JlaGopaTopHas paboTa
OmnpenesieHue MOMEHTA HHePUHH U NIpoBepka TeopeMbl Ll Teiinepa MmeTonom
KPYTHJIBHBIX KOJIeOaHui

Onucanue nese padoTol

Konkpernsie nenu ‘ Kpurepuii noctrxxenus nenm
M3ydeHne TeopeTuuecKux BOMPOCOB
1. MoMeHT uHepuuu 1.Ctynent TOJKEH chopmynnpoBaTh

ONpPEAEICHNE TMOHITUNA: MOMEHT WHEPLUU
TOYKM OTHOCUTEIBHO OCH, MOMEHT WHEPIUHU
Tela W  NPOWUIIOCTPUPOBATH MX  HAa

npuMepax.
2. Teopewma lllteitaepa o 2. CTyneHT HomKeH chopMyIupoBaTh
MEPEHOCE OCEH. teopemy lllteliHepa u OOBSCHUTH, KaKk OHA
UCIIOJIb3YyeTCs B JaHHOU pabore.
3. 3aKoH coXpaHEHUS YHEPTUU 3. CtymeHT HOMKEH Ha3BaTh BUIBI DHEPTHUH,

UX pacueTHble (OpMyNbl U YCIOBHS
COXPAHEHHUS YIHEPT UU.

[IpakTryeckne HaBBIKU

CTyleHT AOJKEH HAayYUThCS:
- ONpeAensaTh NEePUO KPYyTHIHHBIX KOJIEOaHMUIA,
- ONpEJeNnaTb MOMEHT MHEPLIUH TeNa.

IIpu6Gopsl 1 06opyaoBanue: TpUGUISPHBINA OJBEC, CEKyHIOMED, HAOOP TPY30B,
MITAHTCHITUPKYITb.

1. Onucanmne ycTaHOBKH

1. B nanHoii pabGorte mpennaraercs npoBepuTh TeopeMy lllTelinepa, ompenenss
MOMEHTBI HUHEPILIUH T METOJOM KPYTHIBHBIX KOJeOaHUN TpuUISpHOro mojBeca

(puc.l).
Tpudunapusiii moasec (puc.l) cocTouT U3 Kpyrion

miaTGopMbl,  TMOJBEIICHHOW  Ha  TpeX  HHUTIX,

CUMMETPUYHO PACIOJIOKEHHBIX OTHOCUTEIBHO OCH

cummMmeTpun mat@opmel. HaBepxy »3TH HUTH Takxke

CUMMETPUYHO  MPHUKPEIUIEHBI K  HENOJABUKHOU

14 / matdopme, paanyc KOTOPOM MEHbBIIE, YeM Yy HUXKHEU
noABMKHOM mnaTtdopmel. [Ipu 3akpyunBaHuM HUKHEU

mIaTHOPMBI OTHOCHUTEIIBHO ocHu CUMMETPUHU

IIPOUCXOAUT €€ IIepEeMEIICHUE BBEPX, T.C. €€ LEHTP

Puc.1 TSDKECTH MOJJTHUMAETCS 110 OCU BPAIICHUS.

Bo3HukaeT MOMEHT cCui, CTpeMsIIMiics BEpHYTh IIaTGOPMYy B HMCXOJHOE
noJsio’keHre paBHoBecus. OMycKasCh U pacKpy4HBasiCh B 0OpPAaTHOM HANpaBJICHUH,




mwiatgopma TpuoOpeTaeT KUHETUYECKYH0 HSHEPIHI0 BpalIaTeNbHOTO JIBHXKCHHUS.
Bcnencteue 310ro, B MOJIOKEHUU PABHOBECHS OHA HE OCTAHOBUTCS U MPOJIOIKACT
pPacKpy4MBaThCAd B JIPYrOM HAIPABJICHHUH, YTO W MPUBOAUT K MEPUOAUYECKOMY
JOBWO)KEHUIO: LIEHTP TSDKECTH NEPUOJUYECKH CMEIIAeTCs BBEPX-BHU3, a cama
maTdopMa B TO € BpeMsi COBepLIaeT KpyTuiibHble koyieOanus. [lepumon Takux
KoJieOaHUW ompenensieTcsl BEIUYMHOM MOMEHTa HMHEPUHUH IIaTGOopMbl U Tel,
MOMEIIEHHBIX Ha HeW. OTO TO03BOJSAET, ONpPEACIUB MEepPUoJ] KoJIeOaHUU
TPpUDUIISIPHOTO TOJIBECA, BBIYUCIUTH MOMEHTHI MHEPIIUU TeJ, MOMEIICHHBIX Ha
HIDKHIOIO MIaThopMy.

