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Pabouas nporpamma aucumninHbl (mMonyns) pa3paboTaHa B COOTBETCTBHHM € CAMOCTOSTCILHO
yeranosieHubiM MI'Y  ofpasosarenshubim  cranmaprom (OC MI'Y) ans peannsyembix OCHOBHBIX
npolecCHOHANBHBIX OOPA30BATE/ILHBIX MPOIPAMM BBICUIEID 00Pa30OBaHHA MO HANPABAECHMIO NOANOTOBKH
03.05.02 «DynpameHTanbHas W npuknaaxas pusnka» B penakuun npuxasza MI'Y Nel780 ot 29 aexabps
2018 r.

I"on (roast) npuema Ha obyuenne: ¢ 2020 .

Kype - 2
cemecmpn 3
auemnmx eounny — 2
AKAEMUNCCRKUX Haco6 — 18, 6 m.y.
JeKyuit — nem

npakmuveckux anamuit — 18 vacos

Dopya npomexcymoynoni ammecmayun:

savem & 3 cemecmpe



1. Mecrto nucuuniauHbl (Moayas) B crpykrype OITIOII BO.

«O0muit gaepHBId NPaKTHKYM», KaK BaKHEHIIas cocTaBHas dYacTh Kypca oOmeil ¢uszuku
ABJISICTCA OJHOM M3 OCHOBHBIX AMCLUUIUIMH B OOIIEH CHUCTEME COBPEMEHHOW MOATOTOBKU (PU3MKOB -
po¢eCCHOHATIOB.

Ona u3yuaercs Ha MJIAJIIMX Kypcax MapajuleJbHO YTEHHUIO JIEKIUi Kypca oOmel (pu3uku u ee
TJIABHOW 3ajaueil sBiseTcs co3naHue (yHIaMeHTanbHOW O0a3bl 3HAHWUH, HAa OCHOBE KOTOpPOU B
JabHEMIIEeM MOKHO pa3BUBaTh Oosiee yrIyOJeHHOE W JIETAJIM3MPOBAHHOE M3YUYEHHE BCEX pa3lelioB
(Gu3uKU B paMKax LUKJIa KypCOB 110 TEOPETUUECKOH (PH3HKE U CIELIMATBUPOBAHHBIX KyPCOB.

Kypc HaumHaeTcsi ¢ TEOPETUYECKOTO BBEACHUS, JJajiee CIEAYIOT LUKIIBI JJaOpaTOPHBIX paboT 1o
COOTBETCTBYIOLUM pa3zenaM Kypca o01mel pu3uKu.

2. BxoaHble TPeGOBaHUs 11 OCBOEHHS AUCIHUIIMHBI (MOIYJIs1), IpeABAPUTEIbHbIE YCI0BHS
(eco1m ecTh).

bazoBble 3nanus o o01eil pu3nke, BhICIICH MAaTEMAaTUKE U TEXHUKE MPOBEICHUS
HKCIIEPUMEHTOB.

3. Pe3yabTtarbl 00ydyeHHMsl 1O JUCHUILIHHE (MOIYJII0), COOTHECEHHbIe ¢ TpedyeMbIMHU
KOMIIeTEeHIIUSIMH BbINYCKHUKOB.

[1nanupyemble pe3yiabTaThl 00yUeHUs 1O JUCHMILIUHE (MOAYIIIO):
3HATh:
- METOJIMKH ITOCTAaHOBKH (PU3NYECKUX IKCIIEPUMEHTOB;
- OCHOBHBIE 3JIEMEHThI TEXHUKU 0€30MaCHOCTH MPH MPOBEJCHUN YKCIIEPUMEHTAIBHBIX UCCIEI0BAHUH.

YMeTs:
- IOATOTOBUTH U BBIMOJIHUTH (PU3NYECKUIN IKCIIEPUMEHT;
- IPUMEHATh TEOPETUUYECKHE MTO3HAHUS K aHAJTU3Y KOHKPETHBIX (PU3UYECKUX CUTYaIHil;
- paboTaTh ¢ COBPEMEHHOM U3MEPUTEIbHOMN anmnapaTypou.

Bnaners:
- METOJIaMU U3MEpEeHHH (PU3NUEeCKUX BETHMUMH U PUHITUIIBI ACHCTBUS COBPEMEHHOM anmapaTyphl;
- MECTOAaMHU O6pa6OTKI/I 1 aHaJIn3a HOJ'Iy‘IeHHI)IX JaHHBIX, a TAK)XXKC METObI HpeI[CTaBJ'IeHI/ISI pe3yJ'IBTaTOB,
C UCIOJIb30BAaHUEM KaK TPAJUIMOHHBIX, TAK U COBPEMEHHBIX KOMIIBIOTEPHBIX MOAXO0B.

Hmets onbIT:
- IpOBeJICHUST (PU3NYECKOTO IKCIIEPUMEHTA C UCIIOIH30BAHUEM DJIEKTPOHHO-MEXaHUUECKHUX CPEICTB
KOHTPOJIA.

4. ®opmat 00y4eHHsI — KOHTAKTHBIMN.

5. O6beM TUCHUTLUIMHBI (MOIYJIsI) COCTaBisIeT 2 3. €., B TOM yucie 18 akajaeMH4ecKux 4acos,
OTBEJCHHBIX Ha KOHTAKTHYIO PabOTy OOydJarommxcsi ¢ MperojaBareieM (ayIuTopHas Harpyska), 94
aKaJeMHYECKHX Yaca Ha CAMOCTOSTEIbHYIO padoTy 00yYaroIuxcs.

