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3BYK

OnpepgerneHue

Lllkana 3BYKOBbIX YacTOT
Buabl 3ByKOB

[lnanasoH 4YyacToT
MICTOYHMKN

[TpnemMHmnkm

CKOpOCTb 3BYyKa B pa3HbIX cpeaax

CpaBHeHMe 3BYKOBbIX WU 3NEKTPOMAarHUTHbLIX BOJTH
XapakTepucTuku 3Byka

CBoincTBa 3ByKa




3BYK - ATO BOCIIPUHHUMAEMbIC OpraHaMu
cIyXa KOJICOaHMS YaCTHL] CPEIbI.

m Konebnwouwasaca noBepxHOCTb MCTOYHUKA 3BYKA BbI3bIBAET
N3MeHeHNs gasneHusa (NNOTHOCTMN) OKPYXKaroLlero
BO3A4yXa, pacrnpoCTpaHsloLLMeCA BO BCe CTOPOHbI B BUAe
yepeayoLmxcs obnacrten NoBbILLEHHOIO U NOHUXEHHOIO
OaBreHus, Ha3blBaeMbIX 3BYKOBbLIMUW BOJTHAMMW.

m [locTurHyB yxa, 3ByKOBbIE BOSHbI Bbi3bIBAlOT
MexaHn4deckme konebaHmnsa bapabdbaHHOM NepenoHKMN,
KOTOpbIE 3aTeM NPeodbpasyloTCAa B ArIEeKTPUYECKNE CUTHAlbI
HEPBHOW CUCTEMbI U NEPEOAOTCS B FOFTIOBHOU MO3T,
NHTEPMNPETUPYIOLLINIA UX KaK 3BYKM.



J1J11 BOBHUKHOBEHUS 3BYKOBOI'O
OIYIICHUS HEOOXOIUMBI:

m /ICTOYHUK 3BYyKa
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3BYKOBas IIKaJjia

= VIHppa3BykK = 0,001 -20Tu

= 3BYK m 20—-20000Tu

= YnbTpassyk = 20 000-10°Ty

= [Vnep3ByK m 10°-10" Ty

|I4Hc¢)pa315y/'<| 3ByK | YnbTpasByk | 'mnep3Byk |
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BH 161 3ByKOBBIX BOJIH

n/lpoOornbHas eornHa ml lonepeyHasi 8oriHa

(8 meepobix, (MosibKo 8 MeepOokIX
XKUOKUX U cpeoax):
2a3006bpa3sHbix
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Buasl 3ByKOB

UncTein 3BYK, TOH (rapMoOHUYecKkoe KonebaHue ¢
O4HOWN 4YacCcTOTOW)

CnoXHbIN 3BYK, 3By4YaHue (konebaHue,
pasnaraemoe Ha OCHOBHOW TOH U 0DEPTOHLI)

Borowunn TOH — 3BYK, YacToTa KOTOpPOro
nepmognyeckn N3MeHAeTCa OKOMNo cpeaHero
3Ha4YeHus

LLlym (Habop 4acToT, HENPEPLIBHO 3aMONHAKLLNX
HEKOTOpPbLIN UHTepBarn )



I[I/IaHaBOH BOCIIPUHUMACMBbIX HdCTOT

(I'n)

Uenosek = 20 - 20000
[1Tnubl m 20 —-20000
Cobaka = 200 - 160000
KoLuka = 240 - 180000
JleTy4aqa mbllb = 2000 - 180000
babo4ka = 10000 - 180000
[enbduH = 60— 200000



I[I/IaHEIBOHBI qaCTOT CJIbIIIMMBIX 3BYKOB

IIJIS JIFOAEW pa3HOro Bo3pacra
—

Hern 20 Jget 35 ner 50 Jger

16 —22000 I'g | 16 —20000 I'y | 25 — 15000 I'w |30 — 12000 I'n




Hacrora, COOTBETCTBYIOIIAs Pa3HbIM HOTAM
IIEPBON OKTABBI

ToH OO | pe |Mn | pa (conb| Na | cu 0o

UacToTa, |264 |297 |330 |352 |396 |440 |495 |528
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M cTouHUKH 3BYyKa

MCTOYHUMKK 3BYKa — Tena nnu
CUCTEMbI TeN, ABUXKEHUA KOTOPbIX
OTHOCUTENBHO OKpYXXatoLLeu
cpeabl nepnoanyeckn unu
MMMYNbCUBHO (Pe3K0) HapyLlarT
ee paBHOBECHOE COCTOAHME.



Krnaccudpukanmum HCTOYHHUKOB
3ByKa

m [1o cnocoby Bo3byXaeHNA 3BYKOBOW BOSIHbI:
0 KonebarenbHble cuctemMbl ( CTPYHbI, M1ACTUHLI)

0 ABTokonebarenbHble CUCTEMBI (MY3blKarnbHbIE
MHCTPYMEHTbI, FONTOCOBOK annapaT 4YenoBeka,
3MNeKTPMUYECKNIN 3BOHOK, CUrHarnbl Ha TpaHcnopTe)

0 WCTOYHMKM 3BYKOBOroO BpalleHns (BUHTbI CaMOJSIeTa,
Kopabns, BepToneTa)

0 WCTOYHUKM BUXPEBOIO 3BYKa (CBUCT PaCTSIXKKM, 3BYK
nposoga, 06ayBaemMoro BETPOM, CBUCT XJIbICTa)

0 OneKTpoaKyCTUYECKUMN.



Krnaccudpukanmum HCTOYHHUKOB
3BYKA

m [10 NpoOnNCX0OXKOEHUIO ( ecTecTBeHHbIE U
NCKYCCTBEHHLIE)

m [10 3aKOHY KOnebaHUN (nepuoauyeckye,

NMMNYNbCUBHbIE, TAPMOHUYECKHE,
HerapMoHU4yeckue)




[ I[ppeMHUKHN 3BYKOBBIX BOJIH

AUckyccmeeHHble: EcmecmeeHHbIe:
MunkpodooH Yxo

ObnagaeT BbICOKOM
YYBCTBUTESTbHOCTbIO
(Ap=10° Na) un
n3dunpaTtenbHOCTbIO
(Hanpumep, gupmxep
yriaBnnMBaET 3BYKU
OTAENbHbIX
MHCTPYMEHTOB
opKecTpa).



