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Ceo0600HbIe KonebaHusi

1. KonebaHusa. O6wuii nogxoa K n3yveHuro konebaHun pasnuyHon cdwmsnyec-
Koi npupoabl

KonebaHusiMu Ha3blBalOTCSl ABWXEHWS WMNKM MNpoLecchl, KoTopble obnaparoT
onpeaenéHHo NoBTOPSIEMOCTHIO BO BDEMEHW.

KoneGaHus conpoBoxaatoTcsl nonepeMeHHbIM NpeBpaLlieHueM SHeprumM OaHOro
BMAa B 3HEPrvI0 ApYroro BUAa.

KonebaHuns HasbiBaloTcs €80600HLIMU (MNN COOCMBEHHbLIMU), €Cn OHU
COBepLUATCA 3a CYET nepBoHayanbHO COOGLLEHHON SHepruv, 6e3 aanbHenwero
BHELLUHero BO3AEUCTBUSA Ha KkonebaTemnbHyl CUCTEMY (CUCTEMY, COBEpLUAIOLLYHO
kone6anus). KonebaHusi HasbIBalOTCH 8bIHYXOEHHbIMU, €CIIN OHN NMPOVUCXOANAT MO,
OefcTBMEM NEPUOANYECKN U3MEHSIIOLLENCS BHELUHEN CUTbI.

dusuyeckasi npupoda konebaHuii MoXeT OblTb pasHOW — pasnuyarT
MeXaHM4eckune, aNeKTpoMarHMTHbIE U ap. kornebaHus.

Ho pasnuyHble koneGaTenbHble MPOLECChl OMNUCHIBAOTCS  OAMHAKOBLIMU
ypaBHEHUsIMU, NO3TOMY Lienecoobpa3Ho usydatb Bce konebaTenbHble MpoLecchbl,
ncnonb3ys obLyne cBoncTea konebaHun.

2. F'apmoHuyeckue KkonebGaHus U UX XapaKTEPUCTUKK

FapmMoHu4yeckumMu KosebaHusiMu Ha3blBalTCs konebaHusi, mpu KOTOPbIX
Konebnowasca dusmdeckas BenuuMHaA W3MEHSIETCH MO 3aKOHy CuHyca (Mnum
KOCUHyca).

Pa3nuuHble mepuoduyveckue npoyecchi (NPOLECCHI, MOBTOPSIOLLUMECH Yepes
paBHble MNPOMEXYTKM BpPEMEHW) MOryT ObiTb NpeAcTaBneHbl B BWAE CYMMbl
(cynepnosunuum) rapMoHNYECKMX KonebaHui.

"apmoHnyeckoe konebaHne BenNUUUHbLI § ONUCbIBAETCH YpaBHEHVWEM Tuna

s =A-cos(wt+ @),
roe: A — amnoutyaa konebaHus — MakcuMansHoe 3HadYeHue KonebnoLueiics Benu-
YYHBI;
(o — Kpyroeas (UMknuyeckas) 4acToTa;
(0 — HavanbHas dasa konebaHus B MOMEHT BpemeHn ¢ =0;

(0t + ¢) — haza konebaHVsi B MOMEHT BPEMEHM £ .

da3za konebaHusa onpeaensieT 3HayeHve KonebnioLencs BenNnYnHbl B AaHHbIN
MOMEHT BpeMeHU. Tak Kak KOCMHYC M3MeHsieTcs B npedenax ot +1 go -1, 1o s
MOXET NPUHMMAaTL 3HaveHus oT +A4 go —A.

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

yBenuueHve (npupalleHue) dasbl konebaHus Ha 27T NpUMBOAUT K TOMY, YTO BCe
BENWYUHBI, XapaKkTepuaytoLume konebaHve, NPUHNMalT UCXOAHOE 3HaYeHVe.

Nepuvonom kone6aumit 7' Ha3bIBAETCS HAUMEHbLUIA MPOMEXYTOK BPEMEHM, MO
MUCTEYEHUN KOTOPOrO  [108MOPSOMCs  COCTOSIHUSI  Konebriowencs  cuctembl
(coBepwaeTtca ogHO nomnHoe konebaHue) w  dasa konebaHua nonyyaet
npupalleHne 27w

o(t+T)+o=(0t+@)+2m.
OTkyaa
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2n
T=—.
Q)
YacToTon koneb6aHun 7 HasbiBaeTcA BenvuMHa obpaTHas nepuopy koneba-
HWI — YACIO MNOIHbIX 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. OuddepeHumanbLHoe ypaBHEHUE rapMOHUYECKUX KonebGaHuin

MepBas (ckopocTb) U BTOpas (YCKOPEHWE) NPOW3BOAHbIE MO BPEMEHU OT
rapMOHUYECKN KoneobmnLlencss BENMUYMHBbI § Takke COBEpLUalT rapMOHUYecKkue
KonebaHus ¢ TOM Xe LIMKITMYECKON YacToToMn

K :% =—Awsin(wt + @) = Amcos(mt +o+ gj ,

. d%s
§= d—z =—Aw’ cos(of + Q)= Ao’ cos(Of+@+T).
t
W3 nocnegHero ypaBHeHUst BUAHO, YTO S YAOBNETBOPSIET YPaBHEHUIO
2
S .
F-i—(ozs:o M §+ois=0.
t

370 ypaBHeHWe HasbiBaeTcs OughghepeHyuanbHbIM ypasHeHUEM 2apMOHU-
4Yeckux KosiebaHull. Ero pelwieHne
s=A4-cos(wf+ ).

4. MeTop BEKTOPHbLIX AnarpamMmm

FapmoHunyeckne  konebaHus  unsobpaxatoTcs

\w rpacuyeckn Memodom epauwjarouje2ocsi ekmopa
Z amnaumyodbl  Vnu MemodoM  8eKMOPHbLIX
duazpamm.

M3 npoussonbHoit Toukn O, BbIGPaAHHOM Ha ocu
X, nog YyrnoMm ¢, paBHbIM HavanbHon ase

konebaHus, oTKnadblBaeTCs BEKTOP A, moayInb
KOTOporo paBeH amnnutyge A, paccmaTpuBaemoro
konebaHua. Ecnu aToT Bektop OyaeT Bpawlatbes
BOKpYr Toukn O C YIMOBOM CKOPOCTBIO (®, TO MPOEKUMss BekTopa Ha ocb x 6yaer
coBepLuaTh konebaHus no 3akoHy s = A4 - cos(w? + @).

9 |

5. JkcnoHeHuManbHas doopMa 3anucu rapMoHUYeCcKUX konebaHun
CornacHo dopmyrne diinepa Anst KOMNAEKCHbIX Yncen

e'® =cos@+ising,

roe i =+/—1 — mHumMas eguHuua. Mo3aToMy ypaBHEHWE rapMOHMYECKOro konebaHus
s = A-cos(mt + () MOXHO 3anucaTb B KOMNIIEKCHOW 3KCMOHEHLMarnbHoi hopme

§ — Aei(u)l+(p) .

PU3NYECKMN CMbICNT UMEET TONbKO 8ewecmeeHHasi Yacmb KOMMMEKCHON yHKUnn
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S, KoTopast U NpeAcTaenseT coboi rapMoHMYeckoe KonebaHue
Re(s)= Acos(wt+@)=s.

6. MexaHu4eckue rapmoHuyeckue konebaHus

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: v=x=—Amcos(oat+(p+5),
aT TN\ s yCKOpeHue:
- N a=0=35= Ao’ cos(ot +p+T).
K AMRAuUmMydAsbi CKOPOCTU N YCKOPEHUS! PaBHbI
Ao v Ao’.
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 + Qo+m)= —mw’ Acos(wt + 0) = —mw’x .

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

7. OHeprusa matepuanbHOMW TOYKMW, COBepLualoLLe rapMoHU4Yeckue konebaHus
KuHemu4eckasi aHepausi MaTepranbHON TOYKU

. 202
s1n2(a)t +)= %[1 —cos2(wt +)].

mo’ _ mA* o’
2

lNMomeHyuanbHass 3Hepa2usi MaTepuanbHON TOYKW, COBEpLUAOLLEN rapMOHU-
Yyeckune konebaHusa noa AeCTBMEM KBa3WYMNpPyron cusbl

K=

x 2.2 2.2 2.2
W:—IFdx=M=mA—mcos2(c0t+(p)=m—m[1+0052(03t+(p)].
0 2 2 4
2 2
MonHas sHepaus E=K +W:mA—O)

OCTaéTcsl NOCTOSIHHOW, C TeYEeHVWEM BPEMEHM MPOUCXOAMT TONbKO MNpeBpalleHune
KMHETUYECKOW SHEPTUM B NOTEHLUMANbHYIO U 06paTHO.
8. FapMoHMYeckui ocuMnNnaTop

FapMOHMYECKMM  OCUMNNSTOPOM — HasblBAaeTCs  CUCTeMa, CoBeplualoLas
kone6aHus, onuckiBaeMble AnddepeHUnanbHbIM YpaBHEeHEM

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

9. MMpYyXWUHHBIA MaATHWK
TIpy)KUHHBIU MassMHUK — 3TO TPy3 Maccow m , NOABELUEHHbI Ha abConTHO
yrnpyrov npyxvHe W coBepLlaloWwnii rapMoHnyeckme konebaHus nog OewncTBueM
ynpyron cunbl
F=—kx,
raoe k — XECTKOCTb MPYXUHbI.
YpaBHEHNE ABWXKEHUS MAasTHUKA

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

A rapMOHUYECKOro ocumnnsTopa §+cozs:0, Mbl BUOUM, 4YTO
7  TPYXWHHBIN MasiTHUK coBsepluaeT KonebaHusi Mo  3aKoHy
0 x = A-cos(®f + @) C UMKINYECKON YACTOTON 1 NEPUOAOM
= <]
k m
N o=,—, T=2m,|—.
mg m k
MoTeHuManbHas 3HEPrUst NPYKMHHOMO MasiTHUKa
2.2 2
mox~  kx
U=———F="
2 2
Ecnn Ha MasaTHUK OEWACTBYET cuna TPeHWs, MpOonopLMOHanbHas CKOpOCTM
FTp =—rX, rae r — Ko3(PMULUEHT CONPOTMBIIEHUS, TO KonebaHus MaaTHuka 6yayT

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

. r. k
X+—x+—x=0.
m m

10. MaTteMaTU4eCKUN MasITHUK

MaTtemaTuyecKMM MaAITHUKOM Ha3bIBAaeTCs WAaeanuaMpoBaHHas cucTema,
COCTOSLLAsA 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 TSHKEMBIN 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.
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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

(oz\/g, T=2n L
l g

Qdu3suvdeckuM MasimHUKOM Ha3blBaeTCs TBEPAOE TEerio, COBepLualollee MoA
OEeNCTBUEM CUIbl TSXKECTU KonebaHus BOKPYr ropu3OoHTanbHOW OCWM noggeca, He
npoxogsiien yepes LEHTp Macc Tena.

