TBEUK TR ERVERY: | EERISERFIREN R E A

BN 0 TR 2ok (AR S EL

=

TEREK T R B E R B OB ROl BRI R B A P A% Lo e i, HL B S MR I
TEHE RIS ES, - BR L2V - BFAERRE - BISEHHIE R A=
L2 R o AR BIFRER G SURR ~ FIa AR AE BB SRS, 2 S M R I Ve e i
TERFERRG M ~ BRI A ~ BB B B B ZR TR YRR AL - IR A 18
W TEFRRAEIET - VBN R AR H O ? B R | IR AR T
R, VBN 35 T AR /K B E LS A (AR T B R RE R S A B
K TEF TR 95~110 dB re 1 pPa CREJZEY 55~70 dB HYRERIEZF), #E4T
R R E1][2] -

TS BE SR EENEON TR » st e R ) FEEHRE— -
EARERE  BE THY T FEE ) B - BT RKEHREE - [t - 7B
FHAERE R - SRS SR AT - B AR -

ST, B AR R Y B R I 2 1 PT RE DR E I FLE IRV R 25 ~ Hat T R
A RRIAT A B R B TN EE T PRI R oK B BRI R A N B [3][4] - ASE
MBS LRI A, 2 AR VB ISR S b ST AV BIS 22 - RO PRER ~ A2 RE 1R SR B RTT
(], Ry FH BRI A B2 Mo b T L S FE AR L S e 2B 12 o

1. 5|5 : BERS RIS ER R

VB K MR E TR AU AR - B AR IR (RS R S Y i SHI,
HEEEEHEANR GRS & - 55 A FURERDIK, B 1F Ry s =ik
EHER T BBAVAZ Ll B, R 2R ips S E BOG B SRS R R (5] -
VB, 25 B B AR A A R A o R R R B R U T AR A S e T S B
& NI K SERRR T4y 40~50 dB, 32— i 2SI RURS 08 1 /K N B Y R Al
& J5, (R 1G-S0 A VR A RE ST R R A B B Y N e Bk 7 T & (6171

PR IRERIEA AL = TR 1F R —TERRe N R SR, b 55
EERBATE LB RE T - & oo, BN R M B e S RO A A A = 3, R R
AR, B RIRIR AN B S LR R R S HE S B (538 g
B R F AP AN[8] o HIBE(F R B R P a R IS, (S R &
R = N B2 BH, S B R 2 S B RS 8 R R IR IR BRI A R E 22 A 9] -



55 = M B A /K N R S B R T A B o e e Bl e
FEARRE Z [P, R R B R R G B A B SR 10] [ 1] -

P&% A2 2 [ 2H 45 (International Organization for Standardization, ISO)#|ERY ISO
17208 ZFIREAE R A KT 38 (HAVIE = BRI S FIREAL PR AL T 4 — AV Rl L (2
HE T A [E] B R AR R Y BR EL B B R g SO [121[13] » AER PR A LR &
(North Atlantic Treaty Organization, NATO)HVZXE (L sk STANAG 1136 #—5#7
i /BTSRRI 2 L s R AR e, B B SR B B R R Al
AL T ABE(14][15] - 15 SEp PRI AR SR SO 1 R BRE/K NI B B B 3
PRI, Ry B S T TR IR B T TR AR -

AL EAEAE 5 4 S S MR 0B /KT i (Y B, R EE SRR (B V0
PG R R RO RRTES) ~ BPR BRI SR AT 72 718, R B2 57 ~ BURHIE &
K TR E B SR 2 R RIS ZR B R 27

2. EEEIREERROERY

2.1 BERRME R4 FRE

VR AR AT (B S Y EL Bl M, TR ER(S /K N MRy 3 2B N e ey
B E R ETEEES A AR o AR USVEEK(Anti-Submarine Warfare, ASW)
o BB AN 2 SR MR R H AR A B A TR ~ e B PR PR B H
fEEn 5 52 IEAHRARBAA[16][17] - (72T, HAREE (IR B FE(K 6 dB,#iE)
AR E B4 RF, S RS BB A (E A0 | s 2 [ (BB BE 15 AR B Y Bl
EEA[18]

FE S ZEBTE > 3600 T ER B MR A BRI (B (H - 2005 47, S5 BB H A (H37 i Gotland
RS R T H DU S 2 B AR S E Y HEHE (Air-Independent Propulsion, AIP)
ENS Y O SE T ey WD PIER SN IS A= N S e R L2 T T
JIfiiEE USS Ronald Reagan, fE 5 | =/ [19][20] - 12— L8 T B 2T
Bl 7V, R S B e S R R Rl 1 AT R R AR R B e i o AR
H1,2010 FFgEE K 2002 S 08 b FHE N B AT =8 G ER R T AR R
B, FGE I TR R A UBRE P Y E M E R [21]
el i T A, R 2 R SRR B & B ~ TP S SRR = R [22] -
EAA R i, 2 B S R (s | A BRI (S 5, B SE e AV AR AR IR /K T
Iy AT REH R EERERAHI[23] - BRE4EEE 7 45K (Blade Rate Frequency, BRF) K J#EE 11
T R HABR R IR 5 B H AR I TR 4" [24] - BRAUB G T PR S E i ~ £



