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Ce0600HbIe KonebaHusi

1. KonebaHusa. O6wui nogxoa K M3yveHUr konebaHuwn pasnuyHon cdmsmnyec-
Kol npupoael.

Kone6aHusiMu Ha3blBalOTCH OBWXKEHUS UMW NpOLecchl, KoTopble obnagatoT
onpefeneHHon NoBTOPSAEMOCTHIO BO BPEMEHW.

KonebaHus conpoBoxaatoTcs NonepeMeHHbIM NpeBpaLleHMeM 3HEPrMN OJHOro
BMOa B 3HEPruio Apyroro Bmaa.

KonebaHus HasblBatloTCs €80600HLIMU (MNN COBCMBEHHBLIMU), €CIA OHU
COBEpLUATCA 3a CYeT nepBOHavanbHO COOOLLEHHON 3Heprun, 6e3 panbHenwero
BHELUHEro BO34eNCTBUS Ha KonebaTenbHylo cuctemy (CUCTEMY, COBEpLUAOLLYHO
kone6anus). KonebaHusi HasbIBalOTCS 8bIHYXOEHHBIMU, €CIIN OHN NMPOUCXOANAT MO,
OeVCcTBMEM NEPUOONYECKN N3MEHSIOLLENCHA BHELLHEN CUMbl.

dusuyeckass npupoda konebaHWii MOXeT OblTb pasHoi — pasnuyarT
MeXaHW4ecKkune, aneKkTpoMarHuTHbIe U Ap. konedaHus.

Ho pasnuuHble konebaTenbHble MpPOLECcChl OMUCHIBAKOTCA OAUHAKOBbLIMU
ypaBHEHUsiMU, MO3TOMY Lenecoobpas3Ho u3yvaTb BCe konebaTenbHble MpoLecChl,
ncnonb3ys obLme CBOMCTBa KonebaHumii.

2. MapmoHuyeckue konebaHUs U UX XapaKTEPUCTUKM.

rapmoHuyeckumMu Kosle6baHUSAMU Ha3bIBaOTCA kKonebaHusi, npu  KOTOopbIX
Konebnowasaca duanmdeckas BenuuMHa W3MEHSIETCA MO 3aKoHy cuHyca (Mnm
KOCWHyca).

PasnuyHble nepuoduyeckue npoyecch! (MPOLECChl, MOBTOPSOLIMECS Yepes3
paBHble MNPOMEXYTKM BpeMeHu) MoryT ObiTb NpeacTaBfneHbl B BWAe CYyMMbI
(cynepnosumuumn) rapMoHNYECKMX KonebaHun.

"apmoHuyeckoe konebaHne BenMYnHbI § ONUCbIBAETCH YpaBHEHWEM TuNa

s=A-cos(ot+ ),
roe: A — amnnuTtyaa konebaHus — MakcuMarbHOe 3HaueHue konebnioweincs Benu-
Y/HBI;
 — Kpyrosas (Unknuyeckas) 4acTtoTa;
(0 — HavanbHasa dasa kone6GaHus B MOMEHT Bpemern ¢ =0;

(ot + @) — dasa konebGaH1s B MOMEHT BPEMEHH 7 .

da3za konebaHusa onpeaenseT 3HayeHve KonebnioLwencs BeNnYnHbl B AaHHbIN
MOMEHT BpeMeHU. Tak Kak KOCMHYC M3MeHsieTcs B npegenax ot +1 go —1, 1o s
MOXET NPUHMMaTh 3HaveHus oT +A4 no —A.

Mockonbky cos(a+2m)=cosa, TO MpU FapMOHMYECKUX  komnebaHusx

yBenuueHve (npupalleHue) casbl konebaHus Ha 27T NpUMBOAUT K TOMY, 4YTO Bce
BeNnn4nHbI, Xapakrepusywuine KOJ'I663HI/Ie, NPUHUMAOT UCXOQHOE 3Ha4YeHue.

Mepuonom kone6auuu 7' HasbiBaeTCS HAMMEHbLUMIN NMPOMEXKYTOK BPEMEHM, MO
UCTEYEHNN KOTOPOTO  [108MOPSOMCH  COCTOSIHUS — Konebniouwencs  cucTembl
(coBepliaetcs ogHO nomnHoe konebaHwe) u asa konebaHus  nonyyaeT
npupalleHue 21

o(t+T)+o=(ot+@)+2m.
OTkyna

2n
T=—.
Q)
YacTtoTon koneb6aHun n HasbiBaeTcA BenvuMHa obpaTHas nepuopy koneba-
HWI — YACIO NOIHbIX konebaHWn, coBepLIaeMbIX B €AMHULY BPEMEHN

1 o
T 2n
EpvHumua 4vactotbl — repy (W) — 4yactoTa nepuoamyeckoro npouecca, npu
KOTOPOM 3a 1 cekyHay coBepLuaeTcsl O4MH LMK KonebaHui.

n

3. OudrdbepeHumansHoe ypaBHEHME rapMOHUYECKUX KONlebaHum.

MepBas (ckopocTb) U BTOpas (YCKOPEHWE) NPOWM3BOAHbIE MO BPEMEHU OT
rapMOHMYECKM Konebniowenca BenuuUuHbl § TakkKe COBEpLUAlT rapMOHUYecKkue
KonebaHus ¢ TOM Xe LIMKITMYECKON YacToToMn

§= % =—Awsin(w? + @) = Aocos(wt + ¢ + g),

2
. d°s
§= d_2 = —Aw* cos(w? + @) = Aw” cos(®f + ¢ +T).
t
M3 nocrneaHero ypaBHEHWS BUOHO, YTO § YAOBMETBOPSIET YPABHEHUIO
2
N ..
—2+c02s:0 um S+ eis=0.
dt
OT0 ypaBHeHWe HasbiBaeTcs dughghepeHyuanbHbIM ypasdHeHUeM 2apMOHU-
4Yeckux KosiebaHul. Ero pelieHune

s=A-cos(wf+0).

4, Me'rop, BEKTOPHbLIX AnarpamMm.
FapmoHunyeckne  konebaHus  unsobpaxatoTcst

\w rpaduyeckn Memodom epauwiarouie2ocsi eekmopa
Vi amMnnumyobl WM MemoOOM  8EeKMOPHbIX
duazpamm.

|
: M3 npoussonbHoi Toukn O, BbIGpaHHOW Ha OcK

0 0 X, Nog YyrmoMm ¢, paBHbIM HavanbHonm ase
-‘} konebaHusl, OTkNagbiBaeTca BekTop A, Moaynb
S KOTOpOro paBeH amnnuTyde A, paccmaTpvuBaemoro

konebaHusa. Ecnn aToT BekTop OyaeT Bpaliartbcd
BOKpYr Toukn O C YrnoBoOW CKOPOCTbIO , TO MPOEKLMsi BeKTopa Ha ocb x OyaeT
coBepLuaTh konebaHus no 3akoHy s = A - cos(wt + ¢).

5. OkcnoHeHUManbHas doopma 3anUcu rapMoOHMYECKUX KonebaHUM.
CornacHo chopmyne Jnnepa Ans KOMNNEKCHbIX Yncen

e =cos@+ising,

roe i =~+—1 — MHuMas eguHuua. Mo3ToMy ypaBHEHWE rapMOHMYECKOro KonebaHms
s = A-cos(mt + () MOXHO 3anucaTb B KOMINIIEKCHOW 3KCMOHEeHLMarnbHo chopme

§= Aei((,\)t+(p) )

Pu3nyeckMn CMbICN UMEET TONbKO B8ew,ecmeeHHasi Yacmpe KOMMIEKCHON beHKU,VIVI

A.H.OrypuoB. ®usuka dns cmydeHmos
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S, KoTopast U NpeAcTaenseT coboi rapMoHMYeckoe KonebaHue
Re(s)= Acos(wt+@)=s.

6. MexaHu4eckue rapmoHuyeckue konebdaHums.

MycTb MaTepuanbHasi Touka COBepLUaeT MPsIMOUHElHbIE TFapMOHUYECKME
koneGaHns BOOMb OCUM X OKOMO MONOXEHUS

xhe——T ——>
~. /.\ paBHOBECUS! MPUHATOTO, 3a Hauano KOOpAWHAT.
7 T ~t Torpa ans koneobnioLencs ToYkn
vt cmeujeHue: x = A-cos(wt+ @),
- . T
¢ cKopocmb: U=x=—chos(mt+(p+E),
aT TN\ s yCKOpeHue:
- N a=0=5§= Ao* cos(ot + @ +).
K AMRAuUmMydAsbi CKOPOCTU N YCKOPEHUS! PaBHbI
Ao v Ae’.
W ¢ ®aza CKOpOCTU OTnMYaeTcss OT  dhasbl
b
\/\/\/ CMelLeHns Ha > a ¢asa ycKopeHus Ha TT.
t

Cuna, pencreyllwas Ha konebntowyrocs

MaTepuasbHy TOYKY Maccon m pasHa

F =ma=m- Ao’ cos(ot + o+m)= —mw® Acos(wt + 0)= —mw’x.

Takum oGpasoM, cuna NponopumoHanbHa CMELLEHUIO MaTepuaribHON TOYKU U
HanpasrieHa B CTOPOHY, NPOTUBOMOMOXHYIO CMELLEHUIO (K MOMOXEHWIO PAaBHOBECHS).
Takasi 3aBUCUMOCTb OT CMELLEHUsI XapakTepHa Ans ynpyrx Cus U No3ToMy CUIlbl,
KOTOpble  aHanorMyHbiM  06pa3oM  3aBUCAT OT  CMELUeHUs, Ha3blBaloTcs
Keasuynpyaumu.

7. OHeprusa maTepuanbHOW TOYKU, COBeplLualoLLe rapMoHU4eckue konebaHus.
KuHemu4eckasi aHepausi MaTepranbHON TOYKU

_ A2>
sin® (ot + 0= %[1 —cos2(wf +¢)].

mo’  mAw’
2

lMomeHyuanbHass  3Hepausi  MaTepuanbHOW  TOYKM, cosepLiaroLen
rapmoHuyeckue konebaHusa noa AencTesmMem KBa3uynpyrov cunbl

K=

x 2.2 2.2 2 2
W=—IFdx:me=mA—(Dcos2((ot+(p):MT®[1+0052(03t+(p)].
0
2.2
lMonHas aHepausi E=K+W :mA_o)

ocTaeTcsl NOCTOSHHOW, C TeYeHVWEM BPEMEHM MPOUCXOAMT TONbKO MNpeBpalleHune
KMHETUYECKOW SHEPTUM B NOTEHLUMANbHYIO U 06paTHO.
8. FapMOHMYeCKM OCLMNNATOP.

FapMOHMYECKMM  OCUMNNSTOPOM  Has3blBAaeTCs  CUCTEMa, COBepLualoLas
kone6aHus, onuckiBaeMble AnddepeHUnansHbIM ypaBHeHEM

§+w’s=0.
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[MpumepamMn  rapMOHMYECKOrO  OCUMNNSATOpa  SBMASIOTCA  MPYXUHHbBIN,
MaTeMaTU4eCKUn 1  (OU3NYECKUA MasiTHUKM U SNEKTPUYECKMI  KonebaTenbHbIn
KOHTYP.

9. MpPYXWUHHBIA MasATHUK.

TIpy)KUHHBIU MassMHUK — 3TO TPy3 Maccow m , NoABEeLUEHHbI Ha abConTHO
yrnpyrov npyxvHe W coBepLlaloWwnii rapMoHnyeckme konebaHus nog OewncTBueM
ynpyron cunbl

F=—kx,
raoe k — XeCTKOCTb MpYXUHbI.
YpaBHEHNE ABWXEHUS MAasTHUKA

.. . k
mx =—kx wm  ¥+—x=0.
m
CpaBHvBasi 3TO ypaBHEHWE C YpaBHEHWEM [BWKEeHUS

\ rapMOHUYECKOro ocumnnsTopa §+cozs:0, Mbl BUOUM, 4YTO
7 TPYXWHHBIA MasiTHUK coBepluaeT KonebaHusi Mo  3aKoHy
0 x = A-cos(®f + @) C UMKINYECKON YACTOTON 1 NEPUOAOM
= <1
0= ﬁ T=2n ﬂ.
/77; m k
MoTeHuManbHas 3HEPrus NPYKMHHOMO MasiTHUKa
2.2 2
U= mo”x” _ kx_
2 2
Ecnv Ha MasTHUK OeicTBYeT cuna TpeHusl, MporopuuoHanbHasi CKOPOCTM
F_ =-rx, rae r — koatULNEHT conpoTvBneHnsi, To konebaHus masTHuka GyayT

3aTyxaloLyMU, U 3aKOH OBWKEHUS MasTHUKa ByaeT umetb Bug mi = —kx — rx vnu

. r. k
X+—x+—x=0.
m m

10. MaTteMmaTnyeCKMN MasiTHUK.

MaTtemaTuyecKMM MaAITHUKOM Ha3bIBAaeTCs WAaeanuaMpoBaHHas cucTema,
COCTOSLLANA N3 MaTepuarnbHON TOYKM Maccon m, NoABELUEHHON Ha
HEeBECOMOWN HepacTsKUMON HUTU AnuHHOM [, u Konebniowencs
noa AenCTBMEM CUIbl TSXKECTU 6e3 TpeHus.

