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MexaHn4eckue KonebaHusi — 3170 ABUKEHUE,
KOTOPbIE MOBTOPSIIOTCS YEPE3 ornpefesieHHbIEe
MHTEPBa/Ibl BDEMEHM.

BbIHY>XAEHHbIE Ko/1ebaHusi — NPOUCXOAAT o4 AEUCTBUEM
BHELLIHEN, NMepUOANYECKN U3MEHSIIOLLIEUCS CU/TbI.



Koneoamenvnwie cucmemeui.

N

MpumMepbl konebaHun, n3obpa)xkeHHble Ha pUCYHKaxX: konebaHus
MaTEMATUYECKOro MasiTHMKa, konebanus xunakoctn B U-obpa3Hon Tpybke,
konebaHus Tena noa AENCTBUEM MPYXUH, KonebaHmus HaTSHYTON CTPYHbI.




YycnoBusa BO3HUKHOBEHUS MEXaHUUYECKUX KonebaHuu

1. Hanuumne NONoXXeHUs yCTOMYMBOro paBHOBECUS], NMpU WAL
KOTOPOM PaBHOAENCTBYIOLLAS paBHA HYJ/O

2. Xots 6bl 0O4HA 3aBUCUT OT KOOpANHAT

3.  Hanuuue B Konebntowencs MmatepnanbHON TOUKE,
N36bITOYHOW SHEPrUM

A
4, Ecnn BbIBECTU TENO U3 NMOJIOXKEHUA paBHOBECUS, TO
PaBHOAENCTBYIOLLLAA HE paBHa HYJO T

5. Cwuna TpeHuda B cucteme marsbl

Ona BO3HUKHOBEeHUA konebaHua teno
He06X0ANMO BbIBECTH U3 MOJIOXKEHHS ‘ &

paBHOBeCcUsl, cOo6LLMB TIM60 KNHETUYECKYIO > -
sHepruio (yaap, Ton4yok), nmbo — /c‘
noTeHUMasnbHyr0 (OTK/IOHEHUe Tena). #

P
[puMepbl KonebaTenbHbIX CUCTEM: /

1. HuTb, rpys, 3emns.
2. [py>xuHa, rpys.

/ |

’ —
3. Xupkoctb B U-06pa3Hon Tpybke, 3emMns. f1i * ~
4. CrpyHa. ‘g ,ng




[lpeBpalleHne IHePrnn npwu
KonedaTenbHOM OBMXEHUU

3a nosHoe konebaHue:

En— Ek —En—EK mv2
mgh_ = 21 +mgh, =

max

m Vmax

= const

B HeyCTOM4YMBOM paBHOBECUM UMEEM:

BbinosiHAETCA 3aKOH COXpPaHEHWNA SHEPIUMN.

CyMMa KMHETUYECKOM U NOTEHLMATbHOM
SHEPrum oCTaeTcs HEM3MEHHOM



[TapameTpbl kKonebaTenbHOro
OBUXKEHUS

1. CMeweHuUe X - OTKITOHEHMEe KONeosoLenca TOYKM OT NONOXEHUS paBHOBECKS B
OaHHbIA MOMEHT BpeEMEHN (M).

2. AMnnumyoa Xmax - HanGonbluee CMeLLeHMe OT NnonoxeHnda pasHosecus (M). Ecnn
konebaHua HesaTyxaloLwmne, To amnianTyaa NOCTOSHHA.

3. lMepuod T — BpeMs, 3a KOTOPOE COBEpPLUAETCS OAHO nonHoe konebaHue. Bb maeTlsl
B cekyHaax (c). — —

\ %

4. Yacmoma v — 4u1crno nonHbix konebaHuin 3a eguHnLy BpemeHn. B CUN namepsietca B
repuax (I'u).Yacrtorta konebaHum paBHa ogHOMY repuy, ecnu 3a 1 cekyHay coBepluaetcs 1
nonHoe konebanve. 1 Mu=1 ¢,

5. Quknu4yeckou (Kpy2oeol) yacmomou w nepnognyecknx kornebaHmm Has. Yyncno
MNOMHbIX KoNnebaHnn, KOTopble COBEPLLAIOTCS 3a 21T eOUHUL, BpEMEHU (CEKYHS). 27_[

EQnHMLA namepeHns — ¢,
W =2TV = —

6. ®asza konebaHus - ¢ - hunsnyeckasa BenmumHa, onpeaensitollas CMeLleHne X B T
OaHHbIN MOMEHT BpeMeHun. NamepsieTcsa B pagmnaHax (pag).®Pasa konedbaHusi B Ha4arnbHbIN
MOMeHT BpemeHu (t=0) HasbiBaeTcAa HavyasibHou ¢ha3zou (¢p0).

