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A X EHEFEBL Abstract

Application of Seismic S wave Reflection Method in the
Mined-out Area at the Coal Mine

Abstract

In coal mine production, the exploitation of coal seam makes more mined-out areas, the
collapse of which will make the ground sink and split, devastate the infield and buildings, and
destroy the ecological environments. Hence, it is significant to use geophysical methods
efficiently and economically to survey and evaluate the mined-out areas and give feasible
control measures. In the latest years, many geophysicists have done research on the subjects
and make a lot of practical findings. But as a whole, the research of the survey of mined-out
areas is still in a developing stage, and the principles and the means of the survey are faulty.
The successful experience and data accumulation on the research in China and aboard mainly
include collecting data, investigating and visiting, drilling, experiments indoor and numerical
simulation.

This paper introduces the new technology to explore mined-out area at coal mine by
seismic S wave (transverse wave) reflection method. First of all, according to seismic survey
basic principle, we analyze seismic wave kinematics, dynamics characteristic, and carry on
the key analysis to the earthquake wave frequency spectrum, and make the detailed
comparison between P wave prospecting and S wave prospecting. In the aspect of the
processing technology for seismic wave data, we put forward application methods to enhance
the resolution of the signal. Then this paper analyses and discusses the destruction law of the
mantle rock excavated of the mined-out areas, the geological property and geophysical
property. In the end, through the specific exploratory work in Yingcheng coal mine at Jilin
province, this paper expounds particularly the practical application process of seismic S wave

(transverse wave ) reflection method, which includes the treating process and the
interpretation process for the seismic material, and supplies the equitable and pertinent
geologic disaster evaluation of the whole surveyed field. Finally we sum up some property
and symbol about the mined-out areas by analyzing the data of them.

Key words: seismic S wave (transverse wave) reflection method; coal mine; mined-out area;
exploring technology
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e " H(jo)=|H(@)e™™ S (2.11)
|H (o) %A HREAERE, 0(0) KA. ﬂ!ED-AfﬁﬁEf“ %Iﬁliﬁj\g
45, RIBREXRN|H@)E, Meusmtow). . =~ o0 (LN
HEER MR — M TR BRRARER, RGN -‘/“ﬂﬁﬂfﬂ? (R R

=4 6(0)) BRBL, Fh()RET. REB—AREMAE), B EMME G REFN
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A kFHLFasL Fo% Bl EHRARE

2, MAREMA—MBER R, RWHHESHERE. FTel RS B4R R
RGP .
%%B‘JiﬁﬁﬁﬁH(/w)ﬂﬂT fﬂﬁﬁh{t)%ﬁﬁfﬁ&?&ﬁﬂ‘] Ep
h(t)—— [ H(a))e""dw - (2.12)

zz4z&ﬁﬁxzzﬁME&ﬁﬁ“f
BHHERE—ARENRA. Bl FASHSE2 ANEREE. EHRER

RISMATE S0 X (j0), RENARIEHE H(o), BHREBNE T (jo) S E2 R
*F. Lo

MRS x () B RN RERKREE, TANFEITRSAETITE. B
we,
“ - ’x(t)%il;t—]:’.g(ax))ej"’"dlm o |  '<2.13>
X (o) B x(r) KI5,

i’c (2.13) iﬁx( )i%n*ﬁﬂﬁw%%){(w)ef“dmm “ﬁfi%ﬂu &%ﬁ%@%ﬁ
m,lﬁéﬁ&ﬂ)%ﬂom%Aﬁ%ﬁi(X@y%m)m%&m“ﬁﬁﬁm(ﬂ
m%m%Tﬁ$Wﬁ),ﬁﬁﬁﬁ%ﬁﬁ%%xJ(X(www)%%ﬁﬁ
H(o)(X (0)e™do), FIL - .. .«

e ;(t)=2l7; [H@X(@p"do , . @1

MERTUE S, WHES () KEREH(0)X (o), RIVEEEX (o), B
X(0)=H(0)X (o), LREH, RHEEX()HEX (0), RAAESHIEX (0)5
RAMPEEE Ho)WRH. SRERENE. BN, WH=F2 HERERNX
F. (2.14) ARRGHN AL RANBRAE. EX () Hw)s X (o) EAFHE
AR R, RATKHE=/ R, um>ﬁ¢:¢§ﬂmﬁﬁ,bm&7uﬁ%mﬁﬂ

w\aEr - L A
H(o)=|H(w)e™

w) = |X (w)l eﬂ’x(“’)
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BEARE R N
| (@) - 1H<w)||X<w)| e s
&ﬁ%% mmr%mwm%%%mAr%m%M%ﬁﬁﬁ @&F%Wﬁﬁ%%?ﬁ
AF%WH&%M%%%H&%$@E Ll
- R )
6 (0)=0(2)+ 6, (o)