CTpOEHHE YETOBEUECKOIO yXa

1.CnyxoBoun kaHAan
2.bapabaHHas
nepenoHka

3.MonorT 4.
HakoBanbH4 5.
CTpemeuko 6.
OBarnbHOE OKHC(
EBcTaxueBa Tp
8.Ynutka 9.
CnyxoBon HepE

1 2 3 4 5 8§ 7 8 '9



CKOpPOCTB 3BYKa B TBEPBIX TEIAX

BemecTBo v ll, m/c oL, m/c
AJIIOMUHHUH 6400 3130
Boabsdpam 5174 2842
KBapu 5980 3760
JlaTyHb 4280—4700 2020-2110
CepeOpo 3700 1694
CrekJ10 5260-6120 3050-3550
Craiapb 5740 3092




CKOpPOCTB 3BYKa B JKUIKOCTSIX

BemecTBO t, °C v, M/c

A30T —199,0 962

AueToH 25 1170
ben3ou 25 1295
Bona 25 1497
IuuepuH 26 1930
Kepocun 25 1315
PryTh 20 1451
CnupT 3TIII0BBIN 20 1177




CkopocTb 3ByKa B razax (mpu 0 C)

BemecTBoO v, M/c

A30T 333,64
AMMHAK 415.0
Boxopona 1286.,0
Bo3ayx 331,46
I'enu 970
Kucsopon 314,84
Metan 430

IHaps1 Boasbl (100 °C) 405
Yriekucabli ras 260,3




CpaBHEHUE

3BYKOBbBIX 151 IJICKTPOMAI'HUTHBIX
BOJIH —

= MexaHun4yeckune m JNEeKTPOMarHUTHbIE

= Ons = MoryT
pacnpocTpaHeHuUs PacnpoCTPaHATLCA U
HY>X[OarTcsa B cpeae B BaKyymMme

n U, osapxe = 340 Mic " U osopke S 3-108 m/c

= [lonepeyHble nnu = [lonepeyHble
npoAaonbHbIE = [Ona Bocnpuatus

= BocnpuHumalorcs Heobxoanmo
HenocpencTBEHHO npeobpas3oBaTb B

opraHom cnyxa 3BYK, TOK, LiBET 1 T.A.



DOusnyecKue XxapakTepUCTUKA

3By1<a

ObbekmuegHekle CybbeKTUBHbIE

= 3BYKOBOE€ gaBlieHne = [poOMKOCTb

= VIHTeHcMBHOCTb = BhbicoTa
(cvna 3syka) « Tem6p

= AmnnuTyaa = [nuTenbHOCTb

= YacrtoTa

= [lnnHa BOMHbI

= [lepuog

m CkopocTtb



3BYKOBOE JIaBJICHUE — ATO JABJIICHHUE, OKA3bIBAEMOC
3BYKOBOH BOJIHOM HA CTOSIIEE NEpe] HEN IIPEMSITCTBUE

- F [p]= 1Ml = 1—
S M

3BYKOBOE AaBfieHMe — 3TO U3bbITOYHOE OaBreHue,
CBA3aHHOE C BOSTHON, OHO HAMHOIo MeHbLue
cTaTUYeCcKoro gaBsneHunsa rasa.

B npoTnBHOM crydae BO3HUKAET Apyroe siBneHne —
yaapHas BOmMHa.

[




YesroBeueckoe yxo CmoCOOHO BOCIIPMHUMATH BOJIHBI,
B KOTOPbIX 3BYKOBOE J1aBJIeHHE U3MEHAETCHA B
HeCATh MUJIJIMOHOB pa3!

= [opor cnbIWMMOCTN COOTBETCTBYET 3HAYEHMIO P,
nopsiaka 107° p__, 1o ecTb 107 Ma. Mpu Takom
criabom 3ByKe MOMEKYsbl BO3ayxXa KoneobnoTcs B
3BYKOBOW BOrMHE C aMnnutyaon scero nuib 10~ cm!

s «Ecnu 66l nopor cnbitwmmocTn 6bin nopsaka 10° Ma,
Mbl Crblllanu Obl 6poyHOBCKOe aABwxXeHue. INpupoga
3almTmia Hac OT HENPEPbIBHLIX 3BYKOBbLIX
neperpy3oK, Bbl3bIBAEMbIX « TONIKOTHEW» MOMEKYI
BO3adyXa C NbifIMHKaMW. BOT Korga Obl Mbl BCEM
MUPOM DOOPOSNNCh 3a YNCTOTY BO3ayXay.

T.B. PomaHoBa

= BoneBon nopor cOOTBETCTBYET 3HAYEHMIO P,
nopsiaka 10~ p_ nnm 100 Ma.