6. ComepxkaHue THCHUIUIHHBI (MOAYJs), CTPYKTYpPHMPOBaHHOe MO TeMaM (pasaeaam) c
YKa3aHUEM OTBEJECHHOI0 HA HUX KOJMYECTBA AKaJeMU4YeCKHX YaCOB U BU/AbI YUeOHBIX 3aHATHI



6.1. CrpykTypa IMCUMIUIMHBI (MOayJas) mo TeMaM (pa3jesaM) ¢ YKa3aHHeM

OTBCACHHOI'0 HA HUX KOJIHYECTBA AKAACMHUICCKHUX YaCOB U BH/IbI y‘lEﬁHBIX 3aHATHH

HaumeHnoBanue HoMuHabHBIE TPYA03aTPaThI 00y4YaI0IIErocsi
pa3aesioB U TeM KonrakTHas padora CamocrosiTesibHAsA 2 =
AUCHUTTHHBI (padora BO padora o0y4aromierocsi, 54 g
(MonyJs), B3aHUMOJEHCTBHH C aKkajJjeMHUecKue g =
npernojaaBarteJieM) Yyachkl = Z =7
®opma Bujibl KOHTAKTHOI > : § E
MPOMEKYTOYHOM paboThbl, E g% 8
aTTeCTallMy 0 | aKaJeMHYeCKHe Yachl = i 3 o:)
JMCHMILIAHE . o = q:, ::: 5
(MonxyJi0) = S, = % . § § =)
=58 5gE = S
SS5E| ZFEE R &
o QM) o =
= 8
Beenenue. - Koncynpra |5 7 -
1w, 2
N3mepenue - Jlaboparop | 4 14 Ortuer no 71a0.
JUHENWHBIX HbIE pao.
pa3MepoB u pabortsr1, 10
IUIOTHOCTH
oOpa3ua. Honnyc
U
MHUKPOMETPUIECKU
€ LIKaJbI.
MynbTUMETPBI. - Jlaboparop | 4 14 Ortuer no 71a0.
W3mepenue cuibl HbIE pao.
TOKA, HANPSKEHUS pabotsl, 10
U aKTUBHBIX
CONIPOTHUBJICHMIA.
Merton - JlaGopatop | 4 14 Ortuer o 1a0.
HAaWMEHBIIINX HbIE pao.
KBaJpaToB. pabortsl, 10
I'paduueckoe
npecTaBIeHue
JTAHHBIX.
ONEeKTPOHHO- - JlaGopatop | 4 14 Ortuer o 71a0.
JTy4yeBOu HbIE pao.
ocuuuiorpad. pabotsl, 10
N3yuenue paboThI | - Jlaboparop | 4 14 Ortuer 1o 71a0.
TEepMOCTaTa. HBIE pao.
['panyupoBka pabotsl, 10
MEJIHOTO
TEPMOMETPA.
N3yuenue - JlaGopatop | 4 14 Ortuer o 71a0.
HOPMAaJIbHOTO HbIE pao.
pacupeneneHus. pabortsl, 10
[IpumeneHne
THCTOTPAaMM IS
00paboTku
JTAHHBIX.
W3yuenue - Jlaboparop | 4 14 Ortuer no 7a0.




CTaTHCTUKH HBIC paod.
$hoTOOTCUYETOB pab6oTtsl, 10
DIY.

Hpyrue Buabl - - - - -
CaMOCTOSTEIIbHOU

paboThI (Ipu
HaJIMYUHN):
Harpumep,
KypcoBasi pabora,
TBOpYECKast
pabora (3cce)

[TpomesxyTounas 6
aTTecTanus
(3auemsi)

Hroro 12

6.2. Conep:xanue pa3ieyoB (TeM) AUCHHUILIHHBI.

Jucuumnuza «OOummil sinepHbld MPaKTUKyM» HE MMEET B CBOEM COCTaBe TeM (pa3fesioB) Kak
TaKOBBIX.

TeopeTnueckue 3HaHUA.

B pamkax pasnena «BBeneHUE B TEXHUKY 3KCIIEPUMEHTA» CTYJEHTHI II0Jy4atOT TEOPETUUECKUE
3HAHUA 110 CIEAYIOUIUM TeMaM:

— CoBMecTHble H3MepeHHsA. Mpues Merona HaMMeEHbIIMX KBajaparoB. OOpaboTka pe3ysbTaToB
COBMECTHBIX U3MEPEHUM.

— Ilorpemnoctn wu3Mepenuii u wux kinaccupukanus. [IpaBuna ouenku omubok. OdopmineHue
pe3yJIbTaTOB U3MEPEHU.

OcyiecTBisst BBIMOJHEHHE 1a00paTOPHBIX paboOT Mo ApyruM pazgenam «OOmiero saepHOro
IPAKTUKyMa» CTYJIEHThl 3aKpEIUIAlOT 3HAHUS, MOJy4YyeHHblE B paMKaxX JIUCHUIUIMH Kypca «OOmiei
GU3MKIM» ¥ UMEIOT JOMOJHUTENBHYI0 BO3MOXKHOCTh K CaMOCTOSITEIbHOMY HM3YYEHUIO TEOPETHYECKHUX
OCHOB 00IIe(U3NIECKUX TUCIIUILUINH.

[TpoBeneHue 1a00PaTOPHBIX 3AHITHH.
MeTtoauka mpoBeeHUS MPAKTUYECKUX 3aHITHIA.

