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B pamKax 4MCIIeHHOTO MOAECIUPOBAHUS TTPOBOISATCS OIIEHKHW TOYHOCTHU OTPENETICHHUS PACCTOSTHUS MEXITY
MOABOAHBIMU UCTOYHUKAMU U TPUEMHUKAMMU 3BYKa, HAXOMSILIMMUCS HA PACCTOSIHUM B HECKOJIBKO KUJIOME-
TPOB ApyT oT Apyra B Kapckom Mope B oceHHUI ntepuoa BpemeHU. [1peanonaraeTcs, 4To OCHOBHBIM UCTOY-
HUKOM BO3MOXHBIX OIIIMOOK MPH ONPENETeHUN PACCTOSIHUS SIBJSIETCSI OTCYTCTBUE TOUYHBIX JAHHBIX O BEPTU-
KaJIbHOM Tpoduie CKOPOCTH 3ByKa Ha Tpacce pacpoCTpaHEeHMS aKyCTUIeCKMX curHaioB. [IpoaHanusupo-
BaHBI JaHHBIE CEHTSAOPS U HOSIOPSI, B UHTEPBaJie MEXIY KOTOPBIMU UMEIOT MECTO CYIIECTBEHHbIE U3MEHEHUST
npoduist, Koraa BepTUKAIbHBIM IPalMEHT CKOPOCTU 3BYKa U3MEHSIETCSI OT OTPUIIATEIbHBIX 3HAUCHUI 10
MOJOXUTENbHBIX. XapaKTepHble 3HAYSHUST Bapualvii CKOPOCTH 3ByKa MOJTYyUYEHbI TPU CTATUCTUYECKOI oOpa-
0OTKEe TMIpOJIOTMUYECKUX JaHHBIX, B3ThIX M3 0a3bl World Ocean Database. IToaydeHHBIE pe3ynbTaThl BaxKHbI
JUTSL aHAJIM3a BO3MOXKHOCTE! MOABOIHOMN aKyCTUIECKO HaBUTAIIUM.

Karouesvle crosa: akycTKa MEJIKOTO MOPSI, apKTUIECKUIA 111eTb(, MOABOAHAS HABUTALIMS

DOI: 10.31857/50320791924030103 EDN: ZLWBSI

BBEOAEHHWE JIeIOBOTO TIOKPOBA PA3INYHON CIUIOYEHHOCTH B Teue-

Hue Oosbleit yacTu roga. 3aech npuMeHenne AHITA
obelaet ObITh HanboJIee BOCTpEOOBAHHBIM 1 3 eK-
TUBHBIM [1]. OgHako 3Ta 3(p(HeKTUBHOCTH BO MHOTOM
oIpenessieTcss BO3MOXHOCTSIMU TTOABOIHOM aKyCTH-
YEeCKOUW HaBUTALIMU, SIBJISIOLIECS OCHOBHBIM METO-
JIOM OTpeJeeHUs] KOOPAMHAT MOJABOJHOIO arrapara
B aKBaTOPUU, YACTUYHO WJIU MOJHOCTBHIO MOKPBITOMN

B HacTosee BpeMsl OJis1 pelIeHUS LIUPOKOTO
KJlacca HAayYHO-UCCIIEN0BATEIbCKUX U HAPOIHOXO-
3SIMCTBEHHBIX 3a/la4 HAUMHAIOT IIMPOKO HMCIOJIb30-
BaTbCsl aBTOHOMHBIE HeoOUTaeMble ITOIBOIHbBIC all-
napathl (AHITA). K Takum 3agayamM OTHOCSITCSI Ha-
OI0IeHUS KIMMATUYEeCKOM N3MEHUMBOCTU OKeaHa,

MIPOMBIIIIJIEHHOE OCBOCHUE €ro Ieiabda, BKIoUdas
MOUCK U JOOBIYY YIIIEBOJOPOAHOTO ChIPbs, 9KOJIOT -
YeCKUii KOHTPOJIb 32 aHTPOIOTeHHBIM BO3ACHCTBUEM
Ha okpyxarolyo cpeny 1 T.1. OcoO0eHHO aKTyallb-
HBI 3TU 3a1a4u AJs1 apKTudeckoro 1enbga Poccun,
IJie CJIOKHOCTh UX pelleHusl 00ycaoBIeHa HaTuuueM

neaoM [2, 3]. O4eBUAHO, YTO TOYHOCTD ITOJABOIHOM
HaBUTAIlMU B TIEPBYIO OYepeab 3aBUCUT OT MPABUJIb-
HOro BbIOOpa 3 (PeKTUBHOI CKOPOCTHU pacIIpoCTpa-
HEHUST 3BYKOBBIX BOJH [4], KOTOpasi UCHOJb3yeT-
cs IUISI IepecdeéTa BpeMeHU pacIipocTpaHeHus [5] B
paccTosiHue. BaxkHo, 4TO 3Ta CKOPOCTb OMpeaessieTcst
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BCEM BEPTUKAIBHBIM NPODUIEM CKOPOCTH 3BYKa U
€ro TOPM3OHTAIBHBIMU MTPOCTPAHCTBEHHBIMU BapU-
anusamu. [1pu aToM ykazaHHbIE BapMalliu, KaK U caM
npoduib CKOPOCTH 3BYyKa, 3aBUCST OT pailoHa uccie-
JOBaHUI 1 OT BpeMeHU roga. CoBpeMeHHbIe METO-
JIbl HABUTAlLIMU UCITOJb3YIOT 3HaUeHUS 3(h(HEeKTUBHOM
CKOpPOCTH 3ByKa, pacCUMTaHHbIC MPU MTOMOIIU YUC-
JIEHHOTO MOJIEIMPOBAaHUS C YUYETOM peasibHbIX Mapa-
METpPOB BOJIHOBOAA [3, 4].

