Jlekunsa 1

PUIUYECKHUE OCHOBDI
MEXAHMKM
YYeOHUKMU:

'paboBckumn P.A. Kypc husmku
TpodhumoBa T.U. Kypc dunsmnku

Pa3penbl dpusunku:
MexaHuka, MonekynsapHasa cousnka v
TepMoanHaMUKa, ANEKTPUYECTBO U
MarHeTtusm, OnTtuka, ATOMHaAa v aaepHas
donsuka.



Knaccuyeckas mexaHmka (M >> m_; V << ()

_—  Tpu paspgena: { \

1) KuHemamuka 2)_fuHamuka_wn3sy4vaet 3) Cmamuka
n3y4vaeT OBMXKEHWEe Ter, 3aKOHbI OBWKEHUA Ten 3yHaer

He paccMaTtpuBasi MPUYMHbI, N NPUYNHBI, KOTOPbIE 3aKOHbI
KOTOpble 3TO ABUXEeHue BbI3bIBAIOT U U3MEHSIIOT paBHOBECUA
BbI3bIBAOT. 3TO OABWMKEHUE. CUCTEMbI Tern.

MexaHu4yeckoe aBuXXeHue — 3TO USMEHEHME NONOXEeHNd Tena B
NPOCTPAHCTBE OTHOCUTESIbHO APYINX T€J1 C TedeHneM BpEeEMEHN.

— MexaHu4yeckoe ABUXEHME Tena Konebarus -
I7 5 OBWXXEHUS,
Mocmmarisnoioe dausese 171 |
NMOBTOPSEMOCTbIO BO
BpawamernbHoe 08uXXeHue — npu
OVNHAKOBO ppawlamerit P BpEMEH.

KOTOPOM BC€E TOYKU TEJ1a OMNNCbIBAKOT
OKPYXHOCTW, LUEHTPbI KOTOPbLIX J1IEXAaT

Ha O4HOM NMPsIMON, Ha3bIBAEMON OCbHO epalleHuUs
§1 KnuHemartuka.

AbcosnromHo meepdbIM meJsioM Ha3blBaeTcs Hedegopmupyemoe merio
(dbopma 1 pasmMepbl Tena He MEHSIOTCSA).

MaTepuansHas To4yka— Teno, oopmMmon n pasamepamMmm KOTOPOro
MOXXHO NpeHebpeyb B YCIOBUSX OaHHOW 3a4auu.




Teno orcyera - ycnoBHO HEMOABUXHOE TeNo, OTHOCUTENIbHO
KOTOPOro paccMaTpuBAaETCs ABMXEHNE APYTrUX Ten

Cucrtema orcyera: Teno OTC4eTa, XeCTKO CBA3aHHaA C HUM CUCTEeMa

KoopAuHaT U Nnpubop Ans onpeneneHus BPpeMeHM.
OekapToBa cucrtema - npsaMoyrosibHas CUCTeMa KoopaAnHaT

B knaccuyeckon MexaHuke Bpemss abCcos1loTHO

Cnocobbl 3a1aHUA NOJIOXKEHUA N ABUXEHUSA Tesa

1) C noMmowbio paanyc-BeKTopa

4
npoBeaeHHOro N3 Hadajla KoopauHaT B
A(xyzt) TOYKY HaxXoXaeHuda Tena.

—_
r(t)
3 2) C nomMolbio Tpex KoopauHaT X,y,

OTBEYakLLMX MOSIOXKEHUNIO TeNa B
NaHHbIA MOMEHT BpeMeHu t .

r =xityj+zk
eaANHN4YHblE BEKTOPA BAOJ/Ib KOOPANHATHbIX oceu
TpaekTopusi— JIMHNA, ONMMCbiBAeMas TOUYKOW

B MPOCTPAHCTBE C TeYeHNEM BPEMEHM

X =X(t)
P =T(t)— { y =y (t)
KMnHeMaTun4eCKuMmn ypaBHEeHNAMMU

=z (t)
ABUNXEeHunsA MaTepMaanow TOYKUN




\'

KnHemartunyeckue XapPpakKTepucTtmuKkmn ABmnxeHusA

I'IOCTynaTeanoe AOBUXXeHune

[MepemeLyeHue - BEKTOP, NMPOBEAEHHbIN U3 HA4aslbHOIro
MOJIOXXEHUS TE€J1a B €ro KOHEYHOE [10JIOXKEHNE,  —

AF =17 -F
[poigeHHbIN NyTb S — CKansipHas BesindMHa, paBHasa aA/vHe yqa(c:)TKa
TPAeKToOpun Mexay HadaJibHOW N KOHEYHOM TOYKaMn NyTu.

[pu npsamonuHeldHoM O08uXxeHUU  |Ar|=As.

6ECKOHEYHO Masioro rnepeMeLLeHmNsI KO BPEMEHU 3TOIMO dt
repeMelLLjeHus.