B - BRI EEDA b R SRR R Sl I B A PR R S 1S LR B AR i oy R

"EEREERUR25]

2.2 EERERER = —

1@l )5 iE A (Ballistic Missile Submarine, SSBN)RIAZ = {ir — A2 Bk 21k

R 2R SO AR (A RE T EL R AR B B o Y B 2 = B (B - BBt

PP 5o B HE RIS RN E AR L Bk A2 VB B P B M50 ~ IRl M ~ AR fFRe

EERH RS MR Ry P SR A% TR ST & [26](27] - 2B AR ~ HREERTL

JE\Z AR ~ FLER AT AR SR B e s A% R (AR T S Bl AR = /KA A VB

i, FAEE S R M R B R A% O (28] -

BEm o AT, B A TR R Y P e 5 FEE (R LA BT B I T R Y A P R

(s B0 5 Y SRR A48, A B A TR A 56 L AR 2 /K e S i (L

PRNEERE N FRE R ] AR Eh S EL A VBE RE S e O OB R TR B 2 & I,

hfE OR — AT BERE JT[29] - WHgEHE L 12 2 B I 3], SRl IR AR 35

SOSUS(Sound Surveillance System)//i 252 B ladE 4%, H AV B HEAR I B %

VO BN, 1T AR B A R P T T VB A = /K P AR DLiE — B [30]1[31] -

FEBR AU 2 B P — RN " B ) A AR P - SR

kiR —(EREER Y " RE A BPIREHUEERAVES - AR VEE S AR

AR > BIEAEAR AT G Hess iR - RIS JBfRHE S &K 6 7R
(o B E R R/ NIRRT ) » A 3 B AY BEERE & ek D — 2 - 18 B R (T EE 7

BB B -

® IR FRVIRIHVEAE 50 A EINRE R

® LAY TEME FTRE A AE 25 NEANA G

® N 2 ERETE] 12,5 NEA g RFE

S FY NIEERE FTRE LR A BISE Y A |

BRI BUBTRET | HE & B o B B A VB N ) S MRS TR T
ey B M — A LB - I3RS 6 8 094/094A BRESZVERME - AT 2 R 094
1% 4 Ry 094A - SHRECH 12 MBS - 094 /KEHEKE 8,000 1 > £ 137 AR
TR 300 R - BRICEE ATRERF 094 TERESET A 094A > 094A HHE AEEH IR -2
BCEDR-3 0 [FlRy Ryt 4 Y 096 B AZTBNEERES - TAEIRTT 24 I EIR-2 BUEIR-
30 094A Bl 094 EFFEFAERR TINENEREERSN - A I REgZE



[ - ISR AN R — PR P BB UK T F o B L e - #
RN DA 2 VB A S T RES S A AV O Ve - BIAnSRElE S e
g4k (Virginia class ) BUEEAZTEE - Bl H A B B Zom i SRRV - 094A TRAE

e AR ROV RSB R P22 ] ST S e Bl BRI 245 DURCHA
PEPELEE T 2 » BRI R w0 > WEENLE RO - (B S

i T E B SR G 2 ORE - HIRE RS UGS R SR — U TB AR [32] - EN
& BB 2 R R A TR R (BT B R 17 o B RE Y B AR, A B M RE H
PR BB EAZ B R A (5 E[33] -

2.3 B BRIEMESERED

PR B B S D I R R B (Attack Submarine, SSN) Sk S B 78 (i (220 (TR
HFURIEZ T LIRS, AR R (R ~ VB (RER ~ P (HEE ~ Rl (R R
G TUEE(34] - FEE LT T BB A E T TN Y B0 B S P B S D
R VR o, VR 7 AL R P P P 1B R R [ VB IR, B R i (SR A - (R
TR B RE SR T 1= (5 (L I ASR AT 22 AR 1T A 1 35 2R, £ B B S B8 S8 5 1Y
ZRANME NI T = TP R [35] - 2B o no RS MR A TR i (70 2 LS8 5 2,
AT SRR AT SR e H AR B RSt T 58, U BR R i M O T S L Y
Bl RO EELL B RS HI[36] - KBS |

F— B (1950~1960 ££4L)

® & 1 150~160 47 H

o HEN: HRHEEHIEE

®  PRMEERE © 50~100 X HEINRREHSEIR

FAUBME (1970~1980 ££4T)

® IFEEE 130~14047H

o HER  FEHAHENES

®  PRMIFERE - 20~40 A H

FH=AUBME (1990~2000 ££4L)

