IX. KoAeOaHHMS 1 BOAHBI

1. KonebaHUSsIMU nassiBactcst TousOE HIA MpUOIMKEHHOE TIOBTOPEHNE KaKOT0-JIM00 Mpoliecca ¢ TeYSHHEM BPEMEHH!
(0OBIYHO TOBTOPEHUE OBIBAET MHOTOKPATHBIM ).

o <
B zaBucumoctu ot (I)I/ISI/I‘IGCKOI/I HIPUPOABI TOBTOPAIOIICTOCA IMIPOLECCa PA3TINYALOT!: >
-~ ~ o
3.) MexaHuYecKHe KoJeOaHuss — TIOBTOPAOIINUCS ITPOLECC NMPEACTABIIACT c000I MEXaHUYECKOe ! ggg\é B
& ‘\

JBIKEHHE:
0) D1eKTPOMATHUTHBIE KOJeDaHUs — IMOBTOPSIOMIUIACS MPOIECC MPEACTAaBIIET COO0H

HU3MCHCHHC CUJIbI TOKA, HAIIPSIXKCHUA, 3apsia KOHACHCATOPAa B 3J'IeKTpPI‘I€CKOﬁ 1enu, BEKTopa E (HaHpH)KeHHOCTI/I

3JIEKTPMYECKOTO M0JIs), BEKTOpa B (MHAyKIMM MarHUTHOTO HOJIs).
B) /Ilpyrue kojiedaHnus — MOBTOPSATHCS MOTYT U JPYTHe MPOLECCHI, HATIPUMED, K3MEHEHUE TeMIIepaTyphbl U Ip.

KO.]'IeﬁJ'[lOI[lI/lMPICﬂ BCJIUMYNHAMM HA3bIBAKOTCS (1)14314t1ecx14e BCJIMYKUHBI, OTTUCBIBAIOINE ITPOLECC, HOBTOpHmmHﬁCH npu KOJ'le6aHl/I51X,
(I/IJ'II/I CHUCTEMY, C KOTOpOfI 9TOT IpoLece HpOI/ICXOZII/IT) 1 CaMH HCHBIThIBAOIIUEC MTOBTOPAIOIINCCA NU3MCHCHUS.
B mexanuueckux xonebaHusIX KOJ'[C6J'IIOIIII/IMI/IC${ BCJIMYMHAMU MOTYT OBITh: KOOpAuHaTa, CKOPOCTb, YCKOPECHUEC U JPYTHUC BCJININHDI,
OIIKMCBIBAOIIUEC MCXAaHNYCCKOC IBHXKCHUC.
B INEKMPOMACHUNHBIX KoJIeOaHUIX KOJ'I€6J'IIOH.II/IMI/ICH BCJIMYMHAMU MOT'YT OBITh: cUIa TOKa, HAIIPSPKCHUEC, 3apsil KOHACHCATOPA,

E ., B u npyrue Beau4uHbI, ONMCHIBAIOIIME NEKTPHUECKUIA TOK U 3JIEKTPOMATHUTHOE
ImoJie.
IlepuoanMYeCKMMH Ha3bIBAIOTCS KOJIEOAHMS, IPH KOTOPBIX IPOMCXOAUT TOYHOE MOBTOPEHHE IPOLIECCa Yepe3 PaBHBIE MPOMEKYTKH BPEMEHH.

HeQI/IOg!OM NEPUOANICCKUX KoJIeOaHU HA3bIBACTCS MUHUMAIIEHOE BpEMs, 4EPE3 KOTOPOC CUCTEMA BO3BpAIIACTCA B ICPBOHAYAJILHOC

COCTOAHHE M HATMHACTCA ITOBTOPEHHUE IIPOLECCA. X — Kone6Iomascs BeIHUHHa (HaIpuMep, CHIIa TOKa B LCIIH,

[porece, TPOUCXOASIIINI 32 OJTUH IIEPHOJT KOJICOAHUH, HJIM KOOPAMHATA TOUKH)
Ha3bIBAETCS «OIHO TMOJHOE KOJICOaHue».
YacToToii meproandeckux KojaeOaHni Ha3bIBaeTCsI YMCIIO TOTHBIX { — BpeMs
Koyie0aHui 3a eqUHUILY BpeMeHH (1 ceKyHIy) — 3TO MOXKET \/ \/
OBITH HE IIETI0E YHCIIO.