B Hacrosgieit padoTe NpuUBOASTCS U aHAJIU3UPY-
JOTCSI pe3yabTaThl CTATUCTUYECKOM 00pabOTKM ruapo-
JIOTUYECKUX JaHHBIX, 3aPETUCTPUPOBAHHBIX B OTHOM
13 LIeHTpaJbHBIX paitoHoB Kapckoro Mopst B oceH-
HUIi TIepron BpeMeHU. 1T cpaBHUTEILHOTO aHaIN-
3a B3SITHI JaHHbIE CEHTSIOPS 1 HOSIOPSI, B IIPOMEXYTKE
MEXIY KOTOPBIMU BEPTUKAJIbHbII ITPO(PUIL CKOPOCTH
3ByKa B paccMaTpMBaeMOil akBaTOPUU TIpeTepIieBaeT
CylIeCTBEHHbIC UBMEHEHUS. BepTUKanbHbIN Tpagu-
€HT CKOPOCTHU 3ByKa M3MEHSIETCS OT OTPULIATEIbHBIX
3HAYCHMI 10 MOJIOXUTEIbHBIX. B paMKax 4MCIeHHBIX
SKCIIEPUMEHTOB JUISI CPENHUX MpOoduIeit ¢ yueTomM ux
M3MEHUYMBOCTH OIpeeieHbl BO3MOXHbBIE TUaIla30HbI
BapualMii BpeMeH paclpoCTpaHEHUST TECTOBBIX aKy-
CTUYECKUX CUTHAJIOB, IIPMMEHSIEMBIX IIPU TTOABOIHOM
AKyCTUYECKOII HaBUTALIUN.

(a)

Temmeparypa, C°

(6)

CoJeHOCTh, eTIC

HA3APEHKO u np.

1. THAPOJIOTMYECKWE NAHHBIE
N NX CTATUCTUYECKHNHU AHAJIN3

J1s OLleHKM BO3MOXKHBIX U3MEHEHUN Mpoduis
CKOpPOCTH 3ByKa ObIJIO BEIOpaHO ABa paiioHa B LICH-
TpaabHOI yacTu Kapckoro mopsi, yaaJleHHBIX OT
o6epera npuMmepHo Ha 300 kM. B ogHOM 13 palioHOB
ObUTM U3MEPEHbBI TUAPOJIOTUYECKHUE XapaKTePUCTUKU
MOPCKOI cpebl Ha 6-TH OKeaHOJOTMYeCKIUX CTAHII -
sIX B Hauajie CeHTS0ps, a B IpyroM — B HavaJjie HOsl-
Opst Ha 28-MU cTaHUMSIX. Pe3ynbraThl 3TUX U3Mepe-
HU BEPTUKAIBHBIX TIPOQUIICH TeMIIiepaTyphl U COJie-
HOCTU OBLIU B3AThl U3 BCEMUPHOI 6a3bl JaHHBIX [6].
Bri6op paiioHOB ObLI 00yCIIOBIIEH TeM (paKTOM, UTO
U3MEPEeHUS B KaXI0il cepuu IpOBOIUINCH ¢ GopTa
OIIHOTO U TOTO & HayYHO-KUCCIIEN0BATEILCKOIO CY/I-
Ha, YTO MO3BOJISLIO UCKITIOYUTh BO3MOXHYIO UHCTPY-
MEHTaJbHYIO0 OLIMOKY. PaccTosiHMe Mexay palioHa-
MU ObLJIO paBHO = 120 kM. Pe3ynbraThl 00padboTKN
JAHHBIX TUAPOJOTUYECKUX U3MEPEHUI MoKa3aHbl Ha
puc. 1 n 2. CruiolIHOM JUHUEH MOKa3aHbl CpeAHNe
BepTUKaJbHble Tpoduau. LHITpuxoBble TMHUU CO-
OTBETCTBYIOT BO3MOXHBIM OTKJIOHEHUSIM OT Cpeji-
Hero npoduiisl Ha BeluunuHy + 20 (0 — cpegHeKkBa-
IpaTUYHOE OTKJIOHEHWE, 3aBUCSIIEE OT IIYOWHBI).

(8)

CkopocTb 3ByKa, M/C
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Puc. 1. BeptukanbHbie ipodwim (a) — TemMiieparypsl, (6) — COJIEHOCTH U (B) — CKOPOCTH 3BYKa, IIOCTPOEHHBIE TT0
NAHHBIM U3MEPEHUI, TPOBENEeHHBIX B CEHTSI0pe. CTUIONTHBIMY KPUBBIMU TTOKA3aHbI CPENHNE MPOGUIN, TITPUXOBBIMU

0003HavYeH Anana3oH Bapnaunﬁ.

