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ZhE, EorZ 7T JFE LLEED I Z7I3E S LYV EEE - T0DN, BEFIEIAD AN L E I B TE
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v AER

11



4dB#EADLET,

-
-

Lo TWT, 1A 77 —T72¢%|

=

(ISO 389-7)
i

HEITHTIRRRE

ad oo oo b oo ool
8B Hz)

16 315 63 125 250 500 1k 2%k 4k

$TENLY
2 4 8

&
-

BIERRE

1

(50

aad ol ool ool sl

1/8 2 % —7fi@tr T 7 F 7%, -4dBlcot
1/8 A7 2 —7 /8 R TCOHHEM

[@pl v HEA

-

=& G¥KEN

[ N e T O T e T e R e T e T e O e O e R e Y e T e [ B e T ] &3
[ N e R e Y e e R O e T e R e e R e Y e Y | o |2 2
[ O I e T T - e T e T R T Y == =T [
[ I e T e I T e R O e o Y e O e R e Y e O e [ B e T &3
[ =S I IS IV (I I I e e T T e R [ = 3
R EE NN e e N = T ] wa | | [
=l el | o | |
e T e A s N T = = O S T = I W= I o I Y = ot O s o= | o o
[ B T IS T I T B T = T =S = T i = v ] [ T I ] i3
E T ISV I = O = T = VI = s O e I O = T I T ] Ly | e | o [}
E T = T I T = T Y T T I I IS o T (T e I = | &3 | &3 [¥s]
el et |l | e o s s e | dn e | s | e | o W | | o [}
=l | et | e | T o | o= | [=3]
b B I N I . I et W T W T I e O N O IS O O | = | =d | r= o
[ =T IV I = S T IS I W T N (O e T e T = L ] [= VI I I I =
E e e e T e A= T = A T o I S s I B | r= | on | =1 o
[ T = T S (e T Y T o I e I Y I T SR R e Y | = =] =3}
P o et | =0 | = |0 | B | .,_ wa | e o | e [ [l o
el e et | e o [ = [T I I I = | o | o =
=l el | e | e -
Lol B A = T N I = O e I o T T O e T N O O S I Y o O B Il B | L3
[ I VT I Y T I S IS I Y .,_ (o =T = VR Y R = O | (=3}
= I e I I T I Y Y I T I [ I U = T N T o O = 3 L2
Wy e o | e e e (e o e et e e o s e | o
[T I = T A BT I S I B =S T Y .,_ [ T = U O B S T [¥=]
el et e | [T o = [ O I IS N T R | i3
SR ESE R o
[ N O o T O T e T e R N T e T e Y e T e R ST S e T =N 3
[ N S T ST (= = R O T e I ' I O e R Y O e & | oo | o=d 2
o1 [ W T e ot O e S T NS T e T I N e T I T B O I O e = | o3 | o2 [
o [ O = T = O T I S = T e S O Y e R O e O e = | &3 | & &3
= [V I =V IS T T I T S I O e T S T e L ] [ = ca
3 R N EE NN N N AT =N W =] | o3 | L 3
i =l el | | f
by
=
=1
[
i
Wy | oy | e | | | Ed | s et | e | e =l | e | e L
[t I S T I T N T N I O o I I T o= || = [ =
(= I It O T N e I I O T =B Bl = = (=}
o fod e | e | fem | e e o | o [ (=3}
N L Rl e R = ol | o ol | o o0 =l
=2« =3 o | e = Ly L
[ & [ =l ]
Eo T O e T I T I S s T I I S e T S O SN e e = | vt | &3 [
[ =T [ =T s [ Y= Wy [ =T [f=] [}
| o [T= 0 ] s | o wa | o X} [}
wa | o wa | o wa | o wa | o [¥=} 0
[T W] [T ] | o [T W] [X=] [}
o | e e |ed i | e 0 o
| e [ ] q i
i i i i i i i i i |
R E GG EE G R E IR =]
i i i i i i i

12




0.25Hz 726D 13 A7 X —TfMr D7 T 7 Tld, RidkEE & JFE O THEIX. AENRVD T T 727> T
%5, BHEIZ., TNODOENIEFHHOETHY , 1847 Z—TMNTD 7T 7D/EN FZDHLDITH 5,

1Hz

60.00 /‘ — \ '\' ‘ '/'/“v‘ N-—\/\'\’FEI’I
e
000 1 /

100Hz

2 M
S—
x|

= R

C

\/\/\

o
-
.
o~
’ 4

o
-
i

JFE THO5E 2 fHIC L T,

D.DEIIJB

e B A% 0.5 16

0.0003 [ 0.0003

=5HE

0.0003

0.0003

0.0003

0.0003

0.0003 [ 0.0003

g5HE

0.0003

0.0003

0.0003

0.0003

0.0000 [ 0.0000

EEFEE

0.0000

0.0000

0.0000

0.0000

g * FEN2 0| 9E-08

2E-Q7

AE-07

7E-Q7

1.4E-06

10*log 20.5| 23.52

26.53

29.54

32.553

35.563




1B % 0.5 1 2 4 8 16 32 64 128 256 512 1024 2048 4096
=E 0.0003 | 0.0003 [ 0.0003 | 0.0003 {0.0003 | 0.0003 | 0.0003 {0.0003 | 0.0003 | 0.0003 | 0.0003 [0.0003 0.0003 {0.0003
=E 0.0003 | 0.0003 | 0.0003 | 0.0003 |0.0003 | 0.0003 | 0.0003 |0.0003 | 0.0003 | 0.0003 | 0.0003 | 0.0003 0.0003 {0.0003
= HE*E £ 0.0000 | 0.0000 | 0.0000 |0.0000 [0.0000 | 0.0000 | 0.0000 {0.0000 | 0.0000 | 0.0000 | 0.0000 |0.0000 0.0000 {0.0000
& * HE"2 0| 9E-08| 2E-07| 4E-07| 7E-07| 1.4E-06| 2.9E-06| 6E-06[ 1.2E-05| 2.3E-05| 5E-05[ 9E-05| 0.000184| 0.0004
10*log 20.5| 23.52| 26.53| 29.54| 32.553| 35.563| 38.5733| 41.584| 44.5939| 47.6042| 50.615| 53.62| 56.63512| 59.645
10*log
60
40
10
W]
1 2 3 4 5 o 7 8 9 10 11 12 13 14
IR DA ERVIZRY . FLEREEOBEKICONTREL 8D,
REEFDLEEDET N EB XD,
fHE N =427 D DI,
1
(51 2 4 8 16
g =E2 0.5 1 2 4 8 16
= 1 1/2.25 |1/@2502 [1/(225)°3 [1/(225)°4 [1/(2.25)"5
=T 10000 | 0.4444 | 0.1975 | 0.0878 [0.0390 | 0.0173
= E*ZFE£| 10000 [0.1975 | 0.0390 | 0.0077 |0.0015 | 0.0003
g+ Z&E 2| 0.5 0.198| 0.078| 0.031] 0.0122| 0.00481
10*log -3 -7.04]| -11.08| -15.1| -19.14| -23.177
68+10log 701 65.96| 61.92| 57.89| 53.856( 49.8229
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mEE 64 128 256 512 1024 2048| 4096

ETE /(22507 1/(2.250*8 |1/(2.25)"9 |1wizesyin fwzese |1/(2.25)012|1/2.25) 13

=E 0.0034 | 0.0015 | 0.0007 | 0.0003 |0.0001 0.0001 | 0.00003

ZE*=E|0.0000 | 0.0000 | 0.0000 | 0.0000 |0.0000 0.0000 |0.0000

ExEE 2| 0.0008] 0.0003| 0.00012] 5E-05] 2E-05| 7.23E-06| 3E-06

10*log -31.24) -35.277| -39.31| -43.344] -47.4| -51.4105| -55.44

68+10log || 41.756] 37.7229| 33.6895( 29.656] 25.62| 21.5895| 17.556
1# B Bk 0.5 1 2 4 8 16 32 64 128 256 512 1024 2048 4096
=E 1 1/2.25 |1/@25)2 |1/@.2503 |1/@2504 [1/(2.25)~5 [1/(2.25)76|1/(2.25)77|1/(2.25)*8 |1/(2.25)"9 |1/(225)"10 |1/291 |1/(2.25)712]1/(2.26)"13
=E 1.0000 | 0.4444 1 0.1975 [ 0.0878 [0.0390 [ 0.0173 [ 0.0077 |0.0034 | 0.0015 | 0.0007 | 0.0003 | 0.0001 0.0001 | 0.00003
HE*FE| 10000|0.1975 | 0.0390 | 0.0077 |0.0015 | 0.0003 | 0.0001 [0.0000 | 0.0000 | 0.0000 | 0.0000 {0.0000 0.0000 {0.0000
g+ &E"2| 0.5] 0.198| 0.078| 0.031| 0.0122]| 0.00481] 0.0019| 0.0008[ 0.0003|0.00012| 5E-05| 2E-05| 7.23E-06| 3E-06
10*log -3| -7.04|-11.08 -15.1| -19.14| -23.177| -27.21| -31.24| -35.277| -39.31| -43.344| -47.4] -51.4105| -55.44
68+10log 70| 65.96] 61.92| 57.89| 53.856| 49.8229| 45.7896| 41.756| 37.7229( 33.6895( 29.656| 25.62| 21.5895( 17.556

"E“,E[;&_JL,

80.0000

70.0000

&0.0000

50.0000

40,0000

30.0000

20,0000

10.0000

0.0000

05 1 2 4 B 16 32 64 128 256 512 1024 2048 40596

13 F 7 X =T DT T 7WNETFRY LW HIL, TERAMICED L TWAHZLE2EKRLTWS,

il

ZEEERLTWVWD,
18 F27 2 —TMr CO T T 71RO E 72 51346 ER Y . PEEHEOF 261, A FR0IZR>TWnWHDT

B
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Pepde b 3R 2 MR O R AT 2 HEEL ~v (AEEE) ZEDbWwTLEIDPE L,
SR - KRS OB 2 IE, RoKica b 9,

HOBEAIE., 0~80Hz TOHE (XZAANME) DI T7IIRDOHDTHY
0 ~20Hz TOHAfHIZ 0.0015Pa T3,

[%] DADISP/PRO 6.7 - [CAUsers\y-uya\Documents\DADISPlExample6:NL42sam pleWit - o X
JrUF REE® FRV BFA EER UM F-H0) 9UFIW)  ALFH)

DR SR EHEWMAD A ¢ 3+ 8 QAQUBMSE IET X
wer| <]

We: spectrum(ws);setlog(0,0,1) olx]

0.003

0.0025 -

0.002 -

0.0015 -

0.001 1

0.0005 -

J o

2025-07-30 7:52:24

-k D E @ @ E® e W H e ~ A DD e, &

SENEAYET fres
’l? fer ‘= Q &=

FAEOEA L. 0~80Hz TOEE CSZANE) DI 7IFRDHDTH Y
0 ~20Hz TO R K{EIZ 0.14Pa TT,

[%] DADISP/PRO 6.7 - [CALL DAD ple6iT4Sp - o X
TP EEE FRV BFE EER YN FH0) 9YFIW) ALTH)

DM SR{ B#HLEPLO AR ¢« » ¢+ QAAQeG IEOT
ws: | -

W3 spectrum(W2);setxlog(0,0,1) ofx]

il jj

2025-07-30 7:5703

Sk

W am Q=F e L DHE @@ ‘_’ @ H e W & g o A Be) o
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BRI E & infrasound 1SO 7196

WY 5 oo Bk}
(BB EREERDERE"
= D FE A 1Hzee- 380m
10Hz*+ 34m
100Hz"--3.4m
E i& ﬁ *E 1R 340 m/s(15°C)
0.1 1 20 100 20, 000 (Hz)
| | | |
| 1 | P e
Eﬁﬁﬁ%lﬂ“ﬂ'ﬂ E (Sound) —+—HBEER
(Infrasound) 1so 7196 (Ul trasound)
— ERKEE = (~100Hz)

(Low Frequency sound)
IB1EH * :1~80Hz(1/30ct.) (1K) AHREEL(RBEL THLED)

JIS C 1400-0: 20~100Hz ({E) -EEE - 20~ 100Hz
20HzEA T (B 1K) GREEEE - 20H LT
ERREOBEMEE £, BICEY [ pmps ommem i
BETDH! 4
Zflio T,
N — b — o
B L uiEs (ACX5H)
A &K ®
0.1 1 20 100 20, 000 (Hz)
e —
— BERRE o] & & (Sound) Lﬂfﬂ
(Infrasound) I1SO 7196 (Ul trasound)

ERRE (~100Hz)
(Low Frequency sound) " |
‘—A * & ® — o)

il
=~

(1~100Hz) -

EEEEELow Frequency Noise (LFN)
{ERiBELow Frequency Sound (LFS)

