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" Review of infrasonic protection

XU Ling-huo
(Naval Medical Research Institute, Shanghai 200433, China)

Abstract; Research on infrasonic protection since the 1970s is reviewed in this paper. First, infrasonic characteristic and its effect on

human are briefly introduced. The standards and progresses of infrasonic protection around the world are then described in detail.

Both physical protection and medical protection are discussed. With respect to the physical protection, the paper summarizes some

new theories and materials that are significant in the control of infrasonic sources and propagation of infrasound. Besides, protection of

individuals from infrasound is also discussed. Regarding medical protection, it is pointed out that improving the human repay ability is

important to reduce the trauma of infrasound. Finally, the paper raises some problems to be further studied in the future.

Key words: infrasound; protection; material

1 51 7

W SRR 0.0001Hz~20Hz W3S, B 5
AT A —E , 4 AR B MR IR 3 7 A, 3@t 4%
WA R (25 5B BRI TR R B H A
R DR B BT R, A
HEV R, B EA T LA 08 BOR %
1, B KK, REB 85T, 5 1B B AR,
SRR, (G RE , LA TR EE 2,

A SRS DA R KT B4R T L
M= SRS A S R, KA R B TR R
108dB1! , E4h— 645 3h P AR & Wl
TAZEEZET o0dB BRHEER; BEAR L
75 B 24 T VT 7= A ik 120dB A SR B WA B

R F 391: 2002-09-07; 48 (5 H 9:2002-10-24
EEFARRAE(1977-) .58, IEHMTA, Q;EJE}P%E mb@%
FB B

— 126 —

W EEE A W R R LA R R R 12
ENSMRI TR RS REY, RERERE RN
Ja , FERIAIERE R LB N B 42 N 4 W
SREEIR R, PRI EOR E L ko T
O R T2 T R LTt SR
{5 ML FE 0 38 PR IR 22 A B3 tS) T 3 B 7 U T
SHEM AT, LR,
2 RERAE
TN N EER W, 86 RS
2R, CHEVHEN-THEERE, AMHT
SHRFE B IRBIRA , BRI A BRI,
HRE—SEFEMANFTLERY T4 B H—8i5i,
g e8] 78 2Hz~20Hz MRS E M, T W
BRI 8 /N BBV BRI % 110dB; 7E 45
B8 WA BUE Lk 4Hz~31. SHz Z IR S 1,
T ABXRIHES MK EFRRKAE RN
120dB. %% Johnson!®! (1973) M H ¥k 75 B 4R
BHAENE, BT —MNRFERE, TEX M
22 % 2 $8(2003) -



BRI T — A5 R AR T A F 59 A B
bR, FERE 1, FH A MIRFRE T IS ERIK

KSR 5 RAEM AR 4 B ; B R R ft

FRAY LR sh 5 o 5 A7 B = A 0 5 B A
* FNARN S 45 FTERBE 55Lpno
1 Johnson EiHREE /B

B /Hz
02105 1 2 5 10 | 20

HiZK

140 | 137 | 133 | 130 | 127 | 123 | 120

B | 120 | 120 | 120 | 120 | 120 | 98" | 80*

- RUSRIREE BB 55 BF BT LA SR BE U7 (IR A4
FARELRYE, 8 — R ) P A% 6 PR A 292 i
F5,F 1981 818 T —4~ 8 /It 9 Tl k75 BAE A7
i ﬁﬁ?ﬁi%i)‘(ﬁljklfﬁﬂﬁﬁ{%ﬂﬁEPL%%#J
2Hz.4Hz.8Hz. 16Hz (IS AR 105dB17,

EEIMERIAN AL T 130dB B9 3T AR
HREE, |

Aliord ZA N, YK A ¥E FH 2min ~ 3min, A& 7]

%ﬁﬁ%wwﬁﬂ,

Slarve A % 144dB 7K 75 ¥E ] 8min TA_’&'IE
MMbfosgl,
| E&”“]Bﬁ%T%ﬂ%uﬁﬁﬁPN%nq
01388, L7 20

2 BEREHKARE B

FESRARR O SRER He
|4 8 16 | 315
AKEERARZRE | 110 110 110 100
RIEIE# T3 90 90 90 85
BER AKX 85 85 | 8 | 85

R3 RERXBFREERE B

TEIE SRR He
REEWF :
1 5 10 20
1 145 133 | 135 | 120
8 136 | 129 | 126 | 123
24 o131 124 | 121 118

1922 A H:150dBSPL U F, i M R ER
LA LT 118dB,24 /T R B W AT RER L W5
150dBSPL DL g ok o vk 7 %k N RAR 4 B 215 I
BHT 1M EHBANKERERATEBRENE
WHY PR 3,

