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reopema Tiofirenca. Hame paccMoTpeHHe mMokasblBaeT TakxKe, UTO mMOUKG nodeeca
4 YeHMP KAHAHUA HAXOOAMCA MO Pa3Hbie CMOPOHLL OM UEHMPA MACC U PACNOAONEHDL
QCUMMEMPUYHO OMHOCUMEAbHO Heeo. McKkaiouenue cocmagasem moaeko caydat, koe0d
ly=2) 1o/m. Toeda mouxu Ay u Ay causaiomes 8 O00HY MOuKY.

Causaromes makoce u mouky A7 u Al B amom ucKmouumensoHom
cAyuae mouka nodeeca U YEHMP KAYQHUA DACROAONCEHbL CUMMEM-

DUYHO OMHOCUMENbHO UEeHmPpa Macc. D
4., Teopema TiofireHca Hcmosb3yercs B 060pom-
HOM Masmuuke JJS TOYHBIX H3MEpeHHH YCKOpeHHS M 4

cBoGopHoro nageHusi. CyIIeCTBYIOT — pa3HoOOpasHbie
KOHCTPYKLHMH 00OpOTHOrO MasTHMka. Ha puc. 88
cxemaTHdeckH H300pa)keHa ojHa u3 HHX. MagaTHHK ofl
COCTOHT H3 CTajJbHOTO CTEPXKHA, JJHHA KOTOPOro
oGblYHO HECKONbKO Gosblie merpa. Ha Hem XecTko 3a- ~3
KpeIlJieHbl ONOpHbIE CTadbHble npusmbi A H A’ H cranp- g, ﬂ—

Hasi yeueBHLA B, Haxojismasics Mexay HMMH. Jlpyras
cranbHas yeueBHMIA D HaXOAUTCH Ha OJHOM M3 KOHLIOB
cTepxKHsi (He MexJy NpPH3MaMH), OHa MOXeT Iepeme- e
IAThCsA MO CTEPXKHIO H 3aKPEemJIAThCS B HYKHOM IOJIO- ﬁ

a

»enuH. IlepeMeleHHeM 3TOfl 4YeUeBHLB! JOCTHTAIOT COB-
najeHds NepruooB KoJie6aHHH MasiTHHKA, KOra TOUKaMH
nozBeca sBAsOTCS pebpa omopHbIXx npusm A u A’. O1n
pedpa 3aKpeIJieHbl acUMMeNpPU4HO OTHOCHTEJIBHO LEHTPa
macc C. [TosTomy NpH COBNAJeHHH NEPHONOB KoJeGaHHi PacCTOsHHE
MeX/y HHMH JaeT NPHBeJeHHYI0 JVIMHY PHU3HYeCKOro MasTHHKA I. Usme-
puB mepHoa KoneGanuii T, MOMHO BHIUKCIHTL g MO (popmyie (41.3).

Prc. 88.

§ 42. BuduasApHBIE M TPHOUASDPHBIA NOABECDHE

1. Haiizem mepuoX Manblx KoneGanHil 6uguaaproeo nodgeca. Tak HaselBaeTcs
YCTpO#CTBO, cocTosimee M3 ABYX HuTed AB u CD (puc. 89) oauHakoBOH AJNHHEI, Ha
KOTOPHIX NofiBetneHo HeKoTopoe Te/1o BD. Eciin Teno noBepHyTh BOKPYT BEPTHKANBLHOM
ocu OO’, TO OHO HAUHET COBEPILATb KPYTH/bHLIE KoJe-
6anus BOKPyr 3Toli ocH. Budunapubifi Toasec ecTh ¢ a 0 ¢ 4
cucTeMa ¢ OfHOfI cTemeHblo cBoboAH. B xauecTee I
KOODJAMHATHI, Ompefe/sionleli ee MIHOBEHHOe MoJOXKe-

Hue, yA06HO B3SITh YroJl noeopoTa @ Tena BD BOXpyr

ocH OO, oTcuuThiBass 3TOT YroJl OT IIOJIOXKeHHsl pas-

HOBECHS. [
|

KuHeTHuyecKas 3HEPrHs CHCTeMbl paBHa Ey,uy =

=1/, I¢?, rae [ — MOMEHT HHEPLHH €€ OTHOCHTEJBHO
ocu 00’ . ToTenunanpuas sHeprus pasHa E o, = mgh,
rie b — BhHiCcOTa mnogusiTHsl Telda BD, oTcunTbiBaeMas
oT ero HHXHero noJoxkeHusi. IlycTs' ! o3Hayaer

pawuHy OO’ B TOJIOXEHHH PaBHOBECHHA, 2¢ — paccTost- 5 i

Hue Mexay Toukamu nogseca C u A, 2b — paccrosi- & i /
sue DB. Ilpenonaraercs, uto CHCTeMa chMmeTpuuna, & g 8
TaK uto Toukn O u O’ ABASIOTCS CepeHHAMH OTPE3KOB Puc. 89.

CA wu DB. Bricota h HailjeTcs H3 YC/IOBHSI HepacTs-
uMocTH HuTeli AB u CD. BBeseM npsMOyroJibHyl CHCTeMY KOOpJAHHAT C Haua-
JioM B Touke 0, ocb X HampaBuM BAOJb npaAMol OA, och Z — BHH3 BI0JIb PAMOH oo’,
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ock Y —— neprneHaukyJaspHo K HEM. KoopauHaThl ToukH A Bce BpeMs ocCralTes no-
CTOSIHHBIMH H DaBHHI

x,=a, y4=0, z2,=0.

KoopauHatel TOUKH B B NONOMEHHH PAaBHOBECHS DAaBHHBI
x§ =>b, y3 =0, 28 =L

Ilps nMoBOpOTE CHCTEMBI HA YroJ @ KOOPAMHATH TOf ke TOUKH CTaHOBATCH PaBHBIMH

xg=bcosq, yg=="b sin @, zB=l‘:-h.