2. BoiBoa (hopMyJibl MEPHOAAa KPYTHUIBHBIX KOJIEOAHMIA.

[Tycte mnaTdopma mMaccel M, Bpaiiasich B OJHOM HaIpPaBJICHUH, MOJIHSIIACH
Ha BbicoTy h. Ilpm 3TOM yBenMYMBaeTCs TMOTCHIMAIBbHAS YHEPIHs IUIAT(HOPMEI,
npupaiieHue kotopoi o6o3nauum U=mgh . Bparasce B 00paTHOM HaIlpaBJICHUH,
maTopMa BO3BpAIlaeTCsl B MOJIOKEHUE PAaBHOBECUS C KMHETUYECKOW SHepruei

1

_ 2
T —Elwo, raie | - ™MomeHT uHepuuu MIATHOPMBI, @,- YIIOBas CKOPOCThb

BpallleHus MIaTGOpPMbl B MOMEHT JOCTHXKEHUS €10 MOJOKEHUSI paBHOBECHUSI, T.€. B
caMOM HWKHEW Touke JBUkeHus. Eciiu npeHeOpeub cuilaMu TPEHUS B MOJIBECE U
COIPOTUBJICHHEM BO31yXa (OHU MaJibl), TO MOKHO MPUMEHHUTH 3aKOH COXPaHCHHUSI
MEXAHUYECKON 3HEpruu. B MpOU3BOJIBHBI MOMEHT [IBHUXKEHHS, IMOJHAS SHEPTUL
mwatdopmel E cknaasiBaeTcs U3 €€ MOTEHIUATBHON U KUHETUYECKOM

1
E =U +T = Mgh +§|a)2 (1)

3nece M - monHas Macca HarpyXeHHoW miargopmbl, | — e€ MOMEHT uHepuuu
_de
dt
CKOPOCTh  BpAIllEHHUs, ( - yroJl, Ha KOTOPBIA 3aKkpydumBaeTcs IaTdopma. B
ypaBHeHuu (1) BenwumHa h - BBICOTA MOMHATHS IEHTPA TKECTH IIATPOPMBI -
MOXXET OBITh BBIpAKEHA dYepe3 yrojd IMOBOpPOTa IUIATHOPMBI, YTO IO3BOJUT
YIPOCTUTH YPABHEHHE 3aKOHA COXPAHEHUS YHEPTHUU.
Jlng 3TOro paccMOTpUM TE€OMETPUYECKHE COOTHOIICHUS [JId JTaHHOU
wiathopMel (puc.2).

miatopmel ¢ TenoMm, E - momHas sHeprusi cucremsbl, @ - yriaoBas

Ilycte R; - pamuyc Bepxueil mnatdopmbel, a R; - HmkHell mnatgopmbl
COOTBETCTBEHHO. Toraa BbICOTa, Ha KOTOPYI MHOJHUMAaeTcsa Iuiatrgopma, Oyner
aBHA! - o i 2
p h-00 = BC - BC (BC - BC XBC +BC))_(BC)-(BC,) (2

' BC + BC, BC + BC,

Tak Kak JJIMHA HUTH HOJBECa paBHa E , TO

(BCY=(BAY-(CAY= L -(RyR )’ 3)



Puc.2
A semmumma  (BC)?=(BA)-(AC= L — (Ri+R,>-2R1R,C050) @)

Takum 06paszoM, noiyyaem u3 ypasaenui (2), (3), (4):

2R,R,(L—-cos o) 4R.R sin

BC + BC | BC + BC |

B suamenatene BC+BC, ~ 2/ Eciu yuects, a0 yrias! moBopoTa miathopMsl
0 -
JOJDKHBI OBITH MaJtbl, (He Oonee 57), TO MpU MajbIX ¢ 3HAYeHHWE (QYHKIUH SiNQ

MOYKHO 3aMEHHTh Ha 3HaueHue yrma ¢ (Sin % — % ).
_ R,R,o ’
Takum oOpaszom, s h umeem: = Y, 5)