[IpakTrueckue 3aHSITHS COCTOSAT B BBIMOJHEHUU CTyACHTaAMU J1abOpaTOpPHBIX pabOT COTIACHO
TEMaTUYECKOMY IUIAHY.

Kaxxnas pabora obecriedeHa onucaHueM, BKITFOYAIOITUM

- 11eb paboTHI;

- TEOPETUYECKHE OCHOBBI PabOTHI;

- onMcaHue Ja0opaTOPHOM YCTAaHOBKH U (MJTH) KOMITBIOTEPHOM MPOrpaMMBbl;
- IUTaH ITPOBEICHUS U3MEPEHN;

- yKa3aHus 1o oopaboTKe U MPeACTaBICHUIO PE3YJIbTAaTOB;

- KOHTPOJIbHbIE BOIPOCHI;

- CIIUCOK PEKOMEH0BAHHOM JINTEPATYPHI.

Beimonnenue nabopaTopHOH pabOTHI CTyIEHTOM COCTOUT U3 CIEIYIOIUX YaCTeH:
- IOJITOTOBKA K paboTe Ha OCHOBE OMMCAHUS;



- MONyYyeHHE JOMycKa K padoTe B pe3ysbTaTe YCTHOIO TECTUPOBAHMS IPENojaBaTesieM MO y4eOHOMY
MaTepuaiy, H3JI0)KCHHOMY B OITMCAHUH U PEKOMEHJOBAaHHOI JIMTEpaType;

- BBINOJIHEHUE YIPAXKHEHUH Ha JIaOOpaTOpHON YCTAaHOBKE MIJIM KOMITBIOTEPE;

- 00paboTKa JaHHBIX U MOJrOTOBKA OTYETA;

- (huHAIIbHAS 3aIUTa BBITIOJIHEHHOW PaOOTHI EPE MPETo1aBaTeNIeM.

Kaxmomy cTyaeHTy 3a0iaroBpeMEHHO BBIIAETCS ONHMCAaHUE JAOOpaTOpPHOM paboThl A
CaMOCTOSITEJIbHOTO HM3YYCHHs W IOJArOTOBKM K BBIIOJHCHUIO, B KOHIC ONHCAHUS KaXI0il padoThI
IPUBOJUTCS CIICOK JINTEPATYPHI 110 TeME TaHHOW paboThI uis Oojiee IeTAIbHOTO U3YUYCHHs MaTepHaa.

[Tpumep ommcanus 1a00paTOPHBIX PadOT.

JIaboparopHast pabota

M3MEPEHUWE CKOPOCTU 3BYKA B BO3AYXE

Ilenp paboOThI - U3MEPEHHE CKOPOCTHU 3BYKa B BO3JyXE METOJOM aKycTH4eckoro uurepdepomerpa. [Ipu
BBINOJIHEHUH JTAOOPAaTOPHON pabOTHI CTYAEHTHI O3HAKOMSITCS CO 3BYKOBBIMHU BOJTHAMH, ITOJIEM CKOPOCTEH
U JIaBJICHUH B aKyCTUYECKOM pE30HATOpE, C IOHATHEM CKOPOCTH 3ByKa KaK TE€PMOJUHAMHYECKOMN
XapaKTEPUCTUKON CPEBI.

TeopeTuyeckue oCHOBbI paboThl

3eykoebie 80JIHbI, CKOPOCMb 38yKa U mepMOGUHaMu4YyecKue xapakmepucmuku. B xuakocTsix un
rasax BO3MOXHbl IWLIb CXKATUA W PaCTSHKEHWUSA, MO3TOMY B HUX MOTYT PaACMPOCTPaAHATLCA TOMBKO

NpoaonbHble BOMHbI. TlycTh X - KoOpAMHaTa, BAOMb KOTOPOI pacnpocTpaHsetcs sonHa, al(X,t) -

CMeLlleHnda 4acTtuu cpepnbl. PaCCMOTpI/IM pr6Ky TOKa Ce‘-leHI/IeMS M BbliNALEM YypaBHEHNE OBWXEHUA

Ans ee anemeHTa AnuHon AX :

82
prSat—Zf =S(p(x,t) — p(x+ Ax,t)), @
rae P=p, + Ap - paBnewnve, p = Po + Ap - NNOTHOCTb cpeabl, NPEeACTaBNeHHble B BUAE CYyMMbl UX

PABHOBECHbLIX 3HAYEHMI 1 BO3MYLLIEHWIA, CBA3aHHbIX C BonHow. Mepexoas k npegeny AX — 0
(P(X+ AX,t) — p(X,t) = Ap(X + AX,t) — Ap(X,t) = AXO(Ap(X,1))/0X),

nony4mm n3 ypasHeHus (1)

0*E  OAp
e __YF 2
Po o X (2)
rae wuncnonb3oBaHO npeanonioXxeHne o Manocth amMnnutydbl BOJNHbI — MaloCTu BOSMyLLl,GHI/IVI
nnotHocTn Ap << p,. B atom cnyyae
AX 1 o&
Ap=p—p, = Alxp| — 1|lx—p, 2. 3
PPl A e a) -0 ) P\ 1+ ae1ox Poox ¥
,D,J'Iﬂ MarnbiX BO3MyIJ.|,eHVII7I MJIOTHOCTU MOXXHO TakKXKe HanncaTtb
Ap = j—p Ap=C*Ap, (4)

P=Po

roe BBegeHo obo3HaveHue



dp
d,O P=Po |

0% _
2

C= (®)

,0°¢

C ,
Ox?

