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An educational practical physics laboratory work has been suggested on
the experimental study of sound dispersion. A dispersion medium is the
layer of air before the openings of acoustic resonators. Students get the
opportunity to research the wave dispersion in an artificial medium with the
standard equipment.
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IKCNEPUMEHTAJIbHOE U3YYEHUE
AUCMNEPCUUN 3BYKA

[lpeanoxeHa nabopaTopHasa paboTa uanyeckoro NPakTUKYMa Mo 3KC-
nepUMEHTAaNIbHOMY M3YUYEHUIO ancnepcun 3ByKa. [Llucneprupyroluei cpeaov
ABJISETCS CJIOW BO34yXa Nnepes OTBEPCTUAMMU YCTAHOBJIEHHbBIX B MJIOCKOCTH
aKyCTUYECKUX PE3OHATOPOB. YuaLumecs nosyq4aroT BO3MOXHOCTb HA CTaH-
AapTHOM 00O0pYAOBaHUN WUCC/IEA0BAThL AMCIEPCUIO BOJIH B UCKYCCTBEHHOU
cpeze.

fleneHne Ancnepcun BOSIH COCTOMT B 3aBUCUMMOCTM CKOPOCTU pacrnpo-
CTpPaHeHUs BOJHbI OT YacToThl. B Kypce obLuein pn3nku nsyyaetca knaccu-
yeckas Teopus AUCMEPCUM CBETA C YNMPOLLEHHBIM BbIBOAOM HOpMySibl 3enb-
meitepa [1]. OaHako 3TO U3yuyeHWe B 3HAUUTENBLHOW MEPE HOCUT AOTMa-
TUYECKMIN XapaKTep, TaK Kak ONMPAETCs Ha KJIAaCCUUYECKYO MOAeSlb aTOMa
C 2MIEKTPOHHBLIMU OCLMIIATOPAMMU, KOTOPAsi CaMa HYXJAAETCA B IKCNepu-
MEHTaNbHOM OBGOCHOBaHUM, @ AEMOHCTPALMOHHbIA U J1abopaTOPHbIN 3IKC-
NEPUMEHTBI MO MOJIYYEHWUIO ANCNEPCMOHHON KPUBOI B OKPECTHOCTM JIMHUM
NOrJIOLLIEHUSA, KOTOPblEe MOrAu Bbl ABUTHCA 3TUM ODBOCHOBAHWUEM, U3—33 UX
CNOXHOCTU 0ObIYHO HE CTaBATCS.

OTMeueHHble HEAOCTATKN MOXHO YCTPaHUTL, €C/IM CHauana B MeXaHU-
Ke& 3KCMEPUMEHTANILHO UCCEoBaThb AUCTEPCUIO 3BYKOBOMN BOJIHbI B UCKYC-
CTBEHHOW PE30OHMPYIOLLIEN Cpele, a BNOCNEeACTBUM, U3yyas AUCNEPCUIO CBe-
Ta B ONTUKE, ONUPATLCSA Ha aKYCTUUYECKYIO MOJENb. 3ajaya 3aKJovyaeTCs
B TOM, YTOObl A4AaTb IEMEHTAPHYIO TEOPUKD AUCNEPCUN 3BYKA U AOCTYN-
HbIW y4yebHbIN 3KkCnepumeHT. PelueHuto 3ToW 3aaauu M NOCBsLLEHA Ha-
cTosilan paboTa, koTopas onupaeTcs Ha uccnesosavua A. Llyctepa [2]
n H.Tl. Kactepuna [3].



1. TEOPUA ABJIEHUSA. TycTb B oaHOpoAHON Cpeae MAOTHOCTbIO
p C moaynem ynpyroctu I/ B HanpaBneHun ocu T pacnpoCTPaHAETCS ynpy-
ras BOJIHA CMelleHui &. Bblaenum BAONb HanpaBieHUs PacnpoCTpPaHeHUs
BOJIHOBOIO BO3MYLLIEHUS 3NIEMEHT cpelbl obbemom V' B BuAe uMnuHapa nno-
waaso ocHoBanus S n anuHon Ax (puc.l).