BVE- 72,
e 1 ISO7196 iR L o 72 X 5 T,
IS07196 TOMIKE M F DOERIL, RO HDTT,
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Sound or noise whose | ISO 7196:1995

frequency spectrum Acoustics—Frequency-
ISO | Infrasound | lies mainly in the band | weighting characteris-
from 11z to 2011z tic for infrasound mea-

surements

I1SO7196 TOAFRHULEREHUE 0.256Hz~315Hz CT9,

[SO7196 (i3,
3 Definitions
For the purposes of this International Standard, the following definitions apply.
3.1 infrasound: Sound or noise whose frequency spectrum lies mainly in the band from 1 Hz to 20 Hz.
3.2 audio-frequency Sound: Sound or noise whose frequency spectrum lies mainly in the band from 20 Hz to 20
000 Hz.
3 E#
ZOEEHE O BRI . ROERIBEH I N E T,
3.1 BB LA = 7 P AT 1Hz 206 20Hz OHFAHICH 2 5 T 72 1358,
3.2 AIEEREECE: FEECA R 27 P A23FEIC 20Hz A6 20,000 Hz OIS % 5 F 72 1358
EdH5,
it o<, BIKEREE (20Hz LAF) & infrasound (3 EKDNE 5 D TT
BIEEREZ Q0HzUT) ¢32386% (1~20Hz) 3258546035 %, Infrasound (ISO7196) & EE 7%«
235 (1~20Hz) &328540 555, IEMICKIT 2 L3R8T,

YE e OO ERZ IEMEIC TR E 22, FEEHEIHOME S L WEELE > T 5,
{KJE )% E% = Low Frequency Noise (LFN)
{KJ&E & Low Frequency Sound (LFS)

SR, YOMT 2 IEMICRHT 2R ICHER L GESLERD 2,

JRHE OMWE ZH O 2 iE, ZHIGE L 25 EILER v, BEFOFH L T % L7z 2 & 3 et
IR 2T,

iy
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TR A 1T, JAEZ 0% L2 2 3L, 22 TRMINThE L EE TN, L 5o Tz,
e, ZoMEEERL CREAEECHFEAL L TWw 3,

BREIRS. BECEANIERSF

m RIREEE

RBEIREXRIRGTZEERZER (2004)

- BHFEBMEORES - REKE (CAT D IRFHERFEE (2012)

- BOFEERENSHET DBESFONMEIFECHT DIRET=ES
(2013-2016)

- BHEDRIBEES (C1RDHD D I5ICRT IIRFTREE (2023-2024)

mHEETRE
- KEARAE— MRUTHRESHENSE L DEHRE - REBEFCKDTEED
BRLEDIERNREE U2 ESNDBRCKRSFNEFRERET BIEE
(2013)

FAZ, MBS OEErEmT 2 Ic, AESOWHE2MHML CuaiTTERSHRER W EE S 07223, E#H
FICEL CHEZ LA TiHEmd 2 EER VL 2 EBAREE TR L R,

JREHEIC X 2 HEFED LR T, WEORR%IBEIT 2 2 L & A5, KREBFRETARZ 1CiF, R
BOMWHEZFEL A S Z EBRERL LB 072, B RIAEFLAHEFOMELZEZ 5 ATH, kL THEHE
EREICHXRL I 3L, $EEEZARLICT 2L AmET HIDOTL LI ?

PR DIRJEEE 1 100HZz AT & 72> T 2 0TI 28, Tk 20Hz LA T OBHKSER & & 20Hz~100Hz O H]
FHKJEIRE IS T CTER 20 EBH 5, 2 LT, MEEOWE B OISR L 13ES C L 2MHET 2 HENDH
%, Zhicid, MESERETZ A D =X LORHABRAIR D TY,

D URTE, BREEE O A 2 O OB S 2 FARTnizs, 2ok, GRS EL <~ e 1~80Hz @ 1/3
F O R=TINTH o7, TP JIS B COFHE 77228, ZoECIHREEOEE IIFHOEETH 5,

Bl JRHEE OFHE Tld A FHERIEL SV 2 ff 5 Fic ko T T, BEE OHE L fth DEREIERE O 9 E % [F]
—ILHECRHI T 2 & WO HAIA A DN D, ZHITEURER G 2 ERICERT 2L W IEXHTH 5,

eI, BUESEHEZZ 2 2aE2 DI, ROERZIRLTw5,

INTl, BEEZMOBRERE L —EIC L GGHEiT 2 & WwWHIEZTICR>TLE S, aHliHEHE L LTt A Fiik
HIEL_RLZEFS Lo HITKh D,

bLINBHFIND &b, HEEEFCEE L~V (AREEEL <L) 2lllo T, “MEDH Y A, B
72DRDENTT, "L LThHObhbZ it TLEVET,

FHEDOERRDIZADD L BEE LB E 2R L T nE, S OGBS RIREBICE R o a2 DT,
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HELPHIL TN, BhiE-7-2 25T, FNDBELWAORICEWVAATLEVWE T,
FERMRIE B IE. TR2S DL WHHIZB B E R DT,

REDESFL NI (AFIECKD) (FEDSS

WTL&KS

)

" Wind farm areas (164 data), in Lasy
Control areas (33 data), In Lass

- (@) La

16 21 26 31 36 41 46-
-20 -25-30 -35 -40 -45 -50
LAeq or LA,95 [dB]

RIBE [RNEBECKBEEREDANDRZEH

[CRI9 25 (#BRISTERAZT) | 2010-2013

9048

6048

50d8

4048

3048

HFABR

@/" Y=Lk s—EH

@&ilimlﬂ

ol resmEzem
HNAOEN

E ~ WA D (W)
m weRozomd

Let DL L

@ wop
B svnonn

W = 73 =LAMIVDER
ﬁ WOEOER s 82

s ' gR0OmD o
Q EEOLH

s

\.

i S8(Em
h&mnmmn

fog moPRETREN ),
: (- msttonn

ﬁ.mmmnueu(m AMFINEM’

,& LR A} (B

BEDE%
e SERIBARZES BE/\EER

SOHER T 70 & OBREIEE TIE. AREREL v (BEL <) 23 40~50d B R CIIBE T Z 2\,

RSB R
DARSREZH AN
REDTERL)

DD

AS<ETFE. DB
W, EEAE ITNIE
LENTES

AE<HECZD. BE
DEEE]EE

MCx5h. REICE
=L

FEBC/NELHETAD
Fh
FEAEE XN

7 0db

6 0db

5 0db

4 0db

3 0db

2 0db

- B4 LWEFEFROS

- BB LU VEEE
-=mEES (2m)
- PHhADHESE (1m)

- FoiEsE (1m)

- 1EbR8E (1m)

- LB (1m)

- L GEEE)

s AU (2m)
- BABOER

o JAVEE =T
- WERT—-Z— (E9E)
-BE=E (1m)

- HROER
- =88
- BEhvasthoR

- SPHNDIFERE
- EEPER

s EERE
s AROEOIMBOE

b L. MEFOBERKEPECHE LG AR CERET 242013, BEEEIEZ 2ERNIHATLE,

20



Z LT, BEOFENZEET 2925,
FEDOHHBE N OWEHERH S,
JREL 23 FLAG % 2 D E L B o

REE D ET 5,

D IR BRI IS ML 3 5 72 2 L EE 25 B
WEFHOHR 2B VAL TH D,

JEEL 2> & HEC s 2 KRS 2 B3 72 0,

JEMEE . THEPIRAR 2 ) — v R BRIVE LR, FECLE . RS O AR 1T H R v,

JEGHE B & 536 3 5 e TR W R O LB R T AV F — I X o T~ 4 7 vk Vil CHEAEFRR 4
HORENKZ 5T,

REDERBANTHANG,

TR T B DRFIR 2 FFH QUM T, JHRIZAFEF OFHl L T2 A TP b0 b T,
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T2 2F, BREEOHEE
BREAICK 2 ROFERELODH D 5,
JRIFEEATIC{R 2 BR e - KRS 1B 3 2 MRE o F AR R
1. ENORIFEEIICE T 258 - KJEBE TR 2 FEOFEERDN
(1) B&& - AN B3 2 W E S o AR
BRIGAK - KABRER R SUETEBRIG = <l BUIFEERTICIR 2 58 - AR E B3 2 Wi o A IS 0 FREZ
EI 2L Lebic, RidoWfseic X 2 ERFAE O N REM 2 RT3 5 720, B FEN OREFHEE L ORI FE
FIAERE I N TV A HEEMREZ N RICT v 7 — FREEZEML, 2 OEREZFK 22 4 10 A 7 HZAKL =,
OFAE S
GEESSSED
M EREERICHE D CHEEMERLIEY oM (20kW) BT, Pk 22 4 H 1 HR R of@h (5
i it S —BpE b 2 &) | FRE
(7 v 7 — Tt ORIGEHR]
JA I FEREFED S L 186 FEE (EJIFE : 389 2oF1) KA FHEFRHE SN T WD 40 HHBEFE
SRR D - 7=,
OF ket
(i1 o ]
- BRE - KREGE BT 2 E AR o). BWEEEMREINAZY LA BH LD DIE 64 »FT (G
HRER CHIEESMEE R D b DA 25 2T, #AGL72H D2339 221 THh o7z,
(BEIFGERE 2 & oRI]
- RS REFTOBBBGEE L O IEEORARNE A S L, L 18 EREELIRE, WSO REE A E
o TWd,
UEREH 1R D 4RI]
- AN FBRMOEHKIENAKE L 2518 EEHEZOREEEGLEHL RoTw 3,
- 1,000kW LLETiE 53 2T CEHERFKAELTEY., 209 b 24 AT CEFEIMER L CTwv 2,
(B fiiax & A0 D R ]
- A FEEERMORBERE AL B 1R W IESEOREEENEL RoTWn 3B,
- 10 B FEREL w3 ANRBEHCIE 45%DRNFEERT CEBFELFKEL TV,
Gia i 1Al o4k ]
- #HJI23 5,000kW DL E o B FEEN CEEFOREE AR Ro T b,
(ERUROYEEE F oY)
- AN FEZR D S RO ENMEEE E CoATIEEEL [300m K] 23 107 277 (28%) LHEH %L, KT
[300m LAE 500m Kiifi] A5 91 277 (23%). [500m LA_E 1,000m i | 25 112 2257 (29%). [1,000m LA
E1 A 72 2FF (19%) & 7a-oTw3,
CE1E#E < £ <o)
- HIEFESFEL T D 25 pATICEWT, EEEFETFETCWIED I b, ANREXRM, ORDIITLVEES
TOFEHEIZ300m LA E 400m KA 8 AFTE D % < K\ Tl200m LA E 300m i, [500m LA E 600m
Kiwi . [700m AL 800m HKimi| 23 ZNZ4 4 »FiLroTW 3,
TGS U B 2]
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http://assess.env.go.jp/files/0_db/contents/0523_03/mat_3_3-1.pdf

- B ARERE ICBAT A EIE SR U 2 BAIIC O WTIE, BRc R L - REAA 21 2R (33%) LD & L.
2 16 2T (25%). 425 13 27 (20%). B2 7 2287 (11%), BEHX 3201 (5%) 7> Tw3,

(2) EHEHAE L 2 FHEIC BT 2K o R
B, Ty — MHEBROLERIC, HEIEE L 2FECEOCGELANER M) REFEZT ICHRL - &
cé\ﬁﬁﬁ%%tt39#%fu\%%%%mkﬁ%%%ﬂ%(:iﬁyyﬁx&Eﬂ%@&b\@&ﬁ&®
RELEMTbN T,

(4) BIMFEICH T 258 - KREBE BT 2 E R0
PRk 22 £ 6 H2o 9 HE T, %F% RS WIEESFEEL TV ANRETD S B 15 2ATICOWT, B
BARAGBRIRBCR MR AR - MR AREENEES - ABh~0e 7Y v 7EFo A 217 - 72,
DS b, BEE - AKREEE BT 2 3E #%i%?@kkbo

Uai s ERT o BItERA D 5 5 E&E - (KRS B3 2 E ki)
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The effect of infrasound and negative expectations to adverse pathological symptoms from wind farms