AKYCTUYECKUM KYPHAT TtomM70 Ne3 2024



O TOYHOCTH OLLEHOK PACCTOAHUMA 110 BPEMEHUM PACITPOCTPAHEHUM A 3BYKOBBIX CUTTHAJIOB

(a)

Temnepatypa, C°

CoeHOCTb, erc
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CKOpOCTb 3ByKa, M/C
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Puc. 2. BeprukanbHbie mpoduiu (a) — TemmepaTypsbl, (6) — COJIEHOCTH U (B) — CKOPOCTH 3ByKa, TOCTPOEHHBIE IT0 JAHHBIM
U3MEpEeHUH, MPOBeAeHHBIX B HOsIOpe. CIUIOMIHBIMY KPUBBIMU MOKa3aHbI CpeqHue Npohuiv, ITPUXOBEIMUA 0003HAUEH

JMana3oH Bapualluii.

BepTukanbHblii Mpoduib CKOPOCTH 3ByKa Ha puc. 1B
U 2B BbIYMCIISIICS IO (hopMyJiaM, IPUBEIEHHbBIM B pa-
oore [7].!

Ha pucyHkax Xxopolio 3aMeTHbI TUITUYHBIE 0CO-
OEHHOCTHU TUAPOJOTMYECKUX XapaKTEPUCTUK B LIEH-
TpanbHoOIM yacTu Kapckoro mopsi. K HuM, B nepByio
oyepelb, OTHOCUTCS HaJMuue MPUITOBEPXHOCTHOTO
pacIpecHEeHHOTO CJIOSI MOPCKOU BOMIbI, OOYCIOBIEH-
HOTo MOCTYMJIEHUEM B MOPE BECHOU U JIeTOM 00JIb-
X 00beMOB MPECHBIX BOJ cUOMpPCKUX peK. Bmecte
C TE€M C CEHTSIOPS MO HOSIOph TOT CJIOM MpeTepIieBacT
3aMeTHBbIC U3MEHEHM S, BIUAIONINE B KOHEUHOM UTOTE
Ha BepTUKAJBHBIN MTPpodUIb CKOpoCcTH 3ByKa. Cpeau
HUX CJIeNyeT OTMETUTD:

o (DakTUueCcKOe MCUE3HOBEHUE TEPMOKIIMHA. B HO-
g0pe TeMIepaTypa BOIbI ¢JIabo 3aBUCUT OT TJIy-
OMHBI, 2 U3MEHEHUSI CKOPOCTH 3BYKa C TIIyOMHOM
B OCHOBHOM CBSI3aHBI ¢ I3MEHEHUEM COJIEHOCTH,

e [IpocTpaHCTBEHHbIC UBMEHEHMS TEMIIepaTyphl U
coJieHoCcTH. [I1st TeMmepaTypbl MPUITOBEPXHOCT-
HOTO MepeMellIaHHOTO CJI0SI B CEHTSI0pe xapak-
TEPHbI JOCTATOYHO OOJIbIIME Bapuauuu (enu-
HULBI TPAAYCOB) B TOPU30OHTAIbHOM MJIOCKOCTH,
KOTOpBIE 3aMETHO YMEHBIMAIOTCI (IO IeCATHIX
nIoJieit rpamyca) ¢ mpuOaMXKeHueM 3UMbI. B To ke

I OTMeTuM, 9T0 UMEHHO 3TU (HOPMYJIbI, HECMOTPS Ha BCIO UX
rpomo3snkoctb, pekomeHnoBanbl KOHECKO nist BerumcieHust
BEPTUKAJIBLHOTO ITPOMWIISI CKOPOCTH 3ByKa B MOPCKOM BOJIE.

AKYCTUYECKUM KYPHAT Ttom70 Ne3 2024

BpEMSI aHAJIOTMYHbIE U3MEHEHUST COJIEHOCTU 3TO-
ro CJI0sl MaJibl B Hauajie OCeHU U YBEIUYUBAIOTCS
B HOs10pe. B utore iaykTyauuu cKOpoCTH 3ByKa
B TOPU30HTAIbHOI MJIOCKOCTU B CEHTsSI0pe 00y-
CJIOBIIEHBI BapUallUSIMUA TEMIIEPATYPhI, a OJIMKE K
3uMe Takue (QJIYKTyalluM yKe CBsSI3aHbI C Bapua-
LIUSIMU COJIEHOCTH.

OTMeueHHbIe BbIllIe U3MEHEHUS XapaKTepUCTUK
MPUITOBEPXHOCTHOTO CJIOSI OOYCJIOBJIEHBI IByMsI MPU-
YyruHaMU. Bo-mepBbIX, 3TO CE30HHOE MOHUKEHNE TEM-
Teparypel BO3AyXa U Pa3BUTUE, B CBS3U C 3TUM, 3UMHEN
BEPTUKAJIBHOM LIMPKYJISILIMA MOPCKUX BOIl. BO-BTODBIX,
5TO Pe3KMIi CE30HHBIN cran 00beMOB ITOCTYIIAIOIINX B
MOpe BOJI CUOUPCKUX PEK OCEHbIO U 3UMOIA.

