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Fig. 1 Layered geoelectric model with HMD

G T KT A AR 7 U5 1) H R 3 28 () 43 A RRAE 90 25
WFSE T A0 50 4 B 1 O oL 580 5 B v
A5 T R R 7 0 7 ) 5 T

TE H T A3 256 3ok FRL 000 0 32 1) 10 P AR L 36 ) Geo-
metrics 2 A A EMI 23 &) B¢ A 0F i (1) 808 5 Ha fi 5
G EH—4 % 22 5 55650 R F — X 238 i
RELH X Y AT 18] (7K F-RE B R
W30 Y4 ML L ST A G . R G % L 500
Hz~100 kHz, & [T RUGE S (5 5 i 42 T
TGS b T 48 A AR

TE VR T 3t 5T ) A5 B2 . GEM — 2 02— 3K
125 [ geophex 2% Al HF & ) —F F R X710 £
I TE A LRGN B . R S £ R RN U2k B AT L KO
LT (o W P A ) 28 0 i e m] DA e A g OK
ST RG AH AR ) 2 B I L AR R T 29k 30 Hz~93
kHz, o] B 2245 % 5t . © B N %y | 4
5 LR R AR AR A AT

A 335 43 F R 3 O R R R 2 e
Hb TR ) B M Bk 1k 2 ) A 0F 58 9 9T & /) HDY — 402
= B 45 HL R 2R 6 SR FH KTl A8 A~ VR 0k v il
Yy S S R U2k VB 43 ) 2 24 T RHL I A 3R L 41
e A 2 T R R AR R SR S A A N R 4
2 U I — A A SO ST T R KT A A
TR B A5 A5 S5 3R A 4 FL 0 TR 1 PR AR AR

28 3 3 T 7K 1 AR A - VR 2 DR b R A TR (1 7K S
Wi H, fir A= R ASE BN AT AR E
ST R 0 [ D5 1) 2K V8 S e O S 38 ) o
Vi) 5 2550 A B 1 32 RS T O 4 IR H BEL 3R 1 ik
i 3 BRI IR T Oy ik i e, E
AT 3 A e - s R I SR RO N R 77

H, G RECRARAC. 5 S m] ) 8T58 4 XU B3
14 F- 8% B3« M A L ik 3 i 7 R AR M A o R L R
KRR itk LM T P RAE LRI E 2 XU
HUBEL R ORI AR TR Y B RZ
AR 3R i K -1k S HL o Rz 32 17 4 531
FHIEARIE AP35 5005 7 3 L A R L LR, A 4
DX R B Rl A AL 24 5 3t B R R AE — B, XS
TS P B Bk T B AR b T 2k A L B
RTEARIR B R TR IR A B R (. Rfs - F
BRI GEAUELS & fE P B R AT R AR AR
AL BIE - 37w B AE TR

L IR AR 1 IR R L 3

W1 B 7R B K % 8 B 7 952 R AR
B, AT RS R R RS A R e,
M d, B 2 AN G W BT IKOT AR A%
TR T2 R b 2 R 5B R AR AR D M= [Sn
(I AR Toe™ s S B F 1Bl n N D,
B IS AR A S S T AR HhO AR AR AR R E
FA AR ZR S ABAR AR 7 100 Ry 2 Bl CE) y=0 5 1)
SR N O N =S N S R E T S
Wi H., .

SCERL L] i 4 4 5 1 )2 AR K 1 Al %+
IR AL R K G 00 1 HL PR R IR
Ak HAES I

Moo
HI’_ZTU’[ r’ Jrjo A—O—ml/T*]](Ar)dA]

(D

T* = coth[mid, + coth™! %coth(mzdz +
2

s+ coth™? N1y (2)

A M ORREAR WA s MU R IR s m N E BB
T s 245 58 bR K A Ry as [ B R, 2 B I B R
B,

2 H, pia KA R R I

2.1 ERZFHEH HELXUBEMEER
mR (D X TF A R, 2SR T =
1, (D) A5y

H,-() :ﬁ[_%+J A

Gy R . Aerljl(Ar)d/\] 3




244 PRI AR

45 %

H,, +

M, *Mofw A JGod )
0

2nr 27 A+ m
KDL v o F BRI R UL £ 13555,

Mo _ Mop ll\’T)J /\2
Hoo F 21t 2rrioplo A +7711J1 (A r)di (5)
P T A
S (/HJ lio Aierl]l(A rdx, B
Hz'() + M03 - %‘LC(I)I (6)
27r 2nr lop *

