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He.]'lb paﬁ()TbII HN3Y4YCHHUC BpallaTCJIIbHOr0 ABHMIXKCHHUA TBCPABIX TCII,

OIpelIeIICHUE MOMEHTA HHEPLIUU MaXOBHKA.
OCHOBHBIE IIOHATHUA

BpamarejibHoe IBU:KeHHEe TBEPABIX TeJl

BpamarensHplM  IBMKEHHEM Tela HA3bIBAETCA TAaKOE JBWKEHHE, IIpU
KOTOPOM  TPAaeKTOPUSAMHM BCEX TOYEK Teld SBILIIOTCA KOHLEHTPHUYECKHE
OKPY>KHOCTH C LIEHTPaMU Ha OAHOM NPSIMOM, HA3bIBAEMOM OCBIO BPAILICHMUS.

belcTpoTa  BpalleHUs  XapakKTEpU3yeTCs  yIJIOBOM  CKOPOCTBIO WM
UKJIMYECKOM 4acToToll M obo3HauaeTcss w. OHa paBHA W3MEHEHUIO YTIJIOBOM

KOOPAUHATHI (9 HA €IMHUILY BPEMEHHU L

Agp
= —-—— i — 1
W= T ima T ¢ @)

Enununeit yrinoBo#i ckopoctu sBisietcs 1 paja/c. beictpoTa u3menenus
YIJIOBOM CKOPOCTH XapaKTEPU3YETCs YIIIOBBIM YCKOPEHUEM E:

_da)_l_ Aw_ O = o (¢ )
T oA @ =¢"(®

&

CKOpOCTh U YCKOPEHHE — BEKTOPHBIE
BEJIMYUHBL. BekTop @ HampasieH IO OCH

BpaieHusi. Ero HanpasieHue onpenensercs

IpaBWJIOM IpaBor pyku. COTHUTE YeThIpe

Nnajblla NPaBOM PYKHU [0 HAIMPABIECHUIO

BPAIICHUS.
Puc. 1 P

Torna Oonbmioil mamenr OyJaeT HampaBieH IO OCH B HAMpaBIICHUH,
COBMAJAIOIIMM C HampaBlieHueM BekTopa @ (puc. 1). Bekrop yrioBoro
YCKOpEHUsi € TNpU YCKOPEHHOM [IBIKEHUHM COBNAJAET IO HANpaBICHHUIO C

BCKTOpPOM 6, a ITpH 3aMCIJICHHOM JIBUKCHHHU ITPOTHUBOIIOJIIOKEH CMY.



Eciu kx Temy ¢ OmpelnerneHHOHM OCBhIO BpalleHHs NPUIIOKEHA CHiIa, TO
Bpallarolee JeiCTBUE 3TON CUIIBI 3aBUCUT OT €€ BEJIMYMHBI, TOUHEE, PUITOKECHUS
Y HaIIpaBJICHM €€ JEWCTBH 10 OTHOLICHUIO K OCH. Bpammaroniee neiMcTBUE CHUIIBI
XapaKTepU3yeTcss MOMEHTOM 3TON cuiibl M. MOMEHT CHJIbl OTHOCUTEIIBHO JIaHHOM
OCH YHCJIEHHO paBEH MPOU3BEICHHUIO NPOEKIUH CWIbl F Ha IIOCKOCTS,
NEPHEHANKYJIIPHYIO K OCH, Ha KpaTyaillllee pacCTOSIHUE I MEXIYy OCbIO U TOYKOU

IMPUIIOKCHUS CUJIBI.

M=F-r (3)

Bektop MoMeHTa cuibl HampaBi€H MO OCH TaK, YTO, CMOTpPsS Ha TEJIO B
HaIpaBJIeHUU BEKTOpa M, Mbl BUAUM BpalleHHe, IIPOXOsIIee 10 YaCOBOM CTpeIKe
(puc. 1). MoMeHT cuibl paBeH HYJIO, €clii cujia napauienbHa ocu (F=0) wim
npoxoaut uepe3 Hee (r=0).

