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Hz dB |Z (Pa*Pa) |Pa*Pa/Hz Hz |Pa
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1: Mo Units 2. Mo Units 3 Mo Units 4: Mo Units 5 Mo Units 6: Mo Units 7. Mo Units
1. B4 727250 623581626 54 976763 B6.733648 55.610999 TT.287140 Gd.371465
2 0.250000 0.315000 0.400000 0.500000 0.630000 0.200000 1.000000

HLLJE I E I DN T
INFREPREIIS 13 A7 Z—T R ROFLEAREREZZ DO I WEKETHLDLIZL D TT,
BB ERENI N RE S n % 10~33 0L LT (1) 12X 0RDE=K 0 RORE 22RO EERE OB T,

£ =1000x10%"=30 Hz] (1)

(n=10,f=10, n=13,f=19.95262315,, n=33,f=1995.262315)

1/34 7 & —7/"y R ELR# & st (1IS07196) 0.25~315Hz

DB _

X x/3 nx3) | TUEEE f2 =i i

1000%2"(x/3)

36 -12| 0.000244 0.244 0.218 0.274 0.057
35| -11.6667| 0.000308 0.308 0.274 0.345 0.071
34| -11.3333| 0.000388 0.388 0.345 0.435 0.090
33 -11| 0.000488 0.488 0.435 0.548 0.113
32| -10.6667| 0.000615 0.615 0.548 0.691 0.142
31| -10.3333| 0.000775 0.775 0.691 0.870 0.179
30 -10| 0.000977 0.977 0.870 1.096 0.226
29| -9.66667| 0.00123 1.230 1.096 1.381 0.285
28| -9.33333| 0.00155 1.550 1.381 1.740 0.359
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HLL AR #L 0.25Hz & 0.315Hz OHFibEIL, 0.057Hz & 0.071Hz T,
JEBEHORREDS 0.1HZ 72 6, 7 —# 3 0.1Hz Z| A TH 2 545 DT, 025Hz DRIT 0.35Hz (12725, T4 TIEL, 220
JERHOI A KB LT D 2 E AR ER AL, ZHUE, ISO7196 Sk Lz 1/3 47 2 —TfHTiIN TE e\ 2 & 2 &k
LCTWET,

HUL RIS S 1Hz 28 2 0UE, 8RN IR/N D DT, SfREEN 0.1Hz THENR W ICHE T £4,
1347 2 —=7ffr O T& DHEEEEE T, FHIEPH2Y 1Hz~1272 > TW S BB T,

60 PRI DFT — % Z5HE L ¢, A ##% 0.0166Hz (2 L CERIFIE, 1807196 ([Cxkhis L7Z3HE S T& £,

HEFPTT 3, —FBIERH DI SA-AL T 0.25Hz 7°5H T,

JEEEEED 7T 72 BAH L NL-62 ThH, 0.5Hz FREE TIHHINZ S TTN, 1HzDHIZ2>TNDHDE, 7t
i) T —H DR EFRETORMOEENRKEWEEB XTI, stHIC, | ZEOFHHT % 272D TIiEL, AA v
F AT D 1 MIFFHIER BB RSNV S22 £9, 2R TIEBESLE LTRARWVO T 1 EEE OFH
T HICHRT DREREME > TRAILET, ZOMRIHZLLTOH ORE TE RUVIREBIZ > TS B X ET, PC
T =42 2B L CHETIHAICE., 1005 1 05RBREDORB TOBNT — 4% 25ROk £+ DT, 0.5Hz
WY NEDOFEEE, SVEEELZF > TV EERET,

NL-62A DITIT 72 - 7o BE T FHCHl - 72 R 3,

H 2 957, JR)FEEEIZ L DR E DO AN~OZEFHmIZ BT 2458 s2-11

https://www. env. go. jp/policy/kenkyu/suishin/kadai/syuryo_report/pdf/S2-11. pdf

Zh E£7,

e 2 BIOFETHED FFT (FRESMRE : 0.046 Hz) B LN 13 42 4 —T 0 REEESTOBREZhE
NK@)-11, K(Q2)-12 1IZ7-7,

100

100
— — —— FFT
= 80 a 80 — 1/3 oct.
o =] N
2w 2 w0 ’%ﬁw
£ a0 £ s ;
£ 20 2 20
E 0 E 0
5 =
220 i 20 i i
0.1 1 10 100 1000 0.1 1 10 100 1000
Freguency [Hz] Frequency [Hz]
[M(2)-11 F(Q2)-9DFED ALY kL ®(2)-12 EQ)-10DFED AT L

EEDPNTOVET, ZOEETIE, 0.1Hz LI EDO K AVREN TS, Fiz, JHEE I AEREDS 0.046Hz LEH N THD,
tfULJE L 0.25Hz & 0.315Hz OHEIEIE, 0.057Hz & 0.071Hz T35 JANEO AN 0.046Hz TiE, #ICIE 1
ODT—HF LAY /A, ZHTHE, 0.25Hz MO OFMFEITHRERTA,

EDIT71%, 20Hz LU EDJEEEE RO OFIELDS . I I E O EEOBIRE I & (OHz~20Hz) DRy 78 B # 5 12
EENTWDLFEEZRLTWVET,

JE e H 53 fRHEDS 0.046Hz THY | FHUE AN PRAES 1L TV A B O STl 232 IEMEREE SO N1 THDA, b
D777 TlE, BIORBEN AL TWET,

B B T, R A MU AR F R L 72 S AR BV O SFEEEIL 2 > T O N E@E TS, LDrI770%h
ROLEERE BDLD7e< &b 5 BHRFFOFHZFHHL THoHEERLNET,

FFT OFHREZAT> T, CORROFEEZ LU, ©—2E2 SFEUESHTLEID T, /NSREICR A TLENET,
SRR T, JER A BRI AL R W CRYERICIR L I2IED RIS D,
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FED X7 0AHzZD LD KE RAAFD STIEICOWT, UAAICHRLIZ2 25, FEE RS NL-62 |2, WG 1 7
7 L NK-420R ZfAIADIE, FEZOHLOMN, o7V 7 L— b 48kHz Titdk TE 5, FifiE, 16 By
N (F7201F24 8y ) OFFMHEELE L TREEINTZWAY 7 7 A W27 D, INERBEO R BEA ST Z
Bpfk CEHERE) 12 TED 00, 20T =X &2 ffio THEHMEHEALZ M aFHET IR W EDIRET LT,
TTb, 120 B OFAFERE 2 > o — & TR0, JBEEFORME 0.01Hz GEL < ETIE
0.0083Hz) ZIATHNDHZ &I £9, B, FHBEH T 150 HH., ST < 100 TH< 50T,

Wav 7 7 A MIEEHEIN TV B EMEOERIZOWTO Y Aok o b o T,

BHEEIZ > TEL £77,
U Ao RSH =R EHBLET,
ZOEE, MR- ARV XD BRWVWEDETHZELTHINE ) TS NET,
BEWEDHEW-ANRIZBEZ ST W& ET,
GRS
U A oo kEEERE R NL-62 T, > 7V v 7 ¥ % 48kHz |2 L CEHAIL .
BRGR 7 v 777 2 NX-42WR (2 L o TYER S 417 wave 7 7 A V&> TWET,
Z D wave 7 7 AV, IZEER I NI BB
HEEBALHD), FICLDIENORZIENS OEEHNTHDH, BT/ SA BV (Pa),
EEMLTWVWADTL X 90?2
[T ]
WAVE 7 7 A JVICGEsk S U2 U35l (B y M) 2R L TOET,
WAVE 7 7 A VD% % O F FHAELSN D Y 7 NETIRET 5 & BHE (+8,388,608) & L TERINDHMEHVE
R
BHEITHEN 2> T AWz, BN &2 FE [Pa) (CEHT I MNENDH Y £7,
BNZOZEHUT, [Pa=H 2 fEx (Value/Bit)] & 720 £,
1 By hHZ0M ParE I NnEVH (Value/Bit) (Z2OWTHE, BEEFICHELZE Y ME, BRI AVATF—LI L5
THEZRDET,
WAL TWIBMELY 7 h =7 AS10 B a7 —Y 7 b (JEER) AR — A=V TABR S TERY £33,
ZHDHIZWAVE 7 7 A VETEE LIAATIEL & TFoR) 27— [ 77 A UIE#R] 205 (Value/Bit) & ZHERTAL Z &
MATRETT,
Bl zIE, R 7 NVA 7 — L3 130dB, By MERS 24 B> FOHA,
1By FHZYDPaflIZLLFO LS ICFELE T,
(FRH 7 VA — N AED+13 dBAS WAVE 7 7 A )LD 7 )V A — VI 72 0 £37,)
* WAVE 7 7 A /LD 7 )L A 47— U : 143 [dB] = 2x107(-5)x10~(143/20) = 282.51 [Pa]
s 1By M40 D Pafii : 282.51/{27(23)} = 3.37x10°(-5) [Pa/bit]
B 7 F T =7 AS-T0 BT —Y 7 b OFvra— R o7 ke ik) SECEE T,
THERIET E T LEN T,
> https://svmeas.rion.co.jp/download/manual/AS-70
&M 2:
U A4 AR DOIREN L~V E VM-55 T, Yo 7Y o Z TR 1kHz, T — 2 YA R 16bit TEE
MU, WG 1 7T L VX-55WRIZ &> TILER L 7= wave 7 7 A L Z2ffi > TWET,
Z D wave 7 7 AV ATFEERS NI EUEIZM AR L THWDHDTL X 9 53?
E O BNL CHI S NI RER E BT 20 TL & 9 2?
[ZE%]
R O ZEE L FERIC, WAVE 7 7 A JWIZRRER S U E I, B (B M) AR LT ET,
15



https://svmeas.rion.co.jp/download/manual/AS-70

WAVE 7 7 A VOl Z D E WAL D Y 7 NETHREGT S L, BEME L TEREINDINERBVET,

WAVE I BN 2 Ff > TV R o BN Z | IREINEE L~V Tm/sh2) ICEMT H0ERH D F77,
HAZOZEMT, [m/s2=28flx (Value/Bit)] 720 £ 0T, 255 LFEERIC AS-70 TIMERIE T UIT & B E,
PRENNNEE L~ L OABEHEE I 100 (-5) TT DT, Pa ~EHT 2 Lt OdBREER A |
IHLIZEZTHAELTHEITTE BEnET,

lgﬁﬁ 3:

ZOLX ) RFEMDLH SN TWDLERT, EFD HP IZH D £33

[ a1 ]

BAUAD T8, ZOX IR ENEHEINTODERNT,

Wt AR — A=Y ETIIARE L TR 8 A,

JRHIIRA L 720 | T L— ROEIHA E— ROFIRN S, BEEEEDS TR TETWET,
BRI O iR

“4.1.5 R

JEVHE D FBARCE I 35 D38 A BRI AR 1T IE RO WD RS L IS b D LTV 5, KSR FEO
BAE, PIROKEE N D7 < BEEEL /NS WEDICIEFELE CHOBRIEER T2 RETLZ 08D 5,
ZDOFEARBPEL T (Hz) 13, HOREESAZ R (pm), BHEEZ (B) L35 L&

f =RZ/60 (Hz)
THZ2 b, ZORKREEEE € OERO B w5, REEMNREOLAIE, —MIZEEIL 1~3 B
MedE) . BElEHUE 30~60 (rpm) FREETH Y, EABEKIIE Hz LRIz 5, ©

LEoTWEL,

RIS TERHETIE, RBUJEHL Tl 0.5Hz 18 W O CHFEN R RIS 7,

HEIRJEI H A . 1 Hz~20Hz & L CWe D Tlid, ARICEEEZ 52 2R KOERZFE NP ORINT HZ L1275 T
LEWET, ZhEET L1, FHIBM OX R, SEOTLR, T FIEO LRPBLETT,

U A L+t D o DR A 8 2 XFHINE FTRE T, T IX Y At Y 7 MET TIER T,

16



1. 1. 3 YF o n

NL-62A DIEIT 72 - [ BT R TR - 72128

JB\ S5 FE T S DARA BT D N~ B B9 5 BFJE S2-11
https://www.env.go.jp/policy/kenkyu/suishin/kadai/syuryo_report/pdf/S2-11.pdf

WZH D ET,

b 2 BIOEERERD FFT (EIEEREE : 0.046 Hz) BE O 13 427 ¥ —T7 N\ REREGT O REZhEh
E(2)-11, K(2)-12 1237,

100

80 F—

100

— FFT
80 — 1/3 oct.

