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AHHOTAIIUSA

AHaNMM3MPYIOTCS CHEKTPAIbHBIE U BPEMEHHO-UYAaCTOTHBIE XapaKTePUCTUKU THIIPOAKyCTHYe-
CKHUX CHTHAJIOB )KHUBOTHOT'O M aHTPOIIOI'€HHOTO TIPOMCXOXK/ICHUS, a TaKKe (DOHOBBIE CUTHAIIBI
C LEJbIO UX KJIACCU(PUKAIMH ¥ MJICHTUPHUKALIY JIUTsL PEIICHHMS 3a]1a4 SKOJIOTHYECKOT0 MOHH-
TOPUHTA MOPCKOW CpeIbl U pa3paboTku 3(h(HeKTUBHBIX KpUTEpHEB A hepeHIIHaNN CUTHA-
JIOB JIIsL aBTOMAaTU3UPOBAHHOM OIIEHKN aKyCTHYEeCKOW 00OCTAaHOBKH B NPUOPEKHBIX U IIEITb-
¢oBbIX 30HaX. Mcronap30BaHbl METOABI CIIEKTPAILHOTO M BPEMEHHO-YaCTOTHOTO aHaJIN3a,
a Tak)Ke CPaBHUTEJIFHOTO aHaJHM3a Ha OCHOBE 0030pa COBPEMEHHOW HAay4HOW JINTEpaTypHI.
Brienensl xapakTepHble OCOOCHHOCTH CHEKTPOB M CIIEKTPOTPAMM JUTS PA3THIHBIX TPYIII
MCTOYHUKOB CHTHaJIOB. [IpoBeaieHa Kiiaccu(uKaIys CUTHAIOB 110 THITy aKyCTHYECKOIO Ipo-
HCXOXKJICHNUS, OIPEIEIICHBI KITIOUEBbIE TapaMeTPhl HACHTU(UKAIINY CUTHAJIA B YCIIOBUSX BbI-
COKOI IIyMOBO# Harpy3ku — ¢opMa CIIeKTPOB, HAINYNE TAPMOHHUK, JTUTEILHOCTD UMITYIIb-
coB ¥ crienduueckre BpeMeHHsle narrepHsl. ChopMupoBaH HaOOp MPU3HAKOB B BHJIE YHC-
JIOBBIX BEKTOPOB JUIS TOCIEIYIONIEro MPUMEHEHHS B QJITOPUTMAaX MAIIMHHOTO OOYYeHHUS U
CHCTEMax aBTOMaTHYECKOTO paclo3HaBaHus. Pa3paboTaHHBIN TOJXO0A MOXKET OBITh HHTETPH-
POBaH B CHCTEMBI SKOJIOTMYECKOT0 MOHUTOPUHIA MPUOPEKHBIX aKBaTOPUH U MEPCIIEKTHB-
HbI€ HABUT'ALIMOHHBIE PELICHUSI.
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Abstract

The paper analyses spectral and time-frequency characteristics of hydroacoustic signals
of animal and anthropogenic origin, as well as background signals. The study aims to clas-
sify and identify these signals to address ecological monitoring tasks in the marine environ-
ment and to develop effective criteria for signal differentiation for automated assessment of
the acoustic situation in coastal and shelf zones. We used methods of spectral and time-fre-
quency analysis along with comparative analysis based on a review of current scientific lit-
erature. Characteristic features of spectra and spectrograms for various groups of signal
sources were identified. Signals were classified according to their acoustic origin, and key
parameters for signal identification under high noise conditions were determined, including
spectral shapes, presence of harmonics, pulse durations, and specific temporal patterns.
A feature set in the form of numerical vectors was created for subsequent application in ma-
chine learning algorithms and automatic recognition systems. The developed approach can
be integrated into ecological monitoring systems for coastal waters and advanced navigation
solutions.
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BBenenne

l'unpoakycTHyecKue CHCTEMbl MOHHTOPUHTA MTOIBOAHOTO IPOCTPAHCTBA 3aHH-
MaloT KIFOYEBOE MECTO B COBPEMEHHOW MOPCKOHM HayKe M TeXHHUKE, OOecTieunBas
3¢ heKkTHBHOE HMCCIeT0BaHNe M KOHTPOJIh OKEaHCKOH cpenpl. PasBuTne Takux cu-
CTeM O0OYCIIOBJIICHO HEOOXOAMMOCTHIO TIOYUYCHHUS TOYHBIX U CBOCBPEMEHHBIX JaH-
HBIX O COCTOSTHUM TIOJIBOJTHOM CPEIbl, KOTOPBIC HTPAIOT BAXKHYIO POJIh KAK JJIs HAyd-
HBIX MCCIICIOBAHMM, TaK U JUIs 0OecIedeHns 6e30MacHOCTH MOPCKHX ONeparnuii V.
CoBpeMeHHbIE THAPOAKYCTHIECKIE TEXHOJIOTHH, OCHOBaHHBIE Ha METO/AaX Iu(po-
BOI 00pa0OTKM CHUTHAJIOB M CIIEKTPAIILHOTO aHAJIN3a, TIO3BOJISIOT HICHTH(QUIIMPO-
BaTh U KJIacCU(DUIMPOBATH Pa3IMYHbIC HCTOUHUKH 3BYKa IMOJ] BOJOW C BBICOKOM CTe-
MIEHBI0 TOYHOCTH, YTO CTAHOBHUTCA KPUTHYHBIM B 337adaxX MOJIBOJHON HaBUTAIIWY,
CBSI3U M 3KOMOHHUTOpHHTA [1, 2].