Yc0BHE NOCTOSIHCTBA IJ/IMHBI HHTH AB MOXHO 3anHcaTh B BHAE
(5= %o (95 =¥ )t (25— 24)= (e — ¥ (U — )+ (BB — ),
WIH
(bcoso—a)2+b2sin2 @4 (I —h)2=(b—a)2+ L2
Tocste MPOCTHX NPeoGPA3OBAHHH OTCIOLA HANOLHM

P 2ab (1 —cosq)  4ab
T 2+4h T 2+h

inz P
sin? -

Tlpu manbix KoJeGaHHAX MOKHO NOJNOKHTHL sin (9/2) = ¢/2. Kpome Toro, h < 21,
H BeJMYHHOH A B 3HaMeHaTejle MOXKHO NpeHeOpeub. B 3ToM NpHG/IHXeHHH

_ab

mgab
h=5r ® Enor= gz "

Taxkum 06p830M, NMOTeHIHAJbHAA H KHHETHUYECKAas SHEPrHH INMPHBOIAATCA K BHAY

mgab .
I B_‘ I.

FapMOHHYECKHMH C TEPHOAOM

(40.9), npuueM o =

Chnefopatenbio, KosleGaHHR CHCTeMbl GYAyT

il

TepHon KoJeGanuii nponopuHOHAdeH KBajpaTHOMY KODHIO H3 MOMeHTa HHep-
IIHH H 06PaTHO NpPOMOPIHOHANEH KBajpaTHOMY KODHIO H3 Macchl cHcTeMbl. BosbMeM
B KauecTBe TesMa BD MeTalnuyecKHH cTep:keRb. BbiBeeM ero H3 NOJIOXKEHHS paBHoO-
BeCHS H 3aCTaBHM coBeplIaTbh KPYTW/bHble KoJeb6aHus. OHH GYAYyT CpPaBHHTENbHO
MeAeHHbIMH. [TpHKkpenum 3aTeM B Touke Q' TAXKEJIHIH IPy3 H CHOBA 3aCTaBHM CHCTEMY
Kose6atbesi. Kose6anus cTaHyT 3HauHTebHO GoJlee ObICTpHIMH. [lesio B ToM, uTO Ipy3
MPHKper/ieH Ha OCH BpAUieHHs, a NMOTOMY OH, 3HAUHTEJbHO YBeJHUHBAs Maccy CH-
CTeMbl, IPAKTHYECKH He BIHSCT HA e¢ MOMEHT HHEPIIHH. YMeHblIEHHe NepHoja KoJje-
6aHHii MOXHO OGBACHUTb TaKke CJeAYIOWHM o6pa3oM. B mosoxeHHe paBHOBeCHS
CHCTeMa BO3BpauiaeTcsi [OJ AEHCTBHEM TOPH3OHTaJIbHEIX COCTABJAIOUIHX CHJ HaT-
eHHa HHTelt. TlojBewmnBasi Tpy3, Mbl CHJIbHO YBeJHUHBAeM HATSKeHHE HHTei, a MO-
MeHT HHEPIIHH YBeJHYHBAeTCH He3HAYHTENbHO. DTO H NPHBOAUT K TOMY, YTO KoJle0aHHs
CTaHOBATCA 60J/iee GLICTPLIMH.

2. Qopmysofi (42.1) ompenensercs TakkKe NePHOL KoMebGaHHHA mpuduiaproeo
nodeeca (tpudmisipa). OH cxeMaTHuecKH H3o6paxkeH Ha puc. 90. Touku nopseca
A, Cu M pacronome Ll Ha OKPYXKHOCTH pajHyca g, Touku B, D, N — Ha OKPYXHOCTH
_paanyca b. HI>KHHA JHCK MOXKET COBepINAaTh KPYTH/bHbE KoJeGaHHA BOKDYT BepTH-
KanpHoft ocH OO’. Brisog opMyJn (42.1) npuMeHuM 6e3 BCSIKHX H3MEHEHHH H K TPH-
$unapHOMY moaBecy. JTo BHAHO YXKe H3 TOro, YTO NPH BuBOJe OHJIO HCIOJbL30BABO



§ 421 - BUOUSAPHBIY U TPHOUNSIPHBIA 1O BECHI 215

yCJIOBHE MOCTOSIHCTBA JTHHBL TOJbKO OAHOH HHTH AB. [ToCTOSIHCTBO MJIMHHEI ApYroit
HuTH CD TIDH 3TOM YCJIOBHH BLINOJHSAETICS aBTOMATHYECKH.

Tpuduisapuu#t noasec Naer yIoGHBI MeTol M3MEPEHHsS MOMEHTOB HHEDIHMH Ted,
Cuayana uamepsiercsl nepHojl koseGanuil T, HeHarpyxkendoro Tpuduisipa, [To stomy
NePHOAY BLIYHCIACTCS €ro MOMEHT HHEPLHH

10___%‘”’ Te
4n2|
3ateM HAa HHMHHA JMCK TPuHIApPA KJaleTcs TeJI0 MAacChl /1, MOMEHT HHepuuu [
KoTOoporo Tpefyercst udMepuTh. [lycTs T — nepuog KpyTH/bHBIX KoJeGaHHH HArpy-
wennoro tpuduapa. Toria MomeHT Huep-
LUHH CHCTEMBI OTHOCHTeJbHO ocd 00’ Gyner

1+IO=%@T2.

BrlunTas oTciola npeibliyiiee BbIp aKEHHE,
HaXOJHM HCKOMBIH MOMEHT MHepuuH /.

