MEXAHUYECKHUE
® KOJIEBAHUS




Koneoanusa - oiuH U3 caMbIX PACIPOCTPAHEHHBIX MPOIECCOB B
IPUPOJIE U TEXHUKE

Mexanuueckue Konedoanus — 310 IBUKEHUSA, KOTOPbIE TOYHO
WJIA TTPUOJIM3UTEIILHO ITOBTOPSIOTCS YEPE3 paBHBIE
IIPOMEKYTKU BPEMEHU.

KoJjie0anus

CBOOOJIHEIC BBIHYKJICHHBIE aBTOKOJCOAHUS



CBOEOAHI)IE — Koje0aHus, BO3HHUKAIOIIIE B

CUCTEME I10]1 JICUCTBUEM BHYTPEHHUX CHUJI

BI)IHy}KEEHHI)IE— KOJI€OaHMsI, COBEPIIACMBbIEC

TE€JAaMM I10J JICUCTBUEM BHEIIHUX NEPUOIUYECKU
MEHSAIOMINXCS CUJI

ABTOKOJIEBAHMWAA - sezaryxaromue

KoJIeOaHus, KOTOPbIE MOTYT CYIIIECTBOBaTh B CUCTEME O€3
BO3JICHCTBUA HAa HEC BHEIIHUX NEPUOAUYCCKHUX CHII, 34 CUET
MCTOYHHKA DHEPTUM (HAIIpUMEp, Yachl C MAaSTHUKOM)




YCJIOBUSA BOSHUKHOBEHUS
CBOBOJIHbIX KOJEBAHUU

* IIPU BBIBECIACHUU TeEJIa U3 IOJIOKEHUSA PABHOBECUSA B
CUCTEME JOJKHA BOSHUKHYTH CHJIA, CTPEMSIIASACS
BEPHYTH €r0 B MOJOXXECHUE PABHOBECHS,

* CHJIBI TPCHHUA B CUCTCMC HOJI’KHBI OBITH
J0CTATOYHO MAJIBI.



YPABHEHUE JABUXEHUE I'PY3A,
[TOABEILIEHHOI'O HA TIPYJKMHE

Tes0, MoaABENICHHOE Ha
MPYKUHE U COBEPILAIOIIEE
KoJIeOaHUS BIOJb
BEPTUKAIBHON OCH MO/
JIEMCTBUEM CHUJIbI YIIPYTOCTH

— IPY>KAHBI, Ha3bIBAETCS
- YCJIOBHC PaBHOBECHSI HNPV:KUHHBIM MASITHUKOM
F,=—k(xpg+x) . BO3BpAILAIOIIAs CHIIA

ma, = —k{x + x,) + mg

ma, = —Kkx

Wi =— .‘m
m T — 2.7?' 1_

@, = —wgzX- COOCTBEHHAS YaCTOTA MasTHHKA \’ K

- YPABHCHHUC ABHKCHUA MAJATHHKA



YPABHEHUE JABWXEHKWA
MATEMATHUYECKOI'O MAATHHUKA

a=a (1)

sin a= a [lpn manbix yrnax

Mamemamuueckuii
MAAMHUK - TIOABEIIEHHBIN
Ha TOHKOU HEBECOMOUW HUTU
rpy3, pa3MepaMmu KOTOPOro

E"’ MOXHO MPEHEOpEUb 110
\j'_ ) CpaBHEHUIO C pasMepaMu

ma,=F, mg HUTH.
ma, = —mgsina
a, =—gsina
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a, = —wys

YPaBHGHHG ABHKCHHUA MATCMATHYCCKOI'O MasaATHHKaA



OCHOBHBIE XAPAKTEPUCTUKHU
KOJIEBATEJIBHOI'O JIBUKEHUSA

® X  — MOAYJIb MAaKCUMAaJIbHOTO CMEUICHUS TOYKH OT
MTOJIOKEHUSI PABHOBECHS HA3bIBACTCSA AMILIUTY/IO0M;

* T — BpeMsl OIHOTO MOJIHOTO KOJIHOAHUSI Ha3bIBACTCS
EePHO/I0M;

T = t/n, roe n — YucI0 NOIHLIX KOJIeOaHUN

* X — CMEIIEHWE TOYKHU OT IOJIOKEHUS PABHOBECHS B JIAHHBIN
MOMEHT BPEMEHHU.




