DHIeNbCCKUM TEXHOJIOTHUECKUA MHCTUTYT (puiinan) dheaepaabHOro rocy1apcTBEHHOTO
OI0/KETHOrO0 00pa30BaTEIbHOIO YUPEKACHUS
BBICIIETO 00pa30BaHuUs
«CapaToBCKuid rOCYJapCTBEHHBI TEXHUYECKUN YHUBEpCcUTET uMeHU ['arapuna FO.A.»

Kadenpa «EcTecTBEHHBIX U MAaTEMAaTHYECKUX HAYK»

PU3UKA

Mertoanueckue yka3aHus K
BBITIOJTHEHHIO JIAOOpaTOPHOU pabOThI
“CKOPOCTD 3BYKA”

JUISl CTYJ€HTOB HaIpaBJICHUIM

09.03.01 «MudopmaTuka 1 BEIYUCITUTEIbHAS TEXHUKA
09.03.04 «IIporpamMmMmHas HHXEHEPUS»

15.03.02 «TexHOMOTHYECKHE MAIIUHBI U 000PYIOBAHUE)

15.03.05 «KOHCTpYKTOPCKO-TEXHOIOTHUECKOEO0ECTICUeHNE MAIIMHOCTPOUTEIBHBIX
TIPOM3BOJICTBY

18.03.01 «Xumuueckass TEXHOJIOTHUI»
23.03.01 «Hedrerazosoe nemno»

29.03.05 «KoHCcTpyHpoBaHUE U3AEIHI JIETKON TPOMBIIIIEHHOCTH

OYHOU U 3a04HOU (POpPMBI 00yUEHUSI

Jureqanc 2025


http://techn.sstu.ru/Documentation/Umo/%D0%9F%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D1%8B2020-2021/%D0%9E%D1%87%D0%BD%D0%BE%D0%B5/1/09.03.04-%D0%9F%D0%98%D0%9D%D0%96-1%D0%BA.15.05.20.xls

OmnpenesieHHe CKOPOCTH 3ByKa B BO3AyXe.
[{ens pa®oThI: OMpeaeTuTh CKOPOCTh 3ByKa METOJOM CTOSTYUX BOJTH.
OCHOBHBIE TTOHATHUS

beryumiue BoJIHbI
Koneo6mromeecs Teno (cTpyHa, MemOpaHa), HaXoJis1eecs: B ynpyrou cpejue,

IPUBOJIUT B KOJIEOATETHHOE JBUKEHHUE COMPUKACAIOIINECS C HUIMH YaCTHIIBI.
Bosnukatoniue B cpene aepopmanuu (HampuMep, CKaTUe WM pa3pekeHne) BEAyT
K BOBHUKHOBEHHUIO YIPYTUX CHJI, KOTOPBIE CTPEMSATCS BO3BPATUTh YACTHIIBI B
IIEPBOHAYAJIbHOE COCTOSIHUE PaBHOBeCHs. B cpene BO3HUKAIOT KoJeOaHus.
Tak Kak cocelHHE YacTULIbI CPEIBI B3AUMOAEUCTBYIOT MEXy COOOM, TO
Kosie0aHus IepeatoTCsl OT OJJTHUX YYaCTKOB cpebl K apyrum. [Iponecc
pacipoCcTpaHeHus K0JIeOATENIbHOTO IBUKEHUS B CPEJIE HA3BIBAOT BOJIHOU.

Ilonepeunoii 601101 Ha3BIBAECTCS BOJIHA, B KOTOPOU YaCTHULIBI KOJIEOIIOTCS B
HaIpPaBJICHUH, IEPICHAUKYIISIPHOM K HAIPaBJIEHUIO PACTIPOCTPAHEHHUIO BOJIHBI.

IIpoodonvroii 601HOU HA3BIBAETCS BOJIHA, B KOTOPOW YaCTHUIbI KOJEOIIOTCS BIOJIb
JVMHHUH, COBIAAOIIEH C HANPaBICHUEM PacpOCTPAHEHHS BOJHBI OKOJIO CBOUX
II0JIO’KEHUH paBHOBecHUs. B razax BO3ZHHUKAIOT TOJIBKO MTPOJOJIbHBIE BOJIHBI B BUJE
YepeayIOLIMNXCS CKATUM U Pa3peKEHUN rasa.

