3ananue 11.1. Kpurudeckas JJIMHA U CKOPOCTh 3BYKA B IJIACTMACCOBOI IUIaAHKe.

TeopeTuveckoe BBeJeHUE.

Eciu OTKJIOHUTH B TMONEPEYHOM HANPAaBICHUH CBOOOJHBIM KOHEI]
BEPTUKAJIBHO 3aKPEIUIEHHOM ¢ OJJHOr0 KOHIIA yNpyroi miaHku (puc. 1) u
OTIYCTUTh, TO BO3HHUKHYT CBOOOIHBIC IOINEPEYHBbIC KOJCOAHUS TIJIAaHKH
BOJIM3M €€ BEPTUKAIBHOTO ToJI0KeHUs. OTHAKO, KaK HECIIOKHO yOeaIUThCS
IKCIIEPUMEHTAIBLHO, TaKHe KOJICOAaHWS BO3HUKAIOT TOJIHKO B TOM Cllydae,
ecnu JuHa ¢ CBOOOJHOTO, HAMPABICHHOIO BBEPX, KOHIA IUIAHKU HE
IPEBBIIIAET HEKOTOPYK0 KPHUTHYECKYl0 HinuHy (. B 3ToM ciydae
BEPTUKAIBHOE TIOJIOKEHHWE IUIAaHKK YCTOMYMBO M TP  HEOOJBIIIOM
OTKJIOHEHHHM OHAa BO3BpAIAeTCs B HCXOJHOC PABHOBECHOE IOJIOKCHUE.
Econ xe ¢ > {, TO BEPTHKAIBHOE IIOJOKEHHE IUIAHKH CTaHOBUTCA
HEYCTOMYMBBIM U MPU HEOOIBIIOM MOMEPEYHOM BO3CHCTBUH PaBHOBECHE
IUTAaHKW HapyllaeTcs, ¥ OHa 3aBaJMBAETCs, CHUJIBHO HM3OTHYBIIKUCH O[T
nericteueM codctsenHoro Beca. Ilpu ¢ = i, BepTUKanbHOE

ITOJIOKCHHC

IUTAHKU COOTBETCTBYET 0€3pazIMyYHOMY PaBHOBECHIO.
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Kpurnueckas anuna £, IpH KOTOPOH INIaHKA TEPSIET YCTOMYMBOCTD,

Puc. 1

ONpeACIIICTC IUIOTHOCTBIO p MaTepuajla IUUIaHKH, €T0 MOAYJIEM IOnra E m TCOMCTPUICCKUMU

pa3MepaMu CBOOOJHOTO KOHIIA TUIAHKH - MIMPUHONW D w TommmHON J, a Takke YCKOpEeHHEM

cBoOoHOrO majgeHus . Jist kyOda KpUTHUECKOW TUHBI TOHKOH (0 << D) nuueiiku crnpaseminBa

bopmymna:

b = aE™ p"bP 5% g" (1)

rje M, N, p, U — HEKOTOPHIE MEIbIe YHcla, o ~ 2/3 — 6e3pa3MepHbIid KoddduiueHT, g = 2.

Puc. 2

TakuMm ke napamMeTpamM OIpPCaACTIACTCA l'IpOFI/I6 TOPU30HTAJILHO 3aerHHéHHOﬁ IIJIaHKH I101

BIIMSIHUEM COOCTBECHHOI'O Beca (pI/IC 2) TaK, MaKCHUMaJIbHOE€ CMCIICHHE Y KOHIIA TOHKOH IIJIaHKH

JTTMHOM £ (Tak Ha3pIBaeMas CTpesia mporuda) MOXHO ONPEACIUTh 1Mo hopmyIie:

y = ,BEkprbsétghff, (2)



rae k, r, s, h, f — HekoTOpbIc Menble uncia, f = 3/2 — 6e3pasmepHbiil Ko3dduinent, t = — 2.
OtmeTuM, uTo popmyia (2) cnpaBeinBa MpH ycaoBUM Masiocty rporuda y (y < 0,5¢).

