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OIIPEJAEJIEHUE CKOPOCTH IIVJIM IIPU ITOMOIIU
BAJVIMCTUYECKOI'O MASJTHHUKA

Ieab padoTbI: Onupasich Ha 3HAHKUE 3aKOHOB COXPAHEHHUS SHEPTHH U
MMITYJIbCA, C IOMOIIBIO OAUTHCTHYECKOTO MasiTHUKA OTIPEEUTH CKOPOCTH ITyJIH.
IIpuGopbl ¥ NPUCHOCOOJEHMS: OATUCTHYCCKUN MAsATHHK B BHIE

OUWINHAPA Ha AJIMHHBIX HUTAX, U3MCPUTCJIbHAA IIKaJld, ITYIIKAd, BCChbI, TPHU IIYJIH,
MCTAJUIMYCCKas MMajlouka, CCKYHI0MCED.

OIIMCAHUE YCTAHOBKH

bannmucTueckuM MasTHUKOM Ha3bIBAE€TCS TBEPAOE TEJIO, CIOCOOHOE
COBEpIIATh KOJEOAHUS M MCIOJIB3YEMOE JUIsl ONPEAEIEHHS CKOPOCTH OBICTPO
JBYDKYLIXCS TEJL.

Puc.i

OKcnepuMeHTanbHass ycraHoBka (puc.l) coctouT w3 OauIMCTUYECKOro
MasTHHKA |, IpeacTaBsiomero coooi OTKPHITHIN ¢ 000MX KOHIIOB METANTMYSCKUN
IUJIMH]IP, HATOJHEHHBIN TIUIACTHJIMHOM M TIOJBEIICHHBIM Ha YEThIpEX TMHHBIX
HuTAx 2. K mwimHApy nDpuUKpervieHa ykaszarelnbHas crpenka 3. Bsictpensi
MPOU3BOJISTCA W3 TPYKUHHOW TymKH 4 BHYTpb UuiauHapa. Ilyns momamaer B
IJACTUJIMH U 3aCTPEBAET B HEM, BBI3bIBas OTKJIOHCHHME IWIMHIPA OT IMOJOKCHUS
paBHOBECHS, KOTOPOE MOXXHO U3MEPUTh, HAOJI0/1asl MEPEMEILICHUE CTPEIKU 3 BIIOJb
IIKaJbI 5.

JOHOJIHUTEJIBHAA TEOPUA

I[J'II/IHa HUTEMN noaBECa 3HAYUTCIIbHO OoubIIIe pasMEpoOB NUIIMHAPA, ITIO3TOMY



MasiTHUK MOKHO CYMTaTh MareMartudeckuM. Jljis pacyera BEIMYUHBI CKOPOCTH
OyJad MO OKCIEPUMEHTAIFHBIM JAHHBIM TMPUMEHSAIOTCS 3aKOHBI COXPAHECHHS
UMITYJIbCA U SHEPTHH.

1. PaccMoTpuM cUCTEMY, COCTOSIIIYIO U3 IIMJIMHIPA U MYJIH, KOTOpas JIETUT
TOPU30HTAJIBLHO CO CKOPOCTHIO V 3aTeM 3acTpeBaeT B IUIACTWIIMHE M HAuMHAET
JIBUTATHCS BMECTE C ITMUIMHIPOM - MPOUCXOAMUT aOCOTIOTHO Heynpyrui ynap. Ecim
BpeMsl 7 COYAAapeHUs MyJd C HUJIMHIPOM MHOTO MEHbIIE nepuoga 1 koneOaHuit
MasiTHUKa (yCIOBHE MPUMEHMMOCTH OaJNTUCTUYECKOTO METO0Ja), TO 3a BpeMs 7
MasiTHUK MPAKTUYECKU HE YCIEBAET BBINTH U3 MOJIOXKEHUs paBHOBecUs. B aTom
MOJIOKEHUH Ha IMJIMHJP ACUCTBYET CHJIA TSDKECTH M CUJIbI HaTsDKeHus HuTei. Ha
MYJII0 HEMOCPEACTBEHHO MEpe]l COyJapeHUEM JIEHCTBYET TOJIbKO CHJla TSKECTH.
[TockOIBbKY TPOEKIIMU BCEX 3TUX CHUJI HAa TOPU3OHTAILHOE HAMPABICHHE PABHBI
HYJIIO, TO CIIPaBEIJIMB 3aKOH COXPAHEHHUs MMITYJIbCa CUCTEMbl LWJIMHAP-TIYIS IS
IIPOEKINK HA ATO HAIIPABIICHHUE.