Ecnn dwmsnyeckuin MasiTHUK OTKINMOHEH M3 MOJSIOXKEHUS
paBHOBECUSI HA HEKOTOpbI yrom O, TO MOMEHT
BO3BpaLLaoLLen cunbl

11. ®U3nM4ECKUN MASITHUK

M=JB=Ja.
C Apyrov CTOPOHbI, NPy MarnbIX yrinax
M = Fl=-mglsino~-mgla.,
roe J — MOMeHT nHepumn MadaTHUKa OTHOCUTESIbHO OCH,
npoxoasLen Yyepes Touky nogeeca O,

[ — paccTosiHMe Mexdy TOYKOM Mogseca U LEeHTPOM
macc C MaaTHuKa,

F_=—-mgsina — Bo3Bpallaowas cuna (Co 3HaKkom
MWHYC, MNOCKONbKY OHa BcCerga HanpasiieHHasa nNpOTUBOMOJIOXKHO HanpaBlieHUo
yBenuyeHus a ).

CnepoeatensHo, Jo +mglo =0, unn

d+m—gla:0.
J

Takum obpasom, npu manbix KonebaHuax uanyeckun MasiTHUK coBepLuaeT
rapmMoHuyeckue konebaHus o =0, -Cos(®Mf + @) C LMKNNYECKOA 4acToTon W

nepuoaoM
o= /m—gl, T=2n |-l —on |E
J mgl g

J W .
roe anvHa L= 7 — Ha3blBaeTca npuseaeHHOU ONTUMHON (.bVI3VI‘-IeCKOFO MaAaTHUKa.
m

MpueedéHHasas OnuHa ¢u3u4ecKko20 MasimHUKa — 3TO [ANMHA TakKoro
MaTemMaTU4eCcKoro MasiTHMKa, KOTOPbIA UMeEeT Takon e nepuod konebaHun, 4To u
OaHHbIA PU3NYECKUA MASITHUK.

Touka O' Ha npopomxeHun npamoint OC, oTcTosias OT Ocu noaseca Ha
paccTosiH1M NpuBeAEHHOM ANWHBI L, Ha3biBaeTCs YeHmMpPoM KavyaHuli (hU3N4ECKOro
MasiTHUKa.

MaTtemMaTnyeckun MasiTHUK MOXHO MPeacTaBUTb Kak YyacmHbil (rpedesibHbil)
criyqall ghu3uyeckoeo MasimHuka, BCS Macca KOTOPOro CocpefoTodeHa B ero LeHTpe

2
macc. MNpu atom J = ml~, cnegosatensHo

T=2n L

g
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12. 3neKTprUYeCKUn KonebaTenbHbi KOHTYP

aﬂeKmpu‘leCKUM Kosie6amenbHbIM KOHMYypPOM Ha3blBaeTCA 3J1eKTpunyeckasn
Lenb, COCTosILast M3 BKIMHOYEHHBLIX NOCcneaoBaTernibHO KaTyLWwKN UHOYKTUBHOCTbLIO L,

+ - KoHgeHcatopa émkoctbto C U pesuctopa COMNpPOTMB-
il nexviem R.
C Mo 3akoHy Oma ans yyacTtka uenm Iy
R q
IR=¢; -9, +0®, wm I[R=—F—-L—,
L P =P ¢ C d1
—.I

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

pasHOCTb MOTeHUManoB ero OBGKMNadoK B MNPOM3BOMbHLIA MOMEHT BpeMeHu i)
R — anektpudyeckoe cornpoTuBneHne konebatenbHoro koHTypa; ®,— 3AC camo-

d
MHOykuMM B KaTywke. Cuna Toka [ =d—q, noatomy OduggpepeHyuanibHoe
t

ypaeHeHue konebaHulil 3apsida B konebGaTenlbHOM KOHTYype
d? q Rdg 1
PN ATANT
13.CTagum kKone6aHui B ugeanu3npoBaHHOM KonebaTenilbHOM KOHType
UdeanusupoeaHHbIli KosiebamenbHbIl KOHMYP — KonebaTenbHbIN KOHTYP, Y
koToporo R=0.

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

E =U E=Kmax =Umax E=Kmax E=Umax

max

MycTb B HavanbHbIl MOMeHT BpemeHu ¢=0 KoHOeHcATOp 3apsikeH

3apsaoM g . Torga SHEeprusi 9nekTPUYEecKoro nons Mexzay obknagkamu KOHAEH-
2

catopa W, =;]—C. Mpn 3amblkaHUM KOHAEHCATOpa Ha KaTyLKy WHAYKTUBHOCTU, B

KOHTYype NnoTeYéT BO3paCTaPOLL|,Ml7I TOK ] 3Hep2u,q a/1leKmpu4ecKoeo riorsis Ha4YHEeT
LI?
2

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

YMeHbLWAaTbCA, a 3Hep2Usd MacsHUMHO20 [0JiA KaTyLIKU Wm =

L§?
=—— OypeT
5 o
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W=W,+W, coxpaHsemcs.

B mMomeHm epemeHuU t:%T (T —nepviop konebaHwit), korga koHAeHcaTop
MONMHOCTBIO Pa3paanTCs, 3HEPrus 3NekTpuyeckoro nons obpalwjaeTcs B Hynb, a
3Heprus MarHuWTHoro nonsi (a, cnegoBaTenbHO, M TOK) OOCTUraeT Hambonbluero
3HaYeHus.

Crtagum konebaHuin B KOHTYpe MOXHO COMOCTaBUTL C aHANOMMYHbIMK CTaansIMU
MexaHu4yeckux KosiebaHul, Hanpumep, MaTeMaTU4YecKoro MasiTHUKa, KOTOpbIA B
MOMeHT BpeMeHn ¢ =0 CMelLEH U3 MONOoXeHUs paBHOBECUA U UMeeT Makcumarb-
HYI0 moTeHumanbHyto sHepruio E=U_ . . B MOMEHT BpemeHnu t:%T cMmelleHne
MasiTHUKA PaBHO HYSO, CKOPOCTb — MaKkcuMaribHa, M MNoTeHuManbHasi SHeprus
MOJTHOCTLIO NEPexoaunT B KMHETUYECKYIO SHepruio masTHnka £ =K .

Ha4yuHnasi ¢ MoMeHma epemeHuU | = %T , TOK B KOHType OyaeTt y6biBaTb,
crnepfoBaTenbHO, MarHUTHoe rone KaTywku HayHéT ocnabesatb. V3meHeHue
MarHuTHOro Norns BbI30BET MHAYKLUMOHHbIA TOK, KOTOPLINA, No npaswuny JleHua, byaet
MMeTb TO e HampaBneHue, 4TO W TOK paspsakM koHaeHcaTopa. KoHaeHcaTop
HauyMHaeT nepesapspkaTtbCa U K MOMEHMY 8peMeHU | = %T 3apsag Ha obknagkax
KOHeHcaTopa AOCTUTHET MakCUMyMa, TOK B LLENU NPeKpaTUTCsl, U SHEPrns KOHTypa
CHOBa OyaeT paBHa 3HepPrum aNeKTPUYECKoro Nons B KOHAeHcaTope.

Ana masmHuka 310 OyAeT COOTBETCTBOBATb MAaKCUMManbHOMY CMELLEHWIO B
HanpasneHun, MNPOTMBOMOIOXHOM MNEepBOHaYaribHOMY, OCTaHOBKE MasiTHUKa B
KpariHem nonoxeHun (L =0) n o6paTHOMY NpeBpPaLLEHNIO KUHETUYECKON SHEPTUN B
noTeHUManbHyto.

Hanee, Bce npoueccbl B konebatenbHOM KOHType OyayT rpomekamb 8
obpamHoM HarnpaeneHuu W cucTtema K MomeHmy epemeHu t=T npugér B
repeoHayasibHoe COCTOSHUE.

Takum obpasom, B kornebaTtenbHOM KOHType MNpPOUCXOQAT repuoduyeckue
U3MeHeHus1 3apsiia g Ha obknagkax KoHaeHcaTopa u curbl Toka [ . 3Tv anekTpu-
Yeckne konebaHus CONPOBOXAAIOTCA Mpespaw,eHUeM IHEePruin 3NeKTPUYEcKoro u
MarHuTHOro nonew.

N3 cpaBHeHUs1 anekTpuyeckmx KonebaHun C MexaHW4eckuMu kornebaHusmu,
cnepyert, 4TO:

— 3Heprus aMeKTPMYEeCcKOoro Nons KoHAeHcaTopa aHas02u4yHa NoTeHUnanbLHom

3Heprun MasiTHUKa;

— 3HEeprMs MarHWTHOrO MONs KaTYLKW aHajio2uyHa KAHETUYECKOW 3Heprum

MasiTHUKa;

— cuna ToKa B KOHTYpe aHasi02u4yHa CKOPOCTU ABUKEHNS MasiTHUKA;

— WHOYKTUBHOCTb L 8binosiHsem ¢hyHKYUIO Macchl;

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

14.CBo60gHbIE rapMOHUYECKMEe KonebaHusa B KonebaTenbHOM KOHType

CBobogHble anekTpuyeckne konebaHusi B konebaTenbHOM KOHType SBNATCS
rapMOHWUYECKUMM, ECIIN Er0 ANEeKTpUYeckoe conpoTmeneHme R=0.

OnddepeHumnanbHoe ypaBHeHME CBODOAHbLIX TAPMOHMYECKUX KorebaHui
3apsfa B KOHType

d’q 1
9, 4-=o0.
a2 rc?
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3apsa g cosepluaeT rapMOHMYeckne konebaHus no 3aKoHy

q = Gax COS(O + ),
C LUMKNNYECKoM YacToTon
1

~JIc
T=2nJLC,

Ota dopmyna HasbiBaeTcst — hopmyna ToMcoHa.
B cdopmyne TomcoHa ¢, —amnnutyaa konebanuii sapaaa.

Cwuna Toka B konebaTenbHOM KOHType

n nepunoaom

dt
onepexaet no ¢ase konebaHus 3apsga g Ha TC/ 2.

1 _da_ — O pax SO+ Q) =1 cos(cot +o+ gj

3pecb [ = OFmax = jHLL(X? — amnnuTyAa cunbl Toka.

