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INPOBEPKA 3AKOHOB BPAIIIATEJBHOI'O JABUKEHUSA
TBEPIOI'O TEJIA IIPU ITOMOIIIN MASATHUKA OBEPBEKA

Heﬂb paGOTbIZ SKCIICPUMCHTAJIbHAA IIPOBCPKA OCHOBHOT'O 3dKOHA JUHAMHWKHN
BpamaTCJIbHOI0 ABMXCHUSA - YPABHCHUA MOMCHTOB.

OIIMCAHUE YCTAHOBKH U TEOPUSA SKCIIEPUMEHTA

Pec.l

[IpubGop - mastHuk OO6epOeka - COCTOUT U3
YEeTHIPEX CTEP)KHEH M MIKWBOB PA3IMYHBIX PAJNYCOB U
MOJKET BpallaTbCs OTHOCUTEIHLHO TOPU30HTAIBHONU OCH
(puc.1). Ha cTepxHM Hacak€Hbl OJMHAKOBBIE T'PY3BI
UIUHAPUYECKON bopmbl, KOTOpbIE MO>KHO
nepeMeniaTh U 3aKPeTUIATh B HY>)KHOM TIOJIOKCHUN TIPU
noMoIy BUHTOB. Eciu Ha KOHIIE HUTH, HAMOTAaHHOM Ha
OJIMH W3 IIKWBOB, YKPEHUTh TPy3, TO MOJ JCHCTBUEM
CHWJIBl TSDKECTH TIOCIETHUNA HAYHET OIyCKaThCs,
MIPUBOJISI MAATHUK BO BpaIllCHHUE.

UtoObl ompenenuTh, Kak OyJaeT JIBUTAThCS
cuctema 'Tpy3-MasTHUK", HEOOXOJWMO HamucaTh

YpaBHEHUS JIB)KEHMS: BTOPOM 3aKOH HBIOTOHA B MPOEKIMU Ha BEPTHUKAIBHYIO OCh
JUTSl TIOCTYNATEIbHOTO ABMKEHUS IPy3a U YPaBHEHHE MOMEHTOB OTHOCUTEIBHO OCHU
BpaLIEHUS - I BpAallaTeIbHOTO IBM)KEHHS MasiTHUKA.

Ha rpy3 neicTByroT (IIpy NpeHEOpEKEHUU CHJIAMH TPEHHSI) CHIIA TSKECTH

mg, rae M - macca rpy3a U § - ycKopeHue cBOOOJHOTO MaJieHus, U CHJIa HaTSKEHUS

HuTH | (puc.2), Tak 4TO ypaBHEHUE JABMKEHHS IPy3a HMEET BH]L

ma=mg-T, (1)

TIe d - yCKOPEHHUE TPy3a.

M3 MmomeHTOB CHII, I[GﬁCTByIOH.[HX Ha MasATHUK, OTJIIMYCH OT HYJIA JIMIIIb MOMCHT

cwibl HaTspkeHus Hutd M = RT, rne R - paauyc mikuga.
JIeHCTBUTENBEHO, MOMEHTBI CHJIBI TSDKECTH MY U CHIIBI

peaknuu ocu N, Ha KOTOPYIO HACAKEH MAsTHHK, PABHEI
HYJTI0, TaK KaK 3TH CUJIbI HAMPABJIEHbI PaJAHAIBHO OT OCU
BpaIllCHUs; BCEMU K€ CUJIaMHU TPEHUS MbI B 3TOH 3a/1aue
npereOperaeM. CrenoBaTenbHO, YpaBHEHHUE JBIKEHUS
MasTHUKA UMEET BU/T

JB=RT, (2)
rjae J - MOMEHT UHEPIIMU MasgTHUKA OTHOCHUTEJIBHO OCH

BpalleHus, [ -yIIOBOE YCKOPEHHUE MAsTHUKA.
VYckopeHus Trpy3a U MasiTHUKA  CBSI3aHBI




COOTHOILICHHNCM

a=pfR. (3)

VYpauenus (1), (2) u (3) cocTaBisIOT CUCTEMY YpaBHEHUN JJIs1 ONPECICHUS
TpeX HEM3BECTHBIX BenM4uH: @, fu T’

ma=mg-T
JB=RT (4)
a=pR.