Xopowum  npubnmxeHnem MaTemMaTU4eckoro MasiTHMKa
sABNsieTCA HeOONbLUOWN TSHKENbIN LWapUK, NOABELLEHHbIA HA TOHKOW
OJTMHHOW HUTK.

Mpun Manbix yrnax oTKNOHEHUs OL MOXHO cunTath X ~ [aL.

Bosspawyatowas cuna

F = Psino = mgo. :mg§.

YpaBHeHVe ABMKEHUSA

m)'é:—F:—mg; unm jc'+§x:0.

A.H.OrypuoB. ®usuka dns cmydeHmos
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CrnepoBaTtenbHO, [ABWXEHWE MaTemaTMyeckoro MasiTHMKa OnWCbIBaeTCst
AnddepeHuManbHbIM ypaBHEHUEM rapMOHUYECKMX Kone6GaHuid, TO eCTb NPOUCXOAUT
no 3akoHy x = A4 - cos(®? + @) ¢ 4acToToi 1 NepuoOM, COOTBETCTBEHHO

0= \/g, T=2n L .
[ g
11. ®U3U4ECKUNA MASITHUK.

Qdu3uyeckuM MasimMHUKOM Ha3blBaeTCsi TBepAoe Teno, cosepliatllee Mo
OENCTBUEM CUMbl TSXKECTU KonebaHWs BOKPYr ropu3oHTanbHOW OCWM noageca, He
npoxogsiien yepes LEHTP Macc Tena.

Ecnn dwmsnyeckuin MasiTHUK OTKIMOHEH W3 MOJIOXKEHUS
paBHOBECUSI Ha HEKOTOpPbI yrom O, TO MOMEHT
BO3BpaLLaoLLen cunbl

M=JB=Ja.
C Opyroi CTOPOHbI, NPU MarnbIX yriax
M =Fl=-mglsina~-mgla.,
roe J — MOMEHT MHepLMM MasiTHUKa OTHOCUTENbHO OCH,
npoxoasLen Yyepes Touky noaseca O,

[ — paccTosiHMe MexOy TOYKOM Moaseca U LEeHTPOM
macc C MaaTHUKa,

F_=-mgsina — Bo3Bpallaowas cuna (Co 3Hakom
MUHYC, TMOCKOMIbKY OHa BCErga HarnpasreHHas MpOTUBOMOSIOKHO HampaBieHuio
yBenuyeHus a ).

CneposatensHo, Jo +mglo =0, unn

('i+m—g1(x:0.
J

Takum ofpasom, npu Manbix konebaHusx U3NYECcKUii MasTHUK coBepLuaeT
rapmMoHuyeckue konebaHus o =0l -CoS(®Mf + @) C LMKNMYECKOH 4acToTol WU

nepnoaoom
o= "L p_on |l _op |E
J mgl g

J . .
roe onvHa L = — — HasblBaeTcs NpyMBeaeHHON ANMHONM hr3nYeckoro MasiTH1Ka.
m

lMpueedeHHasi OnuHa @uU3UYECKO20 MasimHUKa — 93TO [AfMHa TaKkoro
MaTeMaTU4eCKOro MasiTHMKa, KOTOPLIN UMeET Takon e nepuof konebaHui, 4to u
OaHHbIA PUSNYECKUIA MAATHUK.

Touka O' Ha npopomxkeHun npamoinr OC, oTcTosiLlas OT Ocu noaseca Ha
paccTosiHUM NpyBeAeHHON ANWHbI L, Ha3blBaeTCs YeHmpoM kadaHuli pusnyeckoro
MasiTHUKa.

MaTemaTnyecknini MasTHUK MOXHO NMPEACTaBWUTb Kak yacmHbll (rMpederibHbil)
cryqall ¢husu4eckoso MasimHuKa, BCSi Macca KOTOPOro COCpeaoTodeHa B ero LieHTpe

2
macc. Mpu atom J =ml”, cnegosatensHo

TZZTE\/Z.

A.H.OrypuoB. ®usuka dns cmydeHmos

12.3neKTprUYeCcKUn KonedaTenbHbIW KOHTYP.

Anekmpu4eckum konebamesibHbIM KOHMYPOM Ha3blBAETCHA ANeKTpuyeckas
Lienb, COCTOSALLAs M3 BKMHOYEHHbIX MOCMEeAoBaTENbHO KaTyLIKU UHAYKTUBHOCTbIO L,

+o- KOHAEHCaTopa  EMKOCTbHO C M pesuctopa
il conpoTtvBneHnem R.
C Mo 3akoHy Oma ans yyacTtka uenm i
R q
IR=¢,-9,+0®, wm [R=—--L—,
L =0, c C ds
—_— ]

rae g wu ((pl—(pz)z—% — 3apsig KoHdeHcaTopa U

pasHOCTb MOTEHUManoB ero obknafok B NPOU3BOSbHbLIA MOMEHT BpeMeHu ¢; R —
9NeKTPUYECcKoe COMpoTMBNEHWe KoneGaTenbHoro koHTypa, ®,— 3AC camo-

d
MHOyKUMM B KaTywke. Cuna Toka [ =d—q, noatomy OdugghepeHyuanbHoe
t

ypaeHeHue kosiebaHull 3apsida B konebatenbHOM KOHType

d*q Rdq 1
Lg Rdg 1,
dt Ldt LC
13.Ctaguu konebaHun B ugeanM3npoBaHHOM KonebaTeslbHOM KOHTYpe.
UNdeanusupoeaHHbIli Kosle6bamenbHbIl KOHMYP — KonebaTenbHbIN KOHTYP, Y
koToporo R=0.

=0 t=0.25T t=0.5T t=0.75T t=T

E =Umax E=Kmax E: =Kmax E =Umax

MycTb B HavanbHblli MOMeHT BpemeHu =0 KoHOeHcaTOp 3apsbkeH
3apsigom ¢ . Torga aHeprus 3neKTPUYEeckoro Mnons Mexay obknagkamu KOHAEH-
2

catopa W, :;]_C' Mpy 3amMblkaHWM KOHOEHcaTopa Ha KaTylKy WHOYKTUBHOCTW, B

KOHTYpe moTeyeT Bo3pacTalowmii Tok [. OHepausi 3/1eKmpuyecko2o Mosisi HadHeT

2 %)
LI~ L
YMEeHbLLWATLCA, a 3Hepaus MasHUmHo20 nons katywku W, =—2 =—;1 6ynet

go3pacmamse. [lockonbky notepb B koHType HeT (R=0), To nonHas sHepaus

KonebaHusi 1 BormHbI
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W=W,+W, coxpaHsemcs.

B mMomMeHm epemeHuU t:%T (T —nepvioq konebaHuit), korga KoHAeHcaTop
MOJSIHOCTBIO PaspsaNTCs, IHEprnst AMneKTpuMYeckoro nomns obpaiaercs B Hynb, a
3Heprus MarHuTHoOro nons (a crnegoBaTenbHO, M TOK) AocTuraeT Haubonbluero
3HayeHus.

Crtagum konebaHuin B KOHTYpe MOXHO CONOCTaBUTL C aHANOMMYHbIMK CTaansAMU
MexaHu4yeckux KonebaHull, Hanpumep, MaTeMaTUY4eCKOro MasiTHWUKa, KOTOpbI B
MomeHT BpemeHn (=0 cMeleH U3 TOMOXKEHNS paBHOBECUMS W UMeeT
MaKCUMarnbHylo noTeHumanbHylo sHeprmo £ =U, . B MomeHT Bpemenu 7= Y, T
CMELLEHME MasiTHMKa paBHO HYMH, CKOPOCTb — MakcumaribHa, U noTeHuuansHas
3HEPrysi NOMHOCTLIO NEPEXOANT B KNHETUYECKYIO 3HEprnio MasiTHuka £ =K .

Ha4yuHnasi ¢ MomMeHma epemeHuU {= %T , TOK B KOHType OyaeTt y6biBaTb,
crefoBaTenbHO, MarHMTHOe Mofle KaTylKkM HavyHeT ocnabesaTtb. W3meHeHue
MarHMTHOro nons BbI30BET MHAYKLUMOHHbIA TOK, KOTOPLINA, No npaswuny JleHua, byaet
MMeTb TO e HanpaBfeHue, YTO U TOK paspsigku KoHAaeHcatopa. KoHaeHcaTtop
HauMHaeT nepesapskaTbCsi U K MOMEHMYy 8PeMeHU | = %T 3apsig Ha obknagkax
KOHeHcaTopa AOCTUTHET MakCUMyMa, TOK B LLENU NPeKpaTUTCsl, U SHEPrns KOHTypa
cHoBa ByaeT paBHa 3HEPIW SMEKTPUYECKOrO MOMS B KOHAEHCATOPE.

[ns masmuuka 310 OydeT COOTBETCTBOBaTb MakCMManbHOMY CMELLEHUo B
HanpasneHun, MNPOTMBOMONOXHOM MNEepBOHaYaribHOMY, OCTaHOBKE MasiTHUKa B
KpariHem nonoxeHun (L =0) n o6paTHOMY NpPeBpPALLEHNIO KUHETUYECKON SHEPTUN B
noTeHUManbHyto.

[Janee, Bce npoueccbl B koneGaTenbHOM KOHType OyayT npomekamb 8
obpamHoM HarnpaeneHuu W cucTtema K MomeHmy epemeHu t=T npuger B
rnepeoHavarbHoe COCTOosIHME.

Taknm obpasom, B konebaTtenbHOM KOHType MNpPOUCXOQAT repuoduyeckue
U3MeHeHuUs1 3apsifga g Ha obknagkax KoHgeHcatopa Mo cunbl Toka [. Omm
anekTpuyeckme koneb6aHus ConpoBOXAaTCA npespawjeHUeM  3Heprun
3NEKTPUYECKOTO M MarHUTHOTO NOMEW.

N3 cpaBHeHus anekTpuyeckux konebaHuii ¢ MexaHU4Yeckumu korebaHusiMu,
cregyer, 4To:

— 9Heprusi ANeKTPUYECKOro Nonsi KOHAeHcaTopa aHasio2u4yHa noTeHuManbHom

3HEeprumn MasTHKKa,

— 9HEeprusi MarHWTHOroO MOMs KaTyLIKW aHasio2uyHa KUHETUYECKOW 3IHepruv

ManTHKKa,

— cuna ToKa B KOHTYpe aHasio2u4yHa CKOPOCTU ABUXKEHNS MasiTHWKA,

— MWHOYKTUBHOCTb L 8binosiHsem ¢hyHKUYUIO Macchl,

— conpoTuBrieHne R uzpaem posib CUIbl TPEHUSI, AENCTBYIOLLEN Ha MasiTHUK.

14.CBo60gHbIE rapMOHUYECKMEe KonebaHusa B KonebaTenbHOM KOHType.
CBobogHble anekTpuyeckne konebaHust B konebaTenbHOM KOHType SBNATCS
rapMOHUYECKMMMU, ECITN €ro IreKTpuyeckoe conpoTmsredne R =0.
OnddepeHumnanbsHoe ypaBHeHME CBODOAHbLIX TAPMOHMYECKUX KorebaHui
3apsiaa B KOHType

d’q 1
da, 1 o,
a2 rc!

A.H.OrypuoB. ®usuka dns cmydeHmos
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3apsa g coeepluaeT rapMOHUYecKne konebaHus no 3aKoHy

q = Gax COS(OE + @),
C LUMKNNYECKoM YacToTon

1
NLC

T=2n~LC,
Ota dopmyna HasbiBaeTcsi — hopmyna ToMcoHa.
B dopmyne TomcoHa ¢, —amnnutyaa konebaxuii sapaaa.

Cwuna Toka B konebaTenbHOM KOHTYype

1 nepvoaom

dt
onepexaeT no case konebanus 3apsapa q Ha /2.

I= da_ ~OF oy SINOE+Q) =1 cos(wt +o+ g)

q
3pech [, = 0q,, =2 — amMnAnTyga cunbl ToKa.
VLC

PasHocTb  noTeHuuanos obknagok  koHaeHcatopa U =@, —¢, Takke
U3MEHSIeTCst MO rapMOHMYECKOMY 3aKOHY M COBMaaaeT Mo ase ¢ 3apsiaoM ¢

U :% =U . cos(ot + ),

— qmax

roe Umax — aMmnnnTyga pa3HoCTu noTeHunanos. AMI'IJ'IVITy,D,a TOKa

Imax = Umax \/E "
L

BenunuunHa A % Ha3blBaeTCA @O0JIHO8bIM colipomussieHuem Koneba-

TeNbHOro KOHTYypa.

15.CnoxeHne rapMoHM4EeCKUX KonedaHuin.

Ecnn cuctema oOOHOBPEMEHHO y4acTByeT B HECKOMbKMX konebartenbHbIX
npoueccax, TO NOA CROXeHWeM KonebaHuin MNOHMMAKT HaxOX[AeHWe 3akoHa,
OMNMCLIBAIOLLEro Pe3ynbTUPYLNA KonebaTenbHbIi
npouecc.

Ons cnoxeHns kone6aHwin x; n x,

X, = A4, cos(wt + @), X, = A4, cos(owt + @,)
ucrionb3yem mMemod epauwjarouje2ocsi eekmopa
amMnnumyodbl (Memod eeKMopHbIX Ouazpamm).