2. METOOAUKA 1 ITAPAMETPHI
YUCIEHHbIX OKCITEPUMEHTOB

[Tpu MomemMpoBaHUM pacTIpOCTPaHEHUST UMITYJIb-
CHBIX aKyCTUUYECKMX CUTHAJOB UCIT0Jb30BaIOCh MO-
JIOBOE OMUCaHUE 3BYKOBOTO MOJIsI, B paMKaX KOTOPO-
ro nepenatovyHas GyHKIIUs MI0CKOCIOUCTOTO MEJIKO-
BOJHOTO aKyCTMYECKOTO BOJHOBOMA 3alMCHIBAETCS B
Buze [8]:

)=y Y @2V D) i )y )
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rie Y, (®,z) — BOJHOBOAHAsI MOZA C HOMEPOM
m, 3aBUCAILLAS OT 4acCTOTHI  KAaK OT IapameTpa,
€, (®) — mocTosiHHAs PAcNpOCTPAaHEHUSI MOJBI,

r — pacCTOSTHUE MEXITy MCTOYHUKOM U MPUEMHUKOM
3BYKa, Z, M Z, — INIyOMHa pacrojaoXeHusl MpUueMHUKa
1 MUCTOYHMKA 3BYyKa, COOTBETCTBEHHO. MMITybCcHAS
XapakTeprCTHKa BOJHOBoMA /(f) ornpemnesnsieTcss Kak
obpaTHOe peobpazoBanHre Pypbe OT MepeaIaTOTHOM
byHKIMKU, a akycTHYecKuil curHan s(f) Ha Bxome
MMpUEeMHUKA TIPEACTaBISIET COO0M CBEPTKY M3Tydae-
MOro CUTHama S,(7) ¢ 3Toil XapakTepucTukoii. Oru-
Garoliass CMTHAJIa Ha BBIXOAE ONTUMAaTbLHOTO KOppe-
JISIIMOHHOTO TIPeMHMKa paBHa:

=3

A(t)=|H _[s(t)so(t—r)dt ;

—oo

()

rne H{} — omneparop, BHINOJHAIOINIA Tpeodpa3oBa-
Hue Tunp6epra? Han GyHKLKEH, 3aKJIIOYEHHOI B (DU-
TypHBIE CKOOKM.

[Tpu MomenMpoBaHUU BHIOUpATUCH CIENYIOLIue
rnapaMeTpbl BOJTHOBOIOB:

e tnyouna H = 40 M u mpoduan cKopocTu 3ByKa,
Moka3aHHble Ha puc. 1B (BOJHOBOM MJisl palioHa,
rne ObUIM MPOBEAEHBl U3MEPEHUs B CEHTS0peE;
3[ech MOAPa3yMeBaIOCh, UTO JIEAOBbIA MOKPOB
OTCYTCTBYET);

e mnyomna H = 100 M 1 npo¢uiim CKOpOCTH 3BY-
Ka, TTI0Ka3aHHbIE HA pUC. 2B (BOJHOBOI IIJIST paii-
OHa, T7e OBLTN POBEICHBI U3MEPEHMS B HOSIOpE;
MIPEAIIoIarajoch, 9YTO Ha TTIOBEPXHOCTH MOPS TIPH-
CYTCTBYET CIUIONIHOM JIETOBBII TTOKPOB TOJIIIN-
HOi [ = 1 M).

PaccrosiHre MexXmy ICTOYHUKOM U TIPUEMHUKOM
3ByKa ¥ = 2 1 5 KM. PacyeTsl IpoBOIMINCH TIPU CJie-
IYIOIINX KOMOWHAIIUSIX TIIyOMH MCTOYHUKA U TIPUEM-
HMKA: 7, = 7, = 8 M U g, = Z, = 35 M (BOJTHOBOJ B CEH-
T6pe) Nz, =7, = 8M U g, = g, = 70 M (BOJTHOBOJ B
Hos10pe). J1ist Kaxknoit KoOMOMHAIIUY BBIOMPAIMCh BCE
TpU OPOdUIISi CKOPOCTU 3BYyKa (CIJIOLIHAS JUHUS U
LITPUXOBHIC), TTOKa3aHHbIe Ha puc. 1B u 2B. JInsa
OIpeaeSeHHOCTH 0003HAYMM 3THU NMPOdWIN Kak a) —
c_(2), 6) — ¢(z), B) — ¢,(2) (c_(2) <c(2) < ¢4(z)). [Napa-
METPbl MOPCKOTO MHA MOJarajuch paBHBIMU: CKO-
pocTb 3ByKa ¢, = 1600 M/c, KoadbduuneHT 3aTyxa-
Hus 3ByKa B = 0.33 n1b/A (A — naMHa aKyCTUYECKOM
BOJIHBI), TUIOTHOCTH P, = 1850 kr/m>. TlepenarouHas
(byHKIIMST pacCUUTBIBAIACh C TIOMOIIBIO TTPOTPAMMBI
KRAKEN [9]. MoaenupoBaioch pacipocTpaHeHUue

2OTMetuM, uTO TNpeobpaszoBaHue IWabOEpPTa MCIIOIB30BAHO
3[eCh JUTS BBIICIEHUST OTMOAOIIEH OT HEeCyIlei YacTOThl.

HA3APEHKO u np.

