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ABSTRACT

The array induction logging is an mmportant resistivity measurement 1oo} at time being.
Qur country is studying a kind of array induction Jogging too) (MIT). In MIT, the four short
sub-arrays are influenced by borehole seriously. It makes the next signal process wrong result.
Therefore, borehole correction is an important part of array induction logging signal process.
In the thesis, the borehole correction method and the effect of offset conductive loop on tool
response are studied.

In the first part, the mathematic and physic model of borehole correction are built at
beginning. Then, the responses of borehole model in the different borehole parameter
(borehole radius, eccentric ratio, mud conductivity and formation conductivity) are analyzed
using the eccentric geometric factor theory and FEM. The results show that the error of
eccentric geometric factor is small when mud conductivity and formation conductivity are less
than 1S/m. Other case, the error will become great, FEM is necessary. Finally, based on
borehole correction data base, the method of fast computing the response of borehole model
is studied, and its computation software is developed.

The second part shows in detail that the inversion theory of the borehole parameters
(borehole radius, eccentric ratio, mud conductivity and formation conductivity). In the
inversion, the Marquardt method is used, and borehole correction algorithm is designed. The
several typical model demonstrate that the Marquardt method can solve the question about
singularity or morbidity of iteration equation, and borehole correction program based
Marquardt method can effectively remove borehole influence on logging data.

In the third part, the influence characteristic of the array induction signal generated by an
eccentric conductive ring is studied. Its numeric calculation results have the leading meaning
to instrument testing, calibration and explanation for the invasion influence by high
conducting mud around well while logging.

The above conclusions will provide the theory support for the borehole correction and

instrument calibration of MIT. The way also can be used to other array induction logging tool.
Keywords: Borehole Correction, Array Induction Logging, Inversion,
Eccentric Geometric Factor, Marquardt Method

Thesis: Application
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BB AR RO ILAE T g, MNAEIAIBE L LE R RO/LEARET

gECC :



A M RFERLEAIR X

2

¥ NNy
%L,

Lo w,J)
- (2-13)

-~

i Mz

-

ngC =
NTI‘NRj

+ L

7

1

W

<

n'MR
M=

ERMPHT, EENEINESRBERSe,, WRERSH. HTHE #

FRAMNBRSERRTNERS, PUBRER, . THE g, B, BARZEBINNZ
4% LI B F 19AR4 S A R B R S AR TR, BB 14 & H 4 TR AN RN T v B i (X 2R v

=]
E50,o0

24 FRTTERR
T REHAT E B R R RIFEIR 44 F RSB L FH A SR M R, A SCR AR RITR
% FEM, X ARTEHENFEmE, B CLEATERERDY, T HERAUR.
RIE R A B RIZH Maxwell 77248 7 LS AR DU 204 MR IR B AL A 1)
EHATRR TRRIER:

210 8%4. 1 0°4 )
ar(’ or (rA"’)+ azqu T 6¢:]+k2(0)‘4w =-pJr (2-14)
057 %A%

4, =4, =0 IZ’=°0,r:oo,r:0

Rk ciops » k HEEEE, o HUBRTEARE, o AHERRE, A A
BEHSEs THNMHREL, uhHSEWmMm), J, IRFLENEREE.

kg bpip R ER, —MRKRERERSEZEATERERERK, MTELE
BHTHEENBREE RS, BINZEARERK, EXHERTF . ARk sE
i KIR M BRI E S, RASIAE BB SRNFERMRARX L A ERER R E
FREE, NREEETENRERSEN N ABGNEARERSERBFENN
BB ATERAR, RUTLEEFRADERNEREET, UEEREIEY
MR R BB AT RAEET, CHEFERT EBNT RN RAEET BN
A, EEMHRTE. X (2-14) EAIRA

(4)+ 24 -a—i)+k2(0')A'=—[kz(c)-kz(oo)]Ao (2-15)