YckopeHue xapaktepuayeT ObICTPOTY U3BMEHEHUS CKOPOCTU ABMXKEHUS

A
CKOpPOCTb— BEKTOPHAas BE/INYMNHA, paBHas1 OTHOLUEHMUIO g _ dr

o A\
YckopeHue MaTepmasibHOM TOYKM — 8eKmopHasi 8e/UYUHa, dV
pasHad omHowWweHUr 6EeCKOHEYHO Mario2o USMEHEHUS a=—-"
CKOpOCMu KO epemMeHU 3moe0 USMEHEHUHA. dt

BEKTOp YCKOpEeHNA MOXHO NpeACTaBUTb B BNAE CYyMMbl HOpMaﬂbHOVI 7
TaHreHumMasabHOW COCTaBNSAOLWMNX.

= 2
azan+a-t a=j/a;+a’



a_=dV/dt
a,=V?2/r

R—- paaunyc
KPVUBW3HbI
TpaeKTopun B TOUKe
onpeaeneHus a.

.
X

Haxo>xaeHune npomnaeHHoro nyTm :

Ecnu BbipaxkeHne ds = vdt nponHTerpupoBatb No BpeMeHU B npeenax ot ¢, Ao
t, , mo Haldem rnymb, NPoUOeHHbIU MoYKoU 3a epeMsi At=t, - t.:



BpauwlaTenbHoOe ABUXXeHue

Yron noBopoTa — akCualbHbIN BEKTOP, MOAY/iIb KOTOPOIo paB€eH
yIrJly Mexay Ha4dyas/lbHbIM M KOHEYHbLIM M0JIOXKEHNEM paanyc-BeKTopa R,
onpeaendaroero noJioXXeHnd TO4KnM 1T€jla OTHOCUTEJIbHO OCU BpalLLlEHUA.

1.|_> BCU - 106=360°= MNepuwog T — Bpems
¥ [panl »o; pag=6,28 pag  oaHoro oGopota

sAKCHasibHbl€ BEKTOPbI OTKNAAbIBAIOTCH
B/10J71Ib OCU Bpalll€eHUs 13 J1Ilobor ee TOYKU.

eHarnpaBsieHue Takoe, YTO U3 KOHUA BeKTopa
BpalleHne BMAHO Nponucxoasimm npoTmne
4aCOBOW CTPEeSiKN — [IpaBusio rnpaBoro BUHTA

YrnoBasi CKOPOCTb — aKCMaslbHbIN BEKTOP, PpaBHbIN OTHOLLIEHUIO

6ecKoHeYHO Masioro yrsia rnoBopoTa KO BPEMEHMU. 0 = dg_D' /dt

HaxoxaeHue yrna nosoporTa : B CMU -

Ecnu BbipaxeHue dp = w dt npovipamipbeaTh
nospemeHun B npeaenax ot t, ao t, , ly

TO Hangem yros rnosopota spems t,-t,: @ = S ® ( t) di

4

CooTHOLIeHHST MEXAY YTAOBOH CKOPOCTBIO W, 27t >
= LTV

nepHozoM ' K 4acCTOTOH BPALIEHHR - W = -i'—



Yrnosoe yCKOpPEeHUe - aKkCuaslbHbI BEKTOP, PaBHbIU MPpon3BOAHOU OT
yr710BOMN CKOPOCTU 10 BPEMEHMU.

T‘:‘:=d&3 B CU -

— 2
IMpu yckopeHHoM BpaleHum € coBnafelr no nanpaenenlRABLEdropom
yI/10BO¥ CKOPOCTM, NPV 3aMeANIeHHOM — Harnpas/ieH rMpoTUBOMNOMI0XHO @.

I'Ile BpawleHnn 1es1a OTHOCUTEJIbHO HEeNnoOABMXHOM OCU BCe TOYKU Tena
ABNXYTCA C OANMHAKOBbIMN W U OAMNHAKOBbLIMW E.

=~ _BpalllaTCJIBbHOI'0 IBHUKCHUSA TEJA.

l CBsi3b MKV JUHEVMHBbIMHU M VIVIOBLIMHU XaPAKTEPUCTHKAMH
v | &

OnvHa ayrv okpyxHoctu (nytn): As = RA,
roe R — Moaynb paguyc-BekTopa.
Moaynb NMHENHOW CKOPOCTMU: v=wR

Moavnb NMHENHOIo
TaHreHUumManbLHOro YVCKoOpeHus:

aT=£R

— 2
Moavnb HOPMAaNbHOro YCKOPEHUS: a =w R

- 2 2 2p2 4p2
[lonHoe yckopeHue : a:\/a, +a =\/5 R* +o"R




Knaccugukaums ABUKEHNS 10 YCKOPEHUIO U (POPME TPAaEKTOPUM

Knaccndukaumsa ABUXKeHUs MmaTtepurasibHOUN TOUKMU
(nocTtynaTtenbHOro ABMXXeHUA Tena)

1 120 a=0 | paBHOMEPHOE NMPAMOSIMHENHOE
no0t OBWXeHne

2 q # () g =( |~ PaBHOMEpHOE BMKEHIE MO
oot OKPY>KHOCTHU

3 qa=0 ¢ #0 — paBHoMNepeMeHHoe
Rt NPSAMOSIMHENHOE OBUXEHME

4 110 g#( |~ HepasHoMepHoe
T KPUBONMHENHOE OBUXEHNE

Knaccndukaumsa BpalaTesibHOro ABMXEHNA TeNa

BpaweHne: 1. paBHoOMepHoe (w=const, €=0 ),
2. paBHonepeMeHHoe (e=const#0),
3. HepaBHOMepHoe.