A4 AL A5 B B AR ORI R R AN (D .
hwor\fﬂ(w)4*§¥\
Py | Ch (orsw)) |

KD PR Py = M, /2x  H, 2y 55 45
RN Chy Ry 357 2 28 8] 8 3 7K - 43 Sk A0 58 1) o
A Hankel B 2p 2R T H B EH B 5 8
HEHO L AR A B R OR A T Alitken i 3 1%
(AW A7

vy = fun(at,),z = fun(y)

{oMH" (w;) = a bs

D)

g =
xd z—2y+.n‘,;<7ﬂm] z— xd
M abs(ad) <<err W5 (R 3%E4C, €))

2.2 FBEFUTEH HELXUWBEEE

BTk 2 2 R it Hankel $0(H FL43 1E
TR 5 R MR g 4 S e Coy s IR KL
B A o 300 T 3 T B LA R Y Al R S AN AT
A2 MR AKOT-RE AR AR 5 34 50 2 28 (A1 3 7K OF
i H, pms i (3D 2o B A BT B AR 2 R
ML kT = iwpo AR LA BH R B A B A1
A H BHL 3T B ket B IR A B B R R K
5 () I AR 04 R KA B kT = dwpo HAE
T T R A R R S e A A R R B R S 29

H, (My,f.p) = H, (My,Kf,Ko) €))
KM, SRR B REHE s f o g 3 15 5
Fio M TTHE B,

R 3 (9 551 25 35 Fi 40 v 7 P, L 258 0 031 %6 OF- %
FEPERT LBt — Fp oAk R 5 H, 4 XL Bl
B M T B8 % AR A, 2 R St (E 5. 3
BB,

1) 55200255 B 2 30— FER 2 K V- RE AR A 7 JR Y
A2 23 ] A AR 0 0 TR 2 8 AL AR U BE - RN R
G M, CRLR T B AL ol 2 805 se A D

)W Ay A A R Ay 1 .Q « mo A4 52
AR A [l (10 Hz ~ 10" Hz) , 4 531 45 il 58
3A~5 B % (10 ° Hz~10"Hz) L 3R JG 7R 1% 10

K1 ZEARE A AR

Tab.1 Three layers type geoelectricity model parameters

HFHZE/Q - m JZ2JE/m
o1 =200 d, =150
2 =20 d; =300
s =350 dy=co

L Py e ot B 50 A USSR 22 O 000 o A %
R o AR L BEL 38 010 T A e (PR R S A
B AH N B 5 TR A G R AR SCIE R T 12 000
A AT

3B SN T ARSI 5 (10 ' Hz~ 10" H2) I 74 3%
M o7 0 FF Rl 9 U — AR Ry o I 0 IR IR AE 38 5
2 243 0] 1 5 T B i g o A 4R 5 22 KON TR B 1
T 6 A 2R i T 30 0 SR, DLW 3 1 52 R
IS 22 114 °F- 7 1 e /N RIVIA A 37 6 TR) 5 28 5 | JFE % i

A (L0 S A5 9 BEL 6
0 () = fore (D)/ fune (5) (10

e S () OS2I R T B H B R I R
Fue G AHBEEN 1 Q « m 52125 8] #5370 N A6
W5 ST £ G X R 37 18 AR [R) 5 AR 3 A 35 8 BT X
QIO

5) MR 545 2 BT A S0 A 23 11 0 H B
2.3 BRI

B —A T2 R B SR 1 R
W& BRI AE 8 R=5 000 m, HHE MM 0.1 Hz~
40 kHz B 180 AN , X $58 = 4l b ¥ 50 43 A . %
KGR M, R REHLT R 20 A 2B TR LA 30 m”, 4K
Pl [T %5y 100,

TR R K TR . H 9 3 AR AT
T B 43 ) ik B3 4 DX R P BHL 238, 365 F B30 3 1) AE A
mE 2 fs . 2 e i Lo Rkt a2 X
LB A% i et & o PR B R 2 XAl
BHAR G, IS 46 B S A R =10 000 Hz) , §§
AT EZH LA, 30 Hz~3 000 Hz 7247 H B AL
L DX e T v TRV BEL )23 £ e 7 2 S L 6 4 T 2
SR EE R BELJZ 1 i B 3R AT 30 Ha) o

1 2% 1 2 52 e i v AR Ak i 2 0% 25 A I, Y O
ST M AR R ARAE L (H R S 22 R OK L I
FF k43T T B R A H R RE R K . AR A )
FFEET GFE M 0.1 Hz % 40 kHz 8] % 50459 4
[ 180 531 & 11 4 DX R A BH 28, 1% X I s 646. 75



2 S

%, F RFREBMT R — Y BN IR A X AL A F 245

s, MRS AU RS 1,48 s, PR RIA R T30 438 £
3 RSB E5

FEF — o 2R R AR AR R S
BRI EOKE G H, A b 3R 0 e B L 7 H 2
P FNE B8 B T 55 4 XA Ha B 38 001 5 k) 3 3 AT
IV REAS AR R K K #E S H, 4 X BH 28 %
Hh 2 A 2 BERE ) .

