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OIIPEJAEJIEHUE YCKOPEHHA CBOBOJAHOI'O HNAJAEHUSA C
HOMOIMBIO PUZNYECKOI'O MASATHUKA.

IHeab padOTHI: BBUKCIEHHE YCKOPEHHUs CBOOOIHOTO IaJICHHUs TEJI Ha OCHOBE aHAIM3a
KoJieOaHmid (PU3UIECKOTO MAsITHUKA.

OcHOBHbBIE TOHATHSL.

KoneGanusiMmu Ha3bIBAIOTCS JBIDKCHUS WM TIPOLECCHl, KOTOPBIE XapaKTEePU3yIOTCS
OIPEJICJICHHOM MOBTOPSEMOCThIO BO BpeMeHHU. [IpocTeiiimmM TUIOM KoJieOaHHiA SIBISIOTCS
rapMOHUYECKHE KOJEOaHHs, MPU KOTOPBIX KOJEOMIOIIasics BeMMuMHa X W3MEHSETCS CO
BPEMEHEM CO 3aKOHY CHHYca (KOCHHYCa)

X=Asin (at + @), (1)

rne A - MakCUMaJIbHOE 3HAYECHHE KOJICOIONICHCS BEIUYMHBI, HA3bIBAEMOE aMILTUTYI0M

KoJie0aHMii; @ - KpyroBas (IMKIMYECKas) 4acToTa, CBsI3aHHAs C MEPUOJOM Kosiebanuit 7'

(BpeMeHeM OIHOTO TIOJTHOTO KojieOanus) oTHomeHneM @ = 27T, (et + ¢n) - paza komedanwmii
B MOMEHT BpeMeHH t, ¢y - HavaibHas ¢a3a koseOaHuii B MOMEHT BpemeHu t = () c.

DU3NYECKUA MasiTHUK - 3TO TBEPJIOE TEJIO, COBEPIIAIONIEE MO ICHCTBUEM CHIIbI TSHKECTU
KOJICOaHUsI BOKPYT HETIO/IBMKHOM TOPU30HTAILHOM OCH moziBeca (Touka (), He pOXOIei
yepes neHTp Macc Tena (touka C, puc.l).

JIBI>keHne TBEpPAOro Teila B OOIEeM cioydae OMpenensercsl IBYMS BEKTOPHBIMU
ypaBHeHUsIMU. OIHO M3 HUX - ypaBHEHHUE, OMUCHIBAIOIIEE MOCTYNATEIbHOE JIBUKEHUE
[IEHTpa Macc

Ma ,=XF,

rize m - macca Tena, @ w - YCKOpEHHe IeHTpa macc, F -
pPaBHOIEHUCTBYIOMIAS BCEX CHJI, ACHCTBYIOIIUX Ha TEJO.

Hpyroe - ypaBHeHUE MOMEHTOB J; 3= M,, tie M, - pe3yIbTUPYIOIIHIA
MOMEHT BCEX CHWJI, JEUCTBYIOUIMX HA TEJIO OTHOCUTENIBHO ocH Z, J; -

ma MOMEHT MHEpLUU TBEPAOIrO TejJa OTHOCUTENIbHO ocHu Z, [3 - yrioBoe
Puc.I  YCKOpPEHHE.
B ciydae ¢usnyeckoro MasTHMKAa TOCTYNAaTENIbHOE JIBU)KEHHE
OTCYTCTBYET U pacCMaTpUBAETCs TOJBKO BpallaTesibHOE (KOJIEOATEIbHOE) BUKEHUE BOKPYT
HETIOJIBI)KHOM OCH. Y paBHEHHE MOMEHTOB B JAHHOM CJIyyae MPUHUMAET BUJT
Jé =—-mglSinag =—mgle )
rae J - MOMEHT MHEPIMH MasTHHKA OTHOCHTEIHHO OCH, MpOXoAsimel depe3 Touky O
(Touka mojxBeca); ¢ = [ - yriaoBoe yckopenue; | - paccrosinue Mexay Toukor nojaseca 0 u
neHTpoM Macc MastHuka C; SIN @ & @, TaK KaK pacCMaTPUBAIOTCS TOJBKO MaJlble
KoyieOanus; 3HaK (-) OOYCIIOBJICH TEM, 4YTO HAMPaBICHUE MOMEHTA CHWJIbI TSHKECTH
MIPOTUBOIIOJIOXKHO HAIIPABIICHUIO POCTa YIIa ¢, T.€. yCKOPEHHIO.
Pemennem sroro auddepeHnnanbHoro ypasHeHus (2) apisercs: GyHKIUs
a= ogsin(ot+ @) (3)
[Toacrapnsisi 3T0 penieHue B ypaBHEHUE (2), HAaXOAUM




w=~/mgl/J @)

CnemoBarenbHO, TpH  MaibIX  KoJEOaHUSX  (PU3MYECKH  MAasTHUK  COBEPILACT
FApMOHUYECKHE KOJICOAHUS C KPYTOBOM YaCTOTOM (0 U IEPHUOJIOM

T=2r+J/mgl )

Onucanue yCTAaHOBKH M BBIBO/I PACYETHOM (POPMY.IbI.