[Topor crnbilunmMmocTn, 6011EBON NOPOT U
yacToTa 3BYKa

P, Ma N. nl; "
200 g 1
" Fon®e QU nopoe H\
3] ! l .\ J 120
- ') [ ‘&‘ 3
s, I
|
2+ - m—— +— 100
| ',LIL_.,M ] |“ 11 !
'.2’-“ H t BB~ 1 1 30
\ |”| T M””"““IH”' J
0.02 | pPevs ” i “l J &0
||
0.602 Hlﬁ'”“; = s ;'I 40
- L ELERAAN TR i
‘?cc_ ]
0.0002 N H 2q
c
0.00002 0

20 50 100 200 s 1040 2000 o0 10000 20000 F, Tu



MHTEHCUBHOCTH 3BYKA,
BOCIHPUHHUMAEMAsA YEIIOBEKOM

MuHnManeHas MakcnmanbHas
(Bbl3biBaET OoOsieBbIe
OLLYLLIEHNSA)
12 2
m 107'“ BT/m = ~100 BT/Mm?

OTtnnyne Ha 14 nopsagkos!



MNHTEHCMBHOCTb N YPOBEHb MHTEHCUBHOCTH
3BYyKa

dopmyna

/4 /

- k=lg—
S-1 T

/

Cwmbicn
ecrsiu UHmeHcusHocms |

Kakasi SHeprus, NepeHocnTes usMeHsiemcsi Ha rnops0ok (8 10 pas),
3BYKOBOW BOJHOM Hepes eAnHULLY mo ypo8eHb UHMeEHCU8HOCMU rpu
nrowaan NoBePXHOCTU 3a eanHNLY 3MOM U3MeHsiemcsi Ha eOUHUUY.
BpEMEHN

EanHnua I

r N3MepeHmnsd — 1o — _
Tk BT [k]=1g 7 10en
I]=1—=1— ;
M -C M =1b

eciit [ =101
Ha npaktnke HeyoobHO nonb3oBaTbCs, Tak
kak 6onbLuon pa3bpoc 3HayeHun (10'1) Ha npakTuke ygobHoO, Tak Kak
LLIKaria 3Ha4YeHnN cyxaeTcs



CpaBHEHME LUKar

MuHumansHoe 10710 0° 10712
(nopor
CNbILLMMOCTH)

MakcumanbHoe 1073 100 10?2 14 140
(6oneBon

nopor Ans

yactoTtbl 1000

M)

Pas6bpoc 107 107 1014 14 140



YPOBHU MHTEHCUBHOCTH 3BYKa

= 10 gb wenecTt nucTBbl Ha aepeBe;
m 20 gb wopox nagatoLlen nNACTBLI;

30 ob npenenbHO ONYCTUMBLIN YPOBEHL LLyMa B
KBapTUPE HOYbIO ( XONOAUSTbHUK );

50 b Herpomkun pasroBsop;

/0 gb nuwyuwas mallmnHKka Ha pacCTosHUN 1M;

80 ob wym paboratowiero gsurartens;

90 ob TsaKenbIN rpy30BUK HA PACCTOAHUN SM;

100 oBb oTOOVHBLIM MOMOTOK;

110 ob [awuckoteka;

120 nb paboTtatoLwmnn TpakTop Ha paccTossHUM 1 m
140 nb 6o0rneBow nopor.



YHacrora 3ByKa

m YactoTta — 310 s YacToTa
donsmnyeckad NOKa3bIBAET CKOJSIbKO
BENIMYNHA YNCIIEHHO KonebaHuin
paBHas OTHOLLUEHWUIO coBepluaeTcs 3a
ymcna nosnHbIX eguHNLYy BpeMeHM

kKonebaHum ko
BpeMeHH, 3a =
KOTOpOe 3TK r=1

KofiebaHmnsa Obinu

N
COBEpLLEHbI V=

A
[v]=1L =1repu = 1T1



[Iepnoj 3ByKOBBIX KOJICOaHUU

[lepuog konebaHnmm — 3aTo pumanyeckas
BENIMYMHA YNCIIEHHO paBHAA OTHOLLEHUIO
BPEMEHM MOSIHbIX KONebaHum K nx 4ucny.

r=L @
N N =1

[lepuon nokasbIiBaeT 3a KaKoe BPeEMS
coBepLlaeTcd ogHo KoriebaHue.

[T]zlc



CKOpPOCTB 3ByKa — CKOPOCTbH
pPaAcOpPOCTPAHECHUS 3BYKOBBIX BOJIH B CPEIIC.

D — }\‘v D — cxopocTth 3ByKa

}\-« — JJIMHA BOJIHBI

D }\" V —yacToTa 3ByKa
T T — nepuon 3BykoBBIX
KOJI€OaHU



JIAHA BOJIHBI — 3TO PACCTOAHME MEXK/IY TOUKAMH
OJIHBbI, KOJIEOJIIOIMMHUCS OJUHAKOBO

¢ pa3HoOCTHIO (ha3 B 27).
——

A — IJIMHA BOJIHBI [7»] = 1m

\VAV/\VAV ||nﬁmxnﬁ)

A




Jlnaras3oH JJIMH 3BYKOBBIX BOJIH B
PA3JIUYHBIX CpEaAX

Cpepa [1nvHa BOJ'IHI::I_
Bo3aagyx 17 m—=0,017 m

Boaa 5M—-0,0/5m

CTekno 215 M —-0,215 m
ANOMUHUN 320mM—-0,32 m




POMKOCTb — 3TO CYObEKTUBHOEC OLIYIIICHHUE CHUIIbI
BYKa, BO3HUKAIOIIECE Y CAYIIATENS MO BO3JIECUCTBUEM

BYKOBBIX KOJICOAHHH.
]

rpOMKOCTb B OCHOBHOM 3aBNCUT OT aMIJIUTydbl KonebatenbHbIX
ABWXEHUN UCTOYHUNKA 3BYKaA. YEM oonbLue aMiJinTyga, Tem rpoomye

3BYK, 1 HA0DOPOT.

