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OINPEJAEJIEHUE YCKOPEHUSA CWJIbI TAXKECTH
C IMIOMOUBIO YHUBEPCAJ/IBHOT'O MASTHHUKA

Heas padoTbl: VccnenoBanue 3aKOHOB, 10  KOTOPBIM  IIPOHCXOJIST
KoJIeOaTeNbHBIC IBMYKEHUS MATEMATUIECKOTO U (PU3UIECKOTO MAsITHUKOB, & TAKKE
OIpeNeNICHHE 3HAYEHUs] YCKOPEHHsI CBOOOTHOTrO TajeHHs (YCKOPEHHS CHJIbI
TSOKECTH).

JOHOJIHUTEJIBHAA TEOPUS KCIIEPUMEHTA

MaremMaTu4eCKUM MAasiTHUKOM Ha3bIBalOT KOJI€6JIIOIHCCC5I B IIOJIC CHII
TAOKCCTHU TCJIO, ITOABCHICHHOC Ha CTOJIb I[HHHHOﬁ HUTH, YTO pasMCpaMu TCja I10
CpaBHCHHUIO C I[J'IHHOﬁ HUTH MOXXHO HpCHC6pG‘IB. Bperl ITOJTHOTO KOJIeOaHUs
MasATHHUKA - IICPUOJ MAATHUKA IIPHU MAJIBIX YIJIaX OTKIIOHCHHA OT BEPTHUKAJIM PAaBCH

E=2r L (1)

g

rae | - nmuHa HUTH, ¢ - YCKOpPEeHHE CBOOOIHOTO MaCHHUS.

VYros OTKIOHEHUSI MasiTHUKA OT BEPTUKAIU Ol MEHSIETCSI CO BPEMEHEM 10
rapMOHUYECKOMY 3aKOHY (TIPU MaJIbIX OTKJIOHCHUSX )

o= o Cos (27 vi), (2)
rie «p - aMmIUIuTyaa KoJyiebaHui, V - dacToTra KoJyieOaHui. AMIUIUTYyAa
KoJieOaHUM MasiTHUKA ¢ OTPEEIIeTCs HAa4aJIbHBIMU yCIoBUAMU. U3 popmyIsl
(1) crenyet, uro mepwoj KojeOaHHH MasTHHKA 3aBHCHUT OT €ro JUIMHbI | u
YCKOPEHHSI CWJIbl TSXKECTH (, HO HE 3aBUCUT OT aMmIuiuTynbl. CBOMCTBO,
3aKJoYaronieecss B COXPAaHEHMM — MEpUoaa
KOoJieOaHUM TpHU JIFOOBIX aMILUIATYIaX, Ha3bIBAIOT
U30XPOHHOCTBIO KoJieOaHuit MasiTHHKa. CBOMCTBO
HU30XPOHHOCTH CIIPABEIMBO TOJBKO TMPH MajbIX
OoTKJIOHEHUsIX. Popmyiibl (1) u (2) BBITOTHAIOTCS
IpU YCJIOBUU, YTO JICMCTBUE HA MASTHUK CHII
TPEHUSI U COMPOTHUBJICHUSI CPENbI MPEHEOPEKUMO
Masio. JlecTtBue 3TUX CWI  NPUBOAUT K
MOCTETICHHOMY 3aTyXaHHWI0 KOJIeOaHW MasTHUKA.
Eciim wuX JEUCTBUE HEBEIUKO, TO TMEPUON
MasTHUKa OyJeT OCTaBaThCA  MPAKTUYECKU
Pac.L MOCTOSTHHBIM. duznvecKkum MasiTHUKOM
HA3BIBAIOT KOJICOJIONIEECS B TOJE CHJI TKECTU
TEJI0, 3aKPEMJIEHHOE HAa OCH, HE MPOXOASUIEH Yepe3 LIEHTP TsHKecTu. B aToMm
cllyyae pa3MepaMu Tejla IpeHeOpeub Henb3sl. BbIBeJeHHbIH U3 paBHOBECHS

bu3nYecKuil MaATHUK COBEPILIAET KOJIEOaHUs C IEPHOJIOM




T=2x I (3)
mgd
rae m macca Tena, J - MOMEHT UHEepUUU (PU3UYECKOro MasiTHUKA OTHOCUTEIBHO
ocu BpameHus, d - paccrossHue oT ocu BpamieHus (Touka 0) 710 IeHTpa TSHKECTH
tena (Touka O*) (cm. puc. 1).
CpaBnuBas ypaBHenus (1) u (3), Bugum, 4to B ypaBHeHUH (3) Tam, I
JUIT MaTeMaTHYeCKOTO MasTHHKA CTOMT MHOXHTeIb |, mama  dusmyeckoro

