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923 T OREFEEFICERE SN/ N, IRESERET &

s LIZRFIC HIE, &R, @Rk, B LW
oo, W T OB S ICFEEY 5 —RIE DR
FEEET D LV IREREGH S (Schenck et al.
1992: de Vocht et al. 2006a, 2006b; Atkinson et al. 2007)
L2xL, Zh o OEROFBAEEECHR I, @A
Bl & m A EEhOME DA LIt LA &
HFE[EETd A (Chakeres and de Vocht 2005) ,

MOFRBEE R OWNE E 2B T EET B AN R
T4, @AER L 2 BT SR L OEE
BEAUARHLIE, Glover & (2007) 1Ko TEEL W4
Sl 7T @F AR 7 ~01 ms™ OFE Tl
TrEEx AT H L, bAEEEEEE (A%ICENL
D) DEEEB/LBERIC 2o, HEEOR2TH
5 Tiddedote, EBRE OHEKROm X &Rk
LTR#ICT B & (BIE, midsn 5 2Rkaiz
BRI R B2 2T, [MERRE O & E R 2>
ek h, AIEMEROMERE ST 2 HEE
T me Sihvl, BRTLEO—#ER (4
Bl7z L) NTHEEEZEh3 L, HHRE LTHPRER
WLEEA RSB Er T, 209 2 A
BMOHESKLHEETERLE, ZhoOBRERKR
30 Ayfelfes Lz,

EENC L 0B I AR R SRR MRI
A& I L 08 T £ COMMMICERIL L Tz
STVWAHEBEO—E (S0%LLT) ¢, ZBHESE
B L, ZoRENT, ATESE OFES (F
A) BT D FRARE L ORBEOWEE & O
{EBOERIZFEFIF R >0 THDEEL LR T
% (Gloveretal. 2007),
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HIENCRI BT B RV R ERER X UM FEERE B
EETAHRAT LR EDEREAT Y LS~ OB B, R
ARSI EEAE T B2 ED Th o7,
BIETD L, ZhenT—213, BEECERBX
O/ EREIRER D, MEORECEZRCEATSE LS
PR GWR~DEFEEEZD LN L AREL
TRy,

FREEESR  EEEOERBIUBANECER
WL D OMEREMEBICEET D L D RIS EE
ENTND, R—F Y REB ISR MEEAEICE
L CHBFRES PR, ZhbDEBEEREIE
DEREDTALE RV, T Y A = —iR{E L O ERE
IR (ALS) (CBIL Tid X b &< DRFESA
RENTND, W OEIL. EXEEOCHEC
BEET DAL ALS ® U A7 ERB B BENZ N
ZEHEFE LTS (Kheifets ) 2000), ZhETH
LA IOBEAHATOEMZENA = A LITHE
IEINTWRWS, 2OV 2y ERITERMN s v
7 CEREEOBE MRS 0 RREFHIERETHD
bahiey, ERICELE. XM ENRELE
MHE, FE BE-SKE~ NV 7 RAREERR
WS ER, VA ERABEL TV
(Kheifets ff 2009), 7AYo = —FcBI LT id,
RS2, BIRAL T A OEER FREME 2
K& REFME A AORECB N TR LMOEER
Bones, ADS—20 B nTh, 2TEE
WT RN, WL OhDOERTY R 7 LEIEHE
ENTND, HERNDY T I A— oI, 2o
F— BT BB LW S HIRPED BTN D
(Kheifets fh 2000), FIFFERFHENRS—ALENT
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(Garcia ff 2008) #%. ZAIIZIEEAFEER OB
ERMAEELTOIRMNER Y HoTn, MAT, HAR
XA T ADTELL N 0d D, hOBEMIE B
BRSSO —REITbh Toiny, ZhE
Tk 2 AHM— ORI TR B ERERSIL. BT
{EHEOTAY A =—ROV RS ERERLTND
AL ZAEIEF LA VRSB E SR L D TH D
(Huss 1 2009),
EEEIECBEL TAY AT v —i5 L OREE AR
FRIT—BESEY, gfETD L BERE<ELT
AV oA = —IREB IO ALS & OBREOIEHEE E
TRV,

DIBMERES  EHOE L URHNIE BNER
FIRFGRIC LT, ERA s v 2 T AR EE Y —
FTH BB, FNUSOEEEOERS L URERICHE
HY D UBLER~OEEREEN, HRREED
BB THEMICHEBRT DI E LA TEIEEI &S
HEEMET R L EBAFE EN TS (WHO 2007a),
TERTIDOIR ML E R BT D2 BB BE ST
WA, FNEOEEOREINERLOTHY, —
SOEFRAR IO ORERMIC B THERIC— B
A7zdr oz (McNamee fib 2009), GEMLE REED
BEZRBIURCEOHAEDREE, EELOEE
AR LTV (Kheifets 0 2007), 1< 3B & LD
BRERIEOEL L DR ENREENEET 1L 5n
RHERICHE X 2wy, BT S L AR TOIELE,
BRI B L LRLERRFR & OMEATE L T
20,

S L UEE  SR0NICAT, EEFETE Fo
EFEA~DEBREE L BRE LI REORERSE
EOMEARLTNEY, BEOBEREEICEEL
FRED ) 27 FRIC OV TIBERRIERS L 20
HBH LoD, FOHRESWEEERIIMOWETCITED
NPTl inb . ®R. 20X REEC 20T
DEEHLITZ L,

W OPOEELEOREICB VT, 150 kV m! £ TD
BEECER~OI BEOFEFMITOATEY,
FOFIRE REREEYA X2 2RI
TDELBORARL H DM, BREIFE~DEFUER
BRI L EF B L TR LTS (ICNIRP 2003a;

WHO 2007a) ,

IO EEEOMR~OIE BT, 20 mT £ T4
Aviigs, RERAFHERSHBE RIIEHOF
% £ U 7eds o 72 (Juutilainen 2003, 2005; WHO 2007a),
BETD L BEEOBRBIURR L BEBIUE
PR~ R L OBFEOIEIIHF LT,

DA 1980 FEARH B 1900 FEAITHRHZITIOM f2 s
0 DEOEFHEIT, 198 FEDITLEHA K74 0D
HIBREA AT FE D K& &0 50—60 Hz BER~DEH]
NI BB A LBEET DO ENRNT EATREL
foo THAORFRIL, BER &NRESA L ORBEICER L
T, TOBOIFRITEAOH A LRELE, &
L LT, BICBES . 50—60 Hz BER L HE~
DB AL OREIL, TOFRMEEIDDEDICTY
AV ENFRFRICEB WV TRR SN otz LinLi
M NRAMFICEL CRRIES B2 5, RO
TR TIT NIRRT, 50—60 Hz OETRER
ROBNFORERS S/DRBRIR D A7 2558
ERHDOPBENRNT EERE L, FASERE
BAETE I TR THh 0 2 OFERITER AL TR
b HEE OISR L MBADEL G LR THEASND
AR H D (WHO 2007a), 2 207 — LAt

(Ahlbom {1 2000; Greenland f 2000) {%,0.3—0.4 T
BAEL A BICOWTIBEI 2 b s b A
NN T LETE LIS, —H, 2 0o oEE BT,
& O RSB L/NR B & ORERBE AT &
AR R LB ER L,

BRI E 20 Z Lt EMmEZEA B =2 L3
HEESNTELT, £z, B LUWRARO=E
BRiEFE. 50—60 Hz BRI Tav/hIR A s DR &
ThdEDEZETEL TR,

EETAXE, &b —ROEERBROMNEALE TS
5. A SRR R R OB Eh T T A R
RN EThD, 1Z&A EOFRITERETT
T 50—60 Hz BER 0 AR £ =i Y o SE~DRENT
Nk EEHE LTI D (ICNIRP 20032, WHO 2007a),
BERECORBEERIREN#ESH 20 EAFROH
Ao B h, EEBIOERPAEELH L HHE
EHOBAZBNT—B LEENE R L TR,