60

Sound pressure level [dB]
&

Sound pressure level [dB]
s
=

20 E 10 100 1000 200 1 10 100 1000
Freguency [Hz] Frequency [Hz]
E(2)-11 H(2)-9DFIED AT kv ((2)-12 FEQ)-10OFED AT bL
LEMINTNET,

F72, ORREMETE £, 13 42 X —T oL E R EIE 0.8Hz 23 /T,
EHIZ, ZOFDOFEDANRY MO 7Z 7%, fAENGHEZ LT, TOMEOVEHHEEZT-7HDTT,

B BRECIL, B AT VX, TR FHAIL 72 B AR MV O SEEEIZ 72> TOD DR EB T, EDr 7704
DI DEBNEE BHED7eE b gD FEZFHEL TN0DHEBE XL ET,

FFT OFHEEIT- T, TORMROFELFEEZ LAUL, B — 2D, TSN TLEID T, /NESREIC A TLENET, g
RMIETIL, RO FT LI R EL eV TR BRI IR L7213 BRI LD O T, SEE{EL TUTXWF RV O T,

EDEH72, 01HZNBDREREIFDITIEIT DN T, VA ALICHR LA, FEEERE R NL-62 12, NG = 7
T I NX-42WR ZfAADIE, FIEZDOHON, o7V 7 L— b 48kHz TRtdk TE 5, fEHRIL, 16 By
b (FRiX24 b8y b)) OB S E L TIERSNTZ WAV 7 7 A V2725, UNGERIF O R BE ST Z
Fetk CEHEHE) I2TE 00, ZOT7 —F 2o THEEEARY MV ZFRTIUIINWEDRFET L,
TInb, 120 BHEOFHFE R 2 2 0 ¥ o — & THITTIUE, BUEE OFEAY 0. 0083Hz A THND Z
720 FEF, BAE. RHAEEM T 150 THL 5T,

Wav 7 7 A NI EN TV AEEDOERIZOWNWTD U 40 IZk D & 0 T,

BEHZ > TEY 77,
ZOEE, BAER— ARV X BEWADETEEEI L THI N E S T8N ET,
BHWADEEW-ZARICBEZSECWEREEET,
wE R 1
U Ao OB SR NL-62 T, V27V 7 ¥ A 48kHz | L CEHAIL .
RN 7 v 777 I NX-42WR 2 L o TPER S 417z wave 7 7 A V&> TWET,
Z D wave 7 7 A /b, I[ZReER SV EE N
HFEEBALHD), FICLDENORLIENS OEEHYTHDH, BT/ SZA BV (Pa),
ZERLTWDOTL X 90
RaEIE
WAVE 7 7 A JUZFik S VT2 B 88 (B M) 2R/ LTV ET,
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WAVE 7 7 A VD% % O F FHAELSA D Y 7 NETIRET 5 & BHUE (+8,388,608) & L TERINDHAEHNE
R

BT AL 2 B> TR, BALEZTFE [Pal ICEBRTILERH Y £,
HALOZEHIT, [Pa=EEfx (Value/Bit) ] & 721 £,

1 By R0 ParEHnEVS (Value/Bit) IZOWTIEL, BEEFTRELLE Y MR, RRTZAVAT— /Lo
TR ET,

WA LB Y 7 b =7 AS-70 B =7 —Y 7 b (BERR) D8R — A=V ARSI TEBY 903,
ZHLOHLICWAVE 7 7 A V& E LIAATIELS &, [RR] #75 [ 77 A4 00E#HR] 6 (Value/Bit) & ZHERIAL Z &
DA[RE T,

Bl z0E, FoRE DT VA 7 — 03 130dB, B MES 24 B FOBE,

1Y ROV DO PafEIXLLTOLIIZHEAELET,

(FRH D 7V A — B D+13 dBAS WAVE 7 7 A )LD 7 )L A7 — U2 0 £37,)

* WAVE 7 7 A /LD 7 )L A7 — U 1 143 [dB] = 2x107(-5)x10°(143/20) = 282.51 [Pa]

s 1By hY7Z0 D Pafii : 282.51/{27(23)} = 3.37x10°(-5) [Pa/bit]

AR Y 7 F 7 =7 AS- 10 BT —Y 7 ] OF v a— R o7z ik) SECTEE £,
CHERRTEIT £ LW TT,

> https://svmeas.rion.co.jp/download/manual/AS-70

wE M 2:

U A A OIRE) L~ULEF VM-55 T, Yo7 v F R 1kHz, 7 — # A X 16bit Tl

U, WG 1 7T 2 VX-55WRIZ &> TILER L 72 wave 7 7 A L&l TWET,

ZD wave 7 7 A b IZEREK SN TCEMEITMAZER L THDHDTL X 9032

E OB TRl S NIRRT 2D TL X 5 02?

[ZE%]

ZEM 1 o ZEE ERERIZ, WAVE 7 7 A JVIZFegR S V8l g, BEE (B D) 2R LTWET,

WAVE 7 7 A VDfER O E EALLSND Y 7 NETEST 5 &, BHEiELE LTErEInsnERNET,

WAVE X HNL 2 B o TW e BifiZ | IREVIEE L~V Tm/s"2) ICEWT 2 0ERH D £,

BAZ ORI, [m/s™2=2 50l (Value/Bit) ] & 720 £ DT, ZH 5 HAEEIC AS-70 TIRERTEIT T L BnEd,
PRENIERFE L~ L OdBEHEEIE 10~ (-5) TT DT, Pa ~EHT 2 Lt DdBAREE %
CHLLIEZTHAELTHETIEE BnET,

wE M 3:

ZOXI EMNTHEENTOEHERHT, &HEO HP IZH Y 032

[ZE]

RIAD ET, 2O LD 7 ERFEEH ST DERHE,

AR — A=Y ETCIIAHZ L TEY EHA,
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https://svmeas.rion.co.jp/download/manual/AS-70

1. 1. 4 BEEBOINE
VA vtt~=aT71d Y

8. WIBINERERE (L)
@ iz
A2, WIBNER T 1 7T 5 NX-42WR A VA h—/LT5 & EEKEL PCM JBEXD WAVE 77 A /L& LTA
F7 7 —42 L4 SD U — RICRiEk BT DI &N TEET,
Fi#k L7 WAVE 77 A /LIX, PC ECTA MNTROFEREZFA, BT 22 0BT 22 R L b £,
@ kR DA EL
WEEE— R
FEE— NI, ARV RE—RE F—=FLE—FKRHD £,
« A2 FE— I (Event)
A —hFA N7 (Auto FE72iX Timer Auto A b 7)) OALF L OFEE N HETT, LLTD
3 FEEOFENRHY F7,
()~ == T VEE
F— F A N7 HIMEE ORI OB ERE 28k E LET,
(2) L~
BRELIZ L~V EBLZ TV LMOEERE26E LET,
Q)1 v F— ks
REL-—EOMM (10min/1h)T 15s/1 min/2min OFEREZE ST L ET,
« h—%/LE— F (Total)
(4) h—Z ViR
F—F A RT7E—RFTIEA M T7THORRTXTOETERELZEST LET,
Y=a 7 VAT E— FIZRELTWDHEEIE, WIEDHR, A MNTEEZ T 52 & TH
EH ORI OFER I 478k L £ 7,
W7 T EE K
BT AL 48kHz, 24kHz, 12kHz 2»HEIRTE 4, O LE-WEN SO ERICEVRELET, &F
BHTHE LEWESITESWEREICERE LET, REHEET LI2WES, BEZROZ2VEAZ BN E T 556121
VAR I L ET,
Bty E
T 27 —2 Dy MR 16bit & 24bit O TEXE T, By FEPKEIWE, GREEOHSHT. @8 ORAE
PTAET,
WGk R B %2
VAN alINS/4
JE e $
SD #— RE=
512MB 2GB 32GB
48kHz 1 WR¢fi] 4 Wefi] 40 57 79 IRefH]
24kHz 2 W#fi] 10 43 9 W§fi] 20 43 158 FREfH
12kHz 4 Rffi] 20 43 18 WffHl 50 43 315 WFf# 40 75
«Auto A M7, By FE 16 bit,
T TR 100 ms OS5 E
ElZLEEHBAETT,
19



By bR 24bit DEAE. By b
£ 16 bit (ZH~TIERFRI AN < 72
nET,
31
WGk T 7 A VDA, ST L
cBRE T A NVDHRE
BT 7 7 ANVOFAL, HTIO WAVE BAY 7 by o 7048 Y 7 h o =7 AS-70 BE Y AS-60 THV iz &
9, NL-62A TIIFHETE EHA,
BB T 7 A NDIHT
BT 7 A NDSN (AL 344 Y 7 R =7 AS-70. CAT-WAVE THVWHx £,
@ i
| EoSENHT)
BT NEEE T 7 A
HEPOEEDE—NEHRE T 7 A MVEBEFRRLET,
FRE D ARERE— KRBT A7 7 Xy b TEREINET, M [Fv==2 7 b5, L X L-Ubekas,
LA Z =gk, T IL h—Z s T,
4 HioHEIX, BEFOFE 7 7 A MEEE R R LET,
Y=o T LoULb A U E = VEEPRIRETE, BIETICEEL TS 2 &,
ZOFRERR AR T 22N TEET,
WA ==
WE B O AEE— N E8E 7 7 A V%L
X, WEEKT T 5 ERABHAETH,
A= a2 —HE TR RTEET,
32
A RTT—H A
BRFELE T V&
ARNTHBRTHRESNIEANT 74 VF LTIV 7 7 404 SOUND ZAERL L. D7 41
AT 7 A VERGT LET,
(%) Manual_0123¥SOUND (~ == 7 /L A | 7 Kf)
Auto_0123¥SOUND (4 — k& h 7 i)
WS T — %7 74 NV4
- ART4 : 0000~9999 L 7ph) F9,
« T RUVZ4 0 0000~9999 L7ev E9, 2L, A— FA FTOHAEIE 0000 THE
ETY,
c BEE—F 0 FETLEEEE—RNIIV T A NVARRRY T,
k— & LEk3% ST0001, ~ == 7 /L#kiF SM0001, L Lk SLO001, A > & —~
JLEkE SI10001
7 7 A VA OFEAEERIE 0001~9999 £ TELL £,
(EBRITIE, 9999 #2057 7 A Vbt CE F 908, IERIEITI L TBY £HA, )
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1. 1. 5 EHRINF-HEDEK
I RV SR

TGRS

U A oo kEEERE R NL-62 T, V27V 78 $ % 48kHz | L CEHAIL .

WX 7 v 7T I NX-42WR 2 L o TR S 47z wave 7 7 A V&> TWET,

Z D wave 7 7 A b, ITEERS LT EUEIX

HFEBAHD), FIZLDENORKENSOEETH D, AT/ IA T (Pa),

EEWRLTWVWADTL X 9

[ZE%]

WAVE 7 7 A JVICGEsk S U2 BI85l (B y M) 2F L TOET,

WAVE 7 7 A VD% % O F FHAELSN D Y 7 NETIRET 5 & BHUE (+8,388,608) & L TERINDHAEHNE
R

BTN Z Ff > Tz, B2 HE [Pa) (ST D2V ERH Y £9,
BNZOZRHIT, [Pa=BE K fEx (Value/Bit) ] & 720 4,

1 By &0 PamE Sl (Value/Bit) ([Z2OWTIE, BEREFFHTHRELZE Y MR, FRTIVAF— L -
THEZRDET,

et dl BBy 7 by =7 AS-70 B a7 —Y 7 b (JBERR) DA — A= TAR IR TEY £33,
ZTHBHIZWAVE 7 7 A V& EE LIAATIEL & TRR) 27— [ 77 A VEH] 225 (Value/Bit) % ZHEBTALS 2 &
MATRETT,

BlziE, BREII 7NV A —/L3 130dB, By M 24 B R DA,

1Y bHZYDPaflIZLL TOL I ICHELET,

(FRH 7 VA — N AED+13 dBAS WAVE 7 7 A )LD 7 )V A — VI 72 ) £37,)

* WAVE 7 7 A /LD 7 )L A7 — U : 143 [dB] = 2x107(-5)x10~(143/20) = 282.51 [Pa]

s 1By R0 D Pafii : 282.51/{27(23)} = 3.37x10°(-5) [Pa/bit]

MEALEEY 7 N =27 AS-T0 E 27—V 7 | OFrua— R o7 LBk SETHEET,
CTHERRTHIT £ LW TT,

21



1. 2 REISLBEBRSOLE
1. 2. 1 EEOEL

U F AR O A BmER JFE O LN DIF

O HDIHPAO 7 - Kthhart-spt omarrans A D rsnALdamse

DSd SR/ E2wsS0 LOX ++++0838me THT x 22ARASWE AT
i

W e L Ox]

o & o Lol e W a e ~ATE gan o i aws LoC- B dAEe WA ~ AT e
@r
w
P — =
1=
B
o o
S o oo LoC-BadEde WA AA T i ®

ASEER T CIE, HEHE K E AR IC /2 £,
THEET T, TOREENEZELTNET,
JRELEF T, IRIEDO BN KEL OB ENELH KE W,

BHEZ DT TINIAI AT T, DT T 7 13E S LDFEFE-> TNBEVIENNHD T,
JERIE, BT ClIE R DI 72050 T, 1FEAE DNBIRE S 22D T,

22



1. 2. 2 \Wavelet %7

kg T (0Hz P L) L5 E (OHz LA L)
S am arn W S A 2 2 A0 i g e
DEE SR/ EHMA0 L0UR ¢+ ++Q8Q0me IHT x SR ESMS0 LrAX ¢eesqAqQQ@me IET x

owa
- | we [

(| » ceanies

R\ EHLER 5 (OHz LA k)

(b SO
Jr(hn W mTv WEw EEH 3-Ln

Frm 2w AT
OSU SR EEMSO rEOX ¢+¢+sQ8Q @M IET x

770 FIHRWE ., FiXEWERER S EELET,
EDOPNGFTO JE I H R oy DIRIEN RKENZEEERL TOET,

RS TR, LD FICHIREMANEE THRESNTOET,
T35 JFE ORLERFT T, KRB OB Z 2, RO BB D LA FEFEIN TOVET,
JEVE Tl 0.8HZIAVIZ, JEH D H D B OFBKJE 3 & DRk oy SRtk S TVVET,
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1. 2. 3 RRBARY LI

&@%ﬁi ( 0 ~5000Hz) T35%% % (0 ~5000Hz)
o = 014Pa
U 012Pa
oaus | a
&
(=1
=
=
=3
]
(5]
- P " — 408 = G & - N " '- - —
- ) o o OHz Frequency[Hz]
o 10 LoCLBAS W ® A& - Age e s = e N UL R >
JE H#B% ¥ (0 ~5000Hz)
-:-'-_.-.....-' Lip 12 L -
0.18Pa
S 014pa
2
(=
=
=
=3
]
[*a]
= Frequency[Hz] 5000Hz2
s o e @ s EBCEEa #H ¥ & - B —] ]
AR 1L, RO E T3, 20Hz LU EDORS DIRIEAKRENZ LNV ET,
THEE JRFIOFE TR AR E DR RNZENTVET,
JREFIE, 0.8HZ AVIZEHFL TN, IO R TRINTWET,

24



1. 2. 4 IXRIL¥E—HDH

HENE O (0Hz LA E) TiL (20Hz BLF O[S 1355< . 300Hz~1000Hz 2 Y D57 2358\, )

BROEFEL UL 40d B f2

W10: AVGSpectrumHm(we, 5,1) O | wi: AvGSpectrumHm(ws,5,2) o
60 0.0025 -
20 ] 0.0015 2
20 - 0.0005 -
100 10" 102 10° 104 10° 10" 102 10° 104
W8: PaSqsum(w,0,20) 0| | Ws: PaSqsum(w6,20,24000)
1: Mo Units 1: Mo Units
E 0.000070 1; 0.007252
ZOT —Hx, VA ALRTOE KRS ZFHAIL7=H 0T,
LOEOTTTET LV AIETOFRIR, EOFMIL, RSABNVETOERRTT,
T2 SOEMEIL, TRVF—DHREFHRTH-DDOEE T,
20HzLL F i, 0.000070 (1%) . 20Hz Lk |- TlZ. 0.007252 (99%) T35,
HHEECOREERTE (0Hz LA L) Tl
BIRRE B ER Sy D =RV —1X, 20HZPA EDRRSF DT RVF—D 1/100 LA F T,
ZOEE L, 20HZ LLF O 47 28 ML THRIEEIT R,
T OB (10HZ DHT=DITHRD THRUEKST H38Y . 50HZ />5 500HZ L DR B 3D, )
| |
W9: AVGS pectrumRe(wl-mean(w1),5,1) 0O/ | wio: AVGSpectrumRe(wi-mean(w1),5,2) im)
80 - -
| 0.14
B0 - 0.1-
T 0.06 -
40 - -
| 0.02 -
ED_IIIII 1 L rrrnn 1 L rrrnn 1 L rrrnn 1 L rrrnn 1 [ —0.02_| e 1 Lrrenmn 1 Lrrrnn 1 e 1 [
107" 10° 10 10° 10° 10° 10" 107 10°

W15: PaSqsum(wil-mean(w1),0,20)

1: Mo Units
1 0.020592

o

W1e: PaSqsum(wil-mean(w1),20,5000)

1: Mo Units
1 0.152793

ZIUL, JFED TH TORRE T, SR A Z I TRESER A5 L TORE T,
BROFZTEL UL 78dB FEE THY, DVR0EWZ LN ET,
TD 2 SOEAEIE. 20HZLL T TlE. 0.020592(12%). 20Hz LA Tl 0.152793(88%) T4 735,

BB P ER 53 D =R NVX—1X, 20HzEL EDRR G DR AF—D 0.135 £ T,

(14/100 <HVY)

ZOBITH, BFOTZRNAF —D KA 20Hz LLED Ry 3R> TvET,

R ELOERE (20Hz LL T DR%4y73588< , 100Hz BL EDORA IEE5Y, ) 70dB F 5
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W10: AVGS pectrumHm(w7,5,1)
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102 10°

=

60 7
20 7
-20

10° 10

WA1t: AVGSpectrumHm(w7,5,2) O

0.05
0.03 7
0.01 7 o .