Tak kak BekTopbl A4, W A, BpawaioTcs C
OAVHAKOBOW YrMOBOW CKOPOCTbIO (), TO Pa3sHOCTb
da3 (¢, —@;) Mexay HIMU OCTaeTCst NOCTOAHHOMN.
- X - YpaBHeHue pesynbTupytoLlero konebanus bynet

X=X +x, =Acos(wt + @),

KonebaHusi 1 BormHbI
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roe amMnnutyga A v HavanbHas asa @ 3a4aloTcsl COOTHOLLEHUSMY
_ A;sing, + A,sin @,

A* = A2 + A3 + 24,4, cos(p, — ), tgp= .
A cos@, + A, cosp,

Cymma deyx 2apMoHuYecKux kone6GaHuin 04HOro HanpasneH s 1 OAUHaKOBOM
4acToTbl ecmb 2apMOHUYecKoe KosiebaHue B TOM Xe HanpaeneHunM 1 ¢ ToM xe
4acTOTOM, YTO M CKnafbiBaemble KonebaHus.

Avnnutyga pesynbTupytowlero konebaHuss 3aBUCUT OT pasHocTM a3
cKnaaplBaeMblx KonebaHuii:

1) @, —@, =2mmn, rpe (m=0,1,2,...), Torna A= 4, + 4,;

2) ¢o,—@,=x2m+1)m, rope (m=0,1,2,...), Torna 4= ‘Al - Az‘ )

16. Bbuenus.

BueHrusiMu Ha3blBalOTCA Nepuoanyeckne U3MeHeHus amnutyapl konebaHus,
BO3HMKalOLWME MNpU CrOXEHWUM [OBYX [apMOHMYECKUX konebaHuh c  6nu3kumu
yacmomamu.

MycTe aMnNnuTyabl cknafbiBaemblx KoneGaHuii paBHbl A, a 4acToTbl paBHbl @
n o+ Ao, npuuem Am << ®. MNyTb Ana NpocToTbl Ha4Yano oTcyeTa BbIOpaHO Tak,
4YTOObI HavanbHble a3kl 060Mx KonebaHwi ObIny paBHbl HYIO

x; =Acoswt, x,=Acos(w+Aw).

PesynbTupytoLlee konebaHve

OyneT umeTb BUA

x= (2ACOSA7(DIJ -cosmt

— rapmMmoHun4yeckoe KonebaHune ¢ 4actoTon ®, aMmnnunTyga KOToporo naMeHaeTcd no

3aKOHY A = C Y4aCTOTON gy = A® (4acToTa BueHuii Basoe

2Acos&t
2

Gorblie 4acTOTbl UBMEHEHNS! KOCUHYCA, MOCKOMBKY Ag, e OEPETCS NO MoOAYIIHO).

17.PasnoxeHune Pypoe.

NoGoe cnoxHoe nepuoamyeckoe konebaHue s = f(f) MOXHO NpefcTaBUTb B
BUAE CYMMbl MPOCTbIX FApPMOHWYECKUX KonebaHWii C LMKIMYEeCKUMU YactoTamu,
KPaTHBLIMU OCHOBHO LIMKMYECKOI YacToTe

s=f(t) :%+Zn:Amcos(m(o0t+(pm).
m=l1

Takoe npeAcTaBneHWe nepuoanyeckor  yHkumu  f(f)  HasbiBaeTcs

passioxeHueM ee e psid dypbe WNN 2apPMOHUYECKUM aHaslu30M CJI0XKHO20
nepuoduyecko2o konebaHus.
UneHbl psina ®ypbe, COOTBETCTBYHOLME TFapMOHUYECKMM konebaHusim ¢

UMKIMYECKMMN yacToTamn @, 20,, 30, W T. 4. HasbiBawTca nepeod (Mnw
ocHoeHoli), emopoli, mpemsbeli v T. [i., 2aPMOHUKaMU CITOXHOrO MepUoanYeckoro
koneGanus s = f(t).

COBOKYMHOCTb 3TUX rapMOHWK 0BpasyeT criekmp kone6aHusi s = f(t).

A.H.OrypuoB. ®usuka dns cmydeHmos
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18.CnoxeHne B3auMHO _NEepneHAUKYNAPHbIX FAapMOHUYECKUX KonebaHun
OOVMHAKOBOW 4YacTOThl.

MycTb AoBa rapmMoHUYecKknx konebaHns OAMHaKOBOWM YacToTbl ® , MPOUCXOONAT BO

B3aMMHO MEeprneHAUKYNAPHbIX HanpaBneHusx BAOMb Oocel X W y. [Ans npocToThbl

BblbepeM Hayano oTcyeTa Tak, 4ToObl HayanbHasi pa3a nepBoro konebaHusa Gbina
paBHa Hymno

x = Acoswt, y=Bcos(wt+a),

roe o — pasHocTb a3 koneGaHuit, a A U B — ux amnnutyabl. YpaBHeHue
TpaekTopun pe3ynbTupylolero konebaHusa (Mckmoyas f{ W3 ypaBHEHWA) ecTb
ypasHeHue anurnca, Npov3BoJIbHO PACMONOXEHHOro OTHOCUTENBHO KOOPAMHATHBIX
ocen,
x> 2xy Voo,
—5——5cosa+->=sin"a,
A= AB B
1 Takue konebaHus Ha3bIBaOTCH /TUNMUYECKU MOJISIPU308aHHbLIMU.

19.JInHeHO NoNsiPU30OBaHHbLIEe KoJebaHus.

m=0,224, ... Ecnu pasHoctb ha3 paBHa
a=mn(m=0,£1,%+2,..), TO
ANNUNC BbLIPOXOAETCSA B OTPE30K

npsmou
y=t%x,

roe 3Hak Mnnwc  CooTBeTCTBYET
HYMIO U YETHbIM 3HaYeHusM m, a
3HaK  MWHYC  —  HeYeTHbIM
3HaYeHUsm m .

Pesynbtupytollee koneGaHue sBRsSieTCA rapMOHWYeckuMm konebaHuem c

yactoTon ® W amnauMTygou \/A2 +B%u coBepllaeTcs BAOMb  MpsMON,
cocTaBrsioleil ¢ ocblo  x yron ¢=arctg(8/cosmn). Takue kone6aHus
Ha3blBalOTCS! NIMHEWHO NONAPU30BaHHbLIMU KoneGaHUsAMMU.

20. LinpkynapHo nonspusoBaHHble konebaHus.

| Ecnm  pasHocTb  pa3 oa=02m+ l)g, roe
/;} (m=0,%£1,%£2,...), To ypaBHeHUe TpaeKTopuu
o x x + v =1
A B

3T0 ypaBHeHWe annunca, ocy KOTOPOro CoBMagaroT C
0CSIMU KOOPAMHAT, @ €ro Monyocu paBHbl COOTBETCTBYIOLLMM aMnnutygam A n B.

Ecnu A =B, To annunc BbIpOXAAETCA B OKPYXXHOCTb, W Takue konebaHus
Ha3bIBaOTCH UUPKYIISIPHO nossipu3oeaHHbIMU unm Kone6aHusimu,
nossspu308aHHbLIMU M0 Kpyay.

21. Purypsbl Jluccaxy.

Ecnn B3aumHO nepneHAvKynsipHble konebaHusi NPOMCXOAAT C LMKNUYECKUMU
yactotam pm 1 g, roe ¢ u p — yesnble yncna

x = Acos(pwt), y=Bcos(qwt+a),

KonebaHusi 1 BormHbI
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TO 3Ha4deHuda koopauHat x Wy OOHOBPEMEHHO MOBTOPAKTCA 4Yepe3 OofuHaKOoBble

npomexyTkn BpemeHn T, paBHble HaumeHbllemy obLiemy KpaTHOMY neproaos
21 27 . .
T,=— wn T, =— «xonebaHniA BOONb oceii X M ). TpaeKTOpUM 3aMKHYTbIX
po qm
KPUBbIX, KOTOpbIE MOMNy4aloTCA B 3TUX Cryvasx, HasblBaloTcs gpueypamu Jluccaxy.
Bua aTux KpuBbIX 3aBUCUT OT
COOTHOLLEHWS] aMnnuTya, YactoT
M pasHOCTM a3 CKnagbliBaeMbIX
konebaHui. Ha pucyHke nokasaH
Bua curyp Jluccaxy npu Tpex
PasnNMYHbIX 3HAYEHUSX OTHOLLE-
Hus (2:1, 3:2, 4:3) n pasHocTu

T
as oL =—.
A 2

3amyxaroujue u ebiHY)XOeHHbIe KosiebaHust

22. 3aTyxawume KonedaHus.

3amyxaHuem KonebaHul Ha3blBaeTCs MocteneHHoe ocnabneHue konebaHumn
C TeYeHneM BpeMeHu, 00yCrnoBreHHOe NoTeper SHeprumn konebaTensHON CUCTEMON.

3aTyxaHne MexaHu4eckux konebaHui BbI3bIBaeTCS  rMaBHbIM - 06pa3om
TpeHneM. 3aTyxaHue B INeKTpUYeckux kornebaTemnbHbIX CUCTEMax BbI3blBAETCS
TENnnoBbIMU NOTEPSAMMU M NOTEPAMMU HA U3NYyYEHME 3NEKTPOMArHUTHBIX BOMH, a Takke
TENnoBbIMM  MOTEPSAMM B AMANEKTpukax W deppomMarHeTmkax BCneacTBue
3MNEKTPUYECKOrO M MarHUTHOIO rmcTepesunca.

3akoH 3aTyxaHusi konebaHwi onpeaensieTcss CBOWCTBaAMWU KorebaTenbHbIX
CcUCTEM.

Cucmema Ha3bleaemcsi JIUHeUHOoU, ecrnv napameTpbl, XapakTepusylLime Te
dusnyeckne CBOWCTBA CUCTEMbI, KOTOpble CYyLLECTBEHHbI AN paccMaTpuBaemMoro
npoLecca, He M3MEHAIOTCA B XoAe npolecca.

JluHeliHble  CUCTEMbl  OMUCBLIBAKOTCA  JIUHEeUHbIMU — AndddepeHumanbHbIMU
ypaBHeHUsiMU.

PasnuyHble no cBoen npupode JiUHelHble  CUCTEMbI  OMUCHIBAOTCS
OOVHAKOBbLIMW _YDPaBHEHWUAMMW, YTO MO3BONSIET OCYLLECTBNATb €OUHbIU Mooxod K
M3y4eHnto konebaHuni pa3nmMyHon pmanyeckorn NpmMpoasbl.

23. AudbdepeHumanbHoe ypaBHEHUEe CBOOOOHLIX _3aTyXalowWwuxX KonebaHun
JIMHEAHOW CUCTEMbI

AugppepeHyuanbHoe ypaeHeHue ce0600HbLIX 3amyxarouwux KosnebaHul
TNIMHENHON CUCTEMbI UMEEeT BUA

2
d—;+28£+m§s:0,
dt d¢

roe s — Konebriowwascs BenmumnHa,
d = const — koaghgpuyueHm samyxaHusi,
®, — LMKIUYeckasi yactota CBOBOAHbIX He3amyxaroujux koneGaHun Ton e

kone6arensHoii cuctems (npu d=0).

A.H.OrypuoB. ®usuka dns cmydeHmos
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= 4 b .
x = Ao cos(wt + @) B cryuae manbix 3aTyxaHui (8% << mg)
peLLeHNe 3TOro YpaBHEHWSI:
s = dye™ cos(ot + @),

rae:
A=A4ye™ - amnnumyda samy-
Xarowux KonebaHut,
A,— HayanbHas amnnumyda,

Al - Aoe's' o= \/(oé -8 —  uuknuyeckas

Yacmoma 3amyxarouwux KosiebaHull.

t

r

npOMe)KyTOK BpEMEHU ’C=g, B Te4YeHue KOTOpPOoro amnnutyaa 3aTyxarLlmx

konebaHuin ymeHbLIaeTCa B € pa3 Ha3blBaeTCA 8peMeHeM pesiaKkcayuu.

3aTyxaHue HapyLliaeT NepMoanYHoOCTb KonebaHun.

3aTyxawowme konebaHnsi He ABNAOTCA NEPUOANYECKUMU.

OpHako ecnu 3atyxaHue Mano, TO MOXHO YCNOBHO MONb30BaTbCA MOHATMEM
nepuoda 3amyxarowjux KosiebaHull Kak NPOMEXyTka BpPEMEHU MeXAy ABYMsi
nocnegyoLwmyMm MakCuMyMmamu KonebnioLencs uanyeckon BenMUmHbI

pom__ 2m
o Joi -8
24.[JekpeMeHT 3aTyXaHus.
Ecrm A(¢t) v A(t+T) — amnnuTtyabl ABYX nocrnegoBaTerbHbIX konebaHui,
COOTBETCTBYIOLLMX MOMEHTaM BPEMEHM, OTNNYAIOLLMXCS Ha NEPUOL, TO OTHOLLIEHUE
A _ er
A@+T)
Ha3blBaeTCs GekpeMeHmoM 3amyxaHusl, a ero norapudgm
A@) ST = r_1

0=1In =37 =—=
At +T) T N
Ha3blBaeTCs JIo2apugpMuyecKkuM GeKpeMeHmMoM 3amyxaHusl.
3gecb N — uucno koneGaHWii, COBepLUaeMblX 33 BpPeMsi YMEHbLUEHUS

aMmnnuTyabl B € pas.

25.006poTHOCTL KonebaTenbLHON CUCTEMBI.

