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IIpuMepbl KOA€OATEABHBIX IIPOILECCOB

KpyroBass BojiHA Ha
MOBEPXHOCTH KUJAKOCTH,
BO30y:xpaeMasi  TOYE€YHBIM
UCTOYHUKOM (rapMOHMYECKHU
KOJICOJIOIIMMCS IHAPUKOM).

I'eHepanus aKyCTHYECKOU
BOJIHbI TPOMKOIOBOPHUTEJIEM.




IIpuMepbl KOA€OATEABHBIX IIPOILECCOB

g ;; Y gy ?
L B4 SR
b g iy
o g TGy
PR LA
&_.*I‘-*x"‘"z:zl/:::[‘

IlonepeyHasi BOJIHA B CeTKe,
cocrosiien u3 IIAPUKOB,
CKPeIJIEHHbIX NPYKUHKAMM.
Koseb0anuss Macc NPOUCXOAAT
MEePNEeHAUKYJIAPHO HANIPABJIEHHUIO
pPACIPOCTPAHEHUS BOJIHDI.

Bo3Mo:kHBI€ THIIBI KOJI€0OaHUH
aTOMOB B KpHCTAJLIIC.




1. Buapl H NpH3HAKH KoOAeOaHuH

KoJsie0Oanus JEIATCSA Ha MeXaHUYeCKHUue 5|
IEKTPOMATHUTHBIE (DJICKTPOMEXaHNYECKUE KOMOMHAIN )

JI1a KoneOaHWM XapakTEpHO IPEBpAIllCHHE OJHOIO BHJA
SHEPTUHA B JPYIyH0 — KHHETHYECKOM B MOTEHIUAJIBHYIO,
MAarHUTHOU B BJIEKTPUUYECKYIO U T.JI.

KoJie0aTeJ I bHBIM JABUKEHHEM (MM IPOCTO KoJeDAHUEM)
HA3bIBAKOTCH MPOLECCHI, MIOBTOPSIOIUECH BO BPEMEHHU.



KojiebarenpHOE ABMIKCHHE SBIISICTCS NEPHOAHMYECKHM.
[Ipocreuium mpuMepoM MEPUOIUUYECKOTO ABUMKEHHUS CITYKaT
KoneOanus 2py3a Ha KOHYe NPYHCUHDL.

a [0000000000(

6 ) 0 U
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3axon I'yka F

F = 5
: B [INED— o

x = 0 — nonoowcenue pasrosecuisi; 4 0

F_ — enewnss pacmsaeusarouas Cuid,

F —sosépawarowas cuna,

A — amnaumyoa xonebanuil.

k - dicecmrkocmbio Npy*CUHbL.

3HaK MHUHYC O3HA4YaeT, UTO BO3BpaIllalolas cuja, BCerma

IIPOTUBOMNOJIOKHA HAIPABJICHUIO IIEPESMEIIICHUS X
F o =+kx

B




Tpu npuzHaka Ko/j1e0aTeJbHOIr0 ABUKEHUA:

IIOBTOPAEMOCTDb (MMEPUOANYHOCTDL) — JBHKCHHE IIO0
OJIHOM Y TOM K€ TPACKTOPHUH TyJla U 0OPATHO;

*OrPAHUYCHHOCTD IIpeAcIaMy KpauHUX MOJIOKECHUH;

*AIelCTBHE CHJIbI, OMChIBaeMON pyHKIuen F = — kx.



[Tpnmepbl KornebaTtenbHbIX NPOLIECCOB
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Kojiebanusi Ha3bIBAIOTCSA MEPUOAMYECKUMU, €CIIH
3HAYCHUS (PU3UUYECKHUX BEIMYWH, U3MEHSIOIINXCSI B MPOILECCE
KOJI€OaHMM, IIOBTOPSIOTCS 4Ye€pe3 paBHBIE IIPOMEXKYTKHU
BPEMECHMU.

[[pocTeHIIMM THUIIOM TEPUOAUYECKUX KOJCOAHWU SBIISIFOTCS
TaK Ha3bIBAEMbIC TAPMOHMYECKHUE KOJIeOaAHUS.

»JIt00as KojeOaTenbHass CHCTEMa, B KOTOPOM BO3BpalllaroIias
ChJla IPsSIMO MOPONOPLHHMOHAIILHA CMEIICHHUIO, B3STOMY C
IPOTHUBOIIOJOKHBIM 3HAKOM (Hampumep, F = — kx),
COBEpIIIACT rAPMOHHUYECKHE KOJIeOaHMs.

