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C nenpr0 HM3ydeHHs XAPAKTEPUCTHK T'€0aKyCTHYECKOHM DMHCCHM B YCIOBHSIX
MOBbINIEHHOW ceiicmuunoctd Ha Kamuatke ¢ 1999 roma mpousBoauTCS
MOHHUTOPUHI B 4YacToTHOM auanazoHe 0-10 xl'u. B kadecTBe perumcrpaTtopoB
re€0aKyCTHUYECKMX CHUTHAJIOB HCIOJB3YIOTCS YCTAaHOBJIEHHBIE B €CTECTBEHHBIX H
HCKYCCTBEHHBIX BOJOE€MaxX THUAPO(OHBI, OPUEHTUPOBAHHBIE IO CTOPOHAM CBETA.
Jns 6onee A€TaNbHOTO MCCIEI0BAHUS aHU30TPOIIMH F€0aKyCTUYECKOTO U3TyYeHUs
Ha pa3JIMYHBIX CTaAUIX celicMuueckoi akTuBHOCTH ¢ 2004 roga Ha o3epe Muknxka
Ha IIyOHMHE OKOJIO 5 METpPOB YCTaHOBJIEHA HOBas IIpUeMHas cucteMa. B ee cocraB
BXOJIUT KOMOWHUPOBAaHHBIN NMpHEMHHK, pa3zpaboTanHbli B 3A0 «['eoakycTukar
npu OI'VII BHUN®TPH, koTOphIil MO3BOIAET OJHOBPEMEHHO PETUCTPUPOBATH
3BYKOBOE JIaBJIEHUE U TPU B3aUMHO OPTOTOHAJIbHBIE KOMIIOHEHTHI KOJieOaTeIbHOMN
ckopocTd. [l mM3yueHHsl re0akyCTHUYECKMX CHTHAJIOB pa3padoTaH CHelHaIbHBIN
anmnapaTHO-MPOrPAMMHBIN  KOMITJIEKC, KOTOPBIM IO3BOJISIET PETUCTPUPOBATH
CUTHAJbl TI'€0AKyCTUYECKOM 5SMMCCHU, aBTOMAaTHMYECKH BBIABIATH B IIyMax
HMITYJIbChI, CTEHEPUPOBAHHBIE MO AEUCTBUEM J€(OPMALIMOHHBIX CUJI, ONIPEIEIATh
HaIpaBJICHUE UX MPUXO0JA U YaCTOTY CIECIOBAHUA IO KAKIOMY HAIIPaBJICHHIO, U B
UTOre CTPOUTH JUarpaMmy MPOCTPAHCTBEHHOI'O PACIIPEAETICHUS Ie0aKyCTUYECKOU
AKTUBHOCTH B IIOJSPHOM CHUCTEME KOOpPAMHAT. OJTO IIO3BOJIIET HCCIENOBATh
JOKaJIbHbIE WCTOYHHKM TI€HEpally TaKUX HMIIYyJIbCcOB. B cTaTbe paccMOTpeHBI
METO/Ibl, pa3paboTaHHbIE Ul aBTOMATUYECKOTO BBIABICHHMS M aHAINW3a CUTHAJIOB.
[IpuBeneHb! pe3yabTaThl UCTIONb30BAHUS KOMILJIEKCA HA MOJEIISIX T€0aKyCTUUECKUX
CUTHAJIOB B JJaOOPAaTOPHU U B HATYPHBIX YCIOBHSX.

KiroueBble cioBa: Te0aKyCTHUECKass SMHCCHS, BEKTOPHO-(a30BbIE METO[HI,
KOMOWHUPOBaHHBII MPHEMHUK

BBEJEHUE

W3BecTHO, 4YTO 3€MIIETPSICEHMSIM MPEIUIECTBYET JUIMTEIbHBIH MpOLECC IOATOTOBKH.
[IpennoxxeHo MHOro MoOJeNel 3TOro Mpolecca, UMEIOIUX HEKOTOPbIE pa3ivyus B JAETalsX,
HO OJMHAKOBO OMNKCHIBAIOIIMX OCHOBHBIC JTallbl MOATOTOBKH. llepBBIi W3 HHX, CaMBbId
IPOAOKUTEIbHBIA BO BPEMEHH, JUIMUTCS FOJaMU M XapaKTepPU3yeTCsl HAKOIUIEHUEM yHIpPyToi
MOTCHIIMATBHON SHEPTUU B THIIONCHTPAIBHON oOsacTu. Clemyronuii aTam OBICTPOTO pocTa
YIOPYTUX HANpsHKCHUH, MPHUBOSIIUX K JABUHHOMY TPEIIMHOOOPA30BAaHHUIO W TIOJTOTOBKE
MarucTpajJibHOTO pa3pblBa, U3MEpseTCsl yxkKe cyTkamMu uiau vacamu |1, 2]. MmenHo s3tOT
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BPEMEHHOW  TEpPUOJ  MPEJCTaBIseT  HaWOOJNBIIMA  HWHTEpEC I WCCIACAOBAHUM
neOpMaIIMOHHBIX MPOLIECCOB, PACHPOCTPAHSIOIIUXCS U3 04aroB OyAyHIMX 3eMIIETPSICEHUN
(3, 4].

Uccnenosanus, nposenennsie Ha Kamuatke B UKWP JIBO PAH B mnocnennue ropsi,
nokazanu [5-7], 4TO Kak OTKJIMK Ha HANpsSHKEHHOE COCTOSIHUE Cpelbl B pe3yJibTaTe
TPELMHOO0Pa30BaHUS U MTPOCKATIb3bIBAHUS B TIOPOJIaX HAa PACCTOSHUSAX COTHH KHJIOMETPOB OT
SMUIEHTPAa TOTOBAILIETOCS 3EMIIETPSICEHHUS] BO3HUKAIOT aHOMAJIWU B T'€0aKyCTHYECKON
smuccun (['’AD) mpUMOBEpXHOCTHBIX MOpoa. PaccMarpuBaeMble SIBIEHWS BO3HHMKAIOT, KAk
MpaBUJIO, B BUJIC CHJIBHBIX BO3MYIIICHUH B IMAMAa30HE YaCTOT €IMHUIl KWJIOTEPIl B CYyTOUYHOM
BPEMEHHOM HHTEPBAJIE /10 CEHCMMUYECKOTrO COOBITHS, MO3TOMY OHM MOTYT HCIOJIb30BaThCS
pu aHaiausze Ae(popMallMOHHBIX U3MEHEHUI Cpefbl B MPOLECCE MOArOTOBKU CEMCMUUYECKOTO
COOBITHSI.

MOHUTOPUHT T'€0aKyCTHYECKOM HSMHUCCHU TPOU3BOAUTCS B UYACTOTHOM JHAIa30HE
0-10 kI'u. B KkauecTBE pETrUCTPATOPOB TI€OAKYCTHUECKUX CHUTHAJIOB MCIIOJIb3YHOTCS
YCTAQHOBJICHHBIE B  €CTECTBEHHBIX M  HMCKYCCTBEHHBIX  BOJIOEMax  TUIPOQOHHI,
OpPUEHTHUPOBAHHBIE TIO CTOPOHAM cBeTa. [10ApoOHO METOIBI Te0aKyCTHYECKIX HAOMIOACHUHN B
HEOONBITUX BOJOEMax MW3JIOXKEHBI B [5,6,8]. Jma Oonee meTalbHOTO HCCICIOBAHUS
AQHU30TPONHUH T'EO0AKYCTUYECKOTO M3JIYyUYEHUS Ha PA3IHYHBIX CTATUAX CEHCMHYECKOM
aktuBHOCTH ¢ 2004 rona Ha o3epe Mukmka Ha TIyOMHE OKOJIO 5 METPOB YCTaHOBJIEHA HOBAsI
npuemHas cuctema [9,10]. B ee cocrtaB BXOOUT KOMOWHUPOBAHHBIM NpPUEMHUK,
paszpabotanusii B 3AO «l'eoakyctuka» npu PI'VII BHUUDTPU, xortopslii mo3Bossier
OJIHOBPEMEHHO DPETUCTPUPOBATh 3BYKOBOE JaBJICHHE W TPU B3aUMHO OPTOTOHAJIbHBIC
KOMIIOHEHTHI K0JIe0aTeIbHON CKOPOCTH (rpagueHTa nasienus) [11].

