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THE HIGHER ORDER FREQUENCY FLUCTUATION ANALYSIS OF THE BARKHAUSEN SIGNALS
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Ferromagnetic materials are widely used for various manufactured products such as cars, trains, and

ships. Iron and steel are the most popular materials for frame structures because of their mechanical

properties. Nondestructive testing of iron and steel is an extremely practical way of maintaining their
mechanical reliability. It is well known that Barkhausen signals are only emitted from ferromagnetic

materials while they are magnetizing. These signals also vary depending on their past mechanical as well

as radioactive stress histories.

In the present paper, we have applied a generalized analysis of frequency fluctuations to Barkhausen
signals in order to detect the various mechanical stresses. Surprisingly, we have succeeded in clarifying
that application of our frequency fluctuation analysis to the Barkhausen signals made it possible to detect

several kinds of different pressure mechanical stresses.
Key Words : Barkhausen signals, Frequency fluctuations, Signal processing, Least squares method
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Eddy current testing (ECT) is one of the most representative nondestructive testing methods for metallic
materials, parts, structures and so on. Operating principle of ECT is based on two major properties of the
magnetic field. One is that alternating magnetic field induces eddy current in conducting materials.
Thereby, an input impedance of the magnetic field source, i.e., electric source, depends on the eddy
current path. Second is that the magnetic field distribution depends not only on the exciting but also on the
reactive magnetic fields caused by the eddy currents in targets. Former and latter are the impedance
sensing and magnetic flux sensing types, respectively.

This paper concerns with an optimization of a new magnetic flux sensing type sensor named
“o0 coil”. Exciting and sensing coils are composed of « shape coil and a finite length solenoid coil wound
on ferrite bar, respectively. Development of this oo coil fully depends on the 2D and 3D finite elements
method modeling. According to the simulation results, we have worked out two types of o coils. Practical

experiments reflect the validity of both simulation and design aims, quite well. Thus, we have succeeded

in developing o coil having a higher sensibility compared with that of conventional one.

Key Words : Eddy current, Nondestructive testing
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Table 1 Various constants used in the 3D simulation.

Exciting coil
Coil outer diameter: 22.4mm
Coil inner diameter: 20mm
Coil length: 10mm
Number of turn: 75
Input current(peak): 250mA
Frequency: 256kHz

Sensing coil

Coil outer diameter: 1.4mmx2.4mm

Coil inner diameter: Immx2mm
Coil length: 6mm
Number of turn: 100

AXis core: JFEferrite. MB1H 23°C




Fig. 3 3D simulation model of the o coil
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Fig.4 Eddy currents in a plane metallic target
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Table 2 Various constants of the prototype « coil

Exciting coil  Conductor length: 4.7Tm
Diameter of conductor: 0.4mm
Coil outer diameter: 23mm
Coil inner diameter: 20mm
Coil length: 10mm
. Number of turn: 75
Number of coil layers: 3
Number of coils: 2
Input current(peak): 250mA
Frequency: 256kHz
Sensing coil ~ Conductor length: 60cm
Diameter of conductor: 0.1lmm

Ferrite bar (MnZn)

Coil outer diameter: 2.4mmX2.4mm

Axis core:

Coil inner diameter: 1.4mmXx1.4mm

Coil length: 6mm
Number of turn: 100
Number of coil layers: 2

Number of coils: 1

L

Fig.7 Picture of the prototype o coil
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Fig.8 Measured voltages of the practical
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Fig.10 ET-5002 produced by Denshijiki Industry Co.,
Ltd.
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Table 4 Various constants of the conventional ECT sensor

JlRE: « B = A Loy R

Sensing coil
Diameter of conductor: 0.1mm
Axis core: Ferrite bar (MnZn)
Coil inner diameter: Immx2mm
Coil length: 10mm
Number of turn: 50

Number of coil layers:
Number of coils: 2

Exciting coil

Diameter of conductor: 0.12mm
Axis core: No

Coil inner diameter: 4mm
Coil length: 12mm
Number of turn: 100
Number of coil layers: 1
Number of coils: 1

A = F 2 AR

JIhEE - B = A AV BERECT & o YIRS = A AT b
BIE A L, 8OFCELE S22\ O H = A M2 F8 AT
IHFMBIEEEFETD. i, A =& 2 EmAl
ECTE v HIIB8DFICEIE EdLie = A VDbl =2 A L & B
tHa A vazHn, REDATA v E©—F v ADELERES
L, REEBHTS.

