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OnpenesieHue CKOPOCTH 3BYKa B BO3yXe.
[{ems pabOTHI: OMIPEeAETUTh CKOPOCTH 3ByKa METOJOM CTOSTIMX BOJIH.
OCHOBHBIE TTOHATUSI

beryumiue BOJIHBI
Konebmomeecs teno (cTpyHa, MeMOpaHa), HaxOIsIIeecs B YIpyrou cpene,

MPUBOJUT B KOJIEOATEIBHOE JBUYKEHUE COMPUKACAIOLTUECS C HUMU YaCTHIIBI.
Boznukaromue B cpeze nepopmaiuu (Hanpumep, CxaTue Wik pa3pekeHue) BeayT
K BO3HUKHOBEHHUIO YIIPYTUX CUJI, KOTOPbIE CTPEMSITCSI BO3BPATUTH YACTHUIIHI B
MepBOHAYaJILHOE COCTOSTHUE paBHOBECHS. B cpelie BO3HUKAIOT KOJIeOaHMUS.
Tak Kak cocelHUE YaCTHUIIbI CPE/Ibl B3aUMOJICUCTBYIOT MEXKTy COOOM, TO
KoJIeOaHUsI MEPEIatoTCs OT OJHUX YYaCTKOB Cpejibl K apyrum. [Iporiecc
pacrpocTpaHeHHUs K0JIe0aTeIbHOTO ABUKEHUS B CPE/I€ HA3bIBAIOT BOJIHOI.

Ilonepeunotii 60101 HA3BIBAECTCS BOJHA, B KOTOPOI YaCTUIIBI KOJIEOTIOTCS B
HaIpaBJICHUH, MEPIICHIUKYIIIPHOM K HAPaBICHUIO PACIIPOCTPAHEHUIO BOJIHBI.

IIpooonvroii 601HOU HA3BIBACTCS BOJIHA, B KOTOPOW YaCTHIIBI KOJIEOIIOTCS BAOIH
JIMHUY, COBMA/IAIONICH ¢ HAalpaBIECHUEM PACTIPOCTPAHEHHS BOJIHBI OKOJIO CBOMX
MOJIO’KEHUI paBHOBecHsI. B razax BO3HUKAIOT TOJBKO MPOJA0JIbHBIC BOJHBI B BUJIE
YepEAYIOLIMXCS CKATUN U Pa3peKeHUN Trasa.

JlomycTuM, 4TO BOJIHA PACIpOCTpaHseTCs BAOJb 0c X CO CKOPOCTHIO V, a
TOYKH COBEPIIAIOT KOJcOaHUs B HAalIpaBieHUH ocu Y (IorepeyuHasi BOJIHA), KakK 3TO
M300paKEeHO Ha pUCyHKeE 1.

le

Puc. 1



[Tyctb Touka ¢ koopauHatoit X=0 coBepiiaeT KoieOaHus 1Mo 3aKOHY
y(t)=ACosat (1)
I'ne A — amnaumyoa xonebanuii; ® — Yyukauyeckas Yacmoma,
t- mexywee epems.
Touka B ¢ koopanHaToil X npueT B KojieOaHHE ¢ HEKOTOPBIM 3alla3/IbIBAHUEM Ha
BpeMs

T=—

9
['ne X — paccmosnue, Ha KOTOPOE PaCHPOCTPAHUIOCH Kojebanue oT Touku O 110 B;
V —cKOpocmb pacnpocmpanenusi Konebanust (CKOpoCTb BOJIHBI):
YpaBHeHue kojiebanus Jiro0oi Touku B 3amuriercs:

y(x,t) = Acos ot — 7) = Acos(wt — %X) (2)

HaszoBeM I1nmHOM BONHBIA PAaCcCTOSHUE, MPOMIECHHOE BOJHOM 33 OUH NIEPUOA
koJsiebanus. VI3 onpeaeneHus nepuoaa I MOKHO 3aKJIFOUUTh, YTO JJIMHA BOJTHBI
paBHA PaCCTOSHMIO MEXIY ABYMSI TOUKAMH BOJIHBI, KOJIEOIIOUIUMUCS C PA3HOCTHIO
da3 2.

JlnvHa BOJIHBI 1O OMpeeieHUIo paBHa A =0T =v/v, OTKyJa CKOPOCTh

v =Av (3)
[ToncraBug (3) B (2) 1 3aMeHsIsE ®=2TV, TOJIYIUM:

y(x,t) = Acos(2z1t — 2”—W()
Av

WNm, okoHYaTeIbHO
y(x,t) = Acos 2z (1t — %) (4)

[Tocnennee ypaBHEHUE HA3bIBACTCS ypaBHEHUEM OETYIIICH BOJIHBI.