7w h OB A ~D 50—60 Hz BER D
23 +HREOMATHE LGN TS (ICNIRP
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2003a; WHO 2007a), —BMHEDR VRGN
Zhil, BEOELREMOERLZSERS 0 o
DEVBEEN S D VITESHERA AN, b
OB E AR TER S AR E i) voR
BEDEF A~ 50—60 Hz R IE < BOFEICET B
REOFRLTEN Th T, FHIBARE. ¥
LOHRETLED ABIUBIER I 2V TORF%E
2. B LA EPTEMEREERE L,

e LT, REHEOBRII BOMT-~DEEC
BT 2HRIE. 50 mT BT icB CEEEROFHHE
AL TR0 (Crumpton & Collins 2004, WHO 2007a)
BIEET D &L ANRAME &R B ROBRR~OEHI
I B L OREOEZINIE & IR BT, A DE)
WERT—F BCRREEERAEN B LN T —
i3, HIAENCEENTH D, MIgFROT —4F
2. BRIV on, £EE LTI
EEFBLTA,

SEHRS W HEERAA BT 4 o OHR

ICNIRP &, ZOEFHZIBWT, SMHME LU
F7e RN L. VA N OREDERSE
Bz Ahs,

B . EERE EMF ~0 < BOMRRICE L
LHEMEET oL AN L OPRERD D, ERT.L
iRl L OBRSOEETR. o NCHEER RS
DFHERETHD, Fie, FHENERZOTNSHD L0
3. AEAELES L OBAO L O RS HEE
R L 0 —BEOEELZ LR THD, IND
S TOFEOIRESFEL, REN T ClpEe
s, ENBEERICET 2EYR SRR
Wl T oL > TRENIERE AR Ch D,

BRI BEIIRIET 251 FZ 4 > (ICNIRP
2009) (ZEEE L TH ENEHERIC Lis o T BREN
BRIE T, #EIREE LIS Tbh g s, (BEE
BRI IR B L Vb HFEO MR I X 5 ARl
DD RED X ) Bk oR gL, ROk
THBMNCAEETD Z LTI Rl L Thb L
ICNIRPIZE 2%, mERE . T0OX D RFERREN
ERIRENBEFEAFRNCE LD LB b
RNIRBETHD, ZOLY ERMEGRRETOIEDS
51 HEG~OE BT, R B IO RAEROF

FEPERAI A BT D = IR 240D, ICNIRPHE,
FARHER OB BE &R A EOEL LB N & T
CWCEBLCWD (ERBR) |, MRk O RRE
Eh . FI-3KHzB BT, BMEEETAREREL LT
ESERPIEEICE 252 EPREET, £/10Hz

BT T o< 0L LBt~ DIRE 3 HE T,

EFNENEEDS LR D,

RPN R S A EBE T, RIS X DT
DhHETOEENFBEEINDZ LD, FEERE
RIMEIR20 HzHE s W TR T, 2R 80 BV Bl
BIUEWEEZTIIAMIC ERET D, ThBFRER
JOHHRAER R E - 22T 5 Al T, R
TR T ARIRESER S D, IREEZTT
BET. BERoRLK BRCESHT. B BRRE
I 2 FEREF 2NN S O EEFEZE L
T, —BHE TR dH D IMEELHET DETEN TS
HDOFREERT Db EARIRIIHEER D REIC
BEEND, ARV, FEERDE BME R
# 5 pEHEND,

B OER~OFEL BEix. FEEHERICLS.
T L P I TN D ERFENREH B2 BT,
FTOLORECBIR I > TEERBECHEIEINIRE
ERIC L DWAEAOH L, 2810 & Ao Tat
g2,

1SIERE RN ERR ORI B D SCERE
&% ORFF B XIUFBMAFEESIC X » TR
SEhTE i, WHO DB AFFFMEE T 2 IARC (EER
S ATRSEEERS) 1T, 2002 AR ORI O A 1T
W, A7 2B ([t NI 2EPAMBED
b LR ERRBRE D BT Y —) I L,
ZOGEORIMINRB IR I SR A0SR
Thd,

ICNIRP? R#I3 EEWH DBER~D R EH D
REMHEOY A7 LR L FREHICEET S Lico0
TOFEAORZHIINT. (LS EF A K74 o OER
LT BIEEE LT LI L ThD, L b,
ZOBESEREN TR oG E . ECBAERLT
BREE~OR @I EFA,

Fid by BREAOCRERESATIE., FHITH—
TREHFMEOEERLFHOLE L. s REEEEN

PR 12-3-7

—475-



B 2 BEER O (CHEM O EEA— T T
AERALTE ., BRELT2ERBLURRICL
DHEERL. BEMH—ERETTARHOTHE
Ehiz, ITE, FEENE L UEBRENTER TS
—EF 0 (Xi & Stuchly 1994, Dimbylow 2005, 2006;
Bahr i 2007) {2£-3< | L D BERTILWFHEOFER,
ERABIVRHERA DI B> THFRTAELDHE
Rz 20T, 20 ELVEEBEIELAD X5
o i,

4mmbl FOR 7w AN A 2% A BiERE 0%
HERFHENE, ZHA P70 0 0DBEICL > THED
FRGZFV A M) ofEEPE S0 (Dimbylow 2005,
Bahr ffi 2007, Hirata fif. 2009; Nagaoka ffi 2004) , %
BERRSY— T, WS EECTT (EROBE)
FEE WROBE) O FENCEESLD
BRITHEARICI 5, FHEC LT, 50 HRERIC I 0 B
ERICBEE SN 2ERORFN Y — 7 BOFAER.
SMETRER mTX 72 0B X £23-33mVm' T RERDM
& EFHEFAVIURET D, RS TR AR R
AR AT EBAREITR S, LS o T, FHE
HRRMS DD BN, U—R N — AOEARRR -
LB, SOHAERIC L 0 HFCHESN L ER
. AMBRER mTEU22 0 B XF20—60 mV m' Th B,
50 HZE 12 & 0 BRHRICFHE S n 2 BER OB
VI EORRER. ATER VM L0812
L7-26mVm' Th 0 EECRBOTIE AERLLY
m'EE0BIF2-33mVm! Th 5,
BEVLAAOERICBIT D BT A— 2 ORET
HAEFATER R A PV EBIT TN S EEEL
T, ICNIRPIE, EREIEPHEE LSV EAEHT D E
1. ERANCREL 2 HFEZRA T D,

EMF (X< BHIRICBET &4/ 512

BRI B L AT BT LT A DIEH B S
ZBND, BHA F74 0BT HBENZEIT.
EREO, £REEY ST N EREERTORE S
LT, —RENIEBEA D 44T T BBICE T 1 Hz
i 10 MHz OBRELT 2 ERE LORRA~IE
ENDHRAMCEREND, MBI, AREW) HE
. ETOERO, Be RERREOSENGERS
ND, 0L HMEAOCERATHHEL DEZEOEHF

HRERES B LEEZLND, £ DHE AROA
7Bk, B4 EMF ~ O BRRE DN TR,
BENUICBENDIEEZCHT D LD L 0 LY
< EHIRSASRICH L TRASADIDE, 20k 5
REENRI L 2T D,

HPBICB T ATHENE ~OH D

ETORZHT— & L& OFRILH DRECTRED
EmbRNERY, TRENEDHINIIE. FIRGEDE
V. AR, BER. REROERR LD, HHRIC
BHDEOX D ARE» S IHEREAERE AL Z i
LoTHESND,

LaaLzwh, R S 2EDREOCETCET S
HHPTo2le, 2TOEESEHE L2 TOZEH
RE bl TERRERERET D L OFEE 2
DIRIUTEZ BRRY, Liedio T, BfRT —F~—
AOFERCEREHORECEN T, FOREETO
TGRS A & D 3R TEPIEH BT ORE T
b5,