P=@p,+otl



[apMOHnYyeckmne konebaHus

KonebaHusi, npn KOTOPbIX U3MEHEHUS
pun3nyecknx Benn4mH NPOUCXodaT Mo
3aKOHY KOCMHYCa UnNu CUHYyca

X =X cosht+o,)
BblpaXkeHue, cTodllee noa 3Hakom
COS UNu sin, Ha3. gpa3ou KornebaHusi:

o =0t+p,
da3sa konebaHns n3MepsieTcd B
pagmnaHax n onpegensieT 3HavyeHune
cMelLleHus (kornebnoLwencs
BEMNYUMHBLI) B JAaHHbIA MOMEHT
BPEMEHMW.

Amnnuntyaoa konebaHus 3aBucUT
TONbKO OT Ha4YanbHOIO OTKIOHEHUS




CKOpOCTb NpUY rapMOHNYECKUX
KonebaHusx.

CornacHo onpeaerneHno CKOPoCTU, CKOPOCTb — 3TO
NpounsBoAHasa OT KOOpAMHATbLI MO BpEeMEHM

V=x'=(x_sin(ot+¢,)) =x_ocos(ot+¢,) =x_osin(ot + @, + %)
Takum obpasom, Mbl BUOMM, HTO CKOPOCTb Npu
rapMOHNYECKOM KonebdaTeribHOM ABUMXKEHUN TaKkKe
N3MEHSAETCSH MO rapMOHNYECKOMY 3aKOHY, HO KonebaHud
CKOPOCTM onepexatroT KonebaHma cmelleHust no dgpase Ha T11/2.

BenuuvHa - V., = X_ @ MakcumarnbHas CKOPOCTb
KoriebaTtenbHOro ABWMXeHust (amnnnTtyaga KkonedbaHmn

T, a
CKOPOCTN).
CnepoBarernbHO, ONA CKOPOCTU NPU g,

rapmMoHmyeckom konebarnn umeem:  Ars—~ /X S / X
A YA / \/C\-v#;rti
V) ‘.\ ¥ \ ’: A
V=V_cos(mt+@,) NRAYAR AV t
WA TN

—(10—-5-/ e ~ a-"-fé(t)




YcKopeHue npy rapMoHU4YecKux

KonebaHuay
aﬂ"“*“""—f\ ~,
Upps~——==~~oA—— 7N =N\
YCcKOpeHne — 3To Npou3BOAHASA OT CKOPOCTU MO (RS /A / ,\,\ \ _2=flt)
BpeMeHU: g = V' = (X’)’ = x" \ VAN VAR

g ‘ \\.5.7' /’ T \\JZEWZT
Torga: a=Vv =(v,cos(wt+0,)) = (x,0cos(ot +¢,))" =4 _\&_ _‘j('_ X \ ‘7' \ ‘

. . i/ it et L ,
=—x_ o’sin(ot+e,)=x, o’sin(ot+qe, + 1) —ap - > v ~a=f(t)

YCKOpEHUE MpU rapMOHUYECKOM KONEBATENBHOM [BMXEHUN TaKXKE U3MEHSETCS MO
rapMOHMYECKOMY 3aKOHY, HO KONiebaHUs YCKOPEHNSI OnepeXxatoT KonebaHus CKopocTu

Ha n/2 n konebaHns cMmelleHns Ha n (roBopsT, YTO KonebaHns NpoucxoasT B
rnpoTuBogase).

