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JlabopaTopHas padora

N3YYEHUE BPAIIATEJIBHOI'O ABUXEHUSA
TBEPJAbIX TEJI

Iear padorshi;
1. O3HaKOMHUTBCA ¢ OCHOBHBIMHU XapaKTEPUCTUKAMU BpalIaTeIbHOTO
JIBUKEHUS TBEPHBIX TEI.
2. Y0enutbes B CIIPaBENIMBOCTH OCHOBHOI'O 3aKOHA IMHAMUKHU
BpaLaTEIbHOTO JABUKEHUS.

OcHoBHBIC NPUOOPHI M NIPUHANJIEKHOCTH !

Mastauk  OOepOeka, CEKyHIOMEp, pa3HOBEC, TPY3Hl,
IITAHTSHITUPKYJIb.

Kparkas teopus

[Ipu BpameHuu TBEPAOTO TeNla BOKPYT HEMOJBUXKHOW OCH BCE €ro
TOYKHA HMMEIOT OJIMHAKOBYIO YIJIOBYIO CKOPOCTH W, a MOJIOKEHUE TOUEK
TeJla TOJIHOCTBIO OINPEIENIACTCS YIJIIOM IMOBOPOTAa | , OTCYHTHIBAEMOTO
MOJIOKEHHUS.

YrioBol  CKOPOCTBIO  BpalleHWss W  Ha3bIBaeTCs  MepBas
MIPOU3BOIHAS OT yTJjla MOBOPOTA 10 BpeMeHH (M3MEHEHHE yTiia TI0BOPOTa
B CIMHHUILY BPEMCHH):

W=
dt

L}
VYrnoBeIM yckopeHHeM € Ha3bIBaeTCsl mepBas MPOU3BOAHAA OT
YIJIOBOM CKOPOCTH 1O BpeMeHH (M3MEHEHHE YTIIOBOH CKOPOCTH B
CIIMHUILY BPEMECHHU):

‘azﬂ"(":ﬁ
d @?

JInHAaMUYECKOM XapaKTEPUCTUKOW BO BpallaTEIbHOM JBUKCHUU
1

SBIIACTC MOMEHT Ccwibl M MOMEHTOM CWJIBI OTHOCHTEIBHO OCH
BpAIlICHUsI HAa3bIBACTCS BEKTOPHOE IMPOW3BEICHUE paauyca-BeKTopa I
1

JEWCTBUA CHJIBI HA BEKTOP CHIIBI F
1 r 1
M =[r xF]. (1)
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Ilpu osToM BekToOp M TCPIICHINKYIISPEH IUIOCKOCTH, B KOTOPOM
Jexar BekTopa I u F ¥ HAaIIpaBJICH TaK, YTOOBI TPH BeKTOpa I | F, M
1

oOpa3oBajii TPABOBHHTOBYIO CHCTEMYy, T.e. B Hamiem ciaydae M

HarnpasjcH 3a ueptéx (puc.l).(/Ins HarasIHOCTH BEKTOp CHIIBI F MOKHO
OBLIIO OBI MEPEHECTH NapauIeIbHO caMoMy cebe B T.O, Toraa MOBOPOT OT
1

MepBOro BeKTOopa I KO BTOpOMYy F 1O YacoBOWM CTpeNKe YKaKeT
1

HaIpaBJICHHE TPEThero BekTopa M, KoTopoe IOMKHO COBMamaTh C
TNOCTYNATEIbHBIM [IBHKCHHEM BI/IHTa) Hamnpasnenue BEKTOp2 MOMEHTa