107

10° 10" 10% 10° 104

W13: PaSqgsum(w7,0,20)

1. Mo Units
1: 0.082813

=
Ziud, FERE LTICHD R FEOERE (0Hz UL E) T,
TD 2 SOBAEIE, 20HzLL T Ti, 0.082813(93%). 20HzLL T, 0.005817(7%) T 75,
BARE B ER Sy DT FRNF—1T, 20HZPL EDRRSF DT RNAVF—D 142 fFTT,

JEVHLEE B (OHz LA ) D = /1 —0 93% e % | BHEJE I & (0HZ-20HZ) D53 23> TV LD T,
ZOBA R BIEEE E (0HZ-20HZ) D4 A0 Tldvid £ A,

#2. TRLEX—D5T

ITANLF—3%Hm|0~20H z |20H z AL

RES 93% 7%
THE 12% 88%
TBE 1% 99%

0O/ | Wi4: PaSgsum(w7,20,25000)

1: Mo Units
1: 0.005817

0~20Hz CTO xR )ILVF— D434

Energy distribution [0~ 1Hz|1~20Hz|0~20Hz

Wind turbine

61.3% 38.7% 100.0%

Iron mill

0.04%| 99.96%) 100.0%

ET.93%0.613=57% TIN5 JAEGEEEDO T R/ X—0 57%I% 1Hz LV & BAEEMENHIICEENTVET,

1/3 47 Z—TfMri%, FEBOH Lo VF—EEEEL CWETOT, 1Hz~20Hz & LT, 1/3 47 X — 7 ik
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FENEHEDOIT OF, FITHET~ A 7 I0E % Y T UL U725 OBIKE R & O TF,

5. JAHEE (EELEDRE) 0~25Hz M6. ERMEDE 0~25Hz
08P 0.014 pa

a o

S 014Pa 5 0.011Pa

h A

b v

o a.

= 2 ﬂm ‘

= =3

E—E A

I J-‘Lh,_ e I ¥ 1 0 WM&\»\&W
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&3 I "-I T I IR R Y B - - .- s wrmwm St e s e
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WRDOTZ7 715, EOVMBEFEDUT < OBIKE S FROMRI LT OBIRE & <7,

0~24Hz £ COYLKRK, RAEZF (F) EfMtboFd () OFEEA~s7 b

[#%] DADISP/PRO 6.7 - [CA\Users\y-uya\Documents\DADISP]:ExampleB:NZ3veTy4 - a ®
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FFoTWo 2 eMnmh £,
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ERV WEA) EE
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00054
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AR e
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&3t 1 —0.01919Pa. ¥y : —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

-0.00446 0.00416| | -0.00446 0.00416

-0.00446 0.00416 0.00416 0.00416

-0.00446 0.00416 0.00416 0.00416

-0.00446 0.00416 0.00416

-0.00446 0.00416 0.00416

-0.00446 0.00416| | -0.00446

-0.00446 0.00416| | -0.00446

-0.00446 0.00416| | -0.00446 ﬁ ﬁ QOGQ 0
0.00416 0.00416| | -0.00446| |&&t o

0.00416 0.00416{ | -0.00446| | -0.01919

-0.00446 -0.00446| | -0.00446 ‘

-0.00446 -0.00446 0.00416| |3 G 0 ﬁ‘g ﬁﬁ 0 ﬁ
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KEf 372> Th, T ARA FTANRET DRIIE. HFEVELLEEA,
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JREE DA (Rl 72 JE I B D & D3 12 5R ) (FFEBEA LT Mo BFE D X 5 B Z2 K-> Tnd (RILDJE
WY 2> TV D) AT, EBEITE L 2o T,

JAEFO T T, AMOMEIL, FEEEZE TS E 0D X 0IiE, 0.5 B T & IJEM SR ZEY KT 0T,
MNBIZHE NS . EER 72 E D E I E LT 2D TF,

BIKEEEOFTH, 1TH z Db ORERICEWENZF> TWAHD T, ZOEMNC XK > TAR~OESZE AR
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JEVHL T & At O BREEER F D b K& 2REWN T,
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FHZERLTHWLOTE, FAOKIAIL, EAREZFELCTEND, BHROKRIZRD £9,
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WEpy, Flo, WIEPOEFHT AREREZBFIHIND,

S~ D AN 7T AT H EIEE(5.5.55)

d(4 3 A 7 CPe

22 mip, |=amiD, L

et 3 / cr (2.5.55)
Ic& 2,

R OB RURIE S % 00 LS nIE. W B 72 ) 0 AR - VAR

i, € R % (Dpg — Pewr) ! 5p (2.5.61)
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A E 2T, K256 IR THED AN =X LEHHTT D,

2.5.6
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Op > Opyg Opo Op < Opg

P QAR TR OREGN AL p, 1~ ) — DU

P =P, (2.5.58)
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Z OB, RIAREHIIMREFOIE O BREWTZD, IR - D 1 A4 7 VTR L O TR oITHERED &
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1. 4. 4 D: 53UE

Wind Turbines and Health

A Critical Review of the Scientific Literature

Robert J. McCunney, MD, MPH, Kenneth A. Mundt, PhD, W. David Colby, MD, Robert Dobie, MD,
Kenneth Kaliski, BE, PE, and Mark Blais, PsyD

Wi,

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 coinci-
dent with ground wind speeds greater than 5 m/s (11 mph), this is not
the best solution. With infrasound in particular, wind-caused pseu-
dosound 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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How is sound created?
When an object vibrates back and forth it causes small increases and decreases in air pressure that travel, or propagate, through the
air as sound waves.
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https://www.env.go.jp/air/noise/wpg/01_161125_huusyasouon_report.pdf

Hz |dB |Pa*Pa Pa*Pa Hz |Pa
0.5 74| 0.010048] 0.010047546| 0.5| 0.100237
1| 70 0.004 0.004| 1| 0.063246
2| 66 ] 0.001592| 0.000796214| 2| 0.028217
3 0.000796214| 3| 0.028217
4| 62 0.000634] 0.000158489| 4| 0.012589
5 0.000158489| 5| 0.012589
6 0.000158489| 6| 0.012589
7 0.000158489| 7| 0.012589
8] 58| 0.000252| 3.15479E-05| 8| 0.005617| Pa
9 3.15479E-05 9| 0.005617
10 3.15479E-05| 10| 0.005617 o
11 3.15479E-05| 11| 0.005617| = o00s
12 3.15479E-05| 12| 0.005617| o0
13 3.15479E-05| 13| 0.005617|
14 3.15479E-05| 14| 0.005617
15 3.15479€-05| 15| 0.008617]
16| 58 | 0.000252| 1.57739E-05| 16| 0.003972 0 . . . N N
17 1.57739E-05| 17| 0.003972
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72, 100Hz 75 4 k Hz O# T,

Hz dB [X (Pa*Pa) |Pa*Pa Hz |Pa
128| 46 | 1.592E-05| 1.24408E-07| 128| 0.000353
256 42 | 6.34E-06 2.4764E-08| 256| 0.000157
512| 38 | 2.524E-06| 4.92935E-09| 512| 7.02E-05
1024 34 | 1.005E-06| 9.81206E-10]1024| 3.13E-05
2048 30 | 0.0000004 1.95313E-10/2048| 1.4E-05
4096| 26 | 1.592E-07| 3.88777E-11{4096( 6.24E-06

Hz dB |2 (Pa*Pa) |Pa*Pa Hz |Pa
1024 38 | 2.5624E-06| 2.46468E-09|1024| 4.96E-05
1024 34 | 1.005E-06| 9.81206E-10|1024| 3.13E-05
1024) 15 | 1.265E-08| 1.23526E-11|1024| 3.51E-06
2048| 35 | 1.265E-06| 6.17632E-10|2048| 2.49E-05
2048 30 | 0.0000004 1.95313E-10/2048| 1.4E-05
2048 12| 6.34E-09| 3.09549E-12|2048| 1.76E-06
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A Primer on Noise

The frequency of rotation of a source can be used to help identify the source that is producing the sound. For example, a wind turbine
with 3 blades, spinning at 16 revolutions (full rotations) per minute (RPM) will have a fundamental frequency that corresponds to
0.8 Hz (i.e. (3 blades X 16 RPM) divided by 60 seconds). Therefore, in this example, one can isolate the wind turbine sound from
background noise if in the measured sound at a given distance, the sound level due to the wind turbine is high enough to show
frequency peaks at the fundamental frequency and at multiples of the fundamental frequency. These multiples are called harmonics

and for a source with a 0.8Hz fundamental frequency, they would be 1.6 Hz, 2.4 Hz, 3.2 Hz, 4.0 Hz, 4.8 Hz, and so on.

» Figure 2: Wind Turbine infrasound Measurements
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AT, “BEUCERT DE8EE" L LTHWET,

Wind Turbines and Health

A Critical Review of the Scientific Literature

Robert J. McCunney, MD, MPH, Kenneth A. Mundt, PhD, W. David Colby, MD, Robert Dobie, MD,

Kenneth Kaliski, BE, PE, and Mark Blais, PsyD

Wi,

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 coinci-

dent with ground wind speeds greater than 5 m/s (11 mph), this is not
88
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the best solution. With infrasound in particular, wind-caused pseu-
dosound 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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Hz dB |Z (Pa*Pa) |Pa*Pa/Hz Hz |Pa
0.5| 74| 0.0100475| 0.020095091| 0.5 0.141757
1 70 0.004 0.004| 1| 0.063246
2| 66 (0.0015924| 0.000796214| 2| 0.028217
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5 0.000158489| 5| 0.012589
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A Primer on Noise

The frequency of rotation of a source can be used to help identify the source that is producing the sound. For example, a wind turbine
with 3 blades, spinning at 16 revolutions (full rotations) per minute (RPM) will have a fundamental frequency that corresponds to
0.8 Hz (i.e. (3 blades X 16 RPM) divided by 60 seconds). Therefore, in this example, one can isolate the wind turbine sound from
background noise if in the measured sound at a given distance, the sound level due to the wind turbine is high enough to show
frequency peaks at the fundamental frequency and at multiples of the fundamental frequency. These multiples are called harmonics

and for a source with a 0.8Hz fundamental frequency, they would be 1.6 Hz, 2.4 Hz, 3.2 Hz, 4.0 Hz, 4.8 Hz, and so on.

» Figure 2: Wind Turbine infrasound Measurements

1048

Normalized Sound Level (dB)

0.1

Frequency (Hz)

E N
Analysis of Measured Wind Turbine Seismic Noise
Generated from the Summerside Wind Farm,
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Prince Edward Island

T

2.4 Initial Data Evaluation

To evaluate the successfulness of the station installation a one hour segment of data was extracted
from the real-time data stream and inspected on May 23rd, 2013 at 2000 UTC (5:00 pm ADT) at
stations HC1P, HC2P, and HC3P and May 24th at 1900 UTC (4:00pm ADT) for station HC4P.
Data showed no signs of clipping or artificial system induced noise. Spectral evaluation of the
infrasonic channel (HDF) data showed that station noise levels fit within the upper quartile of the
typical global ambient infrasonic noise background (Figs. 9-12, Bowman et al. 2005). As the
Bowman et al. (2005) noise data are derived from international monitoring stations that often are
located in remote regions, sheltered by dense tree/foliage cover and attached to significant noise
reduction systems, it is not unexpected that the largely open air sites of this study, located in semi-
rural settings and exposed to uninterrupted wind turbulence, close to urban noise sources would
have noise spectra in the upper regions of the global noise spectrum. Of note within the observed
spectrum of HC1P (Fig. 9) were several prominent spectral peaks at harmonic frequencies, likely
associated with infrasonic waves produced by the nearby turbines. These frequencies appear to be
limited to below ~20 Hz.

Inspection of seismic data from the same extracted hours similarly show no sign of clipping or
loss of dynamic range indicating current settings are appropriate. Spectral evaluation of the
seismic data segment also shows that typical station seismic noise is in the upper quartiles of the
global ambient seismic noise distribution (Peterson 1993), with significant peaks throughout the
higher frequencies of the frequency band of 0.1-100 Hz (Figs. 9-12). This was not unexpected due
to the proximity of the stations to the turbines, and other sources of seismic noise such as
urban/rural roadways and the stations’ installation on local soil rather than bedrock.