[Tycte m - macca nmymu, M - Macca LMIMHApPA C IUIACTHIIMHOM.
HenocpencTBeHHO Tiepes coyAapeHueM UMITYIIbC LIUJIHMHIPA PABEH HYJITIO, IIPOCKITHS
UMIIyJbca IyJM Ha TOPU3OHTAJIbHOE HampaBieHue paBHa MV. Cpazy mnocie
COyJlapeHus, KOTJa Myl 3acTpsila BHYTPH IWIIMHAPA, [MUIUHAP U TyJs ABHXKYTCS
BMECTE€ C HEKOTOPOM CKOpPOCTbIO Vi M HMEIT NPOEKLUHUI0 HMITyJbca Ha
ropu3oHTaibHOe Hampapiieaue (M + M)V;. CoryacHO 3aKOHY COXpaHCHHS
UMITYJIbCA

mV = (m + M)V,.

OTtcrona HaX0IUM CKOPOCTh ITyJIH
M
V :[1+E]-V1_ (1)

2. [IpumeM MOMEHT BpEMEHHM Cpa3y MOCIe OCTAHOBKH ITyJIM 3a HAYAJIbHBIN
MOMEHT. KnHeTnueckass SHEprusi HUIMHAPA C 3aCTPSIBIIEH IyJE€d B 3TOT MOMEHT
paBHa

W= (m+ M) V,*/2.

[Ipy >TOM TWAMHAP HAXOAWTCS B CBOEM HIDKHEM IIOJIOKEHUU W MBI Oynem
CUUTATh, YTO TOTCHIMAJIbHAS DSHEPTUS CUCTEMbl 3eMIA-IMIMHAP B OTOM
MOJIOKEHUU paBHA Hym0. [loTeHnmanbHasi SHEpPrusi 3/1eCb OOYCIOBJICHA CHIJIOU
TSDKECTU M 3aBUCHUT OT B3aUMHOTO PACTOJIOKEHUS IUIMHAPA U 3eMIIU. 3eMJId
paccMaTpuBaeTCsl KaK HWHEPUUAJIbHAs CUCTEMA OTCUETa, CJIEI0BATEIbHO, €€
II0JIOKEHUE HEU3MEHHO, a CKOPOCTh paBHA HYIHO. [103TOMyY B HayajabHBIM MOMEHT
BPEMEHU TOJIHASI MEXaHMYECKas SHEepPrusi CUCTEMbl 3eMJIS-IWJIMHIDP paBHA €€
KUHETUYECKON DHEPIUU



E.=W= (m+M)V?/2.

3. Ilycth KOHEYHBIM MOMEHTOM BpPEMEHHU SBIISICTCS MOMEHT, KOorja
OTKJIOHEHHWE MasiTHUKa HauOoibilee. B 3TOT MOMEHT CKOpPOCTh UWJIUHJIpa W,
CJICIOBATEJIbLHO, €ro KHWHETHYECKass SHEpPrus paBHbl HyMr0. lloTeHiuanbHas
sHeprust U CHCTeMBI B 3TOT MOMEHT OIpeACIIIeTCs, KaK U3BECTHO, BRICOTOH h, Ha
KOTOPYIO TOIHSUJICA LEHTP MacC IWIMHIAPA OTHOCHUTEIBHO IIOJIOKEHUS, IIPH
KOTOPOM TNOTEHIHAJIbHAsI dHEPTrHsi OblIa MpUHATA 3a HyJb. TakuMm oOpa3om, B
KOHEUYHBI MOMEHT BPEMEHU MEXAHUYECKAsA SHEPTUS CUCTEMBI

E=U=(m+ M)gh.