CHJIBI |\/| COBIIQIaCT II0 HAIIPABJICHUIO C BEKTOpaMH WI/I e npu

PaBHOYCKOPEHHOM BpalllaTEeIIbHOM JBHXEHUU. [Ipu paBHO3aMeNIEHHOM
r n

JBIKEHUHM PE3YJIbTUPYIOMUNA BEKTOP MOMEHTOB cuin M = a Mi "
=1

BEKTOP YTJIOBOI'O YCKOPCHHUS IeHaHpaBJIeH B IIPOTHUBOIIOJ0KHYIO CTOPOHY

110 OTHOIIEHHUIO K BEKTOPY YIrI0BOW CKOPOCTH W,
[Iycth oChb BpameHusi TBEPJOrO TeJa MPOXOIUT YEPE3 TOUKY lO

NEPHeHAUKYSIPHO 4YEpTeXy, TOoraa Tmojd AeictBueM cuibl  F,
() 1

MPUJIOKEHHOW Ha PAacCTOSHUM pajnyca BEKTopa I OT OCH BpauleHUs U

Jexaniel B IUIOCKOCTH uepTexka, Telo OyJeT BpaliathCcsi MO 4acoBOUM

ctpenke (puc.l). MOMEHT CHJIbI paBeH
1

M :[F XI':]; ‘I\I/I‘:|{|>*IIZ‘>sina, (2
TJie @ - YToJl MEK/Iy HANPABJICHUSIMU BEKTOPOB [ 1 F.

N3 pucynka 1 BHUIHO, YTO BEIMYMHY MOMEHTa CHJIBI MOKHO
BBMUCIUTD 110 popmynre M =bxX=;  b=r>sina , rae b-kparyaiiuiee
paccTOsIHUE OT OCH BPALICHHS [0 HANPABICHUS CHJIBI F. Urak, eciu
N F, To MOMEHT CHJIBI PaBeH UX Mpou3BeAeHHIo (SiNa=1), u HanpapjieH
M0 OCH BpAILlEHUs 32 YEepTEX, COBMAJasi MO HAIPaBICHHUIO C YIJIOBBIM
YCKOPEHUEM.

OCHOBHOM  3aKOH  JMHAMHMKH  BpalIaTeIbHOTO  JIBMXKEHUS
YCTaHABIIMBAET MPSAMO MPONOPLHOHAIBHYIO CBSI3b MEXKY YIJIOBBIM
YCKOPEHHEM UM TE€OMETPUYECKOM CYMMOM MOMEHTOB BCEX CHII,
MPUIOKEHHBIX K TBEPIOMY TEITY

n
a Mi
e= % ?)
3aech |- MOMEHT wHepuUMH TBEPJAOIrO TeJla, OTHOCUTEIBHO OCH

BpaimieHusi. MOMEHT MHEpPIMU TPH  BpAIIATEIHLHOM  JIBHKEHUM
XapakTepu3yeT WHEPLUHOHHBIE CBOMCTBA TEN TMPU BpallaTeIbHOM
JMBIKCHHUH, TOJAO0OHO TOMYy, KaK Macca SBIICTCS XapaKTePHCTHKON
MHEPIMOHHBIX CBOMCTB Tejla MPU MNOCTYNATEIbHOM JBUKECHUU. MOMEHT
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HHCPIUU TCII ONIPCACIIACTCS HEC TOJIBKO Maccou Bpallaromuxcs TCJI, HO U
pacmpencieHMeM €€ M OTIACIbHBIX €€ YacTeii OTHOCHTEIBHO OCH
BpaIlCHHS.

Tak moment wunepimu Ol marepuanbpHOW TOukM Maccoir dm
OTCTOSIIIEN OT OCH BPAILEHHs Ha PACCTOSIHUM [, paBEeH

di=dmr?. (4)

I[JIH BBIYHUCJICHUA MOMCHTA MHCPIHMU BCCTO BpalllatrOICTOCSA TCJa
OTHOCUTCJIIBHO OCH BpalICHHUA TCIJIO pa36I/IBaIOT Ha 3JICMCHTAPHBLIC
006éMbl AV C macCoit dM, cumTast WX MaTepHaIbHBIMH TOYKAMH, M
aﬂre6paI/IquKI/I CYMMHPYIOT MOMCHTBI HHCPIOHU BCCX MATCPUAIBHBIX
TOYCK, COCTABAOIIMUX TCJIO, T.C. MOMCHT HMHCPHHH BCCro TCJa 6yﬂeT

paBeH

= (3r2dm: orzrv,

\Y

dm .
rae r=d— -IUIOTHOCTh BEIIECTBA TeJla. Tak Kak paauyc-BEKTOp I
\Y;

SBIsieTCS  (PyHKIMEH KOOpAWMHAT TOYEK, COCTABJSAIOMUX TEJIO0, TO
dbopMynbl 11 pacyeTa MOMEHTOB MHEPLUMH TeNl Pa3IU4HON (HOPMBI,
MMCIOIINX OJWHAKOBBIC MACChl, OyIyT pa3IMYHEI.

