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` /#  b/3 1-9-$## 9- ! )5#c)^ #3$$8+ 
f5-"! /3/ )c1-93Y$8+ / )<3! $) )$3R)5]$ 8+ b3 
b/3 139#R3A!#  =Y)A!" )+, $-3<+39#R Ab3A3< 
$)9-S$3P 3^-$"# 25=<#$8 c)5-2)$#Q 
b/3 139Qd-23 3<l -"!) . I 5Q / -H-$#Q ! )"3P 
c)9)Y# 1 ' $A! #! =!-  2-3e#c#"#  /L  U?D 
/ )c/ )<3! )$ # 3b/3<31)$ R-! 39 91=+b-! 5-1323 
#$9="^# 3$$323 Y)A! 3! $323 c3$9#/3 1)$#Q [1]. 
F+-R) =A! )$31"# 95Q b/3 1-9-$#Q #cR-/ -$#P 
R-! 393R 91=+b-! 5-1323 #$9="!# 1$323 Y)A-
! 3! $323 c3$9#/3 1)$#Q b/ #1-9-$) $) / #A. 1. 

' 9-Q #Ab35]c31)$#Q 91=+b-! 5-1323 
c3$9#/3 1)$#Q A3A! 3#!  1 "3Rb-$A)^## 1 
^-$! /-  =A! )$31"# b- / 1#Y$323 R)2$#! $323 
b35Q, A3c9)1)-R323 b3A! 3Q$$8R ! 3"3R 
913P$3P $) / =S$3P b- ! 5#, 1A! / -Y$8R R)2-
$#! $8R b35-R 1$=! / -$$-P b- ! 5#. 

F325)A$3 c)"3$= ( #3 – F)1) /) , R)2$#! -
$3- b35- b3A! 3Q$$323 ! 3")  Hz $) 3A# =A!) -
$31"# 95Q 913P$3P $)/ =S$3P "1)9/ ) ! $3P 
b- ! 5# A3 A! 3/3$3P !  # 1$=! / -$$-P b- ! 5# A3 
A! 3/3$3P ! /2 A3 1A! / -Y$8R R3R-$! 3R R3S-
$3 $)P!#  " )"  A=b-/ b3c#^#C b35-P 5#$-P-
$8+ 3! / -c"31. 

% ^-$! /-  =A! )$31"# b/#  z = 0 1- / !# -
" )5]$ )Q A3A! )15QCd )Q $)b/QS-$$3A!#  R)2-
$#! $323 b35Q Hz / )1$) $=5C. 

 
           (1) 
 

Z)"  1#9$3 #c (1), #cR-/ -$#Q R)2$#! $3-
23 b35Q A ! ) "3P =A! )$31"3P b/3 139Q! AQ 1 
3! A=! A! 1## b- / 1#Y$323 b35Q #A! 3Y$#") , 
Y!3 b3c135Q-!  A <35] H-P ! 3Y$3A!]C  189--
5Q!]  b35-c$8P A#2$)5, 3<=A5315-$$8P $)-
5#Y#-R 1 / )c/ -c- b/3 139Qd#+ 3<l - "! 31. 

L 9$)"3 1$- f ! 3P ! 3Y"# R)2$#! $3- b35- 
=S-  $- A"3Rb-$A#/3 1)$3. ` 3A"35] "= R3-
R-$!  $) / =S$3P b- ! 5# b/ -13A+39#!  R3R-$!  
1$=! / -$$-P b- ! 5#, $) 3A# =A! )$31"# A =1--
5#Y-$#-R z $) 3Y-$]  $#c"3P Y)A! 3!-  R)2-
$#! $3- b35- A$)Y)5) 93A! #2)-!  f "A! / -R)5] -
$323 c$)Y-$#Q 1 ! 3Y"-  $) 25=<#$- z = – ! /3, 
)  c) ! -R b5)1$3 =<81)-!  (5-1)Q Y)A!]  / #A.2 
b/#  S = 0). F5-931)! -5]$3, #cR-/ -$#Q A 
91=+b- ! 5- 13P =A! )$31" 3P b3c135QC!  
=R-$] H#!]  f " / )$#/ =Cd --  15#Q$#- b31- /+ -
$3A! $8+ A53-1 #, $)3<3/3! , =1-5#Y#!]  