R (215) SHTHHEFSHEEANESHBZANXE, .

FEREH RSP, k?ﬁﬂﬁﬂ%aﬂ%%m%ﬁ&mAf%&%,%%*&ﬁ&ﬁ

%mﬁ%o%%,ﬁTX(),nﬁﬁ &&ﬁiﬂi&ﬁTUi&f@ AT LA

R

iﬁﬂOEﬂOME%%%%ﬁﬁ,W%ﬁ%ﬁﬁﬁ&ﬁﬂﬁ%iﬁio |

()= [ (e (e-r)dr L @
ﬁ(zw)ir @&F%%TﬁAF%%%%MHM%E%%E

RO P P A R R B = R LA
(1) BAHA () RRERERE), KHtx(). SRERAERARMRIIT

FE. XEEE, () REEEER, h()REEBHNTEY, () RERFY
B, HERMECEAE, x()RABTH, H)RMERHBY, x()RERNE

BFE. } ! S S N ) : . ) )
() BREA ()M x(r), RELNEEAE). KRAEEHNAE, EHR

BRF, Hx()REUBTFH, »() RREETRELHEERBNLRMEIR, W
F—SEfArEE e x (1) B x (1) RR U REH (), THRRBESRE. KAR

BEEARREABROEN. 1 . . .
(3) BAHA () RLRHEA(), Xﬁkﬂﬂ RS RENE, AR

HHRR T HERR .
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2.3 HIKEMRS MR ENRAYLEEL |

(1) MRESNDWIERT, L% EERIE, AN HRARREE. WEH
BEAASBRESRE L, NFASHOAE @), WFERARBH P EM P-SV
BEH: SEFABOMS (SHD, WIRA4 SHi. M5, SHBRFARERLN, §
REBRARIBBET R, 2RI SH ROTFE. P 3R SV &, MEWES
REMATEARILN, BN LRAEAY SHROTR. Bk, Bk (SH) REBET
DA USSR SH A2 SH AR, SH REREANE, 4
SRR RS, RBOTEH. o S

(2) BRHREY: MEEERSARONDERRERA R, BEEA T i
fif, RELER (RER ER (B2 £18, SHELBATE, ElEEREE
BRUMENRIHR. BT RAES R FRERAENE, FoUR™=4ss. FIfA
X M AR AR R ENE, TRBAKE. WS, B ST
RURSERAK . o

(3) MRV S BRI RIS, %&MEE$&ﬁEﬁEﬁE

BB INTIIRR, BKK, FUITABNREED, MABBRMNH. BE. K
DR AR AR, BT, %%,m?%&m%ﬁﬁﬁmﬁh%ﬁﬁ
FE—B, FEFERBARERT.

T TR, R 00 Jks, TESERHRM

BEMINTIR R, BB IR I R TR % . R B B 13

B RFEOREERAK, TEREME, BARARER.
(4) WRABEMFHBABRMN R EFOEEENROBEERZ R EBXR

v, = \/’“2" J Bl-v) Q2.17)

(1+o)i- 2u)