® IFEEE:110~12047H

® HER  HiESELHVES

® PRMEERE - 10~20 A E

FIUAUEE (2010 FRES

® IREE :95~11047H



® HER : HeEsE LR
o PRNBEEE - RPHUB P RET LR
E

A EEPE RIS Y, TR 1R aE - &

I

2R TEA R P VB A B B R SRR T VB R B, LIS R T B R Z [P R
REEREIPL o WE— D5 SR M 5 W — DT R IR Bla LBk - BRI AR A
FEERBE O S W RS A K AR ZE 10 dB 2R — T Al B BRI EE R4y
1.78 % B P S [EI RO, T2 o R T B A (B B4 (371 (38] - S A (BB " BE ) &%
BRSBTS B VR R Al

15 i (0 22 SRR R B A 55 () e o= YR ER Bl M - VB T VBRI 7 A8 L B¢
RN BRI AT, TS R iU R T A 38 3R [39] - 2B E S BIHE B "5 &
" (Ivy Bells){TEh, B BN/ L &R0 G B B8 2 i B, oy Eor
TR VB A R i U (H (E [40]

3. BRREENRREE

3.1 MG A BV R AR

IR LB S HORR I A TR T BB S & A 8, K N R R
IR o VR B AR R B P SE AL A (B RS R 7y BLSR U A AR VR B S 5
PR, AT RE IS R S i (Acoustic Masking) R T &y T-HE[41][42] -

W7 B Sa A B i ~ 58 10~100 Hz MIAEPEILHET T RS R,
sHEERE ST 2 8 A B [43] - BV BRI R BIE e, A R
HERE MR - Clark T2 T S IS 20, (B R S S 080 6 dB,
fr Ry A SR PR [441[45] - 1 BTH 6, R B4 fint 2 PV 2 IR 0 B
LW 1B ] BB R O B s B Y AR P [46] -

B AR E i ~ PR it (5 = 4 122 E fir.(Echolocation) E1 T B ATURTF Al BfE 2RV
AN B T B B AR A (R, (B SRR R Rl o0 m] e 98 LA e i [ A e
THAE[47] - BEERtHFTRI, =881 100~1,000 Hz #HEZ 150 dB re 1 pPa DL IR
BRRKE BT RUE EEE I RR R RS R SRR R i B M S e
[48][49] -

S NFVIREHE M TR A g st 8 - (RS EEZEW(Low
Frequency Active Sonar, LFAS) %45V R4k 7] %2 215~235 dB re 1 pPa @ 1m,f£%4
7 B [ P AT A ik A MR B {H f % (Permanent Threshold Shift, PTS)slE I 4:



§E52 I {E ™ (Temporary Threshold Shift, TTS)[S0][51] - Z LMK ERILHEM:
B B A e AR R ZE B, 20 2000 SRS IE R B By s W) i iR S 5 Beia 8
BB AT 4H AR5, 120 R B2 55 B R R A A E B 4l SR A RAI[S2153] -
EF R % /5135 (National Marine Fisheries Service, NMFS)#&l| B H fiT+5 &2
R T EYIEN TS (G E R, R A ALEY) R R (it TR ELELRE[54] - BX
B R E RIS HEZRF5 < (Marine Strategy Framework Directive, MSFD){& 7K N5 71|
Ry FE R AL A E R H BRI EATE, R 5k B R B M 1 R 7 1 2 R IR i o AT il
TE ik BRE[S5][56] © 2 LR AL T Bl S W RS E R BN H
BE -

3.2 GRSV EEIE

ERE IR B AR AR BN B IR MR IR AL BN, 28 ] RE 1 1A BN A RR AR R A
A E - ZOR R RS MR E BRI RS B BRI T e T =R
AJRECSUEE HA T R, HE 1T 5 BB (I8 AR RE S SRV AE RS BT RE[S 7] (58] -
BRI g 2 IR AR SR A B S ] DIEREE A H
MGFT RIRERE 1 - (B2 EETARS ARESE - 25 TEE ) staw
B - BRI - e RS a0 6 o0 B A e e R g s
—F o G WRIRFTEEER FHE R - BN SRETEE R T ? fHa
AR SN =

HREAE  BGE

B A AV E IR R IR R R - JRARATEE 220~235 o7 H - AHE T KETEHHY
B | e SRR AR

o BEMHANIRE 2%

® R Ak TTH

o ER AR

PR U TR 240 F R SARE TR 8 i FE R B R P H sV EEsE g
BUEIE{ELE 50~400 Hz BEI7EMGIRZARECER(59] - EHhEI5tRUR 08
FEARARRR R B SR R - 28001815 ~ 1T RS R AR B T e, mTRE 2 B LI
B RERE ST BSE T [60][61] -

o F B R SR e B Y B 38 2 Y P B (Statocyst), FH A RV B AR BE A/ K Bl
TIE9E - PRILA RIS André S NRUBFFTSEER, SR B2 10 = o (AR AR 4 R fa L