PasHocTb noTeHuuanos obknagok  koHaeHcatopa U =@, — ¢, Takke
U3MEHSIeTCst MO rapMOHUYECKOMY 3aKOHY W COBMagaeT Mo ¢ase C 3apsiaoM ¢

U= % =U .« Cos(f + ),

— qmax

roe Umax — aMmnnuTtyga pa3HoCTu NoTeHUnarnos. AMI'IJ'IVITy,Ela TOKa

C
[max :Umax\/;'

BenunuunHa 1’]/C Ha3blBaeTCA O0JIHO8bIM collpomussieHuem koneba-

TeNbHOro KOHTYypa.

15.CnoxeHne rapmoHU4eckux konebaHum
Ecnn cuctema oOHOBpEMEHHO Yy4acTByeT B HECKOMNbKMX KornebaTenbHbIX
npoueccax, TO MOA CrOXeHWem KonebaHui MOHMMAIT HaxOXAEHWe 3aKoHa,
OMUChIBaIOLLErO pe3ynbTUpYLLMiA KonebaTenbHblii
npovecc.
A~ | Ona cnoxenus konebaHnn x; n x,
0! X, = 4, cos(wt + @), Xy = A, cos(wf + ¢,)
, P9 ucnonb3yeM Memod epaujarouje2ocsi eekmopa
o - | amMnnumyodbl (Memod eeKmMopHbIX OuaspamMmm).
2 14, | Tak kak Bektopbl A u A4, BpawatoTcs C
¢ " _px O[VHaKOBOW YrII0BOW CKOPOCTbI (O, TO Pa3HOCTb
1 X <2 a3 (¢, — @) Mexay HAMM OCTAETCS NOCTOSIHHOWA.
- X - YpaBHeHue pesynbTupytoLlero konebaHuns byaet

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

KonebaHusi 1 BornHbI
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rae amnnutyaa A v HavanbHasi hasa ¢ 3a4aloTCst COOTHOLLEHUSIMU
A sing; + 4,sin @,

A = A,2 + A22 + 24,4, cos(p, —¢)), tgp = .
A cos@; + A4, cos @,

Cymma deyx 2apMoHu4ecKux kone6GaHuin 04HOro HanpasneH st 1 OAUHaKOBOM
4acToTbl ecmb 2apMOHUYecKoe KosiebaHue B TOM Xe HanpaeneHunM 1 ¢ To:n xe
4acTOTOMN, YTO M CKnafbiBaemble KonebaHus.

Avnnutyga pesynbTupytowlero konebaHuss 3aBUCUT OT pasHocTM a3
cKnagplBaeMblx KonebaHuii:

1) @ —¢,=2mmn,rge (m=0,1,2,...), Torpa A= 4+ 4,;

2) ¢y — ¢ =+2m+r, rae (m=0,12,...), Torpa A=|4, - 4,|.

16.BueHuns

BueHusiMu Ha3bIBalOTCA NEPUOANYECKME U3MEHEHNS amnauTyAdbl konebaHus,
BO3HMKAKOLME NpPU  CHOXEHWUM [OBYX FapMOHWYECKUX KkonebaHuh c  61u3kumu
yacmomamu.

MycTe aMnNnuTyabl CknafbiBaemblx KoneGaHuii paBHbl A, a 4acToTbl paBHbl @
n 0+A®, npuiém Ao <K ®. MyTb ANS NpocToThl Ha4Yano oTcyéta BblibpaHo Tak,
4TOObI HavanbHble a3kl 060Mx KonebaHui ObiNv paBHbl HYIHO

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

PesynbTupytoLiee konebaHve

OyneT umeTb BUA

x= (ZACOS%IJ -cosmt

— rapmMmoHun4yeckoe KonebaHune ¢ 4actoTon ®, aMmnnnTyga KOToporo naMeHsaeTcd no

3aKOHY  Agycrmii = C HaCTOTON Wg,euuin = A (4acToTa Guenwnit Basoe

2Acos&t
2

GonbLue YacTOTbl U3MEHEHNA KOCUHYCA, MOCKOMNLKY As, ... 6epéTcs no Moaynio).

17.PasnoxeHue Pypoe

TNMoGoe crnoxHoe nepuoanyeckoe koneGaHue s = f(f) MOXHO NpeAcTaBuUTb B
BUAE CYMMbl MPOCTbIX FApPMOHWYECKUX KonebaHWi C LMKIMYEeCKUMW 4actoTamu,
KPaTHBLIMU OCHOBHO LIMKMYECKOI YacToTe

n
s:f(t):%+ ZAmcos(mth+(pm).
m=1
Takoe npeactaBneHve nepuogudeckor  dyHkumm  f(¢)  HasbiBaeTcs
passioxeHueM eé e psid dypbe WNN 2apPMOHUYECKUM aHaslu30M CJI0XKHO20
nepuodu4yecko2o konebaHusi.
UneHbl psga @dypbe, COOTBETCTBYIOLME rapMOHMYECKMM KonebaHusm ¢

LIMKNU4YEeCckMMn 4actotamm @), 20)0, 3(!)0 n T. O., Ha3biBaKTCA nepeoﬁ (VIJ'II/I

ocHoeHoli), emopoli, mpemsbeli v T. [i., 2aPMOHUKaMU CITOXHOrO NMepuoAnYeckoro
koneGanusa s = f(¢).

COBOKYMHOCTb 3TUX rapMOHUK 0Bpa3syeT criekmp kosnebaHusi s = f ().
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18.CnoxeHne B3auMHO _NEepneHAUKYNAPHbIX FAapMOHUYECKUX KonebaHun
OOWHaKOBOMW 4acToThl
MycTb oBa rapMoHUYECKUX konebaHns OAMHaKOBOW YacToTbl ® , MPOUCXOONAT BO
B3aUMHO MepneHauKynspHbIX HanpaeneHusx BAonb oced X M y. [Ana npocToTbl
BblbepeM Hayano oTcyéTa Tak, YToObl HayanbHasi pa3a nepBoro konebaHusa Gbina
paBHa Hymno

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

roe o — pasHocTb a3 konebanuin, a A n B — ux amnnutygbl. YpaBHeHue
TpaekTopun pe3ynbTupylolero konebaHusa (Mckmoyas { W3 ypaBHEHWA) ecTb
ypasHeHue anurnca, Npou3BoJIbHO PaCMONOXEHHOro OTHOCUTENBHO KOOPAMHATHBIX

ocewn,

x’ 2xy y2 .2
—5 ——scosa+-——=sin"aq,
A AB B
1 Takue konebaHnsi Ha3bIBaOTCS /TUMNMUYECKU MOJISIPU308aHHbLIMU.
19.JluHeliHO NonsipusoBaHHbIe Kone6aHus
m=0,52,44, ... m=t1,43, .. Ecnm pasHocTb a3 paBHa
oa=mn(m=0,x1,+2,..), TO
AMMWNC BbIPOXAAETCA B OTPE30K

npsmou
y=t%x,

roe 3Hak nnwc  CooTBEeTCTBYET
HYMI0 U YETHLIM 3HaYeHusM m, a
3HaK MWHYC — HEYETHbIM 3Haye-
HUSIM 71 .

Pesynbtupytollee konebaHue sBRsSieTCA rapMoOHWYeckuMm konebaHuem ¢

yactoTol ® WU amnauMTyaon VA2+B2M coBepllaeTcss BAONb  MPSIMOMN,
CcoCTaBnsoWER C oOcblo X  yron @zarctg(%cosmn). Takue koneGaHus
Ha3bIBalOTCA NUHEMHO NONAPU30BaHHbLIMU KONe6aHUAMM.
20. LiupkynapHo nonspu3oBaHHbIe KonebaHus

i

T
Ecnm  pasHoctb a3z o =(2m+ 1)5, roe
-h (m=0,%£1,£2,...), To ypaBHeHUe TpaeKkTopuu

__/ * ﬁ+£:1'
4> B?

OTO ypaBHEHWe 3nnunca, ocv KOTOPOro COBMaaaloT ¢
OCSIMM KOOPAMHAT, a ero noslyocu paBHbl COOTBETCTBYIOLWMM amnnutygam 4 v B.

Ecnu A= B, To annunc BbIPOXAAeTcs B OKPY)XHOCTb, M Takue KoneGaHus
HasbIBaloTCA UUPKYNSIPHO nonsapu30eaHHbLIMU unm KosiebaHusaMU,
nossipu3oeaHHbLIMU 0 Kpyay.

21. ®durypsbl Jluccaxy
Ecnn B3aMmMHO nepneHauvKynsipHble KonebaHus npoucxogsaT C LUKIMYECKUMMU
YactoTam p® U qO,TAe g U p — yesble Yicna

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

(D

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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TO 3Ha4deHuda koopauHat x Wy OOHOBPEMEHHO MOBTOPAKTCA 4Yepe3 OofuHaKOoBble

npomexyTkn BpemeHn T, paBHble HaumeHbllemy obLiemy KpaTHOMY nepuoaos
27 27 . .
T,=— wn T, =— «xonebaHuiA BOONb oceii X M ). TpaeKTOpUM 3aMKHYTbIX
po qo
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 Tpéx
PasnNMYHbIX 3HAYEHUSX OTHOLLE-
Hus (2:1, 3:2, 4:3) n pasHocTu

T
as oL =—.
A 2

3amyxaroujue u ebiHY)XOeHHbIe KosiebaHust

22. 3aTyxawouume KonedaHusi

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

3aTyxaHne MexaHu4eckux konebaHui BbI3bIBaeTCs  rnaBHbIM - 06pas3om
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 JiUHeUHble  CUCTEMbI  OMUCLIBAOTCS
OOVHAKOBbLIMW _YDPaBHEHWUAMMW, YTO MO3BONSIET OCYLLECTBNATb €OUHbIU Mooxod K
M3y4eHnto konebaHuni pa3nmMyHon pmanyeckorn NpmMpoasbl.

23. AudbdepeHumanbHoe ypaBHEeHUEe CBOOOOHLIX _3aTyXalowWwuX KonebaHun
JIMHEAHOW CUCTEMbI

AugppepeHyuanbHoe ypaeHeHue ce80600HbLIX 3amyxarouwux KosnebaHul
TNIMHENHON CUCTEMbI UMEEeT BUA

d*s ds
——+28-=+0ps =0,
dt dt
roe s — Konebriowascs BenmumuHa;

& =const — koaghgpuyuenm samyxaHus,

My — UMKNMYeckasi yactoTa cBOGOAHbIX He3amyxarowyux kornebaHuin Ton xe
koneGatensHomn cuctemsl (npu & =0).