J
MasTHHKA BXOOIUT MHOXUTCIIb Io =

md
Bemnunny |y Ha3pIBaIOT MPUBEACHHOW JUTMHOW (PU3MUECKOTO MAasTHHKA.
®dusznueckuil MasTHUK COBEpIIaeT KojeOaHHs C TeM K€ MEepUOJOM, 4YTO H
MaTeMaTUYeCKUil MasSTHUK mHOM 1. Touka Ol, JIeKal@as Ha JIMHUH,
IIPOXOJAIICH Yepe3 OCh BpallleHUs MW LEHTP TSHKECTH HAa PACCTOAHUH
IIPUBEJICHHOM JUIMHBI OT OCH BpAlEHUs, HA3bIBACTCA LEHTPOM KadaHHs
¢dm3uyeckoro mastauka (puc. 1). Ecnmu x ocn BpareHust u3nIecKoro MasiTHUKa
ITOJABECUTh MAaTEMAaTUYECKUM MasTHUK HA HUTH JUIMHOM, PABHOW NPUBEACHHOU
JUIMHE JTAaHHOTO (PM3WYECKOTO MAasTHUKA, TO OTKIOHEHHBIE Ha OJJUHAKOBBIN yToJl
o GU3NYECKU M MaTeMaTHMYeCKUI MasTHUK KOJIEOJIOTCSI BMECTE, C OJHUM
MEPUOJIOM M TaK, YTO TEJO, MOJABEIICHHOE HA HUTH, HAXOJIWUTCA MOCTOSHHO B
LEHTpE KauaHHsl (PU3NIECKOTO MasITHUKA.
PaccMoTpuM, yemy paBHBI IEPHOJBI KOJEOAHU (PU3NUECKOTO MasSTHUKA
IIPU  Pa3IMYHOM IIOJIOKEHMM ocedl BpameHud. Ilycte B mepBoMm ciydae
paccrostare OT ocu BpameHus 0; 1o 1meHTpa Tshkectd paBHO ;. MomeHT
uHepiuu otHocutenbHO ocu O; 1o Teopeme LlTeitHepa paBen

2
Ji=Jg+m d , (4)
rne Jo - MOMEHT WMHEpIMH OTHOCHTENbHO ocu 0*, mpoxonsimied depe3 IEHTP

TSOKECTH W mapauienbHoi ocu Bpamenus: 0;. CormacHo dopmyne (3) mepuon
KoJie0aHus GU3UYECKOr0 MAaITHUKA B 3TOM CJIydae

()

Ha nunauu, coequustomeid Touky O; u ueHtp tsbkectu 0%, BeiOepeM 3a
IIEHTPOM TSDKECTH HOBOE IMOJIOXKeHue ocu BpareHus (touka 0,). och O, Oyner
HAXOJUTHCS Ha paccTosiHuK U, OT 1IeHTpa TshkecTh. 110 aHaIoruu ¢ mpeabI Iy UM
cllydaeMm Tepuoj, KoJieOaHuW JaHHOTO (PU3UYECKOT0 MAaATHHKA C OCBIO
Bpamenus 0, Oynet paBeH

(6)

rie dy- paccrostHue oT ocu Bparienus 0, 10 eHTpa TSHKECTH.



Wsmensisi paccrosiuus d, u dp, momdepeM WX BEIMYUHY TaK, YTOOBI
NEePHOBI KOJeOaHn TaHHOTO (PU3UIECKOTO MAsATHHUKA C ocsiMu Bparienus 0, u
0, cosnagamm. U3 ycnoBust 7' = Ty + T, u ypaBHenutii (5) u (6) moaydum .