S Vs=\/Z f @)
\p 2p1+v L

”“Lﬁ*%lﬂﬁﬁ%ﬁ p%ﬁﬁ%%ﬁ E RBEER; o RHNRE. BRKK
ﬁEk%ﬁFﬁT%%?Oﬁ ﬁEﬁ%ﬁ&WEE*%%OS.TLWEMTX
%&ﬁ%%kwﬂaE%ﬁﬁ,%ﬁﬁ% %%EE%&%W,Ewpﬁmm&&ﬁE,
ﬁué56¥§QMH,ﬂ%&%ﬁﬁ*%ﬁ)&ﬁﬁme;

o
{
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FAXFREFHHX F=F Bl ERFRE

o wmzie - PUoY prnEaRin, BAKSER T

F%ﬁO%,%u%ﬁ&ﬁ&%ﬁ~ﬁﬁlnoﬁﬂ—aﬁﬁﬁ,ﬁﬂ%&#&ﬁﬁ%
ﬁ&ﬁﬁ%%?%v-fﬂ,ﬁ%kﬁhﬁaﬁ#m%$¥iiwﬁ%,@ﬂﬂTa
EXﬁ,bE%ﬁEETMER,#%&%EE#m.Eiﬁ*%ﬁﬁﬁﬁkmﬁﬁ

pesar \

ﬁ&w»ﬁﬁammz ﬁ%ﬁ&ﬁawﬁwaﬁﬁ#ﬁﬁ+#<mﬂmﬁma
B), EREEMNFEF, YHBEREE—RE 1.7-10 2, BEERK. EHENE,
YRR B STR E—RAE 1.4~2 T AX o AR ' A

| EHERRE, EhFME T RN AR REEERE, ERERIRY
B, BEEHRK, BEEAME—SREARERTIRES Y. Bk, TEhERE
T, B SARAOEEEREHARLS, B R RR AN B A R H Y
Wi, HHRGED 05m ELHNER, %@?#m%&n@%g%%& |
CUG) wERAEEE
‘,w%&mﬁg%mﬁﬁﬁﬁﬂﬁﬂwﬁ&mﬁﬁéﬁiﬁm¥¢§ﬁ,gwmﬁﬂ
KEEFEHES, MEREBLE SHENEE. BRER, EREEALRESS
HERAXA, IR 2L | B

k21 RRERMBE
" Table 2.1 Rock wave velocity
HEAMA ' o o K (m/s)
o iRE : Co T 1500—6000 }
ERE . - 4500—6500
v R R 45008000
R o 3500—6500

W EUFRMANED, FRRE. RARUNET, BRERRRAN, Skt
A, FREZMETAGRHOEE. RESHEEHNXER, EATREERRY
#9., EEAEWEK, SEMMSEEORHK, TERHIETN, NRRERE
6. —MrE, BEEEEHTREBEEMA TR 0RO ETRK. 15
EEREHEFRBNAN I, HEENEESENZ E— MR, EEHEESN
BTG, BAME AR FURRL, MBS R A R R A, X8
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AXRFHAELFHAL

Fo¥ ik EhERE

FH MR, ﬂﬂ%&ﬂ’]ﬁlﬁ*‘ﬂi%ﬁﬁﬂﬁﬁ&ﬂ‘ﬁﬁbﬂﬁiﬁk, ﬁﬁﬁli%mﬂﬁﬁﬁ‘]

'»-:,u

EREFZNREED K

*><v'

“ o ~.(..,a P N YN \,'."‘

izz%ﬁﬁﬁgmﬁﬁsaﬁﬁﬁﬁ£

.-
Jeni

e w |

Table 2.2 Sedimentary rock wave velocity and density

BRBS ABEE (m/s) MR (g/cm )"
PRkt 300~900 . 3.10~18 -
AL " 600~800 3. 8~19
Kt Cor i 1200~2500 - v 18~55 .
HMER 1500~2500 14~16
BEERA 1800~4000 27~60
CRERE 2700~4100 36~90
RS, BEAZE 2500~6100 65~135
R 3500~4500 58~180
K 2000~3500 77~110
K 3100~3600

45~100
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R X FAEF0X F=2¥ EHELERAR

%_E M ﬂﬁiﬂﬁ*

3.1 BAMEMELBHEA

ERBHES, AHRRNNBFE - BRERHRRTE: —RHAERXER, 79K
FHERRERTESDS, NABROBR, —RANERERRRR, B# R EER
(At) BIRAREE, AUBAD, WAHERIEE, T/ ABASHE,

311&@%%&

MZEiR) B, ﬂ%ﬁ%%lﬁﬁﬁﬁﬁ%%%ﬁﬁﬁﬁ% inﬁm$ B
SHLEREE SR, RIEMHAEANBERETRAM@NGES, HAURSPRNE—
ERIBHMEBLENES . BESHR: BUKPLHERTE PR, BRIEEKESE
FrREBHORNRFII TR, MITHR LB R M EIRE, AU AKF RN
HHWE%%MW%W@%W%&GQ%EW
3.1.1.1 ERARE

B FH R BN Ricker T (BAMIATE), WXFERIFHENAFAE
R RRRIE AL T AR HER .

