MexaHuueckue
Konebanus




MexaHn4eckue KonebaHusi — 3170 ABUKEHUE,
KOTOPbIE MOBTOPSIIOTCS YEpE3 ornpegesieHHbIEe
MHTEPBa/Ibl BDEMEHM.

BbIHY)XAEHHbIE Ko/1ebaHusi — NPOUCXOAAT ol AEUCTBUEM
BHELLIHEN, NMEPHUOANYECKN U3MEHSIIOLLIEUCS CU/TbI.



K Koneoamenvnwie cucmemeui.
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MpumMepbl konebaHun, n3obpaxxeHHble Ha pUCYHKaxX: konebaHus
MaTEMATUYECKOro MasiTHMKa, konebanus xunakoctn B U-obpa3Hon Tpybke,
konebaHus Tena noa AENCTBUEM MPYXUH, KonebaHmus HaTSHYTOW CTPYHbI.
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YycnoBusa BO3HUKHOBEHUSA MEXaHUYECKUX KonebaHuu

1. Hannuue nonoxeHus yCTOMUYMBOro paBHOBECKUS, MpU ol
KOTOPOM PaBHOAENCTBYIOLLAS paBHA HYJ/O

2.  Xots 6bl 0O4HA 3aBUCUT OT KOOpANHAT

3. Hanuune B konebniowenca matepnanbHOM TOUKE,
N36bITOYHOW SHEPrUM

-
4, Ecnn BbIBECTU TENO U3 MOJIOXKEHUA paBHOBECUS, TO
PaBHOAENCTBYIOLLIAA HE paBHa HY/O T

5. Cuna TpeHuna B cucrteMe Manbl

Ons BO3HMKHOBEHUs KonebaHusa Teno
He06X0AMMO BbIBECTHU M3 NOJIOXKEHMS ‘ &
paBHOBeCcUsl, coobLyMB TIM60 KNHETUYECKYIO > -
SHepruio (yaap, TON4oK), nm6o — :
noTeHUManbHyro (OTK/IOHEHUe Tena).
[pnMepbl kKonebaTenbHbIX CUCTEM:

1. HuTb, rpys, 3emns.

2. [py>xuHa, rpys.

3. Xnakoctb B U-06pa3Houn Tpybke, 3emMns.
4. CrpyHa.




[1lpeBpalleHne aHeprum nNpwu
KonedaTtebHOM ABUMXEHUU
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B HeyCTOM4YMBOM paBHOBECUM UMEEM:

3a nosHoe konebaHue:
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BbinosiHAETCA 3aKOH COXpPaHEHWNA SHEPIUMN.

CyMMa KMHETUYECKOM U NOTEHLMATbHOM
SHEPrum oCTaeTcs HEM3MEHHOM



[TapameTpbl KonebaTenbHOro
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

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



[[apMOHM4yeckmne 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 NP rapMOHNYECKUX
KonebaHusXx.

CornacHo onpeaerneHno CKOPoCcTH, CKOPOCTb — 3TO
NpounsBoAHas OT KOOpAMHATbLI MO BpEMEHM

V=x'=(x_sin(mt+¢,)) =x_ocos(ot+¢,) =x_osin(ot + @, + %)
Takum 06pasom, Mbl BUAUM, YTO CKOPOCTb Npu
rapMOHMYECKOM KorebaTernbHOM ABUKEHUN TakKe

N3MEHSAETCSH MO rapMOHNYECKOMY 3aKOHY, HO KonebaHud
CKOPOCTM onepexatoT konebaHma cmelleHust no dase Ha T1/2.

BenuuvHa - V., = X_ @ MakcumarnbHas CKOPOCTb

KoriebaTtenbHOro ABMXeHus (amnnnTtyaga KkonedaHmn
2,04

CKOPOCTN).

CnepnoBarternbHO, ONA CKOPOCTU MNPU 4,

. g
rAPMOHNYECKOM konedbaHum nmeem. A

0 |

V=V_cos(ot+q,) o

| N Ay - u=f(t)



YcKopeHue npu rapMoHNYeCKuXx
KornebaHunax

Up
YcKopeHue — 3TO Npon3BoAHas OT CKOPOCTU Mo
BpeMEHN: q =V’ = (X’)’ = x"

Torpa: a = V'= (V,cos(@t+00))' = (X, @0os(@t +0,)) =4\ - \ AT

_aa_

=—x_ o’sin(ot+¢,)=x, o’sin(ot+qe, + 1)

YCKopeHme npn rapMoOHN4ECKOM KonebaTeNbHOM ABMXEHUM 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).