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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= 4 b .
x = Ao cos(wt + @) B criyyae Manbix satyxaHmii (8% < (Dg)
peLLeHNe 3TOro YpaBHEHWSI:
s=Aye " cos(ot + @),

rae:
A= A4, e~ amnnumyda 3amy-
Xarowux KonebaHut,
A,— HayanbHas amnnumyda,

/ _ [ 2_s2
A=—Ae® ®=/0p —08 Yuknuveckas

Yacmoma 3amyxarowux KosiebaHull.

t

r

1
MpomexyTok BpemeHu rzg, B TEYEHWe KOTOPOro amnnuTyda 3aTyxaloLimx

KonebaHuih yMmeHbLIaeTCcs B € pas, Ha3blBaeTCA 8peMeHeM peslakcayuu.

3aTyxaHue HapyLliaeT NepMoanyHOCTb KorebaHun.

3aTyxawoLme konebaHusi He ABNAOTCA NEPUOANYECKUMU.

OpHako ecnu 3atyxaHue Mano, TO MOXHO YCNOBHO MONb30BaTbCA MOHATMEM
nepuoda 3amyxarowjux KosiebaHull Kak NPOMEXyTka BpPEMEHU MEXOY ABYMsi
nocneayowumMmm makcumyMamm koneobnowencsa unsanmyeckon BENMYmHbI

pom__ 2m
o Joj -8
24.[lekpeMeHT 3aTyxaHus
Ecrm A(t) v A(t+T) — amnnuTtyabl ABYX nocrnegoBaTerbHbIX konebaHui,
COOTBETCTBYIOLLMX MOMEHTaM BPEMEHM, OTNNYAIOLLMXCS Ha NEpUoL, TO OTHOLLIEHUE
AW _ er
A(t+T)
Ha3blBaeTCcs GekpeMeHmoM 3amyxaHusl, a ero norapudgm
A@) ST = r_ 1

0=1In =37 =—=
At +T) T N
Ha3bIBaeTCs JIo2apugpMuyeckuM AeKpeMeHmMoM 3amyXaHusi.
3gecb N — uncno konebaHWii, cCOBEpLIaeMblX 3a BpeMst YMEeHblUEHUs

aMnnuTyabl B € pas.

25.006poTHOCTL KonebaTenbLHON CUCTEMbI

Hdob6pomHocmbro Kose6amenbHol cucmeMbl HasbiBaeTcs 6e3pasmepHas
BenuuuHa (, paBHasi NPoM3BeAeHUo 27T Ha OTHoLleHue aHeprun W (t) konebaHuin
CUCTEMbl B TMPOW3BOMbHLIA MOMEHT BpEMEHM ¢ K yOblnM 3TOW 3Hepruu 3a
NPOMEXyTOK BpemeHu oT ¢ fo t+7 (3a oguH YCMOBHbIA NEpuos 3aTyxaloLimx
KonebaHui)

0=2n— VO
W@y-w(+T)
OHeprua W (t) nponopumoHanbHa kBagpaty aMmnnutyabl A(t), noatomy

KonebaHusi 1 BormHbI
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) A (1) 2t 2n
0=2n— 2 = T 20 -
A (t)—A"(@t+T) 1-e I-¢
Mpn Marnblx 3HaYeHUsIX NorapudMuueckoro AekpemeHTa saTyxaHus (0<1)

l—e_zez29,noaT0M npuHumas T ~ T, zﬁan:— )
y (np! 0) 0 0 5T 25

26.Mpumepbl cBO60AHLIX 3aTyXakLWMX KonebaHumn

PaccmoTpum 3aTyxatowme konebaHns pasnuyHon manyeckon npupoasbi:

1) MexaHu4yeckue KosiebaHusi — NPYXWHHbIA MasaTHUK C MacCol m , KOTOPbIA
coBepLlaeT marnble konebaHusi nog AencTeuem ynpyron cunbel F =—kx u
CWnbl TPEHUs FTp =—rx (r — KO3(PDULMEHT CONPOTUBIIEHNS);

2) anekmpomazHumHble KosiebaHuss — konebaHus B KonebaTenbHOM KOH-
Type CoCTosiLLEM U3 CONPOTUBREHUS R, nHaykTmeHocTu L u émkoctn C.
Bynem cpaBHuBaTb 00a cnyyas ¢ auddepeHumanbHbIM - ypaBHEHUEM
cBobOAHbIX 3aTyxatoLmx konebaHuii NMHENHON cUcTeMbI

§+285+w2s=0,

peLleHre KOTOpOro UMeeT Brg
s=4, e cos(®f + ).

1) NPYXUHHBIN MasiTHUK | 2) koneGaTenbHbIA KOHTYp

Konebniwowasca Benu- | CMeLeHne OTHOCUTENbHO

3apag g
ymHa MONOXEHUs paBHOBECUSA X
..k . R. 1
nmq)q)epeHumaanoev P rr =0 j+—G+—q=0
ypaBHeHue konebaHui L LC

4acToTa HesaTyxatoLLux
konebaHun

®) =——
" JLC

KoapduumneHT
3aTyxaHusa O

yactoTa  3aTyxawLmx
konebaHum

o=+/of -8

Jo6poTHocTe O

3aKoH konebaHuit x = Aye™¥ cos(wt + @) q =gy cos(wr + @)

27.BblHyXAeHHble KonebaHus
Y1obbl B peanbHoi koneGaTenbHOM CUCTEME MOonyYuTb HesaTyxawwue
konebaHusi, Haoo KOMMNEHCUPOBATbL NOTEPU dHEPrUK. Takasi KOMMeHcaUmsl BO3MOXHA
C noMoLWbI0 Kakoro-nuBo nepuogudecku Aaelcteylowero daktopa X (1),
MN3MEHSIIOLLErOCH MO rapMOHUYECKOMY 3aKOHY
X()=Xycosot.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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B cnyyae wmexaHudeckux konebaHunm TakMM  pakTopom  sIBNSeTcA
ebiHyxdaroujasi cunal” = Fycosmt. 3aKoH ABWKEHUS ANA NPYXWHHOrO MasTHUKa
Oynet umeTb BUA

mx = —kx —rx + Fycos ot .

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

. R. 1 U,
g+—q+—q=—"cosmt.
L LC L

B ob6wem Buge JduggpepeHyuanbHoe ypaeHeHUEe B8bIHYXOeHHbIX
KonebaHul iMeeT BUg,

's'+28s'+coés = X[ COS ! .
OT0 ypaBHeHWe — NHEelHOe HeoAHOPOAHOE AnddepeHLManbHoe ypaBHeHNe.
Ero peluetme paBHo cymme o6Liero peluerust s = A4 e cos(w? + @) oaHopoaHoro
YypaBHEHUS! M YacCTHOIO peLleHUs HEeOAHOPOAHOro ypaBHeHWsi. MOXHO nokasatb,
JacTHoe pelleHe MeeT BUA
s = Acos(wt + ),
roe A v @ 3apatotcs hopMynamu

X0

A= o= arctg—Z&D
- > - 2 2"
\/(wé - 0%)? +48%0* ®p —©
Tak dns anekmpomMazHUMHbIX _KosebaHul, ecnn 0603Ha4YMTb O — COBUT MO
hase Mexay 3apsooM M NPUNOXKEHHLIM HanpsikeHWeM, TO MOXHO MoKasaTb, YTO
pelleHne anddepeHUManbHOro ypaBHeHus GyaeT uMeTb BUL g =g, Cos(Mf —a.),

roe

v, R
dm = > 1ga =1
1 —-oL
o, |R* + ((DL - j oC
oC
Cuna moka npu ycmMaHo8UeWUXCsl Kone6aHUsIX
d .
1= d_(f =-0q,, sin(or — o) =1, cos(or — o+ %),
roe
U
[nl = mqm = =

o)
R °+| oL ———
oC

Cuny Toka MoxHO 3anucatb B Buae [ =1, cos(wi—¢), rae @=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
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28.Pe3oHaHc

Pe3oHaHCOM Ha3biBaeTCH sBMEHME pE3KOro BO3pacTaHud aMnavTyabl
BbIHY)XOEHHbIX KonebGaHui npu  nNpubnuxeHun
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 - 0?)? +45%0>

o _ [ 2 os2
4acTote ., =4/®; —28", «koTopas Hasbl-

BaeTcs pe3oHaHcHOU 4acmomol. ([NepBas npousBogHas 3HaMeHaTens
(—4(&)5 - coz)o)+ 88°0m = 0) obpaluaetcs B Hynb Npu o’ = (1)(2) -28%)

Al

A

nveeT MakCnumym npu

A

X
Ay =—F2—.
pes 2 2
28y -6
%o
Mpn @ — 0, aMnnuTyaa foCTUraeT NpeAenbHONo 3Havenns 4, = —-, KoTopoe
®
Ha3bIBAETCS CMamu4eckuM omkJIoHeHueM. B cnyvae mexaHuveckux konebaHnii
FO i Um
Ay=—"=>. B cnyvae anekmpomazHumHbIx Konebanuin 4y =—"=-.
mwy Loy

Mpy ® —> 00, amMNAUTyaa CTPEMUTCH K HYIHO.
B Crniydae mMasioeo 3amyxaHus, Korga 62 < (,l)g, pe3oHaHCHada aMmnnnTyaa
Xo @y X

pexzzsmo 95 mﬁ =04,

rae O — nobpoTHOCTL konebaTenbHol cucTeMbl, A, — CTaTUYECKOE OTKMOHEHME.
Taknm oBpasom, [JOGPOTHOCTL XapaKkTepusyeT pPe30HaHCHble CBOWCTBA
KonebarenbHo cucTembl — yem Gonbiie O, Tem Gorblue A, .

29.lepeMeHHbIN TOK
lMepeMeHHbIM MOKOM Ha3bIBalOTCH BbIHYXAEHHbIe koneGaHus Toka B Lenw,
coBragatoLume ¢ YactoTon BoiHyxaawowen 34C.
MycTtb nepemerHas SAC (MnNu nepemMeHHOe HanpsPKeHUE) MEET Bua
U=U, cosnt,
rae U, — amnnntyaa HanpspkeHus.

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

(j+£q+Lq=U'” cos®!  unn L£+IR+1=Umcosoot.
L LC L dt C
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PaccMOTpUM YacTHbIe criydam Lenu.
(1)R=0, C—>0, L—0:nepemeHHOe HanpshKeHWe MPUIOXEHO K COMPOTMB-
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 HampshKEHWE MPUIIOKEHO K KaTyLUKe

WHOYKTUBHOCTM.
d/
3[1C camounHaykumm B KaTywke O = —Ld—.
t
d/

3akoH Oma Ld— =U, =U,, cosmt, oTkyaa Nnocne UHTErpupoBaHus Nosty4nm
t

L U, . T
[ =—"tsinwt =1 cos| ot —— |,
YOV ol m ( 2)
U U
roe [, =—%.
ol

Takum obpasom, nadeHue HanpsbkeHusi U, onepexaem

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

BenuunHa R, =oL

HasblBaeTCs peakmueHbIM UHOYKMUEHbLIM corpomuesieHueM. [ns nocrto-
siHHOrO Toka (= 0) KaTyLlKa MHOYKTUBHOCTU HE UMEET COMPOTUBIEHMS.