(1) Rayleigh #R

BAHEANMMETR RS THRONENE, AxAFEEREE (ERAERKEAR
MR, W At=Ax/2 I EEABATTAHRER (4HFER). RRRA “— M REE
KIAPRERBRE 14 K" BEHEMFEMBIZHEZERTRET FENEMA
8, WXFEAFERTUSFHE, FURREIFN. LEMEMAREORTRE
RESHARSRIRER KRR 28, SFEOEREREZEXT RREBRER,
AN R LB AT

# Ricker TP EHRR

b(t)=[1—2(7zj;t)2]-exp(—7rj;t)2 3.1)

W Ak=v/(52f,)=4,/52

Ko, vARER (mis), [, HTFBBMEMERE, 1,0 5REREMNHALEK.
FINRAHE f,, EBEKA, P f=13f,Rf, =077,

W Ah=v/(4.004f,)~ 4, /4
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REXFALFHAL LES N TS LS 2 T3

TN Sinc TH: AR RN
b(t) =2f,sin(2n £,1)/(27 f,t) - 2 f,sin 27rft )(@2rfr) G2
R £, f, R F R R SR m AR ey
WHEAr=14,[2.8 U (3.3)
- FHUHERE £ B, Ellf,,,=(f,,+fe)/2 e R
S WEAh=2,/448 L SN X))

KA 4, 5 LHLHNEEKK.
(2) Ricker #R ¢
® b A FHERFAWUT SRMAERE, Wd=bNREENRDTIRNER (25
*Zilﬁ) R F R R SECRER, Lﬂﬁﬁ&mm?ﬁﬁﬁﬁj\ﬁ‘%*&ﬁﬁﬂ’]lﬁlﬂﬁo
' # Ricker FHN Lo A )
b(t)=[1-—2(ﬂfl) :l-exp(—zzft) SR . (3.5
W Ah=v/(6.0f,)=4,/60 .. o T (36)
- Hp, vAREE (m/s), fﬂJ?{B‘i B‘J@fﬁiﬁz 2, ﬁ‘?"%ﬁiﬁi*ﬁfhﬁﬁﬁ‘&o
o EFEH Sine FH: o ' S
' - b(r)=2f, sm(27rft)(2n'ft) 2f,esin 27tft)/(27rft) &N

CMEAR=A/302 - o RN ¥ )
HUPEGE [ R~ ' ! o ;
W Ah =4, [/4.83 <L (3.9)

RSP f=(f+ )2
C ERRF, AR RY RS AN K.
(3) Widess #E R
WAn B RE, AREK, WAREGOEREAN=1/4. L An>A/4BRATEL
ik id: 0P %5’I~, Widess iFlJﬂﬁﬁﬂzi‘&fEb MRS THAREEZHRE X SHE P
Lo - P=W,JE - S (310)
i £ = j:bz (r)edt = Asz
: Eﬂ?&b(t)ﬁfﬁ#ﬁﬁmﬁéiziﬁﬂ 5RFEERG A KT TLLEH p —BMTF A,
RELTHERMEREE, HPeh p A aEE/A. UTEHAMIF
“ (1) P Ricker FEMHI, ®fH Rxcker?ﬂiﬂ‘k"ﬁﬁ%)b?ﬂiiﬁﬂﬂ 0.9 %, M
AUSH p3.34f : '
T, SR EMRERIER.
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R X FAEFLEAL FE¥ RERELEHR

() UHETENF, RTEIFTHL FHEEENLZ S, BTFER
o0t b(f)=(sin2x ft —sin2x fir) /mt (31D

WA P=2(f,- 1) / L

AR, SFEEH S R E .

