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OINPEJAEJIEHUE MOMEHTA MHEPIHUU KOJIECA

Hear padoTbl 3axmouaercs B HM3MEPEHHHM MOMEHTa  WHEPIMH
BEJIOCUIIEJHOTO KOJIeca ABYMs pa3IMYHBIMU CIIOCOOaMHU.

OIIMCAHHUE YCTAHOBKH

Benmocunennoe Koneco  MOXKET  BpamarbCsa  BOKPYD

ropu3oHTaIbHOM ocH (puc.l). Ha mkuB, KECTKO CBSI3aHHBIN C

KOJIECOM, HAMOTaHA HHUTh; OJWH €€ KOHEIl 3aKPEIUICH Ha

MIKMBE, a K JpyroMy KOHIy TpPHUBSI3aH  TSXKEJIbII
METAJUINYECKUU map. B IBYX TAaAMETPaJIbHO
MIPOTUBOIIOJIOKHBIX TOYKAaX Ha BHYTpPEeHHEH cTOpoHe 00072

KOJIECA UMEIOTCSL YEHKH, B KOTOPBIE MOXHO MOMENIATh 3TOT

) map. YroJl OTKJIOHEHHUSI KoJeca OMPEHENSIETCA MO MOJO0XKECHUIO
Pao.. yKa3arTens, CBI3aHHOTO C KOJIECOM, HAa YTIIOMEPHOU IIKaJIE.

Ynpaxunenue 1

ONPEJAEJIEHUE MOMEHTA MHEPIIMUU KOJIECA METOJ0M
KOJIEBAHUM

JlonojiHuTEIbHAS TEOPUS
Ecimm mapuk nomecTuTs B OIHY U3 SUEEK, TO HEHTP TSHKECTH CHUCTEMBI ''KOJIECO +
mapuk” He OyeT HaXOAUThCS Ha OCHU BPALICHUS, U Mbl UMEEM TUIIUYHBIA (HU3NUYECKUN
MasiTHUK.
Byayuu BbIBEIeH U3 MOJIO)KEHUSI PAaBHOBECHUS, MAsITHUK HAauyHET COBEpLIATh
npuOIM3UTENHPHO TapMOHHMYECKHE KoJeOaHWs, KpyroBas YacTOoTa KOTOPBIX
omnpenensiercs Gopmyoi
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rne § - ycKopeHune CBOOOAHOTO MafeHHs, J - MOMEHT HWHEPIHH
MasiTHUKA, L - paccTossHME OT OCH BpAICHUs JI0 IIEHTpa mapuka, m -
Macca Imapuka, (a HE Macca BCErOo MasSTHHKA W, COOTBETCTBEHHO,
paccTosiHWE OT OCH BpAIEHUS JO IIEHTpa MacC MasTHHKA, KaK B
oO1elt Teopun (PU3NUYECKOro MasiTHUKA). ITO CBA3aHO C TEM, YTO B

JaHHOM CITy4ae MOMEHT CHJI TSDKECTU CBOJHTCS JIUIIb K MOMEHTY
M =mglsing cun TshkecTH, ASUCTBYIOMINX HA IAPUK; MOMEHT CHJI

| IS

PHe.2 TSDKECTH, IEUCTBYIOIIMX HA KOJIECO, PABEH HYJIIO, TAK KaK BCIICACTBUE
CUMMETpPHUU KOJIECA €TI0 LEHTP TsHKECTH HAXOAUTCS Ha OCU BpaLCHUS.
MomeHT uHepunu J MasTHUKAa OTHOCHUTEIBHO OCH BpAIICHMS CKJIAJbIBAC€TCA W3



MOMCHTOB MHCPIIUHU KOJICCAa Jk " IIapuKa Jm .

J=J +J,

(2)

Tak kak pasMEpPhbl MiapuKa CyYmECCTBCHHO MCHBIIC PAaCCTOAHNA 1O OCHU BpallCHUA, TO

€ro MOXHO CUYMTAaTb MaTepHaHBHOfI TO‘JKOﬁ, TaK 410 J w mL2 1 IIOJHBIH MOMEHT

HHCPUOUHN MasdTHUKA 3allMIICTCA B BUAC
— 2
J=Jc+mL

[ToacTasnsis 3T0 BeIpaxkeHue B popmyny (1), umeem
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3, +ml?
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Bolpakas KpyroByro 4acTtoTy @ uepe3 mepuop konebanuit 7 mo dopmyse

w= 27T, HaxoauMm
4z°  mgL
T2 J +ml?