BB EVE b R RIS, B EUE MRS JT SRR T R 5 [62][63] - B E(HHE
SETE A4 RE A 40 TR A RSB /F FH (TF Ry U R A sy EE eV skR), HE 2
BE T Re A R BB E IR A MR 2 [64] - B A HEEY)IWIEEE - BEdREEE
FHRENA IR BURL - BHZE3RE, R S e G hY s Lo By A ST BR T 17
R SRV PR AR R R D RE AT AR R ZRAR[65] - {F R SR P AT i 5 [REHY A= B R
J7 AT el AR o R B B R A A R4 ME[66] -

TR - S/ E (SOFAR Channel )i 171 (5 BRI 5 AE #0300 2 Akt KU B
KT TBEs B - LHERE  A—(ERRe " & 2imE . (AUfif SOFAR i
E) - AEEmEEE  BE A DIEREEEEE T AEMSF =R | EiEE
— ik TEEE SRR, o TBRAVR S TIRE R B IR BRI - — B AE AR
R s BHIE AR E BT T A A - HE N RE S LR |

R EEE ALY 800~1200 SRIZEEEFEER A Ho o S Y 48 HH S S (5 fE S AR FFAEAE
A R R E N, IR R TS B ER ORI O E B bR EREE 2
BTN AR EEEE[67][68] o ¥ 100 Hz JEfEE = Al o7, 72785 28 Hh 0y U (4
$0470.003 dB/km, EIAEAE 100 22 EHEERE FRUGESAE 0.3 dB, 2/ Nk 2% {r#EEA
J[69] - 15 e PR PR R M R VB R R S s B B T AR B T T
N HHYRIE -

3.3 RIEARNTEEEERLE

IR EE AR SRR R NI RSB I IR A B4, 12 ek & R
SR A B (S A e R o FRACE SEI S L ZE 2 (Ocean Bottom Seismometer,
OBS)HYFHARELEFL[E 7 % 0.001~ 50 Hz, 5] PR 107 m/s>SR A1 Ay N 2R EE[70] -
TEREE R R R (AR A R A E B AN E IR A E R s P R R THE,
M EEEEIET1] -

WFEE 7 A AR A Ry 5 Z i BHR B f (R T m] B 2 IR -
EEEREHENYEN, 205 20~30%H OBS SCEk BB E T 5H4[72][73] -
EAMERER R e R R R R AN AT H ViR anE - LR
AR A R DRI BRI PR A = e FE A 2 S, M R R e R 22 e R R EE
[74]

TRV T IR 2 P R EFR Y R 2 - B B2 M (Passive Acoustic
Monitoring, PAM)FfiafE)> i N SRR A ~ 17 R 78 R ORsE R B B[ 75] - V&
MR S AR A (S 5 e 118 B BN LB A B A, B A (5 TR B R 1 4 B P (B

—



AETRENE[76] - A0 B 51| SR S P A1 B e vy A W) R SR 7 R s | 5 S S48
RIS T W FE AR REME AT RIEAR[77] -

VKT R Y B MRS AE 2 R

HEENS - E S raIei - — R EEoG —(EEP e E - =]
DIARGE SAE B 2 3R - S BRI AR B R RIT S IR Rl - HEB) T RHL
D

HBRINS > AR50 EHER = - ] sE s BRI B B A - i fa

SR~ B ERiEsEsE e BT E - SRR RRREE ASHRE
Mz EEAHRE

HARRME > RMIFE R Z L & BRI (R 2 M E - - BB ~ B
Ripp RIS E - ATV " B SGRIR ) AYERE -

MR Y ERFR AT 71% 2 NIRRT SR [FIR 728 - AE R M HRF B R ZRIA RV [El s »
A REREER BEORE - BEK NEEAVT - MERESRHEE > 2
5P NS E LAY EE R - K E RS RV R Ry - SO R

LR EORARES - PRI IR -

SR

[1] Kumar, S., Chinthaginjala, R., & Anbazhagan, R. (2024). Submarine acoustic target
strength modeling at high-frequency asymptotic scattering. IEEE Access, 12, 10379090.
https://doi.org/10.1109/ACCESS.2024.10379090

[2] Moore, S. (2019). Acoustic signature control on maritime platforms. Proceedings
of ACOUSTICS 2019. Australian Acoustical Society.
http://www.acoustics.asn.au/conference_proceedings/AAS2019/papers/p72.pdf

[3] Halliday, W. D., Pine, M. K., & Insley, S. J. (2020). Underwater noise and Arctic

marine mammals: Review and policy recommendations. Environmental Reviews, 28(4),
438-448. https://doi.org/10.1139/er-2019-0033
[4] Wright, A. J., Soto, N. A., Baldwin, A. L., Bateson, M., Beale, C. M., Clark, C., ...