Vckimrovas u3 3tux ypaBaenuil [ u T, HAXOIUM YCKOPEHHE:

a=—39_ (5)

1+ J2
mR

KOTOpO€, KaKk BUAHO W3 3To (opmynsl, mocrossHHO. [lo wu3BecTHOU (opmyre
— At2
paBHOyckopenHoro apmwikenus ( N = at/2 ) sto yckopeHHe MOKXHO BBIPasUTh 4epes

myTh rpy3a N u Bpems npusxenus t

2h
a=- (6)
[TpupaBHsB TipaBbie YacTH BeIpakeHui (5) u (6), MOTyIUM CleayoNIyto GopmMyty Juis
MOMEHTa UHEPIIUU MasiTHUKA

2
J :%mDZ(%—lj , (7)

IJIc BMECTO pajryca IIIKUBa BBeJieH ero auametp D = 2R.

BriBenem aBa ciaeacrBus us popmynl (7)

IlepBoe caeacrBue. Ilycts B ABYX ONBITaX IPy3, OMYCKAasCh, MPOXOIHUT
OJMH U TOT K€ IIyTh h, npuyeM MOMEHMbl CUI PA3/IUYHbL (B IEPBOM OIIBITE OepeTcs
rpy3 MaccChl ml N HHUTH HAMATBIBACTCA Ha MIKHUB
nuamerpom D;, a BO BTOpOM ONBITE HCIONB3YHOTCS
JIpYyrou rpys, Maccom My U Opyroy MIKHUB, TUAMETPOM
D,), a MOMeHmbl_UHepyuu 0OUHAKOBbL (TIOI0KEHUE
MUWJINHAPOB Ha CTCPIKHAX MasiITHUKOB OCTacCTCA

Hen3MeHHbIM). O003Hauas yepe3 1) u {, Bpems magenus
rpy3a, COOTBETCTBCHHO B IIEPBOM M BTOPOM OIIBITAX, U3
dbopmybl (7) umeem

Puc.3



2 t 2
mlDlz(%— jzszj[gZ—;— j (8)

Bropoe ciaeacrBue. Ilycts Temepb B IBYX ONBITaX MOMEHMbl CUT
00UHAKOBHL (B 000UX CIIydasX UCHONB3YETCsS OJMH U TOT JKe IPy3 Macchl M U MIKKUB
nuametpoM D), a momenmol unepyuu pas3iudHsl (B IEpBOM OIBITE HUIMHIPHI HA

CTEepKHSX pacroyaraioTcs Ha paccTosauu |y, a Bo Bropom omeite - Ha paccrosuuu |y
OT OCH BpallCHUS).

MoMeHT wuHepuMM MasTHUKa J CKJIaJbIBaeTCsl W3 MOMEHTa HWHEPLUHUH Jy
MasgTHHKA O€3 NWJIMHIPOB W W3 YETHIPEX OJMHAKOBBIX MOMEHTOB HHEpUUU J,
KaXJI0TO IUJIMHpAa OTHOCUTEIBLHO OCH BpallCHUS

J=J,+4J, . 9)

[To teopeme lllTeliHepa MOMEHT MHEPUUU J, IWIMHAPA OTHOCUTEIHLHO OCHU
BpaieHuss (Ha puc.3 oChb BpalleHUs NEPHECHAUKYISpHA IUIOCKOCTH YepTeka u
nzo0paxaercs Toukoi 0 ) MOXKeT OBITh MPECTaBICH B BU/T

3,=3,, +ml?, (10)

rIe JOW - MOMEHT HHEPIMU LUIMHIApPA OTHOCHUTEIBHO OCH, MapajuleIbHOW OCH

BpallleHUs W TPOXOMAIIeH depe3 IEeHTp Macc (Ha puc. 3 3Ta OCh HM300pakaercs
toukoii 0'), | = 00" - paccrosrie mexmy oGermu ocamu, m, - Macca mutuaApa. C
yaetoM (10) dopmyna (9) naet

J=J,+4J, +4m|*.