HEAXFREBELANL

BEIL S N TR R L BRI REM T B h 28T
E (1 2% CESEEDHIRES ER
HIRR &, A A B 7 A BV TEMFE BOE
EHIBEOEBICAO DM BEEIFENEREE F, T
»HB, THTE RIS OMOEREE
TRt 2 BERCHDE DB TH D,

FERNEREELTESEECHD, FoT EH
PRI BRME D2, B EDSE L LBELE
b, REDSE L ~VTRERB IO/ T REEEES
FCTHET A EFGIEPHEZH D, 1D
DEE LS AIEMEIEK BEOME (BR) BIUH
BEHTEERFEIMTH LD THD, BExHIh
BRI, EREE (F) | MRARE (H) | BEE
E (B . BLUONEER () Thd, HEORE
OYBEEITEMER o) Thd, ENLIREE
RIZB T, W OBEEORIERE 7153
BREAEDRBE L ERETH 2 LBAETHD,
SE VLA ERREEE, BEYT D ERSIEA T 2
LERIEEN D, b LBEE - HHEESSZ L~
NEBETDHELTH, £ EALT LHERFIE
BT A LB, L LEdb, BE L
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A EERET D RHIILL T, BRE D EARIIRA R
TOENERIE L, BNOER S LIS L RE
TDHZEBLETHD,

AR

EXEFTOELRENL. BE~DFELHELY
ET DI DEMFIEL BRIBO 72D DHA P71
FHIET DL ThD, bRD X 31C, VA7 TR
BO—EBMORE»EAEL D, ZhiCiIRE RS

(PNS) BXUHMEMES (CNS) OFlf. MERHE
REDFHH, MO L AIE~DOEEOTIEE LS
EhD.

EioEgy s, EEPEREOFERLEET S
HIZ, 10 Hz—25HzO [EE RS I B8\ T, RIS
< BV BEEROOCONSHRR: (72 b i & AR (250 mV
m' UTFOERBELFET 2 L5 2ERBLURR
LRI END, ZAbORIREICL D | gkRRI L
THEZ 2 THEMOL 3B OF BT £ CHET BT
TThoH, INOOEBEIEE~DEFEREELIIR
RENTWIRY, LinLade, —HoBERE
BOTEERFET 5 b AN 200 TREBET S O
LU S ICNIRPHIER SR T 225, iBI0AY R SRR 40T A
EN, T X 0B WERESEES XOMR B RS T
PR B AR EF L. Rk LU0 EH
TR O BIE £ 400 HZTEET 5, 400 HzX B iEL
BRECTHL. RS R 0% R ED AMEDET O
LA END,

FHINFEETOZBIL. FEFETOL R
L BIZ L 0 EEDTHEODH D —BHEOEE o
THHRE 526N TINED T, FHEBIUHIKOEH
TR R A BB S5 7o b1 . BEERES L UMEERIZ800 mV
m! U TFTOERMELFETL L RERABLURA
ICHIRENA, Zhik, bl RENSEEET B
DIz, FINEEIEA Vim0 L ORISR 5 2 @A L
feb D THh D, 3kHzE LTI T RHIREIE LR T 5,

DRIV TIE, R % 5 A L, BEROCNS
FEREICHT L. 10 Hz—25Hz D B 5 A C1o0 mVm™ @
ERFESELBND, ThI@EWEREEBLUE
W CEABIRE ER 5, 1000 HzICB W T, &K
s L ORIEOFRRRTR A [E T 2 ERHIRE L
T D, 2 TERGER 10 #EA L. 400mvm’

DEFFRENELND, ZORIBEIAEOETD
PR ORERRICEA S 0D,
EARIRER 2B IUE 1IOTT,

BT

ICNIRPIZ., gy, FobdskE i@y —7
AFOLDEED, ERELEBACIVFEREIND
FENERICRT D HIBEL. BRTE ShevBEe
B & At 2 L 2 MIET D (FEESZEMIE BICEY
rELEBOZL) ,

BEEROERTY

BEEROFELHEL RS LR E Y b
D—ZWBELTEZLGE. BMHRHEER L T
Wi~ EROREAARCT A L BEETH D,
EL LR B L R ORI T D ER
AR BT OEERALITHEE L UTICNIRP (3,
i B2 < T B /NS 72 2 X2 X2 mm® DEFERRR:

£2. BFHELTIERBLOBREA~O B0 BT
B EAFHIE

U< i R E ﬂ??:f
BRI
SEEN DCNS 1Hz-10Hz 05/f
10 Hz - 25 Hz 0.05
25 Hz — 400 Hz 2%107f
400 Hz -3 kHz 08
3 kHz - 10 MHz 27x10%f
BEER L (REND ZAL 1Hz -3kHz 0.8
3 kHz - 10 MHz 27x10%f
KR
BEER DCNSHEE 1 Hz- 10 Hz 0.1/f
10Hz - 25 Hz 0.01
25 Hz — 1000 Hz 4x10%F
1000 Hz -3 kHz 0.4
3kHz —10 MHz 135x 10 f
BEEL & RE O 2 M 1Hz-3kHz 04
3kHz - 10 MHz 135%10°f

Y

-f EEY Hz .

- BTOEFEDME.

- 100 kHz & ¥ B\ EIEHEE T1d. REICHELREE L~
FEMINCERT2LERDS,
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100 3
_ /
E 103 7/
= ] ’
1 7
i ]
HH
b5 1 > !//
£ _‘\ ra ’
g - .- e e e = e [ —
# 15 7’ 7’
1 3 < 5 v
i- S 4
. \ -
o - P4
] N .
0.01 = L4 T T T
1 10 100 1000 10000 100000
FIE# [Hz]
- e e [HECS<E; SEEFOCNSIAR BEMT<E.: B FGHOLER
- s NFEOELE BIEOCNSIAR - e NEOECE; BREFESOSER

H1. CNSHLUPNS~OEELFDH2BHAERREICES (ARI (B EBEMI BT 2 HEAHE
(GR&EFE : FXDMLAITIE, BICCONS, PNSEREINTVEEFE. R2WHESE T, #h¥h

BEEROCNSHEM,. B S FMO =ML LI, )

KB EROAY bAFEL LTHEERERTE
THIERHRET D, HOIBREOFFBBRTCHER
D 99 stz b B A NAB T AR & LB 2 E )
RETHD,

EFRNGE, —a—0 rBLUFOMOEIAEE
MR~ DEREBIIRFOEETHL B, £ OEFHD
RO/ MITESRERFNERSIUCERN K
ALY DBEROERNC L > THRED, o —BrBX
UMy b7 —7 ORI E T B Rl RN E
EI R RSN ERANEE TEMETH
D, HEEL RS ER G > TV E
(BROfEE) . ZOBNEFECHFEER+ELE
EBORBECHES L LD THD, EFHEMTIT. =
DEEBEE 2 A5 7TmmOEFIZIEE o< (Reilly 1998,
Reilly & Diamant 2003) , AHHEEMRTIL. 727
TR R R Th D0 2 mmAE 2 OFESEE
BELRETE D, 2N 6 ORRETEEE L = Rian
FIRIEAE 2 5L X ICAVBEND, SENED LS
WCHIHRIE X 0 EOVER TOEEMBEITIT, 20
HEEALES AR OESR (Y by —7 )

10

HEEZE AN TNE RSy, ZOFEORE
T P ACHERES NN E R B EOINECHES

L 2bDThHDHI, HEEL oAl R #RE
L0 b DR, FEEROCELEET. ST
1000 EOMEEER LE S iR mlniic £5< &