3. Ykamem Jpyrofi MerTox H3MepeHHs
MOMEHTOB HHEPUHH, KOTOPHIi BO MHOTHX
cayuasx ssjasercs 6ojee NPeANOYTHTENb-
HbiM. [lofBecHM Teqo Ha CTalbHOR NPOBO-
JIOKe, YTOOR OHO MOIJIO CoBepiiaTbh Kpy-
TH/JIbHBIC KOJIeGaHHS1 BOKPYL BepTHKAalbHOH
OCH, COBHAjalMe ¢ OChI0 MNPOBOJOKH
(puc. 91). Ilpu nosopoTre Tena Ha yroJa @
NPOBOJOKAZ 33KPYYHBaeTCs, M BO3HHKET
MOMEHT CHI M, CTpeMAmHACSA BEPHYTb TeJIO
B MOJIOXKeHHe paBHoBecHA. ONHIT NOKasbl-
BaeT, 4TO MOMEHT M B JOBOJILHO MIHPOKHX

npefesiax NpOTIOPIHOHANeH yray ¢: M = — f@, rie [ — nocToAHHAA JIs JaHHOM
IPOBOJIOKH BE/HYHHA, HashBaeMasd ee modyaem Kpywerus. [lostomy

310 ypaBHeHHe-MaTeMaTHYeCKH TOIKAECTBEeHHO ypasHeHHto (40.1). 3nauut, tesio 6yner
COBEpLIaTh [apPMOHHYECKHE KDYTH/bHbE KOJeDaHHs C NepHodoM

T
r—on ]/ L 42.2)

CHdB nepBoe TeJIo, MOJABECHM Ha TOH XKe NPOBOJIOKE JpPYyroe TeJo ¢ MOMEHTOM HHep-
uuu I’. Torpa-nepuol KoJeGaHuil SyleT

Id
T =2x .
f

Hckiouas Heu3BeCTHBIH MOAyJb KpydeHHS f, HafiieM
I T\2
7=\,

Eciu ogun M3 MOMEHTOB HHepUHH, HampHMep [, H3BecTeH, To N0 3Tofi QopMmyJe
MOXeT ObiTh BLIYHC/IEH MOMENT MHePUHH [’ ApPYroro Teja. MOMEHT HHEPUHH [ MOXHO
BLIYHC/IHTb TEOPETHYECKH MO FeOMEeTPHYECKHM pasMepam M Macce Tesa. [l1s 3Ttoro
Hal0 B3STh TeJIO IPABHJIbHON FeOMETPHYCCKOH (OPMbE, HanpHMep LUMIHHIAD HIM Liap.
QopmyJa (42.2) MoxeT ObiTb HCrOJIb30BaHa TaKKe U SKCIEPHMEHTANLHOTO Ompe-
LeJEHHsT MOZYJS KPYYEHHS TNPOBOJIOKH.
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3A0AYHU

1. MarepnanpHasi TOYKA JBHXKeTCS B MOJie TSKeCTH MO Xxopie Kpyra 6Ges Ha-
yanbHo# ckopocTH (puc. 92). TTokasars, 4To BpeMsl ee JIBHKEHH U3 TOUKH A B HHXKHee
noJloKeHue B He 3aBHCUT OT NOJIOXKEHHST TOUKH A Ha OKPYKHOCTH. (J10T QakT 6bla
HCnoJib30oBal [anuyeeM I/ yCTaHOB/IEHHS 3aKOHOB Ma/blX KoJeGaHHiE MaTeMaTH-
4eCKOro MasTHHKa. JlJsi HaxoxIeHUS nepuofa kKosebanuii masTHuka laamsefi 3a-
MeHHJI Majlylo AYry okpyxHOCcTH ADB, no KoTopoil JBHXKeTcs MaTepHalbHAs TOYKa,
xopioit AB). BhYHCAUTL EPUOL KOTeGaHUH MaATHHKA B ITOM NMPHOAHMKEHHH H yOe-
AMTBCSI, UTO OHO NPHBOAUT K NMPaBHJIBHOH 3aBHCHMOCTH NepHOJA KoJeGaHHi OT JJIHHBI
MasTHHKA [ ¥ yCKopeHHs Cuibl TsixecTH g. CPaBHUTh pe3yJbTaT C NPaBHALHOH (op-
myaoit (41.3).

Otser. T=8V1g.

2. Yepes menopsmkKHbIH 610K ¢ MoMentoM uuepuuu / (puc. 93) u paguycom r
TepeKHHYTa HUTb, K OJHOMY KOHIy KOTopoii nozeeules rpya mMacco! m. Jlpyroit KoHei

7,

4

r

7
A R
D Lam
A
B
Puc. 92. Puc. 93. Puc. 94.

HHTH NPHBA32H K [IPYXKHHE C 3aKPellJIeHHHM HHXXKHHM KOHLOM. BoliHCAHTL mepuorn
Koqae6GaHufi rpy3a, ecid KoaphHIUHeHT yIpYTroCTH NPYXHUHEl PaBeH &, 2 HUTb He MOXKeT
CKOJIb3HUTb 10 TNOBepPXHOCTH O6JIOKa.

OTser. T=2n]/y~r—si.

3. Pu3yyeCKHH MaATHHK NPeACTaBiIAeT co60if OXHOPOAHKIA CTepkeHb JIHHH [,
NO/IBELUCHHEI 32 OIHH M3 ero KoHLUoB. Onpefenutb nepHOi KoJe6aHHii TAKOTO Ma-
STHUKA.

Oteer. T=2n ]/21
3g

4. Teno BpauleHHs paAHyca @ C MOMEHTOM WHepLUHH / (OTHOCHTE/JIBLHO TeoMeTpH-
YeCKOH OCH) H Maccoil m Karaercsi Ge3 CKOJb¥KeHHsi MO BHYTPeHHell NOBEpPXHOCTH
HMJIHHADA pajMyca R, coBepulasi MaJible KOJleGaHHA OKOJIO NOJOXEHHS PaBHOBECHS
(puc. 94). Haiitu nepuon sTux KojeGaHHH.

