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:1“91-1e 1?56 of ultra-high-resolution (UHR) seismic surveys to preceisly characterize coastal and shallow structures have increased recently. UHR
surveys derive a spatial resolution of 3.125 m using a high-frequency source (80 Hz to 1 kHz). A digital streamer system is an essential mod-
ule for acquiring high-quality UHR seismic data. Localization studies have focused on reducing purchase costs and decreasing maintenance
periods. Basic performance verification and application tests of the developed streamer have been successfully carried out; however, a com-
parative analysis with the existing benchmark model was not conducted. In this study, we characterized data obtained by using a developed
streamer and a benchmark model simultaneously. Tamhae 2 and auxiliary equipment of the Korea Institute of Geoscience and Mineral
Resources were used to acquire 2D seismic data, which were analyzed from different perspectives. The data obtained using the developed
streamer differed in sensitivity from that obtained using benchmark model by frequency band.However, both type of data had a very high
level of similarity in the range corresponding to the central frequency band of the seismic source. However, in the low frequency band below
60 Hz, data obtained using the developed streamer showed a lower signal-to-noise ratio than that obtained using the benchmark model.This
lower ratio can hinder the quality in data acquisition using low-frequency sound sources such as cluster air guns. Three causes for this dif-
ference were, and streamers developed in future will attempt to reflect on these improvements.
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ABSTRACT
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Z|Z At AHS ez s DA, siAEE, 95
I 5 AEHQL g Aol o]FoRaL glom BT, H
Boba 5 ARG A ARG FEe] e Tk
tjejo] 80 Hz ~ 1 kHzQl 292 &gslo] F 24 Wgoz
3025 m 529] T IWES £ 4 n 2 B
u} g} M| A o2 Wo) o]F0)R) 1L QIth(Brookshire ef al.,
2015, 2016). AQtellA 9] 21 T/dut At 2 167
d ol thgAld AEM7L FEET Sl LAl F
2ol got % HAol AV ek shARE, F A A
BAE IS Bt BT A3 FAL FHAE 4+ U
on, S A A= F2EPS YT 5 o] AFHU T
A GARRR) lste] SWHE} G S RS A
g 4~ YJoHKim et al., 2010).

FUONE st AR50 Bag AEnE S0
2 gsta AFske A7t 1990 Rk 20008 =
Hho]| Tk o] R0 FHTH(Kim and Kim, 2005; Lee et al., 1996,
2003; Shin ef al., 2005). O]S AL FlO|=RE 2] Al
Qe oPg 2 4139 thste] AiolA A HES 35t
L ofgm Asejui] FREon @ 2o UT A=
HE &8l 234 ARF Sl AR, S=A AL A
Fee AR At £ ofdR AEeniE U, &
4o 22 Aol 33 Bu FALE a3k A7E
2235 THKIGAM, 2017, 2019). 7]29] 33+ BHARA|AE]
= S48t 234N 285k BE 2 Aol gt
o] 7hssio] of, ol 5 AolRel tgt sluizh fs
of At EAfsl= @AY 33 FAE T ASAAl &
| = Ack(Shin er al, 2021). EZ, FFA DAL AF LS
200083 FAQ) To25E BT AEH AFATE
=315ttt 2006W 0= 1.2 km Zo]S 7} Nessie 3 AE ]
W87 625 m) 222 27 3 Brnt ehag A)
=810 m(KIGAM, 2006), 20199e]= 14| B¢lo] 83
OAY AEE|(1E 742 625 m) 222 S4B B4 2
Hg gig 2Tel 349 BAIT SR SRS hKim er
al., 2019).
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0] B2 gutstE] 3 glvk(Geometrics, 2023). =W A718
9 P FE vl A LA EY 2 (Geometrics)AH]
A 2U(GeoEel) AER|HE $2915t0] 83t Qirt. o] U]
b A2 SHAE 2EYHE ASHSH|7t o 7]
ol 2A Y& 145E FHtY Foo] AFH AlEolh
SRR, I FA7| oM E HA =] olgle == 7t
Zo| AAg=]ofglo] ghdul TAL 7]&9] Tt Ehito] A ¢
om A&t FAESTE APk ©Eo] Qi o]e, 20208
o|%, jofpaltrt 2| Yok ATIAE B3t A AAIR S
2 ZgE7 2oL Sl A AEHE A o
T7} o]Fo1Fth(Shin ef al.,, 2022). ALt 9] 2113l T4
o gate] 88 4= Q= HAE 2EYHE 52 3 Y
T TE2 E Slo|=E2E OF 7HFo] HaE o 3t &
FAE ) F& A9 E8- flste] FF 2 F3vy
T HaslE]ofof qict. Egh S99 2 Fuls g9 S T8
37] $late] ofdEa-UxE ¥ mEe] UXE MEHY &
Tr A AREjof gttt [ AtellAe ALY 2B
£ Hixut2 B2 AAste ot 4S5kt sHA
o R SAAE AR WAsa JA Alade] e o
«3ste] A vlg 9 717k Asilc

