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CeobodHbLIe konebaHusa

1. Konebauma. Odwmn noaxod K M3ay4eHWo KonebaHun paznuyHon divandec-

kou npuponebil.

KonebaHuamu Ha3biBAOTCA ABVMMEHWA WNW NpoOUEcchl, KoTopble obnaaawT
onpeaensHHoN NOBTOPAEMOCTLIO BO BPEMEHU.

KonebaHua conpoBOXAaTCA NONEPEMEHHBIM NIpEEPaLlEHUEM 3HERTMW O4HOMo
BUAa B 3HEPrUKO ApYyroro Buja.

Konebahma HasbleawTca ce0000HbIMU (NN cOOCMBEeHHbIMU), €CNi OHN
COBEpLWIAKITCA 32 CYET NepeoHa4YanbHo cooOWweHHoW 3Hepruy, De3 gansHelwero
BHELWWHEro BO3NeWCTBUA Ha KonebaTenbHyw CUCTEeMY (CUCTEMY, COBEpPLUAOLLYH
konetauna). KonebaHna Ha3bliBaOTCA ebIHYMAEeHHbLIMU, CN OHW NPOUCXOAAT Noa
AEACTENEM NEPUOANYECKU WIMEHAKLLENCA BHELIHEN CHNbI.

Qusuyeckaa npupoda konebaHuin moweT OblTe pasHoW — pasnuyalrT
MEXaHWYECKWE, 3MEKTPOMarHiTHele W ap. konebaxus.

Ho pasnuydble KonebaTenbHble npouecchl ONWCLIBAKTCA OAWHAKOBLIMMW
YpaBHEHWAMW, NO3TOMY UenecoobpasHo W3y4aTbe Bce KonebaTenbHble NpouUecChl,
Wcnone3ya oblne ceolCcTEa KonebaHui.

2. NapmMmoHUYecKkue KonedbaHWa U WX XapakTepucTUKK.

MapmoHuveckumu kKonebaHuAMU Ha3bIBAKOTCA KonebaHWA, NpW  KOTOPkIX
konebnwwanaca du3ndeckan BenW4UHA W3MEHAETCA Mo 3aKoHy CcuHyca (vMnu
KOCUHYyCa).

PaanuuyHbie nmepuoduveckue npouecck! (NPOUECChl, NOBTOPAKOWMWECH Yepes
PaBHble MNPOMEXYTKM BPeMeHW) MoryT ObiTe NpejcTasneHsl B BUAe CYMMBbI
(Cynepno3vuuMin) rapMoHUYecKUx KonebaHui.

"apmoHuyeckoe konebaHne BeNUYUHLL § ONUCLIBAETCA ypasHeHWeM Tuna

s=A-cos(mi+@)
rae; A —amnoutyna koneBaHWA — MaKCMMansHOoe 3HadeHwe Konebnwwencs
BENMNYNHBI;
(0 — Kpyrosas (UMKNMYeckKas) 4acroTa;
() — Ha4ansHasa ra3a konebaHUs B MOMEHT BpemMeHu | = (;

(1 +@)— thaza konebadna B MOMEHT BPEMEHN 1 .

®aza konebaHna onpedenseT 3HavyeHWe Konednwuwencs BeNUMYMHEl B JaHHbIN
MOMEHT BpeMeHW. Tak Kak KOCMHYC W3MeHseTca B npegenax oT +1 go -1, 1o &
MOMET NPUHWUMAETE 3HaYeHwa oT + .1 go — .

Mockoneky cos(a+ 2T )=cosa, TO MpW rapMoOHWYECKUX KonedaHmsax

yBennyeHune (npupaweHue) dassl konebaHwa Ha 27T NpUBOAWT K TOMY, 4TO BCe
BEMWYNHBLI, XapakTepuaylowne konebaHue, NPUHUMAKT NCXO4HOE 3HAYEHWE.

MNepnogom konebaHuin [ HasbiBaeTCA HAMMEHbLLUWA NPOMENYTOK BPEMEHM, NO
WCTEYEHUW  KOTOPOre  NO8MOPSHMCH  COCTOAHMA  KONebnwlwenca CUCTEMGI
(coBepwaetca ogHo nonHoe konebadHwe) w  casza  konebadHuAa nony4ast
npupawleHue 2T

e+ )+ =(wi+@)+ 2T
OTrypa
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YacTtoTon KonedaHWW /1 HasbiBaeTCcA BenWuuHa obpaTHaa nepuody konebda-
HWI — YWCNO NOMNHbIX KoNebaHWit, CoBepLUaeMblX B edMHULY BRPEMEHN

| 0]

! 2
EanHuua vactotel — repy ('y) — yvactota nepuoguyeckoro npougcca, npu
KOTOPOM 3a 1 CeKyHAY COBEPLUAETCS OAWMH LMKN KoneGaHui.

3. Own gpeHunansHoe ypaBHeHWe rapMoHUMYecKnX KonedbaHmnn.

lNepeas (ckopocTb) W BTOpaA (YCKOPEHWe) MPOWM3BOAHbIE NO BPEMEHM OT
rapMoHWYeckl konebnwwencs BENWYWHBL & TaKkKe COBEpLAT rapMoHWYecKkue
KonebaHna ¢ TOW e UMKNUYECKon YacToToW:

_ds

. : _ T
8 =—Adosm(wi+@)= Awcos(mr +(p+:]

(it 2
o Ifi'r:.'i 2 . ) 2 )
§=—=—dm~ cos(@i+@)= A~ cosi®i+@+TT)
i~
W3 nocnegHero ypasHeHWsa BWAHO, YTO § YOOBNETBOPAET YpaBHEHWKD
H‘:.\' . . )
—+w s=0 wnm  §+w s =0
it~
3TO ypaBHeHWe HasbiBaeTca dugpghepeHyuansHbIM ypasHeHUeM 2apMOHU-
yeckux konebaHuul. Ero pelweHue:

s=Ad-coslmwi+@).

4. Metoa BEKTOPHbLIX AWarpamMmm.
[apmoHndeckne konebaHwa  waobpamarTcs

\m rpacpuyeckn MemodoM epauiaroliezocss sekmopa
‘I amMnnumyaosi nnu Memodom 8EKIMOPHbLIX
duazpamm.

M3 npowuzsonsHOW Toukk (), BeIOpaHHOW Ha
OCWM X, Noj yrnom (9, pasHbIM Ha4anbHOW pase

|
|
I
!
S ,.[ '_'r'" koneBaHua, oTknapbiBaetca Bektop .1, MoAynb
KOTOpPOro paeeH amnnutyae .1, paccmaTpusBasmoro
konebaxuua. Ecnw 3ToT BekTop OyaeT BpawaTtbes
BOKpYr Toukn () C yrmoBOW CKOPOCTbHO (0, TO MPOEKUMA BEKTOpa Ha ocbk X Oyaer
coBeplaTk KonebaHus no 3akoHy s = - cos{mi+@).

5. JKcnoHeHUWMansHasa dhopma 3anucu rapMoHUYecKuX KonebaHun.
CornacHo cpopmyne SUnepa AN KOMNNEKCHBIX YUCen

L

¢’ =cosp+ising
rae i=+—1 — mHWmas eguHuua. Mo3ToMmy ypaBHEHUE TrapMOHWYECKOro
konebaHwna s=A-cos(@i+@) MOXHO 3anucaTb B KOMMNIEKCHOW

3KCNoHeHUWansHon hopme:

5-_— _ wrr_c-nﬂm



DUINYECKMA CMBICT WMEET TOMNBKO eEelecmseHHas 4Yacmb KOMMANEKCHON
yHKUMK § , KOTOpPanA U NpPeAcTaBnAeT coboil rapMoHUYeckoe konedaHue:
Re(s)=Acosimri+p) =y

6. MexaHu4yeckue rapmMoHu4ecKkne KonebaHua.
[ycTb maTepuanbHaa TovKa COBepwaeT MNpAMOMUHelHbIe TrapMoHWYecKue
konebaHus BAOML OCW X OKOMO MOMOMEHWA

[ WS —
x ~ T P paBHOBECWA MPUHATOrO, 3a Ha4yano KOoOpPAWHAT.
= [Orga ansa konebnwwenca TOYKN
pT N~ A CmeuwjeHue: x = A -cos(@mi+ @)
/-\7\/,. . T
t Ckopocmb: U = X% = —Amcos| @i+ +t
. 2
T pahny s YckopeHue:
N~ a=v=5§=Adw" cos(wi+@+7)
K AmMnnumydsl CKOPOCTU U YCKOPEHUS PaBHbI
Ao v Ao”.
- ¢ ®aza CcKopoCcTW OTnW4aeTca oT  dasbl
T
\/\_/ CMEeLIeHNs Ha —, & (pasa yckopeHusa Ha T .
d Cuna, pencteywllaa Ha KoneGnwwyloca
MaTepuanbHyK TOYKY Maccoln /i paeHda
F=ma=m Ao~ cos(@i+@+m)=—mm" Acos(@i+@)=—mm"x

Takum oBpaszom, cuna NPoOnopPUUOHANbLHE CMELIEHWKD MATEPUAnNLHOW TOUKW W
HanpaeneHa B CTOPOHY. NPOTUBONONOXHYH CMELLEHMIO (K NONOKEHUID DAaBHOBECUA).
Takan 3aBMCMMOCTE OT CMELUEHWA XapakTepHa ANS YNpyrux clun u Nno3aToMmy Cunbl,
KOTOpPbLIE  aHanorMyHeiM  oOpazoMm  3aBUCAT  OT  CMELWEHWs,  Ha3sblBalTcs
Keazuynpyaumu.

7. JHeprvsa marepuansHoW TOYMKW, coBepllalowen rapMmoHM4ecKkne KonebaHus.
Kunemuyeckasa aHepaua matepuansHon TOYKW:

mv-  mAo” . 5 mAm” _ .
—= sin {f;ﬂ+@}=f“—ccnsE{f!Jr+90:j

K=

MomeHyuansHas JHepeuA MaTepnanbHON TOYKW, CoBepLakLwen
rapmoHuyeckue Konebauua nog 4encTeneEm KBESM}"HF}YFDH CHUNEL:

X r I | ’) ’, ) a
. : mm-x- mA 5 mA~ @~
I :—Jf-d_rz = cos (i +@)=————1+cos2{wi+@)|
2 2 4
0
_ i o omAw”
MonHasa aHepaus: EF=K+Il=——n

OCTAEeTCH  MNOCTOAHHOW, C  TEYEeHWEM BpPEMEHW NPOUCXOAWT  TONbKO
npeepalleHne KMHETUYECKOW IHEPrU B NOTEHUWaNBHY 1 oBpaTHO.
8. NapMoHWYecKKUn ocuunnNaTop.

AapMOHWYECKMM  OCUMNNATOPOM  HA3BIBAETCA  CMCTEMA, COoBeplaWwan
kKonebaHua, onuceliBaemele gudpdpepeHunanbHeIm YPaBEHEHWUEM

F+m s=0




[Tpumepamm rapMoHWYECcKoro ocuMnnaTopa ABMNAKTCH NPYXUHHBIRA,
MaTEMATWYECKMA 1 PUINHECKMA MaATHUKW W 3MEKTPUYECKWI  KonebaTenkHbIA

KOHTYP.

9. lMpVXWHHBIM MAATHWUK.

MNpyXUuHHLIU MAaAMHUK — 3TO TPY3 MAcCcol m, NoABEeLIeHHbIA Ha abCconTHO
YNPYron npyKvHe W cOBEpWAaKLWWA rapmoHvyeckve konedanwa nop AelcTeuem
YRPYron cunel

Fr=—kx,
roe k — WecTKOCTb NPYKUHbI.
YpaBHeHWe ABMMEHNA M3ATHWKA

X =—kx W i+—x=0
n
CpaBHMBas 3TO YpaBHEHWE C YpaBHEHWEM  [BMMKEHWS
‘. rapMoHU4Yeckoro ocuunnaTopa §+ @ s =0, Mbl BUAUM, YTO

F  NPYXWHHBI MasTHWK coeepluaeT konebaHws no  3aKoHy
0 x=_-cos(@+¢) cuMKNNYecKon 4acToTon N NEPUOACM:
x -
K - "
0=, |— =2, l—
mg m K
Y Y MoTeHUWanbHas 3Heprua NPYXWHHOTO MaaTHUKA!
oMoy k™
- 2 - 7
Ecnn Ha MasaTHUK AelCTBYeT cuna TPeHus, NponopuMOHantHas CKOpPOCTW
Fopyp = =1, TAE ¥ — KO3(DMULIMEHT CONPOTUBNEHNA, TO konebaHna masTHika ByayT

3aTyxakwmmMmia 11 3aKoH JBNHEHWA MaATHWUKA EI"_-,",[I,ET UMeTb BUA MY =—Akx — rx 1unu

PO
i i
10. MaTemaTtM4ecKMn MasTHUK.

MatemMaTUYeCKMM MaATHUKOM Has3blBAeTCA WASaNW3MpoBaHHAA CUCTEMA,
COCTOALLAS W3 MaTepMansHon TOMKW Maccol 71, NOABELIEHHON HAa
HEBECOMOW HEPACTSHMUMOW HWTW AnNvHHOW [, 1 konebnwweics
nog 4eNCTBUEM CUMNEl TAMECTW DE3 TPEeHWH.