The nocebo hypothesis
The nocebo effect is a negative reaction from exposure to an innocuous substance due to expectations of
harm. It is the converse to a placebo which is an inert substance that creates either a beneficial response
or no response in a patient. The nocebo effect is psychogenic in nature and is a reaction to a patient’ s
expectations and perceptions of how an exposure to a substance will affect them. An AWEA and CanWEA
literature review rejected a direct physical cause of infrasound symptoms, and instead suggested that
some of them may be created by expectations of harm.® Chapman found a strong correlation between
campaigning by anti—-wind farm groups and reports of symptoms and concluded that Wind Turbine
Syndrome is a communicated disease.?
Schomer disagrees and points out that turbine size has increased markedly in recent years, and that the
infrasound emitted by modern turbines has shifted to even lower frequencies. He theorises that this
could explain the recent increase in complaints.” However, Chapman et al. list many large turbine wind
farms in Australia from pre— and post—complaint periods (circa 2009) where no complaints were made.?
Deignan et al. examined the local newspapers of six different communities with wind turbine
developments in rural Ontario and found the vast majority of articles contained words or phrases with a
fright factor such as “dread,” “involuntary exposure,” and “poorly understood by science” and
concluded that these articles might produce fear, concern and anxiety in regard to wind turbines in
readers.™
Crichton et al. were the first to test the nocebo hypothesis subjecting a group of 54 participants to
either real or sham infrasound after half the participants had watched a video on the health effects of
87
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wind turbine noise designed to increase their expectations of harm, whilst the other half watched a
video designed to play down their expectations of harm. The study found that participants exposed to
material designed to increase their concern about the effects of wind turbine infrasound were more
likely to report symptoms, even when in the sham group. These results are consistent with the nocebo
hypothesis.”>’® However, if one compares the level of infrasound recorded at Shirley Wind Farm and

other wind farms,'”!2

the level of infrasound produced in the Crichton study was too low (40-50dB,
unreported as to whether this is rms or peak and whether the sound was sinusoidal or not). In addition,
the duration of exposure to infrasound was 10min. Whilst it is understandable that it is difficult in a
laboratory situation to entertain long periods of exposure, it is nevertheless desirable to increase it as
much as possible in any repeat experiment. In adopting a stimulus with such a low level of infrasound,
the conclusions in that study should be regarded as if the participants had been exposed to sham
infrasound in both parts of the experiment. The objective of this study is to replicate Crichton but with
a modified design to avoid those criticisms.
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The Health Effects of 72 Hours of Simulated Wind Turbine Infrasound: A Double

Blind Randomized Crossover Study in Noise-Sensitive, Healthy Adult
Marshall NS et al. Environmental Health Perspectives 131(3) March 2023
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Figure 7. Measured typical narrow band spectrum recorded at Shirley Wind Farm showing blade pass frequency
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Experimental Exposures (Infrasound, Sham, and Traffic)

The infrasound attributable to wind turbines was simulated digitally using a trapezoidal—shaped waveform
(measurable but inaudible to all part|0|pants).— This infrasound level is higher than what has been
recorded both inside and outside a dwelling where people have previously reported WTS from exposure
experienced at 1,100 ft (335 meters) from a wind turbine located at the Shirley Wind Farm, Wisconsin,
USA."*Z The Shirley wind project has eight Nordex100 wind turbines. The simulated wind turbine
infrasound was generated by a Teensy microprocessor fitted with an SGTL5000 audio processor and
the signal fed to a purpose-built Direct Current (DC)—coupled class D amplifier and four 18-in JBL

subwoofer loudspeakers in four fully sealed timber enclosures faced with heavy protective mesh so that
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the participants could not observe the speakers in operation. The simulated wind turbine infrasound
comprised sinusoidal harmonics in the frequency range specified with monotonically decreasing
amplitude and selected phase shift, resulting in a trapezoidal waveform as observed in field
measurements (Figure S3).2 The sham infrasound exposure involved use of the same equipment but with
the loudspeakers wired in antiphase so that the cones moved by an equivalent amount but did not
generate infrasound.

Because of the limitation in the physical size and type of loudspeakers, the 0.8-Hz fundamental frequency could
not be generated at the required sound level and so the frequencies generated commenced at the second harmonic
at 1.6 Hz. The peak sound level was nonetheless maintained as specified.
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The simulated wind turbine infrasound comprised sinusoidal harmonics in the frequency range specified with
monotonically decreasing amplitude and selected phase shift, resulting in a trapezoidal waveform as observed in
field measurements (Figure S3).5
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The infrasound sound levels were measured continuously above the pillow of each participant using a
GRAS 46AZ one-half inch low frequency microphone and preamplifier set connected to the
microprocessor. Software was used to enable the overall dB pk sound level and narrow band frequency
analysis to be measured continuously and stored at 1—s intervals for later processing.
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XiT,

The simulated wind turbine infrasound was generated by a Teensy microprocessor fitted with an
SGTL5000 audio processor and the signal fed to a purpose-built Direct Current (DC)-coupled class D
amplifier and four 18—in JBL subwoofer loudspeakers in four fully sealed timber enclosures faced with
heavy protective mesh so that the participants could not observe the speakers in operation.
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The effect of infrasound and negative expectations to adverse pathological symptoms from wind farms

Apparatus for generating infrasound

Determining an appropriate method of playing the simulated infrasound waveform to participants proved
challenging as most commercially available speakers do not have a frequency response designed for the
low frequencies of interest for this experiment.

There are two approaches for generating sound at 0.8 Hz, one being the use of one or more large
speakers to pressurise a receiving room, the other being playing the sound through headphones using a
pneumatic driver. Each apparatus has advantages and disadvantages. The first approach has the
advantage of being able to subject the whole body to infrasound but the apparatus is not easily
transportable and the experiment would need to be conducted in a quiet receiving room. The second
approach has the disadvantage that only the ears are exposed to the signal but the advantage that the
equipment is portable and not nearly as susceptible to outside noise. The second generating method
was employed in this study and therefore there is an inherent assumption that if infrasound affects the
human body, the principal path is via the ears. This assumption is in agreement with the status of
current research on this subject. For example, Mgller and Pedersen summarise research in this area
(looking at differences between normally hearing and profoundly deaf people and comparing thresholds
for in—ear headphones versus pressure chambers)'® and Salt and Kaltenbach adopt the premise that the

stimulation of the outer hair cells via the ear is the detection method for infrasound.”
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The pneumatic generating apparatus consists of a nominal 5” diameter Visaton W 130 S loudspeaker
screwed airtight to the inside of the lid of Pelican Storm Case iM2075. In the centre of the lid there is
fitted a 6 mm air nozzle as shown in Figure 2.
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The loudspeaker is driven by a DC amplifier connected to a Sinus Soundbook running SAMURAI 2.0
software which generates the electrical waveform previously described. A 200 Hz low pass filter with DC
offset adjustment and a dB attenuator are connected between the Soundbook and the amplifier.

The pressure sighal from the speaker is transmitted via a 1.7m length of 6 mm inner diameter clear
vinyl/polyurethane tubing incorporating a brass splitter to connect to each cup of a set of Uvex—X
earmuffs as shown in Figure 3. One of the cups was modified to house a G.R.A.S. 40AZ %” Pre—polarised
Free—Field Microphone connected to a G.R.A.S. Type 26CG %" Low Frequency CCP Preamplifier. The
G.R.A.S. 40AZ microphone has a frequency response of 0.5 Hz to 20kHz (%2 dB) which encompasses
the range of the study.
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Figure 3. Complete acoustic headphones including twin 6 mm nozzles with attached tubing, microphone and occlusion

ports (located on the cup either side of the head strap).
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Figure 3. Complete acoustic headphones including twin 6 mm nozzles with attached tubing, microphone and occlusion

ports (located on the cup either side of the head strap)
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XiBEs | 1.76E-07| 8.08E-08 1.80E-05| 1.80E-05(W/m?2
fett @ 8.23E-06| 3.91E-07 2.12E-07| 8.83E-06|W/m?2
JFET % 4.80E-05| 4.01E-04 5.34E-04| 9.84E-04|W/m?2
B E55E | 8.19E-04| 2.40E-05 3.82E-07| 8.43E-04|W/m?2
B Em@E | 1.49E-03| 2.30E-05 6.94E-08| 1.52E-03|W/m?2

200~24kHz TOxzAALF =13, LORTIIEEZFTIEL oo TT, GRS O FEBIC X A0 5 2 A
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6.3 -85 4 =21 .3 0.0
B =TT & =17 7 0
10 =704 =14 3 00
129 —63 .4 =112 0.0
16000 — G+ -8 5 0.0
20000 -0 3 112 0.0
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JIS C 1509 Tid,
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No | AFEHS (Hz) | BERBEN Hzo) |ARH (dB) |cHiE (@B |z8®E (B

10 10 10.00 -70.4 -14.3 0.0
1 125 12.59 63.4 -11.2 0.0
12 16 15.85 -56.7 -85 0.0
13 20 19.95 -50.5 6.2 0.0
14 25 25.12 -44.7 44 0.0
41 12500 12589.25 4.3 6.2 0.0
42 16000 15848.93 6.6 -85 0.0
43 20000 19952.62 93 -11.2 0.0

B, SRR L TR 5 TWT, RIKOE M #0E 6Hz, 10Hz, 16Hz, 20Hz 72 E03H 0 . Bk
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The main problem with measuring low-frequency sound and infrasound in environmental conditions is wind-
caused pseudosound due to air pressure fluctuation, because air flows over the microphone.

With conventional sound-level monitoring, this effect is minimized with a wind screen and/or elimination of
data measured during windy periods (less than 5 m/s [11 mph] at a 2-m [6.5 feet] height).36 In the case of
wind turbines, where maximum sound levels may be coincident with ground wind speeds greater than 5 m/s
(11 mph), this is not the best solution. With infrasound in particular, wind-caused pseudosound can influence
measurements, even at wind speeds down to 1 m/s.12 In fact, many sound-level meters do not measure
infrasonic frequencies.
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10. 3 EENLGEEGE (FBRREELEE)
10. 3. 1 BEBRSOHBITEREDLHEA

AR A & OFRHT & F8 A4 DA A

Analysis of Infrasound and Generation Mechanism
F v

Yasumasa UYAMA

Personal member of Japan Wind Energy Association.

Abstract
This document provides the results of analysis of the sound from wind turbine, and the mechanism of
infrasound generation.

The part of the infrasound near the wind turbine is described as wind noise and the frequency is not
examined in detail. However, when this feature is investigated, it becomes clear that the directivity of the
wind turbine sound, the shaking of the top of the tower, and the vibration around 40 m above the ground of
the tower are related, and it is found that the wind turbine generates directional infrasound.

For wind noise, "Low-frequency wind noise is caused by wind hitting the microphone. This noise has a louder
component as the frequency decreases. In the frequency range of about 5 Hz or less (in some cases about 10
Hz or less), it is difficult to eliminate wind noise.” It is said,

Even if the wind is strong, the component of 10 Hz or less in a place where there is no wind turbine has an
extremely low sound pressure and no regular wind noise. Even if the wind is not so strong, near the wind
turbine, the sound pressure of the component below 10 Hz is high, and wind noise with regularity appears.
This is either to think that there are two types of wind noise: "wind noise in places where there are no wind
turbine" and "wind noise in places where there are wind turbines", or to think that infrasound with high

sound pressure is generated from wind turbine.

F—U— N BIEAEE, RS, B2 Mv, BERE—A S b EORE)

Key Words : Infrasound, wind noise, lift vector, moment of rotation, vibration of tower

1. FC®IZ
JAHE D 5Hz LU F Oy 2 “JRMES” LB R “THRERETIUEAKROEEFNHFOND,” EOTRLH D
D, B DT & BEORBFAKR O LY . ZoFD BEIC L 2BIEERE THhDH I LETT,

2. FHHEEES & AT RF 5
FHAFERT © NL-62, NX-42WR., fENTIG « TR LR O fI12 5 2 [alisdh 23 K o B 1

3. BREOg
S NG P IR o} 2 SR/ M NIV g m e e R

233



(Rt 8 e o~ v [Hzl o #eshix & £/ <2 211 [Pal)
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Fig.3 : JAH DO < TEMl L 7= (0~25Hz2)
Fig.4 : ERMHEEN O E(0~25Hz2)
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Energy distribution [0~20Hz |20~ 5kHz Energy distribution |0~ 1Hz|1~20Hz{0~20Hz
Wind turbine 93% 7% Wind turbine 61.3% 38.7% 100.0%
Iron mill 12% 88% Iron mill 0.04%| 99.96%[ 100.0%
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Table 1 Energy distribution (0~5000Hz) Table 2 Energy distribution (0~20Hz)
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Fig.7 Separated sound from speaker
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EaAE> TRHEDIL TS L7y,

5. EEF DML
£ 31E, M3ITRITLEEDOE—7HE ZOROFEBEEZISSEL LD TH S,

Frequency Sound

at peak[Hz] Rate(1)  |Rate(2) pressure[Pa]
0.2667 1.0000 0.0560
0.5333 2.0000 0.0309
0.8167 3.0625 | 1.0000 0.1405
1.5833 5.9375 | 1.9388 0.0436
2.4167 9.0625 | 2.9592 0.0242
3.2167 | 12.0625 | 3.9388 0.0317
4.0000 | 15.0000 | 4.8980 0.0177
4.8667 | 18.2500 | 5.9592 0.0173
5.4667 | 20.5000 | 6.6939 0.0101
6.2667 | 23.5000 | 7.6735 0.0098

Table 3 Frequencies of the peak values

RRGEE 2D & & OEIEE 0.8Hz, 12, RoElfEE A Repm), BHEZ ZH) & 45 & &0 f =RZ/60[HzlI2&
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é Rotation (7times), a part of large table

§ i Brade pass|Time(second) |Frequency[Hz]

3 087Hz 21 28[s] 0.75[Hz]

g a.n_aﬁz 21 22[s] 0.95[Hz]
Crifle 21]  28[s] 0.75[Hz]
Os = Second 605 21 28[8] 075[HZ]

. N RET L IS . Average 0.8 [HZ]

Fig.8 Fine fluctuation nearby 0.8Hz Table 4 Fine fluctuation from video
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Fig.9 Force fluctuation and side vibration
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BIH< $71 L, Kutta-Jopukowski DEFLL U |

L = pUT = 4mpU?2sin (a — &) (1)

THZ B, BIE, —RRIROME U @ 2 fIZHHIT 2,
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Fig.10 Lifting vector and modification
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LT, AEEERET D,

- .