Peuwenue PaccmaTpuBas aBuiKeHHe Tela Kak BpailleHHe BOKPYI MTHOBEH-
HOH OCH *) ¢ YNIOBOH CKOPOCTbIO (, HAmBUIEM MJIsi CKOPOCTH €ro LeHTpa v = 4.
Ty e CKOPOCTh MOXHO NpPeACTaBHTL B BHIe v = (R — a)¢. [IpupasuuBas ofa Bb-
paKeHHs, HAXOLUM

R—ua

o="—q.

*) Onpenenenne Mruosennoii ocH cM. B § 45,
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KnHeTHyeckass 3Heprus mo TeopeMe Kéumra
I m 1 1
= 2 —_ —a)2 G2 = —- o — )2 (2
K= oy R—apgi= (m L) R—ap o
IoTeHUHaNbHaAsA Ke SHEPTHA
U=mgR—a)(1—cosq) ~ " (R—a) g*.
IlpsiMenss oOWui MeTol, H3NOXKeHHHH B § 40, HaxoquM
_ I \R—a
rea}/ (1) 1
B 4acTHOCTH, ANs CIVIOIIHOTO HHWAHBAPA H CIVIOLIHOTO 1apa
"3 R—a 7TR—a -
= _ ={7 ——
T=2n V 57 T=2n l/ Saret

5. Ha rop#3oHTaqbHOM NJIOCKOCTH JIEKHT LWIKHIAD C MOMEHTOM wuHepuuu [
(OTHOCHTEJILHO TIPOJOJbHOM TeOMETPHYECKOH OCH), Maccoi m u paguycoM r. K ocu
LMIMHAPA NPHKPEIVIEHH! /iBe OJWHAKOBbLe TOPH30HTANBHO PACMOJOKEHHBE CIIHpab-
Hble TIPYXKHHbI, JPYTHe KOHIE KOTOPHIX 3aKpelJieHH B cTeHe (puc. 95, BHA CBEpXY).

Puc. 95. Puc. 96.

Kosdduurent ynpyrocTd: Kaxkaofi NpPYXKHHB paBeH k, NPYKHHbLI MOTYT paGoTaThb
KaK Ha pacTsKeHHe, TaK H Ha cxkarhe. HaiiTH mepyos Majbix Ko/jeGaHHH LWHJIHHADA,
KOTOpbie BOBHUKHYT, €CJIH BLIBECTH €r0 H3 IOJOXKEHHSA DaBHOBECHS H JaTb BO3MOXK-
HOCTb KaTaTbCsd 0e3 CKOJbKEeHHS NO TOPH3OHTANBHOM IJIOCKOCTH.
2n I+ mr?
OTBeT = op
6. OnuopopHas KBajpaTHas INIMTa MOJABelieHa 3a CBOH YIJIbI K MOTONKY 3ala
Ha uyeThipex NapaieJbHBIX BepeBKax, AMHHA KaXJOH H3 KoTophx pasna {. Onpene-
JIUTb TEPHOJ MalblX KPYTHIAbHEIX KOJ€GaHHMH IVIHTHI, KOTOphe BO3SHHKHYT, €CJIH MO~
BePDHYTb ee Ha Majkblii yroJ BOKPYT BEePTHKaIbHOH OCH.

IOns conomsoro nmampapa T =xn) 3m/k.

OTrBer. T=2n]/.i.
3¢

B Gonee ofiieM ciayuae, KOoria IVIHTa He OJHOPOAHA, HO LIEHTP MacC ee COBMAajaeT
C TeOMETPHYECKHM LEHTPOM TIJIHTEHL,

211

Mga?’

rie | — MOMeHT HHepPIHH IUTHTHl OTHOCHTEJBHO BEPTHKANLHO OCH, MPOXOAfille
uepe3 ee LEHTP, a & — AJIHHA OJIHOH H3 CTOPOH IVIHTHL.

7. Tpu OZHOPOAHLIX CTEDKHS AJTHHE! ! KaAbifl COCAHHEHL KODOTKHMH HHTAMH,
KaK yKa3aHo Ha puc. 96. HuxkHuH cTepkKeHb NOBOPAYHBAIOT HA MaJbIH yroj BOKpYr

T=2n
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BepPTHKANbHOH OCH, MPOXOAAmEeH Yepe3 UEHTP CHCTeMH, H oTnyckawT. Haiitn nepuon
BO3HHKIUHX TPH 3TOM MaJjbiXx KoJeGaHuil, eclH MacChl CTepxHell OJHHAKOBbI.

: T
OtBeT T=21 1/2_g

8. Illapuk Macch m nojBellleH Ha ABYX NOCAENOBATE]bHO COEJHHERHBIX MPYKHH-
Kax ¢ Kos(ULUHEHTAMH ynpyroctu k, H & (puc. 97). Onpenenutsb
NEPHOJ, €r0 BePTHKAJbHBIX KOJe6aHu#

1 1
OCTBerT. T.=2nl/m(~k;+g).

Ykas3aunwue. IlokaszaTs, uTo NMpH pacTAXKEHHAX H CKATHAX
NpYXKHHBI BelyT cebd KaK OfHA NPYXKHHA ¢ KOIQPHIHEHTOM YIIPYTOCTH,
onpeze/sieMuM COOTHOIIEHHEM

11 1
E kR
-9, HaliTh nepHox XpYTHJIBHBIX KoJeGaHHH AHMCKa, MJOTHO Haca-
JKEHHOr0 Ha COCTABHOfl CTepiKeHb, COCTOAMMH H3 IBYX Pas/HUHBLIX
Prc, 97, TOCIEIOBATENLHO COCXHHEHHBIX cTepxHedt (puc. 98). Bepxuuii Konen A
© 7' crep:KHSl HEMOABHXKHO 3aKpemnJleH. Ecau 6bi IHCK ObLT HacaxkeH TOJNBKO
Ha nepBHIl CTepkeHb, To NepUOA KoJeGanH# 6bl1 661 paBeH Ty. Ecnn 651
OH GRJ1 HacaxeH TOJBKO HA BTOPOH CTep:KeHb, TO MEPHOX KoJeGaHHil okasajics Gbl
paBHbM T,.