67[r8r 0




B_F HRWNHEITE

HEAFSR (214) ARAMLRSIE.
R a= 4, -4, A, WERASER B HHHRE.
FR (215) PR EREES RSN T T4 8,

8F(4,)=0

4 =0 FHHFE

(4

F(4,)== m[( J [a¢) r(%) +;—A'2+k2(a)rA'2]dv 2.16)

+[K (@)~ k7 (0,)) [[[ra Ayav
;

ZIEXREX G r R @ 75 R 2 J7 BT PSR, BARKEE RIS AET

KH#E (TH). EENMTETRETRENERBRAIZRS LK (2-16), HATLL
BEIHRTIE. RBFRTHTENEEETUBITEMERLE LRBR, RERE
St BN E ERR e EEY, BRRZIETENRIRA SN BRI E S E,
25 fROJLATEFIHEERDFRITETHES RO LR

WA AR P A TR ORSHEEEN, Biidie THRTE, BMREG/LAE
FHEMFRTE. ARRO/UARFEETERSIBPRTEL, LREEZEHE
T & SHENMRAZ BT EW, TERA RIPBREE BB L BRI HEE N,
WE % UTRFHAERS RS RN TLH KBNELH KESE. MARTER
KRERMBFZEPHEFRKEFREEELT, BRRER KRBT RSENS, BRTE
Mt HER R R EREHLN. EXBREZEERER, FRTENTEERNEEES
FILAREFERTESE R TE R CIR SR ma R A5, thﬁﬂﬂﬁﬁﬁﬂiﬁ”ﬁﬂ’”ﬁ
.

EANKE GFfar,, FREXRBFEo,, HERSEo,, WiLEecc) HIEX

BPRETS
1, 0,0,()0, (R)ecds)y i=12,. N5 j=12, Ny k=12, N, 5=12,,N,
N, BRE¥r RN RE N, BREHo, AR, N, EEHo, WENAEL

m

N', B EH ecc PIRHI = 5. 725 R RO JULA R FETE RS NWN e, |, AR RT

15



FRAMKFR L FM IR

B E BT 0, WMo, ., WEME, o, . &R LERRE.

DL IR M TR 1 A8, FH433% 0.0762m A1 0.254m, fR/0EIE 0.1 H
0.9 3t E, 8 2-9, ErP AT B S RAMER TR FXIERER 10 X

FEEF)1 3420.0762m L B0 FREFI H120.0762m B0 E0.9
21 P £ : BRE 2 7T
‘ R :s; .Ib'?;‘
15[ R 15 il
B T
w1 ; w1 T
L ] oy 14
& 0. Tl ® 05 me e
2% et 2% Kl
ity l B, BEE
EEE B
?F“ (i
5h AEr 05 ntc
AR Wy B
L 2l P
-4 2 0 -4 2 0
HEB PR BEBEE
FReFN 3#420.254m {0 E=0.1 FREF H#420.254m {&-L 0.9
2 - 2
1.5 Be 15
5 1 s 8 1
o o
#®. 05 2 05
O 8%
B9 B o
-05 -0.5
-1 -1
-4 -4

2
HEBIE
2-9 R0 LI B FiT B AL B R BEFHR E

N o B AR A R T LUE B, AR UTRTE, Wit EE R
EHEELMER SR, HER SRR EEROREEAARR EEREZNER.
KR T LA E TR £ A FRER 2 R B L BRI, LR S
Zh R R R R S R
2.6 FFRRARTY mi R B BE

R R E N Y EREEX RN B NI EE RSN EERUR
75 % 5 B (A0 P o BB 5 A

HTSYGHE, , BREmE Ty, EXRERER 3 KH—10 3T, RIH
ANEIE 0.0762m——0.254m.

HFROEece, BTFHERNEE, —BRRLTLERTE, RIHERNELH




FE FHRMNET %

£ 0.0—09.

NFREBEGEo,, NEBER 0.1S/m——100S/m, BRIFTARKHNEIENE
BEA.

MNTHEESFEo,, MEZER 0.001S/m——1008/m, FHTIEFHFEEEIZ K
BRI SRS EEEN.