Jns m3ydeHus reoaKkyCTHUYECKUMX CUTHAJIOB ObLI pa3pa0OTaH CHEelMabHBIA amnmapaTHO-
MPOTPaAMMHBIN KOMIUIEKC, KOTOPBIM MO3BOJIAET PETUCTPUPOBATH CHUTHAIBI T€0aKyCTHYECKOMN
YMUCCUHU, ABTOMATHYECKHU BBISIBIIATH B IIyMaX WMITYJIbChI, CTCHEPUPOBAHHBIC O JCHCTBUEM
neOPMAITUOHHBIX CHJI, OMPEACIATh HAMpPaBIICHUE WX TNPUXO0JA W YacTOTYy CIEAOBAHUS II0
KKJIOMY HaIlpaBJICHUIO, U B UTOTE CTPOUTH JUATPAMMY MPOCTPAHCTBEHHOTO PACIIPECICHUS
re0aKyCTU4YECKON aKTUBHOCTH B MOJIAPHOM cHCTEME KOOpJUHAT. DTO MO3BOJISIET UCCIIEI0BATh
JIOKQJIbHBIC HCTOYHHUKH T'€HEPAIMH TAaKUX MMITYJILCOB. B paboTe paccMaTphBarOTCS METOIBI,
pa3paboTaHHbIE /I aBTOMATUYECKOTO BBISBJICHUS U aHAJIU3a CUTHANIOB. [[71s1 anmpoOupoBaHus
METOJIOB IIOCTPOEHa MOJENIb TIe0aKyCTUYecKoro curHana. [IpuBeneHsl pe3ynbTaThbl

MMPUMCHCHU A KOMIIJICKCA Ha MOJC/IN U PCAJIbHBIX 'COAKYCTUYCCKUX CUTHAJIaX.

1. AHAJIN3 TEOAKYCTHUYECKUNX CUTHAJIOB

[IpoBeneHHble uccnenoBaHus ToKazaiud [8, 12], 4YTO reoakyCTUYECKHE CHUTHAJIBI,
CT€HEepUpPOBAaHHBIC TOJ JAEWCTBHEM JAe(OpPMAIIMOHHBIX CHJI, TMPEACTaBIseT cOoOON uepemy
yAapHBIX UMMyJdbcoB ¢ amrumtyaod 0.1-1 ITa. Yactora crnemoBaHUS TaKUX HMITYJIbCOB
3aBUCHUT OT OTHOCHUTENBHBIX JedopMaliii W MEHSAETCSs B IIMPOKHX IMpeaenax — OT
OJIMHOYHBIX IIEIYKOB Ha BPEMEHHOM HHTEpBaje HECKOIBKO CEKyHJ B (DOHOBBIN MEPHOI A0
JECSATKOB M JJa)Ke COTEH IIEIYKOB B CeKyHy. [I[puunHaMu reHepaiyi UMITyJIbCOB SIBISIOTCS
TPEUIMHOOOpa30BaHNEe M MPOCKAb3bIBAHUE B MOPOJaX, MOITOMY YacTOTa MX 3alOJIHEHUS
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U3MEHAETCS OT UMITYJIbCa K UMITYJIbCY W, MO-BUAMMOMY, XapaKTEpPHU3yeT pa3Mep U3JIydaeMoil
obnactu (TpemuHbl B mopojae). OOBIYHO 3Ta YaCTOTa COCTABISACT SIUHUIIBI KUJIOTEPI], YTO
MO3BOJISIET  OIEHMBATh pa3Mepbl 00JIacTed TEeHepallud B CAWHHIBI METpoB  [6].
[IpoTsskeHHOoCTh  MMITyIbCOB  He mpeBblmaer 200 mc. Ha puc. 1. nokazan mnpumep
re0aKyCTU4YECKOI0 UMITYJIbCA.

P, A
Ma 1]

o

0 0,04 0,08 0,12 0,16 0,2

Puc. 1. [Ipumep reoakycTH4ecKoro UMIyJibca

B menom ¢opma MMIyIbCOB ONHOTHITHA M COCTOUT M3 TPEX OCHOBHBIX YACTEH: THUXas
o0nacTb BHauajge, pe3KOoe YBEIMYEHHUE HHTEHCUBHOCTH B CEpEIUHE M JIOCTATOYHO
NPOJIOJDKUTENbHAS O0JIacTh 3aTyXaHus (cmana) curHana. OpoHT W HadaNbHBIA (parMeHT
CHaja Te0aKyCTUYECKOr0 CHUTHajla (OPMHUPYIOT OCHOBHYIO YacTh HMILYJIbCa, HECYILYIO
MHPOPMALIMIO O HANpPaBICHWW Ha €ro HCTOYHHK. CyIIECTBEHHYIO POJib B (DOPMHUPOBAHHUU
nepuoja crajia urpaet pesepoepanus, 00ycClIOBIEHHAs NEPEOTPAKEHUEM CUTHAIa OT TPaHMIL
BOJI0EMA, 4YTO XOpOLIO BHUAHO HA IMPHUBEACHHON WUIIOCTpallMM B BHJE MOBTOPHBIX
NOBBILIEHUM YpOBHA CHUTHajla. YYUTBIBasg OTPAaHUYEHHOCTbh IPOCTPAHCTBA BOJOEMA,
MMEIOLIET0 FOpU30HTaNIbHBIE pa3Mepsl nopsaka 200 metpos, u otaaneHue KII ot Geperos
MOKHO TIOJCUMTaTh, YTO Ha IMepeoTpaxeHus 3aTpauuBaeTcss oT 25 po 250 mc. Taxkum
o0pa3oM, y4MTbIBas JUIMTEIBHOCTh HMITYJIbCA, ITO SBJIEHHE C OOJBIION BEPOSITHOCTHIO
MOBJIMAET Ha IOJIE3HBIN CHUTHAJ, BBI3BAaB BHYTPUUMITYJIbCHbIE HCKakeHHs. Ho mpu stom
BaXHO 3aMETUTh, YTO aMIUIUTYJla OTPAXKEHHOT'O CUTHajla CYIIECTBEHHO MEHbIIE aMIUIUTYIbI
NEPBOHAYAJILHOTO.