D 3axapos U. C. Pa3BUTHE OTEUECTBEHHBIX TMIPOAKYCTUYECKMX CPEACTB: Hauano 20-X rofioB — KOHEIl
50-x rogoB XX Beka : IucC. ... IOKT. TexH. HayK. Cankt-IlerepOypr, 2004. 390 c.
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HcTtopudeckn pa3BuUTHE OTEUECTBEHHBIX THAPOAKYCTHUECKHUX CPENCTB OepeT
Hadajo ¢ cepeauHbl XX B., KOT/Aa ObLTN 3alI0KeHBI (hyHIaMEHTaIbHBIE OCHOBEI
HCCIICIOBAHMS aKyCTHYECKHUX CUTHAJIOB B BOAHOU cpene. [locnenyromue gecsatu-
setusi, ocooeHHo koHen XX — Havano XXI B., 03HAMEHOBAJIMCH 3HAYHUTEIbHBIM
IIPOTPECCOM B 00JIACTH CIIEKTPAILHOTO ¥ BPEMEHHO-9aCTOTHOTO aHAIN3a THAPOAKY-
CTUYECKUX JIAHHBIX, YTO MO3BOJIMIIO CYIICCTBEHHO MOBBICUTH 3 PEKTUBHOCTH 00-
paboTku 1 uHTepnpeTauu curanos [3]. CoBpeMeHHBIE UCCIEOBAHUS aKTUBHO
Pa3BUBAIOTCS B HAIIPABJICHUHU ONITUMHU3AIINH aJITOPUTMOB 00paOOTKH, BKIFOYAS TIPH-
MEHEHHE JAUCKPETHOTO U OBICTpOTO mpeodpazoBanus Dypre, BEKTOPHO-(HAa30BBIX
U TPACKTOPHO-TTPOCTPAHCTBEHHBIX METOA0B (QUJIbTPAIMH, HAIIPABJICHHBIX HA YIIy4-
[ICHHE BBIJEICHUS NH(HOPMATHBHBIX MPU3HAKOB MCTOYHUKOB IITyMa ¥ TIOBBIIICHUS
TOYHOCTH OTMPEACICHUS X KOOPAUHAT U HampaBleHHOCTH [4, 5].

HecMoTpst Ha IMPOKUHA CIEKTP CIECIMATU3UPOBAHHBIX METOJIOB aHAIN3a THI-
POaKyCTHUECKUX CUTHAJIOB, OOJBIIMHCTBO U3 HUX MPETHA3ZHAYCHBI JJIS PEIICHUS
Y3KOCTEIUAIU3UPOBAHHBIX 3a/1ady U OTPAHUYEHBl IPUMEHEHUEM K KOHKPETHBIM
KJIaccaM MCTOYHUKOB 3BYKa. B 4acTHOCTH, CyIIeCTBYIONINE METOIBI 9aCTO HEJIOCTA-
TOYHO 3 (HEKTUBHBI ISl YHU(PHUIIMPOBAHHOTO OITUCAHMS CIICKTPAIbHBIX XapaKTepH-
CTUK Pa3JIUYHBIX MO MPUPOJE U MPOUCXOKICHHUIO CUTHAIOB, BKIIOYAs KaK TEXHO-
TeHHBIE, TaK 1 OM0aKyCTUYECKHE HCTOYHUKHU. DTO CO3aeT MPOOEI B TEXHOIOTHIX
rpoBoit 00padOTKH U 3aTPyIHAET paclIMpEeHUe TPUMEHEHHS THAPOAKYCTHIECKIX
CUCTEM B HOBBIX O0JIACTSX, TAKUX KaK aBTOMaTUYECKHH 3KOMOHUTOPHHT MOPCKHX
AKOCUCTEM U KOMILJICKCHAs KJIacCU(UKAIUS TIOJBOTHBIX 00BEKTOB [2, 4—6].

Poct aHTpOMOTEHHOT'0 BO3IECHCTBUSA HA TOJABOIAHYIO CPENy W yBEIUUCHHE
00beMa MaHHBIX OT MOJBOHBIX HCTOYHUKOB TPEOYIOT pa3pabOTKH MPEIU3HOHHBIX
METOJIOB aHAN3a U HICHTH(HUKAIIMHN aKyCTHUECKUX CUTHAIIOB, CITOCOOHBIX ITOBBI-
CUTh HaJISKHOCTh CHCTEM TOIBOAHON HaBUTAMK B KoMMyHHKaIuu [1, 3, 7]. Oco-
OyI0 aKTyaJIbHOCTH MPHOOPETAIOT 3aa4M DKOJOTUUECKOTO0 MOHUTOPHHTA, B KOTO-
PBIX HEOOXOAUMO OJHOBPEMEHHO PErHCTPHPOBATh U aHAJIM3UPOBATH KaK OMOAKy-
CTUYECKUE CUTHAJBI, TAK U TEXHOTCHHBIC IIYMBI, YTO YCIOXKHSICT UHTEPIIPETALIUIO
aKyCTHIECKOI 00CTaHOBKH.

XOTs B MOCIICAHHUE TOJIbI OBLTH MPeIokKeHb! 3 (DEKTUBHEIC aTOPUTMEI 00pa-
OOTKM THAPOAKYCTHUYECKHUX CHUTHAJIOB, BKIIFOYAs ONTHUMHU3UPOBAHHBIE METOJIBI
dypbe-ananuza [4] U BeKTopHO-(a30BbIe MOAXOb! [8, 9], OHHU, Kak IpaBUIIO, OpH-
CHTHPOBAHBI HA Y3KUH KPYT 3aja4 U He 00eCIeYNBal0T KOMIICKCHOT'O OIIMCAHMUS KaK
CHEKTPAIbHBIX, TAK U BPEMEHHO-YACTOTHBIX OCOOEHHOCTEH Pa3HOPOIHBIX CUTHA-
70B. OTCYTCTBHE YHUBEPCATIbHBIX METOOB, ITO3BOJIIONIUX €IMHOOOPA3HO OIHUCHI-
BaTh CHTHAJIBI Pa3HOM MPUPOIBI, OTPAHUIMBACT BO3MOKHOCTH MHTETPAITUN TaHHbBIX
B CHCTEMAaX IKOJIOTHUECKOI0 MOHUTOPUHTA U HaBuranuu [9—12].