(3)R—>0, C#0, L—0: nepemeHHoe HanpspkeHUe MPUIIOKEHO K KOHAEHCa-
TOpYy.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe

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

Takum obpasom, nadeHue HanpsbkeHusi U . omcmaém no

i
¢gaze om mekyujezo yepe3 kKoHOeHcamop moka I Ha 7

KonebaHusi 1 BormHbI
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Bennuunna
1
oC
Ha3bIBAETCS PeaKMUueHbLIM EMKOCMHbLIM COMPomuesieHueM. [Ans NocTosH-
Horo Toka (®=0) R, =00, T.€. NOCTOSIHHbIA TOK Yepes KOHAEHCATOp Teub He
MOXET.
(4)B obwem cnysae R#0, C=#0, L#0.Ecnu HanpsxeHue B LiENu U3MeHs-

R-=

eTcs no 3akoHy U =U,, cosm?, TO B Lienu TeYET TOK
I=1,cos(ot—0),
rae ,, v @ onpefensioTcs hopmynamu

U
I, = o >
R2+(mL—j
[0
ol -1
tgp= =
g0 R
BenuunHa
1 2
Z= R2+(0)L——J =
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 o6pa3som, [m:7, tg(p:E, npu4ém cosq>=;,s1n(p=7.

30.Pe30HaHC HanpsiXXeHumn

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

CUHd)a3HO. B atom cny4yae Z=R wn TOK onpegendeTca TOJNbKO aKTUBHbIM
conpotuBrnieHneMm Uu pgocturaeT MakKCcMMaribHO BO3MOXHOIo 3Ha4veHusd. MageHne
HanpsaXXeHna Ha KoHgeHcaTope UC N Ha KaTylwke UHOYKTUBHOCTHU UL OAMNHaKOBbI NO
aMmnnutyge u npoTuUBOMNOJIOXHbI MO cbaae. 370 sABneHve HasbliBaeTcs pe30oHaHcoM

HanpsikeHul (nocredoeamesibHbIM Pe30HaHCOM).
YactoTta

1
e = JiE

Ha3blBaeTcAa pe3OHaHCHOl7.
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31.Pe3oHaHc TokOB

K uenn nepemeHHOro TOKa, cogepxalien napannenbHO BKITHOYEHHbIE
KoHaeHcaTop émkocTbio C 1 KaTywKy MHAYKTUBHOCTBIO L, MPUMOXEHO HanpshkeHue
U=U,coswt.

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

. U U
h C L = ' L ==
—4——-“-— y ol
], 3 oC
1 NPOTUBOMNOMNOXHbI MO hasaM. AMMNUTyAa CUnbl Toka
1"“2 IL — BO BHeLLUHeW (Hepa3BeTBNEHHOW) Lenu
1
o0 l,=\l,-1,=U,oC-——-[
U m | ml m2| m (,OL‘
1
Ecm o=0 ——, 10 [,=1, wn [, ,=0. fAsnenne peskoro

pexz\/L_‘

YMeHbLUEHUSI amninTyAbl CUMbl TOKa BO BHELLUHE Lenu, nutatolen napannensHo
BKITIOYEHHbIE KOHAEHCATOP U KaTyLKy WHAYKTUBHOCTW, NPU MPUBMIMKEHUN YacToThI
©® NPUMOXEHHOTO  HAMPSIKEHWS K PE3OHAHCHON 4acToTe ., Ha3blBaeTcs
Ppe30HaHCOM MOKo8 (napasnesibHbIM Pe30HaHCOM).

B peanbHbix uUensx R#0, nostomy cuna Toka [, >0, HO npuHUMaeTt

HaMMeHbLUlee BO3MOXHOE 3HaveHue.
32.0encTBYyOLlEE 3HAYEHUE NEPEMEHHOIO TOKa

Helicmeyrowum vnn aghghekmueHbIM 3Ha4YeHUeM MepemMeHHO20 MmokKa
I =1I,cosmt HasbiBaeTCA cpefHee KBaApaTU4HOE 3HAYeHWe CUMbl TOKa 3a nepuop
T ero usmeHeHus

T
[34) = %J.Iz(t)dt :%, NMOCKONbKY <cos2 (ot> =
0

N | —

U,
AHanoruyHo, delicmeyroujee 3Ha4eHue HanpsixeHus:: U o = TO.
2

33.MowHoCTb, BbigensieMasi B Ueny NepemMeHHOro Toka
MzHoeeHHass MOUHOCMBL MoKa e yenu
P()y=U(t)I(t)=U,, coswt - I, cos(wt —¢).
CpegHee 3a nepvop 3HaYeHe MrHOBEHHOM MOLLHOCTM Ha3biBaeTcs akmueHou
MowHocmsio P moka

T
1 1
P= ?ij cosot -1, cos(wt —@)dt = ElmUm cos@=1,,U,,cos¢.
0
MHOXWTeNb COS( HasblBaeTCs KO3ghbuyUEHMoM MoujHocmu.

U RU?
Tak Kak I3¢=%¢,mcoscp=£= R , TO P=Z—23d7=

o)
R +| oL ———
oC

RIL,.

KonebaHusi 1 BormHbI
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Ecnu B uenm 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.

BonHbi 6 ynpyaoli cpede

34.BonHoBoM npouecc

Ecnu Bo3byauTh konebaHusi B kakon-nmbo Touke cpenbl (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 paccMoTpeHun konebaHui He yYUTbIBAETCA AeTanbHOEe CTPOEHWE cpeabl;
cpega paccMmaTpuBaeTCsl Kak  CrJIOWHasl, HENpepbiBHO pacnpefenéHHas B
npocTpaHcTBe 1 obnagatowlas ynpyrumm cBOMCTBaMM.

Cpena HasblBaeTcs JIUHeUHOU, ecnu eé CBOWCTBAa He W3MEeHsIloTca nofg
OecTBMEM BO3MYLLEHWIA, CO3AaBaeMblx KonebaHnamu.

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

Mpu pacnpocTpaHeHUn BOSMHbI YacTuLbl KONebtoTCA OKOMO CBOMX MOMOXEHWUIA
paBHOBecUs1, a He nepeMelLaloTcs Berie 3a BOMHOW.

BmecTte ¢ BomHOM OT yacTuubl K 4Yactuue nepenaétca TOMbKO COCTOsiHME
KonebaTenbHOro ABWMXEHUS N ero 3Heprusl.

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

35.Ynpyrue Bonubl

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 cpedbl konebmiotcs B
NMOCKOCTSIX, NePNEHANKYNAPHBIX HAaNPaBIeHWI0 PACNPOCTPAHEHNS BOMHbI.

[podorsibHbIe 80MIHEI MOTYT PacnpOCTPaHATLCSA B cpefax, B KOTOPbIX BO3HMKaOT
ynpyrve cunbl npyv gedopMaumm CKatust U pacTsbkeHust (B TBEPAObIX, XUOKUX W
rasoobpasHbIx Tenax).

lNonepeyHble 80/IHBbI MOTYT PacnpOCTPaHSATbCS TONbKO B cpede, B KOTOPOM
BO3HUKAIOT yNpyrue cunbl npy gedopmaummn casura (Tonbko B TBEPAbIX TeNax).

36.Ynpyras rapMoHu4yeckas BosiHa

Ynpyezasi eonHa Ha3blBaeTCsl 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 2paghuka 2apMOHUYECKO20 KolebaHUus:

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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EA A 1) rpadmk BOMHbI NpeacTaBnsieT  3aBUCUMOCTb

- CMeLLeHNa BCeX YacTul cpefbl OT paccmosiHUs

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

2) rpadmk  rapMoHmyeckoro  konebaHusi  3TO
> 3aBUCMMOCTb CMELLEHUS [OaHHOW YacTuubl OT
x epemeHu & =E(x = const,?).

OnvHOW BOMHbLI 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=uT wnm  U=An,

roe n —dacrota konebaHuin, U — CKOPOCTb PacnpoCTPaHEHUS BOSTHbI.

BonHoebIM pPOHMOM Ha3blBaeTCA reoMeTpuyeckoe MecTO Todek, A0
KOTOPbIX 4OX0AAT KonebaHusa K onpefenéHHoOMY 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 BonHbI

BeayuwjumMu eosiHaMu  Ha3bIBAlOTCS  BOSHbl, KOTOpble MEepeHocsT B
NPOCTPaHCTBE SHEPTUIO.

MepeHoc aHeprum KONMMYECTBEHHO XapaKTepu3yeTcs 8eKmMopoM fniomHocmu
nomoka 3Hepauu (BekTop YMoBa). HanpaBneHve aToro BekTopa coBnajaeT C
HanpaBrieHMeM pacnpoCTpaHEHWs SHepruM, a ero MOAYNb paBeH 3Hepruu,
NepeHocMON BOMHOW 332 €AMHWLY BPEMEeHUM Yepe3 eauHUYHYK NnoLiagky,
pacronoXeHHy NepneHanKynsipHO BOSHeE.

BaxHbiMu npumMepamu Gerywimx BOSH SABMSTCA Niockas u cdepudeckast
BOJTHbI.

BonHa Ha3biBaeTcs MocKol, ecnv eé BONMHOBbIE MOBEPXHOCTU NpeCcTaBnsioT
COBOKYMHOCTb MI0CKOCTEN, NapanfenbHbIX Apyr Apyry.

BonHa Ha3sblBaeTcs cghepuyveckoll, ecnv €€ BOMHOBbLIE NMOBEPXHOCTU UMET
BWA KOHLEeHTpuyeckux cdep. LieHTpbl 3Tux cchep Ha3bIBaOTCS YEHMPOM 8OJIHbI.

38.YpaBHeHue NNOCKON BOMHbI

MycTb TOYKM, KOTOpble pacnofnoxeHbl B nnockoctv x =0, konebnwoTtcs no
3akoHy &(0,¢)= Acos®?. W nycTb U — CKOPOCTb pacnpocTpaHeHusl konebaHui B
[aHHoW cpefe.

KonebaHusi yactuubl B cpefbl (CM. pUCYHOK), pacrnosioeHHOW Ha paccTosiHUM
X OT MCTOYHMKa konebBaHun O, GyayT MpPOUCXOAUTL MO TOMY Xe 3akoHy. Ho,
MOCKObKY AMs MPOXOXAEHWUS BOMHOI paccTosHusa x TpebyeTcs Bpems T=x/v, TO
eé konebaHusa GyayT oTcTaBaTb MO BPEMeHMW OT kornebaHusi UCTOYHMKa Ha T .

