«Camas nydwas unKka - 3no xopoluas
manmemanmka> .

«BneKnpomarl-m rapmoHu4yecKkue
KoJsiebaHua u ux manemanmdeckoe
obocHoBaHue> .

Ypok usyyeHus Hosoro manepuana,
UHNMEerpUPOBAHHBIUA YPOK: PU3MNKA U
manemanvika.
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Llenb yyebHas:

Coopmupoeamb y cmydeHmMoe rnoHsimue «2apMOHUYeCKoe
KonebaHue» u Hay4vumsb ornpedesiamb napamempsbi KosiebaHul
Mamemamu4ecKkumu criocobamu.

3adayu ypoka:

1. [Tlokazamb aHasio2ur0 MeXX0y napaMmempamu, xapaKkmepu3syrouwumu
MexaHu4ecKue U 3/IeKmpomMacHUMHbIe Kosieb6aHusi.

2. PacKkpbimb cyujHOCmMb oripedesieHuUsi napamMempoes o ypasHeHUsIM
2apMOHuU4YecKux KosiebaHul u ux spaghukam.

3. Packpbimb npuHyuUn nocmpoeHusi 2paghuKkoe 2apMOHUYECKUX
KonebaHul rno ux ypaeHeHUusiM.

Pa3eusarowas uesnb:

lMokazamb cmydeHmam poJsib MexrnpeoMemHbix cesidel npu
U3y4YyeHuUU Kypcoe MamemMamuKu U pU3UKU; pacKpbimb CyuHOCMb
aHaJsio2uu Kak Memooda Hay4YHO20 MOo3HaHUusl.

mameJibHasd ueJib.

BocnumaHus ycmoliiyueo20 uHmepeca cmy0eHmoe K 00CMUXXeHUI
e3ysibmamoe ceoeli pabomail.



Popmbl 1 menoabl obydeHUs

* becena.

pacckas;

06BbACHUNRSIbHO - UNIIFOCNPAYUNOHHBI A
npobnemHole cunyayuu:

* Menoa cyxaeHus.




Cnpyknypa 3aHanms:

Aknyanusayus 3HaHUA.

- MomBayusa yuyebHou AesnenbHochM.
[locnaHoBKa yesnu.

- PopmupoBaHue HoBbl X 3HAHUNA.

- KoHnposnib nosiyyeHHbi x 3HAHUA.

- [NoaseaeHue unoros.

- LomawHee sapaHue.




Aknyanusayusa paHHee ycBoeHHbIX 3HaHUM.

TTpenoaaeatens gu3smuKM 3aAaeT BOMPOCHI
CTyAeHTam:

Yo cobou npeacmasnsromkonebaHus?

B Kakux pasgesniax U3IUKU Mbl 0 HUX
rosopunn? [lpuseaune npumepsi.

CTYﬂ.eHTbI OTBe4vYaroT Ha NOCTaBJ1€HHbIE BOMPOCHI




-Kakue ycnosus Heobxoammo cosgam Ana rosiyveHus
MexaHuvYeckux KonebaHui?

-Kak nonyyarom aneknpomarHunHbie KosnebaHusa?

AHanorua mexagy mexaHU4eCKUMU U 351eKNPoMarHUmHbl My
KoJsiebaHuamu.
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-Uno moxHo ckasam 06 mM3MeHeHUN PUNHECKUX
BeJSINYUH, MPOBOAS AHASIOrMIO MexXAy ABYMS BUAAMU

KkonebaHui? Kak gosro oHu 6yaym npogosixamca?
Coonsenctneue mexay mexaHN4YeCKumuU U s31eknpuveckumu

BesindynHamu.

MexaHudyeckue sesriNdYUHbI

Sneknpudeckue sesINYUHbI .