Table 3 Various constants of oo coil

Pr=
Sensing coil

Diameter of conductor: 0.1mm
Axis core: Ferrite bar (MnZn)
Coil inner diameter: 0.5mmx2mm
Coil length: 4mm
Number of turn: 100
Number of coil layers: 3
Number of coils: 1

Exciting coil

Diameter of conductor: 0.12mm
Axis core: No
Coil inner diameter: 6mm
Coil length: 6mm
Number of turn: 100
Number of coil layers: 3
Number of coils: 2

Sensing coil
Diameter of conductor: 0.1mm
Axis core: Ferrite bar (MnZn)
Coil inner diameter: 0.5mmx2mm
Coil length: 10mm
Number of turn: 100
Number of coil layers: 3
Numd4ber of coils: 2

Exciting coil
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Development of the flat transformers for contact less power supplies use

e <L 1N
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All of the modern electrical devices are composed of two major parts: one is the electrical/electronic signal

processing parts, and the other is the power suppliers.

Contactless power supplier is composed of a transformer having the distinct primary and secondary cores

separated by air gap. Because of the electromagnetic compatibility problem, it is essential to keep the leakage

magnetic fields around the contactless power supplier as possible as low.

This paper has clarified that intensive 3 dimensional finite elements simulation concerning on  the magnetic field

distributions around contactless transformer leads to obtain one of the reasonable core shapes. Further it has been

revealed that a tested trial transformer gives nearly 80 percent power transmission efficiency even though the

primary and secondary coils cores are separated by 10mm air gap. Also, this paper provides one of the success

research solutions to overcome the specific absorption rate (SAR) problem based on the finite elements and

optimization methodologies.

Thus, the contactless flat shaped transformer whose primal and secondary ferrite cores are separated by air gap has

been successfully developed by means of the intensive 3 dimensional finite element simulations.

Key Words : Contactless power supplier, Flat transformer, Numerical Analysis, FEM

1.1EZC&HIC

TRLFXF—(IEFH TR L= BT RLF T S
% & 20 BIRIFICBW TER = RV — 03 i
LR AREFANATRETH Y (BERIT=ANLF—F
DHEOELTET TEEE -HFRICHESE LTHRH
WHHS TV S.

T, CPERETOREIL, EBR - BT O/ N g
bDOHRHET, ATV Pz MuaRlEEE L, BRI
ER - BIHRBOENKE LD Lz, ZORE, BEN T
EREh SN D ER B SR AEER I O 7 b PR B
FCRPICER L, FEE, FHEF, L, Tohbods
BTy Ay Ty vy s A EEEERS. SR, R
BIREDZ L OBESX - B HEROHE I, LEARRKRAR
IHOFIERE LTERA STV

BREABEOL K &Iy T U FLEO O IEHE
FBEBOEAMENLEEN TV A BREBHHEITHV TS AMFE
TR =R X —HRIBD RO E SRR A EEND D
X5 FTHRV. BEME CREEICHIR LM LS5 FE

IEEEATH 2. B AR 5 C & B NE S X
%%L%E%MMiétbfﬁé._ﬂiﬂy%ny?
ATHIIBOHNBIZ 7235, #ERELT Ny T VDR
ELEBENLEE L. LosL, EEEMIC X 2 8ESE
X, T — 7V O S R O faRYEITRET Sy
[2].

DX RFBEILEZ D —HBEHIEOH  H I

FRETH D . FEHAGE TIXEBA R E H LITR bR
bxﬁﬁéiﬁ%uuigﬂé BEFR L 2. Lol
D, ZEHHERERBRTANF —RERT 5720
VSREIC FEBERRAG FE S A T DT CIER D 7 BRER 03 5y
fiL, FOOESR - BRI D EEE 5 2 5 A6tk

WRERD. ZOWEERBEETCYH ., B - BT
ITRREEN 235 Z L < HIRICEN D OBERE 2 R4 L 72

FAUZANBEOSTRAATERERFTE . 5 THIE &5
& 5 JEIE R O BRER Tl 72 S AL 22 O W T N SIS AETE
ERVHNTWHRTH D, BEX - EFHEARICK LT
i < NBICKE L CH RBEZRIR Y | S O R 0353
Hi LI WBERRZERNEE LW EEE > ETHRWV[I].
KimEZ o X 5 MEAZRT 2 IEHEaiaE S A



T LERFES D20, IR, RO 3T BAERO T
HHA—TMGIRD T =T A ka7 &Ml T P4 LS
DRFRICET 2D THDS.