Oxg AEH A A5 B4 S 7 Al 5,
29 27, X HEY 4= € HME FUE 5 3= A
AP A7 4A, 71Ad 214 F5TS AT E3 AL
AR AFATE Bt Aald H8A, 84 A 52
JeR o2 HESGT. AT, AA ElA HEH =7t
Hxuta 23t tiu)ste] ojm gt B4 ZEX=Rof tisA
£ A3, FFH vt £53190c). ofH AtelAe=
T AAEe 283173 FABH st Slste SR EA:
LAY Fa2so) A HxutE B3t AL AEEHE F
Aol dQlatgon 60 in’ g2] ulY GId S¥S E-8319
e AR E HETE 23 FEE FF oA HEH
B4 el ARof gt B4 Fste] 449 AlAHle] B4
9 A3 AE v o] JjAuRl gt 22S =&t

A xt=z FH
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A EE 2l 2] QY A|AYE AEFH ] A H(stretch
section), 4] A (active section), OPSE -t 3 BE
(analog-to-digital converter module), 1)1 el H|o]E(tow
cable) 502 TAECH BHARL $le] SlojERE IFo
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2 FAEY, 28 7HAL 3.125 moltt. oo uta}, A &4
AF8] ol F 25 mo|th. AEHX] AAL oyl HFlS
FAlstal AQEShe 29 E (repeaten)@t FAHTH 2123l H
3 Alo]E(deck cable)d} AEZH HY FF AX|(streamer
power supply uniti= 2 THA] AZAETH ofyles AZAH
rER 2= AE7])E AZE Y o] (Geometrics CNT-2)=
5= A ST AR oigh AAzE 4 9
SEG-D 22 SEG-Y 39| A57|8% a3t Ak}t &
Efn AA”HE AAH o2 olet FAlEHA FdHTt. 814
9k, oFA7HA| 2EH 2] AAL AEER] dgton ujE o] o
2 AAFo] dlo|g EHAlA (data integration section)o] 43§
gheh ERE JiE BRG] slolerE OF 47t AlolH 4
o] HIX|ut= RE Q] Hyto|t}. o]2|3t Afol= FAkSt AEF
He Hol28 T thE "AO] ofd &g AMutelA 9] &84
= 1570l At e, 718F AR S AR &
Egw A2" gy JAT A = ol A= otk
(Shin et al., 2022).