Mopctasme (3) u (4) B (2), nony4ynum BOMHOBOE ypaBHEHUE M3 KOTOPOro BUAHO, YTO

BenunYmHa C sBNsSieTCS CKOPOCTbIO BOSHbI — CKOPOCTLIO 3BYKa B Cpefe.
Onpenenvm cKopocTb 3BYKa ANs uaearnbHOro rasa, ncnosnb3ayto dopmyny (5). HetoToH npegnonaran, 4to
3BYKOBble KonebaHusi NpoucxogaT usoTepmmyeckn. TorgaC — onpedensieTcss U3 ypaBHEHWS

o [FT_[o o
H Po

Jlannac npeannonoXxwun, 4YTo 3ByKOBbIE KonebaHus nponcxogaT aﬂ,l/la6aTI/1‘-IeCKl/l. TorpaC onpegendeTcs

coctosHua p = oRT [ i

u3 ypaBHeHus aguabartsl P = Py (p/ p,)” (raey =C, /C, - nokasatens apuabarsi):

RT
H Po

M3-3a ABHOrO pasnuuMs Mexgy YMCNoBbIMW BEMWYMHAMWK, paccyuTaHHbiMM no dopmynam (6) u (7),

(7)

HeTpyaHO caenaTtb BbIOOp, NpoBeast M3MEPEHUA CKOPOCTU 3BYKA. OKCMEPUMMEHT MokasbliBaeT
cnpaBeanueocTb dopmynbl (7). bonee Toro, chopmyna (7) gaet oanH u3 Hambornee ToOYHbIX crnocoboB
n3mepeHus nokasaTtensa agmabarbl:

2

y = uc”[(RT), (8)
T.e. ANS ONpeaeneHus ¥ 4OCTaTOMHO M3MEpPUTb CKOPOCTb 3ByKa M TemnepaTtypy rasa (npu M3BeCTHOM
MONEKYNAPHON Macce rasa (L ).

BenuumHy CckopoCTU 3ByKa, MOMYYEHHYH MyTEM WU3MEPEHUS, WCNONb3yT AN BblYUCNEHUS
TEPMOANHAMUYECKUX XapaKTEepPUCTMK, KOTOpble TPyOHO M3MepuTb HermocpeacTBeHHo. Hanpumep, kak

1(0
cnegyet ns coopmynel (5), koappruneHT agnabaTtnyeckon CXMMaemMmocTu ,BS =—| — | MOXHO HanTh
P\OP g
Nno N3mMepeHnsIM CKOPOCTH 3BYKa N NNOTHOCTMU:
P -1 (9)
S 2
Jo."
1(op
OTOT KO3(PPUUMEHT CBSAI3aH C U30TEPMUYECKMM KOI(PPULMEHTOM CXKUMAEMOCTU ﬂT =— 8_
p\op ),

cpoplvlyr|0|7|,b’S =ﬂT /7/. OnpegenuB  Ana  HEKOTOPOW  XWOKOCTM  3HavyeHMe aguabaTtmyeckon

CKnmaemoctn u3 MamepeHmﬁ CKOPOCTHU 3BYKa, a TaKkKe onpegenmeB U3 CTaTUYECKUX |/|3|\/|epeHv||7|
BEJMMYUNHbI VI30TepMI/NeCKOI7I CXKMMaeMoCTn Wn TenrnoemMKoCctTn npun noCToOAHHOM p[aBlieHUU, MOXHO

HalTMy 1 TennoemkocTb npu  noctosiHHom o6bemeC, =C,/y. [anee, ucnonbays



2.2 y
TepmoanHamuueckylo  copmynyC, —C, =TC¢”, MoxHO HalTu  KOIPPULMEHT  TENNOBOrO

1(8Vj l(&pj
PaCLUMPEHUSI E = ——| — | =—| —— | .
viar ).~ plaT ),

BuiHyxOeHHble 38yKoeble KosiebaHusi e mpy6e. PaccMoTpuM 3ByKoBble konebaHus B Tpybe
anvron L, ogvn m3 topuos kotopoit (X =L ) 3akpbiT TBepmon kpbiwkon, a gpyroi Topey (X =0)
coBeplUaeT rapMoHMYeckne KonebaHus ¢ YacToToN @ .

CkopocTu yacTuy rasa B MSIOCKOIA 3BYKOBOW BOSIHE OMNMChIBAIOTCS

08
dopmyronV, = pra A cos(kx — ot —¢@,), roe BonHoBoe umcnoK w vacToTa®  cBsI3aHbI
cooTHowenneMK =@/C, Al u @,- npoussonbHble MOCTOsHHbIE. Ecnu npeHeGpedb BRMsHAEM

BA3KOCTU, TO OGEeckoHeYyHo AnuvHHas Tpyba, pacnonoXeHHas BAONb Ocu X, He OyaeT BO3MyLiaTb
3BYKOBYIO BOJSTHY, U CKOPOCTU YacTuy GyayT onucbiBaTbCs Town xe dopmynon. Ecnn B Tpyby nobaeutb
TBEPAYIO KPbILIKY, PacronoXeHHyl neprneHankynsapHo cteHkam npuX =L, To B pononHenve «

najatoLLeli BOMHE MOSIBUTCS OTPaXeHHasi BOIHA CO CKOPOCTsIMU udacTuuV, = A, cos(kx + at —goz).