SRBEANTED, #OEEIEE A FOMEERm T
) 1mm® ThB (Jefferys 1994) , LieH-T, £
FHOI SEMR LR, 1 A5 Tmm £ TO
#HiFE L DR S B, ERAMRMALIL. Y

A— b LA OBEEETOHEEROHE B

THETEAMEFBAIZLIIFEHETHY ., £0X5
PRER R BEETH D, HDFEEHO 1 o0R s
EAROFRREL. SEFER 7 EA- OB 0T
LEEEERELSIZRTTT0, IDEELY— 7kl
EEBDDOERGIET, b HEAB TOEEE
R 99 R—E FANEET -7 EEL L TERY

BLETHD, L, E—F ENRRECRETD
ZEnG CHRERZHBE N LIIOOTRE MR
HWTh D, EEFHOBOROBRET, BINE
Tk /D SIp R E TR it > TOVSE L E
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HTHZ L THB (Rellyk Diamant 2003) ,

—MREIA—A L LT, LR AAROER &
M2 TR LN E ENTNDH, ERECEEN S
W, A TAGAE S IEETE LD
HEIN T D, FIEDHE, FREO 2X2X2 mm® ©
B RET D LN TE, TORSRET
FERRICAER LT vy, MEIEDSE . AT
TR OAERRITHEIE L T Z U,

BELANIL

BE LT, AR SN — 2 & Vi BT
FAAZ X 0, BARGIED HEE HEL D (Dimbylow
2005, 2006) , THEHDBEEL-ULVERL I<KES
NHANEEEBRBLOBR L DFEBERIIELE
ML ETHEESNTWADT, BRBOIFEN S
BALD LD, BEEEFEL FoA Y OREE
DEBEEBICANGNT, ZIEERENEEE L
ME, ZoOREORE, Thabh, MABEEER

(CNS~DEEIIEET ) LONSLIS D FED2EL
RLOMRRIZ BT 2B EER PNS~DORECRET D)
EEEL. ZHNEOHELEDRILISHRMETHD

(Fizdoh, 50HzTIE, CNS~DOFEIZ DN THHE
A I % SMERRE R 1 < BB BB T DR E0TAER
BRI TS 72033 Vm' Tho . PNS~OFEC O T
AR TL =060 V' Th D, B2 FUDOR
e & BIAA T, ZThb OREBIZE L TENE:
R 3 BEA SN, ) .

X BiT, 25 Hz £ TOBREMNZBICHT 2ERD
BE LV, T E A EOEREMLREET COERE
W L BFBA SIS e+ — P v EE
ATV B, 25 Hz—10 MHZREIIC D0 i, &2F L~
IIFEEROHDERFIBICESINTED, Liedo
TZOBREEF BN TEINERLTHREETFTT
ORERETTIC X DR A 1T D i tayie~—
B Z B TR WL AN,

10 MHz £ TOMRIZ BT 2EROBEL
AT R B EN T ADO0 %Lk Bk LT E R
BIOFE (BB LAME) AWk T 5, EBIC,50Hz £
TOLARIF BT HERODEE LT, K¥EO
KNZBOTHR R EOREETIER A BLET 2720
Dyl — P EEATN D,

F3BLU4 i, BENIKES I ORRIEC
HTEEELNEETNENERNT S, H2B8LU3
2. BEVNEETRTS, 3 L-VE AMED S
HHEMOH TR (B—) LERBIURRICK
HEKELDREEZEVTND,

SHERE

BELV-UVE, FESEHAZEREICBITABR L
IR R OB B R N E N E TR BEEEOL
LICBREENT VA, LpLESE, &< 0FEA,

B & UM R 0 ZERIF 5

#3. BHELT2ERS LUBR~OBMENIC BT
25H L~ L (EELL. EIUE

1Hz-8Hz 20 1.63x10°/£? 02/f?
8Hz-25Hz 20 2x10Yf  25x10%/f
25Hz-300Hz  5x10%/f 8 x 102 1x10%

300Hz-3kHz  5%10%/f 24%10°/ f 0.3/f

3kHz-10MHz 1.7x10" 80 1x10*

*:

- TR (Ho .

- FEZROWE BB IOEROREHOEEICBET 2
BBk ORIEE 28,

- BUBMERTOMBRSEOK LI VT THEHE)
DEEZE,

- 100kHz L& ¥ S\ R SEE T, RFCBELREE L L
FEMNCEETZL5E S5,

#4. BUELTIZERBIOHE~OLARICBCH TS
2EL L (BEEL. EWE

JEI iR A THRBE B AARE H R E

E kVm') (Am™) B (T
1Hz-8Hz 5 32x10°/F7 4x107/f?
8Hz-25Hz 5 4x10%/ £ 5x107/f
25 Hz- 50 Hz 5 16x10% 2x10%
50Hz-400Hz  25x10°/f 16x10° 2x10%
400Hz-3kHz ~ 2.5x10°/f 64x10/f  8x10%/f
3kHz-10MHz 83 %107 21 27%10°
*:

- A H .,

- FERBEOECEB LUEROFELOR BB
BE kA ORIEES5E,

- 100kHz & ¥ =\ - RIESEE T, RFECHEFERSE L~
FEMVCEETZLER S5,
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BlRE (Hz2)
BENE(E  ——— R0E<E
Fla BEMELT2ER~OEBCHT23E L~ (B3, 4+ 31

ERRBERE COEBII NS W), BRREOL
AR TH D0, F RO SRS RET D,
oL HEs. FEN DL EMOMECST S
ERBER CIERAEECRRELNET D LI,
WIS Wl 0 IRR TR R B L 2B,
FEpbEE T A — MOEREC S BIEEICRE
R BRI 20 T, 13K B O 720 Ot —
OIFELLRIREE, B R A R VETHESE
RERETDHZ L THD, BEHES 20cm A48 2.5 & |
ERER DA OBTEMIT D R RS, FE—REITR

12

B, FOLIRBEIE. HEIDE S hERETE
D DNTOEH P ERET D T L BT
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ERETDHANY B, TAZMTRDIND, LT
A (GEHEEOERE) 1107 TATIZELY,

Magnetophosphenes : BZZ I
FEHERSEELFRT 2 LR o THIERED
AN HDBRE DBE,

Mean : EHHE
OB E 71T — & OB,

Median threshold : B o> S

BUEAHIENITICB VT, WEREDS0%IT 20
B D REEELHL, Mo50%ITZ DL p/hE
TREARFOL S LEE,
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Medical exposure © [E#IE< &
EFHREE L EAR ShEREZ T O 8
FELT, EREEFHEORT T4 TELT, A

ANPZT HEE R OERS LUBR DI CE,

Mutagen : ZSFRZE £
RHRERAVEIT LN TEDOHE,

Mutation : Z255Z R
BEMEICBIT 2RETTR CEEEA L OBk, =
72 LE G TARAIRZ I LD b O TRy,

Nerve : #8/%
TR DI,

Nerve fiber : ML
— AR OIRRE,

Neuron : = =—12 - (BREMETD)
BEIE—AROEE, IR, SRR B R —2
DHAFTEAT,

Non-ionizing radiation (NIR) : 3EEBE KA

WETTER (1A ) ERIEEZ Do+
RTFNK— LRz, BRALT T AHOET
DOFEHR L ERER, T ORI, 12eVET YT
AAF—THY | Zid, EEHS100mEL L. FimiE
3 < 0P HzA T &S\ Th D,

Non - uniform field : FE—4#72 7
EENRTHDHEE T EO—E S OEHREN
T, RIE. FA. HERAAEN—E ThRVR, EROH
& FEOTFEIZL » TREL EN T RWRETOE

RIZH LT, ZOES2EHTS.