OTKYJla JUIsl MOMEHTA MHEPILIUU KoJieca morydaemM GopMyity
2
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47°L
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J =mL?

IKCHHEPUMEHTAJVIBHASA YACTD

(4)

Jlns BEIYMCIICHUS MOMEHTa MHEpLHH Kojeca 1o dopmyle (4) HeoOX0auMo

U3MEpUTH 3HAUCHUs BenudruH M, L u 7. Macca M 1mapuka ykazaHa B
tabnuuke Ha creHe. [[ns ompenenenus paccrosiHus L oT 1eHTpa
miapvKa 0 OCH BpallleHUs PEKOMEHJYEeTCS CHayalda W3MEpHUTh
Kparyaiilliee pacCTOsIHUE MEXK1Y TOBEPXHOCTAMM IIapUKa U BTYJIKU
U NpuOaBUTh K HEMY CYMMY PaJNyCOB IIapUKa U BTYJIKU, U3MEPUB
JTWaMETpbl TOCIEIHUX IITaHTeHIUpKyaeM. s ompexneneHus
nepuoja kosiebanuit 7 uamepsiercs BpemMs U ABaanatv KojaeOaHUM.
KonebGanusi B030yXIal0T, OTKJIOHSISI KOJE€cO Ha HEOOJbLION (He
6osiee /0°) yros oT MOJOKEHUS paBHOBECHUS U oTmyckas. Eciu uz-
3a OOJBIIIOTO TPEHUS KOJECO OCTAHABJIMBACTCS TMPEKIE, UYEM

Pac.3

coeprutcsa 20 konebaHuid, TO YBEIMYMBAIOT HaUYalIbHOE OTKJIOHEHHUE Koseca 10 15-
20°. YToObl HMCKIIOYUTH BO3MOXKHYIO OLIMOKY B CYETE 4ucia KoJieOaHWil, OMBIT
MOBTOPSIIOT HE MEHEee MATU pa3, JAOOMBASICh TOro, YTOObI M3MEPEHHbIE 3HAYEHUS

Bpemenu { otnruanuce apyr ot npyra He 6onee uem Ha 0,2 -0,4 c.



YtoOs! n30eKaTh BRIYUCICHUS TIepUoa KoineOaHui U YIIPOCTUTh MPOIEIYPY
OIICHKM TIOTPEITHOCTH, IIeIeCO00pa3HO BEIpa3uTh B (opmyne (4) mepuosa yepes
HEIoCpeACTBEHHO n3MepsieMoe Bpems (7' = t/20):

2
3, =m g (4a)
16007°L

— 2

[ToxcraBisiss B 3Ty dopmyny 3HadeHus Benmuud M, L, T u g—9/81 m/c

BhIUUCISAIOT  Ji.  OIIGHUMBAIOT TOTPENIHOCTM UM OKOHYATENbHBIA  pe3yJbTar
MIPEACTABIAIOT B BUE

Jk=(..%..) ke M

Yupaxuenue 2
(ITepBbIil BAPHAHT)
OINNPEAEJIEHUE MOMEHTA MHEPIHUU KOJIECA
METO/IOM BPAIIEHUSA
(0e3 yuera cuJ1 TpeHust).

JlonojiHuTEIbHAS TEOPUS

Ecnu, BeIHYB mapuk U3 sTYEMKU, HAMOTATh HUTh HA IIKUB U OTIIYCTUTh IIAPUK,
TO OH HA4YHET ONYyCKAaThCs, MPUBOJAS KOJIeCO BO BpaumieHue. [Ipeamonarass HUTH
HEBECOMOW W HEPACTSHKUMOW U MpeHeOperas cujiaMu TPEHUS, HAIUIIEM YPaBHEHUS
JIBMDKEHUA IIApUKA U KOJEca: JJIsl apuKa - BTOPO 3akoH HpIOTOHA B MpOEKIUH Ha
BEPTUKAJIBHYI0O OChb W JUIA KOJE€Ca - YPaBHEHHME MOMEHTOB OTHOCHUTEIIBHO OCH
BpailleHus. JlOMOJIHUM ypaBHEHHUSI JABMKCHHUS YPABHCHHEM KUHEMATHYECKOW CBSI3H
MEXK]ly YCKOPEHUSIMU IIapUKa U KOJIeca.