.

*CaMy TakKkyl CHCTEMY 4YacTO Ha3bIBalOT I'apMOHHYECKHUM
OCIHMJLJIITOPOM.



* PaziuuHbie mepuoaMYecKHe MNpPouecchl (MOBTOPSIOIIUECS

4yepe3 paBHBIC IIPOMEKYTKH BPEMEHH) MOXKHO IIPEACTaBHUTH

KaK HAJIOKeHHEe TAPMOHUYECKUX KOJIeOaAHUM.
[leprnoguuecknu mpoIecc MOXKHO ONUCATh YPABHEHUEM:

f ()= f(t+nT)

Kosie0aHuss  Ha3bIBaAlOTCA  TFAPMOHMYECKHMMH,  €CJIH
3aBUCUMOCTHh HEKOTOPOU BEJIUYUHBI UMEET BU/I

x=Acos¢ wm |x=Asmg




2. IlapaMeTpsl rapMOHHYECKHX

| _KoAeDaHHH

PaccrosiHre rpy3a OT MOJ0XKEHUS PAaBHOBECHUSA 10 TOUYKH, B
KOTOPOM HAXOAUTCA I'PY3, HA3bIBAXOT CMeElleHueM X.

MakcuMaJIbHO€e CMEILEHUE — HAaNOOJIbIIIEE PACCTOSHUE OT

ITOJIOKEHUSI PABHOBECHUS — HA3bIBACTCA AMILIMTYI0U U
o003HauyaeTcs, OyKkBon A.

Wyl +¢o Ompenenser CMeImeHne X B JaHHBIH MOMEHT
BpPEMEHU t U Ha3bIBACTCA (hazou KoJiedanusi.

¢o  Ha3LIBAcTCSA HAYAAbLHOM (a3oii Kogedanus npu t=0
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CNoOCOBbl 3ANUUCU KONEBAHMAK ™o =







Yacrora kojgedaHuil V OINPEACISICTCS, KaK YHCIO MOJHBIX
koneOanui B 1 cexkynay. Hactory, uaMepstot B repuax (I'm):
1 I'm = 1 KosicOaHUE B CEKYH/TY.

: Ilepuoa kojsed0anuun T — MHHUMAJBHBIA IPOMEXYTOK
BPEMEHU, MO WCTEUYECHUU KOTOPOTO ITOBTOPSAIOTCA 3HAYCHUS
BCEX (DPU3MYECKHX BEIMYMH, XapaKTEPHU3YIOIIMNX KOJICOaHUE




O — yukauueckas (Kpyz2oeas) uacmoma — 4HCIO
MOJHBIX KOJICOaHUM 3a 27 CEKYHI.

®,= 27TV

» @daza (@ He BIMgET HA (OopMy KpUBOU X(t), a BIUSIET
JIAIIL HA €€ TOJOXKEHUE B HEKOTOPHIM MPOU3BOJIBHBIN
MOMECHT BpPEMEHU t.

 ["'apMmoHHnYecKkue KoaeOaHus SIBIISIFOTCS BCEITIa
CHHYCOMIAJIbHBIMH.

»  Yacrora 1 nepuoji rapMOHUYECKUX KOJICOaHUN HE
3aBUCST OT aMILIUTY/IBI.



Cmeuienue ONMCHIBAETCHA YPABHEHHEM
x = Acos(wyt + 9)

TOTJIa, IO OIPEICICHUIO:

dx .
cKopocmb  U_ = i —w, Asm(w,t + @)
4
dv
ycKopenue — a_= | * = —w, Acos(w,t +¢)
[
w,A=v, — aunmumyoa ckopocmus;

2
wyA=a, —amniumyoa yckopenus.



3. 'padpuxu cMelnIeHHS CKOPOCTH H
YCKOPEHHSA

YpaBHeHusl KOJIeOAHUI 3aIUIIEM B CICAYIOIIEM BUJIE:
(
x = Acos(wyt +¢)

U, = =0, sin(W,t + Q)

X

a.=-a, cos(w,t+¢)

a,=£(0)
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- CkopocTb KoJIe0aHNH TeJla MAKCHMAJIbHA U PaBHA
AMILIMTYAE CKOPOCTH B MOMEHT INPOXOKICHUS Yepe3
nojioxkenue papuosecuss  (x=0).