BennumHa - MaKCMMaJsibHOe YCKOpeHune
. o 2
a=-a_sin(ot+q,) d=X =—0X
- BTOpasi Npou3BoAHas CMeLLEeHns rnpsamo
2 nponopunoHanbHa (C
X O =4a_

NPOTUBOMOIOXHbIM 3HAaKOM) CMELLIEHWIO.
Takoe ypaBHeHUEe Ha3. YpaBHEHUEM
rApMOHNYECKOro KosebaHus



CB0oOOOHbIE KONnebaHus

MatTeMaTn4eCKOro MadTHUKa
Y a=a (f)

MaTeMaTU4YeCcKMn MassTHUK- MOAENb — MaTepPUasibHas TOYUKa,
NOJBELLEHHAsA HA HEPACTSHXKMMOWU HEBECOMOWN HUTMW.

BbiBeeM MasiTHUK U3 NOMOXEHWUS PaBHOBECUS::
FR = —mgSImMdacd Tk Q¢ wan, 1o
sino =~ tgo = o

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



[lepnoa konebaHus

CpaBHWM MONy4YeHHoe ypaBHeHne d= —(Qg— = ——X

C YpaBHEHMEM KonebaTeNbHOro ABMXEHNS a Xl — W X

BuaHo, uTo 602 :g Un :\/g - UWMKITNYECKAA 4aCTtOoTa Npu KonebaHunsax
/

l MaTeMaTnyeCckKoro MadTH1UKaA.
21T 27 |

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

Mepunoa KonebaHuf MaTeMaTMHECKOro MasiTHUKa HE 3aBUCUT OT Macchl Tesa!



CB0oOOOHbIE KONnebaHus
NPY>XMHHOIo MasATHUKa

7
B BepTUKanNbHOM MONIOXXEHUU Ha rpy3 Ha NpYXuHe Y‘
OEeNCTBYIOT CUJIa TSXKECTU U cura ynpyrocTu npyXuHbl.
MNop pencTBMEM CUNbI TAXKECTU NMPYXKUHA pacTArMBaeTCA
Ha X1, a 3aTeM Mbl OTKITIOHSIeM ero OT 3TOro NMoJlIoXXeHus a9

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

nonyuuM: mg= /4)(1 +)¢_mg N
mg

Ho , ‘XL‘ = ?

Torga: . g

ma= k- |m?+x|— mg= k- | x

nn mMa= —KkXxyckopeHue Tena, konebnioLierocs
Ha NPYXUHEe, He 3aBUCUT OT CUSbl TSXKECTH,

7%

. o=
f2
[m.i?'

aencTeyloLllen Ha aTo Teno. Cuna Tsxectu mg
TONbLKO NPUBOAUT K UBMEHEHMIO MNONOXEHUS 0
paBHOBECUSI. K

BbipasuM ycKopeHue: 2 YckopeHue Tena, Kkonebnollerocs Ha

_;’X NPY>XXWHE, He 3aBUCUT OT CUJbI
TSXKECTWN, AEUCTBYIOLWEN Ha 3TO Teno,
HO MPOMOPLIMOHANIBHO CMELLEHNIO



[lepunon konebaHus

Tk g= — f x CpaBHMM Nosy4eHHOe ypaBHEHME C ypaBHEHUEM
m  KonebaTenbHoro ABMXKeHUs . 9 — x" = — (p °X
.k k
BM,U,HO, ymo ) = — nwim ) = _ - UMKITNYECKAA H4aCTtoTa MNpu
m m  KonebaHusx Npy>XMHHOro MasTHUKA.
Mepvon konebaHuv T — 2 ed 2r m

W F w T =2r E
m






OCHOBHbIE MOHATUSA

Bubpatop — konebntowieecsa Teno,
MCTOYHUK BOJIHbI.




[lonepeyHas BOJIHA
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[lpoaonbHasa BOMHA
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