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ecit 6 = — n/2, T0 x = A sin of u 1. 1. Takum o6pasom, npu rap-
MOHHHECKOM KoJsiefaHuu abcuucca X sBJSIETCS CHHYCOMAAJBLHOH HJIH
KOCHHycOHJaNLHON (pyHkuued Bpemenwn {. s rpaduueckoro usobpa-
JKEHHS1 rapMOHHUECKOro Ko/ebaTelbHOTO IBHXKEHHST MOXKHO OTKJIA[bI-
BaThb MO TOPH30HTAJLHOH OCH BpeMms £, a MO BepTHKaJbHOH OCH —
cMellenne Toukd x (puc. 22). Torpa mosyuntcsl mepHoguueckas KpH-
Basg — cunycouda. ®opMa KPHUBOH MOJNHOCTBIO ONIpeAeNsieTcsl aMILIH-
Tylol A M UHKJIHYecKOH 4acToTod o. ONHAKO ee IOJIOXKEHHe 3aBHCHT
TaKxe OT HauanpHol ¢asel 8. Ilo ucreuennn Bpemenu
T=% (39.2)
[0
thasa mosyuaer npupaiieHue 2m, a Kosaebaouasacs TouKa Bo3Bpalldercs
B CBOE HCXOJIHOE IIOJIOKEHHE C COXpaHeHHeM HAyaJbHOrO HalpaB/IeHHS
Ismxkenusa. Bpemsa T HasbiBaercs nepuodom koaebanus.
CkopocTb KoneGmioliefics TOUKH Haiifercs auddepeHLHpPOBaHHEM
BripaxkeHus (39.1) mo BpemeHu. J10 jaer

v=1%=— A sin (of | §). (39.3)

JuddepeHunupys BTOPHUHO, NOJyUaeM yCKOpEHHE
' a="19=— 024 cos (ot +9), (39.4)

WM, ucnoapsys (39.1),
a=— o, (39.5)

Cuna, JeficTBylomasi Ha MaTepHaJbHYIO TOUKY NMPH rapMOHHYECKOM
Kose0aHuH, paBHa
F=ma=—ma3. (39.6)

Ona npomnopunoHasbHa OTKJ/JOHEHHIO X H HMEET IIPOTHBOIIOJOXKHOE
HanpaBJ/I€HHE. Ona Bcerza HanpapJ/Ji€Ha K II0J/I02KCHHIO DPaBHOBECHS.
Taxkoro pora CuJjbpl 4aCTO BO3HHKAIOT IIpH MaJ/JblX CMEHICHHUSAX Mate-
pHaJIbHOﬁ TOYKH H3 IIOJO2KECHHSA paBHOBECHS.

§ 40. 'apmonuyeckHe KojseGaHHMA Tpy3a Ha NpPYXKHHE

1. PaccMoTpuM cnMpasibHYIO TIPpYyKHHY, OJHH KOHeEl, KOTOPOH
3aKpemnJieH, a K APyroMy nojselieHo Teno macchl m (puc. 84). Ilycrp
ly — nnuHa HeneOpMHDPOBAHHOH INPYyXKHHBL. EcaH npyXHuHy pacts-
HYTb W/IH CXKaTb 10 AAMHBI [, TO BOSHHKHeT cusa F, cTpemsAmasacs
BEPHYTb TeJO B TNOJOXKeHHe paBHOBecHs. [Ipu HeGOJBLIMX pacTsxke-
HusX x = [ — I, cnpaBeniuB 3axod I'yka (1635—1703) — cuna npo-
HOPIHOHANbHA PACTSXKEHUIO NPYKHUHBL: F = — kx. B 3Tux yc/oBHAX
ypaBHEHHe JBHXKEHHs Tes1a HMEeT BHJ

mi = —kx, 40.1)
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[ocrosiHHaA k Ha3LIBACTCS KOMPPHULUEHMOM Ynpy2ocmiL WY HeCrKOCmu
NPYKUHbl. 3HAK MHHYC 03HAYaer, YTo Cusia F HampaB/ieHa B CTOPOHY,
IPOTHBONOJNIOXKHYIO CMEIIEHHIO X, T. €. K IOJOXKEHUI0 paBHOBeCHS.