CwMmelieHrne KOJIeOIIOMMUXCS TOYEK Y OT MOJIOKEHUSI PAaBHOBECHS SIBIIACTCS
dbyHKIMEN IBYX EPEMEHHBIX: KOOpAUHATHI X U BpeMeHH 1.

AMIIIMTY1a BOJIHBI BE3/I€ TOCTOSIHHA. BCE TOUKM B TOT UM HHOW MOMEHT
OTKJIOHSIFOTCS OT TTOJIOKEHUS paBHOBecHs Ha paccTtosiHue A (puc.2).



Puc. 2

CTossyMe BOJIHBI
Crostune BOJIHBI BO3HUKAIOT IIPH HAJIO)KEHHUU JIBYX OJMHAKOBBIX BOJIH C
PaBHBIMM aMIUIUTYJaMH U IEpHOJaMH OErylIuX HaBCTpeuy APYT K Ipyry.
[Tyctb, HanpuMep, UCTOUYHUK KOJIEOaHUN MOCHUIAET BOJIHY K MPENSATCTBUIO
(mpsimast BostHa). OTpakeHHAs! OT MPETSTCTBUS BOJTHA (00paTHAs ) HAOKUTCS HA
IpsIMYIO U B PE3yJIbTaTe 00pa3yercs cTosyasi BOJIHA.
YpaBHEHHUE CTOSYEN BOIHBI MOJIyYAETCS CI0KEHUEM YPAaBHEHUM NPSIMON U
oOpaTHOM BOJIH:

y(x,t) = Acos 2z (vt — %) :

y(x,t) = Acos 2z (vt + %).
Ucnonbiyst hopmyily U3 TPUTOHOMETPHUH, TTOJTYUYUM YPAaBHEHHUE CTOSYEH BOJTHBI:
y(x,1) = 2ACOS(27ﬂX)COSa)t (5)

N3 (5) BBITEKAET, UTO B KO TOUKE CTOSIYCH BOJHBI MPOUCXOSIT KOJICOAHUS TOM
’K€ 4aCTOTHI (0 C AMIUIUTYION

A, = ‘ZA cos(ZTﬂx)‘ ,

3aBUCAIIEN OT KOOPAMHATHI X, PACCMATPUBAEMOU TOUKH.
Y3namu cmosueti 601Hb1 HA3BIBAIOTCA TOYKH, B KOTOPBIX aMIUIMTYAa CTOSYEH
BOJIHBbI PaBHA HYIJIIO.



Ilyunocmamu cmosyeu 601Hbl Ha3bIBAXOTCS TOUKH, B KOTOPBIX aMIUIMTY/1a CTOSTYEH
BOJIHBI MakcuMasbHa. KoopauHaTel my4HOCTEN MOKHO HAUTHU U3 YCIOBUSA:

X
Cos(2zx—=)=+1
(”z)

DT0 yCIIOBHE BBIMONHATCS, Koraa 27X/ A =kz , oTkyaa X=k % , e k=0,1,2,...

Paccrosinue MCKOY COCCAHUMMU ITYUYHOCTAMU:

Ax:(k+1)§—k%:/21 (6)

XapakTep KoneOaHu# TOYEK CTOAYEH BOTHBI M300paKeH Ha PUCYHKE 3.

Yt1

AVAVA

Puc.3
V351bI ¥ yYHOCTH BIOJIb OCH X HE MEPEMEIA0TCs, I0ATOMY BOJIHA HA3BIBACTCS

CTOSTYEH.

AKycTHU4YeCKUH pe30HaHC.

OCHOBHOM YaCThIO UCTIOJIB3YEMON YCTAHOBKH SIBIIsIETCA TpyOa 1, B KOTOpOit
nepemernaetcs mopiieHs (pucyHok 4). TenedoH 2, SBASIONIMNACA HCTOUHUKOM
3ByKa, MUTAETCS OT 3ByKOBOTO reHeparopa 3.

3 1
IZU [T

3r

Puc. 4



Konebanust MeMOpaHsl TesiedoHa BO30YkKAA0T B TPyOe MPOJI0IBHYIO 3BYKOBYIO
BOJIHY.

[Tpu oTpaxeHUH OT MOPIIHS IPSIMOI BOJIHBI 00pa3zyeTcsi oOpaTHas Oerymas
BostHA. [IpsiMast m 0OpaTHast BOJTHBI, CKJIAIBIBASCh MKy COOO0M, 00pa3yroT
CTOSTIYIO 3BYKOBYIO BOJIHY. B mipoosibHo# BotHe Y(X, t) 03Ha4aeT cMerieHne
JACTHUII BO3/[yXa OT TOJIOKEHUSI paBHOBECHS B HAIPaBICHUH OCH TPYOHI.

Taomumna 1.