"a  .- . 5 . 2 &.  ; 5 4 Z&2]  & a  "- " 5 62 "'  a  " 9"-& 0 " $7&  a  "9 " - + l .;"  
$ 5 "+  a  &  - 94 ^ a. 75 . 9"0  &2 - 4( 7& 92"0  ? )$ 7" 72"0  ="2-&  "9 ) 2 &&   

U$0 K] ' M/ N.I ., R$*&$*0 6' 2& N.W. - ' $A! #! =! 2-3e#c#"#  /L  U?D , : " ) ! - / #$<=/2  
N'' 20 $C6M. %8b35$-$8 /)AY- !8  # b/3 1-9-$ )$)5#c R)2$#!$323 b35Q 91=+b- ! 5-13P =A! )$31"# 
#$9="^#3$$323 Y)A! 3!$323 c3$9#/ 31)$#Q, / )Ab353S-$$3P $) b35=b/3A! / )$A! 1- $)9 b/3 139Qd-P  
S–b53A"3A! ]C . ` / #1-9-$8 )Rb5#!=9$3 – Y)A! 3!$8-  c)1#A#R3A!#  b31-9-$#Q 1-/ !# " )5] $3P A3A! )1-
5QCd-P  b35Q 3! 1-5#Y#$8 b/3 935]$3P b/ 3139#R3A!#  # 25=<#$8 --  b353S-$#Q. ̀ / #1-9-$) b)5- ! ")  
95Q 3b/ -9-5-$#Q b) / )R- ! /31 S – b53A"3A!#  b3 Y)A! 3!$3P c)1#A#R3A!#  3!$3H-$#Q "1)9/) ! =/  1-/ !# -
" )5] $3P A3A! )15QCd-P  $)b/ QS-$$3A!#  R)2$#!$323 b35Q. 

DEFINITION OF DEPTH AND LONGITUDINAL CONDUCTIVITY OF A CONDUCTING 
LAYER WHILE TWO - LOOPBACK INDUCTIVE FREQUENCY SOUNDING  

Ratushnyak A.N., Sarvartinov A.I. — Institute of Geophysics UB of RAS, Yekaterinburg. 
Abstract. Calculations and analysis of a magnetic field of two - loop installation of induction frequency 
sounding located on half - space above a conducting S - plane have been carried out. The amplitude-
frequency dependences of field vertical component behavior on size of longitudinal conductivity and 
depth of its position have been given. There has been given a transparency for definition of S - plane 
parameters according to frequency dependences of the relationships between quadratures of vertical 
component of magnetic field intensity. 

 FC. 1. C+-R) =A! )$31"# R-!39) 91=+b-!5-1323 
#$9=" !#1$323 Y)A!3! $323 c3$9#/3 1)$#Q. 
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15#Q$#- A53-1, $)+39Qd #+AQ $) 25=<#$-. 
: A5# / -S#R ! 3")  b- / -R-$$8P, !3 f5-" -

! /3 R)2$#! $3- b35- A! )$31#! AQ "3Rb5-"A-
$8R c) AY-! 135$31323 c) ! =+)$#Q 1 b/3 13-
9Qd-R b35=b/ 3A! / )$A! 1-, c)1#AQd#R 3! 
Y)A! 3!8  w # f5-"! /3 b/3 139$3A!#  b3/39 s0 
# 1 ^-$! /-  =A! )$31"# b/#  z = 0 <=9-!  3! 5#-
Y)!] AQ 3!  $=5Q. % f ! 3R A5=Y)- / )AY-!  R)2-
$#! $323 b35Q A139#! AQ "  A=b-/ b3c#̂ ## b3-
5-P ! 3"31 1 b/QR35#$-P$8+ 3! / -c" )+ – A!3-
/3 $)+ b- ! 5#, $)+39Qd-PAQ $) b31- / +$3A!#  
39$3/39$323 b35=b/3 A! / )$A! 1). % A13C 
3Y-/ -9] , b35- ! 3")  1 " )S93R $-c)c-R5-$-
$3R 3! / -c"-  3b/ -9-5Q- ! AQ #$! -2/#/3 1)$#-
-R b3 95#$- A! 3/ 3$8 b/QR3P 3!  f5-R-$! )/ -
$323 f5-"! / #Y-A"323 9#b35] $323 #A! 3Y$#-
") , $)b/ )15-$$323 1935] ! 3")  1 3! / -c"- , )  
A3A! )15QCd #- R)2$#! $323 b35Q f5-R-$! )/ -
$323 9#b35Q, A33! 1- ! A! 1-$$3, b3 e3/ R=5- 
1-"! 3/ $323 )$)5#c)               , 29-:      – 1-" -
! 3/ -b3! -$^#)5 b- / -R-$$323 f5-" ! / #Y-A"3-
23 9#b35Q 95Q b/3 139Qd -23 b35=b/3 A! / )$-
A! 1) [2].  