FRIFRAMTER AR, BRI EANE2HEANEZ . S50, Mo, 1K
WEK, FIUKRASHEALTHEEARNE, EEEIFEANHERT, BT#
FRBNE, (XA IEL ™ E, ERARIERANEKEAN, THAANRE. E5H
REBEWR 2-3.

#x2-3 RESEEE
BESH Z % W @

r, (m) 0.0762 0.1016 0.127 0.1524 0.1778 0.2032 0.2286 0.254

ecc 0 01 02 03 04 05 06 0.7 08 09

o, (S/m) |0.1000 03162 1.0000 1.7783 3.1623  5.6234  10.0000
21.5443 46.4159 68.1292 100.0000

c f(S/m) 1.000e-4 3.1623e-4 1.000e-3 3.1623e-3 1.000e-2 3.1623e-2 1.000e-1
3.1623e-1 1.000 3.1623 10.000 17.7828 31.623 56.2341 100.000

RIER 2-3 LT E A XML, F LU AE Bome By 4598 BE .
2.7  FFERBEEY ma By YRR v

AR P A T SR AT H IR IE, XM ERESFHRUFFETHERER
F—ERENRNER, BRI FERAEE LA SIEX, B EEE T TEE,
Lhr ERTENAR . TROJUARFAFERRTEARERE, BEERIBRENMRAPIUHE
R LR UL 2 T2 J A S B {3 38 O i 2 A 4

T SER R BB TR M e, SShR bR R RTEEHITEHE
SHE P IREH T AR NN, ENRNEERE, BN ABENTETER
EE%%%%&%W&M&&E%@E%¢ﬁﬁﬁ&€@%ﬂmlwmm%%ﬁﬁﬁ&\
SR ME. 2 BRIRKEEENERREBEEE. ZRIVTEREMEEEX, BET
BAE A 4 BUR IR IR (BRI IEVE R N R 3




A HRFE T AR 3

BT EFRET, o, 83 SHRE:
0,(1,:0,,0,)=a, +ay, +&0, + a0, +4,1,0, +a57,0, +440,0, +a,1,0,0; 2-17)
R FRIER BR T AT LOE T EIEAR AT 5 I R S SR FE
TSR FRORES, FRIEZWS T AFENREIHRFPIROR ecc,
H4NEE, EPATUL T 4 SHERBREN:

0,(1,,0,,0,,6€0 =0y +ay, + 4,0, +0:0; +a,ecctag, o, +ag, 0 +ayr,ecc

+0,0,,0, +0,0,,eCC+ a0 eCC+ a1, 0,0 +071,0,€CC+a,,eC0 (2-18)

+a,,c®,0,+4,4,0,0 jecc
PSR T B ERAB, BEREESE, =x,.0, =x,.0, =x BT

HRES o, (x,.%,.x,), HFBRWT:
(1) HIFEHERHESHERTMRIESR
r .0 (0,8 1212, Ny j=12 N, k=12, N,
0, ().0n (0, (B) i=12 Ny j=12,0 N, k=12, N,
b F REFWEFBELS, MLFLESREFER, MREUWRHREES
fSCER
() WSHERTHEEANE S BERIEIEA,,x,,x, ) FRHXE

(2-19

ry £X, <n,my <x, <m, f, Sxf<f,
ro=r,0,)n=r,0)1<iy<i; <N,

my =0, (Jo)smy =0, (1< jo <) N,
fo=0,(k) fi=0,(k)1<k <k <N,

IR 4 5 /I X 18] 3 e B B AU T AR IS
c,(r,().0,0)o (k) =0, j.k)
O-a(ioajOsko):Gaosca(ilajo:ko)=aa1
0 ,(igs J1:kg) =0 ,4,0 (015 )y, k) = 0 (2-21D
o,y Jo. k) = Gauo'a(injmkl) = 0,5

o—a(i()ajl:kl) = Uaé’o-a(il’jl’kl) = O-07

(3) MREMFRARBLAXR,0=0,..7)

(2-20)

Y5 TE & RSB R PR 8 N S o, (1=0,...,7) RAZ TR (2-17), EAIHE—14 8

M RE, ERmBHNa(=0,...7), EHEHRRCH




B_F ARmENETE

AX =b

X =(ag,...,a,)" ,b=(0 1gs-+-,0,,)"

(2-22)

FRAKITIIR det(4) = £, — 1) (m —-mp) (f;, - £,)' 20, HEMAEE (2-22) K
AW —, BRX =(a,....a)) 51, =x,,0, =x,,0, =x, RAZHR (2-17), BT
SRFIRGE S o, (x,. %, ,x, ) HIEAUE .