()

)

CpaBHMBasi 3TM ypaBHEHUS, 3aKjir4aeM, 4ro nepuoabl 17 u T,
COBIIQJIAlOT B TOM ClIy4ae, Korja CyMMa paccTosiHui oT oceil Bpamenus 0; u 0,
n0 1eHTpa Tskectn O; + 0, paBHa TUpHUBENEHHOW IMHE (HUINIECKOTO
MasTHHKA: |g = dq + da.

Takum oOpa3oM, IEHTP KayaHUsI U OCh BpallleHUsl (TOYKa MOJBECA)
ABISIOTCA 0OpaTuMbIMHU. Eciii mepeHecTH och BpalleHHsl (TOUKY IMOJBeca)
(U3MYECKOTrO MAasITHUKA B LEHTP KayaHWil, TO IPEKHAS OCh BPAILIEHUS OKaKETCS
HOBBIM IICHTPOM Ka4yaHWs, TIPU ATOM MEpUOJl KoJieOaHui (hU3MYECKOro MasiTHUKA
OCTaHETCs MPEKHHUM.

[Tockonbky och BparieHus - Touka 01, u
HEHTp KadaHus - Touka 0p, 0OpaTHMBI, TO MOXKHO
DKCHEPUMEHTATIBHO  OINPEIEINUTh  ITOJIOKEHUE
LEeHTpa KadaHus. sl 3TOro Ham0 HAWTH OCh
BpamieHus (TOYKy TI0o/Beca), B KOTOpOMl OH
KOJIe0JIeTCSl C TeM K€ MEPUOJOM, YTO U MPEXKIIE.
PaccrossHue MexXIy OSTUMM  JByMs  OCSAMH
BpallleHUs] Y JaeT [PUBEACHHYIO  JJIUHY.
N3mepenus IIPUBEICHHON JUIVHBI
OCYLIECTBIISIOTCA c ropaszo OoJbILIEH
TOYHOCTBIKO,  YEM  ONPEIECICHHE  MOMEHTa
uHepuuu. V3mepuB mnpuBeneHHyro mmHY 1o u
nepros (pu3HUecKoro MasTHuUka 7, MOKHO HAWTH
YCKOpEeHHE CBOOOTHOTO NaIeHus §, UCTIONB3Ysl (hopmyiy (8).

Jis  u3MepeHuss yCKOpeHusi CBOOOAHOrO TMaJeHUs HCHOJIb3YIOT
YHUBEPCAIbHBIA MAsITHUK, OITUCAHUE KOTOPOTro OyAET JaHO HUXKE.

Puc.2

IKCHEPUMEHTAJVIbBHASA YACTD

OnucaHue yCTAHOBKH
OOuwii B yHUBEPCAIBHOTO MasiTHUKA MPEACTaBieH Ha puc. 3. OcHOBaHHE
1 ocHameHO peryJupyeMbIMH HOXXKaMH 2, KOTOpbIE IO3BOJSIOT MPOH3BECTH



BbIpaBHUBaHUE NpuOopa. B ocHOBaHMHU 3akperuieHa KOJIOHKa 3, Ha KOTOPOH
3aUKCUpPOBaH BEPXHUN KPOHIUTEHH 4 ¥ HWKHUA KPOHIITEHH 5 ¢
¢doroanexkrpuyeckuM natuukoM 6. Ilocie oTBuHuUMBaHMs BopoTka 11 BepxHuit
KPOHIUTEHH MO>XHO IIOBOPAYMBaTh BOKPYI KOJIOHKH. 3aTsbkka BopoTka 11
(uKCHpYyeT KPOHIITEIH B JIFOOOM, TPOU3BOJILHO BHIOPAHHOM M0J10%KeHNHU. C 0JJHOM
CTOPOHBI KPOHIUTEIHA 4 HAXOAUTCS MAaTEMATUYECKH MAATHUK /, C APYrod - Ha
BMOHTHPOBAHHBIX BKJIa IbIIIIaX OOOPOTHBINA MasiTHUK 8.

JUIMHY MaTeMaTH4ecKoro MasiTHUKa MOKHO PEryJupoBaTh MPU MOMOIIH
BOpOTKa 9, a ee BEIMYMHY MOXKHO ONPEJEIIUTh MPU NOMOIIHY LIKaIbl Ha KOJIOHKE
3.