& Martin, V. (2007). Do marine mammals experience stress related to anthropogenic

noise? International Journal of Comparative Psychology, 20(2-3), 274-316.


https://doi.org/10.1109/ACCESS.2024.10379090
http://www.acoustics.asn.au/conference_proceedings/AAS2019/papers/p72.pdf
https://doi.org/10.1139/er-2019-0033

[5] Benedict, J. R. (2005). The unraveling and revitalization of US Navy antisubmarine
warfare. Naval War College Review, 58(2), 93-120.
https://www.jstor.org/stable/26394184

[6] Benedict Jr, J. R. (2000). Future undersea warfare perspectives. Johns Hopkins APL
Technical Digest, 21(2), 178-185.
[7] Garwin, R. L. (1983). Will strategic submarines be vulnerable? International

Security, 8(2), 52-67. https://doi.org/10.2307/2538490

[8] Arveson, P. T., & Vendittis, D. J. (2000). Radiated noise characteristics of a modern
cargo ship. The Journal of the Acoustical Society of America, 107(1), 118-129.
https://doi.org/10.1121/1.428344

[9] Firestone, J., & Jarvis, C. (2007). Response and responsibility: Regulating noise
pollution in the marine environment. Journal of International Wildlife Law & Policy,

10(2), 109-152. https://doi.org/10.1080/13880290701347408

[10] Moretti, P. F., & Affatati, A. (2023). Understanding the impact of underwater noise
to preserve marine ecosystems and manage anthropogenic activities. Sustainability,
15(13), 10178. https://doi.org/10.3390/sul51310178

[11] King, E. A. (2022). Here, there, and everywhere: How the SDGs must include

noise pollution in their development challenges. Environment: Science and Policy for
Sustainable Development, 64(3), 4-16.
https://doi.org/10.1080/00139157.2022.2046456

[12] International Organization for Standardization. (2016). ISO 17208-1:2016

Underwater acoustics — Quantities and procedures for description and measurement
of underwater sound from ships — Part 1: Requirements for precision measurements
in deep  water used for  comparison  purposes.  Geneva:  ISO.
https://www.iso.org/standard/62408.html

[13] International Organization for Standardization. (2019). ISO 17208-2:2019

Underwater acoustics — Quantities and procedures for description and measurement
of underwater sound from ships — Part 2: Determination of source levels from deep

water measurements. Geneva: 1SO.


https://www.jstor.org/stable/26394184
https://doi.org/10.2307/2538490
https://doi.org/10.1121/1.428344
https://doi.org/10.1080/13880290701347408
https://doi.org/10.3390/su151310178
https://doi.org/10.1080/00139157.2022.2046456
https://www.iso.org/standard/62408.html

[14] North Atlantic Treaty Organization. (2005). STANAG 1136 — Standard
Procedures for the Underwater Noise Measurement of Surface Ships and Submarines
(Edition 6). Brussels: NATO.

[15] GlobalSpec. (2022). NATO - STANAG 1136 - Standards. Retrieved from
https://standards.globalspec.com/std/14521447/stanag-1136

[16] Finch, D. P. (2011). Anti-Submarine Warfare (ASW) Capability Transformation:
Strategy of Response to Effects Based Warfare (Technical Report ADAS547026).
Defense Technical Information Center. https://apps.dtic.mil/sti/html/tr/ADAS547026/
[17] Urick, R. J. (1983). Principles of Underwater Sound (3rd ed.). McGraw-Hill.

[18] Burdic, W. S. (1991). Underwater Acoustic System Analysis (2nd ed.). Prentice
Hall.

[19] Govan, D. R. (1997). The Submarine Contribution to Operational Protection
(Technical Report ADA328103). Defense Technical Information Center.
https://apps.dtic.mil/sti/html/tr/ADA328103/

[20] Benedict, J. R. (2005). The unraveling and revitalization of US Navy
antisubmarine warfare. Naval War College Review, 58(2), 93-120.

[21] Finch, D. P. (2011). Anti-Submarine Warfare (ASW) Capability Transformation.
Defense Technical Information Center.

[22] Ross, D. (1987). Mechanics of Underwater Noise. Peninsula Publishing.