Kak panee Obuio ykazano, mH(GOpMAIMs C BBIXOJa KOMOWHHPOBAHHOTO TPHUEMHHUKA
IPEJCTaBISIETCS. B BUJIE YETBHIPEX CHUHXPOHHO PErMCTPUPYEMBIX MAapaMETPOB aKyCTHUECKOTO
HOJIS: TPEX B3aUMHO OPTOIOHAJIBHBIX KOMIIOHEHTOB TpaJUEHTa JABJICHUS, SBIISIOIINXCS
IPOEKLIUAMHU BEKTOpa TIpaJUeHTa 3BYKOBOTO JaBJEHUS B BOJHE Ha COOTBETCTBYIOILIUE
KOOPJIMHATHBIE OCH, U aKyCTHYECKOTO JaBJICHUs, KOTOPOE MOXET OBITh MpH ONpeAeICHHbBIX
YCIIOBUSIX HMCIOJIB30BAHO MJI1 YCTPAHEHHUs HEOAHO3HAYHOCTH HAIPABJIECHMSI, CBS3aHHON C
CUMMETpUEH JuarpaMM HalpaBJIE€HHOCTU IEpBBIX. AMIUINTY/a CHUTHaJla 3HAYUTENIBHO
NPEBBIIIACT YPOBEHb (POHOBBIX IIYMOB (OTHOIIEHHE CHTHAN/IIyM >>1). B sToM ciydae muis
U3yYeHHs HANPABJICHHOCTH UMITYJIbCOB JIOCTaTOYHO BOCIIOJIb30BAaThCsl Hanbosee NpoCThIM U
3QPEKTUBHBIM JJIi ONTUMHU3ALMHM BBIYMCICHUN AMIUIMTYIAHBIM MeTOIOM OIpe/IeICHHUs
HarpaBieHus [11].
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PaccMoTpeB UMIyJIbCHI B MOJSPHBIX KOOPJAMHATaX B TOPU3OHTAIBHON IIOCKOCTH, MOKHO
YBUJIETh, YTO OOJBIIMHCTBO M3 HUX HMMEIOT XapaKTEpHYIO HaIpaBJIECHHOCTH (puc.2, a-0),
BBIPQXXEHHYIO B TPYIIHPOBKE OTCUETOB B OTPAaHMYEHHOM 00J1aCTH € BBHITSHYTOH BJOJb OJHOMN
ocu dopmoni. [lpu sToM miIa JadbHEHIIETO PacCMOTPEHUs JaHHOW 00J1acTH, yA00HO
paccMaTpuBaTh €€ B BHJC OINMUCHIBAIOIICH (PUTYpHI, B KAKOH-TO CTEMEHU MPUOIMKEHHON K
BJUTMIICY WM omuchiBawiemy 3jumuncy (0O3J). Ho npu 3TOM BaXHO 3aMETUTh, 4TO
MOJIOBUHA DJUIUIICA, IS TpuMepa oO0O3HAa4YeHHas IITPUXOBOW JuHUEH (puC.3), sABIAETCS
CJIEICTBUEM CUMMETPHUU JHarpaMMbl HAPABICHHOCTH KaHAJIOB rpaauenTta gasnenus KII.

a) 0)

Puc. 2. Pacnpenienenne 0Tcu€TOB UMITYJIbCOB B MOJIIPHBIX KOOPAWHATAX

Puc. 3. Ilpumep sm1mrica, ONUCHIBAIOUIETO MPOCTPAHCTBO TOUEK UMITYJIbCA

[IpuHSB 3TO YTBEp)KACHUE 3a OCHOBY, MOXKHO IPEIINOJIOXHTh, YTO HANpPaBICHHOCTbH
MMITyJIbCa COBITAJIa€T C HAMPABICHUEM OOJIBIIION MOTYOCH OMMCHIBAIONIECTO dJuTHIca (puc. 3),

a ero aMIUINTyJla, COOTBETCTBEHHO, paBHa JUIMHE OojblIoro paguyca R,,. 310
IpernonoKeHue OyeT CrpaBeIUBbIM, €CJIM CUUTATh, YTO 3apETUCTPUPOBAHHBIC MUMITYJIBCHI
IPEICTaBISIIOT P-BOJHY, IOCKOJBKY S-BOJHBI IIPU MEPEXOJE B BOAHYIO CpENY CHIIBHO

3aTyXalOT U B PCTUCTPUPYCMLBIX CUTHAJIAX MOTYT COOTBCTCTBOBATH JIMIIbL CUTHallaM C
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OTHOCHUTEIILHO MaJIOW aMIUIUTYoH. [[71s ycTpaneHus pa3HOYTeHHI OyaeM Ha3bIBaTh JIMHHIO,
MPOXOJISIIIYI0 4Yepe3 IEeHTP KOOpAWHAT Mo Oombiioi monyocdn OD, ocbld HMIYJIbCA.
Hanpapnenue Ha MCTOYHHMK HMITyJbCca JICKUT Ha JAHHOW OCH, HO BCIIEJICTBHE CHUMMETPUU
qUarpaMMbl  HalpaBJI€HHOCTM  NPUEMHUKOB  TpajJdeHTa  JaBjieHus  Tpedyercs
JOTIONIHUTENbHBIA aHAIM3 € Y4YeTOM KaHaja [JaBji€HHUs Ui OINpeesieHuss HCTHHHOTO
HarpaBieHus. Jlanee aTo OyaeT paccMoTpeHo Oosee moapooHo. Hanmnuue mamoit moayocu O

C paxuycoMm R 00yCJIOBJICHO TPEUMYIIECTBEHHO CJIA00H SJUIMNTHYHOCTHIO BOJHBL. Ha
HAYaJIbHOM Y4YaCTKE HMITYJIbca T€0aKyCTHUECKOH 3MHccHU (B OTCYTCTBHE peBepOepaliuu)
BEJIMYMHA SJUTUNITUYHOCTH 3aBUCUT OT YACTOTHI 3aMIOJIHEHHS CUTHAJIA U OT PACCTOSTHUS MEKTY
TOYKOM BbIX0/a BOHBI B BoAy U KII, kak mpaBuiio, yMEHbIIAETCS C YBEIUYCHUEM 3HAYCHUN
9THX BeNW4MH. Ha mocienyrommx ydacTKax UMITyJbca HamboJee CYIIECTBEHHBIN BKIA B
AILTUNTHYHOCTh BHOCUT peBepOepals 3a C4eT CyMMHUPOBAHUS MHOTOKPATHO OTPaKEHHBIX OT
CPaHMI] BOAOEMA CUTHAJIOB, MPUXOSALIUX MO Pa3HbIM TPACKTOPUSM B TOUKY PETUCTpaALUU
curnanoB. Hanmngme coOCTBEHHOrO IIyMOBOTO (JOHA BOJOEMA MPUBOAHUT K HEYCTONYMBOCTHU
GbopMBI DIITHIICA JBYMDKEHHUS YaCTHIl B Cpele TeM OOIbIIeH, YeM MEHbIIE COOTHOIICHUE
cuUrHajn/momexa. BKiIajq 3THX COCTAaBISIOIMIUX HEOJWHAKOB M MEHSETCS CO BPEMEHEM M OT
UMITyJIbCa K HUMIYJbCy. Tak B MEpUOAbl TMOBBILIEHHOTO YPOBHS IIOMEX, BBI3BAHHBIX,
HaIpUMep, BETPOM, HAOIIOJaeTCs MOBBIMICHUE W30TPOIMHOTO IIyMa, KOTOPHIA HA JaHHBIN
nepuoja, uMeeT Haubosbmui BkIan (puc. 2,a). B 0Oornee crokoiHble TEpHUOABl aKTUBHEE
MPOSIBIISIOTCS DIUTUITHYHOE BHKEHIE YACTHI] CPEIBI M peBepOepariusi.

2. MOJEJIb TEOAKYCTHUYECKOI'O UMITYJIbCA

Hns moctpoenust A(DPEKTUBHOW U aIEeKBATHOM CHCTEMBI OOpPabOTKH HEOOXOIUMO
OTIPENIETTUTh O0OOIIEHHYI0 MOJENIh F€0AKyCTHUYECKUX HMMITYJIBCOB, KOTOPYIO IEIeCO00pa3HO
pa3ioXKHTh Ha JIBE coOCTaBistomue. [lepBas ONMUCHIBACT aMILTUTYIHO-BPEMEHHBIC
XapaKTePUCTHKH UMITYJIbCA, @ BTOpas — €ro NPeCTaBICHNE B MOJISIPHBIX KOOPAWHATAX.