S

-

<
~

x+dx x

i—lfho
Qp-——|--|-
e, B

elx) Celxedx) BT R
Puc. 1 Puc. 2

Korpa neBbin TOpew 3TOro afieMeHTa CMeLlaeTcss Ha d&, BO3MYLLEHUE
NpoxoAuT NyTb dx, MO3TOMY OTHOCUTENbHaA AedopMauua Cpedbl & =
d¢/dz. TNo 3akoHy ['yka Ha BbIAENEHHBIN 3IEMEHT CO CTOPOHbI CPeAbl Aei-
cTeytoT cunbl: Fy = ESe(x), F, = ESe(x + Ax). o sTopomy 3ako-
Hy HbloToHa npouseeaeHue macchl m 3feMeHTa Cpelbl Ha ero YCKOpeHue
d?£ /dt? pasHO mencTBytowei Ha Hero cune F' = F| — Fy ¢
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Tak kak m = pSAz = pV, a Ae(z) = (de/dx) - Az, To pV - d*E/dt* =
EV - de/dx. Otciopa, yunTsiBas, uto ¢ = d€/dx, nonydaem

= ES(e(x) —e(x + Azx)) = ESAe(x).
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JTO BONHOBOE YPaBHEHUE, KOTOPOE NPUHATO 3alnCbiBAaThb B BUAE!
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rAe v — CKOPOCTb YNPYron BOJIHbI B OAHOPOAHOW Cpeae, KOTopas, Kak 3TO
BMAHO U3 MOJIYYEHHOrO YPaBHEHUS, ONpPeaensieTCs UCKIIIOUNTENBHO Napame-
Tpamu cpeabl U He 3aBUCUT OT YacToTbl. VHbIMK cnoBamu, B ogHOpOAHOM
Cpeae AMCNepCUst ynpyron BOJIHbI OTCYyTCTBYyeT. Ecnu B Takon cpeae pac-
NPOCTPaHAETCA rapMoHnyeckas BosHa suaa & = &, cos(wt — kx), To ee
dha3oBas CKOPOCTb CBA3aHa C YaCTOTON W BOJIHOBLIM YMCIIOM COOTHOLLEHU-
em: v =w/k.

[NpeacTaBum, UTO B Cpeae HaXOAUTCS TENO MAccon my n obbvemom 1, TO
eCTb MAOTHOCTLIO Py = 1Mo/ Vy, KOTOpPOe ynpyro cessaHo co cpepon. [pu
PacnpoCTPaHEHUM BO3MYLLEHUS LEHTP MACC 3JIEMEHTA CPeAbl CMELLAETCA U3
MONIOXEHUSI PABHOBECUS HA HEKOTOPYH BENMUMHY &, @ pacCMaTpUBAEMOro
Tena — Ha apyryto BennuuHy 7. OTHOCUTENBHOE CMELLIEHNE MEXAY HUMM
cocTasnsieT £ —7 (puc.2), NO3TOMY Ha TeNO AENCTBYET BO3BPALLAKOLLAs CH-
na, CTPEMALLAACS BEPHYTb €ro B UCXOAHOE NOJIOXKEHUE OTHOCUTENBHO dJie-
meHTa cpeabl: f = k(£ —n), rae k — k03pdULMEHT NPONOPLMOHANILHOCTH,
UMEIOLLININ PUINYECKMIA CMBICI XECTKOCTU YNpPyron CBA3M Tena Co Cpenown.
Ecnu npeHebpeub TpeHueM, TO COrylacHO BTOPOMY 3aKOHY HbloTOHa ypas-
HEHWE ABWXKEHUS PAacCMATPUBAEMOro Tefa OTHOCUTENIbHO HEBO3MYLLIEHHO
Cpeibl UMEET BUA;