[Moncrasisist 3To BeIpakeHue B hopmyiy (7), UMeeM AJisi IEPBOTO OmbITa (

1=1I;,t=1y) u msa Broporo onbita (| =1, t =1;)
43, +4my1? = MO [ O
J:\]M+ Jou+ mul = 4 E—l (11)
2 2
123 +4) +4am) =MD [OL )
“ ! ! 4 { 2h

Brruuras BTopoe paBeHCTBO U3 IIEPBOI0, HAUJIEM
ngz (t12 . '[22 )
8h

am, (17 -1,%)=

OTKyJa



~32hm, (17 -1,7)

2_t2
bt mgD?

(12)

DKcrnepuMeHTanbHas rposepka Gpopmyi (8) u (12) u sBisieTcs Lenbio 3a/1a4u.

IKCIIEPUMEHTAJIBHAA YACTDb

Onucanue npudopa: Ha BeprukansHOM KosoHHe 2 (cM. puc.l)
IMPUKPETUICHBI 1Ba KPOHIITEHHA: HIKHUA HETIOABIKHBIN 1 1 BepXHMIA MOABMKHBIN 6
U JIBe HETOJBIKHBIC BTYIIKK 3 U /.Yepe3 BepxHuit quck 11 mepekunpiBacTcss HUTh S, OJIH
KOHEIT KOTOPOH MPUKPETUICH K IBYXCTYIIEHYaTOMY JUCKY 8. BTOpOii KOHEIT HUTH TIPUBSI3aH K
wiargopme 10. JIng yBenmueHUs] HATSDKEHUS HUTH Ha TUIaTGOpMy MOXKHO TOJIOKUTH JIBa
Tpy3UKa, NPUMEPHO paBHOW Maccbl. Ha omgHOM OCHM ¢ ITMCKOM HaXOIWTCS KPECTOBHHA
MasTHUKA. 1 TUCK, U KpecTOBMHA YKECTKO CBsI3aHbI MEXTy coOoi. Ha HikHeM KpoHIIITelHe
3 YCTaHOBJICH TOPMO3 (AJIEKTPOMATHUT C CEPJICUHUKOM 4 ) , KOTOPBIA MOXKET YICPYKHUBATh

Fae. L

KpecroBuHy ¢ Tuiargpopmort 10 B
COCTOSIHUM TOKos. Ha xomonne 2
HaHEeCceHa MIUTMMeTpoBas Ikaia 9. Ha
KpoHmITeiiHax 6 u 1 3aKperieHsb
(hOTORIIEKTPUICCKHEC JIATYHKH.
Bepxuuii  patuMk  cpabarbIBaeT B
MOMEHT TIEPEeCEUEHUs] TPY30M JIy4a
CBeTa  JaTyuKa  ®W  3aIlyCKaer
ANIEKTPOHHBIA CEKYHIIOMEp, B TO BpeMs
KaKk  HIDKHMA  TIpU  TeX  Ke
00CTOSITENTHCTBAX OCTaHABJIBACT
CEKyHJIOMED. Takum o0pazoMm,
TIOKa3aHKe JIEKTPOHHOTO CEKYHIIOMEpa
OTpeNieIsieT  BpeMsl  TIPOXOXKICHHS
pysom 10 paccrosHUS MEKITY
JTATINKAM.

Ha JIMTICBOM TIAHEITN
CEeKyHI0Mepa PacIoIoKEHbBI
CIICTYIOIIIHE MIEMEHTHI YITPABIICHUSI.

1. Knmapuma CETH — HaxaTtue Ha
KJIABUIITy BKJIIOYAET HaNpPSDKCHUE
MTUTAHUS (Bce WH/IUKATOPbI

BbIcBeunBaloT udpy "0" u cBerarcs naMnouku GOTOIIEKTPUYECKUX TATYHKOB).
2. Knapuma CHPOC — HaxaThe Ha KJABWIINY NPUBOAUT K COpPOCY MpPEAbIIyIIEro



MTOKA3aHUSL.
3. KmaBuma [IYVCK - Hakathe Ha KIABHUIIY BBI3BIBACT OTKJIIOUYCHUE
AIIEKTPOMATrHUTA U IPUBOAUT B IBUOKCHUE MEXAHUYECKYIO CUCTEMY.