* IIpnm MmakcuMaIbLHOM cMeleHuH ( y = + 4) CKOPOCTh
paBHa HYJIIO.

’ YckopeHHe PaBHO HYJI0 NPH NMPOXOKICHUH TeJI0M
[MOJIOKEHHUSI PABHOBECHMS M [AOCTHIraerT HaHOO0JbIIEro
3HAYEHHUS, PABHOIO0 AMILUIMTYAE YCKOPEHHMS IIPH
HAUO0OJbIIUX CMEIEHUAX.



Haligem pa3nocTh pa3 Ag mexay dhazamMu CMEIICHUS X U
CKOPOCTH V..
X

x=Acos(w,t+¢)= Acosg,

v, =0, sin(@,t+¢)=v, cos(w,t+¢+m/2)=v,  cosg,

AP =9, —¢, =712

TO €CTh CKOPOCTbh OIIEPEKACT CMEIICHUE Ha /2.
AHAJIOTMYHO MOKHO II0Ka3aTh, YTO YCKOPEHHUE B CBOIO
o4Yepeib OIEPERaeT CKOPOCTh MO (Ppaze Ha 1/2:

O, —¢, =—1/2
Torma yckopeHue onepexaet CMEIIEHUE Ha 7T, WA
b=, =-1

TO €CTh, CMCIIICHNE U YCKOPEHUE HAXOIATCS B IPOTUBO(Pa3e



4. OCHOBHOE YpaBHEHHE AHHAMHKH
rapMOHHYECKHX
KoAeOaHHH

» llcxond U3 BTOpOro 3akoHa, [ = mi@g MOXKHO 3alMdcarhb

F. =-maw_Acos(w,t +¢) = —ma; x

X

. 2
F =—mo;x

cuiia F' pomnopiMOHaIbHA X U BCEINA HAPABIEHA K IOJIOKEHUIO
pPaBHOBECHS (IIOATOMY €€ U Ha3bIBAIOT BO3BPAIAKOIIEH CHIIOMN ).

- [Ipumepom cui ABISAKOTCA yrpyrue culibl. CHIBL XKe
UMEIOINE WHYIO IIPUPOAY HA3BIBAKOTCI KBA3UYIIPYTUMU.
KBasuynpyras cujia

CITATTLY



[lonyduM OCHOBHOE YpaBHEHHUE HWHAMHUKH TapMOHHUYECKHUX
KOJI€OaHMH, BBI3BIBAEMBIX YIIPYTUMM CUJIAMU:

d’x d’x d’x k
m—s-=—kx wma m—+kx=0; —+—x=0, TOrNa
dt dt dt= m
e OcHOBHOE YpaBHeHHE
= (Dé x=0 TUHAMHUKH
dr rapMOHHYECKHUX
KoJIeOaHui

Penienue 310ro ypaBHeHusi Bcernaa OyleT BbIPaKCHHUE

BUJIA
x = Acos(w,t+¢)



Kpyrosas dyactora KojieOaHui " 27
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Ilepuoa Koj1ed0aHUA




z. zl-lepI‘I*IH FTaAapMOHHYCCKHX

a [T @ g

EFB FBH

0 b 3
F,i 4

B mm%j) o

[Torennmansuas sueprus tena U, uamepserca Ton padoTow,
KOTOPYIO IMPOU3BEAET BO3BPAIAOIIAsA CHUJIA

F. =—kx

X



dU I
F Z—E; dU =—-Fdx = kxdx , OTCIOaa U=ijdx
0

X

Ilorennuanpnas JHeprust |;; ke lkAZCOSZ((O t+0)
0

2
mov® 1
KuHernueckas oHepruss K = > =5 ma, A’sin’ (ot + )
1 2 42 1 2
IloaHas YHeprus: E = Ema)oA = EkA

[lomHasgs MexaHMYECKass DHEPTrus TapMOHHUYECKH KOJICOIOIIEIOCs
TeJla MPONOPIHOHAIbHA KBaApaTy aMIUIUTYbl KOJICOaHMSI.