Hdob6pomHocmbro Kose6amenbHol cucmemMbl HasbiBaeTcs 6e3pasmepHas
BenuuuHa (, paBHasi NPoM3BEAEHUI0 27T Ha OTHoLleHue aHeprun W (t) konebaHuit
CUCTEMbI B MPOM3BOSIbHBIA MOMEHT BpeMeHM ¢ K YyObinu 3TOW 3Heprum 3a

NPOMEXYTOK BpemeHn oT ¢ Ao t+7 (3a OAMH YCMOBHbIN MEPUOA 3aTyXaroLwmx
kone6aHui)

W(t
0= 211—( ) .
W) -we+T)
OHeprua W (t) nponopumoHanbHa kBagpaty amnnutyabl A(t), noatomy

KonebaHusi 1 BormHbI
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) A (1) 2t 2n
Q=2n—3 2 = 25T 26
A (t)-A"(t+T) 1-e l1-¢
Mpy Marnbix 3HaYeHMAX rorapuMUYeckoro aekpemeHta satyxavua (0 <1)

1—6729z29,n03T0M npuinmvas T ~ T, zﬁanzlzﬁ.
y (np 0) 0 5 57 75
26.Mpumepbl cBO60AHbLIX 3aTyXakLWunX koneéaHun

PaccmoTpum 3aTyxatowme konebaHns pasnmyHon uanyeckon Npupoabl:

1) MexaHu4yeckue KosiebaHusi — NPYXWHHbIA MasaTHUK C MacCol m , KOTOPbIiA
coBepLlaeT marnble konebaHus nog AencTeuem ynpyron cunbl F =—kx u
CWnbl TPEHUSs FTp =—rx (r — KO3(PDPULMEHT CONPOTMBIEHNS)

2) anekmpomazHumHble KonebaHuss — konebaHus B konebarenbHOM

KOHTYpEe COCTOsILLEeM M3 conpoTuerenns R, uHayktueHoctm L v emkoctn C
Bbynem cpaBHuBaTb 00a cnyvas ¢ auddpepeHumanbHbIM - ypaBHEHUEM
cBOOOAHbIX 3aTyxawLmx kKonebaHui NIMHENHOW CUCTEMBI

§+285+wps =0,
peLLeHIe KOTOPOro UMEET Bl
s=Adye cos(wr +@).

1) NPY>KUHHBbIW MAaATHUK | 2) KonebaTenbHbIN KOHTYP

Konebniouwiasacs Benu- | CMELLEeHne OTHOCUTENbHO

3apsa q
YnHa NOSIOXEHNSA paBHOBECUS X

. .k . R. 1
,qmq)q)epeHumaanoev i+t =0 G+—q+ q=0
ypaBHeHne konebaHui L LC
YyacToTa He3aTyxatoLmx 1

Wy =——
o JLe

koneGaHun

KoahduuneHT
3aTyxaHusa o

yactoTa  3aTyxawoLmx
konebaHui

0 =qJop -5

Jo6poTHocTe O

1 [L
Q:E\E

3aKOH KomnebaHmit x=Aye ¥ cos(of + ¢) q=q,e cos(wt + @)

27.BblHyXAeHHble kone6aHus.

YTtoObl B peanbHOM KonebaTenbHOM CUCTEME MOMy4uTb HesaTyxawowme
KonebaHus, Hago KOMNEHCUPOBATb NOTEPW 3HEPrMKU. Takasi KOMMNEHcaLMs BO3MOXHA
C TMOMOLLbID  Kakoro-nubo nepuoaudecku AelcTeyiowero aktopa X (1),
MN3MEHSIIOLLErOCS MO rapMOHUYECKOMY 3aKOHY

X()=X,cosmt.

A.H.OrypuoB. ®usuka dns cmydeHmos
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B cnyyae wmexaHudeckux konebaHunm TakMM  pakTopom  sIBNSeTcA
ebiHyxdaroujasi cunal” = Fycosmt. 3aKoH ABWKEHUS ANA NPYXWHHOMO MasTHUKa
Oynet umeTb BUA

mix =—kx —rx+ F,cosot.

B cnyyae anekTpuyeckoro KonebaTtenibHoro koHTypa ponb X (f) wrpaet
nogBoaumasi K  KOHTypy BHelWwHsisi OOC wnM  nepemMeHHoe  HanpsikeHue
U =U,, coswt . YpaBHeHne konebaHwii B KOHType ByaeT umeTb BUA

. R. 1 U,
g+—q+——q=—-Ccosmt.
L LC L

B ob6wem Buge JduggpepeHyuanbHoe ypaeHeHUEe B8bIHYXOeHHbIX

KonebaHul iMeeT BUg,
5+ 285+ 0gs = X, COSOF .

OTO ypaBHEHWE — NMUHENHOE HEOAHOPOAHOE AnddepeHLmanbHoe ypaBHEHME.
Ero pelieHune paBHO cymme oBLLero pelieHns s = Aoe_6’ cos(®? + @) oaHOPOAHOrO
YpaBHEHUS] U YaCTHOrO peLUeHWUs] HEOOQHOPOAHOro ypaBHeHusi. MoXHO nokasaTb,
YacTHoe peLLeHne MMeeT BUA

s = Acos(wt + ),
roe A v ¢ 3apatoTcs hopmynamm
X0

@ = arctg _ 200
> - 2 2"
J(@F —0?) +48% W~

Tak dna anekmpomMazHUMHbIX _KosiebaHul, ecnn 0603Ha4YMTb O — COBUT MO
hase mexay 3apsooM U MPUMNOXKEHHLIM HanpshkeHMeM, TO MOXHO MokasaTb, YTo
pelleHne anddepeHUnanbHOro ypaBHeHus Gyaet uMeTb Bug g =g, cos(of—a),
roe

A=

j— m t a —_ R
qm - 1 ) s g - L L .
) R2+(mL—j oc ?
oC
Cuna moka npu ycmaHoeusWuxcsl Kosie6aHusix
d .
1= d_(tl =-wg,, sin(of —a) =1, cos(of — o+ %),
rae
Um
1, =0q, =

o)
R +| oL ———
oC

Cuny Toka MoxHO 3anucatb B Buae [ =1, cos(wf—¢), rae Q=0 -7 —

cdeuz no tpase Mexay TOKOM W MPUIOXEHHbIM HanpshkeHnem. Toraa MOXHO
nokKasaTb, 4TO

N

T 1 (oL—L
oc——j— - oC
tga R

tg(p:tg(

KonebaHusi 1 BormHbI



5-16

28.Pe3oHaHc.

Pe3oHaHCOM Ha3biBaeTCH sBMEHME pE3KOro BO3pacTaHud aMnavTyabl
BbIHY)XOEHHbIX KonebGaHui npu  nNpubnuxkeHun
4acToTbl BbIHYXAaAlOLWeNn cunbl (Mnu, B crnydvae
3NeKTpuYeckmMx kornebaHui, 4acToTbl BbIHYXaa-
lOLLLero MepemMeHHOro HamnpsiKeHusl) K 4vactoTe,
paBHOM wnM 6GnM3Kon COBCTBEHHOW vacToTe
KonebaTenbHOM CUCTEMBI.

AmnnuTtyga BbIHY>KOEHHbIX konebaHumn
X0

J(@F —07) +45%0°
®  vacrote ®,,, =0y — 28 , KoTopas HasbiBaeTCA

Pe30HaHCHOU Yyacmomoli. (MepBas npounseogHas 3HamMmeHaTens
(—4(0)% —0%)0+88*® = 0) obpaliaeTcs B HyMb Npu ®° = (og -28%)

Al

A

nveeT MakCumym npu

A

_ %o
" 28wt -8

X,
Mpu ® — 0, aMnnuTyga JocturaeT NpeAenbHoro sHayeHus 4, :—g, KoTopoe

A

[
0
HasblBAeTCA cmamuy4eckuM omkroHeHueM. B cnyyae mexaHuyveckux koneGaHwi
F ) U,
4, = 5. B cnyyae anekmpomazHumHbIx konebanun 4, = 5
mmy Loy

Mpu ® — o0, aMNNUTyaa CTPEMUTCS K HYTHO.
B cnyuae Masio2o 3amyxanusi, korga &° < 0)(2), pe3oHaHcHas amnnunTyga
Fo Do %o

pes = - 2 = Q . AO ’
28m, 20 w;
roe O — pobpoTHoCTb konebaTensbHoN cucTeMbl, A, — CTaTuieckoe OTKIOHeHWe.

Taknm oBpasom, [OOGPOTHOCTL XapaKkTepusyeT pPe3OHaHCHble CBOWCTBA
koneGatenbHoi cucTembl — yem Gonblue O, Tem Gonbiie A, .

29.MepeMeHHbIN TOK.
lMepeMeHHbIM MOKOM Ha3bIBAKTCH BbIHYXAEHHble konebaHusa Toka B uenwu,
coBragatoLume ¢ YactoTon BbiHyxaawowen 34C.
Myctb nepemenHas 3C (Mnn nepemeHHOe HanpsXeHne) umeeT BUA
U=U,cosot,

roe Um — aMnnnTyga HanpsXxeHus.

Torga Ha y4acTke uUenu, umetowen conpotuenenne R, emkoctb C 1
MHOYKTUBHOCTE L, 3akoH Oma ByaeT nmeTb BuA

éj+£q+Lq=ﬁcosmt unm L£+IR+1=Umcoscot.
L LC L dt C
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PaccMOTpUM YacTHbIe criydam Lenu.
(1)R=0, C—>0, L—0: nepemeHHOe HanpsxeHWe MPUIOKEHO K COMPOTMUB-
nenuto R . 3akoH Oma

U U,cosot
R I=—=—"——=] cosmt.
—L 00— R R
U
QQ AmMnnutyaa cunbl Toka /,, = ?’”
1 U = KonebaHnusi moka npoucxodsim e o0OHoOU ¢hase ¢
m m=RI,
HanpsiKeHueM.
—— [ns HarnsgHOCT BOCNOMNL3YeMCS MemodoM 6eKMOPHbIX

duazpamMm u Oygem u3obpaxaTb BeKTOpamu, Yron Mexay
KOTOPbIMM paBeH pasHoCTU das.
(2JR—>0, C—0, L#0: nepemeHHoe HampshkeHUe MPUMNOKEHO K KaTyLKe
WHOYKTUBHOCTM.

dr
3[1C camonHaykumm B KaTywke O = —Ld—.
t
d/
3akoH Oma Ld— =U, =U,, cosmt, oTkyaa nocne UHTErpupoBaHus Nosty4nm
t
L u, . T
[ =—"tsinwt =1 cos| ot —— |,
YOV ol m ( 2)
U U
roe [, =—2.
" oL

Takum obpasom, nadeHue HanpsbkeHusi U, onepexaem

. T
no ¢pasze mok I, mekywuli yepe3 kamyuwky, Ha 5

BenunuunHa R, =oL
Ha3blBAeTCsl peakmueHbIM UHOYKMUEHbLIM cornpomuesieHueM. [ns nocto-
siHHOro Toka (= 0) KaTyLlKa MHOYKTUBHOCTU HE UMEET COMPOTUBIEHMS.

(B3)R—0, C#0, L—0: nepemeHHOe HanpsbkeHUe MPUMNOXEHO K KOHAeHca-
Topy.

A.H.OrypuoB. ®usuka dns cmydeHmos

C i:UC:Umcoscot.
I ¢
Cwuna Toka
J dg . L
=——==-0CU,sinot=1, cos(cot+—j,
dt 2
rne [, =oCU, = U

Takum obpasom, nadeHue HanpsbkeHusi U . omcmaem no

i
¢gasze om mekyujezo yepe3 kKoHOeHcamop moka I Ha 7

KonebaHusi 1 BormHbI
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Bennuunna
1
oC
Ha3bIBaeTCs  peakmueHbIM  eMKOCMHbLIM  conpomuesieHueMm. [ns
nocTosiHHoro Toka (w=0) R =00, T.e. MOCTOSIHHLIN TOK Yepe3 KOHAEHCATOP
Teyb He MOXeET.
(4) B obuiem cnyyae R#0, C=#0, L#0. Ecnum HanpsxeHue B Lenu

R-=

uamersietcsi no sakoHy U =U,, cos®t, TO B Lienu TeveT ToK
I=1,cos(ot—0),
rae ,, v @ onpefensioTcs popmynamu

Im_ Um ,
2
R2+(mL—j
)
oL
tgp= =
g0 R
BenuunHa
1 2
Z= R2+(Q)L——) =
oC

= \/R2 +(R; _Rc)2

Ha3blBaeTCs MOJIHbIM conpomueisie-
HueMm yenu.

Bermunha X =R, —R.=oL _L
oC

Ha3blBaeTCA peakKmueHbIM coripomuesieHuem.

U, X R . X
Takum o6pasom, [m:7,tg(p:E, npuyem cosq):E,sm(p:?.

30.Pe30HaHC HanpsiXXeHUN.

1
Ecrm ol = _C , TO 0= 0 — usmMeHeHuss moka u HanpsixkeHusi npoucxodﬂm
(O]

CuHgasHo. B atom cnyyae Z =R un TOoK onpegensieTcs TOSNbKO aKTUBHbLIM
COMPOTUBNEHNEM M [OCTUraeT MaKkcumarbHO BO3MOXHOMO 3HaudeHus. [lageHue
HanpsbkeHns Ha koHgeHcaTope U~ 1 Ha kaTyluke nHayktusHoctn U, oanHakoBbl No
aMmnnuTyge u NpoTMBOMOSIOXHLI NO ha3e. ATO siBNEHME Ha3blBaeTCsd pe30HaHCOM
HanpsikeHul (nocredoeamesibHbIM Pe30HaHCOM).