[enbro HACTOSIIIIErO UCCIASAOBAHUSI SIBIISICTCS] CHCTEMHBIN aHATN3 CTIEKTPATbHBIX
Y BPEMEHHO-YACTOTHBIX XapaKTEPUCTHUK PA3HOPOIHBIX THAPOAKYCTUIECKUX CUTHA-
JIOB C aKIIEHTOM Ha BBISIBIICHHE YHUKAIBHBIX TPH3HAKOB, 00ECTICUNBAIOIINX HaIEXK-
HYH HUJCHTH(HMKAIMIO U KIACCU(PUKAIUIO HCTOYHUKOB. [Ipemmaraemerii momxos
HalpaBlieH Ha CO3/aHWe YHU(UIIMPOBAHHOTO OMHUCAHUS CIIEKTPAIBHBIX CBOWCTB
TEXHOTEHHBIX ¥ OMOaKyCTHYECKHX CHUTHAJIOB, YTO MO3BOJUT PACIIUPHUTH 00JIAaCTh
MPUMEHEHUS CTaHJAPTHBIX METOJOB IHU(PPOBON 00padOTKH U MOBBICHUTH TOYHOCTh
U YHUBEPCAIBHOCTh THIPOAKYCTUYECKUX CUCTEM MOHUTOPUHTA.
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MarepuaJ 1 MeTOAbI

IlepBas craaus uccienoBaHMs BKIOYaia cOOp M QUIbTPaLUIO JaHHBIX. AHa-
JU3UPYEMBbIC CUTHAIIBI ObLIIM B3SITHI U3 OTKPBITON 0a3bl THIPOAKyCTHUECKHX 3aIicei
AXDS Portals, coaepxaiieii JaHHbIC, 3apETUCTPUPOBAHHBIC C ITOMOIIBIO JTOHHBIX
CTaHIIWH, TUIPOPOHOB U IPYTHX JATYNKOB, YCTAHOBIICHHBIX B MPUOPEKHBIX U OKea-
HMYECKMX palioHax 2. 3amucu BHINOJHEHBI B popMare WAV ¢ 4acTOTOH JuCKpe-
tu3aunu oT 4 mo 64 k' B 3aBUCMMOCTH OT THIIa MCTOYHUKA U 000PYHOBaHMUS.
st ananu3a BEIOpaHbI 3ByKOBBIE (PparMeHTHl AIUTENBHOCTBIO OT 5 10 60 ¢, mpen-
CTaBIISIONINE TUITHYHBIE 00pa3Ilbl KaXKI0TO KJIacca CUTHAIOB — OMOJIOTUYECKUX, aH-
TPOTIOT€HHBIX ¥ MIPUPOAHBIX (POHOBBIX ITyMOB. O0IIIee YHCIO HE3aBUCUMBIX Pealli-
3a1uil KaX1oro Tuna curana cocrasuiio 20-30 3anuceit, YTo MO3BOJIUIIO MOIYYUTh
YCPEOHEHHBIE CIIEKTPHI C TPUEMIIEMON CTATUCTHYECKON YCTONYHBOCTBIO.

3anucaHHble CUTHAJIBI MPOXOAWIN TIPeABAPUTENbHYI0 00pabOTKy ISl yCTpaHe-
HUsI BHEITHHUX TIOMEX M apTe(aKTOB, CBSI3aHHBIX C TEXHUYECKHMHU OTPaHUYCHUSIMU
obopynoBaHus. Mcnons30Baauch METOABI MU(PPOBOH GUILTPAIIUH JJISI U3BICUCHUSI
3HAYMMBIX YaCTOTHBIX TUANIa30HOB M MUHUMM3ALMU BIUSHUS IIyMoBoro ¢ona [3].

s BBISIBTICHHS OCHOBHBIX YaCTOTHBIX KOMIIOHEHTOB Ka)KJOI'O CUTHANA MPH-
MeHsUI0Ch ObIcTpoe mpeobpazoBanue ypoe. Mcmons3yemblil MeTO I TO3BOJINI MO-
JIyYUTh CIEKTPHI MOIIHOCTH, KOTOPHIE XapaKTEePU3YIOT paclpeeieHre YHePTHH
cur"ana mo yacroraM. CHeKTpOM CUTHajla CUUTAETCA COBOKYIHOCTh aMIUIUTY]
1 HAaYaJIbHBIX (pa3 rapMOHMYECKUX KONeOaHNH KPAaTHBIX YaCTOT, CyMMa KOTOPBIX
COOTBETCTBYET MCXOAHOMY cUrHaiy. CHEKTpbl aHAJIM3MPOBAIN AJSA ONpEAEICHUS
JOMHUHHPYIOMIUX YaCTOT, TAPMOHMK M OOIIUX MATTEPHOB, MPUCYIINX KOHKPETHBIM
rpynmnam cursHanoB. OCHOBOH CIEKTpaIbHOIO aHalu3a SIBJUIOCh TUCKPETHOE Ipe-
obpazoBanne Pypre, KOTOPOE TSI TUCKPETHOTO CUTHANA X[71] JUTMHONH N OTCUETOB
ompezenseTcs no popmyiie

—j 2mkn

XTK=E5 =g x[n]e” ¥

rne k=0,1, ..., N— 1 — HHAEKC YaCTOTHI.

Jnd n3ydeHuss "3BMEHEHUH CIEKTPaIbHOM CTPYKTYPhI BO BPEMEHU ITPUMEHSIIN
METObl YACTOTHO-BPEMEHHOT'0 aHAJIN3a, BKIF0UAs IOCTPOCHUE CIIEKTPOrPaMM — 3TO
ITO3BOJIMJIO BBIJICIUTh YHUKAIBLHBIC BPEMEHHBIC CTPYKTYPBI, TAKHE KaK IEPUOIIY-
HOCTH BCIUIECKOB, JUIUTEIHHOCTh WUMITYJIBCOB M JUHAMHKY 3aTYXaHHS TPOMKOCTH
CUTHAaJA.