B Hacroseit 3amade Gpuznyeckuii MassTHUK (pUC.2) COCTOUT U3
mucka (1), kpyrioro Jsierkoro crepkHs (2) u rpysa (3) maccoit m,
YKPCIUICHHOT'O Ha CTEP)KHE Ha PaccTOSHUM | OT ocH BpaleHus
MasITHHKA.

[Ipy mpoBeneHUM SKCIEpUMEHTa IIGHTP Macc cTepxHs (2)
JIOJDKEH COBINAAATh C TOYKOM 3aKpEIJIeHHWs OCH BpAaLECHUS,
MOATOMY TIPH YCTAHOBKE CTEPIKHS TOOMBAIOTCSI €0 PABHOBECHS B
TOPU30HTAIILHOM IOJIOKEHHH.

Jlyist mosmy4deHust pacueTHbhIX (OpPMYJL, UCTIONIB3YEMBIX B 33jaye,
JieNaeTcs  JIOMYIIEHUE, 4TO pa3Mmepsl rpy3a (3) Maibl 1O

Prc. 2 CPaBHCHHUIO C paccTosHHeM | W Ipy3 MOXKHO TPHHATH 3a

MaTepUalIbHYIO0 TOUKY Macchl M. J[71st pacueTa nepuoaa koyieoanui

MAasiITHUKA MOXHO MCIIONIb30BaTh popmyiy (5), OACTaBUB B HEE 3HAYCHUE MOMEHTA HHEPILIUU
CUCTEMBI

T=27+(3, +mI?)/mgl 6)
r/1e Jo - MOMEHT MHEPIIMH CTEPXKHS C OJIOKOM.

Ecnu u3meHuTs Maccy rpy3a U €ro pacCTOSIHUE /10 OCH BpaIllEHHUS] MasSTHUKA, TO HOBBII
MEePHUO/] KOJICOaHUH 3aIUIIIETCS CIETYIOIIUM 00pa3oM:

T1:27T\/('Jo +m1|12)/m1g|1 (7)

CoBmecTHO pemniasi ypaBHeHUs (6) U (7) OTHOCUTENBHO YCKOPEHUSI CBOOOIHOTO TMaICHUS
g, moJiy4aem

g=4z°(ml} —ml?)/(mI,T> —mIT?) (8)

Ynpaxnenue 1.
Onpenenenne yCKOpeHHs CBOOOTHOTO MaAeHHsl P MOCTOSIHHOM
PACCTOSTHUU_MCECKAY I'PY30M H OCHI0 BPAIIICHU .

[Tpu nocrosiaaom 3uadennu | (I = I;) pacuernas ¢popmyna (8) npuHMMaeT BU/:

g = 422(my-m)/(m; T, — mT?) (9)

JIns BBITIOTHEHUS 3aJayd TMPOACIBIBAIOTCS CIEAYIONIUME ONepaluu: MpPU MOMOIIH
JMHEWKH u3MepsieTcss paccTosHue | Mexay Trpy3oM Maccoii M W OChbIO BpAIICHHS.
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OTKJIOHMB MasiTHUK Ha yroa ~ /(0° , BKIOYaeTCsl CEKyHAOMEep U omnpenensercs Bpems 10
MOJHBIX KoneOaHuit tp. YKazaHHble M3MepeHHs MpousBoAsATcs S pas. [lo pesympraram
ATUX U3MEPEHUM ompesenseTcs nepuoj Kojebanuit MastHuka T. JlaHHBIE M3MEpeHHI
3aHocATcs B Ta0.1. 3aTeM Bcs 3Ta mpoleaypa NOBTOPSETCs Uil Tpy3a ¢ Ipyrold Maccou
m;. [loacranoBka B Qopmyny (10) HaiiieHHBIX W3 HU3MEPEHUN 3HAYEHUN MEPUOIOB
kosnebanuii 7 u 7; O3BOJISIET BHIYMCIUTD 3HAUEHUE YCKOPEHHUSI CBOOOAHOTO MaieHus § =

(...x...) m/c* Aglg=..%.

Tabmumna 1
| = M
—__ KI m=__ KU
Nen/m |ty C thlo = ¢ |Nen/m t10, C tcp10 = C
1 . tCplo _ 1 0 _
2 10 — | 2 10 —
5 5

Yupaxnenue 2.
OmnpenesieHne yCKOPeHUs CBOOOTHOIO NMAICHUS MPHU MOCTOAHHOM Macce

rpysa.