KoJsie0anus rpys3a moa AeiCTBHEM CHUJI THKECTH

’ ’

Lm
- m m
’% _____ " e—— 0 e—e——am
U = ,ngh U = () U 7 I"gh U = () U e ’"gh
K=0 K= muvi? K= K= muvi/2 K=10
. 1
Maxkcumym nomeHuuabHOU IHepzul, UmaX =mgh = — k4>
2
2
. v 1. ,
Maxcumym kunemuueckoi snepeun K = =——=—kA

2 2



[Ipn KoneOaHMUsAX
COBEPIIAIOIIMXCS  I10]
JIICUCTBUEM
OTCHIMAIbHBIX
(KOHCEPBATHUBHBIX) CHII,
IPOUCXOJUT  MEPEXO]
KUHETUYECKOM DHEPTUU
B NOTCHIUAILHYID U
HA00OpPOT, HO UX CyMMa
6 Jbou  momenm
8peMeHu NOCMOAHHA.



l 6. 'apMOHHYECKHH OCIIHAASITOP ’

1. Ipyscunnusiic masasmuuk —
3TO  TIpy3  Maccou  m,

MMOJIBEIIICHHBIN Ha
a0COJIIOTHO YIIPYTOM
PY>KUHE C KECTKOCTBIO K,
COBEPIIAFOIINH

rapMOHUYECKHE KoJIcOaHUs

o4 JEWCTBUEM  Ynpy2ou

cunvl = —fox




13 Broporo 3akoHa Hetotona F = ma; vim F' = - kx
IIOJIYYUM YPAGHEHUE OBUNCCHUA MAAMHUKA.

2
mﬁz—kx

dt? nnu

Pemenre 3Toro ypaBHeHHsS — TaApMOHHUYECKHUE KOJICOAHUS BHJIA:

x = Acos(w,t+¢)

[IUKJINYECKas 4acTOTa nepuon I’

0, = ﬁ; T:27r\/E
m k



2 MareMaTHYeCKUM MASTHUKOM —
/1 Ha3bIBACTCA WJACAIIM3UPOBAHHAS CHUCTEMA,
COCTOSIIAss M3 HEBECOMOM, HEPACTAKUMOU

// :a HUTH, Ha KOTOPYIO IIOABEIIEHA Macca,
[ COCPEIOTOYCHHAS B OJHOM TOYKE (IIapHK Ha
// | / JUTMHHOW TOHKOW HUTH).
/ : *[Ipy OTKIOHEHNHU MasTHUKA OT
// | . BEpTUKAJIH, BOSHUKACT @pamiarouiui
/ - momenm M =—mglsin o
/\\\ /I\\{sma
~7 "FB *Vpasuenue ounamuxu epawiamenbHoco
osudiceHUsl Onsl masmuuxka: M = Jeg
mg
d’a Momenm unepyuu masmuuxa J = ml*
E =

dt> -yanoeoe yckopenue



d’ot d’a g

2 . .
lorna  ml" —-=-mglsina , un —+=sina =0
dt dz
. 2
sIna = Q. O0o3HauuM : — =
2
Ypaenenue osuricenuna maasmuuka —+ a)g(x — (0

dz

- Imo ypasHeHue OUHAMUKU 2APDMOHUUECKUX KOJIeOaHUIL.
Pewenue ypasnenus nmeer BUA;

o =0o, cos(w,t+Q)

0, = 5 T:27r\/z
[ g

T’ — 3a6ucum monvko om ONUHbL MASIMHUKA U YCKOPEHUS
CcB0OOOHO020 NAOCHUAL.



3 Ou3nYecKU MAITHUK — 3TO
TBEPAOE TEJIO, COBEPILAIOIIEE MO
JIEVCTBUEM CUJIBI TSHKECTU
KOJICOAHUS BOKPYT HEMOJABHUKHOM
TOPU30HTAIILHON 0CH, MMPOXOASAIICH
yepes3 ToOUuKky nmoaseca O, He
COBIAAKINYIO ¢ HeHTpoM Macc C

Bpawarowiuit momenm maamuuka:

M =—-mglsina

[ — pacCTOsIHUE MEXYy TOYKOU
IOABECA U [ICHTPOM MHEPIINU
mg mastHrka O-C.
O003HaYnM:
J — Momenm uHepyuu MasiTHUKAa OTHOCHUT. TOUKU noaseca O.




2 2
c = d % yrioBoe yckopenwue, Torna J d’a
dt* | dt?
SINO = O

=—mglsina

Ypaeuenue OUHAMUKU epaniameibHo2o 08UIICCHUS

d’a  ,
i +w,a =0 o=a, cos(w,+9)
, _mgl J J _
% =—r| T=2z|— [, =— I'=2r
mgl ml
al. — IHPUBCACHHAA [1JINHA (bI/IBI/I‘ICCKOFO MasjsTHHUKA — 93TO JJIMHA TAKOI'O

MAaTEMAaTU4YECKOr0 MasiTHUKA, MEPHOJ KOJIeOaHHsI KOTOPOTO COBIIAAAET C
IIEpUOIOM KOJ€OaHUM JaHHOTO (PU3NUECKOr0 MasiTHUKA.