EEREAR

3 mEGY

SR BB B, U B 0 38 Bl PP A Al LA
FEATERHEFT:

3.1 EERLRDRENEE

AT, AFRREENNREEH KBRS &R
e GBI, BT R SRR U
BE R (BIP= 5 ) AT R RN R o (B AR R
ST P R A R ], BERTE AR PR IR Y R TRIK
R, PR R A CLUT LA RS
U, R T2 8 B A TR E
G ﬁuzﬁiﬁwﬁlﬂﬁﬁiﬁﬁd\ﬂﬁ*ﬁqﬁé%‘hﬁ
mgggw;[lz]

7 S MR R T 9 7 ARG AR P A YR P O T U
THEKIBR, B BT RYGE R A #l B 7
A —RER L, FRIEREELRHFEPH—1TEE
PIMR WS R BPEEHN AR E RS
ERET, KU A R MR A U SOE R SN A, &
FEVG R PRI T 7S 2 B ) M —— 75 S, 1 AR R
HOTR TR, ik BIRIF MRS R . A R E R R
PRI~ BRG] — B BL A LE 58 M 7 T 158 PR A
PR ——EMIKEES . ZEARNRAETAT
B VRS GBI AR R

A BT R BT S A R g
—EBRE L. EHENFER R EMFLRES
G54, XS A — MR A X — 2 R E IR I, R
— BB FEA R TEAHIE R AR,
ERESESEBZIFHBIARR”, MNP
U BT T R 3 R AR T A R R R
ASTEIRE EA IR R M TR K HSE T HHES
FH IS BB, Dowling 82 (91 53 41 & BLE i A
WML, o LASE B0 7 4 IR O R A R )
BB R/ ﬂﬁﬁ%&‘ﬁ%ﬁﬁf‘&@ﬁzﬁbﬁ
VB EBUE T MM i R,

3.2 ZERERFLEBEEREALE :

B 2 LB A R BR ], PSR b B MR J0 1 3K
B, MG B 2 HoRBURRE N LS. (538
AR R B R R E R LB F gk
FFEMR AT BT EZEEEM G, 8
RARBHORA b AR A BLAF B P RE , MK
LARARSRR S A RLAF B R A R D . fRIE
FERLEX T FERPG TR R
3.2.1 MWAEL RS EE REERN—RIR

ﬁﬁ;m%[ls] )
— 127 —



R4 RE26.4C . 2mm BZHESERETHREETF

SHE /Hz 100 63 40 25

16 10 6.3 4 2.5 1.6 1

WERET 0.356 | 0.386 | 0.386 | 0.405

0.400

0.415 | 0.422 | 0.459 | 0.471 | 0.501 | 0.533

MEEMREE, EMRARPCERERN
50% , BeBF A ST A BE B9 25% SR AT, BT 89 25% B
B, ERERFEERTE—EEE LT E—
B R R ST T B R — RS RS, B THE i
RIS, AL E IR Z R AR A, 1TH
FP, UBHAE YN ETASEUREREESEY
)R, (R R G TE R MRS B B B TR R BOK
F 55% A, 3 B, 7EARAR I B N i — 26 X 35
bR R EGA 90% A b, HBRERRN AR R
BEARMRT R —FMLANRE RS, shEBR
AR —RP LA W BT 17 B R N xR R K, X
RAEENE—RETRTUERSR I HhEEA
20Hz~ 100Hz IS5 I Bt B MRS REBGE B 40%
8 ol
3.2.2 LA SBR NEHF I BE B bR B S)

AR IR T LA — S bRl B B 1 X S 4R
BB B BR G , 45 B B B8 5 3k A AR
B LS AUERAREER, FELE 4.
3.2.3 BRAStiRsopgrE il

TR EA RIFHMRE SR, M
B R Z AL TE T B 7E— R RIS AR B P BLA U
PR, AT 755 RAA R EEE R NR
B, AERET AN EFREENZRTHERNE
Rbt. A BRI BB KA AT RERTE AL A o
3.3 REGIEBR