MoMeHT nHepunu

MOMEHT MHEpPUUU UTPAET TY>KE POJIb BO BPAIIATEIIBHOM IBUKEHUH, YTO U
Macca Mpu JIBUKEHUU 1O NpsMoid. UeM 0oJibllle MOMEHT MHEPIUU, TeM OOJIbIITuiH
TpeOYyeTCs MOMEHT CUJIbI, YTOOBI U3MEHUTh YTIIOBYIO CKOPOCTbD.

MOMEHT MHEpPUHH TeJla OTHOCUTENIBHO JAHHOM OCH — 3TO ME€pa MHEPTHOCTHU
TeJia TIPU BpPalIEeHUH BOKPYT 3TOM OCH.

MoOMEHT uHepUUHU Tella — CKaysipHas BennunHa. HyHO MMeTh BBUAY, YTO
7Ta BEJIMYMHA CYIIECTBYeT OE30THOCUTENBHO K BpameHuto. Kaxmoe Tteno,
HE3aBUCUMO OT TOTO, BpAllla€TCs OHO WJIM TOKOUTCS, 00JiajaeT OmnpeaeeHHbIM
MOMEHTOM MHEPIIMH OTHOCUTENIBHO JI000M 0CcH MOA00OHO TOMY, KaK TeJo 00agaeT
Maccoi HE3aBUCUMO OT TOTO, JIBXKETCSI OHO MJIM HAXOJUTCS B MOKOE.

3HaueHUEe MOMEHTA MHEPIMU OMNpEEeNsaeTCs] HE TOJIBKO Maccoil Teja, HO U
paauanbHBIM  pacopeiesieHueM Maccbhl. Eciaum  paccMoTpeTh  OTAEIBHYIO
MaTepUaJIbHYI0 TOYKY MAacCOM M, Bpallarollytocsi BOKPYT OCH Ha PacCTOSHUU I, TO

€€ MOMEHT MHEPIIUU PABEH:

2 (4)

J=m-r



Ecnu nroboe Bpamatonieecst Te10 pa3OUTh Ha Majible JIEMEHTBI ¢ Maccou
m;, BpalllalolIMecsi BOKPYT OCH Ha PAacCTOSHUM T;, TO MOJHBIA MOMEHT MHEPLIUU
T€Ja OTHOCHTEIbHO JaHHOHM ocu OyAeT paBeH CyMME€ MOMEHTOB HHEpPLUU

OTACJIIBHBIX MAJIbIX 3JICMCHTOB, U3 KOTOPBIX COCTABJICHO TCJIO!:

N N
_ —_ 2
] = Z]i = zmiri
im1 im1

B ClIy4ac€ HCIIPCPBIBHOI'O pPACIIPCACICHHUA MACC 3Tda CyMMa CBOIOUTCA K

UHTETpaiy:

] = jrzdm ®)

B kauectBe ImpumMcepa HEII?II[CM MOMCHT

e

HHCPIUHU OJHOPOJHOI'O AUCKA BBICOTOM

h u pagnycom R, OTHOCHTEIBHO OCH,

HCpHGHI{HKYﬂHpHOﬁ IINTIOCKOCTH JHUCKa

¥ TPOXOJAIIEH Yepe3 ero LeHTp (puc. s S o

e

2). Bepazsum B (5) Maccy uepes Puc. 2

IUIOTHOCTB:
] = [pr?adv.

Pa3o0beM QUCK HaA KOJbLEBBIE CJIOM TOJIIMHON dr. Bce TOUKM OMHOrO Ciiost

OyIyT HAXOJUTHCSA HA OJIMHAKOBOM PACCTOSHUM OT OCH, paBHOM I. OOBEM Takoro

cnost h-2m-r-dr, TOCKOIbKY TUCK ODHOPOJCH, P MOXHO BBIHECTH 3a 3HAK

UHTErpaa.
Rg Ro Rg
] = Pj r?h2nrdr = Zﬂhpf r3dr = 27‘[}1pT
0 0
BhIBeieM Maccy BCero Aucka m = p - b+ m + Ry* ¥ momyqum:
B mR?
Jo = >