[ |a
[
// |
| [
// |
/ l
/ | %
/ | N
| :
£ [sin o
VI
(\/\\\“‘k L"—’
~ FB

* Bce npuBelieHHbIE
COOTHOILIEHUSA JJIs
MaTEMaTH4YECKOTrO U
(PM3UYECKOrO MasITHUKOB
CIIPABEIJIUBEI 0J1 MAJIbIX Y2108
omknonenus (menvuie 15°),
Korma x =/q Majo OTJIIMYacTCs
OT JUIUHBI XOPJIbl /Sin o
(Menb1Ie 4eM Ha 1%).



7. CriocoObI nNpeacTaBA€HHS FrapMOHHYECKHX
KOAE€OaHHuH

["apmMoHnYecKue KojaeOaHus MOXKHO MIPEICTABUTh HECKOJIBKMMHU CIIOCOOaMU:

*aHAJIUTHYECKHUMN: x = Acos(w,t+¢)
w __a,=f(t
‘rpaduYecKuii; @ SRkl
DI’H
IRY U\ N0/ v, = /(1)
/.
T 2 t
4 x= 1)
_UI’H
] VA -

‘TeOMETPUYECKHI, C MOMOIIBI0 BEKTOPA aMILIUATY/IbI
(MeToH BEKTOPHEBIX JUATrPaMM).



I'eomMeTpuyecKkuii cnoco0, C MOMOIIbI0 BEKTOPA
AMILTATYIbI (MEemoo 8eKMOPHBIX OUAZPAMM).

x = Acos(wt +¢,) Ox — onopnas npamas

x, = Acos ¢,

™



x = Acos(wt+¢,) x, = Acos ¢,

Bpamaroimurcs BEKTOp aMILUTUTY/IbI ITIOJIHOCTHIO XapaKTEPpU3yeT
rapMOHHYECKOE KOoJeOaHue.

[Ipoekius KpyroBoro JBMKEHHUS Ha OCh ), TAKXKE COBEPIIIACT
rapMOHHYECKOE KOJICOaHUE

y = Asin(ot + ¢)

Ty



8. CAOXXeHHEe rapMOHHYECKHX KOAECOaHHH.
BHeHHSs

\ Kpyroas BoHa Ha TIOBEPXHOCTH
\\ KUJIKOCTH, BO30YyKaaemas

\\ | \‘.‘, TapMOHHUYECKH KOJIEOIFOIIINMCS

U iapukoM.

HNuaTepdepeHIus MExX1y AByMs
KPYTOBBIMM BOJIHAMU OT TOUEUHBIX
HMCTOYHHUKOB, KOJICOIIOIIUXCS B
¢daze apyr ¢ apyrom. Ha
IIOBEPXHOCTH KHUIKOCTU
00pa3yroTCs y3JI0BbIC JIMHUM, B
KOTOPBIX KOJICOAaHHME MaKCHUMAaJIbLHO
UJIA OTCYTCTBYET.




[IycTh TOYKA OXHOBPEMEHHO YYacTBYET B JABYX TapMOHHMYECKHX
KOJICOAHUSIX OMUHAKOBOIO INEPHOAa, HANMPABJEHHBIX BA0Jb OIHOM
NPSAMOM.

x, = A, cos(w,t +¢,) x, = A, cos(w,t+¢,)

Takue JIBa KOJIEOAHUS
Ha3bIBAIOTCSl KOTEPEHTHBIMU,

UX Pa3HOCTh (pa3 HE 3aBUCHUT OT
BPEMECHU:

¢, — ¢, = const




Ox — ontopHas npsmas

A1 — aMIUIuTyga 1-ro KojaeOaHwus

¢, — (asa 1-ro xoneOaHwus.