JlommycTrM, 9TO BOJIHA PACIIPOCTPAHSIETCS BJIOJIb OCH X CO CKOPOCTHIO V, a
TOYKH COBEPILNAIOT KOJIeOaHUs B HaNpaBiieHHH ocu Y (TMornepeyHast BOJIHA), KaK 3TO
n300pakeHo Ha pUCYyHKe 1.

l=

Puc. 1



[TycTh TOukKa ¢ koopaunatoit X=0 coBepiaer KojaeOaHus MO 3aKOHY
y(t) = ACosat (1)
I'ne A — amnaumyoa xonebanuil; ® — Yukiuveckas 4acmoma;
t- mexywee epems.
Touka B ¢ koopauHaTo# X mpUAET B KoJieOaHUE C HEKOTOPHIM 3ara3/IbIBaHUEeM Ha
BpeMs

T=—

9
['ne X — paccmosnue, Ha KOTOpPOE pacHpOCTpPaHMIIOCh Kojebanue oT Touku O 110 B;
V —CKOpOCMb pacnpocmpanerus Koiebanusi (CKOpoCTb BOJIHBI):
VYpaBuenue konebanus 0001 Touku B 3ammmercs:

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

Ha3zoBem 1iMHOM BOJIHBI A pacCTOSTHUE, IPOUIEHHOE BOJIHOM 32 OJIUH IEPUO/T
KoJiebanus. M3 onpenenenus nepuoaa T MOKHO 3aKJIFOUHUTh, YTO JJIMHA BOJTHBI
paBHa PACCTOSTHUIO MEXAY JBYMSI TOUKaMHU BOJIHBI, KOJICOIIOIIMMUCS C Pa3HOCTHIO
da3 2.

JInvHa BOHBI IO ONPEAEIEHUIO paBHA A =uT =v/v, OTKy1a CKOPOCTb

v =Av (3)
[ToncraBug (3) B (2) 1 3aMeHsIs ®=2TV, TOJTYIUM:

y(x,t) = Acos(2zvt — 2”—w()
Av

I/IHI/I, OKOHYATCJIIBbHO
y(x,t) = Acos 2z (1t —%) (4)

[Tocneanee ypaBHEHHE HA3BIBAETCS YpaBHEHHEM OETYIIei BOJHBI.

CMmernienne KoaeOmoumxcs Touek Y OT MOJIOKEHUSI PAaBHOBECHSI SIBIIIECTCA
dbyHKUMEH IBYX MEPEMEHHbIX: KOOpAruHaThl X U BpeMeHH {.

AMIUTUTY1a BOJHBI BE3/I€ IOCTOSIHHA. BCce TOUKM B TOT UJIM HHOM MOMEHT
OTKJIOHSIFOTCSL OT TIOJIOXKCHHSI PABHOBECHSI Ha paccTosiHue A (puc.2).



Puc. 2

CrosaA4YHne BOJIHBI
Crostane BOJIHBI BO3HUKAIOT TP HAJIO)KEHHUH JIBYX OJIMHAKOBBIX BOJIH C
PaBHBIMU aMIUTUTYJJaMHU U TIEPUOJIaMU OETYIINX HABCTPEUy IPYT K JAPYTY.
[TycTh, HAapUMeEp, UCTOYHUK KOJIEOAHUI MTOCHIIAET BOHY K MPEMSITCTBUIO
(mpsimast BostHA). OTpaskeHHAas OT MPEMITCTBHS BOJIHA (0OpaTHAs) HAJOXKHUTCS Ha
IpsIMYIO U B pe3yJibTaTe 00pa3yercs cTosyasi BOJIHA.
YpaBHEHHE CTOSTYEN BOJIHBI MOJIYYAETCA CI0KEHUEM YPABHEHUM NIPSIMOU U
00paTHOM BOJIH:

y(x,t) = Acos 27 (t — %) :

y(x,t) = Acos 2z (vt + %).
Wcnonp3ys (hopMyily U3 TPUTOHOMETPHH, IIOJTYYUM YPaBHEHHE CTOSYEH BOIHBL
y(x,1) = 2ACOS(277ZX)COSa)t (5)