2. FEfEfbiG BRI
2.1 BR7E Bl

IR E S AT MFBE—H Ol s h T 5. &
Kyz—N— EBEBHET T RENRZITIONG. BRE
72 ETCIIHERE AR Lo/ NIRRT ERR oD il
R & 2 e W E L OFREMEO M | REHOE
H 72 < REORN D Ve TR, ER = — KOH|

180 BREE IR B DBLR D D ZARIRIITERE BT O TN D,

HHEALASFE S AT DT F = RBLHR DR BB A
DRERITH DMFE~DOFETE . A RTFENREDL TH A
IR R b ~DOFGEE 2 OFEREE RIS 2 H 7172
VAT LATHD.

L2 LBUR & R 2512 FERE MG S A 7 L3RS
HONFERITRE SESHL TRV, BUE—H TR S L

TV HIFERAEE S AT ST/ NERR B D UNES

WHLTWDEEFEZLNRV. EREFNX— 2 AT
LN B LT RO D L5 L AT L
MBS FET 5. 2 b O KRTUESHE G~ FEEAITRE S~ A
TLAERETLIHRAERNETONAR IO HBO—EE
Tbbhb.

2.2 FARES

IR OIEEMFRTE S AT JMUTESNORIER D 5 . &
FURWERIZZ NS OMBEAICER T EE X b
5. BRROMBEIEN, RENNSHWZETHD. BXRE
FHIRIIRE b DI/ 5 & BEHESCHBMROBEIZE
TIZR DA, BEOFIRBE CTHIR OEAM Tk LV, By
SEDEE CILEE B ¥ 7T T b T E
THRESN TN EENERIZRD ENFTTTIT

HWHAE G RAD D Y FEEAGENGFERE SN TN D,

WD/ NIF BRI TH O LTS NERIA TS % A
WG T > A T A DR EIINC K B Bl 55
WERBNC R & 7o IR R O R & Wi 9= 5

A CTIRET D — - R = 7 4R S A 2
TSR D —FET I 2D 728 SMEBICIRIR T D R A D C
Dind Wi 5 FEEEE > SAR(Specific Absorption Rate)
MR & Mgl L 72w,

WH 5 A B A I R R R I — R - K
DFRESIREIT—E & ENTWD. ZHUTRER ORI U
T BIERRCITFAE R Lo, L L7a s B ARG SCTHEE
T 5 AT MBIROR 2 7 % FH iz —k - Zk =2 7 5B
TS ESR Cld, — IR » IR ORGSR G IR R o Bk
Th Y | KREEALZEBT 51213 2 OBLS O BRI 72 fiE
ZATUN, RN E W < ONT A—F —TIRTE
L2 IEZR 5720,

3—R - ZRATHHMBEEROER
SAREDUFR IS4 FERAV R

AR L AT A TIET T Ry v S5/ L TEIE
BEEITD. 20D, W - ko T AN SR b
HEREBRRTHD. —RCEERO I THETH D
BEtER (7 =54 P IZEBERE. Z07H 27 ORI,
B A IE AR E S 2T M REND Z L ThD. BUED
INBUSERERIAR R Y AT DB L7 BRI RSy 8 2 0
Uit 7 2 H LT 5.

K1 UFBIz54 ba7H#RVE—R-ZRaTH
BB HEEERR

Ly 2o UFREMEHT 5 & JEU~DOBEROIwIA
KEL D, Tz, =7 Xy T E2HATELEOKEFREIT
B LVME & 72 5. BUIR TR U SRR E = 7 2l L 72 A
2N, DT, RFFRIHNTEH U TR E =27 2
W —R IR a7 RS R A R E L. & LICRIEU
TR T RBIEROEEREZV AL THD. K 1LITRAEU
TR a7 B s E R