- - -
A=A +A,

: N
| PesyabTHpyrouee
i A KoJie0aHue, TOXE
| rapMOHHUYECKOE, C
0, O, 4acTOTOU :
V)
x = Acos(wt+ @)




[Io mpaBuily CHOXKEHHS BEKTOPOB HAWJIEM CYMMApPHYIO aMILUIUTYHY,
PE3YJIBTUPYIOIIETO KOJICOaHMUS:

A° = A>+ A; +2A4 A, cos(¢p, —,)

HauanwsHas ¢aza onpeaensiercss U3 COOTHOIICHHUS
A, sin @, + A, sin ¢,
A cos¢, + A, cos @,

tgg =

AMIuMTyga A pe3yJbTHPYIOMIETO KOJICOAHUS 3aBUCHUT OT PA3HOCTHU
Ha4daJIbHBIX (a3



1. PazHocTh a3 paBHAa HYJII0 WJIH YETHOMY YHMCJY T, TO €CTh

¢, — ¢ =2mn n=0,x1, £2, £3, ..

Torna cos(p, —¢,)=1 n A=A + A,

KoJIeOaHUsA CMH(PA3HBI

~ Y



2. PazHocTh (pa3 paBHA HEYETHOMY YHCJIY T, TO €CTh

o, —¢ =m(2n+1) .me n=0,=x1, £2, £3, ...

Torma COs(¢, —¢, ) =—1

KoJeOaHMsI B IPOTHBO(a3e

A=|4, - 4]

~ Y



3. PazHOCTH (pa3 u3MEHSAETCS BO BpEMEHHU MPOU3BOJBHBIM 00Pa3oM

X, = 4, cos[oyt + ¢, (1)]
X, = 4, cos[a)2t +9, (t)]

.

DTO HEKOIrepeHTHbIE KOJIeOaHus

3/1eCh HHTEPECEH Clly4yai, Ha3bIBAEMbIM OMEHUSIMU, KOTJ]a YaCTOTHI
ONTU3KHU

W, = W,



Ileproandyeckrue n3MEHEHUS aMILTUTYAbI KOJIeOaHMsl, BO3HUKAIOIIUE IPU
CI0KE€HHUH JBYX FAPMOHHUYECKHUX KOJ€OaHUN C OJIM3KUMHU YaCTOTaMHU,
Ha3bIBAIOTCI OMCHUSIMH.

W, = W,

x = A, cosw,t

nﬂ”ﬂ || rnﬂn nﬂ”ﬂ || rﬂnnwnﬂ”p || rnﬂn
LA ks kL




JIro0bIe CJI0KHBIE NEepUOAUYECKHEe KOJe0aHUsl  MOXKHO
NPEACTABATH B BHUJEC  CYNEPHO3UIUHM  OJHOBPEMEHHO
COBEPIIAIOIIUXCSI TAPMOHHUYECKUX KOJICOAHUN C pa3IMYHBIMHU
aMIUIATYJaMHy, HadyaJbHbIMHA (pa3aMM, a TaKXXKe€ YacTOTaMH
KPaTHBIMU [TUKJINYECKOW YaCTOTE :

S(t)=f(t)= %+A1 cos(w + ¢, ) +

+ A, cosQwt +¢,)+...+ A cos(mwt+¢ )

Cnaraemsbie psaga Oypbee, ONpeacsoe rapMOHUYECKUE
KOJ€O0aHUs ¢ 4acTOTaMHM ®, 2®, 3®, ..., HA3BIBAKOTCS nepeol
(unu OCHOBHOU), 6MOpoU, mpemvel N T.O. 2APMOHUKAMU
CI0XKHOTO MEPUOANISCKOr0 KOIeOaHMUS.



9. CAroxxeHHEe B3aHMHO IIEPIEHAHKYASIPHBIX

KOACOaHHH

x = A, cos(w,t +¢,)

y =4, cos(@,t+¢,)

0 =0, =0 Ap =, — ¢
2 2
yo X 2xy .
+—— cos(@, —¢,) =sin —
SO ) =sin (6= )

Vi

=Y

B pe3ynbrare nojay4uiad ypaBHEHUE
JIJIUIICA C TIPOU3BOJILHO
PACIIOJIOKEHHBIMUA OCSIMU



10. éurypnir Auccaxy

1. HayaabHbIe a3l KoJIeOaHUN OTUHAKOBbI ¢1 = ¢2 :
AZ
= —X . 2 2
y 4 A=A + 4]
VA 2TO YPaBHEHHE PSIMOM,
+ A4 MIPOXOAIIEH yepes Ha4aJ1o0
KOOPJUHAT
e
X




