3aganue 11.1. Kpurnyeckas 1JiMHA M CKOPOCTH 3BYKa B INIaCTMACCOBOM INIaHKE.
TeopeTruyeckoe BBeJeHHUE.

Ecmun otkionuts B IIOIIEPECYHOM HaIIpaBJICHUU CBO60,Z[HBIﬁ KOHCEI]

BEPTHKAIBHO 3aKPEIUICHHOM C OJHOIO KOHI[A yrpyroi ruianku (puc. 1)
U OTIYCTUTh, TO BO3HUKHYT CBOOOJHBIC IOTEPEYHbIC KOJICOAHMS

IUTaHKY BOJIM3U €€ BEPTHKAIBLHOTO MoJoXKeHus. OIHAKO, KaK HECI0XKHO —

oA

Y6e,I[I/ITI)C$I SKCIICPUMCHTAJIBHO, TaKUEC KOoJIEOAHHSI BO3HHMKAIOT TOJIBKO B

Q)

TOM Ciy4ae, eciid AjuHa { cBOOOJHOr0, HAaIPaBJICHHOTO BBEPX, KOHLA
IUIAHKW HE TPEBBIIIAET HEKOTOPYIO KPUTHUYECKYIO NIUHY {xp. B aTOM B\
ClIy4ae BEPTHUKAIBHOE IIOJIOXKCHUE IUIAHKK YCTOMYMBO M IIpH
HEOOJIBIIIOM OTKJIOHEHUHM OHA BO3BPAILAETCs B MCXOJHOE PAaBHOBECHOE
nosiockeHue. Ecimm ke € > {xp, TO BEPTUKAIBHOE IOJOXKECHHUE ILIAHKU
CTAaHOBUTCA HEYCTOMYMBBIM U HIpU  HEOONBIIOM  IONEPEYHOM
BO3JICHCTBUM PAaBHOBECHE IUIAHKU HApPYIIACTCs, U OHA 3aBAJIMBACTCH,

CUJIbHO U30THYBIIHWCH IMOJ ﬂeﬁCTBHCM COOCTBEHHOI'O Beca. HpI/I = pr

BCPTUKAJIBHOC IIOJIOKCHUC IUNIAHKH COOTBCTCTBYCT 663p33J'II/ILIHOMy

PaBHOBECHIO.

Kputnueckast njuna ip, Ipu KOTOPOM MJIAHKA TEPSET YCTONYNBOCTD, Puc. 1

olpeeNnsercsl IIOTHOCThIO p MaTepuaia IUIaHKu, ero Moxayiem FOHra E u reomerpuueckumu
pa3MepaMu CBOOOJHOrO KOHIA IUIAHKK - HIMPUHON D W TommuHOW J, a Takke YCKOpPEHHEM
cBoOoaHOTO majeHust . J{ist Ky0a KpUTHYECKOH JUTMHBI TOHKOM (0 << D) ITUHEWKH crpaBeinBa
dbopmyna:

Lip® = aEMp"hP5%gY, (1)

rae M, N, p, U — HEKOTOpHhIE HeNbIe YKcla, o ~ 2/3 — 6e3pa3MepHblid KoddduimueHT, q = 2.

[

Puc. 2
Takumu ke mapaMeTpaMu ONpPEeseTCs] MPOru0d TOPU3OHTAIBHO 3aKPEIUIEHHOM MTAHKH IO/

BIIMSIHUEM COOCTBEHHOI'O Beca (pI/IC 2) TaK, MaKCUMaJIbHOE CMCIICHUE Y KOHIIa TOHKOH ILJTaHKHU

JTTMHOM £ (Tak Ha3pIBaeMas CTpesia mporuda) MOXKHO ONPENEHUTh 1Mo (hopmyIe:

y = ,BEkprbsétghff, (2)



rae k, r, s, h, f — HekoTopbIc mesble uncia, f = 3/2 — 6e3pazmepHbiil K03 duiuenr, t = — 2.
OtmeTuM, uTo popmyia (2) cpaBeanBa Mpyu ycaoBuu Maoctu nporuda y (Y < 0,5¢).