Tak MOMEHT HWHEpPUUU CIUIOIIHOTO UWJIWHAPA OTHOCUTEIIBHO

MPOJ0JILHON OCH CUMMETPHUU PaBEH E mR2, rae M- Macca nuiInHapa, R-

€ro paguyc; MOMEHT MHEPLHUHU MOJOTO TOHKOCTEHHOTO IIWIMHAPA PaBEH
MR? ,a MOMEHT MHEPLHH Iapa OTHOCHTEIBHO OCH, HPOXOISAIICH depes

2
€ro IEHTp, paBeH c mRZ.

MOMEHT UWHEpUUU [aHHOTO TeJla OTHOCUTEIBHO OCH, HE
MIPOXOIAIIEH Yepe3 MEHTP Macc, CBSI3aH HE TOJBKO C Maccou, popmoii u
pasMepaMH Tela, HO TAaKXKE C MOJIOKEHUEM 3TOM OCH MO OTHOUIEHUIO K
OCH, MpOXOJAIIer 4Yepe3 HEeHTp macc. COorjacHO TeOopeMe O NEPEHOCE
oceit mHepuuu (teopema IllteiHepa-ItoiireHca) MOMEHTBI HHEPIUH
OTHOCHUTEIIBHO MapajlIeIbHbIX OCEU CBSA3aHbl COOTHOIIEHUEM

|=1¢+mad? (5)
rac |0-MOMeHT HHCpHOUN TECJIa OTHOCHUTCIIBHO OCH, HpOXOZ[HIJ_Ieﬁ qcpe3
LIEHTP Macc Tena, M- Macca Tena, d- paccTosHUE MEXKTY OCSIMH.

MOMEHTBI WHEpPIMH TeNl CJIOKHOW KOHPUTYpamuu OOBIYHO
ONPEACISAIOT IKCIEPUMEHTAIBHBIM ITyTEM.

Onucanue npudopa
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B maGopaTopHoii paboTe MO OMpPEaeICHHUI0 OCHOBHBIX BEJIUYMH,
XapakTepHU3YIOIIMX  BpalllaTeJIbHOC  JBM)KEHHE  TBEPIOro  Teia,
ucrnonp3yercs MasTHHK OO0epOeka. OCHOBHOW €ro 4YacThIO SIBIISICTCS
KpecTooOpa3Hblii MaxXOBHK, 3aKpPEIUIEHHBIH Ha TOPHU30HTAILHOW OCH
(puc.2). Ha ogHoO#t ocM ¢ MaxXOBHKOM HaXOMATCS IBa IIKHBA Pa3HOrO
avamerpa. Ha cHuibl KpeCTOBHHBI HACa)XMBAKOTCS OJMHAKOBBIE I10
pasMepaM M Macce MHJIUHAPBI, MOJ0KEHUE KOTOPHIX MOXXHO H3MEHSTh.
Korma mwiMHApPE pacIoioKEHbI HAa PaBHBIX PACCTOSHUSAX OT OCH
BpalllcHUs, MaXOBUK HAaxXOMUTCI B Oe3pa3iMyHOM paBHOBecHH. B
OTCYTCTBHE LWIMHIPOB Ha CTEPXKHIX MaXOBHUK HMMEET HEKOTOPBIH
COOCTBCHHBI MOMEHT HMHEPHHH |o, BEIMYHMHA KOTOPOTO OMPEICIIICTC,
IJIaBHBIM 00pPa30M, MOMEHTOM HHEPIMU CTEPXKHEH OTHOCHTEIBHO OCH
BpameHus. Ha IMIKMBBI HaMaThIBaeTCs HUTh, K KOHI[y KOTOPOW
npukpervisiercs  rpy3. Ilog  geiictBueM — rpys3a,  JIBHXKYIIETOCS
MOCTYIATEIbHO BHHW3, MAasATHUK TPHUBOAWTCS B PaBHOYCKOPECHHOE
BpaIaTesIbHOE TBUKCHHUE.