Oteser. T=VT:4Ti.

10, Haiity nepuol Majbix KoJeGaHul (HU3HUECKOro MAasiTHHKA MAcCH 11, K UEHTPY
Mace C KOTOPOro NMPHKPeNJieHa ropU3OHTalbHadA CIHPAAbHAA NPYXHHA C KO3GDHIH-
eHToM ynpyroctd k. JIpyroHl KoHel NpYKHHb 3aKpell/leH B HEMOJBHXKHOH CTeHKe

7,

(72
4
1 oy
. J
] D)
4—0——»‘
Puc. 98. Puc. 99. Puc. 100.

(puc. 99). MoMeHT uHepUHH MafATHHKa OTHOCHTENbHO TOYKH DOZBeca paseH /, pac-
CTOAIHHE MeXIYy TOuKOH mNoJBeca M LEHTPOM MacCc MasiTHMKa paBHO a. B noJoxe-
HHH PaBHOBECHs NpyKHHA He JXeopMHDOBAHA.

1
OrBeT. T=2n mga TR ,

11. KosieGaTenpHas CHCTeMA COCTOHT W3 OXHOPOXHOTO CTepKH S ATHHE [ M MacChl m,
KOTOpLI#i MOXeT BpallaThCs BOKPYR FOPH3OHTaNbHON ocH O, MPoXoasuel uepes ero
KOHell W MepHneHJHKYyAAPHOH K NPOJOJAbHOH ocu cTepxkHa (puc. 100). Hpyroi kouer
CTepKHA NOJBelleH HAa NPYXHHE C KOpPULUHEHTOM ynpyroctd k. PaccTosnHe Mexay
UEHTPOM Macc CTepXHA M ocblo Bpauenusad CO = g. MOMEHT MHEDLHH CTEPKHA OTHO-
CHTeabHO OCH O pasen /. HaliTH yAJ1uHERHe NPYXKHHB X, (0 CPABHEHHIO C €€ AJMHOM
B HeleOPMHPOBAHHOM COCTOAHHH) B MOJIOKEHHH PABHOBECHS, €C/IH B 3TOM NOJOKEeHHH
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cTepskeHb ropuaoHTaneH. OnpefenuTh Takke NEPHOL Madnblx KoJeGaHHH CTEpKHS
OKOJIO NOJIOMEHUS PaBHOBECHS.

xp =182 — A
Orser. fo=—2-, T~231/k12.

12. K KoHIly OJHOPOAHOTO CTePKHA MJHHBI ! H MacChy M MPUKpEnJeHa KopoT-
Kasl ynpyras njacTdeka. [1nacTHHKY 3aXuMaoT B THCKaxX OIZHH pas TaK, YTO CTep-
#K€Hb OKa3blBaeTcsl BHU3Y, a APyro# pa3 — BBepxy (puc. 101). OnpefeanTs oTHOWE-
HHE TEePHOAOB MajbiX KOJeGaHHH CTepxHA B ITHX cay-
yasix. MOMEHT ynpyrux CHJ TJACTHHKH MpONopLHOoHAaJeH
yIJY OTKJIOHEHHSl CTEPKHSl OT MOJIOXKeHHS] PaBHOBecHs,
npHueM Ko3hdHIHEHT MPOMOPUMOHAILHOCTH PaBeH k,

T 2k — mgl !
OTsBerT. T—-Z-—— ‘l/m‘l
13. lBa He3aKpenJieHHBIX MapPHKa C MaccamH 1My U 1y
COeIHHEeHb! APYT C APYroM CIHPaJbHOH IIPYKHHKOH C KO- l

appuLHeHTOM ynpyroctd k. OnpelennTb nepHoX KoJeba-
HHH IIaDHKOB OTHOCHTEJIbHO LEHTPAa MacC CHCTEMHI, KOTO-
pble BO3HHKHYT IIPH DACTHXKEHHH NPYKHHKH.
mny
(my-ma) b Puc. 101.
14. [IBa AHCKa ¢ MOMEHTaMM HHepUHH [, H [, Haca-
KeHbl HA OOMyl0 OCb, NPOXOAALLYIO uepe3 HX LeHTPHL.
Ocblo siB/ISIeTCS CTepxeHb C MoAyJeM KpyueHHs f. Onpele/uTh nepHod KpyTHIBHBIX
KOoJ1e0aHHH OIHOTO JHMCKa OTHOCHTeJbHO JAPYrOr0o B’ IPEAMOJONKEHHH, 4YTO CHCTeMa
cBobofina. Maccoif cTepxHs npenebpeyb.

OrBeT. T=2n

. 111y
OrBeT. T——in/m-

15. J{Ba cnyOWIHLIX OJHOPOAHBIX LHJHHJADA OAWHAKOBOrO pajuyca R ¢ Mac-
caMH my ¥ my JeXKaT Ha TOPH30HTAJBLHOM CTOJIE W CBSI3aHBI C MOMOM(bIO ABYX OJHHa<
KOBHIX TPYXXHH C XeCTKOCTBIO k& Kax[asl, KaKk MoKasaHo Ha puc. 102 (Bua cBepxy).
Onpene/uTh MepHON MaJbiX KoJeGaHHi, KOTOphle BO3HHKHYT, €CJH PAcTSHYTh IIpy-
KHHBI M IIPeJOCTAaBHTb CHCTeMY CaMoOH
cefe, He coofuias el JOMONHHUTESLHOK k
CKOPOCTH. LIHJIHHIDEI KaTaloTCs 1O CTONY
6e3 mpocka/nb3biBaHUs. [IpyKHHBI MOTyT

paloTaTh KaK Ha pacTsikeuue, Tak 4 Ha R m R
CKaTHe,
m, . | [l
3m1m2 - U
OrBeT. T=n —— .
k(my -+ my)
16. KoJsie6auus 06LIYHOIO MATEMATH-
YeCKOro MasiTHHKa H30XPOHHBI (TouHee, Puc. 102.