T — nepuon KoseOaHuiA

1 Ilepron — BpeMst OJHOTO MOJTHOTO KOJIeOaHUs.
7V = UtoObI BEIYUCIUTE YACTOTY V, HAJO Pa3IenuTh | ceKyHIy Ha BpeMs 7 OOHOTO KoJeOaHus (B CEKyHIaX)
T U TIOJVIUTCSI YUCII0 KosleOaHuii 3a 1 CeKVHIV.

2. [apMOHUYeCKUMU KoJIe6aHUSIMU nasbiBaroTcs KoJIeOaHus, B KOTOPBIX KOJICOIIOIIMECS] BEIMYMHBI 3aBUCAT OT BPEMEHHU
10 3aKOHY CHHYCa, WM KOCHHYCA.

Konebmronasics penuyrna e Hauanbnas ¢a3a — 3HaueHue Gassl ( B
(KoopMHATa TOYKH, CHIIA —1 — MOMeEHT ¢ = 0.
P >-x = A-cos(wt + @
/ N 2

TOKA, HAIIPSDKEHHOCTD 0TI, W3mensis 3HaYeHHE () , MOXKHO IIOJIy4aTh
HIIM MHAS BEIIMYHHA) pa3nuuHbIC 3HAUEHUS X B MOMEHT ¢ = 0.

da3a kogedaHmii — apryMeHT GYHKIMH CHHYC WM KOCHHYC
B YPaBHEHHH 3aBHCHUMOCTH KOJICOFOIIEHCS
BEJIMYMHBI OT BPEMEHH.

AMILINTYAA KOJEeOAHUH — MAaKCUMaJIbHOE OTKIOHEHUE
KOJIEOJIIOIIEHCS BEJIMYUHBI OT
CpeIHETO 3a IepUO/] 3SHAYCHHS.

Ecmm cpenHee 3a mepuo1 3HaYCHUE KOJIEOMIOMICHCS BETMIHHBL ¢ = ot + 0o

paBHO 0, TO aMILTHTY/Ia PAaBHA MAKCHMAJILHOMY 3HAYEHH IO

K0J1e0/ 11011 elic BeJIMYNHbBI: A= Xm Ilukan4yeckas yacrora KojicOaHuii — CKOPOCTb U3MEHEHHS

X — KOJEOTIOMASCS BETHIMHA A(P a3kl ¢ TCUCHUEM BPEMECHH.
Al A ST W= At Wsmenenne (asbl, IPOU3OMIEAIIEE 3a
t — Bpemst @LAL
Ao T Ecnm Bpems At paBHO nepuoy konebanuii 7, To m3meHenue dasel A 3a 310 Bpems (7)
JOJKHO OBITh paBHO 27 (T. K. PYHKIUHM SN U COS MOBTOPAIOT CBOM 3HAUEHHS TIPU

3HayeHue X B
MOMEHT ¢ =0
OTIpeieNsaeTCs

T — nepuox xonebannit  M3MEHEHUH apryMmeHTa () Ha 27, a yepe3 BpeMsi 1’ 3HaueHHe KOJICOIIOMEHCS] BETMIUHBI
KaK pa3 JI0JDKHO IIOBTOPUTHCS).