KRR LEZHR (2-17) XFEEr,. o0, o BEMLENR, FHLTUSEK#

FTIEA (2:22) R AEHBELARK Y o, (x,,x,,x,) FIELUE, NTTE%T #5712

HEpzHE. HERENT:
4 =(x, _ro)/(’i )
Ay =(x,, —my) (my —my)

Ay =y = )= 1)

Sl = Al *(Ual _Gao)+o-ao
S,=4*(,,-0,,)+0,,
S=4,%(S,-8))+85,

‘7; = Al *(005 —O'“)'*‘O'“
Tz =A1 *(607 _Gaé)+6a6
T= 4, *(@,~T)+T,

X=4,*T-8)+S (2-23)

BE, A ARMNEMNT e (223) 8.

iy AT ROBIREH, SEFIORSALR, HRMNERNSHE T~ %
BlibEece, RERBLMRARARBYTESRAHILY, FHKE. THEE
R IE G MR A R A0 B v SR LR A I 0 B S8 TR

BRI BOBEBS B A, =x,.0, =x,,0, =x,,ecc=x, , D& K &

(x,,%,,%,,%,) B/DXE5 S BHEBU TS




AR ABRFRLF AL

o, (r,(),0,(j)0(k),ecc)=0,(, j,k.])
O'a(io,jovko’[o)=°'ao=°'a(i17j07koalo)=0'a1
O‘,,(io,j,,ko,lo)=O’a2,0a(i,,j],k0,10)=0'03
0, (igs Joskyslo) = 00050, (s Joskyaly) = O s
0, (gs Jyskyslg) = 0050, (s Jrskisly) = 04
Ga(io:joako’lx)‘:O'as:aa(injo’ko’]])=°'a9
0, (igs Jy>kos1y) = 04100, (i, Jiskosh) = 0 4y
6, (igs Jorkish) =0 41350, (s Joskish) = 0y
0, (igs J1sky51) = 03450, is J1 ks h) = O s
ZuBEARXKTEREDT:

4, =(x, —r)/(r,—1p)

A, = (x,, —my)/(m; —my)

Ay =(x, = )= 1o)

A, = (x, —ey) /(e -e€)

Sy =4*(0, =0,0)+ 0,
S,=4%(@,,~-0,,)t0,,
S=A4,*(S,-8)+S,

T] =A1*(0'05—O'a4)+0'04
T,=4%*(, _‘Gas)"'aas
T=A;,_*(T2—-Tl)+Tl

U, =A4*T~8)+8

Sl =A1*(Ga9-6a8)+608
S, =4 *(04,=0410)+ %0y
S=4,*(S, -5+,

Ty =404 =0,p)* Oy,
TZ = Al *(Gals _6014)+Ga]4

T=4*T,-T)+T,

U, =A,*(T-S)+8

X=4,*U,-U)+U,

(2-24)

(2-25)

ZEFSHREHSEMME RS ERNRELULEERK, BEAAAR (2-25

BTEL M x,. x, WHHES ML

20




B_F HRENHHEGE

2.8 FFARARTIIUm R RE T T AR E T

P RITIE AT DAV b AR TS 2 ) B A S O PR 5 M B S, SS9 52 1
HRSARE R RN, TR EAESRNREMNER RTINS BT HEE, &
EREMBENEE o, , AR SHRTENENE R0, ,, BEZD, REHEIRE
REREMNAEEER, ERXRIERRIE.