ma=mg — f,
Jp=1r,
a=pr

3nech A - yCKOpeHue mapuka, J - yckopeHue cBOOOIHOTO MaJeHus, fy - cuna

HaTsDKEHHsT HMTH, [0 - yIJIOBOE YCKOpeHWe Koyeca, I - pajuyc LIKHBA; CHUIIbI,
3aJIeiCTBOBaHHBIE B ATUX YpaBHEHMSIX, M300paxkeHbl Ha puc.2. [locneanee paBeHCTBO

TOJTy4AETCS U3 COOTHONIEHHS A, = [ MeXIy TaHI€HLIHUAILHBIM (I, W YIJIOBBIM J3
YCKOPEHHUSIMU TOYKH MOBEPXHOCTH IIKHBA, €CJIIM YYECTh, YTO 3TO TAHICHLIHMAIBHOE

YCKOPEHUE DPABHO YCKOPEHHUIO WIapuka : d, = d. Mckmouas U3 3TOM CUCTEMBI

nemssectuele [ u fy, Haxommm yckopenue mapuka



OTKyJa

JK=mr2[g— j
a

Tak Kak yCKOpeHHe IIapuKa - d MOCTOSHHO, TO €r0 MOKHO BBIPa3UTh MO U3BECTHOM
dbopMyIie paBHOYCKOPEHHOTO ABUKCHHUS
2
at
h=—
2

qcpe3 IIYTh h IIapuKa 1 BpEM:A ABHIKCHHUA t:

2
[ToncTaBiisisi 3TO BBIpAXXEHHUE B MPEABIAYIIYIO (GOpMYIy, HAXOJUM OKOHYATEIHHYIO
dbopMyITy IS MOMEHTA MHEPITUHU KoJjieca

_ mD?| gt 1
e 2

rJIc BMECTO pajryca BBeJeH auaMeTtp mkuBa D = 2r.

IKCHHEPUMEHTAJVIBHASA YACTD

JIyisl BBIYMCIICHUSI MOMEHTA WMHEpIUU KoJjieca 1o (opmyne (5), HEOOX0AUMO
n3MepuTh Besmauesl D, hn t.

Huamerp D mkuBa M3MEpSAIOT WITAHTCHIMPKYJIEM HE MEHee MATU pa3 B
Pa3INYHBIX MECTAX..

[Iyte N MOMkHO M3MepHUTH Kak pacCTOSHME OT HMKHEH TOYKH IOBEPXHOCTH
IIKABA J0 BEPXHEW TOYKM IIApUKA B €r0 HAaWHU3LIEM IIOJOKEHHWH, KOTJa HHTH
MOJHOCTHIO pasmoTana (puc.3). Takoe onpemenenne N mpeanonaraer, urto B
Ha4yaJIbHBIA MOMEHT, KOTJa IApUK OTIIYCKAIOT W BKJIKOYAKOT CEKyHIOMEpP, BEPXHSS
TOYKA IIApUKa JOJDKHA HAaXOAUThCS HAa OJIHOM YPOBHE C HIDKHEH TOYKOMN
MOBEPXHOCTU IIKKMBA (pucC.3), a BBIKIOYATh CEKYHIAOMEP CIEIYET B MOMEHT
JOCTH>KEHUS IIIAPUKOM HAaWHU3IIEH TOYKU €ro MyTH.

OneIT ¢ OITyCKaHWEM IIApUKA IIOBTOPSIOT HE MEHEE IIATH pas3.

Ioxacrapnss 3nadenus M, D, h u t B Gopmyny (5), BBIUMCISAIOT MOMEHT
uHepuuKu Koisieca. OLEHUBAIOT MOTPEIIHOCTH HW3MEPEHUH, NPUYEM IMPU BBIBOJAC
(bopMyIIbI 0l TOTPEIIHOCTH €ANMHUIIEH B CKOOKax (popmyJbl (5) MOKHO npeHeOpeyb,
TaK Kak IPU yCIOBUAX ONbITA
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Kak okoHUYaTeNbHBIN UTOT, COMOCTABIISIIOT PE3YIbTATHl 000UX METO/IOB:
— 2. A _
METOJI BPAILICHUS: J=(...£..) ke M, Tk = ...%.
k
. . AJ
METOJI KOJIeOaH ii: W= (..%..) ke M Tk =...%.
k