AR LA AAT A W28 D B e R 5

2 Bgshu T AEY ALHS FA oste] SARE

aAolAe] Arg ASTHe AW SAS A Fig. 13} 2
o] WATIZ BYe BAA FE, B8t AEenE $Ho
Wesgon], B Sge Aute] FopolA dllakict. Hl
Auka BLe AR Aol S (heave)o] OfFt 1 WA &
e 7aA7)E 25 mo] 2EdA) AAL Ege] 1 Y
& sdute] FulollA 704025 mo} Azle] YNT}. B, 7
A} AEHL vt 21471 7RsE AN A4 2 2
e 2Eo] g BAZ o A2 WAnE 2dw 5o
a7 Algal7] ofick metal, olal Aol Lol 24 Ea
33t 49 BRAAE WA mEe] ¥ BT Y
3 A= ggaidon dsl Azt Qs &) Aol bl
He sheaisth. ST SUS Sercelt} 60 in® $Fo] ]y
GIAS AMgslgen], W} 2H2e 125 me A5t 7]
g ABAHE Wk Table 17} 2.

km@} 7.6 kmo]c}.

Fig. 1. Schematic of developed streamer and benchmark model (GeoEel steamer) for the benchmark test.
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Table 1. Survey equipment and acquisition parameters.

Vessel R/V Tamhae2
DGPS system C-NAV
Navigation system SPECTRA
Vessel speed 4.5 knots
Streamer Benchmark Developed
- Model GeoEel Solid -
- The number of channel 8 4
- Group Interval 3125 m 3125 m
- The number of section 2 4
Recording system
- Software CNT-=2 EOS-Survey
- Sample interval 0.5 ms 0.2 ms
- Sample rate 3,000 7,500
- Recording length 1,500 ms 1,500 ms
- Depth 0-1.0m 0-1.0m
Source mini GI gun
- Capacity 60 in* (30/30)
- Shot interval 12.5 m (~ 5 sec)
- Offset to 1™ channel 375 m
- Depth 3m

R

& dojl A= 22SGR-0241 1A FH5H A=E E-85F
7 LB ALHS] E4E Bt Fig 32 & AE
o Al&glofl A HS5E A=l F71Qd AE A8 &
600 ms7HR|TF A8 Aolt}. Fig. 3a, Fig 3be #iX|uta &
oA FH5E 3F SAY 2 2 ¥ A 2eE UE
™, Fig. 3c, Fig. 3de= 418} 2EZHA H5H 35 $4
d 2s 91 A 23S ehdnh. fIRjuka mdoA 3
=d AR 2§ ARlo] IAkSE 2EFW O 2 A7
Hlsto] oF 70 ms A= 22 ghe 7RItk ARFHS Al 35 &

R @

Hl= 9% ARF & A7 1HEnith EgA A E AT
o} o= 9 AR7|E AR FAl] AEEM, o] AHS
7|1Ees o] dutEy 27T |E AlAEE 9 7|17 A=
7155 g AART)E AR Y A= EA 48T A
O] FAlofl 7180] AZtE= W B 342 7AA &
A AA du7ER] gt A AATo] AR S4ksE AE
oA 7|1FH Azl 0|27 §A4o] 2335] HtgE 3l
of $& A7 AT B BAo| B asirh(Fig. 3c-d). HA|
gk, HiXuta 2do] A9 o]2fgt A e ANAAl UE
SHA| fre s S Wy 2| AR AR Atw7| S Al
3t} (Fig. 3a-b).

T3, T 2EFH AlLE BT S04 WEE Fuke o
o tfy] At o] AujF e yehta gloey I iy
of glojA zpolE Hlch. Wix|uta RdoA FHEHE A5ut
ol FAEE AEHoA FHEE AT} FZo] Hlste] 9}
7ol A A vehu, ol &5 eFoflA AR F5o
= 4 8ckFig 3b, Fig. 3d). olefat 2ol teht J=rt
o2 e Zzte] Alade] 48 Axu Aw Weo] AL
3 a9 ) 2] ojgolch. A} gk Welk 9
AR AR WS Ug L, el FE 5L
A7) S BEHoR AEHAT Aem Funs
U5 S 44 A ASEE St R0} Fuks gl A
oFgt 4= 9ltk. olo] Wt Yshe Ful telg B FAR
ssay) Yalie e Aem Furt AgEolor g,
ke 2Eejoji el §31 ofold, Au 5 44 Hy of
Ao} SUS BEF AAYols BAE FEHOR
o] sgie}. ofo] wel, g Hete ol ole] xjao] Al
o A 5 Ssfo] 36 H2 71202 3 dB W 7}
olgolAE 14 29 A Wk HEHom A8HAT). T,
WA o] S B AYS & 4+ gout H5E 2
=of 7|9kt BAo| W2 H Akt AE 2o H|gte] Fox
FIPE R e w2 A5 A3 Z2E eV A8E