NMocTtynartenbHoe BpauwaTenbHoe

PaBHOMepHoOe NpssMOJZIMHEeNnHoe PaBHOMepHoOe BpaljeHue
ABUXXeHue —
= = =ont
S=4r=Vi [padrKn OBUXKEHUS ¢
V.ot St
t t

PaBHOYCKOPUEHHoe = Vo+ i PaBHOyCKOpeHHoe
ABUXeHue i _ - a — 2

S=4r=S,+Vot += O = ¢pg + ot + et?/2

pachmkn aBmxeHns (npu S ,¢.=0, V_, o =0)
|

a.Ea V’ o * S~¢ 4

~+Y
~+Y
~+Y



§2 AvHaMuKa noctynaTtesibHOro ABUXXEHUA.

Cuna — BEKTOp, Mepa B3auMOAeNCTBuUS

NepBbi 3aKOH HbOTOHA (3aKoH

MarepuaspHasi TOYKa COXPaHSIET COCTOSIHNE MOKOSI UM MPSIMOJIMHENHOIrO
pPaBHOMEPHOIO ABUXEHMUS A0 TEX MOpP, MNOKa BO34ENCTBUE CO CTOPOHbI
APYrnx TeJl HE BbIBEAET €€ U3 3TOr0 COCTOSIHMUS. m — Macca, MEpa UMHEPTHOCTU

CuUCTeMbI OTCYETA, rae BbINOMHAETCA 3aKOH UHepUUW - UHepyuasibHbIe.

(V) o —
Bropou 3akKOH HbIOTOHA (OCHOBHOM 3aKOH AMHAMUKN) F - ma

[loa AencTBueM cusibl MatepuasibHasi Todka rnpuobpeTaeT YCKOPEHUE,
rporiopLMoHasIbHoe cujie, M HaripaB/1EHHOE TaK Xe Kak cu/a.

FAt = myv — mug /MIVIbCOM MOYKU HA3bIEAEMCA 1= 439 17

3aKoH 8EeKMOpPHasi 8e/UYUHA —
UIMEHCHN CKOpOCTb M3MEHEHWNs1 NMIyJiIbCa dp _ —
§ npornopynoHasibHa AENCTBYIOLEN cHhse. dt

aKOH
COXpaHEHU B cny4dyae OTCYTCTBMS BHELWHUMX CWJI MMNYJbC Tena
a (cncrembl Ten) coxpaHsieTcs. 2p,=const

1MyJipCa. w
MH HblOTOHa Ecnun teno B Bo3gencrByer Ha teJlio Ac
CWJION F, TO TE€J10 A B CBOKO O4YEPEAL BO3AEHUCTBYET Ha Te/10 B ¢ cuon Fz,

e

YNC/IEHHO paBHoOM F,  m HaripaB/IEHHOM B rIPOTUBOIIOJIOXHYO CTOPOHY.

F,=~F,




Cunbl MpasumauyuoHHbIe cusibl (cUnbl TAroTeHns) m.,m,

3aKoH BceMUpHoro TtsaroteHuns (HoiotoH):

Mexx0Oy nobeimu 08yMs MamepuaribHbIMU mo4Yykamu delcmeyem curna
83aUMHO20 MpUMSIXXeHUSs, NMPsMO rporopyuoHasibHas rnpou3eedeHuro

Macc amux moyek (m_ u m,) u 06pamHo rpornopyuoHabHas keaopamy
paccmosiHUs Mex0y HUMU (r ?):

G=6,672010""Hem?/kr? rpaBUTaLMOHHAA NOCTOSAHHAS.

Curnbl TArOTEHUA - NPUTSXKEHUS; HanpaBneHbl No NPSMOW,
COEAUNHSIIOLLEN LIEHTPbl Macc Temn; He 3aBUCAT OT cpefbl, B KOTOPOW
HaxogaTcs Tena. F =mg - cuna NpuTSKeHns Tena k 3emne

TAXEeCTU

Cuna yrnpye2ocmu Bo3HUKAET B Tese Nnpu ero gedopmMaumu.
3akoH 'yka B uHTerpanabHoun dopme:

A6COJIIOTHOE yaA/IMHEHME rpu yripyron gegpopmaumm Fynp = -kx
rpornopUnoHasbHO AENCTBYIOLLEN CUJTIE. -

3akoH Nyka B audpcdepeHumanbHon popme: OTHOCUTE/IBHOE
YAJIUHEHMNE & U HAlMPSIXKEHMNE & MPSIMO rPOropLUMOHaIbHbl APYr APYyry.

c = E¢ E - moaynb KOHra, ¢ = At/f, o=F/S, S - nnowaab




Cvnia TpeHuUsa npensaTcTBYeT ABUXXEHUIO conpiikacaroLlmxcsa Ten apyr
OTHOCUTENbHO Apyra.