UFR 7 2 T4 Fa T OEEREHAWZ—K K2 T
53 BEPRY B RE 8 JFE 2 L AR T B 1 Omm FRF D5 5 673073 0. 18
LD TR MEZ 7R 72 FEBElAG R S A 7 AW &
LCEENAKEETEL TRV, UFR T =5 1 b=
T E AW R 3 T B AR A AR LR &
WIHOBRTHLHEYHF L EIXE 2. FEREfA R IXM
W7 Xy v T ERERTIUT R S22 JEEAMRE T A
TAFZRNVF —EEETHIRE LR DT X v TN
R I Elo TS, . 2T X v v I NREV AT A2k %
FELL, T X v v T OHEIMET R VX —DIRERhER L B
MR Y 720 O =R L X — DXt BEEHIT 5. Zhid,
Ny TV —OFBEBETIIRRMEET L2 L LD,
BEIC B L SN TV HER Y = — =5 3F & A CHE
DEEA LIZIREECEDL AT IULR B 7220, ME— O F| sk
WZERWNE WS Z & THD. AL THE TN TLED
LR RETERIARDEEFE>THBETIIRWEAD.
T A RN S THRBICEMFETZ 5. UFRID
BB A0 LT Thb &R ka7 ol B2 T
REERH U7 IR TE S AT DT Y SET2 AR



®1 oMU RBERZESROE

U 58 o 7RPE TDKPE22UU
LR = A VB E 5 30 [A]
WM = A NEEEK 30 [=]
1 AR =2 A LR 0. 4mm
2 WA = A JVERRER 0. 4mm

UG a7 2 ERT 5 L BU~OBROIER &b K
XREEICRDE0IC, U FRoa 7 /N o/NEE
INRERRICIRESND EEZ2LND.

2HAXR—TOME IS4 a7 EAVEER
eI > AT ATIHELOER - ETHEIITT 5
BHHYUMEELEZD. 2O, AFETIER 2 ([3FT
A—=T M7 = F 4 haT7zH\ie—& Zka 7 sy
HAHAEREZRET 5. 3BIE—K « 2R a7 B A28
JERR D ESER 21T LTz,

N

M2 XR—7MEIz54 Fa7ERV:-—R-ZR3
TAMBEEREESR

#£2 BEA—T7 AL & O/ ER

27 DIME 105mm
a7 DM AN 95mm
a7 PEX 10mm
a7 OMIZDHES 1mm
A VT LR 506. 3cm
I A JVERRRR 0. 4mm

K 2 1ZR T A= MR D 27 % 1Lt HE L na
PED XS RIBEIER L, FEEMREEMN k- k=T 5y
M AR g 2 2B 5.

X3 A—TM7=TA4 b efHLE—K-- K
o7 oy BRI B A

Fex DRIELIEZA—T R T =254 R &R LE—%k-—
R = 7 43 R BRI R 88 O AR B LT RN 8 i B L Ak T F
U BREhEE SN R IEERARE bR 2D, £,
LR OB T D RRBEIT—IK - ZIk = A L2 B FETIIR T
HHTD KWL TIRBTOIA—TMM 7 =T 4 haT %
AWAZEERIH O NSO —FETH Y | Z OFEDSH
PR ERIIROROWNZ 2> b —LARETH Y  UT
o7 CRIRE & 72 5 D~ O BRI e DR T
AD DT ENARETH L. A SISO L5 12P
CiAh b Z Lz L v ERAEE G <.

L, A—=7MM7 =74 ha7iE U FREEa
EHRDERERRENDD. TNTERETHD. A—T
MA O 2713 U TR a7 &g L ¢, mENKEL
BRIl HD.

ARE—RZRAT7 I HREEFZDOFS
41 HERE

— W 2R A VOB RO Z 2 R THEIECTH S
FEAPRE k IFEERR O b EE RO — 2 Th 5.
Fibb FEAREK « SR E VT &I AR O IR IR
WANS W L2 EWRT L. BEIROEM TR b EE R
PEREHIE Ch DR ORIk 2RO 5.