JUist cucTemsbl, cocTosimie M3 3eMiId W LWIMHAPA, BHEIIHMMH CHJIAMMU
SBJIIOTCSL CUJIbl HATSDKEHHSI HUTEH, a BHYTPEHHEN CUJION - CHJIa TSKECTH (CUIION
TPEHHUs B IIOABECE U CONPOTUBIICHUEM BO3/yXa IIPU JABMIKCHUU MAATHUKA MOXXHO
npeHeOpeyb). BHelHue cuilbl HE COBEpIIAIOT PadOThl HaJ TEJIaMU CUCTEMBI
(Touka moJBeca HEMOJABM)KHA, IWIMHJIP JABMXKETCA IO AYyre U CUJIbl HaTSHKCHUS
HUTEH NEPHEHANKYJSIPHBI JIBW)KEHUIO LWIMHApPA). BHYyTpeHHss cuia - cuiia
TSJKECTH - SIBICTCS NOTCHUMAIBHOW. [IodTOMY IIpy ABM)KEHMM MasATHUKA IS
CUCTEMBbl ULWJIMHIAP-3EMJS BBINOJHSAETCA 3aKOH COXPAHECHHS MEXaHWYECKOU
DHEPTUH, cienoBarensHo E; = ), T.e.

Mm+M)V2/2=(m+M)gh. (3)

N3 Beipaxenutit (1) u (3) HaligeM CKOPOCTh MyJIu

M
V=11 +E] -y2gh . (4)

4. BenuuumHy h MOXHO HalTH, H3MEpUB HAWOOJIbIIEe OTKIOHCHUE
MasiTHHKA OT MOJIOXKEeHUs paBHOBecHs. Kak BuiHO u3 puc.l,

. (04
h=1-1cos a:Z-I-SIHZE (5)

rae | - paccrosiHue OT IeHTpa MacC HWIMHAPA A0 TOYKH TOJABECA, o - Yroj
OTKJIOHEHHS MAsITHUKA OT MOJIO’KEHHS PABHOBECHSL.

C npyroti croponsl, ecmi R = | + b - paccTosiHEE OT KOHITA CTPEIIKH 0 TOYKH
nojiBeca, a Ny - BEMYMHA CMEIICHUS KOHIIA CTPEIIKH BJIOJIb IIKAJIbI, TO, KaK BUIHO W3
puc.1,
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5. HOCKOHBKy OUWJIMHAP Ha HUTAX PpaCCMATpPUBACTCS KakK MaTeMaTHUYCCKUM
MajATHHUK, TO HaXOJIHUM U3 (I)OPMYJIBI AJIA IICprUoJa MaTCMATHICCKOI'O MasiTHHUKA
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g

19T
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N3MEPEHUSA

1. YcranapnuBaroT OTMCTUYECKUN MasiTHUK TaKUM 0Opa3oM, YTOObI HUTH
NIOJIBECA HE MEPEKPEINBAIIUC.

2. lllkaimy ycTaHOBUTH TaK, YTOObI €€ HyJIEBOE JICJIEHHE HAaXOAWIOCh MPOTHB
crpenku 3. [pu qBrkeHn IMHApA CTpesIKa He T0JDKHA 33/1eBaTh IIIKATY.

3. Cnerka OTKJIOHUTh LWJIMHJP U3 TOJIOKEHUS] PABHOBECHUS U M3MEPUTH IIPU
TIOMOIIA CeKyHJIOMepa BpeMms U jecstd MONHBIX KojeOanwii mastHuka (N = 10).
ITponenates m3MepeHust nTh pas. Mcnonb3ys cpeaHee 3HayeHUE BpeMeHM f, HaWTH

Bemmunny | [em. popmyiy (9)]
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4. B3BecuTh IMyITI0 Ha AJIEKTPOHHBIX Becax (TOYHOCTH BecoB 0,01 T).

5. 3apsauTh MywiKy. st 3T0ro OTTSAHYTh PYUKY ITYIIKH JI0 KOHIIA U TOBEPHYTh
€€ TaK, 4ToObl OHA 3aleNWIach 3a BBICTYI MMa3a. BCTaBUTH B CTBOJ MYyIIKH IMYTIO U
MIPOTOJIKHYTB €€ JI0 YIIOPa METALTMYECKON MATTOYKOM.

BHUMAHUE! I1IPU 3APAJIKE IIYHIKY CJUIAELAYET
HAEPKATH CTBOJIOM K CTEHE AYJIUTOPHUUA!