[23] Ogden, G. L., Zurk, L. M., Jones, M. E., & Peterson, M. E. (2011). Extraction of
small boat harmonic signatures from passive sonar. The Journal of the Acoustical
Society of America, 129(6), 3768-3776. https://doi.org/10.1121/1.3583501

[24] Nielsen, P. L., & Westwood, E. K. (2002). Extraction of acoustic normal mode

depth functions using vertical line array data. The Journal of the Acoustical Society of
America, 111(2), 748-756. https://doi.org/10.1121/1.1428549
[25] Dylejko, P. G., MacGillivray, 1. R., & Skvortsov, A. (2017). The effect of hull-

radiated noise on the detection of radiated machinery noise. The Journal of the

Acoustical Society of America, 142(2), 893-901. https://doi.org/10.1121/1.4996121

[26] Garwin, R. L. (1983). Will strategic submarines be vulnerable? International
Security, 8(2), 52-67.


https://standards.globalspec.com/std/14521447/stanag-1136
https://apps.dtic.mil/sti/html/tr/ADA547026/
https://apps.dtic.mil/sti/html/tr/ADA328103/
https://doi.org/10.1121/1.3583501
https://doi.org/10.1121/1.1428549
https://doi.org/10.1121/1.4996121

[27] Friedman, N. (2009). The Naval Institute Guide to World Naval Weapon Systems
(5th ed.). Naval Institute Press.

[28] Benedict Jr, J. R. (2000). Future undersea warfare perspectives. Johns Hopkins
APL Technical Digest, 21(2), 178-185.

[29] Garwin, R. L. (1983). Will strategic submarines be vulnerable? International
Security, 8(2), 52-67.

[30] Whitman, E. C. (2005). SOSUS: The “Secret Weapon” of undersea surveillance.
Undersea Warfare Magazine, 7(2).

[31] Zhang, C., & Xiao, F. (2021). Overview of data acquisition technology in
underwater acoustic detection. Procedia Computer Science, 189, 148-155.
https://doi.org/10.1016/].procs.2021.05.075

[32] Kumar, S., Chinthaginjala, R., & Anbazhagan, R. (2024). Submarine acoustic

target strength modeling. /EEE Access.

[33] Benedict Jr, J. R. (2000). Future undersea warfare perspectives. Johns Hopkins
APL Technical Digest.

[34] Govan, D. R. (1997). The Submarine Contribution to Operational Protection.
Defense Technical Information Center.

[35] Benedict, J. R. (2005). The unraveling and revitalization of US Navy
antisubmarine warfare. Naval War College Review, 58(2), 93-120.

[36] Friedman, N. (2009). The Naval Institute Guide to World Naval Weapon Systems.
Naval Institute Press.

[37] Urick, R. J. (1983). Principles of Underwater Sound. McGraw-Hill.

[38] Burdic, W. S. (1991). Underwater Acoustic System Analysis. Prentice Hall.

[39] Whitman, E. C. (2005). SOSUS: The “Secret Weapon” of undersea surveillance.
Undersea Warfare Magazine.

[40] Benedict, J. R. (2005). The unraveling and revitalization of US Navy
antisubmarine warfare. Naval War College Review.

[41] Clark, C. W., Ellison, W. T., Southall, B. L., Hatch, L., Van Parijs, S. M., Frankel,
A., & Ponirakis, D. (2009). Acoustic masking in marine ecosystems: Intuitions,
analysis, and implication. Marine Ecology Progress Series, 395, 201-222.
https://doi.org/10.3354/meps08402



https://doi.org/10.1016/j.procs.2021.05.075
https://doi.org/10.3354/meps08402

[42] Erbe, C., Reichmuth, C., Cunningham, K., Lucke, K., & Dooling, R. (2016).
Communication masking in marine mammals: A review and research strategy. Marine
Pollution Bulletin, 103(1-2), 15-38. https://doi.org/10.1016/j.marpolbul.2015.12.007
[43] Au, W. W., & Hastings, M. C. (2008). Principles of Marine Bioacoustics. Springer.
https://doi.org/10.1007/978-0-387-78365-9

[44] Clark, C. W., et al. (2009). Acoustic masking in marine ecosystems. Marine
Ecology Progress Series, 395, 201-222.

[45] Hatch, L. T., Clark, C. W., Van Parijs, S. M., Frankel, A. S., & Ponirakis, D. W.
(2012). Quantifying loss of acoustic communication space for right whales in and
around a US National Marine Sanctuary. Conservation Biology, 26(6), 983-994.
https://doi.org/10.1111/5.1523-1739.2012.01908.x

[46] Halliday, W. D., Pine, M. K., & Insley, S. J. (2020). Underwater noise and Arctic

marine mammals. Environmental Reviews, 28(4), 438-448.

[47] Au, W. W., & Hastings, M. C. (2008). Principles of Marine Bioacoustics. Springer.
[48] Romano, T. A., Keogh, M. J., Kelly, C., Feng, P., Berk, L., Schlundt, C. E., ... &
Carder, D. A. (2004). Anthropogenic sound and marine mammal health: Measures of
the nervous and immune systems before and after intense sound exposure. Canadian
Journal  of  Fisheries  and  Aquatic ~ Sciences,  61(7), 1124-1134.
https://doi.org/10.1139/f04-055

[49] Wright, A. J., et al. (2007). Do marine mammals experience stress related to
anthropogenic noise? International Journal of Comparative Psychology, 20(2-3), 274-
316.