Ilpu BbiBoAe ypaBHenus (40.1) npexmosnarajnoch, YTO HHUKakKHe
JIpYTHe CHJIBL Ha Teso He AefictByioT. [TokaxeM, uTo ToMy e YpaBHEHHIO
NOJUHHACTCA JBHXXEHHE Tesa, NOJABEILCHHOTO HA MpYXKHHE B OJHOPO.-
HOM Toae TsKecTH. O603HauMM B 3TOM ciydyae GYKBOH X yoaurenue
npyscunol, T.e. pasHocTe X = [ — [,. IlpykuHa TsiHeT rpys BBepX
C cunoit kX, cuiia TAXKECTH — BHH3. Y paBHEHHe JBHXEHHS
HMeeT BHA

mX =—kX +mg.

Iyers X, 03HayaeT yAJHHEHHe NPYXUHB B TOJIOXKEHHH
aBHoBecusi. Torga — kX, + mg = 0. Uckaouasa Bec mg,
0

nonyuum mX = — k(X — X;). Bsemem ofosHaueHue
x = X — X,, Toria ypaBHeHHe [BHXKEHHS NPHUMeT Ipex-
Hufl Bua (39.1). Benuunna x mo-mpexHeMy O3HAYaeT CMe-
IIeHHe Tpy3a H3 nosoxkeHus pasHoBecHs. OnHako noJo-
JKEHHE DABHOBECHS CMellaeTcs Noj JAeHCTBHEM CHJIH TH-
Puc. 84, xectd. KpoMme TOro, npu HaJHYHH TAKECTH MEHSETCHA CMBICI
BeJIuHHbl — kx. Tenepb oHa 03HauaeT paBHOREHCTBYIOLLYIO
CHJI HaTsi2KeHHsl NMPYXKHHBI U Beca rpysa. Ho Bce 3Tto He 3arparuBaer
MaTeMaTHYECKYIo CTOPOHY KoveGatesnbHoro npoiecca. 11o3TomMy MOXxHO
paccyKIaTh TaK, KaK ecJH Obl CHJIBl TAXKECTH coBceM He Opl1o. Tak
Mbl H MOCTYIIHM. :
2. Pesyaprupyoliiasi cuna F = — kx WMeeT Takoil ke BHJ, 4TO
M cHla B Buipaxenuu (39.6). Ecin nonoxuts mw® = k, To ypaBHeHMHe
(40.1) nepeiizer B

742 =0. | (40.2)

310 ypaBHeHHe coBHajaer ¢ ypasHeHHeM (39.5). Dyuxkuusa (39.1)
SIBJIACTCS pElCHHEM TAaKOTO ypPaBHEHHs IIPH JOOBIX 3HAYEHHAX IO-
crossHHEIX A ¥ 6. MoKHO 70Ka3aTh, YTO 3TO €CTb Obujee peuierue, T. €.
BCAIKoe pelneHHe ypaBHeHHs (40.2) Moxer ObiTh IIPEACTAaBJIEHO B BHAE
(39.1). Pasnuyabie pelieHHs OTJIHYAIOTCA APYT OT Jpyra TOJBKO 3Ha-
yeHHSIMH nocTosiHHBIX A n 8. (Jlokas3aTeqbCTBO NPUBOAUTCS B KOHIE
storo maparpada.) M3 usnokenHoro caenyer, 4To rpy3 Ha NpyxKHHE
6yner coBepliaTh FapMOHHYeCKHe KoJeGaHHA C KPYroBoH 4YacTOTOH

o=yt (40.3)

) _
T=2_on ]/L;-. (40.4)

[Mepuon xoneGanuét T He 3aBHCHT OT aMmIIMTyAnl A. D10 CBOHCTBO
Ha3bIBARTCS USOXPOHHOCMbIO KoJebaHui. M30XpoHROCTh, 0/iHAKO, HMeeT

H NIEpPHOJIOM
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MeCTO [0 TeX Iop, MOKa crpasenaus 3akoH I'yka. Ilpu Gorbwux pacrs-
:KeHUsX 3akoH ['yka Hapymaercs. Torza u KoneGaHus mepecTaoT GhITh -
M30XPOHHBIMH, T. €. MOSABJSETCA 3aBUCUMOCTh NepHOAa KoaeGaHuH oT
aMILTHTYLEL.