Tuxun [pOMKUI
Manaa amnnuryna Bonbwan amnnuryaa



| pOoMKOCTB 3BYKa

O O O 3

[ POMKOCTb — 3TO MUMEHHO CYy
XapaKTepucTunka, Tak Kak oH
TOJIbKO OT 3BYKOBOIO AaBne
KornebaHun), HO n oT

4aCTOTHOro CoCcTaBa 3BYKa
bopMbI 3BYKOBbIX KONebaHu
YCINOBWI, B KOTOPbIX Haxon

BPEMEHWN, B TEYEHNE KOTOPC
3BYK.




| pOMKOCTB 3ByKa U YPOBEHb
I'POMKOCTH 3BYKa

I pOMKOCTbL YpoBeHb rPOMKOCTH

m AOconTHaga Benn4ynHa s OTHOCUTEenbHas BennynHa

= EgnHnua nsmepeHna —coH = EgmHuMua namepeHua — ooH

» 1 COH — 3TO rPOMKOCTb = 1 (POH YncrneHHo paBeH
HenpepbIBHOro YNCTOro YPOBHIO 3BYKOBOIO AaBneHus
CUHycouaanbHOro ToHa (B neumbenax — gb),
yactoton 1 Kl U, Cc03aBaeMOro YNCTbiM
co3gatroLuero 3BykoBoe (cMHycougarbHbIM) TOHOM
nasneHune 2 Mmlla. yacTtoton 1 Kl 4 Takoun xe

POMKOCTH, KaK U
N3mepsemMbin 3BYyK
(paBHOrPOMKMUM OaHHOMY

3BYKY)




BricoTa ToHA
T —

BbicoTa B OCHOBHOM 3aBUCUT OT 4YacCToOThbl
KonebaHun: 4yem DosblLue YacToTa, TeM BbilLe
3BYK.

Hunsknu Bblcoknii

\VAVAVAVARIIATIATII

Hu3ikan vacrora Buicokan vacrora



Bpicora 3ByKa

]

|
s BbicoTa 3Byka — 9TO MMEHHO CyObEKTUBHASA XapaKTepucTmka, Tak
Kak OHa 3aBUCUT He TONbKO OT YacTOTbl OCHOBHOIO TOHA, HO U OT

MHTEHCUBHOCTN 3BYKa
obuen dbopmbl 3BYKOBOW BOSTHbI
ee CIoXHocTun (dpopma nepunoaa)

BbicoTa 3Byka MOXeT onpenenatbCd CnyxoBon cCUCTeMOWU Oons
CNOXHbIX CUrHAN0OB, HO TOSMbKO B TOM Cllydae, eCnv OCHOBHOM TOH
CUrHana aBnsgeTcs nepuoouyeckum (B 3ByKe Xrnorika unm
BbICTPENa TOH He ABNAETCA NEPUOLNYECKUM, N CITyX He
cnocobeH OLEHUTb €ro BbICOTY)

BbicoTa 3BYKa N3aMepdeTCd B MeJlax.

0 OavH mMen paBeH owyuiaemon BblcoTe 3Byka Yactotom 1000 My
npu ypoBHe 40 ob (uMHorga Anst OUEeHKN BbICOTbl TOHA
ncnonb3yetcd apyras eguHuua, dbapk = 100 men).

[ [N [ [



TemOp

= [embp 3ByKa 3aBUCUT OT
HanNM4yns B HeM "4aCTUYHbIX"
TOHOB (0DOEPTOHOB,
rApMOHMK), a TakKe OT UX
COOTHOLLEHUSA NO MPOMKOCTU
N MPUCYTCTBUIO UNU
OTCYTCTBUIO B CMEKTPE
3By4aHNs1 OCHOBHOrO TOHA.
Camasi HMu3Ko4YacToTHas
CUHYycougarnbHas
COCTaBIALLAA CITOXHOIo
3BYyKa,(0bbl4HO Hanbonee
rPoOMKasi) HasbiBaeTcH
OCHOBHOW COCTaBMNAKLLEN
(OCHOBHbBIM TOHOM).

0BEPTOHDI
TANWANWANWA) -

V VUV UV VU

TANWANA
(VA VAV AV

JAANVAN
NV

N\
NS

OCHOBHOW TOH

N

dopma 3By4aHus

w



O1Ha M Ta ’Ke BbICOTAa, HO
pa3/inyHbIe TeMOPHI

72 72 ¥

054

“ln, ”

012345678910 # 012345678910 # 012345678910 *
(1 (@) €]

OTHOCUTErNbHbIE UHTEHCUBHOCTU FAPMOHMUK B CNEKTpe
3BYKOBbIX BOJIH, UCMTYCKaeMbIX KamMepToHOM (1), nuaHuHo (2)
N HU3KUM XXEHCKUM ronocom (anbT) (3), 3ByYalwMumm Ha HOTe

051 05

«nA» KOHTpoKTaBbl (V=220 Ny). Mo ocu opanHAT OTINOXEHbI
OTHOCUTESNIbHbIE UHTEHCUBHOCTM.



OaHa M Ta Ke BbICOTA, HO

pa3jinyHbIe TEMOPHI
]




Tona u 00epToHa

Gapa6aHbl

KOHTpa6ac

BUOMAOHYENb

posanb

CKpUnka

TpyGa

KnapHeT

¢pnenTa

6ac

6apuTOH

TeHop

anbT

conpaHo

50y 100Ny 500Ny 1kly 5klly 10klMy

I ocioBHbie TOHA Ee===1] o6eproHa



TemOp

B cambIx 06LMX YepTax U3BECTHO criegyloLiee:

a) 3BYK, JIMLULEHHbIX 00EPTOHOB, 3BY4YMT HEOKpPaLLUEHO,
rmyxo, NycTo; 3TO OCOOEHHO 3aMeTHO Yy 3BYKOB C
HeOGOoNbLWUMUN YaCTOTaAMM;

0) 3BYK, Y KOTOPOro CUsibHO BblpaXeHbl HECKOJIbKO
nepBbIX 00EePTOHOB, XapaKTepuU3yeTcs Kak COUYHbIW,
NOJHbIWU;

B) 3BYK, Y KOTOPOro CUSibHO BblpaXXeHbl BbICOKUEe
00epTOoHbLI, Nonagatowme B obnactb Yyactot 3000-6000
4, XapakTepun3yeTcs KaKk NPOH3UTESIbHbIN
MeTarnfin4eCKnuu, pe3knu, APpKUn; Npun HepgocTtaTke
3TUX COCTaBMAKLWMNX OH pacLeHUBaeTCH KaK TYCKIbIN.