BEJIMYUHON (. Taxum o6pazom, pu At =T Oyzmer A¢ =21 = ® = % = 271t o = 2n — v
Z — T —
T

Ecnn xonedanus rapMoHUYECcKHe,
T. €. KONIeOMIoIIasCsl Benunna X paBHa X = A-cos(wt + @p),

N y noacrasieHo 1/7=v
TO BTOPAs IPOU3BOIHAS KOJICOIOIICHCS BETUYMHBI II0 BPEMEHH X

OyZeT IpOoIopIHOHATEHA CaMOi KoJIeOomeiics: BeTmauHe (X): Ecim x — koopamuara Touku, IBikyerics aonb ocu OX , To:

X'(t)= —%-sin(mt + @) X'(f) = U, — npoekuus CKOpoCTH = — MaKcHUMallbHas
y 5 T CKOPOCTb.
X (t) =—0 X x'"(f) = —w*A-cos(ot + @g) = —m"-x x"(¢) = a, — npoexuys ycKopeHus = - MaKkCHUMaJIbHOE
~— M~ 4
K YCKOpEHHE.

9T(l) YpaBHEHHUE HA3bIBACTC I[I/I(bd)eDCHIII/IaJ'II)HLIM YPaBHEHUEM I'apMOHUYECKUX kosnebanuii. Eciiu kakas-nmn6o (I)I/I3I/I‘<ICCK8.H BCJIIMYMHA X IIOAYHUHACTCA
YPaBHECHHIO TaKOTI'O BUAA, TO MOKHO YTBEPKAATh, YTO OHA 3aBUCUT OT BPEMCHHU 110 TAPMOHUYCCKOMY 3aKOHY (sin " COS), a npouecc, KOTOpLIfI OITMCBIBACT
BEJIMYKWHA X, NPEACTABJISICT co0oit TapMOHUYECKUE KOJIcOaHMsI.




3. [Ipocmeltiwue konebamenabHbIe cucmembl

i - IIpyKMHHBIH MasiTHUK
%@ am I’I’I<\ k
7 AT =21 z Macca M Tm
-
o KOJIeOJIIO-
Iepuon KectKocth  mierocs
CBOOOJHBIX  mpyXMHBI  Tpy3a
KoJiebaHuit
| B OTCYTCTBHUE TPCHUS
2 2 2 2
kx m vmax

423+ muv

=const =—X=

2\

A= Xmax

~Xmax

x = Al — ynnunenue npysxumbl

A = Xpax = Aljnax — aMIIMTY 12 KONeGaHyi
(MakcUMaNbHOE yIUTMHEHUE TIPYKUHBI)
Unax — MaKCHMallbHasi CKOPOCTb Ipy3a

v, = x(¢) = x,,0-sinwt

~ ‘ 3

x==4

U = Upax B MOMEHT, KOTa x = 0

B MOMEHT, korga v =0

MaTeMaTHUYeCKHMI MassiTHUK

KonebaTeabHBIl KOHTYP

| < v = ZTC'\I LC
T=2n—| o .
/ Juaa Hepuon cBO6OIHBIX — I
Tepuon {g HUTH 3JIEKTPOMArHUTHBIX C
CBOOOIHBIX KoJIe0aHUM A
KoneGanumii Y CKOpeHHe cBOOOJHOro
najeHus — yCKOpeHHe, co3aaBaeMoe |MHIYKTHBHOCTD ONEKTPOCMKOCTh
CUJIOHN TSKECTH. KaTyILKH KOHZIeHCaTOpa qz
max
Ecinn kpoMe CHITBI TSKECTH Ha MasTHHK IEHCTBYIOT w2+ WM™ = const ‘L 2C
KOHJ, Kar A
JpyTHE NOCTOSHHBIE AKTHBHBIE CUJIBI, TO BMECTO & B 5 5 S 5
(bopMyI1y MOACTaBIAIOT MOLYJIb YCKOPEHHUS, CcU " — const = CcU max __ LI max
C0371aBa€MOT0 CyMMOH BceX aKTUBHBIX CHUII: 2 2 2 2
2 F z
aKT - -
acr — (aKTI/IBHBIMI/I Ha3BIBAIOTCS q j U HaIpsDKCHUE Ha KOHJCHCATOPE q €T0 3apsn