MeToanka u3mepeHuii

Ecnu, HaMOTaB HUTh Ha IIKMB U MPUKPEIUB K KOHIYy HUTH T'Py3
Maccoil M OTIMYCTHTh €ro, To 3a BpeMs {, magas paBHOYCKOpEHHO, TPY3
MIPOMET pacCTOSHUE

2
at
h= — ) (6)
2
IJie a - yCKOpeHue maaaromiero rpysa. Msmepus h u t , Mo)kxHO HaliTH A

YIJIOBOE YCKOPEHHE TOYEK MaXOBHKA :
e=—=—. @)

BHCCB D - ANaMCTp IIKWBA, Ha KOTOpLIfI HaMOTaHa HUTb. BpameHI/Ie
MaxOBHKa C YI'JIOBBIM YCKOPCHHUCM FE BBI3BaHO I[GI\/’ICTBI/IGM MOMCHTA CHJIbI
TspkecTd T HuTH. [11€90M 5TOM CHIIBI SIBIISIETCS paanyc mKuBa r. Tak uto
M=rT. (8)
Cwly  TSKECTH  HUTH  MOXHO  HaWTM W3  YpaBHEHUSA
MNOCTYHIATCIIbHOTO JIBHUIKCHUS TIOJABCHICHHOTO K HI/ITI/I r py3a m
JIeCTBUTENIBHO, HA TPy3 ACUCTBYIOT JABE CHJIBL I’TQI/IT ma mg'; +T.

VYuurteiBas HaIrpaBJICHHUS IIPUIIOKCHHBIX CHII, IIOJTy4YacM.

ma=mg- T. 9)
Orcrona
T=m(g- a). (20
[Moacrasisas (10) B (8), Haxoa¥M MOMEHT CHIIBI TSKECTH HUTH |
mD 2h
M =rm(g - a):7(g- t—z)- (11)
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Ecmu 2—? <<g,TO

D
M =P (12)
2
N3 ocHOBHOrO YpPpaBHCHUSA AUHAMHWUKU BpaldaTCIbHOI'O JABHKCHUSA
TBCPAOTO TCJId HAXOAUM MOMCHT MHCPIIUHN BPAIATCIIbHOT'O MaXOBHKa
M
= (13)
e

IMopsinok BbINOJTHEHNSI Pa0OThHI
1. Onpenenuth Maccy mIaTGopmbl My, B3BECUB €€ Ha TEXHUYECKUX Becax

2. lllTaHTeHIMPKYJIEM H3MEPHUTh . a) AuaMmeTp Oojbinoro mkuea D; 0)
auaMeTp 00orMBI b , 4epe3 KOTOPYIO0 MPOXOIAT CTEPIKHHU , B) BBICOTY
MWIMHAPOB N;, HACAKMBAEMBIX HA CTEP)KHHU. Pe3ynbTaThl M3MEpEHUI
Cpa3y 3alKChIBaTh B TAOJHILY.

3. 3akpenuTh IWIMHIPHI HA CTEPXKHSAX Ha paccTosHUU S = 8 cM oT
o0oiimel. [TogcanTaTe paccTosiHUE OT IEHTPA MAacC KaKIOTO IIIUHIPA
JI0 OCH BpAIICHUS.

4. K KOHIly HATH TPUKPENUTH TUIaT(GOpMy , TIOJOKHUTh Ha HEE THPHKY
maccoit 100 T u , akKypaTHO HaMaThIBas HUTh Ha IIKUB , TOAHITH TPY3
no Bbicothl h = 140 cm | 150 cm. B mporecce skcniepuMeHTOB
JKEJIaTeIbHO BBIOPAHHYIO BBICOTY COXPAHSATH IMOCTOSHHOM , YTOOBI HE
BHOCHTb JIOTIOJTHUTEIIHHBIC TTOTPEIITHOCTH .

5. Bpems mazeHust rpy3a OTCUMTBHIBAETCS C MOMOIIBIO CEKyHIOMEpA C
TOYHOCTHIO 0,2 ¢ oTr MOMEHTa OTOJIBUTAHHUS 3alleIKd
YACPKUBAIONIEH MasTHUK OT BpAIEHUS , 0 MOMEHTA yaapa rpy3a o
noJ1. OTBIT IpojieiaTh 3 pasa.

6. YcraHoBuTh Ha mIaTdopMe TPy3WKH TocieaoBareabHo Maccord 150 T
u 200 T, TOBTOPUTH BECh SKCIIEPUMEHT . J[aHHBIC 3aHECTH B TAOIHITY.

7. OneIT TIO OmpeseNieHuIo € , M, | TpOW3BECTH TPWXKIBI MPU Pa3HBIX
MOJIOKCHHSIX HUJIMHAPOB Ha CTEPXKHAX MasTHHKA (S; = 8 cMm, S, = 13
cM , S3 =17 cMm), HamMaThIBask HUTh Ha OOJIBIION IIKWUB, MEHSS MaccCy
TUPEK , MPUBOJISIINUX CUCTEMY BO BPAIIICHUE .