NpPHGAH3UTENLHO  H30XPOHHB)  TOJABKO

Torja, Koria Hx aMIauTyAbl Maawl. [ioi-

FeHC 3a/1a/1CH LEJbI0 MOCTPOHTL MasiTHHK, KOTODHIH coBepiias Gbl CTPOro M30XPOHHBIE
KoJNeGaHUsl TpH Jio6bix aMmIuTyAax. OH NoKasan, 4To TaKOBLIM SBJACTCS YuUK.AOU-
Janbuotd smaamruk. L{HKIOHAANBHEIA MaTeMaTHueCKHH MasTHHK npelcTaBaseT coboH
MaTepHaNbHYI0 TOYKY, COBEDILAIOULYI0 KO/eGaHHA, ABHrasch MOJ JACHCTBHEM CHJILI
TSKECTH 110 yre LHKIoKAb. [Toka3zaTs, 4To Koe6aHHMA LHKIOHAAIBHOTO MA A THH-
Ka H30XPOHHBI, H BbIBECTH POpMYJIy AJIf €ro nepHoaa.

Pewen e Kak H3BecTHO, IHKJIOHAA TNpelcTaB/asieT cO6OH KPHBYIO, OMHChI-
EAEMYIO OJIHOH H3 TOYeK OKPYKHOCTH, KaTslleHcs N0 HenoABHXHoW mpsamofi. Hns
HAMUX Lenell HAajo B3ATb LUKJOWAY, oOpalleHHY10 BHIMYKJOCTEO BHH3. B cooteer-
CTBHH C 3THM IIPUMEM, YTO OKPYMKHOCTb PacnoJioXeHa HHKe TOPH30HTa bHOH MPSAMOH,
o KOTopo#l oHa KaTHTCs (3Ta npsiMast Ha puc. 103 n3obpaxeHa nynkTHpom). 3a ocb X
NpUMeM napasjesbHyio edl NMPAMYI0, CMEIeHHYI0 BHH3 Ha JAMaMeTP OKPYXHOCTH 2a.
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{Tycts Touka A Ha KaTamedcs OKPYXXHOCTH, OHHCHBAOLIAA IMK/IOHIY, B MCXOIHOM
NOJIOKEHHH HAXOAWTCA HAa ocH 'Y B Haupbicilefi Touke. Ec/H OKpYXHOCTb mpH Ka-
YCHHH NMOBEPHETCS Ha yroa @, To ee leHTp C NepeMecTHTCS BNPABO HAa PAacCTosiHHe a@.
Ilpn 3ToM Touka A CMeCTHTCSl OTHOCHTENbLHO IIEHTpa BJEBO Ha pacCTOsIHHE a sin @
H BHH3 HA paccToaHne a (1 — cos ¢). IlosTomy npAMOYroJ/ibHBIE KOORAHHATHI TOYKH A
CTaHyT

x=a (p—sin @), y=a (1 4-cos ).
310 — ypaBHEHHe IMKJOHIL B napamerpudeckoil dopme. ITycTh Tenepr x u y o3Ha-

Y3IOT KOOPAHHATHL MAaTepHANbHON TOUKH, COBepllaloiell UMKJIOHAANbHbBE KoJeSaHus
nop JeficTBHeM CHJBI TsixkecTd. [lapaMerp @ cTaHoBuTcs GyHKUMel BpeMeHu. [ToTeH-

m,., . . .
nHanbHas 3Heprusl Toyku OyneT U = mgy, KuHeTHueckas K=-§‘ (#2+7%. Haina

NPOH3BOAHBIC X, Yy W BLINOJHHB 3/€MCHTAPHLIC npeo6pasoBaHHﬂ, NoJYUuM

U= 2mga cos? % , K=2ma?sin? % - §R
BsejeM oGo3HayeHHe g =COS }2P Toraa §=— % sin 523 - (. Bennunna g MoxeT GHITh

NPHHATA 33 KOOPAMHATY, omnpefie-
JSOULYI0  INoJ0XKeHHe KoJjebiio-
medcss TOYKM, a ee MPOU3BOAHASA

g — 3a cooTBeTCTBYHOINYI0 00606-
LIEHHYIO CKOpOoCTb. B 3THX 0603-
HaueHHAX

U =2mgaq?, K =8maz42.

INoTenunanbHas 3Heprus spjser-

Cs1 KBajpaTHuHOW QyHKIHel Koop-

Puc. 103. JHHATHl ¢, a KHHeTHYecKas —

NPOU3BOLHON ¢ C TNOCTOSIHHEIMH

Ko3¢duunentamu. OTclona 3akiio-

4yaeM, 4TO NPH MOOLIX aMIJHTYyAaxX KoJeOaHHA UHMKJIOHILAAbHOTO MasTHHKa GYyAyT
M30XDOHHBIMH H T'apMOHHMUYECKHMH C TepHOJIOM

T=29n fﬂ‘
g

17. MasaTHUK mnojBelleH Ha pe3HHKe, PaCTAHYTOH HAacTOJNBKO CHJbHO, UTO €e
nepBOHAYANbHO AMNHON MOXKHO npeHe6pedb. Bo3MOXKHH JIH ropH3oHTaNbHLIE [aPMO-
HPYeCKHE H30XDOHHLHI® KO/JeGaHHU MAATHHKA CKOJb YTOAHO OOJbUIOH AMIAHTYABI?
Ecnn Bo3MOXHEI, TO ORpeleJIHTb MEePHOA THX KoJeGaHHH. BoaMmoxHBI M Kpyrosble
IBHXEHHH MasATHHKA B BeDTHKa/ibHOH IVIOCKOCTH? KakoBo 6yjeT NBHMHeHHe NpH JiO-
6bIX HaualbHBIX YCJAOBHAX?