16

Conclusions after data inspection were that station installation went as planned and that
acquisition settings of the digitizers were appropriate for successful recording of noise levels

during the monitoring period.
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Fig. 9: Power spectral density of initial 30 minutes of data acquisition at station HC1P on May
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23,2013 at 2000 UTC. Infrasonic channel HDF (left); Seismic vertical channels (right) HHZ
(black) and radial HH1 (red). Ambient high and low noise models of infrasound (Bowman et al.

2005) and seismic ground motion (Peterson 1993) are shown in grey.
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Fig. 10: Power spectral density of initial 30 minutes of data acquisition at station HC2P on May
23,2013 at 2000 UTC. Infrasonic channel HDF (left); Seismic vertical channels (right) HHZ
(black) and radial HH1 (red). Ambient high and low noise models of infrasound (Bowman et al.

2005) and seismic ground motion (Peterson 1993) are shown in grey.
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BIEE RS ORAT & FEDEHAH
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Analysis of Infrasound and Generation Mechanism
FI YEE
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—O—F:BEBRRE. RS, ZAXY ML, BEE—A 2, BORE
Key Words : Infrasound, wind noise, |ift vector, moment of rotation, vibration of tower
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Fig. 4 Nagao shrine (0~25Hz); 0.011[Pa](1. 1Hz)
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Energy distribution |0~20Hz [20~5kHZ
Wind turbine 93% 7%
Iron mill 12% 88%

Table 1 Energy distribution (0~5000Hz)

Energy distribution [0~1Hz|1~20Hz/0~20Hz
Wind turbine 61.3% 38.7%| 100.0%
Iron mill 0.04%| 99.96%|) 100.0%
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1 ~20Hz (ZBRE L TIXR H 7220,

4. REZLEATE

X 5 1% NL-62 Titdk L7- 60 MO RES, X 61X FFT 2> THASEI L, H4 0~20Hz, #k% 20~200Hz,
HRE 200~24kHz DRy E LTELIZLD, K 7I1HX5 DFEZ PCOAY—H THA L., FHENL-62 TG L-F
X6 LREERICEI LD,

[X16 Cl% 200Hz~24kHz DB HRIEZATND HHA503, HIEDRD TR RO R LX —Filb A5 2
TN A~DEE T, W BIRER DT R LF— T REL, F OB ERICTHE T RETHD,

728, AR IR, MEEOIT TR E AL — D b0 F OEWERER CILHIBICE ) o7z,

Y
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Fig.5 Wind turbine noise
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X706 A= HFITBIREEENE ENRVER DL, KEOAE—ATH Hz L FOEFOFAEITHIE:
VY THDNEEE L EREOFAY CIIEERICENTHRRTH D, ERET57005 FL—F —DfiBICER
REAVES TREDITIZIT LRV,

5. REZTOMM SR
K313, MBITRITLEED E—IEL T OROE B ERIESEL b D TH D,

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 11.9388 0.0436
24167 9.0625 | 2.9592 0.0242
3.2167 | 12.0625 [ 3.9388 0.0317
4.0000 | 15.0000 | 4.8980 0.0177
48667 | 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

BAREIELE 72D & X ORENER0. Sz, 1X, EoOBEE % R(rpm) . A E 78 &35 L&D f =RZ2/60[Hz] 126
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6. FAKBOENEED
f =RZ/60[Hz] X V. JEREUTIHREIZ L - TELT 5D, X8 D Wavelet DT 736, 0. 73Hz 225 0. 87Hz D
M CREE N\ T D Z VD,

0.87Hz

0.78Hz

0.73Hz

06Hz

0s Second 60s

- LS00 . BS BB

Freguency[Hz]

Fig.8 Fine fluctuation nearby 0. 8Hz

Rotation (7times), a part of large table
Brade pass|Time(second) |Frequency[Hz]
21 28[s] 0.75[Hz]
21 22[s] 0.95[Hz]
21 28[s] 0.75[Hz]
21 28[s] 0.75[Hz]
Average 0.8 [Hz]

Table 4 Fine fluctuation from video

FAIICTARE L MROBEF 0 SRS EZ AR L2 b 00— Th 5, EIEEITEE OIS LT
ML, K8 DEELE —ET D,

8 TRDENESITFENE N LA L, [X81% 60 BEOFHMNFEERDT, FENEIREE)D 20 FOFLE
Wi d D 2 L0V D, 10 R OFHANE R D, 0. 8Hz IZUT VW ER ARy OFE L, BAFIV & & 1% 0. 10[Pa], J&
D3R & X 1T 0. 37[Pal, T TO. 18[PalFEETH D Z &0V D,

7. EOERSAR ERESOIEMGE
T, B E 4A0mOMHOIEE D H R E &, FOMIAEEE 17 MLOFHBNZER LR 55 X
%, (1. 6Hz (/N BB CREEED E 29D, )

“TEHLT RV« 2 U —OIREMIENT 1)

TlE, FTRAESITOWT, ‘W3 oa—1 7K HTIXO.8Hz, 1.6Hz, 2. THz I[Z7 A L DRI HERTE, 1
— X OIREBIEZFICITHENATE LT, b2 1 6Hz ISR X [FEROR#NAEN TV D, ZhlE, EFER
DJEGE X PRI L 57 L— REREEIDER LT\ 5” “IX 4,5 132 /UREENO 210 EEATH), 300 BT A
7 MVERT,” “210 BEHINTClEm — & [BREREL 0. 5Hz 23 T3Riv, PIRCEOK [RIEREL 1. 6Hz B ICRIL T
57, EBIZ, 1D 6, 7064 T —NA0mOIRENZ S, 210 FEJFH, 300 EHANC 1. 6H z DR ARV T
B EDGD,

“JRUEH 7S B R TR ML AT BB D T2)
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Fig.9 Force fluctuation and side vibration
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ProWEE, X 10 OHEMOERICHFEA A5 & &M D, A BN IOGROMEORE) & | Zhi
B2 % 7 ORE OIREN S FEET D, £ORR, BEF IR EZ RS, BRI 2 Do pEk & —
T5, SHIZ, WrE A SHEMIZ2AUR, AT 2 O THENOERID T %, Wi ST
BTN T 5, BEOEBITENOR[EEB b &2,

8. REIZANDNEFDEE
DR (R 7 4) 12 K,
I < B/ L 1%, Kutta—Jopukowski DEFEL Y |

L = pUT = 4ntpU?Asin (a — &) (1)

THZLI, HE, —kRIOHE U D 2 I 5,
TV —RLEDIHENTNZ B 2 157) L O RSSO T 2T — A M E RN b 52 LA~
(T, BEOEIEOMT LB OFRATR A, BEE O RS B EDORREL 535,

“JREEOIRENAET 5) TIE, 1 LICOW TR T, BEIZHND NIZOWNTEEN I TN D,
“SEEIIE SICE VB T ADT, TL— RRE#ETD & 2RO ONIEWICELT D, TR, 7L
— K& X2 U—IZEHERE S AN 5,
“TVU—RNBAT —ZN0 5 N OBAREER T Bkl E72%, PLEDIHNC, [BEREE OnfEOIRE# N PEH 2 2%<
DRSNS, " LIk ~T D,
“IalfiAd B OnfEOIREHENPEZH S ZL DOFHE 7 L LD Tld, BE S OB HMED ZEZZHNRRITTNT, BRED I
EIL TENHDOMNEVIFIZENS0,

CRESEEET 6) 12T IRE T 2MIENDLE DIDNTE DR AT O ENNTND,
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JEEE D DIREN A E 2 HITIE, BTN D I DBLENG | BHTHN D BT — A MR E B L CEHE T 20D
%, BEDITIZ, $IVFER DY 6 LU TVD, FIVFEDZEIGIL, $IVFITKR T DEREE— AN TIRD, EEOREN
IMIEOEETE rIREIZ AN, ME OFEIUE, 810 ADETEAED,

JRH IS TN &> THEEL , 7V — RO A FEA 28 2 ClalHRdE 2R 92, [MERPHARRH L EIER 7 1A DRl s AN R &L 72
BINTT V=R OAE 2L | ek NIRRT 345 /)7 MY O Ji A% 200~210 FEDRIZEZL T, 7 L —RO[Elx
ZMNZ Do ZORER, IO Ok 3 3R EL 2D,

Fig. 10 Lifting vector and modification

9. BICEMNBSNERERE—AT b+
(OHTDOEMECTFEA L, BARICTIERLA LT, )

TR AREOFENIZE LTI 7 b— RBE RO E X7 MLOFAEBERTREEN, 22T B
TR0 SV OEREE T W ~DR 7 %5 2 D,

Bk LT, #OE &3 100m, 7 L— ROV IZ, FUOMERRD L 5 ORI S 50m DTN T

5L LT, ABEERET D,

b

Fig. 11 Wind turbine in balance

MO b2 5 D & 13100 + 50 * sin(wt + 0) m
L5,
FzECIEH T < L0 HERWVENK LS , EZETORBEO IRV 90 ®H 503, Z 2 TIIRO TR ERE 5,
1 &2y, TOREV 4
181 & Zg ) TORUED FHHEV 6 (1)
3% EHLEE XA VIS U 7= 5465 av)
EL7c b EIT, ROBEKK

Vison/Vem = Zaw/ Zn)™ @)
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DR L, HEHAE T, a(V) = 0.15Th D,

HE g T, HiE 10mORFDEGEDY 7[m/s]D & XI5,
H1 E 100+50*sin( w t+ 0 ) m T EH |
7 * ((100 + 50 * sin(wt + 6))/10)"0.15 [m/s] (3)

L%,

i

CREE L 1.23[ke/m 3], BEMRECI=1.2, LT AHEEEV[m/s]DL &, PR EIN/ml i

P= (V'2/2) X1.23X1.2 [N/m]  (4)

&7V FEROERA 10[nf] D & & Hl 10m T 7[m/s] DR & &2, BEIZEY 15 TdH 5 H RIS H
UNAVAIES

((7 " <(100 + 50 *ﬁ)in(wt + 9)))0.15> )

2

P =
*1.23%1.2 %10 [N] (5)

LD, ZOINIEHED 2 FlZ BT D,

ZONZE-THERZ SNDMEEFEZ S L35 70%, [Bligdhz i3k & 7 L — Nolalfsm o3a 3 5 B &

L7z ZDEEE—A L R THI

P % (100 + 50 * sin(wt + 6))
=k = (100 + 50 = sin(wt + §))*1.3 [Nm] (6)

L7023 (k=181.24), = ZTix

(100 + 50 * sin(wt + ))*1.3 (7)
DENINZER LTEZ 5,

TL— RO T AL 27 /3 2O THERE— A2 b M,

w=27 +0.8/3 ELBEW-ExIT,

F(t) = (100 + 50 * sin(wt))-3
+(100 + 50 * sin(wt + 21/3))*3

+(100 + 50 * sin(wt + 4m/3))*3 (8)
&,
M =k« f(t) = 181.24 * f(t) [Nm] (9

L%, w7 m—1 VR
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ala—1) X2

(1+0)% =1+ x+~—

+Wx3+... (10)

Zffio TRMAET 5, (Sin TOFREZRT R, cos ThREkL 722, )
(1) B TOUEPEIE (0. 8Hz ORHL)

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

R L COERMRNIZ (1/2) sin(w t) ZRATHUUE,
(100 + 50 = sin(wt))*3
=398.11 = {1 + 0.65 sin(wt) + 0.05sin?(wt)
—0.006sin3(wt) + -} (12)

L s, WORRGBRRICER L CGHET 5,

sin(x) + sin(x + 2m/3) + sin(x + 47 /3) = 0 (13)

, , 21 ) 4m\ 3
sin®(x) + sin® <x + ?) + sin? (x + ?) =3 (14)

sin®(x) = (3sin (x) — sin (3x))/4 (15)
Z2DT, sin D3FDOFDH L, sin(x) OFNL0 £ 720 sin(3x) DFAIE
sin(3x) + sin <3 (x + 2%)) + sin <3 (x + 4?7-[))
= 3sin(3x) (16)

ERDHING

21 4
sin®(x) + sin® (x + ?> + sin3 (x + —)

= —(3/4) sin(3x) (17) ’
F-o T,
f(t) =~ 1223.43 + 1.70sin (3wt) (18)
L%,

3KDOT L — KN, sin(wt). sin(wt+t2x/3). sin(wt+d x/3)IZH(E-> TlEEE L TWAEAITIE,
BZh B alRE— A o M
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M =k * f(t) ~ 221734.19 + 307.78sin (3wt) (19)

LR T L— ROBEEEEEEA, 0.26666Hz 72 51X, B )DE— A > ME 0. 81z OJEMECENT 5,
7 L— RoEEREW O 1/3 ORI Chlire— A > NPT 5 Z N5,

(2) R (0.27Hz, 0. 53Hz OFRHL)
W2, TL—FO 1T 28 L0 D LREWEEEEZ 5,

PSP EAT AP,

Fig. 12 Wind turbine imbalance

KE RS OMEIFEANS. 10%¥1.003=10.03 i 72 & 3AUE, Z DR, FROILDERS =0T 5 T3,

((7 . ((100 +50 *1%in(wt + e)))"-lS) )

2

P=

*1.23% 1.2+ 10 = 1.003 [N] (20)
L0,
P (100 + 50 * sin(wt + 8))
=k * ((100 + 50 * sin(wt + 8))*3
+0.003 * (100 + 50 * sin(wt + ))'3) 1)
L%, 0=0DHLDONRRKRENELT,
g(@) = f(t) +0.003 = (100 + 50 * sin(wt))® (22)
B2 5, ((8) XxfisTe,)
0.003 * (100 + 50 = sin(wt))*3
= 0.003 * 398.11{1 + 0.65 sin(wt) + 0.05sin?(wt)
—0.006sin3(wt) + -+ } (23)

LY FEROEZAEA TR L GHREIUR,
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M =k + g(t) = 221955.93 + 139.77sin (wt)
—5.28 cos(2wt) + 308.08sin (Bwt) + -+ (24)

BEA, I, BEEKRE O, 0.27Hz, 0.53Hz BN HBLT ABHLTH A,

(3) 0.8Hz, 1.6Hz, 2.4Hz, ... A3HBLT HARHL
WOMBITIER T 5,

A ; (sinx)™E, E# &sin (mx), cos (mx) (m=1~n) O—KATHRITEXS, (Cos b A

n=1 DAL, (sinx)! =sin (1x) TIELVY,
n=k OWFHIHNLT D LIRET D &

(sinx)**1 = f,(x) * sinx (25)
EEksinx 125 & T2 L,

sin(mx) * sinx = —(cos(mx + x) — cos (mx — x))/2
(26)

cos (mx) * sinx = (sin(x + mx) + sin (x — mx))/2
27

LppoT, (25 Xk, @ Lsin (mx), cos (mx) (m=1~k+l) O—RKNTRIETE S,

LT, (sin)" = f,)IFKROETET 5,

fix) =c, + z an,sin (mx) + z b,,cos (mx)
m=1 m=1

(28)

o . 2my\ . SN
(sinx)™ + (sin (x + ?)) + (sin (x + ?))