—— TpEeHne NoKos = Fe.Tp_ ~

”meHme CKOJ1bXEHUA Cyxoe (BHelUHee) Bsaskoe (BHyTpeHHee)
TpeEHNE KaydeHunsd

LleHTpOocTpeMuTenbHas cuiaa

JEHCTRYIOMAN ng TEAO MACCOH m, ABHXKYHICECH [0 OKPYIKHOCTH PannycoM R,

muv
W= = muw?R VW) —HHefiHAs (yri0Ras) CKOPOCTS Tefla.
Pabota u MOLWHOCTb CUNbI F

. . el ' v
PaboTta nocTosaHHOW cuslbl F Ha npaMonnHENHOM y4aCTKE NMYTU S : ‘ v

A= Fscosq O —yroaMexiy HanpaBleHHeM CUJIbl H My TH.

[Mpu a<n/2: paboTta cunbl >0, Iicosna,u,aeT MO HaNpaBneHM cV = o,

Mpu a>n/2: paboTta cunbl <0 , F HanpaBneHo NPOTUBOMOMOXHO V
Mpu a=n/2 (cuna 1 nepemelueHunio): paéora cunbl = 0, F =0

PaboTta nepemMeHHOon curbl HA KOHEYHOM 2 -
y4yacTke nyTn = anrebpanyeckon cymme dA Ha A =S F ds cos o= S Fs ds
oTaernbHbIX ds | |

mxoynb([x)



padmyeckoe npeacraBreHne paboTbl

MOLLHOCTb - ckanspHas Benm4ymHa,
XapaKTepu3yeT CKOPOCTb COBEPLLEHMS]

paboTkl B C — BartT (BT)
lais mocroanHoN MOLHOCTH
N=Alt= Fycosa
A — pabora, coBepiaemas 3a Bpems £:
F'——cHna; v = CKOpOCTH ABHMKEHHS:

Q —— YIOJ MeXxIy HanpabJeHuIMH
CHAB H CKOPOCTH.

A = S N( 1) ar -Paborta nepeMeHHON MOLLHOCTUN 3a KOHEYHbIN
r NPOMEXYTOK BPEMEHMU

KoHcepBaTuBHbIMU_( NOTEHUMAJIbHbIMMU ) Ha3bIBAlOTCA CUbl, paboTa
KOTOPbIX HE 3aBUCUT OT TPAEKTOPUM ABUNIXEHMUSA, a ONpeaenseTcs
TO/IbKO HA4YaJiIbHbIM U KOHEYHbIM MNOJIOXKEeHUEM MaTepuasibHON TOUKMN.

( Cunbl TAroTEHUA, YNPYrocTn)

Ecnn paboTta, coBepwiaemMas cU/ion, 3aBUCUT OT TPAEKTOPUMU NepemMe-
LLIEHNS Tena, TO CU/la Ha3biBAaeTCs HEKOHCEPBAaTUBHOMU UK

anccunatuBHou. ( Cuna TpeHus )

CrocobHOCTL Tena K COBEPLUEHNIO MeXaHUYecKon paboThl — MexaHuJyeckas aHeprus



NMNoTeHUuManbHasd
HOTEHLIVIaanaSImnl\ﬂexaHMHeCKaﬂ 3Heprvm CUCTEMDbI TEN,
onpen,enﬂeMa;l NMX B3dANMMHbIM paCI'IOJ'IO>KEHVIEM n BBaMMO,D,EVICTBVIEM.

[ns nons KOHCEPBATUBHbIX CUJI pa60Ty Nno USMEHEHUIO NOJTOXKEHNA TOYKU

MO>HO 3anucaTb B BUAE Pa3HOCTM 2 YUCEN: A12=|_|1—|_|2 ,

|'|1 — 3aBUCUT OT HAYaJIbHOIO MOJ1IOXKEHUA | |'|2 — 3aBUCUT OT KOHEYHOIO MOoJ10KeHUA

Teno B To4Ke Nosns noTeHumManbHbIX cui, obnagaeT noTeHumManbHoun aHepruen 1.

dA — dI—I Pabota KOHCepBaTUBHbLIX CUI MNMpn 3rieMeHTapHOM USMEHEHUN

|<0ch|/|rypau,|/||/| CnCTemMbl paBHa Y6bI.I1VI NnoTeHUMnanbLHOWU JHEepruu.
2 2

Ecnn n3secTtHa I;(r) : A =S F ds cos ox = S Fs ds

| l

1= _S Fdr4C [NoTeHuManbHasa aHeprusa onpenensaeTcs ¢
“'| TOYHOCTBIO 4O NPON3BOMBHOM NOCTOSHHOIA C.

Cyumarom, ymo ripu onpeoderieHHouU KoHgbuaypauuu cucmemsi I1=0, a I1 e Opyaux
MOSIOXKEHUSIX OMCcYUMbI8arOM OMHOCUMESIbHO HYJ1E8020 YPOBHSI.