YacrtoTa

1
® ), =—F—
reJLc

Ha3blBaeTcAa pe3OHaHCHOl7.

A.H.OrypuoB. ®usuka dns cmydeHmos
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31.Pe30oHaHC TOKOB.

K uenu nepemMeHHOTo ToKa, CoOAepXallieid napannesibHo  BKIYEHHbIe
koHaeHcaTop emMkocTblo C 1 KaTyLUKy UHAYKTUBHOCTbIO L, NPUNOXKEHO HanpskeHue
U=U,coswt.

Tokn B BetBAx 1C2 (R=0,L=0) n 1L2 (R=0, C =) pasHbl

U

m

. U, _

1
2 1 NPOTUBOMNOMNOXHbI MO hasaM. AMMNUTyAa CUnbl Toka
I""'z IL — BO BHeLLUHeW (Hepa3BeTBNEHHOW) Lenu
1
0~ & I :|1 -1 |:U oC——
1 2 :
U m m m m O)L
1
Ecm o=0,,=—7—, 1 [,=1,, »n [,=0. SBnesne peskoro

Tic

YMeHbLUEHUS! aMMIUTYAbl CUMbl TOKa BO BHELLHE Lenu, NuTaloLieid napannensHo
BKIMIOYEHHbIE KOHAEHCATOP W KaTyLKy MHOYKTUBHOCTW, MPU MPUBIIKEHNN YacToTh
@ TPUNOXEHHOTO HAMPSKEHUs K PE30HAHCHOM 4acToTe ,,, Ha3biBaeTcs
Pe30HaHCOM MOKOE6 (NapasiiesibHbIM PE30HaHCOM).

B peanbHbix uUensx R#0, nostomy cuna Toka [, >0, HO npuHUMaeTt
HaVMeHbLLEee BO3MOXHOE 3HaueHwe.

32.dencTByloLlee 3HAYEHUE NePEeMEeHHOro TokKa.

Helicmeyrowjum vnn aghghekmueHbIM 3Ha4YeHUeM repemMeHHO20 MmokKa
I =1,cosmt HasblBaeTCs cpeHee KBaapaTUYHOE 3HAYeHWe CUMbl Toka 3a nepuop,

T ero nameHeHus

17, I ,
L,=|=|I"()dt =—%, )=
o T!). )] NG MOCKOSbKY <cos (;o>

N | —

. U,
AHanornyHo, delicmeyroujee 3Ha4eHUe HanpPsKeHUs . Uad, ZT;-

33.MoLWHOCTL, Bblgensemasi B Lienu NepeMeHHOro Toka.
MzHoeeHHas1 MOWHOCMb MOKa & uenu
Pt)=U@)I()=U, coswt- 1, cos(wt — ).
CpepaHee 3a nepvopg 3Ha4eHne MrHOBEHHOW MOLLHOCTM Ha3blBaeTCst akmueHol
mMowHocmbro P moka

T
1 1

P=—|U,_ coswt-I cos(wt—¢@)dt=—1 U, cose=1_,U. ,cosp.
T'([ m m ( (P) 7 m~ m ¢ 2™ op ¢

MHoOXWTenb COS( HasbiBaeTCA KO3GhghuyueHmMom MowHoCMmu.

U. RU.,
Tak kak Iaqb:—jd’,mcosq)zgz R ,To  P= sd’lef{i].
VA VA

o)
R +| oL ———
oC

KonebaHusi 1 BormHbI
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Ecnu B uenu otcyTtcTByeT peaktusHoe conpotuenenue (X =0), 1o cos@o=1u
P=1U
Ecnu uenb comepxuT Tonbko peakTuBHoe conpoTueneHne (R=0), To
cos@=0 n P=0, kakumm Gbl GonbLUMMK HU BbINN TOK U HANPSKEHNE.

BosnHbI 8 ynpyzol cpede.

34.BonHoBoOW nNpouecc.

Ecnu Bo3byauTh konebaHusi B kakon-nmbo Touke cpefbl (TBEPOOWN, XUAKON nnn
rasoobpasHon) To, BCreacTBUE B3aUMOLEWCTBUSI MexAy Yactuuamu cpefgbl, 3Tu
konebaHuns GyayT nepemaBaTbCs OT OOHOW TOYKM CPedbl K APYrol CO CKOPOCTbIO,
3aBUCsILLEN OT CBOWCTB Cpesbl.

Mpy paccMoTpeHuUn konebaHui He yYUTbIBAETCA AeTanbHOe CTPOeHWE cpeabl;
cpeda paccmaTpuBaeTCsl Kak CMJIOWHasl, HernpepbiBHO pacnpeferneHHas B
npocTpaHcTBe 1 obrnagatowias ynpyrumm CBOMCTBaMM.

Cpena HasblBaeTcs JIUHeUHOU, eCnv ee CBOWCTBA He W3MEeHsIloTca nofg
OeNCTBMEM BO3MYLLEHWUIA, CO3aBaeEMbIX konebaHusmu.

BosiHoebIM npoyeccoM WM 6OJIHOU — Ha3blBaeTCs MNpPOLECC pacnpo-
CTpaHeHusi konebaHuii B CMOLLHOM cpeae.

Mpy pacnpocTpaHeHnn BOMHbI YacTULLbl KONEGNOTCH OKOMO CBOMX MONOXEHMWI
paBHOBecUs1, a He nepeMeLlLaloTcs Bere 3a BOMHOW.

BmecTe ¢ BOMHOM OT 4acTuubl K 4acTuue nepefaeTcsi TOMbKO COCTOsIHME
KonebaTenbHOro ABUXKEHNS N €70 SHEPTUSI.

OCHOBHbLIM ceolicmeoM BCEX BOJIH siesigemcsi nepeHoc 3Hepauu 6e3
nepeHoca sewjecmea.

35.Ynpyrvie BOnHbL.

Ynpysumu (unu mexaHu4YyecKuMu) eOJIHAaMU Ha3blBATCA MeXaHU4eckue
BO3MYLLEHWS1, PacnpoCTpaHsIoLLMECs B YNIPYroi cpeae.

lpodonbHasi eosiHa — BONHa, B KOTOPOW 4YacTuubl cpeabl konebnioTtcs B
HanpaBneHUy pacnpoCTPaHEHNS BOMHbI.

lMonepeyHass eoslHa — BOMNHa, B KOTOPOW 4acTuubl cpefbl konebmotcs B
NMOCKOCTSIX, NePNEHANKYNAPHBIX HAaNPaBIeHWI0 PACNPOCTPAHEHNS BOMHbI.

[podorsibHbIe 80/IHEI MOTYT PacnpoOCTPaHATLCSA B cpefax, B KOTOPbIX BO3HMKaOT
ynpyrve cunbl npyv gedopMaumm CKatuUst U pacTsbkeHust (B TBepablX, XUOKUX W
rasoobpasHbIx Tenax).

lNonepeyHbie 80/IHBbI MOTYT PacnpOCTPaHSATLCS TONbKO B cpede, B KOTOPOM
BO3HUKAIOT ynpyrue cunbl npy gedopmaumm casura (Tonbko B TBEPAbIX TeNax).

36.Ynpyras rapMoHu4eckas BOJHa.

Ynpyesasi eoniHa Ha3blBaeTCs 2apMOHUYECKOU, eCnu COOTBETCTBYIOLLNE €l
KonebaHunsa YyacTuy cpeabl SBNSHOTCA rAPMOHUYECKUMM.

MycTb rapMoHM4Yeckasi BOSiHA pPacrpoCTpPaHSIETCs CO CKOPOCTbO U BAOOSb
ocn OX . O603HaUYMM CMeLLEeHUs YacTuL cpedpl yepes & =E(x,7).

[na OoaHHOrO MOMEHTa BPeMEHW ¢ 3aBUMCUMOCTb MeXOy CMELLEeHVeM YacTul
cpeabl M paccTOsHMEM X OTWUX 4YacTuL, OT McTodHMKa Konebawuini O  MOXHO

npeacTaBuTh B BUOE 2paghuKa eOsHbI.
OT1nuumne epaghuka 80sHbI OT 2pachuka 2apMOHUYECKO20 KoebaHUsT:

A.H.OrypuoB. ®usuka dns cmydeHmos
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§A A 1) rpadmk BOMHbI NpeacTaBnsieT  3aBUCUMOCTb

- CMeLLeHNa BCeX YacTul cpefbl OT paccmosiHUs

v [0 UCTOYHMKa konebaHuii B [aHHbIN  MOMEHT
—> Bpemenu & = E(x,t = const);

2) rpadmk  rapMoHmyeckoro  konebaHusi  3TO
> 3aBUCUMOCTb CMELLEHUS [OaHHOW YacTvubl OT
x epemenu & =E(x = const,t).

OnvHoi BonHbl A Ha3biBaeTCs paccTosiHue
A Mexay bnuxanwmrmm yactuyamu, konednoowmmmcs B
X ofMHakoBon hase.
[nvHa BOmMHbI paBHa PacCTOsIHMIO, Ha KOTOpOoe
pacrnpocTpaHsieTcsl  rapMOHWYeckasi BOMHa 3a BpeMsl, paBHOe nepuoay
konebanuin T :

A=vT wm  v=An,

roe n —4acrota konebaHuin, U — CKOPOCTb PacnPOCTPAHEHUS BOSHbI.

BonHoebIM pPOHMOM Ha3blBaeTCA reoMeTpuyeckoe MecTO Todek, A0
KOTOPbIX 4OX0OAT KonebaHusa K onpefeneHHoOMY MOMEHTY BPEMEHW £ .

BosnHoeoli noeepxHOCMbIO Ha3blBAETCA reOMEeTpUYEcKoe MeCTO TOYeK,
Koneobnowmxcs B ogMHakoBon case.

BonHoOBbIX NOBEPXHOCTEN MOXHO NPOBECTM OecyMcrieHHoe MHOXecTBO, a
BOJTHOBOM (PPOHT B KaXkAbli MOMEHT BPEMEHWN — OAVH.

37.Berywue BonHbL.

EeeyuwMu 80JIHamMu Ha3blBakOTCA BOJIHbI, KOTOpble nepeHocAar B
NPOCTPaHCTBE SHEPIuto.

[MepeHoC aHeprnn KONMYECTBEHHO XapakTepu3yeTCs 8eKmopoM rsomHocmu
nomoka 3Hepa2uu (BekTop YMmoBa). HanpaeneHue 3TOro BeKkTopa coBragaeT C
HanpaeneHnemMm pacnpocTpaHeHna JHeprun, a ero mMoAynb paBeH 3Hepruu,
NnepeHocnMon BOMHOW 3a efuHULY BPEMEHW 4Yepe3 eaMHUYHYI0 Nnowanky,
pacnosnioXXeHHY nepneHankynapHoO BONHeE.

BaxHbiMu npuMmepamun 6eryu_u4x BOJTH HABNAKTCA MNOCKad U Cd)epl/l‘-leCKaﬂ
BOJIHbI.

BoJsiHa Ha3biBaeTcs nﬂOCKOﬁ, €CInn ee BOJTHOBbIE NOBEPXHOCTU NpeacTaBnAlT
COBOKYMHOCTb MIIOCKOCTEN, NapannenbHbIX gpyr Apyry.

BonHa Ha3sblBaeTcs cghepuyveckoll, ecnv ee BOMHOBbLIE NMOBEPXHOCTU UMEDT
BWA KOHLEHTpuYeckux caep. LieHTpbl aTnx ccpep Ha3bIBaOTCA Y4EHMPOM 80JIHbI.

38.YpaBHeHue NNI0CKON BOMHbI.

MycTb TOYKM, KOTOpble pacnofnoxeHbl B nnockoctv x =0, konebnwoTcs no
3akoHy &(0,¢)= Acosm?. M nycTb U — CKOPOCTb pacnpocTpaHeHus konebaHwii B
[aHHoW cpefe.

KonebaHusi yactuubl B cpefbl (CM. pUCYHOK), pacrnosioeHHOW Ha paccTosiHUM
X OT MCTOYHMKa konebBaHun O, GyayT MpPOUCXOAUTL MO TOMY Xe 3akoHy. Ho,
MOCKONbKY AMNsi MPOXOXAEHNS BOMIHON paccTosHus x TpebyeTcs Bpems T=x/V, TO
ee konebaHusa GyayT oTcTaBaTb MO BPEMeHMW OT konebaHust UCTOYHMKa Ha T .

YpaBHeHuWe konebaHuin YacTul, nexatumnx B NOCKOCTU X , UMeeT BuL,

E(x,t) = Acosco(t —ﬁ).
v

KonebaHusi 1 BormHbI
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CnepoBatensHo, ¢yHkyus E(x,t) sBNseTcs He TOMbKO NEepUOAMYEcKoit
OYHKLIMEN BPEMEHU, HO U NEPUOAMNYECKOM IYHKLNEN KOOpAMHATbLI X .