BennyunHa - MadKCMMaJ1bHOE YCKOPEHNE

. " 2
a=-a_sin(ot+q,) d=X =—0X

- BTOpasi Npou3BOAHasi CMELLEHNS NMPSMO
npornopumoHanbHa (C
NPOTUBOIMOIOXHbIM 3HAaKOM) CMELLIEHWIO.
Takoe ypaBHEeHME Ha3. YpaBHEHUEM
rApMOHNYECKOro KosebaHus

2 _
X 0 =a_



CBoOOOHbIE KONnebaHus

MaTeMaTnN4eCKOIo MadTHMKA
) a=a f)
MaTeMaTU4YeCcKMn MassiTHUK- MOAENb — MaTePUasibHasA TOYUKa, ‘ ,
NOJBELLEHHAs HAa HEPACTSHXKMMOWU HEBECOMOWN HUTMW.
BbiBEAEM MAsATHUK U3 MONOXKEHUS PABHOBECUS:

FR = —mg Sin O Tk O man, T0
sino =~ tgo =~ o

oTCtona: ma — —mgsSino %h
azgsinoc,sinoc:§ O‘_ T
/ \ j .
S mg
a=g—
/ YckopeHue MatepuanbHON TOUKM MaTeMaTUUEcKoro
g MasTHVUKa NPOMNOpLMOHabHa CMELLEHMIO S
— = const



[lepunopa konebaHus

CpaBHWM MOy4YeHHoe ypaBHeHne d= —(Qg— = ——X

C YpaBHEHMEM KonebaTenbHOro ABMXEHNS a Xl — W X

BuaHo, uTo 602 :g Un :\/g - UWMKITNYECKAA HaCTtoTa Npu KonebaHunsax
/

l MaTeMaTnyeCckoro MadTH1UKaA.
21T 27 |

Mepnoa konebaHnn T — _ Wm
== T=2m |—
® g g
1

Mepunoa KonebaHuf MaTeMaTMHECKOro MasiTHUKa HE 3aBUCUT OT Macchl Tesa!



CB0OOOOHbIE KONebaHus

MPY>XMHHOIO MasiTH
2

B BepTUKanNbHOM MONIOXXEHUU Ha rpy3 Ha NpYXuHe
AEeNCTBYIOT CUJIa TAXKECTU U cusa ynpyrocTu npyXuHbl.
MNop pencTBMEM CUNbI TAXKECTU NMPYXKUHA pacTArMBaeTCA
Ha X1, a 3aTeM Mbl OTKITOHSIeM ero OT 3TOro NMoJIoXXeHus

Har¥rna cormacHo BTOPOMY 3aKOHY
HbloTOHa, yunTbIBas 3HAKN MPOEKLNIA,

Nonyunm: mg= HX1 +)¢_mg

Ho, g/="72

. k
TorAa. . ma= k- |ng+ X mg= k-|x

Nnn ma= —kXyCKOpeHMe Tena, KkoneoénoLlerocs
Ha NPY>XWHE, He 3aBUCUT OT CUMbl TAXKECTH,
aencTeyloLllen Ha aTo Teno. Cuna TsKecTu
TOSTbKO NPUBOAUT K NU3BMEHEHMIO NMONOXEHUS
paBHOBECUA.

0

NKa
7

-

71%

. ox
f2
[m_i?'

BbIpa3snM yCKOpEHUe: K YckopeHve Tena, Konebowerocs Ha
d=——X  npyxuHe, He 3aBMCUT OT CUIbI

m

TSXKECTWN, AEUCTBYIOLWEN Ha 3TO Teno,

HO MPOMOPLMOHASIbHO CMELLIEHUIO



[lepunon konebaHus

TK 3= — E x CpaBHMM nosy4eHHOe ypaBHEHME C ypaBHEHUEM
m~ KonebaTenbHoro ABMKeHUs . g — x" = — (p X
.k k
BM,U,HO, ymo @) = — mwim ) = _ - UMKITNYECKAA HaCTtoTa MNpu
m m  KonebaHusx Npy>XMHHOro MasTHUKA.
Mepvon konebaHnv T — 2 ed 2r m

W F w T =2r E
m






OCHOBHbIE NMOHATUSA

« Bubpatop — konebntoweecsa Teno,
MCTOYHUK BOJIHbI.




[lonepeyHas BOJIHA




[1poao0bHAA BOJIHA