Cuna TAroTeHus — KOHcepBaTUBHA n=aG. %

Cuna TaxecTtn — KoHcepBaTuBHa I = mgh

Cwuna ynpyroctum — KOHcepBaTMBHaA. n-=
Cunbl TDEHUS — HEKOHCEDBATUBHbIE (NKXCUZAaTVBHbIE)




KuHeTn4yeckas aHeprus

KuHeTnyeckas aHeprus (T)— 3TO SHEPrna MeXaHMYECKOro ABMXKXEHUS,
namepgaemaga paboTon, coeepLiaemMmour TeoM A0 NOJIHOW OCTAHOBKMU.

Cwvna F, BbI3biBas ABWKeHWe Tena, coBepLuaeT paboTy, a 3Heprua ABWKEHUs Tena
n3MeHsieTcs Ha BennumHy 3aTtpadeHHon pabotel: JA =dT

dA=(Fds) = m(dv/dt)ds = m(ds/dt)dv=miuv dv =dT
¢ Teno maccon m, OBNXyLleeca co

2
T=S muv dv=muv /2 CKOpPOCTbIO Vv, obnagaet T =
0 KMHETUYECKOWN SHEPTUEN: —

Kunemu4yeckas aHepausi ecea0a nono»{urnemé%éz
KuHemuuyeckas aHepausi 3asucum om ebibopa cucmembl omcyema.

+ PaboTa, coBepLiaemas Haf TENIOM Ha y4acTKe MnyTu, A — T _T
NAET Ha NpupaLleHne KUHETUYECKOWN SHEPTUN: 12

[MonHasa MexaHu4yeckasi IHeprusa — JSHepPrns MexaHm4ecKoro ABUXEeHUdA n
B3aMMOOENCTBUA, paBHa cymme KMHETUYECKOW N NOTeHUManbHON SHEPrmm

T+ =E
[1lns MaTepuanbHOW TOYKWN, ABMXKYLLENCS Nod AeNCTBUEM KOHCEepPBATUBHbLIX CUIT:

A =T,~T,n A,=N~ — n-n, =TT — — E,=E

I‘I+T =1 +T




3aKOH COXpaHeHUs MexaHN4eCKon aHeprum

T+M = E = const | [10/1Hasi aHepausi MamepuasibHOU MOYKu & rose

KOHCcepeamu8HbIX CcUJT1 COXpPaHsAemcs

3aKOH COXpPaHEHUA MEXaHUYECKOU SHEepruu Anga 3aMKHYTOMU
CUCTEMbI:

B cucrteMme 1en, MeXxay KOTopbiMU AEACTBYIOT TOJIbKO
KOHCepBaTUBHbIE CUJ1bl, NOJIHAs MeXxaHu4YeckKasi SHeprums
coxpaHsaetrca(He N3MEeHSIeTCA CO BpeMeHeM).

B amccnnatuBHbIX cucteMmax (MMerTCss HEKOHCEPBATUBHbIE CUJbI)
MeXaHu4yecKkas aHeprus nocTerneHHO YMeHbLaeTcs 3a cyeT
npeobpa3oBaHusa B gpyrme (HeMexaHun4yeckme) opMbl SHEPrUmn.

3aKOH COXpaHeHUss MexaHUu4YeckKou 3Heprum ans
He3aMKHYTOM

CUCTEMDLI.

N3MeHeHMe NOJIHOM MeXaHNYEeCKOM SHEPrMn CUCTeMbl PaBHO
pabore, coBepLwieHHON BHEWHUMU CUJIaMM.




§ 3 [AnHamuka BpalljlaTCJ/IbHOIo ABHMO)KeHNA

Tabnuua_aHanorni xapakTepucTuk, onpeaenstowmx AMHaMUKy Bpallle HUS
Tesla BOKPYr HenoABHXXHOMH OCH 1 NocTynaTenbHoOe ABWXKeHWe Tena.

foctynareabhoe aBHAKEHHY Bpatwareanuoe ABHKeHRE
Macca m MOMEHT HHEpLKH J
Chna F Maoneut euam M. v M
Hmnyane p=/mv | MoMeHT uMnyabCa L.=Jw
Ocnosroe ypasuenwe  F=ma | Ocuophoe ypasueiwe M.=J.e

AHHAMHKH S NAHHAMHKN -~ dL
dt | BpaUeHHs =

df
Pabora dA=Fds | Pa6ora spawennss dA= M, dg
KaneTnyeckan Heprus  my?/2 | Kunernueckas sneprus 7?2

BPALLEHHS :