Fig. 2. Map of the study area and survey tracks. The red and blue lines represent the tested tracks acquired using the benchmark model and

those acquired using developed streamer system, simultaneously.
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Fig. 3. Raw data without additional processing were applied. (a) and (b) show the common shot gather and common receiver gather (channel
1), respectively, that were obtained from the benchmark model. (c) and (d) show the same gathers obtained using the localized streamer.
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=2 ASHA ol oF 130 mis2 TS Lejch(Fig. 3¢9 2t
). webd, B e oF 1300 miso) Mt S8 7he
sEels] W f7) (kerosene)S B3 Aok ohfetn B 4= 91
o}. Dowle (2006} & 5O.2 Qlste] WAISE o] A=
2Jm Aol WA se] Yok(wansverse wave) FHZ o
S Lo Aske 4 grky shgom B gl wad
= of7]o] Stk & 4 gtk oleidt Wee WAma
YA BEEA gonz 9R FelH Y Feol
obd AEeln YRA o WAT FeoR AAHm e %
Qge sEelvlo] 5% S EAgTE 258 4 vk

Fig 4 1%, 4%, 2] 8 A m2o] thate] Edfo]x
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I 92E Zolz 2is Auzue] AZ e wolSAT.
Heh 2 JemE Bgeje] T Auan ArEdA HSE
AE Zho] Q) BT FLL B & 2L Folsjob
3}, Fig. da-c 191, 49, 2217 891 2] Fuid o 1
2 b2 0 HzAE) 800 Ho7bx| EAIGE Tglolch. 4] Fujs
e FEHO® 100 ~ 200 Hz Aolo4 et Q. 5t
gt 3} helo] EolA WA QEo] el Aol the
t}. B3] 400 Hz ol4}e] Qoo At wAula mule) Rz
7} 328 "ol At} ol WATtL mo] AEE
SEG-Y A=) A Qlelo] ulsko] opdm1riX|d Weke
S3ysind, o] IO Lejoale WRsl] g B} g
ey} A7) Eos 24 28} Auaue] A9
A= mAE o) WBY =2 ofdE 1 TAE W] &
Y= AR7)2 BN 2AE (resamplingye F517]
o] I} Hejo] BEEHT k. EFE, 100 Hz o4} dolo]
3ksto] Aks} Amelee] Fukg AuEgo] A Wl
T 5o QTS Bolk o] ot BE WAES B
ol Fuks: Yejo] o F7) ehdths whe] it ol 8
o] Ade FATHE lo|ERE 4o] Fo] o3t o




2448} A" Asn AlAHe] MAuE BlAE AT >

Fig. 4. Average frequency spectrum comparison over a collection of common receiver gathers. (a), (b), and (c) show the average frequency
spectra of channels 1, 4, and 8. (d), (e), and (f) are enlarged from (a), (b), and (c), respectively, in the region below 100 Hz on a logarithmic

scale (x-axis).

FEI o2 Tg0) Falol] B WA (e of
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= AT A2 4T 2 AAEAS. sHARE 10 ~ 30 Hz
oA 5ol A WSt Yo A HE7t STkt
whal 20| AEo| A7t Fuk 9o ABE 51 4
< Foto] FASE 2B HERA WA o] AT
the Zo] thA] 3 Eelo] HIoh ARFE 53 & o] Fof
A FAES oA ol AEEH R friola] AolE
52 LSk 55 © 5ol 2EH Yo RAsm Ty
o AZoz FRIFQIL) s Wixuta mde] F9- yrst
=42 FAE] Wi uiide] E5TA got ol2dt &