Amnuryna A ¥ HayanbHast dasa 8 He MOTYT OLITH ONpeEENeHbl H3
suddepennyaspHoro ypasHeHns (40.2). DTH NOCTOSTHHEIE ONPeNesSIoTCa
HAaya/JbpHBHIMH YCJIOBHSIMH, HampuUMep HauyaJbHLIMH 3HAUEHHSIMH CMe-
e x H ckopoctu £. HuddepenunanvHoe ypasHenue (40.2) cmpa-
BeIJIHBO MpH 006X HayaJbHBIX YCA0BHAX. OHO OIMCHIBA€T BeCh
KOMILJIeKC KoJIeOaHHH, KOTOpble MOXKeT COBepllaTh paccMaTpHBaeMasi .
cucreMa. KoHkpeTHoe KoseGaHue BbIEIAETCS U3 3TONO  KOMILIEKCA
3afaHueM MOCTOAHHBIX A u 8. _

3. IlorenunanpHasi H KHHETHYeCKasl SHEPTHM Tena AAIOTCH Bbipa-
KEHUAMH

Enoe =g kx?,  Equ= -+ mo* = 5 mid, (40.5)
Kaxnasn us nux MeHsieTcs Bo BpemeHd. OnHako MXx cymma E Bo Bpe-
MEHH JIOJ2KHA OCTaBaTbCsl MOCTOSIHHOMH:

E = kx? 4 mi? = const. (40.6)

Ecaun BocnonbsoBarbesi BelpaxkeHueM (39.1), To us dopmya (40.5)

HaleM
Eqor = 5 kAT COS? (01 +8),  Eppy = - moA% sin (of +9),
WIH B CMJy cooTHowwenus (40.3)
Excun = kA%sin? (ot 4 ).
DtH hopMyJIbl MOXKHO TAKKe 3alHCaTh B BHIeE
Epgr = kA [1 408 200t +-8)],  Eyyy = kA1 —cos 20t +-8)].

OHHU TOKA3LIBAIOT, UTO KUHEMUYECKAS U NOMEHUUAALHAS dHepeul 6 om-
OeAbHOCIU He OCMOMCS NOCMOAKHbIMU, O COBEPUIAIOM 2aPMOHULECKUE
Konebanus soKkpye 06uweeo cpedHeco snaterus Y, kA® ¢ yosoennotd Kpyeo-
soii wacmomoi 20. Korga kuHeTHuyeckasi 3HEpPrHs INPOXOAMT 4Yepe3
MaKCHMyM, HOTeHIHalbHas obpaiiaercs B Hyab H obpaTHo. Onnako
nonuas sueprus E = E., -+ E,,; ocraercs IOCTOSIHHOH H CEfA3aHa
¢ ammaurynoit A COOTHOLIEHHEM

1
E = 4 kA% (40.7)
an/IBeII,EHHOQ HpOCToe BLIUUCJ/JACHHE BMECTe ¢ TEM INIOKa3biBaeT, 4YTo

Bhipaxenue (39.1) aBasercs peleHneM AuddepeHIHATbHOrO YpaBHEHUS
(40.6) npu ycioBHH, 4TO yacToTa @ onpeneasercs dopmyson (40.3),
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a amnautyaa A — dopmyno#n (40.7). Takum obpasom, npH 3anannoi
nonuo# sHeprun E nocrosiHnas A He npousBoabHa. Mmeercs sHuib
OllHa TPOH3BOJIbHASl MOCTOSIHHAs, ompejessemas HayaJbHBIMH YCJO-
BHSMH, a HMEHHO HauanbHast ¢a3a 8. [las ee onpefesieHUst JOCTATOYHO
3HaTh, Hampumep, JuGO HavasJbHOE CMelenye, JHOO HAYANBHYIO CKO-
pocth. HannuHe B pelIeHHH TOJbKO OJHOH NMPOH3BOJNBHOH IIOCTOSHHOH
CBSI3aHO C TeM, 4To ypaBHeHHe (40.6) — nepsoeo nopadxa No BpemeHH,
B oraHuHe ot (40.2), KOTOpPOE SABJASETCST YPaBHEHHEM 6Mopoco nopadka.
Bripouem, Ha SHEPTUIO B YpaBHEeHHU (40.6) MOXBO CMOTPeTH Kak Ha
napamerp, KOTODHI MOXKET NPUHHMATL JIOOHIE NOJNOXHTENbLHbIE 3Ha-
YeHHS, ONpefeslolecss HayaJbHLIMH YCJIOBHAMH. Torja ypaBHeHHe
(40.6) craHOBHTCSI TMOJIHOCTBIO SKBHBAJIEHTHBHIM ypaBHeHHo (40.2).