2. Hauanvnaa paznocms (a3 pasua m. cosT =—1

A2
— = 2 2
V= A=A + A

V4
+ A




3. Hauanvnasa paznocms (a3 pasuna m/2. cost/2=0

X2 y2
SRR A
A 4

— 3TO YpaBHEHHE JJLIHIICA C MONYyOoCIMHU A, 1 A,

y

Al :Az

— [MOJIyYUM YPABHEHUE
OKPY>KHOCTH




4. Bce ocmanwnvle paznocmu ¢haz oarom 3UIUNCHL C DASTUYHBIM
YalloM HAKIOHA OMHOCUMENbHO 0Cell KOOPOUHAM.

Ourypsl, IMOJy4aeMble IIpU CIOXKCHUHA B3aUMHO
NEePHCHINKYIIPHBIX KOJICOAHUM Pa3HbIX YaCTOT, HA3bIBAKOTCS
durypamu JIuccaxy.






11. CBoOOaHBIE 3aTyXaIOIINE MEXaHUYECKUE
KoAeOaHUud

Bce peanbHbIe KOJICOAHUS SBIISIOTCS 3aTyXaroIUMU.
DHEeprusi MEXaHUYECKUX KOJICOAHUM ITOCTEIIEHHO PacXOAyeTCs
Ha padOTy IPOTHUB CUJI TPEHHUS M aMIUIMTyAa KojaeOaHui
YMCHBIIIACTCH.

Cwuia TpeHus (MM COIPOTHUBIICHHUS )

n
EF., :—ml)‘

o

rae » — KO3 (PUIUEHT COPOTUBIICHUSI,

LI)—I— CKOPOCTH JIBUKECHUSA



BTopoli 3akoH HproToHa [J1s 3aTyXalolluX APIMOIUHEUHbIX KOJICOaHUM
BJIOJIb OCH X

ma, =—kx—rv,

7€ kx — BO3BpaIlaroIas Cuia, yU_  — CUJIA TPEeHHS.

d’x rdx k
—+ +—x=0
dt mdt m

r k
BBenem o0o3HaueHuss —— = ,B — = a)g
2m
2
dx d

e +2ﬁ£+a)§x:0




PelieHue ypaBHEHUS UMEET BUJT

x=A,e” cos(wt + )

Haiinem gacToTy Koebanuii  o. (w0 # w,)

a)z\/a)g—ﬁz B <o,

k e
60021/_ . [3=2— ; o =
m m

YCIOBHBIN IIEPUO/T I = =




12. KoappunineHT 3aTyxaHua U
AOTapUPMUUIECKHUN JEKPEMEHT 3aTyXaHUd
—ﬁt
A(t) A _pr
- -B+T) <
A(t+T) Aye

rae B — koaghuyuenm zamyxarus




JlorapupMudeckuM OJEKPEMEHTOM 3aTyXaHHUs HA3bIBACTCS
HaTypajabHBIM JIOTapu(M OTHOIICHHUS aMILUIUTY], CICIYIOLINX
OPYT 3a APYroM yepes nepuon 1.

A(?) r
=In =Ine” =BT = b1
£ A(t+T) P 24 'B
Ay g 1
— =8 = e R — 1’ —_—
A & P T
CnenoBarenbHO, Koaghguyuenm 3amyxanus [ — €cTb (QuU3NYECKas

BEJIIMYMHA, OOparHas BPEMEHH, B TEUYEHHE KOTOPOTO aMAIUMYOA

ymenvuwaemces 6 € pas,
T — 8pemMsl pellakcayuul.



KOFI[& COIIPOTHUBJICHUC CTAHOBUTCS PABHBIM KPUTHYCCKOMY

I’:VKp, ﬁ:a)09

TO Kpyrosas yactora oopamaerca BHyis, @ =0 7 — oo
KOJIe0aHus IPEKPALIAIOTCA. Taxoii TIIPOIIECC HA3bIBACTCS
anepuoOUYecKUM.

V=T

X 3aTyXarolIlee P =,
=0
arie pUOJIUUYECKOE
' — ©



13. BeIHY:>KIeHHbIE MeXaHUYeCKHue KoreOaHUd

PaccMoTpuM cuCTEMY, Ha KOTOPYIO KpOME ynpy2oti cujibl (—
kx) m cun conpomusnenus (— rv) JAEHUCTBYET a00aBOYHAs
nepuoouyeckas cuna F — evinyoicoarowas cuna:

ma,=—kx—rv_+F,

— OCHOG6HO¢€ YPUG6HEHUE KonebamenbHo2o npoyecca, 11pu
BBIHY?K/ICHHBIX KOJICOQHUIX

d*x dx
Y s wix=F
dz? 'Bdt ° *

b =F,coswt.