Yupaxxaenue 2
(BTopoii BapuaHT)
OINPEJAEJIEHUE MOMEHTA MHEPIHUU KOJIECA
METOJAOM BPALIEHUA
(c yueToM cuJI TPpeHMS)

JlomosiHUTEIbHAS TEOPUS

[IpeneOpexxkeHre cuiaaMu TPEHHs] JONYCTHUMO JIMIIb B TOM Ciy4ae, €Clu
CBsA3aHHAd C UX HC YUCTOM CHUCTCMATHYCCKasdA IIOIPCIMHOCTb MCHBIIC ITOI'PCIHIHOCTHU
MeTo/la M3MEpeHHs. B MpOTMBHOM cilydyae CUJIaMU TPEHUs NpeHeOperaTh HeNlb3sl.
Huxe wm3nmaraercs croco® ompeseneHus MOMEHTa WHEPIMHM KOJeca C y4eTOM CHII
TPCHUA. Peun HICT O CHJIaX TPEHHA B OCH KOJICCa. HpO‘lI/IC CUJIbI TPCHUS, B
YaCTHOCTH, CHJIbI COIIPOTHBIICHHA BO3AYyXd, BBHUAY HX MAJIOCTH, IPAKTHYCCKH HC
CKa3bIBAIOTCA Ha PC3yJibTaTax OIIbITA.

B atom ciywyae cucrema ypaBHEHUH, ONMCBHIBAOIIAs JABH)KEHUE IIAPUKA U
KoJieca, OyIeT UMETh BUJ

ma=mg - f ,
J = er—Mmp,
a=pr.

Cuutass MOMEHT cuJ TpeHus M,, TOCTOSHHBIM U
MPOBOMS  AHAJIOTHYHBIC  BBIKJIAAKHA, TPUXOJANM  BMECTO
dbopmynsl (5) k crenyromieit Gopmyse s MOMEHTa WHEPITUU
KoJjeca

2 M
3 =tmp? &M | g (6)
4 2h mgr

MomeHnT cun TpeHus M,, MOXHO ONPEIEIINTH,
NOJIB3YSICh  3aKOHOM M3MEHEHMS MEXAaHMYECKOW OSHEPIHH.
[locne TOro kak MApUK OMYCTUTCSA HA NOJHYIO JUIMHY HUTH,



Kojieco OyJeT mpoJospKaTh BpallaThCsd B MPEKHEM HAIpaBICHUH, HUTH OyaeT
HaMaThIBaThCS HA IIKUB U IIAPUK MOJHUMETCS BBEPX HA HEKOTOPYIO MaKCUMAIIbHYIO
BbicOTy h; (puc.4). Tak Kak KHHETHYECKAast SHEPrus IIapyuKa B HaYaJIbHOM (Ha BBICOTE
h) u xoneunom (ma BeicoTe N{) moNOXEHMAX paBHA Hy/IO, TO M3MEHEHHE IIOJIHOM
MEXAaHWYECKOM YHEPruu 1mapuka AE onpenenuTcs U3MEHEHUEM €T0 MOTCHIHAIbHOU
SHEPrUu

AE =mgh —mgh,. (7)
Pabota cui Tpenus
@2
A=[M,,dp
P
B HateMm ciryqae (M,,, = CONSt) mpruHUMAET MPOCTOM BUI;
A=M, o, (8)

IZ€ (P - IOJHBIM YroJl, HA KOTOPBIM MOBEPHYJIOCH KOJECO 3a BPEMS MEPEX0/Ia MIAPUKa
13 Ha4aJIbHOTO B KOHEYHOE COCTOAHHE. JIerko BUAETh, 4TO
h+
iy ©)
.
JeiictBurensro, @ = |/ r, rne | - nonueiit myts, npoiinennsii kakoh-mu60

TOYKOH IIOBEPXHOCTH IIKMBA, M STOT myTh pased mytu N+h; npoiinennomy
mapukoM. C yuetoM (9) popmyna (8) nist paboThl CHIT TPEHUS TPUMET BH/T

h+h
A=M,,—. (10)

CornacHo 3aKOHY U3MEHEHUS MEXaHUYECKOUN SHEPTUU

AE=A. (11)

[Toacrasnss croga Beipakenus (7) u (10) s AE u A, umeeM

mg(h—hl)szphJ;hl,

OTKyJa

_mgr =
Mmp_mgrthhl : (12)