4. Bce uanomeHHoe 3/iech NPUMEHHMO K FapMOHHUECKUM KoJsefa-
HHSM MOObIX MeXaHHYEeCKUX CHCTeM C 00HOU cmeneroio c6006006.. MTHO-
BEHHOE TOJIOXKEeHHEe MEXaHHUECKOH CHCTEMBI C OJLHOH CTeneHblo CBOGO/RL
MOKeT GbITh ONpEeNeseHO C IMOMOIIBI0 KaKoi-THGO 00HOU BeJHUYHHH g,
Ha3blBaeMolt 0606uiernHol Koopdunamod, HanpuUMep yria TOBOpOTa,
CMellleHHs BIOJb HEKOTOpo# JIMHKH H 1p. ITpousBoaHast § oGobuieHHON
KOOPJAMHATHI 110 BpeMeHH HasblBaeTcs 0608uienHol ckopoctmeio. ITpH pac-
CMOTPeHHN KoJseGannii MeXaHWYeCKAX CHCTEM C OJQHON CTEINeHbIO CBO-
Goapl 3a HcxoAHoe yaoOHee 6parb He ypaBHeHHe ABHKeHHS HbloToHa,
a ypasrernue 3vepeuu. Ero oObluHO Jierve cocraBisite. Kpome Toro,
OHO B H3BECTHOM CMBICJIE IPOlIE YpaBHeHHs1 HplOTOHA, TaK KaK SBJSETCS
IardxpepeniivaibLHBIM yYpaBHEHHEM nepgoeo, a He BTOPOrO TOpSIiKA TNO
BpemeHH. JlonmycTHM, 4TO MeXaHHYecKast CHCTeMa TAaKOBa, UTO ee MOTeH-
IMajlpHasl M KHHeTHUYecKasl 3HeprHH BbipaxawTcs ¢opmyJaaMd BHAA

Enor = 025 qz, EK“H = % (72, (408)

rie o U P — NOMOXKUTENbHBIE NOCTOSIHHbIE (NApaMeTphl CHCTEMLI).
Toraa 3akoH coxpaHeHHs] SHEPTHH MPHUBOAHT K ypaBHEHHIO

E = ‘;‘ gt 4+ %— g* =const. (40.9)

Ono oriHuaercs or ypasHeHHs1 (40.6) ToMbKO OGO3HAUEHMSIMH, YTO
OpH MaTeMaTHYeCKOM paccCMOTPeHHH He HMmeeT 3HaueHHs. M3 martema-
THYeCKOH TOXJecTBeHHOCTH ypapHeHM# (40.6) u (40.9) cremyer, uto
1 oflmHUe peilieHUs] HX OAMHAKOBEL. IloaTOMY, ecau ypasHerue aHepauu
npusodumea x 6udy (40.9), mo

g = g, c0s (ot 4 0), (40.10)

m. e. o6o6ujerHan /coopauuama q cosepuiaemn eapmoHudecKoe Koaebarue

¢ Kpyeosoti wacmomoi
o
0= ]/—B- . (40.11)

5. B sakuiouenHe mokaxeM, KaK MOXHO HaHTH oflllee pellenHe AuddepeniH-
anpHOTO ypaBHeHHs (40.2). M3 sToro ypaBHeHHs Ipexkje BCero BhITEKaeT ypaBHeHHe
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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