CUTHaJa C TMHEMHON YaCTOTHOU MOonyasduueid B mo-
noce yactor f =®/2n= 1 — 5 k. lauTensHocTh
curHasa BeiOupanach paBHoii 7' = 1 c. [lyst ymeHbIe-
HUST YPOBHSI OOKOBBIX JIETIECTKOB TOCJe KOPPEesu-
OHHOI 00pabOTKM yKa3aHHBII M3JIydaeMblil CUTHAI
NpeaBapUTEIbHO CIVIAXKUBAJICI C UCIIOJb30BaAHUEM
okHa XsHHHMHTra. Orudaromasi aBTOKOPPEISILUOHHOMN
(byHKI1IMM M3TydyaeMoro curHajia mokazaHa Ha puc. 3.

0.5

-5 0 kY

Bpewms, ¢ x 107

Puc. 3. Orubaroias aBTOKOPPEISIIMOHHON (PyHKIIUU
HM3Ty9aeMOTO CUTHAJIA.

3. PESVIIBTATBI YN CIIEHHOTI'O
MOZIEJIIMPOBAHUA

PesynbraThl MoAeIMpOBaHUS AJISI BOJTHOBOAA B CEH-
TI0pe MoKa3aHbl Ha puC. 4 i1 KAXKI0T0 U3 mpodueit
CKOPOCTH 3BYyKa JJISI pAaCCTOSIHUST MEXAY UCTOYHUKOM
U MIPUEMHUKOM 7 = 5 KM U I IyOUHBI 7, = 2, = 35 M.
AHaJoTU4YHbIC pe3yJIbTaThl A1 HOSIOPHCKOI'O BOJI-
HOBOZIA I TIyOUHBI 7, = 7, = 70 M IIpUBEIEHBI HA
puc. 5. Ha aTux pucyHkax ¢ BBICOKUM BPEMEHHBIM
paspenieHreM IIoKa3aHo JIUIIb HECKOJIbLKO UMITYJIbCOB
A(T) (i — HOMEp UMIYJIbCa), MTPUXOIAIINX TEPBBIMA
¥ 00JIaJaoIIX HanOoJIblIell aMIUIMTyqoi. B 1iemom
MPUHUMAEMBbI1 CUTHAJI Ha BBIXOJIE KOPPEISILIMOHHOTO
nprueMHuKa (2) BKJIouaeT B cedst OoJiee aecsaTKa 1mo-
JOOHBIX UMITYJIbCOB, U OOIIIas1 IJUTEIbHOCTb CUTHAJIA
cocrapnsieT = (.45 c. YBenuueHue oOl1Leit JIUTeTbHO-
CTM CUT'HaJIa BO BDEMEHH I10 CPaBHEHUIO ¢ M3HAYaJlb-
HBIM KOPOTKUM CUTHaJIOM (CM. puc. 3) 0OycCJIOBIECHO
BOJHOBOIHON aucrnepcueit. [Ipn momenupoBaHuu
BpeMsl pacIipoCTpaHEeHMsI CUTHaJIa ONpeaessioch Mo
BpPEMEHU pacIpoCTpaHEHUS UMITYJIbCa C HAMOOJIbIIEH
AMIUIATYIOM.

PesynbraTel oLleHKM BpeMeH pacrpoCTPaHEeHusI 7,
IJISI CpeaHero npo@uiIsi CKOpOCTHU 3ByKa ¢(Z) IIpuBe-
JIeHBI B Ta0. 1 1 2 oj1s1 ABYX BEIOpAHHBIX IUIST aHAIM3a
BOJIHOBONOB. 3HaueHust Af 1 Af, paBHBI pa3HOCTH
BpeMeH paclpoCTpaHeHUsI TPU MPODUIISIX CKOPOCTU
AKYCTUYECKUUM XYPHAI Ne 3

ToM 70 2024



O TOYHOCTHU OLHEHOK PACCTOAHNM A I10 BPEMEHU PACITPOCTPAHEHHM A1 3BYKOBbBIX CUTHAJIOB
(a)
3.475 3.48 3.485 3.49 3.495 3.5
(6)
3.475 3.48 3.485 3.49 3.495 3.5
L (8)

3475 3.48 3.485 3.49 3.495 3.5

Bpewms, ¢

Puc. 4. TIpunaAThIii curHan A(T) Ha BbIXOIE KOPPEIALMOHHOIO IPUEMHUKA MTPU PODUIISX CKOPOCTH 3ByKa (a) — ¢, (),
(6) — c(z), (B) — c_(z) (ceHTAOpD).

1 (a)
) j\ /\
3.47 3.475 3.48 3.485 3.49 3.495
1 ©)
0.5+~
0 | AN VAN AN
3.47 3.475 3.48 3.485 3.49 3.495
1 (B)
0.5
0 ] 1 — /\_
3.47 3.475 3.48 3.485 3.49 3.495

Bpewms, ¢

Puc. 5. Ipunarelit curnan A(T) Ha BBIXONE KOPPENALUMOHHOTO MPUEMHUKA NIPU NMPOPUIAX CKOPOCTH 3ByKa (a) — ¢, (2),
(6) — c(2), (B) — c_(z) (HOSI6DB).