d? k
o= = k(= ), =1/ (3)
3HauNT, BbIBEAEHHOE U3 MOJNIOXKEHUA PABHOBECUA U NPeAOCTaBIIEHHOE Ca-
MoMy cebe Teno, ynpyro cesidaHHoe CO cpeaoi, 6e3 yyeTa NnoTepb IHEPrun
CoBepLUaeT He3aTyxatowme KonebaHusa ¢ COBCTBEHHOM uacToTon wy. llo-
3TOMY TaKOe TeJo ABASAETCA uaeanbHbIM OCLUMANATOPOM USIU PE3OHATOPOM.
3anosiHUM ynpyryto Cpeay MHOXECTBOM OAMHAKOBbLIX PE30HATOPOB pac-
CMOTpeHHOro Tuna. byaem cunTaTb, YTO Ha KaXKAbIN Pe3OHATOP MPUXO-
ANTCA 0AMH aneMeHT cpeabl. OB03HaUMM OTHOLLEHUE MAcChl 0bLIero uncna
Pe30HaTOPOB K Macce BCex anemeHToB cpeapl C' = mgy/m = pyVy/pV. Bme-
CTO 3TOr0 OTHOLLEHUS MOXXHO UCMONB30BATH MOHATUE KOHUEHTPALUN Pe3o-
HaTopos B cpeae K = mo/(mo +m) = poVo/(poVo + pV) = C/(1 4+ C),
pe3ynbTaT OT 3TOr0 HE U3MEHUTCS, HO KOHEYHOE BbIPAXKEHUE HECKONBKO
YCIIOXKHUTCS.

[lycTb B Cpese C pe3oHaToOpaMy CO CKOPOCTbIK ¥ PacnpOCTpaHAeTCHA
NepBUYHAs yrnpyrasa BOJIHA YaCcTOTOM w. loraa Kaxkabllh pesoHaTop OyaeT
COBepLUaTh BbIHYXAEHHOE KonebaHue TOMN »Ke YaCcTOThbl W, UCNYCKass BTO-
puuHble BONHbI. VIHTepdepeHUMAa BTOPUUHBIX BOSH OT BCEX PE30OHATOPOB
C MEPBMYHOMN BOJIHON AAeT Pe3yNbTUPYIOLLYHO BOJIHY, dha3oBasi CKOPOCTb '
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KOTOpoMn, BooOLe roeBopsi, He paBHa ¢a3oBOW CKOPOCTU U WU 3aBUCUT OT
YacTOThbl. JTa 3aBUCUMOCTb M HA3bIBAETCA AUCMNEPCUEN.

Haitaem ckopocTb v’ pacnpocTpaHeHUs ynpyroi BOJIHbI B Cpele C pe3o-
HaTopamu. Tak Kak B HaLUEN MOAESNN KaXXKOMY PE30HATOPY COOTBETCTBYET
OAVH 3NIEMEHT CPellbl, TO MOXHO CUNTaTh, YTO Ha I/IEMEHT Cpelbl AeHCTBY-

0T aBe cunbl: ogHa F' co CTOPOHbI BOJIHOBOIO BO3MYLLIEHUS M ApYras R
CO CTOpPOHbI pe3oHaTopa (puc.2); Npoekuus MOCNEAHER HA OCb T PaBHa:
R = —f = —k(£ —n). MMoaTtomy BTOpOIt 3aKOH HbloTOHa Ans anemeHTa
cpeabl OyAeT BbIFNAAETb TakK:
d*¢ I

EV—— = wipoVo(€ — ). (4)

Ve =BV G

JTa popmyna oTauyaeTcs ot (1) ToNLKO Tem, 4TO B Npason yacTu npuba-
BJIEHA CMNIa PeaKLUMKM Pe30HaTOopa, AEUCTBYIOLLAA HA SNEMEHT Cpeabl. em
CaMbIM yYTeHa Cyneprno3vuusi MEPBUYHON BOJIHbI, UAYLLEN B CPeAe, U BTO-
PUUYHbIX BOJIH, U3Jly4aeMbiX BO3OY)KAEHHbIMU PE30OHATOPAMMU.