Occupational exposure : B2EIE< B
EHO, FRBI0 S ToNEBERTOREL L
T. EABEBRT 2 THEMFLCE,

Peripheral nerve : FRAETHE
FARFRRR O H D | & ALT 2,

Permeability : BREE
BMREOEPEREEC DA T —EEHET
VY NE, R EFHEE AT T EFEE
Tk~ P 7 A Th 2, FHERE: EIBERE, HEE
TR E O BREESY B2 OBHE (BEEE) po T
Blo7z b D& HERE (u) LIRS, B~ U —

/A — FAAH/m),

Permittivity : 3EEE

HEEEOWE I FE IR RITTEE O
BrRETDHER, 777 v F/A-PATEDEN
S(Fm), HFEERDL, HEEIREOSEERERT
HOFEETEH 72 bDTHD,

Phase duration (z,) : iz 8 E#%

FHEY 0 ORISR L AAET DAL AOM
DEfH, BWEE S OERBEOBE. =1/, 5458
HEEOBE,. f TEEOC—7anbY -7 ED
0.37 @HCEET A ETHRE L-BH S ERsh
Do

Phosphene : BI¥

LA ORI Ko TE ZHRER 0BT, BXM
JELEIRIC L~ TR &L, AR HE R
=B,

Plasma membrane : R
BB L CESMEROMITE 2 2B BB,

Polarization (cellular) :  (FEJE @) 458
FRFEIEAAMI R S N B E,

Power frequency : 75 B £

TMESPHEEINDFEE, ERFECBOT,
ek, 7700, BRO—ETIE60 He, HRDZD
b2 < Hilg THES0 Hze T B,

Protein 1 7= AJEL B
B RRLBRA b omy TENDEREENE
Mk IA—TDUL D,

Public exposure : 24813 < &

20
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NFRORENRERT B2 T OEMFIEL &, BT
{EBLIUEFELEFOESEIEEN0,

Radiofrequency (RF) : fEE#GE I
3kHz 75300 GHzO &5 o B #r & & DB R
F—,

Reduction factor : 1JFHEE

HA FZ7A4 U RERBICBIT A RN E O 72
BRI BHESROICHERBICRRLZ N2
&, HSE-FEMELSNMCET 5 TENES D
FEOFE LTE. 807 —42 %t F TOFEIT
SMET DI L, BT & A LIEF
BEOEAE. E-RBEEICR T D RHPHTEE
A (BEER) REBbD, T4 K74 8T
ORNBI I D TR &3, BT FEOME L BE
LT AEBABYTAZORLYEL TV AMETS
B EVS DR, ICNIRP ORETHD, T DR
S, IONIRP (L & 2 (BRI OBRE TIEER S
TUNFRLY,

Reference levels : & L-~L

FRTRLESFEE b TRES N, AER
HEEZTOILEJICBENITHS OER, #
F.EMEROEDELS L VY —7E, EFHIEAE
ZIRNZ EMEEATE B8, FXEOCERB L O
RI BT 2B LI TH I,

Lzl T, 5 L, B4 ROET4 75
T BBl HNG T LR TELERENE T LA
B TRRT A= B Th D,

Relative permeability : FriERE=

(iexf) FREE (ZDIESR) *EZETOBRET
Blofe b, R LiFnEWnd L, 2oHhEs
AEBEFRIZ L > TS TH LI bahb L&
Bk 2,

Relative phase : FHXMAIFE

& % LI & A S E M B o fho 5Tl
EENDBIOWER L OAAE, FRTEENER O
hfaz,

21

Relative risk (RR) : #xt ) 2 7

TENE T N— T DERBRED LT N — S DRE
BECHT D, LES U T, Ele 8 OREE T
DRBETT S, HMREBNBRE, ER L By 27
Ay Xt ERILTH D,

Root mean square (rms) : EZH{E

BHAELE LT 288 F() OZRECHRL 1B
£ TOIEE &N BRI 72D Y OTHE, 78
A& THRL, RICELNETRECEYELRD, £
O EEHEDEFEEZED Z L TEMND,

=
|

s = e e P (D12 dt @an

SIL : EBEEAM%

International system of units ¢ % 25,

Spatial Peak : ZER &"— 7 {E
MEONE IR E T EREICh > T &R
TREOHEEREOE MET TR T HE,

Spark discharge 1 K TEHE

FARCERERT 2O LIRER Y EROHKE
EDEROBE, TEEERT 520+ RERE
PBBHETH D,

Static field : #4072
BE b L LICE R LARWR, 3L A FOREFRT,
FERELOBRIIEE L & obcB kT 288, Bk
A7 F T AR Hz iy N EERD, TOLIRRD
TYEEREY | AT, o AR IR E S & EY
THIZEZXVAETE D,

Tesla(T) : 727
MRBEOEEREM, | 727 =10000 #7A (2
DIEZHR)

Threshold : BE{E
SR L SR DER AR TR L,

Ventricular fibrillation : 2= #1E)
DEOTREERT, /NI I TRREE A K - T U 25
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Lo, ERHREORSRICHE D BH), Frthiciim Sz
NEEIT, FAZ L F— FEREERFICEE) T
Voxel : 7 BN ZORBITEEEE S 0L DT TOME (Fii3iE
SWTAOIBEER, FAH U F—F (FRELIEXIC & %7,
BE) T FA R FAOES B IO ABOR
WERETAEDICANERD, Workers : {E£3#H
M 2£a9E< B B,
Waveform : ##7%

EREE
1 : B p825 BT, BXTEp829 R(ODERED 2 HENC DA, NUEERIZET S0l

B, NEEML. A4 FI74 rOoRBCERIEDE RO, EXCEECR L,

2 1 p82O HO)D I 1y 1, RCHAE, oy OERHSETH BN LH, FXCERCR
L7z,

3 MEE (3F) OFEOMEOTEMAT, KX ELEELY) WEELTRLE,

4 FBERICE. AXPIER SR TOROABPNCOPEENTIND A JRIZEEIR
L7z,
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12-4 W0 275 F>—k (No.322)

World Health
Organization

WHO 27 & ki — 1 322
2007 £ 6 A

EHR EOREE

HERRRBA~OE(R

ELOANBIFREEFIRPERV LD Lo TWEY, BENFEAL T IETL T, BHRE
FTUOBSEGOMEICER LBACEEBEZD 24, 1970 EREBEREBEET, 208D
EERE (BELF) OBRBLUBR O < ENRECECERE A L D50EH &0 5 5
BEREINTWES, ThUGESETOMCE<ORI=T L, BB L EETEs
L., SEOMECHEEEIAALTHES,

1996 4, HAFEEER (WHO) id, SRS ST SEIRICEET SEEY A 7 OFlftE s
WETIH, EBRERR 70 V=2 FEarh BifE L, WHO OF A7 7l —F &,
ELF BREROBEFEIZ OV TO L E2—0ERsHLE L (WHO 2007),

IOV b=, FEOFAZTA—FOMRICESCLOTHY, £/, WHO OFEE
CERIT SN BEAAIHEE TARC) A% 2002 FiZ, ¥ LCEEEEHMEREESS
(ICNIRP) #i2003 iz, ¥AFhnNFLF ELF ERROoREZE AT LEADO e —4%
EFOLOIZLES,

ELF EMAOHEEREEFREICE

BERBLUOBRE, EORBIVF—7L, FECERELIVERTRL L L, BN T
DETCHTRE D9, BRE, EWRLEL, SRS — B (Vim) &0 5 By TRE
Eh, AMPEEO LS AN RES TERSLE T, BRI, ENoBE (bbb ER
CEDAEL, FTAZ (T) L HBEMTHLENZTN, LUEFICEIVFAT (mT) £/
A 27 AT (W) TEHEIhET, ~HOETHE, HvA (G) LIEENh 5B B
—fFICAVERET (10,000G=1T), BTt s A Y O—FeHEM TERENE D Lk,
FEHIIEBLES, ERLBERLEEEOE AELBE, EHEHIZEELET,