D710 MO3BOJsAET B BhIpakeHHH (1), I 3aKOHA COXPAHEHUS SHEPTUU MPOU3BECTH

3aMeHy:’
1 do i R1R2§D2
82 L mg SR g

2 (dtj Y (6)

YuuTeIBas, 4TO MOJIHAS SHEPTUS CUCTEMBbI COXPAHSETCSA, T.€. HE MEHSETCS BO
BpEMEHH, MOKeM IpoauddhepeHInpoBaTh 3TO YPaBHEHHE MO BPEMEHU

d?op R,R
+ Mg —>-2
dt J ¢

[Tocnennee ypaBHeHUE UMeeT BUA: @©''+® 2 ¢ = 0, rne koxpdunueHT

¢ =0 (7)



2 _M9R1R2
O = (8

Takoe ypaBHEHHE UMEET PEIICHUE B BUJIC: @ = Qo Sinmt 9)

YpaBuenue (9) sBisieTcss ypaBHCHUEM TapMOHHUSCKUX KOJICOaHHUI BHIA

: . 2nt
Q=@ Sihot =¢_. SIN =

, OTKYya IMOJIYUYHUM BBIPAKCHHUC IJIA

27 T _ MgRR,
1/

2
B nanHoM ciiyyae @ = ( T

nepuoja konedbanui miaThopmsi:

T=2x (10)

Takum 00pa3oM, 3KCIEPUMEHTATBHO U3MEpss Mepuoj] Koyiebanuil miat@opmsl U
BCE OCTaJIbHBIE TTApaMETPhI, MOKEM OMPEACIIUTh MOMEHT MHEPLIUH TIIATPOPMBI:

_ MgR,R,T ?

A ®0
Jliist marHOTO BaMm mpubopa reomeTpudeckue mapaMeTpbl U3BECTHBI:

Ri= (70+1)mm,  R,= (80+Lmm, £ = (7620,5)mm.

Macca mycroit iatgpopmbr M = (150+1)r.

[Tonyuennass Hamu ¢opmyna (11) crmpaBeanvuBa MpPU MOJHOM OTCYTCTBUHU
MoTeph PHEPruu B cucteMe. UToObl yOEMHWTHCS B BBIMOJHEHUU STOTO YCIOBHS,
HAJI0 U3MEPUTH BpeMsl 7, B TCUEHHUE KOTOPOTO aMIUIUTYyAa KoJaeOanuil miaThOopMbl

yMeHblIlIaeTcs B ABa paza. Eciu 1 >>T, To moTepu sHEpruu Ha TPEHUE HEBEIUKH U
MMH MOKHO TpeHeOpeyb.

(11)

3. opsa0K BBINOJIHEHUSI PA0OTHI
1. IMonyuuB nomyck K paboTe, MPUBEAUTE HUKHIOIO MIIATPOPMY B KOJIEOATEIBHOE
ABWKEeHHE (C ITOMOIIBIO phlYara Ha BepXHeH miatdopme).
PS! Bo3BpaTHO — OCTyIaTeIbHOE IBIKEHHE IIAT(HOPMBI JOIKHO
OTCYTCTBOBaTh (T.€. OCh BpallleHUS JODKHA OBITH HEITOABHKHA).
2. UsmepbTe mepuona konebaHuii myctoi miatgopMel. J{iis 3Toro:
- U3MEpbTE HECKOJBKO pa3 BpeMs t, 3a koTopoe miaTdopma COBEPIIUT N MOJHBIX
kosiebanuii (N~20) u HaliuTe CpelHee 3HAYCHHUS BpeMeHU <t>;
- HaWlIUTEe CPEIHIOI0 MOTPEITHOCTh U3MEPEHUS BpeMeHU <At>;

®

- ompeAenuTe Mepuo Konebanu 7 = -—=;
n

{AY

- OIIPCACIIMTC NOTPCIIHOCTD ONPEACIICHUS nepuoaa AT =
n



9.

