ISSN 1009-2722
CN37-1475/P

VY ML ST RIT T

Marine Geology Frontiers

%5 39 55 10 1)
Vol 39 No 10

B, XIPRLLL, BB 2, &5, SR AAR MR OL ALt (1] M HbBTRT I, 2023, 39€10): 85-92.
YANG Chen, LIU Huaishan, ZHAO Mingxin, et al. Optimization design of the broadband stereo gun array[J]. Marine Geology Frontiers,

2023, 39(10): 85-92.

BRI PR T

HE JRL R A A, Amak, kTR
(1 TP ER R ERR 222208, T 5 2661005 2 1 E K221 R SR E TR S 502, 59 266100)

o EAEFRAHKE P, EREHRRERY, AR ABYmRERT
HRE., AAER T T AL E ELTRFR B RA B F IR R R 2 6%
FER, K, B E AR B0 A0, T\ M5 68 R Tk g i R B o R HIRE R, B
Mo, EZ RS W R b SRR S Z AT RS T 5 X A, @R RAURE, R
Bl 58 AR 7 A 0 PR AR T Bl AR & A, A B3 SRR A R ARG R, 3 i i
REGIEAE . FRACE TARIES) 5 AL 7 BEAT B 3T Pb, SR IR AR AR RS A A PR

Wt A B A LI A A AR, T YRR R R R, A AR B AR BT 8 SR AR

KA ST AAE R, SARES]
FE S HES:P631.4 SCERFRIRED: A

0 5%

21 L0 LA, 25 16 v ] A 5 B, VA b
MR RO P U, 2 IR S R 4
RWEEREE . TR E A R LR,
TR LRI, 2 SRR BRI 2 A2 R4, Horp, 25
SRR L2 AT AT IR P L MM L 4
g, Bl TR bR R h N R 2 i

T 52 IS FHT 6090 300 22 FH Bk A R R 7R
U, (ER A R RO P A I R S, M LA S A
VML, AAH) TR R A5 B, GILES™
Tt 3 20 TR R AR A T SR L AR T AR R
FFAAER R o A TR BTG oA %k
Bk T O A A TR SAFAR ™ 06 2 A A ]
() S A RIS & , R TR B i I 5 S e
A7 1%; PARKES %6 75 SASHI TR 350 LK
AR TR B4 (AR TR 4 4 75— HE OIS 51 LAWS

WS EE: 2022-05-11

BENE : FE% AR T4 (91958206)

TEHEN: R (1997—), 5, i+, G ek Yy T T Ao
%X TAE. E-mail: 1057176030@qq.com

*BIAEE : XUMIL(1962—), 5, ik, 0%, 32 BNt v s Bk Ay B
TRBCRAE J7 T (HFSE TAE. E-mail: lhs@ouc.edu.cn

DOI:10.16028/.1009-2722.2022.150

46 ) TR B B AN S T S ) HE )
LAy, LM I VA ) AR [l P AR S AR B
FIBET Oy b I T AR A WA g
FEMBIE I T FREUERE,; 2w 350
ST WG S AR REB HEAT T WAL R R He s e
4 S 2 F SRR IR A B AL, S B A
(9 F- DTG 5 BEAAAHE " X DU W S (AR I (R
B 7 A TR, T T A VR T T S B
eI R s SRR Y A MR R T XA
(TR BE T 3, W A — 75 495 — (5000 Ak T8 7 2
e e 2 1 ok S T ) R AT X BRI R R
AT X STRR ST, R T U 8 R O 1
DR B R IR A W SBAR S AAG E, OF
ST B e, % AR R S A B F O
MUz SR A R SRR S S IR A
R BT R R M A BV . LA L
BFE N £ )7 TS AR R IR PR REVEAT T 40T, B T
R MR, (R IR 2 08 e T R 1 725 23
A RIS 53 B 1 SIS I M R A
S 1) 3 2 b 0 0 O B A7 3 AR
PEHbE TS TRA ™ . RIS B R A T IR
(9 M 2, TR A B AR B 2 . PR, B
5 S (S A TS O 8 SR A ORY, By
AR5 115355 1 -0 e, (04 5 0 o 22 o


https://doi.org/10.16028/j.1009-2722.2022.150
mailto:1057176030@qq.com
mailto:lhs@ouc.edu.cn

86 Marine Geology Frontiers ML T

2023 45 10 H

Y, P e AR S TR . PRSI Tk
1255508 9 M L (S0 A Bl I . SR TR K
PN 72 2 U AR T, TR 3 K 1 Bk 7 2 TR,
FEF1 /NI = AL B, ESE R R T, AR AR ]
ZAk U R TR 25 5, AR IF) 25 0k () Bkt e 1
A RIR B, 454 A ) 25 A % T 015 5 5
o ISR A FF 411 0G5, e D 390 ik 0 R P ) K. 1
SRR R TR, T ) 0 (e R R 7T
FHCTRJE V2, S A B 7 2 1) - e 7 ) — e 20 )
WA, G5 RE BN, R B T R 3 T
EAT UGN, #1557 F B, B0 TS Tk i
e SR iBAE JT AR ,