I 5Q f5-"! / #Y-A"323 $-c)c-R5s$$323 
9#b35Q 3! 5#Y$3P 3!  $=5Q <=9-!  ! 35]"3  39-
$) A3A! )15QCd )Q 1-"! 3/  – b3! -$^#)5), $)-
b/ )15-$$)Q b3 ! 3"= – A3A! )15QCd )Q     , 
b3A"35] "=    - A3A! )15QCd )Q 3! / )S)-!  
15#Q$#- c)c-R5-$$8+ "3$^31 f5-"! / #Y--
A"323 9#b35Q 95Q b35=b/3 A! / )$A! 1). 

: A5# $) $- " 3! 3/3P 25=<#$- h / )Ab3-
53S- $)  b/ 3139Qd )Q 23/#c3$! ) 5]$ )Q 
b53A" 3A!]  A b/3935] $3P b/3 139#R3A! ]C  

             [FR], !3 1- / ! #" )5]$ )Q A3A! )1-
5QCd )Q R)2$#! $323 b35Q Gz 1 ^-$! /-  
91=+b-! 5-13P =A! )$31"# <=9=! 3! 5#Y)!] AQ 
3!  $3/ R)5]$ 323 b35Q ! -R <35] H- , Y-R 
18H-  b/3935]$ )Q b/3 139#R3A!]  S # 
R-$] H-  25=<#$) b353S-$#Q b53A"3A!# .  

I 5Q / )AY-!)  b35Q 13Ab35] c=-RAQ 
/ -H-$#-R c)9)Y# 3 b35- 23/#c3$! )5]$ 323 
f5-"! / #Y-A"323 9#b35Q # b32/ =S-$$3P S – 
b53A"3A!#  [3].  

%8/ )c#1 1A- / )AA! 3Q$#Q 1 935Q+ A! 3/3-
$8 b- ! 5# !  # 135$313- Y#A53 k Y-/ -c <-c-
/ )cR-/ $8P 135$313P b)/ )R- !/  3, b35=Y#R 
/ )AY-! $=C e3/ R=5= 1- / ! #" )5] $323 R)2$#! -
$323 Y#A5) 91=+b-! 5-13P =A! )$31"# $) 3A#  

   =A! )$31"# 1#9): 
 

 
 
 (2) 
 
 
 

29- 95Q ! 3Y-" 18H-  S – b53A"3A!#              
 
 
 
 
 

I 5Q ! 3Y-" $#S-  S – b53A"3A!#           : 
              , 
 
 
 

J1 (• r) – e=$"^#Q ( -AA-5Q b- / 1323 /39)  
b- / 1323 b3/Q9") ; 
                          ;                         ; 
 
                                 , 
29-                   – <-c/ )cR-/ $8P 135$313P 
b) / )R- !/ , c9-A] / ) cR-/  A! 3/3$8 $) / =S-
$3P b- ! 5# !  18/ )S-$ 1 "R. I 5Q / )AY- !)  
$3/ R)5]$ 323 b35Q $=S$3 b353S#!]  1 
e3/ R=5- (2) 1-5#Y#$= S = 0, b/#  f ! 3R 
                              . 