CKOpOCTM YacCTuL, Ha TBEPAOMN KpbilLKe AOMKHLI obpatatees B Hynb:V =V, +V, =0 npuX=L pans
no6oro MOMeHTa BpeMeHW. JTOro MOXHO O0OMTbCS, HaNOXMB CriedyloliMe YCnoBusi Ha cBoboaHble

koHcTauTel: A, =—A, @, = ¢, =KL. Toraa nonnas ckopocts Yactuy Gyaet pasHa
v=A (cos(k(x — L) —at) —cos(k(x — L) + at) = 2A sin(k(x — L))sin(at).

B T0 e Bpems npu X = 0ckopocTb YacTuL, AomKHa coBnaaaTh CO CKOPOCTLIO KonebrioLerocs Topua:

. Vv
V =V, Sin(at). Otciona Haxoanm A, = ———0 3 oKkoHYATemNbHOE peLLeHUe A1S MONsi CKOPOCTEA
2sin(kL)
sin(k(L — X)) . )
B Tpybe npuHumaeT Bua:V =V, - (kL) sm(a)t). Takum obGpasom, amnnutyga konebaHuin
SIn

CKopocmazvo‘Sin(k(L—X))/Sin(kL)‘ HeogHopoaHa BOOMb TPy6bl - CM. mpumep Ha puc. 1.

MakcunmanbHble 3Ha4YeHUs aMmnnutyabl, OoCTUraemMmblie B NYYHOCTAX CTOAYEN BOJSIHHbI, npesBbllLa0T

amnnuTyay ckopocTu kone6niowerocs Topua B 1/SiN(KL) pas.

Ecnu BeﬂMHMHa‘Sin(kL)‘ CTPEMWUTCA K HymMio, aMnnuTyga konebaHuili HeorpaHUYeHHo Bo3pacTaeT —

BO3HUKaET siBNeHue pe3oHaHca. B aTom cny4vae, Kak 1 npu pe3oHaHce rapMOHUYECKOro OCuunaTopa,
nprnobpeTatoT BaXHOCTb MOTEPU IHEpPrun B cucteme (KOTOpbIMU Mbl B MPOBEAEHHOM pPacCMOTPEHUM
npeHebperann). VIMEHHO OHW OrpaHu4MBaltoT POCT amnnuTydbl KonebaHun. B pesynbtate ckopocTu

4YacTuy B NYYHOCTAX AOCTUraloT MaKCUManbHbIX 3HavyeHnnV a none CKOpOCTeIz npencraBnAaeTca B

m?

BUae
v~ xv,_sin(kx)sin(at). (10)
Torga, kak crnegyeT ux dopmMynkl (2), none akyCTU4ECKUX AaBMEHNI eCTb

Ap = Fp,cV,, cos(kx)cos(at). (11)



O' r r r r
0 0.2 0.4 0.6 0.8 1

x/L

Puc.1. Pacnpenenenune amMnnutyasl konebaHuii ckopocTu Baonb Tpy6ul anst cnyvas KL =77/4.

Mone amnnuTyabl 4aBNEHUA CABUHYTO OTHOCUTENBHO NOMS amniuUTyAbl CKOPOCTM YacTul, BOOMb OCK X
Ha 4eTBepTb AJIMHblI BOfHbI, T.€. y3nam CKOpPOCTEW 4acTul, COOTBETCTBYIOT MyYHOCTU AaBneHun u
HaobopOT, Ny4YHOCTSIM CKOPOCTEN COOTBETCTBYIOT y3nbl AaBneHuin. CornacHo (10, 11) npu npmubnmwkeHum

K uanyvawowemy Topuy Tpybel (X —>0) amnnutyga ckopoctu cTpemutcss K Hymwo, a amnnutyga
AaBneHna — K MakcumarnbHoMy 3HadeHuto. OTmeTnm, 4To dhopmyna (10) sBnseTca npubnmwkeHHon. B

AevicTBuTENBHOCTM amnnutyaa ckopoct npu X =0 paBHa 3apaHHON BenuuMHeV,, HO NpU pesoHaHce
aTa BEMNYNHA MHOTO MeHbLUE, YeMV, .
N3 cooTHOLWEHWS! \sin(kL)\ = 0 nonyyaem ycrnosus pesonarcos: KL =7, 2z, 37, .., nrx,

Buipaxas ycrosus yepes anuHy sBonHbl A = 277/ K , nonyunm

L
—=12,...,Nn,..., (12)

Puc. 2 (112)
T.e. N - 9TO 4ucrno nornoBuH ONNH  3BYKOBbIX BOIJIH,

yKnaablBaloLWMUXCs Ha AnnHe Tpyobl.
Ecnu n3meHsITb 4acToTy, C KOTOPOW NPOMUCXOAUT BO30YKAEHNE
3BYyKa, TO pe30HaHCbl OyAyT BO3HMKaTb Ha YacToTax

f=c/(2L), 2c/(2L), 3c/(2L), .., ncl(2L),

rne T = w/(27). XapakTepHas 3aBUCUMOCTb MHTEHCUBHOCTY

KornebaHuin OT 4acToTbl BHELUHEro BO3AEeNCTBUS MokasaHa Ha
f puc.2. B obwem crnyvyae akyCTUYECKUA pesoHaTop uMeeT

Habop COBCTBEHHbIX YACTOT, MPU KOTOPbIX MHTEHCUBHOCTb 3BYKOBbIX KOnebaHui 4ocTuraeT nokasnbHbIX

mMakcumymoB. KonebaHusi, cOOTBETCTBYHOLME NOKANbHBIM MakCUMyMaM, Ha3blBalOTCA COOCTBEHHbLIMMU

MoZamu pesoHaTopa, a uscnon - Homepom mMoabl.

