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seepruu (40.6). IMostoMy Moxk#o cpasy ucxoauTtb u3 ypaeHeHus (40.6). Hcmonbsys
cootrowenue (40.3), 3annuem 310 ypaBHeHHe B BHJE

®2x2 - #2 = const. (40.12)
JleBas yacTh 3TOrO COOTHOLIGHHMA CYLIECTBEHHO MNOJOKHTENbHA, TaK Kak OHAa PaBHA

cymme KBanpatoB. [losTomy nNpaByl uyacTb MOXKHO 0003HauuTh ®*A?, BBesd TeM'
caMmeM HOBYIO noctofunyw A. Toraa

P=w2 (A2—x?). (40.13)
Tag kak %2 =0, 10 x =< A. TloaToMy MOXKHO NOJIOKHTb
- x=AcosO, (40.14)

rie ® — HenssecTHas hyHKUusl BpeMenu £. [TofCcTaBnas 5TO BEIpaXeHHe B YpaBHEHHe
(40.13), monyuum
2= p2A2 (I —cos? @) = ©2A? sin2 O,

oTKYyZa
X=+ wA sin ©.

C npyroit cropond!, nuddepeHuupys Bbipaxenue (40.14) mo Bpemenw, Haxo@uMm
%¥=—0 Asin 8.

CpaBHeH‘He MOJYYEeHHBIX BBIpAaXKEHHH Ang x Aaer 0 = Z*=w, oTKyia
0= =+ (Dt—-}- 6,

rge 8 — mpousponHas nocTosiHHass. TakuM o6pasoM,
x==A cos (+ wf40).

TMonyuenHble Bblga)KeHHﬂ nast x: %y = A cos (0t 4+ 6) nx, = A cos ( — wt+ 6) =
= A cos (0! — 8) MOKHO O6BEIHHHTb B OJHO, TAK KaK § — NMPOM3BONbHAS [OCTOSH-
Has1. Ee MOXHO BO BTOPOM BbIpaeHHH NNepeob03HAYMTL, 3aMeHHMB Ha — O, Mraxk,
B oflieM ciaydae

x=A cos (0f4-8).

4TO cosnazaeT ¢ BupaxenHeM (39.1).

§ 41. ®u3nyecKUH MasITHHK

1. Qusuteckum MasMHUKOM HAa3bIBATCS TBEPIOE TeJN0, KOTOPOe
MOXET KayaThCsl BOKPYT HENOIBHXKHOH TOpPH3OHTAJbHOH ocd. Touka
nepeceyeHusi ee A ¢ BePTHKA/JbLHOH IVIOCKOCTHIO, IMPOXOIsLIEH uepes
IIEHTP Macc MasiTHUKA, HAasBIBAETCA moukod nodseca masmruxa (puc. 85).
[lonoxenye TeNa B KakIbli MOMEHT BPEMEHH MOXKHO XapaKT€PH30BATh
YIVIOM OTKJ/IOHEHHSl €ro M3 IIOJIOXKEHHS PaBHOBECHS . YTOJ ¢ Hrpaer
posib 0606ueHHOH KoopAHHATH ¢. KuHeTHyeckast SHepIUs Kayarouerocst
(GU3HYeCKOrO MAasATHHKA ONpelensieTcsl BblparkeHHeM

1 ;.
Emu] =9 [(PZ’

rge I — MOMEHT uHepuWH MasTHHKA OTHocuTenbHO ocu A. Iloren-
UMaJbHasfg 3Heprus paBHa E. ., = mgh, rie h — BeiCOTa NOAHATHS
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uenrpa macc C Haj €ro caMbiM HHXKHHUM mosoxeHHeM. Ob6osnauuM a
paccrosinue mexay lentpom macc C u Toukoil moaseca A. Torna

E o.=mga(l —cos o) %2mga sinzgi.

B ciyuae majbiX KojaeGaHHH CHHYC yria §/2 MOXHO NPHOIHKEHHO
3aMEeHHTL CaMHM YIJoM. B stoM npuO/iXKeHHHU
mga o

E or ="'§‘(P .