N3 (5) BBITEKAET, 4TO B KAXJ0M TOUKE CTOSIYCH BOJHBI MPOUCXOISIT KOJeOaHUsT TON
K€ Y4aCTOTBI (0 C aMIUTUTYA0MN

A, = ‘ZA cos(ZTﬂX)‘ :

BaBI/IC}IIHCﬁ OT KOOPJWHATHI X, paCCManHBaCMOﬁ TOYKH.
Yanamu cmosiuent 6onnvl Ha3bIBAIOTCS TOYKH, B KOTOPBIX aMIIJINTyIAd CcTOosI4YEeH
BOJIHBI paBHa HYJIO.



Hy'{HOCm}ZMu cmosiyel 60Hbl Ha3bIBAIOTCS TOYKH, B KOTOPBIX aMIJIMTyJa cTosTueH
BOJIHBI MaKCHUMaJIbHA. KOOp,[[I/IHaTI)I Hy‘IHOCTGﬁ MO>KHO HaWTH U3 YCJIOBHSIL.

Cos(2z ) =+1
P

DT0 ycIIoBHE BBIIOIHATCS, Koraa 21X/ A =kz , oTKyaa X=k %, roe k=0,1,2,...

Paccrosiaue MCKAY COCCIHUMU NYIHOCTAMMU:

Ax = (K +1)%—k§:;L (6)

XapakTep KojaebaHui ToUeK CTOsSTYeH BOJHBI M300pakeH Ha PUCYHKE 3.

th

Puc. 3
VY3761 ¥ TyYHOCTH BAOJIb OCU X HE NEPEMENIAIOTCS, TIO3TOMY BOJIHA HAa3bIBAECTCS
CTOSTYEH.

AKycTHMYeCKHUil pe30HaHC.

OCHOBHOM 4acThIO UCIIOJIb3YEMOI YCTAaHOBKH SIBJsieTCs TpyOa 1, B KoTopoi
nepeMeniaeTcs nmopieHs (pucyHok 4). TenedoH 2, ABISIONIHAIICS HCTOYHUKOM
3BYyKa, IUTAETCS OT 3BYKOBOT'O reHepaTtopa 3.

3 1
2
£ T

3r

Puc. 4



Konebanus memOpans! Tenedona Bo30yKIar0T B TPyOe MPOOIBHYIO 3BYKOBYIO
BOJIHY.

[Ipu oTpakeHUM OT MOPIIHS MPSIMON BOJIHBI 00pa3yeTcst oOpaTHas Oeryias
BoJHA. [IpsimMast m 0OpaTHasi BOJIHBI, CKIIQ/IBIBAsICh MEXTy co00i, 00pa3yroT
CTOSIYYIO 3BYKOBYIO BOJIHY. B mpomonsHO# BonHe Y(X, t) 03HadaeT cmenienne
YACTHII BO3/lyXa OT MOJIOKEHUS PABHOBECHS B HAIIPABICHUH OCH TPYOBI.

Tabmura 1.

AY% V1 = Vo = Vp =

L |Tes T= Ty

AX

Tak KaK 9acTHIIBI BO3IyXa BOJM3H MOPIIHSI HE MOTYT COBEPIIATh MPOOIbHBIX
KoJIe0aHuH, y TIOPIITHS BCeT/1a HaOJII01aeTCsl y3el CTosiueit BosHbL. Ecin y
OTKPBITOTO KOHIIA TPYObI 00pa3yeTcst My4YHOCTh, HAOMI0aeTC s SIBIICHNE
aKyCTUYECKOTO pe30HaHCa.

AKyCTUYECKHI pe30HAHC MPOSIBISETCS B TOM, UTO BO30YKIEHHBIE B TPYOE
3BYKOBBIC KOJICOAHUS JOCTUTAIOT MAKCUMAILHON aMIUTATYbI (TPOMKOCTB 3BYKa
MaKkcHUMaJjbHa), KOTJla 4acToTa KojeOaHuit MmeMOpaHsbl TenedoHa (BHEIIHSA
BBIHY>K/IAI0IIAst CUJIa) MPUOIMKACTCS K OJTHON M3 COOCTBEHHBIX YaCTOT KOJICOAHMI
BO3JIYIITHOIO CTOJI0a B TpyOe. DTa 4acToTa Ha3bIBACTCS PE30OHAHCHOU YACOMOI.