L S5 S B

SRR IRAEA W i 2 R AR 2B R, (12
RERIZLERFET B R, 2T Ue T ek
THRR IR 5 R U AR R BT Y 22
T R N A B R AR A, R T LR
(F) Ak BB )y R A

méa
Pg+v—g2 (Ve —mgB) = mgR, T, (1)

L PR E R, Pa;

Vo h S 2 i, LA cwin( 1 cuin=1.67x
10°m’);

Ty N

R J 535 A o

mg N SR

a. BRI FCR TR, a=0.1404 m®-Pa-mol ~,
B=3.764x10" m’-mol ', 1% 4% 2 1 25 A0 T 4
BB —— A SRE A4S A B IE R A —H 1E
2SR IRBL ] (4:1) S5

SEPRE SR R I Y N i R, FEAR

0 200 400 600 800 1 000
JF1/atm

B 1 BESEAEREXSEFEEREIERE T
Fig.1 Comparison between ideal gas equation and the van
der Waals gas equation at different pressures

AR T PRI EA S E BR J A R, R
HA RO FRAS S TN RIS (P81 1)

SRR R T I S S R B R
Wogc it ST L BAS K 4 7. SO
B M 25 RS ) 44 T S BT Bk v )
SR AT E R AR AORAR G IS, 2550
P71 25 PR AT A e B 1 I i 7 A 53,
SRR RARIN | AT N RS R ; 5 I I o
¥, STk, AR, NSRS /N Y
IR P IR 1 /N A K R F1 B, A
T HE FIFF AR AR , 75 I b4 1 7 o,
BRI 1) PR R TN K 1, 1 i ST
A IK, TR ORI I 1 R A
W, FE A WA P AEREIE R T 25 Sk Tk
STESS 1 UK i PO B i B 3 Bk,
LR TR K B BRI A R B B I,
ZIEAHIR S A U T S TS S

R R T L K A B B, )R R,
FIRIW B TR

2y 100 _ 1 4d 5 0
a%¢ 2 dr 22 dt(A¢) * 8t(A¢) (2)
o KRS, m/s;
N BFTE], 55

r R A B O R RS, m
TEME K P332 B3 B2 o, P e K b 1
A AT T ez A Y R eh R P A
S RO R K TR, Dy B A A
P20 5 4 R RO R 38 B, 5 A
B i Ta] (0) LA B 5 A0 D R R S ()
TEAE RO Z . )y RS S A2 B0 7
1 0% (3)
c2 972
i K AR (0 11 2 22 S R T p(r, )P i
S AR E 0% T 1 06 3 5% DL R R

2
5E+%%)] (4)

A =

p(r,t)=po—p ar T2\ ar

K p WA EE, kg/m?;

po NERKIET, Pas

B T HETE, WA @) E T 2 A ()&
e, BV IR 0 [R50 R 1 2408

1
A(a) = = (pa—po) (5)
P

e pa il po 2 B L SRR T



5539 & 4 10

Wi, S ST AR T 87

A (@) B/ E R A, A (@) BRI 7= A RO, 2
i 1 22 A (@) BEAT U ™ A= TR AR

SABHIERBCA I, 7 AR 9 SR Bt K A [, W]
AT R A e 2 TOBR B . TR, MR i
i Sl AR BEAE A 2 51 AR, ORI AR
BRI SRR N ag. HIE, SR paiT
Y Ir el AR fRa (0 FR:

_ |4 s -
Pa= k[?a ] (6)
o oA R R

y R HHAEE, BUE R 1.0~1.4,
PR R SR R 25 T 45 1

d¢ 1({0¢\
Aa()|y=qq) =‘[a_(f+§(8_(f) } 7
a,|r:a(t) =9 ( 8 )
O (9)
$(1,0)lsqy = O )
0¢(r,0) _
wl . 0 (11)

2 8) M’ HHLBE ML, @AW b S i
BT R O R, 15 208 R R R a ()&
R BIAREAEA 3 T T

%_ 8_2t1+§%2_A()_8_3a+
or ¢ a8t2 2\ 0¢ a or

1 8]a?A@)

a ot

N T IR, F A (12) AT JC R AT Ab B,
133

0a da  3(0a\’ 3
= _ Y -
(at C][a6t2+2( a;) “ H]

3
(%) _Gy-2)a 24 _0e

-0 (12)

5 5 E_O (13)

H O, 26 TS0 5 AGE B ) R AT 5 ot
IR, $ 30 (13) B s SRt
SRR T IR A A, A A b 7 e T B
F, FEBIAJE 122253 DU A P9 T ] Ak A 1
K F X, ISR TS