`3  e3/ R=5- (2) b/3 1-9-$8 / )AY-!8  
1- / ! #" )5]$ 323 R)2$#! $323 Y#A5) hz $) 3A# 
z 95Q /Q9) c$)Y-$#P 135$31323 b) / )R- ! /)  3 
# 3! $3A#! -5]$ 3P b/3 935]$ 3P b/3 139#R3-
A!#  S – b53A"3A!#                      , / )Ab353-
S-$$3P $) 25=<#$- h < 0 (/ #A.2).  

I 5Q / )AY-!)  #$! -2/)531 3!  " 3Rb5-"A-
$8+ 3A #̂55#/ =Cd #+ e=$"^#P #Ab35] c31)-
5)A] b/32/ )RR) A ^#e/3 18R e#5]! /3R ?$ -
9- / A3$) [4]. %8Y#A5-$#- 1$-H$#+ #$! -2/) -
531 1 "3$-Y$8+ b/ -9-5)+ b/3 139#53A] R--
! 393R 6)=AA) [5]. 

%5#Q$#- b/3 139Qd-P S - b53A" 3A!#  
b/ #139#!  "  A=d -A! 1-$$3R= #cR-$-$#C 
1#9) $3/ R)5]$ 323 R)2$#! $323 b35Q 
(" / #18-  S = 0). % Re # Jm " 3Rb3$-$! )+ 
1- / ! #" )5]$ 323 R)2$#! $323 Y#A5) hz $)  
25=<#$- b353S-$#Q S – b53A" 3A!#  3! R--
Y)-! AQ 53" )5]$ )Q )$3R)5#Q, " 3! 3/ )Q c)1#-
A#!  3!  1-5#Y#$8 3! $3A#! -5]$ 3P b/ 3935]-
$3P b/3 139#R3A!#         . U-) 5]$ )Q Y)A!]  hz A 
=1-5#Y-$#-R    =R-$] H)- ! AQ 3!  R)"A#R)5] -

ArotHd
rr

=

xA

zA

ss dS ×= s

0£z

xlll

xlll
p

ddrJf
r
y

ddrJf
r
y

J
aH

h z
z

ò ò

ò ò

-

¥

-

¥

×-

-×==

4/1

4/1
1

2

0

2/1

2/1
1

2

0

)(4

)(8
4

hz³

m
e

e
jpS

e
jpSejpSm

m
m

f

hzm
hzm

mz
mh

)(
)2(

2

2

2

-
+-

-

+-

-
-+-

=

a

a
l

hz£
mze

m
f

a
4=

mhjpSemjpSmm 22 --+++= )())(( lla

( ) 22 yxr +-= x jpm += 2l

222 ajakjp ooswm==
2897 afp os.=

)/(2 l+= mef mz

)/( aSS os=

S
S

A
r



;*$ #<=/ 6)  ?,2@6A6: , =/ 6)  &,=0 '6/    9, 2006?. 

54 

$323 c$)Y-$#Q $) 25=<#$- z = –! /3 # #cR--
$Q-!  c$)" . ` /#  f ! 3R $) 9$-1$3P b31-/+$3-
A!#  c$)"  Re hz 3! / #^) ! -5]$ 8P. [ $#R)Q 
"3Rb3$-$!)  Jmhz A /3 A! 3R      A$)Y)5) 93A-
! #2)-!  f "A! / -R)5]$ 323 c$)Y-$#Q $) 25=<#$- 
b353S-$#Q S – b53A"3A!#  z = – 0.3!  # c) ! -R 
=<81)-!  b3 R39=5C.  

U)AAR3! / #R Y)A! 3! $=C c)1#A#R3A!]  Re 
# Jm "3Rb3$-$! 31 1- / ! #" )5] $323 R)2$#! -
$323 Y#A5) hz 95Q 25=<#$8 S – b53A"3A!#  
h= – 0,3 !  95Q ! 3Y"# 1 ^-$! /-  =A! )$31"# $) 
9$-1$3P b31-/ +$3A!#  z = 0 (/ #A.3). 