B nannowm ynpakHeHuu pacuetHasi popmyia uMeeT BT
g=47*(I7-1%) / (L,T2-I1T?) (10)

BrlmonHseM n3MepeHus 1 3aroHsIeM Ta0uIly 2 1 orpeaesisieM 3HaYeHHUs YCKOPEHUS
CBOOOIHOIO MaICHUS

g=(.x.)m/c
Aglg=..%
TabOmura 2
m= . KI
= ... M Il = M
Noemm/m |1y, C thlo =.C Nem/mm | tyq, C thlO =..C

1 P10 1 P10
2 =70~ 2 T="0 ¢
5 5




Ynpaxxknenue 3.
OnpeneseHue yCKOPpeHHUs: CBOOOHOTO NAJleHUs MPH 0IUHAKOBOM
nepuo/ie Kojgedanmii ¥ OJMHAKOBOM Macce rpysa.

B nanHOM ympaXHeHWHM IS BBIYHUCICHUS YCKOPEHHsI CBOOOJHOTO TaJCHUS
UCIIOJIb3yeTCs (popMyIia

g=47(,+ 1)/ T2, (11),

KoTopas moirydaercss u3 (8), ecnu ydectb, 4to M = My u 7' = T;. DKCOEPUMEHTAIBHO
M3y4aeTcsl 3aBUCUMOCTb MEepuoja KojieOaHUil (PU3MUECKOr0o MasTHHUKA OT PACCTOSHMS
rpy3a Macchl M OTHOCHTENBHO OCH BpalieHus (u3mepeHus mnpousBoasrcs s 10
3HaveHui paccrostaus | ). Kak v B mpeapinynmx ynpaxHeHUsIX MasiTHUK OTKJIOHSETCS OT
BepTUKaIU Ha yroil ~ 10 rpaaycoB u ¢ moMolIsl0 cekyHaomepa puxcupyercs Bpems 10
MOJIHBIX KosieOaHuil. Pe3ynbTaTel H3MepeHUid U BBIYMCIICHHS 3aHOCSATCS B TaOIHILy 3.

Tabmuma 3.
M= KT
N /o I, M t1o, C T=1/10,c
1 4 tioa LE!
2 I ti0,2 Tz
10 l10 ti010 T1o

[To nanHbBIM TabMUIBI 3 Ha MIJTUMETPOBOM Oymare cTpoutcs rpaduk 3aBUCUMOCTH
nepuoa koyiebanuii puzndeckoro MasitHuka 1 ot paccrostaus |, T =f (1) (cm. Puc.3).

T.C

Ecnu Ha sTOM rpaduke mpoBecTd MpsMyI0, MapaICIbHYI0 TOPU30HTATLHONU OCH, TO
TOYKH TIEPECCUYCHHUs C IKCIICPUMEHTAILHOW KPUBOW AaayT aBa 3Hadenus | u |, mpum
KOTOPBIX MEepPHOIbl Kosiebanuii copnanarot. [loacraBue 3uaduenus |y, L, u T B popmyny
(11), HaxoauMm 3HaYEHHE YCKOPEHUSI CBOOOIHOTO TaieHus (.



BOITPOCHI AJ1sd CAMOIIPOBEPKHM.

1. Yto Takoe MOMEHT UHEPIIUHU TBEPOTO Tea?

2. KakoBa posib MOMEHTa HHEPIIMY BO BpAIaTeIbHOM JBHKESHUN?

3. Uro Ha3pIBaeTCI MOMEHTOM CHJBI: OTHOCHUTECIBHO HEMNOABIIKHON TOYKH,
OTHOCHUTEIILHO HemoABWXHOW ocu? Kak ompenensercs HampaBieHHEe MOMEHTa
CHJIBI?

4. ChopmynupyiTe ypaBHEHNE JUHAMUKHI BPAIIATeILHOTO JBMKEHUS TBEPIOTO TEa.

5. Uro Takoe kosiebanus? CBoOoaHbIC KoyeOaHusA? ['apMoHHMuYeckue KoJjieOaHus?
[lepuoanueckue npouecchl?

6. JlaifTe onpeneneHus aMILIATYbI, (pa3bl, IeprUoa U YaCTOThI KOJICOAHUSI.

7. Yto Ha3pIBaeTCsA (PU3MUECKUM MASITHUKOM?

8. BeiBenute QopMyny IS ompeaclieHHs Iepuoaa  KojeOaHus (HU3NUECKOTO
MasTHHKA. [IpumeHuTe €€ Uil ONpeAcNiCHWs  Iepuoia  KoJieOaHUs
MaTeMaTHYECKOI0 MasiTHUKA.
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