CBOKMCTBaA 3ByKa

OTpaxeHune
[lpenomneHune
[lornoweHune
[ndppakums
NHTepdepeHuUnd




B3anmMoaencreue 3BYKOBOU BOJIHBI C
nperpaaou

OTpaxeHune

(pasmep nperpagbl

bornbLue AnuHbI nanarowan
BOIHbI)

Ornbanune

(AndppakLms)

(pasmep nperpagbl

CpaBHUM UK

MeHbLUe ANVHbI

BOJIHbI ) OTPa¥eHHanA

EBONHa
[MpenomneHue
[lornowieHne

norNoweHHaA
BONHa

npowequwan
BONHA




OmnbIT IO OTPAXKEHUIO 3BYKa

= 3BYK OTpaxaetcs oT nobon
NOBEPXHOCTH,

= BorHytaa nosepxHocCTb
cocpenoTaymBaEeT 3BYK.

m [loctaBbTe Ha cTon rny6okKyto
Taperky Ha OHO NonoXuTte
NCTOYHUK TUXOro 3BYKa
(TUKaroLLmMe Yacbl UnNu Tanmep)

= [pyryto Tapenky noepxure
OKOJ10 yXa TakK, Kak nokasaHo Ha
dooTorpadum.

= Ecnun nonoxeHue yacos, yxa u
Tapenok HangeHo BepHO, TO Bbl
yCIbllWNTE TUKaHbEe 4acoB.,
CNOBHO OHO UCXOOUT OT TOW
Tapenkn, KOTOPYIO Bbl AepXKUTE
OKOJ10 yXa.




OTpaxeHHe 3ByKa

m ECnn MecTHOCTb 8
b =22
MeXay NCTOYHUKOM ,;, oI
3ByKa M OTPaXamWnuM Sl "
npensaTcTBUEM UMEET i W 7 AN
! S Wi S 0 LA A
yrny6nexve, To 310 N
cnocobcTByeT

BO3HMKHOBEHWUIO 9Xa,
ecnu >xe Haobopor -
BbIMYKI10WN, TO 3Xa He
byner.




IIpumep oTpakeHUs 3BYKOBBIX BOJIH OT
TBEPJIBIX IIOBEPXHOCTEN - IXO.

s Hanbonee

OTYETNMBOE 3XO0
BO3HWUKAET OT PE3KOro
OTPbLIBUCTOrO 3BYKa,
4yenoBeYeCKUN roroc
MeHee NpurogeH ans
9TOro, 0OCOBEHHO
MY>KCKOW, BbICOKNE
YXEHCKMe n geTckue
rorioca gatot bonee
OTYETNMBOE 3XO.

MN3BecTHBIE DXO:

B 3aMKe BynicTok B AHMIMu 3X0
OTYETIIUBO MOBTOPSET 17
CJIOTOB,

pa3BaJIMHEI 3aMKa JlepeHOypr
Bo3Je ['anpOepiTaara JaBaau
2'7-CIOXHOE 3X0, 10 TEX TIOP,
MIOKa OJTHAa U3 CTEH HE ObLIa
B30pBaHa.

CxaJibl, pACKHHYTBIE KPYTOM
BO3jIe AjepcOaxa B
YexocnoBakuu, MOBTOPSIOT B
OIIPEAECIIEHHOM MECTE
TPOEKPATHO 7 CIOrOB, HO B
HECKOJIBKMX IIarax OT 3TOM
TOYKHU AK€ BBICTPEI HE
IIPOU3BOJIUT HAUKAKOIO 3Xa.



PeBepOepaiiys — (OT JaTUHCKOIO reverberatus, «MOBTOPHBIA yaap») — 3TO
POLECC MPOAOJKEHUS 3BYYaHHUS MTOCJIE OKOHYAHHS 3ByKOBOTO UMITYJIbCA
WM KoJieOaHus Oiaroapsi MHOTOKPATHBIM OTPaKEHUSIM 3BYKOBBIX BOJIH

OT Pa3HbIX IOBEPXHOCTEMN

o

> o~ Na
S L S

Bpems pebepdepauuu, ¢

>

L1l } I

20

5000 10000 20600
0dvemM nomeweHusi, M

! m

|
Habnogaetcs B 3aKpbITbIX
NOMELLEHMSX, NeLlepax, yY3Knx
yLenbsaxX, UHoraa Ha cTaguoHax,
ropoacKux nroLlaasax

BocnpuHumaeTtca cnntHo, ecnu
NPOMEXYTKN MexXay
OTPaKEHHbIMW CUrHaNamMmm MeHee
100 mc.

[Mpun yBENMYEeHN MHTEpBana
MexXay npmMxoasmnmMmn 3sykamm
cBbiwe 100 mc cybbekTMBHOE
BOCMpPUATUE YenoBeKka oTMeYaeT
y>Xe pasfernbHoe 3XO.

[MposiBnsieTcs B 6oriee CO4HOM
rynkom o6beMHOM 3BYy4aHuN,
0Obl4YHO Boree NpUATHOM NS
BOCMPUATUS, YEM UCXOOHbLIN
«CYXOW» 3BYK.