Kak nipaBuio, nenocpedcmseenno u3MEpUTh KPUTHUECKYIO UIMHY {ip BECbMa CIIOKHO: BOJIM3U
KPUTUYECKOH JUIMHBI H3-32 MHOXKECTBA CIIyYaWHBIX (AaKTOPOB, TaKUX Kak HeOOJIbIIOe
OTKJIOHEHHE OT BEPTHKAIH, HEPOBHOCTH, HEOJHOPOJHOCTH MaTepwala, IUIaHKa BeaeT cels
COBEPILIEHHO HempeackazyeMo. TOYHOCTh Takoro ombiTa OyneT HeBenuka. bomee TO4YHO
KPUTHYECKYIO JITMHY MOXXHO ONPEACTUTh IyTEM SKCTPANOJIALUN KaKOW-ITHOO BEIWYHHEI,
3aBUCSAIICH OT JUIMHBI IUIAHKH, B KPUTHYECKYHO 00JIacTh. Takoi BEITMYMHOW, B YaCTHOCTH,
sBisiercst epuoa 1 (wacrora v = 1/T) momepeuHbIX KoJeOaHU CBOOOJHOrO KOHIIA TUIAHKH.
Hecnoxxno poragartbesi, Kakol mNepuoj (Y4acToTa) COOTBETCTBYET KPUTHUECKOW JUIMHE. IDTO
MO3BOJIACT MYTEM JIMHEHHON OKCTPANoOJSIIUU 3aBUCUMOCTH V({) B KPHUTHYECKYIO 00JIacTh
JOCTATOYHO TOYHO OMPEACTHUTH {ip. (KcTaTn, MMEHHO TakuM CTIIOCOGOM ONPENENSAIOTCS, B YACTHOCTH,
TEeMIIepaTypbl pa3IryHbIX (a30BBIX MEPEXOA0B: MPH 3TOM HCCIECIYIOTCS CBOMCTBA BEUIECTBA 60.1U3U
TemIepaTypsl (ha30BOro Mepexo/ia, a cama TEMIIEPaTypa ONpPEIESETCs yTEM SKCTPAIOIISIIHN).

B 3akmrodeHue HamoMHHMM, 9YTO MOAyiTh HOHTra — OJHA W3 BaXHBIX XapaKTCPUCTHK,
OTIpeNeNSoNIasl yIpyriue CBOWCTBA M30TPOIMHOTO Marepuaia. [lo 3akoHy ['yka oTHOcHTENbHAs
nedopmanus € CTEPXKHsI MO ACUCTBUEM CHIIBI F, pUIIOKeHHOW TePICHIUKYISPHO TUIOCKOCTH
€ro MOMEePEUYHOr0 CEUCHUS IUIOMIAIbI0 S, paBHa: & = Al = FIES.

Monynp FOnra Bxoaut B (hopMmysy Ui CKOPOCTH 3BYKa B Pa3iIMYHBIX MaTepuanax. Ecimu mo
TOPILy TOHKOT'O CTEPXHsI yJapUTh MOJOTKOM, TO TIO CTEPXKHIO MOOSKUT 3BYKOBasi BOJHA CO
ckopocThio css = (Elp)Y2. JIna cramu ¢ momymem IOmra E=2-10'! Ila m mioTHOCTHIO
p = 7,9 r/em® 312 cKOpOCTh paBHa ¢ = (E/p)Y? = 5 km/c.

Hean padoTsl.
B nmanHOW paboTe SKCIEPUMEHTAIBHO ONPEICeNAeTCs KPUTHYECKas UIMHa TOHKOH (& << b)
IUTACTUKOBOM TUTaHKH. [10 BENWYMHE KPUTUYECKOW JUTMHBI OIPENESETCS CKOPOCTh 3ByKa B
MJIaCTUKE, U3 KOTOPOTO M3rOTOBJIEHA TlaHKa. B paborte moTpedyercs:
"  PYKOBOJACTBYSICH  0OmIeDU3MUYECKUMH  COOOpPaXEHHUSIMH,  DKCHEPUMEHTAIbHBIMHU
pe3ylnbTaTaMi ¥ METOJIOM Pa3MEpHOCTEH ONpeAenuTh oKa3aTeNnu cTeneHeil B popmymnax
(D u(2);
"  OKCIIEPHUMEHTAIFHO ONPEACTUTh YUCIEHHOE 3HAYCHUE KPUTUYECKOH JIHHBI {ip IBYMS
crocobamu:
1) mo mepuoy KoneOaHui BEPTUKAIBHO 3aKPETUIEHHON MIaHKH;
2) 1o cTpesie mporuda rOpU30HTATHHO 3aKPETIIEHHOM IJIaHKH;
"  UCHOJB3YS SKCIEPUMEHTAIBHBIE PE3YNIbTAThI, ONPECIITh CKOPOCTh 3BYKa B MaTepualie