Taknm 06pa3om, pacnpoCTpaHeHne YNpyroro BO3MYLLEHUA B Cpede C pe-
30HaTOpPaMU NOAUMHAETCA BOJIHOBOMY YPaBHEHMIO

d? d?
s =TS i) )
PaccmoTpum Tenepb pacnpocTpaHeHUe rapMOHUUYECKON BOJSTHbI C 4aCcToO-
Ton w, BonHoeoe uncno k' = 27 /) koTopoi, BoObLUE roBops, OTNUYa-
€TCA OT BOJIHOBOrO YUCNA FAPMOHWYECKOW BOJIHbI B OAHOPOAHON Cpene:
£ =& cos(wt—k'z), roe v’ = w/k" — dazosas ckopoCTb BOSIHBI B Cpese ¢
pesoHaTopamu. [1pn 3TOM U 3NEMEHT Cpeabl, N PE30HATOP COBEPLLAIOT Bbl-
HYXXAEHHbIE KONEBGAaHMA C TON e YaCTOTON W, HO C HEKOTOPLIM CABMIOM (ha3
(v, NO3TOMY CMELLEHNE PEe30HATOPa OTHOCUTENIbHO HEMOABMXKHON Cpelbl B
TOUKE C KOOPAMHATON X ONUCLIBAETCSA YPABHEHUEM 1) = 1, cOs(wi—k x4 x).
Neaxxabl anddepeHumnpys £ M 7) NO BPEMEHM U KOOPAMHATE, MOSyYaeM:
d?¢/dt? = —w?¢,  dPn/dt? = —w?n, d?¢/dx? = —k"™*£. MNoactasnas
5TU 3HaueHus B ypasHenus (3) u (5), umeem:

w’n = —wy (€ —n), W€ = k"€ +wiC(€ — 7).

MoacTaenss BO BTOPOE ypaBHEHUE BMECTO pa3HOCTM (£ — 1)) ee BbIpakeHue
n3 nepeoro, nonyuaem: w?¢ = v?k?¢ — Cw?n. Paspenus 370 Bbipaxerme
Ha k"% u yunTbiBas, 4TO M3 nepeoro ypasHewua 1/ = wi/(wi — w?),
4



umeem: w?/k”? = v? — Cwiw?/K?(w? — w?). OTcropa Haxoonm keaapaT
CKOPOCTM PaCnpOCTPaHEHWUs BOJIHbI B CPELEe C Pe3oHaTopamm

2 2
12 W v

VT e T 1+ Cwi/(wi —w?)’

CunTaa BTOpOe cnaraemMoe B 3HAMEHATESIE MaslbiM MO CPABHEHUIO C €4M-
Huuen, no npubnuxenHoin dopmyne 1/v/1+2 = 1 — z/2 ana manbix z
OKOHYATENBEHO NofyyaeM, 4To a3oBasi CKOPOCTb BOJIHbI B Cpele C naeab-

HbIMW pe3oHaTopamu
C W
v=v|l-=—="2—_). 6
( 2 Wi — w? (6)

Takum obpazom, B cpeae C pe3oHaTopamu ¢a3oBas CKOPOCTb BOJIHBI
3aBUCUT OT YacTOTbl, TO €CTb UMeeT MeCTO siBneHue aucnepcuu. Ecnm
YACTOTA BOJIHbI CUJIBHO OTJINYAETCA OT CODCTBEHHOW YaCTOThl Pe30HATO-
POB, TO BTOpPbIM 4/IeHOM B CKOGKax (6) MO CPaBHEHWIO C eAMHMLER MOXHO
npeHebpeub, U da3oBasi CKOPOCTb BOJIHbI B CPeAe C pe3oHaTopaMu NpaKTu-
UECKU HE OTJIMYAETCA OT ee 3HaueHus B ogHopoaHon cpeae. [lpu w < wy
(ha3oBasi CKOPOCTb BOJIHbI B Cpele C Pe30HAaTOPaMu MeEHbLUE, A NPU W > Wy
— bonblue, yeM B OLHOPOAHOW Cpene.

Pa3pbiB CKOPOCTM NpU pe30HAHCHOW YacTOTe W = Wy PU3NYECKOTO CMbl-
CNa He UMEET M OOBACHAETCS TEM, UTO MAEaNbHbIE PE30HATOPbI COBEPLUAIOT
konebaHua 6e3 noTepb aHeprun. YueT 3TUX MNOTEPb AAET ANA CKOPOCTU
BbIPa>XeHWUE, HU MPU KAKUX 3HAUYEHUSX YaCTOThl He obpallatolleecs B bec-
KOHEUHOCTb. [lOHAATHO, UTO OAHOBpPEMEHHO C AUCNEpPCUEr MpU YacTOTax,
O6NN3KMX K pe30HaHCHOW, HabnLaeTCA MOrJoLeHUe BOJIHbI, TaK KakK pa-
CTeT aMnAnTyaa konebaHu pe3oHaTOPOB U YBETMUNBAIOTCA HeoOpaTUMble
NOTEPU IHEPrUM.