MonmeHyumanbHas sHeprus

KuHemyeckas sHeprus

KoopauvHana X 3apsa q
Ckopocm 4 Cuna noka i
Macca m UHaykmisHocmy L
Xecmxocmy npyxuHbI k BesimyuHa ob6pamiaa emkocrm 1/C
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Momeayusa ydyebHou
AesnesibHochm

TTpenoaaeatens pusmMku oTmeuaet, YTO KonebaHus
CBOUCTBEHHBL BCEM ABMIEHUAM NpUpPOALL: NYNbCUPYHOT
3Be3Abl, BpAWAFOTCA NSIAHeTbI, BHYTPU OpraHusma 6bbercs
cepaue u T. A. Bam ussectHa npupoaa BOHUKHOBEHUS
MeXAHUYECKUX U 3MEeKTPOMArHUTHBIX KonebaHuu.
Bonpoc: Kak BbI Aymaene, Kakumu xe
napamenpamu byaym xapakmepusosanbcs
paccmonpeHHble Hamu KoslebamesibHbl e

npoyeccsi ?

(CTyAeHTbI NpaBUIIbHOrO OTBeTa Ha BONpOC He
AAFOT, T.K. Y HUX He XBATaeT 3HaHUIA)




[locmaHoBKa yesm ypoka

TTpaBUNbHO OTBETUTL HA MOCTABJIEHHBIW BONPOC
BAM MOMOXeT U3ydeHue 9BneHU
«FapMOHUYeCcKUe KonebaHus B pusmke».
N3yueHne aaHHOrO 9BrneHUs HeBO3MOXHO be3
3HAGHUM, NOJTYYEeHHBbIX U3 Kypca MATeMaTUKu.
CerogHs Bam NpeacToUT NO3HAKOMUTLCS:

BO_-repBbi X, C 0CHOBHbIMU MOHAMMUAMU U
mepmuHamu meopum KosiebaHus,

BO-BNOPbI X, C Manemanm4eCKumum
coonHoweHuamu, onucelsarowmImu KoniebaHuA.

N nepsoe, u BTOpoe 0YeHb BaXHO ANS MOHUMAHUS
BCEro nocreayolero Kypca pusmku.




N3ydyeHue Hosoro manmepuana.

- [p. manemamky 06DBACHACT NOHATUE FAPMOHUYECKUX
KonebaHuu.
- KonebaHus, npu Konopblx @usMYecKas BesIMYUHA MU3MeHsents C
nmeYeHuem BpemeHU Mo 3aKoHy CUHyca U KoCcUHyca
Ha3bl BArONTA rapmoHUHeCKUMU Kos1iebaHuamm.
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[pagpuyeckn rapmoHudeckue KosiebaHus
usobpaxaronta cuHycouaamu

Fpaguk  cuHycouabi .

N

Y=COS X

=St X




- [p. @usmku npeanaraet CTyAeHTAM
06BACHUTD :

«TToyemy konebaHua rpysa Ha
nNpyxuHe U ceoboaHbIe konebaHus B
3aKPbITOM KOHTYpe MOXHO
NpeACTABUTb C MOMOLLbBHO
FapMOHUYECKOrO 3aKOHA KOCUHYCa?>»




pagpuku rapmoHuyeckux KosiebaHUA.
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[1p. manemanvku, UCNOSb3ya YPABHEHUS FAPMOHUYECKMU
KOonebaHUU n Ux rpaPuku, BBOAUT NOHATUE FAPMOHUYECK
KonebaHuu.

, Napamenpbl rapmoHuyeckmx kosiebaHu.

- 1. Moaynb Hanbonbwero 3HadyeHUs Kosebnrolenica
BesINYUHLI HA3bl BAents amrsimnyaHblM 3HaYeHUEM.

- Xm(m) - amnnunyaa mexaHudeckoro KosiebaHus,
- gm(Kn) - amnnunyaa 3apsaa KoHaeHcanopa,

- Im(A) - amnnunyaa cunsl hoka;

- Um(B) - amnnunyaa HanpsxeHus .

- 2. 3HayeHue kKonebrirowenuca sesinduHbl B JIFO60A MmomeHmM
BpeMeHU Ha3blBaentsi MrHoBeHHbIM 3Ha4YeHUeM.