(HJ'IaCTI/IKC), M3 KOTOPOI'0 U3roTOBJICHA IIJIAHKA.
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PezuonanbHulil 9man 6cepoccutickoti oaumMnuadsl WKoIbHUKo6 no gusuxe. 19 aneapsa 2017 e.

Oobopyooeanue
[TnacTukoBas miaHka ToamuHOU 0 = 1,0 MM; ceKyHIOMep; AepeBsiHHAS IMHEHKa JTUHON S50 cMm;
JepeBsiHHAs JnHelka JuHOM 25 - 30 cM; JBe KaHUensIpcKue KIMIchl (48 MM); MIJUTUMETPOBAs
Oymara dopmara A4 (2 nucta); uucThiii TucT Oymaru ¢gopmara A4. HoXKHHIIBI BBIJAIOTCS TIO
TpeOOBaHUIO.

3aoanue

1. C nomouipto uncroro nucra A4 uccnenyiite 3aBUCHMOCTh Y ~b° (HamOMHUM, YTO S — Lenoe
yucio). [IpuBenuTe puCyHOK, HOACHSIOMIMMN, KaK Bbl IPOBOJUTE JAHHYIO YaCTh HKCIIEPUMEHTA.

2. PyKOBOJACTBYACh  OSKCIIEPUMEHTAJIbHBIMU  pe3ylbTaTaMM M  METOJOM  pa3MepHOCTel
onpezenuTe noka3aTenu creneneid B popmynax (1) u (2).

Ipumeuanue 1: mpu maneix neopmanusx mwianku Yy ~ F, rae F — cuna, npuinokeHHas K IJIaHKe.
Ipumeyanue 2: B popmynax (1) u (2) mapamerp b BXOIUT B OJHOI U TOM K€ CTCIICHH.

3. IlyTéM HEemoCpeICTBEHHOTO U3MEPEHUS CIEIAUTE OLCHKY {ip.

4. CHumHTE 3KCIIEPUMEHTAIBHYIO 3aBUCUMOCTh NeproAa T cBOOOIHBIX KOJIeOaHUN OT AJIUHBI £
CBOOOJHOTO KOHIIA BEPTHKAJIBHO 3aKpeIUIEHHON IiaHku T(£) (CBOOOMHBIN KOHEI| IUIaHKH
HarpasiieH BBepx). s kaxioro 3HaueHus £ npojenaire Kak MUHUMYM 2 U3MEpPEHUs, IIPH 3TOM
oOmiee Bpems kojeOaHUIl B mpenenax OAHOTO OIbITa HE JODKHO ObITh MeHbIe 10 cexyHn.
Usmepennss nposeaure miast £> (0,6 — 0,7)lp. Ecium komebanust OBICTPO 3aTyXalorT,
MOJIKaYMBANTE UX, CJIETKA MOATAIKUBAS IUIAHKY TAJIBIIEM B TaKT BOJIU3HU €€ KPETUICHHS.

5. Tloctpoiite TpaduK 3aBUCHMOCTH YacTOTHI KoJieOaHU v OT UIMHBI { KOJeOIromeiicst yacTu
riaHku v(£).

6. IlpoBenuTe dYepe3 HAHECEHHbIE TOYKM HAMIYUIIyI0 TMPSIMYI0 M IyTeM JIMHEHHOH
SKCTPAMOJISALMH ONPEETUTE €yp .

7. Tlo 3Hauenuto £y, momydennoii B I1.6, onpeaennTe cKopocTh 3BYKa Css' B MaTepualne MiaHKH.
8. CHuMHTE 3aBHCHMOCTBH CTpEJbI Mporuda Y OT JIMHBI CBOOOJHOTO KOHIA { TOPH3OHTAIEHO
3akperuiéHHoM iaHku Y(£). Vi3mepeHus mpoBOIUTE B TAKOM JAuarna3oHe, ajs kotoporo Y < 0,5¢.
9. Bbipasure y uepes {xp 1 £. 3anuimre noayueHHy Gopmyny Y = Y(lip,l).