B pesynbrare aHamm3a aMILTUTYAHO-BPEMEHHOM ()OPMBI OTHOAIONIel UMITYIIhCA BBISBICHBI
JIBa XapaKTEPHBIX y4acTKa, KOTOphIe MOXXHO Ha3BaTh CTaausMu (ppoHTa M cnana. /laHHbIC
CTaIu¥ MOJYJIUPYIOT CIIOXKHBIA IIUPOKOIOJIOCHBIN TI'e€0aKyCTHYSCKH CUTHAI W XOPOIIO
OTMCHIBAIOTCS SKCTIOHCHIIMAIBHBIMA (YHKIIMSMHU BUJIA:

A(t) = Aye” . (1)
UccnenoBanus xapaktepuctuk Oosee 1000 WMITyIBCOB TMO3BOJIMIM OIEHUTH CPEIHHE
3HaUeHUs KodpduuumentoB: s Qponta — A, ()= 160, mms  cmama —

A, (¢) = 20000e """ . Takum obpazom, cpemHee Bpems dponTa coctapuser 9-107 ¢, a Bpems

3atyxaHus npumepHo 0,013 c.
Ha ocHOBaHMU BBIIIECKA3aHHOI'O, CHHTE3UPYEMBI T€0aKyCTHMYECKHH HMITYJIbC MOKHO
OMHUCaTh CIECTYIOIUM COOTHOLICHUEM:

F(t)= A)S(), (2)
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rae S(f) — MHUPOKOIOJIOCHBIN CUTHAI B auamnaszone yactot 1-10 kI,

160e™" t<9-107
A(t) = — oru0aromas CurHaIa.

20000e " ¢>9-107"
Ha puc. 4 npuBenen rpaduk ¢yHkumu A(f), a Ha pUcC. 5 aMIUTUTYJHO-BpeMeHHass Gopma

CHHTE3UPOBAHHOTO UMITYyJIbCa F(f).

A
A 20000-
M\
| S
150004 [
N\
100004 | L
/ "
5000 | ~_
0 /j ~—_,_____________ -
o 00027 00054 00081 00108 00136
lc
Puc. 4. I'paduk cuHTE3MpOBAaHHOHN OrHOAIONIEH UMITYJIbCA
F(t) 20000
0 : A, .~,|’||'|| ’h r" |IL|‘| r| “' U‘, "’ I“L [m‘ .J.flq r]\. ﬂllh '|le \'\’l.' Vel o, P o Vo A o A it
H |'. | ‘l| W" N A
| v }
-20000 T T ' . ' . T . : . . —
0,0027 0,0054 0,0081 0,0108 0,0136

t.c

Puc. 5. AmmumitygHo-BpeMeHHas opMa CHHTE3UPOBAHHOTO CHTHAJIA

B ocHoBe BTOpO# 4acTH OOOOIIEHHON MOJENU HMITYJIbCA JIEKHUT €ro MpPEeJCTaBICHHUE B
NOJSIPHBIX ~ KoopAauHatax. Jlms  MOCTpoeHuss 3TOM yacTh MoOJENd  HEoOXOIUMO
NPOaHAJIM3UPOBATh TMPOCTPAHCTBEHHBIC CBOMCTBA pEalbHBIX HUMIIYJIbCOB, XapaKTepHOE
pacIpezielieHue 0TCYETOB B KOTOPBIX IIOKA3aHO Ha PHUC. 6.

Buano, 4To Tonpko Manas 4acTh orcueToB (<1%) ¢popmupyeT rpanuisl uMmysbca (hopmy
03). OcranbpHble OTCYETHl PACHPENETEHBI IO JOCTATOYHO CJIOXKHOMY 3aKOHY U HUMEIOT
MaKCUMyM B Hayaje KoopauHaT. Ha BBIHOCKE BHJHO, YTO B OKPECTHOCTH STON TOUKH TaKXKe
HaOJI0/1aeTCsl HEPABHOMEPHOCTh PACIIPEICIIEHUs] C BBIPAKCHHBIMH MakcuMymamud B 1 u 3
YEeTBEPTSX, KOTOpBIC IAlOT HampaBieHHEe B 45 TpajaycoB U MOTYT OBITh OOYCIIOBJICHBI
pa3IMYHBIMM HABOJKAMH, IEHCTBYIOIIMMHU OAHOBPEMEHHO Ha BCE COCTABIISAIOIIME CHTHAJA.
[Ipu 3TOM, Tak Kak KOJMYECTBO TaKHMX OTCUYETOB BO MHOrO pa3 OoJjblle, YeM OTCYETOB,
HECYIIMX IOJIE3HYI0 HH(POPMAIIUIO O HAIPABJICHUH, TO X CYMMAapHBINA BKJIaJ B YCPEAHEHHBIN
a3uMyT OyneT 3HauuTeneH. Eciiu He yuuThIBaTh JaHHOE OOCTOSATENBCTBO, TO OHO HEU30EKHO

IIPUBEIET K MOTPELIHOCTSM PE3YJIbTATOB.
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Puc. 6. 'ucrorpamma pacnpeneneHusi OTCYETOB F€0aKyCTHYECKOTO UMITYJIbCa

Mognens wummynabca B IHOJSAPHBIX KOOPAMHATAX MOYKHO TPEACTaBUTh B  BUJE
ONMCHIBAIOLIETO 3JUIMIICA, OTPAHUUYMBAIOLIETO IPOCTPAHCTBO, 3alOJHEHHOE OTCYETAMU,
pacripe/ieIeHHbIMU IO HEKOTopoMy 3akoHy. Popma OO XOpOIIO OMUCHIBAETCS YpaBHEHUEM
IIIMIICA!

x_+y_:1, (3)

rae R,,R, — cCOOTBETCTBEHHO OOJIbLIAsl U Majiasi MOJIyOCh.
[lepenncaB naHHOE ypaBHEHHE U3 KAHOHMYECKOTO B MapaMeTpUUECKHil BUA U J0OaBUB B
HEro a3uMyT UCTOYHHUKA @ MOJy4YUM MoJIHOE ypaBHEeHHE OD:

x =R, cos(a)cos(p) + R, sin(a)sin(e),

¥ =R, cos(a)sin(p) + R, sin(a)cos(p), )

/1€ X, ) — B3aUMHOOPTOTOHAJIbHBIE HANIPABJICHUS, ¢ € [0,27[).

Jiss  yTOYHEHHS YHUCICHHBIX 3HAYEHUH OAIUIMITUYHOCTH pPEAbHBIX CHTHAIOB OBUIH
uccienoBanbl xapakrepuctuku nopsiika 10 000 ummyiabcoB coOpaHHbIX B TeueHue 30 nHei.
OCHOBHBIM KpPUTEPHEM IPH BBIOOPE HMITYJIBCOB OBUIO OTCYTCTBHE IIOMEX, BBI3BAaHHBIX
METEOPOJIOTUIECKUMHU (pakTOpaMu, a TakkKe CpPEeOHHMMHU W CHJIBHBIMH CEHCMHUYECKHMHU
nporeccaMi B MOMEHTHI cOopa TaHHBIX. J[aHHOe ycloBHEe 00eCTIeYMBAET MAITYIO BEPOSITHOCTD
HAJIOXKEHUSI COCEAHMX MMITYJIbCOB, YTO YBEJIMYMBAET JIOCTOBEPHOCTh M3MepeHuil. Pe3ynprar
UCCJIEIOBaHMsI IPEACTABIIEH Ha puc. 7.

Bunno, uro rpaduk pacnpeneneHus SJUIMNTUYHOCTEH HMeEET SBHBIH MaKCUMyM B
srauenuu 0,12, a B 3HaueHun Oonee 0,25 ocnmabnsercs 6onee yeM B 4 pasa. Takum oOpazom,
MOKHO TOBOPUTb 00 OIpeNeIeHHON 3aKOHOMEPHOCTH B (OpME perucTpupyemMbix

0. B. Mapanyneu, A. O. lWWep6buHa
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re0aKyCTUUYECKHX HMMIIYJIbCOB, KOTOPYIO LenecooOpa3HO HCIONB30BaTh MpU JajbHeilen

obOpaboTke.
['mcTorpamma CHMHTE3MPOBAHHOIO WMITYJIbCa MpUBeAEeHa Ha puc. 8. Jlia pacnpeneneHus

OTCYECTOB B UMITYJIBCEC IIPUMCHCH JOCTATOYHO HpOCTOfI 3KCHOH€HHH3J'IBHI>II>1 3aKOH.