FHALFHER—FHEETE, ETEﬁﬁﬁﬁﬁm&%ﬁﬁﬁﬂfv?ﬁﬁﬁﬁﬁﬁﬂ
WA, MRS AR ERRAXHFERETH. MEFRRTREEFM
BT, TERBARMTE, AREREHBMRERNTE: TERRRATUERN
FHRUTE, B, 2% (REEEEAER) ZRETNARRREHLTHR.

WEAMAL, BMISLRR AR FRFROTEIHERY, TRBHTE, BE
FEHME, TEASRREHER: MESAHN, ZHTFENEEENRK: B
FRE—MERELU LN ERHHKT, lﬁ#ﬁ‘lﬁ%, DERHAFEMSIBRENRS, T
HER TR HERE. :

 NFBARRLE f Rk, ?ﬁﬁ?&%%ﬂ?&, ML FRRRILFE. il
Fk HR BT E 2 RSB BN B (] P IRIEE A, SR TFREE—K,
EHHFHETUERSA, REREAHER. FLl, X FREFEmns, KoHE58
Rrit iy % RAETAIER KA, TETFAMENERNIRE BRARGLE 5 FABALE
MENET FEE—ANB, TAHREHEEL. G2, HESHELRRERD,
APERE. ARRAERREA M, TERMRELRE!.
3.1.1.2 BESHE /

HMEHEPORASBE (ZEFFE) BHEAET IR, ﬂh%ﬁﬂ&ﬂﬂzﬁﬁiﬂ?
B BN R AR R B S, BT DA SLAY oK - i [R) B T B ) 0 R 5 B R B 1
FRB AR, —ROHAERFRET, TREORESFHRBEAETRERE. LR
WA, B oA R — AN 23 (] — e IR e

- 85— Fresnel T SRR PRI HE o

Fresnel # R =HMETA R _EM S, Eﬁﬁiﬁ}ﬁ% Fresnel ‘%*ﬁtﬁﬁﬁﬁ
i 300 P .

RERENER, MECRE R SRy R LS &%M:ﬂmmz
A, ZREARSEFARRERFELE-REARTR, TR—AEREHTR. B
— Fresnel T M & X R, BAHTES RE ARSI, BRITARZETE A/4 U
TR S BT R M KR E B SRR KT, [EERMAERNEE, WAKX
PAAM& UK B KSR A ELAE , XA KRR = A R T IE REAR, B 58— Fresnel
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R X FAEFEHL F2¥ nEsELEREA

We UHERK—XBANE—BIHE— Fresnel H¥ 2. MEABFAMEELE—
Fresnel #/p, WIS HRIL AEHACNTE, MERANEESREI L REY
WK KRS H— Fresnel Tl A e ¥ BiLL, — Fresnel HHIK/MRE R
EREIFHEAFRE. IMAERR— MBS, BACZEHEENEZN.
BRAEEEh, WEAZEREREN R, BBERRIXEN Y, HEEZE, H
REEHA S, BIHESTRREATHE K : ‘ .
r=v/2(i/£.)" . T < 2 2))

BB ISR E: |

(1) B5— Fresnel HIIK/NEHEEHERA X RERRF RSB FMGF 7
WERE; Lk b, REFEAE T ARKAERS ﬁ"iﬁﬁﬁﬁﬁﬂﬁz—ﬂﬂ‘]ﬁemel
%, B, RRXRNSMRESHER. 0 0 7 e e

- (2) B— Fresnel T (ERHFR) EREMFHIREIEL. -

(3) H— Fresnel T (HRH¥R) bjﬁ&ﬁiﬁtﬁo

f B R R PR

B ER SRR RARERSE, EX2UTERNEN:

(D) BARFERIREE®, B CMPBEAX KW, Eﬂ—ﬁ&ﬂu‘ fﬁmﬁﬁﬁﬁ%ﬁ
FIRRRAX , /MFAX BERHEARANTTHEHH

(2) WBEE S LFREENRE, “

C ) B EENEE, SERANSEARER.