m

I— CHJIa TOKa B KaTyIIKE,

2
CHUJIbl, UMEIOIINE HEHYJIEBOU ¢ Gmax, Umax ¥ Iiax — MaxcuMansupie (ammm-
BpALLAIOLUiT MOMEHT i i TYJHBIC) 3HAYEHH 3aps/ia, HAPSHKEHU U cTI/:)J::;
=47 |— . B
OTHOCHUTEJIEHO TO‘-II)(I/I a,. I = —q(f) = g,o-sinot
MoJBECa MasTHUKA _
a Qm(ﬂ— Imax TN T 3T
MasaTHUK B Judre: ‘N7 1 T !
L \2_ 4
I NS
e aa
— Ta””q“a — %“"q"a 7 ::qm'c:o Swt;
G max \i 1 :/\
TRy A t
/ / 12 :
T=2n|— T=2n |—— ™\ ! /3T T
g+aﬂ"¢ g_anmb “Ymax ""Z'"_ : 4
ecn d - BBEPX ecin d - BHH3
g p nmugra I==] ,,,x B MOMeHT, Korja g = 0

q = *qumax B MOMEHT, Korma [ =0

4. BosiHa — pacmpocTpaHeHHe KOJIeOaTeIEHOTO MpoIiecca B IMPOCTPAHCTBE ¢ TeUeHNEM BpeMeHH. (Eciu B kakoii-To obnactu
MIPOCTPAHCTBA MPOUCXOAUT KOJIEOATENBHBIH MPOIIECC, TO 3TO MOXKET IIOPOIUTH aHATOTUYHBIC KOJICOaHUS B COCEIHUX O0JIACTAX MPOCTPAHCTBA.
HaHpI/IMep, eCJIM KaKasi- 100 TouKa pryFOfI Cp€Abl COBEPHIACT MEXAHUYCCKUEC KOJIe6aHI/I$I, TO IIPpU 3TOM OHA, KaK IpaBUJIO, 3aCTABJIACT KOJ1e0aThCs

IIpumep: Ha rnaakoil rOPU30HTAIBHOM MOBEPXHOCTH JISKHUT IITHY,
1 B HEKOTOPBIM MOMEHT €r0 KpaiHIOI TOUKY ¢ HAYMHAIOT JBUTaTh
BIOIH ocu OX 110 3aKOHY X = Asinmt
X Tz? BHJ] CBEPXV:
0] t=0
a d e
Xy L
y E E T
4 3 —
o * * =—
L 4
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X : BOJ’IT{
4 : : : T
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Ar: : On 3T
o1 t=—
—A
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o
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Touka ¢ HaunHAET JABUIaTbCH,
P 3TOM €€ CKOPOCTb MEHSACTCA

10 3aKoHy Uy = x'= AMCOSM? ,
TaK 4TO B MOMEHT f = () CKOPOCTh

MaKCHMaJbHa U,, = A®.

K Mmomenrty ¢ = 7/4 Touka a cMme-
maercs B monoxenue x = A. Co-
CelTHME TOYKH IIHYpa JBHKYTCS
3a HEil, IOBTOPSIIOT €€ IBHKEHHE,
3aCTaBIIAS IBUTATHCS CIICTYFOIIIE
Touku. B MomeHT ¢ = T/4 BonHa
JIoIILIa 0 TOYKH b U OHA Hayayia
JIBUTAThCS (€€ COCTOSIHUE B MO-
MeHT ¢ = T/4 COBIAgaer ¢ COCTOs-
HHEM TOYKHM ¢ B MOMEHT ¢ = 0) B
JalbHENIIIEM BCE HOBBIE M HOBBIE
TOYKH OYyyT BOBJIEKATHCS B KO-
nebarebHOe IBUKCHHE, aHAJIO-
TUYHOE JBH)KEHUIO HCTOYHHKA —
TOYKH d.

coceiHUe, IpuIleraroIye K Hell Touku cpefpl. Te, B cBOIO ouepens,
HepelatoT KoJIeOaTelIbHOe JIBUKEHHE CIIEYOIINM TOUKaM U T. I.
Takum o6pa3oM, B KosieOaTeNbHBII NPOLIECC BOBIEKAIOTCS BCE
HOBBIE U HOBBIE 001aCcTH pocTpaHcTBa. [pyroii mpumep —
3JIEKTPOMAarHuTHbIE Konebanus. Ecnu B Kakoi-To TOUKe
MPOCTPAHCTBA (3Ty TOUKY Ha30BEM HCTOYHUKOM) IIPOHCXOJST