Fig.11 Wind turbine in balance
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SR L X 4y VIS U= 5 a4 av)
L L7zExiz, ROBERK

VZG(V)/VZhl = (ZG(V)/Zhl)a(V) (2)
ML, AREMH T, a(V) =015THD,

B HI G M 10m OB JEGED T[m/s] o & %13,
1 E 100+50*sin(w t+ 0 ) m T EH X

7 % ((100 + 50 * sin(wt + 6))/10)70.15 [m/s] (3)

L7025,

He}

SEE % 1.23[kg/m~3], B SEEC d =12, &35 &EE Vim/slo & &, P E[N/mi]iE
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%*1.23%1.2% 10 [N] (5)
70D, ZONFRGEHED 2 Fe |2 eflT D,
ZONZE-THIEFRZSNDIREAEZE S 925 0%, Hlisis Mz L 7 L — RORREHOFETHEMREE L
7P LXDEEZE— AL N THY .
P % (100 + 50 * sin(wt + 0)) = k * (100 + 50 * sin(wt + 6))*1.3 [Nm] (6)
L% (k=181.24), ZZ Tlx
(100 + 50 * sin(wt + 6))"1.3 (7)
DERFIZEBR LTEZ D,

T L — RO T41% 27/3 72D THEEEE— A > b M I,
o=2m-0.8/3 t@EW\-L X,

f() = (100 + 50 * sin(wt))!3 + (100 + 50 = sin(wt + 27/3))*3 + (100 + 50 * sin(wt + 41/3))*3 (8)
& TR,
M =k f(t) = 181.24 * f(t) [Nm] (9)

LB, v rsu—1 R

(1+x)%*=1+ %x + a(o;_l)xz + a(a_?‘(“_z)ﬁ + - (10)

o TR 2, (Sin TORREAZRT A5, cos THRMKL25,)

B TOWTPEE (0.8Hz DR

(100 + 50 * sin(wt))'3 = (100%3)(1 + (1/2) * sin(wt))*3 (11)

WEE L CREBERIC/2)sin( o t) ZRATHIE,
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L%, WORKRKICHER L CEHET 5,

sin(x) + sin(x + 2m/3) + sin(x + 4m/3) = 0 (13)
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2m 4 3
sin?(x) + sin? (x + ?) + sin? (x + ?> =5 (14)

sin3(x) = (3sin (x) — sin (3x))/4 (15)

RDOT, sin D 3FOMDIH, sinx)DFNL0 &720 . sin(Bx)DFNIE
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LIRDIND
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Fig.12 Wind turbine imbalance
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cos (mx) * sinx = (sin(x + mx) + sin (x — mx))/2 (27)
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Fig.13 Image of Wind turbine noise

1 0. ENTOFHAE 7 A 2Bl

URER SRS T DNT AT 4 VEDET AL 7) 1T, “ENOFESIIFRARE R CIIEMET. B
HAIZHHLWHEEZZ S EATVNS,” EFENNTND,

FENOF OHTITEE L WA, WA AR A IR Z wik TE 5, X 14 1%, RWEPFTNOBRE 2> 5k L T
L Z RO 28D T %,

1BRIESERED 7 77, 2BHITEME A~ v, 3B HIL Wavelet fi#fT, = 2 F TOMHNT CIIFHEN A
7273, “Average Wavelet Coefficient-Based Detection of Chaos in Oscillatory Circuits” 8)Zffi x |[X4 B¢ H D/
77 LD,

244



' AT e e Do AP st

D B ﬂ ﬂ 3. i
W16 | transpossicolmesniabs

al al al
“ Tk h
““““ o e | 0w amawwe | p o maww

Wz o] wea 0l B

NI hl

U J L u! ‘., 53 h““ll."l\n épn n ll ik L,ﬂﬁ
B o e i o Ml I i i ol 0 o B
W3 bmeponsicclmasniabalwal} I TTe———— o[ ———) =]
”MWMN=. 3333 MWMHMWMMWWW
o, ® av Lo Bodde ® A

Fig.14 Effect of Chaos theory
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10. 3. 2 EMEEBSE
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K OFIIIMAE (60k g) ITHETLHEEARFDL, WKL 60/3.14=19kg/m"2
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z
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O E, y 2 FHEICAT 2 EmE N Eim 3 b B 25,
B O O OE Sy TOFE P
P(t) = Asinwt

247


https://ja.wikipedia.org/wiki/%E5%B9%B3%E6%96%B9%E3%83%A1%E3%83%BC%E3%83%88%E3%83%AB
https://ja.wikipedia.org/wiki/%E3%83%8B%E3%83%A5%E3%83%BC%E3%83%88%E3%83%B3_(%E5%8D%98%E4%BD%8D)
https://ja.wikipedia.org/wiki/%E3%83%91%E3%82%B9%E3%82%AB%E3%83%AB_(%E5%8D%98%E4%BD%8D)#cite_note-名前なし-1-1
https://ja.wikipedia.org/wiki/%E3%82%AD%E3%83%AD%E3%82%B0%E3%83%A9%E3%83%A0
https://ja.wikipedia.org/wiki/%E8%B3%AA%E9%87%8F
https://ja.wikipedia.org/wiki/%E3%83%A1%E3%83%BC%E3%83%88%E3%83%AB%E6%AF%8E%E7%A7%92%E6%AF%8E%E7%A7%92
https://ja.wikipedia.org/wiki/%E5%8A%A0%E9%80%9F%E5%BA%A6

ELTZWVDTIEN,

FHRAZHRICT 27202, BB TEX D,

N

iy

B DLATDORGILEEP L EL, RBEOHDIEN BRI LE 7235,
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ZOOARAEDS dt ORIk L2 E T HE, F=ma £V,
A*ds=M o
a =A*ds/M
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LD,
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LB ZT. BENOKEOREZF U EKET S, (bETEETD)
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Lo T, dt BEOREEIX
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FHITHMNDIEN TPy + A— P, TN ds Oy &,
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1
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&5t —0.01919Pa, ‘P : —0.00027Pa T,

-0.00446 -0.00446| | -0.00446 0.00416

-0.00446 -0.00446| | -0.00446 0.00416

-0.00446 -0.00446 0.00416 0.00416

-0.00446 -0.00446 0.00416 0.00416

-0.00446 -0.00446 0.00416 0.00416

-0.00446 0.00416 0.00416 0.00416

-0.00446 0.00416| | -0.00446 0.00416
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R |EEEK(Hz]| AHIS] | &AEE| PT
B (&) 1 1 0.42 0.42
fa () 1 1 0.33 0.33
4% (33) 1 1 0.23 0.23
YY) 0.8 1.25 0.15| 0.1875
JFE 12.5 0.08 0.096| 0.00768
fett 1 1 0.01 0.01
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=

W9: real(GFwltgaborsimpleFFT({W8},2*pi,8,5,3,2,1)) Wé: real(GFwltgaborsimpleFFT ({W5},2*pi,8,5,3,2,1))
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FEAT— LU [w(dB)2E T A2EEREOFE L, r mBEn - 2(EF
RICBITHEELVNV L L OBRIE. AT O2WER(E HERIZEWT,
X1 TEzZLEND, dar2id, FEFHFLE LEEEr DERORBETHI(E
1), EEEEVBEN TREEIRE 2V, EEEE LY OFDOTF/LX—Hh
2L RDIIEN, TRV EL S, R i FENLOERERRE
RBIHENEFELNPNEL B LEHRTI LG, EEEEOR L
FEEN S,

1 EOBRSOHZE

1
LP =Ly + 10 lOgm m

= Ly — 10log;o 4mr?
= Ly — 10log;o 7% — 10logyq 471
ALy — 20log, o — 11 D

EDOBREBADHY £,
ZH b, FEAH LN SEEN TOWTEHENRIE L RO GEICE L THD EBEXET,

FhE-2CTRTLEOIC, —0OFEHEREETH
AYHHASTHENOEMGD LS E+Es, +h%

{$ H rﬂﬁli}

B—2 ﬂﬁmﬁﬁmiftﬁﬁ

&ﬂﬂﬂ$ﬁﬁ%ﬁﬁLhﬁﬁmﬁ.%(ﬂﬂmﬁ

ETEE Y7 -VBUETES., 0Kk}, FTHO
HHECSCPLERTREZLFEINT VS, bHLAE
ofticid, @, G)XohDS L LTH, FHRED

M EESWHATLELL L,

FEREOHEMIL, 2 nrr2 DT,

L, = L,, — 10log(2nr?) = L,, — 20logr — 10log(2m) = L,, — 20logr? — 7.98
ZHH60XT, FRAHEIZITWSEEITE DS L9 TT,
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FETIE, REEEOTRIIZ I ER S L5 T,

GPI ofii 5 FHIX ZXD H DTT,

@ FAE

EEFEEE. R ERETL. FEHEEMCSIT SRR, —RnIs
CEETHEEEZRAWTHY, hovoa 7 VETRENCFHETH S,

FHOAREW B, W@ E LS8~ EIfCE SREE LIS WD S, e [EH
FiREEEL N DR 2L BERCST SEFFEVERRR T HEE Rt R W,

F i, FEERIEREEOREE U TR R T {, EETHETH V| FSELERR
BOREPERAR EG@RERWEZZENL IS, TREOTHEDERETEITHS &
A5, Fh, A BITEEEEEL TWRWT Ehl, BEIEENE <REEFTOTH
FiEEG- TS,

[3F B HZEET 5 AR EROHERRER]

SPL=FWL-8-20+ loz(r)
I
SPL TSI B SRR S Ll (dB)
PHL  : BEIROEEE S Lol (RS S REREOER I E L) (dB)
ro o REEFERS TG E T O (n)

[EAEBE L~ LDEE]
ZL:].U . 10g1u(10L1f10+10L2£1n+ ______ +1[]Ln.-"1l2l)
N

ZL AR ShEEEREEL <L (dB)
Ln :#EEEnSSTLEREEEL ~L(dB)

GPI 23 S {REBI B L <l 5 PRI IR 3, EEEoFEIEH O Tl %.)

(7) FHK
EOGHRABRRICKSEHAZIToT, B, ZROWINSIC X oME, FEESD
FEffic L Z2MBERCHEBEROKBICLIMBELZEZE LWL ELE

Li =PWL;—8-20-logyor

R

7

L; : BROOHEEEr CBTLZFELVRNL (T RN)
PWL; : EWRONRNT—L X)L (FrXn)

r BHRLEOHRE (m)
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PRI SICBIT A CHETFELVRAERL/3FA 27— Ry FFEEVRAZ, &A
NBEEBRPORETDACHEEFELARARRL/3 A2 —T R FHEELRILVEHR
L. Zhb2EHESIETRIHLE,

L, =10log10% /10 +10%/1 4 ... +10%"10)

7]
TR EICBIAFELRL (FrXn)
nHFHORNBERICLDIEFELNV (Fr2N)

r=

L&C

i 2
/tn

BRESE DK 2 2 1 REBh IR D Rl E 55 IS B 3 2 AT A S SR S & DT IRIC, IRD X 5 IcE R
TWo,

(BaR) /IX7—L AR
RAOFESHED/INT— L RILDIRTAEIL. EFHRIETH S [EC61400-11 ICLUBRETNTWVWS, 97

—DEFEEO0—9—RFRICLUESH SNBMEDER CIRIBAEINET—9H 5., sEHNICBEEE1E

TEHTHEONIBESOHEZELSILWTRDH SN,

(BRa%) FRIEtE=R
IRTORNEBERLIERICEE IS EOEL. G DAICTIESOIRIVF —EIRFRAAEICLE
MoTEHREUE (B8 TRAOREBEAA A KT 2, MIRIVF— - EREIECRFERE, 17

F5R).