Xopowum  npubnmwkeHwem  mMaTemaTUYeckoro  MaaTHUKA
ABNAETCA HeDONBLWOW TAMENLIA WAPWK, NOJBELWWEHHEIA HA TOHKOW
ANWHHON HATK.

Mpwu Maneix yrnax OTKNOHEHWS ¢/ MOMHO CYWUTaThL: X = [0 .

Boaepawawwas cuna:

. . X
F=Psino =mgol = mggT

YpaBHeHWe ABWMEHWA:

- . _}: .. or
mi=—F =—mg— M ¥+=x=0

/



CnepoeatensHo, ABWMEHWE MaTEMaTUMECKOro MasTHWKAa OMWCLIBASTCH
AndppepeHUMansHbIM YypaBHEHWUEM rapMOHUYECKUX KonebaHuil, ToO eCTb NPONCXOANUT
No 3akoHy x = .- Ccos(@i + () c4acTOTON U NEPUOLOM, COOTEETCTEEHHO!

g A /
n=,—. I'=2r {—
! g

11. Duanveckmin MadTHUK.

Qu3uYecKUM MaamHUKOM Ha3bIBAETCHA TBEpAOE Teno., COBEplawles noja
ASACTBMEM CWUNbl TSKECTW KOnebaHwsa BOKPYr ropWU3OHTanbHOW OCW NojBeca, He
NpoXoAsLEen Yepes UeHTp Macc Tena.

Ecnn U3nYeCcKMn MAATHWK OTKNOHEH W3 MONOMEHWA
pPaBHOBECWS Ha HEeKoTopbIl yron ¢, TO MOMEHT
BO3EpAaLLatoWen cunkl

M=Jp=Jd
C Apyron CTOPOHEI, NPKU ManbIX yrnax
M =F.I=—mglsina =—-mglo

rae J — MOMEHT WMHEepUWW MAaATHWKA OTHOCWTENbLHO
OCK, NPOXOAALLEN Yepes Touky nogseca (J,

[ — paccTosHume Mexay TOYKOW NOoJEEca U LEeHTpOoM
macc (' masTHuKA,

[, =—mgsing — Bo3spaljalolas cuna (Co 3HakoMm
MWHYC, MNOCKOMNbKY OHa BCerga HanpasneHHas MNPOTWUBOMONOXKHO HanpaeBneHuo
YBENUYEHUA (X ).

CnepoeatensHo: J& +mglor =0, unn

mel oy — o

A1

o+

Takum obpasom, npy Manblx KonebadHuax UIVMYecKMin MasaTHWK COBEplUasT
rapmoHuyeckne konebaHus o =0, - COS(N + ) C UWKNWYeCcKoln 4acToTol Wu
nepuoaom:

J y N
raoe  adnnHa .I'r:_rr — Ha3sbiBaeTCA nNPUBEAEHHOW ANWHOW (PUINYECKOro
mn
MaATHWES.
ﬁpuseéeHHaﬂ dnuHa chuzuyeckozo MasmHuka — 370 JANWHA Takoro

MaTEMaTUHECKOrO ManATHWKA, KOTOPBIA MMEET TAKOW Me nepwol konebaHwn, 4To W
AAHHEIN (OWU3NYECKMIA MASTHWK.

Touka (J' Ha npogormkeHuwn npamow (J(', oTCcToSAWAA OT OCW nNojBeca Ha
PacCTOSHWUW NpUBEIEeHHON ANWHEl [, Ha3biBAeTCA UeHMPOoM KavyaHull (bW3nyeckoro
MafaTHWKA.

MatemaTW4YecKnin MaaTHWK MOMHO NPEeACTaBuTb Kak YacmHbil (NpedenbHbil)
cnyyal chusluyeckozo MaamHukKa, BCA Macca KOTOPOro COCpedoTOYEHA B €ro UEHTpE

macc. Mpu atom J =ml~, cneposatensho I =2mAflf g .



12. 9nekTpUYeCcKU KonedaTenbHbLIA KOHTYD.
3nekmpuyeckum konebamenbHbIM KOHMYPOM HA3LIBASTCA 3NekTpudeckas
Uenk COCTOALYAA W3 BKNHYEHHLIX NOCNEA0BATENBHO KATYLKM WHAYKTMBHOCTBHO [,

+ - KOHAEeHcaTopa EMKOCTbIO C W pesucTopa
i conpoTWBNeHnem K.
C Mo 3akoHy Oma anAa y4acTka uenu
i
L R IR=¢, -0, +0, wwm I[R=—L_-1=
) ( (i
1 rae o W (0, —(P-._]IZ—i — 3apsal KOoHAeHcaTopa W
1 2 C

Pa3HOCTb NOTEHUWanoE ero 00KNagok B NMPOW3BONbHLIA MOMEHT BpeEMeHn 7; K —
INEKTPUYECKOEe CONPOTUBNEHWE KonebaTenbHOro KoHTYpa; 9;- — 30C camo-

{e
MHAYKUMKW B kaTywke. Cwuna TokKa !2%, noatomy dughghepeHyuansHoe
ol

ypaeHeHue konebaHull 3apsda B konebaTenbHOM KOHTYpe:

d g R de 1
;'r+——"r+—'q:[}
di= L dt 1A
13.Ctaguv KonebaHW B naeanv3vpoBaHHOM KonebaTenbHOM KOHTYpe.

Mdeanu3aupoeaHHbIli KonebamenbHbIl KOHMypP — KonebaTenbHbIn KOHTYP,
y koTopore R =10.

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

smn i,

)

[
\

Kl -
) =

r
-
=l

E=umax E=Kmax E=um-ax E=Kmax

m
1]
<

H}-‘CTI:: B HaYanbHbIK MOMEHT BpPEMEHU =0 KOHOEHCATOPR 3apAMeH
3apagom o . Torpa 3Heprwa 3NeKTPWYECKOro nonsa MeXOY obknaakamu KoHOEH-

. [ .
cartopa W :}r—. [Mpn 3amblKaHWK KOHAEeHcaTopa Ha KaTyWKy WHAYKTUEHOCTW, B
L= q{1

KOHTYpE noTedeT BOBpaCTal‘DLLI,HI:"I Tok [ . SHEDEUH NeKmpuYyecKkoz0o nNona HadHeT
LI Lg*

YyMEeHbLATLCA, a 3Hepaud MasHumHo20 Nonfg kaTywkn I, = = Bynet
B p)

go3pacmamse. [lockoneKy noteps B KoHType HeT (R =0), To pgogHag 3Hepaus




W=w,+Ww,

B mMmomenm spemeHu r:%}“' (7 —nepwoa konebaHWi), kKorga KOHAEHCaTOop
NOMHOCTbIO PaspAgUTCA, JHEPrua 3nNekTpudeckoro nona obpawaeTca B Hynb, a
JHEPrMA MarHWTHOrO nNons (a cnejoBaTenbHOo, W TOK) AocTuraeT Haudonblero
3HA4YEHUA.

Cragun konebaHuil B KOHTYDE MOMHO CONOCTABWUTE C aHaANOrv4HeliMA CTaanAamMu
MexaHuyeckux konebadul, Hanpumep, mMmaTeMaTWyeckoro MasTHWKA, KOTOpbIA B

MOMEHT BpemeHn (=0 cMeleH W3 nNOMNOXKEHWA paBHOBECMA W WMMeeT
MaKCUManbHyK NoTeHUWanbHyio aepruio L =1/ . B momeHT spemenu 7= YT
CMelleHNe MasTHUKA PaBHO HyMH, CKOPOCTb — MaKCUManbHa, W noTeHUManbHas
3Heprisl MONHOCTLI0 NEPEXOAUT B KMHETUYECKYIO 3HEpPruio MaaTHuka /£ = K|

max -

, COXpaHaemcs.

HayuHaa ¢ MomeHma epemeHu (= Y, 1. Tok B KOHType © neT yoblEaTh,
4

CrnejoBaTenbHO, MarHWUTHOE Mnone KaTywkn HadydeT ocnabeeaTs. MameHeHuwe
MarHWTHOrO NONs BbI3OBET WHAYKUMOHHLIA TOK, KOTOpLIA, no npaeuny Jledua. Byget
UMETL TO E HanpaeneHwe, YTO W TOK pas3psaaku KoHaeHcaTtopa. KougeHcaTtop
HauMHaeT nepesapskaTbCa U K MOMeHmy epemeHu | =/, 1 3apsaa Ha oBknapgkax

KOHZAEeHcaTopa AOCTUIHET MakcUMyMa, TOK B LENW NPEKPATWUTCA, W 3HEPrUA KOHTypa
cHoBa OyaeT pagHa 3Heprun 3aNeKkTpUYeCcKoro Nonsa B KOHAeHcaTope.

na maamHuka 3170 BydeT COOTBETCTEBOBATb MAaKCMMANbHOMY CMELLEHWIO B
HanpaeneHwu, nNPOTUBOMONOMXHOM MNEPBOHa4YansHoOMY, OCTAHOBKE MasTHWKA B
kpanHem nonoxeHun (U =0) 1 cbpaTHoMy NpeBpaLlleHnio KWHETUYECKOW 3HEPTUK B
NoTEHUMANBHYIO.

Nanee, Bce npouecckl B koneBatenbHOM KOHTYpe ByayT npomekams 8
obpamHoM _HanpasfieHuu W CUCTEMa K MOoMeHmy epeMeHu (=1 npuaer B
nepaoHavyanibHoe COCTOAHWE.

Takvm ofpasom, B KoneBaTenbHOM KOHTYpe MPOUCXOAAT nepuoduyeckue
usMeHeHUs 3apsga ¢ Ha obknagkax KoHgeHcaTopa W cunbl Toka /. ITw

INeKTpU4ECKNE konebaHua CONpPOBOXHOATCA npespalleHuem IHEpPrui
INEKTPHUHECKOID U MarHMTHOro nonen.
M3 cpaBHeHWs 3nNeKTpUYeckux kKonebaHun C MexaHudeckumun KonebadHuamu,
cneayeT, uTo!
— 3JHEpPruAa 3NeKkTPUYEeCKoro Nons KoHgeHcaTopa adanoauyHa noTeHUManbHON
SJHERIMKW MaATHWUEA,
— SJHEPIMA MarHMTHOrC nonA kKaTywkw adanceuyHa KWHETUYECKOW 3Hepruu
MaATHWUEA,
— CWNa TOoKa B KOHTYpPEe aKanozsUYyHa CKROPOCTH JBVMMEHWA MaATHNKE,
— WHAYKTUEHOCTE [. ebinonusem (f]],r'HKL{U}D MaCCEl,
— CONpOTHBNEHWE K uzpaem posfbk CUnbl TREHWUA, ,ﬂ.EﬁC.TE!}"IDI._U,Eﬁ Ha MaATHUE.

14.CeoboaHLle rapMmoHMyeckue konebaHuMa B KonedarensHOM KOHTYpe.
CeobogHble 3nekTpuyeckne konebaHwa B konebaTenbHOM KOHTYpE ABNAKTCH
rapMOHUYECKUMK, ECNW Ero 3NeKTpUYecKoe conpoTuenadne R =0.
OuibchbepeHunancHoe ypaeHeHWe CBODOAHLIX TrapMOHWYECKWX KonebaHwi
3apAga B KOHTYpe:




3apag ¢ coeepluaeT rapMoHUYEeckne konebaHua no 3akoHy:
o = q:r_m C{}‘.‘;“.’Jf + (.‘Ij-l'
rae ¢,.. — aMmnnutyaa konebaHuy sapaga

C UMKNWYECKOW YacToTon:
|

LC

0 =

1 Nepuoaom:

I'=2maf 1O .

JTa (popmyna HasblieaeTca — popmyna TomcoHa.
Cwuna Toka B konedaTenbHOM KOHTYpE:

cle ) T
| = 4 = = o SIN(OT+ Q) = fmm Cos| 1+ +?

dt A

onepexaeT no hase konebaHns sapaga ¢ Ha T2 .

o
3pecs [ =0y :% — aMnnuTyAa cufbl TOKa.

TC
PasHocTe noTeHuwanos oOknagok KoHgeHcatopa [/ =@, —¢, Tawke
N3MEHASTCA NO rapMOHM4ECKOMY 3aKOHY 11 COBNaaaeT no dase ¢ 3apagoMm ¢ !

. ( .
=Ly cos(@mi+q@)

{: & IMaAx

. q
rae { = —% — aMNIUTyAa PasHoCTU NOTEHUWANOB. AMNNUTYAA TOKa

IMaAx

BenuuuHa % HasblBaeTCA EOMHOBbLIM conpomueneHueMm kKonebdba-

TENBHOMS KOHTYPA.

15. CnoxeHwe rapMoHUYECKUX KonedaHun.

Ecnn cuctema oOAHOBPEMEHHO Y4yacTBYeT B HECKONbKUX KonebaTenbHbIX
npoueccax, TO nog ChnoMeHwem KonebaHWwin NOHWMAKT HaxXoMOEeHWe 3aKoHa,
ONUChLIBAKLErD Pes3ynbTUPYIOWWA KonedbaTenbHbI
npouecc.

Ona cnoxexuns konedbanui x; n x,

xX; = Ay cos(or + @ ). X4 = Ay cos(onr + @, )
ucnone3yem memod epaujarouie2ocs sekmopa
amMnnumyosl (Memood 8eKmMOopPHLIX duazspamMm).