BIERO—R - Zk 24 V& FRIRTRIBET L TE
Z2%. FHROWT abed ZiEHFEE2EE LT, @Y oA
VE—H U AEPIET D L THEARR (4) OFE TR
Bk BEKRES.

a [

4 AL OEEE TV



o
c
lIEATE Ls
Q m_o 0 m 0}
a b d c

EHE Lo
M5 A F T ARNE DR & i

X 51T R g HEE T MBS IR O |
B 5™ T IABMERERR N S |

L=L+L +2M €9
N ARTASH

[FIRRICIX 5 IR 3R Ty IBRBIERE SR> 5 3 (2) 23R Y

AR

L=L+L-2M 2

WoT, () EXRQ DB EENL FHEA L H 7 &
A&

S O (4)

TROLND.

I THRAORIEL U TR =T 4 NEEERE Y
AT LD » ZIROFHET D R o EEE2S 10mm T
& D56 OBREYEE B & SR O BIR A 6 1R T,

A e ———

100 1000 2000 3000 4000 5000 GDOD  7ODO 80U 900G  100DO
Mgy [Hz]

X6 UFH =y 260 Lm5a ok ra & BREE
o BEf%

U R OGS R O B SRR RT3
—EETHY . FOMHILc=0.18 THD. ZOEITHEE
RO 18% LI "R aA MR LT & L% TH
D, EBFEGRE LTI TRWMETH S, 2o, EE
WERFE S TN D ¥ = — NI, JEEMAE S 13 SV 72
DB —IR & ZIR O R P etk & I U 7o BBl T
HO . FOBIMEEDBRIZT0%RETHS. Thbb, U
FR a7 R A L —IR « 2R = 7 B ZE FE 2R 10mm
DET XX v T & LT FERMIGEILA 0 52V IREET
H5.

I, UFRI a7 2 Le—k « ka7 BRI
JEZR DS SRR B EEIMRIC — EE TH D
W USRI o 7 2R Lic—3k « 2k =2 7 BRI s 1%
WE OEERROLEEM EOREZ FiE & UCRREF Nz
BEBRTHDLZ L EE%RTS.

5, Bt —Ik » k= 7 B & pite & LCRkE
ENFA—TH T T4 baT EEA LR ka7
53 BIERNZE 2R DG AR T B SN B 5 AR A L | BREh A I
BREL 2D ERERBLEL RDI13. HLBEEHTIE
E—EMEE 8D, —R « ZIREIOBSHE R OFEREL 10mm
Th D% E OBEBN R & A5G RO BfR & O ERE %
72, FHEMAN8ITRT.

o 5000 10000 15000 20000 25000
iR s He]

M7 A=A =T 2 LT R & R
¥ (F28riE)



as2 |
081 | o
08
o) V4
Hom | /
®om
076 /

075 |

074
o 5000 10000 15000 20000 25000

R # [Hz]

8 A—TIMM a7 & LI-fEA R & BrE)E 4k

(FH5fiE)

PR 1 25 2 0D B EN J] e B D HE N RE B AR B o #E AN
AR A, 10kHz FRETIRIE—EM 0.81 & 725, ZD X
I R R AR ORE BRI ERTL D U R E &
TIEE X DN WVEEEREE 222 I = L
— g THLENTTS.

L2WREENY FLAH

SWIARERELZA V- I 2L — a3 kX9

DA g O AR 2 FIE T 5. A RIZ LD

BREN JE I B DR IE RS MDA~ G 2 DR BERD
TENTED. ~RUNCEBRFEZER L, 2 WM 1Q
OEPTAMEH#R L K9 IR TET VTR ARESR
VIalb—ialrEiTH.

X9 R—T7MBMEFROT I 2L — g FT /L

8000Hze

4000Hze

10 BRENEE a2 S BT E OBREE Y F L

Paxiil

10 [T RSIVTWVDEREERY MDD Y I 2 b
—va UERERMD AR TIE Rk 2 A L OBTRICERN T
DRERD =R ka7 BRI T 208, &EETIET
D "R 2 TGRSR EHEAE T, — KR E R O E 4
B L LT RERDEAIL, BEoUT =27 i Eh L,
TRIRBER A HIR S v, #E R & LT, fEA RO g2
LT LS.

X 12 U a7 ORGHR OE T

UFHlay7 b 2= MM a7 28 A LE-Z—k - ka7
BRI SR OREHEE R 7 NIV DY > TV E
ZhE 1L, K 121277, MEOETIBEARCTHY, UFH
ATIEZT X v v THHED B EEA~BERPIEE LTV 5D
T EDPHD . BEROWFREASWIIEID Y R T A DD
JESRE LIZIES 0 TH D, WA ~5 2 5 BRI
DOEBEEZ DRRTHY , ZNEHIET 5 2 &2 FEpE
FREL AT DOMFEDRYORETH 5.