3.1 R

A RL AN 3R 2 TR P AR, 1 )2 H BE R
200 Q- m, 28N 150 m, 224 2 H
AR E R 4 DERRL KT E 2B ER 2
AR TEIZBRIEN 24, RS KF#

A O T=15 A B FIHAR S=10 m* , £
P T4kl 50, FHEMIE 10 ° Hz~10""Hz, 4k 180
AP R EL A B 4 5 43 A WU R R=1 500 m.,
=D ST K F G H, 46 4k ik
RER DO MEBE L QO R T KFE# H,
XA, R ARRAERE AR 4 42
J2 AR ) KOG S H . 4y 6 4 DX H BEL 33 i
LKt —ik (& 3, B 3 fTLLE . K5
H., 4y 4 DX BE SR X6 1 i BH AR B R
Wi 7 7E i T 10 kHz S B2 200 Q « m, J2 e i
2R, LT 1 000 Hz 47 B 4 X B A
S R I AR 2 L R A R B 57 R b %) I
S 2R ) o R AT T A 5 AR G R SRR Y R . [
A 158 BT Sl WL A ) T3 % v BH 46 8 A RRAE

Apparent resistivity/Q-m

AR

10 10°

10' 10 10"

Frequency /Hz

B2 #ZREFPHBELRAGMES L RILE

Fig. 2 Comparison of two calculation methods of whole zone apparent resistivity

Apparent resistivity/Q-m

AR p=30Q'm
- %A p, =180 Q'm

A =220 Q'm
== %401 p,=800 Q'm

R =30 Qm
— B HIL =180 Q'm

— PR HEp,=220Q'm
— B p, =800 Q'm

| |

!
10°* 10°

10° 10' 10°

Frequency /Hz
5 SR GHRE AR LAk H, & KALG R A 5L &

Fig. 3 Two layers geoelectric model H, whole zone apparent resistivity spectrum

curve with iterative method and translation algorithm



246 PRI AR

45 %

K2 ZEAM BN R

Tab.2 Two layers type geoelectricity model parameters
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Tab. 3 Parameters of four layers type geoelectricity model

(the first layer thickness is changed)
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Tab. 4 Parameters of four layers type geoelectricity model
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Whole zone apparent resistivity calculation of one—dimensional electromagnetic

sounding with horizontal magnetic dipole source

XU Wei', LUO Weibin®, ZHANG Kecong®, ZHAO Caisheng®
(1. The 149 Team of Gansu Coalfields Geological Bureau, Lanzhou 730000, China;
2. Lanzhou Resources and Environment Vocational and Technical University, Lanzhou 730000, Chinas;

3. Gansu Jingyuan Coal Industry And Electricity Power CO..LTD, Baiyin 730900, China)

Abstract; Based on the frequency domain response formula of the horizontal magnetic field component H, on the surface of
the layered geoelectric model of the horizontal magnetic dipole source and using the principle of uniform half — space equiva-
lence, the iterative calculation formula of the whole zone apparent resistivity of the horizontal magnetic field component H, fre-
quency sounding is derived., which is verified by the fast calculation based on the translation algorithm. and the calculation
strategy of using the result calculated by the translation algorithm as the initial value to accelerate the iterative method is pro-
posed and proved, the forward calculation modelforward calculation model verifies the effectiveness of the method. Based on
this, the whole zone apparent resistivity of H, component of different geoelectric models is calculated, and the response— abili-
ty of the whole zone apparent resistivity of the H, component to different geoelectric models is compared and studied. It can be
seen from the calculation results that the whole zone apparent resistivity calculated by using the vertical coplanar device to ob-
serve the horizontal magnetic field H, in the same direction excited by the horizontal magnetic dipole source has good resolution
to the changes of layer parameters (thickness and resistivity) of the geoelectric model. The apparent resistivity of H, calculated
by iterative method or translation algorithm can better describe the variation characteristics of model earth resistivity. The tail
branch curve of whole zone apparent resistivity by iterative method is closer to the true value of deep resistivity than by transla-
tion algorithm. For shallow engineering geological problems, defect characteristics can be effectively distinguished by high—
frequency excitation and small receiving and transmitting distance.

Keywords: horizontal magnetic dipole source; apparent resistivity of the whole zone; iterative method; translation algo-

rithm; one dimensional layered model