U-) 5]$ )Q Y)A!]  $3/ R)5]$ 323 R)2$#! $3-
23 b35Q Re hz b/#       = 0 b/ -9A! )15Q-!  A3-
<3P 39$3f "A! / -R)5] $=C " / #1=C, 1 !3 1/- -
RQ " )"  R$#R)Q Y)A!]  Jm hz Q15Q-! AQ c$)"3-
b- / -R-$$3P e=$"^# -P A b- / -+393R Y-/ -c 
$35] 1 ! 3Y"-  f "A! / -R=R) Re hz. 

7)A! 3! $8-  +) / ) "! - / #A! #"# Re # Jm hz 
95Q b/3 139Qd-P S – b53A"3A!#  A=d -A! 1-$-
$3 3! 5#Y)C! AQ 3!  1#9) Y)A! 3! $8+ +) / ) "!- -
/ #A! #"  $3/ R)5]$ 323 b35Q (b/#       = 0) # 
R32=! A5=S#!]  " / #! - / #-R 95Q 3b/ -9-5-$#Q 
1-5#Y#$8 b/3935]$ 3P b/3 139#R3A!#      .  

L 9$)"3, b3A"35] "= #cR-/ -$#Q )<A3-
5C! $323 c$)Y-$#Q R)2$#! $323 b35Q ! / -<=-
C!  #cR-/ -$#Q 1-5#Y#$8 ! 3")  A ! ) " 3P S-  
! 3Y$3A!]C , !3 <35--  =93<$3P +)/ )"! -/ #A!#-

"3P Q15Q- ! AQ #Ab35] c3-
1) $#-  3! $3A#! - 5]$ 8+ 
1-5#Y#$ b35Q, $)b/# -
R-/ , 3! $3H-$#Q " 3Rb3-
$-$! 31 Rehz/Jmhz #5# 
e)c318P =235 1- / !# -
" )5]$ 323 R)2$#! $323 
Y#A5) 

 .  
     D)  / #A.4 b/ #1-9-$8 
Y) A! 3! $8-  +) / ) " ! - /# -
A! #"# 3! $3H-$#Q " 3R-
b3$-$! 31 Rehz/Jmhz 95Q 
! 3Y"#  1 ^-$! /-  =A! )$31-
"#  z = 0 1 c)1#A#R3A!#  
3!  1-5#Y#$8 b/3935]$ 3P 
b/3 139#R3A!#  b/#  25=<#-
$- b353S-$#Q h/a = – 0,3. 
     'c  / #A.4 1#9$3, Y!3  
Y)A! 3! $8-  +) / ) "! - /# -
A! #"# 3! $3H-$#Q " 1)9-

/ ) ! =/ $8+ " 3Rb3$-$! 31 Rehz/Jmhz  <35--  
Y=1A! 1#! -5]$8  "  #cR-$-$#C 1-5#Y#$8 

b/3935] $3P b/3 139#R3A!#    . ` /#  f ! 3R 

)/( zz ReJmarctg hh=j

 FC. 2. 6/ )e#"#  Re # Jm "3Rb3$-$! 31 1- / !# " )5] $323 R)2$#!$323 
Y#A5) hz 91=+b- ! 5-13P =A! )$31"#  b3 3A# z. 65=<#$)  S – b53A" 3A!#   
h = – 0,3! . %35$313P b) / )R- !/  A/ -98 3 = 0,1. _ #e/  " / #18+ – 3! $3-
A#! -5] $)Q b/ 3935] $)Q b/3 139#R3A!]      . 

S

S

 FC. 3. 7)A! 3!$ 8-  " / #18-  Re # Jm " 3Rb3-
$-$! 31 1- / ! #") 5] $323 R)2$#!$323 Y#A5) hz 
b/#  z = 0 (H#e/  " / #18+ – c$)Y-$#Q       ). S

S

S

S

S

S

S
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A" )Y-"  Y)A! 3! $3P +) / ) "! - / #A! #"#  
Rehz/Jmhz b/#  135$313R b) / )R- ! /-  A/ -98 

3 = 56.4, 3<=A5315-$$8P AR-$3P Y-! 1- / !#  
R$#R3P " 3Rb3$-$!8  b35Q Jm hz , b/ ) "!# -
Y-A"#  $- c)1#A#!  3!  1-5#Y#$8      # 3b/- -
9-5Q- ! AQ ! 35]"3  f5- "! /3 b/3 139$3A! ]C  
1R-d )Cd -P A/ -98 s 0.  