2. JKCNEPUMEHTANbHAA YCTAHOBKA. WckyccTeeHHan
cpeda C amcnepcuen MOXXeT MpeacTaBnATb cobon crovt BO3ayxa nepen OT-
BEPCTMAMMN PACNONOKEHHBIX B OAHOM NAOCKOCTM pe3oHaTopos [ ensMronbua
[3], a dhazoBylo CKOPOCTL 3BYKOBOM BOJSIHBI MOXHO M3MEPUTH, HANpUMeEp,
meToaoM uryp Jluccaxy [4]. dTumu coobpaxeHusiMu onpeaenseTcs On1H
M3 BO3MOXHbIX BapUaHTOB 3KCMepuMeHTanbHoM yctanosku [5] (puc.3).

Bbixosn reHepaTopa 3BYKOBOM 4acTOThl 1 COEAMHEH C 4acTOTOMEpPOM 2
n amHamukom 3. Manyyaemas AMHAMMKOM rapMOHMYECKas 3BYKOBas BOJ-
Ha PacrnpoCTpPaHAETC B UCKYCCTBEHHOW CPEAE, 3aKJOUYEHHON B 0bnacTu
MeX Ay pe3oHaTopamMu 4 W yCTAHOBAEHHOM MapannesibHO UX OTBEPCTUAM
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nnockon nnactuHon 5. JluHeika 6 npeaHasHaueHa AN U3MEPEHUA KOOPAM-
HaTbl MUKPOgOHA 7, KOTOPbIA MOXHO NEpPeMELLATbL B UCKYCCTBEHHON Cpeae.
MukpodoH uepes ycunuTenb 8 MM HENOCPEACTBEHHO COEAMHEH CO BXOAOM
Y ocumnnorpada 9. Bxoa X aToro ocumnnorpada COeAMHEH C BbIXOAOM
reHepaTopa 1.

Puc.3

| *[TTTTTTITIT @

Takum obpazom, Ha ocumnnorpad OLHOBPEMEHHO MOCTYMAKT UCCHenLy-
eMbI CUTHAN C MUKPOGOHA U OMOPHbIN HENOCPEACTBEHHO C reHepaTopa.
B pesynbTaTe CBETNOE MATHO HA JKpaHe 3NEKTPOHHO—NYYEBON TpPybKM,
yYacTBYA B ABYX KOF€PeHTHbIX B3aUMHO MNepneHAUKYNAPHbIX KonebaHusx,
onucebiBaeT B obLuem cnydae annunc. [lpyu usmeHeHum paccTtosiHusA oT Au-
HaMuKa A0 MUKPOGOHA HENpepbIBHO M3MeHseTCs ¢dasa TONIbKO MPUHUMAe-
MOro CUrHana, a ¢asa OMOPHOro OCTaeTcs NOCTosiHHOW. [loaTomy annunc
Ha dKpaHE U3MEHSAET CBOK KOHMUTypauuio, ABAXAbl 338 NPOCTPAHCTBEHHbIN
NepUoA, BOJHbI BbIPOXAAACh B 0OTPe30okK. MuHUManbHOEe paccTosiHUE MeX oy
ABYMS MOJIOXKEHUSMU MUKPODOHA, NMPU KOTOPLIX HAa 3KpaHe HabnwopatoTcs
OLMHAKOBO OPUEHTUPOBAHHbIE OTPE3KU, OYEBUAHO, AAeT AJINHY 3BYKOBOW
BOJIHbI B MCKyCCTBEHHOM cpeae \'. 3Hast yaCcTOTy reHepaTopa U AJIMHY BOJI-
Hbl, ONPELENAT CKOPOCTb 3BYKA B UCKYCCTBEHHOW Cpeae.