MoMeHT nHepuuy MaTepuasabHOU TOUYKKU I =NPOM3BEAEHNIO

MacCbl MaTepunasibHOM TOUYKM Ha KBaApaT pacCTOSAHUS OT OCuU ]l, = ml.rl.z
BpalLleHNs A0 pacCMaTPUBAEMOI TOUKN: cn
B -
2
MomMmeHTOM nHepuyny Tena I I = } : m, ’”iz Momem[#ﬁém.n]n Tena
OTHOCUTEJIbHO AAHHOUN OCU . 33BUCHT BbIGOPA OCH
Ha3bIBAETCA CKaJ1IApHaa BEJIMYNHA . BpaLLeHUs.
MOMEHTbI MHEPUUN TET OTHOCUTEJIbHO MNM1aBHbIX oceun
B SN R
/" / \ \ ToukocrenHas
@ | L Toepsiii L ' cipepuueckas
‘{/ CrepaeHs .- Ewp b 080N04KA
le=MR’ I, = %MR: I = %MR"
2 1| (Je) 2
y
q TOHKOCTEHHBIIA ) , ’
LHIHAP Jnck ' Tnck S S,
Ce P.V

Teopema LteriHepa: MomeHm uHepyuu I, omHocumesnbHoO
HernooBUXHOU OCU MOXHO 8bipasums Yyepe3 MoMeHm uHepyuu |
3Mo20 meria OmHOcCUMmMeribHO OCU, rnpoxodsweu Yepes ueHmp Macc
mena u napannensHol nepeoti no popmyne: I, = I. + ma?

d — pacCTodHne Mexay oCAMHU




MoMeHTOM CHnJibl OTHOCUTEJIbHO HEMOABMXCHOMN OCHU Z Ha3bIBAETCH
npon3BeaeHNE. M _ FR B CU -

rae R — DACCTOSHHE MeXXAy OCbIO BPAULEHHT H INIPDAMOH,
BHOJB KOTOPOH mxeficTByeT cuaa F , nne4yo cunbl

OcHosHoe ypaBueHe M — JE| & ymonoeycuopense BPAHIAIONIEroCs TeNa;
AHHAMHKH BpALLEHUS — J — MOMEHT HHEPURK TEAR,

MoOMeHTOM MMnyJsibCca MaTepmnaabHON TOYKN OTHOCUTENIbHO

HenoABMXKHOMN ocu Ha3biBaeTca nponsseaeHme: L = pR = mvR

rae i — PDACCTOSHHE MeXXAy OCbIo BPAalUlEHHT H NPAMOHA,
BHOJIE KOTOPOMH HE€RACTBYET HMNVALC P

r 7 n

L2=Z m‘.v(rl=Zm,r?w=mZ m; ri=1,® L =1 o
L n M — akcuanbHbie eeKmopa, nxX HanpasrieHmne coBriagaeT C

HanpaeneHneM YrmoBON CKOPOCTM U YINOBOMO YCKOPEHUSI COOTBETCTBEHHO.
3aKoH coxpaHeHUsl MOMeHmMa umnynibca  § | = E Jitw; = const

e U30J1Uupo8aHHOU cucmeme. |

s =1

3akoH nameHenusi momenTta umnynesca: dL/dt=M ckopocti nsmenenus
MOMEeHTa nmMmnyrsnbcCa TBepaoro tefia = MOMEHTY CUJ1 OTHOCUTeI ibHO TOW XKe OCM.

Mpy C/10>KHOM ABMIKEHMM TeNa KNHETUYECKAs 3Heprus m 02 I 0)2
CKNlaAblBaeTCaAN3 3HEpPrMm NocrynaresibHOro C 84
ABUXXEHUS 1 SHEPrun BpalleHU s ' = 9 + 9




§ 4. NapmoHun4yeckue KonebaHna N UX XxapakTepuUCTUKN
Mepuoanyeckue nNpoLecchbl — npoLecchl, NoBTOpsOLLMECS Yepe3 PABHbIE
NPOMEXYTKN BpeMeHU (nepunog konebaHns T — Bpemsi 04HOro NosnHoro korebauns).

FapMoHMYeckne konedbaHua — konebnioLasacsa BenmyunHa N3MeHsaeTcs co
BPEMEHEM MO rapMOHMYECKOMY 3aKOHY (CUHYCa UMK KOCKHYyca).

CBoOoOOgHbIe KonebaHusa NPYy>XMHHOIro MasiTHUKA.
YpaBHeHMe rapMOHUYECKOro KonebaHus

r = Asin{wt + o)

h A - MakcumarnbHoe 3HadYeHne KonebnoLlencs BennimHbl —
. = amnnuTyna kone6aHum,
F::_‘ = \,/‘/_., wt+¢_ - dpasa kone6aHUn B MOMEHT BpeMeHM t

® - KpyroBas (LMKru4yeckas) 4acTora, (1)0 - HaYanbHas da3a KonebaHun
3a nepuog hasa rapMoHNYecKoro kKonebaHusi nonyyaeT npupalleHue 2.

o(t+T)+d=(ot +¢_)+2n E’ T=2n/o v=1/T -yvactota (')
CKOpOCTb 1 YCKOPEHME TOYKW, COBEpLUAtOLLEN rapMOHMUYecKne KonebaHus:
oz Bosepauwarowas cuna

s = Aw cos(wt + o)

2

_ F= ma= -mw?*x= -kx
8” riporiopyuoHarsibHa cMewWeHUK mo4dKku

e Aw’sin(wt +p) = ey 8y U3 MONIOXKEHUS PaBHOBECUS U
At ' HarpaeneHa K rofoXeHUr pagHOBECUSs]



[na Npy>XMHHOro MasTHUKa () = = 2}."

