
YHUBEPCAIbHOCTh, OH MOXET OBbITh peajn3oBaH kKak st [YM curHasnos, Taxk u s
CUTHAJIOB C JIMHEHHOU YacTOTHOU Moayssauuer (JIYM), u mpocToTy BHEAPEHHUS B
CYLLIECTBYIOLIME CUCTEMbBI Ha TPOrpaMMHOM ypoBHe. [Ipennaraemslii cnocod mo3BoJIsIeT
3HAYUTENIbHO YMEHbIIUTH BpeMsi OOHapyKeHHUs 0e3 CYIIECTBEHHOT' O yBEIMYEHUSI 00beMa
oOpabaTeIBaeMoit HH(pOpPMAIHMHY U, CIeIOBATEIbLHO, 0e3 y)KecTOueHHUs TpeOOBaHMI K
BBIUUCIUTEIBHBIM PECYPCAM TUAPOJIOKAUOHHBIX CUCTEM.

dopmyna nzobpeTeHus

1. Crtoco6 oOHapyKEeHUS IBMKYIIUXCS HEIeH B TUAPOIOKAIMU, 3aKITIOYAOIITUICS B
MOCIEeI0BATEIbHOM OOJIy4eHUH KOHTPOJIUPYEMOI 00J1aCTH AKBATOPUM OKEaHa
AKYCTUYECKUMU UMITYJIbCAMU, ITPUEME PACCETHHBIX OOBEKTOM U UCKAXKEHHBIX CPeAoit
MMITYJIbCOB, aJITOPUTMUUECKOIN COBMECTHONM 00pabOTKe MOCIAHHBIX U MPUHATHIX CUTHAJIOB,
OTJIMYAIOIMICA TEM, YTO B IIpeAeiiax OJHOI0 U3JIy4aeMOTO UMITYJIbCA IPUMEHSIOT
MEPUOANUECKHI 3aKOH YACTOTHOM MOJTYJISIIIMH, TPUHUMAEMBII CUTHAII CKUMAIOT B (QUIIBTPE,
COIJIACOBAHHOM C OJHUM II€PUOAOM BHYTPUUMIIYJILCHON YaCTOTHON MOAYJISLMH,
MpeoOpa3yloT CKATHIN CUTHAII ITYTEM 33I€P’KKU Ha BPeMsI OJTHOTO Iepuoaa
BHYTPUUMITYJIbCHOW MOAYJISIUA U BBIYMTAHUS 3aI€P)KAHHOIO CUTHAJIA U3 CBOEH HE
3aJIep>)KaHHON KOTIMH, TPe00Pa30BAHHBIN CXKATBIN CUTHAJI TTOJIBEPral0T KOT€PEHTHOMY
HAKOIUIEHHUIO 3a BPEMS JIIUTENBHOCTH 30HAUPYIOLLETO UMITYJIBCA C YUETOM OXKUIAEMBIX
3HAYEHUN BPEMEHU IIPUX0/1a OTPAKEHHOT'O CUT'HAJIA U JOIUIEPOBCKOW YaCTOThI
0OHapyKUBAEMON 11€JI1, BBIIEISIOT OTMOAIOIIYI0 HAKOTUIEHHOTO CUrHaIa, JOPMUPYIOT
Ha0Op orubaromx Jisl pa3IMYHbIX 3HAYEHUIH BPEMEHU MTPUX0/1a U JOIJIEPOBCKONM YACTOThI
¥ 110 chOPMUPOBAHHOMY HAOOPY MOIYYAIOT HH(DOPMALMIO O HATTMYMU U XapaKTepe
JBUKYILEHUCS LIEIIA C UCITOJIb30BAHUEM U3BECTHBIX W/WJIY CIIEUMAJIbHBIX AJITOPUTMOB.