W GAMRD B, BB IE AR ZRFEHEN
X4, 2 HAKERPES . BTRAERRSE,
Y E M E EEP H IR D A RRA RO HHE T
Ve Fr7E BT R A BNEAT I “PLR s B 2" B 2
BAZR(XEFLER), ZHERABBBRBKE
SAKNEE, BEYERGUS, ABRENT R
R HE SR, R A 5 R AR BT R

4 BFGY

Bk e & R AAE S BEFE R AR N BRU S
SRS, BRI SRS , RS HUAE
REEREERBRAE I ENRREA LAEER
Xo EERBREY WS T HAFEMH (o
AR SR M 2,3 HRERRMA M) 19 &

T WAL FG , A0 00 0 S R B S R K
— 128 —

MEATHE #)—Ethymizok 1 T-5 (L, BR BA H
SABNST , E T NSRRGSR, AT
BRI E U dTAR

AR B b 25 19 200 e B SR P B A T
HSRER TR R I, B B4 T AR — A R DA
EHOERE (BRE) &, —ERERNES T4
RRLAT R 45455 B 0 5 BE O MR 7H , R 2 8 H5 e
ERRACHRBLEERAFS . INMGREFR
7 FE R 38 B IR 7S R BT, R W LA SRS F— 1 Ui
WOGRERRLIT M) , AT 5 B 38 B I
PR ? XA SR ERRITES 5 KK B
P RART.

5 & &

LR K BNRERAEA , BSB89
HRERMBD, KEWH P REEEEL, FH
AR EINRFEHATA RN B 5, B e R A
AT AW BN R, LR B E R
WrHE R GERI B B 5T, A P 48 05 A Ak ) BL AL
B, 2 I fRR BR SR UK EE s JOKE R By
B bR H AT BRSO, BE ERIKEH R
ML B AR 7 0 B 2 Bl 7 RV 8L, TR Bt U] i 3
TEW G BAAE R EX R TEN . ER KRG
W2, BRI RS BA LB aE AR RS>, B
WA BTN R 7 T BB 5 , [P 10 B — S 3o {E 3
B RAF R R AT (INRTAT R ) 2 —E K9
R L BIRE BT £ R

W :

(1] FisseE. ks KBRYFRRGEERSMBIE]]. B
SNEE YBERESREE AN, 1999,19(1):15-17.

[2] BREE. RFEMTEREYFEREN]). BINEE. Y
HE % S5 RE F5H1,1999,19(1):9-14.

(3] BEE,Z%,5R%E. S KEERAGEARCIZNE
TR P 0 A 70 %4 £ A R RO BB M 2 T R A I i
[7]. iR E 2 SREE &%, 2001,23(2) : 79-82.

(4] %R HEE. BUHERFEBENEKBRNERLERERN
Mg ()], B EE KEE¥M,2000,21(1):9-12.

(5] BERLAHRE KER S KEEASARIMLEF
mEEKKISBHOYE]]. PEYEEXSRE
Zu£,2001,23(2) :83-85.

[6] MER, MBI Wit ALK& wm Rt R
(7). BSMERE BRI 2T, 2001,25(2) :99-102.

22 # 2 #1(2003)




(7] BFEH BFEREFEIMESFEOHR). BB S5k
#41,1999,19(2) :6-8.

(8] FHHM FAHGERAEEIARHEMTRD]. $
A S5iRahEH ,1997,17(5),6-8.

(9] AR BFEERGE_H M) A ARD
A fR A, 1986. 177-183.

[10] Slarve RN. Johnson DL. Human whole-body exposure to
infrasound[ J]. Aviat Space Environ Med 1975,46(4 Sec
1):28-31.

(11] X, &5 UEEZREWPA (M b B
HhEAE, 1995, 86-89.

[12] 7P, 087, AR M il (M. db . b st i
Mk, 1986.417-421.

[13] HKZ B, EEAE . A RERBRTE(]] S
#%,1993,18(4) :272-279.

(14] ®AR,PRE TTHEFHERE W ERN RS RITRE

KBFSE[]]. %3] ,1998,23(5) : 430-438.

[15] FEBUE. MRS BRI ]). 75 #%¥], 1991, 16
(6):415-426.

[16] Z=ig RAMRERIERRAR BB R []]. g5 S
ahEHl,1997,17(5) :39-40.

[17] Ping Sheng. locally resonant sonic material[J]. Sci-
ence, 2000,289(5485) : 1734-1736.