Konwyecreo MMMYyNBECOoB,
Yo
-

!
T

0,54

0,86

T

0.3 042

KoadhhMUMEHT 3NAMNTUHHOCTH

Puc. 7. I'paduk pacupeneneHus JTUNTHYHOCTEH B CIOKOWHBIN MTEPUO/T

=1
on
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-10000
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"+ & T

Uﬁ’y 0

-10000 10000

Puc. 8. ®opma u ructorpamMma pacrpeieaeHusi OTCYETOB CUHTE3UPOBAHHOTO UMITYJIbCa

3. METOJA BbIAIBJIEHUA 1 OLUEHKHW HAITPABJIEHHOCTHU 'EOAKYCTUYECKHUX
NMITYJIbCOB
Jis  aBTOMaTM3alMM Tpoliecca IOUCKAa HMIYJIbCOB B HENPEPHIBHOM CHTHalle ObLI

pa3pa60TaH CHCLII/IaJILHLIﬁ MCTOA, KOTOpLIﬁ, B COOTBCTCTBHUHU C pa3pa60TaHH0171 MOACIBIO,
BBISIBJICHUC HMITYJIbCa 110 C€ro amIluIuTyJHO-BPCMCEHHBIM

COCTOUT M3 JIByX CTaJHii:
napameTpam M IpoBepKa UTUITUYHOCTH (GOPMBI B MOJSAPHBIX KoopauHaTax. J{ins o6paboTku

peaNbHOro curHaia obe CTaJluu peaiu3yloTcs MOCIeI0BaTeNIbHO B MEPEMEIIAIOIEeMCs OKHE
nanHbix pazmepoM 200 mc. Illar mepemenieHus OKHa paBeH €ro MPOJOTKUTEIBHOCTH B

0. B. Mapanyneu, A. O. lWWep6buHa
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Clly4yae yCHEIIHOTO BBIABICHUS UMIYJbca WK 1/5 OT mpOoJOHKUTEILHOCTH IPU OTCYTCTBUU
umnyibsca. llociae ycnemHoro BBIMOJIHEHHUSI 3TUX CTaguil MNPOU3BOAMUTCA YCTpaHEHUE
HEOJIHO3HAYHOCTH HAIPaBJICHUS U UTOTOBAasl 3aIIMCh HAMPABJICHUSI IPUXOJa UMITYJIbCA.
[lepBuuHas ctanus BBIMONHSAET (YHKUUU TpyOoro oTOOpa MpOBEPSIEMBIX HMITYJIBCOB,
MO3BOJISAS YCKOPUTH Ipoiiecc 00pabOTKH, UCKITI0Yasi 3aBEJOMO M3JIUIIHIOI U PECYPCOEMKYIO
NPOBEPKY OKHA JTaHHBIX Ha cledymomed ctaauud. Ha maHHOM sTare MeTola OKHO JaHHBIX

pa3OuBaercst Ha Tpu obmnactu (puc. 9), B KaXIOH M3 KOTOPHIX HAXOIUTCS 3HadyeHue N 1o
dbopmye:

N =max(n:), (5)
_ 1 T/2
e n; = T Z| 1, ; | — cpennee snauenue na unrepsaie 7.
j=-T/2

JanHas omepanus OOBENMHSET CIIIAXHBAHWE YacTH OONACTH M TOCIEAYIOUIMHA IOMCK
MaKCHUMaJbHOTO 3HAYEHHS, YTO MO3BOJSET yYECTh Majble 10 BPEMEHH, HO OOJbIIue IO

AMINIMUTYAC CHUIHAJIBI. I[J'I?I IMPOAOJIPKCHU A O6pa6OTKI/I TCKYIICTO OKHA JaHHBIX ITOJIYUCHHBIC

3HaYeHUsT N  JIOJDKHBI COOTBETCTBOBATh OIPENEICHHBIM AaMIUIMTYJIHBIM KPHTEPUSIM
(3amTpuxoBaHHbIE 00JaCTH Ha puc. 9).

AANAA
[T [ ' P oy
KSR TN P, 1 | JI|II ‘J '] l|1 |I| |1II { f i .ﬁ.r,f\___f‘_‘._-,‘ R Ry PV AVE VNSV
VI Y
I

Puc. 9. Ilpumep pazbueHus UMITyJIbCa HA YYACTKH

Pasmax cpenHeit 0o0yiacTH MMITyJIbCa MMEET MOPOTH B MAaKCHMaJlbHOM M MHHHUMAJIbHOM
3HaYCHUSAX. MUHHMMAIbHOEC 3HAYCHHE HEOOXOJIMMO JUIsl BBISIBJICHUS BCIICCKA CUTHANIA Ha
dboHOBOM ypoBHE. BepxHee 3HaueHHe HEOOXOAUMO I OTOpAChIBaHHS TpH 00paboTKe
3aBEJIOMO HCKXCHHOTO BBIXOJOM 3a TMpeeNibl TUHAMHYECKOTO JHMara3oHa CHUTHajA.
YucieHHbIe 3HAYEHHSI TTIOPOTOB OIMPEEIISIOTCS ONBITHBIM ITyTEM, B COOTBETCTBUH C YPOBHEM
IIYMOB Ha TaHHOM M3MEPUTEILHOM ITYHKTE.

Ha BTOpO# cTamum mMerona MpOU3BOIUTCS HCCIeI0BaHNE (POPMBI UMITYJIbCA B TOJISPHBIX
KOOpJIMHATAX, CyThb KOTOPOH 3aK/II0YaeTCsi B BBINIOJHCHUW JIByX OIEPAllMil: OmpeielicHHe
HalpaBJICHUs] Ha HMCTOYHHK CUTHajda W aHaim3 sumntuaHoctd OD. B cooTBeTcTBHU C
TEXHOJIOTHUSIMH TIOCTPOCHUST KOMOMHHPOBAHHOTO TPHEMHHUKA ONpEACICHHE HAaIPaBICHHS
Ka)XJIOTO OTCUETAa BBIJICJICHHOT'O CUTHAJIA OTIpeIesieTcs o Gpopmyiie:

o= arctan(l) (6)

X

0. B. Mapanyneu, A. O. lWWep6buHa
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K coxanenuto, cnenuduueckre 0COOEHHOCTH PETHCTPUPYEMOIO CUTHAlIAa HE MO3BOJISIIOT
IPUMEHATb MPOCThIE METOJbI OMPEENICHUs] HANpaBIEHUS MPUXOJa UMITYJIbCa MO KaKIOMY
ero orcuery. Tak wH3-3a CIy4ailHBIX BBIOPOCOB C OOJBIION aMIUTUTYJA0H HEBO3MOXHO
ONpeeNATh HampaBieHHE MO0 MAaKCHMajbHO YJAJICHHBIM OT LEHTPa KOOPAMHAT TOYKaM.
OObIyHOE K€ YCpeJAHEHHE HaIpaBJIEHUH CO BCEX OTCUYETOB CUTHAjJa MOXKET MPHUBECTU K
OOJBIIMM MOTPEIIHOCTSIM pe3yibTara, TaK Kak I[OJaBisiollee OONBIIMHCTBO OTCUETOB
00yCIJIOBJIEHO IIYMOBBIMU BO3JICHCTBUSIMHU, PACCMOTPEHHBIMU paHee MpU aHAJIW3€ CUTHAJIOB,
U UX CYyMMAapHBIN BKJIaJ] B YCPEIHEHHBIN a3UMYT OyJeT 3HAUUTEIEH.