BB TFEPRENG, ESHORR B PRI AL T &, HRARE
REE RTET RN, BERTETENE R, EREE, Rl

FRYPAELER o, FABRRE. B 2-10. B 2-11. B 2-12 BIRMR TR 2 Wi o, ,

a fit

MR E, B 2-13. B 2-14. B 2-15 BREETHSI 2 Mo, , ., Bho,, BE
FERREZUBREKX, Ho,, SRAENER L. B 2-10 1B 2-13 BHARHA

0.1651m BRI &R, B 2-11 71/ 2-14 RHEHEER 0.1155S/m B FTER,
K 2-12 F1E 2-15 RIREKEBFE K 3.8311S/m HHMTER. BFREBSENMES
SEMALRE EARERZ 10 FIX .

2.

hERESE

-1 05 0 05
RHBTE

B 2-10 &4 0.165Im Ft o, , BIHERIIRE
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FRAMKERTFAIRI

0.24

-1 05 0 0.5 1 15 2
R¥RGHE

B 2-11 EBZENY 0.11555/m B o, , HIEFRE

hERSE

-1 -0.5 0 0.5 1 15 2
RHEBIR

B 2-12 RELBEN 3.8311S/m B o, , BIEIHRE
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B—F FRMNHETE

0.24

0.22

-1 -0.5 0 05 1 15 2
ERBFE

214 WERFEHD 0.11555/m Rk o, ,
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AR AMKFETLEARI

B 2-15 RERSEY 3.83118/m AN, ,

WE 210 B 2-15 B, RERBEAMBERSEEKX (51.08m) HKHo, , 8
AR EREATIET 10%. TREESEMMWELSERD (<1.0Sm) X0, , 1
HRHRERK, L AMHAIREET 20%, X B TXEREARHWERRD,
LR R E RS R MER TR RERK. SRNEN, HRTENTEERES
BAE—ERE, FH20%NHERERFETRE.

stk B HTA IR AR E BB A B 20%, KRS HEKR AR IRER A
10%LLPY, &R R 2 IR E SR 3 K.

24




FZE AMKEREER

B=F HIRREREZER

i i) B R AR F IR R S B, IERRECMYERE, RIEXEHFEN
ZHERKREEE ML, TRIERIBHER, NEIERK RN REYERENEN S
.

HIRRE RER—MRBNEEE T, XTREMERESERRSY, L
VE. R, HEEREEE. BAFRIRE. BB KE. BEEEMATHENEHEIL.

BEERE—MEZNRESE, BATLRRSHRY, BRRKSERRIE. T
Fik BABRSOE R, BRAERLARXBEFTETHE M EREM RELPERE,
HERX, MASERVMEERRIRMAEREN . HIBEEMETuEMMmeR A, JEHs
BEEBARERT . ZRMERHFER MM T — P H9SuE, i FRFIMEZ. W
RANGEAB/Y, HEBEERILEEZERE BIRR IR SH.

FRFEBEUNNGS — AN RIF AR, CERFRTHEIER, LRER
—f ‘%7, ERATHEARRIELE. 258 AESNRBRMENIELER
iR, EAUR KEEERY TR X MR, BgHARMASMNIERE. HRIE
MR A BB RS RENRESEE ERBUDEN—N0T 8 B IRRECEERRL
YR BB R . BT E BB/ MERIRE T, #TERKE, FERRERLALER
N BRB-ANEBEMNEETHRE, —NEREEE LR, BALEKERRUYR
R KOS FE, TSR EE N RS AR B RERMREEE. BEREEREEH
John Holland F 1975 4F32 i R () —F e Ltk IR VE . EEEA B IUKE T B AR R EHE B
—XAERRRRIFE: NARERBFRBTTE. MRNEIERNERNRT FE
k. MAERLGE KE—#, BR—-MEFEFTERTERAERNIFLE RiEE ATH
Z RS EEAIRYEE YN A BT Z . ERININER 2 H0E R R TENIRA
HWRE, BEMAETE. #9EFPLELERIET K% I RIRLER K.