7 )A! 3!=, $)  " 3! 3/3P b/3 #A+39#!  A") -
Y-"  Y)A! 3! $3P +) / ) "! - / #A! #"#  Rehz/Jmhz, 
b/#  #c1-A! $3R c$)Y-$## !  / ) cR-/)  =A!) -
$31"# , A5-9=-!  #Ab35]c31) !]  95Q 3b/ -9--
5-$#Q f5- " ! /3 b/3 139$3A!#  1R-d )Cd -P 
A/ -98                                  , 29-: f – Y)A!3 -
!)  [6^], !  – / ) cR-/  =A! )$31"#  ["R]. 

D)  / #A.5 b/ #1-9-$8 Y)A! 3! $8-  +) / )" -
! - / #A! #"#  3! $3H- $#Q " 3Rb3$- $! 31 
Rehz/Jmhz 95Q ! 3Y"#  1 ^-$! /-  =A! )$31"#   
z = 0 1 c)1#A#R3A!#  3!  --  25=<#$8 h/a 95Q 
b3A! 3Q$$3P 1-5#Y#$8      = 3. 

Z)"  A5-9=-!  #c / #A. 5, Y)A! 3! $8-  +) / )" -
! - / #A! #"# 3! $3H-$#Q Rehz/Jmhz 1- / ! #" )5] -
$323 R)2$#! $323 Y#A5) c)1#AQ! $- ! 35]"3  
3!  1-5#Y#$8 b/3935] $3P b/3 139#R3A!#      , 
$3 # 3!  25=<#$8 --  b353S-$#Q.  

J !3  b39! 1- /S9 )-!  13cR3S$3A!]  #A-
b35]c31)$#Q 3! $3H-$#Q " 3Rb3$-$! 31 
Rehz/Jmhz b3 #cR-/ -$#QR $)  Ab- "! /-  Y)A-

! 3!  1 " )Y-A! 1- " / #! - / #Q 95Q 3b/ -9-5-$#Q 
1-5#Y#$8 b/3935] $3P b/3 139#R3A!#      # 
--  25=<#$8 h/a. 

D)  / #A. 6 b/ #1-9-$) b)5- !")  95Q 3b/- -
9-5-$#Q 3! $3A#! -5] $3P b/3935]$ 3P b/3 13-
9#R3A!#      # 3! $3A#! -5]$ 3P 25=<#$8 h/!  
b3 Y)A! 3! $3P +) / ) "! - / #A! #"-  3! $3H-$#Q 
"3Rb3$-$! 31 Rehz/Jmhz 1- / ! #" )5]$ 323 R)2-
$#! $323 Y#A5). 

I 5Q b- / -+39) "  )<A35C! $8R c$)Y-$#-
QR 25=<#$8 # b/3935] $3P b/3 139#R3A!#   
                       A5-9=-!  #Ab35]c31) !]  c$)Y--
$#- f5-"! / 3b/3 139$3A!#  1R-d )Cd -P A/- -
98, b35=Y-$$3- b3 ! 3Y"-  A" )Y")  Y)A! 3! -
$3P +) / ) "! - / #A! #"#  3! $3H-$#Q " 3Rb3-
$-$! 31 Rehz/Jmhz. 

I 5Q 39$3c$)Y$323 3b/ -9-5-$#Q A b3-
R3d ]C  b)5- ! "#  91=+ $-#c1-A! $8+ b) /) -
R-! /31 – b/3935] $3P b/3 139#R3A!#  S # 
25=<#$8 h – $-3<+39#R3 b/3 1-A!#  #cR--
/ -$#Q A 91=RQ / )c5#Y$8R# / ) c$3A)R# )  
=A! )$31"# . 

% $)A! 3Qd--  1/ -RQ / )c/ )<) ! 81)- ! AQ 
b/32/ )RR$3- 3<-Ab-Y-$#- 95Q A3c9)$#Q 
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