Kax npaBuio, nenocpedcmeenno U3MEPUTb KPUTUYECKYIO JJIMHY (., BECbMa CIIOXKHO: BOIM3U
KPUTHUYECKOHN JITMHBI U3-32 MHOXKECTBA CIIYYalHBIX (PAKTOPOB, TAKUX KAaK HEOOJBIIOE OTKIOHEHUE
OT BEpPTHUKAJIM, HEPOBHOCTH, HEOJHOPOAHOCTh MaTepHuala, IIaHKa Bea€T ceOs COBEPIICHHO
HerpeackazyeMo. TOYHOCTh Takoro ombiTa OyJaeT HeBeNuKa. bojee TOYHO KPUTHYECKYIO JITUHY
MO>KHO OTIPEACIUTH MyTEM SKCTPATIONSIIUN KaKOW-THO0 BETHUMHBI, 3aBUCSIICH OT AJIMHBI TIAHKH,
B KPUTHYECKYIO 00sacTh. Takol BEIMYMHOM, B YaCTHOCTH, siBjIsgeTcs mepuoa T (gacrora v = 1/T)
MOMEepPEUHbIX KojeOaHuit CBOOOJHOTrO KOHIA IJIaHKU. HecnokHO orajgatbesi, KakoW Mepuo
(dacTtoTa) COOTBETCTBYET KPUTHYECKOM JUIMHE. DTO MO3BOJSET MYyTEM JIMHEHHON SKCTPAIOISIIIIN
3aBHCHUMOCTH V({) B KPUTHUECKYIO 00JIACTh JOCTATOYHO TOYHO ONpPEeAeNnTh . (KcTaTn, mMeHHO
TaKUM CIIOCOOOM OMNpPENEeNsIOTCS, B YaCTHOCTH, TEMIEPATypPhl Pa3luyHbIX (ha30BbIX MEPEXO0JI0B:
IpU 3TOM HCCIEAYIOTCS CBOICTBa BEIIECTBA 60u3uU TeMIEpaTyphl (a3zoBOro mnepexoia, a cama
TEMIIepaTypa OIPEaeIIIETCs MMyTEM IKCTPATIONISIINN ).

B 3axnmrodenue HamoMHUM, YTOo MOAyNb HOHra — oOJHa W3 BaXHBIX XapaKTCPUCTHK,
OTpeeNsonias yrnpyrue cBOWCTBa M30TpomHoro marepuana. Ilo 3akony I'yka oTHocuTenbHas
nedopMarus € CTepKHs O] AecTBUEM CUJIbl F, IpUI0KeHHOM MepHeHINKYISIPHO TIOCKOCTH €ro
MOTNIEPEYHOT0 CeUeHUsI IUIoIanpio S, pasHa: ¢ = Al/¢ = F/ES.

Monyne FOnHra Bxomut B Gopmyny Ui CKOPOCTH 3BYKa B pa3iMYHBIX MaTepuanax. Ecmu mo
TOPIY TOHKOTO CTEPXKHS YIapuUTh MOJIOTKOM, TO MO CTEp>KHIO MOOEXKHUT 3BYKOBas BOJIHA CO
CKOPOCTBIO 5 = (Elp)Y2. lnst cramu ¢ momyiem FOura E = 2-10* ITa 1 miorHoCTbIO p = 7,9 T/em®
Ta CKOPOCTb paBHa ¢y, = (E/p)Y? = 5 km/c.

Hean padoTsl.