VYCTaHOBUTH MYIIKY Tak, YTOOBI IyJIs MOIVIA IONAcTh B LEHTP IWIMHApPA B
acTWIMH. [Ipor3BecTy BBICTpeEN, HA)KMMasi HA PYUKy IYLUKH W BBIBOJS PYUKYy H3-3a
BeICTyNa mnaza. OrcunTarh MakCHMaJbHOE OTKJIOHEHHE Ny CTPEIKH OT ITOJIOXKEHUS
paBHOBeCHs1. BBIHYTH MyITt0 U3 HWIMHPA U MPOAENATH OMBIT €ILE YETBIPE pa3a C 3TOM ke
myneid. Haiitu cpenHee 3HaueHue N o 1 paccuutath o popmysie (8) CKopocTh MyJIH.

Macca mumHApa ¢ TWIACTUIIMHOM M BeMurHA D ykas3aHb! B TaOnuile Ha cTode.

W3mepenus npoBeCcTy VIS TPeX ITyJlb C Pa3IMYHbIMU MACCAMMU.

Jns omHOM M3 myib (C HPOMEXKYTOUHBIM 3HAYEHHMEM MAcChl) OLICHUTH
HOIPELIHOCTh U3MEPEHHSI CKOPOCTH U 3aIIUCATh PE3YIIBTAT C YYETOM HOrpeHocTH. [Ipu
OLIEHKE TIOIPELIHOCTH U3MEPEHHSI CKOPOCTU MOKHO MPHUHATh BO BHUMaHuUe, yto M >>
M u npenedpeus enuuuied B hopmysie (8). Cunrasi, 9T0 OTHOCUTENBHAS MTOTPEITHOCTh
M3MEPEHUST OCTAETCS MPUMEPHO OAMHAKOBOW VISl BCEX MYJIb B JIAHHOM METOJIE, HAWTH
aOCOJTFOTHBIE MOTPELTHOCTH M 3alUCaTh OKOHYATEIbHbIE PE3YyNbTaThl n3MepeHuid V s
BCEX TPEX MyJIb C YYETOM MOTPEIIHOCTH.

KoHTpoJibHBIE BONIPOCHI

1. Kaxoii MasiTHUK MOKHO Ha3BaTh OAJUTUCTUYECKHAM?

2. Kakuie 3aKOHBI COXpaHEHUS MCTONB3YIOTCS TPHU BBIBOJE (DOPMYIIBI ISt
pacyera CKOpOCTH ITyJin?

3. ChopmynmupoBath  3aKOHBI ~ COXpPAHEHHWsS] HMMITyJbCa ¥ TIOJHOU
MeXaHU4eCcKoM sHepruu. [louemy UMITyJIbC B 3aMKHYTOM MEXaHUYECKOU
CUCTEME COXPAHSAETCSI W TMpPU HAIMYUA HEKOHCEPBATUBHBIX CHIL,
JENCTBYIOIIMX MEXAY TENaMHU 3TOW CUCTEMBI?

4. OObsicHUTE, TIOYEMYy B YCJIOBHSIX JAHHOW 3aJaudl TPEATIOYTHTEIbHES
o0ecreunTh yCIOBUSI B3aUMOJCHCTBUSI MyJIM C MAsiTHUKOM IO 3aKOHY

HEYIIPYTOro y/iapa, a He M0 3aKOHY YIPYToro.



JIMTEPATYPA

1. benos JI.B. «Mexanukay, uza. ®usnueckuii pakynprer MI'Y um.
M.B.JIomonocoBa 1998, rimasa |l — Mexannka cucteMsl
MaTepualibHBIX Touek, §§ 11 — 16.

2. CaBenneB U.B. «Kypc o6mieit huszukn» B 5-u KHUTAX.
Knura | «Mexanukay, 1998 r.,
1. 3. 3aKOHBI COXPAHEHHUS,
§ 3.2 Kuneruueckas 3Heprus u pabdora,
§ 3.5 IloreHumanbHas SHEPTHs BO BHEIIHEM I10JIE CHIL,
§ 3.7 3aKOH COXpaHEHUS SHEPTUMU.
§ 3.10 3aKOH cOXpaHEHHS UMITYJIbCA,

§ 3.11 CoynapeHnue nByx Ten.

3. CasenneB U.B. «Kypc pusukm». M.Hayka 1989. T.1 Mexanuka u MoJIeKyJsipHas
busuka, §§ 15, 16,17,21,24.