Ecnu u3BecTéH MOMEHT MHEPIMU TEJIa OTHOCUTEIBHO OCH, MPOXOISIICH
yepe3 ero IIEHTP MacC, TO MOMEHT HWHEPIIMH OTHOCUTEIHHO JI000M JpyToi
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napasuiesIbHOM ocu onpeaensercs Teopemoit llteitnepa: momenm unepyuu mena J
OMHOCUMENbLHO NPOU3BOJILHOU OCU 8PAULEHUSl PAGEeH CYyMMe MoMeHma unepyuu Jo
OMHOCUMENbHO NAPAIEIbHOU OCU, NPOX0Ooswel uepe3 YeHmp macc mena u

npousgedenus maccol meaa M Ha keadpam paccmosinus £ mexncoy ocamu.
J=]+mg-£? (6)

MomMmeHT CUJibl, MOMCHT HMHCPIHMU OTHOCHUTCIIBHO TOH X€ OCHU U YIIJI0BOC
YCKOPCHHUEC TCJIa CBsA3aHbBI OCHOBHBIM 3daKOHOM JHHAMHWKHW IJIA BPAlIaTCIbHOI'O

ABH)KCHUA, aHAJIOTUYHBIM BTOPOMY 3daKOHY Herorona:
M=]-e (7)

DTOT 3aKOH MOKHO 3aIucaTh B BHUJAC:

_ do _ d(®) _d(@L) __
M=l ="a ~~a /¢ ®)

Bektop L HasblBaeTCs MOMEHTOM HMMIyJIbca Tejia. Tejo, Bpalaroleecs

BOKPYT OCH, 00J1a/1aeT KHHETUYECKON SHEPTUEH:

2
r=l2 (©)

IpuHuun u3mepennsi U BbIBOJ padoueii popmyabl

BpamarenbHoe ABHXKEHHE Tela BOKPYI HEMOJABMIYKHOW OCH OIMCBHIBAECTCS

OCHOBHBIM ypaBHEHHEM JMHAMUKHU BpalaTeIbHOTO JBUKEHUS (8).
M=]-¢ (10)

TJI€ € — YTJI0BOE YCKOPEHHUE;

M — MOMEHT CHJI, IEUCTBYIOLIMX Ha TEJIO;

J — MOMEHT MHEPIIMU TeJla OTHOCUTEIIBHO OCH.

PaccmMoTpyM  ONBIT, MO3BOJSIOMIMI HAa OCHOBaHWM ypaBHeHus (10)
OTpeeNsITh MOMEHT UHEPLUHU Bpaliatonierocs tena. Cxema onsiTa npeicTaBieHa

Ha puc. 3. Teno BpamieHUss — MAaxXxOBHK |1 €O IIKMBOM 2, YKPEIUIEHHBIM Ha



rOPU30HTAJIBHOM oOcH. Bpamarommii MOMEHT CHJI  CO3/aeTcs TIpy3oM 3,

IPHUBSI3aHHBIM K HABUTOM Ha IIKUB HHUTH:
M=r-T (11)

rae T — cuna HaTsHKEHHS HATH, I — paJnycC [IKUBA.
Ha rpy3 neiictByer cuima TshkeCTM MQ W CWila HATSOKEHHUS HUTH, TOJ

I[CI?ICTBHGM KOTOPBIX OH ABHXKETCI C YCKOPCHHEM a. Cornacao BTOPOMY 3aKOHY

- o - .
Herorona: mg + T = ma B npoeKuusAx Ha OCb Y:
m-a=m-g—T

W, mpeobpaszonas,
T=m(@—a),M=r-m(q—a) (12)

Ecnu mHyp pa3marbiBaetcst 0€3 MpOCKalb3bIBAHMS, TO IPOUJEHHOE TPY30M

paccTosiHue h CBsA3aHO C yII0M MOBOPOTA IIKKUBA () COOTHOIIICHUEM:
h=r-¢@ (13)

[Iponuddepenmuponan (13) COOTBETCTBEHHO OJIMH U JBa pa3a MO BPEMEHH C
Y4ETOM TIOCTOSIHCTBA [, TIOJIYYHMM CBSI3b MEXKAY JHMHEHHONW CKOPOCTHIO U,

YCKOPEHUEM Tpy3a, YIII0BOW CKOPOCThIO W M YCKOPEHUEM MaXOBHKa:

a
U=Tr@a=T"E 2> E=— (14)

IToactaBuB B (10) BhIpaxkenue mid € u3z (14) u nna M u3 (4) u (12),

IIOJTYYUM:
a
Jom=rm(g-a) (15)