Ha ocHOBe momy4eHHBIX JaHHBIX POBOIMIIN CPABHUTEIBHBIN aHAIN3 CUTHAJIOB
Pa3HBIX TUIIOB JJISl BBISABICHHUS YHUKAIbHBIX 0COOCHHOCTEH, TO3BOJISIONINX Pa3In-
YaTh CUTHAJBI )KHBOTHOTO W aHTPOIIOTEHHOIO IMPOUCXOXKICHUS, Takke (OHOBBIC
MpUpoaHbIe myMbl. KifoueBbIME mapameTpamul cTaiu opMa CIIeKTPOB, HaJIHMINE
TapMOHWK, JTUTEIFHOCTh WMITYJECOB M CHENM(UYECKHe BpEeMEHHBIE MaTTePHBL
[IpuBeneHHBIE CIIEKTPHI OTPAKAIOT TUMHYHBIE XapaKTEPHCTUKH KaKIOTO Kiacca
CUTHAJIOB, OJTHAKO HE YYUTHIBAIOT BCEH BapuaOEIIbHOCTH, CBSI3aHHOM C pa3InuusIMU
MEXy BUJAMU KUBBIX CYIIECTB, CE30HHBIMHU U THAPOMETEOPOIOTUYCCKUMHU YCIIO-
BHSIMU, & TaK)K€ 0COOEHHOCTSIMHU MOJIeNIel TEXHUYECKHUX YCTPOMCTB.

2 URL: https://help.axds.co/portals/overview.html#data-views-overview (date of access: 22.08.2025).
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AJNTOpUTM aHaIM3a CIEKTPOB M CHEKTPOrpaMM BKJIIOYaJI BBIIOJIHEHUE IPEO0-
pazoBanusi Oypre, OCTPOEHNE CIEKTPOrPaMMBI, aHAJIN3 TUKOBBIX YACTOT, OLICHKY
LIMPUHBI TIOJIOCHI CUTHANA, BBHIYUCIIEHUE CIIEKTPAIBHOTO EHTPOU 1A JISI BBISIBICHUS
MIEPHOANIHOCTEHN ¥ aHAIHN3 aBTOKOPPEISIIUOHHON (QYHKITMH curHama [4].

[ majpHEHIIero NCHoIb30BaHMS B JITOPUTMAX MALIMHHOTO O0Y4YeHUs ObIIH
chopMHPOBaHbI (POPMATH30BAHHBIC CIICKTPAIBLHBIC M BPEMECHHEBIC TIPU3HAKH (JOMH-
HUpYIOIIas 4acToTa, IIMPHUHA JUara3oHa, aMIUTUTYIHbIE TapaMeTpbl TAPMOHUK U JIp.),
[IPECTaBICHHBIE B BU/E YHCIOBBIX BEKTOPOB, KOTOPBIE MOTYT CIIY>KUTh BXOJHBIMH
MpU3HAKAMHU AJIS1 ITOPUTMOB MAaIIMHHOTO 00yueHHs [5]. OTH XapaKTEepPHUCTHKH
MpeJHa3HaYCHBI JJIsl pellieHus 3ajad KIacCH(pUKaIuy THIPOAKYCTHYECKHX CHUTHA-
JIOB 110 THIIaM WCTOYHUKOB, BKIIOYasi OMOAKyCTHYECKHE M aHTPOIOI€HHBIC LITYMBI.
Taxue nrympl IEMOHCTPUPYIOT B CBOEH CIIEKTPalIbHOW KapTHHE CTPYKTYPHUPOBaH-
HOCTh U BOCIIPOU3BOJIMMOCTD, YTO ITO3BOJISIET HCIOIB30BaTh UX B COCTaBE 00ydaro-
[IMX BBIOOPOK JIJIS IIOCTPOSHHUST MOJIeIIEH pacrio3HaBaHus 6e3 He0OXOMMOCTH Pyd-
HOW Pa3METKH UCXOAHBIX CUTHAJIOB.

Jnst peanuzaiiuu Bcex 3TalloOB aHAJHM3a HMCIIOJIB30BAaJIM YHHUBEPCAIbHBIE IMPO-
rpaMMHBIE HHCTPYMEHTHI, BKITIOUatore QyHKIMH (G poBoit 00pabOTKH CUTHAIIOB
(MATLAB, Python) n cpencTBa BU3yalnn3aluH AaHHBIX. Jl0OCTOBEpHOCTE pe3yJbTa-
TOB OLCHMBAJIH METOJAaMH KpOCC-BaJMAALUH, MPEINOIaralolliMi MHOTOKPaTHOE
paszerneHre BHIOOPKU Ha 00YYAIOIHE M TECTOBBIE TIOJMHOMXECTBA, YTO TTO3BOJIUIIO
MUHHMU3UPOBATh BIMAHUE CIy4alHBIX (PaKTOPOB IPHU aHAIIN3E.

D¢ dhexTuBHOCT pazpabOTaHHBIX METOJOB MPOBEPSIN Ha HE3aBUCHMBIX HabO-
pax daHHBIX U3 oOmienoctynmHoi 0asel AXDS Portals, comepialiei J0CTOBEPHO
UACHTU(QULUPOBAHHBIE IPUMEPBI UCCIEAYEMbIX THIIOB IIYMOB, YTO IOATBEPIUIIO
UX IPUMEHUMOCTD JUIsI ITUPOKOT0 CIEKTpa 3a7a4 10 WACHTU(PHUKALNY THAPOAKYCTHU-

YEeCKHUX CUTHAJIOB 2.

Pe3yabTaThl M 00CyXKIEHHE

Curnansl «Jlait Mopckoro neBa» u «lleHue kocaTKu» MPEACTABIAIOT COOOM
MIPUMEPHI JKUBOTHBIX 3BYKOB CO CPABHHTEIIBHO BBICOKOW CTEIECHBIO CI0KHOCTH
4acTOTHOM CTPYKTYpHI [6, 7]. Criektp currana «Jlait Mmopckoro iasBa» (puc. 1, a)
JEMOHCTpHUpYeT Hauboiee BbIpakeHHBIH MUK Ha yacToTe okoio 400 ['u, nocturato-
i 3HadeHus 1.93 cnekTpanbHON MIIOTHOCTH MOIIHOCTH. 3aTyXarolue BCIIECKU
Ha gactorax 60 u 330 I'm yKka3pIBalOT Ha HAIMYUE TAPMOHUK, TMIPUAAIOIINX 3BYKY
XapaKTEepHBIN HU3KUH TeMOp, 9TO 3BYYUT KaK XPHUILIOE TaBKaHBE.