Jiis coOmoieHNsT YCIIOBHS aKyCTHYECKOTO pe30oHaHca (y OPITHS — y3ell, Y
OTKPBITOTO KOHI[A — TyYHOCTh) HA PACCTOSTHUU X OT MOPIIHS 10 Kpast TPYOBI
JTOJDKHO YJIOKUTBCS HEUETHOE YHCIIO YeTBEPTEH JJIMHBI OCTYIIECH BOJIHBI.

Ecnu mocrenenHo nepenBUraTh MopiieHb, TO Y OTKPBHITOTO KOHIA TPYOBI Oy Iy T
MOCJIEIOBATEIHFHO YCTAaHABIUBATHCS ITYYHOCTH U y3JIbI CTOSTYEH BOJIHEIL. byner
CHBIIITHO TO YCUJICHUE, TO OciabiieHne 3ByKa. 3BYK JOCTUTAET MaKCUMaIbHOM
TPOMKOCTH B MOMEHT aKyCTHYECKOTO PE30HAHCA.

N3 dpopmyiel (6) crieayeT, 4TO yCHICHUE 3ByKa OyI€T MPOUCXOAUTh KaXKIbIN

pa3, Koraga mopmeHb IIOABUHCTCA Ha PaCCTOSAHUC AX = ﬂ‘ / 2 OT IIOJIOXKCHU A

oYepeaHOr0 MaKCuMyMa rpoMKOoCTU. OnpenenuB JIMHY BOJTHBI A=2AX u




3Has 4acTOTy KoJIeGanuii MeMopansl ¥ 13 popMyis! (3) IOTyYHM BBIPaKEHHE IS

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

MeToauka JKcnepuMeHTa

B ocHOBe onpenienieHnsi CKOPOCTH 3BYKa B BO3yX€ JIEKHUT MOTYyUYECHHUE
3aBMCHMOCTH PACCTOSHUS MEXIY COCEIHUMM IydHOCTAMH AX oT mepuoaa
kosnebannii T. U3 (7) cnemayer, 4To 3Ta 3aBUCUMOCTh HOCUT JIMHEWHBIN XapaKkTep,

T.C.

AX=aTl (8)

r7ie KO3QGUIUEHT MPOTIOPIIMOHATBHOCTH 0L CBS3aH CO CKOPOCTHIO CIEAYIOIUM
obpazom:

R

a=5 9

N3BecTHO, 4TO KOA(PHUIIMEHT 0L MOXKET OBITH OIpesiesieH 1o ¢hopmyJie

=199,

rae ¢- yroiy HakJoHa mpsiMOM. J{Jist onpeneneHus: CKOpOCTH 3ByKa HY>KHO

MOCTPOUTH Tpa(UK IKCIIEPUMEHTATHHOU 3aBUCUMOCTH Ax=1(T) JM3mepenus
MPOU3BOISAT HA YCTAHOBKE CXEMATUYHOE U300paKeHHUsI KOTOPOM MPUBEIEHO Ha
pucyHke 4.

IopsaaoK BbINOJTHEHMS paGOThI
[locne BKIIOYEHMS 3BYKOBOT'O T€HEPATOPA JUIsl 4aCTOT, 3aaBAEMbIX
IIPENoAAaBaTeIeM, IPOBOAATCA U3MEPEHHUS B CIIEAYIOIIEN TTOCIIEN0BATENBHOCTH
(xomruecTBO N BRIOpAaHHBIX 3HAYCHUN YaCTOT OIPEIEISIeT MPENoIaBaTeb):
1.  VYcraHoBHTH [0 HIKaJe reHepaTopa 4acTOTy 3BYKOBOM BOJIHBI C
TOYHOCTBIO 10 AV =571,
2. IlepemecTuth nopuIeHb B BEPXHEE MOJI0KEHHUE (B YCTAHOBKE POJIb
HOPIIHSI BBIIIOJIHAET OTKPBITasi IOBEPXHOCTH BOJBI).
3. IlnaBHO mepememas NopiIeHb BHU3, HAUTHU MOJIOKEHUE, B KOTOPOM 3BYK
JOCTHIaeT MaKCUMaJIbHOU IPOMKOCTH. [0 mikane oTMeTUTh KoopauHatTy X; ¢