[50] DeRuiter, S. L., Southall, B. L., Calambokidis, J., Zimmer, W. M., Sadykova, D.,
Falcone, E. A., ... & Tyack, P. L. (2013). First direct measurements of behavioural
responses by Cuvier’s beaked whales to mid-frequency active sonar. Biology Letters,
9(4), 20130223. https://doi.org/10.1098/rsbl.2013.0223

[51] Southall, B. L., Bowles, A. E., Ellison, W. T., Finneran, J. J., Gentry, R. L., Greene

Jr, C. R,, ... & Tyack, P. L. (2007). Marine mammal noise exposure criteria: Initial
scientific recommendations. Aquatic Mammals, 33(4), 411-521.

https://doi.org/10.1578/AM.33.4.2007.411



https://doi.org/10.1016/j.marpolbul.2015.12.007
https://doi.org/10.1007/978-0-387-78365-9
https://doi.org/10.1111/j.1523-1739.2012.01908.x
https://doi.org/10.1139/f04-055
https://doi.org/10.1098/rsbl.2013.0223
https://doi.org/10.1578/AM.33.4.2007.411

[52] Jepson, P. D., Arbelo, M., Deaville, R., Patterson, I. A. P., Castro, P., Baker, J.
R., ... & Fernandez, A. (2003). Gas-bubble lesions in stranded cetaceans. Nature,
425(6958), 575-576. https://doi.org/10.1038/425575a

[53] Evans, D. L., & England, G. R. (2001). Joint Interim Report Bahamas Marine

Mammal Stranding Event of 15—16 March 2000. US Department of Commerce and US
Navy.

[54] National Marine Fisheries Service. (2018). 2018 Revisions to: Technical Guidance
for Assessing the Effects of Anthropogenic Sound on Marine Mammal Hearing (Version
2.0). NOAA Technical Memorandum NMFS-OPR-59.

[55] European Commission. (2008). Marine Strategy Framework Directive
(2008/56/EC). Official Journal of the European Union, L 164, 19-40.

[56] Tasker, M. L., Amundin, M., Andre, M., Hawkins, A., Lang, W., Merck, T., ... &
Zakharia, M. (2010). Marine Strategy Framework Directive Task Group 11 Report:
Underwater Noise and Other Forms of Energy. European Commission Joint Research
Centre, EUR 24341 EN.

[57] Huang, L. F., Xu, X. M., Yang, L. L., Huang, S. Q., Yu, W. W, Wang, D., ... &
Lin, M. S. (2023). Underwater noise characteristics of offshore exploratory drilling and
its impact on marine mammals. Frontiers in Marine Science, 10, 1097701.
https://doi.org/10.3389/fmars.2023.1097701

[58] Dahl, P. H., de Jong, C. A. F., & Popper, A. N. (2015). The underwater sound field

from impact pile driving and its potential effects on marine life. Acoustics Today, 11(2),
18-25.

[59] Popper, A. N., & Hawkins, A. D. (2019). An overview of fish bioacoustics and the
impacts of anthropogenic sounds on fishes. Journal of Fish Biology, 94(5), 692-713.
https://doi.org/10.1111/;fb.13948

[60] Hastings, M. C. (2008). Coming to terms with the effects of ocean noise on marine
animals. Acoustics Today, 4(2), 22-34.

[61] Popper, A. N., & Hawkins, A. D. (2019). An overview of fish bioacoustics and the
impacts of anthropogenic sounds on fishes. Journal of Fish Biology, 94(5), 692-713.


https://doi.org/10.1038/425575a
https://doi.org/10.3389/fmars.2023.1097701
https://doi.org/10.1111/jfb.13948

[62] André, M., Solé, M., Lenoir, M., Durfort, M., Quero, C., Mas, A., ... & Morell, M.
(2011). Low-frequency sounds induce acoustic trauma in cephalopods. Frontiers in
Ecology and the Environment, 9(9), 489-493. https://doi.org/10.1890/100124

[63] Guerra, A., Gonzéilez, A. F., Pascual, S., & Dawe, E. G. (2011). The giant squid

Architeuthis: An emblematic invertebrate that can represent concern for the
conservation of marine biodiversity. Biological Conservation, 144(7), 1989-1997.

[64] André, M., et al. (2011). Low-frequency sounds induce acoustic trauma in
cephalopods. Frontiers in Ecology and the Environment, 9(9), 489-493.

[65] Wale, M. A., Simpson, S. D., & Radford, A. N. (2013). Noise negatively affects
foraging and antipredator behaviour in shore crabs. Animal Behaviour, 86(1), 111-118.
https://doi.org/10.1016/j.anbehav.2013.05.001

[66] Slabbekoorn, H., Bouton, N., van Opzeeland, ., Coers, A., ten Cate, C., & Popper,

A. N. (2010). A noisy spring: The impact of globally rising underwater sound levels on
fish. Trends in Ecology & Evolution, 25(7), 419-427.
https://doi.org/10.1016/j.tree.2010.04.005

[67] Jensen, F. B., Kuperman, W. A., Porter, M. B., & Schmidt, H. (2011).