U 8 27 QWi 2> & Wi~ DO BER O WAIT D72 5
PTRD~OIEBBETE LW ERK 12DV 2 —v g
URERMDIALNTHD.

5, A= MR =27 Z8H Liz— « k=7 5y HE
BB E M L IR filiaE > AT AT —R - ZIR= A v
AR TH D7 =T A4 FTEW, EL~ORR O %
Bl L CnWb. 2—7MMoa 7 2L, O —7%
WS EZAIIEA SRS TVRO 2 A VERNT D Z &
CREHE FEH A~ ST A IR LT D . E LT,
A =T DILORIZ Y 7= 5 Wi B3Oy LV R+ 57
W, EWERN T = T4 M OWE A2 #8 5. 27 ORI
HIETH 5720, BT b o 7o B3 2 O EEIC B
DD ENR O REWVESTH L7280 B & LTo



FRIIRE V. ZO/E., X 11 O X 5 2EROMEER D
RTCE L. LRI DR & RIS D BT TE
E UL, AU 2BHEE T . bbb, —
W ZIREOFEG D .

EHIZERTAREE, MI0ICRIFEZA—-7R =T %
FAWTe—IR - ¥k = 7 3 BB 25 FE e O WX B e B8 e 2
WHRBEST MSHOELTHD.

13 50Hz & 10kHz OREHRBEE T NIV AGR

(X 13 IXBRENE 2N 500z & 10kHz (238 1) 5 BE %
N7 NS DOHETH S . BT, mE T LEH O
WHRBERT VSIS, Zhid, OB
— WO EBEF L 720 R E T HET 2 L B3
ETHHETHD. “RMNICERDTNL TRV O TIEAR
< —RMOFEETR. T 785, ARBROMENKE
BB DITRIS.

A= MM =27 % HWiz—R ka7 52 Ede D
JARER KT DR E R MDA OEICEEH T 5.
50Hz 76 10kHz ~J& 33 & < 72 2128 TRER S 1l
WCHEFY, —EEEBZ D ERBERD I D, K
b LT, 2ROBREENHI S v, IRAUBEHR b HIR S
5. X 10 T 10kHz 7> 5 20kHz IZFAT D RERBER 7 |k
N B BIET B & B0Hz 75 10kHz ~FE DA ORI
BT VDR OBAICHEE LT, ZOZ LI/ E .
AU, BN U TR R S VoA SRR B L
BIUZZELT 272D Th b BAEHETITA 10kHz SV 72376
IZERE A BN S W ROl BREN B S - S 2 B

AZWEERBEMENY PO

TV AR L DR AR S R R b v sy
MOBRES %25, K9 T, L& THOMKEL T K
N DORKE DN SWEFAH S OFENCERT 5. EE
IR T DREHE 7 MV A OGO R E SIXFMEE
DI LB L CHIT 28 mand 5. Z OBmIE TEIC
AT BREREE RS DA OFENTIIBEE & 720 FEA
FRED—EME k =0. 81 & 70 2 BRENE P AL 10kHz TIIFE—E
DRXIITRD.

LERICHNT BBEREFE R VAR OFERIL, R E DR
DL 72 2 JEAHEEN K L TH—TETH D720, BiEH)

JAWBICFECBR LW EEBEZ BND. 7, T %
A JCHRL T B BT IEERORE IR —ETH D
RO, 77 77 —OEI G BRI T 5. £, K
2 FIREINTWD AL TIVRITE T R AV
W&, 2 A S L THUDE 7 A i3 D RS LB Th
129 SMUD 2 A ME EFBERELESKE < NN EFFiE
BEIXK T 5.