Ln=Lw—10log(r> +#>)-8— AL, (3.1
T,
L n : n&FBEORADFEEHD SKFEERE r (n)BENHITOREL X)L (dB)
Lw : BOFREED/NT—LARIL(dB)
r O BAESHEN SRS RIS FE TOKIER (n)
h EAESEOTL—RRLETORS (M)
AL,y ZXUBE(dB)
ALy, =alr* +h* )" (3.2)
a I EH (=0.005 dB/m)

FRAMRICHTEESFLAIVIE, ENTNORNDAESERNORETIRSLANILE
B DRICE2TEHELU, INSZGB.IDAICLODTERITHETRHSN S,

Lp =10log(10%"® +10%" +...+10%") (3.3)

CCC
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https://www.env.go.jp/air/report/h23-03/index.html

Lp : FRBRRICH T DEE L NJL(dB)
Ln : nBBORNEERKICL DS L NIV (dB)

GPI i £ p 828 (21E, 25D
L; =PWL; —8—20+%logor

Ly L, Ly
L, = 10log (1010 + 1010 + --- + 1010)
K. Lo,
Ln=Lw—10log(r> +4>)-8—AL,, 3.1

T, h=0, ALyyr=0,tEN-bDLHE—THH, 2FHOAIL (8.3) XEF LT,

fx ) £TH, 1Hz 5 40Hz £ Tlix, GPI #fHE p 828 12H D 2 DD
L; =PWL; —8—20*logor

Ly L, Ln
L, = 10log (1070 + 1010 + -+ + 1010)
TEtEZ L1,
JEEAEL kb, BRIMEYZ 2 2 HENRTTL 2D T, 50H z L FoEREICEL T,

(8ES) FHIBE=R
THATOREAOZESEAFREIESETALOLL, G LR IFETESOFAF - EETAFEILE
BoTHELRE,

Ln=Lw-10logl? + h* )-8 - AL, (3. 1)

Ln: nEBORNRERPLAKFEREr (wBEEL I TOEE L~ (dB)
Lw: BAOREED AT —1-L (dB)

r o EAREERNLEETEMASE TONKEESE (o

h BEAREEOFL—FRELETOEE (n)

AL, ExIEE ()

AL, =al? +4* ) /1000 (3.2)
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a EH(LLTORICT—HFIZEEHTHHFMIL IS09613-2 [CREHEN D
REBNBERBZESRBL, 798 —TNUFRICHEZTS)

BESAEREEICETEZ 95— EFEEICHTHIARBINEERR o
FAO3—TIN Rl E IR # (Hz)

afE(C) | xR (%)

63 125 250 500 1000 | 2000 | 4000 | 8000
10 70 0.1 04 1.0 1.9 3.7 97 328 1170
20 70 0.1 03 1.1 2.8 50 9.0 229 766
30 70 0.1 03 1.0 3.1 7.4 12.7 231 59.3
15 20 0.3 06 1.2 2.1 8.2 28.2 888 2020
195 50 01 05 1.2 2.2 4.2 108 362 1290
15 80 0.1 0.3 1.1 24 41 8.3 237 8238

IiE> T, ERBEOHEEZEBML 9,

A FHEEE AT —L UL L A R R EL UL (20HZ~) OB EZ R 2 UTIROB DB HD £ T,

AREBE LSV, Da=y bR F—0k, SRS EROY:-BHEMICB T 5262 E 2T
‘{ki{::: _ o 1 j+g§ l_/ F Y

L-l Lu Al 8 20 loglO n+ AL;I:[) + ALgrmll ALmr.i
=T
L, :i&HOAEWR»L THAICMEERT D ABMEETEL~L (dB)
Ly, :1EFBOFFRMECHT D EBHEETHERTOA FEFTE U -1~ (dB)
r, i FROFERMENL PHRAETOHEEREM (m)
AL, , : BIHFTICHE I BECHT SMER (dB)
AL, :HEREHHRIZ K LZBMBECHT HHHIER (dB)
AL, ; :ZXOEFBERIUCKDIMEICHT S8 ER (dB)
ERROFHR I,
Ln=Lw-10logl* + h* -8 - AL, (3.1)

FESFICLET, T, ARBMEEEL LG, ABMEEEL~L (20Hz~) BELNLET,
ZOXMEEEEOFEICE L TWAHZ & L, BEFTOMSIE 100Hz U T OMEEESIEE AL ETHD
e, Eo (81) REFSTEELELOEED LI,

- BT COFEE
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Mo REOE N ZERROERZ T LT, 220 Mt EE 2 5, SR 5 E58 U

—P (W/m) &, @& h, ¥ r OMHERZBEET 5 EOMRIOFEME [ (Wmr2)DOMITIE
Ph=I1xS=I«2mxr+h ORERE1IHD,
HOME T &EEp ORIZIE
I=(p"2)/(p c) (o IFZEXHE, c TR OFIK)
Fop c 3TERDOEEA v — 5?/1&[@ ¥, pc =~ 400[NS/m3]TH 3,
o, iz

P=—x2mx*r
pc

L%,
EHEAT—LVDERLY,

P
Ly, = 10log (P—O)

772 L. Ly HHEOFE A7 —1L L (dB)

P : HROEE~ 7 — (W)
Py :HHEDOFE T —  (10M(-12) W)
iz,
2
P=—x2m*r
pc
Z AR,
p p
Ly = 10logy ((W) * 21 * T) = 10logs (W) 72 |+ 10log,o(2m * 1)
=L, +10log;o(2m = 1)
XoT,
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L, = Ly —10log,o(r) — 10log,o(2m)L, = Ly, — 10log;o(r) — 7.98
LB DT, 7.98=8 &£ LT,
MEFRCOXFERFRL GO TETIE
MEROY G (AARET A =7 1 RAStt) O ERSBE L b D),
L, =Ly —10x*log (r) — 8 — ALy

L%,
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https://www.nea-ltd.com/knowledge/noisecontrol/05-03.html

RERTOTFA

AEIZSEEE TS FEAR, 22 TIREATHEORXE /- CiERL T3,
GPI o1, 4200 kW oA E 9 @& cd,

£2.2-10 AHREHOEE

W H i JC
JE F&H h 4, 200kW

BV N A B dm/s

TE % il 12m/s

1w bT U b ELE 2Tm/s

o— &% 117m
o—FHRLETCOHER (~ATHE) 112m
ZL— FE ¥ 3K
picg - ACIL 7 13. 6rpm

ix i 2 4 9 3

JEER B O Tl % % 1,

1#H#BIE. GPIOEREICHD. RDOKTY,

300T =X BRHETT,

p 829

& 10.1.4-4 RARBHONT—LARNILRUBEREFLE

HA7 : dB
- L/35 27 & =T /3w WD A M (Hz) - SR S0 — L
1 1.25 | 1.6 2 2.5 | 3.15 1 5 6.3 8 10 | 12.5
FNCE 133.1 | 131.8 | 130.5 | 129.2 | 127.9 | 126.6 | 125.3 | 124.0 | 122.7 | 120.7 | 118.7 | 116.7
BEAFhi ik 121.0 | 121.9 | 118.2 | 118.1 | 117.4 | 116.1 | 113.4 | 112.1 | 110.6 | 109.1 | 107.8 | 106.6
FREIPREEY | 119.2 | 117.5 | 118.9 | 122.4 | 121.2 | 121.2 [ 121.4 | 120.7 | 119.4 | 118.8 | 119.8 | 117.8
1/374 7 & —7 230 R E HEC(Hz) « PHEFEF AT — L L
HH GFIE
16 20 25 | 3.5 | 40 50 63 80 100 | 125 | 160 | 200
AEH 115.1 | 113.3 | 111.5 | 110.2 | 109.2 | 108.0 | 107.1 | 106.3 | 105.4 | 104.5 | 103.9 | 103.0 | 128.4
BEAF ht % 103.9 | 102.1 | 101.1 | 101.3 | 101.7 | 97.4 | 102.6 | 99.8 | 108.0 | 100.5 | 96.8 | 93.8 | 117.5
sEERRERY | 113.3 | 114.2 | 114.1 [ 112.7 | 112.3 | 111.2 | 109.8 | 107.2 | 105.6 | 108.7 | 102.1 | 97.5 | 128.5

E 1 BETF 4 3 R ORI v i i oD it AR SR f2 O R\ 77 38 FEAR 0 (RIS,

AFE PR O TRAR) 7 A 2 RS

— 7 HiBl LB EEERFE BT MEMRE) (20204 8 KA —FT v 2)E2BFL LKL,

Ko, “BHFEMZE"1Z. CTech #D 2000k w D b ., ZHEiffEziE 2300k wd b DTT,

FDFTIZ200Hz T TLAEDLNL TV ARWD T, 200Hz L EDKS%# 2 5 FH 20 1%,
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PEBICHBAKEIL, EHED SOl I2H D, AT —L N LDETT, ps0l
£ 10.1.3-15 AAKBBORAT—LALBRUBRRAEE

HyY - dB

HE 1132 8730 FOLREE H) : A7 — UL ARSHE
63 | 126 | 250 | s00 | 1000 | 2000 | s000 | soon | (B

AW £6.8 | 9356 | 98.2 |100.5 |100.4 | 97.7 | 92.7 | 85.1 |106.0

BETrReER £9.2 | 910 | 885 | 97.2 |1025 | 9.3 | 97.8 | 87.3 |105.9
FriipiEs | 87.2 [94.8 | 939 | 9.7 | 985 |9e2 | 827 | 75.4 |103.1

F1LEFFREERUCHETRROEBNMAREUCEABEROE®IZ, HNTPERD [(EHF) 94 KA
= Z7HNERNREVEEMAETTEREE) (2020640 BADH L —F o 71 28F - L1,

ZOREF, /1 A7 2—-THo£TT, (REEHMR GPL Db, BFHZHITZY—T v 7D 2000k wd b D,
ST ERIZ > — T v 7 2300k wD b DT ,)
FoRIZ 13 F 27 2 =TT COBUE., FToEIZ1/1 2 2 — T coBfETd,

% 10.1.3-15 BRAKSBABONAT—-LRALAUVUNERSIE

MeX : 4B

WNZ2 8T FPLMER (H) : AWEAD — L~ ANt
63 | 126 | 250 | s00 | 1000 | 2000 | 4000 | s000 | (B
@ 86.3 [ 93.5 | 98.2 |100.5 |100.4 | 97.7 | 92.7 | 851 |106.0
PETF R 88.2 [ 9L0 | 885 |97.2 |102.5 | 983 | 972.8 | 87.3 |108.9
HlPER |87.2 |98 | 939 |97 |95 |92 |s827 | 754 |103.1

p=iit

#R

GPl oJRE T, r =4323mEin -5 FTIciE> b 0T, 1/1 7 2 — FEFrcoFlEEED 63Hz D54 1T,
AR GEE) X7 —L_A2886.3 T3,

L,,=Ly,;—8-20log,r,

TEELC, 1/1 A2 2 — T, ARFESFEL A8 56dBIcaY 3, 63Hz o 1/1 A2 4 —7
R COERIZ—262dB DT O FHEMECOZFTEL A 0fEiix 31.8d B e & Y £ 3. EFE(31.8—26.2=5.6)
T3,

/347 2 =7 cidcng 3 20H8Ic 2N T, 30OFIHTOEERALZD DA 31.8dBickhy
T, FWEAFUAEZ & 3% &, FiRH o cofEIZ 27.0d Bick ) 9,

ERL. 31.8=10*LOG(3*(107(27.0/10) £ 72V £ 3, T DFEE. 1/3 427 2 — 73y FCOVFIHEED HFE 7 —
LRADBELNE T,

b 4323
Hz 1A FAM A LWA [1/3FTAA LA 1/1F18 1/3F18 #E2
50 -30.2 2710
63 —26.2 B6.3 —26.2 55 318 270 | 31 7844
BO 225 270
100 -151 24 1
125 -16.1 935 -16.1 128 285 241 | 288844
160 -134 24 1
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63Hz TD 1/3 F 7 & — 7N COFHEHE TCORAED 27.0dB i< ) T 325,
THic, ERPBEEEEL T,
Ln=Lw-10logl? + > )-8 - AL, (3. 1)

- = =%
1
——

Ln: nEHORORERPLKFEREr (BN -HIETOEE L~ (dB)
Lw: BAREED AT — 131 (dB)

r  EAREENLEETEM#ASE TONKEESE (o)

h BEAREEOF L —FRELETOEE (n)

AL,g: EXEE(B)

ALy, =al? +4* ) /1000 (3.2)

(3.2) XoFHEIZ.