IEEAEOEE, 50 E i 60 A 2GR, Eiidoory (Hz) OREHETEEL TLE
T, HOEIBEOERMUGSOIE T, BREEE~ /7 o7 ATREIZRZDET, BEOROET
T, BERILH 20 T, BRIZET AL FMEA— FLZR D ES, LiL, EEROEHERE
FARERER L - SR, BRINTIEE 00T = 2oy 257 LR TERPB O = 2T 25T
4, FEAOCEROTEEIIER TLETAL FEA — FTE,
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2R T II— T OFF

2005 4E 10 B, WHO IE, > 0 #*5 100,000 /-7 (100 & 0~/ F ToREEEFA ELF
DBRBLOMREA~OESEIC L EC D0 N RVEREY 27 25645 -0, B55M
FDEAT I N—TEBELE L, IARC 75 2002 i A ET A H A R/E Lienicxt L,
TDE AT T N— T HEEL OREEECET AENAE LV Ea— L, BACET AFEARFO
LW LELE, 2OFAT T A—7ORE L UEIEE, WHO OREBRES F4 70T
(EHC) &/ 757 (WHO2007) WAEIFLTVET,

FE el . fteds 11 P e B AL ey

zART ’//VW/GITTFHJK%J?J /\’/u+1'[l]]/ U“CC/W_M:V‘ —fE D A & 7J>1E% &151@? DX
0 ELF S5 U OB RS s s L E L, LEafs T, BLFTE, &
LT ELF R ~DIEL BOREFR YTV ET,

R E

FLL (100 =4 7 o727 &+ EEA60) OEMEEIE L - TR D Z - PR S

NTWEEREVEEN L 4, ZNRE<BLNEPHEIN L AT = AL L > TR
S TWET, RO BLF R EERNICERB L OERAFE L 2905, TOMENRIEE
IV RS LU ORIEGS K U R R oM a0 BEEOE (LA S LET,

RHMEZEOTREN
ELF §5HE < @i L 2 REIf /2 ) 27 2@~ B R O£ id, MR Al ERE YT
T&E L7, 2002 4F, TARC i BLF RS2 (b Rt L TRBAMS S 20 b i) &5

HLAEE/ P53 7%R/ELE L, 2OSEE. E MBI ABRAMEOIREN 2SS Y |

Ao EBREMDIC BT AR D AAEGTELA 5 TR VEFTH A EEAER LT (BLF &5
PAOHI i a— e —EEREANB VT, D0 L S I SE SN R, EEWRO S —
LT, 03~04 <4 7 7T 27 % k6256 H Rk OEER BRI~ 0980 < Eic i

LT/RBEIBEAEBE TS E W) B L7 — iR a2 b T8, FRT TA—7F,
TR BIM SN AR L > CZONEPERIND Z AV ERSRLE L,

LasL7adsn, JERAREILGE, BB SN 7 A0 iet e P RIE EOBBEIC Lo THWH DIz
DET, MAT, B OESERBARECE ST 2 Z & 2Rkd 5 L5 e BHmEEn
AHZALE LTESEBOONZHORS ) EHA, B2, bLIOL S EL~LD
MRA~OIESL B L - THLHOEERD S LT, Fhidsdn bk Z 4RO EHZN A 7
S AMIEDBOTRTFIERY S8, MAT, BFREEE LTS L L ofERER
LTWET, LERsT, ZhbaTeEE i, ARG EET 2 mEEE L
RAEHEEHMALOTHELD 244,

NRAMF L W HRERTHY , 2R T —ERICEZICRET A EMAE, 2000 i
49,000 A EHEE SN THWET, FENTCOFTHMRIZLEN 03 A7 27 AT % kRS Z &
HHThY, FOL 5 2REBICEDOH, FHD 1%~4%THB LHEESITHET, & L
B/ NE B & OBREARRERTH B4 5, BRI ENRR TS B0 B ER
k. 2000 FEOEICESVT, £HRCER 100~2400 A0 EHEESNES, Zhid,
RFEOFEEED 02~495%ICHY LET, Lo T, ﬁ’mm@ﬁﬁ%%’m Emr@
V2FERDDHELTEH, 2FANICE L, BLF SRS ENARREEID BT
RERTHYEL LS,
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ELF @i &L OoBEO MR S\, EROBR~OFELEENFRINTNET,
HIME LA OB A, BRADM A, 5 0fF, B, DIRLERESR, EHlkEs, RER
W ORIEERER, WRITEN SRR, WREMEES T, WHO OF A Y F—T,
I b OEERES T o0, BELF S & & o2 R 2 B2 N A m
JEICET AR L DA TV EER L E Lz, W bR, (b b Ol
FIFEBSOUNANCET ) S-S, ELF RTINS 0EBEZI SRSV EWREN
TET,

EFFRECENA K512

FBHIR e UL OIE BT EE T AEBEEEEMRI ST Y, IR 2 SOEEER 2L
BRI A F7 1 »OREEEE 2 LT 24 ICNIRP 1998 ; IEEE 2002), BEF S TiL, 2 b6®
L, FLF ERRA~OEHM A KL O GBI L A B2 REMIC B4 2 BI2ARE
iz, ZHhoDEEHIRMEES & T2 L2 EY LT 23T o Tao ERALTVE
+,

WHO O HA R

B LU OBHRA~OEBAE S EIC OV TE, BRE~OFELBENREMICHES ST
7 (ICNIRP2003), EFESR ., BEEL L OLRE N EOBENSIHET S DI {E
RSN TWAEBHZIESEVTA Fo 4 v AT ETT, BEABES 0 7 F A0,
L BHIRE 28RS 2 2 L AT SN FBEFR NSO BOMELZDHRETT,

REHr 2l LT, ELF @R~ <E L/ Rams & OEEOCTHLOE & 25 2 i,
W BER X AR EOERIITHATT, 29 LeRBAEBREL T, UTH#HELES,

o BFFEB L UMEERIY, ELF EREFUE < BOEBREE T 2 P20 RN & & — B
i THD, BEOBAFERL, AT n Y7 AR EET A EREERET,
BLF V277 72 2 &&E T, MBORKESHVREINE L, T ORHERHR
TV F ORI o TV E T,

MEEEZ, FRE 54 ETOEBREEZAMRETLILD, ETORNERGRE - OHR
BTG ambr—a s POl T AREETAZENREBINET, 2072
77 AL, ELF BRR A H T 250 OFTE OB T 2EER. MR, iR
O ORELHEFIUET LA LLEENET,

o BT AT A, FEH KR (BREREEST) AR ORI, K=
RS ERABRT A FERZERTAOL LW TL ), Y EEREEE L
WCRAEZTLEY, 29 TiHboTh, TZEMICEVIE EFIRELEA T 2 BRI AR

HAEH

WHO - World Health Organization. Extremely low frequency fields. Environmental Health Criteria, Vol. 238.
Geneva, World Health Organization, 2007. (WHO BRERES 747 V7 - %/ 77 7 238 % BEE
WERR)
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TARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Non-ionizing radiation, Part 1. Static

and extremely lowfrequency (ELF) electric and magnetic fields. Lyon, IARC, 2002 (Monographs on the
Evaluation of Carcinogenic Risks to Humans, 80)
i

(EBER AR - b MO D8 A Y A2 OFHE
By oEs /7 78805 IEEMHAR. B 1 SN LUBERENCERB XU
ICNIRP - International Commission on Non-Ionizing Radiation Protection. Exposure to static and low frequency

electromagnetic fields, biological effects and health consequences (0-100 kHz). Bernhardt TH et al., eds

Oberschleissheim, International Commission on Non-ionizing Radiation Protection, 2003 (ICNIRP 13/2003)
(ERFFEREIHRELZES BOBLMEEECERBIURR. EHFEd. ERFE (0
% 100kHz) J)