OOOpPOTHBIN MasTHUK BBIIIOJHEH B BUJI€ CTAJILHOIO CTEPXKHS, HA KOTOPOM
(uKcHpOBaHbI 1B HOKA, TOBEPHYTHIE APYT K IPYTY JIE3BUSMHU, U J1Ba poauka. Ha
cTepsxHe depe3 /() mm HaHECEHBI
KOJIbLIEBBIE JCJICHUS, CITy>Kallue g 4
JUIsL  TOYHOTO  OIPENEICHUS
JUIMHBl OOOpPOTHOTO MasiTHUKA
(paccTosiHUS MEXIy HOMXAMH).
Hoxun u  pomvku  MOXKHO
NIEPEMEIIATD BJIOJIb OCH CTEPKHSI
u  ¢ukcupoBaTb B  JIIOOOM
NOJIO)KEHHH. OTH  DJIEMEHTHI
BBITIOJTHEHBI TAKMM 00Pa30M, 4TO
UX pasMep BIOJIb  CTEPXKHS
kpateH /0 mm.

Hwxunii KPOHILITENH
BMeCTe C (DOTORIEKTPUUECKUM
JATYUKOM MOXKHO I€pPEMEIATh
BJIOJIb KOJIOHKM M (PUKCHPOBATh
B TPOU3BOJBHO  HU30paHHOM
IIOJIOYKEHUM. 2 2/ Z s

DOTOIEKTPUICCKUI
JaT4YMK COEIMHEH C
NPUBUHYCHHBIM K OCHOBAaHMIO YHHUBEpCAIbHbIM MuLIMcekyHaomepom 10. Bun
JIMLIEBOM MAHE MUJUTUCEKYH/IOMEpPA TaKoKe MOKa3aH Ha puc. 3.

Ha nuueBoii manenn MUWLIMCEKYHIOMEPA HAXOSTCS CIEAYIOIIUE IEMEHTHI
PEryJIMPOBKH.

1. CETH - Bxmouarens cetu. Haxarue 37O KIIaBUIIM BKITFOYAET MMUTAOLIEE
HarpspkeHue. BuByanbHO BKIIIOYEHHME TOKa3bIBACTCS CBEUEHHEM  IU(PPOBBIX
MHMKATOPOB (BBICBEUMBAIOIINX IM(PYy HOMb) U CBEUECHHEM (POTOIIEKTPUUECKOTO
JATYMKA.

2. CBPOC - ycraHoBKa HOJis u3mepurens. HaxxaTtre 3Toi KITaBUILIN BbI3bIBAET
cOpoc cXeM MWUIMCEKYHIOMEpPa M TEHEPUPOBAaHMS CUTHAIA pa3pelleHus Ha

7

Pace.3



U3MEpPEHHUE.
3. CTOIl - oxoHuyanue wu3MepeHus. HakaThe KJIaBUIIU BbI3BIBAET
I€HEPUPOBAHKE CUTHAJIa HA OKOHYAHHUE [IPOLIecca MOICYETa.

Ynpaxkuenue 1
OIIPEJAEJEHUE YCKOPEHUS CBOBO/IHOI'O MAJIEHUA
I[P ITIOMOIIIN MATEMATHYECKOI'O MAATHHUKA

HuwxHuii  kpoHmTeliH BMecTe ¢  (POTORIEKTPUUYECKUM  JTATYUKOM
YCTAaHOBUTh B HIDKHEM YacTH KOJIOHKHM, oOpaimias BHUMaHHE Ha TO, YTOOBI
BEpXHSSl IpaHb KPOHIITEWHA MOKa3blBaJla Ha WIKale UMHY 50 cm. 3aTSHYTh
BOPOTOK, (ukcupyst (OTOINEKTPUUYECKUM MaTYUK B M30paHHOM TOJIOKCHUHU.
[ToBopaunBasi BEpXHUI KPOHIITENH, IOMECTUTh HAJ TaTYNKOM MaTEMaTUYECKUI
MasiITHUK.

Bpamias BOpOTOK Ha BEpXHEM KpOHIUTEWHE, YCTAHOBUTH JJIUHY
MareMaThuyeckoro MastHuka. OOpaTuTh BHHMaHHE Ha TO, 4YTOOBI yepTa Ha
nIapuke Oblia MPOAOHKEHUEM YePThl Ha KOpIyce (POTOAIEKTPUIECKOTO IaTUHKA.