B obLwem cnyyae ypaeHeHue niockKol 80JIHbI, PacnpoCTpaHsioLLencs BOOSb
MOMOXXMTENBHOrO HaMpaBliEHNst OCU X B cpeae, He MOrroLaloLen SHEPTUO, UMeET
BMO

&(x,t)= Acos m(t —%j +Q |,

3peck: A = const — amnaumyda eosHbl,
® — UMKUYeckas 4yacToTa,
(¢, — HaYasbHasi ¢ha3a 8OJIHbI,

x y
m(t - —j + @, — ¢ha3a naockoli 8OJHBI.
v

Ecnu onpegenuTb 8osiHo80€e Yuco
2r 2n o
Ao ool v
TO ypaBHEHWE NIOCKON BeryLuer BONHbI MOXHO 3anvcaTth B Buae
E(x,t) = Acos(wt — kx + @)
WY B 3KCNOHeHUManbHon popme
é(x,t) _ Aei(mt—kx+(p0) ,

roe u3nyecknin CMbIC MMEeeT TONbKO BELLLeCTBEHHas YacTb.

B o6wem Buge ypaBHEHME TNIOCKOW BOSHbI, PAacNpPOCTPaHsioWeENcs B
HanpasreHun s umeeT BUA

E(7,1) = Aexpli(ot — k75 +@,)].

39.da3oBas CKOPOCTh.

dx
CKopocTb L =d— B 9TUX ypaBHEHUsIX €CTb CKOPOCTb PacnpocTpaHeHus dasbl
t

BOJIHbI M €€ Ha3blBaloT ¢ha3080U CKOPOCMbIO.
[evictBUTENBHO, NYCTH B BONTHOBOM MNpoLecce da3sa NnocTosiHHa
ot — kx + @, = const
crnepoBaTernkHo,
dx o
dt &

40.YpaBHeHue chepuyeckor BOSHbI.

E(r,t)= écos(mt —kr+¢,),
r

roe v — pacctosiHue OT LeHTpa BOSHbI 40 paccMaTpMBaeMON TOYKM cpeabl.
AmnnuTtyga konebaHun B cdepuyeckon BonHe ybObiBaeT C pacCcTosiHMeM Mo

1
3aKOHY —.
r
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41.BonHoBoe ypaBHeHue.

PacnpocTtpaHeHne BONH B OOQHOPOAHON WM3OTPOMHOM cpefe B obLiem cnyyae
OMNUCbLIBAETCH B0JIHOBLIM ypasHeHueM — AnddepeHunanbHbIM ypaBHEHVEM B
YaCTHbIX MPON3BOAHbIX

o't o ot 107 1 &*
PO TENTL g 15
ox® oy° 0z° v ot v ot
roe v — pasoBasi CKOPOCTb,
o* *
A=—+—+— — onepamop Jlannaca.
o’ 9t o pamop

PelueHnem BOMHOBOrO ypaBHEHUS ABNAETCS ypaBHEHWe NioBoin BOMHbI (B TOM
yucne v niockas u chepuyeckas BOmHbI).
BosiHoeoe ypasHeHue Onisi N0CKOU 80JHbI, PACNPOCTPaHsIOLENcs BLOMb
ocmn x
2 2
ot 1 0%

o’ vror
42.MpuvHumnn cynepnosvuumm.

Ecnu cpena, B KOTOpOW pacnpocTpaHseTcs OfHOBPEMEHHO HECKOMbKO BOJSH,
JIUHeliHa, TO K 39TUM BOMHaM NPUMEHVUM MPUHUUN cyrnepno3uuyull (HasoxeHus)
8OJIH:

lpu pacnpocmpaHeHuu 8 nUHelUHOU cpede HEeCKOSbKUX 80JIH Kaxodasi U3 HUX
pacripocmpaHsiemcsi mak, kak 6y0mo Opyaue 80fHbI omcymcmeyom, a
pe3ynbmupyrowee cMeweHue Yyacmuybsl cpedbi 8 moboli MOMEHM 8peMeHU PasHO
2eomempuyeckoli  CyMMe  CMeweHul, Komopble  ofyqalm  Hacmuuypl,
yyacmeyroujue 8 KaxxOoM U3 criazalouiux 80THOBbIX MPOUECCO8.

43.IpynnoBas CKOPOCTb.

Jlloboe cnoxHoe konebaHve MoxeT ObiTb NpeacTaBneHo B BMOE CYMMbI
O[HOBPEMEHHO COBEPLLALLMNXCA rapMOHMYeckux konebaHun (pasnoxeHne dypee).

Moatomy nwbasi BonHa MoxeT OblTb NpedcTaBrieHa B BuAE CYMMbI
rapMOHMYECKUX BOJH, TO €CTb B BUE BOMHOBOrO MakeTa Ui rpynrbl BOSTH.

BosiHO8bIM NMakemomMm Ha3bIBaeTCsi Cyneprno3nLms BOMH, Mano OTiMYaloLwmnxcs
Apyr OT Apyra no YacToTe, 3aHMMaloLWwas B Kaxabli MOMEHT BPEMEHU OrpaHUYEHHYHO
obnacTb NpocTpaHcTBa.

3a CKOpOCTb pacnpoCTpaHeHWsl BOJIHOBOrO NakeTa MpUHUMMAT CKOPOCTb
nepemeLLeHnss MakcMMmyma ero amniuTyapl (LeHTpa BOJIHOBOTO nakeTa).

pynnoeoli ckopocmbio 1 Ha3blBaeTCs CKOPOCTb [ABWXEHWSI FPYNMbl BOJH,
obpasyloWwmx B Kaxabli MOMEHT BpEMEHW JIoKanuM30oBaHHbI B MpOCTpaHCTBE
BOJITHOBOW MakeT (M CKOPOCTb ABUXEHMWS LIeHTpa BONTHOBOrO nakeTa).

Ee BenuuuHa

dx do
U=—=——-1s.
dr dk
CBA3b rpynnoBow 1 hazoBon CKOpocTen
dv
U=v—rA—.
dr

KonebaHusi 1 BormHbI
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44 .UHTepdepeHUUst BOMH.

KozepeHnmHocmblo Has3biBaeTCsi COrmacoBaHHOE MPOTEKaHWe BO BPEMEHU U
NPOCTPaHCTBE HECKOIbKUX KonebaTenbHbIX U BONTHOBBIX NPOLIECCOB.

[1Be BONHbI Ha3bIBATCS KO2EPEHMHbIMU, ECNN Pa3HOCTb UX a3 He 3aBUCUT
OT BpEMEHM.

"apMOHMYeckne BOIHbI, UMEIOLLME OANHAKOBYH YacTOTy, KOrepeHTHbI BCeraa.

NHmepghepeHyueli BONH Ha3blBAaeTCA HABNEHWE HANOXEHUS BOMH, MNpu
KOTOPOM MNPOWCXOAMT YCTOWYMBOE BO BPEMEHW WX B3AaUMHOE YCUIIEHWE B OAHUX
TOYykax MpocTpaHcTBa M ocnabneHne B ApPYrMx B 3aBUCMMOCTU OT COOTHOLUEHMWS
mMexay hasamu 3TUX BOMH.

PaccmoTpum  HanmoxeHue  OBYX — KOFepeHTHbIX  CepuUyeckux  BOIH,
BO3OY)XAAeMbIX TOYEYHbIMW WCTOYHMKAMM, KONEGMWUMMUCA C  OOMHAKOBBLIMU
amnnuTyaoi A4,, 4acToToit ( U NOCTOSIHHOM pa3HoCcTbIO a3

& =—cos(ot —kn + @), &, =—cos(ot —kr, +¢,),
n )
rAe 7, W r, — pacCTOsHUS OT WCTOYHWKOB [O PacCMaTpuUBaEMol TOuKM,

k — BONHOBOE UMCIO, ®; U @, — HauarnbHble asbl BOMH.
AMNNUTYAa pesynbTUPYOLLER BOMHbI

A* = A2 + A7 + 24,4, cos(Ap) = A7 i2+iz+icos[k(r1 —1r)—(¢ —q)2)] .

non nhn
MockonbKy ANS KOrepeHTHbIX WCTOYHUKOB @ — (@, =const, TO pesynbTar
UHTEpepeHLUMM [ByX BOMH 3aBUCUT OT BenUYMHbl (1} —7,), HasbiBaeMoii
pasHocmbio xo0a.

UHmepgbepeHYUOHHbIU MakcuMym | A :ﬁ+i HabnogaeTcsa B TOYKax,
n o n
rae k(r —r)— (¢, —¢,) =12mn (m=0,1,2,..).

Uncna (m=0,1,2,...) HasbiBaloTcs MOPSIOKOM UHMePEHEPeHyUOHHO20
Makcumyma.

NHmepghepeHYUOHHbIU MUHUMYM | A = ﬁ—i HabntogaeTca B Toukax,
no n
rae k(r,—7n) — (9, —¢,) =tC2m+ 11 (m=0,1,2,...).

Yncna (m=0,1,2,...) HasbiBaTCs MOPAOKOM UHMeEPEHEPeHYUOHHO20
MUHUMyMa.

45.CTosiumMe BOJHbI.

OcobbiM cryyaeM UHTEPdEPEHLUM SBMSIKOTCA CTOSIUYME BOSHBI.

Cmosiyue 80JIHbI — 3TO BOJHbI, 0Opa3syoLmnecs Npy HanoXeHnun AByx Gerywmx
BOJIH, PacrnpoCTPaHsIOLLMXCS HaBCTPeYy ApYr APYry C OAMHAKOBbIMW YacToTaMu U
aMnnuMTygamu.

Myctb OBe nnockve OGerywne BOMHbI C OAMHAKOBBIMKM amnnuTygamu wu
YacToTamu pacrnpoCTpaHsITCA HABCTPeYy ApYr APyry BOOMb OCU X

&, = Acos(wt — kx), &, = Acos(ot + kx).
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Cnoxue 3Tu ypaBHeHus, ¢ ydyeToMm cos(a tf)=cosacosBFsinasinfy u

k =2mn/A, nonyuum ypaeHeHue cmosiyeli €0sHbI

E=& +&,=2Acoskxcoswt = 2Acosszcosoat.

B TOuKax cpefsl, rae
2mx
—=dmn
A
(m=0,1,2,...)
aMnnuTyga CTosivein  BOMHbI
gocturaet MaKcUMarnbHOro

3HaueHuss Aoy =24.

Takue TOYKM Ha3biBaKOTCSA
ny4Hocmsamu cmosiyel
80JIHbI.

KoopauHaThl Ny4HOCTEMN

xﬂzim% (m=0,1...).

B Toukax cpenbl, rae
2mx

A

1
—= i(m + Ejn (m=0,1,2,...), amnnutyga cTosdeit obpaliaetcs B Hymb

Aqr =0. Takve ToUKM Ha3bIBAIOTCS y3/1aMU CMOsTYel 8OJTHBI.

KoopavHathb! y3nos:

Xy :i(m—i-%j% (m=0,1,2,...).

PaccTosHus Mexay AByMA COCeOHUMU y3naMn n mMexay OByMA COCeHUMU
NYy4YHOCTAMU OAUHAKOBbLI U paBHbl NMONIOBUHE AOSNMUHbI BOJTHbI A Geryu.mx BOJIH. 3Ty

BENWYMHY Ha3bIBalOT O/IUHOL cmosiyeli 80NHLI  hop =—

A
5

B 6ezyweli eonHe

B cmosiveli eonHe

Amnnumyda konebaHuli

BCE TOYKM BOSHbI COBepLUatoT KonebaHus
Cc oduHakKoeoU amnnnTygomn

BCE TOYKM Mexay [OBymMs y3namu
konebnioTcsa ¢ pasHbIMU amnaMTyaamu

®Pa3za konebaHul

¢asa konebaHui 3aeucum om Koop-
AuHambl X paccMaTpyBaeMon TOUKM

BCe TOYKM MexXay ABymMA  y3namu
konebnTcsi ¢ 0OUHaKoebIMU CbaSaMVI

npu nepexode depes ysen asa
konebaHuin U3MeHsIeTcs Ha TT;

TOYKM fexalime no pasHble CTOPOHbI OT
y3na konebniotcsi B npomueoghase

MepeHoc 3Hepauu

3Hepausi KonlebamesibHO20 O8UXeHus
nepeHocumcsi B HanpaslieHUM pacnpo-
CTpaHeHus beryLuen BOHbI

nepeHoca sHepauu Hem, NUlb B npe-
penax % nponcxogAat B3auMHble Mpe-

BpaLLEHNS KUHETUYECKOW 3JHeprmm B
NnoTeHuuarnbHy 1 06paTHO

A.H.OrypuoB. ®usuka dns cmydeHmos

KonebaHusi 1 BormHbI
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O6pa3oBaHue CcToAYMX BOMH HabnwogalT npu uHTepdepeHuun Geryuwen m
OTPaKEHHOW BOJTH.

Ecnn cpeda, OT KOTOPOW NPOUCXOAMT OTpaxeHue, MeHee NNoTHas, TO Ha
rpaHvue cpeq obpasyeTcs nyYyHocmb.

Ecnn cpepa, OT KOTOpOW MpoMCXOOWT OTpaxeHue, Gonee nnortHas, TO Ha
rpaHvue cpeq obpasyeTcs y3es1 CTOSHEN BOSHbI.

46.3ddekT Oonnepa.

Appekmom [onnepa Ha3biBaeTCcsa WU3MEHEHWE 4YacToTbl  konebaHuw,
BOCMPUHMMAEMOW MPUEMHUKOM, NPU [OBWKEHWM WCTOYHMKA ITUX KonebaHui wu
npuemMHuKa Apyr oTHocuTernbHO apyra. B akycTtuke adpdpekt Jonnepa nposiensieTcs
KaK MOBbILLIEHWE TOHAa MpPWU NPUBNMKEHUN WCTOYMHMKA 3BYKA K MPUEMHUKY W
MOHWKEHUS TOHA 3BYKa NPUW yaaneHUn NCTOYHMKA OT NPUEMHMKA.