AKYCTUYECKUM KYPHAT Ttom70 Ne3 2024
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106 HA3APEHKO u np.
Ta6mua 1. CeHTIOpbCKUIA BOJTHOBOI
Paccrosinue r, InyGuna At =t -1, _, le, At, =t . —t,, | OmwubKa B onpeneneHun
M =z, M c c c paccrostHust FAr , m
2000 8 -0.0071 1.3696 +0.0069 ~104
' ’ ’ +10.0
-1.9
2000 35 -0.0014 1.3925 +0.0012
+1.7
5000 8 -0.0119 3.4297 +0.0167 4
’ ’ ’ +24.3
5000 35 -0.0028 3.4753 +0.0019 —40
' ’ ' +2.8

3ByKa ¢_(z) u ¢(z), a Takxke ¢(z) u ¢,.(z), COOTBET-
cTBeHHO; FAr =rAt_[t. — Bo3MoXHas omMOKa B
ornpenesieHUy TMCTaHIMY 1U3-3a HETOUYHOTO 3aJaHusl
3aBUCHMOCTH CKOPOCTHU OT IyOuHbI, ¥/t — 3¢-
(bekTUBHAsI CKOPOCTh pacIIpOCTpaHEeHUS 3ByKa. 3AeCh
ClIelyeT MOJYEPKHYTh, YTO MOJYyYEHHbIE B TAOIMIIAX
3HAUYEHUSI OLIMOKU SBJISIIOTCS I'PyOOit OLIEHKOM BO3-
MOXHBIX 3HAUEHU I MOTPELIHOCTEN NP OTpeaeeHUun
paccrosiHus. IlocnenHee cBs3aHO ¢ OTpaHUYEHHO-
CThIO HAIIMX 3HAHUM O CJy4YaiiHOM NPOCTPAHCTBEH-
HO-BPEMEHHOM T10JIe CKOPOCTH 3BYKa B UCCJIENYEMOM
aKBaTOPUMU.

Taomna 2. Hosa6pbckuii BOTHOBOL,

Kaxk BugHO 13 Ta6i. 1 1 2, TOUHOCTD OIpeaeIeHUs
PaCCTOSTHUS MEXIY TTOABOIHBIMUA UCTOYHUKOM U TTPU-
€MHUKOM 3BYKa 3aBHUCUT OT UX IIYOUMHBI. TOUHOCTH
BO3pacTaeT MOYTH Ha MOPSIIOK TP UX PaCIIOJIOKEHUM
B IIPUAOHHOM YacTU BoJIHOBOAA. JlaHHast 3aKOHOMEp-
HOCTbh MMEET MECTO KaK IMPU OTHOCHUTEIbHO TEIJIOM
MPUIIOBEPXHOCTHOM CJIO€, TaK 1 IIPU OTHOCUTEIHLHO
XOJIOMHOM. DTO (haKT CIeayeT YIUThIBATH IIPU ITOCTPO-
€HUU CHUCTEMbI aKyCTUYECKOI ITOABOAHON HaBUTALIUU
B paccMarpuBaeMoii akBaTopun. Ecim ke 11 oleH-
K1 IMCTAaHILUU MO BPEMEHU PacIpOCTpPaHEHUS UC-
MOJIb30BaTh HE BEPTUKAIIbHBII MPOMWIb U YUCIIEHHOE

Paccrositne r, [ny6una At =t —t_, les At, =t —t ., | OmmbKa B onpeaeeHn
M =z. M c c c paccrosinust FAr , M
—19.6
2000 8 -0.0138 1.4036 +0.0090
+12.3
=21
2000 70 -0.0015 1.3956 +0.0016
+2.3
—32.3
5000 8 -0.0227 3.5086 +0.0225
+32.0
—-2.8
5000 70 -0.0020 3.4718 +0.0025
+3.6
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O TOYHOCTHU OLHEHOK PACCTOAHNM A I10 BPEMEHU PACITPOCTPAHEHM A1 3BYKOBbBIX CUTHAJIOB

MOZIETMPOBaHNE, a TOJIHKO 3HAYEHNE CKOPOCTH Ha TO-
PU30HTE HAXOXIEHUsI UCTOUHMKA U MPUEMHUKA, TO
MaKcHUMaJibHasl TIOrpelIHOCTb BO3pacTaeT MpPUMEPHO
B aBa pasza (1o FAr = 60 M). DTO IPOUCXOIUT JaXKe B
cjydae, KOrjia UCTOYHMK U TPUEMHUK 3ByKa HaXOASITCS
Ha OIHOM 1 TOM Xe TIIyOuHe.