Orteert. M 1e n apyrue asHxeHHs Bo3MOXHH. HMx nepuog

-
T=2n ‘l/rfk",
rie m -—— Macca MasTHHKA, a k — Ko3ddHUHeHT ynpyrocTH pe3uHxH. [Ipn npous-
BOJIbHBIX HAUalBbHBEIX YCAOBHAX ABHXKCHHE MasgTHHKA 6yneT NPOHCXOIHTH MO MJAHICY
¢ mepHonom obpaiuenus T.
18. Ilo wranre, Bpawmawoiefics B TOPU3OHTATLHONH INVIOCKOCTH € HOCTOSIHHOH

yrJoBo#l CKOPOCTBIO d, MOXKeT CKOJIb3HTh 6e3 TPeHHsl Ipy3.Macchl m, YiepKuBaeMbId
Ha HEKOTOPOM PAacCTORHHH OT OCH BpallleHHs NPYXHHOH C KOIPDUIHEHTOM YIIPYIoCTH &
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H HavyaAbHOH IJHHOH 7o Haiith nBukenne rpysa, KOTopoe¢ BO3SHHKHET, €C/IH LITAHTy
MIHOBEHHO OCTAHOBHTb.

®»2 _—
OtseT.r=r, <1 —}—mcos wot>, rae m0=Vk/m. Ilpn 3TOM nodKHO
-

6bITb © < . B MpoTHBHOM ciiyuae Fpy3 Ha BpawaowWeERcs WTAHre HeOTPaHHUYEHHO
yaansjacs Obl OT OCH BpAlleHWd, H
paBHOBecHe, BOMpPEKH YCJOBHIO 3a-

naul, Guwio 6bl HEBO3MOXKHO. v

19. Ha ropusoHTanbHOH mpy- M —Qn
»KHHE YKpeivleHo Teao Maccel M =
=10 kr, Jexawmee Ha TJAIKOM
CTOJIe, IO KOTOPOMY OHO MOKET CKOJIb- Puc. 104.
3uTb Ge3 TpeHus (pHc. 104). B 310
TeJ0 MNONajaeT H 3acTPeBaeT B HeM
nyasa Maccel m = 10T, JeTAmas ¢ FOpH3OHTAJLHOH CKopocThio v = 500 m/c, Ha-
npaB/ieHHOH BAOJb OCH OPY:KHUHHI. Teso BMecTe ¢ 3acTpsBlICH B HeM NyJel OTKJO-
HSIETCS OT TOJIOXKEHHA PAaBHOBECHS H HAUMHAEeT KoJe6GaTbcsl OTHOCHTEAbHO HETO
¢ ammutyaoi @ = 10 cm. Haiitu nepuon koneGauuii tena.

OrBerT. T=2nM—+maz 1,26 c.

mou

20. Ha ToHKyl0 CT4NpbHYIO COMIY HajeT wapuk. ITPOTHBOMOJIOKHLIH KOHeIL
CNHIb HENOABHKHO 3akpenseH. Ilokasartb, uTo ecqM Macca CIHLUbI NPEHEGPEKHMO
MaJjia N0 CpaBHEHHIO C MACCOH l1apHKa, TO MepPHOA MaJibiX Ko/eGaHHi, BOSHHKAIOUIHX
NpH OTKJOHEHHH IIAPHKA B CTOPOHY, MPONOPLHOHA-
JIeH pacCTOAHHIO | MeXIy NIapHKOM H TOuKo#l 3a-
KpPEeNJIeHHSl CIHLbI. )

Y kasauue. PaccMOTpHM BclOMoratesbHyio
OJHOPOJHYIO CIHLy, COTHYTYK B KoJblo. Ecau ee
paspe3atb B OJHOM MeCTe H K KOHIAM NPHUKPEMUTb
wapukn A u B, TO NMOABATCA YNPYTHe paaHalbHbIE
cuasl F, NpHJIOXKEHHble K 11apHKaM, CTpeMsLiuecs
pacnpaMutb cruuy (puc. 105). Beanuuna stux cun ne
3aBUCUT OT MeCTa, Fle NpoHu3BejeH paspe3d. 3aMmeTus
3T0, BepHeMCsl Telepb K Hauled 3ajave. Eciau wapuk Puc. 105
CMECTHTb B CTOPOHY, TO cnuua gepopmupyercs. Ilpu ’ '

MaJbBlX JepopManUaXx YUYACTOK ee MeXKAy IIAapHKOM

H TOYKOH 3aKpemJeHHsl CIHIOB MOXKHO B TNepBOM NPHOJIMMKEHHH CUHTAaTb AYroii
OKpPYHOCTH. Ha 0CHOBaHHM NpPE/BIIYLIEro 3aMeYaHHs] MOXKHO YTBEPKAaTb, YTO MpH
CMeLIEeHHH ILIapHKa NO 3TOMY AeOPMHPOBAHHOMY Y4YacTKy BeJHYHHA NeACTBYIOLISH
Ha Hero cu/ibi He 6y/leT MenATbCA. [lo/b3yACh ITHM, HETPYAHO NOKa3aTb, YTO KO-
(GHMUHEHT YNPYTOCTH R ChHib 6yjeT o6paTHO NpONOpPLUHOHaneH KBajpaTy AJIuHBL [.