MyCTb MCTOYHMK M NPUEMHIK 3BYKa ABWXYTCS BAOMNb COEAMHAIOLLENR UX NPSIMON;
L; U L, — CKOPOCTW UCTOYHMKA U NPUEMHUKA (MONOXNTENBHEI NPY CONMKEHUN 1

oTpuuaTenbHbl NPU yAaneHun UCTOYHUKA U NPUeMHUKa); 1, — YactoTa konebaHun
MCTOYHVMKA; U — CKOPOCTb PacnpocTpaHeHUs 3Byka B AaHHOW cpeae.
1) UCTOYHMK M NPUEMHUK NOKOATCA OTHOCUTENbHO cpeAbl.

v; =V, =0. Anuna BonHbl A =T =v/n,. PacnpocTpaxsisick B cpeae, BONHa

. LV VL

AOCTUTHET MPUEMHIKA 1 BLI3OBET €10 koneGaHus ¢ 4acToTon  n=—=——=n,.
A oT

2) MpreMHUK NPUBNNKAETCA K MICTOYHMKY, @ UICTOYHMK NOKOUTCS.

v, > 0, v, =0. CkopocTb pacnpocTpaHeHusi BOIHbI OTHOCUTENBHO MPUEMHIKa
CTaHeT paBHOI;I L+ Up‘ npu 3TOM ANnHa BOJIHbI HE MEHAETCA, crieqoBaTesibHO
v+v, _ v+v, _ v+v,

A vT L
YacrtoTa konebaHui, BOCNPYHNUMaEMbIX MPUEMHUKOM YBEINUYNUTCS.

3) UcTo4YHUK npubnuxaeTcs K NPUeMHUKY, a MPUEeMHUK NOKOUTCS.
v, =0, v; >0. CkopocTb pacrnpocTpaHeHusi kone6aHuii L 3aBUCUT TONBKO OT

n=

My .-

CBOWCTB cpefbl, MO3TOMY 3a BpEMsi, paBHOe nepuody koneGaHuin MCTOYHUKA,
M3ryyYeHHas MM BOSHA NPOMAET B HanpaBneHun K
A npuemMHuky pacctosHne LT =X . UCTouHUK e
npoitgeT pacctosiHne v;T" . Mo3TOMy K MOMEHTY
7 - OKOHYaHMA U3MYYEHWUs BOIHbI AMNWHA BOMHbLI B
N HanpaBfieHUn OBWXEHUSI COKPaTUTCA W cTaHeT
v.T \\\ AM=Ah—-vu,T. Yacrota «konebaHuin KoTOpbIE
i 'Y BOCMPUHUMAET NPUEMHVK, YBENUYUTCS
L ¥ 8
nzf:(U—U)Tzo—U
1 1
4) WCTOUYHMK U NPUEMHMK ABUXYTCSl ApYr OTHOCUTENLHO apyra.
OtoT cnyyah obobwaer gBa npegpigywmx.  Yactota  koneGaHunm,
BOCMPUHUMAEMbIX NMPUEMHNKOM

ny.
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BepxHuin 3Hak GepeTcs, ecnu nNpu ABWKEHUM WUCTOYHMKA WNW NpUeMHuKa
NPOUCXOAUT UX COMNMXKEHUE, HKHUI 3HAK — B Cry4ae MX B3aMMHOIO yaaneHus.

Ecnu HanpaBneHns ckopocTel He CoBNagaloT C MPOXOAsSLLEN Yepes UCTOYHMK U
NPUEMHUK NPSIMON, TO BMECTO 3TUX CKOpOCTeln B hopmyne Hago 6paTtb MX NpoeKkumto
Ha HanpasneHne 3TON NPSIMON.

3.nekmpomaaHumele 8O0JIHbI

A.H.OrypuoB. ®usuka dns cmydeHmos

47.9neKTPOMarHuTHbIe BOMHbI.

OneKTpoMarHMTHbIe BOJIHbI — 3TO NEPEMEHHOEe 3NEKTPOMarHUTHoe Mone,
pacnpocTpaHsoLweecs B MPOCTPAHCTBE C KOHEYHOM CKOPOCTbLIO.

CyuwiecTBOBaHWE 3NIEKTPOMArHUTHbIX BOSIH BbITEKaeT U3 YypaBHEHWUN

- OB — ~ - 0D .=
Makcsenna rotE = —a—; divD=p; rotH = +a—; divB=0,
t t
KoTOpble B 0BnacTu NpocTpaHcTBa, He codepxauiell c80600HbIX ANEKMPUYECKUX
3apsa0086 U MaKpOCKOMUYECKUX MOKO8, UMEeIoT BUf
- 0B . = -~ oD . =
rotE:—a—; divD =0; rotH:a—; divB=0.
t t

Ecnn cpepa — ogHOPOAHbLIA U M3OTPOMHBLIN AWSNEKTPUK, He obnagatoLmn
CEerHeTOaNEeKTPUYECKMMI M beppoMarHUTHeIMK  cBolicTBammn, To0 D =gg k n

B=MH0H, rae €, U L, — AnekTpu4eckas U MarHUTHas MNOCTOAHHbIE, € U LI —

AM3NEKTpUYeckasi U MarHUTHast NPOHMLIAEMOCTU Cpesbl.
B aTom cnyyae ypaeHeHus Makcsenna

- oH . - a OE .. =
rotE=—pp,—; divH =0; rotH =egy—; divE=0.
ot ot
Wcnonbays cooTHowekne AV = grad div V —rotrotV/, nomyuam BOMHOBblE

YpaBHEHUA ONA BEKTOPOB E n ]:I

27 275
AE =¢¢ —_—, AH =eg _—,
oMo PYE oMo o2
roe A _i+6_2+8_2 onepaTtop Jlanmaca, v = ! L _¢
ot ot o ’ \/80}10 JER  WJeu

¢ghazoeasi CKOpPOCTb INIEKTPOMArHUTHOM BOJIHbI, C = — CKOpOCTb CBeTa B

1
vV E€oMo
Bakyyme. Takum 06pa3oMm, 3/1eKmpoMazHUMmMHbLIe MOoNsi OENCTBUTENbHO Mo2ym
cyujecmeogame 6 gude 3/1eKmMPoOMazHUMHbLIX O0JTH.
Mockonbky eu>1, TO UL<c - cKkopocmb pacrnpocmpaHeHusi

3/1IeKmpoMa2HUMHbIX 80JIH 8 seujecmae ece20a MeHbUIe, YeM 8 8aKyyMe.
48.MonepeYHOCTb 3NEKTPOMArHUTHbIX BOJH.
Cnedcmeusi meopuu Makceenna:

(1) Bektopel £ v H HanpsXeHHOCTEN 3MIEKTPUYECKOrO U MarHUTHOMO Moren
BOMHbl 83aUMHO NeprneHOUKYISIPHbI i NIeXaT B NIOCKOCTU, NepreHanKynspHON

KonebaHusi 1 BormHbI
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BEKTOPY U CKOPOCTW pacnpocTpaHeHus
BOMHbI, mnpudem Bektopel E, H wn O
o6pasyloT npaeoeUHMOBYI0 CUCTEMY.
(Toneko E, #0n H, #0)

(2) B 3nekTpoMarHUTHOM BOMHE BEKTOPbI

E w H Bcerna__konebniica B
0OMHaKOBbIX (hasax, NPMYeM MrHOBEHHble
3HaveHuns £ n H B no6on Touke cBA3aHbI

COOTHOLLEHNEM [€yeE = [ Ui .

BonHoBbim YpaBHEHUAM
2
0°E,

2
1 0E, O*H, 1 &H,
= , =

ao? vt oot ot vt oot
YOOBMNETBOPSIIOT ~ MIOCKAE  MOHOXPOMAaTUYECKUE  SMNEKTPOMAarHUTHbIE  BOJHBI,
onuceiBaemble ypasHeHusmu E| = E,cos(wf —kx+ @), H, = H,cos(of —kx + @),

roe EO n HO — aMmnnutyabl Hal'lpﬂ)KeHHOCTeVI ANEeKTPU4eCcKoro 1 MarHUTHoOro nonen
BOJIHbI, ® — Kpyrosas 4actoTa BOJIHblI, k= (D/U — BOJIHOBOE€ 4uCno, (o — Ha4YanbHasa

pasa konebaHuwii (ogvHakoBasi, nockonbky konebavuss £ un H npoucxogsaT ¢
ofvHakoBon chason).

49.OTpaxeH1e U NpenomMieHne 3NMeKTPOMarHWTHbIX BOMH Ha rpaHvue pasgena
OBYX ANINEKTPUYECKNX cpej.

MycTb Ha rpaHuly pasgena AByx [OMANMEKTPUKOB nNafgaeT  nnockas
aneKkTpomMarHuTHas BoriHa. B TakoMm cnyvae, kak nokasbiBaeT OMbIT, OT rpaHuLbl
pasgena [AuanekTpukoB OyadyT pacnpocTpaHsTbCs [Be MSIOCKME  BOMHbI  —
OTpaxeHHas 1 NperioMneHHas.

3anuwem BbipaxeHus Ans nagawowen (i), oTpaxeHHoW () W npenomneH-

Hoi (d) BOMH B KOMMNMEKCHOMN 3KCMOHEHLManbHo opme

El- expli(w;t — k;7s;)], k= &;
Vi

E, expli(w,t —k,75,)], k.= &;

L,

E, expli(o t—k,5)], k=2,

Ly
3pecb 7 — pagMyc-BEKTOp, ® M UL — 4acToTa M CKOpOCTM BOfH, E —
aMnnuUTyabl BOMH, § — EeOWHWYHbIE BEKTOpbl, MOKasbiBaloWMe HanpasneHue
pacrnpocTpaHeHUss COOTBETCTBYIOLIMX BOSIH. YcroBue S7 =const onpegenser
MOCKOCTb, MEPMNEHAMKYNSAPHYI0 K 5, MO3TOMY [aHHasi CUCTEMa BbIpaXeHuil

OMUCbIBAET MITOCKME BOJTHbI, PACNPOCTPaHSIOLLMECS BLAOb BEKTOPOB §;,5, ,5 ;.

MpaHuuHble yCroBMSt ANA  TaHreHumanbHbiXx  (7) KOMMOHEHT BEKTOPOB
HanNPSXXEHHOCTU SNEKTPUYECKOr0 W MarHUTHOTO NMonst B NGON TOYKE rpaHuLibl

pasgena cpeq (1) u (2) umetoT Bua (cMm. 4-n.45) Eﬂ = Eﬂ, H,=H,.

A.H.OrypuoB. ®usuka dns cmydeHmos
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[Ons Hawero cnyyasi, rpaHUyHble YCMOBWS A5 ANEKTPUHECKOTO BEKTOpa

E, expli(wt —k;5;7)]+ E,. expli(o,t — k,5,7)] = E, expli(w,t — k;5,7)].

[ns BbIMONHEHUs1 3TOrO paBeHCTBa B oGO MOMEHT BpeMeHu ¢ B mnoboi
TOYKe rpaHuubl pasgena HeobXoAMMO W [OCTATOMHO, 4TOObI BO BCEX Tpex
nokasaTensix SKCMOHEHT Bbln OfVHAKOBbI KO3 MULIMEHTLI NPU ¢ 1 NPU NPOEKLUK 7,
paguyc-BekTopa 7 Ha rpaHuuy pasgena, T.e. YToGbl BbINOMHANMCL paBeHCTBa

W, =0, =0,,
kiSi'c = krsrr = kdsd'c'

CriegoBarternbHO, Yacmomsl 6cex mpex @0JIH [OMKHbl ObiTe pagHbl MeXAy
co6oli, MNOCKOMbKYy 4acToTbl konebGaHui 3apsidoB B AMANIEKTPUYECKON cpege,
BbIHY)XOAEMbIX KONMeGaHWUsIMU 3MeKTPUYECKoro BeKTopa, COBMafdalT C 4acTOTOM
BbIHy)xAatowwen cunbl. Kpome Toro, eauHW4Hble BeKTOpbl §;,S,,5; HaxoasTcs B
O[IHOW MIOCKOCTM, MPOXOASALLEN Yepe3 HopMarlb K MIOCKOCTU pasfena (MrockocTb
nagexus).

Boibepem cuctemy koopauHaTt Takum o6pasoM, 4Tobbl nnockocts  xOy
coBrnagjana c MNIoCKOCTbiO pasdena cped, a nnockoctb zOX — € MIOCKOCTbIO

= s nagexvs, npuyem ocb Oz

£ 17 s, NHy A5, Hanpasum u3 cpeabl I B

HY L EX ) cpeny II  (CcM. pUCYHOK).

7 ) i H B 9o/ E, O6osHaumm @ — yron

€ ' & ' mexay §; u ocbto Oz (yron
€, X €, ¥ napgenus), m—¢' — yron
i Edu \|/+ H, wmexpy 5, n Oz (¢ — yron

7 EN- oTpaxenus), Y — yron

a) zy WS, 0) Zy TS mexgy 5. u Oz (yron

npenomnexnst). B aToil cucTeMe KOOPAWHAT Y-KOMMOHEHTbI BEKTOPOB S, PaBHb
HYI0, @ X-KOMIMOHEHTbI MOXHO BbIPa3UTL CrieayoLwM obpasom

o ST o
s, =sinQ, s, =sing’, s, =siny.