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

E(x,t) = Acosco(t —ij .

v
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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, PacnpoCTpaHsitoLLencs BOOSb
MOMOXMTENBHOrO HaMpaBliEHNst OCU X B cpeae, He MOrroLaloLWwen SHEPTUO, UMeeT
BMO

&(x,t)= Acos m(t —%) +@ |,

3peck: A = const — amnaumyada eosHbl,
® — UMKIUYeckas 4acToTa;
(¢, — HaYasbHasi ¢ha3a 8OJIHbI;

X -
(D(l ——j + @y — 4)336 MJ1I0CKOU 80JIHbI.
Y

Ecnu onpepenvTts 80s1Hog0oe€ Yucio
2r 2n o
Lol v’
TO ypaBHEHWE NIOCKON BeryLuer BONHbI MOXHO 3anvcaTth B Buae
E(x,t) = Acos(wt — kx + @)
WY B 3KCNOHeHUManbHon popme
&(x,t) _ Aei(wt—kx+(p0) ,

roe usanyecknin CMbICH MMEeeT TONbKO BeLLeCTBEHHas YacTb.

B obwem Buae ypaBHEHWE TJIOCKON BOMHbI, pacnpoCcTpaHsitowencs B
HanpaeneHun § UMeeT BUA

E(7,t) = Aexpli(wt — k7's +@g)].

39.dPa3oBas cKOpPOCTb

dx
CkopocTb U =d— B 9TUX YpaBHEHUAX €CTb CKOPOCTb pacnpocTpaHeHus dasbl
t

BOJIHbI M €€ Ha3blBaloT ¢ha3080lU CKOPOCMbIO.
[evictBUTENBHO, NYCTH B BOMTHOBOM MNpoLecce da3sa NnocTosiHHa
ot — kx + @, = const,
crefoBaTernkHo,
dx o
dt &k

40.YpaBHeHue crepuyecKkor BOSHbI

E(r,t)= écos(o)t —kr+ @),
r

roe v — pacctosiHue OT LeHTpa BOfHbI 40 paccMaTpMBaeMOn TOYKM cpeabl.
AmnnuTtyga konebaHum B cdepuyeckon BonHe ybObiBaeT C pacCTosiHMeM 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
YacCTHbIX MPOU3BOAHbIX
o’ 9%t ok 1 0% 1
St ot 557 wm A=—
ox° oyt 0z v ot v
roe v — pasoBas CKOpPOCTb,
o oh
A= —5 +—5 + 5 —onepamop Jlannaca.
ox® oy oz
PelieHvnem BOMHOBOrO ypaBHEHUS SIBNAETCS ypaBHEHUE nobon BoMHbl (B TOM
yncne v nnockas u cepuyeckas BOmHbl).
BonHogoe ypagHeHue O7si NIOCKOU 80JIHbI, PAcNpPOCTPaHsIoLLEeNncs BAOMb
ocn x

o’
o’

% 10%
o’ vt ot

42.MpuvHuunn cynepnosvumun

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

lpu pacnpocmpaHeHuu 8 nUHelUHOU cpede HEeCKOSbKUX 80JIH Kax0dasi U3 HUX
pacripocmpaHsiemcss mak, kKak 6y0mo Opyaue 80fHbI Oomcymcmeylom, a
pe3ynbmupyrowiee cMeleHue Yyacmuybl cpedbi 8 moboli MOMEHM 8peMeHU PagHO
2eomempuyeckoli  CyMMe  CMeweHul, Komopble  rofyqalom  Hacmuuypl,
yyacmeyroujue 8 KaxxOoM U3 criazalouiux 80THOBbIX MPOUECCO8.

43.IpynnoBasa CKOpPOCTb

Jlloboe cnoxHoe konebaHve MoxeT ObiTb NpeacTaBneHo B BUOE 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, 3aHMMatloLWwas B Kaxabli MOMEHT BPEMEHU OrpaHUYEHHYHO
obnacTb NnpocTpaHcTBa.

3a CKOpOCTb pacrnpoCTpaHeHWsl BOJIHOBOrO NakeTa MpUHMMAT CKOPOCTb
nepemeLLeHnss MakcMMmyma ero aMmnimTyapl (LeHTpa BONIHOBOTO nakeTa).

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

Eé BenuuuHa

dx do
U=——=——-1u.
dr dk
CBA3b rpynnoBow 1 ha3oBon CKOpocTen
d
u=v- k—v .
dr

KonebaHusi 1 BormHbI
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44.UHTepdepeHUUs BONH

KocepeHnmHocmbro Ha3blBaeTCs COrnacoBaHHOE MpOTeKkaHWe BO BPEMEHM W
MPOCTPaHCTBE HECKONbKMX KonebaTernbHbIX UM BONHOBLIX MPOLECCOB.

[1Be BONHbI Ha3bIBAOTCA KO2ePEeHMHbIMU, ECNW Pa3HOCTb MX a3 He 3aBUCUT
OT BPEMEHMU.

"apMOHMYeCKme BOSMHbI, UMEIOLLME OAVHAKOBYIO YacTOTY, KOTEPEHTHbI Bceraa.

NHmepghepeHyueli BONH Ha3blBAaeTCA HABNEHWE HANOXEHUS BOMH, MNpu
KOTOPOM MPOUCXOAMT YCTOWYMBOE BO BPEMEHW UX B3aUMHOE YCUIIEHME B OAHUX
TOYKax MpocTpaHcTBa M ocnabrieHve B ApPYrMX B 3aBUCMMOCTM OT COOTHOLLUEHUSI
mMexay hasamu 3TUX BOMH.

PaccmoTpuM  HanoXeHue  OBYX  KOTEPEHTHbIX  CEPUYECKUX  BOJSH,
BO3OY)XAaeMbIX TOYEYHbIMU WCTOYHMKAMM, KONEGMIOWUMUCA C  OOMHAKOBBLIMU

amnnuTyaoi A4,, 4acToToi U NOCTOSIHHOM pa3HoCcTbIo a3

& =—cos(wft —kn + @), &, =—-cos(owt —kr, +9,),
14 -
i p)
rAe 7, W F, — pacCTOsHUS OT WCTOYHWKOB [O PacCMaTpuUBaEMol TOuKM,

k — BONHOBOE UMCIO, ®; U @, — HauarnbHble asbl BOMH.
AMNNnTYaa pesynsTUpYIoLLEN BOMHbI
A% = A2 + A2 + 24,4, cos(A@) = AZ L+L+icos[l’c(r —15) = (¢, —,)]
=4 2 14 P)=4; >t i—n Pr=P2)]¢-
non o hn
MockornbKy [ns KOrepeHTHbIX WCTOYHWMKOB @) — (@, =const, To pesynbTaT
VHTepdepeHLUMN [BYX BOMH 3aBUCUT OT BeNUYMHbI (7] —73), Ha3blBaemoi
pasHocmbio xo0a.

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

Yncna (m=0,1,2,...) HasbiBaloTcs MOPSOKOM UHMePEHEPeHyUOHHO20
Makcumyma.

NHmepghepeHYUOHHbIU MUHUMYM | A = i—ﬁ HabntogaeTca B Toukax,
n o n
rae k(n—n)— (¢, —¢,) ==2m+1)n (m=0,1,2,..).

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

45.CTosiumMe BOJHbI

OcobbiM cryyaeM UHTEPdEPEHLMM SBMSIKOTCA CTOSUME BOSHBbI.

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

Myctb OBe nnockve OGerywme BOMHbI C OAMHAKOBBIMKM amnnuTygamu wu
YacToTamu pacrnpoCTpaHSITCA HABCTPeYy ApYr APyry BOOMb OCU X

&, = Acos(ot — kx), &, = Acos(wt + kx).
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Cnoxue 3Tu ypaBHeHus, c yuyétom cos(a xf)=cosacosBFsinasinfy u

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

E=& +&,=2A4coskxcosmt = 2Acosszcosmt.

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

3HaueHnst Aqr =24.

Takue TOYKM Ha3biBaKOTCSA
ny4Hocmsamu cmosiyel
80JIHbI.

KoopauHaThl Ny4HOCTEMN

xnzim% (m=0,1,...).

B Toukax cpenbl, rae
2mx

A

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

A7 =0. Takne TOUKM Ha3LIBAOTCA y3/1aMu cmosiyell 6O0JTHbI.

KoopavHathb! y3nos:

Xy :i(m+%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 AIUHOL cmosiyell 8ONHLI  Aop = —.

A
2

B 6ezyweli eonHe

B cmosiveli eonHe

Amnnumyda konebaHul

BCE TOYKM BOSHbI COBepLUatoT KonebaHus
Cc oduHakKoeoU amnnnTygomn

BCE TOYKM Mexay [OByms y3namu
konebnioTcsa ¢ pasHbIMU amnaMTyaamu

®Pa3za konebaHul

daza konebaHui 3aeucum om Koop-
JduHambl X paccMaTpuBaEMOW TOYKM

BCE TOYKM Mexay [OBymMs y3namu
konebnioTca ¢ oduHakosbIMU hasamu

npu nepexoge 4epe3 y3en asa
KonebaHuin M3MeHsIeTCst Ha T

TOYKM, Nexaline no pasHble CTOPOHbI OT
y3na, konebnTcs B npomueoghase

MepeHoc 3Hepauu

3Hepausi KosiebamesibHO20 O8UXKEHUSI
rMepeHOCUMCcsi B HanpaBreHnnm pacnpo-
CcTpaHeHus1 beryLuen BOSHbI

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

BpaLLEHNS KUHETUYECKOW 3JHeprmm B
NnoTeHuuarnbHy 1 06paTHO

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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O6pa3oBaHue CcToAYMX BOMH HabnwogalT npu uHTepdepeHuun Geryuwen m
OTPaXEHHOW BOJTH.

Ecnn cpeda, OT KOTOpOM NPOUCXOAMT OTpaxeHue, MeHee NNoTHas, TO Ha
rpaHvue cpeq obpasyeTcs nyYyHoCcmb.

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

46.3ddekT NJonnepa

Appekmom [onnepa Ha3biBaeTCcsa WU3MEHEHWE 4YacToTbl  konebanuw,
BOCMPUHMMAEMOW MNPUEMHUKOM, NPU OBWKEHWM WCTOYHMKA ITUX KonebaHui wu
NpMEMHMKa Opyr oTHOCUTENbHO Apyra. B akyctuke adbchekT Jonnepa nposensieTcs
KaK MOBbILLIEHWE TOHAa MpPWU NPUBNMKEHUN WCTOYMHMKA 3BYKA K MPUEMHUKY W
MOHWKEHUS TOHA 3BYKa NPUW yaaneHUn NCTOYHMKA OT NPUEMHMKA.