N3 »3TOro BBIpa)KE€HUS BUAHO, YTO MJIsi ONpPENENIEHUsS MOMEHTAa WHEPLHH
MaxoBHKa J HE0OXoIMM paauyc Bajia I, Macca rpy3a M U YCKOpPEHHE ABMXKECHUS
rpy3a a. llepBeie 1Be BEIMYMHBI MOTYT OBITH HU3MEpPEHBI MPSIMBIM IyTEM, a
YCKOpPEHHE — KOCBEHHBIM, 4epe3 MyThb, MPOXOAMMBIA TpPy30M, M €ro Bpems
NBrKeHUs t. YuMThIBas, YTO HayalbHas CKOPOCTh I'Py3a pPaBHA HYJIIO, 3alMILEM

YPAaBHCHHUEC KUHCMATHUKHN €TO MMOCTYIIaTCIbHOI'O HpHMOHHHeﬁHOFO JABHXXCHUA:
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h=— (16)

U BBIPA3UM M3 DTOI'0 YpaBHCHU YCKOPCHHUE a.

_2-h

[MoncraBnsst (17) B ypaBHenuwe (15), momyuum pabGouyio dopmyiry s
DKCIEPUMEHTAIBHOIO  ONPENEICHUsT MOMEHTa HHEPUMM MaxOBHKa 4Yepe3
BEJIMYMHBI, U3MEPSAEMBIE NPSAMBIM IIyTEM: paauyc Baja I, Maccy rpys3a M, Bpems
IBWKEHUST Tpy3a t, TpOWIeHHBIN Tpy30BOW MyTh N M W3BECTHYIO BEIUYHHY —

~ 2
yCKOpeHHue cBoOOIHOTO majgeHus =~ 10 m/c?.
ré-m-(g-t?—2h)
2h

] = (18)

Ota ke pabouas ¢opmysia MOXKET OBITh BBIBEJCHAa W3 DHEPreTUUECKUX
npeacTaBIeHuid. ['py3 Maccolt M, MomHATHIA HAa BBICOTY N, oOnamaer 3amacom
NOTEHUUAIbHON »HHEprum w, = m-g-h. B mnponecce omyckaHuss rpy3a u
CBSI3aHHBIM C ATHM BpAaIllEHUEM MaxOBHKa MOTEHIMAIbHAS SHEPTUs MEPEXOANT B
KMHETHYECKYIO DHEPIHIO IOCTYIATENRHOrO ABMKEHHS Ipy3a wq = (m-v?)/2 u
BpAIIATENBHOTO IBUKEHHMs MaxoBuka w, = (J -v?)/2. IIpeneOperas neiicTBueM

CUJI TPCHUA, 3allMIIICM 3dKOH COXPAaHCHHUA MEXaHMYECKOU OHCPIUHU:

mv?  Jw?
R 19
—+ (19)

mgh =

B sToM cnydae nns momyuyeHus padoueit popmyiibl HEOOXOAUMO BBIPA3UTH
CKOPOCTB I'Py3a U YIJIOBYIO CKOPOCTh MaxOBHUKA Y€pe3 BEIUUUHBI, KOTOPHIE MOTYT
OBITh M3MEpEHBl NPSIMBIM IyTeM, TO ecTh 4epe3 h u t. 3amumieM ypaBHEHHE
KMHEMAaTUKUA TPSAMOJMHENMHOr0 JBWXKEHHS Tpy3a C HyJIEBOM HadalbHON

CKOPOCTBIO:

h = v=a-t (20)

Boipa3uB 13 nepBoro ypaBHeHHUs a U MOACTABUB €0 BO BTOPOE, NOJIyUHM:



U = T (21)

CBs3b CKOpPOCTH ABHIKCHHA I'Py3a U erIOBOﬁ CKOpPOCTH MAxXOBHKa HddHa

BBIPAKEHHEM U = T * W, KOTOPOE € y4eToM (21) MOKHO 3amucarh:

2h
w=— (22)
rt
[ToncraBum (21) u (22) B ypaBuenue (19):
2mh? 2Jh?
mgh = 2 + 342 (23)
Otkyna nonyuum Gopmyity JJisl pacueTa MOMEHTA UHEPIUU:
gt*
=mr:(C—-1 24
J=mre( oh ) (24)
OINIMCAHUE YCTAHOBKUA
YcraHoBKa, oOmuit BU]L KOTOpOH 1
MPEACTABICH HAa pHC.3, COCTOMT U3 MaxoBukKa | c X
21

BAJIOM 2, YKPEIUIEHHBIX Ha TOPU30HTAJBbHOW OCH

BpaieHus. Ha Ban HamaTbIBaeTcsl IIHYp 3 € Tpy30M

4, VYcraHoBKka OCHAIIICHA aBTOMAaTHYECKUM

YCTPOHCTBOM HM3MEPEHUS BPEMEHU JIBMKCHHS %
A
rpy3a.  YCTpOHCTBO  COCTOMT M3  OJOKa wl @ E”
CUHXPOHU3AIMH C DJICKTPHUYCCKUM CEKYHIOMEPOM, vV ¥
mg
TOpPMO3a, (OTORNEKTPUIECKOTO CTBOPHOTO R
aTYrKa. Puc. 3

HaxaTtne KHONKM  «IIyCK» Ha  CHUHXPOHM3HUPYIOUIEM  YCTPOWCTBE
OJTHOBPEMEHHO BKJIIOYAET OCBENICHHE (OTODJIEMEHTA U DJECKTPOMATHUT TOPMO3a.
Kosogka TopMoO3a OTXOOUT OT MaxoOBHKAa, WM TPy3 C MaXOBUKOM HAUYMHAET
JIBWKEHHE. B 3TOT MOMEHT BpPEMEHM BO3HHUKIIMNA NPU OCBELICHUHA TOK

dboTodyIeMeHTa dYepe3 DJICKTPOMArHUTHOE TIOJIE BKIIOYACT AJICKTPUUYSCKHUI



CeKyHAoMep. BpIkmtoueHne cexkyHaoMepa MpPOUCXOJUT B MOMEHT MEPEKPBITHS
rpy3oM Jiy4a, ocBemawmomniero  Qoroasnement. OJHOBPEMEHHO  TOPMO3

OCTAaHABJINBACT MAaXOBHK.
IMPON3BOJICTBO U3SMEPEHUI

1. [Iayp ¢ Tpy30M paBHOMEpPHO HAMOTAaTh HA MIKU{() MaxOBHUKa TaKHUM
oOpa3oM, 4yTOoOBI HMKHUN Kpail | Tpy3a coBmamaia ¢ yKa3aHHOHW MpernoaaBaTeieM

OTMETKOU Ha CTOUKE.

2. TymOnep Osioka CHUHXPOHM3allUM YCTAHOBUTH B  IOJOKECHUE
«BKIIOUEHOY.

3. Haxxatp kHONIKY «IlycK».

4, [Tociie ocTaHOBKM MaxOBHUKa MPOU3BECTH OTCUET BPEMEHU JABHKCHUSA

rpy3a IO LIKajle CeKyHaoMepa. l3mepeHue BpeMEHHM [BHKEHHUS TIpy3a C
OJIMHAKOBOW BBICOTBI IIPOU3BECTU HE MEHEE IIATH Pa3.
S. C MOMOIIBIO IITAHTEHIIUPKYJIS U3MEPUTH TUAMETP IIKHBA.

6. Maccy rpy3a onpenenuTb o MapKUPOBKE HA HEM.

OBPABOTKA PE3YJIBTATOB
1. Breruncnuth cpennee apudmernueckoe 3HaYCHUE BPEMEHU JBUKECHUS
rpy3a 1o gopmyie: t, = (t; + t; + t3/3).
2. [To u3mepeHHOMY THAMETPY OMpPEACTUThH PaJANYC IIKUBA I.
3. Beipazus t, m, h, r B cucreme CU u moacTtaBuB HMX 3HAYECHHS B
pabouyto ¢opmyiy (10), moacunTaTh 3HaYEHUE MOMEHTA HHEPIIMHA MaXOBHKA.

4, DKCNEepUMEHTAIBHBIE U PACUETHBIE TAHHBIE 3aHECTU B TAOJIHILY.

h, m m

b

, KT t1, ¢ ty, C ts, C tep © r,M | JKr-m?
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