CucTtema pesoHaTopos obpasosaHa 455 Tpyboukamu anuHon [ = 25 mm
M BHYTpPeHHUM auameTpom d = 10 MM, KOTOpbl€ CKJeeHbl U3 MOJIOCOK MUC-
uent bymarun anuHon ~ 160 mm Ha kpyrnon onpaske kneem [NBA. Tpy6ouku
OLHVUM TOPLOM MPUKIEEHbI K NAOCKOW NNACTUHE TaK, YTO 3aMNOJIHAKT Nps-
MoyrosibHUK pasmepom 150 x 400 mm. Ha paccTosaHum 40 Mm OT UX OTKpbI-
ThIX KOHLOB 32aKpErnJIeH NMJIOCKMN 3KPaH U3 OPrcTeksa Wiu Apyroro TBep-
noro maTepuana. MckyccTBeHHON Cpenon ABAAETCSA C/OW BO3AYXa MeXAy
OTBEPCTUAMMU PE3OHATOPOB U 3TUM 3KpaHoM. PaKTUYeCKU IKpaH UrpaeT
BCMOMOIaTENIbHYIO POSib, MPEAOTBPALLASA BJIMSAHUE BOJIH, OTPAXKEHHbIX OT
OKPY>XaloLLMX NpeaMeTOB, Ha 3BYKOBOe none B pabouem obbeme.
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CobcTBeHHas YaCcTOTa LUMMHAPUYECKOrO PE30HATOPa MOXET ObITh OLe-
HeHa rpybon NPpUKUAKON: BHYTPUW HEro yKNaAblBAae€TCA NPUMEPHO UYETBEPTb
ANIMHbI 3BYKOBOMN BOJIHbI B BO3ayxe. bosiee TOUHBIN pacyeT BbLINOMHAOT MO
npubnvxxeHHon dopmyne [6], yunTbiBatoLLeh BAMSIHUE OTKPLITOrO KOHLA
LUAVHAPUYECKOro pezoHaTopa: v = ¢/A = ¢/4(1+0,4d), rae ¢ = 340 m/c
— CKOpoCTb 3ByKa B Bo3ayxe npu 20° C. PacueT u namepeHua nokasbl-
BAlOT, UTO PEKOMEHAOBAHHbIE Pe30HAaTOPbl UMEKT CODCTBEHHYK YaCTOTY
~ 3 klu.

B ycTaHoBKe MOXHO ucCnonb3oBaTb NtoOble COBPEMEHHbIE UNUECKUE
npubopsl. C uenbio obecneyeHns MakCMMalibHON AOCTYMHOCTM Mbl OonNpobo-
Banu npubopsl wkonsHoro Tuna (puc.4): renepatop MMHYLLI-1 ¢ undbposoi
nHaukaumen yactoTsl, anHamuk 21 J-40, mukpodon AIMLUI-1, ycunutens
YHUYLL-1, HarpyxeHHbIn Ha namnouky Hakanueaua 6,3 B (0,3 A), n oc-
umnnorpad O3Y. YTtobbl nosieunacs BO3MOXHOCTb MPUMeHeHUs cabo Clibl-
LLIMMOTIO 3BYKA, HE MELUAoLLErO NpoBeaeHUto apyrux paboTt B nabopaTtopun,
M IIUNC MONYYanCs BO BeCb 3KpaH ocuunnorpada, B 3TOW YCTAHOBKE Le-
necoobpasHo MUCCreayeMbId CUFHAN MOCNe YCUJIEHUA MOAATb Ha BXoA X, a
OMOPHbIA — HEMOCPEACTBEHHO Ha BX04 Y ocumnsorpada.

Puc. 4

3. BbINOJIHEHUE 3KCINEPUMEHTOB. B nabopaTtopHoi pabo-

Te TpebyeTCs AOKA3aTb CYyLLECTBOBAHWE AUCNEPCUMN U NOTJOLLIEHNA 3BYKA B
MCKYCCTBEHHOW Cpele, @ TakXe CHATb AUCMEPCUOHHYIO KPUBYIO.