Ecnn npu dukcuposaHHo yYacToTe T MameHsTb paccTosiHue Mexay Topuamu pesoHaTtopa, TO

PEe30HaHCbI, T.e. MakCUMyMbl WHTEHCUBHOCTU KOJ'Ie6aHI/II7I, 6y,El,yT nocnegoBaTtesibHO BO3HUKATb MNpuU

nsmeHeHun L Ha nonosuHy anuHbl BonHbl (cM. (12)). Takum crnocobom MoXeT 6biTh M3MepeHa anuHa
BonHa. [punbopbl, M3mepsowmMe 3TUM CNOCOBOM AfMHbI BOMH PasfMYHON MPUPOAbI, Ha3biBaOTCS
UHTepdepomeTpamu.

3KCI19pVI MeHTallbHasA 4YacCTb



Udest akcnepumeHnma. B akcnepumeHTe UCnonb3yeTcsa akyCcTU4eckuin nHTepdepomeTp B Buae Tpyobl C
TBEPAbIMWU KpbIlKamMu, OAHY M3 KOTOPbIX MOXHO nepemewlatb. [Npu 3agaHHOM 4YacToTe 3BYKOBOW

sonHbl T B TpyBe nmeeT MecTo pesoHaHc, ecn Ha AnNMHe TPyObl yKMaabiBaeTCs LIEMoe YWCRo

nonyBOJIH. Ha6n+oneH|/|e nocriegoBatesibHbIX pe30HaHCOB MNpu nepemMeLlleHnn KPpbILLKKU NMO3BOJIAET HanTn

ANVUHY 3BYKOBOI BOMHbI A . Toraa ca3oBasi CkopocTb BOMHbI paccunTbiBaeTcs no cpopmyne C = Af .

AkcnepumeHmanbHass ycmaHoeka. Ha puc.3 nokasaHa cxema 3SKCNepUMEHTaNbHOW YCTaHOBKMU.
3BykOoBble BONHbI B Tpybe C TBepabiMU KpbilkaMy BO30OYXXOAKTCA aKyCTMYECKOM T[OfIOBKON -
Nbe303NeKTPUIECKNM nanydatenem. Ha manyyatens oT 3ByKoreHepatopa MOAaeTcs CUMHycouganbHoe
anekTpuyeckoe HanpshkeHve, cTabunuaMpoBaHHOE MO YacToTe M aMnnuTyde, KOTopoe BCReacTBue
obpaTtHoro nbe3oaddekta npeobpasyetrca B gedopmauuio mMsnyyawlwlen nosepxHocTu. [duanasoH
pabounx 4vacTtoT uanyvarowen ronoskn — 1500-3000 Mu. Ha Ttom xe Topue Tpybbl ycTaHOBNEHa
npuemMHas akycTtuyeckasi ronoska (MMKPOdoH). B aTomM mecTe npu pes3oHaHce BO3HWKAET My4YHOCTb
pasneHus (cm. opmyny (11)). [HdaeneHue Bbi3biBaeT pedopmauun MNpPUEMHON MOBEPXHOCTU
MUKPOYOHa, KOTOpble BCNeACTBME MpPsIMOro nbe3oaddekta npeobpasyoTcsas B SfEKTpUYEckoe
HanpskeHne. CurHan ¢ NpUeMHOKN rofoBKU NogaeTcs Ha NnacTuHbl Y ocuunnorpada.

PacctosaHne L mexay nsnydyatenem n pednekTopomM U3MeHSeTCsl NNaBHbIM MEPEMELLEHNEM KPbILLIKA, U
npy 3TOM U3MEHSAETCA BenMYMHa amMnauTydbl pernctpupyemMoro curHana. Makcumymbl cnegytot npu
N3MEHEHUN TMomnoxXeHust pedrektopa Ha pacctosHue A/2. Tlo  MONOXeHWsIM  MaKCUMyMOB
onpegendeTcsa AfiMHa BOMHbI U, TaK Kak YacToTa reHepupyemMon BOSHbl U3BECTHA, HAXO4UTCHA CKOPOCTb
3BYKa B cpege.

Ocuunnorpa
U pad MepeaBwkHas Kpbilka -
pednekTop
MwukpodoH /
/
4 [Mpo3payvHas Tpyba Z e
C NNHEWKOW I
LN
(/ /I < L
N3nyyaTenb
3ByKOreHepaTop Puc. 3

NMpoBeneHue namepeHnn

1. BkniounB reHepatop u ocuunnorpad, gamte um nporpetbcs 10 MUH. YcTaHoBuUTe pedbnekTop Ha
pacctosHum 10-15 cm OT aKkyCTMYecKon ronoBKW. YCTAHOBUTE 4acCTOTy 3BYyKOreHepaTopa B npegenax
AnanasoHa paboymnx 4acToT rofoBKMK.
2. 3anuwmnTe 3Ha4YeHne 4acToTbl, YCTAHOBMEHHOE Ha 3BYKOreHepaTtope. 3anumnTte 3HadeHne 4acToThl,
N3MepeHHOE C NOMOLLIbIO ocuunnorpada.
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3. lMnaBHO nepemelwas pednektop, [obenTecb MakKCUMarbHOW aMnauUTyAbl CUrHamna Ha 3KpaHe
ocuunnorpada u 3anumnte nonoxeHwe pednektopa Xi, onpegeneHHoe no wkane. lNpogomkante
nepemMewaTb pednekTop B OAHOM HanpaBfieHUM HACKOMbKO No3BonsieT pasmep TpyObl, 3anvcbiBas
Kaxkgoe ero nonoxeHve Xy, COOTBETCTBYIOLLEE PE30HAHCY.