VYunuteiBasg BbIIIECKa3aHHOE, OBUT pa3zpaboTaH Oosee CIOXKHBIA, HO >(PQPEKTHBHBIA H
TOYHBIN MeToJl. [lepBOHaUaIbHO, B PaMKax JaHHOTO METOJIA, OTMPEAEIsIeTCs MHOXECTBO B[]
Mo CyTH sBJsOIIEecss MaccMBOM M3 360 MakCHUMalbHBIX 3HAYEHUH PaguyCOB OTYETOB,
OKPYTJICHHBIX JIO IEJIBIX 3HAUCHUH HampaBlieHUH. 3areM [yt momydeHust OD MHOXkecTBO B[]

CTJIAXKUBACTCA MCTOAOM CKOJIB3AIICTO CPEAHETO 1O (1)0pMy.TICZ
J=itm
z B[Ezorm (J)]

Ali] =L ,
[7] o

(7)

rae i, j,m — uensle ynucna, 0 <i <360, 2m — unrepBan ycpeanenus, A[] — criaxkeHHas
JIuarpaMma MakCUMaJIbHbBIX paguycoB OO,
jmod360, ecnmu j=>0

F ) = — ¢ YHKOUSI HOpMAaJIU3aluy yria.
o ()= 360+ (/mod 360), eco j< 0 PRI HOP iy

Bcenomorarenshas  gynkums  F, . (j) HOpManM3yeT yroia j, TNpPUBOAS 3HAuUEHHE

pesynprupyromero yria k Bugy 0<F(j)<360. HMcxoas u3 MpakTUYECKOTO OIBITA H

MUHHMMHU3ALUH alllapaTHBIX 3aTpaT, HHTEPBAJ YCPEeIHEHUs: 2m BbIOpaH paBHbIM 10.
ITocne ycpenHeHHsI B TOJIOKUTEIBHOM OTHOCUTENBHO BEpTHUKAIbHOM ocu vactu O3
HaxoJUTcA MakcuMalibHast Touka D (puc. 10), uepe3 KOTOpyro CTpoUTCs Ipearnoaaraemas och

3JUINIICA, OTKJIOHEHHAs Ha yroi 6 .
OTHOCHTENBHO TPEIOIIaraeMOil OCH OMNpPEACISIOTCS MeprneHIuKyspsl (S, =6 +90 u
B, =60 —90), 3arem BeIYMCIAETCS CPETHUN paguyc R B NEpHEHIUKYISIPHBIX HAPaBICHUAX

no popmyre:

= _1(8)+r(8,)

, (8)
2
rne B,, [, — YyIabl NepHeHIuKYJSpHbIE OCHOBHOMY HAIIPaBJICHUIO, r(ﬂ) — CpeaHHH
pajanyc, Onpe/IeICHHbBIN Ha TPOMEXYTKe oT f—a no f+a.
AF,,, i+ /)]
_ z )
V(ﬂ) - ’
2a

TI€ @ — WHTEPBAJI YCPEIHEHHUS 10 YIIIy.
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MepneHgukynsap

B B-a

Ocbk umnyneca

Puc. 10. Onpenenenue HanpaBiIeHUSI UMITYJIbCa

HpezmonaraeTcsl, 4TO BCC TOYKHU C paJuyCaM MCHbBIINMU R ne AOJIKHBI YYUTBIBAOTCA Ha
CJICAyromux JSTarax O6pa6OTKI/I MmeToja. Tak Mbl HMCKIIOYAEM BIUSHHE ITOMEXOBBIX
COCTaBIAIOIIIUX, B TOM YHCIJIC O6YCJ'IOBJ'I€HHBIX HaBOJAKaMH Ha KaHaJlbl. [[anee IMPOUCXOAUT

orpezesieHue IeHTpa Macc M BceX OTCUETOB YIOBJIETBOPSIIOIIMX YCIOBHIO 7' = R :

M, :zmvi’ (10)

V., ael@-r/2,0+x/2] r
m=— — MacCCa KaXAO0ro oTrcydeTra, r — paanyc

raev, = _ — >
-V, ael@-7/2,0+x/2] R

OTCueTa, @ — YIJIOBas Mepa OTcYeTa, V,— mpoekuus KojebaTeIbHOM CKOPOCTH OTCUETa Ha
HaIlpaBJICHUE I, [ = X, ) .

Macca kaxa0il TOYKH HE OJWHAKOBa U Bbrumcisgercs mo ¢opmyse (10). to mo3BossieT
ONpeAeNUTh MPUOPUTET TOYKAM C HaWOOJBIIMM PagUycoM, KOTOpbIE€ HECYT OCHOBHYIO

uHGOpMaIMIO O HANpaBJICHUH BCEro MMMyjbca. VICTMHHAs ochb UMIyJbca — 3TO JIMHUS,
MPOXOJAIIAst Yepe3 LEHTP KOOPAUHAT U BHIYMCIEHHBINA HEHTP Macc:

My

X

[Tocne ompeneneHus OCH HUMIYJbCa MPOU3BOAUTCS MpoBepka (opmbl HMITysIbca B
MOJIIPHBIX KoopauHaTtax (puc. 11). st 3TOro 3aHoBO, HO YK€ 110 YTOUHEHHON OCH UMITYJIbCa

BBIYHMCIISIOTCS 3HAUeHHs. Ry 1 R , [IOCIE YEro OpeeNseTes 3HAYCHHE YUIMITHIHOCTH OD.
B cooTBercTBHU ¢ rpadMKOM pacnpeaeieHus, MPeACTaBICHHbIM Ha pUC. 7, BBIOpaH MOPOT
UMNTUYHOCTH paBHblid 0,25. [Ipu 3TOM cuMTaem, 4TO B UMITYJIbCaX C SJUIMITHYHOCTBIO,
NPEBBIIAIONICH ATO 3HAYCHHE W3-3a2 BBICOKOTO YPOBHS IOMEX, (opma CyIIecTBEeHHO
UCKakeHa (IIpUMep Ha puC. 2, a) U TAaKOW UMITYJIbC HE MOJICKUT JalibHeimei oopaboTke.

0. B. Mapanyneu, A. O. lWWep6buHa
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[anee, 1mociie  yCHEIIHOTO  BBISBICHHUS  UMIYyJbCa, Ha IMOCIEIHEH  cTaauu
pa3pabaTbIBaEMOro METOJA, IPOU3BOAUTCS YCTPaHEHHE HEOJHO3HAYHOCTH, BBI3BAaHHOMU
CHUMMETpHEH aMarpamMM HampaBJICHHOCTH BeKTOpHBIX kaHanoB KII. HawmGonee mpocroit
crnocob pemieHus 3TOM 3aJadyl — OILIGHKa COOTHOUIEHHsI 3HAaKoB (a3 CHUTHAJIOB C
COOTBETCTBYIOIIMX MPHUEMHHUKOB TpajUeHTa JAaBlieHus U jAaBieHus. B aToM cimydae s
OLICHKM HCTHUHHOTO HaIlpaBJICHUS MPUXOJAa HUMIIYJIbCAa JOCTaTOYHO BOCMOJIb30BATHCS
Tabnuiei, npuBeaeHHou B [11].

Ockb
uMnynsca

Mepneraukynap

Puc. 11. Onpenenenue Gopmbl UMITyIbCA

Hpyroii cmoco0 perieHuss 3TOW 3a7aud — OIEHKAa COOTHOIICHHS BEKTOPOB IOTOKOB

aKYCTquCKOﬁ MOIITHOCTHU C B3aUMHO OPTOTOHAJIbHBIX KOMIIOHCHT:

oo 12

g(P— VVX B ( )
lT

W= j PV, (t)dt , (13)

rne T — untepBan ycpennenus (0,2 ¢), i = x, y, P(¢)V.(t) = I, — npoekuus BekTopa YMoBa
Ha HaIPABJICHUE i.