B nmaHHO# paboTe SKCMEPUMEHTAIBHO OMNMpPECseTCs KpPUTHYeCKas UIMHa TOHKoW (& << D)
IUTACTUKOBON TuTaHKH. [l0 BeNMMYWHE KPUTHUECKON JUTMHBI ONpPEIENSIeTCss CKOPOCTh 3BYKa B
MJIaCTUKE, U3 KOTOPOTO M3rOTOBJIEHA TuTaHKa. B paboTte moTpedyercs:

PYKOBOJACTBYACH O0IIE()HU3NIECKUMHI COOOpPaXKEHHUSIMH, IKCIEPUMEHTANBHBIMU pe3yabTaTaMH U
METOJIOM pa3MEepHOCTEH ONpeAeTuTh MoKa3aTenu crenened B hopmynax (1) u (2);

SKCIICPUMCHTAJIIBHO OIMPEACIINTD YUCJICHHOC 3HAYCHUC KpHTH‘IeCKOfI JJINHBI pr ABYMS crocodaMu:

1) o neproay KoyieOaHHii BEPTHKATBHO 3aKPETIEHHON TUIAHKH;

2) no crperte mporuba ropU30HTAIBEHO 3aKPETUIEHHON TIIaHKHY;

HCIIOJIB3YSA OKCIICPUMCHTAJIBHBIC PE3YJIbTAaThl, ONPCACINTL CKOPOCTH 3BYKa B MaTCcpuUaJIC

(HJ'IaCTI/IKC), N3 KOTOPOIr'0 U3rOTOBJICHA IVIAHKA.



PezuonanbHulil 9man 6cepoccutickoti oaumMnuadsl WKoIbHUKos no gusuke. 19 aneapsa 2017 e.

QOobopyooeanue

[TnactukoBas miianka TonmuHor ¢ = 0,7 MM; ceKyHAOMep; JAepeBSHHAS JIMHEHKa JUTMHOH 50 cMm;
NPWKUMHAs TUTAHKA, TOPTHSKHBIA METp; JBE KAHIEISAPCKUE KIUICH! (48 MM); MHJUIMMETPOBast
Ooymara ¢opmara A4 (2 nucra); yucTbli nucT Oymaru Qopmara A4. HoXHUIBI BBAAIOTCS IO

TpeOOBaHUIO.

3aoanue

1 C nomoirpio 9kcToro jmcra A4 uccieayiTe 3aBUCUMOCTh Y ~DS (HAallOMHHM, YTO S — IEJIOe
yucio). [IpuBenuTe puCyHOK, HOSCHSIOMIMMN, KaK Bbl IPOBOJUTE JAHHYIO YacTh HKCIIEPUMEHTA.

2 PyKOBOACTBYSIChH DKCIIEPUMEHTAIBHBIMU PE3YIbTaTaMH M METOIOM Pa3MEPHOCTEH ONpeaeuTe
nokasarenu creneHeit B popmynax (1) u (2).

Ipumeuanue 1: mpu Maibix nqeopmanusix mwianku Y ~ F, rae F — cuia, npuiokeHHas K TUIaHKe.
Ipumeuanue 2: B popmynax (1) u (2) mapamerp b BXoauT B 01HO# U TO¥ e CTEICHH.

3 Ilyrém HemocpenCTBEHHOTO U3MEPEHHUs CAETANTe OLEHKY {yp.

4. CHUMHTE HKCIEPUMEHTAIbHYIO 3aBUCUMOCTb Meproja 1 cBOOOAHBIX KOJIeOaHUH OT JUIMHBI £
CBOOOJIHOTO KOHIIA BEPTHUKAIBHO 3akperuiéHHor twianku T1(€) (CBOOOIHBIN KOHEI IJIaHKU
HarpasieH BBepx). s kaxaoro 3HayeHus { mpojienaiiTe Kak MUHUMYM 2 U3MEpEeHHUs, IPU 3TOM
obiree Bpemsi KojeOaHHMI B Mpejenax OJHOTO OMbITa HE JOHKHO OBITh MeHbIe 5-10 cekyHn.
W3mepenns nposeaute aist £ > (0,6 — 0,7)ly,.

5 TocrpoiiTe rpadmk 3aBUCUMOCTH YacTOTHI KOJeOaHWW v OT JUTMHBI { KOJEONIOImEcs 4acTi
rwiaHk# v(£).

6. IlpoBeamre depe3 HaHECEHHbIE TOYKH HAWIYYIIYI0 TPAMYI0 W TyTeM JHHEWHOU
SKCTPAMNOJIALMH ONPEAETUTE L.

7. 1lo 3HayeHuto {y,, momydeHHou B [1.6, onpenennTe CKOPOCTh 3ByKa Cs3 B MaTEpHAIIe IIIAHKH.