MyCTb MCTOYHMK U NPUEMHIK 3BYKa ABWXYTCS BOOMNb COEAMHAIOLLENR NX NPSIMON;
U; W U, — CKOPOCTW MCTOYHMKA U MPUEMHIKA (NOMOXMTENbLHBI NPU CONMKEHUM 1

oTpuuaTenbHbl NMPpY yaaneHum UCTOYHMKA U NpUEMHKKA); 1, — YacToTa KonebaHumn
MCTOYHMKA; U — CKOPOCTb pacnpocTpaHeHusi 3Byka B AaHHOW cpeae.
1) UCTOYHMK U NPUEMHUK NOKOATCA OTHOCUTESNIBLHO cpeabl.

V=0, = 0. AnunHa BonHbl A =vT =v/ njy. PacnpocTpaHsisice B cpefe, BOMHa

.. . v v
AOCTUTHET NpuemMHuKa U BbI3OBET ero KonebaHusi ¢ 4YacToTon n=—= gy .

A ol
2) TpMEMHMK NpMGNMKAETCA K UCTOYHUKY, @ UICTOYHMK NOKOMUTCS.
v, >0,v; =0. CkopoCTb pacnpocTpaHeHnsi BOIMHbI OTHOCUTENBHO MPUEMHMKA

CTaHeT paBHOI;I v +l)p, npu 3TOM ANnHa BOJIHbI HE MEHAETCA, crnenoBaTesibHO

_U+v, V+U, VU,
n= = = ng.
A T v
YacrtoTa konebaHui, BOCNPUHNUMaEMbIX MPUEMHUKOM YBEIUYNUTCS.
3) UcTouHUuK npubnuxaeTcs K NPUEMHUKY, a MPUEMHUK NMOKOUTCA.

v, =0,v; >0. CkopocTb pacnpocTpaHeHusi konebaHuin U 3aBUCUT TOMbKO OT

CBOWCTB cpefbl, NMO3TOMy 3a BpeMs, paBHOEe fepuoay konebaHui WCTOYHMKA,
N3ny4€HHasa MM BOJIHA NPOMAET B HaMpaBneHnn K
A npuémHuky pacctosiHne U1 =A. UCTOYHUK e
npoitaét paccrosiHne U;T . Mo3TOMy K MOMEHTY
V4 - OKOHYaHWSI U3MNyYEHWs BOMHbI AfIMHA BOIHbI B
N HanpaBneHU [OBWXEHWS COKpaTUTCA W CTaHeT
v.T \\\ AM=A-vT. UYacrota koneGaHuii KoTOpbIE
- yy BOCMPUHMMAET NPUEMHUK, YBENUYUTCA
v v v
nzfz (v-v)T - U—U;
1 1
4) WCTOYHUK N NPUEMHUK ABUXKYTCA APYr OTHOCUTENbLHO Apyra.
OtoT cnyyah obobwaer gBa npegpigywmx.  Yactota  koneGaHunm,
BOCMPUHUMAEMbIX NPUEMHUKOM

Ry -
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BepxHuin 3Hak Gepétcs, ecnu npu OBWXKEHWU WUCTOYHWMKA WNN MPUEMHMKA
NPOUCXOAUT UX COMNMXKEHUE, HKHUI 3HAK — B Cry4ae MX B3aMMHOIO yaaneHus.

Ecnu HanpaBneHns ckopocTel He CoBNagaloT C MPOXOAsSLLEN Yepe3 UCTOYHMK 1
NPUEMHUK NPSIMON, TO BMECTO 3TUX CKOpOCTeln B hopmyre Hago bpaTe Ux Npoekumto
Ha HanpasneHne 3TON NPSIMON.

3nekmpomaeHumele 80JIHbI

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe

47.9neKTPOMarHuTHbIe BOMHbI

OneKTpoMarHMTHbIe BOJIHbI — 3TO NEPEMEHHOEe 3NEKTPOMAarHUTHoe rone,
pacnpocTpaHsoLeecs B MPOCTPAHCTBE C KOHEYHOW CKOPOCTbLIO.

CyuwiecTBOoBaHWEe 3NIeKTPOMArHUTHbIX BOSIH BbITEKaeT U3 YypaBHEHWUN

Makcsenna rotE:—Z—B; divﬁzp; rotI:I:]'+%—D; divB=0,
t t

KoTopble B 0Gnactu nNpocTpaHcTBa, He codepxaujeli c80BOOHbLIX 3IeKMPUYECKUX
3aps008 U MaKpPOCKOMUYECKUX MOKO8, UMetoT BUL

rotE:—a—B; divf):O; rotﬁ:a—D; divB=0.
ot ot

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

B=MHOH, rae €p U L, — AnekTpu4eckas U MarHUTHas NOCTOAHHbIE, € U LI —

AM3NEKTpUYeckasi U MarHUTHast NPOHMLIAEMOCTU Cpesbl.
B aTom cnyyae ypaeHeHus Makcsenna

rotEZ—MMoaa—H; divH =0; rotH:ssog—f; divE =0.
t

Ucronbays cootHowekne AV =grad divl —rotrotV, momyuum BomHOBble
YpaBHEHUA ONA BEKTOPOB E n ]:I
- azg ~ 217
AE =gggung—7> AH = ggopg—-,
ot or?

roe A—i+ ¢, & onepatop [lannaca, v= ! I _¢
’ \/Souo VEL el

o’ o i oz?
. 1
(ba3038ﬂ CKOPOCTb 3J1eKTPOMarHUTHOMN BOJIHbl, ¢ =————= — CKOPOCTb CBeTa B
\ €t

Bakyyme. Takum obpasom, 3silekmpomMazHuUmHbIe Mossi OENCTBUTENbHO Moaym
cyuwjecmeoeamsb 8 sude AJIeKMpPOMa2HUMHbIX 80JIH.

Mockonbky eu>1, TOo U<c — cKopocmb pacnpocmpaHeHusi
3JIeKmpomMa2HUMHbIX 80JIH 8 eewjecmee gcea0a MeHbWwe, 4YeM 8 eaKyyme.

48.MonepeYyHOCTb 3NEKTPOMarHUTHbIX BOJMH
Cnedcmeusi meopuu Makceenna:

(1) Bektopbl £ n H HanpsxEHHOCTEN 3MIEKTPUYECKOrO U MarHUTHOMO Moren
BOSHbl 83aUMHO NeprneHOUKYISPHbI N IeXaT B NIOCKOCTU, NepreHanKynsipHON

KonebaHusi 1 BormHbI
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BEKTOPY U CKOPOCTM pacnpoCTpaHeHus
BOMHbI, npuuém Bektopbl E, H un U
obpasyloT nMpaeoeUHMOBYI0 CUCTEMY.
(Tonbko Ey #0un H,#0)

(2) B anekTpoMarHUTHOM BOSIHE BEKTOPbI

E w H Bcerna__konebnwica B
OOMHaKoBbIX ha3ax, MPUYEM MrHOBEHHbIE
3HadeHua £ v H B no6oi Touke cBa3aHbl

COOTHOLIEHNEM /el = \[uguH .

BonHoBbIM ypaBHEHUAM
O°E, 10°E,  *H. 1 0°H.

= , =
ot vt oo ot vt oar

YOOBMETBOPSIHOT ~ MMOCKME  MOHOXPOMATMYECKUE — ANIEKTPOMAarHWTHble  BOSHbI,

onucbiBaemble ypaeHeHuamu E, = E,cos(of —kx + @), H, = H cos(ot —kx + @),

roe EO n HO — amnnutyabl Hal'lpﬂ)KéHHOCTeVI ANEKTPUYECKOro 1 MarHUTHOro nonen
BOJIHbI, ®® — KpyroBas 4actoTa BOJIHblI, k= (D/l) — BOJIHOBOE 4MCIo, (o — HavarnbHasa

asa konebaHuit (ogmHakoBasi, nockonbky konebavuss £ un H npoucxogsT ¢
ofvHakoBon chason).

49. OTpaxeHue U NpenomneHne 3NeKTPOMarHUTHbIX BOJSIH Ha rpaHuue pasgena
ABYX AN3NEKTPU4YeCKUXx cpen

MycTb Ha rpaHuLy pasgena [ByX [MIMNEKTPUKOB MajaeT — mrockas
aneKTpoMarHuTHas BorHa. B Takom cnyyae, Kak nokasbiBaeT OMbIT, OT rpaHuLibl
pasgena OVAaneKTpukoB OyAyT pacnpoCcTpaHsTbCs ABe MIOCKME BOMHbI  —
OTpaXEHHasn 1 NpenoMseHHas.

3anuwem BbipaxeHus Ans nagawlen (i), oTpaxéHHoi () 1 npenomnéx-

Holt (d) BOMH B KOMIMMEKCHOW SKCMOHEHLMANbHOM dhopme

Eexpli(wg —k7s)], k==
1%

i
i

E, expli(o,t —k,75,)], k="

Uy

E expli(wyt —k,75,)], ky =4
Ua

3pech 7 — papnyc-BeKTOp, ® WM U — 4actoTa W cKOpocTU BOfH, E — amnnu-
Tydbl BOMH, § — €dMHUYHble BEKTOPbI, MOKasblBalollMe HanpasrieHne pacnpocTpa-
HEHWS COOTBETCTBYIOLUMX BOMH. YCrnosue SF =const onpeaenset mMiockocTb,
nepneHanKynspHYIo K S, MO3TOMY [aHHasi CUCTEMA BbIPAXEHWUIA ONMUCLIBAET MIIOCKMe
BOIHbI, PACMPOCTPaHsIIOLLVECS BAOb BEKTOPOB §;,5,,5 ;.

MpaHuuHble yCroBMst ANA  TaHreHumanbHbiX  (7) KOMMOHEHT BEKTOPOB
HaNPSHKEHHOCTW 3MEKTPUYECKOr0 M MarHUTHOrO Mons B NoBOoi TOUKe rpaHuLbl
pasgena cpeg (1) u (2) umetot Bug (cMm. 4-n.45) Eﬂ = Erz, ﬁﬂ = Hrz-

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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[nsa Hawero cnyyasi, rpaHUYHbIE YCMOBUS AN SNEKTPUYECKOro BekTopa

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

[na BbINONHEHWS 3TOro paBeHCTBa B M0GON MOMEHT BpeMeHu ! B NoGow
TOYKE rpaHuubl pasgena HeobxoouMMo M [OCTaTOuHO, 4ToObl BO BCeX TPExX
rnokasaTensx 3KCNOHEeHT BbiNy 0AMHAKOBLI KO3hULIMEHTI MPW { 1 NPY NPOEKLN 7,

paguyc-BekTopa F Ha rpaHuuy pasgena, T. €. YToGbl BbINOSHANUCL paBeHcTBa
W,=0,=0,,
kisit = krsr'c = kdsdr'

CnepoBaTtenbHo, yacmomsbl ecex mpEx 80JIH [LOIMKHbl ObiTb pasHbl MEXOY
coboli, NOCKOmNbKy 4acToTbl konebGaHuin 3apsigoB B OWMSNEKTPUYECKOW cpeje,
BbIHY>XOAaeMblX KonebaHusMn 3neKTpUYecKoro BekTopa, COBMagaloT C 4acToTow
BbIHy)KAatolwen cunbl. Kpome TOro, €AMHUYHbIE BEKTOPbI S;,S,,S; HaxomsTcs B
OOHOM NMOCKOCTU, NPOXOoAsLLe Yepe3 HopMarb K NMOCKOCTU pasgena (NnockocTb
nagexus).