Tak kak Bektopel ., w ., BpawawTca ¢
OAWHAKOBOW YrMOBOW CKOPOCTbIO (), TO PasHOCTb
a3 (¢, — ¢ ) Mmexay HUMN OCTAETCA NOCTOAHHOW.
YpasHeHune pe3ynsTUpYKLWero konebaHwa dyaer

x=x tx, = Acos(wr+@)



rge aMmnnuTyaa A w HadvanbHan thaza (0 3a0akTCA COOTHOWEHWAMMN!

A7 = A7 + A5 + 24,4, cos(@, — @), tgg =  SINQ, + A, 51N P,

Aycos@, + A, cosp,

Cymma dsyx 2apMoHUYeckux konebaHwii 04HOro HanpaeneHua 1 04WHaKoBOA
4YacTOTel ecmb 2apMoHUYecKkoe kosebaHue B TOM e HanpaBNeHWW WU C TOW e
YacTOTOW, YTO K CcKNnajblBaemMble KonebaHus.

AmMnnuTtyga pesyneTupylwerc konebaHua 3aBUCMT OT pasHocT  dhas
CcKnaiblEaembelx KonedaHui:

1) @, —@ =f2mr  rpe (m=0.1.2....), Torga A=A, + A,
2) ©,—@, =x(2Zm+ ) rge (m=0.12....), Toraa .1=|.1| —. Il

16. BueHusn.

BueHUAMU Ha3bIBAKTCA NEPUOLWYECKME W3IMEHEHWA AMNNWUTYAbl KonebaHws,
BO3HMKAKWLWWE MNpu CNOXEeHWW ABYX TrapMoHWyeckux konebaHwn c  OAuskumu
yacmaomamu.

MycTb amnNAnTyabl cknajbiBaemblx konebaHuit paeHbl 1, a 4acToTbl pasHbl (0
u @+ Am, npuuem A << @ . MNyTs ANA NPOCTOTEI HA4ano oTc4eTa BhIDpaHo Tak,
4YTOOblI HAa4YanbHbIe hasbl 0DoMX KonebaHwit ObINK PaBHbl HYNK:

X, = Adcoswi,  x, = Acos(®+ Am )i

PeayneTupyrwee Konebaxue
Bynet umeTb BUA!

Awm
X = 2.1(:(}5;Tf S COSOI

— rapmoHu4yeckoe konebaHwe ¢ 4yacToTon @, dMNNUTYda KOTOpOoro MamMeHAETCA No

0

3aKkoHy .| =|2.4cos—1| c vacToTOM @, =A@ (4acToTa BueHWn sasoe

Buenui Chi

Donble YacToTkl MU3MEHEHWSA KOCWHYCa. NOCKONBKY bepeTca no MD,ﬂ.‘j."l"II'D:I.

‘ 1.-':'rn.'rrr.'u

17.PaznoxeHue dypoe.
Nwboe cnoxHoe nepucanyeckoe konedauwe s = f (/) MOMHO NPeaCcTaBuTb B

BEMQE CYyMMBI NPOCTBIX TAPMOHWMMECKWX KonebaHni © UMKNIUYECKUMKW YacToTamu,
KpaTHBIMW OCHOBHOW LUWMKNUYECKOW YacToTe iy,

A,

-

M
s=j)=—+ 2 A, cos(moy+ @, )
m=I
Takoe npeacTaeneHwe nepuogvdeckol  byHkumwm (/)  HasbiBaeTcH
pasnoxeHuem ee g pad @®ypbe WU 2apMOHUYECKUM aHanu3ioM CII0XHO20
nepuodu4yeckozo konebaHus.
UneHel psga @dypbe, COOTBETCTBYKLIME rapMOHUYECKUM KonebaHuam ¢
UMKNUYECKUMW yactotamu @,, 2a,, 30, W T. [., HasbiBawTcA nepeoud (unu
OCHO8HOU). emopol, mpemsbel W T. A., 2apMOHUKaMU CNOXHOro NepUoan4ecKoro

konebanua s = f (7).
CoBOKYNHOCTE 3TUX rapmoHuk obpasyeT cnekmp konebanus s = [ (1)



18.CnoxeHve B3auMHO _NepneHAWKYNAPHLIX rapMoHWYecKUX KonebaHuu

OWMHAKOBOW HacTOThL.

|_|}"CTI:| ABa rapMmoHuyecknx konebaHna o4MHaKOBOW YacToThl (), NPOMCXOAAT BO
E3aVMHO NepneHiuKynNApHblx HanpaeneHwAx BLONDb ocen x W V. Ona npocToTl

Eblibepem Ha4vano oTcyeTa Tak, 4Tobel Ha4YaneHasa dpasza nepeoro KonebaHws dwina
paBHa Hynk:

x = Acoson, v=FBcos(on + )

rae O — pa3HocTb a3 konedbaumin, a | u B — ux amnnuTygel. YpaBHeHwe
TRAEKTOPWUW Pe3ynbTUPYKOLWEro kKonebaHwa (WCKMwYaa [ W3 YpaBHEHWR) ecTb
ypagHeHue annunca, NPoOU3BCNbLHO PACNONOMEHHOIO OTHOCUTENBHO KOORAWHATHBIX
ocen:

x° 2xy Vo .
- COSOY +—=5INn"
A AB i

W Takne KonebaHWsa Ha3bIBAKTCA IMAUNMUYECKU NoONAPU308aHHLIMU.

19.JluHenHO nonApu3oBaHHbIe KonedaHua.

m=0,£224, .. m=t],43, . Ecnm pa3sHOCTb a3
a yi 6) vi og=mr(m=0,xt1L+2,..), 70
-4 3NNWNC BbIPOXAAeTCA B OTPEe3oK

npsamou
V= i‘rf_.; X,
roe 3Hak nnoc CooTBEeTCT-
BYET HYNK W YETHBIM 3HAYEHWAM
M, a 3HaK MWHYC — HeYeTHbIM
3HavYeHuam .
PeaynbTupylolwee kKonebaduwe dABnAeTCA rapMOoHWYeckuM kKonebaduem c

YacToToW @ W amnIuTya0M N2+ By coBepwaeTca BAONb  NPAMON,
cocTaBnAlwen ¢ ocelw x  yron @ =arctg(,cosmm). Takwe koneBaHus
Ha3LIBAKTCA NMUHENHO NONAPU30BAHHLIMKU KOoNnebaHuAMMK.

20. UnpkynsapHo nonapu3oBaHHbIe KonebaHws.

T
Ecnu pazHocTt dhasz & =(2m +]J? (m=0,£1,£2,...), To B AaHHOM cny4ae

YA yPaBHEHWE TPAeKTOPWUM NPUHWUMAET BUA!
x° + v l
B S T3~
A A= BT
0o X 3TO ypaBHEHWe 3Nnunca, 0cKk KOTOPOro COBNajaT ¢
ocAMM KOOpPAWHAT, a ero nonyocu paBHbI
COOTBETCTBYHOLIMM amnnutygam 1 u [3.
Ecnu A=/, TO a3nnunc BLIpoXaasTcA B

OKPYHHOCTE, W Takue KonefaHwa HasbIBAKTCA YUPKYASPHO NONAPU308aHHbLIMU
WNn konebaHuaMU, MoNApuU308aHHLIMU MO Kpyey.

21. Purypsl Jluccaxy.
Ecnu B3aumHO nepneHAnKyNApHble KonedaHwa NPOMCXOAAT C UWKINUYECKUMM
yacTtotTam pd W g rae ¢ u p — yensie yacna:



v = Acos(pwi), v=DOcos(gowi+a)
TO 3HAYEHWA KOOPAMHAT X WM V OAHOBDEMEHHO NOBTODAKTCA YE€Pe3 OAWHAKOBLIE

NPOMEeXyTKW BpemeHW [, pasHble HaumeHblwemy oblemy kpaTHOMY NepuoAoB
L =2, 0 I'E:E%” konebaHun Boone ocel x W v. TpaeKTOpUW 3aMKHYTbIX

!f.jh g KPMBLIX, KOTOpPbIE NONy4awTcA B
- 1 . aTux cny4asx, Ha3bIBAKTCA
chuesypamu Jluccaxy. Bua 3Tmx
KDWBBIX 33aBWUCWUT OT COOTHOLUEHWS
| AD ' ¥ amnnuTya, 4acToT W pasHOCTH (pas
| CknagbiBaemelx  KonebaHwin. Ha
_ | PUCYHKE nokaszadH Bwg  uryp
INuccaxky npw  Tpex pPasnuyHbIX

JHAYEHWAX oTHOWeEHWA (2:1, 3:2, 4:3) n pazHocTy as o :z

3amyxaroujue u ebIHy¥0eHHbIe KonebaHus

22.3aryxarouine konedaHws.

3amyxaHuemM konebaHuil HaibiBaeTcA NOCTENeHHOe ocnabneHwe konebaHuil
C TEYEHUEM BpeMeHK, 0ByCNoOBNEHHOE NOTEREN IHEPIUK KonebaTensHoW CUCTEMON.

3aTyxaHue mMexaHuwdeckwx kKonedaHwi Bbi3blBAeTCA  rMasHbIM - 0Dpazom
TpEHWMEM. 3aTyxaHue B 3NeKTpudecknx kKonebaTenbHblX CWUCTEMAax Bbi3blBAETCH
TENNOBLIMW NOTEPAMMW U NOTEPAMM HA U3NYYEHWE 3NEKTPOMArHUTHBIX BOMH, a Takwe
TENNOBLIMW  MOTEPAMU B AWU3NEKTPUKax W (eppomarHeTukax BCNejcTBMe
INEKTPUYECKOrO M MarHUTHOIO rucTepesnca.

3aKkoH 3aTyxaHwAa kKonebaHwi onpegenaeTcA cBOWCTBAMKU KonebaTenbHbIX
CUCTEM.

Cucmema Ha3sblgaemcs NuUHeUHOL, ecnNn NapameTpbl, xapakTepusyllne Te
Pr3NYecKne CBOWNCTBA CWUCTEMbI, KOTOPbIE CYLIECTBEHHBI ANA paccMmaTpuBasmoro
npouecca, He M3aMEHAKTCH B X04e npouecca.

JluHeliHble CWCTEMBbI  ONWCBIBAKTCA  NUHelHBLIMU  AWddepeHUnansHBIMK
YPaBHEHWAMMN.

PaanuuHele nNo CBOEA  NPUPOAE  fUHEelHbLIe CUCTEMLI  ONMUCLIBAKITCH
OAWHAKOBLIMW _YDPaBHEHUAMU, YTC MO3BOMAST OCYLIecTBNAT:s eduHbIid nodxod K
W3y4eHno KonebaHun pasnuyHon QUandyeckon npupoabl.

23. QuddhepeHumansHoe ypaBHeHUMe cBOOOAHLIX 3aTyxakwwux KonebaHuw
NWHEWMHOW CUCTEMLI

HdugpgbepenyuansHoe ypasHeHue ce80b00HLIX 3amyxarouwjux konebaHul
NWHEWHOWN CUCTEMBI MMEET BUJ

d—_’f+ propan ;s =0
i~ (i
rae s — konebnwuwascs BennynHa,
O = consi — Ko3aghpuyueHm 3amyxaHus,
W, — UMKNWYeckas 4acTota ceoDOoAHbIX Hesamyxarouwjux konedaHuit TOn xe

konebaTensHol cuctemel (npu O =0 ).



I,_A‘. —_— -
x = Age%Cos(wt + @) B cnyuae manbix satyxaquil (0~ << o))

A= Aoe'ﬂ peleHne 3TOro ypaeHeHnA:

s=Aye ™ cos(mr +¢)

< _
Ay ’ i r \- rae:
\ - .Iz.iuc"'\” — amnnumyda 3amy-
4

xaroujux konebaHul,
Ay— Havyanbnasa amnnumyoa,

r T A‘/_V:Ane_& = 1"[11;1 -0 . — YuKknu4eckas

Yacmoma 3amyxaroujux KonebaHudu.

—

HDOME‘}K}’TOK BpeMeEHN T = E TEYEeHWE KOTOpOro amnnutyid 3aTyxXatownx

o] —

konebaHun ymeHslWaeTCA B € pas Ha3biBaeTCA epemMeHeM penakcauyuu.

3aTyxaHue HapywaeTr NnepuojuyHOCTb KonedbaHun.

JaTtyxawwwe konebaHna He ABNAKDTCA NEPUOLNYECKUMU.

OpHako ecnu 3aTtyxadHue Mano, TO MOXHO YCNOEBHO NOMb30BaTbCA NOHATWEM
nepuoda 3amyxarwwux KonebaHul Kak NPOMEMYTKa BPEMEHW MeXay AByMS
nocneaylownMm Makcumymanmin Konedniowencs Huandeckon BENNYWHBI:

24 . [lekpeMeHT 3aTyXaHUs.
Ecrm A7) w A7 +7T) — amnnutyael AByX nocneacBaTenkHelx Konebanui,
COOTBETCTBYHLWNX MOMEHTaM BPEMEHW, OTNUYAKLWNXCA Ha NepUo, TO OTHOLWWEHKWE
Al _ C;_:;r
Ae+T)
HasblBaeTca dekpeMeHMoM 3amyxaHus, a erc norapugm
o=ln—_—sr=L-L
Alr+7T7) T N
Ha3blBaeTCA fo2apuMuyeckum dekpeMeHmoM 3amyxaHus.
3peck N — u4ucno koneBaHWW, COBEpPLUAEMBIX 33 BPEMA YMEHBLUEHWSA

aMmnnuTyabl B € pas.