(29)

EHEZDITE. 1 IRADOF

sin (mx) + sin (m(x + 2{)) + sin (m (x + 4?7-[))

(30)

WZOWTH~UT LN Z LT,
m=3k, m=3ktl, m=3k+2 (k=0,1,2,)
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DOBPENTTTER D,
m=3k DHE 1.

6k 12nk
sin (3kx) + sin (3kx + T) + sin (3kx + T)

= 3 * sin (3kx) (31)

m=3k+1 OLFEIL.

. . é6nk + 21
sin((3k + 1) x) + sin ((3k + Dx + 3 >
+ sin ((3k + 1x + w) =0
3
(32)
L72% (m=3k+2 OEE bR, K-oT,
fo(X) + fulx + 21/3) + f,,(x + 41/3) (33)

(214, sin (3mx), cos(3mx) DX 2 RIEOIH & ERIZT 135k DH, TS, 0.8Hz K 0 K& 22 JEREEL 1. 6Hz, 2. 4Hz,
3.2Hz, 4.0Hz TE—Z7 ML 72 BB HTH D,

(8) (9) iz, (10) OEAXEZEI LTS,
FEHIE L | sin (3mot), cos(3mwt) DI LR 720,

BT, 7 L= RO X B HOIENC, BBERIZKRE TR0 6 &H > TRFIZm»-> T LR %, &
S Lo THRENRER DD T, 7 L— ROHINIEETH 0D 12 RN L S5, 3D T L— RR5ELIC
PJETINZE L TOTh, 3%R/60[Hz] DIFANT, 2%3%R/60[Hz], 3%3%R/60[Hz]. 4%3%R/60[Hz]. ...0DFEALANTE
15,

IDI, 1D T7 L— RPID LT REWGEC, BUZKHT 2 AR 2 L LIS T 2 2856120,
JREDOZENZ, R/60[Hz] DM, 2%R/60[Hz], 3%R/60 [Hz], DfENbEEND,

ZONWEEERTHUT, 0T M3 L7220 EEOMIE COREIN KL E D, ZOFER, Ml KEIREI 55
[ ~OFR A R T KR S A3 R AT,

HRNR722 B A RS 7L — R OERRICER 35 ORE CR/AET 55 Z“ MG L5 > TUIRbR, “RH) D
BRI S D RAET D O THD,

413" EHEE " AT 25, MSIZEENOOBIKEE 2K T, HORFfRMMEL B O HANENRZ DR THD,

FRDEFC2 2D KE,:, FI T T BER D L7 A A=V &K1 3IR T, Ziud, IENOREEEL FHC, Ja
HEORHEES 2T ETO, AENLE VAT DA Z R TR TH D,
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Fig. 13 Image of Wind turbine noise
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ENOF OMHTITEE LS, A AR 2 2 XML 7Ok T& 5, X 14 13, BERFTNOE S HlFEL TV1D
Bz R 28 DT Cihd,
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Fig. 14 Effect of Chaos theory
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ﬁFEFLW@%@%ﬁmé X R FEE SAIEDO EETROVEN DD, Fio, FEOLENCEL T, &
WX T — L2 N X DRI AED RO B RTT DB BN D D, RPN/ NSRRI AT HUE, KR LRI IR AE
\ZRDBER A E D, 1IZADDLOFTREME THREMIIRET T _&ETh D, (YA =71>779)

12, F&H
AR D B AN EARE S DI AELEEZ Db D THLZLAVIRSNIZD, NID Ty 7 = VT, A RO D35>
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7. FFTIZDWT

FFT &5 9 MEEDS T 2D T, FFT Oz & 72 5 AN LEICOWHEE L Tl £,
Functional Analysis (Kosaku Yosida) p86 2%
4. The Orthogonal Base, Bessel’s Inequality and Parseval’s Relation

Definition 1. A set S of vectors in a pre-Hilbert space X is called an orthogonal set, if x L y for each pair of distinct vectors x,
y of S. If, in addition, [x|=1 for each x € S, then the set S is called an ortho-normal set. An orthogonal set S of a Hilbert space X
is called complete orthogonal system or an orthogonal base of X, if no orthogonal set of X contains S as proper subset.

Theorem 1. A Hilbert space X (having a non -zero vector) has at least one complete orthonormal system. Moreover, if S is
any orthonormal set in X, there is a complete orthonormal system containing S as a subset.

Theorem 2. Let S = {x,; a € A} be a complete orthogonal system of a Hilbert space X. For any f € X, we define its
Fourier coefficients (with respect to S)

fa = (f' xa)
Then we have Parseval’s relation
112 = 1l
a€EA

Corollary 1. We have the Fourier expansion
(o] n
[= D fuag =5 1m > foyg,
j=1 j=1

Corollary 2. Let [?(A) be the space L?(A, B, m) where m({ a })=1 for every point o of A. Then the Hilbert space X is
isometrically isometric to the Hilbert space 12(4) by the correspondence

X3f o{f,}el*(4)
In the sense that

(f+9) © fat92). Bf © {Bfedand IfI* = [{fo}I? = Xaealfal?

Example. —_eint ;n=0, £1,42,... | isa complete orthogonal system in the Hilbert space  L?(0,2m)
V2r

EHV . e =cosO +isin® ERHDOT, [2(0.2m) (D LEMEATIIE, B E = AR OERS T
R TEHZ LT 5D,
L a— X OFE T, TR AR O OIXERE2 0T, Bk Li=7 — % 2> GEREHE T2 Z &/
%o T OFHE %GR TIT O £il723 FFT Th 2,

D2 DT, BIEZERIC DWW CHHICHA L TR & £,
AT 4oy aFERLDT T 7 E RN LHALET,
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Lo 7T 7 oREEIERRETd,
B2 T D, FEE LRI U L 5 M 2RO E 9 IR TN, 2 2 CIERERBEOME 2> L L
TBEE7,

FHUT. A (%) oF] {11, 14/10, 141/100, 1414/1000.... } Z{EV . WILOABEG 2 IO S
5 EFL ITN—FITHT T FDO T N—T12FE LRTEAT UL, 5Eif. AT 7MW 2 F OO MEN £
T, (FEHIL. BRI T X AT ARONERFARE LT FREREW S LIVERAL)

R 2 SR TR TE 2 ETHUTBIBDMEN E T, Ry PR t ICK > TRED D, y=1 (t) &HFNT,
BEA t NI E T8N ELNET, vy=3 t &h, y=t"2+2t+1 T,

HEhZ t Of, Mtz y OfEE LT, fIST D820, ZNOEZELNTENE. 77 7nHkET,
HPAEMEL T AEAE, t OfEIE, FHI LR RIC L > TlE 0 . 1B ORI CIER < TY I 73880
EJ N

KK, WBOMWIRT T TIRBDLDIEN, ZOWOENIRT T 7 EOREN ONBALTE LD EE 2 F T,

EDORT 4o aFEOT T TR, y=1 (t) EEFELELLEY, EOVTT7ERLE MeEMTT, f
(t) 2toNE LT, BMRMICETESbn, R0 RERD 97,

EoLThoheEsbhis, 777 FICRILEZR-> T, ZHEATHEUT 20 LitER A,

ThH, I<EBEXTHD L, Lo THHEMARZEADGELNATH, MHRWVWIEITHY £ A,

BISIZITIRIL RS H 0 97, ZIERXD X9 ITIBITHMZE 2, iz nseo,
Y=eNiot)D X DT BITETED, Lo TH&EITIEDRD,

INEVE, T WV y=sint . y=cost DL I RHD,
FOTLAETRNE I RbDRERE .,

ZATRBEE T SAEF > CWA R E . BIEZER LN E T,
—EDORUETEI A T N—T451F Lz e &, R 00T < TRISEBE ) 2R D 7 v — 70
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12(0,27)
TY, ZORTHE2 nDbDEEDLHE, RN EREID E,
y=sint . y=cost K 9 7RFARN LW A EWS 2B A X 1X, £O 7N —T DMOBEMNEI TE 5D T,
Y=eNiwt) b y=sint . y=cost DBYKTT,

ZOXOR=ARBRBOME LT, BEEESEEE, Lo, @o VEIKHE L ML <EKEOME LTHR
A GR= aipl fab s o = g

I, 7=V ZREUC K DBEBOEITT, ZoFD, o < DB WO AMEABRNRD T

WL B SPDRGIAS, mJEBAk sy T,

ML, AP CEMAT, MHBICHRET, AV 4 v aBFRATEDRWT, il F F T OEM A4
ZIZRVDOTT,

COBHERZ L ERLRNT, AV 4 v aB Rl SV IDIE, FFTZHE LR L A, BIEEERE O
N, EFICEWFETHEEL TS Z L, —HER 25005 T,

TARATA b, 2000 FELLIE HEEORIFEORRE BN L CIIWT £ A, ZREH L TLE 2T,
HADZWHIIZED S35, HRT—F/EL 2o TLEVET,
AT 4y aBEOBSERET S 2 L3 AARDFHMO LIV RS 52 LI £,

2. 3 Z7—UxEWLFFT

2. 3. 1 HgT—Y =2
BEBUE & x IR LT, o DRI
X(w)=%"_x(n)e "

Z, x(DO7— U ZEHE TOET, iU, 2 B8O z1Ze? ZRALIELDOTT,
S AR &35 1 ol (BALH) 2MeoBRIRMEIRICE D 72 HIiE, MoK E BN Bick > T z=e@
Lt BLx dz=ie®dw =izdw &2 HDT,

x(M)=1/27i) X@m—1dz  EIRFEIRANOPHIR EOBFEY)
x(n) = zim $X(2)z" dz  (BRIRFEIRN O PARIER - O#FESY)

_ 1

= om
DAL L ET,

7 — U THREIC OV T ORERIC LD,

4 inw—iw : 1 (m i
I X(@)emo izdw = — [ X(w)e™ dw

i lx(m)|? < oo

DT 5 & &2, =k 0%
L le(w)lzdw = i |x(n)|?
2 4

7j§’5jzj Liﬁ—o

ZO7— ) B HIH L TCIROFRMEET TEXTAHAEL L D, &MIZ, x() 1T n=0,1,2,.N-1 LISNIET
072 &3 U, B
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X(w) :Z x(n)e”n®

L FET,
A = ORD o 1 BEEHIOZALT DD TTN, DX L 9 RERED o DIEIZOWTOHREZ B LI LET,

_ 2mk

W =2 (k=0,1,2,...,N-1)

ERSTN
pls et in2mk
X(wp) = ) x(n)e ™k =% x(n)e” N
L7 ET,
SHIZ
i2m

WN = e_T

LB,

N-1

X(@) = ) x(mWy™
n=0

EMMTET, RERIBCERRT L7010, Xk) =X(w) & LET, T5&
X(k) =yNtxm)wy™  (k=0,1,2,...,N-1)

LRV FET, ZOEBRAEHHR T — ) =EB(DF T)EFFORET,

Z O T — U =B HROI AR ATRE T H D |

x(n) == TN X(OWy ™™ (0=0,1.2,..N-1)

DESELET, Zhk, BT — U iy I DF T)EFOET,
ZOWERORNIESLTH Z L.

i2mk

(WN)k =—e N =1

ERDDIE, k BN OFEEfEL 20 L XITRD Z EICEETIET SO0 £7,
b,
X (k)= X (k+Nt), x (n)= x (n+Nt) t=.,2,-1,0,1,2,..
DENLT D&, Tabb, BAYWA N THLH2Z LT Io0ET,

FFT
BUICDFE TOWNFIZOWTERXEL X 9, imad LEZTDF TE#RETIUL,
NHOWEHET —%  (0),£1),62), -, fN-1)

IZxt LT,

N{HDOWEFET —4  F(0),F(1),F(Q2),-*,F(N-1)

HROFRIZL TS SHE D HDTT,

i2mnk
F(n) :le;tf(k)e_ N (n:051723.“,N_1)

ZOFEEEATT HICENR O BEAAH 0 EF, b Ly NaS 2 0RO S E, FBi72 TRIC & TH%
CEETEET, CORBIARBAODF T, FFTEXUET,
DF TOERIZOWTEZ DL, @7 — X TEWEREEZ 50TV TLE D,
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1024 fE O %fiE

sin(2 7t k/1024) (k=0,1,2,-++,1023)
KT 2F F TORREZFSTHEL X 9,
N=1024 & L CEtETIE,

n ~ 2mkn
)—l*SlTl( N )}

F Ni in(2rk/NYe™ N NNizn in(2mk /N (an
= N = — —_
n) sin(2nk/N)e o N sin(2mk /N){cos N

k=0 k=0

E72 D n<<N OEEITITS TEEITE T,
2 21
F(n) :%{f sin (x)cos (nx)dx — if sin (x)sin (nx)dx}
0 0
L0 ZAREKOBEAMICER LT F1) ZEETUL
21 2
F(1) :% {J sin (x)cos (x)dx — ij sin (x)sin (x)dx}
0 0

1024

:%{—i fozn sin (x)sin (x)dx} __1024 {—i f;"i(l — cos(Zx))dX} —?{—izf};Slzi

Tom
L £,
BAIOBINNEEEL f )OOV 7 ) 7 SNENEOENSRDELELE D,
Z o f X)NEHREE CHIRND 7 — U =ik TR TE T,
t
1 x2mTm x2mm
flx) = an + Zl{am cos (T) + b,,sin (T)}
72 LET,
n<t< <N DOFAITIE,

x2mm

f) =%a0 + zt:{amcos( N

)}

. x2mm
) + bp,sin ( N

W2k % FFT OfERICHOWTIE, BOICARB LT, =ABEBOBEARMELR 213,

i2mnk
Fa) =SV fe™ v (020,12, N-1)