YnpaxHenue 1

B »sToM ympaxkHeHWH TIpOBEpSAETCS TMEpPBOE CIEACTBUE (DOPMYIBI IS
HaXO0XJACHHSI MOMEHTa HHepluu MasiTHuka O6epOeka, T.e. popmyna (8).

Heo6xoaumo 3HaTh Beauuussl My, My, Dy, D,, h, tiu b, rre:
M1 — Macca mIatgpopMsl, IIPUBA3aHHON K HUTKE, My = 53 2.

My — macca, paBHast macce My TUIFOC MACChI JIBYX JIOMOJIHUTEIBHBIX IPY3UKOB. Macchl
JIOIIOJIHUTEIBHBIX TPY3UKOB OIPEACIIAIOT B3BEIIMBAHUEM Ha JIEKTPOHHBIX BEcax;
D; =42 mm; Dy = 84 mm; h = 40 cm; 11 u t, u3mepsroTCs B IpoIiecce 3KCIICPUMEHTA.
[Ipexae, 4YeM NOPUCTYHNUTh K HW3MEPEHUSIM, PACIOJIATalOT IOJBUKHBIC
HWJIUHAPHI HA KPECTOBHUHE BOJIM3H YAAJICHHBIX OT OCH BpallleHUsI KOHIIOB CTEPKHEHN Ha
PaBHBIX PACCTOSHUSX OT OCH MasTHUKA. [Ipu 3TOM HEOOXOAMMO JTOOUTHCA TOTO,
yTOOBI IIPU HEHATSHYTOW HUTH JII00O0E MOJIOKEHNE MASTHHUKA SIBJISIOCH MOJIOKEHUEM
0€3pa3IMYHOr0 PaBHOBECHSI.

N3mepenus.

1. BxatouuThs npudOp B CETh.
. 3aKpenuTh HUTh Y3EJIKOM Ha IIeUKe mKuBa R;.

. [lonsecuts rpy3 My.

. HamateiBas HuTh Ha mkuB R;, yCTAaHOBUTH HWKHUN Kpad Tpy3a TOYHO HA YPOBHE
YepThl HA KOPIYCEe BEPXHETO (DOTOIINEKTPUUECKOTO AATUUKA.

. HaxxaB xknoniky CETh, 3adukcupoBaTh MAarHUTOM TPy3 B 3TOM MOJIOKEHUH.

. Haxxars knonky //VCK.

AW N

. 3anucath 3HaueHue 1y, BRICBETHBIIICECS HA AMCIUICE CEKYHIOMEpa.

. Haxxars xnonky CH5POC.

. IIoBTOpHO MOAHATH TPy3 IO BEpPXHEU 4epThl, TNl 3aUKCUPOBATh €0, OTITYCTHB
kHonky [/VCK.

10. IToBTOPUTH U3MEPEHUS AECSTH Pa3.

O 0 3 O\ D

11. IIpoaenatk TO e camoe s MIKUBa paauyca R, mu maccel My..
[ToacraBnsisi u3mMepeHHbie 3Ha4eHUST B (QopMyny (8), BBIYUCISIIOT €€ JIEBYIO U
MIPaBYIO YaCTH.

YupaxHenue 2

B stoM ympaknenun mposepsiercst popmyna (12). Jlms aToro HeoOXoammo
u3Meputh paccrosinus |y u |, u coorsercrBytomme 3Hauenus spemenn ty u t.

