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2.1 CmocoObI nNpeACcTaBAEHHSI TAPMOHHYECKHX
KoAeOaHuH

2.2 CAoXeHHe rapMOHHYECKHX KoAeOauuii. BueHusa

2.3 CaoxeHHE B3aHMHO NEPHEHAHKYASIPHBIX
KoAebaHHH

2.4 durypsl Auccaxy (4acCTHbIE CAy4YaH)




2.1 CnnocoObI IpeaAcTaBA€EHHS FAPpMOHHYECKHX

KoAeDaHHH
["apmMoHnUecKkue KojaeOaHus MOXKHO MIPEJICTABUTh HECKOJIBKMMHU CITIOCOOaMU:
‘AHATTUMUYCCKUIL: x = Acos(®yf + ¢)
V. =V, COS(®yf+ ) a.=-—a, Sm(o,+ o)
epaguueckui;
a,t-—— N a,=f(1)
Dm
A TTH N AT v, = £(t)
/.
T 2 [
-4 x=1(t)
_Dm
u NS

.z EOM e m p u quK u u 9 C IIOMOIIIBIO BCKTOPA aMIINIUTYIbI (MGTOI[ BCKTOPHBIX I[I/Ial“paMM).




PaccMorpum nozgpobuee 2EOMEMPUUECKUU
CIIOCO0, C IMOMOIIBIO BEKTOPa aMILIUTY/bI (Memoo
B8CKMOPHBIX OUAZPAMM).

x = Acos(of+¢,) Ox — onopnas npamas

x, = Acos o,



x=Acos(wt+¢,) x, = AcosQ,
Bpalaromuncs BEKTOP aMIUIATYAbI IIOJIHOCTHIO
XapaKTEPU3YEeT TAPMOHNYIECKOE KOJIeOaHuE.

Ty

[IpoeKius KpyroBOro IBMKEHHUS Ha OCh ), TAKXKE
COBEpIIACT TAPMOHUYECKOE KOJICOaHUE

y = Asm(wt + @)



2.2 CAOKeHHE TAapMOHHYECKHX KOACOaHHH.
BbueHHs

\ Kpyrosas BosHa Ha
IIOBEPXHOCTH JKUIKOCTH,
BO30y:K1aeMasi TapMOHUYECKU
| KOJIEOIIIOIIMMCS IAPUKOM.

HaTepdepeHIus MEKAY ABYMs
KPYTOBBIMU BOJIHAMHU OT
TOYCYHBIX HCTOYHUKOB,
KOJICOJIIOIIUXCS B (paze ApYyT C
npyrom. Ha rmosepxHocTu
KAJKOCTH O0PA3yIOTCS Y3JIOBBIC
JIMHUH, B KOTOPBIX KojieOaHue
max. MU OTCYTCTBYET.




Ilycte mouka ODHOBPEMEHHO YYacTBYET 6 O08)X
2APMOHUYUECKUX KONMEOAHUAX 00OUHAKOBO20 Nepuooa,

HANPABJICHHBIX 600]1b OOHOU RPAMOIL.
x; = A, cos(wyt + ¢,)

X, = A, cos(w,f +®,)

(2.2.1)

Takue o0ea Koneoanu:

HA3bl16AIOMCA
Ko2epeHmHbIMU,
ux paznocmo a3z He

Jaeucum om 6pemenu.
Yo

2>

M

¢, — @, =const




X, = A, cos(myt + ;) Ox — oropHas mpsMasi

X, = A, cos(®wyt + P,) A —ammmryga 1-to
KOJI€OaHUs
¢, — oaza l-ro
KOJIcOaHus. N
A=A+ A,
- pe3yibmupyiouiee

Kojle0anue,  TOXE
rapMOHHYECKOE, C

q4acTOTOU M:
Vs

x = Acos(wt + @)




[Io mpaBuIy CI0XKEHHUS BEKTOPOB HaMAEM CyMMAapHYIO
AMILIUTYY, PE3YJIbTUPYIOIIECTO KOJICOAHMUS:

A = A12 + A22 +2A4 A, cos(p, —¢,) (2.2.2)

HauanpHas (asza onpeaensseTcss i3 COOTHOIICHHUS

A, sine, + 4, sin o,

g =

(2.2.3)

A, cos o, + A4, cos o,

Ammoantyna A pe3yIbTHPYIOLIETO  KoJicOaHMs
3aBHCHUT OT pa3HOCTH HadyalubHBIX paz Py — Py



Paccmompum HECKOJIbKO npocmblx cjiyuacea.

1. Paznocme has paena nynio unu yemnomy uuciy m,
TO €CTb O, — @, = 27N, tne n=0, +1, £ 2, £3, ...
Torna cos(@, —¢,)=1 u

A= 4 + 4, (2.2.4)

Konieoanus CUHpa3Hbl

~ Y

Pucynok 3



2. Paznocmo ¢pa3 pasna neuemnomy 4uciy m, TO €CTh
©, —@, =n(2n+1),tne n=0, £1, £2, £3, ...

Torma cos(®, —¢,)=—1. Orcrona
A=|4, - 4 (2.2.5)

KOJICOaHUS 6 npomuesoghasze

~ Y

PucyHnok 4



3. Paznocms @az uszmensiemcs 60 8pemeHu
NPOU3BOTbHBIM 00PA30M

(x, = A cos[®,t+ @, (¢
1 1 (0,2 +¢,(1)] (2.2.6)

x, = A, cos|®,t + ¢, (1)]

.