= 1 : k2mm ~ k2mm__ _iznnk
F(n):Z{EaO+Z{amcos( N )+bmsm( N Ve W
k=0 m=1

N .
:5 (an - lbn)

LIRD DT, FEEAS cos W, BB sin WOFFEZ R L, LS EDRBDONFIZ/e>TND Z EW50 £,
n A3 N2 (WG IEEEM AR O EZ B L ET 0, TAEFENIC L > THEBEFRT 5 2 & iThkEt A,
L2 L, n 28 N AZIEWGSITIE, ROKIICERD Z ENHRET,
exp(i2 t Nk/N)=1 72T,
F(n)= X f(xk)exp(-i2 7 nk/N)
= 2 f(xk)exp(-i2 7 nk/N) exp(i2 7= Nk/N)
= 2 f(xk)exp(i2 7 (N-n)k/N)
={ Zf(xk)cos(2 © (N-n)k/N)} + i{ Z f(xk)sin(2 = (N-n)k/N)}
F(N-n)= X f(xk)exp(-i2 = (N-n)k/N)
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={ Zf(xk)cos(2 T (N-n)k/N)} - i{ X f(xk)sin(2 = (N-n)k/N)}
LR DB, F(N-n) IZ2OWTIX
F(n)=a+bi 7256%. F(N-n)=a—bi
L7200 FFOT, F(N-n)lE Fn)OEER L Bifg) 1[Se>T0ET,

B Gy DAFAECDNWTUR Y T 7 OEEFICER LTE R D EDBMETT,

k2mm _i2mnk
e N
N

2mm .
N ) + b, sin (

F(n) —Nz_l{%ag + zt:{am cos (k
m=1

k=0
N .
:E (an - lbn)
LIRD DT, FEA cos W, EFDDS sin JDFEZ R L, LB EDRBDONEIZ/e>TND Z &0 £,
T,

SF(n) = (an — iby) & LT, & BICHBHIEARD 5, (L (@G +b7 & 720 . =fABIEE Ak L7z B0iRIE &

2%, )
Z LT, ZOMKHED 7T 7 DFN-4371200 2 RRT H D0, spectrum() T,
T Ko T BEPER S DIRE D300 7,

fEIL DD ST 2508k LT~ Way 7 7 A L CEFET L,

[#] DADISP/PRO 6.7 - [C:¥Usc

y-uya¥Documents¥DADISP]:Examples:Ty4FFT

y - X
JrAWF) REE) FBRV) BFREA) EER Y-UM FHO0) 94YEIW) ALTH)
DR SR LHEEAO AR me w e
We: ‘ spectrum(w10) v‘
W1: ReadWAV("C:¥Users¥y i pl _001.2018... 0| | W2: (Wi-mean{W1))*8.621445E-3 ol | ws:fitwa) ol
100 - 150000 -
o] 047 50000 -
] 02 -50000
-100 4 . . . . . . . . . . . . -083 . . . . . . . . . . . . -150000 4 . . . . . . . . .
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wa: i 0. i 10.000021,0,1)glinef14.. O | Ws: (-1=Wa)(-1) Ol | |We: spectrum(wio) ol
17 1] q
06 057 B
027 027 B34
023 . . . . ) . . . . 027 ) . . . . . : . ; 0 " ; :
0 10000 20000 30000 40000 o 10000 20000 30000 40000 o 0 20 3 40 50 60 70 80
W7 IFFT(fft(W2)*Wa) Ol | ws: IFFT(frw2)"Ws) Ol | we:wa-(w7+ws) ol
o2 047 42016 ]
0 027 -2e-016
033 L s 0B3 Be0167 0 0
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047 047 100000 3
027 027 40000 3
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0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60 -10000 0 10000 20000 30000 40000 50000 60000
W13: fit(wio) O | Wi resl(wis) O | Wis:imaginary(wi3) =]
60000 60000 150000
20000 4 | | 20000 4 | | 50000 -
-20000 1 | | -20000 1 ’ ‘ -50000 7
-50000 < . . . . . . . -50000 < . . . . . . . -150000 - . . . . . . .
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W13: fft(wi0) O | wia:realiw1s) 0| | wis:imaginary(wi3) ol
50000 60000 150000
-20000 20000 -50000

0000 0 10000 20000 30000 40000 50000 60000 10000 0 10000 20000 30000 40000 50000 60000 0000 0 10000 20000 30000 40000 50000 60000

|[2022-05-17 91749

= O EAnLTER o 5 @ - B uE & @ o I B e A OBUA 0, B

Spectrum() % FHHE T AT,

Q.08
0.04 L-
0 I Mlued, e . . . . .
0 10 20 30 40 50 60 70 a0

L0 ZOfEIE. ZOWERRNT D JEEE Y T OMS 2R LET, FFT 2 ERIUE-> CHHE U, BIERE
BEDHENHRA &2 £,

DT Z TN, FFTIZEDoHTRERIZE VWS 225, RETEETN, GPIDNKRD T T 71Zx LT,

level [dB re 20 uP

.
A
n
A0 [t 5 oo 50 e A o G 0 SRS B S S S A e B A A SR
<
I I S e A S S N S s e A b S s s e i s s e
IR R I I s
500 1000 1500 2000 2500 3000 3500
Frequency [Hz]

i) 77 7HOKREOHTRT @A (BRAWK) oML LioxRT.

12.2-11(1) BAORE#ALSRET IEEFORRBBE (FFT S4TEER - 8n/s)

B22-11(1) AHRERLORETLHIEEFORRMFE (FFT SHER - 8m/s)

“FFT o#id R L ERT D FITIIFRBE TS XA,

GPID T Z 71k, ROLIITTHEELNET,
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- o x
IrMF) BFN) RFA) EER M F-50 MIFNW  ALTH)
Ded & /| BHn,a & me we car
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o ' ao  sn a0 teo | amom | 2eo00 5w o oo | omone | aion | a0
T 2
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B O zeAnLiew o8 €@ - 8 & dHEew J @ T ABORDA oy B
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AHEIEROFIETT,
3 . v ONAES 7S <
B SN EEOEITRD 75 7T,
{36 DADHSPIPRD 8.7 - [GHUszrs¥y-wyoVDocuments YOMDHSP] Exarmpless N A Weight - 8 %

JPIMFI EME BV BEA WER YD F-RO YW AL

DEESR{ EHRI0 AER ++++Q8Qowms x
we:

V2 (W1-mean[W 1)) B621ASE-3.

08

05

05

084 .

5 o i 3 B 0

EAALTTR0, #AF0T44-7 Ea-b TE2H,

EANLTHE el
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cHEeELBSSdEe
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w22z wan

W1 ~BeDWA o B
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@DAD\SP/PRDEJ'[L" fy-uya¥Documents¥DADI 1d3AWeight - X
TP REE BRV) BIFA) HER Y-UM F-H0) 2AYEIW)  ALTH)
DR gl WHmMPAQ ~rEHX ¢ » ¢+ Q& owms T

we: | g
We: weight1d3A(w3,1) ofx]|

0.00012 -

0.0001 5

88-005 -
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48-005 -

22-005 -

el

2022-05-22 5838

W O ZEAALTER pel O F @ - B u & @ H @ W J & JC ABOBEWA an, R

ZDTT TG AREIEES 13D TR Ml S 4L, FO—EIT Ny RX2 7 0 L Z OB G, 0 & LTHRbn
TLEIENGMD FT,

T RAINFIR TR, T I~ULFERITT UL, ROT T 71270 £,

18] DADISP/PRO 6.7 - [C¥Users¥y-uya¥Documents¥DADISP ] ExamplesNL d2AWeight - X
TrLF) REE BRV) BHA) EER Y-LM F-50) HMMYFIW ALTH

DS SR 7§ BHWAD AR ¢ »+ 3+ Q83 et IMHT x

wit| Y|
W11: weight1d3A(w3,2) gﬂ

| o

2022-05-22 @:5&5E

# O zanLTe® pel o

e
|

@
D
&
¥
"
€
R
L3

P 56
L19C A G Oma A e E

GPL D7 T 7%, o TWBT—ZNE D D THDFTDOIBITENE TN, ERIOITHMRD TERITWET,

ITo&E D LTWAET, AKEDEL T TiE, BRI L, FENSBIAEIND EVHIETETT,

ZOFENEEERZ LTS bRV, D b b, FFT TORER L IX5 b7 Ta LY,
BREE, BB ORI, R EZRD | F o JEREERS 2 O EHIA S EvH FFT OBREIK T 25
5TY,
4200k wORF G 1X, 0.54H z OBUKERE B EWEE TILBR SN D O7E0R, ZORETIL, TOREBNESRIC
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BEi SN TLEVET,

NL-62 2 2 13, WIPINE: : o7V v VR 48k Hz L 72> TWADT, 6 O MRIOmIBINGEE1T 213, &TE
DF—HLELT, 48000 %6 0OHOEMENELNETT, DT —F &5 BT OHMF TR THIER WO T
j—o

48000%60 fHlD>F —#1Zxt LT, FFT ZEHATIUX, [ CEBOEIERE LT, JEEEOZAEEZ hH 2z &4
£, h*48000%60=48000 & 7225 DT, h=0.01667H z £ 721

JEEL A7 R VX OHz 725, 24000Hz F TOFEPH TH Y | JEFEE##REIX h =0.01667Hz T,

0 z 7% 24000H z £ T, ZIZME 0.01667H z TR SND Z L1220 £9,

HHAA, 054H z DFEDORS bEHHE T 7,
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8. DR

T T, ZZRENEL o2 0K 225720 LR TR FH A, 22T FF—DORELER L TH
ZTCHET, ZOMEIZIIVDOTT N, D UEEL THITES Imm*ImmOIEHFFEEE LET,

10cm 10ic m
. |

10cm 10cm

EX50c mOMUANED EFICHD 2o0FEE 10c mOZERE A EZFT, 2 AL 0.001m*0.1m*0.5m=
0.00005 M2 EFiz2>CTd,

AT & RIFNTBEZE- T, ZZRAHEAY TERNWE LET,
A1 cm ERD L, FOESOREFET 0.001m*0.09m*0.5m=0.000045 m, FOERSORFEIT. 0.001m*0.11m
*0.5m=0.000055 i &720 ., RIZEMRSH, FIEEEL £,

ZERDKIFDRE SIE, D FOYA XL LR, MBELERIT4ARE T, BESLCERIDFRILENHET 200
hEL, FHRFEETHT AL LTFEELET,

1 A2 10-10 A— FATF, ImmiT 10M3)2D T, 1 AD 10~ £ T7, 10000000 £ T,

HIER DA 6400km 72 DT, KO 1T 3.14*6400000m =2%10 ~ 7m  HE 2 mdD A S Bz H5H5ED 10

CTETY,
4F T A B —LADOZELRD NGB, ORI, 10°0-3) @*10° (-10)) =0.25*%10 " 7 {% T,
DS RAUX, KT DG 7 < ERAaMmAS R LTS 52D LR T TY,

Wi DD Imm OBEDOE A1, 4AD5 112 E 5T P2 1 mmlid 0.001/4%107(-10) = 0.25%10 ~ 7 5T,
B 2mod AT & - THIERD T, 64000002=0.32%10"7 {5 Td, AN -T2E LTH, TORD LIS
DI E S TOOERIL, FE 2mD AT 2 moE# &R U X 57260 TT,

N TFIBENT 5 & X H—FTT, ROEMIALE T, EXOEMEBENSEZ Y £,

XX — IR EPHTEE L Z L RO TTA, ZERDORT LD RS OEE, FroMEInTh ERgEE->Tn
FUTERORLEZE @ 5 T HEED L 700 B S E T, EARIZTAIUL, KUEDSEIRIZIRT L, BiZRRED %D
FECREET, ZOBRREZ FT 5 L OICEXUTEI TL & 9, BRI SN T I T 222K 0k 114,
N T IUTKIEN - T, T2 TUT DO F A -> TBETHTL L 9, TDH%, FEAERLET, L
TR LET,
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_,_,—a-l-—"'f’—F C
L
A.
B.
T
B u ue
X oS

FOXEFSTEZDZENTEET, KOO EROBNGRSE LET, BOE T I3RS < T
b, ZOKTIE, ALEICSISEDSE, ETICE2ESLTE LTERLET,

TxGR LT & & ORERTITEEN x D& EITIETRE T, —Tsin, BEN x+dx OLETIF EMET
Tsind'., TT,
O/ EITIE, ©=sin® =tan® & B THHEDLZR, tan® (7 ML TOHEEZ TH Y, A x 2T 5 R
HEXN—FFEEDTTZHDOTT, ZOEN, v=ux)&R2>T\D & XL,

Jdu
— Tsin@ = —Ttanf = —T —
ox

L0 EF, fxdx TRTsing = T8, TF, 7221, x CR#T 5 & & 05inRa0 £9.