Computational Ocean Acoustics (2nd ed.). Springer. https://doi.org/10.1007/978-1-
4419-8678-8

[68] Munk, W. H. (1974). Sound channel in an exponentially stratified ocean, with
application to SOFAR. The Journal of the Acoustical Society of America, 55(2), 220-
226. https://doi.org/10.1121/1.1914492

[69] Francois, R. E., & Garrison, G. R. (1982). Sound absorption based on ocean

measurements: Part I: Pure water and magnesium sulfate contributions. The Journal of
the Acoustical Society of America, 72(3), 896-907. https://doi.org/10.1121/1.388170
[70] Romanowicz, B., & Wenk, H. R. (2017). Anisotropy in the deep Earth. Physics of

the Earth and Planetary Interiors, 269, 58-90.
https://doi.org/10.1016/].pepi.2017.05.005
[71] Haver, S. M., Klinck, H., Nieukirk, S. L., Matsumoto, H., Dziak, R. P., & Miksis-

Olds, J. L. (2017). The not-so-silent world: Measuring Arctic, Equatorial, and Antarctic
soundscapes in the Atlantic Ocean. Deep Sea Research Part I: Oceanographic

Research Papers, 122, 95-104. https://doi.org/10.1016/j.dsr.2017.03.002



https://doi.org/10.1890/100124
https://doi.org/10.1016/j.anbehav.2013.05.001
https://doi.org/10.1016/j.tree.2010.04.005
https://doi.org/10.1007/978-1-4419-8678-8
https://doi.org/10.1007/978-1-4419-8678-8
https://doi.org/10.1121/1.1914492
https://doi.org/10.1121/1.388170
https://doi.org/10.1016/j.pepi.2017.05.005
https://doi.org/10.1016/j.dsr.2017.03.002

[72] Dziak, R. P., Bohnenstiehl, D. R., Matsumoto, H., Fox, C. G., Smith, D. K.,
Tolstoy, M., ... & Fowler, M. J. (2004). P- and T-wave detection thresholds, Pn velocity
estimate, and detection of lower mantle and core P-waves on ocean sound-channel
hydrophones at the Mid-Atlantic Ridge. Bulletin of the Seismological Society of
America, 94(2), 665-677. https://doi.org/10.1785/0120030156

[73] Haver, S. M., et al. (2017). The not-so-silent world: Measuring Arctic, Equatorial,
and Antarctic soundscapes. Deep Sea Research Part I, 122, 95-104.

[74] Dziak, R. P., et al. (2004). P- and T-wave detection thresholds on ocean sound-
channel hydrophones. Bulletin of the Seismological Society of America, 94(2), 665-677.
[75] Van Parijs, S. M., Clark, C. W., Sousa-Lima, R. S., Parks, S. E., Rankin, S., Risch,
D., & Van Opzeeland, I. C. (2009). Management and research applications of real-time
and archival passive acoustic sensors over varying temporal and spatial scales. Marine
Ecology Progress Series, 395, 21-36. https://doi.org/10.3354/meps08123

[76] Shiu, Y., Palmer, K. J., Roch, M. A., Fleishman, E., Liu, X., Nosal, E. M., ... &

Klinck, H. (2020). Deep neural networks for automated detection of marine mammal

species. Scientific Reports, 10(1), 607. https://doi.org/10.1038/s41598-020-57549-y

[77] Van Parijs, S. M., et al. (2009). Management and research applications of passive

acoustic sensors. Marine Ecology Progress Series, 395, 21-36.

TERE . AWTFT a5 R AILATA S | SRS 408 S, AR f R AL [ 1%
F A AV T ~ BIFRAHERR R ~ BURERUSE R B L AH G -
B VBB T AR P, B 7 PR RE B A B 2 B S R S e R (e T PEE S SRR = AL
B EFE L - S AYE TR, e VE NI S b T S R a2 B B S e -


https://doi.org/10.1785/0120030156
https://doi.org/10.3354/meps08123
https://doi.org/10.1038/s41598-020-57549-y

	潛艦水下噪音的重要性：軍事戰略與海洋環境的雙重視角
	摘要
	1. 引言：潛艦噪音研究的戰略與科學意義
	2. 軍事戰略維度的核心重要性
	2.1 聲學隱蔽性與戰場生存能力
	2.2 戰略威懾與核三位一體
	2.3 戰術靈活性與多任務能力

	3. 海洋環境維度的關鍵影響
	3.1 海洋哺乳動物的聲學生態學
	3.2 海洋生態系統的連鎖效應
	3.3 科學研究的干擾與數據品質

	參考文獻