¢ EH(ELTORIC—HFIZEH T HHFMIE IS09613-2 [T b
REBNBERBZESRBL, 798 —TNUFRICHEZTS)

BELEMNEEICEITAF 93— TNV FREICHTA2ARBIUEE RN o

N o5 (%) A58 F b EE# (Hz)
63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
10 70 0.1 04 1.0 1.9 3.7 97| 328| 1170
20 70 0.1 03 1.1 28 50 90/ 229] 768
30 70 0.1 03 1.0 31 74/ 127] 231] 593
15 20 03 06 1.2 2.7 82| 282 888| 2020
15 50 0.1 05 1.2 2.2 42| 108 362| 1290
15 80 0.1 03 1.1 24 41 83| 237 828
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m BEEORITMR SHESE

BhE B DS RETHI (BEGEHL To IS
REROANMES BER=10l0og(0.2+2a1A) +126
HBIROANSES B =10log(0.4+2a11)+8

B A () TRE a=NM+r>-rm)

X3

RELTOREMRI. =
O LBZEEIFLTELE
&, WSO A & &
U, BAESEFEALTT
DS e E ¥,

f ’ _/' N \\
25 H Ne 2y
,/ 7 2 N \\ —
15w xr
" FRER_ .-~ 8| NN RER
) ’ & L
E ..4-03\\.

i i i

2m

1.5m

2m

WRAEZDOEE T DL,

-

2m

5 |a A Hz NEB=EIES
3m 0.71| 340.00 1{ 5.600057
0.71 0.97 350 14.7057
0.71 0.85 400( 15.21978
0.71 0.68 500| 16.09501
0.71 0.03 [ 10000| 28.72884
4m 2| 340.00 1| 5.758536
2 0.97 350| 18.85247
2 0.85 400] 19.40717
2 0.68 500| 20.34072
2 0.03 10000| 33.21319
L7RHDT,
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PEEMRTFAGTERR

25
SRR L~ EFEAEE LI HEDE
=
3m 43dB(A) -15dB
i 75dB(A)
4m 39dB(A) -19dB
* PR EESEETT.
CSHEHRCIEEE. HEEons. AEORHSEEELTADEY
llﬁJﬂ
CEEEOERIST. UERSCNIERRIRRNET.
* FENCIREE L —/ —EEAT Vv S —ERETEC S EDESICH
2% HFRT EEERTT.

ZOFIE, A00HZz TOFAEL Z 2 bivEd,
T2

FREERCGE, 2R, Bl X 5 IE
o CEHRL 9,
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3HEBIE, EEBETY,

a1 E MR O R4 T 2 S B3 258t icow T,

D (BIRL) . B3 EME 2 HFRAET D5 ICET R, 12X

A BT 2 HEOBEHRIIU T O L ) TH 5,

OFfEEE © —BMEORE CE 2 S 2RV 725

OMEERE © Ml o TR ER & (M) FEEMERE A DR AE T 2 BE A b 572 D

JR) B SR 0> & FE AT B BEREFRE~ = =2 TV 2=

‘@ FEHEEERYE (residualnoise) : HDLANIEIT 2 HLRAOMREEEETD > H, T NTOREET 2RV
RO OEEE, A~ =27 /0TI, HUlslOF Té%ﬁi’%bff%%l/“\/b@“\_x T END MEE H R e R | AR
BEEICE DD, LTehio> T, REBEE CHERAMTE 256002 (EHF 0, BE, IE. ERAZmEEE %),
ek, PIEHUSEDICBER ORAREMBRYE HDHRIE. Zh o DOMRNORAET HBE 2RV EE 2RHE
FLD,

EH D,

ZZTo, “BIEHEED” o TiE, L ELTlkm, 2km, 3km, 5km, 10km»&EZH
miﬁﬁ\ﬁ%%@ibfbio&

“EJ I E MR D DI AT D BEE A~ DRI DN T
Rk 2 84E 1 1 AR ERR D HIEAET DG EOFIFEICET OMETS. O p29IlENTH D,

“(E) FEEITORE XX T O THEOFHEIT R 2 G LR ELRE S50 O3 E I N Y i% e H b BB AL IR 5
A TR ORI O FEICET D FE8, BREERERHG O B I ONS Y B ISR D a0 A, T & OFEH 2 & B
MINCAT O T2 O D FIEAIRET D7D O NICRE DR EDT- O ORFEICE T 2 HEHEEZ ED HE S (KL
10 46 H 12 A @pEEFEETH 54 5) TIE BEHT—RICBWTEREZELZZ T 25ATHL LEOBND
ek 13, S EMEARE KL O O 1km OFPHANE LTWD,”

EORRT, WA ZERHTL 2, (LHLAAETOBEIX, MtSOMRE IR D)

1 kmPl ECOFEZBEOTLE &, BERLVILLEE-T, AFEND 1 kmBEINTORASLNC->TZ
RN TeFIZFIET D,
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https://www.env.go.jp/content/900400663.pdf
https://www.env.go.jp/air/noise/wpg/sokuteimanual.html
https://www.env.go.jp/content/900507728.pdf
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NFETH D, ERFEERNTH Y AMEREHRL T3,

[EF-3
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O Wi O E L, WEEREA ATRE = 4 L ¥ — FEFE XM O B0 12 0R 2 i O M o et ic B3 2 354 (BT,
[ AMEARE] L vd.) 5 9KE 2 HICB T 252> T T 280 RES N TEY, A EOR
EICED B a2 L GRERE T o Qg 3, /2. Wi OMERK B 1 13 BAMRHARE T IR AN I O BE (R BT A
Rr&EnTsy, HBEAKRT 2 U G0 o0 B EEZ NI EAZRN, Zhb0ERZHEIC [HRaE
Revgew] BRI TnEd,

W, IR R OFEZEIC X o GERIN M RO BA, YT A RO A R FH 2 UL Wi F
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5 —H NG FfkIC, BE LTk, HESHEKE ©H 2 8ENRANER TR R OB BIGE IC{R 2 HIK 232
FEINIZREHDLEEZTNTT,

M o RFIC X 2 BRERE FRERFEFCH > 2 REFROIFETH Y | (EEXIK O E 13 F — A i
DIEICH DT HRICED Tz, [FEFREFERNTH WV MEZEHRLTVE ] LW IIERMIIYZ0h 0w
E2ET,
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THAT, L EDNTH, BT 5 01 XFRT L RASBETT . EIC, EHPEPROT TV 5 T LHEL
CODES RN 51, %< QR ETERT 5 C L SBETT, WHOMRC 3% < OWHZ»») £ 5,

B AR IR T AN ER D ZRETT . BME % LORKIGESR 2T, KERRETT, KRoNE
LR TE R WD T, EERPEICL s THIGDORWT — 220 RELNT, AELTLEIADWVSET
Lx9,

MiEZ T, H20IEAMECREL 28T, #EEXZ I 2ERr20BTERINE T, A ML ATHAICKR
STLEIADBHTEET,

RRTOFRBMNEER L L, BRLPTOAEIEIN X IR T T,
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https://www.enecho.meti.go.jp/category/saving_and_new/saiene/yojo_furyoku/dl/public/yamagata_yuza_opinion.pdf
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BTl 7z, FEBEEICKEZ KIT I R EIF Tl b ORREE G5 & &b ic, BEF Y oFEHKHD
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i EFHES 13, BRESPEFME 2 OMmBIRES ICH O & | RE R TR 2 R EH 2 8 Y] 1 i,

MR R I L TSI 3 2 C &,

T/, FRICERSRFEEREORER - BB NUOHMEFORREZE T 2. LEANKEZHET L L,

QOFTEFESR L, 7 LRV FEERME ORE - Bl - ESomaNIcE 20 By, BE R, RElzo

s EROFE 2 EE 2 HE L ZD O N2 HHZEHKE T 5 & & bic, @YUNCHd - 7l - FEfi 217w, BE
INBIBREHE ) X 7 0R/MLICED 2 2L, F7-. BREEE Y 27 ~O%GIcB L CHITTHIGIED b s
TR L, EEFEE IS LB L,

QBTEHHEH 1. BERAESZOMoRBEHEOEMICH I BEL L THBERI DARROFERTRINZHAKC
X, ZOoRICHIDELBEERN TS L L dic, HBERICN L CTEADH - BRZITI> L,

OFEFES 13, REEGHEIC 3 2 P8l - 5HIC I AFERE LS 2 2o, TEPROHERAKRICE TS,
UG U CEREEGCERAE Gy, B BAEAYE) 21l ERAREBEENBRR I NGE I,

BN BRI REIEEZET 2 C b, F 7. BREGUETH O R -CREEN, FRATEORIFICOWTIE,

A B ICHERFRSE T 5 2 L,

S5 EE LFEMIGEHARE FRDAREBHAE - wideix £ 10 #EaFERTEE
Hi : Af 642 H29H (OKR) 14:00~15:30 377 : BigEip s Btk —1

fAIHEE (WX T 5O 0 nEs)

LAHX Y REMRE Y 6 7 A0 NG % R 712, FEFMA 2 S NSED 12 HICTEEESRET %58
EREERLTWw 3,

AT, IhEHIBICHEDRA b o T, 1 H 1 HONH 6 FFRES L EHIE DR & R ERO TN L. RE
BREZTHoTz, BICHHILM G TR KREAWERIRL>72d DD, BEEEE TOMEWED FIIcHE: S Kitbo
Pt R Ak D EIRDL. 7 DWEIFIC D MATVSE Z 2 HEIC X VM- 72, RHAKER & FREEK T
U X —BUR B R DK & IR & 7 o 7223, S RIOREE N BHIEIL X O ICBIEOIGWE IC X 2 ML B i
X3 B B SR DRI 7 5 LKL B,

ZZT, REET 22055, BfE, BEEITMELRNREBEENLTEIN T ST 5km FElloEIC
2. B OBENESH Y . WIEES)C X - T Y E2S o 2RI A, Wb, ST E D, ik

308


https://www.enecho.meti.go.jp/category/saving_and_new/saiene/yojo_furyoku/dl/kyougi/yamagata_yuza/04_data04.pdf

WM CFRAE L, HEDIME, MESIIT> X 5 i1c4 UsB, P ERNAREMR O R 2 HET 3 72 J 0t
BRI NTHLO0HEE v, E2, B, Mg E L, BEARAE Lo 30 Hic i BRI FE & O
LTRHMEF 7 )V T INT L CORKEIHETH 2 Dh, AT & Tlde <, DT 220 £, RIFH Ol i)
H\ﬁb<%t A LC\v 2, WORHLIX I IIChziE L, 2 A L, BT o ¢ b & b 3O EfER 70
DERZF LMK TH 5, F FENFREEC L IEREPLRE~OREORMDS X220, iKiiTtdL
iﬁ%ﬁ%fgéﬁﬁfﬁfﬂiﬁgﬁwoﬁﬂoﬁﬂ@@%%aubf\iﬂnbmuﬁoto

R AL —T PR X 73— —)
ﬁkﬂﬁ%%$ﬁ®féﬁmowfﬂgé%fwtﬁ<o%%%Ei@@mﬁ\ﬁi@ﬁ%%&%@%K%ﬁ%
mtfwt#% —E DEAEHE R G2 LT 208 ) il +

N 2 PR SRR & SRR ICE %?%mn1$%%w?5m %&@f%ﬁ%%&%%@&mgd%\
&#E@@Lwaﬁmﬁ%%intif\£I~¢@%Ekwoibi%%%%n%h®%%@ﬁﬁﬂ%%ﬁf\
Bl D & ZAIC Lo YV AEEZZ LA ZD0, ABENTH WKL D2, HRAE I 722 D), HIFERE
BENCHWVILRDLEDLVolz e TARMERL, BRETHLI LR KkDOLND,
9 o 2 FEHE G RN 2 RIE T A U I BT 500 Fic—ERET 3 RAMBEOMES, 50 Fic—E
FETERABEOGAICH L Ch G L RETHE LI T LrRDTWE, BeICET 2 il iconwT
. FESMNE L LR TT T L W e WO T2 21T 228, HADOR L WHAARFRFEAEE 2 Lo ) hREMICH
S THEALRIGEIRTE L L PEBELLEZTVWEIDT, TH VoL WHERZEF 2 2285, FELES
FREFMMOREEZHERL TV E 20,