1. UNzyueHne 3aBUCUMOCTH AJINHBI BOJIHBI OT YaCTOThbl B HEANCNIEPTUPY-
rowen cpede. VI3 yctaHoBku ybupatT cuctemy pesoHaTopoB. MukpodoH
YCTAQHAB/IMBAIOT B TAKYK TOUKY Zg, YTOObI 3AMNC HA 3KpPAHE OCLMNIIO-
rpada BbIPOAMNICA B HAKJOHHBLIN OTPE30K, MPOXOAALLMN 4yepe3 MNepBbid U

7



TPeTUN KBaApaHThl; B 3TOM Ciyyae CABUI (a3 MEXAy CUrHaNaMu paBeH
Hymto. Jlanee MUKpodoH nepeMeLlatoT B GANXKANLLYIO TOUKY X1, B KOTOPO
3JIMNC HA 3KPaHE CHOBA BbIPOXKIAETCA B MPOXOAALLNIA YEpe3 Te XKe KBa-
ApaHTbl 0Tpe3ok. [lpu 3Tom cagur das cocTaBnseT 27, a NePEMELLEHNE
X1 — Xy PaBHO AJIMHE BOJIHbI 3BYKa B BO3Ayxe A. [lna ymeHblueHus no-
FPELLHOCTU U3MEPEHMIT MUKPOGhOH NEPEMELLIAIOT HE Ha OAHY, a Ha 7 AJIMH
BOJIH, B TOUKY C KOOPANHATON X,,. 10raa ANMHA 3BYKOBOM BOJSIHbI B BO3AYXE
onpeaensieTcs no dopmyne: A = (x, — zg)/n, a ee pasosas CKOPOCTb —
v = AV, rle ¥ — 4acToTa 3BYKa.

A, MM

\ 0o PVlC.5

. yl
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-
1000 2000 3000 4000 v,y

N3meHsas uacToTy 3Byka oT 1 80 5 kl'u uepes 0,2 klu, onucaHHbIM
cnocobom nosiyyatoT 3aBUCUMOCTb AJIMHbI 3BYKOBOW BOJIHbI B BO34yXe OT
4acTOThl M cTpoAT ee rpaduk 1 (puc.5). [ns kaxazoro 3HaueHus 4acTo-
Tbl BbIYMCISIOT CKOPOCTb 3BYKA B BO3Ayxe, U 0TOb6pa3us ee Ha rpacuke 1
(pnc.6), ybexaaroTcst B OTCYTCTBUM AUCMEPCUMN 3BYKA B BO3AYXE.

2. W3syuenne 3aBucMmMoCTH pa30BON CKOPOCTHM BOJIHBI OT 4acTOThl B
ancrneprupyroieri cpese. B ycTaHOBKY BBOAAT CUCTEMY pPe30HATOPOB U NO-
BTOPAOT U3MEPEHUSI CKOPOCTH 3BYKa, Kak onucaHo Bbile. OcobeHHO TLua-
TENbHO CHUMAOT JaHHblIE BOAW3M pPe3OHAHCHOM YacTOThbl cucTembl. Ha-
6nonan 3a CBeUEHUEM JIaMMOYKKU HAKAJIMBAHUA, MOAKIIFOUYEHHON K BbIXOLY
8



YCUNUTENS UCCNEAYEMOro CUrHana, ybexaalTca, YTo AUCNepCcusi 3ByKOBOK
BOJIHbl B MCKYCCTBEHHOW Cpeae MMeeT MeCTO BOAM3U MOMOCHI NOrnoLeHUs
3BYKa 3ToW cpenon. [1o nonyuyeHHbIM AaHHBLIM B MPEXHUX CUCTEMAX KOOP-
AVHAT CTPOAT rpaduku 2 3aBUCUMOCTEN ANUHBI BOSHBI (puc.5) u ckopocTy
3Byka (puc.6) oT yacToThl. KauecTeeHHO NOATBEPXAAIOT CNPABEANNBOCTL

dopmynbl (6).

Yy M/
Puc.6
900 - ’\
\
500 - N 2
J . . A °‘°'~o—o-—o_o_°_
‘300 T -—o—_..o___o-.. f
i °\o\°\
100 A Y%
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