JIndpakuus 3ByKa

= OOGpasoBaHue TeHU B criyvae
CBETOBbIX BOMTH — 4acTo
Habnogaemoe 1 NpuBbIYHOE
aBneHue. MHaye obcToNT OENO CO
3BYKOBbIMM BOMHaMu. OT HUX OYeHb 1)

TPYAHO 3acNoHUTbCA. Mbl CrbILWMM
3BYK M3-3a yrna goma unm ctos 3a
3abopowm, 3a gepeBom u T. n. [Noyemy
9TU NPeNnATCTBUS He OTOpachiBalOT
«3BYKOBOW TEHU»?

SAA VLY YW T IRTRRRERRRERR
[nunHa 3B8yKOBOW BOSMHbI B BO3AyXe e H‘mm ] F\j\ N m; ",x\\H 1
npu Yactote 1000 'y paBHa 33,7 cwMm, W) CTeidiids ' ] I 15,--;{{ ‘
a npu yactote 100 'y oHa i ' L /|
cocTtasnseT yxe 3,37 M. Taknum A n ‘, I *[
obpasom, paamepbl 06bIYHO 1| H._.,'.,x,'-;-f:'-:"-., l ) | l J ," ‘J |
okpyxatouux vae noeauetos a (O DI I
OTHIOAb HE BESNNUKM MO CPaBHEHUIO C %) o

OJIMHOW 3BYKOBOW BOJSTHbI.

NMo3aaun manoro npenaTcTBuUA TeHU HeT



NHuTepdepeHns rapMOHUYECKUX BOJIH

Pa3HbIX YACTOT — OUEHUSA
-[laxke ecnn yacTtota OVienNit oderl

Mana, YernoBe4Yeckoe yxo CrocobHo
YNOBUTb NEpnognyeckoe
HapacTaHue n ybbiBaHNe rPOMKOCTM
3ByKa. [loaTomy GMeHns aBnaTCS
BECbMa YyBCTBUTENbHbLIM METOAOM
HaCTPOWKM B 3BYKOBOM [Mana3oHe.

-Ecnn HacTponka He To4YHa, To

. Korﬂa ABe 4YacToTbl Masno Pa3HOCTb YaCTOT MOXHO
pa3nuyaloTcs, Bo3HuKatoT Tak  ONPEAENUTDL Ha ClyX, NoAcHnTas
Ha3blBaeMble OueHus. 4Mcno GreHn 3a oaHy CekyHay.

* bBUEHNA — 3TO N3MEHEHUS =B My3bike Ha crnyx BOCMPUHUMAIOTCS
aMnnNUTyabl 3BYKa, N OMEHUS BbICLLUMX rapMOHNYECKNX
npoucxogsLine ¢ 4YacToToMN, COCTaBNSALLNX, YTO NPUMEHSIETCS

PaBHOW pPa3HOCTMN UCXOOHbIX Npwn HacTponke popTennaHo.
4YacToT.



[1aTepdepeHIys 3ByKOBBIX BOJIH — HAJIOXKEHUE ABYX
MM OOJIBIIETO YHCJIa BOJIH

m CTOs14Me BOSHbI — pe3yJibTaT HalloXXeHNA ABYX BOJIH
OoaANHAKOBOU aMINJINTYAbl, (pa3bl N 4aCTOThl,
PaCnpoCTpPaHARLWNXCA B NMPOTUBOIMNOJIIOXKHbIX HanpaBJi€eHUAX.

= AMnnuTyaa B NyYHOCTSAX CTOAYEN BOJSIHbI paBHa yOBOEHHOW
aMnnnTyge Kaxxaon n3 BOJH.

m [1OoCKONbKY MHTEHCMBHOCTL BOJSIHbLI NPONOpLMOHarnbHa
KBagpary ee aMmnnutyabl, 3TO 03Ha4yaeT, YTO UHTEHCUBHOCTL B
Ny4yHOCTSX B 4 pasa 0orblue NHTEHCMBHOCTU KaXdou 13 BOSTH
nnn xe B 2 pasa dornblle CyMMapHOWU MHTEHCUBHOCTU OBYX
BOJTH.

m 30€eCb HET HapPYLLEHUS1 3aKOHA COXPaHEHUS1 SHepPruu,
MOCKOJbKY B y3rnaX MHTEHCUBHOCTb paBHa HYMIO.



I IponcxoxaeHue cioB
YneTpasBykK ( OT nart. ynesrpa — cBepx )
MHppas3Byk ( OT nart. Hppa — noa )
[Mnep3ByK ( OT rpey. runep — Hapg )

AKycTuka (oT rpeyveckoro akustikos —
CITyXOBOW, CIbILLUNMbIN)



U cTOYHMKH HH(pPA3BYKA

—
EcTecTBeHHbIE TeXHOoreHHble
MCTOYHUKMN: MCTOYHUKMN:
m 3EMIIETPSACEHUSA m CTaHKu
= bypu = BeHTnnaTopesl
= YparaHbl m KoTenbHble
= LlyHamu m [paHcnopT
= [logoBoaHble U

Nnoa3eMHblIE B3PbIBbI

= BeTpgaHble
aneKTpocTaHuum



HacToTsl KOJ1€0aHN, OIacHBIE IJIA
KUBBLIX OpPTaHU3MOB

YacToTa, 'y OTpuuaTtenbHbIn 3achdekT
s 002 = YBenMyeHne BpeEMEHM
’ OTBETHOWN peakuuu
= 0,6 s CrToikoe ncmxuyeckoe