4. MNoBTOopUTE UMK M3MEPEHUA (NYHKTbI 2 U 3) HE MeHee NATW pas, Bblbupasa Apyrne 4actoTbl U3
paboyero guanasoHa.

Lns pacuema mepmMoOUHaMUYeCKUX XxapakmepucmukK HyXXHO U3Mepums memrepamypy 8030yxa.
O6paboTka AaHHbIX

1. NS KaXkgoro uukna M3mMepeHuin Hy>KHO NOCTPOUTb rpadmk 3aBUCUMOCTU MONOXKeHua pednektopa X
oT BenunuuHbl N/2, rge N — HOMep nocrnegoBaTenbHbIX HaGMAeHUN pe3oHaHca. [lockonbKy Kaxaoe

NepeMelLLEeHIe COOTBETCTBOBANO CMeLLeHio pedhnektopa Ha M2, 1o Xy = ﬁE +CONSt . Noaromy

HaKJ10H rpacbvu(a AaeT BelinvnHy A OnpenenMTe ee MeToaoM HanMeHbLUNX KBaapaToB.

2. o n3BecTHbIM YacToTe U AfIMHE BOJSIHbI BbIYMUCIINTE CKOPOCTb 3BYKa.

3. B kadecTBe KOHEYHOro pe3ynbtata npuMemM BeNMiM4nHy CKOPOCTU 3BYKa, CpeaHKK No BCEM UUKIaM
M3MepeHVIIZ. Onpep,enMTe ana Hee goBepuTernbHbie MHTepBarlibl.

4. PaccunTaiTe AN BO3OyXa TEPMOAMHAMUYECKWE XapakTepuctukm ¥, [ n &, B3sSiB MIOTHOCTb

K/ o

Bo3gayxa 13 Tabnuy v npunsis C, =1.007 .
ke K

KoHTposbHbIe BONPOCHI

1. CyuTaq, 4YTO CMeLleHNsa YacTuL, B MIOCKOW rapMOHUYECKOW 3BYKOBOW BOMIHE UMEKOT aMnnuTyay a,
onpegenute amnnuTyabl CKOPOCTM YacTuu, aKyCTUYEeCKOro AaBfieHUs W BOJTHOBbIX ONyKTyauumn
NNOTHOCTMW.
2. Kak cooTHocATCS akyCcTMYeckoe AaBreHne n atmocgepHoe?
3. Kak coOOTHOCATCA CKOPOCTb YacTuL, B 3BYKOBOM BOJSTHE M CKOPOCTb 3BYyKa?
4. MoxHo nun no copmyrne (5) onpegenuTe CKOPOCTb 3ByKa B TBEPAOM Tene?
5. Hapucyinte, kak 6yaet U3MeHATbCA curHan MUKpod)oHa, ecnu ero nepemeliatb OT O4HOro topua
Tpy6bl K Apyromy? PaccmoTpuTe cryvyanm Hepe3OHaHCHbIX U pe30HaHCHbIX konebaHun B Tpybe.
6. Kak COOTHOCATCA CKOPOCTb 3BYKa U CKOPOCTbL MOSEKyI B rase?
7. Yemy paBHbl KO3(PULMEHTbI U3OTEPMUYECKON CKMMAEMOCTU W TEenrnoBOro pacluupeHus ans
uaearnbHoro rasa?

Jlumepamypa

- Anewkesud B.A., JleageHko J1.I., KapaBaes B.A. MexaHuvka. YHuBepcuTeTckum Kypc obwen dpusmkn. M.:
Nagatenbckunii ueHTp «Akagemusi», 2004.

- Ctpenkos C.IN. Mexanwuka. O6wun kypc pmsmkn. M.: «Hayka», 2004.

- MaTtBeeB A.H. MonekynapHas dusnka. M.: «Bbicwias wkona», 1987.

- bynkmn T1.C., TMonoBa WN.N. O6wmin dusnyecknin npaktmkym. MonekynsapHas dusmka. M.:
MNa3pnaTtenbctBo MITY, 1988.
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7. ®ona oueHouHbIx cpeactB (®OC) s oueHMBAHHMS Pe3yJbTATOB OO0y4YeHUS IO
JUCIHUIIMHE (MOIYJII0)

7.1. TumoBble KOHTPOJIbHbIE 3aJaHUsl WJIH HHbIE MATePHAJbI I NPOBeIeHUs

TEKYLIEero KOHTPOJIsI yCIieBaeMOCTH.

Tekyiast aTTecTanusi OCYIIECTBISIETCS MyTEM BBIMOJHCHUS J1TaOOpaTOpHBIX paboT B 3 Jrama:
TeOpeTI/I‘IeCKI/Iﬁ A0IMYCK, HCIOCPCACTBCHHOC BBIIIOJIHCHUC E)KCHepI/IMeHTaJ'IBHOﬁ qaCTu CO CHIATHEM
JIAHHBIX, 3aI[UTa OTYETA [0 padoTe.