2 WA gh=tt
Fig. 5= Fig. 30 50 Hz o]A} 400 Hz o|3}9] 53} HE| YA
(butterworth) LE|S A3}l A& Alolt S W} | FA]
7He A BYg Aot F AlAE mFo|A Uehd

£ o g

(¢}



5 NAR - ST - AR - UGE -

WA - HET - 259 - ofae - P4

b

Fig. 5. The processed data with gun delay correction and Butterworth filtering were applied. (a) and (b) show the common shot and receiver
gathers (channel 1) obtained from the benchmark model. (c) and (d) show the same data obtained using the developed streamer.

AFut o] AFHer AAFeRA A7 FHo] H|oF
Aoz FPEYoH MR AW 27t AdstA EF
= Qlok. 53], EE’E U ST AL HolFe S 7]
Hielal 1 RS wEsHe Bt vtHEC] §YH R g
lelth. E3E, Edlo]A M oF 640/ ZHoAE A BFo
2 4=z R0 77k EALHO] $5H0R vehdtt

TYT A9 HE AL TE7F AEHAZoNE Bt
AR = o7t Jow A4S AEw ARE
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9 FH= Uepdth ol Wixnta mdo] —7‘—-‘4—’?— EHC’*OH

£ A=Y HAPL Zot F4] Fup the] W2 Fukes A
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Z3E Fake d%“‘% **‘:'4 Zol= BTt tAIIUA F9
A g3 @ B8 FEo| 7Fs3HH(Kim
et al., 2021). P’cﬁ} lhﬂ zﬂw 089S 7|Z20Z 8oke o|gsl
Az 349 Zpol= WAYSHA] ¢k 7ﬂ°i el

Fig. 6 Fig. 59 1% g EZoA 60197 Ego]AE
F23t0] 300 ms7kA] AR Aotk 1T} 8 Ad mFof
A Z75H@F 30 ms)2} AT BEARIHEF 160 ms)] = A
Zto] dA|sh wi- FARSE BHE HojEot. shARt, AEF

me] Zuid e wIgkE Aol AL 914 o, o2l
= Ao] o2 qlste] YT Az ol7h Watsta
oItk £5] ST vhabslo] thulet Hske] WEL 2 xfo
71 S = AT s SR dbiste] A58 541
SHA| uko] EASHE B Sk} Aol 71SE A7
skl A WATLE mHe] Huio] vls) o &S g 7t
Ak, Table 2 AR HHoke] oA T3 H 19 A
g Fgske] Uil heldt Ul A A she] ahee
Urehdl Aolek. oi7]of A= WiAmka sl Hlste] Skt &
ol ASE APt B9S24 gD e &
S gtk Sme) WHASE 233 37159 SEet UE
Afolol] ofato] —10] 77kE 2k 2 e S50 oA
HEAISE A= Sf4Ho A WhALE o] TTAE (ghost)7} AJAE
o o2 dlsjel el ure H3istel A% g} Aok
A olRolxm ol & L AEeEY ool At
5% 1ol Hio) o ek, $epe Fig, 63} Table, 29041 1
Bt Aste] 2% 74 S BHFORHN A} AE
gl gl Art WAnka mde] jstel o WA fA5)
TGI8 FHT 5 gtk F ALY BE HEbId g
MEo] ool JE 41 AXE AR ghgton] sjsio]
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Fig. 6. Comparison of 601st traces from processed common receive
gathers. (a) shows the results for channel 1, and (b) shows the
results for channel 8.

Table 2. Attenuation rate of direct wave compared to channel 1.