-3
TOYHOCTBIO 10 5107y,
4. TlepeMeCTHTh MOPLIEHD Jabile BHU3. HaliTh HOBOE MOIOKEHUE

ycunenue 3Byka X,. Paccrosnue Mexay myanoctsmu papao: AX; = X, — X,

5. Haiitu crienyromue nojoxxeHue pesonanca Xz, Xy, ....X (| — uncno
MOJIOXKEHUH pe30oHaHca). Berancnuts Benmnuuny A X U3 Ipyrux u3MepeHui

AXo,=X3-Xo; AX3=X4-X3; B T.JI.



6.
7.

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

e
Y CcTaHOBUTH CleqyOlIee 3HAUSHHE YacTOTH v (3aaHHOe

Hawitu cpennee 3HaueHue

MpernojiaBaTesieM) U B COOTBETCTBUH C IIYHKTaMH 3-6 HaAlTH AX U T.1.

8.
9.

BperuucauThk Bce 3HaueHUs T = %

Pesynbrarel u3amepenuii 3anectu B Taduiyy 1. (N - gucio

YCTaHABJIIMBACMBbIX 3HAYCHUH I{aCTOTBI).

06pa6oTKa pe3yabTaToB U3MepeHun

1.
2.

[To pe3yabTaTaM U3MepeHnii ocTpouTh rpaduk AX = f(T).

[TpoBecTu mpsiMyto yepe3 Hayaao KOOPAUHAT TakK, YTOObI H3MEPEHHBIC
TOYKH JIKAIU MPUOTU3UTEIHHO B PABHBIX KOJIMYECTBAX HUKE U BBIIIIEC
IIPSAMOM.

[To rpaduky onpenenuTs yroj HaKJIOHa IPSIMOM P u spraucuTs o
dbopmyie a =tge

Bprunciauth ckOpocTh v =2«

[TocuuTaTh NOrpPEeMIHOCTh U3MEPEHUH, YUUTHIBASI, UTO ATAJJIOHHOE 3HAYEHHUE
CKOPOCTH 3BYyKa B BO3Ayxe coctanisiet 331 m/C.

Cogep:xaHue 1 opopMyIeHHE OTYETa O padoTe
OTYeT OIKEH COJIePKATh:

1.
2.
3.

HasBanue paboThr,

[{ens paboThr;

KpaTkuii KOHCIIEKT OCHOBHBIX IMOHSATHUN U 3aKOHOMEPHOCTEN, METOIUKH
AKCIIEPUMEHTA,;

[IpoTokon u3mMepeHuii u Tabiuiia pe3yibTaToB,

Bomnpocsl a1 camonpoBepKH

1.

3anuiunTe ypaBHEHUE FTAPMOHUYECKOTO KOJIeOaHUS U 00'bSICHUTE CMbICII
BCeX BEJINYWH, BXOJSALIUX B YypaBHEHUE.

YTo Ha3bIBaeTCs MEPUOJIOM KoJiebaHUs, YacTOTOM, pazoii?

YTo Ha3bIBaeTCd BOJIHOU? YeM OT/iMyaeTcsd nonepeyHas BOJIHA OT
NPOJI0JIbHOU?

[Tony4yrTe ypaBHeHUe Geryiieil BoJHbL. YTO Ha3bIBaeTCs JJIMHOM BOJIHbI?
[TosiyyrTe ypaBHeHHe CTOA4YeH BONIHbI? YTO Takoe y3Jibl U y4YHOCTHU
cTosiyer BoJIHbI? Kak HAauTU UX KOOPAUHATBI?

HalauTe paccTtossHUe MexAy ABYyMsA COCEJHUMU NIyYHOCTAMHU.



7. YcJoBHe aKyCTHYeCKOI'0 peXxMMa B TpyOKe, OTKPbITOX € OJJHOTO KOHLa?
[loyemy B Hell BO3HUKAET CcTosi4as BoJiHA? 3anuiinTe pabouyto Gopmysiy U
06bACHUTE 3HAYEHU BeJUUUHBI AX
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