= 1-3 (aensra-putM Mosra) TOPMOXeHne
m Crpecc
m 5-7 (TeTa -puT™M MO3ra)
m CTpecc, ymCcTBEHHOE
= 8-12 (anbda-pntm Mo3ra) yTOMIeHune
» 5-17 (6eta-putm moasra) = IMouuoHabHOe
BO30YyXAeHue
= 40-70 = YXyOweHue npoueccos
= 1000-12000 obmeHa, becnokomncTBo

= CHumxeHue cnyxa



Nudpa3Byk

HNencTtBna nHdgppasBykKa

m [onoBHbIe Donu

m Ocda3aemoe gmxeHune
bapabaHHbIX NepenoHoK

= Bunbpaumn BHYTpPEHHMX
OpraHoB

= [losBneHne 4yBcTBa
cTpaxa

= HapyweHne qyHKUUK
BECTUOYNAPHOro
annaparta

bopbba ¢ nHpa3BYyKOM:

[ToBbILLEHNE
ObICTPOXOAHOCTU MALLUVWH

[ToBbILLEHNE XEeCTKOCTU
KOHCTPYKLUMA

YcTpaHeHue
HM3KOYaCTOTHbIX BMOpaLum

YcTaHOBKa rnywimnTeneu



Hneppaszeyk (ot nat. infra — HUXe, 10J1) — yOpPyTHUe

BOJIHBI, aHAJIOTMYHbBIC 3BYKOBBIM, HO C YaCTOTAMU HUIKE
00JIACTH CIBINIUMBIX YEJIOBEKOM YaCTOT.

= 3a BEPXHIO rpaHnLy nHdpasBykoBon obnactu
NPUHUMAIOT MUHMMANbHO BOCNPUHUMAEMYIO
4yeroBevyecKknmM yxom 4acTtoty ,16 ['u.

= HwxXHAsa rpaHmua MHpa3ByKOBOro AnanasoHa
ycrnoBHO onpegeneHa B 0.001 Iy,



YIIbTpa3ByK

= YnbTpa3ByK — 3BYKOBblE KOfiebaHmsa ¢ YyactoTamu
oT 20 kl'y oo 1 I'Tu, obnapawme 3HAYNUTENBHO
boriee KOPOTKMMU ONMHaMU BOSH, KOTOPbIE nervye
dokycmnpoBaTtb U, COOTBETCTBEHHO, NoOny4vaTb
bonee y3koe HarpaBrneHne N3y4YeHus, T. €.
cocpefoTaymBaTb BCIHO 3HEPTUIO B HYXKHOM
HanpaBfeHUN U KOHLEHTPUPOBATbLCS B
HebonbLLOM OObeMeE.

m YNbTpa3ByK pacnpoCTpPaHAETCS Ha 3HAaYUTENbHbIE
PACCTOSAHUSA B TBEPAbIX Tenax u XXNOKOCTSX.

s [lepeHocuT aHeprmo 3Ha4YnTENBbLHO BOMNbLLIYIO, YEM
3BYyKOBAas BOIMHaA.



O0J1aCTh YIBTPA3BYKOBBIX YaCTOT

s Huskue (1,510 =10°Ty ) ;
s CpegHue (10°-10"Ty );
m Bbicokne (107 —10° I'y).

| Hu3kne | CpeagHune | Bbicokue |
| | | |
.104 5 7 9
1,5-10 10 10 10 v, 1




3alumra OT yJIbTPa3ByKa

m M3rotoBneHne ob6opyaoBaHnNs, U3ny4atoLero
yNbTPa3ByK, B 3BYKOM3O0MNMUPYHOLLIEEM NUCMONMHEHNN

= YCTPOWCTBO 3KPAHOB ( cTanb, AtopantoMUHNM,
OPrcTeKso)

= PasmelleHne ynbTpas3ByKOBbIX YCTAHOBOK B
cneumarnbHbIX MOMeLLEHNAX

n [TpnmMmeHeHne nuamBnayanbHbIX 3alLUTHbIX
CpeacTB.



| umep3ByK

|
[Mnep3Byk — ynpyrue BonHbl ¢ yactotamm 10° — 10™ Iy, Mo

dmsnyeckon npmpoae rmnep3Byk He OTNIMYaeTCH OT yIibTpa3Byka

(yactoTa >> 2-10* — 10° I'w).

[Mnep3ByK xapakTepusyeTcd YacToTamMmu, COOTBETCTBYIOLLMMU
YacToTaM 3IEKTPOMAarHMUTHbIX KonebaHum eumMMeTpPoBOro,
CaHTMMETPOBOIro U MUNIIMMETPOBOIO ANana3oHoB ( 3TO
cBepXxBbICOKMe 4YacTtoTel CBY ) .

YacTtoTa runepasykoBoi BonHbl : 10° — 103 L.

TennoBble KonedaHns aToMOB BeLLeCTBa — €CTECTBEHHbIN
rmnep3ByK, NCKYCCTBEHHO rMNep3BYyK reHepnpyT C NOMOLLLIO
cneumanbHbIX n3nyyarenemn.

B KpucTannax runepssyk pacrnpocTtpaHsercs go vacrtor 1012 —
10" 'u. B Bo3gyxe npy HOpMarbHbIX YCIOBUSIX TMMEP3BYK HE
pPacrnpocTpaHAeTCA BCe4CTBMUE CUMNbHOIO NOrMOLWEHNS.



JleTyuyas MBbIlIb

(MaTepual B3sT ¢ caitta http://ru.wikipedia.org/wiki/YineTpas3ByK )

INNeTy4yne mbiwin, ncnonbayrowmne npu HOYHOM OPUEHTUPOBAHUN
9X0s10KaLuio, UCNyCKatkoT NpY 3TOM PTOM UNU UMeLWNM popmy
napabonmnyeckoro 3epkana HoOCOBbIM OTBEPCTUEM CUrHAIbI
4ype3BblYaHO BbICOKOW MHTEHCUBHOCTM.