25. JobpoTHOCTL KonebarensHOW CUCTEMbL.

HobpomHocmero konebamenbHoU cucmeMbl HasbieaeTca OespaszmepHas
BenuyvHa (J, paeHan npovssBeeHuio 2T Ha oTHoweHue axeprvun H (1) konebaHuil

CUCTEMBI B MNPOW3BONEHBEIA MOMEHT BPEMEHW [ K }I’Eblﬂl"‘l 3TOW 3Heprun 2a

NPOMEKYTOK BpeMeHn oT / fgo [+ 1 (3a oguH YCNOBHBIA NEPWOL 3aTyXaHLLMX
konebaHwn):

()
Wie)y—Wir+1)
3Heprua [17(1) nponocpuncoHankHa KBagpaTy amnnutyael (7), noatomy:

()=27T



A7 (1) o o

f_;‘] = ‘—“"IT a 3 i = —28T = —d
Ay —A(r+7) l—-e ™ |—e
Mpn Manblx 3Ha4YEHUAX NorapuPMUYEcKoro JeKpemMeHTa 3aTyxaHusa (6 << |)
o T ) T (L
l—¢ " =20, noatomy (NnpuHumas [ =1,) (J)=—=n1M\ S
' ¢ o-1 20

26.Npumepbl cBOBOAHBLIX 3aTyXaKWKUX KonedaHuu
PaccmoTpum 3atyxarowme konedaHnsa pasnuyHon uanyeckon npupoabl:
1) mexaHu4veckue konebaHus — NDVKWHHBIN MAATHUK C MAcCol 11, KOTOPLINA
coBepLuaeT maneie konedbaHus nog AelcTBUEM YNpyrol cunel [/ =—kx W

cunbl TpeHua [ =—rx (1 — Ko3dhhUUWEHT CONPOTUBNEHUS)

o
2) anmekmpomazHumHble konebaHus — konebaHuwAa B konefaTenbHOM
KOHTYPE COCTOSALUEM M3 CONPOTUMBNEHNA K MHAYKTUBHOCTH [ 1 emkocTn ('

Bynem cpasHuvwBate o0Ba cny4as ¢ AuddepeHunanbHbiM - ypasHeHWEM
CcBODOAHLIX 3aTyxXawwWmnx konedbaHuin NMHENHON CUCTEMBI

§+285+m s=0

peWEeHWE KOTOPOro MMeeT Bl
o

s=Adye 7 cos(@i+o)

1) NPYXWUHHBbIW MaATHUK | Z2) KonebaTenbHbIN KOHTYP

konebnwwanaca Benu- | CMELLEHNe OTHOCUTENLHO

3apsag
YuHa NONOMEHWA PABHOBECKA X
npchepeHumnansHoe Lok LR
Avdipeperu . X+—x+—x=10 g+—g+——g=10
ypasHeHWe konebaHun m m I 1
4YacToTa He3aTyXakLwmx k o
“ i, = |=— by = —F/—
L] L -
konebaHwi @, m T
KoadpMUNEHT

3aTyxaHusa o

4yacToTa  3aTyXakLmx
KonebaHwi

0 =afw; —8°

nobpoTtHocTe  (J

. . - — i i \ —i i
3aKoH KonebaHui x=Ad,e " coslmr+o) qg=qyc  cos(mr+q@)

27. BblHVOeHHLIe KonebaHuA.

YT100bl B peancHoil kKonebaTenbHOW CUCTEME NOMY4YWTb HelaTyxawllne
konebaHuA, Haa0 KOMNEHCUPOBATL MOTEPW SHEPTUKM. Takasa KoMMNeHcauws BO3mMOXKHa

C MOMOWbK Kakoro-nudo nepuogudeckn AencTteywoulero cpaktopa  N(r),
N3MEHAIOLLErOCA N0 rapMOHNYECKOMY 3aKOHY:
XN(ry= X, cosmt




B cnyyae wmexaHud4eckux  konebaHwn  Takum  pakTopomMm  ABNAETCA
ebIHyxdarowada cunal = [ cosmi . 3aKoH ABMXEHMNA ANA NPYXUHHOIO MasTHWUKa
OyaeT umeTe BUA

mx = —kx —ri+ F, cosmi
B cnysae anektpudeckoro konebatensHoro koHTypa pone X(7) wurpaer

nogsoAnMas K KOHTYpy BHewHss 30C wnwm  nepemeHHoe  HanpsikeHwue
(=0, cosmi. YpasHedne konebaHui B KoHType OyLeT uMeTb Big,

L R Up
f t—¢ +——g =——Cosm{
L L L
B ofwem sBuge JughghepeHyuansHoe ypasHeHUe 8bIHY¥XOeHHBLIX
konebaHul WMeeT BUg
§4+28 5+ @55 = x, oSO
JTO ypaBHeHWe — NUHENHOE HeogHopo4Hoe AndpipepeHunanbHoe YpaBHeEH e,
Ero pewenwne paeHo cymme obuiero pelleHus s = ., e cos(m1 + () OAHOPOAHOIO

YPaBHEHMA W 4YacTHOTQ PELUEHWS HEOAHOPOAHOro ypaeHeHus. MoxHo nokasaTs,
YacTHOE peLUeHne UMEET BUJ
s=Acos(wr+@)
rae - w @ 3apaiTca dopMmynamm
Xy 26
A= = — =. (@=arclg——~
.J{mr; —m7 )" +40"m" Wy, — "

Tak dng anekmpomazsHuUmMHbIX konebaHul, ecnin 0603Ha4NTL O — CABWI MO
chaze Mexay 3apAA0M U NPUMOMKEHHBIM HanpPsXEeHWeM, TO MOMXHO NOKas3aTtb, YTO
pewwenvne AuddepeHunansHoro ypaeHeHnsa Byaet umeTb BUA ¢ = ¢, COS(MI1 — o),
rae

) R
ffr,l,l.l = . Tofy =
—— /.
)
Cuna moka npu ycmaHoeueWwuxcst KonebaHusix:
ele . . _ T
1= = g, sinwi—o)=1, cos(@i—o +74)
cli )
rae
U
— — "
"rm = 0, = 3
R* +| oL ——
(04

Cuny Toka MOXHO 3anucaTtb B Buge [ =/, cos(ar—@), rie ¢ =a—"4 —

cdeuz no haze mexay TOKOM WM NPWNOMEHHBIM _HanpspKkeHwem. Torga MOMHO
noKas3aTtke, 4TO

. —
T . | B e
2

—t
rz
S

[l
—
i
p—
=
|



28.Pe3oHaHc.

PezoHaHcOM HasblBaeTcA HABMEHWEe pPEe3KOro  BO3pacTaHva amMnonuTyabl

i BbIHY¥AEHHEIX KOnebaHun npu  NpUONUMKEHWN

A I 4acToTkl BbliHYXKJawWen cunel (UKW, B cny4yae

' 3NeKTPUYECKNX KkonebaHwin, 4acToTbl BbIHYyMAa-

WLWEero nNepemMeHHOro HanpsweHwusa) K JacTtoTe,

paeHoM WnNKM  OnNW3koW coDCTBEHHOW JacToTe
KonebaTenkHON CUCTEMEL.

AMNNUTyga  BbIHYMOEHHBIX  KonebaHui

Xy

A= VIMeeT MaKCHMyM
(W —@™ )" +40 @~
h “¥ -~ )
Wpes Wo ® npn vuactote @, zq,}m[] —26°, «koTopas

HasblBaeTCcA pe3oHaHcHolU yacmomod. ([epsasa npowssogHaa 3HameHaTens
(—H o, —o™ )0+ 86w =0) obpawaercs B Hynb npu @~ =m; — 20~ )
_ Lo

Ay, = L
284jw] — 67

MNpw m—0, aMmnnuTyaga  AOocTuraeT npejeneHorco 3HavYeHuA .11,1:,:

Xg

w7
KOTOPOE HasblBaeTCA cmamuyeckumM omknoHeHuem. B cnyyae mexaHudyeckux
Fq U
koneBanua 1, = —— . B cnyuae anekmpomMazHUmMHLIX konebaHwii: Ay=—=
meo; La;

Mpn @ — oo diMNTy4a CTPEMWTCA K HYNKD.
B cny4vyae Manoceo 3amyxaHuda, Korga 0° << (0, , PE30HaHCHaA amnnuTyaa

Yo O X oy
.lr'l'- 3 2 - .{}” 2[3 ({}[_I el
rae () — poBpoTHocTe konebaTenbHol cucTembl, ., — craTudeckoe

OTKNOHeHWe. Takum obpasom, 406POTHOCTL XxapakTepuayeT pe3oHaHCHbIe CBOWCTBA
konebaTenbHol cucTembl: Yem Gonbie (), Tem Gonble A,
29.TlepemMeHHbIN TOK.

[TepemMeHHbLIM MOKOM Ha3blBAKITCHA BbIHYXAEHHblE KonebaHwsa Toka B uenwu,
coeBnajarwune c 4yacToTon BeiHygawwen 30C.

MycTe nepemenHan 30C (WKW NepemeHHoe HanpsXeHWe) MMeeT BUA

L'=U, cosmi

rae [/, — amnnuTyaa HanpaxeHns.

Torga Ha y4acTke Uenu, uMmewlleid conpoTueneHwe R, emkocTe (' W
WHAYKTMBHOCTL /., 3akoH Oma ByaeT umeTb Bug

R | { dl ¢ :
flf+—1li}'+—1ff:i€{)5f-’}f nnm !,—+H€+—"r':|f o COSMT
L L L di



PaccmMoTpUM YacTHbIE clyYaun Uenu.
(1)R=0., =0, [L—0: nepemeHHoe HanpsKeHWe NPUNOXKEHO K COMPOTWB-

neHww K. 3akoH Oma:

R [ U, cosmn
[=—=————=1], cos®
T R R
U - —_ [
o o AmMnAnTyaa cunbl Toka [, = T
A
1 U =RI Konebanus moka npoucxodsm e odHolU dhase c
m
m ®  HanpsxeHuem.
—p [na HarnAgHOCTW BOCNONbL3YEMCA MemodoM 8eKMOPHBLIX

duazpamm w Oygem w3obpamarts BEKTOpamu, Yron memay
KOTOPbLIMW PaBeH pasHocTh gas.

(2)R—0, C—=0. L#0: nepemeHHoe HanpsKeHUe NPUMOKEHO K KaTyLIKe

WHAYKTUBHOCTMW.
i1
3AC camouHAyKUMK B KaTylwke: O = —!,ET_
' i
dl _ _
3akoH Oma: I_T =0/, =0, cosm1i, oTkyla nocne UHTErPUPOBAHNA NOMYYUM
at
L — ,f .H? "1 — . T
A~V / —Ehm wi = [, cos f.Jr—E :
U U
e r'D'e ‘F.rn D

wl.
Takum oBpazom, nadeHue HanpsxeHus [, onepexaem

- T
no ¢haze mok [, mexkywui yepes kamyuwky, Ha e

BenuuuHa R, =oL

Ha3kblEAETCA pPeaKMUsHbLIM UHﬂ}-’HmUBHbIM conpomueneHuem. [Qna nocTo-
AAHHOro Toka (m =10) KaTylwka MHOYKTUBHOCTW HE UMEET CONROTUENEHWA.

(3)R—0, C#0. L —0: nepemeHHoe HanpsKeHUe MPUNONKEHO K KOHAEHCa-
TOpRY.

F (4) ;—{Z Ue-=U, cosot
r

Cwna Toka

O fl{f I . T
- 1= =i o Smor =1 (:05[ Wi+— ]
dlt 2

o {
rae [, =owCl, :%

o
Takum obpasom, nadeHue HanpsaxeHus (/. omcmaem no

T
¢ghaze om mekyuie2o yepes KoHdeHcamop moka | Ha -



BenudvuHa

Ha3blBAETCA  peakmueHbIM  eMKOCMHbIM  conpomusneHuem.  [ns
noctoAHHOro Toka (m =0) R =eco, T.e. NOCTOAHHLIA TOK Yepes KoHAEeHcaTop
TeYb HE MOMET.
(5) B obwem cnyyae R=0, =0, L=0. Ecnu HanpskeHwne B Uenw
nameHseTcs no 3akoHy [/ =/, cos@7, To B Lenu TeueT ToK
[ =1, cos(mi—)
rae /,, w @ onpegenaTca chopmynamm
Jlf — I{ i

i S

R+ ol -

o

U BenwuvHa
) | : Y
U, L=y R-+lol———1 =
(
R U =JR2+(R, —R.)
,5 (oL - L. ), HasblBaeTCA  MOMHBIM - conpomuene-
® oC™™  yuem yenu.
i RL. U Benuunta: XN =R; — R =0l ———
ac’® X
U Ha3biBAETCS peakmueHbIM COMpPOoMmus-
¢ nleHuem.
T _ . U, N X R X
akum oBpasom: [, = ta @ = npuyeMm  cos@ = sing =

30.Pe30HaHC HaNpAXeHW.