- Xm(m) - amnnunyaa mexaHudeckoro KosiebaHus;

- gm(Kn) - amnnunyaa 3apsaa KoHaeHcanopa,
Im(A) - amnnunyAa cunbl hoka;

B2 B) - amnsmnyaa HanpsixxeHuUs



[epsuyHas nposepka rnoHumaHus u obcyxaeHue pesysib

- 3agaHue Nel.

A). AMNIUTYAHbIe 3HaYeHUs.
b). MrHoBeHHbI e 3Ha4YeHus.

X (MW

Puc.1 MNpagpuk mexaHuyeckoro

g (Kn)A

YKa3aTb MOMeHTLI BpeMeHU, KOrAa 3HaveHue Konebnrowmxc
BeJIMYUH Ha NpeACTAaBMeHHBIX FpagUKax npuobpeTaroT:

Puc.2 Mpaguk snexkTpomarHUTHOro
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KonebaHus.
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N3ydyeHue Hosoro manepuana.
[Mapamenpbl rapmoHudeckux KosnebaHuu.

[1p. manemanmku:

3. MuHUMaIIbHLI i _NPOMEXYyNDK BpemeHU, B MedYeHUM Konoporo
3HayeHue Konebnirolwenucs sesindnHbl rNosTHOCH O MoBhopsents
HasbliBaenta nepuofom KosnebaHus.

T (c) - nepuoa KonebaHus.
[p. pusmku :
lMepuon cobcneeHHbI X Hesanyxarouwmx KosiebaHU KoHnypa, KorAaa

ero corponmssieHue pasHo Hysko, ornpepesisentsa rno @opmyrsie
aHrauiAcKkoro gusuka TomcoHa:

T =2n~LC

Mepuoa konebaHuii B peasibHOM KoHNype HANpamyro 3asucmum
omero conpomsrieHns R. Yem 6onbuwe conpomsneHue R
3aKpbihoro_KosiebanesibHoro KoHnypa, nem 6osibwe nepuos ero
SVIeDe




[Mapamenpbl rapmoHudeckux KosnebaHuu.

- [p. manremamku:

- 4. BenuuumHa obpanvaa nepuoay HasblBaents 4Yachohou
KonebaHus.

. v(I'epy, Iy) - yacmoma KonebaHMs.

L=—
T

. [1p. usmku:

- Yacnony cBoboAHbl x KoslebaHUIA, BO3HUKALOWMX B 3AMKHYNOM
KonebanesibHom KoHnype, HasbiBaromcobchseHHoU Yachohoi
KoniebamesibHoU cuchemsl .

- Yacnmonma cobcneeHHbI x Hesanyxarowmx KosiebaHuA KoHnypa
BblYUCIAENTa Mo @opmyJie:

27 JLC




[epsuyHas nposepka rnoHumaHus u obcyxaeHue pesysib

- 3agaHue Neo2.
. YKa3atb nepuoabl konebaHuii Ha NpeacTaBneHHbIX
rpacPUKax U paccumTaTb YacToTbI KonebaHus.

X (MW

T2

T3

Ta

Puc.1 MNpagpuk mexaHuyeckoro Puc.2 Mpagpuk anexkTpomarHUTHOro

KonebaHusa. KonebaHus.




N3ydyeHue Hosoro manepuana.

[1p. mamemamku: N3 Kypca mamemanmku mussechvo, 4ho
HaUMeHbLUUM MepuUofom PyHKYUM KOCUHyca U CUHyca
asnsenta sesimyuHa 2[1 .

- 5. Ecnun paccmanpusam 4umcno konebaHuid He 3a 1c, a 3a
2lc, o nonyuyeHHyro Yachohy Hasbl BAtOM YUKITNYECKOU UNU
Kpyrosou 4acnohoi.

2
a):27n):—7r

pao. ”
. a)( ¢ | = YuKIMYecKas nam Kpyrosas yachona KoJsiebaHui

. [1p. gusukn:liuknudyeckaa yacnona konebaHui Ans
3aKpbIMOro KoJsiebamesibHoro KoHnypa BbiYUCIISents no

gopmyie: |




[1p. manemanmku:

6. Bl paxeHueHue, Konopoe choumnos 3HaAKOM CUHyca u
KOCUHyca B ypaBHeHUM rapmoHu4Yeckoro KosiebaHus,
HasblBaenta @asou KosiebaHus.