[IpuBecTn MaTeMaTUYECKU MAsATHUK B JBWXKEHUE, OTKJIOHSS IIAPUK Ha
4-5° OT MOJIOKEHUSI PABHOBECHSL.

Haxare mnepexmouarens CETH, mnpoBEpUTHb, BCE JIA HWHIUKATOPHI
U3MEpUTENd  TMOKa3bIBalOT  IUGPYy HOJIb W TOPUT JIM  JIaMIIOYKa
(hOTOAEKTPUUYECKOTO JTATUHKA.

Haxats knoniky C5POC.

[Tocne momcuera n3mepurenem 10 konebanuii Haxkath knaBuiry CTOI].

[To mikasne npubopa U3MEPUTH AJTUHY | MATEMaTHYECKOTO MasTHHKA.

Benuunna nepuopa konebanuit 7 MasTHUKA ONpeaeisseTcss Ha OCHOBAaHUU
U3MEpEHUS BpeMEHH t TPOIOIKUTEILHOCTH N MOJTHBIX KOJIOaHMi 1Mo dopmyrie

t

Bbluncienne yckopeHUsi CBOOOJHOIO TaJCHUS TMPOU3BOIUTCS Ha
OCHOBaHHM pe3yJbTAaTOB OJKCIEpHUMEHTa 1o (opMmyse, cleaymoomei us3
cootHoIreHus (1)

2
4707
- 2 10
= (10)
rie § - YCKOpeHHe CBOOOJIHOTO TaiCHUS B m/c? | - QaMHA MaTeMaTHYeCcKOro

MasATHHKA, T - nepuoa MarCMaTu4CCKOIro MassTHHUKA.
yCKOpeHI/Ie g OIpeaACIACTCA JIIA JACCATHU 3HAYCHUM JJIINHBI



MaTeMaTU4YEeCKOro MasiTHUKa M €ro mnepuoja. Pe3ynbrarel u3MepeHUil
3aMKChIBAOTCA B Ta0nmiLy 1.

Ta6muma 1.
Jnuna Bpewms t Yckopen
Homep | maremaruuec | npomoipkutenbHo | Yucenmo n | Ilepuog ue
U3MEPEH KOI0 CTH N KoJiebaHui, | kosebaH | KojedaH | cBOOOAHO
us MasTHHUKA, 1, c )70 uM, ro
M Ty ,c MaJiCHUs
g. m/c?
1
10

YnpaxHenue 2
OINIPEAEJEHUE YCKOPEHUA CBOBOJAHOI'O IMAJAEHUASA
NPHU IMMOMOIIN OBOPOTHOI'O MASITHHUKA

[loBepHyTH BepXHMI1 KpOHIITEWH Ha 180°.

®dukcupoBaTh POJMKH Ha CTEP)KHE HECUMMETPUYHO TakuM 00pa3oM, YTOOBI
OJIMH U3 HUX HaXOJAWJICS BOJIM3M KOHIIA CTEPKHS, a IPYTroH - BOJIM3H €ro CepeiiHbl.

Hoxu wMmasTHHKa 3akpemuTh 1[0 OOEMM CTOpPOHaM LIEHTpa TSDKECTH,
MOJTYYEHHOM MO BBIIIEYKA3aHHOMY CIOCOOY CHCTEMBI TAKUM 00pa3oM, YTOObI OHU
Obutn OoOparieHbl Jpyr K JApyry Jje3BusMu. OAMH W3 HUX TIOMECTUTH BOJHM3H
CBOOOZHOIO KOHIIA CTEPKHSA, a BTOPOM - Ha TMOJIOBUHE PACCTOSIHUS MEXIY
POJIMKAMHU.

IIpoBepuTh, COOTBETCTBYIOT JIM I'PAaHU JIE3BUM HOYKEW KOJIBLIEBBIM JCIICHUSM Ha
CTEpIKHE.

3aKkpenuTh MasTHUK Ha BKJIQJBIIIE BEPXHEr0 KPOHIITEHHA HAa HOXKE,
HAXOJISAIIEMCS BOJIM3H KOHITA CTEPIKHSI.

HwxHuil kpoHIITENHH BMecTe ¢ (POTOINEKTPUUECKUM JATYMKOM PACIIONOKHUTh
TaKUM 00pa3oM, YTOOBI CTEPKEHb MasITHUKA TEPeceKa ONTHYECKYIO OCh.