DTO HeKozepeHmHble KO1eOAHUA

31€Ch MHTEPECEH ClIy4ai, Ha3bIBAEMbI OMCHUSIMH,
KOTI'JIa 4YaCTOTHI OJTN3KHU

W = W,



Ilepuoouueckue  usmeHeHus  aAMRIAUNYObI
Kojle0anus, 603HUKAOUiUE NPU CILOHCEHUU O0B8YX
2APDMOHUYECKUX  Kojedanuu ¢  Oau3Kumu
uacmomamu (0, FHMHIBAIOTCA OueHuaMuU.

x = A cosmyt
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PUCyHOK 5

KoneGanus Buna x = A(¢) COS[(Dl‘ + (p(l‘)]
HA3BIBAIOTCA  MOOYAUPOBAHHBIMU.



Metos Ouenuii UCIONB3yeTCA IS HACTPOMKH
MY3bIKAJILHBIX HHCTPYMEHTOB, aHAIN3a CIyXa U T.

.




JT1o0vie cnoscnvle nepuoouueckue Koaeoanus MOXHO
[IPEJACTAaBUTh B  BUAE  Cynepno3uyuu  OJHOBPEMEHHO
COBEPIIAIOIINXCS TAPMOHUYECKUX KOJICOAHUN C pa3IuYHBIMHU
aMILINTyJaMM, HadajJbHbIMH (Pa3amMy, a TaKXKe€ 4YacTOTaMH
KpPaTHBIMM [IUKJINYECKOM YaCTOTE M:

S(t)=f(t)= é+A  cos(w+ )+

A, cos(2mt (pz) ...+ A cos(mwt+ o, )

Cnaraembie psga Dypbe, ONPEACIIIONINE
rapMOHHMYECKHE KOJICOaHUs ¢ YaCTOTaMU ®, 2, 3,
Ha3bIBAKOTCI KNepeol (Ul  OCHOBHOU), BMOPOL,
mpemvert W T.J.  2APMOHUKAMU  CIIO)KHOTO
IIEPUOJINYECKOTO KOJICOaHUS.



2.3 CAoxkKeHHEe B3aHMHO NEPNEHAHKYASIPHBIX

KOoAeOaHHH
x = A cos(®yt + ;) y =4, cos(0,f +9,)
O =0,=0  Ap=0,—0,
y_2+ X 2%y cos(p, — @ )—sinz((p —0,)(2.3.1)
A22 A12 A4, 2 I 2 1) (2.9,
Vi

B pesyibrare

IIOJTY YUJIH
YPABHEHUE WLIUNCA
C IIPOU3BOJILHO
PACIOJIOKEHHBIMU
OCSIMH

=Y

PucyHok 6



2.4 Purypsl Auccaxxy (4aCTHbIE CAy4YaH)

1. Hauanvnwie pazvt konevanuii oounaxkoevt ¢, = Q,

A,
y=—=X (2.4.1)
A4
Mo ypasHeHue NpsaAMoU, Npoxoosiuiel yepe3 HAuajlo
A
KOOPOUHAM . j
- 2 2
Y o A=AAP+ A
oy
Takwue KOJ€OaHHUs HA3BIBAKOTCS JIUHEUHO

ROJIAPDU3O6AHHbBIMU.



2. Hauanvnaa paznocmo ¢pas pagnan. cosm=—1

— AZ
Y——Zx (2.4.2)
VA
+ 4
v A=A} + A
— A

(2.4.3)



3. Hauanvnasn paznocmo ¢paz pasena n/2. cosn/2 =0
32 y2
R

— 9TO YPAaBHCHHUE JJUTUIICA C MOTYOoCsiMU A 1 A,

( danunmuyecku nOAAPUIOBAHHBIE KOJICOAHUA

y

=Y

[Ipu 4, = A, —noNIy4YUM ypaBHEHUE OKPYKHOCTH
(UUPKYAAPHO-NONAPUZOBAHHBIE KOSICOAHUS).



4. Bce ocmanwvnvle paznocmu paz oarom 311UNCDHI
C PA3IUYHBIM Y2]IOM HAKIOHA OMHOCUMENbHO Ocel
KOOpOUHAam.

Duzypul, noayuaemvie npu CAO0MHCEHUU B3AUMHO
NEePRnEeHOUKYIAPHBIX KOJ1eOaQHUU pPA3HBIX UACHMOm,
Hazviearomces uzypamu Jluccacy.

31€Ch pacCMaTpUBAJIMCh NPOCTCUIINE Cy4dan, KOraa
W =0, =O.
Ecim ®; # W, Toraa B pe3yabrare OyayT

IOJy4YaTbCsl YK€ HE DIUIMICHI, a 00Jiee CI0XKHBIC
¢urypsl JInccaxy (puCyHOK §)



®urypei Jluccaxy npu (3, = M,

mi=3m22

Ap=n/4

Ap=r/2 Ap=51/8
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