Ecnn @l = .To ¢ =) — uaMeHeHuUs Moka U HanpsAXeHus npoucxodsm

o’
CUH(;()&SHO. B atom cnyuae ZZR WM TOK onpedenAdAeTCHA TONeKO aKTUEHBIM
ConpoTUENEHeMm W A0OCTUraeT MakCMManbHO BOIMOXHOMD 3HaYeHWA. Haﬂ.EHME

HanpaxeHWAa Ha KoHdeHCaTope [ .[' M Ha KaTyWwKe WHOYKTUEHOCTH [ .Jr. OdWHaKOELI NO

aMnnnuTyge 1 NPOTUBOMONOMHLI No hase. ITC ABNEHWE HA3bIBASTCA pPe30HaHCOM
HanpsxeHul (nocnedosamenbHbIM PE30HAHCOM).
YacToTa

Ha3kIBAETCHA Pe30HaHCHOU.



31.Pe3oHaHC TOKOB.

K uenW nepemeHHOro TOKa, coJepXalleld napannenbHo BKMOYEHHbIE
KOHAEHCATOP eMKOCTEH (W KaTYLKY MHAYKTUBHOCTBIO [, NPUNOMKEHO HaNpPsKeHWe
=0, cosmi.

Tokn e Beteax TC2 (R=0.L.=0)yn TL2 (R=0.( =oo) paBHbl

{/ {/
—_ i _ m
h “C jirml - y "‘ jm! - ol
I], " 5 )
W NPOTWMBOMOMOMKHLI No dazam. AMNANTY4a CUMb
A L TOKa BO BHELWWIHEN (HEPA3BETENEHHOWN) LENK
I
O Qe — _ = W | — ——
L "Ir.w - |jml "rmil =0 m X ol
I
Ecrw w=w,,=—F—, 170 [,,=1,» w [,=0. HeneHne peskoro

YMEHBWEHWA amMnNNUTyAbl CANBl TOKa BO BHELIHEW UEnWU, nWTarLWen napannensHo
BEKNHOMEHHBIE KOHOEHCATOR W KaTyWKY WHAYKTUEHOCTH, NDK NPUENMMEHNA YaCTOThI

(0 NPANOMEHHOrO HAaNPSMEHWA K PE30HaHCHOW vacTtoTe ﬂ'}.""-"f Ha3kIEQASTCA

pe3oHaHCOM mokoe (napannenbHbIM Pe30HaHCoM).
B peanbHbix uenax K #0, nostomy cuna Toka [, >0. HO npuHumaeT

HaWMeHblUes BO3IMOMHOE 3HAYEHNE.
32. dencTByOWee 3HaAYEeHWE NepeMeHHOoOro ToKa.

Hdeucmeyrwowum wnn 3¢ghhekmueHbIM 3Ha4YeHUeM rnepeMeHH020 NoKa
[ =1, cosmi Ha3biBaeTcA cpefiHee KBaAPaTW4HOE 3HAYEHWE CWNbl TOKA 3a Nepuoj

[ ero nameHeHus:

i

7
I .

fr,-r,r; = ?—.J:"{I‘Ju’f =—=. NOCKONbKY (cns‘ m:) =
0

b | —

N3]

AHanoruiHo, delicmeyroujee 3HaveHue HanpsbkeHus: U, :T“
gr .;-}

33.MowHoCTb, BbiAensiemas B Lenu NepemMeHHOro Toka.
MaHoseHHas MoOwHOCMb MoKa 8 yenu
Pry=0U(n)[(r)y=U,, cosmi - [, cos(af —@)
CpegHee 3a nepuoj 3HaYeHUe MrHOBEHHON MOLLHOCTW Ha3bIBAeTCA akmueHou

MowHocmero I moka
7

[ ] . .
P :FJF o COSON - [ cos(en —@)di = ;! Upcos@=1,0 ,cosp

m

0

MHOXMUTENL COS() HA3LIBAETCH KO3hhUYUEHMOM MOUHOCMU.

Usy R
Tak kak [/ =—"r"r’.u1(:c}s; = —
g / t (}0 /

10 P=—2t _pR)?

3 e

Z_




Ecnu B uenu oTcyTCTBYET peakTveHoe conpoTuenedne (X =0}, To cos@ =1 n
P=1U
Ecnu uens copepwuT TONbKO peakTusHoe conpoTtuBnedne (K =0), 710
cos =0 wn P =0, kakummn Bbl BONbWUMKA HW BbINN TOK U HANPSDKEHWE.

BonHe! 8 ynpyzoi cpede.

34.BonxoBou npouecc.

Ecnu so3dyauTte konebaHua B kakon-nvbo Touke cpedbl (TEEPAON, HMUAKON UK
razocoBpasHoi) TO, BCNeACTBWE B3aUMOLEWCTEWA MEexay 4YacTuuamn cpelbl, 3T
koneBaHua ByayT nepejasaTbCA OT OAHOW TOYKW Cpedbl K APYrol CO CKOPOCTLID,
3aBWCALLEN OT CEOWCTB Cpeabl.

[Mpn paccMoTpEeHWK KonebaHWi He VYWTEIBAETCH ASTankeHOE CTPOEHWE CPEedbl;
cpela pacCMaTpuBaeTCa Kak ChfAowWHas, HeNpepbiBHO pacnpefeneHHas B
npocTpaHcTee 1 obnagawwas ynpyrumm cBoUCTBaMMN.

Cpena HazblBaeTCA JMUHelHOd, ecn ee CBOWCTBA HE W3MEHAKTCHA Nog
AeWCTBMEM BO3MYLLUEHWIA, CO3AaBaeMblX KonedbaHnamm.

BonHosbim npoyeccoM WNW 80MHOU — Ha3bIBASTCA MNPOUECC pacnpo-
CTpaHeHua KonebaHwi B CNNOLWHOW cpeje.

Mpwu pacnpocTpaHeHWW BOMHEl YacTUUEl KonebnkTca OKONo CBOWX NOMOMEHWIA
PABHOEECWA, 2 HE NEPEMELLAKTCA BCNE 38 BONMHOW.

Bmecte ¢ BOMHOW OT 4YacTuuUbl K 4YacTUUe NepejaeTcs TONbKO COCTOAHWE
KONebaTenbHOrO ABWHEHWA N Er0 3HEPIUA.

OcHoeHBIM ceolicmeoM EBCeX BONMH sAenaemcs nepeHoc 3Hepauu be3s
nepeHoca eeujecmasa.

35.Ynpyrue BonHbl.

Yapyaumu (unu mMexaHu4yecKuMu) eonHamMu Ha3biBAKTCA MexaHudeckue
BO3MYLLIEHWS, PACNPOCTRAHAKLLWMECA B YNPYroA cpeae.

lMpodonkLHas eonHa — BOMHAa. B KOTOPOW 4YacTuubl cpeibl konebnwTtcs B
HanpaeneHu DacipoCTPaHeHUs BOMHbI.

MonepeyHass 80NHa — BOMHA, B KOTOPOW YacTuubl cpegbl konebnwTtca B

NNOCKOCTAX, AepnNerHdMEYNADHBIX HANDaBNEHWID DACADOCTDAHEHNA BOMNHBI.
(TpodonbHbIe 80AHBI MOryT pacnpoCTpaHATLCA B Cpelax, B KOTORbIX BO3HWKAIOT

ynpyrue cunbkl Npyv AeopmMaunn CKaTUa W _pacTseHWa (B TBepdblX, MUAKUX W
razoobpaaHelx Tenax).

MMonepeyHble 80MHLI MOTYT PacnpocTRaHATbLCA TONbKO B CPede, B KOTOPOW
BO3HWKAKT ynpyrue cunsl npu gedopmaunn cABUra (ToNbKo B TBEPALIX Tenax)

36.¥Ynpyraa rapMmoHuyeckas BonHa.

¥npyeaa eonHa Ha3blBAETCA 2apMOHUYecKOoU, eCcnn COOTBETCTBYKLME el
konebaHus YacTuy, cpeabl ABNAKTCS rapMOoHUYECKIMY.

MycTe rapmMoHWYEckas BOMHAa PACNPOCTPAHAETCA CO CKOPOCTBKO U BAONb
ocu (X . OBo3HaYMM CMELLEHWNS YacTuL cpelbl Yepes f :§1_ X0,

Ona aaHHOro MOMEHTa BpPeMEHWM [ 3aBUCHMOCTbL MEXIY CMELeHWeM YacTul
cpedbl W paccToAHMEM X  3TUX 4acTWy OT WCTOYHWKa konedauuin () MOMHO
NpeacTaEnTL B BUAE 2paghuKka e0NHbI.

D1nuyue zpachuka gonHbl OT gpachuka eapMoHuyecko20 konebarus:




E‘,A 1) rpachbk  BONHBI  NPEeACTaBNAET  33BMCMMOCTE

A CMELLEHWUA BCEeX YacTul Cpeibl OT paccmosHuUs 40
IT MCTOUHMKA kKonebaHun B _A8HHBIN MOMEHT BPEMEHMW
B — S =clx. g =const);
\| él ;| 2) rpadpuk rapMOHWYECKOro KonebaHwus 37O
3aBMCMMOCTL CMelleHWsa JaHHOW  YacTuubl  OT

s g
0 X 8peMeHU ¢ =Cl(x=consi.l).
OnvHoM BOMHBbI A Ha3biBAETCA PACCTOSHWE
A MeX Ay ONmKanwmmmn YyacTuuamu, KoneonwwmuMmncs e
X
e

OAWHaKoBOW dpaze.

[OnwWHa BONHbI paeHa paccTOAHWKD, Ha KOTOpoe
pacnpocTpaHAeTcA rapMoHWYeckas BONMHAa 334 BpemdA, paeHoe  nepuoay
koneGanui 7 :

A=vT wnn - v =An

rae n — dactoTa KonebaHui. U — CKOpOCTh pacnpoCTpaHEHWA BOMHEL.

BonHogbiM (HPOHMOM Ha3bIBAETCA T[EOMETPUYECKOE MECTO TOYeK, Ao
KOTOPbIX LOXOAAT KonebaHna K onpegeneHHoOMY MOMEHTY BPEMEHN [ .

BonHogol nogepxHOCMbLH) HA3LIBAETCA T[EOMETPUYECKOE MECTO TOYEK,
kKonebnwwwxca 8 oanHakoeon dhaze.

BONHOBRIX NOBEPXHOCTER MOMHO npoBecTk OecuyncneHHoe MHOMECTBO, a
EONHOBOW (PPOHT B Kambld MOMEHT BpEMEHW — OJWH.

37.beryuine BOnHbl.

BezywumMu eonHaMu HasbLIBAKTCA BOMHLI, KOTOPLIE MEPEHOCAT B
NPOCTPAHCTBE 3HEPTWH.

MepeHoc 3HEepPru KONMWYECTBEHHO XapaKTepU3yeTca 8eKMOopoM MAoMmHoCmuU
nomoka 3Hepzauu (BekTop YmMoea). Hanpaenewwe 3Toro BekTopa COBMajaeT C
HanpaeneHWem pPacnpoCTpaHEeHWs 3HEPrUKM, a €ero MOAyNe PaBeH 3HEepPruu,
NepeHoCUMON BOMHOM 33 eAWHWUY BPEeMEHM Yepe3 eQWHWYHYH NNnowaaky,
PACNONOMKEHHYIO NEPNEHANKYNAPHO BOMHE.

BaxHbiMM npumepamy Beryumx BOMH ABNSKTCA NNockas W cihepudeckas
BOJTHbI.

BonHa Ha3blBaeTCA MIOCKOW, eCNi €8 BONHOBLIE NOBEPXHOCTW NPEeACTaBNAKT
COBOKYMHOCTL NMOCKOCTEN, NapannenbHbiX 4pyr 4Apyry.

BonHa Ha3biBaeTca cghepuyeckol, ecniu ee BONHOBbLIE NMOBEPXHOCTW WMMET
B KOHUEHTpUYecknx cdep. LieHTpbl 3TUX cdiep HasbiBaTea eHmpoM 60HbI.

38. ¥YpaBHeHWe NNOCKOW BOMNHLL.

MycTb TO4KkW, KOTOPbIE pacnonoeHel B nnockoctw x =0, konebniotcs no
38KOHY ;{[}J}: Acosmir. N nycTe U — CKOPOCTe pacnpocTpaHeHua konebaHui B
JAaHHON cpeje.

KonebBaHwa vacTuubl 5 cpeabl (CM. PUCYHOK), PACNONOMEHHON HA PACCTOAHKUM
X OT ucToudHWka koneBawmin (), ByayT NpoMCXOAWTL MO TOMY e 3akoHy. Ho,
NOCKONBKY ANA NPOXO¥AEHWA BONHOW paccToaHna x TpebyeTca epema T = .x‘/u, TO
ee KonebaHwa DyayT OTCTaBaTk NO BPEMEHW OT KonebaHWA MCTOMHUKE Ha T .

YpaeHeHne konebaHnin yactuy, nexawmx B NNoCKOCTH X, UMEEeT Bua

= . X
slx.r)=Acosm| 1 ——
U



CnepoeatensHo, yHkyusa C(x.l) ABASETCS HE TOMbKO NEPUOANYECKON

OYHKUWER BpeMEeHW, HO W Neploguveckon dyHKUWER KOORAWHATEl X .