[lepen BeIMOTHEHWEM W3MEpPEHUH HA TUIATHOPMY YKIIAABIBAIOT JBa TPY3UKA.
He u3MeHsist pacmionokeHus MUJIHHAPOB Ha KPECTOBUHE, KOTOPOE OBLIO yCTAaHOBIICHO



IpU BBIOJHEHUU YIPaKHEHHs 1, ONpeeisAloT Ha OCHOBAHHU TpeX H3MepeHMii
cpennee paccrosaue || oT nenTpa Mace muIMHAPa 10 OcK BpamieHus. [ n3MepeHus
paccrosnus |; ucnonesyror nuueiixy ¢ MUIIMMETpPOBOIl 1Ko, M3MepsIOT AecaTh
pas Bpems aBukeHus b miaThopMel Mexky (OTOATUMKAMH.

BTopylo cepuio M3 MSATH ONBITOB HPOBOAAT NPH HOBOM paccTosHuu |y
uumueapos ot ocu Bpamenus (I, < 1p). Jlo6usnmice monoxenus 6Ge3pasauyHOrO
PaBHOBECHs! IPH HOBOM PACIIONOKEHUHU LIUIHMHPOB, ONPENENIAIOT TOYHO TaK Ke, KaK B
npeabIayIeM ciydae pacctosaue | u Bpems npikenus 1.

[locie BBINONHEHHS YHOPAKHEHMS IMIMHAPHI C BMHTAMH CHHMAIOT C
KPECTOBMHBI M B3BEIIMBAIOT HA AJIEKTPOHHBIX BecaX. II0JCTaBsAs M3MEpEHHBIE

sHauenns Besmaud | , §j, cpennee 3sHaueHne Macchl mMMHIpa ¢ BUHTOM M, U Maccy
mw1atopmbl ¢ ABYyMs rpy3ukamu B Gopmyiy (12), BBIYHCISIOT €€ JIEBYIO U MpaBble
YaCTU U CPABHUBAIOT PE3YyJIbTATHI.

BOITPOCHI JJIAA CAMOITIPOBEPKHA

1. JlaiiTe omnpeneneHne MOMEHTa MHEPLUU MaT. TOYKU U TBEPJOTO Tejla KOHEUHbBIX
pa3MepOB OTHOCHUTEIBHO OCH. B KakoMm ciydae Temo MOXXHO CUMTATh Mar.
TOYKOMN?

2. Copmynupyiite Teopemy [roiirenca-llITeitnepa o mnapamienbHBIX OCAX.
OTHOCUTENBHO KaKOW OCH (M3 BCEBO3MOKHBIX OCEH 3aJJaHHOTO HaIpaBJICHUS)
MOMEHT UHEPIUU TeJla MUHUMAJECH?

3. 3anumuTe W NPOKOMMEHTHpPYHTE ypaBHEHHE MOMEHTOB (ypaBHEHHE
BpallaTeIbHOrO ABUKEHUS TBEPAOIO TeJla OTHOCUTEIBHO OCH); MOSICHUTE, KaK
U3 HEro BBITEKaeT (U3MYECKUH CMBICI MoOMeHTa wuHepiuu. Jlaiite
ONPENEIICHUE MOMEHTA CUJIBI OTHOCUTEIIBHO OCH.

4, ChopmynupyiTe 3aKOH COXpaHCHHS MeXaHMYecKod sHepruu. OOBICHUTE,
MOYEMY OH BBINOJHSAETCS B YCIOBHIX JAHHOM 3aJ1ayu.

5. BreiBegute pacdetHyio (opmyity Aisi MOMEHTa WHepHuH 1iaTdopMmbl. Yem
CJIelyeT 3aMEHUTh Maccy mIaT(@opMbl B 3TOU GpopmyIie, eclid pU MPOBEACHUN
OIbITa Ha MIaTPopMe HaXOAATCs Tena?

6. JaiiTe onpeneneHue yrioBoi CKOPOCTH U YTJIOBOT'O YCKOPEHUSI.

7. Hanmummre Qopmyny rapMOHHYECKOTO KojeOaHUsl U JTaWTe ONpeesIeHUs ero
XapakTepucTUKaM (MEepHoJl, YacToTa, KpyroBas (LMKIMYECKas) 4YacroTa,
amMIuInTyaa, dasa).
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