B cniektporpamme curnana (puc. 1, b) 0T4eTINBO BUAHA KOHICHTPALIUS OCHOB-
HOM PHEPTUH 3BYKa B HU3KOUYACTOTHOM JHana3oHe.

Cuektp curnama «lleame kocatku» (puc. 2, a) TMpencTaBiseT co0oi rpaduk
¢ HanboJiee YeTKOH CTPYKTYPOH CHUT'Haja MO0 CPaBHEHHIO C APYTHMMHU PACCMOTPEH-
HBIMH B UCCJICJIOBaHUU CUTHanamu. CUTHAI OXBaThIBACT IIMPOKHI JHMAIa30H Ya-
CTOT, YTO CBHJIETEICTBYET O CIIOKHOM TapMOHUYECKON CTPYKTYpE B pa3HOOOpa3uu
AKyCTHYECKUX JJIEMEHTOB B BOKAIM3AIMAX KOCATOK. 3/1eCh HaOIIOgaeTcs MHOXKe-
cTBO MHKOB B Auana3one ot 0 mo 11 kI'1, HanOoJee BhIpaXKCHHBIC U3 HUX — HA Ya-
crorax 1.3, 2 u 2.1 xI'. Takne 4acTOTHBIE KOMIIOHEHTHI CHTHaJla OOYCIOBJICHBI
KOMMYHHKAIMeHd ¥ OPHEHTUPOBAHUEM B OKpYyKaroIei cpexe [6].

CriekTporpamMma curaana (puc. 2, b) XapakTepu3yeTcsi MHOKECTBOM SIPKUX I10-
JI0C, pacnoyiokeHHbIX B mosioce ot 0 mo 11 k', Beicoko4acTOTHBIC KOMIIOHEHTHI
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Puc. 1. CrnexrpaibHbII aHAIA3 CHUT- Puc. 2. CheKTpanbHbIH aHAIHN3 CHI-
Hanma «Jlaii Mopckoro nbBa»: a — Hana «lleHue KocaTKm»: a — CIEKTIp;
CIIEKTp; b — CIIEKTporpaMma b — criekTporpamMma

Fig. 1. Spectral analysis of the Sea Fig. 2. Spectral analysis of the Killer
Lion Barking signal: a — spectrum; whale singing signal: a — spectrum;
b — spectrogram b — spectrogram

MPOSIBJISIFOTCST KaK JIOMOJHUTENBHBIC BEPTHKAIBHBIC MOJIOCHI, IEMOHCTPHPYIOIIUE
MIAPOKOMOIOCHOCTh CHT'HAIA.

Curnais! «B3psiB» u «I HAPOIOKaTOP» XapaKTEPH3YIOTCSl YeTKHMH Y3KOIIOJIOC-
HBIMH TTMKOBBIMH YacToTamu. CurHan «B3pbiB» UMeeT oTin4HOe OT curHaia «[ unu-
POJIOKAaTOp» pacHpeieNieHne MOIIHOCTH 110 9acTOTaM, YTO MOKa3aHO KaK Ha IOJTy-
YeHHOM cIieKTpe (puc. 3, a), Tak U Ha crekTporpamme (puc. 3, b). MakcumanpHOE
3HAYCHUE CIIEKTPAIBbHOM IoTHOCTH MOIITHOCTH (0.88) 3apKCHpOBaHO B qUama3oHe
140-180 I'y [8, 9].

Cuextp curaana «I uaponoxaTop» (puc. 4, @) AEMOHCTPHPYET CEPHIO Y3KOIIO-
JIOCHBIX MUKOB B tuana3one ot 2.3 xo 3.3 k['u. Ha cnextporpamme (puc. 4, b) onu
MPOSIBIISIIOTCS. KaK MOBTOPSIIOIIKECS SIPKHE TOPU3OHTANIbHBIE MOJIOCKL. VX mepuo-
JMYHOCTb, TIOCTOSIHHAS IIMPHUHA U HHTEHCHBHOCTH ITOTYEPKUBAIOT CTAOMIBHOCTD
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Puc. 3. CnexTpanbHblii aHaNU3 CUT- Puc. 4. ChoekrpanbHbeli aHamu3
Hana «B3pbIB»: @ — cnekrp; b — crek- curHazia «[ ' MaposoKaTop»: a — CHEKTp;
Tporpamma b — ciekTporpamma
Fig. 3. Spectral analysis of the Ex- Fig. 4. Spectral analysis of the So-
plosion signal: a — spectrum; b — spec- nar signal: a — spectrum; b — spectro-
trogram gram

Y MIPeICKa3yeMOCTh NCIIOIB30BAaHHOTO CUTHANA. Takas KOMITO3UIUS 9acTOT Xapak-
TEpHAa JJI1 CUTHAJIOB, UCIIOIB3YEMbIX THAPOIOKAIIMOHHBIMY YCTpOoUcTBaMu [9].

OnucaHHas CTPYKTYpa MO3BOJISET UACHTU(DUITMPOBATh NaHHBIA TUI CUTHAJIOB.
B gacTHOCTH, yCTONYMBEIE YaCTOTHBIE MUKH MTO3BOJISTIOT TOYHO OMPEIENIUTh UCTOY-
HUK curHana. Tak, MUK MOITHOCTH Ha 4acToTe 3 K11 CIIy>KUT OJHUM U3 KITIOUYEBBIX
WHJIUKATOPOB aKTUBHOCTH FHAPOJIOKATOPA, IOCKOIBKY TAKOW YaCTOTHBIN JMAana3oH
HE XapaKTepeH ISl eCTECTBEHHBIX NICTOYHHUKOB 3BYyKa. B oTIm4ane oT KpaTkoBpeMeH-
HOTO CHTHaJIa B3PhIBA, THAPOJIOKATOP TCHEPUPYET CTAOMIBHOE U3ITYICHHE, YTO 103~
BOJISIET TIPOBOJIUTH €0 WICHTU(DUKAIIUIO U TOYHBIC U3MEPCHUS B YCIOBUSIX 3alTyM-
nendoctH [10].