21. Haiitu nepuoa koJeGaHHH (H3HYECKOTO MAaATHHKA B 3aBHCHMOCTH OT HX
YIJIOBOH aMIJIHTYIbI.

Pewenue 3aKOH coXpaHeHMs SHepPrHu Jaer

PP 7 777777

é ¢2 = mga (cos ¢ — cos ),

rie @ — YroJ OTKJIOHCHHA MasiTHHKA H3 NOJOXKEHHS DPaBHOBECHS, a (g — MaKCH-
Ma/lbHOE ero 3HaveHue (YI/0Bas aMIIMTYAa Kosebanuii). Beens npuseleHHyo A1uHY
masaTHHKA (41.4) W BHIOJHHB HeCJOXKHbie npeobpa3oBaHus, MOTYYUM

dq)__.. _g_ : 2(P(] : u(P
22_2]/7 ]/sm "5 —sin® o

Pa3spewyB 3To ypaBHEHHE OTHOCHTe/IbHO df M HHTErpHPYs Mo ¢, HafileM Nepuox
KoneGanuii MaATHHKA T Kak YyueTBEpeHHOe BpeMs NpPOXOkKIEHHS HHTepBajia YIJIOB
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or ¢ =0 10 @ == ¢y Ilpy unTerpHpoBaHHH YHOOGHO BBECTH HOBYI0 INEPEMEHHYIO
- HHTerpupoBaHus u = sin (9/2)/sin (py/2). B pesyibTaTe mosyuum
T /2
T:=4 ‘I/__~ S _.L_ R
g VT=Fsintu

rlle BBeleHo OGO3HaueHMe k ==sin (Qy/2). Bxoasmuii ciona wHTerpan we Gepercs
B JeMEHTAPHHX YHKUHAX. OH HA3bIBACTCH NOJHBIM SAAURMUMECKUM UHMEZPANOM
nepeozo poda. Ero MoXHO npelcTaBuTh B BHIe 6ecKoHeyHoro psifia. Tak Kak | k sinu | <C
< 1, To nmoApiHTerpasibHOE  BRIPaXKEHHE  MOXKHO  Das3JoXKHTeE B PsSg 1O
¢opmyse 6uHoMa HbioTona:

1.3.5
2-4-6

3T0T pAX PaBHOMEPHO CXOAMTCHA, a NMOTOMY €ro MOXKHO WHTEFPHPOBaTh MOYJICHHO.
ChenaB 3To, MOJIyYyHM

_ N 1o, [1:3\e . o 1‘3-5>‘2. Py
T—2n]/_z [1—[—71« sm27—|~<2'4> sind -5” + <2-4~6 sin® 2——[—...]-

Ipn Manbix aMnARTyAax @, 3Ta dopmyaa hepexozun B (41.3).

(1 — g2 sin2 )" =1—|~% k2 sin? u—|~é—'—ik4 sint u -+ ESsindut....

§ 43. AjpnaGaTHYyecKHe HHBAPHAHTHI

1. Dueprus, HMNyJIbC HJIH MOMEHT HMIYJIbCA MeXaHHUECKOH CHCTEMB!
ABJASIOTCS (QYHKUIHSIMH ee KOOpJAHHAT M cKopocteH. Ecau cucrema
3aMKHYTa, TO 3TH BEJHYMHH COXPAHAIOTCH, T. €. HE MEHSIOTCS C Teye-
HHEM BpeMeHH. EcJaH Xe cucTeMa He 3aMKHYTa, a apaMeTphl, onpeje-
JISIOLIHE €€ COCTOSTHHE, H3MEHSIIOTCS] BO BPEMEHH, TO YKa3aHHbE BeJH-
YHHBI, BOOGILlE rOBOPs, TaKKe H3MeHsioTcsl. Bo3bMmeM, HanpHMep, Mare-
MAaTHYeCKHH MasiTHHK, HHTb KOTOPOrOo INepPeKHHYTa uepe3 TIBO3Jb.

[TapameTpamu 3pecb ABJSIOTCS JJIMHA HHTH [ M yCKOpPeHHe CBOGOLHO-
' TO najeHHs g. MoXKHO TSAHYTb 3a CBOGOJAHBI KOHeEL HHTH, YMeHbILas
uan yeeauuuBasi . Ilpum 3ToM Hag MasiTHHKOM cOBepLiaeTCsi BHeLl-
HsAsl paboTa, a NOTOMY SHEPrHsi ero HaMeHsieTCs1. MOXHO TakxKe MEHSThb
yCKOpeHHe CBOGOZHOTO NaJieHHsl, NOJAHNUMAs HJHM ONMyCKas MasiTHHK Haj
3eMHOH noBepXxHOCTbIO. CpeliM pa3jIMUHBIX M3MeHeHUH BHEIUHHX mapa-
MEeTPOB HUTpatoT 0coby1o Posib 6eCKOHEUHO MeJIeHHbIe H3MEeHeHHs], Ha3bl-
BaeMble aduabamudeckumu *). . .

Ilpu sTOM napameTpsl, CKOJb Obl MEIJIEHHO OHH HH MEHSIJINCh, MOTYT
NpUHHMATh JI06be 3HAUEHMsI, JeXallle B JONYCTHMBIX Ipefenax.
Mg u3MEHeHH S HX Ha KOHEUHEIEe BeJIHYHHBI TpeGYeTCs JHUTb JOCTATOYHO
AqutenbHoe BpeMsi. [i3ameHeHHs: napamMeTpoB CHCTeMBI, laxe MeJlIeHHbe,
BJIEKYT 3a co0ofi U HM3MeHeHHs] IPYrUX (H3HueCKHX BesuuuH. Tak,
SHEpPTUsl CHCTeMBI, KaK YK€ OTMeuasnocb, He OCTaeTCsl IIOCTOSTHHOM,
MIOCKOJILKY BO BpeMs H3MeHeHHs IapamMeTpPOB HaJ CHCTEMOH NpPOH3BO-

*} B TepMonuHamMHKe TepMuH «afHaGaTHYeCKHi» NPUMEHSETCH B APYroM CMbIC/e.
AnvabatHuecKUM Ha3BIBAIOT Npolecc, MPOHCKOAAILMH Ge3 moABOAAa H OTBOAA Terlla.