KA B, IRt ORI A LM KR RS, RH4 MRSt
REREH— N EERENF . ACARMFRER R AT, RESHAZ,
BU TR B, AT UAGR AL R A e o S ) e ot SR 1R B AU S AR LU BB AR
H s Marquardt ¥t BIBE B B/ ZSReiE N RN 2 . HIRIRE RIEHERA M52
Marquardt ¥ .
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R AMKFERLF AR

31 FRREREERES

HIRREREEENTARRIES EHNHFBEREEENFRBLERSY. B
BRI R B — R ER . ERA—ABE m A SENEEER XU n N WHLIE
&, EfFERiELA
=F@&,P) DeR",PeR",SeR (3-1)

]l

=4, d VRAnENHEIE R E;

2
-
bx

F=[f;, fyore [, ) TR n YR TR Y B 50 1)

P=[py.pyr, P | T REHI m EER SR AR,

S =[s,,5,, 5, | R EBEEE F R TERSH.

B, R (-1 Fim=3. HOERE, X G- PHm=4.

BRI, 2 RET R, MEELEMORE, NEBESHF IR E ecc
BIET, HEWESASEIEARSE PR R .

R (3-1) B—ALHHEA, HRESRLE HERSHHEEN

130 =(p109p209---’pmo) (3-2)

WAL RBESIER (3-1) ARRFALKEMER (XKL LT
D=F(P)+JAP =7, + JAP (3-3)
KA T, = [Vigs V200 > Ymo] = F (Pros Paos-++ Po) F LA BT B

AP = (Ap,, Ap,...., Op,) HHERIES B EDY,;

o . 9k

v .
J=| .1 | Jacobi 5EF%,
oF, | oF,

op, op,,

¥R 3-3) #H—FHEN
E=D-Y,=JAP (3-4)

itEFE =[d1 —ymadz ~Yas" s ymo] APFHE %}ﬁﬂj{ﬁz%’é

26




F=E HREEREHER

X (34) REFHRESBETESKAP WnxmWEHHRE, 48, =D-TF,,
J=Jy, AP, =P, -B, MR G-4) HEHRAERLR

E, =J,AP,, (3-5)

EMNHBE O PATFETRESHNMHOERT (n2m), BHERE 3-5)
BESRBAGTERRAR N FTEE. Mo HE, 5J,4P,, ZiREMNE, WFE EBE
WERED A:

®=¢"¢p=(E, -J,AP,,)  (E, —J,AP,,) (3-6)

#xX 3-6) RIFHE:

®=EIE, -APT JTE, -E1J,AP,, —APT JTJ,AP,, (3-7)
B/NJTERR LT

% —_JTE, +JTJ.AP, =0 (3-8)
FrEA

AP, =(J;J)"J[E, (3-9)

HTFAEE LR R ERARE . IEEm N B BE T ERZE D EHEIEP AT
BEAFMEIREPY, WX R ZE R Jacobi SMERIEEIS 5iZE R, Jacobi MR &
HEBERWEIBERN TR,

FEMRPERT, R (3-5) LFFA

E, +6E, =(J, +8J,)(AP,,, +6AP,,) , (3-10)

R, 2 J, B,

SE RE W3,

BT &8, . 6E, WATE, LA G-10) HESHIEREK AP, WUEERESAP,,, .
RIBEEFEERN IR, M8/, 20, 6B, 20, EHELH (3-11)

& <1 (3-11)

Jiar, | <

J
AF Iy H T BT CERERE, R
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PR AMKETLFAII

|6AE,., Az
L2 < Mcond(J,)G— (3-12)
[aP,..| vlE
e M =— KT IWER
e, AR, RESFROEEEIAEX, ¥RNEHR
n-n,,,pﬂ,z,oo°

R (3-12) RPEEHEHOERRET, AP HHEXRE H"AP ”" MNFEE J, 948

HREF cond(J, ) 8. BREM S cond(J,) /D, WEAREXBHEME D, K
2B cond(J, ) RK, J, REERR, REREMENZRUFERA. HLHTEH
MRS K—BERANSE, XMEREBERATRENY, WEHLAAR G5 MI
BUERKHEL