Curnans! «/Iprxanue akBananrucToB» U «lllym kpyusHOro jaiiHepa» o01ajgaroT
3HAYUTEILHON TOCTOSIHHOM cocTaBistomei. s curnana «JlpixaHue akpaJlaHTH-
CTOB» XapaKTepeH JOMUHUPYIOMIUN MUK HA OKOJIOHYJIEBOM 4acTOTe ¢ MOITHOCTHIO 18
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curHana «JlpIxaHue aKBaJaHTHUCTOBY:
@ — CHEKTp; b — CIIeKTporpaMma

Fig. 5. Spectral analysis of the Scuba
divers breathing signal: a — spect-

curnana «lIlym kpyusHoro naiiHepay:
a — CIeKTp; b — crekTporpaMma

Fig. 6. Spectral analysis of Cruise
Ship Noise signal: a — spectrum;

rum; b — spectrogram b — spectrogram

(puc. 5, @) B BUIIE SIPKOM BEPTUKAIBHOM MOJIOCH C HEPABHOMEPHBIM IPABBIM KpaeM
(puc. 5, b). DTO TOBOPHT O CHITHHOM MTOCTOSTHHON COCTABIISIONIECH B CUTHAJIE, CBSA3aH-
HOM, BEPOSITHO, C TIPOJOIDKUTEIHHBIM BBIIOXOM ITy3BIPHKOB Bo3ayxa. HeGomnbIoi
BcIuieck Ha gactore okoio 100 I'n MokeT oTpaxaTh NEPUOAUYHOCTD bIXaTENbHBIX
IIUKJIOB MM TYpOyJIEHTHOCTH, CO37aBAEMyI0 IMTOTOKOM BBIABIXa€MOTO BO3IyXa.
[MocTostHHAst cocTaBnsoNmas cUrHaiaa 00yCcIoBIeHa HENPEPHIBHBIM IIPOIIECCOM JIbI-
XaHUs, YTO 00ecreunBacT CTadMILHOCTD CIIEKTpa.

Cnektp curHanma «lllym kpymsHoro mnaitHepa» (puc. 6, a) xapakTepusyercs
BcImieckoM Ha gactoTe okosio 40 [’ ¢ MomHoCTEI0 29.3, 9T0 yKa3bIBaeT Ha 3HAYH-
TEJIbHYIO IOCTOSIHHYIO COCTaBIISAIOILYIO B CUTHAJIE, BEPOSITHO CBA3aHHYIO C pabOTOM
IBUraTeneii cynna. Bemeck Ha yactoTe 37 ' 00ycnoBieH HU3KOYaCTOTHBIME BHO-
panusiMu Kopiryca, a mik Ha yactore 80 't MoxeT oTpakaTs paboTy BCIIOMOTaTeNb-
HBIX MEXaHW3MOB WM KaBUTAIOHHBIE TIporiecchl. Ha ciekTporpamme (puc. 6, b)
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BBIJIEJIACTCS SIPKUH CJIeA Ha HYJIEBOH 4acTOTE, KOTOPHIH COXpAHSEeTCsl Ha MPOTSDKE-
HUM BCeH 3amucu. AHanu3 (pa3oBBIX CIBUTOB MEXIY KOMIIOHEHTAMH CHUTHAJA 103-
BOJISIET B JIAJIbHEHIIIEM BBISIBUTH BPEMEHHEIE 3aJICPKKU M CBSI3U MEXIY HHMH, YTO
UCHONB3YeTCAd NpU HICHTU(HUKALMHY MECTOIOJOXEHUS M MPUPOAbI HCTOYHUKOB
myma [11].

Curnans! «lym Bogs u «CBUCT adanuHbD 0071a1aI0T XapaKTEPHOH CTaOMIIb-
HOCTBIO U TApMOHUYECKUMH KoMMoHeHTamH. Ha crextpe curnana «lllym BombD»
(puc. 7, a) u ero crnekrporpamme (puc. 7, b) BUAHO, YTO CUTHAI UMEET LIUPOKUIT
JUana3oH 4acToT, HO IIPU ATOM JTOMHHHPYIOIAas MOIIHOCTb OCTaEeTCsl B MOJIOCE HU3-
KuX 4acToT (10 8 kI'11), mocie 4ero ero HHTEHCUBHOCTH OBICTPO CHUKAETCS C YBe-
JArYeHHEeM 4acToThl. CUrHAN IpeAcTaBiseT co00i OMHOPOAHBIN 3BYK, O YEM CBHUIE-
TEJICTBYET €0 CIIEKTPaNbHas MIIOTHOCTb.

«CBucCT adanuHbe» IEMOHCTPHPYET JBa SPKO BBIPAXKEHHBIX MUKa (puc. 8, a),
YTO Ha CrieKTporpamme (puc. 8, b) mposBIiIseTcs: ABYMS YETKO BBIPAXKEHHBIMU CTPYK-
typamu. [lepsbrii muk (1.26 k') oToOpaskaeT OCHOBHYIO 4acTOTy (POHOBOTO IIyMa.
Bropoit (7.5 k') mpeacrasnseT u3 cedd cpeqHee 3HaUeHHE JIMHUHN «CBHCTa» (T10-
soca ot 6 mo 10 kI'1r), TpU TOM MUK UMEET OTPEICIICHHBIC HHTOHAITUN B 3aBUCHMO-
CTH OT IlepeaaBaeMoro adairnHol COOOIIEHHs IO THAPOAKYCTHIECKOMY KaHaiy [6].
Taxoke 1aHHBIM UK yKa3bIBaeT HA OCHOBHOI TOH CBUCTA M €r0 TapMOHUKY. ['apmo-
HHKa, OTPaKCHHAsI Ha CIEeKTporpamme (puc. 8, b), UMeeT OJHOPOIHYIO OKPACKY
U YeTKHE TpaHuLbl. Takue MoKa3aTeNu 3ByKa SBISIOTCS MACHTH(PHUKATOPOM, KOTO-
PBIii MOKHO 0003HAYNTH KaK aHOMAJIUIO B curHaie [12].