ICNIRP — International Commission on Nen-lTonizing Radiation Protection (1998). Guidelines for limiting exposure

to time varying electrie, magnetic and electromagnetic fields (up to 300 GHz). Health Physics 74(4), 494-522
(ERFFERE T RTES RS (BRELT2ER,. BABIUERAGIGHz £ T~ EHIE
DiHDHA BT 4 2])

IEEE Standards Coordinating Committee 28. IEEE standard for safety levels with respect to human exposure to
electromagnetic fields, 0-3 kHz. New York, NY, IEEE - The Institute of Electrical and Electronics Engineers.
2002 (IEEE Std C95.6-2002)

CREBESETZ2EHM IEEE 095.6-2002 [0 535 3kHz % TOBRLR~D
FIE BT A H 2L~ [EEE £#E])

(AP D)
(FFRiZ 210 1)
Fact Sheet @ H &35

P s

I, WHO 2B EXOAREE T, BRRFER T 2 —ORARTREPHEIL
[ ao/d)f%dl'\’ﬁﬁiu e LE L, XEEFELHERESNETOT, ERERICBT
EREC2EE LTHEXTIERTE ., 201F5A)

P =l
-AOU = INRA Y
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12-5 BERRUPR—LOHESR
BB Y =7 OHME L R — LDV TIEK 12-5-1 BL O 12-5-2 (-9 Y Bk
—L REBFREBELTNDID, HRNLNE L7005 NCEBREBNOBR T, EOLETH D
[EI B IR i ARG R B2 (ICNIRP) O A R4 OB IRIEZ KIEIC FlEl> TR0, i
ST & D BT TR E W,
Bk SOE SR OEREEHEIC S < . HNB L OREEESOREEATZX 12-5-3 BLY
¥ 12-5-4 (2, FFEMEICESSHEEROE L DEK 12-5-5 1277, JIEOFEMIT 12-8
BERDORERRIZHOWT] HRER6 CFpk 25 4 12 A 5 HEMOKFEBANE) R, 7
BAFETIE I K 2 ENEERE R T — 2 13FAL 25 4 9 H BRE5E R0 2T M e 58 iR
(BRI Fe . )

12-5-1 ER~DOBSY—IL FREOBER

R —ILF

R—Lsh B FEREERN (R—LANSHT-KER)
B 12-5-2 HK—L~ADHERL—I FREOHZH
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BN (BE) = #Hp (BAR)

BHEA(EHN50.3m, KH50.3m/1.0m/1.5m)
B 12-5-3 EROBMROMESH

L TRRRTRRRRaney

S EHESB03m
N BT A2 (B 50.3m)

12-5-4 RBREELEAN (HAS) OBFOAEEA
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BLOWEHREZK 12-5-6~8 IZHHT 5, HELIHIE LZ@EENEOLBEEY =712
B9 2 KRB SRAT O 720 . BENFRE I L O — SRR R RAE O FH AL, FrikkiE
R OBRIEREIE SN DRHIR L B2 D,

B HENETEDICLS 7
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12-6 ZFEKBEEICLKDHMFAICDOWNT
FUMAETFBWEEIC L AT HOWTIL., &S 10m OEER R EEEO T, RO ST v b k—
Learya—A BIOHENOZNZNIZBWCEOEETH S ICNIRP HA K74 BT
LR TR E OJEWEEN 9. 8kHz (ZXIST 2 MM 270 T O 1%ATM & 725 Z & DR S 4
TRY, ZN b E X TERRK 23 49 AL S fHMEZERICB W T TH EBHRE LTE
FEIC LB BN AN LT D ) & ORI /e ST b,
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12-7 T DINEFETICH S LIZH T HBEF

R &2 AT 2N H BIAET DRI OV T EERED 3 I EFI L TR T 5729
BUERE L CW D IRE 2 ET T 2O EICk T 2RO TS, TSV TER
Wafliz TRto LBV R L7z, ek, BEEY =7 o RAET HHAO T RFARIL, H
MR SN EEENA TH D, HEEIA NV ROVE ERN A VEND BT HRAET D
R, EEERA & R LTRSS W, BERMANORETIMA e IR L Lz,

12-7-1 EHAE

R ER A D ORBEICIS U7 B BREE(T]) 84 - 3—/b (Biot-Savart)

OEANCESEHE L, Zhick VBl SnEaRt#Ees L,

v « 83—/ (Biot-Savart) DIEHI

= Ng IdsS x ¥

B=n] T woimomms (s xi00) v
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s EROEDY (n)
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rds, BB riE[F 2%
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[

KD
=

12-7-1-1 E# - n—)LOZBER
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AT LI, 1RO RZRD T, 12-7-1-2 | E B A OB & 773,

12-7-1-2 BEBHEZMARL-HBBE (BROEHICH=-> TORMREH)
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In this paper, we report on environmental magnetic fields in the Yamanashi Test
Line. Magnetic field levels measured in several points are within the objective value of en-
vironmental protection and agree with assumed magnetic field levels. Based on this meas-
urement, we show that the magnetic fields has main spectrum at the Sfrequency
corresponding to bogie pitch and assess environmental magnetic fields at 500km/h .

keyword : environmental magnetic fields, Yamanashi Test Line, Superconducting

magnetically levitated trains
1. Introduction

Recently, influence of magnetic field with Extremely
Low Frequency (ELF) to electronic equipment and humans
has been attracting peoples’ attention. In addition to power
supply lines and electric equipment, linear motor cars (in-
cluding magnetically levitated trains) can be considered as
a source of alternating magnetic field. Therefore, it is im-
portant to clarify the magnetic field levels of linear motor
cars in the development process.

Superconducting magnetically levitated trains use
SuperConducting Magnet (SCM) for levitation, guidance
and propulsion of vehicle, which is an essential part of this
system. The magnetic field pertaining to this SCM moves
with vehicles and, therefore, this magnetic field is observed
as an alternating (AC) magnetic field in the environment
of track. Propulsion current flowing in propulston coils of
Linear Synchronous Motor (LSM) might be another source
of (alternating) magnetic field in environments. However,
the alternating magnetic field originating from propulsion
coils is negligible compared with the one from SCM because
of difference in the magnitude of current of both sources,
therefore, we will focus on the magnetic field by SCM here-
after.

In addition, the maximum frequency of magnetic field
anticipated in the environment is about 50Hz at a vehicle
speed of 500km/h. This frequency range belongs to ELF.
This magnetic field does not have the property of electro-
magnetic wave and decreases more rapidly according to the
distance between current source and observatory point.

car car car
. I I
Ul (1] l.l:lllnu STRETTY ...'..'.u EETRSS TS
== g 1%-10 ! r%a{] N
/, T 21 N 21.6 m 21.6 il )
bogie bogie bogie bogie
Fig. 1 Vehicles used for the Yamanashi Test Line

(unit : m)
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2. Yamanashi Test Line and vehicle

Fig.1 shows vehicles used for the Yamanashi Test Line
(first train set)? . This train set consists of three cars and
four bogies. One bogie contains eight SuperConducting coils
(SC coils). Each SC coil is energized into the direction oppo-
site to its adjacent SC coil on the same side, but two SC
coils which constitute a pair on both sides are energized
into the same direction. Arrows in Fig.2 mean the direction
of energization of each SC coil. Tablel shows the specifica-
tion of each SC coil®. Based on this SC coils’ configuraticn,
we estimate the levels of alternating magnetic field in the
Yamanashi Test Line, when vehicles run.