\ vy = V2 = Vn =

1 T,= To= .. Th=

X1

X2

X

AX

Tak kaK 4acTHIIbI BO3/lyXa BOJU3H MOPIIHS HE MOTYT COBEPIIATH MPOJAOIBHBIX
KOJIeOaHUM, y TIOPIIIHS BCera HaOI0JaeTcs y3ei cTosuei BosiHbl. Ecim y
OTKPBITOTO KOHITA TPYOBI 00pa3yeTcs MyYHOCTh, HAOIIOMACTCS SIBJICHUC
aKyCTHYECKOTO PE30HAHCA.

AKYyCTUUYECKHI pe30HAHC MPOSIBIISIETCS B TOM, YTO BO30YXKIECHHBIE B TpyOe
3BYKOBBIE KOJICOAHUS JOCTUTAIOT MAKCUMAIBbHOM aMILTUTY bl (TPOMKOCTH 3ByKa
MaKCUMaJibHa), KOT/Ia 4acToTa KoJieOaHui MeMOpaHbl TenegoHa (BHEIIHSS
BBIHYKIAIO0IAsl CHIIAa) MPUOINKASTCS K OJTHOW U3 COOCTBEHHBIX YacTOT KOJICOaHMIA
BO3IyIIHOTO cT0JI0a B TpyOe. DTa 4acTOTa HAa3bIBAETCS PE30HAHCHOU YaCmMOMOU.

Jlst coOMroCHUS YCITOBUS aKyCTHYECKOTO pe3oHaHca (y MOPIIHS — y3el,
OTKPBITOTO KOHIIA — ITyYHOCTH) HA PACCTOSHUM X OT MOPIITHS 0 Kpast TPYyObI
JOJDKHO YJIOKUATBCS HEUETHOE YHCIIO YeTBEPTEH JJIMHBI OCTYIIEeH BOJTHBI.

Ecnu mocrenenHo nepeaBurath MOpIiieHb, TO Y OTKPBITOTO KOHIIA TPYOBI Oy Iy T
MOCJIEIOBATEIHLHO YCTAaHABIUBATHCS IyYHOCTH U y3JIbI CTOSTYEH BOJHBL. byer
CJIBITIITHO TO YCUJIEHHUE, TO OCJIa0JIeHUE 3BYKa. 3BYK JOCTUTAET MAaKCUMAIbHON
I'POMKOCTH B MOMEHT aKyCTHYECKOTO PE30HAHCA.

N3 dhopmyiiel (6) cneayeT, 4To YCHICHUE 3BYKa OYI€T MPOUCXOAUTh KaXK bl

AX=A[2

pa3, Korga nopmeHb NOJABHMHETCA Ha PaCCTOSAHUC OT IIOJIOKCHU

OYEPETHOr0 MAKCUMyMa IpOMKOCTH. OnpeleN B JUIMHY BOJIHBI A=2AX yu
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3Has 4acTOTy KojeOaHuit MmemOpaHnsl ~ u3 Gopmysl (3) MOTyIUM BhIpaKEHUE TS

ckopocty 3Byka U = 2AXv (Pabouas popmyna) (7)

MeToauka JKcnepyMMeHTa
B ocHOBe onpenieneHnst CKOPOCTH 3ByKa B BO3AYXE JIEKUT MOIyYEHUE
3aBUCHMOCTH PACCTOSHHS MEXY COCEJHUMH IMy4HOCTAMHU AX 0T mepuona
konebanuit T. U3 (7) ciemyer, 4To 3Ta 3aBUCUMOCTb HOCUT JIMHEHHBIN XapakTep,
T.C.
AX=aT (8)
rae KodhUIMEHT MPOMOPIMOHATBHOCTH 0L CBSI3aH CO CKOPOCTHIO CIIETYIOIIUM
obOpazom:
a=5 )
N3BecTHO, 4TO KOAPPUIIMEHT 0L MOXKET OBITH OIpeesieH o ¢hopmyJie
a=19¢,
rae ¢- yroj HakjoHa npsMou. [y onpeneseHust CKOpoCTH 3ByKa HYKHO

MOCTPOUTH TpauK SKCIEPUMEHTAIBHOU 3aBUCUMOCTH Ax=1(T) JM3mepenns
MPOU3BOSAT HA YCTAHOBKE CXEMATUYHOE N300pakeHUsI KOTOPOIl MPUBEIECHO Ha
pucyHke 4.