10. ITo pesynpratam usmepenuii B I1.8 mocrpoiite rpaduk B moaXoafmIUX KOOpPAWHATAX U U3
Hero ompenenute {xp. CpaBHHUTE NOJIYYEHHOE 3HAUEHHE CO 3HaueHUeM {yp, MOTYUCHHBIM
meTooM kojebanuii (I1.6).

11.TIo 3mavenmio {yp, momydenHomy B I1.10, ompedennTe CKOPOCTh 3BYKa Cs' B MaTepHaie
TUTaHKH.

12.CpaBHUTE 3HAYEHHUS Css' U Css''. CienaiiTe BHIBOJIBL.



PexoMeHpauuu opranuzaTopam

1. Ha «xaxmoii U3 BBJABAaCMbBIX IUIAHOK  HEOOXOIUMO
MPEABAPUTEIIBHO MApKEpOM OTMETUTb PHUCKHA Yepe3 KaKIbld
CaHTHUMETP J10 3HaueHus € = 55 cMm (puc. 3).

2.  Kopotkas nuHeWKa A0HKHA OBITh TAaKOW K€ IIMPUHBI, YTO U
TOJILIMHA CTOJIA, YTOOBI KJIUIICAMU MOKHO OBbLIO IPHXKATh €€ BMECTe
C BEpPTUKAIBHOU IUIaHKO# K Topiy (puc. 4).

3. [Tnanky HEOOXOOUMO BBIpE3aTh M3 BHHMUIIOBOTO CaiiJMHTA.
JnvHa mianku npubnu3utenasHo 70 cM, mmpuHa 2,5 CM, TONIIUHA
1,0 mm (1100 yKa3aThb SIBHO B yCJIOBHH TOJIIUHY IUTAHKH, €CJIM OHA
uHas).

4. «OTaJIOHHbIE» YHUCIICHHbIE 3HAYEHMs CIIEAYET ONPEIENIUTh

AJI1 UMCHOIICTOCA Y BaC O60py,I[OBaHI/I$I.

Puc. 4

Puc. 3



Bo3mo:kHoe pemenne (I'yaenko A.).
1. Ha umcrom nucre Oymaru [eiaem
pOpe3n, KOTOPBIE JEIST €ro Ha MOJOCKU
pasHou mupHHbI (pHC. 5). YOexaaemcs, 4To
B Ipelenax IOrPEeUIHOCTH (CBSI3aHHOW C
HEOJIHOPOJHOCTBIO Oymaru) crpena nporuda
HE 3aBHCUT OT IIUPUHBI  TIOJOCOK,
cienoBarenbHo, S =p = 0.
2. Takkaky~F,aF ~g, toh=1. Torna,
PYKOBOJICTBYSICh COOOpaKEHUSIMH
Pa3MEpPHOCTH, MOJTyYaeM:
L = 2E8%/3pg, (3) Puc. 5
y = 3pgl*2EH°. 4)

3. Henocpencrsennoe nsmepenune naét {ip = 55-65 cm.

4. CuumaeM 3aBUCHUMOCTSH T (£).
5. Crpoum rpaduk v(f).

3asucumocms Lacmomsl 0m OAUHSL TUHENKH 801U3U Lpum

] o Tadnuyal 3 :
vy =-0,067(1- 60,1)
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g
~
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I, em
6. IIpoBouM Uepe3 IKCIEPUMEHTAIBHBIE TOUYKH HAWJTYUIIYIO MPSIMYIO.