Taoauna
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rrb+mlr D1 bl h11 S’ dl dl2l tlv t2! t31 thl d; M! i Il MTp
oM |em | em|em|emfem® ¢ | ¢ | ¢ c c? |pem®c] mem®
1| 100
150
200
2
3
8. Paccuutath 1m0 paHHBIM ombiTa € , M , | , BOCIOJB30BaBIIUCH

dopmynamu (7), (12), (13).

O.Ilo pesynabrataM MOJACYETOB MHOCTpOouTh rpaduku € = f ( M ) ,
OTKJa[bIBass 1O OCH abciucc M, 1Mo OCH OpAMHAT € IS Tpex
NOJOXKCHUI IMIIMHAPOB HA CTEPXKHSIX MAasTHHKA , T. €. Uil TPeX
3HAYCHUIl MOMECHTA HHEPIIUU CUCTEMBEI |.

10.Yoeautbess , yTo mpH SKcTpanoisiuuu npsmbix €= f (M ) nmo
HEPECEUCHHUS C OChIO a0CIMCC 3HAYCHUE MOMEHTA CHJIBI, TPUBOISIICH
CHCTEMY BO BpalllcHUE, HE PAaBHO HYIIFO. JTO 3HAYMT , UTO HA CUCTEMY

I[eﬁCTByeT TAKKC MOMCHT CUII TPCHU. ypaBHeHI/Ie JUHAMHUKHN

M = Mm
BpalllaTeIbHOTO  JIBMXKCHHUS  CICAYET 3anncaTLe=fp :

le=M - M,,,. U3 rpaduka onpenenure 3Hauenue M,, (mpu e= 0) Bo

BCEX JKCNepUMeHTax . CpaBHUTE UX , BBIICHUTE , 3aBUCHUT U M, OT |.
11.IpencraBbre rpaduueckn 3apucumocts | = f (d?). B cooTBercTBHE €
teopemoii IlIteitnepa (5), rpaduk momkeH OBITH MPSMOM, a Y4aCTOK
OTCEKACMBI OT OCH OpPJMHAT , TIO3BOJISIECT OMPENCIUTh 3HaueHue lg -
MOMEHT MHEPILUH MasTHUKa 0e3 nuiuHapoB. Onpenenute 3HaueHue g

KoHTpoJibHBIC BONIPOCHI

1. Kakue xapakTepuCTUKU BPALATEIbHOTO JIBUKEHUSI aHAJIOTUYHBI
Macce U CHJIE TIOCTYIATEeIbHOTO IBUKCHUS ?

2. YTo Ha3bIBAETCSI MOMEHTOM CHJIBI OTHOCUTEIBLHO OCH BpAICHHS
? Kak onpenensieTcs ero HamnpaJieHue?

3. UYto Ha3pIBaeTCd MOMEHTOM HHEpPLUU MaTepHaJbHONH TOUYKHU
OTHOCUTENBHO OcH BpauieHusi? Kak paccuuTbIiBaeTcsi MOMEHT
WHEpIUHY Tena ? B Kakux eMHUIIaX OH BhIPAKAeTCs?

4. B ueMm coctout Teopema lllreitHepa - I'toiirenca .?

5. BeiBectu hopmyitel . U=Wr , a=er.

6. B yem cocToOUT 3aKOH IMHAMUKH BPAILIATEIbHOTO JBUKEHUS ?
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7.Kakum myTeM MOXHO UW3MEHSTh BpAIAIOIIUA  MOMEHT
NaJaroIiero rpy3a , 4YToObl MOJYYHUTh PA3JIHYHBIC YIIIOBBIC
YCKOPEHUS MasTHUKA ?

8. MOXXHO JIM LWJIMHAPHI, MMOMEIIAeMbIe HA CTEPKHAX MAasTHUKA
CUMTATh B YCIIOBHSAX ONBITA TOUYSYHBIMU MACCaAMH ?

9. Ilouemy B TOM ciydae, KOrJa rpy3bl ONmXe K OCH BpallICHUS,
BpeMsi MaJICHHUS MacChl M MEHbIIE ?

10.51Bnsiercs i mipu | = Const rpaduk e= f ( M) npsimoit muHueH 1
nouemy?
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