Takum ofpasom, A MalblXx KosaeGaHWH NOTeHUHAlbHasfg H KHHe-
THUECKasl 3HEPTHH mNpuBoAsATcs K BuAy (40.8), npuyem a = mga,
f = I. Orciona cienyer, 4To Majbie KosneGaHHs1 GPH3HUECKOro MasTHHKA
6yayT NpHOJIH3UTE/LHO TAPMOHHYCCKUMH C LIHK-
JINYECKOH YacToToH

m=}/§E @A1.1)

T

Eciu nepuon koneGaHMi He 3aBUCHT OT
aMOJHTYAbl, TO TaKHe KOJeGaHHA Ha3blBAIOTCA
UB0XPOHHHIMU. Mbl BHIMM, UTO Maabe KoaebQ-

Puc. 85. Hus (husudeckozo masmuuxa u3oxporuvt. Kome-
GaHust TPHOIMKEHHO H30XPOHHEI, KOTAA YIJI0Bas

aMIVINTyJa KoJeOaHHH He npeBhlIaeT HeCKONbKHX rpanycos. [lpm
OOMBIIMX AMIIMTYJaX H30XPOHHOCTh Hapyluaercs. Ha cBolicTBe H3o0-
XPOHHOCTH KoJe0aHHWH MasATHHKA OCHOBAHO €ro IIPHMEHEHHE B yacax.

YactusiM ciyuaeM (GH3HYECKOTO MASITHHKA SIBJASIETCS MameMamu-
yeckull maamnux. Tax HaspiBaercs MasTHHK, BCSA Macca KOTOPOro Ipak-
THYECKH COCpEJoTOYeHa B OJHOH TOYKe — B LleHTpe Mace masitHHKa C.
[TpumepoM MaTeMaTHYecKOro MasTHHKA MOXET CJYXKHTb WAPUK, MOX-
BelleHHbI! Ha JJIMHHOR HHUTH. B cilyyae MaTeMaTHYecKOro MasiTHHKA
a=1{ I =mP, rne [ — pnuHa MasaTHHKa, U ¢opmyaa (41.2) mepe-

XOIUT B
' T
Tzzny/?. | (41.3)

Cpasuuas dopmyas (41.2) u (41.3), 3akmouaeM, uto Qusuveckull
MAAMKUK KOACONEMCA MAK 9iCe, KOK MOMEMAMUYECKUL MOAMHUK ¢ OAUHOU

=L (41.4)

ma’

H IEPHOJ0M

KOTOpasi Ha3blBaeTcsi npuseOenHod dauxoli ¢U3NYecKOro MasiTHHKA.
MbI 0Ka3anu 3TO yTBEPKACHHE TOJBKO LIS MaJblX KoleGaHul MasATHH-
KoB. Ho oHO cnpaBefsnBo B A5 KosiebaHuli ¢ KOHEUHBIMH aMILIHTYAaMH,
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Koria KojeGaHHs He M30XPOHHHEL TpeGyeTcst TOJNBKO, UTOOBI YIJIOBBIE
aMIIMTYbl U3HUECKOrO H MAaTEMAaTHYeCKOro MAafTHHKOB ObLIH OfH-
HaxoBHl. Jl0Ka3aTeqbCcTBO 3TOrO Mbl NMPELOCTABJISIEM UHTATENIIO.

2. OrsioxuM oT Touku noxseca A Bpoab npsimoit AC orpesok AA’,
JAJHHA KOTOPOTO PaBHa NpPHBEJEHHOH AJIHHE (U3HYECKOTO MasiTHHKA [
(cMm. puc. 85). Touka A’ HasbiBaeTcs yenmpom Kawanus. Llenmp raua-
HUSL MOJCHO Onpedeaumb KK MAMeMAmu4eckyto mo4Ky, 6 Komopod
Haoo cocpedomouums 6c0 maccy (usuueckoeo maamuuka, 4mober nepuod
eeo koaebanud ocmancs 6e3 usmenenud. Tlo Teopeme lNofirenca — Hlreit-
Hepa I = I¢ + ma?, rne Ic — MOMEHT HHEpUHH MAasTHHKAa OTHOCH-
TEJIbHO NapasjenbHoil ocH, mpoxopsmwed uepes unentp mace C. Iloa-
CTaBHB 3TO BhipaxeHHe B gopmyay (41.4), npumaaum ed Bun

l=a—]—,171—ca. (41.5)

Orciona crnepyer, Bo-TiepBEIX, uTO !> a, T. e. Touka nojseca A
¥ ueHTp KauaHusi A’ nexxar no pasHble CTOPOHBI OT LeHTpa Macc C
M, BO-BTOPHIX, UYTO BCEM TOYKaM TNOJBeca, OJAWHAKOBO YJajleHHbIM
OT IeHTpPa MacC MasiTHHKa, COOTBETCTBYeT OJHA W Ta e MpHBe-
JIeHHAas JJIMHA [/, @ CJIe0BATeNbHO, OH H TOT XKe NMepHof KoseOaHui 7.