HAHEEZE (LB RILE/NUAEZEMS)
NG ERIBEEB P DL LTI ENR Y DFEMETL o TWVB L W FHRD - 7228, F7=L 2 2BES
T 38 thoFEABRE T, FMICTNEL ~50F, MISPOHRUBEETCHE X577, AFLLTIET
— FOEEED 22 fF, kKD T . T OE TERSE. 27 —DFEES 4, WAIZZHIVHIHD
@Tf&%tﬁjmdﬁﬁﬁwuu%®kﬁf%0\éﬁﬁmﬁﬁtfm5o
SETRERLEDBARLEICLZDDOBIEEAEL o785, 7272, 2023 E£3 H 17 BicHEHRBON T FH
THRELEZZT7 -0, MEDR 8~10mAiETHY, Z5LAZLRAVTHEETLI LWL 2EX DL,
FLIZZZTHIET S VI ZEREALLNLR Y, MERITICECT, 2 Z2FTRAMERD LD E RS, B
HOBBEFBRKE DL THoTeH, THIVIRETHIERBRET S Lhd e, RYICHEKLI1TZ T
EEATHWIT 200, HICEZREEHEIHERL T NED, ZDOADBFEZ T E 20, 1ERNICZ S
W FBFHEEL TR DT T, SNICEHL TOFERPEZOEHETHMLAINTHARVE NI T LD &I RDD,
BELTEXA 0,

BFRT ALY T WEHE (79 ——)

ZI)LTAREGEZTCLEI L) LRFRDB D o720 LI REF LIRS E>Tn3,
FIZEDHHL 728 Y | LR RERMIIEREERICE O R, Gl BREMB Lo D I Tw b, R
FEERICEOWTHERL T Y, BUIRE TS, HHEHEALZINTVI00DHERLTHWELIATHLD, &
5 LTHBBOREAPHITORMERREL CLE > T AEHIRH 20T, BEEF L LTH@ETICHLL <
W E Tz,

309



CZCEL DI THHEBE O RIS L <o, FEMEDE R TH % KVl o Ji\ 5 0 EH) 2 fif i 3113,
BT E B LIFHE T,

BEERTR, EETRORE & BEs
IR CIEL in R IC REIR 2 U S AR 2 R 3 2 GHEi S HEA T 5, T O O Hivh &g c b 5.,

) ax2Exs
[[] memee o)
u

RTINS
(201441 F ~12F)

B 6-30(%/R)

BETPEEB(E)
CABMHPOBAT2H
F MR NIH O Zi%)

-

T .
7
’
’
.
’

310



FEDRFINAMSE

F 4
B EH54.000m

miLFE2S
HEREERS

(35)
Bt R UAREREESORARELRRTAROEFARE

311



L1
=P

A
ﬁ#za.Eﬁ

axe
e

Rl - EELESEokES

I i T FHRHA 15.0MW
[ / |~ pat
4 v \\ BEOSE 261m
’ |
ven ) NTE 143m
I
@ mREmES | 27 —& 120m
. BMERE .
L BENKRE JL—FE 1155m
BE N SE RS R 134U 852m) O—4—4% 236m
§ it tome e amtlioiigiled

(REEEE (%)
U REICBIIREHAESAWEETEL, BEX15sMmwiRE

Hx30EELBREL.
- RERREZEAT, BEEH1TAIL (1,852m) 2FERLES
AT, 108 <35+ —FidE

Loz, GRS EDNL L EZERKL T T,
HEBREDOINA DI T3,
IRAJEZHER LD X I ICREL T NEDTL & HH?

JAHEIIEDLDS 2km~4kmDY~Z VD ICETE FEIC>TW3,

LAY 4 ¥ R8T — (20, B MEERE S VD) RE RN H - 7o, FREA & EA S EICT L— ROBERD 3 %
X285, ERMICH LTI 10 f5HiF 5 (NEDO $58t) ONREARNRE 2 &SN T2, 10 GO
RSN TELT, HANC Lo T 3 FOHMHL H T LN TRV, 512, JLZEITA NEDO O#ilhz 517
T T=AE T, RS  K< Z E DR SN TV DA, EBICH R TR 5 mEL 28 £ HH 5 ETho,
Lo, BT HEE OO RIRR IR E S B, PO JEE CRIE SN T ARLEEICR > T2 lZ T 5 FIT/ - T
LES7DTHD, ARTHIUE, ZOHMNIC 28 ORI TIE/R< 14 EEENBEY TH-1-EEXLNT
W5,

312



0 — & =15 236m7AaD7E0 b, FRMENCEIL Tid, 2360m2ZE1T 2 D 3 HA 23, FHlX T 1000m R I
fiofb‘%o

2518, 3FHOREIIAAFEZDT) FLEY FHA, IOICERDOFETT L — P3RS 5 X 95 7
A2 3, o T, MEDDH B HHKITIER ICERAHRIc R Y £5

EEPRES
LT W sk 1 AL v B R FE S - Bat ik
[ 3 [N EEEHTS (BMS4E1H 24 H) | e T3 24ER - G E s o Himt:

G ERE (BHTHESEASR)

1HI6EE®%Bﬁ%Cﬂ EfHKW@ﬁﬁE&iLHﬁ%fﬁ@kmoﬁiﬁ D, BRI 1IFD
2ELENZDH L, PLBop Lz, DEELTWE DI, FR~DEEDE Y, i FIC X 2 &, FKHEE
& CIE, —WEFE o ME SR ) 2 IE~TER T 2 THOBRIC, % 0FER2 O A 215 &K & 5 E A
HizeoZ &, AT EGZ L7223, HHERE ORI ER2H D, cNiEF=z—v 7 uy 7 Thloik>oTWw3
FHRRTH s, BEERADED XY ICTE, 20k mBEMED AL AR50 TlEArwh B o7,

72, HRFZELLOMERBEFEL LT, THAKELLWIRESRIDOT LI N o7z, A, HIBAT
HHEZLLTWd, ST TRERAFBFOLOLDDEXRTECELEL 57228, 20 F 30 FHO 72 H 04EIE
EIO DB oT S,

FEICH LD 223, ENORENFEEBEOLEMEIZTEZ 09%LFETH D, BAWE, h—Fv=a—FT1,
SDGs OBUSTHIEEL T 22, BAAREEHERP LA LABELLTWITIE, 2hoDkadicb b DTk
W, WA, ROREZES FRZEDOELDAEDITHR-TVREEZVWLEBoTna L, REL LW EHHETZ LB
50T, ¥R FoTnkZ&E iz,

ZoOMORE

“BERADZOX ST, 20X hBERED R R3”

FRL, #BFE»D 2~4 kmOGFTIcBESE T, BEEREIRE 2 2 L 3E#EL T3 X TH S,
L2L, HOORELHEL OB TE Ty,
“BHRBZHEAREALABPLLTWFTIE, 2hbD42DIcb 3D TiEEVR, BA 1, ROREES Tt
bDEEDEDICTHE> THELZVWEEoTWnE L, RELLWEIEZL LRSI DT, O0RLAEoTni=iF%
7=\,

LE-o T3, BREMAFELZHELZCERENES TH 5, T ICGRILOBEIETIE, * DB
FAEETERWEICR>TLE ),

Tl

T2 b OFE LA TR, AEIGTEES Z LIk b,

DT,

313



HARZE (LWBREERFRHEE)

HEoWEE RO T, RAVPRFWEHEHEFICHE 2, ABIEICHEICIT > NEr bW Z5ETiE, 72K &
AMEDBRDRVATEICR o2 L ERL T2 Ab w5, KIC, BHHICTH JAEBZOD 0 LLELL TV 5 A,
Wi L T Ab b, MBSO LICXoT, HFHLRZLIBNE DT, WAMEEL - HHELRT
5, FADDELTH B, SETICH Rne 2 A1, MIEAMADZObITAD T, #fEEH L LTILO L TEC
HT, “LLTHRELTLE VW) OR—FDOFENTH 3,

LaL. FEH, oo [FEDICHRBETNEZL2EI L, &, HREBML Lo T aHRED IHLE
ATIELW, | L Ebhiz, THETIZ, BAPWICHT, RECEETIHLEFTE2ZINEIR» 27205, E)1D
DHESEZIT T, RO LIZFZXZEIBPVwDESLI L, HRAIAALF—ICOWTELSE LI ICko7z,

Z ORUEHHE I, (N REEGEA & L MEE L OB O ETIIUR L7225, Stk BEHHE O I 1T,
Ta, PGOWERL T VAEDED ETED TV E 0,

ZDJjlE,

[FEDICHRBEINEZLEEI L, & HIREBLL ZoTwEHRED IDLEZXTEILY. ] LEDN
2o TNETIE, BAOPBICHT, RECEETIELTZZFIANER» 278, ELOLOHESEZRI T, RO
TEBFEZRIZIBVDESL S E, BRIZAAF IOV TER LK) ICkoT,

HAZAALF —ICOWT, iz, EORRICEZZDOTL LI ?

BRIEECYE I, Ho REMALRE T, JBAEE COREHREOHKNBEMAOR L2 boTh ), HE
EVRFRNTIERWETELE I,

BRI L D SR, 78 < /KPRl o FEE R 0sE s JEE 2 & OFHKE T I X 2 AR~ 7e
W KGR ECOP DR & L,

bl OBERIPHBOWELIIRES 20D LETA, BEERKTT, LoV MEEL TTFE W,

P ERE (HEHa 32 =7 1 iRES)

R B, BOREBEAIED Y, BEOB > T A ERFAOKICEEICEZ 2T 3, H Y HHBE
Lwe, FVvRV WIS EBE 25,

HEEBEAROMREED» LR H o2 L H I, TAALF—2ADHERIRLA DD, I—Fv=a—-Lt+I1
#EZDLHARI AN —ICRHUL L 2B IRV E R > Tn 3,

Jefe, MIREED S [THHOREDZ L EZZLEIDPERIAICEDNT] L WIREDD > 7208, KA
b, TR 29I ALEORICEREDH 2 FHEBEII R LT0ELWEEZ TS, BAREIIIFFCR
WET, HHFTOFELZERLTUILVWER>TW3,

SHT3EIHOHEAL 255, SIHIBICE T 2 2B E WIRBETcH Y, BROAERXKIBICL AT NiEk
L\, BEGXMIC > CThiEmzlbD 5L IFTELL VIR H 72D T, £H b DY TfZER CHluE(F:
23, BRESCHEMDORNIES, WAAGRERZH LAV, BNCHED TIZ LW,

CONAEI. @ERELSIIILOMELYZ T VARV E D T,
“BIXE. RAOREBX3IED D, AHEHOE > TV A EFBRORICITEICEZ 2TL 3, BV AEBBELWwE, RvyR
VEWIEMREIZ 2B

314



Hkhi, SEFro AN e, Hlo N7xSiE, "RP I SN THERAR ISR 720 T2 013472 Y iz & D
T, HERNEZE LA TATTE W,
NI SR CE, FEO T S ICH LW EER R X5 g0 U 2 oo, RENEE L A
THELTATT X\,

RS (P2 2 2 =7 1 ki)
%@B$i1%»¥—§@utwtb\Eﬁmkofﬁﬁiiw¥—i%%’kwﬁ£éo%20$%K+£

ICPE E RN FEEBDFERH o 72, & T AP, WHHALED K SIFKEIOU  ICHFAE Y | HusERIZA L2
o#bbtu&%@otobﬁb SeH . X & IR IC I & o R R E A 6 Fiik b . FHEIS X Ik
Zo0vo B TRELH - LEZ TS

T FEPOSEICL T CTETREER 15 G onicT v 7L, BERERL b i BoTWn b,
FLORZEE, A—VEEWIADE ko Twd, BEOENICIHMFEZ > &L, 5. BHLTH
FiEBL T4 THIC Aozl wIFEbHWZ, 29T 2L, 37 ) —< VORI —ACESAREICHT 3 v
IA FPIEFICELS, 6 HICEZERZLWIHIFEDH D, b2 L hAbRhvortEosTn3,

ZNERERT 272010, R KN7Z T ClrifvEhnz v, HAZ AL X — L LT, KBHHKED H 525,
KGAH R »EEBLRBMER RV, BAORED B2 BRUIEN R VDS Lk by, BN DIE 5 28K X
DHTANF—FREBRE VI ET,

HEEDPN L T2 hT, 42, BEREEPEVRLELERANZE-TELVWES I DT V2RO
TOLEL 7223, ER X, BREBRORR L2 BERR () conTHimEiclitds L5 Tchbs, 4L
FophwHAL LTIE, JEHICBERRDB LB > T30 T, YALAGEZED TEREEN T2 X5 %)
KrEEoTWIEEE T2,

HEHBEE (TR a=F741IREEY) IREBEI A M 2FASZOTLEIDN?
RIECHIERDIFRZFE LA L X, Lo e LEFABICHSWTHELAI RETT,
-BRAEEREIX b

2020 FEFOFEa A AN LE T, [BFE AL —TRE, IkWh H72 0 OFEa A +]

GEerhES 12501
KIS LNG A%E: 107 A

SR HES: 267 -
BFhESES 115 M~

TERAARE 177 M

e AR
I Y B REC]