OTKJIOHUTH MasITHUK Ha 4-5° OT MOJIOKEHUS PABHOBECHSI U OTITYCTHUTB €T0.

Haxars knaBuiry CHPOC.

[locne moxacyera m3meputenieM 10 mMOMHBIX KoJjeOaHWM, HaKaTh KIIABHUIILY
CTOI1

I[To dbopmyiie (9) onpenenuTh repuoa 000pOTHOTO MasiTHUKA 7.

CHSATb MasITHUK U 3aKPEMUTh €70 HA BTOPOM HOKE.




HwxHuit KpoHIITEHH ¢ (POTOANIEKTPUUECKUM JIATYUKOM MEPEMECTUTD TaKUM

00pa3oM, 4TOObI MasSTHUK TIEPECEKATT ONITHYECKYIO OCh.

OTKJIOHUTHh MasITHUK Ha 4-5° OT MOJIOKEHHUSI PaBHOBECHSI, U3MEPUTD Nepro 71
Y CPAaBHUTH PE3YyJIbTaT C NOIYYCHHON paHee BENMUMHON 1.

Ecrm T; < 7o, TO BTOpOl HOX MEPEMECTUTh B HAlpaBJICHUU POJIHKA,
HAXOJSIIETOCs B KOHLIE CTEPKHSL.

Ecim 77 > Ty, TO BTOPOM HOXK MEPEMECTUTHh B HANPABICHUM CEPEIUHBI
CTEPIKHSL.

Pa3melniieHust poiMKOB U IEPBOTO HOXKA HE MEHSTh.

[ToBTOpHO M3MeEpUTH Nepro (eproy 7,) ¥ CpaBHUTH C BETMUUHOM 1.

[TomokeHne BTOPOro HOXA O MOMEHTa IONy4YeHHs paBHoOBecus 1 = T
W3MEHATH ¢ TOYHOCTEIO 10 0,5 %.

OnpenenuTh NPUBEACHHYIO JJIMHY OOOpPOTHOTO  MasTHHKA 1o,
MOJICYUTHIBAsE KOJMYECTBO JEJIEHUHM HA CTEpKHE MEXAY HOXKaMH (IeTIeHUS
HAHECEHBI uepe3 Kakpie 10 mm).

Yckopenre CcBOOOIHOTO TaAeHHMS ( BbIUMCIAETCS 10 (Qopmyre,
CJIeyIOIIeH 13 COOTHOIIEHHUS (&)

2
_Arhy
T '
0
rae lo- BelpakeHHAss B MeTpax JJIMHA 0OOPOTHOTO MAsTHUKA, OTIpeeIisieMast KakK
paccTosiHAE MEXAy HOKaMH, KOTOPOMY COOTBETCTBYET PABEHCTBO NEPHUOOB IPU
IpsIMOM U TEPEBEPHYTOM IMOJIOKEHUU OOOPOTHOrO MasiTHUKA; 1p - MEepUOA
00OpOTHOTO MasTHHKA B CEKYHJaX, BBIUMCICHHBIH U3 SKCHEPUMEHTAIbHBIX
JTaHHbIX 10 dopmyne (9). Yckopenue g ompenensercs s JSCATH 3HAYCHUU
IIPUBEICHHOM JUIMHBI U IEPHOJA.
Pe3ynbrarhl H3MepeHuii 3alrchIBAIOT B TAOIMILY 2.
Haxomsr mo nanHbIM TaOnmu 1 u 2 cpeaHue 3HAUEHHUS YCKOPEHUs

CBO60)IHOFO MaacHus, BBIYHUCIAIOT IIOTPCIIHOCTL HU3MCPCHUSA W PE3YIIbTAThI
3alMUCBIBAIOT C YUCTOM IIOT'PCUHIHOCTH.

(11)

Tabmuma 2
JnmHa Bpewms t Ilepuon | Yckopenue
Howmep o0opoTHOT | mpoAo/xuT | Yucion | xonedanuii | cBOOOHOT
U3MEPEHUS 0 eIBHOCTU N | KoeOanuii | 00OPOTHOT | O MaJACHUS
MasTHUKA, | KOJeOaHUU 0 g. m/c?
lom , C MasiTHUKA,
To ,C
1
10

10
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