[
i ® \ X
m — mMacca To4ku, K — KoapdpununeHT Bo3BpaLlatoLEen CUbl, XKECTKOCTb MPYXXUHbI

" my®  2a2A%m
= = COS t -+ o

Ik 2 -

KnHetnyeckas T, 22 1=,
noteHumanbHas I kx 272 A%m,
= — = sin? —t +
v nonHas E aHeprus 2 T2 2
rapmMoHn4eCcKoro 27T2A2
konebaHus: E=T+4I1l = — =mA’w?/2

TZ
E ocTaeTcs NOCTOAHHOW, NPU rAPMOHMYECKNX KonebaHnsax cnpaBeasiueB 3aKoH
COXPaHEeHMs1 MexaHM4ecKon aHeprum (ynpyras cuna KoHcepBaTUBHA)

MaTtemMaTn4eCKMM MassTHUKOM Ha3bIBAeTCs Tesio HebOomnbLLINX
pa3mepoB(MaTepunarnbHas Touka), nogBeLleHHOe Ha ONTMHHOW,
HEBECOMOW U HEPaCTAXUMOWU HUTH.

Ona manbix KonebaHun maTeMaTu4ecKoro MasiTHMKa

f [
a=_JE 122"
VL 'K

L — AnvMHa MasiTHUKa, g— yckopeHue cBoboaHoro nageHust

Moy



a

§ 4. 3aTtyxawowme n BbiHYXXAeHHble KorebaHus. Pe3oHaHc.
B pearnbHbIX cuctemax Bcerga npucyTCTBYHOT CUibl TpeHus. KonebaHna saTyxator.
[Mpn Hanuume 3aTyxaHus B CUCTEME CYLLECTBYIOT NOTEPU IHEPTUN -

nepexon MEXaHUYECKON 3HEPrnun B TENSOBYIO. . —pt
C TeyeHnem BpemMeHU yMeHbLUIAaeTCAa aMmnnutyaa KkonebaHumn. A o A 0 e
. it B- koadbdunUNEHT [1o cpaBHEHUIO C 4YaCcTOTOM CBOOOAHbIX
s Agte 3aTtyxaHud KonebaHumn Ww_ vacToTa KonebaHumn
g CUCTEMbI NPU 3aTyXaHUN YMEHbLLAETCS
""""""" o R e a nepvop yBenuunsaeTcs
f\ B e SR Jlocapugpmuyeckuii

: : /T\ ' vﬁ; y
\/ \/ \/ \/ N t dekpemMeHm 3amyxaHusi

—ﬁt
A(t) —1In Ane ; —1n ofT =BT
A(t-i— T) Ap e_ﬁ(ﬂ_ )
UYtobbl KonebaHusa He 3aTyxanu, HyXHO NePUOANYECKN NOABOAUTL SHEPIUIO.

BbIHy)XAeHHbIe KornebaHus - 3To KonebaHus, npoucxoasiwme
noa AeNCTBUEM NepuoanyecKoro BHeLWHero BO3OenCcTBuUS.

BHeluHsIA cuna, usMeHsitoLasics no rapmoHuyeckomy 3akoHy:  (F(t) = F, - Cos ot

YcTaHOBUBLUMECHA BbIHY)XXAEHHbIEe KonebaHusa — rapMoHUYeCcKue KonebaHus ¢
4YaCTOTOM BblHYXAAloOLWen CUnbl: a(t) — A COS(O:)t o (P)




AMNNNTYOa BbIHY>KAEHHbIX KOrebdaHnin n3aMeHsaeTcs A = A(w)
C U3MEHEHMEM YacTOTbl BHELLIHEro BO3AeNCTBUA.

[1pn onpeneneHHon 4YacToTe BblHYXX4aloWeW Cuilbl aMnnuTyaa pe3ko Bo3pacTaerT,
AoCcTUrasi Makcumyma. OT0 siBfieHMe Ha3bIBaeTCHA Pe30HaHCOM,

d COOTBETCTBYHOLLAA HaCTOTa - W - pe3OHaHCHOﬁ.
Vai2p
A(0)/ A(0) Wpes = Y0

B gy €3OHAHCHBIE KPUBBIE -
| Tpacdmkm 3aBucumocTtn A(w)
npuv pa3nuyHbIX B .

Bi<B,<B,

2 2
2B,° > w,’,
Pe3oHaHC OTCYTCTBYET

=Y

T T L T T 1 I -
0 1 pROTEON

BbiHy>XOeHHble konebaHnsa — aTo He3aTyxarowme KornebdaHus.
HensbexHble noTepn saHeprum Ha TPEHNe KOMMNEHCUPYIOTCS
NOABOAOM 3HEPrMM OT BHELLHEro MCTOYHMKA Nepuoamnyeckn OenCcTBYOLWEN CUTbI.