Ota npsiMasi UMeeT BUJ:

V(') =— 0,067{¢(cm) — 60,1},

Kputndeckyro AIHHY ONpeaessieM, SKCTPAOIUPys 3aBUCUMOCTb v(£) 110 TIepecedeHH st ¢ OChO
abcuucc (¢), 1.e. B 3Hauenue v = 0. (OueBuHO, 4TO MU £ = {ip U3-32 OTCYTCTBUS
BO3BpAIIAOIIEH CHIIBI IEPUOJ T — 00 M, COOTBETCTBEHHO, v — ().

W3 rpaduka:  fip = (60 +1) cm.



7. U3 Teoperuueckoro BBeneHus u (3): b = 2E8%3pg = 2¢425%/30.

CKOpOCTb 3ByKa s = (396kp>120%) Y2 = 1783 m/c.

8. CummaeMm 3aBucHMOCTS Y = Y(£).

9. U3 Teopernyeckoro BBeaeHus u (4): y = 3pgl*2ES? = 39£H2C.%0°.

YVuuThIBas, uTo fip° = 2C5202/30, momyuaeM: Y = Y(Cxp,) = k",

10. B xoopmunatax (y, £%) rpadpux 3aBucumoctn Y(f) — mpsMas JMHHA C YTJIOBBIM
kodddurmentom 4 = 1/6,°. CTpoum nmuHeapu3oBaHHbIii rpaduk Y(£4). Touku Xopomo Toxkarcs
Ha npamyro y(cm) = 4,48-108 £4(em) — £ = (1/4)Y2 = 60,7 oM.

DTOT pe3ynbTar B Mpejeiax IMOTPEIIHOCTH coBmamaeT ¢ {xp = 60 cM, MONYyYEHHOH METOI0M

KOJIeOaHUiA.

11. ' = (3g6i>126%)Y2 = 1814 m/c.

12. Pasnuume Css' U s’ cocTaBiseT Acle = 2%. DTo 03HAYaeT, 4To B IpPeAeNax MOrPerHOCTH

pe3yJIbTaThl «METO/Ia KOJIEOaHU» U «METOJ1a CTPEibl IPOruday» CoraacyroTcs.



Kpurepun onenuBanus

1.

2
3.
4

HccnenoBana 3aBucumocts Y(D) u ycranosieHo uro S=p =0

Ornpenernensl mokaszarenu crenenerd B popmynax (1) u (2)
[TpoBeneHo HEMOCPEACTBEHHOE N3MEpEHUe {ip

Cusirta 3aBucUMOCTD T (L)

Cusro 10 u 601ee Touek 2 Gayna
Cusaro 6 — 9 Touek 1 Gamn
Ecnu Touek MeHbliIe 6 0 6ayoB
[Toctpoen rpaduk v(£).

Haxoxnenue Cip:

1 6amn
2 0aJi1a
0,5 6aaa

2 0aJi1a

1,5 6anaa

1 6aan

qepe3 OKCIICPUMCHTAJIbHBIC TOYKHU IIPOBCJICHA «HAWITyYIIas» IpsiMas 0,5 baiia

HaieHa {xp

HaiiieHa CKOPOCTb 3BYKA Csp'
OTKIIOHEHUE OT «dTajloHa» He Oosee 12%
OTKIIOHEHHE OT «dTajIoHa» He Ooee 25%

Cusita 3aBucumMocTs Yy = Y(¢)

Cusaro 10 u 6o1ee Touek 1,5 6aita
Cusro 6 — 9 Touek 1 Oamn
Ecnu Touek MeHbIe 6 0,5 6amna

9. Iomyueno cootHomenue Y = Y(fxp,f) = 4"

1 Gamn

0,5 6asuta

10. T'padux y(£), mocTpoeHHHIH B KoopauHaTax ocax (Y, £*) — mpamas nuHuS

11. Haiinena lxp

12. HaiineHa ckopocTb 3ByKa Css

13.

HOKa3aHO, 4TO B IIpeaciiax MorpeHOCTH PE3YyJIbTAThl «KMCTOAA KoJIeOaHMIN»

U «METOJIa CTPEIIbI IPOrHbay COrIacytTCsl.

0,5 6ama

1 6ann

1,5 oamaa

1,5 daaaa
1,5 6anna
0,5 6as1a

0,5 6a1a

0,5 6as1a