OleHUM fajiee elie OJHY BO3MOXHYIO OLIMOKY
B OIpeNeIeHUU BPEMEHU PaclpOCTPaHEHUS MEXIy
WCTOYHMUKOM U MPUEMHUKOM 3BYKa C TTOMOIIIbIO OIU-
CaHHO BbIllle METOAMKU. PeructpupyemMblii UMITYJIbC
C MaKCUMaJbHOM aMIUIMTYIOi HeoOsi3aTeJIbHO Ha-
OyironaeTcs MepBbIM, YTO OOYCIIOBJIEHO BOJTHOBOIHOM
nucrniepcueii. bosiee Toro, B 3aBUCMMOCTH OT paccTos -
HUS U NIyOMHBI TpYeMa HOMEDP TaKOTO UMITyJibca MO-
JKeT UBMEHUTBHCS, UYTO TIPUBEIET K CKAUKOOOpa3HOMY
BUPTYaJbHOMY (HE CBSI3aHHOMY C U3BMEHEHUEM pac-
CTOSTHUSI MEXAY KOPPECIOHAUPYIOIUIUMU TOYKAMM)
W3MEHEHMIO BpeMeHU pacIipocTpaHeHus. Ha puc. 6
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MoKa3aHa pacueTHasl CTPYKTypa pPerucTpUpyeMbIX
CHUTHAJIOB Ha TIOCKOCTH TTyOMHA TTpueMa—BpeMsI IS
JIBYX paccMaTpuUBaeMbIX B pabote mecseB. Paccrosi-
HUE MEeXIY UICTOYHUKOM M IpueMHUKoM 3ByKa 5000 M.
IIpennonaraeTcsi, 4TO IJIsl CEHTSIOPSI UICTOYHUK 3ByKa
pacItoyioxxeH Ha rryouHe 35 M, a mist Hossopss — 70 M.
Puc. 6 mokaspIBaeT, 4To B 000MX BOJIHOBOAaX Gop-
MUpPYeTCs JIydeBast CTPYKTypa IOJIsl, OMHAKO B CEH-
TI6pe (puc. 6a) B IPUIIOBEPXHOCTHOM CJIOE€ 3a CUET
0oJIbIIIEll CKOPOCTH 3BYKa BpeMsl pacpOCTpPaHECHUS
WMITYJTIbCHOTO CUTHAJIa YMEHbBIIAeTCsI, U CTPYKTypa
MNPUHUMAEMOTO CHUTHaJIa MJ0XO pa3pellaeTcs Aaxe
Ha pacctogHuu 5000 M. DTO NPpUBOAUT K YIIOMSHY-
TBIM BBIIIIE MOTPEITHOCTIM B OTIPEACICHUN BpEMEHU
pacnpocTtpaneHus. OcoOeHHO 3amMeTeH 3TOT 3 deKT
Ha MaJIbIX pacCTOSHUSX, TIe JTydeBast CTPYKTYpa IOJIsT
W OTBeyYalas eil CTpyKTypa NpUHUMaeMOTO CUT-
Halla sIBJsieTCs Hepa3pelumoil. BakHO oTMeTUTb,
YTO TAKOTO POAAa MOTPEITHOCTH MOTYT IIPEBOCXOINTH

U L) (0 Iulnul")‘ era w "?‘N ;. A) 0
' | ,c, ‘,f -5
VIl »l“h’ i w‘v“””‘ 3
\ i ! -
: O ey 0 g
! _ =
= 15 E
-20 %
0 164 _25
| R " i 7 \ § f _30
344 345 346 347 348 349 3.5 351 352 353 3.54
Bpewms, ¢
0
-5
10 &
g
-15 &
=25
-30
3.46 3.47 3.48 3.49 3.5 3.51 3.52 3.53 3.54 3.55 3.56
Bpewms, ¢

Puc. 6. CtpykTypa aKyCTUYECKOTO TMOJIs1 B JorapudmMuueckoM Maciiurabe mpu rnpoduie ckopocTu 3ByKa ¢_(z) (a) —

B ceHTs10pe 1 (0) — B HosIOpe.
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HA3APEHKO u np.
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Puc. 7. 3aBucuMOCTb pPa3HOCTH BPEMEH pacnpocTpaHeHus Af_ = f, — {,_ Ul CeHTA0ps (ITyHKTUPHAd JIMHUS) U HOSOpS
(CTUTONIHAS JIMHWSA) OT PACCTOSHUS 7 MEXIY UICTOYHUKOM ¥ TIPUEMHUKOM Ha OIHOM IyOuHe Z = Z, .

BO3MOKHBIE OIIMOKM, CBSI3aHHBIC C HEOIpeaeIeHHO-
CTBIO B BRIOOPE MPOGIIISI CKOPOCTH 3BYKa IMPH OLIEHKE
paccrossHus. Ha puc. 7 B kKauecTBe ImprMepa mokKa3aHa
Pa3HOCTb BO BpEMEHU PaclpoCTpaHeHust At =1, — 1,
B 3aBUCUMOCTH OT pacctosiHus. Kak BumHO, 06Cykna-
eMBbIe TIOTPEITHOCTH CBA3aHBI C TTapaMeTpaMU BOJHO-
BOZa M HOCAT HEPETYISIPHBIN XapaKTep B 3aBUCUMOCTH
oT pacctostHUSA. O4eBUIHO, YTO OHU MOTYT OBITh HEli-
Tpaaru30BaHbI IIpU 0oJiee CI0XKHOI 00padoTKe MPUHU-
MaeMOTO CHTHaJIa, KOTrJa IpH OmpeaeIieHU BpeMeH!
pacrpocTpaHeHUsI Heo0sI3aTeIbHO MCTIONb3YeTCs] UM-
MyJIbC ¢ MAKCUMAaJTbHOI aMIUTUTYIOM M TIPUMEHSIETCST
TPaeKTOPHOE HAKOILJICHNUE.