2. YCTpOWCTBO CEJIEKIUY ABUKYIIUXCS Leiel B TUAPOJIOKALMH, COJIEpKAIIEE TeHEPATOP
U3ITy4aeMbIX UMITYJIbCOB, U3Ty4aTel b, IPUEMHUK U apU(PMETUUECKO-TOTUUECKOe
YCTPOMCTBO, OTJIMYAIOIIIEECS TEM, UTO B HET'O BBEACHBI MEPBBIN U BTOPOI (popMupoBaTenu
OTIOPHOTO CUTHAJIA U ApUPMETHUECKO-TIOTMUECKOE YCTPOMCTBO, BKIIIOUYAIOIIIEE ITEPBHIN U
BTOPOM OJIOKM 3a/IeP>KKH, TIEPBBIM U BTOPOM OJIOKM BBIUMTAHUS, ITEPBBIN, BTOPOU U TPETHI
YMHOWTEIIH, TTEPBBIA, BTOPOM U TPETUIM BHIYMCIIUTEM, IIEPBHIN, BTOPOH U TPETUI OJIOKU
npsiMmoro mpeoopazoBanus Pypbe U 6710k 06paTHOrO MpeodpazoBanus Pypwe, MPU 3TOM
BBIXO/I TEHEPATOPA COEIMHEH C BXOJIOM IMEPBOTO (hOPMUPOBATENSI OTIOPHOTO CUTHAIIA, C
U3ITydaTesIeM U C BXOJIOM BTOPOT0 (OPMUPOBATEIISI OIIOPHOT'O CUTHAA, IEPBIT
(hopMHpoBaTeIh OMOPHOTO CUTHAJIA CBSI3AH C MEPBBIM BXOJIOM BTOPOTO 010K BHIYMTAHUS
HEIMOCPEICTBEHHO, a4 CO BTOPBIM €TI0 BXOJIOM - Uepe3 BTOPOIi OJI0K 3aI€PKKHU, BBIXOT
BTOPOTO OJIOKA BBIUMTAHUS COEAUHEH C BXOJOM TPEThEro 0JIoKa MpsSIMOTro Mpeodpa3oBaHus
®Dypbe, BBIXO KOTOPOT'O COEAMHEH CO BTOPBIM BXOJOM BTOPOTO YMHOKHUTENS, BBIXO/
MIPUEMHHUKA COEIMHEH C MEPBBIM BXOJ0M MEPBOT0 OJIOKA BEIYMTAHUS HEMTOCPEICTBEHHO, a CO
BTOPBIM €T0 BXOJIOM - Yepe3 MEPBBIi OJI0K 3a/IEPKKH, BBIXOI BTOPOro (OPMHUPOBATENS
OIIOPHOT'O CUTHAJIa COEIMHEH C BXOJIOM IepBOTO OJIoKa npsimoro npeodbpazoBanust Pypoe,
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BBIXO/T KOTOPOI'O Yepe3 MEePBhIN BBIUUCIUTEIb COSAUHEH C IIEPBBIM BXOJIOM IIEPBOIO
YMHOKHUTEIISI U C IEPBBIM BXOJIOM BTOPOI'0 YMHOXKHTEJISI, BTOPOM BXOJI ITIEPBOIO
YMHOJKHUTEIIS CBSI3aH C BBIXOJOM IIEPBOro 0j10Ka BBIYUTAHMS Yepe3 BTOPOM OJIOK MPSIMOIO
npeoopazoBaHusi Pyphbe, BHIXO ICPBOCO YMHOKHUTEIIS COSIUHEH C IICPBBIM BXOAOM
TPEThEro YMHOKHUTEIISI, BTOPOM BXOJI KOTOPOI'O COEIMHEH C BBIXOAOM BTOPOro 0jI0Ka
YMHOMKHUTEIIS Yepe3 BTOPOM BBIYUCIIUTEIIb, BBIXO TPETHEr0 YMHOXKHUTEIIS COSTMHEH C BXOJIOM
61oka obpaTHoro npeodpazoBanus Dypbe, KOTOPBINA COCTUHEH C BXOJIOM TPETHETO
BBIUMCITUTEIIS, BBIXOJ KOTOPOTO SIBJISETCS BEIXOJIOM YCTPOMCTBA.

Ctpanuua: 9
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