BeimonHeHne Kakaoil s1abopaTopHON pabOThl OILEHMBACTCSA IO YETHIPEXOAIbHON CHUCTEME:
«HEYIOBJICTBOPUTEIHHOY, «YI0BICTBOPUTEIBLHOY, «XOPOIIO», «OTIUIHON.

CTyZeHT ToJTydaeT 3a4eT MPU HAJTHYUH MOJIOKHUTEIbHBIX OICHOK 10 BCEM 3alUIAaHMPOBAHHBIM B
ceMecTpe JIabopaTOpHBIM paboTam.

COHCOK OIEHOK MO J1a0OpaTOpHBIM paboTaM MPEJOCTABISIETCS B KA4eCTBE JOMOJHUTEILHOM
uHGOPMAIIKH TIPH ¢Jlaue 3K3aMEeHa 10 COOTBETCTBYIOIIEMY pasjenny kypca «O0rien Gu3nkmy.

[TpoMexxyTouHas aTTECTalUs — 3a4eT B 3 CEMeCTpe.

7.2 Tunoswble KOHTPOJIbHBIC 3aJaHUSA HJIHM HHBbIC MaTepUHa/Ibl AJd IPOBCACHUA
l'lpOMe)KyTO‘{HOi/i arrecranmuu.

- 1A 3a4era
3aueT npocTaBIsAETCS CTYJACHTY MO (PaKTy BHIMOIHEHUS (MOJOKUTEIBHOMN 3aIIUTHI) BCEX
71a00paTOPHBIX PabOT, MPETYCMOTPSHHBIX MPAKTUKYMOM K JIAHHOM TUCIUILIMHE TI0 00MIeH Gu3uke.

IKAJIA 1 KPUTEPUHU OLNEHUBAHMUS pe3yastatoB 06yuenus (PO) no jucuununge (Moayai)

Ormenka
POwu
He 3aureno 3auTeHo
COOTBETCTBYIOILIHE
BUIBI OIICHOUHBIX CPEJICTB
3uanus OrcytctBue | PparMeHTapHbIE Oo1rue, HO HE CdopmupoBaHHbIC
(meopemuuecxue donycku K 3HaHU 3HAHUSA CTPYKTYPHUPOBaHHEIE CHUCTEMaTHUYECKHUE
nabopamopuvim pabomam) 3HAHMSA 3HAHMSA
Ymenust OtcyTcTBHE B nemom B uenom ycnemnoe, HO Ycnemnoe u
(3awyuma nabopamopmvix pabom) YMEHHUH yCIICITHOE, HO HE | COAEep’Kallee OTAeNIbHbIE CHCTEMaTHIECKOe
CHCTEMAaTHIECKOE po0erBl yMeHUe yMeHHe
yMeHHe (morryckaeT HETOUHOCTH
HETIPUHIUITHATIBHOTO
Xapakrepa)
Hasbiku OtcyTcTBHE Hanuuue B uenom, CdopmupoBaHHEIE
(B1afeHNs, ONBIT JeATEIbHOCTH) HaBBIKOB OTZEIbHBIX c(opMUpPOBaHHbIC HaBBIKM (BJIQZCHUA),
(3auem) (BnameHutil, HaBBbIKOB HaBBIKH (BJIAICHUS), HO IIPUMEHSIEMBIE [IPU
OTIBITA) (Hammuue UCIIOJIb3yEMBIE HE B peuleHuHy 3a1a4
(bparmenTapHoOrO aKTUBHOU (popme
OTIBITA)

8. PecypcHoe obecneuenne:

— IlepeyeHb OCHOBHOM H JONOJHUTEILHON JUTEPATYPHI.
1. [monbckuit 3.B. Atomuas ¢pusmka: B 2 T. T 1/ D.B. IlImonbckuii. — 8-e u3a. crep. — M.

Jlann, 2010.

2. ©pum C.D. Ontryeckue cnekTpsl aToMoB / C.0. ®pum — 2-e u3a. ucnp. — M.: Jlans, 2010. —

640 c.

3. CusyxwuH JI.B. Kypc o6meit pusuxu: B S 1. T 5, u. 1 / JI.B. CuByxun. — 2-e u3z. crep. — M.
®du3maraur, 2002. — 784 c.
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— Onucanue MaTepHATbHO-TEXHNYECKOI0 o0ecrevyeHusl.

AynuTtopun npakTukyma 1o ¢usuke (JiaboparopHoe odopyaosanue: 10 MecT — MexaHHKa,
nabopaTopHoe obopynoBanue: 10 Mect — MmosekyJsipHas (pu3uka; 1adopaTopHOe
obopynoBanue: 10 MecT — 3neKTpoMarHeTu3M; JadbopatopHoe obopyaosanue: 10 mecT —
ontuka), NeNel124, Ne137, Ne139, Ne140 YHJIK

9. CooTBeTcTBHE pe3yabTaTOB 00yueHus no 1anaomy dJjiementy OIIOII pe3yabTatam
ocoenusi OIIOII yka3zano B 001eii xapakrepuctuke OITIOIL.

10. SI3pIk mpenogaBaHusi PyCCKUA.

11. IlpenoaaBarenb (MpenoaaBaTen).

Crapumuii npenoaaBarens Kadeaps! pusuku u reodpusuku Anapeit Banepreuu CyanmoB.

12. ABTOp (aBTOPBI) MPOrpaMMBblI.

Crapmmii npernoiaBatens kadenps! Gu3uku u reopusnku Anapeii Banepresuu CyaumoB.
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