Ha pacctositHun 1 — 5 cM OT rosfioBbl XXKMBOTHOIO AaBrieHne
yneTpassyka gocturaet 60 mbap, To eCTb COOTBETCTBYET B ClbILLNMOM
HaMn YacTOTHOW 0bnacTu gaBfieHUIO 3BYyKa, CO34aBaeMoro oT6omHbIM
MOJIOTKOM.

OX0 CBOMX CUrHAIOB NeTy4Yme MbiM CNOCOBHbI BOCMPUHUMATL Npu
nasneHunun scero 0,001 mbap, 1o ectb B 10000 pa3 MeHbLUE, YEM Y
NCnycKaeMbIX CUrHamnos.

[Tpy 9TOM NEeTy4ne Mol MOryT 06XoanTb NpU rnosieTe NPenATCTBUS
Oa)ke B TOM criyvae, Korga Ha 9X0JioKauWOHHbIe cuUrHarsbl
HaKnagblBaloTCS yrbTpa3ByKOBLIE MOMEXU ¢ aasrieHnem 20 mbap.
MexaHn3m 3ToM BbICOKOM MOMEXOYCTONYNBOCTU eLlle HEU3BECTEH



Jlery4as MbIIIb

s [lpy nokauuu neTy4ymMmm Mblllamn NpeameToB, PeLLatoLLyo porb
UrpatoT COBUI BO BPEMEHW U pa3HULLA B UHTEHCUBHOCTU MEXAY
NCMYyCKaeMbIM U OTPaKeHHbIM CUrHanamw.

= Mbiwn moryT opneHTMpoBaTbCA U C NOMOLLIbIO TOMbKO OHOro
yxa (MOHOypanbHO), YTO CYLLECTBEHHO ObrieryaeTcst KpynHbIMU
HenpepbIBHO OABWMXYLLMMUCS YLLHBIMW PaKOBUHAMM.

m  OHM cnocoBbHLI KOMNEHCUPOBATL AaXe YaCTOTHbLIN COBUI MEXAY
NCNyCKaeMbIMU N OTPAKEHHBIMW CUrHaNaMmu, o0ycrnoBneHHbIN
adopektom [lonnepa (npu NnpmbnmxeHnn K npeamMeTy axo
aBnseTcs bonee BbICOKOYACTOTHLIM, YEM MOCbISTAaEMbIN CUrHaT).

= [loHWXas BO BpeMs nosieta 3XonoKauNOHHYH YacToTy TakuMm
obpas3om, 4TObbLI YacToTa OTPaXXEHHOIO YribTpa3Byka ocTaBarach
B 06nacTn MakcumaribHoM YyBCTBUTESTIbHOCTU UX «CITYXOBbIX»
LEHTPOB, OHM MOTYT ONpPeaennTb CKOPOCTb COBCTBEHHOIO
nepemMeLleHus.



JleTy4das MbIIIb

= Ecnu nertyyaqa mbiwb
n3gaeT curHanbl, To
HauYMHaeT KaxabIn
curdHan c yacrorom 90
Kl'u, n 3aKaH4YnBaeT C
yactotom 45 kl'uy

= (curHan anmTcsa oKono 2
MC, UBMEHEHMe 4YacTOoThbl —
OYeHb ObICTpOoE).




Jlenb(uHBI MOT'YT BOCHPHHUMATh KaK 3BYK, TaK U
MH(pPA3BYK TAKOW 4aCTOThI, KOTOPHIE CAMHU HE B COCTOSTHUM

BOCIIPOU3BECTH.
]

= Haunbonee
PacnpOCTPaAHEHHbIN 3BYK —

oTr 7 po 18 kl'u;
m «Jlan» — ot 100 go 10 kl'u.




Hounag 0a0o0uka

Y HOYHbIX Baboyek n3 cemencTea megseanl
pPa3BUIICA reHepaTop YIbTPasBYKOBbIX
nomex, «counparoLmnm co cnega» NneTy4qmx
MbILLEWN, NpecneayrWwmnx aTUX HaCEKOMBbIX.




[ ym

YwepO6 340p0BLIO

[ nyxoTa

[lcuxnyeckue
paccTpouncTea

[ToBbILLEeHne
apTepuanbHOro gaBneHus

YMeHbLUeHne cnocobHOCTHU
cocpeaoTavmBaTbCcs

PasgpaxeHue

YcTanocTb Unu UctoLleHune
bonu B xenygke
beccoHHMUa

[ ONOBOKpYXeHne

MeToabl 60pbLOLI

YMeHbLUeHMe LWyMa B UICTOYHUKE ero
BO3HUKHOBEHNSA (TOYHOCTb N3rOTOBMEHUS
y31n0B, 3aMeHa CTallbHbIX LWeCTEPEH
nnacTtMaccoBbiMU U T.4.).

3sykonornouieHne (NpUMMeHeHne
mMaTepuarnoB U3 MUHepParibHOro BOMOKA,
CTeKnoBaThbl, MOPOSIoHa U T.4.).

3ByKOMn3onauma. 3sykonsonupyowime
KOHCTPYKLWW U3rOTaBMMBaOTCA U3
NNOTHOro Mmatepuana (metann, 4epeBo,
nnactmacca).

YcTtaHoBKa rnywmTenen wyma.

PaunoHarnbHoe pasmelleHne LEeXoB 1
obopyanoBaHus, UMELLNX MHTEHCUBHbLIE
NCTOYHUKN LLYyMa.

3eneHble HacaxgeHns (YMeHbLIaoT WyMm
Ha 10 — 15 gb).

NHovBuayaneHble cpencTea 3awmThbl
(BKNagbIWK, HAYLIHUKN, LWEMBbI).
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