2 SEMARRE T BRRE

’
C\ ap. a

TEEFE AR A, M- 1 4 2] L HC AR oy 2R3
PEBERRE 32 B2 N, AR - ThT B 51 3 A 118

ROR A2 SACTURER BEFE A o ~F- T [ 57 DT T30 IR B 44
TR, 7K RS/, S NSRS BRI, 1
PA T RS, AL RS TR, (FR e
FE TR A G R A rh 23 32 B 5 22 1 55, KR 2 Hh
GBI  BERE S TR . 2, ST MRS TR B
MRS, WK SR, SRR, F I 2 ),
ARG W] 8, A S A2 BB R A
SRS A, 2R T SR
R T RGN ME R, ST AR SR AR IR I T A
MEAT W 25 = AN HES Oy A R s, 45 i)
S AIER S P DA B
y(@) =nx(@®)—x(t+At)—x(t+Aty)---—x(t+ Aty)
(14)
Kb n ST FES B
x (O H A FRER T A5
x(t+ Aty) N E ST BEF B R R 5
Aty, Ay, -+ s At 53 R 25 A RS i S 5 )
TR A ] 5 — K E A I SRR ] 2 2%
XoF 2 (14) V(R FL AR 48 AT 52 ST AR M R 138
TN
Y(f) = (n— P2 _ pi2mfAn i fAt,,) F(f)
=H(f)*F(f)
(15)
K F () FBESNE F- I
H (f) R 2R ) e SO IR i, DRI A Y IR 1
A
|H () =
1= 4sin® (nfAty) - dsin® (nf Ary) -+ — 4sin® (x fAt,,)]%
(16)
ST AR 5L H2 05030 A R s S e T A [, B
5 ACEIERE ], DUJSF- TR0 AR R 4] g 0 e s i v 7T 3
RN

|H (f)| = [n—4nsin® (n fAt)]% (17)

XF LR (16) FIE(17), SEARBES AR TP RS,
X 7 A ) M B AT O B A i, U R R XU
IR BAE T, DRAE m U 5 I H L, M5 S0
TR B TE, B S T

M FEFN AT 5 — > 5 B Tl AT S eR B,
R T ARBCE SR RE AR 5, 2T R IR AR
WO R UROIR BE U %, (T Re i ik . 2 itF—
BT IR, X T AR R IR N 4 SRR 1A AN [
AR TR BE, A 2% A S A — 8 R LRI K, il



88 Marine Geology Frontiers

TR RV 2023 4£ 10 A

PR A 805 S M N, R i R 7 R T4
2 ) Sl TR, BB A T, R 2
SRS R AR

FEF LR, 7S 3 MR, B S
BT R, BEPLEE 4 AR AR R

|
Lol
wn o Wn o
LI —

|
8]
=

25 L
—30 H

PSD/(dB/Hz)

R I
T U

L
S

40 60 80 100 120 140 160 180 200
2R /Hz
()

|
NSNS}
wn o

|
w
(=]
T

PSD/(dB/Hz)

R I
ST AT

-
A bW
SO

0 20 40 60 80 100 120 140 160 180 200
4% /Hz
(©)

ST RS AN SE AR S AT, RSN 2 B s A
1%, PSD IR H R, HIAE 5 ARG R E R
5 F o A RHES A M 28 0 ST AR BE s Bk ™
HE IR S R T AR R R B ) A, MR
2T AR, A s R AR A 9

bl
[NV,
:

—25 |
=30

PSD/(dB/Hz)

Rt I
IO |

L
S

—45

0 20 40 60 80 100 120 140 160 180 200
2R /Hz
(b)

[

W — — |

Suounwouwmo
T T

PSD/(dB/Hz)

|
%)
[

[~ —— - WA
TP SAEFS)
0 20 40 60 80 100 120 140 160 180 200
4% /Hz
(d)

| |
(O NN
Sho

B2 RS RE R T B 5 5 B8 55 O P 51 ST X

Fig.2 Spectrum contrast of planar array and broadband wavelet array of random gun array
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Optimization design of the broadband stereo gun array
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YANG Chen, LIU Huaishan ~ , ZHAO Mingxin , YANG Xilei , LI Fenglin , ZHANG Luocheng
(1 College of Marine Geosciences, Ocean University of China, Qingdao 266100, China; 2 Key Laboratory of Submarine Geosciences and Prospecting

Techniques, MOE, Ocean University of China, Qingdao 266100, China)

Abstract: In offshore oil and gas exploration, seismic source design is the key to ensure good pickup of signals,
for which air gun has become the most widely used excitation source in marine exploration due to its reliable qual-
ity, flexible combination, safety, and environmental protection. However, with the complexity of exploration en-
vironment, conventional excited wavelet of planar array is no longer to satisfy high-resolution exploration. There-
fore, based on the stereoscopic array, we analyzed the relationship between wavelet signals and time of gas guns
with different capacities. By optimizing the sinking depth, the amplitudes generated by the excitation of single gun
with different capacities are superimposed in the same phase during receiving to broaden the frequency band and
suppress the notch effect and improve the seismic source performance. By comparing the properties of the optim-
ized stereoscopic array with the conventional array, it was proved that the broadband stereo air gun array had
stronger amplitude energy and wider effective frequency band, which could suppress the notch effect obviously,
and achieved better recognition results at complex geological targets.

Key words: broadband; air gun source; stereoscopic array
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