(4) ZERIIfEREL. «

(5) %ﬁﬁﬁfﬁﬂlﬁ, ﬂ"“?ﬂﬁiﬁ?@}iﬁﬁ%ﬂﬂﬂ’]%ﬂﬁ

ERSHEEREDIHENRR : ‘

X TP BT R El?ﬁ@ﬁﬂmﬁ&%ﬁ?i%ﬁﬁw 0, EMEZ;%J&T@.
Fitk, BrLAS— Fresnel H&/h, HAMEEIHERURE. B oHELIERYH
RS EREBERSHENAZRN, BESHEAH SERFPEAZFTIIX

AH = AZ[sina (3.13)

Kb ahhta. MLEAMREEE. WEABK, WEAMAREH.
TN E 4R SRR AR AHT, ATAEEI LT LS,
(1) BRI AT R B ST A WA B NI LURZE T A 2Rl E 1.
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R REFALFERL FZ¥ nEHBAERL

- Q) ERRMBEMAHRE, DAEE. RIANMRES, RERFRSHRETLL
RENHE, BEHEFEMEOREXRR. B '
3) EAHPERSRANMFERHLXEKEN; EHEREMRTHERUZHRAE
Wﬁ%%%ﬂﬁ,ﬁﬁﬁﬁﬁﬁﬁu%ﬁ W%Eﬁﬁﬁﬁﬁﬁ,WﬁﬁﬁﬂﬁﬂTA
B '
4) ERFLHFEREOFERIPELAE R RBHBHIEGRE.

3.1.2 BIARAWENIERR

URAPENEERERETURTERAS SHRRIE. FORE. L. 2FR
BRI, FHBR. FHORKSEEEAST,
3121 AHESHRTFUMEASHRER L
R RIS LI AR LSRR 7, TR £
RIARI98% B L .
B= f2 ~f o (3.14)

FIR S R
B=f/f (319
LR RIERETENY L
OCT=332Logo(H/) -~ - . 316

LR, FEAFRNEREELENATREGR, MARIBEMAEE, AR
RETFHEAOMME. ERELTFHEENT, AREIHEEUTRER:
(1) #RFEERK, WFRNRERLE, HHEREE.
() ANEEAEMRR WA, HARERE.
G)%ﬁEEKQ,iﬁﬁ%WﬁﬁﬁEﬁ¢ W?ﬁﬁ&ﬁﬁg.%Wﬁ%S
EHER. .
(4) HMEEFE, WTFEMALEIZE, %Hfﬁﬂﬁﬁﬂﬁﬁﬁﬁk,?&ﬁ
eI oo
EﬁHk%ﬁm&%ﬁﬁ?&%ﬁT%&%»ﬁ#?ﬁﬁ?&* ETLEN, B
RAUENSE, ﬁ&@ﬁii%ﬂ%ﬁ%$ﬂﬁ,ﬁﬁ%%?&%%%ﬁ&ﬁ%ﬁ&
SEWMTXRER: ‘
U)é?&%ﬁ%ﬁ?ﬁ.ﬁﬂﬁ%%&ﬁrm?&ﬁ%$§$ﬁﬂ ﬁ%ﬁi
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AAXFRALFHAL FE¥ AEHRELEHAR

EWRTHERE, PHRENTFRESERE, HPElH;
(2) HTEMBHREN, SPREERAT LREE, EHEXBIEHARS;
(3) FHNAPREGHFAHERREL, STROKERRE:
M)Eﬁﬂﬁm%m%ﬁT,%ﬁﬁ?&%ﬁ%ﬁ%g,%%ﬁ%ﬁ%?ﬁ%ﬁ
frE%. L
3.1.2.2 S HESEMLL
Widess HEAT P M HHAE 11 X

, [rS(f)cosa(f)df]
. P =
GO [ s ()dr + N (r)df
Rk S() BN (/) AR S IR RIS, ﬂﬁﬁf%mﬁum,
&%%F%#FTE‘J%%?EJJ%P )JJTET

31D

P/[I+IN2(f) df’fsz ] (3.18)
Eﬂﬁ‘}'ﬁﬁhﬁﬂif‘%ﬁ:&ﬁ %FﬁRziTr"ﬂEﬁhiw, )Jjﬁ | .  , ; zw.,» , .
P/(1+1/R2) o e