8  CHMMHTE 3aBUCHMOCTb CTpEJbl Mporuda Yy oT UIMHBI CBOOOAHOTO KOHLA { TOPU3OHTAIBHO
3aKkperuiéHHol tianku Y(£). MI3mepeHust MpoBOANTE B TAKOM JHAra3oHe, 1t Koroporo y < 0,5¢.

9. Bsipasure y uepes £, 1 {. 3anumure nomydeHuyto Gopmyny Y = Y(Cip,f).

10. Tlo pe3ynbraram m3mepenuii B [1.8 mocTpoiiTe rpaduk B OIXOIAIIMX KOOPAMHATAX U U3 HETO
omnpenenure . CpaBHUTE IOJYyYEHHOE 3HAYEHHME CO 3HAYEHHEM {y,, IOINYYEHHBIM METOIO0M
konebanuii (11.6).

11. Io 3nauennto {p, momydyeHnoMy B I1.10, onpenennTe CKOPOCTh 3BYKA Csp1) B MATEPHATIE TUIAHKH.

12. CpaBHHTE 3HAYCHHUS Csp1 U Cap1. ClIE€TIANTE BHIBOJIBI.



Bo3moxknoe pemenne (I'yaenko A.).

1 Ha 4ncrom nmcre Oymaru jgenaem
paspesbl, KOTOpbIE MIENAT €ro Ha IMOJIOCKH
pa3Hol mupuHkI (puc. 5). Yoexmaemcs, 4To B
npeenax — MOTPEIHOCTH  (CBSI3aHHOM — C
HEOJTHOPOJHOCThIO Oymaru) crpena mporuda
HE  3aBUCUT OT  IIMPUHBI  MOJIOCOK,
cienoBarenbHo, S =P = 0.

2. Takkaky~F,aF ~g,t0h=1.Torna,

PYKOBOJICTBYSICh COOOpaKEHUSIMH
pa3MepHOCTH, TIOTyJacM:
3_ 2
b = 2E87/3pg, (3) PHOYHOK 5.
y = 3pgl*I2ES°. (4)
3. HenocpencreenHoe uzmepenue 1a€t £, = 45-50 cm.
4.  Cuumaem 3aBucumMoctsh T(£).
£, cM 25 28 30 32 34 35 37 38 39 40
T,c 0,38 | 05 | 061|072 088|097 | 122 | 1,33 | 1,46 | 1,84
v,I'm | 262 | 202 | 163 | 1,39 | 1,13 | 1,03 | 0,82 | 0,75 | 0,69 | 0,54
5 Crpoum rpaduxk v(£).
3aBHCMMOCTD 4aCTOTHI OT /VIMHBI JIHHeliKH BOau3u |,
3,00
2,50 ’\
2,00 BE=SSE
= 2
> 1,50 ¢
1,00 L S =8
N
0,50 y =-0,1312x + 5,6978 — . ———
0,00 ! !
24 26 28 30 32 34 36 38 40 42
I, em
6. [TpoBoaUM Yepe3 FKCIEepUMEHTATbHbBIE TOUYKH HAMIYUIITYIO MPIMyi0. KpUTHUYECKYIO ITHHY

ompenenseM, dKCTpanoiaupys 3aBucuMocTh V(€) 10 mepecedeHHs ¢ ochlo adcuucc (£), T.e. B

3HaueHue v = 0. (OgeBunHO, 4yto npu ¢ = { U3-3a OTCYTCTBHUs BO3BPALIAIOIIEH CHMIIBI IEPUOJ

T — oo u, cooTBeTcTBEHHO, v — 0). U3 rpaduxa: £, = (44 +1) cm.

b’ = 2E8/3pg = 2¢,,°8°139.

7. N3 TeopeTndeckoro BBeaeHus U (3):