YpaBHEHNE YCTAHOBUBIIIUXCS BBIHYKACHHBIX KOJICOAHUIM

x = Asm(wt + Q)

3aja4a HAUTH aMIUIATY1y A U pa3HOCTh (a3 @ MEXKAY CMEIICHUEM
BBIHYKJICHHBIX KOJICOAHUH W BBIHYKJIAIOIIECH CUIIOM.

BBenem 0003HaueHUA:

Al — ()’ — AMIAUMYOa YCKOPEHUSL;

4 =2 ,Ba) — amMnaumyoa CKoOpocmu,
2

A3 = a)g — AMNAUMYOA CMeUeHUsL;

_ — AMNAUMYOA BLIHYHCOAIOUseU CUTBI
A, =F,/m4 Y Y



BekTop aMIIATyIbl CUJIbI HAMEM I10 TIPABUITY CJIIO0KEHUSA BEKTOPOB:

|| L LI LI
A, =A+A, + A,

A; = (4= A) + 4




Iy

A =
m\/(a)g —0’) +4B°w’

1) @®=0 (9acTora BEIHYXIAOLIEN CUIBI PABHA HYIIIO)

2
x=F./mw
0 0
— CTaTNyucCKas aMHJ'II/ITYI[a, KOJIC6aHI/I$I HC COBCpIHaI-OTCH.

2) ﬁ — () (3aryxanus Het). C yBeIn4CHUEM ® (HO MPH
O < ®, ), aMILIUTyJa pactTeT u mpu = (0 = @, > AMIUTUTYy/]a
pesko Bo3pacTaeT ( 4 —> 00 ). DTo sBIEHHUE HA3bIBAETCA

— pesonanc. 11py nanpHeieM yBennieHun (- @ > @, )
AMIUIATYJA ONATHh YMEHBIACTCS.

3) B£0. Oy ER%%@(?I&H%@ 4acToTa




® = o, 4 5o  -A6neHue pesonanca
Bl =0
B > B, >P;

2 2
— _ — PE30HAaH
(D55 c \/a)o 2 ﬁ p CHas 4acToTa




. 2 2 — pCBOHaHCHaﬂ qyacToTa.
Wiz = \/ Wy —2

SABiIeHHE BO3pACTAHUS aMIUIUTY/bl BEIHYKICHHBIX KOJICOAaHUN TTPU
NPpUOJIMKEHUN YaCTOThI BBIHYKIAFOIIEH CUIIBI K EB3pIBACTCS
PE30HAHCOM.

C yBenmnueHneM ko3(pduireHTa 3aTyxaHus 3 sBJICHHE pE30HAHCa
IPOSIBJISIETCSL BCE CJIa0Ee U UCUE3AET NIPHU

Dor

B>



14. ABTOKOAECOAHUS

KnaccuueckuMm NpUMEPOM asmoKoIeOamenbHol Cucmembl CIyxKat
mexanuyeckue 4acsvl ¢ MAATHUKOM U TUPSAMU.

[IpuHIIMT paOOTHI BCEX aBTOKOJICOATEIbHBIX CUCTEM

NCTOYHUK ;

SHEPTUU KoJeOaTenbHas
cucTEMa

HEeJIMHEHUHBIN
OTrPAHUYUTE]b

[leppognuecKuM MOCTYINIEHHEM SHEPIUH B KOJIEOATCIbHYIO CUCTEMY
OT UCTOYHHKA SHEPTUHU 110 KaHary AB ympapiser cama koneOareiabHas
CHUCTEMA MOCPEICTBOM OOpaTHOM CBSA3H.



B KOHCTpYyKIIMH 4acOBOTO MEXaHWM3Ma IMPHUCYTCTBYET CIIECIHAIBHOE
YCTPOWCTBO — AHKEP, BBINOJHAIOMIMA POJb KIKOYA. JTOT AaHKED,
IPEICTABISIONIMNA COO0M KOPOMBICIIO, IMMPUBOJUTCS B KOJICOAHUE CaMHUM
MAasITHUKOM YacCOB.

Ba)kHO OTMETHUTB, YTO JI100ast aBTOKOJIcOaTeNbHAs CUCTEMAa HEJIMHEHHA.