Touka nojBeca u LEHTD KauaHHUS SBASIOTCH 83QUMHbIMU WJIH CONpPS-
MEHHBIMI TOUKAMH B CeNyiolleM cMuicie. Ecau masmuuk nodgecums 3a
yenmp Kadanus A', mo e20 nepuod He USMEHUMCS U NPeXcHAs MO4KA
nodseca A clenaemcs HOBbIM YEHMPOM KA4QHUS. DTO TNOJIOMEHHe Ha3bl-
Baercsi meopemoti Toiirenca. Jlasi ee jnokasaTesincTBa 0603HAYUM a
AMuHy orpe3ska A'C M JONyCTHM, YTO MasiTHHK NMOJABeilleH 3a Touky A’.
Torpa ero nmpuBeleHHasi AJIHHa Oyner

!
' ’ C
l'=ad +—.

Ho @' = I — a, wnu B cuny coorHowenus (41.5) @’ = I¢/(ma). Tlox-

CTaBHB 3TO 3HauyeHHe B NpeAblAywyo popMyay, noayuum [’ = ,;%—{—a.

Takum obpasoM, ! = [, T. e. npuBefeHHas [JHMHA, a C HeH H MEpPHOL
Kojie6aHuH (pU3HYECKOr0 MasATHHKA OCTaNHCh 0e3 H3MeHEeHHsl. JTo H
JokaspiBaer teopemy lloiirenca.

3. [NpuseneM apyroe JoKa3aTe]bCTBO TeopeMnul I'ioiirenca, rayGxKe packprisaliee
ee cojepkaHue. Bylem nepemewiate TOYKY nojBeca MasiTHHKA BJOJb OJHOH H TOf xe
npsaMoii, npoxoasueit yepes ueHtp Macc C. [TocMoTpuM, Kax npu 3ToM GYAeT MEHATHCS
ero nepuop, koje6anuii. Korja Touka nogseca A GecKoHeuHo yjaaneHa ot C, MasTHUK
BegeT ce6s xax MaTemaTtuueckufi. Ero mepuon xoneGanuil GeckoHeuHo Benuk. Ilpu
NPHONHIKEHHH TOYKH nojBeca A K UeHTpY Macc C nepuoj KoaeGaHHH chauana y6bl-
BaeT. Korja Touka nosseca coBMecTdTCsl ¢ C, MaATHUK IPH JI0G0M OTKJIOHEHHH 6y1eT
B 6e3pa3nUYHOM DABHOBECHH. D10 3HAUHT, YTO €ro MepHOJ KoJeGaHHi CHOBA CTaHO-
BHTCA Geckoneyno GobmnM. [Tostomy mno mMepe npubiuxerns ToukH A K C yGriBaHHe
TepHOJA JOJKHO CMEGHHTBCH Bo3pacTaHHeM. [JoslokeHuio Touku mojABeca, rje 310
TPOUCXOJIHT, COOTBETCTBYET MHHKMAaNbBHBIA Nepuoj Kojebaruil. Korja Touka nojseca
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nepexo/iut uepes Touky C Ha Apyryio cTOpoHy npsMoil AA’, nepHol KoJebanuii, nepeiifst
uepe3 GeCKOHEUHOCTb, HAYHHAET yMeHbmaTbCs. [IpH 3ToM ABYM MOJIOMKEHHSIM TOUKH
l MOABECa, HAXONALIHMCA 10 pasHble
cTopoHsl 0T C Ha OJMHAKOBHIX pac-
CTOSIHUSIX, COOTBETCTBYIOT  paBHBie
nepuoAn KoJefanui.
BMmecTo nepHoza koJie6aHHN MOXK-
HO T0JbL30BATbCSl TPHBEIEeHHOH JJH-
HOW MadTHMKa [, OAHO3HAYHO ompe-
Jensiolieli ero NepHox KoseGaHHH.
[Tpn ynaneHnd TOuKH mojBeca B Gec-
KOHEYHOCTb HJIH NPH NpPHUOGIHIKEHHH
ee K UeHTpy Macc C TNpHBefeHHad
LJHHA [ ctpeMHTCA K GeCKOHEYHOCTH
H JOCTHraeT MUHHMYMa B KaKOM-TO
MPOMEXKYTOUHOM MOJOKeHHH. T padu-
Puc. 86. YecKH 3To MNpeiCTaB/ieHO KPHBOH Ha
puc. 86. Ha ocu afcuucc oTsioxkeHa
BeJIHUHHA @, HA OCH OPAHHAT — INpH-
BelleHHast AnMHa ! MaaTuuka. KpuBas COCTOHT H3 JBYX BeTBeH, CHMMETPWUHO
PacnosioKeHHBIX OTHOCHTEJBHO OCH OpAMHAaT. OfHa BeTBL COOTBETCTBYET CJYYAI0,
Korfla Touka MoJBeca pacroJsioXKeHa MO OjHY, a BTopasi — 110 APYryK CTOPOHY OT
uentpa Macc C. AHanuTHuecKH Kpusas Mzo6paikaercst ypasuenueM (41.5), kotopoe
MOXKHO MNepenncaTh B BHJe