ST, LORELELANDIEM LT, #fRIRIO X 2122 o7c LB 2 X, 2RIk LT EFHFRICE< i

T(du) +T<6u) _7 0%u p
0x/, 0x/)iax  \Ox2 X x

RIOEEIL, MEEZ 0L LT, odx., INHEEAL
iR, sroEE R,

bbb,

0%u _ 7 0%u
Paez = " \oxz

AEET, Jud, Ro ETESZRE T 5 5EATT,

fEEFIINANATT N, ffz, u=e @O LE L TRALTHRL,

_pwzei(wt+kx) — _Tkzei((ut+kx)
Lo,
—pw?/T = —k?
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k =+ pw?/T
LB, INEMEHISRZIR D DT,

ul=e i(wt+kx)

SN

u2 =e i(wt—kx)

HEL T2 £,

FREDPFIEDOFREDOT, Lok 5 B RNOBEHEEbRE Y £T0T,

u = Ae"tsinkx <°. u = Be'“tcoskx

bRL 72D L, T O OMERER THPRBLTEET, 2D H T, BRAFHEZWTET L OEZ RO ET, ROk
S& L & LT, M CIasid@#nene 5 95 &2,
EOXTIE, B=0 £72 0 ffidu = de'“tsinkx DIFIZ72-> T,
BRSO D, kL=n n 23 FET DT, BERSMA R ITRRL,
w= A elontsin Tty
" L
2 12 T _nm, T
wp = k* * . S, )
LR BHDT,
nm T
Wy = B

HREADGROT, ZLOROEREDEBMERD £,

n=0 Z&x56/% k=0,w, =0
OT, u=0

n=1 OHEIE,

. T
u = Ae®tsin 7

THY., 209 bOEHZEZ L >THERIUT,

2 T = =@
u = A;cos (i ;t)smzx

EoT, R EAE CRBILT, TRROREE L L L ey g

WL AERDIE R E LD . T OREITRE L AR ORESET. L fl H 2z T,

2L

. 2m
u = A,e'“tsin Tx
LRHDT, x=L/20LE(F v =

0&720, FYREITIEIX A,

xy. 1pmosEs 1 [T ensoc, mrEozEmy .
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ZOREDEIR L 72D MBI, EIELED2EDORBEREROE LR T

KEEOGAIE, b o EHHETT N, KEOMEOY B /e Ret CRMRE) L C, HEEARELET,
RO & DOEGETYH, BAREHRA BT RETELEELTOET,

722, FU—DOHROKHIC L 54 E 2 5 L &1, RMMHEEZ L TH, KEEOERENDLEY v o bH
FETT,

RS OBEME 2 E 2 5 L &2, HOMIE, 2 U—DEICHDE AL NOESROM, bo L FTOEERD
i, F U —OIEIENCER TR S IREGH A BV CRRII L TR TiEonh 8 A, BEBEGTFEN S O20E
<7,

€ xx %(Exy+ £ yx) é(&xz+£zx) x
%(ny+—£xy) Eyy é(&yz+—£zy) Ay
%(EZX'FEXZ) %(Ezy+ Eyz) Ezz Az

= Aup + Aup 33.17
k%< o

t2
é‘j Ldt =0
t1

MERSLT D,
P
dp
Eyr y-1 —
dVV +pyV 0
dp = av
p = —pY v
ZoRE,
ov
= _K—
b -

FIEATZ L D ITRIRTE 5, (BPEITEATZLE B ERA DN, IRENHAD T 5528 AT,)

-(1-+5) VF) (3-+5)
Wi 0s th)

%ﬁ(cos( (3 _2\/§) a)t))

pi(t,x) = P;sin(wt — kyx + @g;) + B.sin (wt + k1x + @q,)

(
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HR ] Bl & i

» NHOEREISE-BEDESHHIEK:

mx + ¢t + kxr = acoswt x k
y aH I DIRIEEZRT f=acoswt
» —HEfE (REEFEZLDHE):

B EEHEE{GD—EI%E

x = C1 exp(At) + Coexp(Aat)|H Acos(wt — o) —— EBIRENFE

_ a —Y 2

Al= NG R d)\— arg(k — mw?*, cw)

EEIRB D IRIZ(Amplitude) fI4H: B 41 (Phase delay; Phase lag)

» TEBEIRBIO—BREZIOHSORERBINNEOXEEZTS,

» COEIIT, —RENBEHIRBBEEERIBOIFICLZLDEL, "R
WM AR ZHoTHS. BIRYTFDOELSICERE DB E L. BEEIZIE
—RRAENTR L (ZARBTE0N,

(£ St b OB X 125 Bl E— A2 Mx 2w n, 1-a=b s 0<X<b b<X<I

it cE x5, 0S X <D oma rmsommmic sy 55— hosgn avms Mx =0 (g m
IERAFFT= 720 b LT

pt.) = ft-=-L-Hrga+2+L4 2
c c ¢ c c

TiE. OB ERE Th 2BMITE, [ UROEPEE c Tiabd W) 72T Th D,

ZOWDIR, M LRoTND EHFEDEENHELNE NS ZLIZRVBNRBE R 5, ZOREEZDHIT
I%. FFT Tl
B S DA 2 EFRHCEROMS TFHT 2T b Ao, E9EMNLRG, bolbHra o
TLIZENY,
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9. ABRMEELAIL

BEE T, A H CRUDHES T,

2
L, =10+log (p—z)
WETE HHESEE T H{E@f(i) BNE TIFEIUTIEEIEC 20 0T, AR

FEOXTO Lp BFEIL T, BN &
KT DJEEELT EOREDMEELI20FF, Zhs, A FREICKDEA

DECDEEE OIAS R HUEZ1S5121%, Lp (2
I NSER

AENZE-TORRE
D FEIEAS 20Hz 735 20000Hz THHZLE, AR EIC L > T AR DU AIES (B

%FQ LT, AW Z LI E AT 2L TR L TOBEEL -~V (dB) FHARL £ T,
FRSREILDJBHAT O TR (UB A7 7 =T T DRI O TOREZED) 1T AREAB A7 22—

ZiE AHOBERE T

DIESZRKTHAED A FHEFEL -~V (BALET 2 ~VLdB) T, ZORHRE
ODjt%é) INEIRHT L

ISR 55

/\/]\ HAHTRHE) E 5> Th BAFIT OHIINANAHDET,
6.3hz7)>5 20kHzD %
(IEC61672:2014 Hik%) 1. (BE%t Weight1d3A(ww,w)) & NoiseLevelld3AWwW,W)IZZ D)
Frequency [Hz] A-Weighting C-Weighting Z-Weighting
6.3 -85.4 -21.3 0.0
8 =778 -17.7 0.0
16000 -6.6 -85 0.0
20000 -93 -11.2 0.0
10Hz/) 5 20kHz D k%

JIS C 1509 Ti%

@ FEMEAHAITEE AC/Z DIE
NS C1509 IZHE SNTZREEEL TS ACZDELFDOFZ 7R 1 H2I2-LET,

(13 A7 F—TFr3 k)

. (B9%k Weight1d3A10Hz(Www,w) & NoiseLevelld3A10Hz(ww,w)iZZ D HiH)

F1 BEHRELfiTEE AcZ
No | AFERE (Hz) |BFERH Hz |ABY AB) |cHM# (dB) |ZH8H¥ @B
10 10 10.00 -70.4 -143 0.0
ih 12.5 12.59 -63.4 -11.2 0.0
42 16000 15848.93 -6.6 -85 0.0
43 20000 19952 62 93 112 0.0
20Hz 6 20kHzZDOHik&

/NIFRIEZROD HP Tl
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A AMSHEORTEXIZLET. BEED IS C 1509] CEH=NTVET. IS5 OE (dB) [CFROE
EFMELTLREZ
B (Hz) #WIEE (dB)

20 -50.5

25 -44.7
16000 -6.6
20000 9.3

LB DT

INPREIEENIAS U3 A0 5 —T S RO UL AR EE SV DO LW EEETHLOLIZL DT,
SRR SR 28 J S R o nA 10~33 OB EL TR IZHRDRD T/ R D 7 D B A O E T,

f£=1000x10%=39 21 (1)
(n=10,f=10, n=13,f=19.95262315,, n=33,f=1995.262315)

ZDTuF I AT, AFEEEEESTWET,
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ISURIRAT 4B DR
ERROHLEEEI TR D SR SAT AV E ORHETIR D LS5 TOET,

. =321
f;-n z'\u'{fl'fz :%Irz f] zﬁLl.l—
. V2
2=12599. §2=11225)
N KRR B= — =0.23
f[ fm _.f:_' -~ *E‘ (fl fl) fm
11-2 13 AL289—J) 0 FCSITahiLEERSE. FTERRR S/ FE
Z DR TOWEIT
-10 T T T T T 171
0 — FRiE [
\ —
10 ! L
o \
it i \
30 :
. X
(dB) i
60 i
70 ] : RN
0.1 0.2 0.5 1 2 5 10

RELCREE [

15 13 ADE-T) RD1 LS U521 DEEEEORFME
LI TUWVET,

ABMETCOBERTOZ T 7%, RO BHDTT,

[ZRAE Pk

=
—

+10

ZHE T
TR /,/ %‘ﬂ:
/]
/
/T
16 315 63 125 250 500 1000 2k 4k 8k 16k

M [Hz]

2 BEEHEELfFITEE AC/Z
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TG ORISR 5705, FAOIL, AARREAR T EaHR 0w
I

Aae—JriFd: B (H)
53 125 | 250 | 500 1k 2k 4k
D =0 708 690 687 658] 638] 592 533
Z| Ao EHAH -262| -161| -88] -3z 0.0 1.2 1.0
30 AN AFTRIDHE) 445| 529 e01| s268] 638l e04] 543
LI TFREE) 68.3
[4B]

Ly = 10log,g (10446:/10 4 10tsss/10 4 qolazse/10 4 1Qlason/I0 4 1 Qlate/10 4 1pLaza/10 4 1 Lase/10)
o7, L BELAdB), Lan—lag : 63 Hz~—4 EHz #i80 A B0 E M rHE 0 FE L~2-dB)

FOFEBIE, A RHETOERERL ST DI T7 %I ThHDHE,

ARl TIE

1kHz CTOIE KBRS OBIOfEIT 63.8(dB) , A FFEEALFTIX 0.0 72> TWET, ARETOERASITOIT7128
WT, A Btz R4 i 1kHz DFTTL AR A (dB) ODRERRE 58 > TWVAZ BTG L £,

63Hz TOERKER T OBIDEIZLp =70.8(dB) . A FrMEEZAHTIL -26.2 L7 > TWET, A R COEALDIT DS
TN, A Fitha 23 i) 63Hz OFFCL AR A (dB)-26.2 DAERE S IH > TNDZ LTI L E T,

#E-7C, 63Hz DFIL, FOHEEOFMEL TiXLp =70.8(dB) THHIZHEIHH T, Ly =44.6(dB) DIEOHLDELTH

PNAZLEERLET,
ERI KIS LTS EATHD A FETEANILIEEE Py DEREL L Ly (A RS EL~UL) (dB) &
Kd>AHRITRD IR0 ET,
L _20logZA
Dy Py

CHEEN-EAREEESAMFEO (BF) FREOFEDE
RS EEOEDME (20 Pa) (Paid AN Evy 9 EFEAD

Lp = 10*10g10(P /Po)z
T, P,=2x10", Lp=70.8, Ly =44.6
L,6=70.8=10x l0g10(P70.8/Po)?

£V, 63Hz T70.8 (dB) OFEDHEMEIL, 10 (70.8/20)=3467. 37=P; 4/ Py
Pyos = 3467.37 % (2 * 1075)=0. 06935

Ly =44.6 = 10 * log19(Pas6/Po)?
£V, 63Hz T44.6 (dB) OFEDOHEHEIE, 10”7 (44. 6/20)=169. 8=P; 4/P,
Puse = 169.8 * (2 x 1075)=0. 003396

ZZ T,
—26.2 =10 * 10910(P44.6/P70.8)2
DRALT 5, Zaud, A RIS K AR T,
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Pass —10(207) —0.0489

70.8
LRDHOT, FIEZ0.0489 5T o7 b D & LTHbIVET,

ST, BEOEE L-YILOFE TN, IROEEZ RS L E T,

| [22] .13 AD9—TO5—H&D 1N ADI—TDF—HADZH

EEHID 13 A5 —TF—H0 dBELDHIET Z 11 A0F5—T)( FF—40 dB EAFET BICE. KDz 111 A0S —
) FICHEY 3 13 AT F—F9m B EDIESELET. fIREFE 11 AYF-TodlEiEE 1000 Hz D
I F—5EERDBEE. WLT D13 A25-T0) 2 F—FHRDED2BETHDLEE

800 Hz 13 4B
1000 Hz 17dB
1250 Hz 15 dB

; HDEEE 1000Hz D 11 A5 —T) (2 MEFIROISRDENFET,
(B oW B)
101ogy, | 1010 +1010 +1010 ]=30 (dB) = 117

J

ZOFETHEL AR O F O AL — ORI L TORE L EFHF L TOET

HEO2RNEORE (TRIILF ) ITHHITEIEND, COFETOIRILEF—DOKRESE P,)° &
FTHE IFRNF—DEEZDE( J= (p*p) / (0 c) 2HEZ, BUREREITTELD, )
(Pg00)? + (P1000) + (Pi250)* = P1/12
VN E AVAS RN
Lgoo =10 * logs10(Pgo0/Po)?
&Y Lgoo/10 =logyo(Pgoo/Po)*. &£ =T, (PBOO/PO)Z =10%800/10

L7220,
Ly =10 * loglO(Pl/l/PO)z
=10 * 10g10(((Pgo0)? + (P1000)* + (P1250)%)/Po?)
=10 + logyo(104800/10 4 1(L1000/10 4 1011250/10)
LR ET,

(TERR L 7B, A @i oxt LT, Mg 2o T, T O ORMNICEL T, FE%x 2 3%
LTmb, fize->T, 2Oz, TLEBBOBEED 2L L TR THAELTHY £37,)

- T, .-
L, = 10log, (105483129 4 1QEais/10 4 J(Ease 10 4 LeS00/30 3 QR4 1a/20 4 1 DRAZR/ED 4 (Eada/19)
-7 LW et dB), Lape—Tag 0 63 He~—4 EHz #ift0 A B0 BT EOFE L-~LA-(dB)

3 ARFETEADT 2 L7e R OKEEEH TORRE L-UL 2l > TRIRDEF L~V EFHR LT
2LV ET, HDOWVIE, TRAF—DMEBL TOOEE L~V EZFHA LTV ELERE
T
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BfEix,
10 * log10(10L63/10 + 10L125/10 4 1L250/10 4 1(L500/10 4 1(L1000/10 4 1(L2000/10 4 10L4000/10)

10 * log10(104-4.6/10 + 1052.9/10 + 1060.1/10 + 1062.5 + 1063.5/10 + 1060.4—/10 + 1054.3/10)
=68. 34502291

L0 THDEEGI DR L L 68.3 T,

FORREBNGEZ T TIA,

1. R T LS E (S AV EAT) 3,

2. FEYEFELLRL T, ZDEEEHT COEEL~IL (dB BfL) Z3ked D,

3. JEREECHANT LI A FECOEAHTET D,

4. BERHTUTAEERIEIZ, 2ROV —LHEL T, 2REL TOFEL UL (dB BAL) &3R5,
EIRDFEF N,

UA 0D NL-62 D~==T L2,

1

N 2
R (i)) /P,

i=1

=2 -

LAeq = 2010g10 (

EEIRANENTHYET,
T, WERZRRIEEC G R AT IL CPy () (=1, N)DMEONDZ LA ERL CVET,
ISO7196 DFEIR N7 : G REtEl, 7 PR T SR A B2 Al HEHE I > T BRI R 5 2 848
TED, - T, HHEICEHAGRIZ L0 A FHESFEL -~V ERD | ZOFEREH > TERIED A FEEEL L%
FORTRDTNBZLIZARDET,