[IpoBeneHHbI aHAIU3 CIEKTPOB AEMOHCTPUPYET, YTO KaXKAbIM U3 HUCCIIEI0BaH-
HBIX CUTHAJIOB 00J1alaeT YHUKAIBHBIM CIEKTpaJIbHBIM IpoduieM. buonoruueckue
CUTHAJIBI OTJINYAIOTCS CIIOKHON YaCTOTHOM CTPYKTYPOH U HaTMYHEM FapMOHUK, aH-
TPOIOI'€HHBIE — YETKO BBIPA)KEHHBIMH IMKaMU Ha OIIPEJENICHHBIX 4acTOTax, a pu-
POIHBII IIyM — paBHOMEPHBIM pacIpelieICHUEM SHEPTUU B HU3KOYAaCTOTHOM AMa-
nazone [10, 12].

Cursaisl )KHUBOTHOTO MPOUCXOKACHUS JEMOHCTPUPYIOT 3HAUNTEIILHOE PAa3HO-
o0pasue creKTpasIbHBIX XapakTepucTuk. Curnai «JIait Mopckoro jibBa» XxapakTepu-
3yeTcsi KOHIIEHTpAlel SHEPTUH B HU3KOYACTOTHOM JTHANAa30HE C BBIPAKEHHBIMU
YCTOWYMBBIMH TrapMOHUKaMU. «IIeHne KocaTKim» OTIMYAeTCs CI0XKHOU CTPYKTYPOH,
OTpaXKaIOIIeH MMPOTY AMAIa30HA YacTOT IPH MEHHH U Pa3HOOOpas3ne »X0JI0Kalu-
OHHBIX IIETYKOB. DTH OCOOCHHOCTH IIO3BOJIAIOT UCCIEN0BaTh KOMMYHUKaTHBHOE
MoBeJeHHe MOpPCKUX MiekonuTaromux. CurHan «CeucT adaluHb), BBIIEISIO-
HIMHCS TBYMSI BBIP2)KCHHBIMU TUKAMH, IMEET YHUKAIBbHYIO BPEMEHHYIO CTPYKTYPY,
JIETKO Pa3IMYNMYIO B BOJIHOM cpene [6, 9].

Cursaibsl aHTPOIIOTEHHOTO MPOUCXOXKACHUS, B CBOIO OYepe/b, HMEIOT Ooee
mpeacKa3yeMble CIeKTpajbHble XapakTepucTuku. Curnai «B3pbeIBy» perucrpupy-
eTcs KaK KPaTKOBPEMEHHBIH MMILYJIbC C PE3KUM BCIUIECKOM HAa HYJIEBOM 4acTOTe
1 TIOCJIEAYIOIINM OBICTPBIM 3aTyXaHUEM, YTO IO3BOJISIET TOYHO (UKCHUPOBATH MO-
MeHT coObITust. «Lllym Kpyn3HOro JaiiHepay UMEeT MOIIHBIA MOCTOSHHBIA KOMIIO-
HEHT Ha HyJIEBOH 4acTOTE U [IEPUOIUYECKUE BCIUIECKH Ha 00JIee BHICOKUX YAaCTOTAX.
Takast cTpyKTypa cUrHaja moMoraeT X NACHTU()UKALUYI IPH UCCIICA0OBAaHUN BIINS-
HUS TEXHOTCHHBIX IIIyMOB Ha OKPYKAIOIIYI0 Cpey ¥ pa3paboTKe METOJ0B MUHIUMU-
3allMy WX BIMSHUS Ha pa30opunBoCTh curHana. Curnai «[ uaponokaTop» xapakre-
pusyercst cepuell y3KOIOJOCHBIX IHKOB, YTO OOECIICUMBAECT BBICOKYIO TOYHOCTb
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Puc. 7. ChoexrpanpHblil aHanu3 Puc. 8. CnexrpanbHblli aHa-
curHana «lllyMm BoAbI»: a — CHEKTp; nu3 curnana «CBuCT adaauHb»:
b — cniexTporpamma a — CHeKTp; b — cuekTporpamma
Fig. 7. Spectral analysis of Water Fig. 8. Spectral analysis of Bottle-
noise signal: a — spectrum; b — spect- nose dolphin’s whistle: a — spec-
rogram trum; b — spectrogram

30HAUPOBAHUS U YCTOMYMBOCTh K BHEIIHUM MOMEXaM. DTU CBOWCTBAa KpUTHUYE-
CKH BayKHBI JJI1 CUCTEM ITOABOAHON HaBUTalluK u cBsizu [9, 10].

[Ipuponubie GoHOBBIE ITYMBI TAKXKE 00JIAAI0T CBOMMH 0coOOeHHOCTAMU. CHT-
Han «I1lyM BoabD» HMeeT paBHOMEPHBIH CIIEKTpP B 00JIACTH HU3KUX YaCTOT M OTIIHU-
YaeTCs CTAllMOHAPHOCTHIO BO BPEMEHH, YTO TTO3BOJISET UCTIOIb30BaTh €T0 B Kaye-
CTBE JTAJOHHOTO JJIsi KalWMOPOBKH THUAPOAKYCTHUYCCKHUX MPHUOOPOB H CHCTEM.
Crextp curHana «/lpixanne akBalaHTHCTOBY» COCPENOTOUYEH B 00JIaCTH CaMBIX HU3-
KHX YaCTOT. DTO O0YCIIOBJIICHO TEM, YTO 3BYK JBIXaHHS MEHICTCS MEJICHHO, IIOBTO-
psis pUTM BIOXOB W BBIIOXOB. MH(pOpMaIus 0 4acToTax, CBA3aHHBIX ¢ TYpOyJIEHT-
HOCTBIO TIOTOKa BO3/IyXa M PABHOMEPHOCTBIO JIBIXaHUS B 3aBHCUMOCTH OT T'TyOHHBI
MIOTPYXKEHHUSI [TOJIC3HA TS aHATN3a (PU3UOJIOTHIYECKHX POIIECCOB OPraHu3Ma 4eso-
BeKa B YCJIOBHSAX TOJBOJHOW CPeIbl M pa3pabOTKU TEXHUYECKHUX CPEICTB JKHU3HE-
obOecreyeHns akBaJJaHTMCTOB.
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Br1siBIeHHBIE YHUKAITBHBIE CIIEKTPaTbHO-BPEMEHHEIE MPO(MHIIA CUTHAIIOB YKHBOT-
HOTO TPOUCXOKICHUS MOT'YT UCTIOIB30BATELCS ISl U3YUCHUS TIOBEACHUS U KOMMYHHU-
KaIlud MOPCKUX MJICKOIMTAIONINX. XapaKTePUCTUKU aHTPOIIOTEHHBIX CUTHAJIOB TIPH-
MEHSFOTCS [T OLEHKH MX BO3ACHCTBHS Ha MOPCKYIO (hayHy U pa3pabOTKH Mep TI0 €T
cHKeHUI0. CTaOMIBHOCTD U TPEJICKA3yeMOCTh CIEKTPAIbHBIX XapaKTCPUCTHK MPH-
POIHBIX (HOHOBBIX IITYMOB CITy»aT OCHOBOH [T KATMOPOBKH THPOAKYCTUIECKUX TIPH-
OOPOB U CHCTEM, YTO HEOOXOAMMO ISl 0OECTIeYeHUs TOYHOCTH m3MepeHwui [12, 13].