B obwem cnyyae ypaeHeHue nnocKol e0fIHbI, PACNpPOCTRaHAKLWENCS BAOMNb
NONOXUTENBHOrO HaNPaBNeHWA OCKH X B CPELE, HE NOrnowarmwen 3HEPru, MeeT
BML

[ % 'Y
Slat)=Acosf o 1 —— |+ @,
0 :

3peck: A =const — amMnnumydoda eonHblI,
(0 — UWKNWYeckana yacrtoTa.,

0, — HadanbHasa ¢haza OSHLI.

X
M| 1 —— |+, — ¢ha3a NMocKou 80MHLI.
D :

Ecnw onpenennTe s8onHoBOe YUCAO:!
Ir _Im o

A uwl v
TO ypaBHEHWE NNockon Berywen BonHbl MOXHO 3anucaTth B BUAE
E(x.t)=Acos(wi—kx+¢,)
WNW B 3KCNOHEHUWaneHoW chopme

_:[ i) = ruflt-J.f—A'.r+{ﬂ,,1
SlA L) — .

rae Uanyecknin CMeICN MMEET TONbKO BELWECTBEHHAA YacTb.
B obOwem Buae ypaeHeHWe nNNOCKOW BOMHbLI, PacnNpoCTpaHAaAKLEenca B
HanpaeneHwn § UMeeT BUA:
S(r.) = Aexplilwt —krs + @, )]

39.PazoBan CKOPOCTL.

dx
CI{OF]OC-TI:: ) == B 3ThX ypaBHEHMﬂx 2eCThk CKOPOCTE PacnpoCTpaHeHWA d]aal::l
i

BOMHLI W €€ Ha3biBakT ha3oeou CKOPOCMLIO.
HencTenTtensHo. NyCTe B BONHOBOM Npouecce thbaza nocTosHHa:

Wi — kx + @, = consi .

oTKyaa
dx @

di Kk

40.YpaBHeHWe chepuyecKkon BONHLI.

E(ryt)=—cos(@t —kr +¢,)

p
rae » — paccToAHWE OT LUEHTPa BOMNHEl 40 pacCMaTpUBaEMON TOYKN Cpelbl.
Amnnutyaa konebaHuwil B8 cdepuyeckol BonHe ydbiBaeT C paccToAHWEM Mo

I
3aKOHY — .
B



41.BonHoBoe ypaBHeHUe.

PacnpoctpaHeHwe BONH B OAHOPOAHON W3OTPONHOW cpeae B obwem cnydvae
ONUChLIBAETCA B8OMIHOBLIM ypasHeHuem — puddepeHunanbHbiM YpaBHEHWEM B
YaCTHLIX NPOU3BOAHBIX:

%6 9% 9% 1 9% .1 9%
S-St =—5 3 wwm Al=——
dx~  dvT dzT  vuT di” U di”
rne U — ha3oBas CKOPOCTE,
R R
A=——+——+—— — onepamop Jlannaca.

dx~  dvT  dz
PeweHnem BonNHOBOMO FDHEHEHHH ABNASTCH }’paBHEHHE nwbor BOMNHEI |:B TOM
Yucne v NnNockada | Cl:bepﬂqec-ﬁaﬂ BOﬂHbl}.
BonHogoe ypasHeHue OnA MAoCKOl 80JHbLI, PACNPOCTPaHAIOLIERCA BAOMb
Qcl X

d°E _19%¢

dx= v di”
42.MpnHunn cynepnosuLm,

Ecnw Cpeia, B KOTOF]OH pacnpocTpaHAeTCA OAHCEPEeMEHHC HECKONMEBEKS BOIMH,
JIUHeliHa, TO K 3TUM BONHAM NPUMEHWM MPUHUUM Cynepno3uyull (HamoxeHus)
B0OSIH.

npu pacrnpocmparleduiu e nuHelHoil Cﬁ]E‘@E‘ HEeCKONbKUX 80MH Kaxdad u3 Hux
pacnpocmpaHsemcs mak, kak 6ydmo dpysue eonmHLI Omcymcmeyiom, a
pe3ynemupyrouwjee cMellerlie Yacmulsl C,C"E@bf g Mobol MoMeHm gpeMeHu pasHo
geoMemp uyecKoll Cynme chMellleHu i, Komophbie noayyarnm Hacmulbi,
yyacmeyruiue e Kaxdom u3 Clazalwlux sQnHoeblX Npoueccos.

43.MpynnoBasd CKOPOCTb.

Nwboe cnoxHoe konebaHwe mMoweT OblTb NPeiCcTaBnNeHo B BUAE CYMMBb
0AHOBPEMEHHO COBEPRLUAKILIWMXCA rapMOHNYECKNX KonebaHui (pasnoxeHue dypbe).

Moatomy nwbana BonHa moxeT OblTb NPejcTaeneHa B BUAE  CYMMbI
rapMOHWYECKUX BOMH, TO CTb B BUAE BOMHOBOIO NakeTa WK rpynnel BONH.

BonHoebiM nakemom Ha3biBaeTCs CyNepnosnuna BOMH, Mano oTnMYarLwmnxca
ApYr oT Apyra no 4acToTe, 3aHUMaILLAEn B KaXdbld MOMEHT BPEMEHW OrpaHUYeHHY
obnacTb NnpocTpaHcTea.

3a CKOpOCTb pPacnpoCTPaHEeHWA BOMHOBOMD nNakeTa nNpPUHUMaKT CKOPOCTb
nepemMeLLeHns Makcumyma ero amnnuTyabl (UeHTpa BONHOBOIO nakera).

[pynnoeol ckopoCcmMbMO i Ha3bIBASTCHA CKOPOCTb ABWKEHWSA TPYNNbl BOMH,
ofpasyllnx B KaMAbLIA MOMEHT BPEMEHW NOKaNW30BaHHbBIA B MNPOCTPAHCTBE
BONHOBOW NAKET (MKW CKOPOCTL ABMMEHWA LEHTPA BONHOBOrO nakera).

Ee eennunHa

_dy  do

dt  dk
Cef3b rpynnosoi U ha3oesol CKopocTein:

i

qu—id—u
dA



44.NuTepdiepeHUWA BOMH.

KozepeHmHOCMbLIO HA3LIBAETCA COrMacoBaHHOE NMPOTeKaHWe BO BPEMEHW W
NPOCTPaHCTEE HECKONLKUX KonebaTenbHbIX WKW BONMHOBLIX NPOLECCOoB.

[ee BONHLI HA3bIBAKITCA KO2ePEeHMHbLIMU, eCNW Pa3HoCTb WX das He 3aBuCuT
OT BPEMEHMW.

apMOHWYECKME BOMNHLI, UMEILLME OWHAKOBYH YacTOTy, KOrePeHTHLI BCeraa.

MumepghepeHyueli BONMH HA3LIBAETCA SBNSHWE HaNOMKEHWs  BOMNH, NpW
KOTOPOM MPOMCXOAWT YCTOMYMBOE BO BPEMEHW WX B3aWMHOE YCUNEHWE B OAHMX
TOYKax NpocTpaHcTea W ocnabneHwe B Apyrvx B 3aBUCUMOCTM OT COOTHOLLEHWS
Mexay dasamm aTUX BOMH.

PaccmoTpUM  HanoXeHwe  ABYX  KOTEPEHTHbIX  CPEpUYECcKUX  BOIH,
BO30YKAAEMbBIX TOYEUHLIMW  WCTOYHMKaMK, KONebMWKUMWUCS ¢ OAWHAKOBLIMM

aMnnnMTygon .4;, 4acToTon () W NOCTORHHOW Pa3HOCTbIO das:

A . A,
= U cos(mr — kry +@,). S5 =—cos(®1 — ki, +¢,)

f'l s

0

rae n W, — pacCToAHWA OT WCTOMHWKOE 40 paccmMmaTpuBaemMon TOYKM, kK —

BOMHOBOE YUCNO, (), W (), — HavanbHble (aabl BOMH.
AMNNUTYLa Pe3yNbTUPYIOLWER BOMHbI

- - - “ ] |. 2
AT =47 + A5 + 24, A, cos(Ag ) = A [—,+T+ cos[ﬁ{;] — 1) — (@, —@, )]
] F'I_ .i'-_: .f'lnf': [
Mockonbky ANS KOrEPeHTHbIX WCTOMHUKOB (0, — (), =consl, TO pesynsTaTt

nHTepdepeHUn ABYX BOMH 3aBUCWT OT BENWYMHbL (1, — /5 ), Ha3blBaeMoi
pasHocmsro x00a.

A, A,

MHmMepgepeHUUOHHbLII MakcUMyM | 1 =— +— | HaBnopaeTca B Toukax,
F'I !‘1
rae k(r —ry)— (@, — @, )=12mm (m=0,1,2....).

Yucna (m=10,1,2....) HasblBawTCA MNOPAOKOM UHMephepeHyUOHHO20
Makcumyma.

A

MumepghepeHUUOHHbBIT MUHUMYM | = . HabnwpgaeTca B TOYKax,

rae k(r — 1) — (@, — @, ) =2 2m+ )1 (m=0,1,2....).
Yncna (m=0.1,2....) HasbisaTCA nopsAdkoM uHMepHhepeHUOHHO20
MUHUMYMa.

45.Ctoa4Me BOMHLI.

OcobbiM cnyvyaem MHTepdepeHUn SBNAKTCS CTOAYUE BOMNHbI.

Cmosy4ue 80MHLI — 3TO BONHbLI, 0DPa3yLWMECs NPU HANOKEHWW ABYX
Derylwmnx BOMH, PacnpoCTRaHALWWXCA HaBCTpeuwy APYr APYry € O4WMHaKOBLIMW
YacToTaMu M amnnuTyaamu.

MycTe ABe nnockve ©Gerywue BOMHbl C OAWHAKOBBIMKW  aAMMNUTYAaMW W
YacToTaMu pacnpoCTPaHSKTCA HABCTPEYyY Apyr ApYry BACOMNE OCKH X !

&, = Acos(w1 —kx), S, = Acos(mt+ kx)



Cnoxue 3TV ypaeHeHws, ¢ yuetom cos(@ £ ) =cosorcos B Fsinasinfl u

=21fA  nonyunm ypaeHeHue cmosyeil 80MHbI:
5

i

E,+E, =24coskxcoswr =2 1Acos——cosm1
A B TouKax cpeabl rie

2y
—=tmr
A

(m=0,1,2....)

amnnnuTyaa croAaYeid BOSHGbI
AOCTUraeT  MakchmanbHoro
3HaveHus A, =24,

Takue TOYKM HasblBaAKTCH
ny4Hocmamu cmosyel
8OJTHbI.

KoopdMHaThel NYYHOCTEN:

X Zim? (m=0,1...)

B Todkax cpeabl. rae

l
T:i m+= (m=0,1.2,...), amnnutyga crosyen obpawaeTca B
|

Aer = (. Takue TOUKKN Ha3bIBAKTCA yanamu cmosivyel 8 0NHbI.

| YA .
KoopawHaTkl y3nos: _n'_\-:i-[m+:]? (m=0.12...).

PaccTosaHus MeEX4Y ABYMA COCEAHMMW Y3inamMk W MeXAY ABYMA COCeIHWMMW
NYYHOCTAMKM OAWHAKOBEI W DABHBI NONOEBWHE ANWHEI EOQNHBEI A Eerymmx BONH. ST}’
A

BENWYUHY Ha3bIBAKOT ONIUHOU cmosYel 80MHbE Ay =

B 6eeyuiet sonHe | B cmosveld sonHe
Amnnumyda konebaHul
BCE  TOYKWM  BOMHBI  COBEPLWAKT BCE TOYKM Mewdy ABYMA y3namu

konebaHua ¢ oduHakoeou HMHJ'IMT:.-'J],OF'I konebnwTca C pasHbiMu aMnNnTyYaamMu

@a3a konebaHuli

thaza konebaHu 3agucum om Koop- BCE TOYKW mMexdy ABYMA Ya3namwu
duHamsi x paccmMaTpUBaEMON TOYKW konebnwTca ¢ oduHaKosbLIMU thazamu

npu nepexoje 4epes y3en dasa
konebaHWnin MaMeHAEeTCA Ha T ;

TOYKW NeXallle No pasHbie CTOPOHGI
0T yana konebnwTca B npomusodgase

[MepeHoc 3Hepauu

3Hepaus konebamensHoz20 desuXe- nepeHoca 3Hep2uu Hem, NAWb B
HuUA nepeHocumca B HanpaeneHwW | npepenax % NPOWCXOAAT B3aWMHBIE

PacnpOCTRaHEHS ﬁerymen BONHb NPEBPaWEHNS KWHETWUYECKON 3IHEPrUN B
NoTEHLUWanNbHYK W 0DpaTHO




ObpasoeaHue CcTOAYMX BONH HadbnwaawT npu WHTepdepeHunn Berywen u
OTPaKEHHOW BOMH.

Ecnu cpega, OT KOTOROW NPOMCXOAWMT OTPaMEeHWE, MEHEEe NNoTHas, To Ha
rpaHuue cpen obpasyeTca nyYHOCMb.

Ecnu cpega, OT KOTOPOW NPOMCXOAWT OTpameHwe, Donee nNNoTtHas. To Ha
rpaHuue cpen obpasyeTca y3en CToA4Yeil BOMHLI.

46.3 ekt Jonnepa.