* YHUCJIO KOJ€OaHUH B €IMHUILY BPEMEHM HA3bIBACTCS YACTOTOM;

v = 1/T — nudeliHasg 4acToTra KojecOaHui
v =n/t [V] = 1/c = 1 I'u (I'ep)
COO =27t/T — nuKIN4ecKasd yacTtora KojicOaHui

[w,] = pan/c

* ¢ — (¢a3za kougedaHmii, KoTOpas ONPEACISICT COCTOSHHE
KOJICOATEIbHON CUCTEMBI B JIIOOOM MOMEHT BPEMEHU;

¢o=wit+o, [¢] = pan



HepI/IOI[I/I‘ICCKI/IC N3MCHCHMUA (I)PISPI‘IGCKOﬁ BCJIMYUHEBI B 3aBUCMMOCTHU
OT BPCMCHH, IIPOUCXOIAILIUC 110 3dKOHY CMHYCa NJIX KOCHUHYCA,

Ha3bIBAIOTCA TAPMOHNYECKHUMU
KOJIEBAHUSMU
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Bo Bcex Tpex ciy4dasx i
CUHUX KpHUBBIX ¢,=0: a —
KpaCHasg KpHBas OTIMYACTCS
OT CHUHEH TOJBbKO OOJbIICH
ammmatynon (x' >x ); b —
KpaCHasg KpHBas OTIMYACTCS
OT CUHEUN TOJBKO 3HAYECHUEM
nepuona (I'=T/2), ¢ —
KpaCHasg KpHBas OTIMYACTCS
OT CUHEUN TOJBKO 3HAYECHUEM
Ha4YaJIbHOM (pa3bl

(9,= -n/2 pan).
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I'paduxu KOOPJAWHATHI
x(t), cxopoctn v(f) w
yckopenus  a(t) Tena,
COBEPIIIAIOIIETO
rapMOHHYCCKIE
KoJIeOaHus.

X = X, cos{wyt + @)

v, = x' = —wpX,, sin(wyt + @)
A

V, = WpX,,, COS (wot + @ + 5)

a, =1 = X" = —wgX,, cos{wpt + ¢p)

a, = WyXy,coslwot + @o A48T



3AKOH COXPAHEHUA SHEPI'MN JIJIA
[TPYKMHHOI'O MAATHUKA

NS rer VT
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Fynp.=max Fynp.=0 Fynp.=max
V=0 V=max V=0
Ex.=0 Ex.=max Ex.=0
X=-A X=0 X=A
Ep.=max Ep.=0 Ep.=max
22 a2 2 kx3
W= W+ W= 4 X W=

2 2 2 2




3AKOH COXPAH
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SPTUA JUJIA
FCKOT'O MAATHHUKA
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JATYXAIOINUE KOJIEBAHMUA.

) 0 3amyxaowumu Ha3. xonebanus,
3Heprus (a 3HAYUT, U aMILIUTY/Ia)
KOTOPBIX YMEHBIIIAETCS C
TEUCHUEM BPEMEHU. 3aTyXaHUE
CBOOOIHBIX MEXAHUYECKUX
rapMOHHYECKHUX KoJieOaHMUI
CBSI3aHO C YObIBAaHUEM
MEXAHUYECKOM SHEPTUHU 3a CUET
JNEUCTBUS CUJI COIPOTUBIIEHUS U
TPEHUS.




Tun konoGanui KakoBbl ycnosus Yem Yem
BO3HUKHOBEHMUA onpeaenseTcs onpepenseTcs
KonebaHumn nepuoa aMmnnuTyaa
KoneGauun KonebGaHun
CeobopgHbie KonebGarensHasn CobcreBeHHbIMUK HavyaneHbIiMKU
cucrema (KC) npu | napameTpamu KC. | ycnosuamu
Hanu4un =
nepBoHaYanbHoro r=2r \/; :
3anaca aHeprmm
7H=2KJE;
&
T =2xJLC
BeiHyXaeHHbIe Jlwwbas cucrtema npwu | Yactoton AmMnnuTyaon
Hanu4um BHELUHEro, | BHEWHero, BHELUHEero
nepuoauyecku nepuoauYecku BO3AEUCTBUA,
U3MEeHAKLWErocs U3MeHsILWEerocs COOTHOLWEHUEM
BO3AEeNUCTBUA BO3AEenCTBuUA 4YacToT
Veuewn™ Veobiers,
AvccUnaTUuBHbIMU
NnOTEPAMU AHEPruK
B KC
AsTokonebauns AsTtokonebarenbHan CobcrBeHHbIMK MapameTtpamun
cuctema (AKC) npu | napametpamu KC | AKC (ee
Hanu4yun BHELUHEero HENMMHEWHOCTHLIO)
UCTOYHUKA 3HEeprumn
MapameTtpuyeckue | KonebarenosHas CobcrBeHHbIMKU CooTHoweHuem
cucrema (KC) npu | napametpamu KC | yactoTtsbl
nepuoanyecku U3MEHEHURA
U3MEHRAIOLWMNXCHA napameTpos KC c
napamerpax KC ee cobcrBeHHOM

YacrtoTon




Pe3oHaHC — smo pe3xoe so3pacmaHue

aMNAUMYoOvl BLIHYHCOCHHBLLX
Ko.1eoaHuil.

Pe3oHnaHc s03HUKaAEemM mMmoabkKoO 8 mom cayuae, Koz20a
yacmoma coocmeeHHbIX Ko1edaHull coenadaem ¢

yacmomou 8blHYydcoaroweil Cunbl.
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