A% o Eh%m a0

NohgeEe [ RII3ER:253 M

7 hHEE: 100 [ -
HhENEEEE 167 M

RS E232 D%, BREIZ T Tidd b T84,
315



7L — Feidim A G T, PiliA EANITEE 2 X b B30T, AT 2REOMER) B ) 5,
INOEMALLRWERETE A, MABEM G AL, EEMBEISRE > T2 aolX, RFEICRD &
ER

Felffits % LiuE. HATROELRMAABRA LAY 9, mUdiklcd . RERITEIHR O T,

316



JEE TDIRTEER

FeeHEA v 7 A4 i X iE,

E K7 B 2228, HlsER OO Ic B L7, KET o <2 H, B FREMEOPIRSE T L7z
FHig, L IRt BEAENTE Y, B e TR X Lz,

REFFERBIC L D L, 2 3T TOSEMICHENFERICEE T 2 FHHIIHK 2 0 0FFEL. 205 bR K
BLET =233 0B o728 w9, PRI O BEHEEAFRE 3 0 0 F o BEIEL, R h ol
CILINDD, BELZBET 2 LETICORMED 2Rk,

FKH#T AR BT X 5 & RETTNIZFE HEA 2 O 5 EGE RIS R S 1, PR 1 0 R S o i KIBER G I1E 2 0 -
3A—FI N0z,

b, 73 7MmERIC X,

JEIFEER O (71— F) 1F, B03iE< 72 213 E R < 7 D L Sehin T HTRERAL A D IE T 5 2 L D
HYFF, HEIEH 2 A= bR ETHERZ RS, B4 A= P IELORELHGL 325, B 25 2
— MV ERHEZ 2 L REDTD HEIC R ZFIE L3O TRL THIFEM &I EE A,

L DHETT,

317


https://www.yomiuri.co.jp/national/20250502-OYT1T50223/
https://agora-web.jp/archives/250502235858.html

- BB OBIBE
ANHIEE L DELEZHZ T NERARD, BhKzEHEonIIRY £, 2L T, RKEAHFTLET,

JRVEL 2> & DEUESE IR &2 RS L B o Tld R Y £8 A4,

ZORRKIE, =4 7B Y2 HTERDTT, b L., A4 7l Y722 2 LAFERZE S IE, BE2
HOEircd, FU X FEEEARZ PApENEL TERD A,

JAMEET L, BA LTI E L, MMAEOEKIIDVFCALHLOEFSL TSI LILESDT
ER

I, BEHD O OIS L E ANE, OFIBEIES I X 3 REOEED FHlICRIZOD T,

SIS IXBHOKE VIR L T2, EFERERAKRE L T d, KPR O REO R EEicH 3 7L
. P v 20X IR TT, EREZT L L. KEAaMmELHE T,

PeEERET 2 72011, BICH L CIEfZ M T, oML/ NS CFi0TT, chddtikiins L,
RD XD hBHHBEY 5,

BIEEZSH O KA L T, COFERIIN,-LDORI 3D TT,

MR RS FEEAT - B9 5 « 10 5ic X 3 7L — FiFEEICBET 2 e G54 W)

J&\ 715 FE Rt DAL EE

ExELE HESHMLRE G SLEELE)BAHRER

HRER Uryea/J—rzRxA¥—:75% FFM:25%

RERE BURBBAHRER

FiE REARTFFHARBHET _ o =

EEHET  32,000kW (2,000kW X 16E) @ ‘ R
R

EECEREE 20074238
BEA—H— Vestas Wind Systems A/S

BE  V80-2.0 EHEHN:2,000kW aEm P
BEsFR  [EC/7A:1A B#HEE0m/s (10min.ave) R ¥
o—F—EE:80m FEAKE:# EEV6T.2m : Ve
HorAdm/s EREE:15m/s IvbFTh:25m/s ik '; ;-;n' ey

HVastastHiRBIZID

§ ) !
- /p —
- S R E )
i 8 [] AR
‘v— ,E ! ol
T —FE&EZ:39m

£5:6,500kg / 11

318



HE O

BRI SR

20204E9H 2B ¥ 56983 B BERIZMIT, &
BOSBiLRBOEMZEBLE, ZDEE,
REFTOBREL16ENDHILISEE, 135R
E I6SEENDIEOT L —FREEL-,

BEEIIE @B EE25m/sDhvr TR
BUEZBA 70, REELEFOTSRELZER
&, 28 5 B CPauseREEIZBITL TV,

PauseffiE : BERIREREL. 7V —FEoFiz7=FU7
BT, I MERLRVET

ERE1058

BEOSEBBNSF2H, 2020E986R 5 F
59 H 7H BEITHT. BR10SAILKRE
OFERIZEBL, ZDLE TSREDOTL—
Fiﬁmﬁbf‘:c

BEOSBBRICRAELHEICLY, i
BTHHAIT WL, I— AT REILE
CTHY, BROE(ICBRETERVIREL -
TV=,

162 EAE: 7L —R2HikE TERE: 7L —R 1S

I—Avreid, FerOEE ZRADOTEICHITS LT, IABETNIE, YARFHIIRZ Y £5,

Ll MEL =< Th, TR 20BN H 5 DT,

JAZS, REILHMEZWMLAELIEZZ LI, [RTOT— 22 bHL0TH,
RORIT, [RETHFR LT =Sz, [REEFEIREL L F—POAFLELDOTT,
i+ A B K 2 ¥ #oWHRKEEER IMESNEREE §110MEERE

0.1m/s 0.1m/s
2009 2 2 0 12 40 147 124 132
2009 2 2 0 12 KO 146 107 131
209 2 2 0 13 0 122 82 102
2019 2 2 0 13 10 105 65 83
2009 2 2 0 13 20 112 71 82

(i 10 FPRJEE (X, 10 ARSI TRZER L E7, 1321303 13.2mOA# TF,)
JEGH & JB A S R E IR DT,
JAD AT DD T I, MEOME 2 EE AL ®Aa Tidh ) A, KERDOTS T
ETHEVDOT, HLiMmEEsExEZNZ T CHELE S,
Wit 6% 2 ¢, AP o BE X, RARN KISR0 T3,
319



HHEHROHETE (858, 135F8) (%]

4 sommn ) [ TA7 S B
R R E A ‘IRT 5L RREL72Y = A )
x5 38 g mp s el S L
AT 607 ferihe BB iR EEEZ AL
e L TN catecnn || 7=FV7 || TU—Fas
\ T \esyrkmd) )\ HESFCET Y,

(14 S8 R M (457 A IR AERSEE) |

8FH&. 13 5RO FEREIZONT

O ONWT, AU VIR B A A USHEREL T, FHEEEAB 2 - EEICLS, BE
B E DT —FERETLID,

B\ A B E DT —(2 LY, B EE TV HFROZEESIERKL ., FOMREE TR ATV F1530h-
2Ty TFRPER LD OEERT5, 77y FRIZOWTIE, FIEED1E S BEM-NS1ELL
ERBATONTELT, A= — 5 ETH1FE0OEY S BEUICERIIL TRV IRIETH-
7=

T—ALTICRFLELSERRIL, FrlfiEzEA LR RIC LD T — DR A,
RRPEINATOI TORWDIZAELTZ I Ty FROIBRIE Tho T LRI D,

fHoficid, HdEr T, MICADETAZZEAILEDR AT H Y T, ~SVDT vy 7 2 VBRI
> THATLIZE 0,

&> IR 5

FEZENE T, BEOFROFETT I,

B ICOVTHLEBT ILERD Y T3, RITHEOEFER ISR 02 L ME 4, AECTHES
hE9,

HEEST1IA—-—MNIVOEA R - FIREIOENFES
PRENTEHMRS:

320



e SfF3A. ABMUBORER (FIRED)
B o7 3 T. EHREBHONKES T AN RS
7 MNETUREEREDHCD., SMREHEICDLT
AN &L CUV\DROEMREREEN 4 8. =Eh
I WD ATHEMN. EEEFHICSI O TCESHN1L A—
i”’_}%k Ck MLOBRLTE, BNHEN ST & T
Bric Db oTle. CTRRIEREEED
<GitHub> TRFIBEEERS =
Hiw ESURT IS PASIESEFDNE | e
© ringy - FREC LD NEATOCLEEED
BITHS. 3HOINE (E=2 54— L)
CEREHRLEST4 5 RoNEESIEHES

J— (BE50A— L) OLBEHAT. SBESCLIDIBRENTE LW EEHER
Lz,

FEABETEZEBE1— 12 UV —DBIRREZEE 1 — 21277,
=7, U=y TRUOFELDOHEREZR 1 — 31277,

BEE1—1 FHELETF

JRRE, FEANC K& 1387z b o biFTldad <, & krL i,

EEHEF X, B/ NS WIGHTTOEE L2 5 2 & T, MEHThN S s EL, 2P LIy oTL
T, BAREIC I IC W72 3 BR T,

SRR REIC R B D ?
EEHBIEET 2 DITIZ L DD AR — VB ) £ T,
&b HfZR T — X e LCHREEBRD X 5 o 2 2 Ui T dE S 2 b o T3, 2056, BEIEORNCALIE K C
5720, HERIIASDTI,

Lo L. @I o5a. REGEBITEEZ TN REINBRZ 2720 T, 2070, JEITOFRAEME &

321



¥ T TR AR,
SIRBPRHL E B RHER, BEA V I S R C R, CRGIEE A SRS 0 B RETH B 7
B, BIEEH R Y T, REOSEHHOFRALLHELDOS 13 0RIFE SEE T,

x T,

1) kG A Rk, M w1 St Fn, v e S, /NS4 A, Y P sz e RV 2 L - &2 O — O HRED AR AT,
JE A= L =R WY T 4 Vol.40,p.251-254,2018

Wik, TEALEOAEDARESEND Z ERFEPNLTHET,

EAatEAE, B 3, BoRE o s, 1.6Hz T3, (HE/N & 72 iE 22 © CRIE K Z »
DTL & I,) ZOREPEE 1.6Hz X, 7L — FDEEED S FHE L 72l S O@EKEKE D 5 b T, b EHED
L BB E B LTS,

fE > T, EEH A 5 OFBIKE T O JE Mk & Il 2 2 &3, JREICR % 2 &EEY OREE FHlT 2 %D
—DLFERBHDTT,

JEVER B O A A B DB 53 & RN L 7oL BSC0S, BERMHO AR D Wz TR I N T b Z e id, EEIC
AL T, @EXBoSEEFT LA ECoPEMMIAo»r EBEbRTLEVnE T,

2) 5 5780, 5 B N KA A A, S BB SV P SE A ) S o, N B R 70 R BB i T M L R E T B o
WT RS TR AF—FH L BT L Vol.38 p. 69-72, 2016

Wi, R EER R EZ RO Z ERENNTVET,

SRS R TIE. 1.6Hz O NA B £,

3) Dai-Heng CHEN Mk — RikfeE, MEoMet ik BEIcBT 2R, A7 27% % A # Vol.74, No.740,
p. 520-527, 2008

Wik, MBS D55 OHEmOZERICOWNTENNTWET, ZOEENRKE LGN & EEEORSfEmM: &
IT—H L TWET,

5) 4 HsEHE, BE D IRENEHT, Journal of JWEA Vol.34 No.4, 2010

ZRNE, TEEEOHO, 7L — Vit 35 1_27 F v fs, BoRBAGHTH S EHRN0 T,

b LY, BEEITICBLAD 275013, BOIREZ BIEEA—HL TwT, Lo bEE5E L fEafEs—%L

TWRAEHEZFARIREZ L E 2 9,
TS & JREL D & DB EIN S 72 L R L T, FNARET AMHMAERE LB KRR TT,

322



- BEDNSTRE

[ XOERE | OS5H%DH D HITO LT ORI

NEESFOER(Z—2)

BRESEICLYEEHEHNZHH 5,000t-CO, BlFE =i -
(BOAL 1 EM-RNTIECBETLIEHY 6 FRICEY)

=2 REEFOEBERKEZRE0:EHRI-LIEETHENRBHEZRD)

£ REEAHE CO, BFHHIEE | H#OKEE,
(kWh) (t-COy) (&)

H13(2001) 493,606 341 24,328
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H20(2008) 334 533,607 6,202 8,015 A1813
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Hif7 : dB
- L/3A 7 2 —T 3 FHULJE I (Hz) « SRR R ST — L~ r
i 1 1.25 | 1.6 2 2.5 | 3.15 4 5 6.3 8 10 12.5
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