Jhhekmom  [Lonnepa Ha3LIBAETCA W3MEHEHWE 4acToTel  KOnebaHui,
BOCNPWUHUMAEMON MNPUEMHUKOM, NPU ABWMEHWMW WCTOMHWKA 3TWUX KonebanHuA wu
npWemMHWKa Apyr oTHocWTenbHo apyra. B akyctuke adpdpext Jonnepa nposenaeTcs
KaKk MOBLIWEHWE TOHa MNPW NPUONMMEHWW WCTOYHMKA 3BYKA K MNPUEMHUKY W
NOHWKEHWA TOHA 3BYKa NPW yaaneHuy NCTOYHMKA OT NPUEMHWNKE.

[MyCcTb UCTOYHUK N NPUEMHWK 3BYKA ABWMYTCA BAOMNb COSANHAKLLEN UX NPAMONR,

U, 1 UP — CKOPOCTW MCTOMHWMKA W NPUEMHWMEKA (NONOMWTENEHB NPU CONMMXEHWK W

oTpUUAaTENbHbl NPW YAANeHUM UCTOYHUKA W NPUEeMHWKa); i1, — 4acToTa konebaHwii
WCTOYHMKA, U — CKOPOCTb pacnpocTpaHeHus 3ByKka B A4aHHON cpeae.
1) VCTOYHMK M NPUEMHMK NOKOSITCA OTHOCUTENbHO cpeabl: U, =v, = 0.

[OnuHa BonHbl A =07 =v/n,. PacnpocTpaHaack B cCpeae, BONHAa 4OCTUrHET

. u u
NpPUeMHUKa W BBI3OBET ero Konebauunsa ¢ 4acToTon: n=—= —=H,

ud
2) lNpueMHUK NpUbNuXaeTcA K UCTOYHUKY, 8 UICTOYHUK NOKOUTCA:

v, >0.v, =0. CxopocTb pacnpocTpaHeHusi BOMHbI OTHOCUTENLHO NPUEMHWUKa
CTaHeT PaBHOM U + U, , MPW 3TOM ANUHA BONHbI HE MEHSIETCSI, CreA0BaTeNbHO

v+tuv, v+v, V+U,
n= = — = 1y,
A Ul U
YacToTa konebaHnin, BOCNPUHUMAEMbLIX NMPUEMHUKOM YBENWUYWUTCAH.
3) UcTo4HMK NpubnuxaeTca K NPUEMHUKY, a NPUEMHMK NOKOMWTCA:

v, = 0.v, > 0. CkopocTb pacnpocTpaHeHus

KonebaHWin v 3aBWCWUT TONBKO OT CEBOWCTE Cpefkl,
noaTtoMmy 3a Bpems, paBHOe Nepuody konedaHwui
WCTOYHMKA, W3NyYeHHas WM BONHa NPONAEST B
HanpaeneHun K NPUeMHKUKY paccTosHue vl = A .
McTouHuk e npolgeT paccTosHue U1 .
Mo3ToMy K MOMEHTY OKOHYaHWA W3Ny4YeHus
BOMHBI ANWHA BOMHbLI B HANPABNEHWWA OBUMKEHWUS
COKpPaTUTCA WU CTaHeT if:l—uf}". YacTtota koneBaHui KoTopble BOCNPUHWUMAET

U U U
NPUEMHWK, YBENMUYNTCA: 11 =— = - — = 1y
A (v=v)T" v-y,
4) UCTOYHMK M NPUEMHUWK OBWXKYTCA APYr OTHOCUTENLHO Apyra.
JTO0T cnyy4am obobwaer gea  npeablaywwx.  Yactota  KonebaHui,
vtu,
BOCMPUHUMAEMbBIX NMPUEMHUKOM: 11 = ————11;,.
U+,




BepxHui 3Hak OepeTcd, ecny nNpu ABWMEHWK WCTOMHWMKA WNKW NPUEMHWKA
NPOVCXOAWT UX CONVMEHWE, HIDKHWA 3HaK — B Cry4Yae WX B3aWMHOro yaaneHus.

Ecnn HanpaeneHus CKOPOCTEN HE COBNaAaKT C NPOXOAALWEN YEPE3 UCTOUHWK W
NPUEMHWUK NPAMON, TO BMECTO 3TUX CKOPOCTEN B hopmMyne Hago BpaTh WX NPOEKLWIO
Ha HanpaeneHWe 3TON NPAMON.

SNeKmpomMa2HUMHbIe 80SIHbI

47. ONeKTPOMarHUTHbIE BOMHbL.

3MNeKTPOMarHUTHbIE BOMHLI — 3TO NEPEMEHHOE 3NEKTPOMAarHUTHOE none,
pPacnpocTpaHAKLLEEcs B NPOCTPAHCTBE C KOHEMHOW CKOPOCTLHD.
CywecTBOBaHWE 3MEKTPOMarHWTHbLIX BOMH BbiTEKaeT W3 ypaBHEeHUW
Makceenna: rot /£ :—G_E: divD=p: rotil= ;+d— divB=0,
ot ' of
KoTopble B  obnactw  NpoCTpaHcTBa, He  codepwawlell  ceobo0HbLIX
anekmpuyeckux 3apadoe U MakpoCKONUYEeCcKUX MOKo8, UMET Blj

. B — - df) .
rot :—r_—: divid=0; rotf/ =r_—: divhi=0
ot ot
Ecnn cpepa — OAHOPOAHBIA W W3OTPONHBIA OW3NEKTPWEK, He obnagawwni

CETHETO3NEKTPUHECKUMU VNN (PEPPOMAarHUTHBIMU CBOWCTBamK, To [)=ge,/ n

B=uu,l rae £, n U, — 3NEKTPUYECKAA W MArHUTHAA NOCTOAHHLIE, £ U [l —

AW3NeKTpryeckana 1 MarHuTHasa NpoHUUaeMoCcTH Cpelsl.
B atom cnyyae ypaBHeHWA Makceenna

rot /£ :—,u,u[,r}i:_ divi =0; rot/] ZEE,:ﬁ: divE=0
oi ot

Wcnoneaya Al =grad divl” —rotrot!” nonyYnm BONHOBbIE YypaBHEHUs AN

BEKTOpOE Ew
AE =ge i, l AT =ge r}_—’r

Cdt” S dtT

rae A= _r}_., + _d _., + _d_.,
dy”  dvT dz”

1 ] c
— onepatop MNannaca, V=—4F———m—=—17—
Y TR ETR P
) l
¢hazogasi CKOPOCTb 3INEKTPOMATHWTHON BOMHEI, ¢ =—==== — CKOPOCTb CBETa B
NN
W}

Bakyyme. Takum obpazom, afekmpoMazHUmMHbIe Moas [eWCTBUTENLHO Moaym
cyuwecmeoeams 8 gude 3N1eKmpoMazHUMHLIX 0JIH.
Mockonbky €U =1, TO UVL<¢ — ckopocmb pacnpocmpaHeHus

3MeKMpoMazHUMHLIX 80/1H 8 gelljecmee gceada MeHLUIe, YeM 8 BaKyyMme.
48. MNonepeYyHoCTb 3NeKTPOMAarHMTHLIX BOMH.
Cnedcmeus meopuu Makceenna:

(1) Bektopbl £ un [1 Hanps:KeHHOCTEN 3NEKTPUYECKOro U MarHWTHOro nonei
BOMNHLI 83aUMHO NeprneHOUKYIAPHBI W NeXaT B NOCKOCTU, NePneHnKkynapHOm




BEKTOPY U  CKOPOCTM PacnpoCTpaHeHuWs

BOMHLI, NpUYEM BekTopbl [, H v U
obpas3ylT  MpasoeuHMOBYHK)  CUCTEMY.
(Tonmbko £, #0 n IH_#0)

(2) B anekTpomarHWTHOW BONHE BEKTOPbI

E w Il Bcerna konebnwTtca B 0AWHAKOBLIX
tbazax. NpUYEeM MrHOBEHHbIE 3HauYeHus [
[{ B nobon To4ke cBA3AHbI COOTHOLUEHWEM

1/5[,5 E=afu uff.

BonHoBbim YPaBHEHWAM:
°E, | IE, OTH_ 1 I,

dx” u- di” o~ U~ T
YAOBNETBOPSAKT  MIOCKWE  MOHOXPOMAaTUYECKME  3MEKTPOMArHUTHbIE  BOMHbI,

onucbiBaeMble ypaBHeHnamn L = [, cos(en —kx+ @), [ =1 cos(or — kx + @),

rae £, v [, — amnnuTyabl HANPSKEHHOCTEN 3NEKTPUYECKOrO 1 MarHUTHOrO noneit
BOMHLI, () — KPYroBas 4acToTa BOJSHbI, ﬁ;:m/U — BONHOBOE 4ucno, (¢ —

HavyanebHan dasa konebaHwi (oawHakoBas, nockoneky konebawna L ow [/
NPOWUCXOAAT C OAUHAKOBOW ha3on).

49. OTpaxeHue U NpenoMneHue 3NekTPOMarHMTHLIX BOMH Ha rpaHule pazgena
OBYX AWU3NEKTPUYECKMX cpen.

MycTe Ha rpaHuUuy pasgena AByX AW3NEKTPUKOE nNajaeT  nnockas
3NEeKTpoMarHuTHas sonHa. B Takom cnyyae, kak NoKasblBaeT ONbIT, OT rpaHuub
pasgena JAu3nekTpukoB OyayT pacnpocTpaHaATbCA [Be MNOCKWE BOMHbl —
OTpaMeHHas W NpenoMneHHas.

3anuwem BbipaeHus ANA najalwwei (i), OTPameHHON (r) W NpenoMeH-

HOW (¢ ) BONH B KOMNNEKCHON 3KCMOHEHUWansHoW dopme:

E explilmg—kFs,). k =—:

I

!-_r'j. explil, i —k,is,)]. k, =—L%;

v,
3 N - iy
Eyexplilog—kyrs; )|, k; =—
Ui
L
3peck ¥ — pagwyc-BekTop, (0 W U — 4acTtoTa W CKOPOCTWM BOnMH, /A —
aMNNUTyAbl BONMH, § — EAWHWYHBIE BEKTOPLI, MNOKA3bIBAKLKWE HanpasneHwe

PacnpoOCTRaHEHWA COOTEETCTEYHIWMAX BOMH. Ycnoeue s = const onpefenaeT

NNOCKOCTE, NEPNeHgWEYNAPHYHD K &% . NO3TOMY OdHHAA CWACTEMd BhIpaMeHuin

ONMCEIBEET NNOCKWE BONHEI, pAacnpocTpaHAkWnecs B4O0Ns BEKTOROB .\:I-._.\:,. ..5'-“;.
[paHnyHBIE YCNOEWA AnAa  TaHreHuwaneHbIX (T) KOMMNOHEHT BEKTOPOE

HaNPSMEHHOCTU 3MNEKTPUYECKOro W MarHWTHOro nond B nboW Touke rpaHuubl

pasgena cpeg (1) u (2) umetoT Bug (cm. 4-n.45): E,=E.,, M, =1,



[ns Halwero cny4yan, rpaHuyHble YCNOBWUA ANA INEKTPUYECKOro BeKTopa:

Eoexplite s —ks,r) |+ Eexplile,f —k,.s.r)| =L, explile,;t —k;s,;r)|

[Ona BBINOMHEHWA 3TOrC paBeHCTBA B NOOOM MOMeHT BpemeHwn [ B nwoboi
TOYKE rpaHuubel pazgena Heobxogumo W JocTaTodHo, 4ToDel BO BCEX TpREX
nokazaTensix 9KCNOHEHT BbINW 0AWMHaKOBLI KO3MUUMEHTLI NPKU 7 1 NPW NPOEKUWK 7

paguyc-BeKTopa ' Ha rpaHuly pasgena, T.e. 4ToObl BbINONHANWCE PABEHCTBA:
M, =0, =0,
‘E"r""'fr = k.f"ll;f'n' - AIJ‘SJT
CneaosaTensHO, Yacmomb! 8CeX mpex 80JIH [ACMKHbl ObiTb pasHbl MeXAy

coboil. NOCKONeKY YacTOTel kKonebaHuWn 3apanoB B AWINEKTPUYECKOW cpeae,

BbIHYXAAEMbIX KONnebaHuAmMKM 3NeKTPUYECKOro BEKTOpa, COBNagawT € 4acToTon
BbIHyXJawLen cunbl. Kpome Toro, eiwWHWYHbIE BEKTOPbl §,.5,.5, Haxo4ATcA B
OAHOW NNOCKOCTW, NPOXOAALLER 4Yepes3 HOopManb K NMOCKOCTW pa3jena (NnocKocTb
nagexHns)

Beibepem cuctemy koopawHaT Takum obpazom, 4Tobbl nnockocTs  x(Jy

COBNajana ¢ NNOCKOCTBK pasfjena cpef, a NnockocTe ()X — C NNOCKOCTbH
nageHwa, npudem oce (Jz
Hanpaeum W3 cpeabl [/ B
cpeay [l (cm. pHUCYHOK).
OboazHaumm @ — yron

Mexay s u ocklo Oz (yron

nagenws), T —¢@ — yron

mexay s, u Oz (¢° — yron
oTpaeHus), W — yron

5 1 ENG
) z dl VS
/ ¥ ¢ mexagy s, u  (Jz  (yron

¥
npenomneHns). B 3Tol cucTeme KOOPAMHAT Y-KOMMOHEHTbl BEKTOPOB §. PaBHbI
HYNK, @ X-KOMNOHEHTEI MOXKHO BbIpa3nuTe cneayowwm obpasom:
. . r .
S =SInQ. s, =sin@ ., s, =siny

CneposaTensHo, paBeHcTso A8, = K,8,.. = K,;5 ;. NpUMET BUA!
sing  sing”  siny
L]‘I L]‘I UZ

[lepBOE paBeHCTBO 03HAYaET, YTO = ('fj‘I — 3aKOH ompaXeHus B ONTUKe.