Fig 3 shows the cross section of standard viaduct of the

SCcoil I’ SCeoil 2 SCcoil 3 SC coil 4

N 13 A I
17 U T U, 3

0862

) 1 0 [
| Y2 B y2

SC coil 1

SCeoil 2 SCcoil 3 SC coil 4

£ 1070 2807 1070 STN280/ 1070 W8Y 1070\
=) J\____J

SCcoil 4

)
SC coil 1 SC coil 2 SC coil 3

Fig. 2 Configuration of SC coils in a bogie (unit : mm)
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Table 1 Specification of each SC coil - Table 2 Specification of MultiWave System II
Shape racetrack Precision 0.56 m Gauss (DC) and 0.02 m Gauss (AC)
Length 1.07m, height 0.5m Range of frequency DC-3kHz
Exciting current 700k A Range 0.05 m Gauss - 5.75 Gauss

Sensor tri-axial fluxgate type

center of vehicle

SCM _|Im°" [0 )
g o
~ L SR I T S 17
T T
\, K4
1' i
! !
! I
=3 i |
g - :
S =4 ! |
[=] . [}
o« ] ]
3500 1
B point I
o | ;
ground level : .
VI 1 ]

Fig. 3 Cross section of standard viaduct (unit : mm)

Yamanashi Test Line. Measurement was performed at the
same level as that of SCM (point A) and directly under the
end of track formation (point B). The point B is selected
because its magnetic field level is higher than that of other
observation points at the same height.

3. Measurement result

To measure magnetic fields, we use MultiWave System
I (Electric Research and Management Inc. in US), which

JR CHUO-LINE

was used to measure static and alternating magnetic fields
in Transrapid in Germany and TGV in France.? We show
the specification of this instrument in table 2.

Fig.4 shows measurement positions in the Yamanashi
Test Line. Measurement was performed at five measure-
ment positions of 0,®,d,@ and ® in Fig.4 on March 10
and 14, 1997, with the presence of Yamanashi prefecture of-
fice and Yamanashi University. A sensor was set at the
same level (height) as that of SCM in positions (D and® ,
set at the height of 1.5m from the ground level in position
@ and set at the ground level in positions @ and ®. Fig.5
shows a picture of measurement in position @. Fig.6 shows
measured and estimated (calculated) environmental mag-
netic field wave forms at position @. Bx, By, Bzand | B |
mean the component of direction of travel, direction of
guidance, vertical direction and composed value
(s.t. | B| = (Bx2+By?+Bz?'%) of magnetic field, respec-
tively. Fig.6 (a) is an observed wave form of magnetic
field. The wave form is composed of two components. One
is static (DC) field (bias), which exists regardless of
whether vehicle exists or not. The other is alternating mag-
netic field originating from SCM, which is superimposed on
the static field. Fig.6 (b) shows the wave form of the mag-
netic field in Fig.6 (a) from which the static field (bias) is
subtracted. Fig.6 (c¢) is a wave form calculated by Biot-
Savart formula. From this Fig., we conclude the following.
1) Fig.6 (b) and (c) are in agreement.

2) Four wave cycles are observed, each corresponding to
one bogie (with eight SC coils).

Thus, the fundamental frequency of this alternating
magnetic field can be regarded as 21.6/v (Hz), where v is

THE PRIORITY SECTION

%= NAGOYA

NAGANO KOFU-CITY

18.4km

[Sla)e)
TEST CENTER

CHUO-EXP. WAY

TOKYO -+

STARTING POINT ]
0km000m

ENDING POINT
42km800m

- TUNNEL SECTION
Mt. FUJI

Fig.4 Yamanashi Test Line and its measurement positions
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Fig. 5 Picture of measurement in position @

vehicle speed and 21.6 (m) is the interval between two bo-
gies (See Fig.1.).

Table 3 shows measurement results of environmental
magnetic field at five positions of Yamanashi Test Line in
Fig.4. ’Vertical distance’ means the vertical distance from
the center of groud coil (which nearly equals to the center
of SC coil) to the measurement point and 'Horizontal dis-
tance’ means the lateral distance from the center of vehicle
to the measurement point. 'Measured magnetic field’
means the maximum value of | B | in Fig.6 (a) and 'Meas-
ured magnetic field by vehicle’ means the maximum value
of | B in Fig.6 (b).

In all measurement positions, the maximum of meas-
ured magnetic field by vehicle is less than 2.41 Gauss to sat-
isfy the objective level of environmental magnetic field
required for the Yamanashi Test Line (less than 20 Gauss)
3)

In ordinary viaducts (8m girder), the vertical distance
from the center of ground coil to observatory positions at
1.5m height from the ground level is about 9m-10m. There-
fore, ‘4.6m’ in position @ is the minimum value in the
neighborhood of viaduct structure accessible by ordinary
people. In the case of positions (D and ®, ordinary people
are prevented from entering the area within about 4m from
the end of track formation (s.t. the area in which the hori-
zontal distance is less than about 7.5m) by a fence.

PR 12-8-5

Gauss

Bx

-~ By

ey By

Gauss

sec

(b) Wave form with the static bias subtracted

Bx
»=see« By

s By

Gauss
10U

sec

Fig. 6 Magnetic field wave form at position D

4. Spectrum of alternating magnetic field at a speed of
500km/h

In this chapter, we assess the environmental magnetic
field at the maximum vehicle speed (500km/h).

In commercial operation, one train set consists of a
number of cars (14-16 cars). The peak of wave form in
Fig.6 will repeat further when the train set becomes longer.
So we suppose periodic magnetic fields at every pitch of
bogie (21.6m, see Fig.2) and calculate Fourier coefficient of
this periodic magnetic field as below. The expression (1)
shows this periodic (alternating) magnetic field by SCM
expanded into Fourier mode.

—-509-



Table 3 Measurement results of environmentatl
magnetic field in Yamanashi Test Line
[ Position Vertical |Horizontal| Measured | Measured Vehicle
distance | distance | magnetic | magnetic speed
field field by |[unit: km/h
Zdirection | Ydirection vehicle
(calculated) [Transmission
unit : m unit : m  |unit: Gauss| unit ; Gauss system
(@D iEntrance 0.0 7.5 2.68 1.89 3
of (1.83) Pulled by
car shed diesel car
@| Under 19.0 3.5 0.45 0.02 15
the (0.015) Linear
viaduct synchronous
motor
®| Under 9.2 3.5 0.50 0.19 15
the (0.20) Linear
viaduct synchronous
motor
@| Under 4.6 3.5 1.76 141 15
the 2.0) Linear
viaduct synchronous
motor
®] Vehicle 0.0 7.0 2.70 2.41 8
level (2.43) Pulled by
diesel car
B(t) =X%-1 {BeixXcos(2m X (v/21.6) XixX¢)

+Bs; Xsin(2 7 X (v/21.6) XiX )}

where 1 is degree of Fourier mode; v is speed of vehicle:
t is time (sec); Bci and Bs; are constant vectors (Fourier co-
efficients). When vehicle speed=500km/h, v=138.89m/s.

We show calculated magnetic field by SCM expanded
by Fourier mode at a vehicle speed of 500km/h in Fig.7. The
calculated point corresponds to position @ in Fig.4 and
Table 3. In this case, the fundamental frequency is 6.4Hz
(138.89/21.6) and the amplitude of harmonic frequency de-
creases rapidly, as frequency increases.

In addition, environmental magnetic field by SCM is
intermittent in contrast to that of power supply line. In the
case of commercial operation (we suppose that trains com-
posed of 14 cars and 15 bogies run 12 times per hour in one
direction.), the ratio of time when alternating magnetic
field is generated by SCMs is as follows (at a speed of 500
km/h),

(21.6x15/138.89) x 12 x 2(double track)/3600=0.016.

Namely, it is less than 2%.

-510-
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Fig. 7 Spectrum of magnetic field at position (D at a
vehicle speed of 500km/h

5. Conclusion

We performed a measurement of environmental mag-
netic field at the Yamanashi Test Line. We conclude that
the specification of Yamanashi Test Line guarantees envi-
ronmental magnetic field level within the objective level re-
quired. And main frequency component is 6.4Hz at a vehicle
speed of 500km/h, which is low compared to that of power
supply line.
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