CrnepoBaTenbHo, paBeHcTBo kS, = k,.S,. = k;S,;. npumeT BUA

sing _sing'  siny

Yy Ly L,
MepBoe paBeHCTBO 03HAYAET, YTO () = (' — 3aKOH OMPAXKEHUSI B ONTUKE.

W3 BTOpOro paBeHcTBa cnepyet OMTUYECKMIA 3aKOH NPENOMITIEHUS.
lMokazamenem npenomMseHusi Cpeabl n Ha3blBaeTCA BelMYMHa, paBHasA
OTHOLLUEHUIO CKOPOCTU ¢ QJNEKTPOMarHUTHbIX BOMMH B BaKyyme K UX q)a3OBOl7|

CKOPOCTM L B cpeae
c
n=—=,/eu.
o)
Ona cpepgpl, He obnagawlelrt deppoMarHUTHIMKU cBoicTBaMu, H=1 wu
NPaKTUYECKN MOXHO cUYMUTaThb, YTO
n=Ae.

KonebaHusi 1 BormHbI
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B aTOM cryyae Ans NpenomreHHoi BOMNHbI MIMeeM 3aKOH MpesioMieHust
siny _m g VL,

sing n, \e& v
Pasnoxum amnnuTygbl  SNEeKTPUYEecKoro U MarHUTHOrO BEKTOPOB  Ha
KOMMOHEHTHI EH' HH’ E |, H,, nexalume cooTBETCTBEHHO B NMOCKOCTW MafeHWs 1

neprneHanKynapHble K Hel. BaanMHble opumeHTaLmmn BEKTOPOB & , EH' E, HH wH,
npvBeaeHbl Ha pucyHKax (a) u (6).

Onsi KOMMOHEHT HanpsPKEHHOCTU  3NIEKTPUYECKOrO BEKTOpA, Nexalyx B
MNOCKOCTU NafeHus (puc. (a)), rpaHnyHble ycroBusi (C yyeToM /g el =/ uH ,

©=0' n n=+/¢) umeiot B1g
Eycos@+ E, cos@=E, cosy Z mEy —nmE, =mkE,.

Pelas 3Ty cuCTeMy ypaBHEHUA W WCMOMb3yst 3aKOH MPEroMIeHUs, Haiaem
BbpaXeHWs ANA  ammaumyOHbIX  KOdghghuyueHmoe ompaxeHus 1 W
nponycKaHus {; AnA BOMHbI, NIMHEAHO-NONAPU30BAHHOI B NIOCKOCTM NaaeHNs

ﬂ: sin2¢—sin2y _ tg(¢—y)
Ey sin2@+sin2¢ tg(p+vy)

=
’ *)

. Ey 2cos@siny

=% =

E;  sin(¢+y)cos(¢p—y)
[ns KOMMOHEHT HanpshKeHHOCTEW 3NEKTPUYECKOro BEKTOpa, MeprneHauKynsp-
HbIX K MIIOCKOCTM NageHust (puc. (0)), rpaHnYHbIe yCrnoBms NPUHUMatOT BUA
By +E, =E " m(E; —E, )cos@=mkE, cosy.

AmnnumyOHble KO3¢hhuyueHmbl OMpPaXKeHUs1 U NPonycKaHusi v, Nt
_E, __sin(o—y)

1 = - .
E, sin(@ + y) (*%)
; _E; 2sinycoso
=L T
E;, sin(p+vy)
CootHoweHua (*) un (**) mexgy amnnutygamy nagatoLleil, oTpaxeHHoW
npenomeHHoN BONH HasbiBaloTca chopmynamu ®dpeHens.

B dopmynax ®perens E; n E; — BennunHbl nonoxutensHele, a £, n £,

npu NoObIX BO3MOXHbBIX yriax nageHus u npenomneHns Takke NonoXUTENbHbI, YTO
cBMAETENbLCTBYET O coBnageHun a3 npenoMneHHon 1 nagatoLlent BonH. BennumHel
ErH n E, MoryT 6biTb Kak oTpuLaTenbHbIMKU, TakK U NOMOXWUTENbHbIMW. B nepeom

cnyyae dasa konebaHuii BekTOpa E u3mensieTcs npu oTpaxeHun Ha m (dasa
konebaHuin BekTopa H npu 3ToMm coxpaHsietcsl). Bo BTopom cnyyae (cm. puc.)
OTpaXeHne npoucxoguT ©6e3 u3MeHeHuss asbl  KonebaHui  BekTopa E
(cooTBeTCTBEHHO (hasa konebaHui BekTopa H npv OTPaXKEHMN U3MEHSIETCS Ha TT).

3HaueHusi cogura a3 konebaHuii BekTopa £ Mpy OTpaXeHUW 3neKTPOMarHUTHbIX
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BOMH B 3aBMCUMMOCTM OT yrna NafeHust U 3Ha4YeHWid nokasaTternen npenommeHust
npvBegeHbl B Tabnuvue.

T T
Cneur a3 (‘P+\I/)<E ((P+\I’)>E
Mexay
KOMMOHeHTaMu ny > ny <n ny, >n n, <mn
unm @ >\ i @ <y unm @ >\ i @ <y
Ezu n ErH e 0 0 b
E, wE, m 0 m 0

A.H.OrypuoB. ®usuka dns cmydeHmos

Takum obpasom, Mpu Manbix yrnax nageHus (¢+y < n/2) daza obeux
KOMMOHEHT 3MEeKTPUYECKOro BEKTOpa OTPaXEHHOW BOIMHbI NPOTMBOMNOMOXHA dase
najatowen ans cnyyas, korga n, > 71, U coBnagaet ¢ a3on nagaroLLen BorHbl npu
n, <n,; . B 4YacTHOCT 3TO MMeeT MECTO M NPU HOPMarnbHOM NageHNN.

fABneHve nameHeHust asbl BOMHbI HA 77 MPU OTPaXeHUM OT cpeabl C 6OnbLLINM
nokasaTterneM NperioMNeHus — "omepsi MosysoHbI" — UrPaeT 3HAUUTESbHYIO POrb B
MHTEPEPEHLMOHHBIX U ANMPAKLMOHHBLIX SIBMEHUSIX, KOTOPbLIE paccMaTpuBaloTCs B
Kypce "OnTnka".

PaccMOTpuM Terepb Criyyai, koraa BbINONMHAETCA ycrosue ¢+ =1/2 (1,
crepoBatenbHo, tg(@+y)—> o). Yron nageHus @g, npy KOTOPOM OTPaKEHHbIA 1
NPEnoMMEeHHbIN Ny4n B3aUMHO NeprneHanKynsapHbl, HasbiBaeTcs yanom Bprocmepa.

n
M3 3akoHa npenomneHns crnegyert, 4To tgoy =2
1

Mpn atom = 0 u B oTpaxeHHo#t BOMHe npucyTcTByeT Tonbko E, |
KOMMOHEHTA (OTpaXeHHask BOMHA JIMHEWHO rMonsipu3oBaHa B  MSIOCKOCTW,
nepneHanKynNApHOWM NITOCKOCTN NafeHns).
50.3Heprus aNeKTPoOMarHUTHbIX BOJIH.

O6beMHasn NOTHOCTb W 3HEPTUM SNEKTPOMArHUTHOW BOSHbI CKNaabliBaeTcs U3
06BbEMHBIX MAOTHOCTEN W, N W,, 3NEKTPUYECKOro 1 MarHUTHOro nonen

808E2 N posz
2 2

Tak KaK /€0 E = \[LoUWH , TO W= \/gllo~ENLEH .
MnoTHocTb NoToka aHeprum S =w-v=EH .

wW=w,+w, =

Bexkmop S nnomHocmu nomoka 3Hepauu 3neKTPOMAarHWUTHOW BOSHbI
Ha3blBaeTcs BeKTopom YMoBa-llonTuHra.
S=[E,H].
BekTop S HarnpaesieH B CTOPOHY pacnpoCTpaHeHUs 3MEKTPOMarHUTHON BOJHbI,
a e20 MOOysib paBeH 3HEPrnn, NEPEHOCUMON SNEKTPOMAarHUTHOM BOMHOW 3a eauHuLY
BPEMEHN Yepe3 eQUHUYHYIO NIOoLaaKy, neprneHauKynsapHyo HanpaBneHuio pacnpo-
cTpaHeHusi BonHbl. CkanspHas BenuuvMHa [, paBHasi MOAYMO CPedHEero 3HayeHust

BEKTOpa YmoBa-lNonTuHra, Ha3blBaeTCsl UHMEeHCU8HOCMbIO BOJHbI 1= ‘<S>‘ .

KonebaHusi 1 BormHbI
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NHmeHcueHOCMb BONHbI YUCNEHHO paBHa aHeprum, I'IepeHOCVIMOVI BOJHOW 3a
eanHuly BpeMeHUM CKBO3b eauHuuy nnowagn noBepxXHOCTH, HOpMarbHOW K
HanpaBrieHno pacnpoCcTpaHeHUs BOMHbl. MHMeHCcU8HOCMb CUHyCOU@aﬂbHOCI 80/JIHbI
rpornopyuoHasibHa keadpamy ee amnaumyohbi.

51.U3nyyeHue aneKTpMYeCKOro Amnornsi.

Mpouecc BO3GYXOEHWUA 3MEKTPOMArHUTHbIX BOJSIH Kakon-nubo cuctemon B
OKpY>KatoLLleM MpOCTPaHCTBE Ha3bIBAETCS U3JIyYeHUeM 3TUX BOMH, a cama cuctema
Ha3blBaeTcs usnyyarowjeli cucmemol. [None anekTpoMarHUTHbIX BOJH Ha3blBaeTcs
rnosem ussny4qeHus.

MpocTeilwmnm n3nyyaTenem 3neKTPOMarHUTHbIX BOMH SIBMSIETCA 3/1eKkmpu4e-
ckuli dunonb (cM. 3-n.13), 3MeKTPUYECKUA MOMEHT KOTOPOro W3MEHsieTcs Mo
rapMOHUYECKOMY 3aKOHY

D = Dy cosmt.
MpumepoM NOZOGHOTO AWMMONS MOXET CrYXWTb CUCTEMA, COCTOosas W3
MOKOSILLLETrOCs  MONMOXUTENLHOTO 3apsga +¢ M oTpuuaTensHoro 3apsga  —¢,

rapMOHWUYECKU KonebntoLwerocs BAOb HANpaBlieHUss p € 4acToTol ® .

Kak nokasbiBaeT Teopusi, B TOYKax MpPOCTPaHCTBA, OTCTOSALMX OT AMMONSA Ha
PacCTOAHUAX F, 3HAYUTENbHO MPEBbIANLUX ASNIMHY W3NYy4aeMon BOMHbI 7 > A
(aTa obnacTb NPOCTPaHCTBa Ha3blBaETCA BOMTHOBOW 30HOW AMMOSS), MHTEHCUBHOCTb

n3nyvyeHua gunona
1

.2
0 _sin 0
Baq 1(0) 1 TR

”
roe © — yron Mmexmy OCbl OMMONS M Hanpaene-

HUeM uanyyenusi. 3asucumoctb 1(0) npu duken-

poBaHHOM 7 Ha3blBaloT nosisApHol AuazpamMmoll

-4 ! HanpaesieHHocmu u3Jsty4yeHusi urnoss (MHavKar-

1 puccon nanyyeHus). M3 aton guarpammbl BUOHO,

4YTO AWNONb CUIbHEE BCEro U3ryyaeT B HanpaBrneHusX, NepneHanKynspHbIX ero ocu
(6=m/2). Boonb ceoent ocu (B=0 u O=m) aunonb He umanyyaeT BoOBLLE.

[varpamma HanpaBreHHOCT No3BonsieT opMMpoBaTb M3NydYeHUe C OonpeaeneH-
HbIMW NPOCTPAHCTBEHHbIMW XapakTePUCTUKaMUN U UCMOSb3YEeTCs NMpU KOHCTPYMpoBa-
HUW @HTEHH.

52. llikana aneKTpOMarHUTHbIX BOSH.

reHepaumMm u pervcrpa-

v Uuun, a TakKe no cBouM
cBoncTBaM. Mo3TOMy 3MeKTPOMarHWTHble BOMHbI YCNOBHO AENATCA Ha HECKOMNbKO
BUOOB: paduoeosiHbl (A >50MKM), ceemoenie 80sHbI (UHGPaKPaCHbIe BOMHbI
(770HM<A<1MMm)  sudumbil  ceem  (3B0HM<A<770HM), yrIbmpaghuoremosoe
nanyyeHue (10HM<A <380HM), peHmzeHoeckoe ussydeHue (0,01HM<A <100HM) K
Y -uznyqeHue (A <0,1Hm).

r s e OneKkTpoMarHuTHble
0 10* 10° 10% 10" 10" 10 10 107 10° 10° 10¢ 10% 10% 10 10% i 110 W0 A BOMHbI, 0Bnaaas LWMpo-
alse | KUM Ouana3oHOM 4acToT
EtE R Y- ayun
H EEE -5 S (Mnu onuH BOMH), OTNK-
Paanosonnet Slagalzc =
=S5\ & yawTcs no cnocobam mx
H
S

A.H.OrypuoB. ®usuka dns cmydeHmos