BbiGepem cuctemy KkoopauHaT TakuM 06pa3oM, 4Tobbl nnockoctb  xOy

coBrnagana C MMoOCKOCTbIO pasgena cped, a nnockoctb zOX — C MMOCKOCTbIO
= _ nageHus, npuyém oce Oz

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

HY L EX 2 cpeay II  (CM. pUCYHOK).

7 ) “H B 9o/ E, O6osHaumm @ — yron

€ ' & ' mexay s; u ocblo Oz (yron
€, X €, ¥ napgenus), m—¢' — yron
v E, Vi Hy  wmexgy 5. u Oz (¢ — yron

I EN- oTpaxeHust), Y — yron

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

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

o RS T
S, =sinQ, s, =sing@’, s, =siny.

CrnepoBaTenbHo, paBeHCTBo kS, = k.S, = k;5,;. npumeT BUA

sing _sing’ _ siny

U U %)
MepBOe PABEHCTBO O3HAYAET, YTO () = (' — 3aKOH OMPAXKEHUsI B ONTHKE.

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

CKOPOCTM L B cpeae
c
n=—=.,/eu.
v
Ona cpepdpl, He obnagawlelrt deppoMarHUTHeIMKU cBoicTBaMu, L=1 wu
NPaKTUYECKN MOXHO cUYMUTaThb, YTO
n=Ae.

KonebaHusi 1 BormHbI
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B aTOM cry4ae Ans NpenomréHHO BOTHbI UIMEEM 3aKOH MPesioMIIeHUst
siny _nm g U,
sin(p_nz_ g, _vl'
PasnoXum  amnauTyAbl  ANEKTPUYECKOro W MarHUTHOTO — BEKTOpPOB  Ha
KOMIMOHEHTBI EH' ﬁ\l’ E,, H,, nexawve CoOTBETCTBEHHO B MIIOCKOCTM NafeHns n

neprneHanKynapHblie 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 ycnosusi (C y4&Tom /gpel =/ uH ,

©=¢' v n=+/¢)vmetor Bun
Ejjcos@+ E, cosp = Ey cosy Z mEy —mE, =nmkEy.
Pellas 3Ty cucTemy ypaBHEHWA M WCMOMb3yst 3aKOH MPEnoMmeHns, Haitném
BbIPAXEHNS  ANA  aMAnumyOHbIX — Ko3ghpbuyueHmoe ompaxeHus 1, W

nponyckaHus tH Ansa BOJHbI, ﬂl/lHeVIHO-I'IOJ'IFIpVIBOBaHHOVI B NJIOCKOCTU NageHuna

E, _ sin2¢-sin2y _ tg(¢-y)

=% =

E, sin2@+sin2¢  tg(e+y)’

’ , *)
. Eq 2cos@siny
=% =

Ey  sin(¢+y)cos(¢p—y)
[ns KOMMNOHEHT HanpsPKEHHOCTEW 3ANEKTPUYECKOro BeKTopa, NepneHauKynsp-
HbIX K MIIOCKOCTM NageHust (puc. (0)), rpaHnYHbIe yCrnoBms NPUHUMAtOT BUA
E +E =E; n m(E; | —E, )coso=mE,; cosy.
AmnnumyOHble KO3¢hhuyueHmbl OMPaXKeHUs1 U NPonycKaHusi v, Nt
_E., __sin(p-vy)
o E;, - sin(@+y)’
E; 2sinycose
E,  sin(+y)
CootHowenua (*) un (**) mexgy amnnutygamy nagatoLleit, OTPaKEHHOW
npenomnéHHoNn BONH HasblBaloTca chopmynamu ®dpeHens.
B dopmynax ®petens Ey u E;| — BenuumMHbI nonoxutensHele, a £y n E; |

**)

1 =

npu NoObIX BO3MOXHbBIX yriax nageHus u npenomneHns Takke NonoXUTENbHbI, YTO
cBMAETEnNbLCTBYET O coBnageHun a3 npenoMnéHHON 1 nagatoLlert BonH. BennumHel

EVH n E},J_ MoryT ObITb Kak oTpuuaTenbHbIMU, TaK U NONOXUTENTbHbIMU. B nepsom

cnyyae asa konebaHuii BekTOpa E uamensieTcs npu oTpaxeHun Ha m (dasa
konebaHuin BekTopa H npu 3ToMm coxpaHsietcsl). Bo BTopom cnyyae (cm. puc.)
OTpaXeHne npoucxoguT ©6e3 u3mMeHeHuss 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
Cnosur a3 ((P+W)<5 ((P+\U)>E
Mexay
KOMMOHEHTaMU 1y >mn ny <n ny >n n, <n
unm @ >y unn @ <y unm @ >y unn @ <y
Ei|| n ErH T 0 0 b
E, wE, T 0 T 0

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

fABneHve nameHeHust asbl BOMHbI HA 77 MPU OTPAKEHUN OT cpefbl ¢ 6OMbLLINM
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)—> ). Yron nageHus @, npyn KOTOPOM OTPaKEHHbIA 1
NPEnNoOMNEHHbIN Ny4n B3aUMHO NeprneHAnKynsapHbl, HasbiBaeTcs yasnom Bprocmepa.

n
M3 3aKkoHa npenioMneHus cneayeT, YTo tgQy =—2.
m
Mpu atom 7 =0 u B OTPaxEHHOA BOMHE MpPUCYTCTBYET TonbKo £,

KOMMOHeHTa  (OTpa€HHasi BOMHa JMHEWHO Mnofspu3oBaHa B MIIOCKOCTH,
nepneHavKyNApHON NNOCKOCTU NageHus).

50.3Heprus anNeKTPoMarHUTHbIX BOJH
O6bEMHas NOTHOCTb W 3HEPTUM SNEKTPOMArHUTHOW BOSIHbI CKNaabliBaeTcs U3
O6BbEMHBIX NNOTHOCTEN W, U W, 3NEKTPUYECKOro 1 MarHUTHOTO nonen

808E2 N poqu
- T,

2
Tak Kak (/egeE = [HoH , To w=/gglo~/ENEH .
MnoTHocTb NoToka aHeprum S =w-v=EH .

W:We+wm:

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>‘ .

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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NHmeHcueHOCMb BOSHbI YUCNEHHO paBHa aHeprum, I'IepeHOCVIMOVI BOJHOW 3a
eanHuly BpeMeHM CKBO3b eauHuuy nnowagn noBepxXHOCTH, HOpMarnbHOW K
HanpaBrieHno pacnpoCcTpaHeHUs BOMHbl. MHMeHcU8HoCMb CUHyCOU@aﬂbHOEI 80/JIHbI
rpornopyuoHasibHa keadpamy eé amnnumyosbi.

51.U3nyyeHue aneKTpuyecKkoro gunons

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

MpocTeilwnm n3nyyaTenem 3neKTPOMarHUTHbIX BOMH SIBMSIETCA 3/1eKmpu4e-
ckuli dunonb (cMm. 3-n.13), 3MeKTPUYECKUA MOMEHT KOTOPOro W3MEHsieTcs Mo
rapMOHUYECKOMY 3aKOHY

D = Dycosmt.
MpumepoM NOZOGHOTO AWMMONS MOXET CrYXWTb CUCTEMA, COCTOosLasl W3
MOKOSILLLETOCs  MONOXUTENLHOTO 3apsga +¢ M oTpuuaTenbHoro 3apsga  —¢,

rapMOHWUYECKU KonebntoLerocs BAOb HANpaBlieHUss p € 4acToTol ® .

Kak nokasbiBaeT Teopusi, B TOYKax MpOCTPaHCTBA, OTCTOSALMX OT AMMONSA Ha
PacCTOAHUAX F, 3HAYUTENbHO MPEBbLIANLUX ASNIMHY W3Ny4aeMon BOMHbI 7 > A
(aTa obnacTb NPOCTPaHCTBa Ha3blBaETCA BOMTHOBOW 30HOW AMMOSS), MHTEHCUBHOCTb

M3MyYeHns Aunons
1 2
0 _sin 0
q 1(6) 1 Sz
roe © — yron Mexmy OCbl OMMONsS M Hanpaene-

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

poBaHHOM 7 Ha3blBaloT nosisApHol AuazpamMmoll

-4 ! HanpaesieHHocmu u3Jsiy4yeHusi urnoss (MHavKar-

1 puccon nanyyeHus). M3 aton guarpammbl BUOHO,

4YTO AWNONb CUIbHEE BCEro U3fyyaeT B HanpaBrneHusX, NepneHanKynspHbIX ero ocu
(6=m/2). Boonb ceoent ocu (B=0 u O=m) aunonb He umanyyaeT BoOBLLE.

[narpamma HanpasreHHOCTN No3BonseT hopMupoBaTb U3NyYeHWe C onpenenéH-
HbIMW NPOCTPaAHCTBEHHBLIMU XapaKTePUCTMKaMMU U UCMOSb3YeTCs NMpU KOHCTPYMpPOBa-
HUW @HTEHH.

52. llikana aneKTpoOMarHUTHbIX BONMH

OneKkTpoMarHuTHble
BOSHbI, 06nagas Lwmpo-
KMM OManas3oHOM 4YacToT
Y- ayun (Mnu OnuH BOMH), OTNK-

YatoTcsl no crnocobam Kx
reHepaumMm u perucrpa-
v Uun, a TakKe no cBouM
cBoiicTBaM. [103TOMYy 3MeKTPOMAarHUTHblE BOSHbI YCMOBHO AENSATCS Ha HECKOMbKO
BuaoB: paduoeosnHbl (A >50MKM), ceemoeble 60sHbI (UHGPaKpacHoe W3-

nyyenne (770 M <A <1mm) eudumbiti ceet (380 M <A <770HM), ynbmpa-
¢puonemosoe wuanyyerne (10 M <A <380HM)), peHmzeHoeckoe u3snyveHue
(0,01 <A <100 HM) ¥ y-uznyqeHue (A <0, HM).
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