VA AR LT &2 A, o TV T RN 48kHz DH5E 1L, Py (D) OFEAS, 1 FP[EIZ 48000 1G5 HEDHETL
723, EDIANZL T, Py() EBREL TOBINNTABIL TN EDHETLZ,

~=a T ADBHERIT A8, 0.25 BPRICEHAIS A ST — 40, L RN EHIIES 5 T — 2 & B EZL T, Py(i)
ZERRLTWAEEDbIET, o7V 7 E S 48kHz DAL, 0.25 FPRIDH-E T, 12000 [HDT — 2535
FTHDOTHRARD JE WL 4Hz L7201 BRI DBA 1 48000 DT —Z s bat 420 TRAREI EIE 1Hz L7320 %
R

ABEOFRTIE, 1Hz LU ETYH, ZRA R0 ET 08, BIRE I S 280 G Bt ClZREd,

BAEDORAYRF) DA DR % O AR #K0E, 0.5Hz 2>5 0.8Hz FEE T,

1SO7196 Tl HLMEH L 0.25Hz 75 315Hz FTO HHLEE B ESILTWET, 0.25Hz DIRFOHHuE )
0.0575Hz 72D T/ 7 b 20 DT — 2%~ TRt R4 oL ERHET,

FHEELIZ DL, AT —EZLENED T, BEDOF ORHEE T ~HI2I1E, PC Zffi~> T, FHRHE (Z F7i%) Thosk
LTeT — 2 & T T D ERHYET, ZOFHERE CRldSn B ET — 2 & HICH R TR, MEORERIC NS5
JAREART LSS ET,

U A RO B ERS B NL-62 12, IR 10 7T L NX-42WR 21845 &, 1 6 By MO
Bz fili o TGRS NI WAV 7 7 A LB ENE T,

UL ERIF OO JE A B A DI Z Fte CEHARE) L L, o7 U 7 b— bt 4 8 kHz, w#ifd DU
BRI & L C 1 RRE e T, 0.01667Hz 75, 24kHz £ CTEHAITX £,

U F At OG0 7T I NK-42WR Tld, 7 7 A VSESRT 5 & E12 1 >OBEEIC R LTl 5 6

v MRITIE, 248y NOGEAESE 16 By OB 2 BN AIHE T,
ZZTIE, 16 By FOBEERET,
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F9. FEOBEHIZONTIE, RO X S effzind v 77,
PF AT OB TR TE D
AOHIZ 2 OB EMF D L&, 8By FOFSATE DI TIE —128 ~ 127 OFPHOMEMERA T 5,
FIRRIZ, 16 By bOBF A& OFEETIE — 205 ~ 2715 -1 OFEPHDOEDS, 32 B b OF & OB TlE
2731 ~ 2731 -1 OFFHOEIMERATX 5,
WIS ADEDEEN 1 %L 725,
EC, P SNTEOEENC X D HRBLTTA,
16y NOBAETEXD L,
FHIMEDS, —282.51 OGGE, BHIE {—2/(15) THRET DL
+282.51 ZRBITHIIE BEEME (2715 ARELeD £9,
TH, EOBEOKKET {(12715)—1} 2D T, T EHA,
FZ T,
FHAME, +282.51 & —28251 (XL CI
BHAE (201511 & {2715+ ZRISSHED,

BEE R CRHIICE 2 FEOHMIC OV T, FERESRE (RERGEHEKREN) NL-62 HudlmiH IR T

148dB 72 LRt Sh T\ D,
For Aoz r—n omElC, HHEED T VA —)L T, RETE 5% 70dB~130dB £ TT. 10dB

BT LEPNTND,

ZZC, 130dB AL L FiX, WAV 77 AV OA R

NL_001_ 20220503 111400 130dB_0008_0000_ST0001

L0 . ARIOFRER S, HOBEDO T VA —1L % 130dBICHE L2 N0 £37,

wav 77 A NSERT AT —ZIE, b IOV LRERFEICHRISTE D L9 >TWT, R 7 VR
—/UED+13 dB2S WAVE 7 7 A /LD 7 )V A —)UAHIZ 72 0 57,

ZTZ T RRETI30dB & L72E LTH, WAVE 7 7 A L TOHEEED 7 )V A —)UfE 1 143 [dB] TH V. 2,
2x10°(-5)x107(143/20) = 282.51 [PaliZFH4 T %,

P
28 (BRKE) - BEBKEDKSSORLA

BEULANIVIEBERESD> cpuipzmo
L 0 =10- |Ogm(p2/pzo) ZR(ZHHATS
BELA)JL(dB) dB{E (&%) 0.002Pa=40dB,
: %E%i‘)ﬂl’ﬁ(Pa) 0.00002(2 X 10~%) Pa=0dB

Py EHEEE 2Xx105(Pa) (=20uPa)
* OABELARI (dB), 1/3F98—T/IAUFEFEEL AL (dB)

SN Lp :10*|0910(p2/pg):20*|Oglo(p/po)
THY,
143 = 20*log,,(p/(2*107°))
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p/(2%10°) =107 (143/20)

p=(2*10"°)* 10" (143/20) =10"(143/20) =282.5Pa  (52%hft)
LR BMH T,

FIME T 282.5Pa (143dB) & 725 ME%. wav 7 7 A W2 EOREREIE & U CREHETT 2 0020V TIE,
Ty AL o TR D,
16 £ hOLATE, BEE (2715 —1} XS SE5, W T,
16 £ NOLATE, FEEE 113 282.5Pa (143dB) / {(+2°(15)—1} OFE (GhiE) Z#EWT 5,
( 2825Pa / {+2M(15)—1} ) =8.621479*10°(-3)
L72HDT, BEMEk X
k* (282.5Pa (143dB) / {+27(15)—1})
=k *8.621479*10°(-3) Pa (ZZ&hfi)
EEWT S

U AnY T NT—5 T 7 A0, NL 001 20100101 000146_090dB_0001_0000 SLO00I T&H Y,

16 'y NEFBMIESOT —4% T, TRt 7 VA — U, 90dB %38 A CTRHAIL TS Z &N £9, £
7oy wav 7 7 A NNiEk T T — 2 IE, b IO LRERFEICLXIETE S L2112, oTWVT,

(FRH ST VA —)UAED+13 dB)S WAVE 7 7 A VDT )V A —ABIZ 2 0 £4,)
ZZ T, WAVE 7 7 A VDT VA —)UH : 103 [dB] &72 0 ZHLD/SATUEIE,  2x107(-5)x107(103/20) =2.825
[Pa] L7275,

( 2.825Pa / {+(2*(15)—1} ) =8.621479*107(-5)
ERBDT, BEAE Kk X, k*8.621479%107-5) Pa (M) A EMT 5
ZOHE, 8.621479%10°(-5) X, FFEMEHEOE Y NIRRT 7 VA — UEORREIL L > TR E S,

IR EERG AT, AS-70 GRAIRUIIERICY,) IC7 —# Z@iMA 8T, ROBIEZFTHIT IV,

Fr — TyAME#R L LT, ValeBit OfE (8.621445E-5) ZAlAIT LV,
W =709 DN AS
JPME)  AF/BER) ERD) RSE BEP) ALTH)
W [ oriLiE®-Gopht- ”
Grapl 77{ll& [NL_O01_20100101_000146_090dB_0001_0000_ 5LO001we| Feorlds ] E
el
5.—_,",,:_),:1,\? (EEd |O:¥Users¥y—uya¥Desktop¥NL—-iQ_sampIe_data!éNL—-lE_sampIe_data¥NL—-12¥Huto_ElDEl1¥SOUND | m
e B N
il
% R | M- 4 2WR | fEEtEsR [ | -_
wips WTIES | I | Valus/Bit | | F
IR S ST [ [ | valefvalt [ 1.000000E+0 |
A EEROURRF | 1 | Offest Value [ 0.000000E+0 | m
BLEH  Fobi (bit) [ 16 | demEE [ 2.000000E-5 | |
AR (Ha) | 45000 | ANEAT | A |
BLEs LY | 20000 | Ay | 30dB |
et | 24 | #-AEE | 0 | E
hezdsley [ 200101 0R014E | A=si-n-p | 7l S -
TSRS | 00d 08:00:08 | e OREE | 1l |




FFREET, 22 TO Value/Bit DIEZHE > TEHSIUT S Z IVIE (EE) L7825,
BB, AL VOHEAN0IB Lo TND I EEMEER L TRFE,

—

Wa: (ws-mean(ws))*8.621445E-5

Wavelet OFEZT A bHSHDOT, W2 T, THEEENTBEE Lz, SR EICTHES
HI-HIT, *8.621445E-5 L LFE L7z, ZOfE (8.621445E-5) %, AS-70 Zfi> TR L £ L7~
FEAED B /S A T NABE~DEHNL T 7 A N4 %7 L BD 0 AS-T0 2 5 BN H D 7,
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EE:

TR TN A=V E, 110dB Z3BATZSE . FoR 7 VA —/VIEO+13 dBAY WAVE 7 7 A LD 7 )L A
= EIZR D £,

ZZ T, WAVE 7 7 A VDT )VAr— U - 123 [dB] £720 . ZHD/SAANMEIE,  2x107(-5)x107(123/20) =
2825[Pa] L7225, ( 2825Pa / {+2M15)—1} ) =8.621479%10"(-4)

ZDLE, wav 77 A /L% DADISP THRRIE7Z5E. 16 By N CTOREENRD L 5 2pfl7Z L LT,

Di5SP 6. :HU

File Edit WView Analysis Drawing Tools Data Window Help
D@E|%E&I|i@%m;§a|ﬁ@@m@ Wt CRF
W1 ReadWAW(”"C¥Users¥Uyama¥ Documents¥ DADISPY¥Huusha¥ BEEBITET —5

W1: ReadWAV("C:¥Users¥Uyama¥Documents¥DADISP¥Huusha¥ESET—% 2014¥Auto_|

1 MLy01,0140729,65411,10dB,731,000:TO001.wav, CH1, PCM, Integer, 16 Bit
-1258.000000
-1270.000000
-1282.000000
-1301.000000
-1305.000000

I

Value/Bit OOfE  8.621445E-4 ZHNT S &,
WOBEIE LI ET,

W3: wl*8.621445E-4

1 ML01,0140729,65411,10dB,731,000:T0001.wav, CH1, PCH, Integer, 16 Bit
-1.084578
-1.094924
-1.105268
1121650
-1.125098

N e

ZOED, NATIE (GENE) LD ET

ZOHMEE, VALALD Y T N AST0 TO YT 7FRRTIE, EBONHET, VA ALITHER L= Z A,

AT WAVE 7 7 A VEMRELE LIZE ZA, —F LML SITEETIRILLOHE LS 220 |
Hf7IX Pa (E2hE) 12720 £7,

-1.084578

-1.094924

-1.105269

-1.12165

-1.125099

TR 1 TAS-70 TO/ A D ABRER] 12OV T,
AS-70 IZ T WAVE iKIEZ 7T 74k L C ZHERZTEWV TV A 0 & W E I3,
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AS-70 DY 7 b BT, WIEOYERFRIT L - T, RHEAO 730l G KME, e IMil) 23R L CRIS & 217> TRV,
JERRIZE > CTRIBIERNED D 72, (B OBE»—HEHCH L B 5 Z Ltk E A,

Ml E RSN T RWEIEE ZHERTEL BEIX, WAVE 7 7 A L& CSV & LT LT — 2 & ZHeTE hu &
BoET,

Lo TWEDT, MDOWESENTY 7 v DT T 7FREIT—FH L RWEE NS D,

LDOFETL,
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10. GHEMEFELAL

G EHEICEEL T RS ORIEF BT +TA~v=27/ ¥R 124 10 i BETASELROEENTIL.
1~20 Hz OfEfHZ, BEEESEEIC 5T 2 REREOEBERICE T T3,

10 -
: e o /] ’\

4 \

% 10 // \

£ 20 A \
N N
z \
R /

-50

1 2 4 8 16 31.5 63 125
113405 =) FROERE (Hz)

FH-1.1 {EERSOREEHEIERE
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1.1 EEERRL AR ARUTIEE
L2 (Hz
) L 2K v A (dB) | AFAGE(AB) | ML R v R(dB) | AFAE(dB)
I 0 £3 - 43 +3
1.25 0 +3 ~37.5 +3
1.6 0 +3 ~ 325 +3
2 0 +2 —28.3 +9
2.5 0 +2 — 24.1 +9
3.15 0 15 % s
: 0 *l - 16 +1
> 0 zl _ 1 T
6.3 0 +1 _ 8 )
y 0 =1 -4 +1
10 0 +1 _0 +1
12.5 0 +1 X
16 0 +1 7.7 +1
20 0 +1 9 +1
23 0 *1 3.7
31.5 0 +1 4 +1
40 0 +1 _ 12 +1
50 0 *1 —20 +1
63 0 +1 _ 98 +1
80 0 *1.5 — 36 +1.5
Lo TN,

HUL B, 1Hz 25 80Hz & 72> CTWVWET,

(BE% Weight1d3G(ww,h,w) & NoiseLevelld3G(ww,hw)i% Z D EFE)

ISO7196 : 1995 Tik., HULJEEE LT025 75 315Hz E TR EN TV ET,
(BE%% Weight1d3G7196(ww,w) <° NoiseLevel ld3G7196(ww,w) D X 912 7196 & 72> TWDHDiE, Z DO

T7,)

FEMIE, 1SO 7196:1995
Acoustics — Frequency-weighting characteristic for infrasound measurements

RS LT RSN,

(B GHEMEEL~IL
IS0 7196 i@ & &AL i iRttt G Btk clE AT s =St <, ST 2x10738

Pa, i}z dB,
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L. =10log,, £¢
Py
Lp: GRS L~ (dB)
pe - GRS o280 (Pa)
po - EHEST 21073 (Pa)
G HEVED R LA S I T BIL TH, /SR SR L 2

-10 T [ T T T 17T

. T
. \ ---- TR ||
B \
b . \
& 30 ;
E ]
E @ : \
(dB) :
] E
0 | ; \\'H
0.1 0.2 0.5 1 2 5 10

RECRER /i
15 13ADG=T) L FI1)LF D3R 1 OETEZE0RFE

Lo TVET,
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