87. OnucaHve ynpyrom rapMoHM4Ye€CKOU BOSHbI
OJiHa — npouecc pacrnpocTpaHeHUsa KonedbaHuu B NPOCTPaAHCTBE C

Te4eHneM BpeMeHU.  UCTOYHUK BOJHbI - KorebaTenbHbIN npoLlecc
Ynpyrasi BosiHa - 3T0 NMpoLecc pacnpocTpaHeHust koriebaHnn B yripyrom cpeae,
oTAelNibHbIe YAaCTU KOTOPOM YNpyro cBfi3aHbl MeXxay COOOM. .
HanpaeneHue pacripocmpaHeHUs1 80JIHbI Ha3bi8aemcsl J1y4OM.
Ecnn konebaHns nponcxoaaT B Ecnn konebaHns nponcxoaaT B
HanpaBfieHUN pacrnpocTpaHeHNs1 BOMNHbI HanpasfeHnn NepneHanKynapHoOM K
(ny4a), BonHa Ha3blBaeTCcHa NPOAONbHOM ny4y, BOfIHa Ha3blBaeTCA NonepeyHon.

OnmcaHme IBVDKeHMS

KO QI'I y CKyJISI QHOI’O BOJIHOBOI'O
— mpaeKkmopusi. — 80JIHOBasl MOBEPXHOCMb U (hPOHM BOJIHbI.
B ogHOpOAHOM ¥ M30TPOITHOM IIPOCTPAHCTBE ®pPOHM 80MHbLI —
$POHT BOMHE! NPE PasIHYHEIX GOpMaX HCTOYHEKA BOTHEL N08epXHOCMb,
/ n omaoesnsirowas
= B 803MYUWEHHYIO
B . obrracmb
P npocmpaHcmea
N om Heeo3MYyU|eHHOU.
TOYSUHBIH HCTOUHHK /

- L .
Copepuueckuii pponm ~ MIOCKHH HCTOYHHK
Cepepuuecxas Boana. Pponm naockocms - Ilrockas Boana



[eomeTpnyeckoe MecTo ToYeK, konebnowmxca B ogHoW dase, Ha3biBaeTCs
BOJIHOBOM NOBEPXHOCTLI. PPOHT BOSHLI — NepeaoBasi BOSITHOBasi NOBEPXHOCTb.

BosiHoeble nogepxHocmu OJis1 NJIOCKOU 80JIHbI rnpedcmassisiom cobou
cucmemy naparsinesibHbIX naockocmeu.
[Ona cepunyeckon BOMHLI - cucmemMy KOHUeHmpu4eckux cgep.

BonHa Ha3biBaeTCA rapMOHUYECKON UMM MOHOXPOMAaTUYECKOMN,
ecnu KonebaHuAa ocyLecTBIATCA NO 3aKoHy Sin unu Cos
C onpeAaesrieHHOM LMKITIMYEeCKOMN 4YacrioToMN.

Mepuoa konebaHnn T - BpeMs 0aHOro KornebaHusa — nepuoa BOrHbl.

[ONnuHa BOsHbI - 3TO pacCToAAHME, Ha KOTOPOE pacnpocTpaHseTcs BonHa 3a

OQWH nepuop KoriebaHnin.
- CBAA3b Mexay

T — 1 NepuoaoM u
- ; 4aCTOTOW KonedbaHui

CBs13b MeXxay ANMHON BONMHbI U
$ iy ) v A=2Tv/®
4acCToOTOUN N UUKITNHECKOUN HaCTOTOU BOJIHbI k = —




YpaBHEHMe NNOCKOW BOSHbI, PACnNpPOCTPaHAKLWENCA B HANpaBneHnn X.

E(x,t) = A-Cos[m(t—§)+ oa} =2 | -BonHosoe
¥ 4

E(x,t) =A-Cos(ot —kx + o)

XapakTtepHoe CBOMCTBO bOerywien BOsiHbl —
nepeHoc aHeprum 6e3 nepeHoca BeLlecTsa.

Cpena, B KOTOPOW pacnpoCTpaHAeTCs ynpyras BosfiHa,0bnagaeT 4oNOAHUTENBHON
9Heprnen gedopmaunm W .
[TpoLiecc nepeHoca aHeprun xapakrepuayer

—

—
Bexkmop nnomHocmu nomoka aHepauu — eekmop Ymosa: 1§ = |4}/ /4

W — MMNOTHOCTb SHEPINKN YNPYron rapMOHNUYECKON BOJTHbI, V — CKOPOCTb BOSHbI
WHTEeHCMBHOCTb BOMHbI — MOAYJb CpeAHero 3Ha4yeHnsi BeKTopa YMoBa:

CpeqHee no BPEMeHW 3HaYeHne w W= P Ao’
1 roe o — NNOTHOCTb BelLecTsa,
— — | — T o |
= |u‘ — W‘VI =—pA-Ov. A — aMnnNuTyada, w — UMKNnyeckas
¥, 4acToTa, V — CKOPOCTb BOJHbI



CamocToaTenbHo pasobparsb:

1. CnoxeHne konebaHnn
2. [wppoctatuka(zakoHbl Apxumena, lNackans)
3. [wapoanHamuka (ypaBHEHUS HepaspbIBHOCTU, bepHynnn)