Attenuation (%)

Channel number

Benchmark Developed
2 26.53435 17.70116
3 36.18814 27.49528
4 39.56238 38.46249
5 41.99802 48.38475
6 57.41067 53.83862
7 69.03336 59.89531
8 72.22348 63.65952

Ffohe g 7Pgskglnt. shAIRE, Al kel Lol
BT o7k WS Jlom ol $FolA dlEE AlX
ge] 7] 9 74, 221 Y Folo] §7 Fof w2t 2jo]
7h st ekl AgzhEch

opjato 2 o Zhgof tiu|gt fou|g A5 v
7kl7] §iste] Fubgr dEE ASoFZuE ALskict.
e A9 o] Az A Ueigis Al AeA
2] BopollA wi¢ 7]&A2 golt Bt Az oA R
5ol st AAE fofudt AsE Ygshe A £V}
SOt AstiREulE AEsiehe A oie ojgth E3h
ol R L oA Hosk=vrel wheh Aol 2
zpo]7} HHEHH(Schlumberger, 2023). & Ao A St
g B4 1AF Eflola 2t Aol gl AEE 9
7o r Aofstion wadd 71ME A8ste] A
58S ANSHATH WesternGeco, 2013). BHgu} 2420014
E4 Edolas 4 Ad ArVdHstE Aset FFo]
3 A AUAE 7 5 Uk T, B Edo] A o]
% Eflo|A5 WA HYE 4ol gl A AlA

off

¢

P gt Al ouUAE 7 4 Aok HEHOR JT)
el offe] 4402 At

SIN =1/ J(ACIXC)-1 )

of71H SNE ABTFSH, ACE GAA AT gL, XC
WEo] ol A el e] WAYT S hehdet. Fel
o FRghe B2 Slote] e Edoliolq 2E W
A Tt A7V 2 eAst] Bt

Fig 7 TRRe Zui didell ] 1A 2 o4 Apd =g 1
2ol 30 Hz WE £2 741 U2 BHE Hgstel 9 1
22 AN F 9 42 Agsle] =EE ASYFSE et
Wik Fig. 78 $3to] T ALY mE Zuid gofo] ujet 41
SrjEgelel Wabl sk 9IS ST 4 Yk 59
60 Hz o]51] AFa4: ool 0 Haoll 7H91a45 Wl
Auka mee] ABESHlE Z7Ke] Mstel Ak A=
Poe] ABThFEHlE FAS gadtch a1l

1 RAe HlaE fARE S ASHEEE ek

93] Wstel g AP WAuiE mdo] B S5
A2 Belth Tuble 1& Bt FFH BAL 9Istel 500
Hz of3}e] Fuks: thele 100 Hz H9)2 577k0.2 FEsfo]
ABEER|e] HEghe BEsha WAuiE Bd o] 24
o} ~Eeule] JEThSE] NS AET Holth A WA
TR (section DeIAE WA= mdo] Sals] & AsTg
SH| Ut glon] ofeigh ol B3] g3 AN 7}
% =70 hehdek. Ss 2-99) F4 Fuh4 B9 (100 ~ 200
Ho)E TSR T WA F7ksection 2l ]wH F A
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Fig. 7. Comparison of signal-to-noise ratio according to frequency
band. (a) shows the results for channel 1, and (b) shows the results
for channel 8.
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Table 3. Integral value of signal-to-noise ratio according to 5 frequency bands and channel number. B is a benchmark model, and D is a

developed streamer.

Ch. 1 Ch. 4 Ch. 8
B D D/A (%) B D D/A (%) B D ](30;/?
0
Section 1
(2595 Hz) 4785 24.13 5043 48.86 25.84 52.89 48.45 17.05 35.19
Section 2
(1052195 Hz) 24.17 24.80 10261 23.10 24.97 108.10 2527 25.61 10135
Section 3
(205295 Hz) 18.43 1347 73.09 18.98 12,65 66.65 22.86 12.80 55.99
Section 4
(305395 Hz) 15.01 1333 88.81 15.04 1451 96.48 17.10 1478 86.43
Section 2 12.03 11.22 93.27 11.17 11.05 98.93 11.38 10.93 96.05

(405~495 Hz)

o g M7} AhpR Zo|7} At I o] 52 FK(section
4, section S)f M= 7 A|AE Q] Aol FA] .