Cnemyer OTMETUTh, UTO 3/I€Ch CYIIECTBYIOT OMpeeieHHbIe Tpobiembl oOpaboTku. B
dopmyiie (13) Vi(¢) npoekumsi kKojedaTenpbHOW CKOPOCTH Ha BBIJICICHHOE HANpaBICHUC B
npocTpancTBe. [[pueMHUK e perucTpupyeT rpaJieHT 3ByKOBOTO IaBJICHHUsI, KOTOPBIHA CBS3aH
CO 3HAYEHHWEM Koyie0aTelnbHON CKOpOCTH uepe3 ypaBHeHHe Jinepa. Iloatomy dopmanbHoe
NEPEMHOXKEHUE CUTHAJIOB, PETUCTPUPYEMBIX KaHAJIOM MAABICHHUS M KaHAJIOM BEKTOPHOTO
IIPUEMHUKA OINPEIEISACT TOJIBKO BEIWYMHY PEAKTUBHOM COCTaBIAIOIIEH 3Hepruu. [lns
OTIpeIeJIeHUs] BEKTOpa YMOBa HEOOXOAUMO «IIMPOKOIOJIOCHOY» MPOUHTEIPUPOBATH CUTHAJIBI
C BbIXoJa KaHaioB rpagueHta naBienuss KII. Ora onepamust Hambosiee mpocTo
OCYILECTBIISIETCS TIOCTIE BBINOIHEHHS TpeoOpa3oBanus Pypbe. OHAKO B JAaHHOM CiIydae H3-

0. B. Mapanyneu, A. O. lWWep6buHa
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32 CYIIECTBEHHON HECTAllMOHAPHOCTH PETUCTPUPYEMBIX CHUTHAJIIOB JTO IPAKTUYECKU
HeocyecTBUMO. [1InpokonosocHoe YnciIeHHOe HHTETPUPOBAHKE TaKKe PEJCTaBIsIeT cOO0M
TPYJIOEMKHI BBIYUCIUTENBHBIA mporiecc. Hambonee mpocroe pelieHne — OCyIIeCTBUTh
IIMPOKOIIONIOCHBIN ciBur Ha 90° ¢a3pl curHana, perucrpupyemoro kaHaioMm gasienust KII.
DTO MOXKHO cHeliaTh MyTeM YHuciIeHHoro auddepeHupoBanus 3aBucuMoctu P(f). B stom
cllyyae HalpaBjeHHE [POU3BEACHUS TMOJYYEHHBIX CHUTHAJIOB OyJIeT coBmagaTh C
HampaBlieHUEM BekTopa YMmoBa. OJHAKO HECKOJIbKO MPOOJEMAaTHUYHBIM CTaHOBUTCS
CpPaBHHMBAaTh DJHEPreTUYECKUE XapPAKTEPUCTUKH MMITYJIbCOB II0 TIOTOKY aKyCTHYECKOM
MOIIHOCTH y MUMITYJIbCOB C PA3JIMYHON YaCTOTOM 3amoiHEHUs. B COOTBETCTBUM C U3BECTHBIM
MEXaHH3MOM (OPMHUPOBAHUSI BEKTOpPa MOTOKA aKyCTUYECCKOW MOIIHOCTH IS SJUTHIITHICCKU
MOJIIPU30BAaHHBIX BOJH BeKkTOop W OyAeT HampaBlieH B HampaBJICHUH OCH DJUIUIICA,
COOTBETCTBYIOIIETO HAMNpPABJICHUIO PACIPOCTPAHCHHUS BOJIHBL. B  meprneHIuKyIspHOM
HAIpaBJICHUU €r0 CpEeJHEE 3HAUEHUE 3a BPEMs, PaBHOE WIM 3HAYMTEIBHO MPEBBIIIAOIIEE
nepuoji, oOpairaercst B HoJb. Kak mokaszanu paHee nmpoBelieHHbIe uccienoBanus [13] ausa P-
BOJTH 3TO OOBIYHO JUIMHHAS OCh AJUIUIICA, a IS S-BOJIH — KOPOTKAsl.

Jns  Oomee ymoOHOTO BU3YaJbHOTO BOCIPHSATHS HAa 3aKIIOYUTEIBHOH  CTaIuH
pa3zpabaTbIBaEMOro MeToAa MPOU3BOAMUTCS OTOOpaKeHHE PE3yJIbTaTOB OOpaOOTKM JaHHbIX.
o omnucanusi METO10B (POPMUPOBAHUS U MHTEPIIPETAIIUU PE3YIHTATOB HEOOXOIUMO BBECTH
HEKOTOPbIE JOTOTHUTEIbHBIC ONIPEICTICHUS.

1. TIpocTpaHcTBeHHasi Te0aKyCTHYecKasi AaKTHBHOCTHL N'(2), BbIpaxarolas

KOJIMYECTBO 3apEruCTPUPOBAHHBIX UMITYJILCOB C HAIMIPABIICHUS 0 B €IMHUILY BPEMEHHU:

1
N'(a):?Zh(ai,a), (14)
rae 7' — nepuop perucTpanyu, a; — yroil i-Od TOYKH,
ha.) 1, a=a, s
a,a) =
0, a+a. (15)

2. l'eoakycTHuyeckasi aKTUBHOCTb N', BBIpa)KaroIIasi KOJIMYECTBO 3apErUCTPUPOBAHHBIX
UMIYJECOB B €IMHUILY BPEMEHU HE3aBUCUMO OT MX HANpaBIECHHOCTH:

27
dn

N'= | N'(a)da =—, 16

! (a)da =— (16)

TAc n — 4YrCJIO UMITYJIBCOB B CIMHUITY BPCMCHMU.

BBCI[CHHI)IG napaMeTpbl MO3BOJIAIOT OHCHHUBATL KAaK I'€COAKYyCTHYCCKYIO aKTHBHOCTH BCCI'O
palioHa perucTpalyy, Tak U aKTHBHOCTh C OJIHOTO OIPEIeJICHHOTO HampasieHus. s 6omnee
yI00HOTO MPAKTHIECKOTO UCTIONB30BaHus cooTHommeHu (15) u (16) nemecoodpa3Ho nepeTn
OT MHTETpaJIbHBIX (PYHKLINN K CyMMHPOBAHUIO YCPEIHEHHBIX 3HAUCHH:
ac(a,a+b],

1,
h(a,a) =

0, a¢(a,a+b], (17)
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2z /b
N'= ZN'(ib)=ﬂ, (18)
i=0,1,2... T

rae b — WHTepBaj yCpeIHEHUSI.
Ha puc. 12 mokazan mpumep rucrorpammbl pacnpeneneHus N'() B JEKapTOBBIX U

MOJIAPHBIX KOOpAHATAX.

.o 0,06 90"

N 120° 60"
150° 30°

0,04

. Q'
e §702 0,04 0,06
0,02 N
210° _ 330°

o LLLELELEEVERpEREOEp U T LT T LV LR ¢ )

150 120 -90 60 -30 O 30 60 90 120 150 240 300

270°

Puc. 12. Ilpumep ructorpammsl pacupeneneuust N'(a)

4. PE3VJIbTATbBI [IPOBEPKN PABOTOCITOCOBHOCTU METOJIA

st OlleHKH aJeKBaTHOCTH MOJENU Ie0aKyCTUYECKOro CHUrHajia M paboTocrnocoOHOCTH
METOJIa BBISIBICHHUS HMITYJIbCOB ObUI CHHTE3UPOBAH CIELUANbHBIA TECTOBBIM CHUTHAIL
CTpyKTYpHO OH COCTOMT W3 CHTHajla, UMUTUPYIOLIEro (POHOBBIM IIyM, C HPSIMOYTOJIbHBIM
ciektpoM oT 0 m0 22 k'l ¥ OPOTSHKEHHOCTHIO | MUH. HAa KOTOpPBIA HAJIOKEHO IIECTh
TECTOBBIX UMITYJIbCOB, pa3/IeJIeHHbIX Ha JABe KaTeropuu (puc. 13).