- @ [paa]- ga3a konebaHus

- 3HavyeHue @asbl B MOMeHM BpemMeHU, paBHOU HyJito,
Has3bl BAFOM Ha4yasibHoM @asoii KosiebaHus.

. @0 [paan] - HayasnbHas gasa kKosebaHus.

DyHKYMU y = coSX U y=sinx onmmyarontsa Apyr omapyra
gaszamm KosiebaHuU
. cosp = sin(p + n/2)
- PasHocm mexay gazamu Konebnrowmxcsa sesIMYUH
Ha3bl BaArOM @pa30B8bIM CABUIOM.

=P =92 - ol [paA]




[Mpumep pacyema pasHochwv ¢pas.

YpasHeHue mnsmeHeHWs 3apsAa KoHAeHcanopa rno 3aKoH
KocuHyca:

. g=g COSm-1I

Q.. =0- z(pad)

YpasHeHue usmeHeHWs 3apsaa KoHAeHcanopa rno 3aKoHy
CUHyca:

g=g sin(wt+@,)

¢, =(0-t+ Z)(pad)

das30Bbii CABUI MeXAY YpaBHEHUSIMU:

Ap=q, —o,, Z(w-HZ—w-t):%(pa@)




papuk rapmoHudeckux KonebaHuu, mmerowmx
gasosbiid casur [1/2.

i=C0S X

=St X




B caMTIHM@ W) HIMOHIRTCR 110 YyNAIGHHOMY

zanony. MHargure amnnurygy, nepuon,
HHKTHICCKYIO YacTOTy Konebanun. Baruucraure

KOOPAMNATY TesIG 8 MOMEHT Bpemens + , ecnu
x{t) = 3 Scosémt, + :-1/12¢c
+ Powenne.
- Xm = 3.5 fem)
@ = 4 (pag/c)
. T=2mw [ T :=2n/4m:=1/2 {c)

« x{1/2) = 3 Scos 4m-1/12 = 3 Scos m/3 -
1, 75(em)

[1p. manemanvku, \
ITpumep powenis 2aqaus. \
» Janaua N°1.
. Koopaunara psusymerocs renafizm




Camononrtpons Ne3.

+ Jagaova No2

Hargure amnautygy, nepuopn, vacrory
CHALT TOKG, CCAM OHG MIMOHACTCR 110 IGKOHY

i(?) = 0,25sin50mt

+ Jagaova No3

ITocIpoiiTe rpa@K ropMonHIeeKore
wonebanin

* x{t) = 1, 5cos ( + n/4)




- Mp. pusuku.

[ oasengeHne mnoros 3aHaMA.

Y cnyneHnoB cgpopmupoBasiocb roHshme
3J1IeKnpoMarHUnHoro rapmoHudeckoro kosiebaHusa, oHu
ybeaunace B Hanu4yum manemamnmyeckoro o6ocHosaHUs
AaHHOro npoyecca, yacHWSIM CylyHochy rnapamenpos
rapmoHudeckux KosiebaHuii u crnocobbl BbiYUCTIEHUA X
manmemannyeckum mu PU3INHECKUM Nynem , OHU CMornu
noslydeHHble 3HaHUSA UCMosIb30BASIN MPU Bbl MOJTHEHUU
nposepoYHoro 3aAaHusa. 3anuUcb KoHcrekna 3aHams
nposoAunace 8 paboyue nenpaau cnyAeHnos, oHU
npossnaan nHUymammsy rnpu pabone, nak Kak
3auHmepecosaHbl B ee pesysibhanux.




HomawHee 3aaaHue.

* BbIyunTb TeopeTuyeckmii matepuarn:
KOHCMeKT 3aHATUS;

+ Ouck Ne.2, asTop Omutpuesa
§15.1-15.3

* PacuyeT napameTpoB rapMOHUYHBIX
KonebaHUM U NoCTpoeHUe rpapUKos