E , .o
}"1'1' i

T%,ékﬁMﬁﬁﬂ?ﬁ%%%%E,@E,W%Hﬁm%TF%W—ﬁ%$mﬁ,
HPERE TR, ST A
ﬁﬁ@X“ﬁﬁﬁﬁ"e“faﬁﬁz:mny$1m%&rm%ﬁﬁ“ﬁmﬁ
ﬁ”aw¢?lmﬁﬂimﬁﬁﬁ“%mﬁﬁ”ﬂii&mT“mﬁF%w”ﬁ“m
WAPE” WS, NTTHFI TR EERRREAT T . ”
%ﬁA(ﬁiTF%E%EﬁA&,R(ﬂiTﬁﬁﬁFw, (ﬁﬁrﬁﬁ@
BELE, WIMLREIEMELLVISNR AT R A

o VISNR =[ Y 4, ()R (f)]/[ 2 4y ( f)Ry (f)] (320)
st R (=4 )[40+ 4 ()]
RN(f)zl“As(f)/RN(f) L e

FR AL () RAESMRERRERA—LREE (BRXEHN 1), 4. ()X
ARG IR MR KRB, BIRMEm=0~3/4f, f, N Nyquist HE), WM
SR (VIRS) BH
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R XFREFHEX F2¥ nisEtRsA

| VIRS—[ZA (f)Rs(f))/m D@32

48, %ﬂ%ﬁﬁﬁ%fﬁﬁﬂﬁﬁf%%%
3123%&mw&" ’ |

| ERREEEOAGT, RMIRTEEKERENSATY, TN TAHET
BRI TEEE. R REHRREEN TR, THETFRERRES. 24
BT RS BGE 5 ERGE B, LELKERE, BICHARERS. 54,
BT B R M R R ST rh, BT AT B W e 2 RS R S AL,
EFRBARE. BEEHESIELET, —RFER MR TR RR SR TRE
Wi, ZEHEZR PR TRAARE, FE SIS LRI, Widess BB AR H14
PHESE XA |

_[ [aeosolls]
. e
ﬁ¢ﬂﬁﬂw()ﬁ%%ﬁ%ﬂ%%mﬁm% o) ML, AR
BRI AR R A 300,
| %mb—fMﬂww#%?&Wﬁﬁ#ﬁﬁE NGOREY R

co(3.22)

BEEE, WA p— , BFHERSERERE. BRRHREFIABELY, kRS

%ﬁﬁﬂ%%kmﬁ,ﬁ#Tmﬂim%m ﬁﬁ%&%ﬁ%%.Lﬁﬁﬁ%Tﬂﬁ,
TRABMILRERGL.

‘ Eﬁ%%ﬁﬂ%%ﬁT,iﬁﬁ¥&mﬁ%$ﬁE %HVMmymﬁﬁ@E%%
Y ATEL & 3

Oy
il

[ [ s(f)cos Odf]
LS N

(3.23)

2

TR AR, B e(f)=o,cose(f)=1aa“, N p B, A, T p=bf"'

BEMp=-2=—"x "it'#’ E, %J?&I%ﬂ?@ﬁ“i ﬁ#?ﬁ?&imﬁﬁ x
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AR FHALFHEAL Fo¥ nigpdEsl

m%%%%w;%%%%%@5%%%2@%%%&%&*&fi%imwmﬁﬁﬁﬁ,

‘Eﬁfl\?f“ %?&WIW%E ﬁﬂiﬁﬁ“EE T % !ﬂUIW‘é{Eb @j( Imiﬁ"é
ﬁ%&%#%,@iﬁﬁiﬁ?&éﬁizw,é—vﬂH,W?&Im%§5&%

Z WA ZBRRES, SHHEAT, LE,/E~0, HEFWEEMRD, FEIRERILFET

?&éﬁ"‘i Eﬂ?&ﬁ?%%ﬁ%ﬁ, %Wﬁ?ﬁiﬁiﬁi
31.2.4 HEAMSENERE '
7 R B 0 SRAE AT B R 2 R AT BT R ﬂﬁﬂﬂ%ﬁlﬂlﬁ%ﬂ%mﬂ%#iﬂ

AREHABH . N R — LELE Eﬁ&ﬁ%x@&m%ﬁf%
X (nA),n=41,42,--- ﬂ#ﬁﬂm%ﬁﬁ%%ﬁﬁﬁﬁﬁﬁm&¢F%Mﬂ%#iﬂﬁ
B: R X () WRLHEN [ REFERB), %|f|2 10, HLHEX()=0,
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