2 BTOpOro paeeHcTea cnegyet ONTUYECKUIA 3aKOH NPENOMINEHWS.

lMokazamenem npenoMaeHuUs cpedbr i1 Ha3blBaeTCA BeNnWYMWHA, paBHaA
OTHOWEHWK CKOPOCTW ¢ 3NeKTROMarHWTHbIX BOINMH B BakyyMe K WX thazoeoi
CKOpOCTW U B Cpeje:

c
n=—=afeu
U
Ona cpeabl, He obnagawwend QeppoMarHUTHLEIMIA cBoORCTBaMKU, [ =1 wu

NPakTU4eCcKn MOMHO CHUTATE, YTO

n=ng



B aTom cny4ae Ans NperioMneHHon BONHE MMEEM 3aKOH MPesIOMIeHUS:
siny_ n

SN 1y 5 _
PasnoxuMm  amnnuTyabl  3NEKTPUHECKOrO W MarHUTHOrO BEKTOPOB  Ha
komnoHeHTel [, [1,. L, /] nexawwe coOTBETCTBEHHO B MMOCKOCTW NaieHWUA W

NepneHAnKynapHLIe K Hell. BaanmHble opwexTauwn BekTopoe s, F~ ., K, H, w [T

npueeaeHsbl Ha pUcyHKax (a) u (D).
OnA KOMNOHEHT HaNPAMEHHOCTWM 3NEeKTPWYECKOro EBekTopa. nexalwwmx B

NNOCKOCTW NageHust (puc. (a)), rpaHudHBIE YCNOBKUA (C yYeToM \(E‘[,E‘ffz\lgfr_:,uﬂ,

=0  u n=+¢ ) umewot Bug;
L, cos@+ L, cos@= L, cosy W n L

F oy —f?l f‘.,, ZH’:J’:J
Pewasn 3Ty CWUCTemMmy y’paBHEHMIﬁ M WCNONBE3yA 33aKOH NPEnNoMNEHWA, Haﬁnem

BLIpaMeHUs AN aMinnumyoHbIx KoaghchuyueHmoe ompaxeHus 1, M

naponyckaHusa [, 4NA BONHbI, TMHEWHO-NONAPW3I0OBAHHOW B NNOCKOCTH NajeHnA:

E, sin2¢ —sin 2y ey —y)
no= == -

E. 5in2¢ + sin 2¢ te(@+y)

I

. (*)
Eq 2¢os@siniy
L, sin(@+wy)cos(o —y)
[N KOMMOHEHT HaNPSXEHHOCTEH 3NeKTPUUECKOro BEKTOpa, NepneHauKkynsp-
HbIX K NNOCKOCTN nageHus (puc. (6)), rpaHnyuHbIe YyCNOBWs NPUHAMAKT BIA

E,+E,, =FE; W n(k, —FE,. Jcos@=n,l, cosy

I =

AMnnumyodHbie ko3 huyueHMb! ompaxeHus u NPONycKaHusa 1| n [

E, sin(g —yr)
o= = —
- E., sin(Q +/)

: , (%)
Ey  2siny cos@
E,  sin(@+y)
CooTHoweHmA (*) W (*%) mexay amnauTysamu najalwen, oTPa)eHHoN |

NPenoMneHHoON BONH HAa3bIBAKTCA QDEMEHHMH Q)EEHEJ'IH.

B dopmynax ®perens L, w £, — BENWYWHbI NONoxUTENbHbIE, @ L, 1 £,

i

npK NKdbIX BOIMOMHEIX Yrnax najgeHua v NpenomMmnedHna Takse NonoMnTeNbHBl, YTO
CEMAETENECTEBYET O COBNAAEHWUI thaa npenoMneHHon 1 nagawLwlen eonH. BenuynHel

L, wn £ moryT BbiTb Kak oTpMUaTenbHbIMIA, TaK W NONOXWTEeNbHbIMU. B nepsom

cny4ae pasa konebaHuWh BekTOpa I nameHsercs npw oTpameHun Ha T (daza
KonebaHwin BekTopa I npw 3Tom coxpadseTtcs). Bo eTopom cnydae (cm. puc.)
OTpaMeHne npoucxoaut He3  uvameHeHnAa  dasel  KonedbaHuln  BekTopa I
(cooTBETCTEEHHO ha3a konebaHuik BekTopa I NpwW OTPaMeHUW WAMEHASTCH Ha T ).
3HauveHuns caeura as konebaHnn BekTopa E NpEW OTPaMeHWW 3NeKTPOMarHUTHBLIX



BONMH B 33aBWCMMOCTW OT Yrna najgeHna W 3HAYEHW nokazatenen npenomMneHus
npueeaeHsl B Tabnuue.

. o
Casur cpas (P+ry)<—= (@ +y)>—
MEMIY — — — — ——
KOMMNOHEHTaMMK fiy > 1 y = 1m, Ity =1 1y < 1y
Nnw @ > wnm @ <y M @ >y nnm @ <y
;'r;-r- W J'r:-),. T 0 0 A
.!Ir'.-u_ [ .!Ir'.-j.l T {] T D

Takum obpasom, npw manelx yrnax nagexHus (@ +y < R‘/E} thasza obenx
KOMNOHEHT 3NeKTPUYECKOro BEKTOpa OTPalkKeHHOW BOMHBI NPOTUBONONOMKHA dase
najawwein ana cnyyas, koraa m, > 1, U coBnagaet ¢ pason najgarei BonHel npu
1, < 1. BuYacTHOCTM 3TO UMeeT MECTO 1 NPKU HOPMAaNbHOM NaaeHun.

ABneHne N3MeHeHWa asbl BOMHbI HA T NPW OTPaMeHWK 0T cpedbl ¢ BoNbLIM
nokazatenem npenomneHns — "nomepsa nonysonHbl" — WrpaeT 3HauUTENbHY ponb
B MHTEpdEPEHLMOHHBIX N ANDPaKLUNOHHBIX SBNEHWAX, KOTOPLIE paccMaTpUBaoTCs B
kypce "OnTuka".

PaccMoTpum Tenepb cryuail, Koraa BbiMONHAeTCs ycnosue @ +y =mf2 (u,
cnepfoBaTtenbHo, te(( +1) —co). Yron nagexnsa ¢, Npn KOTOPOM OTPaMeHHbIR U
NPENOMMNEHHLIA Ny4W B3aUMHO NEPNEHAUKYNAPHLI, Ha3bIBaeTca yanom Bprocmepa.

1,
W2 3akoHa npenomneHus cnegyer, uTo te@, =—.
n
1
Mpu atom » =0 W B OTPaKEHHOW BONHE MPUCYTCTBYET TONMbKO [,

KOMMNOHEHTa (OTpa)eHHas BOMHa NWHERHO NONAPW30BaHa B NNOCKOCTHW,
nepneHaukynapHon NNOCKOCTH NajeHus).
50. 9Heprusa 3NeKTPoOMarHUTHLIX BOMH.

OBLemHan NNOTHOCTE W 3HEPIMMW 3NSKTPOMAarHMTHOR BOMHLI CKNajbliBasTcA 13
06BEMHBIX NNOTHOCTEA W, W W, 3NEKTPWYECKOro W MarHWTHOro nonen:

1

NS O TN I
0 _|_ﬁ ok |

w=w,+w, = 3 3
Tak kak sfe,efo=qJu ull  To n-:,./fmur_: su k.
MNoTHOCTE NOTOKa aHeprun S =w-v= /] .

Bexmop S nmomHocmu rfomoka 3Hepauu 3NEKTPOMArHUTHOW BONHLI
HasbiBaeTcHd BeKkTopom Ymoea-NonTuHra.

S=|E. ]
Bektop S HanpaeneH B CTOPOHY PACNpPOCTPaHEeHWs 3NEKTPOMAarHWTHON BOMHBI,
a e20 MoOyNb PaBeH 3HEPTUW, NEPEHOCUMON 3NEKTPOMArHWTHON BONHOM 32 efnHuLY

BEpEMEHW HEpEs SAWHWYHYKD Nnowaary, nepnedjukynAapHyo Hanpaenedu pacnpo-
CTpaHeHua BonHel. CkanapHaa BenWYMHa I, paeHans MoAYNo CpefgHErc 3Ha4eHWA

BekTopa Ymosa-llonTUHra, HaselBaeTCHa UHMEeHCUBHOCM IO BOMHBI: [ = K“a)l




MHMeHcu8HOCMb BOMNHBLI YNCNEHHO PaBHA 3HEPTUW, NEPEHOCUMOI BONHOW 32
EAMHULY BPEMEHW CKBO3b €AWHWLY nNNOWaan MOBEPXHOCTH, HOPManbHOW K
HanpaeneHnio PacnNpoCTPaAHEHUA BONHLL. MHMEHCUBHOCML CUHYCOUGANbHOO 80MHbI
nponopuuoHansHa kgadpamy ee amaaumyods.

51.WanyyeHne 3NekTpUYecKoro oMnons.

lNpouecc BO30YXKAEHWA 3NEKTPOMAarHWTHBIX BONH KakoW-nubo cucTemon B
OKpYMXaLWweMm NpocTpaHCTBE Ha3blBaSTCA U3fyYeHUeM 3TUX BOMH, a cama cuctema
Ha3blBaeTca uznyYaroulel cucmemod. None aNekTpoMarHMTHEIX BOMH Ha3bIBaeTcs
nofem u3nyyeHus.

MpocTenwum wznyyarenem 3NeKTPOMAarHUTHEIX BONH ABNASTCA 3J/eKmpuye-
ckul dunone (cMm. 3-n.13), 3NEKTPUYECKWMA MOMEHT KOTOPOro W3MEeHASTCA no
rapMoOHUYECKOMY 3aKOHY

P = p,cosmi
Mpumepom nogobHOro AWMNONA MOMXET CNYXMWTb CUCTEMA, COCTOALEA W3
NOKOALWEroca NONOXWTENLHOrO 3apaga +¢ W oTpuuatensHoro 3apaga —¢,

rapMmoHW4eckn konednwllerocs 0Nk HANPABNEHWA Jb:' C 4acToTon .

Kak nokasblBaeT TEOPWA, B TOYKax NPOCTPaHCTBA, OTCTOALWMX OT gunons Ha
PACCTOAHWAX 1, SHAYMWTENEHO NPEeBBIWAKIWKWX 4NWUHY HEJ’I}’HEE‘MOI?I BOMHbI F >> A

(aTa obnacTe NPOCTPaHCTBA HA3bIBAETCA BOMHOBOW 30HOW AMNONA), MHTEHCUBHOCTL
WanyyvyeHna 4unona:

sin- @

2

P
rae @ — yron mexay Ocbl AMNONA W Hanpaene-
Hrem uanyyeHws. 3asucumocts [(6) npu dukcu-
POBaHHOM /° Ha3blBalT rmonspHol duazpammol
HanpaeneHHocmu usny4yeHus dunons (VHAWKaT-
puccoit usnyueHws). WMs aToi guarpammbl BWAHO,
4TO AMNONb CHNbHEE BCero W3any4aeT B HanpaenNeHWsx, NepnesanKynapHbIX ero ocu
(0 =mf2). Bponb ceoeit ocn (8 =0 w 6=m) awnonb He uanyyaeT BoobLe.
Ownarpamma HanpasBneHHOCTW No3BONAeT (OPMWPOBaTL U3NYYeHWe C onpejeneH-
HbIMW NPOCTPAHCTBEHHBIMW XapakTEPUCTUKAMWU W UCNONb3YeTCsH NPU KOHCTPYMpoBa-
HWW aHTEHH.

52.lllkana aNeKTpoOMarHMTHLIX BOIH.

S b et a3 _‘; SHEHTpDMEFHHTHble
0 0% 0™ 0% 0" 0w 0® 0" 0" 10 0* 00t 0 flﬂ |P l!:l |T-| H? . BOMHbI, obnajas LwWWpo-

:.E;' = KWMM AWanas3oHoM 4acToT
-] F3 = = _
HECE S Y= mym (MW ANWH BONH), OTNW-
Faauosoamd “|ZeElzo= -
=25\ & . JawTca no cnocobam nx
L : Y reHepauvm u peructpa-
4 =

UMK, a Takke nNo CBOWMM
CEBOWCTBaM. nOGTOM}’ JNEKTPOMATHUTHEIE BOMNHBElI YCNOBHO AENATCHA Ha HECKONBKO

BWAOB. paduosonHbl (A >50MKM), ceemoeble 8O0MHbI (UHPAaKpPacHbIe BOMNHbI
(T70HM<A <1mm)  eudumbill ceem (380HM<A <770HM), ynabmpacuonemosoe
nanyverune (10Hm<A <380HMm)), peHmaeHoeckoe uznyyeHue (0,01HM<A <100HM) 1
y -uzny4verue (A <0, 1HM).
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