VY6enurech, 4YTO 3aKOH COXPAHEHHS PHEPTUU BBHIMIOJIHIETCA B JAHHOM CIydae.
Jlinst »Toro ompenenudtre BpeMs 7, 3a KOTOpOE aMIUIUTyAa KojeOaHui
ymeHnbiutes Basoe. Ecnu t >>T, To paboTy MOXXHO MPOJ0JIKATh.
Hcnonw3yst monydeHHOE 3HAUYEHUE MepuoAa KoieOaHud mycTou miaTdopMbl
BbunciutTe 1mo Gopmysie (11) mMoMeHT wHepuuu mycTod ImiaThopmer |, u
MOTPEITHOCTD €€ u3mepeHus Al
Pacnonosxute 00a rpy3a (IMIIMHIPHI) B IIEHTPE TUIAT(GOPMBI TaK, YTOOBI UX OCh
CUMMETPHUH COBIAJalIa C OChIO BpAIICHUS IIATGOPMBI, U onpeneiauTe (CM.IT.2)
nepuo kouebaHuit niaThopmsl.
Beraucimrte MOMEHT MHEpUuU IIATPOpMBl C IByMs rpysamu |, Tak kak
MOMEHT wuHepuuu (Kak W Macca) BeJIMYMHA QJIUTHBHAS, TO JOJDKHO
BBIMIOJIHATHCS. COOTHOIIEHHUE lorp= Inn + 2 1o, (%)
rae lo — MOMEHT UHEepIUMU OJHOTO TPy3a OTHOCUTEIBHO OCH, TPOXOSIIEH
yepes LEeHTP Ipy3a.
W3 cootHomenwus (*) Berauciaute lo.
Pacnonoxkute o0a rpy3a Ommke K KpasMm IUIaTQOpMbl, HO CHUMMETPUYHO
OTHOCHUTEJIbHO OCH BpalleHus: miargopmbl. OnpenennuTe pacCTOSHUE OT OCU
BpaleHus miaTGopMbl 0 LEHTpa Tpy30B a. Onpenenure Nepuos KoiaedaHuu
m1aTGOPMBI U TOTPEITHOCTH ATOTO U3MEPEHUSI.
Bbluncourte MOMEHT WHEpHUM TIaTGOPMBI C TPy3aMH, PacClOI0KEHHBIMU
Ha paccTosHUU a Ot ocw Bpamienus |’ mo popmyne (11).
Tak kak I = I, + 21, Tae | — MOMEHT HHEPIIMK OJTHOTO IMJIMHJIPA OTHOCUTEIHHO
ocu BpaieHus miatrhopmbl, HaauTe |.

10.Cornacuo Teopeme Ilteinepa | = I + m-a?, rae m — macca rpy30B. [IpoBeprTe

3TO cooTHOIIeHUE. OnpeaeanuTe NOrpeuHOCTb, ¢ KOTOPOU BBIMOIHSIETCS 3TO
COOTHOILICHUE.

11.MomeHT HHCPIHHU NUINHAPA OTHOCHUTCIBHO €TI0 OCH MOKHO PaCCUUTAaTh I10

1
dbopmyne |, = Emrz, rae r-pagnyc nrmHAapa. CpaBHUTE PaCCUUTAHHOE

3HaueHue lp ¢ momyuyeHHbIM Bamu SKCniepUMEHTABHO.
Tabnuia

Nen/n n | mxr |[tcex |T,cek Hecex HCek HCek HCex
’ 1, Al, Al opr——

lepy ——
M M M

=

KonTposibHbIE BOTPOCHI

Ot 4gero 3aBUCUT MOMEHT HepHuH Tena? [IpuBeauTe mpuMepsl.

UTOo MpOHUCXOIUT C MOMEHTOM HWHEPUHMM TEJa, €CIU OHO YNAISIETCS OT OCH
BpameHus? [pubnmxaeTcs k Hel?

B kakux ciaydasx MOMEHT WHEPIIMH Teia paBeH Hyo? llpuBenure mpuMepsl.
Kak 0HO MOKET IBUTATHCS B TOM cliydae?

Chopmynupyiite Teopemy lllTeiinepa u ykaxure:



— YCIIOBHS, TPU KOTOPHIX OHO BBITIOTHSETCS,

— CMBICJ BEJIMYUH, BXOISIINX B GOPMYITY.
ChopmynupyiiTe 3aKOH coXpaHEeHUs] MexaHudeckou sHepruu. [Ipu kakux
YCIIOBHSX OT MOXET ObITh IpuMeHeH? [[puBeauTe mpumepsi.
OObsicHuTe (MO)KHO 1O KOHCIIEKTY) BBIBOX (HOPMYJBI JIIs TIEpHOJa
KPYTWJIBHBIX KOJieOaHuM mi1aTdhOpMBI.
OObsicHUTE 11€71b pa0OThI U X0/ €€ BBITTOJIHEHUS.
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