|
I
|
[
|
i
i

IC
a*—la - =0. (41.6)

DUKCHPOBAHHOMY 3HAUEHHIO NMPHBENeHHOH ANHHH [, cOOTBETCTBYeT Ha puc. 86
ropu3oHTaNbHasi mpaMasi [ = [,. TouKH mepeceueHHs ee ¢ KPHBOH onpenessioT no-

Ry JIOXKEHHE TOUEK MNOJABeca (H3HUECKOro MasiTHHKAa, MPH KOTOPHIX ero
HT 2 mpuBelleHHAas AJHHA paBHA 3aflaHHOMY 3Hauenuio Iy Boofme rosops,
TAKUX TOYEK MepeceuyeHHst ueTbipe. [IBe M3 HHX pacroJIOXKeHl 10O
OJIHY, JBE OCTaJIbHBIe — 110 APYFYI0 CTopoHy oT UeHTpa Macc C. Hx
TNOJIOKEHHE JIETKO HAHTH M3 KBAaJPaTHOTO ypaBHEHHS

!
a'."_loa_}_};?:(), “41.7)

Ecan 1, > 2V!C/m, 3TO ypaBHeHHe HMeeT jBa BellleCTBEHHBIX IO-
,  JIOKHTENBHBIX KOPHS dy H @y, TIPHYEM

fo| T4 ! 1.8

a-tay=1l. (41.8)

B 3ToM cayuae mo ofmy H Ty XKe CTOPOHY OT LeHTpa Macc C uMerTCs

JBe TOukH nofseca A; H A, (puc. 87), KOTOpPLIM COOTBETCTBYET OJHA H

3 ,  Ta ke mpuBeflenHas AaHHA ly. Ilo Apyryio cTopony oT uenTpa Mace.C

——0A,  JeXRUT BTOPAS Napa CUMMETPHUYHO PAaCTOJIOXKEHHHIX ToueK mnofseca A

Puc. 87. ° A}, xapakTepHsymwomascsi ToH ke npHBeleHHOH IjuHOH [, Ecnu

" ly=2VI.Jm, xopun ypasuenus (41.7) coBnagair, T.e. 06e TouKH

TojiBeca 1o Kax Ayl CTOPOHY OT LeHTpa Mace CJHBalTCa B ofiny. Ecin

Iy, < 2V1C/m, KOpHH ypaBHenHd (41.7) — mHuMble. He cylllecTByeT TOYeK moA-

Beca, JJsi KOTOPHIX NMpHBeJeHHas ANHHA 6bl1a Obl MeHblue ZVIC/m.

Teopema Tliofirenca Temepb CTaHOBHTCS OueBHAHOH. JlefiCTBHTEJLHO, H3 COOT-
youmenus (41.8) ceAyer, uTo paccTosHHe MeXAY ToukaMu A; M Aj, a Takke Mex1y
ToukamH A/ 1 A, paBHO NpHBeleHHOMH AIHHe MadTHHKA [. EciM OAHY U3 TOUEK KaXJOoH
napbl NPHHATE 32 TOYKY IOABEca, To BTopad GyleT ueHTpoM KadanHda. Ho 3To H ecTh
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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’,