[Mops 0K BBINOJTHEHUSI PAGOTHI
[Tocne BKIIOYEHMS 3ByKOBOT'O F€HEpaTopa JJisl 4acTOT, 33/1aBa€MbIX
npernoaaBaTesieM, MPOBOJAATCS U3MEPEHUS B CIEAYIOUIEH MOCIeI0BaTeIbHOCTH
(xommdectBO N BEIOPaHHBIX 3HAYCHUI YaCTOT ONpEIeIsieT MPEIo1aBaTelb):
1.  YcraHOBUTS 10 IIKaJIe TEHEPATOPa YacTOTY 3BYKOBOM BOJIHBI C
TOYHOCTBIO 10 AV =3T1.
2. IlepemecTuth mopieHs B BEpXHEE MOJOKEHHUE (B YCTAHOBKE POJIbH
MOPIITHSI BHITIOJTHSET OTKPHITAs TOBEPXHOCTH BOJIBI).
3. [InaBHO mepemeras mopIieHb BHU3, HAUTHU TOJOKEHUE, B KOTOPOM 3BYK
JIOCTUTaeT MaKCUMaJIbHOU rpoMKOCTH. [0 mikane otMeTuTh KoopauHaty Xi C

-3
TOYHOCTBIO JI0 5107y,
4. IlepemecTuTh NOpIIEHB Aajblie BHU3. HaiiTu HOBOE MoJl0XKeHHEe

ycrenne 3Byka Xp. Paccrostaie Mexxay mydanoctsimu pasao: AX; = X, — X,

5. Haiitu crieayroiue nojoxenue peonanca Xz, Xa, ... X ( | — uncno

MOJIOKEHUH pe3oHanca). Berauciuth Benmnuuny A X W3 Ipyrux u3MepeHui
A)(2:)(3-)(2; AX3ZX4-X3; U T.O.



6.
7.

AX| +AX, +...+ AX,

€
YcTaHOBUTH CIcayromece 3HaYCHUC YaCTOThI 4 (SaHaHHOG

Haiitu cpennee 3HaueHune

MpenojaBaTesieM) U B COOTBETCTBUHU C MMyHKTaMU 3-6 HAUTH AX U T.1I.

8.
9.

BoruncinTh Bce 3HAUYCHHUS T = %

Pe3ynbTaTel n3Mepenuii 3anectul B Tabmuiyy 1. (N - yucio

yCTaHaBJIMBAEMbIX 3HAUCHUI YaCTOTHI).

06pa6oTKa pe3yabTaTOB U3MepeHun

1.
2.

Io pe3yabTaTaM U3MepeHuUii HOCTPOUTH rpadguk AX = f (T).

[IpoBecTu npsAMyro yepe3 Hayano KOOpIMHAT TaK, YTOObI U3MEPEHHbBIE
TOYKH JICIKAJU MPUOIU3UTETHFHO B PAaBHBIX KOJIMUYECTBAX HUKE U BBIIIE
IIPSIMOM.

[To rpaduky onpeneauTh Yrojl HaKJIOHA MPSIMON P u spraucuTs o
bopmyne a =tgep

BpauciauTe CKOPOCTh L =2«

[TocuuTaTh NOrPEMIHOCTh U3MEPEHUH, YUUTHIBASI, UTO ATAJJOHHOE 3HAYEHUE
CKOpPOCTH 3BYKa B BO3jyXe coctapiisieT 331 m/C.

CozepkaHue U opopMyIeHHEe OTYETA 0 paboTe

OTueT I0MKEH COJIEPKATh:

1.
2.
3.

Ha3Banue paOoTh;

[{enb paboTHI;

KpaTkuil KOHCIIEKT OCHOBHBIX IOHATHUN U 3aKOHOMEPHOCTEN, METOIUKH
DKCIIEpPUMEHTA,;

[IpoTokon uzmMepeHuit u Tabauua pe3ynbTaTos;

Bomnpochsl AJis1 cCaMONIpOBePKH

1.

3anuIIuTe ypaBHEHUE FAPMOHHUYECKOT0 KOJIe6aHUsl U 00'bSICHUTE CMbICJI
BCeX BEJIMYMH, BXOAIIUX B YypaBHEHHE.

YTo Ha3bIBaeTCs IePHUOOM KoJiebaHUs, YacTOTOH, pa3oit?

YTo Ha3bIBaeTCd BOJHOW? YeM oT/IM4YaeTcs nonepevyHast BOJHA OT
NpoA0JIbHOW?

[TonyuynTe ypaBHeHUe 6eryieil BoJHbL. YTO Ha3bIBaeTCs JJIMHOW BOJHbI?
[TosyuynTe ypaBHeHUE cTOsSYeN BOTHBI? YTO TaKoe y3J1bl U MyYHOCTH
cTosiuyer BosiHbl? Kak HAaMTU MX KOOPAUHATBI?

HalinuTte paccTossHue MeX/y ABYMS COCEAHUMU MYYHOCTSIMU.



7. YcJoBHe aKyCTUYeCKOIo pexMMa B TpyOKe, OTKPBITOM C 0JHOTO KOHIA?
[loyemy B Hell BO3HUKAET CTOsI4asi BoJIHA? 3anuuinTe pabodyro Gopmyay U
06'bACHUTE 3HAYEHHUsI BEeTMUUHBI AX
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