SAKJIIOYEHUE

OmubKMU B OLIECHKAX BPEMEHU pacHpOCTpaHEHUSI
aKyCTUYECKUX CUTHAJIOB Ha apKTUYECKOM Iebde
MOTYT OBbITb TaKXXe CBS3aHbl C BO3MOXHBIM OTCYT-
CTBMEM MH(OpMalLIMK O HEOJHOPOIHBIX TTapaMeTpax
MOPCKOTO JIHA W CJIy4aiiHbIX TPOCTPAHCTBEHHO-BpE-
MEHHBIX TUAPOIUHAMUYECKUX BO3MYIIEHUSX MOP-
ckoii cpenbl. Ecau penbed n1HAa MOXHO OIIpeaeuTh
OTHOCUTEJIbHO MPOCTHIM CIIOCOOOM, TO JAaHHbIE O
CKOPOCTHU 3ByKa, IJIOTHOCTU U KO3(dUlIMeHTe 3a-
TyXaHUs aKyCTUYECKUX BOJIH B MOPCKOM JHE, KakK
NpaBuIo, ObIBAIOT HEM3BECTHBIMU. VX BIUSIHUE Ha
BO3MOXHOCTH TOJBOAHOI HaBUTALIUU TPEOYIOT A0-
MOJHUTENBHOTO U3yuyeHus. YTo Kacaercs ruapoam-
HaMUYECKUX BO3MYLIEHUIA, TO 3/1ECh B MEPBYIO OYe-
pelb clieayeT YYUTbIBaTh U aHAJU3UPOBATh KOPOTKO-
MepUOAHbIE BHYTPEHHUE BOJHBI. OQHAKO MO JaHHBIM
CIIyTHUKOBBIX HAOJI0IEHUIA 32 MOPCKOI ITOBEPXHO-
CTbhIO JIETOM M B Havaje oceHu [10] MHTeHCUBHBbIE
BHYTPEHHUE BOJHBI MPUCYTCTBYIOT JIMIIIb B paifoHax
¢ IIepeMeHHBIM pelibedoM mHa B 00JIacTU mepexoaa
OT MEJIKOBOJTHOTO 1IeJIb(a K OTHOCUTEIBHO OOJIbIIIUM
ryorHaM.

[TonyyeHHBbIE BbIllle OLIEHKHU MOTPEIIHOCTEN MpuU
OIpeNeIeHUU PACCTOSIHUS MEXKLY MOJABOIHBIMU UCTOY -
HUKaMU ¥ MIpUeMHUKaMU 3Byka B Kapckom mope, no
BCeM BUAMMOCTHU, OYAYT MPUMEPHO TAKMMHU Ke U JIJIsI
JIpYrux apkTuyeckux Mmopei Poccuu, rae uMeroT Mecto
aHAJIOTUYHBIE TUAPOJIOTUYECKUE U TeoMOpdoJIoruye-
CKHE€ XapaKTepUCTUKU: HEOOJIbIIIME TITyOUHbBI, POBHBII
penbed U HaTM4Yre MPUIOBEPXHOCTHOIO MepeMellaH-
HOTO CJIOSI C HU3KOI1 COJIEHOCTBIO. DTOT CIIoi (hopMu-
pyeTcsl He TOJIbKO CTOKOM CUMOMPCKUX PEK, HO U TO-
CTYIUUJIEHUEM MEHEE COJICHOM TUXOOKEAHCKOM BOIbI Ue-
pe3 bepuHroB nposuB. J1Jisi TaKOTO CJiosi XapaKTepHbI
3aMeTHbIE Bapualliu MapaMeTpOB B TOPU3OHTAJIbHOM
MJIOCKOCTHU U, KaK CJEICTBUE, 3HAYUTEbHBIE MOTPeI-
HOCTH P aKycTUYecKoM no3utmonupoBanuu AHITA
Ha HeOOJIbIINX TIyOuHaX.

MccnenoBaHue BBITIOJHEHO 3a cyeT rpaHTa Poc-
cuiickoro HaydyHoro ¢oHma Ne 22-72-10121,
https://rscf.ru/project/22-72-10121/.
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ON THE ACCURACY OF DISTANCE ESTIMATES BY PROPAGATION TIME
OF SOUND SIGNALS ON THE ARCTIC SHELF

Yu. V. Nazarenko® » *, D. D. Sidorov* **, V. G. Petnikov* ***,
S. V. Pisarev® **** A, A. Lunkoy® *****

4 Prokhorov General Physics Institute, Russian Academy of Sciences, st. Vavilova 38, Moscow, 119991 Russia

b Lomonosov Moscow State University, Faculty of Geography, Leninskie Gory 1, Moscow, 119991 Russia

“Shirshov Institute of Oceanology, Russian Academy of Sciences, Nakhimovsky prospect 36, Moscow, 117997, Russia

As part of numerical modeling, estimates are made of the accuracy of determining the distance between
underwater sources and sound receivers located at a distance of several kilometers from each other in the
Kara Sea in the autumn. It is assumed that the main source of possible errors in determining the distance
is the lack of accurate data on the vertical profile of the sound speed along the propagation path of acoustic
signals. Data from September and November were analyzed, in the interval between which significant changes
in the profile take place, when the vertical gradient of sound speed changes from negative to positive values.
Characteristic values of sound speed variations were obtained by statistical processing of hydrological data
taken from the World Ocean Database. The results obtained are important for analyzing the capabilities of

underwater acoustic navigation.

Keywords: shallow water acoustics, arctic shelf, underwater navigation
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