Hat R &ARATIR RS KT EERBRANEE, TR (3-6) #ITBE. Ak
FEfk s, ER (36) BEBHFMAD 2 BHEXH

(D‘:“APM = AﬁMTAPm =min fRED, Bl

®=(Ek —JkApk-ﬂ)T(Ek _JkApk+1)+£2Aﬁk+lTA13k+l (3-13)
St o2 AR EFRMAET, FTLh Marquardt ¥ XFREB BN k. & RE
B R Z T (B, -J,AP,,) (€, -J,AP,,) HEESHBEN 2 BHKEM

AP, TAP, TER/MLBIRRH O BE BZAMEEE. MR’ REKX, WHBSHH

2 EHMKEERIMOTERRESERR, MBI H0, WRMBETERS.
R (3-13) KIfEA:
AP, =1J,J, + 11" J,E, (3-14)

RAEJ, WAFESE J, TUDEA:

J, =UAVT : (3-15)
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B-E FEREREER

R PA=diag(h, Ay h)  M2A 22420, ARJ, HEFRE (HE

JTJ S EEN T IR) MR B AR, 1 2 J, 0%k U 2 nxn M IERMERE; V £
mxm M IESTHERE
R (3-9) J,7J, TS

112 )
=(UAVTYUAVT =VAVT =v| ¢ - W7 (3-16)
o -- /13
R (3-14) hJ]J, + T TUBH
A+egr oo 0
JJ +et=v| K A N 2 (3-17)
0 - A+é’

MTHRREXEMRYERENETNE, J, SLREETRN, J, WRAFH
ESHRMTAENILEREK, BIEFHMZER. Mk G-16) sk 3-17), #
FHALEREAZAHERAKTELNT - ESR®, ATRKBEET RZEE
BeJ, T, +e T R TF J,[ T, TS HRE L&A, B R HCR

2 2 2

A
cond(J, J +$21)—i’z"“"-*_":2 < A;m =cond(J, J) (3-18)
+&

min min

M (3-18) AE LE, R/ ZIERISERRE J, NE/N A R EIN KA TR

T J, B RuHeY,

47, BEAFRN, XABERER/D ZIES BT RIBERA RS, BRERE
RETR—ANMTHEERM N RERN M. AXREFEF, HEBET M
BRERMNERBNZFREMERHR, BHlJ, NEXFRESEITRELERNE
N GEERBLFTEZEN=1000), B’ BJ, BRTRMEA0.00145. XHEH
BREJ, MBARRESRMARERERETAK, NABEFEA 3-9) WaFHE
TR
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A MRFEREFARI

32 REFERRE

TR i — 4 SR Y L 9 PR JB B/ — ek B P S N

RERE— SEMNRERNSESFRFRER,=015m. FREKEFE
o, =12S/m. BB EE o, =0.18/m, HIERMARREH 4 LS R, =0.5046
S/m. R,=0.2990 S/m. R,=0.1888 S/m. R,=0.1342 S/m, ¥IMA% 5l & r,=0.14m.
0,=0.88/m. o,=0.05S/m, EJZ,=(0.14 0.8 0.05)", KMMAHMERARARX (3-9)
AR (3-10) HATRERE. BRERELGRAEWNARTRENT 1%RERREK

F 30,
) (3-9) BEMEFRE 3-1.

- #E REESE BERSE
—FRE —ERE —ERE
— R — R ) — Rf

10
0.16
»

ovs T \ /

015 \'\

01 1w’

0.14

0.‘351 15 2 25 3.‘5 4 15 2 25 3 35 4 15 2 25 3 35 4

wH

31 RARETFEESHERER (REHEL—)
R (3-10) BEHMERWAE 3-2.
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B=E FRREREER

#2 REBEE hEBSE
-~ &#ﬁ — E:i%ﬁ I - &?;ﬁ
018 / \ —RE ] o — RE |~
: : H : w' H H
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