Y

i, c

Puc. 13. CrenepupoBaHHbIN TECTOBBIN CUTHA

[TepBasi kaTeropusi UMITyJIbCOB BKJIIOYAET TP UICATBHBIX UMITyJIbca (BTOPOM, YeTBEPTHIN
U IIeCTOM Ha puc. 13), MosyuyeHHbIX MyTeM MOJEIUPOBAHUS, ¢ MAKCUMAJIbHOW aMIUIUTYI0H
paBHoii 17 000 otcueroB (ucmonb3yercs aHanor 16-tu paspsanoro AL ¢ makcumanbHBIM
KonmuuecTBoM oTcueToB +/-32 000), nanpaBneHHocThIO 30°, 45° 1 60°, COOTBETCTBEHHO, U
MNTUYHOCTHIO 0,2. dopMa, CIEKTP U pacupeiesieHHe JaHHbIX UMITYJIbCOB CHHTE3UPOBAHBI
B COOTBETCTBHUM C Pa3pabOTaHHOM MOJeNbIo, IPEACTaBICHHON Ha puc. 5. Bropas kareropus
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BKJIFOYACT TPU WUMITyJIbca (TIEPBBIA, TPETHH M MATHIA Ha puc. 13) C 3aBeIOMBIM HUCKaKECHUSIM
OJHOTO W3 €ro mnapaMeTpoB: MEPBBIM HMMEET AUIMNTUYHOCTH paBHyro 0,5, BTOpOl —
MaKCUMaJIbHYIO0 aMIuuTyay paBHyto 32 000 oOTC4eTOB M TpPETH — MaKCUMAJIbHYIO
aMIuIMTy 1y paBHyto 3 500 orcueTos.

[Tocne renepamuu TECTOBBIA CHUTHANT OBUI TOABEPTHYT 00pabOTKe pa3pabOTaHHBIM
MeToIoM. B pesynbrare OBUIM YCHEIIHO BBISBICHBI BCE TPU HEUCKAKEHHBIX HMITYJIbCA.
A3UMYT HMCTOYHMKA OBLI YCIICIIHO BBIYMCIICH C TMOTPENTHOCTHIO, HE mpeBbimaromiein 0,4°.
[lepBbrii umnynbe (¢ AUMUOTHYHOCTHIO (,5) MPEBBICHI TOPOT SIUTMNTHYHOCTH, TPETHH M
ATBIN (C MPEBBINICHUEM U HCAOCTATKOM MaKCHUMaJILHOM AMIIIMTY IbI, COOTBGTCTBGHHO) HE
COOTBCTCTBOBAJIM aMIUIUTYAHO-BPCMCHHBIM KPUTCPUAM. HOI—)TOMy, BCC OTU HMMITYJIbChI 6I>IJ'II/I
0TOpaKoOBaHbI METOJOM Ha BTOPOU U MEPBOM CTaANH, COOTBETCTBEHHO.

[Tocne ycmenrHoi 00pabOTKH TECTOBOTO CHTHAJIA OblIa TIPOM3BEIeHa 00pabOTKa CITy9IaiiHO
BbIOpaHHOTO (PparMeHTa peaibHOTO CUTHAJA AJIUTENbHOCTbIO 15 MUH., 3aperuCTPUPOBAHHOTO
B IIEPUO/]] CPEIHEN aKTUBHOCTH CEHCMOTEKTOHUYECKOro nporiecca (puc. 14). JlonoiHuTenbHO
B mporecce 00paOOTKH TMPOU3BOAMICS TOJCUET KOJUYECTBA HAWJCHHBIX WMITYJIbCOB W
BI)I6paKOBaHHI)IX Ha pa3HbIX CTaAWAX OKOH IaHHBIX. Hpnqu JJIsA HepBOﬁ cTaguu METOoaa
OTIPENeISIIOCh YHCIIO BBHIOPAKOBAHHBIX OKOH, KOTOPBIE COOTBETCTBOBAJIHM AaMILIUTYIHO-
BPEMEHHBIM KPUTEPUSM TOJIBKO MO JBYM U3 TpeX cBouX obnacrelt (cM. puc. 9). B pesynbrare
00paboTku ObLIO BBLIEICHO 997 OKOH, comepKalluX TOJIe3HbIe MMITYJbCHL. [Ipu 3ToM Ha
nepBoi craguu orOpakoBaHo 16 623, a Ha BTOpoi — 887 OKOH B MCXOZHOM (parMeHTe

JAHHBIX.

e

0 3 6 9 12 15 MUH

Puc. 14. ®parmeHT peasbHOro CUrHaia JJIUTEIbHOCTBIO 15 MUH

Ananuz (bOpMBI BBIJICJICHHBIX MOJIC3HBIX UMITYJIBCOB B PCAJIbHOM CUTHAJIC MTOKA3bIBACT, UTO
OHU TMOJHOCTBIO COOTBCTCTBYCT MPCABABIACMbBIM TpCGOBaHI/ISIM, 4TO MTOATBCPIKAACT
AOCTOBCPHOCTD paGOTBI MCTOJa II0 HX BbIABJICHUIO. C NoMoOmpbpO MCECTOJAa YAAaJIOCh
A0CTATOYHO TOYHO OIPCACIUTL KaK YPOBCHL M30TPOIIHBIX HIYMOB, TaK U YPOBCHb HCKOMOI'O
CUrHaJia, Ipyu 3TOM COOTHOIICHHUC JaHHBIX BCJIMYUH IIPCBBIIITACT 14 pas.

ITocne BeIABIEHHS BCEX HUMITYJIBCOB, B COOTBCTCTBUU C paBpa6OTaHHbIM METOAOM, ObL1a

MOCTPOCHA THCTOrpaMMa pacnpeaeieaus N'(«) (puc. 15).

Kaxk BUJIHO U3 HpHBeI{eHHOfI HIUTIOCTpallii B IAHHOM CJIy4dac Han60nbmeﬁ AKTUBHOCTBIO
obnanator Hanpasienust 150...330 rpamycos, ¢ kotopsix peructpupyercs ot 0,025 no 0,05
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MMITYJIbCOB B CEKyHAY. MakcumanabHOE 3HA4€HUE C YacTOTOM uMITyJbcoB paBHOM 0,05
HaOmogaetcs no asumyty 180 rpamgycoB. OcTajabHbie HANpaBICHUS HE TMPOSIBISIOT B ATOM
¢dparmeHTe 3aMETHON aKTUBHOCTH.

90°
120° 60°

150° ; ] 30°

1<)

180° | 0
10,02 0,03 0,04 0,05

N'(a)

210° 330°

240° 300°
270°

Puc. 15. I'uctorpamMma pacnpeneneHus: IpOCTPAaHCTBEHHON I'€0aKyCTHUECKONH aKTUBHOCTH

3AKIIIOYEHUE

Pa3pa60TaHHHﬁ MCETO/ TTO3BOJIACT BBIABIIATE U3 HCIIPCPBIBHOTO CUT'HAJIA I'€OAKYCTUYCCKUC
HUMITYJIBCBhI, CTCHCPUPOBAHHLIC TIO0I JeUCTBUEM I[e(l)OpMaI_II/IOHHLIX CHJI, a TaxKKC TOYHO
ONpeaACIsITb UX HAIPABJICHHOCTb, YTO HOATBCPIKAACTCSA KAK Ha CI/IHTC3HpOBaHHOI>’I MOACIN
HUMITYJIBCOB, TaK U Ha (bparMeHTe pPCaJIbHOI'0 CHUIrHajia. OTO MO3BOJIICT MMPEAJIOXKUTD JaHHBIN
METOH MJIA peain3aliluid B aBTOMATHU3UPOBAHHBIX CHUCTEMaAX PErUCTpalliu H OIPCACICHUA
HaIIpaBJICHUS IIPUXOJa I'COAKyCTUICCKUX CUTHAJIOB.

HOI[O6I/IG pPE3yJIbTaTOB B pPCaKIUU pa3pa60TaHHoro METOda Ha CHUHTC3UPOBAHHBIC U
pCaJIbHbIC BO3JCHUCTBHUS IIOKa3bIBaA€T, 4YTO pa3pa60TaHHa51 MOZCIIb T'COAKYCTUYCCKOI'O
HUMITYJIbCA aICKBATHA U JOCTATOYHO TOYHO OIIMCBHIBACT I/ICCJIG,HyeMLIﬁ CHUI'HAJ.
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