KOIeGaHHs HHAYKIHH MATHUTHOTO TIONs B3, TO 3T0 MOpOsKIaeT B
OKPY’KaIOIEM MPOCTPAHCTBE KOJIeOaH!s HANPS)KEHHOCTH

QJIEKTPHUYECKOI'O I1OJIA E , KOTOPBIEC, B CBOIO O4YEPEb, IIOPOKIAAOT

HOBBIC KONeOanuss B U T. 1. DIeKTPOMArHHTHEIC KONEOaHUs
PacIpoCTPaHSIOTCS OT HCTOYHHKA, T. €. HAUMHAIOT IPOMCXOAUTh BO
BCE HOBBIX U HOBBIX 00JIaCTSX MPOCTPAHCTBA)

DPOHT BOJIHBI — TOBEPXHOCTH OT/IEIISONIAst 001aCcTh
MPOCTPAHCTBA, B KOTOPOU y>Ke HAYaIHCh KOJeOaHus, OT
obacTh, T1ie KojeOaHus emie He MPoucxoaiT. OpoHT BOIHBI
TepeMeIaeTes 1o Mepe pacupoCTpaHEHUs BOJIHEL. (B
PacCMOTPEHHOM IPUMEpPE CO MIHYPOM (POHTOM BOJHBI B MOMEHT

t = T/4 sBnsieTcst Touka b, B MOMEHT ¢ = T/2 — TOYKa ¢, U T. 1I.)

CKOopoCTh pacnpocTpaHeHUs BOJHBI ('U — CKOpPOCTH

BOJIH )

IBIDKEHUS BOJHOBOTO (DPOHTA, a TaKXKe 000 qpyToi
ITOBEPXHOCTHU TIOCTOSHHOH (a3l (JIF000r0 «ropOay BOIHEI,
WA «BIIAJIHBDY).

Mexanndeckasi BOJIHA Ha3EIBACTCS HOHeEe‘-IHOﬁ, CClIr

HanpaBJICHUE ABUKCHUSL KOJ'Ie6J'I}OIJ_IPIXC${ TOYEK B HEH

MEPIEHIUKYIAPHO HapaBiaeHuo U

BOJIH

. Ecnnt ke konebmronyecss TOUKU ABUXKYTCS MapajluieibHO U

TO BOJIHA HA3bIBACTCS POAOJIbHOM.

BOJIH

(PaccmoTpenHas B mpuMepe BOJIHA B LITHYPE — MONEpeyHas, a 3ByK — IIPOJIONIbHAs BOJIHA.) DIEKTPOMArHUTHBIE BOJIHBI ABIAIOTCS MONEPEUHBIMY, T. K.

HanpaBJICHUEC KOJ'IG6J'IIOH.[I/IXC$I BEKTOPOB E u B B OTHUX BOJIHaX MCPIICHAU-
X

—

[

BOJIH

A

KOJICOIIOIIasCs

BEJIMYKMHA

KyJsipHo O,

I"‘: pacCcTosAHUuEC 10

) MCTOYHHUKA

Jiinna BoJiHbI (A) — MUHUMAIIbHOE PACCTOSIHUE MEXKAY TOUYKA-
. | Mm, komebaHus B KOTOPBIX MMPOUCXOIAT C PA3HOCTHIO (ha3 27.
(ITpm Takoit pa3zHOCTH (ha3 KOIEOTIOMIMECS BEIMINHEI B 3THX TOUKAX
HMCIOT OHO M TO K€ 3HAYCHHUC, TaK YTO }\. — PacCTOSAHUC MCIKIY
COCCIHUMH «I‘OpGaMI/I», WU COCCIHUMU «BIIaTUHaAMM) BOJIHLI)

X(r, 1) = A-cos(ot — 2T/A)r + @o)

7\, = UGOJZH'T: v@oxm/v