[ToacTassist 3TO BeIpakeHue B hopmymy (6), OKOHYATEIHPHO UMEEM

2 —_—
3 =imp?| L=l
4 2h |” h+h

(13)



IKCHEPUMEHTAJIbBHASA YACTD

N3mepenus mpoBOAATCSA TaK XKe, KaK B IIEPBOM BapUAHTE YIPAXKHEHUSA 2 C TOU
JWIIb Pa3HUICH, YTO TeNepb, KpOME BPEMEHHM oOIyckaHus mapuka i, HeoOxommmo

M3MEPATh TAKKE BHICOTY i €ro Mocieaylomero mHoabeMa. Ty  BBICOTY
PEKOMEH/IyeTCsl HaXoIuTh cleaylmuMm obpazoMm. Korma mapuk —JOCTHTHET
HAMBBICIIEH TOYKU MOJBEMA U KOJIECO OCTAaHOBHUTCA, (GUKCUPYIOT MOJIOKEHUE KoJieca
PYKOH M M3MepsIoT pacctosiHue H OT BepxHel TOukM mIapuka 10 IIKuBa (puc.4).
OueBuzHo, hy = h - H.

[MoxcraBnsist 3HAYCHUS] M3MEPEHHBIX BeMMUUH B popmyny (13), BbrUucHsior
MOMEHT MHEPIINH KOJIeca C YYETOM CHJI TPSHUSI.

ITpu BbIBOZIE (POPMYIIBI AJISE OTPELTHOCTH MOKHO MCIIOJIb30BaTh JJIi MOMEHTA
WHEPLIMH MPUOIMAKEHHYIO (POopMyITy

; mD?gt?
: gh
HOCKOHBKY
2
1w h-h <1.
oh h+h,

Tem cambiM norpemnoctd A J B 000MX BapHaHTax yIPaKHEHHs 2 OKa3bIBAIOTCS
OJIMHAKOBBIMH.

OueHnB NOTPEMIHOCTH, IPEACTABIIIOT OKOHYATEIbHBIE PE3YJIbTaThl, BBIITHCAB
PSAOM I yI0OCTBa CONOCTABIIEHUS PE3YJIbTaT, MOJTyUYEHHBIM METOI0M KOJieOaHui:

AJ,
METOJI BpallleHus: 0e3 ydera I = (. 2t..) ke M J = ..%.
k
CHJT TPCHHSI
AJ,
C YYETOM I = (.. t..) ke M J = ..%.
k
CHJI TPCHHSI
AJk
METO]T KOJIeOaHu: W= (...%..) ke M g = .. %.
k

BOITPOCHI V151 CAMOITPOBEPKHN

1. JlaiiTe omnpeneneHue MOMEHTAa HWHEPUMM MaT. TOYKM M TBEpPIAOrO Tela
KOHEYHBIX pPa3MEpOB OTHOCUTEIBHO OCH. B KakoMm ciydae Telno MOKHO
CUMTATh MATEPUAIILHON TOYKOW?

10



2. 3anuumuTe W NPOKOMMEHTHPYHTE ypaBHEHHE MOMEHTOB (ypaBHEHHE
BpalIaTeIbHOIO JABUKEHUS TBEPJOrO TeJla OTHOCUTEIBHO OCH) U IOSCHHTE,
KaK U3 HEro BBITEKaeT (QU3NYECKUH CMBICII MOMEHTa uHepuuu. Jlaiite
OIpEeJIEIIEHUE MOMEHTA CHIIBI OTHOCUTEIIBHO OCH.

3. 3anuuuTe ypaBHEHHE MOMEHTOB JJsi CBOOOJHBIX KOJEOaHHWH KoJjeca C
mrapukoM. Kak u3 Hero moisrydaercsi (opmyna Jjisi KPYroBOW YacTOTHI 3THUX
Kosie0aHui?

4. Hanummure ¥ NpOKOMMEHTUPYITE CUCTEMY YpaBHEHUH (B yIIp. 2), U3 KOTOPOM

noJryyaeTcsi pacueTHas ¢opMylia Uii MOMEHTa MHEpLUuU Kojeca (0e3 yuera

cu1 TpeHus ). Bocpoussenurte BbIBOI ATON (HOPMYIIHI.

To e ¢ yueTom CUII TpEHUS.

6. ChopmynupyiiTe 3aKOH COXpaHEHUS MEXaHUIECKOW SHEPTHH.

o
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