A dad S B4 § d¥e Hole 8% AR
S 2= 60 Hz of5t] AFu} tjolld =4tet 2AEH A4l
SOREHIZE 9 vehdte A 7 FEl e 8¥ A
oA Zpol= o A WA= Holoh. B dFoM=
olefl Higt olFE offiet o] FFAE A WARE $A
Uehd AE2|Ho] B4 FE WiF F2E0] o 2ol 10
~ 30 Hz tjQojA 2Astar glglon ole2 35 <4l Ad
Wellde 3t Edo]azt Aadel fioiet. wekA 2=
3 F=0] 60 Hz ofst FHolA AziFn8lE steti7]
< 82 F U= AT B3 T2 o] 2EH
Fujof Y8t F4kek AERH O 89 Ado] 7P Rt
AZFRIE Uehd. F S Rs S48 SEFH| &
S8 AFu A Qe Aoz Fupert 3 dB 7)E 36 Hz
2 Aoz A Al"el Hiler Aert A AFEHA
oot R £2 Fube figoAE o FrE JF 7
7b o] R F7] wizeltt. oVl B e el o
A= FU AFat A 7 A8 o] AEtiEEH]
U= Y2 ook At SpARE, ofg21-Ad wHE Yl
HAE 2 H8 Bl G} F5(quantization noise),
FE a0 AUk | So2 ko] 27l el
A 4= on ool AsdiaH] ditel < mxIH-
z2 E

£ Ao A=A ATLEE HIE =lellA e
ZEHI e Aed 2EZ|ue} o]F WiX|vta mdl=e H7Y
sto] Jldo] o]Fojd IAkSE AER M| 2-88hE Rt
U At ARFHES FHEHAT. ol E AsA =3l
25.9] AT} @A 44 2EHHE FAOf ddstEe
o Adu|e) Fgelde vy G AlAge 283ttt 23

TEE BZ sjel i ARAS| o|FolHOw o)F 54
Q1 Azol HfEt RS Tl 242e) ALHY 54 L T4}
2Eeule] pgei] et A7t ool AR B4
Sfsto] PAAR A ol AT G e 5L %
shgla, Fuide e, A9 WdEE 2t W
2 BEE Hgale] T AR AN BIAYT &
dol2g 2&stel 9IMG] WE MY 4 BFL B4
shic. hAEro 2 Fokg i, AdE AEThSuE A
AsHAT.

5 Aagold ASE ARE 1240 427 AW
Folle gero R A FEs oleie £FY SAE 7
A3 glo] T4 AR S AN Aol gl Ao of
ARk SR AT S AESk FF AR =25
34 ZA7}e] B4E wrk TAH O slepste). WAEE B

m
(s

I,

o2 |

m £

=

ol FEE AmE Aoz 3 Fupg gigoz A3
TZ2E P} E3, 10 Hz o|ate] ZAFu} 80| A|u)
Aoz yehtal glovt ol SYoA AEE T g
e o] ol g o] FAols JFS v gt vt
Aete g, 60 Hz oJ3te] Futp thfofh= JfFos 2
AZHASHE Boj2T 9lo} 100 Hz o]Ake] o)A &}
o|lERE IFY VA= AP thh HolXrh. FAlst 1
dof|A HEH ARE AdFoR £ Ful gjgoz A3
TF25 FEUTE 3L 10 Hz o]ste] FAFT 5L obd
23 FEE F3to] AAET glert 10 ~ 30 Hz tioflA] 3
7HARL Zhgo] WAgstaL Yot niAjHte 2, slo|=ERE 7
U 2 AT AR R detEA vehvhg 60
Hz o|3te] Futa= thollA] AT aidZu]7t F25HA dolA|
3 9let.

Qlet Z2 B4 Aol 7|ytste] 4TS AER|m o] AR
kol thste] SAMeglell whet ofefie o] Aelatct. A W
Az 2EH R Bk S AASH] flstel &
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