(18] BHEY. KAERIFAGE R A28 BB (1]
ARZEE,1995,5( &5 426 ) :4-6.

[19] A.F.Ryan. protection from noise-induced hearing loss
by prior exposure to a nontraumatic stimulus{ J]. Hear-
ing research,1994,72(1):23-28.

[20] Ger P. Acquived resistance to acoustic trauma by stand
conditioning is primarily mediated by changes restricted
to the cochlea, not by systemic response[ ] ]. Hearing re-
search, 1999,127(1) :31-40.

R D 0 e e e e A A e e T N e T N P NN

(E¥125T]7)

-based acoustic holography to radiation analysis of sound
sources with arbitrarily shaped geometries[J]. J. Acoust.
Soc. Am, 1992,91(1) :533-549.

[47] THEYL. K7 £ B MR R A ) B R IR & AL R
[D]. Pa/RIE : AR BB AR 11030, 1994. 34-45.

[48] Schenck H A. Improved integral formulation for acous-
tic radiation problems[J].J. Acoust. Soc. Am, 1968,43:44-
51.

[49] Burton A J Miller G F. the applicagon of integral equa-
tion methods to the numerical solutions of some exterior
boundary value problems( ] ]. Proc Roy Londa, 1971:323-
332.

[50] Wu T W,Seybert A F. A weighted residual formulation
for the CHIEF method in acoustics] [J]. J. Acoust. Soc.
Am,1991,90(3) :395-402.

[51] EAM. TERHHNRTHEIM). L5 pEARMK
B YRR, 1995 42-46.

(52] KM, BRCH. BB HR SR EAESARMTE
FHIRLAT(T]. R3h TR, 1998,11(4) :395-400.

[53] EFE BROB AR SKITEESHRFEEN
BIER RG] A 8 Tl K 2% 4. 2000, 23 (5)
607-610.

[54] Zhao Xi Wang, Wu M R. Helmholtz equation least
squares method for reconstructing the acoustic pressure
filed[J].J. Acoust. Soc. Am, 1997,102(4) :2020-2032.

[55] WuSF, Jing you Yu. Reconstructing interior acoustic
pressure filds via Helmholtz equation least-squares met hod
[J1.]. Acoust. Soc. Am, 1998,104(4) :2054-2060.

[56] HEBEMIE. R o747y F—EHEARIAL
BABRE &L (CHR),1983,49(3) :401-409.

[(57] HhEPLHE, 133 & BB _ERAu 774 %kIcT

AERAR

LEFHEAICET 2MFE(A]l. AABHEgHRTE(C
#%).1993,59(7):2107-2111.

[58] Nitadirtk. An experimental undetrwater acoustic imaging
system using multi-beam seanning[J]. Acoustical Imaging,
1978,8:249-266.

[59] HBRF 64x64 FLBFERGHEIEMEAT
IEEELKRKIE[R]. BB EE ¥ IIRE,1982.

[60] Jerry L S. A turiac on underwater acoustic imaging[]].
Acoustical Imaging,1979;9:599-630.

(61] fT+EeH. 2% Al —7E & B/ E A R IR 1 5
(J]. P Ett R , 1996, 16(3-4) :600-612.

(62] BEH% HBERIBENFLBPR(]). B
1#,2000,25(1) :87-92.

[63] HAE. FiFHNERAE[D). BIRE: BREMME
BEAR +383¢,1990,57-62. '

[64] Metherell A F, Spinak S. Acoustical holography of none
xistant wavefronts detected at a single point in space[J].
Appl Phys Lett. ,1968,13:22-28.

[65] MHE, FMERO 77 74 ICHT A2MECERE
Q77 LBRAVLIERRO 7 74 OREBEER)
[A]. BREBH B ERIE(CHR),1985,61(8):1991-
1999.

(66] Hildebr B P, Haines K A.Holography by scanning[]].
J.Opt. Soc. Am, 1969,59(1):1-8.

[67] Cutrona L.].,Leith E.N,Porcello L.]., Vivian W.E.
On the application of coherent optical processing technigues
to synthetic aperture radar[]]. PIEEE, 1996, 54: 1026-
1033.

[68] FMEG HERBK(BAI.BHEHEEMLERS)
(FiEF)[M]. b5t EB Tk R4, 1981. 57-64.

[69] FEEBKER. EHFESERBIPRGH R %
EHEE()]. F¥¥,1997,22(4) :303-308.

— 129 —