[IpoBeeHHBIN aHANN3 CIIEKTPOrpaMM IO3BOJISIET pa3padoTaTh ajarOpPUTMBI
ABTOMATHUYECKOr0 pACMO3HABAHUS HCTOYHHUKOB 3BYKA, YTO KPUTHUYECKH BAXKHO
JU1s1 GYHKITMOHUPOBAHUS MTACCHBHBIX aKyCTUYECKUX CUCTEM HAONIOACHUS U SKOJIO-
TUYECKOro MOHUTOpUHTa. [loayyeHHbIE JaHHbBIE NPEACTABIIAIOT OTPOMHYIO LICHHOCTb
JUTSL ICCIIEIOBaHU aKyCTHUECKOW 3KOJOTUH MOPCKUX 3KOCHCTEM, Pa3pabOTKH MOA-
BOJIHBIX HABUTAIMOHHBIX U KOMMYHHUKAITHOHHBIX CICTEM, a TAK)Ke MOHUTOPHHTA aH-
TPOTIOTEHHOT'0 BO3IEHCTBHS Ha MOPCKYIO Cpely U ee oburareneii [14, 15].

3akioueHue

AHaIM3 THAPOAKYCTHYECKIX CUTHAJIOB ITO3BOJIHII BBISIBUTH HX YHUKAITLHBIE CTICK-
TpaJbHbIE U BpeMEHHO-YaCTOTHBIE XapaKTEePUCTHUKH, YTO 00ECTIeYMBAET BO3MOKHOCTh
TOYHOM I/I)IeHTI/I(i)I/IKaHI/II/I HNCTOYHHKOB 3BYKa JXUBOTHOI'O M aHTPOIIOI'CHHOI'O IIPOHC-
XOXJICHHS, a TaKKe MPUPOAHBIX (POHOBBIX IIyMOB. lIpoBe/eHHas cpaBHUTEIBbHAS
OLICHKA CUTHAJIOB MPOJEMOHCTPUPOBAJIA UX OTJIUUUTEIbHBIC OCOOCHHOCTH, KOTOPBIE
MOTYT OBITh UCTIONIE30BAHEI JIJIS TOBBIMIEHHS 3(h(hEKTUBHOCTH SKOJIIOTHIECKOTO MOHH-
TOPHHTA U HABUTAITMOHHBIX CUCTEM.

®dopMaM30BaHHbIE IPU3HAKH MPEJICTABIICHBI B BUJIE YHUCIIOBBIX BEKTOPOB, y100-
HBIX IS UCTIOJIL30BAHUS B 33/]a4aX MAITUHHOTO 00y4YCeHUsI, B YaCTHOCTH JJISl KJIACCH-
(hMKamMy CUTHAJIOB TIO THITAM MCTOYHHUKOB. JTO pelicHre objerdaet oOHapyKeHHE
AKyCTHYECKUX MCTOYHHKOB M PACIIMPSIET BO3MOXXHOCTH TPUMEHEHHS TUAPOAKYCTH-
YECKHUX TEXHOJIOTHH JUTS 33]1a4 MOHUTOPUHTA TIOJIBOJIHOM CPE/IbI M OIICHKH aHTPOIIO-
TE€HHOI'O BO3/IECHCTBUS.

PesynbTaTel nuccnenoBanus 00JIaAalOT BBICOKON MPAKTHYECKOH 3HAYMMOCTHIO,
co3/1aBasi OCHOBY I COBEPIIIEHCTBOBAHNS TEXHOJIOTHIA MTOJBOJHOIM HABUTALINH U pa3-
pabOTKH HOBBIX IMOAXOOB K aHAIN3Y aKyCTUYECKUX JAHHBIX.
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3assnenHulil 6K1A0 ABMOPO8:

Hepym Anéna BukTopoBHa — TpoBellcHHE KPUTHYECKOTO aHAIH3a MaTepHalioB, o0Opa-
00TKa 1 ONMHMCaHUE PE3yIbTAaTOB UCCIEAOBAHUS, TTOJIIOTOBKA TEKCTA, (POPMYJIMPOBAHHE BhI-
BOJIOB

Ty3oB Hukouiaii AnexceeBUY — IOCTAHOBKA SKCIIEPUMEHTA, aHAJIU3 JIMTEPATYPhl 110 TEME
HCCIIEOBaHMs, aHAIIN3 U 00CYKAECHHE Pe3yIbTaTOB, IOJrOTOBKA rpaUIecKUX MaTepHaIoB
CTaTbU

Kapuan Hropr HukonaeBu4 — nocTaHoBKa MpoOIEMBI, TPOBEACHNE aHATUTHIECKIX HC-
CIIEIOBAHUM COJEPKAHMS, IOATOTOBKA TEKCTA U TpapUIECKIX MaTEPHAIOB CTaThH

Bce asmopbi npouumanu u 0000puny OKOH4AMeNbHbII 8APUAHII PYKONUCU.
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