WY MV DGR, NE L OICALE T 5 55V i
WIEEENR T N VAR OFEUH AR EIC B L TR & < 7
B, ZHUT. AR TOVRITE T R 3 A VO HILER
ST HRRBEERY PAORESHEFTDH &
EEWL, R A VORI ESMINZ R 9 2 Wi E S o
ZVNHIREND Z L EEWRT 5. ST huE, BRENE R
OEBWACIE R aA NMCHRT A HRE OB —{t %
U MSRELTT U MERTEDN DA N v 75 A
CDOEAGER EEE LEEO R ERS A AR TS,
7ot TRETR A AILE R O & Ll RER O
BERE 72D, EBERODADIEE—EITE LT SET
FEARE DR A~BITE U, & 572 2 BRENE B 3 o m A
{LITAE B ERE DB IR B 7200,

X 5T 10kHz 23 Z O DZET2R D Fcidi 72 BREH JE i 5
LB ISR RO AN ZHMTHZETEY KR
ERBNHEETE, RER(L., IR A fER 3 5
TEMTED.

b F&EH

RSO FEEMAIEE Y AT AN KT HZ EICL-T
WAL X3 B AETRERBE P IC 31T 2 BERABR B I E D iR 3R
F—%H 5K SAR L~ULD— Ik - ZIR 2 T 45 BRI S E SRR
FHICET 2D THS.

FEHIGTE S AT ADORIEHFHTH LR k=27
SRR RS ORI A R T O T The b HERFES
R R U A IREREICH D =Rk efEy 2 2 L—
3 VAT o e E R N AorAi O LR & 2 h
ZHEET 2 2 T L0 A RE O B BUR A & AR &
L, =K 2k a7 B A R OO DRI %
LT,

— W R AT RIS TR RIS - 2 B AT R R
MVSHROEMEE U M7 =T 4 ha 7 & A—7 M
T2 haTIZEl L T Tom. R ER T NV AaDs
LENENO 2T OFEEZ IR L A—TMHT7 =F A b
a7 PIRRBER Z AT 2 2 & &R L.

2FEEOaTHERLI-ENZENO—K - IR 7 5k
T Ear DGR EZRET HZ LICL Y A=A =
7 CIEEREIC X0 B SR O BN L | &8 TR
BB BICBE I ND Z L AR LT,

A—=T MR a7 &M U6, oA BRESR T %
Lo BRI~ MAGARD 8 2 R, EC—F
& 725 2 &in b FtBREh E i ot B & lhe & L7z, B
BEREEER L To 72 ZIRT A RERMITIC L VS



DNTBHRBESY NG EERTHZ L2k A—
TMAR D7 =54 baTEHMA Liz—k Zk=a 7 5B
BRI BT 2 AW T D RORBE T MV H D
FENMEABRBARMRT D ZWLNCTDHIENT
=7

PLEMS | ZRTARERIEIC L DREREE T vy
AfREHT & RERD> D IFBIRTE A — ¥k - 3k = 7 Sy BRI 2L
PG DY A ST L=
FDIRPRT REFREE LA RO EARSEMTH S ENC
RREIZ 63 2 T 7 D ARIRIR OBLR D 8 25 . FEtfibda e A
JERRDRERBEER T R AE DD 2 7RI K 2 IR
WOENEY 6T LICHER, Bl 72 FE Bt B A A AR
ERSELEEA G LD LI L. ZofEE Y
AT D2 & CTRICHBEREEICE LWBE S AT ADEH
BN THAH. LinL, SBITEIMEEDEROM E.,
a7 OERRIC & 24 E(L, BB L7203 5 O EO R
7e EEAIZIANT 722 < OfRRS R EFREIE > TV 5.

BEE AR A D DI Y- 0, BRIk BRI % <
OTHRE, TXEABVE L. BELELB LS ET.

77, %< O W HETEWTIE IR SRR ORI O
KRB ET

SE

D E S, Rk, V= —7 by NEBRIZHL D FEREfL
BT AT DRI BHR AN BRFEY T XRT 4
v 7 AMFRSER MAG-10-154, 2010.

2) RN, BREIK T, SRTERAMNTIC L D —k -
Wa TSy EERIS RS O EHC BT 52 5R, WK 24 4R
ERFRELHE - OB - JLEEM RS P-2, 2012

MEEFRIL, IR, —k - IR = T B  AE  R
DHFAERFEHT, TR 25 FEFEER LS 5L - AR - Hami
FIRZ£. 13-A-al-4, 2013.

4) Kgwth, Ikt — - 2Rk = 7 BT AR L
DBERAT SO, BARFHAE R T 5
39 EI AT HLIFHR S R 7 A, PO1-006, 2011.



